WO 01/ 81330 PCT/ US01/ 12769 PROCESS AND | NTERMEDI ATES FOR MAKI NG SUBSTI TUTED
ASPARTI C ACI D ACETALS Rel ated Applications This application clains priority
to US Provisional Patent Application 60/199,329 filed ril 24,2000. FIELD
OF THE | NVINI3ER®5 This invention relates to a process f¥f7/V¥&12%Ynt hesi s of
substituted aspartic acid acetals. The process is useful for preparing
biologically active conpounds, particularly certain caspase inhibitors, or
prodrugs thereof, such as inhibitors of interleukin-1(3 10 converting enzyne
("ICE"). BACKGOUND OF THE | NVENTI ON Caspases are a famly of cysteine
protease enzynes that are key nmediators in the signaling pathways 15 for
apoptosis and cell disassenmbly (Thornberry, Chem Biol., 1998, 5, R97-R103).
Apopt 0si s, ORRRCESEAANBUIINPERMESSRIEY FOR MARTNACEDALTIPGRAD AgBAridhi ch
organi snms elinnate unwanted cell gerhhgegifAegul ati on of apoptosis, either
excessive apoptosis or the failure to undergo it, 20 has been inplicated in
a nunber of diseases such as ®XERGELy i e.dnfd tory and aut oi nmune

di sorders, and certain neurod s (see generally Science,
1998, 281, 1288s18d@tidddien etladims, pAdnriRgvio CelFroBixlonall¥aten?, 663).

Caspase-1, irst. 25 j fj.ed _.caspase, .l s,al nown as interleukin-1(3
converting e%@?%% %ﬁlquéﬁﬁﬂ%%§% sg}?e§o§95?452€h€@%¥30r i nterl eukin-10
("plL-1(3") to the pro-inflamuatory active

FIELD OF THE INVENTION

5 This invention relates to a process for the
synthesis of substituted aspartic acid acetals. The
process is useful for preparing biologically active
compounds, particularly certain caspase inhibitors, or
prodrugs thereof, such as inhibitors of interleukin-1p

10 converting enzyme (“ICE").

BACKGOUND OF THE INVENTION

Caspases are a family of cysteine protease

enzymes that are key mediators in the signaling pathways

15 for apoptosis and cell disassembly (Thornberry, Chem.
Biol., 1998, 5, R97-R103). Apoptosis, or programmed cell
death, is a principal mechanism by which organisms
eliminate unwanted cells. The deregulation of apoptosis,
eilther excessive apoptosls or the failure to undergo it,

20 has been implicated in a number of diseases such as
cancer, acute inflammatory and autoimmune disorders, and
certain neurodegenerative disorders (see generally
Science, 1998, 281, 1283-1312; Ellis et al., Ann. Rev.
Cell., Biol., 1991, 7, 663)., Caspase-1, the first

25 ildentified caspase, is also known as interleukin-1p
converting enzyme or “ICE.” Caspase-l converts precursor

interleukin-1ip (*pIL-1f") to the pro-inflammatory active



| WO 01/81330 PCT/USQO /12769 form by specific cleavage of plL-1(3 between
Asp-116 and Al a-117. Besides caspase-1 there are also el even other known
human caspases whi ch have been classified into famlies based on their

bi ol ogi caVOPUIE on. 5 A nunber of useful caspase i nhi bPEGBUSIKEFIbeen
reported that contain an aspartic acid al dehyde noiety, which will exist in
equilibriumwith its cyclic heniacetal formas shown beloww. O0 OHO0 R2IN
HR2ZNHO OH 10 where R2 represents the rest of the caspase inhibitor

nol ecul e. Based on the hem acetal, orally available prodrugs of these

i nhibitors hay en._devel gped_having . the agetal strugtur , ere RL is
al kyl or ar %?’l](:&l gﬁagpgglg%%n%%?fae% g)yf fr}‘il'ﬁé %%Ew?ﬁlﬁi‘%?? ofl% élm\gpa pr odr ug
bei ng develmpedlas aBteeaésetdspade+halmeobdecant Boi tlevéseseciéy Pat ent
5,716,929). Ol ONOON~0 R-NNHOOH HOR O 20 1 2 A process
for the p_reﬁ‘é’loél’fli SHTBR 52 pRpEFdi Wi diySe PERRI B8P iht8dr 4t df fornula 1
where Rl is M@RaYks based on their biological function.
D A number of useful caspase inhibitors has been
reported that contain an aspartic acid aldehyde moiety,
which will exist in equilibrium with its cyclic

hemiacetal form as shown below:

O 0
OH :
——— 0O
H 0 H OH

10
where R represents the rest of the caspase inhibitor
molecule., Based on the hemiacetal, orally available
prodrugs of these inhibitors have been developed having
the acetal structure 1, where R; is alkyl or aralkyl, as
15 exemplified by 2. The ICE inhibitor 2 is a prodrug being
developed as a treatment for rheumatoid arthritis (see US

Patent 5,716,929).

20 1 2

A process for the preparation of a peptidic
caspase inhibitor prodrug of formula 1 where R; is benzyl

and R; is the amino acid sequence Ac-Y-V-A has been



and R2 is the amino acid sequence Ac-Y-V-A has been 2 WD 01/81330
PCT/USQO / 12769 descri bed by Chapnan et al. (Bioorg. Med. Chem Lett. 1992,
2(6), 613). However, this route has significant disadvantages, especially

i f one wiWREYB8I30 obt ai n chiral conpounds. For exanpl e, RHASHHBPEss requires
an 5 expensive starting nmaterial and chromatographic separation of

di astereoners (see discussion in PCT application WX¥9903852). Mre
recently, a shorter process for the preparation of compounds of fornula 1
where Rl is ethyl 10 has been described (PCT patent appli cati on

WO 9903852) ., T ocess, Lnvol ves the conjugate, addition n aral kyl am ne
to an al koxy ufgﬁO% §§ §h8P%$Pd%§ %?as é?%ﬁ%%r?%cgo 8ﬁhd gas shom%

bel ow. R3 R339%,R2 ({64 HN3IMHZN Hahever O 1BiQ @ovutkbhRls Bthnf3c4n8 R-5 where
R3 is an al kyl gy ou havi ng one to four carbons and R4 is optionally
substi t ut ed C}éﬁﬂ K GﬁeSThgsEBCH?ﬁﬂe’r%cﬂP& yighes toy OPPEQELP ‘élai:l #ton salts,

are report edinp iR, ab'E‘@rb)éxﬁﬂhﬁﬁém&H@%ﬂd&égsﬂi%q‘gfi@sle%)’lan group on the
am ne may then be renoved by hydrogenolysis to liberate 5 a useful
synt het i i rreenesdivet 8tegiting material and chromatographic

separatlon of diastereomers (see discussion in PBCT
application W0O/9903852).
More recently, a shorter process for the
preparation of compounds of formula 1 where R; is ethyl
10 has been described (PCT patent application W0O/9903852).
The process involves the conjugate addition of an
aralkylamine to an alkoxyfuranone 3 to provide

diastereomeric compounds 4 as shown below:

R.
R3 3
L Ix .
41 DN
O 9 o O
15 R
3 4 S,R-5

where R; is an alkyl group having one to four carbons and
Rs; is an optionally substituted aryl group. The

20 diastereomers of 4, or their addition salts, are
reportedly separable by crystallization. The aralkyl
group on the amine wmay then be removed by hydrogenoclysis
to liberate 5, a useful synthetic intermediate for
preparing caspase inhibitors. One limitation to this

25 approach is in the hydrogenolysis conditions used to
remove R3;R4CH- when R; is benzyl. Under such conditions,

R, will also be removed.



preparing caspase inhibitors. One limtation to this 25 approach is in the
hydr ogenol ysis conditions used to renove R3R4ACH when Rl is benzyl. Under
such conditions, Rl will also be renoved. 3 WO 01/81330 PCT/USO /12769 It
woul d be W&NBaEle to have a synthetic route to aspartirmctaset/aliscaspase
inhibitors, or prodrugs thereof, that is anenable to | arge-scale and
overcomes the aforenenti oned shortcomi ngs or otherw se inproves 5 upon the
current nethods. DESCRI PTION OF THE | NVENTI ON This invention provides a
process for making a conmpound of formulal: 0 OO 2~ 10 RR3" HORI |
wherein R1 is an opti I uhst | ected manalphatlc
group, aral kyl group,q‘ﬁgtdgﬁ&?yg’?yh%%§?b%?%8pha%or nt&eg ®*R2 is an
or gani c radi talaspE k5 qmed:@éssaispaaarmmbﬁrdxys us:erf lplrofd(ililgebt al n| ng

conmpounds | wher P2- P4 a cas ase inhibitor, or portion
t her eof . Cerft alrneocdﬁélt?%dslsoﬁmfai}?%? £¥ ](;Ei‘ S06k OVEXSBAEE i nhi bitors,
particul arl ytﬂecaﬂdwr@dﬂro&ed%hbﬁtcaﬁlx%ﬁfﬁ aﬁﬂéﬁ%eﬁ%ﬁwvé@at when

attached to the rest of the nolecule of fornmula I, providés such an
|nh|b|toP upon the current methods.

DESCRIPTION OF THE INVENTION

This invention provides a process for making a

compound of formula I:

0
Q
0
RzJLN
10 H Ot 4

wherein R* 1s an optionally substituted group selected
from an aliphatic group, aralkyl group, heterocyclylalkyl
greup, or aryl group, and R? is an organic radical. The

15 process 1ls particularly useful for obtaining compounds I
where R? is a P,-P, moiety of a caspase inhibitor, or
portion thereof.

Certain compounds of formula I are prodrugs of

caspase inhibitors, particularly ICE inhibitors. R? is

20 preferably any moiety that, when attached to the rest of
the molecule of formula I, provides such an inhibitor.
Portions of R? are specifically referred to in the art as
a Pz, P3 or Py moiety or site. These P; terms are
references to the amino acid sequence next to the

25 aspartyl cleavage site of a particular caspase substrate.
P, refers to the aspartyl residue of the substrate where
caspase-induced cleavage occurs in the natural substrate.
In the design of new, nonpeptidic caspase inhibitors, the

P, designation is often retained to show which portion of



Portions of R2 are specifically referred to in the art as a P2, P3 or P4
noi ety or site. These P, terns are references to the amno acid sequence
next to the 25 aspartyl cleavage site of a particular caspase substrate. Pl
refers tovonhEsid¥partyl residue of the substrate where &egs{pagieiaiduced

cl eavage occurs in the natural substrate. In the design of new, nonpeptidic
caspase inhibitors, the P. designation is often retained to show which
portion of 4 WD 01/81330 PCT/USO /12769 the am no acid sequence has been
replaced by the non- peptidic noiety. As used herein, the term"P2-P4"

moi ety refeqg B@lﬁbt QSidtQé’ QA0 130 Beifaue Egcg by Qﬁ&' Appve or a

chem cal noiety known to rep ace suc a seque e purpose of being
a caspase swpoptidie, mandtyn ZFmantsegllharedn, I€Eesubsmr%P£{uExmapéE§ of P2-P4
noi eties that _are gon- E tidi.c are descgribed in US 5 91 Z?O (Allen et
al.): US 5878732 (%g Bek| dre dnie )aClﬁssgqéﬁﬂcis‘%e%%‘é & ): US
5, 843,904 (Benaschemata); mdSety Hafowibé o Bepilscet sudh. sé@éiﬂeleﬁo%% (Bem s
et al.); US 5, 656,627(Benmis et al.); WO 99/ 36426 (varner-Lanbert) Dol | e

et al., 3. B8 Pucheds ohobehnp (CESPASe WAPSBrapT78aRddif): WO 98/ 11109

(1dun); vm>%g&%%gggaglani@@dg&gggygg%ﬁ5oz (Warner 15 Lanbert), all of which
are incorporated by reference. One nethod of the present process for naking

|, referred to herei BxaspMes od FA-Peowpetdes thetsaepsnet-regta)disr ovi ding a
but enol act ong 0k £RLTULE {4 v 5,919,790 (allen et al.): US

5,874,424 {(Batchelor et al.); US 5,847,135 (Bemis et

10 al.); US 5,843,904 (Bemis et al.); US 5,756,466 (Bemis et
al.); US 5,716,929 (Bemis et al.); US 5,656,627 (Benis et
al.); WO 99/36426 (Warner-Lambert); Dolle et al., J. Med.
Chem., 40, 1841 (1997); WO 98/10778 (Idun); WO 98/11108
(Idun); WO 98/11129 (Idun)and WO 98/16502 (Warnex

15 Lambert), all of which are incorporated by reference.

One method of the present process for making I,

referred to herein as Method A, comprises the steps of:

{(a) providing a butenoclactone of formula II:

0

(s

20 O-R'" 11

wherein R! is as described above;



Il O20 ORL Il wherein RL is as described above; 5 WD 01/81330
PCT/ USOL/ 12769 (b) treating Il wth an azide N3-Y, where Y is hydrogen, a

silyl group, or a counterion, to forman azidolactone 1I1l1: 5 O O N3
ORIII; WP&Y8Béhverting Il to. an am nol actone |V or ®ET/USAi/rOPhosphor ane
V. 10000 OORRO H2ZNP=N\ ORL IVor ORL - Eel ORt+t V; and 15 (d)
coupling IV or V with R2000H or reactive equivalent thereof, to forml. It
will be understood that the R2 group may be sel ected from any organic

radical that is stable to conditions of the coupling reaction, such as 20
those conditions described herein. Preferably R2 is a P2-, P2-P3-, or

P2- P3- P4- noiety. As used herein, the follow ng definitions shall apply
unl ess ot hertw)sérentiogt &d. witle drerawsidd agtOpevhere Y is hydrogen, a

silyl group, or a counterion, to form an azidolactone

III:
5
0
O
N3 ;
O-R'rrs;
{c) converting III to.an aminolactcne IV or an
iminophosphorane V:
10
O-R! IV or 0“R1' ; and
15

{d) coupling IV or V with R®COOH or reactive equivalent
thereof, to form I. It will be understood that the R?
group may be selected from any organic radical that is
stable to conditions of the coupling reaction, such as

20 those conditions described herein. Preferably R? is a
Py~, Py-P3~, or P,-P3-P,~ moiety.

As used herein, the following definitions shall
apply unless otherwise indicated. The terms “lactone”
and “furanone” may be used interchangeably as will be

25 understood by one skilled in the art. The term
“aliphatic” as used herein means straight chained,
branched or cyclic C1-Ci; hydrocarbons which are
completely saturated or which contain one or more units

of unsaturation. For example, suitable aliphatic groups

&



and "furanone" may be used interchangeably as will be 25 understood by one

skilled in the art. The term "aliphatic" as used herein nmeans straight

chai ned, branched or cyclic Cl-Cl2 hydrocarbons which are conpletely

sat ur at edvoni/sfasoch contain one or nore units of unsaturaritee/n2fer exanpl e,
sui tabl e aliphatic groups 6 WO 01/81330 PCT/0501/12769 i nclude substituted
or unsubstituted linear, branched or cyclic alkyl, alkenyl, alkynyl groups
and hybrids thereof such as (cycloal kyl)al kyl, (cycloal kenyl)al kyl or

(cycl oal kyl)al kenyl. The term "al kyl" and "al koxy" used 5 alone or as part
of a larger nD|et strai.ght ,and.branche i ni ng

h
one to twel V& IEs bSHL§% ﬁgeegﬁ%rt%ﬂﬁﬂPs LARESH TLRRAT Y & E?ﬁ@éq& Contaalone

or as part @fyoalbarageymoaekgnﬁhalAlkmlu@eohgtshanathgbgbasaﬂdeﬁ@mched
chai ns cont ai ni n car ms. The_term"aryl", used al one

or as part @PCha%Paﬁ§¥F1ﬁ6@5¥§)%%kY¥v"%ﬂ%ﬂ@?ﬂkenﬁéféFEY%ooﬁronat|c ring

groups havi n(gsyfc'l\é%lﬁ(?lF aykéﬁgﬁ rmfv;@rt%mﬁu%h $*PRRAY* a1 kBRPZYlsed - napht hyl,
2- naphthg ant hracyl and ant hracyl, and heterocyclic aromatic groups or
I

het er oar aﬂ@n@r@@pgssﬁéhta@fZaflﬁﬁgﬁn modetyr aRFErsNEpbdelzol yl, 2-

| m dazol yl, éﬁﬂaQ?ﬂgzgh QnEH%gaEﬁafﬂF:?§2t39§§ B'XhF ?’ E&Qf@@o'y'

5-isoxazol yl oxadrazo oxa razo oxadi azol yl ,
5- oxadi azol Warbanor&reokyl , THe basm&ﬂ\dlkdﬁydkaaohyralRypleo&géd 3- pyrronI

5 pyr bzl o B B BRBFYYE S 1t Sy, snatiPRETLE otk PYIIM

straight and branched chains containing twe to twelve

10 carbon atoms. The term “aryl”, used alone or as part of
a larger moilety as in “aralkyl”, refers to aromatic ring
groups having five to fourteen members, such as phenyl,
benzyl, l-naphthyl, 2-naphthyl, l-anthracyl and 2-
anthracyl, and heterocyclic aromatic groups or heterocaryl

15 groups such as 2-furanyl, 3-furanyl, N-imidazolyl, 2~
imidazelyl, 4-imidazolyl, 5~imidazolyl, 3-iscxazolyl, 4-
isoxazolyl, 5-isoxazolyl, a 1,3,4-oxadiazolyl, a 1,2,4~
oxadiazolyl, 2-oxadiazolyl, 5-oxadiazolyl, Z-cxazolyl, 4-
oxazolyl, 5-oxazolyl, 2-pyrrolyl, 3-pyrrolyl, 2-pyridyl,

20 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-
pyrimidyl, 3-pyridazinyl, 2-thiadiazolyl, 5-thiadiazolyl,
2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 5-tetrazolyl,
2-triazolyl, 5-triazolyl, 2-thienyl, or 3-thienyl. The
term “aryl ring” also refers to rings that are optionally

25 substituted. Aryl groups also include fused polycyclic
aromatic ring systems in which a carbocyclic aromatic
ring or hetercaryl ring is fused to one or more cther
rings, Examples include tetrahydronaphthyl,
benzimidazolyl, benzothienyl, benzofuranyl, indolyl,

30 quinolinyl, benzothiazolyl, benzooxazolyl,

benzimidazolyl, isoquinolinyl, isoindolyl, acridinyl,



2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 5-tetrazolyl, 2-triazolyl,
5-triazolyl, 2-thienyl, or 3-thienyl. The term"aryl ring" also refers to
rings that are optionally 25 substituted. Aryl groups al so include fused

pol ycycl iVO 0H$18¥ati c ring systens in which a carbocycli ECBAUSHAZT® ring or
heteroaryl ring is fused to one or nore other rings. Exanples include

t et f ahydr onapht hyl , benzi m dazol yl, benzot hi enyl, benzofuranyl, indolyl, 30
qui nol i nyl, benzothi azol yl, benzooxazolyl, benzim dazolyl, isoquinolinyl,

i soindolyl, acridinyl, 7 WD 01/81330 PCT/USQO /12769 benzoi soxazolyl, and

the like. Asq bacludedivd!nif, the Soape g bNe LML Mnsn dfd L 1 used
herein, is a group In I'ch one or nore carBocyc rc aromati ¢ rings and/or
het er oaryl micegs afetheasedrt o aryelcl aa Kyl ier uned bemebmptis det erocyclic

ring, for exanple, indanyl or tetrahydr ben29 ranyl . The term
"heterocyclﬁfggpoﬁﬁ"w ?Bge?get?Fsﬂﬁﬁﬁaﬁﬁ§ OFHG Eﬁs%f%?%?%ﬂ ToHbtyclic or

pol ycyclic kindgosyREEBBoSONL At i) HNE fAsedE8 aheleIoaLl RPE @Nthah i Ng Si ze
of three to eight such a 10 pjperidinyl, piperazinyl, tetrahydrofuranyl,
pyrrol i dP nyRroFeEighhaEBEIFERtAc Hgkphdiotn PramRAE: t Hedanyke” An al i phati c,

al kyl, aryl +cheteuQe%ski car | AnC» [ L fpone or nore
substi tuent g:'e 155’Thégshgg?ﬁ%€¥]}f S aIlr}%C)s{%Iﬁenct gggfg?%%??%oggg%}dzﬁ will be

st abl e underretfrEsr éacshbnrebedi andnseturhdegr moppcycptocess, as woul d be
general l'y kggwgc&glﬁgo§ﬁnakg§éf§h§rhontaining one or more
hetercatoms and a ring size of three tc eight such a

10 piperidinyl, piperazinyl, tetrahydrofuranyl,
pyrrolidinyl, tetrahydropyranyl, morpholinyl, and the
like.

An aliphatic, alkyl, aryl, heterocyclic, or a
carbocyclic group may contaln one or more substituents.

15 The substituents are selected from those that will be
stable under the reaction conditions of the present
process, as would be generally known to those skilled in
the art. Examples of substituents include halogen, -R,
~0R, ~OH, protected OH (such as acyloxy}, phenyl (Ph},

20 substituted Ph, -0Ph, substituted -0Ph, -NO,, -CN, -NHR,
-N(R)2, —~-NHCOR, -NHCOWNHR, -NRCONHR, -NHCON(R)3z,

-NRCON (R)2, -NRCOR, -NHCOzR, -NRCO;R, -COzR, —-COR, -CONHR,
-CON(R)z, -S5(0)zR, -SONHz, -S(O)R, =S0O;NHR, -SOzN(R);,
-NH5 (C) 2R, -NRS(0).R, =0, =3, =NNHR, =NNR;, =N-OR,

25 =NNHCOR, =NNRCOR, =NNHCOzR, =NNRCO,R, =NNHSO;R, =NNRSO:R,
or =NR where R is an optionally substituted aliphatic,
aryl or aralkyl group.

A substitutable nitrogen on a heterocyclic ring
may be optionally substituted. Suitable substituents on

30 the nitrogen include R, COR, S{0O):R, and CO;R, where R is

an aliphatic group or a substituted aliphatic group.



the art. Exanples of substituents include halogen, -R -OR -OH, protected
OH (such as acyl oxy), phenyl (Ph), 20 substituted Ph, -OPh, substituted
-OPh, -NO2, -CN, -NHR, -N(R)2, -NHCOR, -NHCONHR, -NRCONHR, - NHCON(R) 2,

- NRCON( RVPQ OUINBRBOR, - NHCO2R, - NRCO2R, - CO2R, - COR, - CONPRI/USMOGEIPR) 2,

-S(0) 2R, -SONH2, -S(0)R, -S2NHR, -S02N(R)2, -NHS(0)2R, -NRS(O) 2R, =0, =S,
=NNHR, =NNR2, =N-OR, 25 =NNHCOR, =NNRCOR, =NNHCO2R, =NNRCO2R, =NNHSO2R,
=NNRSO2R, or =NR where R is an optionally substituted aliphatic, aryl or
aral kyl group. A substitutable nitrogen on a heterocyclic ring may be

optionally substitut t St.i ts e it n include R,
COR, S(O 2R, and cozeR‘?nl ere e%ﬁ%% %F%Eﬁ‘gti%’%ﬁ%ﬁ%ﬁ] daéleu t%tgl?t ut ed

al i phati c gheupin 8r&\(aldd 84330 RCOT/iUSA1A&236D sténteasshatiwriwifeoenst at ed,
structures dgptgt ed herein are als rre%ntgéo include all. stereaochem cal
e hd?

forms of tR Futtipetureis 2 S e coOnf P B LYo @ Teach

asymmetric eeshe&symhet efOr@ntsdmgl ahseresshesiqle St SRIrendsanel | as
enantionmeri¢ and diastereonmeric mxtures of the present conpounds are
within the $EBPETdfastfRll MBRNBH1oBRréssant netaf sere™@ e structures

depicted hepeifupts &k SOnIBAUsdM !d&&#a#gﬁdQOQPQWP@hMi% dliddeetoronl y in

the presence of one or nore isotopically 10 enriched atons. For exanple,
compounds haiengnreetien esdinleay whheres sexeeated orsthecgmsacenent of a

Dy ogen, DY RULSTHAIL AL 354 LI ot PRLFGRY™Anlondh SATRSP DY 2
differ only in the presence of one or more isotopically

10 enriched atoms. For example, compounds having the
present structures except for the 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.

15 Butenolactone II is readily available and
inexpensive. Preferred R! groups include methyl, ethyl,
propyl, 2-propyl, butyl, pentyl, hexyl, 4-methylpentyl,
2-methylpropyl, cyclopentyl, cyclohexyl,
cyclopentylmethyl, cyclohexylmethyl, phenylethyl,

20 phenylpropyl, phenylbutyl, (d)-menthyl, (1)-menthyl, 1-
adamantyl, 2-adamantyl, l-indanyl, 2-indanyl, bornyl, 3-
tetrahydrofuranyl, benzyl, o-methylbenzyl, 4-
chlorobenzyl, 4-fluorobenzyl, 4-methylbenzyl, 4-(2-
propyl)benzyl, and 4-trifluoromethylbenzyl. Most

25 preferred R!' groups include ethyl and benzyl.

The azidolactone III may be obtained by the
conjugate or Michael addition of an N3 group to II
according to methods that are generally known in the art
for analogous compounds (see S. J. Miller et al., 1999,
30 Org. Lett., 1(7), 1107). For example, III may be formed

by adding II to a premixed solution of N3-Y and an acid



scope of this invention. 15 Butenolactone Il is readily avail able and

i nexpensive. Preferred Rl groups include nethyl, ethyl, propyl, 2-propyl,
butyl, pentyl, hexyl, 4-methylpentyl, 2-nethylpropyl, cyclopentyl,

cycl ohexywo o1/81880 opent yl net hyl , cycl ohexyl met hyl , phenylretrfusb1/122&

phenyl propyl, phenyl butyl, (d)-nmenthyl, (l)-nmenthyl, 1- adamantyl,
2-adamantyl, 1-indanyl, 2-indanyl, bornyl, 3- tetrahydrofuranyl, benzyl,
a- met hyl benzyl, 4- chl orobenzyl, 4-fluorobenzyl, 4-methylbenzyl, 4-(2-
propyl ) benzyl, and 4- trifluoronethylbenzyl Most 25 preferred R gr oups

i nclud t hy . Th d | L | t th
Lgﬁjﬂg:tg ofkﬁﬁﬂgéelgééalFPé Id%’ 4;' Eb BWP% B cggﬁg% %etﬁods

that are genﬁ?raal E.yéwlilowasen thEh@.réZJ.cfeOrma@n@leOng}}'Sn@@mﬁ@plﬁﬁ@lésee S. J.
MIller et al Lett 1(7), 1107). For exanple, Il1 may be
formed by éﬁﬁfﬁb PPWPolﬁ gpén?REdU%ﬁﬁhﬁ“&ﬁagﬂeNS $xapaisn afi#uch wo

01/ 81330 PCHASQY 122600c0aLALYS o M AkeliicARhe cROLUSEL, of Ok} oyed by the
addition of a Lewis base. The azide may be any nucleophilic azide known in

the art Po BalFuiasabpls @Réhﬁhest@ﬁréhbﬁﬂammﬂnkmnﬁﬁ@khﬂe al kali or alkaline
Tl oy RE RSN a22alBNAN 1 K dbRU QLIS L YO Yin a2l de.

azidotri al kyl -, azi i af
azidodialkyﬁ%ﬂ%ﬂq@lbahgsasyéhlaanes|$nnﬂndsytkymazh@és1lyﬂaphéeylsrIyIazide

gr drphenylq?t@%k%bkghizhazidgr Zélég fydgghyﬁg§l§ a21gs azrdotrrnethyltrn

azidotrialkyltins such as azidotrimethyltin or

10 azidotributyltin.

When N3-Y 1s a trisubstituted silylazide such as
trimethylsilylazide, the following conditions and
reagents may be used. Suitable acid catalysts include
carboxylic aclds such as formic acid, acetic acid,

15 propanocic acid, and benzoic acid, and halogenated
carboxylic acids such as trifluorcacetic acid and
trichloroacetic acid, and Lewis acids such as BF:.0FEt,,
aluminum trichloride, zinc chloride and titanium
trichloride. Acetic acid and BFaOEt; are preferred acids.

20 Suitable solvents include ethereal solvents such as
tetrahydrofuran, DME, diethyl ether, methyl tert-butyl
ketone, or‘dioxane; aromatic hydrocarbons such as
benzene, toluene or xylene; halogenated hydrocarbons such
as chloroform, carbon tetrachloride, dichloromethane, or

25 dichloroethane. A preferred solvent is dichloromethane.
The Lewis base need only be present in a catalytic
amount. Suitable Lewis bases include aliphatic tertiary
amines such as triethylamine, diisopropylamine, 1,8-
diazabicyclo[5.4.0]undec-7-ene (DBU), 1,5- _

30 diazabicyclo[4.3.0lnon-5-ene (DBN); hetercaromatic bases

such as an N-alkyl imidazole {which may be bound to a

10



10 azidotributyltin. When N3-Y is a trisubstituted silylazide such as
trimethylsilylazide, the followi ng conditions and reagents may be used.

Sui tabl e acid catal ysts include carboxylic acids such as formc acid,
acetic ad¥Q01/8183pr opanoi ¢ acid, and benzoic acid, and hBCHYEHALE
carboxylic acids such as trifluoroacetic acid and trichloroacetic acid, and
Lewi s acids such as BF3.CEt2, aluminumtrichloride, zinc chloride and
titanium trichloride. Acetic acid and BF3. OEt2 are preferred acids. 20

Sui tabl e solvents include ethereal solvents such as tetrahydrofuran, DVE,

di ethyl eth et Qyl _t T I t r, di.oxane; o] I ¢ hydrocarbon
such as be%%gﬁg? ?%Iﬁeﬁgi%gy§%]eﬁgﬁnﬁgﬁgégﬁagggéhggr8@%?gg%%esuch as
chl or of or m reachdnnt abyabhl carxieed divthiadr amethareatare 2bn diled | arget hane. A

preferred sol vent is _dichioromethane, The Lewi s base need only be present
in a catal yOifc 2PaKbuflt . tSUitUbFe PEGferaftledatngandabaritphattie 4®rtiary

am nes such as _tr.iethyl am ne, dj.i sopropyl am ne, ,1,8- o
diazabicyclg?5éﬂgofﬁﬁ egyﬁ-%ﬁ%b{¥£hﬁﬁwé%%5a§éugi5@aﬁﬁ%f§?of4.§bﬁ]non-5-ene
(DBN); het eroarentibeibases IBueil BpaannNtakkybnysi dazebeut whj ey nay be

bound to a 10 WD 01/81330 PCTIUSOL112769 resin) or a pyridine. A gr eferred
base is DBULCTHEM: r BEBLPERPMAy2 IR e dlrli €@ dufMat APEeRPEFBERIIRL N the range

of about 0 t@alRAnE sBERS§5aPl ¥ndAWREN ARGUH0ahE 48w & 22N PDST ,
preferably between about 200 to 40 °C. The 5 concentration of Il wll be in

t he range ofeagbodenersliy be in the range of about 1.0 to 10
equivalents per equivalent of II.

10 The above conditions and reagents for
converting II to III may vary depending on the nature of
N3~Y. When N3-Y is an azide where the counterion is an
alkaline earth metal such as lithium, sodium, barium or
calcium, the following conditions and reagents may be

15 used. The amount of azide will again be in the range of
about 1.0 to 10.0 equivalents. The reaction temperature
will be as described for trimethylsilylazide. Suitable
acids include formic acid, acetic acid, benzoic acid and
buffered acids such as tetrabutylammonium bisulfate,

29 ammonium chloride, ammonium acetate, and ammonium
formate. Preferred acids are acetic acid,
tetrabutylammonium bisulfate, and ammonium chloride. The
amount of acid will generally be in the range of about
1.0 to about 10.0 egquivalents. Suitable solvents include

25 nonprotic organic solvents such as acetone, N-
methylpyrrolidone, methyl ethylketone, tetrahydrofuran
(THF), dioxane, dimethoxyethane (DME), dimethylformamide
{DMF) and the halogenated hydrocarbons described above.

When N3~Y is HNj;, it is preferred that an excess

30 of azide be used, generally about 5 to 25 equivalents of

azide per equivalent of butenolactone II (see

11



to 10M preferably about 0.1 to 1.OM The anobunts of N3-Y reactant such as

trimethylsilylazide and Lewis acid will each generally be in the range of
about 1.0 to 10 equival ents per equivalent of Il. 10 The above conditions
and reagew0914B80 converting il to Il may vary dependi mgTalovtieonat ur e of

N3-Y. Wien N3-Y is an azide where the counterion is an alkaline earth netal
such as lithium sodium bariumor calcium the follow ng conditions and
reagents nmay be 15 used. The ampunt of azide will again be in the range of
about 1.0 to 10.0 equivalents. The reaction tenperature wll be as

st 08 Ll b LB 020 AR A0S L1 2

acetic acid, abenzm er'e t &t anmoni um

bi sul fate, ZFsanmonownmychl eatdeyt Bmambuld agetake bagadiana®giired f or mat e.
Preferred acids are acetic acid, tetrabutylamoniumbisulfate, and ammoni um

chl ori de. Trgeeneéﬁﬂ At 18f thEi H?W?Ioﬁé}@% 10y O_Betionot' Re ?%ﬁb‘éajo@fasbout 1.0
to about 10.0 SQH2HENES. 2BULEADE S ISQIY NIY BGkYEE 2B sNONGE PEALS OF gani ¢
solvents such as acetone; N- methylpyrrolidone,” nethyl ethyl ketone,
t et r ahydPof Wrees (TRpdediexbheary dmeich dassshsveh( BREFrigthetamdior mani de
(DVF) and t hal n yd ar S ' b -Y is HN3, it
i's preferregﬁﬁtp(}g%yg%@ggg’ ggﬁbf@ioﬁ @erﬂ&g&g ,ﬁgg\ég%wg&% out 5 to 25
equi val ent s fch asl gyrpdinequavhybnyriofirug emol dctdhglinidseeldl WO 01/81330
PCT/USOl/127&3ﬁx§9§%%hggpgggkneéog%df,:%¥%%efg H&aQ%q%%By gﬁ&ﬁé.38(l4)’
Suitable solvents include aromatic hydrocarbons such as
10 benzene, toluene or xylene, preferably toluene. The

reaction temperature will generally be in.the range of
about 20°C to about 110°C, preferably about 70°C to about
9p°C.

When Ns-Y is Et,AlNs, 1t is preferred to use

15 about 1.0 to 3.0 equivalents of the azide per equivalent

of butenolactone II. (Chung, et al., 1998, Bull. Korean
Chem. Soc., 9, 269) Suitable splvents include aprotic
organic solvents such as diethyl ether, methyl tert-butyl
ether, dioxane, tetrahydrofuran, hexane, benzene, and

20 toluene which is a preferred solvent. The reaction
temperature will be in the range of about -20°C to about

40°C, preferably about 20°C to about 40°C.

Azidolactone IITI may be converted to the
corresponding aminolactone IV by hydrogenation or by a

25 reaction with triphenylphosphine. Hydrogenation is more

suitable when R!' is a group that is stable to the
hydrogenation conditions such as an alkyl group.
Standard hydrogenation conditions may be used, such as
using hydrogen gas at 1-4 atmospheres of pressure.

30 Alternatively, the hydrogen may be generated in situ by

12



2551). Only a catalytic anount of the base is required, generally in the
range of about 0.01 to 0.25 equivalents, preferentially at |east about 0.10
equi val ents. Suitable 5 bases include tertiary am ne bases such as

triethyl an®AE81330di i sopropyl ami ne, DBU, DBN or aromatic REREBHI@WYcl es such
as pyridine, alkylpyridines and N-al kylim dazole (which may be resin
bound), preferably triethylam ne. Suitable solvents include aromatic

hydr ocarbons such as 10 benzene, toluene or xylene, preferably toluene. The
reaction tenperature will generally be in the range of about 20C to about

110C, prefe 70C to abo 90C. \We
preferred to%ﬁgé %ggﬂég %to %ﬁ?m (ﬁ‘ﬂ'fr\(/) Ilgﬂt %B]é]flajf?leu%% dg’%ﬁésr eqw val ent
of butenolaatemefEt.céﬁhummpnfi al ., 1998, Bull. Korean Chem Soc., 9, 269)

Sui tabl e sol vents inc udg ﬁgrotlc %é?anl solven S su h as(gleth I ether,
methyl tert-butyl etRer9owROARE e £L BFBFBQa enﬁ% ane?? e, and 20

t ol uene whi gh %ﬁo@p@r@ﬂéﬂféﬂé %%kV%@Eblghﬁorﬁ?@%égﬁhaﬂfﬂﬁp%f wee Wi ll be in
t he range of about -20C to about 40C preferably about 20C to about 40C.

Azi dol acPonéerdrresafopantbplrstene (1Y tHéh E5LPBSPBREhASP RS OTidct one |V by
hydr ogenat i @0 anM&]_Stgéd:[r??%% 'Péaha%loh% ””sEEE\?ﬂMQﬁBQiﬁ@ s ggCL[] fgenation is

nore suitabl e when 1S a Is stableto ation
condi ti ons suchuds anlmekbylgrOtunethSﬂandamdthybubgephmephunﬂandut|ons may be

used, ouch 85 SSFLISGINALSOrIL Sas. Al 9, R1aBPNEL £, of ressure. S0
ethyldlphenylphosphlnlte For this reduction, suitable
10 solvents include aqueous organic solvents such as THF,
dioxane, acetonitrile, acetone, and DMF containing about
1% to 50% water, preferably about 5% to 10% water. A

preferred organic solvent is THF. The reaction
temperature may be in the range of about 0°C to about
15 60°C, preferably between about 20°C to about 40°C,
Alternatively, the azidolactone III may be
treated with triphenylphosphine or a similar reducing
agent under anhydrous conditions to provide the

iminophosphorane V, which is a useful intermediate:

O
&
ey Ji;o
. . P=N
20 RY O-r'" v,

Therefore, one embodiment of Method A proceeds through
intermediate V and another embodiment of Method A
proceeds through intermediate IV.
The aminolactone IV, obtained as described
25 above, may be used with or without isolation from the
reaction mixure. The desired caspase inhibitor prodrug I
ig derived from IV by attaching the appropriate P;, Pz-P3,

or Py-P4 moiety. A coupling of IV with such a meiety may

13



12 WO 01/81330 PCT(US01112769 known net hods, such as from amoni um f or mat e
under phase transfer conditions. Azidolactones IIl containing benzylic and
other Rl groups that are not stable to hydrogenation nay be 5 reduced to
am nol act\WAGVEN3W t h tri phenyl phosphine via the known BCANEIHEE® reacti on
Simlar reducing reagents include trinethyl-, triethyl-, or

tri butyl phosphine, or an al kyl diphenyl phosphinite such as nethyl- or

et hyl di phenyl phosphinite. For this reduction, suitable 10 sol vents include
agqueous organi ¢ solvents such as THF, dioxane acetonitrile, acetone, and

DVF cont ai niyg cabouka 43t 0 BOJ AL or, Rrelerably about 5% 19, 40% vater. A

preferred orga nperaturé may ‘be in the
range of abeut &@atblaboaQuiﬁaB@ﬁ; mrem‘e@rfabhmdbet weandabduamﬁZd)sC to about
40C. Alternatlv% Y. t he azi dol ctone % é reated with ,
trlphenylph§éﬁﬁl 85BF0H 8F NPy +Q§hﬁﬁq#j I2§8nt GnGEPIgRMyY T$bndi ti ons
to provide tﬁwcmn:bnomhawh@sa@ethaMms:isdlsfeatusevuhnl aternmediate:. O R' Rl
P=N O 20 OR V. Therefore, one enbodinment of Method A proceeds t hr ough

i nt er medPat €OPCERETaRPReFRAbRYI FER BOUWeOndd Ao pPY¥cerBRIRFRRLGN

i nternedi at oWt §he agl Nobactone }dquiahtal Rednasyaeschihgd a base
and a peptide coupling reagent.
If IV is used without isolation, the coupling
may be carried out in situ in the solvent of the reaction
10 mixture used in the preparation of'IV, or in a different
solvent. To this reaction mixture, the requisite

carboxylic acid may be added and the reaction maintained
at a temperature in the range of about 0° to 100°C,

preferably between about 20° to 40°C. The base and

15 peptide coupling reagent are then added to the mixture,
which is maintained at a temperature in the range of
about 0° to 60°C, preferably between about 20° to 40°C.
The base is typically a tertiary amine base, such as
triethylamine, diisopropylethylamine, N-methylmorpholine,

20 DBU, DBN, N-methylimidazole, preferably triethylamine or
diiscpropylethylamine. The amount of base used is
generally up to about 20 equivalents per equivalent of
IV, preferably at least about 3 equivalents of base.
Examples of peptide coupling reagents include DCC

25 (dicyclohexylcarbodiimide), DIC
(diiscopropylcarbodiimide), di-p-teoluoylcarbodiimide, BDP
(l-benzotriazole diethylphosphate-l-cyclohexyl-3-(2-
morpholinylethyl) carbodiimide), EDC (1-(3-
dimethylaminopropyl-3-ethyl-carbodiimide hydrochloride),

30 cyanuric fluoride, cyanuric chloride, TFFH (tetramethyl

fluoroformamidinium hexafluorophosphosphate), DPPA

14



25 above, may be used with or without isolation fromthe reaction m xure.
The desired caspase inhibitor prodrug | is derived fromlV by attaching the
appropriate P2, P2-P31 or P2-P4 noiety. A coupling of IV with such a noiety
may 13 WOVO/8B3IBO PCT/ USO1/ 12769 be carried out usingPChaseenré@spondi ng
carboxylic acid, or reactive equivalent thereof, under standard am de
bond-form ng or coupling conditions. A typical coupling reaction includes a
suitable solvent, IVin a 5 concentration ranging fromabout 0.01 to 10M
preferably about 0.1 to 1.0M the requisite carboxylic acid, a base and a
pepti de couplj.ng re nt. If IV.is us W thout isolation, the coupling may
be carri ed éﬁk@%ﬁngigﬁoﬁﬁh?ﬁ%z%%?B%%T%%F’ﬂ 5”?8559?533'20 m xture used in
the prepar atjloxyefiibVdifethdlamthd f e ¥horSehy eBkarIQok-BpBose@std on m xture,
the requisite carboxylic acid may be added and the reaction nmintained at a
t enper at ur e HBT% HE-PERget 6L 2480t~ VL th MAUGN’ ~Seeranabhyl peesdh about 20 to
40C. The ba%ﬁ&@u%@o@ﬁ@%%ﬁﬁtgpyp&ﬁw (@%ﬁtot%%zbgem-gﬁded to the mxture,
which is maintained at a tenperature in the range o about 0 to 60C,

pref er abPy BetwdénNiboetravetbyhoniumhd diaed luoroppiretkl i, al$B¢ ti ary ani ne
base, such _ A i di;i r qpyl.et.h i N- pet hyl mor phol i ne, 20
DBU DBN N st PP gt 9y SR BB 1 D

di i sopropyl eteiypadiupecbdhetaipuRATO (Makelinstthyilamigenet alt Yy, 2p3+ 0o about 20
equi val ents et 89uyakeR) 8hxs b Y- Prefralhn, 2y feast about 3 equivalents

methylmethanaminium hexafluorophosphate N-oxide), BOP-C1

10 (bis{2-oxo-3~oxazolidinyl)phosphinic -chloride), PyBOP
{((1-H-1,2,3-benzotriazol-l-yloxy)~
tris{pyrrolidino)phosphonium tetrafluorophopsphate), BrOP
(bromotris{dimethylamine)phosphonium
hexafluorophosphate), DEPBT (3-(diethoxyphosphoryloxy)-

15 1,2,3-bkenzotriazin-4(3H)-one) PyBrOP
(bromotris {pyrrolidino)phosphonium hexafluorophosphate) .
EDC, HOAT, BOP~Cl 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

20 eguivalents. Optional reagents that may be used in the
amide bond-forming reaction include DMAP (4~
dimethylaminopyridine) or active ester reagents, such as
HOBT (l-hydroxybenzotriazole)}, HOAT
{hydroxyazabenzotriazole), HOSu (hydroxysuccinimide),

25 HONB (endo-N-hydroxy-5-norbornene-2, 3-dicarboxamide), in
amounts ranging from about 1.0 to about 10.0 equivalents.

Alternatively, one may treat either IV or V

with a reactive equivalent of the R?COOH carboxylic acid,
such as Py-, Pz~Ps—-, or P,-P3-P4~C(=0)X, where C{=0)X is a

30 group that is more reactive than COOH in the coupling

reaction. Examples of -C(=0)X groups include groups

15



Exanpl es of peptide coupling reagents include DCC 25

(di cycl ohexyl carbodiimde), DIC (diisopropylcarbodiimde),

di - p-t ol uoyl carbodi i m de, BDP (1-benzotriazole

di et hyl ph¥99h&382 | - cycl ohexyl - 3- (2- nor phol i nyl et hyl ) caPb38iSPHi2d@®), EDC
(1-(3- di nethyl am nopropyl - 3-et hyl -carbodi i m de hydrochloride), 30 cyanuric
fluoride, cyanuric chloride, TFFH (tetranethyl fl uoroformam di ni um

hexaf | uor ophosphosphate), DPPA 14 WO 01/81330 PCT/ USO /12769

(di phenyl phosphor azi date), BOP (benzotriazol -1 -

yl oxytri s(di nethyl.am_no)phasp af |_uar phosphat e

(0-benzotri a@% Ihey )@Il-sN?:ﬁl,’N% Be?e??%ng%(hylaur ﬁ]lll r‘hc ﬁ’exgﬁ'ubfophosphat e),
TBTU ( O- benzSH,r |saazrol ok gedr.N, Nhéh, W id cireaneithyinerddnicem rtethaf | uor obor at e

, TSTU 0- nlmd ran‘eth l.uroni_um
%etrafl uoﬁob H&TLJJS)(/H-%{E%‘SF??@%W%%% agig 12‘°§lde (X is )

triazol of 4, 53@]11&%\5 I1Gh Rehle- )ébﬁpwm;eﬁsslcﬁ\torﬁet ki rebhanashhi didns

hexaf | uor ophosphat e N-oxide), BOP-Cl 10 (bi s(2-oxo-3-o0xazolidinyl)phosphinic
chl ori deyP, FyBOmsingl tlh£§92rsa§‘éh'2%t¢qla&‘@lelltfl @¢§) known in the
tris(pyrroligdino)phosphoni um tetrafluorophopsphate), BrOP

(bronotris(di net hyl am no) phosphoni um hexaf| uor ophosphate), DEPBT

(3-(diet hoxyphosphorylﬂomya)nbﬁsf ﬂszCBermbtgncamsnaAT(esIkl)w@ne}hﬁ’yBn@
(bromotris( rroll i_no).pho nlumh xafl or .0 hate EDC, HOAT, BOP-C
and PyBrOP gérle pr é:Eerr)et 23 cou i A g 1E‘rcla(l‘gtgen %asPaseunt of peptide

coupling reagetitcx iprddragt. anggamjbleﬁ)omﬁ shdh g~ apOLgrolfpsD are

10 shown in Table 1 as part of a Py~P3-Pp- moiety.

0
Jy ,E:O
Ps~PyP; N
PP ) LRre
Table 1. Ps—-P3—-P.- Groups
15
AA A RO Ay %
3 H C p N (CHg)n
P4\H)\ﬂ/N\§/ P4-\N/|\WN\/ 4"H
O AA H o O
a b c
Az - Az
N (CHy), 5 N
N\l/I l:"“"N NTAAZ
Py~ H o P~
“N o R oo
d e £
20
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20 equi valents. Optional reagents that may be used in the am de

bond-form ng reaction include DVAP (4- dinethyl am nopyridine) or active
ester reagents, such as HOST (1-hydroxybenzotriazole), HOAT

(hydr oxyazabenzot riazole), HOSu (hydroxysuccinimde), 25 HONB

(endo- N- hY8%%3**%- nor bor nene- 2, 3- di carboxani de), in and§d{ VR ng from
abouyt 1.0 to about 10.0 equi vaI ents. Alternatively, one may treat either 1V
or Vwith a reactive equival ent of the R2000H carboxylic acid, such as P2-,
P2-P3-, or P2-P3-P4-C(=0) X, where C(=O X is a 30 group that is nore
reactive than. COOH in the coupling reaction. Exanples of -C(=0) X groups

i nclude groups 15 V\D/,QEL/8133O PCT/ U8035112769 wher e )g\l s d, F, &C(=OR (R

= al i phatic or aryI H SR SA XN SeAr. Wen Vi i nt er medi ate,
rather than IVAX preferred fhat the acid fluo |deN is F) be used in
the coupling reaction. Swtabl%;\ s 5 for us ng ki #, reactive

equi val ent s rQ n the er of c%% gr oups are known
that may be uBedpas the P3- P2 portl o f the | r&r ©aspase inhibitor

prodrug. Exanples of such P3-P2- groups are 10 shown in _Table 1 as part of a
P4- P3-P2- Miiety- 9 Pa-'P3 P22 , G?E Table 1. P4-P3-P2- Goups 15 AA3 AA3

RB Pa~ A X
RS 2
=% \ 7N (CHa
7\ ﬁ? Py~ N\])
N N
P4\N N\/ P4‘*NJ “( 0
H o H ©
5 3 k 1
. (CHz )n Yo R
“HN s Py | o M
Nf NH \l "N Y
fo] H
0 0 2
n n o
R
— 4]
R5 R7 A R
N R® N/ ARy N=(
Z~N P4\N N ﬁ \(
10 Ry H o ©
P g xr

where n is zero to three; AA refers to an amino acid side
15 chain; X is N, O, S, SO, S0, CHF, CF., C(R%,, C=0, or
C=NOR; A is O, S or Hy; Y is N or CH; R is hydrogen, Ci_1s
alkyl group, aryl group, or hetercaryl group, the R
groups being optionally substituted with one or halcgen;

R® is an alkyl having one to six carbons; and R® is

17



CHn PalHN- Pa N~ N 1
N AA2 P4-N H O P4-N d
/ ~NPa. NAAZ Pa’H O

2) OAM2HOO abc A2- AZ N~-(CH2),
e

N
? P4, H NWOOI/RI3B0N PA. NN~ PA-NO O Ho H5 k 1 (UH2 )RCTUSORB769

10

15

20

hydrogen, halo, alkyl, alkoxy, halcalkyl, halcalkoxy,
amino: phenyl, phenoxy, hydroxy, alkoxycarbonyl,
carboxyl, alkylcarbonyl, alkylsulfonyl, alkylsulfoxyl,
alkylcarbonylamino, alkylcarbonylalkylamino, alkylamino,
dialkylamino, aminosulfonyl, or cyano; and R® and R’ are
independently selected from R?, aryl, hetercaryl, (Ci-1z
alkyl)aryl, {Ci-12)benzocyclealkyl, or (Ci-1z
alkyl)hetercaryl.

Preferred P4-P3;-P»— groups are shown in Table 2

Table 2. Preferred Py-P3-P>— Groups

6 .
H R
|
P,hﬁIrN\a/ P4\I\I‘/N P4\EIIH/Q
o @ H oj o]
b-1 :

a-1 c-1
F
CH, S
Pbﬁ/‘ﬁl,N P4\EI/H,N\€< P4\HJ\WI\’1/\>
o o o)
c—-2 c=-3 c—-4
. 0
CH, F | N
P4~.H*‘_’,N P4xﬁ @ N?
0 o} P4“ﬁ S
-5 c-6 d~1
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Pa"HN N\ P4, 1 NH' ~(N~ P4 NO 1 100 HOAA2 inno 5 R RT RR6 RB AA3
N={ NPANNPIHNI X1I0RA HOO Pqr where nis zero to three; AA
refers to an amno acid side 15 chain; Xis N, 0, S, SO SO, CHF, CF2,
C(R3) 2, CM®OU#I330C=NOR;, Ais 0, Sor H2;, Yis Nor CH Recwubydemgen, Cl 12
al kyl group, aryl group, or heteroaryl group, the R groups being optionally
substituted with one or halogen; R3 is an alkyl having one to six carbons;
and R5 is 17 WO 01181330 PCTIUSO /12769 hydrogen, hal o, al kyl, al koxy,
hal oal kyl , hal oal koxy, am no, phenyl, phenoxy, hydroxy, al koxycarbonyl,
car boxyl, al kyl carbonyl, al kyl sul f,eRyl, al kyl sul foxyl, alkyl carbonyl am no,
al kyl car bonyl al kylam no, al kyl am ¢ 5 di al kyl am no, gam nosul fonyl, or
cyano; and R6 a ;%?e i ndepengert{ |y selected fr B&H&aryl, het er oaryl ,

_12) benzodycl oal kgl , or (Cl/ 12 Nal Xl)heteroaryl.
4 N 'Lin,/TabI e 2. Y0 NTC 3

d-2 e-1 £-1

HaC o

Ho/h;:‘r‘@ . S:(}. (U\NfCHs

)
N._CHs
N
I
H 0]

P4\ N\/ ( O
H o H

3-1 k-1 1-1
N\ S S

S G O G

4~ H
10 0 N o O

1-2 m-1 m-2
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Table 2. Preferred P4-P3-P2- Goups 8 P4 NN, PANPANNRHHOI1HAa-1
b-1 c-1 15 F P4 NN P41 NJNPAHHNNHOHOOC-2c¢c-3¢c-4 FO F H3 N~
P41 J NPA NNNHO}i OP4-H 20 c-5c-6 d-1 18 WO 01/81330

PCT/ USO1l/ w278813300 N hro NN.CH3 N P4 NNCH3 a 1 N ;, ~jPCRASH/G7¢ Pa_N Y d-2
a-1f-i /-~ OH3C 0O HONNINCH3 Fa \( PaaHNN\\ NCH3 HO P4-N HII
OCH3 HO

F
=
P4-.. Q\l ] N\
N 7/ S R /EH,N

@) N
P4\N N\/ H o \I
H 0]
o-1 o-2 o-3
SO,CH4
\ N.——
| |
::N : Py N P~ N CHs
CHy N N
5 p-1 q-1 r-1
HoN Of
N/ P4\ y! N
N\ Z :
P4~. /{[{IXS H \I
ﬁ Q
0
r-2 n-1

10 where R® is an optionally substituted benzyl as described
below or 2~indanyl, and the P, moliety is represented by
R-T-, where R-T is R-CC, ROC=0, RNHC=0, RC{C)C=0, or R302.

Preferred R groups of By are shown in Table 3.
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59-1h-2i-10 / \'i NP4, NxN Npa, NP&-N HO HO~HOi-1k-11-1
PaAaHNPa, NHNCQPa 010 HOHO 1-2 m1 m2 19 WO 01/81330
PCT/ 0SO1/ 12769 F\ P4.HNI1 PANNOP4A NNomli HO HO 0-1 0-2 0-3 SO2CH3

N N P41 NWRoP4I38PN CH3 CH3 HOH 5 p-1 g-1r-1 HZN O-WTEPRIE, , P4. NN
HO HO  r-2n-1 10 where R6 is an optionally substituted benzyl as
descri bed
O
0 0
il ,Q
R_T—P3'P2 ﬁ OR2

5 Table 3. Preferred R Groups of Py

CHs

cl ~o0
©/ ©/ XL o
cl F
02 103 104
Cl cl cl
\o: ; ; HO: :\( HoN~ ; H3Cuor ;
Cl Ccl cl Cl Cl

10
105 106 107 108 109
F T O e T
Ftl:::]// HsC “T HO A:Ceg
15 110 111 112 113 114

H4C H5C Cl
~
HZN/©/ HO: ; O: ; H2Nj©/
115 116 117 119 120
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bel ow or 2-indanyl, and the P4 noiety is represented by R T-, where R-Tis
R-CO ROC=0, RNHC=O RC(O C=0, or RS02. Preferred R groups of P4 are shown
in Table 3. 20 WD 01/81330 PCT/USO /12769 0 OO R-T-P3 PZN OR2 5 Table 3.
Preferred WVWO&/®dys of P4 CH3 C 0 C CI F 100 101 102 rOBUs@42768l , . -' Cl
& gi ~O /I / HI/ HK2NHCOI / 10C C C C C 105 106 107 108
109 / H3C O/ FO/ H3C/ ~N/ HO F I\ I\ I\ I 15 110 111 112 113 114
H3C I \ H3C. \ I \ H2NI / HO\OI HZNHOCI g F CH3 CH3 C 115 116 117
119 120 21 WO 01/81330 PCT/USO /12769 H2N I / OAHN HHN H3C'S I / O 02

i /E j JOL /[ ) [ ’
HoN
2 \OJ\HN N7 HN HyCrg
o H 0,

121 122 123 124
]
JL H2N‘S’sz/ <o:©/
CH3 H3C ﬁ ) 02
5 OH Cl
125 126 127 128
F
| N =N =N <O
OMe OMe Cl
129 130 131 132 133
10

~0 (

d i \

0 HoN H
N S OH

134 135 136 137 138
15 = = =N
139 140 141 142 143
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121 122 123 124 H2NS CH3 HBC N 02 2 5 OH O 125 126 127 128 F \ Ow O \
a1 \VCLOININO Ov OW C 129 130 131 132 133 10 "O "90y H2N/ H
HN-~ iNL C OH 134 135 136 137 138 \ \ \ I \ N61- I \ 15/ / ~N 139 140
141 142 1%® 018323300 01/ 81330 PCTIUSO /12769 S 01-12 Al kywCTISNI/1278¢ O N O 144
145 146 147 148 N> tQ Il \ N

CrrAky [ '%N b (%
1712 y N/ N\ﬁJ '/N\O I}l/

0
144 145 146 147 148
oy > > O ¢
N ¢ ¢ U U
5 149 150 151 152 153
o Vs
X X
N
CO O O MYy
154 155 i5e6 157
o ~ ‘ o
0]
H3C)LND/ K/N\/\o/©/ ﬁ_!?/
10 e
158 159 160

Most preferably, R-T- is R-CO where R 1s l-naphthyl, 2-
naphthyl, l-isoquinolinyl, or
3
10

i5 5 where positions 3 and 5 of R are independently and
optionally substituted by halogen, preferably chloro, or
Ci-3 alkyl, and position 4 is optionally substituted by
amino, acetamido, hydroxy or methoxy.

The most preferred Py~P3-P;~ groups are shown in

20 Table 4,
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~~ 5 149 150 151 152 153 O\ (Xr NNS~ NI / O 154 155 156 157 dC
H3CG-kN I vI~/~O\ OY | / ~NJ 10 CI 158 159 160 Most preferably, R T- is
R-CO where R is 1-naphthyl, 2- naphthyl, 1-isoquinolinyl, or 3~\ 4/ 15 5
where posmio@rss3sB and 5 of R are independently and optimrEldoy/1sabstitut ed
by hal ogen, preferably chloro, or Cl1_3 alkyl, and position 4 is optionally
substituted by am no, acetam do, hydroxy or nethoxy. The nost preferred
P4- P3- P2- groups are shown in 20 Table 4. 23 WO 01/81330 PCT/ US01/ 12769
Table 4. Most Preferred P4-P3-P2- Goups N / \~Rs _ H R-HN NY X N~ RI%

Noml 0 R Hv Table 4. Most Preferred P,-P3;-P;- Groups

Rj\HNIO(“j/ j\Nj;r Q | RJ’\HH/N\/

a-la b-1la b-1b
5
L "
w oy 2y
[ O SIS O S
R” HN 7 R™H W
R H 5 ) O
d-la g-la g-2a
e I i CP
R”HN N~ R E)L('Q RJ\N N
o) o) H o
10 o~2a c-Ta c~la

0

c—-6a
15 where R is, referring to Table 3, one of the following

groups: 100, 105, 107, 108, 114, 117, 119, 126, 136, 139,
140, and 141.
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HOO a-lab-lab-Ib 50N\ / N/ N RHRHNRQN' H O0O0 d-lag-la
g-2a 0 RIHNN, R%NRRAN ONHOHOt 10 o-2a c-7ac-la O n RANN ~ J
HO c-6a 15 where Ris, referring to Table 3, one of the follow ng roups:

g
100, 105, WOOm/813B08, 114, 117, 119, 126, 136, 139, 140, MAdUSIN127694 WO
01/ 81330 PCT/USA /12769 In attaching the P4-P3-P2 noiety, or portion
thereof, the noiety nay be attached in one piece as described above or
subunits of the noiety nay be added in a sequential manner. For exanpl e,
Boc-protected proline 5 may be coupled to IV to provide VI.

In attaching the P,~P3-P; moiety, or portion
thereof, the moiety may be attached in one piece as
described above or subunits of the moiety may be added in
a sequential manner. For example, Boc-protected proline

5 may be coupled to IV to provide VI,

0
Boc 4 H 0‘R1
vI

10 After removal of the Boc group, a P3 or P;-P, molety may

be attached by alkylation or acylation of the proline

nitrogen.
A [
T 0 /E«/o
N R Ny &
3 O_.R1 3 6_R1
15 (4R, 5R)-111a (48,58)-II1Ib
i [
O - O ﬁ
= 0 O
RzJLN/“~( RLJLN {
H O__ R1 H 6._R1
Ia Ib
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0O E10, NO OHOR VI 10 After renoval of the Boc group, a P3 or P3-P4
noi ety may be attached by al kylation or acylation of the proline

00 OJO

N3" - N3 -W15 (4R 5R)-1lla (4S,59-11lb OO z Il R2

ni trogen.
Il ~ORH

-R RH O wWoousmsdb 25 WO 01/81330 PCT/USO01/ 12769 0 0 GcI/@ooiz7f2t N/ R2t NL
OHO-RL HORL Ic Id The reaction of N3-Y on racemic |l generally
produces the anti isonmers Illa and Il1lb, shown above. 5 These may be
converted by the present process to the anti products la and Ib.
cases R2 will be a chiral fragment and la and Ib will be diastereo
separate the di astereomers, ong nay use chromaography

10

15

20

25

0 éfab 0 0

RzJLN/-\é/ RZJLN

H 6*R1 H O-R!

Ic Id
The reaction of N3~Y on racemic II generally

produces the anti isomers IITa and IIIb, shown above.
These may be converted by the present process to the anti
products Ia and Ib. In many cases R®> will be a chiral
fragment and Ia and Ib will be diastereomeric. To
separate the diastereomers, one may use chromatography
and/or crystallization, depending on the nature of R' and
R?’. Epimerization of either Ia or Ib provides the syn
isomers Ie or Id, respectively. The epimerization
reaction 1s performed in the presence of a protic acid or
Lewis acid (French patent application 97/08932).
Suitable Lewis acids include ferric chloride, titanium
tetrachloride, boron trichloride, boron trifluoride and
tin tetrachloride and suitable protic acids include
organic acids such as methanesulfonic acid,
trifluorocacetic acid and para toluenesulfonic acid and
mineral acids such as hydrochloric acid and sulfuric
acid.

| Ancther method of the present process for
making a compound I proceeds through the butenolactone

VII where X is chloro, bromo or iodo:

26
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and/or crystallization, depending on the nature of RL and 10 R2.

Epi neri zation of either la or Ib provides the syn isoners Ic or Id,
respectively. The epinerization reaction is perforned in the presence of a
protic acw@oesi3ztewi s acid (French patent application 9FCI8S8E)2769Sui t abl e
Lewis acids include ferric chloride, titanium 15 tetrachloride, boron
trichioride, boron trifluoride and tin tetrachloride and suitable protic
acids include organic acids such as nethanesul fonic acid, trifluoroacetic
acid and para toluenesulfonic acid and mneral acids such as hydrochloric

acid and Su'i'(‘){_gn%fel%%cﬁ%'t tAg tBSE%thg@%uteno {Rreggnt process for

maki ng a conpou procee s roug actone VII where X is

chl oro, br onoraroiwgoion® (KI—CBrx, 28hiR may lbe 26 aDe1£81880ing

PCT/USQ / 12769 A referred st but act | .t he bronofuranone
(X = Br), V\Hf Ef% e & (Scbtg @gf 'ng I:é)’goégr IT% , An. Quim,
1971, 67, 4?prstu§s HeFeesed Itaf ﬁéf@ﬂnt@s hﬁi’t&id&i&ﬁ I&%tn@@dsas enapri ses t he
5 steps of (a) prqyldlng a butenol actone VII: 0 ~I ,

(a) providing a butenolactone VII:

X

O-r' i1,
10
wherein R' is as described above, and X is chloro, bromo

or iodo;

(b) treating VII with an azide Ni3-Y, where Y is a silyl

15 group or a counterion, to form an azidobutenolactone

VIII:
s
N3

O-R' vrr1I;

20 (c) converting VIII to an aminobutenolactone IX or

iminophosphorane XI:

25

27



XORL VI,

10 wherein RL is as descri bed above, and X is chl oro,

bronmo or

i odo; (b) treating VII with an azide N3-Y, where Yis a silyl 15 group or a

count eri on,

to forman azi dobutenolactone VIII: 0O O Il , N3 ORI

VilTl; 20

(c) convexwbong3dd Il to an am nobut enol actone | X or i m roplussphmwane Xl: O O

R3P=N HzN4OjO ORL IX or ORL Xl ;

coupling ei
formX O

10

15

20

25

30

25 27 WD 01181330 PCT/ US01/ 12769 (d)

ther I X or XI with RRCOOH, or a reactive equivalent thereof, to

IOITHI O RZJ~ OR X and 5

(d) coupling either IX or XI with R*COOH, or a_reactive

equivalent thereof, to form X:

O
0]
| ©
.y
O-R! X; and

(e) reducing the furanone ring double bond in X to
provide I. R?COCH is an organic radical, preferably a Pj-
 P2—=P3~-, or P,~P, carboxylic acid.

It will be apparent that steps b-d of the above
Method B process are analogous to those described earlier
with respect to Method A, and may be carried out in a
similar manner.

Also within the scope of this invention, another
embodiment of the coupling reaction of amine IX to form I
proceeds by acylation of the anion of IX using a reactive
eqguivalent of the carboxylic acid, such as Py-, P;-P3-, or
Pp—P3~P,-C {=0) X, where C(=0)X is as described above. The
anion of IX is first generated by treating IX in a
solvent with any suitable base. Examples of sclvents
that may be used include ethereal solvents such as THF,
DME, dioxane, diethyl ether, methyl-tert-butyl ether;
aromatic hydrocarbons, such as benzene, toluene, xylene;
halogenated hydrocarbons, such as dichloromethane, carbon
tetrachloride, dichloroethane; or other organic solwvents,
such as acetonitrile. Preferred solvents include THF,
DME, toluene or dichloromethane. Suitable bases for
generating the anion include organic bases such as an
alkali metal hydride, an alkali metal tert-butoxide, an
alkyl or aryl lithium, such as methyl~-, butyl- or

phenyllithium; an alkali metal amide, such as lithium-,
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(e) reducing the furanone ring double bond in Xto provide I. R2000H is an
organic radical, preferably a P2- P2-P3-, or P2-P4 carboxylic acid. It wll
be apparent that steps b-d of the above 10 Method B process are anal ogous
to those WestBi3ded earlier wth respect to Method A amdTA®yI/B&9carri ed out
ina simlar manner. Also within the scope of this invention, another

enbodi nent of the coupling reaction of amne I Xto forml| 15 proceeds by
acylation of the anion of | X using a reactive equival ent of the carboxylic
acid, such as P2-, P2-P3-, or P2-P3-P4-C(=0) X, where C(=O) X is as descri bed

above. The i.on_of 1 X j | I st._qgener.at treating I X in a solvent with
any suitablg%%ﬁgg. raégkégg%ﬁmé%qaéﬁFg@%gy?%éﬁyﬁz9mﬁgeUsed i ncl ude et herea
sol vents suciiaspibbylabiMie, dboxasteranditetipl pethaine et hyeéféerdd butyl et her;
aromati ¢ hydrocarbons, such as benzene, toluene, xylene; halogenated

v ocar bon@S6acRIaL aReht b SHRCTL@ £ 1E8 L8 SLLEL} SERRGr | HeLoon

di chl or oet hane;sopkcpi/Nen1iQE g CL SHMAN k2L rdReEHGNpRBACAL QO] t MiHe.
Preferred solvents include THF, DME, toluene or dichl oromethane. Suitable

bases foP @§@aeFafindXt ke BRedFEd tltidéber §anbexasesasidh as an  al kal |
tal hydri . i - ' | i t hi
ot oo et AR L glel Sl okt eocoen i B0 A1 L

such as neth enyl Tt thrum an a am de, such as
lithium, 28040 0%/ 85330 PTHIAITQI A2RTE9 p1sefilirndpl WO beitieassSabbut

bis(trinmethylsilyl)am de, diisopropylamde, or tetranethyl piperidine.
Preferred 0°C to 60°C.
The azidobutenolactone VIII may be obtained
10 from VII by the displacement of its substituent X with an
azide. For the reaction of VII where its substituent X
is bromo, VII is preferably treated with an alkali or
alkaline earth salt of azide, such as NaNs or LiNiz. A
silylazide (N3-Y where Y is a silyl group as described
15 above) may be used in the presence of a fluoride reagent, .
such as tetrabutylammonium fluoride, cesium fluvoride,
potassium fluoride, sodium fluoride or the iike, to
generate the nucleophilic azide anion. Suitable solvents
include non-protic organic solvents, such as acetone,
20 NMP, MEK, THF, DME, and dioxane, and halogenated
hydrocarbons, such as chloroform, carbon tetrachloride,

dichloromethane, and dichloroethane. The reacticon 1s run
at a temperature in the range of about 0°C to 100°C,

preferably between about 20°C to 40°C.

25 The reduction of the furanone ring double bond
in X to provide I may be accomplished with a hydride
reducing agent, especially a borohydride. Examples cof
such borohydrides include sodium or lithium borohydride,
sodium or lithium triacetoxyborohydride, sodium or

30 . lithium cyanoborohydride, tetrabutylammonium

cyanoborohydride, sodium or lithium trialkylborohydride,
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bases include lithiumbis(trinethylsilyl)amde, lithium diisopropylam de,
or lithiumtetranethyl piperidine. The 5 anion of IXis treated wth the
carboxylic acid equivalent at a reaction tenperature that may be in the
range of woouB133¥78C to 120C, preferably between about GCHHEERDY The

azi dobut enol actone VIII may be obtained 10 from VII by the displacenent of
its substituent X with an azide. For the reaction of VII where its
substituent X is brono, VII is preferably treated with an al kali or

al kaline earth salt of azide, such as NaN3 or LiN3. A silylazide (N3-Y

where Y is a silyl .grou s described 15 above) - be _us in the presence
of a fluori d%r‘?% y S%sd?}(‘:lﬁl §92p8 Pﬁ%jf?ffléfﬁmniwjﬂaﬁ&ryi gg? cesi um
fluoride, peédassidindiiterdedes sagdhyted! torvdeniardihediidke, to generate the

nucl eophi lic azide anion. Suitable solvents _include non-protic_ organic
sol vents, swR¥eERraklet ded PH REPvesEK3- THMd HvE witd gicdLaneucanys

hal ogenat ed ydtydrpcar by 1ics'é%@d?5f89ﬁ+ﬁé o dn ,t‘iairﬂ%ﬂo%tc'é%gtﬁ' qci ge,

di chl or onet hane, ‘and di chl or oet hane. e reaction Is run at a tenperature
in the rangeBbf. Odyout aD@ i 00d,chlprétier abiyc belh heehdabout 20@ntiem40C. 25

The reductio e f.yran dl ou ond ., i.h i may be
acconpl i shedp?m‘?{%&g%’{/%ﬁ 'd;b%%ﬁ'ghgg}ﬁg gﬂégn%a%slpdencima 3% %eg%%\grf%ﬁ?/ ride.
Exanpl es of wstichl loroly dgudeslencbudé sodh uimatetdditehi udphavaehydy ) de,

cod um or |l 4ol acetoxyber oyt des odium ot 30 LB L
trial kyl bor ofyalrj/@emicorrin, ZnCl,, or 1-2 equivalents of

10 chlorcotrimethylsilane. Chiral hydride reducing agents
are known such as R- or S-Alpine Hydride® (lithium B-
isopinocampheyl-9-bora-bicyclo[3.3.1lnonyl hydride to
provide asymmetric reduction.

Reducticon of the ring double bond in X to

15 provide I may also be accomplished by hydrogenation.
This is useful when R' is stable to the hydrogenation
conditions, such as when R!' is alkyl. Typical
hydrogenation conditions include hydrogen gas at a
pressure in the range of about one to 100 atmospheres,

20  usually between about 15 to 70 atmospheres, and a
catalyst present in the range of about 0.01 to 0.5
equivalents per eqguivalent of X. Suitable catalysts
include pd/C, Pd(OH)2, PdC, Pt/C, Pt02, preferentially
Pt/C or Pd/C. Suiltable solvents include ethyl acetate,

25 alcohols, such as methanol, ethanol, isopropanol,
aromatic¢ hydreocarbons, such as benzene, tcluene, xylene,
ethereal such as THF, DME, dioxane, preferentially
ethanol or THF. When R} is alkyl or aralkyl, such as
benzyl, a rhodium (I) or ruthenium (II) catalyst is

30 preferred for stereoselective reduction. Such catalyst

is formed by reacting the metal as one of its various

30



29 WD 01/81330 PCTIUS01112769 preferably sodi um cyanoborohydride. Typically
the reaction mxture is adjusted to be mldly acidic, preferably at a pH
between 3.0 and 6.0 with acids such as HCl, HBr, acetic acid, formc acid,
trifluoroacetic acid, 5 BF3.OEt2, alum numtrichloride, zinc chloride, or
titani um WOLIREEH! ori de. Optionally, the reaction may b@AHFPEIZEY with
1.0-5.0 equivalents of sodiumacetate. Optionally, the reaction may be
catal yzed by the addition of 1-5% Cod 2/sem corrin, ZnCl2, or 1-2
equi val ents of 10 chlorotrinethylsilane. Chiral hydride reducing agents are
known such as R- or S-Alpine Hydride(r) (lithium B-

| sopi nocanpheyls Sohar abkouglols- Soblnonyly udiide e Joruier asymretri o

reducti on ction of the ring may al so
be acconpl|S¢Ehylnnd?ﬂmﬁogEQanma -2, 5¥mfalkyhpha§ﬂhdmhao Bénzensxable to the

hydr ogenat i di.tions, such.a ypi cal hydrogenati on
condi ti ons I[%Eq% @ tﬁ/a)r"&ﬁgﬁragglb@e%e %’rgls%ﬂy 59 tt]reEr ange of about one to
100 at mDSph%%&dlpmnlyawbbph@ﬁbmﬁﬂaﬁ@putsimﬁ q27Qfat nospheres, and a
catal yst present in the range of about 0.01 to 0.5 equivalents per

equi val ert ok?lﬂdlmnty&@mseaﬂawg%sl TR /) ¢, CEARAPFSS PdO, Pt/C
Pt 02, prefer@fge&awény&yh gﬁlggéﬁzté%)t a%@@q'm%ﬂb%tbgghggsoﬁ% acetate,

25 al cohol s, such as ne anol , i sopr opanol aronat 1 ¢ hydrocar bons,
such as benz%ﬂﬁﬁlnhﬂnﬂé@@PSp@henémethhe¢eal such as THF, DME, di oxane,

prEferéntial%aiphenylphosphino)pyrrolidine), BPPFA (N,N-dimethyl-1-
[17,2-bis(diphenylphosphino) ferrocenyl]ethylamine),

10 DEGPHOS (N-benzyl-3,4-bis{diphenylphosphino)pyrrclidine),
or alkyl-BPE (bisphospholanocethane). Many other suitable
ligands are known in the art. Preferred catalysts are
1,2-bis(2,5-dialkyl-
phospholano)benzene (cyclooctadiene) rhodium (1)

15  trifluoromethanesulfonate, where alkyl is a straight
chain or branched alkyl group of 1-8 carbons, opticnally
substituted with an aromatic hydrocarbon such as phenyl.
Use of the (R,R) iscomer of these ligands will lead to the
(S)-configuration of the a-amino carbon in the product

20 and uée of the (8,8) isomer will lead to the {(R)-
configuration. Suitable solvents include ethyl acetate,
alcohols, such as methanol, ethanol, or isopropanol,
aromatic hydrocarbons, such as benzene, toluene, or
xylene, ethers such as THF, DME, or dioxane. Preferred

25 solvents are toluene or methanol. The reaction

| concentration of X will typically be in the range of
about 0.01M to 1.0M, preferably about 0.1M to 1.0M. The

reaction temperature is usually in the range of about 0°C

to 60°C, preferably between about 20°C to 406°C. (For the
30 use of rhodium catalysts see: G. Zhu, Z. Chen, ¥. Zhang;
J. Org. Chem. {1999) 64, 6507-6910; M.J.Burk, J.G.Allen,

31



ethanol or THF. Wen Rl is al kyl or aral kyl, such as benzyl, a rhodium(I)
or ruthenium (I1) catalyst is 30 preferred for stereosel ective reduction.
Such catalyst is formed by reacting the nmetal as one of its various 30 WD
01/ 81330 MOWUEEHL/ 12769 conplexes with chiral forns of RGTHHE276Lch as

met hyl - or ethyl-DuPHGCS (1, 1-bis-2,5-dial kyl phosphol ano) benzene, DI OP

(2, 3-0-isopropylidene-2, 3-di hydroxy-1, 4- bi s(di phenyl phosphi no) but ane),

BI NAP (2,2" 5 bis(diphenyl phosphino)-1,1'-binaphthyl), CH RAPHOS

bi s(di phenyl phosphi no) but ane), BPPM (N-t - butoxycarbonyl

2- (di phenyl ph ga[ thyl -4 ny osp | i e BPPFA

(N, N—dlﬂEthy|O$ %ﬁ&%FbFZ(dlpﬁé ﬁgﬁos% ?no) err denyﬁ3e%ﬁ3l§ﬁ?he) 10
DEGPHOS (N brenzyEtufk 4-hits (Feiasheny| ghasphgao) pyR jTolHadilee);, J.oamakkyl - BPE
(bisphosphol oeth ne) b nds.are kno in the art.
Preferred ca I§/'st Sreel 1“5%%% 'bﬁ'g'gz gblﬁj §TL§}34 FOE tnie Gse" ot

phosphol ano) betzanrhe ydteasisadi eae) r hodi wrdwn, MRJId,f lruar eaeihanesul fonat e,
where al kyl is a straight chain or branched algg %roup of 1-8 carbons,

optional I3 RBubstrandiedaft HEY &féfafrrs nfifoc sddtfraddgnényf. Use of
the (RR) i sereg o { exfuhiandeot bl 220 4 0rdliiade), GpLgUEAL on of the
use of th ,

a- ani no carbon int uct 2 i'soner wiil lead to
the (R)- coni’egmfa&tdltﬂﬂ IQtitt-dBI9823 0l 3830t S78 e ke 6t Mpttesdtiate, al cohol s,

Egﬁgeﬁz, nfgrﬁenegh q:t an% ’Scrlvlan%).t OB'alQO‘llécufarPr@attaClyhsydr %Car bons, such as

Chemlcal 140 (19%9) 131-137)

10 Method B above describes a sequence in which
the aminocbutenclactone IX is first coupled to a caspase Py
or Py-ymoiety and then the ring double bond is reduced.
Alternatively, the reduction and coupling may be
performed in reverse order (Method C). Method C of the

15 present process comprises the steps of:

(a) providing a butenolactone VII:

e,

O-R" wrz1,
20
wherein R! is as described above, and X is chloro, bromo

or iodo;
(b) treating VII with an azide N3~Y, where Y is a silyl

25 group or a counterion, to form an azidobutenolactone
VITI:
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xyl ene, ethers such as THF, ONE, or dioxane. Preferred 25 solvents are

tol uene or nethanol. The reaction concentration of X will typically be in
the range of about 0.01Mto 1.OM preferably about 0.1Mto 1.OM The

reacti on wemstaéure is usually in the range of about O0@CTHEBOEQRTS preferably
bet ween about 20C to 40C. (For the 30 use of rhodiumcatal ysts see: G Zhu,
Z. Chen, X Zhang; J. Og. Chem (1999) 64, 6907-6910; MJ.Burk, J.G Allen,
31 WD 01/81330 PCT/USO /12769 WF. Kiesman; J. Aner. Chem Soc., (1998),
120, 657-663; MJ.Burk, J.E.Feaster, WA Nugent, R L.Harlow J. Aner.

Chem Soc.,(1993), 115, 10125-10138; fpr the use of rutheniumcatalysts
see: J.M Brown, M Rose, F.I.Knight, A. Wenand; Recl Trav Chi m Pays- Bas,
(1995), 114, 242-251; M Saburi, M ¢hngki, M Ogasawara, T.Takahashi,

Y. Uchida; Tetrahedron Lett. (1993 , 5783-5786; U Matteoli, V.Beghetto,
A Scrivanti; J Molecular Catalysis A ohﬁeﬂﬁfﬁj 140 (1999) 131-137) 10

Met hod B above descri bes a sequence in i t he am nobut enol actone I X is
first coupled to a caspase_P. r noi et nd then the ring double bond is
reduced. Al t%r nCé}l}\{?eq%},nqt #éIFegﬂc?Po?F“é%%mgiﬂkﬂ ar?é:or?ﬁy%g performed in
reverse order (Method C). Method C of the 15 present process conprises the
st eps of (a) providing a butenolactoqg ViIlI: O Il O X

Ji(«o
H,N

O-gr! IX;

(d) reducing the ring double bond of IX to provide the

,Ci(o
HoN

O-p?

10 aminolactone IV:

IV; and

(e} coupling IV with an organic acid R’COQOH, or reactive

15 equivalent thereof, to form I, where R?COOH is preferably
a P-, Pp~P3-, or P,-P; carboxylic acid. In Method C,
steps (a)-(c) are the same as the corresponding steps in
Method B, and steps (d) and (e) are the same as the
corresponding steps in Method A. Therefore, Methed C may

20 be carried out in a like manner with respect to the
corresponding steps.

Within the scope of this invention are certain
intermediates described herein that are useful in the
preparation of the caspase inhibitors and prodrugs

25 thereof. Therefore, one aspect of this invention relates

to compounds of formula III or VIII:
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O-RL VII, 20 wherein Rl is as described above, and X is chloro, brono or
I odo; (b) treating VII with an azide N3-Y, where Yis a silyl 25 group or a
counterion, to forman azi dobutenolactone VIII: 32 WO 01/81330

PCT/ USO1/ ¥2/881330 (I ,O0 N3 ORL VIIl; (c) converting VIR(T/HS§L/4}769

am nobutenol actone XX 5 O 10 H2ZN O-R1 IX; (d) reducing the ring double
bond of I X to provide the 10 am nolactone IV. O O HZN ORLl |IV; and (e)
coupling IV with an organic acid R2ZCOOH, or reactive 15 equival ent thereof,
to forml, where RRCOOH is preferably a P2-1 P2-P3-, or P2-P4 carboxylic
acid. In Method C, steps (a)-(c)pare the sanme as the corresponding steps in

o} | o
N N
3 0'-R1 8 O--R'j
IIT VIII

wherein R' is selected from an optionally substituted
aliphatic group, aralkyl group or aryl group. Examples
5 of R' include methyl, ethyl, propyl, 2-propyl, butyl,
pentyl, hexyl, 4-methylpentyl, 2-methylpropyl,
cyclopentyl, cyclohexyl, cyclopentylmethyl,
cyclohexylmethyl, phenylethyl, phenhylpropyl, phenylbutyl,
(d) -menthyl, (1)-menthyl, l-adamantyl, 2-adamantyl, 1-
10 indanyl, 2-indanyl, bornyl, 3-tetrahydrofuranyl, benzyl,
g-methylbenzyl, 4-chlorobenzyl, 4-fluorobenzyl, 4-
methylbenzyl, 4-(2-propylibenzyl, or 4-
trifluoromethylbenzyl. Particularly useful are III and
VIII where R! is benzyl or a Ci-6 alkyl such as ethyl.

15
Another aspect of this invention relates to
compounds of formula
Is) O
R’ o) [ o
RN =
) P=N R3P—N )

2 R” O-r!' v; or O-R! x1,
wherein R* is selected from an optionally substituted
aliphatic group, aralkyl group or aryl group, and in
particular, the R' groups described above.

25 In order that this invention be more fully

understood, the foliowing preparative examples are set

forth. These examples are for the purpose of
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Met hod B, and steps (d) and (e) are the sane as the corresponding steps in
Met hod A. Therefore, Method C nay 20 be carried out in a |like manner with
respect to the corresponding steps. Wthin the scope of this invention are
certain Wwowbeswedi ates descri bed herein that are useful pcmustuer274r epar ati on
of the caspase inhibitors and prodrugs 25 thereof. Therefore, one aspect of
this invention relates to conpounds of formula Il or VIII: 33 WO 01/81330
PCT/ USOL/ 12769 jOON3I \ON3( O ORL OR IIlI VIIl wherein R is
selected froman optionally substituted aliphatic group, aralkyl group or

aryl group. C opyl yl,

butyl , pent?ﬁﬁgﬁg§§ﬁ°§ Sﬁlgua#%é%ﬁg ‘Hg&%%Fﬁyﬁ%?§E§Fg& g%c E¥§§

cycl ohexyl , tégckopeeat pEnthayinvertyixohiex piyye ayl. , phenylethyl phenyl pr opyl
phenylbutyl, (d)-menthyl, (l)-menthyl, 1-adamantyl, 2-adananty|, 1 10

i ndanyl, 2-indanyl, bornyl, 3-tetrahydrofuranyl, benzyl, a-nethyl benzyl,

4- chl or obenzyl , 4- fluorobenzyl Synthﬁumnvﬁﬁemg¥4§ 4-(2- propyl)benzyl or 4-
trifluorgqnet % g@z,l . d ﬁMﬂ%ﬁF RLis
benzyl or a ' 3 F i
relates to 2-one (III Rl Et)

ention

This procedure was carried out in a manner
similar to that described by D. J. Guerin, et al., Org.
Lett (19%9), 1, 1107-1109. To a solution of

10 azidotrimethylsilane (25.8 mL, 0.32 mol) in
dichloromethane (400 mL) at room temperature under
nitrogen was added acetic acid (18.1 mL, 0.32 mol), and
the reaction was stirred for 20 min. 5-Ethoxy-5H-furan-2-
one (II, R'=Et) (8.10 g, 0.063 mol) was added dropwise,

15 followed by 1,8-diazabicyclo[5.4.0]Jundec-7-ene (1.9 mL,
0.013 mol). The reaction was stirred for 24h, washed with
sodium bicarbonate, dried over sodium sulfate and
evaporated. Purification by flash chromatography (5i0;)
eluted with 1:9 ethyl acetate:hexanes afforded 4-azido-5-

20 ethoxy-dihydrofuran-2-cne (7.85 g, 73% yield) as a
colorless cil.

'H-NMR (500 MHz, CDCls) & 5.17 (s, 1H), 4.00 (dd, J=7.0,
1.0Bz, 1H), 3.71 (m, 1H), 3.49 (m, 1H), 2.77 (dd, J=17.0,
6.0 Hz, 1H), 2.32 (dd, J=8.0, 2.2Hz, 1H), 1.08 (t,

25 J=7.1Hz, 1.5H), 1.07 (t, J=7.1Hz, 1.5H) ppm.

In a manner similar to that described above,
except starting with 5-benzyloxy-5H-furan-2-one (II,
R'=Bn), 4-azido-5-benzyloxy-dihydrofuran-2-one (IIT,

R'=Bn) was prepared as a white solid, 1.62 g (72% yield).
30 lH-NMR {500 MHz, CDCl;) & 7.19 (m, 5H), 5.25 (s, 1H), 4.71
{d, J=11.5Hz, 1H), 4.48 (d, J=11.4Hz, 1H), 4.07 (dd,
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conpounds of formula O RjO p P=N( R3P=N2 OR V; or OR X, wherein
Rl is selected froman optionally substituted aliphatic group, aralkyl
group or aryl group, and in particular, the RL groups described above. 25
I n order WRALSBPEI s i nvention be nore fully understood, PERASHB2IGW ng
preparative exanples are set forth. These exanples are for the purpose of

34 WO 01/81330 PCT/USO /12769 illustration only and are not to be construed
as limting the scope of the invention in any way. Synthetic Exanples 5
Exanpl e 1. Preparation of 4-azido-5-ethoxy-di hydrofuran- 2-one (111, Rl=Et)

Thi s procedqﬁgs@psocgrhaedlgrt(%g%g)nﬂgpe?iégl¥Hogr1tolt5aﬁ deﬁgrlbed by D.

J. Querin, et al Let To a" sof utlon of 10

azi dotri net B36 [{dad, (2518. i, 403 32L mi2), ilH) dpwmhl or onet hane (400 nl) at
roomtenperature under nitrogen was added acetic acid (18.1 m, 0.32 nol),
and the reaction was stirred for 20 mn. 5-Ethoxy-5Hfuran-2- one (11,
RI=Et) (8. 1GExgmpQe083 nek}rpupst acdesk dr-opwi se, 15 fol |l owed by

1, 8-di azabi cycl o[ 5. 4. OJundec-7-ene (1.9 nm., O. 013 nol ). The reaction was
stirred Por & i ghgspRoranyli ene) ~amino] -5-ethoxy-

dihydrofuran-2-cne (V, RF=Et)

A solution of 4-azido-5-ethoxy-dihydrofuran-2-
one (0.05 g, 0.29 mmol) and triphenylphosphine (0.078 g,
§.29 mmol) in toluene (5 mlL) was stirred at room
10 temperature under nitrogen for 5h. The solvent was
evaporated to afford 4-
[ (triphenylphosphoranylidene)amino]-5-ethoxy-
dihydrofuran-2-one (0.12 g, 100% yield) as an off-white,
waxy solid. 'H-NMR (500 MHz, CDCls;) & 7.50 (m, 6H), 7.40
15 (m, 3H), 7.33 (m, 6H), 5.08 (d, J=3.1 Hz, 1H), 3.63 (m,
1H), 3.23 {m, 1H), 2.50 (dd, J=17.1, 5.9 Hz, 1H), 2.27
(dd, J=17.1, 5.9 Hz, 1H), 0.91 {(t, J=7.0 Hz, 3H) ppm.
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sodi um bi carbonate, dried over sodiumsulfate and evaporated. Purification
by flash chromat ography (Si02) eluted with 1:9 ethyl acetate: hexanes

af forded 4-azi do-5 20 et hoxy-di hydrof uran-2-one (7.85 g,

73%yield) as a

col or | esswai /8138 NVR (500 MHz, CDC13) 8 5.17 (s, 1H), &2OQWUPd#R769=7.0,

1.0Hz, IH), 3.71 (m 1H), 3.49 (m 1H), 2.77 (dd, J=17.0,
(dd, J=8.0, 2.2Hz, 1H), 1.08 (t, 25 J=7.1Hz, 1.5H), 1.07

6.0 Hz, 1H), 2.32
(t, J=7.1Hz, 1.5H)

ppm In a manner simlar to that described above, except starting with

5- benzyl oxy-5H furan-2-one (11, R1=Bn),
4- azi do- 5- benzyl oxy- di hydr of ur an- 2-one (111, R =Bn) was

prepared as a white

solid, 1.62 g (72%yield). 30 ' HNMVR (500 MHz, CDC13) 8 7.19 (m 5H), 5.25

(s, 1H), 4. 7Exa1(tp‘zlle A1, P:@anug)mmcgs (R 2 J(zzl.letﬁlrl-dz;y “EHjoxok. 07 (dd 35 WO
769 J=6, 8.

01/81330 PCTIUSO/ T
1H), 2.36 (

[ (triphenyl p@@wh@éﬁ%dt@n@g@g q@], ﬁka_:};ﬁ‘,oxy d| hydrofuran 2-one (V, Rl=Et)
A sol ution of 4-azido-5-ethoxy-drhydrof uran-2- one (0.05 g, 0.29 nmml) and
tri phenyl®phosphine (0.078 g, 0.29 nmmol) in toluene (5 n.) was stirred at

room 10 tenpg un {r 0
afford 4 [(trégﬁr'phgér;lf phgﬁg%orllar?%%?%e%eégi&r{] @ﬁl%%}oxy di
(0.12 g, 1l00Bygiefet)atasoran of f-white,

ordvapgrated to
ydrofuran 2-one

A mixture of 4-azido-5-ethoxy-dihydrofuran-2-

one (1.06 g, 6.2 mmol), (S)-pyrrolidine-1,2~dicarboxylic
10 acid l-tert-butyl ester (1.33 g, 6.2 mmel), and 10%

palladium on carbon (0.50 g) in ethyl acetate previously

degassed with N; (50 mL} was stirred under 1 atm hydrogen

at room temperature for 1lh. The mixture was diluted with

dichloromethane, filtered (Celite) and evaporated. The

15 crude mixture was dissolved in dichloromethane

was treated with diisopropylethylamine (5.4 mL,

mmel), EDC (1.48 g, 7.71 mmol), and HOBT (1.04

(100 mL),
30.8
g, 7.71

mmol) and was stirred at room temperature under nitrogen

for 24h. The reaction was diluted with ethyl acetate, was

20 washed with 10% sodium bisulfate, saturated sodium

bicarbonate, and brine, was dried over sodium sulfate,

and was evaporated. Purification by flash chromatography

(Si0p) eluted with 1l:1 ethyl acetate:hexanes provided (R)-

2-(2-ethoxy-5-oxe-tetrahydrofuran-3-ylcarbamoyl) -

25 pyrrolidine-l-carboxylic acid tert-butyl ester

56% yield) as a very viscous, pale yellow oil.

(500 MHz, CDCl;) & 7.61 (br, 0.6H), 5.29 (s, O,

(1.19 g,
*H-NMR
6H), 5.25

{(br s, 0.4H), 4.29 (br, 1.2H), 4.20 (br s, 0.8H), 3.78
(m, 1H), 3.57 (m, 1H), 3.34 (br, 1.4H), 3.25 (br, 0.6H),
30 2.94 (br dd, J=14.9, 3.8Hz, 1H), 2.31 (dd, J=18.0, 1l.4Hz,
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waxy solid. 'H NWR (500 MHz, CDC13) 6 7.50 (m 6H), 7.40 15 (m 3H), 7.33
(m 6H, 5.08 (d, J=3.1 Hz, 1H), 3.63 (m 1H), 3.23 (m 1H), 2.50 (dd,
J=17.1, 5.9 Hz, 1H), 2.27 (dd, J=17.1, 5.9 Hz, 1H), 0.91 (t, J=7.0 Hz, 3H)
ppm 36 WOOBIBE330 PCT/USO /12769 Exanple 3. Prepar at HoiUuf/12769
(R)-2-(2-ethoxy- 5-oxo-

t et rahydr of uran- 3-yl car banoyl ) - pyrrolidine-I-carboxylic acid tert-butyl
ester (I, RlI=Et) 5 Method 1. From 4-azi do-5- et hoxy-di hydr of uran- 2-one vi a
hydr ogenati on: A m xture of 4-azi do-5-ethoxy-dihydrofuran-2- one (1.06 g,

6.2 mmol ), ($yypysrols dingsl,3ndi gaghoxyli aci thgl-tertghutyl ;ester
(1.33 g, 6.2 n%gl), and 1@@6p§PVagiE?\E%ch?ﬁéﬁ'tggg%ig§£iémgfh§Flgcetate
previously degasBedemith N2 (50 nmL) was stirred under 1 atm hydrogen at

room t enper a,ur Llh, T 1 re was diluted with dichl oronethane,
filtered (Oe'ltqlgt §§§ng r%(/%"b%@amgﬁwme 15 crude m xture was dissolved in

di chl oronet hane (100 nL), was treated with diisopropylethylamne (5.4 ni,

30.8 mml), EDC (1,48 g, 7.71 mml), and HOBT (1.04 g, 7.71 mmpl) and was
stirred rﬁa&e@@er u %#dérrlﬁi)“?P&Sb%osﬁ%‘?éazml‘%{k@’Fé&@?i}6ﬁ'vvas
diluted W t heehby{-RCRFRESSuredS 22@nwashed with 10% sodi um bi sul f at e,
saturated sodi um bicarbonate, and brine, was dried over sodium sulfate,

and was evaporated. PukiFekEriosn oy () apirepk bt oyl et carbioar)iel uted with
L R i et (Bl 5 et -
isopropylethylamine (0.18 mL, 1.0 mmol)}), and
10 tetramethylfluoroformamidinium hexafluorophosphate (TFFH)
(0.13 g, 0.5 mmol) in dichlorcomethane (3 mL) was stirred
at room temperature under nitrogen for 3h. A éolution of
4~{ (triphenylphosphoranylidene}amino] -5-ethoxy-
dihydrofuran-2-one (0.20 g, 0.5 mmol) in dichlcromethane
15 (3 mL) was added and the mixture was stirred for 24h. The
reaction was diluted with ethyl acetate, was washed with
10% sodium bisulfate, saturated sodium bicarbonate, and
brine, was dried over sodium sulfate, and was evaporated.
Purification by flash chromatography (Si0;) eluted with
20 1:1 ethyl acetate:hexanes provided (R)-2-(2-ethoxy-5-oxo-
tetrahydrofuran-3-ylcarbamoyl)-pyrrolidine-l-carboxylic
acid tert-~butyl ester (0.11 g, 65% yield) as a very

viscous, pale yellow oil.

25 Method 3. From (R)-2-{2-ethoxy-5-oxo-2,5-dihydrofuran-3- -
ylcarbamoyl) ~-pyrrolidine-l-carboxylic acid tert-butyl
ester (X, R'=Et) via hydrogenation:

To a solution of (R }~-2~(2-ethoxy-5-ox0o-2,5~-
dihydrofuran-3-ylcarbamoyl}-pyrrolidine-1l~carboxylic acid

30 tert-butyl ester (X, R'=Et) (0.09 g, 0.27 mmol) in toluene

previocusly degassed with N; {20 mL) in a high pressure
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25 pyrrolidine-l-carboxylic acid tert-butyl ester (1.19 g, 56%yield) as a
very viscous, pale yellowoil. 1HNWR (500 WWHz, CDC13) S 7.61 (br
5.29 (s, 0.6H), 5.25 (br s, 0.4H), 4.29 (br, 1.2H), 4.20 (br s, 0.8H),

(m 1H), WOBYSEAM 1H), 3.34 (br, 1.4H), 3.25 (br, 0.6H) PCEWSOUBAI br dd,

0. 6H),
3.

78

J=14.9, 3.8Hz, 1H), 2.31 (dd, J=18.0, 1.4Hz, 37 WO 01/81330 PCT/USQO /12769

1H), 2.1-2.3 (br iH, 1.82 (br s, 1H, 1.39 (s, 94, 1.17 (m 3H ppm M

(ES+): nmle=343 (M+tH). 5 Method 2. From
4- [(triphenylphosphoranylidene)anino] 5- et hoxy- dihydrofuran 2- one:

sol ution oflggktg¥r H'édhﬂ€r$ gﬁ ¢¥¥ {Mbb%ob%gl ;Stg%&apu¢nl ester

(0.1'lg, 0.5 mmol i sopr opy

am-ne

tetranethylﬂldobdbdﬂﬁanﬁﬂiﬂ2uﬁ#¢mﬁaﬁ9hﬂmhopbbsbhabebeﬁﬁéha (0.13 g,

mmol) in dlchlorone

ni trogen for loﬂcéo?u?P%ﬁr%$ i%@ trif

ucrometianesu

A

and 10

0.5

stlrrﬁd at Ron1tebenaturﬁiunder

4-[ (triphenylsphesphorasykedeney andesieat hady pdebydrotad antt2r one (0.20 g,

0.5 mol

in dlchloronethane

was added and the m xture was

stirred Por AFOI¢Re (° F@aEF?on&%égmﬁl@@Fe&aﬁn%ﬁteﬁﬁ9? dagktHE was washed

with 10% sadi

dri ed over

chr omat ogr aptfFi0Se0FRseput tdief thy 20 aphl carpyRtagsanhE: h8xQmes

(R)-2-(2-et hoxy-3-8%Qg 1: 1 r t de
tetrahydrofuran § met? no dl h romethane, to Frovm

sodium sul fate, and was evaporated. Purification b{ flash
B

yl car banoy pyrro I ne-1-carboxy

ester (0.11 (@ -e85%xyi-él-dxcaketrateydrofuran-3- ylcarbamoyl)-

10

15

20

25

30

pyrrolidine-l-carboxylic acid tert-butyl ester (0.092 g,
quant yield) as a colorless oil. Chiral HPLC (chiralpak-
AD column, eluted with 1:9 ethanol:hexanes): isomer Ib-
35.4%, isomer Id-56.4%, (mixture of isomers Ia and Ic)-
8.2%. 'H-NMR (500 MHz, CDCls) & 7.60 (br s, 0.25H), 7.40
(br s, 0.25H), 6.5 (br m, 0.25H), 5.38 (d, J=5Hz, 0.5H),
5.27 (s, 0.5H), 4.65 (br, 0.5H}, 4.20 (br m, 1.5H), 3.85
(m, 0.5H), 3.77 (m, O.5H), 3.57 (m, 1H), 3.30 (m, 2H),
2.95 (m, 0.5H), 2.80 (br m, 0,5H), 2.30 (br m, 2H), 1.85
(br s, 3H), 1.37 (s, 9H), 1.20 (t, J=7Hz, 1.5H), 1.15 (t,
J=T7Hz, 1.5H) ppm.

Example 4. Preparation of (R)-Z-(2-benzyloxy-5-oxoc-

tetrahydrofuran—3~ylcarbamoyl)—pyrrolidine—l—carbokylic

acid tert~butyl ester (I, R'=Bn)

A solution of (8)-pyrrolidine-1,2-dicarboxylic
acid l-tert-butyl ester (0.13g, 0.6 mmol), 4-azido-5-
benzyloxy-dihydrofuran-2-one {(0.14 g, 0.6 mmol) and
triphenylphosphine ( 0.28 g, 1.0 mmol) in tetrahydrofuran
(5mL) and water (5 drops) was stirred under nitrogen for
0.5h at room temperature and for 2h at 65°C. The reaction

was cooled to room temperature, was treated with with di-
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viscous, pale yellow oil. 25 Method 3. From

(R) - 2-(2-et hoxy-5-0xo0- 2, 5-di hydr of ur an- 3-

yl car banoyl ) - pyrrolidine-I-carboxylic acid tert-butyl ester (X, R=Et) via
hydr ogenawicon:s13B0 a sol ution of (R )-2-(2-ethoxy-5-0x0- Z2GEHUSN1/12769

di hydr of ur an- 3-yl car banoyl ) - pyrrolidi ne-1-carboxylic acid 30 tert-butyl
ester (X, R=Et) (0.09 g, 0.27 mmol) in toluene previously degassed with N2
(20 mL) in a high pressure 38 WD 01/81330 PCT/USQO /12769 reactor in a
nitrogen filled gl ove bag, was added (-)-

1, 2-bi s((2R, 3R - -di.et hyl -.phosphel,ano) bgnzene-. (cy. o} i ene) rhodiun(l)
trifIuoronet%g%gékﬁﬁégéhi}ﬁﬂﬁﬁ 1 %ﬁé%.mghegiéégF%%)Méékgégigg §hd pressuri zed
wi th 5 hydrogens (@bl pSiandHomm)(oand yasoles mhiend @aid ne@msttiewrpdarature for

2 d. Solvent was evaporated and the residue s purified by flash
chr omat ogr apfy &0 REFT WPReE. 3?@3‘?‘56%\25% ql?'di']ﬁ}ﬂ CEetA%ne to

provi de (R)-¢as (@Bt Wi Peahhat Gabydt8f uhag-Basm&anpamwlor 10
pyrrolidine-l-carboxylic acid tért-butyl ester (0.092 g, quant yield) as a

col or | ess® oi POALHT e SHAE cifatarpard APHEWR UpACaRARAER micPl 1: 9
and o). 5 207 it N (A e COREAEEGL Eedp, A TS, Byl guiomei s 2
0.25H), 6.5 PhrifjcdtdBHbhy F138h( ¢hrombtography) (Si%)2210sed0wbt), 4.65 (br,
330 (m 2ry e o RO RO Tt BroTheed B il b 1 s
(br s, 3H), &x38%tésradrofli2h(t-yldarbamodl pHhyrdolbdiie-1-
10 carboxylic acid tert-butyl ester (0.12 g, 49% yield) as a
sticky resin. 'H-NMR (500 MHz, CDCls) & 7.63 (br d,
J=7.6Hz, 0.7H), 7.28 (m, S5H), 6.50 (br, 0.3H), 5.37 (br
s, 0.5H), 5.33 (s, 0.5H), 4.77 (d, J=11.6Hz, 1H), 4.56
(dd, J=11.6, 3.7Hz, 1H), 4.37 (br s, 1H), 4.18 (br s,
15 1H), 3.32 (br s, 1.4H), 3.24 (br s, 0,6H), 2.97 (br d,
J=11.6Hz, 1H), 2.35 (dd, 0U=18.1, 1.7Hz, 1H), 2.1-2.3 (br,
14}, 1.81 {(br s, 3H), 1.58 (s, SH) ppm. MS (ES+): m/e=405
(M+H) .

In a similar manner, (R)-2-(Z2-ethoxy-5-oxo-

20 tetrahydrofuran-3-ylcarbamoyl)-pyrrolidine-l-~carboxylic
acid tert-butyl ester (I, R=Et) (0.07 g, 7% yield) was

prepared.

Example 5. Preparation of 4-brome-5-ethoxy-5H-furan-2-
25 one (VII, R'=Et)

This procedure was carried out in a manner
similar to that described by C. Escobar, et al., Ann.
Quim, {1971), 67, 43-57.). To a solution of 5~ethoxy-5H-
furan-2-one (II, R'=Et) (10.0 g, 78.0 mmocl} in carbon

30 tetrachloride (50 mL) at 0°C was added over 0.5h a

solution of bromine (4.05 mL, 78.2 mmol) in carbkon
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20 J=7Hz, 1.5H) ppm Exanple 4. Preparation of (R)-2-(2-benzyl oxy-5-oxo-

t et rahydr of uran- 3-yl car banoyl ) - pyrrolidine-I-carboxylic acid tert-butyl
ester (I, R =Bn) 25 A solution of (S)-pyrrolidine-1,2-dicarboxylic acid
1-tert-but ester (0.13g, 0.6 mml), 4-azido-5-

benzylonNéPHWHbeuran 2-one (0.14 g, 0.6 mmwl) and trPHHERPBHSsphi ne (
0.28 g, 1.0 mmol) in tetrahydrofuran (5nL) and water (5 drops) was stirred
under nitrogen for 30 0.5h at roomtenperature and for 2h at 65C. The
reaction was cooled to roomtenperature, was treated with with di- 39 WO
01/81330 PCT/ US01/ 12769 isopropylethylamne (0.52 m., 5.0 mol ), EDC (0. 15
g, 0.75 mmelor.aRdoHOBT (95 Lfny, M%mll)onaagsw@amarﬁg st room
tenperature under nitrogen for 20h. The reaction was luted with ethyl
acetate, wad ﬁasﬁéénmﬁhhaEOWWSWHﬁﬁéﬁﬁ@@l f ahe, sgétranh@ gdesdvdi um

bi bonat b t ed.
Rureass o B tee bk, Rl SHO PR el e L poavort
acetate.hexam¢$ nuetndédd(5¢ Ruar(2- t&nunﬂtﬁaboﬁt O 5mm The fraction

-tet rahydr qf b i | d
Cort - but 1 GendFora912" g 0090 13 ol aip e g AP bR Pats RERATY UK (500 Wi,

CDC13) S 7. Gf&relanzdoneJ$236ng, 0827%'|)yle71d38 asma 9E) 106 §01(brig-Gp@H), 5.37
(br s, 0.5H), 5.33 (s, 0.5H), 4.77 (d, J=11.6Hz, 1H), 4.56 (dd, J=11.86,
3.7Hz, 1H), (450®7M(im €PC1H) 0 4£.28 ((br 3R) 15544§, (3. 3124)(,or3 §1 Im4H), 3.24 (br

s, 0L.6H, 23,07 gbr.d, Jrfl 6tz ,1H), 2.3, (dd, J=18 1, 1.7HZ 1H, 2.1-2.3

(br,

10 Example 6. Preparation of 4-azido-5-ethoxy-5H-furan-2-

one (VIII, R'=Et)

A mixture of 4-bromo-5-ethoxy-5H-furan-2-one

(2.07 g, 10.0 mmeol) and sodium azide (0.66 g, 10.2 mmol)
in dimethylformamide (10 ml,) was stirred at room

15 temperature under nitrogen for 24h. The reaction was
diluted with ethyl acetate, was washed with 0°C water and
with brine, was dried over sodium sulfate, and was
evaporated. Purification by flash chromatography (Si0;)
eluted with 1:9 ethyl acetate:hexanes afforded 4-azido-5-

20 ethoxy~-5H-furan-Z-one (1.04 g, 62% yield) as a pale
yellow oil. 'H-NMR (500 MHz, CDCls) & 5.83 (s, 1H), 5.63
(s, 1H), 3.9% {m, 1H), 3.88 (m, 1H), 1.35 (t, J=7.1lHz,
3H) ppm.

25 Example 7. Preparation of 4-amino-5-ethoxy-5H-furan-2-
one (IX, R*=Et)

Method 1. Via hydrogenation:
A mixture of 4-azido-5-ethoxy-S5H-furan-2-cne
30 (0.62 g, 3.67 mmol) and 10% palladium on charcoal (0.31
g) in de-oxygenated ethyl acetate (20 mlL) was stirred at
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1H), 1.81 (br s, 3H), 1.58 (s, 9H ppm WM (ESt): nfe=405 (MH)

simlar manner, (R)-2-(2-ethoxy-5-o0xo0- 20
t et r ahydr of ur an- 3-yl car banmoyl ) - pyrrol i di ne-I-carboxylic

In a

acid tert-butyl
ester (I,wRbtEt3p0 (0.07 g, 7% yield) was prepared. Exampanso/Rreé@parati on of
4- br ono- 5- et hoxy-5H-furan-2- 25 one (VII, Rl=Et) This procedure was carried
out in a manner simlar to that described by C. Escobar, et al.,
Qim (1971), 67, 43-57.). To a solution of 5-ethoxy-5H furan-2-one (II
R1=Et) (10.0 g, 78.0 mml) in carbon 30 tetrachloride (50 nL) at O0C was

Ann.

40 WO

t¥8n was stirred Ih

dded . luti f ] . 8.2 L) i b
01/ 31330 PCTh 063 FiB76de0 BeF okt or 1 (5 ACT. HirRBEPSN was St

at 0C, then{Qiliate)r acmh teaperatadeto The>welevdnrbsiinere-etRoRyetH-under

reduced pressure and the residue sharf- path distille
(about 0. 5mm)**3hy fPP&ctPoﬁ§SgCOF$@§t¥&F ) f@oé-¥96§PHr8%

4- br ono- 5- et n .2 82% i a | loqw Qi | .
(500 MHz, CDC! ii1%3 M?%.%be?éf 251%1%09%3 %g?’lﬁoéys%)s‘(’msz}ﬁl’ﬂ)q,'sg é%’(m

1.14 (t, 5)=7LHHz 3.3H) (ppmlH10 Bx&Wplw, 6LH)Rr dparat(itonJef .

1Hz, 3H)

4- azi do- 5- et hoxy-5H-furan-2- one (VIIl, Rl=Et) A m xture of
4-bronn-5-eﬁﬁ§%y-5kkfuran-2-one (2.07 .g, 10.0 mml) and sodi um azi de (0. 66

g, 10.2 mmol) in dinmethylformam de (10 nL) was stirred

Method 2. Via Staudinger reacion:

at room

A mixture of 4-azido-5-ethoxy-5H-furan-2-one

10 (0.10 g, 0.59 mmol} and triphenylphosphine (0.

15 g, 0.59

mmol) in tetrahydrofuran {5 mlL) and water (0.5 mlL) was

stirred for 20h at rcoom temperature, followed by 3d at

65°C under nitrogen. The reaction was diluted with

dichloromethane, washed with water, dried over sodium

15 sulfate and evaporated to afford 4-amino-5-ethoxy-5H-

furan-2-one in a mixture with triphenylphosphine oxide

(0.25 g, 100% yield).

Example 8. Preparation of 4-

20 [ (triphenylphosphoranylidene)amino] -5-ethoxy-5H-furan-2-

one (XI, R*=Et)

A solution of 4-azido-5-ethoxy-S5H-furan-2-cne

(0.17 g, 1.0 mmol) and triphenylphosphine (0.26 g, 1.0

mmol) in toluene (5mL) at room temperature under nitrogen

25 was stirred for 1lh, then heated at 60-70°C for 8h. The

reaction was cooled, was diluted with ethyl acetate, was

washed with sodium bisulfate, sodium bicarbonate and

brine, was dried over sodium sulfate and was evaporated.

Purification by flash chromatography (Si0z) eluted with

30 1:1 ethyl acetate:hexanes afforded 4-

[ (triphenylphosphoranylidene)amino]-5-ethoxy-5H~furan-2-
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15 tenperature under nitrogen for 24h. The reaction was diluted wth ethyl

acetate, was washed with OC water and wth brine, was dried over sodium

sul fate, and was evaporated. Purification by flash chronmatography (Si02)

el ut ed wiwa o893t hyl acet at e: hexanes afforded 4-azi do- BCPES01/12769

et hoxy-5H-furan-2-one (1.04 g, 62%yield) as a pale yellowoil. "H NVR (500
MHz, CDC13) S 5.83 (s, 1H), 5.63 (s, 1H, 3.99 (m 1H), 3.88 (m 1H), 1.35
(t, J=7.1Hz, 3H) ppm 25 Exanple 7. Preparation of

4- am no- 5- et hoxy-5H-furan-2- one (1X, R =Et) Method 1. \/a hydr ogenation: A

m xt ure of zi,do et 0 pand 10%
pal | adi um o;é %hérgc%g % yﬁ%—%él n%gg%ogggeﬁg?t% s?%y(? acet gymé m) Was0
stirred at ik, \A@a@igﬁjmo 7BCTRYSER) 12768 (n,atymhydr.egennf ogu4h. The
reaction was filtered (Celi tezﬁaand evapor at ed to provi de

4- ani no- 5- eth8Ry {8H- 1Hur ah- 23 oty (161053 3981100% Ykl dY- &5 &yelHlow oil .

1H-NMR (509 CDG33) 53160 ) + bL,s 4.81 (s, 5 1H),
3.81 (m 1H), wzé% (m 1?'—?’ ﬁ)zrgp?'{ @Fg? g 4fnpr€@ Vet hod 2. Via

St audi ngér reacion: A mxture of 4-azido-5-et hoxy 5H furan-2-one 10 (0.10
g, 0.59 mmol nd t |ph nvi phosphi ne. ( C 3 rrrm |n rahydr of uran
(5 nmL) and 95 A;’Q éf ef Q e, followed
by 3d at GEGJ{ddelfulﬁahFBgﬁncaﬂMd@CMIﬁOMSlﬂE#M{-eﬂrMM:Lc acid

tert-butyl ester (X, R'=Et)

1C Method 1. Via peptide coupling conditions:

A solution of 4-amino-5-ethoxy-5SH-furan-Z2-one
(0.04 g, 0.30 mmol), (S)-pyrrolidine-1,2-dicarboxylic
acid l-tert-butyl ester (0.07 g, 0.30 mmol},
diisopropylethylaming {0.12 mL, 0.66 mmol} and O-

15 benzotriazol—-1-yl-N,N,N’,N’~-tetramethyluronium
hexafluorophosphate (HBTU) (0.14 g, 0.38 mmol) in
dichloromethane (3 mL) was stirred 24h, was evaporated,
was redissolved in l-methyl-pyrrolidinone (3 mL) and was
stirred 3d. The reaction was diluted with ethyl acetate,

20 was washed with 10% sodium bisulfate, saturated sodium
bicarbonate, and brine, was dried over sodium sulfate,
and was evaporated. Purification by two flash
chromatographies ($i0;), eluted first with 4:6, then with
35:65 ethyl acetate:hexanes afforded (R )-2-(2-ethoxy-5-

25 oxo-2,5-dihydrofuran~3-ylcarbamoyl)-pyrrclidine-1-
carboxylic acid fert-butyl ester (0,008g, 9% yield) as a
film. *H-NMR (500 MHz, CDCls) 8 10.2 (br s, 0.7H), 10.1
{(br s, 0.3Hy, 6.21 (br s, 0.7H), 6.17 (br s, 0.3H), 5.68
(s, 0.7H), 5.60 (br s, 0.3H), 4.38 (br s, 1H), 3.85 (m,

30 1#), 3.72 (m, 1H), 3.25-3.45 (m, 2H), 2.53 (br d, 12.5Hz,
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di chl or onet hane, washed with water, dried over sodium 15 sul fate and
evaporated to afford 4-am no-5-ethoxy-5H furan-2-one in a mxture with

tri phenyl phosphine oxide (0.25 g, 100%yield). Exanple 8. Preparation of 4
20 [ (triphenyl phosphoranyl i dene) am no] - 5- et hoxy- SH-furan-2- one (X, Rl=Et)
A sol uti OWO&F’SE’Q‘%zi do- 5- et hoxy-5H-furan-2-one (0.17 g, PE.TGJSW’&F‘%S’ and

tri phenyi phosphine (0.26 g, 1.0 mmol) in toluene (5nL) at roomtenperature
under nitrogen 25 was stirred for | h, then heated at 60-70C for 8h. The
reaction was cooled, was diluted with ethyl acetate, was washed wi th sodium
bi sul fate, sodium bi carbonate and brine, was dried over sodium sulfate and
was evapor ateds),Parifisali onsiy, fl.ash @k apatagraphys (5029ne) uted with 30
1:1 ethyl acetate: hexanes afforded 4-

[ (triphenyl phéspH8r adl) i BBRe) ani no] - 5- et hoxy- 5H furan-2- 42 WO 01181330

PCT/ US011127%&9 E@Q@;(g/éﬁggl4§\%lly)i eld) as an off-white solid. 1H NWR (500
MHz, CDC13) 87(.73 (m 6H , 7.65 (m 3H) , 7.55 (m 6H) , 5.58 (s, 1H),
4.33 (s, 1H), 3.81 (m 1H), 3.64 (s, 1H, 1.27 (t, J7.1Hz, 3H ppm M5
(ES+) m e=404 (M+H). 5 Exanple 9. Preparation of (R )-2-(2-ethoxy-5-o0xo0-2,5-
di hydr of ur an- 3-yl car banoyl ) - pyrrolidi ne-1-carboxylic acid tert-butyl ester
(X, Rl=Et) MetMetihadAl. VWdapepidrdefagrliongaegadttibans: A sol ution of
4-anino-5-ethoxy-5k¥f¥ga2-

géf&@ion of 4-amino-5-ethoxy-3H-furan-2-
one {0.08 g, 0.58 mmol) in tetrahydrofuran (10 mL) at -
78°C under nitrogen was dropwise added a -solution of 1M

10 lithium bis(trimethylsilyl)amide in tetrahydrofuran {0.64
mL, 0.64 mmol). The reaction was stirred 3h at 0°C. A
solution of 2-flucrocarbonyl-pyrrolidine-l~carboxylic
acid tert~-butyl ester {0.20 g, 0.77 mmol) in
tetrahydrofuran {3 mlL) was added dropwise. The reaction

15 was stirred for 16h at room temperature. The mixture was
diluted with ethyl acetate, was washed with 10% sodium
bisulfate, saturated sodium bicarbonate, and brine, was
dried over sodium sulfate, and was evaporated.
Purification by flash chromatography (Si0;) eluted with

20  35:65 ethyl acetate:hexanes afforded (R )-2-(2-ethoxy-5-
oxo-2, 5-dihydrofuran-3-ylcarbamoyl)-pyrrolidine-1-
carboxylic acid tert-butyl ester (0.05g, 26% yield). Also
isclated was starting 4-amino-5-ethoxy-5H-furan-2-one
{0.03 g, 36% yield).

25

Method 2(B). Via anion formation/acylation:

To a solution of 4-amino-5-ethoxy-5H-furan-2-cne (0.05 g,
0.35 mmol) and 2-fluorocarbonyl—pyrrolidine—i—carboxylic
acid tert-butyl ester (0.09 g, 0.42 mmol) in

30 tetrahydrofuran (5 mL) at room temperature under nitrogen

was added sodium tert-butoxide(0.05 g, 0.49 mmol). The
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(0.04 g, 0.30 nmmol), (S)-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl
ester (0.07 g, 0.30 mmol ), diisopropylethylamne (0.12 nL, 0.66 mmol) and O
15 benzotriazol-1-y1-N, N, N, N -tetranethyl uronium hexafl uorophosphate
(HBTU) (0W0A4181339. 38 mmol ) in dichloronethane (3 nlL) wXETAISIVIZEY 24h, was
evaporated, was redissolved in 1-nethyl-pyrrolidinone (3 nL) and was
stirred 3d. The reaction was diluted with ethyl acetate, 20 was washed with
10% sodi um bi sul fate, saturated sodium bicarbonate, and brine, was dried
over sodium sul fate, and was evaporat ed. Purification by two flash

chr omat ogr a | 4. e bt - 65 et hyl

acet ate: hexg%%g§§$§o EE%S% % etﬁg¥§%§ g_t%Q %oﬁhEHg,3§h§

5- d|hydrofumam¢®xpl@a&bduﬁyt?d @ythc&uhykuadeta¢anbwnﬁlweSHeddmitht but yl
ester (0.00 9%, Yi Id H NVR ( 3 10.2 (br s,
ooy 005 Yo, Pdsgluhy B3 el clig M sad NS SRR, M £ SRR, 10,2 (07
0.7H), 5.60 a(rb:r l:ﬁ:ln@ 3|w|)as drSSd(bﬁeﬁ sddum 3u8Fakw, 30dlkks 3.72 (m 1H),

3. 25-3. 4% (m 43 WD 01/81330 PCT/USC1/12769

0.7H), 1 GﬁPPQ§@§ﬁF fué?f%ﬁ?t??P %Nﬂflafh4fh€§ma§ﬂﬂrap Y215t 3H) ppm MB
(ESH): mfe HhidMriitn 2:MethAd] 24 Ay atd haRin fatzrf@;&aban éﬁCyL@l[zﬂﬂ To a
sol ution of 4-am no-5- ethoxy-5 furan-2- one (0.0

t et r ahydr of HAPXYTE 9P &t o d¥BZﬁ¥@§M#aﬁﬂiWMiﬁﬂ¥bW@§YaﬁOEﬁF§@lh@H@@‘a
sol ution OfJ;Marboxyllc acid tert-butyl ester (0.075g, 63% yield).

Also recovered was starting 4-amino-5-ethoxy-SH-furan-2-

10 ocne (0.016 g, 32% yield).

Example 10. Preparation of (R)-2-[(2R, 38}-2-ethoxy-5-

oxo-tetrahydrofuran-3-ylcarbamoyl] -pyrrolidine-1-

carboxylic acid tert-butyl ester (VI, R!=Et)

15 A mixture of 4-amino-5-ethoxy-5H-furan-Z-one
(0.13 g, 0.75 mmol}, (8)-pyrrolidine-1,2-dicarboxylic
acid-l-~tert-butyl ester (0.16 g, 0.75 mmcl} and several
crystals of Congc Red indicator in ethanol (5 mL) was
treated with sodium cyanoborohydride (0.06 g, 0.920 mmol),

20 followed by dropwise addition of 4M HC1 in dioxane to
attain and maintain a blueish color (~pH3). The reaction
was stirred 2Zh, was filtered (Celite) and was evaporated.
The residue was dissolved in dichloromethane (5 mL), was
treated with di-isopropylethylamine (0.52 mL, 3.0 mmol},

25 EDC (0.18 g, 0.94 mmol}, and HOBT (0.13 g, 0.9%4 mmocl) and
was stirred at room temperature under nitrogen for 20h.
The reaction was diluted with ethyl acetate, was washed
with 10% sodium bisulfate, saturated sodium bicarbonate,
and brine, was dried over sodium sulfate, and was

30 evaporated. Purification by flash chromatography (Si0;)
eluted with 1:1 ethyl acetate:hexanes provided a 4:1
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10 lithiumbis(trinmethylsilyl)amde in tetrahydrofuran (0.64 nL, 0.64
nmmol ). The reaction was stirred 3h at 0OC. A solution of

2-fluorocarbonyl -pyrrolidine-I-carboxylic acid tert-butyl ester (0.20 g,

0. 77 mmol WOith/8138% r ahydrof uran (3 nlL) was added dr opwi se PCTHBIVEIEX i on 15
was stirred for 16h at roomtenperature. The mi xture was diluted with ethyl
acetate, was washed wth 10% sodi um bisulfate, saturated sodi um

bi carbonate, and brine, was dried over sodiumsulfate, and was evapor at ed.
Purification by flash chromat ography (SiQ2) eluted with 20 35:65 ethyl

acet at e: hexaigg gl %g',edairm A Z(R%LQQW? 9§P-Z+e hoxy-§

5-di hydr of uran- 3-yl carbanoyl ) -pyrrolidine-I carboxylic am?fﬁ%it-buty
ester (0. 05g:et2:@%yyd|r@lfd):anABsmlcasbﬁrauéld ﬂngr@tladunngl carboxylic

4- 5-et 0,0 Met hod 2(B). Vi
an?glnn?or rrgtg}]cg@/ erlta Flg %Q%r %?%tﬁy%zoﬁqfsyl %ﬁglg Sglﬁ @ éjr;n 2- gne
(0. 05bg, I 0.t3£:rrm‘13'|d)ro&ndaﬂ Bl—ybwﬁmﬂmmwl—g@wrroallﬁdnae%I—c@ﬁlﬁ@wyi¢ c acid
tert-but t, 0 3Q .tet S

{enper at dr e idert SHECRUGEh SAESE alictf Soidith 4L FpUROXFBY SSOYR 0. 40
mol ). The 44 WO 0181330 K/ \50 /L2469 Sﬁﬁqﬁjlﬁﬂrm%slgh5rrgd4§h at reflux.

After cooling, the mxture was dilute et hyl "acetatée, was washed with
10% pot assi ufrhlblsuIOf atig, sSablr &b e315}$)o,d|&1r38b|(@:iar UeﬁaBHz, angHbr i He9 was dri ed

over sodi um sul f agd6\§/a§br g\ %)ogﬁt ed P%rl fi %atl on b%HI a§he4

chr omat ogr ap
{m, O 8H), 3.78 (m, 0.2H), 3.59 {m, 1H), 3.25-3.45 (br m,

10 2H), 2.95 (dd, J=17.6, 7.1Hz, 0.2H), 2.78 (br m, C.8H),
2.34 {(dd, J=17.2, 10.4Hz, 0.8H), 1.9-2.3 (br 1.7H), 1.83
(br s, 2.5H), 1.39 {8, 9H), 1.19 (m, 3H) ppm.
Also isclated was this product, (R)-2-(2-
ethoxy-5-oxo~tetrahydrofuran—-3-ylcarbamoyl)-pyrrolidine-
15 l-carboxylic acid tert-butyl ester, as a mixture of

stereoisomers (0.030 g, 11% yield} as a colerless oil.

Example 11. Preparation of 1-[2-{4-amino-~3-chloro-

benzoylamino) -3, 3-dimethylbutyryllpyrrolidine-2-

20 carboxylic acid (2-ethoxy-5-oxo-tetrahydrofuran-3-

yl)amide

Step A. {1-[2-{2-Ethoxy-5-oxo-tetrahydro-furan~3-
ylcarbamoyl) -pyrrolidine-l-carbonyl] -2, 2-dimethyl-
25 propyl}-carbamic acid benzyl ester
To a sclution of (R )-2-~(2-ethoxy-5-oxo-2, 5~
dihydrofuran-3-ylcarbamoyl)-pyrrolidine-1l~carboxylic acid
tert-butyl ester (X, R'=Et) (0.14 g, 0.41 mmol) (*H-NMR
shows ~ 8:2 syn:anti epimers) and lutidine (0.48 mL, 4.1
30 mmol) in dichloromethane (5 ml) at room temperature under

nitrogen was dropwise added
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eluted with 4:6 ethyl acetate: hexanes afforded (R )-2-(2-

et hoxy- 5- oxo- 2, 5-di hydr of ur an- 3-yl car banoyl ) - pyrrol i di ne- 1-carboxylic acid
tert-butyl ester (0.075g, 63%yield). Also recovered was starting

4- am no- SWetkeKye SH-f ur an- 2- 10 one (0.016 g, 32%vyi el dpCTESHM3I@ 10.
Preparation of (R -2-[(2R 3S)-2-ethoxy-5-

oxo-t etrahydrof uran-3-yl carbanoyl ]-pyrrolidine-1- carboxylic acid tert-butyl
ester (VI, R=Et) 15 A mi xture of 4-am no-5-ethoxy-5H furan-2-one (0.13 g,
0.75 mml ), (S)-pyrrolidine-1, 2- di carboxyl ic acid-lI-tert-butyl ester (0.16

, 0.75 ), s > | (5 nL
0,0 72 ol A 9RUES 0 SEYSLALR B0, Q003 R0 el 024 Of 192807l  oved
by dropw se maadilt.i Gheofredbt Hoh was chtaxza:rmi tfor atBahp ‘Bhdnm&ﬂt ain a bl ueish

col or H3 The rea n h, | tered lite). and wa
cvapor a1 6. CPR SRR aNe SREL T AL AT PIGPERPBPb et MR TE A was
treated W t Ridir t&@@éogbke‘ibﬁé&ﬁﬁr@ldlﬂ&%n@thaﬁeo wasl aina& =395 (20 18 g,

0.94 nmml), and HOBT (0.13 g, 0.94 mvl) and was stirred at room
t enper at dr e %@FeﬁlftﬁBQeHaFo?VWateﬂwe readtiPoRritae HPTEFBIIRER et hyl

acetate, m%a"@%‘&%@d W—BBn%Q%:?ﬁ@éfEBrﬁ}lsdﬁllfr@—% BSaE.Hé%?ﬂﬁQﬁ'fﬂén

bi car bonate brine, was dried over sodi um sul fate,” and was
evapor at ed. alﬂu-toi f(locéﬁl on By45lm¢1l)ckﬂrromhltct3@403?}9hl?t(@h©2)(5 Bl lt e@D%th 1:1

et hyI acet at gy q%%q_eg:gﬁ %gﬂi %ﬁé‘ﬁoe%lﬁ OV\ngy 8;53%9 grggipsqlgetzmg m xture

(by ' H-NMR) of
t et r ahydr of uresrul3iyigc aui.Banoy| yapystriotrat m—:t— lrcoar bexpkrature under

10 nitrogen for 3 days. The reaction was diluted with ethyl
acetate, was washed with 10% potassium bisulfate,
saturated sodium bicarbonate and brine, was dried (sodium
sulfate) and was evaporated. Purification by flash
chromatography (510;) eluted with 1:1 ethyl acetate :

15  hexanes provided {1-{2-(2-ethoxy-5~oxo-tetrahydrofuran-3-
yl carbamoyl}—pyrrolidine-l~éarbonyl]*2,2-
dimethylpropyl}carbamic acid benzyl ester (0.12 g, 59 %
yield) as a white foam. 'H-NMR (500 MHz, CDCly) & 7.43 (br
d, J=7.7Hz, 1H), 7.28 (s, 5H), 5.40 (m, 2H), 5.02 (AB q,

20 J=12.1, 31.0Hz, 2H), 4.535 (m, 2H), 4.29 (d, J=9.6Hz, 1H),
4.23 (m, 0.2H), 3.85 (m, 0.8H), 3.73 (m, 1H}, 3.58 (m,
2H), 2.90 (m, 0.2H), 2.74 (dd, J=17.0, 8.4Hz, 0.8H), 2.30
(m, 2H), 2.05 (m, 1H), 1.90 {(m, 1H), 1.80 {(m, 1H}, 1.20
(t, J=7.0Hz, 2.4H), 1.15 (t, J=7.0Hz, O0.6H), 0.93 (s, BH)

25 ppm. |
1H-NMR shows ~ 8:2 syn:anti epimers. LC/MS (ES+):
m/e=490.14 (M+H)

Step B. 1-[2-(4-amino-3-chloro-benzoylamino)-3, 3-
30 dimethylbutyryl]pyrrolidine-2-carboxylic acid (Z-ethoxy-

5-oxo-tetrahydrofuran-3-yl)amide
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acid tert-butyl ester and (R)-2-[(2S, 3S)-2-ethoxy-5-0x0-

t et rahydr of uran- 3-yl car banoyl ] -pyrrolidine-I-carboxylic 5 acid tert-butyl
ester (0.06 g, 23%yield) as a colorless oil. "H NWR (500 MHz, CDC13) S

7. 60 (br,WQ.“%SW? 7.44 (br s, 0.5H), 6.51 (0.35H), 5.3FQES0yE3Hz 0.8H),
5.29 (s, 0.2H), 4.65 (br m 0.8H), 4.1-4.3 (br m 1.2H), 3.84 (m O0.8H),
3.7 (m 0.2H), 3.59 (m 1H), 3.25-3.45 (br m 10 2H), 2.95 (dd, J=17.6,
7.1Hz, 0.2H), 2.78 (br in, 0.8H), 2.34 (dd, J=17.2, 10.4Hz, 0.8H), 1.9-2.3
(br 1.7H), 1.83 (br s, 2.5H), 1.39 (s, 9H), 1.19 (m 3H) ppm Al so isolated

was this product, (R a2sbZution of {1—[2—&2—ethoxy-5—pxo— _
et hoxy- 5- oxo-t et r ahydr of uran- 3-yl car banoyl ) - pyrrolidine- 15 1-carboxylic
aci d tert- bisaraggydapfugang3nykt erebatowtlemysirodddiserd-08obgny1lies yi el d) as

oot ooy iR ORRL 0Pl G 16 B2l o
(2- et hoxy- 5-(o)d- meedlahydr efbrani 3{5 y)lamate t3teephed. with 10%
3(/I1cgr2bgﬁ85f ?p?aéﬁéﬁiﬁgﬁf E%%Qégg%h;ﬁ?@mgbloﬁ&%ﬁ), ¥85P5hiF$<car bani ¢ aci d
benzyl esterunbara lsekut hgBrofefRoesre efdr0Xr, 5waXx0£f21bered
di hydr of uran- 3-yl carbanoyl ) -pyrrolidine-I-carboxylic acid tert-butyl ester
(%R =E1) (GEEHEG COIALonBH) ves HEXMEOL 2iffis ThepFugen BREFTRAIRET 8) and
lutidine (0.4 Missb1¥ed0iAMBl¢ni BrehStHiOet hane &admihsat r&908y
tenperature under nitrogen was dropw se added 46 WO 01181330 PCT/ US01/ 12769
with 4-amino-3-chlorcokenzoic acid (0.04 g, 0.26 mmcl),
10 EDC (0.06 g, 0.29 mmol) and diisopropylethylamine (0.13
mL, 0.71 mmel) and was stirred at room temperature under
nitrogen for 20h. The reaction was diluted with ethyl
acetate, was washed with 10% potassium bisulfate,
saturated sodium bicarbonate and brine, was dried‘(sodium
15 sulfate) and was evaporated. Purification by flash
chromatography (Si0;) eluted with 7:3 ethyl acetate :
hexanes provided 1-[2-(4-amino-3-chloro-benzoylamino) -
3,3~dimethylbutyryl]pyrrolidine-2-carboxylic acid (2~
ethoxy-5~oxo-tetrahydrofuran-3-yl)amide (0.08g, 62%
20 vyield) as a colorless film. *H-NMR (500 MHz, CDC13) d 7.67
(d, J=2.0Hz, 1H), 7.50 (m, 0.2H), 7.44 {(dd, J=8.4, 2.0Hz,
1.0H), 7.33 (d, J=8.0Hz, 0.8H), 6.69 (d, J=8.4Hz, 1H),
6.55 (d, J=9.2Hz, 1H), 5.39 (d, J=5.2Hz, 0.8H), 5.29 (s,
0.2H), 4.79 (d, J=9.4Hz, 1H), 4.62 (m, 0.8H), 4.50 (m,
25 1.0H), 4.25 (m, 0.2H), 3.83 (m, 0.8H), 3.77 (m, 0.2H),
3.62 (m, 0.8H), 3.55 (m, 0.2H), 2.92 (m, 0.2H), 2.76 (dd,
J=17.2, 8.4Hz, 0.8H), 2.30 (m, 2H), 2.05 (m, 1H), 1.93
(m, 1.0H), 1.85 (m, 1H), 1.22 (t, J=7.1Hz, 2.4H), 1.16
{(t, J=7.1Hz, 0.6H), 1.00 (s, 9H) ppm. 1H-NMR shows ~ B:Z2
30 syn:anti epimers. LC/MS (ES+): m/e= 509.08 (M+H).
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trimethylsilyltrifluoronmethane-sul fonate (0.48 nL, 2.46 mol). The reaction
was stirred for 0.5 h, then was treated with saturated sodi um bi carbonat e,
was extracted wth three portions of dichloronethane, was dried (sodiumb5
sul f at e) , wannd813as evaporated. To the crude internedi at e PORASOH M

2- benzyl oxycar bonyl am no- 3, 3-di net hyl butyric acid (0.12 g, 0.45 nmol) in

di chl oronet hane (5 nL), EDC (0.10 g, 0.51 nmmol) and HOBT (0.07 g, 0.51
nmol ). The resulting mxture was stirred at roomtenperature under 10
nitrogen for 3 days. The reaction was diluted with ethyl acetate was
washed with lowbpotaSﬁhgngh?u g%ede 1H£ﬁ%eﬁuﬁﬁgkugkbbﬁﬁ £ and
brine, was dried (sodium sulfate was evaporated. Purl |cat|on by fl ash
chronatogragﬁyt@SﬁCﬂrwehmned withid: dpmderlt dbettaber: baSibhexammsles ovi ded
{I-[2-(2-ethox -t etrahydr of ur an-
e banoy 1) - B 5 A EEre APV BROT I, SEher ARG EPBHS) RAFBaRFELHET d benzyl
ester (0 121gma&%m%numugldhda&eahwﬂst@ffﬁﬁME 1dﬁerRoﬁSOOTthef&I£13) S 7.43
(br d, J=7.7Hz, 40 (m q, 20 J=12.1,

31. OHz, §H) i ‘@él e ?P}’re&léée?d’ﬁh%"—@}m—iﬁmﬂ% Of Ehzg %We@tkﬂ} 3.85 (m
0.8H), 3.73 J(smtouﬁb d%f@%e(:l”by @ﬁg,agp&%e{dncl%l%@ ,ra%héﬁ (:Flgn d¥717.0, 8.4Hz,
0.8H), 2.30 (m 2H) 5 (m 0 (m 1H, 0 (m 1H, 1 20 (t,
J=7.0Hz, 2.4%me SPefaf(ltc embfpd@nﬁnt@ mch dlag@ @@engm)eprzgaeabﬁﬁi B¥ NVR shows
8:2 syn:a C/ M5 ( ES+) m e=490. 14 (MtH) Step B.

[2-(4- an12%13%%%%%{0pb§nzoylanlno) 3,3 30
me

1-
di met hyl butyryl ] pyrrolidi ne-2-carboxylic acid (2-ethoxy-
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5- oxo-tetrahydrofuran-3-yl)amde 47 WO 01/81330 PCT/USO /12769 A sol ution
of [1-[2-(2-ethoxy-5-0x0 tetrahydrofuran-3-yl

car banoyl ) - pyrrolidine-I|-carbonyl]- 2,2-dinmethyl propyl }carbam ¢ acid benzyl
ester (0.12 g, 0.24 mol) in ethanol (5 nL) was treated with 10% 5

pal | adi uwehé{gg oxi de on carbon ( 0.05 g), was stirred wunder 1 atm hydrogen
pressure N, was filtered through Celite and was evaporated. The crude
internediate was dissolved in dichloromethane (5 nL), and was treated wth
4- am no- 3- chl orobenzoi ¢ acid (0.04 g:f{ 0.26 mol ), 10 EDC (0.06 g, 0.29 mmol)
and di i sbpAdpgeess fyimakinga cempapndaf fommufa Lol )" and was stirred at room
tenperature under nitrogen for 20h. Thegreaction was diluted with ethyl
acetate, was washed with 10% pot assi um bji sul fate, saturated sodi um

bi carbonate and brine, was dried (@odl umgl5 sul fate) and was evapor at ed.
Purification by flash chromato%g 2) eluted with 7:3 ethyl acetate
hexanes provided 1-[2-(4-am no- chlgro- -zoyl am no) -

3, 3-di et hyl butyryl ] pyrrolidine-2- carboxyllc acid (2-

et hoxy- 5- oxo- tetrahydrofuran 3-yl) am de (0.08g, 62% 20 yield) as a

col or | eswheiefmR’ Istdn NpRoxB G ubstitute CRELP)seldc@d Givm frdaliphatc @dnp, zirb:I)<yl 7.50 (m

0. 2H), 744( dJB : 69 (d,
J=8. 4Hz, PP, ?%0%‘133(1@1(3{12@911@%@&%% @égé(‘éa Py-Bs-B Hz"”(’)1 y f@l% (s,
0.2H), se]&té@froﬁm%eﬁﬁhe g?bﬂps lﬂte@%n (TqbleQ @'ﬁ‘}:peuﬂRgﬁ aI?yEP t;en%ﬂ 4.25 (m
0.2H), 3.83 (m 8H), I-?( 2 (m 355(m 0.2H), 2.92
(m 0. 2Hpenzgl mbs(ltmbd w1th hydrogen halo alkyl, alkoxy, haloalkyl haloalkoxy, amino,

phenyl, phenoxy, hydroxy, alkoxycarbonyl, carboxyl, alkylcarbonyl, alkyisulfonyl,
alkylsulfoxyl, alkylcarbonylamino, alkylcarbonylalkylamino, alkylamino, dialkylamino,
aminosulfonyl, or cyano; and the P4 moiety is represented by R-T-, wherein R-T- 1s RCO,
ROC=0, RNHC=0, RC(0)C=0, or RSO and R is one of the groups selected from Table
3, said process comprising the steps of:

(a) providing a butenolactone of formula II:
O
| o

O-R" I

(b) treating II with an azide N3-Y, where Y is hydrogen, a silyl group, or a counterion, to

):4(0
N3

O-R" 11

form an azidolactone I1I:

(c) converting III to an aminolactone IV or an iminophosphorane V:
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J=17.2, 8.4Hz, 0.8H), 2.30 (m 2H), 2.05 (m 1H), 1.93 (in, 1.0H), 1.85 (m
1H, 1.22 (t, J=7.1Hz, 2.4H), 1.16 (t, J=7.1Hz, 0.6H), 1.00 (s, 9H ppm
1H NMR shows -- 8:2 30 syn:anti epiners. LM (ES+): me= 509.08 (MtH). 48
WD 01181330 PCT/USO /12769 While we have described a nunber of enbodi ments
of this invention, it is apparent that our basig exanples may be altered to
provi de ot her enbodi nents whioch utilize the cgnpounds and nethods of this

invention. Therefore, 5 it || be apprréci at at the scope of this
invention is to be define the ap eﬂe_ié ms rather than by the
speci fic enbodi ments whi,g ve been ep e 5-Ry vvay of exanple. 49 W
claim 1. A process for maklﬁ)gRa wad of forrrul l: O OO z~ RHOR
vvherelnR i S an t gj] U 0 sel ect hati c
group, ararkyt "'“h?’g&g%ﬁ@?é?g@ 'ﬁgtﬁwaﬂbe %‘5& f‘)erlecg?‘ﬁﬁoﬁr E?Z is a

P2-, P3- E’[&KL afd bit¢t G3vIRZeinda oF R® iss@LBSL @iyl and AR t%B@regﬁlQH?lsanldl sted in
Tabl e 2, erein R6 is 2-indanyl, benzyl, or benzyl substituted with

hydrogen hal o, al kyl, al koxy, hanaIkyI hal oal koxy, am no, phenyl,
phenoxy, hydroxy, alkoxycarbonyl carboxyl al kyl car bonyl , aIkyIsquonyI

al kyl sul(ﬁ})squphngleklyﬂrdh’rd:rdhwmhrﬁ ﬁlﬁ)OHJ dr;alremtib'ereghmhlleyd thaneaf) to frka\ll. am no,

di al kyl am no, am nosul fonyl, or cyano; and the P4 noiety is represented by
R-T-, wherein R-T- is RCO ROC=O, RNHC=0, RC(O C=0O or RS2 and R is one of
the groups selected from Tabl e

2. The process of claim 1 wherein R?is a P4-P3-P, moiety wherein the P4 portion thereof
is selected from R-CO, ROC=0, RNHC=0, RC(O)C=0 or RSO, and R is one of the
groups listed in Table 3.

3. The process of claim 2 wherein R?is a P,-P;-P, moiety selected from one of the

groups listed in Table 4.
4. The process of claim 1 wherein R' is methyl, ethyl, propy}, 2-propyl, butyl, pentyl,

hexyl, 4-methylpentyl, 2-methylpropyl, cyclopentyl, cyclohexyl, cyclopentylmethyl,
cyclohexylmethyl, phenylethyl, phenylpropyl, phenylbutyl, (d)-menthyl, (I)-menthyl, 1-
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3, said process conprising the steps of: (a) providing a butenol actone of

formula Il: O O ORIIl; (b) treating Il wth an azide N3-Y, where Y is
hydrogen, a silyl group, or a counterion, to forman azidolactone IIl: O O
N34 ORLIII; (c) converting Il to an am ol actone IV or an

I m noph . i 3?5585 or R8 YV,
wher ei nqggl?ﬁﬁ%éq a\da’t’lﬁg@éﬂ@o‘ﬁ’g‘ﬂ?ﬁ@ I S g yéé;ﬂrﬁagygrngﬁ I%yls%rggifgd from
phenyl , mehyibénzyl, dtdhjorobarmil, mqurolmnzymxmmmypﬂ @ropylihdyll orof- et hyl
and the {.lher t are phenyl and (d) coupling either IV or V with R2COOH,

or a red® VVBmQﬁ%ﬁ?&Fﬂnt thereof, to forml. 2. The process of claim1
wherein R2 is a P4-P3-P2 npiety wherein the P4 portion thereof is selected
fromR CO ROC=0, RNHC=0O RC(O)C—O or RS2 and R is one of the groups
listed i Thetgirecess Omlalﬁhb“fblﬁmgsmcﬂth)dIoaamnﬂtmdaﬁyeubstlﬁﬁed bermyP4- P3- P2 noi ety
selected fromone of the groups listed in Table 4.

6. The process of claim 5 wherein R' is ethyl or benzyl.

7. The process of claim 1 wherein N3-Y is selected from LiNj, NaN3, TMS-N3, HN3, or
EtAIN;.

8. The process of claim 1 which proceeds through the aminolactone IV.
9. The process of claim 1 which proceeds through the iminophosphorane V.

10. A process for making a compound of formula I:

8]
0]
8]
AN
H O-~R! I

wherein R! is an optionally substituted group selected from an aliphatic group, aralkyl
group, heterocyclylalkyl group or aryl group, and R?is a P5-, P3-Py-, or P4-P3-P;- moiety
selected from one of the groups listed in Table 2, wherein R® is 2-indanyl, benzyl, or
benzyl substituted with hydrogen, halo, alkyl, alkoxy, haloalkyl, haloalkoxy, amino,
phenyl, phenoxy, hydroxy, alkoxycarbonyl, carboxyl, alkylcarbonyl, alkylsulfonyl,
alkylsulfoxyl, alkylcarbonylamino, alkylcarbonylalkylamino, alkylamino, dialkylamino,
aminosulfonyl, or cyano; and the P4 moiety is represented by R-T-, wherein R-T- is RCO,
ROC=0, RNHC=0, RC(O)C=0, or RSO, and R is one of the groups selected from Table
3, said process comprising the steps of:

(a) providing a butenolactone VII:
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4. The process of claiml1 wherein RL is nmethyl, ethyl, propyl, 2-propyl,
butyl, pentyl, hexyl, 4-nethylpentyl, 2-nethyl propyl, cyclopentyl,

cycl ohexyl, cycl opentyl nethyl, cycl ohexyl nmethyl, phenylethyl, phenyl propyl,
phenyl butyl, (d)-nmenthyl, (1)-nmenthyl, 1 51 adamantyl, 2-adamantyl,
1-indanyl, 2-indanyl, bornyl, 3-tetrahydrofuranyl, benzyl, a- nethyl benzyl,
4-chl orobenzyl, 4-fluorobenzyl, 4-nmeghyl benzyl, 4-(2-propyl)benzyl, or 4-
trifluoronethyl benzyl. 5. The proce of claim1l wherein R is ethyl or an
optionally substituted benzyl. 6.|| The process of claim5 wherein R is
ethyl or benzyl. 7. The process aim1l wherein N3-Y is selected from

Li N3, NaN3, TM5-N3, HN3, or EtA hB.oq® I&E process of claim1 which
proceeds through the am nol actone V. 9. e process of claim 1 which
proceeds through the imnophosphorane V. 10. A process for making a
conpoundvhisre Xdy ehipze, prongp ordodd40 H O RL | wherein R is an optionally
substituted group selected froman aliphatic group, aralkyl group,

het er ocycl yl al kyl group or aryl group, and R2 is a P2-, P3-P2-, or P4-P3-P2-
noi ety (betadhg Il witinageideiNt VewBiro DS alsilst @dup br 4 dirterdon, WiRkRItRe R6 1S

2-i ndanyl, benzyl, or._benzyl substituted with hydrogen, hal o, alkyl,

al koxy, agdpbutendlactoncsYHAi koxy, amino, phenyl, phenoxy, hydroxy,

al koxycar bonyl, carboxyl, al kyl carbonyl, al kyl sul fonyl, alkyl sul foxyl,

al kyl carbonyl am no, al kyl car bonyl al kgl am no, al kyl am no, di al kyl am no,

am nosul fonyl, or cyano; and the P4 iety is represented by R-T-, wherein
R T- is RCO ROC=0 RNHC=0O, RC(Of= or RS2 and R is one of the groups
selected from Table 3, said proc

a butenol actone VII: 52 N3

conprising the steps of: (a) providing
O-R' yII1;

(c) converting VIII to an aminobutenolactone IX or an iminophosphorane XI:

O
O
RB
\
/do R8—P=N
H2N ; / O-R!
O-R'IXor R® XI;

wherein each R® of the group (R¥);P=N is the same and is selected from phenyl, methyl,
ethyl, and butyl or wherein one of R?® is methyl or ethyl and the other two are phenyl
(d) coupling either IX or XI with R%COOH, or a reactive equivalent thereof, to form X:

8]
0
| o
Xy
O-R! X; and

(e) reducing the furanone ring double bond in X to provide L.
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~0 ~I ;0 x ORL VIl, where Xis chloro, brono or iodo; (b) treating VI
wth an azide N3-Y, where Y is a silyl group or a counterion, to formthe
azi dobut enol actone VIII: O O N3 OR WVIII; (c) converting VIIl to an
am nobut enol actone | X or an im nophosphorane XI: O OR8 OR3 \P=N H2N /
ORL OR IXor R8 XlI; wherein each R8 of the group (R8)3P=Nis the sane

and is $el Thé p@cégsmnhﬁnxolwhdﬂahwlsaP@Ppyi moaaﬂﬁwha%mmem4mbal n one of R8
is nmeth or ethyl and the other two are p coupling either I X or Xl

wi th RoBersdf isselesteddaa RyeOe ROGHA KNITTERE) B heRSRand B S ea st O RomN

H ORL 1sBH ﬁqu ing the furanone ring double bond in X to prOV| de |I.
53 11. %iheﬁ&g}gcgss 1of C a|m10 wherein R2 is a P4-P3-P2 noiety wherein the
P4 portion thereof is selected fromR CO ROC=0, RNHC=0O, RC(O C=0 or RSQ2
and Ri?o?ﬁ of ) .o .

2. ¢ process of claim 11 wherein R” is a P4-P3-P2 moiety selected from one of the

groups listed in Table 4.

13. The process of claim 13 wherein R' is methyl, ethyl, propyl, 2-propyl, butyl, pentyl,
hexyl, 4-methylpentyl, 2-methylpropyl, cyclopentyl, cyclohexyl, cyclopentylmethyl,
cyclohexylmethyl, phenylethyl, phenylpropyl, phenylibutyl, (d)-menthyl, (I)-menthyl, 1-
adamantyl, 2-adamantyl, 1-indanyl, 2-indanyl, bornyl, 3-tetrahydrofuranyl, benzyl, «-
methylbenzyl, 4-chlorobenzyl, 4-fluorobenzyl, 4-methylbenzyl, 4-(2-propyl)benzyl, or 4-
trifluoromethylbenzyl.

14. The process of claim 13 wherein R! is ethyl or an optionally substituted benzyl.
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the groups listed in Table 3. 12. The process of claim 11l wherein R2 is a
P4- P3- P2 noi ety selected fromone of the groups listed in Table 4. 13. The
process of claim 13 wherein R is nethyl, ethyl, propyl, 2-propyl, butyl,
pentyl, hexyl, 4-nethylpentyl, 2-nethylpropyl, cyclopentyl, cycl ohexyl,

cycl openty Miephyckess ofeyginoliexydremtiivi ethphebehgiihyl , phenyl propyl,

phenyl butyl, (d)-nmenthyl, (1)-nmenthyl, 1- adamantyl, 2-adamantyl, 1-indanyl,
2-i ndanyl, bornyl, 3-tetrahydrofuranyl, benzyl, a- nethyl benzyl,

4- chl or ghe s : Qﬂ%% : et hyl o}  penzyl, or 4-
trifl uo?gheq?lﬁéfoggsnsz%/ﬂl&%@zl. Aéelﬂﬁqagﬁg%é %@%%Lﬁgﬂﬁ%?#%3% ethyl or an
opt i onalBtlMNsubsti tuted benzyl. 54 15. The process of claim 14 wherein RL is
et hyl or benzyl. 16. The process of claim 10 wherein N3-Y is selected from
Li N3, NaN3, TM5-N3, or EtAIN3. 17. The process of claim 10 which proceeds

t hr ough 1gh l I : : ] whi ch proceeds

t hr ough l?hgh?ﬂﬁgéﬁcﬁ@rlﬁh@ﬁProE?@sR&%gglﬁ@g%fémﬁég?&t%i%g a conpound of
formulal: O 0o R2k NHORIL wherein RL is an optionally substituted

group selected from .aljphatjc group, aralkyl . oup, heterocyclyl al kyl
gr oup oﬁgar F%‘?‘Sﬁf&fa‘l’g"dﬁ @Wﬁlgf‘ r‘%ﬁ‘?#@@ygﬁg‘? 16'1‘“‘%51!9 OPYE Mpi ety sel ected
fromone of the groups listed in Table 2, wherein R6 is 2-indanyl, benzyl,

or benzyl substituted with hydrogen, hal o, alkyl, al koxy, hal oal kyl,
hal oal kdfy A prtess for pidang b cophewrohof fotmala dxy, al koxycar bonyl, carboxyl,

al kyl car bonyl , al kyl sul fonyl, al kyl sul foxyl, al kyl carbonyl am no,
al kyl car bonyl al kyl am no, al kyl am no, di gl kyl am no, am nosul fonyl, or cyano;
and the P4 noiety is represented ky 0 wherein R T- is RCO,
RZJ\N
H o,R1I

wherein R' is an optionally substituted group selected from an aliphatic group, aralkyl
group, heterocyclylalkyl group or aryl group, and R? is a Py, P3-Po-, or P4-P3-P2- moiety
selected from one of the groups listed in Table 2, wherein R® is 2-indanyl, benzyl, or
benzyl substituted with hydrogen, halo, alkyl, alkoxy, haloalkyl, haloalkoxy, amino,
phenyl, phenoxy, hydroxy, alkoxycarbonyl, carboxyl, alkylcarbonyl, alkylsulfonyl,
alkylsulfoxyl, alkylcarbonylamino, alkylcarbonylalkylamino, alkylamino, dialkylamino,
aminosulfonyl, or cyano; and the P4 moiety is represented by R-T-, wherein R-T- is RCO,
ROC=0, RNHC=0, RC(0)C=0, or RSO, and R is one of the groups selected from Table

3, said process comprising the steps of:

(a) providing a butenolactone VII:

wherein X is chloro, bromo or iodo;
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ROC=0 RNHC=0O, RC(O)C=0O, or RS2 and R is one of the groups selected from
Table 3, said process conprising the steps of (a) providing a butenol actone

VIl: O Il ,0 XOR VII, wherein Xis chloro, bronpo or iodo; 55 (b)
treating VII with an azide N3-Y, where Y is a silyl group or a counterion,
to forman azidobutenolactone VIII: O 10 3"g-R VIII; (c) converting VIII

to an a)nebievdl with anazidXN;-YO whk2 AN 61 rolip o @jouneeiod) todoingn r i Ng
doubl e boa&)of Xto vide the am nolactone IV: O OHZNOR 1V, and (e)
Ginolzcieredif

coupl i n##! ‘ or a reactive equivalent thereof, to forml. 20. A
conpound of forrmula Il or VIII: 56 OO N3O N3 \O
0
I
N3
O-R' vI1;

(c) converting VIII to an aminobutenolactone IX:

0
| o

HoN
O-R" yx:

(d) reducing the ring double bond of IX to provide the aminolactone I'V:
0

0
H,N
O-R' 1V and

(e) coupling IV with R2COOH, or a reactive equivalent thereof, to form I.

20. A compound of formula III or VIII:
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ORL OGR IIl VIIl wherein RL is selected froman optionally substituted
al i phatic group, aralkyl group or aryl group. 21. The conmpound of claim 20
wherein RL is nmethyl, ethyl, propyl, 2-propyl, butyl, pentyl, hexyl,

4- et hyl pentyl, 2-nmet hyl propyl, cyclopentyl, cyclohexyl, cyclopenyl nethyl,
cycl ohexyl met hyl , phenyl et hyl, phenyl propyl, phenyl butyl, (d)- nmenthyl,

(1) -nmenthyl, 1- adanantyl 2- adanantyl 1- |ndanyl 2-indanyl, bonyl, 3-

tetrahydrofuranyl ben a- nethylben yl, 4- chlorobenzyl, 4-fl uor obenzyl ,
4- et hyl benzyl, 4-( opyI ) benzyl, 4-trifluoromet hyl benzyl. 22. The
conmpound of cIa|n120 rein RL is or an optionally substituted
benzyl. 23. The o] nd of cl ai thz erein R is ethyl or benzyl. 24. A
conpound of formula V & R'X: O R8 R8 R8RP=N R8=N OR ORL R8 V or R8 X,
wherein each R8 of t&ﬁlgroup (R8) 3P=N,,i,5 the sane and is selected from
phenyl, nmethyl, eth and butyl or rein one of R8 is nethyl or ethyl

and t he gtidagih H‘W@s@é&dpﬂ?&ﬁ)éh,opﬁﬂﬂhlly%%tﬁﬁt@d RlpHatic %?d@ch%ﬁ(ﬁ ER:JTEB%P opt ionally

substituted aliphatic group, aralkyl group or aryl group.

conpoundiyfgredmi m 24 wherein Rl is nmethyl, ethyl, propyl, 2- propyl, butyl,

pentyl, hexyl, 4-nmethylpentyl, 2- nethylpropyl, cyclopentyl, cycl ohexyl,

cyclopentylnethyl cyclohexylnethyl phenyl et hyl , phenylpropyl phenyl but yl ,

(d)- memgihylhe %hﬁ)oﬂﬂ&fdélm%ﬁﬁé&@ﬁﬂk‘)’ﬂsm&hﬁd&ﬁﬁnﬁﬁék}?l 21# % %1 2-indanyl ,
chloro

bornyl, 3- tetrahydrofuranyl, benzyl, a-nethylbenz enzyl ,

4- f | uor dsaiykyhiexylqd- m@bﬁwrﬂﬂnzgxnethwp(owbprgr@én ohewyl,
4-tri f! uor ﬁtg%t%)?l?}ntz tc%oé%g%l Tlﬂﬁzl Cp%n}%ﬁgtﬂgfl ?)flenyllﬁ'lo}r)]}l f)lhenyﬁ) 1 (dﬁﬂ i's ethyl or

an opti of
menthyl ()»menthyl, 1-adamantyl, 2-adamantyl, 1-indanyl, 2-indanyl, bornyl, 3-

tetrahydrofuranyl, benzyl, a-methylbenzyl, 4-chlorobenzyl, 4-fluorobenzyl, 4-
methylbenzyl, 4-(2-propyl)benzyl, or 4-trifluoromethylbenzyl.
22. The compound of claim 20 wherein R! is ethyl or an optionally substituted benzyl.

23. The compound of claim 22 wherein R' is ethyl or benzyl.

24. A compound of formula V or IX:

0 0
RS RS |
R&—P=N R8—P=N
/ 0-R! / O—R!
R8 Vo R® XI,

wherein each R® of the group (RY3P=N is the same and is selected from phenyl, methyl,
ethyl, and butyl or wherein one of R® is methyl or ethyl and the other two are phenyl; and

wherein R! is selected from an optionally substituted aliphatic group, aralkyl group or

aryl group.
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27. The conpound of claim 26 wherein RL is ethyl or benzyl. 58

25. The compound of claim 24 wherein R! is methyl, ethyl, propyl, 2-propyl, butyl,
pentyl, hexyl, 4-methylpentyl, 2-methylpropyl, cyclopentyl, cyclohexyl,
cyclopentylmethyl, cyclohexylmethyl, phenylethyl, phenylpropyl, phenylbutyl, (d)-
menthyl, (1)-menthyl, 1-adamantyl, 2-adamantyl, 1-indanyl, 2-indanyl, bornyl, 3-
tetrahydrofuranyl, benzyl, a-methylbenzyl, 4-chlorobenzyl, 4-fluorobenzyl, 4-
methylbenzyl, 4-(2-propyl)benzyl, or 4-trifluoromethylbenzyl.

26. The compound of claim 24 wherein R’ is ethyl or an optionally substituted benzyl.

27. The compound of claim 26 wherein R' is ethyl or benzyl.
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