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 enzymes that are key
mediators in the signalivigtpathways! for dpoptosis andicell disassembly
(Thornberry, Chem. Biol., 1998, 5, R97-R103). Apoptosis, or programmed
cell death, is a principal mechanism by which organisms eliminate
unwanted cells. The deregakatiBn@®f dpoptodigféitheiexcessive apoptosis
jooy] Okthefailue to.undergg i, has been implicated.in a pumber,of diseases . ..
such as cancer, “acute it ammatc ry%nd autoimmane disorders, and E
inhigentainsneurddeyenearative disorders(see generallyrSciende, 1998, 281,
1283-1312; Ellis et al., Ann. Rev. Cell. Biol., 1991, 7, 663). Caspase-1,
the first identified caspase, is also known as interleukin-I(3 converting
enzyme or "ICE." Ca8pade=-0¢onverts TgtecurspEinfédaélkin-1(3
(" (a:z 0 r-i%mmtr ctietrm?g pecific cleavage of . .
] etnhen 1100 Al L17 Dot Sobbect (ot s g™t 2
key wleven othier Knowmdupiamedspasesaiiich have beenrtassifietsintmd cell
a1 s oB00lies based,gn . their biological fungtion. [003pMany.curiently feported
synthetic routes for producing caspase inhibitors requiré expensive
ApOopstattirity materidl$d ERFoMratogfaphicisepdration of diasicreomets egeligrism by
whi cHisgdvaniageaus synthetic steps, [004l would be desirabledo have a. -5 on ¢
synthetic route to caspase inhibitors, or prodrugs thereof, that is
aporimenablettblarje-Scele ssyntliesiy aht ovefcomied the dfefeméitidried ndergo
it, shorteomings.er 1qthenaise improveswpon the curent methads.l 25 cancer,
SUMMARY OF THE INVENTION [005] The processes and compounds
acutgesdibettHeteiirareddsefd o r Proicing hiGdifst dsparfie agrf-ta1in
neurderdativessuch-asiaspaitiers (see generally Science, 1998, 281,

1283-1312; Ellis et al., Ann. Rev. Cell. Biol., 1991, 7, ©8&3).

Caspase-1, the first identified caspase, 1is algo known as
interleukin-1B converting enzyme or “ICE.” Caspase-1 converts
precursor interleukin-1f (“pIL-~1B”} to the pro-inflammatory
active form by specific cleavage of pIL~1p between Asp-116 and
Ala-117. DBesides caspase-1 there are alsc eleven other known
human caspases which have peen classified into families based on
their biclogical function.

[083] Many currently reported synthetic routes for producing
caspase inhibitors reguire expensive starting materials,
chromaetographic separation of diastereomers, and/or
disadvantageocus synthetic steps.

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

otherwise improves upon the current methods.



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 ORa O Ra O'lIRal ORa O R3/HR2R2H"U' R3 GIA GIB

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

0 0 ORa ~N~ORa Raz fR3H %(Ex N;R3: - EHA GHB; anq a compound

of formula Glll: O R3ANHZ-Gtit; i thepresence of a palladium catalyst,
{005] a pafladiunThgatd; amica base nagselveasoptidgrralflytircledingarphasse ful for
orocllBSTEr calalystand gpuonally including water wherein: Xis.aleaving, v

group; Rais H, an optionally substituted alkyl, an optionally substitute
acidarl,dENGE(OCdlkyl or halohgenr R3ds amiorgdaicimeietyy2:sR24sapnseful
for SRUONALY subsibied alkyl, heteroeydlics Aian oL apANd REJSSE,

optionally substituted aliphatic, a heterocyclic,
[006] "n one aspect, the invention features a process for

preparing a compound of formula GIA or GIB:

O
Ra i Ra OR,
0 IU\ORa | &
R § R, R3 m’ﬂ\Rs
GIAa GIB
comprising the steps of:
{a) reacting a compound of formula GIIA ox GIIR:
O 0
oRafo& Rajj\o&
R)J\ N l X j\
3 H X N Ry
GIIA GIIEBE;

and a compound of formula GIII:

o]

PN

R*7 SNH,
GIII;
in the presence of a palladium catalyst, a palladium ligand, and
a kase in a solvent opticnally including a phase transfer
catalyst and optionally including water;
wherein:
X is a leaving group;
E. is H, an optionally substituted alkyl, an optionally
substituted arvl, -CN, -C(0)-0alkyl or halogen;

R’ is an organic moiety;



or an aromatic; or R2 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 phase
transfer catalyst. [007] Other aspects of the invention are set forth herein.
CRIRTION O THELINVENTION LIDEFINITIONSTO08EAS used C
alkyherein, the basepsedin gonnection with palladium  catalyst and palladium
ligand refers to an "inorganic base” or an "organic base". [009] As used
héreih S"inargahicisases? thathay-bé wsed im 4 protess of thigfrivenptienclic,
or atClude,butare ngt limited to a carbonate salt, a bicarbonate salt, and/or
a phosphate, salt (and mixtures thereof). In some embodiments of this
inventiBh, the TRorgalRbase may be &Earbohateosalbhaving #ie foriful@ound,
formME03, wherein Miis.an-appropatecounter-cation. xamples;obntionaily
carbonate salts include, but are not limited to, K2CO3, K2PO4, Na2CO3,
SUbS‘Ei?@@f%Cszéﬁ?ﬁ%HT@%éo%rﬁIrF@drﬁe%b@@FFi% eMblodiffentsiethesing &
phasiBOrgaNiG base isK3C03wor Cs2C03. [010] As used herein, "organic
bases" that may be used in a process of this invention include tertiary
[007] ofgaRftbastahat indudéchutare hbt imitéd to fidikylamides ergin:
diethylisopropylamineg; driethytamine -M-methylmerpheliag and the like,
and heteroa%l amines, €.g. pyridine, guinoline, and the Tike. [011] As
L bédd-herelt Palladium catalysts” that may be used in a process of this
[008] inentior-include. but are.potinited 10, Palladium JLSalts, SUGH 88, palladium
Pd(OAc)2 and Pd2dba3. 3 [012] As used herein, "Palladium ligand" and
catapafaditim | IPligdit-reéfers 16 alligana TR4tSs tapable of torfing & Pase” or
an “eamplexcwith the palladium catalyst. Palladium ligands include, but are

. not limited to, phosphine, bisphosphine, XantPhos,
[009] As used herein, “inorganic bases” that may be used in a

process of this invention include, but are not limited to a
carbonate salt, a bicarbonate salt, and/or a phosphate salt (and
mixtures thereof). In some embodiments of this invention, the
inorganic base may be a carbonate salt having the formula MCOs,
wherein M is an appropriate counter-cation. Examples of
carbonate salts include, but are not limited to, K,C0s, K:PO.,
Na,C0s;, LipC0s;, RbyCO;, and Cs,CO;. In some specific embodiments,
the inorganic base is K,COs or Cs;C05.

[018] As used herein, “organic bases” that may be used in a
process c¢f this invention include tertiary corganic bases that
include, but are not limited to trialkylamines, e.qg.
diethyliscopropylamine, triethylamine, N-methylmorpholine and the
iike, and hetercaryl amines, e.¢. pyridins, guinoline, and the
like.

{011} As used herein, “Palladium catalysts” that may be used in a
process of this invention include, bul are not limited to,

Palladium II Salts such as PJd(QAc): and Pd.dbas.



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 mited to, toluene, dioxane, and THF, and
mixtures thereof. [014] The term "leaving group" refers to a moiety which
[012] ish replaced by RSCONFM2z Spedificrgroaps inelude; dut' Arel aetc fimited o,

1i gaﬁ'&lo r%epf 0, {:O 0, p?fgg%%‘aleg%r%sf 't@ﬂ%tgbé%zyéatg £ mi.ecjc‘ﬂﬂ%’ga %d F\C’: gmp lex

nosylate. [015] The term ™organic moiety" as used in defining variable
withrdfbrs tocamechemicabimoalety provided that thenmbiaty tidesinot leottainta:t are

not !mﬁt}{é'&attvéé(?u'Bﬂ%@#ﬁﬁ%’!thﬁ%ﬁﬁﬁ%‘ﬂ}{%&?‘t@%ﬁ-pﬁ%“sﬁ interfering
~moieties would be well known to skilled practitioners and include, e.g., a
bis (feeamhydriP groupia grouprsiickras a suliidetsrasthicisshobildimech

catatheggfore Be present in the B3 organie meiety; Fusthermore, dhe R3
organic moiety should not contain an amine group, such as a primary or
[013] s@éoneiary: amine that Wisuld bemére reacave tran thecanide obfokmalke not

11mi (GUA O GIIE): R3ymay coptain primaty, and rsecondary; aminesthat ate. . -

capped with protecting groups that reduce the interaction between the
[614] protected amine andithe paliadiim catalysts Hf016] As used heréin! thes
rep11IAPhasE transfer catalyst' means g, gompeynd which i canable pf, .
. transfering a water soluble anion into an organic phase. Phase transfer
Limiggalyses ineludetewralkymmmoniie salbs Phesphonitifhsaltstarid erovdy
rosyaers. kxamplesof phase fransfer.catalysts include, but are not limited

to tetrasubstituted ammonium salts and trisubstituted amines which may ]
[015] foFmetetrasubstituted arnionivm galts in sitlk AT étraslibstituted anmonioie R

refe%gﬁﬁgcgg 'EW&H?&%%'%H%%HQ’éﬁ%%@%éwaQHQQWHHk moiety dces not

benzyltrimethylammonium, tetraéthylammonium, cetyltrimethylammonium

contaals in WG e Ebariterionlchn bé sSalts Tromide: chivride: bi foHide: In

cat a%%% (j@?(a”%% the pbase rapsiercatalystis cet yltrimethylpmmoniym
skiilgﬁpggéctitioners and incliude, e.g., a Ifree sulfhydryl
group. A group such as a sulfide or a thiol should not
therefore be present in the R’ organic moiety. Furthermore, the
RBOrganic molety should not contain an amine group, such as a
primary or secondary amine that would be more reactive than the
amide of formula (GIIA or GIIB). R® may contain primary and
seceondary amines that are capped with protecting groups that
raduce the interaction between the protecied amine and the
palladium catalysts,

- [016}] As used herein, the term “phase transfer catalyst” means a
compound which 1s capable of transfering a water soluble anion
into an organic phase. Phase transfer catalysts include
tetralkyiammonium salts, phospheonium 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



Trisubstituted amines include, but are not limited to triethylamine,

tributylamine,benzyldiethylamine, and diisopropylethylamine. [017] As

used herein, the terms "lactone" and "furanone" may be used

interchangeably as will be understood by one skilled in the art. [018] As
tetrgbed nersiROtheErm Paliphatier Fiednsystraigiit ehdined Shramehd opmmonium,
cetyS¥CIGQL-CA bydracarbons.which are, eqmplefgly satyrgted,orwhich. n 1e

contain one or more units of unsaturation. For example, suitable aliphatic
sa 1t groupdincitide CSubstitited o UnstiBstitbted ieaf Branghéddr eyelict e phase

cran@hyh alkenylyalkyny graups andhybrids thereafi suchaSmi de .
. (cycloalkyl)alkyl, ((;ycloalkenyl)alkyl or (cycioalkyl)alkenyl. [019] The term
Trisulipyit Ahd *&keRyiised alofe'dias partofd aryer moidty@fersto both

= rieSt@ighhand branched:chains containing onetortwele: earbonatoms. The
.. terms "alkenyl" and "alkynyl" used alone or as part of a larger moiety shall
A1 s fpRitdeY both tr&ight'Snd branched chains containing two to twelve

[017] carbonatemse [Q20] As:used:-herein, the terpy'@rylsusedralone O as patt, be
~_ofa larger moiety as in "aralkxl", refers to aromatic ring groups having
usedfiytSfotiRRATHEMBers stich-asPhetyr-behzyPd- REphthyl, Pinapfithy? the
art.l-anthracyl and 2-anthracyl, and heterocyclic aromatic groups or

heteroaryl groups such as 2- furanyl, 3-furanyl, N-imidazolyl, 2-imidazolyl,
1018] 24midsomy| NrmddzolyI - 88sdxaz0_yP 4iisbrazalyl, 55soxazalT 3 213t4-
chaiexadiazelyl, arlsd,4-oxadjazolyl, 2-oxadiazolyh 2-9xadiazolyl; 12+exazelyl,

4-oxazolyl, 5-oxazolyl, 2-pyrrolyl, 3-pyrrolyl, 2- pyridyl, 3-pyridyl, 4|—pyridyllf,
COmps Gyimidyl 24 pyRinfidy 5 5 pyrintidy R 35syridazityl, Ztiiadiszopr == ©
unsabthiadiezelyl, 2ihiazelddrthiazolyl: bithiazelyh Sntetrazolyko2dazely; ude

5-triazolyl, 2-thienyl, or 3-,thiengll. The term "aryl ring" also refers to rings X
subsﬁ%&aﬁggpﬁﬁuﬂ@substltut d linear, branched or cyciic alkyl,
alkenyl, alkynyl groups and hybrids thereof such as
(cycloalkylyalkyl, (cycloalkenylialkyl or (cycicalkyl)alkenyi.
[019] The term "alkyl" and “alkoxy” used alone or ag part of a
larger meciety 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 meoiety shall include
both straight and branched chains containing two to twelve

carbon atoms.

[020] As used herein, the term “arvl”, used alone or as part of a
iarger moiety as in “aralkyl”, refers to aromatic ring groups
having five to fourteen members, such as phenyl, benzyi, 1-
naphthyl, Z-naphthvyl, l-anthracyl and Z-anthracvl, and
heterocyclic aromatic groups or hetercaryl groups such as 2-
furanyl, 3-furanyl, N-imidazolyl, Z-imidazolyl, 4-imidazolyl,
S-imidazolyl, 3~isoxazolyl, 4-isoxazolyl, S-~isoxazolyl, a 1,3, 4-
oxadlazolyl, a 1,2,4-oxadiazolyl, Z-oxadiazolyl, b-oxadiazolyl,
2-oxazolyl, 4-oxarzolyl, b-oxazolyl, Z-pyrrolyl, 3-pyrrolyl, Z-

pyridyil, 3~pyridyl, 4-pyridyl, Z-pyrimidyl, 4-pyrimidyl, 5~
5



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 rings. Examples include tetrahydronaphthyl,
benzimidazolyl, benzothienyl, benzofuranyl, indolyl, quinolinyl,
pYripgfAyethiazoRl Thériboxazolyk Bénzifiderol isoquineint issindstyt,
2 agrdinyh, benzoisoxazolyl, and the-likeoAlsp ineluded within the scope of
the term "aryl", as it is used herein, is a group in which one or more
2-Lr egAs0yelic ér‘oti‘ﬁ&t?czﬁr%@’slan&/ﬁpﬁé?é?é’ ryl fifgs dré ¥GSetito a The term
“aryEeyeloalkyl annen-aromatic heterocyclic ring: for -exarmpplesngdanyl or
tetrahydrobenzopyranyl. The term "aromatic ring" or "aromatic group” -
Subseferd faryl 6@%39@‘1@’%@%@% bReteroty chterefers 40 Batlirated aifnatic
ringpattiallyrensatukated monagyelic-erpalyeyclie singsystems goptaining ©hea ry 1
. or more heteroatoms and a ring size of three to eight such as piperidinyl
309 piseradifigic tetranyarofdradyt pyrotidiy, - tethy droyraRy SmorgHoting
tet rangdhe like HOR2NAS tsed heteinzthetermobicyelic:-fused ringsystenmtiesny i,
' nd "bicyclic r;nrcfg ssy.ste?" r%fers tqtﬁ\{vo rinqs whickr)] share two gtoms. Either
e G“r‘iP{(jj ’mé%}l be Saturated, pgﬁ%fﬂy tinsaturdted, or aromaté E4c ring also
benzmaydeontainll, tol3 beteroatoms; 1 Examplesdaf bidyclie fusett ring. systems
include, but are not_limjted to,.compounds g,.j, k. 1, and m,shown in Table
e R 6 S 11T 1. K AR rD S Tati 22 0P
of tJ023}Asrusedderéin, dve fermi.tricychc fusectring system"arottricyiclicwhich
ring system” refers to a.bicyclic ring.system in which a third.ring is fused. .
e e et cen 1ot e T Shame o mat pag inos
are atomsiwith the bicythe biring systemn iresome ebddiments; afl threering, for
exam?@gs, Sﬁﬁ@a%rg%a%o@%%? 8%%%@2%B§9£ 11NgSH0LNe IHEYONE | i c
Ing system may be saturated, partlcafly unSaturated, or aromatic. Each
ring6f the ringsomay icldde 110 3risdiersatomsaz Examplasuofs -

]621] The term “heterocyclic” refers to saturated and partially

unsaturated monocyclic or polycyciic ring systems contalining one
or more heteroatoms and a ring size of three to eight such as
piperidinyl, piperazinyl, tetrahydrofuranvl, pvrrolidinyl,
tetrahydropyranyl, morpholinyl, and the like.

[022] As used herein, the term “bicyclic fused ring system” or
“bicyclic ring system” refers to twoe rings which share two
atoms. IDither ring may be saturated, partially unsaturated, or
aromatic., Fach ring also may contain 1 to 32 heterocatoms.
Examples of picyclic fused ring systems include, but are not
limited teo, compounds g, 3, k, 1, and m shown in Table 1, and
compounds g-1 and §~1, 1-1i, 1-2, k-1, m=-1 and m-2 shown in Table
2.

[623] Rs used herein, the term “tricvclic fused ring system” or
“tricyclic ring system” refers to a bicyclic ring system in
which & third ring is fused to the bicyclic ring system such

that the third ring shares at least two atoms with the bicyclic
&



tricyclic ring systems include, but are not limited to, compounds e and q
shown in Table 1, and compounds e-l and g-1 shown in Table 2. [0241 As
used herein, the phrase "optionally substituted" followed by a chemical
moiety (e.g., an optionally substituted aliphatic) means that the chemical
ringrRigty $iay besubsiititediwith.oive 6E more {e.ghi1=48) subsiituerits i at

lea S%or@ﬁeergggﬁig??rg%oﬁljpha}ﬂ?yg@ﬁ’i'p%h@kwiglréaélsz_na%Ligm&llec yclic ring

heterocyclic groups, carbocyclic groups, and bicyclic or tricyclic ring ‘
sYSLeystems contdin Bhedraforesubistitaents. THE siibstitGents ave selested i c.

Eachirem those thatwill-be stable;upder the reaction. conditions;of the.present. ¢

_ . process, as would be generally known to those sk_ill.ed in the art.
LI 1CELamplesiofsubsttuehts ﬁrféﬁﬁéﬂ%al&gé%, 20t, o0, LOFE prétetfed OH

complSbigh as:acylexy) , phenyl (Rh)r substituted-Rhy, -ORh, substituted -QRA, -1
-NO2, -CN, -NHQ1, -N(Q1)2, -NHCOQI, -NHCONHQ;, -NQICONHQL,
ShoWINKEOR@H22-NQ,CON(Q,)2, -NQ2COQ1, -NHC02Q1, -NQ1C02Q1,

[024] -GA2QLCORLeCONHQ, -CON(QNZ,, +-S(Q)2Q11-SONHZ, S (DR,
-SO2NHQ1, -S02N (Qi) 2, -NHS (0) 2Q1, -NQIS.(0) 2Q1, =0, =S, =NNHQ"
fol LoNRIQAY2, =NEGTE CENNIICOOT, RINQICODIONRREHQZE st ituted

a1 1 pRANQICORQL~NNHS02Q1, ANNQIS02Q1; or TNQI wheresQbisan uteq
. . aliphatic, aryl or aralk_yl group, and each of Q1, the substituted phenyl i
Withs R théSuBStittedOP may be SUBSttdEE SWith i to 4 of RalBgeR ks tnents,

a11ip0Q3.cOfhqurptected OF (syieb ass acylexy), gheny{Ph).e:QRR-NQ2 -

-CN, -NHQ3, -N(Q3)2, -NHCOQ3, -NHCONHQ3, -NQ3CONHQ3, ,
GEOURFCHN (33) 2 - NQIEONPR3) 2. INDSEE O3 -RECHREE SNE3002853,
5y st€a02Q3rCOQ3-CONHQR ~EONKQ3) 211=Si(0) 2QFh=S0ONHZ: i tuents are

-S(0)Q3, -S02NHQ3, -S02N (Q3) 2, -NHS(0)2Q3, -NQIS (0) 203, =0, =S,
== N4 IR, SXEOQ LNACOS NNGRE0QE: Sosetian
cond2NNHCO2Q 31 7=NNQ3EOR2Q3; sANHS02@31wasNNQ3IS02Q3- 06 ENQ3nown
_where 9§.i§ féigh%tri? %éh aryl.r:LOZS] ésﬁused hereip, nittig) en atoms on.a

o “héterocyclic Ting may be optionally subsfituted. Suitable Substitierits oR“u9®

halothennitraen atoin inclGde Q2; GRQR=8(0)20Q2sand GO2Q2wWihere)Q2iseny
(ph)3 substituted Ph, -0OPh, substituted -OPh, -NO,, -CN, -NHQ,,
=N{(Q1) 2, —-NHCOQ;, ~NHCONHQ;, -NQCONHO:, =-NHCON(QO.),, -NO:CON(0:)o,
—NOW1COQ:, -NHCO:0:, —-NO1CO:0:, -CO00;, —-COQ, —-CONHQ:, -CON(Qi)z,
-5{C):0:, -SONHz, -5{(0}Q:, -SCNHD:, ~SO;N(Qi}z, -NHS(C):01,
—NQ1S{0) 201, =0, =5, =NNHQ:, =NNI(Qi)z, =N-0Q;, =NNHCOQ;, =NNQ:COQi,
=NNHCO:0Q;, =NNQ1C0:0:, =NNHS50:Q;, =NNJ:30:0:, or =NQ; where Q; 1s an
aliphatic, aryl or aralkyl group, and each of Ql, the
substituted phenyl and the substituted -0Ph may be substituted
with 1 tc 4 of halogesn, -Qs, -00;, ~OH, protected OH (such as
acyloxy), phenyl {(Ph), —-OPh, -NCz, -CN, -NHQ:, -N(Q:)-, -NHZOQ,,
—NHCONHQ,, -NQ3CONHOQs;, ~NHCON{Qs},, -NQ:CON{Qa)z, ~NQC0Qs,
—NHCO:03, —-NQ3CO0x03, -CO203, ~C0Qs5, —-CONHQ:, -CON(Qz)z, —-8(0)20s,
—SONHz, -S5(0}Qs, ~S50:NHQ3;, -8CN(Q3)z, -NHS(0):Q03, -NQ:1S(0).03, =0,
=5, =NNHQs;, =NN{Q:):, =N-=00;, =NNHCOQ3;, =NNQOsCOD;, =NNHCO,Qs,



aliphatic group or a substituted aliphatic group. [026] Unless otherwise

stated, structures depicted herein are also meant to include all

stereochemical forms of the structure; i.e., the R and S configurations for

each asymmetric center. Therefore, single stereochemical isomers as
=NNQwelk 8s erranifontefic - amdiHiasiCrsomedit miXilresiu? fie presengliphatic or
ary1¢ompounds are within the scope of the invention. [027] The term

"substantially pure" refers to the stereochemical purity of a compound
[025] that is greatérthant90%. Ihsonse: embodintents; the stereoctidmicalk ing may

be opUAQf# comppund is greater than, 9. Andjin stll gihers, the o

~ Stereochemical purity of a compound is 99% or greater. [028] The term -
nitreggddctiveccrystalizatien UneafS@rystallizatién ofacksubetantialiipure Q2 1s an

211 pisomer from a solvent containing a. mixture of Jsomers. {029] The term

"dynamic crystallization" means crystallization of a substantially pure
[026] isomierSrom Ehsoivertcontainiag a mixturet of isonters undet conditions are

a1soWHiEh Gausg isomerjzation of the mbAure.afISaMers,iQ.an ISomefWhiLh o e ;

, selectively crystallizes. For example, in the case of resolving
1. €. en&ftioriers isometizatiof "sFthe eretsolulsié E@hanfiiies id e lesster -

The rSQiuble isamer, results. incrystallization of the.less soluple isomeras:the omeric
equilibrium between the isomers is driven by crystallization toward the

and [ess Sefibte BRantiorter: WEpetific exafpRiotcBytamicdystafizafierr Within

+he Maydaclyde the epimerizatign of an anomeric carbon in a solvent under
conditions which selectively crystallizes one substantially pure

[027] eddrfticnrar 8 [030FUARES dtherwiserstatett Strustures dapictderfisreinemical

puri@g also;meantioinelude compoungsyhich differ onhein the jpresgnace of
one or more isotopically enriched atoms. For example, compounds
SMPORAVIRG Hife present SfUSHfsEXcept fotthe trepldceméiftidt atiyjdrogery T eater

t hanPY8Heuteriim oF tritlum jordhe replacemment:of a-carhen bya 36u oty of a
140-enriched carbon are
compound 1is 99% or greater.
[628] The term “selective crystallization” means crystallization
of a substantially pure isomer from a sclvent centaining a
mixture of iscmers.
f029] The term “dynamic crystallization” means crystallization of
a substantially pure iscomer from a solvent containing a mixture
of isomers under conditions which cause isomerization of the
mixture cof isomers to an isomer which selectively crystallizes.
for example, in the case of rescolving enantiomers, isomerization
cf the more soluble enantiomer to the less soluble lsomer
results in crystalliization of the less soluble isomer as the
equilibrium between the isomers 1s driven by crystallization
toward the less scluble enantiomer. A specific example of
dyvnamic crystallization may include the epimerization of an
anomeric carbon in a sclvent under conditions which selectively

crystallizes one substantially pure enantiomer,



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., T.W. Greene & P.G.M. Wutz, "Protective
Groups in Organic Synthesis," 3rQ Edition, John Wiley & Sons, Inc.

[030] (1999) s4n@ thesarise afd e PedifioNs o tis Boéﬁ)?mbﬁibléé%éﬁ@muﬁée

a1s0CRRRIAY Graups, or protect] Q4ps inglude, byt afe not limited fo,. R,
-0(0) R, -C (O)OR', -SOR', -S0O2R', -S03R’, -S02N(R7)2, C{0)C(0)R?,

@%@)@(G)fom@(@;cm{qom?u@@wzyz THYORACIOJRS - For
examp%N'M%&n@gome&)@?m@m@m ROYRT2ANE BOUORNZ: +re

wherein R7 is hydrogen, an optionally substituted aliphatic group, an

rep L agtigivally %sﬁtd%é’@léﬂﬂe@% B, 6r &t opfienally substifuted ‘H%ter@éyéh}ée

rep 1 gfaURe rRreferably; Rris (Cl-¢12)-aliphatic-, (€3:GLQ)-eycloaliphalie -ar e
(C3-ClO)-cycloaliphatic]-(Cl-C12)-aliphatic-, (C6-C10)-aryl-,

wi “hE@G E10)HYET1RELD |f)hétr67e1()é%<@10) heterocyclyl-, (C6-

[031] CI0)-heteroeych«(Clr©12)aliphatic:, (CH-GIO-heterganln 9 7 or “amine
(C5-C10)-heteroaryl-(C1-0I2)-aliphatic-. [032] As used herein, the term

CapPiafisTAdd eferstd mbietl” tapable ot SHAR B%?%c%éptm&én eletton o0

(seepait Exgmples ofclewds,acids include, butw@re notlimited ta,ve Groups in
BF3-etherates and metal halides, alkoxides, and mixed halide/alkoxides

Oroanty., “AGakyhac, Aji aﬂ%ﬁ)@tﬂ%h@?ﬂ@ta‘f&*&ﬁ bé& afifinunt, ¢+ (1999)

and ﬁta@w@,zzz;rf@ﬁwndmagﬂ@@uwmppars Zinc, tenstimdeoron, yiemimes of
. lanthanum, and samarium. §033J EDC

oo RO GO eobyl) S eICATORI A PROAF fL5de, ut sxe ot
limi ]:daydtmxybem%ptriazcﬂ:e I'HE-is tetraitydrofigan.’ TFAGS & triflucroarétic

~so, 27} 2N i etipremetiane, BAS i diebyeainapyine. RIFA
- (CHriflugreEceticragid- CBZNE ) N&rﬁézylgxycarb@hwl.d-RNMR is-nuetsar ') r7,
mﬁgﬂetlc resgngQQ%)Th%%§ 2t,hlnw!ﬂa géghrq{nagosgr%%{yf I, PF%OEES%%MMHY
substituted aliphatic group, an opticnally substituted aryl
group, ¢r an optionally substituted heterccyclic group.
Preferably, R’ is (C1-C12)-aliphatic-, (C3-Ci0)~-cycloaliphatic -,
(C3-C10) —¢cyeloaliphatic]-(Cl-Cl2)-aliphatic-, (Ce6-ClO)~aryl~,
(Co-Cl0)—aryl—-{(Cl~Cl2)aliphatic—-, {C3~Cl0)~heterocyclyl-, (C6-
Cl0) -heterocyclyl-({C1-ClZ)aliphatic-, {(C5~-C1lC)~heteroaryl-, or
(CH-C10)-heterocaryl-{Cl-ClZ)-aliphatic-.
[632] As used herein, the term “lewis acid” refers to molety
capable of sharing or accepting an electron pair. Examples of
lewls acids include, but are not limited to, BFy-etherates and
metal halides, alkoxides, and mixed halide/alkcexides {(e.g.,
Bi(Calkyl).Cl, ALl{Calkyl;Cl:}. The metals can be aluminum,
titanium, zirconium, magnesium, copper, zinc, iren, Tin, boron,
vitterbium, lanthanum, and samarium.
[833] EDC is 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide. HOBL

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



[0341 Processes and compounds described herein are useful for

producing caspase inhibitors and/or prodrugs thereof that contain

modified aspartic acid derivatives, such as aspartic acid aldehyde

moieties. An aspartic acid aldehyde moiety exists in equilibrium with its
trifeyelichiergiacetal form as SAYWAD W OJIOIEH MO W2NAF W2NIvH
aine S Ol MhereWaseRIesenis e pst ofithe saspase iiblionmaleculenyy -

Orally available prodrugs of caspase inhibitors have been ‘developed
dimepasdd 6AMRE EJelic hdmhifacetal tRerfexample CthellCE Gakibitors2 inciuding
benzPECKANC hemiagetal is;apredrug being developedaas a realmentioL, e is

rheumatoid arthritis (see US Patent 5,716,929) O O10 NO INH OO
thinnleyer. Eb3sTaHegetidial-synthetic procedure shown in Scheme 1 is
7. usefuhfersgenerating a wide array of chemical species which can be

used in the manufacture of pharmaceutical compounds. SCHEME 1 10 0
[034} 0 RS ORERFOORORBNHZ X RPuBdivms Catalgsto 272 Patadium for

nrodigandbABaseRIN R2i i cors and/or prodrugs thereof that

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

in eguilibrium with its cyclic hemiacetal form as shown below:

O o)

OH r)(

W H W =
Q\N 2\N/\<
Ho 4 H  oH

where W, represents the rest of the caspase inhibitor molecule.
Crally available prodrugs of caspase inhibitors have been
developed based on the cyclic hemlacetal. For example, the ICE
inhibitor 2 including the cyclic hemiacetal is a prodrug being

developed as a tTreatment for rheumatoid arthritis (see US Patent

5,716,929)
0
N
0 Qi& o
o
T N o /qo
N o) g
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 ©f pharmaceutical compounds.

SCHEME 1

10



Phase transfer catalyst H Gill Gll Solvent GI The process shown in
Scheme 1 includes reacting a compound of formula Gll with the amide
Glll'in the presence of a palladium catalyst, a palladium ligand and a
base in a solvent optionally including a phase transfer catalyst and
optionally includifig water to produce the amido carbonyl compeund Gl.
> [036] T+he | 5R5, R2, R3 and R4 are defined abovegy As drawn, Gil
Rs)J\r,@ rs to comppunds in Wﬁ?’to Ra, which grdvides
for both the %is dhd trans corrwémgﬁ ;%Z%jy e.g., R2 cam be r trans to
Ra. [037] In some embodimemtssethe process may beélgsedtto preBare a
apcompound of farmula XIV, whgiptrdraeRitgai®ztand R4 stbwn in
Scheme | form a substituted H&t&F8tyclic ring: Ra~O O ~' O RBN H O-Rs

The ghbuheteinR3,and Raare-defined abavesand Rodsanpptionallnound of
substituted aIiEhatic, optionally substituted aralkyl, optionally substituted

Formtisterbdybiyialkyt orptiohally Sbbhuted ani. SPEGHCHIy, BompodiAd K¢ ur
cataMaytbe progiiced byureactingraicempound oktormula Xy Oy Ra Oopbcl@nally
. 0O_R5 XV; and a compound of formula XIlII: i1 0 , , ,
including a phase transfer catalyst and opticnally including
water to produce the amido carbonyl compound GI.

[036] The moietys X, Ri, Rz, R; and R; 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., R; 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 Qo
P
RN
H O-RS
XIv

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

reacting a compound of formula XV:

0]
Ra
| ©
X
O-ps
XV

and a compound of formuls XITII:



'R3)~ 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 R are defined above. [038] In carrying out the reaction
shown in Scheme 1, the reactants and reagents may be used in any
molar amount which provides the de$ired product. In some embodiments,
the ratio of the molar amounts of (um 11 salt to palladium ligand is
between 1:1 to about 1:5. The ratio of the fmolar amounts of palladium II
salt to the reactant Glll can be betw&&a& &bout 1:200 to about 1:1, about

in t#:200.10about 1,25, or about 1:50 to_abayt 1:10. The ratio of the malar ; .
amount of the base relative to the Glll is between about 1:2 to about 10:1"
a baThe two Srelctdnts, GhAndrGHRand the basdean bendgedtinmesilyalyst;

whe rgggalgpolgs rarggwtglrg&m&qg%@j%g,ghe ratio of Gll and Gilll can
be b

e between about 1:3 to about 3:1. [0391 The reaction in Scheme | may
[038] bé onductedray actemperature doetivern 25Cand 120Cheng, abouit!50C,

reaciDANSAVeNthat does not adyersely interfere with the palladium -, .,
catalyst, the palladium ligand, and the reactants."Examples of suitable
pProvasigentsiare deserised Rersiiand cahringludé telubnelidiexdrie, THE, ratio of

the @Rd mixtures thereof:In,same embodiments, the solvent may include. 5 1 ¢
water. [040] After obtaining the compound X1V, the compound of formula

betwgyl G 0 40°R3RHM O-RE XVI'Hay be ‘obtaiféd ByTetidcing & furaRcne £
pallHdg gauble hond. 12,0414 Theseduction:efa furanone ringdesble bond, «

1:20@a giﬂxnn:l:l, 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 GIITI is between about 1:2 to about 10:1. The two
reactants, GII and GIII, and the base can be used in nearly
egual molar amcounts. In some embodiments, the ratio of GII and
GILITI can be between abcut 1:3 to about 3:1.

[039] The reaction in Scheme I may be conducted at a temperature
between 25°C and 120°C, e.g., about 50°C, in any solvent that
does nét adversely interfere with the palladium catalyst, the
palladium ligand, and the reactants. Examples of suitable
solvents are described herein and can include toluene, dioxane,
THF, and mixtures thereof. In some embodiments, the solvent may
include water.

[046] After obtaining the compound XIV, the compound of formula

VI

O
0
O
RBJJ\N
H O-RS
VI

may be obtained by reducing the furanone ring double bond.
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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

cyanoborohydride, tetrabutylammonium cyanoborohydride, sodium or

[041] lithfum tralkyibbrohydfide, preferably sodiuem cyaroborshydtide: Typieally
accotli$ Feactan  mixture 'ﬁﬁ?rtlﬁiﬂscﬁ%d ta.he mildly acidic, preferably at a pH,

between 3.0 and 6.0 with acids such as HCI, r, acetic acid, formic acid,

borofififersicetictatid IBES OFEL2 salumimemofticAlbtide Szihe chivitles o i um or
Litnlitaniwn tetrachloride. Optionally, the reaction @%&Q@&ygggﬁ%%n%%me,

.1.0-5.0 equivalents of sodium acetate. Optionally, the reaction may
sod1ggtafzet by thetadditisi 61504 COCKR/sehficsrtin ZnEAR 6F 1170

cyan8@uivalents-otehloratrimethylsilane - Chiral hydridereducing,agentsare

_known such as R- or S-Alpine Hydride(r) (lithium B-~ ‘
B ez%ﬁ%aﬁ%bwg%@&‘b%@%ﬁﬂg%ﬂﬁgﬁyi hydiidejdo provieie reaction
mixtasynmetde reduction «[9421Reduetion gtthe 1ing dauble bepdin.8:95 pH
XIV may also be accomplished by hydrogenation. This is useful when R5
betvigdtaple’ to e Mo@’éﬁ“&ioﬁ%&%imsa& 45 WheRa isafkyf.c acid,
£ ormIypigak Ry dregeration-congitions inelude hydrogen gas-ata, pressure in
. _the rapge of apout one to 100 atmospheres, usually between about 1 to
i bSO bt 21 SPOUF10 SomboHurbm ar s G SF pibent in
Optithearahge of rabout@.0d.iter0. hizggquivalentsieereguivatentiof )V (for

.example). Suitable .catalysts include Pd/C, Pd(OH)2, PO, Pt/C, Pt02,
5 ECtalntally PUCby bl Sitiable <olients ke Gyl adbiiie, o7 ™7 o2

catadlgohadlspsuchas methanelnethanok; isopropangls araratic -hydracartheopspr 1-2

...Such as benzene, toluene, xylene, ethereal such.as THE, DME, dioxane, .
etu T el el anal or T AN Roe kyl 3 alkyl Sich 45 pERyIc ™

agena shediamkfirerrutheriums () catalystis preferred forisfereoselectiveim B-

is opgzr%%‘;;}is%h%‘f/‘ih- 13 gatalystis formeghbyreacting the metalas one oTIts s ge
asymmetric reduction.

[042] Reduction of the ring double bond in, e.g., XIV may alsc be
accomplished by hydrogenation. This is useful when R is stable
to the hydrogenation conditions, such as when R® is alkyl.
Typical hydregenation conditions include hydrogen gas at a
pressure in the range of about one to 100 atmospheres, usually
betwsen about 1 to about 20, or about 1 to about 10 atmospheres,
and a catalyst present in the rangs of about (0.01 to 0.5
egquivalents per equivaient of XIV (for example). Suitable
catalysts include Pd/C, Pd(QH)Z, P30, Pt/C, Ptl,, preferentially
Pt/C or Pd/C. Sultable solvents include ethyl acetate,
alcehols, such as methanol, ethancl, isoprepanol, aromatic
hyvdrocarbons, such as benzene, toluene, xvylene, ethereal such as
THE, DME, dioxane, preferentially ethanol or THF. When R” is
alkyl or aralkyl, such as bkenzyl, a rhodium (I} or ruthenium

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



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
~ (2,2"-bis(diphenylphosphino)-I,I'-binaphthyl), CHIRAPHOS _ _
catapigtdiphénylphBsshiRe)butie) - BPPM ENTtbuidxyRarsoryl-2f 1ts various
comp (diphenylphesphing)methy)s4:(diphenylphosphing)pyraliding), [BREFA- tny1-
N,N-dimethyl-I-[I',2-bis(diphenylphosphino) ferrocenyllethylamine),
DUPHBEGPHOP(N-DenzylB. 4 Kis(dipRempRESPhikepyRofding) oF (2, 3-0-
i sopalkylBPE= {Bisphaspholanoethane), Many-other-suitaple ligandsiare) putane) ,

known in the art. Preferred catalysts are 1,2-bis(2,5-dialkyl-
BINABhdspholan)behzene (cytidoetatieAd)Rddidm(ty 1 naPRt by L) CHIRAPHOS
bis (HHluereethapesul{onate.where alkylhs:a stralghtichain: ok branehed- - -
. alkyl group of 1-8 cgrbqns, optionally substituted with an aromatic =
(AP RGarEtRIbOTPSuCH A Bhéryt. (02 8T URe Bt iHE (R B idoinePsf these 01 2e ) »
B PP rhgandswilliead e, the: (S)-configuratien of the,a-aming carbon in the
product ?nd,us of the (S,S) isomer we'll lead to theéR)-configuration.

Ferrgfitiiie Sovents cllide ethiradttate AlcororR stch 2

K as methanol,

bis (ethanel; orisapropanal, arpmaticihyidiecarbons zsuch! agkenzene,

(o1 olghiens, of xyene, sthers sugh o THE DME, or diowans Preferred ., ..
' olVents are toluene or methanol’ TRe feaction concentration of X1V will ’

in ttypically be inthe€ sangeiotabsalty®.04M te:1.OM-preferabl-abicut Q1M

host%lqu'J ee{leaecrtlion }%mgfg%[ggeag.usue I¥1j1r}> t fura?ggof about 0 C to
BRes bout 80 ) pre%‘era%ly between abolt 20 C to about 47 C. (For the use of
trifrhodiumeatalysts seerGz Zhy, Zh€henaXkZhang; k Org.Chem. (11999) or
b 4..6907:6910; M.J, Bu % J,Gg Allen, W.E. Kiesman; J. Amer..Chem. . . .. .

rangog., (f99K , 1%6,0&%37-% 3; M.J. BujfE,Orj.SE. Fe as%er%\fﬁyNu%eﬁt,lR.f. e Wit
an aHanew:d. AgeroChemorseui$ioed), 115n101.25-10138; For the use of

M. Brown, M. Rose, F.l. Knight, A..Wienand;
1049 HQ.’Wﬁl ¥

] i Baye Bie, (1968 114, 243 500, W Shbur b T o che
(Sy=configuration of the g-amino carbon in the product and use
of the (5,8) isomer will lead to the (R)-configuration.

Suitable solvents include sthyl acetate, alcohols, such as
methanol, ethancl, or iscpropanol, aromatic hydrocarbons, such
as benzene, toluens, or xylene, ethers such as THF, DME, or
dioxane. Preferred sclvents are toluene or methanol. The
reaction concentration of XIV will tvypically be in the range of
about 0.01M to 1.0M, preferably about 0.1M to 1.0M. The
reaction temperature is uéually 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, ¥. Zhang; J.
Org. Chem. (1999) 64, £207-6%10; M.J. Burk, J.G. Allen, W.F.
Kiesman,; J. Amer. Chem. Soc., (1998), 120, 637~063; M.J. Burk,
J.E. Fesaster, W.A. Nugent, R.L. Harlow; J. ZAmer. Chem.

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

14



Ohnuki, M. Ogasawara, T. Takahashi, Y. Uchida; Tetrahedron

Lett.(1992), 33, 5783-5786; U. Matteoli, V. Beghetto, A. Scrivanti; J

Molecular Catalysis A: Chemical 140 (1999) 131- 137). [044] In certain

embodiments, when the moiety R3 includes a chiral carbon bound to the
cata gshronyk ofthelamideB G hashe Fstéfoochemisthskicin i O ReNH2d;
rec1 G35 for exampleindhe structuye GIV{ 13aN Y CONH2 @l\éemgm,

reaction of GIV provides the compound of the formula 0 O O R300~- H
OhnuPR5 MoV atRsstéretisomersici GV anay: be purified byselectivgaredron

LettCrystallizatiogs ¢ dy@a@@.@ygt@lm@tlor}qg&g@@matog;r aphyo{QAS]As =,
described herein, R3 is a é/ organic moiety. Spemﬂcally, |t will be
i

criypaerstood ﬁz%%ﬂ‘?élﬂ%%lgr pAtaFBE delebtBaront any $gdric Hiciety" 1~

137 that is stable to conditions of 15 the coupling reaction shown in Scheme |,
such as those conditions described herein. [046] In specific
[044] eRibopihents: tHEgeRerEEplotesy BRBWHTIR Sehehe i i ussfutfgies a chiral

carbBrodusingicaspasednbibitors, such as+prodeugs;ef, caspage inhibiters,
e.g., ICE inhibitors, and intermediates thereof. In these embodiments, F3
stergasrefatably” dny moiBty’that, taken as a whole with the rest of the

molecule, o
R3)\ NHy

GIV

as for example in the structure GIV'

ReN._

CONHM,
GIv?

The reaction of GIV provides the compound of the formula

0
o}
0
e N
ORS
GV

The sterecisomers of GV may be purified by selective
crystallization, dynamic crystallzation or chromatography.
[045] As described herein, R’ is any organic moiety.
Specifically, 1t will be understood that the R group may be

selected from any organic moiety that 1s stable to conditions cof



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 site. Examples of P2, P3, P4 moieties are described in
more detail below. [047] The P. moiety terms refer to the amino acid
the sequenoednextao ttheraspantyhcléavags site: of a panticularcashase
congsubsirate \Bi refers to the aspartyl residue of the substrate where

caspase- induced cleavage occurs in the natural substrate. In the design
[846] of mewprongeptidicnbaspaserinkibitolss the Pt dedignatiore iss oftepwn in
schefgiained o.show whiep. partion,of. 'BE‘%D%%% sequence has been . .

replaced by the non-peptidic moiety. As used herein,” the'term "P2-P4"
prodimoisty véfers tobaitierith amino aeid sequenceCdesceribedidlsove, orcard

int <CREMICcaL moiety known to replace such g, sequence (or the piuéﬁj?‘%eie?ferably

being a caspase substrate, and in particular an ICE substrate.
any pxamplestéftf2-Paembieties thatare rorepéptidié are Yescibed freugolecule,

proveddd, MW0LAllen et al)iUS 5,874,424 i@:aitﬁgﬁlmf%&a'ea%a%éﬂ&#?bitors,
(Bemis et al.); US 5,843,904 (Bemis et al.); _é 5,756,466 (Bemis et al.);
the BS B7A%029 BEHRCef ald? LS5 6566/ Beiis éfal)WOe09/36426 Fzr P

p,, &Warner Lambert); Polle etal, . Med. Chemg A0, 1942 (199 WQ+s »,, o,
98/10778 (Idun); WO 98/11109 (Idun); WO 98/11129 (Idun) and WO

1 MQBRieEnD @Varmer Eambert, difof\Whithire frcorp6ratéd by reference.

[047] [049L.As would-he recognized by skilled practitioners, @ Psmoiety, J§ MOt next to
necessarily an amino acid residue. For example, a P4 16 group could be

the terted 10 aS anaifi® cappihd®grotipi(@ld: phenyl-CORR Suchpgtrate.  E
ref@OUPS are exemplified herein . [050] M-anotherembediment, this INVeRtion s« -
o S A eE S oL PPN 2 CoT P LAY O12 e design
of new, nonpeptidic caspase inhibitors, the P, designation is
often retained to show which portion of the amino acid sequence
has been replaced by tThe non-peptidic moiety. As used hereln,
the term “P,~P,” moiety refers to either the amino acid seguence
described above or a chemical moiety known to replace such a
sequence for The purpcese of being a caspase substrate, and in
particular an ICE substrate.

[648] Examplies of P;-P, moleties that are non-peptidic are
described in US 5,918,790 (Allen et al.); US 5,874,424
(Batchelior et al.); US 5,847,135 (Bemis et al.); US 5,843,904
(Bemis et al.); US 5,75he,406 (Bemis et al.}); US 5,716,929 (Bemis
et al.); US 5,656,627 (Bemis et al.); WO 29/3¢426 (Warner-
Lambert); Dolle et al., J. Med. Chem., 40, 1941 (19%97); WO
88/10778 (Idun); WO 98/11109 (Idun); WO 98/11129 (Idun) and WO
98/16502 (Warner Lambert), all of which are incorporated by
reference.

0491 As would be recognized by skilled practitioners, a P molety

1s not necessarily an amino acid residue. For example, a P4
16



R3 ~N H O,R5 XVI; wherein R3 is a PQ-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 group may
9T OUBe ferhovel to PrAVAdE AcoripStindPwitRAlffée amifel§roup” THat afnifie -
phengroup@ndan apprepriate P2-meiety may he:cowpled inder,ce girn .

standard coupling conditions to provide a compound wherein R3 is a P2
[050] mbietpop Bieispae dRHiBRE A BB ARd 6'Pe Group nay e ddded process
for ogstherordndividuallyina similargpanner. ok example, if the P2 moiety

IS protected, the protecting group may be removed and a P3 or a P4-P3-

moiety (optionally protected) may be incqyporated. If a capping group

other than a typical protecting graip i jred on any of the terminal P2,

P3, or P4 residues, such a groupJma dded routinely by methods

known to skilled practitioners.TOSl] ccogglingly, one embodiment

provides a process wherein R3is a P2- moi?a:%y of a caspase inhibitor.

[052] Another embodiment provides¥grocess wherein R3 is a P3-P2-
whe RIS ! Cashase Nhibitar, [053] et anolher,ebodiment prajdes.a ;- or

process wherein R3is a PQ P3 P3 moiety of a caspase inhibitor. [054]
thergpéther BAtbodiment provides & pfotess iereindF3 i@ P4cp3ipg. into XVI
eithapiety, 9f a.caspase inhibitor, and whereip said moiety is one L of the, group

groups listed in Table 1 below; or wherein said moiety is one_of the
othegroupdlistedtin Table2 béloth- [055]NceordinG t6 anothe? embodinfentupr may
pe rBAdyEP4APR3RZ molety %ﬁ{f&m R4 pertiondheteofs selegled from rhac

. R-CO, ROC=0, RNHC=C, RC(0)C=0 or RSO2 and R is one of the

AMINGroups fistetfin TAbRFE {056} réingrtolyet anbthersmbotiment. Rgder,

e.q.is &R4PHPR2-dPaIEY ng conditions to provide a compound wherein

R” is a P, moisety of a caspase inhibitcor. A P; and a Ps group may
be added together or individualliy in a similar manner. For
example, 1f the P; moiety is protected, the protecting group may
be removed and & P; or a Py,-P3- meilety (optionally protected) may
be incorporated. If a capping group other than a typical
protecting group is desired on any of the terminal Py, P3, or Py
residues, such a group may be added routinely by methods known
to skilled practitioners.

[051] ZAccordingly, one embodiment provides a process wherein R’ is
a Py~ molety of a caspase inhibitor.

[052] Another embodiment provides a process wherein RY is a Py-Py~
moilety of & caspase inhibitor.

[053] Yet another embodiment provides a process wherein R is a
P,-P3;-P,- moilety of a caspase inhibitor.

[054] Ancther embodiment provides a process wherein R is a Py—Ps-

P~ moiety of a caspase inhibitor, and wherein said moiety is one

.
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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 group
and an aryl group. In more specific embodiments, R5 is methyl, ethyl,
of thropyr2ipropyl S, PenBArRexyl Amethyiparityl Ranethylpiepyl, moiety is
one e¥clopentyl-gyelohexyl revclopentyimethyd, eyclohexylmethyl, phenylethyl,
phenylpropyl, phenylbuty"l, (d)-menthyl, (i)- menthyl, 1-adamantyl,
[055] 2 Befapriaingla 1 SRdamyt E250 agh oAV Brtefrahidrefufanyd: bBazymoiety

whe r@fnethylbepzyl, d-¢higrobenzyl, 45 fluarobenzyl. 4:methylbenzyly zoc—o,
4-(2-propyl)benzyl, or 4- trifluoromethylbenzyl. More specifically, R is ethyl

RNHCgran Féptiohafyy sabstitated Befzyl; orR5Isethyl 6 Ferzy/p 058 Hass in
Tap 1@f the embodiments herein, X is preferably Br. [059] In a specific
embodiment, the invention provides a process for preparing a compound
[056] offeRALRLE QOYNY & GO N4 O FonsbiaiY: - (a) Tehsting B«~P:-P2- moiety

se1ecempound of formula1l: 18 Q,Q 14:Br O {l.and 2 compoungd of formula
[ll: /OYN2 0 0 NHZ lll; in the presence of a palladium catalyst, a
[057] paifadiany ligandha embodiments herein, R® is alternatively an

opticnally substituted group selected from an aliphatic group,
aralkyl group, heterocyclylalkyl group and an arvl group. In
more specific embodiments, R’ is methyl, ethyvl, propyl, 2-propvl,
butyl, pentyl, hexyl, 4d-methylpentyl, Z-methylpropyl,
cyclopentyl, cyclchexyl, cyclopentylmethyl, cyclohexylmethyl,
phenyiethyl, phenylpropyl, phenylbutvl, ({(d)-menthyl, (1)-
menthyl, l-adamantyl, Z-adamantyl, l1-indanyl, 2-indanvl, bornyl,
3-tetranydrefuranyl, benzyl, o-methylbenzyl, 4-chlorcbenzyl, 4-
fluorobenzyl, 4-methylbenzyvl, 4-(2-propylibenzyl, or 4-
trifluoromethylbenzyl. More specifically, R® is ethyl or an
optionally substituted benzyl; or R is ethyl or benzyl;

[058] In any of the embodiments herein, ¥ is preferabliy Br.

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

for preparing a compound of formula I:

oD
24

I
comprising:

{a} reacting a compound of formula II:
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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
NN 120 HOHzN/OON4 CIHO 1V; comprising reducing and

deprotecting a compound of formula I: OYN?OOONHO Ito
provide a compound of formula V: 1 4 O ONH O V,reacting the
compound of formula V with cbz- ée cine, under appropriate coupling
conditions, to provide a compoun of fgrmulaV: O O)~NNO HOOO
NHO~ VI

II;

and a compound of formula III:

Clo
°6 NH,
IIx;
in the presence of a palladium catalyst, a palladium ligand, a
base, opticnally a phase transfer catalyst and a solvent to
provide the compound of formula I.

[0606] According to ancther embodiment, this invention provides a

process for preparing a compound of formuia IV:

O
N
(J
H
0O
Ci

IV;

Iz

M\

comprising reducing and deprotecting a compound of formula I:

tec provide a compound oi formula V:



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 ((C02H)2));
after deprotection the resultarp mike is réacted with 4-amino-3-
chlorobenzoic, or a derivative theredf that{s suitable for coupling to an
amine (e.g., 4-amino-3-chlorobenzoy!l. i
coupling conditions, to provide fhe cBimpound of formula IV. 1061]
According to another embodiment, tF‘e 1% ﬁti\on provides a process for
preparing a compound of formula IV:200NO NHo O H2ZNON JP CIH
0--\ IV; comprising reacting a compound of formulal: O OYNO OON

react':;%g? HPh er-deprotec 08[150?8@}9@%5“@ % upder conditions, suitable to, ., .,
remove the cbz group of the proline residue, to provide a compound of
apprigrimuavilcoupil g conditions, to provide a compound of

formula VI:

@Ao)kgtor:% J‘i}\

VI
reacting the compound of formula VI under conditions for
removing the cbz group; appropriate conditions would be those
that provide an amine {(or amine salt) (i.e., under conditions
for deprotecting the cbz-protected amine of the tert-leucine,
such as, e.g., H;, Pd/C, citrate acid ({(CO,H)»)); after
deprotection the resultant amine 1s reacted with 4d-amino-3-
chlorobenzoic, or a derivative thereof that is suitable for
coupling to an amine (e.g., 4-amino-3-chlorcbenzoyl 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:

20



O N H O~ \ VII; reacting the compound of formula VIl with cbz-tert-leucine,
under appropriate coupling conditions, to provide a compound of formula
VIIIEONO H~ HO 10O O NH O VIl reducing and deprotecting the
compound of formula VIIl to provide a compound of formula IX: 21 HZN N
0 O O ONH O~\ IX; and reacting.a ¢ogmpound of formula IX and
4-amino-3-chlorobenzoic acid, & a dgrivativ ereofthat is suitable for
coupling to an amine (e. 6-di -2-hydygoxypyrazine ester of
4- amino-3-chlorobenzoi 1), unHer afiprogdriate{ colgpling conditions, to
provide the compoy_gg e ula IV. 10632@3 iR 1 tion also provides a
compound of formula X, wherein the compounehis prepared according to
the methods herein: O Ftff'N 11 O O N H O-R5

Iv;

comprising reacting a compound of formula I:

AP &
g

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:

O
HN

i o)

O
\\ VII;

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

0" °N
H
under appreopriate coupling ccnditions, to provide a compeund of

AP

M\

formula VIII:

VIII;
reducing and deprotecting the compound of formula VIII to

provide a compound of formula IX:

21



X wherein: R'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. [0631 The processes described herein are

useful for producing a of formulal: OYN O OO NHO |22 [064] The
process may also be used to_prioduce substantially pure, diastereomers
of compound | shown as formutae IA, IC,and ID./ONOI/ON~Oo
YOON4OON4HO Ho IAIBLO QN O N ( NOoOO ON-OWNOH
IC O~ ID [065] Scheme 1"H\éy algo préducg amixture of diastereomers

/
IAand IC: O OOyN? 04
M\

N
H

IX; and
reacting a compound of formula IX and 4-aminc-3-chlorobenzoic
acid, cor a derivative therecf that 1s suitable for coupling to
an amine {(e.g., the 4,6-dimethoxy-2-hydroxypyrazine ester of 4-
amino-3-chlorobenzolic acid), under appropriate coupling
conditions, to provide the compound of formula IV.
[662] This invention also provides a compound of formula X,
wherein the compound is prepared according to the methods

herein:
RO—N

O™ °N
H O~pgs

X
wherein:

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

R® is H or an amine capping group.

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

of formula I:
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O OONHO IA/C[066] According to another embodiment, this invention
provides a process for preparing a compound of formula IA: 0 QOyN? O
0 0 N H O IA comprising the step of selectively crystallizing a compound
of formula: 230 O0YN? 4'0 O O N H O IA/C from toluene. [067] This
[064] séleetiver erystalizationsstep comprises combining thes conipoumitafally pure,
a1 asiUR IAC (e, a mixtireofIAand IC).and: folyene (either aj k00 1
temperature or above) and warming the combination with stirringto
ID. (issolve the compound of formula IA/C and cooling the combination with
stirring. Upon cooling, the compound of formula IA is obtained as a

crystalllne solid (about 96:4 to ab7 3 mlxture) [068] According still to

nother emipodimentothis inventid wdeaa pro’@s for greparing a
omie ﬁIA OON .

IA IB

R4 O ?ﬁg

Ic H\ ib

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

IC:

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

process for preparing a compound cf formula IA:

AP
g

Ia

comprising the step of selectively crystallizing a compound

cf formula:

23



O O N HO IA comprising the step of dynamic crystallization of a
compound of formula: O QOyN? O O O N H 0 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 0Other embodiments, dynamic crystallization is
performed with a lewis aci solvent cq@ing Shrotic acid such as
HC1, HBr, t_riflic acid, sulfubic acit; er"s’ph ¢ agid\ or combinations
thereof. [069] In still other embodimentsgthe %0 A and IC may be
purified and isolated by known chromatogr%phiamet ds. [070] In any of
the embodiments of this invention involving a compouﬁq of formula I, one
form of | is represented by the structure:/ OYN O OONHO IA.[071] In
any of the embodiments of this inveﬁﬁdr?involving a compound of formula

s romll+@NE, form of Il is represented by the structure: O O

1067} This selective crystallization step comprises combining the
compound of formula IAR/C {(i.e., a mixture of IA and IC) and
toluene (either at room temperature or above} and warming the
combination with stirring to dissclve the compound of formula
IA/C and cooling the combination with stirring. Upon cooling,
the compound of formula IA is obtained as a crystalline solid
{about 96:4 to about 97:3 mixture).

[068] According still to another embodiment, this invention

provides a prcocess for preparing a compound of formula IA:

v
5

IA
comprising the step of dynamic crystallization of a

compound of formula:

Ia/c
under in the presence cf a Lewis acid and a solvent , coptiocnally
including a protic acid. In certain embodiments, the dynamic

crystallization is performed with AL {(Oalkyl)s: in toluene. In

24



Br O--- 1 1IA. [072] In any of the embodiments of this invention involving a

compound of formula Ill, one form of Il is represented by the structure:

25 QOyN? OO NH2 llIA; [073] In any of the embodiments of this

invention involving a compound of formula IV, one form of IV is
othefeprebentetbythe Sriciie GO/ N NH GO H2ZN GNeIPTIHE! IVALL 2

lewi K074} In;any of the.embodiments.of this invengon.nvolying 8 compound;of;
formula V, one form of V is represented by the structure: HNO ONH O

HBr, VAL {75 Iy lof the eibodinishtsiof iiSmvention invohing a*

comb¢empound of farmulda VI, one form of VI is represented by the structure: O

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

purified and isolated by known chromatographic methods.

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

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

@VOYN ;

°0

structure:

N
H Ox\

IA.
[671] In any of the embodiments of this invention involving a
compound of formula IT, one form of IT 1s represented by the

structure:

Br
On\
IXAa.
[072] In any of the embodiments of this invention invelving a

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

structure:



O'KNNO HOOON-HO 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: HNO O NH O VIIA. [077] In any of the
embodiments of this invention involving a compound of formula VIII, one
form of VIl is represented b sfructure: OO _ HO O)~HOOON(, HO
VIIIA. [078] in any of the e menté of thjs invention involving a

compound of formula IX, onedforn™~ot IX}S represented by structure: N O
HZN~O 00N H O IXA. [079] Also progid re compounds formula XA,
XB, XC, or XD, O” NH,

IIIA;

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

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

0
o)
N
H
o
HQN/@ © H O
Cl \\

IVA,

structure:

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

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

structure:
O
HN
O
0~ 'N
H OH\
VA.

[075] In any of the embcediments of this invention inveolving a
compound of formula VI, one form of VI is represented by the

structure:

@]

A S
SRR ’ﬁ(‘\

VIA
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wherein the compound is prepared according to the methods herein: 27 R
OROOR30 R6-Ne-NOR6-NOOs-NO ONONOWN O'NH O-R5
H O-R5 H 0-R5 H O-R5 XA, XB, XC, or XD wherein: R5 is optionally
substituted aliphatic, aralkyl, or aryl; and R6 is : or an amine capping

[876] gfsup:1j080YHn O embedirrettR54S ahloptionalliEsiiistituted ¢réip iy a

compSglesteckirom, an, alipRatie group. aralky! groupy heterocyclylalikyl group,
and an aryl group. [081] In another embodiment, R5 is methyl, ethyl,

STTUBFEIE 2- propyl, butyl, pentyl, hexyl, 4-methylpentyl, 2-methylpropyl,
cyclopentyl, cyclohexyl, cyclope ethyb cyclohexylmethyl, phenylethyl,
phenylpropyl, phenylbutyl, (d)+nentbyl, (1)- menthyl, 1-adamantyl,
2-adamantyl, 1-indanyl, 2-indanyl iborrjyl, ‘3-tetrahydrofuranyl, benzyl,
a-methylbenzyl, 4-chlorobenzyl4-ly enzyl, 4-methylbenzyl,
4-(2-propyl)benzyl, or 4- trifluoromethylbenzy] [082] In another
embodiment, RS is ethyl or an optionally substituted benzyl. [083] In yet
another embodiment, R5 is ethyl or‘pf%_yl. [084] In one embodiment of
this invention, R™ is an amine capping ‘group and the amine capping

[677] groupsisC@) Rher <(0yQkheandsther Rt Isi(C6-Ct8)r-atydnorinvolving a
C6-C10)-aryl-(Cl-Cl2)aliphatic-, wherein th is optionally substituted

OB e Tt SFUG Gmsabtent D(OJORT e Ay o e ERaty o oY

strusubstiéuted benzyl, preferably benzyl.

R A

VIIIE.

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

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

X

structure:

°0

=
:

N
H

I¥a.
[679] 2lso provided are compounds formula X&, XB, XC, or XD,

wherein the compound is prepared according to the methods

herein:
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[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 amine of XIV (either
as depicted or in the reduced 28 form) by attaching the appropriate P2,
6 P3 ay P2- P3 P iety- & coupll n amme W|th a morety
u

arriedFSmysing corre%p‘ oxyli&? ac |ve
ivalept thereof, derlst dard amloté bo d-férming or c:oup
O%to |t|o S. A typic@l codpling reaction AToltd&s suitable Osol\@nt
amlne in"a Roncentratidh ranarri@ffrom abolit 0.0Pt&R I0M, pre rabI
akgut 0.1 to 1.0M, thegequisite carboxyligz@cid, a base and aﬂgptlde
coupllng reagent. [0861 [f an amine is used without isolation, the coupling
whergidybe carried out in situ in the solvent of the reaction mixture used in

the pf%o%éﬂ(i%%ﬁ*?ya@%@Ei{h%é’dﬁe&%m\ﬁ@ Tq thJL%E?PC“%@ aryl;
mixture, the requisite carboxylic acid may be added and the réaction

and maintained at a temperature in the range of about 0 to 100 C, preferably

befween abgut 20 ta:abeut 40, 4x ikhe base,and peptide coupling reagent
are then added to the mixture, which is maintained at a temperature in

[080] herafige GTraRBGLITRI abdtt 66C reftably etweer aboht 20 6 AbGio P

selef0C4Thebasels Btpi@a{u@@rwaamlnalha‘a‘ﬁygqu%@%ﬁﬂethylamlne
diisopropylethylamine, N-methylmorpholine, DBU, DBN,
hetegométhyliniddzote Prefstad r|@ﬂ'ﬁyﬁa‘fﬁlpe%?Oéﬁ%opropylethylam|ne The

[081] amouptgtbase B§§Q>l§19§é}ﬁfa||>é<@'pzko abeut.20 e%}%@msp% yi, 2-
equwalent of the amine (e.g., IV) preferably at least about 3 equwalents

ProPgfhads! E&]amp@é%f/]pepkﬁﬁé?éoupﬁn@?‘ea"g‘é%ﬁefh%%e Bceethylpropyl,

cycl@ieyclghexyloarhoediimide), DIC(diisepropylearnodimide): dbpexyimethy,
toluoylcarbodiimide, BDP (1-benzotriazole diethylphosphate-|-

Ph@f‘éfyaéiﬁéw-a%ﬁrérmo%%%thm%%’&dﬁ%aéy EBE (iggthvt, (L) -
nentainethylaminepropyli3-ethy-carbadiimide hydrachiopide),2 cyanwic, 1, bornyl,

fluoride, cyanuric chloride, TFFH (tetramethyl
3-tetrahvdreofuranyl, benzvl, o-methylbenzvl, 4-chlorcbenzvyl, 4-
fluorobenzyl, 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(O)R" or -C(O)OR?, and the
R’ is (Ce-Cl0)-arvl- or (Ce-Cll)-aryl-{(Cl-~Cl2)aliphatic—, whersain
the aryl is optionally subsitituted. In one form of this
embodiment, -C(O}OR’, wherein R’ is optionally substituted
benzyl, preferably benzyl.
[085] Any amines obtained as described herein, may be used with
or without iscolation 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
28



fluoroformamidinium hexafluorophosphosphate), DPPA
(diphenylphosphorazidate), BOP (benzotriazol-1-
yloxytris(dimethylamino)phosphonium hexafluorophosphate), HBTU 29
(0-benzotriazol-l-yl-N, N,N',N'-tetramethyluronium hexafluorophosphate),
formTBTU (Bbepzotriazokkylay i NENEdstamethyluréhiune tetfaftioroboratel ety -

A coﬁéﬁ%ﬁé(géN ﬁ“&ﬂﬁ%@dW)@kNéﬂéﬂt£%§€¥@@0“%5@“8e carried out

tetrafludroborate), HATU
us iniNf{gimethyisfipne)dimd, 2 3rfiazolol4; 5 8pidiprlreactive equivalent

nerxtgrwthxte@sl»Nsmgmgyat%ﬁmn%a%@fw WW“@%%‘I‘W@G)
BOP-CI (bis(2-oxo-3-oxazolidinyl)phosphinic chioride), PyBOP

cond{(32191152, 3-Benzotidzol-|-goxy)-tristpyitslidide)phosphomigh & suitable

so1vigirafluprophopspbate), BrOR (hromatrs(dimethylaming)phosphanivm o .01 o
hexafluoro%hosphate) DEPBT

LOM, (REdRéthoxypriosHhoRAoky) 1,0 B-BerZbtriaAif-4(3H) oA ) PyBFOPOXY L 1C

acid(bremotrs(pyraliding)ppesphonium-hexafluprophosphate). EDC, HOAT,
BOP-Cl and PyBrOP are preferred peptide coupllng reagents. The
[086] abut of P ptie’ Couphifig reagentis i fiehahgetof abblt AS0Hd apeutnay be

carr1@ equivalents; Optionalneagents bat may be,ysed in-theamide: t ure used
bond-forming reaction include DMAP (4- dimethylaminopyridine) or active

in tB&eP FEaGES, IStiehHs HOS TR dréXybeRzatrigzolel HOATSOLvent . To

this(hydeoazabenzatiazgle), HOSH o(hydroysuecinmide), HANG: may be
(endo-N-hydroxy-5-norbornene-2,3- dicarboxamide), in amounts ranglng

add@ﬁoﬁ%&m 6 16 b0t 06 tedivalBits og7] AHERSAR/ER. Dnemajle range

of aW8akamamige witrateactiver equivalent of fhe. R3CQOH cagboxylicacid,. 4o
such as P2-, P3-P2-, or P4-P3-P2-C(=0)X3, where C(=0)X3 is a group

C. otk imioPe FEALINEPHAR COORPILING Coupling Feaction: ERAMpHEE6! Lo the

mixt1EO)XL 9rups: include groups whete Xiig Cl, E-QCEORARS range of
allphatlc or aryl), SH, SR, SAr, or SeAr. [088] A number of chemical

abougrolipstareskrovin thatinay be Usediasy the:P8<R2: portior of tHe SCEbput

-~ Caspase inhibitor prodru mples of such P3-P2- groups are shown in
40 CTabé?fag%%ﬁt typg §¥?y tertiary amire %ase, such as

triethylamine, dllsopropylethylamlne, N-methylmorpholine, DBU,
DBN, N-methylimidazole, preferably triethylamine or
diisopropylethylamine. The amount of base used 1s generally up
to about 20 equivalents per eguivalent of the amine (e.g., IV),
preferably at least about 3 equivalents of base. Examples of
peptide coupling reagents include DCC
(dicyclohexylcarbodiimide), DIC {(diiscpropylcarbediimide), di-p-
toluoylcarbodiimide, BDP (l-benzotriazole diethylphosphate-1-
cyclohexyl-3-(Z-morpholinylethyl)carbodiimide), EDC {1~(3=
dimethylaminopropyl-3=~ethyl-carbodiimide hydrochloride),
cyanuric fluoride, cyanuric chleride, TEFFH (tetramethvl
fluorcformamidinium hexafluorophosphosphate), DPPA
(diphenylphosphorazidate), BOP (benzotriazcl-1-

yvloxytris (dimethylamino)phosphonium hexafluocrophosphate), HBTU
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P4-P3-P2- moiety. 30 O P4 p3-px N5 H OR Table 1. Pa-P3-P2- Groups
X AA3 HR61AA3 N Pa\H N~ pa\HN Pa\N 3N (CHZ)nH\\ HOO AAZO
abc A2 A2 NMCHZ)nxNi N-Pa'NN /AA2Yl Pa-HOHOPaHOde
f R5X~R5A2iR6 N Pa.NNVNNTAA2 P4-1HOHOAA2PaHghi
(O-DREZAZ Y1 X NIN P HA(CHR)R Y PAN: KePa-H OO dH Ok 1 (0H2 )n

hexa%h@grophosphate), TRTU (O-~benzotriazol-1-yv1-N,N,N’,N -
tetramethyluronium tetrafluorcborate ), TSTU (0-(N-
succinimidyl)-N,N, N, N’ -tetramethyluronium tetraflucrcoborate),
HATU (N-{(dimethylamino)-1-H-1,2,3-triazolc[4,5,6]-pyridin-1-
yimethylene] -N-methylmethanaminiun hexaflucrophosphate N-oxide),
BOP~Cl (bis{2-oxo-3-oxazolidinyl)phosphinic chloride), PyBOP
({1-H-1,2,3-benzotriazol-i-yloxy)-tris{pyrrolidino)phosphonium
tetrafluorophopsphate), BroOP

(bromotris (dimethylamino)phosphonium hexafluocrophosphate), DEPBT
(3-(diethoxyphosphorylioxy)-1,2,3-benzotriazin~4 (3H)-one) PyBrOP
(bromotris (pyrrolidino)phosphonium hexafluorophosphate). EDC,
HOAT, BOP-Cl and PyBrOP zre preferred peptide coupling reagents.
The amount ¢f 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 incliude DMAP (4-
dimethylamincpyridine} or active ester reagents, such as HOBT
{l-hydroxybenzotriazole), HOAT (hydroxyazabenzotriazole), HO3u
(hydroxysuccinimide), HONB (endo-N-hydroxy-5-norbornene-2, 3~
dicarboxamide), in amounts ranging from about 1.0 to about 10.0
equivalents.

[087] ARlternatively, one may treat an amine with a reactive
equivalent of the R’COCH carboxylic acid, such as Pp-, Ps-P,-, or
Py~P3-P,~C(=0)X', where C(=0)X' is a group tha%t is more reactive
than COOH in the coupling reaction. Examples of -C{=0)X groups
include groups where ¥ ois Cl, F, OC{(=0)R (R = aliphatic or
aryi), SH, SR, SAr, or SeAr.

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

Py-P3-Fz- moletvy.
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Pa HN-N\,S Pa NHCNT P4A'NNOIOIHOAA2 mno 31 R5 R5R7R6
R6 AASN=~ X PANP4INNNHO R4HOPqgwhereniszeroto
three; AA refers to an amino acid side chain; Xis N, 0, S, SO, SO CHF,
CF;, C(R3)2, C=0, or C=NCR; A2is0,S orH2;YisNorCH; R is
hydrogen, C., 112 alkyl group, aryl group, ofheteroaryl group, the R
groups being optionally substituted wjth r more halogen; R3 is an
alkyl having one to six carbons; R4 if R- OC=0, RNHC=0,
RC(0)C=0, or RS02; and Ré"ié"‘:fﬁa:roggn, halasalkyl, alkoxy, haloalkyl,
haloalkoxy, amino, phenyl, phenoxy, hydroxy, alkoxycarbonyl, carboxyl,

alkylcarbonylalkylamino, alkylamino, dialkylamino, amjnosulfonyl, or

ng; and R6 and R7 are i p@?ldently selected Fom Rg aryl,in
Pisy L (01_12 alkfagyk: ElZ)benzocyclgaNQ/&ﬂ/(a 12 alkyl)
H heteroaryl. [0891 Preferreidl P44P3-P2- groups are Showm in Table 2.

Table 2. F?referred P4-P3-P2- Groups Y 6 PAINNV P4, NPANN HO=
H@HO a-1b-1c-1 F3.SP21INHY\IN P4 HN P4,HN

Az AZ
N (G } N
N\H P4\N NTAAQ
Pa~N | o PN
H O H ¢
e £
5
J Pasy, NY Y N_ _AA,
P4\N T H o § L . \\( \r
H o 2 H O
g h i
A
== 3
) N TN (R
7N ! \/ Pa- N
N N
,N\« H
P4\N N\/ P4"‘N 0 k O
H
H 0O
3 k 1
{CHy Jn Yo R®
P4\HN 5 Ps. N g I \NI/
Nj) NH 7 N Y~
0 o o A
m n o
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OO0 c-2¢c-3¢c-40 rCHsSPANIJNPANNN O~g HOHP4-N32C-5
c-6d-1 00CH3 PA.NNYCH3NP4HOHP4-HOO// d-2e-ifi /~0O
H3C O NT ~NCH3HONN P P4N~NP4NNNA4NNCH3 HOOCH3
HOg-ih-1i-i ON /NP4'N\WN NPP4NHO 4HHOO j-ik-11-1 N-S
P4,RI_I\IJ1;,NQN-P4,NN- ;,Hﬁq O4HHOOl-2mR-é'm-2

RS
N RS N\ Ady N=(
1 b Pae N X
Z N Pa~ N \(
5 N H
Ry H o O
b a r

where n is zerc to three; AA refers tTo an amino acid side chain;
X is N, ©, S, SO, S50;, CHF, CFs;, C{(R’),, C=0, or C=NCR; A is O, S
or Hz; Y is N or CH; R is hydrogen, Ci-y» alkyl group, aryl group,
or hetercarvyl group, the R groupsg being opticnally substituted
with one or more halogen; R’ is an alkyl having one to six

carbons; R*

is R-CO, ROC=0, RNHC=0, RC(O)C=0, or RS0;; and R> is
hydrcgen, halo, alkyl, alkoxy, halcalkyl, halcalkoxy, amino,
phenyl, phenoxy, hydroxy, alkoxycarbonyl, carboxvl,
alkylcarbonyl, alkvlsulfonyl, alkylsulfoxvl, alkylcarbonylamino,
alkylcarbonylalkylaming, alkylamino, dialkylamino,

aminosulfonyl, or cyanc; and R® and R’ are independently selected
from RB, ryil, hetercaryl, (Ci-:pz alkyllaryl,
{Cii1z)benzocycloalkyl, or (Ci.:2 alkyl)hetercarvl.

[089] Preferred P.-P:-P.— groups are shown in Tabkle 2.

Table 2. Preferred P,—P3-P.— Groups

a-1 -1 o-1
F
GH rs
o) H o
o-2 c-3 e—4
F O
F
CHs N/\\
P4\NJ\”/N Pasy, N Nf
H o H o P4\H
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\F NH P4HONP4AN (\N~4N PO HO 0-i0-20-3 SO2CH3 N i
"CH3 P4-NP4, NCH3HOHO P-19g-1r-1 33 HZN ~ N, P4.W,.cN1
P4IN NH O HO0r-2n-1where R is an optionally substituted benzyl as
described below or 2-indanyl, and the P4 moiety is represented by R-T-,
whéfet R-T- is R-CO, RO€=6, RNHC=0, RC(0)C&0t or RS02. [090]
Preferred R groups of P4 shown in Table 3. 0 ON 4 HOR Table 3.

Preterred P. Groups of R H3 CI0CI \\ccl 100 301 102 103 104
_CH,
N 0 N
N P4\ N N CH3
Pa~N H O Ps~N \r
H © M e!
a-2 e-1 £-1
~ * Z
N N.__»CHs
P N Pasy bl N \T'
4\N o H H P‘r—N
H o O CH, H
g-1 h-1 i-1

N
P4\ N\/ P4-\N( \\<
N H
H
3-1 k-1 1-1
s s s
Pas- N -
H Pa-N H
& O
1-2 m-1 m-2
F
SN
} N
P4\N/Q\£ 1 ﬂ
H Y [ o P4\ N
© Pa-~ N _~ E j
ﬁ O
O
o-1 o-2 o-3
SO,CH,4
N P N P‘“N ‘{[:QMCHS
CH3 g H
o 0
p-1 g-1 -1



CI(\CI\CI\I\\ ~O//HO/HzN/H3C,O/CICICICICI 105106 107
108 109 P\\/HC,0O F(/H3CN/HO 3110iii 112 113 114 H3C\ H3C
\CI\/ q/3qHOqg H2NC/3C/HzN ClI F CH3 CH3 Cl 115 116 117

119120 11 /"0 HN/NtHN/H3C'S/ HzNH 0z O 34 121122 123124 |

Ha CH3 H3C N 02 OHHCI125126 127 128 F LOMe CICIN N
INO OMé OMe Cl 129 1 31132133 OQpyH2N/H HN'IN,, Cl OH
34

136 137 13‘8N\~ N\,

r—2 n-1
where R® ig an cptionally substituted benzyl as described
below or Z-indanyl, and the P, molety 1s represented by R-T-,
wherein R-T- is R-~C0, ROC=0, RNHC=0, RC(0)C=0, or RS0,.
[096] Preferred R groups of Py are shown in Table 3.
6]

o
o
R*T*"Pg'i:’{lj\uld

OR?
Table 3. Preferred R Groups of Pu

o & C@. E;r pos
S N L e
Se g s A W

110 1i1 112 113 114
H3C HSC C| Q
- HO
2N£; HO ; o) ; HzN::; cl
F CHj CHs Cl
117 1is 120
WO WO RN
2N7K©/ \O/U\HN \NJ\HN H3C“S
O H Oz



NN /Co~1/~N 139 140 141 142 143 ~N CI-12 AlkyIN"IJN,0ON O
144 145 146 147 148 ~~NH//Or Or 149 150 151 152 153 35//N"
\S~ oic 154 155 156 157 OCI O NJY H3C'H ON CI 158 159 160 [091]
In specific embodiments, R-T- is R-CO where R is 1- naphthyl, 2-naphthyl,
31%%oquinolinyl, k%2 4 5 where positiod$8 and 5 of R are indepéridently
and optionally substituted by halogen, preferably chloro, gr C1_3 alkyl,
nd position 43ds optioratly substituted b @ 0, acetami oXy or
ethoxy.’\kOQZﬂI :ln 0% preferreﬁ‘zfy&tg- 2 groups are nmgable 4.

TaBre 4. MBSt Priferréd P4-P3-P2- Grblaps R5 - ' O R~HN H NY N R'J~
OHOR N &l
125 126 127 128
F
s OMe } SN Cl 1 = Ci O ©/
| _N =N =N <O
OMe OMe Cl
129 130 131 132 133
™0
@fg
o N
HoN
HN AN 2 Cl OH
134 135 136 137 138
|
sodive BN oI
139 140 141 142 143
o (3 L3 G O
112 AIRY
N N ~0 N
O
144 145 146 147 148
N
S 0 O S
0 U O
7 V
ﬁ > T O O
149 150 151 152 153



HH a-lab-lab-lb ORaNON\~O\ ON~NO R)~HNRAHN1
R)~HNf1 O O d-lag-lag-2a 36 RIHN (RXHNR R’k HN O O 0-2a c-7a
c-la R~-N N H O c-6a where R is, referring to Table 3, one of the
following groups: 100, 105, 107, 108, 114, 117, 119, 126, 136, 139, 140,

apd 141. [093] In atfaching the Iga-PB-PQorﬁbi?ty, o Portion thereof, the
@nﬁﬁ/ may ach din on@ee as o@twnit the moiety may be
d in a seguénti annerpasZ/described abovie. For example,

Cbz-protected proline may be coupled to XV (or ¥ R5 is ethyl with II): O Z
154 O H O,R5 [Q%H After removatEef the Cbz groam,7a P3 or P3-P4 moiety

may be attached by alkylation or acylation of the proline nitrogen. [095]
anc @ embog ts, mete presentgprocess proceed through
HaC § ; olactor’Q)i W%X loro, bromig?ﬁdo. O Ifo X/
Cl
158 159 160

{691] In specific embodiments, R-T- is R-CO where R is 1-
naphthyl, Z-naphthyl, l-isoquinclinyl, cz

3
1

5 where positions 3 and 5 of R are independently and
optionally substituted by halogen, vpreferably chloro, or Ci-s
alkyl, and position 4 1s optionally substituted by aming,
acetamide, hydroxy or methoxy.
[092] The most preferred P;-P3-P.— groups are shown in Table 4.

Table 4. Most Preferred Py,-P3;-P,- Groups

- /xR
0 ’ __
R/H\HN\/[r N\}/ j\x/ )?\Y N~
N~ RN
o)
a-la b-l1a bh~1b

" ) L

; (ﬁ I i\r@ s T

HN R™HN W RO T j
g-

2a



O_R5 XV. 37 A preferred starting butenolactone is the bromofuranone XV
(wherein X = Br), which may be obtained according to Escobar at al., An.
Quim., 1971, 67, 43. Alternatively, other reactants of the formula GIIA and
GIIB may be commercially available or produced from know methods.
See, for example, "Comprehensive Organic Transformations: A Guide to
Functional p| Preparations,” 2nd Edition, by Richard C. Larock,

, 661, 724. [096] Also within the scope of this invention,

thodiment of theja;\)upl'ng r jon of an amine
agidatio the anion of the lamink usj reactive egmval nt ofjthe
Rartdxylic aci&,/such as PB-, P%L%Lﬁfor gz-PS-P -CRO)Y whigre “[(=0)X

is as descHbed above. The anion of¢he amine is first generated b

treating ghexgamine in a solvent with.agy suitable base. Exappigs of
solvents that may be used include ethereal solvents such as THE, DME,

%o . di | ether, methyl-tert- butyl ether; aromatic hydrocarbons,
R 8

ch &s benzene, toluene, xylene; halogenated hydrocarbons, such as
Rior e, carbon tetrachloride, dichloroethane; or other organic
sollfentsy sukh as acetonitrile. Preferred solvents include THE, DME,
tolueggaor dichloromethane. Suitable bases for generating the anion
inciide organic bases such as an alkali metal hydride, an alkali metal
tert:butoxite] an atkyd or aryldithiom] suck as , mettyl butyteorfollowing
henyllithium;.an alkali metal.amide, su s lithjum-, spdium;: or
gfoqustassti%t?ﬁ bis ???hweitmény f%%ﬁidéc,lf%iisggr?by:%?ngﬁde}c?rg' f¥e7 139, 140,
and fetramethylpiperidine. Preferred bases include lithium
bis(trimethylsilyamide, lithi isopropylamide, or lithium . .
093] te?élnwaé?ﬁ?l%lg‘pler%)l : irgﬁef h%4 5%’[%3920_1‘ t%g g%/m?{é i frekted with the =< =0T, the
mo 1 etarbozrylidacid eguniadeht at ac reagtiondemperaturestiat maysbe in thee moiety

may (0080 8boy -18G 1o, 120G, preferably between about 06 9. 80C, - woy

example, Cbz-protected proline may be coupled to XV {or if R® is

O
vd N
o H O

_..R5

ethyl with II):

[094] After removal of the Chz group, a Py or P3~P; moiety 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 1s chloro, bromo or

lodo:
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[097] Reduction conditions for reducing the double bond in the furanone
ring may also be used as deprotection conditions. For 38 example, when
R3 (in XIV) or R6 (in X) is cbz, conditions may be used to reduce the
double bond and to also remove the cbz group. [098] Methods herein

A prgésciiva segliencwinwhieh hé Butstvldciond i fiscesUpledteas ¥V

(wheCa3Rase B, enk,_y,moiety and, then the ring double bondisreduced. .oz r ot

Alternatively, the reduction and coupling may be performed in reverse

al. s ofdfer. [099F i stiiPdriothEembddimént: fis mverticy pravidesta isroeesqts of

the foFpreparing acompoundof formula XVi;8,0.Q 1 B3 N H:QR3 XYk o
wherein R3 is a P4-P3-P2 moiety of a caspase inhibitor, thg P4-P3- P2 is

ProdefefTabR the PR I0E SHTable 3, RIS a8 HEfinéd  hereifrglensive

orgaethyl)angdtheprasessissaccarding de the;methods: hetein d040Q] This
invention also provides a process fo'ré{),re aring a compound of formula

PrepR/RO O INNTD & H2NON BT I & 1A compridiritfselediiss 638,
€59, crystallization of a compound of formula: OYNO OONHO

[096] Alsc 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 P;—, P;—-Pi—, or P:~P3-2,~C(=0)1¥, whare
C(=0}X is as described above. The anion of the amine is first
generated by treating the amine in a solvent with any suitable
base. Examples of solvents that may be used include ethereal
solvents such as THF, DME, diocxane, diethyl ether, methyl-tert-
butyl ether; aromatic hydrocarbons, such as benzene, toluene,
xylene; halogenated hydrocarbons, such as dichloromethane,
carbon tetrachloride, dichlcroethane; or other organic sclvents,
such as acetonitrile. Preferred solvents include THF, DMF,
toluene or dichloromethane. Suitable bases for generating the
anicn incliude organic bases such as an aikali metal hydride, an
alkali metal tert-butcoxide, an alkyl or arvl lithium, such as
methyl-, butyl- or phenyllithium; an alkali metal amide, such as
l1ithium-, sodium- or potassium bis(trimethylsilyl)amide,
diisopropylamide, or tetramethylpiperidine. Preferred bases
include lithium bis(trimethylsilyl)amide, lithium |
diiscpropylamide, or lithium tetramethylpiperidine. The anion
cf the amine is treated with the carboxylic acid egquivalent 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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IA/C from toluene. 39 [0101] Alternatively, a process for preparing a

compound of formula IVA:O O 1\ NN '10 H O H2N O NCI H O IVA,;

comprises dynamic crystallization of a compound of formula: O QOyN? O

O O N H O IA/C by contacting the mixture of IA/C with a Lewis acid in a
exampdgent vptioRally #iecldhNg aSrofic atid: [FL0Z]FhishiRveritiorcdlsd ons may be

usedProyidessa process fappreparing.a; compound of formula VA ©1Q HO Q. py
H2N O N CI H O IVA; comprising, reacting a compound of formula Il: O

[098] O'isride diera eBmpoERd oP formuta HE4DQOyN?which the
butenclactone 1s first coupled to a caspase Py or P, moiety and
then the ring double bond is 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 XVI:

)
0
O
=3 Ay
H O-rs
XVI;

wherein R° is a P;~P3-Py moiety of a caspase inhibitor, the Py;~P:-
P; is c-1 of Table 2, the Py is 108 of Table 3, R is as defined
herein (e.g., ethyl) and the process 1s according to the methods
herein.

[6108] This invention also provides a process for preparing a

compound of formula IVA:

T Z

IVA;

from toluene.
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0 NH2 1lI; in the presence of 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,

[0101kcampound IV prépared aocording td this invention may  bevomertedtd

formihe,cqRsponding 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 fformula XVI: 0 040 R3N H O-R5
XVI; wherein R3 is a P4-P3-P2 oietlyof a caspase inhibitor, the P4-P3-
ethyl), and the process i

rdingﬂtot mgthogs herein. [0105]
Accordingly, this cqm oiing (Bee compo@ng 4 or corresponding
compound 412 as disclosed in WO 97/22619, which Is.incorporated
herein by reference) is preﬁéred by reacting a compou\rl?d of formula Il: O
O Br O 411l; and an appropriate an}g‘? compound, in the presence of a
palladium catalyst, a palladium ligand, a‘base, optionally a phase transfer
compeatadyst apd aniappropratelsolventiAn of a compound of formula:

Ao
g

In/cC

by contacting the mixture of IA/C with a Lewis acid in a solvent
cpticnally including a protic acid.

[0102] This invention also provides a process for preparing a

compound <f formula IVA:
5 Y
O
N

N/A\n,
Ho 8 rQO
HN o ﬁ/\%

Cl \\

IVA;

comprising, reacting a compound of formula II:

Ju:
Br
O
u\
II;

and a compound of formula III:
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appropriate amide compound would be derived from the P4-P3-P2 group
d-la in Table 4, i.e., a compound: 0 R \N/-f H O O NH2 wherein R is either
H or an isoquinolinoyl (i.e., the P4 group 141 in Table 3), wherein there is
a carbonyl linker between the compound and the isoquinolinoyl group.
[0106]In still further embodiments, the invention provides a process of

preparing a beta-amido carbogyl compound of formula XXX: Ra0 YORI
R 3 KN R4 XXX comprisis of: a cting a compound of
QR

formula Xll: RO aJJ ~[i X IER4_XN; with a compound of formula
XIIl: 0 R3AINH2 XIll; 42 in the presencg of g palladium catalyst, a
palladium ligand, a base, in a solvent o@ti yi@a,phase transfer catalyst,
to produce a compound of the formula XXXI 0 R3 N aJO R2 H XXXI
wherein: IIL;

in the presence of a palladium catalyst, a palladium ligand, and
a base in a solvent optionally including a phase transfer
cataiyst.

[6103] 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 inventiocn, may
be converted to the corresponding aldehyde compound, that is by
converting the furancne to an aldehyde.

f0104] In another embodiment, this invention provides a process

for preparing a compound cof formula XVI:

O
8]
O
=3 Ay
H O~RS
2VEL;

wherein R® is a Py~P5-P» moiety of a caspase inhibitor, the Py;-Ps-
P, is d-1 of Table 2, P, is 141 of Table 3, R° is as defined
herein (e.g., ethyl}, and the process is according to the
methods herein. |

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

compound of formula II:

Br



Xis a leaving group; Each Ra is H, an optionally substituted alkyl, an
optionally substituted aryl, -CN, -C(0)-Oalkyl or halogen; Each R2 is
independently an optionally substituted aliphatic group, an optionally
substituted heterocyclic group, and an optionally substituted aryl group;
Each R4 is independently an optiondify’substituted aliphatic, an optionally

and §Hb%%5&e&i§ﬂgr@&y§!§i§e optiopally, substituted.aryl, arR2 and R4,

together with the groups to which they are bound, form an optionally
pallaghstituted S hs B-membbetéd 2ReteFocyclié fifig; BEadh RS is A optivhally 2
phas8ubstifuted.aliphatic,1an; opdionally, substituted aryls an optiepally  »n

substituted heteroalkyl, a protectin% roup, Pa-, P3-P2-, or Pg-P3-P2-;
SPPTPRIIERS RILUNTR CPIPIF4TRY é]6b96ci$élﬁ‘3dPﬁ-@rP§lPt2b?s R7R6F2
grouP4dd QRO PAds R T T is :G(0)-, s0-64@)uNMHC(O)-, -C(0)0(0)- or

-S02-; Each R is independently an optionally substituted aliphatic, an

optionally substituted aryl, or P2; Each R5 is independently H, an

optionally substituted aliphatic, an™op 'Qﬁ’aﬂ%/ substituted heteroalkyl, an

optionally z N

R\Nx\\(
Ho Qg N, ,

wherein R i1s elther H or an isoguinolinoyl {(i.e., the P4 group
141 in Table 3), wherein there is a carbonyl linker between the
compound and the isoguinclinoyl group.

[0106] ITn still further embodiments, the invention provides a

process of preparing a beta-amido carbonyl compound of formula
AKX
R4 O
OR?
L Dﬁ
R* N 4
N R
)0 104

comprising the steps of:

a) reacting a compound of formula XII:

! OR?

with a compound of formula XIII:

0
R“"J'Lt\fH2

XIITI;

4z



substituted heteroaryl, or an optionally substituted phenyl; Each R6 is

independently an optionally substituted aliphatic, an optionally substituted

heteroalkyl, an optionally substituted heteroaryl, an optionally substituted

phenyl, or R5 and Rr taken together with the atoms to which they are
in tagaheh oMt aB to?7 hrembered optidaallysubsttuted iiohbeyclicigand, a
basehetf:ﬁo%ycé%l%@’l@ t%lpgi@gg}i%e%’ %Q@é‘”)ﬁ §Hp1%t%lé@dcglf9¥§:lﬁ%t , to

ﬁeterocycle, in which each heterocycle ring optionally contains an
prodagaitienalieterdaton sefétted fromLi, 28°0r - NH50-; Each R7 is

independently H, an optionally substitutgd aliphatic, an optionally

substituted heteroalkyl, an optionaly substituted heteroaryl, or an

optionally substituted phenyl, or®4 R arf@fR6 together with the atoms to

which they are attached forrrp_?aj\"g"{J Egnbered, optionally substituted

monocyclic heterocycle or aryl (see, for example, compounds f, h, i, n,

and o shown in Table 1 and compounds o0-1, 0-2, and 0-3 shown in Table

2), or a 6 to 12 membered, optionally substituted bicyclic fused ring

system, in which each of the fused xirgs optionally contains an additional

heteroatom selected from -0-, -S- or -NR50- (see, for example,
whergsinounds g and j shown in Table 1, and compounds g-l and j-1 shown

inXTable 2),leravhen; RbrantdR5 together with the atoms to which they are

attached form a ring, R7 and. the ring system formed by R5 and R6 form a

8- t%CI}XﬁRﬁ]e"‘mSne}?éd BDptichally’ ?ﬁﬁgl%(utébgﬁibyd & GSed rihg sysfem (see.ona Ly
sub sfof example,rcompottids g;CKOL,-and oy Shewn i Tablenl;and compounds

d-1, d-2, k-1, 1-1, 1-2, m-1, and m-2 shown in Tahle 2), wherein the o

DD Foseling STeIanE opton el Kbl Risedilh arrcpoaiy L tpnat ic
grousubstituted ‘phenylltbyformiam-dptionatly hsubstituted 10« tay16-umembergdzn
Optiitniﬁ%alg%figggé@gtsy%e&n a(??f’ Ejoj_[c%ggnple, compounds e and g shown

Fach R’ is independently an optionally substituted

aliphatic, an optiocnally substituted heterocycle, an optionally
substituted aryl, or R® and R' together with the groups to which
they are bound, form an optionally substituted 53- to 8-membered
heterccyclic ring;

Each R° is an optionally substituted aliphatic, an
optionally substituted arvyl, an optionally substituted
heteroalkyl, a protecting group, Py;-, Bz;-P:—-, or P,;—P:-P.-—;

Po- is

Py~Py is
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compounds e-1 and g-1 shown in Table 2); Each R8 is independently H or
a protecting group; and Each R50 is independently H, an optionally
substituted aliphatic, an optionally substituted heteroalkyl, an optionally
substituted heteroaryl, or an optionally substituted phenyl; and mis O to 2.
[0107]In some &mbodiments, R3 is an organic moiety. [0108] In certain
embodiments, tr‘le variable R in Pa may be an aliphatic, aryl, or
tion&j%substituted with 1 to 3 aliphatic, halo, alkoxy,

-SOrN (R55) 2, -NC (0) R58, -S0.R58 or

.. [0109]THe process further comprises reducing the
XXXS to produce a compound of Formula XXX. 45
[0110] In some embodiments P2- has the structure C 8\ in which Ring A
is a 5to 7 membered, optionally substituted monocyclic heterocycle, or a
6qu_Jp2_rr%er_nb§red, optionally substituted bicyclic heterocycle, in which
eaéh Tetetocydle ring optionally contains an additional heteroatom
selected from -0-, -S- or -NR50-, Ro is H, an optionally substituted
aliphatic, an optionally sub&ituted héeteroalkyl, an optionally substituted
heteroaryl, or an optionally ubstitutedl phenyl. {0111]in specific
embodiments, Ring A has EgH;N’? N N [0112] P2- has
the structure N ;- Ra—
structure N7 N7\ N N
structure 46 0 Rs

P, 1s R~T;

T is -C(O)~, =0-C(0O})~, =-NHC(O)-, -ClO)C{QO)- or
30—

Each R 1s independently an cpticnally substituted
aliphatic, an optionally substituted arvl, or Ps;

Fach Rs is independently H, an optionally substituted
aliphatic, an optionally substituted hetercalkyl, an optionally
substituted hetercaryl, or an optionally substituted phenyl;

Each Rg is independently an optionally substituted
alliphatic, an opticnally substituted hetercalkyl, an optionally
substituted hetercaryl, an cptionally substituted phenvl, or REs
and Rg taken together with the atoms toe which they are attached
form a 5 to 7 membered, optiocnally substituted meonocyclic
heterocycle, or a 6 to 12 membered, cptionally substituted
bicyclic heterocycle, in which each heterocycle ring optionally
contains an additional hetercatom selected from -0-, -5~ or -
NRsg=;

Each Ry 1s independently H, an optionally substituted

liphatic, an opticnally substituted hetercalkyl, an optionally
substituted hetercaryl, or an opticnally substituted phenvl, or
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R8 N R8 N “rte. or [0115] in another embodiment, the a process for
producing a compound of the formula0 OR5 RaHOR2 NR-TO P R7
R6 comprises: a) reacting a compound of the formula. O Ra OR, XR4
with a compound of the formula: Oll P21~ NH_ in the presence of a p

ladium. Batalyst, BdbellcUmer gard; atbaseé toma 1y a'phiase fransfepre

ca alyst and;a.89, vens, to,produce:a-.compound ofthe f0_dmulaQq (Raz 4
O OR2 H R4 wherein: >_s a _saving group such ast ~-, 47 Each Ras

Hr@Rcsptiohafly 3abStitaRdcalRy| *an dptidnalfe SubdttiitetFago LN, compounds

-G(0):Qalkyl qr halegen; Each R2 is.inflgpendently.an aptionallyss o-1, o-2,
substituted aliphatic group, an ogtlonally substituted heterocyclic group,
aﬁﬁ%n0"3 shown in Table 2), or a 6 to 12 membered,

cptionally substituted bicyclic fused ring system, in which
each of the fused rings optionally contains an additional
hetercatom selected from -0C-, -5- or -NRsy~ (see, fox
example, compounds ¢ and 3 shown in Table 1, and compounds
g-1 and -1 shown in Table 2), or
when Ry 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 1l4- membered optionally substituted
bicyclic fused ring system (see, for exampie, compounds d,
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 opticnally further fused with
an optionally substituted phenyi to form an optionally
substituted 10- to lé-membered ftricyelic 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 1is independently H or a protecting cgroup; and
Each Rsy 12 independently H, an optionally substituted
allphatic, an optionally substituted hetercalkyl, an optionally
substituted heteroarvl, or an optionally substituted phenvl; and
m is 0 to 2. |
[0167] In some embodiments, Rz is an organic molety.
[0108] In certain embodiments, the variable R in P; may be an
aliphatic, aryl, or heterocaryl, each cpticnally substituted with
1 to 2 aliphatic, halo, alkoxy, -CN, -NO;, -N{Rsz}:,
—S0pN {Rsp) 2, -NC(Q)Rsy, ~30xReg or heterocvyvcliloalkyl.
[0109] The process further comprises reducing the compound of

formula EXXT to produce a compound of Formula X3,
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optionally substituted aryl group; Each R4 is independently an optionally
substituted aliphatic, an optionally substituted heterocycle, an optionally
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;
[0110)P2ris RRE Re=MYALRENT is H(0)ka0-C0)-, sSNEG{O)x<0(0)0(0)- or
-SO,-; Each R is independently an aliphatic, or aryl, each optionally
substituted with 1 to 3 aliphatic, halofalkoxy, -CN, NO2, -N(R50)2,
-SOmN (R50) 2, -NC(O)P'50, Fﬁﬂﬁﬁj r heterocycloalkyl; Each R5 is
independently H, an optionally substituted aliphatic, an optionally
substituted heteroalkyl, an optionally s ituted heteroaryl, or an
optionally substituted phenyl; Each R6 is independently H, an optionally
substituted aliphatic, an optionally substituted heteroalkyl, an optionally
in whuhbstit@teddeteroary, an optiGnallysuhstituted phenylz 0t R5sahd R vt ed
taken together with the atoms to which t are attached forma5 t
om0 e el SRl Sbsiel fonbci i TABeg i, OF B s ¥
subsmemberedyopticnally substituted; bicyclidc heterdcycledniwhiett eaclrycle ring
. . heteracycle ring optionally. cgntains an additional heteroatom selected
oot L R 20 Eoh R L doerhay F e aaton gy o ~0=
—-S- substitited aliphatic; ah,optionally substituted=heteroatkyt,cah eptigrallyic, an
opt 1 SuRstityted heteroaryl o an pptionally. substituted phenyl; Ry is Hora . .4
protecting group; and mis O to 2.
hetercaryl, or an optionally substituted phenvyl.

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

oo Fs NSNS NS

f6112] Po~ has the structure

Rg™ @
Y

[0113] In certain embodiments, Ring 2 has the structure

“%{NQ a/N? e %@ “%{@ ‘e;@

s
Y ARAS g AN WA

(0114] In specific embodiments P;- has the structure

46



[0116]In a specific embodiment, a compound of the formula O el, O X
O-R9 in which R9 is C]-C5 alkyl, is reacted with 0 P2 NH2 to produce

the compound 0 C) Pz N O4 -R9 10117]The process may further

comprise the step of contacting a racemic mixture of compounds of the

__fgrmula 0 o Pz H H OR'jin which RP is a protecting group, with a Lewis

Re™ achy] optionally in‘the presgnce of a protic acid, in an organic solvent to
provige compounds having tge structure O 101 AR9 PZ49 [0118] In some

embhgdiments, resolution of tre~alkoxyfuranones may be achieved by

selectively recrystallization from an organic solvent. [0119]The process

may include reducing the double bond in XXXI. For instance, the
compound of the formula 0 0 Ra 0 OR2 0 Ra YOR2
anothner smbod T he o

(6115} In Ot X iment, © a process ror producing

a

compound of the formula

a

O
O Rs Re ,
H OR
N
....../
R-T N N R
| 5
Ry Re
comprises:
a} reacting a compound of the formula:
O
Re |}
| OR?
x/\R4
;
with & compound of the formula:
O
PZANHn
M
in the presence of & palladium catalvst, & palladium lig
base, optionally a phase tTransfer catalyst and & sclvent

¥ is a lsaving group such as Br;
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R3J, NLR4 P2LN R4 H H or is reduced under conditions described
herein to provide a compound of the formula0 0 Ra OR2 P2AHR
[0120] After producing this compound, P3- and F4- moieties may be
coupled to the compound as described above. [0121]In still another

efbodirfient th& precesaifor produtihgtalcobipoulofthé férmala ooior onally

subsRa RICT0oR2 R O Hy7 R6-comprisesi (@)rgduging the gompound of the
formula O Ra O OR2 P2A H R4 to provide a compound of the formula _
56TRA0 OR2TPZRIReWhkFeif ESA RIS H Lan dplishalinted aliphatic

groudybstitutedialiyl-an pptonally; substiuiedaryl, «GN; :C(-Qalkyl Afng an
_halogen; Each R2 is independently an optionally substituted aliphatic
ortigisupl Aanptiohally SGHstRitel Eterdeyclic group, and an optionally

sustituted aryl giQudsendent 1y 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 cptionally substituted 5- to B-membered
heterocyclic ring;

P> is

Each R is independently an aliphatic, or aryl, each
optionally substituted with 1 teo 3 aliphatic, halo, alkoxy, -CHN,
=NOz, -N(Rso)z, —SOuN(Rsglz, —-NC{O}Rsy, =S5SCpRey or heterccycleoalkyl;

Fach Rs is independently H, an optionally substituted
aliphatic, an cptionally substituted hetercalkyl, an optionally
substituted hetercaryl, cor an opticnally substituted phenvl;

Each Rs 1s independently H, an optionally substituted
aliphatic, an opticnally substituted heterocalkyl, an opticnally
substituted hetercaryl, an optiocnally substituted phenyl, or Rs
and Rg taken together with the atoms to which they are attached
form a 5 to 7 membered, optioconally substituted monocyclic
heterocycle, or a 6 to 12 membered, optionally substituted
bicyclic heterccycle, 1in which each heterocycle ring optionally
contains an additional hetercatom selected from ~0-, -8%- or
=Ny 7
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Each H4 is independently an optionally substituted aliphatic, an optionally
substituted heterocycle, an optionally substituted aryl, or H2 and R
together with the groups to which they are bound, form an optionally
substituted 5- to 8-membered heterocyclic ring; P2 is RS R6-N R6 T is
-CEYh -6-C0)-, LNFRE(@) eC{0)B(0)- oRRSERE; IEd¢h: RYs Mdependehnty
aLipAdliBhalle, aranlogach ontigoally subsiivied wih 3 {6 gialiphalic@lona 11y
alkoxy, -CN, -NO02, -N (RSO) 2, -SOmN (R50) 2, -NC(O)P,50, -SOmR50
subspi heferSeyefdatkiaEdch REisandépehdently: Hy ah Bptiohally SdbstitGiend! 7
aliphatic,jan.gptionally substityted-heteroalkyl,an optionally substituted
heteroaryl, or an optionally substituted phenyl; Each R6 is independently
H" ahoptioRally- substituted aliphatic, an optionally substituted heteroalkyl,
[0116f7,0Ptionally. substituted heteroaryl, an opfiopallysubstituted phepyh or
5 and R6 taken together with the atoms to which they are attached
form a 5 to 7 membered, optionally sgbstituted monocyclic 51 heterocycle,
or a 6 to 12 membered, optionalg@istituted bicyclic heterocycle, in
which each heterocycle ring optighally” contains an additional heteroatom
selected from -0-, -S- or -NR3&"; Eath I%SO is independently H, an
optionally substituted aliphatic, an o@ﬂgnally substituted heteroalkyl, an
optionally substituted heteroaryl, or an optionally substituted phenyl; Re is
a protecting group; and mis 0 to 2. [0122]A process for producing a
in woompotindiof thefoemalac@l, is reacted with

O

PN

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
1

P N
2 H %4{9
r

in which Rg 18 a protecting group, with & Lewils acid, optionally

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

provide compounds having the structure



Rio-N AH N (O O O-R9 comprises: a) contacting a racemic mixture of
compounds represented by the formula AO Rio-NH N O O O-R9 with
a Lewis acid in an organic solvent optionally including a Prot-":c acid,
wherein Ring A is a 5 to 7 membered, optionally substituted monocyclic
[6118]heterocyiote,sormee6 ¢tout2dnerberad, optionaltyt Substﬁutédebiaydﬂi:ﬁxyfuranones
Deterocycle, in which, eterocycle ring optionall gontal
mey B%d%%%léﬁfgt%rvé om se%e(?[eél§a ﬁ:)% < Cr% o?%@lﬂég Fach I§ 9isa™" organic
solve}L-C5 alkyl; Each R13is H, a protectlng group, P3- or P4-P3-; 52 P3is

R$- HO P4|sRTT| CO) NHC(O O%O r
10119 ng“ d'ESCH %In&epen ently an aﬁ(lphgtlc aryl; ora ﬁ) er)olrglfr)yfn HEAL

Fer eaah@pﬂ@mallyfwbsum;t@dlmmlrwaealuﬁbmllasalo alkoxy, -N (R50) 2,
-SOmN (R50) 2, -NC(O)R%O -SOmRso or heterocy(gloalkyl Each R7 is

independently H, an egtionally substituted Ra
S o
N

R3 R4 P, "N~ "R*
H H

or
is reduced under conditions described herein to provide a

compound of the formula

0
Ra
0 fLORE
P N~ TR*
2 H

(0120} After producing this compound, Pi;- and Py- moleties may be

coupled to the compound as described above.

[0¥21} In still another embodiment, the process for producing a

compound of the formula
W)L )\”_ fLORZ
Rz

(a)reducing the compound of the formula

O

Ra
0 OR2
S

P, ” "N” TR*
2 H

comprises:

to provide a compound of the formula
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aliphatic, an optionally substituted heteroalkyl, an optionally substituted
heteroaryl, or an optionally substituted phenyl, or R-; and the Ring A form
a 8- to 14- membered optionally substituted bicyclic fused ring system,
wherein the bicyclic fused ring system is optionally further fused with an
optionally substituted phenyl to foHn arpoptlonally substituted 10- to

16-membered tricyclic fused ring,sy okach R5; is independently H,
an optionally substituted allphatl an optlonally substituted heteroalkyl, an
optionally substituted heteroé&: anRIptionally substituted phenyl; R8 is

a protecting group; and m is O to . [01231 Alternatively, resolution of O
R10-NH N O O O-R9 53 may be achieved by chromatography or
wherselective crystallization from an organic solvent. 101241A process for

pﬁoad&glqg %orﬁpog}g %@fgﬁgfﬂﬂ ? %ﬁ“g_&:l\l aqii CO'Q r %sClonally

a) reducing the compound of the formu NAHN* g wher
subsEaeh R0 |§H>,’la/profébtlngCgf@up,OlaMrlegﬂﬁm 1

Each R® is independently an optionally substituted aliphatic
group, an coptionally substituted heterocyclic group, and an
opticnally substituted aryl group:

Bach R? is independently an optionally substituted
alliphatic, an optionally substituted heterccycle, an optionally
substituted aryl, or R and R" together with the groups to which
they are bound, form an opticnally substituted 5- to S~membered
heterocyclic ring:

P, is

T is —C(0)-, -0-C(0)~, =NHC(O)-, -C{O)C(QO)- or
~S50,~

Each R is independently an aliphatic, or aryl, each
optionally substituted with 1 to 3 aliphatic, halo, alkoxy, -CN,
-NOz, -N(Rsp)z, —SOuN(Rsp)z, —NC(O)Rsg, -SOyRso or heterocycleoalkyl;

Each Rs 1s independently H, an cptionally substituted
aliphatic, an optionally substituted heteroalkyl, an optionally
substituted heterocaryl, or an coptionally substituted phenyl;

Each Rg is independently H, an opticnally substituted
aliphatic, an optilonally substituted hetercalkyl, 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
51



R7 R8-N O P4-P3-is R7 P4-HO P4is R-T-; T is -C(0)-, -0-C(0)-,
-NHC(0)-, -C(0)C(0)- or -SO2-; Each R is independently an aliphatic, aryl,
or heteroaryl, each optionally substituted with | to 3 aliphatic, halo, alkoxy,
-CN, -NO,, -N (R50) 2, -SOrN (R50) z, -NC (0) R50, -SOmR5o0 or
heteheteredytloalkyle FachoRFistisdegartientle s, avneptionafiy sabstituteet]
i cyéﬁﬂr@tﬁe a8 rqpé'ﬁ?g ?léy, S %%St%@gl'heé%@ﬁ”Wé @é‘r%%tﬂp@ﬂsly ﬁqugt%%q onally
heteroaryl, or an optionally substituted phenyl, or R7 and the Ring A form
contgBigo A4- Ehbéredcoptionaly wiibetitted bieyelic fised rifgsystém, or
—nR;Wherein the bicyclic fused ring system is optionally further fused with an
optionally substituted phenyl to form an optionally substituted 10- to
1@%%%@%@%@9@&&?%@ ByStent Eaeh RB0% S indepandently Fed

a1ipfBopHonally substitiied aliphalic, an-optionally substituiech hetgroalkyl;an -1 1
~optionally substituted heteroaryl, or an optionally substituted phenyl; R5 is
subs f hrtekting Grédiy And: m 110 f6'2 OFivé protesEes desridad - fteneay -/
beuses t9 produce aspartig racigd degivatives such as aspartic acid
aldehyde moieties. For instance, the processes described herein can be
ued to produce ' compounds containing the P4-P3-P2- moieties shown in
[0122]ablesds 2,53, and 4 shewn above and-the specifie compounds,in Jables
5 and 6 below. Additionally, the processes described herein may be used
to produce known compounds. Specifically, the processes

Q
R10_'N A H
N o
5 O-Rg

a} centacting a racemic mixture of compounds represented by the

comprises:

formula

Ryg——N_A o
H
N [ 0
/
! -
O-R

with a Lewis acid in an organic solvent optioconally including a
protic acid, wherein
Ring A 1s a 5 to 7 membered, optionally substituted

monocyclic heterocycle, or a 6 to 12 membered, opticnally
substituted bicyclic heterocycle, in which each heterocycle ring
optionally contains an additicnal hetercatom selected from -0~,
-S= 0or —NRgg—;

| Each R® is a Ci1—Cs alkyl:;

Each RY is H, a protecting group, Pi;— or Py;—P3—;
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are useful for preparing the compounds disclosed in WO 95/35308, WO
99/47545, WO 04/058718, WO 04/0029061, WO 04/106304, WO
03/088917, WO 03/068242, WO 03/042169, WO 98/1.6505, WO
93/09135, WO 00/55114, WO 00/55127, WO 00/61542, WO 01/05772,
WO 31/10383, WO 01/16093, WO 01/42216, WO 01/72707, WO
01/90070, WO 01/94351, WO 02/094263, WO 01/81331, WO 02/42278,
WO 03/106480, WO 03/103677, WO 03/104231, US 6,184,210, US
6,184,244, S 6 187,771, US 6,197,750, US 6,242,422, US 6,235,899,
April 200 Chemical Society (ACS) meeting in San Diego, 55
I|forrﬂa, USA, WO 02/22611, US2002/0058630, WO 02/085899, WO
95/35308, US 5,716,929, WO 97/22619, US 6,204,261, WO 99/47545,
WO 01/90063, Bféorg. Med. Chem. Lett. 1992, 2(6), 613, and WO
99/03852, all of which, as set forth herein, are incorporated herein by
re?ére’“ﬁeRqueferred compounds for use in accordance with this invention
are described)in WO 04/058718, WQ-04/00296L (WG 95/35308, US
5,716,929, WO 97/22619, US 6,204,261, WO 99/47545, and WO
502"01/%?)%3 all of which, as set forth herein, are incorporated herein by
reference. I@blﬁrﬁjEﬂ%rﬁié@H HOMNQi N O QN HMODONOO
L. 90 1-11-2-11-3 HO 6-ON'*NH O H?N "% ON N | OCOHNTOONO
RETERBO Y 1-5358 196 'ORNT O/ ORPRN'O ¥ 8 BHNTN %\ 610 O NS = +¢
haloO NQE(ﬁ;bi,O 11‘\7 &58 129 SOmN{R5D)2, NC(O;RE,Q, —50gRsp or

heterccycloalkyl;

Each Ry is independently H, an optionally substituted
aliphatic, an optiocnally substituted hetercalkyl, an optiocnally
substituted hetercaryl, or an optionally substituted phenvl, or

E- and the Ring A form a 8- to 14- membered optiocnaily
substituted bicyclic fused ring system, whersin the
bicyeclic fused ring system is optionally further fused with
an optionally substituted phenyl to form an optiocnally
substituted 10- to lé-~membered tricyclic fused ring svstem;

Each Rsp 1s independently H, an optionaliy substituted
aliphatic, an opticnally substituted heterocalkyl, an optionally
substituted hetercaryl, or an optionally substituted phenvl;

Rg is a protecting group; and

mis C to Z.

0123} Alternatively, resclution of

Ryg—™ N A o
H
N | ©
/
! -
O-R
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CIN'OHNNIOHNO-0'OHN ONO4:AONONOCIOYi0OO N H
OHHO01-101-111-12 0 NOOONNOG6/~-~~NHNOOIHN:~\OO H
OOONO1~-00HNOHO OH0561-131-141-15 IMOHNpPINNO |
\F3OHNTNOO~-NOO~-NOO~N00O 1-16 1-17 I-18 ON N I \F30HN O

may pe| OHN BT LYKNNOEO@ENIOPTYNO OFE NG O M0 M2 4l zaticn

£ romlz20 %-g&amoscggﬁgpgw OlI~IOH'"ONOICIOONO~NO~N HOO
0L1-221-231-24 F3C-OCIOCIoCHONoI~HNoo
10124} 2 process for producing a compound of the formula

“N$ \((x
a) reducing the compound of the formula
]
Rio—N_A ) |
N | ©
G O‘Rg

Bach R is H, a protecting group, Pi;— or P,—Pi-

comprises:

wherein

Fi- is
Ry
Rg—N
5 H
O
Py—-FP3— 1s
Ry
P,——N
K
C
Fs 18 R-T~-;
T is -C{(C}-, -0-C(Q}-, ~-NHC(O)-, -C{O)C{O)- or
=505

5H4



OHOOHOL 1-251-26 pCI0O (NNOIHNTOOONON HH %0 L
1-271-28 'OI0CIOrkN--k)~T NNTOHNTOIHNO HI\OOHOO
OHO OHO 1-291-301-31 570CI0O OHOONO H10HO0 1-32 1-33

NL( NIOHNOO.O0lOH~NT O ~IOHNTOO~-NONON
Each R is independently an aliphatic, aryl, or heterocaryl,

each opticnally substituted with 1 to 3 aliphatic, halo, alkoxy,
—-CN, -NOz, -N{Rsg)z, —-SOpN(Rsglz, —-NC{O)Rsy, =SO0gRss oI
hetercocyclealkyl;

Each R; 1s independently H, an optionally substituted
aliphatic, an optilonally substituted heterocalkvl, an optionally
substituted heteroaryl, cor an opticnally substituted phenyl, or

R; and the Ring 2 form a 8- to 14- membered opticnally
substituted bicyclic fused ring system, wherein the
bicyclic fused ring system is coptionally further fused with
an opticnally substituted phenyl to form an copticnally
substituted 10- to lé-membered tricyclic fused ring system;

Each Rgp is independently H, an optionally substituted
aliphatic, an cptionally substituted hetercalkyl, an opticnally
substituted heterocaryl, or an opticnally substituted phenyl;

R is a protecting group; and

mis 0 to Z.

The processes described herein can ke used to produce aspartic
acid derivatives such as aspartic acid aldehyde moietlies. 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 Takles 5
and ¢ below. Additionally, the processes described herein may
bhe used to produce known compounds. Specifically, the processes
are useful for preparing the compounds disclosed in WO $5/35308,
WG 98/47545, WO 04/058718, WO 04/002961, WO 04/106304,

Wo 03/088917, WO 03/068242, WO 03/042169, WO $8/16505, WO
G3/09135, WO 00/55114, WO 00/55127, WO 00/601542, WO 01L/05772, WO
01/10383, WO 01/16093, WO 01/42216, WC 01/72707, WO 01/90070, WO
01/94351, WO 02/0%4263, 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 ©,242,422, US 6,235,899, April 2001
American Chemical Society (ACS) meeting in San Diego,
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HHOHO 1-341-351-36 CIoOCIOHOCIO-kO O~RT O/H~-NO'H
ONptHNO ONONHOHNHO 1-371-381-39 Ol~~TNN'CIOHN
HNIOHNNOPpPNtOHNOO~ONH-pOHOON H 1-40 1-41 1-42
OHNt\HNT O~tONN ~yrOO~1ONNIOOONOHNHOOHNHO H
Cali@@rHiFADUOD HWE4321 244145 ¢1P20,ECPO Y RENG-,~Wo-G f M N 8%, WO

95/35N0O QH 0 ILOHON, 020,04 0, Jl75 OGN QOQH LY H GH 1546 4 7545
1-47 1-48"58'CIOCl'o €I 0

WO 01/90063, Bioorg. Med. Chem. Lett. 1992, 2(6), 613, and

WO 99%/03852, all of which, as set forth herein, are incorporated

herein by reference. Preferred compounds for use in accordance

with this invention are described in WO 04/058718, WO 04/002961,

WO 95/35308, US 5,716,929, WO $7/22619, US 6,204,261, WO

99/47545, and WO 01/90063, all of which, as set forth herein,

are ilncorporated herein by reference.

Table 5
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ONpN O~y00~HNINN)HNHOOHNHONO'HOJAYO OHOOH
NOOHO01-491-501-51 Cl 0oOI~INNT~OHNHNHO{'/pPNOO O
NOC SON(-O 1-521-53s~s CIOH2NCIONO~ONO 'HNT1,0
HNOOHNOOOHNOOHOOHOO 1-541/1-551-56 110 CIO H I~
No'/HN¥® ONOONO OHO®H®1-571-58 CHgOoOCIel® '0O1
11NONNONOH HO ONHOHO0-\O 1-591-60 CFOOCIOONN
NON MNQ WfHOPNIHOQO0 | CFag
LD £ Lo & SR
N N N N N N
N < N

O

I-16 I-17 I-18
CFag cl oo
cl o o
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\N!OH NNNH HzNI/OOHCIO 11-66 101251 In order that this
invention be more fully understood, the following preparative examples
are set forth. These examples are for the purpose of illustration only and
are not to be construed as limiting the scope of the invention in any way.
Examplest 6]The abbreviations used herein &&-&bwn to skilled
practitiBnAE‘EZc e 2shows a graphical repres

0

ntafi 0
synthegfles fhat are¥exenialified below. Scheme 2. fpynfeti¢: E¥amples 64
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[0125] In order that this invention be more fully understood, the
following preparative examples are set forth. These examples
are for the purpose of illustration only and are not to be

construed 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 Z. Synthetic Examples
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ZN~IOOH,OH ~-r/Pd/C,H2ZHHN Y OHN(r)0ZOO OEtONNH

OEtONHOEtEx. 2Ex. 3 Example LOYNO OONHO 1

Preparati.on of 4-bromo-5-ethoxy-5H-furan-2-one [0127]This procedure

may be carried out in a manner similar to that described by C. Escobar, et
STERL., Ann. Quim. (1971), 67, 48- 57.). To a solution of

5-ethoxy-5H-furan-2-o ~R'FED (10.0 g,78.0 mmol) in ca wﬁh

tetrachloride 50 mL) at (;b is added ov%r 5k a sglution &fb un/\@

mL, 78.2 in c Fbpﬁ—te’fFaGHﬂ e (25 mL). Th@reaction is stirre

at 0C, the: 2 at roor%é OA?@?( " The

reduced pres?ﬁf'e and the g&%idue was short-path di&tilled at pump

vacuum (about 0.5mm). The%raction collectecEat1100C-120C provided
STE2bromo-5- ethoxy -5H-furan-2-one (13.2 g, 820 yield) as a yellow 65 oil.

“H- NMR MH , CDC13) 6 6.24 (5, 1H) [5.63 (SP1H) , 3.71 (m, 1H),
3.63 (", C(t J= ‘7 pm. Bd-catal zed Coupling of
CBZ-Pr anone a 1L round bottom

flask, CBZ- Plrb Nmrzt(zé 21 imol) Pd(OA&)2 (086 g, 1.6 mmol),
XANTPHB&S (1.4 9, 2.4 mmol was charge8xBhe system was purged with
,pgtrogen gas for 10 min. Toluene was added (200 mL), and the reaction
was stirred with warming to 50 C. After reaching 50 C, the reaction was
stirred for 30 min. The mlxture changed._from a.yellow slurry to

~-N N
‘ PAIC, H, ] N '?' “. N 0
(o PdCH ) N
N | e o J Lo
N
L H OFt

Ex 2 Ex. 3

Exanple 1

O
(Do
19 @0;
07 °N
H O~\
1
Preparation of 4-bromo-5S-ethoxy-SH-furan-2-one

(8127} This procedure may be carried out in a manner similar to
that described by C. Esccbar, et al., Ann. Quim. (1971), 67, 43-
57.). To a sclution of S5~ethoxy-5H~furan-2-one (II, R'=Et) (10.0
g, 78.0 mmel) in carbon tetrachloride (50 mL) at 0°C is added
over 0.5h a solution of bromine {4.05% mL, 78.Z2 mmol) 1n carbon
tetrachloride (25 mL). The reaction is stirred 1h at 0°C, then
?h 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-pbromo-S-ethoxy-bH-furan-Z-one (13.2 g, 82% yield) as a vellow
65



a brick-red solution as the amide dissolved and the
(XANTPHOS)Pd(OACc)2 complex formed. A solution of K2CO3 (26.6 g,
192 mmol) in water (200 mL) was added and the reaction was allowed to
warm to 50 C. 101291To a beaker, bromoethoxyfuranone (18.3 g, 88.4
oil. mmorarmd téloensK 30 nil)aas chafged: The,reastin is.stifredsyntil®) , 3.71

lutioq is.formed (slight warming may be necessary because the
i ggs%mu%b%h%s Zrﬂdotﬂé%mic‘;.#e 35tutidn bt e brofite 1o baded slowly
pd-cto theyeatdlyStiamidensolutio BE50 Coever, 3310 trr After thecaddition wase
complet stj[rin f the reaction mjxture was gontinued t 50 C for 4
101280 S5r& Wik st &t S6° C, the phaSks weré sepaiatad anddnd aduods ™
od (Ophase discaded. Theé organic phasswaswashed:with water 01mLyat
h r50 C.T hases were separated g\nd ‘th% agueous ghase discarde s
che %ﬁ%’organlc 5’I¥assteevr?/a“sv%%n entrated o 4 volumé and cooled to”ambient ™
Tolutemperatured Seeds Weve addled £50 mg)df erystatlizatiow hassnathegunyith
The mixture was stirced at ambient temperature for .15 hr (overnight
warn L T O anl Sttt S hr Thb S0l s ierad 2a riged st
stirceld toluenel Thesolid Was dfied i vacumatAGi50:Cto givea white slurry to
oGyptalline solid. (10,8 g, 36% yield), [0130]in,an alternative synthesis, a
: r%as was c%argedjlwﬁh sz(?&i%a)B %4.18 g, 4.6 mmo%, Xantphos (7.90 g,
{XANTBHORNGH| @BZ - Proline lamideq(50<g! 201 maol), Cs2COF (6554, 26K . & g,
02 f0MRA)) anfl 66 obiene,(70,pL). The misture was tied aL35.C10f 30, .
min, to give a brown/yellow mixture. [0131]Bromoethoxyfuranone (41.7 g,
allopgd niroljasma §6lufién - 30 mL toluene was added to the brown/yellow
ixture.. T, uti r ( Aft mj L lysis
o129{nPgute. The solution. was warmed (9 80 G, Aftey 15min, HRLG apalysis . 4
[ L?%wed lc§0% reaction corﬁple%gg?colmgar?ngé% Z-prolirgc]a amidezzrgﬁ P an
tolugroducd? and ) ne’bromodethog@uraritine repaainedrAncther-4 angof until a
so1uramoethoxyfuranenewas added to the reaction mixture at 85 C. After, oo e
stirring for 30 min, HPLC analysis showed 97% reaction
dissolution is endothermic!. The solution of the bromide is

added slowly to the catalyst/amide solution at 50 °C over 3-3.5
hr. After the addition was complete, stirring of the reaction
mixture was continued at 50 °C for 4 hours. While still at 50
°C, the phases were separated and the 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 ¥ volume and cooled fo ambient
temperature. Seeds were added (50 mg) if crystallization has
not begun. The mixture was stirred at ambient temperature for
15 hr (overnight), cooled to 0 °C and stirred for 3-5 hr. The
sollid was filtered and rinsed with cold toluene. The solid was
dried in vacue at 40-50 °C to give a white crystalline solid
{106.8 g, 36% vyield).

[0130} In an alternative synthesis, a flask was charged with

Pds (dba)s (4.18 g, 4.6 mmel), Xantphos (7.90 g, 13.7 mmel), CBZ-

Proline amide (50 g, 201 mmol), Ce,COs; (65.5 g, 201 mmol) and
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completion. Another 2.8 g of bromoethoxyfuranone was added. After

stirring for 45 min, HPLC analysis showed no CBZ-proline amide

remaining. The mixture was cooled to 20-25 C, and water (200 mL) was

added, followed by saturated aqueous sodium hydrogen sulfate (400 mL).
tolu@ss evoltighwas o"B@@r\iééiéiThéeph@@sﬂﬁéﬁé‘:@baﬁéte@ﬁan@théor 30 min,

to GQ(QQFQC phase %ﬁhqgl\giyl@turated aqueous sodium hydrogen

" sulfate, then water. The organic phase was dried over sodium sulfate,
[0131fikaredo and the Solvam was rfénoved in3@tuorThe resultingserideion in 30

mL, tg@ﬁ%@@ was, pugified by flash chromatography,(1:1 EIOAchexagges, then,, . o

1 EtOAc: hexanes) to give 55.7 g (74% yleld) of the desired product as
was amgﬁﬁﬁrdm 8. 1013214HIRNRL {d6DMSOF616:20 {5,20.5 H)2 2000 (0%

ﬂacgf’ol?') Jom l@;g’ 5'5251@3%5£51g1@8§ @19@"&&7&(%9@'@&&%\_,, and

(m, 2H); 4.60 (br's, 1H); 4.05 (m, 1H); 3.85 (m, 1H); 3.65 (m, 1H); 3.55
no bﬁﬁfﬂfﬁ)‘-@w%ﬁr AMYIE 40K mﬂdExaﬁfp%t@@wNé O OIOONHO

bromdSrHOA 3310 flask was charged the erude praduct producedas .+ g5 °c.
described above (37.36 g, 0.1 mol) and toluene (187 mL). The mixture

AfteRasstifrbdte ghvea beiderbrowh solulidn: Seeds G eampodnd 21226t 1on
compMg) Ware addedand the mixture was stitred: at, ambientiemperature for-3;

days at 0-5 C for 8 hr, then at ambient temperature for another 7 days.

RECedh & ShitionIwad Eodled again 16 055 & and Stirfed FoiERY, fiRefeil aRgol ine

amidthersalidi wasginsednwitintoluene: Thessalidwasdried fpthesairty, gived water

5.61 g (15% yleld) of the tltle compound as a 97:3 mixture of anomers.
(200 mL)” was added, fecllowed by saturated aguecus sodium

hydrogen sulfate (400 mL). Gas evolution was observed. Ths
phases were separated and the organic phase was washed with
saturated zgqueous sodium hydrogen sulfate, then water. The
organic phase was dried over scdium sulfate, filtered, and the
sclvent was remocved in vacuo. The resulting crude material was
purified by flash chromatcgraphy (1:1 EtCAc:hexanes, then 3:1
EtCAc:rhexanes) to give 55.7 g (74% yield) of the desired product
as a light brown oil.

[0132] '"H-NMR {de-DMSO): §10.20 (s, 0.5 H); 10.00 (s, 0.5 H); 7.55
(br s, HH); ©.35 (s, 1H); 5.85 {s, 0.5H); 5.70 (s, O0.5H}; 5.30
(m, ZH); 4.60 {(br s, 1H); 4.05 {(m, ZH}; 2.85 (m, 1H); 3.65 (m,
IHY; 3.55 {m, 1#); 2.05 (m, 4H); 1.40 (m, 3K).

Example 2

&7



'H-NMR (d6-DMSO): 5 7.35-7.25 (m, 5H) ; 5.75 (d, 1H) ; 5.70 (d, 1H);
5.1-4.9 (m, 2H); 4.35 (m, 1H); 3.70 (m, 1H); 3.60 (m, 1H); 3.40 (m, 2H);
2.15 (m, 1H)1.80 (m, 2H); 1.20 (t, 1.5 H); 1.10 (t, 1.5H) Example 30 O H
O O ONHO|[0134]To a flask was charged the compound described in
[0133ERample 22€5:00 g3 18!8amarst), 209 PA(OH)2/CoQLW00 gr50%uwet), &s

descF?§£%9y$b%Q?éat?3(‘?’93'E'- and DME (10 ’P\E)dTP&['ﬁié%‘ére W& mr). The
hy

rogenated under 50 psig H2 at 0-5 C for 5 hr, then at ambient
miztigpgperaturet for2achrt $IRLG analysisishoilesotie reactionitorbe 999 cds of

compSomplete. The mixture was filtgred thraugh callie and the splidswere, . o«

rinsed with a 3:1 iSopropyl acetate:DMF solution to provide the

amb 1 gAprokeced CoMpoundcst exafiple 2. f1351To ChzidsuOM L, then at
amb dicyclobgxylaming salt was addedJsopropyl, acetate, (3QmL) and 1.QM cco1ed

H2S04 (30 mL). The mixture was agitated until two clear phases were

agaippfathdd: T hé%@%@téﬁé@wégﬁis?c&éed and #ie Bfgani®phasewas! 14
was Washed with-water 6843Q mL)rThe nrganicphase wasicallected. Toither o give
organic phase was added DMF (10 mL), then hydroxybenzotriazo'e (2.2
- elgdmmoly EPER.8 §f wastaddet dhd e fiXitTedFas stirféd féh ik 5 ©F
anomiissmixture was added the above hydrogenation solution. The mixture
was stirred at ambjent temperature for 8.5 hr. Water (100 mL) was added

"HNERG tRe mikire wés Stirfed for4hr! he” Bhases were Sepaiated and the' ¢

1H) ; organiciphlasenwas washedyith mguenus 056 MiNakSO4 satwated (m, 1H) ;
3 40a(:lueous sod\i,%m chloride, and. water. The solution was concentrated to
N

ryhess to give 4.04 §° (62% yleld) of fhe titfe'compdiind! fo13e]> H/7 - 1P

(t, Altématively, a 2 liter Parr pressure reactor was charged

Example 3

0 Y ~
SaRa s

[0134] To a flask was charged the compound described in Example 2
(5.00 g, 13.3 mmol), 20% PA(CH)z/C (1.00 g, 50% west), isopropyl
acetate (30 mL), and DMF (10 mi). The mixture was hydrogenated
under 50 psig Hp, at 0-5 °C for 5 hr, then at ambient temperature
for 21 hr. HPLC analysis showed the reaction to be 87%
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.

[6135] To Cbhrz-t-leu-0H dicyclohexylamine salt was added isopropyl
acetate (30 mL) and 1.0 M HySO4 (30 mL). The mixture was
agitated until two clear phases were obtained. The agueous

phase was discarded and the organic phase was washed with water
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with 100.0 g (0.267 moles) a compound described in Example 2, and
10.0 g of 10% Pd/C (50% wet). The reactor was purged with nitrogen for
10 minutes. 800.0 mL of ethyl acetate, followed by 19.5 mL of
trif'luoroacetic acid were then added. The reactor was then closed,
(30 piessuriZée 6@ psiwithhydrogensfollowee byeventinky Thiscyrlitg was rhase
was LEpeatediice. The reaction was, stirred far.2 hours; under hydsogen, (60, -,
psi). The palladium catalyst was filtered through a pad of celite, and the
EDC fllifate Washéldatdeg untifnééded for the subsegueht toeglingostep. hr.  To
=01 s[0374T0-2 3iter, Aspeck rqund hottom flask equipped withs mechapical .
. stirring and a thermocouple was charged 43.3 g of 1- i
©LixtHyroxyBefZothiazole anfydroas, “0.B20RRGIEs): To thisflaskowas addédter
(100arﬁﬂbu'“\%@fééﬂ?éEi'eé&‘%&ﬁn%%o-ﬁﬂzé&ﬂ?’Q W&Qf s'%%@d%’&ﬁ;@%q@!— The
was charged to this suspension, and a clear light yellow solution was
phas§éﬂ@@§f'ﬁ?ﬁﬁ§§6ﬁﬁoﬁ@ﬁﬁ¥%ﬁa@%@anic phase was washed with

aquek3«(Dl, methylamino) propyl-3rethygarhodiimide hydreghlonide(ERE, ang
56.3 a, 0.294 moles). A thin suspension formed, and was stirred for 2
3Tt eRours 2t 22761 F6 thid S8FensibiT has Bhardedthe SR[IBA df thg 1 Ve 4-04 9
( 62sunRpretected eompouned of example, 2 FA salt). Triethylamine ("2 mL,
0.801 moles) was added dropwise over 30 minutes, and the resulting
[0136§ fspemivnwis stirred at 22-E56r Bhotirs WWARI {800 LY Wids ddded:harged
withandthe)69 biphasicmidureswas stised for-l? bewsat22-C.i Fhigxample 2,
biphasic mixture was then transferred to a 4-liter separatory funnel, and
and g -Ateots layer waY FemoVed. Tthe) organday & wakwakhedwiti agor - =1
nitrkof sairated sadiumBicarbonateselutiorr fellowed by smater(2 X4000wed by
mL). The ethyl acetate was distilled under vacuum to a final volume of
19 - Safbrokimately 408 fit 2 T8 this Efude dbidifon was chafed 200 HE. of-2<t°T
was heptane,folewedbyeseeding withcL.Ogpotthe compoungafexampde 3lowed by

_the clougxisushpenfgon was then cooled to 5 C, which resulted in the
VER totation of & tick sful}%/.%ad%itiroer%?ﬁtés nTéV\I/Vé:seCharg% Emcr%tfgvgras

st irathieédhout petiod shitledmaintainingdhe batch ats1). The palladium
catalyst was filtered through a pad of celite, and the filtrate
was held at 4 °C until needed for the subsequent coupling step.
0137} To a2 3 liter, 3-neck round bottom flask equipped with
mechanical stirring and & thermocouple was charged 43.3 g of 1-
Hydroxybenrzotriazole (anhydrous, 0.320 meles). To this flask
was added a soluticn of Chz-t-leucine (70.8 g in 430 miL of
EtCAc). DMF (190 mL was charged to this suspensicn, and a clear
light vyvellow solution was achieved. To this solution was
charged 1-[3-(Dimethyleamino)propyii-3-ethylcarbodiimide
hydrochloride (EDC, %6.3 g, 0.294 moles). A thin suspension
formed, and was stirred for 2 hours at 22 °C. To this suspension
was charged the scolution of the unprotected compound of example
2 (TFA salt). Triethvlamine (112 mL, 0.801 moles) was added
dreopwise over 30 minutes, and tThe resulting suspension was
stirred at 22 °C for 2 hours. Water (400 ml) was added, and the
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5 C. The solids were isolated by vacuum filtration, rinsing the filter cake
with a 2:3 EtOAc/Heptane mixture (2 X 100 mL). The solids were dried for
12 hours in a vacuum oven at 22 C, with a nitrogen bleed (80% vyield for 2
steps). 1013811HNMR (CDC13) 6 7.5 (d, 1H, J = 7.8 Hz); 7.4-7.3 (m, 5H);
biph5bi(ovetlapping dyas, 24,1353 Ha); 512 (didk; 9 212238 He); 5.70(d ¢

Dlph%gi m&%%d%@ é é% %4En§%gL%HdJEogg’thgéégnségéégaoxy

52 84 Hz) 37736 (m. oH): 2.8 (dd. 1K J = 17.2. 8.4 H2): 2.4-2.3
funngverlapginga, ddU2ELg = 2728 10aBHZE 2w 68, THT Z0qmuab)cl dayer

was (s34} 1,36 3o 7172 HA) 1.0/ aH). Exampled Scheme 3 and oy ¢4 o,

Synthetic Examples Scheme 3 70 0 H2, Pd/C, HO20002H II' N jcO\ OxH
Lol IN@E80D0W HBN'N (@ (2040 HB200020'6 HEOLY D BON T N @6 OH arilied

unde3NSEEIQAC HL Ny 759+83 8% HLN Q 0 B 0sL HO20002 O Qdd Ot [ H270 thig
Cl p~_[0134]The compound described in Example 3 may be further

crudfogified” by reMdving thedietecting BrodF and ebapling additierad by
seedfQietiesia the Leycine amine- ExampleiS-$chemehandalterpgtive 1 cuay
Procedures Scheme 4 0
suspension was then cooled to 5 °C, which resulted in the
formation of 2 thick slilurry. Additional heplfane was chargesd
(400 mL) over a three hour period while maintaining the batch at
5 °C. The solids were isolated by vacuum filtration, rinsing the
filter cake with a 2:3 EtOAc/Heptane mixture (2 ¥ 100 mL). The
solids were dried for 12 hours in a wvacuum oven at 22 °C, with a
nitrogen bleed (80% vield for Z steps).
[0138] THMMR (CDCls) & 7.5 (d, 1H, J = 7.8 Hz}:; 7.4-7.3 (m, G5H);
5.5 (overlapping d, m, 2H, J = 5.3 Hz); 5.1 (d, 1H, J = 12.3
Hz); 5.1 (d , 1H, J = 12.2 Hz); 4.7-4.6 (m, 2H); 4.4 (d, 1H, J =
9.7 Hz); 3.9 (m, 1H); 3.8 (g, 1H, J = €.4 Hz); 3.7~3.6 (m, 2H);

3]

.8 (dd, 1H, J = 17.2, 8.4 Hz); 2.4-2.32 {(overlapping m, dd, ZH,
J o= 17.2, 10.4 Hz)Y; 2.1 (m, 1HY; 2.0 (m, 1H); 1.9 (m, 1H); 1.3
(¢, 3H, §J = 7.2 Hz); 1.0 (s, SH).

Example 4: Scheme 3 and Synthetic Examples

Scheme 3
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p N H2/Pd/C/HCOOHHNO ~~~///'40 ON1 oHO-\HO\ HN? O EDC
/ICbz-t-leuONO NApHO(\OH0'400~0HO~ OHNO OHO_
[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 (0.1_34 moles), and 10.0 g of 10% Pd/C 71 (500 wet). The
vessel was purged with nitrogen for 10 minutes. Formic acid (500 rgL)
was mﬁ%@%spenﬂoﬂd‘/&%%%% under m% r 16 hours at
R Hetjon ixture was—filtered-throtigh celitg; thelfiltfate
O@s addeds20 \rﬁluoroacenc Acid. The i acd Nistdled
under vacuum ahd 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 trifluoroacetate salt. The
suspensmn was cooled to 5 C, and the solids were coll cted by vacyum

rinsing with a 3:2 EtPAc/MTBE solution (2 5 furnish
" ired uct as @it in 55% yield. j{i
3"(d6 \/(hng C1H); 9.1 (br. S RQH) 6

HO,CC0, & L

[013%9] The compound described in Example 3 may be further modified
by remeving the protecting group and coupling additional
moieties to the Leucine amine.

Example 5: Scheme 4 and alternative Procedures

Scheme 4

O
o
O/U\N O H/Pd/CHCOOH HN
07N

} EDC /Cbz-t-leu j\tﬁ o
Ji — g
M\

O

/Eéo

Hob

Bl

[0140} To a 1-liter, 3-neck round bottom flask eguipped 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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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=6.7HzZ) ONO OHO OOHO~\ [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
(50% (2@:6 g, 0.0776 mokes} in wichlpromethane (250: i) cAnhydrous 10 minutes.

Form}éﬂgggéy t%Z)OI%a(;Oa%gle%,(ﬂgg(Encg%@ ‘%%899@%%%%5 stirred
solution, followed by 14.9 g of

unde 1- rB-{Difthylaminc) propyi]3ethylcatbodimide(EDE 2 Ot 776 mbles)rA was
£11+Bomogenous splution was achigved, and.was stirred.for,2 hoursiali22 €. 5 7,

To this reaction was charged 25.0 g of the unprotected proline analog
of L{TIHA'$aKCE.0706 MGled)y -followed by aeitetiirrpiidting (35 5-mid under

vacuQudAlmales)..The. solutionwas, stirred for;3ihours atgg-Gehhe reaction: ropic
mixture was transferred to a separatory funnel, and washed with aqueous

disty? Katurated'dddiumbicarbdnatel AD0GRTP Solfowed By & 1095 aepieddssc was
aiss8ekiHen of citricagid (460 M), Theraanis layer was putitied by silica:gel
_._chromatography (50% EtOAc/Hexane) to afford the desired productin
ethegooyiBIF 014 HNIMR &5 DMSBY 8L G TS AH); P35, SHY- 7v55- @ 1+ 2@
the 1H) 6.04b6Sc2H)R1dd(@b), 1H)H.0 (eiab) sty 4.5 Mreso 1Y, 4.2 (d, °c,
1H); 3.8 (m, 3H); 3.65 (m, 1H); 2.15 (m, 1H); 1.9 (m, 2H) ; 1,8 (m, 1-H);

and 5 So31551 “BYE, $19): Sthefte B antPSyitfietic Exampies’ Schefie 59 with
a 3:3TERLASMTPHOAL)2,1.500 XantiPhas @12 eq.K2C033eq. H20 00 7red
orodht QELS HELO 2%, Cetyltimethylammonium Br Toluene r~o

[0141] "HNMR (d:-DMSO) 811.6 (br. s, 1H); 9.1 (br. s, 2H); .15 (s,
1HY; 6.05 {s, 1H); 4.5 {(m, 1H); 3.7 {m, 2H); 2.3 {(m, 2H); 2.35

5
(m, 1H}; 2.95 (m, 3H); 1.2 (t, 2H, J = 6.7 Hz)

[0142] To & i-liter, 3-neck round bottom flask eguipped with
mechanical stirring, additicn funnel and nitrogen inlet was
charged a scluticon of Z-tert-Leucine (20.6 g, 0.0776 moles) in
dichloromethane (250 mi). Anhydrous l-Hydroxybenzotriazole
(10.5 g, 0.0776 moles) was added to this scolution, followed by
14.9 g of 1-{3-{Dimethylamino)propyl]-3-ethyicarbodiimide (EDC,
0.0776 moles). A homogenocous 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
soluticn was stirred for 3 hours at 22 °C. The reaction mixture

was transferred to a separatory funnel, and washed with agqueous
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Cbz ~Br~ Cbz'N +Cbi N 0 Cbz'N ~AC) O NHZ OEt O H OEt O H OEt
HOEt STEP 2: 0 Hy Pd/C 0 Cbz-ter EDQ ELeu-OH 0 HOBCbz N TFA
HN Acbz' , NO FAH OH OEt O OEt0OH OEt STEP 3: 0 0 Pd/C HN/ OH
OOH2/CbzHO~OHNNOz/HN/(ON Citric Aad z N C N //IAN~ H
satuCOEQIHOEL CDME ¢ENOHEOEt I NMWGI STEP.- 10@=ChzIN ® 0 agueous
so1u ORHOHIZL Al ot water wam,added to amixtuye 06,100.0.0,01Chzs
_prolinamide, 0.92g of Palladium acetate, 3.47g of Xantphos, "111.2g of
pur i pptabsim tarborfate ahd 1935 of Cetylfirviethyfamforiui bremide)int o
az£olaluene (1000 iy maintaining 73 the femperature at T = 20-25C. All
vessel chargings and additions were performed under nitrogen to
[0143 VBRIt oxidatish of the.Palladiurhitatalyst Theéreadtion:was tHen(d, 1H) ;
armed to.,T=50-55C.and,stirred for,about 2 hours. Separately,
6.0 \é%gmogfhoa%/gu’ran(?ﬁel (9%@ %})ﬁahdci[g%uéné'( Ooy%ﬁf%)v%‘efe gfg?a)rbeé%to( gr- =
1H) ; séparateiflagkiand sfirréd ar20-25GC untilcdompletel dissolutibn oceurred) ; 1.9
(m, EQS—:- }Brgmé)eglgnoxy{tggpoq_lq §ol\%ionéydqs, thf_nOa_qggd gcg{t)h.e initial rc_eaction
mixture over 3-3.5 hours at 50- 55C and then stirred until the reaction was
Schepempletad irk uantifative yieldid @Bout 1 hour. The reaction mixture was

Schems 5

STEP 1:

2 eq. K00y, 3 £, He o o | AR HOI

o
2% Cetyltrimethylammonium Br | Toluene
N + \/( N /[( + o oN U
Chz e gcbz /'1\ O " Chbz Cbz )\‘
NHy B ~ ; N ~ N

o
o OEt i N b ! £t &N be

1% Pd{OAC),, 1.5% XantPhos {

o

STEP 2:
O, pdic O -i Chz-tert-Lau-OH - o]
N TEA s | EDC, HOB i
Cbz” H o) o) E—__.. CbZ\N N 0
N/\( TEA A I
N e o N be | il
STEP 3 a
B |
s [ on
[ i pzl/zc [ H N/Q/L i 9 F
Coz.,, | N o | o N o | M ! N N o
g N Gitre Acid S N "o T
[C IR OFEt o H OEt] COMT HpN© o M OEt
* NMM cl
] e
STEP 1:
O
N -
Chz” i O
N
oy OEt

f6i44] 21.7 ml of water was added to a mixture of 100.0 g of CBZ-
prolinamide, 0.92g cf Palladium acetate, 3.47g of Xantphos,
111.2g9 of Potassium carbonate and 2.93g of

Cetylirimethylammonium bromide in Toluene (1000 ml) maintaining
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filtered at T = 50-55C and the solids were rinsed with Toluene (500 ml).
The filtrate was washed with water(500 ml. The aqueous phase was
discarded and the organic phase was concentrated to approximately 500
ml at <50C under vacuum. The solution was cooled to 5C-10C and 9.8 g
the Nurminoat tiethexid@ werladded: {Ol@é]ﬁntdé%é%ér&té#lé@ImQSB ik
addi 9@8% chloride yas-addeditq, g sglution madeof - 00, ml, Tolkeng.and 3.7y, ¢ ; o

ml Ethanol, maintaining the temperature at 5 1OC (in situ generation
of the a?m%'élﬁiﬁsuﬁcfﬂiﬁﬁéﬁ e mixtife Wadshfred af 5= SLEOC forrBBeutty

7=50D8udr The Foluene/Ethanol/HGlsolution was then added 1@ the previous

reaction mixture over 15 minutes at T =5-10C, then seeded with the
Bromprydifet dhdStifredat T2 5210C G2 %ﬁ@,ﬁ T(290-25C forssehetraraed
intodkT sepdBG for 42:-hours., dhe-product was filtered at T m £110Cand 1ot e
. washed with 100 ml of Toluene. The wet material was dissolved at )
diss9pElrse) IAABO0" il Tollidhand fie- SO RaR diteretPat 7sEn was then
addethrough rRicalite«(filiration aid agent).: khe selids,werezrinsed with AEF0Gml 50 -
. _Toluene, The organic solution was vacuum concentrated to 500 ml. The
22 Crédtftant Sty C50led 6 26-75¢F ovEFEhOGR Sitred P34 hGtirs:™
quanfilteredand theqraduet rinsedwwith 400, :ml totuene: Theqreductwas.deedas
. unde vacuum a %5 4,0@ STEP 2; 74 Chz, V}O N O /0N OEt[0146] The
I“tﬁﬁg offe of Step’ 106 ¢-wAS Chafediinto-& StdiifeSs “St88I3 - -+ Toluene
(50 Oau[D;:Iave“tbgetflﬁu\ﬁttbltZO g 0f S¥eRalladivm on charcoab(@pprox. 50%e
wet), chlowed lg_iy 800 ml of gthall acetat and 19.5 ml of trlfluoroacetlc
#44THEd. The Autoctave ngapressurlzed with hya agrtla‘“hc(fbars) and the
conctemperatute iset apf rs20+25€.. The hydrogenolysisinas turdfer 2v3hrsym.  The

so1uRSIgdically repressurizing ip 4 v as yprgoen yetaks praceeds, unfl . g
were addad.
[0145] Into a separate flask 11.3 ml Acetyl chloride was added to

a solution made of 100 ml Toluene and $.7 ml 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/Ethanol/HCl solution was then added

to the previcus 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
Toluense. 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 scolution was vacuum concentrated to
500 ml. The resultant slurry was cocled 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 Z:
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upptake of hydrogen ceased. The catalyst was filtered off and washed
twice with 100 ml of ethyl acetate to give a solution of the deprotected
proline compound. [01471 Separately, a solution of sulfuric acid (14.6 ml)
in water (330 ml) was added to a mixture of 119.2 g of Cbz-t-leucine

dicyclohexylamine salt and 430 ml.of Ethyl acetate. The resulting solution
was stirred at T =20-25C for 30 minutes. \The gfganic layer was
separated, washed twice W?fhﬁ atdr argl added to 43.3 g of

0 ml

hydroxybenzotriazole. DIME (19 ) to this mixture followed
by 56.3 g of EDC which produced a cfudyireacfién mixture from the

lear yellowish solutjon, The reaction was stirred at T = 20-25C for 30-60
10146 ?ngu e?%ﬁ&%%ﬁué%f of H&pro eé%d prolife compotid fromthe® Stainless
steecdutotlave was:charpgeddo the; eeactionvmixture 08y 1 grofs THethylamine on

‘was then added dr vgiseé er 20-30 min te.sga athe resylting cloud
Chalr%?x%ﬁre(v%ggrsﬁﬁéd%&‘l'y %\fZ’S ?oﬁr 785516 rsg do'hi (%“Waet%PWasgcetate
and addéd and cthereactiorestireectati 20s25C for I2nkourst thé arganie fayer

rated and. washed with 400 ml of an.agueous sodium, ..

pre e ok et and rarcosit A0t i of seiee ThEsE e = "

= 20washifigs Were performecthatl45-56Cy Themngariio phasé wass, periodically
-cancepirated, to 409 mlyolume at 405450 L of te were

Jmpradded 75 ar(lj(gjl thg mixture conce tratgé to 3%%0Em t§ rgr%]%%g%ggau\g H

upp bister o Theysblgticmwas Tosled to 20225 tandy200 mikof NiHdptarel of f and

washadded, over 1.hour 8¢ 20;25C, and the mixture seeded with the compound - ¢

shown in Example 3 above and stirred at T = 20-25C for"1 hour. The
the apkanesiiny wasccooled BPTRo5U19C and stirred for an additional hour

. peratyre,.4 | of N-Hep W, dded oyer 2-3 . .
{0147?%%%%?%192%3%3 t%g sfur%% v%]aé)%::%?e%"% Crinai%%%w?c%e‘wﬁ’lh %%ﬁyﬁ“ rarer
(33 DacetatefMheptane (40°mi, 60-mT Yespeadtively).- Eha crystdld wete Heedine

dicydgraacuum aLT 5.35- 40Cfor & least 8aurs STERS 1 ve . The
resulting solution was stirred at T =20-25°C for 30 minutes.
The crganic layer was separated, washed twice with 500 ml of
water and added to 43.32 ¢ of hydroxybenzotfiazole. DME (190 ml)
was added to this mixture followed by 56.3 g of EDC which
preoduced 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 deprotected 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 agqueous sodium bicarbonate (7.5%)
selution and twice with 400 ml of water. These water washings
were performed at 45-50°C. The organic phase was concentrated

to 400 mi volume at 40-45°C. 300 ml of ethyl acetate were added
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OO HOO H2N O H OEt CI[01481 The product of step 2 (100 g),
5%Palladium on charcoal (approx. 50% wet, 20 g) 100 ml of DMF, 600 mi
of ethyl acetate and 43.1 g of Citric acid monohydrate were charged into
a stainless steel (3 it) autoclave. The stainless steel autoclave was
and pressufizéd withcydregan ¢4 bar) andihe terhperaturersetat r240&2C. water.
he, tion was ar 2-3 hrs, perigdically. re surizing to.4.bar
T 0 ob upis robbede The sedalyst WEetered ot and washed aih =442
overanixtute of 8546 efhyl atetatéand 15tmlrof ONEC201491 Separtelypround
snowf3:5g ok NeMethvimorpholing is;added to.g mixtyre of 33.10f ¢ 1 04y,
4-Amino-chloro-benzoic acid 34.4 g of 2- Chloro-4,6-dimethoxytriazine
The (DMT CEyin 3004 bf Bthyl acstard over 20-30°mirutés anampiehtred for an

addi%ﬂ&%%@“ﬁ@ﬁ?f 2:3 hoyus a1 23- 24¢..10 pbtajn the DM agtive ester Q%gs’cane

mino-3-chiorobenzoic acid. The mixture is cooled to 0 to +5C and 300
werenief Boriffett aterf areaddedifo thesolutidn keepitiftemperaturgas tie L tered

and %@ge@ngﬁﬁ!@emq;i%@me9@@@4%&@lﬂ%%a%@rqd;qptz%}h%o ml
citrate salt is added at OC to +5C over 30-60 minutes, the 76 reaction

T SPRBAUNEs then Bréught 16 pRi6 5¥ES by dddity 3095 Sodit it Rjidroide = =5~
40 ° c(approxameunt: 7t mj),.and stirred 6-7 hrs at 20 to 25C. After

completion of the reaction, the phases are separated and the organic
STEPIa§/ér added to sodium bisulfate solution (15 g of sodium bisulfate in 235

ml of water) and stirred for 3 hrs at 20C to 25C. TheODhases are
separated and the organic layeriys washed Tour timegs with water (150 ml
on [

each), twice with sodium bica .-a- (toal: 20 g of sodium
, an with 1 of water. To the

bicarbonate in 400 ml of
solution is added 10 g-#f actjvated charcoa: nd,rll;lo g Okt

C
[{6148] The product of step 2 (100 g}, 5%Palladium on charcoal
(approx. 50% wet, 20 g 100 ml of DMF, %00 ml of ethyvl acetate

and 43.1 g of Citric acid monohydrate were charged into a
stainless steel (3 1t) 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 coff 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 c¢f 33.1 g of 4-Amino-chlioro-benzoic acid 34.4 g of Z-
Chloro-4, 6-dimethoxytriazine (DMT-C1) in 300 ml of ethyl acetate
over 20-30 minutes at ambilent temperature for 2-3 hours at 23~
27°C to obtain the DMT active ester of 4- Amino-3-chlorobenzoic
acld. The mixture is cooled to 0° to +5°C and 300 ml of purified
water are added to the sclution keeping temperature in the same
range. The solution of the deprotected t-leucine product as the

citrate salt is added at 0°C to +3°C over 30-60 minutes, the
Ta



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 < 40C
when the resultant mixture crystallizes. Ethyl acetate (150 ml) was added
to a total volume of 350 ml. N- heptane (300 mi) was added over 2 hrs
reachpdafter stiing the sluey fordhehat 20 teo25 ¢ tHe-Solid was fifteret; 30%

.. \Was ' hy N- (1 l; 1:1) jed at _
Somﬁﬁdgﬁ gggj%gng%oiggﬁgﬁ%{ 'thgﬁg%qrgén?sgc%%}ﬁerﬁﬂga%%%%ﬁ%o% 7 hrs at
20° Ymcotpofated Iterein byreferenter[0151\While weciaverdesdriberltzses are
sepapumber of,embodiments,pf this ;invention, dtis apparent that.aur, basic. .
examples may be altered to provide other embodiments which utilize the
soluggmpounds anéfmetibdsofhisiavérition. For instdhce? proteetig and

st i rgtups besidgs CBZ maybe used doprotect aminessin.one-or more pEthes 514

synthetic steps described above. Therefore, it will be appreciated that the

the g dfthisti9éenticn BB dEfitied by Hhe appéhdéd ErRims tatheft! each),
cwicthapinthe specificembodiments whichhave beepdsepresented By Wayd: um

. _of example. 77 What is claimed is: 1. A compound of formula |: ()~~OyN2
picagoy i “ONHOACP 2MA OmpPBHNErf foffitla e 61 pR~0°¢ N'® Bfofgter -

To tHOIMNGrion 15 added 10 g of activated charccal and 10 g of
Dicalite and filtered and the solids washed with 100 mi 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 350 ml. N-
heptane (300 ml) was added over 2 hrs and after stirring the
slurry for 3 hrs at 20° to 25%° , the sclid was filtered, washed
with ethyl acetate/N-Heptane (100 ml, 1:1) and dried at 60°C
under vagcuum.

(0156} 211 of the documents cited herein are hereby incorporated
herein by reference.

[6151] While we have described a number of embodiments of this
invention, it 1s apparent that our bkasic examples may be altered
to provide other embodiments which utilize the compounds and
methods of this inventicn. For instance, protecting groups
besides 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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3. A compound of formula: OOyN? /O N3y 0OOH O OO~N14,4, OH
O-\ IAIBONOI/ON3O'Nfo 0 ICOIDOHHT784. Acompound of
formulal: YN Qo4 O O ONHO IAS5. A process for preparing a
compound of formula IA: O /OYN O O O N H O IA comprising purifying

Wnat alconipgauntesf formula: O OYN O O O N H O IA/C wherein the step of
purifying includes chromatographing, selectively crystallizing, or

dynamically crystallizing the mixture.
1. A compound of formula I:

Coop®
e

I

2. A compound of formulz I-A/C:

3. A compound of formula:

O 4 N 0 O%E
) Q)
1A A iB A
@\/O N [ @\/O Nf\) [
\f( ? | © \f( = | ©
o) P
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6. The process of claim 5, wherein the step of purifying the mixture
comprises separating the isomers by chromatography. 7. The process of
claim 5, wherein the step of purifying the mixture comprises selectively
crystallizing the mixture with an organic solvent. 8. The process of claim

4. F, abersinthe sélveatistofuehe. 79 9. The process of claim 5, wherein
the step of purifying compyises dynamic crystallization which comprises
contacting the mixture @ lewis acid a solyent optionally including
a protic acid. 10. The prQcess_of.Glaim!9 ereiff the step of purifying
comprises contacting the mixture wi g%k )3'tn a solvent under
acidic conditions. 11. The process ofclgi ;wherein the mixture is
contacted with Al(OEt)3 in toluene in the prgsen f HC1. 12. A process
for preparing a compound of formulal: OY NO O O\N H O | comprising:
a) reacting a compound of formula Il: Q O Br O II; and a compound of
formula 1ll: QOyN? O O NH2 80 IlI;

5. A process for preparing a compound of formula IA:

IA

comprising purifving a compound of formula:

Ao
g

In/C
wherein the siep of purifving includes chromatographing,
selectively crystallizing, or dynamically crystalllzing the

mixture.

6. The process of claim 5, wherein the step of purifying the

mixture comprises separating the lsomers by chromatography.

7. The process of claim 5%, wherein the step of purifying the
mixture comprises selectively crystallizing the mixture with an

organic solvent.

g. The process of claim 7, wherein the solvent is toluene.
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in the presence of a palladium catalyst, a palladium ligand, and a base in
a solvent optionally including a phase transfer catalyst to provide the
compound of formula I. 13. The process according to claim 12, wherein
the palladium catalyst is Pd(OAc)2 or Pd2dba3. 14. The process
according to claim 13, wherein the palladium ligand is phosphine,

5. Disphosphipg . xantPhos, DPEPhS, of Jis(dipheny Lgﬁfgginﬁgﬂ@gﬁﬂ%

15. The process of claim 14, wherein wherein the pal igand i

comp XaptPhos 1B THe procdssldficiaint 02, whereln thersoveritds wloéaeting the

mixtdioxape.r THE.gither.alone o in compination. 17, /The.process of¢laim, o .
12, wherein the base is K2CO3 or Cs2C03. 18. The process of claim 12,

protihersindhe solvent includes a phase transfer catalyst. 19. A process for
preparing a compound of formulalV: ON20O HO HZNOONCIHO
IV; comprising reducing and deprotecting a compound of formula I: 81 O

10. OYNAPEEFRTO A0 9'td Provide  ESiApBUrRd 8f PormEILY: N O 01

comprises contacting the mixture with Al (Calkylls in a solvent

under acidic conditions.

11. The process of claim 10, wherein the mixture 1s contacted

with A1 (OEt)s; in toluene in the presence of HCL.

12. A process for preparing a ccempound of formula I:

comprising:

a) reacting a compound of formula II:

II;

and a compound of formula IITL:

@Vo\f

0% “NH,
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O N H O V,; and reacting the compound of formula V with cbz-tert-leucine,
under coupling conditions, to provide a compound of formula VI: O O O
NO HOONHO VI reacting the compound of formula VI under
deprotection conditions to provide an amine and reacting the amine and
4- amino-3-chlorobenzoic to provide thé £E&mpound of formula IV. 20. The

in tREO éscgr?éaé%]fg1aw@%r9%t£'§&9”&%%%%f€9”ﬂu V) isrepresentedy ang
by the structure: O O HO O O HZN JP~11 IH O C IVA; 82 the

a bagempoundof forratla Tis feprésented by the Sttictur@ &N Or GO R™H

cataf&éé;to provide the compound cof formula IT.

13. The process according to claim 12, wherein the palladium

catalyst is Pd{CAcC), or Pdydbas.
14. The process according to claim 13, wherein the palladium
ligand is phosphine, bisphosphine, XantPhos, DPEPhos, or

bis(diphenylphosphino) ferrocene.

15. The process of claim 14, wherein wherein the palladium

ligand is XantPhos.

16. The process of claim 12, wherein the solvent is toluene,

dioxane, or THF, either alone or in combination.
17. Tne process of claim 12, wherein the base is KyCGC:; or Cs:C0;.

18. The process of claim 12, wherein the solvent includes a

phase transfer catalyst.

19. A process for preparing a compound of formula IV:
O
O
N
i o
HoN 0 ﬁ g
Cl M\
Iv;

comprising reducing and deprotecting a compound cof formula I:



the compound of formula V is represented by the structure: O HNO ON
H O VA; and/or the compound of formula VI is represented by the
structure: OOHO0OON4 HO VIA 21. A process for preparing a
compound of formula IV: ONNHO O H2N O N CIH O 1IV; comprising
reacting a compound of Rulal: 8330 ON~O OONHO-~\ |under
deprotection conditions wdedal corgpoynd ofJormula VII: HN O 1 O

I ;

to provide a compound of formula V:

O
HN
0
O °N
M OH\
V; and

reacting the compound of formula V with chz-tert-leucine, under

coupling conditions, to provide a compound of formula VI:

@A%:%go

OH\

VI;
reacting the compound cf formula VI under deprotection
conditions to provide an amine and reacting the amine and 4-

amino-3-chlorobenzoic to provide the compound of formula IV.

20. The process of claim 19, wherein the compound of formula IV

is represented by the structure:

o’z}o

Cl \\

IVA;



O N H O VII; reacting the compound of formula VII with cbz-tert-leucine,

under coupling conditions, to provide a compound of formula VIII: O O H

O O~N O ONH O VIl reducing and deprotecting the compound of

formula VIl to provide a compound of formula IX: O NH2ZNO OONH
the oomkcanmdiresctihgarcdmpdund of fopmnedeeXandby the structure:

4-amino-3-chlorobenzoic_acid, or a derivative thereof suitable for coupling
g condltlo 0 proyide the compound of
CESSE ‘ W erei he compound of
formula IV is represented by struct t OfN NjH

IA;

the compound of formula V is represented by the structure:

and/or

the compound of formula VI is represented by the structure:

(jokmgoi ﬂ{
S

21. A process for preparing a compouna of formula IV:

o
0
N
!\;}gri/io
H
o)
HoN om S
Cl j

Iv;

comprising reacting a compound of formula T
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HZN O O H O- CI IVA; the compound of formula | is represented by
structure: OYN | O O N H O~ IA; the compound of formula VIl is
represented by structure: HN O O A O\ VI IA; the compound of formula
VIl is represented by structure: O O \01H~N O O O N H O VIIIA; and/or
the compound of form aBY, IS represented by structure: 850 N (/ HZN ~\
O O O Nom/H O IXA. he p&oces of tlaim $£2, wherein the
compound:

I ;
under deprotection conditions to provide a compound of formula
VII:

0
HN

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

under coupling conditions, to provide a compound of formula

Cfo%:?ﬁo

VIII;

VIII:

reducing and deprotecting the compound of formula VIII to

provide a compound of formula IX:

N
HsN I 5
c N
H Oa\
I¥; and

reacting & compound of formula IX and 4-amino-3-chlorcbenzoic

acid, or a derivative thereof suitable for coupling To an amine
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O OYN O O O N H O~ is obtained by purifying a compound of formula: O

OYN O O O N H O IA/C; wherein the step of purifying includes

chromatographing, selectively crystallizing, or dynamically crystallizing

the mixture. 24. The process of claim 21 further comprising: reacting a
undegomponndof formuia 11 010 BrOpirandia cohmpoumdref foringa [formula

OYN2 O O NHz 86 IllI; in the presence of a palladium catalyst, a

palladium ligand, a base, optionally a phase transfer catalyst, optionally
water, and a solvent. 87

22. The process of claim 21, wherein the compound of formula IV

is represented by structure:

OY
QO
N

Y X
HoN 0 ﬁ/\ﬁ

O
c

\\ IVA; the compound of formula I is

represented by structure:
CL/ i
0 N
19 @
07 N
H Oa\

represented by structure:

IZA; the compound of formula VII is

O
HN

| ©

07 °'N
H OH\

VIIA; the compound of formula VIII is represented

by structure:
O
O

SRRRSds,

H @
\\ VIIIA; and/or the compound of

formula IX is represented by structure:
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O
N\

The process of claim 22, wherein the compound:

@\/ 0

| ©
O N
"
is cbtained by purifying a compound cf
formula:
Q/ [
] N
TY o
0” °'N
H

OH\

Ia/C; wherein the step of purifying
inciudes chromatographing, selectively crystallizing, or
dynamically crystallizing the mixture.

24. The process of claim 21 further comprising:

reacting a compound ci formula II:

Br

and a compound of formula IIX:



III;
in the presence of a palladium catalyst, a palladium ligand, a
base, optionally a phase transfer catalyst, optionally water,

and a solvent.
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