PROCESSES AND INTERMEDIATES FOR THE PREPARATION OF
ASPARTIC ACETAL CASPASE INHIBITORS 1001] This application
claims priorit?/ under 35 U.S.C. 119(e) to U.S. Serial No. 60/552,480 filed
PRSI £5 MarchD00R! thie Sfitiré " dontents of Wiict &Fe hgreby thcotpofated = =
by reference. FIELD @FTHE INVENEON {002} Thiszinvention relates to
processes for preparing caspase inhibitors and intermediates derivatives
thereof. BACKGOUND OF THE INVENTION [003] Caspases are a family
[001] ofeysteina-protease-enzymasithat are, keyymediators #xthe signaling 119 (e)
pathways for apoptosis and cell disassembly (Thornberry, Chem. Bial., o
£ U 1908787 RB7-RID3). “Apoptosis’ Or progranitied cel'déath, s prindipal em1re
contdnechantsmibyc whicheorganisms eliminate uawaates.cellsfEhence .
deregulation of apoptosis, either excessive apoptosis or the failure to
undergo it, has been implicated in a number of diseases such as cancer,
acute inflammatory and autainimore tisordersiand ogrtain
002 neurodegenerative disorders (seﬁ_e generally Science, 1998, 281,
9021 158521 317 Bifs 6t al’; Aarin: Rev: Celi- BioT; 161,77, 7663) “Caspade 17 5P=5°
innithe fiest identificdicaspase,ds atsoknow as visterlgukinslaconverting
enzyme or "ICE." Caspase-1 converts precursor interleukin-lo ("pIL-IR")
to the pro-inflammatory active form by specific cleavage of pIL-I(3
between Asp-116 argh iU DBesides caspasesT there are also eleven
other known humang%;ip,ases which have been classified into families

093] SR80 theélF Biofogtcal furiction. [00A 1 MARy RUFeRTy feporedns® that are

key rsyatheticreutes fahproduging. caspasecinhibjtersrequirgexpensiveand cell
. __ Starting materials, ,chromatographic separatio c%ﬂia er T qe/or

9150 G R g et Set 1 [0SR oLt b6 qBsratle 1 et a

Apocpisyatheticaoutertoccaspasel cell death, 1s a principal mechanism by

which organisms eliminate unwanted cells. The deregulaticn of
apoptosis, elither excessive apoptesis cor the failure to undergo
it, has been implicated in a number of diseases such as cancer,
acute inflammatory and autoimmune disorders, and certain
neurocdegenerative disorders (see generally Science, 19%8, 281,
1283~1312; Eillis et al., Ann. Rev. Cell. Bicl., 1981, 7, ©&3).
Caspase-1, the first identified caspase, 1s also known as
interleukin~1p converting enzyme or “ICE.” Caspase-1 converts
precursor interleukin-1f (“pIL-1B") to the pro-inflammatory
active form by specific cleavage of pIL-1B between Asp-116 and
Ala~117. Besides caspase-l there are also eleven other known
human caspases which have been classified into families based on
thelr biclogical function.

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

disadvantagecus synthetic steps.



inhibitors, or prodrugs thereof, that is amenable to large-scale synthesis

and overcomes the aforementioned shortcomings or otherwise improves

upon the current methods. SUMMARY OF THE INVENTION [006] The

processes and compounds described herein are useful for producing

modified aspartic acid derivatives, such as aspartic acid aldehyde
[00S] ndieties Asdasitic S&id derbatives RrsGsetul® 16t préparing Easpaske caspase
inhidnhibiters and/enprediugs theraat[071 Huene aspacttheliaventions rge-scale

features a process of preparing a beta-amido carbonyl compound of
SYRTGmAa 30X C HRE TOR Kix NRA T Cofprising he Steps- b ) °
othefeacting asomposind;of formida Xtk & rRa QR2 xdkR4 XIlI; with a

compound of formula XIlI: O _R3ANHZ2 XIlII; in the presence of a

palladium catalyst, a ¢ i ; ' E ’ “5olvent optionally
[006] incluedipga-phasestransfer catalystandepiionally including watere toseful for

roduce a compound of the formula XXXI 2
prodéégng mo gffgd aspartgc acld derivatives, such as aspartic

acid aldehyde moieties. Aspartic acid derivatives are useful
for preparing caspase inhibitors and/or prodrugs thereof.
[667] In cone aspect, the invention features a process of
preparing a beta-amido carbonyl compound of formula EXX:

0

Ra
o fLORZ
-

R¥ONT R
H

comprising the steps of:
a) reacting a compound of formula XII:
O
Ra
X R4
XII;
with a compound of formula XIII:
O

’H\N

XI1L;

R® Ho
in the presence of a palladium catalyst, a palledium ligand, a
base, and a solvent optionally including a phase transfer
catalyst and opticnally including water,

to produce a compound of the formula XXXI



0 RaO ORZ R3 ~\N SS R4 H aoci wherein: X is a leaving group; Each
Ra is H, an optionally substituted alkyl, an optionally substituted aryl, -CN,
-C(0O)-Oalkyl or halogen; Each R2 is independently an optionally
substituted aliphatic group, an optionally substituted heterocyclic group,
or an optionally substituted aryl group; Each R’ is independently an
optionally substituted aliphatic, an optionally substituted heterocycle, an
optionally substituted aryl, or R° &4 together with the groups to which
they are bound, ‘orm an optiongjly sypstitdted 5- to 8-membered
heterocyclic ring; and Each R31S.ag*6tgapic moiety. 2a [0081 Other
aspects of the invention are set foﬂth heféin. DESCRIPTION OF THE
INVENTION i. DEFINITIONS [009] As used herein, the base used in
connection with palladium catalyst and palladium ligand refers to an
“inorganic base" or an "organic bas&®®[010] As used herein, "inorganic
b_,ag.es" that may be used in a process of this invention include, but are not
fimited to a carbonate salt, a bicarbonate salt, and/or a phosphate salt
(dnd smixtdres thereof)r tnisome embodiments of this invention, the
'”%@P}T‘%b%%e H‘aya%e a C@E%%nﬁ% Sal%lgg\s/m tttq f%rr%l.;tl%%(!logh optionally
wherein M is"an appropriate couriter.cation. xamples 0

substituted aryl, -CN, -C({0)-0alkyl or halogen;

wher

Each R® is independently an optiocnally substituted aliphatic
group, an opticnally substituted heterocyclic group, or an
optionally substituted aryl group:

Fach R® is independently an optionally substituted
aliphatic, an optionally substituted heterccycle, an optiocnally
substituted aryl, or R® and R® together with the groups to which
they are bound, form an optionally substituted 5- to 8-membered
heterocyeclic ring:; and

Each R’ is an organic moiety.
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carbonate salts include, but are not limited to, K2CO3, K2PO4, Na2CO03,
Li,CO3, Rb2CO3, and Cs2CO3. In some specific embodiments, the
inorganic base is K2CO3 or Cs2CO03. [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 3 WO
2005/090334 PCT/US2005/008251 like, and heteroaryl amines, e.g.
[008] pyiibine, gainefiite, and thee like O 12]IAS used herein f'Patiadiuarein.
catalysts" that may pessegdin o progessof thig.ipvention include, but are
not limited to, PalladiomiSaftssuchas Pd(OAc)2and Pd2dba3. [013]
- W%FJé\édTﬁé}ﬁéﬁ'n "Palladium ligand" and "Palladium Il ligand" refers to a
[oos] igand that in.capable of frming a complexwilh fh B%'%umﬁéﬁa%%tmdm
Palladium ligands include, but are not |m|ted to, phosphme
catabigphosphinea XaatRhos, b@@@ﬁeﬁﬁpﬁé@kﬁ@o)ﬁ?ro@éﬁ@rﬁﬁd@Pm
an “ SR Aldrich catalog). See also, WO 95/30680 and US 5,817,848. [014]
"Solvents" for use in this invention include, but are not limited to, toluene,
[016] dfoxanesdnd THE and mi@ures therdof sfo1’5] The term Yielginggrduph &
prociBiersio maetyyuich I5 fepiaced by RICONIY, SRRciie.gieuas <o

include, but are not limited to, chioro, bromo, iodo, pseudohalogens,

carb e, m%teanf@éy%@%%wé / [OfiB]iTﬁé térnProrgahie oiett (and
nixt @sdisedin defining variable B3 refers{oany-chemicalmoiety, privided, | ne

that the moiety does not contain a moiety that would interfere with the

inorgafadiuRt tatdlystsPSuéh rérrsHy Mofeties Wiolld he WélPkiAcwtd-2 MC0s,
whe r Skilegt practitiongrs.and include, &gy adreesulfhydryl groupoAgrous

such as a sulfide or a thiol should not
carbonate salts include, but are not limited to, KoCCsz, KsPO4,
Na,C0y, Li,C0s3, Rb;CC;, and Cs;C0;. In some specific embodiments,
the inorganic base is K;C0: or Cs:C0;.
[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



therefore be present in the R3 organic moiety. Furthermore, the R3
organic moiety should not contain an amine group, such as a primary or
secondary amine that would be more reactive than the amide of formula

westhhs@né3slB). R3 may contain primary and secondary amipeg/ihab@iguszsi
capped with protecting groups that reduce the interaction between the

protected amine and the palladium catalysts. [017] As used herein, the
liketerantphasedransfer catalysis means.a mempawad Whichmis capablesefd the
liketransfering a water soluble anion 4 WO 2005/090334
PCT/US2005/008251 into an organic phase. Phase transfer catalysts
[012] inshudes ¢etralkylaimmon ki Saftspphosplxdnismsgaltshantd erowrkethaers:d in a
procE¥eMbles.alahase Lansier calalysieinclyde. DiLage ot Ipiledto.. .
tetrasubstituted ammonium salts and trisubstitu ted amines which may
Pallastmyetrasubsiutedafimenivid saks in sied Rstrdbgbstituted ammonium

[013] Salts include, but are noplimitee:to,, tetrabytylanmoEniy 1 56 um 11
. benzyltrimethylammonium, tetraethylammonium, cetyltrimethylammonium
Ligaggits FARAIch the OURERR Editbe 1 SalfeBromtitleEhBREE: (Sdodidectplex

withSeme ewmplesuthe-phase dransfercatahyshis cetylfimetUammeniuBue are
nok ?r,omide Trisubstituted amines.include, byt are not limited to

ridbyIEMIng By RE benzy Bt RAhie; aha = Foo8
bis (digdproplistindainine 028t Asused hérainEkieste s dactone aid

cataJlUANONEL 03K beolsed iereiangeati agavil he,undestood by one

skifled in the” art. [0191 As used herein, the term"aliphatic” means
[014] sPafhveskiried Branehedoridyélic Bven2iyrosarbods wHish-arre not

1imi camPletely:-satuated of mhichconiain one-or moge pnits of unsafiuation:
For example, suitable aliphatic groups include substituted or

19251 yRBabstniTed iy BrarFeesr rfiesikfic & moiety which is

replaced by RyCONE,;. &pecific groups include, but are not
limited to, chloreo, bromo, iodo, pssudochalogens, triflate,
tosylate, mesvliate, and nosvlate.

[016] The term “organic moiety” as used in defining variable R?
refers to any chemical moiety provided that the moiety does not
contain a moiety that would interfere with the palladium
catalysts. Such interfering moieties would be well known to
skilled practitioners and include, e.g., a free sulfhydryl
group. A group such asg a sulfide or a2 thiol should not
therefore be present in the R’ organic moiety. Purthermore, the
R® organic moisty should not contain an amine group, such asz a
primary or secondary amine that would be more rsactive 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 betwesen the protected amine and ths
palladium catalysts.

[017] As used herein, the term “phase transfer catalyst” means a
compound which is capable of transfering a water soluble anion
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alkenyl, alkynyl groups and hybrids thereof such as (cycloalkyl)alkyl,
(cycloalkenyl)alkyl or (cycloalkyl)alke nyl. [020[ The term "alkyl" and
"alkoxy" used alone or as part of a larger moiety refers to both straight

wanghiwanshed chains containing one to twelve carbon atomgcfieAREssst
"alkenyl" and "alkynyl" used alone or as part of a larger moiety shall
include both straight and branched chains containing two to twelve
intocarbaorratomis: [0R4hEAS udkd herginatheftermcdatyd’ wsed dlongwateas part

0 rger_ moiety as.in "aralkyl”. refers to aromatic_ring groups hayin
et T e BRSSO U S oS-
ExanpPER USR 0054608 25k shithyia RadapsHtsy 11 ncaintdracyPraind 2-anthedcy |,
1imi@0g Betergeyclic aromatic.groupsenheteroarylaroyns such a2 fiuranyl 5

~ 3-furanyl, N-imidazolyl, 2-imidazolyl, 4-imidazolyl, 5-imidazolyl, _
aninggskid AlyPays&RaFoIye SHREREFOY I atE S ATEiasbIica s in situ.
Tet radshl=Axaeiazolyla2nadiaz eyl s0xadiazolyl, 2-axazelyl, Yoaxazolik ed to,

_5-oxazolyl, 2-pyrrolyl, 3-pyrrqlyl, 2- pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl,.
o OIS BRSBTSy SRS, SN B SR,
cety?ﬁhiam@WA&hg@uwanmelyﬁ,ﬁ-mmbI)ﬂh@-tciazn%;s-ﬁr‘iazobﬁn be
sa1r2 HienyhQr 3-thienyl, Jhe term, ‘arykdng” alsosefers fg fingsdbat 16, pnase

optionally substituted. Aryl groups also include fused polycyclic aromatic
trangifgsy3iems HFWhich aarbbey et arsnatitiig ®r he@rdas ! ring is
Trisfised o eRAOLMAELthenHngsExamplesiaciuge tetialdgonaphthyl,

triebeniimidaéolylhl benzotﬂ%l,gelgzofur{%%{l, i dfilgl, _uinplinKI . _

a2 BRSOy | - BERZSEREIBINC RsHYTh JZ%E?EYI a E'E‘)nn)ﬂ,iisomdolyl,
diisaprdimyl, elbénZaisdxazolyl, and the like. Also included within the scope of
[GlS}t %t%‘g]e:? rﬁgr%ig,istseedt%‘?:r%is”’\'\S_‘L%c,g{SHBJ” z\al.vr?éch‘furanone” may be
uged interchangeably g will be undsrstood by one skilled in the
art.

[019] As used herein, the term “aliphatic” means straight

chained, branched or cyclic C;-C;; hydrocarbones which are
completely saturated or which contain one or more units of
unsaturation. For example, suitable aliphatic groups include
substituted or unsubstituted linear, branched or cyclic alkyl,
alkenyl, alkynyl groups and hybrids thereof such as.
(cycloalkyl)alkyl, (cycloalkenyl)alkyl or (cycloalkyl)alkemnyl.
[026] The term "alkyl® and “alkoxy” used alone or as part of a
larger moiety refers to both stralght and branched chains
containing one to twelve carbon atoms. The terms “alkenyl” and
“alkynyl” used alcone or as part of a larger moiety shall imnclude
both straight and branched chains containing two to twelve
carbon atoms.

[621] Aes used herein, the term “arvl”, used alone or as part of a
larger moiety as in ‘“aralkyl”, referg to aromatic ring groups

having five to fourteen members, such as phenyl, benzyl, 1 -
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one or more carbocyclic aromatic rings and/or heteroaryl rings are fused
to a cycloalkyl or non-aromatic heterocyclic ring, for example, indanyl or
tetrahydrobenzopyranyl. The term "aromatic ring" or "aromatic group”

wetais/ @yl groups. [022] The term "heterocyclic” refers to gaturaiest ands1
partially unsaturated monocyclic or polycyclic ring systems containing one
or more heteroatoms and a ring size of three to eight such as piperadinyl,

naphpipplaziayhigﬂﬁmdrofmaawtnyuoﬂdinyhdteﬂahydmmcrgmyl amarpholinyl,
and th like. LQZ?é]tAS used hereln t e term "blé%l‘chc fused nn@ %/s%eﬁm C
Erther

hete C[IClI’CIana sygfem re?ers% tWO rlngs WFI-IC% argﬁwop ato

£ uramyré may basmgrhted, gartidiyz ahzaturatety b agohydtic. Eacthidiagalspl ,

5- zmMZQQLs%@'n %tqg’&@g&%@m% lw&§9g§49903§4150}€a202y1 a 1,3,4-
PCT/US2005/008251 Examples of bicyclic fised ring sglstems include,

oxadpargid et fimitedl th; CERTDRHRIEY. i, 1€ P RHAARSHOWN if Tedtsltaard v'L

2- axsgesmpyndsgsi;aaml}yl,,léT 3= ol P1] apdgh-shown is Fable A,I024D -
As.used herein lf;term "tricycljc fused rin yst m" or "tI‘ICI%ghC ring

“’Y“%}’]tem'r%%r% b%y@YE% yster I WHIEH 2 thircPrtid -iskd 18 the
pyribioyelc nhgzsyysteia&n@hlthai théthidd sing shares$ at least twoe @ltgms with

2- thafaezewﬁ"c 4G SYSISTN %0 %@Qﬂmem@ggggreg ggs share at

least one common atom. Any e rings in'the tr|cycI|c rng System may

2-trpazetirated ‘Gdfrﬁéélﬁlﬁﬁsat%rét%ﬁeﬁﬁéﬁorﬁétlé" Eathbilihe rifigs raym
“aryinGldel ta3betergatoms: Sxamplesolaicyclic Hpg systems include,

but are not limited to, compounds e and q.shown in Table 1, and
Subs Ehibiits 6 TAnd T Hiovit TTaBle 2 To25F RS LdeRt ReMn, fearomatic
ring phyesestioptionali: substituted'h fatlovieid-by acolenicat-mojetyr(ehg:t anoaryl

ringOEEO%%@ééU@%“BEQ or more other rings. Examplesz include
tetrahydronaphthyl, benzimidazolyl, benzothienyl, benzofuranyl,
indolyl, guinolinyl, benzothiazelyl, benzooxazolyl,
benzimidazolyl, iscquinoiinyl, isoindelvl, acridinyl,
benzoisoxazcelyl, and the like. Also included within the scope
of the term “aryl”, as it isg used herein, is a group in which
one or more carbocyclic aromatic rings and/or heteroaryl rings
are fused to a cycloalkyl or non-aromati¢ heterccyclic ring, for
example, indanyl or 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 “bicyeclic 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 alsc may contain 1 to 3 heterocatoms.

&



aliphatic) means that the chemical moiety may be substituted with one or
more (e.g., 1-4) substituents. In some embodiments, aliphatic groups,
alkyl groups, aryl groups, heterocyclic groups, carbocyclic groups, and
whaiopokewsdicyclic ring systems contain one or more substigeniszdddos2s1
substituents are selected from those that will be stable under the reaction
conditions of the present process, as would be generally known to those
ExangKikbed nftHeiary.cExamples=of substituentsaneludechaldgenbr@1 262000t

. .<OH, protected OH_(sych. as_.acyloxy), phenyl_(Ph). substit h, -OPh,
it B e R S ML RIE. Ao RA U
compNDIEOSIHQEMIHCGN(91)2, -NGICON(QH)21L -NGICOQI!, sNHE02Q1 Table
5 -NQ1C02Q1, -C02Q1, -COQ1, -CONHQ1, -CON(Q1)2, -S(0)2Q1,

-SONH2, -S(0)Q1, -S02NHQ1, -S02N(Q1)2, -NHS(0)2Q1, -NQIS(0)2Q!,
[024] = 5=gselINMO E I ENNEDH Z SROGE ENNHEOGHENNDIBOQlysten” or
£ riSHNHEOZQ SNN@IE02QESNNES Q21 sMNQLS029 1508 =NOQT

. where Q1 is an, 7 WQ 2005/090334 PCT/US2005/008251 ~aliphatic, aryl
which arawﬁo&&,%&éaéw%? 15 hEPSuB YRt Sherytantkfgen such

thatsubstittiet-ORH mayhe sabstittitaed agith dwio 4Aebhalogeth-QBe-@R8yclic

+ina @ protected OH (such gs acylox %ph ry:\%‘%) -OPh, -NO2, -CN, -
SNHGEN(Q3)2, NHICO0T NICo H(‘S%L, NOSCONHOS, =a=e a¢
laaSWH@NW-N%EONP@B)Q?-N@@OOQQ? -NHED2Q3icyclic ring
systéﬂQé%O%%saQQQz(a%e-c@,O%t@@‘i‘ﬂ%%ﬁgé?é\&%édjs@}z%matic .
-SONH21 -S(0)Q3, -SOZNI;IQS, -S02N(Q3) 2, -NHS(0)2Q3, -NQ1S (0)
Bachofy3, BoT ISRENNERY3, SNN(03)2 S9-CQ3CERRAFCENS3, -Rxeic 6030t
tricgNNHCO2Q3, ssNNESECQAQBLEAINHE02633: SNNOQBSRE:3 ar=NQ3
where Q3 is ac,{iphatig or ar:.é/l. [02 lAs used Iéerein nitrogen atoms on a
com g i . i = T -
omp 1élt‘erocycll%nr|ng Séyo Ieioprﬁonaa y%u%étlt%?ed.cé)uféﬁxel%%b%tﬁuean?sg o+
showihelmiffagareatbm include Q2, COQ2, S(0)2Q2, and C02Q2, where Q2 is
025} 2R saliphaiicaroup.or 4 subshituted.aliphatic group, [QZ 2] Hnless oiherwise
stated, structures depicted herein are
followed by a chemical meiety (e.g., an optionally substituted
aliphatic) means that the chemical molety may be substituted
with one or more (e.g., 1-4) substituents. In some embodiments,
aliphatic groups, alkyl groups, aryl groups, heterocyclic
groups, carbocyclic groups, and bicyclic or tricyclic ring
systems contain one or more substituents. The substituents are
selected from those that will be stable under the reaction
conditioneg of the present process, as would be generally known
to those sgkilled in the art. Examples of sgubstituents include
halogen, -Qi, -0Q;, -OH, protected OH (such as acyloxy), phenyl
(Ph), substituted Ph, -OPh, substituted -0OPh, ~NO;, -CN, -NHQO.,
~N{Qi)2, -NHCOQ;, -NHCONHQ;, ~-NQ;CONHQ;, -NHCON{Qijz, -NQ.CON(Qi):,
-NQCOQy, -NHCO2Q:, -NQ1CO0:Q:, -C02Q:, -COQ;, -CONHQ;, -CONI(Q:).,
-8(0}2Q1, -SONHz, -3(0)Qi, -SONHQ:, -8S0:N(Q:)a, -NHS(0):Q:,
-NQ:18(0)2Q:, =0, =8, =NNHQ;, =NN(Qi)a, =N-0Q;, =NNHCOQ,, =NNQ,C0Q.,
=NNHCC,D,, =NNG;CGC.0:, =NNH802Q1, =NNG 80,01, or =NQ where Q4 is an
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also meant to include all stereochemical forms of the structure; i.e., the R
and S configurations for eacla asymmetric center. Therefore, single
stereochemical isomers as well as enantiomeric and diastereomeric
woixteresigdsthe present compounds are within the scope of he/insesiens2s
[028] The term "substantially pure” refers to the stereochemical purity of a
compound that is greater than 90%. In some embodiments, the
aliphstareochetricalpurity bkalcompoynd isdgresderithafi 95%. Ahckin still
subst SRS g, tereodhemicalpuil. 0l Sampoundls 929 BLIGARL ¥l
& terntselective crystallization™ means crystallization of a substantially
with Jpure igormér reirrasoliverRcont@iing OMixrireosEssPer&HO3Ie e as
acylodSM "B¥namic quatalizagen; means crysiallizatian of awubstantialipurs,
iSomer from a solvent containing a mixture of isomers under conditions

-NECONSieh cAlieE S 8ineriz MRS B the= mixiiRe-Shsthiers to RiS6er which
~-NHCOS8 1 ecltvely erystalizes. 8 WEb2005/693384 PCTAIR20Q5/0082500 Fay;,

example, in the case of resolving enantiomers, isomerizati f the more
- SONEzgy B B RRPTE e 1580 BoNBIE Isor B LRSI c?;%@th%i Atiorof =0
=3, =NN&lass smb_m)isorr@?f@e:me UM b@mmﬂ%,ismﬁe_i&_@@zmjven
zNNQ3c%]}/zg‘jryStakHEﬁé'SéslgatOW%éQ%?é?,SQJEb'-_?N%Qa@,E'H%- A specific exgmple. .

o cfyngmlc crystallization may include the epimerization of an anomeric
aryl. carbon in a solvent under conditions which selectively crystallizes one

[026] ASubstaniially pure enantiomer,[0314kInless gtherwise-stated,;Structiyfesnayy

depicted herein are also meant to include compounds which differ only in

be ophfensiingEt bheWrifore RotéhiRafy SHRGAES TIERESFEP eXafple,
nitrogompaundsihaving she present stractures.execeptfortheseplacement.ofia an

al ipham/ :C.i éO%%%Qié aoq:el“gersigg]s%ri%gigg& %rltzbghat Ao group.

[627] Unless otherwise stated, structures depicted herein are
also meant to include all stereochemical forms of the structure;
i.e., the R and 8 configurations for sackh asymmetric center.
Therefore, single stereochemical isomers as well as enantiomeric
and diastereomeric mixtures of the presemxmt compounds are within
the scope of the inventiom.

[028] The term “substantially pure” refers to the stereochemical
purity of a compound that is greater thax 90%. In some
embodiments, the stereochemical purity oFf a compound is greater
than 95%. And in still others, the stereochemical purity of a
compound is 9%% or greater.

[629] The term “selective crystallization® means crystallization
of a substantially pure isomer from a sclvent containing a
mixture of isomers.

[0630] The term “dynamic crystallization” means crystallization of
a substantially pure isomer from a sclvemt containing a mixture
of isomers under conditions which cause -HAsomerization of the

mixture of isomers to an lsomer which gelectively crystallizes.
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replacement of a carbon by a 13C- or 14C-enriched carbon are within the
scope of this invention. [032] Various "protecting groups," "capping
groups,” or "amine capping groups" may be used in the methods of this
wiovestionsisee, e.g., T.W. Greene & P.G.N. Wutz, "Protective Goopps/ins2s1
Organic Synthesis," 3rd Edition, John Wiley & Sons, Inc. (1999) and the
earlier and later editions of this book). Examples of amine capping groups
For empr@éetinglgroum inekrEelepbutare hot.dignitethtol iRTe N O)Remaerization

of K QAR (0)% %‘?o QR QSR - Q@N@QZFOQL@?%%C%{B?EE

-C( CH2C(O)R7, -C(O)N(R7)2, -(CH2)o
UJG(&MM)I‘@GV@B&JG(@MWVW t@%—&@ﬂ-v)mluw(@))ew}zeanaspt@y
eqm@@zBA%rwﬁ%r%&% istydragen,an optienaly=substitied;aliphatic,  ; on

group, an optionally substituted aryl group, or an optionally substituted

towaﬁ@te‘?&é‘yéliﬁsggroﬁﬁ ‘F*?%‘F‘er%?;}ﬁ??’ﬁf%e(@ CfQ)%\ﬁﬁﬁefﬂt? example of

dynafG3-GkO)=tyclaaliphation, rﬁ@fi Qﬂz@lﬁm@l06&@@1&&1{1@&1@&2}:@@&&@3;1
C6-C10 |- (C6 Cl 12)aI| C3-C O) etergc

anom%&é Ccigy?ﬁée%lerocyglyl (%1 %i %‘naﬁlc-%@l %Jléﬁ%e‘%roagyl- 9e¥:t¥.%e1y

CrYSt@Sllr@shemmawb@a@uﬁéﬁphmegewwd@mego334

jos1) PGTES2098/008251, 1033) A5 usgd eteln. e 1 dewls agid: fefers (o
m0|ety capa e of aring or accepting an e lectront pair. Exam l‘Ies of

also|aifgrieideinerrEudat arERoRIRtel s CBFSidtherates brd mqé%are

presBalides, alkpxdes, and-amixed balide/atkoxides{(E-te AlLLBHY)2Chor
Al(Oalkyl)CI2). The metals can be aluminum, titanium, zirconium,

examﬁ?aeghe%ﬂﬁﬁowﬁﬁeP?Wﬁoﬁhﬁn%&%ﬂntytf’e%%?ﬁ%ﬁﬁa%ﬁ%%hd‘-w the
replsamasionn.d034) E‘;a&ts;gb:(lslﬁiymetméammpmpp& eethylcarpodintice.

1-hydrox nzotrj zoIe THE is_tetrahvdrofuran. TFA is
1 ¥ 160t 2IHE is tavahydro, E’laéd
rep ?rlfluo%acgtr?cl acmciy M is Ioromechane DMAI%CS Sabon are

Wlthél#néﬂh@laﬁﬁfﬁ@@yﬁéln‘é?lmPElA’V’l@Id@Fs@Eropylethylam|ne. DMF is

[032] Various “protecting groups,” “capping groups,” or “amine
capping groups® may be used in the methods of this invention
(see, e.g., T.W. Greene & P.G.M. Wutz, “Protective Groups in
Organic Synthesig,” 3™ Edition, John Wiley & Sons, Inc. (1999)
and the earlier and later editions of this book). Examples of
amine cappling groups or protecting groups include, but are not
limited to, =-R’, -C(O)R7, -C(O)}OR’, -SOR’, -8O;R7, -8SO.&’,

-80N (R} 2, -C{O)C(O)R", -C(O)C(0)OR", -C(O}CHC(O)R7, -C{OIN{R"),,
- (CHz) 0-sNHC (O)R", -~C(=NH)N(R");, -C{OIN{(OR7)R’, -C{(=NOR"}R’,

~P(0) (R7),, and -P(0) (OR");; wherein R’ is hydrogen, an optionally
subgtituted 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-Cl2) -aliphatic-, (C6-C1l0)~aryl-,
(C6-CL0) ~aryl-(CLl-Cl2)aliphatic-, (C3-C10)-heterocyclyl-, (C6-
Clo) -heterocyclyl-{Cl-Ci2)aliphatic-, (CB5-C1l0)-hetercaryl-, or
(C5-C10) ~heteroaryl- (C1l-C12) ~aliphatic~.
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dimethviformamide. TFA is trifluoroacetic acid. CBZ is benzyloxycarbonyl.
1H NMR is nuclear magnetic resonance. TLC is thin layer
chromatography. Il. PROCESSES [035] Processes and compounds
waesersheesherein are useful for producing caspase inhibitors@n@ioos/0082s1
prodrugs thereof that contain modified aspartic acid derivatives, such as
aspartic acid aldehyde moieties. An aspartic acid aldehyde moiety exists
[033] inequiibaumayith is eyglic hemiacatakfornmaas showasslewt © HoQk-§
H OH where W2 reprefgg%s the rest of thq%cas %gs of

Y 21N %—| V%Z‘N, H

AP hhibitor rﬁoﬁe%ﬁ?&p ﬁaﬁf%@gﬁﬂg paf‘gdﬁgs 0 %%rslpggé?ﬁhibl o1 have

lewibeenidevelopddrmseoon the=cycic Heimt_i'a’cetal tRor %n’mﬂéﬁh&ﬂ@& and

metai”Q&@E‘%{c?e@c"é‘!ﬁﬂgé*ﬂﬁégc"‘éﬂaﬁ}hﬁ%@éé‘ ﬁﬁ&@@f%ﬁ}?&ﬂ%&&vgé%dﬁs
a treatment for rheumatoid arthritis (see US Patent 5,716,929) 1

Al (CapbzhbeEa4 REMeESR005/308251 Theone b R 80 1O T -Wipuael
¢ i tadDgensla-ethatic Rrogrdireshowsinsschemead, isuseful o, boron,

generating a wide array of chemical species which can be used in the

YELepRiifactlfe bR pREFmaRB i A hpBinds. SCHEME 10 0Ra O

[634] EDC is 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide. HOBt
is l-hydroxybenzotriazole. THF is tetrahydrofuran. TFA is
trifluorcacetic acid. DCM is dichloromethane. DMAP ig 4-
dimethylaminopyridine. DIPEA is diisopropylethylamine. DMF is
dimethylformamide. TFA is trifluorocacetic acid. CBZ isg
benzyloxycarbonyl. 'H NMR is nuclear magnetic resonance. TLC is
thin layer chromatography.
Ir. PROCESSES
[¢35] Processes and compounds described herein are useful for
producing caspase inhibitors and/or prodrugs therecf that
contain modified aspartic acld derivatives, such as aspartic
acid aldehyde moleties. An agpartic acid aldehyde moiety exists
in egquilibrium with its cyclic hemiacetal form as shown below:
o 0
OH
Woe Ho W °

N
H

N
H OH

where W, represents the rest of the cagpase inhibitor molecule,
Orally available prodrugs of caspase inhibiters have been
developed based on the cyclic hemiacetal. For example, the ICE
inhibitor 2 including the cyclic hemiacetal ig a prodrug being

developed ag a treatment for rheumatoid arthritis (see US Patent

5,716,929)

10



+ 1 OR4 RaOR4 R3 NHZ X R Palladium Catalyst 0 2 Paladium ligand A
Base R3 N R2 Phase transfer catalyst H GllI Gil Solvent GI The process
shown in Scheme 1 includes reacting a compound of formula GlI with the
wanmigde/@sikkin the presence of a palladium catalyst, a palladiegligandqrack:
a base in a solvent optionally including a phase transfer catalyst and
optionally including water to produce the amido carbonyl compound GI.
[0371 The moietys X, Ra, R2, R3 andtR4 are defined above. As drawn,
GlI refers to compounds in which cis or trans to Ra, which
provides for both the gi$and trang compounds of@l, e.g., R2 can be cis
or trans to Ra. (0381 me empoedi 5, t rocess may be used to
prepare a compound of for ulaﬁ(lv, av t ietys R2 and R4 shown
in Scheme | form a substituted hetero@/cli(ﬂring R O ('O R3ANH
0..R5 XIV 11 WO 2005/090334 PCT/U82005/08 51 wherein R3 and
Ra are defined above and R5 is an @ptionally substituted aliphatic,
optianally substituted. aralkyl ignally_substituted.heterqcyclylalkyl or
[036] og%llgngifg//ngﬁ s'lstits é%%%lygpgg i%gl )}}/ %%m%él% %\/%ﬁ%yggg 30 Goed” sful
for gonmiavtihgd eompéandwidurmdlacgndcal species which can be

used in the manufacture of pharmacsutical compounds.

SCHEME 1

G
O Ra o
M, ¢ | OR RO oR,
Ri™ "NH g Palladium Catalyst 9 |
2 Paladium ligand ,ﬂ\ R
Base R M 2
Phase transfer caialyst H
GIII GII Solvent Gi

The process shown in Scheme 1 includes reacting a compound of
formula GITI 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 catalyet and optionally including
water to produce the amido carbonyl compound GI.

[637] The moietys X, Ra, Rz, Rs: and R; are defined above. As
drawn, GII refers to compoundes in which X may be cig or trang to
Ra, which provides for both the cis and trang compounds of GI,
e.g., Ry can be ¢is or trans to Ra.

{038] In some embodiments, the process may be ussd to prepare a
compound of formula XIV, when the moietys R?® and R® shown in

Scheme I form a substituted heterocyclic ring:

Ra 2
e
R33N

H O~R5

xIv



Ra X O-R5 XV; and a compound of formula XlII: O R3,JLINH2 XIII in
the presence of a palladium catalyst, a palladium Il ligand, a base, a
solvent, and optionally a phase transfer catalyst; wherein X, R3, and R5

warepdelingdsabove. [039] in carrying out the reaction shown pB-$6ResEedzas1
the reactants and reagents may be used in any molar amount which

provides the desired product. In some embodiments, the ratio of the
whergitardmounts of paliadispi i saltiodpallagivm #yans isnbeiweamb: 1o
bout 1:5. The ratio of the malar amounts of palladium Il salt to the
Emmrgela{o'cltlzatrﬁatgG ﬁ?&gﬁ %%lgétwcé%%la noauﬁﬁf z%‘rb}"t% a%&%iérl],aa i y13:100 to
optiabelfly 25pbsabout 25 0#et abouy & 110l A Heyratiomnftbé aslal agount of
subsBBRsEIYaNe todie Gilis peiyeeaRoUL:2 1D3ULAGL TheMB.s 1y
reactants, GlI'and GITl and the base can be used in nearly’ equal molar
reachiisnts. SRpRYE EntodhPreRts; ah&¥atio of GIl and GIST can be
between about 1:3 to about 3:1. [040] the reaction in Scheme | may be
conducted at a temperature betwé 5C and 120C, e.qg., about 50C, in
any solvent that does not adverselylintgrfere with the palladium catalyst,
the 12 WO 2005/090334 PCT/U3200%/008251 palladium ligand, and the
reactants. Examples of suitable solveitsRire described herein and can
include toluene, dioxane, THF, and mixtures thereof. In some
embodiments, the solvent may inclede water.

and a compound of formula XIII:

0
Rs/[LNHz

XITX
in the presence of a palladium catalyst, a palladium II ligand,
& base, a solvent, and optionally a phase transfer catalysi;
wherein ¥, R, and R® are defined above.
[639] 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 ratic 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 IT 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 1:1C. 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 te about 3:1.
[048] The reaction in Scheme I may be conducted at a temperature
between 25°C and 120°C, =.g., about 50°C, in any solvent that

does not adversely intexfere with the palladium catalyst, the

1z



[041] After obtaining the compound X1V, the compound of formula XVI: O

O 0 R3JLN H O-R5 XVI may be obtained by reducing the furanone ring

double bond. [042] The reduction of a furanone ring double bond may be

wacsasplshed with a hydride reducing agent, especially a barehydigiossi

Examples of such borohydrides include sodium or lithium borohydride,

sodium or lithium triacetoxyborohydride, sodium or lithium
palleysineborebydiitle, deHabhtylaramorinms cyamshorohydride, saditade

Ilthlcusm trlalkggor%h%jélcg L=l|gl):re:‘f_erabl dsodlumigyarhocti)eor%h dride. Ty l%a}yé{ne,

SOLVEATR A3fiSn SRRGIrE justeednto e mi y adidic: preferably at & p

THF , betwkemn 3.Ovard: 6 theithetids Sucls amH kRl neatic acidhfoanicragit, may
inclﬁgg%%q:ceelﬂp acid, EF3.0Et2, aluminum trichloride, zinc chloride, or

titanium tetrachloride. Optionally, the reaction may be buffered with
[041] 1 BE5 O cgbivalerisof SodinAeee. Bifionalhe themeastivh Afaylsemula
v .catalyzed by the addition of 1-5% CoCl2/semicorrin, ZnCI2, or 1-2

equivalents of chlorotrimethylsilane. Chiral hydride reducing agents are

known such as R- or S-Alpine Hydride(ry (lithium B-

0

isopinocampheyl-9-bora-bicyclof3.3.1 | hydride) to provide
asymmetric reduction. [043] P@(ﬁ;ﬁj the ring double bond in, e.g.,
XIV may also be accomplished byrhydraegespation. This is useful when R5
is stable to the hydrogenation conditions, such as when RS is alkyl. 13

WO 2005/090334 PCT/US2005/008951 Typical hydrogenation conditions
may belusiecbydiegepgassatfring the furanone ring double bond.

[042] The reduction of a furancne ring double bond may be
accomplished with a hydride reducing agent, especially a
borohydride. Examples of such borohydrides include sodium or
lithium borchydride, sodium or lithium triacetoxyborohydride,
sodium or lithium cyvancborohydride, tetrabutylammonium
oyanoborchydride, sodium or lithium trialkylborohydride,
preferably sodium cyancborchydride. Typically the reaction
mixture is adijusted to be mildly acidic, preferably at a pH
between 3.0 and 6.0 with acids such ag HCL, HBr, acetic acid,
formic acid, triflucrcacetic acid, BF;.0Bt:;, aluminum
trichloride, zinc chloride, or titanium tetxachloride.
Optionally, the reaction may be buffered with 1.0-5.0
eguivalents of sodium acetate. Optionally, the reaction may be
catalyzed by the addition of 1-5% CoCla:/semicorrin, ZnCl,, or 1-2
equivalents of chlorotrimethylsilane. Chiral hydride reducing
agente are known such as R- or S-Alpine Hydride® (lithium B-
isopinocampheyl-9-bora-bicyclo[3.3.1lnonyl hydride) to provide
asymmetric reduction.

[0643] Reduction of the ring double bond in, e.g., XIV may also be
accomplisghed by hydrogenatién. This is useful when R® is stable

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



pressure in the range of about one to 100 atmospheres, usually between
about 1 to about 20, or about 1 to about 10 atmospheres, and a catalyst
present in the range of about 0.01 to 0.5 equivalents per equivalent of
wl Yotkaeexample). Suitable catalysts include Pd/C, Pd(OH)g2¢Re@iiifes2s1
PtO2, preferentially Pt/C or Pd/C. Suitable solvents include ethyl acetate,
alcohols, such as methanol, ethanol, isopropanol, aromatic hydrocarbons,
Typisiich aybeazene tolienesxylensxethameal adeh asdTHfePMEdigkane,
preferentially ethanol or THFE..When R5 is alky| or aralkyl, such as benzyl,
e e (5 P wTs (17 Ha s Hhern b PSR B S L1y
betwrgluctibruSuth teatalystis foPmed:byakeadting the radgtali s theagfiitsspheres,
ana YPriaus, Fomplexes. i chval fams ablioands.syap.as methyl of e
.DUPHOS (1,1-bis-2,5-dialkylphospholano)benzene, DIOP (2,3-0
eqUIERhsHyHdBRE- 22 BdiR9drdKy- PA-BisTdip hery | BHEEERIRd YoutaHA ) 2BINAP
cata@2disdiphemdphesmhinelt dirpinaphiby) FeRABHQS preferentially
Pt/cbis(digh nylphasphinp)butane), BPPM (N-t-butoxycarhonyl-2-
(fph r%?ﬁ%osp‘iﬁﬁ&)?# Ry Ea-(dPhehy PSS bFHoliGinET 2BPPFA
alcofdNedinsethyl-EH ' 2<bis@iptienydphaspiiino) deraeenyilethylamiae): i c
’ (N-benzyl-3,4- bis(diphenylphasphing)pyrroliding), or
e e o Brarane sty R BEhdzed such s
THF, ki idithecare Prefafer eatabpsid are b2 Grd@ligd- When R® is

alkyBhespholanejpenzenexcydogetadiene)hadidlnm (1) or ruthenium
trifluoromethanesulfonate, where alkyl is a straight chain or branched

) AfRGFGrolprof F-eRaTH6S, Bhtivrally Sthsfft Red With” antgdheion . Such

catabydrocathdrosuehiabpheaykb {344 Hae ohthe: (R isomesdf theserarious
E% dsswllltlgagﬁg h% (fg-c nfigyr tion of.the_a,-amino carbon.in the N

c{mpprc?%mt‘gerld use o]fi?he‘ S,Té‘s?slsorﬁe?\jiﬁﬁé%% t%%ﬁ?el (ﬁ?—c%%%ﬁ%atio%? sthyl

DuPHBHitahle sohents ifcldde Biyikitesmies hohbremaehsas Q40P (2,3-0-

isopropylidene-2,3-dihydroxy-1,4-big(diphenylphosphine)butane),

BINAP (2,2'-kis(diphenylphogphino)-1,1’ -binaphthyl}, CHIRAPHOS (

bis (diphenylphosphino)}butane), BPEM (N-t-butoxycarbonyl-2-
(diphenylphosphineo)methyl -4~ (diphenylphosphino)pyrrolidine),
BPPFA (N,N-dimethyl-1-[1',2-bis(diphenylphosphino)
ferrocenyl]ethylamine), DEGPHOS (N-benzyl-3,4-
big{diphenylphosphino)pyrreolidine), or alkyl-BpE
{bisphospheclanosthane) . Many other suitable ligands are known
in the art. Preferred catalysts are 1,2-bis{2,5-dialkvi-
phogpholano) benzene {(cyclooctadiene) rhodium (I)
trifluoromethanesulfonate, whers alk?l is a straight chain or
branched alkyl group of 1-8 carbons, optionally substituted with
an aromatic hydrocarbon such ag 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, alcchols, such as

14



WO 2005/090334 PCT/US2005/008251 methanol, ethanol, or
isopropanol, aromatic hydrocarbons, such as benzene, toluene, or
xylene, ethers such as THF, DME, or dioxane. Preferred solvents are
wiolueresossmethanol. The reaction concentration of X1V will gypieatyobeodrs1
the range of about 0.0IM to 1.0M, preferably about 0.1M to 1.OM. The
reaction temperature is usually in the range of about 00 C to about 600 C,
me tipreferablythetwebn about 20Cdpaboll 48-OmiFoicthiedseokiasisn such
I see:-G. Zhu, Z.C ~Zhang: J..Org. Chem. 9
8 bg%gog%ggio?cl\c/}l}%éurk, %363 |>1,Erlllieen>I<i @V(/.I%Q%lee%ssmaér%cﬁ Aﬁﬁeéﬁeé&%éc?r
dioxaneg), 12xe B57E6R; M IV BikR, IUE. FedstenRaVox. Nagost L., HEHew

reack AMCLGREM: =20G (4993). Adv, $0125¢1Q138; Fop the use ofxuthepium ¢

catalysts see: J.M. Brown, M. Rose, F.l. Knight, A. Wienand; Recl Trav

abouEfy BYsEad (PYospHaahie 535195 PRRUEaBu MVt OANGR M. The

readegasawaih drJakabashi, Yatichida s tetrahedrongLett£1992),33p° ¢ «o
5783-5786; U. Matteoli, V. Beghetto, A. Scrivanti; J Molecular Catalysis

abouk: ERénficalPt4d erg99) v = TBTIH[0ABP I c8RAIF ehthodhmehtst Whéh  (Fox

the thednoietyR3Jnclidesasehiralscarbon bound.to the carhopyl of they, .y, 7,
amide, Gll| has the stereochemistry shown in O R3NH2 GIV as for
0re gyl i 18 Rruifme GV ROM CONH2EERE 15 Vo Foo500354 -

KiesR@HRAS2002/808254sthe seaction(ebG4V pravides iz comppundof therik,
J.Efogggg er, W.A. Nugent, R.L. Harlow; J. Amer. Chem.

Soc.,, (1293}, 11B, 10125-10138; ¥For the use of ruthenium
catalyste see: J.M. Brown, M. Rosge, F.I. Knight, A. Wienand;
Recl Trav Chim Pays-Bas, {1%95), 114, 242-251; M. Saburi, M.
Chnuki, M. Ogasawara, T. Takahashi, Y. Uchida; Tetrahedron
Lett. (1992}, 33, 5783-5786; U. Matteoli, V. Beghetto, A.
Serivanti; J Molecular Catalysis A: Chemical 140 (198%9) 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
Ra;)\NHz

GIV

as for example in the structure GIV!

ReN._

CONH,

GIV!?
15



O OO R3>LH OR5 GV The stereoisomers of GV may be purified by
selective crystallization, dynamic crystallzation or chromatography. [046]
As described herein, R3 is any organic moiety. Specifically, it will be
wangeratangssthat the R3 group may be selected from any organig $oqigtyszs1

that is stable to conditions of the coupling reaction shown in Scheme I,
such as those conditions described herein. [047] In specific

The emabediments,themeneraiprdeess showminoSobdeme kissuseiutdor a
producing caspase inhibitors, such as_prodrugs of caspase inhibitors,
e.g., ICE inhibitors, and intermediateg thereof. In these embodiments, R3
is preferably any moiety that ctak as,a whole with the rest of the
molecule, provides such a } ypically, for caspase inhibitors, the
R3 moiety is spemﬂcallyﬁ%ferre to inthe.art as a P2, P3, P4, or
combination thereof, moiety or site. Exaﬁmles of P2, P3, P4 moieties are
described in more detail below. [048] The P. moiety terms refer to the
amino acid sequence next to the aspartyl cleavage site of a particular
caspase substrate. P1 refers to the &8partyl residue of the substrate

wheye caspasei Bsticed cienvageseuss inihe Rakalksubsiade dintbe

desi n of new, n #ﬁl\%’dlc ca(ﬁasegihlbgors the P, des nation is
STVt He?&%éa% SHEUDRChorioR bt fife ARG Aci (o PREY -
[646] beﬁem Wbbﬁth&ﬂempﬁpnalmmmﬂy Asga%m@ﬂbtghe term

spedils ’I‘?-%ety jefers 1o effier, ihg aming a¢ Se@“g\%e desc”bed abOVge

orac cal moiety known {0 replace such
selepCEA$2005/00825kganic momety that is stable to condltions of

the coupling reaction shown in Scheme I, such as those
conditions described herein.

[047] In specific embodiments, the general process shown in
Scheme 1 is useful for producing caspase inhibitors, such as
prodrugs of caspase inhibitors, e.g., ICE inhibitors, and
intermediates thereof. In these embodiments, 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,, Pi,
Py, or combination thereof, wmoiety or site. Examples of P, Ps,
P, moieties are described in more detail below.

[048] The Py molety terms refer to the amino acid sequence next to
the aspartyl cleavage site of a particular caspass substrate., Py
refers to the aspartyl residue of the substrate where caspase-
induced cleavage occurs in the natural substrate. In the design
of new, nonpeptidic casgpase inhikitors, the P, designation is
often retained to show which portion of the amino acid seguence
has been replaced by the non-peptidic moisty. As used herein,
the term “P,-P,” molety refers to either the aminc acid sequence
described above or a chemical molety known to replace such a

16



sequence for the purpose of being a caspase substrate, and in particular
an ICE substrate. [049] Examples of P2-P4 moieties that are non-peptidic
are described in US 5,919,790 (Allen et al.); US 5,874,424 (Batchelor et
wal )0ddBobs8d 7,135 (Bemis et al.); US 5,843,904 (Bemis et al)rd&onsnos2st
5,756,466 (Bemis et al.) ; US 5,716,929 (Bemis et al.); US 5, 656, 627
(Bemis et al.); WO 99/36426 (Warner- Lambert); Dolle et al., J. Med.
sequEhem. £4@, 194l (1997)sW@O8/207ME8 {ldumpi¥d 38IbE1AR {ldunindVQn

8/11129 (Id nd é% 6502 (Warner Lambert), all of which are
alt%%%rpora?( dtg;/éh?e e:é/%ea[ 0] As would be recognized by skilled

[049] pEacatipiers, aP meiklymisimdtimsceskatilyzareamine pejotrediduen For

desciDRle; 2 R4 groupcopld beAgfEried.lo as ap aryno.Capping group
(e.g., phenyl-C(O)-). Such P4 groups are exempllfled herein. T051] In

(Batghether effbGiment 4RisSnfdntion3rolRsea pedcess- tor prepariRga 204

(2emé@mpeund of forgallg XMs040:¢ RBAN K ©:Ro XV wheseinR3 698 (Bemis
P4-P3-P2 m0|ety of a caspase inhibitqr, or portion }hereof Each P2, P3,

et alnd pAGoupdnay bR InESTRbTal ifth XV Ether irididiabially oF tsdether.
LambEpréxample, +f R3 isa group otker. than=a: P2 groupi(@g., ajpretecting)y

o8 /10583 CT0.QIPUP,MAY, DE temaved, ﬁa%rov'%a%’ und Wil a.ree 13 wo

amine group. That amirie group and an appropriate P2 moiety may be
o8/ 1é§@éledwm@¢relg’im§lfaﬁﬁérrd &3dpling edriditions o BW&WM
~e FaWhgERIN R3is a P2 moiety of a caspase inhibitor. A P3 and a P4 group

may be added together or individually in a similar manner. For example,

[850] itAe phEidty isHiotsitéd etheprofetihggtobpanay tioners, a P moiety

is not necessarily an amino acid residue. For example, a P4
group could be referred to as an amino capping group {(e.g.,
phenyl-C{0}~-). Such P4 groups are exemplified herein.

[#81] In another embodiment, this inventicon provides a process

for preparing a compound of formula XVI:

N

H  O-gs

VI,
wherein R® ig a P,-P;-P, moiety of a caspass inhibitor, or portion
thereof. Each Pz, P3, and P; group may be incorporated into XVI
either individually oxr together. For exampls, 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, molety 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 Py-P;- moiety (optionally protected) may
17



be removed and a P3 or a P4-P3- moiety (optionally protected) may 17
WO 2005/090334 PCT/US2005/008251 be incorporated. If a capping
group other than a typical protecting group is desired on any of the
werminabdd24 P3, or P4 residues, such a group may be addee-toutisehyoyss:
methods known to skilled practitioners. [052] Accordingly, one
embodiment provides a process wherein R3 is a P2- moiety of a caspase

be imhihitoso{Rb3FANOtHEr£nbagiment provides aiprocesswhereindR3id a
P3-P2- moiety of a ca e.inhihitor, 4] Yet.another embodimen
POt S Vides gﬁ%&séswéegr%?nré@ 2 %%P%P%—he IL’?)}:%%%ac%s%)%se%g’ or B

provi IS a moie
res lighibitor f055] Anpttererisodibe i fieddesatproedss whereintRElds Fnown

to sR4TX:LP2moiety phaLaspase inhibitor, and wherein said moiety is one

of the groups listed in Table 1 below; or wherein said moiety is one of the .
[052] gRvepatidietiyTalsie® baloRd [0BBIAHUIRGSs andivecempodimestin R is

a p,R3i82R4-R3-P2- maighsahateinthe24 portion thereof is selected from
R-CO, ROC=0, RNHC=0, RC(0)C=0 or RS02 and R is one of the groups

(0331 hag theraaizo fosa B dFailg 46 § et aRbies etk B3 s @ Pa-Pa-

moiell¢4-RFPZ- sgisty- selpetadfrear-gne of the groups listed in Table 4. [058]
in any of the embodiments herein, R5 is alternatively an optionally

[054] o Yi5etit GYRT dtotp SRR oM RRANpREHC Gréthy catiiaroaps & is a
P, - Pheatgrocysiydaticykgronpanshar arygraisg.tlaxmore specific embodiments,

R is methyl, ethyl,.propyl, 2-propyl, butyl, pentyl, hexyl, 4-methylpentyl, .
053] oI S5 ARPRRA S ST, SRR TR T & 20-2a-

P2~ mydlehgxyimethyls shenylethyliphéeoyipropyd priesmibutyls¢dimentisly is one
of tiid- Benthd, I-adamantyl, 2zadamanyyl sipdanyl, grndanyl, DTyl i evy ig
3-tetrahydrofuranyl, benzyl, a-methylbenzyl, 4-chlorobenzyl, 4-
one of the groups listed in Table 2 below.
[056] According to another embodiment, R® is a By-P3-P,- molety
wherein the P, portion thereof is selected from R-CC, ROC=0,
RNHC=0, RC(0Q)C=0 or RS0; and R is one of the groups listed in
Table 3.
[057] According to yet another embodiment, R? is & Py-P3-Dy- moiety
gelected from one of the groups listed in Table 4.
[058] iIn any of the embodiments herein, R® is alternatively an
optionally substituted group egelected from an aliphatic group,
aralkyl group, heterocyclvlalkyl group and an aryl group. In
more specific embodiments, R® is methyl, ethyl, propyl, 2-propyl,
butyl, pentyl, hexyvi, 4-methylpentyl, Z-methylpropyl,
cyclopentyl, cyclohexyl, cyclopentylmethyl, oyclohexylimethyl,
phenylethyl, phenylipropyl, phenvlbutyl, (d&)-menthyl, {1)-
menthyl, l-adamantyl, 2-adamantyl, l-indanyl, Z-indanyl, bornyl,-
3-tetrahydrofuranyl, benzyl, o-methylbenzyl, 4-chlorcbenzyl, 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



fluorobenzyl, 4-methylbenzyl, 4-(2-propyl)benzyl, or 4-
trifluoromethylbenzyl. More specifically, R5 is ethyl or an optionally
substituted benzyl; or R5 is ethyl or benzyl. 18 WO 2005/090334
wiBGIAd52205/008251 [059] In any of the embodiments herginrXdsiosm08251
preferably Br. [060] In a specific embodiment, the invention provides a
process for preparing a compound of formula I: la 'Z'~OyN2 0 O O N~ H

[059] Cen 4 e@MmpHisiage (hERRgiing-GOMBeWAG of i@rﬁﬁy@ﬂef@r%ﬁ?o}aﬂ
and a compound of formulg Ill: ?NH2 IIl; in the presence of dium

[060] - SRalgst SR BSHadiGmaRReRE B Bhse MitioHANy Aiis PR aMidr tatalgiocess
for aneka salventdo amavistenthecdonapewiad ef formula 1. [061] According to
another embodiment, this_invention provides a process for preparing a

compound of formula I @) 2005/0 34 P8T/U82005/008251 ON
O
I
comprising:

{a) reacting a compound of formula II:

i

Br Y
\

I1;

and a compound of formula III:

o\n,f?

0% “NH,
IIT;
in the presence of a palladium catalyst, a palladium ligand, a
bage, optionally a phase transfer catalyst and a solvent to
provide the compound of formula I. '
[061] Accoxding to another embodiment, thisg invention provides a

process for preparing a compound of formula IV:

18



Ho H2N O O ?N14 CIH O IV; comprising reducing and deprotecting a

compound of formulal: N\~OUN O Op O O N-4H O~\ |to provide a

compound of formula V: HN? O O 4 O N H O- V; reacting the compound
waf tossnigla3y with cbz-tert-leucine, under appropriate couplipg-£eReitionszs:
‘to provide a compound of formulaVI: ONO OHO OON2 14 HO--\

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™~or de otectin%the cbz-protected

amine of the tert-leucine, 20 N
N
! O
H Oa\

C
Iv;

HaN

comprising reducing and deprotecting a compound of formula I:

reacting the compound of formula V with cbz-tert-leucine, under
appropriate coupling conditions, to provide a compound of

formula VI:

@/\drf:i
.

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



WO 2005/090334 PCT/US2005/008251 such as, e.g., H2, Pd/C, citrate

acid ((CO02H)2)after deprotection the resultant amine is reacted with

4-amino-3- chlorobenzoic, or a derivative thereof that is suitable for

weptpknRgyaan amine (e.g., 4-amino-3-chlorobenzoyl chloridgrAReRs g0s251

appropriate coupling conditions, to provide the compound of formula IV.

[062] According to another embodiment, the invention provides a process
suchorpreparing a Somppdind, ofdatmaulad Va & N O 425N 010 2N40.GH 0~

, ising reactin QyN? campound of formula I:1:0. O 00 N H O-\

d@pél;g&r%gg%ép?g%%ig%S%%%ﬁ%%s?%% %s,lusn e?ac%%l io“rﬁzs%é}‘uﬁé’ki’?g”tﬁlc’"3 -
chlospiereanecbzaroap dt e pioine reskierfo Providesa sompabihd dfor
coufoiyaiHNG -0 QN b O\ Vil iragling the sampound gioupuialh. ),

with cbz-tert-leucine, under appropriate coupling conditions, to provide a
und?ﬁnﬂﬂﬁﬁﬂ?Eﬂ?&ﬁhﬁ&Wﬂﬁ%?ﬁ conditions, to provide the compound

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

process for preparing a compound of formula IV:

o]
O
N
H
Cl O\\

IV;

comprising reacting a compound of formula I:

R e
g

L;
under deprotection conditions, that isg, under conditions
suitable to remove the cbz group of the proline residus, to
provide a compound of formula VII:
O
HN
| ©
®] N
H Om\
VII;
reacting the compound of formula VII with cbz-tert-leucine,

under appropriate coupling conditions, to provide a compound of

formula VIII:

21



WO 2005/090334 PCT/US2005/008251 ONO O 1\O~-HI OONH

O-~ VIII; reducing and deprotecting the compound of formula VIl to

provide a compound of formula IX: O HZN N2 OO N 40 HO IX; and
weagig@ompound of formula 1X and 4-amino-3-chlorobepzqigsagisodis:

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 alsopfdvides a compound of formula X,

wherein the compound is epaﬁg actordijg tq the pnethods herein: O
R6-NO 2111 0N 5 )@Whef}?in: T o
M\

© o7~
H

VIII;
reducing and deprotecting the compound of formula VIIT to

provide a compound of formula IX:

\

IX; and
reacting a compound of formula IX and 4-amino-3-chlorcbenzoic
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:
RE~-N
| ©
o7 "N
H O~pb
b 4
wherein:

R® is an opticnally substituted group selected from an
aliphatic group, aralkyl group, heterocyclylalkyl group or aryl
group; and

R® is H or an amine capping group.

22



R5 is an optionally substituted group selected from an aliphatic group,
aralkyl group, heterocyclylalkyl group or aryl group; and R6 is H or an
amine capping group. 22 WO 2005/090334 PCP/1S2005/008251 [064]

wihenpreaasses described herein are useful'for producing a efkorpdla bods:
QOyN? O O O NHO-\ 1[065] The process may also be used to produce

substantially pure, diastereomers of compound | shown as formulae 1A,

[064] IBrAC, 86 J0s SN/ @ 04133 MO-I0L4R O G A NONH Qi Hng &
O~\ | IBII:ZI~OyNOI/YN-'O JOONOO'N-~b-CO\IDHO~

of formula
O
S
19 @s;
0] N
H O\\

I

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

IDb.

Gyt Doy d
o =

Ia IB
wrfﬁo T?ﬁo
O o7 Y O oI
H O H 0

IC ‘\ ID \\

[066] Scheme 1 may also produce a mixture of diastersomers IA and

Ic:

23



[066] Scheme 1 may also produce a mixture of diastereomers IA and IC:
COyN O O 0ONHO IA/C 23 WO 2005/090334 PCT/US2005/008251
[067] According to another embodiment, this invention provides a process

wionpreparng a compound of formula IA: 0~~OY N O O O Noblr@sddHoog2s:
comprising the step of selectively crystallizing a compound of formula: O
QOyN? O 00 N H O-~ IA/C from toluene. [068] This selective
[067] Chstallization sten-epmpases-eambinipgthe cpmwoRdaffompulsdAG des a
ie., %mixture of IA and IC) and tolgr:ang (either at room temperature or
P Boveand WRATNGThE comBinato \Cl?/’fth%‘ﬁ?’ﬁﬁgllao di&olve the

compound of formula nd cooling the combination with stirring. Upon
cooling, the compounf of fgrmula IA iﬂo ainedas a crystalline solid
(about 96:4 to about 973 e%.\n/
0 L_° ‘
07N
H OH\

Ia
comprising the step of selectively crystallizing a compound

of formula:

IA/C
from tcluene.
[068] This selective crystallization step comprises combining the
compound of formula IA/C (i.e., a mixture of IA and IC) and
tocluene (either at'romn temperature or above) and warming the
combination with stirring to dissolve the compound of formula
I2/C and cooling the combination with stirring. Upon cooling,
the compound of formula IA is cbtained as & crystalline solid
(about 96:4 to about 87:3 mixture) .
[069] According still to another embodiment, this invention

provides a process for preparing a compound of formula IA:

oy P

8]

a

Ia
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[069] According still to another embodiment, this invention provides a
process for preparing a compound of formula IA: COyN? [/ O O N ate.../ H
O-\ 1A 24 WO 2005/090334 PCT/US2005/008251 comprising the step of
waynarigegsystallization of a compound of formula: QOyN? Q@625 dshs1
O- IA/C under in the presence of a Lewis acid and a solvent , optionally
including a protic acid. In certain embodiments, the dynamic
crystallizationismpesformeed with M@alk}d)%h@t@ﬂ%ﬂﬂﬁh@r of a

embgdlrgegts déﬁlamlc crystallization is performed with a lewis acid in a

cemPsvent contalnlng a protlc aC|d such as HCI, HBr, triflic acid, sulfuric acid,

phosphoric acid, or combjn
embodiments, the isomer§
known chromatographic mée

s thereof. [070] In still other

od

by the structure: OOyN? O 0 O NO O HB

IA/C

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

embodiments of this

d I(D%]ﬁ r|f| and isolated by
invention involving a compound of for o of | is represented

including a protic acid. In certain embodiments, the dynamic

crystallization is performed with Al {Calkyl):; in toluene.

In

other embodimentsg, dynamic crystallization is performed with a

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

HBr, triflic acid, sulfuric acid, phosphoric acid, or

combinations thereof.

[6701 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 invelving a

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

gtructure:

IA.

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

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

gstructure:

25



[072] In any of the embodiments of this invention involving a compound of
formula 11, one form of 1l is represented by the structure: 25 WO
2005/090334 PCT/t7S2005/008251 0 O Br O IIA. [073] In any of the

wambgdisaents of this invention involving a compound of formugg i, QRBes2s1
form of Ill is represented by the structure: OT N O O NH2 1lIA; [074] In

any of the embodiments of this invention involving a compound of formula
IV, one form of 1V is represented by th@ structure: O O JCHNH2N/O
ONO CIHO IVA. [075] In any of embodiments of this invention
involving a compound of formula V. lon@ form of V is represented by the
structure: HNO O ONHO Br 3

\,\

ITA.

{073] In any of the embodiments of this invention involving a

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

O

O 6P NH,

structure:

IIIA;

[674] In any of the embodiments of thig invention involving a

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

o
O
N
O
HoN O E
Ci O‘\

IVa,

gtructure:

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

compound of formula V, one form of V ig represented by the

structure:

VA.
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VA. 26 WO 2005/090334 PCT/US2005/008251 [076] In any of the
embodiments of this invention involving a compound of formula VI, one
form of VI is represented by the structure: OO ONNHO O0ONHO-\

Wl Aved@908k4n any of the embodiments of this invention involyiRg@»eesoos251
compound of formula VII, one form of VIl is represented by structure: HN

0 ONHO1 VIIA. [078] In any of the embodiments of this invention
[076] INMoIiAg & compounaeidonania VHE angformmefdl isreprasented:by o

stru tur%: % O)~HNQ O6 OONH O---‘}IVI,VA. [079] in any of the
Comp%ﬁﬁbgoo‘f e ?&%‘Pmﬁsﬁxenﬂ%ﬁ ingolingfa VT S Tepresented by the

structure:
Q
J X N DY 7
O() N
H 05\

VIA

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

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

N
o
M
.

VIIA.

structure:

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

structure:

AR

VIIIA.

[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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compound of formula IX, one form of IX is represented by structure: 27
WO 2005/090334 PCT/US2005/008251 NO H2N O 0O NH 0 IXA.
[080] Also provided are compounds formula XA, XB, XC, or XD, wherein
wibeweyesdnd is prepared according to the methods hereirgGrR s RBEMNos2s1
S-NOsS-NRs-NOROROO ONONO-"-NO--~NHO-R5HO-R5H
0-R5 H O-R5 XA, XB, XC, or XD wherein: R5 is optionally substituted
aliphatic, aralkyl, or aryl; and R6 is H or an amine capping group. [081] In
one embodiment, R5 is an opgdnally_substituted group selected from an
aliphatic group, aralkyl group, ! hetegocyclylalikyl group and an aryl group.
[082] In another embodinhelht, R%is ngéthyt; éthyl, propyl, 2- propyl, butyl,
pentyl, hexyl, 4-methylpentyl, z-m% /" cyclopentyl, cyclohexyl,
cyclopentylmethyl, cyclohexylmethyl, phen yl, phenylpropyl,
phenylbutyl, (d)-menthyl, (1)- menthyl, 1-adamantyl, 2-adamantyl,
1-indanyl, 2-i.ndanyl, bornyl, 3-tet drofuranyl, benzyl, a-methylbenzyl,
4-chlorobenzyl, 4- fluorobenzyl, 4-méthylbenzyl, 4-(2-propyl)benzyl, or 4-
[08¢] ARlso provided are compounds formula Xa, XB, XC, or XD,

wherein the compound iz prepared according to the methods

herein;:

O N z O N =
H O‘--Rﬁ H O...RS H O._R5 H O‘-Rs
A, %R, XC, or D
wherein:

R® is opﬁionally 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-methvipropyl,
cyclopentyl, cyclohexyl, cyclopentylmethyl, oyelohexylmethyl,
phenylethyl, phenylpropyl, phenylbutyl, {(d}-menthyl, (1)-
menthyl, l-adamantyl, 2-adamantyl, l-indanyl, 2-indanyl, bornyl,
3-tetrahydrofuranyl, benzyl, ¢-methylbenzyvl, 4-chlorcbenzyl, 4-
fluorobenzyl, 4-methylbenzyl, 4-{2-propyl)benzyl, or 4-
trifluoromethylbenzyl.
[083] In another embodiment, R® is ethyl or an optiocnally
substituted benzyl.
[084] In yet another embodiment, R® ig ethyl or benzyl.
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trifluoromethylbenzyl. [083] in another embodiment, R5 is ethyl or an
optionally substituted benzyl. [084] In yet another embodiment, R5 is
ethyl or benzyl. 28 WO 2005/090334 PCT/US2005/008251 [085) In one

wambedisoent of this invention, R6 is an amine capping groupe¢angsdas/ons2s1
amine capping group is -C(O)R7 or -C(O)OR’, and the R7 is (C6-C10)
-aryl- or (C6-C10)-aryl-(C1-C12)aliphatic- , wherein the aryl is optionally
[085] Substitutedninenadamd this ambediment o&(OOR s WherainRdS capping
optionally substituted benzyl, preferabl benéyl. {08,6] Any amines.,
ITOUR, FRth i s HERLAL SRS, (Fay BB ved Witl 'dt withoutisStatRrfrdrd the

R’ istheseaction-mixtire ckhel desiet 0caspase-nhibiton piadrtigiaay be , wherein
rjved from,.e.q..-\V, VI, Qr fr ine f XIV_(either as icted or in
che at%sé re:L uc%n%%(?rgn%fé at%g%hﬁt%gt Lg%%?oper%teoﬁz f—g%logc: P3-P4
embodditaty., A SGpRR] of Biramine With seciPRTH oy Mayshbesiiatcoed
venzydSingthe correspanding garboxylic acid, or reactive equivalent thereof,
under standard amJ.de bond-forming or coupling conditions. A typical
[086]  AaypirpirariRRbACKEes ZSuRSEIET $69Ent e Ain@ay akoricmrhtishc b

or wikaiiging en abosh0de LW, prefertly, ahoutdddo 1.0M, tes ired
rsegugheigarboxyllc id, a base %nd ape tld% (gg}gllng reagent, [087] If

caspa

§7 aming s tRedRFRTe S sbRston” the &8 dpim Ve Taffted dutin &ty

the firsthessolventod thigVeactiddmixture ubscl aithd preparatidreofthduamsde,

form) ObY %%L%ﬁ%dﬁolé’ﬁgt-a i reagtion mixtyre, ghe E?Q“b%%?%?o%%ety.
acid may be added and the reaction maintained ata temperature in the

A coughgee oP bt T 0'EL refétablyhetwéel abegy 2bgo eboui 4 Gut

using | Redaseand peptidesodpingdeagent afeithen addedtothe mbdWesalent
the re\év? i,Chuiz?dn;g inéggggaagda ta(__:lrrrtn J'P géa%lé%gl —t? g rrrglggge; chr coupling
conditiong. A typical coupling reaction includes a suitable
solvent, the amine in a corncentration ranging from about 0.0l to
10M, preferably about 0.1 Lo 1.0M, the requisite carboxylic
acid, a base and a peptide coupling reagent.

[087] If an amine is used without isolation, the coupling may be
carried out in situ in the solvent of the reaction mixture used
in the preparation of the amine, or in a different solvent. To

thisg reaction mixture, the reqguisite carboxylic acid may be
added and the reaction maimntained 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, DBRU,
DBN, N-methylimidazole, preferably triethylamine or
diisopropylethylamine. The amount of base used is generally up

to about 20 eguivalents pex eguivalent of the amine (e.g., IV),
29



about 0 to about 60C, preferably between about 20 to about 40C. The
base is typically a tertiary amine base, such as triethylamine,
diisopropylethylamine, N-methylmorpholine, DBU, DBN,

wid-toethyiinnidazole, preferably triethylamine or diisopropylegylasmaboes diass:
amount of base used is generally up to about 20 equivalents per

equivalent of the amine (e.g., IV), 29 WO 2005/090334
pJ_efEEﬁWﬁZ@@SM@Sl&W@r&M@&M@Mtchewﬂ%@entSE&fab@ﬁeas of

s of. eptlde co ts_include DCC
PePtE icyclo 4’% ><9y é%#boﬁﬁ% jrl%)é Sigugégpr%%glcarbodl|m|de) di-p-
(di Wﬂﬁ@@%@ﬂélbeﬁmwmeszbettmtpﬂowhbmiiamlde di-p-

to1@{,@%@%@@1%%9hﬁ'rlib/'qti‘yi%%%@%i’ﬂ%hJ.E'%Qe(éh(ﬁphosphate 1-
dlmethe)( mlnopropyi 3-ethyl-carbodiimide hydrochloride), Cyanuric

cycl c@ahﬁﬁ@%ﬂé%@?%ﬁéﬁhﬁ%ﬂﬁ?ﬂ#m?maﬁﬂﬁinﬂm 3-

dlmeht;a&armﬁaiﬁ&@{aaspjw&hﬂiﬁr%r@&@ga%ﬂmlaﬁow@éml&QF,’
enzoiriazo oxytris(aimethylamino)phosphonium

cyanl(zllex é:fluoirgﬁﬁé &atgyaél‘ﬁ:l:bc C%TOI‘:LCE&, '%:T‘FH (tetramethyl

£ Luof@-hermatriazobi-yd- Mak Alf Notetrarhe tinoegsiiame hexafirsrophosphate),

dlpi@%%%@%&% @QE%@E'EN NN te gxqgg%@y%griiym tetrafluoroborate

succmlmldy )-N,N, N ‘-tetramethyluronium
ylox@@|%m§t§jlﬂwm phosphon:z,um hexafluorophosphate) HBTY

(0- b@&i@&%@ﬁ%@mmq)ilﬁ -, A:3-Iazalal4 5l pyridina yimethylene;
-(%[ meth ana inium hexaflugrophosphate N- OX|de) BOP-CI
hexa 3

aaz% fidinyhphosphinteaighteiaysory L “N,N, N7, N -
tetr@(melﬁkﬂyz&b@nz,mtnawziagﬂé)q@ﬂubwwldlno)p%msphonuam
Ig I h te). Br im thI mlno hos honium
= oo *‘bé%%%%%fp OSplions QIR
HATU. ﬁsitﬁéﬁﬂﬁﬁ?ﬁfﬂfﬁ&@m -oheFPYBIOP- {bicraeiR (4, 5, 61 ~pyridin-1-

ylmeepmc&k@éqmha&&@@%@tﬁ%@l&&&%@%&@@ié?%ﬂd%&&oﬁ bkige,
BOD- 2 g/Br P are preferredég)ﬁﬁ%dec bgh&g reagents. The amount of
B&ptide AR reagert 7 &¥an 1¢ chloride), PYBOP

{((1-H-1,2,3-benzotriazcl-1-yloxy)-tris(pyrrolidine)phosphonium
tetrafluorophopaphate), BrOP

(bromotris (dimethylamino)phosphonium hexafluorophosphate), IDEPBT
{3~ (diethoxyphosphoryloxy) -1, 2, 3-benzotriazin-4 (3H) ~one) PyBzOP
(bromotris (pyrrolidino) phosgphonium hexafliuorophosphate). EDC,
HOAT, BOP-Cl and PyBrOP are preferred peptide coupling reagents.
The amount of peptide coupling reagent is in the range of albout
1.0 to about 10.0 eguivalents. Optional reagents that may ke
uged in the amide bond-forming reaction include DMAP {4-
dimethylaminopyridine) or active ester reagents, such as HORBT
{(1-hydroxybenzotriazole), HOAT (hydroxvazabenzotriazole), HOSu
{hydroxysuccinimide), HONB ({endo-N-hydroxy-5-norbornene-2,3—
dicarboxamide), in amounts ranging from about 1.0 to about 310.0

equivalents.
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1..0 to about 10.0 equivalents. Optional reagents that may be used in the
amide bond-forming reaction include DMAP (4- dimethylaminopyri dine) or
active ester reagents, such as HOST (1-hydroxybenzotriazole), HOAT
wOvdsesygzabenzotriazole), HOSu (hydroxysuccinimide), HeWNG s2a05/608251
(endo-N-hydroxy-5-norbornene-2,3- dicarboxamide), in amounts ranging
from about 1.0 to about 10.0 equivalents. 30 WO 2005/090334
[088] Pm i@@ﬁ@eﬁwﬁgﬁhﬂéB&laA*texaaavelanoa@lmw treahan apigewitha

tiv uivalent of the R3COOH arbox aC|d such as P2-, P3-P2-,
3 &Qcﬁ)@%{hecraé |sa Up%ﬁé‘rﬂsarﬁopé fealive " OF

Pa- Pihﬁ@»@@@lﬂlm tham@npllﬂgﬁeacﬁoﬂsEmamp&&@oﬁ,lﬁ(stx gatpSreactive

than' W@%@ﬁ% ge%gﬁO)Ré%gra&phaﬂcfm 2yl Shi exoups

SR, Ar or chemica ups are knownt at
inc lyé%s@@%@ﬁqe@@rﬁzxpomor%f tHe I oreaBpd&e mribilatprotirugr

aryiFrxamplesafl sueh.P3:R2-groups are shown in Table 1 as part of a
P4-P3-P2- moiety. 0 0 P4 P3P NHOR' Table 1. P4-P3-P2- Groups

[089] AAaiBax P2 MRl IEPPRINATR-JOM2M BRAAZTEYOPe\ a3ed as
the A2-A2- NyoteHZAN N ALPAMY oty NYAAZBRANA ©: P4 Nk odrug.

Examples of such P;-P;- groups are shown in Table 1 as part of a

EC_{U.:LV

Py-P3~Pp- moiety.

QO
I If
P,—P5-P N
4 32 H ORS
Table 1. P:-P3-Ps- Groups
X
e el e o A2 [ _foran
~ 4~
WY oy i G
| O Ad Hoo o)
‘ & b c

w2
!
prad
Z—2>
(&)
T
.
0
£
7
Iz
@]
3
-
i
A
© L
< N\
b
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def 31 WO 2005/090334 PCT/US2005/008251 q\; RRs A2 X (-1 N,R6
P41P4-N/\' N/ \N~N~AA2 HO N(ONH O AA2 P4H gh R5 A2y (CH2)n
1?PANN~N-~N NH PANP4-NOHOHKZ (CH2)n'66 PAHN-NS

wB4aMNEANMsHE4NNH 00 AA2 mno R5R7 R6 AA3 ~(R6 BdrN2dbdbidrs:
YX NOHO R4HPr where nis zero to three; AA refers to an amino
acid side chain;

5
"'"/R X—\/R5 A2 Re
Py N
P4\N

!
No__-Ahg
N T (T
H

M g Aby
h i
A
5 2
7 N / N? P4\N N\ﬁ
N 5
P‘“N N~ Pimpf jg 0
H o H
. k 1
CH Yo RE
N (}ig A
l
AN } Fas N P N
N NH \i 4~y \l/
O H 0
O 2
1] n o
5
RS R7 = R®
NS N A N=(
Z N Pas N N \(
{ N \ H
Rs H o o
P q r

where n is zero to three; AA refers to an amino acid side chain;
X is N, O, §, SO, 80;, CHF, CFi;, C(R%;, C=0, or C=NOR; 2% is O, S
or Hy; ¥ ig W or CH; R is hydrogen, C;.iz alkyl group, aryl group,
or heterocaryl group, the R groups being optionally substituted
with one or more halogen; R® ig an alkyl having one to six
carbons; R* is R-CO, ROC=0C, RNHC=0, RC(0)C=C, or RSC;; and R® is
hydrogen, haloc, alkyl, alkoxy, haloalkyl, haloalkoxy, amino,
phenyl, phenoxy, hydroxy, alkoxycarbonyl, carboxyl,
alkvlicarbonyl, alkylsulfonyl, alkylsulfoxyl, alkylcarbonylamine,
alkylcarbonylalkylanmine, alkylaminoc, dialkylamino,

aminosulfonyl, or cyanc; and R® and R’ are independently selected
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Xis N, 0, S, SO, S02, CHF, CF2, C(R3)2, C=0, or C=NOR; A2is 0, S or
H2; Y is N or CH; R is hydrogen, 0112 alkyl group, aryl group, or
heteroaryl group, the R groups being optionally substituted with one or
waareswalagen; R3 is an alkyl having one to six carbons; R4pis1R:600s/008251
ROC=0, RNHC=0, RC(0O)C=0, or RS02; and R5 is hydrogen, halo, alkyl,
alkoxy, haloalkyl, haloalkoxy, amino, phenyl, phenoxy, hydroxy,
fromakhxy@agbgnyﬁ,e&aébawly]a,lkyacarbpradkglkylwhﬁonyl alkylsulfoxyl,

Icarbonylami lkylcar nyIaIk in Qlk lamino, dialkylamino,
(Cl"lgrlr%%%gﬁl%ngl‘lp orrf(j:g2 aiano andt() nie?ﬁﬁae%engggﬂy selected 32

[056] V\P@M@%E4RCHHS@@@5M&Z& ftoon R 3 arylabeterparyl, (C1-12
alﬂ i‘@’l’z (C132 g%%%/cﬁg@d s (%1 12 alkyl)heteroaryl. [0901

2. Table 2. Preferred
P4-P3-P2- Groups P4 H O N~ P4\NNP4H IOI a-ib-ic-i Fn P4.N

b P44NII/N P4 N /N \ O 020304C O Pa.PA.NFNH
“NO EB\H54 HOI cp;c- i N 0 CH3 4‘
o
a~-1 b-3i c-1
PA-. q Pa~ Jﬁ‘r \<< Pa- %‘r q
c-2 - -4
B 0
CHq F N
P‘t\ﬁ)\ﬂ,l\] P4\ N
B
O 4 g O
c-5 c-6 d-1
Q O
N B CH3
P4
P4--N N ﬁ 7-// F’4~..N \r
H 8] Q
a-2 e-1 £-1
0O HaG 'e)
Ho N "N (ZLN ot
B LH,N N CHs
PMN AN Q\ﬁ \:/ Pa~n \\( \r
H O BH,
g~1 h-1 i-1
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NONP4ANNNCH3"HHOP4 HGI //d-2 e-if-l /-/<H3COHON
NCH3 P4N N P4H H(N~ N~N1CH3 0 P4-N O H O CH3H g-1 h-ii-1 33
WO 2005/090334 PCT/1S2005/008251 0 N (A N P4.N I N Nom{ H 9 P4.

whs RbstoliBsH H 0 0 j-1 k-i 1-i N: S 1 N gN- PAH 11 v P4 NN:-Sopdok2s:
OHO0O0 1-2m-1m-2 Np4 HN1 I\PANNOPANN, HO H 0 0-i 0-2
0-3 SO20H3 i

()

oy w? %f?

P4\N N\/ Pd'HN
H 0o
- k-1 1-1
IN\ S S
o) 4“& 0 75
1-2 m-1 m-2
F
X
Py~ I N N\
N \I/ EN = | N
H
o-1 o-2 o=-3
S0O,CH3
m ICH
I}! P@\N N p4\
p~1 ag-1 r-1
HaN Ojf
P
N= £ N
P8 N %:-T
Py~ H
O
r-2 n-1

where R® is an optionally substituted benzyl as des cribed
below or 2-indanyl, and the P; molety ig represented by R-T-,
wherein R~T~ iz R-~CO, ROC=0, RNHC=0, RC(Q)C=0, or RSO,.

[691] Preferred R groups of P, are shown in Table 3.
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N~.,, CH3 NP41NNP4NNCH3HOHO P-1g-1r-1 HZN O N P4 cNT
P4-N NS HO HOr-2n-1where R6 is an optionally substituted benzyl as
des cribed below or 2-indanyl, and the P4 moiety is represented by R-T-,
woheigi@sT - is R-CO, ROC=0, RNHC=0, RC(0)C=0, or RgqA; {89 bus251
Preferred R groups of P4 are shown in Table 3. 34 WO 2005/090334
PCT/US2005/008251 0 O O R-T-P3P2N 4 HOR2 Table 3. Preferred R
Groups of P4 CH3 CIOCI CI1/F 100 101 1¥2 103 104 CI Cl I H2N CI
H3C ~OHO/0/ CICICICICI 105 106 08109 / FI/H3C/N/

HO"1/10'110 111 112 113 114 P’U\N
PyP2 N OR?

Table 3. Preferred R Groups of P,

CH,

o & E::r o
ey ey
O T S e

110 111 112 113 114
HsC ch C‘ /@/
~ HO
HZN/Q/ HO ; (8] ; HZNU &
F CH3 CHB Ci
117 lig 120
2 OO LT L)
HENTKCK \OJ\HN \‘NJ\HN HzC‘S
o} H O
121 122 123 124
0
s WS O
CHg H3C {:]J 02
OH Ci
1258 126 127 128
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H3C H3C CIH2N I/HO q/\O1/H2N CI NO | F CH3 CH3 CI 115 116
117119120 1/1~0O11HN/NxHN/H3CS H2N 11 O0H 02 121 122 123
124 O: | CH3 H3C N~/H2N.S1/CO 02 OHH Ci 125 126 127 128 35

WYQRA0549P0334 PCT/US2005/008251 F\ We CI\ CI 0\ \ pidjdkhibb feds1
/1] OMe We CI 129 130 131 132133 0Y /~/ 1/ I/ N N-, H2N CI OH H

HN i 134 135 136 137 138 \\i\\1\~N 61 139 140 141 142 143 CT-12

Sl s &

129 130 131 132 133

HN—< PUN & OH

134 135 136 137 138
O DN @
= - N
139 140 141 142 143
! ]
Cy-10 Alkyl (l\/jj (LN b f\
1712 AIRY
N N A Neo w/
0
144 145 146 147 148
N s o
\> \©:> \@[ 0. S
Y/ Y/,
N N N> W W
149 150 151 152 153
o’“j
(J/ Oy O
o)
155 157
£ @ Q/ ¢
HoG ™ N LN~ &_}r/
Cl :
158 159 160

[092] In specific embodiments, R-T- is R-CO where R is 1-

naphthyl, 2-naphthyl, l-isoquinolinyl, or
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N NON 0144145146 147 148 \N\OO S N N>NH 149 150 151 152
153~ N O 154 155 156 157 H3CH /0 H 158 159 160 [0921 In specific
embodiments, R-T- is R-CO where R is 1- naphthyl, 2-naphthyl,

whisagwinesinyl, or 36 WO 2005/090334 PCT/US2005/00825BréhéMsrsi
where positions 3 and 5 of R are independently and optionally substituted
by halogen, preferably chloro, or CI-3 alkyl, and position 4 is optionally

3 ~~sybstituted by amino, acetamido, hydroxy or methoxy. [093] The most
eferred P4-P3-P2- groups are shown in Table 4. Table 4. Most

Preferred P4-P3-P2- Groups N ERs O HR)~HN(N,,rQN--~ ORNR
5 wkere posflion& £ and 5 of R éée igdeégndently and
cptionally substituted by halogen, preferably chloro, or s

alkyl, and position 4 is optionally substituted by amino,

acetamido, hydroxy or methoxy.
[093] The most preferred P.-P3-P;- groups are shown in Table 4.

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

&
/i\ i}:%/ﬁ 0 §;;> O
R HN 7/ ] J\ﬁj:,('\t\/ R)L IKN\/

's) N
0 "0
a-la b-la b-1b
O e
N—( > o—< >
i EP j)\ L‘(N i S\r“
M R HN R”OHN j
R HN O O ﬁw o
d-la g-la g-2a

O O
c-2a c=-Ta a-la
O
A
)
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 1471,
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HOO a-lab-lab-lb OR4NOOV OONR-KHN R HN R HN d-la g-la
g-2a O 1 O O RHN Nom/ RKN(NR RN N7 OH O Ho-2ac-7ac-la 'Y,NN
RA H O c-6a where R is, referring to Table 3, one of the following

waresRgiedHq, 105, 107, 108, 114, 117, 119, 126, 136, 139, 140y anchddders1
37 WO 2005/090334 PCT/US2005/008251 [094] In attaching the
P4-P3-P2- moiety, or portion thereof, the moiety may be attached in one

[094] piege astf subugits 1of tmngi@ty— My be-pdded ipa-saquential Masner « he
s descrihed above. Fo exa %e Cbz-protected proline may be coupled

moigf XV {or | E?Qsali—st%fﬁy?’ with 17 & 1§ﬁ3 GgB &8 rR%%@%]"EﬁePFerﬁ@@al%‘?lety
may ﬂble Glozigrbuip; aaP 3 eR3:PAahoistyuneay be attacheibbyl alkytation orFor

exam$g£§“Q&§tg@3§QH@%@ug%%%&ne may be coupled to XV (or if R® is

ethyl with II):
O
@ ﬁo
zZ N
o H O-pt

[095] After removal of the Cbz group, a P; or P;-P; moiety may be
attached by alkylation or acylation of the proline nitrogen.

[086] In certain embodiments, methods of the present process

proceed through the butenoclactone XV where X is chloro, bromo or

s,

O-~p’

iodo:

XV,
A preferred starting butenclactone ig the bromofuranone XV
(wherein X = Br), which may be obtained according to Escobar et
al., An. Quim., 1S71, 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.
[897] ARlso within the scope of this invention, another embodiment
of the coupling reaction of an amine proceeds by acylation of
the anion of the amine uging a reactive eguivalent of the
carboxylic acid, such ag Pyo~, P3-P3-, 0r Pu-P3;-B4-C(=0)%, whers
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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[096] In certain embodiments, methods of the present process proceed

through the butenolactone XV where X is chloro, bromo or iodo: 0 1,0

Q--R5 XV. A preferred starting butenolactone is the bromofuranone XV

wavhegains4 Br), which may be obtained according to Escopaggt2ahs/MRzs1

Quim., 1971, 67, 43. Alternatively, other reactants of the formula GIIA and

GIIB may be commercially available or produced from know methods.
baseSee Horerdmpley S Comprehessivies OrganicsEranstarmationss A Guigeres1

i, r patgtions,”. 2nd Editign, by Richard C. Larocﬁ

o SRk 88, A6 A ooy A ot (RE bpB ST Ths Mrcioh: €=t
butyinstheeambadimest of frslsogpimpreactiondf araimoe procectslyene,
xyled@jation el ihie sainokinsapiigusing a-ieactive cauivalentoing .
carboxylic acid, such as P2-, P2-P3-, or P2-P3-P4-C(=0)X, where
cahEIL SRE AL BH6VE-HRE SRRRFFof (RE SRS TFeR BbReRRATSRES
suchby treating the amine in ameh@ntvéth 3Ry sui{akle;38.-WR 20854090334

PCT/US2005/008251 bhase. Examples of solvents that may be used
tol " 1 . e 3
° ui%%ﬁjd%let%érceﬁ}i &5 Wgrgt%as%%h asrg ‘?ﬁﬁ‘—a E AR tisiinstAting the

aniomeimitadeboybetiir; aroeatichylirosarbons; Such:assenzengydride, an
aLialPluane. xyiene alggenaled hdiogaiipns, sugh.gs disnigromenang,
carbon tetrachloride, dichloroethane; or other organic soJIvents, 'such as

methy detonkiEY Prefefrdarsoivantsinéhie FiF 2BME Liolgend opmide, such as
11 thdighloromethiane. Suitafie basesforgenaratingthe1anioningydgorganic
diisRases su.i%h a%gn %I%ali I ertal h)é ridle, an alléiali metal tert-butoxide, an

dﬁyfg anﬁﬁtldﬁhsu&ﬁasame yipilperidina, Preferred basss
include lithium bis{trimethylsilvl)amide, lithium
diisopropylamide, or lithium tetramethylpiperidine. The anion

of the amine is treated with the carboxylic acid equivalent at a
reaction temperature that may be in the range of about -78°C to
120°C, preferably between about 0°C to §0°C.

098] Reduction conditions for reducing the double bond in the
furanone ring may also be used as deprotection conditions. For
example, when R’ (im 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
butenolactcone is first coupled to a caspase P, or Py moiety and
then the ring double bond iz 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:

8]
8]
O
RSJLNﬁ?
H O~RS



methyl-, butyl- or phenyllithium; an alkali metal amide, such as lithium-,

sodium- or potassium bis(trimethylsilyl)amide, diisopropylamide, or

tetramethylpiperidine. Preferred bases include lithium
wiseroeatidsilyl)amide, lithium diisopropylamide, or lithiumpcr/isz200s/008251

tetramethylpiperidine. The anion of the amine is treated with the

carboxylic acid equivalent at a reaction temperature that may be in the

wherange®T aboui -Z§Crp- H206 prefewmbly betvaen-abautN@ 16 £0C. 4838, -, -

. Reductio nditions for_reducing the double bond in the fyranone ring _ .
P2 lsméjy_ugdsg (éqf—ilsgegag3 as§ deﬁ%oﬁéﬁgﬁo%sco%%‘%tioong E%ﬁ‘exalj’mpl%l% \ﬁﬁeﬁ?{;}(‘?ﬁ ined
heredV) o R6 (in99hsthz seohdiienymayebe Usedtocreddcadhe dotide methods
herd2@Nd and to also remove the cbz group. [099] Methods herein describe a
sequence in which the butenolactone is first coupled to a caspase P, or
[0101p TR SRoibTyand: ithen abe vingrdolitle Honadhs veduse E Mtaynativalynthea
comg8aHElieF and coupling-tray be performed in reverse order. [0100] In still
another embodiment, this invention provides a process for preparing a
compound of formula XVI: O 0 0 R3 H O-R5 XVI; 39 WO
2005/090334 PCT/US2005/005 erei is af4-P3-P2 moiety of a
caspase inhibitor, the P4-P3 2, thé P4 is 108 of Table
3, R5 is as defined here ., ethyl) amd t pﬁs&; is according to the
methods herein. [04Q4] Thiginvention alsoPronideda process for
preparing a compound of fgrmula IVA: H O~\

IVA;

comprising selective crystallization of a compound of formula:

D
L

Ia/C

from tolusne.

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

formula IVA:
O
O
N
O
HaN o) ﬁ
ol o\\

IVA;

compriges dynamic crystallization of a compound of formula:

£0



OO \NNIHOH2N/0 O N CI H O~ IVA,; comprising selective
crystallization of a compound of formula: CON4 YOO N H O IA/C from
toluene. [0102] Alternatively, a process for preparing a compound of
wiarmdashyA: ON O HO H2N/0 O N CI 0--\ IVA; comprisesaypadmiSoogasi
crystallization of a compound of formula: 40 WO 2005/090334
PCTJUS2005/008251 OyN O O O N H O IA/C by contacting the mixture

of IA/C with a Lewis acidixg solvent optionally including a protic acid.
[01031 This invention avides a procass forrpreparing a

e N
b /[/;o
\\

Ia/cC
by contacting the mixture of IA/C with a Lewlisg acid in a solvent

cptionally including a protic acid.

[0103] This invention also provides a process for preparing a
compound of formula IVA:

IVE;

comprisging, reacting a compound of formula II:

| ©
Br
O\\
IL;
and a compound of formula IITI:

Q/o\n/m
© 07 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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compound of formula IVA: ONO \HNHZN!OONO CIHO IVA;
comprising, reacting a compound of formula ll: O O Br O-~ 1l; and a
compound of formula Ill: QOyN? O O NH2 lll; in the presence of a

wioadtadisusgatalyst, a palladium ligand, and a base in a solvept-@REQRANY51
including a phase transfer catalyst. 41 WO 2005/090334

PCT/US2005/008251 [01041 Also provided are methods of preparing the
[0104¢Qurespancing Rddehyde errppourd ¢8f @ dspaWl) By these preGasSeSnRoh

=1 Lo ek Bnding Saghy e oo BBanH- GREFEBY coring
exampésuravonetosh didehydeafddd5ddnandther embadimentpthisicion, may
be CENSIURLEQN165,2 RLAGSAS, [URIEA"Y RSRMRCUIR SLIRE AN O 1y
converting the furanone to an aldehyde. :
[0105] In another embodiment, this invention provides a process

for preparing a compound of formula XVI:

9]
0
@)
RI A~y
H O~p5
XVL;

wherein R® is a P,-P;~P, moiety of a caspase inhibitor, the D.-P-
P, is d-1 of Table 2, P; is 141 of Table 3, R® is asg defined
herein (e.g., ethyl), and the process is according to the
methods heresin.

{0106} Accordingly, this compound (see compound 412f and/or
corresponding compound 412 as disclosed in WO $7/22619, which is

incorporated herein by reference) is prepared by reacting a

pe,
M\

II;

compound of formula II:

and an appropriate amide compound, in the presence of a
palladium catalyst, a palladium ligand, a base, optiocnally a
phase transfer catalyst and an appropriate solvent. 2an
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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H O-R' XVI; wherein R3 is a P4-P3-P2 moiety of a caspase inhibitor, the
P4-P3- P2 is d-i of Table 2, P4 is 141 of Table 3, R5 is as defined herein
(e.g., ethyl), and the process is according to the methods herein. [01061
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 rgacting a compound of formula Il: O
O Br O--\ IlI; and an appropriate amige compound, in the presence of a
palladium catalyst, a palladium Iigﬁjg, ase, optionally a phase transfer
catalyst and an appropriate solvefRt. AtNappropriate amide compound
would be derived from the P%: &@(ro p d-lain Table 4, i.e., a
compound: 42 ON "~N RAN HO O ~wherein R is either H or an
isoquinolinoyl (i.e., the P4 group 141 in Table 3), wherein there is a
wherearbolylilinker betweéh the ompsundiandlthedsdquinolinoyl gioapP4 group
141,EQ%QE%QLémiyﬁh%%%?899m¥ﬁg%éhﬁén%FQE%%égﬁwﬁeﬁﬁnE§¥E§%éﬁeen the
preparing a beta-amido carbonyl compound o ormula
compound and the isoguinolinoyl group.

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

process of preparing a beta-amido carbonyl compound of formula

Ra 0
o \/'LORZ
Rsﬁ\mﬁm
XX

0.0 4

comprising the steps of:
a) reacting a compound of formula XII:

o}
| OR?

with a compound of formula XIII:
| o)
RS’H‘NH2
XTIT;
in the presence of a palladium catalyst, a palladium ligand, a
base, in a soclvent opticnally a phase transfer catalyst, to

produce a compound of the formula XXXI
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XXX: Ra0 YOR2 R3I'TiNf,yLL'R4 XXX comprising the steps of: a)
reacting a compound of formula XII: R O a XOR2 X R4 XIlI; with a
compound of formula XlIl: 0 R3ANH2 XIlII; in the presence of a palladium

wantalgatv@dpalladium ligand, a base, in a solvent optionally adghiases/eos2st
transfer catalyst, to produce a compound of the formula XXXI 43 WO
2005/090334 PCT/JS2005/008251 0 3 R ANa™ R04R2 H XXXI
wherein: X is a leaving group; Each R.ds H, an optionally substituted alkyl,
an optionally substituted aryl, - ﬁa %3 lkyl or halogen; Each R2 is
independently an optionally subgtitutgd aliphatic group, an optionally
substituted heterocyclic group? a%.qi ionally substituted aryl group;

EXXT
wherein:

X is a leaving group;

Each Ra is H, an optionally substituted alkyl, an optionally
gsubstituted aryl, -CN, -C{0)-Calkyl or halogen:

Each R® is independently an optionally substituted aliphatic
group, an opticnally substituted heterocyclic group, and an
optionally substituted aryvl group;

Bach R® is independently an optionally substituted
aliphatic, an optionally substituted heterocyecle, an optiénally
substituted aryl, or R® and R* together with the groups to which
they are bound, form an opticnally substituted 5- to 8-membersd
hetercoyclic ring;

Each R® is an optionally substituted aliphatic, an
optionally substituted aryl, an optionally gubstituted
heterozalkyl, a protecting group, Pz~, Pi-Pi~, 0r Ps~P3-Py-

Py~ is
Rs
A
!
Rg
By-F 18
R7 Rs
N -
RB'""_‘;_N' \rilg
O Ry
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Each R4 is independently an optionally substituted aliphatic, an optionally
substituted heterocycle, an optionally substituted aryl, or R2 and R4
together with the groups to which they are bound, form an optionally
W ﬁd’&ﬁﬂ&%“s to 8-membered heterocyclic ring; Each R3 is anP§HER#/008251
substituted aliphatic, an optionally substituted aryl, an optionally
;%);sgtt{t d heteroalkyl, a protecting group, P2-, P3-P2-, or P4-P3-P2-;
iEINIR2TRIP3-P2 is R7 Rg R8---H O R5 44 WO 2005/090334
PCT/US2005/005251 P4-P3-P2-isR7Rs P4-N-~lyY ORs P4is R-T;
T is -C(O)-, -O-C(O)-, -NHC)-, -C(0)®0)- or -S02-; Each R is
independently an Optionally substituteql aliphati%ge:n optionally

substituted aryl, or P2; EachR5 is indgpendently. ¥, an optionally
substituted alippati option eteroalkyl, an optionally
substituted heteroaryl,tor an optighally substituted phenyl; Each R6 is
independently an optionally subsfituted aliphatic, an optionally substituted

rig}egosallﬁ/_l,,[@n optionally
T is -C(0}-, -0-C(O)-, -NHC{0)-, -C{(0)C(0)- or
=803~ ;

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

Each Rs is independently H, an optionally substituted
aliphatic, an optionally substituted héteroalkyl, ‘an optionally'
substituted hetercaryl, or an optionally substituted phenyl;

Each R¢ is independently an optionally substituted
aliphatic, an optionally substituted heterocalkyl, an optionally
substituted heterocaryl, an op_ticmally substituted phenyl, or Rs
and Rs taken together with the atoms to which they are attached
form a 5 to 7 membered, opticnally substituted monocyclic'
heterocycle, or a 6 to 12 membered, optionally substituted
bicyclic heterocycle, in which each hetaroéycle ring optionally
contains an additiomal hetercatom selected from -0, ~-8- or -
NRsgo- ; |

Each Ry is independently H, an optionally substituted
aliphatic, an optionally substituted heteroalkyl, an optionally
subgtituted heterocaryl, or an optionally substituted phenyl, or

Ry 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, i, 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

45



substituted heteroaryl, an optionally substituted phenyl, or R5 and Rs
taken together with the atoms to which they are attached form a5 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

frgg&ho'o'fs't%é I\yﬁé%'d E@fﬁ 7] ”8988%’1% nthOHﬂtaﬁ\r(]i?x%tioanna”de itional
substituted aliphatic, an optionally substituted heteroalkyl, an optlonafly
shbstituteaistergabfcbedn bptivnalf-substituted ph¥Ryhor R2and RE&

t%g%tﬁﬁrl\@i:[h %@&%@ hE‘H&hﬁy arealtae Heq‘ gﬂﬂéaﬂ toa%d compounds

membered, optionally subsfituted monocyclic heterocycle or aryl (see, for
eXampfe! CompouRds i hin nl ad< showih Table 1 and compounds

0-1, 0-2,,30d 03 showrin Table:2). or 3.6-10 13,membered. opfignally e

substituted bicyclic fused ring system, in which 45 each of the fused rings
optiBnally-comt&ifs ahratiditicndl ShetBrodtorh $él&ctedront oL es- gprmed by

-NRSO: {see, for example, eompounds.g:andd shown:inJable, 1and c i cuted
compounds g-l and j-1 shown in Table 2), or when R5 and R6 together
With-thE ‘atéms 16 Sihidh-fiéyS 47" §tfacheformh Arikg WP afd theBRgunds 9.

system fasmedby Riand RE foupee8-1tozl4: memperadiaptionally 4-», k-1,
substituted bicyclqic fused ring_system (see, for examgkle, compoundsJF kK,

11 3hd rmt; showh ih TABIE ™5rfd E5MpBurds da° a2 41, e R m=e
anddn-21 shown: in-tabler2), whereimthes bigyelic fusedying:system iSused with

0 tiogall ifurth r:,fused with, an o%io ally s pstitqted henyl to form an
optiondl %Bﬁgtlté]te%l 25 16-m rﬁ%‘ég%’éf ijnc@%h(,f dal%goéafs}é)rﬂal*y
(sedy Jariexample : Compounds-adriceg shown in-Jabledl, Ans: compoungs s tem
eﬂggg{q_5¥K¥§%gk>%yeé%ﬁpounds e and g shown in Table 1, and
compounds e-1 and g-1 shown in Table 2);
Each Ry is independently H or a protecting group; and
Bach Rsp 1s independently H, an optionally substituted
aliphatic, an optionally substituted heteroalkyl, an optionally
substituted heterocaryl, or an optionally substituted phenyl; and
m is 0 to 2.
[0108] In some embodiments, R; is an organic moiety.
10109} In certain embodiments, the variable R in P; may be an
aliphatic, aryl, or hetercaryl, each opticnally substituted with
1 to 3 aliphatic, halo, alkoxy, ~CN, =NOs, -N(Rsg)z,
=S0uN (Rsp} 2, —NC({O)Rsg, =SOpRse or heterocycloalkyl.
[0110] The process further comprises reducing the compound of

formula XXXI to produce a compound of Formula XXX.

[0i11] In some embodiments P,— has the structure

A
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Each R8 is independently H or a protecting group; and Each R50 is
independently H, an optionally substituted aliphatic, an optionally
substituted heteroalkyl, an optionally substituted heteroaryl, or an

woptiegadyssubstituted phenyl; and mis 0 to 2. [01081 In SOREy/1is2005/008251
embodiments, Rg is an organic moiety. [010911n certain embodiments,

the variable R in P4 may be an aliphatic, aryl, or heteroaryl, each

in whptenallyrspbstiiued withtdl to datiphatics halgs alkaxy IGNed¥Q2: tuted
mono-N%:%iO Zhé%OmN RElo 2’61’?'%(@'3{:’50 -SOmRso or heterocyclo l.

e prgge%c further comprlses?e&uzciﬁlge eegc?mpoﬁﬁ’a‘ of formdia
subsX XXt tedrodusea tonmedaabof EdmulaxOeh0L. letldh somerocycle ring

opcifbodiments.Re: hag the siiuctire N Rox 549 WQ 200509033 —0-,

PCT/US2005/008251 in which Ring Ais a 5 to 7 membered, optlonc'sﬁlc}:’/m
-5~ S¥bstitfited  nRmoéyclé héBrotiefedBr & BrtosP ichibéed, opiodalyic, an
opt i Substitytes bisyclicheterocycla.dn which each hgterecycia fing-eptionally =g

contains an additional heteroatom selected from -0-, -S- or -NR50-, R50

RETSRFTEN optibnafly SHbSftRe-&iiHHnE tai Sonaiy Substituted
[0112heterealkyt anoptionsdysabsttuted heteroand, emhan eptioRalyre :
substituted phenyl. [01121 In specific embodiments, Ring iAA has the

structure; 27 F V N< 131 as th?'st;ture [01141
certajn gmbodiments, Ring Ajhasithe structure VN V' N zNg.N N<
[0115¥in specifi&emBodimantsP2- hé‘&thgﬂgtruct e | % I

Eataterd s

[0113] P2- has the structure

_—
\

O

[0114] In certain embodiments, Ring & hasg the structure
[0115] in specific embodiments P,- has the structure

R{,«fN ' Rg”’N

o A

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

compound of the formula
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R8"~N R5 N jlrl~r or [01161 In another embodiment, the a process for
producing a compound of the formula470 NOR5RaOR2 R _ T~iHR"
R7 R6 O comprises: a) reacting a compound of the formula: 0 Ra ORz
R4 with a compound of the formula: 0 P2 A NH2 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 thg formula 0 O Ra
OR2 P2AH R4 wherein: X is a I€aving Bkoup sggh ag|Br; Each Ra is H,
an optionally substituted &lkyl, arf optiorfally substifite®&#yl, -CN,
-C(0)-Oalkyl or halogetT; g iAde nderp\} optionally
substituted aliphatic group, dn optiopally siibstitdted heterocyclic group,

and an optionally substitutediaryl gfaup;

comprises:
a) reacting a compound of the formula:

0
Ra

with a compound of the formula:

o)

A

P,” “NH,

in the presence of a palladium catalyst, a palladium ligand, =
base, optionally a phase transfer catalyst and a solvent, to
produce a compound of the formula
O
()Ra

M

P, N
2 H

| OR?

R4

wherein:

X is a leaving group such as Br;

Each Ry 1s H, an optionally substituted alkyl, an optionally
substituted aryl, =-CN, -C(0}-0Oalkyl or halogen;

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

optionally substituted aryl group;
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48 WO 2005/090334 PCT/US2005/008251 Each R4 is independently an
optionally substituted aliphatic, an optionally substituted heterocycle, an
optionally substituted aryl, or R2 and Rl together with the groups to which

wibeysaiedaaund, form an optionally substituted 5- to 8-memb&refszoosnogas:
heterocyclic ring; P2 is Rs Re-N R6 T is -C(0)-, -O-C(0)-, -NHC(C)-,
-C(O)C(0)- or -SO2-; Each R is independently an aliphatic, or aryl, each
omﬁmally*smbsﬁluf&q;wlﬂénml&a&ﬁha@ﬁ;mm}soxyukﬁlﬁltu&h

N(RB0)2, -SOmMN(R50)2, -NCG(O)RAQ, -SOMRS0 or heterocycloalkyl, Each
aLlp& Bis |r1depen§’en]’[% ggosp%r%g SCgEt?%?lt aloqu?rcfg\lzg: an Bptioha ﬁLOIlally

subsgubsma@oaneﬂeroa:kyﬁama@.@%amw@abbmutemmemWygmws to which
£heyORUQNAIlY sppstifuted phenylGach R is independently Hy anoptiong leered

substituted allphatlc an optionally substituted heteroalkyl, an optionally

hetegqssfdted FdiFoaryl, an optionally substituted phenyl, or R5 and R6
taken; together with the atoms to which they are attached forma5to 7
membered, optionally substituted monocyclic heterocycle, or a 6 to 12
membered, optigrally substituted bicyclic heterocycle, in which each
heterocycle ring ptionally contains an additional heteroatom selected
from -0-, -S- 7-; Each R7 is independently H, an optionally
substltu{"éd ilphatl *"an optionally substituted heteroalkyl, an optionally
substituted hgteroaryl, or an optionally substituted phenyl; Re is H or a
protecting group; and

T is -C(0)-, -0-C(0O)-, -NHC{O)-, -C(0)C(0)- or
~-30;~;

Each R is independently an aliphatic, or aryl, each
optionally substituted with 1 to 3 aliphatic, halo, alkoxy, -CN,
~NOz, ~N{Rso)z, -SOuN(Rse)z, -NC(O)Rsp, -SOnRsy or heterocycloalkyl;

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

Each Rs is independently H, an optionally substituted
aliphatic, an optionally substituted heterocalkyl, an optiocnally
substituted heteroaryl, an optionally substituted phenyl, or Rs
and R 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 heteroatom selected from -0-, -8- or
~NR7-;

Each R, is independently H, an optionally substituted
aliphatic, an optiomally substituted hetercalkyl, an optionalliy
substituted heterocaryl, or an optionally substituted phenyl;

Rs is H or a protecting group; and
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49 WO 2005/090334 PCT/US2005/008251 misOto 2. [0117] Ina
specific embodiment, a compound of the formula O 6 X OR9 in which
R9 is CI-C5 alkyl, is reacted with 0 P2lj~ NH2 to produce the compound

W ¥mskdibk H 0_R9 [0118] The process may further compripe#he sigebsi
contacting a racemic mixture of compounds of the formula P2 N H OR9 in

which R8 is a protecting group, with a Lewis acid, optionally in the.
presesce afa protic acid, in an organic solvent to provide compounds
ving the structure 0 O 40-R9 2 [0119] In some embodiments,
w"”?es%ll%iosr? SFtHe kG RAT Sy m%y%‘aﬁ’llﬁ%rgea by SBRchigaR1a
recrystallization from an organic sotvent. 50 WO 2005/090334
PCT/US2005/008251 [0120] The-p{ocess may include reducing the
double bond in XXXI. | o
X" g
O-

R9

4

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

to produce the compound

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

racemic mixture of compounds of the formula

o-r?
in which Rg is a protecting group, with a Lewis acid, cptionally
in the presence of a protic acid, in an organic solvent to

provide compounds having the structure

PEiNQ)

H  "O-R” .
[0119] In some embodiments, resolutlion of the alkoxyfuranones
may pe achieved by selectively recrystallization from an organic

soclvent.



For instance, the compound of the formula0 0 RaRa R3' " 0"ORZNH
R4 P2 N R or is reduced under conditions described herein to provide a
compound of the formula 0 O Ra OR2 P2N R4 [0121] After producing

- wibisngempaund, P3- and P4- moieties may be coupled to thecpmpBasiiiszst
as described above. [0122] In still another embodiment, the process for
producing a compound of the formula0 OR5N " xNaORZ rR_TNN

[0120R@E Ot Ry RH ﬁ@@apﬂaemc&aa)r@éagmm@e%@ép%@%ﬁl@‘ }B@:ﬁ@ﬁ&lﬂa}&m .
OR2 PAHE Rato \ compound of the formula 51 WO
For 38R Aa w&%@ Bhogig Lormuia

0
Ra Ra
0 ji\oﬁ O J[\)LORZ
RSJ'LN R4 PZJ.LQ R4

H

or
is reduced under conditions described herein to provide a

compound of the formula

0
Ra
0 OR?
P N~ R4
2 R

[0121] After producing this compound, Pi;- and P,- moieties may be
coupled to the compound as described above.
[0122] In =till another embodiment, the process for producing a

compound of the formula

{a) reducing the compound of the formula
O

Ra
o rLORQ
A,

Py N7 R
* H

compriges:

to provide a compound of the formula
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Ra O OR2 P2 H R4 wherein Each Ra is H, an optionally substituted
alkyl, an optionally substituted aryl, -CN, -C(O)-Oalkyl or halogen; Each
R2 is independently an optionally substituted aliphatic group, an
wepiinnalysspbstituted heterocyclic group, and an optionally spibstitate@os2s1
aryl group; Each R4 is independently an optionally substituted aliphatic,
an optionally substituted heterocycle, an optionally substituted aryl, or R2
and R" together with the groups to whigch they are bound, form an
optionally substituted 5- to 8-m8r‘ﬁﬁ§r:i gterocyclic ring; P2 is RR5 SS
RB N"R6 T is -C(O)-, -0-C(O)-j -NHC(O)-, -C(O)C(O)- or -SO2-; Each R
is independently an aliphatic;;6r , @gch optionally substituted with 1 to
3 aliphatic, halo, alkoxy, -CN, -NO02, -N(R50)2, -SOmN(Rs0)2,
-NC(O)R50, -SOmMR50 or heterocycloalkyl; Each R5 is independently H,
whergimptionally substituted aliphatic, an optionally substituted heteroalkyl,

ap.opfjopally ;sebstituted hetgraany, ar.an-eptionally sustituted phenyl; 11+

Each R6 is independently H, an optionally substituted aliphatic, an

subspataaR substitutePhetardakyIOaR BRkoRAI 3k RRFfited heteroaryl, an
optionally” sukstituted-pheayl: 0 Rbn apgR 6 fakentogetherwith 43e atomshatic
to which theX are 1aitache}gl 52 WO 50g5/090334 PCT/US2005/008251
group, an optionally substitute eterocyclic 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 &-membered

heteroccyclic ring;

B, isg
Rs
RE_T/KQJS
Rg ;
T dig ~C(Q)-, -0-C{O)-, -WHC(C)-, -C{OIC{0)- ox

—-80,-

Bach R ig independently an aliphatic, or aryl, each
optionally substituted with 1 to 3 aliphatic, halo, alkoxy, -CN,
-NOs, -N{(Rsg)z, -SOuN(Rsc)a, -NC(O)Rss, -SOpRse or heterocycloalkyl;

Hach Rs is independently H, an optionally substituted
aliphatic, an optionally substituted heterocalkyl, an opticnally
gubgstituted heteroaryl, or an optionally substituted phenvl;

Bach Rg ig independently H, an optionally substituted
aliphatic, an optionally substituted hstercalkyl, an optionally
substituted hetercaryl, an optionally substituted phenyl, or Rs
and Re taken together with the atomg to which they are attached
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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 heteroatom
weelesinchham -0-, -S- or -NRs o - ; Each R5o0 is independepdyrhisaias/nos2s1
optionally substituted aliphatic, an optionally substituted heteroalkyl, an
optionally substituted heteroaryl, or an optionally substituted phenyl; Re is
formadretecting grewpeaad,, md@ﬁtm&]{mzamﬁaﬁmﬁ)rw@duymg@
hete%%mpo#nd of the f%rmula m%ere P.O-R, com I
SITAT ng afacdnic mixture Bt compodncPspreprese %dsby fT'H r‘r’nuc?a A
bicyEl RICaRHrN@<D=0-Rb withi gl evvislaclkinearposgaiic sohentptional 1y
concgatignally ingluding . pratic.acid wherela Ring Ads o pmembered,
optionally substituted monocyclic heterocycle, or a 6 to 12 membered
-NEsqptionally substituted bicyclic heterocycle, in which each heterocycle ring
optienally, contains aapdditignakhetereatomsalesteth oMl 1 Sna
-NR50-; Each R9 is a C1-Cs alkyl; ,
aliphatic, an optionally substituted heterocalkyl, an opticnally
gubstituted hetercaryl, or an optionally substituted phenyl;
Ry ig a protecting group; and
mis 0 to 2.

[6123] A process for producing a compound of the formula

O
R1 0_"'"'""""N A H
Nl D
O O-Rg

a) contacting a racemic mixture of compounds represented by the

comprises:

formula

Ryg——N_2 0

. :

O-Rr?

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

Ring A ig a 5 to 7 mambered, optionally substituted
monocyclic heterocycle, or a 6 to 12 membered, opticnally
substituted bicyclic heterocycle, in which each heterocycle ring
optionally contains an additional heterocatom selected from -0-,
-5- or —-NRsp-;

Each R® is a C;-Cs alkyl;
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53 WO 2005/090334 PCT/US2005/008251 Each R"0 is H, a protecting
group, P3- or P4-P3-; P3is R7 iR8-N O P4is R-T; Tis -C(O)-,
-O-C(0O)-, -NHC(0O)-, -C(0O)C(0)- or -SO2-; and Each R is independently
wmadiphatiey aryl, or a heteroaryl, each optionally substitutegy\with; d90ds251
aliphatic, halo, alkoxy, -N(R50)2, -SOmN(R50)2, -NC(O)R50, -SOmMR50
or heterocycloalkyl; Each R7 is independently H, an optionally substituted
aliphdticRdh dptianally substduteti-heterealkyl, ap-optiormallr.substituted
h e&osaryl, or an optionally substituted phenyl, or R7 and the Ring A form
a 8- to 14- membered optionally substituted bicyclic fused ring system,
wherein theRbicyclic fused ring system is optionally further fused with an
optionally substituted phenyl to form an optionally substituted 10- to
[ le fused ring system; Each R50 is independently H,
ituted aliphatic, an optionally substituted heteroalkyl, an
optionemy substifuted heteroaryl, or an optionally substituted phenyl; R8 is
a protecting group; and m is 0 to 2. [01241 Alternatively, resolution of
R10-NO N N (O
P; 18 R-T;

axyoptanally su

T is -C{0O}-, -0O-C{Q)-, -NHC(O)-, -C{O)C(O)- or
-80,~; and

Each R is independently an aliphatic, aryl, or a
heteroaryl, each optionally substituted with 1 to 3 aliphatic,
halo, alkoxy, -N(Rso)2, -SOmN(Rse)z, -NC{O}Rse, -SOmRsy OF
heterooyceloalkyvl;

BEach R; i1g independently H, an optionally substituted
aliphatic, an optionally substituted heteroalkyl, an optionally
substituted heterocaryl, or an optionally substituted phenyl, or

Ry and the Ring A form a 8- to 14- membered opticmnally
substituted bicyclic fused ring system, wherein the
bicyclic fused ring system is optionally further fused with
an optiomally substituted phenyl to form an optionally
substituted 10~ to lé-membered tricyclic fused ring system;

Bach Rsy 1s independently H, an optionally substituted
aliphatic, an optiomally substituted hetercalkyl, an opticnally
substituted hetercaryl, or an optionally substituted phenyl;

Ry 1= a protecting group; and

mis 0 to 2.

[06124] Alternatively, resolution of

Rig—N A O
N

[ o

6 g

@
)
v
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O ORv 54 WO 2005/090334 PCT/US2005/008251 may be achieved by
chromatography or selective crystallization from an organic solvent.
[0125] A process for producing a compound of the formula O R10-N AH

wid @0£u9eids comprises: a) reducing the compound of the faspgaia26hs/008251
RIO-N HN 0 O-Rs wherein Each R10 is H, a protecting group, P3- or

P4-P3-; P3-is R7 RB-H -~ly O P4-P3-isR7 P4H O P4is R-T-; Tis

may bl (@D Qy M@Epﬁ@ﬂwr H=1Q24h0D WOyZH061090334 on
PCT/USZOOS/OO%Sl gach R is independently an aliphatic, aryl, or

from ﬁlgteo ra iC 80

[0125] 2 process for producing a compound of the Fformula

O
N o]

o 0-R
a) reducing the compound of the formula
O

Rig——N_& ) 4

N o

! o-R

Each R* is H, a protecting group, Pi- or B,-Pi-;

comprises:

wherein

By~ is

T is -C{Q}-, -0-C(C)-, -NHC(O}-, -C(O)C(Q) - or



each optionally substituted with 1 to 3 aliphatic, halo, alkoxy, -CN, -N02,
-N(R50)2, -SOmN (Rso0) 2, -NC(O)R50, -SOn,R50 or heterocycloalkyl,
Each R7 is independently H, an optionally substituted aliphatic, an

woRlinaahs substituted heteroalkyl, an optionally substituted hefaroando®zs1
an optionally substituted phenyl, or R7 and the Ring A form a 8- to 14-

membered optionally substituted bicyclic fused ring system, wherein the

bicyelic fused ring Sysieiais dptienally fusther fusedhwith , appptiebatyaryl,

substitute(i henyl to form an.optjonally substituted 10- to 16-member
eacz’ltr?@y%ﬁgl?ﬁ gé’ rifi sf/iétlegrﬁ;t ac%li ELO]\I!S Fn%egpe%%le%%f? 1l-’-il,%l’n 8&?&&@/61 XY
-CN, sulistifutetf &iphatic,-8tdptidnally substittied heteBsalRyd, am optionally

het ;gg fit c1_;)(3'&(1_[Qeg_e;roaryl, or an optionally substituted phenyl; R8 is a
= eprol%c#ng grgup; and mis 0 to 2. The processes described herein can be

uBagho Prodsicerdpariciaid HeHvaive Caicras dadichstid Bidaitde

alipHgieties JFor instance the prseessas-desqibed:harein can he useditonally
roduce. compounds containing the P4-P3-P2- moijeties shown in Tablﬁs or
d

subs i bty hen SRRV AROE i (T SAEBTS LBn BB b BE S %
6 belowzAdditonally, Hie:proceSses desgribed heteinmapshedsedddonally

produce. known compounds. Specifically, th sses. are useful for
e A R AR
O4GB8718; \FOsa4/002961 SYAG ©4/166 304, \Ward3ng8orrhwo fused with

0363242, WO103/042169  \WQ 98418305, WO 83/69130, WO 8P4,
WO 00/55127, WO 00/61542, WO 01/05772, WO_01/10383, WQ

0T BT WeroA2218, WOBAMPSFTH WE-63/8bb7 0 WiE 0T fRBsiy stem/
WRAA2/094263, MWE=0EBd331 LW @ 02142 278, \: 0341 06468 WG ed
3/103677, WO.Q3/10 231, U

L LI BT P e o
subgtituted heterocarvl, or an optionally substituted phenvl;

Rs 1s 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 moisties. 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 specific compounds in Tables &
and 6 below. Additionally, the processes described hesrein 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
$3/09135, WO 00/55114, WO 00/55127, WO 00/61542, WO ©1/05772, 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
5,187,771, US 6,197,750, US 6,242,422, US 6,235,899, April 2001
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WO 2005/090334 PCT/US2005/008231 American Chemical Society
(ACS) meeting in San Diego, California, USA, WO 02/22611,
US2002/0058630, WO 02/085899, WO 95/35308, US 5,716,929, WO
w182ak8344S 6,204,261, WO 99/47545, WO 01/90063, BiagrgyNe@s 008251
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
Amerdsedin ateortaate Swithehis inkesiomaredeserinedsadViey 84458718,

YOI YOS Vs L NS TSI e
95/3R&fEn, Hfe Mcokpofited HePeif bizadaencESTahIz0B F2610, &bl NofMNS4 5,

wo oN/Qdb3H M 4Q-NaH 0 Q4 O ddil-2{-3HO 4 lOH NQ HIN ..
OHNO(OHNT ~ONCIOH OHOOOHO 1-4/~,1-51-6 TN\\O'HN g
WO 93/03%5 3N BHN & STOHRFO 7O £RE 0FOHD Beraie ~ G1e7 Ingerporated

hereCINBQ QENNEHZQRN OHG NG ~cbamfh ibk0 7 Q:QH O \dhwdilBance
withh%%gélgnvention are described in WO 04/058718, WO 04/002961,
WO 95/35308, US 5,716,929, WO 97/2261%, US 6,204,261, WO
99/47545, and WO 01/90063, all of which, as set forth herein,

are incorporated herein by referernce.
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[0126] In order that this invention be more fully understocod, the
following preparative examples are set forth. These sxamples
are for the purpose of illustration only and are not to be

construad as limiting the scope of the invention in any way.
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ONHOO~-ON'(HO~1, OONH HOHOHOI1-48 11-49 11-50
JJJJJJ~~~~r HN CI Il OHNOH O/ OHN OH OHNg OOH k Nt TOHO O N
HONHNH203HHO OO0 11-5111-5211-530 CIOCH30OHNOH/ON
NOH OONH~HON4H HOHnNO 11-54 11-55 64 WO 2005/090334
PCT/US200S/008251 CI0O0CI006AN?40HO0OIH 0ii0111 11-56
11-57CIOHCIOO0 OINNOHI%Q!%%QL@Q\IIHHOONH 0rO~NO
11-5811-59 FOOFOIOI~NONZOHONNOH IONHF ON 00
[N27h71e9 thteviations used herein are known to skilled

practiticners. Scheme 2 shows a graphical representation of the
syntheses that are exemplified below.

Scheme 2. Synthetic Examples
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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 zl., Ann. Quim. (1971), 67, 43~
57.). To a solution of b-ethoxy-5H-furan-2-one (II, R'=Et) {(10.0
g, 78.0 mmol) in carbeon tetrachloride (50 ml) at 0°C is added
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O0ONN(OoOOHNHOtN7fAOHHCIIiIFIiOCIO 11-6211-63 ONOO
ONOH NFFIOOHHH oNONHHZNOONFO0CIO 11-64 11-65 ON
OHIHONHHZNO CI0 11-66 [0126] In order that this invention be

woaesushssinderstood, the following preparative examples gkerflipahias2s1
These examples are for the purpose of illustration only and are not to be

construed as limiting the scope of the invention in any way. 65 Examples
over1012hlEhe-abbreviations useshhierein(arecknaewn torskiledmpractitioneszbon

cou-SSREBEBSIONS 2 P ezl o Smbpss g,
2h at~®db&$ﬂem$mﬁ%&ﬂﬁ@DA@M§)&mﬁhéhts are removeﬁ under reduced
presgure and the residue wasz short-path digtilled at pump vacuum
{about 0.5mm). The fraction collected at 100°C-120°C provided
4-bromo-S-ethoxy-5H-furan~2~one (13.2 g, 82% yield} as a yvellow
0il. H-NMR (500 MHz, CDCli) & 6.24 (s, 1H), 5.63 (s, 1H), 3.71
(m, 1H), 3.63 {(m, 1H), 1.14 (t, J=7.1H=z, 3H) ppm.

Pd-catalyzed Coupling of CBEZ-Pro-NH. and Bromoethoxyfuranone

[0129] To a 1L round bottom flasgk, CBZ-Pro-NH, (20 g, 80.4 mmol),
PAd(OAc), (0.36 g, 1.6 mmol), XANTPHOS (1.4 g, 2.4 mmol) was
chargaed. The system wasg purged with nitrogen gas for 10 min.
Toluene wag added {200 mlL), 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 s=soclution as the amide dissclved and ths
(XANTPHOS) Pd {OAC), complex formed. A solution of K,CO; (26.6 g,
182 mmol) in water (200 mbL) was added and the reaction was
allowed to warm to 50 C.

[0130] To & beaker, bromoethoxyfuranone (18.3 g, 88.4 mmol) and
toluene (30 ml) was charged. The reaction ig stirred until a
golution ie formed {(slight warming may be necessary because the
diggeolution is endothermic). The golution of the bromide is
added slowly to the catalyst/amids 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 phastes were separated and the agueocus phase discarded.
The organic phase was washed with water {100 mL}) at 50 °C. The
phases were geparated and the agueocus phase discarded. The
organic phase was concentrated to ¥ volume and cooled to ambient
temperature. Seeds were added (50 mg) if crysgtallization hasg

not begun. The mixture was gtirred at ambient temperature for
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0 PhCH3, Cs2CO3 O H 0% OR 8 OR 22 gEx.1 STEP200 Z' a)
PhCH3 Z'N H 0 -~ 0NO 0N OR b) PhCH3 AI(OE)2 HCI H N OR Ex. 1
Ex.2 STEP3r NOOH.OHZ?0Pd/C,H2ZHNN1HNNO OHHmN

W& Z00s@9638 H DEt 0 H H OR Ex.2 Ex.3 Example 1 O OY N& &4 Hbtd251
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.
15 hEstobaratahi: AnncQeimd (27 1), 6T, 43xb e iaradofiition:ofs hr. The

o1 FENOUSH e 2000 (1, B2 19.0 0,7 QMBI N 2114 s
dried in vacuo at 40-50 °C to give a white c¢rystalline solid
(10.8 g, 36% yield).

[013]] In an alternative synthesis, a flask was charged with
Pd;(dbal): (4.18 g, 4.6 mmol), Xanitphog (7.90 g, 13.7 mmol), CRZ-
Proline amide (50 g, 201 mmol), Cs:C0; (65.5 g, 201 mmol) and
toluene (77C mL). The mixture was stirred at 35 °C for 30 min,
to give a brown/vellow mixture.

[0132] Bromoethoxyfuranone (41.7 g, 201 mmol) as a sclution in 30
mL toluene was added to the brown/vellow mixture. The solution
wags warmed to 8C °C. After 15 min, HPLC analysis showed 20%
ragction 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 showad 97% reaction
completion. Ancother 2.8 g of bromoethoxyfuranons wasg 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 agusous sodium
hydrogen sulfate (400 mL}. Gas evolution was observed. The
phases were separated and the organic phase was washed with
saturated agueocus sodium hydrogen sulfaste, then water. The
organic phase was dried over sodium sulfate, filtered, andlthe
golvent was removed in vacuo. The resulting crude material was
purified by flash chromatography (1:1 EtOAc:hexanes, then 3:1
EtOAc:hexanes) ta give BE5.7 g {74% vyield) of the desired product
as a light brown oil.

[0133] *'H-NMR (de-DMSO) : 810.20 (s, 0.5 H); 10.00 (s, 0.5 H); 7.55
(br &, 5H); 6.35 (&, 1H); 5.85 (=, 0.5H}; 5.70 (&, 0.5H}; 5.30
(mm, 2¥); 4.60 (br s, 1H); 4.05 {(m, 1H); 3.85 {m, 1H); 2.85 (m,
1H); 3.55 (m, 1#H); 2.05 (m, 4H); 1.40¢ (m, 3H).
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66 WO 2005/090334 PCT/US2005/008251 over 0.5h a solution of
bromine (4.05 mL, 78.2 mmol) in carbon tetrachloride (25 mL) The
reaction is stirred Ih at OC, then 2h at room temperature. The solvents are
wiemeyeshisgder reduced pressure and the residue was shogRath Aisijires
at pump vacuum (about 0.5mm). The fraction collected at 100C-120C
provided 4-bromo-5-ethoxy-5H-furan-2-one (13.2 g, 82% vyield) as a
Examy€How oil. 'H-NMR (500 MHz, CDC13) 8 6.24 (s, 1H), 5.63 (s, 1H), 3.71
(m, 1H), 3.63 (m, 1H), 1.14 (t, J=7.IHz, 3H) ppm. Pd-catalyzed Coupling of

CBZ-Pro-NH2 and Br Sthoxyfuranone._[0129] To a 1L round bottom
flask, CBZ-Pro-NH2 ( 80.4 xomoly Pd(OAgj2 (0.36 g, 1.6 mmol),
XANTPHOS (1.4 g, 2.4 mmol) was jchaiged. ] heysystem was purged with

nitrogen gas for 10 min. Toluene wa R 0 mL), and the reaction
was stirred with warming to 50 C. After re&ichingp5Q 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)Pd(OAC)2 complex
formed. A solution of K2CO3 (26.6 g, 192 mmol) in water (200 mL) was
[0134|5Bded dncetie rezrtichavasdllowed o wienPioosiiCt (3B Teed beaker,

descPi@agethoxyiuranened18 3 9, 88.4mmolkand-faluene (38 SL)WES  The

charged. The reaction is stirred until a solution is formed (slight warming

miXtWr”é‘y b’@%e%’é%ﬁﬁiib&&l%jevﬁweadi@?&%ﬁéﬁ@@ﬁd&ﬂ%ﬁﬁk‘j’% he $BRABNF
comp®fithe bropiple isgaddedsleulydalthecatalyst/amide: selution at &0-Eoyest

. 3-3.5_hr. After the addition was complete, stirr| the yeaction ,mixtur
o R oS50 o1 % Fa s Wi il at S0 C s Lot WA
ambiebpalsudrtircadueorrphdseiScatdied.. THEhsrganiotliase wag cooled
agaiNvasheg.with waigr (140 mld 4650 C.3The. phases weatg separptedand fhey

aqueous phase discarded. The organic phase was concentrated to 34
wasg Vﬁﬁﬁﬁgé%ﬂ?ﬂxﬁ@&?@%ﬁnﬁeﬁpe golid was dried in the alr to give

5.61 g (15% vield) of the title compound as a 97:3 mixture of
anomers .

TH-NMR (de-DMSO): & 7.35-7.25 {m, 5H); 5.75 (d, 1H); 5.70 {d,
1¥); 5.1~4.9 {(m, 2H); 4.35 {(m, 1H); 3.70 (m, 1H); 3.60 {(m, 21H);
3.40 {(m, 2H); 2.15 (m, 1H}1.80 (m, 2H); 1.20 (t, 1.8 H); 1.10
{(t, 1.5H)

Example 3

@/\*irfq\

[0135] To a flask was charged the compound described in Example 2
(5.00 g, 132.3 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 Hz 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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temperature. Seeds were added (50 mg) if crystallization has not begun.
The mixture was stirred at ambient temperature for 67 WO 2005/090334
PCT/US2005/008251 15 hr (overnight), cooled to 0 C and stirred for 3-5
wi 2008@0@Rlid was filtered and rinsed with cold toluene. The solidiyvass 008251
dried in vacuo at 40-50 C to give a white crystalline solid (10.8 g, 36%
yield). [0131] In an alternative synthesis, a flask was charged with
comp PeRédba)fhe. 48 g dxe mmael) £Xantphes (298au 8. ¢aimol, 8BZ- the

. Proline amide (50 g, 201 mmyol), CS2C0O3 (65.5 0L mr a .
2oL ES AT THE Wi ek SRR L o TP S0 PO g ghgeon €0
provbimvilyellonpmbiternd: $61 32TRmekthéxeramohe (41.7 g, 201 mmol) as
olution in 30 e e nlyellow mixture.
[Gisﬁggﬂt%%lz Wﬁsﬁv?/g?r}r%léltd ét% %C\Cﬂ:, Sﬁﬂe ]? 591 Yé%lrﬁ'@H g%gé\:%a# égl)%s%gﬁ%%e% 89%‘!% oyl
acetpagctiohcohplaadcémpaingEBZ-pdlinelamide BRI prodtehSaid sho

agit Rromogthoxyfuranonedemaingd Anqihers g of remoethexyfuranens
was added to the reaction mixture at 85 C. After stlrrin%for 30 min, HPLC
phasgnYRRICLRGRED ST B datich Cortefork FftndPs 8ipores with water

{30 hromoethaxyfirgaohe was addeds Aftel Strringdor 45aninhkl Rhthandlysishase

shawed CBZ-praline amide.remaining. The mixture was cooled to
was iggfég%d atenr&éz'oog%qn?_ WHs Al Yol o%vge]rdlé;%ga%rag%d% 'eolﬂrgon'
EDC daditing’hydregefddedfate@OdmiiGasevolitisnsdsgeseried. thér. To
thisPRASES Werg Serasied %t%gg%n%@%‘fﬁ% washedMith on.  The

saturated aqueous sodium hydrogen sulfate, then water. The organic

mixthRgs@RRSIREd SVer Sollint Shitale SRSGEATHAE tHe Sofvent Was  Water
(100removeddn yagud. the residting ctude=materiat wasrpdrified- by flash  The
chromatogra ta(%1 C:Jgﬁxanes then 3; EIlEtOAc:hexan

onasdR H YO S e oot Dodic 2o BTG oxain G Wi
agquecus 0.5 M NaHS0,, saturated agueous sodium chloride, 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 moleg) a compound described in Example 2,
and 10.0 g of 10% P4/C (50% wet) . The reactor was purged with
nitrogen for 10 minutes. 800.0 mL 6f ethyl acetate, followed by
19.5 mL of trifluocrcacetic acid were then added. The reactor
wag then closed, presgsurized 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 eguipped with
mechanical stirring and a thermocouple was charged 43.3 g of 1-
Hydroxybenzotriazole (anhydrous, 0.320 moles). To this flask
was added a solution of Chz-t-leucine (70.8 g in 430 mhL of

BEtCAc). DMF {190 ml was charged to this suspension, and a clear
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[0133] 'H-NMR (d6-DMSO0): &10.20 (s, 0.5 H); 10.00 (s, 0.5 H); 7.55 (br s,

5H); 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);
wo400dMea3kl). 68 WO 2005/090334 PCT/US2005/008251 Exampi8ed@oshty

O OONHO 2][0134] To a flask was charged the crude product

produced as described above (37.36 g, 0.1 mol) and toluene (187 mL).

lighd h@emdzékgr@ a%%%aw%ed:& ga/@éﬁfe@?/grom mn&rs@%lqadﬁ&f was
compou mg).were added and_the mixture was stirred at _ambient
e e K F R P TR, (hE L HBEHE hgrdire for

hydranbtherifiday®othe s6lutiog was. esaledohgain to 05 €hand stigedfaridbn

hr, filtered, and the sali rigsed with toluene. dhe sqlid was dried in .
fo;m?hc'{e' all;arx%g g%?\%s fgﬁgra %%%el )gllp %ﬁrestit?gcco%?pouﬁd ;lsloa B mixtire o
was ghagrusfetheH SOUR: (d8:DMSOheS TEsT25(re S B8Yd, 0f);S0ple

2 (T dENED-1-48(u. 20 Mh3ndm I d, 70 gNedi)nd 8Q4m, JHY; 3y
(m, 2H); 2.15 (m, 1H)1.8 0 (m, 2H2:; 1.20 (t, 1.5 H); 1.10 (t, 1.SH) Example
dr@P@%ﬁeoﬁKﬂﬁ(ﬁ OV iGeFRE - and the regsulting suspensicon was

gstirred at 22 °C for 2 hours. Water (400 mL) was added, and the
biphagic mixture was stirred for 12 hours at 22 °C. This
biphasic mixture was then transferred to a 4-liter geparatory
funnel, and the agueous layer was removed. The organic layer
was washed with 400 mL of saturated sodium bicarbonate solution
followed by water (2 X 400 mlL). The ethyl acetate was distilled
under vacuum to a f£inal volume of approximately 400 mL. To this
crude solution was charged 200 mlL of heptane, followed by
geeding 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 glurry. Additiomal 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
£ilter cake with a 2:3 BtOAc/Heptane mixture (2 X 100 mL). The
solids were dried for 12 hours in a vacuum oven at 22 °C, with a
nitrogen hleed (80% vield fox 2 steps) .

[0139] "HNMR (CDC1ls) & 7.5 (d, 1H, J = 7.8 Hz); 7.4-7.3 (m, 5H);
5.5 (overlapping d, m, 2H, J = 5.3 Hz); 5.1 {d, 1H, J = 12.3
Hz); 5.1 (& , 1H, J = 12.2 Hzj; 4.7-4.6 (m, 2H); 4.4 (4, 1E, 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, 1E, J = 17.2, 8.4 Hz); 2.4-2.3 (overlapping m, 44, 2H,
J = 17.2, 10.4 Hz); 2.1 (m, 1H); 2.0 {(m, 1H); 1.9 (m, 1H}); 1.3
(£, 3H, T = 7.2 Hz}; 1.0 (s, 9H).
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H 0-~ [0135] To a flask was charged the compound described in Example
2 (5.00 g, 13.3 mmol), 20% Pd(OH)2/C (1.00 g, 50% wet), isopropyl
acetate (30 mL), and DMF (10 mL). The mixture was hydrogenated under
wolpsigandat 0-5 C for 5 hr, then at ambient temperature feezkhseddBdses1
analysis showed the reaction to be 97% 69 WO 2005/090334
PCT/US2005/008251 complete. The mixture was filtered through celite
Examsnd the selidswere ringad witl: 83;1 dsaprepyhaeetate:DMF solution to
provide the unprotected compound of example 2. [01361 To Cbz-t-leu-OH
SCthrE’Fcy%:lohexylamine salt was added isopropy! acetate (30 mL) and 1.0 M
H2S04 (30 mL). The mixture was agitated until two clear phases were
obtained, The aqueous phase was discarded and tge organic phgse was

washedyvith-mater (B0 mLy). The gganic phase wasjcollected. T4 the
| %ade%@%g?ﬁmen hyENORYPERE Otr] (2.2
g, mmal). Do 7.8 §§) was added and the mixtyseoyas st &fl ford.bf. To

this mixture was added the above hydrogenation solution. The mixture
was stirred at ambient temperature for 8.5 hr. Water (100 mL) was added
and the mixture was stirred for 1 hr. The phases were separated and the
organic phase was washed with agueous 0.5 M NaHSO4, saturated

agueous sodi%m chloride, apd water. The solution, oncentratgd to
ness,to give 4.04 g ield) of the title compbund. ]
My N ivelji%Z fiter P ressureggactor @ hatbed! wi 1 g
Ho,codB-26 74 es)@\por‘?‘?ﬁoucd describdaff-EXample 2, and 19.0 g of 204’
Pd/C (50% wet). The reactor was purged with %itrogen for 10 minutes.
800.0 mL of ethyl acetate, followed by 19.5 mL 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
[t149rcaciommwasund described in Example 3 may be further modified

by removing the protecting group and coupling additional
moieties to the Leucine amine.

Example 5: Scheme 4 and alternative Procedures

Scheme 4

(6]
o)
| O/U\N o H,/PA/C/HCOOH HN
L S e
0% "N
H o\ H o\

o 0
HN EDC /Cbhz-t-len 0
P e A
Y o e Ni g
O\ i Oj
O
HN
| ©
o7 N
H QW
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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
wiound/patam flask equipped with mechanical stirring and aglheieaeedpies:
was charged 43.3 g of 1- Hydroxybenzotriazole (anhydrous, 0.320 moles)
. To this flask was added a solution of Cbz-t-leucine (70.8 g in 430 mL of
[0141F1Ae) PMF (190 ml wasichasgad to his SHspensienegad 8,sear/0-WO
2005/090334 PCT/US20Q05/008251 light yellow solution was achieved. To
mEChﬁﬁ§§8%ﬁﬁﬁ%ﬁ%&qgmﬁagda nitrogen inlet was charged 50.0 g of
the t43gBimeathytaminoyplepyl]-3ethylcatadimide angirnchloride EDCps Pa/C
956.3 g, 0.294 moles). A thin suspension formed, and was stirred for 2
(5o e S B b e AR oei S a3 e ramuces.
Formgapratected Tompdundaf exdiple Z2(0FAlalty Fristhyaminevld 2anirred
unde-80Lmoles) was-added Jdrapwise oyes30 miites.and NEJeRUUING o yag

suspension was stirred at 22 C for 2 hours. Water (400 mL) was added,

£iltgrgthédipHasicTrixiie wasdtirediBr 1S hburebe2vas midasprdié m
of tbfuRwasdhendransfarredtaa 4ditefiseparatoryfunaek and thel under

vacu%gue%%s laé/ﬁé was | rerplgved. qu:%gr %{1& I yer_was %%Sh d.with 400 mL
of sattifsted Eodiam Bicaftonaté Sofutioh oIIoweny WAt r(E& 356?7?]5‘.09”

dis tIhé@ttk_iyiraoeia;ﬁe Waétdﬂ*téle_d Tl;lhdenvmm:ité atfived vehumeobtained was
aisBRROXIMAtE)% 400ML TO.Ihis) cuude selution yas,charged 200 m Bl&f_ézl

heptane, followed by seeding with 1.0 g of the' compound of example 3. _
ethethd Bfdudy- suspensiontwas tHEiPEYdRE t85C, vhichissulted firtetallize

the formation:efathick slusen Additional heptane: wes chasged (400mE ) overc,
a.three Q%(Speriod Whiﬁ maint%ir:gl the batch at_5 C. The solids were
] i (ﬂ

24 BB b VacltT ftATOT, HHGiNG the THEF AR W d 237 ~1ne-ng with

a 3:EtGACAeMand midurel@X 1DEMEY The) sohdswere dhiedtfor kldursd
prodlltd VaguuUM©Byenat 22 G with a s .1 4.
[0142] "ENMR (de-DMSO) 611.6 (br. s, 1H); 9.1 (br. =, 2H); 6.15 (s,
1E); 6.05 (g, 1H); 4.% (m, 1H); 3.75 (m, 2E}; 3.3 (m, 2H); 2.35
{m, 1H}; 1.9%5 {(m, 3H); 1.2 (t, 3H, J = 6.7 Ez)

O

@”*9%;“%450
M\

[0143] To a 1-liter, 3-neck round bottom flask egquipped with
mechanical stirring, addition funnel and nitrogen inlet wag
charged a solution of Z-tert-Leucine {(20.6 g, 0.0776 molesg) in
dichloromethane (250 mL). Anhydrous l-Hydroxvbenzotriazocle
(10.5 g, 0.0776 moles) was added to this solution, followed by
14.2 g of 1-[3~(Dimethyvlamino)propyvl] -3-ethylcarbodiimide (EDC,
0.0776 moles). A homogencus soclution was achieved, and was
gtirred for 2 hours at 22 °C. To this reaction was charged 25.0
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nitrogen bleed (80% vyield for 2 steps). [0139] IHNMR (CDCI3) 8 7.5 (d,
1H,J=7.8 Hz) ; 7.4-7.3 (m, 5H) ; 5.5 (overlapping d, m, 2H, J = 5.3 Hz) ;
51(d, 1H,J=12.3 Hz);5.1(d, 1H,J=12.2 Hz); 4.7-4.6 (m, 2H); 4.4 (d,
wbHoebBodsé Hz); 3.9 (m, 1H); 3.8 (g, 1H, J = 8.4 Hz); 3.7-3.6 (M idds s
(dd, 1H,J =17.2, 8.4 Hz); 2.4-2_3 (overlapping in, dd, 2H, J=17.2,10.4
Hz); 2.1 (m, 1H); 2.0 (m, 1H); 1.9 (m, 1H); 1.3 (t, 3H, J =7.2 Hz); 1.0 (s,
g of Hhe 73 WEH2005/080334 RGE i52005/008251sExampie 47 Schastes:s) |
and Synthetic Examples Scheme 3 o _Hz, Pd/C, HOJ0002H N O \ QxH N
oL R IR, B HOB000 0 Fr 1 ot 6 DI DR IRRS e
501ut8580 @ H G COsE0 B H 6/ cd2N 755-85! M2N Okt zz2 &4 Cld01 48] xture
was SREG¥DRoURd described In Example 3may be justhar madifigd By - quecus

removing the protecting group and coupling additional moieties to the

saturabeihesaming BxaaplSatehehe U Bhd altémdiRiePrdeédardd® agqueous
s01uSLheng 49/ Ni 0P d(CHCRAOH HN ONAM Q H 4. 0
purigjg%/%gzgﬂ%ggaNg%lo lg%lromatography {530% BtCAc/Hexane) to
afford the desired product in 60% yield.

[0144] *HNMR (ds-DMSO) 811.0 (s, 1H); 7.35 (m, BH); 7.25 (4, 1H);
6.0 {br. s, 2H); 5.1 (d(ab), 1H}; 5.0 {d(ab), 1H}; 4.5 (br. s,
1E); 4.2 {4, 1H); 3.8 {m, 2H}; 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 Syanthetic Examples

Scheme 3
STEP 1:
1% Pa{OAG): 1.5% XantPhos
o 2eq KCOp, 3 eq. HeD o o AKOEL,, HCH B
2% Catylirimethylammonium B¢ Toluene
oo™ b oo bz [0 *ohe e oo™ el
y ",
@ NHz Br oy &N b= N am & N bm
STEFP 2:
Ok, PdIC. o -16%32~teﬂ-Lau—OH o
& TEA Mt EDC, HOBE
vl i — 0 | Chz., N o
b
N N
H bm &N bm N b
STEP a: o
OH
2 Ho ? ,Q)k e} O
PaiC 1N
Obzay i s o Y ﬁc TG Ny °
K O N Citris Acid o} N [ —— H s} N
o 1 ot g W 0=t COMT HyN ¢ i Ot
NMM o)
S
STEP 1:

o

Cbz"‘a ﬁio

N o
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0O\o HO-~ HNO 1140 O H O-\ 72 WO 2005/090334
PCT/US2005/008251 [01411 To a 1-liter, 3-neck round bottom flask
equipped with mechanical stirring and a nitrogen inlet was charged 50.0 g

wof 28hegeesmpound of example 2 (0.134 moles), and 10.0 g opdP@HHE5008251
(501 wet) . The vessel was purged with nitrogen for 10 minutes. Formic

acid (500 mL) was added, and the suspension was stirred under nitrogen

[0145179% 16 hpursat 22.C., The teactionamixute was:fitered hiaughocgjite sants 7. -
to the filtrate was added 20.6 mL of trifluoroacetic acid. The formic acid

prolipaaddained uhder Yactitim. Wt ihe?fEiaintg formiCali WAk retigted
111 . hy azeatropie distillationnwith teluenda. Thesude oil that was obtained

was, dissolved in 150 mL_of ethyl acetate, and methyl-tert-butyl ether . .
i bt ekt N R B ol b W EREE
the teflyeroatetate saltIThe 30spension Bad cookretb 3 Tarandithe solils

addi &ﬁ!ﬁsﬂy&%&e&@%%‘iﬁ%@ flgaton, finsing Wth & 32 HWAIMIBE i dation
solution (2 X 50 mL) to furnish the desired product as a TFA salt in 55%

of thfelHafDladiINKAR td6-BMSOIR E6XBE 101 HIRS. 15 s WoHPF1 5 Fs,

T-s0 148+ 6. U I 4 SamHRDTE (RS0 Gmp2nR 3P, (m, 1)
.95 (m, ; 1.2 (t, =6./Hz)0 IINO /0O 0~\_[01431 To
Bt MRS bafom s BAuBbRli (00 B wate izrged

into a separate flask and stirred at 20-25°C until complete
digsolution occurred. The Bromoethoxyfuranone solution was then
added to the initial reaction mixture over 32-3.5 hours at 50~
55°C and then stirred until the reaction was completed in
guantitative vield im about 1 hour. The reaction mixture was
Filtered at T = 50-55°C and the solids were rinsed with Toluene
(500 ml). The filtrate was washed with water (500 ml. The
agqueous phase was discarded and the organic phase was
concentrated 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 soiution made of 100 ml Tolusne and 2.7 wml Ethanol,
maintaining the temperatare at T = E~10°C {in sgitu generation of
anhydrous HCLl), 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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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 1-Hydroxybenzotriazole (10.5 g, 0.0776 moles) was
wadsiesiinitis solution, followed by 14.9 g of PCT/US2005/008251
1-[3-(Dimethylamino)propyl]-3-ethylcarbodiimide (EDC, 0.0776 moles). A
homogenous solution was achieved, and was stirred for 2 hours at 22 C.
100 mIoﬂhm@%tionm di@'@ﬁﬂcZEaBﬂﬁ:\N@ 2PR5/098331m concentrated to

CT/ S2005/0 f the un rotecte line apalog (TEA salt
500 m moﬁ‘esﬁ 3yﬁ “Me y?mor g ? ?nt%o Vrﬁ"éjles) houzr,

stir"ﬁﬁefsmuﬁam vira:szsmrecf idﬁ@h@dlr@atmzl& Thecpéa@tiormxm&aré widsh 100
al to¥abaiered o 3 ssparatony.fingel. andwashed with agueaus sajyated
sodium bicarbonate (100 mL), followed by a 10% aqueous solution of
STEP Bitric acid (100 mL). The organic layer was purified by silica gel
chromatography (50% EtOAc/Hexane) to affqrd the desired product in
60% vyield. [0144]1HNMR (d6YOM 11.0A8, 1H); 7.35 (m, 5H); 7.25 (d,
1H); 6.0 (br. s, 2H); 5.Ft8(@R); ~570 (g{ab)y 1H); 4.5 (or. s, 1H); 4.2
(d, 1H); 3.8 (m, 3H) ; 3.65 (M, 1K) ; 2 ~XH); 1.9 (m, 2H); 1,8 (m,
1H); 1.2 (t, 3H); 1.0 (s, 9H). Schem®'6 and Syhtketic Examples Scheme
TEP 1: 1%Pd c)3 150/ ntPhosO eq. K2C03, 3 eq. H20 00
[0147] ]T‘(%Et‘)%aﬁ&‘?% % %gmbz(% Ry FOmBE ToReRELRIR®
steeltl (B Ch2 Oatquch@é:b*zwet@NH@Ih(Et OH OEtT PEOER @ BROEL

charci?’gfp QPBQ&P%Q)A( Cb%’é@i&ﬁé’&%& I\é éoTpn‘éL l_g\k Eg&ﬁo§éetate

and 19.5 ml of trifluoroacetic acid. The autcclave was

pressurized with hydrogen (4 bars) and the temperature get at T
= 20-25°C. The hydrogenolysig 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 deprotacted prolins compound.

[0148] Sseparately, a solution of sulfuric acid {14.6 ml) in water
(330 ml) was added to a mixture of 119. 2 g of Cbhbz-f-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 zotriszole. DMF (190 ml)
wag added to this mixture followaed by 56.3 g of EDC which
produced a cloudy reaction mixture from the c¢lear yellowish
golution. The reaction was stirred at T = 20-25°C for 30-60
minutes. The solution of deprotected pzroline compound from the
autoclave was charged to the reaction mixture, 81.1 g of
Triethylamine was then added dropwise {(over 20-30 minutes) and

the resulting cloudy mixture was stirred at T = 20-25°C for 1.5-
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Cbz’IOTONOHOEt STEP3:01yI~~0HHzNCI/HONC'0 'L~I/
Citric Acid j-.Ory OEtO HOR CDMTH,NOHORNMMCIS STEP 1: O
Cbz'N? " O 0 H OEt 74 WO 2005/090334 PCT/U52005/008251

wob&sldds{4ml of water was added to a mixture of 100.0 g of &Bdsrousm08251
prolinamide, 0.92g of Palladium acetate, 3.478 of Xantphos, 111.2g of

Potassium carbonate and 2.93g of Cetyltrimethylammonium bromide in

2 hoﬂigwene4d@0§1mé)§naimmirtgaaw?mm%eeaidureta_ieTfe%&@%_ﬁl_:\i@@a at
) gings and , additions yere performed under nitrogen to avoid/limit
20 2§x%ra#(])n 0 hkelqi’%flﬁa[diurﬁ{rl §at§f§%ﬁ%% FERcTion (7S ARPRARTRAZES

washBd50-85C and stitrestformbout@hoursc8épardtelyarbonate (7. 5%)
soruBieogtionanoneRl.a,g) gad (uene (190 My were charged njo.a,

separate flask and stirred at 20-25C until complete iSsolution occarre
wereTRE Brorirdheky fbfarfshcCsolulidns vristiehc adbied 2o e initaleattiored

to 4QuXiyie ¥erA:3.ahalss at b8- 55¢mng thenestitred - untilibe reaction Wagsgeq
completed in quantitative yield in about 1 hour. The reaction mixture was

and Fes B RS GERESRTT fTe Soifs wefe Fihst® Wit PolteRes t5oTmlyater .
The Fheditttate was washbddwith wate{56Q nkhdhe cagueous phagepwdse added

v i aosiim Phe &l N booTe 1§ ob ThoL o 5=
showp |diingsamigthoxigebove and stirred at T = 20-25°C for 1 hour.
The resultant slurry was cooled to T = 5-10°C and stirred for an
additional hour at the same temperature. 400 ml of N-Heptane
were added over 2-3 hours at T = 5-10°C, the slurry was filtered
and rinsed twice with Ethyl acetate/N-heptane (40 ml, 60 ml
respectively}). The crystals were dried under vacuum at T = 35-

40°C for at least & hours.

o o)
o)
HaN v ﬁ OEt
ol

[0149] The product of step 2 (100 g}, 5%Palladium on charcoal

STEFP 3:

(approx. 50% wet, 20 g) 100 ml of DMF, 600 ml of ethyl acetate
and 43.1 g of Citric acid monchydrate were charged into a
stainiess steel (3 1lt) autoclave. The stainlesgs 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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were added. 101461 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 temperature at T = 5-10C (in situ generation of anhydrous

wdGlos e ghe mixture was stirred at T = 5-10C for about 1aqus IS ees2s1
Toluene/Ethanol/HC1 solution was then added to the previous reaction

mixture over 15 minutes at T =5-10C, then seeded with the product and

chlorstiged.atifz9:30Get 421 heurgmat T3 20126G far 48 haliseathh T acetate
5-10C for, 12 hours. The product was filtered at T = 5-10C and washed
over HhmtlodhitieForiend  The el R it WHSHiSSBIveT 5t%%(fﬁn 23-

27°C b0 mmlitoluraeranm thetsolutierswas fitered atnbicthipugh 1Dicalitenzoic

; (q]é[%tion id agent). The-solids were rinsed with 75 005/0 4 e
aCld'P d?i%dglgoé 5f°ig% ?Hnl olﬁfenét.oThc(jeSoggfrﬁgvs\%?uéogn%a%%:%ﬁﬁrlnf"ed
water coneemdaied too 500emE JHetresnltisestiny Wanesolet wr20-28 Cedver qame

range houﬁhétigsgdeﬁgﬁl B@U@mé'ta@ﬁr%%ef%@éﬁ@%%&é@@c@' ag the
toluene. The product was dried under vacuum at 35-40C. STEP 2: Cbz.N

citrafeospA HHBEEDI1AT) Tife fifatohd oPSED 1 APy WS ehafed it
react dctainiess: steal{3dh=autbelavgiegetbepwith .20-g of 5%Palladimron oy
.__charcoal (approx. 50% wet), followed by 800, ml of ethy| acetate and,19.5
SOdlmPnl%*‘%ﬁé&%%céﬁ@%%?& Thé'emglﬁ%%lav%)iwzans? )dregggrige%aﬁﬁeﬁy(%rrl%e% ](f at
2G° tdha@rsrand thé temperatoiesérat P 2D25G aThe tiydrogbrolpsis yvss mne

separi¥ei3dys. QEQOQE‘??Q)&:’L@F’{% izing:0+* Dar asdWdrogsnAPIRLe.
roceeds, until upptake of hydrogen ceased. The catalyst was filtered off

solutagh WAShed Wi MR GOLFILbEaHY ABetatd tdhgivata BN ofnd

stirred for 3 hrs at 20°C to 25°C. The phases axe sgeparated and
the organic layer is washed four times with water (150 ml each),
twice with scdium bicarbonate golutlion (total: 20 g of sodium
bicarbonate in 400 ml of water), and once with Z.50 ml of watexr.
To the solution isg added 10 g of activated charcoal and 10 g of
Dicalite and filtered and the solids washed witlhh 100 ml of ethyl
acetate., The filtrate was distilled under vacuuam te a volume of
200 ml at <« 40°C when the resultant mixture crysstallizes. Ethyl
acetate (150 ml} was added to a total wvolume of 350 ml. N-
heptane (300 ml) was added over 2 hrs and after stirring the
slurry for 3 hrs at 20° to 28° , the solid was fdltered, washsad
with ethyl acetate/N-Heptane (100 ml, 1:1} and Sried at 60°C
under vacuunm.

[0151] A11l of the documents cited herein are hereloy incorporated
herein by reference.

[8152] While we have described a number of embodiments of this
.invention, it ig apparent that our basic examplezs may be altered
to provide other embodiments which utilize the compounds and
methods of this invention. For instance, protecting groups

begides CBZ may be used to protect amines in one or more of the
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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 Chz-t-leucine dicyclohexylamine salt and 430 ml of Ethyl acetate.
whlRo£@spHtNg solution was stirred at T =20-25C for 30 minuiRSy k@ s/e08251
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
synthihis Mixiuse folwed by 6 3-¢-08 EDCnhielE preduged wicloudyreaction
mixture, from the clear yellowish solution. The reactign was stirred at'T =
<PPre GO (T3 O PG TRE SHfort 7 T rBetbl rOIRE SHRponRg oY
the afrpanthel atledlave wasehargeditoliye réactrpeniire, Sibbdgichents
.« Tiethylamine was th d.dropwise_(ov. -30 minutes) and the
thhré‘[ls%ft%\gb %ﬁ)%df/%ﬁ%(?%%%ggés s}t;f regaa%sTo(f 2%%2%598:1’1%' 1.576 WO
2005/090334 PCT/US2005/008251 2 hours. 400 ml of water was added
and the reaction stirred at 20-25C for 12 hours. The organic layer was
separated and washed with 400 ml of an aqueous sodium bicarbonate
(7.5%) solution and twice with 400 ml of water. These water washings
were performed at 45-50C. The organic phase was concentrated to 400
ml volume at 40-45C. 300 ml of ethyl acetate were added and the mixture
concentrated to 350 ml to remove residual water. The solution was
cooled to 20-25C and 200 ml of N-heptane added over 1 hour at 20-25C,
and the mixture seeded with the compound shown in Example 3 above
and stirred at T = 20-25C for 1 hour. The resultant slurry was cooled to T
= 5-10C and stirred for an additional hour at the same temperature. 400
ml of N-Heptane were added over 2-3 hours at T = 5-10C, the slurry was
filtered and rinsed twice with Ethyl acetate/N-heptane (40 ml, 60 ml
respectively). The crystals were dried under vacuum at T = 35- 40C for at
least 8 hours.
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STEP 3: OO H O NNO HzN O H OEt CI [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

“@%M(jﬁg a stainless steel (3 It) autoclave. The stainlessﬁtﬁgg%%s 10082t5 .
Seé

autoclave was pressurized with hydrogen (4 bar) and the temperature
at -2 to +2C. The reaction was run for 2-3 hrs periodically repressurizing
Whattoi4 ban asthweragen 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
1. Aobzrogaise-cilom-bpazdicacid Bdth gl Rio 77 MBR005090334nd. of
formb S /¥2r0051008251 Chloro-4,6-dimethoxytriazine (DMT-CI) in 300 ml
of ethyl acetate over 20-30 minutes at ambient temperature for 2-3 hours
at 23- 27C to obtain the DMT actiye egter of 4- Amino- 3-chlorobenzoic
acid. The mixture is cooled to (4to 30 0 ml of purified water are
added to the solution keeping témpgrature in the same range. The
solution of the deprotected tfféuciﬁn.e FS’froduct as the citrate salt is added
at OC to +5C over 30-60 minutes, the reaction mixture is then brought to
pH 6.5-7.5 by adding 30% sodium hydroxide (approx. amount: 71 ml),
and stirred 6-7 hrs at 20 to 25C. A ompletion of the reaction, the
phases are separated and the organic layer added to sodium bisulfate
compELRABH (18% St&&HuREbisulfate in 235 ml of water) and stirred for 3 hrs

aJatz26e ta 25Ca Themphases e senarated aad the organic layer is
washed four times with water (1%0 ml each),

Re
X =

HIL;

with a compound of formula XIIT:

I's) .
R3J\NH2
XIII;
in the presence of a palladium catalyst, a pailadium ligand, a
base, and a golvent optionally including a phase transfer
catalyst and optionally including water,
to produce a compound of the formula XXXI
Ra ?
o \)\omz
RSJKN L‘”R‘*
H

s

XXX
wherein:

X is a leaving group:
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twice with sodium bicarbonate solution (total: 20 g of sodium bicarbonate
in 400 ml of water), and once with 3-50 ml of water. To the solution is
added 10 g of activated charcoal and 10 g of Dicalite and filtered and the

waolidssomshed witia 100 ml of ethyl acetate. The filtrate Wa?éii%@ﬁﬂsrﬂcgzsi
under vacuum to a volume of 200 ml at < 40C when the resultant mixture

crystallizes. Ethyl acetate (150 ml) was added to a total volume of 350 ml.

Badieptaned380 m&hm@@a@qweémg%ﬁ@@réﬂﬁm the, SUERA I98a1 1y
Substlthrs ézo to, 25 , the solid was filtered, washed with ethyl
AE8GT R?Fr‘éjptanglzﬁoo AR 1Y% driétF aPE3CGRder vacuum. [0151]

B« the decumentsscitdenitdrgirarepetehysibtorpeonaied: baeia byl iphatic

referen 15 ] While,we have d ibed a number of embodiments of
groupt’hrsgﬁrnv nt%n |:t5‘ I apparg%nt ﬁuagt ocﬁfrba%c exgmrgljés rﬁay%% algfed o
optioppdide vihertdimbbdimarsiwhichunilize the compounds and ,methods of

ﬁa%rp\r@nti@ Eﬁé@%&@@ﬂstﬂgptgﬁt%e&%m%‘; aybe used
protect amines in one or more of the 78 WO 005/090334

all?hﬁ*érﬁus%d%@%ﬂJs‘«jn?h’éiﬁ,téf‘e‘ﬁé%s%ﬁ*ﬁ@a%%%erhéﬁf@@t jopmily

substheuappreciged bat tre 3ﬁ@p&bfﬂb§éﬂﬁ@mla&@iomd@fﬂwb§y #h8which
they %ggegdedglar%ns rather tha tt);/thl ecific embodi ents WhICh have

en repre§en &4 By Way 8 examp Y005 -membered
heterpyHUS20051808254 What is clarmed is: 1. A process of preparing a

gg@ia@idg§aargog¥lg%mgo%q§{}j9rmuIa XXX:0 Re O OR2

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

Pd (OAC) 2 QX szdba3 .

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

4. The process of claim 3, wherein the palladium ligand is

XantPhos.,

5. The process of c¢laim 1, wherein the solvent is toluene,

dioxane, THF, or a mixture thersof.
6. The process of claim 1, wherein the base is K;00; or Cs5,C0;.

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

PA(OAc): or Pdydbaz; the palladium ligand is phosphine,

gl



R3H R4 N XXX comprising the steps of: a) reacting a compound of
formula Xll: 0 Rel' ORZ X Ra XlI; with a compound-of formula XIII: O
R3 NH2 XIll; in the presence of a palladium catalyst, a palladium ligand, a

wBa%6s/aska solvent optionally including a phase transfer c§@y§§@>%%&s]

optionally including water, to produce a compound of the formula
Re xO yOR2 R3 NSSR4 H XXXI wherein: X is a leaving group; 80 WO

b1spRO9pI0A0334RC T ilnc005/0082a1 EaehRa indl,an.eptionalyy : o)
. substituted alkyl, an optionally substituted aryl, -Cﬁ, -C(0)-Oalkyl or
Eerrqgmien; B RS YedebRnteht§ed ostictiafy substifite @Bliphadeture

+her@HIUP,aHopHeNallsubstitutesbhetaroexchegroup, or an optionally
substituted aryl group; Each R4 is independently an optionally substituted

9. The process of claim 1, wherein R® is an optionally
substituted aliphatic, an optionally substituted arvyl, an
optionally substituted hetercalkyl, a protecting group, Bu-,
B3-Pa-, or By~P3-Py-;

Pa-PF2 ig

Ry R
N ig
RN \\T//
0 Rs

b, -P3-P, iz
Ry Re
J\WN
% J—y Y
[
O Rg .
1
T is -C{0)}~-, =-0-C(0)-, -NHC(O)~-, =-C{OYC{D)- or

—80z-;

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

Each Rs; ig independently H, an optionally substitubted
aliphatic, an optiomally substituted hetercalkyl, an optionally
substituted heterocaryl, or an optionally substituted phenyl;
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aliphatic, an optionally substituted heterocycle, an optionally substituted
aryl, or R2 and R' together with the groups to which they are bound, form
an optionally substituted 5- to 8-membered heterocyclic ring; and Each

wi 3dsAlpanic moiety. 2. The process of claim 1, wherein,the palladi
catalyst is Pd(OAc)2 or Pd2dba3. 3. The process of claimnf, wheré?r?gtlﬁggﬂ

palladium ligand is phosphine, bisphosphine, XantPhos, DPEPhos, or

big(diphenylphosphi g%@@. 4 I fclal rein the
) allagiuf%?ligand iS l%ntPhos. : %he%%%cge%g%?% ai%%{g}/:v%g{r!ét%%ﬁel
allpga%}éﬁvisat8|u%wé,l%&Hﬁ(e,SﬁhﬁFéF&t‘rﬁsitJr@%ﬁE@#Mhh@ﬁré&%@s@?&l1y
subselgindedvheseinribehase srK2603 & OSREQAnd: Thedwacese gl ¢lainy &,
, whe%%ein the reggtion mix%Jr includes a phas%transfer catalyst and

and OptiSRARIWATS =B The ot S5t Biaila, Whetdthe atadiHR Gkhpshed
LormisaPH(@AC)2 nedadbd3; tecpaltadidy liganstistphosphing, &dy¢/Q
hete%%Q@Sgd?Q??’éﬁ%ﬂéJ%%o 5/008aRL isphg *}!!.‘%aﬁ”tpsﬁﬁ.? PRERNGS.
~or bis(diphenylphosphino) ferrocene; the solvent is toluene, gloxane,
bieyelie chatnpeme Htoredh afdlfie bastisiere O3 victs2€b3g9oThdonally

contBeesaof séaim:1 Jxherain R3-is-anaptienally. substiyied gliphatie. ag,-
optionally substituted aryl, an optionally substituted heteroalkyl, a
~NRsesrotétiifng group, P2-, P3-P2-, Or P4-P3-P2-; P2-is RS Ra_N R
Bach R; is independently H, an optionally substituted

aliphatic, an optionally substituted heterscalkyl, an optionally
substituted hetercaryl, or an optionally substituted phenyl, ox
R, and Rg together with the atoms to which they are
attached form a 5 to 7 membered, optionally substituted
monocyclic heterocycle, a 5 to 7 membered, optiomally
substituted menocyclic aryl, a 6 to 12 membered, optionally
substituted bicyclic heterocycle, or a 6§ toc 12 membered,
optionally substituted bicyclic aryl, in which each
heterocycle or aryl ring optionally contains an additional
heterocatom selected from -0-, -8- or -NRg-, or
when Rs and Rg together to with the atoms to which they
are attached form a ring, Ry and the ring system formed by
Rs and Re¢ 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 optiomally substituted 10- to
l6-membered tricyclic fused ring gystem;
Each Rg is independently H or a protecting group; and
Each Rsp is is independently H, an optionally substituted
aliphatic, an optionally substituted hetercalkyl, an optiocnally
substituted heterocaryl, or an optionally substituted phenyl; and

mis 0 to 2.
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P3-P2isR7R6 RBHORS P4-P3-P2isR7R5 R-T-NHOR5 T s
-C(0)-, -O-C(0)-, -NHC(O)-, -C(O)C(0O)- or -502-; Each R is
independently an optionally substituted aliphatic, or an optionally
i ryl; Each. R5 is independently H, an optionally ' uteg
“?:gb;’g}t?g%f optionally substituted heteroalkyl, an optionalIy&;}E@i}g|2tﬂlﬁ’t5 et
heteroaryl, or an optionally substituted phenyl; 82 WO 2005/090334
PCTIUS2005/008251 Each R6 is independently an optionally substituted
aliphatic, an optionally substituted heteroalkyl, an optionally substituted
0. Héteraurgr sftodtioraliy StbdtitEe FReRy R of R5: hHBtRE takemtogetiydr,
each wih theatams samwdich-theysamattached, farm ,3t0 7 mamberad, ..,
m%%tionq_ll @%b titute% mo ocgclic heterocycle, or a 6 to 12 membered,
optidnalty'Sibstitute Oﬁcrg%ﬂ? HetefbeyBieReawhrtA-BaehFeterocycle ring

heterggtorialiylegritains an additional heteroatom selected from -0-, -S- or
-NR50 - ; and Each R7 is independently H, an optionally substituted
aliphatic, an optionally substituted heteroalkyl, an optionally substituted
11 Thetereage oY arfoptichanylsubsttiied phenyt: br Ritane Re:togetheraith
compotheRlomsElowiich ey aresattachad-orm a g0 7,me n&b_‘erfgh%ﬁﬁ%n%.
ally

substituted monocyclic heterocycle, a 5 to 7 membered, option

4

.12. The process of claim 11, wherein R, and R, taken together
with the atoms to which they are attached form a substituted

beta-amidolactone of the formula

O
O i 0
R3'U\N '
H o-ng

wherein R® is C;-Cs alkyl.

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

Rs

RS_N/L;\

L
in which each Rs is independently H, an optionally substituted
aliphatic, an optionally substituted hetercalkyl, an optiomally
substituted hetercarvl, or an optionally substituted phenyl;

each Rs is independently an optionally substituted
aliphatic, an optionally substituted heteroalkyl, an optionally
substituted hetercaryl, an optionally substitutad phenyl, or Rs
and Ry taken together with the atoms to which they are attached
form a2 5 to 7 membered, optionally substituted monocyclic
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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
wapgitionalk heteroatom selected from -0-, -S- or -NR50-, or v%/,henIRS and
R6 together to with the atoms to which they are attached for%TéL?ﬁ?&s’???m
and the ring system formed by R5 and R6 form a 8- to 14- membered
nete200pRA, sultiutgd, Bioyslie Lasthidng sysemLNgEILBE bivale. o
. fusedring system is optionally further fused with an optionally substituted
bicyghiRyheEsHAFStordly St fRRE N 0286 SIemshBeridgicgelid onally
contdused HRY systeny &sach R8s indenandantly i o5 agyrgiecting gragp; gnd
NR Each R50 is is independently H, an optionally substituted aliphatic, an
*°optionally substituted heteroalkyl, an optionally substituted heteroaryl, or
amaapiicnally substised eyl andom is B0 288 WY 30054090334
RPCT/US2005/008251 10..The progess of claim 9, wherein R is aliphatic,
A or SptBaaR S bR 5 BESF o By SR
aliphyb2c.N@E0)2-SORRBOPULRCIOIRE), ISORS0GKYStereeychgalkyinal ly
1. Thepr £ Claim rther, ising.reduej f
R R AR AL i S i
df ctfim@L £ iferein R4 and R2 taken together with the atoms to which
they are attached form a substituted beta-amidolactone of the formula O

14. QI'hEQ grgc%_ssng ovz%h%r g:lx.g gllg,cjﬁr_hceSrglj‘.%l'Rg has the structure

ARRT

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

-8- or -NRsg- .

15. The process of claim 14, whersin Ring A has the structure:

z&/“‘? L*{’N/:y 5{“' %‘Q Y@ 1{@

nans vy e

16. The process of claim 15, wherein R; hasg the structure

Fian

RB/N<

A
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13. The process of claim 1, wherein R3 has the structure R5 R$ N R6 in
which each R5 is independently H, an optionally substituted aliphatic, an
optionally substituted heteroalkyl, an optionally substituted heteroaryl, or
wabaRlirpally substituted phenyl; each R6 is independently&p]r RE%?&WSZSI
“substituted aliphatic, an optionally substituted heteroalkyl, an optionally
substituted heteroaryl, an optionally substituted phenyl, or R5 and R6
taken together with the atoms to which they are attached form a5 to 7
membered, optionally substituted monocyclic 84 WO 2005/090334
17 pERIUBZO65DH8251 hétdiodyle "B 815 B nfetfibens, BpbAMFe
substituted bicyclic heterocycle, in whish each heterocycle ring optionally
contains an additional heteroatom Jeléeted from -0-, -S- or -NR50-; Each
R8 is independently H or a pt%ﬂtecting oup; Each R50 is independently
H, an optionally substituted aliphatic, §n optionally substituted heteroalkyl,
an optionally substituted heteroaryl, optionally substituted phenyl;
and mis 0 to 2. 14. The process of claim 13, wherein R3 has the
structure Rgs .rJ'F'rin which Ring A is a 5 to 7 membered, optionally
substituted monocyclic heterocycle, or a 6 to 12 membered, optionally
18. suhstityeddieyclieheteromycles jn whichseachkhetarocysle rrg-ontionally
contains an additional heteroatom selected from -0-, -S- or -NR50-. 15.
The process of claim 14, wheRrein g A has the structure:
g )

A

19. The process of claim 17, wherein the compound of formulsz

XII hasgs the structure
O

x4
O-R?

, in which R® is C;-Cs alkyl, and the compound of

formula XXXI has the structure

Rg—N

P

@
5
w

20. The process of claim 19, wherein R® is -CH,CH..

21. The process of claim 20, wherein Ry is a protecting group.
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22.

CBZ.

N2\? VN N? V N VN 16. The process of claim 15, wherein R3 has the
structure RB N .tJ'nr 85 WO 2005/090334 PCT/US2005/008251 17. The
process of claim 14, wherein R3 has the structure R B J11 " 18. The
process of claim 17, wherein R3 has the structure R8 N ,rfe!'r 19. The
process of claim 17, wherein the compound of formula XlI has the

ct 3 -R9.iK igh i -Cs l, the.compound of .
o S has the siamure RN D T K F10, GRS 3L The Srosssts
of claim 19, wherein R9 is -CHZCHS3. 21. The process of claim 20,
wherein R9 is a protecting group. 86 22. The process of claim 21,
wherein the protecting group is CBZ. 87
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