PROCESSES AND | NTERVEDI ATES FI ELD OF THE | NVENTION [001] This invention
relates to processes for preparing caspase inhibitors and internedi ates
derivatives thereof. BACKGROUND OF THE | NVENTI ON [002] Caspases are a

fam |y of cysteine protease enzynes that are key nediators in the signaling
pat hways for apoptosis and cell disassenbly (Thornberry, Chem Biol., 1998,
5, R97-R103). Apoptosis, moqragraarmdd I§EERMORBATES I s a princi pal mechani sm
by which organisns elimnate unwanted cells. The deregul ati on of apoptosis,
ei ther excessive apoptosis or the failure to undergo it, has been
inplicated in a nunber of di seasgscsuchrasyemncery acute inflamatory and
aut oi mune di sorders, and certain neurodegenerative disorders (see
generalHlecT@h%eV“EQQSOWZBQia@?%S”lS??“@Eﬁﬁﬁs fet aFeraphnd RPesCel

Biol., 13814 v§6a31)d g@épaé&gteéhfesz\fastwe@e%bf_»bs@ caspase, is al so
knomn as |nter ‘euki n- i converting enzynme or " se-1 converts precursor
interleukin-IP (npll-113") to the pro-inflammtory active formby specific
cl eavage of L-1 p between A%ﬁ;%%guﬁndcﬁl@pglvagﬁﬁﬁ s caspase-1 there are

al so el even ot her known h een claseified into

fam | i epohpsedspasdeide bi obegicabs foncidior 083k sManyzeues entdty areport ed
synthetic routes for producin ase inhibitors require e nS|ve
startlnéEHaF@?F%$%“Sdﬁ%&ﬁﬁtSégﬁﬁﬁ?ggs%iﬁﬁ%ﬁﬁ%nf9ﬁ=a&?&??é?@oﬁ@? SShnd/ or

di sadvantageeuss sy NthelirGest-eps cnER04ki 41, woulak be, desivr-abbe; to have a
synthetic route to caspase inhibitors, or prodrugs t hereof , that IS

amenabl @PESTPER ge- Bt 4l KFATRES F§L Andedver cohes PPhE CaPs eW@ﬁ??%ﬁgﬂ Y

short cogigs 8kl Nericaa limREQYEs, IR0, ther il anle mRLBOUS: i SUMARY [ 5]
The processes a%d conpounds descri bed herein are useful for producing

nodi f i edraspastie atiihderiogstiivesapsnetses dspart ifélacité aPdehyeres©

nDIetle%¢esgagtbgaﬁciﬁgiipated in a2 number of diseases such as cancer,

acute inflammatory and autolmmune disorders, and certain
neurodegenerative disorders {see generally Science, 1298, 281,
1283-1312; Ellis et al., Ann. Rev. Cell. Biol., 1981, 7, 6&3).
Caspase-1, the first identified caspase, is alsoc known as
interleukin-1p converting enzyme or “ICE.” Caspases-1 converts
precursor interleukin-1f {(“pIL-1B”) to the pro-infiammatory
active form by specific cleavage of pIL-1B between Asp-116 and
Ala-117. Besides caspase-l thers are also eleven other known
human caspases which have been classified into families bassad on
their biological function.

[083] Many currently reported synthetic routes for producing
caspase dinhibitors regquire expensive starting materials,
chromatographic separation of diastereomers, and/cr
disadvantagecus synthetic steps.

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

otherwise improves upon the current methods.



derivatives are useful for preparing caspase inhibitors and/or prodrugs
thereof. [6] In one embodinment, the disclosure features a process for
preparing a conpound of fOMHAR' G A or G B: G A conprising the steps of:

(a) Teag m}ngr@ecolg?ayggsgé fongul Bofbbindl CudBo:AdedRARRLRD HE G 1 B
and a conpound or mul a
useful for produ01ng mOdlfl@d agpartic acid derivatives,
such as aspartic acid aldehyde moieties. Aspartic acid
derivatives are useful for preparing caspase inhibitors
and/or prodrugs thereof.
[006] In one embodiment, the disclosure features a process

for preparing a compound of formula GIA or GIB:

0]
0
Ra Ra OR,4
O ORs I
R3 ﬁ R2 RZ ﬁ )J\ R3
GIA GIRB

comprising the steps of:

(a) reacting a compound of formula GIIA or GIIB:

O 0
Ra
ORa l OR4 I OR4
A 2
R3 ﬁ X X t]{/j\ R3

GITA GIIB;
and a compound of formula GIII:
O

R3J\NH2
GIITI;

in the presence of a palladium catalyst, a palladium
ligand, and a base in a solvent optionally including a
phase transfer catalyst and optionally including waterxr;
wherein:

X is a leaving group;

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

R’ is an organic moiety;



O WANH2 G II; in the presence of a palladiumcatalyst, a palladiumligand,
and a base in, a solvent optionally including a phase transfer catalyst and
optional 'y iRcl 48 R waPELOnGher ei FHPSE IR eSiNg grigfiperocycli® "is H,

an optlgﬂ@iyr§ybs@ftyf§g atkyl, an optionally substituted aryl -CN,
-C(0) - Gal kyl _por hal ogen; S an (r:ﬁrgan

optional |y stbst i‘tut e al k?PtlHE‘Fé chcFPQStéFﬁgFgryl al?)?hﬁﬂﬁ an?i R4 is
an opt i peedtycgtbst | t ot esnakighat 1c; aoheterocycl ic, or an aronati c;

R2 and R4 t t her, wkth th%51 roup tﬁ otyym t%iesy are ngﬂd,ta_{eg; %ge - to

8-nmenbered h e?'%%y i O8N V\:hl chi's opt| on SUbSTi tut odi nent s
may i nclquhedusﬁngma gphase tor éngfearbepatcal lyster@ﬁﬁﬁhw nrong adpedt,ishere is

provi deg,a; sompoynd which ds sel echgbdimdhengroum, consd stisnggofa
phase transfer catalyst.
fo06al In one aspect, there is provided a compound which

is selected from the group consisting of:

a compound of formula I:

a compound of formula I-A/C:

PP

IA/C

; and

a compound of formula IA, IB, IC, and ID



a conmpound of forrmula I: a conmpound of forrmula I-A/C. HO --\; and IA/C a

conpound of fqgrrmula IA IC, and ID 006b]ln anot her aspect, there is
provi ded a p .ss for aring a conp of for | Ay |'A conprising
purifying a uoung of&fogiEff /[ji

IA 1B

QOLQ

[006Db] In another aspect, there is provided a process
for preparing a compound of formula IA:

IA

compriging purifying a compound of formula:
O
Jf}
N
H O\\
IA/C

wherein the step of purifying includes chromatographing,
selectively crystallizing, or dynamically crystallizing the
mixture.

[006c] In another aspect, there is provided a process
for preparing a compound of formula I:

la



| AC wherein the step of purifying includes chromatographing, selectively
crystallizing, or dynam cal crystallizing the m xture. [006c]In another
aspect, there is provided phiocess fo repQ5ing a conpound of forrmula I:
conprising: a) reacting a mound_of nfonnul g 11:  and a conpound of
formula I'll1: 111; in the preseiice pau ium catal yst, a palladium

| i gand, and a base in a solvent opt'oqO I | udi ng a

H Ou\

comprising:
a) reacting a compound of formula II:

Br

II;
and a compound of formula IITI:

Sy
°0 NH,
IIT;

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.

[006d] In a further agpect, there is provided a process

for preparing a compound of formula IV:

0
0
N
H
O
HoN o) § g
Cl A\

Iv;
comprising reducing and deprotecting a compound of formula
I:

3b



phase transfer catalyst to provide the conpound of forrmula [006d]In a
further aspect, there is provided a process for preparing a conpound of
formula IV: I V; conprising reducing and deprotecting a conmpound of
formula I; to provide a conpound of fornmula V: 0 V; and reacting the
conpound of forrmula V with cbz-tert-I|eucine, under coupling conditions, to

provi de a conpound of fornu Vi
0
o N
18 @
0" °N
H OH\

I ;

to provide a compound of formula V:
O
HN_
0O
0" °N
H OH\
V; and

reacting the compound of formula V with cbz-tert-Jleucine,

under coupling conditiong, to provide a compound of formula

(:r\*tf;?zﬁ\

VI;
reacting the compound of formula VI under deprotection
conditiong to provide an amine and reacting the amine and
4-amino-3-chlorobenzoic to provide the compound of formula
Iv.
[006e] In yet another aspect, there 1s provided a

process for preparing a compound of formula IV:

o)
o)
N
H
0
cl “\

Iv;
comprising reacting a compound of formula I:
3¢



VI; reacting the conmpound of fornmula VI under deprotection conditions to
provide an am ne and reacting the anine and 4- am no- 3- chl or obenzoic to

provi de the conpound of f alV. In yet another aspect, there is
ng @ co o nd formula I'V: IV, conprising

provi ded a process for pr
reacting a conpound of for eprotection conditions to

provi de a conpound of fornula VII

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

Q
HN
| ©
O N
H Og\
VII;

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

under coupling conditions, to provide a compound of formula

*fﬁfﬁé
"\

VIII;
reducing and deprotecting the compound of formula VIII to
provide a compound of formula IX:

O
N
0" °N
H

i
IX; and
reacting a compound of formula IX and 4-amino-3-
chlorobenzoic acid, or a derivative thereof suitable for
coupling to an amine under coupling conditions, to provide
the compound of formula IV.
3d



VI1; reacting the conmpound of formula VII with cbz-tert-I|eucine, under
coupling conditions, to provide a conpound of foimula VIIl: WVII;

reduci n§08Rll deprotkeri rybrhiéneotsonid ofef anwahaivnl knso grtovideth
compoung. of ; &ornula I X: HIX, and reacting a conpound of fornmula I X and

4- am no- % [ or obenzoic aC|d or a derlvatlve t hereof suitable for
coupling to an ami ne und&ECE HgCE oRT gNTL{@Npr ovi de the conpound of
foi mul arl V. pgernPESGREPTI ON CF THE INVENTICN |. DEFINITIONS [8] As used

her ei n, the base used i onnecti o
[008] As use %eréin, rhe base used in connection with

palladium catalyst and palladium ligand refers to an
“inorganic base” or an “organic base”

[009] s used herein, “inorganic bases” that may be
uged in a process of this invention include, but are not
limited to a carbonate salt, a bicarbonate salt, and/or a
phogphate salt {and mixtures thereof). In some embodiments
of thig invention, the inorganic base may be a carbonate

salt having the formula MCO;, wherein M 1is an appropriate

counter-cation. Examples of carbonate salts include, but
are not Iimited to, XK;CT0;, KyPO., Na,C0;, Li,C0Oi;, Rb,CO;, and
Cs,C0;. In some specific embodiments, the inorganic base is
KoC0y or Cs5,C0;.

(0101 As used herein, “organilc bases” that may be used

in a process of this invention include tertiary organic
bagses that include, but are not limited to trialkylamines,
e.qg. diethyvlisopropylamine, triethylamine, N-
methylmorpholine and the l1ike, and heterocaryl amines, e.g.
pyridine, guinoline, and the like.

[011] As used herein, “Palladium catalysts” that may be
ugsed in a process of this invention include, but are not
limited to, Palladium II Salts such as PAd(OAc):; and Pd,dbas;.

le



pal | adi um catal yst and palladiumligand refers to an "inorganic base" or an
"organi c base". [9] As used herein, "inorganic bases" that may be used in
a process of this invention include, but are not limted to a carbonate
salt, a bicarbonate salt, and/or a phosphate salt (and m xtures thereof).
In sonme enbodi ments of this invention, the inorganic base may be a

carbonajgzpaht havhngthe f@@%h@db@@hdm{ eidnhdVhicg 1 ansappropri ate
counter-cation. Exanpl es of carbonate salts include, but are not limted to,

1<2003, lic2pdi, rdE2003:C 14 20031 REPBD3IL S iP5 Z003. LPACSDARE SPRET fic
enbOd'n§QL$ tﬁgenégmuéﬁﬂﬂ aQ%ﬁgsts K@QQ&%QHHP%?Q%%@S 10} ,As used herein,

or gani ¢ bases at may be us in a process of this invention include
tertiarycorganitebases pivatrhiinel udéesphusplares notarltipricted to trial kyl am nes,

e.g.di ethylisopropyl.am ne, trieth n h h nd the |ike,
and het Eraary oA ne g ST e R RE TRe RePERE [10) s
used heretkn oy PalIaﬂeuﬂhﬁatmhy§6s3063atamﬁyu$eauﬁédEMﬁ a process of this

i nventiQ nglude but are not limted to, Palladium|l Salts such as
b one) D0 pHoHRERE B010% AS hebs MeTdr o AR MHF PTG Re g

"Pal | adi:umikigand, f&feds: t qiadxbhgandnthatr] sacapable ek taeptpg a conpl ex
with the palladlunlcatalyst Palladlun1llgands i nclude, but are not limted

to, phoé%ﬁﬂnéhﬁbtspMngﬁﬁvﬂ?g Xaﬁvpﬁogef@r%(@wpméﬁvkﬁhbybﬁﬁho}ﬁerrocene and
DPEPOS (s9¢ AL ob catal 00).. Soa A5, 0, 95/ 30680, And 1S 5817, 848,

[ 13] "Sdl'vénts' Use i'n this |nve i nc but are not limted to,
t ol uene,lidiiaxanep, andi T, bﬂmionlxbdpespsﬂedQMHﬁogqﬁb4]tfhe!ﬁéan1"leaV|ng
group” refers.to a noiet h is.replaced by R300NH2. Specific groups

i ncl ude, "Bt 2&Fe REEY F ﬁ¥téﬂ“§&?séhﬁggo, brono, iodo, pseudohal ogens,

trifiatQGkﬂoﬁ%%aE@rmnﬁ§yé£ﬁfb N :RosyYkat€ed in defining variable R*
refers to any chemical meiety provided that the moiety does not
contain a molety that would interfere with the palladium
catalysts. Such interfering moleties would be well known to
gkilled practiticners and inciude, e.g., & free sulfhydryl
group. A group such as a sulfide or a thiol should not
therefore be present in the R® organic moiety. Furthermore, the
R’ organic moiety should not contailn 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
secondary amines that are cappsd with protecting groups that
reduce the interaction between the protected amine and thsa
palladium catalysts.

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

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



[0151 The term "organic noiety" as used in defining variable R3 refers to
any chem cal noiety provided that the noiety does not contain a noiety that
would interfere with the palladium catalysts. Such interfering noieties
woul d be well known to skilled practitioners and include, e.g., a free
sul f hydryl group. A group such as a sulfide or a thiol should not therefore
be present in; {8 RR-QRGaANHEN AP ©f e tilnheIADRe, therP: S organicurpi ety
shoul d not cont'ain an am ne group, such as a primary or secondary am ne

t hat woGREYber ior & Heagrnient haht§ he affildé o6fef 6PHIFAr (BEM G G9 B). 53 may
contai n.phi gBLy,and seggndapy agl nessinat are Laeped.whtds PraleqiiRg groups
that reduce the interaction between the protected am ne and the palladi um
cat al ystsan©fe Ascaised Hersi netyher treethylshase tymanspeideat al yst” nmeans a

conpound, which_is. capabl.e of tr fering. r. solub ion into an
organicqﬁﬁﬁggg“ﬁﬁﬁﬁgpfggﬁ? er‘%a?%?%%ﬂ%‘?%%%%ggmté?%gréglgﬁnnniun1sa|ts,
phosphoniriptsal £si@and teridown yéthens, cdxanpliescof ephase &nd@nsfer catal ysts
include, . but are not limted to tetrasubstituted amonium salts and

tri substitGPBUCBA Mes Wi *¢R ‘may form tetrasubstituted ammoniumsalts in
situ. Tegrmsubstitytied-amonrhdm saht shineldde; Dt ~aneanotel i et to,
tetrabutyl anmoni um benzyl tri met hyl ammoni um tetraet hyl amoni um

cetyl t r iyFBChyh ARHBRF TR SRt $9i Hl\h%i Bh UM COURPY GRCcER betSatT 5t oni de,
chloride,..or iodide. In some exanples, the phase transfer catalyst is

cetyl trinmethylamoni um brom de. Trisubstituted am nes include, but are not

| i mted[@@]t Akethyd ammen,t kinbut yhant aki phenzyd diretemgl avicagghand

di i sopropyl.ethylamne. [017] As.used hereir ternsg."la ne" and
"furano eﬁlﬁﬁg’bgrﬁgé%ﬁ$ﬁ?%ﬁ%ﬁﬁﬁﬁegbﬁgjé%yéé?%gﬁﬁhg% e%gkogggby one skilled
in the admpl028t Astused:dereinichhectesim"atd phatices means sfrai ght

chai ned, branched or cyclic 01-012 hydroparbfns whi ch are cggg%e%ely
sat ur at 805G AT A cont W EGHE-6r ABr et t 3 ot tnsatarAPFon” S EOYS exanyl e,
sui t abl e @ld-phati:6 gfoups.ddicludessubstit utieda-orndmnsubstictutedl kinear,
branched or C{clig al kyl , al kenyl, al kynyl groups and hybrids thereof such
as (cycliaisyiy aPkiyny{ cyed gl REAYNYArkyF Bre¥eyel G5k al kenyi . [19] The
term "al kyl.7-and1akkoxy used aheBgyol.asypact of,& d-angen.mbkety. refers
to both strai ght "and branched chains containing one to twelve carbon

at ons Thg0t®r nEhtakkenyl 4 lignd’ "=alkynayktzuéedsaf ohecror cas sgarerof ca darger

moi ety shall include both straigh C i optaining tw to
twel ve catbon AtGONS’ f%bfri@mﬂégﬁkhggg?%éﬁghggge§€$$%§§f"?E%ggd al one or as
part of @dwarigengnohet yoaswsIwvd araibbyl dromef er Sh¢ ot ermomdtailkenva§ gnoups

having fjve to . fourteen nenbers, such a henyl ., _benzyl ; 1-naphthyl
2-naphthf?fﬁTyéntﬁfﬁgyFl%W%‘ﬁléﬁiﬁFgéyP? gngaﬁg%%ﬁ%%V%ﬁié%ﬁggnéPF%u%?CUpS
O het ergafylscgzoups sHehasndriyanylzind- tonaayhind-twd dazalwliyve
2-imdazolyi, 4-imdazolyl, 5-imdazolyl; 3-isoxazolyl, 4-isoxazolyl,

5-i soxazotyAo" &8 4- oxadi azolyl, a 1,2, 4-oxadi azolyl, 2-oxadiazolyl,

5- oxadi gg%]ylks 225870k p  4e0XaZ0hY b 9 0XaZ kY 51 Snd YIS Qﬁ!sy'g»ax,%' Byrsol yl,
2- pyridyl,” 3-pyridyl, 4-pyridyl, 2-pyrimdyl, 4-pyrimdyl, 5- pyrimdyl,
3- pyri dakzdrgdr, mR-lehivadrazol Vira Batiii adicdzeby ke 2 PR BiZo| NS 4xhPEzol v |
5-thiazo) Y], 5-t.etrazo F 2zt lyl, 5-tri.az .1 2-tH-enyi  _or
3-thien§$§}¥ﬁ%j%g%n?éakéFrFT%%J&%ﬁ%g¥VeF§F§ ?g ?#%%%Liﬁ%?l re 3btional|y
substi t ut&shthArlyl 2gnewpshal sol+aciludeiused Bokycyckiclaromatic ring
Systems in which.a carbocyclic aromatic ring._or- heteroaryl .ring-i.s fused to
one or BT & BT 11 A48T SEXANBI RS 1 el (& Cerr Ry ar SRRDHT TG == 2
benzi m dazodyt),, berzoethivenyksibenzaflungnylirigdabyi i, ot incldandlyl,

benzot hi azol y| beqzogxazolgl,ﬂben%fqidazolylh iggguincliQ%l, i soi,ndol yi ,
acri di nyt BEHAS Soxazoly PE2anty the' 15%&22R40 i Act udad Wit i i tHe 'Scope of
the termzasydzs1.as it 10,3, usedadrerain: i $-axgredpol n1 Whi €k e a1l Wor e
carbocyclic aromatic rings_and/or heteroaryl rings are_ fused to a

cycl oal kyToERZhohkarordEize Lhet ef oe3A4G°d ri mgPYEEP LéxanpT &Y~ f hidany 1% or

t et r ahydrobenzopys.anyli g the Ly md@ar onatiG ikiiRg? Ot -paF ofBd+c, group” refers
to aryl groups.. Kel'l The term "heterocgyclic" refers to saturated and
partially unsaturated nctnocyclic or polycyclic ring systens containing one
or nore heteroatons and a ring size of three to eight such as piperidinyl,
pi perazinyl, tetrahydrofuranyl, pyrrolidinyl, tetrahydropyranyl,

orpholinyl, and the I|ike.



1022] As used herein, the term"bicyclic fused ring systenf or "bicyclic
ring systent refers to two rings which share two atons. Either ring may be
saturated, partially unsaturated, or aromatic. Each ring also nmay contain 1
to 3 heteroatons. Exanples of bicyclic fused ring systens include, but are
not limted to, conpounds g, j, k, 1, and mshown in Table 1, and conpounds
g-1 andpirinidil, B}pgzz&ai¢rﬁlﬂ.ZﬂﬁhJ@dZaSwam i B ﬂﬁ&é&aéhoiy123] As used
herein, the term trIC¥C|IC fused rl*\ﬁ% item' or "tr C}?/C|IC ring systent
refers £oSAPiCYEli é FPAgZeyEt em T AEHCH *a CA ?Hr?tz?ligy s fused to the

bi cyclie-£ing. system-such-that, the ihind, ricrgssharesyat |eastcdwo atons
with the bicycli'c 6 ring system |n sone enbodi nments,_ all three ri ngs

share afareasiitshe al6rBRLCAS ob® AV Sof Meffe 2EENGET AR hEY tricyclic ring
system mpy. { fﬁ_?@al&ﬂa%% E@BEﬂbgaAlsyo HRRaLuE at,za@edo%ow@ww 5Eaghof the

rings may include 'l t0°3 Reteroatons. Exanpl es of trityclic ring systens
i ncl uderlb@t%m@mﬁounl Mﬁmt:édat@afbﬁmp;dumg‘zr@mamcquh@vmr iretRablae vE, and

compoundsy.e- 1. AN 1 ShownoLn Table 2. VIZeL Aspisediber slinudhe phrase

optiona sUbstituted by "a chem“cal nole ., an optionally
substi tmbedamydmgm)nyﬁeahswtImaidam:el;dhemecalo ﬁmeetygll, MWMWJ,t ut ed
w th one a e 9. é substituents azgq‘n diments, aliphatic
groups, “a Eyf ’gr%‘tfp% S Foaps, l%%?‘éfrdcfcelnim roupg carbocyclic groups,
and bi cyehbCnmOdaidiay.Cliisegi:i A1 SyST £ nes cionidivl , oraew@timpme substituents.
The substituents are selected fromthose that w || tabl e under_ the

react i oRSBEAHF PR #RE présente pr ocess, s H5al Hi +5ehet ai1SP%known to

those skizl ked 44 h%%rH Bxanmpl es ﬁe@q@%éltrueritss al gebude: haliogen, -Q,
-0QL, -OH, protected (such as acyl oxy), phen (Ph) substltut ed Ph,
-On, Sulb9Ei PutBdrs OPH,PRNCE 1 C- eRpma rl’“QN( /OfN moaf

OON 2 NHGGRQL i, N £ 67 CONHQL,
CNgl\l (Qf) 2r gSELS(!O%@)%CL-OQN?]%\I&(;N%%A%OZNHO %ozlu%%(@ g%a N Q21'00) 251(?,1

-NQ . S( Gp2@ple =0t naasxyLW@ﬁtraNm@ry@nwmﬂu =NNHEORE r ™ =NNQ O
SNNHOO2QL 7NNCLO0ZOR, S NMIQZCL. ENNIE02QL, of, SHQ.L where Q1 s an

al i phati¢ aryT of " aral 'k p, and eac the substituted phenyl
and the w@swh&ut@ﬂn Q%tdmcybeisubs@fém%vuaﬂnrkdad 4nof phatozgem -QB,

-N% Oﬁ(sag;iggect ed Oﬁ}ﬁsuch as awlcox%) nyIy (“Phg(2§) ain{\@oﬁﬁ @)2

28‘%&8%&?%5‘%%8@;%“@@2 B, ;8%@%0% @GN*”%HS (o) 2 @@)Na%‘;“(% ‘”zqé?
=Of =5, pé«mm@mzm(wezr%md@gtew%m WENNGB0 I £ CLNRIHEDR B,

tetrahvydropyranyl, morphelinyl, and the like.

{022} As used herein, the term “bicyclic fused ring system” or
“bicyelic ring system” refers to two rings which share Two
atoms. Fither ring may be saturated, paritially unsaturated, or
aromatic, Each ring also may contain 1 to 3 heterocatoms.
Examples of bicvyclic fused ring systems include, but are not
limited to, compounds g, J, k, 1, and m shown in Table 1, and
compounds g-1 and i~1, 1-1, 1-2, k-1, m~1 and m-2 shown in Table
2.

[623] As used herein, the term “tricyclic 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

-~
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=NNQ@B002( 23, =NNHS0243t =NN@BS02@3, or =NQ 3 where B is aliphatic or aryl.
N251 As used herein, nitrogen atons on a heterocyclic ring may be
optionally substituted. Suitable substituents on the nitrogen atom i ncl ude
@, CO 22, S(0)2Q2, and CO2(22, where Q2 is an aliphatic group or a
substituted aliphatic group. N261 Unl ess otherw se stated, structures

depi ct edlhsregf@téﬁe al.sq meant. Lo focl ude al I ster eochenigal . forms of the
structure; "i. the R and S configurations for each asymmetric center.
Ther ef orlea8§| h@¢ eC@W‘e@dil@@m cahvyi sbners dsraselin ats*eenamt:mnm icirand

di ast er rjc Qf the e onpounds. . h Scope of
the i nvgg’ge EhCnl} % et eergl’n Béﬁ%ﬁ?‘%}h I a Sylja“(p:!%r%f3 t’ef)e M?rw%h

er eochemizcal opuﬂ:mé yr:m‘crsawzaqnpoumdde hattd s3 greead:ers tichan 99%%@&3501@

enbodi ment.s t he stereoc em cal purity of a co nd.is greater than 95%
And 1 SV S (G Ky SOCRURT Car oIy ATGGRBOERG | 5 99% or
great er .col@8indbhe: terdng seleet kverepystal ldzatd@pouieans-cr yst ak4i zati on of
a substantl ally pure isomer froma sol vent containing a m xture of isoners.
N291 ThePEPm ™ dY ¢crystallization" means crystallization of a

subst anteﬁd | YsPUES: iRONEr, from gh:%gkyemp&%ﬁﬁm ngachkxture of isoners
under condltl ons which cause isonerization of the mxture of isoners to an
i somer iiildhwsdl et vElapicraisraliktzess - For @X&Pﬂﬂi@‘?al«ﬁﬂ KHabehbeupid

resol vi en - ri.za t bl 'LJ_ r to the
| ess sol%gﬁ’e |F5L%5r)rem?£ars{esu ;)aggel r?%c%gﬁé %I zfgc%%%e? th% Isgggegg ubl e i somer
as the equitl pbei um betavelen 4. he lré@neufsstm@emﬁmn @ym cryst akbbzaté¢ore t owar d
the I ess .soluble enantloma1 cific Jdynami c crystallization
may i nclUde “Fha ept Mers za“t“i%’rf oquéﬁsan%h% %‘%‘éﬁsdo S 4“6 vent under
condi t'i aneunhi, chaseteetivelorgipyst ahli Zesy ohec sttbstanti-alky rput e
enantioner. 1030] Unless otherw se stated, structures depicted herein are

al so nedht® €05 fic B‘?fenccfﬂﬁ)dﬁnﬁ?vﬁhrgéﬁsdff“f‘%? onl v i SR “preg&ehée® ot one or
nor e i saiopicgabl yrenrikded alons:.i 1 For: exenpl €, uconpounds Ravipg the present
structures except for the replacenment of a hydrogen by a deuterium or

triti umCBIithe" P epl atesme o fa PEAFBBA/ by® a¥3'3 bg GEACTEGAYI BREW: car bon
are Wit hin —Hh%eSEOPel&ﬁ {:hisd nuent i QQaméroéélo%/aé LIQUS; < Retkect b ng gr oups,
“capping groups,” or "am ne capping groups” nmay be used in the nethods of
thi s i nvenrtoiden, (s&ee €., ~THWLGEeesnedgOR. GSMZ”IV@@zavYWW ecting@ & oups i n
Organic § th eslSy béxéjuEpI; tiong fJOgﬂbg%@“éxébso@% (1@@9)“ W t he
earlier and’l ater editions of this boo anpl es 'of ani ne cappi ng’ groups
or prot ectimg: gr-oEseCt nct ke Hikt ahéf(elCm)?&inw MEEUON 632 ) = R7ANG:COR)Y &),z

D e, Sl S <o

thIO) 11({IRZ) RZs, —@(OﬁfNQ??)Pgw Q5(9)33£1\F?«{|Z})ﬁ Sand(Q 5¢0):GR7)2.0nherein 57 is
ydr ogen, tiona u ted aliphatic oup, pti
substltuteod a$5 gro p, %r 3‘5{\%%)“0%% e smﬁ%ﬁ%m eémﬁgp ’ocmibgahoup.
Pref er abhyndszol s (€L;€2). , - akiphai, p-“m@ogé )-d}:y&h*@@l el I is an
(C3-010) - cycI oal i phati c] - (01 Cl2)-aliphatic-, 0102 aryl -
( C6- C10)2 R EC1- €19 aP¥ phat 16t (@Uéloi‘nﬁe?@f%c?/el% - t"(9(36
C10) - hetaraayehyLA( Sha612) 8k phal i€mst( €01 E40) o PRLRL O8I Y | nyhs0f ruted
(C5 010) - hetercaryl - éCl Cl2)-aliphtic-. 10321 As used herein, the term
"l ewi s dm@ Ir éPefsot olmbP ety capabreélof ~$har PAGTEEtaecept i igftark%el ect ron
pai r. Exanples,of ;lew, s agids ingl udge, but-are not Tigised toyyco
BF3- et her at es andD M%T ﬁali'des al koxi des, of\m°>'<ed <&?|de/a oxi'des
(e.g., ANQCaINL) 26990:CANECa k‘yN'jC@l\prg Erhelﬁ%tI@NﬁQe)an bECAIA num titanium
zirconiu nesi per.,, zi nc ron,~tj bor.op tterbjum. | ant hanum
o hd samap\]lj HeBANE SN kosel Bo, @), NCcob! ONechifly,, POEGR o XL L eLOI M. |

=SONHz, -~S({0O}Qa, =50zNHQ;, =50N(Q3)z, -NH5(0)20s;, -NQ:5(0}:05, =0,

=5, =NNHQ;, =NN{Q3)2, =N-00;, =NNHCOQ;, =NNQ:CO0Qs, =NNHCO;(s,



[033] EDC is 1-(3-dinethylam nopropyl)-3-ethylcarbodiimde. HOBt is

1- hydr oxybenzotriazole. THF is tetrahydrcfuran. TEA is oroacetic
acid. DON is dichicronethane. DVMA? is 4- dinethylam nopyridine. DIPEA is
di i sopropyl ethylamine. DVWF is dinethylformam de. TFA is trifluorcacetic
acid. CBZ is benzyl oxvcarbonyl. 1H NVMR is nucl ear magneti c resonance. TLC

Is thi n:ﬁ@%@oﬁ@f@ﬁ«ﬁa@% hyndd., sEPROCESSES §.034L »Br ecesses : shgk conpounds

descri be erein are useful for producing caspase inhibitors and/or
prodrugsxthereof that contain nodified aspartic acid derivatives, such as

asparti id al dehyde moieties. An aspartic acid_ aldehyde noiety exists in
equi l i bfngfn %tlﬁsﬁ %’G&?C‘Fi'cr‘ﬁ ﬁ‘i’g%%t% Form éﬁs%éeﬁg\ﬁﬁgﬁ%rb‘w rﬁllgi 7
W2' N- MosHYR: Nbma1H GG rwheredN2 seprasentssthe iresttef obheheaspase

inhibitor nolecule. Qrally available prodrugs of caspase i nhi bitors_have
been deVéFapes” basdY o K& cﬂflcl*'r"éthegi(%?é%% angqy éﬁanﬂ%?t%lﬁcﬁn

i nhi bi t @n : 2nkpck uging the acxebie:beptacet:alnhdtS A gpiedr ug bei ng devel oped-
as a treatnent for rheumatoid arthritis (see US Patent 5,716,929) 2. 10351
The genddZ&l Byhthetidprocedatatshowht iy Seenelerijcs cgs8fUR 1R otTYenerat i ng

a wde antay,of,chamcal Rpeches wakchca b uandd Bt hemeptackure of

phar macéuti'cal conpounds. éNE
i.e., the R and 8 configurations for each asymmetric center.
Therefore, single stereochemical ilsomers as well as enantiomeric
and diastersomeric mixtures of the present compounds are within
the scope of the invention.
[627] The term “substantially pure” refers to the stereochemical
purity of a compound that is greater than %0%. 1In some
embodiments, the stereochemical purity of a compound is greater
than 95%. BAnd in still others, the sterscchemical purity of a
compound 1s 9%% or grester.
[028] The term “selective crystallization” means crystallization
of a substantially pure lscmer from a solvent containing a
mixture of isomers, |
[029] The term “dynamic crystallization” means crystallization of
& substantially pure isomer from a solvent containing a mixture
of isomers under conditions which causs isomerization of the
mixture of isomers to an isomer which selectively crystallizes.
For example, in the case of rescolving enantiomers, iscmerization
of the more scoluble enantiomer to the less soluble isomer
results in crystallization of the less scluble isomer as the
equilibrium between the isomers is driven by crystallizaticn
toward the less soluble enantiomer. A specific example of
dynamic crystallization may include the epimerization of an
anomaric carbon.in a solvent under conditions which selectively

crystallizes one substantially pure enantiomer.



ORa Ri.NH2 +0 OR4 RaOR4 Pal |l adium Catalyst A n2 Pal adiumligand

Nspriti", 100 "2 Base Phase transfer catalystill G 11G0Sol vent @ The process
shown in Schene 1 includes reacting a conpound of formula G| with the
amde AIl in the presence of a palladiumcatalyst, a palladiumligand and

a base in a solvent optionally including a phase transfer catalyst and -
opt i onaldagy | pel leht ng neal.eLct 9 produce: Lhe ande.gavbanyhegompoind G . K661

The noi etys X,

R, R2, R3 and R4 are defi ned above. As drawn, G|

refers to

corrpounééspnmw%htWM"ﬁé EPBPORNEF affsl o %éi—e\mpéﬁym@vﬂ@%s for bot h the

cis andptrang.compoynds, 0t 6l 1 8olops B2 GANLNE Sl Qkokkansylip Ra

example, compounds having the present structures except fo

replacement of a hydrogen by a deuterium or tritium, or the

replacement of a carbon by a °C- or *C-enriched carbon are

within the scope of this invention.

1031] Variocus “protecting groups,” “capping groups,” or Mamine

capping groups” may be ussad in the methods of this invention

{see, e.qg., T.W. Greene & P.G.M. Wutz, “Protective Groups in

Organic Synthesis,” 3¢ Fdition, John Wiley & Sons, Inc. (1%98%)

and tThe earlier and later editions of this bock). Examples of

amine capping groups or protecting groups include, but arse not

limited to, =R/, -C(O)R’, -C{O)OR’, -30R’, -SO,R’, -S0:R’,

—SON{RTY2, -C(O)C{OIR?, =CLO)CIOIOR?, -C(OICHCIOIR, -C(O)N(R)2,

~ (CH2) 0 NHC (O R, —CU{=NHI}N(R}2, -CIOYNIORIRT, =-C(=NOR'3R’,

-P(0) (R"),, and -P(0) (OR7);; wherein R’ is hydrogen, an cpticnally

substituted aliphatic group, an coptionalily substituted arvl

group, or an opftionally substituted heterccyglic group.

Preferably, R’ is (Cl-C1lZ)~aliphatic—, (C3w610)~cycloaliphatic -

(C3-C10) - cycloailmhatlc] (C 1—Cl2)waliphatic"; {Ce~Cl0) ~axryl~,

?C6 LLO‘—aryl (C l2}aliphaticf: (C3-C1l0)~heterocyclyl-,

(C5-C10)~hetercaryl-{Cl-ClZ}-alipha

ot

ic-.

9

[832] As used herein, the term “lewls acid” refers to moiety

(C6-

C10)-heterogyclyl-(C1l-ClZ)yaliphatic-, ({C5-Cl0)-hetercaryl-,

Qr

capable of sharing or accepting an electron pair. Examples of

lewis acids include, but are not limited to, BFs—etherates and

metal halides, alkoxides, and mixed halide/alkoxides (e.g.,

A1 (Calkyl)eCl, Al (CalkyiiClz}. The metals can be aluminum,

titanium, zirconium, magnesium, copper, zinc, iron, tin, boron,

ytterbium, lanthanum, and samarium.

[633] EDC is 1-(3~dimethylaminopropyl)-3-ethylcarboediimide.

is 1l-hydroxvbenzotriazole. THE is tetrahydrofuran. TFA is

[te)

HOBL



[0371 I'n sone enbodi nents, the process may be used to prepare a conpound of
formula XIV, when the noietys R2 and R4 shown in Schene | forma
substituted heterocyclic ring: XV wherein R3 and Ra are defined above and
R5 is an optionally substituted aliphatic, optionally substituted araikyl,
optionally substituted heterocyclyial kyl or optionally substituted aryl.

Speci fi caLLyuUEQMM Kk M maycpe; produced- hyreaet i ngyarcogpound of
formula XV: 0O 0 X 0-ROXV; 0 RNH2 XIIl in the presence of a palladium
cat al ystimatﬁpamrammrmdmﬁgan&P%A bbs el iE @olopenet hardmept i ondii y%a phase

transfep;gatal yst: wherei noX, E3, . anth B5 are defned abeye. ;.

benzyloxycarbonyl. 'H NMR is nuclear magnetic resonance. TLC is
thin layer chromztography.

II. PROCESSES

1834] 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 moleties. An aspartic aclid aldehyde moiety exists

in sguilibrium with its cyclic hemiacetzl form as shown below:

Q o
/ﬂ\OH rJZ
Wz\N/L’_(H WQ-\N/\<{}
Ho g H OH
where W; repressnts the rest of the caspase inhibitor molecule.
rally avalilable prodrugs of caspase inhibitors have been
developed based on the cyelic hemiacetsl., FTor example, the ICE
inhibitor 2 including the ¢velic hemlacetal 1s a predrug being
developed as a treatment for rheumatold arthritis (see US Patent

5,716,929)

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

SCHEME 1

10



[0381 In carrying out the reaction shown in Schenme 1, the reactants and
reagents may be used in any nolar anmount whi chprovi des the desired product.
I n some enbodi nents, the ratio of the nolar anounts of palladiumll salt to
palladiumligand is between 1:1 to about 1:5. The ratio of the nolar
anounts of palladiumIT salt to the reactant G|l can be between about

1: 200 to about 1:1, abgut 1:100 to about 1:25, or about 1:50 to about 1:10.
The ratio®f the nglhar fanmount of the base relative to thg G Il is between
about 1: Z)t\o abaut 10;1.05Fh and G4, ¢H)d the base can
be used®en Nearly e mol ar arfetentisn Cdiglyssome enmbgdi nents, the ratio of
Gl and G Il can be bet\een abolialatiug lggdabout 31 {03 RThe reaction in
Scheme | may be conducted at a. aé@g)tggn%wga tween 25C and 120C, e.g.,
about 50Gz n any sol ggnt that nthot sel y integfiere with the

pal | adi um catal yst, the palladiumli gand, and t he reactants. Exanples of
sui t abl ghsobvemntss artexvdescor Ebednbel eimclamtk c arpdandhgde tohpened di oxane,

THE, and m xtur theref n.s9 nts, . sQlv | ude
wat er . %6%‘%%?@% b a?cnleng %en(g%ffrgund{%s(l @Sﬂ tsﬁgggogk g% f:?é/?io@&nul a XVl :
0 0---4:50:R33¢ Nra HO:REIIW logyn bea@@tal}:nmb biyn raedu@wagt hep{ uwaamne ring
doubl e bond. w‘[" The reducti n of a Luranon ri n% dou |l e bon% may be
acconpl F&hed i€ h? Dﬂir?frl‘&é”rs dacFhg™ay %ﬁan aftyYatbord %ﬁ?l de.
Exanpl e%a@%rsuﬁhpb@ﬁ@&wdﬂeol%&luactbld@oﬁp:dlmmﬂd lc-m um bor ohydri de, sodium
or lithiumtriacetoxyborohydride, sodiumor lithium cyanoborohydride,

t et r abul8A6hnRoAi BRi eyanchorehyri de, 286dRumier SEEERPENTRFT kyAdor ohydri de,
preferahl.y sodium s TYPI ctkan,m xi d

D st 60 5 e a1 G5 aerdr P e arably At & ‘bhEbetuoeh 300 and 6.6 i th
aci ds stieh asiHd pJ:HBtdeac:fe:m toaki thef orei endcitkng cofbgerdaceti €l aci d,
2F3. 0Et 2, al upmi num tri chl or| de, or| de, or titaniumtetrachlori de
Opt i onal’ VARE! g'é 5 on®

reactfl on may rt%)ufsfered with 1.0-5.0 equival ents of sodium

acet at e.[p1opt irenabhy, eﬁb@d.tn@%ﬁ:tsl onhavyrbescatal yzed dned he @ddbht@ﬂa of 1-5%
Co012/ sem corr| n, ZnCl2,_ or 1- e ui val ents of chl orgt ri rrg} I 5| | ane.
Chiral WyEFCEESr 8ducP g  Hydt RETKAORNISHEhY As™ RF 61 °S-5 Qﬁ%/ "Hydri de@

(lithi U@fBJe%@p'*n@%aﬂeryﬁeﬁ@Clb&{t%ubk%)é%|r@[:§c§ié]ﬂgﬂj“ hydride) to provide

asymmetric reduction.
O
RaT/{
J

XIV
wherein R° and Ra are defined above and R° is an optionally
substituted aliphatic, optionally substituted aralkyl,
optionally substituted heterccyclylalkyl or optiocnally
substituted arvl. Specifically, compound XIV may be produced by

reacting a compound of formula XEV:

8]
Ra
| ©
X
O~ps
piatH

and a compound of formula XIII:



[ 042] Reduction of the ring double bond in, e.g., XIV may al so be
acconpl i shed by hydrogenation. This is useful when R5 is stable to the
hydr ogenati on conditions, such as when R5 is al kyl. Typical hydrogenation
conditions include hydrogen gas at a pressure in the range of about one to
100 at nospheres, usually between about 1 to about 20, or about 1 to about
10 at nospheres, and a catal yst presenp in the range of about 0.01 to 0.5
equi val ents per equival ent of XV (fo exanpl e). Suitable catal ysts include
Pd/C, Pd(OH)2, PdO, Pt/C, Pt02, préféretially Pt/C or Pd/C. Suitable

sol vents include ethyl acetate, alcolpls, such as nethanol, ethanol,

i sopropanol, aromatic hydrocarbons, sSuch as benzene, toluene, xylene,

et her ealinsueb asedéne GHS,2 @h@xaﬂﬁmmpm&ﬁiﬂyﬁﬂizﬁIgﬁl&hhanmlibrlﬂ¢£hdeen R5
is al kyl or aralk¥ such as, benz a rhodi um (| ruthenium (I1)

cat al yst® &5pr efe ?%HﬂﬁbréﬁF%P§os ?%ﬁth%‘#EHﬁ% *gncﬁa ga¥atyst is
fornmed byereagtikporihepekalaas erenel kbsvyari ous corml exes with Chiral
forms of Ilgands such as met hyl - or et hyl DUPHOS

(1, 1- bi 48381 514i akkyY phospHoltdroy bentewe, STBHOP 2, gugme 1, the

i soprop 3a S y AN an | NAP

(2, 2(- b%g g?%ﬁ%%yrpﬁospﬂ%%ﬁ% %E? Q%|%g%ﬁhﬁ§ $EPQ§QQJ %%EH% Fhick
bls(dlpmemwhphesphﬁn@§$nmaﬁu§wodB@PNI(BLtSQWﬁ(ﬂ@Qﬁﬂumﬂm¢§qZEPE ratio of

(di phenyl,phosphi ng) ne di.pheny! pho r-q| BEP

(X, N-di rretehmf i [_aL?“ }% (3h Q nﬁosﬁh?%% n‘?e&?%c%r‘# %W‘ar% Eé:\)
DEGPHCSk@Nm@enzyli3té ammmﬂ(ﬁ @henvhphmsphmn@jpyhe(mqhavneppuonsabkyl BPE

bi hb I t Ma th and t t.
brof orr G GALAgSTe S1L° 1 2. Bis( 3 5L ol ol BV PHOSpHO! Aoy Bz Eng . -

(cycl 00Gtadicere) éB@dtUITU) atz:rdufwl qenotret:haﬂesutf;orw&,e,owimroatalzkyb ts a
straight chain or branched al kyl grou of 1-8 carbons, optional

substlpLﬂQﬁfHM th%an ar%n%ﬁ?t?lﬁrd? SEafBoRT stER-Als ?ﬁuﬁﬂﬂ Daf@43ﬁ%§e‘%? t he
(R R isomenokithese bigands awidih headibozther {B)r configukati on of the
a-am no carbon in the product and use of the (5,3) isomer will lead to the
(R) - confisiitariten. G5Gi £abl BL 5| vért S EnERaEeCRE Wyt BRESt dffe "%dFédhol s, such
as met ha&g! 1 §khanol,.0n- L SoprpRanal em%emgh@s hydrocarhons,: gdeh.as
benzene 5i uene, or xylene, ethers such as THF, DME, or dioxane. Preferred
sol vent SBEfe el Bens=OT=met Hznd! 1 Phéor eaebion: €oncentration of XV will
typi cal | 4.0n the range, of . about .0, 015 to 1. 0 qfer bl abQut 0.151
to 1. 051¥$%hej?e§€FF5ﬁo efperatire | & gesuaFP9aF% ?%e rangéT§ about 0 Cto
about 60L& wagreflefabhys bfﬂmﬁeenea@optaﬁﬁltCStCﬁcabDﬂtaM £l v(eh_‘ﬁ:r thhe use of
rhodi um catalysts see: L. m,, (1999) 64,
6907- 691%R =M P " eﬁir“f’ﬁfsﬁf% lll\‘r%ﬁ? Wﬁtf‘mtg%ﬁﬁ?*%d Lha’ﬁec‘r“tg%%’esmi §o~%

(1998), A20126%4r 663anM, JanButks rbakraheast eExaWdAes NgenticRile Har | ow, J.
Anmer. Chem Soc. (1993) 115, 10125-10138; For the use of ruthenium

cat al ystS°SE&OTS) 2ME BRERAIPM oS PIE. CRAI gREIVAS WG, RESF Fray Chim
Pays- Bas?hﬁlgg§9n&%@%ﬂe%425ggﬁ@x Ak, M oAUk s MnOgasawaiiamey T
Takahashi, . hi'da; Tetrahedron Lett.(1992), 33, 5783-5786; U. Nht%eol
V. Beghe%m@ﬂud¥ wScrEizvanti; J Mol ecul ar Catal ysis A: Chemical 140 (1999)
131- 137 K44l |In certai.n_enpodi e es a
chiral @ % %i‘éﬁh %%a ﬁgdcggb éqggim%ﬁg%gn%g Q§$§+ aéﬁ%ﬁ?fﬁé
stereochmnistry shomm inO

EVE

may be obtained by reducing the furanone ring double bond.

1z



,,ANH2 QV as for exanple in the structure GIV' CON H2 G V1 The reaction
of AV provides the conpound of the fornmula 0 GV The stereoisoners of
GV may be purified by selective crystallization, dynam c crystalization or
chr omat ogr aphy. 00451 As described herein, R3 is any organic noiety.
Specifically, it wll be understood that the R3 groupmay be selected from

any orgfmg ol ety dhatnl s rspabl esdohLondid iong1ef nohhengeupd i ng reaction
shown in Schene 1, such as those conditions described herein

accomplished with a hvdride reducing agent, especially a

boronydride. Examples of such berohydrides include sodium or

lithium borohydride, sodium or lithium triacetoxyborohydrids,
sodium or lithium cyanoborchydride, tetfabutyiammonium
cyanoborohydride, scdium or lithiuvm trialkylborohydride,
preferably sodium cyancborchydride. Typically the reaction
mixture is adjusted to be mildly acidic, preferably at a pH
between 3.0 and ©.0 with acids such as HCL, HBr, acetic acid,
formic acid, triflucroacetic acid, BF;.0FEtz, aluminum
trichloride, zinc chloride, or titanium tetrachloride.
Optionally, the reaction may be buffered with 1.0-5.0
equivalents of sodium acetate. Optionally, the reaction may be
catalvzed by the addition of 1-5% CeCl,/semicorrin, 2ZnCls, or 1-Z
eguivalents of chlorotrimethylsilane. Chiral hydride reducing
agents are known such as R- or S-Alpine Hydride® (lithium B-
isopinocampheyl~9-bora-bicyclio[3.3.1inonyl hydride) to provide
asymmetric reduction.
1042) Reduction of the ring double bond in, e.g., XIV may alsc be
accomplished by hydrogenation. This 1s useful when R* is stable
to the hydrogenation conditiens, such as when R® is alkyl.
Typical hydrogenation conditions includs hydrogen gas at a
pressuﬁe in the range of about one to 100 atmospheres, usually
betwaen about 1 to about 20, or about 1 to about 10 atmospheres,
and a catalyst present in the range of about 0.01 to 0.5
equivalents per equivalent of XIV [(for example}. Sultable
catalysts include P4/C, PA(QH)2, P40, PL/C, Ptl,, preferentially
PL/C or Pd/C. BSultable solvents include ethyl acetate,
alcohols, such as methancl, sthanol, isopropanol, aromatic
hydrocarbons, such as benzene, toluens, xvlene, ethereal such as
THE, DME, dioxane, preferentially ethancl or THF. When R’ is
alkyl or aralkyl, such as benzyl, a rhodium (I} or ruthenium
(IT) catalyst is preferred for stereoselective reduction. Such

13



10461 In specific enbodi nents, the general process shown in Schene 1 is
useful for producing caspase inhibitors, such as prodrugs of caspase
inhibitors, e.g., ICE inhibitors, and internediates thereof. In these
enbodi ments, R3 is preferably any noiety that, taken as a whole with the
rest of the nolecule, provides such an inhibitor. Typically, for caspase
i nhi bi teksa1 e RB mpkely ks rspeei fd cald YHdL%fle@'se@nEeoolf nitherartods a P2,
93, P4, or conbination thereof, noiety or site. anpl es of P2, P37 P4
DI et | eSOHP &SRS e A ShoF LBt & wwwe SWE7FqTﬁ§tF>Xl o et erms
refer te,bthesam naAci g %egggﬂﬁg 1PeXdpiQ he raspakty! nebeavage site of a
particul ar caspase substrate refers to the aspartyl reS|due of the

substraﬁéomh@?E—@h%ﬁﬁ@eﬁndu@édrgkéababéﬂétGU%@aWﬁ¢@ﬁ@Sﬁé%ﬂ®§NH§HE§brate In
t he deS| f i hi-bi_t t. an is
often regglge To éh mﬁﬂc%&ggggg t é’a%ﬁh%ggbﬁg §§q€§%% é% been
replacedlbydkp@mngnigegmu@mcbumaeey Q%HMS@HﬁhQWEDWJcaheOtElﬁimFZ R4"

noi ety r S to elther t.he am.n ¢l d seguence.described, a ove or a
chenlcaI% F%t¥ ¥no HﬁO‘Fbﬁggcegsgbfékeaﬁf Egﬁ%glrfgpyfﬁg1h€rpose of being
a caspa&eD$ﬂb$Mr§&dzmeﬂniﬂ41MpartEebha{dehdﬁgidhdmme&be [ 0481 Exanpl es of
P2- P4 nnletles that_are non-pept.idi are descr.i in US 5,919,790 (Allen
et al.) -SOSC5BT4 40U (BACEHel @PGgﬁgﬁ TORIE S 354% "1$5 (Bemis et al.); US
5843, 904 @B@mbﬁeﬁ$l§ﬂ0§phﬂﬂ5)%y}@@?ﬁ@ﬁnéBEQMSgftqﬂ|B@E US 5,716,929 (Sem s
et al.); US 5 656,627(Bemis et al.); WO 99736426 (\Warner-Lanbert); Dolle et
al . J.\Wbéphﬁﬁ%%@laﬂﬂﬁﬁ?ﬁﬁff (1@9?¥ O%Q?@%ﬁ@%ﬁ%ﬁ}?I%ﬁ?ﬁPdSVEF98¥@@%D9

(i dun); WD.98/ 11429 l0un),andW.98L16502, (Marners l:amhert) wyal | of whi ch
are incorporated by reference. [049] As woul'd be recognlzed by skilled
praCtItIRﬁQ@P@OLQﬁ@’bﬁﬂ%ﬂQﬁI@?ﬂﬂﬁpoﬁéé@§§%ﬁﬁi@DQﬂPWﬁﬁinO acid residue. For
exanpl e, |:d he referred RPLAY; 9roup (e.dg.
phenyl - éf%fgﬁorgﬁ ﬁgﬁﬁ gfbupstare ééenp%qF? é?g#%%¢%%50] ?n .anot her
enbodlnﬁn@pchhdsalnwbnﬁmnqvpnoﬁr@esaab@mﬂce@@“iqna{mﬁpﬁ%ﬁﬁgta"@@n@ﬂﬂnd of
formula XVL: 0O g A Q HO-R5 XVl ﬁ@Qeggln {s a P4-P3-P2 noiety of a
caspase FnAiBitors ‘of portion thefeof. %%c% 122, P32 and P4 group may be

i ncor porjedxyd | oke XV cied t herr)i ndiovieduak| ynose t Dgether wikar lexanpbeshd f R3
is a group other than a P2 group (e.g., a protecting), the R30=0 group nmay
be rennv@ﬂ—T@Fénevrﬁmﬁ%ﬁc@%ﬁﬁﬁdewW@ﬁOaC@¥%@ﬂah¢n@“@ﬂ@ﬁ@UCThéfdaﬁﬁ%e group
and an appr.oj te, P et b u d 4 andard coupling
condltldﬁ3“to 6§6v d%w%Q%o‘M%ﬁﬁﬁ'ﬁgggglﬁigﬁ QP 8%% ﬁ% tl%%f a caspase

i nhi bi t druitAl28 anﬂvan$M-{nmﬁqﬁanw¢hbé addedt@og@l¢mﬂoxn,|ﬂwdhvadually in a

simlar P2. noj et rotecte t he rotectlng
group nﬁ%gg% Pehn <”§§‘Cﬁm00§36ﬁ3 “h %%%ﬁpr% %Qﬁ%ﬂlqybpro?ected) may
be |ncon@@&ﬁt@dnetfbai@@m@Jng:gﬁaumnotbehmfba@u@hta@nmﬁﬂ pr@Et eeti ng group

is desired on any_of _the %ernlnal 22r P3r P4 resi dues, su%h a group may

be addedbﬁﬁﬁpﬁnelﬁr%yeﬁ%? oS-GV °€C6 ERrP?%ﬂ OprEctitiOner $°€0511

Accor di ngd a5+ 10ne cerbegt peni oprovisdes wa 1 pr e¢essawheried R rss ranB2- o foi ety
of a caspase i nhi bitor. &52] Anot her enbodi ment rOV|des a process wherein
R3 is a #3utpl. Uali eby’ ofMa wedpase ivnAPBitor 1M to 1.0

reaction temperature is usua*&y in the range of about C* C to
about 60° ¢, 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, 6%07~6%10; M.J. Burk, J.G. Allen, W.F.
Kiesman; J. Amer. Chem. Soco., (1898), 120, &657-663; M.J. Burk,
J.E. Feaster, W.A. Nugent, R.L. Harlow; J. Amer. Chenm.

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

14



[ 53] Yet another enbodi nent provides a process wherein R3 is a P4-R3-F2-

noi ety of a caspase inhibitor. 10541 Anot her enbodi nent provides a process
wherein R3 is a P4-P3F2- noiety of a caspase inhibitor, and wherein said
noiety is one of the groups listed in Table 1 below, or wherein said

noi ety is one of the groups listed in Table 2 bel ow. 10551 According to
anot her . epbodii®e e, . R3 1S 8-Bdn P31 R&koJmi ety wWhek ghh, the 34-Rerd;i on thereof
is selected Trom R 00, ROC-0, RNHC-0, RO(0)0=0 or RS02 and Ris one of the
groups Resiedran Cfdbl &235-Fe66] [ Wetordildd -t 6 4yetanothefc¥nboditrent, R3 is
a 24- 33paZe, 0L Yosekacted bromeng, of. the groups, | hstedhipdable 4. 10571
in any 0O %Ee enbodi ments herein, R5 is alternatively an optionally

subst it Geed. g ¥ sS&lBectedifponf and alNgfhariid .gVeuBevarat kyl 2 group,

het erocyclyi al kyl gr.oup a [ p.~ 0, .nare,gpeci £i g, eppodi ments, RS
s et her s ERRy T Brongr e e et By e Mgyt - % mathyl pent yi .
2-met hyhpropyl, cyclopentyl, cycl ohexyl, cyclopentyl nethyl,

cycl ohexyl met hyl, phenyl et hyl, phenyl propyl, ohenylbutyl, (d)-nmenthyl, (1)-
ment hyl 1.0\4%4;1 aBANTHEYAL" SIRGANRATYF | e I“EOl?FiYnéanﬁ?*ud%%ﬂ Fﬂwgﬂ_
3-tetr ahydrof Uk @ tbenzylaraoet hyt banz i - okirgrobepzyhe 4-

fl uorobenzyl, 4-nethylbenzyl, 4-(2-propyl)benzyl, or 4 -
trifluorbrBEEYIPER Y. & specifically, R5 is ethyl or optionally
substituted benzyl; or R5 is ethyl og benzyl. [058] In any of the

enbodi nents herein, X is preferably Br. 10591 In a specific enbodi nent, the
i nvention provides a process for aring a conpound of fornula I:
conprising: .(a) reacting a conpound of fornula I

GIV

as for example in the structure GIV'

RgN .

CONH,
GIV'

The reaction of @IV provides the compound of the formula

GV

The stereoiscmers of GV may be purified by selective
crystallization, dynamic crystallzation or chromatography.
[045] Az described herein, R is any organic moiety.
Specifically, it will be understood that the R? group may be

selected from any organic molety that is stable to conditions of

12



I'l1; and a conpound of forrmula IIl: OONH2 II1l; in the presence of a
pal | adi um catal yst, a palladiumligand, a base, optionally a phase transfer

catal yst and a solvent to provide the conpound of formula I. [060]
According to anot her enbodinent, this invention provides a process for
preparing a conpound of fornula IV: I'V; conprising reducing and

deprOte%ﬁgngogpfﬂﬂ?Q%%%tqgnfQﬁgyﬁaiﬁ:Scheme I, such ag those
conditions described herein.
{6046 In specific embodiments, the general process shown in
Scheme 1 1s ugseful for preducing caspase ilnhibiltors, such as
prodrugs of caspase inhibitors, e.g., ICE inhibitors, and
intermediates thereonf. In these embodiments, R® is preferably
any molety that, taken &s a wheole with the rest of the molecule,
provides such an inhibitor. Typically, for caspase inhibitors,

the R® moiety is specifically referred to in the art as a2 Py, P

& Eir

P,, or combination thereof, molety or site. Examples of Py, Pj,

Py, moieties are described in more detail below,

[047] The P, moiety terms refer fo the aminc acid seguence next o
the aspartyl cleavage site of a particular caspase substirate. P
refers to the aspartyl residue of the substrate where caspase-
induced c¢leavage occurs in the natural substrate. In the design
¢f naw, nonpeptidic caspase inhibitcers, the P, designation 1s
often retainsd to show which portion of the amino acid sequence
has been replaced by the non-peptidic moiety. As used herein,
the term “P,-PB:” moiety refers o either the amino acid ssguence
described above or a chemical moilety known te replace such a
sequence for the purpose of being a caspase substrate, and in
particular an ICE substrate.

[048] FExamples of P,-P, moieties that are non-peptidic are
described in US 5,819,790 (Allen et al.); US 5,874,424
(Ratchelor et al.); US 5,847,135 (Bemis =t al.i; US 5,843,204
(Bemis et al.); US 5,756,406 (Bemis et al.); US 5,716,929 {(Bemis
et al.}; US 5,656,627 (Bemis et al.;; WO 89/36426 (Warner-—
Lamberty; Dolle et zl., J. Med. Chem., 40, 19431 (1997;;: WO
898/10778 (Idunj; WO 98/1110% (Idun); WC 98/1112% (Idun) and WO
98 /16502 (Warner Lambert), all of which are incorpcrated by
reference.

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

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



to provide a conpound of fornula V: V; reacting the conmpound of fornmula V
with cbz-tert-Ieucine, under appropriate coupling conditions, to provide a
conmpound of forrmula VI: VI reacting the conpound of fornula VI under
conditions for renoving the cbz group; appropriate conditions would be
those that provide an amne (or amne salt) (i.e., under conditions for
depr ot egkibng chhed che -pret-eetiedsank ngn ofmithe dgidirleyene, (sugh, as, e.g.,
H2, 2d/C, citrate acid ((CO2H)2));after deprotection the resultant amne is
r eact ed PAERHLAC AR To- 3-SUCRI 8 0BERSHF 3T re e VAT VETEREr eof that s

sui t abl gosfagr GOLPLL NG, Sisctiihied (81 9 infs2M NP3 chlerohepzoyl s chl ori de),
under appropfii ate coupling conditions, to providé the conpound of fornula

| V. 106XtzApcepdihgto amprher efibddimelt ,X¥he invention provide process
for preparing a conpound of fornmula IV: L1V,

0
O
re Ay
H C-gf
XVi;

wherein R® is a P;~P:-P, moiety of a caspase inhibitor, or portion
therecof, Rach P, P3, and Py group may be incorporated into XVI
either individually or together. For sxample, if R* is a group
other than & P; group (e.g., a protecting), the RC=0 group may
be removed to provide a compound with a free amine group. That
amins group and an appropriate Pr moiety may be coupled under,
e.qg., standard coupling conditions to provide a compound wherein
R’ is a P, molety of a caspase inhibitor. A P; and & Py group may
be added together or individually in a similar manner. For
example, if the P; moiety 1s protected, the protecting group may
be remcved and a P; or a B;—P:~ molety (optionally protected) may
be incorporated. If a capping group other than a typical
protecting group 1s desired on any of the terminal s, Ps, or by
residues, such a group may pe added routinely by methods known
to skilled practitioners.

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

[032] Ancther embodiment provides a process wherein R’ is a Py-Pp-
molety of a caspase inhibitor.

[053] Yet another embodiment provides a process wherein R is a
Py=P3=~Py~ moiety of a caspase inhibitor.

[054] Another embodiment provides a process wherein R® is a Py-Pi-

P.~ moilety of a caspase inhibitor, and wherein said meoiety 1s one



conprising reacting a conpound of forrmula I: |; under deprotection
conditions, that is, under conditions suitable to renove the don group of
the proline residue, to provide a conmpound of formula VII: reacting the
compound of fornmula VII with cbz-tert-Ieucine, under appropriate coupling
conditions, to provide a conpound of formula VIIl: VIII; reducing and
depr ot egti bget heceonpounddofinf oapLEal Vbdlow 0 qr avicdeia eatpoundeof Ffor mul a
| X: | X, and reacting a conpound of forpula |X and 4-am no-3-chl orobenzoic
aci d, of"8 ferFvaty Ve Rheréstt hat “Fe 8ut taht¥ for coupling to an amine

(e:g" hﬂ%}4A§ég£@§$%h%¥}§kﬁ%@&°é%ﬁ¥ﬁ§ﬁé@@,eﬁi%% @fPﬁﬁh—Py-nmiety

am no- 3-chl orobenzoit acid), under appropriate coupling conditions, to

provi devkbhesconpoant: obrtornutactast N6 B dohvent Bntal sioprlovi des a
conpound,.gf_For gul @ X, whergln Lhe compound Js Rregargdsaccording to the
met hods “hererh:
Takle 3.
[056] According to yet another embodiment, R is & Py-P3-Py- moiety
selected from one of the groups listed in Tablie 4.
1057] iIn any of the embodiments herein, R® is zlternatively an
optionally substituted group sslected from an aliphatic group,
aralkvl group, heterocyclylalkyl group and an aryl group. In
more specific embodiments, R is-methyl, ethyi; propyl, Z2-propyl,
butvi, pentyl, hexyl, 4-methylpentyl, Z-methylpropyvl,
cyclopentyl, cyclohexyl, cyclopentylmethyl, cyclohexylmethyl,
rhenylethyl, phenylpropyl, phenvlbutyl, {d}-menthyl, (1)-

menthyl, l-adamantyl, Z-adamantyl, l-indanyl, 2~indanyi, bornyl,

3-tetrahydrofuranyl, benzyl, o-methylbenzyl, 4-chlorcbenzyl, 4-

fluorobenzyl, 4-methylbenzyl, 4-(2-propyl)benzyl, or 4~
trifluoromethylbenzyl. More specifically, R’ is ethyl or an

optionally substituted benzyl; or R® is ethyl or benzyl.
[658] In any of the embodiments herein, X is preferably Br.
[059] In a specific embodiment, the invention provides a process

for preparing a compound of formula I:

QVOIN 0

N
H

™\

comprising:

{a} reacting a compound of formula II:



X wherein:R5'is an optionally substituted group selected froman aliphatic
group, aral kyl group, heterocyclyial kyl group or aryl group; and is H or an
am ne capping grout). [0163) The processes described herein are useful for
producing a of fornula I: [ 064] The process may al so be used to produce
substantially pure, diastereonmers of conmpound | shown as fornulae IA 1S,
IC, and ID. TAS [065] Schene 1 may fal so produce a m xture of

di astereoners | A and I C o

"\

1T

Br

and a compound of formula III:

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

process for preparing a compound of formula IV:

0
,j;N
O Hoo °
HaN O~ N
H DO
o ‘\

Iv;

comprising reducing and deprotecting a compound of formula I:

G0
e

I ;

to provide a compound of formula V:



| AAC 10661 According to another enbodinent, this invention provides a
process for preparing a conpound of formula A [|A conprising the
step of selectively crystallizing a conpound of fornula: | A/ C from
toluene. pen This selective crystallization step conprises conbining the
compound of formula IAC (i.e., a mxture of Lk and I1C) and toluene (either
at room tenperature or above) and ni ng the conbination with stirring to
di ssol ve the conmpound of formul aHN cooling the conbination with
stirring. Upon cooling, the conpound o @rrrul alAis obtained as a
crystalline solid (about 96:4 to 13 mxture). 10681 According still
t o anot her enbodi nent, th| s i nventi onal pr des a process for preparing a
conmpound of forrmula IA: QML\

Vi
razcting the compound of formula ¥V with chz-tert-lsucine, under

appropriate coupling conditions, tTo provide a compound of

CRaLre:
\\

VI

formula VI;

reacting the compound of formula VI under conditions for
removing the cbz group; appropriate conditions would be those
that provide an amine (or amine salt) (i.e., under conditions
fcr depreotecting .the cbz-protected amine of the tert-leucine,
such as, e.qg., Hz, Pd/C, citrate acid {(COs:H)»}}; after
deprotection the resgultant amine is . reacted with 4-amino-3-~
chlorobenzole, or a derivative thereof that is suitable for
coupling to an amine (e.g., 4-amino—3-chlorobenzoyl chloride),
under appropriate coupling conditions, to provide the compound
of formula IV.

[061] According to another embodiment, the invention provides a

process for preparing a compecund cf formula IV:

20



conprising the step of dynam c crystallization of a conpound of fornula:

| AVc under in the presence of a Lews acid and a solvent , optionally
including a protic acid. In certain enbodi nents, the dynamc
crystallization is perfornmed with Al (Galkyl)2 in toluene. In other

enbodi nents, dynamc crystallization is performed with alews acid in a
sol vent containing a protic acid sugchjas HCL; HEr, triflic acid, sulfuric
aci d, phosphoric acid, or conbinatio thereof. 1.0691 In still other
enbodi nents, the isoners I A and | & may beypugifigd and i sol ated by known
chr omat ogr aphi ¢ net hods. [07f iments of this invention
i nvol vi ng a conpound of form is represented by the
structure: A rfl In ahyNcf of W his invention involving

or
he enbodi rfént

a. conpound of formula Il, oneiformof Il is repré§@nted by the structure:
[0721 I n any of the enbodinents of this invention involving a. conpound of
formula I'll, one formof Il is repr&dented by the structure:

comprising reacting a compound of formuia I:

RaasYs
<

I;
under deprotection conditions, that is, under conditions
suitable to remove the cbz @roup cf the proline residue, to
provide a compound of formula VII:

O
HN

| ©

N
H O
ﬁ\ VII;

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

O

under appropriate coupling conditions, to provide a compound of

formula VIII:

AR

VIII;
reducing and deprotecting the compound of formula VIII to

provide a2 compound of formula IX:

21



[11A;, [073] In any of the enmbodinments of this invention involving a
conpound of fornmula TV, one formof Iv is represented by the structure:

| VA. M741 In any of the enmbodinents of this invention involving a conpound
of formula V, one formof Vis represented by the structure: VA 19751 In
any of the enbodinments of this invention involving a conpound of formnula

VI, one formof VI is representégti;'the structure: VIA . 26

reacting a compound of formula IX and 4-aminc-3-chlorchenzoic
acid, or a derivative thereof that is suitable for coupling to
an amine (e.g., the 4,6~dimethoxy-Z-hydroxypyrazine ester cf 4=
amino~3-chlorcbenzeolic acid), under appropriate coupling
conditions, to provide the compound of formula IV.

[662] This invention also provides a compound of formula X,
whersin the compound is prepared according to the methods

herein:

RE—~N
g

wharein:

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

®® is H or an amine capping group.

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

of formula I:

22



10761 In any of the enbodinments of this invention involving a conpound of

formula VI1, one formof VII is represented by structure: VIIA 10771 In
any of the enbodinments of this invention involving a conmpound of formula
VIIl, one formof VIII is represented by structure: VIIIA [078] In any of

t he enbodi nents of this invention involving a conpound of fornmula I X, one
form of [dﬁﬂ I sh&eprosent ed by i1sbryet WLy vd Mr UL ALSOaRE OY1 Hedoafe

conpounds fornula XA., XB, XC, or XD, wherein the conmpound is prCEared
accor di AgaE6e SRR HodSOREPEna: | FﬁoﬁﬁﬁﬁstR@“NaQGIﬁfII@r 1c,
ID.
]
E::]\N/O N 7 [::l\v/o N::}
Y'Y % Y'Y %
O O g O/\E
Ia IB
©\/O N O Nf\j
19 @S 19 gs:
Cq N 07N

{865] Scheme 1 may also produce a mixture of diastereomers IA and

Ic:

1n/C
[066] According to another embodiment, this invention provides a

process for preparing a compound of formula ITA:

Ia
comprising the step of selectively crystallizing a compound

of formula:



00 0-R5H XA, XL wherein: R5 is optionally substituted aliphatic, aral kyl, or
aryl; and R6 is H or an am ne capping group. [OM In one enbodinent, R5 is
an optionally substituted group selected froman aliphatic group, aralkyl
group, heterocyclylal kyl group and an aryl group. MII [In another

enbodi nent, Rs is nethyl, ethyl, propyl, 2- propyl, butyl, pentyl, hexyl,

4- met hyl pentyl, 2-nethyl propyl cl opentyl, cycl ohexyl, cycl opentyl nethyl,
cycl ohexyl net hyl , phenyl et hyl , pheyi butyl, (d)-nmenthyl, (1)-
ment hyl , 1-adamantyl, 2- adaman ) 2-4 ndanyl , bornyl,
3-tetrahydrofuranyl, benzyl, a- nethylbe’zyl 4iohborobenzyl 4-

fl uorobenzyl, 4-nethyl benzyl, 4-(2- prop?l@ Y or 4-

trifluoronethyl benzyl. [082] In another enbodi memdt-, A5 is ethyl or an
optional Iy substituted benzyl. [M In yet another enbodinment, RS is ethyl

or benzyl. [084] In one enbodi nent of t is invention, R6 is an am ne
cappi ng group and the am ne capplng p is -0(0)R7 or -C(0)0OR7, and the _
is (06- Gk apyhenor (06-010)-aryl-(Cl-Cl2)aliphatic-, wherein the aryl is
optional |y substituted. In one forn1of t hi s enbodi nent, -C(O)OR? mhereln
R7 is Oé%?énarp§ SEbRF 1 g ystallization step comprises combining t

compound of formula TA/C (i.e., a mixture of IA and IC) and

tolusne {either at room temperature or above) and warming the
combination with stirring to disscive the compound of formula
IA/C and cooling the combination with stirring. Upon cooling,
the compound cof formuls IA is obtained as a crystalline sclid
fabout %0:4 to about 97:3 mixture!.

[068] Zccording still to ancther embodiment, this invention

provides a process for preparing a compound of formula I&:

o
g

IA
comprising the step of dynamic crystallization of a

compound of formula:

In/C
under in the presence of a Lewils acld and a solvent , optionally
including a protic acid. In certain smbodiments, the dynamic

crystallization is verformed with AL (Calkylls in toluene., In
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behzyl, preferably benzyl. (685] Any am nes obtai ned as descri bed herein,
may be used with or without isolation fromthe reaction m xture. The
desired caspase inhibitor prodrug nay be derived from e.g., V, VI, or the
free amne of XIV (either as depicted or in the reduced form by
attaching the appropriate P2r 22-P3r or P2-3-24 noiety. A coupl i ng of an
anm ne wbthesuetbadinmirelsy MRyabec carysed ditatisinng st bexcornes paidi rg
carboxylic acid, or reactive equival ent thereof, under standard am de

bond- f oF AT h§ BT+ Eodpld RG-CEREI F7oNs A% i At IoaFEFng T 2att i b ncl udes a
sui t abl gzsol vent: i d heiam Bel kdra: concentyratd o fian-ging rom about 0.01 to
10M pref erably about 0.1 to 1.0M the requisite carboxylic acid, a base
and a pé@@?d%aeoﬁ‘pﬂ |Tﬁg?"”reé>agent [0861 If an anmine is used wi t hout

| sol ati per t B COUP] 110, TBX BEACALLL S QWL 1 {181 U kN hhersokyen, of the
reactio ure used TNt he preparation of t eamne or in

di fferentx$b6lvennd Tedikitsedr egcknomn nq*mmae*ogmhr@qmesmescar boxylic acid
may be ?qdjg d_and the.r actl n naintained at_a terlgeratu e in,the range of
about 0 100 &Y prleferabiy hetieen about-20 16 206t *46°THE Bade and
pepti deceedplhAgof eagentl aame thenragded: to therdfive=une 2dwbiycbhés mai nt ai ned
at a tenperature in the range of about O to about 60C, preferably between
about 26t€5°5b6%Ef 40C. The base is typically a tertia triethylanine,

di i sopropyl et hyl am ne, DEN, | thyl i m dazole, preferably tr

di | sopropyl et hyl am ne. The 4 Nt o ne pase, such as
i N%ﬁd is generally up

N- et hyl nor phol i ne, DEU, et | o
IA.

f
o

[871] In any of the embodiments of this invention invelving &
compound of formula IX, one form of II is represented by the

structure:

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

structure:



to about 20 equival ents per equivalent of the amne (e.g., V), preferably
at | east about 3 equival ents of base. Exanples of peptide coupling reagents
i ncl ude DCC (dicycl ohexyl carbodiimde), DEC (diisopropylcarbodiimde),
di pt ol uoyl oar bodl i m de, BEE (1-benzotriazol e diethyl phosphat e- 1-
cycl ohexyl- 3-(2-nor phol i nyl et hyl ) carbodlim de), EEC (1-(3-
di met hyl am nopr opy1l- 3- et hyl - carbgdi i m de hydrochl oride), cyanuric fluoride,
cyanuric chloride, TFEH (tetr @ fl uor r mam di ni um
hexaf | uor ophosphosphat e), DEPA-(# ykp horazi date), BOP
(benzotriazol - 1- onxytrls(dlnethyIanln piosphoni um hexaf | uor ophosphat e),
HBTU (0-benzotriazol-1-yl-N, N, WN -t ePr Ryl ur oni um
hexaf | uorophosphate), TETE (0-benzotriazol-1-yl-N, N WN -
t et ramet hyl ur oni um t et rafi uor obor at é%meSTU
(0-(Nsu d N, W L uro) trafl I HATO
( N- Hdi rr@?hﬂl %'gﬁl 01* FET f”?gtsﬁ‘%gﬁ% %/ %élgprny‘{e?ldﬁ?{tﬁ 8 ﬁy‘?‘%ﬁ%} N- et hyl
nethananbmpuum@emﬁf&u@mﬁ@hd@bhane ﬂEUM|@@)rVBGPI@®TeSGHted by the
(bi s(2-0x0-3-0xazol i di nyl )phosphinic chloride), PyBCP
((1-H 1°273%bBhZotri azol - 1-yl oxy) -tri s(pyrrol i di no) phosphoni um
tetrafl uorophopsphate), BrOP (bronDtLﬁELdlnethylanlno)phosphonlum

ri

hexaf | uor ophosphat e), DEPBT o
(3- (di et hoxyphosphor vl oxy) - 1, 2, 3- b
(bromotris(pyrrolidino)phosphko hat e). EDC, HOAT, BOP-Cl
and PyBrOP are preferred pept . r ag . The anount of peptide
coupling reagent is in th&Nrange of about ON't o babout 10.0 equi val ents.
Optional reagents that may be gsed in the an1%e B9 -form ng reaction

i ncl ude DVA? (4- dinethyl am nopyridine) or active ester reagents, such as
HOBT (1- hydroxybenzotriazol e), HOAT (fwedr oxyazabenzotri azole), 20Su
(hydrcxysu00|n|n1de) HONE ( endo- N- hydr oxy- 5- nor bor nene- 2, 3-

di car box@iideé), ahn afotint sSEigieg Lhr o aboat L TVt ieraeur 1Yong 2

equl va) eltgo hI00E ALLELIALY Vel Q06 MRYy! Leat. an. AN wgtteq@ reactive

nz

- 4( -one) PyBrOP

o

equi val carboxyllc ac such as P2-
P4- 23- P2ZtCu=):Xt: where C(=0)-XS is a group that is nDre reactive than COON
in the coupling reaction. Exanples - C( - O)Xl groups. i ncl ude groups where

nunber of chenlcal groups are known y be used as the P3- P2- portion
of the I CE or caspase inhibitor pr anpl es of such P3-93- groups are
shown in Table 1 as part of a noiét

P4-P3-P2 Table 1. 34-23-P2- G?oups 0 AA20

X1is d, F, OC(=0)R (R =-aliphaty arﬁ SH, SF, SAr, or SeAr. [088] A

VA,
[#75] In any of the embodiments of this invention involving a
compound of formula VI, cne form of VI is represented by the

structure:

=0

o

o ﬂ/ N
SRRar.

VIiA

O
A



P4- H 0

[676] In any of the embodiments of this invention inveolving a

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

structure:
G
HN
| ©
O N
™\
VIIA.

{0771 In any of the embodiments cf this invention invelving a

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

N
SRERPEs:

Hob
o

structure:

VIIIA.
[678] In any of the embodiments of this invention involving a
compound of formula IX, one form of IX 1s represented by
Y O
2 I A
') N/X
H O~\

structure;

IZA,
[679] 2lso provided are ccmpounds formula X&, XB, 3C, or XD,
wherein the compound is prepared according to the methods

herein:



in where n is zero to three; AArefers to an amno acid side chain; X is
N, 0, S, SO 502, CHF, CF2, O(R3)2, 0=0, or CCNOR; A2 is 0, Sor H2;, Yis N
or CH R is hydrogen, 01.-12 al kyl group, aryl group, or heteroaryl group,
the R groups being optionally substituted with one or nore halogen; R3 is
an al kyl having one to six carbons; 124 is R-00, RO0=0, RNHC=0, RO(0)O0=0,

or R502; a RS is hydrog hafo, al kyt~ al kgxy, hal/ﬁ/kylg hal oal koxy,

am no, phenyl enoxyf—~Ryds oxyy al kbxycar bonyl , s&rlboxyl, jal kyl car bonyl ,
al kyi sul fonyl , [al kyl sul f oyl , Jad<yl car bgnyl pntdo, al kgl cay bgnyl al kyl am no,
al kyl am ngz=dj | am N0y } ul f ony, %\Q ano; ae~ ¥nd IR are

i ndependent | yHsel @ctsed frormRS,’E)aég/l , hetgroapyksal Kyl )arylo.gs
(02-22) benzocycl oal kyl, or (01 12 al kyl)heteroaryl. K891 Preferred
P4- P2-P2- grBlps are shownZBn Table 2. Ta¥te 2 Preferr&8 P4-P3-P2- G oups

wherein:

R® is optionally substituted aliphatic, aralkyl, or aryl;
and

R® is E or an amine capping group.
[080] In one ambodiment, R is an optionally substituted group
selected from an aliphatic group, aralkyl group,
heterocyclylalkyl group and an aryl group. |
081} In another embodiment, R° is methyl, ethyl, propyi, 2-
propyl, butyl, pentyl, hexyl, 4-methylpentyl, Z-methylpropyl,
cyclopentyl, cyclohexyl, cycleopentylmethyl, cyclohexylmethyl,
phenylethyl, phenvlipropyl, phenylbutyl, ({(d)-menthyl, (1)-
menthyl, l-adamantyl, Z-adamantyl, l-indanyl, 2windanyir bornyl,
3-tetrahyvdrofuranyl, benzyl, o-methylbenzyl, 4-~chlorobenzyl, 4-
fluorchenzyl, 4-methylbenzyl, 4-{Z2-propyl)benzyl, or 4-
trifluoromethylbenzyl.
[082] In another embodiment, R> is ethyl or an optionally
substituted benzyl.
[083] In yet another embodiment, R is ethyl or benzyl.
[084] In one embodiment of this invention, R® is an amine capping
group and the amine capping group is ~C{OYR" or -C{Q)OR’, and the
R’ is [C6-C10)-aryl- or (C6~C10Y-aryl-{Cl-Cl2)aliphatic—, wherein
the arvl is optionally substituted. In one form of this
embodiment, -C{QYOR', wherein R’ is opticnally substituted
benzyil, preferably benzvl.
[685] Any amines obtained as described herein, may be used with
or without isclation from the reaction mixture. The desired
caspase inhibitor prodrug may be derived from, e.g., V, VII, or
the free amine of XTIV (either as depicted or in the reduced
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a-1b-1c -1 c-2c-3c-4 where R6 is an optionally substituted benzyl
as descri bed bel ow or 2-indanyl, and the P4 noiety is represented by R T-,
wherein RRT- is R 00, ROC=0, RNHC=0, RO(0)0=0, or RS02. NM Preferred R
groups of P4 are shown in Table 3. 0 0---1( 0 R T-P3-P21-Nr--(
form) by attaching the appropriate Pz, P»-P;, or Py;-P;-Ps molety.
A coupling of an amine with such a molety may be carried out
using the corresponding carboxylic acid, or reactive eguivalent
thereof, under standard amide bond-IZomming or coupling
conditions. A typical coupling reaction includes a suitable
solvent, the amine in a concentration“fanging from about 0.01 to
10M, preferably abcut 0.1 To 1.0M, the requisite carboxylic
acld, a base and a peptide coupling reagent.
[086] If an amine 18 used without isolation, the coupling may be
carried cut in situ in the solvent of the reaction mixturse used
in the preparation of the amine, or in a different. solvent. To
this reaction mixture, the regulsite carboxylic acid may be
added and the reaction maintained at a temperature in thé range
of about 0° to 100° C, preferably betwesn about 20° to about 46°
C. The base and peptide coupling reagsnt are then added to the
mixture, which is maintained at a Temperature in the range of
about 0° to about 60°C, preferably between about Z0° to about
40°C. The base is typically a tsrtiary amine base, such as
triethylamine, diisopropylethylamine, N-methylmorpholine, DBU,
DBN, N-methylimidazole, preferably triethyvlamine or
diigopreopylethylamine. The amount of base used 1s generally up
to about 20 eguivalents per equivalent of the amine (e.g., IV},
preferably at least about 3 eguivalents of base. Examples of
peptide coupling reagents include DCC
(dicyclohexylecarbodiimide), DIC (diisopropylcarbodiimide), di-p-
toluoylcarbodiimide, BDP (i-benzotriazole diethylphesphate-1-
cyclohexyl-3~ (2Z-morpholinyliethylicarbediimide), EDC {1-{3-
dimethylaminopropyl-=3-ethyl-carbodiimide hydrochioride},
cyvanuric fluoride, cyanuric chloride, TFFH (tetramethyl
fluoroformanidinium hexafluorophosphosphate), DPFPA
(diphenylphesphorazidate), BOP (benzotriazel-i-

vioxytrie{dimethylamine)phosphonium hexafluocrophosphate), HETU
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HOR2 Table 3. Preferred R G oups of P4 158159160 [091.] In specific
enbod nents, R T- is R 00 where Ris 1- naphthyl, 2-naphthyl,
1-isoquinolinyl, or 3 4 5where positions 3 and 5 of R are independently and
optionally substituted by hal ogen, preferably chloro, or Cl-3 al kyl, and
position 4 is optionally substituted by am no, acetam do, hydroxy or

met hoxy .o N921; Jhe qmst 1pretgr ned: 24~ B322manQuURscakenshown in Table 4.

Table 4. Most Preferred 24-P3-P2- G oups )
hexafluorophosphate), TBTU (O-benzotriazol-l-yl-N,N,N’, N~
tetramethyluroniuom tetraflucrcoborate ), TSTU (G- {N-
succinimidyl) =N, N, N’ N’ -tetramethyluronium tetrafluoroborate),
HATU (N-{(dimsthylamino)}-1-H-1,2,3~-trizzclold,5,¢] -pyridin-1-
ylmethylene] -N-methylmethanaminium hexafluorophosphate N-oxide),
BOP-C1 (bis{2-oxc-3-oxazclidinyi)phosphinic chloride), PyBOP
({1-E-1,2,3-benzotriazol~i~yloxwyl-trisipyrrelidine) phosphonium
tetrafluorophopsphate), BrOP
(bromotris{dimethylamino)phosphonium hexaflucrophosphate), DEPBT
(3= {diethoxyphosphorvlcxy)-1,2,3~benzotriazin~4 (3H)~ons)] PyBRrOP
{bromotris (pyrrolidine) phosphonium hexafiuvorephosphate). EDC,
HOAT, BOP-C1 and PyBrOP are preferred peptide coupling reagents.
The amount of peptide coupling reagent is in the range of about
1.0 to about 10.0 esqguivalents. Optional reagents that may be
uged in the amide bond-forming reaction include DMAP (4-
dimethylaminopyridine} or active ester reagents, such as HCBT
{1-hydrozybenzotriazole), HOAT (hydroxyazabenzotriazole), HOSu
(hydroxysuccinimide), HONB (ende-N-nydroxy-S-ncrbornene-2, 3-
dicarboxamide), in amounts ranging from about 1.0 to about 10.0
equivalents.
1887] Alternatively, one may treat an amine with a reactive
squivalent of the RCOOH carboxylic acid, such as Py-, P3-Py~, or
EumPgw?ng(mO)Xl, where C(=0)X' is a group that is more reactive
than CCOCH in the coupiing reaction. Examples of -C{=0)%" groups
includé groups where ¥* is Cl, F, OC{=0}R (R = aliphatic or
aryi), SH, SR, SAr, or SelAr.
[888] B number of chemical groups are known that may be used as
the P3-Pz- portion of the ICE or caspase inhibitor prodrug.
Examples of such Ps—-PF;~ groups are shown in Table 1 as part of a

Pi=Py-Py— molety.
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ORN NO&c-72a RHryN--- a o-2a

5
R5 R’ = R°
6 N -
RGN R Ahg N
f b ! P N X
N 4~
Z N Pesy N \\/
: O
R4 H G
P g r

where n is zero to three; AL refers to an aminco acid side chaing
X is N, O, 8, SO, 80z, CHF, CF;, C(R%)p, C=0, or C=NOR; A" is O, §
or H.; ¥ is XN or CH; R is hydrogen, Cioyz alkyl grcup, aryl group,
or heterocaryl group, the R groups being opticnally substituted
with one or nmore halcgen; R® is an alkyl having one to six
carbons; R' is R-CO, ROC=0, RNHC=0, RC(0)(=0, or RS0;; and R® is
hydrogen, halo, alkyl, alkoxy, halocalkyl, haloalkoxry, amino,
phenyl, phenoxy, hydroxy, alkoxycarbonyl, carboxyl,
alkylcarbonyl, alkylsulfonyl, alkylsulfoxyl, alkylcarbonylamino,
alkylcarbonylalkylamino, alkylaminoe, dialkylamino,
amincsulfonyl, or cyano; and R® and R’ are independently selected
from R, arvl, hetercarvl, {Ciip alkyliaryi,
(Cie1z)benzocycloalkyl, or (Ci.ip alkyl)heterocaryl.

[689] Preferred Pq-P:~P;~ groups are shown in Table Z.

Table 2. Prefarred Py-Pz-P:— Groups
!
o H Y FFG I{(Q
4~ N~ Py~ N
"N . P IN N
P Ay
H o = H/\g’/ h Hoo
a-1 b1 a1
F
8
o X0 L oo LA
4\ﬁj\n/ p4\N 4\}:{
o Hog 0
o-2 a-3 o4
E O
F
P4\I§&rN\< P4\S N N\(
P - kY
0 Q 4 § 5
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c -la GC6a where Ris, referring to Table 3, one of the foll ow ng
groups: 100, 105, 107, 108, 114, 117, 119, 126, 136, 139, 140, and 141.
[93] In attaching the P4-P3-22- noiety, or portion thereof, the noiety my
be attached in one piece as or subunits of the noiety may be added in a
sequenti al manner as descri bed above. For exanple, Cbz-protected proline
may be coupl ed-50 XV or if R8 #ssethyl with 11)&-D-R5 [94] After renoval
of the Cbz group, a P3 or P3-P4 noiety may be attached by al kyl ati on or

[ [ [ & 1095] In cerwain enbodi nents, nethods of
the present ocess proceed .ough t he butenolactepe XV where X is chloro,
bronmo or i ’ trﬁg but enol ectone.-is the
br onof ur an ich may ¢med according to
Escobar rat,/al . Quinny N9 57, 43. A tgrnatively, other reactants of
the formild GI A and G I B y(%e connercrallw avdi | abl e or produced from
knom/nethods.d§ e, for exanple, 7 Conprehensive nganrcTransfornatrons A
Gui de to Functi6nal Group Preparations,"” 2nd Editton, by Richard C. Larock,
pages 636, 639, 661, 724. [(Q96] Al so within the szope of this invention,

anot her e i of the coﬂgj ng reaction of ami-pe proceeds by
acyl at i dt¥ of i on of th?ia( ne using are ctrMe equi val ent of the
[ d,

car boxylic aci such as R2 NP2-, or 32-P2- 4 X, where C(=0)X is
as descrfP Huox The ani ttie anine Pswjr enerated by treating
t he am ne iHn solvent with an§3sum$@ble base.H ExH nples of solvents that
may be used include ethereal solvents such as THE, DMV& di oxane, di ethyl
ether, methyl &értbutyl ether; ®atomatic hydrocar%ohs such as benzene,
toluene ene; hal ogenat ed hydrocarbons such as di chl or onet hane, car bon
tetrachl , dichl oroethane; d¢ other organic solvents, such as
acetonitri+€. erred sol ve i ude THE, 3 | uene or

di chl or onet h uitabl e basés for ener apj nglt he api on include organic
bases such 4s amalkali netal Mig€, an al Kal i nefal tert-butoxide, an
al kyl crpar Nt hium suclReas mathyl-, butyl- & p enyrlrthrun1 an al kal i
metal ami d&, such as |ithium? sodium or potassium

bi s(trinethylsilyl)am de, di Gsopropyl am de, or tetranethyl pi peridine.
Preferred basesilncl ude |ithi umkbiEs(trimethyl silyttam de, |ithium.

di i sopropyl am,de, or Iithiu?LL\okt/rs_;anethylpiperidineS The ani on

h |
P4‘N”ﬂ;ﬁ:gi15 EF“T(N\ﬁz 94\N,I:;j;i15
H o P‘I’MN o H o

H
1-2 m~1 m-2
F
2,,//‘\/
= |
5 } \ 1N\ 2
4~
N !
H 7/ l o= P,g\N N
© Pa~ N~ H 7
N O
H
o-1 o-3
- S0,CH;
SR
ﬂ\[ Pd\N N P‘;\. :E 8
CHg H o
p-1 m=~1



of the amne is treated wth the carboxylic acid equivalent at a reaction
tenperature that nay be in the range of about -78C to 120C, preferably
bet ween about OC to 60C. 10971 Reduction conditions for reducing the double
bond in the furanone ring nay al so be used as debrotection conditions. For
exanple, when R3 (in XIV) or R6 (in X) is cbz, conditions may be used to
reduce thed,d ond and to al so renove the cbz group. [1098] Methods
herei n descripe afsSequence |?;:h|ch t he butenol actone is first coupled to a
th

caspase P, A= nnletyPanq the ring double bond is reduced.
Al terna |ver r\;:h reducti oupling may be perforned in reverse
order. 16991 i1l anot her ®nbodi nent, this invention provides a process
for prepaﬁ ng}a conmpound of forrmula XVI: 0 O HO-R5 XVI; wherein R3 is a
24-P3-P2 noi ety,of a caspase i,nhibitor, the P4-P3- P2 is del of Table 2,
the P4 is 108 o? Tabl e 3, Rglls as deflned herein (e.g., ethyl) and the
process is a@@@f@nﬂﬁl@OahhSpﬁE&ﬁﬁHﬁyfﬁﬂhﬁtﬂ;u&@ﬁ G@bzﬁhl@sidﬁ&ﬂﬁﬂmmm al so
provi des a process, jﬁ{eparlng a_conpound of formul a WA

belo :Lm an and the P, molsety is epres«mﬁted by R-T=,

wherein R-T- is R-CO, ROC=0, RNHC=0, RC(0)C=0, or RS0;.

{098} Preferred R groups of ¥4 are shown in Table 3.

0

0 /[:i
Rﬂ“PngL

OR?

Takle 3. Preferred R Groups of Py

CH;,

o & Cr C/ p ol
N
ST T e

110 111 112 113 114
Hal HsC Cl
OO Sy W
~ P HO
N = HO 0 HoN &
£ CH3 CH3 Cl
1i5 i1le 117 118 120
0y 2 o
o) H Oz
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| VA; conprising selective crystallization of a conmpound of fornula: from
toluene. 1A/C 39 [0101] Alternatively, a process for preparing a conpound
of formula WA NA; conprises dynam c crystallization of a conpound of

formul a:

iz1 i22 123 124

OH Cl
125 126 127 128
F
. -OMe | O | Cl ij i R
[ _N =N :/N <C} . ZF
OMe OMe ¢
129 130 131 132 133

OH

i35 136 137 138
E

> ¥ l\//‘N

138 140 141 142 143
= ‘)\\“N RN =
C14 Alkyl ﬁ b i\‘, I/Jj
N/ i\f\‘/ /f\\o i\l‘?l/

O

144 145 l4s 147 148

| p -
Ty T O O O
148 180 151 152 153



O'T----1000 W---1 HO\ [|A/C by contacting the mxture of INCwth a
Lewisacid in a solvent optionally including a protic acid. [91.02] This
i nvention al so provides a process for preparing a conmpound of formula WA

154 155 156 157
c
AL T ¢
E :
Hﬁfj\gj:;;(/ L\/N\“/\O ﬁ;}r/
Ci

158 159 160

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

naphthyl, 2-naphthyl, l-isoguineclinyl, or
O
4
5 where positions 3 and 5 of R are independently and

optionally substituted by halcgen, preferably chloro, or Ciz
alkyl, and position 4 is coptionally substituted by amino,
acetamido, hydroxy or methoxy.

[092] The most preferred P;~Py-Pr- groups are shown in Tablie 4.

Tahle 4. Most Preferred Py~P:—P;- Groups

ai
0 y _ .
R)LHN NY 9 PR N~
o RJ\N N~ R7ON
H | H O
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| VA; conprising, reacting a conpound of formula Il: O 1I; and a conpound
of formula I1l1: [11; in the presence of a palladiumcatalyst, a palladium
| igand, and a base in a solvent optionally including a phase transfer

catal yst. [0103] Al so provided are nethods of preparing the correspondi ng

al dehyde conmpound (of e.g., XVI) by these processes. For exanple, conpound
|V prepared accordin o this invention, may be converted to the
correspondi ng al deh onpound, that is by converting the furanone to an

al dehyde. [0104] In arOt her enbodi nent, this invention provides a process

for preparing a coppound of fornula Xvi: 0 0 T-4
NS CIRE SIS ¢y
N _~ N N

R™ "HN
o} o}
o~2a c-T7a o-la
O
R)Lﬁ N
G
c~6a

where R i3, referring to Table 3, cne of the following
groups: 100, 105, 167, 108, 114, 117, 119, 1Zs, 136, 138, 140,
and 141.
{893] In attaching the P,~Ps;~F>- moiety, or portion therecf, the
molety may be attached in one piece as or subunits of the molety
may be added in a sequential manner as described above. For
example, Cbz-protected proline may be coupled to XV (or if R® is
ethyl with II):

O

N LR

. o g O-g?
[094] After removal of the Cbz group, a P3; or P;~P; moiety may be
attached by alkylaticon or acylation of the proline nitrogen.
[395] In certain embodiments, methods of the present process

proceed through the butenclactone XV where ¥ is chloro, bromo or

iodo:



0O R3ANA--- HO-R5 XVI; wherein R3 is a P4-P3-P2 noiety of a caspase
inhibitor, the 24-P3- P2 is d-1 of Table 2, P4 is 141 of Table 3, R5 is as
defined herein (e.g., ethyl), and the process is according to the nethods
herein. [01051 Accordingly, this conpound (see conpound 412f and/or
correspondi ng conpound 412 as disclosed in WO 97/22619, which is
;ncorrom?¢fmﬁéumaﬂ mt?y*ﬁe@eb&ﬁmmglaqiqm&e@ar agdebyrreattiaeese dohpound of
ormul a and.an m_de Gompau e of a
palladluﬁ?%gﬁﬁﬁfgt % Wﬁag ﬁ% |gan%“:al angCS% %%gaT%qiﬁg&%§Q%%

ase transfer
Cata|y8&1aﬁdAﬁngﬁp@f@pﬂ@&te 6D) VENI zﬂnea@@mdpeugteoahedeL@anBUndCﬁbuld be

derived fromthe P4-P3-P2 grou la in Table 4,
HNH2: the formula GIIA and gu_m may be commercial y dva*faﬁfgﬂgynd Olw-N
produced from know methods. See, for example, "Comprehensive

COrganic Transformations: A Guide to Functional Group
Preparations, " 2nd Edition, by Richard C. Larock, pages 638,
659, 661, TZ4.

[096] Also within the scope of this invention, ancther embodiment
of the coupling reaction of an amine procesds by acylation of
the anion of the amine using & reactive equivalent of the
carboxylic acid, such as P;—, Py~P3~, or Py-P3-P,~C(=0}X, where
C{=01X 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, dioxane, diethyl ether, methyl-tert-
butyl ether; aromatic hydrocarbong, such as benzene, toluene,
xylene; halogenated hydrocarbons, such as dichloromethane,
carbon tetrachloride, dichloroethane; or other organic solvents,
such as acetonitrile. Preferred solvents includs THE, DME,
toluene or dichleoromethanse. Suitable bases for gsnerating the
anion inciude organic bases such as an alkali metal hydride, an
alkali metal tert-butoxide, an alkyl or aryl lithium, such as
methyl-, butyl- or phenyllithium; an alkall metal amide, such as
lithium-, sodium- or potassium bis(trimethylsilyl)amide,
diiscpropylamide, or tetramethylpiperidine. Preferred pases
inciude lithium bis(trimethylsilyl)amide, lithium |
diisoprepylamide, or lithium tetramethylpiperidine. The anion
of 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] Recduction conditions for reducing the double bond in the

furanone rinc mayv also be used as deprotection conditicns. For
i y kN
38



0 whereinis either
wherein there is a carbonyl
I sogui nclincyl group.

XXX:

[01061 In still
provi des a process of preparing a beta-am do carbonyl

H or an isoquinolinoylthe P4 group 141 in Table 3),

| i nker between the conpound and the
further enbodi ments, the invention

conpound of formula

ROONAOR R3J.L Nsp*I'L, R4 10S1 conprising the steps of: a)

r eact i ngxzampoapouinsh of flonmata Xl (R0 (1ORR) Rls cbz, conditions may be

uged to reduce the double bond and to also remove the cbz group.
[0698]

butenclactone

Methods herein describe a sequence in which the

is first coupled tc a caspase Py or Py, 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:
O
& 0
RLJ“N
H O-pgd
XVi;

wherein R® is a P,~P3;-P, moiety of a caspase inhibitor, the Py-Ps-

P: ig ©c-1 of Table 2, the Py is 108 of Table 3, R® is as defined

hersi and

o

{e.qg., ethvl) the process 1z according to the methods
herein.

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

compound of formula IVA:

IVR;

comprising selective crystallization of & compound of formula:

from toluene.



xI'l; a conmpound of formula XlIl1: 0 R3ANH2 XIII; in the presence of a

pal | adi um catal yst, a palladiumligand, a base, in a solvent optionally a
phase transfer catalyst, to produce a conpound of the formula XXXI 0 XXXl
wherein: X is a |eaving group; Each Ra is H, an optionally substituted
al kyl, an optionally substituted aryl, -ON, -C(0)-0Qal kyl or hal ogen;

Each RZFimp' ndependentd1y; an gpbiopal ty- substdtuied abkphatiicogroup, an
optionally substituted heterocyclic group, and an optionally substituted

aryl grégpruls IVa
5 ~\¥/
0
N
N %
"o

HaN o ﬁ’"“{
Cl “\

IVE;

o

comprises dynamic crystallization of a compound of formula:

o
O N
O P
07 N
H O»\
In/C
by contacting the mixture of IA/C with a Lewis acid in a solvent

optionally including a protic acid.

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

Oﬁ/
N
YN
HoN o7 N,
cl i O“\

IVE;

compound 0L Iormula IVA:

O

comprising, reaciing a compound of formuls II:

Br

IxI;

and a compound of formula III:
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Each R4 is independently an optionally substituted aliphatic, an optionally
substituted heterocycle, an optionally substituted aryl, or R2 and R4
together with the groups to which they are bound, forman optionally
substituted 5- to 8-nenbered heterocyclic ring; Each R3 is an
optionally substituted aliphatic, an optionally substituted aryl, an
optionally substituted heteroal kyl, a protecting group, P2-, P3-Pr, or
24-P2-52-; P2- SS R15 23-P2 is R8

(O on

IIL;

in the presence of a palladium catalyst, a palladium ligand, and

Akl

base in a sclvent optionally including a phass transfer

atalyst,

@]

[8183] Also provided are methods of preparing the corresponding
aldehyde compound {of e.g., XVI) by tThese processsas. For
example, compound IV prepared according to this invemtion; ﬁay ”
be converted Lo the corresponding aldehyde compound, that is by
converting the furanone to an aldehyde.

[6104] In another smbodiment, this invention provides a process

for preparing a compound of formula XEVI:

Q
O
8]
P .
H O~g5
ZVL;

wherein &% is a By~P3-P; molety of a caspase inhibitcr, 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 1s according to the
methods herelin,

{01851 Accordingly, this compound (see compound 412f and/or
correeponding compound 412 as disclosed in WO 87722619, which 1s
incorporated herein by reference) is prepared by reacting a

compound ¢f formula II:

Br



RS P3-P2- is P4is RT, Tis -C(0)-,-NHC(0)-, -0(0)0(0)- or

II;
and an appropriate amide compound, in the presence of a
valladium catalyst, a palladium ligand, a base, optionally a
phase transfer catalyst and an appropriate sclvent. An
appropriate amide compound would be derived from the P4-P3-PZ

group d-la in Tabkle 4, i1.e., a compound:

£
{0
R\N/“\v\“( )\

H OO NH; ,
wherein R is 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 isccguinclinoyl group.
[6106] in still further embodiments, the invention provides a

rocess of preparing & beta-amide carbonvl compound of formuls
Y

XK
o)
2
5 \\T’ﬂ‘OR
R3JL§MR4

p4it

Ra

comprising the steps of:
a} reacting a compound of formula EIIL:
O
| OR?
X R4
XTT1;

with a compound of formula XEIIT:

o}
R3’R“NH2

XTIT;
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-S2-; Each R is independently an optionally substituted aliphatic, an
optionally substituted aryl, or 22; Each R5 is independently H, an
optionally substituted aliphatic, an optionally substituted heteroal kyl, an
optionally substituted heteroaryl, or an optionally substituted phenyl;
Each R5 is independently an optionally substituted aliphatic, an optionally
‘substi t uhednbhetesnaldeylos anpaptional lostsulstd, t ut edihetewaal ydandn a
optionally substituted gheng[, or RS and R6 taken together with the atons
to whi ch2FReytare stitvachedrrorifats %(P“ﬁsﬁbwﬁéﬁédﬁlogﬁranﬁFTy Substituted
nonocychj-gqhet e o findhratfet Oodw. 1eNered, optional ly substituted

bi cyclic heterocycle, in which each heterocycle ring optionally contains an
addi ti onal heteroatom selected from-0% -S or - NRS5O-; Each Ri is

i ndependently H, an optionally substi &&= aliphatic, an optionally
substituted heteroal kyl, an optiomgll substituted heteroaryl, or an
optionally substituted phenyl, &f R6 together with the atons to
which they are attached form a 5 thb 7 nenbered, optionally substituted
nmbnocyclic heterocycle or aryl (see, for exanple, compounds f, h, i, n, and
o shown in Table 1 and conpounds o0-1, 0-2, and 0-3 shown in Table 2), or a
6 to 12 nenbered, optionally substitut&Ed bicyclic fused ring system in

whi ch each of the fused rings optionally contains an additional heteroatom
sel ected from'=0-, -S- or -NR50- (see, for exanple, compounds g and j shown
in Table 1, andsconpoundsy grrbwand j-1 shown in Table 2), or when R5
and R6 together with the atoms to which they are attached forma riqg, R7
and the ringE&ght Bmiforimed hyPREC Y- RS PGS "% 6 4: Fenbereyeity
optionaldyy substLtufesh bieycl i-e (bused: ring- syst emd:see, for exanple,
compounds g, k, |, and m shown in Table 1 and conpoundsd-2, k-1, 1-1, 1-2,
m 1, and m 2EsRbwR” iiF Tabkeeppenpherd waheidycsrest dsedet i hg EiEtém i s
optionally further f  t ;optignally. substd henyl -to form an
optional*%%gﬁbégi%ﬁf%ﬁﬁ%&g§fﬁx%gfngn%gr§% %r?%@cTT%q%ﬁggg %ﬁ%g éystenl(see,
for exanplEcredAapoandst et ey sshydwazibneTabl e 1, and conpounds e-1 and g-1

shown in Tablg 2) s Bach R 15 Lndependent].y, H0r, &, pLetegtlng group; and
aliphatic, an optionally substituted héterocycle, an optionally
substituted aryl, or R® and R® togsther with the groups to which
they are bound, form an opticnally substituted 5~ to E-membered
hetercoyelic ring;
Each R® is an optionaliy substituted aliphatic, an
optionally substituted aryl, an optionally substituted

netercalkyl, a protecting group, Pz~, P3-Py~, or Py-Pa-Fo-;

Pa— is
Rs
¢
—F
1 r
Rg
PS“?& is
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Each R50 is independently H an optionally substituted aliphatic, an
optionally substituted heteroal kyl, an optionally substituted heteroaryl,
or an optionally substituted phenyl; and mis 0 to 2. 101071 In sone
enbodi ments, R3 is an organic noiety. 10108] In certain enbodi nents, the
variable Rin 34 may be an aliphatic, aryl, or heteroaryl, each optionally
substituted witik,1 to &,aliphatic, halo, alkoxy, -ON, -NO®2, -N(R50)2

- SOM\( R50) 2, - 0) R50,| - SOnR50 or heterocycl oal kyl. [0109] The process
further conpris S redugj ng th; conpound of forrmula XXXI to produce a
conpoun 101 In sone enbodi nents P2- has the structure
in whic SQ ng Ais 5to nbered, optionally substituted nonocyclic
het erocycl e, or a 6jto 12 nbered, optionally substituted bicyclic

het erocycl e, in whi®h eachhetergcycle ring optionally contains an

addi tional heteroatom selected from-0-, -S or -NR50-, R50 is H an _
optionally substituted aliphatic, an optionally substituted heteroal kyl, an
optional Iy suhstituted heteroaryl, or an optionally substituted phenyl.
[0111] In SpeCIfIC enbodi nent s, Rlng A has the structure:

P, iz R-T;

T is -C{Q}~, ~0O=C{O)~, ~NEC(O}=-, =C{O}C(0}~ oOr
-30;—;

Each R ig independently an cptionally substituted
gliphatic, an optionalily substituted arvl, or Pa:

Each Rs is independently B, an optionally substituted
aliphatic, an optiocnally substituted hetercalkyvyl, an ocptionally
substituted hetercaryl, or an optionally substitutsed phenvl;

Bach R¢ is independently an optionally substituted
aliphatic, an optionally substituted heterocalkyl, an optionally
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, opticnally substituted monocyclic
heterocycle, 0r a © to 12 membered, cpitionally subsiituted
bicyclic heterocycle, in which each hetsrocycle ring optionally
contains an additional heterocatom selected from -0-, -8~ or -
NRggp=~

Each B+ 1s indespendently H, an optionally substituted

liphatic, an optionally substituted hetercalkyl, an optionally
substituted hetercaryl, or an optliconally substifuted phenvl, or
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[0112has the structure [043] In certain enbodinents, Ring A has the
structure ML141 In specific enbodi nents P2- has the structure or [0115]
i n anot her enbodi ment, the a process for producing a conpound of the

formul a

Ry and Rg together with the atoms to which they are
attached form a 5 to 7 membered, optionally substituted
monocyclic heterocycle or aryl (see, for example, compounds
£, h, i, n, and o shown in Table 1 and compounds o-1, o-Z,
and o~3 shown in Table 2Z), or a € to 12 membered,
optionally substituted bicyclic fused ring system, in which
each of the fused rings optionalily contains an additional
hetercatom selected from -C-, =S~ or -NRsp~ {(=zege, for
example, compounds ¢ and J shown in Tabkle 1, and compounds
g-1 and 9-1 shown in Table Z), or

whan Ry and E; togeth@f with the atoms to which they

are attached form a ring, Rs

n

nd the ring system formed by
Ry and Ry form a 8~ to 14~ membered optionally substituted
bigyciic fused ring system (see, for example, compounds g,
k, 1, and m, shown in Table 1 and compounds 4d-1, d-2, k-1,
1-1, 1-2, m=1, and m-2 shown in Table 2), wherein the
bicyeclic fused ring system is copticonally further fused with
an optionally substituted phenyl to form an optionally
substituted 10- to lé-membered tricycliic 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 Rg is independentiy H or a protecting group; and
Each Rsp is independently H, an optionally substituted

aliphatic, an optionazlly substituted heterocalkyl, an copticnally

substituted hetercaryvl, or an optionally substituted phenyl; and
m is 0 to 2. \

[6167] In some embodiments, Rs is an organic moiety.

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

aliphatic, aryl, or hetercaryl, sach optionally substituted with

1 to 3 aliphatic, halo, alkoexy, =-CN, -NOs, -N(Rs¢iz,

30N (Regle, -NC{O)Rey, =S04Rss or heterccycloalkyl.

[010%] The process further comprises reducing the compound of

formula EXXI to produce a compound of Formula XXX,
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conprises: a) reacting a conpound of the formula: 0 Ra\7,IL OR2Z R4 with a
conpound of the formula: O PiANH2 in ciao presence of a palladium

catal yst, a palladiumlicand, a base, optionally a phase transfer catal yst
and a solvent, to produce a conpound of the fornula O Ra. J.! 0-0OR2 P2

[6110} In some embodiments P,~ has the structure

J\)

PO

in which Ring A is a 5 to 7 membered, optionally substituted
monocyelic heterocvele, or a 6 to 1Z membered, optionally
substituted bicyclic heterocycle, in which each heterocycle ring
optionzlly contains an additional hetercatom selected from -0-,
-8~ or ~NRsp~, Rzp is H, an optionally substituted aliphatic, an
optionally substituted hetercalkyl, an opticonally substituted
heteroaryl, or an opticnally substituted phenyl.

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

N NS eN-IN-

i
i
i
ANy .ml\.n: VA

f0112] P~ has the structure

{6113} In certain embodiments, Ring A has the structure

! 1/\ |
g{-C;> aféi;§7 3{N @:N\{) sz sz

N

[6114] In specific embodiments Py~ has the structure
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R4 wherein: X is a |leaving group such as Br; Each R, is H, an
optionally substituted alkyl, an optionally Substituted aryl, -ON,

-C(0)-Cal kyl or hal ogen; 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
optionally s tituted ali ph%ﬂ“ , an optionally substituted heterocycle, an
opt i onak)y ituted amyt R2 and Ri together with the groups to which
t hey are boun forman optiondlly substituted 5- to 8-nenbered
heterocyclic ring, P2 is Rs- T -0(0)-, -0-0(0)-, -NHC(0)-, - 0)0(0)- or
802-; E R is independ |y an aliphatic, or aryl, each optionally
substituted with 1 to 3 aliphatic, halo, alkoxy, -ON, N, -N(R50)2,

- SOM( R50) 2, -110(0)R50, -S0,, R50 or "heterocycl oal kyl ;

[61153] In ancothsr embodiment, the a procsess for producing a

=

compound of the formula

comprises:

a} rsacting a compound of the formula:

!
Ra |}
| OR?
X -
H
with a compound of the formula:
j\
Py TNM,
;
in the presence of a palladium catalyst, @ pallacdium ligand, 2
base, optionally a phase fransier catalyst and & solvent, to
vroduce a2 compound ol the formulsz
O
Ra\/ﬁ\ 2
Pt
o N/\
2
H R*

WS &iT!

¥ is & lesving group such as Bx;
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Each R5 is independently H, an optionally substituted aliphatic, an
optionally substituted heteroal kyl, an optionally substituted heteroaryl,

or an optionally substituted phenyl; Each HE is independently H, an
optionally substituted aliphatic, an optionally substituted heteroal kvl, an
optionally substituted heteroaryl, an optionally substituted phenyl, or R5
and R6 takenziegether w,t bnther airons o eunkizch wtthayaakel atdached Senmya 5 to
7 menbered, optionally substituted nmonocyclic heterocycle, or a 6 to 12
“menber ed"Papt Fonad |37 Substit utedCbi ¢Fcfit Wet&s&fEe, in which each
heterocycl e gjng }@@ti'so@%l&@feﬁ@éﬁ@3“%@%0%‘1@511%'1@_@3%1;13@%@{9@&@@}%‘&!%‘%&%‘1 from
-0-, -8- or -NR7-; Each R) is independently H an optionally substituted
al i phat ig6°uaR 8Pt PRREdN3L Isulbstrt it elehetTroad Kyt L icaropti-oral| §rsubsti t ut ed
het er oaryl . lonal.l t] d phenyl; Rs is Hor a protecting
group; g}r{fd“%ﬂ%g{é %%%%@01%16%9?% ?%{gbi fic enbodi nent, a conpound of the
formula 0 i HBawhith iR insep@nddnl Ky dpg ireadtied swethiOubedu r 2",

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

heterocyclic ring;

P> is
Rs
st!f/l\fjﬁ r
Ry
T is ~C{0O)~, ~0O-C{0O)-, -NHC{OY)-, -CI{CICI0Y- or
=50~

Each R is independently an aliphatic, or aryl, each
optionally substituted with 1 to 3 aliphatic, halo, alkoxy, -CH,
~NOz, ~N{Rsplz, =SCuN(Rsgla, -NC{O)Rss, ~S50zRsy; or heterocycloalkyl;

Each Rs 1s independently H, an opticnally substituted
aliphatic, an optionally substituted hetercalkyl, an opticnally
substituted heteroaryl, or an coptionally subsiituted phenvl;

Each Rg 1s independently H, an opticnally substituted
aliphatic, an optionalily substituted hetercalkyl, an optionally
substituted hetercaryl, an optionally substituted ghenvl, or Rs
and Rg taken together with the atoms to which they are attached
form a 5 to 7 membered, optionally substituted monocyclic
hetercceycele, or a & to 12 membered, optionally substituted
bicyclic heterocycle, in which each heterocycie ring optionally
contains an additional hetercatom selected from ~0=-, -5- or
~NR5—¢
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to produce the conpound O P2 0-R9 [0117] The process may further conprise
the step of contacting a racem c m xture of conpounds of the formula p O RO
in which R8 is a protecting group, with a Lewis acid, optionally in the
presence of a protic acid, in an organic solvent to provi de conpounds
having the structure 0 0 P2N HO-R9 49

Each Ry is independently H, an optionally substituted
aliphatic, an optionally substituted hetercalkyl, an optionally
substituted hetercaryl, cr an optionally substituted phenyl;

Rg is H or a protecting group; and

mis 0 to Z.

[0116] In a specific embodiment, a compound of the formula
Q
| o

X
O-R®

.
in which R® is C1-Cs alkyl, is reacted with

]

PN

Py~ TNH,

to produce the compound

(&)

e}
A

%-Rf’

{0117} The process may further comprise the step of contacting a
racemic mixture of compounds of the formula
0
O
My
Ps NT TR

Ho dr®

¥
in which Rg is a protecting group, with a Lewis acid, optionally
in the presence of a protic acid, in an organic scolvent to

provide compounds having the structure



[0118] I n sonme enbodi nents, resolution of the al koxyfuranones may be

achi eved by selectively recrystallization froman organic solvent. [0119;
The process may include reducing the double bond in XXXI. For instance, the
conpound of the formula 0 oRa \) OR2 P2) NtR4 or is reduced under
conditions described herein to provide a conpound of the fornula E01201

After p{ﬂ@aClng ﬁhﬁ%o%%”@%ﬁ@gimthsﬁQQ¥P4utqgheBEe§hga¥lP@x§¥ﬂ¥§ﬂ%ie%0 t he
conpound as descri bed above.

may be achieved by selectively recrystallization from an organic
solvent
[0119] The process may include reducing the double bond in XXXI.

Fer instance, the compound of the formula

0 o)
Ra Ra
') J% OR2 0 i OR?
RS’U\ R4 F’Z/U\N R*
N
H H
or

is reduced under conditions described herein te provide a

compound ¢f the formuls

O
Ra
0 kaRZ
P N~ TR*
24

[0120] After producing this compound, Ps;- and Py~ moletises may be
coupled to the compound as described above.

[8121] In still another embodiment, the process for producing a

(a)reducing the compound of the formula

O

Ra
o IKORE
M A

P, >N"R
2 H

compound of the formula

comprises:

to provide a compound of the formula
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101211 In still another enbodi nent, the procéss for producing a conpound

the formula O conprises: (a)reducing the conpound of the fornula O
( : a
OOR2 to provide a conmpound of the forrmula O

0
Ra
O OR?
py” . "N TR

wherein

Each R, is H, an optionally substituted alkyl, an cpticnally
substituted aryl, ~CN, -ClC)-Oalkyl or halogen:

Bach R® is independently an optionally substituted aliphatic
group, an optionally substituted heterocyclic group, and an
optiornally substituted aryl group;

Fach R® is independently an opticnally substituted
aliphatic, an cptionally substituted heterocycle, an optionally
substituted aryl, or 2% and R' together with the groups to which
they are bound, form an optionally substituted 5~ to 8-membered

heterocyclic ring;

Po is
Rs
Ra_‘”T)\r’rr
. Rs ;
T ig -C(O)~, -0-C(C)~, -NHC({O}-, -C(C)C(O)~ or
=30,

Each R is independently an aliphatic, or aryl, each
optionally substituted with 1 to 3 aliphatic, halo, alkoxy, -CN,
—NQa, -N(Rsg)z, -SOuN{Rsp)z, «~NC{OYRsq, =-SOpRsp 0r heterccycloalkyl;

Fach Rs is independently H, an éptionally gubstituted
alipnatic, an opticnally substituted netercalkyl, an optionally
substituted heteroaryl, or an optionally substituted phenyl;

Fach Rg is independently H, an optionally substituted
aliphatic, an cptionally substituted hetercalkyl, an optilonally
substituted hetercaryl, an optionally substituted phenyl, or Rs
and R¢ taken together with the atoms to which they are attached
form a 5 to 7 membered, opticnally substituted monocyclic

51



wherein Each Ra is H an. optionally substituted al kyl, an optionally
substituted aryl, -ON, -C(0)-Qal kyl or halogen; Each R2 is independently an
optionally substituted aliphatic group, an optionally substituted

het erocyclic group, and an optiotally substituted aryl group; Each R4 is

i ndependently an optionally substituted aliphatic, an optionally

substit uted-beterocys g, GaEOOQQiﬁ@z@ﬂ;éb’e&ubﬁﬂﬂdﬂaagfya%ﬁbst@tu&d and Ri
together with the groups to which they are bound, forman optionally
subst i t BEEdCBict o GifEnéred tRet Bt B YRIFE BT IRFOPZ s TREIRNISE RBer 4%
-0(0) -1 02960} - an - MG 1- QEOLOEDY 5m We1 20254 From -0-, -3- or
—NRgp—7
Each Rsg is independently H, an optionally substituted
aliphatic, an optionally substituted heteroalkyl, an optionally
substituted hetercaryl, or an optionally substituted phenyl;
Rg i3 a protecting group; and
m is 0 to 2.

[0122] 2 process for producing a cempound of the formula

O
Rﬁ;_'N A H
N i o
a O-Rg

a) contacting a racemic mixture of compounds represented by the

Ryg—N_" o
Ny

B

& 3

O-R?

comprisas:

formula

with a Lewis azcid in an organic scolvent opticnally including a
protic acid, wherein
Ring A is & 5 to 7 membered, opticnally substituted

monocyclic heterocycle, or a 6 to-l2 membered, optionally
substituted bicyclic heterocycle, in which each heterocycle ring
opticnally contains an additional hetercatom selected from -0-,
~S- or —NRsp—;

| Each R® is a C,1-Cs alkyl;

Fach R* is H, a protecting group, Pz- or P;~Ps:-;
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Each R is independently an aliphatic, or aryl, each optionally substituted
with 1 to 3 aliphatic, halo, al koxy, -ON, N2, -N(Rs0)2, -508N(R50)2, NO(O0)
HSO -SOnR52 or heterocycl oal kyl ; Each R5 is independently H, an
optionally substituted aliphatic, an optionally substituted heteroal kyl, an
optionally substituted heteroaryl, or an optionally substituted phenyl;
Each R6 is inpndegendently H, an optionally substituted aliphatic, an
optionally substituted heteroal kyl, an optionally substituted hetercaryl,
an optionally substifruted phenyl, or R5 and R6 taken together with the
atonms to which they |are attached forma 5 to 7 nenbered, optionally

substituted nonocyc
substi tuted ficyglic h
cont ai ns an addi tli onal

ic 51 -heterocycle, or .a 6 to 12 nenbered,
rocycle, in which each heterocycle ring optionally
et eroatom,sel ected from-0-, -S or -NR50-;

optionally

Each R50 is independentlly H an optionally substituted aliphatic, an

optionally substituted

or an optionally wgstituted phenyl; R8 is a protecting group;

to 2. [0122] “pf%cesé for producing a conmpound of the formula

eteroal kyl, an optionally substituted heteroaryl,

and mis O
conpri ses:

a) contacting asraCem-¢ moxtupe-of -gB0pounds-¢ eprresent ed by the fornul a

-50,~; and

Fach R 1ls independently an aliphatic, aryl, or a

heteroaryl, each cpticnally substituted with 1 to 3 aliphatic,

halo, alkoxry, -N(Rsglz, —SON{Rsplz, —NC{O])Rsy, —5CuRsp or

heterocycloalryl;

Each Ry is independently H, an optionally substituted

aliphatic, an optionally substituted hetercalkyl, an optionally

substituted heterocaryl, cr an optionally substituted phenyl, or

R; and the Ring A form a 8- to 1l4- membered optionalily

substituted bicyclic fused ring system, wherein the

bicyclic fused ring system 1s optiocnally further fused with

an optionally substituted phenyl to form an opticnally

substituted 10- to lé-membered tricyclic fused ring system;

Each Rsp is independently H, an optionally substituted

gliphatic, an optionally substituted hetercalkyl, an optionally

substituted hetercarvyl, or an optlionally substituted phenvl:

Rz is a protecting group; and
mis 0 to Z.

[0123] Alternatively, resolutiocn of

Rig—N 0
¥
i éo
Q
O-r®
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with a Lewis acid in an organic solvent optionally including a protic acid,
wherei n Ring Ais abto 7 nenbered, optionally substituted
nonocyclic heterocycle, or a 6 to 12 nenbered, optionally substituted

bi cyclic heterocycle, in which each heterocycle ring optionally contains an
addi tional heteroatomselected from-0-, -ST or -NR50-; Each R9 is a Cl-05
al kyl ; ﬁaghbéai ati*kS:LeHecabgl’ eheeﬂhﬂ@gmmp,o:PBsemCtEQezarystEBliSat% is RI";
Tis -0 0) éé? -NHC% -C(0)0(0)- or -S02.-; and Each Ris
|ndepend§ﬂ¥1l‘§‘7‘a‘?ff *ﬁh&PF aryl or a

[0124] 2 process for producing a compound of the formula
mm“éiéil/ \Jiji\
a) reducing the compcund of the formula
[
R1Q"""’"‘"N A H
N P o
£ O-Rs

Each R'Y is H, a protecting group, Pi:- or Py—PF3—;

comprises:

wherein

Ps— 1is
Ry
Rg—N
¢ H
O
Py—-P3— 18
Ry
Pq_—““‘“ﬁ
8]
Ps is R~T-;

T i ~C{O}~, -0-C(O)~, ~NHC(0)-, ~C(0}C(0)- or
~30;-;
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het eroaryl, each optionally substituted with 1 to 3 aliphatic, halo,

al koxy, -N(R502, -30,P(R50)2, -NC(0)R50, -SOnR50 or heterocycl oal kyl; Each
R7 is independently H, an optionally substituted aliphatic, an optionally
substituted heteroal kyl, an optionally substituted heteroaryl, or an
optionally substituted phenyl, or 127 and the Ring Aforma 8- to
14- menber edsont ironal Ilyiaspl@zsi@ztttmp(hrbla;mjzlhac;1fcusedyn; ngr slysiteemamherel n the
bi cyclic fused rin léJystem is optionally further ionally

t

substi t 8¢ ?ﬂﬁ%ﬂﬂa FEPRT AR Ot IOl 1y tSUbs it a L@BLEO N3 Qiéiﬁgﬂ%%red

tricyclignfused, ringrsyst emokaeh Pp0-is(dndependent] yo:H, an optional ly
substit uted allphatlc an optlonally substltuted het eroal kyl, an optionally
subst i t BEeRr ¢reterdryll; or an optional |y substituted phenyl: Hs is a

protecting %M1R7a99 MShd 2y ﬁ@lzélgékt@r«aau@m et on of
may be achi eved by c hr omat'ogr aphy or sel ective crystalllzatlon from an
organi casopiventc, an optionally substituted heteroalkyl, an optionally

substituted heteroaryl, or an opticnally substituted phenyl, or
F- and the Ring & form a 8- to 14~ membered optionally
substituted bicyclic fused ring system, wherein the
bicyclic fused ring system is optionally further fused with
an optionally substituted phenyl to form an optionally
substituted 10- to 1lé-membered tricyclic fused ring systeny
Each Rse 135 independently H, an coptionally substituted
aliphatic, an optionally substituted heterocalkyl, an opticnally
substituted hetercaryl, or an optlonally substituted phenyl;
Rg 1s a protecting group; and
mis 0 to 2.
The processes described hersin can be used to produce aspartic
acid derivatives such as aspariic acid aldehyde moleties. Tor
instance, the processes described herein can be used to produce
compounds containing the P4-P3-P2- moietles shown in Tables 1,
2, 3, and 4 shown above and the specific compounds in Tables b
and 6 below. Additionally, the processes described herein may
be used to produce known compounds. Specifically, the processes
are useful for preparing the compounds disclosed in WO 95/35308,
WO 99/47545, WO 04/058718%, WO 04/002961, WO 04/106304,
WO 03/088917, WO 03/068242, WO 03/04216%, WO 98/16505, WO
93/09135, WO 00/5%114, WC 00/3%5127, WO 00/61542, WO CG1L/05772, WO
01/10383, WO 01/16093, WO 01/42216, WO 01/72707, WC CGL/90070, WO
01/94351, WO 02/094263, WO 01/81331, WO 02/42278, WO 03/106460,
WO 03/103677, WO 03/104231, US €,184,210, US ¢,184,244, US
6,187,771, US 6,197,750, US &,242,422, US 6,235,898, April 2001
Emerican Chemical Society (ACS) meeting in San Diego,

25



[0124) A process for producing a compound of the formula conprises: a)
reduci ng the conpound of the formula wherein Each Rl is H a protecting
group, 23- or 24-P3-; 23- is FZ7T RBN - 3- i R7 24 is RT-; Tis
-0(0)-,-WHQ(0)-, -0(0)0(0)- or

California, USA, WO (2/22611, US2002/0058€30, WO 02/08589%, WC

$5/35308, US 5,716,929, WO 97/2261%, US 6,204,261, WO 99/47545,

WO 01/80063, Bicorg. Med. Chem. Lett. 1882, 2186}, 613, and

et

WO 299/03852, all of which, as set forth herein, are incocrporated
herein by reference. referred compounds for use in accordance
with this invention are described in WO 04/058718, WO 04/002961,
WO 95/35308, US 5,716,925, WO 97/22619, US 6,204,261, WO
99/47545%, and WO 01/90063, all of which, as set forth herein,
are incorporated herein by reference.
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-S2-; Each R is independently an aliphatic, aryl, or heteroaryl,
each optionally substituted with 1 to 3 aliphatic, halo, alkoxy, -ON, -NO2,
-N (R50)2, -SO nN(R50)2, -NO(0)R50, -SOnmR50 or heterocycloal kyl; Each R7 is
i ndependently H, an optionally substituted aliphatic, an
optional ly' substituted heteroal kyl, an optionally substituted heteroaryl,
or an optionally substituted phenyl, renr4 R7 and tifhasRi ng A forma 8-
to 14- menmbered optionally substituted bicyclic fused ring system wherein

the bicyclic fused rrng systentrs optjonally further fused with an
optionally su enyI to f- n optronal t|tuted 10- to

16- nenber ed tr mu d ac p ndgntly R, an
optionally sub hatl pt o *-bs |5 ateroalkyl an
optionally substituted e er aryI pt onaIIy subst d phenyl;

isS a protecting group; and

is O to 2. T e Qrocesses descrrb d her ei n can

be used to produce aspardic acid derlv dqes such as.agpartic acrd al dehyde
noi eties. For instance, the processes escrlbed hereln can be used to

produce conpounds containing the, 9 92 noi eti g in Tables 1, 2,
3, and 4 shown aboy nd the s ounps aggé and 6 below
Addi tional ly, ﬁgg? S de oduce known
conpounds. Spesifi cal Iy, processee %ful for @ the

conpounds di scl osed |%

35308 WO %9/&4

5, WD 04/ o%aﬂla,o WO

04/ 002961, WD 04/106304, VI)93/088917 WO 03(068242 WO 03/ 042169, WO

98/ 16505, WD 93/ 09135, I-20 I-21
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WD 00/ 55114, WD 00/55127, WD 00/61542, WO 01/05772, WO 01/10383, WO
01/16093, WD 01/42216,
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WO 01/ 72707, WD 01/90070, WO 01/94351, NO 02/094263, NO 01/81331, WO
02/ 42278, NO 03/106460,
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WO 03/ 103677, WD 03/104231, US 6,184,210, US 6,184, 244, US 6,187,771, US
6,197, 750, US 6, 242,422, US 6, 235,899, April 2001 American Chem cal Society
(ACS) neeting in San Diego, California, USA WD 02/22611, U82002/ 0058630,
WO 02/ 085899, WD 95/35308, US 5, 716,929, WD 97/22619, US 6, 204, 261, WD

99/ 47545, WD 01/90063, Bioorg. Med. Chem Lett. 1992, 2(6), 613, and WO

99/ 03852, all of which, as set forth herein, are igfcorpsrated herein by

I t% thig i nvention
, 716, 929, WO
nof~whi ch, as set

reference. Pref e onpeunds for use in ac nde Wi
are descgi bedi n / Q58718, WO 04/ 002961 Rt 3530¢
97/2261@,}%\%&&0 . 281, 99/ 47545, and WOQ1490063¢ af /
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11-66 101251 In order that this invention be nore fully understood, the
follow ng preparative exanples are set forth. These exanples are for the
purpose of illustration only and are not to be construed as limting the
scope of the invention in any way. Exanples tan] The abbreviations used
herein are known to skilled practitioners Scheme 2 shows a graphi cal
representatlonnog he synt heses q;jfie exenplified, beI@M/ Schene 2.
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STEPS 1 Preparation of 4-Dbrono-5-ethoxy-58-furan-2-one [0127] This
procedure may be carried out in a manner simlar to that described by C
Escobar, et al., Ann. Quim (1971), 67, 43- 57.). To a solution of

5- et hoxy-5H-furan-2-one (11, Rl=Et) (10.0 g, 78.0 nnol) in carbon
tetrachloride (50 nL) at OC is added over 0.5h a solution of brom ne (4.05
m., 78.2 mmol) ingaydon tetrachloride (25 m)py_FhRe reaction is stirred |h
at 0C, then 2h at room fenperature. The sol vents e renoved under reduced

?E t

.
pressure and theprggil dge, asPshort-path distilbedya acuum (about
0. 5mM) . e ackd R e nat 100G 120C ed N oH

A 9 i B oa %7 el ow

4- br ono- 5t et} y-H- in- 2 0 (13.2 .-O
1H NWR (508" Mz, 00013p glie. B4 (s, 1My 5 (s, 1H),0°3471#(m 18), 3.63

(m 15), 1.14G(t, 3=7.1Hz, 38) ppm Pd-catafyzed Coupling & 0BZ- Pro- NP2
and Bronoet hoxyf urangne [0128] To a 1L round patd-om fl ask, CEZ-Pro-NH2 (20
g, 80.4 mmol), Pd(QCAc)2 (0.36 g, 1.6 mmol ), XANTPHOS (1.4 g, 2.4 mol) was
charged. The system was purged with nitrogen gas for 10 mi n. Tol uene was
i par,mng to 50 CC. After

added (200 ni),_and e reaction was stirre
reachin G, tye tign was stirred for 30 fm he i xture changed
froma 0 H ck-red sol gS Yyheyanifde %di ssol ved and the
( XANTP P )& C formed. A, on ofOKﬁ .6 g, 192 mmol)

a

in water (Z00 nL) was addeld and the réactd' on was | odedoto warmto 50 C.
[01291 To a beakegy. g onoet hoxyfuranane (i8.3 P.88.4 ol ) and toluene (30
m ) was charged. The reaction is stirred until a solution is fornmed (slight

“warm ng rmay be necess begause the dissolution is endothermc). The

sol ution of th@@@s dded slowy to the catal yst/am de solution at
Iﬂ : r
wag C g

50 C over @ﬁk Haddi ti on was conplete, stirring of the
reaction m re I at 50 00 for 4 hours. Wiile still at 50 C,
t he phas&y re separ & ed afjd t he aqueous phase discarded. The organic
phase was waShed with water (100 fiL) at 50 C. The phases were separ at ed
and the aqueous phasesdi scarded. The organi c phase was concentrated to .11
vol ume and cool ed to anbient tenperature. Seeds were added (50 ng) if
cryst al |IPE iloncRass nebe beiine THe FLRtuPe Wase stk edrsieranpiant the

t enper atune £,95 515, B5- fOVerdi ghl): .cogledsLe B, Coand stdJd %%_atngﬁ,ew hr.

The solid was filtered and rinsed with cold toluene. %e solid was dried in
vacuo at2i40{50 Cheorgivesa whiitldusitystabhi nelgokid £190.181%9,to38% yi el d) .

0130] | Jal ive,. t.hesi.s, as... d wi.th Pd2(dba)3
(418 g T 0l o KA proe (7 5578, P13 manl 5 (ool T tle "afi de (50 .
201 mmol ), 032003 (65.5 g, 201 nmol) and

Examples

d

ME

[0126) The asbbreviations ussed herein are known to skilled
practitioners. Scheme 2 shows a graphical representation of the
syntheses that are exemplifisd below.

Scheme 2., Svynthetic Examples
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toluene (770 nL). The m xture was stirred at 35 00 for 30 nin, to give a
brown/yel |l ow m xture. [0431] Bronoethoxyfuranone (41.7 g, 201 mml) as a
solution in 30 nL toluene was added to the brown/yellow m xture. The
solution was warnmed to 80 C. After 15 mn, HPLC analysis showed 90%
reaction conplete (conparing CBZ-proline am de and product), and no

br onoet hexsfur anone renai ned. Agother 4.1 g of bronoet hoxyfuranone was
added to the reaction m xture 85 C. After stlrrlng focrs 30 min, HPLC

anal ysi s showed. 97%$% eacti om corfPketi on. th r qh
br onoet hoxyf ur anone s added. After strer 45 m HP C nal ysi s
showed no CBZ-proli am dewreiBd Nxag. T e was cool ed™~to 20-25 00,

and water (200 rrL?*' Wa%aaddé’dCHaf(‘gkqowed by sal ur ed aqueous sodi um hydr ogen
sul fate (400 nL). Gas evolutio é\/vas observed., The phases were separated and
t he or ganl C hase was washed wi th saturated F‘éq eous sodi um hydr ogen

sul fate, Stﬁ wat er The organi c phase was r| ed over sodium sul fate,
filtered, and t so ve ved |rE ac PThe resul ting crude
materi al was pur ofl t ogr ap y 01 Et CAc: exanes, then 3:1
Et OAc: hexanes) too ield)o € desired product as a light
brown oil. [01321 m% mdél § 510. 20 (§ 0@% H:; 10.00 (s, 0.5 H);
7.55 (br s, 5H); %35(5 I H); 85(s H.5H); 5.70 (s, 0.5H); 5.30 (m
2H); 4.60 (hr s, 4.05 Km 1H) 3.65(m IH); 3.65 (m IH; 3.55 (m
1H) ; 2.053%*’ 4H) 140(m 3H). Exanple 2 2 [0133] To a flask was
charged the crude product produced as describ above (37.36 g, 0.1 nol)

and tol uen 187,m). The xture vvas stirredi’to give ei ge/ brown
sol uti on.-%eeds jof corrpound 2 ) \(ver*éN and the mixture was
stirred at r/tgi Jféﬁplép.a days, -5 C fu 7 then at

anbi ent t atyre for anot h rhe 50|ut|on was ocogl e ainto

0-5 C and stitre8&for 3 hr, ’fl eredgxtarLd the solid was ri®s Lh

t ol uene. The solid was drled inthe air“to give 5.61 g (15%yi el 87 of the

title conpouFxek as a 97:3 mi xture of anoners. 1H NWR (d6-BMB0): 6 7.35-7.25

(m 5H) ;.. (d, IH) 5.70 (d, 1H); 5.1-4.9 (m 2H); 4.35 (m 1H); 3.70
-%lég—(—m“ - 3.40 (m 2H); 2.15 (m 1H1.80 (m 2H); 1_20 (t, 1.5

H; 1.10 (t, 1.5H) Exarrpl e 3 0134] To a flask was charged the conpound

described in Exanple 2 (5. o 208 Pd(OH) 2/ C (1.00 g, 50%

wet ), isopropyl acetate (30 ). The m xture was

hydr ogenat ed under 50 psig H2 at 0 5 far 5]hrO t hen at anbi ent

tenperature for 21 hr. HPLC anal ysis gt reaction to be 97%

conpl ete. The mixture was filtered throughtelifewand the solids were rinsed

with a 3:1 isopropyl acetate: DVF solution to prowvi de the unprotected

conmpound of exanple 2. [01351 To Cbz-t 4l eu-OH di cycl ohexyl am ne salt was

added isopropyl acetate (30 mL) and 1.0 M H2SO4 (30 nmL). The m xture was

agi t at ecEaaftsirattiwo of eark phiases-awrce:vobtafnedn-Thenaqueous phase was

di scar de{gifﬁq‘ t.he orgedumphase was was ed \é/rth wat er

his pro may be carrie manner similar to

that described by C. Escobar, et al., Ann. Juim. (1871), &7, 43-
57.5. To a solution of S-ethoxy-5H-furan-Z-one (II, Ri=FEt) (10.0
g, 78.0 mmol) in carbon tetrachloride (50 mL) at 0°C is added
cver 0.%h a solution of bromine {4.05 ml, 78.%Z mmol) in carbon
tetrachloride (25 mL). The reaction is stirred 1h at 0°C, then
Z2h at room temperaturse. The solvents are removed under reduced
pressure and the residue was short-path distilled at pump vacuum
(about 0.5mm). The fraction cecllected at 100°C-120°C provided

d-bromo-5S-ethoxy-5H~furan-2-one 3.2 g, B2% vield} as a yellow

(L
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(30 nmL). The organic phase was collected. To the organic phase was added
DVE (10 nL), then hydroxybenzotriazole (2.2 g, mmol). EDC (2.8 g) was added
and the mxture was stirred for 1 hr. To this m xture was added the above
hydr ogenati on solution. The m xture was stirred at ambient tenperature for
8.5 hr. Water (100 ni) was added and the m xture was stirred for 1 hr. The
phases re separat h ang c S ywash L.t h u 0.5 M
NaHSO4, éégé‘lfur%’t é@aagg%gl%%'o |él}rr%1g‘éh%o6r%€ei, an %v)vét é)r':%gT\k{:%'s%) ﬁi ?%ﬁﬁms
concent rat etHt o drgmess a)gi veld. 04, (B2Z%yizel @) )ofptehe titl e conmpound.
ML361 Alternat]jvel a 2.liter Parr_pressure .reactor, was harp%eg wi th 100.0
g (0. 267°AbREE 1 2EComySandda et i i Exarp e E e 10- -4 ~6t 10% Pd/ C
(50% wetpi2siThe £ eact:of-wascRukged: Wit h aidrogems:f or2d 0y mawt£sm800. 0 nL of
ethyl acetate, followed by 19.5 M. of trifluorcacetic acid were then added.
The reabfdPiibs ©hél € osefl, " oss iAiZE4%F0 (604psi @i § HFAdr oFén f ol | owed
by venti i s gycld V e, £4 fwi v_ e [ sfdrred for 2
hour s uﬁgg?g%?drogg%l é(%%@\pé{g?)a% Elg'ﬁgf5 pglL%ﬂggfgﬁ%g%aeﬁygggmggr%tﬁ%d t hr ough
a pad offcébkte, vandddrd f(J00r ate, wasd held wact ICn watsi Ftaseded ier the
subsequent. coupling, s¢.ep. .1 71 | ter, ,3re ound..bottom f | ask
equi ppe&’%\"/‘"\nmgﬁgrﬁé!éh%ani CCSJ S}%ﬁ%l’%l ﬁagg}ﬁgﬂfg 5'ltdher rr’oc%uepl %%\%%th‘é’?ged 43.3 g of
1- Hydr exyberzofor a¥blein(.anhiyer ndstude 32kmpdesirerTe tvhilsofl askrwastaadded a
sol ution gj .C?;;t-l eulcimrae (70Q. g}ﬁg i,g.élgo am vaeE %@%) 1 DVF (190 nu was

char ged % & th's" SUsPensidht 24nd"5 &f'ear 149t V&1 1°6W S6Fution was achi eved.
To this selkurhon; wasoxdiar gelplex formed. A solution of KoCC3 (26.6 g,
1-[ 3- (Di_net hyl am no) propy1] - 3- et hyl car bodi i m de hydrochl oride (EDC, 56.3 g,
0.294 moi“&sTICAl t hi i ea?s‘ﬁi%oﬁmﬁ o?“"ﬁ@d?d‘g%‘a e @%% reEE -f-or 2%Rours at 22
C. To thiis-suspensyon, was ghar.ged the solution of the unprotected conpound
of example 2 (TFA salt). Triethylamne (112 nL, 0.801 noles) was added

dr opwi sd8 P03 hiemkres brambathexvésubtihy Suspersi o -wagueti r fed at 22 C
for 2 hours.. \Mater (400 1, ) . add i i Xt Uk e, was
stirred %&ﬁ*ei‘%\aﬁggré“gtow%gz C)CE V@%idé b?gﬁagggcén% uge%?%ﬁgﬁé%rgnsferred to
a 4-1it erclsepanat.er yofuemelsliand whemagueods bayercaras hefevedsaThee or gani c
| ayer was, washed with 40 of. satur.ate odj i carbanaj ol.ytion

fol I owed By W t%é?m( é“xe%%%t%rﬁ‘)”flﬁﬁe gﬁﬁygog‘ébt%%neg%ed%gu ?le%dkgnder
vacuum taiced isnaklyvotanehofcapanexi/mat ebys 400t idn o 3hi°s orvade 3sdl Biti on

was charged 200 mi_of heotane, followed by seeding with 1.0 g of .the
conpounJgrUf exanpl 873, 29t S oddy §ﬁ§‘Bgné¥0nS%§{%h nog(q:otéee§%f35t%o%, whi ch
resul t eduisn d-evher paht onued & tdui Clk sbur i yhoAddi uivandle heptanecwas char ged
(400 nL), over a three hour period while mmintaining the bafch at C. The
sol i ds were G'SoPEEERS by VACYRIATI IS T &1 Fon e r PRLFIY tHeF9 1T 6F3¢aRkE-with a
2: 3 Et OAg/deptane cnbxtube d2 %400 nh)n The=sokids werewdricedfor 2 hours
in a vacuumoven at 22 00, with a nitrogen bleed (80%yield for 2 steps).

[ 0138] 1IHINR {<COCER) 6e7abatad AY e agugopp) Physg.- ¢iscqiRedo) Ihs 5
(overlapping d, mo2H ] 5,5.3:H2)0e 5.l (Aol b Jo5 12,3 d)io Badibde, 1H
J = 12.2&#;‘%4?%3%6”?%1 %%; Jj.%e(d,ﬁ%lﬁ, va#%m)fcé%gé(énﬂiz 1"109)%; hyel (q,d =
8.4 Hz) ;tBuBRBren 20p¢s 2y daidetH (5§ =mgl7i2, cBydta)izatigm hgs
(overlappi.ng m. dd, .29, J = : ’ ) i 2 . ; Q £ ; 1.9
(m 1H) ;‘pci‘f %‘TIQ,WSH, “%‘g:"“%?“"%é)“;z“l%g“?ﬁégég@f. a‘é?“(é‘%T elwzf:“p%c%él(nxle@ gl‘jgj)nd
Synt het i t5 BxanphesnSgheme 8coled to 0 °C and stirred for 3-5 hr. The

a

aaaaa

solid wae filtered and rinsed with cold toluene. The solid was
dried in wvacuo at 40-50 °C tc give a white crystalline solid
(10.8 g, 36% yield).

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

Proline amide (50 ¢, 201 mmel), CsCCs (€5.5 g, 201 mmol) and
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H2, Pd/C, HO2CCO2H 0' H3N 8D 90% [ 0139] The conpound described in Exanple
3 may be further nodified by renoving the protecting group and coupling
additional noieties to the Leucine anm ne. Exanple 5. Schene 4 and
al ternative Procedures Schene 4
toluene (770 mL). The mixture was stirred at 35 °C for 30 min,
to give a brown/vellow mixture.
[0131] Bromoethoxyfuranone (41.7 g, 201 mmol} as & solution in 30
mlL toluene was added to the brown/yellow mixture. The solution
was warmed to 80 °C. After 1% min, HPLC analysis showed 90%
reaction complete (comparing CBZ-proline amide and product), and
no bromoethoxyfuranone remained. Another 4.1 ¢ of
bromoethoxyfuranche was added to the reaction mixture at 85 °C.
After stirring for 30 min, HPLC analysis showed 97% reaction
compietion. Another 2.8 g of bromoethoxyfuranone was added.
After stirrving for 45 min, HPLC analysils showed no CBZ-proline
amide remaining. The mixture was cooled to 20-25 °C, and water
(200 wl) was added, followed by saturated aguecus sodium
hydrogen sulfate (400 mL). Gas svolution was observed. The
phases were separated and the organic phase was washed with
saturated agueous sodium hydrogen sulfate, then water. The
organic phase was dried over sodium sulfate, filtered, and the
solvent was removed in vacuo. The resulting crude material was
purified by flash chromatography (1:1 EtOAc:hexanes, then 3:1
FtOAc:hexanes) to give 35.7 ¢ (74% yield) of the desired product
as a light brown oil.
[0132] "H-NMR {de-DMSO): 810.20 (s, 0.5 H); 10.00 (s, O
(br s, BH); 6.3% (s, 1H); 5.85% (s, 0.5H); 5.70 (s, 0.3H}); 5.30
{m, 2H); 4.¢0 (br s, 1H); 4.05 {(m, 1
1HY; 2055 (m, 1HY; Z.05 (m, 4H;; 1.4

Example Z
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[0140) To a 1-liter, 3-neck round bottom fl ask equi pped w th nechani cal
stirring and a nitrogen inlet was charged 50.0 g of the conpound of exanple
2 (0.134 noles), and 10.0 g of 10% Pd/C (50% wet). The vessel was purged
with nitrogen for 10 mnutes. Formc acid (500 nL) was added, and the
suspensi on was stirred under nitrogen for 16 hours at 22 C. The reaction
mxtureiewg g 14 ered it haugh. cebit €ne andide SRkl brabgcvas;added 20.6 nr,
of trifluorbacetic acid. The formic acid was distilled under vacuum and

t he renEnthgrsdranaeadidd -wasIr efrov el by adredirosie dit8tiThati omsith

t ol uene,, . LLCr a b MAS. c] in of et hyI
acet at efa'%ﬁ‘g*%re#%lﬂle:rﬁe@btﬁ? y §Xe(t9h%?b%%% rerqiwa% (lil\réggaed %%%%%\Aa%fe over
hours t ocopystalti &4 e tmetbued@e@e@ai e:i‘s@ImX*“ﬂxe gaspehsiond was cool ed
to 5 C andtesolrd er lected by ye Il tration, r|n§|ngwtha
3:2 Et Oﬁﬂﬁﬁg |on G2 ﬁr Wi°to T urﬁér:sh t“; %eg%red product as'a TFA
salt Ina559éytei@hpdﬁﬁbﬁkblfﬁﬁ&aﬁdﬁhéﬁﬁi}déﬁEL Grﬁﬁﬂ so§utlbh; whs loddired s,

2H); 6.15 (s, I1H);.6,05 75 (m m2H)
2.35 (nﬁgf%%)’?o;ge% (%arﬁé’nf (FOfsﬂhf tfrﬁ?) Fd% %ér%Di liter,
3-neck padndihetdomdd a:szlmeqel pperdev\r;@hlcrreﬁitan;r«claﬂd Shi EREeNg;raddi diwn
funnel and nitrogen inlet was charged a solution of Z-tert-Leucine (20.6 g,
0.0776 rofesy in°8iEhtSroret hafett 250 TP Oyl Gus 1 HpdroXyBenzot ri azol e
(10.5 9518,@746 nol es) was added to this solution, followed by 14.9 g of
1-[3- (D et hyl am no)pro - 3- ethyl carbodi i m de (EDC 0.0776 nmoles). A
honogenotisi | (Hd-6H5Was %c 1%\/e7d Gard@-wasd) st Prred(forl® hour’d d€:22 C. To
this re (o) t unpr e r.oli al gy (TFA
ol T, 00706 ol 5], (FolTBdmd by 4wt byl ot phol I'ne (155 gL 0. 191 mol es).
The sol vt-i46n (wasZ8t i rz edb flor 3Hh@u18§ ar, 225G Thed refactmr éntmi xtute was
transferred 1oy, g separatory funnel, and washed wi th aqueous saturated

sodi um b| (far bonat e (100 n), followed by a 10% aqueous solution of citric
acid (l@Bamble The organit layer was purified by silica gel chronatography
(50% Et OAc/ Hexane) to afford the desired product in 60%yield. 1014311HWWR
(016-DVs0) 511.0 (s, 1H); 7.35 (m 5 7. 25 (d IH; 6.0 (br. s, 2H);5.1
(d(ab), IH); 5.0 (d(ab), 1H); 4.5 fbr. . 4.8 (d, 1H);3.8 (m 3H);

3.65 (m 1H); 2.15 (in, |Hx IS N o | ( 1H); 1.2 (t, 3H); 1.0 (s,
9H). Schene 6 and Syntheta | es,y Sche 5 BTEP 1;

f6134] To a flask was charged the compound described in Example 2
(5.00 g, 13.3 mmol), 20% PA{OH),/C (1.00 g, 50% wet), iscpropyl
acetate (30 ml), and DMF (10 mL). The mixture was hydroganated
under 50 peig Hp at 0-5 °C for 5 hr, then at ambilent temperature
for 21 hr. HPLC znalysis showed the reaction to be 297%
complete, The mixturs was filtered through celite and the
solids were rinsed with a 3:1 ilsopropyl acetate:DMF scolution to
provide the unprotected compound of example 2.

[6135] To Cbhz-t-leu-CH dicyclohexylamine salt was added ilsopropyl
acetate (30 mL) and 1.0 M HzSC; (30 mlj. 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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1% Pa( QAc) 2, 1.5% Xarrahos 0 2 eq. (20 03, $ eq. H20 AN, 2%
CetyltrfrnetnylanmoniumBr o -)NH 2 Er/-i 1- Oet STEP 2: STEP I: 0
HOEt [0144121.7 m of water was added to a m xture of 100.0 g of

CBSprol i nam de, 0.92g of Palladium acetate, 3.47g of Xantphos, 111.2g of
Pot assi um car bonate and 2.93g of Cetyltrimnmethyl anmoni um brom de in Tol uene

(1000 m¢pomaint ai G rganic phase was collected. To the organic phase
was added DMF (10 mL), then hydroxybenzotriazole (2.2 g, mmol).
EDC (2.8 g} was added and the mixture was stirred for 1 hr. To
this mixture was added the above hydrogenation solution. The
mixture was stirred at ambient temperature for B.3 hr. Water
(100 mL) was added and the mixture was stirred for 1 hr. The
phases were separated and the corganic phase was washed with
aqueous 0.5 M NaHSOs;, saturated aqueous scdium chloride, and
water. The solution was concentrated to dryness Lo give 4.04 g
{62% yield) of the title compound.

[0136] Alternatively, & 2 liter Parr pressure reactor was charged
with 100.0 g (0.287 moles) a compound.described in Dxample 2,
and 10.0 g cf 10% Pd/C (50% wet!. The reactor was purged with
nitrogen for 10 minutes. 800.0 nl cof ethyl acetate, followed by
19.5 mL of trifluorcacetic acid were then added. The reactor
was then closed, pressurized to 60 psi with hyvdrogen followesd by
venting. This cycling was repeated twice. 7The reaction was
stirred for Z hours under hydrcgen (&0 psi). The palladium
catalyst was filltered through a pad of celite, and the filtrate
was held at 4 °C until needed for the subseguent coupling step.
[0137} To & 3 liter, 2-neck round bottom flask equipped with
mechanical stirring and a thermccouple was charged 43.3 ¢ of 1-
Hvdrexybenzotriazole (anhydrous, 0.320 moles). To this flask
was added a sclution of Chz-ft-leucine (70.8 g in 430G mlL of
EtOAc). DMF ({190 mL wag charged to this suspension, and a clear
light vellow sclution was achieved. To this soluticn was
charged 1-{3-{Dimethylamino)propyll-3-ethylcarbodiimide
hydrochloride (EDC, 56.3 g, 0.2%4 moles). A thin suspension
formed, and was stirred for 2 hours at 22 °C. 7To this suspension
was charged the solution of the unprotected compound of example
2 (TFA salt). Triethylamine (112 mL, 0.801 moles) was added
dropwise over 30 minutes, and the resulfing suspension was
stirred at 22 °C for 2 hours. Water (400 miL) was added, and the
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the tenperature at T = 20-25C. Al vessel chargings and additions were
performed under nitrogen to avoid/limt oxidation of the Palladium

catal yst. The reaction was then warnmed to T=50-55C and stirred for about 2
hours. Separately, Bronoethoxyfuranone (91.5 g) and toluene (100 m) were
charged into a separate flask and stirred at 20-25C until conplete

di ssol uti on. OCCUlied.rThe s BE onpeihoxyf uraneng ssekubiorc wasriiihen added to
the initial reaction m xture over 3-3.5 hours at 50- 55C and then stirred
until thérheatct itorktiwas FeApretedt T3 HRHEX a9 e dyitéFaTi ACaPOULCHA hour. The
reaction mxiure was filtered Jr 5.20-550C.and the salhds;were 4insed with
Tol uene@%g%\oi'rm The faiqflfégt e@a—g\/\%sr m%azbﬂed wiwtaﬁgwa?ef( %(!589% %%eé aqueous
phase wass dissarded tand COhelop japk cuphase anasl wwodeat-pareds t 90 Bppraoxi mat el y
500 m at . <50C,under_.vac ] | ut i oQql - .8 ¢
Al um nu OH?‘%?%;{% és‘t\/?%r ggggdggg %%’1215]%%;’%%&]%5%6%?5{% E%ﬁség%ﬁ%%

Acetyl chberide-was raddeditelavsbhu i oh amde :0fuzk@0 yni 0TokieneTanthi®: 7 ni

Et hanol , _mai ntajning the t erat yg T.= 5-10C" (in.sit eneration of
anhydr oﬁ§gaﬁlf?ifﬁje% e ﬁ‘?‘%?ﬁ?% aéi Tgltfi‘?fr SF B = Lgﬂfﬁﬁegogyabout 1 hour.
The Tol wenal Eyhanoh /1SA Seltuthencwasothers fiddedyiie tthe grevidusdy eaction

m xture over 15 minutes at T -5-10C, then seeded with the product and
stirredSAFPTIEIEE THRS fOPMEORSGFs Cal Fr="00-55E%F5r “88 hdursS at T = 5-10C
for 12 houkscidhesproductcmas kbt eredsat: Ins 540G andawashedguiith 100
of Toluene. The wet material was dissolved at 70C 75C) in 1500 m Tol uene
and t he (€8Puti-onovies ¥ ititeredost 75T PRrdughe il i e er FEFaProR™ afld
agent). :;The sohids were tipsed w1 400, i Tokuene. -The.qr gani.e: sl on
was vacuum concentrated to SOO m . The resultant slurry was cooled to

20- 25C dvéret haue, w5sth ra éd ¥ 6r-08<c4Hppurse fiktered and tWe™pr edu€teri nsed
with 100 ni. .,toluene, T r.oduct, dri m at, 35-40C... STEP 2:
0 Cbz, (?Ogillglaiygﬁ)ﬁ4%ﬁl%ﬁe&ruggnfiﬁ\é@gf Lét%gv%&%%% %Va&yv‘valsébc%éir gg’d%ig"h*tno%a

st ai nl ess tsteeh (B=¢d) (&R ocledve fogét heepwith 20 g of S%Pal | adi um on
charcoal (approx. 50%wet), followed by 800 m of ethy| acetate _and 19.5 ni
of trifd%‘éﬁﬁgg@@ﬁc(%l@ e -aut'Gel ade Was pr@séarizﬂd‘lvﬂ% (Wydﬁgéen (4
bars) and Q%VEEW?&%@N@’ set zat |k = 20425C; . They hydr ogengl ywsi;s was run for
2-3 hrs, periodically repressurizing to 4 bar as hydrogen uptake proceeds,
until upptiaké.éf (Bydrbgen’ cedsed. HFhe éafalyst (wascHi1 t%erfed “of fHand Wwashed
twce w ) f ethyl. acetate tougi ve_assol ytiomn of _ deprat ect ed
pral i ne c'@nﬁogﬁgg'?o %71'?! e’pa“r'agfe‘%y, Gléigs\f)fl Ut ron %I%, éu?ﬂjr%'geégigd 2?14. 6wat er
(330 M)z Mas caddéd,t 6 a hixd.urte 4fiz119224g20f Chrerdmuicicher, dd, ZH,

di cycl ohexyl,amne.sal t . and 430 f. Et hy etate, T sul.fi.n ol ution
was sti rJree'd g’t' T %éofj Zgép‘f 02r'31’30(lylrﬁ %ﬂésBThe%‘%fgéﬁft ]fgie{ﬁw;isg)s’egé?at ed,
washed tw cenm th=5002nk2pf Wat efs.aridijadded to 43.3 g of

hydr oxybenzotri azole. DMF (190 mM) was added to this m xture foll owed by
56.3 g of EDC which produced a cloudy reaction m xture fromthe clear

yel | ow sh solution. The reaction was stirred at T = 20-25C for 30-60

m nutes. The solution of deprotected proline compound fromthe autoclave
was chargeiitie tHe PelBFEoh FXUITE 2B L1 EF2BRLErR et hyl ani ne was t hen added
dropw seg{;ouey 20-30 minutes) and the resulting cloudy m xture was stirred
at T = 20-25C for 1.5- 2 hours. 400 m of water was added and the reaction
stirred at 20-25C for 12 hours. The organic |ayer was separated and washed
with 400 M of an aqueous sodi um bi carbonate (7.5% solution and twice with
400 M of water. These water washings were performed at 45-50C. The organic
phase was concentrated to 400 m volune at 40-45C. 300 ml of ethyl acetate
wer e added
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and the m xture concentrated to 350 ml to renove residual water. The
solution was cooled to 20-25C and 200 mM of N heptane added over 1 hour at
20-25C, and the m xture seeded with the conmpound shown in Exanple 3 above
and stirred at T = 20-25C for 1 hour. The resultant slurry was cooled to T
= 5-10C and stirred for an additional hour at the sane tenperature. 400 m
of N-Heptane were added over 2-3 hours at T = 5-10C, the slurry was
filtered and rinsed tmﬁce wi th Ethyl acetate/N—heptane (40 m, 60 m
respectively). cr st were dried under vac T 935 40C for at

| east 8 hours. 5%;/ : 148% PrReofceduct of stle n2 (1 0), S%al | adi um
on charco (apqgo; , 20 gy-4@0 m of DK, *dethyl acetate
and 43. 1 s of Gtri% cmd ohydrate were. cHﬁMﬁ@d |n©ota sS4l nl ess st eel
(3 I't) autoclave. The stainless steel autoclave was pressurized with
hydrogen (4 bar) and the tenperature set at -2 to +2C. The reaction was run
for 2-3 hrs periodically repressurizing to 4 bar as hydrogen uptake

pr oceeds. The catal yst was filtered off and mashed with a mxture of 85 ni
of ethyl ace ate and 15 m of DM, 101491 Separat 23.5 ¢ of

N—NethyInDr e added to m xture of 33 19
4- Am no- chl nz aC|d G844 g of—.2-—Chl M - 9tr|a2|ne
( DMT- C1) t hydn tate ovlfS 20 nuté N a

terrperat”HtCEOZfor s at 23- 27C to obtairthe DMI ac"tlve ester of 4-
Am no- 3- chloroben20|c acid. The mxture is cooled to O to 5C and 300 m of
purified water are added to the sol ution keeping tenperature in the sane
range. The solution of the deprotected t-Ieucine product as the citrate
salt is added at OC to +5C over 30-60 minutes, the reaction mxture is
then br ¢ighi The pHig&:7. By iaedi ng BO%usbdi Bimmdty dreoxXivde heapproxf i esount :
71 m), and stgggedmg 7 nnﬁiatﬂzo to Sg% A%égr]fonpkf tgr 05 the reaction,
t he phasgs“aﬁe s@parat ed and the 8rga i C ﬁiayenp daed 1o "sodi um bi sul fat e
sol uti omc@ithigsotosadtt umibiisid fzatieei.n 235 M of water) and stirred for 3
hrs at 20C t C. .The ph K rate and the organic |ayer is washed
f our tlﬁggﬁﬁiﬁhgh 19 H : Qm gn odt um bi car bonat e sol ution
(total : 20 cge0ft sodi um blcarbonate in 400 m of water) To the solution is
added 10 g o and once with 150 m of water. activated charcoal and 10 g of
Dioalite and filtered @n the gsolid d wth nt of ethyl acetate.
The filtrate mﬁf;zy/} )g der vaiﬂﬁ/ %Oﬁ_voI“EEP 200 ml at < 40C when
t he resul tant ure cr ?IKizes. Et hyl acet at ) was added to a
total volunme of 350 m. ¢ ﬁhe tane (300 nm) was added over 2 hrs and after
stirring the slurry for 3 hrs at 20 to 25 , the solid was filtered, washed
with ethyl acetate/N-Heptane (100 m, 1:1) and dried at 60C under vacuum

?WE%? 7
O E/[jzf
A\

[0148] To 2 l-liter, 3-neck round bottom flask equipped with

mechanical stirring and & nitrogen inlet was charged 50.0 g of

the compound of example 2 (0.134 moles), and 10.0 g of 10% Pd4/C

a0
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[ 015014k11 of the docunments cited herein are hereby incorporated herein by
reference. 031511 Wil e we have described a nunber of enbodinents of this
invention, it is apparent that our basic exanples may be altered to provide
ot her enbodi nents which utilize the conpounds and nethods of this

invention. For instance, protecting groups besides CBZ nay be used to
protect ;apingstin ane QkserLe,0f the;synthef i steps descidbediabove.
Therefore, it wll be appreC|ated*that the scope of this invention is to be
definedﬁBym%%ea%b%eﬁH%U“@DaWﬁﬁ pafder ARy SHecspeePf ¥es efbodidfent s

whi ch haye.been. JapLeSent ¢d BY. ey o p2xanpl ene YAl GlaldiRd Lacl. A
conpoun ich i1s selected fromthe group consisting of: a conpound of
formul afflteasconpouwrnh eklfidenukad 1t/ Ce TNICHcorpoandedfzdormita | A

B, lC‘o%ngrEEﬁuoroacetic acid. The formic aclid was distilled under
vacuum, and the remaining formic acld was removed by azsotreopic
distillation with toluene. The crude o©il That was obtained was
dissolved in 150 mL of ethyl acetate, and methyl-tert-butyl
ether (100 ml) was charged dropwise over Z hours to crystallize
the triflucroacetate salt. The suspension was cooled to % °C,
and the solids were collacted by vacuum filtration, rinsing with
a 3:2 BLOAC/MTBE sclution (2 X 50 nl) to furnish the desired
product as a TFA salt in 55% yield.

[6141] “BNMR (d¢-DMSO) 811.6 (br. s, 1H); 9.1 (br. s, 2H); 6.15
THY; 6.05 (s, 1H); 4.5 {(m, IH'; 3.75 {m, 2H); 3.3 {m, 2ZH):; 2.35

I

(m, 1HY; 1.385 {m, 3H); 1.2 (t, 3H, J = 6.7 Hz)

AR 4

[0142] To a 1-liter, 3-neck round bottom flask equipped with
mechanical stirring, addition funnel and nitrogen inlet was
charged a sclution of Z-tert-Leucine (20.6 g, 0.0776 moles) in
dichloromethane (250 mL). Anhydrous 1l-Hydroxybenzotriazzole
{(10.5 g, 0.0776 moles) was added To this sclution, followsd by
14.2 g of 1-{3-{Dimethylamino)propyl}=~3~ethylcarbodiimide (EDC,
0.0776 moles). A homogenous solution was achieved, and was
stirred for 2 hours at 22 °C. To this reaction was charged 25.0
g of the unprotected proline analog {TFA sslt, 0.0706 moles),
followed by 4-methyimorpholine {15.5 mL, 0.141 moles). The
solution was stirred for 3 hours at 22 °C. The reacticon mixture

was transferred to & separatory funnel, and wasnhed with agueous
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2. A process for preparing a conpound of formula |IA | A conpri sing
purifying a conpound of formula: |A/C wherein the step of purifying

i ncl udes chromat ogr aphi ng, selectively crystallizing, or dynamcally
crystallizing the mxture. 3. The process of claim2, wherein the step of
purifying the m xture conprises separating the isonmers by chromat ography.
4. The precesseOfsdidnm2caWhereid the stien ob1pubeBybidat hex ragdene
conprises selectively crystallizing the m xture with_an organic sol vent.
The proéesstadn dhivhtdicnaeiei ntthetlsiol venre icFedftendyYSr 62 The process of
claim 2, wherehn, i he step.of pULLEyi NG COAPTi=9es =dyRamic:chystallization
whi ch an‘pl’l ses contacting the mxture with a lews acid and a sol vent
opt i onakEyordctiueidep laepr ptricduati 82 60% yFiveldrocess of claim6, wherein the

step of i fying conprises. contacting th Lxture_w th ARGCal kyl).: in a
sol vent Hﬁ%ﬂerﬁé@@go‘id‘é_ Gndi 4 ons” S 19509 SUXGAT o 1y AR

6.0 (br. s, 2H)Y; 5.1 (d{ab), 1H); 5.0 {(d(ab), 1H); 4.5 (br. s,
1Hy: 4.2 (d, 1HE); 3.8 {m, 3H): 3.865 (m, 1H); 2.15 {(m, 1H):; 1.8
fm, 242): 1,8 (m, 1H); 1.2 (¢, 3H); 1.0 (=, 9H).

Scheme 6 and Synthetic Examples

Scheme 5
STEP 1;
' 14 PA(OAC),, 15% XantPhos ~ -
2eq K003, 3 8. HaO o o i AHOE,, HO G
/’E 2% Cetyltrimathylammonium Br { A f"”> E Toluene r& A
oo + 51\40 T ECbz’N )‘, _{0 * Cbz’N\}‘ i JO ! " " Chz” )&\(0
_ s ; e L
o7 hHa B ! &N be 7 o i TR b
1.
STEP 2:

B
——

| S

9 1 chedertleu-OH - o
EDC, HORt i i
{O OO — C:tszxﬁ : N o
o N

STRERP 3 ?

! o [ R : o

e C Hy o8 7 P o) © f
Coz. N pdic N EoHg M

¥ e | HNT Y S gl N /\{O
a) }‘N N\ Chtric Acid O N } N f o N
o7 4 OBt g B DEt coMT N7 & B om
j NI & :
3

STEP 1

Cbz )LH{D
o N om

0144} 21.7 ml of water was added to a mixture of 100.0 g of CBz-
prolinamide, 0.%2g of Palladium acetate, 3.47g of Xantphos,
11i.2¢ of Potassium carbonate and Z.%3g of

Cetvyltrimethylammonium bromide in Toluene (1060 ml} maintaining
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8. The process of claim7, wherein the mxture is contacted with Al (CEt)3
in toluene in the presence of 1-10E. 9. A process for preparing a conpound
of oulal: conprising: a) reacting a conpound of formula Il: 1I; and a
conmpound of forrmula IIl1. 111; in the presence of a palladiumcatal yst, a
pal | adium lieand, and a base in a solvent optionally including a phase

tranSf?Eh@aﬁﬁﬁ?ﬁﬁa4d}ep%QVEd€ thezcompound afesfs@nmabarkind®. aldde DFOCGSS
accordlngdto claim9, wherein the paIIadlun1cataIyst Is Pd(OAc) 2 or

Pd2dba333911 1 0The e PESE CAER O B MG t0- [ICHSh 10, 2HReFELATE he®ptd EdiTum
ligand s phosphine;; b %@@9§9Q£ne’TQ@”§J§B¥%OHU%§PhQ§en0&mrmed to

bls(dlphenylphosphlno)ferrocene.
T=50-55°C and stirred for about 2 hours. Separately,

Bromoethoxyfuranone (91.5 g) and toluene (100 ml) were charged
into a separate flask and stirred at 20-25°C until complete
digsclution occurred. The Bromoethoxyfuranone sciution was then
added to the initial reaction mixture cver 3-3.5 heurs at 50-
55°C and then stirred until the reaction was completed in
gquantitative vield in about 1 hour., The reaction mixture was
filtered at T = 50-55°C and the solids were rinsed with Toluene
{500 ml). The filtrate was washed with water (500 ml. The
aqueocus phase was discarded and the organic phase was
concentrated to approximately 500 ml at <50°C under vacuum. The
solution was cooled to 5°C-10°C and 9.8 g Aluminum triethoxide
were added,
[6145] Into a separate flask 11.3 ml Acetyl chloride was added to
a soluticon made of 100 ml Teluene and 2.7 ml Bthanol,
meintaining 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/Ethancl/HCl solution was then added
to the previcus reaction mixture over 15 minutes at T =5E-10°C,
then seeded with the product and stirred at T = 5-10°C for 12
hours, at T = 20-25°C for 48 hours, at T = 5-10°C for 12 hours.
The product was filtered at T = 5-10°C and washed with 100 ml of
Toluene, The wet material was dissolved at 70°C-75°C) in 1500
mtl Toluens and the solution was filtered at 75°C through
Dicalite (filtration aid agent). The solids were rinsed with
108 ml Toluene. The organic solution was vacuum concentrated to
500 mi. The resultant slurry was ccoled to 20-25°C over 1 hour,
gstirred for 3-4 hours, filtered and the product rinsed with 100
ml toluene. The product was dried under vacuum at 35-40°C.
STEP 2:

T4



12. The process of claim1l, wherein the palladiumligand is Xant Phos. 13.
The process of claim9, wherein the solvent is toluene, dioxane. or THF,
either alone or in conbination. 14. The process of claim9, wherein the
base is K2C®B or Cs2CCB. 15. The process of claim9 wherein the sol vent
I ncl udes a phase transfer catalyst. 16. A process for preparing a conpound

of fornmula IV: I'V; conprising_rleduci ng and deprotecting a conmpound of
ormula I: to provide a conmpound la ¥. V. and
Coz. N o
: N
O u O

f

|

O

Et

[6146] The furanone of Step 1 100 g was charged into a stainless
steel {3 1it) auvtoclave together with 20 g of E%Palladium on
charcoal (approx. 50% wet), followed by 800 ml of ethyl acetate
and 19¢.5 ml of trifluorcacetic acid. The autocclave was
pressurized with hydrogen (4 bars). and the temperature set at T
= 20-25°C, The nydrogenclysis was run for 2-3 hrs, periodically
repressurizing to 4 bar as hydrogen uptake proceads, until
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.
[0147] Sseparately, a solution of sulfuric acid (14.6 mij in water
(330 ml) was aaded to a mixture of 119.2 g of Chz-t-leucine
dicyclohexylamine salt and 430 ml of Ethyl acetate. The
resulting solution was stirred at T =20-25°C for 30 minutes.
The organic layer was separated, washed twice with 500 ml of
water and added to 43.3 g of hvdroxybenzotriazole. DMF (130 ml)
was added to this mixture follow@d by 56.3 g of EDC which
produced a cloudy reaction mixture from the clear vellowish
selution. 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 ¢ 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 reactlon stirred at
20-25°C for 12 hours. The corganic layer was separated and
%)

ter. These water washings

ot
oy

washed with 400 ml of an agueous sodium blcarbonate (7.

solution and twice with 400 ml of w

]

were performed at 45-50°C. The organlc phase was concentrated

to 400 ml volume at 40-45°C. 300 ml of ethyl acetate were added

75



reacting the conmpound of fornmula V with cbhz-ten-1|eucine, under coupling
conditions, to provide a conpound of formula VI: VI; reacting the
conmpound of forrmula VI under deprotection conditions to provide an am ne
and reacting the am ne and 4-am no-3-chl orobenzoic to provide the conpound
of formula IV. 17. The process of claim 16, wherein the conpound of formnula

IV is represented dydd R Sbructue@ co 3dVALL the .cRRReuRdsohuiormda | is
represented by the structure:
The solution was cooled to 20-25°C and 200 ml of N-heptane added
over 1 hour at 20~25°C, and the mixture seeded with the compound
shown in Example 2 above and stirred at T = 20-25°C for 1 hour.
The resultant slurry was cooled fto T = 5-10°C and stirred for an
additional hour at the same Temperature. 400 ml of WN-Heptane
were added over 2-3 hours at T = 5-10°C, the slurry was filtered
and rinsed twice with Ethyl acetate/N-~heptane {40 mi, 60 ml

r

o

spectively). The crystals were dried under vacuum at T = 35~

=3
(a0

o
4
h

cr at least 8 hours.
STEP 3:
o G
AT
HoN ° N bm
c
[#148] The product of step Z (100 g), 5%Palladium on charcoal

(approx. 50% wet, 20 g} 100 ml of DMF, €00 ml of ethyl 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 tempsrature set at
-2° to +2°C. The reaction was run for 2-3 hrs periocdically
repressurizing to 4 bar as hydrogen uptake proceeds. The
catalyst was filtered off and washed with a mixture of 8L ml of
ethyl acetate and 15 ml of DML,

{61491 Separetely, 23.3 g of N-Methylmorpholine is added to a
mixture of 33.1 g of 4-Emino-chloro-benzoic acid 34.4 g of Z-
Chloro—-4, é-dimethoxytriazine (DMT-Cl) in 300 ml of ethyl acstate
over 20-30 minutes at ambient temperature for Z-3 hours at 23~
27°C to obtain the DMT active ester of 4- Amino-3-chlorobenzeic
acid. The mixture is ccoled te 0° to +5°C and 300 ml of purified
water are added to the sclution keeping tempserature in the same
range. The solution cof the deprotected t-leucine procduct as the

citrate salt is added at 0° to +5°C over 30-60 minutes, the
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H O VA, and/or the conmpound of fornmula VI is represented by the structure:
VIA . 18. A process for preparing a conpound ofa |V:

reaction mixture i1s then bhrought to pk 6.5-7.5 by adding 30%
sodium hydroxide (approx. amount: 71 ml), and stirred 6-7 hrs at
20° to 25°C., After completion of the reaction, the phases are
separated and the organic laver added tce sodium bisulfate
solution {15 g of sodium bisulfate in 235 ml of water) and
stirred for 3 nrs at 20°C to 25°C. The phases are separated and
the corganic layer i1s washed four times with water (150 ml each),
twice with sodium bicarbonate solution (total: 20 g of sodium
bicarbonate in 400 ml of water), and once with 150 ml of water,
To the solution is added 10 ¢ of activated charccal and 10 g of
Dicalite and filtered and the solids washed with 100 ml of ethyl
acetate. The filtrate was distilled under vacuum to a volume of
200 ml at < 40°C when the resultant mixture crystallizes. Ethyl
acetate {150 ml) was added to a totzl volume of 350 ml. N-
heptane (300 ml) was added over 2 hrs and after stirring the
slurry for 3 hrs at 20° to 25° , the solid was filtered, washed
with ethyl acetate/N-Heptane {100 ml, 1:1) and dried at 60°C
under vacuum.

[156] A11 of the documents cited herein are hereby incorporated

herein by reference.

{6151} While we have described a number of embodiments of this

}

invention, 1t is apparent that our basic exampies may be altered
to provide other embodiments which utilize the compounds and
methods of this invention. For instance, protecting groups
besides CBZ may be used to protect amines in one or more of the
synthetic steps described above. Therefore, it wiil be
appreciated that the scope of this invention is to be defined by
the appended claims rather than by the specific embodiments

which have besen represented by way of example.
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|'V; conprising reacting a conpound of fornula I:

conditions to provide a conpound of fornmula VII: O VII; reacting the
conmpound of forrmula VIl with cbz-tert-I|eucine, under coupling conditions,
to provide a conpound of forrmula VIII. VI1I; reducing and deprotecting

t he conpound of fornula VII

to provide a conpound of fornmula I X

What is claimed is

2.

A compound which is selected from the group consisting of:

a compound of formula I

o P o

»

1

a compound of formula I-A/C:

oo if

; and

1IA/IC

a compound of formula IA, 1B, 1C, and 1D

0 N _
o N
# O H O\\
IA A IB
[::j\\/o N [ [::]\&/O ﬁc:)
T X 1Y
iC 7o H T D OG/\ﬁ %

o
A\ A\

A process for preparing a compound of formula TA:

78
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| Xt and reacting a conpound of formula |IX and 4-am no-3-chl or obenzoi c acid,
or a derivative thereof suitable for coupling to an am ne under coupling
conditions, to provide the conpound of fornula IV. 19.The process of claim
18, wherein the conpound of fornmula IV is represented by structure: |VA

t he conpound of fornula | is represented by structure: | A; the conmpound
of formula VIl is represented by structure: 0 N, <O HO VI TA,

B

O

1A

comprising purifying a compound of formula:

e

1A/C
wherein the step of purifying includes chromatographing, selectively crystallizing, or

dynamically crystallizing the mixture.

3. The process of claim 2, wherein the step of purifying the mixture comprises separating

the isomers by chromatography.

4, The process of claim 2, wherein the step of purifying the mixture comprises selectively

crystallizing the mixture with an organic solvent.

5. The process of claim 4, wherein the solvent is toluene.

6. The process of claim 2, wherein the step of purifying comprises dynamic crystallization
which comprises contacting the mixture with a lewis acid and a solvent optionally including a
protic acid.

7. The process of claim 6, wherein the step of purifying comprises contacting the mixiure

with Al{Oalkyl); in a solvent under acidic conditions.
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the conpound of formula VIII is represented by structure: WVIIIA;, and/or

the conpound of fornula I X is represented by structure: XA 20.The
process of claim 19, wherein the conmpound: s obtained by purifying a
conpound of forml a: | A C, wherein the step of purifying includes

chromat ogr aphi ng, selectively crystallizing, or dynatnically crystallizing
the m xture. 21.The process of claim 18 further conprising:

8. The process of claim 7, wherein the mixture is contacted with AI{OFEt); in toluene in the

presence of HCL

9. A process for preparing a compound of formula I:
O
(e,
Y 5
07 °N
H O\\

I

comprising:

" a) reacting a compound of formula II:

| ©
Br

I\

Ao

HI;

1I;

and a compound of formula 11:

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 formuia L
10.  The process according to claim 9, wherein the palladium catalyst is Pd(OAc); or Pd.dba;.

11.  The process according to clairﬁ 10, wherein the palladium ligand is phosphine,

bisphosphine, XantPhos, DPEPhos, or bis(diphenylphosphino)ferrocene.
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reacting a conmpound of formula I1:

Il; and a conpound of formula I1l: 10 O O NH2

11, in the presence of a palladiumcatalyst, a palladiumligand, a base,
optionally a phase transfer catalyst, optionally water, and a sol vent.
PROCESSES AND | NTERMEDI ATES Abstract The invention relates to processes
and conpounds useful for producing nodified aspartic acid derivatives, such
as aspartic acid al dehyde noieties. Aspartic acid derivatives are useful

for pyepar Thgproaspasdainnhi, bittwisthapd/atiupdigdrdigsapiépeof .

13. The process of claim 9, wherein the solvent is toluene, dioxane, or THEF, either alone or in

combination.

14. The process of claim 9, wherein the base is K>CO; or Cs;COs.

The process of claim 9, wherein the solvent includes a phase transfer catalyst.

15.
16. A process for preparing a compound of formula I'V:
9 O
N
H
C
HZN)@A 24
o “\
iv:

comprising reducing and deprotecting a compound of formula I:

Rae ¥

H O\\

to provide a compound of formula V:

¥ and

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

a compound of formula VI



(No Suitable Figure)

R
\

VI;
reacting the compound of formula VI under deprotection conditions to provide an amine and

reacting the amine and 4-amino-3-chiorobenzoic to provide the compound of formula IV.

17.  The process of claim 16, wherein the compound of formula IV is represented by the

structure:

HoN o)
cl \
IVA:

the compound of formula I is represented by the structure:

Aoepp &
g

1A

the compound of formula V is represented by the structure:

G
HN
fi Ji@
G” N
H O
\\ VA, and/or

the compound of formula VI is represented by the structure:
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Saakse:
\

VIiA

i8. A process for preparing a compound of formula I'V:

G
: O
N
“j%fﬁfo
H
O
Md ’de
o \

AN

=

comprising reacting a compound of formula I:

under deprotection conditions to provide a compound of formuia VIIL:
O
HN
07 °N
H O\
VIL;

reacting the compound of formula VII with cbz-tert-leucine, under coupling conditions, to

provide a compound of formula VIIL:



do*?%:i:fo

VIIL;

reducing and deprotecting the compound of formula VIII to provide a compound of formuia IX:

\\

IX; and
reacting a compound of formula IX and 4-amino-3-chlorobenzoic acid, or a derivative thereof

suitable for coupling to an amine under coupling conditions, to provide the compound of formula
Iv.

- 19. The process of claim 18, wherein the compound of formula I'V is represented by

structure:

Cl ‘\
IVA;

the compound of formula 1 is represented by structure:

Py P ik
e
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IA;

the compound of formula VII is represented by structure:
O
HN
; Jiﬁo
O N
H O\

VIIA;

the compound of formula VIII is represented by structure:

@/\oi?%:iﬁo
g

VIILA;

and/ar the compound of formula IX is represented by structure:

HZN/t(N rfo

@]
)

o)

IXA.

20.  The process of claim 19, wherein the compound:

Doapp £
g

is obtained by purifying a compound of formuia:
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IA/C;
wherein the step of purifying includes chromatographing, selectively crystallizing, or

dynamically crystallizing the mixture.

21.  The process of claim 18 further comprising:

reacting a compound of formula Ii:

and a compound of formula IIL:

i
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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PROCESSES AND INTERMEDIATES
Bbstract
[0152] The invention relates to processes and compounds useful for
producing modified aspartic acid derivatives, such as aspartic
acid aldehyde moleties. Aspartic acid derivatives are useful

for preparing caspase inhibitors and/or prodrugs thereof.

{No Suitable Figure)
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