PROCESSES AND INTERMEDIATES FIELD OF THE INVENTION [001]
This invention relates to processes for preparing caspase inhibitors and
intermediates derivatives thereof. BACKGOUND OF THE INVENTION
[002] Caspases are a family of cysteine protease e ﬁg/mes that are key

mediators in the sigridiingpathways for dpoptosid’afid cell disassembly
(Thornberry, Chem. Biol., 1998, 5, R97-R103). Apoptosis, or programmed

cell death, is a principal mechanism by which organisms eliminate
unwanted cells. The dere&&%&@n%i@gp@égé%%xcesswe apoptosis
[001] oFrthefailuredounderge it has beendmplisatedJn apumpbenefdisgasesspase

such as cancer, acute inflammatory and autoimmune disorders, and
mm@éﬁﬁﬁ%éﬁ%dé&éﬁéﬁﬁ@é%Iis%’fd@r%%é’ébéﬁ@u%ll?@&% 1998, 281,
1283-1312; Ellis et al., Ann. Rev. Cell. Biol., 1991, 7, 663). Caspase-1,
the first identified caspase, is also known as |nter|euk|n -I(3 converting
S e Fihtdddukin-Ip ("pIL-Ip”) to

enzyme or "ICE." Caspdas

[002] the-pre-ntlammatory @Q%ei@r@‘bkwfi%@e@‘f@%%@'Le%@ﬁﬁ@’ge%%av are
Asp-116 and Ala-117. Besides caspase-1 there are also eleven other

KeY RIS Hilimian CaspasesWhith Have e @dssifiet intd famiiesd baded cell
disa@hBlr piologisakfuaetion. [063kMasy surrently peported symtheticoroutes

for producing caspase inhibitors require expensive starting materials,
APOPESistographic SHpdTALich of diastétédiers: and/dt disadvartafsots i sm by
whicsyniheticsteps. [004h inwow!diberdesikable-tohave asysthetiesqutedoion of
cas$ase inhihitors, o:§rodru§s thereof, that is amenabl to ]:rge -scale d
aPOPGpithésis And 6?/erco S the gfo‘?&%ﬁfﬁnesd &?or?@o?n PESthERnigg e ae
it, improvesupamttie curcent metrmdSuﬂmb%ldl\/l:MfARYﬁEs'l'd&E INVENTIOMNancer,
acu t[eOOSLPJe Jprocesses ang compounds desgrlbed hereln are efu]!for

pro ucing mo ified a% aspartlc am&lamrlvatlves sué‘k as aspar [o
neurcdegenerative disorders (see generally Science, 1998, 281,

1283-1312; Ellis et al., Ann. Rev. Cell. Biol., 1991, 7, 663).
Caspase=~1, the first ildentified caspase, i1s also known as
interleukin-1p converting enzyme or “ICE.” Caspase-1 converts
precursor interleukin-1p (“pIL-1B") to the pro-inflammatory
active form by specific cleavage of pIL-103 between Asp-116 and
Ala-117. Besides caspase-1 there are also eleven other known
numan caspases which have been classified into families based on
their biclogical function.

[003] Many currently reported synthetic routes for producing
caspase inhibitors require expensive starting materials,
chromatographic separation of diastereomers, and/or
disadvantageous svnthetic steps.

[084] It would be desirable to have a synthetic route to caspase
inhibitors, or prodrugs thereof, that is amenable to large-scale
synthesis and overcomes the aforementioned shortcomings or

otherwise improves upocon the current methods.
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acid aldehyde moieties. Aspartic acid derivatives are useful for preparing

caspase inhibitors and/or prodrugs thereof. [006] In one aspect, the

invention features a process for preparing a compound of formula GIA or

GIB: O ORa ORaO RalORaO R3NR2R2H~R3 GIA GIB

comprising the steps of: {3} feattifg-a compaurd et fdrmula GIIA or GLIB:
[005]0 @QR3QRNORA Ra) D QrhRAHK XNz 1B GIASIB; aard 8seful for

compound of formula Glll: O R3 ANH2 Gilll; in the presence of a _
profafadiinteathlystCa paiaditmligand afi = Base 18 soRifit oftiorisily> = - 1¢
acidncluding gehage kansfer catalystrand-optionallyincluding wadeire useful

wherein: X is a leaving group; Ra is H, an optionally substituted alkyl, an
£or gpfiGRANY RAbSHTRET Gryl N LB GalkyA BF hﬁ%%%ﬁ}lﬁé i§ Af'organic
[006]Maigty; RR2 kpar-optionally;substituted atkyh heterocyCli€rocess for

preparing a compound of formula GIA or GIB:

O
O
Ra Ra OR4
B ] 9
R N R R N
3 H 2 2 H RS
GIA GIB

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

O O

Ra
e [ OR, ~ TOR,
)LN )9\
R H X X" NTTNR,
GIIA GIIB;

and a compound of formula GIII:
0
R3)LNH2
GIII;
in the presence of a palladium catalyst, a palladium ligand, and
a base in a solvent optionally including a phase transfer
catalyst and optionally including water;
wherein:
X is a leaving group;
Ry ig H, an optionally substituted alkyl, an opticnally

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

R® is an organic moiety;



alkylaryl, or aryl; and R4 is an optionally substituted aliphatic, a
heterocyclic, or an aromatic; or R22 and R4 together with the groups to
which they are bound, form a 5- to 8-membered heterocyclic ring which is

optionally substituted. Embodiments of this aspect may include using a

phasé- frafsfer BAtaRst {OU 7P O dspetts 51 M mventio 5P K6t foth

alkyhereim DESCRIBTIONQF THE INVENTION I. DEFINITIONS 10081 As
used herein, the base used in connection with palladium_catalyst and .
paladiimfyan refdh§ to-dn “IHorganic base “or B *brganicbase S jooe ! =<

or =Hs Hsechheral}, "neorganic bases” that may be used in a process of this
invention.incjude, but are not limited to a_carbonate salt, a}ﬁbi%%rbonate bound
salt, andfbra phogpitde satt (ald “kidred théreod. fi'sGie - 1Y are bound,

forrenabadiments:efithisoinvention; the dagrganic hdseymay beha carbepaienally
salt having the_formula MCO3, wherein M is an appropriate .

SUDEhhhter&tion™ égr%ﬁﬂe%no cca);%o%%%essﬁtssgﬁa%dre@ l?ut}"al}%ln%?ﬁm)ft%éng &

phade, K2EO3{ K2PEO4, aNa2€03, Li2CO3, Rb2CO3, and Cs2CO3. In some
Specific embodiments, _the inorganic base is K2CO3 or Cs2C03. 10101

(007 A LGOS nEERT “organic nges%lﬁgtnl% A7 helisedin a g%c%%s%f this™
invention include tertigryargamcdigses titatzinchudel Biitare not limited to
trialkylami .g. diethylisopropylamine, triethylamine,

= I@%%ﬁ%r}g%éline and the like, and heteroaryl amines, e.g. pyridine,

[008jquinolinecand.the: iike. 10kl bAsaised hereain, Ralladivin catalysts!’ thal. Ladium

~may be used in a_process of this invention include, but are not limited to, ,,
ot PhaHUAN T S Sich B PAGORS) 2 And Bazdbad:s (DL AS thed >02e” °F
an hereiap'Raltadiswr ligand” and "Palladium Il ligand" refers to a ligand that

js capable of forming a complex . .
[009] Aéjused heref%, “iﬁ%rganlc bases” that may be used in a

process of this invention include, but are not limited to a
carbonate salt, a bicarbonate salt, and/or a phosphate salt (and
mixtures therecf). In scome embodiments of this invention, the
inorganic base may be a carbonate salt having the formula MCOs,
wherein M is an appropriate counter-cation. Examples of
carbonate salts include, but are not limited to, K., CO0;, KoPOu,
Na,C0s, LisCOs, Rb;CO;, and Cs,C03. In some specific embodiments,
the inorganic kase 1s K;CCz or Cs:COs.

[610] 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.d.
diethylisopropylamine, triethylamine, N-methylmorpholine and the
like, and heterocaryl amines, e.g. pyridine, guinoline, and the
like.

[011] As used herein, “Palladium catalysts” that may be used in a
process of this invention include, but are not limited to,

Palladium II Salts such as Pd(OQOAc): and Pddbas.



with the palladium catalyst. Palladium ligands include, but are not limited
to, phosphine, bisphosphine, XantPhos, bis(diphenylphosphino)ferrocene
and DPEPhos (see Aldrich catalog). See also, WO 95/30680 and US
5,817,848. [013] "Solvents" for use in this invention include, but are not
[012] e iR Fol08RE Idioxarie JamFFRE, ArdAikturéPherdGr. 16141 Fhe 1
1igagHm "leaving.groyp; refers.tasa molety whieh is: replased by RIGONH2:onplex
~ Specific groups include, but are not limited to, chloro, bromo, iodo,
withpddiRioRaloteis Uiflats: doksiate, rhgsytae® id hoSIaes [615] HitferRut are
not "Otganic maiety” as used in definingyrasiapleiR3  referstoany chemical
. moiety provided that the moiety does not contain a moiety that would
bis fdrfere VN REPAIAGIUAT TGS, Slich et motdtics Wodid be
catavelbknown e skilled practitioness agd includeie.g., aufreesgdlthydryl
group. A group such as a sulfide or a thiol should not, therefore he present
[013]in ¥7e Raerhanic msiety Furthermbre, tHE SRS oPdaniC mdieh shdald ASE PO
1im CORERIR AN aminegreypssush-asf prAmanyer secondarkaminasthatereot .
would be more reactive than the amide of formula (GIIA or GIIB), R3 may
[014]conkein priFfary BREY $8CorTRYRMIRES tHat afe capped-Gith protetting S
rep HEOWRS that yediige the interaction-betweendhe prateated aminesand ther
. palladium catalysts. [016] As used herein, the term "phase transfer
Limicheslyst® meahsF Tonpdtiy whithds cRpEbie of transferifiy d wafer -
t o5 pOlbie apiony inde an organiehaser: Phase transfer catalysts include
tetralkylammonium salts, phosphonium salts and crown ethers. Examples

015t BRasé trafisier Bapalsts Tettde bt ard RBE linfiedth tBtasubStes & &

ref@fgnQBmQh§a$%%@qEE%“&HE@Q@f@ﬂ%@§d@ﬂ@&ﬁﬁwfﬁﬂﬁ moiety does not
tetrasubstituted ammonium salts in situ. Tetrasubstituted ammonium salts

confrickide! BUt afd Holfirflted T i etrabbtyishmonidm, -he paliadium

catbepzylrimetbylammaniunt detraethylanameonism; ccatyltrimethylameonitm t o

_salts in which the counter ion_can be
skilled practitioners and ilnclude, e.g., a free sulfhydryl

group. A group such as a sulfide or a thiol should not
theraefore be present in the R® organic moiety. Furthermore, the
R® organic moiety should not contain an amine group, such as a
primary or seccndary amine that would be more reactive than the
amide of formula (GIIA or GIIR). R’ may contain primary and
secondary amines that are capped with protecting groups that
reduce the interaction between the protected amine and the
palladium catalysts.

[016] As used herein, the term “phase transfer catalyst” means a
compound which is capable of transfering a water soluble anion
into an organic phase. Phase transfer catalysts include
tetralkylammonium salts, phosphonium salts and crown ethers.
Examples of phase transfer catalysts include, but are not
limited to tetrasubstituted ammonium salts and trisubstituted
amines which may form tetrasubstituted ammonium salts in situ.

Tetrasubstituted ammonium salts include, but are not limited to,
4



salts bromide, chloride, or iodide. In some examples, the phase transfer
catalyst is cetyltrimethylammonium bromide. Trisubstituted amines
include, but are not limited to triethylamine,
tributylamine,benzyldiethylamine, and  diisopropylethylamine. [01 Al\s .
tetrgeud e the EmSARGBNET ARG Sfifarronbe i be Jselr =ty Hammont v,
cetyinterchanggablyaswithie suderstoed by e skilleddn the: cart. {018]cas: be
used herein, the term "aliphatic” means straight chained, branched or
saltey EELea tﬁ}?j]r&%rggns Which&re” Gompletely Ehturatsd brwhich phase
+ ran@aain-eRe: 0mMore Bnits: ofy Unsatusation. fronexampleé;suithbile.aliphatic
. _groups include supstituted or unsubstituted linear, branched,or cyclic
Trlsg‘ﬁ&ﬁl, iR eﬁWﬁ%ﬁ6roulp%céﬂr%ﬁjﬁybr%)dls%th%?eeof%ﬁghn'é""smlte‘f e
t r 1 efeyoloaiky alkyk tayelnakemdyatiouh en toyttoadky)alkenyh (0181 he term
diis"algln arlde"%lkcixgl" ysgd alone or as part of a larger moiety refers to both
St 'SﬁtyancF ranched Shains containing one to twelve carbon atoms. The
[017]temsalkenyl: asd n"alkymny|"tusedsaldne ot aspartaoid lafer moiety shally be
include both straight and branched chains containing two to twelye :
useCatB6i Jé?gfﬁg.g[ﬁﬁ%ﬂ(s 08ed h%?e%,eth%ntéﬁrr\ %@?‘?ugé/d gfé%esorlalslggrt 0 the
art .of a larger moiety as in "aralkyl", refers to aromatic ring groups having
five to fourteen members, such as phenyl, benzyl, 1- naphthyl, 2-naphthyl,
[018]1 ARHrS& a?ﬁﬁlféﬁhrg&?, éznedr%etéargf‘: gl%r%a%r/gma |8%rlosupsstgra 2B
chaiheteroanyl gietpsisuch ay 21 uranyk G-furayil; damidazelyly2iintidazalyl,

-imidazolyl, 5-imidazolyl, 3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, a,1,3,4-
O O S 14 SRadiar Bt 2 oSN aZa . o edaahT 2 e

uns ﬂ:—oxafquxde-oxﬁmiyb Qapyrmlyl : 3bp1y¢l€l51353] gz-apl_yir'[dkyh tsia_pyr_ci;};/dgua;;pyﬁ@ﬁ lude
oos SR APIG, 0.3 P, gy, e

20Wb1ic atkyl
iadiazolyl, iazoly iazolyl, 'éZOY,S-tetrazoy% V ic alkyl,

~alkenyl, alkynyl groups and hybrids thereof such as

(cycloalkyl)alkyl, (cycloalkenyl)alkyl or (cycloalkyl)alkenyl.
[019] The term "alkyl™ and “alkoxy” used alcne or as part of a
larger moiety refers to both straight and branched chains
containing one to twelve carbon atoms. The terms “alkenyl” and
“alkynyl” used alone or as part of a larger molety shall include
both straight and branched chains containing two to twelve
carbon atoms.

[020] As used herein, the term “aryl”, used alone or as part of a
larger molety as in “aralkyl”, refers to aromatic ring groups
having five to fourteen members, such as phenyl, benzyl, 1-
naphthyl, 2-naphthyl, l-anthracyl and 2-anthracyl, and
heterocyclic aromatic grdups or heteroaryl groups such as Z-
furanyl, 3-furanyl, N-imidazolyl, 2-imidazolyl, 4-imidazolyl,
F-imidazoclyl, 3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, a 1,3,4-
oxadiazolyl, a 1,2,4-oxadiazolyl, 2-cxadiazolyl, 5~oxadiazolyi,
2-oxazolyl, 4-oxazolyl, S-oxazolyl, Z2~pyrrolyl, 3-pyrrolyl, 2-

pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-
5



2-triazolyl, 5-triazolyl, 2-thienyl, or 3-thienyl. The term "aryl ring" also
refers to rings that are optionally substituted. Aryl groups also include
fused polycyclic aromatic ring systems in which a carbocyclic aromatic
ring or heteroaryl, ring is fused to one or more other rinr%s.,Example

PYT ifdide - tetrahyisiphit benZinidibRf Dehzothie W,lﬁé?fz%ﬂﬁiﬁizu
2-tHadelyh guinalinyl, bepzathiazotylbenzaoxazqlyls -henzimidazelyl,
isoquinolinyl, isoindolyl, acridinyl, benzoisoxazoly%_agg,the like. A,I%o ¢
Q‘tﬁhémaéé{%vitrﬁﬁﬁ%elé&&pleyjoftt%‘?ekﬁﬁn@w%*, a&iit is UsttiHerain, isa® term
» a rygrouprgy whichs ®ne«afanere-earboayglictaramatie sings andfos hegeroaryl
rings are fused to a cycloalkyl or non-aromatic hteterog{yclic rin({clg f(ir
|

Sub e lindanyior 1EfEHYdToBERZopytamy1 Thé tetntdromatic Ting” 6 2t

ring" or
rindammatiegroup wafers te:aryh graups: [021] Shenternm ¢heterorychic vefersoary 1

. to saturated and partially unsaturated monocyclic or polycyclic rin
o m%y%?erlrgél %Sﬁtaifrﬁné) %%eggr more h%%glrgartto%nlsxgﬁd a r%’r%é}ég%{fe of thgréleC %8}‘ de
t et wightsuchzas piperadingh piperdzinyl], fBtrahyerafatanys pyirolidieyk o furanyl,
s nadZiaTvaroRvianyl, mereholinyl. aid he tke. (922185 ysed harein, the

e "bi%ycl'lc used rihg system" or "bicyclic ring system” refers’to two

ben zingsdehioh share. tvanatoms LEifRer g fragdleysatueated, partially

bemgé‘fgw%&eﬁg;c,yagfgggﬂﬁ Each fing alsg may contain 1 4o 3 heteroatoms, ..

xamples o used ring systems include, but are not limited to, '
of Wompoumds g i, 1, ahd mishbrniASFable Ieand cotnpouneas Rl Hhdvhich

one -1 kel and m-2 showniin Table 2. 10231 As ysed.herein, the ; 14«

term “tricyclic fused ring system" or "tricyclicring system” referstoa”
are bfoyetie ring systens ik which athird ¥Rgds fisedts the bryelivAdgc ring, for

exafYSEM such 1hat the third ring shares atlsast-wo, gtomswith thebicyeliconat i c
ring system. In some embodiments, all three rings share at least one
ringdnfiion atciaAfy of fHEMMgSRARE Tridylie fing droups.
[021] The term “heterocyclic” refers to saturated and partially -
unsaturated monocyclic or polycyclic ring systems cortaining one
or more hetercatoms and a ring size of three to eight such as
piperidinyl, piperazinyl, tetrahydrofuranyl, pyrrolidinyl,
tetrahydropyranyl, morpholinyl, and the like.
[022] As used herein, the term “bicyclic fused ring system” or
“pbicyelic ring system” refers to two rings which share two
atoms. FEither ring may be saturated, partially unsaturated, or
arcmatic. Each ring also may contain 1 to 3 heterocatoms.
Examples of bicyclic fused ring systems include, but are not
limited to, compounds g, J, k, 1, and m shown in Table 1, and
compounds g-1 and -1, 1-1, 1~2, k-1, m-1 and m-2Z shown in Table
2.
[023] As used herein, the term “tricyclic fused ring system” or
“tricyelic ring system” refers to a bicyclic ring system in
which a third ring is fused to the bicyclic ring system such

that the third ring shares at least two atoms with the bicyclic
' 6



system may be saturated, partically unsaturated, or aromatic. Each of the
rings may include 1 to 3 heteroatoms. Examples of tricyclic ring systems
include, but are not limited to, compounds e and g shown in Table 1, and
. compounds e-1 and g-1 showg in Taple 2. [9%4]t%s used perein,strrl}gre at
ringniasd Bptionhy SUBSHTEE “tl5Hea by a chemical moiety (e g.an
1 ea soptionally suhstiutedealiphaticy meansthat-thecehemicalmoiety maylhe: ring
substituted with one 0{ mdore (e. .,.1—?} fub%tg%eatﬁrgltseo%eor aromatic
Y5t EnBain ?s,sgﬁblﬁ:aahcegrbugéa, a I%)ﬁ groﬁips, arflal ’”groups, 'eterocyclic )
Eachgrofipshearbocycticrgroups; @bddscyclicor ricyetie ring tsystemsomtaines of
._one, or more substituents. The substituents are _selected from th that
CE Sy lecstgﬁfégunsc}ésr%ﬁén ?ealcrﬁcé;uggdditglgks of tﬁe%%césgnjtl%fgégg:? a5
comnpwonldhesgenefally khown torthOsé skilléd imthe aronExamples of 1 and g-1

h subsl'ggt at i@r;c de halogen, -Q1, -OQ1, -OH, protected OH (such as
s Owancyfox;fn&eny (Ph), substituted Ph, -OPh, substituted -OPh, -NO2,
[024]-CNs -NEHQL had €Qh) 2iNHCOH s NHOSNHQE t1NQICONHOQLpted”
-NHCON (Q1) 2. -NQICON (QI). 2, -NQICOQ1, -N -NQ

1 G5 GO0 SCONHOT CON (O1) 7, ST SRS, SONL
alipB@2NHQLe-8G2NHQY) 2 -NHS(@)2Q1] NQES(D)29Y, B, s8pstituted

.. .=NNHQ1, =NN(Q1)2, =N-0Q,, =N = 1C0oQ1, = .
i AR 200 o, T B,
alirgliphatic, arglarsaralkykgrbuprane ach of Ol ke vsbstified phergiand

substj -QR ubstituted.: with, 1.t fh -Q3, ...
gm%%%s,g-%%%:%@‘c%&j HO?;%%H %Egcﬁé% ?Sﬁeeni‘f%pﬁ?%%%? %)’oﬁ,mg
5ySEENS -NPIO3 IN(QB)2, SNHET®3 S URFICONHEZ: -NQBTONRRR; 1 tuents are

se1sNHEONQR)2, sNOSCON (Q3) 21-NQ3COQ3,.-NHGOZQ3e reaction
-NQ3C02Q3, -002Q3, -COQ3, -CONHQ3, -CON(Q3)2, -5(0)2Q3,
condSONHZ, -S{0)g% -SO2NHO3 PSTZENQ3)RS-NKHS(0)283, esnerally known

to eNOIS(ON2Q370.1 7Sy FANHQ3, =NNLQ3)2: sN;OQIIENNHCOR3, include
=NNQ3COQ3, =NNHCO2Q3, 7 =NNQ3C02Q3, =NNHS020Q3,

ha LegiNQ3S82Q3 6h=NTF WwherecH 35S &fiphitic GrUaRy. 7625 A< 0&ed » Phenyl

( PhereinRitrogen &orms on a-heterocyglic fing May -orh, -NO,, -CN, ~-NHQ,

-N{Q1),, -NHCOQ;, -NHCONHQ;, -NO;CONHQ,;, -NHCON(Qi)z, -NO:CON({Qi):,
-NQ1C0Q1, ~NHCO2Q1, -NQ1C0:Q1, ~C0201, -COQq, —CONHQ;, -CON(Q1)z,
-S(0)2Q1, —-SONHz, -5{(0)Qi, -SONHQ;, —SO0zN(Q1)z, —NHZ{0)2Q4,
-NQ18{0)2Q:, =0, =8, =NNHQ;, =NN(Qi),, =N-0Q;, =NNHCOQ:, =NNQ.COQu,
=NNHCC,0;, =NNQ:C0-Qq¢, =NNHSO0,Q:, =NNQ:50:0:, or =NQ; where Q; is an
aliphatic, aryl or aralkyl group, and each of Ql, the
substituted phenyl and the substituted -CPh may be substituted
with 1 to 4 of halogen, -0Qs, -00Q;, ~OH, protected CH (such as
acyloxy), phenyl (Ph), -0OPh, -NO;, —-CN, -NHQs, =N(Qa}z, -NHCOQs,
-NHCONHQ3, -NQ3CONHQ3, -NHCON(Qi)z, —NQsCON(Qs)z, -NQ:COQs,
-NHCO2Q3, -NQ3CCzQ3, -C0203, —-CO0Q3, -CONHQs;, -CON(Qz)2, -5(0)20Qs,
~30NH2, -S5{(0)Qs, -SO;NHQs, -SON(Q3)z, -NHS5(0)2Q3, -NOQ:15(0)20s, =0,
=G, =NNHQ;, =NN{Qi),, =N-0Qs3, =NNHCOQ;, =NNQ3;CO0Qs;, =NNHCO:Qs,



be optionally substituted. Suitable substituents on the nitrogen atom

include Q2, COQ2, 5(0)2Q2, and C02Q2, where Q2 is an aliphatic group

or a substituted aliphatic group. [026] Unless otherwise stated, structures
. depicted herein are also meant to includegg\{\lI teregche_m'cal.form of the .
“NNQehietare; 1o 1ie'R ’anﬂ@%é% lgtratiohs f_orééc‘ﬁ asymmetric center, © ¢ ©F
arylTherefore, single stereochemical isomers as well as enantiomeric and

diastereomeric mixtures of the present compounds are Withinﬁile sSco

! e
19251 of heHAvantite 1027] THEETACSUBSERTalN fofe? FOrBra G -C 2o may
be ofteieechemical:putty-aftaeampeaund thatds gieaterithan:90%0.dn soie

. embodiments, the stereochemical purity of a compound is greater than. .
03 L GRR AT HIGHER, B St BBeham e perie] Bl S Hou AT 0% +° 2"

alipergreateyr{028] Thedermiselectivescrystallization'tmganscrystallization

of a substantially pure isomer from a solvent containing. a _mixture of,
10261 js5mkss 0987 FRY téith “dyhaffic cistallizatioh® mde%%gsc&)?s(%alﬁﬁ%ﬁojﬁl of ©¢
alsoagubstantially paredsemet fropt @ selventaonrtainir amixtufe tofdsamers:ture ;
, under conditions which gause isomeriza}t:ion of the mixture oj:isomeresﬂ%oEer
1-€-an isder ifiich Selddiively cristaiiizes.” For xample; ih the case o .
Thenesolving enantiomers: isomerization lofithemzore sofuble Ehantioraertot iomeric

the less soluble isomer results in crystallization of the less soluble i er... .
R i bAGER TG IOt Sea By cREaAs T cin
the thedess sdlublecenantmnteroA specific example of dynamic crystallization

may include the epimerization of an_angmeric.carbop in a solvent unde .
{027100 %ﬁio%%%?cﬁ%%?etc?ir\}{e:ﬁ/a@é/gt&flﬁ%% onre@gfueb%%an %II? %%rgeﬁereocglemlcal
purienantiomerc8if@3Qiddnless otheswigesstated, stractufssdepidted herein

are also meant to include compounds which differ.only in the presence of
C 1 L MPO reater
embOo(:{rmlemcﬁ?lr‘ﬁL r%sore%s%?opﬁgﬁﬁ/eéjrﬁ%%lgﬁcaafom%%ér xgmp e,%%ﬂ?poou% s o
tharha¥irig therpréseént structurestexeept fotltke stereochemical purity of a

compound is 99% or greater.

[028] The term “selective crystallization” means crystalliiation
of a substantially pure isomer from a solvent containing a
mixture of isomers.

[029] The term “dynamic crystallization” means crystallization of
a substantially pure isomer from a solvent containing a mixture
of isomers under conditions which cause isomerization of the
mixture of isomers to an isomer which selectively crystallizes.
For example, in the case of resolving enantiomers, isomerization
of the more soluble enantiomer to the less soluble isomer
results in crystallization of the lesgs soluble isomer as the
equilibrium between the isomers is driven by crystalliZation
toward the less soluble enantiomer. A specific example of
dynamic crystallization may include the epimerization of an
anomeric carbon in a solvent under conditions which selectively

crystallizes one substantially pure enantiomer.



replacement of a hydrogen by a deuterium or tritium, or the replacement
of a carbon by a 13C- or 14C-enriched carbon are within the scope of this
invention. [031) Various "protecting groups,” "capping groups,"” or "amine
capping groups" may be used in the methods of this invention (see, e.g.,

[030] T Wy Lo reerietd PEE MEWLIE "Plotebive! BrolisSin B ahie Sy ritestsl” 27¢
also3GEdition: Johm Wiley& Sonsone:61999) canditherearlienand katerche

editions of this book). Examples of amine capping grou S or protectin

PresBEfs el bt afeR6t fiffitedtd SR7 LCEOR S “EofdR™ 50

examPO2RGo2P3Rq s SQANIRY ) 2 & (B)OIRT, @@)@i@)@&g except for the
C(0)CH2C(0)R7, C(O)N(R?)Z -(CH2)0_2NHC(O)R3, -C %\N(R72
rep LE(OIRORIRT: -CIENOET R?Y BERRTZ, 4 (br(O) bgFH)E &reirt

rep l%?:@déyﬁkogen Aaraptienallyysubstitted ahﬁﬁaueagraumeam aptionally axre

substituted aryl group, % an opt |onaII substituted heterocyclic group.
withhedrbhly>RIHS (B1- S F-Rlighatie (€3 10)-cycloaliphatic -,

m31(Cﬁé%EBdWCkﬁ$@hé@ﬂﬁ£§-@iahgﬁﬁﬁﬁmciﬁﬁﬂﬁ@ob&@%ps,” or “amine

(C6-ClO)-aryl-(Cl-Cl2)aliphatic-, (C3-Cl0)-heteroc C
CAPIE- @8?6%§E:nyn@1 2‘)1573[)%%8 ‘%g (}g(%g’oa%yl%hojrs invention

seéC%Cng) haterarygl-(€&+Gil 2)-aliphatic-. /{032],AS bsed beteinghetenms in

"lewis acid" refers to,moiety._ able of arin accepting an e ctron
Or 933 EXAMPIEE S lewi amaélnc}ru@é hl%lre %oti ﬁ'ﬁlt% glgn £SUO" (1999)

and BR3=etherdtes andn tetalthatides ialkoxides, fandmixddcnedide/alkoddgs. es of

Al(Oalkyl 2C1 Al (Qalkyl) C12) . The metals can be aluminum,
amlél?an?a ézw um; agg?]esﬁ))%} copz)%erqzr?c wo% tif, OEroﬁ.l yttr&()ajblua]t:e not

1 imiantbanum, and santaiLim. [033] E]D@Rs, -SOR’, —sozR , —SCsR7,

_ dlmeth yl)-3- th c |de o
SO’]lehd &Xybe rlagé?& THE%IS tgetréa ydr ufan. T%i is 9 tnﬁuoroace%éom( Ve
- (Cagid. DM |@bﬁ3hlor@lﬁetﬁiéhﬁ BIAP .smcczjmﬁéﬂwhmmop@rm@aim@é

-2 SR DHEE el 158 o o ootionails
subaﬁgﬁmmeﬁegﬁmgm@tIgcqgoup, an optlonally substituted aryl
group, or an optionally substituted heterocyclic group.
Preferably, R’ is (C1-Cl2)-aliphatic-, (C3-Cl0)-cycloaliphatic -,
(C3-C10)—cycloaliphatic]-(Cl-Cl2)-aliphatic-, (C6-Cl0)-aryl-,
(C6-C1l0)—aryl-(Cl-Cl2)aliphatic-, (C3-Cl0)-heteroccyclyl-, {Cé&~-
C10)~heterocyclyl-(C1-Cl2}aliphatic—, (C5-C10)-hetercaryl-, or
(C5-C10)-heterocaryl-(C1l-C1l2)~aliphatic-.

[032] 2As used herein, the term “lewis acid” refers to molety
capable of sharing or accepting an electron pair. Examples of
lewis acids include, but are not limited to, BFi;-etherates and
metal halides, alkoxides, and mixed halide/alkoxides {e.g.,
Al{Calkyl),Cl, Al(Calkyl)Cl:}. The metals can be aluminum,
titanium, zirconium, magnesium, copper, zinc, iron, tin, boron,
ytterbium, lanthanum, and samarium.

t033} ﬁDC is 1-(3~dimethylaminopropyl)~3-ethylcarbodiimide. HOBt

is l-hydroxybenzotriazole. THF is tetrahydrofuran. TFA is
9



thin layer chromatography. Il. PROCESSES 10341 Processes and

compounds described herein are useful for producing caspase inhibitors

and/or prodrugs thereof that contain modified aspartic acid derivatives,

~ such as aspartic acid aldehyde moieties. An aspartic acid aldehyde
trifhgretprassisim é&diﬁbriurﬁ%%thli?s EV iR e RTEESAPFm as’Siown-= 4~
dimdelow:=Q G PHQ VN H WZ N4 1iH OiHiQbyvhere \W2repeesents.thepmr is
__rest of the caspase inhibitor molecule. Orally available prodrugs of
dineapade MBS have Beehs déveloped based b thé tydlic henfiacetal,
ben0r exanpie,dhe ICE tahibiter 2 including the exclie hiemiagetabisance. TLC is
rodrug being developed as a treatment for rheumatoid arthritis (see US

P
thiptEHE s AR SFN GYSTB N0 INH 00 H O Y 2.[0351 The general

11. synthetie precedure shown in Scheme 1 is useful for generating a wide
array of chemical species which can be used in the manufacture of

1034} BAngesitical 88mMpotBs "SEREME 116°6% F6 ¢ Ra\bika RaS 4L for
pro&ﬂ%&ﬂ%3@ﬁ§é§§%FEMQQEE&giﬁmﬁﬁdyB@bﬁﬁm@ﬂQ@ﬂdthereof that

contain modified aspartic acid derivatives, such as aspartic
acid aldehyde moieties. An aspartic acid aldehyde molety exists

in eguilibrium with its cyclic hemiacetal form as shown below:

* 0
oM
== O
Waw H Wa
H o H OH

where W, represents the rest of the caspase inhibitor molecule.
Orally available prodrugs of caspase inhibitors have been
developed based on the cyclic hemiacetal. For example, the ICE
inhibitor 2 including the cyclic hemiacetal is a prodrug being
developed as a treatment for rheumatcid arthritis (see US Patent
5,716,929)

o)
N
0
Q N
"
r N o 0
N o} ﬁ
0"
2.

[035] The general synthetic procedure shown in Scheme 1 is useful
for generating a wide array of chemical species which can be
used in the manufacture of pharmaceutical compounds.

SCHEME 1

10



Base R3 N R2 Phase transfer catalyst H GlllI Gll Solvent GI The process
shown in Scheme 1 includes reacting a compound of formula Gil with the
amide Gill in the presence of a palladium catalyst, a palladium ligand and
a base in a solvent optionally including a phase transfer catalyst and
Ooptionally includifjg water to produce the amido carbonyl compoond Gl.
10361 TheHoietysok,Rz, R2, R3 and R4 are defined abowes As!ldrawn,
RG)LGJHagefers to caimpounds in which.X; ay-g,is or trans‘téi Ra, Whi&&
provides for boththe cis and transicentgaunds of GI, £ e cis
or trans to Ra. [0371 In some B@bodiments, ;[ e Proceés may be uged to
uprepare a comggund of formARTY WHen te’ oietys R2 ang R4 shown
in Scheme | form a substituted heterocyclic ring: Ra0 0~ R30NOH
The PRy wherein R3 ahdchRaare definéd dbeve andtR5:is an optiornallyc of
supstifuted aliphatic, optionall ggﬁit ted aralkyl ionally stitut -
fomﬁllefgro%%/%lyﬁjﬂgy}f oﬁg%tigﬁné]%é/su stltult%Le% ﬁ?/?e p%ﬁ%%gl%% c%%# %oﬁ%ﬁ)%%/dmm
catamhay be progaddd: by wreatting accompbundosffermuladX\Ec@ vRrEQox onally

incf%'J%QK%F%H%%&°€¥%%@9é¥f8EEQ§$991and optionally including

water to produce the amido carbonyl compound GI.

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

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

Scheme I form a substituted heterocyclic ring:

Ra 9
3 Lp
RN
H O-RS
XIV

wherein R® and Ra are defined above and R®> is an optionally
substituted aliphatic, optionally substituted aralkyl,
optionally substituted heterocyclylalkyl or optionally
substituted aryl. Specifically, compound XIV may be produced by

reacting a compound cf formula XV:

@]
Ra
| ©
X
O-—RS
XV;

and a compound of formula XIII:
11



11 0 R3'J~ NH2 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 are defined above. [0381 In carrying out the
reaction shown in Scheme 1, the reagtants and reagents may be used in
any molar amount which provides thgjdesired product. In some
embodiments, the ratio of the molgf-ammugts of palladium Il salt to
palladium ligand is between 1:1 to about 1:5. The ratio of the molar
amounts of palladium Il salt to the r&dctant Gill can be between about
in th300 e abautk’ ok about 11100iterabout 41205 of abopt:1:58dewabat 1igand,
1:10. The ratio of the molar amount of the ba}? relative to the Glll is

2 Da5Gwedn HHOUE T2 to Aot 0T W réddans F G ahdGIE ana NE

whekase can b€ useddn peaslye equdlimelar aimounts. In some embodiments,
the ratio of Gil and Glll can be between about 1:3.to about 3:1. J0391 The

1038} 0 4B GiF T SCHEE ¥ may e E6AGICIET at 318 pefattife’ Betivéen 558

rea@thl120Gei0x ahguh BACrinameselvent that dogsmot adverselynt which

interfere with the palladium catalyst, the palladium ligand, and the .
pro‘?égce,t%ng?%xé &5t Shitabie %;'olvﬁnr%s aré' 3e§cnrlﬁ)%é%nlhme€?8i%sdn& S cateo of

the include teluene,dioxane; aTHEdaned nigturesl thereofpidenieum ligand is

recgERodTens, e stbent ey iebe i [0 A oRPTIRAS, o
pallddimay be obtdined byreducingthe furaBd@Ad ringdooblédsont:en about
1:200 to about 1:1, about 1:100 to about 1:25, or about 1:50 to
about 1:10. The ratio of the molar amount of the base relative
to the GIII is between about 1:2 to about 10:1. The two
reactants, GII and GIII, and the base can be used in nearly
equal molar amounts. In some embodiments, the ratio of GII and
GIII can be between about 1:3 to about 3:1.

[039] The reaction in Scheme I may be conductéd at a temperature
between 25°C and 12C°C, e.g., about 50°C, in any solvent that
does not adversely interfere with the palladium catalyst, the
palladium ligand, and the reactants. Examples of suitable
solvents are described herein and can include toluene, dicxzane,
THF, and mixtures thereof. In scme embodiments, the solvent may
include water.

[040] After obtaining the compound XIV, the compound of formula
AVI:

0
0
O
R3JLN
H O--RS
XVI

may be obtained by reducing the furanone ring double bond.

12



12 10411 The reduction of a furanone ring double bond may be
accomplished with a hydride reducing agent, especially a borohydride.
Examples of such borohydrides include sodium or lithium borohydride,
sodium or lithium triacetoxyborohydride, sodium or lithium

[041] c B borciFR tetfabrity 4FmPioHiGm? eyshsHorbHyre Sobitin 6F
accditpivm trialkyloerohydride; - preferably. sadium.cyanebortydrda 1 Typically

the reaction mixture is adjusted to be mildly acidic, preferably at a pH

bor etReen<3.0 dHEED Witth adids $GEn BSHEY HBF GRetic adid  Forinid! U ©F
11t 1a6id, tiflueropgeticiacids BE34RAEE; alurinum, triehladde. zingehlorige.are,,
titanium tetrachloride. Optionally, the reaction may be buffered with.
sodifi.58 dddivalefitsorsditim Actite SO ptidmalfy te réadtith Pl be
cyarkatalyzed by the addiianof 105%0:CeGlalsemicollinyZnCRonrd2 de,
equivalents of chlorot.rimethylsilane. Chiral hydride regﬂgfinghagents are

prefgriim SudiPad BY o SRR RYAHESHS (ithiaFB=2 efreaction
mi xdseRingeamphey+3:-horasbisyclafl.3djpoaylihydrdeptosprovidel y at a pH
asymmetric reduction. [0421 Reduyction of the ri ouhle bond in,_ei. o
LetHa may %Iéaonge 6ac(£o¥£rfptﬁ h&d ]D%/ﬁwysdlrlocélen%?icr)}r%c c‘#‘hiﬁ@ﬁéeﬁﬁv’h’é% =
forns stabhle do the hydrogenatien tonditinds, stich &% whereRErs alkyl.
. Typical hydrogenation conditions include hydrogen gas at a. pressure in
£ G0 FAngR of Aol GHb 6 TOU AtriGsphere Lially BEtwads abodt 1 to
Opt abeut 20, otakoutdatotaboutilOvatmosphéfesy eandéa tatalyst pbedent in
the range of about 0.01 to 0.5_eguivalents per ivalept of XIV. (for.
b
s G haBle LAIAALS e PO FAOHS, POBe Py pos™ T2y B
cat prefesentially t R¥CaalBd/CoSuitable-Soivéns indada ettt atetatgnClz, or 1-2

alcohols, such as, methanol, ethanel, i anol, ti r :
o one Tolone. 3eney GTerea 2uch A0, THE, ONE. dexane "9
agepreferertially etharolon THE . AWher R5-B1alkycoraraikyi<lch asthehz, B-

isogiggg%@é'égiﬂ@tbseiygn-g%%@!y?é isspreferred for stereoselective o ovide
eduction. Such
asymmetric reductilon.

[042] Reduction of the ring double bond in, e.g., XIV may also be
accomplished by hydrogenation. This is useful when R is stable
to the hydrogenation cenditions, such as when R’ is alkyl.
Typical hydrogenation conditions include hydrogen gas at a
pressure in the range of about one to 100 atmospheres, usually
between about 1 to about 20, or about 1 to about 10 atmocspheres,
and a catalyst present in the range of about 0.01 to G.5
equivalents per equivalent of XIV (for example). Suitable
catalysts include Pd/C, Pd(CH)2, PdO, Pt/C, PtO;, preferentially
Pr/C or Pd/C. Suitable solvents include ethyl acetate,
alcohols, such as methancl, ethancl, isopropancl, arcmatic
hydrocarbons, such as benzene, toluene, xylene, ethereal such as
THF, DME, dioxane, preferentially ethanol or THF, When R® is
alkyl or aralkyl, such as benzyl, a rhodium (I) or ruthenium

(II) catalyst is preferred for stereoselective reduction. Such
13



13 catalyst is formed by reacting the metal as one of its various

complexes with chiral forms of ligands such as methyl- or ethyl- DUPHOS

(1,l-bis-2,5-dialkylphospholano)benzene, DIOP (2,3-0- isopropylidene-2,

3-dihydroxy-1,4-bis(diphenylphosphino)butane), .BINAP
Cata(%SQS%uﬂéupﬁ%ﬁ%ﬁo?ﬁhuﬁ&)ﬁfﬁ%ﬁwa ?n)ﬂ)eEﬁ%R%\%l%é of its various
complig(diphenytnhosphing)butane)s BRPM (Nstbidoxycatbeny i@t hyl- or ethyl-

henyl hosphlno methyl -4-(diphenylphosphino)pyrrolidine), BPPFEF
PR ety R R ey ey 2 307
1soﬂﬂﬂgftﬁﬁé&NJXHEyHSHy&%ﬁ@@hEnymbmsmmm@myﬁpm@nebgﬁlno butane),
alkyl-BPE (bis holangethane Many they table I| nds are
BINRhowrr %tﬁ%la?p Pridre i.?r )? BT, bfs( % % ¥ enraznos
blsphpﬁpbm@mpﬁnﬁpﬁmaécwmmaﬁameneﬁhmdmnﬁ@ butoxycarbony] -2
t[lfluorg thanesulf nate where ﬁIﬁ/l sast htc a|n (?; branc

ed
(dig OSPPJSHO r@ons %ptlon u §P(u w% an aromatic 1dine),
BPPMdr(@C,aﬁbmmamlys phenyl: [mwsawﬁm@mmnhese

fem %(%1313{% ilt%%hgﬁé;s) gggwggo 9f the a-amigo garbon in the

e7(S,S) isomer wil Ieadeto the ( (R)-configuration.
 bis SIiﬂI@blﬁlsdIMSpmmudﬁ ethyt acetaie) «lcohols, Uk asBatethanol,

: Ethanol,onisebrepangl, aromae ydiopatbons: sush £senzeng e’ known

uene, or xyene e ers such as'THF, DME, or dioxane. Preferred
in Bb veatsare toliuefrewratethanoll THes réaction conkentiation oLkl

pho%?ﬁ%aig’ B8 inthe range of, ahout 0.01M 1. 1.0Mpreferably about 0.1M

The reaction temperature is usually in the range of about 0 C to
tri fboar60.c; praferably betwcon absunGE Ky hbbat 20 € YFec e e bR or

brafRodium.cat Iysg LG, £ £. Chen, X Zhang:id,n 989 Chems899 eq with
64, 6907-6910; urk, J.G. Allen, W.F. Kiesman; J. Amer. Chem.

an @@@m&(m%m%%@mea W\FTBLﬂfR BEeReaster, W.A. Nugent, R.L.
[043]1arions J. A@ec,’hgh?ﬂ‘ r306.{1993), 145 10125-10138; forthe yse of 4 to the

uthenium 14
(S)y=~configuration of the o-amino carbon in the product and use

of the (5,8) isomer will lead to the (R)-ccenfiguration.
Suitaple solvents include ethyl acetate, alcchols, such as
methancl, ethanol, or isopropancl, aromatic hydrocarbons, such
as benzene, toluene, or xylene, ethers such as THF¥, DME, or
dioxane. Preferred solvents are toluene or methanol. The
reaction concentration of XIV will typically be in the range of
about 0.01M to 1.0M, preferably about 0.1IM to 1.0M. The
reaction temperature is usually in the range of about 0° C to
about 60° C, preferably between about 20° C to about 40° C. (For
the use of rhodium catalysts see: G. Zhu, Z. Chen, ¥X. Zhang; J.
Org. Chem. {199%) 64, 6907-6910; M.J. Burk, J.G. Allen, W.F.
Kiesman; J. Amer. Chem. Scc., {1998}, 120, ©657-663; M.J. Burk,
J.E. Feaster, W.A. Nugent, R.L. Harlow; J. Amer. Chemn.

Scc., (1993, 115, 10125-10138; For the use of ruthenium

14



catalysts see: J.M. Brown, M. Rose, F.I. Knight, A. Wienand; Recl Trav
Chim Pays-Bas, (1995), 114, 242-251; M. Saburi, M. Ohnuki, M.
Ogasawara, T. Takahashi, Y. Uchida; Tetrahedron Lett.(1992), 33,
5783-5786; U. Matteoli, V. Beghetto, A. Scrivanti; Molg uIaEXCa%\?,Iysis 4
catakyehanied 146 (1908y T 137, {623 1nettain &%ﬁ%ogimems, Whern
recitherpoietyR3 ireludesaghiral £athon bovdnd foitheCearbonyl of teiri, M.
amide, GllI has the stereochemistry shown in O. R3NH2 GJV. as for
Ol HRE S aERe v HENAS CONER G FAS rohbh S8
Let tproviges the 2dmMpouhel-af thé fortnula 2@ G201 R3HN HERRBeGYC Thi.
.stereoisomers of GV may be purified by selective crystallizafio micC, - _
o et B G Ao ALy, 1045 A A nag By 22
137)arganic moiety. Specifically, it will be understood that the R3 group may

be selected from any qQrganic moiety that is stable tq conditions of 15 the L
[044]colifbliﬁ§2f3§&fbneg}$o?/a{' S§Eﬁém‘é’t¥,@ éluéﬁﬁaes %lsgchor%ditiéﬁg gleléiéarlsbe% chiral
carthereine {046]4n speeific enmbodihents, the: gemerak prdg€83 shewn e

Ster%%hc%rg%% [ useftﬂg%rnproducmg caspase inhibitors, such as prodrugs of

caspase rﬁ1|6i¥or%, e.g., ICE inhibitors, and

o
Rg,d‘u“wfb

GIV

as for example in the structure GIV'

ReN._,

GCONH;
GIV'

The reaction of GIV provides the compound of the formula

0
0
] 0
RS ﬁ
OR®
GV

The stereoisomers of GV may be purified by selective
crystallization, dynamic crystallzation or chromatography.
[045] As described herein, R’ is any organic molety.
Specifically, it will be understood that the R’ group may be

selected from any organic moiety that is stable to conditions of

15



intermediates thereof. In these embodiments, R3 is preferably any moiety
that, taken as a whole with the rest of the molecule, provides such an
inhibitor. Typically, for caspase inhibitors, the R3 moiety is specifically
referred to in the art as a P2, P3, P4, or combination thereof, moiety or
‘the GRIBLLRPIESBFP2P3 S PA Moicties A& Bescribeti i mbre detafi Below.
cond047bFhe R moietyderms referto the amino acid sequence next to the
a?r}grtyl cleavage site of a particular caspase substrate. P1 refers to the

[046] 5 SarPresidue o iR WbE R BtePwhEREC &PRSESThdBESd BRAVATE B cdrs

schdRdhe naturalsubstrate, inghe designgotaewnenpeptidicicaspase such as
inhibitors, the Px designation js often retained to show which portion of

ProdRu%inG dcitfSediente has besr reflaled by fe nBR-peptidicTnoty’

int Asbsad hereinh thesterm "P2aP4hmeietymefers to=githes tike atpinpmweftbrably

sequence described above or a chemical mojety known to replace such
AnY JetEnde forthe putpode Wb&n&qé@a%p‘ﬁ%géuﬁgﬁat@?gﬁd; p%r‘t?curfléar?ecum’

pro@icéE sulbsirate. [048]) Examples afyR2-P41meieties that=are moa-peptidic tors,

are descrjbed.in US 5,919,79 ){Allen tal.); US 5,874,424 (Batchelor et
he 35 SRR by s e 4 A U8 B 0% (et SSLE g o8 & P2r P,

P,, D¥56466i([Bemiset ahg 145 5,716;929 (Bemissétal,);, Uskamples of Py, Ps,

5,656,627(Semis at al.); WQO. 99/36426 (Warner-.Lambert); Dolle at al., J.
Py iR Cham b TGHA165%), WO S6TL0SB kg W 68111100 ()

[047IWOR8/2 1129 (ki) aae\WOr 986502 (WWarnem Lambedt) calbefonkiche next to

are incorparated by reference. [049] As would be recognized by skille
Le pEStion rs,éﬁ%’oaigtey 5|Sslr%1c?t noe%ceassgr?ﬁ/%ﬁcélr%%% a%i& ?é—js?%esf osfdtrate' F1
refexample,zh24 d6grotp tounkekbeireferréd th as suarinotcappiigrgrotpsrase -

N L T
of mempoundwfforimiila XMspase inhibitors, the P, designation is
often retained to show which portion of the aminc acid seguence
has been replaced by the non-peptidic moiety. As used herein,
the term “P,-P,” moiety refers to either the amino acid sequence
described above or a chemical moiety known to replace such a
sequence for the purpose of being a caspase substrate, and in
particular an ICE substrate.

[048] Examples of Pp~P; moieties that are non-peptidic are
described in US 5,919,780 (Allen et al.); U3 5,874,424
(Batchelor et al.); US 5,847,135 (Bemis et al.); US 5,843,%04
(Bemis et al.); US 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. Chem., 40, 1941 (1897); WC
98/10778 (Idun); WO 98/11109 (Idun); WO 98/11129 (Idun) and WC
98/16502 {(Warner Lambert), all of which are incorporated by
reference.

[049] As would be recognized by skilled practitioners, a P moiety

is not necessarily an amino acid residue. For example, a P4
16



O 0 R3~N H O-R5 XVI; wherein R3 is a P4-P3-P2 moiety of a caspase
inhibitor, or portion thereof. Each P2, P3, and P4 group may be
incorporated into XVI either individually or together. For example, if R3 is

a group. other than a P2 group (e.g., a protecting), the R3C=0 roug mrz%

grovse rHeved o plobide s Comfpotind WitH' & g a iﬁ@lgl?guﬁrﬂaja‘? mine” ’

phergroup angd-an appregriate; P3:raeiety may be:coupledrurdernergin.
standard coupling conditions to provide a compound wherein R3 is a P2

[050] matety 8P4 2asp S MBI “A 285 Hnd a PAGrbup ey beddded® Process
for together onindividualhoinraisistlar sanies. Rwr example, if the P2 moiety
is protected, the protecting group may be 6emoved and a P3 or a P4-P3-
moiety (optionally protected) may be incogporated. If a capping group
other than a typical protecting grogp is desied on any of the terminal P2,

P3, or P4 residues, such a gro p)hag dded routinely by methods
known to skilled practitioners. [0511 Accoidingly, one embodiment
provides a process wherein R3 is a P2- moiety of a caspase inhibitor.
[0521 Another embodiment provides®process wherein R3 is a P3-P2-

whe PRQigtyRCf & cagpase inbibitqr-[098], YgkanothgLembodimentprowdes & portion
process wherein R3 is a P4-P3-P2- moiety of a caspase inhibitor. 1054]

thengpther EMBBdiftentprovidés & précesPwieneir R348 aPRPR B 1hto XVI

e 1+ Hagietyof:a,caspase. inhipiter andiuherein-said ameigtyiis oner 1% oftthea group
groups listed in Table 1 below; or wherein said moiety is. one of the

othefolpdistéd it THER' befow. [058] RECOBMG 0 Enotietembodiméio P may

be R3isaR4R3-P2-moiety: wherein the: Pdipottien thereotis selectedliom  That
- R-CO, ROC=0, RNHC=0, RC(O%C=O or RSO2 and R is one of the
aml@ﬁnﬁﬁ?ﬁﬁe@ﬂ?'ﬁﬂﬂ@@?ro?rla e P, molety may be coupled under,

e.g., standard coupling conditions to provide a compound wherein
R® is a P; meciety of a caspase inhibitor. A P; and a Py group may
be added together or individually in a similar manner. Fork
example, if the P; moiety is protected, the protecting group may
be removed and a P; or a P,~P3;- moiety (optionally protected) may
be incorporated. If a capping group other than a typical
protecting group is desired on any of the terminal Pz, P3, or Py
residues, such a group may be added routinely by methods known
to skilled practitioners.

[051] Accordingly, one embodiment provides a process wherein R® is
a Pp,— molety of a caspase inhibitor.

[052] Another embodiment provides a process wherein R® is a P3~Pa-
moiety of a caspase inhibitor.

[053] Yet another embodiment provides a process wherein R is a
P,~P3~Po— molety of a caspase inhibitor.

[054] Another embodiment provides a process wherein RY is a Py—Ps-

P;— moiety of a caspase inhibitor, and wherein sald molety is one
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[056] According to yet another embodiment, R3 is a P4-P3-P2- moiety

selected from one of the groups listed in Table 4. [057] In any of the

embodiments herein, R5 is alternatively an optionally substituted group

selected from an aliphatic group, aralkyl group, heterocyclylalkyl g,rouBl , ,
of thifl 4% AR Yrodss iR mbRe Specific Entbobifientsr RE1S hiethyl> Bthy, MOLety 1
one Repyln2-prepyle Hutylspentyk hexyl 4emethylpestyl, 2-methylpropyl,

cyclopentyl, cyclohexyl, cyclopentylmethyl, cyclohexylmethyl, phenylethyl,
1055 g Hityiore pyid phényABGiyT: ) -Fentit Y- meRthyt 51-Adamantyl 2~ Mooty
whe resadamaatys, 1ipdany2-indanyh borryls Sitetrabydrefanyl-benzyoc=o,

_a-methylbenzyl, 4-chlorobenzyl, 4- fluorobenzyl, 4-methylbenzyl, ,

RNHGER-popyHbenzy °6r ArIudrsmBthy et %ré%%e@ﬁi%g%i R5g-ec in
Tal1ethy or an optionally substituted benzyl; or R5 is ethyl or benzyl. [058] In
___any of the embodiments herein, X is preferably Br. [059] In a specific ,
[056]c hssairfaHRdhE ShvettioR 6 iaEs SFBEeSeRdr prépatiiig? Esmipourd MO+etY
sel OHUMUR IO¥AL0-© O HyQohgemprisingd (ahreagting azcompound

of formula ll: 18 0 Ao Br O II; and a compound of formula Ill: OYNY O
is alternatively an

[057]0 NHZNN: of the embodiments herein, R
optionally substituted group selected from an aliphatic group,
aralkyl group, heterocyclylalkyl group and an aryl group. In
more specific embodiments, R® is methyl, ethyl, propyl, Z-propyl,
butyl, pentyl, hexyl, 4—methylpentyl; 2-methylpropyl,
cyclopentyl, cyclohexyl, cyclopentylmethyl, cyclohexylmethyl,
phenylethyl, phenylpropyl, phenylbutyl, {(d)-menthyl, (l)-
menthyl, l-adamantyl, 2-adamantyl, l-indanyl, 2-indanyl, bornyl,
3-tetrahydrofuranyl, benzyl, a-methylbenzyl, 4-chlorobenzyl, 4-
fluorcobenzyl, 4-methylbenzyl, 4-(2-propyl)benzyl, or 4-
trifluoromethylbenzyl. More specifically, R® is ethyl or an
opticnally substituted benzyl; or R is ethyl or benzyl.

[058] In any of the embodiments herein, X is preferably Br.

[059] In a specific embodiment, the invention provides a process

for preparing a compound of formula I:
[
O N
YL
O N
H O\\

I
comprising:

(a) reacting a compound of fermula II:

18



in the presence of a palladium catalyst, a palladium ligand, a base,
optionally a phase transfer catalyst and a solvent to provide the
compound of formula I. [060] According to another embodiment, this
invention provides a process for preparing a compound of formula IV: O
NNYOHO HZNj1 O ONH O~ CII¥; comprising reducing and
deprotecting a compound of formulaff: &Y NO O O NH O | to provide a
compound of formula’V: 190 H N H O-~ V,; reacting the
compound of formula V with cbz-tert-ledgine, under appropriate coupling
conditions, to provide a compound of formylaVl: O O~k NNO OHO/
ON

Ii;

and a compound cf formula III:

III;
in the presence of a palladium catalyst, a palladium ligand, a
base, optionally a phase transfer catalyst and a solvent to
provide the compound of formula I.
[060] According te another embodiment, this invention provides a

process for preparing a compound of formulia IV:

Q j ! O
. ;jf:#/ /[:ép
H O
H,N 0 a g
Cl ‘\

Iv;

comprising reducing and deprotecting a compound of formula I:
O
©\/ON
1@
18) N
H OH\

I H

to provide a compound of formula V:
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H O 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, such as, e.g., H2, Pd/C,
citrate acid ((CO2H)2)); after dgpfotection he resultant amine is reacted
with 4-amino-3- chlorobenzoic, or g deriwative thereof that is suitable for
coupling to an amine (e.g., 4-aming<3- enzoyl chloride), under
appropriate coupling conditions,(t)o prvideihe compound of formula IV.
10611 According to another embodiment, the\\pvention provides a
process for preparing a compound of formula IV: 200 No N\ H2NO O
N H O-~ CI IV; comprising reacting a%dompound of formula I: Qo?4 O O
rea:Nid Qb undgrdeprotestiongonditions, thatis, dinder genditions:ine, under
suitable to remove the cbz group of the proline residue, to provide a
appqg@ﬁiﬁﬁﬂ(9q§ﬁﬁ@@g”gq@q¥§y9q@, to provide a ¢ompound of

formula VI:

IR,

VI
reacting the compound of formula VI under conditions for
removing the cbz group; appropriate conditions would be those
that providé an amine (or amine salt) (i.e., under conditions
for deprotecting the cbz-protected amine of the tert-leucine,
such as, e.g., Hy, Pd/C, citrate acid ({(CO:H);)); after
deprotection the resultant amine is reacted with 4-aminc-3-
chlorobenzolc, or a derivative thereof that 1s suitable for
coupling to an amine (e.g., 4-amino-3~chlorobenzoyl chloride},
under appropriate coupling conditions, to provide the compound
of formula IV.
[061] According to another embodiment, the invention provides a

process for preparing a compound of formula IV:
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H O~ VII; reacting the compound of formula VII with cbz-tert-leucine,
under appropriate coupling conditions, to provide a compound of formula
VIIEONO OHOr20 0NHO VIl reducing and deprotecting the
compound of formula VIl to provide a compound of formula IX: 21 0 H2N
NO OONHO--\ IX; and reactlng pound of formula IX and
4- amlno -3- chlorobenzmc acid, oy ad rivative-thereofdhat is suitable for

' hydrgxypyrazine ester of

. \venion also provides a
compound of formula X, w ?reln the compoundHs préba\ed according to
the methods herein: R6-NO ? OOONHO_R5 X

IV;

comprising reacting a compound of formula I:

O
O N
YL
O~ °N
H OH\
L
under deprotection conditions, that is, under conditions
suitable to remove the cbz group of the proline residue, to

provide a compound of formula VII:

0
HN

o

N
H O
\\ VII;

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

O

under appropriate coupling conditions, to provide a compound of

P A

VIII;

formula VIII:

reducing and deprotecting the compound of formula VIII to

provide a compound of formula IX:
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wherein: 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. 10631 The processes described herein are
useful for producing a of formulal: OYN O O O N H O~\ |22 [064] The
process may also be used to ce substantially pure, diastereomers
of compound | shown as formulge IA, #BIC, angl ID.ONOONrjO 11O
YOON%OON4~I40¢% -
IC 0-\ ID H 0--\ [065] Schenfe 1 maly aldo pr¢dutze a mixture of
diastereomers IA and IC: O OQy

H

IX; and
reacting a compound of formula IX and 4-amino-3-chleorcbenzoic
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.
[062] This invention also provides a compound of formula X,

wherein the compound is prepared according to the methods

herein:
RPN
0" "N
H O~RS
X
wherein:

R® is an optiocnally substituted group selected from an
aliphatic group, aralkyl group, heterccyclylalkyl group or aryl
group; and '

R® is H or an amine capping group.

[063] The processes described herein are useful for preducing a

of formula I:

22



H O 1A/C [066] According to another embodiment, this invention provides
a process for preparing a compound of formula IA: O COyN? O 0 0 N4
H O\ IA comprising the step of selectively crystallizing a compound of
formula: 23 O Ct,-"OT N O O O N H O-~ IA/C from toluene. [067] This
[064] sicrivecigStafiZaRch SteprcdtipiisEscdimbiRfitheE Scompaima b2 1 1y pure,
diaSeEnulalA/G (e, adnixtreof 1A andlg) aad foluanes(either, atmepmic, and
temperature or above) and warming the combination with stirring to
ID. dissolve the compound of formula 1A/C and cooling the combination with
stirring. Upon cooling, the compound of formula IA is obtained as a
Ut8¥:3 mixture). [068] According still to

rystalline solid (about 96:4 to abegt
@gﬁ)ﬁg r empgodinent,@his inventio /o |de5031 prq¢ess for pyeparing a
J)LjéjA ON-~O X

IA IB
O.__N 7 ©\/o ND P
T 19 s
OO N ~ 07N -
H H ©
IC 1D \\

[065] Scheme 1 may also produce a mixture of diasterecmers IA and

IC:

IA/C
[066] According to another embodiment, this invention provides a

process for preparing a compound of formula IA:

Do 4
5

IA

comprising the step of selectively crystallizing a compound

of formula:
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IA comprising the step of dynamic crystallization of a compound of
formula:n OY NO O O N H O-~ IA/C under in the presence of a Lewis
acid and a solvent , optionally including a protic acid. In certain
embodiments, the dynamic crystallization is performed with Al(Oalkyl)3 in
toluene. In 24 other embodi taIIizacBion is performed
with a lewis acid in a solvefjt cgataining a pyotig acidsuch as HC1, HBr,
triflic acid, sulfuric acid, phosphoricacid,[pr ¢ inatigns thereof. [0691 In
still other embodiments, the isomers IA dh purified and
isolated by known chromatographic methods. [0401 Iyany of the
embodiments of this invention involving a compound of fgrmula I, one
form of | is represented by the structure: ON Y OO ONHO IA. 10711
In any of the embodiments of this inv%%ﬁSn involving a compound of
frodorauladh®ne form of Il is represented by the structure: O O Br O

[067] This selective crystallization step comprises combining the
compound of formula IA/C (i.e., a mixture of IA and IC) and
toluene (either at room temperature or above) and warming the
combination with stirring to dissoclve the compound of formula
IA/C and cooling the combination with stirring. Upon coocling,
the compound of formula IA is obtained as a crystalline solid
{about 96:4 to about 97:3 mixture). -

[068] According still to another embodiment, this invention

provides a process for preparing a compound cf formula IA:

Goopp &
g

IA
comprising the step of dynamic crystallization of a

compound of formula:

O~ °N
H Oa\
Ia/C
under in the presence of a Lewis acid and a scolvent , opticnally
including a protic acid. In certain embodiments, the dynamic

crystallization is performed with Al{Oalkyl)s in toluene. 1In
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[IA. [0721 In any of the embodiments of this invention involving a
compound of formula Ill, one form of Il is represented by the structure:
25 OYN 00 NH2 ILIA; 10731 In any of the embodiments of this invention

involving a compound of formula 1V, one_form of IV is.represented by the
othegGHIRE 0 O QT RINCHIN O L1070 1A, (07471 Ay S the® 17 =

1ewiembedimeants of this inventionrimenlving@ sompound of formuta¥hone HCL,
B fO{m,of V. is re%r,%sente ?X the strugt re: 8 H QIQCNaFéPd VA(\D. [0751

1 Intanyt Sf'the Ermbadiments 5 fhisvertidh invbNing & compound of
combformulacY ks onedern ©f VI is represented by the structure: O 0 O)~ N N
[069] In still other embodiments, the isomers IA and IC may be
purified and isolated by known chromategraphic methods.
[070] In any of the embodiments of this invention involving a
compound cf formula I, one form of I 1is represented by the

structure:

IA.

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

structure:

Br
0
\\
"IXIA.

[072] In any of the embodiments of this invention involving a
compound of formula III, cne form of III is represented by the

structure:
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HOO 0O NHO-~ VIA 26 [076] In any of the embodiments of this
invention involving a compound of formula VII, one form of VIl is
represented by structure: O HN O O N H O-A VIIA. [077] In any of the
embodiments of this invention involving a compound of formula VIII, one
form of VIl is represented Y S ucture: O O,p J~NNHO~ ,0 ONH
bodimentguof this invention involving a

O-~ VIIA. [078] In any of the ept
compound of formula IX, one Torm of Ix\lfre esented by structure: O N
O "NHy

HZNf\O 0OO0NH O IXA. o

IIIA;

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

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

O
O
N
H .
0
HoN O r:i h
Cl \\

IVA.

structure:

[074] In any of the embodiments of this inventicn involving a
compound of formula V, cne form of V is represented by the
structure:

O
HN

VA.

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

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

AR

¢
O
A

structure:

VIA
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[079] Also provided are compounds formula XA, XB, XC, or XD, wherein
the compound is prepared according to the methods herein: 27 0 0 R6-N
R6-N00R6-N3 R6-NO~iOp=00 ONONON4 OWNHO-R5H
O-R5 H O-R5 H O-R5 XA, XB, XC, or XD wherein: RS is optionally .
1076] sdstiitéd iphatic, AFRRGEBFART; Ghd RS ﬁ%}f%ﬂ%}rﬁfﬂe%&%ﬁ%@mg a
conp@rong. [0802Jnane-enipadiment, Rb isan optianally=substitied gredp by
selected from an aliphatic group, aralkyl group, heterocyclylalkyl group
STIUaHd AR aryl group. [081] In another embodiment, R5 is methyl, ethyl,
propyl, 2- propyl, butyl, pentyl, hexyh 4-meghylpentyl, 2-methylpropyl,
cyclopentyl, cyclohexyl, cyclopghtylmethylf cyclohexylmethyl, phenylethyl,
phenylpropyl, phenyl-butyl, (d)-megthyl,|(1)omenthyl, 1-adamantyl,
2-adamantyl, 1-indanyl, 2-indanyj? yITy3-tetrahydrofuranyl, benzyl,
a-methylbenzyl, 4-chlorobenzyl, 4- flitbrob |, 4-methylbenzyl,
4-(2-propyl)benzyl, or 4- trifluoromethylbenzyl.\{0821 In another
embodiment, RS is ethyl or an optioRgfly asubstituted benzyl. [0831 In yet
another embodiment, R5 is ethyl or benzyl. [0841 In one embodiment of
[077]thErineentionf R6ie aamarpiiereapping fgrobip andtieaming cAppingving a
comp%QHB '%§(935Xﬁfé%9i957@ﬁgdfla%ﬁé§ ﬁﬁ&gq.)s'aryé'p@ésented by
(C6-ClO)-aryl-(CI-Cl2)aliphatic-, wherein the aryl is optionally substituted.
struatonesorm of this

R4

VIIIA.

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

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

N

8]
H O
H\

structure:

IXA.

[079] Also provided are compounds formula XA, XB, XC, or XD,
wherein the compound is prepared according to the methods

herein:
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embodiment, -C(O)OR7, wherein R7 is optionally substituted benzyl,
preferably benzyl. [0851 Any amines obtained as described herein, may
be used with or without isolation from the reaction mixture. The desired
caspase inhibitor prodrug may be derived from, e.g., V, VII, or the free

~5_nEmine of XIV (eithey/as\depicged or ip thé rdduce28 fg{gm\@ttac g
the'a Briateﬁ:’z, D3k P2-P3-P4 woiety-—A couplingefan@amine
h a moiety b 10 Hied out Usin rrespondi ylic
Qacidl or active edftlivalént t"%er f, urfder Nand3d amidebonl-forrdj
A % gof, gmide~bon or@ggs

or coupling Reonditions. i

typlcéﬁcoupling reaction intludes a suitable
sateent, the amine in ax®ncentration rangi®g fronrabout 0.01 t&D1OM,
referably about 0.1 to [.OM, the requisite carboxylic acid, a base and a
Whej%elﬁiﬂe coupling reagent. [086] If an amine is used without isolation, the
caripling roay benearrigdsoutdn situ irethessolyérd of the peactibn mixture aryl;
g used in the preparation of the amine, or in a different solvent. To this
reaction mixture, the requisite carboxylic acid may be added and the
reattios niaintaired atrd temperatinredndhie vange of about 0 to 100 C,
preferabl een about 20 {0 about 40 C.. The base

bet and peptid
[080100{1%"361 %eaeéne\%%%%gl Elz’ﬁﬂe%rf added Yo the Orﬁ%&u?{e1 ,‘Elv?\ef?i%hslé1 rgn%r%%%e%datgaroup
seldemperdturerinatheaange of iaboyrt Oup about68E L preferably between
betea}pgut 2}2 t(iﬁ)gua 40nghe b%seaig tyi%ic&”y ater iary amine base, such
R T %ammé’, dii%opro%y?er% ylamine,y -n?ethffl orpholine, DBU, DBN,
[081]N-methylimidazolenpreferadhy trickAylamine oh diisopropylethylaminel ,Thz-
amount of base used is generally up, to at% ut.20 equivalents per
pro ngﬁivalféln yoj?‘théagxrhﬁfj* (e.gfw;(,’ préefénr% %yyaltqgggiya bu?fﬂngae%ﬁlv\é%&ﬁgpyl'
cyc bfbase yExamplesdfepegtideccaiplingreagents includePChexylmethyl,
dicyclohexylcarbodiimide), DIC (diiso Icarbodiimide), di-p- 1y -
P eyTeuochiis, B (L Herisat o T ohoeph el by - (4
mencelbhedyl3i@«morgAolitetipicarbadiimite),ERCY1A3<-indanyl, bornyl,
3-tetrahydrofuranyl, benzyl, o-methylbenzyl, 4-chlorobenzyl, 4-
fluorchkenzyl, 4-methylbenzyl, 4-(2-propyl)benzyl, or 4-
trifluoromethylbenzyl.
[082] In another embodiment, R® is ethyl or an optionally

substituted benzyl.

[083] In yet another embodiment, R’ is ethyl or benzyl.

[084] In one embodiment of this invention, R® is an amine capping
group and the amine capping group is -C(OYR” or -C{O)OR’, and the
R? is (C6-Cl0)-aryl- or (C6-Cl0)-aryl-(Cl-Cl2)aliphatic-, wherein
the aryl 1s optionally substituted. 1In one form of this
embodiment, -C(0)OR7, wherein R’ is optionally substituted
benzyl, preferably benzyl.

[085] Any amines obtained as described herein, may be used with
or without isclation from the reaction mixture. The desired
caspase inhibitor prodrug may be derived from, e.g., V, VII, or

the free amine of XIV {(either as depicted or in the reduced
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dimethylaminopropyl-3-ethyl-carbodiimide hydrochloride), cyanuric

fluoride, cyanuric chloride, TFFH (tetramethyl fluoroformamidinium

hexafluorophosphosphate), DPPA (diphenylphosphorazidate), BOP
(benzotriazol-I- yloxytris(dimethylamino)phosphonium

“ormhexatiublophiosphde) B FOR PP iate Pa, Po-Ps, or Pp-Ps-Py moiety.

2 cdQhenzgtriazokd-yA-hi NN'WN ' tietramethyuresiunm vhexafiupeophosphate) out
TBTU (O-benzotriazol-1-yI-N,N,N',N'- tetramethyluronium tetrafluoroborate

58 IOTERE) (N SURCH )R R it retfylurdnidf o -6 eqatvalent

thetets@fluaraberate); HAEYE amide bond-forming or coupling
N-[(dimethylamino)-I-H-1,2,3-triazolo[4,5,6]-pyridin-1- _

or R ene A MBB o FeAS ST BpROGHATE R Bl 21

501 BOR-C fhis@xdxee3-0xazolidinyjptosphinie.chlaride PYROR about 0.01 to
((1-H-1,2,3-benzotriazal-l-ylaxy)-tris(pyrrolidino)phosphonium .

LIRSS LA A S il e R

acidexaflherophesphate; ERBE coupling reagent.
(3-(diethoxyphosphoryloxy)-1,2,3-benzotriazin-4(3H)-ong) PyBrOP_ .

86 oty OB A CEABATY RexaTorGHSAr ) EDC PHEr 72y o°

car BQE-CGlandRPyBrOR:atenpreferred peptide odupling reagentsorThel xture used
, mount of peptide coupling reagent is in the range of about 1.0 to about
i B At btonal Feaguhts it iy B St S A TVebe - To
thipondForming redetionriacludesD VR4 dimettyldmmppyridine).or activebe
ester reagents, such as HOBT (1-hydr ybenzot{iaz le), HOAT . .
s i oy FOS ko e de) HORG 1 che zange
of 4enda-Nohydroxydihodorpeag-2r3rdicathoxaamide)incaraonnts rngingut 40°
from about 1.0 to about 10,0 e uivslll,ents.g087 Alternatively, one mgy . h
C- trb8Pan Anfind WithPE Reactive “&tivaaft sFRe R3cAOH s§ficgdate the
mixBueh asiZ-cR3-R2-man iP4:P3<R2-£-(=0) XwhererE(=0)X 1is aigroupdhate of
is more reactive than COOH in the coupling reaction. Examples of

aboug(L5)% e gFotips® inthitle GRS FREEX P REEE #: CERBIRIR =0 about
goec@liphatic op anyl).;SH SR ST O JEAL [088] A number of.chemical, ., 45
groups are known that ' may be used as
triethylamine, diiscopropylethylamine, N-methylmorpholine, DBU,
DBN, N-methylimidazole, preferably triethylamine or
diisopropylethylamine. The amount of base used is generally up
to about 20 equivalents per equivalent of the amine (e.g., IV),
preferably at least about 3 equivalents of base. Examples of
peptide coupling reagents include DCC
{dicyclohexylcarbodiimide), DIC (diisopropylcarbodiimide}, di-p-
toluoylcarbodiimide, BDP (l-~benzotriazole diethylphosphate-1-
cyclohexyl-3-(Z2-morpholinylethyl)carbodiimide), EDC (1-{3-
dimethylaminopropyl-3—-ethyl-carbodiimide hydrochleride},
cyanuric fluoride, cvanuric chloride, TFFH (fetramethyl
fluoroformamidinium hexafluorcphosphosphate), DPPA

{diphenvylphosphorazidate), BOP (benzotriazol-I1-
yvioxytris{dimethylamino}phosphonium hexafluorophosphate), HBTU
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the P3-P2- portion of the ICE or caspase inhibitor prodrug. Examples of

such P3-P2- groups are shown in Table 1 as part of a P4-P3-P2- moiety.

300 00O Pa-P3-PX N 4 HOR5 Table 1. P4-P3-P2- Groups X_ P4\N)N |
Oabc A2 EZnXN N PaN

Pa.H~ N Pa'H~(CH2)n \0 0 AAZ 2 N(C

(-0 AE PAERO HLOREN b o Ts AP SERHE 76 XN P Pa N N-
hexdN NTAALINGbhatd 0 AAZPa N OB @l RE5:A2 Yo(CH2)p INNR 4NN, 7 -
tetgg%égﬁgﬁwé%gigﬁHé%uéafluoroborate Yy, TSTU (O-(N-
succinimidyl) -N,N,N’ N’ -tetramethyluronium tetrafluocroborate),
HATU (N-[(dimethylamino)-1-H-1,2,3-triazolo[4,5,6]-pyridin-1-
yvlmethylene] -N-methylmethanaminium hexafluorcphesphate N-oxide),
BOP-Cl (bis(2-oxo~3-oxazolidinyl)phosphinic chloride), PyBOP
((1-H-1,2,3-benzotriazeol~l-yloxy)-tris{pyrrolidino)phosphoniumnm
tetrafluorophopsphate), BrO?

(bromotris (dimethylamino)phosphonium hexafluorophosphate), DEPBT
(3-(diethoxyphosphoryloxy)-1,2,3-benzotriazin-4 (3H)-one} PyBrOP
(bromotris{pyrrolidino)phesphonium hexafluocrcophosphate). EDC,
HOAT, BOP-CLl and PyBrOP are preferred peptide coupling reagents.
The amount of peptide coupling reagent is in the range of about
1.0 to about 10.0 equivalents. Optional reagents that may be
used in the amide bond-forming reaction include DMAP (4-
dimethylaminopyridine) or active ester reagents, such as HOBT
(1-hydroxybenzotriazole}, HOAT (hydroxyazabkenzotriazole}, HOSu
(hydroxysuccinimide), HONB (endo-N-hydroxy-5-norbornene-2,3-
dicarboxamide), in amounts ranging from about 1.0 to about 10.0
equivalents. |

[087] Alternatively, one may treat an amine with a reactive
equivalent of the R’COOH carboxylic acid, such as Py—-, P3-Py-, or
Py=P3-Po—C (=0) X', where C(=0)%' is a group that is more reactive
than COCH in the coupling reaction. Examples of -C(=0)x' groups
include groups where x' is C1, ¥, OC{=0)R (R = aliphatic or
aryl), SH, SR, SAr, or SeAr.

[088] A number of chemical groups are known that may be used as
the P3;~P,- portion of the ICE or caspase inhibitor prodrug.
Examples of such P3;—~P:— groups are shown in Table 1 as part of a

P4—P3—P2" moiety.
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(CH)N\R6 PaHN N PaNH"~/N1P4NN 00I0IHOAA2 mnO031
b:R6 P4 H O O P qrwhere nis zero to three; AA refers to an amino acid
side chain; Xis N, 0, S, SO, S02, CHF, CF2, C (R3) 2, C=0, or C=NOR;
A2is0,S orH2;YisNorCH; R is hydrogen Cl_12 alkyl group, aryl
group, or heteroaryl group, the R groups bei optlonally substituted with
one or more halogen; R3 is an alkyl h@v:\rﬁéto six carbons; R4 is
R-CO, ROC=0, RNHC=0, RG(0)C= and R5 is hydrogen,

halo, alkyl, alkoxy, haloalkyl, halodl 6xy aminor%phenyl, phenoxy,

hydroxy, alkoxycarbonyl, carboxyl, alkylcarbonyl, alkylsulfonyl,
%&uﬁf@*ﬁ%&b@%&%ﬁo alkylcarbonylalkylamino, alkylamino,
d}g\lkylammo aminosulfonyl, or cygno; and R6 and RZ\)@reﬁnEependently
b S |écted from R3, aryl,_hetef a?‘r , (C1_12 alkyljaryl, (CHz)n
N (g%l )lpénzocycloalkﬁ“’ yl)heteroaryN10891 %ferred
Hpa$3- P2a,groups are sholn iyTable 2. Table 2. Iyrefeﬁed P4-P3P2-

Groups H6 P4N)( NPAANNP4HNR O=HO a-1b-1c-1 FaSu P4
N P& HN~/ P4.HNN 0101 O ¢c2¢c-3¢c-40 FCHsN

Az A2
/
N (CH)y ¥ N
N\ﬁ P4\N NTAA
H
Py~ O Ps-nN
H O H 0
e £
’ A
=T A Xﬂ/Rs 2 RG
SN / [3] 1}1
Py N AAs
N N N
P4\N£\f( S H o AA, Py~ ‘\g \[/
H 0 H
o} h i
Ag
R® Y.
= . et
N
Paeyy? N Pamn “\g Ho o
H ot

)
o
/
o
=
z..0
-—Q/ o
w3
L
)
z
T
e ~
O
=
!
L)
S
/
X
${
=
4< oy
[a]
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P41INr/NPANYN~( HHOOP4-N 32c-5¢c-6d-1 0O CH3 NP4N

O 1CH3 P4-HOeoHOPa-H1//d-2e-ifi ~OH3CO0 HO 'N\N~\

~NCH3 NN ~N1CH3 P4AN11HPaNOHOOCH3H g-1h-1i-1 ONN

P4NN N~(P4ANP4-NHO NHOHOJ-1k-11-1-SsP4,NR PaNg~
RS HORI?4-N,OHOH 1-2 m- BF\N PP4HN O psP4 N N,

| b Py N_ X
N Pa~ N N \(
R4

N H
H 0 O

P g9 r
where n 1s zero to three; AA refers to an amino acid side chain;
X is N, O, 5, 50, 50,, CHF, CIy, C(R3)2, C=0, oxr C=NOCR; A® is O, B
or Hz; Y is N or CH; R is hydrogen, Ci-1» alkyl group, aryl group,
or hetercaryl group, the R groups being optionally substituted
with one or more halogen; R* is an alkyl having one to six
carbons; R® is R-CO, ROC=0, RNHC=0, RC(0)C=0, or RSO;; and R® is
hydrogen, halo, alkyl, alkoxy, haloalkyl, halcalkoxy, amino,
phenyl, phenoxy, hydroxy, alkoxycarbonyl, carboxyl,
alkylcarbonyl, alkylsulfonyl, alkylsulfoxyl, alkylcarbonylamino,
alkylcarbonylalkylamino, alkylamine, dialkylamino,
amincsulfonyl, or cyano; and R® and R’ are independently selected
from R®, aryl, hetercaryl, (Ci.12 alkyl)aryl,
(Clgg)benzocycloalkyl, or (Ci-1p alkyl)hetercarvl.
[089] Preferred P,~P3-P,~ groups are shown in Table 2.

Table 2. Preferred P,-P3;-Po~ Groups

H R®
Pavy N~ P, rif Pasy N
H z N H
o]
NI

a-1 b-1 c~1

CH; rS
Pay /HrN Pasy, N Pavy, N
H Hol Ho U

c-2 c-3 c-4

E O

N_F
CH,
F’,g\NJ\”/N Pasyy N
H Ho I
32

N

i

N

Ps~N
H O



4HO11 HOO0-10-20-3 SO2CH3 N ICH3PANNP4NNR CH3HO
HO  P-1g-1r-1 33H2NO_N~P4,N\"N" PANNom(HO HOr-2n-1
where R6 is an optionally substituted benzyl as described below or
2-indapyl, and the P4 moiety is represented by R-T-, wherein R-T- is
R-CO, ROC=0, RNHC=0, éC%(O)C:O, or RS02. [0 ]\5\I/Dreferred R groups
of P4 are shown in Tabl O O R-T-P3 P2 N4 HOR2 Table 3.
Preferred R Groups of P ClIOCI CII/F1/ 10D 101 102 103 104

g {t>~/HO g H2N H3C,0 [ CI CICICI ¥05 87 108 109

3C =N/ HO I/ I—QC,O |/ Ry 1167111 112 113\114 N _,CHj
TN

- ped L T
P4N O Hojﬁ 4N

H H ©

d-2 e-1 £-1

/‘(O " L CH

HO N@ N_\ (kf‘.” ’

N. CHs

Poe Py N P“‘NS\WN\/ rey™E T

4 ~ N z SNy
H o CHa H

g-1 h-1 i-1

P
P‘“N N~ 4 E‘ o
H
j-1 k-1 1-1
N s 5
|
P,. N
4N
H O o
12 m~1 m~2
F
-
e AT
" \( o= P | N
H O 4\N
P4\N N\/ M o) \I
H
o-1 o=-2 o—-3

Q-2
3 :/—é\
(%)
0
B
7/
Iz
@]
=
Y
a~
/
TZ
LY
S
xI
[#1]

33



H3C I\H3C\CI\\ H2N 1/HOq 0 H2N HO | F CH3 CH3 CI 115 116 117

119120 H2N1/~O~HN/NIX-HNH3C 11 OH 02 34 121 122 123 124

\I\YIH2N, 'p S1/p CH3H3C)INI/022 OHHCI 125126 127 128 F

COMe\CICIONI~NIiN~// OMe OMe CI 129 130 131 132 133 Oyl |
Hy Bl , HO H2N HN~ VN-1CI 134 135 136 137 138 // 61~ ~N

139 140 41 142 11[},% \ CI 12 Alkyf N NN O 144 145\\ 146 147 148

p4\ JT{/SHNS N \!

r-2 n-1

where R° is an optionally substituted benzyl as described
below or Z-indanyl, and the P, moiety is represented by R-T-,
wherein R-T- 1is R-C0, ROC=0, RNEC=0, RC(Q)C=0, or RS50;.

[090] Preferred R groups of Py, are shown in Table 3.
O

JL ﬁ
32

OR?

Tabie.?). Preferred R Groups of Ps
CH, ~0
©/ ﬁj C( @r °‘I>/
Ci F
105 106 10
" or D/ ,©/ D/
FiI:::]// HaC N HO HsCo
|

110 111 112 113 114
H3C H3C Cl /@/
I j I j HO
~
2N©/ HO (@] HQND/ &
F CH3 CH3 Cl
115 116 117 119 120
DO wes or
2NW1)©/ ~o? hn o HeCog
o) H Oz
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H 149 150 151 152 153 35 O~ ~aN O 154 155 156 157 Cl H3C~H CI
158 159 160 [091] In specific embodiments, R-T- is R-CO where R is 1-
naphthyl, 2-naphthyl, 1-isoquinolinyl, or 3 C;-f 4 5 where positions 3 and 5
of R are independently and optionally substituted by halogen, preferably
&T?dro orCl 3 &I%ﬁ and position 4 is ]iaﬁl?ionally substituted b |no

acetamido, hydroxy or methoxy. [092] The preferred 4 P -P2-
roups are shg\n |ne 4. Tab @2 Mrred P roups
OHN\@,E)[ NOR N|H O a-lab-la 0«»‘

LN N R-K HN O R HN O d-la $¥a g-2a36 0 0 O R)~ HN Nom/
RXN(NR R'J~ NN
125 126 127 128
| F

_OMe N cl N Cl 0 ©/
| =N =N =N <O

OMe OMe Cl

129 130 131

~0
®
o N
N H,yN 7 o

HNJ<

134 135
=N l\N |\
139 140
o 0 G O
1712 = =
N7 N No N
0
144 145 146 147 148
N
S o) O S
)
TR T U O O
149 150 151 152 153
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OHOH o-2ac-7ac-la ORANN HO c-6a where R is, referring to
Table 3, one of the following groups: 100, 105, 107, 108, 114, 117, 119,
126, 136, 139, 140, and 141. 10931 In attaching the P4-P3-P2- moiety, or
portion thereof, the moiety may be attached in one piece as or subunits of

the moiety may-he added in a sgquential Manner @ ribed above. For
@jﬁe, Cbecte prolinéﬁfbe couplet o tor if RS is ethyl
it11): O ~ (/1113 O W-O-R5 [0941 Afterdemoval of the Cbz

group, a P3 or P3-P4 moiety may be attached by alkylation or acylation of
15#he proline nitrd@én. [0951 In de?tain embodimeh&! methods of the
prgsens process proceed through the butenolactone XV where X is
% mo ord@qz A O-R5: X% 37 A preferted starting
buterelzetone is th/b(Qmpj\ur w XV (whergir@/:lBr), which may be
obtained according to Escob3r at”al., An. Quims, 1971, 67, 43.
Alternatively, other reactants of the formula GIIA and GIIB may be
coh®Bercially available or prddted from know mefhods. See, for
[001]%AMRlE.. Comprehensive Organic Jransf; armations: A, Guideio; ;-
Functiohal Group Preparations,” 2nd Edition, by Richard C. Larock,
napipgdges638;naphthyl, I-isoquinolinyl, or

1o

5 where positions 3 and 5 of R are independently and

optionally substituted by halogen, preferably chloro, or Cis
alkyl, and position 4 is optiocnally substituted by amino,
acetamido, hydroxy or methoxy.

[092] The most preferred Py-P3;~P;— groups are shown in Table 4.

Table 4. Most Preferred Pys—P3-P2— Groups

sy
e -
N 0
o 0O \K R/U\Nj;'/N\/ R)J\I\I'/N\/
Ho L 5

a—-la b~la b-1b
0 R*
\N . O—
i E )OJ\ i\“/N jj)\ %‘/N
R/D\HN \ R” “HN W R “HN W
O O 0]
d-la g-la g-2a
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659, 661, 724. [096] Also within the scope of this invention, another
embodiment of the coupling reaction of an amine proceeds by acylation
of the anion of the amine using a reactive equivalent of the carboxylic
acid, such as P2-, P2-P3-, or P2-P3-P4-C(=0)X, where C(=0O)X is as
described abgve™The anion of the amine is first generated by treating the
amine in a solvest with any suitable base. Examples of solvents that may
' ethereal solvents such as THF, ONE, dioxape, diethyl

ttert- butyl etherQaromatic ocarbons, sgch §¢ be e,
ane; alogenatep%dlg"gvﬂ , such as diéhlo ethang,
chloride, dichidroet ne;llor other organic%olv&nts, such as

ne

Carb& tetrk

acetonitrile? Preferred solvents includ THF, ONE, toluene or o

dichloromethane. Suitable bases éotrgenerating the anion inchice organic

bases such as an alkali metal hydride, an alkali metal tert-butoxide, an

alky ryLitkium, such as methyl-, butyl- or phenyllithium; an alkali

tal Bmide, sych as lithium-, sodium- or potassium

Rbmig imathylsityl)amide, diisopropylamide, or tetramethylpiperidine.
Preterre® bases include lithium bis(trimethylsilyl)amide, lithium
diisqurgpylamide, or lithium tetramethylpiperidine. The anion of the amine
is treated with the carboxylic acid equivalent at a reaction temperature

thathag be ihthe Farigestlakbut 278€é 2120C Préferdblybetiean ovwing
g}:o@gpé)yt Pf-to @%,[O%]"J'Ffeqlé@i,c’”lcﬁ‘}jiti%”‘%,fO&&@HCMéP?ﬁ?@P|eL|@@Od 140,
in the furanone ring may also be used as deprotection conditions. For 38
and ekdimple, when R3 (in XIV) or R6 (in X) is cbz, conditions may be used to
[0s3feduce;thedopble bopd apd 1, alsa remaya-the chz graup. [098]Methods +,¢

“herein describe a’sequence in which the buténolactone is first coupled to .
moigteadpage ™ ormsiefifahd them thefifi§ dobbleBontisvédicedet the moiety

may Afernatively, ilgle. Jeductionand, QQH@H}%@% @ed?% @f'ﬂ%’&n BV ror
order. [099] In still another embodiment, this invention provides a . -
example, Cbz-protected proline may be coupled to XV {or 1f R” is

ethyvl with II):
O
N /t?o
yd N
o H

O-Rr5

[094] After removal of the Cbz group, a P3 or P3~P, molety may be
attached by alkylation or acylation of the proline nitrogen.
[095] In certain embodiments, methods of the present process
proceed through the butenclactone XV where X is chlore, bromo or

iode:
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process for preparing a compound of formula XVI: O 040 R3)LN H O-R5
XVI; wherein R3 is a P4-P3-P2 moiety of a caspase inhibitor, the P4-P3-
P2 is c-l of Table 2, the P4 is 108 of Table 3, R5 is as defined herein

(eig., ethyl) and the process is according to the methods herein.
B D165 FVERTOR Al BrouALE & SrbesE o Brebdred ‘EostndSr
(wheformulad VA 13- O, NeNikHO 2N 190 D€k i d \bAceomphising selectivear et

ROl AR b gt S UC R L T A
the dfoformuia MAZOMYN JO0IMH Qay be commercially available or
produced from know methods. See, for example, "Comprehensive
Organic Transformations: A Guide to Functional Group
Preparations," 2nd Bdition, by Richard C. Larock, pages 638,
659, 661, 724.

[096] Also within the scope of this invention, another embodiment
of the coupling reaction of an amine proceeds by acylation of
the anion of the amine using a reactive equivalent of the
carboxylic acid, such as Py~, Ps-P3—, or Pg—Pyﬁh—C(zOXX, where
Ci=0)X 1s as described zbove.. The anicn of the amine is first
generated by treating the amine in a solvent with any suitable
base. Examples of solivents that may be used include ethereal
solvents such as THE, DME, dioxane, diethyl ether, methyl-tert-
butyl ether; aromatic hydrocarbons, such as benzene, tcluene,
xylene; halogenated hydrocarbons, such as dichloromethane,
carbon tetrachlceride, dichloroethane; or other organic solvents,
such as acetonitrile. Preferred solvents include THF, DME,
toluene or dichloromethane. Suitable bases for generating the
anion include organic bases such as an alkali metal hydride, an
alkali metal tert-butoxide, an alkyl or aryl lithium, such as
methyl-, butyl- or phenyllithium; an alkali metal amide, such as
lithium-, scdium- or potassium bis(trimethylsilyl)amide,
diisopropylamide, or tetramethylpiperidine. Preferred bases
include lithium bis(trimethylisilyl)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 60°C.

[097] Reduction conditions for reducing the double bond in the

furanone ring may also be used as deprotection conditions. For
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H2N O N CI H O IVA; comprises dynamic crystallization of a compound
of formula: O O N H 0-\ IA/C by contacting the mixture of IA/C with a
Lewis acid in a solvent optionally including a protic acid. [0102]This
invention also E%lrovi'des a/Igrocess far preparing a compound of formula

exangae 0 e \IH N H2NFY 0 R EIH O=IVR] compfiSifg, fedeing 8ons may e

usefompound elformuladtu 1 © Bekd Ikanda-compeundelfeemulad!lzg0 group.
QOyN? IlI; in the presence of a palladium catalyst, a palladium ligand,

[098]arée Bhssbe et §diventsstionafly hchifiiGaphake tidnsfdi Eatalyst.

putd8a3JAlsa provided: arermethods of preparing:thgcosrespopding,, moiety and
aldehyde compound (of e.g., XVI) by these processes. For

then thé ring double bond isg reduced. Alternatively, the

reduction and coupling may be performed in reverse order.

[099] In still another embodiment, this invention provides a

process for preparing a compound of formula XEVI:

O
O
@]
o,
H O-RS5
VI ;

wherein R® is a P,—P3;-P, moiety of a caspase inhibitor, the Ps~Ps-
P, is c-1 of Table 2, the P, is 108 of Table 3, R° is as defined

herein {e.g., ethyl} and the process is according to the methods

herein.

[0100] This invention alsoc provides a process for preparing a

compound of formula IVA:

Q O
N
x( r\)/tzo
H
@]
Cl ‘\

IVa;

comprising selective crystallization of a compound of formula:

from toluene.
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example, compound IV prepared according to this invention, may be

converted to the corresponding aldehyde compound, that is by converting

the furanone to an aldehyde. [0104] In another embodiment, this invention

provides a process for preparing a compound of formula XVI: 0 O O
[0101R 31N 41 0RRE VR VY wiRereiPRSTS a4 PRUSR #iviety 6t Leigpased of
£ rrinRipiteksdhe P4 P3- P2 is d-1 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. [0105] Accordingly, this compo (see compound 412f and/or

~ corresponding compound 412 aswisclifsed i 97/22619, which is

incorporated herein by ref c ared bylreacfing a compound of
d anappropriaje arfidegompound, in the

formulall: O O BrO 4
presence of a pallagiym catzdyst, a palla@’i base, optionally a

phase transfer cataly%t and an appropriate solvehit. AnOagpropriate amide
compound would be derived’from the P4-P3-P2 group d-la in Table 4,
i.e., acompound: ON N RANHO TVA;

comprises dynamic crystallization of a compound of formula:

@OI:ENI(:O
o

IA/C
by contacting the mixture of IA/C with a Lewis acid in a solvent
optionally including a protic acid.
[0102] This invention alsc provides a process for preparing a

compound of formula IVA:

SRl
é 3

Iva;

pd

HoN

comprising, reacting a compound of formula II:

and a compound of formula III:
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O NH2; wherein R is either H or an isoquinolinoyl (i.e., the 24 group 141
in Table 3), wherein there is a carbonyl linker between the compound and
the isoquinolinoyl group. [01061 In still further embodiments, the invention
provides a process of preparing a beta-amido carbonyl compound of
formula XXX: Ra O YOR III2 R3),HR4 XXX comprising the steps of:
a) reacting a compound of ferqula XIl: RO OR 2 X 11)R4 XIlI; with a
compound of formula XIlI: ;4R in the presence of a
palladium catalyst, a palladit in a solvent optionally a
phase transfer catalyst, to produce a cgmpound of the formula XXXI 0
R3'1~Na" : RZ H XXXI wherein: X is a léavinYtdroup; Each R. is H, an
optionally substituted alkyl, an optio %/ substituted aryl, -CN,
-C(0)-Oalkyl or halogen; Each R2 is indépendently an optionally

in taubstitetedratiphatic a palladium catalyst, a palladium ligand, and

a base in a solvent optionally including a phase transfer
catalyst.

[0103] Also provided are methods of preparing the corresponding
aldehyde compound {of e.g., XVI) by these processes. For
example, compound IV prepared according to this invention, may
be converted to the corresponding aldehyde compound, that is by
converting the furanone to an aldehyde.

[0104] In another embodiment, this invention provides a process

for preparing a compound of formula XVI:

O
0
O
H O~RS
XVI;

wherein R® is a P,~P3;-P, moiety of a caspase inhibitor, the P;-Pz-
P, is d-1 of Table 2, Py is 141 of Table 3, R® is as defined
herein (e.g., ethyl), and the process is according to the
methods herein. _

[0105] Accordingly, this compound {see compound 412f and/or
corresponding compound 412 as disclosed in WO 97/22619, which is
incorporated herein by reference) is prepared by reacting a

compound of formula IL:

Br Y
\\
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group, an optionally substituted heterocyclic group, and an optionally
substituted aryl group; 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 substituted 5- to 8-me tied heterocyclic ring; Each R3 is
and amoptienallysubstituted aliphatie, aanaptionally substitutashamyl, @n a
optionally substituted heteroalkyl, a protecting group, P2-, P3-P2-, or
pallpgpapsatpiyRin. & 2RIREPEP2 s 43R RE REGFO RBELONATLY 2
phas@‘?@i%%’ﬂ'éRk(B?aEﬁsH abydY a@h%@g&%'pﬁ-gta' i8 oC(@)r10-C (@),
-NHC(0)-, -0(0)0(0)- or -SO2-; Each R is independently_an optional
oD A SRR GO DSty St P Echi 8o 1 ~23-22
groupdepandently H an-ogtjonally spbstituted alipkatic, an optionally
substituted heteroalkyl, an optionally gubstituted heteroaryl, or an
optionally substituted phenyl; Each R is independently an optionally
substituted aliphatic, an optionally/subsfituted heteroalkyl, an optionally

substituted heteroaryl, an optiona sub%titu d phenyl, or R5 and R6
taken together with the atomd$te.yyhiclj they are attached

H OO NH, ,

wherein R is either H or an isoguinclinoyl (i.e., the P4 group
141 in Table 3), wherein there is a carbonyl linker between the
compound and the isoquinolinoyl group.
{6106] In still further embodiments, the invention provides a
process of preparing a beta-amido carbonyl compound of formula
KKK

R, O
o OR?
e

XX

comprising the steps of:

a) reacting a compound of formula XII:

XIT;
with a compound of formula XIII:

O
RngNHZ
XIII;
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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
, selected from -0-, -S- or - NR50-; Each R7._is independently H, an _ .
in tEshidHySubStitfed alﬁﬁﬁéﬁlé? itFoptforiatty Shbstituted neterodikyt, ‘A 2
baseoptionally ssubstituted heteroatyl yoran bptienatly substitutedspldnyd,tor 44
R7 and R6 to%ether with the atoms tolwhg&hg?ey are attached forma5to
Prody ftemb&rStE Spfichally ubstitttéd imdnadyittic heterocycle or aryl (see,
for example, compounds f, h, i, n, and @ shown in Table 1 and
compounds o-1, 0-2, and 0-3 S@RK%E%Q 2), or a 6 to 12 membered,
optionally substituted bicyclic fusged rifjg system, in which each of the
fused rings optionally containg¥n-g Ral heteroatom selected from
-0-, -S- or -NE50- (see, for exampte, compounds g and j shown in Table
1, and compounds g-1 and j-1 shown in Table 2), or when R5 and R6
together with the atoms to which they are attached form a ring,, R7 and
the ring system formed by R5 and R&#m a 8- to 14- membered

whero&;tﬁ)nally substituted bicyclic fused ring system (see, for example,

compounds g, k, 1, and m, shown in Table 1 and compounds d-I, d-2, k-1,
14, 12, an-leand me-2sstovay in Table 2), wherein the bicyclic fused ring

system is;opfignally flurthsy, fused.with, an.eptionally substituted phenybia: s onally
form an optionally” substituted 10- tol:/LG-membered tricyclic fused ring

sub ssyster e@eerfot exafiiple, Commpoltits’e’ an@ ¥ dhoWidiR T able 1, and
campoyungds e and gs1 shown.in Table 815@1%9%‘3&%_?‘ indspendently:H 9T i phatic

a protecting group; and Each R50 is independently H, an optionally

g rowRbsHfutelP liphatic; arseptionay ststittternstéroaey Hir Bptorsly 20
opt SyPstittted: peterqaryl Of ag.aptiopally substituted phenyl; and

Fach R* is independently an opticnally 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 B-membered
heterocyclic ring;

FEach R® is an optionally substituted aliphatic, an
optionally substituted aryl, an opticnally substituted
hetercalkyl, a protecting group, Pz—, P3-Pz—, ©r Ps—P3-Py—;

Py is

Ps-Ps is
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mis 0 to 2. [0107] In some embodiments, R3 is an organic moiety. [01.08]
In certain embodiments, the variable R in P4 may be an aliphatic, aryl, or
heteroaryl, each optionally substituted with 1 to 3 aliphatic, halo, alkoxy,
-CN, -NO2, -N(R50)2, -SOmN(R50)2, -NC(0)R50, -SOmR50 or
hetero cIoaIkyI.'T@)lOQ]The process further comprises reducing the
compound of for}nula XXXI to produce a compound of Formula XXX. 45
odirpehts P2- has the structure (,DA ar in which
Re—RINg Ais a efed, optionally substituted monocyclic
heterocycleflor a 6 to 12 membered, optionally substituted bicyclic
heterocyclegn which Bach heterocycle ring optionally contains an
additional heteroatom selected from -0-, -S- or -NR50-, R50 is H, an
optionally substituted aliphatic, an optionally substituted heteroalkyl, an
opgjogg%&gubg}@uted heteroaryl, or an optionally substituted phenyl.
[Olfl]ln specific embodiments, Ring A has the structure: NN7 N7 VN '~N?
IN? IN [0112] P2- has the structure N "D Rs 1011311n certain
embodiments, Ring A has thg’structur€™N7 N 7 VN ~N N' VN (0114] In
specific embodiments P2- has the strugture 46 R8--.N R$-~ N _ mss' or
[01151 In another embodi the a-pracess Iﬁp_;oducing a compound
of the formula P4WM

0 Rs
Ps is R-T;
T is ~C(O)~, -O-C(0)-, -NHC(O)-, -C(0}C(0)- or
~S0,-; |

BEach R is independently an opticnally substituted
aliphatic, an optionally substituted aryl, or Py;

Fach Ry is independently H, an opticnally substituted
aliphatic, an opticnally substituted heterocalkyl, an cptionally
substituted hetercaryl, or an cptionally substituted phenyl;

Fach R¢ iz independently an optionally substituted
aliphatic, an optionally substituted heteroalkyl, an optionally
substituted heterocaryl, an optionally substituted phenyl, or Rs
and Rg 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 heterccycle ring optionally
contains an additional heteroatom selected from -0-, =5=- or -
NRsg—7

Each R; is independently H, an optionally substituted
aliphatic, an opﬁionally substituted hetercalkyl, an opticnally
substituted hetercaryl, or an opticnally substituted phenyl, or
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0 IOIR5RaNORZ R-TYiHR4 O O R7 R6 comprises: a) reacting a
compound of the formula: 0 RaO X R 4 with a compound of the formula:
0 P2ANH2 in the presence of a palladium catalyst, a palladium ligand, a

base, optionally a F&hase transfer catalyst and a solvent, to Lggr,oduce a

compourid 6tk fsrmmd O &0 ORZ PAR RA Wiereth: Kisdi1eabing 3¢

greupsuehasBrnd & Each Rayisrtdranr eptignallysubstituted atkyls antuted
optionally substituted aryl, -CN, -C(0)-Oalkyl or halogen; Each IS
indePERdEHty an G hfidriany Stbsfitutétt Aliph&tic grobip” af optionaly SOmpounas

s@,stitu,te_d heltf;roayﬁiiccg re up),mandian I@mmanly subls_t'ttu@amb@roupi , 0—2,

Cach .3 ependnyan puagal subsieg aphall, g gptonals
optionally substituted bicyclic fused ring system, in which
each of the fused rings optionally centains an additional
hatercoatom selected from -0-, —-$- or =NRgy~ (see, for
example, compounds g and j shown in Table 1, and compounds
g-1 and 3-1 shown in Tabkle 2}, or

when Rs and Rg together with the atoms to which they

are attached form a ring, Ry and the ring system formed by
Rs and Rg form a 8- to 14~ membered optionally substituted
bicyclic fused ring system (see, for example, compounds g,
k, 1, and m, shown in Table 1 and compounds d-1, d-2, k-1,
1-1, 1-2, m-1, and m-2 shown in Table 2), wherein the
bicyclic fused ring system is optionally further fused with
an optionally substituted phenyl to form an optionally
substituted 10- to lo-membered tricyclic fused ring system

(see, for example, compounds e and g shown in Table 1, and

compounds e-1 and ¢g~1 shown in Table 2);
Each Ry 1s independently H or a protecting group; and

Each Rsp is independently H, an opticnally substituted

aliphatic, an optionally substituted hetercalkyl, an opticnally

substituted heterocaryl, or an optionally substituted phenyl;

m is 0 to 2.
[0107] Tn some embodiments, Rs is an organic moiety.

[0108] In certain embodiments, the variable R in Py, may be an

and

aliphatic, aryl, or hetercaryl, each optionally substituted with

1 to 3 aliphatic, halec, alkoxy, -CN, -NOz, -N{Rss)2,
~SCN{(Rey) 2, ~NC(0O)Rsg, —SCOuRsg or heterocyclealkyl.
[0109] The process further comprises reducing the compound of

formula XXXI to produce a compound of Formula XXX.
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substituted aryl, or R2 and R1 together with the groups to which they are
bound, form an optionally substituted 5- to 8-membered heterocyclic ring;
P2is R5 Ra-N R6 T is -0(0)-, -0-0(0)-, -NHC (0) -, -C(O)C(O)- or -SO2-;
Each R is independently an aliphatic, or aryl, each optionally substituted
[0110)i#1: 1 s63alpHatie LHEB talkExy, 1BN, tRO2SINEREE)Z -SOMN (R50) 2,
-NC(O)R50, -SOmMR50 or heterocyclo : Each R5 is independently H,
an optionally substituted aliphatic, an{poptionally substituted heteroalkyl,
an optionally substituted heterBa’rWor optionally substituted phenyl;
Each R6 is independently H, an optionally substituted aliphatic, an
optionally substituted heteroalkyl, an opgiowally substituted heteroaryl, an
optionally substituted phenyl, or R5 and R6 taken together with the atoms
to which they are attached form a 5 to 7 membered, optionally substituted
in whonocydlictieferbeycle,Sorta6 To mnhembred; optionalllsubstinréd tuted

mon %Q)/&ﬁ%eﬂ%%syi&%hicwagh hejeroeycle ring optignally. contains gn
additional heteroatom selected from -0-, -S- or -NR7-; 48 Each R7 is

sub sidéperriéntly ¥, ahieptivriafy ealisttaed. Aliphdtieh apdptioRalprocycle ring

opté&ﬁéﬁﬂ' d-heteroalkyl,an 9@8%&'%%%@%@9&%@5&’%@i%fc%'éd, from -0-,

optionally substituted phenyl; R9 is H or a protecting group; and mis 0 to

~S- O 1i6ina specificerfibodifet, d eompodnd b tHelforhar ol trixatic, an

optionally substituted heterocalkyl, an optionally substituted

hetercaryl, or an opticnally substituted phenyl.

[0111] In specific embodiments, Ring A has the structure:

E/NQ E/N S (z{N %Q ‘7{@ ‘1(@

wag AR

[6112] P;,- has the structure

Ry~ @
O

[0113] In certain embodiments, Ring A has the structure

[0114] In specific embodiments Py;- has the structure
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OR' in which R9 is C_-C5 alkyl, is reacted with 0 P2A NH2 to produce
the compound '1 0 Pz J~ N O HhhhOR9 [01171The process may further
comprise the step of contacting a racemic mixture of compounds of the
formula 0 ~ Pz H OR9 in which R8 is a protecting group, with a Lewis

aci tionally in the pregende of a protic acid, in an organic solvent to
ide compoundREraving e structure 0 O P2 9 H O-R 49 [0118] In

of the alkoxyfuranones may be achieved
an organic solvent. [0119]The process
may include reducing the double bond in XXXI. For instance, the
compound of thg-formula0 0 Ra0~ORZ0Ra ORZ R3NR4P2NR4 H

or is reduced under conditions described herein. to provide a compound
[0118)¢ ke fOHRTLIS T embodiment, the a process for producing a

compound of the formula

comprises:
a) reacting a compound of the formula:
@]
Ra
| OR?
X R
with a compound of the formula:

O

M

Py NH,

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

produce a compound of the formula

wherein:

X is a leaving group such as Br;
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0 O RaOR2 P2A H R4 [0120] After producing this compound, P3- and

P4- moieties may be coupled to the compound as described above.

[0121] In still another embodiment, the process for producing a

compound of the formula 0 O )RaLOR2 R-T H R4 R~ O R6 comprises:

(afreédlicifg the compourrPoithadbrniula b sRa BrERb P2AN R4 fPtionally
subdUovideacampound of the-formulan 50,9, 1Ra,@ OR2Z 24 H R4 wherein

Each Ra i H, an optionally substituted alkyl, an optionally substituted . ,

arlP SENR-CI6)-OafkyP6FASIBHEH; ERCIPRD 1S nd&htRy-art bpfichally  Phat+c
groMpstitutegs aliphatic: graup; anieptionally substituted hetergeydlic, 9rong, an

and an optionally substituted aryl group; Each R4 is independently an

Pt ifRdnally Substitdtedt SfipKdtic! af ‘opibnally substituted heterocycle, an
optignally ‘substitutad @eyldenR2 ang-Rbiogethes with thegreups:to=vwhich

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

P is

T is ~C{Q)=~, -0~C(0O)-, -NHC(O}-, -C{O)C(C)- cr
=50,

Fach R is independently an aliphatic, or aryl, each
optionally substituted with 1 to 3 aliphatic, halo, alkoxy, -CHN,
-NCs, -N{Rsg)z, —SOuN(Rsg)z, —-NC{O)Rsp, —-S0xRsy or heterocycleoalkyl;

Each R; 1s independently H, an optionally substituted
aliphatic, an optionally substituted heteroalkyl, an optionally
substituted heterocaryl, or an optionally substituted phenvyl;

Each Rs 1s independently H, an optionally substituted
aliphatic, an optionally substituted heterocalkyl, an optionally
substituted hetercaryl, an optionally substituted phenyl, or Rs
and Rg 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 opticnally
contains an additional heterocatom selected from -0-, -5- or
“NRy—;
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they are bound, form an optionally substituted 5- to 8-membered
heterocyclic ring; P2 is R5 RB-N " R6 T is -C(O)-, -0-C(0)-, -NHC(0)-,
-C(0)C(0)- or -S02-; Each R is independently an aliphatic, or aryl, each
optionally substituted with 1 to 3 aliphatic, halo, alkoxy, -CN, -NO2,
N(RB0) % SOmN (RS5Y 5 SE 0) Ro0: S OMRSH 6F héterdeytioaiiyi=®
alipEaen Rp isindependently ¥, ameptionally substitutedaalighaticaanoptionally
optionally substituted heteroalkyl, an optjonally . substituted heteroaryl, or . .
subsgﬁaﬁﬁ&%@%%gﬁﬁé&phgﬁy@‘éaeﬁ%e%#&ébe% eﬁﬁ%ﬁ%%g oftety1;
optionallyrsubstituted aipbatie,canyeptianally sabstituted heteroalkyl, an
optionally substituted heteroaryl, an optionally substituted phenyl, or RS
aftl RS taker?tdgether with the atoms to which they are attached form a 5
[01160Thmemfered, faptionaly sukstitutedsmonneyealia b ldteteroeycleranab to
12 membered, optionally substituted bicyclic heterocycle, in which each
heterocycle ring optionally contains gn additional heteroatom selected
from -0-, -S- or -NRso-; Each R5 IS mdependently H, an optionally
substituted aliphatic, an optional stituted heteroalkyl, an optionally
substituted heteroaryl, or an opffonal stituted phenyl; R9 is a
protecting group; and mis 0 to 2. [0122]A process for producing a
compound of the formula 0 R,o-NAN S O-R9 O

in which R® is C:~Cs alkyl, is reacted with
O

N

P, NH,

to produce the compound

[0117] The process may further comprise the step of contacting a

racemic mixture of compounds of the formula

0

0
e

p N
©H %-Rg
r

in which Ry is a protecting group, with a Lewis acid, optionally

in the presence of a protic acid, in an organic solvent to

provide compounds having the structure



comprises: a) contacting a racemic mixture of compounds represented by
the formulap Rio-NH N O O O_R9 with a Lewis acid in an organic
solvent optionally including a protic acid, wherein Ring Aisa5to 7
membered, optionally substituted monocyclic heterogcle ora6to12

[0118\nemberéd, SpEhACaStRGES higRHe heter6Eydd, it Whidh- 688y furanones
nay B%E%@%§%%@@96@“@@%5@%¥U@m§aﬂégﬂwgﬁgdbgﬁﬁ@@@ﬁ15@@@E@h organic
from -0-, -S- or -NR50-; Each R9is a C_-C5 alkyl; Each RIO is H, a
SOlVﬁFb‘fectmg group, P3- or P4-P3-; 52 P3isR7 R8-HO P4isR-T; Tis
[0119}@[@%@90%@%3 MW(%GI@&@)@%@ﬁH§%@a%§§Q@ Roisnd in XXXI.
Independently an aliphatic, aryl, or a heteroaryl, each optionally
For duisstitayed with e t@SW@Ha Shalgh 8IkbRFIRIRE0)2, -SO" N (R50) 2,
-NC (0) R50, -SO,R50 or Reterocycloalkyl; Each R~gs independently H,
an optionally substitutes] a ha’gc an optionallrRsub |tut(3d heteroalkyl,
an optionally substifutedihet&®aryl, or an op ona siftituted phenyl, or

R7 and the Ring gs 4@ 14- membgf ly substituted
bicyclic fused ring system, wherein the

or
is reduced under conditions described herein to provide a

compound of the formula

0
Ra
0 fLORz
P N TR*
24

[0120] After producing this compound, P3;— and Ps— moleties may be
coupled to the compound as described above.

[0121] In still ancother embodiment, the process for producing a

compound of the formula
\HL /K”— fkogz

(a)reducing the compound of the formula

0

Ra
0 OR?
3 fL

P~ N7 R
* H

comprises:

to provide a compound cof the formula
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- bicyclic fused ring system is optionally further fused with an optionally
substituted phenyl to form an optionally substituted 10- to 16-membered
tricyclic fused ring system; Each R50 is independently H, an optionally
substituted aliphatic, an optionally substituted heteroalkyl, an optionally
substituted heteroaryl, or an optionglly substituted phenyl; Re is a
protecting group; and mis 0 to 2 [0 Alernatively, resolution of O
Rio-N N 11 O O-R9 53 may b;lachi ved by chromatography or selective
crystallization from an organiE:soI\,{§nt. fﬁ1241A process for producing a
compound of the formula 0 Rio-N A HN *ORg comprises: a) reducing
the compound of the formula 0 R1 o-N AH N (O 0 O-Rs wherein Each

wheIrri@is H, a protecting group, P3- or P4-P3-; P3-isR7 R$-H-"Y O
Fach R, is H, an optionally substituted alkyl, an optionally

substituted aryl, -CN, -C(0)-Calkyl cor halogen;

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

Fach 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 opticnally substituted 5- to B-membered
heterocyclic ring;

Ps is

=S0z~;

Each R is independently an aliphatic, or aryl, each
optionally substituted with 1 to 3 aliphatic, halo, alkoxy, -CN,
-NQO3, =N{Rzn)z, —SOuN{Rsg)2, ~NC(O)R%, —SC0pRsg ©or heterccycloalkyl;

Each Rs is independently H, an opticnally substituted
aliphatic, an optionally substituted hetercalkyl, an optiocnally
substituted heteroaryl, or an cpticnally substituted phenyl;

Each Rg is independently H, an copticnally substituted
aliphatic, an optionally substituted hetercalkyl, an optionally
substituted hetercaryl, an optionally substituted phenyl, or Rg
and R; taken together with the atoms to which they are attached

form a 5 to 7 membered, optionally substituted monocyclic
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P4-P3-is R7 P4-N O P4is R-T-; T is -C(0)-, -0-C(O)-, -NHC(0)-,

-0(0)0(0)- or -SO2-; 54 Each R is independently an aliphatic, aryl, or

heteroaryl, each optionally substituted with 1 to 3 aliphatic, halo, alkoxy,

-CN, -N02, -N (R50) 2, -SOmN (R50) 2, -NC (0) R50, -SOmR50 or
heteReeYsalodiRy|2 EachR7 fs MapErdshtly ¥ @ 115 'S B Stittite
bicydliphaticcan aptionally, substiited heteronlkyl as:aptipaally substituted onally

heteroaryl, or an optionally substituted he% or R-7 gnd thg(I;{_ing Asf(_)rrgr
contz §ofo $4- ARMtered dhbtioRalR” SabStuts Bicydi fused ring system,
-NR;wherein the bicyclic fused ring system is optionally further fused with an

optionally substityted phenyl to form an optionally substituted 10- to

16:78m %é?eﬂi i 83}?:%39 ?ﬁgé%eﬁlr?g? %(ys@) m?%Eé)éf‘nJCé% ?Zf%%eﬁg%c? Sty H d
alirganeptionally substitued aliphatics antoptiedalhesubstitited heteroakigk danally

optionally substituted heteroaryl, or an optionally substituted phenyl; Sy .
S g GITEY AR 0 675, e e et e M T P AT

bexpised ta praducecaspartic; acidhbdedvatives such as aspartic acid

algﬂehyéd%n‘gci}etgas. For instance, the processes described herein can be,
uded'to prodlicé ‘compounds containing the P4-P3-P2- moieties shown in
[0122Tables dc % 3, and 4showre aboverandrtivespetific campodndsinlFables

5 and 6 below. Additionally, the processes described herein may be used

to produce known compounds. Specifically, the processes are useful for

preparing the compounds disclos?wo 95/36308, WO 99/47545, WO
' 6

04/058718, WO 04/00296 R:WO0 %Oi[({
ORg

a) contacting a racemic mixture of compounds represented by the

O
comprises:

formula

Z
>
O

H

© %—R9
with a Lewis acid in an organic solvent optionally including a
protic acid, wherein

Ring A is a 5 to 7 membered, optionally substituted
menocyclic heterocycle, or a & to 12 membered, optionally
substituted bicyclic heterocycle, in which each heterocycle ring
optionally contains an additicnal hetercatom selected from -O-,
~-3- or -NRsg—;

Fach R® is a Ci;~Cs alkyl;

Each R is H, a protecting group, P3—- or Py-Ps3—;
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WO 03/088917, WO 03/068242, WO 03/042169, WO 98/16505, WO
93/09135, WO 00/55114, WO 00/55127, WO 00/61542, WO 01/05772,
WO 01/10383, WO 01/16093, WO 01/42216, WO 01/72707, WO
01/90070, WO 01/94351, WO 02/094263, WO 01/81331, WO 02/42278,
WO 037106460, WO 03/103677, WO 03/104231, US 6,184,210, US
6,184,244, LhS 6,187,771, US 6,197,750, US 6,242,422, US 6,235,899,
April 2001 erican Chemical Society (ACS) meeting in San Diego, 55
California, UPA, WO 02/22611, US2002/0058630, WO 02/085899, WO
95/35308 S516:929, WO 97/22619, US 6,204,261, WO 99/47545,
01/§0063 Bigorg. Med. Chem. Lett. 1992, 2(6), 613, and WO
99/03852, all of wihich, as set forth herein, are incorporated herein by
reference. Preferfed compounds for use in accordance with this invention
are described in WO 04/058718, WO 04/002961, WO 95/35308, US
5,716:929 Wb 97/22619, US 6,204,261, WO 99/47545, and WO
01190063; @lkof-which-asset-forth hieresin; -are corparated-herein by
SOreferen e. Table5F F-OOONNOIOoOHNO 'OONN ~~jjOHO0O0~N
200 NOD~N ((01-1 1-2 1-3 HO' % OH N J(~~j'0 HZN' OH N 0 '\ CoH N?
~/1Q10 &N H2QdpHrkd44€\11+6ah\ 35 0H=0 dbly NiFOA 3 O NjO N

ot QUNON MBSO OMIO0 UL AZERLE LT EOH.,.

hald,l.’élkoxy, -N (RS{})Z, SOm (R50)2, —NC{O) Rspn, SOmR5Q or

heterccycloalkyl;

Fach R, is independently H, an optionally gsubstituted
aliphatic, an optionally substituted heterocalkyl, an optionally
substituted hetercaryl, or an optionally substituted phenyl, or

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

Each Rsg 1s independently H, an optionally substituted
aliphatic, an optionally substituted hetercalkyl, an coptionally
substituted heterocaryl, or an optionally substituted phenyl;

Re is a protecting group; and

mis 0 to 2.

[6123] Alternatively, resolution of

Ryg—nN_ o
N
| é,0
0
O-R?
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0O OOH~0lioNNOOIiHN\-O'NHOOOOHO oNJ~~fOoHHO_

56 1-13 1-14 1-15 CI 1iONN _ ?YO&NN? (~jO F30HOONOON' 0 ON

01-16 1-17 1-18 INMONN\F3OH (~pCIOHO HINNIHN,0OOHN

00JJj~HNO OHO1-191-201-21 \FApHNTNpICIOHNOC'OH
may RO N HTREG-RYCCRAPHSSP 8P4 E3E B FRNINN FEVE T L NEAE 01

Fromd M0 D@ an 12532600 Cl =0 ONNjHN JJ~~I10 JJ~~IIO OHNG
OHOO
[0124] A process for producing a compound of the formula

@]
R1awN$H(«\
N (o]
3 O-Rq

a) reducing the compound of the formula

O
R10“‘"’""""“N A H
N | ©
3 0-Rg ‘

r

comprises:

wherein
pach RY is H, a protecting group, Ps~ or Ps—P3—;

Pa- is

P.g is R-T'~;
T is =C{(0)-, -0O-C(O)—, -NHC(O)~, -C({O}C(Q)- or
=507
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1-271-28 OTI~pNYUNNOHONpI~pYNO H/101JIJVH11JIOH

NOHOOHO 1-291-30 1-31 57 NNOp~pINN OHO0-11C oHp O

NOHOH1-321-33 IOHNOIiOLIOHNpOIOHN OO ~~'0111 oH

NOHDOOH-01-341-351-36 CIpOQOHOQOCIp ClNo\O1HNO""

0 63°FOROIR MW%W%WM%"? FhE8s Sl B o NRF\ RPREHERA Y -
caci0 dgiN40:0 HN B@ Q£ ided with 1 te 3 aliphatic, halo, alkoxy,

~-CN, -NOz, —N(Rsg)z, ~SOuN{Rsp)z, —-NC{O)Rsy, —-SOuRsp oOr
heterocycloalkyl;

Bach R; is independently H, an optiocnally substituted
aliphatic, an optionally substituted heterocalkyl, an optionally
substituted hetercaryl, or an optionally substituted phenyl, or

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

Each Rsy 1s independently H, an optionally substituted
aliphatic, an optiocnally substituted hetercalkyl, an optionally
substituted heterocaryl, or an optionally substituted phenyl:;

Rg is a protecting group; and

mis 0 to 2.

The processes described herein can be used to produce aspartic
acid derivatives such as aspartic acid aldehyde moieties. For
instance, the processes described herein can be used to produce
compounds containing the P4~P3-P2- moieties shown in Tables 1,
2, 3, and 4 shown above and the specific compounds in Tables 5
and 6 below. Additionally, the processes described herein may
be used to produce known compounds. Specifically, the processes
are useful for preparing the compounds disclosed in WO 95/35308,
WO 98/47545, WO 04/058718, WO 04/002961, WO 04/106304,

WO 03/088917, WO 03/068242, WO 03/042169, WO 98/16505, WO
93/09135, WO 00/55114, WO 00/55127, WO 00/61542, WO 01/05772, WO
01/10383, WO 01/1609%3, WO 01/42216¢, WO 01/72707, WO 01/90070, WO
01/94351, WO 02/094263, WO 01/81331, WO 02/42278, WO 03/106460,
WO 03/103677, WO 03/104231, US 6,184,210, US 6,184,244, US
6,187,771, US 6,197,750, US 6,242,422, US 6,235,899, April 2001
American Chemical Scciety (ACS) meeting in San Diego,
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I~o OOHNOHOff01-401-411-42CIH ON1ONN 0~ ON"~N
?40~ONNHOO OpHNHOOHNONOON HHH 1-43 1-44 1-45
CIOUCCO HNTHO1HOOONGI1INo /0oCOH J~j|ONONOH
HHO 1-461-471-4858CIpCIO\OCI0OO1N'IN~0O=10

Califpynis. FERHEHN PN D OH NFFOH 04Y 0 o o'R @é/ﬁﬁéﬁ%%y WO
95/ 3659880 Gl NNTIHNI BN 1d o206 090 Nys-Sh 04,261, WO 99/47545,

WO 01/90063, Bioorg. Med. Chem. Lett. 1992, 2(6), €13, and

WO 99/03852, all of which, as set forth herein, are incorporated
herein by reference. Preferred compounds for use in accordance
with this invention are described in WO 04/058718, WO 04/002961,
WO 95/35308, US 5,716,929, WO 97/22619, US 6,204,261, WO
99/47545, and WO 01790063, all of which, as set forth herein,
are incorporated herein by reference.

Table 5
e F
N Fx
,oz:f)/E j[; 9 o j[; o o jg;
0 o o
NN N @AN N ®/LLN N
HOQEQ‘O ”o?f} HO?!iO
07N 0~ N 07N
H (o _ H (o H (o
o o) ¢ o '
HO o N o 5
NN N NN NN
0 0 0 0 cl 0 0
° R (o " N (o °" B <o
I-4 I-5 I-6
0 o o)
0 0
@TE:QN N ¢ I Y NNAN Q&ﬁ/um N
NN f:o N R ’io § H fzo
0”'N 07N 07N
H (o H <o H (o
I-7 I-8 I-%
TN O TR O
N NN Nl NN NNy
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OHO01-521-53 HZNCION\SNTOOO0O NCION NNON1-500 N
OHONO'HON()OHOHOH 1-54 1-55 1-56 | CI OHtINN ON jN? 0 0
NOIHOOA0 H(H1-571-58 CH300CIONNO iONO/HO HONO
OHOHO\O 1-591-60 CIOOCIQOH O(~NOHNC nONTilQ11N
4 NOHEHHOA\HHO 161 1-62THH0F00 1111 11~NNPINN
I(~~~m /O iH ONJ((~~~~\/ (~ONpHOOH O 1-63 1-64 59
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[0125] In order that this invention be more fully understoocd, the
following preparative examples are set forth. These examples
are for the purpose of illustration only and are not to be

construed as limiting the scope of the invention in any way.

Examples
[0126] The abbreviations used herein are known to skilled
practitioners. Scheme 2 shows a graphical representation of the
syntheses that are exemplified below.

Scheme 2. Synthetic Examples
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57.). To a solution of 5-ethoxy-5H-furan-2-one (ll, R1=Et) (10.0 g, 78.0
mmol) in carbon tetrachloride (50 mL) at OC is added over 0.5h a solution
of bromine (4.05 mL, 78.2 mmol) in carbon tetrachloride (25 mL). The
reaction is stirred in at OC, then 2h at room temperature. The solvents are
STEfeloved under reduced es3ure and the residue was short-path distilled
at pump vacuugm (abou w,I he fracti oIInged at 1OOC 20C
provided 4-brgmo-5- etho%y 5H-furan-2- ozwéﬁ 82% ﬁeld‘)uasQa
yellow 65 oil} 'HINMR siTomyy C13) 6 , M), 5.63 (s, 1H),
(m, 1H), 8163 tlH). 3 d;#f,t; : Emz 3H)Cbp Pd talyzed Coupllng of
CBZ-Pro-NHZ and Bromoe xyfuranone [0128] To a 1L round bottom
flask, CBZ-Pro-NHZ (20 g, $0% mmol), Pd(OAE2!(0.36 g, 1.6 mmol),
STE52,&NTPHOS (1.4 g, 2.4 mmol) was charged. The system was purged with
nitrogen r 1G’min. T%Iue e was added (200 mE), and the reaction
was stlr%ed ith It mjgih;%éije’ﬂfter réachi g the reaction was
stirred for, he“rﬁ‘r?ttrrrchaaged froro slurry to a brick-red
solution as th amig& d@%ﬁcﬁg{%‘z HAd the (XANTPHOSEPA(OAC)2 complex
formed. ABelution of K2CO3 (26 6 g, 192 nfadl) in water (200 mL) was
ed and the reaction was allowed to warm to 50 C. [01291To a beaker,
romoethoxyfuranone (18.3 g, 88.4 mmol) and toluene (30 mL) was

charged The reaction is stirred until a solution med (slight warming
becnecessary becguse dIS splutipn is endlo r@rmlc) solutron

omlqej,@ radded ¢ cat IystlaJ solutign 50
Afterthe addition wgs chm ete, eac on imix re

co iued at 50 C for 4° OUy's. h|Ie strII at50 C,the phases
separated and the aqueous phase di¥darded. The organic phase was H
waghed with water (100 mL) at 50 C. The phases were separatgg and the
agueous phase discarded. The organic phase was concentrated to

ExaRgikfne and cooled to ambient temperature. Seeds were added (50 mg) if
crystallization has
0O
O N
T } 0
O N
H OH\
i

Preparation of 4-bromo-5-ethoxy-5H~furan-Z-one

[0127} This procedure may be carried out in a manner similar to
that described by C. Escobar, et al., Ann. Quim. (1971), 67, 43-
57.). To a solution of S5-ethoxy-5H-furan-2-one {(II, R'=Et) (10.0
g, 78.0 mmol) in carben tetrachloride (50 mL) at 0°C is added
over 0.5h a solution of bromine (4.05 mlL, 78.2 mmol) in carbon
tetrachloride (25 mL). The reaction is stirred 1h at 0°C, then
2h at room temperature. The solvents are removed under reduced
pressure and the residue was short-path distilled at pump vacuum
(about 0.5mm). The fraction collected at 100°C-120°C provided

d~bromo-5-ethoxy-5H~furan-2-cne {13.2 g, 82% yield} as a yellow
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not begun. The mixture was stirred at ambient temperature for 15 hr

(overnight), cooled to 0 C and stirred for 3-5 hr. The solid was filtered and

rinsed with cold toluene. The solid was dried in vacuo at 40-50 C to give a

white crystalline solid (10.8 g, 36% yield). [0130]In an alternative
oil.syntHeslRa flask waszchafged withd FdHdbd)3.(41E8) g, A6Tmop, 1H), 3.71

tphas (£.90 g, 13,/ mmol), - Prgline ide 1 mmol),
. é@gc:o '(éé.SQé?’ZO%Hr%hwzil)' %r{;%%'tolﬁeﬂé 770 miLg)S)Tgﬁégrﬁxture was
Pd-cstitrebivat3s Cdopr3dming fo give—a browihiyeow mikiresonggyfuranone
romoethoxyfuranene (41.7 9,201 mm s g solytion i mL foluen
012 a%) aadg to ﬁ%\nlﬁo%vél ée?fngg%?x%{r’e. % s%fﬁiﬁgﬁagzaoaﬁﬁeé o %O%mo“ ’
Pd (@.cAfter 15 Ming HPL Coamalydis shswgdouys reactiocompfetamel) was
paring CBZ-praline ami r : 0 ;
e L Aot e A Anathar 47 o of brdemoctRsTansne ™"
Tolwasadded twitheteactich mntturearss & Aftercstifing for B0srhin; HRLE@1th
warmsﬁ%s@%\’ve% 97(y%5§,a€9£109G%CHHE&?&O@OAm@heEgLB Q"Qgction wWas,
brorhoethoxyfuranone was added. After stirring for 45 min, HPLC analysis
stishewetono EBZupivline TanideirerEIRingh Fhe PRixEFEWas codlety siurry to
a b2P45 L. andyyaier (200 mb)was added.followad by, saitatedaqueous

sodium hydrogen sulfate (400 mL). Gas evolution was observed. The

(XAIBRBEES Westé SbparatedrEhd the G1gaRR phaBe s washePwith=C0: (26.6 g,

192 Sﬁﬁgﬁedﬁﬂ%ﬁ‘e@&&so%ﬁ“@ hydrogensulfate.hep water. Thea OFganic was
phase was dried over sodium sulfate, filtered, and the solvent was
allowmioved invacud: ThelreSulting crude material was purified by flash

[m22{%%@%@%@{@@%11%E&%@@%@Q%f@ﬁeé@l EOAChexangs) o give, and
5.7 g (74% yield) of the desired product as a light brown oil. [0132] .
tolyaNMRIEEIBMSE)S 61020 e 0.5 H)2169095,:05 H)F 755 {6°S! sHp-1t &
s01 8326, 1E) o848, 08B/ 0450.06); 530 (M, 2y 460 f S dEHuse the

4.05 (m, 1H); 3.85 C(jm, 1H); 3.65 (m, 1H); 3.55 (m, 1H); 2.05 (m, 4H); 1.40
diS%ﬁlgH}pﬂ 1s endothermic). The solution of the bromide is

added slowly to the catalyst/amide solution at 50 °C over 3-3.5

hr. After the addition was complete, stirring of the reaction
mixture was continued at 50 °C for 4 hours. While still at 50
°C, the phases were separated and the agueous phase discarded.
The organic phase was washed with water (100 mL) at 50 °C. The
phases were separated and the agueous phase discarded. The
organic phase was concentrated to *2 volume and cooled to ambient
temperature. Seeds were added (50 mg) if crystallization has
not begun. The mixture was stirred at ambient temperatﬁre for
15 hr (overnight), cooled to ¢ °C and stirred for 3-5 hr. The
solid was filtered and rinsed with cold toluene. The solid was
dried in wacuo at 40-50 °C to give & white crystalline solid
(1G.8 g, 3&% yield)}.

[0130] In an alternative synthesis, a flask was charged with
Pdy{dba}s (4.18 g, 4.6 mmol), Xantphos (7.90 g, 13.7 mmocl), CBZ-

Proline amide (50 g, 201 mmol}, Cs,CCs; (65.5 g, 201 mmol) and
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Example 2 0 Qoy? O O NH O~\ 267 [0133] To a flask was charged the
crude product produced as described above (37.36 g, 0.1 mol) and
toluene (187 mL). The mixture was stirred to give a beige/brown solution.

Seeds of compound 2 (226 mg) were added and the mixture was stirred ,
tolugmambierit t@ﬁﬂberatﬁ?@fdﬁl@é&/&? at6% EFrEHE, thenat armbisht -0 ™/

to demperatireforanothes./ days.dhe. solution was cooled againto 0-5C
and stirred for 3 hr, filtered, and the solid was rinsed with toluene. The

[01314dligames ares i tHeeaPREgiva 15.61% (5% yidIg) o tRe tifle Tompotng 17 3¢

nT, +3538(3 mixureiet anemers.cl -NMR AJ6:DM$Q) £ B:1:35-7.25(m™, Bbl)ution
1575 (d, 1H): 5.70 (d, 1H); 5.1-4.9 (m, 2H); 4.35 (m, 1H): 3.70 (m, 1H);
was yagRe 11 8040 tm, 2B) 215 tm, THH1.88 (M- 2R)P1.201E 15 R=E 160

readbibaH)}Expmple 3 Q&N ME Chr—Hr0 013410 aiflasicwag ebarged) , and
the compound described in Example 2 (5.00 g, 13.3 mmo(g, 20%

no IFEESIHLIE T 06 G 5006 wetf isopropyl attatei3o'mt), And'DMF (10
bronBk) Theymixureomas hydrogenatedt undes5Q-psigiH2 at 8-5<Cfeeb &, 85 °C.

then at ampient temperature for 21 hr. HPLC apalysjs sho the .
ALLGEadion tobE 9798 completé T H@Pgﬁﬁlxtﬁrnea\l}vgss i'LiI?erség('ﬂgth’reo%vg;{f:fnj7 celiteana ="

comghetion. RAnother 2.8 g of bromoethoxyfuranone was added.
After stirring for 45 min, HPLC analysis showed no CBZ-proline
amide remaining. The mixture was cooled to 20-25 °C, and water
(200 mL) was added, followed by saturated agueous sodium
hydrogen sulfate (400 ml). Gas evolution was observed. The
phases were separated and the corganic phase was washed with
saturated agueous sodium hydrogen sulfate, then water. The
organic phase was dried over sodium sulfate, filtered, and the
solvent was removed in vacuo. The resulting crude material was
purified by flash chromatography (1:1 EtCAc:hexanes, then 3:1
EtOAc:hexanes) to give 55.7 g (74% yield) of the desired product
as a light brown oil.

[0132] 'H-NMR (de-DMSO): 810.20 (s, 0.5 H); 10.00 (s, 0.5 H); 7.55
(br s, S5H); 6.35 (s, 1H); 5.85 (s, 0.5H); 5.7C (s, 0.5H); 5.30
(m, 2H); 4.60 (br s, 1H); 4.05 (m, 1H); B.éS {m, 1H}); 3.65 {m,
1Hy; 3.55 (m, 1H); 2.05 (m, 4H); 1.40 {(m, 3H).

Example 2
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solids were rinsed with a 3:1 isopropyl acetate:DMF solution to provide
the unprotected compound of example 2. [0135]To Cbz-t-leu-OH
dicyclohexylamine salt was added isopropyl acetate (30 mL) and 1.0 M
H2S04 (30 mL) The mixture was agitated until two clear phases were

[0133}bEained f The laquesus hphasecvad disedrdte artPthecdrganRRPHERE \Was

desc¥ashed with watere8 630 mL)oThe grganic, phase,was collected. o the The
organic phase was added IjMF (10 mL), then hydroxybenzotriazole (2.2
izt ramens EDCARB g was hifed dnaitHE Mhi%eire wak StifredTor 1$7CFs ©f
comghisRixsUrewas added, the.abeveRydrpgenglionsolution: Thes mixtufged at
was stirred at ambient temperature for 8.5 hr. Water (100 mL) was added
amb ifRithe aRREde WaS stired fordans That phases Wefddegarited dritfthe® t

amb 1¥gRNIE Khase was-washed with: agueousiQ.pdV NaHaO4osatuiatedwas cooled
agueous sodium chloride, and water. The solution was concentrated to

acaidiyiésstorgive 4708y 5629 §eId)f tHe tille compoindfo13sf the solid

was Alternratively, a2 Jiter Rate pressyee eacter wasscharged with498.0:dr to give
(0.267 moles) a compound described in Example 2, and ]907(} %of 10% £

5. 6 dic (56% weh! Fhe FeadtoPwhs puigcd WA “Ritrog8n for 10 miftitds. 1 *® ©

anom®PL0 mL of ethyl acetate, followed by 19.5 mL of trifluoroacetic acid were

then added. The reactor was t closed, pressurized tq 60.psi wi
H-Nrd Gan thifowed gy v&\%ﬁz:q”eﬁs %ny’cli%g}jﬂ/\/és%répl%egatéa il "l'h%]' 1014,
1H) Feactinawas stiyrezkfpr 2hatis underilydrogen (60 psi).TFhe pallagiunim, 1H) ;

catalyst was filtered throug ad of celite,.and the filtrate, wa Id.at 4
3'4(&:dﬂ'§l n%\% éd%o %e(gmsgl(%%h%?ou%hg% g. ﬁlgt{;ﬁ%té 3§li’teh§},%?’ 1-10
{t, 3inegkjyround bottom flask equipped with mechanical stirring and a
E:Xath rmogouple was charged 43.3 g of 1- Hydroxybenzotriazole (anhydrous,

- oles). To this flask was added a solution of Cbz-t-leucine (70.8 g

in 430 mL of EtOAc). DMF (190 mL wals charged to this suspension, and
a clear light yellow solution was azhieWwgd. To this solugon was charged

1-[3-(Dimethylamino)prQpyl]: -etb,%:ar diimide
O ﬁ. I "4b
O N/\(

H

A\
[0134] To a flask was charged the compound described in Example 2

(5.00 g, 13.3 mmol), 20% Pd(OH)./C (1.00 g, 50% wet), isopropyl
acetate (30 mL), and DMF (10 mL). The mixture was hydrogenated

under 50 psig Hy, at 0-5 °C for 5 hr, then at ambient temperature
for 21 hr. HPLC analysis showed the reaction to be 97%
complete., The mixture was filtered through celite and the
solids were rinsed with a 3:1 isopropyl acetate:DMF solution to
provide the unprotected compound of example 2.

[0135] To Cbz-t-leu-~OH dicyclohexylamine salt was added lsopropyl
acetate (30 mL) and 1.0 M Hy80; (30 mL). The mixture was
agitated until two clear phases were obtained. The aqueous

phase was discarded and the organic phase was washed with water
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hydrochloride (EDC, 56.3 g, 0.294 moles). A thin suspension formed, and
was stirred for 2 hours at 22 C. To this suspension was charged the
solution of the unprotected compound of example 2 (TFA salt).
Triethylamine (112 mL, 0.801 moles) was added dropwise over 30 .
(30 Whutes, BNt tRe éstiting Sasisension was Stirfetrat 22°€ 672 Hotigdn1c phase

was WaleL A0 ML) was-added,and the 69-biphasic mixtuze was stipred fgr 12mo1) .
hours at 22 C. This_biphasic mixture was then transferred to a 4-liter

EDC rdparatsty fimhel 3hath8 Hyubbais Tayer Wad réfoved  The drgarfic fayer - To
thivag washed with 4094nk of saturateg-sadjumm hicathenate solutionion.  The
followed by water (2 X 400 mL), The ethyl acetate was distilled_under

X GAEGUMAD findl Vofliié of ABproximafeiPa0 mi” To'this Erutle Solutidii =~
(10wasigharged 20048 of beptenexfollowed hy- seeding with £8:g of the. The
compound of example 3. The cloudy suspension was then cooled to 5 C,
Phagiich FestIte G e 3ormiation-ofa tide Sty PRAdTIoNAIh RENE Wal ™ b1
agu€bargetl. 400 mi)over asthres howcperiocewhite mairitainingthertiateh aknd

5 C. The solids were isolated by vacu iltration, rinsing the filter cake
i SR 10 3

m f
Wt Rith a 2! Et%S)ALc e%]f‘ar‘f"earsr]ix%urréc 100m )?dfh%rgo?dssswgr% dried fo[#"'oi1 g

(6242¢nioeirsi in a Fachemmoveheat2ZnGowith a nitrogen bleed (80% yield for 2
e
witlH O 122 HZ), 4&Ho(m,s2H )y 4db(chcibhdd Fe3¢H2)£3.91(m, E4)n818: 2,

o feriopBig . 48, 34 3 2 13 2, 1004 iy, ST (R 2y B0 e ps" 1t
nitfogdh);fh3 (03 ih=%2 Hz)31.0.(8, 8H).EXxample Y: Scheme=3 afdl lowed by
1o, SYpihete Examples Scherpe 3 TOOMNN QM2 EUGHOR00RH I N, .
was then closed, pressurized to 60 psi with hydrogen followed by
venting. This cycling was repeated twice. The reaction was
gstirred 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 subseguent coupling step.
[0137] To a 3 liter, 3-neck round bottom flask equipped 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 mL of
EtCAc). DMF {130 nl was charged to this suspension, and a clear
light vellow solution was achleved. To this sclutiocon was
charged 1-[3-(Dimethylamino)propyl]-3-ethylcarbodiimide
hydrochloride (EDC, 56.23 g, $.2%4 moles). A thin suspension
formed, and was stirred for 2 hours at 22 °C. To this suspension
wasg charged the solution of the unprotected compound of example
2 (TFA salt). Triethylamine (112 mi, 0.801 moles} was added
dropwise over 30 minutes, and the resulting suspension was

stirred at 22 °C for 2 hours. Water (400 mL) was added, and the
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80-90% H 0 O H H020002 O OHO --~ ,0 000 EOAC H3N N N AO +
HZN / OH 75t 85% HpN H0 O H H020002 0 H 0--~ C1 CI [0139]The
compound-described in Example 3 may be further modified by removing
the protecting group and coupling additional moieties to_the Leucine

biphgmife TEXEMBI8 57 Tehehie 4 dhdterdativeProtedired? scheme 4 6

piphHRAGNEQOH FN:O+6 40 N 4p:0sN4rXOOHd 02 H O1\i HINO EBSaratory
/Cbz-t-leuNO ON"OOHOHO~00H4 O--\ HNO O H O-\ 10140]To
funng k. |i@F 03 etk F6UAT Botom RESKEGUIFTEATA ‘medhsnicd Sty ~2Ye*

was ?O@@??eratrﬁge;)mird@wa&ch&w@ﬁ&@g@ theccompaiinsheiexampele 2o lut ion
; .134 moles), and 10.0 g of 10% Pd/C 71 (50% wet). The vessel was .. . .
fol lGigRdNith Atdgen$or-1d Winlites: Formiic 5(13%5( Oﬁﬁﬁ%%aes SGde ,lsulled

undeand-thessespensioniwas stirred udrdes Mitipgeriof itholys 40221@, Thelo this
crudgagggﬁgyé%waggwcharged 200 mL of heptane, followed by
seeding with 1.0 g of the compound of example 3. The cloudy
suspension was then cooled te 5 °C, which resulted in the
formation of a thick slurry. Additional heptane was charged
(400 mL) over a three hour periocd while maintaining the batch at
5 °C. The solids were isolated by vacuum filtration, rinsing the
filter cake with a 2:3 EtCAc/Heptane mixture (2 X 100 mL). The
solids were dried for 12 hours in a vacuum oven at 22 °C, with a
nitrogen bleed (80% yield for 2 steps).

[0138] *HNMR (CDCls) & 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 (4, 1H, J = 12.2 Hz); 4.7-4.6 (m, 2H); 4.4 (d, 1H, J =
.7 Hzy; 3.9 (m, 1H); 3.8 (g, 1H, J = 8.4 Hz); 3.7-3.6 (m, ZH);
.8 (ad, 1H, J = 17.2, 8.4 Hz); 2.4-2.3 (overlapping m, dd, ZH,
17.2, 10.4 Hz); 2.1 (m, 1H); 2.0 (m, 1H}; 1.9 {(m, 1H}; 1.3
(t, 34, J = 7.2 Hz); 1.0 (s, 9H}.

It

[SFIEN NG N}

Example 4: Scheme 3 and Synthetic Examples

Scheme 3
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filtered through celite, and to the filtrate was added 20.6 mL of
trifluoroacetic acid. The formic acid was distilled under vacuum, and the
remaining formic acid was removed by azeotropic distillation with toluene.
The crude oil that was obtained was dissolved in 150 mL of ethyl acetate,
and methyl-tert-butyl ether (100 mL) was charged dropwise over 2 hours

to crystallize the triflugyoacetate salt. The suspensio s cqoled t@5 C,
and tige sylid re cdllectedibyuaauiirdiifration, rinsimg withy a 3:
@r@&@ﬁ%“ lutidn (2 X 50 ML) g fprmiShthe déﬁntdﬁm\@c[ﬁ(%
FA salt in$5%Yy#id. }9141] 1HNMR (d6-DMSCP8:ads & (br's MLH) -9/ 1
(br.s, 2H) ; 6.15 (s, 1H); 6.05 (s, 1H); 4.5 (m, 1H); 3.75 (m, 2H); 3.3 (m,
2H); 2.35 (m, 1H); 1.95 (m, 3H); 1.2 (t, 3H,J=6.7Hz) OO ONHO/O
O N O [0142] To a 1-liter, 3-neck round bottom flask equipped with
mechanical stirring, addition funnel and nitrogen inlet was charged a

solution of Z-tert-Leucine (20.6 g, 0.0776 moles) in dichlg:;methanefgzso
7

. drous 1-Hydroxybenzotr-iazole (10.5 g, 0.0776 mgles) w
o thisf’s ti@n,fod 5 1 N O
3 . . . .
1-[3dDi yIamino)mopyil-3-ethylcambediim, C, 0.07%8 iplesy. &

o8 mogénolis sdltifion was@chieved, and was stiffed for 2 hours at 22 C.
To this reaction was charged 25.0 g of the unprotected proline analog
(TFA salt, 0.0706 moles), followed by 4-methylmorpholine (15.5 mL,
0.141 moles). The solution was stirred for 3 hours at 22 C. The reaction
Ixture was transferred to. parat el, shed with.aque ey
1013 Z%éaetu?:a%%g %3§i%m(§ i%g%%nga%e%(ﬁ)%%{%%%ﬁoﬁ%%g aﬁ%o0;;{!121!::1ueougH Baified
by sehtionrof difric agitb(@O0rhLY Rhecorgapitlayerwas suriiedByisiical gel

mo 1 SPIQURAtography 0 HIQAg/Hexane) to

Example 5: Scheme 4 and alternative Procedures

Z

Scheme 4

o]
0
: /\O)J\N 0 H,/Pd/C/HCOOH HN
/Eléo " G N l ¢
G” N H
H O\\ O\

2 EDC /Chz-t-icu j-]}\
£
H
Q

[0140] To a 1-liter, 3-neck round bottom flask equipped with
mechanical stirring and a nitrogen inlet was charged 50.0 g of

the compound of example 2 (0.134 moles), and 10.0 g of 10% Pd/C
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afford the desired product in 60% yield. [014311HNMR (d6-DMSO) 611.0
(s, 1H) ; 7.35 (m, 5H) ; 7.25 (d, 1H) 6.0 (br. s, 2H); 5.1 (d(ab), 1H); 5.0
(d(ab), 1H); 4.5 (br. s, 1H); 4.2 (d, 1H); 3.8 (m, 3H); 3.65 (m, 1H); 2.15
(m, 1H); 1.9 (m, 2H); 1,8 (m, 1H); 1.2 (t, 3H); 1.0 (s, 9H). Scheme 6 and
(50 %SyifRetic EXAMpIEsS Stheltiess BTEFEEY: Y9Pd(OAG2IEBY XantPhdsioutes -

Forr@i@CI-alé_g@O@S@Oe%lﬂZQrQ§aﬁi@%t)3aH@| On8 espension was stirred
Cetyltrimethylammonium Br Toluene Cbz'N+0 Cbz'NN O bz'NNO Cbi N

unda¥O e NS B GEITO HORE & B BEt &°H OEt SHEP DefilpopdiE xture was

£11 {ChztoLepO 2k DG Merks ChHIQ TiQa £, N)rtQEE STRR 3aaddlY & .6 mL
H 2 1~10J'\ off 0 H( Cbz. O NNO Pd./C H N NN" QO H2N N O NN Q Citric

of Ydd piE FPOEEH I OBt COMTIASNICHOE: AtV GRS STEPIL- Gchpder

vacN®, GHHl. cheORL{Q144121. 2 ;ahof water way added i addixiue Dfeot ropic
, 1_00.0|$ of CBZ- prolinamide, 0.92qg of Palladium acetate, 3.47% of )
AL sBAINARGE 11T 28 of Pot&Lsium catbordte Bnd 2 93y of & Wat obtained was

di s Letylydmethylsromeniunt beamige indluene, (1000 mb thaintainitng 73uthe 1
ethé?“??gguﬁi?rLgénﬁﬁgggé'Vgiﬁﬁ#ﬁggwg%égng hours to crystallize
the trifluoroacetate salt. The suspension was cooled to 5 °C,
and the solids were ccollected by vacuum filtration, rinsing with
a 3:2 EtOAc/MTBE solution (2 X 50 mL) to furnish the desired

product as a TFA salt in 55% yield.

[0141] "HNMR (d,-DMSO) 8§11.6 (br. s, 1H); 9.1 (br. s, 2H); 6.15 (s,
1Hy; 6.05% (s, 1HY; 4.5 {(m, 18); 3.75 {m, 2H); 3.3 {(m, ZH); 2.35
(m, 1H); 1.95 (m, 3H); 1.2 (t, 2H, J = 6.7 Hz)

{
@”“ﬁ%ﬁ?
™\

[0142] Tc a 1-liter, 3-neck rocund bottom flask equipped with
mechanical stirring, addition funnel and nitrogen inlet was
charged a solution of Z-tert-Leucine (20.6 g, 0.0776 moles) in
dichloromethane (250 mL). Anhvydrous l-Hydroxybenzotriazole
(10.5 g, 0.0776 moles) wasg added to this solution, followed by
14.9 g of 1-{3-{Dimethylamino)propyl]l-3-ethyicarbediimide (EDC,
0.0776 moles). A homogencus solution was achieved, and was
stirred for 2 hours at 22 °C. To this reaction was charged 25.0
g of the unprotected proline analog (TFA salt, 0.0706 moles),
followed by 4-methylmorpholine (15.5 mL, 0.141 moles). The
solution was stirred for 3 hours at 22 °C. The reaction mixture

was transferred to a separateory funnel, and washed with agueous
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additions were performed under nitrogen to-avoid/limit oxidation of the
Palladium catalyst. The reaction was then warmed to T=50-55C and
stirred for about 2 hours. Separately, Bromoethoxyfuranone (91.5 g) and
toluene (100 ml) were charged into a separate flask and stirred at 20-25C

satugat BTt BidebRAbA Beelfed 1 PRe Bromobthbk§itFandhe Solbfign adueous

soluWasthery added:te the initial Teactian Mixteie-0ver =3 bhouiy at 58285C
and then stirred until the reaction was completed in quantitatjve yield |n

puridigGift 1Plodr ThededEor bl was teYed 3T =50"58 fhie/
affo&caldﬁméer@emsg@mma;@wﬂelf50@oml)ﬂ@g diltrate was washed with
gter (500 ml. The aqueousifn ase was discarded and the organic phase

[0143), ZENME ckshrir a8 Q0 approximaiely 560 miat 2Boundel vacdurh® The

6.0 s@gﬂorgwaggpole%topQ&nga}nd Q@)g Aduminugy lriethoxide weres (br, s,
added. [(5145]Into a separate flask 11.3 ml Acetyl chloride was added to a

1H) isdution! fhadetof1003mETdRené hd &7l Efandl maifitdiningtne 1107 1-9
n, @mperatuge af,T = 5+10C (in site generation of arhydseys HC1), then the
mixture was stirred at T=05- 1OC for about 1 hour. The

1] Y Ethai S sis flen added to the previous reaction
gché’ﬁ@(tu{e over 15 mlnutes at T 5 10C then seeded with the product and
stirred at T = 5-10C for 12 hours, at T = 20-25C for 48 hours, at T =

EPEi10C for 12 hours. The product was filtered at T = 5-10C and washed

with 100 ml 8f7 fiacie THe wet materlal was dlssolved at £9G:7aC) in

00 I cﬂneweﬁramlafth@ t|o tered SC thro gFPmEchallte {
Coz traflo agent). The soli §b(7ver dWFth Toluene. TRE L
@’5?1?6 sohgtion was vacuum on@n%at@dﬁto 500 ml Phe resultant sIuFryH OFt

was cooled to 20-25C over 1 hour, stirred for 3-4 hours, filtered and the

gTeproduct rinsed with 100 ml toluene. The product was dried under vacuum
at 35- gOC STER 2: 740

Ha, PA/C Chz-tert-leu-OH O
N ‘ TFA EDC HOBt
chz” i Cbz. : N o
H
N (0]
o N bam

(S OEt

STEP 3

o
. O
l o] H, F o) ‘©/&k . o
PAIC N Hgh N
Cbz..ﬁ 9 ﬁo HoM /éﬂ &l ﬁ ¢l
0 Citric Acid 0 N o N
o ﬂ OEt o H  ORt ?\1?\4{\5 HoN L @ H Ot

STEP 1:
0
bz’@ ﬁo
N bm

[0144] 21.7 ml of water was added to a mixture of 100.0 g of CBZI~-

prolinamide, 0.92g of Palladium acetate, 3.47g of Xantphos,
111.2g of Potassium carbonate and 2.93g of

Cetyltrimethylammonium bromide in Toluene (1000 ml) maintaining
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Cbz,N NO H O H OEt [0146]The furanone of Step 1 100 g was charged
into a stainless steel (3 1t) autoclave together with 20 g of 5%Palladium
on charcoal (approx. 50% wet), followed by 800 ml of ethyl acetate and
19.5 ml of trifluoroacetic acid. The autoclave was pressurized with

the Hyitogen (41bars) antl thie i8mpérdture det'at TeePplosEatTRdgs and

acaihydragenglysis wasdunfor2-3:.brs, periedically, represswizing tod Papasdation
hydrogen uptake proceeds, until upptake of hydrogen ceased. The

of thmtaljatiwas ileredrdhand twasHetFtwice With TO0RFof-ethfl dtetdedo t°
=5 QIS asolutionsef; the-deprotected prolipercomnound. f1A71Saparately, a
solution of sulfuric acid (14.6 ml) in water (330 ml) was added to a

B ron@iiire s 119221 ChzitleuBine2Bidy SihERIEmine Salfidnd 486 figiaraed
int Ethylacetate: The; resultingsolution-was stirred ap T°%20:25C for3ghplete

~minutes. The organic layer was separated, washed twice with 500 ml of
dis3pHteF 4G adided t623:3 §'of hjdfdkyBensotaztie "Bhe (901l Wagas then
add=adlded terhis mixture follewed by 56:3 g of ED Gwhichs peodiicedareloady 50-

, reaction mixture from the clear%/ello ish_solutign. The reaction was_, .

55" GtifrRd at T'E20535¢ 1630 B0 Tminutds. “fie-doiGfon 6 d&Pdtected ™
quarpreline-campourd frommthebautoclaveswas changed:te she teactionxzture was

mixtufgee, 81.1¢ 0f53_£i§ éamin v%/%%theri%dcged dropwise ov§_r 20-30

1 thinG sjand therésulting oty mixtdre was stifréd at T=20:25C i Toluene

(500.512 hoursh 400 mt-ofavatenwaswaddeddandithe reaction (Stiifedrat. The

s 20-285C forslez Qgtérsé;rgg orr%arcllic (_Iﬂe%/ rwas se ar%tled ar}(lja g}v@gs@eg with
49%00 mngaan agueous Sodiim Bicarbonate (7. %? solution and twice with
cond@fmbafasiater. Ergseowater washings0wete perfofieCat4880Cy Theum. The

soltg qaqgcgg%S%(\évO%ec ngaen & 696109{8' \g)_l%m E}-Jifgﬁf]’%%én?’ocarrﬂjegﬁoxide
yl'acetate were added 75 and the mixture concéntrated to 350 m1 to
wereemdvedesidual water.

[0145] Into a separate flask 11.3 ml Acetyl chloride was added to
a solution made of 100 ml Toluene and 9.7 mi Ethanol,
maintaining the temperature at T = 5-10°C (in situ generation of
anhydrous HCl), then the mixture was stirred at T = 5-10°C for
about 1 hour. The Toluene/Ethancol/HC1 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
100 ml Toluene. The organic solution was vacuum concentrated to
500 ml. The resultant slurry was cooled to 20-25°C over 1 hour,
stirred for 3-4 hours, filtered and the product rinsed with 100
ml toluene. The product was dried under vacuum at 35-40°C.

STEP 2:
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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 tane, were @&lded over 2-3 hours at T
=5-10C, the slurry was filfered dnd rigsed twice with Ethyl
acetate/N-heptane (40 ml, 60 Ml. TeSpettively). The crystals were dried
under vacuum at T = 35- 40C F(Br ade kourd STEP3: 0 HON O
HZN O H OEt CI [01481The product of stefd 2 (186'g), 5%Palladium on

[01461%%0%11%%% 5086 yyet,2q g) 460 ml.of DME-60Q ml of ethykacetaig 1 ess

nd 43.1 g of Citric acid monohydrate were charged into a stainless steel

- steq3 it) autdolave! THelstamlesIsttBEaUtedale ANad pidssufizad wWiRivm on
chadWgragen (4-bar) angthe temperature sefa @gtowﬂﬁ-mﬁheor@a@tﬂ'g@fwaécetate

run for 2-3 hrs periodically repressurizing to 4 bar as hydrogen uptake

and préceeds The EatafystWaPfiréd offarid-washisd Wi A Thikitie'5F 85

predBhof; ethyl acetate,and I54nl of-DME- [01490} Separatelyn 235 Qke set at T
N-Methylmorpholine is added to a mixture of 33.1 g of

= 20 Amifo-chio6-bERFERUECHT 34 3§ o 25 Chito 46-dimethdx§riazin 04 ca 11y

repADMIEDA0300:m of gthyl acetate: oyee20-30uninutes-atambient until
temperature for 2-3 hours at 23- 27C to obtain the DMT active ester of 4-

UPP Y03 cHISTSEERZ0IE HERE The MiGure™is 2osied tB0°t0-+5¢ ahd3dott 2n¢
wa s alofperified water are added o theysolution keepingdempetatdresinithe ion of
same range. The solution of the de{z;)grr tected t-leucine product as the

the ARREIERTE 0BT 3 0CTHEES 0-60 minutes, the 76

[0147] Separately, a solution of sulfuric acid {(14.6 ml) in water
{330 ml) was added to a mixture of 119.2 g of Cbhz-t-leucine
dicyclohexylamine salt and 430 ml of Ethyl acetate. The
resulting solution was stirred at T =20-25°C for 30 minutes.
The organic layer was separated, washed twice with 500 ml of
water and added to 43.3 g of hydroxybenzotriazole. DMEF {190 ml)
was added to this mixture followed by 56.3 g of EDC which
produced a cloudy reaction mixture from the clear yellowish
solution. The reaction was stirred at T = 20-25°C for 30-60
minutes. The solution of deprctected proline 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-
2 hours. 400 ml of water was added and the reaction stirred at
20-25°C for 12 hours. The organic layer was separated and
washed with 400 ml of an agueous scodium bicarbenate (7.5%)
gsoiution and twice with 400 ml of water. These water washings
were performed at 45-50°C. The organic phase was concentrated

to 400 ml volume at 40-45°C. 300 ml of ethyl acetate were added
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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. After
completion of the reaction, the phases are separated and the organic
layer added to sodium bisulfate solution (15 g of sodium bisulfate, in 235
and bl of W) BRdCSITEd oS RS a%oﬁéaﬁsgc.tﬂwéfﬁﬁaéfé‘s ffesidual water.
The SERAted,and Lfheqrganicdayerds washed feurtimeswith watehE50-mk added
each), twice with sodium bicarbonate solution (total: 20 g of sodiu
over pieafsotaté in 460 of waer), and oﬁ&éig\}?tﬁel%erﬁfig&ﬂfe? TBrpiﬁecompound

showsolution is.added 20 g-ofactivatedchareeal and 10 g of Digaltte andr 1 hour.
filtered and the solids washed with 100 ml of ethyl acetate. The filtrate
The GRSHSIRE uRHer TACHAT 16 AVSTimE D 200 Ml At <a0C Whan thé = tor an
addiwﬁﬁérﬂt ]Em@@we?@yﬁtaaiz%mahy&a@@@mte (120 mijwasatdded tolatetatane
volume of 350 ml, N- heptane (300 ml) was added over 2 hrs and after ...
veresatighe Widmy for 3 AR fOttoTZS:), _eisgoli was fiitered “wished with -¢Eed
and tetmllséﬁetateﬂ&d-lanmne 100 inl 214} and dried b 68Ce undér vdcuupl. ml
0150]All, of the documents cited herein gre. hereby incorporated herein b
CeSEfuibrelEA 01STITE WE T e ibas B ot ermComeas of = 2
40 ° cthiss inventios zik is @pparentthat our basic examples may be altered to
STEPpr?y_ide other embc_)diments which utilize the compounds and methods of
this'invention. For instance, protecting groups besides CBZ may be used
to protect amines in one or more of ynthetic stegs described above.
Therefore, it will be appreciated a of thi$ invention is to be

defined by the appended gtaims th& specific embodiments
which have been represe hat is claimed is:

C
[0148] The product of step 2 (100 g), 5%Palladium on charcoal
(approx. 50% wet, 20 g) 100 mi of DMF, 600 ml of ethyl acetate
and 43.1 g of Citric acid monohydrate were charged inte a
stainless steel (3 it).autoclave, The stainless steel autoclave
was pressurized with hydrogen (4 bar) and the temperature set at
-2° to +2°C. The reaction was run for 2-3 hrs periodically
repressurizing to 4 bar as hydrogen uptake proceeds. The
catalyst was filtered off and washed with a mixture of 85 ml of
ethyl acetate and 15 ml of DMF.
[0149] Separately, 23.5 g of N-Methylmorpholine is added to a
mixture of 33.1 g of 4-Bmino-chloro-benzeic acid 34.4 g of 2=
Chloro-4, 6~dimethoxytriazine (DMT-Cl) in 300 ml of ethyl acetate
over 20-30 minutes at ambient temperature for 2-3 hours at 23-
27°C to obtain the DMT active ester of 4- Amino-3-chlorobenzoic
acid. The mixture is cooled to 0° to +5°C and 300 ml of purified
water are added to the solution keeping temperature in the same
range. The solution of the deprotected t-leucine product as the

citrate salt is added at 0°C to +5°C over 30-60 minutes, the
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O O-R9 comprising purifying a mixture of R8-N O H NO O O-R9

wherein R8 is a protecting group, and purifying includes

chromatographing, selectively crystallizing, or dynamically crystallizing

the mixture. 2. The process of claim 1, wherein the step of purifying the
rea ghikturelconiprisesisepaiatind theligdmetsL bp ehfonvatdgraphy. 3C¢rRay 303
sodRIRcess et claim 1, whereln the step-of pusifying the Jpixtute cOMPISES 7 hrs at

. selectlvoely crystallizing the mixture with an organic solvent. 4. The
20° procdss of clafhh 1S WHepETR thE Step 6Fpliffingcamptises dyRamitnases are

sepLrystalization which-comprises eontacting:the mixturewith ajewis acid-
and a solvent optionally including a protic acid. 5. The process of claim 4,
solyfrérBinithe Step bf PaAfIHY bfiptistE Rohfacting the nixtutdwith ) and

st 1ANQalkY)3 in & sglvept ander:acidig conditions. 8 Ssthe prasessphrated and
claim 5, wherein the mixture is contacted with Al(OEt)3 in toluene in the
theFﬁé%%kgbﬁﬁ@ﬁﬁng washed four times with water {150 ml each},

twice with sodium bicarbceonate solution {(total: 20 ¢ of sodium
bicarbonate in 400 ml of water), and once with 150 ml of water.
To the solution is added 10 g cof activated charcoal and 10 ¢ of
Dicalite and filtered and the solids washed with 100 ml of ethyl
acetate. The filtrate was distilled under vacuum to a volume of
200 ml at < 40°C when the resultant mixture crystallizes. Ethyl
acetate (150 ml) was added to a total volume of 330 ml. N-
heptane (300 ml) was added over 2 hrs and after stirring the
slurry for 3 hrs at 20° to 25° , the solid was filtered, washed
with ethyl acetate/N-Heptane (100 ml, 1:1) and dried at 60°C
under wvacuun.

[0150] 211 of the documents cited herein are hereby incorporated
herein by reference.

[0151] While we have described a number of embodiments of this
invention, 1t is apparent that our basic examples may be altered
to provide other embodiments which utilize the compounds and
methods of this invention. For instance, protecting groups
begides CBZ may be used to protect amines in one or more of the
synthetic steps described above. Therefore, it will be
appreciated that the scope of this invention is to be defined by
the appended claims rather than by the specific embodiments

which have been represented by way of example.
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What is claimed is:

1. A process of producing a compound of

v

comprising purifying a mixture of

W%/ |
H

N\\ﬂ:%p

3

O

O R

wherein Rg is a protecting group, and purifying includes
chromatographing, selectively crystallizing, or dynamically

crystallizing the mixture.

2. The process of claim 1, wherein the step of purifying the

mixture comprises separating the isomers by chromatography.

3. The process of claim 1, wherein the step of purifying the
mixture comprises selectively crystallizing the mixture with an

organic solvent.

4. The process of claim 1, wherein the step of purifying
omprises dynamic crystallization which comprises contacting the
mixture with a lewis acid and a solvent optionally including a

protic acid.

5. The process of claim 4, wherein the step of purifying
comprises contacting the mixture with Al (Calkyl)s in a solvent

under acidic ceonditions.
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6 The process of claim 5, wherein the mixture is contacted

with ALl(QEt),; in toluene in the presence of HCI.
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