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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-1PB

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, Chemn.
Biol., 1998, 5, R97-R103). Apoptosis, or programmed cell
death, is a principal mechanism by which organisms
eliminate unwanted cells. The deregulation of apoptosis,
either excessive apoptosis or the failure to undergo it,

20 has been implicated in a number of diseases such as
cancer, acute inflammatofy 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 identified caspase, is also known as interleukin-1f

converting enzyme or “ICE.” Caspase-1 converts precursor

interleukin-1B (“pIL-1p”) to the pro-inflammatory active



form by specific cleavage of plL-1(3 between Asp-116 and Al a-117. Besi des
caspase-1 there are also el even other known human caspases whi ch have been
classifiadoongs3o fam|ies based on their biological functpPOwUS@/R76uMber of
useful caspase inhibitors has been reported that contain an aspartic acid
al dehyde noiety, which will exist in equilibriumwith its cyclic

hem acetal formas shown below OO OHO RR_NHR2NHOHOH 10 where
R2 represents the rest of the caspase inhibitor nolecule. Based on the
hem acetal, orally available prodrugs of these inhibitors have been

devel oped h&PHy b1t FPesddtisl saay@as oo pMhefe Rt weeralAgH-10r6 aed kyl , as

15 exenplifi by, 2. N i(% i nhi bitor IS a odr.ug beij n devel oped as a
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peptidic caspase inhibitor prodrug of fornmula 1 where Rl is benzyl and R2
i s the anmi nd3#dildSSefFetce OAc-thadkiA gyl yEgGp o function.

5 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:

Q 0
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 Rz is the amino acid sequence Ac-Y-~V-A has been



WO 01/ 81330 PCT/ USOL/ 12769 descri bed by Chapman et al. (Bioorg. Med. Chem
Lett. 1992, 2(6), 613). However, this route has significant

di sadvantve@essi3especially if one wishes to obtain chiral PCDUpoUN@®. For
exanpl e, the process requires an 5 expensive starting material and

chromat ographi ¢ separation of diastereoners (see discussion in PCT
application W)Y 9903852). More recently, a shorter process for the
preparation of conmpounds of fornmula 1 where RL is ethyl 10 has been

descri bed (PCT patent application WY 9903852). The process involves the
conj ugat e aBGSEIEaRest Pan Cheamay & me -t o TP aidoXadi e Lkt provi de

di ast er eoneRiggoCO nd yas 3%%1 4 Hoe 2N O O
~~0 00000 O 1?{% R%lél 3%} % %65%\%% éQl%sA%anSlgﬁt(yl_#\i group havi ng
one to four diacbiantands,Résredaldpt iidhaldey wildistd thid esbtaaid ot The 20
di astereonmers of 4, or their addition salts, are reportedly separable by

cryst al | i zaCPBROUPRS -ar &Iy IE¥ GGGy ohG A OHfiSTe Jtl??esn renoved by

hydr ogemwl yakpenk@vil Rehata iy nfhtesaful Sntdstdntaddy iate for
preparing caspase inhibitors.” One limtation to th| S 2 approach is in the

hydr ogenol ysepageidioni orfs diged etns omegreo vies cR3RUGHusgiem RIn iRCenzyl . Under
such condi t QRS oo i0n WO/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 W0/9903852).
The process involves the conjugate addition of an
aralkylamine to an alkoxyfuranone 3 to provide

diastereomeric compounds 4 as shown below:

R
R3 3
= - n 7
41 DX
O C,)OO
15 R
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where R; is an alkyl group having one to four carbons and
Ry 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 may then be removed by hydrogenolysis
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 R3R;CH- when R; is benzyl. Under such conditions,

R1 will also be removed.



RL will also be renoved. 3 WO 01/81330 PCT/US01/12769 |t would be
desirable to have a synthetic route to aspartic acetal caspase inhibitors,
or prodr W@ o01/81380 eof , that is anmenable to | arge-scal e androv@seiones the
af orenenti oned shortcom ngs or otherwi se inproves 5 upon the current
met hods. DESCRI PTI ON OF THE | NVENTI ON Thi s i nvention provides a process for
maki ng a conpound of formula l: 0 OO R2~ N10 HOR | wherein RL is an
optionally substituted group selected froman aliphatic group, aralkyl
group, heterocyclyl al kyl roup, or aryl group, and R2 is an organic

t

radi cal . The 15 procesd & I APRISIH HBFE Ght W IRF onsdtintls |

\ACQere, R2 s B4 eloef1 aLanpase dmiifidar, oF pRAULIAD t her eof .
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parti cul ar | yphe@eedafnhithiatoriss Reriabl@ priefmyatdceanyembietgredregs when
attached totlﬁjréear osrtemofnt.he r%l cul.e of, formul a |l rovi des such an

i nhi bi tor. Por firGRS o P Sgbo G9TEAIS) Fef e 1 i TR SH t as a
P2, P3 of P4pami ehy @ursidris mE@sRiPX terns are references to the am no
acid sequence next to the 25 aspartyl cleavage site of a particul ar caspase
substrate. P1 refers to the aspartyl residue of the substrate where

DESCRIPTION OF THE INVENTION

This invention provides a process for making a

compound of formula I:

0
)
0
Ay
10 H  O-p! 1

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

15 process is 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 Py, P3 or P, moiety or site. These Py 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

Py, designation is often retained to show which portion of



caspase-i nduced cl eavage occurs in the natural substrate. |In the design of
new, nonpeptidic caspase inhibitors, the PX designation is often retained
to show whoehsparti on of 4 WO 01/81330 PCT/ USOL/ 12769 theT/afwmi7eci d
sequence has been replaced by the non- peptidic noiety. As used herein, the
term"P2-P4'" noiety refers to either the am no acid sequence descri bed
above or a chem cal noiety known to replace such a sequence for 5 the

pur pose of being a caspase substrate, and in particular an | CE substrate.
Exanpl es OfEEZ P4 nnletles that are non-peptidic are _described in US
5,919, 790 ( APFeATEROR0E0 S§AUSTER, hivy Raght AfEIIGICst R Bhe U5 847, 135

B t 1 + U 904 (Ben 56, 466
<(51I em; Sug 5, %1glt5)§jglc %‘éj'raﬁegt%ﬁt %I% ) us%f%tee%? 6)2b7h( Be%rﬁ‘aﬁslgetae 2 (ﬁgﬂéﬁ%g/ 36426

(War ner - Larrﬂf@lftG)rS ID@I leg téte ralthe &miMed aciChemquet®e MX:I(M)abdM&

98/ 10778 (1dun 98/11109 | 98/ 1129 | dun and WO 98/ 6502
(War ner 15 Ean%erﬁo %ﬁ%ﬁ SPGi %nﬁ&EIX%% Qﬁgl net hod

of the psesent @m@@%% fodr pEkigna Ioasﬁa%feergmttx@t@er%du as, Met hod A,
conprises the step ég? provi ding a butenol actone of formula Il: O O

20 0-RL I waréﬁtélchllmf P8 dSFdesdsatabove; 5 WO 01/81330 PCT/ USO1/ 12769
(b) treating Il wth %&aﬁﬁﬂ@% N%'¥@—@@%kﬁé%lé%l%%%&p%%% ﬁ%n—peptidic

are described in US 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 (Bemis et
al.); WO 99/36426 (Warner-Lambert); Dolle et al., J. Med.
Chem., 40, 1941 (1997); WO 98/10778 (Idun); WO 98/11109
(Idun); WO 98/11129 (Idun)and WO 98/16502 (Warner

15 TLambert), 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 butenolactone of formula II:
0

| o

20 O-R' 11

wherein R! is as described above;



silyl group, or a counterion, to forman azidolactone IIl: 5 O O N3

OR~-Ill; (c) converting Ill to-an am nolactone IV or an i m nophosphorane
V: 10 O wo@/8133H2N R3P=N OG- R IV or ORl V; and 15 (d) poonpkémg749v or V
with R2ZCOOH or reactive equivalent thereof, to forml. It will be.

understood that the R2 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 P2-, P2-P3-, or P2-P3-P4-
noiety. As used herein, the following definitions shall apply unless
otherwi se indicated. The terns "l actone" and "furanone" may be used

i nt er changeahlyy +a$ 3 29 t4nder st _one skilled:in . The
term "alipﬁagic" gslg'egﬁherein E%gﬁgggiﬁéigﬁtwgﬁgﬁngg}s g&?ﬁ@%&%’o}
cyclic Cl-Cs2ljdooocamhons whicolrdreer i cagnudcetiddnym sat watddl artovie ch contai n

one or nDreI%QLts of unsaturation. For exanple, suitable aliphatic groups
6 :

5
0
o]
N3
O-R'r11;
(c) converting III to. an aminolactone IV or an
iminophosphorane V:
10
0 0
0 0
H,N RsP=N
O-R' 1v or O-R' v; 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 C;-C;» hydrocarbons which are
completely saturated or which contain one or more units

of unsaturation. For example, suitable aliphatic groups

6



WO 01/ 81330 PCT/ US01/ 12769 include substituted or unsubstituted |inear,
branched or cyclic al kyl, al kenyl, al kynyl groups and hybrids thereof

such as Wwgolsmbkyl)al kyl, (cycl oal kenyl)al kyl or (cycl orCRYR)1zai2k@ny| . The
term"al kyl" and "al koxy" used 5 alone or as part of a larger noiety refers
to both straight and branched chains containing one to twelve carbon
atons. The terns "al kenyl" and "al kynyl" used alone or as part of a |arger
noi ety shall include both straight and branched chains containing two to
twel ve 10 carbon atons. The term"aryl", used al one or as part of a larger

moi ety as i ARCAUsAUbS tidfuad (o At FutRe Heanefed vert o

GRps
fourteen ne 1as h%}ﬁl Ep?g%y t
1- ant hr acyl %g/%& 2- ag{yhracaql nd h O%yc(#c aroma({1 cl%%rougs%.%érreOf
het eroaryl Baidr ausps( @ﬂﬂ}ma]skyﬂ faﬂr]@rﬂyl @dlwea]ﬂyérl;yl\}amplhzmyl I2|—
i m dazol yl, 4| d Y, daz soxazolyl , 4- jsoxgzoly
5-i soxazol yI‘C Tfagﬁwld%eé’zﬂ cihg/ltezmh : a7 2 BERAd WSy |
5- oxadi agol W1 o2 G4zl WHart of_0>éa21<aﬂ' er ﬁn@@@ylﬂéfeﬁs pys byt . 3-pyrrolyl,

2-pyridyl, 20 3-pyridyl, 4- pyrkgy pyrimdyl, 4-pyrimdyl, 5- pyrimdyl,
3-pyri dazi nyIt.r ad ohii @dichiméinh tQhaezdzsazcmwalnmq mraao’fwltwe‘llvml azol yl ,

5-thiazolyl . Bytetrazalyl, 2 triagolyly, 5 ﬁn azol W 47,2 hi,ﬁn
£l Ry

I
3-thienyl. {erm aryl ring %o re s to rings o?)tlonally

25 substit ub@dneAio g et alSa inttgude rdisad, pﬂia/_pNClrlcﬁluc@é ap@tn c ring
systens in which carbocycllc aromatic ring or heteroaryl rlng is fused

to one or norE3dH %@q%&%%r&r}%m orfapHi
benz'n1ﬂ@zobﬁEbo%e@éQﬁﬂLenﬁﬁmaQQH%PRQH%HYh dégﬁﬂéﬁone or as part of

a larger moiety 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 heteroaryl
15 groups such as 2-furanyl, 3-furanyl, N-imidazolyl, 2-
imidazolyl, 4-imidazolyl, 5-imidazolyl, 3-isoxazolyl, 4-
isoxazolyl, 5-isoxazolyl, a 1,3,4-oxadiazolyl, a 1,2,4-
oxadiazolyl, 2-oxadiazolyl, 5-oxadiazolyl, 2-oxazolyl, 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 heteroaryl ring is fused to one or more other
rings. Examples include tetrahydronaphthyl,
benzimidazolyl, benzothienyl, benzofuranyl, indolyl,
30 guinolinyl, benzothiazolyl, benzooxazolyl,

benzimidazolyl, isoquinolinyl, isoindolyl, acridinyl,



30 qui nolinyl, benzothiazolyl, benzooxazolyl, benzi m dazolyl,

i soqui nolinyl, isoindolyl, acridinyl, 7 WO 01/81330 PCT/ US01/ 12769

benzoi sovaa@o1/g1330 and the |like. Al so included within the BCDPp8&0IGR7¢%he term
"aryl", as it is used herein, is a group in which one or nore carbocyclic
argmatic rings and/or heteroaryl rings are fused to a cycloal kyl or non- 5
aromati c heterocyclic ring, for exanple, indanyl or tetrahydrobenzopyranyl.
The term "heterocyclic group” refers to saturated and unsaturated
monocyclic or polycyclic ring systens containing one or nore heteroatons
and a ring SFPEOF RS No @nghtthsuch ke -10 Fisseringilided piigdridyitha |
tetrahydrof ueaml or RAd dddl] Meeyibel ravdr opyranyd mdirfiolinyd . and the
like. An aliphatic, alkyl, aryl, “het'erocyclic, or a carlbo’cyc ic group nmay
contai n onegoouporie suisth tarentes: mdle Heerksuhstlitaiev@nries selrept ed from

those that will, be stabl e under, the reaction conditions of the present
process, as AnKed Q@tﬁéfr?@rré’lm ¥R TS TRk Wi Icé’cFr}ior‘Fl]‘fWe ‘%i'rptr?oriz_xarrpl es

of substjt ueRbmaiciel ude HAean.c Rng,” Rr -HRmArOt aglethH {such as
acyl oxy), phenyl (Ph), 20 substituted Ph, -OPh, substituted -OPh, -NQO2,
-CON, -NHR tefrrRYAroRiqOERP YIHOONHR, TheNRGENHR he oo ir gINREEN (R)  2r

R e MR T £ B AR, S0 2, ST
=NNR2, =N- ORp125y=NNIHCERn—NMEERs eHEEZR N FNYRCBIRmcxNNHS02R, =NNRSO2R,
or =R Wher%e@e&%a%gm%pgg%hglféﬁgﬂgﬁgélgfuiﬁgééﬂggié%ght such a

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

An aliphatic, alkyl, aryl, heterocyclic, or a
carbocyclic group may contain 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,
-OR, -OH, protected OH (such as acyloxy), phenyl (Ph),

20 substituted Ph, -0Ph, substituted -OPh, -NO,, -CN, -NHR,
-N(R)2, —-NHCOR, -NHCONHR, -NRCONHR, -NHCON (R).,
-NRCON (R) 2, -NRCOR, -NHCO;R, -NRCO;R, -COzR, -COR, -CONHR,
-CON(R)2, -S(O)2R, -SONH,, -S(O)R, —-SO,NHR, -SO,N(R),

-NHS (0) 2R, ~-NRS(O),R, =0, =S, =NNHR, =NNR,, =N-OR,

25 =NNHCOR, =NNRCOR, =NNHCO,R, =NNRCO,R, =NNHSO,R, =NNRSO:R,
or =NR where R i1s 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(0)2R, and CO;R, where R is

an aliphatic group or a substituted aliphatic group.



aryl or aral kyl group. A substitutable nitrogen on a heterocyclic ring may
be optionally substituted. Suitable substituents on 30 the nitrogen

i ncl ude RYOCOR33GB( O 2R, and CO2R, where R is an aliphatiBCyuUsup2069 a
substituted aliphatic group. 8 WO 01/81330 PCT/USOL/ 12769 Unl ess ot herw se
stated, structures depicted herein are also neant to include all

stereochemi cal fornms of the structure; i.e., the R and S configurations
for each asymretric center. Therefore, single stereochem cal 5 isoners as

wel | as enantioneric and diastereomeric mxtures of the present conpounds
are within the scope SPleSFe EREEIHISEh StOHEEss sttvemss denrictedt ruct ures

depi cted hehghaiar 8 -al 39 SO ﬂonq]' 496, EOIRQURAS WY Gibm i1l &0, Y 1N
t he presence of one or nore 1 sotopl canly 10 enriched atons. For exanpl e,
conpounds ha¥i hhet b rugtegent ister.ycttireeR except domrf itcherategiraceiment of a

hydrogen by a deuteriumar tritium t he replacenent qof a carhon by a
135G or | 14CSBATI ERSHTERTBEN APE SR L i HE OTEeopa e % 11 S ST G 15

But enol &gt oAgohkrisS akea@dilly aav airallienand c aneX PRt e diafier red RL groups
i ncl ude nethyl, ethyl, H@(r)pyl , 2-propyl, butyl, pentyl, hexyl,

4- et hyl penfyKEurgsmethiibsr Gppsendy clopenngls, agpc Wgivédyl the ‘scope of
ohenyl but Y| T o) RS (I e, Rt e Eest SURERY
1-i ndanyl, 2epndapyl helrerinylare3-aliset madaydr afuiaryhdeb emmpouratisretthydibenzyl ,
4- ChlOrObea%%%ér4bghﬁoggb%%éyE&é%ég%%h%kb%%éy%k ﬁb&%-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, oa-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



propyl ) benzyl, and 4-trifluoronethyl benzyl. Mst 25 preferred RL groups

i nclude ethyl and benzyl. The azi dolactone Il may be obtai ned by the

conj ugat avep1/843shael addition of an N3 group to Il accorBCHgSeo2ne@t hods
that are generally known in the art for anal ogous conpounds (see S. J.
MI1er et al., 1999, 30 Og. Lett., 1(7), 1107). For exanple, Il may be
formed by adding Il to a prem xed solution of N3-Y and an acid 9 WD
01/81330 PCT/ USOL/ 12769 catalyst in a suitable solvent, followed by the
addition of a Lewi s base. The _ azide may be any nucl eophilic azjide known in

the art to Kétediveipie peaifiads ofs FyEnt afiddest kit e iedditromnl kal i ne
earth salts gf jazi 5 asﬂﬁ@f% ryLi et @@¥M- 1 azi de,
azidotri al k;#— ,a éze?ﬁgt P%%%hm -, azl o%%eblngglarﬁﬁ -a,rrﬂ}oir&m& Hhé

azi dodi al kylkariyles khawes isudheasdtr itretdey |ssiiltdda .de, Examp phenyf ssdght azi de,
or di phenyl net.hyl si,l yl.azj de,. or., azidatri.al kyl ti su as .

agi dot 1 met FALAER OreLoites kg ib oy 1A AL B P Ay JL B8 105 ST t ut e
silylazigle sueh as naii;MBELhYERL] Vi &zt gecy 1 hend ol bW pgqeondi tions and
reagents may be used. §U|table acid catal ysts include carboxylic acids
such as f or @izddgtird al&ydti c awdidpt ris prlopardiicicediky 1 Sk benz ot aci d, and
hal ogenat ed r I, 1 j rif . t.1-C. &Gl N

trichlor Oacgtzﬁ?ogg;éé,ﬂygﬁgg)ﬁg%%%% ggzlc‘ihuc Q ;%ﬁ%%}%&t flihg %lnclgerfum

trichl ori detradiphengillsdniyvde zintk ,t idramiigphe ylineddhorli sdiel v cetde, ant d and

BF3. OEt 2 are preferred acids. 20 Suitable solvents include ethereal
dotrialkyltins such as azidotrimethyltin or

sol vents suéi+
10 azidotributyltin.

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

15 propanoic acid, and benzoic acid, and halogenated

carboxylic acids such as trifluorocacetic acid and

trichloroacetic acid, and Lewis acids such as BFs:-OEt,,

aluminum trichloride, zinc chloride and titanium

trichloride. Acetic acid and BF;-OEt, are preferred acids.

20 Suitable solvents include ethereal solvents such as
tetrahydrofuran, DME, diethyl ether, methyl tert-butyl
ketone, orldioxane; 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[4.3.0]non-5-ene (DBN); heteroaromatic bases

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

10



tetrahydrofuran, DME, diethyl ether, nethyl tert-butyl ketone, or dioxane;
aromati ¢ hydrocarbons such as benzene, toluene or xyl ene; hal ogenated

hydr ocar vome1/838h as chl orof orm carbon tetrachl ori de, dPehUseicnIR¢9hane, or
25 di chl oroethane. A preferred solvent is dichloronethane. The Lew s base
need only be present in a catalytic amount. Suitable Lewi s bases include
aliphatic tertiary amnes such as triethylam ne, diisopropylamne, 1, 8-

di azabi cycl o[ 5. 4. 0] undec-7-ene (DBU), 1,5 30 diazabicyclo[4 3. 0] non-5-ene

(DBN); heteroaronmatic bases such as an N-al i mdazol e (which may be
bound to a f@s\i\@)OHIBPBSWIP@FIQ?SOUP&We—‘?@% Hage bs pyBY di nTaheA preferred

of about 0 18 005 C P eRer Gy TeruRen aBoUi B T5 a0 i aie s oe |9

preferably betweemtalouto20obe (49 $ref8LaD1 gOPEERLEAL hBBuES o4> Ith4<b° be in
the range of about 0.01M to 10M preferably about 0.1 to 1.0M The anmounts

of N3-Y re&ctamd st mﬁﬁenﬁﬂwl@ﬂ%mlmm@&%wOs 48Ci d.wrhe each
generall be in the ran out 1. equi val ent s equi val ent of
Il 'I‘%e SEOE YT q’br?sff aﬁﬁ "?Je]zijgéjrﬂ smf c‘%ﬂﬁb‘?t?%ga]? ui't o 'I M ray vary
dependl ng ORdt h@Mnatﬁ-i"e%éﬁablN?’ a%ouvﬁhem ING-oY 1 o ezt deheiss the y,-v

counterion is an alkaline earth metal such as lithium sodium barl um or
cal cium t h&spelteon mydord tﬁw%a@a@m@m@@%wmd Thiel lanount

of ZE10e 4 L AOD e i Lie £2g8 Ohndolt K40 10,0, s val ent. The
Sui t abl e 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,

20 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 equivalents. 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 HN3, 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



acids include formc acid, acetic acid, benzoic'acid and buffered acids
such as tetrabutyl anmmoni um bi sul fate, 20 amoni um chl ori de, anmmoni um

acet at e, veodi/sasaoni um fornmate. Preferred acids are aceti BCHUSE/12769

t et rabut yl ammoni um bi sul fate, and amroni um chl ori de. The anount of acid

wi Il generally be in the range of about 1.0 to about 10.0 equival ents.

Sui tabl e solvents include 25 nonprotic organi c solvents such as acetone, N
met hyl pyrrol i done, nmethyl ethyl ketone, tetrahydrofuran (THF), di oxane,

di mret hoxyet hane (DNE), di nethylfornam de (DWF) and the hal ogenat ed
hydr ocar bong: Ired- b Ste 3 et LY Fat mNsedrqn ket of 3§ et hhat an

excess 30 of i de e al | :g?_%lt i . azi de
per equi val gr?tﬂéf' bl??gr}glsaagjtag%g%ﬁl%( sa>efne \&fdg 8%%%&%%{%&37%1 69
Lakschm pat enetradlly, iI0%he Tetrgehedt abdigt tQ.,01B83&d 4) .25 25pi)val@ntys a

catal ytic anou of .t.he base i.s required, enerally in the range of about
0.01 to 0. 2BTEFGPRTERISY éfe&sgnté\bﬁqty 0] it L3y 109‘@3@% ents.

Sui tabl es5 bases iREIUGR tetdidly MR BASRSs SUh ass i Rl RNk,
di i sopropyl am ne, DBU, DBN or aromatic N-heterocycles such as pyri di ne,
al kyl pyri di 9éd sgipgonyalailnarn ddtbl &BN Wi ciramat e Ndstrehanied)es pref erabl y

riethylani ne,., Sul tanle sol vents inelude ar onmy e hydrogerbons such as 10
benzene, toluene or “Xyl'eng, 'preferably tol uene. e~ redc |on(%enperature
wi Il general(Wwhild mayt e range efourabqutp r2ie dap Iapatiti IO, anpirref er abl y
about 70C tq about 90C. Wien N3-Y js Et2A1N3r it is preferred to use
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
90°cC.

When N3-Y is Et,AIN3, it 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 solvents 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 III 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



15 about 1.0 to 3.0 equivalents of the azide per equivalent of

but enol actone 11. (Chung, et al., 1998, Bull. Korean Chem Soc., 9, 269)
Sui t abl e v@bverss i ncl ude aprotic organic sol vents such BEeT/@REr2y49 et her
met hyl tert-butyl ether, dioxane, tetrahydrofuran, hexane, benzene, and 20
tol'uene which is a preferred solvent. The reaction tenperature will be in
the range of about -20C to about 40C, preferably about 20C to about 40C
Azi dol actone |1l nmay be converted to the correspondi ng am nol actone |1V by
hydrogenation or by a 25 reaction with triphenyl phosphi ne. Hydrogenation
is nore sui tESVE BSENIRE /i $Uehy ey rdim oSk ub | L0 ReR thaindsi ridisfat i on

condi tions qvip up. Standard hydrogenation conditions may
FYCH F2 AN yd.oglrso

be used, such as using rogen gas at 1-4 atnospheres of pressure. 30

Al ternatively, the hydyzgedamhorss e rairach imisy theryyl 1@ AMI 03184330
PCT/ USO1/ 121%9 knomjz\ge%hods, such a% from Errrmni um format e under phase
transfer condi PFBHES AZ2RHoPAEt BAEs SFRPLEoAParHPRGIFERIHOFC "E4Hd P6t her R
groups that riRdeet tof aRlied1e IBEHOARNFLIHIN dEpHE AL Jresinethd Qria _

am nol actone IV with triphenyl phosphine via the known Staudi nger reaction.

Similar redfdiengnosagdiasidingsudeagtiimet.hy|Sinitkiettgduging reagents
tributyl pho e, Qr . hlzg)k_yl di.phenyl phosphi ni.t uch as .nethyl- or
et hyl di phenfh%p lglglgh%rﬁ Zenc olr "t ﬁrsle:]cglééct’i éDnIPhEsrulikflgto\‘f epckﬂfp o1Vent% i ncl ude
agueous or gam &lsgllvenihesydpraspiHnitdiananes ageiofit rdd e, acetone, and
DVF cont ai ni n% about 1%to 50% water, Epr eferably about 5% to 10% water. A

ethyldiphenylphosphinite. or this reduction, suitable

10 solvents include agqueous 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

o)
. RsP=N
20 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
is derived from IV by attaching the appropriate P,, P,-Ps3,

or P»-P, moiety. A coupling of IV with such a moiety may

13



preferred organic solvent is THF. The reaction tenperature may be in the
range of about OC to about 15 60C, preferably between about 20C to about
40C. Al w0 0H8i3%®| y, the azidolactone Il may be treat edP@IUR01/12769

tri phenyl phosphine or a simlar reducing agent under anhydrous conditions
to ‘provi de the i m nophosphorane V, which is a useful intermediate: O
R3P=N 0 20 O-Rl1 V. Therefore, one enbodi nent of Method A proceeds through
i nternedi ate V and anot her enbodi ment of Method A proceeds through
internediate 1V. The am nol actone |V, obtained as described 25 above, may

be used wi t RSoCAFTLREUL LS BSATI% I ey GRTISSPEHAT iR TRSHIELC Bfe-Hesi r ed

caspase i nhihi t(i}'éa@rt@%u%thxﬂaie‘iiﬁr 't\h%f.’ceforfomdn\éeb;y s%%&ﬂ]&d‘%r&l
approprlate P2, P2-P3, or P2-P4 noiety. Acouplng IV with such a

nmoi ety nay b@nvieforﬁﬂn@B@rP@wsaﬂglzzmﬁiltb@rmrr|Pect3q1,Mca.ﬂsng1phelg
correspondi n (02¢ CI d, or ctiv nt thereof, under
standard ami aC% (lé)gndli]n ﬁ& 8r 5 %‘r‘? ceiLﬁ’(?q} ?s Alt&i/pl cal coupling
reactiors i n@b@@@at@awbha&b@gi@ﬁngom |a‘!6d1ﬂ: D P Icas e atd i d@ging from
about 0.01 to 10M_preferabl about 0.1 to 1.0M the requisite carboxylic

acid, a bas@Poiid Oalpéﬁt ild&Meolihlsl FgIdagem cagoqayliisc i wia Hnire
i solation, the %oggbltgg{e %pgqn%arlrela%%nc%qt in situin the solvent of the

reaction
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
diisopropylethylamine. 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
(diisopropylcarbodiimide), di-p-toluoylcarbodiimide, BDP
(1-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



10 m xture used in the preparation of IV, or in a different solvent. To
this reaction mxture, the requisite carboxylic acid nay be added and the
reacti onwabng@smed at a tenperature in the range of aboR€T/WUSE6121630C,
preferably between about 20 to 40C. The base and 15 peptide coupling
reagent are then added to the m xture, which is maintained at a
tenperature in the range of about 0 to 60C, preferably between about 20 to
40C. The base is typically a tertiary am ne base, such as triethylam ne,
di i sopropyl et hyl am ne, N-nethyl nor phoI ine, 20 DBU, DBN, N nethylim dazole,
preferably t(Aiehepydmhes rioraidais) op\BQR hwwwlwmunt of base used

Lt 1 oaet apduct el e Ry IR SN REL: R YAl Mo pndndtie) TPl
reagent s i néiBIde ( g)eﬁe&{'zo(uhnazﬁJMBagl MI—Q\?,I’L\D,QgI :an—df%tralalthylurobnlum I
d t BDP 1 t

(i et hy! phosPRE LESERETGREAT A Ay GhASTIA CERAYCaA 6 | m de) . EDC

(1-(3- dsmeghyd, am, Wpft%%ﬂan%t@{ rdrAhbpdid vy e ydnashlQl ide)ps @9 cyanuric

fluoride, cyanurl ¢ chloride, TFFH (tetramethyl fl uoroforrram di ni um
hexaf | uor opH@sto§pl®all@)lmlmﬁA -1, NMY "0 N 84380 SRETY IS0 1y IriAB89

V1 oKyt T S o BT RS G (RS gHonTA N hAVH S HASA ) Hng - 3-

(0-benzotri amlazbmlmusma\}l oY ritcgitd-ansi d aHyandnen -exaf | uor ophosphat e) ,
TBTU (O benzotriazol-1-yl 5 N, N, N ,N -tetranethyl uroniumtetrafl uoroborate

), TSTU (om@ﬁhé/&@@rtﬁl.aﬁa&wmw RafafuqrarharriRtuibmtiAe) , BOP-Cl
10 (bis(2-oxo-3-oxazolidinyl)phosphinic chloride), PyBOP

((1-H-1,2,3-benzotriazol-1l-yloxy) -
tris(pyrrolidino)phosphonium tetrafluorophopsphate), BrOP
(bromotris (dimethylamino)phosphonium
hexafluorophosphate), DEPBT (3-(diethoxyphosphoryloxy) -

15 1,2,3~benzotriazin-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 equivalents. Optional reagents that may be used in the
amide bond-forming reaction include DMAP (4-
dimethylaminopyridine) or active ester reagents, such as
HOBT (1-hydroxybenzotriazole), HOAT
(hydroxyazabenzotriazole), HOSu (hydroxysuccinimide),

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

Alternatively, one may treat either IV or V

with a reactive equivalent of the R*COOH carboxylic acid,
such as P;-, Py-P3—, or P,-P3-P;-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



tetrafl uoroborate), HATU (N[ (di nethyl am no)-1-H 1, 2, 3-

triazolo[ 4,5, 6]-pyridin-1-ylnethyl ene]-N nethyl net hanam ni um

hexaf | uovophosEebat e N-oxi de), BOP-C 10 PCT/US01/12769

(bi s(2-oxo- 3-oxazol i di nyl )phosphinic 'chloride), PyBOP ((1-H1, 2,
3rbenzotriazol -1-yloxy)- tris(pyrrolidino)phosphoni um

tetrafl uorophopsphate), BrOP (bronotris(dinethylam no)phosphoni um

hexaf | uor ophosphat e), DEPBT ( 3-(di et hoxyphosphoryl oxy) 15

1, 2, 3-benzotri azi n-4(3H) -one) BrOP (bronotris(pyrrolidino)phosphoni um
hexaf | uor ophesteatie)is ,FrH(%F@CBD-@ Al WIBOT @ pretler rel pepti de

coupling re NtSy.. T t i | t LS. 0. the range
of about 1.%0%&%%%’0 %huﬁye%s&éﬁtd%%ﬂéﬁ%gé&ntéﬁﬂh% may be
used in thethem d&¥,bard-forpdeite reatttioat i tiod el DMRid#dide (X is F)

di met hyl am nopyri djne) or active ester reagents, such as HOBT,

(1- hydr ozyb@ﬁz&%ﬁdazla% dhe ¥R LIy dr Rk dben 2ot riak st ejondiceiens
(hydroxysucgigy midd8ly #rddMRactive equivalents are known in the.

(endo- N- hydr oxy- 5- nor bor nene- 2, 3-di car boxam de), in anmounts ranging from
about 1.0 t@rdbout 10.0 equivalents. Alternatively, one nay treat either
IV o Vwth a reacti\ﬁg e ieval [ tcﬁ)f t he, R2COCH carbo%r}/l i C q,gi d, _such as
P2, P2-P3-, or Pa- P iSOt CHIIEC (UK 15 kT grbtp TRt | 's
nmore reacti v @ GOHHA Hhe,cogpkt ngnr sacthenicExapptgspake- C( =0 X
groups include groups 15 WO 01/81330 PCT/US01/12769 where X is O, F,
OC(=O) R (R 2141 4 PICRAA ) EqplesR ofsuChyrPisEar . IPRBRASVAES t he

[t ermogh at gl N ¥ 1 Voo e O 6 995 Bltndhapei d fluoride (X i

O
hy J:(KO
P,—P3P3y ~N
PP N LRe
Table 1. P4~P3—-Py— Groups
15
AA AA; R® Mg x
; 3“ 3 F b N (CHan
0O AA H § o)
a b c
A2 . Az
N (CHn T N~
N P4\N N AA2
Pa~N H O Pa~N \|/
H O H O
d e £
20
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be used in

reactive equivalents are known in the

t he coupling reaction.

art. A nunmber of chem cal

known t havOnu$133be used as the P3-P2- portion of the |CE BPETUSGIPRIE
i nhi bitor prodrug. Exanples of such P3-P2- groups are 10 shown in Table 1

as '‘part of a P4-P3-P2- noiety. O OOP4 P3 P2 |kNd HOR2 Table 1.
P4- P3-P2- Goups 15 X P AA3 Nom AA3 R6 AA3 r (.CH2)n onmi N\ 4 N1 P4 N
NP4l H~ OAA2 HOO abc 2A2 N--~(CH)n XN NP4 N NAA2 P4- HH
OP4- HO de 20 16 WO 01/81330 PCT/US01/12769 /R5 X~ R5 A2 X\ / of N R
R5 R5 A2
Pa- N N _AA,
P¢.SLW/N\// N Y N—(
N H 0O P,
H O AA2 4 H O \‘/
g h i
A
R5 2 Y.
/ N N
7 N\ i P~ N
N N
Py N Pa~N X 0
N H ©O
H o
5 3 k 1
(CH2 )n Yo R°
Pasin b
4. N P N
N\r) NH ‘] N ‘j//
) H o Aa
m n (o]
R5
RS R’ A R®
ey R® N\ AAg N:{
T N Pb./Lm/N X
Z N Pasy N \X/
10 Ry H O °
P q r
where n is zero to three; AA refers to an amino acid side
15 chain; X is N, O, S, SO, SO,, CHF, CF,, C(R%®., C=0, or

C=NOR; A is O, S or Hz; Y is N or CH; R is hydrogen, Ci-1»

alkyl group, aryl group, or heterocaryl group, the R
groups being optionally substituted with one or halogen;

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

17

Sui tabl e conditions 5 for using these
groups are



P4, NP4 NAA2 NHNon{ | 'HOHO AA2 PA-H\\\\Og hi -/R5 A2y (CH2)n
Npd NN. PANNPA-HNOHO HO5j) k1 (CH2)nYR6 PAHNNSP4A.NHN
P4, N N OVOBI/8133A2 mn o R5 R5 R7 R6 R6 AA3 N=~ P4, N RCPISOIH2NON X N
10 RA HOO pgr wherenis zeroto three; AArefers to an am no acid

side 15 chain; Xis N, 0, S SO SO, CHF, CF2, C(R3) 2, CO or C=NOR A
is 0, Sor H; Yis Nor CH R is hydrogen, Cl1 12 al kyl group, aryl group,
or heteroaryl ~group, the R groups being optionally substituted with one or

hal ogen; i s an al kyl having_one to six carbons; and R5 is 17 WD
01/ 81330 pcﬁy@gggp@27églo, alkyl, alkoxy, haloalkyl, haloalkoxy,

amlno, phenyl, phenoxy, hydroxy, alkoxycarbonyl,
carboxyl, alkylcarbonyl, alkylsulfonyl, alkylsulfoxyl,
alkylcarbonylamino, alkylcarbonylalkylamino, alkylamino,

5 dialkylamino, aminosulfonyl, or cyano; and R® and R’ are
independently selected from R3, aryl, heterocaryl, (Ci-12
alkyl)aryl, (Cij-12)benzocycloalkyl, or (Ci-12
alkyl)heteroaryl.

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

10
Table 2. Preferred P;-P3-P,— Groups
H Il?e
P4\H N\-/ P4\N NT Pd,\H N
o = H o (0]
a-1 b-1 c-1
15
F
CH, |/S
H o H o 0
c-2 c-3 c-4
) F
CHs N
\
P4\N/'\H/N P4\H N \
H o) lo) Ps~N
20 H
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hydr ogen, hal o, al kyl, al koxy, hal oal kyl,
phenoxy, hydroxy, al koxycarbonyl,
al kyl sul fwoaxy1/8133@l kyl car bonyl am no,

hal oal koxy, am no, phenyl,

car boxyl, al kyl carbonyl, al kyl sul fonyl,
al kyl car bonyl al kyl am POT/U&8KERIE@M no, 5
and R6 and R7 are

di al kyl am no,

am nosul f onyl ,

or cyano;

i ndependent |y

sel'ected from R3, aryl,

het er oaryl ,

(C1-12 alkyl) aryl,

(CL_12)

benzocycl oal kyl ,

or (C1_12 alkyl)heteroaryl.

Preferred P4-P3-P2- groups

are shown in Table 2. 10 Table 2. Preferred P4-P3-P2- Groups R6 P41N
Nomm P NP4 NN 4 HOHOHO b-1c¢c-1 15 F CH3rS P4.N N P41IN N
PANNHI~-HH ©@OO0O c-2c-3c O FCHS N PA§SNPANNN HHOO

PAA\N O 20 H
N 0 o
N P4\ N N CH3
H O h0 H O
d-2 e-1 £-1
~ s z
HO N@ "N ()( N
N. ,CHs
Py~ N N
P4\NS\H/N\/ 4 ”S\‘r \_/ P4\N’ \\( \r
O A H 0]
H o CHs
5 g-1 h-1 i-1

N N
H o
j-1 k-1 1-1
‘N\ S S
WO O e O
4~N
10 (@) H o) O
1-2 m~-1 m-2
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-1 1-1 NSP4, NNNP4 NQSHOPA-NOHO 10H11I-2 m1 m?2

°8
o O

1/ 3
-2 a-1
01/8133®© CH3 H 5

1330 PCT/ US01/12769 F N

10

N
H
o-1 o-2 o-3
SO,CH3
N =
m I YeCHg
N P\ N P4\
| 4 N N
p-1 g-1 r-1
HoN 0] JL
N/ P4\ A\ N
1 S N \I
- H
Py ﬁ/{N\( o
O
r=-2 n~-1

where R® is an optionally substituted benzyl as described

below or 2-indanyl, and the P, moiety is represented by

R-T-, where R-T is R-CO, ROC=0, RNHC=0, RC{0)C=0, or RSO;.

Preferred R groups of P, are shown in Table 3.

20

81330 PCT/US01/12769 0 0O N N.CH3 P4\ N NCH3 O P4-N
a-1f-1 / ~OH3C O HOCH3 N P. NN N H3 P4, N Non/
g-1 h-1i-1 O N N P4 N N PAINPQI/EHSB42M690 O H H
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P4, NNHO P4, NI N PANNHO HOO-10-20-3 SQRCH3 N ,CH3 Cii
PAIN NP4, N CH3 HO H5 p-1 g-1r-1 H2ZNOP41 NSPAH', HO Or-2n-1
10 wher e WVRB 0i/8133m optional |y substituted benzyl as descri PetUS@e2069 or
2-indanyl, and the P4 noiety is represented by R T-, where RT is R CO
ROC=0, RNHC=0O, RC(O C=0, or RS02. Preferred R groups of P4 are shown in
Table 3. 20 WD 01/81330 PCT/US01/12769 0 OO R T-P3-PN OR2 5 Table 3.
Preferred R G oups of P4 CH3 C O C cc,

5 Table 3. Preferred R Groups of P,

CHs cl ~o
oo Lo Y

Cl F
100 101 102 103 104
Cl Cl Cl
"ol 104 HOU HZNJ@( ch\oji;(
Cl Cl Cl Cl Cl

10
105 106 107 108 109
E HsC \lil HO H:Cys
15 110 111 112 113 - 114

HaC HsC cl /©/
I j - I j HO
H,N" ; HO o HoN I Cl
F CH3 CH3 Cl
115 116 117 119 120
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100 101 102 103 104 C | I
105 106 107 108 109 F \ N\

10 C
F 31

a a ada d

HOV® o/$13300 111 112 113 114 q H3C |

/ \O/ 2N/ HO Cl

PCT/ USO1/ 12769 H2N |
HZNS O CCH3 H3C N 02 5 GH H C

o R or
HzN\[(@/ \O/U\HN \NJ\HN HSC\S
H 0,

I\
O 11

p -
NI ~-N Ow Ow d
O
0]
121 122
CHs3
5 OH
125 126
N OMe |\ Cl
l ~N ~N
OMe OMe
129 130
10
; 0] l
HN AN
134 135

\ C

F CH3 CH3 Cl
/O HNI

v a I\

I\ \' O/
VA1

\ H3 1 \ HC

HO/ H2N / H3C-O/

/

I/, I/ H3C
PCT/UBOIV12HAN |

115 116 117 119 120 21 WO 01/81330

HoN

N Jk HN H3C, SI /

X
~N

Cl
131

Cl

136

22

p HO02 121 122 123 124

125 126 127 128 F Ow \ C

123

o , :
M H2N\3/©/
H3C ” ) 02

Cl

127

Cl <O %
O

132

o

OH

137

9@ B )
= P
140 141 142

124

133

138

143

F HC
/ HO

~0
\ d



129 130 131 132 133 10 O HZNOHH HN Cl 134 135 136 137 138 15 C / | [/

I 11 16,,

139 140 141 142 143 22 WO 01/81330 PCT/US01/12769 01-12

Al kyl J 6YQOMS13BN O N O 144 145 146 147 148 N I X> | \ CrCr/ukoin27éd 5 149
150 151 152 153 \ O~ / S cc) \ / N 154 155 156 157 OCl O~ O HsC N
I/ ~/~ 1/ \\ 10 HC N 158 159 160 Most preferably, RT- is R CO where R
I s 1-naphthyl, 2- naphthyl, 1-isoquinolinyl, or

10

15

20

CrnAky [ % b (%
1712 y

O
144 145 146 147 148
N
TR O T O O
” N N \ / \ /
149 150 151 152 153
()
b @EN\T Cr O“Y@
O
154 1558 156 157

Cl )
O O/\j /[::I// ®)
Hsc)kmj@/ K/N\/\O gj/
C
158 159 160

Most preferably, R-T- is R-CO where R is l-naphthyl, 2-
naphthyl, l-isoquinolinyl, or

3

1]

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 P,-P3-P,~ groups are shown in

Table 4.
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3 4 15 5 where positions 3 and 5 of R are independently and optionally

substituted by hal ogen, preferably chloro, or
is opti omadbyssebstituted by am no,
nost preferred P4-P3-P2- groups are shown in

PCT/ US01/ 12769 Table 4. Mdst Preferred P4-P3-P2- Goups / RS _

acet am do,

Cl 3 alkyl, and position 4
hydr oxy oPCTHEBHGRJe9 The

20 Table 4. 23 WD 01/81330
O_ RN N

O ORNNomM RN HOHO a-la b-1a b-1b 5 ORA NO NOO/C--q J-HN

R\HNNRHNNR11OOOI
RAN N HHOO%lO p-2a c-7a c-lLa
Table 4.

d-la g-lag-2a 0007 R-HNN,,,,

R ~N N

O
Most Preferred P,—-P3—-Po— Groups

g/ :\<> R®
3 _
RJ\” N~

XX
R I\I‘/\/
H (0]

0]
O
a-la b-la b-1b
5
0 R\4
N N O
| 0 0]
jJ)\ M S\(N M §\"/N

R™OHN R” HN j R” HN \1
0 0 O
d-la g-la g-2a

0O I N 0O o)
BN P R)kNJ\WQ J IO
o) o) H o
10 o-2a c—-T7a c-la
X
RN N
O
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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N RNHO c- 6a 15 where Ris, referring to Table 3, one of the foll ow ng
groups: 100, 105, 107, 108, 114, 117, 119, 126, 136, 139, 140, and 141. 24
WO 01/ 81380 0P€IBALJS01/ 12769 | n attaching the P4-P3-P2 noi BEY/US@rI2per ti on
thereof, the noiety may be attached in one piece as described above or
subunits of the noiety nmay be added in a sequential manner. For exanpl e,
Boc-protected proline 5 may be coupled to IV to provide VI. O N O Boc N
OHOR VI 10 After renpoval of the Boc group, a P3 or P3-P4 noiety nmay

be attached by al kyl ation or acylation of the proline nitrogen. O0 OO
N3 ORL N3 ORL 15 (4RI sRfaching s FBsPs=fi mpigkyy @ PR OGIR~N~ R2)~ O

N’ 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.

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

be attached by alkylation or acylation of the proline

nitrogen.
iy [
T 0 /([fo
Ns/\%_R1 N3 a_R1
15 (4R, 5R) -IIIa (48,58)-IIIb
O
5 Ry
RZ N Ry L
Ia Ib
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HORLHORL lalb 25 W 01/81330 PCT/US01/12769 0 0 O/ OO O R2,'NN5
Hp RLHORL Ic Id The reaction of N3-Y on racemc |l generally produces
the anti weongr3so I 1la and I11b, shown above. 5 These nmay PET/TSIVErE%ed by

the present process to the anti products la and Ib. In many cases R2 will
be a chiral fragnent and la and Ib will be diastereoneric. To separate
the di astereoners, one nmay use chronmat ography and/or crystallization,
depending on the nature of RL and 10 R2. Epinerization of either la or Ib
provi des the syn isonmers Ic oy Id, respectively. The epinerization
reaction is perforned in the ?gesence of a protjc acid or Lewis acid
(French patent applicatign &798932). Sui igabl ew s acids include ferric
chloride, titanium 15t trﬁhnf%ride, bor din ki Pl oride, boron trifluoride
and tin tetrachlorid& ancﬂsuigabl e proRic Fci (o] qlcl ude organic acids
such as net hanesul fonic acid, OtRY fl uoroacetic QRd and par a

t ol uenesul fonic acid and éneral aci ds suchIﬁs hydr ochl oric acid and

sul furic 20 acid. Another Tethod of the present process for naking a
conpound | proceeds tiMheughkddta dutemal;agt ene ra¥ehmivwhame géniesadhlyor o, brono

or 1odo: produces the anti isomers IIIa and IIIb, shown above.

5 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

10 RZ. Epimerization of either Ia or Ib provides the syn
isomers Ic or Id, respectively. The epimerization
reaction is performed in the presence of a protic acid or
Lewis acid (French patent application 97/08932).
Suitable Lewis acids include ferric chloride, titanium

15 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

20 acid.

‘ Another method of the présent process for
making a compound I proceeds through the butenolactone

VII where X is chloro, bromo or iodo:

25 O-rR' yrI.
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O O X25 OGRWVII. 26 WO 01/81330 PCT/USOL/ 12769 A preferred starting
but enol actone VII is the bronofuranone (X = Br), which may be obtai ned
accordi ngvovosBscobar et al., An. Quim, 1971, 67, 43. ThPET/URIOILEES,
referred to herein as Method B, conprises the 5 steps of: (a) providing a
but enol actone VII: O OX ORWVII, 10 wherein RL is as descri bed above,
and X is chloro, brono or iodo; (b) treating VII with an azide N3-Y, where
Yis a silyl 15 group or a counterion, to form an azi dobut enol act one

Viltl: O O VIT]; 20 (c onverting VIII_to an am nobutenol actone | X

or |ﬁ1ﬂ0ph§b§ﬁ' %g SQ9q§1 %D tenolactone VII is the

bromofuranone (X = Br), which may be obtained according

to Escobar et al., An. Quim., 1971, 67, 43. This

process, referred to herein as Method B, comprises the
5 steps of:

(a) providing a butenolactone VII:

0)

| ©
X
O-rR' wv11,
10
wherein R! is as described above, and X is chloro, bromo

or liodo;

(b) treating VII with an azide N3-Y, where Y is a silyl
15 group or a counterion, to form an azidobutenolactone

VIII:

0

| o
N3

O-R" yrr1I1;

20 (c) converting VIII to an aminobutenolactone IX or

iminophosphorane XI:

0 o)
| o | o
H2N R3P=N
O-R' 1x or O-r' x1;

25
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H2NJ R3P=N O Rl I X or ORl1 XI; 25 27 WO 01/81330 PCT/USO01/ 12769 (d)
coupling either I X or XI with R2000H, or a reactive equivalent thereof, to
form X ®OM/R3BR2A NH ORL X; and 5 (e) reducing the fRCHUSHE27GINY
double bond. in X to provide I. RRCOOH is an organic radical, preferably a
P2- P2-P3-, or P2-P4 carboxylic acid. It will be apparent that steps b-d of
the above 10 Method B process are anal ogous to those described earlier
with respect to Method A, and nmay be carried out in a simlar nmanner. Al so
within the scgfe of this invention, another enbodiment of the coupling

reaction of (8m FEUPXING rdither I ofr Fdeddd R GOPHat PEn 20 eBRELIERI on of | X

usi ng a reaghi Vg [AY, e ylic acid, such as P2-, P2-P3-, or
P2-P3- P4-C %EC» i?%%%é?%ﬁ%%?g;)EQ Fgagggﬁescribed above. The anion of IX

is first generated by treating I Xin a solvent with any suitable base.
Exanpl es of solvents 20 that may be use@ include ethereal solvents such as
THF, DME, dioxane, diethyl ether . ne | -tert-butyl ether; aromatic

hydr ocar bons, such as benzene, toPuen , Ayl ene; hal ogenat ed hydrocar bons,
such as di chl oronet hane, carborrR?2” ™N

O-R" x; and
(e) reducing the furanone ring double bond in X to
provide I. R?COOH is an organic radical, preferably a P,-
r P2-P3—, or P»,-P; carboxylic acid.
It will be apparent that steps b-d of the above
10 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
15 proceeds by acylation of the anion of IX using a reactive
equivalent of the carboxylic acid, such as Py;~, P,-P3—, or
P,-P3-P4,-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 solvents
20 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 solvents,
25 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

30 phenyllithium; an alkali metal amide, such as lithium-,
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tetrachl oride, dichloroethane; or other organic solvents, 25 such as
acetonitrile. Preferred solvents include THF, DME, toluene or

di chl or ove® hasms30 Sui t abl e bases for generating the ani onPCHURUdR7@r gani ¢
bases such as an alkali netal hydride, an alkali metal tert-butoxide, an
al kyl or aryl lithium such as nethyl-, butyl- or 30 phenyllithium an

al kali metal am de, such as lithium, 28 WO 01/81330 PCT/ USOL/ 12769

sodi um or potassiumbis(trinmethylsilyl)amde, diisopropylam de, or
tetramet hyl pi peri dine. Preferred  _bases include_lithium

bi s(tri met hyPSHH) &Fi @& tasstifuml sditrdastopisdivde 299 t hi um

tetramet hyl gk PLLELRG1 aMBe? 3 @R +ohmeX S dileatied (i th ﬁfzﬁf&%éapxy lic
acid equivalent at a reaction tenperature %%at nayrbe in the range of
about -78C bes&20Cncpuefeedalthy uretviedt rdbedth y16Q lItyd. )6AG de ,THel thium

azi dobut enol,act one VI LI be obtained 10 .from VIl hy the displagenent of
its substitdent ORIRPY] a&ﬁ%%azP&e3l%bﬁ“Fhé%F&%ﬂ%€ﬁ¥%ﬂfgﬂﬁl ‘e ity
substi t uent aXiohsolfr @D 1 sVklelas epr @fiehakihy o Mid ki al kal i or

al kaline earth salt of azide, such as NaN3 or LiN3. A silylazide (N3-Y
where Y is &d8irplegioay asrgastirbederpeandver faptbaaksdr iim ttHe presence

of a fluoride_reagent,.  such.as te tyla ni fluoride, cesjum
f1uori de, 58P8§sg§nﬁppﬁ5rr§g,8558i%%ﬁ?#u%?ﬁ e%ﬁgT%éb??%%?nt%bo nerat e
t he nucleopbb%i§oagbq§ anion. Suitable solvents include non-protic organic

sol vents, such as acetone, 20 NWP, MEK, THF, DME, and di oxane, and
hal ogenat ed hydr ocar [Taes azddobuaenoilketoher MIIdamagn deetalachilred de,

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 NaN3 or LiNs3. 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 fluoride,
potassium fluoride, sodium fluoride or the like, 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 dichlorocethane. The reaction is 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 of
such borohydrides include sodium or lithium borohydride,
sodium or lithium triacetoxyborohydride, sodium or

30 . lithium cyanoborohydride, tetrabutylammonium

cyanoborohydride, sodium or lithium trialkylborohydride,

29



di chl oronet hane, and di chl oroet hane. The reaction is run at a tenperature
in the range of about 0OC to 100C, preferably between about 20C to 40C. 25
The redusv®on8wBdo t he furanone ring double bond in X to proviud&/1276say be
acconplished with a hydride reducing agent, especially a borohydride.
Exanpl es of such borohydrides include sodiumor |ithium borohydride,
sodiumor lithiumtriacetoxyborohydride, sodiumor 30 , lithium

cyanobor ohydri de, tetrabutyl ammoni um cyanoborohydride, sodiumor |ithium
trial kyl borohydride, 29 WO 01/81330 PCT/ USCO1/ 12769 preferably sodium
cyanobor ohy ®fiederandy endipn myanedemiqlomnidea ur Eyeicajtstide to be mildly

acidic, pr r ahl . ! 0 6 W ids. such as Hd,
HBr, aceti c%fae%%?%o%rll%% gLest tr |i |Sl?jcoero})chjogtkfecqz'lsll\(lz\:‘%%lf]y ?ﬁl&t 2, al um num
trichlorideprafirecatilyratde, ot Hdattvwardrum . @ efrndch) Orwieh Ppidonaldly,ad he

reacti on na e huffered with 1.0-5.0 equival ents, of sodi um acet at e.
Optional |y, %Cﬁhe%éacﬁcﬁ?%fq}éi'cﬁ%ﬁnylfe@%ﬂ¢ Her Hth 2T RCDF LA -394

Cod 2/ segi c@yetyl BEtZN CRhim Dhurt- €r £GK1 ¥2L 88} S, 0hc 10n gBLoBat r bpet hyLgi Lane.
Chiral hydride reducing agents are known such as R or & Alpine Hydride(r)

(l'ithium B- tedapiohdcaipitey I0rg-dvgred-1yi ¢ yidieo[ 3288 {oronya y hyeribwef¢xed provi de
SIS 1C LadYCh) i PUURLL AN St 1 1108 GPURLE A0S, L4, X 4y A, ov e
stabl e to thechydneganat inery monrditdlonsd Biehas ahencfnisr alksd . Typi cal
hydrOgenati%%Cﬁg?ggkkggirag?l%ggl?ydégngZgggugéa?ents of
10 chlorotrimethylsilane. Chiral hydride reducing agents
are known such as R- or S-Alpine Hydride® (lithium B-
isopinocampheyl-9-bora-bicyclo[3.3.1]nonyl hydride to
provide asymmetric reduction.
Reduction 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 equivalent of X. Suitable catalysts
include Pd/C, Pd(OH)2, PdO, Pt/C, Pt02, preferentially
Pt/C or Pd/C. Suitable solvents include ethyl acetate,
25 alcohols, such as methanol, ethanol, isopropanol,
aromatic hydrocarbons, such as benzene, toluene, xylene,
ethereal such as THF, DME, dioxane, preferentially
ethanol or THF. When R' is alkyl or aralkyl, such as
benzyl, a rhodium (I) or ruthenium (II) catalyst is

30 preferred for stereoselective reduction. Such catalyst

is formed by reacting the metal as one of its various
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pressure in the range of about one to 100 atnobspheres, 20 usually between
about 15 to 70 atnospheres, and a catalyst present in the range of about
0.01 to WGo1/8380 val ents per equivalent of X Suitabl e cap@rysegi27édncl ude
Pd/C, Pd(OH)2, PdO Pt/C, Pt02, preferentially Pt/C or Pd/C. Suitable
sol vents include ethyl acetate, 25 al cohols, such as nethanol, ethanol,

i sopropanol, aromatic hydrocarbons, such as benzene, toluene, xylene,
et hereal such as THF, DWME, di oxane, preferentially ethanol or THF. Wen R
is alkyl or aralkyl, such as benzyl, a rhodium (1) or ruthenium (I1l)

catal yst i s COORIEERS Mddhy ghistady @l Vdgasictiwh sudetdatlal vt i s
f db i | f o | 330
T by S T 5 Ly SRR AT

PCT/ US01/ 12 conpl exes Wi |gaon s such as tfet hyl - or
et hyl - DUPHOBIQP, 12hi3s-02,i5ogh radgyl ipteospiig| Saran)hehzene; 1, 01 OP
(2,3-0-isoprapyli.d ne-i@){-di hydr oxy-1, 4- bi s(di phenyl phosphi no) but ane),

Bl NAP (2, 2' Eos‘t%(idlv&é’ SHY %P&ﬁm%%tﬁﬁel)'r- 5 t A4~ CHI RAPHOS

bi s(di phenykphosnine@)AWraRehi 3PN (M-t Bt ANROMH rRAPHOS

2- (di phenyl ph%(s)(ph?ir}:o;?])rir/gt hyl -4-%14(%2 phenyl plhosphi no))pyr rolidine) ,( BPPFA

(N, N- di met hypisidipieny-lphosgihsmelyduseasphi mHEEer (Noderdjetnddema); 10
DEGPHCS (N-benzyl 53, 4-bi s(di.phenyl phosphi no) pyrrolidine), or alkyl-BPE
(bi sphospho?ago%ékjﬁgéﬁg)lpq%ﬁﬁ&qﬂé&gﬁt able ligands are known in the art.

Preferred catddppshy 1@he sbhizrd)ips n(zdl iatidied| K\H P RETosphot-anae hgnzeane
(cycl ooctadi ene) rhodium (1) .15 trifluoronethanesul fonate, where alkyl is a
strai ght [17,2-bis (diphenylphosphino) ferrocenyl]ethylamine),
10 DEGPHOS (N-benzyl-3,4-bis(diphenylphosphino)pyrrolidine),
or alkyl-BPE (bisphospholanoethane). Many other suitable
ligands are known in the art. Preferred catalysts are
1,2-bis(2,5-dialkyl-
phospholano)benzene (cyclooctadiene) rhodium(I)
15 trifluoromethanesulfonate, where alkyl is a straight
chain or branched alkyl group of 1-8 carbons, optionally

substituted with an aromatic hydrocarbon such as phenyl.
Use of the (R,R) isomer of these ligands will lead to the
(S)-configuration of the a-amino carbon in the product
20 and use of the (S,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 40°C. (For the
30 use of rhodium catalysts see: G. Zhu, Z. Chen, X. Zhang;
J. Org. Chem. (1999) 64, 6907-6910; M.J.Burk, J.G.Allen,

31



chain or branched al kyl group of 1-8 carbons, optionally substituted with
an aromati c hydrocarbon such as phenyl. Use of the (R R) isoner of these

| i gands wWoOb1/dsBad to the (S)-configuration of the a-am nBCT&SOION7¢9n t he
product 20 and use of the (S,S) isomer will lead to the (R)- configuration.
Sui tabl e solvents include ethyl acetate, alcohols, such as nethanol,

et hanol, or isopropanol, aromatic hydrocarbons, such as benzene, tol uene,
or xylene, ethers such as THF, DME, or dioxane. Preferred 25 solvents are
t ol uene or nethanol. The reaction concentration of X will tgﬁoi cally be in

the range of'-FaBdGEm@rd1M t FPEIOMCHR S e1bly Gbvilt) 0.188 1 P33 The
reaction tegperat,yie is usidal i nythe ofz gb .19 60C. .
preferably bet V\ggﬁkébgfjtwg%%ﬂoéfélog Il} &rﬂ tﬁe’ %%ug%tro]f%%'ho% im cat al ysts
see: G Zhulhgm.CSew, ,X1923dng;115]). 1O1g.5-CHEIMS8 / 199 tied, usBIC7E 6910;

R
R L. Harlsw Alwidmehd; Geem 1506 (Hi30DaystlEns, 100205001384 Fargd s use of

rutheni um catal ysts see: J.M Brown, MRose, F.I.Knight, 5 A Wenand; Recl
Trav Chi m P¥y§aBagi, (¥o@bnukiyg M.2upspaera, MISdakahasichnikichiMaggasawar a,

T. Takahashi ,+. Y. ida; n t. 738%9— 3, -5786; U Matteoli,
V. Beghet t o, T/f\%g?ll%\?gﬁyﬂ LL?%{E(I%%L dr I%t a#ym ?%63' &%ﬁa > 140 (1999)
131-137) 10VMBEhbhdtBogbousddsemities A Meguance i 0wt yedi s the

am nobut enol actaone I X,is first caoupl to a caspase PX or noiety and then
the ring dofBrFEL5GHd L9 r(é&?igéd.l%ti‘l%%

10 Method B above describes a sequence in which
the aminobutenolactone 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:

0O

| o
X
O-R" vyrz,
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

VIII:
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Al ternatively, the reduction and coupling may be performed in reverse
(Method C). Method C of the 15 present process conprises the ste

or der

of :

(a) ywoovsdsing a butenolactone VII: O X) 0 ORL VI, PCROS@HEIE® n
as .descri bed above, and X is chloro, bronmo or iodo; (b) treating VII
an azide N3-Y, where Yis a silyl 25 group or a counterion, to forma
azi dobut enol actone WVIII: 32 WO 01/81330 PCT/US01/12769 O O N3 OR1L

VI

| X; (d) reducing the ring double bond gf IX to provide the

| V:

@)

ps
Rl is
W th
n

(c) converting VIII to an am nobutenolactone XX 5 Ol O H2N O R~

H2N O

10

15

20

25

| o
N3
O-R'" v111;

(c) converting VIII to an aminobutenolactone IX:

O

| ©
HoN ;
O-rR IX;

(d) reducing the ring double bond of IX to provide the
aminolactone IV:
0

O
HoN
O-R! IV; and

(e) coupling IV with an organic acid R?COOH, or reactive
equivalent thereof, to form I, where R?COOH is preferably
a Py—, P2-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, Method C may
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
thereof. Therefore, one aspect of this invention relates

to compounds of formula III or VIII:
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ORL IV; and (e) coupling IV with an organic acid R2000H, or reactive 15
equi val ent thereof, to forml, where RRCOOH is preferably a P2-, P2-P3-,
or P2-P4waphemsgdic acid. In Method C, steps (a)-(c) arePCh&sslanesdas t he
corresponding steps in Method B, and steps (d) and (e) are the sane as the
correspondi ng steps in Method A Therefore, Method C may 20 be carried out
in alike manner with respect to the corresponding steps. Wthin the scope
of this invention are certain internediates described herein that are
useful in the preparation of the.caspase inhi bit8rs and prodrugs 25
thereof. Therefore, one aspect ofjthis invention/felates to conpounds of
formula I'll or VIIl: 33 WD 01/8 PCT/ USO1/ 1 O0 OO N3ORL N3 OR
[11 VIIl wherein Rl is select om an opti Qg y substituted aliphatic
group, aral kyl group or aryl Ngrouh, Fxanpl esNs'5 o Rl include nethyl,
ethyl, propyl, 2-propyl, butyl, péRtyl, hexyl, 4-n®thylpentyl,
2-met hyl propyl, cyclopentyl, cyctphexyl, cycl opgnitpd net hyl,
cycl ohexyl net hyl , ph§nylethyl, phenyl propyl, phenyl butyl, (d)-nenthyl,
(1) - nent hyl Whergdanm@nt yb, selagardntybm anioptaganyly subsddspitedbornyl,
3-tetrahydr l., |, _.a-nethyl benzyl . 4-chl orohenzy
4-f 1 uor oben%@#%%%élﬁe%%%%énzayﬁa,ﬂ%]( ﬁrporu(?pyqli t?err@quroourp ‘4- éxamples

5 of R!' include methyl, ethyl, propyl, 2-propyl, butyl,

pentyl, hexyl, 4-methylpentyl, 2-methylpropyl,
cyclopentyl, cyclohexyl, cyclopentylmethyl,
cyclohexylmethyl, phenylethyl, phenylpropyl, phenylbutyl,
(d) -menthyl, (1)-menthyl, l-adamantyl, 2-adamantyl, 1-

10 indanyl, 2-indanyl, bornyl, 3-tetrahydrofuranyl, benzyl,
o-methylbenzyl, 4-chlorobenzyl, 4-fluorobenzyl, 4-
methylbenzyl, 4-(2-propyl)benzyl, or 4-
trifluoromethylbenzyl. Particularly useful are III and
VIII where R' is benzyl or a Cij-¢ alkyl such as ethyl.

15
Another aspect of this invention relates to
compounds of formula
0 0
o) | ©
R3P=N R3P=N
20 O-R' v or O-R’ XI,
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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trifluoronethyl benzyl. Particularly useful are Il and WVIII where R is
benzyl or a Cl1 6 al kyl such as ethyl. 15 Another aspect of this invention
rel ates ™o ovsemspounds of fornula OO 0 1 O R3P=N R3P=N POT/Os®R112%%r O Rl
XI, wherein RL is selected froman optionally substituted aliphatic
group, aral kyl group or aryl group, and in particular, the RL groups
descri bed above. 25 in order that this invention be nore fully understood,
the foll owi ng preparative exarrpl es are set forth. These exarrpl es are for

t he purpose, 3f 34 01/8 30 / USOL/ 12769 |IIustrat|q? , and are not
to be const FroedShEy &SpdBt tThes RAERTOHT rPany Tkt

Synt hetic Emléplse@pé @farﬂaiee J.hvel?ﬂﬁﬂﬁfaltﬂ% fway.

4- azi do- 5- et hoxy-di hydrofuran- 2-one (111, Rl=Et ) This procedure was

carried out. in a manner simlar to that described by D. J. Guerin, et al.,
Og. Lett (1999), 1, 1107-1109gvhenatSel wii-api1@ls 10 azidotrinmet hyl sil ane
(25.8 nm, O. 32 m)l) in dICh| or(%ﬁr‘haT(TD’U_%t)*at roomte erature under
Ni t r ogerd waSxaaede a0 4 3t e

stirred for ,20 n QIIEI EtRh0ﬁ¥§5l—l-furan 2- one (11, RlEt) (8 10 g, 0. 063
nol ) was adée%—%lopm—é‘e—

This procedure was carried out in a manner

similar to that described by D. J. Guerin, et al., Org.
Lett (1999), 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]undec~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 (Si0O;)
eluted with 1:9 ethyl acetate:hexanes afforded 4-azido-5-

20 ethoxy-dihydrofuran-2-one (7.85 g, 73% yield) as a
colorless oil.
'H-NMR (500 MHz, CDClz) & 5.17 (s, 1H), 4.00 (dd, J=7.0,
1.0Hz, 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, 1lH), 1.08 (t,

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

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 (III,

R'=Bn) was prepared as a white solid, 1.62 g (72% yield).
30 'H-NMR (500 MHz, CDCls) & 7.19 (m, 5H), 5.25 (s, 1H), 4.71
(d, J=11.5Hz, 1H), 4.48 (d, J=11.4H=z, 1H), 4.07 (dd,
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15 foll owed by 1, 8-di azabicycl o[ 5. 4.0]undec-7-ene (1.9 nL, 0.013 nol). The
reaction was stirred for 24h, washed wth sodium bicarbonate, dried over
sodi um swéat/g13and evaporated. Purification by flash chrparvsgrepisy (Si 02)
eluted with 1:9 ethyl acetate: hexanes afforded 4-azido-5 20

et hoxy-di hydrof uran-2-one (7.85 g, 73%yield) as a colorless oil. 1H NWR
(500 MHz, CDC13) 6 5.17 (s, 1H), 4.00 (dd, J=7.0, 1.0Hz, 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
sinilar to tjﬁgt'%degcr% bt dfiove 2 - S cstd rstdatt g Wit 1.0z, 1),

5- benzyl oxyo5Hf 2-2ng Gl 1.4, 5By .
4- azi do- 5- bgnzljﬁl ggé%l ﬁ%?ofldrén-jg-l(}ne@H(zl'l Il,H) Igpéan) was prepared as a
white solid, 1.62 g (72%yvyield). 30 '"H NWR (500 MHz, CDC13) 6 7.19 (m 5H),

5.25 (s, 1 4.71 (d, J=11.5Hz, 1 4.48 (d, J=11.4Hz, 1H), 4.07 (dd, 35
VO 01/8133o—5é$£é@e@#&zﬁ%ﬁiﬁﬁéﬁﬁé¥Lg%b—#E, 1H), 2.82 (ddd, J=18.1, 7.1, 1.0
Hz, 1H),5 2.[36r(igddnWpbSsbhdkatyilidie) -HiiRyms-xamle 2. Preparation of

4 5 [(triphenylphosphoranylidene)-am nos-b- et hox - di hydrof uran-2-one (V,
R =Et) A soPafyeiodtiranyz-@@es. (,h&gFEH) hydr of uran-2- one (0.05 g, 0.29

mol) and tri phenyl phasfe (D QB Goaz s B2 1T, |y 1R)ENG, n, 1) was

stirred at room 10 tenperature under nitrogen for

evapor at ed poeaf(DoOd 4,[ (Ct.12% emil)plosp hariamanydenre)saoti ingd - & 1 hoxy-

0.29 mmol) in toluene (5 mL) 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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di hydrofuran-2-one (0.12 g, 100%yield) as an off-white, waxy solid.
"H-NWR (500 MHz, CDC13) S 7.50 (m '6H), 7.40 15 (m 3H) , 7.33 (m 6H ,
5.08 (d, wessms3Hz, 1H) , 3.63 (m 1H), 3.23 (m 1H), 2.BOT/0del/1236917. 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
WO 01/ 81330 PCT/ US01/ 12769 Exanple 3. Preparation of

(R)-2-(2-et hoxy-5-o0xo-

t et rahydr of ur an- 3-yl car banoyl ) - pyrrolidine-l-carboxylic acid tert-butyl
ester (I, RI=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 i), ESkupid of | igesda Zci Eardio) - 40 Aol god et but vl ester
(1.33 g, 6. thyl acetate
previ ously MMWQ@NZ{mmbam@d)s—tpyrmﬂlm 1-carbdydr bgen  at
room tenperature EQ%-&? Ehe g;xtugﬁ ﬁg Eglluted wi th dichl oronet hane,
filtered ( de m xture was dissolved in

di chl or ogret hane (100 mL), was treated with diisopropylethylamne (5.4 i,
30.8 mml), EDC (1 48 7.71 mol ), and HOBT (1.04 g, 7.71 nmmol) and was
stirred at 59 e 4miderdan Ty T v £ Oen T 2@ ol das

di |l uted mntgg%E@%I q}e was 20 washed with 10% sodi um bi sul f at e,
saturated so bicarb onate, and brine, was dried over sodium sulfate,
and was evapor at ed. memyxnuﬁanbﬂnﬂ4&zmdb4ﬂwaﬂﬁﬁx¥ﬁdﬂﬁydrdfﬂﬁéﬁ 2} uted

th 1:1 th I etate: he nes o d d (R -
2‘(2 ethogy oj§~ Z{ VI 5£H%m%kq§1ne 1,2-dicarboxylic

10 acid 1—tert—butyl ester (1.33 g, 6.2 mmol), and 10%

palladium on carbon (0.50 g) in ethyl acetate previously
degassed wifh N2 (50 mL) was stirred under 1 atm hydrogen
at room temperature for 1h. The mixture was diluted with
dichloromethane, filtered (Celite) and evaporated. The

15 crude mixture was dissolved in dichloromethane (100 mL),
was treated with diisopropylethylamine (5.4 mL, 30.8
mmol), EDC (1.48 g, 7.71 mmol), and HOBT (1.04 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
(81i02) eluted with 1:1 ethyl acetate:hexanes provided (R)-
2~ (2-ethoxy-5-oxo-tetrahydrofuran-3-ylcarbamoyl) -

25 pyrrolidine-l-carboxylic acid tert-butyl ester (1.19 g,
56% yield) as a very viscous, pale yellow oil. H-NMR
(500 MHz, CDCl3) 6 7.61 (br, 0.6H), 5.29 (s, 0.6H), 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, 1.4Hz,
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25 pyrrolidine-l-carboxylic acid tert-butyl ester (1.19 g, 56%yield) as a
very viscous, pale yellowoil. 1HNVWVR (500 WHz, CDC13) 8 7.61 (br, 0.6H),
5.29 (s, WO6181336. 25 (br s, 0.4H), 4.29 (br, 1.2H), 4.20PCDHUSE/120698H) ,
3.7 (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, 1.4Hz, 37 WO 01/81330 :
PCT/ US01/ 12769 1H), 2.1-2.3 (br 1H), 1.82 (br s, 1H), 1.39 (s, 9H), 1.17
(m 3H) ppm M (ES+): rﬂe 343 (M+H). 5 Method 2. From

4-[ (tri phenyl or.a najl.- 5- etho d|h n}é one

sol ution of)ﬂ(@ %ygrc% di HPer ;ﬁé 'dljr:é%zo Mg 1 St es

(0.11'g, 0.5 @yol3w) @mlsopropylethylamne(o 18 m, 10 mml) and 10

t et r amet hyl fI uorof or mam di ni um hexaf | uorophosphate (TFFH) (0.13 g, 0.5
mmol ) in di &8 dESmet:hane=323r(M+ds stirred at roomtenperature under

nitrogen for 3h. A solution of
4-[(triphenyl phosphoranyl i dene) am no] - 5- et hoxy di hydr of uran-2-one (0.20 g,

0.5 mmlY i Nedihell or.onetdeane - [1& (iPHen)y W spdtathrafid ddes randny je- svas
stirred for 24h. The reaction was diluted with ethyl acetate, was washed
with 10% s@&hﬁl%ybldé'ﬁyidétoéu@é‘t‘@r‘ﬂn@d sodi um bi car bonate, and brine, was

dried over sodium sul faatg, AN WeF € e\sqp_%r Iﬁﬁ] l‘c'f—a&i@z{k%&a}lﬂsh

chronat ography (Si02) eluted with 20 acet at’e: hexanes provi ded
(R)-2-(2- eth@xﬁ‘a—dﬁat butyl ester O 11g, O 5 mmol), di-

Loty o YRR I AT DY e el Gahgyii g, scid tert-buty

10 tetramethylfluoroformamldlnlum hexafluorophosphate (TFEH)
(0.13 g, 0.5 mmol) in dichloromethane (3 mL) was stirred
at room temperature under nitrogen for 3h. A golution of
4-{ (triphenylphosphoranylidene)amino] -5-ethoxy-
dihydrofuran-2-one (0.20 g, 0.5 mmol) in dichloromethane

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 (Si0O,;) 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 hydrogenatioﬁ:

To a solution of (R )-2-(2-ethoxy-5-ox0-2,5~
dihydrofuran-3-ylcarbamoyl)-pyrrolidine-l-carboxylic acid

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

previously degassed with N, (20 mL) in a high pressure
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25 Method 3. From (R)-2-(2-ethoxy-5-0x0-2, 5-di hydr of uran- 3-

yl car banoyl ) -pyrrolidine-I-carboxylic acid tert-butyl ester (X, Rl=Et) via
hydr ogena¥® on813¥o a sol ution of (R )-2-(2-ethoxy-5-0x0-2, BET/US01/12769

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

|, 2-bi s((2R, 5R) -2, 5-di et hyl - phosphal ae‘%benzene- (cycl ooct adi ene) r hodi un( 1)
trifluor onetRARESH fionat éll(tgog:%‘ §185c I mae segldad &nd -

pressuri zed 1vm2L@l§élm@r aGsN. o %‘igllréstlh, 1631 ﬁ@mﬂ% rlzeénf-[ and at room

temperature f Sol'vént ‘'was eva or and t resi due was purified
by flash Chﬂ@Wﬁﬂ@@C&@@ﬁaﬂa(Iﬁpdamutdd UmuﬂiubﬁﬁﬁﬁiﬂineSulfonate (5-
met hanol : di q | or ne rovi de

R) - 2- , .
( 2- et hoxy- 5-0x8< tétr rr - 347 %gﬂt}fﬁlo)ﬂn)d RF 90134 M-8 car boxyl i ¢

acid ters- butylrogeher(960. @32 ,9.65 quant aﬂdelv\@)s A%t LA 185S Rl - Chiral
HPLC (chiral pak- AD col umm, eluted with 1:9 ethanol: hexanes @% . i somer |Db-
%

35. 4% |son§remp@r%u4% o %t gre (§f031V§@1’¢eM§SI &vampnaded & hEH NVR (500
b, OIS BT (G S A vy AL (0B R 050D, 270
3.85 (m OWEH)'l 1357798(61 n@tﬁH)Lochﬁthromelﬁ)har&% (pnovZ'LI@e (B.95 (m
g:gl(;)(t,z Iorget °§M)-%-9Xf5t?é%r(a%2'§rff2ﬂ% P& %&ﬂm bl e T
Prepar ato Onpgfrrelihd%néi’—*lb%%ﬂblo@@yh% @%Qd 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
15 (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, O0.5H), 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,
20 J=7Hz, 1.5H) ppmnm.

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

tetrahydrofuran-B—ylcarbamoyl)—pyrrolidine—l—carbokylic

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

25 A solution of (S)-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

30 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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t et r ahydr of ur an- 3-yl car banmoyl ) - pyrrol i di ne-I-carboxylic

acid tert-butyl

ester (I, R=Bn) 25 A solution of (S)-pyrrolidine-1,2-dicarboxylic acid
1l-tert-bw@blgsser (0.13g, 0.6 mmol), 4-azido-5- PCT/US01/12769

benzyl oxy-di hydrof uran-2-one (0.14 g, 0.6 nmmol) and triphenyl phosphine (
0.28 g, 1.0 nmmol) in tetrahydrofuran (5n) and water (5 drops) was stirred

under
r eact

01/81330 PCT/ USO1/ 12769 i soprop Iethylanlne (0.52 5.0
g, 0.75 moidPPreRy Lsssy @ing oo C5527ESn )0 FHeP Was %]?(Frfr%dw &+ room

nitrogen for 30 0.5h at roomtenperature and for 2h at 65C. The

ion was cooled to roomtenperature, was treated with with
mol ),

t enper at ur e gunde 1t 098 IR Q) rebﬂCis %oi"fisargcﬁlvgﬁ
oal um

acetate, was washed wi'th 10%5 s

suI fate, saturat

di- 39 WO
EDC (0. 15

Ligthy!

bi car bonat e atangonbtiemep e neas1 1y nEEIieaventsrmrgarmmutfmm Einel mtem/@rpor at ed.

Puri f

i cation b f.l.ash chr. ph Si,02) eluted mn thyI
acet at e: hexar?es Rt édg Q%ﬂe%%(g bjyé:rﬁ(tﬁ H wiened Na i %

oxo-t et rahy@wfmmm?swmebar&mra%d Qslddj_l_l,ﬁ@ B1idD s Daxy |alr£‘d acid

tert-

CDC13) 5 7.6%1tsn #as

(br
3. 7Hz
(br s,

butyl ester (0.12 49% vyield) as a sticky resin. 'H-NI\/R

,S’ 0. 5'?‘)um ?:%t(ﬁm %ﬁ@lf ‘1}187?51(0%90%9313%3? %s"ns"ﬁi l%gedg_%ﬁi% e

0 6l2|) 3 2197 1( brcetat ektkkfitdz plﬂd)v1c£éc35 Ktk - (=28erz v 1o

2.1-2.3 (br, AH),

(MtH) .

In a°&Cm Ie§rra1]?é’r‘ﬁ¥g)rfrur(ai%_32'y(lf RS, 15)9(%)&6%? SER L il

10 carboxylic acid tert-butyl ester (0.12 g, 49% yield)
sticky resin. 'H-NMR (500 MHz, CDCls) & 7.63 (br d,
J=7.6Hz, O0.7H), 7.28 (m, 5H), 6.50 (br, 0.3H), 5.37
s, 0.5H), 5.33 (s, 0.5H), 4.77 (d, J=11.6Hz, 1H), 4.
(dd, J=11.6, 3.7Hz, 1H), 4.37 (br s, 1H), 4.18 (br s

(500 MHz,

AesHovey, AYdium 2Rt SH)and, WS (PrapWBHd.- 5. 37

=11. 6,

— ]_H) ,
m e=405

as a

(br
56

4

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, J=18.1, 1.7Hz, 1H), 2.1-2.3

(br,

1H), 1.81 (br s, 3H), 1.58 (s, 9H) ppm. MS (ES+): m/e=405

(M+H) .

In a similar manner, (R)-2-(2-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-bromo-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=FEt) (10.0 g, 78.0 mmol) 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 carbon
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20 tetrahydrofuran-3-ylcarbano |)-pyrrolidine-I-carboxylic acid tert-butyl
ester (I, RI=Et) (0.07 g, 7%vyield) was prepared. Exanple 5. Preparation
of 4- br oo Br/gB3koxy- 5H furan-2- 25 one (VII1, Rl=Et) This peDUsUUNREMaS
carried out in a manner simlar to that described by C. Escobar, et al.,
Ann. Quiet. (1971), 67, 43-57.). To a solution of 5-ethoxy-5H furan-2-one
(', R1=Et) (10.0 g, 78.0 mml) in carbon 30 tetrachloride (50 nL) at 0OC
was added over 0.5h a solution of bromne (4.05 nL, 78.2 mmol) in carbon
40 WO 01/81330 PCT/ USO01/ 12769 tetrachloride (25 nL). The reaction was
stirred | h &trechlofdioon % Moomthap@agiured e solxesd sliwete  renpved

under reduce@dr r t 'Tg!@_.%/s?ﬁ. h < f i st d at punp
vacuum (abo:?t d8 %2%)% 6Zlk'ﬁenc%‘ rllez%tnl{ g:rslé co ecets'egf%? S%ﬂo%r%l?%(‘f!’%regw ded

4- br onp- 5- etdemop-eSHurfdgranchoreel (i3 sy e 829 Vited d)esisdze ywed ¢ avhart -

I (300 IAE o RN Bt liun G580 0 Al (el 2
4- azi do- $- etdyaxclldd Wran-0d°ane M IdroRR & )4 A Bt 8 @foxy-5H-

4- br ono- 5- et hoxy-5H f uran-2-one (2. g, 10.0 mml) and sodi'um azi de (0. 66

g, 10.2 nmmoEpran2dionst WX -&r tamitde (Miekd) ams stekred il + oom-1BIR

t enperat ure e itr n for 24h. The_reactign was _diluted w th ethyl

acet at e, vvas(%\%&s%'m %Gt &a?e%aﬁa' W?h Ergﬁe,(swa%He\Jri éd’dvéPssodi um
sul fate, andmjas 3 ewapqs,atied. Ruri4igatifmy byyf | aﬁh cggrp.rrat ography (Si 02)

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 mmol) 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-2-one (1.04 g, 62% yield) as a pale
yellow oil. 'H-NMR (500 MHz, CDCls) & 5.83 (s, 1H), 5.63
(s, 1H), 3.99 (m, 1H), 3.88 (m, 1H), 1.35 (t, J=7.1Hz,
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-5H~furan-2-one
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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eluted with 1:9 ethyl acetate: hexanes afforded 4-azido-5 20

et hoxy-5H furan-2-one (1.04 g, 62%vyield) as a pale vyellowoil. 'H NWR
(500 MHzw@DiBp0 8 5.83 (s, 1H), 5.63 (s, 1H), 3.99 (m REYUSA/BBY 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 (11X, Rl=Et) Method 1. Via hydrogenation: A
m xture of 4-azi do-5-ethoxy-5Hfuran-2-one 30 (0.62 g, 3.67 mml) and 10%
pal | adi um on charcoal (0.31 g) in de-oxygenated ethyl acetate (20 nlL) was
stirred at _41 WO 01/81330 PCT/US01/12769 1 atm hydrogen for 24h. The
reacti on wad fitFy SyEFogetelfiate)? 4nd T gastddn vasy df\ﬂl%dlfred

4- am no- 5- et 2sng 0. 0%, yi el S oaw oi | .
"H NMVR (505%@@5&%% %E’a% 60 (G(S&,) tﬁ)&oﬁg% (%ra%{slfpozg?,eacﬁo?f} Eggq 5 1H),
3.81 (m 1Hfurdn62-pme 14).,531.022 (a0 JA&1Idz ax8H) ygigmw Metlhod *B-NViRa

St audi nger reacion: A mxture of 4-azido-5-ethoxy-5Hfuran-2-one 10 (0.10
g, 0.59 mol(POdndHtzyi SWedypl pho3phPnés¢ 0llk, g4 B55¢brnfpl $HIn 4.81 (s,

t et r ahyds of n g5 )/an t ) wa st i ryed_f-or,.20h room

t enper at%r ef'm?él Pdv?emc_i (83; géﬂgt %rté(ajc): ﬁ“ﬁgﬁﬂ)m ?L r'o%t n(.{’nge f’ela}é’i o%bwas

di luted w t ppmdi 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

m xture with triphenyl phosphi ne oxide (0.25 g, 100%yield). Exanple 8.

Preparationmehndd 2. via Staudinger reacion:
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 mL) and water (0.5 mL) was
stirred for 20h at room 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, Ri=Et)

A solution of 4-azido-5-ethoxy-5H-furan—-2-one
(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 1h, then heated at 60-70°C for éh. 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 (Si0;) eluted with
30 -1:1 ethyl acetate:hexanes afforded 4-
[ (triphenylphosphoranylidene)amino]-5-ethoxy-5H-furan-2-
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20 [ (tri phenyl phosphoranyl i dene) am no] - 5- et hoxy-5H-furan-2- one (X, Rl=Et)
A sol ution of 4-azido-5-ethoxy-5H furan-2-one (0.17 g, 1.0 mml) and

tri phenylvwbosptsshe (0.26 g, 1.0 mml) in toluene (5nL) aPCTOSMR2@69per at ure
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 with

sodi um bi sul fate, sodi um bi carbonate and brine, was dried over sodi um

sul fate and was evaporated. Purification by flash chromatography (Si02)
eluted with 30 1 1 ethyl acetate: hexanes afforded 4-

[ (triphenyl BREspRorLEsyI |4t§>éné/)l§f41dﬁo]a-55—a@t RSEy W Heursad-iz. 42 HWMBL /(§£930

PCT/ USQL/ 12 9 5% ) n, of f it I|d NVR (500
MHz, CDC13) @%(1&? %I—i? él ( %‘jflrf 3?1) 68 ?“553‘\(?111 zr-§8 Mg ég

4.33 (s, 1Hp, 5@ % (mH>1H)4 33;6(% (3.1)IH3. g1l. () Qt& JB ld#, <s3,H)1H®p,m 'VS
(ES+) m e=404 % 9. Preparatlon of

)-2-(2-et ho)ly dj@@ ﬂ'751HZ, 3H) ppm. MS (ES+) m/e 404 (M+H).

dlhydrog%ran 3-yl carbamoyl ) -pyrrolidine-I-carboxylic acid tert-butyl ester
(X, R ) 10 Method 1. Via peptide coupling conditions: A solution of

4- am no- 5- eehanplsHO . ur @redaaati 0.0 gRrR 0-30 (PRlthoxy-5-oxo-2, 5-
(S)-pyrrolidine-1, 2-di carboxylic acid 1-tent-butyl ester (0.07 g, 0.30
mol ), dii g&hyﬁlm@mﬁmy&&a{waﬂ@% “PYrEe ldgdine e arbexylic acid

benzotrlazoke;tybu@ N, @St@;:tgtr@peﬁgyluronlun1 hexafluorophosphate (HBTU)
(0.14 g, 0.38“WﬁUrTyfn——drChrUrUﬁErhan (3 nL) was stirred 24h, was
evapor at ed,

10 Method 1. Via peptide coupling conditions:

A solution of 4-amino-5-ethoxy-5H-furan-2-one
(0.04 g, 0.30 mmol), (S)-pyrrolidine-1,2-dicarboxylic
acid l-tert-butyl ester (0.07 g, 0.30 mmol),
diisopropylethylamine (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 (Si0,), 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)-pyrrolidine-1-
carboxylic acid tert-butyl ester (0.009g, 9% yield) as a
film. 'H-NMR (500 MHz, CDCls) & 10.2 (br s, 0.7H), 10.1
(br s, 0.3H), 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 (bxr s, 1H), 3.85 (m,

30 1H), 3.72 (m, 1H), 3.25-3.45 (m, 2H), 2.53 (br d, 12.5Hz,
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was redissolved in 1-nmethyl-pyrrolidinone (3 nL) and was stirred 3d. The
reaction was diluted with ethyl acetate, 20 was washed with 10% sodi um

bi sul f at ayoeusss@t ed sodi um bicarbonate, and brine, was BET/@E80162269 sodi um
sul fate, and was evaporated. Purification by two flash chromatographies
(Si02), eluted first with 4:6, then wwth 35:65 ethyl acetate: hexanes
afforded (R )-2-(2-ethoxy-5 25

0x0- 2, 5-di hydr of ur an- 3-yl car banoyl ) - pyrrol i dine-1- carboxylic acid
tert-butyl es (Q.009g, 9%yvyield film__'H NVR (500 , CDC13) 6
10.2 (br 5,865%4),818. ﬂ%r('bp-g’ﬁ?@.é@% g.bflm(rb?Hs?,r g.-#b,(se. %('br s,

0.3H), 5.681_ 6%, (9[.,7@){% gpgp. (br s, 0.3H, 4.38 (br s, 1H), 3.85 (m 30
1H, 3.72 (m 1H), 3.25-3.45 (m 2H), 2.53 (br d, 12.5Hz, 43 WD 01/81330
PCT/ US01/ 12189 (EG+TH) m/2=B4lbr(M+8)3H), 1.87 (br m 3H), 1.44 (s, 9H), 1.21
(m 3H ppm M (ES+): mle=341 (MtH). 5 Method 2(A). Via anion
formation/acyl ation: To a solution of 4-am no-5-ethoxy-5H furan-2- one
(0.08 g,50.58 nmmol ) in tetrahydrofuran (10 nL) at - 78C under nitrogen was
dropwi se added a, solution_of 1M 10 lithiumbis(trinmethylsilyl)amde in

t et r ahydr of YeERCP0264) -m_ Vig 62 imRoEPrmphd ondaeilet WS stirred 3h at 0C. A

SSter (0.20 g 077 masl S L CetFanyar of Gran (3w e added B dpwi se. The
reaction 16neas0sOBrpgedlf.¢8 bflelat inodmtiremyeiratinen THE mXt wte was
diluted mjt98e&h¥£d%%e%% %bdg%swggs %%5#5%@ %%%%%P%ju@lution 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-fluorocarbonyl-pyrrolidine-l-carboxylic
acid tert-butyl ester (0.20 g, 0.77 mmol) in
tetrahydrofuran (3 mL) 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
isolated 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-one (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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bi sul fate, saturated sodi um bi carbonate, and brine, was dried over sodium
sul fate, and was evaporated. Purification by flash chromatography (Si02)

el uted wwoopg133b: 65 et hyl acet ate: hexanes afforded (R ) -Pel/RS@t2009y - 5-
0X0- 2, 5-di hydr of ur an- 3-yl car banoyl ) - pyrrol i dine-1- carboxylic acid
tert-butyl ester (0.05g, 26%yield). Also isolated was starting

4- am no- 5- et hoxy-5Hfuran-2-one (0.03 g, 36%yield). 25 Method 2(B). Via
anion formation/acylation: To a solution of 4-am no-5-ethoxy-5H furan-2-one
(0.05 g, 0.35 mmol) and 2-fl uoracarhbonyl -pyrralidine-|-carboxylic acid
tert-butyl &ESPELICH §&Sy STHHLIm 2o Fedd Wt v AR AP THY at room

t enper at ur e 4REQL NkiIOGEN y RS Added I ypadiglde byfaxidedd D3, 0. 49
mol ). The 44 WO 01/81330 PCT/ US01/ 1276 reactron was stirred 3h at

reflux. Afteéf3cpoltiomgliuwhdisvilfams waswdidhgdkdadiun digdrlemstzte, was
washed with %O%Ep%teassi um pi.sulfate sg%.lur at edl%clgcgi um bi car bonate, and
brine, was GFCefTovsr L&d TSN A S TS s Wiapor ted™@Puri fi cation by
flash chg omatvegbaphyd.Sicdd)i filattiesth Wit F14idh efHdm Bghhexanes af forded
(R)-2-(2- ethoxy-5-0x0-2,5-di hydrof uran- 3-yl car banoyl ) - pyrrolidi ne-

1- car boxyl | €la&ied Waith Buitsy e tdstlepqedabrsd e B8Ry sl htdedy &b retol&t ed was
starting 4-am.ng:5=e X + f-ur.an- eyl 32% .yl el d).. Exanpl e
10. Prepar at%iq%l%?{g?B( - 2%’?:%1%@-%%%%0%%5@%%%&/1) %ny&ldalngx

oxo- t et r ahydrcfurbamy3-iyd earilanmj-qumyloldsdiare- (6. CHErdox43% yiasid) .
tert-butyl %i%%rr %%ﬁg%géaJas starting 4-amino-5-ethoxy-5H-furan-2-

10 one (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-2-one
(0.13 g, 0.75 mmol), (S)-pyrrolidine-1,2-dicarboxylic
acid-l-tert-butyl ester (0.16 g, 0.75 mmol) and several
crystals of Congo Red indicator in ethanol (5 mL) was
treated with sodium cyanoborohydride (0.06 g, 0.90 mmol),

20 followed by dropwise addition of 4M HC1l in dioxane to
attain and maintain a blueish color (~pH3). The reaction
was stirred 2h, 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, 0.94 mmol) 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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15 A m xture of 4-am no-5-ethoxy-5Hfuran-2-one (0.13 g, 0.75 mmol),
(S)-pyrrolidine-1,2-dicarboxylic acid-I-tert-butyl ester (0.16 g, 0.75
nmol ) andv@eversad crystals of Congo Red indicator in et hp@DUS¢1312Md9) was
treated with sodi um cyanoborohydride (0.06 g, 0.90 mmol), 20 followed by
dropwi se addition of 4M HC1 in dioxane to attain and maintain a blueish
color (-pH3). The reaction was stirred 2h, was filtered (Celite) and was
evaporated. The residue was dissol ved in di chl oronet hane (5 nlL), was
treated with d|-|sopro | et am_n nk, 3.0 mmol ), 25 EDC (0.18 g,
054 mrol) , TR0 HSNE) 0084 (RHDPy TARE" 4AS -9r PrPEAYAD-POG

t enper at ur et%%%@ly@lﬂorf%%@ljﬂ l%%ri‘bam-gﬁzq_ fdl’ld’@%—QLJd&r%ﬁé{\ﬂ ir et hyl
acetate, was washéd wth 10% SOdI um bi suI ate, saturated sodi um

bi car bonat eaClalnctemtl-@elty\Aa§Sdhe|re@n@k/e(rR s@&[drass,ula‘sdt-e% @@M -3gko-

evapor at ed. Pr| at| i ted with 1:1
ethyl acetat& %lgs? blffgvn?/ é:af fm%’ c}%ﬁéf%él P760
m xture g by aclﬁ-dNM@rtOfbu(t@l 'e%-te[r (BR063Y), 2Zeetyiexv)5- aQsXQr colorless

t et r ahydr of ur an- 3-yl car banmoyl | - pyrrolidine-I-car boxyl ic acid tert-butyl
ester and (RJi-12- [( E—NES)(QO@tMny 6bG%er 6 7.60 (br, 0.15H), 7.44

t et r ahydr of | | d tyl
ester %JBJ&&” DB o B M e T 1 ‘?ﬁiﬁfﬁﬁ% &aﬁﬁkﬁ ) L
7.60 (br, 5|d) 2H 7. 414 65( AbrSm, 005%)14, 64511440 335<hd):s 3182(19 J3=5343H2

0.8H), 5. 29 s, 0.2H), 65 (br 8H) 3 (br 1. 2H), 3.84 (m
0.8H), 3.78 (nm 0082191), 33,789 (fm 01|21)H 1332595, <4:5 (15% m3 ﬁ(ﬁ'zﬁ-4)45 (ko dd,

=176, 1 0025 8(§d7,8a(=tir7.r@, 0.8y, 2234 ,(d7gd=he 2, gt 0.8H),
1.9-2.3 (br FD, .
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.
Also isolated was this product, (R)-2~(2-
ethoxy-5-oxo-tetrahydrofuran-3-ylcarbamoyl)-pyrrolidine-
15 1l-carboxylic acid tert-butyl ester, as a mixture of

stereoisomers (0.030 g, 11% yield) as a colorless oil.

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

benzoylamino) -3, 3-dimethylbutyryl]lpyrrolidine-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}l-carbamic acid benzyl ester
To a solution 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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(br s, 2.5H), 1.39 (s, 9H), 1.19 (m 3H) ppm Al so isolated was this
product, (R)-2-(2- ethoxy-5-o0xo-tetrahydrofuran-3-ylcarbanoyl)-pyrrolidine-
15 1-carbooyl/8B3@cid tert-butyl ester, as a mxture of steRePOSGIONEMs (0. 030
0, 11%yield) as a colorless oil. Exanple 11. Preparation of

1-[ 2- (4-am no- 3-chl oro- benzoyl am no) - 3, 3-di net hyl butyryl ] pyrrolidine-2 20
carboxylic acid (2-ethoxy-5-oxo-tetrahydrofuran-3- yl) am de Step A
{1-[2-(2-Et hoxy-5-o0xo0-tetrahydro-furan- 3-

yl car banmoyl ) - pyrrol i dine-I1-carbonyl]-2, 2-di net hyl - 252‘Pr Oé3y|ﬁ- carbam c acid
benzyl est et T8 ydisdtlivdit B R P thang il faage - (F 58 L, 2.46

di hydr of ur a%m%'lil.c@'hl%a@élc)t'i%r | die-deLardonyld 6, agifl, Lerd - butyl ester
(X, Rl=Et) (0.14 g, 0.41 nmmol) EW%H- NVR sehovvs - 82 sSyn’anti epinmers) and

|l utidi ne (0t48ated #ith3Gammala)leidn sdidchiroidrettmmat(h mgs axtrmomed

tenperature_under. nitrogen was opw. se add 46 WO 01/ 8133 .

PCT! UsoL/ 127887 Pt RT Pt et PG DaRAT: R A O Feus Y 46
ol ). The keagkiten ,Wasdshials edafidrad.cel.h, themavasddeatid Mddy Had ur at ed
sodi um bi carbonate, was extracted wth three portions of dichloronethane,

was dried (88 afdes Suirare)loxyrg nhes vevapdicated - dianatiy ldruderic _
oL Sot o gt e penevL i A IR T M ke ST
HOBT (0.07 d0.005g, meplS)L. mifled) mesUlHOBTY (0.0Urs WA Istinalgd athe oom
2? mfr atur erlérs]glﬂ:i%% rrlnlitxrt%%%n wfa%r s idraryesa a-li-:h%:oro%acttelm%nerva\@tsurdel luurgc(laedr wth
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 (Si0;) eluted with 1:1 ethyl acetate :
15 hexanes provided {1-[2-(2-ethoxy-5~oxo-tetrahydrofuran-3-

vyl carbamoyl)—pyrrolidine-l—éarbonyl]~2,2—

oe

dimethylpropyllcarbamic acid benzyl ester (0.12 g, 59
yield) as a white foam. IH-NMR (500 MHz, CDCls) & 7.43 (br
d, J=7.7Hz, 1H), 7.28 (s, 5H), 5.40 (m, 2H), 5.02 (AB g,

20 J=12.1, 31.0Hz, 2H), 4.55 (m, 2H), 4.29 (d, J=9.6Hz, 1lH),
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, 0.6H), 0.93 (s, 9H)

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 (2-ethoxy-

5-oxo-tetrahydrofuran-3-yl)amide
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acetate, was washed with 10% pot assi um bi sul fate, saturated sodium

bi carbonate and brine, was dried (sodium sulfate) and was evapor at ed.
Purificawonugmidl ash chromat ography (SiQ2) eluted wth RCT/USI6Yacet at e
15 hexanes provided {1-[2-(2-ethoxy-5-o0xo0-tetrahydrofuran-3- vyl

car banoyl ) - pyrrolidi ne-I-carbonyl]-2,2- dinethyl propyl}carbam c acid benzyl
ester (0.12 g, 59 % vyield) as a white foam 'H NVR (500 MHz, CDC13) 8 7.43
(br d, J=7.7Hz, 1H), 728(s 5H) 5.40 (m 2H) 502 (AB q, 20 J=12.1,
31.0Hz, 2H), 455(m 2H) J=9. 6Hz 23 (m 0.2H), 3.85 (m
0.8H), 3.73 (m 1H), l%lonzlfbf 2dE - etihzﬁy 520?99‘(dd J=17.0,

8.4Hz, 0.8Hycr2,30dr 3-2:105 A BarbP1,) K- 1. 20
o w"‘k t?f a%d Q)'f'ur%lﬂ)—3—§/‘l 24P HHS%LFD—pr%Ofdl@(dS@ lJca?.’ng)c{)r{F?nl] lli')H R

shows - 8: 22s)2ndanleth@’|ipmpsrl}lg@/mn(ll§8ﬁ)cld rearz490 st gviHH) . 1St e B.
1-[2-(4-am chl ro ben

di met hyl but r?ﬁ] Tol il 16 zTr bg) f}]%l) Wa?c% FEA Gy 10%

5- oxo-t ef rabﬁduaﬁumnh%@ﬂommed@n 46:'War0 1/ 1330 PCTAESO Wli2hay A sol ution
of {1-[2-(2-ethoxy-5-0x0 tetrahydrofuran-3-yl

car banoy! ) - BpARS| LdRiEL hysEogeRy Pre sBurediffst i pr@sy 13 ddiakad ¢ aci d benzyl
ester (0.12, cBrou 26: TR oy %Laga%g) 5&4@9@1 a4 reated it
rox n , under

pal | adi um hy e on car bo was stirre J1k at m ydrogen
pressure f owaéhdl\mslfmeldt aémed idhlircauwgte tGalrid e fand. )wasrel apsr dtrechtdde crude
Intermediate, vy dh839 %o el AT NANe (34T, A% WaR1y et ed
10 EDC (0.06 g, 0.29 mmol) and diisopropylethylamine (0.13
mL, 0.71 mmol) 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 yield) 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,
1.04), 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, 0=7.1Hz, 0.6H), 1.00 (s, 9H) ppm. 1H-NMR shows ~ 8:2
30 syn:anti epimers. LC/MS (ES+): m/e= 509.08 (M+H).
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W th 4-am no- 3-chl or obenzoic acid (0.04 g, 0.26 nmol), 10 EDC (0.06 g, 0.29
nmol ) and dii sopropyl ethylamne (0.13 nlL, 0.71 nmol) and was stirred at
room t enye0 at/8w380 under nitrogen for 20h. The reacti on waBCTHUSurRdMWi t h
ethyl acetate, was washed with 10% pot assi um bi sul fate, saturated sodi um
bi carbonate and brine, was dried (sodium 15 sulfate) and was evapor at ed.
Purification by flash chronmatography (Si02) eluted with 7:3 ethyl acetate
hexanes provided 1-[2- (4 am' no- 3 chI or o- benzoyl am no)

3, 3- dlnethylbutyryl]p | i di ne- bo I|c aC|d

et hoxy- 5- oxo-t et rahyd at’?’eB or20°fy Tfdigments
col orl ess filkmehis NMRRQAQVHE @I%Cja@paieht%ha(td our-d L ek@mGpﬂesW (m
0.2H), 7.44 (dd, J=8.4, 2.0Hz, 1.0H), 3 (d, J=8.0Hz, 0.8 69 (d,

J=8.4Hz, 1Hpay @e5§l(t@reﬁ=¢c2movmqye calrsegf (anboFEmertys VOUSH) u*ISLJZJQZG(s

0.2H), 479 ' 2 {m m 425(m
0.2H  3.83 f‘g émgﬂ)u%:? %Dd m%tg‘ iffo Ofostk%%p (lnveﬁ‘%%(“ 3%%*5‘9 Fon)
2.92 (m50. 2H) wi2176e( d@,preb%‘.]ﬁ:e@. t&a4ﬂ-|2thé) Sdpe 2>f3&}(ﬂﬁ ﬁf@ent&.&‘ﬁ (m
1H), 1.93 (m 1.0OH) 1.22 J=7.1Hz, 1.16 (t,
J=7.1Hz, O. ﬁ)tolbﬁod(e%cln@l% béfpﬁ'ﬂh BOQR St L 21T Zfast@es‘yﬁ%ﬂ i®¥pi ners.
LO M8 (ES+) il 656502108 hMifdimer WRHQH 81330 tRCH USOMJR76%5 Wy | e we
have descri bed a nunmber of enbodinents of this invention, It is apparent
that our bawky eXapplee®lenay be altered to provide other enbodi nents which
utilize the conmpounds and nethods of this invention. Therefore, 5 it wll
be appreciated that the scope of this invention is to be defined by the
appended cl ai s rat her than by
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t he specific enbodi nents which have been represented by way of exanple. 49
WO 01/81330 PCT/USO01/12769 We claim 1. A process for making a conpound of
formul a WO 008138 O R2RA N H O RL wherein R is an opti onal PgTASHIgR27¢Ut ed
group selected froman aliphatic group, aral kyl group, heterocyclyl al kyl
group or aryl group, and R2 is an organic radical, said process conprising

the steps of: (a) providing a butenolactone of formula Il: 100 ORL II
(b) treating Il with an azide N3-Y, where Y is hydrogen, a silyl group, or
a counterion, to forman azidolactone Ill: O O N3 14 OR-111l; (c)
converting IIl to an am nolactone IV or an i m nophosphorane V: 50 WO

01/81330 PCJ/USQL/;}2769 O O

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

0
)
o)
RZ/U\N
O-Rr1? I

wherein R' is an optionally substituted group selected
from an aliphatic group, aralkyl group, heterocyclylalkyl
group or aryl group, and R?® is an organic radical, said
process comprising the steps of:

(a) providing a butenolactone of formula II:
0]
| ©

O-R! II;

(b) treating II with an azide N3-Y, where Y is hydrogen, a

silyl group, or a counterion, to form an azidolactone

III:

)

o)

N3
O-R' 117;

(c) converting III to an aminolactone IV or an

iminophosphorane V:
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OOHZN R3BP=N OR IVor ORL V; and (d) coupling either IV or Vwth
R2COOH, or a reactive equivalent thereof, to forml. 2. The process of
claiml wWepesrs3R2 is a P4-P3-P2 noiety of a caspase i nhPGTAS01/12069 porti on
thereof. 3. The process of claim2 wherein R2 is a P4-P3-P2 noiety of a
caspase inhibitor, and wherein said noiety is one of the groups listed in
Table 1. 4. The process of claim3 wherein R2 is a P4-P3-P2 noiety of a
caspase inhibitor, and wherein said noiety is one of the groups listed in
Table 2. 5. The process of claim4 wherein R2 is_a P4-P3-P2 noiety wherein

the P4 portion thereof is sefected from R CO —O RNHC=0O, RC(0) C=0 or
RS02 and Ris one of the g s listed in Ta 6. The process of claim
5 wherein R2 is a P4-P3-P ety selected f cbne of the groups |isted

in Table 4. 7. The prodéds of clai m2 whBsRth Rl is methyl, ethyl, propyl,
2-propyl, butyl, pentyl, hexﬁ‘R dzvret byl pentyl, ORhat; hy:jrm opyl,
cyclopentyl, cyclohexyl, cycl opent yl net hyl , cyclohexylnethyl phenylethyl,
phenyl propyl, phenyl butyl, (d)-nmenthyl, (1)-nmenthyl, 1 51 WO 01/ 81330

PCT/ US01/ 127@1@ @@m@{g\/lel%&d@m@ﬂl\i vv]j.‘dl’f‘q@@‘ﬂoH 20'1” a@éla’ciﬁq; yl, 3

tetrahydrofuranyl benzyl, a- met hyl benzyl, 4 chl or dbenzyl,” 4-fl uorobenzyl
4- nethylbenEﬁMlVHJ@Zi Gﬁ&pykﬁbeﬁzyﬁbnm'l4 trlfluoronethylbenzyl

2. The process of claim 1 wherein R? is a P;-P3-P, moiety

of a caspase inhibitor, or portion thereof.

3. The process of claim 2 wherein R? is a P,—~P3-Ps moiety
of a caspase inhibitor, and wherein said moiety is one of

the groups listed in Table 1.

4. The process of claim 3 wherein R? is a P,-P3-P, moiety
of a caspase inhibitor, and wherein said moiety is one of

the groups listed in Table 2.

5. The’process of claim 4 wherein R? is a P;~P3-P, moiety
wherein the P, portion thereof is selected from R-CO,
ROC=0, RNHC=0, RC(0)C=0 or RSO, and R is one of the groups
listed in Table 3.

6. The process of claim 5 wherein R? is a P,—P3-P, moiety

selected from one of the groups listed in Table 4.

7. The process of claim 2 wherein R! is methyl, ethyl,

propyl, 2-propyl, butyl, pentyl, hexyl, 4-methylpentyl,

2-methylpropyl, cyclopentyl, cyclohéxyl,

cyclopentylmethyl, cyclohexylmethyl, phenylethyl,

phenylpropyl, phenylbutyl, (d)-menthyl, (l)-menthyl, 1-
51



8. The process of claim2 wherein RL is ethyl or an optionally substituted
benzyl. 9. The process of claim8 wherein RL is ethyl or benzyl. 10. The
process o¥001/8i380 1 or 2 wherein N3-Y is selected from Li M3T/UBBINR769TMS- N3,
HN3, or Et AIN3. 11. The process of claim1l or 2 which proceeds through the
am nol actone IV. 12. The process of claim1l or 2 which proceeds through

t he i m nophosphorane V. 13. A process for making a conpound of forrmula I:

0 ORKN40 HORL I wherein Rl is an optionally substituted group

sel ected from an alipl atl [ g Qu ro het erocyclyl al kyl group
or aryl groGfaTZREYR2 | 'c%'r %aﬁygl sb%"l‘ﬁzjr'l sthg the

st eps of r on 1/ 81330 PCT/ USOl/ 12769
O O X OR%)e@ a%\yd\%lﬁer}t?le |5’ C%ngzﬁ{)l, E’Lr;é{neoth Isge\(;%%]p treating VII with

an azi de N3c¥lowadiedz¥li,s & SlidodobediBup oqr—naetﬂmrﬁ@tzpln 4o(2ormthe

azi dobut enol actone. VIIl: O ,
propyl)benzyl, or 4-trifluoromethylbenzyl.

8. The process of claim 2 wherein R! is ethyl or an

optionally substituted benzyl.
9. The process of claim 8 wherein R' is ethyl or benzyl.

10. The process of claim 1 or 2 wherein N3-Y is selected

from LiN3, NaN3, TMS-Ns3, HN3, or EtAlN3.

11. The process of claim 1 or 2 which proceeds through

the aminolactone IV.

12. The process of claim 1 or 2 which proceeds through

the iminophosphorane V.

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

O
O
O
RzJLH

wherein R! is an optionally substituted group selected
from an aliphatic group, aralkyl group, heterocyclylalkyl
group or aryl group, and R? is an organic radical, said
process comprising the steps of:

(a) providing a butenolactone VII:
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t O N8 OR WVIII; (c) converting VIII to an am nobutenol actone | X or an

i m nophosphorane XI: OO OO H2NJ R3BP=N OR I X or ORl XlI; (d) coupling
ei ther | X@p1/3330M t h R2000H, or a reactive equival ent thP€BOR)1/L2069f Or m X:
0 OO RANHORL X; and (e) reducing the furanone ring double bond in X
to provide |I. 53 WO 01/81330 PCT/US01/12769 14. The process of claim 13
wherein R2 is a P4-P3-P2 noiety of a caspase inhibitor, or portion
thereof. 15. The process of claim 14 wherein R2 is a P4-P3-P2 noiety of a
caspase inhibitor, wherein said noiety is one of the groups listed in
Table 1. 16. The process of claim15 wherein R2 is a P4-P3-P2 noiety of a

caspase inhibitor, wherein said noi is one of the groups listed in
Table 2. 17. The process of claiml erein R2 is a P4-P3-P2
X
O-rR' wvrz,

where X is chloro, bromo or iodo;

(b) treating VII with an azide N3-Y, where Y is a silyl

group or a counterion, to form the azidobutenolactone

VIII:

0

| o

N3
O-R'" vr1I;

(c) converting VIII to an aminobutenolactone IX or an

iminophosphorane XI:

O O

| © | o
H?_N R3P=N
O-R'" 1% or O-R? XI;

(d) coupling either IX or XI with R?COOH, or a reactive

equivalent thereof, to form X:

O
0]
| o
A
O-Rr! X; and

(e) reducing the furanone ring double bond in X to

provide I.
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noi ety wherein the P4 portion thereof is selected fromR CO ROC=0

RNHC=0O, RC(0)C=0O or RS02 and Ris one of the groups listed in Table 3. 18.
The procev@ou$1380 ai m 17 wherein R2 is a P4-P3-P2 noi ety BET/®@S1IER769r om one
of the groups listed in Table 4. 19. The process of claim14 wherein R is
met hyl, ethyl, propyl, 2-propyl, butyl, pentyl, hexyl, 4-nethylpentyl,

2- met hyl propyl, cycl opentyl, cyclohexyl, cyclopentyl nethyl, :

cycl ohexyl net hyl , phenyl et hyl, phenyl propyl, phenyl butyl, (d)-nenthyl,

(1) -rment hyl , 1- amantyl , 2-adamantyl,, 1-indanyl_, 2-indanyl, bornyl, 3-
tetrahydrof&ﬁanyﬁgebgﬁffﬁfsapﬁéfﬂgﬁﬁg&ﬁyWPQES F%r&ﬁeﬁzgﬁ,ﬁﬂjgluorobenzyl,
4- met hyl bengpli et4- 02- apcapyakkenanibi@brd- o fJaarieretdndeyrzyl . 20. The

process of claim 14 wherein R is ethyl or an optionally substituted
benzyl. 54 WD 01/81330 PCT/US01/12769 21. The process of claim20 wherein

R is ethyl qjar zyl . i rqQce im.23.q9r 14 wherein N3-Y is
sel ect ed fr%%fLi%gg ﬁgﬁg%%fwé?ﬁgaagﬁlE?Aﬁh?,é}? R%hégp?ogé2§3§§ claim 13 or
14 which procdedy olir aughsphbe amhidhiaetrgnerhletei24.salbhe mprieasss sofored ai m 13
or 14 which proceeds throu%gt t he ininoph%§phorane XI. 25. A process for

| -

maki ng a cofpol§ GForesmitgted 18 Igbge

16. The process of claim 15 wherein R? is a Ps—P3;-P,
moiety of a caspase inhibitor, wherein said moiety is one

of the groups listed in Table 2.

17. The process of claim 16 wherein R? is a P4~P3-P,
moiety wherein the P, portion thereof is selected from R-
CO, ROC=0, RNHC=0, RC(0O)C=0 or RSO, and R is one of the
groups listed in Table 3.

18. The process of claim 17 wherein R®> is a Ps4-P3~-P»

moiety selected from one of the groups listed in Table 4.

19. The process of claim 14 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, l-indanyl, 2-indanyl, bornyl, 3-
tetrahydrofuranyl, benzyl, oa-methylbenzyl, 4-
chlorobenzyl, 4-fluorobenzyl, 4-methylbenzyl, 4-(2-
propyl)benzyl, or 4-trifluoromethylbenzyl.

20. The process of claim 14 wherein R is ethyl or an

optionally substituted benzyl.
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R~ NHORL I wherein RL is an optionally substituted group sel ected
froman aliphatic group, aral kyl group, heterocyclylal kyl group or aryl
group, amdoRR8I330 an organi c radical, said process conpriBCHgSetiR76t eps of :
(a) providing a butenolactone VII: O O X ORL VII, wherein X is chloro,
brono or iodo; 55 WO 01/81330 PCT/US01/ 12769 (b) treating VII with an
azide N3-Y, where Yis a silyl group or a counterion, to form an

azi dobut enolactone VIII: O 0 N3 ORL VIII; (c) converting VIIl to an

am nobut enolactone I XX O 0 H2N O RL I1X; (d) reducing the ring double
bond of I X to provide the am nolactone IV: O H2N

21. The process of claim 20 wherein R! is ethyl or

benzyl.

22. The process of claim 13 or 14 wherein N3-Y is

selected from LiN3, NaN3, TMS-Ni3, or EtAINj.

23. The process of claim 13 or 14 which proceeds through

the aminolactone IX.

24. The process of claim 13 or 14 which proceeds through

the iminophosphorane XI.

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

O
O
@)
Rz/lLH

wherein R' is an optionally substituted group selected
from an aliphatic group, aralkyl group, heterocyclylalkyl
group or aryl group, and R® is an organic radical, said

process comprising the steps of:

(a) providing a butenolactone VII:

0

| o
X
O-rR' w11,

wherein X is chloro, bromo or iodo;
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0O ORIV, and (e) coupling IV with RCOOH, or a reactive equival ent
thereof, to forml. 26. The process of claim?25 wherein R2 is a P4-P3-P2
noi ety ofwaovsspase i nhibitor, or portion thereof. 27. ArcDWp@uUNde90f
formula I'll or VIIl: 56 WD 01/81330 PCT/US01/ 12769 O O O AO N3 ORL N3
ORL 11l VIII wherein R is selected froman optionally substituted

al i phatic group, aral kyl group or aryl group. 28. The conpound of claim 27
wherein RL is nmethyl, ethyl, propyl, 2-propyl, butyl, pentyl, hexyl,

4- et hyl pentyl,, . 2-net hyl pvl... cyclopentyl, .cyclohexyl .. .

cycl opent yl ¥?h}ﬁf%£%ﬂ ﬁ@%?ﬂ%%#hﬁ%fEﬁ%ﬁ%?%gfﬁylWheﬁﬁeﬁiﬁﬁrgpfﬁ}yl

phenyl butyl g Nt \ourtdrimet d | £drm aganaitddbu terasipdmind v |
1-indanyl, 2-indanyl, bornyl, 3- tetrahydrofuranyl, benzyl; a-nethyl benzyl,
4- chl orobeNAHL: 4-fl uorobenzyl, 4-methyl benzyl, 4-(2- propyl)benzyl, or
4-trifluoromet hyl benzyl. 29. The conpound of claim 27 wherein Rl is ethyl
or an optionally substituted benzyl. 30. The conmpound of claim 29 wherein
Rl is ethyl or benzyl. 31. A conpoundjof forrmula V or I X: 4040

| o

N3
O-R" v111;

(c) converting VIII to an aminobutenolactone IX:

L«O
H,N

O-R' 1x;

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

Jio
HoN

O~R!?

aminolactone IV:

IV; and

(e) coupling IV with R®COOH, or a reactive equivalent

thereof, to form I.

26. The process of claim 25 wherein R? is a P,-P3-P,

moiety of a caspase inhibitor, or portion thereof.

27. A compound of formula III or VIII:
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R3P=N R3P=N OR1 Vor ORL Xi, wherein RL is selected froman optionally
substituted aliphatic group, aral kyl group or aryl group. 57 WO 01/81330
PCT/ USO1MQ¥68133B2. The conpound of claim 31 wherein Rl i BCHVBSHyl276%t hyl ,
propyl, 2-propyl, butyl, pentyl, hexyl, 4-nmethylpentyl, 2-nmethylpropyl,
cycl opentyl, cyclohexyl, cyclopentylnethyl, cyclohexyl nmethyl, phenylethyl,
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 orobepzyl, 4-fluorobgnzyl, 4-nmethylbenzyl, 4-(2-
propyl ) benzyl, or 4-triflugronethyl benzyl.;33. The conpound of claim 31
wherein RL is ethyl or a ptionally s s(gtuted benzyl. 34. The conpound
58

of claim 33 wherein Rl | hyl or ben
N3 N

O\R‘I 3 O~R1

IIT VIII
wherein R' is selected from an optionally substituted

aliphatic group, aralkyl group or aryl group.

28. The compound of claim 27 wherein R! is methyl, ethyl,
propyl, Z2-propyl, butyl, pentyl, hexyl, 4-methylpentyl,
2-methylpropyl, cyclopentyl, cyclohexyl,
cyclopentylmethyl, cyclohexylmethyl, phenylethyl,
phenylpropyl, phenylbutyl, (d)-menthyl, (1)-menthyl, 1-
adamantyl, 2-adamantyl, l-indanyl, 2-indanyl, bornyl, 3-
tetrahydrofuranyl, benzyl, oa-methylbenzyl, 4-
chlorobenzyl, 4-fluorobenzyl, 4-methylbenzyl, 4-(2-
propyl)benzyl, or 4-trifluoromethylbenzyl.

29. The compound of claim 27 wherein R! is ethyl or an

optionally substituted benzyl.

30. The compound of claim 29 wherein R is ethyl or

benzyl.

31. A compound of formula V or IX:

0 0
0 | ©
RsP=N RsP=N
O-R' v or O-R' x1,

wherein R' is selected from an optionally substituted

aliphatic group, aralkyl group or aryl group.
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WO 01/81330 PCT/US01/12769

32. The compound of claim 31 wherein R!' is methyl, ethyl,
propyl, 2-propyl, butyl, pentyl, hexyl, 4-methylpentyl,
2-methylpropyl, cyclopentyl, cyclohexyl,
cyclopentylmethyl, cyclohexylmethyl, phenylethyl,
phenyipropyl, 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, or 4~trifluoromethylbenzyl.

33. The compound of claim 31 wherein R! is ethyl or an

optionally substituted benzyl.

34. The compound of claim 33 wherein R! is ethyl or

benzyl.
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