WD 2005/ 090334 PCT/ US2005/ 008251 PROCESSES AND

| NTERMEDI ATES [001] This application clains priority
wonoesroeB4U. S. C. 119(e) to U. S. Serial No. 68¢CDPAR2608008251

filed on 12 March 2004, the entire contents of which

are hereby incorporated by reference. FIELD OF THE

| NVENTI ON [ 002] IcR\GE 0 R@Egﬁ rocesses

for preparing c§§%§§§S@% %NE|F§F§Jan |ﬁ?§fned|ates

derlvatlves t hereof . BACKGOUND OF THE | NVENTI ON [003]

pases are a famly of cysteine protease enz

[001] tFQﬂSaPQP K&y trean é’(lérlé“% B s idivg isideaty 3t y% f§)r119(e)
to U2ROPLASLS1aRd, C%'Rg/ssdz %%%S@m@a CHOrNBEIIL WM the entire
Brol., 1998, 5 7-R103). Apoptosi's, or progranme
contertk déaWh,lcihs axep heneiyalinwecipanisgrach oy whiftdrence .
organi sns elimnate unwanted cells. The deregul ati on
of apoptosis, either excessive apoptosis or the
failure to undergo rrtrphes BeEnTitRNireceied in a
nunber of di seases such as cancer, acute inflammtory
[002] afHigutiovemiiendirsdedess taapdccestsgian for preparing caspase

rode enerative rders (.s ener, II i ence,
i BELRPETA% B oS e BT iy “Cal
BIO| , 1991, 7, 663). Caspase 1, t he flrst identified
caspase, is also known as |nterleuk|n 10 converting

enzyne or "| CE. "BASEEAEN OF Er sor
[003] Iag%?égetggglr %ry %Sg‘féagnl %cj:c'l) S jactéeg‘la‘loe]?rp(?rcﬁt l(s%m%z&ér}/es that are

key me@iaﬁ6randn Ah@-bh@naBa&gd@@tmaagaséaklapaptdﬁxszﬁﬁﬂ)cell

. __ele own_ h n c spases i ch _haye
disageEUEly ! CHEPrE R e e i o 1M oy SoTade) -
Apoptd8eLi 0Bx bQ@ékaM&@ﬁ.%%Qﬁe@@dﬁhfeﬁ@f%ﬁ%ﬁiﬂﬂﬂﬁaﬂ‘hechanlsm by
routes for producin caspase inhibitors require

whiclhypeaaniemst glimigare ervarsed cerldimat o(flh@p egegulation of

L Ly s
it, 1{1@@51]>eén wopld che ede dinr abhemmfoe rhafe dd sspstdretduclr @ ecancer,

acut%ﬁ%ﬁggggagsokgrégkéor%glmmu%ro ru%%ﬁgggne%%d‘gggtaln

neurodegenerative disorders (see generally Science, 1998, 281,
1283-1312; Ellis et al., Ann. Rev. Cell. Biol., 1991, 7, 663).

Caspase-1, the first identified caspase, is also known as
interleukin-1p converting enzyme or “ICE.” Caspase-1 converts
precursor interleukin-1p (“pIL-1B”) to the pro-inflammatory

active form by specific cleavage of pIL-1B between Asp-116 and
Ala-117. Besides caspase-1 there are also eleven other known
human caspases which have been classified into families based on
their biological function.

[004] Many currently reported synthetic routeg for producing
caspase inhibitors require expensive starting materials,
chromatographic separation of diastereomers, and/or

disadvantageous synthetic steps.



synt hesi s and overcones the aforenentioned
shortcom ngs or otherw se inproves upon the current
worbismdes34 SUMVARY OF THE | NVENTI ON [ 006] The pPOTAS3®S/008251
and conpounds descri bed herein are useful for
produci ng nodi fied aspartic acid derivatives, such as
[005] ?@%cﬂfd ]@p?'éieéiga??y?et ghles. SORRALLLG Wfte to caspase
erivatives are usefu Or preparing caspase
inhibihobd t ass wneldougpridoeogst { heheof is[ G0Ehalbieon® large-scale

aspect, the invention features a process_ for .
SYntfb‘?gb%r? AN Lo e T s ?%?Fﬁﬁ“ﬁnégﬂn&% EPRrtFomdngs or
otheid¥se %110\% & hERrént-R3cned .G B

conprising the steps of: (a) reacting a conpound of
formula G| A or GMBARYQOF TERa IDWENWI@R4 O R3 H X X

0061 [hhe Brodd ity 5% e Ab G ESTRRIS 8L L ALla, Gl R eun o
prodifdi@d Wddi 8 fal d st & | gand, dapdva ikRse ishich S WPartic

~_optionally including a phase transfer catalyst and
acid optdeinede ywoirt il ng Arart ighagein deziwgtiges @ags3wetful

tor ESHUSUTIONSEET 15,5 IS e R

[007] In one aspect, the invention features a process for

preparing a compound of formula GIA or GIB:

o)
0
Ra Ra OR,
QY ORs | &
L
R3 H R2 R2 H R3
GIA GIB

comprising the steps of:
(a) reacting a compound of formula GIIA or GIIB:
0 0]

Ra
o8 OR, | OR,
P 2
R N X X NAR?»
GIIA GIIB;

and a compound of formula GIII:

O
R3)LNH2
GIII;
in the presence of a palladium catalyst, a palladium ligand, and
a base in a solvent optionally including a phase transfer
catalyst and optionally including water;

wherein:



substituted aryl, -CN, -C(O-Cal kyl or halogen; R3 is

an organic noiety; R2 is an optionally substituted
walbboslosodset er ocyclic, alkylaryl, or aryl; andpr&/UiSs008m08251

optionally substituted aliphatic, a heterocyclic, or

an aromatic; or R2 and R4 together with the groups to

Wai £h ghggagiﬁgbgygg forma 5- to 8-nmenbered

heterocyclic ring mhlch is optionally substituted.

Edbadi rfentan afpitmrﬁlal&pe&nbsmatutmi wlegkysi ngnacpphaselly

transf r_cataly r.aspects of the
subst] SRR FoAtEl o LB ¢ ofTe rpaRvL “SBEEErRRrGN oF THE

hNVEMﬂAﬂNdrgéﬁﬂH|M6ﬂéay8 [009] As used herein, the

ﬁ%%e used in connection wth palladium catalyst and

|1§d|armqp‘@amﬁ1rlézr et giol tyted rﬁirk@dm chphgsocyelign
b 030] As used herein, "inorganic
alky% %f ?E ?ﬁ %e&used in a process of this
i RiVent izon dp’tmlcmbél,lybLﬂul:&rtamnied igii ot bca achehematgclic,
salt, a picarbonate salt, and/or a phosphate salt (and

or a?n%ﬁ?ﬁ%%l?he?ﬁof) . In sone enbodi nents of this
P ed o, tbggtheaowg@m @h@agﬁ»on@é ke ancAaibondde $abtbound,
having the formula MCG3, wherein Mis an appropriate

form cpunt efo c&tm@nbemérﬂmb@r@w@hmomm@ walicd idsclopdeionally

subspibrBE. AnreeSihEtes LR LR lete natarane Sl o
phasertw@ﬁwiﬁrb@SEa1§s$2CIB or Cs2C(03. [011] As used

rein, "organic_bases’ that may be used in a process
[008] o@tlf-?ﬂ” LFPTERTi Of el HaEeRel PR 3 ye oPQRnEOTHAS e et -

i ncl ude, but apgspat plirBlt 8¢ GAR! KidkketA nes, e.g.

di thyllsoprOpyldnlne triethyrantne,
I. DEREYHYIONS pholine and the 3 WD 2005/090334
PCT/USZ 05/008251 li ke, and eteroar am nes,
[009] A i f o, Petr ol | W BRee theed| HkeS T(YHTE]“R? yis Palladiun

cataﬁﬁ’é@'éfhd"ﬁ@iié@iw tayahy stsf fé"algor@ﬂf BenusedniR dase” or

an “organic base”.

[010] As used herein, “inorganic bases” that may be used in a
process of this invention include, but are not limited to a
carbonate salt, a bicarbonate salt, and/or a phosphate salt (and
mixtures thereof). In some embodiments of this invention, the
inorganic base may be a carbonate salt having the formula MCO,;,
wherein M is an appropriate counter-cation. Examples of
carbonate salts include, but are not limited to, KyCO;, K,yPO,,
Na,CO;3, Li,CO;, Rb;CO;, and Cs,CO;. In some specific embodiments,
the inorganic base is K;CO0; or Cs,CO;.

[011] As used herein, “organic bases” that may be used in a
process of this invention include tertiary organic bases that
include, but are not limited to trialkylamines, e.g.

diethylisopropylamine, triethylamine, N-methylmorpholine and the



process of this invention include, but are not limted

to, Palladiumll Salts such as Pd(OAc)2 and Pd2dba3.
wpQABl09s4 used herein, "Palladiumligand® and PCT/US2005/008251

"PalladiumIl ligand" refers to a ligand that is

capable of formng a conplex wth the palladium

llkeCaéﬁé@étef@ét%ﬁ'%ﬁéga@;%g % yﬁ&m@ut?aaﬁola% and the

limted sphine, bis ine, Xan
like bi s(di phenyl phosph| no)ferrocene and DPEPhos (see

Al drich_ catal og) e als WO 95/ 30680, and US
[012] Sgseddierein] " {rdtan g2ralietih thrs TAveRe siped in a

procéégcl&ﬁeuhpytlﬁ-&gn@pén 1hdided, t@uttépféle@st di PXRRE to,
d THF, and m xtures thereof. [015] The term

Pallad:eamh@ I bup"svelhezs RO(GAMDI emd \Hﬁzdhabs repl aced

013] (B PP (o e hh or oS R | SR AL AR AP DGARE o 11

llgaﬁ&“fféﬁé%s EQS¥|§&$ n@m§H5@uf% é€§55E§Y$Et§or&@£ ]éﬂﬁ%mplex
term "organi c noie {ﬁfas used in defining variable

with rféf@r@alba@hwmcmm t noiRaylad b deboahds @h@lmeet yput are

not {19800t CABLD, RodI0l Sl Yol D DU el BrLEre WL

€ pa Iad1 StS erfer| ng noieties
bis (d@ﬂ&}b&)ﬂ@éﬂ)hkﬂﬂ@w\ﬂef]ﬁacaﬁ ldedl pPERtdd i OseesAaddich

| ud . f | f hydr yl A h
catalgBl s $99 doLER. W%ﬁ?e S0aiR ot THRi 2 bR bl
[014] PXESAM AL 't?&‘r?ﬁ ”&r‘flémix?&antf&{tﬂ%ﬂﬁaé bie a'é’% not

organi ¢ noi ety not contain an am ne group, suc
limitasd aco priodusner @E@mdar yaredn THEF | hatd Wm.lk’dubesrmhereof

reactlvethanthe am de of formula (G1A or GI1B). R3
[015] VeRe dortmi AT Hed yILerP” seldiieriryP ot ERatRar

repléEH&mB&VRQﬁEQQOte@béegfgéogﬁéu%gaﬁncﬂﬁgécebbﬁeare not
i nteraction between the protec am ne and

limifged |l uphberal ysremo | Olqu}o APssedphrtesenst heridimte,
tosylapchasqnész}?f% ’:13 I@\éaﬂcy%} ans a conpound which is

(bl'e eri'ng -a Wa?er sol uble anion 4 WO

[016] ZLQ%IMB%PQME&W&%?&@ uddd OirANIOF gADhg PHaSeble R3
Phase transfer catalysts include _tetral kIXI anmoni um

refersy|§a aphodppibHr i Belesy fiPerdnth Eiershe ERagpIesioes not
contL&fn ARG dEANSELE FRIAY Yl AGFLARs t PWHAT 82094 33 um

catalysts. Such interfering moieties would be well known to
skilled practitioners and include, e.g., a free sulfhydryl
group. A group such as a sulfide or a thiol should not
therefore be present in the R® organic moiety. Furthermore, the
R® organic moiety should not contain an amine group, such as a
primary or gsecondary amine that would be more reactive than the
amide of formula (GIIA or GIIB). R® may contain primary and
secondary amines that are capped with protecting groups that
reduce the interaction between the protected amine and the
palladium catalysts.

[017] As used herein, the term “phase transfer catalyst” means a
compound which is capable of transfering a water soluble anion

4



limted to tetrasubstituted ammonium salts and
trisubstitu ted am nes which may form
woetrsamedsst i t ut ed ammonium salts in situ. PCT/US2005/008251
Tetrasubstituted amoni um salts include, but are not
limted to, tetrabutylamonium
into %@Pﬁﬁ}éa{ﬂf@ A AMOHEe LSl AStdY | HEDIN 4B include
tT1 et ammoni um salts in which thHe counter ion
tetraﬂdqy]tmnmcsralurﬂ; dlomd deohadlomiidey syliednd. clowm@Etthers.

Exampslﬁa%ﬁ{fre R}F{%I%ﬁ i er £é al%/];% ot 1Tt i Wes

1imitd¥ il e il s @8 NAltdd rarﬁnﬁﬂiitlﬁn dd1t6 hd@Mesubstituted
tributyl am ne, benzyl di et hyl am ne, _and

amined w&umkomammnarﬁqtéraqmsaql%t%e@nmwm saHes tgr mpitu.

d t
Tetras!u%cétﬂnc teeaé]undrérots‘i{ oodrl.gali{)g;gl Sﬁill]lc#‘lézeqodip %&%}ge_l.aﬁll:yt ed to,
tetra[kﬁﬂt%}laﬁ\ﬁnchts:ﬁﬁnhejeﬁzylﬁﬂ‘nendtﬁ{yﬁl drahdrpha Cl‘.'etniﬁfaftshylammonlum,

strai ght _ chai ned, branched clic Cl- ,
cetymﬁ%er% of&%l{ %%t‘iﬁlﬁ% o Th e

saltscq{i.I&c‘leré)necMom& Wy tl%cpfde unslq{ Wd WeafiPles, the phase
exanpl'e, 'suitable allphatlc groups i ncl ude

transsimstqamladsiorlmmtb@tunmeetthylmmmm ariediaor
al aI ken | k [ ou [
Trlstk%%s Jett%tesclfuc m%% (ér)};c uocg ’k)x;kf agr rPoSt aﬂﬁ’nﬁé@& Ldé

trietiBylednoiald e nydt Yl doyll antime( mmmawmm 3i20] The

term"al kyl" and "al koxy" used al one or as part of a
diisqp{QRfLeigiet3d ¥ ers to both straight and branched

[ j Ni ty ! at ,

o151 PP AL WP LB S A Dy e

used dintetdigeyeatvietas shidll benclnthersthobdh hstrmegmkaalrﬂdad in the
branched chains containing two to twelve carbon

~atoms. [021] As used herein, the term"aryl", used

[019] asonfsé:a RS DAL 1afe Beh@TGEri SRLELY Afedl "SEALKHE
refers to aromatic ring groups having five to

chairfesly theemaieeders  cywtiche 48 -fherddrasezyens wWisigip are
05/.090334 PCT. 0
complf?ca%% r%a(t:sg}llrateaﬁ éUDS_% :{é?n yc[% p(ﬂ'i%]ycgr 111@915}5{9@ 'of

nt Ar ac erocyc
unsatafmid. grest Sexedmpied ersaﬁtyalb]gé C&Jl):&_,_)lsa,lcib @rcﬂups include

furanyl, 3-furanyl, Nim.dazolyl zoly
substzpqqﬁ%%zqﬁ Wnsub tituted 11nea1¥ brancr:?lecf or cycllc alkyl,

art

alkenyl, alkynyl groups and hybrids thereof such as.
(ecycloalkyl)alkyl, (cycloalkenyl)alkyl or (cycloalkyl)alkemnyl.
[020] 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 carbon atoms. The terms “alkenyl” and
“alkynyl” used alone or as part of a larger moiety shall imnclude
both straight and branched chains containing two to twelve
carbon atoms.

[021] As used herein, the term “aryl”, used alone or as part of a
larger moiety as in “aralkyl”, refers to aromatic ring groups

having five to fourteen members, such as phenyl, benzyl, 1-
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5-im dazolyl, 3-isoxazolyl, 4-isoxazolyl,
5-isoxazolyl, a 1, 3,4- oxadiazolyl, a
wa 2005h9@sadi azol yl, 2-oxadi azol yl, 5-oxadi azol pCT/US2005/008251

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

3-pyrrolyl, 2- pyridyl, 3-pyridyl, 4-pyridyl,

= pPyri r d i dazgnyl,
naondnPIT Il I Bsblencrr DiA T Sy | oy
hete:dodynhzcolqafqmaﬁzimlmm oB- In@tte:acz@ryl gr@mmazcdtyéts 2-

eurarih A2 P SO 7, Y eVl TR Lo M 8,
5- imSHPsd Ut efl 5 RS z QI PUPSs B SOk A1 prle £ Usesk PR ey Ccladcl, 3, 4-

aromatic ring systens in which a carbocyclic aromatic
oxad¥azrl vk, r%tle,rz),a‘kwxadia@ol}slt udeeradl Sblr norexadirrolyl,

a cl rahy. _ _
2- OX%)rgf%ﬁggzoaﬁo gnf%t éi fbe% ura i?%ﬁﬁ?%yl’ 2
pyrldb},t[l nad 4%%1(?.3})3?}’1 zmw:amyy )2 Qeytzﬁ@i(@;zbj y4 pyrlmldyl 5-
enzj m dazol y |squ|noI|n , |30|ndoly r|d|
PYTinghisi st §ﬂ21%%h thetid a?@%%ﬂin%T ¥i

2-thid o BFOPe; - &(15%&%?”@ “R YA zolRE, 16 t&f@f&lﬁr ein,

IS a‘group In one or nore carbocycllc aromatic
2- tr:lrazrgkyhnoﬂmrmcehdb’ryz thirpyl arer f iseeienyh. The term

“ cloajk n- aronatlc heteroc clic rlg}gq
ary]e ‘—!1 dan © ot Oet]fla dro enzolf)?/ro eyterm

subst:ﬁﬁ@i@d] c Afynggrcﬁi.[ps admmtimcgm@@pfuﬁ@d qﬁcslyd*)ycalyd: aromatic
groups. [022] The term" heterocycllc refers to
ring s%‘ﬁﬁ'ed‘ﬂféoﬂ%ﬁﬁ“pﬁﬂ t3 aFA 5P OTEht Gr A T oty i dieteroaryl

ring ploé YEYSdd Ccd | SKE SYS RSB COMEL NN ONe mRdinfTEE include
heteroatons and a ring size of three to eight such as

tetram}pé!rcprmmyuhyfpd ﬁ@raq;rmycﬂachbyl ah‘g@nmmwl benzofuranyl,
pyrrolidi t rah hoI| and the

indo 1){.{( J(ﬁ%lﬁ/ %1 ugécfl%%%(lﬂ I, f}ﬁ t]%‘?rrlnZ xaz c fused

benz:fmit%ﬁyﬁﬂem igquirb eyl £ 1sagndysyent acfje:fd:tISyI,O t wo

rings which share two  atons._ Either_rin
benz%’aﬁ%aa%cé‘d’l pﬁw afrlveg/ lcﬂq‘g%t urdtee 1RFludy ﬁﬁ%&m By scope

of ]!?.V &in@éﬁéﬂ@t OF.5 65 Mp in which
e P S 0 e (e Exanpl es of bicyelic

one dmgenre |¢agrls<§/cssr<e1mc i arcdmatel c boinas eamdfor |hetierenryl rings
are tcu%%%uﬂgz élo dlkyl% Oal’gdrié?lsé]lg%%i%?—CTﬁgier&C cfa.'pzlzc ring, for
examﬂ'@,\/\n’hndaﬂiﬁbhﬂr tetrahydrobenzopyranyl. The term “aromatic
ring” or “aromatic group” refers to aryl groups.

[022] The term “heterocyclic” refers to saturated and partially
unsaturated monocyclic or polycyclic ring systems containing one
or more heterocatoms and a ring size of three to eight such as
piperidinyl, piperazinyl, tetrahydrofuranyl, pyrrolidinyl,
tetrahydropyranyl, morpholinyl, and the like.

[023] As used herein, the term “bicyclic fused ring system” or
“bicyelic ring system” refers to two rings which share two
atoms. Either ring may be saturated, partially unsaturated, or

aromatic. Each ring also may contain 1 to 3 heteroatoms.
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2. [024] As used herein, the term"tricyclic fused

ring systenf or "tricyclic ring system refers to a
wWO0i2005000334r i Ng systemin which a third ring i sCTausems/008251

to the bicyclic ring systemsuch that the third ring

shares at |east two atonms with the bicyclic ring

Exam];?i/éé €5k Mcgeﬂfceﬁﬁggaﬁﬁmﬁa f%keﬁlgr?ﬁcnuagfs Bhar grat not

east one conmbn atom the rings in
11m1tedcwclicompugndsygtemwnhy be aadumashdwnpantTebléyl and

unsat ur at ed, Ea o] e r|n S
Comp?%%$ #pd 33h teﬂaitoﬁsz E&aﬁpl@s ofnd %yﬁ%?@n in Table

2. ring systens include, but are not I|n1ted to
conmpounds e and g shown in Table 1, and conpounds e-1
[024] ahel gsdd bhnmmnintﬁabterm “F@ZEYGhﬁcuéedeﬂeréhg syhkem” or
i ona I ”sub titu

. ph "
veri QIeRPE roRe! SPotelr SYoRLEh kS s iy liE S g aysten in

whlc@Jépbﬁifﬁ)rﬂﬁ§n§sth@geahechaa1E@byamn@tylﬂgysygtem such
substituted wth one or nore (e.g 1-4)
thats@%%t?@h%@t§1n9n856ﬁéseﬁﬁoﬁﬁﬁﬁﬁt§W0 arPpharithgebapbicyclic

r1ng§%$%$e£r°“9§ s8&¥'eﬂE8§E@en@§t6595yE££ée QFﬂggffﬁare at

ocyclic groups, icyclic or tricycli
leasis ystensomgooh akbhoone AnynofethebsingsemnsthéhErlcycllc ring
substituents are m t hose th

d f
syt Stk B (et erat P Rachr b cebngl thaREubREe e BF catrpatic.

Each P6OCESS, rBSg¥Onb ¢ Decuener al ty KnpwRerborbhiose skhhpeds of
in the art. Exanples of substituents include hal ogen,

tricyg}ic.mg syptemsoteeivdeorbrsugkcasohcyiBikysd paenyl

compdifzils _ﬁ%ﬁl&_%\ﬁ%ﬁ) iy’ _Wf&@%was eMPang g-1

iR L A2 (98 o
(0251 Exeyy 21STS 4 0) S, PISeRRL}ObS{ O 17 - SORRREICSEDN
follé&éa ﬁ% ah@ﬁé%%ﬁgﬁ’mo QQ)ﬁﬁcnanzgptféhaf%%ggﬂbstituted

allpha®K§XIm§§ns =NSORIoE ChﬁMEFGIEQQlebY maznb@héubstytused
withggn 7 MD 2005/ 9 334 P / ?égggggl tgnlggﬂé gmbodlments,

oF arar rbup
aliphaﬁ&ﬁ|¢t¢@ﬂsph@nyy1agﬂoﬁpe sabgnlgnbeﬁs (bt anygchelic
substituted _wth 1 to 4 of halog - 00¢ H,
grouRﬁOt%%{gﬁpri%gu%ﬁoggs, and bicy&lic or trlcycllc ring

gystems contain one or more substituents. The substituents are
selected from those that will be stable under the reaction
conditions of the present process, as would be generally known
to those gkilled in the art. Examples of substituents include
halogen, -Qi, -0Q:, -OH, protected OH (such as acyloxy), phenyl
(Ph), substituted Ph, -0OPh, substituted -OPh, -NO;, -CN, -NHQ,,
-N(Q1)2, -NHCOQ;, -NHCONHQ;, -NQ;CONHQ;, -NHCON(Q;)z, -NQ;CON(Qi)a2,
-NQ;COQ1, -NHCO;Q:, -NQi1CO2Q;, -CO02Q:, -COQ;, -CONHQ;, -CON(Qi)a2,
-S(0)2Q1, -SONHz, -S5(0)Qi, =-SO0NHQ;, -S0:N(Qi)z, -NHS(O)2Q:,
-NQ18 (0) 201, =0, =S, =NNHQ;, =NN(Qi)z, =N-0Q;, =NNHCOQ;, =NNQ;COQ,
=NNHCO,Q;, =NNQ:CO0,Q;, =NNHSO0,Q:, =NNQ;80,Q;, or =NQ; where Q; is an

7



acyl oxy) , phenyl (Ph), -OPh, -NO2, -CN, -NH®, -N
(@) 2, -NHCO®, -NHCONH@, -N@B CONH®@ , - NHCON (®)
wa 2005N@BBON ((B) 2, -N@BCORB, -NHCORQ@EB , - NBPCOIB05/008251
- 2@, - COB , - CONH@B , -CON(@) 2, -5(0)2@s,
-SONH2, -S(0O @B, -S02NH@, -S02N (@) 2, -NHS(0)2@8,

. S( = =0, = = = . o N\
allpha’gw %%.aNr&%k§l gxr,oﬂ:i%ﬂgﬁd %QEEN%C%;%,
subst 1 EMNESOREENYyANNOESERES, sudrs tINOZ ath et @PIBmMey Hei phdndtci tuted
, or aryl. [Q26] As used rein, nitrogen . at
witn ke A Ae phOZEIo S e BET el Rl LLORSD O Ocn o
acylox%i,t |8 sUbGHH )t uerssh ondle -oivt r cgem At oW {ggl,yde NHCOQ;,
, , S (O 2Q2, and CO02Q2, where ? is an
- NHCONEK: phaNReCeiRp omNHERUESD & t ut M NpRat 2. ¢ NRGIHRs /

—NHcozég,rZQNnéé;arogai Ot hery S@-ctégat edﬁ:%%%é““ UEBR (%gPi ,Ctveg(?) 203,

al SO TBANt *inc A1 sSterédchenica

- SONH, | OF BBOPD; | hesGINHEG!, UFE8P.N(Qf 2, FNHSR(@MD:S -NQ1S(0)2Q;, =0,
configurations for each, mretric_cent

_S, -MRer O (Qe) gl 8 Qibr o5 BNERORal TUBEFO%as TANHCR:

—NNO,CERNt LSRRI o, aNdhiilh 253,85 E09BT Ligo Mivrhek-es 09fid heliphatic or
present conpouhds are Within the scope of the

aryl. invention. [028] The term "substantially pure" refers

to the stereochemn cal urity of a c ound that is.
10261 Ay w68 R 000 1 19T it bt AEE S Ay o1 10 Ting may
be optIRLAAGhNRl fildd Y Guid LA HIMELS tdetdiLlon tHian
' 95% And in still others, the stereochem cal purity of
nitroggn e&eFoumEliuios oFfOge eat 6P) 24202 FheC1Qermwhere Q: is an
Do e &F yst |.zat | ystalljzation of
allphagsigu%g:{&él tiall y sgllﬁéeg%o% %ﬁ?ﬁﬁﬁdﬁol éent béont ai ni ng
[027] UalddsXidtiefides ®ited | (3 uctharder depdynad herein are
crystallization" neans crystalljz

i f
also meqalt ER IR SEACATRR e ol SEFTE Gonthisigiructure

ie., Wd W enPls igEIGAMdeh Lol td QN8 VB Ahe®AUSE center .
i sonerizati on of the m xture of isoners to an isoner
Therefighiech ssewlectdtatgpdrgmiica] iimomerss wo ¥e03/ @F0FJpntiomeric

and dirg.gl;/qgse%%oesrliocosr;r%%gc]tufeog oef(%ﬁg %r s%:!‘lgec ﬂ’l?)%u%fds are within
SOl vl ng ena_n Ioners, 1sonerirzation O he nore

the sceflaulife wraniiwsido. the | ess soluble isomer results

in crystallization of the | ess soluble isoner as the |
[028] The term “substantially pure” refers to the stereochemical
purity of a compound that is greater thaxm 90%. In some
embodiments, the stereochemical purity of a compound is greater
than 95%. And in still others, the stereochemical purity of a
compound is 99% or greater.
[029] The term “selective crystallization” means crystallization
of a substantially pure isomer from a solvent containing a
mixture of isomers.
[030] The term “dynamic crystallization” imeans crystallization of
a substantially pure isomer from a solvemt containing a mixture

of isgomers under conditions which cause -Sdsomerization of the

mixture of isomers to an isomer which selectively crystallizes.
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equi | i brium between the isoners is driven by
crystallization toward the | ess soluble enantioner. A
weoepesiobis4 exanpl e of dynamic crystallizati on R@y/Us2005/008251
i nclude the epinerization of an anoneric carbon in a
sol vent under conditions which selectively
For &k b B | 'ﬁﬁstﬁgecéé@séﬁnfé%iwylﬁé”@ngﬂ'ﬁ‘ﬂéﬂnef@r iEBRdkization
ess othérw se stated, structures depicted herein
of th&emozéssohebhe ¢oanptdmee conpbandssahschuldilef ésovaky

t he resence of. one nore isotopically enriched
resulfh {f oBrSEERERrREi Sl oRboEiRe TRaS: RELPRES o} a8BRe a5 che
equlﬁiuslumrw rest RXELPELE Of sbiher & epl ageipeh Bl arweamwaabyon

a deuteriumor tritium or the replacenment of a

towaxdriem bysa a3bubbe auaphenelied LafboAifiie ewpbhila of

dynarﬁ:hc,e é@’&? f{1£Q£ foz.ll nr}{%gt iﬂgluli83gﬂ1e VQ‘_E)!LIQQ]?ILZBEEEECIDEngn
gr oups’ cappl g gro cappi Ng gr oups
anomddc beatised in 4 heoh@éﬂnbdlfm@ért bd)ﬁdlt‘l!lenl‘sl vhichseelectively

T.W Geene & P, Giﬁ% Wit z, "Protective G-oups in
CrYSl@Jg]aJrﬁ%s Syt hedbetankial i PRER, eB3RRL9WFEy & Sons,
[031] ttﬂ‘l?le i?ﬂ nggetgl@a O%(ﬁl '§Er§8€'u£éée&eg%Eéa”ﬁe?ém are

| es am ne cappl ng groups or
alsopm@ﬂmmttmglgcbu©e ¢mmp@@mdsbuhiahedhﬁferlbniYedntbhe
@) OR7,, - SORT. 802R7 03R7
presqik o |97 ROy Ry SRy L T e ehec (8
examp¥e, avin redtur € pt for the
B/ &6@&4&18&&21;1 § G P éiN,si@t(@ BEeurés ﬁlbbs N
(R7) 2, -C(O N (OR/). R7, -C (=NOR') R7, -P(O (R7)
replgcenght -7F G PORTIISR hified cRAURITi M hgHr Bgbhiugn or the
I S d,, alsizph ce Al I
replg@%s%?‘?u%%daaggﬁ&g%% oF a%goptclg]-ona %%%l%}t@e%y
withietBrocycdpe of otipis £hv¢mﬁammy, R7 is
(C1-Cl2)-aliphatic-, (C3-Cl0)-cycloaliphatic -, W
[032] (‘@“@1@‘ BEPORFFHRAL FEPURY ~ CIGFPRIPPhIrPRPs " or “amine

0
cappi(r% %ﬂ%) %’;%’ﬂéértocl;é%?ega i(fi al‘_E]Xé ©&dn&d<) 8Fi PRaLI ¢nvention

(Seeiﬂﬁnghefﬁr%cy@¥§$n?C& BI1P) M} i PhbEi ctProtective Groups in

orgul 2 SHINELE PoM woyBer, e fidey © goggy Inc. (1599

and ‘ﬂ(&)%aﬂ&ﬂﬁéﬁé 26T/ UB2005 H0820ds $D3Bhidsbuskll. heEramnples of

the term"lewis acid" refers to noiety bl e, of
amlnesrflaarﬁ?ﬁ’ﬂgn%rgla%‘&%%t‘P’ﬁgplaﬁ’]t%%%’?ﬁﬁ oA PEPT. ME‘Rﬁﬁ‘SFesbBF are not

Timit&M o aCigs inc dgd? bet(oab&7 NOL sbk M t-88b RO, -5O,R7,
—SOzN(ll:QS)ze,t h-eé?(g)eg(g{] , -C(0)C(0)OR’, -C(O)CH,C(O)R’, -C(O)N(R"),,
- (CHz) 0-2NHC (O)R7, -C(=NH)N(R7);, -C(O)N(OR’)R’, -C(=NOR’)R’,

-P(0) (R”),, and -P(0) (OR"),; wherein R’ is hydrogen, an optionally
substituted aliphatic group, an optionally substituted aryl
group, or an optionally substituted heterocyclic group.
Preferably, R’ is (C1-C12)-aliphatic-, (C3-C10)-cycloaliphatic -,
(C3-C10) -cycloaliphatic] - (C1-C12) -aliphatic-, (C6-C1l0)-aryl-,
(C6-C10) -aryl- (Cl-Cl2)aliphatic-, (C3-Cl0)-heterocyclyl-, (Cé6-
C10) ~heterocyclyl-(C1l-Cl2)aliphatic-, (C5-C10)-heteroaryl-, or
(C5-C10) -heteroaryl-(Cl-Cl12) -aliphatic-.
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nmet al hal i des, al koxi des, and m xed hal i de/ al koxi des
(e.g., A (Calkyl)2C1, A (Calkyl)Cl2). The netals can

woeo@lgedsmum  titanium zirconi um nagnesi um PCOAS2I05/008251
zinc, iron, tin, boron, ytterbium |anthanum and
samarium [034] EDC is

[033] %35(3 d;/d(;lr?{c&lyyebeﬁzot ri g:%éil e. 3‘L|EE,'E | S tet rgﬁé dég$ur arﬁ%&/

capable dﬂIéﬂammgﬁaﬂuabdypuinglaﬂ|eiehtﬁwmnpﬂmﬂhamaammléé of
I's 4-_dimethy] am nopyridi ne. DI PEA

18Wlsd|51%1<53;ﬁ dA 18Ry A& T DS shdﬁurﬁ%;wror%me&&er?ﬁﬁs and
meta ‘R‘/lélr 'éééwraq%&of‘esamaqzd B4 d$ habﬁik?é/ orysarhonyle 4H

i's nucl ear nagnetlc resonance. is thin |ayer
Al (OadikydnmtCagr apHpalkil) QEEEESSEEE[GSE?IPrG@ésbesaénmlnum,

. conpounds descri bed her.ein are useful. for r.oduci ng
tltancliggaszel?cr%lﬁm oS AT o proditigs t HHeort ]{Jn {49 poron,
ytter@3Rind N dmdidded asprrddea@aing derivatives, such as

aspartic acid aldehyde noieties. An aspartic acid

[034] éllmshyﬁel e -etiynebiydegninapeap 1 )i by 1 e ¢3rbediigyide ¢ HOBE
acetal f oarm_as -sho .0
is 1- ﬁ@ A H Wole ""%}&e tecll_Jpal't\ﬂ_# %e caspase'\is

ere repr esents he rt'e

trlfﬂdﬂﬂdadélfld‘f[dcﬁ_@iﬂ e.DCMOriad |dac&v]atﬂ'c&iﬁ)éiﬂ'1¢rE®dr MARfis 4-
caspase i nhi bitors have been develqg d on the

dimetiyl g R EHEng . FE Tk bl B L IR TRE P 2 DUF 1s
dlmeﬂﬂgﬁﬂf&lt{égnfci@ Cyi&A C.'Lsh%?l%&}oéée@l@ré?@f&'.g heindi s

devel oped as a treatnent for rheumatoid arthritis (see
benzIS::Fatasriionys, .716HONYR 16 WOc2@es/ 09@e®4ic resonance. TLC is

thin Figyegszqqorsgmoaocso%% HPONO O NHONH

II. PROCESSES

[035] Processes and compounds described herein are useful for
producing caspase inhibitors and/or prodrugs thereof that
contain modified aspartic acid derivatives, such as aspartic
acid aldehyde moieties. An aspartic acid aldehyde moiety exists

in equilibrium with its cyclic hemiacetal form as shown below:

o 0
OH
5= O
Woo H
H o) H OH

where W, represents the rest of the caspase inhibitor molecule.
Orally available prodrugs of caspase inhibitors have been
developed based on the cyclic hemiacetal. For example, the ICE
inhibitor 2 including the cyclic hemiacetal is a prodrug being
developed as a treatment for rheumatoid arthritis (see US Patent

5,716,929)
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2. [036] The general synthetic procedure shown in

Schene 1 is useful for generating a wide array of
woheosiooed34 speci es whi ch can be used in the nmaraTASRWE608251

of pharnmaceutical conpounds. SCHEME 1 0 O + Ra | OR4

Ra R3 NH2 X R Pal | adi um Catal yst 0 OR4 2 Pal adi um

ligand A ~( Base R3 N R2 Plgase transfer catal yst H

GIll Al Solvent A The progess shown in Schenme 1
i ncl udes reacti ng poynd Rf Yornmula G with the
amde Al intesc of Na Il gdi um catalyst, a
pal | adi um | i gana s {\n S nt optionally
i ncludi ng a phase |trdhsf cat d optionally

i d

including water t®.ploduce tke cas bonyl
compound G . [037] The noietys X, Ra, , R3 and R4
are defined above. As drawp, Gl refers to conpounds
in which X nay be cis or trans to Ra, which provides
[036] fThe hptdetdle systloei¢ rpmnscednpeusdsvofig Schemg. 1 R useful
can be cis or frans to Ra 038] In sone. enbadi nent s
for GHPTTGULS TRADETARH 75 %ﬁl%fﬁ%?% a"PEohpBulis oF b be
used 4 NEHa pdMifadenrd hef nehetyScE2t 881l Réombownds
Schene | forma substituted heterocyclic ring: Ra 0 1

SCHENE MW || HOR5 XV 11 WD 2005/ 090334
PCT/ US2005/ 098251 wherein R3 and Ra are defined above
o and R5 is an]optionally 0
Py + | OR, Ra OR.
Ry~ “NH, R, Palladium Catalyst j\ |
Paladium ligand
Base R3 N Ra
Phase transfer catalyst H
GIII GII Solvent GI

The process shown in Scheme 1 includes reacting a compound of
formula GII with the amide GIII in the presence of a palladium
catalyst, a palladium ligand and a base in a solvent optiocnally
including a phase transfer catalyst and optionally including
water to produce the amido carbonyl compound GI.

[037] The moietys X, Ra, Rz, Ry and Ry, are defined above. As
drawn, GII refers to compounds in which X may be cis or trans to
Ra, which provides for both the cis and trans compounds of GI,
e.g., Ry, can be cis or trans to Ra.

[038] In some embodiments, the process may be used to prepare a
compound of formula XIV, when the moietys R* and R* shown in

Scheme I form a substituted heterocyclic ring:

Ra 2
o e
R3"™N

H O~R5

XIV



substituted aliphatic, optionally substituted aral kyl,
optionally substituted heterocyclylal kyl or optionally
weoeubwstoweasted aryl. Specifically, conmpound XV ray/usen0s/008251
produced by reacting a conpound of formula XV: O :ao
OR5 XV; and a conpound of formula XIll: O R3)~ NH2
whergg IR3' %ntciq%ap '?%%Jﬁ‘fec? R Addineat al wgt op‘%lonally
dium T I'igan base, a solvent, and
substoptmmmlaylphepﬁm,e ¢p1axlnsm@11§ca$1alb§risitutﬂﬂ:eaeahk§)<l R3,

. an ar.e deflne above arrying .out_the
ovt i FEY SHHom fo APerRoR S h e Pebep R iftn Ly
subst PAYE SaFRY. bespisers i da By, Nebifo@fi@untv Wik ¢hbe produced by
provides t e desired product. In sone enbodi nents, the

reacting o ctompdienddhrf et sK6f pal ladium Il salt to
palladiumligand is between 1.1 to about 1:5. The

ratio of the nolar anountRa off palladiumll salt to
the reactant G Il can be be n about 1:200 to about
1:1, about 1:100 to about , or about 1:50 to

about 1:10. The ratio of the Dl ar anmount of the base
relative to the GIl is betweeR about 1:2 to about
10: 1. The two reactants, Al and G111, and the base
can be used in nearly equav;molar anmounts. In sone
enbodi nents, _the ratio of Gl and dIl can be between

and aRRRPUE (Qf AhRRuE X L}H10] The reaction in Scheme |
may be conducted at a tenpepature between 25C and
120C, e.g., about 50C, in gﬂy sol vent that does not
adversely interfere with R’Ae Nd4! adi um catal yst, the
12 WD 2005/ 090334 PCT/USZO§§5908251 pal | adi um I i gand,
and the reactants. Exanple suitable solvents are

in tHiessrdbabdeseid Il £a@huh NEd twiey $©] UgNSal Uh@Xa@NeIr ligand,
a base, a solvent, and optionally a phase transfer catalyst;
wherein X, R®, and R® are defined above.

[039] In carrying out the reaction shown in Scheme 1, the
reactants and reagents may be used in any molar amount which
provides the desired product. In some embodiments, the ratio of
the molar amounts of palladium II salt to palladium ligand is
between 1:1 to about 1:5. The ratio of the molar amounts of
palladium II salt to the reactant GIII can be between about
1:200 to about 1:1, about 1:100 to about 1:25, or about 1:50 to
about 1:10. The ratio of the molar amount of the base relative
to the GIII is between about 1:2 to about 10:1. The two
reactants, GII and GIII, and the base can be used in nearly
equal molar amounts. In some embodiments, the ratio of GII and

GIII can be between about 1:3 to about 3:1.

[040] The reaction in Scheme I may be conducted at a temperature
between 25°C and 120°C, e.g., about 50°C, in any solvent that

does not adversely interfere with the palladium catalyst, the

12



THF, and m xtures thereof. In sone enbodi nents, the
solvent may include water. [041] After obtaining the
woanpmaead4 XI V, the conpound of fornula XVI: OPCOUSZI05/008251

N J40 H OR5 XVI may be obtained by reducing the

furanone ring double bond. [042] The reduction of a
pan%&{&ﬂ‘)ilf gag gﬂab{:ﬁebQQQcﬁ@Mth ﬂ%ﬁfﬁ legsts d it:abae

dride T uti ng agent, especi al or ohy .

solvéﬁﬁﬁphes déssuﬁbeﬂohehydnldnd canlmdelgddlumﬂuene, dioxane,

['ithium borohydride, _sodium or Iitpi m
THF't%vﬁc@%aﬁvseﬁoﬁ§arﬁa£ I8P aRFoFMPPRAIGRES  the solvent may

inclGyanglesphydride, tetrabutyl anmmoni um
cyanobor ohydri de, sodiumor |ithium

[041] t Afabkybbbadhydgi the cpmpbendbK§Vsodhamcompound of formula

XVI_cyanoborohydlride. Typically the reaction mxture is
‘adjusted to be nmildly acidic, preferably at a pH

between 3.0 and 6.0 with aci dscuch as HCl, HBr,

acetic acid, formc acid, trifluoroacetic acid,

BF3. CEt 2, alum num tricllor|{dep zinc chloride, or

titaniumtetrachl oride.gs oflal |y, the reaction nay

be buffered with 1.0-5.0 eéquilgnts of sodi um

acetate. Optionally, the reaction may be catalyzed by

the addition of 1-5% CoCl 2/%¥#icorrin, ZnCl2, or 1-2

may e%U|v§Ient f chlgr é |gﬁgh¥h hgﬂg Qﬁ'r@kpgi%rbgﬁd

ageth are OWI’] SUC

W42]hWﬂé|ﬂ§ﬁﬁ%tﬂbhtBEUH1Buranone ring double bond may be
i sopi nocanpheyl - 9-bor a- bi cycl o[ 3. 3. | | nonyl hydrlde) to

accoppbyfled wsyhnat PYEridguEefBA1INP02IE RedEEPEGH 3G Yt Re
boroﬂ%gglg Ublﬁéggégﬁbnofesgch §B¥bﬁglr§hég Qﬁclude sodﬁgm oxr

acconpli she ydrogenat i on s 1s useful when
lithismsbabbkydrodeheshddnogenaiibhicendirtinorsoxybolrchydride,

sodi&ﬁegrR?iLﬁi%hk¥§én%%o¥g£289§ég?O%etr@%ﬁé%?%%%é&ﬁ%égs1
cyanoborohydride, sodium or lithium trialkylborohydride,
preferably sodium cyanoborohydride. Typically the reaction
mixture is adjusted to be mildly acidic, preferably at a pH
between 3.0 and 6.0 with acids such as HCl, HBr, acetic acid,
formic acid, trifluorocacetic acid, BF;.0Et,;, aluminum
trichloride, zinc chloride, or titanium tetrachloride.
Optionally, the reaction may be buffered with 1.0-5.0
equivalents of sodium acetate. Optionally, the reaction may be
catalyzed by the addition of 1-5% CoCl,/semicorrin, ZnCl,, or 1-2
equivalents of chlorotrimethylsilane. Chiral hydride reducing
agents are known such as R- or S-Alpine Hydride® (lithium B-
isopinocampheyl-9-bora-bicyclo[3.3.1]lnonyl hydride) to provide
asymmetric reduction.

[043] Reduction of the ring double bond in, e.g., XIV may also be
accomplished by hydrogenation. This is useful when R® is stable

to the hydrogenation conditions, such as when R® is alkyl.
13



Typi cal hydrogenation conditions include hydrogen gas

at a pressure in the range of about one to 100
wannsapéss es, usually between about 1 to abouPCRAS2@5/008251

about 1 to about 10 atnospheres, and a catal yst

present in the range of about 0.01 to 0.5 equivalents

rros 81 fabiskent ol Xt sperarmiaty RIS, gae o o

pres$mséexnnthaltyng@t¢ﬁ @bo@U/GnesuotélDeaSmbﬁghESes, usually

i ncl t hy ta e al coh a t hano
betw%ﬁ%a%%?utléok? % 28roﬂﬁt?§ Eyg gga?ESﬁg Eguéhm8§pheres’
and @e@éegfystObysssntxyheaﬁe ehhgeeak suehtas.oTHeo BVE

di oxane, preferentially ethanol or THF. Wen R5 is

equivalksnterparabwyivaseeh a5 BeMzyEorackaBRLEN (1 FusEable
|
cata%#gggnngécéé id étab ?BH §Sucﬁgeca?gF ?tpg,f%¥%%%r%?tlally

ereose rve educ ion.
Pt/Creackdng. t heuiredal easobnenos nhsludE|eusylcanptaxes

with chiral forns. of gands such,as neth or eth
alcokhpbgiossitgh 1a%.§e§h3naﬁa|ﬁ§hﬁﬂ8iphaﬁaﬁsysaﬁ2énear ic

hydrégéﬁbgns'SQ@&HPXE'Q@HEeﬁe, toluene, xylene, ethereal such as
ydroxy 1, 4- blS(dehGﬂ%}phOSphan but ane) , BI NAP_

THF, (EM&, @l@%d@@hepyeﬁhégphlﬁ yiethapphapht BjF), When R® is
alky%ﬁé¥ BL PIS% 33¥£8§8§E?'onﬁghﬁﬂs)wz?Pgw ruthenium

0X car
(II)(@hmmepgtph@spheﬂeiﬂeﬂhybr4stdkabeeybphmsphkadﬁpy&ani Such
di ne), BPPFA
catalygin: HF nePRYPY| Y| roachiRgdF BRel§FphodFhPRE) Of its various

compié&é@cﬁfyh]§£b¥£?nE8§%s BEGP ﬁy'9§85yhssméth 1- or ethyl-
bi s(di phenyl phosphi no) pyrrolidine), or al E

DuPHQ%uébhbsbh@+&n@e@hahbylpngﬁyh@&hep)banzabse Dﬂ@&nd@ 3-0-
t f I
1sop59%y% 8?3e5 glagkyydg ﬁg g grﬁﬁgfag%ﬁeX%ﬁghgéghlno)butane),

sphol an
BINAKCVEJDOGbﬂﬁK@ﬂﬁhéhpﬁphﬁéphlnbvFﬁlmOFBMEhbHﬂhymbfOUHERAPHOS (

wh | k t h hed
IR R Tt et e e S 2 SRR
(d1pﬁﬁﬂ¥§§h85§ﬂﬂﬁ8?ﬁé@ﬁ?lSQCMd§§h9H§m¥hoshﬁ§ﬂb %?%r@ﬁlﬁﬂﬁe),

I somer of these |igands w
BPPF%S%Nc%nﬁlg@tbyloh 61’ ¢ Rebasadinbenribbasphinpe product

and u @ gb % ditg_the
ferr?$5n%fﬁ? %% %%%§ U|?§g§g é§1béﬁ gﬁlnégude et hyl
bis d&pﬁéﬁﬁlphb@phbhé)p?ﬁﬁhlﬁéiné% Wor280k#0988R4

PCT/ US2005/ 008251 , )
(bisphospholanoethane). Many other suitable ligands are known
in the art. Preferred catalysts are 1,2-bis(2,5-dialkyl-
phospholano) benzene (cyclooctadiene)rhodium(I)
trifluoromethanesulfonate, where alkyl is a straight chain or
branched alkyl group of 1-8 carbons, optionally substituted with
an aromatic hydrocarbon such as phenyl.

[044] Use of the (R,R) isomer of these ligands will lead to the

(8) ~configuration of the o-amino carbon in the product and use
of the (8,8) isomer will lead to the (R)-configuration.

Suitable solvents include ethyl acetate, alcohols, such as

14



met hanol , ethanol, or isopropanol, aromatic

hydr ocar bons, such as benzene, toluene, or xylene,
wethwsreosuch as THF, DME, or di oxane. PreferredT/us2005/008251

solvents are toluene or nethanol. The reaction

concentration of XIVwll typically be in the range of

methéﬁgﬂt Qe@LMHo L OMg fﬂﬂﬁﬂﬁﬂi/éﬂymgtﬂ%3H?&f5é%fﬁé s, such

reaction 'tenperature is usually in the range o
as babaaneo Cofloenabowtr &Y lE€nepr eftdreats yugdt wee MHIHOWME0 or

C to about 40 For .the _us f rhodi um tal ys
dioxgpg. cPrgfigrre éé?&ﬁ’erl%s Fhdndo e PO Redian ‘%ﬁ199éﬁhe
reacéﬁonﬁggﬁc@gkgatwbh OEUMEV\hﬁil/%ﬁpﬂmaf%&Fbe KirfE W, range of
Amer. Chem Soc., (1998), 120, 657-663; MJ. Burk,

abouu E OfMasped, OW, APTREGERbIYRALOWQ -GH tD 1At Gsm
%1993) 115, ,10125- ]ﬂ 38; For the useég o
reacFi‘JPﬁe FURETELVEry s USEaL 1y, pn ange Rfs&bquf 07 C to

cnon80L A IHERRORS oRREL I e TS B (. (ron

the Jé&abﬁshhodYumU@btd&YsE@t@&hﬁdmnnZhbetE.(IQ&Q%,X33Zhang, J.
3-5786; U. NMatteoli, V. Beghettao, Scriv

t
Org. pepetyl ALo6) alhyi COR7T-GHIA L Tradetoos) Ba fil iery . F.
Kiesh845] J.nagekt aidysnbedidrents,ggthen e BelsR3 M. 7. Burk,

includes a chiral carbon bound to the car bonyl of t he
J.E. aRtdeted, | W.Ras Nugentst & docli@ylsiy Shéwez.n Cem.

soc. GURARFD G 18O I005 G005t T IS 605 DhR It

catalg¢aeki eaeof JGVWV prowindes! .t R>segnmaund xefidhte faor milemndhd;
Reclcggav Chim Pays-Bas, (1995), 114, 242-251; M. Saburi, M.
Ohnuki, M. Ogasawara, T. Takahashi, Y. Uchida; Tetrahedron

Lett. (1992), 33, 5783-5786; U. Matteoli, V. Beghetto, A.
Scrivanti; J Molecular Catalysis A: Chemical 140 (1999) 131-

137) .

[045] In certain embodiments, when the moiety R?® includes a chiral
carbon bound to the carbonyl of the amide, GIII has the

stereochemistry shown in

o
RS)\NHZ

GIV

as for example in the structure GIV'

ReN_

CONH,

GIV!
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R3~H OR5 GV The stereoi soners of GV may be purified
by selective crystallization, dynamc crystall zation
wonrowshwasat ogr aphy. [ 046] As descri bed her ei nPCRIS2®5/008251

any organic noiety. Specifically, it will be
understood that the R3 group nmay be selected from any

The Qég.@%llgnmfetdi\f halod isd able é&nm L ONs Of e idi1a
coupling reaction shown in Schene |, such as those
condi ti ons described herein. o[ 047] In specific
enbodi nents, the general progtess shown in Schene 1 is
useful for produ0|ng cgspape dnhibitors, such as
prodrugs of caspase_i R s, e.g., ICE inhibitors,
and i nt er nedi at esRf her esf ghese enbodi nents, R3
Is preferably any noiety tha@ taken as a whole with
the rest of the nolecule, provides such an inhibitor.
Typically, for caspase inhibitors, the R3 noiety is
specifically referred to in gige art as a P2, P3, P4,
or conbi nation thereof, noiety or site. Exanples of
PZheP3terRo imsinetse ©Tar®V derst rhdexii ¥ st dvleral¢ctive

Q48] The PX ety t efer t
crysggEglzgq dehce ﬁ’eﬁmjtgo ]f}ﬁélet%%a Cfr{ %%a@%%glerﬁas?% %E?h%

[046] PAE! Bekl-ali et PRI ISUDSES 3l anfl or’f_:]%frﬁﬁ:'s o ke
aspartyl residue of the substrate where caspase-

Speciifidgeddvol ddvagd lokaursndsiratroddthatal thaidst gaeep PRy be

e BB ] Mo DOTGERLL 1 £SO ok cdcns o

the poupﬂdngofreta]m&m rehao dirs efplence I hasudieers repbaeed

by .t he non tidic noiety. As used herein, the term
condd p3opg- C%t]%%dg Jth elther the anino aC| d

[047] SQH.U %B%%lfq%s SRR ROV ?:l_lp Y knowa 5
l'ace such a 16 WD 2005/0 334 P USZOOS/ 008251

Schemequ;en@euﬁ@fqmécpum@tnq)@a@a@eca@ﬁa@@mmt regeh as
prOdﬁEgEM rmlp%‘trStI C%ltﬁia?thlaqorletCﬁ“fjsflEJ bs%%r?'fjeic(:éare J%E:‘%rl 3‘3&5
inteYpedi9tes7 0 aAldfen ein alhdse UmboBifderdZet, R? is preferably
any moiety that, taken as a whole with the rest of the molecule,
provides such an inhibitor. Typically, for caspase inhibitors,
the R® moiety is specifically referred to in the art as a P, Ps,
P,, or combination thereof, moiety or site. Examples of P,, Ps,
P, moieties are described in more detail below.

[048] The Py moiety terms refer to the amino acid sequence next to
the aspartyl cleavage site of a particular caspase substrate. P;
refers to the aspartyl residue of the substrate where caspase-
induced cleavage occurs in the natural substrate. In the design
of new, nonpeptidic caspase inhibitors, the Py designation is
often retained to show which portion of the amino acid sequence
has been replaced by the non-peptidic moiety. As used herein,
the term “P,-P,” moiety refers to either the amino acid sequence

described above or a chemical moiety known to replace such a
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(Batchelor et al.); US 5,847,135 (Bems et al.); US
5,843,904 (Bems et al.); US 5,756,466 (Bem s et
wal2005/093345, 716, 929 (Bemis et al.); US 5, PCT/US2005/008251
656, 627(Bem s et al.); WD 99/36426 (Warner- Lanbert);
Dolle et al., J. Med. Chem, 40, 1941 (1997); WO
0 u |
o uBfLI0FR hEUDl ool B FLIGS, %%:ﬁ%?%&%%and in
partiacelancanpdCEt sdbby ratef.erence. [050] As woul d be

recognj zed by skilled pract Itéll oners, a P noiet IS
[049] Frxampéessafi Py Bnmakchd S5 ithate SrGu&OTFRE Ery
desc?fbe&r%)ﬂpUgoglg bevw qrpwéﬁ ey AFNG RPN,

group (e eny - )-). Such P4 ‘groups are
(Batelxehpti étedlher elh. 5[,(853] 135 dfentier ednieddilnelS 3,843,904

menl 8D LM PIBK 02918, WAL i ol P R0 % SRIPAL (s

et als) a B4-P3cF2, soivabrmift atcagpase wmfyémemrze O(IWarner—
portlon t hereof . Each P2, P3, and P4 group may

LambeFebt poehi edetned - Xvi - éqquerch%lfvﬁd)ualq%ﬂlor(ww i WO
98/1(%;2‘5@t 0G0 FOT X 88Phe 1 olf | (7 u!rﬁ 2 11%2’9”&&1&[} %nd 1O
gr oup ?e g., a protecti ~0O group may be
98 /1¢20mVedatoepr Damtbera ) comldum:cf wh:h:m afrree e rem e rteagh by
£ Th am ne group and an appropriate P2 noiety may be
relerYypfed under, e.g., standard coupling conditions to
[050] POV, 9618 EQ”P@HB%n‘M%%He'b@/ S 118 P PR dBIelhHs 2 a P moiety
caspase inhibitor.” A P3 and a P4 group may be added
is nobgeehessariluden dudhioy siaida reshdusr. ndiRreexdmple, a P4
exanp i f_the P |et r ct ec
groug G Ehe pe ferederoany Shbars Bhnie L.,
phen;ébpd:(ona} ly pﬁehe@nee_i;)rdm@)s B NG:20H/iF9@IBherein.
PCT/ US2005/ 008251 be incorporated. |If a capping group
[051] otmerneHanr actpprémentyr Ghd@ iify Sgidey Fvesiaed gyocess

for ﬁngQI"lltlge t SB%B@Lth%’f B rnRf1P4kvr

0]
O
@]
=Ny
H O~R%
XVI;

wherein R?® is a Ps-P3;-P, moiety of a caspase inhibitor, or portion
thereof. Each P;, P3, and P, group may be incorporated into XVI
either individually or together. For example, if R® is a group
other than a P; group (e.g., a protecting), the R?C=0 group may
be removed to provide a compound with a free amine group. That
amine group and an appropriate P, moiety may be coupled under,
e.g., standard coupling conditions to provide a compound wherein
R® is a P, moiety of a caspase inhibitor. A P; and a P, group may
be added together or individually in a similar manner. For
example, if the P, moiety is protected, the protecting group may

be removed and a P; or a P;-P;- moiety (optionally protected) may
17



resi dues, such a group may be added routinely by

nmet hods known to skilled practitioners. [052]
waéeesrodiasgl y, one enbodi ment provi des a procesBCTuUS2@®5/Mm08251

R3 is a P2- noiety of a caspase inhibitor. [053]

Anot her enbodi ment provides a process wherein R3 is a

. -pP2- ety a3 i LB t .
be lé§k£%3¥gg%§6di%én? %?§€13@%9§Q%§%§§§§”§ﬁ§%%%E?§§9ﬁ§%3
prot &t P3g Pdrotpi ébydekiaedasmasey Wi hcortefnO5E1 Aot Ber or Pa

. enbodi nent provides a oces erein i§ a P4-P3:
resi @3RS PGty b THOLRSPATE Hon AT b e d Mebliqps known
to sIPLeLY LPalPeriBhelle groups listed in Table 1 below,

or wherein said noiety is one of the groups listed in

[052] Tabterdihelow. ohesehbaddorrditngpriay iatest emmnbodi némrein R’ is
R3 is a P4-P3-P2- nmoiety. .wherein the P4 portion
a P2y Mgty it sael%%?l%?js?réﬁ%%@%?rmc;o, RNHC=0,
= dRd of,the istged isn _P,-
[053] %%%9 ?%%7 etid RHS qie 0% < Qppscd i ig0a P;-P

According to yet "anot her enbodi nent,
moiefy af P4- PsPasenvindtiypiteoel.ected from one of the groups

listed in Table 4. .[05 In a of the enbodi.nents _i .
[054] eek; ﬁ?OFeBGFseE}PPQﬁ[”EH@v@RPV&%So& iRRASS° s Lt ts @
p,-P,9BQUPnseLest ed &r @:@s?%sg lipihatdiG gr oup,  aral kyl

al Ky

group, heterocycly group and an aryl group., In
[055] nbnetkpecehbodembodi werrtvs deRb & pumstadnd wheanpin R° is a Py-Ps-

ropyl, 2-propyl butyl, .pentyl, -hexyl, . . . .

Pam AR A beh STer S Rot B BRyr  ~ody ERpaiR pald motety ie one
of tky¥chebeyyl 1isyebopentiduIet hybeleye! ahexyhamifylsaid moiety is

phenyl et hyl , phenyl praopyl, phenyl butyl, (d)-nenthyl,
one off) thepgrAyPs 118 %ﬁﬂﬂfabé-eaémcw; 1-i ndany! ,

25 ] royl.,. -1 et f w=anyl , ngyle _ .
m56]0%9§§?ﬁ§#geﬁgyﬁ¥c Pgﬁ?é?%ﬁ%ﬁ%%ﬁﬁg4g{fP%b?b%gné%ﬁ? molety
wherdinethygl bengyttidn( 2hprepyl ibeselkcted £4xrom R-CO, ROC=0,

mcp! RUBEIRADEY . Aofe speefboal (548 SiBka o
Tabl&r3benzyl . 18 WO 2005/ 090334 PCT/ US2005/ 008251 [ 059]

In any of the enbodinents herein, X is preferably Br.
[057] [BEObriang tpeyeti eraiisd redodiment nintison FeoPides moiety
selegtgéo §3% one of the groups listed in Table 4.
[058] In any of the embodiments herein, R° is alternatively an
optionally substituted group selected from an aliphatic group,
aralkyl group, heterocyclylalkyl group and an aryl group. In
more gpecific embodiments, R® is methyl, ethyl, propyl, 2-propyl,
butyl, pentyl, hexyl, 4-methylpentyl, 2-methylpropyl,
cyclopentyl, cyclohexyl, cyclopentylmethyl, cyclohexylmethyl,
phenylethyl, phenylpropyl, phenylbutyl, (d)-menthyl, (1)-
menthyl, l-adamantyl, 2-adamantyl, l-indanyl, 2-indanyl, bornyl,-
3-tetrahydrofuranyl, benzyl, o-methylbenzyl, 4-chlorobenzyl, 4-
fluorobenzyl, 4-methylbenzyl, 4-(2-propyl)benzyl, or 4-
trifluoromethylbenzyl. More specifically, R® is ethyl or an

optionally substituted benzyl; or R’ is ethyl or benzyl.
18



for preparing a conmpound of formulal: 0 ()"~-OYNO O

ONHOL I conprising: (a) reacting a conpound of
woaoesvesskl 0 O X?0 Br O 11; and a conpound ®€T1/US2005/008251

formula I'1l: ()"~O/N O O NH2 1I1l; in the presence

of a palladiumcatalyst, a palladiumligand, a base,

i I h I fer .cat al yst S t
(0591 DRE LRS! oY B8 BN RS ool A SBtanty
[060] anpthespeahedicmembodificht NUEH | QR dHIOME8Sr&vi dEHCELSSrocess

for preparing a conmpound of fornmula IV: 19 WO
for pRPs¥HH0932 PETPO8RG0S 0EBZEMIEI NN O HH2N 1: 0

ONC HO |V
©\/O N [
18 0o
5

I

comprising:

(a) reacting a compound of formula II:

o

Br Y
\\

II;

and a compound of formula III:

Ol
OO NH,
III;
in the presence of a palladium catalyst, a palladium ligand, a
base, optionally a phase transfer catalyst and a solvent to
provide the compound of formula I.

[061] Accoxrding to another embodiment, this invention provides a

process for preparing a compound of formula IV:

19



conpri sing reduci ng and deprotecting a conpound of

formulal: O QYN? O 0 ONHO-\ | to provide a
woaopoaead4of formula Vi O HN O ONH O\ V, PCEASI08H08251
~the conmpound of forrmula V with cbz-tert-Ieucine, under

appropriate coupling conditions, to provide a compound
the conpound of fornula \cer condltlons for
removing the cbz group; @ a condotlons woul d
A salt) (i.e.,
under conditions epro ect ng the c protected
am ne of the tg&h ne, 20 AD, 3
acid ( (C2H 2)) ; Ster deprotectlen th resul t ant
amne is reacted with 4-am no-3- chl orobenzoic, or a
comp AR RGNl ng Al 35l O 9204 SHhET b ormula 1
0
O N
Ty e
O~ °N
H O~\

of formula VI: O ONNO O NHO~ reacting

be those that provite

PCT/ US2005/ 008 e.g. , H , Citrate

derivative thereof that is stftable for coupling to
I ;

to provide a compound of formula V:

O
HN
O
Wb
\\

v;
reacting the compound of formula V with cbz-tert-leucine, under

appropriate coupling conditions, to provide a compound of

)

VI

formula VI:

reacting the compound of formula VI under conditions for
removing the cbz group; appropriate conditions would be those
that provide an amine (or amine salt) (i.e., under conditions
for deprotecting the cbz-protected amine of the tert-leucine,

20



under appropriate coupling conditions, to provide the

conpound of fornula IV. [0621 Accordi ng to anot her
wenhsdvesnt , the invention provides a processPEDUS2005/008251

preparing a conpound of formula IV: OO NHOO N

H2ZN 1: "4 CI O 1V, conprising reacting a conpound of

suchl @Ml ., ), SN QiQLANILL ((do,WyNIer  after
deprotection conditions, that is, under conditions
deprofieciadion ttdia ermmel tdrt chrigeolp veathedpwdthné-amino-3-

resi due,. to rovi de. a compound of _f la VI HN
cn1oER e,y o S o TR KRR r ot h B Bpnidtobit for
coupWitly ez drerdmieiicidey ., undgniAPPs Oahl@if@béﬂﬁa%/;lrlghlgzlride) ,

conditions, to provide a conpound of fornula
UndewpAPREDRIYIEEIY TSP 0BPed8pEens o tp provide the compound

of formula IV.
[062] According to another embodiment, the invention provides a

process for preparing a compound of formula IV:

o)
0
N
'\jiﬂ/i/[:go
H
o)
H,N om S
Cl \\

IV;

comprising reacting a compound of formula I:

under deprotection conditione, that is, under conditiong
suitable to remove the cbz group of the proline residue, to

provide a compound of formula VII:

0]
HN

| ©

O
\\ VII;

reacting the compound of formula VII with cbz-tert-leucine,

0" °N
H

under appropriate coupling conditions, to provide a compound of

formula VIII:

21



OANNHO1 0 ONHO-\ VII; reducing and
deprotecting the conpound of formula VIII to provide

wa 20mp@ind of formula XX O HZN N O O O N HPOr\s2d0xpos2si
and reacting a conmpound of forrmula I X and
4- am no- 3-chl orobenzoic acid, or a derivative thereof
that is suitable for coupling to an amne (e.g., the
4,6-dinEthoxy-Z-hydroxypbr ' ester of 4- am no-
3-chl orobenzoi ¢ acid), ufd I at epocoupl i ng

condi tions, to_pRrRQuids ormula |V
[063] This invfntign also pr wound of
formula X, wh t he conpouﬁUo' ; ared accordi ng

to the nethods herein: R6-N O O @
wherein: R5 is an optionally substituted group
sel ected froman aliphatic group, aral kyl group
het erocycl yl al kyl group or V&fyi group; and R6 is H or

redu%%ﬁgg%oééggéggigﬁﬂgp thez%o%o%&%s/o@%‘}nula VIII to

provide a compound of formula IX:

\

IX; and
reacting a compound of formula IX and 4-amino-3-chlorobenzoic
acid, or a derivative thereof that is suitable for coupling to
an amine (e.g., the 4,6-dimethoxy-2-hydroxypyrazine ester of 4-
amino-3-chlorobenzoic acid), under appropriate coupling
conditions, to provide the compound of formula IV.
[063] This invention also provides a compound of formula X,
wherein the compound is prepared according to the methods

herein:
R8—N
O N
H O~R5
X
wherein:
R’ is an optionally substituted group selected from an
aliphatic group, aralkyl group, heterocyclylalkyl group or aryl
group; and

R® is H or an amine capping group.

22



[064] The processes described herein are useful for
producing a of formulal: O QYN? OOO N HO-\

WO 2p@3859337he process may al so be used to produeeT/US2005/008251
substantially pure, diastereoners of conmpound I shown
as formulae 1A 1B, IC, and ID. ONO()"~ONo O OH

060 40 4fk s PAOAFLHE ERLE O BARD o8 0 B o

of farmiksure of diastereoners A and IC O CoyNO OO
N4 HO~ |AC 23 W 2005/090334 PCT/ US2005/ 008251

[067] According tﬁ Yt her enb |nent this invention
provi des a proce Or pbepa npound of
formula 1A: O COyN

I

[065] The process may also be used to produce substantially pure,
diastereomers of compound I shown as formulae IA, IB, IC, and

ID.

Sofd Prld

@vo\g/:i £1<:O ©\/O\H/N/:D /[1;

H O o)
Ic A\ ID \

IC:

IA/C

23



O OON4 HO-\ [IAconprising the step of

sel ectively crystallizing a conpound of fornmula: O O
w203/03I44 H O\ 1A Cfromtoluene. [068] TRCS/US2005/008251

sel ective crystallization step conprises conbining the

conpound of formula 1A C (i. ., a mxture of IA and
I an uene eith 11ag er r.a .
0671 S 3 AL SRR, ST AR 00

procdde ﬂm&mmaﬁmfng‘ ar n@bmpotﬂdCoanﬁo@moﬂlangz&.he
combi nation with stirring. Upon cooling, the conpound

of formula Ais ned as a crystall|ne solid
(about 96:4 to a 7: 33n1xﬁur ®M69] Accordi ng
still to another ention provides
a process for preparlng a nd ofofornula IA: O
COYNO OON4 HO IA 24 005/ 890334

PCT/ US2005/ 008251 conpri si ng t hé stéb~€f dynami c
crystallization of a

IA
comprising the step of selectively crystallizing a compound

of formula:

Ia/cC
from toluene.
[068] This selective crystallization step comprises combining the
compound of formula IA/C (i.e., a mixture of IA and IC) and
toluene (either at room temperature or above) and warming the
combination with stirring to dissolve the compound of formula
IA/C and cooling the combination with stirring. Upon cooling,
the compound of formula IA is obtained as a crystalline solid
(about 96:4 to about 97:3 mixture) .
[069] According still to another embodiment, this invention

provides a process for preparing a compound of formula IA:

IA

24



compound of f
under in the
wopbisoaedshy i
enbodi nent s,
with Al (Gal ky

ormula: O COYNO OON4 HO\ I1AC
presence of a Lewis acid and a sol vent ,
ncluding a protic acid. |n certaPar/US2005/008251
the dynamic crystallization is perforned
)3 in toluene. In other enbodi nents,

g%’c?}@ﬁ%fs ﬁ{%g{@é ldzat i 9p !i?nHﬁ&E%%?%g‘é@ltlﬁ AriGMSE 5

n a

vent containing a pr aci d such as

compdiGhd ofHBrqrmuldiic acid, sulfuric acid, phosphoric

acid, or conbination
enbodi nents, the is

and i sol at ed
In any of the

thereof. [070] In still other

by kno
enbodi

A and I.C may he purified
rongg ogrgphy thods. [071]

t s™Of I SYT'nv ion involving

a conpound of fornula I, onéﬂF;r ofll] 9s repr esent ed
by the structure: O CoyN O NNH G\ A [072]

In any of the

enbodi ments of this iﬂven??qp i nvol vi ng
I Vs

a conpound of formula Il, one form of I
represented by the structqggk325 WO 2005/ 090334

PCT/ US2005/ 00

8251 O O Br

under in the presence of a Lewis acid and a solvent , optionally

including a protic acid. 1In certain embodiments, the dynamic

crystallization is performed with Al (Oalkyl)s; in toluene. In

other embodiments,

dynamic crystallization is performed with a

lewis acid in a solvent containing a protic acid such as HCI,

HBr, triflic acid,

sulfuric acid, phosphoric acid, ox

combinations thereof.

[070] In still other embodiments, the isomers IA and IC may be

purified and isolated by known chromatographic methods.

[071] In any of the embodiments of this invention involving a

compound of formula I, one form of I is represented by the

structure:

IA.

[072] In any of the embodiments of this invention involving a

compound of formula II, one form of II is represented by the

structure:
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I[1TA. [073] In any of the enbodinents of this

i nvention involving a conpound of fornmula Ill, one
wobanis0063341 1 is represented by the structure: PCY/USEIDBI008251
O O NH2 II1A; [074] In any of the enbodinents of this

i nvention involving a conpound of formula IV, one
formof IV is represented by phe structure: 0 0 O \
HNHNOONCOC O IVA [07 In any of the

enbodi nents of this inventipnignvolving a conpound of
formula V, one formof \gj presented by the
structure: 0 HNO O NHO- VA. 26 WD 2005/ 090334
PCT/ US2005/ 008251 [076] In anyjpf t he enmbodi nents of
this invention involving a conpound of formula VI,
one formof VI is representldd.by the structure: O

w73](?ﬂ‘£%§dé% gﬁe embodiments of this invention involving a

compound of formula III, one form of III is represented by the

@Vw

)

structure:

0% ~NH,
TIIA;

[074] In any of the embodiments of this invention involving a

compound of formula IV, one form of IV is represented by the

0
0
N
hi‘/;ﬁéo
o}
H,N OH 3
Cl ‘\

IVA.

structure:

[075] In any of the embodiments of this invention involving a
compound of formula V, one form of V is represented by the

structure:

HN
O

2\

VA.
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ONHO VIA. [077] In any of the enbodinents of this

i nvention involving a conpound of fornmula VII, one
wobanis00633vl | is represented by structure: O PRITMDS2005M08251

HO-\ VIITA [078] In any of the enbodi nents of this

invention involving a conpound of formula VIII, one

0761 (LR, o od GERRISRENL Y Dl e 0 UG o
compaafnd s favmartd ONL i nwod Viicwgn aof chpicindeptetenielda blyX,the

one formof X is represented by structure: 27 WO
SErugingsy 090334 PCT/ US2005/ 008251 N OH2NT 0 ONY O H

o *trf;j

VIA

[077] In any of the embodiments of this invention involving a

compound of formula VII, one form of VII is represented by
structure:

O
HN

VIIA.

[078] In any of the embodiments of this invention involving a

compound of formula VIII, one form of VIII is represented by

P

VIIIA.

structure:

[079] In any of the embodiments of this invention involving a
compound of formula IX, one form of IX is represented by

structure:
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[080] Al so provided are conmpounds formula XA, XB, XC,

or XD, wherein the conpound is prepared according to
woOhersmeedzeds herein: OO 'l J O O R6-N R6-- NPEBAN20)5/008251

R6-NI1 Ol 0=1 0=10ONONO-NON; HOR H

OR5S HORS HZ)-R5 XA, XB, XC, or XD wherein: R5 is

optionally substitutedaliphatic, aralkyl, or aryl;

and R6 is H or an am appi ng group. [081] In one
enbodi nent, R5 is an offtion y subpstituted group
sel ected from an all_il ' roup, Jar al kyl group,

het er ocycl yl al kyl group dnd hn &rylo group. [082] In
anot her enbodiment, R5 i & ~et hyl, propyl, 2-

propyl, butyl, pentyl, hexyl, 4-nmephyl pentyl,
2-met hyl propyl, cyclopentyl, cycl ohé&xyl,
cycl opent yl net hyl , cyclohex | met hyl, phenyl et hyl,

phenyl propyl, phenyl butyl, ) - nenthyl (1) ment hyl ,
a amant dan
[080] #bf%?/lpro%lqee%r%lﬁ dr Ot ur%rh& 1 %“rl]l}z/iaf a e ‘ny%‘génzyl XD,
whe rrC 10 nd 4ts fﬂw&k@iﬂa&corﬂdﬂﬁj hyd bﬂlﬂéyinethods

4- (2-propyl)benzyl, or 4 trifluoronethylbenzyl. [083]
hereimy: anot her embodiment, R5 is et hyl or an optionally

bstlbut ed be [084] I anqgt her e |rren
R6—N_R thylLery b nzyI 05/ OS%
C1/ 05/ ﬁ | ment h[ E
o { on, % ne cag,;;l\n oup a ne
c goup R7 or ORE7 R7 63 5
(C6- C10)E aryI or 'Cin) aryI (C1-CR )aI | phatl c- ,

wherein the ary;tgls optional | yysuhstituted. |gpone
formof this enmbodinent, C(O)(R' wherein R is

whergjpgti onal | y substituted
R® is optionally substituted aliphatic, aralkyl, or aryl;

and

R® is H or an amine capping group.
[081] In one embodiment, R®> is an optionally substituted group
selected from an aliphatic group, aralkyl group,
heterocyclylalkyl group and an aryl group.
[082] In another embodiment, R’ is methyl, ethyl, propyl, 2-
propyl, butyl, pentyl, hexyl, 4-methylpentyl, 2-methylpropyl,
cyclopentyl, cyclohexyl, cyclopentylmethyl, cyclohexylmethyl,
phenylethyl, phenylpropyl, phenylbutyl, (d)-menthyl, (1)-
menthyl, l-adamantyl, 2-adamantyl, 1l-indanyl, 2-indanyl, bornyl,
3-tetrahydrofuranyl, benzyl, o-methylbenzyl, 4-chlorcbenzyl, 4-
fluorobenzyl, 4-methylbenzyl, 4-(2-propyl)benzyl, or 4-
trifluoromethylbenzyl.
[083] In another embodiment, R® is ethyl or an optionally
substituted benzyl.
[084] In vet another embodiment, R® is ethyl or benzyl.
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benzyl, preferably benzyl. [086] Any am nes obtained a

o described herein, may be used with or wthout
wO2wlsawesm fromthe reaction m xture. The desi Ped/US2005/008251

caspase inhibitor prodrug may be derived from e.g.,

V, VII, or the free amne of XIV (either as depicted
[0t . D hing 4an 1.at e :
0351 8 S0 YA G of LB DABIAUID 402 FUY IR *geppin

group Whd Shie hami i edppimy bectar rised O(Q) Rusimg a(m orR”, and the

., correspondi ng carboxylic id, or reactive_equival ent .
R is tW&r&dH0) ariger ﬁran((ﬂ%/ﬁ aCaf ae-y ﬁé?flgﬂ%‘?ﬁ&l&%%@a}ﬁi ngWherein
the a&PNALi NS orfh T MPIAdbsEAURIS I eactdan #hGh Udescii=

sui tabl e sol vent, the.an1pe.in a concentration
embodireemti ng- ¢ (OrORbowhersdint B’ 19Mprpiehaldyl gubbbitudsd

o 1. t requi.sjte carboxylic acid, a base and a
benzy{ﬁxﬁ?éﬁéfﬁéﬁ%i?é%?%%gent. [087] If an amine is used
[086] AW} hkHnd$bid Oied t4e Rl ikdBeRein Caldy 86k Qe with
~situ in the solvent of the reaction mxture used in,
or witheupripakation Bfon hehgnineactogron mixking er efte desired
Y LT ' ' ' g t equi sit
caspadf KBRS Aol S Ry i PR S &, viz, or
the fime MmimedAtXEV t enpehatuees idedivtaednge ioftladomd@ced

to 100 C,_ preferably between about 20_to about 40_ C |
form) e HEERFIRE POt 1 TP EORFIATS reag@at Par X Hen FadBedmoiety.

A coupPiddiCorf MiXldifhe WH R BRI h NG, HaP BEMPLFALLHE out
_in the range of about O to about 60C, preferably .
using pdigeeri BRRANPING CabboKY 4OC.ache basareactifm cediyvalent

¢  acy : el Y . y . .
eherede | SR A Do VB e BT G g
conditdNared hylA nmygaizod e, cquellehaplnedat sdrhyirafiundeora suitable
di i sopropyl et hyl am ne. The anount of base used is
SOlVGr&ene‘?ﬁ?l%Ht? I HERICEH TG SRR %H‘EJTV%FP%WE 0.01 to
10M, Pfefdiey NSdig: 0.1 ¥ 1290 0 Q9033% e carboxylic
PCT/ US2005/ 008251 preferably at |east about 3

acid, eglrams and pfperisice Examplldgicofregsgint de coupl i ng

agent s, i ncl ude .di cycl ahexyl carbodi.i m de D C
1087) GG |y G0 A8 a2 Oty | T SO TG, Y B
carridDRyd-henzdid i 87 diee disetiRErihesphaiie-deaction mixture used
) cycl ohexyl - 3- (2- mor phol i nyl et hyl ) carbodi i m de), EDC
in th% lpJ{g:aratlon of the amine, or in a different solvent. To
this reaction mixture, the requisite carboxylic acid may be

added and the reaction maimtained at a temperature in the range
of about 0° to 100° C, preferably between about 20° to about 40°
C. The base and peptide coupling reagent are then added to the
mixture, which is maintained at a temperature in the range of
about 0° to about 60°C, pre ferably between about 20° to about

40°C. The base is typically a tertiary amine base, such as
triethylamine, diisopropylethylamine, N-methylmorpholine, DBU,
DBN, N-methylimidazole, preferably triethylamine or
diisopropylethylamine. The amount of base used is generally up

to about 20 equivalents pex equivalent of the amine (e.g., IV),
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di met hyl am nopr opyl - 3- et hyl - car bodi i m de

hydrochl oride), cyanuric fluoride, cyanuric chloride,
wWORBHI/00034r anet hyl  fl uor of or mam di ni um PCT/US2005/008251

hexaf | uor ophosphosphate), DPPA

(di phenyl phosphor azi date), BOP (benzotriazol -

prefélnl_"%f# rds iﬁég@t aybaa @Oéqalﬂ(?é@@ﬂ@é US¥ base. Examples of

hexaf1 uor ophosphat e) ,
peptide bewu@lxm@zndzagelyts I\I;LN;NA;IN B€&t r anet hyl ur oni um

. _h fl hat T . e .
(i BRrEOL R ESOE LSRN MR, (i PERTAREL T RP BhF B - Limp-
tolud el ERFbO@L DROAAS ERDP Tﬁ:ﬁb’eﬁﬁbéﬁazole diethylphosphate-1-
succinimdyl)-N, N, N, N -tetramet hyl uroni um

cyclcp]@‘f@}gﬁT@D(%ﬁ@@@ph@g}nymtmyl ) carbodiimide), EDC (1-(3-

dlmeéljx\!}ié r?ﬁ{)/ ééﬂ?%g?“@'\% ¥#%agbﬁg%gﬁr}?ﬁlgL%érgcﬁioPyaéSjl n-

cyandmegi«afflMﬂpdi)@s pd:'l@mia!uf\h oxcﬂkémldﬁ{]:’fﬂ?l{ ] I( tetgamethyl

flum%# I&p L ap Z%)%%g%%ér%%? ‘gégl%ﬁ?fg%b;ﬁ'?%f di no) pho
pmﬁm?ﬁﬁéﬁicﬁl&@éPPhQ@ﬁpWﬁéﬁi@tﬂ&E’oibiormt ri s

dime th am no) pho sphoni um hexaf | uor ophosphate),
vl OX}D‘EF!BI( d%r@et]@yﬂ_ N yphosphonjhoxigxat 1uorophosphate ), HBTU

rd 43 tr| s
(o- b(?r}yr Fot dee&égi %ﬁglg{mblﬁl E%n hgggﬁlﬁ%&oﬁ IHD
hexaﬁiﬂﬁﬂ'roﬁﬁ%lﬂlawﬂ PyBr@D(anenzefﬁfiaﬁdlpojrldl& mpmlplmng
r eagent The armun% 8b$ i de cou ling re? ent is
tetrame ?]é?@Jeu‘Bf telert luerePrbabpolit P10 &quiVal ents.
succﬁpimmgai) I¢2agant syt h@étmeéﬁyw:s&%mﬂ tberam @8roborate) ,
bond- f'or m ng reaction include DVAP (4-

HATU d{Nret (g st robymilee hel -Brladi B verbareko feaget spysidhn-1-
I T
yine A HEE S UL ORISR h AR, flys Ssonnoaphate psoxide)
BOP- ¢IONBb { & (WHoodb hy asoxye bi Adnpdf peoep2iid: c dékhobddan deyBoP
in anpunts ran rom abou o about _10.
((1-Fhtfi {at &?%ZO%%%%QOEBY gat’?tsr;wwﬁ}%%%ﬂhosmonlum

tetra{@ﬁ%rdﬁﬁ@ﬁéﬁﬁw@j Y.BPOF hay treat an anine with a
reactive th val ent of the R3COCH carboxylic acid,
t

(bromeighi sisd et svlaamzzno)Ielrlosphomurrvzh@caeﬁb}owmm@t@ DEPBT

o IR 2 IR EERELL Y 1190 O By
(bromdict 1l o enlpisd ey ghaiphosi@h, héxa it hdésprate) . EDC,

al i phatjc or SH, SR, SAr, or Ar.
HOAT, BC? -Cl an PyB%/O% are preferred peptsfde coupling reagents.

The amount of peptide coupling reagent is in the range of about
1.0 to about 10.0 equivalents. Optional reagents that may be
used in the amide bond-forming reaction include DMAP (4-
dimethylaminopyridine) or active ester reagents, such as HOBT
(1-hydroxybenzotriazole), HOAT (hydroxyazabenzotriazole), HOSu
(hydroxysuccinimide), HONB (endo-N-hydroxy-5-norbornene-2,3—
dicarboxamide), in amounts ranging from about 1.0 to about 10.0

equivalents.
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[089] A nunber of chem cal groups are known that may

be used as the P3-P2- portion of the |ICE or caspase
wonmislwess prodrug. Exanpl es of such P3-P2- grPOuS2@5/008251

shown in Table 1 as part of a P4-P3-P2- noiety. 0 O

O P4-P3-P~-N H OR5 Table 1. P4-P3-P2- G oups P4\ a X

s8] |30 SR El 0500 Rekarack R ATEIN KD PatCH b e
equiRist HD tife er1COGL WRI20QH/BIGRI4! PGTIAIE2005,008251P, -, or
Pe-Panfo BOLK0 iFE e Y (i) * REPHENERA oL mops, React ive

than Rdodls if it Pcoupling reaction. Examples of -C(=0)X' groups
include groups where X' is Cl, F, OC(=0O)R (R = aliphatic or
aryl), SH, SR, SAr, or SeAr.

[089] A number of chemical groups are known that may be used as
the P;-P,- portion of the ICE or caspase inhibitor prodrug.
Examples of such P;-P,- groups are shown in Table 1 as part of a

Py-P3-Py- moiety.

0]
1 Ji
PaTPe2 H OR®
Table 1. P,-P3-P,- Groups
X
6 AA. \
AAs |, AAg R 5 3 N (CHz)n
P4\N/KH/NY P4\N)ﬁ]/NV 4\N
H H H oo
O AA O
a b c
Ao Az
N (CHa), T N
N\K F’4\N N\rAAZ
P4\N H 0] P4\N
H O Ao
d e £



k (CH2 )n YR6 PA HNNSPANHNPLANI NOOHDO
AA2 mnO 5R5 RTRR6 R6 AAS N~ NPA N X N P4.
woOl2b05R40340 O P g where n is zero to three; ARCTAKS200S/008251

to an amino acid side chain;, Xis N 0, S SO SO,
CHF, CF2, C (R3) 2, GO or C=NOR A2 is 0, S or Hz;
Yis N RO' CH R is hydrogen, Cl1_12 alkyl, group, aryl
grof / or heteroary— oup, the R grou § gi ng

od 1y substit ted mnth one or re;h ogen; R3

n aI kyl hawi,n six carbo R¢ i aAR- CO,
P~ Q_-RNHC=Q, ) or RS02i ndNR§(| § hydr ogen,
H hal o, aI kyl , al koxy, halpd’al kyl , hal4o§I kaxy,' am no,

phenyl, phenoxy, hydr oxy, alkoxycarbonyl car boxyl ,

algylcarbonyl, al kyl suhf onyl , alkylsulfoxyl,

al kyl car bonyl am no, al kyl car bonyl al kyl am no,

)| kyl ami no, dial kyl gm no, aminosul fonyl, or cyano;
sRand R7 are i pdlependent |y sel ect

8251 from

: aryl, (C1_22 algkyl) aryl, (@t
P bengocycl oal kéj , ,bhj{(C 12 al kyI) helt ernaryl [ 090]
N PnErerred P4-P3-B2- @roups are shown in Table 2.
H Table 2. Preferred P4-P3-P2- Goups R6 4 \ N P41IN N
PAzNNPHOHOHO ﬁ-lb-lc-l
5 1
(CHz ) Yo _R®
Pain s P . §1;
NW/A **NH N\] N e
0O H
o) O AA
m Il o
R5
RS ~Y A R®
AR N Mo N=
X
| Z N Pa~y N P4\|[§|l)\ﬂ/N\(
h4 H (@] 9
P d r

where n ig zero to three; AA refers to an amino acid side chain;
X ig N, O, 8, SO, 80, CHF, CFy, C(R?),, C=0, or C=NOR; A® is O, S
or Hy; Y is N or CH; R is hydrogen, Ci;.i» alkyl group, aryl group,
or heterocaryl group, the R groups being optionally substituted
with one or more halogen; R® is an alkyl having one to six
carbons; R* is R-CO, ROC=0, RNHC=0, RC(0)C=0, or RSO;; and R® is
hydrogen, halo, alkyl, alkoxy, haloalkyl, haloalkoxy, amino,
phenyl, phenoxy, hydroxy, alkoxycarbonyl, carboxyl,
alkylecarbonyl, alkylsulfonyl, alkylsulfoxyl, alkylcarbonylamino,
alkylcarbonylalkylamino, alkylamino, dialkylamino,

aminosulfonyl, or cyano; and R® and R’ are independently selected
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N P4-N N

HOHOHO
I'N P4. N

NN HOHO
N N €eEB/UN2005/008251

--'"~ N P41N J--r
FO FCH3 N P4, N-
wWo4013/0@3345 c-6 d-1 0 O N NCH3 O N P4\
PA-NOHOP4-NOY HHdA-2 a-1f-1 ~O_ HICO HON
NNCH3 ~ NNI1ICH3 N P4, N N P4-N P4-N H HOOCH
0 g~1,1h- 1 ;- VO 05/ PCE/ US2005/ 008251
£rom K %rklm%léﬁelﬁo T o i a5 -1 k-1 1-1
(Ci-12) benzocycloalkyl, or (Ci_i» alkyl)heteroaryl.

F CH3 P4.N
c-2 c-3 c-4
4

[090] Preferred P,-P3-P,— groups are shown in Table 2.

Table 2. Preferred P;-P;-P,— Groups
H R®
o = Ho L W o
a-1 b-1 c-1
F
CHs rS
P4\MJ\H/N P4\u/'\”/N\€< P4\H/H]/Q
0] O O
c-2 c-3 c-4
B o)
CHa " ji( N
P4\H/'\”/N P4\N "(‘j ll\l?
o] o] P4\H %
c-5 c-6 d-1
O O
giq o v
N Pae Nf N.__,CH3
NS H 0 PN S
d-2 e-1 £-1
O

.CH
e

|
CH
T
Pi~N
H ©O

i-1
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NSS P4 NI NNP4, NNHP4A-NH 00 H1-2 ml
m2F NP4 HON-I1 P4, NN PAHN/ HO NO o-1
WO200509@334 SO2CH3 N .."CH3 N P41 N N P4. N N €EB/us2@s6h8251
0O P-19g-1r-1 H2ZNONPN P4, H, N4 HO r-2n-1
where R6 is an optionally substituted benzyl as
descri bed bel ow or 2 i ndanyl, and the P4 noi ety IS
O epresented by R T-, O wherein R-T- CO,

., RC(O) C=0, . [091] P R groups of
B shown in Tabl e 8. o 33
\Q

0S2005/ 008251 R—T P3 HZ Tabl e 3.
P~ af erred R G(ﬂdpﬁ 0 cCH3 C O CIOF 100 101 102
N 04
0
j-1 k-1
| Ny S S
P4\H/£[(Q P N\€ P4\H N\€
0 4\H 0 0
1-2 m-1 m-2
F
X
p | N Nﬁ
H | Pa~ N
O P N N h
H
o~1 o-2 o-3
S0O,CH4
all
CHs H o
p-1 g-1 r-1

H2N OQL
N/ P4\ \Y N
N\
Pae g N H oi ]

r-2 n-1
where R® is an optionally substituted benzyl as des cribed
below or 2-indanyl, and the P, moiety is represented by R-T-,
wherein R-T- is R-CO, ROC=0, RNHC=0, RC(0)C=0, or RSO,.

[091] Preferred R groups of P, are shown in Table 3.
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ava\va\yv\y\y OHOI / 2N / H3C oI / d d

& d da 105 106 107 108 109 F I\ I\ IV IV / HC/ N
woeiuos/bi34 O F 3 1 110 111 112 113 114 H3C | \ PEB@SL005/008251
a1\ HNHOOHNC 2 FCH3 CH3 C 115 116 117

119 120 2N/ OljL HNHA HNH3C, o O 2 121 122

123 124 O/ H2N, S 0 CCH3 HBC N 02 $H H A 125 126 127
128 35 WD 2005/ 090334 PCT/ US2005/408251 F Ow d d

~N NNOWw OV d 129 130 1315713 O# I/ C6N O
HON H HN~ N O OH 134/-43p_.p 138\ \ \ \ NN\
| / / | ~N H OR?

Table 3. Preferred R Groups of P,

@ Cf tj pes
U U U Ry
T ST S e

110 111 112 113 114
H3C H3C cl /@/
HO
~
H2N/©/ HO ; 9) | HZND/ Cl
F CH3 CH3 Cl
117 119 120
O /@/ 0 /©/ /@/
o H 02
121 122 123 124
@)
O
X w AT
CHs3 HaC ﬁ 0,
OH Cl
125 126 127 128
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/| 139 140 141 142 143 6\ ~N Cl1-12 Alkyl | NNJ N O
N O 144 145 146 147 148 N\ S~ OS H NN U~ 149
wa3005H05@33452 153 N NS O') \ \ ~/ ~\" ~ ~ RCI/US20081008251
N O 154 155 156 157 Od I \ O-\ O HAk Ns HON
G 158 159 160 [092] In specific enbodinments, RT- is
R-CO where R is 1- naphthyl, 2-naphthyl,
1-isoqui nollinyl, or 36 WO 2005/ 090334
N OWeUS200 I51 31 74 ere Pasiy
re i ndependgntly and tional Ky §
/'\ﬁal ogen, p %t er abl y ch gro, or &A@~
om®osi tion 40Me optional IO substituted by am no,
acet am do, hydroxy or nethoxy. [093] The nost
12Breferred3™U-P3-P2- grddds are shddB in Table 433
Tabl e 4. Most Prefer{oed P4- P3-P2- Groups ~R5 O

sl oAy g s glvs

HN /N\. Cl OH

134 135 136 137 138
= = N
139 140 141 142
> (LN X ‘ X
Cy-12 Alkyl » N I/Nb IN/
|

N
0
144 145 146 147 148
N
S 0 o} S
o T Un
) T O O
N N N \_/ \ /
149 150 151 152 153
0
N Ny s L::L
J o
= N N o
154 155 156 157
cl 4
i ? oo ¢
HoC™ N N &_}K/
cl
158 159 160

[092] In specific embodiments, R-T- is R-CO where R is 1-
naphthyl, 2-naphthyl, 1l-isoquinolinyl, or
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RYWN~"Y NOO Nm OR~NNRNHHOOa-la b-la
b-1lb ORA NO NONNN R'-HNRHN1 OORHN1I
wO@2005/0d6d38 g-la g-2a O O OY 'l RAHN Nom R)RCNURAMNSMDS251
HHOOOO O2ac-7ac-la OR-NN HO c-6a where R
is, referring to Table 3, one of the foll ow ng
3 reups: 100, 105, 107, 108, 114, 117, 119, 126, 136,
(Eﬁg, 140, and 141. 37 WD 2005/ 090334
4 CT/ US2005/ 008251 [094] In attaching the P4-P3-P2-
5 Moi el r O RAtiicas Bheredfs dihe Jwi einddEshdntly and
;attached in one piece as_or subunits of the noiety
optipgplhy gubssirHtedseyubalrIrimaRret cxabdes ctillsa®, or Ci-s

bo : | = t L, i .
aliy SR BRE1TPROR Fp REERALTR BURRET IR, Hyige
acet@mido, hydroxy or methoxy.
[093] The most preferred P,-P3-P,- groups are shown in Table 4.

Table 4. Most Preferred P,-P;-P,- Groups

J R
[N S
N 0O
Ll gy O 3
H

o)
o o)
a-la b-1la b-1b
0 R*
N o)
o N o 0
3 § PN N X N
R” HN j R” HN j
ROCHN Y ! 3
d-la g-la g-2a

O 0] 0
o-2a c-7a c-la
0]
A
O
c-6a

where R is, referring to Table 3, one of the following
groups: 100, 105, 107, 108, 114, 117, 119, 126, 136, 139, 140,
and 141.
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OHORS5 [095] After renoval of the Cbz group, a P3 or
P3-P4 noiety may be attached by al kylation or
waeylsawism of the proline nitrogen. [096] |In eerTwarzews/008251
enbodi nents, nmethods of the present process proceed
t hrough the butenol actone XV where X is chloro, brono
Ok..1 : . J 514,085 . pr f '
[094] bg?e%glegg?%ﬁ' itéet ﬁ% B3r o%of Sﬁégr?o € ﬁ%ﬁ\xﬁgroz} ﬁ:r%élﬂa%f’ the
moieBy) maphbeh anaychedobnaioned pdeecer disngrt @uksanhar ¢t the moiety
., An.. Quim, 1971, .67, 43. Alternatively, other
may Peabidffis 161 = FREUFBIIANATERRATaiE GO RFGEbove. For
examBPENELBEAblB tavakl %Lr@l@'he Ragdueed JunBK VRt RS R® is
ee, for exanple, "Conprehensive O ganic
ethy¥rwathofAati ons: A Quide to Functional G oup
Preparations,” 2nd Edition, by Rychard C. Larock,
pages 638, 659, 661, 7 [097]/Al so within the scope
of this invention, anofhe} enbpdigent of the coupling
reaction of an am ne py ds acylation of the
ani on of the am ne usiég rgact hvegsequi val ent of the
carboxylic acid, such as

2- P2°P3% | or
[095]FﬂfE@rPﬂeﬁE@QMXofWhﬁéeCbg(?g%ﬁ IS 2a9,dgschibed RAME, may be
The anion_of the amne is I(SF generated by treating

attaghedahinalkilatienyent agyilatanrR ofi ttdisl ®r38ine nitrogen.

2005/ 090334 PCI/ UsS2005/ 0082 base. anpl es of
10961 SBR GRSt HaP Ty L8 Sed PR Erddo Co fEFod SCegt Erresess
procéd@htasolgh, tB¥VEbudeavanerodeekivy wheieerk, ireidiloder thromo or
) butyl ether; aromatic hydrocarbons, such as benzene,
iodot ol uene, xylene; hal ogenated hydrocarbons, such as

di chl oronet hane, carbon tetrgchl ori de,

di chl or oet hane; or other or ic solvents, such as
acetonitrile. Preferred solye s include THF, DME,
X

O-R5
XV.

A preferred starting butenolactone is the bromofuranone XV
(wherein X = Br), which may be obtained according to Escobar et
al., An. Quim., 1971, 67, 43. Alternatively, other reactants of
the formula GIIA and GIIB may be commercially available or
produced from know methods. See, for example, "Comprehensive
Organic Transformations: A Guide to Functional Group
Preparations," 2nd Edition, by Richard C. Larock, pages 638,
659, 661, 724.

[097] Also within the scope of thig invention, another embodiment
of the coupling reaction of an amine proceeds by acylation of
the anion of the amine using a reactive equivalent of the
carboxylic acid, such as P,-, P3;-P3-, or Py-P3-P,-C(=0)X, where
C(=0)X is as described above. The anion of the amine is first

generated by treating the amine in a solvent with any suitable
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t ol uene or dichl oronet hane. Suitable bases for

generating the anion include organic bases such as an
wabkb@lowoaset al hydride, an alkali netal tert-brCOXISADS/008251

an al kyl or aryl lithium such as nethyl-, butyl- or

phenyl lithium an alkali netal am de, such as

basel. i t Bikdfpl eB0HfUBo 1Vt a838tUMay be used include ethereal
bi s(trinmethylsilyl)am de, d||sopropylan1de or

solvestparichy Bsi FEFI diDVE pﬁéﬁ@wmedduﬁnhyl|ahhankamethyl tert-

b| t n1de t hi um
outyhi bR SRERATAC BV HRRRGT P A e md o Tuene,
xyleﬁhe hailegenafethayaticra s, eahet Ws [Bildme GamkendiL,

ui val ent. at a reaction tenperature that nmay be

carbgy FﬁEg‘ﬁshé@réfieabé&tchlﬁafeettélanfzoer plréfear aigpnic solvents,
suchPgEWEER+8RIYL-10€ . t°P@%@er&%§8ko@%@%&%‘QBa%EHQ‘fﬁﬁ“SDME

for reducing the double bon f uranone rind my
t01U%m§oonedmgb&oagmdepa@Eectﬁ@ntahﬂélba@es flear gegwampling the
nditions. nmy

in_ Xl or R6 (in X) is chz ,
‘—’mlmﬁlh%nuseg"(3 8rﬁgvége£9ﬁgsdgﬁ€ﬁ oG Sﬂ5aﬁ& neds de, an
alkalhemebalgeeup- buE@&QHeNEEBOQQkQQr%kna@9§CEhQ%r%m, such as

sequence in which the butenol actone is first coupled

methyd-q BUSpaseoPxPBEnMBilétiiand anhehkeRd metgldenbde. such as
Licnfad | Sohedced: AbLELRALIVELY, tkﬁﬁeth§g§§&yﬁgfﬁﬁg -

coupling may be p orned in reverse o (
diisepidpyhnoifer ermbbdimemefrhyhipspemidinhion pnre‘fledr&&dabases

for . N onpound of fo a Xvl:
incL @8 E5En tn, BLSREF R0 Av I8 ThpiDon8reeosshitun
d11s&ﬁ3%ﬁ§2@ﬁ5&@0885111ﬂﬁﬁﬁmlﬁeB@ahétﬁyEﬂiB@rE&15@'etTh%fanlon

a caspase, inhibitor, the P4-P3- P2 is ¢c-1 of Table

of thApunesigoBrerteabrats, ths P§l’b§xm‘éﬁ-Pnééldh@qelllﬁ‘alent at a
reacdfoflaM ML B0 IE prgess, Lo pecording Lo the, oec <o
120°CH" QLRI LM PIRRAIAY Bout 0°C to s0°C.

[098] Reduction conditions for reducing the double bond in the
furanone ring may also be used as deprotection conditions. For
example, when R® (in XIV) or R® (in X) is cbz, conditions may be
used to reduce the double bond and to also remove the cbz group.
[099] Methods herein describe a sequence in which the
butenolactone is first coupled to a caspase Py or Px.y moiety and
then the ring double bond is reduced. Alternatively, the
reduction and coupling may be performed in reverse order.
[0100] In still another embodiment, this invention provides a

process for preparing a compound of formula XVI:



compound of formula IVA OO O HNHNOONCOC HO

-A IVA, conprising selective crystallization of a
woanpmaead4 of formula: O CoyN? O O ON 4 H eANUSkodss251

fromtoluene. [0102] Alternatively, a process for

preparing a conpound of fornmula IVAA OO NNHO O

wherE@H &N aHPQ—P A m%‘_i@ﬁ%ry’ $gs zdynan d ChysiildAat i@p p,-p,-
a corrpound of" forrmula: ~ 40 WO 20 090334

P2 lsP@'FﬂUSZﬁ)OEﬂﬁD@ZZS,l tReCPy ¥ QB b Table 3, R® is as defined
herein (e.g., ethyl) and the process is according to the methods

herein.

[0101] This invention also provides a process for preparing a

compound of formula IVA:

0
o)
N ‘
’ji!( ; /(léo
H
o)
HZNQ)I\ o) g b
Cl \\

IVA;

comprising selective crystallization of a compound of formula:

@vo\g/: N JE(‘?O
o

Ia/C
from toluene.

[0102] Alternatively, a process for preparing a compound of

formula IVA:
0]
0
N
H
5N OO N
H (0]
Cl \\

Iva;

comprises dynamic crystallization of a compound of formula:
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HO--\ TACby contacting the mxture of IACwth a

Lewws acid in a solvent optionally including a protic
waehw/09903403] This invention al so provides a pPOTAS005/008251

for preparing a conpound of formula IVAA OO O HN

HZN O NCIl HO-A [1VA, conprising, reacting a

conpound of fornmnul g O OBr OA Il; and a

compound of formul O 0N III; inthe

presence of a pall Q caral st 3 a pgal I adi um |i gand,

and a base in a solvent opt]j on I B¢l udi ng a phase

transfer catalyst. 41 WO 2@

PCT/ US2005/ 008251 [0104] Al's prgvi d are net hods of

preparing the correspondi ng al dehyde cqnpound (of

e.g., XVI) by these processes. For exanple, conpound

IV prepared according to thIa/€énvention, nmay be

converted to the correspondi al dehyde conpound,, t hat
by CPBERGEiBENFER PHEHE M o T Ak aq“%‘%%ﬁ/d%cu]goﬂ)s? solvent
optlbﬂa§m9t hati1eoRed EHrottit ssdfyention provides a

process

[0103] This invention also provides a process for preparing a

compound of formula IVA:

o)
o)
N
'\i\/ /(‘éo
H
0
HzN/J:;::r/u\ © m 0
Cl ‘\

IVA;

comprising, reacting a compound of formula II:

£
Br
O
\\
II;

and a compound of formula III:

QOTN
© 0™ "NH,
III;
in the presence of a palladium catalyst, a palladium ligand, and

a base in a solvent optionally including a phase transfer

catalyst.
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for preparing a conmpound of fornmula XVI: O 0 R3 k
NN4CG HOR5 XVlI; wherein R3 is a P4-P3-P2 noiety of

wa 0@gpese | nhibitor, the P4-P3- P2 is d-1 of Pablus2@®5/008251
P4 is 141 of Table 3, R5 is as defined herein (e.qg.,
ethyl), and the process 'S according to the nethods

or e :
o104 81857 LH08k Aeotilitala, 815 SAmAID% A= qer spponaing
aldehyéelosepoundwmo&7k23ﬁlginmﬁldhylﬁhe$®qu¢mms@e@. For
ein b reference e ared react.i )
cxamg T oARBEF S oUFT FAE D oo rIge T Chg favention, may
be cORPEOPERALE @Mede SHUMPHHE ] atﬂfelpy&éeé&ﬁp&&n@ that is by

pal | adi um catal yst, a palladlun1llgand a base,
conveptibaathy £ur|@m§)ee thcarsf erl ddtads st and an

ro S nt proprlate am de coppound
(010981 BRELRRE, Bprehristine 1B PR o prYideT (f process
for pgabb&ring aecom@oez@iwwcfoﬂan\ép;aﬂ%/ 090334 _
PCT/ US2005/ 008251 O N N R-,N H OO0 NH2. wherein Ris

either H or an isoquinolinoyl (j7e., the P4 group 141
in Table 3, wherein theregs arbonyl |inker between
the conpound and the isoguin | iAoyl group.

RN

H O-RS

XVI;
wherein R® is a P,-P;-DP, moiety of a caspase inhibitor, the P,-P;-
P, is d-1 of Table 2, P, is 141 of Table 3, R® is as defined
herein (e.g., ethyl), and the process is according to the
methods herein.
[0106] Accordingly, this compound (see compound 412f and/or
corresponding compound 412 as disclosed in WO 97/22619, which is

incorporated herein by reference) is prepared by reacting a

g
M\

II;

compound of formula II:

and an appropriate amide compound, in the presence of a
palladium catalyst, a palladium ligand, a base, optionally a
phase transfer catalyst and an appropriate solvent. An
appropriate amide compound would be derived from the P4-P3-P2

group d-la in Table 4, i.e., a compound:
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[0107] In still further enbodi ments, the invention

provides a process of preparing a beta-am do carbonyl
woanpmaead4 of formula XXX Ra O O OR2 RAHR4 KXKUS2005/008251

conprising the steps of: a) reacting a conpound of

formula XIl: Ra O 11 1 OR2Z X R4 XllI; wth a

conmpound of formula XI1l: 0 gR3)tl NH2 XlII; in the

presence of a palladiumcatal yst, a palladiumligand,

a base, in a solvent opt'onay yNa phase transfer
catal yst, to produce a cQnmponnd Jof the fornmula XXXI

43 WD 2005/ 090334 PCT. 00251 0 Ra s~ OR2 RA
N R4 H XXXI wherein: X s &l }Qg group; Each Ra is
H an optionally substituted & kyl',2;an optionally

substituted aryl. -CN_ _-C(O)-Qal kyl or. hal ogen; _.Ea
wher g {4 cEpRGENE §aR g EORIS G | (lreg Ehe B4 group
141 i iphdatd €3, ghREReian tBplHeORY |y sHiltsdifut ethker between the
het erocyclic group, and an
compound and the isoquinolinoyl group.

[0107] In still further embodiments, the invention provides a

process of preparing a beta-amido carbonyl compound of formula

XXX .

comprigsing the steps of:
a) reacting a compound of formula XITI:

Ra 0

XII;

with a compound of formula XIII:

o)
R3J\NH2

XIII;
in the presemnice of a palladium catalyst, a palladium ligand, a
base, in a solvent optionally a phase transfer catalyst, to

produce a compound of the formula XXXT
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optionally substituted aryl group; Each R4 is
i ndependently an optionally substituted aliphatic, an
wopbisoaedshy substituted heterocycle, an opti onaCrgs2005/008251
substituted aryl, or R2 and R4 together with the
groups to which they are bound, forman optionally
substituted 5- to 8-nenbered pgheterocyclic ring; Each
R3 is an optionally substrijutid al i phatic, an
optionally substituted yl )Yy anorptional |y substituted
heteroal kyl, a protecti, up, P2-, P3-P2-, or
P4-P3-P2-: P2- is RERRBNR6 R'P3-P2 is R7 R6 R8 -N
O R5 44 WD 2005/ 090334 PCT/ US2005/ 008251 P4- P3-P2- i's
RT R I N F)4-NO5 P4is R T, Tis -C(0) -
-0CcC(O9 -, -NHC (O -, -C(O C(O - Oor -S& - ;
Each R is independently an 2®ffonally substituted
Wher%iﬁfﬁuuic, an optionally substituted aryl, or P2; Each
s independently H, an optionally substituted
& iiphal | Teaabngpyirengl;l y substituted heteroal kyl, an

optionally substituted heteroaryl, or an oa}ionally .
:ﬁ%ﬁhi%%ﬁ%ﬂIﬁhéﬁ%l?ptlonally substituted alkyl, an optionally

substituted aryl, -CN, -C(O)-0Oalkyl or halogen;

Each R? is independently an optionally substituted aliphatic
group, an optionally substituted heterocyclic group, and an
optionally substituted aryl group;

Each R* is independently an optionally substituted
aliphatic, an optionally substituted heterocycle, an optionally
substituted aryl, or R® and R* together with the groups to which
they are bound, form an optionally substituted 5- to 8-membered
heterocyclic ring;

Each R® is an optionally substituted aliphatic, an
optionally substituted aryl, an optionally substituted
heteroalkyl, a protecting group, Pz;-, P3-P3-, or P;-P3-Py-;

Py~ is
Rs
RB_T)\;‘.; .
Re
P3-P, is
R7 Re
N 7
Rg——N 2
— \\\f/
0 Rs
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Each R6 is independently an optionally substituted

al i phatic,, an optionally substituted heteroal kyl, an
wopbisomedshy substituted heteroaryl, an opti onaCrgs2005/008251

substituted phenyl, or R5 and R6 taken together with

the atonms to which they are attached forma 5 to 7

nenfgered, pptionally substituted nonocyclic

het erocycle, or a 6 to 12 nenbered, optionally

substituted bicyclic heterocycle, in which each

heterocycl e ring optFRenal | y Recontai ns an addi ti ona

het er oat om sel ected fi[rom-0-} -S- - NR50- ; Each R7

is independently H, stituted

al i phati c, qp_gg_i nal et eroal kyl, an

optional ly 'dubstituted fjeteroarlyl, or an optionally

substituted phenyl, or together with the

atoms to which they are Qattach& forma 5 to 7

reantier &4, optionally substituted nonoc¥{eglic

teroc e or ar see, r, exanple, .C ounds f,
E[,e B T]é,(&gn?j' o‘@h%{ﬁf in ng[?:é O? “and cc(&}[ﬁqg@d's W1,
-80,-0-2, and o0-3 shown in Table 2), or a 6 to 12
menbered, optionally substituted bicyclic fused ring

Festter 5 ierendssn N 26050050334 1RQT/2YS2008/ 0B8R 51
. h., of : rLn : | Il nt aj an
=LipEAGY P o Vb BRI P0Sp PR EAER KRN T2
-ENR30-R+( dee inflependxanypl e, Hcompouptsogaang subbawruited
. .Table 1, and co unds -1l and j-:1 sho in Table 2),
21D e R B T 10 RYREF LB Lk Rt ST 4 SAwARdionally
substittite@neediached forma bbﬁﬁlonailg’n@dﬂéﬁ:irﬂd&&w&ﬁ}l;
formed by R5 and R6 forma 8- to 14- nenbered
Gtdtoial By dupsPendestt1hiay copieionaddyr prEsssusrd

. f . , , i

w15pi3, 181 SMLE CMOUIE g byckoy LT, P I fbnaisy

substdrhtad® IshmwodnylTabhe 8ptinheldiyn subethiteped pHasdad, or Rs
' [ ti, [ly furth f d wt

and 5, R ST Bl Ras TRt oS, For WaRboplrEnaFRy attached

form SUbStid Ul ebnlkrd® 16prHEshaLEY blbeYelkhE dUsRAIINA ic
system (see, for exanple, conmpounds e and q shown in
heterpgpyicder, oh@ 6 to 12 membered, optionally substituted

bicyclic heterocycle, in which each heterocycle ring optionally
contains an additional heterocatom selected from -0-, -S- or -
NRs0-;

Each R; is independently H, an optionally substituted
aliphatic, an optionally substituted heteroalkyl, an optionally
substituted heteroaryl, or an optionally substituted phenyl, or

R; and Rs together with the atoms to which they are
attached form a 5 to 7 membered, optionally substituted
monocyclic heterocycle or aryl (see, for example, compounds

£, h, i1, n, and o shown in Table 1 and compounds o-1, o-2,

and o-3 shown in Table 2), or a 6 to 12 membered,

optionally substituted bicyclic fused ring system, in which
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conmpounds e-1 and g-1 shown in Table 2); Each R8 is

i ndependently H or a protecting group; and Each R50
woOoisrde3endent |y H, an optionally substitut edPCT/US2005/008251

al i phatic, an optionally substituted heteroal kyl, an

optionally substituted heteroaryl, or an optionally

Zﬁgéfw_' LEtefe D%Q&i r s lt%.lea.tl‘iyZ c{rgc]%%}s :éé]h SQ8Eitional

odi nments, s an orga i c nolety.
cbetarnaEGMOdeheotsd fhemvadi-abl-8-Rdm MRsgay (beeanfor

liph het h t ly
EHETP e O ¥ G acap BRATE I g oy eRppounds

,anaJ(ﬁ?@) Shows N TL60): %) Ne( O RS0, - SOTRS0 or
oal kyl. [0110] The process further conprises

hetero

r educi ‘M%eltlh% @mépd%nm@fetfraﬁ md avddXi the pEedacecawhich they
O (0] n
SPRARE Al £0E 0 & %5l SR bR R YRl Formeat vy

2@@5&&90&3409@T5U82065/Q@BZ&%mbékd@l@ﬁtf%ﬁ@lelsubsﬁltuted

7 nepbered, optionally substituted nonocyclic
r@%af%?cﬁy%l%w%ﬁi Jall@gt%vﬁéewerfﬁgﬁed Epis*lsy compounds g,

sebst | tat@dy bi SyShh Ciheteneeys! énd RoMiFhBAL 1, d-2, k-1,
heterocycle ring optionally contains an additiona

hkt &r obht dmmel ecared Mrdnehown inSTadrle NR50-whes@in sthe
t| nal substituted.ali hatl i ona,
Su'—bgs? ZFP du%ec%l r:Ln é sgem ig néﬂnflsl%SQuJ{gc e Jl.uged with

eroaf Kyl "an opti
heh eswat atha 1 Dy @ubopt twnalll phenkhdat Ittd.lh‘feﬁmpfm{l)dptlonally
[0112] In ge0|f|c enbodi nents, Ring A_has the
sttt tireced APy r\FW%mﬁﬂher@ﬁutr[ﬂwﬁ]lcpfu% YHeo system

Stéé’é:t Uf & NordamS14 01ddlp bOnGer kaizp e iiRNtS, Rl AL, and
has the structure
compounds e-1 and g-1 shown in Table 2);
Each Rg is independently H or a protecting group; and
Each Rsp 1s independently H, an optionally substituted
aliphatic, an optionally substituted heterocalkyl, an optionally
substituted heteroaryl, or an optionally substituted phenyl; and
m is 0 to 2.
[0108] In some embodiments, Rz is an organic moiety.
[0109] In certain embodiments, the variable R in P, may be an
aliphatic, aryl, or heterocaryl, each optionally substituted with
1 to 3 aliphatic, halo, alkoxy, -CN, -NO,, -N(Rsg)a,
-SOpN (Rso) 2, -NC(O)Rso, -SOyRso or heterocycloalkyl.
[0110] The process further comprises reducing the compound of

formula XXXI to produce a compound of Formula XXX.

[0111] In some embodiments P,- has the structure

AV
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VN JN VN NVN N [0115] In specific enbodi nents P2-

has the structure RB NRs , N or [0116] In another
wenhsdvesnt , the a process for producing a coRpomIS2N06/008251

the formula 47 WO 2005/ 090334 PCT/ US2005/008251 0 O

R Rae HOR2Z RTYKi HRA R7 R6 O conprises a)

in wﬁf@%tkfﬂ aAC9§pQu$dt8f7tﬂén&gﬁ%¥iao ﬂ%oﬁgﬁ §1E%ted
npound of the formula: § Féy the
monopyesienckeoéracpal adounacat &loydt2, m@mhﬂﬂaﬂntmptlgmaﬁly

a. bas , o tiopal a phase transf atal S )
subs i Ead PTBYe D B s B R R sund Tof i (1o B ergovele ring
optléiE?@nébchﬁtéthé MhesghntioXalls Iét'e@%élﬂlﬂn HO-SEGNERSm ~0-,

h Rais H an optlonall{ substituted al kyl, an
-S- opt {¥Rally Rss U tH ¢ 1A PRIFYPnalEN, subpbjtadkylaldgphatic, an

optlgﬁ%ggftu%gggéfﬁgﬁﬁshégg§ggﬂﬂ§atl%na%ﬁ%ﬁﬁégfﬂ§ysubstltuted

at1 ¢ group; dn optrona
hetesodsyl § ubfdaﬂebptbolyallp gubu;pz,ltamédarphenyl

[0112] In specific embodiments, Ring A has the structure:

Volo Ve NIV DN =

[0113] P,- has the structure

[0115] In specific embodiments P>- has the structure

&~ N

or
[0116] In another embodiment, the a process for producing a

compound of the formula
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optionally substituted aryl group; 48 WO 2005/ 090334
PCT/ US2005/ 008251 Each R4 is independently an
wopbisomedshy substituted aliphatic, an optional PgT/US2005/008251

substituted heterocycle, an optionally substituted
aryl, or RR and R' together with the groups to which
they are bound, forman optionally subsijtuted 5- to
8-nmenbered heterocycli ®ringRsP2 i3 R5]I R8- NR6 T is
'C(()) H 'O'C(())H' H 'C( @?2 or ;
-SO2-; Each R is~indg '
each opti onaﬁ'g/ substi t ut No B"al i phati c,
hal o, al koxy, -CN, -@02, Fgél( R5002, -SOTN (R50) 2,
-NC(O) R50, -SOnR50 or heterocycl oal kyl; Each R5 is
i ndependently H, an optionally substituted aliphatic,
an optionally substituted heteroal kyl, an optionally
substituted heteroaryl, or an optionally substituted

compIph#dyl ; Each R6 is independently H, an optionally
SUbsi ] e ' | n ,enal Iy substituted

a) x het eir%%riy%m}%%]dr%ﬁfoﬁba}f%yfggb%gtgi't uted heteroaryl, an
optionally substitut eggohe I, or R and R6 taken
together with the atonsaag igh they are attached
forma 5 to 7 menbered, dptiBRally substituted
monocyclic heterocycl e,y a 6 to 12 nenbered,
optionally substituted bicy®&ic heterocycle, in which
each heterocycle ring optionally ‘contains an

with addidmgnald het enpatmipgel geted from-0-, -S or
-NR7-; Each R7 is independently H, an optionally
substituted aliphatic, afoptionally substituted
het er oal kyl , an opti onalgl Ni_,Jbstitut ed heteroaryl, or
an optionally substituted phelyl; R8 is Hor a
protecting group ; and 49

hgtic, or aryl,

I

in the presence of a palladium catalyst, a palladium ligand, a
base, optionally a phase transfer catalyst and a solvent, to

produce a compound of the formula

wherein:

X is a leaving group such as Br;

Each R, is H, an optionally substituted alkyl, an optionally
substituted aryl, -CN, -C(0)-Oalkyl or halogen;

Each R’ is independently an optionally substituted aliphatic
group, an optionally substituted heterocyclic group, and an

optionally substituted aryl group;
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WD 2005/ 090334 PCT/ US2005/ 008251 mis O to 2. [0117]

In a specific enbodi nent, a conpound of the formula O
WO0SKIM3RO in which RO is G -C5 alkyl, is reacrasg2005/008251

with O PANH2 to produce the conmpound 0 1 'o P2 NH

O RO [0118] The process may further conprise the step

agl  RREIEIG, 1D - -
e T g R T o e R R B g

aliphmioup, an tdptaldrewi by asilst opit edahkyeronyidie, pressiceonally
of otic acid,_d4n Qrgani ¢.sol vent t provi de o

subs Lt Hawi Hy ThE 6t Fuct dPE ©°70 A uGrRe (19895 o which

they SOPE 1©H0QU] NS, ard 1ham 9f stibetakkexd w-anes membered
may be achi eved by selectively recrystallization from

hetereCye bmhiwingol vent. 50 WO 2005/ 090334
RCT/\US2005/ 008251 [ 0120] The process may include
reduci ng the double bond in XXXI. For instance, the
compound of Ehe formul a
5

RB_N)\PSH ;

Re

T is ~-C(0)-, -0-C(0)-, -NHC(O)-, -C(O)C(O)- or
-S0;-;

Each R is independently an aliphatic, or aryl, each
optionally substituted with 1 to 3 aliphatic, halo, alkoxy, -CN,
-NO;, -N(Rso)z2, -SOpN(Rsp)2, -NC(O)Rsp, -SOnRso or heterocycloalkyl;

Each Rs is independently H, an optionally substituted
aliphatic, an optionally substituted heteroalkyl, an optionally
substituted heterocaryl, or an optionally substituted phenyl;

Each R¢ is independently H, an optionally substituted
aliphatic, an optionally substituted heteroalkyl, an optionally
substituted heteroaryl, an optionally substituted phenyl, or Rs
and Rs taken together with the atoms to which they are attached
form a 5 to 7 membered, optionally substituted monocyclic
heterocycle, or a 6 to 12 membered, optionally substituted
bicyclic heterocycle, in which each heterocycle ring optionally
contains an additional heterocatom selected from -0-, -8- or
-NR7-;

Each R; is independently H, an optionally substituted
aliphatic, an optionally substituted heterocalkyl, an optionally
substituted heterocaryl, or an optionally substituted phenyl;

Rg is H or a protecting group; and

49



00 RAR~[ RAR3 " AR/ ~( 0 RR RHRA P2 NFK4
or i s reduced under conditions described herein to
wonresiodessa conpound of the formula 0 0 OR2 BCRaSEV0A408251
N R4 [0121] After producing this conpound, P3- and P4-
noi eties may be coupled to the conpound as descri bed
e}llpoivse o[{@122] In still another enbodinent, the process
for producing a conpound of the forrula 0 ORHD5 Ra
[0117]0RR2 a RsplediH RlemiddRiemR6, congsms@sd ¢ 4) thaduCorgutllze
conmpound of the formula O Ra OR2 P2 H R4 to provide
a conpound of the formula 1 WO 2005/ 090334
PCT/ US2005/ 008251 0 Ra Q P2 N R4

L,

3

O-R?

in which R® is C;-Cs alkyl, is reacted with
O

o

NH,

to produce the compound

[0118] The process may further comprise the step of contacting a

racemic mixture of compounds of the formula

Ho Or
p
in which Rg is a protecting group, with a Lewis acid, optionally
in the presence of a protic acid, in an organic solvent to

provide compounds having the structure

0O
o
PN
P N
* H Yor.
[0119] In some embodiments, resolution of the alkoxyfuranones

may be achieved by selectively recrystallization from an organic

solvent.
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wherein Each Ra is H, an optionally substituted al kyl,
an optionally substituted aryl, -CN, -C(O) -Qal kyl or
woaabwgees34 Each R2 i s i ndependently an opti onal PgT/US2005/008251
substituted aliphatic group, an optionally
substituted heterocyclic group, and an optionally
t IS dgp nt |
T TS S pay; PhPeie oranEid Seh B EBRRIE ek la o
For zn&tam¢®1e@h@etempcyndleaMh®pf¢nmalay substltuted
aryl, or RR and R together with the groups to which
they are bound,gapr an optlonally sub tituted 5- to
8-menbered heperl bRE i ng; PZD o I REJ T
is -C(O-, -OHOH, -NHC(O) - pvtg’g\O) O- or -S02-;
Each Ris i nHEpwyfderity an al i Rt aryl, each
optionally substituted with 1 to 3*b||phat|c hal o,
al koxy, -CN, -NO02, -N(R50)2, -SOmN (R50) 2,
NC(C»RSO - SOnR50 or heteregycl oal kyl; Each R5 is

is réan Optl on&%]lLy su%%? %P%I%w%]f%%é}aﬁﬁé]fé%ﬁggp :rlg%%%}elyca

compduﬂﬁnoﬁtﬁhﬁifm&mmbaryl or an optionally substituted
phenyl; Each R6 is |ndependently H, an optionally
substltuted al i phatic, an oftionally substituted

het er oal kyl , an optionabf? st ituted heteroaryl, an
optionally substituted pherlyl, or R5 and R6 taken
together with the at N mech they are attached 52

WO 2005/ 090334 PCT/ US2008/ 008251 forma 5 to 7
nmenbered, optionally substituted nonocyclic
het erocycle, or a 6 to 12 nenbered,- - optionally
t|t ed _hicy het eraocycle, in i ch _each .
[0121]he erody Ogucrlln Jghjflgona P nI%’éi ﬁ&d\gﬁry"‘éda\cﬁegcﬁaqs may be
couplheat efcoaimm c&ﬁh@@hﬁﬂi E¥:] (Imscﬁklbecﬁ-amfve .

[0122] In still another embodiment, the process for producing a

i)]\ )\,‘ ﬁoRZ

(a) reducing the compound of the formula

O

Ra
0 fORZ
A A

P N7 R
2 H

compound of the formula

comprises:

to provide a compound of the formula
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-NR50- ; Each R50 is independently H, an optionally
substituted aliphatic, an optionally substituted
woaebwrooedskyl , an optionally substituted heter 8argis2006/008251

an optionally substituted phenyl; R8 is a protecting

group; and mis O to 2. [0123] A process for

produci ng a conpound of the fgrmula RL NVNHO O

O RO conprises: a) contaRding a racem c m xture of

conmpounds represented by th mula AO RIO NH N

O OORY9 wth a Lew s)hci i n an organic sol vent

optional Iy including ]2 p tiR acid, wherein Ring Ais

a5 to 7 nmenbered, optionally substituted nonocyclic

heterocycle, or a 6 to 12 nmenbered, optionally
whersimstituted bicyclic heterocycle, in which each

terocycl e ring opti.onally contai.ns an, addit.i onal ,

MRS oY i o ot Slp Ly SRR i 2, qrionally

subs i St & - 55y 8l kybr, 53¢ V) 2005PH0334n PET4&I$2005/ 008251

Each RO is H a protecting group, P3- or P4-P3-; P3
iBaqy RRg. s Nrdependently an optionally substituted aliphatic

group, an optionally substituted heterocyclic group, and an
optionally substituted aryl group;

Each R* is independently an optionally substituted
aliphatic, an optionally substituted heterocycle, an optionally
substituted aryl, or R® and R' together with the groups to which
they are bound, form an optionally substituted 5- to 8-membered

heterocyclic ring;

P, is
Rs
RB"—T/krr,J
Rs ;
T is -C(0)-, -0-C(0)-, -NHC(O)-, -C(0)C(0O)- or

-S05-;

Each R is independently an aliphatic, or aryl, each
optionally substituted with 1 to 3 aliphatic, halo, alkoxy, -CN,
-NOz2, -N{(Rso)2, -SOuN(Rso)2, -NC(O)Rso, -SOpRsey or heterocycloalkyl;

Each Rs is independently H, an optionally substituted
aliphatic, an optionally substituted heteroalkyl, an optionally
substituted heteroaryl, or an optionally substituted phenvyl;

Each Rg i1s independently H, an optionally substituted
aliphatic, an optionally substituted heterocalkyl, an optionally
substituted heteroaryl, an optionally substituted phenyl, or Rs
and R¢ taken together with the atoms to which they are attached
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P4is RT, Tis-C(O -, -OC(O -, -NHC (O -,
-C(OC(O- or -S02-; and Each R is independently an
wabkghaeise, aryl, or a heteroaryl, each opti orarfug2005/008251
substituted with 1 to 3 aliphatic, halo, alkoxy,
-N(R50) 2, -SOMN (R50) 2, -NC(O R50, -SOTR50 or
form NSLETALY 'ﬁ@&&‘éé/fédﬁa&é‘tﬁ?néflﬂrng@@%ﬁ@&ﬁéd HbndByclic
optionally substituted aliphatic, an optionally
hetewubgtle ut@d ded eroal kyhembaerep: | opaidyalsybsthsiut edted

micy ELE R oot 1, SELEIAL L HRL LBt Py 80 1y
cont SUBStah W e i sv£l | ke aB&sk sth NG S¥SE LM £¥bEr 0N, the- or

bicyclic fused ring systemis optionally further fused
-NRsowith an optionally substituted phenyl to form an

' [ 1 ' Oz tQ. 18- i [

PELLE W o SHBSRERHRRE Yok | Ao BREERANTE, HUbRY L e
aliploptionadd yosthetal Ly eshiladt phat ¢éd, hateopalloyh) lgn optional 1y
substituted heteroal kyl, an optionpall supstituyted
Subs R oY LSRN ot oAl Pt LOBRL LY P RS phgroRe PaeTl

I cty ; Afhp;Marg 0 to 2. [0124
%Jtoéﬁg}?\fglg;ﬁt?g%olutigﬁ R e NAo hN-0 0
QR9Ls 5% tAD 2005/ 090334 PCT/ US2005/ 008251 may be

chi eved by_chromat ography or sel ectiyve

10123 RACFT RS M b BT OTT R Br GURPEUR| DbnERe [BITE1 A
process for producing a compound of the forrmula R10
-NAHNO OOR9

o
Rio—N A ) 4
N | 0}
S 0-Rg

a) contacting a racemic mixture of compounds represented by the

comprises:

formula
Rio—N 2
N
I éo
O
O-R?

with a Lewis acid in an organic solvent optionally including a
protic acid, wherein

Ring A is a 5 to 7 membered, optionally substituted
monocyclic heterocycle, or a 6 to 12 membered, optionally
substituted bicyclic heterocycle, in which each heterocycle ring
optionally contains an additional heteroatom selected from -O-,
-S- or —-NRsg-;

Each R’ is a C;-Cs alkyl;
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conprises: a) reducing the conpound of the formula
RRO--NAHNO OORY wherein Each R1I0 is H, a
wonReis®o0i3mg group, P3- or P4-P3-; P3- is R7 RETAN205/008251
P4-P3- is R P4 -NO P4is RT-; Tis -C(0) -, -0-C
(0) -, -NHC (O) -, -C(0) C(0) - or -S02-; 55 WO
20054090334 BCTLUS2005/:00825 L, Jeach JR.1 8.1 pdependent |y
an aliphatic, aryl, or hetérdaryl, each optionally
skbéeituted with 1 to 3 aliphatic, halo, alkoxy, -CN,
-NO2i -N(R50)2, -SOmN (R50) 2, -NC(O R50, -SO R50 or
het erocycl’al kyl ; Each R7 is independently H, an
optionally substituted aliphatic, an optionally
substi t het er oal kyl , an optionally substituted
kRetergdryl, an optionally substituted phenyl, or R7
and tHe Ring forma 8- to 14- nenbered optionally
substituted Bicyclic fused ring system wherein the
bicyclic fused ring systemis optionally further fused
L th n _optionally substituted phenyl to form an
\3%{ ilgn%ﬂi substituted 10- to 16-nenbered tricyclic
fused 1éng) systent (oFach-khe (bs- | ndepsndess LyoH an
optionally substituted aliphatic, an optionally
-S02-guls&d t ut ed heteroal kyl, an optionally

Each R is independently an aliphatic, aryl, or a

heteroaryl, each optionally substituted with 1 to 3 aliphatic,
halo, alkoxy, -N(Rso)z, -SOuN(Rsp)z2, -NC(O)Rsg, -SOpRso OTF
heterocycloalkyl;

Each R; is independently H, an optionally substituted
aliphatic, an optionally substituted heteroalkyl, an optionally
substituted heterocaryl, or an optionally substituted phenyl, or

R; and the Ring A form a 8- to 14- membered optionally
substituted bicyclic fused ring system, wherein the
bicyclic fused ring system is optionally further fused with
an optionally substituted phenyl to form an optionally
substituted 10- to l6-membered tricyclic fused ring system;

Each Rso is independently H, an optionally substituted
aliphatic, an optionally substituted heteroalkyl, an optionally
substituted heterocaryl, or an optionally substituted phenyl;

Rg is a protecting group; and

mis 0 to 2.

[0124] Alternatively, resolution of

Ryg——N_ & o
§
| é,o
© O-R?
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substituted heteroaryl, or an optionally substituted
phenyl; R8 is a protecting group; and mis 0 to 2.
woheospwasesses descri bed herein can be used toPOTASDHE/008251
aspartic acid derivatives such as aspartic acid
al dehyde noi eties. For instance, the processes
e e c : :
T b e The B pas pa Ry P B Fn ThT ey =ation
from 2n Srgammic 4sshowntabove and the specific conpounds in
Tables 5 and 6 below. Additionally, the processes
[0125] BekrFaRe HeF dPROMHG NP uSelPPdnr slutRe kidimula

compounds. Specifically, the procgsses are useful for
preparing the conpoundsy @i §closed/in WO 95/35308, WO
99/ 47545, WO 04/ 058718, 0RLOP2961, WO 04/ 106304, WO
03/088917, WD 03/068242, 03 169, WD 98/ 16505, WD
93/ 09135, WO 00/55114, 00/ 55127% WO 00/ 61542, WO
01/ 05772, WO 01/10383, V@ 01/16093°"A0D 01/ 42216, WO
01/ 72707, WO 01/90070, WO 01/94351, WD 02/094263, WO
01/81331, WD 02/42278, WD 03/106460, WD 03/103677, WD
compry33404231, US 6,184,210, US 6,184,244, US 6,187,771,
Us 6, 197, 750, US 6, 242,422, US 6,235,899, April 2001
a) redf I 2005/ A9A33dnECT USZO0B4AR8R51  Ameri can Cheni cal
Society (ACS) neeting in San Diego, California, USA
WO 02/ 22611, US2002/ 0058630, WO 02/085899, WO
95/ 35308, US 5, 716, 929, 97/ 22619, US 6, 204, 261, WO
99/ 47545, WD 01/RQ863N B Mg d. Chem Lett. 1992,
2(6), 613, and WD 99/ 038p2 P which, as set forth
herein, are incorporated®herein ref erence.
Preferred conpounds for tse in acc®gance with this
i nvention are described i'n WO 04/058718, WD 04/ 002961,
WD 95/ 35308, US 5,716,929, WD 97/22619, US 6, 204, 261,
H MO 99/ 47545, and WD 01/90063, all of which, as set
WRELSKHrth herein, are incorporated herein by reference.

ol &8 FsFup © F¥8t@chify Gronf, NN Qa~=H-N,O | Y H

P;- is
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0TOOOOOO ONONONHpHOHpP I-11-21-3
HOONNO/" HNONNOC ONNO HOO' HOoJOCd
wol25090IUN ONONHOHOHO 1-41-51-6 0C0/U82045008251
NNO-~-LNNo NHoN HOSHO OONIt, OONOO
NHpHOHpP 1-71-81-9 C C OC 0-O'Y N n:c4
MY A M QT Clagdde21e M QAN QN 1 yr%l!" BrhOtercaryl,
1-10 I'- 11 112757 WO 2005/ 090334 PCT/ UsS2005/ 008251/

eaCh(bﬁlﬂbndllymﬁﬂbSIIﬁu¢¢d(W@tHDID@w 2rliplr9io, \ndlel rlkoxy,
—ow, Padd0) R0 3 sbatrintd (88N QB0 o
heterocycloalkyl;

Each R; is independently H, an optionally substituted
aliphatic, an optionally substituted heteroalkyl, an optionally
substituted heterocaryl, or an optionally substituted phenyl, or

R, and the Ring A form a 8- to 14- membered optionally
substituted bicyclic fused ring system, wherein the
bicyclic fused ring system is optionally further fused with
an optionally substituted phenyl to form an optionally
substituted 10- to 1l6-membered tricyclic fused ring system;

Each Rz, is independently H, an optionally substituted
aliphatic, an optionally substituted heteroalkyl, an optionally
substituted heteroaryl, or an optionally substituted phenyl;

Rg is a protecting group; and

mis 0 to 2.

The processes described herein can be used to produce aspartic
acid derivatives such as aspartic acid aldehyde moieties. For
instance, the processes described herein can be used to produce
compounds containing the P4-P3-P2- moieties shown in Tables 1,
2, 3, and 4 shown above and the gpecific compounds in Tables 5
and 6 below. Additionally, the processes described herein may
be used to produce known compounds. Specifically, the processes
are useful for preparing the compounds disclosed in WO 95/35308,
WO 99/47545, WO 04/058718, WO 04/002961, WO 04/106304,

WO 03/088917, WO 03/068242, WO 03/042169, WO 98/16505, WO
93/09135, WO 00/55114, WO 00/55127, WO 00/61542, WO 01/05772, WO
01/10383, WO 01/16093, WO 01/42216, WO 01/72707, WO 01/90070, WO
01/94351, WO 02/094263, WO 01/81331, WO 02/42278, WO 03/106460,
WO 03/103677, WO 03/104231, US 6,184,210, US 6,184,244, US
6,187,771, US 6,197,750, US 6,242,422, US 6,235,899, April 2001
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HWHNNO O0ON1-OONNOONO HOHOHO 1-16

1-17 1-18 CF30 A 0 G p O NWHNCSNL HN N O 00
wO203/00@B3NM 0 HONI1I~-HOHO OHO 1-19 1-28CTAR1005/008251

CF30 G pC O0/; HN/YXN?2 o WHNO ONI1I~-0 0O NO N

HOHOH((O 1-22 1-23 1-24 F3COC p0dC 0 %0 N

AmerNN M ERL-O @o@.é‘:% NS mé&@iﬁ?oinlsgﬁ 51@%0 a o
Cl p W, NO 1~ NN HOHO . I~0H?Y00 @]
California, USA, WO 02/22611, US2002/0058630, WO 02/085899, WO
95/35308, US 5,716,929, WO 97/22619, US 6,204,261, WO 99/47545,
WO 01/90063, Bioorg. Med. Chem. Lett. 1992, 2(6), 613, and
WO 99/03852, all of which, as set forth herein, are incorporated
herein by reference. Preferred compounds for use in accordance
with this invention are described in WO 04/058718, WO 04/002961,
WO 95/35308, US 5,716,929, WO 97/22619, US 6,204,261, WO
99/47545, and WO 01/90063, all of which, as set forth herein,

are incorporated herein by reference.

Table 5
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0 o 0
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07N o”°N 07N
H (O H (O H <O
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Cl
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cl 0 0 o} 0
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c 1-27 1-28 58 WD 2005/090334 PCT/ US2005/008251 C O
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NHOHO\ 1-73 Table 6: cl )~~; &\~, N K OH W N
OH'~NNSHHHH ONH OHOONHOTNOHOHDO
wol205/00@334 11-2 11-3 FF F O HOOO 6-j1 O ect/uSgosnos2si
)~ HNjOHHNOHHNOH ONHOONHOONHOOH
OHO 11-4 11-5 11-6 OCC F F OH2N O C O 0

o) cl F
HNOHHN "tk N)r,- HNOH WOONHOQNH
ONH H %@110711811-9pﬂ O cl %{ o)
i HN OH 00 NN L“/(
H O
HoN N
Cl

HoN ° g
Cl O\\
I-71 I-72
o ﬂ:ﬂ 5
N
N
I/N m (@] ﬁo
N =
M\
I-73

Table 6:

cl
5 0 o 0 o 0 0
N O“? OH N oN? OH N ON?K;OH
o) H oy H oy H
o 0 o
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N X
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0 o HO 0
N N? OH N N; OH N N? OH
o) 0 0
o~ H o~y H 07N H
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11-40 11-41 C p HNO #S-KkNO F 0 O HN ?10H HN H N
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[0126] In order that this invention be more fully understood, the
following preparative examples are set forth. These examples
are for the purpose of illustration only and are not to be

construed ag limiting the scope of the invention in any way.
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OO0 ONONKH2 ONHO HO HO 11-51 11-52 11-53 C 0
OCH3 00 CHNNOHNOKHOONHHOpPNH HOHO
WQLeGAILE455 64 WO 2005/ 090334 PCT/ US2005/ 008 RET/USSI05/008251
$~-NdOH 10 (\ NOHO~N/ ONo NH HOHHO 11-56
11-57 Cl OOHCI OO 0\ NNOHN\ NNOH NI/ HO
PNHOI/ "ANp p NH HHL, 11-58 11-59 F 0 OF
O0iOIl\ NNJO—I 0) NN_OT@Q% ppNIf OHOO

P ;
[0127] The50althr6via®ion® OsRAOHeN ek aveg /knpyn \tck\ﬁ]‘H]#—ler H
prac{i%#qﬁ%gsp Hsghghg Eltge %&ﬁ%hé%%gjthé% é%e é%é%p é%gd
below.

Scheme 2. Synthetic Examples

STEP 1 o

o (N 2

N

O
Br/[§ 2% Pd(OAG),, Xanth /ii

PhCH3, C82003

229
STEP 2
a)PhCH3
0
St b)AI(OEt)2 HCI
PhCHj
STEP 3
o)
zN Pd/C, H Fkéit;rOH H N 7
| 0 — 2, Z O "N
0 N z O O
H OFEt O ™N
H OEt
Ex. 2 Ex. 3
Examgle 1
O
©\/0 N
YL
e} N
H O\\
1

Preparation of 4-bromo-5-ethoxy-5H-furan-2-one

[0128] This procedure may be carried out in a manner similar to
that described by C. Escobar, et al., Ann. Quim. (1971), 67, 43-
57.). To a solution of 5-ethoxy-5H-furan-2-one (II, R'=Et) (10.0
g, 78.0 mmol) in carbon tetrachloride (50 mL) at 0°C is added
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NI NHONHHNI/ Op NH OHHO 0C 11-64
11-65 OONNOH HZNI/ HOOHH C O 11-66
wpQABBPpod3m order that this invention be nore fRCIPS2005/008251
understood, the follow ng preparative exanples are
set forth. These exanples are for the purpose of
over d 144514 AL 20 2BLY oRNBrBE HA0l 4L DG, COMPIT YRLBS in carbon
mting the scope of e invention i'n any way. 65 WO
tetraZﬁﬂﬁﬁQBi}SSMBCfﬁLuJSZOUIEBOG‘&%rl@a@IEGSLJ{mmh 'Iétm 0°C, then
abbrevi ati ons used Irﬁrg ein gre known to skill

2h ath TR 1§ SHPEaLaERendlE PRAVE U TTNVS dmder reduced

i wu SG; td 16 thXxar
press@ﬁfé@ﬂcﬁ @He P@ISQ e B%”%%%ft%ﬁgtﬁ{érd% S %%ﬂp}@ vacuum

(abowtarﬁ HSn@n]\l OE‘E‘heh@s@cta:@zce@lﬂe@E@@i g2 YPERE-RoTgrovided

4- broArIO( azﬁ-%{q?_%ypgg_%é?hl go}le 1% '3 'E_I; Jst %el@) as a yvellow

oil. 'H-NMR (500 MHz, CDCli) 6 6.24 (s, 1H), 5.63 (s, 1H), 3.71
(m, 1H), 3.63 (m, 1H), 1.14 (t, J=7.1Hz, 3H) ppm.
Pd-catalyzed Coupling of CBZ-Pro-NH; and Bromoethoxyfuranone

[0129] To a 1L round bottom flask, CBZ-Pro-NH, (20 g, 80.4 mmol),
Pd(OAc), (0.36 g, 1.6 mmol), XANTPHOS (1.4 g, 2.4 mmol) was
charged. The system was purged with nitrogen gas for 10 min.
Toluene was added (200 mL), and the reaction was stirred with
warming to 50 °C. After reaching 50 °C, the reaction was
stirred for 30 min. The mixture changed from a yellow slurry to
a brick-red solution as the amide dissolved and the
(XANTPHOS) PA (OAc) , complex formed. A solution of K,CO; (26.6 g,
192 mmol) in water (200 mL) was added and the reaction was
allowed to warm to 50 C.

[0130] To a beaker, bromoethoxyfuranone (18.3 g, 88.4 mmol) and
toluene (30 mL) was charged. The reaction is stirred until a
solution is formed (slight warming may be necessary because the
dissolution is endothermic). The solution of the bromide is
added slowly to the catalyst/amide solution at 50 °C over 3-3.5
hr. After the addition was complete, stirring of the reaction
mixture was continued at 50 °C for 4 hours. While still at 50
°C, the phases were separated and the aqueous phase discarded.
The organic phase was washed with water (100 mL) at 50 °C. The
phases were separated and the aqueous phase discarded. The
organic phase was concentrated to ¥ volume and cooled to ambient
temperature. Seeds were added (50 mg) if crystallization has

not begun. The mixture was stirred at ambient temperature for
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PhCH3 Ex. 1 Ex. 2 STEP 3 OOH OH Z~-N1 O Pd/C, HN
HNNO ONOZOO HOCE OHNOE O0HNOE Ex. 2
wer00s39Bsanple 1 O CYyO O OO0 2. HO\ 1 PCT/US2005/008251

Preparati on of 4-Dbrono-5-ethoxy-5H furan-2-one
[0128] This procedure may be carried out in a manner

i Mm t h rihed b E I
15 g (R o dgRer L] O Spdatapas ol A e

solicB-vetsho‘deLtSérédlraxmdzanee@I W;LtRl:Etl)i trdugneg, 7 solid was

. ) in carbon tetrachloride (50 at_0C.i s -added
ariedf GRS Bo0s3at bCi L30B8 B0825E "ty 6710 G T e molid
(10.85Q} utigen }o_{epapm ne (4.05 nL, 78.2 mol) in carbon

t ét'rachl ori de (25 mL). The reaction is stirred | h at

[0131] O&®, arheﬂtetmatlvaoﬁytl’ehpeiat upe f1ols&k golsy efitasragde with

s (OBRTTY PRk R G £ Pi Bk poihb S| (bt D ShnjifoL) , CBE-

Prolilike duiatd | 050 CH) |2019ﬂm@l)10@§2@@9C(63 ®igled201 mmol) and
4- br ono- 5- et hoxy- 5H f ur an- 2- one . , 82% yield) as
tOlueél@ye 178w ™l | ]P-PNWFBGG W/PI? éEB(f,f 334G, )30 min,

to glrve7 1%2%'@%0%3# Jl}é%élal yzed cgu&s. Sui:;n 01}H)ClePrlg (I\IL2

[0132] BxbnBFarmethdxyincasonel . F0429p 0Tomaall) reeurd dudidtaon in 30
mL toé.luae%k% Vfcﬂ,'%| ; ! oﬂw%ﬁ%(@rggﬁ?ygﬁ|%ﬂlf%gc) 2'I'l'geo soGlutlon
was warmed to 80 °C. After 15 min, HPLC analysis showed 90%
reaction complete (comparing CBZ-proline amide and product), and
no bromoethoxyfuranone remained. Another 4.1 g of
bromoethoxyfuranone was added to the reaction mixture at 85 °C.
After stirring for 30 min, HPLC analysis showed 97% reaction
completion. Another 2.8 g of bromoethoxyfuranone was added.
After stirring for 45 min, HPLC analysis showed no CBZ-proline
amide remaining. The mixture was cooled to 20-25 °C, and water
(200 mL) was added, followed by saturated aqueous sodium
hydrogen sulfate (400 mL). Gas evolution was observed. The
phases were separated and the organic phase was washed with
saturated aqueous sodium hydrogen sulfate, then water. The
organic phase was dried over sodium sulfate, filtered, and the
solvent was removed in vacuo. The resulting crude material was
purified by flash chromatography (1:1 EtOAc:hexanes, then 3:1
EtOAc:hexanes) to give 55.7 g (74% yield) of the desired product
as a light brown oil.

[0133] 'H-NMR (dg-DMSO) : 610.20 (s, 0.5 H); 10.00 (s, 0.5 H); 7.55
(br s, BH); 6.35 (s, 1H); 5.85 (s, 0.5H); 5.70 (s, 0.5H); 5.30
(m, 2H); 4.60 (br s, 1H); 4.05 (m, 1H); 3.85 (m, 1H); 3.65 (m,
1H); 3.55 (m, 1H); 2.05 (m, 4H); 1.40 (m, 3H).
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charged. The system was purged with nitrogen gas for

10 min. Toluene was added (200 nL), and the reaction
woasosabissted with warming to 50 C. After reachRCIES3®5/008251

C, the reaction was stirred for 30 min. The m xture

changed froma yellow slurry to a brick-red solution

the am de dissol ved and the (XANTPHOS) Pd( OAc) 2
Exa‘ﬂ'oiizér’r’pgrqex formed. A solution of K2CO3 (26.6 g, 192

mol ) in water (206 ) was added and the reaction was
allowed to vvarmt

C. 5013 \fo acbeaker,
br onpet hoxyf ur anongAs

, ) and toluene

(30 nL) was charged. The rgﬁztion |s stirred until a

solution is fornmed (slight R y be necessary
because the dissolution is endotherm-c). The sol ution
of the bromde is added slowy to the gatal yst/am de

solution at 50 C over 3-3.5 hr. After the addition

was conplete, stirring of th® reaction nixture was

nti nued .at 50 for r [ il '
[0134]tr?e ap%saessk Wer e cslc;l(‘e”ﬁﬁ:égfrez;\jt4 & %nér?ﬁ\g ggﬁ’é‘%ﬁl& B%[ggzl%edcas

descrdilteehrede (B 3@ ggnicc Jphase) wvasdwashednwi t(iavatdr) . The

_ (100 nL) at 50 C. The phases re separated and the
mixt U dBRs ThaSe it &dEa 2 %%lgg%ﬁﬁwe ﬁﬁi&é% Seeds of
compdt{f ent ((2a}6e%920 wa Ol R @Ngn §00hednt @@l @Rls stirred at

tenperature. Seeds were added (50 i f
ambiegyty dteaipe wedtinen feas 3 ety egah. OThe °fi Xour € Was then at

. stirred at_.anhient t rature 67 3
oo SR A BB 205 LIRSIEL U7 ealh, ©7HO 2UUANPTAL coorea
agairmand U419 red et Fivrdwd £fibe 3 shli dEfwasefield, ered atd solid
rinsed with cold toluene. The,solid was dried.in .
was LiRSRe 4t t4p-t5g et give asaﬁi@ewemlraﬁr% H& $di§ @1r to give
5.61 L0 1%9,30%)Y i dhe [A331d | Bo@BoahbeRBALI V& :3 mixture of
synt hesi's, a flask was charged with Pd2(dba)3 (4.18
anomey,s 4. 6 nmol ), Xantphos (7.90 g, 13.7 muol), CBzZ-
: rqld ne,agi dex (50, g, | )ogr) G (65. 5,49 ,
H_NMgngfif nlgl\%%g} fof ugh?’eg(%%nggg? )ﬁﬁ{g ’m%%r epémhgllg%1 rzgé%lo (d,
1H); a.13% O fai, 3 . 3% Anyj VEHR; beown/ Yel,| al)ni »st.w@oe. (m, 1H) ;
[01324 Br onoet hoxyf ur.anone &él.? g 201 mMmpl) _as a
340 d@tdB i4v Bo (i WHIuEhe JBs ABdealrgO%HE, 15 Wi 1.10

(¢, 1brgyn/yellow m xture. The sol ution

Example 3

©/\oj\?ig(:% Lléo\\

[0135] To a flask was charged the compound described in Example 2
(5.00 g, 13.3 mmol), 20% PA(OH)./C (1.00 g, 50% wet), isopropyl
acetate (30 mL), and DMF (10 mL). The mixture was hydrogenated
under 50 psig Hy, at 0-5 °C fox 5 hr, then at ambient temperature
for 21 hr. HPLC analysis showed the reaction to be 97%
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was warnmed to 80 C. After 15 mn, HPLC anal ysis showed
90% reaction conplete (conparing CBZ-proline am de
wanaspveduct ), and no bronoet hoxyf uranone renBCNAE2005/008251
Another 4.1 g of Dbronoethoxyfuranone was added to the
reaction mxture at 85 C. After stirring for 30 mn,

comp]Eép 4 an}?i%%idsx S Ph1eact hopy Sﬁgﬁl %E'l@%e A hﬁ{e
.8 g o ronoet hoxyf uranone was added. After
solidd iwerengrifroredGvitim,a HPLIC iwapyepyl_shg%dtﬁoDMF solution to

CBZ-proline am.de, renmaining. The m re was cool ed
P‘—”OVJE'E 1& AP oL Rf R e‘%omF(féHtﬁgnE;;[ GETR %e ol | owed by
[0136]3135 Wi e@—l@?%ﬂ%ﬁﬁ%l‘ﬁﬂeﬂﬁéﬁ@ﬁ@ §th:a§v§s( 40 )1 soCFropyl

Gas evol ution was observed.” The phases were separate
acetamal tIe ndr)ganidt pHade Ha&9: wdSifedlui -t h Theatmittwige was

it A phasts Ve s P er T Sof HCSAT Face, TP Aaeras

phasé@nifhd ms&g}d@taﬂwaﬂaam\g%ﬂnw yaede. wibewheddd iwith water
crude material was purified b% tlash chromat ogr aphy
(30 nqIy)r 1 EreperadfePhatfeas 1coE eREeHexanes Fhco Qfidpsiic phase

4 S I t
vas s O P48 ol I8 e RULREges e 8. Bl
EDC (2 10.4)0 Wes5 dBdedH)and kb mibrtuse GHp; s6i3Fels foH), hr. To
., 5.85 (s, 0.5H)._ 5,7 s,, 0.5H); .5, 30
this (I%ertsu,(.rgl_%a;s ?%ﬂéad( rﬁ%e&'%b,OVf g%yc(*lﬁ?gf.n_ﬁg:lgn go(lﬁﬁilq’f—l) The
mixtBer®wddNstitbre® 05 B i) teﬁpé@af:ﬁke&d}ar 88 5V\@r Water
2005/ 090334 PCT/ US2005/ 008251 anple 2 O CoyN O

(100 @IN grasH ggidep [gguBAheranigf L Hasg kW%ﬁsSEFrﬁFf@éd frore 1crhoﬁje The
s UL LA S T AORE LR 38 S
aque@ive) & BeiNpdHImoWwsasolratiedn . a@esiss ofodium chlorlde, and
water. The solution was concentrated to dryness to give 4.04 g
(62% yield) of the title compound.

[0137] Alternatively, a 2 liter Parr pressure reactor was charged
with 100.0 g (0.267 moles) a compound described in Example 2,
and 10.0 g of 10% Pd/C (50% wet) . The reactor was purged with
nitrogen for 10 minutes. 800.0 mL of ethyl acetate, followed by
19.5 mL of trifluorocacetic acid were then added. The reactor
was then closed, pressurized to 60 psi with hydrogen followed by
venting. This cycling was repeated twice. The reaction was
stirred for 2 hours under hydrogen (60 psi). The palladium
catalyst was filtered through a pad of celite, and the filtrate
was held at 4 °C until needed for the subsequent coupling step.
[0138] To a 3 liter, 3-neck round bottom flask equipped with
mechanical stirring and a thermocouple was charged 43.3 g of 1-
Hydroxybenzotriazole (anhydrousg, 0.320 moles). To this flask
was added a solution of Cbz-t-leucine (70.8 g in 430 mL of
EtOAc). DMF (190 mL was charged to this suspension, and a clear
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compound 2 (226 ng) were added and the m xture was

stirred at anbient tenperature for 3 days, at 0-5 C
wobanosota34 t hen at anbient tenperature for aneChnaiS2005/008251

days. The solution was cooled again to 0-5 C and

stirred for 3 hr, filtered, and the solid was rinsed

1lghtwyt6er111tow %%30 g ew%%J ' ?‘;he tleﬁl edpd, Nef g ébquQLog' Vs

d) of e conmpound as a
chargaﬂnuﬂe—dD1mﬁmM@mmunh%ﬁW%§%MGamwihylaafbéaaimzaqkn

S L1 5.70 (d 1H)
hydro&:}%.@r(xrﬂe 1((',5')D g)67§ 01(|%9‘l m %Fﬁglé Ebtspﬁ]nsn.on
forme%lH) and2 wh (S'B:Lr]r'é)dl f%Q: EMnhRAds 1—,1t_202ﬁt°c 1. 5I‘c|>'|)thﬂ-s 1Quspens:|.on
(t 5H) Exanmple 3 O AQJL, NNO YO HOONH

was qh@mjd Thea Sfdlam@qnaSD’ch%hegemHIW@@@ﬁ?@uﬁ@mE@g@@ 684 xample

2 (Tﬁé Sgé% wle?)'IZrJ‘legtgl rop (01%1 at'e (3%2%{{3[ qué\%%%l\/g %1@%ed

dropwfﬂs)e oliee BoX iR baRsS, fa)tdiﬂ:gfé’l&te%dlltlﬂdgr sﬁ@p{aﬁbgoHZ wals
-5 Cfor 5 hr, then at anbient tenperature for
Stlrrﬁd PR aRaf9%i ¢ BABREd t HetrEaddth wéa@ﬁ/sl%dmand the

blpha%%5 F&%&%&% nggr U3200%/P0825Y » ¢Roplst §t Fheodl Xt 4R g

[tered ough celite and the solids were
blpharslmsedxmuufma wva® Thesoproepydfeaumstdat 2o DV sbliibeiroseparatory

rov he unpr ot ected conpound of exa 0136]
a5 A Ay NPk e St wed ol e Laver

was Wawiérd)mﬂth alCOQ)t afre 3G adyrad kI Muti2Z504a¢B80nak)e solution
The m xture mas agltated until two clear Bhases wer e

folloyscabyedatrte @qded?® Whase T RArR¥aracatahg re distilled
underPAMUG RRASE f\%l"\@ﬂl%é’“&ﬂ‘ a‘@ﬁ}.r_eéxu(égeﬂdy) 400PRL. To this

organi ¢ phase was collected. To the organic phase
crude solution was charged 200 mL of heptane, followed by

seeding with 1.0 g of the compound of example 3. The cloudy
suspension was then cooled to 5 °C, which resulted in the
formation of a thick slurry. Additiomnal heptane was charged
(400 mL) over a three hour period while maintaining the batch at
5 °C. The solids were isolated by vacuum filtration, rinsing the
filter cake with a 2:3 EtOAc/Heptane mixture (2 X 100 mL). The
solids were dried for 12 hours in a vacuum oven at 22 °C, with a

nitrogen bleed (80% yield for 2 steps) .
[0139] ‘HNMR (CDCls;) & 7.5 (d, 1H, J = 7.8 Hz); 7.4-7.3 (m, 5H);

il

5.5 (overlapping d, m, 2H, J = 5.3 Hz); 5.1 (d, 1H, J 12.3
Hz); 5.1 (d , 1H, J = 12.2 Hz); 4.7-4.6 (m, 2H); 4.4 (4, 1H, J

9.7 Hz); 3.9 (m, 1H); 3.8 (g, 1H, J = 8.4 Hz); 3.7-3.6 (m, 2H);

2.8 (dd, 1H, J = 17.2, 8.4 Hz); 2.4-2.3 (overlapping m, dd, 2H,
J = 17.2, 10.4 Hz); 2.1 (m, 1H); 2.0 (m, 1H); 1.9 (m, 1H); 1.3
(¢, 3H, 0 = 7.2 Hz); 1.0 (s, 9H).
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was added DMF (10 nL), then hydroxybenzotriazole (2.2

g, mmol). EDC (2.8 g) was added and the m xture was
werosroeadsior 1 hr. To this mxture was added poe/UabwmE808251

hydr ogenati on solution. The mxture was stirred at

anbi ent tenperature for 8.5 hr. Water (100 nL) was

E dded and the m Xi id e fPlesl hr. The
—Egmgghase%—mere—é%para#%gaéﬁggiie—orga%gt—phase was washed

Schemd t3h  aqueous 0.5 M NaHSO4, saturated aqueous sodi um
chloride, and water. The solution was concentrated to
dryness to give 4.04 g (62%yield) of the title

compound. [0137L)Alternatively, a2 litegr Parr o
press ctor was .chak gedoow th 1005;?/ 26
&Aﬁg des—eﬁra—%ed—r—ﬁ—ago anmphign?z, d 1b.9 g
10% Rd HeFeact or cubge thy /
n|trogen f%r*ﬂO H¥Zutes 800.0 nmL o 2etEl;I acet at e,

followed by 19.5 nL of trifluoroacetic acid were then
added. The reactor was then closed, pressurized to 60
psi with hydrogen followed by venting. This cycling
was repeated twice. The reaction was stirred for 2
ours under hydrogen 660 psi). The palba (um __cat algyst
ltergd thro ad of celrt- and 1t hg $i | tKat e
d ato 4+C u su¢$ en P
"co (e, Half ] To arsﬁsilH; 3-neck rginfl %,/
Hoﬂxmbottéhr | a equrpgéd with nechanical stirring and a
t her nocoupl e was charged 43.3 g of 1-
Hydr oxybenzotri azol e (anhydrous, 0.320 noles). To this
flask was added a solution of Cbz-t-leucine (70.8 ¢
in 430 nL of EtOAc). DWF (190 nL was charged to this
WIMHSM&peanﬂnnuthStxﬂhﬁﬁ ﬂﬁ)EMédﬁKEﬂ@gﬁﬁB4be further modified

PCT/ UsS20Q5/ 008 eIIo sol utj.on wa hi_ eved.
by reRpYis OOt dA Hr R d R (R e nor AR A e
moietHPWJ -the Qiél‘/cl:ﬁ@é biﬁﬁjlﬂén de hydrochloride (EDC 56. 3
, 0.294 nol es A thin suspension forned, and was

Exampsle 1y edghpme (ﬁﬁ*i Htemat 1vy Elfﬁ’q.edﬂiﬁﬁﬁnm on was
ged the solution of the unprotected conpound of
scherfh% hple 2 (TFA salt). Triethylan ne (112 . 0.801

nDIes) was fadded dropwi se over 30 nrnu and the
res e SI n was H/BY/¢/HE@AH at 2 hour s.
OO nL) @dded—ﬂmﬂfﬁdﬁ?>

zi? EDC /Cbz-t-len :ﬁ\\:*:%/N o
R T o
2\
HN} P
/Eﬁo
S §
S\

72



bi phasic m xture was stirred for 12 hours at 22 C

This biphasic m xture was then transferred to a
wa-2bistoee33gepar atory funnel, and the aqueous | RgEUSHAS/008251

renoved. The organic |ayer was washed with 400 nL of

saturated sodi um bi car bonat e solution followed by

e 2 400 Y- s_distill .
[0141]V\?%e% %/a%:%%mgt 025,“5)1 #uﬂr)r%@g 2%%?%% ﬁg{lgﬁ? efgguth
mechdhicdd thiﬁrlﬁguﬂedsa)lmlitbﬁga\ﬂ&ﬁhat geds 26Bapgeaf 50.0 g of

hept ane foIIovved by seeding with 1.0 g.of the .
the compowRd of example 3. ?Q'h%:”%I’BQ%I?S)lsu%‘g@n%Poﬂ #h Hde Pd/C

5 dt hes ¢ Q&R f
s POLEL o0 Coqbfl chadspibtad WictIisctobamtbep g imucer.

Formpwercadt ksee thibl rwmra@@ed:hl dednehat sispbeagsibe ba@tcetirred

at .5 C. The solids were at ed vacuu
undef | ni PEOUEH Lot bt Pt e 2F 17t o caib Y qfl ipg mixture was
filt&tddctiieptgnecdl x| eakad &61@1@en£i1€h@tes%gdad@roe 20.6 mL
dried for 12 hours_ in a vacuumoven at 22 C, with a
of tyiflegearBrebd 19006 vi Bra FoFmdCsrehd)was a3 iligeR under

vacu\%'SFDc%%ve %p%?rf‘w%m : igormlg §CJ5—B%3,W?;E) rémZvédg ?y %?eotroplc

distHl 12t BonHz)th 5td.11@ethe 1H].“hé <;r11<2e Zoi—lt) thdt 7wds6 dopained was

diss%:?/égdfiés{go }@' é e/.t%y% ﬁ,?g@,;ﬁ é&” mlg%jfliﬁer&{butyl

ethe117(:4?-oo 8md) Heds é—?hé‘ré)e_cs &@& i@@pd:ﬁ@rni HeurdHco trystallize
17. 10.4 Hz); 2.1 2.0 (m 1H); 1.9 (m 1H
the i;rq_fi{guo:g@acg’q.ﬁtg sa]7t2 |_'§1)1e S'Lj._S]ge](l%lOlgH)laS qqo@ed to 5 °C,

and ;25}9 %cgt?;f.’%é &d |/ %@?fs’&ﬁé 8%91\;%52%@&111’4:91% tgfg%gf 531:1%&%9; with

a 3: }m@@mmmm SOJ.\utCioxh-l 8D-0050 LN O EkhMBO08RA0 ddsired
prodl,%t as O '9F£ saltg\I fn%‘ls\' %é’fg'\' Ol / EGAc H

[0142] *HNMR (de-DMSO) 811.6 (br. s, 1H); 9.1 (br. s, 2H); 6.15 (s,
1H); 6.05 (s, 1H); 4.5 (m, 1H); 3.75 (m, 2H); 3.3 (m, 2H); 2.35
(m, 1H); 1.95 (m, 3H); 1.2 (t, 3H, J = 6.7 Hz)

d&ﬁ;

[0143] To a 1-liter, 3-neck round bottom flask equipped with
mechanical stirring, addition funnel and nitrogen inlet was
charged a solution of Z-tert-Leucine (20.6 g, 0.0776 moles) in
dichloromethane (250 mL). Anhydrous l—Hydroxybenzotfiazole
(10.5 g, 0.0776 moles) was added to this solution, followed by
14.9 g of 1-[3-(Dimethylamino)propyl]-3-ethylcarbodiimide (EDC,
0.0776 moles). A homogenous solution was achieved, and was
stirred for 2 hours at 22 °C. To this reaction was charged 25.0
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H02CC02 0 O H "J~ 0- H2N 75-85% H2N 1 0 HO C C

[0140] The conpound described in Exanple 3 may be
woéuodshvessswodi fi ed by renoving the protecting gcoms2@ados2si

coupling additional noieties to the Leucine am ne.

Exanpl e 5: Scheme 4 and alternative Procedures Schene

! y / : T OrPa 1@ No G nQ>i‘La ,
5 of i RG] At e D ND iy o o o1 e
foL1dVeDt Hy B-QHIOIno:QHN Do 01 H 10l A AIOR 01 D90 T

SOV GIRA S AL THed W © i al  SEP FERG A mieuze

was tHdAH98R-dNIE) asehal e, Mauthdl Ofand heyrampapth of queous
exanple 2 (0.134 noles), and 10.0 g of 10%Pd/C (50%

satuméxe)d mwmamw g@ep%mw nikelbgered dry 1@ 10% aqueous

solutlon oefs.c:LtFrercma{: :ﬁf' Qlddos &%ﬂaﬁ‘?l %%g"%
suspenst on wWas I rr n rog OUTS at

pur1ﬁ2e£bﬁhﬁﬂh&ﬁctge€ﬂn dhndmt[t&ag@hjl (3@ eetardy tgtane) to

celite, and to the filtrate was, ad ed 20.6 L
afford the 'desired product in 60% yie

[0144] TMNMR (d¢-DMSO) 811.0 (s, 1H); 7.35 (m, 5H); 7.25 (d, 1H);
6.0 (br. s, 2H); 5.1 (d(ab), 1H); 5.0 (d(ab), 1H); 4.5 (br. s,
1H); 4.2 (4, 1H); 3.8 (m, 3H); 3.65 (m, 1H); 2.15 (m, 1H); 1.9
(m, 2H); 1,8 (m, 1H); 1.2 (t, 3H); 1.0 (s, 9H).

Scheme 6 and Synthetic Examples

Scheme 5
STEP 1:
%Pd(OAc)2 1.5% XantPhos
q. KoCOs, 3 eq. HyO Al(OEt);, HCI o
2% Cetyltnmethylammomum Br Toluene
0 * bz — b | ©
NH, Br & N bm
STEP 2;
O H, PdiC Cbé é%rt h%;B?H 0
TFA
HN
o]
0 ﬁ OEt
STEP 3:

(o]
P HN u
MY 2 )i HaN N? J:(KO T N 2 J:((O
(o] e (0]
o ﬂ OFEt CDMT HoN o] ” OFEt
NMM Cl

Citric ACld
0]
bf@ ﬁo
& N b
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of trifluoroacetic acid. The formc acid was distilled

under vacuum and the remaining formc acid was
woensea3lpy azeotropic distillation with tol ueaeusitees/00s2s51

crude oil that was obtained was dissolved in 150 nL

of ethyl acetate, and nethyl-tert-butyl ether (100

[o145] ), 4%, (At Aed dropW 26, 0 Sl 2 NAURSIO & Y @d I3 % cBz-

€ Sa e suspensi on was Coo

prolitRnBde, @antd ke sollildsd et excaldect ed 4y Wit Wehtphos,
filtration, ri nsiagﬁowith a 3:2 Et QAc/ MIBE sol ution (2
111.2g 5F HOtass Hul fadP Rt /1edtd e 93 Stfuct as a TFA salt

i1 5506, Y] 014 - 8 RN P
e
the tlempelddtyred.afts T m ZH)25°G. 3 (Il Ridsel XIBEgimgs HHd

.. 1.95 (m 3H); 1.2 (t, 3H J =6.7 ONQ, QHO . .
additdone GO BT R RI 6F LHK PRt dation
of tHOEAMSdask eauppad Witk RGN StiHdh Mhrmed to

addi tion funnel and nitrogen inlet was charged a

T=50-$§1¢ jaowl oft iznest tEQie ARt (2018145 - PR l®s) in

Bromo%i-tg%&)%%ag%z 0 er g(%%i g} )) (afgﬁ] g: y%‘%gq.seo 7<71'6o Om)rlllle)s )W%% charged

into addegharettdifd i wWridnst fotddwed 2025147 Quge0f domgBete
, (Di net hyl am no) propyl ]_ - 3- et hyl car bodi i m de ( EDC,
dissqFUFERR IRSIEEIE9A h oy EHOURC SOl Ut 'O P A Bfett™ i then

addedVas, Hd ried for e Sn ahidAife hed M S3 reacdien aasso -
charged 25.0 73 WD 2005/ 090334 PCT/ US2005/ 008251 dg of
55°C taimal urigrest edtiergst olnitel dig cepgaERsAlas erursted 1in
| es. 0] d . 4- et r i
quanti¥pfive (HAIPIRE Bl TPUINLIDT Il M dedon difecure was
filted2LCatle 4 eatd AT mnd ulee swisi dga arnsfeerriattdd with Toluene

500 SRR el angvashed, il Saieun o sal abed.
aquect WHE QfaLididadtdd {dP0 e )orgthies Or@HEE dayer
concéﬁﬁiated to approximately 500 ml at <50°C under vacuum. The
solution was cooled to 5°C-10°C and 9.8 g Aluminum triethoxide
were added;

[0146] Into a separate flask 11.3 ml Acetyl chloride was added to
a solution made of 100 ml Toluene and 9.7 ml Ethanol,
maintaining the temperatﬁre at T = 5-10°C (in situ generation of
anhydrous HCl), then the mixture was stirred at T = 5-10°C for
about 1 hour. The Toluene/Ethanol/HCl solution was then added
to the previous reaction mixture over 15 minutes at T =5-10°C,
then seeded with the product and stirred at T = 5-10°C for 12
hours, at T = 20-25°C for 48 hours, at T = 5-10°C for 12 hours.
The product was filtered at T = 5-10°C and washed with 100 ml of
Toluene. The wet material was dissolved at 70°C-75°C) in 1500
ml Toluene and the solution was filtered at 75°C through

Dicalite (filtration aid agent). The solids were rinsed with
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purified by silica gel chromatography (50%
Et OAc/ Hexane) to afford the desired product in 60%
wei2ed5ch90330144] ' HNMR (d6-DVSO) 8 11.0 (s, 1H) PCTUS2005/008251
(m 5H) ; 7.25 (d, 1H) ; 6.0 (br. s, 2H); 5.1 (d(ab),
1H); 5.0 (d(ab), 1H); 4.5 (br. s, 1H) ; 4.2 (d, 1H)
100 mﬁ 'lgoiﬁﬁﬁne?H) '_Ehg’ 935%&1@10 %lutgo&%%@ \;sl_cgulgm clgloﬂg%ngjf%.ted to

500 mJand 'By@ti@mhtﬁxanplesry&Mn@oaléﬁEth 20%‘5?‘&;‘ (M:e)aﬂ 1 hour,

stirr Sf/?)lz( o‘?‘&%fz i ﬁkl’%ﬁ%‘rﬁﬂ‘?u q%r Igfooci(ﬁ'b%A%}% Aith 100

ml toi@r@l'ﬂ@a ot 2 E0dr DD uRdNE2 vBleddh QiH M- LR 6.
HOet 0 H STEP 2: 0 H2, Pd/C Cbz-tert-Leu-OH 0 N

STEP 2rFA HN EDC, HOBt Cbz' O A CbzN~0 T A O HOR STEP
3: 0OH 0~/ OHOO CbZ HNOPd/C[HZNNq cd CDMr

HZN O H Oet NM\M A S z’NO NOEt OH
74 WO 2005/ 090334 C%C;\I'/ 820 5/ O
H

[0147] The furanone of Step 1 100 g was charged into a stainless

steel (3 1lt) autoclave together with 20 g of 5%Palladium on
charcoal (approx. 50% wet), followed by 800 ml of ethyl acetate
and 19.5 ml of trifluorocacetic acid. The autoclave was
pressurized with hydrogen (4 bars) and the temperature set at T
= 20-25°C. The hydrogenolysis was run for 2-3 hrs, periodically
repressurizing to 4 bar as hydrogen upt ake proceeds, until
upptake of hydrogen ceased. The cataly st was filtered off and
washed twice with 100 ml of ethyl acetate to give a solution of
the deprotected proline compound.

[0148] Separately, a solution of sulfuric acid (14.6 ml) in water
(330 ml) was added to a mixture of 119. 2 g of Cbz-t-leucine
dicyclohexylamine salt and 430 ml of Ethyl acetate. The
resulting solution was stirred at T =20 -25°C for 30 minutes.
The organic layer was separated, washed twice with 500 ml of
water and added to 43.3 g of hydroxyben zotriazole. DMF (190 ml)
was added to this mixture followed by 56.3 g of EDC which
produced a cloudy reaction mixture from the clear yellowish
gsolution. The reaction was stirred at T = 20-25°C for 30-60
minutes. The solution of deprotected pxoline compound from the
autoclave was charged to the reaction mixture, 81.1 g of
Triethylamine was then added dropwise (over 20-30 minuteg) and

the resulting cloudy mixture was stirred at T = 20-25°C for 1.5-
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[0145] 21.7 m of water was added to a m xture of
100.0 g of CBZ- prolinamde, 0.92g of Palladium
waceisawes34 3. 47g of Xant phos, 111.2g of Pot assPamus2005/008251
carbonate and 2.93g of Cetyltrinethylamoni um brom de
in Toluene (1000 M) maintaining the tenperature at T
2 howr£0- 2060 il | o¥E5$ELr ChAE 04 89Sq 309 AHd! LLOBB Y8 Sriyred at
performed under nitrogen to avoid/limt oxidation o?
20-231e Rat | B2l wowcat al Tlst . ofpmnieatdyen was shparaedesnd

t T=50-55C and_stirred for about hour s. .
washe el & 08 ThrGh ot HRgT UTANITR: (8 5B OaRACE of TefiE)
solut{ilfl9 4Hhd Wel&e Chariwedoo imt oot weParat erThtagky@Pdr washings

stirred at 20-25C until conplete  dissolution
were refufeeted THe B ondEE hoxTirer akgwel g obhesenvamscemepntrated
co U0 MUIE L0\ Ll feaction 1 0 EAUET Ji 0B WES aazea

and tConphietedre ncomamt 4 @add vieo y3 B0 dnl ntabpahote hoeigiddhe water.
reactjon m xture filtered at _.T.= 50-55C and t he

The SRiHASRErE (FIRME WY IR Lene "4 5080 iF] . SFHi- heptane added

over fi [Hd&@t egesy washed ymd he Nat Rl £00Pe "heedbg wBINEOMS compound
phase was di scarded and the organi c phase was

showrg gt dirtaa kel 3 cckpipe oxdidet el yr&doam Tat 26025 YRdeer 1 hour.
Th L ution to.5C-10C and_9. 8
T S e R e e
additsiepaalatieodt ask tlHe 3samhe Acatydrabhhos | des dasmadeedN tepBane
solutjon nmade of 100 m Tol uene and 9.7 m _Ethanol, .
were BadRLiTG 410 RSNt UF & ot - 102C5. 10 PLATEY (¥ps filtered
and ﬂ%{@é@tﬂﬁb@fwm&lw&&gysam;atem%ﬁhsn@ XL 4N Wego ml
stirred at T = 5-10Cfor about 1 hour. The
respefstinenley JEt HElr| ¢HGIE 3t ireion dabed hendeddedcurm athel = 35-
o i eactd L xture over 15 mnutes at T =5-10C,
40 Cﬁ?% ‘%ézl eadﬁwi%%p?%&broduct and stirred at T = 5-10C
STEP for 12 hours, at T = 20-25C for 48 hours, at T =
5-10C for 12 hours. The product was filtered at T =
5-10C and washed with 1Qp of _Jol uege. The wet
mat eri al was di ssol ved 70C 75C) i n. 4500 nl Tol uene
and the sol ution 1 TRre 5C{t hdough Dicalite
(filtration aid a . THe [ rinsed with 75
WD 2005/ 090334 2005/ 008252 H OEt

[0149] The product of step 2 (100 g), 5%Palladium on charcoal
(approx. 50% wet, 20 g) 100 ml of DMF, 600 ml of ethyl acetate
and 43.1 g of Citric acid monohydrate were charged into a
stainless steel (3 1lt) autoclave. The stainless steel autoclave
was pressurized with hydrogen (4 bar) and the temperature set at
-2° to +2°C. The reaction was run for 2-3 hrs periodically
repressurizing to 4 bar as hydrogen uptake proceeds. The
catalyst was filtered off and washed with a mixture of 85 ml of
ethyl acetate and 15 ml of DMF.

[0150] Separately, 23.5 g of N-Methylmorpholine is added to a
mixture of 33.1 g of 4-Amino-chloro-benzoic acid 34.4 g of 2-
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100 M Tol uene. The organic sol ution was vacuum

concentrated to 500 m. The resultant slurry was
woaoelsedoze 20- 25C over 1 hour, stirred for 3-2ChwSe®s/008251

filtered and the product rinsed with 100 m tol uene.

The product was dried under vacuum at 35-40C. STEP 2:

Chlorof é’ﬁﬁm@thﬁx&&e&ﬁz@e [ @M]cihhe f Wanete gk %;t@ﬁfll acetate

g was cha Into a stainless steel (3 1t
over 2aH3AC eve tieegetthembiierit ZempafatiyfRal fadiamBohours at 23-

o~ .Charcoal (approx. 50% wet), foll owed by 800 m, of :

27°C G ApEaLBet BEDTANACTS S RECGE BF i uBPIACe ] CoatpgoPenoic

acid. e JHLRCHAVE RS oINEIIIIdzed Wkl Rydr ggen q# Bar pirified
and the tenperature set at T = 20-25C. The

water lyur egeied ysi $hfasalwt far keping teywmernirugl yn the same
repressurni zi.ng t ar d 1 e_pr

sange [ SEAEYELERS L LIPSk N IRAER 0050 oo che

citratld |d=aned ofdfdc amastedot wsee wivishr 8006wl einathlyl, the
acetate to give_a solutign of the deprotected ol i ne

reacticghiatdrq P48 A By, Ea RibIUtT oh D YuPding S0%
sodiun@ﬁiﬂir(o]xﬁ'of@ ?&Dﬂr%}%\ﬂga?ﬁourigsoﬂﬂral)wasa&gcﬁgl%e@ 6-7 hrs at

m Xture o Cbz-t -1 euci ne
20° todR&y€l ohafykantrwpdeattcandf43Beniregictiohy| bleet phases are

he, r Lting sol.ution was irred at..T. =20-
Separ%(fdma}ﬁ@?e C%?ea%lrcg A a%/%#ecg/vatso sse%%lrua ed’ %\%g%ag:rde
solutiloM c@snid b5 datundfbi sl et eanich s dnt @ #A3wdter0f and

. e{l’a/droxybenzotri azql e. Dl\/Foélgo m) _was added to this
stirred faf & fo1 led BF 56. 35g°of ERE WARERS prctiutdepsated and

the or¥PHdy 18361 11N Y 2l e ddon ihes cheah WldhoW (Sko ml each),
solution.” The reaction was stirred at T = 20-25C for
twice 3060 sowiinut dslcaifeorsdiaitsohpfonlefrotakt édOpoldhesodium
. conpound fraom t.he . aut,ocl.ave s_char t h
bicarhondhs oft il tlﬁ‘f'le,o%l“.’altegr)df ar\lllgi%rf%?/lvgfﬁq}}eﬁ\%gsﬁklhéjnf water.
To theaddad,tdrepwissadaerl @@y ¥ nates)ednchatdealesnd ity g of
cloudy. mxture was stirred at T = 20-25C for 1.5 76

Dicalijypsryddds weh essbfrooezbide wrihed wodnil 00 %t$ ethyl
acetatt@s adgedand-tde fLacdi a stdd ehiét vacuuim to a volume of

200 ml at < 40°C when the resultant mixture crystallizes. Ethyl
acetate (150 ml) was added to a total volume of 350 ml. N-
heptane (300 ml) was added over 2 hrs and after stirring the
slurry for 3 hrs at 20° to 25° , the solid was fdltered, washed
with ethyl acetate/N-Heptane (100 ml, 1:1) and dried at 60°C
under vacuum.

[0151] A1l of the documents cited herein are hereloy incorporated
herein by reference.

[0152] While we have described a number of embodiments of this
invention, it is apparent that our basic examples may be altered
to provide other embodiments which utilize the compounds and
methods of this invention. For instance, protecting groups

besides CBZ may be used to protect amines in one or more of the
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20-25C for 12 hours. The organic | ayer was separated
and washed with 400 m of an aqueous sodi um
woizedrlo@sate (7.5% solution and twice wth 480TMS26/008251
wat er. These water washi ngs were perforned at 45-50C.
The organi c phase was concentrated to 400 ml vol une
. 405 200, a e t he
Synthé?nglx(% usitge%c%oncentl?aﬁégj atg%(g%ésb ﬁpg%%%%ﬂleﬁggggﬁh%g
appreamidterd thEte tdod WHdape Wt Thood ethvent20or 5% and BO0SdHEined by
of hept.ane add over 1 hour. at 20-25C and the
the aisint CEodA M HIE HEToRBoune ST SrpiEepts
which ahexe i stddrasbted E%/ P22 56% f @fardpour . The
resultant slurry was cooled to T = 5-10C and stirred
for an additional hour at the sane tenperature. 400
m of N Heptane were added over 2-3 hours at T =
5-10C, the slurry was filtered and rinsed twice with
Et hyl acetate/N-heptane (40 m, 60 ml respectively).
The crystals were dried under vacuumat T = 35- 40C
for at least 8 hours. STEP 3: OO NNO HOH2NOH
CEt C [0149] The product of step 2 (100 g),
5%al | adi um on charcoal (approx. 50% wet, 20 g) 100
m of DMF, 600 ml of ethyl acetate and 43.1 g of
Citric acid nonohydrate were charged into a stainless
steel (3 It) autoclave. The stainless steel autoclave
was pressurized with hydrogen (4 bar) and the
tenperature set at -2 to +2C. The reaction was run
for 2-3 hrs periodically repressurizing to 4 bar as
hydr ogen upt ake proceeds. The catalyst was filtered
of f and washed with a m xture of 85 m of ethyl
acetate and 15 ml of DWF. [0150] Separately, 23.5 g of
N- Met hyl norpholine is added to a mxture of 33.1 g of
4- Am no- chl oro-benzoic acid 34.4 g of 2- 77 WO
2005/ 090334 PCT/ US2005/ 008251
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Chl or o- 4, 6-di net hoxytriazine (DMI-C) in 300 m of
ethyl acetate over 20-30 m nutes at anbient

woenp@etsur e for 2-3 hours at 23- 27C t o obt ai RCTS2M08251

active ester of 4- Am no- 3-chlorobenzoic acid. The
m xture is cooled to 00 to +5C and 30 O ml of purified
What Wakee13ige@dgded to the solution keeping tenperature in
the sane range. The solution of the deprotected
t-leucirae product as the citrate salt is added at 0C
t V, 5 Lhhute he :pgagti b X [
B R TS BT A0 TP Ty RAR nG SO Sod oy ©f
formpayalr XX de (approx. anmount: 71 m), and stirred 6-7 hrs
at 20 to 25C. After conpletugn of the reaction, the
phases are separated anggt hgjorganic | ayer added to
sodi um bi sul fate sol utigpn ok2of sodi um bi sul fate
in 235 m of water) andJ{stirred for 3 hrs at 20C to
25C. The phases are s&arife®R*and the organic |ayer
is washed four times with water (150 ml each), twce
W th sodi um bi carbonate solution (total: 20 g of
sodi um bi carbonate in 400 m of water), and once with
| L50 mM of water. To the xxgution is added 10 g of
actjvated charcoal _and 10 g of Dicalite and filtered
COMP LR R e~ FPHeShed witl-a 100 m of ethyl acetate
a) The abidiheate cwag odinet idd edunder xeacuum to a vol une of
200 M at < 40C when the resultant m xture
crystallizes. Ethyl nsget te (150 mM) was added to a
total volunme of 350 . gptane (300 m ) was added
over 2 hrs and after stirri the slurry for 3 hrs at
20 to 25, the solid 4 ..ltered, washed wth
et hyl acetate/N-Heptane (100 ml, 1:1) and cried at 60C
under vacuum [0151] All of the docunents cited herein
are hereby incorporated h&féiin by reference. [0152]
: [ Vv, [ unber of enbodi ments of
Wlthy%i%§m¥ﬁ€2%f?%ﬁ§§§#ﬁ?§d§%%gient that our basic
exanples may be altered toOprovide other enbodi nents
whi ch utilize the conpou Q§ﬂagg , et hods of this
i nvention. For instance, 'protecting groups besides
CBZ may be used to protectygmnes in one or nore of

the 78 WO 2005/ 090334 PCT/ US2005/ 008251
in the presence of a palladium catalyst, a palladium ligand,

base, and a solvent optionally including a phase transfer
catalyst and optionally including water,

to produce a compound of the formula XXXI
0]
Ra
L
3
R Hy’ "

XXXT
wherein:

X is a leaving group;
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synthetic steps descri bed above. Therefore, it wll be

appreci ated that the scope of this invention is to be
wd2efsimexd4 by t he appended clai ns rat her than BgTHIS2005/008251

speci fic enbodi nents which have been represented by

way of exanple. 79 WD 2005/090334 PCT/ US2005/ 008251

¥hat, ks f%Eﬁrﬁ%h'é?tﬂonfiﬁio§§§§t£€u£@§p§ik Q,SanRgpSionally

bet a- afi'do carbo conmpound of fornula
subst ORAte®Aa iy R4 FCNXX CéompPhskpy bmehsilegencf: a)

%aﬁt #ﬂgi%frg %%%%}%O%qwcl? XI Iaal%(l ?%ﬁj%lﬁé(?szﬁélphath

group Xl bh; opalbhglnzyegaaae1eﬁtadpalel;aebu?b@aba@f%p,aor an
pal | adium | i gand, a base, and a solvent optionally

optionatlvidengshibhase erghssEPUPcatal yst and optional |y

g&%“ﬁgr&%ﬂ“ﬁﬁ%q\?ﬁ%@{w %itcfﬁgi‘f}? SlpbPeclpLgul a

aliphatic, an optionally substituted heterocycle, an optionally
substituted aryl, or R?® and R' together with the groups to which
they are bound, form an optionally substituted 5- to 8-membered
heterocyclic ring; and

Each R’ is an organic moiety.

2. The process of claim 1, wherein the palladium catalyst is

Pd (OAC) 2 OI szdba3 .

3. The process of claim 1, wherein the palladium ligand is
phosphine, bisphosphine, XantPhos, DPEPhos, or
bis (diphenylphosphino) ferrocene.

4. The process of claim 3, wherein the palladium ligand is
XantPhos.
5. The process of claim 1, wherein the solvent is toluene,

dioxane, THF, or a mixture thereof.

6. The process of claim 1, wherein the base is K,CO3; or Cs,CO;.

7. The process of claim 1, wherein the reaction mixture

includes a phase transfer catalyst and optionally water.

8. The process of claim 1, wherein the palladium catalyst is

Pd(OAc), or Pdpdbaj;; the palladium ligand is phosphine,
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H XXXI  wherein: X is a |eaving group; 80 WO
2005/ 090334 PCT/ US2005/ 008251 Each Ra is H, an
wopbisomedshy substituted al kyl, an optionally PCT/US2005/008251
substituted aryl, -CN, -C(O -Cal kyl or hal ogen; Each
R2 is independently an optionally substituted
bispROBAAALC x8hCHR0saNDERPRARA! by BYDTLELHERG) phosphing)
et®rocyclic group, or an optionally substituted aryl
ferrgrang;: Baehs&vesti ndepehdent| ydaoxepei oféFl,yor a mixture
supstityted aliphatic, an optjonally substituted
thergrt oraeychie Gas p%?o%&#ﬁ Ors&%%asfuted aryl, or R2
and Rl together with the groups to which they are
bound, form an optionally substituted 5- to 8-nenbered
9. HhBherpryceéss epEnglaamdlEavheReinsRant dryantethenatly

2.. The _process, of clai . Wh i . | adi
subsELrar St A TEBh R e ongl S bioBasuBa b5 et Thes o5y
opti®h&l ¥ lgumbel eibetihrepakbatkyin, | bgprdtestiphospbupe, P2-,

bi sphosphi ne, Xant Phos, DPEPhos, or
P3-Paphi sCdi FheRyt¥hdsphi no)ferrocene. 4. The process of

c%gjqu, wherein the palladiumligand is XantPhos. 5.

The process of claim1l, wherein the solvent is

toluene, dioxarme, THF, or a mixture thereof. 6. The

process of claim 1, wherein the base is K2CO3 or
Cs2C3. 7. Th ocess of claim1l1, wherein the

reacti onRgt=>Nare Idhcl udes a phase transfer catal yst
and optionalﬂy water. 8. The process of claim1,
wherein the pglladiumcatalyst is Pd(QAc)2 or
R@qua§é the palladiumligand is phosphine, 81 WO
2005/°090334 PCT/ US2005/ 008251 bi sphosphi ne, Xant Phos,
DPEPhos, or bks(di phgnyl phosphi no)

N ?i
Re—) \\T//
o) Rs
P,-P5-Ps is
Rz Re
N
R-T—N Y
H
O Ry .

T is -C(0)-, -0-C(0)-, -NHC(O)-, -C(0O)C(O)- or
—-S0z2-;

Each R is independently an optionally substituted
aliphatic, or an optionally substituted aryl;

Each Rs is independently H, an optionally substituted
aliphatic, an optionally substituted heteroalkyl, an optionally
substituted heteroaryl, or an optionally substituted phenyl;
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ferrocene; the solvent is toluene, dioxane, THF, or a

m xture thereof; and the base is K2C03 or Cs2CC3 . 9.
woheospwesess of claim 1, wherein R3 is an opti 8aaiusyo0s/008251

substituted aliphatic, an optionally substituted aryl,

an optionally substituted heteroal kyl, a protecting

%%8?9’8 %5 1E§§§gndeﬁEl§4aE3HBElonggly'§u8% E@t@d

--1y RS™ P4 s R7
alipR6tiN, RnToNtR@naIlwsSU©S¢@tuted(haﬁdﬂ@alkylIWﬂh(d@tlonally

subshLERERE] i CoborHia 68 PRy TP Ayl or Rs

and RUDSikdNt€dgatibyr Faeh BRel §tbﬁlgeE§nQﬁﬂEhYtHe Bre attached
optionally Substituted aliphatic, an optionally

formsabsgt Epuf/etembeaesal lopitioma ldpn |thl)tut§§o§¢qrtqméﬂ—lc
R A g S e

blcycmdephademblcyoalaa opt edldhy esudds tHetteredtvalliphailis ,oiionally
optionally substltuted het er oal kyl , an ogtlonally

Cont§a8§t PRuPEd ihdCBPdaR Pt e TR EoPt i Wed 8- or
_NRsfheyg or RS and R6 taken together with the atons to

whi ch they are attached
Each R; is independently H, an optionally substituted

aliphatic, an optionally substituted heterocalkyl, an optionally
gubstituted heteroaryl, or an optionally substituted phenyl, or
R; and Rs together with the atoms to which they are
attached form a 5 to 7 membered, optionally substituted
monocyclic heterocycle, a 5 to 7 membered, optionally
substituted monocyclic aryl, a 6 to 12 membered, optionally
substituted bicyclic heterocycle, or a 6 to 12 membered,
optionally substituted bicyclic aryl, in which each
heterocycle or aryl ring optionally contains an additional
heterocatom selected from -0-, -8- or -NRss-, or
when Rs and R together to with the atoms to which they
are attached form a ring, R; and the ring system formed by
Rs; and Rs form a 8- to 14- membered optionally substituted
bicyclic fused ring system, wherein the bicyclic fused ring
system is optionally further fused with an optionally
substituted phenyl to form an optionally substituted 10- to
16-membered tricyclic fused ring system;
Each Rg is independently H or a protecting group; and
Each Rsp 1s ig independently H, an optionally substituted
aliphatic, an optionally substituted heterocalkyl, an optionally
substituted heteroaryl, or an optionally substituted phenyl; and

mis 0 to 2.
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forma 5 to 7 nmenbered, optionally substituted

nmonocyclic heterocycle, or a 6 to 12 nenbered,
wopbisoaedshy substituted bicyclic heterocycl e, PCIVUS06/08251

each heterocycle ring optionally contains an

addi ti onal heteroatomselected from-0-, -S or -NR50

- ; and Each R7 is independently H, £ an optionally

substituted aliphatic, an optionally substituted
10. 'lﬁhEepUableysis odin cd;aiiirrbﬁal Weredblsﬂ?i tist ed. ilpétegricar Wy, aryl,

[ tit d R7 R6
cach 3BE3Bhe LN EHOERE At o PE6tw EF ey e TaCuo oY, -
e, -foy M av Brd.9, / @@Hﬂf@{%’)z,oml\t@@ﬂ'ﬂsx subsl ubed
nonocycli c ﬁeterocycle abto menber e optionally

heterggpgilpedked -nonocyclic aryl, a 6 to 12 nenber ed,
optionally substituted blcyclic heterocycle, or a 6
to 12 nenbered, optionally substituted bicyclic aryl,
11. The phochseacli Chetier acfakehet abylpriisigoopiddunrdlgy the
%St |n% an addltlonal het.er oat om sel ected from -Q-,
compou a EKXthER RECFHESRE COFRONSL Of Wi utle XXX.
atons to mhlch they are attached forma ring, R7 and
the ring systemformed by R5 and R6 forma 8- to 14-
12. Thenbeeedssppfordpiiy ddbswheyedd Rbl@ylez tfalssd t¢g@¢her
. t rei e |cycI|c ste
with éﬂ I%ﬁéw%h PUW c% R 4o%R Ean op %%g é st stltuted
beta-smbdbladtedepBEnyhetﬁotmumaan optlonally substi t ut ed
10- to 16-nenbered tricyclic_fused ring system Each
R8 is independently H or a ppotecting group; and Each

R50 is is independentlx)H optionally substituted
al i phatic, an optlonall |tuted het er oal kyl , an
optionally subst i t utRed tng or an optionally

substituted phenyl; and mis to 2. 83 WO
2005/ 090334 PCT/ US2005/ 008251 10. The process of
claim9, wherein Ris aliphatic, or aryl, each
whereoptRonad |Gy -syballkyilted with 1 to 3 al kyl, halo,
al koxy, - CN, -N02, -N(R50)2, -SOmN (R50) 2,
-NC(O) R 50, -SOMR50 or heterocycl oal kyl .

13. The process of claim 1, wherein R; has the structure
Rs
- *;
Rs

in which each Rs is independently H, an optionally substituted
aliphatic, an optionally substituted heterocalkyl, an optionally
substituted heterocaryl, or an optionally substituted phenyl;

each Rg¢ is independently an optionally substituted
aliphatic, an optionally substituted heterocalkyl, an optionally
substituted heterocaryl, an optionally substituted phenyl, or Rs
and Rs taken together with the atoms to which they are attached
form a 5 to 7 membered, optionally substituted monocyclic
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11. The process of Caim1l1 further conprising reducing
the conmpound of formula XXXI to produce a conpound of
woanisves3XXX. ,12. The process of claim1ll, wereTRISI0RA08251
and R2 taken together wth the atons to which they
are attached forma substituted beta-an dol actone of
QO 1 RPN EL LY R9op sk &1 1y Rub St Hufag

heteﬂ#ﬁ?{fﬁ T%e6process of cl %?n11 mherel% ﬁ% has t he
blcycﬂﬂduﬁauézoéﬁbra thumhmmhc@aehcheﬁérosychaepen@eﬂptyonally

H, an optiopall bstituted ti.c._an optional l
contalnse it (A Je?%?ﬁéh%er%O%p%?%%aﬁ?Q EEfBstPtuted OF
_NRs,Neteroaryl, or an optionally substituted phenyl; each

R6 is |ndependently an optionally substituted
aEIaqihaRa ¢ dmdsmansieaitly suisst |5t m@%@r%ﬁwpl an

g%bs ﬁ%ﬁte pﬁesékhaéﬁqﬁgeher btl%%aﬂ st cuced

aken 't get er wt
alipHdtel @t i bt idhahly h@ybatietatééche’derbaﬂ.kya Satooptionally
menber ed, optionally substituted noc

subs gy 033ue ey V2 005/ DBe2BE1OR2 ¥06§EF51t8F6§D ghegyl: and

12 ;nenderged; optionally substituted bicyclic
heterocycl e, in which each heterocycle ring optionally

contai ns an additi onal heteroatom sel ected from -0-,

NR50 Ea h, R8
14, 135 RRTIG grOtne L EACh” Rebt SE RSBy TrrusruTe
optionally substltuted al i ic, an optlonally
substituted heteroal kyl ”Jéﬁ%a? onaIIy substituted
heteroaryl, or an optlamally\k bstituted phenyl; and

mis O to 2. 14. The process pf claim 13, wherein R3
has the structure
o

in which Ring A is a 5 to 7 membered, optiomnally substituted
monocyclic heterocycle, or a 6 to 12 membered, optionally
substituted bicyclic heterocycle, in which each heterocycle ring
optionally contains an additional heteroatom selected from -0O-,

-S- or —-NRso-.

15. The process of claim 14, wherein Ring A has the structure:
16. The process of claim 15, wherein R3; has the structure
R
A
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optionally substituted nonocyclic heterocycle, or a 6
woaosdeBwber ed, optionally substituted bi cycPCT/US2005/008251

het erocycl e, in which each heterocycle ring
optionally contains an additional heteroatom sel ected
from-0-, -S- or -NR50 15. The process of claim 14,
wherein Ring A has the structure: 2?7 jN \jN ~NNNN

17. 1B8heTheosescessE oflagimild 157hawrirei Ry Rashadet ggructure
structure Ra N 85 WD 2005/090334 PCT/ US2005/ 008251
17. The process of claim 14/ wherein R3 has the
structure AN(,D R ~ ﬁgr&ﬂN J!/ 18. The process of
claim17, wherein R3 has the gtructure Rai N .IJ Tr
19. The process of claim17, erein the conmpound of
formula X I has the structug 40 X ORI in which
RO is C-C5 al kyl, and the conpound of formula XXXI
has the structure R8 -N O )

A R_C8S'r inwhich Rhng Ais a5 to 7 nenbered,

18. The process of claim 17, wherein R; has the structure
RB/N
O
19. The process of claim 17, wherein the compound of formula

XIT has the structure

NeE

R9
, in which R® is C;-Cs alkyl, and the compound of

formula XXXI has the structure

| o

o 3
O-

Z
o

Rs

R9

20. The process of claim 19, wherein R’ is —-CH,CHs.

21. The process of claim 20, wherein Rg is a protecting group.
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H N, ~O OOR9 20. The process of claim19,

wherein RO is -CH2CH3. 21. The process of claim 20,
wohers@oeB3iR8 i s a protecting group. 86 WO 2005P09@33005/008251

PCT/ US2005/ 008251 22. The process of claim 20,

wherein the protecting group is CBZ. 23. A process of

2. PEARUELISCRm I g By QN (R O e SO 510 10

cBZ.wherein R8 is a protecting group, and purifying
i ncl udes chromatographing, selectively crystalli zing,
or dynamcally crystallizing the mxture. 24. The

23. ﬁ{\)‘:?%ée% Slral P 2R MRETLI it &P of purifying the

ure conprisSes separating the isomers by

chr omat aphy. 25. The process of claim 23, wherein
th 5] f purifyi the m xture conprises

sel ecti izing the mixture with an organic
sol vent . : ess of claim 23, wherein the step
of purifyilng conpryses dynam c crystallization which

conpriseschontactinngR% mxture with a lewis acid

and a solvent optionally including a protic acid. 87

comprising purifying a mixture of

Rg_‘—N O
§
| o
o 3

O-R®

wherein Rg is a protecting group, and purifying includes
chromatographing, selectively crystallizing, or dynamically

crystallizing the mixture.

24. The process of claim 23, wherein the step of purifying the

mixture comprises separating the isomers by chromatography.

25. The process of claim 23, wherein the step of purifying the
mixture comprises selectively crystallizing the mixture with an

organic solvent.

26. The process of claim 23, wherein the step of purifying
comprises dynamic crystallization which comprises contacting the
mixture with a lewis acid and a solvent optionally including a

protic acid.
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WO 2005/ 090334 PCT/ US2005/ 008251 27. The process of
claim 26, wherein the step of purifying conprises
woamisaeedsmg the m xture with Al (QGal kyl )3 in a sorawsmios/008251
under acidic conditions. 28. The process of claim 27,
wherein the mxture is contacted with AI(CEt)3 in

he-p cg of 0. 0 N
27 (DA PEor s " EEDLRATRC 86\ ferei® e SERROUE pilt £ypino
compfim@mlaoht@éfingCﬁhN mOxBu@eNwH t0: W1 (0AL8Y31s An a solvent
onpound of forpnula: (),~OyNO ~ <) O "40 101 ( O O
undelb?—F{Ei{FrFoﬁsilFBoné NO ()"~ON OTY= 0-~100 --"
ICOHIDOHQ 88 WO 2005/090334 PCT/ US2005/ 008251

32. A conpound of formula I: O
28 . The process of claim 27, wherein the mixture is contacted

with Al (OEt); in toluene in the presence of HCI.

29. A compound of formula I:

30. A compound of formula I-A/C:

Doy
g

IA/C
31. A compound of formula:
0] / \ O
©\/O N ©\/O N
T ] o \g/;\ [ o
OO N O~ 'N
H o H o\\
IA IB

4 Podd
H o\\ H o\\
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O YNO OONHO 1A 33. Aprocess for preparing a
conpound of formula IAX O OYNO OON4 HO\
wO A3k si ng purifying a conpound of fornmul aPCTMS20081008251

O OONHO\ IAC werein the step of purifying

i ncl udes chromat ographing, selectively crystalli zing,

or dynamcally crystallizing the mxture. 34. The
process of claim 33, wherein the step of purifying the

32. i xtompoundpeEséEsrywpgar dt5i ng the i somers by
chr omat ogr aphy. 35. The process of claim 33, wherein

the step of purif the mx e conpri ses
sel ectively crysta Alng ot he N tur with an organic
sol vent. 89 WD 2005F0903 \gCT 008251 36. The

process of claim 35, wherei i s tol uene.
37. The process of claim 33, ﬁ% he step of
purifying conprises dynamc crystall ti on which
conprises contacting the mxture with lew s acid

and a solvent optionally inclkidi ng a

33. A procegs for preparing a compound of formula IA:

RE s
e

IA

comprisging purifying a compound of formula:
O
Jifo
N
H O\\

wherein the step of purifying includes chromatographing,

IAa/C

selectively crystallizing, or dynamically crystallizing the

mixture.

34. The process of claim 33, wherein the step of purifying the

mixture comprises separating the isomers by chromatography.

35. The process of claim 33, wherein the step of purifying the
mixture comprises selectively crystallizing the mixture with an
organic solvent.
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protic acid. 38. The process of claim 37, wherein the

step of purifying conprises contacting the m xture
woi20d5/000330al kyl )3 in a solvent under acidic PCT/US2005/008251

conditions. 39. The process of claim 38, wherein the

m xture is contacted with AI(CEt)3 in toluene in the

presence of HO . 40. A process for preparing a

compound of formulal: O / OYNOO N HO |
36. OhRprdBOOAGss af ckaditi 3G ,awhemedundhef Sadrvardta id ‘tol@ene.
OBr O\ Il; and a conmpound of formula Ill: 90 WO

2005/ 090334 PCT/ US2005/ 008251 ()"~OY N 00 N2 H2

37. e ?f‘o ?s pEES@T8§m0f33a RAldradiumtatalfstor durifying
pal l adiumligand, and a base in a solvent optionally

compn‘n‘:s@lsudcﬁyugatalphasgstaéﬁw@rtloglamlyaﬁ qqmgﬁmsde:qn‘r@ctlng the
of . formul a.l he -process accor
ml}{tuﬂf Wrﬁ% S WheVePn2fhe pzfﬁ]q &di"0 um% Eht AR nal g:'(rﬁzl%dlng a
protiZ @cRg2dba3 . 42. The process according to cIa|n141
wherein the palladium I|igand is phosphene,
bi sphosphi ne, Xant Phos, DPEPhos, or

38. The process of claim 37, wherein the step of purifying
comprises contacting the mixture with Al (Oalkyl); in a solvent

under acidic conditions.

39. The process of claim 38, wherein the mixture is contacted

with ALl (OEt); in toluene in the presence of HC1.

40. A process for preparing a compound of formula I:

comprising:

a) reacting a compound of formula II:

IT;

and a compound of formula III:
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bi s(di phenyl phosphi no) ferrocene. 43. The process of

claim42, wherein wherein the palladium ligand is
woanisPhes4 44. The process of claim40, wherei RCTHS2005/008251

solvent is toluene, dioxane, or THF, either al one or

in conbination. 45. The process of claim40, wherein

the base is K2C03 or Ge2CO3. 46. The process of claim

40, wherein the sol v ncl udes phase transfer
catal yst. 91 WO 20051099834 ®CT/NWS2005/ 008251 47. A
process for preparing a conpoujd formula IV: OO O

HNHNON jc; 4 C HOAI 0 rr&Fiprising reduci ng
and deprotecting a conpound of for al: O CoyN? O
002 HOA | to provide a gampound of formula V. O

HN O 2 4 ONH O\
in the presence of a palladium catalyst, a palladium ligand, and

a base in a solvent optionally including a phase transfer

catalyst to provide the compound of formula I.

41. The process according to claim 40, wherein the palladium

catalyst is Pd(OAc), or Pd,dbas;.
42. The process according to claim 41, wherein the palladium
ligand ig phosphine, bisphosphine, XantPhos, DPEPhos, or

bis(diphenylphosphino) ferrocene.

43. The process of claim 42, wherein wherein the palladium

ligand is XantPhos.

44. The process of claim 40, wherein the solvent is toluene,

dioxane, or THF, either alone or in combination.
45. The process of claim 40, wherein the base is KyCO; or Cs,CO;.

46. The process of claim 40, wherein the solvent includes a

phase transfer catalyst.
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V; and reacting the conpound of fornula V with
cbz-tert-1eucine, under coupling conditions, to
wonresiodessa conmpound of forrmula VI: O O jj~ CARCNUS2005/008251

OONHO~ WVI; reacting the conpound of fornmula Vi
under deprotection conditions to provide an am ne and
reagt.| h 'ﬁm- LORs g b er ebemi el et o

47 ngo%?rgg%ts tﬁe%c?ca')[g]‘ggﬁend ofﬁ% o%r?u@gp?%@gg@v% e 50 23a
PCT/ US2005/ 008251 48| The process of claim 47, wherein
t he compound of tor a lV_is represented by the
structure: NNHON N O NHO d IVA the

PO a’l r ted by the structure:
OO-NO O H OAN |FA; i he lcoppound of fornmula Vis
%/ the strucO rsEl

IV;

comprising reducing and deprotecting a compound of formula I:

to provide a compound of formula V:

0
HN
0
0O~ °N
H O\\
V; and

reacting the compound of formula V with cbz-tert-leucine, under

coupling conditions, to provide a compound of formula VI:

©/\oj\”\/g/:% J:((:O\\

VI;
reacting the compound of formula VI under deprotection
conditions to provide an amine and reacting the amine and 4-

amino-3-chlorobenzoic to provide the compound of formula IV.
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O ON4 HOVA and/or the conpound of formula VI is
represented by the structure: O coAJ,4 HO ONH O\
wOR€H5980330 2005/ 090334 PCT/ US2005/ 008251 49. ACPIS2E®SH08251
for preparing a conmpound of formula IV: OO Njc;))~
HOO H2ZNON4 HOA C 1V, conprising reacting a

48 . QH%QQBPQCQEszEUHhaihi47§2§H%N%£9 BODmdddd of formula IV
unaer

deprotection conditions to provide a conmpound of
is rdprastatedl by GheHNtOuOture:

o 0
N
'\i( /[‘éo
H
o)
H,N o) n S
Cl ‘\

IVA;

the compound of formula I is represented by the structure:

Doy d
g

IA;

the compound of formula V is represented by the structure:
0O
HN
o)
O~ 'N
H 0]
\\VA
the compound of formula VI is represented by the structure:
o)
0O
M N
H
© O~ 'N
H O\\

VIA

; and/or
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NHO- VII; reacting the conpound of formula VII with
cbz-tert-leucine, under coupling conditions, to

wonresiodessa conmpound of forrmula VIII: O O jj~POrNSsko©008251
O 224 NHO\ WVIII; reducing and deprotecting the
conpound of forrmula VIIl to provide a conpound of

f : 3 2085 .
oo 3 BiRgh, B4 0SS I IR LR 10,

formula | X and 4-am no-3-chl orobenzoic acid, or a
derivative theregf sWtable for coupling to an am ne
under coupling cgnditjiongy to prpvide the conpound of

formula | g ot efe | ai m 49, wherein the
conpound of mul & 1Vgislrepgresented by structure: O
O N HH,N o) H S
Cl A\
IV;

compriging reacting a compound of formula I:

under deprotection conditionsg to provide a compound of formula

VII:
O
HN
| ©
@) N
H O\\
VII;

reacting the compound of formula VII with cbz-tert-leucine,
under coupling conditions, to provide a compound of formula

VIII:

R

VIII;
reducing and deprotecting the compound of formula VIII to

provide a compound of formula IX:
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O0 HR2ZNONHO- d IVA the compound of fornula I

is represented by structure: OOYN6 O OONH O\
woOApostoaes3eonmpound of forrmula VI1 is represent edThg2005/008251

structure: O HNO ON -\ VIIA, the conpound of

formula VIIl is represented by structure: 95 WO

2005/ 090334 PCT/ US2005/ 908251 O OOA(NMd O N H O~

VIII A, and/or the co of formula IXis

represented by structur

N O d2NT O 0 ONHO-
I XA, 51. The process, Hip¥50, Jwherein the
compound: COyN O O 2 o)
O(D N
H Os\

IX; and
reacting a compound of formula IX and 4-amino-3-chlorobenzoic
acid, or a derivative thereof suitable for coupling to an amine
under coupling conditions, to provide the compound of formula

Iv.

50. The process of claim 49, wherein the compound of formula IV

is represented by structure:

0
0
N
'\I\/ ; /(/éo
H
o)
Cl \\

represented by structure:
O
©\/ON
19 @S,
O~ 'N
H O\\

represented by structure:

IVA; the compound of formula I is

IA; the compound of formula VII is

0O
HN

| ©
07 N
H

o]
\\ VIIA; the compound of formula VIII is represented

by structure:
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OON4 HO-is obtained by purifying a conpound of
formula: CoyNO O OON4 HO~IAC wherein the
weneq/00633puri fyi ng i ncl udes chromat ogr aphi ng, PCT/US2005/008251

selectively crystallizing, or dynamcally
crystallizing the m xture. 52. The process of claim49
further conprising: reacting a conpound of formula

96 / 090334 PCT/ US2005/008251 0 O Br O -\

an npo of torrmula I11: QOYN? 0O O NH2

\’ ce f a pal | adi um catal yst, a
l'i giand optionally a phase transfer

aIIad|uqq
atal yst, opt® ter and a solvent. 97

VIIIA; and/or the compound of

formula IX is represented by structure:

i@?ﬁ

51. The process of claim 50, wherein the compound:

IXA.

O I ©
O~ °N
M\
ig obtained by purifying a compound of
formula:
O
©\/O N
19 @s!
O~ 'N
H

O
\\IA/C; wherein the step of purifying
includes chromatographing, selectively crystallizing, or

dynamically crystallizing the mixture.

52. The process of claim 49 further comprising:

reacting a compound of formula II:
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WO 2005/090334 PCT/US2005/008251

Br

III;
in the presence of a palladium catalyst, a palladium ligand, a
base, optionally a phase transfer catalyst, optionally water,

and a solvent.

97



