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Background of the Invention

Field of the Invention

The invention relates generally to methods for preparing lactacystin and
related compounds, to novel analogs of lactacystin and clasto-lactacystin B-

lactone, and their uses as proteasome inhibitors.
Description of Related Art

The Streptomyces metabolite lactacystin (1) inhibits cell cycle progression
and induces neurite outgrowth m cultured neuroblastoma cells (Omura et al., J.
Antibiotics 44:117 (1991); Omura et al., J Antibiotics 44:113 (1991); Fenteany
et al, Proc. Natl. Acad. Sci. (USA) 91:3358 (1994)). The cellular target
mediating these effects is the 208 proteasome, the proteolytic core of the 265
proteasome, which is the central component of the ubiquitin-proteasome pathway
for intraceliular protein degradation. Mechanistic studies have established that
lactacystin inhibits the proteasome through the intermediacy of the active species,
cIasto-Iactadystin B-lactone (2), which specifically acylates the N-terminal

threonine residue of the proteasome X/MB1 subunit (Fenteany, et al., Science
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The ubiquitin-proteasome pathway is involved in a variety of important
5 physiological processes (Goldberg et al, Chemistry & Biology 2:503 (1 995);
Ciechanover Cell 79:13 (1994); Deshaies, Trends Cell Biol.5:431 (1995)). In
fact, the bulk of cellular proteins are hydrolyzed by this pathway. Protein
substrates are first marked for degradation by covalent conjugation to multiple
‘ molecules of a small pfotein, ubiquitin. The resultant polyubiquitinated proteinis
10 then recognized and degraded by the 268 proteasome. Long recognized for its
role in degradation of damaged or mutated intracellular proteins, this pathway is
now also known to be respoxisible for selective degradation of various regulatory
proteins. For example, orderly cell cycle progression requires the programmed
ubiquitination and degradation of cyclins, The ubiquitin-proteasome pathway also
15 mediates degradation of a number of other cell cycle regulatory proteins and
tumor suppressor proteins (e.g., p21, p27, p53). Activation of the transcription
factor NF-xB, which plays a central role in the regulation of genes involved in the
immune and inflammatory responses, is dependent upon ubiquitination and
degradation of an inhibitory protein, IxB-¢ (Palombella et al., WO 95/25533). In
20 addition, the continual turnover of cellular proteins by the ubiquitin-proteasome
pathway is essential to the processing of antigenic peptides for presentation on
MHC class I molecules (Goldberg and Rock, WO 94/17816).
The interesting biological activities of lactacystin and clasto-lactacystin B-

lactone and the scarcity of the natural materials, as well as the challenging
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the basis of model studies reported by (Dikshit et al., Tetrahedron Lett. 36:6131
(1995)).
Aldol reactions of oxazoline-derived enolates feature prominently in the
15 synthesis of lactacystin reported by Smith and coworkers (Suazuka et al., J. Am.
Chem. Soc. 115:5302 (1993); Nagamitsu'et al, J Am. Chem. Soc. 118:3584
(1996)) and in the synthesis of (6R)-lactacystin reported by (Corey and Choi
Tetrahedron Lett. 34:6969 (1993)); Choi Ph.D., Thesis, Harvard University, 44
(1995). In the former synthesis, Which proceeds in 20 steps and 9% overall yield,
20 the enolate is condensed with formaldehyde to install a single carbon atom, which
must then be elaborated in a number of additional steps. In the Corey and Choi
synthesis, the aldol reaction selectively provides the product of undesired
stereochemistry, resulting in the eventual preparation of the C(6) epimer of
lactacystin, which is devoid of biological activity.
25 Lactacystin has also been prepared in 22 steps and 2% overall yield from
D-glucose (Chida et al., J. Chem. Soc., Chem. Commun. 793 (1995)). The
biosynthetic pathway involved in production of the natural product has been
investigated in feeding experimentsinvolving *C-enriched compounds (Nakagawa
et al., Tetrahedron Lett. 35:5009 (1994)).
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wherein
R'isalkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, aralkyl, where the ring
portion of any of said aryl, aralkyl, or alkaryl can be optionally substituted;
R?isalkyl, cycloalkyl, ary}, alkaryl, aralkyl, alkoxy, hydroxy, alkoxyalkyl,
15 or amido, where the ring portion of any of said aryl, aralkyl, or alkaryl can be

optionally substituted; and
R’ is alkyl, aryl, aralkyl, alkaryl, wherein any of said alkyl, ary}, aratkyl or
alkaryl can be optionally substituted.
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where R?is alkyl, cygloalkyl, aryl, alkaryl, aralky!, alkoxy, hydroxy, alkoxyalkyl,

5 or amido, where the ring portion of any of said aryl, aralkyl, or alkaryl can be
optionally substituted; and

R’ and R® are independently one of alkyl or alkaryl; or R® and R® when

taken together with the nitrogen atom to which they are attached form a S- to 7-

membered heterocyclic ring, which may be optionally substituted, and which

10 optionally may include an additional okygen or nitrogen atom.
A third aspect of the present invention relates to forming tri-substituted

oxazolines of Formula fa or Ib:

COR3
R1
N Ia
b4
R4
COsR3
R
N
' Ib
A
R4
15 where R! is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, aralkyl, where the ring

portion of any of said aryl, aralkyl, or alkaryl can be optionally substituted; and R*



wher ein Rlerr] is alkyl, alkenyl, alkynyl, cycloalkyl,
aryl, alkaryl ., aralkyl, where the ring . portion of any of sald
aryl, aral@®9%6 5 karyl can be optional |y substituted: PCT/US98/16858
Rlerr] is alkyl, cycloal kyl, aryl, alkaryl, aralkyl, al koxy, hydr oxy,

al koxyal kyl , 15 or anido, whegg.e the ring portion of any of said
aryl, aral kyl, or alkaryl can be . optionally substituted; and
Rlerr] is alkyl, aryl, aral kyl, alkaryl, wherein any of said al kyl, aryl,
aral kyl or al karyl can be optionally substituted.

-5- is alyl or heter@arybceﬁthdr efphich miy bbeptioretigrsubstitued! iThe tris di rect ed
to a nethod of orm.ng fornyl amdes qf Fornmula XIV: [err]

substituted oxazohnes of Formulae Ia and 15 are useful as starting materials in
forming lactacysin, clasto-lactacystin $-lactone or analogs thereof via the process
described herein.

5 A fourth aspect of the present invention is directed to lactacysin, clasto-
lactacystin B-lactone or analogs of Formulae VT and VI that possess unexpected
biological activity. Lactacystin, clasto-lactacystin B-lactone, and analogs thereof
possess biological activity as inhibitors of the proteasome. They can be used to
treat conditions mediated directly by the function of the proteasome, such as

10 muscle wasting, or mediated indirectly via proteins which are processed by the
proteasome, such as the transcription factor NF-kB.
A fifth aspect of the present invention relates to pharmaceutical
compositions, comprising a compound of Formula VI or Formula VII, and a
pharmaceutically acceptable carrier or diluent.
15 A sixth aspect of the present invention relates to methods of inhibiting
proteasome function or treating a condition that is mediated directly or indirectly
by the function of the proteasome, by administering a compound of Formula VI
or Formula VII that possesses unexpectedly high activity in inhibiting the
proteasome. Preferred Embodiments are directed to the use of a compound of
20 " Formulae VI or VII to prevent or reduce the size of infarct after vascular
occlusion for example, for treating neuronal loss following stroke. An additional
preferred embodiment is directed to the use of said compounds for treating
asthma.
A seventh aspect of the invention relates to enantiomerically-enriched
25 compositions of formy! amides of Formula X7V.
An eighth aspect of the present invention relates to novel individual

intermediates, such as aldols of Formula I7 and aminodiols of Formula II7:
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and individual steps within the multistep process for forming lactacystin, clasto-
lactacystin f8-lactone or various analogs thereof.

5 A ninth aspect of the present invention relates to individual intermediates,
such as compounds of Formulae XVII, XVII and XIX:
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15 where R err] is alkyl, alkenyl, alkynyl, cycloal kyl, aryl,

al karyl, aral kyl, where the ring portion of any of said aryl,
aral kyl , WP930RM6y| can be optionally substituted; and R ePE€TUSI8/16858

- 6- is aryl or heteroaryl, either of which may be optionally
substituted. The tri- suhgtituted oxazolines of Fornmulae Ia and
| b are useful as starting materials in formng | actacysi n,
clasto-lactacystin [err]-lactone oranal ogst hereof vi at heprocess

descri bed herein. 5 A fourth aspect of the present
invention is directed to | actacysin, clasto- | act acystin

[err]-lactone or anal ogs of Formul & VI and VII that possess unexpected
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prot easonme, such as the transcré ption factor NF-KB. A
fifth aspect of the present invention relates to pharmaceuti cal
conpositions, conprising a corrpounql.aof Formula VI or Formula VII, and a

pharmaceutically acceptable carriergor diluent. 15 A sixth
aspect of the present inventign rellates to nethods of inhibiting
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indirectly by the fugcti ofP®R the proteasone, BVIHHnNi nistering
a conmpound of Forrmula VI * O
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Preferred Enbodinents are diregted to the use of a conpound of
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5 where X is a halogen, preferably Cl, Bror 1, as well as individual steps within the

multistep process for forming substituted oxazolines of Formula 7.
Other features or advantages of the present invention will be apparent from

the following detailed description, and also from the appending claims.
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rief Description o rawings

FIG. 1. depicts a graph showing the effect of compound 3b, administered
1.v., on infarct volume in rats (n=6-8).

FIG. 2. depicts a graph showing the effect of compound 3b, administered
i.v. on neurological score in rats (n=6-8).

Detailed Description of the Preferred Embodiments

-~

The present invention relates to an improved multi-step synthesis of
lactacystin, clasto-lactacystin B-lactone, and analogs thereof, that proceeds in
fewer steps and in much greater overall yield than syntheses described in the prior
art. A number of individual process steps and chemical intermediates distinguish
this synthetic pathway from pathways described in the prior art. For example, this
synthetic pathway relies upon a novel stereospecific synthesis of an oxazoline
intermediate, and a unique stereoselective addition of a formyl amide to the
oxazoline.

The invention is also directed to novel analogs of Formulae Vf and V11
that possess unexpected biological activity. Lactacystin, c/asto-lactacystin f-
lactone, and analogs thereof possess biological activity as inhibitors of the
proteasome. They can be used to treat conditions mediated directly by the
function of the proteasome, such as muscle wasting, or mediated indirectly via
proteins which are processed by the proteasome, such as the transcription factor
NF-xB. The present invention is also directed to methods of inhibiting
proteasome function or treating a condition that is mediated directly or indirectly
by the function of the proteasome, by administering a compound of Formula VI
or VII that possesses unexpectedly high activity in inhibiting the proteasome. In
a preferred aspect of the invention, a pharmaceutical composition that includes a

compound of Formula V7 or Formula VIT is administered to treat ischemic or

An ei ghth

i nt er medi ates, such as al Qlflj)f For nul ajltlheaﬁd am nodiols of Fornmula II1:



and individual steps within the nultistep process for formng | actacystin,

cl ast o- | actacystin [err]-lactone or various analogs thereof. 5
A ninth aWPSOWE t he present invention relates to indivi deatsesrissss

I nt er medi at es, such as conpounds of Fornulae XVII1, XVIII and Xl X
[err] -10- - 8- [err] -

reperfusion injury. For example, in a preferred embodiment said compounds can

be used to treat, prevent or ameliorate neuronal loss following stroke.

Synthetic Processes

A first aspect of the present invention relates to processes for forming
5 lactacystin and analogs thereof having Formula V7 and clasto-lactacystin B-lactone

and analogs thereof having Formula VII:

VI
viI
wherein
10 R'isalkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, aralkyl, where the ring

portion of any of said aryl, aralkyl, or alkaryl can be optionally substituted;
R%isalkyl, cycloalkyl, aryl, alkaryl, aralkyl, alkoxy, hydroxy, alkoxyalkyl,
or amido, where the ring portion of any of said aryl, aralkyl, or alkaryl can be
optionally substituted; and -
15 R’ is alkyl, ary}, aralkyl, atkaryl, wherein any of said alkyl, aryl, aralky! or
alkaryl can be optionally substituted.
The processes for forming these compounds rely upon formation of a

common carboxylic acid intermediate of Formula V:



5 where X is a halogen, preferably O, Br or I, as well as individual

st eps w t hivolbbreneos mul tistep process for form ng subsidrdesfssss
oxazolines of Formula I. O her features or advantages ofthe
present invention will be apparent fro the followi ng detailed -

description, and also fromthe appendi ﬁ]d'cl ai ns.

where R' and R? are as defined above for Formulae V7 and VII. These steps
include:

(a) deprotonating a substituted aryl or heteroaryl oxazoline of Formula I

CO,R?

R‘

where R is as defined above, and R is alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
alkaryl, any of which can be optionally substituted; and
R*is aryl or hetefoaryl, either of which may be optionally substituted;
10 by treating said substituted ary! or heteroaryl oxazoline with a strong base to form
an enolate; ' .
(b) transmetallating said enolate with a metal selected from the group
consisting of titanium, aluminum, tin, zinc, magnesium and boron, and thereafter

treating with a formyl amide of Formula X7V

15 X

A
| 3

/
2



- 9- Brief Description of the Draw ngs
FIG 1. depicts a graph showing the effect of conpound 3b, adm nistered

i.Vv., onwoédsgseés Vol ume in rats (n=6-8). PCT/OS®¥/16858 depi ct s
a graph show ng the effect of conpound 3b, admi nistered 5 i.v. on
neurol ogi cal score in rats (n=6-8). 5 Det ai | ed
Description of the Preferred Enbodi nents The present

invention relates to an inproved nulti-step synthesis of
| actacystin, clasto-lactacystin [err]-lactone, and anal ogs thereof, that

proceeds '%hereR’xsasdeﬁnE&%e%M[ﬁi VhandUetl, ghideat er overal | yield than
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cl ast o- IactE’c §Plaﬁa a | act one, and anal ogs t hereof possess
bi ol ogi cal act|V|ty as |nh|b|tors of the pr ot easonme. They can
be used to treat conditions nediated directly by the function
of the proteasone, such as nuscle wasting, or nediated indirectly via 20
proteins which are processed by t p¥ot easone, such as the transcription
factor NF- [ ef R sentRsi nvention is also directed to
met hods of inhibiting R1 g l/ e

where R* through R® are as defined above;
c) catalytically hydrogenating said adduct of Formula ITto form a y-

10 lactam of Formula IV:

v

where R!, R? and R® are as defined above;

d) saponifying said y-lactam of Formula IV to form a lactam

carboxylic acid of Formula V-



prot easone function or treating a condition that is nediated directly or

I ndi r ect | Wo 9909006 by the function of the proteasone, pfyyashHsRisSt €ri ng
a conpound of Formula VI or VIl that possesses unexpectedly
hi gh activity in inhibiting the protegsone. In 25 a preferred aspect
of the invention, a pharnaceutical cdﬂ%osi_tion that includes a

conpound of Forrmula VI or Fornmula VIl is admnistered to treat ischemc or
-10- reperfusion injury. For exanple, in a preferred

enbodi nent sai d conpounds can be used to treat, prevent or

aneliorate neuronal |oss foll ow n@ stroke. Synt hetic Processes

A first aspect of the present_invdntion relates to processes for formng 5
| actacystin and anal ogs t her ? 'N;p_'g Forrmula VI and clasto-lactacystin
[err]-lactone and ana{ og Egz«;,r eof having Fornmula yI: [err]

HO )
HO

where R! and R? are as defined above.
The carboxylic acid intermediate of Formula V can be cyclized by
treatment with a cyclizing reagent to form a clasto-lactacystin-B-lactone or analog
5 thereof of Formula ‘VII, which can be optionally further reacted with a thiol
(R’SH), such as N-acetylcysteine, to form lactacystin or an analog thereof having

Formula VI.
| Alternatively, the carboxylic acid intermediate of Formula ¥ can be directly
coupled to a thiol (R’SH), such as N-acetylcysteine, to form lactacystin or an
10 analog thereof having Formula V1.

A second aspect of the present invention relates to the formation of

enantiomerically-enriched formyl amides of Formula XIV:

O
©

RS
lil/

R6

I
;gnmm<

Xiv

wherein R?, R® and R® are as defined above, said method comprising:

15 (2)  deprotonating a compound of Formula VIII:

0

HN 0
\/

re™
Vil



wherein 10 Rlerr] is alkyl, alkenyl, alkynyl, cycloalkyl,
aryl, alkaryl, aral kyl, where the ring . portion of any of said
aryl, aravdgdnoooes al karyl can be optionally substituted; PCT/US98/16858

R2 is al kyl, cycloal kyl, aryl, alkaryl, aralkyl, al koxy, hydroxy,

al koxyal kyl , or am do, whefg the ring portion of any of said
aryl, aral kyl, or alkaryl can be optionally substituted; and 15
Rlerr] is alkyl, aryl, aral kyl, alkaryl, wherein any of said al kyl, aryl,
aral kyl or al karyl can be optionally substituted.

The pr 0CessqphetdR® ik Hoptdpgl éﬂﬁﬁ@rl,cmmwemer Ea@jlé{tid\rglﬁélrdcsﬁl’cifmahﬂﬂ vifh a

common carboxylic acid internediate of Fornmula V.
-11- [ er r JRZ.CH,COCI to form an acyloxazolidinone of Formula IX:

o) o
FR\\,/“\\ /JL\
N 0
L/

R8
X

where R? and R? are as defined above;
5 (b)  stereoselectively reacting the acyloxazolidinone of Formula IX with

benzyloxymethyl chloride to form a protected alcohol of Formula X:

OBn O o)

UAGA

: N o
B\ /
R8"
X

where R? and R? are as defined above;
(¢)  hydrolyzing the protected alcohol of Formula X to form a

10 carboxylic acid of Formula XT:

0O
a
3
(o]

EJmam(
0
o

x

where R? is as defined above;



where Rl err] and Rl err] are as defined above for Fornulae VI and VII. These

st eps I ncl ude: (a) deprotonating as | aryl or
heteroarwotg?(ggfgfi ne of Formula I: 5 [err] m%%bgg&[ err]
is as defined above, and Rlerr] is alkyl, alkenyl, alkynyl, cycloalkyl -
aryl, al karyl, any of which 43n be optionally substituted; and
Rlerr] is aryl or heteroaryl, either of which may be optionally
substituted; 10 by treating said substituted aryl orheteroaryl

oxazoline with a strong base to form an enol at e; (b)

transnetal | ati ng(®ai deeuplingtseidincith of Fermula XE witht ardathinerR RN Hg toup

provide an amide of Formula XIT:

Q
o
3
o

z\a

3

Xl

where R%, R’ and R¢ are as defined above;

5 (e) catalytically hydrogenating, the amide of Formula XIT to form an
alcohol of Formula XIIT: '
OH o)
R5
RR RS
X

where R%, R® and R® are as defined above; and

@ oxidizing the resultant alcohol of Formula XIIT to give a formyl
10 amide of Formula XTV.

A third aspect of the invention relates to a process for forming a tri-

substituted cis—oxazoline compound of Formula Ja:

CO,R3
: N In
o !
R4
wherein
15 R’ isalkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, aralkyl, where the ring

portion of any of said aryl, aralkyl, or alkaryl can be optionally substituted;



consisting oftitanium alumnum tin, zinc, magnesium and boron, and
thereafter treating with a fornyl am de of Fornmula Xl V: 6[8err]
-12- W0 99/09006 where Rlerr] is as defined above for FoPSH{PE¥N$Band w1,
and Rlerr] and Rl err] are independently one of alkyl or alkaryl;
or Rerr] and R err] when taken -16- together with the nitrogen atom
to which they are attached forma 5- to 7- nmenber ed heterocyclic
ring, which may be optionally substituted, and which 5 optionally
may include an additional oxygen or nitrogen atom to forman
adduct ‘of For nmulRd ik lalkyl] eycldalkyl, aryl, alkaryl, any of which can be optionally

substituted; and
R is aryl or heteroaryl, either of which may be optionélly substituted;
said method comprising:
5 (a) asymmetrically dihydroxylating an alkene intermediate of
Formula XV:

R’\/\COZRi’ o XV

-

to form an optically active diol of Formula XVIa:

OH
R 2. :
1\5/\‘;02R:i XVia;
OH
10 (b)  reacting said optically active diol of Formula XVIa with an

orthoester derived from an aromatic carboxylic acid under acid catalysis (Lewis
or Bronsted acid) to give a mixed orthoester, and thereafter reacting the resulting
mixed orthoester intermediate with a reagent selected from the group consisting
of lower alkanoyl halides, hydrohalic acids (HX, where X is a halogen), acid
15 chlorides, and halogen-containing Lewis acids (for example BBr,;, SnCl,
Ti(OR),Cl,, Ti(OR);Cl, Me,SiX, where X is a halogen, and the like) in the

presence of a base to form a derivative of Formula XVIla:

X XVIla,

P
CO,R3

Qumn

o)

2



where R err] through R err] are as defined above; c)

catal yti Q,@(ll':b%gg%drogenati ng sai d adduct of Fornula Il to peftosss/essslO
| actam of Formula |V [err]

where R err], Rerr] and R err] are as defined above; -
saponifying said [err]-I|actam of Forddta 1V to forma | actam
carboxylic acid of Formula V:

- 13- [err]

wherein X is a halogen, preferably Cl, Broor I;
(c)  reacting said derivative of Formula XVIla with an alkali metal

azide to form an azide of Formula XVIIIa:

Ns
RN AN
¥ CO,R?
g XVilla;
o) 0]
R4
5 @ catal);tically hydrogenating said azide to form a compound of
Formula XIXa:
Re XIXa; and
i T
R A
N coge
OH

(e) subjecting the compound of Formula XIXa to ring closing
conditions to form said substituted aryl- or heteroaryloxazoline of Formula I with
10 inversion of configuration at the oxygen-substituted carbon to produce a cis-
oxazoline of Formula Ia; wherein for each of Formulae XV, XVIa, XVI1la, XV1Ila
and XIXa, R, R? and R? are as defined above for Formula I.
Alternatively, the third aspect of the invention relates to a process for
forming a tri-substituted trans-oxazoline compound of Formula 75 comprising:
15 (a) asymmetrically dihydroxylating an alkene intermediate of
Formula XV

Rv\C02R3 XV

d)



where Rlerr] and Rlerr] are as defined above. The
carboxylic acid internediate of Fornula V can be cyclized cy

t r eat nenWOR90B0G¢ cycli zi ng reagent to forma /US98/16858

cl asto-lactacystin-[err]-lactone or analog 5 t her eof of FormulLa
VI1, which can be optionally furtherjgeacted with a thiol (RSH),
such as N-acetylcysteine, to formlactacystin or an anal og thereof having
Formul a VI. Al ternatively, the carboxylic acid

i nternmedi ate of Formula Vcan be directly coupled to a thiol
(Rlerr]SH ,tomﬁ@ﬂﬂaﬂﬁ@étﬁvle@atoé@bﬁnummm m | actacystin or an 10

anal og t hereof having Formula VI. A second aspect of the
present invention relates to the formation of

enantiomerically-enriched fornyl am des of Formula Xl V: b

[err] wherein R[eF'] Rlerr] and R err] M’as defi ned
above, said nethod conprising: R (a) deprotonating a
conpound of Formula VII1I: COR3

[err] OH

(b)  reacting said optically active diol of Formula XVIb with an

orthoester derived from an aromatic carboxylic acid under acid catalysis (Lewis

5 or Brénsted acid) to give a mixed orthoester, and thereafter reacting the resulting
mixed orthoester intermediate with a reagent selected from the group consisting

of lower alkanoyl halides, hydrohalic acids (HX, where X is halogen), acid

chlorides, and halogen-containing Lewis acids (for exaxhples, BBr;, SnCl,,
Ti(OR),Cl,, Ti(OR),Cl, Me,SiX, where X is a halogen, and the like) in the

10 presence of a base to form a derivative of Formula XV1Ib:

INERY> 4

CO,R3 XVIIb,

R4
wherein X is a halogen, preferably Cl, Br, or I;

(c) reacting said derivative of Formula XVIIb with an alkali metal
azide to form an azide of Formula XVIIIb:

15 Na
' R

oA

R4

CO,R3
XVIIIb;

{d) catalytically hydrogenating said azide to form a compound of
Formula XIXb:



-14-

acylatin ultant anion with Rlerr]CH err] CoEx 8N an
acyl oxaz&‘?gﬁ}%ﬁi of Formula I X e {8 [err]
where R err] and R err] are as defined above; 5 (b) -

stereosel ectively reacting the acyl o8zol i dinone of Formula | X with

where R err] is isopropyl or benzyl, and thereafter

benzyl oxynmet hyl chloride to forma protected al cohol of Fornula X

10

15

20

25

Ré
0)\NH

CO,R3

XIXb;

OH

(¢)  subjecting the compound of Formula XIXb to ring closing
conditions to form said substituted aryl- or heteroaryloxazoline of Formula Ib,
wherein the ring closure reaction proceeds with retention of configuration at the
oxygen-substituted carbon to produce a frans-oxazoline of Formula I; wherein
for each of Formulae XV, XVI, XVII, XVIII and XIX, R', R?, and R’ are as
defined above for Formula I.

With respeci to the processes described above, the following preferred
values are applicable:

Preferred values of R are C, 1, alkyl, especially C, g alkyl, C, 4 cycloalkyl,
especially C, cycloalkyl, C, s alkenyl, C, galkynyl, C, ,, aryl, especially C, j,aryl,
Ce.10ar(C, oalkyl or C_salk(Cq p)aryl, where the ring portion of any of said aryl,
aralkyl, or alkaryl can be optionally substituted. Substituents that can be
optionally present on the aryl ring of an R' moiety include one or more, preferably
one or two, of hydroxy, nitro, trifluoromethyl, halogen, C, ( alkyl, Cq )y aryl, C, ¢
atkoxy, C,  aminoalkyl, C, ; aminoalkoxy, amino, C,  alkoxycarbonyl, carboxy,
C,.¢ hydroxyalkyl, C, ; hydroxyalkoxy, C, , alkylsulfonyl, Cq.,, arylsulfonyl, C,¢
alkylsulfinyl, C,¢ alkylsulfonamido, Cy,, arylsulfonamido, Cg ar(C,)
alkylsulfonamido, C, calkyl, C, chydroxyalkyl, C, ,aryl, Cq.jo aryl(C, s)alkyl, C,
alkylearbonyl, C, ; carboxyalkyl, cyano, and trifluoromethoxy.

R! is more preferably one of C, , alkyl such as ethyl, propyl or isopropyl;
cycloalk);l, such as cyclohexyl; or C;y aryl, such as phenyl. Most preferred is
isopropyl.

Preferred values of R? are C,; alkyl, C,, cycloalkyl, especially C,g
cycloalkyl, C, 4 alkoxy, C, , alkenyl, C, ; alkynyl C.,, aryl, especially Cq,oaryl,
Cs.10a1(C, o)alkyl or C, ¢alk(Cq yp)aryl, where the ring portion of any of said aryl,

[err]



where R err] and R err] are as defined above; (c)
hydr ol yzi n% the protected al cohol of Formula X to forma

car boxyl¥e
defi ned above;

(d)

provi de an am de of Fornula Xl I:

10

15

25

30

aralkyl, or alkaryl can be optionally substituted with any of the substituents as
described for R' above.

R?is more preferably C, , alkyl, such as methyl, ethyl, propyl, or butyl; or
C,. alkoxy, such as methoxy, or ethoxy. Most preferred are methyl, ethyl and
propyl, and butyl. ,

With respect to R, a variety of ester functionalities can be employed at this
position. Preferred values are C, jalkyl, C, ; cycloalkyl, especially C, ,cycloalkyl,
C,; alkenyl, C,; alkynyl, C,,, ary!, especially Cq ,, aryl, Cq,, ar(C, ) alkyl or
C,.calk(C,_p)aryl, any of which can be optionally substituted. Substituentsthat can
be optionally preseﬁt on R? include one or more, preferably one or two, of the
substituents as described for R' above.

R? is more preferably C,, alkyl, Cq,, aryl or C,, ar(C, ()alkyl. Most
preferred are methyl, ethyl, zert-butyl and benzyl.

R'is preferably C,_,, aryl, preferably phenyl, or a heteroaryl group selected
from the group consisting of thienyl, benzo[blthienyl, furyl, pyranyl,
isobenzofuranyl, benzoxazolyl, 2H-pyrrolyl, pyrrolyl, imidazolyl, pyrazolyl,
pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, indolizinyl, isoindolyl, 3H-indolyl,
indolyl, indazolyl, purinyl, 4H-quinolizinyl, isoquinolyl, quinolyl, or triazolyl. The
phenyl or heteroaryl group can be optionally substituted by one or two of the
substituents as desctibed for R' above. Most preferred are phenyl, and phenyl
substituted by halogen, C, ¢ alkyl, C, ; alkoxy, carboxy, amino, C, ¢ alkylamino
and/or di(C, ¢)alkylamino.

R’ and R® are independently one of alkyl, aralky! or atkaryl; or R® and R®
when taken together with the nitrogen atom to which they are attached form a 5-
to 7-membered heterocyclic ring, which can be optionally substituted, and which
optionally can include an additional oxygen or nitrogen atom. Optional
substituents are those listed above for R'.

R’ and R® are preferably C, 4 alkyl, C, ,,ar(C, )alkyl or C, calk(C, ;o)aryl
or together with the nitrogen atom to which they are attached form a 5- to 7-

memnbered heterocycle which can be optionally substituted, and which optionally

10
%0986 of Fornula XI: [err] PCTHSEY3E® | s as

- 15-
coupling said acid of Formula 3p.with an amne Rerr]R err]

NH err] to
[err]



where R err], Rerr] and Rl err] are as defined above; 5 (e)
cat al yt iﬁ,@%&,@gdrogenati ng, the am de of Formula Xl | to dcqniReeiesss
0 0

al cohol roula XI: [err] where R err], Rerr]
and R[err] are as defined above; and (f) oxidizing the
resul tant al cohol of Fornula X1l to2kive a formyl 10 am de of
Fornmul a Xl V. A third aspect of the invention relates to a
process for formng a tri- substituted cis-oxazoline conpound of

Formul a | 2 can [ir?crl&&e an additional oxygen or rﬁtrmcpggrrl Glom. Most preferred values for

NR*R® are dimethylamino, diethylamino, pyrrolidino, piperidino, morpholino,
oxazolidinone, and oxazolidinone substituted by halogen, C, alkyl, C,,
ar(C, galkyl, C, ¢ alkoxy, carboxy, and/or amino.

5 R’ is preferably C, ; alkyl, C,; cycloalkyl, Cq_,, aryl, Cq.;0 ar(C, c)alkyl,
C,¢alk(Cy jo)aryl, any of which can be optionally substituted. Substituents thatcan
be optionally present on either or both of the ting or chain portions of R include
one or more, preferably one or two, of the substituents as described for R! above.
Preferably, R’ together with the sulfur atom to which it is attached is cysteine or

10 a derivative of cysteine such as N-acetyl cysteine, glutathione, and the like.
Scheme 1 is a general scheme for forming lactacystin and

clasto-lactacystin-f-lactone analogs from substituted oxazoline starting materials.



15 Rlerr] is alkyl, alkenyl, alkynyl, cycloalkyl, aryl,

al karyl, aral kyl, where the ring , portion of any of said aryl,

aral kyl , VP 9%I9R8 y| can be optionally substituted; PCT/US98/16858

- 16- Rlerr] is alkyl, cycloal kyl, aryl, alkaryl, any_of

whi ch can be optionally - subskht ut ed; and Rlerr] is
aryl or heteroaryl, either of which may be optionally substituted;

said nethod conprising: 5 (a) asymetrically dihydroxyl ating
an al kene internediate of Formula XV: [err] to forman

optically active diol of Formula $ékeme Il err]

CO,R3
1. base
R 2. Lewis acid
N . o o

I
ot

amlm

+
lit
| A
base
- RTSH,
N coupling
reagent
Vi v
cyclizing
reagent
0
R7SH




10 (b) reacting said optically active diol of Formula XVlia
W th an wo099/09006 ort hoester derived froman aromatic car bpmmsgs/msgj under

acid catalysis (Lew s or Bronsted acid) to give a m xed
orthoester, and thereafter reacting the resulting m xed orthoester
internmediate with a reagent sel ect ed®rom t he group consi sting ~of
| ower al kanoyl halides, hydrohalic acids (HX, where X is a halogen), acid
15 chl orides, and. hal ogen-containing Lewis acids (for exanple

BBr[err], SnC[e . Ji %%.1 I r. Ti g{? err Me[err] Si X
where X is a hal %%ﬁ?nglﬁgx%oél ?’ke Lﬁr‘?#’ﬁ%[’ﬁl&hmecg %g’éffeg’ )a base to
forma deri vaiflgueatioh, Ssdepiotchaiivitk a stk base to form the enolate. Examples

-17- wherein X is a halogen, preferably G, Br or I;

(c)  react Phbasesuitably foy aise inethisf resasiomare orgenic dasdst inchuding hindéredret al

?éir ?]e to f OLidtbadts's agfiﬂnjfl?l{ﬂ}éggmﬁérhﬁé (LDA), lithium tetramethylpiperidide
5 (LiTMP), lithium, sodium or potassium hexamethyldisilazide (LiHMDS,
NaHMDS, KHMDS), or the like; or hindered alkyllithium reagents, such as sec-
butyllithium, fer#-butyllithium, or the like. The reaction is preferably conducted
at reduced temperature in an ethereal solvent, such as diethyl ether,
tetrahydrofuran (THF), or dimethoxyethane (DME). Reaction temperatures
10 preferably range fl'Ol';l about -100°Cto about -30°C, more preferably from -85°C
10 -50°C, and most preferably from -85°C to -75°C. The reaction temperature
is important in determining the stereochemical outcome of the subsequent addition
to the aldehyde, with lower temperatures providing better selectivity.

The deprotonation step is followed by transmetallating said enolate with
15 a metal selected from the group consisting of titanium, aluminum, tin, zinc,
magnesium and boron. Preferred reagents for this step include titanium or
aluminum Lewis acids, for example Me,AlCl or (i-PrO), TiCl or a mixture of the
two. Preferably, between one and three molar equivalents of the Lewis acid are
used, more preferably between two and three equivalents, and most preferably
20 about 2.2-2.3 equivalents. Subsequent treatment of the enolate with a formyl
amide (X7V) affords the adduct IZ. Excess aldehyde is washed away with sodium
bisulfite solution, and the crude material is carried forward to the next step
without further purification. The use of2.2-2.3 equivalents of Me,AlCl results in
selective formation of the (6S)-product (lactacystin numbering), in a ratio
25 generally better than about 10:1, whereas the use of 1 equivalent of Me,AlCl

results in selective formation of the (6R)-product, in a ratio of about 5:1.
Catalytic hydrogenolysis of the adduct Z7, as a mixture of (6S)- and (6R)-
epimers, affords the desired y-lactam (IV), sometimes as a mixture with the

aminodiol IIT:



5 i of (d) catalytically hydrogenating said azide to forma
conmpound o Formul a Xl Xa: _
[err] WO 99/09006 Xl Xa: and PCT/P%38/16858

subj ecti ng the conmpound of Fornula Xl Xa to ring closing -
conditions to formsaid substituted &4yl - or heteroaryl oxazoline of Fornmula

Il with 10 I nversion of configuration at the oxygen-substituted
carbon to produce a cis- oxazoline of Formula la; wherein for
eachof Fornulae XV, XVla, XVlila, XVlla and Xl Xa, R’I[Ierr] Rl err]
and R[err] are as defined above for Barmd a |.

Alternatively, the third aspecRat tﬂe |
formng a tri-substituted trans- ox
conprising: 15 K¢
al kene internedi ate of
XV.

ention relates to a process for
Sound of Formula Ib

mrekt r| cal l'y di hydroxyl ati ng an
oﬂagf%‘é

Useful catalysts for this reaction include palladium black, palladium on activated
carbon, palladium hydroxide on carbon, or the like. Organic solvents suitable for
use in this reaction include lower alkanols such as methanol, ethanol, or
5 isopropanol, lower alkanoates such as ethy} acetate, lower alkanoic acids such as
acetic acid, or mixtures thereof. The reaction is conducted under an atmosphere
of hydrogen, at pressures ranging from about 15 to about 100 p.s.i., more
preferably from about 30 to about 50 p.s.i. Alternatively, transfer hydrogenation
procedures (R.A.W. Johnstone et al., Chem. Rev. 85:129 (1985)) may be used,
10 in which the adduct I7 is treated at atmospheric pressure with a catalyst and a
hydrogen donor.
Upon heating of the crude product mixture, the aminodiol ZI7is converted
- to the y-lactam IV, which can then be isolated in approximately 60-75% overall
yield from II. The heating step is conveniently carried out by first filtering off the
15 catalyst used in the hydrogenation step and then heating the filtrate to reflux.
‘When no aminodiol ZIT is present in the crude product mixture, the heating step
is omitted. Ester saponification, followed by cyclization, affords the -lactone VIT
in 40-90% yield, and generally in greater than 60% yield. Cyclization can be
effected with coupling reagents known in the art, including aryl sulfonyl chlorides,
20 benzottiazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate (BOP
reagent), O-(1H-benzotriazol-1-yl)-N,N,N’,N'-tetramethyluronium
tetrafluoroborate (TBTU), alkyl, aryl or alkenyl chloroformates, and the like.
Isopropenyl chloroformate is a preferred reagent for this step, since all byproducts
are volatile and chromatographic purification of the product is not necessary.
25 clasto-Lactacystin P-lactone can be converted to lactacystin by treatment
ofthe B-lactone with N-acetylcysteine according to the reported procedure (Corey

et al., Tetrahedron Lett. 34:6977 (1993)). Reactions of the B-lactone VII with



- 18- to forman optically active diol of Fornula XVIib: J[err]

R (b) reacting said optically active dipgh s,lfgysgrul a
XVI b wi t RYG#09006 orthoester derived froman aromati c carboxylic acid

under acid catalysis (Lewis 5 or Bronsted acid) to give a m xed -
orthoester, and thereafter reacting t¥e resulting m xed orthoester
I nt er medi at e wth a reagent selected fromthe group consisting of

| ower al kanoyl halides, hydrohalic acids (HX, where X is halogen), acid
chl ori des, and al ogen- gont. ai n| s, (far BBr[err
ShO Lerr) . oberthibls Prorcedrpalaaoysty pAatnaivels, Bkttt pEHOER B BFepRIS. viher e
I s a hal oge i ' f
a hal og % %ggl#}g‘gmwg):dl&[ gélrﬁ] ihttrmediate Bf Wﬁ”&m 18 fRRCHe0 fOrma

derivative
corresponding thiolester V7. The method of this invention is therefore useful for

syathesis of both lactacystin and clasto-lactacystin B-lactone, as well as analogs
5 thereof.

The enantiomerically-enriched formyl amides X7V employed in the aldo]
reaction are new. They can be prepared according to a representative reaction
sequence such as that depicted in Scheme 2. For purposes of the present
invention, the term "enantiomerically-enriched" means that one enantiomer is

10 present in excess relative to the other; that is, one enantiomer represents greater
than 50% of the mixture. The term "stereoselective” is used to mean that a
synthesis or reaction step produces one enantiomer or diastereomer in excess

relative to the other enantiomer or to other diastereomer(s).



wherein X is a hal ogen, preferably d, Br, or I;

reacting said derivative of Formula XVIIb with an al kal i

azi de to wowememe azi de of Formula XVII1b: [err]
catal ytically hydrogenating said azide to forma
Formul a Xl Xb:

(c)
net al

PCT/US98/16858
conmpound of

[err] -26-
Scheme 2
0 o 0 oBh 0 O
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Acylation of the anion of (S)-(-)-4-benzyl-2-oxazolidinone (VIIIa) or (S)-
(-)-4-isopropyl-2-oxazolidinone (VIIIb) (where R?is benzyl or isopropyl) affords

5 the acyloxazolidinone IX in greater than 80% yield. Subsequent stereoselective
benzyloxymethylation (Evans et al., J. Am. Chem, Soc. 112:8215 (1990)) gives
the protected alcohol X in greater than 80% yield, provided that the benzyl

chloromethyl ether is freshly prepared (Connor et al., Organic Syntheses 52:16
(1974)). Peroxide mediated hydrolysis affords the acid X7, which is coupled with

10

an amine to provide the amide X77, generally in greater than 50% overall yield.

Benzyl group hydrogenolysis, followed by oxidation of the resultant alcohol (XIII)
then affords the formyl amide X7¥ in 80-85% yield. Pearlmans catalyst (Pd(OH),)

is preferably used for the hydrogenolysis step. The final oxidation step is best

(d)
~19-



(e) subj ecting the conpound of Fornmula XIXb to ring closing
condi ti orwogﬁgo;o%m said substituted aryl- or heteroaryl Oxﬁh'ﬁ]é@@/l&fss Formul a

lb, 5 erein the ring closure reaction proceeds w retention of
configuration at the oxygen-substituted carbon to produce a
trans- oxazoline of Formula Ib; whereia- for each of Fornul ae XV,
XVI, XVil, XVIIl and XIX, Rerr], Rerr], and Rerr] are as

defined above for Formula I. Wth respect to the

rocaes e A AR SIS e e s
al kyl, espe%a&kq(ﬁcﬁr&ﬂ 2.6 Ghidrhertiic. ?@Iemﬁ:nyloae(rTE]M freeSSpeCia Y

g err] cycl oal kényl, especially

Cl err] aryl radical, and buffered hﬁﬁo@hfo}ﬁhn(tﬁ ;ﬁBSehicad)bemMe 63 1 O}-g.ldvigg{ err])aryl,
where the rlag ggrtlon of any. of al kyl, or

ey e anstidsBRlioss . S oall 3367 (&%}.ommdmean@w hasis
OPtsona LY PEERER Anofinfethuchdnl (PpARS LR ROLE LU The il dtifacOne O

prefera one o oxy,

t rifluoromexyyl canmalsaaeﬁ to Ge Eﬁdhbm%hkaﬂy, ﬁnﬁ?{: B rrl-d@mgl the Gldeﬁfrdd with
al koxy, erwii am noal kyl, Cferr] am noa amno, Cerr]

al koxycar bo umdmr@cysdyxde and converting the qsehaf}t Mﬂb%b leptrespohding)
hyd | k [ ul, f
al kyl sul f i ndios h%“g‘ e oy DR ’F%?ﬂ’ﬁﬁ?‘&‘%e@f%‘f’ar PyRheGy 6%‘%“2‘61&0[ err]

I f
1) 8,7 o o ), Y G

al kPl car bonydvealsSasingle dl@tebmnym Il“ild: alddm:mpremdd sacofdingtoGeberhod gre
Rlerr] is nore refer err L such, as. et hyl ropyl or
i sopropyl ; configurationa ys%t}lg QYVWI %ﬁfa té%mﬁﬂg;@rorat afie aryl ,
such as phe'i%'ek W stdPEEdt 7€ EPhd s¥dehyde is also confi u'ra?fbﬂﬁl‘{)\pw?ble ngderthe

Preferred values of R err] are erf| alkyl, err] cycloal kyl, especially
C3.6 condmons ofyltd ahidl ieptt;or(;@x&rthé adahukali 15, fostheairwithoat épdmgtizatioher r |

al kynyl C[errih & y Cerr] aryl, Cerr]
ar_(C[err])aI°l€ (@{err])aryl where t he ring portion of any of
saigh aryl, The synthetlc methods will work with any substituent at R} that is stable

to strong base and to hydrogenation. Isopropyl is the preferred substituent for

good proteasome inhibiting activity of the final product.



- 20- aral kyl, or al karyl can be optionally substituted with

any of the substitwuents as described for R err] above.

Rl err] i swowmymogs ef erably Clerr] al kyl, such as methyl, epbylsogpreassy| , or
butyl; or Cerr], alkoxy, such as nethoxy, or ethoxy. I\/bst
preferred are nethyl, ethyl and 5 2 propyl, and butyl.

Wth respect to Rerr], a variety of éster functionalities can be enpl oyed
at this position. Preferred values are CJerr] alkyl, Cerr]
cycl oal kyl, especially C[err]cycloal kyl, C err] al kenyl,
Cerr], alkynyl, Clerr] aryl, esp h?ﬁ%?qerr] aryl, Cerr] ar(derr])

al kyl or Cerr]al k(C?? any of V\/ni ch can be optionally
substituted. Substituentsthat can 10 be optionally present on
Rlerr] include one or nore, preferably one or two, of the :
substituents as described for R err] above. Rlerr] is

nore preferably (Jferr] alkyl, Cerr] aryl or C[err] ar(C[err])al kyl. Most
preferred are nethyl, egﬁﬁ“e"[cert butyl an enzy

Rlerr] ispieferably C[e dredviatioR” €f eRbbI y -phenyl or aheteroaryl group
sel ect ed E\/\ f.g'gm?(y-t_hg_g.r_sup c\on,s(é\t\pdwRaof t hi enyl

benzo[ b] thienyl, furyl, pyranyl, : I Sobenzof uranyl '
benzoxazol yl, 2H pyrrolyl, pyrrolyl, im @0l yl, pyrazolyl,

pyridyl, pyrazfwyl, pyrimdinyl, pyridazinyl ,xv|51dol i zinyl, isoindolyl,
3H i ndol yI, i ndol yl, indazolyl, purinyl, 4H quinolizinyl,

i soqui nolyl, quinolyl, ortriazolyl. The phenyl or heteroaryl
group can be optionally substitgied by one or two of theN20

subst i tuema(omslg)g,aaiarl bed for err] abowgn,Most preferréd are phenyl, and

phenyl »substRy ut by hal og.en,_cperr]R‘aI ky , CJerr] al koxy,
car boxy 2. @i,E68r, ﬁl’l’] al kyl &M nO~COR®  puenor  and/ ory COR’
di (Cerr] jemf‘kylra%no o ‘ DMFR[Oerrr] oand err] are

i ndependently one of al ky raI kyl or al karyl; or rr] and Rlerr]
when taken together with the nitrogen atomto V\/nich they are attached form

a 5- 25 to 7-ne red h@&ferocyclic ring, i ch caMlibe optionally
substituted, and which optionally can ftnclude an additi onal
oxygen or nitrogen agem Optional substituents are those
| i sted above for R enr]. B Rt Rlernm] and Rerr] are
preferably (ferr] al gyl, Cerr] ar(Clerr])ajkyl or [err]al k(qerééléaaryl
or together with t NH 0ogen atom t ¢ whi gY are attached for 5- to
7- 30 H2 rrﬁ ered het er ospclze whic1 ae be opti onall3l/?1subs i tuted,
. R :

and whi ch—‘gagr’ana V\cozw — \/\cozRa —_— "

oH : /

0
"’\n R
XiXa L | la

The invention also relates to a new route to form the oxazoline starting

5 material I. The overall synthesis includes five steps (Scheme 3) and affords the
cis-substituted oxazoline Ia, which is thereafter employed in the method described

above. The first step depicted in Scheme 3 is Sharpless asymmetric
dihydroxylation (Sharpless et al., J. Org. Chem. 57:2768 (1992); Kolb et dl,

Chem. Rev. 94:2483 (1994); Shao and Goodman, J. Org. Chem. 61:2582 (1996))

10 of the atkene XV. If not commercially available, the alkene XV is prepared by
Wittig condensation between the aldehyde and carboethoxymethylene
triphenylphosphorane (Hale et al, Tetrahedron 50:9181 (1994)). Other



-21- can include an additional oxygen or nitrogen atom Most
preferre I for NR[err] R err] are dinethylamnno,

di et hyl a?ﬁvﬁ’gg,g}&g@ﬂol i di no, piperidino, norpholino, cTUssussss

oxazol i di none, and oxazol i di none substituted by hal ogen, C[err] alkyl, -

derr] ' ar(Cerr] )al kyl ,-29§ err] al koxy, carboxy, and/or am no.
5 Rlerr] is preferably Cerr] alkyl, (err] cycloal kyl,
Cerr]aryl, Cerr] ar((err])alkyl, Cerr]alk(C[err])aryl, any

of which can be optionally substituted. Substituents that can
be opt i onal |8}cknationprocsdurgs arpalso kpowmintheart.t The dibydyoxylatiomaeactionds i ons of

i ncl . : .pref er.ahl t f the
ctbst |t uent reterabbrsanducted ik Mo B HandH Gnekiidal Co R aresaibt of ry er r )
toget her wi triethix satfohathide hiRtéroselticabely hffords ﬁ{e?dﬁﬁma,{ﬁ% p

t 6dted or 10
a derivative of cysteine such as N-acetyl cysteine, gl tfﬁonef,%eand t he

like. the Sharpless face-selecigmanls. On slargegeale;the dibydrenplafion rdaction ng
ey ot i, condits, G GRASEHRL A e RIS 3het 00° Trom
reoxidant in place of K,Fe(CN), presentin AD-mix-f. Although proceeding with
somewhat lower enantioselectivity, this procedure allows more concentrated
reaction mixtures and greatly simplifies the workup. The enantiomeric §urity of
the product can be enhanced by recrystallization.

10 In the next step, the diol X¥1a is treated with an orthoester under Lewis
or Bronsted acid catalysis to give a mixed orthoester, which is converted in situ
to the haloester X¥Ila by treatment with an acyl halide (Haddad ef al,
Tetrahedron Lett. 37:4525 (1996)). Although acyl halides, especially acetyl
halides are preferred for this reaction, other acid halides such as HC], HBr, HI,

15 Me,SiCl, Me,Sil, Me,SiBr and the like may be used. Halogen-containing Lewis
acids of the formula ML X, such as BBr;, SnCl,, Ti(OR),Cl,, Ti(OR),Cl, and the
like can also be used. In the previous formula, M is a metal selected from the
group consisting of B, Ti, Sn, Al, Zn, and Mg; L is any suitable ligand for the
metal, preferably an alkoxide or halogen group; n is an integer that results in a

20 stable complex, and X is a halogen. Preferably acetyl bromide is used to produce
the haloester XV1IIa. Preferably the orthoester employed in this reaction is derived
from an aromatic or heteroaromatic carboxylic acid. More preferably, the
orthoester is derived from benzoic acid, e.g., trimethyl orthobenzoate. The use
of boron trifluoride etherate as the Lewis acid catalyst in the formation of the

25 mixed orthoester is preferred, but other acids, such as HBr, SnCl,, TiCl,, BBz,
and the like, can also be used.

Afier workup, the crude halide XV11a is converted to the azide XVIIIa by
treatment with an alkali metal azide in a polar aprotic organic solvent, such as
dimethyl sulfoxide (DMSOQO) or N,N-dimethyl formamide (DMF). Catalytic

30 hydrogenation of the azide XVIIla over a palladium catalyst in ethyl acetate



Schene 1 [err] j base [err]
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proceeds with concomitant migration of the aroyl group (Wang ef al., J. Org.
Chem. 59:5014 (1994)) to afford the hydroxyamide XIXa.
Treatment of XIXa with thionyl chloride in methylene chloride effects ring
closure with inversion of configuration at the hydroxyl-substituted carbon atom
5 to produce the cis-substituted oxazoline starting material Ja. Other reagents
suitable for use in this reaction include sulfury] chloride, phosphorous trichloride,
phosphorous oxychloride, and (methoxycarbonylsulfamoyl)-triethylammonium
hydroxide, inner salt (Burgess reagent). Treatment of XIXa under Mitsunobu
conditions (Mitsunobu, Synthesis: I (1981) will also effect a ring closure. The
10 oxazoline ring oxygen atom is destined to become the C(9)-hydroxyl group in the
final products V7 and VII Under equilibrating conditions (sodium methoxide,
methanol), the cis-oxazoline (Ia) is converted to the rrans-oxazoline (Ib) by
inversion of configuration of the ester substituent, with the configuration of the
R! substituent remaining fixed. The cis- and trans-oxazolines can both be used in
15 the method depicted in Scheme 1, with equivalent resuits.
In an alternative route to form the oxazoline starting material I,
p-toluenesulfonic acid (p-TsOH) is used to effect ring closure (Scheme 4). In this
case, ring closure proceeds with retention of configuration at the
hydroxyl-substituted carbon atom to afford the trans-oxazoline (Ib). In order to
20 obtain the proper stereochemistry at C(9) of the final product, the chiral ligand
employed in the dihydroxylation reaction must be selected so as to provide the
opposite face selectivity from that depicted in Scheme 3. For example, AD-mix-o.
isusedin place of AD-mix-f. All other steps in the sequence proceed analo gously

to those described for the synthesis of the cis-oxazoline Ia.



- 23- The starting oxazoline I, which nmay be of either

the cis trans (1b) configuration, is Qésigadsed Wi th
o/d9 .

a st rongwt??sé {[iog formthe enol ate. Exanpl es o?eﬁgses sui tabl e

for use in this reaction are organi c bases, including hindered -

am de bases such as lithiumdiisoprogi-ani de (LDA), lithium

tetranet hyl piperidide 5 (LiTMP), lithium sodium or potassium
hexanet hyl di si | azi de (Li HVDS, NaHVDS, KHMDS), or the like; or
hi ndered-al kyl | i thi um reagents, Slrﬁchhas sec- butyll'ithium
tert-butyllithium or the like. T @n€t4on is preferably conducted

at reduced tenperature in an ethereal solvent, such as diethyl ether,
tetrahydrofuran (THF), or dinmethoxyethane (DME). Reaction tenperatures 10
preferably range fromabout -100 C to about -30[err]C, nore preferably from
-85[err]C to -50[err]C, and nost preferably from-85[err]Cto
-75[err] C. The reaction tenparatidre H is inportant in

det er mi ni ng tWr@ochemmﬁronuﬁmom f tHe subsequent addition

to the al dehyde, Wi t FF®BWer Tenperatur es~yroviatmg better selectivity.

The deprotonation step is followed by tra arretallati ng said enolate wth 15
a netal selected fxwmthe group consisting ofxwd tanium alum num tin,

zi nc, magnesi um and boron. Preferred reagents for this step

i nclude titanium or agrum num Lewi s aci ds, §or exanple

Me[err] Al CI prrsgiockyideclaer r] Ti orfa m xt e, of t he"é\ﬁ,(/l!\h&) t wo.
Preferably, hetween ane ,and thr tOR: egui-vat ent eW s acid are
used, nore pttthfeIBNbet vT/e§n t ando{‘hr(gﬁ@qui val erfts, arld nost
preferably 20 abo 72-2.3 equival ent sequent treatnent of
the enolate with a fornyl . amde (XV) affords the adductll.
Excess al dehyde i s washed away wi t H¥%di um R Wul fite sol uti of,

and the crude nmaterial is carried forward to the next step
w thout further purifigation. The use of 2.2-2.3 equivalents of Me[err]A C

results in sel ective for mqrt-i on of they(6S)-product
(lactacystin nunberi N.in aratio 25 cor? g¢neral ly bettegp,rshan
about 10: 1, whereas the of 1 _equivalent of Me[egrr] Al C E
results in s Lverf orpmt i on &_ﬁhe"s ( - t, -i-n-aqas.io%ﬁ‘r\ about
5: 1. PdIC CRAERYti ¢ hydrlogenbl ysi's of the adduct 1f, as a
m xture of (6S)- and ( - epi afif ords the deésixed
y-lactam (1V), sonetinmes as a mxture V\{i_th the R am nodRol 111:
1b
XiXb
Compounds
5 Many of the compounds described above are novel compounds; the novel

compounds are also claimed.

Fourth, fifth and sixth aspects of the invention relate to lactacystin analogs
that can be made by the synthetic routes described herein; to pharmaceutical
compositions including such compounds; and to methods of treating a subject

10 having a condition mediated by proteins processed by the proteasome by
administering to a subject an effective amount of a pharmaceutical composition
disclosed herein. These methods include treatments for Alzheimers disease,

cachexia, cancer, inflammation (e.g., inflammatory responses associated with




-24- [err] . Useful catalysts for this reaction include

pal I adi um bl ack, palladium on activated carbon, pall adium

hydr oxi dewowng/emodon, or the |ike. Organic sol vents suitabPETfusn8/16858

use in this reaction include | ower alkanols such as nethanol, ethanol, or 5

i sopropanol, |ower al kanoates such as £t hyl acetate, |ower al kanoic acids
such as acetic acid, or xtures thereof. The reaction is
conduct ed under- an at nosphere of hydrogen, at pressures ranging
from about 15 to about 100 p.s.i., nore preferably from about

procedures (R Johnstone et al.,

10 i rbuhotdimitédetoadtixitis, nhultipls sclematseuhflamnatorp bpivel disease emxture with a
catalyst and a .. .. hydr.ogen donar. . on heating
of the or udle FABHiSiseAsSs U LES BT SNPIGAT BiTestPost. SEiseaddayocardil to
the [err]-1ggkafonhV: Which can then be isolated in approximtely 60-75%
overal | yield fromll. The heating step is conveniently carried -
out Hy first fil tEre conmfuhli$hef Formulae VT andcklladiytdésed deekin ard highly

hydr ogenati on_step_and then heating the filtrate to refl ux. ]

Waen no ami rigkcHye for the @oﬁﬁﬁ@&%?nqao{‘%nbﬁbi}d@eﬁi’%%?s fch@s i¥Ypsifne heati ng

2t fords tne FERRePuREL KB b AR PRGBS P GG 2T )T,

ield, and generally in
greater than 60% X3 @iscloséds! Fentdahper ol (W OD6/32105), hereby incorporated by

reference in its entirety, lactacystin, clasfo-lactacystin P-lactone, and analogs

30 to about ine bW i; ' ;
alrghcsPbdne niridi (301X Glokn i Ptaon W ASRARRANSRAng e Used,

10 thereof possess biological activity as inhibitors of the proteasome. They can be
used to treat conditions mediated directly by the function of the proteasome, such
as muscle wasting, or mediated indirectly via proteins which are processed by the
proteasome, such as the transcription factor NF-«kB. The compounds prepared by
the methods of this invention can also be used to determine whether a cellular,

15 developmental, or physiological process or output is regulated by the proteblytic
activity of the proteasome.

" Those compounds that possess unexpected proteasome function-inhibiting

activity are compounds of Formulae V7 and VII:

VI

20 vir




effected with coupling reagents known in the art, including aryl sulfonyl

chl ori des benzotri azol - 1-yl oxytri s(di met hyl am sphoni um
hexaf | uor%’ﬁﬁglgﬁ?{)ﬁt e (BOP reagent), O (1H be:%%ﬁ)g%g?{ﬁl
-yl)-NN, N, N -tetranethyl uronium tetrafl uoroborate (TBTUY),
al kyl, aryl or al kenyl chloroformates33and the |ike.

| sopropenyl chloroformate is a preferred reagent for this step, since all
byproduct s are vol atile and chromat ographic purification of

t he product is not necessary. 25 cl asto-Lactacystin

[err] -1 act oner &3l thereefowheseined to | actacystin by treatnment

or ovedur e (cor oy R isCrn MES oA Lo RERE G, Mol G2 8h 8l (1 003) -

Reactions of the " JatkAGE @) 3]
- 25- ﬁﬁg{%eir(ﬁt hi of s pr&éo?:uergd anal ogously. Alternatively,

| act acystin anal oB3isdi,q alkylpaded by coupling the carboxylic
acid.internmediate,Y with a thiol,to for he correspondi ng

t hi oﬁes_t er vi. ThB it ﬁ'gﬂ Bl?‘ythicg-ﬂi ﬁ(ﬁi?ﬁ?‘}ygn 9@”4‘\'@1_9 efere at&eﬁ)aﬁwﬁor
synthesi s of chalRC, AfACHToERRRRLaRbATHBRIBShARRE Bubichdrd G ARe: as vel |

as anal ogs 5

enant i oneri cbé bytice?ﬁy pteschtbgeiﬂ;dr oabi)thefthélriﬁggmphai?pﬁhions bhR’ mblghdf[:

reacti on are new. ey can. be prepar according to a representative
reaction one or more, é@%@g}y@e% E‘E°’é’§ gﬁﬁg?ﬁ%%éasmheé&qéﬁ?@bgve. For
purposes o L1, PPEAERK compounds re (b VARK R1s NI Forpreferably

predént in eisopmpyl. eR’aisiprefetablyt dileylphpeopyl, triaity i &, issbugyle rRvefekablg rR’r epr esent s
greater ,Lmanu?O% of the m xture. The term "stereoselective" is
used to meantagsther with the sulfur atom tg whichdtis attaghed iscystemns osedsripathgeies one

ot | omer byiliie hEhae KRkochy? oFHGRE tathione, and the fifh 2 1 V& 1O the other

enantiomer or"to o di ast'er
A seventh aspect of the present invention is directed to enantiomerically-

enriched formyl amides of Formula X1V

15 o o X

I~

R F

or salts thereof, wherein
R?is C, 4 alkyl, C, 4 cycloalkyl, C, ; alkenyl, C, ; alkynyl, C,, aryl, Cq.,0
ar(C, oalkyl or C, calk(C_,o)aryl; and

R’ and R® are independently C,( alkyl, C, ar(C,alkyl or
20 C,salk(Cq o)aryl, or together with the nitrogen atom to which they are attached

form a 5- to 7-membered heterocycle which can be optionally substituted, and
which optionally can include an additional oxygen or nitrogen atom.
Preferred compounds are those where R? is C, ¢ atkyl.
An cighth aspect of the present invention is directed to compounds of
25 Formulae IT and HT:
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II,
OH O I
R3Q,C
2 RS
R1 :
- NH =
on 2 R? RS

or salts thereof wherein

R'is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, aralkyl, where the ring
portion of any of said aryl, aralkyl, or alkaryl can be optionally substituted;

R?isalkyl, cycloalkyl, aryl, alkaryl, aralkyl, alkoxy, hydroxy, alkoxyalkyl,
or amido, where the ting portion of any of said aryl, aralkyl, or alkaryl can be
optionally substituted;

R? is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, any of which can be
optionally substituted;

R* is optionally substituted aryl or optionally substituted heteroaryl ;. and

R® and RS are independently one of alky! or alkaryl; or R® and R® when
taken together with the nitrogen atom to which they are attached form a 5- to 7-
membered heterocyclic ring, which can be optionally substituted, and which
optionally include an additional oxygen or nitrogen atom. Most preferred values
for NR’R? are dimethylamino, diethylamino, pyrrolidino, piperidino, morpholino,
oxazolidinone, and oxazolidinone substituted by halogen, C, alkyl, Cgy
ar(C, ¢)alkyl, C, ; alkoxy, carboxy, and/or amino.

Preferred compounds of Formulae I7 and I are those wherein:

R!is C, , alkyl, C,; cycloalkyl, C, , alkenyl, C, ; alkynyl, Cq ,, aryl, Cq g
ar (C,¢)alkyl or C, (alk(Cs_io)aryl, where the ring portion of any of said aryl,
aralkyl, or alkaryl can be optionally substituted;



Acyl ation ofthe anion of (S)-(-)-4-benzyl-2-oxazolidinone (VIlla) or (S)-

(-)-4-i sopp¥RMbgee- 0xazol i dinone (VIIIb) (where Rierr] is hefzydosqtsss
i sopropyl) affords 5 t he acyl oxazolidinone I X in greater than 80%

yi el d. Subsequent stereoselective benzyl oxynet hyl ati on (Evans et
al., J. Am Chem Soc. 112:8215 (199635 gives the protected

al cohol X in greater than 80%yield, provided that the benzyl

chl oromet hyl ether is freshly prepared (Connor et al., Oganic Syntheses

52:16 1974) Par oxi de | at gd hydrol ysi ffor the acid X,
which i's coupl ed Bt fnagkyl €. °Y°%&H5§ﬁzﬁ&&Faﬂp&aﬂ‘%@ﬁ’@'aﬂg?m l,
generally iRy 181 o @Nalk@%0 [, ahllere YeSHi : group

hydr ogenol ysi(SJ,’I‘(‘?%‘QOII@:1 omed'sby@)&%’l%ggt i oner%f t klllgg F%%lgrtogrﬁnya?fc%%ﬁ%#yé’m 1)

t hen af f or derdlkyd, émalkariy] cambe@pdtonallyrsubit@®@8ds yi el d. Pear | mans cat al yst

(Pd(OH)[err]) ) Is_prefergbly. used for the hydrogenpl ysis step.
The final oxidat RS QB-eﬂk}’lscbe%}‘t"ﬁ’aﬁ‘Yt C, 5 alkenyl, C, , alkynyl, C s aryl, Con

e, 3 HCeplgfSFeTAME ot b ARG iEaGy Sk Coso anc
2,2,6,6-tetranet IBA isl opiiqreatly dsubgtitatest CJLEMP@) of r&e optionally substituteddi cal , and
buffered hypochlorjte in _the presence of bromde ion (J. O.g. Chem
50: 4888 ( 1985$°,r°@bgt093/$ﬁ1¢ﬁed£ﬂm thegarowpreqnsisting of thiepeberzplRitiismiant s such
35 S | ani qduSMREORX L RTTRGT WAL DG 3oy ATy, BB, Used The
pyrazolyl, pyridyl, Eyrazinyl, pyrimidinyl, pyridazinyl, indolizinyl, isoindolyl,
10 3 H-indolyl, indolyl, indazolyl, purinyl, 4 H-quinolizinyl, isoquinolyl, quinolyl, or
triazolyl; and
R* and R® are independently C,, alkyl, C,,, ar(C,alkyl or
C,_6a1k(C6_,°)aryl, or together with the nitrogen atom to which they are attached
form a 5- to 7-membered heterocycle which can be optionally substituted, and
15 which optionally can include an additional oxygen or nitrogen atom. Most
preferred valﬁes for NR°R® are dimethylamino, diethylamino, pyrrolidino,
piperidino, morpholino, oxazolidinone, and oxazolidinone substituted by halogen,
C,.s alkyl, C, ,,ar(C, oalkyl, C, ; alkoxy, carboxy, and/or amino.

A ninth aspect of the present invention is directed to compounds of

20 Formulae XVIIa, XVIIb, XVIIla, XVIIIb, XIXa or XIXb:
XVIla XVIIp
X X
R\)\ ! E
- R -
Y CO.R®
o4 Y\COZRS
0 ) 0 o
\IL/ !



XI'V can be shown to be enantionerically pure by reducing the al dehyde with
sodi um bor ohydri de and converting the resultant al cohol to the

cor r espori¥Pp09006 Mbsher ester using PCT/US98/16858
R-(+)-[err]-nmethoxy-[err]-(trifluoronethyl) phenylacetyl chloride -
(Dale et al., J. Og. hem 34:2543 (3§69)). [err]H NVMR analysis at 300

10 reveals a single diastereoner. The al dehydes prepared accordi ng
to Schene 2 are configurationally stable, show ng no signs of
enantioneric deterioration after one week, when stored at
O[err]C. The al dehyde is also cogpfppgur ational ly stable ung‘qujya
conditions ofthe aldol reaction, and the adduct Il is forne

Wi t hout'epi meri zati on of the substituenNs;Rerr] at C(7). 15
The synt hetic nethods wil'é13 work with any substituegpt at Rlerr] that is
stabl e RB st/qQng base and to hydrggenati on. |sopropyl is the
preferred substi tuen?tg\ggrw\"?‘):!R3 good prlg ome.Jyi biting activity
of the final prodygt. ¢ 2

-28- : o OSchene 3
[err] H \[/
o R

XIXa XIXb
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5 or salts thereof, wherein
R!is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, aralkyl, where the ring
portion of any of said aryl, aralkyl, or alkaryl can be optionally substituted;
R?is alkyl, alkenyl, alkyny}, cycloalkyl, aryl, alkaryl, any of which can be
optionally substituted; and
10 R* is optionally substituted aryl or optionally substituted heteroaryl.
Preferred compounds of Formulae XVII, XVIII or XIX are those wherein
R'is C, ,, alkyl, C, ; cycloalkyl, C, ; alkenyl, C, ¢ alkynyl Cq_, aryl, Ce.yo
ar(C, ¢)alkyl or C,alk(Cq ;o)aryl, where the ring portion of any of said aryl,
aralkyl, or alkaryl can be optionally substituted;
15 R}isC,, alkyl, C,; cycloalkyl, C, ; alkenyl, C, ; alkynyl, Cq ,, aryl, Cq_y,
ar(C, ¢)alkyl or C, salk(Cq ,o)aryl, any of which can be optionally substituted; and
R* is optionally substituted C,,, aryl, or an optionally substituted
heteroaryl group selected from the group consisting of thienyl, benzo[b]thienyl,
furyl, pyranyl, isobenzofuranyl, benzoxazolyl, 2 H-pyrrolyl, pyrrolyl, imidazolyl,
20 pyrazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, indolizinyl, isoindolyl,



The invention also relates to a newroute to formthe oxazoline starting 5
mat eri al Wwo S;];;t;-s;m%veral | synthesis includes five steps (Sc ﬁ?"

ci s-substituted oxazoline la, which 1s ereafter
enpl oyed in the nmethod descri bed above. The first step depicted

affords the

in Scheme 3 is Sharpless asymetric -37-

et al.,

of the a

by

10

15

20

25

J

di hydr oxyl ati on (Shar pl ess

. Og. Chem 57:2768 (1992); Kolb et al., Chem Rev.
94: 2483 (1994); Shao and Goodnman, J Org. Chem 61:2582 (1996)) 10

| ke XV, If nat. ¢ rciall ai |l abl e, the al kene XV is prepared
%%legnaﬁxbgﬁ%%wlﬁwﬂm,awwlﬁmmm or
car boet hoxyr{ﬁm&@ne

Definitions

The term "alky]" as employed herein includes both straight and branched
chain radicals of up to 12 carbons, preferably 1-8 carbons, such as methyl, ethyl,
propyl, isopropyl, butyl, -butyl, isobutyl, pentyl, hexyl, isohexyl, 1-ethylpropyl,
heptyl, 4,4-dimethylpentyl, octyl, 2,2,4-trimethylpentyl, nonyl, decyl, undecyl and
dodecyl.

The term "substituted alkyl” as employed herein, includes alkyl groups as
defined above that have one, two or three halo, hydroxy, nitro, trifluoromethyl,
halogen, C, alkyl, Cg,, aryl, C, ¢ alkoxy, C, ; aminoalkyl, C,; aminoalkoxy,
amino, C, ; alkoxycarbonyl, carboxy, C, ; hydroxyalkyl, C, ; hydroxyalkoxy, C, ¢
alkylsulfonyl, C,,, arylsulfonyl, C, ¢ alkylsulfinyl, C, ; alkylsulfonamido, Cq ,,
arylsulfonamido, Cy ,, ar(C, ¢) alkylsuifonamido, C, ¢ alkyl, C, ; hydroxyalkyl, Cq ,,
aryl, Cg,, aryl(C,¢alkyl, C, alkylcarbonyl, C,, carboxyalkyl, cyano, and
trifluoromethoxy and/or carboxy substituents.

The term "cycloalkyl" as employed herein includes saturated cyclic
hydrocarbon groups containing 3 to 12 carbons, preferably 3 to 8 carbons, which
include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
cyclodecyl and cyclododecyl, any of which groups may be substituted with
substituents such as halogen, C, 4 alkyl, C, ; alkoxy and/or hydroxy group.

The term "heteroaryl" as employed herein refers to groups having 5 to 14
ring atoms, preferably 5, 6, 9 or 10 ring atoms; 6, 10 or 14 T electrons shared in
a cyclic array; and containing carbon atoms and 1, 2 or 3 oxygen, nitrogen or
sulfur heteroatoms (where examples of heteroaryl groups are: thienyl,
benzo[b]thienyl, naphtho[2,3-b]thienyl, thianthrenyl, furyl, pyranyl,
isobenzofuranyl, benzoxazolyl, chromenyl, xanthenyl, phenoxathiinyl, 2 H-pyrrolyl,
pyrrolyl, imidazolyl, pyrazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl,



tri phenyl phosphorane (Hale et al., Tetrahedron 50:9181 (1994)). O her
- 29- ol efmati on procedures are also known in the art. The

di hydr oxywew)/e9906 eacti on i s preferably conducPERURI¥1§858

AD-m x-[err] (A drich Chem cal in the presence of met_hane
sul f onam de and stereosel ectlvel y afé}grds the diol XVlia, as predicted by
the Sharpless face-selection rule. a |l arge scal e, the di hydroxylation
reaction 5 is preferably conducted using N rnethyl norphol i ne- N-oxi de
(NMD) as the reoxi dant in place ofKferr]Fe(CN)[err] present

i NAD- m X- [ edbliziAyl! {367@61yR B?Fﬁlﬁglyl‘gﬂuo‘lﬁ indazolyl, purinyl, 2pORRAG zidyNer
enantiosel ectivity, this procedure al I'ows nore concéntrat ed

reaction mi wo«lmndyhrangplghtphyh&amp'ﬂ,l na]ﬁ@ylridmymm;nlyn' hprirezakigylomer i ¢

purity of p n be ecrystallization. 10
In the next°‘§w‘.‘%1ﬂ‘yl’ﬂ’FFé‘dHng’l4°‘%?/? WFY? r"é‘g’f’@gyw &W’%Pﬁ‘?ﬁé’ﬁﬂéﬁ nder Lewi s
or Bronsted afthi; g converted
in situ a&ﬁ:&l%ﬁﬂlﬂlﬁ%ﬁp}}fgl | oest gfl,%eﬁﬁﬂn%yﬁ{ﬂrh:ag%lggﬁ éM&Ht‘l{ﬁhﬁn’ acyl halide
(Hagdad et 3bxazoly1 furazanyl and plénoadayd groupsX t . 37: 4525 (1996)). Al t hough

acyl halides, ecially acetyl | i des are preferred for this
reacti on, ot her ?EP“HaPW 3 eployedergin by FBrlfa oryas parf of anothergrwg{ err]Sid

act ds of { hETRS PP byl BolpRen R R B Tp o) Lew <

Ti (OR) [ err] {d thering, poftidpOpeferably @-10 carlibnts ixethe ring portion, suchl aslﬁaen;fln al so be
used. In the prevr ous fornmula, Mis a netal selected fromthe

group conm%ﬁlﬁ}@’ OF tf: x#wnayhﬂwAr Zn, and My; L is any suitable ligand for
th " vl ] . . l. 1 i

[ nﬁ«gger that res uﬂ?ge%na&{k%e&agjy&m a@eﬁgi(dgg&h%&n% 18%‘?% grggﬂgﬁalnolg;nan-

Preferably agsthyl glouprefdss tosClssliylt goﬁpsoﬁhmlecussed above havingt dieatyhl oest er
XVlla. Preferably the orthoester enployed in this reaction is derived

from an ar ofehstitiest, such asibsardnihenyledyt erokpanhthyleethyl. More preferably, the
The term "alkaryl" or "alkylaryl" as employed herein by itself or as part of

=L

another group refers to an aryl group as discussed above having a C, 4 alkyl
15 substituent, such as toluyl, ethyiphenyl, or methylnaphthyl.

The term "optionally substituted” when used with respect to aryl, aralkyl,
alkaryl or 5-, 6-, 9- or 10- membered heteroary! groups means that the ring
portion of said groups can be optionally substituted by one or two substituents
independently selected from C, ¢ alkyl, C, 5 cycloalkyl, C, ¢ alkyl(C, s)cycloalkyl,

20 C,; alkenyl, C,, alkynyl, cyano, amino, C,, alkylamino, di(C, ¢)alkylamino,
benzylamino, dibenzylamino, nitro, carboxy, carbo(C, ¢)alkoxy, trifluoromethyl,
halogen, C, ( alkoxy, C¢ paryl, Cq 0aryl(C, alkyl, Cq ;,aryl(C, ()alkoxy, hydroxy,
C, alkylthio, C, calkylsulfinyl, C, ¢ alkylsulfonyl, C, ;o arylthio, C¢ ;o arylsulfinyl,
Cs.10 arylsulfonyt, C¢ o aryl, C, 4alkyl(Cq o)aryl, and halo(Cy jp)aryl.

25 The term "alkoxy" refers to the above alkyl groups linked to oxygen.

The term "halogen" or "halo" as employed herein by itself or as part of
another group refers to chlorine, bromine, fluorine or iodine.

The term "amido" as employed herein refers to formylamino,

alkylcarbonylamino or arylcarbonylamino.



orthoester is derived frombenzoic acid, e.g., trinethyl orthobenzoate. The

use wo 99/0900¢2f boron trifluoride etherate as the Lew g-pgkébngadsal Vst
in the formation of the 25 m xed orthoester is preferred, but other
acids, such as HBr, SndJ[err], TiCI[e%], BBrlerr], and t he
| i ke, can al so be used. ' el After workup, the crude halide
XVIla is converted to the azide XViIla by treatnent with an

al kali metal azide in a polar aprotic organic solvent, such as

di et hyl, sulﬁg§ide (DVMSO) or NN-dinmethyl formam de (DWF). Catal ytic 30
hydr ogenati on of the azide XVlilIla over a palladiumcatal yst in ethyl
acetate - 30-

proceeds with concom-tant mgration of the aroyl group (Wang et al, J. Og.

Chem 59:5014 (19Bharmaedlogied] dataifor plasthslantasyytimB-thstoxe xaalogs prepared by
Treatment of Xl Xa wth.thionyl chlori.de,] t ene chlori,de etfects rin
closure wit htthfgkfo\sMr‘8ﬁﬂB§m¥%‘%ﬂ‘6fﬁpﬂ+lgﬁd fé‘tnfﬁ%ﬁ‘-‘e % ' ?)WPP%kﬁet ed car Ibog
atom 5 irreVersiM G R atohrtle208 %dg&g&,%@ylmwwﬂﬁé&&mt erial

la. Other reagents sui fab or use 1n this reaction include
sul fairyl chimwsidde of preoXMBi subnunit: | el valualX,,/[1] is a measure of fwstateoofdus

hli i de, d ( .h b I | f | Y-tri hy.l ]
oxychl or! de, and (oeLigicarben SLCAMRA LU SN BTInU o
condi tions (Més%f'ﬂ?fiwati& %E?vﬁin%aéed&&?lﬁ%d%%égs@ﬁ E-‘Pag‘ﬁ{ g‘?tgée}gg%grlt{%ec' osure.

The 10 oxazoli1ne ring ox n atomis stine

C(9) - hydr oxy¢orgpoungd that isiraest potent in the enzynid assdy ipthe Gundtiony depivatind3f. Under
equilibrati gg condi tions (*sqdi um net hoxi de, nmet hanol ), the
ci s- oxazol i neopeysr, whenassaeain gelt el 3f isdess noseat bR e (1b) by

I nveRsi on of confi ' - | n ] figuration
of the oo Pl s B EleoBiBS b ALy b e bilfeliBE
t rans- oxazol te3Rtue 6fithe PPitbasbme XIPIB 1i sibunit, but also by water. Hydrolysis results

in formation of the hydroxy acid V, which is not active as an inhibitor of the

proteasome. Relative potency in cell culture is a composite of many factors,
including enzyme potency, cell penetration, and hydrolysis rate. Although more
15 potent than 2 against the enzyme, 3f is also more rapidly hydrolyzed, resulting in
much weaker activity in cell culture. By contrast, the analogs 3a-3d show
unexpectedly improved potency not only in the enzyme assay, but also in cell

culture,
The disclosed compounds are used to treat conditions mediated directly
20 by the proteolytic function of the proteasome such as muscle wasting, or mediated
| indirectly via proteins which are processed by the proteasome such as NF-kB.
The proteasome participates in the rapid elimination and post-translational
processing of proteins involved in cellular regulation (e.g., cell cycle, gene
transcription, and metabolic pathways), intercellular communication, and the
25 immune response (e.g., antigen presentation). Specific examples include
-amyloid protein and regulatory proteins such as cyclins and transcription factor
NE-xB. Treating as used herein includes reversing, reducing, or arresting the
symptoms, clinical signs, and underlying pathology of a condition in a manner to

improve or stabilize the subject's condition.



15 the met hod depicted in Schenme 1, with equival ent results.

In an alternative route to formthe oxazoline starting material 1,

p-tol uene¥A MY acid (p-TsOH) is used to effect ring cl cIMEsPIeIsene 4).
In this case, ring closure proceeds with retention of

configuration at the hydrgxy! - substituted carbon atomto afford
the trans-oxazoline (Ib). In order to 20 obtain the proper

stereochem stry at C(9) of the final product, the chiral |igand

enpl oyed in the di hydroxyl ati on reaction nust be selected so as to provide
t he c(bthmnbedirmtsd‘ﬂieéxmehﬁbmpla&efto pachérd amtiapiseleeslasting Scheme 3.
For exanple, AD-m Zi‘ %err I s usedj npl aceof AD-m x- [err] Al

ot her steps difFasese Lbe Fintrrseme fegrades many PERjeIns Inynaturing reticulocytesgnd hose

dgic ribed fofofie ArobinGs 18 cOls depfived 6 19%%%%& Eé?-%nl tﬁf rate ?f p(r:%teolgmﬁ ds

nearly doubles.

5 Inhibiting the proteasome reduces proteolysis, thereby reducing both
muscle protein loss and the nitrogenous load on kidneys or liver. Proteasome
inhibitors are useful for treating conditions such as cancer, chronic infectious
diseases, fever, muscle disuse (atrophy) and denervation, nerve injury, fasting,
renal failure associated with acidosis, and hepatic failure. See, ¢.g., Goldberg,

10 U.S. Pat. No. 5,340,736 (1994).

Embodiments of the invention therefore encompass methods for reducing
the rate of muscle protein degradation in a cell, and reducing the rate of
intraceliular protein degradation. Each of these methods includes the step of
contacting a cell (in vivo or in vitro, e.g., 2 muscle in a subject) with an effective

15 amount of a compound (e.g., pharmaceutical composition) of a formula disclosed
herein.

Proteasome inhibitors block processing of ubiquitinated NF-xB in vitro
and in vivo. Proteasome inhibitors also block IxB-« degradation and NF-xB
activation. (Palombella, ef al.; and Traenckner, et al., EMBO J. 13:5433-5441

20 (1994)). One embodiment of the invention is a method for inhibiting IxB-o
degradation, including contacting the cell with a compound ofa formula described
herein. A furtherembodimentis a method for reducing the cellular content of NF-
kB in a cell, muscle, organ, or subject, including contacting the cell, muscle,
organ, or subject with a compound of a formula described herein. Additional

25 embodiments encompass methods for treating inflammatory responses associated
with allergies, bone marrow or solid organ transplantation, or disease states,
including but not limited to arthritis, inflammatory bowel disease, asthma, and
multiple sclerosis by administering a compound of a formula disclosed herein. A

preferred embodiment of the invention is directed to treating asthma by



5 Many of the conpounds descri bed above are novel conpounds;

t he novel conpounds are al so cl ai ned fi
OVe! wo s9/09006 . ! - PCT/UYdNbdss fifLh
and si xth aspecCts ofthe invention relate to | actacystin ana égs g

that can be made by the synthetic routes described herein; to

phar maceut i cal conposi ti ons -fhcl udi ng such conpounds; and to

met hods of treating a subject 10 havi ng a condition nedi ated by
protei ns processed by the proteasone by adm nistering to a subject

o et AR BB CHRGH 11 SCPI o et °°

ca;:ﬂexi a, C%ﬁﬁfeun&%' anmation (e.g., inflammtory responses associ at ed
Wi

Proteasome inhibitors are also useful for treatment of ischemic or

reperfusion injury, particularly for preventing or reducing the size of infarct after

5 vascular occlusion such as occurs during a stroke or heart attack, as described in
Brand, U.S. patent application Serial No. (ProScript Docket No.
102.603.173), filed February 17, 1998, U.S. patent application Serial No.
08/988,339, filed December 3, 1997, and U.S. patent application Serial No.
08/801,936, filed }j‘ebruary 15, 1998. Proteasome inhibitors also block

10 proteasome-dependent transformation of protazoan parasites (Gonzalezet al., J.
Exp. Med. 184:1909 (1996). Further embodiments of the invention therefore
encompass methods for treating an infarct or a protazoan parasitic disease by
administering a compound of a formula disclosed herein. In a preferred aspect of
the invention, a compound of Formula V7 or Formula VITI is administered to

15 prevent or reduce the size of the infarct after vascular occlusion. Said compounds
can be administered from about 0 to about 10 hours after the occurrence of 2
stroke in order to treat or reduce neuronal loss following an ischemic event.
Compounds 35 is the most preferred compound in this aspect of the invention.

Proteasome inhibitors also block degradation of cell cycle regulatory

20 proteins, such as cyclins and cyclin-dependent kinase inhibitors, and tumor
suppressor proteins, such as p53. Other embodiments of the invention therefore
encompass methods for blocking the cell cycle and for treating cell proliferative
diseases such as cancer, psoriasis, and restenosis with a compound of a formula
described herein.

25 The term "inhibitor" is meant to describe a compound that blocks or
reduces the activity of an enzyme (e.g., the proteasome, or the X/MB1 subunit of
the 20S proteasome). An inhibitor may act with competitive, uncompetitive, or
noncompetitive inhibition. An inhibitor may bind reversibly or irreversibly, and

therefore the term includes compounds which are suicide substrates of an enzyme.
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scl er osi sWOH%mat ory bowel disease and

such as nal

_ ~allergies, bone marrow or solid organ transplantation, or
di sease states, including but not limted to arthritis, multiple

aria), psoriasis, restenosis, stroke, and myocardi al

par afiATSgehses

infarction. 5 The conppunds of Fornulae VI and VI discl osed
herein are highly sel ective for the proteasone, and do not

i nhibit other proteases such as trypsin, [err]-chynotrypsin
calpain I, calpain Il, papain, and cathepsin B, As

di scl osed byAr-enhilstonymayt matify EWMO0D B0 $i0¢5) on henedyythe actrepsiteaifetie by

reference i
and anal ogs

the proteasone. Ty Gam, gimens Ft)'or the admﬁmg%rgﬂf ﬁr@éﬁso‘h?é‘ﬂhfbﬁtgfsks

directly by

nits entirety, lactacyst.in, ¢lasto-lactacystin [err]-Iactone,
epgyme, o i Gups,t PO ROR SRS e HPSE SR PV | i bi ¢ or s of

the function o rot easone,

nedi at ed

nuscl e

wasting, or addionipositionsiof drt inyention qanHecdatermihed readilye byrthoseswith by t he
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such as_the transcription factor NF-KB. The conpounds

pr epar ed

whet h °|rdm|gw gJinigal axh Senemliyntheslosaggiof fhesompesitieref 16 det er ni ne
et r . . . )
T

prot easone. employed; age; health; medidlaaditiond being dreattd| kindssfesomcurmentpect ed
prot easone function-i1nhibiting activity are_conpounds

tegatment) if any ofrequency of treatment and the nature of the effect desired;
extent of tissue damage; gender; duration of the symptoms; and, counter
indications, if any, and other variables to be adjusted by the individual physician.
A desired dosage can be administered in one or more applications to obtain the
desired results. Pharmaceutical compositions containing the proteasome inhibitors
of the invention can be provided in unit dosage forms.

Compositions within the scope of this invention include all compositions
wherein the compounds of the present invention are contained in an amount which
is effective to achieve its intended purpose. While individual needs vary,
determination of optimal ranges 6f effective amounts of each component is within
the skill of the art. Typically, the compounds may be administered to mammals,
e.g. humans, orally at a dose of 0.0025 to 50 mg/kg, or an equivalent amount of
the pharmaceutically acceptable salt thereof, per day of the body weight of the
mammal being treated for a proteosome-mediated condition such as a stroke or
asthma, For intramuscular injection, the dose is generally about one-half of the
oral dose.

In the method of prevention or reduction of infarct size the compound can
be administered by intravenous injection at a dose of about 0.01 to about 10
mg/kg, preferably about 0.025 to about 1 mg/kg.

The unit oral dose may comprise from about 0.01 to about 50 mg,
preferably about 0.1 to about 10 mg of the compound. The unit dose may be
administered one or more times daily as one or more tablets each containing from

about 0.1 to about 10, conveniently about 0.25 to 50 mg of the compound or its

of



- 33- or a salt thereof, wherein: R err]
is C err]welobgéaos C err] cycloal kyl, Cerr] alkenyl, { errpcahsysdsss C err]
aryl, Cerr] ar(Cerr])alkyl or (JQerr]Jalk(Cerr])aryl;
Rlerr] is (Jerr] alkyl; and 5 ) Rlerr] is (Jerr] alkyl,’
Clerr] cycloalkyl, C(err] aryl, C[err4]3'ar(C[err])aI kyl ,
(errlalk(Cerr])aryl, any of which canbe optionally substituted.
Substituents that can . be optionally present on either or both
of the ring giyaBal FopWsé i Reatitlg Shdkel It isTybMAED that a single doss¥aEpOr NOI €,
preferably one or two, of the substituents as described for err] above.
Preferred cadmpimisteieda0 o abbutd6 hohmsipestRivent, prefeatdy Oite dboat & abyrs poste pref erably
10 i sopropyl. Rlerr] is preferably ethyl, n-propyl, n-butyl or
!fobutyl : Pﬁ\é?é*_r ably, R7 together with the sulfur atomto which
it is attached i %ﬁ% q0 ' s  ne such as
N- acetyl cystei ntsar,h%g‘?‘uot at ?ng#gfésgx%yluééﬁéﬁ%mtggothmmng,ofthemeﬁ%ﬁh’fd A seventh
aspgct of t hgompesitidis iof e ipresenti Mvelitionct @dthero seitiblet okdifidations ynd

enriched fornyl amdes of Forpula XIV: [err or salts

t her eof , whaedantations of the variety of conditions tlegs x@qr@pux erwomede{x@r r]

| oal kyl , . )
;?/((: CE) 2r r ]yl) alo%ﬁ%}o %lf)%(rasrﬂiﬂaep l‘(?%? gedét he)avgl%q ;Yﬂegﬁlgﬁ ahd s]cofi‘é e e il R err]

and Rlerr] are independently Clerr] alkyl, Clerr] ar(([err])al kyl or

o

The preparation of formyl amides XIV according to the synthetic scheme

depicted in scheme 2 as exemplified in Examples 1-6.
10 Example 1: Acyl Oxazolidinones (I1X)

a. Acyl oxazolidinone IXb (R* = n-Pr; R® = CH,Ph): A cooled (-78°C)
solution of (S)-(-)-4-benzyl-2-oxazolidinone (4.0 g, 22.6 mmol) in 75 mL
anhydrous THF was treated with a 2.5 M solution of n-BuLi in hexane (9.1 mL,
22.6 mmol) over 15 min. After 5 min, neat valetryl chloride (2.95 mL, 24.9 mmol)
15 was added dropwise and the mixture was stirred for another 45 min. at -78°C.
The mixture was then allowed to reach room temperature, stirred for another 90
min, and then treated with S0 mL saturated NH,Cl solution. Dichloromethane (50
mL) was then added and the organic layer was washed with brine (2 x 30 mL),
dried over MgSO, and concentrated in vacuo. This afforded 5.94 g (100 %) of
20 the desired acyl oxazolidinone IXb as a clear colorless oil. "HNMR (300 MHz,
CDCl,) 6 7.36-7.20 (m, 5H), 4.71-4.64 (m, 1H), 4.23-4.14 (m, 1H), 3.40 (dd, J=
13.3, 3.2 Hz, 1H), 3.04-2.84 (m, 2H), 2.77 (dd, /=13.3, 9.6 Hz, 1H), 1.74-1.63
(m, 2H), 1.46-1.38 (m, 2H), 0.96 (t, /=7.3 Hz, 3H).
b. Acyl oxazolidinone IXa (R* = Et; R® = CH,Ph): By a procedure
25 analogous to that described for preparing acyl oxazolidinone IXb, the lithium
anion of (S)-(->-4-benzyl-2-oxazolidinone was treated with butyry! chloride to
provide acyl oxazolidinone IXa in 94% yield. 'H NMR (300 MHz, CDCl,) &



20

whi ch t he
whi ch can

An ei ghth aspect of the present
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Cerr]alk(C[err])aryl, or together with the nitrogen atomto

5% ?gached forma 5- to 7-nenbered heterocycle
e 92?)9 onal |y substituted, and whi Mﬁ%ﬁigp

i nclude an additional oxygen or nitrogen atom
Preferred compounds are those where Rierr] is Cerr] alkyl.

and II1:

7.37-7.20 (m, SH), 4.68 (ddd, /=13.1, 7.0, 3.4 Hz, 1H), 4.23-4.13 (m, 2H), 3.30
(dd, /=13.3,9.6 Hz, 1H), 3.02-2.82 (m, 2H), 2.77 (dd, /=13.3, 9.6 Hz, 1H), 1.73
(g, /= 7.3 Hz, 2H), 1.01 (t, /= 7.3 Hz, 3H).

c. Acyl oxazolidinone IXc (R? = n-Bu; R® = CH,Ph): By a procedure
analogous to that described for preparing acyl oxazolidinone IXb, the lithinm
anion of (S)-(-)-4-benzyl-2-oxazolidinone was treated with hexanoy! chloride to
provide acyl oxazolidinone IXc in 96% yield. 'H NMR (300 MHz, CDCL,) &
7.36-7.20 (m, 5H), 4.68 (m, 1H), 4.23-4.14 (m, 2H), 3.30 (dd, &~ 13.3, 3.3 Hz,
1H), 3.02-2.83 (m, 2H), 2.76 (dd, /~13.3, 9.6 Hz, 1H), 1.70 (m, 2H), 1.43-1.34
(m, 4H), 0.92 (¢, J= 3.3 Hz, 3H).

d. Acyl oxazolidinone IXd (R? = /-Bu; R? = CH,Ph):

i 4-Methylvaleryl chloride

4- Methylvaleryl chloride was prepared from commercially available
4-methylvaleric acid in the following way: a cold (0°C) solution of 4-methylvaleric
acid (1.85mL, 15.0 mmol) in 50 mL anhydrous CH,Cl, containing 10 mL of DMF
was treated with 1.95 pL oxalyl chioride (22.5 mmol). The mixture was then
stirred for 3 h at room temperature, concentrated in vacuo and filtered to affords
1.65 g (100%) of the desired acid chloride as a colorless liquid.

il Acyl oxazolidinone IXd (R? = i-Bu; R® = CH,Ph):

By a procedure analogous to that described for preparing acyl
oxazolidinone IXb, the lithium anion of (S)-(-)-4-benzyl-2-oxazolidinone was
treated with 4-methylvaleryl chloride to pfovide acyl oxazolidinone IXd in 85%
yield. '"H NMR (300 MHz, CDCl,) 8 7.37-7.20 (m, 5H), 4.70-4.63 (m, 1H),
4.23-4.15 (m, 2H), 3.30 (dd, J= 13.2, 3.2 Hz, 1H), 2.98-2.90 (m, 2H), 2.76 (dd,
J=13.3, 9.6 Hz, 1H), 1.68-1.54 (m, 3H), 0.94 (d, /= 6.2 Hz, 3H).

e Acyl oxazolidinone IXe (R? = CH,Ph; R* = CH,Ph): By a procedure
analogous to that described for preparing acyl oxazolidinone IXb, the lithium
anion of (S)-(-)-4-benzyl-2-oxazolidinone was treated with hydrocinnamoyi
chloride to provide acyl oxazolidinone IXe in 82% yield. 'H NMR (300 MHz,

ly can

I nvention is directed to conbounds of 25



or salts thereof wherein - Rlerr] is alkyl, alkenyl,

al kynyl , ™Q993086y| . aryl, alkaryl, aralkyl, where the ri rRCHBUSI8/16858
portion of any of sai d aryI aral kyl, or al karyl can be optionally )
substi t ut ed; Rlerrgs.is alkyl, cycloalkyl, aryl, alkaryl,
aral kyl , alkoxy, hydr oxy, al koxyal kyl, or ami do, where the ring
portion of any of said aryl, aralkyl, or al karyl can be

optionally substituted, Rlerr] is al kyl, alkenyl,

al kynyl, cydDel,x§!7.35a7.¥6 (mal (R, ¥.170-463y(ng) 1 FM Y 2h4qarombeH;,Q; 38-3.19
optlonally subst it ut ed; I's optionally

substit ut ed (@ 3o} O%Btﬂsdwalzﬁ? %’(ﬁo@ﬂ;-ﬁlﬁé’dﬂﬁ%@ ryl; and

Rlerr] and Rl err] are independently one of al kyl or al karyl; or R err] and
Rl err] when t aken together with the nitrogen atomto which they
are attached forma 5- W erocyclic ring, which
can be optionally substE? E” cv% OJﬁa ﬁ&smopt lonally include an
addi ti onal oxygen or nltrogen atom Most preferred val ues for

NR{err]R{err] are dinethylam no, diethylanino, pyrrolidino, piperidino,
rmrphol i no a. Acyloxazahﬂamﬂei&h(%aa-l’aﬁ%zﬂﬂ): Amntd(@°(§)dm§.xlt1dnut ed by

car ngy, and? f{% pRYT 1dmonei§(l> (5.74 g,22.0 mmol) “Pi’e%’gi%wrgf I%l)r(r)n)j%/ae
|1 d Il | kyl,
d e??] cycl oa{akéw \g?rﬁ{r“ehpl&‘e( ﬂm%gl%res?lt%ﬁ? nﬁ%‘f‘%r r ]a}’ar‘qd, ] e?r] g

ar (C err]) aprsyipitate. ﬁtarsrximl dﬁ(sﬁf)ﬁbylhﬂl?la)ﬁme QMJZ?J’xﬁL 246 mhinol) wasaddah of any of

said aryl, aral k kar can be optionally substltuted

-35- slowly and the resultipg @q;rk })rq“gl sglt{trgp Mies sfimked at rqqn@pqn}pewgqe of kyl

| k
3 ?E{ Lr ?] ) gl %}P“gbg@i?]ﬁ?}éﬁ’%@ '%‘% g*’%aaqué)e‘f'#éaﬁndw&d%qﬁdﬁﬁe of any of
sai doaryl, mixture was stirred for S h at room temperature. 50 mL CH,C], and 75 mL of

10% aqueous NH,Cl were then added, resulting in the formation of yellow gummy
material. After stirring the suspension-vigorously for 10 min, the supernatant was
transferred in a separatory funnel and the gummy residue was taken up in 100 mL
1:1 10% aqueous NH,CV/CH,Cl,. The combined organic layers were then washed

15 successively with 1N aqueous HCl, saturated NaHCO, and brine, dried over
MgSO, and concentrated in vacuo. The crude solid material was recrystallized
from EtOAc/hexane affording 6.80 g of desired acyl oxazolidinone Xb as a white
solid in 81% yield. '"HNMR (300 MHz, CDC},) § 7.34-7.18 (m, 10H), 4.77-4.69
(m, 1H), 4.55 (s, 2H), 4.32-4.23 (m, 1H), 4.21-4.10 (m, 2H), 3.80 (t, /= 9.0 Hz,

20 1H), 3.65 (dd, /= 9.0, 5.0 Hz, 1H), 3.23 (dd, /= 13.5, 3.3 Hz, 1H), 2.69 (dd, /=
13.5,9.3 Hz, 1H), 1.74-1.64 (m, 1H), 1.54-1.44 (m, 1H), 1.40-1.28 (m, 2H), 0.91
(t, /7.3 Hz, 3H).

LRMS (FAB) m/e 382 (M+H")
b. Acyl oxazolidinone Xa (R? = Et; R® = CH,Ph): By a procedure
25 analogous to that described for preparing acyl oxazolidinone Xb, acyl

oxazolidinone Xa was obtained in 80% yield. '"H NMR (300 MHz, CDCl,) &
7.36-7.18 (m, 10H), 4.55 (s, 2H), 4.21-4.11 (m, 3H), 3.81 (t, /= 9.0 Hz, 1H),



aral kyl, or al karyl can be optionally substituted,

Rlerr] is (JQerr] alkyl, Cerr] cycloalkyl, ([err] alkenyl CJ@[% al kynyl ,
Cerr] ar‘yp,”@f‘bfr] 5 ar(Jerr])alkyl or Jerr]aP&F éﬂsﬁsaryl,
any of which can be optionally substituted, Rlerr] -is

optionally substituted CJerr] aryl, d@6-an optionally substituted
het eroaryl group selected fromthe group consisting of thienyl,

benzo[[err]]thienyl, furyl, pyranyl, isobenzofuranyl,

oyl by B (91 D03 e TP 328y Ay B2 M dBD 2T, 77 85 F0dol y1 . 10
Ui nol y1 oS3 HE D, 1T Rt 208 e 78lstagel 2l VT TSR AR

(R;[[g; H a?rk(eci[cgngF)qg?gP?‘h%brlﬁgxg{:]%lxhgm#inﬁﬁ?ﬁg]rTi ?%&Ergyéﬁfgwmﬁ ch they are
attached  analogous to fthatmdascEibed ofor - prepaping e acyh coxazelidinone Wi, cecytan be

i onal | bst j d 15. . Wi i incl ud
OBLLETal | Y SRS ek, ke n oot SPNREL BB, BTG Ve 20
NR[ err] Rl er rﬂ,m&qﬂ#@ﬁ%&g%@gyﬂ&%& (s hﬁ)éu%mm&ﬁ o)A 79, J=8.7

pi peri di no, ior pho I'none, "a oxazol | di none substi t ut ed by

hal ogen, Hz, 1H), 3.65 @dor= §.1a5 Rz, 1H],8:23](ddrJ=0B6; B13)Bt,R¥), 2.68 id | al koxy,
car boxy, and/or_am no.

. I nt t.o e present
i nvention i ul3eNiHz Wbéﬂﬁo\;%@n’o‘fﬁ)ﬂb?’l‘é&m’ 4%%&&@"_ g&ﬁ}a XVI 1 b,
XVilla, X VII‘)I-II)b’ Xl Xa or Xl Xb:
XVl a " - XVib [err]
- 3619 d.  Acyl oxazolidinone Xd (R? = i-Bu; R® = CH,Ph): By a procedure

analogous to that described for preparing acyl oxazolidinone Xb, acyl
oxazolidinone Xd was obtained in 98% yield. '"H NMR (300 MHz, CDCl,) 6
7.38-7.17 (m, 10H), 4.75-4.67 (m, 1H), 4.57 (d, /= 12.0 Hz, 1H), 451 (d, ~
12.0 Hz, 1H), 4.41-4.36 (m, 1H), 4.20-4.09 (m, 2H), 3.74 (t, /= 9.0 Hz, 1H), 3.65
15 (dd, /= 9.0, 5.1 Hz, 1H), 3.23 (d4, &~ 13.5, 3.2 Hz, 1H), 2.63 (dd, /= 135,9.5
Hz, 1H), 1.74-1.52 (m, 2H), 1.35 (dd, J=13.1, 6.1 Hz, 1H), 0.92 (d, /=2.9 Hz,
3H), 0.90 (d, /= 2.9 Hz, 3H).
e. Acyl oxazolidinone Xe (R* = CH,Ph; R® = CH,Ph): By a procedure
analogous to that described for preparing acyl oxazolidinone Xb, acyl
20 oxazolidinone Xe was obtained in 84% yield. '"H NMR (300 MHz, CDCl,) 8
7.38-7.15 (m, 15H), 4.62-4.50 (m, 4H), 4.03 (dd, /= 9.0, 2.7 Hz, 1H), 3.93-3.82
(m, 2H), 3.66 (dd, /=9.2, 4.8 Hz, 1H), 3.19 (dd, /= 13.5, 3.2 Hz, 1H), 2.98 (dd,
J=13.4, 8.2 Hz, 1H), 2.88 (dd, J= 13.4, 7.3 Hz, 1H), 2.68 (dd, J= 13.5, 9.3 Hz,
1H).

25 Example 3: Carboxylic Acids (XI)
a. Carboxylic acid XIb (R* = »-Pr): A cold (0°C) solution 0f6.60 g (17.3

mmol) of acyl oxazolidinone Xb in 320 mL THF/H,0 was treated successively
with 6.95 mL 35% aqueous H,0, and a solution of lithium hydroxide



XVI11a XVIIb [err] S
or salts W06 wherein Rlerr] is al kptt/usdskesss!

al kynyl, cycloal kyl, aryl, alkaryl, aralkyl, where the ring

portion of any of said aryl, aralkyl, 4¢r alkaryl can be optionally .

substi tut ed; Rlerr] is alkyl, alkenyl, alkynyl,
cycl oal kyl, aryl, alkaryl, any of which can be optionally
substituted; and 10 : Rlerr] is optionally substituted aryl
or optional Imonmtb&itaté(ll%ig,mwamt))ﬁ 20 mL H,0. The mixture was stirféd¥b:€1g €d
conmpounds of Fornul ae XVII1,XVII1I or X X are those wherein

Rlerr] is C[}é?"rq Cangthen trgatadoprefiyliy first wigh a sabptian§a,90KkE 0 2) “ﬁiﬁmﬂ al kynlyl
\S\:[hg: re] t ﬁreylr  HO and %hen mg)fa so%uuo&o%z\gﬁgié (bbglglf‘\{n l(fbrmlglfbr Jf’ﬁe m :gner "ary
was stirred for 30 min at room temperature and concentrated in vacuo to remove
5 the THF. The resulting aqueous mixture was then washed with CH,Cl, (4 x 75
mL), cooled to 0°C, acidified with 6N aqueous HCI and extracted with CH,Cl,
(1 x200mL and 3 x 100 mL). The combined organic layers were then dried over
MgSO,and concentrated in vacuo affording 3.47 g (90%) of desired acid XIb as
a clear colorless oil. "H NMR (300 MHz, CDCl,) & 7.38-7.26 (m, 5H), 4.55 (s,
10 2H), 3.67 (m, 1H), 3.57 (dd, J=9.2, 5.2 Hz, 1H), 2.75 (m, 1H), 1.72-1.31 (m,
4H), 0.93 (t, /= 7.2 Hz, 3H). LRMS (FAB) m/e 223 (M+H")
b. Carboxylic acid XIa (R* = Et): By a procedure analogous to that
described for preparing acyl oxazolidinone XIb, acyl oxazolidinone XIa was
obtained in 48% yield. '"H NMR (300 MHz, CDCl,) & 7.36-7.27 (m, 5H), 4.55
15 (s, 2H), 3.68 (dd, J= 9.2, 7.9 Hz, 1H), 3.59 (dd, /= 9.2, 5.4 Hz, 1H), 2.68-2.65
(m, 1H), 1.71-1.62 (m, 2H), 0.97 (t, /= 7.5 Hz, 3H).
c. Carboxylic acid XIc (R = n-Bu): By a procedure analogous to that
described for preparing acyl oxazolidinone XIb, acyl oxazolidinone XIc was
obtained in 96% yield. "H NMR (300 MHz, CDCl,) 6 7.37-7.28 (m, 5H), 4.55
20 (s, 2H), 3.67 (dd, J= 9.1, 8.1 Hz, 1H), 3.57 (dd, J= 9.2, 5.3 Hz, 1H), 2.72 (m,
1H), 1.67-1.51 (m, 2H), 1.36-1.27 (m, 4H), 0.89 (t, /= 6.9 Hz, 3H).
d. Carboxylic acid XId (R* = i-Bu): By a procedure analogous to that
described for preparing acyl oxazolidinone XIb, acyl oxazolidinone XId was
obtained in 80% yield. "H NMR (300 MHz, CDCl,) § 7.37-7.28 (m, 5H), 4.55
25 (s, 2H), 3.64 (t, J= 9.1 Hz, 1H), 3.54 (dd, /= 9.1, 5.1 Hz, 1H), 2.81 (m, 1H),
1.68-1.54 (m, 2H), 1.36-1.27 (m, 1H), 0.92 (d, J= 4.9 Hz, 3H), 0.90 (d, /= 4.9
Hz, 3H). .
e. Carboxylic acid XIe (R?* = CH,Ph): By a procedure analogous to that
described for preparing acyl oxazolidinone XIb, acyl oxazolidinone XIe was

30 obtained in 92% yield. '"H NMR (300 MHz, CDCL,) § 7.38-7.16 (m, 10H), 4.53



aral kyl, or al karyl can be optionally substituted; 15

Rlerr] isy al kyl, Cerr] cycloalkyl, (Jerr] alkenyl er al kynyl ,
derr] aryﬁb%{e?r ar(Cerr])al kyl or C[err]gﬁ'—%J sé'# )aryl
any of which can be optionally substituted; and R[,err]
is optionally substituted CJerr] ary#8- or an optionally substituted

het eroaryl group selected fromthe group consisting of thienyl,

benzo[ b] t hi enyl , furyl, pyranyl, |sobenzofuranyl benzoxazolyl,
2H- pyrrolyl I I rldyI

pyrazi nyl , 8{79!&153 %Ilé’%ﬁéﬁy k\%rll %lozr b 368 3n§/'?2/m’| Xr@g'tz@/

-37- 3Hindolyl, indolyl, indazolyl, purinyl,
4H—qU|noI|2|n /I, isoquinolyl, qui nolyl, or trlazolyl
Definitions The tern1"a|ky| as enpl oyed herein

i ncl udes both straight and branched 5 chain radicals of up to 12

carbons, preferably 1-8 Example4: sDiethyl Amides (XH)ny|
propyl, isopropyl, butyl, t-butyl, isobutyl, pentyl, hexyl, i sohexyl ,
1- ethylpropyl heptyl 4, 4- dinethylpentyl octyl,

224tr|rrehl ¥l pan odecyl .
The term’ subgt PPWEt gh"PgéHdIb@e dyeﬁergﬁ qxc%iﬁd&%unogl(?( (5 groups as
10 5 of abintdid a’tllDXQb (hao ghays mel) mwox Me(NCH@CiE U0 nm}dr oxy,

nitro, trifluoronethyl, %err | Kyl , C[err] aryl,
Clerr] al koggntgremg whbhlw;neq(é!rap amlno Rofy, mmol) and ~ anino,

CC:[[ :: : % al kofy(?ﬁrbegzgtnazo(i q.r-ykif)f X3 ﬂe%ethy u%r%%%e é}ﬂuorogm%rter l’l‘lg‘}(&r oxyal koxy,

5.89 g, 18.4 mmol), was treated with diisopropylethylamine (6.7 mL, 38.2 mmol)
over 1.5 h (syringe puinp). The mixture was then concentrated in vacuo and
10 partitioned between ether (200 mL) and H,0 (100 mL). The aqueous layer was
extracted with more ether (2 x 100 mL) and the combined organic layers were
washed with aqueous 1IN HCI (3 x 50 mL), saturated aqueous NaHCO, and brine,
dried over MgSO, and concentrated in vacuo. Chromatographic purification
(230-400 mesh Si0,, elution with 1:3 AcOEt/hexane) afforded 4.24 g (97%) of
15 diethyl amide XIIb as a clear colorless oil. 'H NMR (300 MHz, CDCl,) &
7.35-7.23 (m, 5H), 4.52 (d, J= 12.0 Hz, 1H), 4.44 (d, /= 12.0 Hz, 1H), 3.67 (t,
J= 8.6 Hz, 1H), 3.51 (dd, /= 8.7, 5.5 Hz, 1H), 3.46-3.27 (m, 4H), 2.96 (m, 1H),
1.67-1.57 (m, 1H), 1.48-1.22 (m, 4H), 1.20-1.10 (m, 6H), 0.90 (t, /= 7.2 Hz, 3H).
LRMS (FAB) m/e 278 (M+H")
20 b, Diethylamide XIIa (R? = Et; RS = R = Et): By a procedure analogous
to that described for preparing diethylamide XIIb, diethylamide XIla was
obtained in 73% yield. "H NMR (300 MHz, CDCl,) 6 7.33-7.26 (m, SH), 4.52
(d, /=12.0 Hz, 1H), 4.44 (d, /= 12.0 Hz, 1H), 3.68 (1, J= 8.6 Hz, 1H), 3.53-3.33
(m, 5H), 2.90 (m, 1H), 1.75-1.50 (m, 2H), 1.18 (t,/=7.1 Hz, 3H), 1.13 (, = 7.1
25 Hz, 3H), 0.89 (t, /~=7.4 Hz, 3H).
c. Diethylamide XIIc (R’ = n-Bu; R® = R® = Ef): By a procedure
analogous to that described for preparing diethylamide XIIb, diethylamide XIIc
was obtained in 94% yield. 'H NMR (300 MHz, CDCl,) & 7.35-7.25 (m, SH),



al kyl sul fonyl, Cferr] arylsulfonyl, Cferr] alkylsulfinyl, Cerr]

al kyl sul f WEue30806 Cl er r ] aryl sul f onani do, ([ eP€T/USAB(16858r 1 ])
al kyl sul fonam do, Cerr] alkyl, C 6hydroxyal kyl, Cerr] 15 aryl,
Cerr] aryl((err])alkyl, Cerr], alkygcarbonyl, Cferr] carboxyalkyl,
cyano, and trifluoronmethoxy and/ or carboxy substituents.

The term "cycl oal kyl" as enpl oyed herein includes. saturated cyclic

hydr ocar bon groups containing 3 to 12 carbons, preferably 3 to 8 carbons,

whi fhh » 451 fd , J=i12d0 Kzl d 1) y& 4400, dﬂpyBOHz;ng;t&.ﬂMt, J=CSyCHﬁ,DHEi)‘, $J51

cycl ohexy oheptyl | goct decyl

cycl ododecyl(d‘yl gﬁ SWE@% g&ééy?»%gm pld)s 484 (0 &H)sd % 1.2 (m, 2H),

substi t uent I d err] al koxy and/ or . hydr oxy
group. 71 §§J(moa(§h @ﬁ)o@gf%‘g ?erﬁrﬁggzt eroaryl™ as enployed herein refers
to groups haal ng ﬁxertnyliﬂnde XIId (R? = i-Bui 'Rf at R, EBE eB3 2ljir¥cedured, 9 or 10
ring atons; 6, 10 or 1vafeerr] el ectrons shared in a cyclic
array; and camalagions teghatalesosived fospreparing diethylapidSXBhydjethylaniide XHaédn or 25

benzof bl thi CHGH SOREBHERors VIR hAabi G0l FEh Chala 55 adaitm. Shanyl
| sobenzof ur apg (4Pa7299L 1H), 4287@IPRAYS 0 Hzarlmews 1, ghwm”ﬂ ?iny'
2H pyrrol yl, pyrrolyl, i mdazolyl, pyrazo yl', pyri

pyr azi nyl, p&ﬁ#ﬁ&lﬁ oy I5H)p3.03 (ia,le:);ﬂ 63-1.49 (m, 2H), 1.33-1.24 (m, lH) 1.18(t,

pur| nyl , 4I—|—“6D71‘cﬁ?’§?ﬁ i&f n3L7 ll}gbﬁg’ﬁt%dﬁr%? P&'% no: ;?Ol %lr]t hra'ng;zg;lyl ,

h di nyl , |
B?g??d.y;&r | n%[ er rmﬂgrgg @?bgzg y’IRs [err] gr b%* a%éé@&e

phenant hri di andiogous to that descnbedd‘dinpiepayﬂngﬂmthylardiﬂaﬂllb ﬂfeei}amialemmyl :
phenazi nyl , |soth|azolyl phenot hi azi | soxazol yl, furazanyl

and phenoxazWayPbtainsd is§9% yield. lI“.'I‘JI‘/IR(Z%O MHz, Chib) ¢ &3 7 Hr (M, 108, enpl oyed
herein by itzahiqor BSy B3l Pk 437812, CAQURN), 3.77 (t, /= 8.5 Hz, 1H), 3.59

(dd, J=8.8, 5.7 Hz, 1H), 3.40 (m, 1H), 3.22-2.89 (m, SH), 2.79 (dd, /=13.0, 5.1
15 Hz, 3H), 1.01 (t, /= 7.1 Hz, 3H), 0.85 (t, /= 7.2 Hz, 3H).

Example 5: Alcohols (XIII)

a. Alcohol XTITb (R?* = #-Pr; R*=R®=Ef): To a solution of diethylamide
X1Ib (4.08 g, 14.7 mmol) in 140 mL MeOH was added 20%.Pd(OH)2/ C(400 mg)
and the suspension was hydrogenated at atmospheric pressure and room

20 temperature for 15 h. Filtration of the catalyst and concentrating the filtrate in
vacuo afforded 2.84 g (100%) of the desired primary alcohol XIIIb. 'H NMR
(300 MHz, CDC,) 6 3.74 (br. d, /4.2 Hz, 1H), 3.61-3.15 (m, SH), 2.71 (m,
1H), 1.69-1.24 (m, 4H), 1.20 (t, /= 7.1 Hz, 3H), 1.12 (t, /= 7.1 Hz, 3H), 0.92 (4,
J=7.2 Hz, 3H). LRMS (FAB) m/e 188 (M+H").

25 b. Alcohol XITIa (R?=Et; R®*=R®=Et): By a procedure analogous to that
described for preparing alcohol XTHIb, alcohol XIITa was obtained in 100% yield.
'H NMR (300 MHz, CDCl;) 3 3.76 (m, 2H), 3.58-3.19 (m, 4H), 2.64 (m, 1H),



refers to nonocyclic or bicyclic aromatic groups containing from6 to 12
car bons in the ring portion, preferably 6-1 Elalﬁ N the
ring port‘ygﬁ?’”gﬂ%h as phenyl, napht hyl or t(e)][)ra %ﬂgﬁ'gpht hyl .

10 The term "aral kyl” or "arylal kyl" as enpl oyed her-ein
by itself or as part of -S&not her group refers to Cerr] al kyl
groups as di scussed above having an aryl substituent, such as
benzyl, phenyl ethyl or 2-naphthyl nethyl . The term

"al karyl " or "al kylaryl™ .as enpl oyed reipn by iLtself ar t of

anot her’ grollﬂlrleﬁ%(@’ﬁ@’ &1314?’%7&@@%5%??@%??&2‘%@8’5&&;&{: g a Jerr]

al kyl 15 74Hz,3H)S“bSt I tuent, such as toluyl, ethylphenyl, or

met hyl napht hyl™ ’ The term "optionally substituted" when.
used with regspeciléichoXYiIc (RT 2nkBi; R®=Ré=Ef): By a probédui¢/dnalogobsto 6-, 9- or
10- nenbered heteroaryl groups neans that the rin portion of

sai d gr oups teidessubeshior prepming alctbel XIMb.cicobgl XHIS Was obtgined isd00%uent s

i nd dent | , 7.0 leal

ko (. or r TS G ESME 0D S 83 Rt 1A SHa iy 5 583 . il
cyano, ani ng, 72 6% {rh, ANKY.68:Yi53Qm, 21y, Fl40r 1249 @d, 41t anioYe /= 7.1 Hz, 3H),
benzyl am no, di benzylam no, nitro, carboxy, carbo((err])al koxy,

trifluoronetlih(t, J~=7.1 Hz, 3H), 0.90{t Vo®Stz,GtHr r] al koxy, Cerr]aryl,
G orr] “al ky B hi o Ateatat ponid 6 FLaias i R comef 57 A piop R Bifgnons o
o0 Uty tha A3, s Kot o
Theig er m " alykeldy'H NMRr(300 MEACRORYS %1858 GmoaHs, 3.5136d (o 4By gen.
2ot her | gr o RaT3(8, 1) Sbchien btk s il val b ohfteaftd, Pt
e o R RN TR S By o o Tormam o '
- 39- e Alcohol XIIIe (R? = CH,Ph; R® =R® = Et): By a procedure analogous
to that described for preparing alcohol XIIIb, alcohol XIIe was obtained in
15 100% yield. 'HNMR (300 MHz, CDCl,) 3 7.29-7.16 (m, 5H), 3.81-3.71 (m, 2H),
' 3.61-3.50 (m, 1H), 3.15-2.87 (m, 6H), 1.05 (t, J=7.1 Hz, 3H), 0.98 (t, /= 7.1 Hz,
3H).

Example 6: Aldehydes (XIV)

a. Aldehyde XIVb (R? = r-Pr; R®*=R°*=Et): To a solution of alcohol
20 XIIIb (2.34 g, 12.7 mmol) in wet CH,C, (125 mL, prepared by stirring CH,Cl,
with water and separating the organic layer) was added Dess-Martin periodinane
(8.06 g, 19.0 mmol). The mixture was stirred at room temperature for 40 min and
was then poured into a mixture of 5% aqueous Na,S,0; (250 mL) containing 5.2
g NaHCO,, and ether (200 mL). The biphasic mixture was stirred vigorously for
25 5 min and the aqueous layer was extracted with 15% CH,CL/Et,0 (2 x 100 mL).
The combined organic layers were then washed with H,0 (3 x 75 mL) and brine,
dried over MgSO,, filtered and concentrated in vacuo to afford 2.06 g (88%) of
desired aldehyde XIVb, a clear colorless oil. "HNMR (300 MHz, CDCl;) 8 9.60



Uses Phar macol ogi cal datafor clasto-lactacystin

[ err]-| acswongosmweal ogs prepared by t he met hods pefnisbd/fsssgvent i on
are provided in Table 1. These conpounds are all i rreversible

I nactivators of the 20S proteasone, ylating the Ntermnal threonine 5
resi due of the X/ MBl subunit. The vaT e Klerr][I] is a neasure of the rate
of enzyne inactivation. Several conpounds show i nproved
activity, i.e., nore rapid rates of inactivation, when conpared
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that i s nost potent he ‘enzyne’as I's the tive 3f.
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culsure i s awae@(PQEL) waohddedD2,bBcteimethyl-1-piperidin A?lloxy WTEM!"O)er@E'ZYWE
pot ency, cell penetratlon and hydrolysis rate. t hough nore 15

pot elnt t hanradiea}{9r18g)-t Rhe W%Wﬂgﬁoqléd ta Q‘EC mpd e sod?mhypmm yzed,
t
Ezgﬁ?rals?g I H%Iugﬂg,lp(;&%ar%dabys%%%rof% &éﬂﬁr&ceé}p@ gilhldn%r/&ved pot ency

not only i na{rmb@éw Fihed 05196/ g oPNAHEDS i 20K 8f Water, was added by gure.
The di scl osed conpounds are used to treat condi ti ons nedla ed directly 20

by the prot e¥esa pasiodief30imin. Sodlmr@mtﬂeéé@ms) wesAddad and the selutiost i ng, or

iat ed Vi a .pr.ot ei ns ,whi are _.processed by the
pr oeasorre Mﬁdgglel\?fmﬁgr rYJnguanwmx utes %‘GT‘F%‘” ‘#(C)tpﬁé Hg ﬂé‘?‘ﬁﬁ"’tl pates in
the rapid elirifatb Q- ﬁﬁﬁb p&aambﬁaa@sa:ﬁid lﬂ)(b%l:hlonte (47 mL) was Bq2848Si ng of
proteins involved in cellular regulatio , cycfse gene

transcri pti severanpbriiensatoadrive thar¢astion Jo completiare| ﬂ'hlé aqueousriayni' sasi on, and

the 25 ne, r resent ecific
exanpl es i néFRﬂignHandex abted W ﬂ‘(tépg’}e@ﬁﬂha%ﬁgﬁ ltathﬁt Z{%&%Bé‘&dr iﬁBrly :orot ei ns
such as ¢y ClobfibiRthhAl SAECP W8 abBE! Bith a solution of KI (AFmkP Id Treati ng

as used herein includes reversing, reducing, or arres ing t
synift ons,  clagneas KHSQpsTheanganinbiged wastherpwashet edth 506 Na,S;0paad pldn i n a

t ' t abi, | th bj dit
ranner o 7 phosphate buffex%gx %NggrS0§), aancli cggceentratgd %ougwg %IV?) a(!:soan p!a eI on.

yellow oil (1.1 g). Spectral data for this compound matched that for the product

from Example 6a above.
c. Aldehyde XIVa (R* = Et; RS=R® = Et): By a procedure analogous to
20 that described for preparing alcohol XTVb, aldehyde XIVa was obtained in 80%

yield. '"H NMR (300 MHz, CDCL) 8 9.61 (d, /= 3.6 Hz, 1H), 3.48-3.29 (m, SH),

2.02-1.90 (m, 2H), 1.19 (t, J/=7.1 Hz, 3H), 1.14 (¢, /= 7.1 Hz, 3H), 0.96 (t, J= 7.4

Hz, 3H).

d. Aldehyde XIVe (R* = n-Bu; R®*=R®=Et): By a procedure analogous
25 to that described for preparing alcohol XIVb, aldehyde XIVe was obtained in

98% yield. 'H NMR (300 MHz, CDCl,) 8 9.59 (d, J=3.6 Hz, 1H), 3.48-3.29 (m,

5H), 1.97-1.87 (m, 2H), 1.39-1.22 (m, 4H), 1.18 (t, =72 Hz, 3H), 1.13 (t, /= 7.2

Hz, 3H), 0.90 (t, /= 7.0 Hz, 3H).

e. Aldehyde XIVd (R? = i-Bu; R’ =R’ = Et): By a procedure analogous
30 to that described for preparing alcohol XIVb, aldehyde XIVd was obtained in



- 40- O her enbodi nents of the invention relate to

cachexi a ‘Zyr(]% %?tﬁ)%l e-wasting di seases. The proteasone degrades
many pr ot Some maturing reticul ocytes and gFGWU$s/1685
fibroblasts. In cells deprived of insulin or serum the rate of proteo]ysis
nearly doubles. 5 Lsphi biting the proteasone reduces
proteolysis, thereby reducing both nmuscl e protein | oss and the
nitrogenous | oad on kidneys or |iver. Proteasone inhibitors are

useful for treating conditions such as cancer, chronic infectious

di seases, f &p& yield TENMRI(300MHLLDCKID/S.5A (A Joi 37 AH),351-327 G, i nj ury,

fasting, r [ | ocj. at i th L dQs). s nd hepatic
failure Seeel§ ,("f%ﬁggiér@’igﬁgﬁmﬁ*ﬁufg?wbz? 7182 38DaltS igs ( 1994)
Enbodi ment s jft g mot%q&,%'8ﬁ§6m_encomass met hods for reducing

the rate of nuscle protein degradation in a cell, and reducing the rate of

intracel | ul & pr AldehydeXy FOGH,Pha B =&° <RfzsBy apiobedise amaldgedes t he step
of cont agti acell (ip v or.in vitro, e.g., a,nuscle in a -
subjct) wi (A thaf deporibed {Grpraparing atcohol ki, chige XI¥e was obtained iy |

phar maceut i NNQ Gl g her ei n.

Pr ot easone %%ilg{%?g o@og@%?’e@g?%ﬁ %ﬁ ggﬁﬁgﬁé%g '?\ﬁ:']]lg(ﬁ“n vitro .
and in vivo.SH) 68 &motH), 353042 @n,S )| 3.90 dygk13.5:9.3 HB; {1gy,8]23d%e3 adat i on and
NF-[err] B activation. (Palonbella, et al.; and Traenckner, et
al ., ENBO J.0m 3H3./%06-391 {mpgH), 1.04 (t, /7.1 Hg 3H)) 0.9 ke hb & 38ht of t he
invention is a nethod for inhibiting I[err]B-[err]

degradation, including contacting the cell with a conpound of a fornula

descri bed The preph@ﬁ@i Rf odastalacfacystinbpdiciahet ands asiBisheérdofr reduci ng
the cellular content of NF- .lerr]Bin a cell, nuscle, organ, or
subj®ct, i ndceending tootheatynthetjc tsphenaq putlingd, énc |Seheme 1 as exemplifiedrigan, or

subj ect mﬁtq% C nd of a fornula described herein. Additional 25

enbodi nment s 'ﬁ@@ﬁ%gg ‘nmethods for treating inflamatory responses
associ at ed

Example 7: Aldol adducts (II)

a. Aldol adduct ITb (R? = n-Pr; R! = i-Pr; R*=Me; R*=Ph; R’=R¢=

Et): Toacold (-78°C) solution of trans-oxazoline Ia (R' =i-Pr; R* = Ph) in ether

15 (35 mL) was added lithium bis(trimethylsilyl)amide (2.17 of a 1 M solution in
hexane, 2.17 mmol). After 30 min, the orange solution was treated dropwise with

a 1M solution of dimethylaluminum chloride in hexane (4.55 mL, 4.55 mmol) and

the mixture was stirred for another 60 min before being cooled down to -85°C

(liquid N, was added to the dry ice/acetone bath). A solution of aldehyde XIVb

20 (420 mg, 2.27 mmol) in ether (4 mL) was then added over 10 min along the side
of the flask. The mixture was then allowed to warm up to - 40°C over 2.5 hand

then quenched by adding 35 mL of saturated aqueous NH,Cl and 25 mL AcOEt.

‘Enough 2 N HCl was then added until 2 clear phases were obtained (ca. 15 mL

added). The | aqueous layer was extracted with AcOEt (2 x 20 mL) and the

25 combined organic layers were washed successively with 0.5 N aqueous HCI (20
mL), H,O (20 mL), 0.5 M aqueous NaHSO, (2 x 15 mL), saturated aqueous
NaHCO,and finally with brine, then dried over Na,SO, and concentrated in vacuo



with allergies, bone marrow or solid organ transplantation, or disease

states, wo 99/09006 including but not limted to arthritigerii§dshasggat ory
bowel disease, asthma, and mul tiple sclerosis by adm ni stering
a conmpound of a formula disclosed herein. A preferred

embodi nent of the invention is direct®d-to treating asthma by

-41- adm ni stering a conpound of Formula VI or Forrmula VII,
nost preferably conmpound 3b. Pr ot easone

inhibitors arg al ef of Li emn.

Irep:ar:‘ usi zn ?ﬁ?@?’?gos%sépgk%&@h éf%?‘g‘#"r%‘?é\/%‘ﬁ?‘:‘%ﬁ’o‘?ﬁ@é%é Pﬁrge et“ﬁ'ég}%i ze of
infarct aftegy Be used directly’@Sthe! sabscdfisit Utdpon'1s WMNIRASOOMHESCH@L) M a stroke
or heart attack, as described in Brand, U.S. patent application

Serial No. 8.02-7.9PandS2.58 1% 390, KaT), 668 (d, /= 9.9 Hz, 1H), 4082 gHI=L7BHz, fi | ed
February 17, 98.. U. n L Ggat | er]al )

08/ 988, 339, ﬂ%’i&ﬂﬁéc}iﬂ%g%tgg*;éll@g%,Lb%‘gd'&g%?mpg&%%épl& AW FA0%eri al No.
08/ 8Q1, 936, ..l r . r ¥ fhh Rt I bl ock 10
pr ot gasorre- dygémgsé t(#gplg?’g? rga%?%ﬁn’olgﬁ b?'g?g%gﬁ’ ’ ggjr)étsg:’]t fe)%@ Go%?él ez et

al ., J. 1.19-1.06 (hx§H), 084 (t, 184 NHABH)1 096 )d, Pl T Her3Hubodi ments of the

i nvention therefore enconpass net hodos fpiﬁ gr eati ng an infarct
or a protazoan parddek produstlsuasiglso obtained in 100%yeld &Y & PIGEIE orpound of

a formul a disclosed harein. - red. Qﬂff . t he
I nvention, a%ﬁﬁﬁ%ﬁ&ﬂw 8?%4%&%%%@%?‘%% { Fﬁlggseea ?%O‘m l'sntSteeﬁ‘%d to 15
prevent or reg#ueasloRezotingé®a.0f the infarct after vascul ar occlusion. Said

conmpounds can be adm nistered fromabout 0 to eslbous 10 hours
aft e¥0 t he ocdur r enkidobidduct Hb (R* = n-Pr; Ry eridiee R’ ir MeoRt =%Ph; K &R" Sr r educe

neuronal | osg, {Op) W9 ARc) SHMEH o na%E Skazoline Ia (R! = i-Pr; R* = Ph) (20.74
g) in THF (280 mL) was added lithium bis(trimethylsilyl)amide (92.4 mL of a 1
M solution in hexane) over 75 min. After 30 min, the orange solution was treated
dropwise with a 1M solution of dimethylaluminum chloride in hexane (202 mL)
15 and the mixture was stirred for another 40 min before being cooled down to
-85°C (liquid N, was added to the dry ice/acetone bath). A solution of aldehyde
XIVb (19.43 g) in THF (50 mL) was then added over 45 min. The mixture was
then allowed to warm to -50°C over 40 min and then to - 20°C over 25 min. The
yellow reaction mixture was again cooled to -78°C and then quenched by cautious
20 addition of 40 mL of saturated aqueous NH,Cl. The reaction mixture was poured
slowly into 460 mL of saturated aqueous NH,Cl. AcOEt (500 mL) was added,
and with good stirring the reaction mixture was acidifed with 6 N HCl to produce
two clear phases. The aqueous layer was extracted with AcOEt (2 x 200 mL),
and the combined organic layers were washed successively with H,0 (2 x 200
25 mL), saturated aqueous NaHCO, (2 x 200 mL), and brine (2 x 300 mL). The
“organic extract was dried over Na,SO, and MgSO, and concentrated in vacuo to
afford 41.55 g of crude Aldol product IIb which was pure enough to be used
directly in the subsequent step. Spectral data for this compound matched that for
the product from Example 7a above.



Compounds 3b is the nost preferred conpound in this aspect of the

I nvention Prot easone i nhibitors al so bl ock degradati on
of cell cy P&l atory 20 proteins, such as cyciGH{USo8AeEss
cycl i n-dependent ki nase inhibitors, and tunor suppressor .

proteins, such as p53. QG her enbodi meS8s of the invention therefore
enconpass nethods for blocking the cell cycle and for treating cel
proliferative di seases such as cancer, psoriasis and
restenosis with a conpound of a f ornu descri bed herein. 25

The term "i n®i bi téﬂdomgdm,td}ﬁm ﬁ*é&r'llt?é»g eMeRITPhiRI=B 58 or

reduces the activi t nz rote he XIMB 1
subunit of ©¥ a procel aﬁgo‘?(fér{%‘g‘?ﬁggs e%ﬁm?gﬁfdgape @“0% with
conpetitive, hﬂﬂﬁ'ﬂ'mfoh'oﬂrﬁﬁs-?%olme Ia(R'=i-Pr; R‘Q@lﬁmﬁédtéd s{RcdsSivEly Tion. An

I nhi bitor may bind reversibly or |rrever5|b y, and t herefore
the termi ncMﬁhelknethmahmndmnmlﬂnnﬂemdealdehyanB’aiupsM«htﬁddokaﬂdmlhnzyrre

-49- h bj he -
acti de site ol HTNMR (S0 EBCL) Bsthia g wibhfid 0 et i onal
g it ot BYORA 4 9RNE) HR0 (4, /=2 4K, 1H), 3.81-3.64 (AR 74809 001 B0 T O

t he adm ni stration of” pro josi tions of -

the inventiog. %an,tm{)dener(m aﬂj zeaal sw(rin,ym)baszd (m tllﬁl)51 89 (m, 1)y di nary
skill in the clinical art the co 03|t|on of the

d
K vent | on wt IT3h64 (aetiond2ig dp e BaaDobi St Jes LHesthe T

conposition m e; health; nedical conditi ons bei ng
treated; ki ngz%{zc%ﬁtgg g %V‘Pﬁz ﬁ% treatnment, if any, frequency of

treggment ang.the mabw&uai I {R? efrEBa§ RU€$PrER = Me; R! = Ph; R* em‘@ﬂt of
ti ssue damage; gender; duration of the synptons; and, count er

i ndi cat i ons, Et). Bng pro&n@r@méwgwatq thmdggcrtbgdfmpmnangg é@%@d‘lﬁénﬁndl vi dual
gg%ls: g;? In ons 1 lithjpm. ?.pl?rh é) Strarn%-oxaz ?mgelac('gw P”‘,d E‘ ru S‘\rv%% treatoc{' € or nore.
successively with dimethylaluminum chloride and aldehyde XTVe to provide Aldol
adduct Ic in 100% yield. 'HNMR (300 MHz, CDCl;) 8 8.02-7.98 and 7.53-7.33
15 (m, 5H), 6.57 (4, J= 10.0 Hz, 1H), 4.81 (d, /= 2.3 Hz, 1H), 3.73 (s, 3H),
3.68-3.60 (m, 2H), 3.49-3.17 (m, 2H), 3.00 (m, 1H), 2.90 (m, 1H), 1.98-1.87 (m,
2H), 1.38-0.83 (m, 16H), 0.70 (d, J= 6.7 Hz, 3H).
e. Aldol adduct IId (R? =i-Bu; R! =i-Pr; R® = Me; R*=Ph; R*=R®=
Et): By a procedure analogous to that described for preparing Aldol adduct Ilb,
20 the lithium anion of trans-oxazoline Ia (R' = i-Pr; R = Ph) was treated
successively with dimethylaluminum chloride and aldehyde XIVd to provide Aldol
adduct IId in 100% yield. '"HNMR (300 MHz, CDCl,) 6 8.01-7.80 and 7.55-7.20
(m, 5H), 4.87 (4, /=2.3 Hz, 1H), 3.73 (s, 3H), 3.69-3.58 (m, 2H), 3.51-3.32 (m,
2H),2.98-2.87 (m, 1H), 2.33-2.24 (m, 1H), 2.12-2.02 (m, 1H), 1.83 (t,/=7.1 Hz,
25 1H), 1.35 (t, = 7.1 Hz, 3H), 1.25-1.05 (m, SH), 0.93 (d, /= 6.6 Hz, 3H), 0.89 (d,
J= 6.5 Hz, 3H), 0.80 (d, /= 6.5 Hz, 3H), 0.69 (d, /= 6.7 Hz, 3H).
f. Aldol adduct ITe (R* = CH,Ph; R! = i-Pr; R* = Me; R*=Ph; R*=R*
=Et): By a procedure analogous to that described for preparing Aldol adduct
IIb, the lithium anion of trans-oxazoline Ia (R' = i-Pr; R* = Ph) was treated

30 | successively with dimethylaluminum chloride and aldehyde XIVe to provide Aldol



desired results. Pharnmaceutical conpositions containing the proteasone

i nhi bi t or SVO 99/09006 of the invention can be provided i npawusssinsssge
formns. Conpositions within the scope of this invention
i nclude all conpositions 15 whgysei n the conpounds of the present

I nvention are contained in an anount which Is effective to

achieve its intended purpose. Wile individual needs vary,
determ nation of optinmal ranges of effective anmounts of each conponent is

within adduct He i 1E0% kield. "HNNIR€3G0 MHzJODCLPS 8.91-71930n8952000¢ls may be
adm ni stered to nanmm umans, orally at a dose of

| s, .0. h
0.0025 1o 50GRgHIED, Al (Ar=CetHoAEDA. T A8, 368-3248 (m, 2H), 3 482,79 (m.

el bei ng CHOvAT LIS BB A AL D B8 E054 THedDi on such he & stroke

or asthma, For intranuscular injection, the dose is generally
about one-half of the oral dose. In the

met hod of prevention or redmdmple)&iyularahnﬁi(mwt he conpound can 25
be adm ni stered by intravenous injection at a dose of about 0.01 to about
10 ng/ kg, preferably about 0.025 to about 1 ng/Kkg.

The unit oral dose copprise fr m bout, 0,01 apout .50

prefrably aBout d‘gggtﬁ%%(ﬁw”' st Th ri:%nﬁ@h%a.‘{j?‘ﬂéu%PgRMe may be
adm ni st ered,g ' i | . cont ai ni ng
from 30 a&&\ﬁ:é c?u?'g.egi“t"o a%%iZ?‘l?S?‘&cggg‘ém en% P?’g%ﬁ%%%ﬁ?% 50 ng of
t he conpound4® g 20% Pd(OH),/C, was vigorously shaken under 55 p.s.i. H, for 60 h. The

- 43- , so]vat€s, For use in treating stroke, it is preferred
that a singl &iyBugyas brought down to atmosphgricipmperatars before being filiered@ndour s

rost; SYPn  BRCaARDt 36, RN SpBHESRRERHG s et g BRR e oo
and 10 (SiO0,, elution with 1% AcOH in 1:1 AcOEvhexane) affording 2.23 g (75%) of

desired y-lactam IVb as a white solid. '"H NMR (300 MHz, CDCl,) & 7.89 (br. s,

1H), 4.77 (br. d, J= 11.5 Hz, 1H), 4.47 (dd, J=11.5, 5.6 Hz, 1H), 4.08 (dd, =~

9.4, 5.0 Hz, 1H), 3.83 (s, 3H), 2.93 (m, 1H), 1.78-1.39 (m, 6H), 1.02-0.88 (m,

9H).

15 b. y-Lactam IVa (R*=Et; R' = i-Pr; R*=Me): By a procedure analogous
to that described for preparing y-lactam IVb, Aldol adduct I1a was hydrogenated
at 55 p.s.i. for 48 h to provide y-lactém IVa in 72% yield. '"H NMR (300 MHz,
CDCl;) 6 7.79 (br. s, 1H), 4.62 (br. d, J=11.2 Hz, 1H), 4.51 (dd,J=11.2, 5.4 Hz,
1H), 3.83 (s, 3H), 2.85 (m, 1H), 1.77-1.64 (m, 3H), 1.01 (t, J= 7.4 Hz, 3H), 0.98

20 (d, /= 6.9 Hz, 3H), 0.95 (d, /= 6.9 Hz, 3H).

c. y-Lactam IVc (R* = n-Bu; R! = i-Pr; R® = Me): A solution of Aldol
adduct Ilc (361 mg, 0.80 mmol) in 6 mL 1:9 AcOH/MeOH, to which was added
250 mg 20% Pd(OH),/C, was vigorously shaken under 50 p.s.i. H, for 24 h. More
cat;lyst (100 mg) was then added and the mixture was again shaken at 50 p.s.i. for

25 another 24 h after which time it brought down to atmospheric temperature before
being filtered. The filtrate was then heated to reflux for 30 min, cooled to room
temperature and concentrated in vacuo. The solid obtained was co-evéporated

once with toluene and purified by flash chromatography (SiO,, elution with 4%



5 conpositions of the present invention. Oher suitable

nodi fi Cat\%}% 050 adapt ations of the variety 2&&%99165 ons and

paranmeters nornally encountered and obvi ous t |IIed in
the art are within the spirit and scope of the invention.

The preparation of fornyl anides Xl V-¥ecording to the synthetic schene
depicted in schene 2 as exenplified in Exanples 1-6. 10

Exanple 1 Acyl Oxazolidinones (IX) a. Acyl oxazol i di none
IXb (Rlerr] = n-Pr; err]

sol ution of MePH/C sﬁ%dwgléoasge(éL %ﬁd? Cooiecgﬂél 70392[*1;"}%‘3%6?1}% n 75 niL
aphvdrous THE MR taob s CCh) .82 fer, 380,493 & 20Uk, 1) ABgRne (0 1

eryl chloride

(2 95 ni, 2443, siB, 35 Hz, lH),4!\@e3086(dﬁQlH9lr3)w\(s§EH};mD4t-2187 (x1H),e was
stirred for anot her 45 nin. The m xture was then

al l oned to rb&ed Mn%n‘b@‘}ﬁttl‘ 8; 9[H%|3}H()GQ}8? 3; Jahédize3HYo mn,

(50 5" 1TeET fonatem W RHIRCRY RRRORy s P 0p mbERBCTCT Wi

brine (2 x 3 326%0 NadMio B 81 AldoPatid mg%ratedln
vacuo. This %? gzéo%haggescnbe{lotggg:fe@%ﬂ%g 2 . heode5|u$ed acyl

oxazol i di nonhydrk@emtedaatcﬂOqas i.dot 40 lhm heated to lfbﬂ\m?éfoc 300mintprpviding

coal 4, 71-4 6 - 4.23-4. 1H),

3. 40[(633])J[$[1£<]=tm1 dins %ygqu %ﬂ@gakﬁ?&@@ﬂ%@(ﬁ%wjﬁz(% (5?1,
0.96 (1, 12705 o Wy HETH: £36 (m, 11D,4.09 (o, A1 A0, REaB AT 200 )
Et; B[ err] =18h1e78-178 ), m),a &ﬁ’-bé%d'u,rﬁ{)ZS 00-0.90 (m,dﬁHl) .ogous to that

descri bed for prepar| ng a\}z/E gxazol i di none | Xb . the |ithium
anl on of (S)e(-)-¥-bagiag I azQHzghane' iBs R} ek Ry arpraerdprs | chl ori de

(900 e, cortlasRist s dioHbed 1 RAaRhD Y etk 1 bt ol e by 11 H NV
hydrogenated at 50 p.s.i. for 24 h and heated to reflux for 30 min providing
y-lactam IVe in 71% yield. 'H NMR (300 MHz, CDCl,) 8 8.01 (br. s, 1H),
15 7.35-7.15 (m, SH), 5.02 (br.d, /= 11.7 Hz, 1H), 4.40-4.34 (m, 1H), 4.06-4.01 (m,
1H), 3.84 (s, 3H), 3.34-3.27 (m, 1H), 3.10-3.04 (m, 2H), 1.84-1.72 (m, 1H), 0.98
(d, J= 6.7 Hz, 3H), 0.93 (d, /= 6.9 Hz, 3H).

Example 9: p-Lactones (VII)

a. B-Lactone VIIb (R* = n-Pr; R' = i-Pr): To a cold (0°C) solution of

20 y-lactam IVb (2.20 g, 8.06 mmol) in EtOH (100 mL) was added 0.1N aqueous
NaOH (100 mL, 10.0 mmol). The mixture was stirred at room temperature for

15 h after which time H,0 (50 mL) and AcOEt (100 mL) were added. The

. aqueous layer was then washed with AcOEt (2 x 50 mL), acidified with 6N

aqueous HCI and concentrated in vacuo to a volume of ca 60 mL. This solution

25 was then frozen and lyophilized. The obtained solid was suspended in THF,
filtered to get rid of sodium chloride and concentrated in vacuo affording 2.05 g

(98%) of the desired dihydroxyacid as white solid. "HNMR (300 MHz, CD,0D)



- 44-

7.37-7.20 (m 5H), 4.68 (ddd, J= 13.1, 7.0,3.4 Hz, 1H),

4. 23- 4. 13wo9/@bds, 3. 30 (dd,J= 13.3,9.6 Hz, 1HCT/BSBA6ESB2 (m
2H), 2.77 (dd,J=13.3, 9.6 Hz, 1H), 1.73 (g9, = 7.3 Hz, 2H),
1.01 (t, J=7.3 Hz, 3H. _57_ Acyl oxazolidinone I Xc (Rerr] =
n-Bu; R err] = CHerr]Ph): By a procedure 5 anal ogous to that

descri bed for preparing acyl oxazolidinone |IXb, the l[ithium

ani on of (S)-

(-)-4-benzyl - 2-oxazol i di none was treated w th hexanoyl

chloride to e I eld err]H
NVR (306 M_|264é%&d J—SSH%VPH) @@o@@yy—ssq;p mj ?W@n %%)m ngﬁa{)@éax&% (m[ 1H§
4. 23 4.14 (rﬁH)ZBI)%-(BS‘BOn,(QHD, J— 13.3, 3.3 Hz 1H), 3.02-2.83

(m 2H), 2.7

(m 4H, 0.92 (t

(Rrerr] =i e(r§yI ﬁwr r»]rac? §dde8" 'd Ftution of 2- -(JH l?\%lz?]tnazol- l)—l 1,3

| val e >Chl ori de was

4- Met hyl val

o (ddeaJa. utgoq.&gtheéﬁgydr&)wacxd](l 58 g,(ﬂ}jml'_r?ol) Q\Elﬁ%d%g}gi&fio di none 1 Xd

prepsred fr anaametiytirehiun eirafliabbarate (TBTU, 2.59, sommnmlhmamhjrdmus: aci d

acid

(185 1 SBVORREES minoHoweh by eGSR 4073 B b S praent AR S . of DV
was treated yu g r&mta? rcgo%é 'i%n('gpe?%tﬁhey L?rﬁg' lt&ﬁén?%ve‘s?aadeﬁi Hithe midiife wht ur e was

t hen

room

enperat ure, concentrated in

vacuo and fi¢dmRepsatbdindhbmrmd co—evaporated 2 mordltirés it thRi3AS. mi’nficbmmﬂ es | r ed

acid chlorid

e as a colorless |i

oxazol i di nonky flagh qhrgreategraphy (S, ehqﬂep Mith=2: TACEE heane) aj@rded 1.44 g

oxai‘%f’f G mont8 R BRRST-R VIS BE SRE S 1 YPFRECOOREERDON | 4 none

3 6.07 (breal ?H)V\s 26 4; ﬁBhyH!akH%w T U=de4 L £4 rH;QVIIH)e acyl

oxazolldlnon
CDCl[err]) [

Caa, 25 b3l e bR g iy 03y TPty SRS G A2eal

3H).

prepdring ac

20

25

30

M
= CH err] Ph)( By & procedure anal ogous to that descri bed for

e I Xd'in err(]H NI\/R8300
2/7012.63 @i THRC.03(d, M4I—I}z,$(bi)41 83-1¢44 (mu j5F), 1.07 (d, /=7.0

+HN.€- Acyl oxazolidinone I Xe (Rlerr] = CH err] Ph;

pl ox$zbaétdne¥Ha (R Eti Rle=i-PrhiHydrolysis of 1Va, as described for
IVb above, afforded the corresponding dihydroxyacid in 100% yield. 'H NMR
(300 MHz, CD,0D) 4 4.45 (d, J= 5.8 Hz, 1H). 3.90 (d, /= 6.4 Hz, 1H),2.74 (m,
1H), 1.71-1.53 (m, 3H), 0.94 (t, J= 7.4 Hz, 3H), 0.92 (d, /= 6.8 Hz, 3H), 0.88 (d,
J= 6.8 Hz, 3H).

By a procedure analogous to that described for preparing p-lactone VIIb,

B-lactone VIIa was obtained in 79% yield. 'H NMR (300 MHz, CDCl,)  6.17
(br. s, 1H), 5.30 (d, /= 6.0 Hz, 1H), 3.98 (dd, J= 6.4, 4.4 Hz, 1H), 2.60 (m, 1H),
2.08 (d, J=6.4 Hz, 3H), 1.97 (m, 2H), 1.75 (m, 1H), 1.12 (t, /= 7.5 Hz, 3H), 1.07
(d, J= 6.8 Hz, 3H), 0.92 (d, /= 6.8 Hz, 3H).
c. B-Lacton;a VHc (R?*=n-Bu; R} =i-Pr): Hydrolysis of IVc, as described
for IVb above, afforded the corresponding dihydroxyacid in 100% yield. 'H
NMR (300 MHz, CD,0D) 8 4.42 (d, J= 5.8 Hz, 1H), 3.90 (d, /= 6.4 Hz, 1H),
2.86-2.79 (m, 1H), 1.70-1.24 (m, 8H), 0.97-0.86 (m, 9H).

By a procedure analogous to that described for preparing f-lactone VIIb,
B-lactone VIIc was obtained in 40% yield. "HNMR (300 MHz, CDCl) 56.14

2.76
6.2 Hz,

R[err]



anion of (S)-(-)-4-benzyl-2-oxazolidinone was treated w th hydroci nnanoyl

(I\:/Irjllzorl de %95/6%1)99 acyl oxazolidinone I Xe in 82%yield. [1%“)53{3'%%8(300

CDCl[err]) [err] 7.35-7.16 (m 10H), 4.70-4.63 (m 1H), 4.21-4.14 (m -2H),

3.38-3.19 (m 3H), 3.08-2588 (m 2H), 2.75 (dd, J=13.4, 9.5 Hz,
1H). Exanpl e 2: Acyl Oxazol i di nones (X)

a. Acyl oxazolidinonexb (Rlerr] =n-Pr; Rerr]= CHerr]Ph): A cold (0C)
solution 5 oxazol i di none IXb 5.74 22.0 mmol) in 110 nL
anhydr ous CHb&rs 1), [5ez7r&‘/1 =81 Hz, 1H) 397 () fé&t}&dlbﬁgt}ﬁs’ﬂ 62 (m 1H),Cl [err]

érzgcilpmrg!t)e {%'ltiléérd@gr%}ﬁ iZ?llgsf)gp’) e ﬁ?@?ﬁﬁb&%% 9L93 @4’ ”mol) was
added Hz 3H), 8 Igwa,\geamgi};zhﬁg mgl(pggcngﬁzggwol ution was stirred

at roomtenperature for m n. Benz oronet hyl ether (6.0
., 44.0 mod) waB-Lracpine Kild Riwi-BusiRl AP0 Hydrolysm ofilVid,Jasdesaribedt i rred f or

5 h CH 10%
aque usr ﬁla[ne ]r%%r%é?%'eqfﬁ’é%%ﬁéﬂ & r&@p& dlr"}BJdF‘ﬁ‘y?"Hé e gb%tﬁ‘%‘ﬁ oH yel | ow
gumy NMR (300", CB,0D)8 £50 &, /=15 4"tz 119, 3601 rfié)&lﬂ\éba jously for

10 mn, the supernat ant 'was erre rdtory funnel
and the gumm¥.088s0X(me, 1R 1:198kk61 (p, 3H), 10!(9 mo (m, 2H), 1.02 (d, A 6.7 HH% aqueous

Successi vely OSSR st SO LG dr Bade, ABMOOS and or i ne, .“’23“33';5
et} and conss bl MR IE S ABMEIR VIS ., .,
acyllooxazol i fiaasee Wldagasdbydindddn 62% yield. 'H NMR (300 MHz, CDCL,) 6 6.16
(br. s, 1H), 5.25 (d, J= 6.1 Hz, 1H), 3.97 (d, J= 4.4 Hz, 1H), 2.71 (dd, J=15.1,
6.2 Hz, 1H), 1.95-1.66 (m, SH), 1.08 (d, /= 6.9 Hz, 3H), 0.99 (d, /= 6.3 Hz, 3H),
0.98 (d, /= 6.3 Hz, 3H), 0.92 (d, /= 6.7 Hz, 3H). LRMS (FAB) m/e 256 (M+H").
€. B-Lactone VIle (R? = CH,Ph; R' = i-Pr): Hydrolysis of IVe, as
15 described for IVb above, afforded the corresponding dihydroxyacid in 88%yield,
'HNMR (300 MHz, CD,0D) 8 7.25-7.04 (m, 5H), 4.29 (d, /= 5.7 Hz, 1H), 3.83
(d, J= 6.4 Hz, 1H), 3.01-2.82 (m, 3H), 1.65 (m, 1H), 0.90 (d, J= 6.6 Hz, 3H),
0.86 (d, J= 6.8 Hz, 3H).
By a procedure analogous to that described for preparing f3-lactone VIIb,
20 B-lactone VIle was obtained in 77% yield. 'H NMR (300 MHz, CDCl,) &
7.36-7.20 (m, SH), 6.57 (br. s, 1H), 5.08 (d, J= 5.4 Hz, 1H), 3.94 (d, J= 4.5 Hz,
1H), 3.25 (d, /= 10.1 Hz, 1H), 3.01-2.89 (m, 2H), 1.92-1.81 (m, 1H), 1.05 (d, /=
6.9 Hz, 3H), 0.86 (d, J= 6.7 Hz, 3H). LRMS (FAB) m/e 290 (M+H").

The preparation of cis-oxazolines and trans-oxazolines according to the
25 synthetic schemes illustrated in Schemes 3 and 4 as illustrated by Examples 10 and
1.



solid in 81%yield. [err] HNVR (300 MHz, CDCl[err]) [er

r] 7.34-7.18 (m
10 1H), 4.55 (s, 2H), 4.32-
2o 4 0VERES 5 g0 (o ot 0, ao. o Ty ROy

5.0 Hz, 1H), 3.23 (dd, J= 13.5, 3.3 Hz, 1H), 2.69 (dd,

13.5, 9.3 Hz, 1H), 1.74-1.64 (m 1H) 5% 54-1.44 (m 1H), 1.40-1.28 (m 2H),

0.91 (t, J=7.3 Hz, 3H). LRVS (FAB) nie 382
(MtH err]) b. Acyl oxazolidinone Xa (Rerr] = Et; Rerr] =
CH err] Ph): By a procedurg 25 anal ogous tq_t hat descrl bed for

preparing acyl oxazolidi nBxemple Hpycis-Oxazoline (Ia)oxazol i di none Xa was
obtained in 80%yield. [err]H NVR (300 MHz, CDCl[err]) [err]
7.36-7.18 (m 10H), 4.55 (s, 2H), 4.21-4.11 (m 3H), 3.81 (t, J= 9.0 Hz,

1 ! 1 [l - . — - o y )
3.H256 (dd, 329 oE®yl3-(sorrppylpronsnosts (XV;R' - 4-Rrs Ry=Me); T“lﬁ‘&? 70 (dd, J=
13. 5, solution ofcatbdmethdtPmethyldrie tri Ke?lyl sﬁ*ﬁaﬂe %_{Mg(lé'l @mn%lﬁ Hz, 3H).

c. Acyl oxazolidinone Xc (Rferr] = n-

% @& err] Ph)

b ocetur e indry CH,Cl, (Lokahbias 0SConsaided droswiss bty oidepyetiyiamlacy
STRTI NEV S T
(m 1H), 4. %d(sﬁrrea |f3r’24‘ﬂx ﬂxe%oﬂ;@nt(w%s rgiﬂbvccﬁanﬁczﬁd and]pen{’anz was added Hz,

1H), 3.65 (dd, J= 1H), 3 (dd, J= 13.5, 3.3 Hz, 1H), 2.68
(dd, to the w]nie bﬂy 5ph© t@pmxpltaﬂel)mph.enmh@smle(mdq H}‘he solghwas 26 (m

4H), 0.87 ( H) . d.

oxazol i di nord (’Q[Baé‘firﬂj‘e ﬁk‘iateB(ancﬁft’@ﬁ%] J’aﬁzﬁ[ rhe|RsRge uﬁyw?f rﬁ%??tt,eéidur e

anal ogous tooﬁe refiﬁﬁ&ﬁd%ﬁe'c{uaéowﬁ 96,00 W/Ww oWl acyl
oxazol i di none Xd was obtained in 98%yield. [err] HNIVR 300 MHz, CDCl[err])
[ertd that was sufficiently pure for the next step. 'H NMR (300 MHz, CDCl;) 56.95

(dd, = 15.7, 6.6 Hz, 1H), 5.77 (dd, /= 15.7, 1.5 Hz), 3.72 (5, 3H), 2.44 (m, 1H),
1.06 (d, /= 6.7 Hz, 6H).
b. (2S, 3R)-Methyl 2,3-dihydroxy-3-[isopropyl]propionate (XVIa; R' =
i-Pr; R®=Me): A mixture of AD-mix-P (100.00 g,), methanesulfonamide (6.78
15 g, 71.3 mmol) and tert-butanol-water (1:1, 720 mL) was stirred vigorously at
room temperature for 5 min. The reaction mixture was then cooled to 0°C and
o.,B-unsaturated ester XV (R' = i-Pr; R® = Me) (9.14 g, 71.3 mmol) was added
dropwise via a Pasteur pipette. After stirring at 0°C for 96 h, Na,SO; (3.0 g) was
added, and stirring continued at room temperature for 1 h. The mixture was
20 diluted with ethyl acetate (200 mL) and transferred to a separatory funnel. The
organic layer was removed and the aqueous phase extracted with ethyl acetate (2
x 100 mL). The combined organic layers were dried (Na,SO,), filtered, and
concentrated in vacuo. The yellow oil obtained was passed through a silica gel
pad using 1:1 hexane/ethyl acetate affording diol XVIa (R' = i-Pr; R’ = Me)
25 (11.48 g, 94%) as a yellow solid. '"HNMR (300 MHz, CDCl,) & 4.28 (dd, /=5.6,
1.8 Hz, 1H), 3.80 (s, 3H), 3.48 (m, 1H), 3.28 (m, 1H), 2.33 (d, J= 9.3 Hz, 1H),
1.87 (m, 1H), 1.02 (d, J= 6.7 Hz, 3H), 0.95 (d, J= 6.7 Hz, 3H).
c. (2R,3R)-Methyl 24bromo-3-dihydroxy-3-(isopropyl)propionate
XVIla; R' = iPr; R® = Me): (25,3R)-Methyl 2,3-dihydroxy-3-



7.38-7.17 (m 10H), 4.754.67 (m 1H), 4.57 (d, J= 12.0 Hz, 1H), 4.51 (d, J=
12.0 Hz, 1 4.41-4.36 (m 1H), 4.20-4.09 (m 2H), 3.74 (t, J= 9.0 Hz,
1H), 3.65WEF9/09006 (44 3= 9.0, 5.1 Hz, 1H), 3.23 (dd, JPCTHISINESD iy

1H), 2.63 (dd, J= 13.5, 9.5 Hz, 1H), 1.74-1.52 (m 2H), 1.35
(dd, J= 13.1, 6.1 Hz, 1H), 0.92 (d, Jkp-2.9 Hz, 3H), 0.90 (d,
J= 2.9 Hz, 3H). e. Acyl oxazolidinone Xe (Rerr] =

CH err]Ph; Rlerr] = CHerr]Ph): By a procedure anal ogous to

that described for prepari ng acyl oxazolidinone Xb, acyl 20
oxazol i di no[neoptepyl@moplbnae VWla (R'S%%Br K= Mey (1HgNGR7(dad)Mded CDC [err])

Eae{)r]z 7 He, thy@résg@zgaze .69, 80 Y sy }Gf%ergﬁfsol'eedeecg@z?@ﬂbos )(gd 4J§ Hz,
1 3.19 : 3.4, 8.2
o 1) (gﬂd?é%?fﬂ*?"@%ﬁﬁ‘%@ . 0, g e simipg S 75 mig o ¥

1H) . ' 25 mixture was concentrated under full vadouai1(0.65 tim 1%1935 i, AThels ( X )

a. Carboxylic acid Xlb ( rrﬂﬂ)— n- Pr() A col d err] C) solution of

6.68 g (17. ixture was redlssolquﬁ[m £L42010 Blaz eoqled er«sl teated i

THF/ H I 9 35%
H[err][%{é]rrf*@aﬁaﬁi‘%ﬁ%ﬁ“ﬁﬁ??ﬂLY?ﬁmﬂgandacefaflbroﬂ“dé&’458 mE, gk 2970 Adueos.

-47- mmol). Aﬂ@mﬂﬁﬁﬁg fored hlat ﬂecgthe%a&mﬁmamuré Wwad Qredled i@ r] O. The
m xture was stirred for 16 at 0C and then treated carefully

first with sSagraed Wﬁﬁ@@@dﬂ?]m@lm aljowed & warm up to room  Herr] O
a0 hen 1 {13,250l 2 A R afe TP b Bl SRR 1 X e

10 CH,Cl, (2 x 20 mL). The combined organic layers were dried Na,SO,), filtered
and concentrated in vacuo affording the crude a-bromo B-benzoate XVIIa (R' =
i-Pr; R’ =Me) (1.36 g, 85%) as a clear colorless oil. '"H NMR (300 MHz, CDCl,)
5 8.05-8.00 (m, 2H), 7.47-7.40 (m, 3H), 5.57 (dd, /= 8.8, 3.9 Hz, 1H), 4.47 (4,
J= 8.8 Hz, 1H), 3.67 (s, 3H), 2.45 (m, 1H), 1.01 (d, J= 6.8 Hz, 6H).

15 d. (28 3R)-Methyl 2-azo-3-dihydroxy-3-[isopropyljpropionate (XVIlla;
R! = i-Pr; R’ = Me): A solution of (2R, 3R)-Methyl 2-bromo-3-dihydroxy-
3-[isopropylipropionate XVIIa (R' = i-Pr; R* = Me) (2.00 g, 6.07 mmol) in 15
mL DMSO was treated with sodium azide (790.0 mg, 12.2 mmol). After stirring
for 12 h at room temperature, the mixture was partitioned between H,0 and ethyl

20 acetate (50 mL each). The aqueous layer was extracted with more ethyl acetate
and the combined organic layers were dried over MgSO, and concentrated in
vacuo affording the desired &-azo B-benzoate (1.55 g, 87%) as a yellow oil. 'H
NMR (300 MHz, CDCl,) & 8.07-8.02 (m, 2H), 7.55-7.43 (m, 3H), 5.40 (dd, J=
8.8, 2.8 Hz, 1H), 3.73 (s, 3H), 2.24 (m, 1H), 1.04 (d, /= 5.8 Hz, 3H), 0.98 (d, =

25 " 5.8 Hz, 3H).

Repeating the same procedure but using DMF as the solvent instead of
DMSO afforded the desired a-azo B-benzoate in 85% yield.
e Benzamide XIXa (R! = i-Pr; R* = Me): A solution of (25, 3R)-Methyl
2-azo-3-dihydroxy-3-[isopropyl]propionate XVIIla (R' =i-Pr; R*=Me) (1.50 g,
30 5.15 mmol) in ethyl acetate (25 mL) was treated with 200 mg of 20% Pd(OH),/C



was stirred for 30 mn at roomtenperature and concentrated in vacuo to
renove Swo99/09006t he THF. The resul ting agqueous m xture wagcthssanggszhed
with CHerr]dJerr] (4 x 75 m.), cooled to 0 C, acidified with
6N aqueous HCl and extracted with CHerr]dJ[err] (1 x 200 T
and 3 x 100 nlL). The conbi ned organi c°tayers were then dried over

MySO4 and concentrated i n vacuo affordi ng 3.47 g (90% of desired acid Xlb
as a clear colorless oil. "H NWR (300 MHz, CDCI[err]) [err]

g ‘;’BHZ 2?H§ %5%5% 51(15 eﬁ%gé %Vai]sgge(l v%nzuﬁw in3 }P atrgg;pher&l%ndebg , jf 3 g
Hz, 3H). LR'}ﬁesfsEx%B)Aﬂ@remzf?&xré, %‘d‘ﬁﬂftﬁﬂe)was filtered and reﬂQxed for @"Holﬁka%l ic acid

Xla (Rlerr] Et): By a procedure anal ogous to descri bed
for prepari rvgnadgte themigvatian ofchebetizbyl groyp. @hanmltundlwasnheﬁﬁb@hm

s R W b

9.2s 5.4 He 0.97
(i 7= 75 Hz(ljz% oB§8s Zyéifow il IHNMR%QP%@Z’I%C R 1857 ( 5}1? =" n-Bu):

By a procedut46-dd8l (og3dih, 6.89 ({bad, /= 9.1 Hz, lH) SOGQdd;rJHmﬂ, h‘QIHzpﬂHp;arl ng acyl
Iidi btained in 96%
vierd, Lerr TR ARIERGSB 1EBokDs &8 r%é”{ ey JE07 089 (& Joef. T Wi, BHl. 2955' 20

(m 20 38 (Cbnafoline £ fR1E LRE) RS Mol (RsotiToR df sob geille o1 %075
Hz, 3H). benzamide XIXa. (R‘—I-E‘QIRB@Mé)I(EB émnﬁbl)‘ihfdlﬁ,eizﬂﬂ thLywhstialed By a

procedure analogous to descri bed for preparing acyl
oxabbl i di noriithdHs0 n&etylowk%{%mdedﬁhamnoib -Afjgistirring at room tempergieddomed i n 80%

(7 2y, °s! o ol kg i aifdg Wb Chl ol Bl hpdngd i SRy NG, %0
1H), solution, %&ﬁﬂzﬁi‘),(dﬁhc&lﬁmdln%é axd chréthatdgPaphdd (&Ecé%all J= 4.9 Hz,
3H), 0.90 (d, J= 4. rboxylic

acid Xle (Rki hpxaﬂetqﬂpé quh))aff@?maﬂprdwedlmeomahmja&&mgoﬁ%has a

s onrAPRERRY b SSRYR B0 GRS S0t e T T BB 715

8-7156 (m 144 4.9% @3/= 9.8 Hz, 1H), 4.53 (dd, J= 9.8, 7.8 Hz, 1H), 3.76 (s, 3H), 2.09
(m, 1H), 1.05 (d, J= 6.5 Hz, 3H), 1.01 (d, J= 6.7 Hz, 3H).

Example 11: trans-Oxazoline (Ib)

‘a. Ethyl 3-(isopropylprepenoate (XV; R! = i-Pr; R*=Me): To astirred
solution of carbomethoxymethylene triphenylphosphorane (56.04 g, 167.6 mmol)
20 in dry CH,Cl, (168 mL) at 0°C was added dropwise isobutyraldehyde (17.4 mL,
191.6 mmol). After 5 min, the reaction mixture was warmed to room temperature
and stirred for 24h. The solvent was removed iﬁ vacuo and pentane was added to
the white oily solid to precipitate triphenylphosphine oxide. The solid was filtered
off and the filtrate concentrated in vacuo. The procedure was repeated one more
25 time and the crude olefin (20.00 g, 93%) was obtained as a yellow oil that was
sufficiently pure for the next step. 'H NMR (300 MHz, CDC),) & 6.95 (dd, J=
15.7, 6.6 Hz, 1H), 5.77 (dd, /= 15.7, 1.5 Hz), 3.72 (s, 3H), 2.44 (m, 1H), 1.06 (d,
J=6.7 Hz, 6H).



- 48- (d J=12.1 Hz, 1H), 4.50 (d,J= 12.1 Hz, 1H), 3.68-3.57

(m 2H), 3H) .

Exanpl e 4%‘7(%?%@%5 Ani des (XI1) a. Di et hyPGFPSR8/15§5B b
(R[err] =n-Pr; Rerr] = Rerr] =E): Acooled solution (0C) 5 of
carboxylic acid XIb (3.40 g, 15.3 mml).in 1:1 MeCN CHerr]d [err] (150
m), containing diethylamne (2.36 nL, 23.0 mml) and

2- (1H benzotriazol-1-yl)-1,1, 3, 3-tetranet hyl uroni um tetrafl uoroborate
(TBTU, . 5.89 g, 18.4 mvl), was treated with

di i sopr opy! ebhy! a(iimg&S‘X-Mefhym,&B&yﬂronyEB-Ilsopropyl]proplona&!l(tXVlla Rk (syringe
punp). The mi; % \,ﬁ%t once]%trat ed in_vacuo and partitioned
bet ween et heft 3200 i§)* ﬂf "(E@Bn?ﬁ_ﬁKzﬂﬁ@z%@‘!ﬁla‘,&ﬁﬁﬁas
extracted w . an layers were
washed with ltétlcli:}]lueous ?ﬁ?%& ﬁﬁgé?(&ggl Mpﬁﬂgégﬁﬁ%ﬂzgﬁii%ﬁﬂ&alerr] and
bri ne, mmol, 1.0 0mok%h) Wmetﬁ#;lﬁ%hanﬂe NCUE&F(SO ¥ 98linl Wat¥950-mL,

Chrogratographlc purificati 0-400 mesh Sierr], elution
with?1: 3 AcCPemehded! Qﬁl‘lf"@)s #BYOH (84 ral) W/%Q)ﬁsmlz)wasaddediatébﬁﬂ ami de

733725 ( repep UL 3VE® L P B° DX Oy, M el Sdngeuide. 119, 3. 6.

(t, over aJperﬁ>d60ﬂ‘|18 hlihe sﬁm‘é& V((éicbonﬁectéﬁ 1o tu%né 'diho é‘-iﬁa {é 46 3 27
(m 4H), 2.96 (m 1H), 7 (m 48 (m 4H) |
1.20-1.10 (rmmefped mtmobmonmraughoutthesaguonnme) The resultmglalﬁr dqréus) me 278

M+H 20 I Xl = err
CE B o o Rt s Ao el 60 e e VB F i sl aborme B0y

a d lop; obtained in
PLSES o, L SR GENGSOL ) a1 130185 e pogeh ety 755
(d, J= 12.0 lfezultlmgl)mxtnrmas(sﬂrred fordd, ’Ohd-jﬂ;asélshi)exe s’tpﬁﬁteﬁland&hve ueoﬁdz 1H),
3.53-3.33

J= 7.1 Hz, 3]|§|yc1er \Ya_islﬁmﬁ;tgeg}fgél;%greﬁhyq agctate j(g)g 71:5ga(]§c gaye( wergigegl :ALf $ ( EJ,H) )
combined and the chiral ligand was extracted from the organic phase with a
solution of 0.3 M H,S0, in saturated Na,SO, (2 x 100 mL). The phases were once

15 again separated and the aqueous layer was extracted with more ethy] acetate (1x).
The organic layers were combined and dried over Na,SO,, filtered and
concentrated in vacuo. This afforded 11.4 g (ca. 100%) of a white oily solid which
was shown to be 70% e.e (determined by 'H NMR from a 1:1 molar solution of
diol and Europium tris[3-(heptafluoropropylhydroxymethylene)-(-)-camphorate]

20 in C¢Dy). Recrystallisation from 35-60°C petroleum ether afforded 6.8 g (60%)
of (2R,35)-Methyl 2,3-dihydroxy-3-[isopropyl]propionate (XVIb; R' = i-Pr; R}
= Me) that was ca. 100% e.e., obtained as white crystals, mp = 32-34°C; =
-110.6° (c 1.04, CHCl,)]. 'H NMR (300 MHz, CDCl,) 6 4.28 (dd, J=5.6, 1.8
Hz, 1H), 3.80 (s, 3H), 3.48 (m, 1H), 3.28 (m, 1H), 2.33 (4, J= 9.3 Hz, 1H), 1.87

25 (m, 1H), 1.02 (d, /= 6.7 Hz, 3H), 0.95 (d, J= 6.7 Hz, 3H).

c. (28,35)-Methyl 2-bromo-3-dihydroxy-3-(isopropyl)propionate
(XVIIb; R' = i-Pr; R® = Me): (2R, 3S)-Methyl 2,3-dihydroxy-3-[isopropy!]
propionate XVIb (R' = i-Pr; R® = Me) (30.0 g, 1852 mmol) and
trimethylorthobenzoate (41.3 mL, 240.7 mmol) were dissolved in CH,Cl, (400
30 mL) and treated with BF;-OEt, (1.16 mL, 9.25 mmol). After 2 h, triethylamine



C. Diethylamde XIlc (Rlerr] = n-Bu; Rerr] = Rerr] = Et): By a

procedur ewo 99/63006 anal ogous to that descri bed for prep éﬂé’g%mgsf
diethylam de Xl lb, diethylam de Xl Ic was obt al ne %
yield. [err]H NVR (300 MHz, CDCl[err]) [err] 7.35-7.25 (m 5H), - -
-49- 4.51 (d, J= 12.0 H63-1H), 4.44 (d, J= 12.0 Hz, 1H), 3.67
(t J= 8.6Hz, 1H), 3.51 (dd, J= 8.8, 5.5 Hz, 1H), 3.46-3.29 (m
1H, 2.94 (m 1H), 1.66-1.62 (m 2H) ol dlxﬁidl(éf(n} 9H_),BO.85
t,J—7O Di.et am de err] = 1i-Bu;
(R[err] ' R[l_@rq"]nﬂ’m “EP?‘“@F%‘*%#B‘&%% X

was concgniegteshin racee and at

d i bed f w005
Wiicé'bt :i ne?ifl%rdgﬁshoa/fﬁ?glv gé [err]H NNFgS?%Ib}(%) ﬂg;ﬁztrﬁ%}ﬁg&}‘g%“ﬁedﬁé?lﬁd 7.35-7.23
(m 5H), in CH,Cl, (400 18L), (cdpledto D2C(hnﬁl2h:eaﬂeﬂl)dr01#m§é’r“ﬁtﬁ acétyl Bronfldéiz, 1H),

1631, 40" (4B 1988 mmol). er 1), aditiogal acciy) Bromide (0.68 s 923 14| 3H),

%)i étz 3(/][ amJ dz ?%Fgr r %&Q%ﬁ%%ﬁjﬁ&‘%?ﬁﬁd‘ﬁf&(ﬂo mL)gyFadg?d a

procedure and the mixture wasstivgdudgdrousiy fr SIEE . The léy‘éfs Wér8 Bépardied
diethylam de Xl | b, diethylamde Xl le obtained in 89%

yield. [er r ] BGRRPUNAY eT W{Wq@%ﬁﬁﬁlz@xﬂoﬁagl gi; het copbined o
Thy o S0 drtaric rershhire led (g S0 T dnd Eunoetilhtegia e ppodding', 575

(m 5H), 2. 7A%e @ﬂmz oa}Brohib B-befzokteIGVIIb (R' = itr; RBEIMe)(66.23 & s chle rlm |Hé 53H)
0.85 (t, J= 7.
Al Cb@,m s (X qqlgrless oil, ggntammg ~9.3% by wt. methyl benzoate. For product: 'H NMR

(300 MHz, CDCL,) 4 8.05-8.00 (m, 2H), 7.47-7.40 (m, 3H), 5.57 (dd, /= 8.8,3.9
Hz, 1H), 4.47 (d, J= 8.8 Hz, 1H), 3.67 (s, 3H), 2.45 (m, 1H), 1.01 (d, J=6.8 Hz,

6H).
d. (2R,35)-Methyl 2-azo-3-dihydroxy-3-[isopropyl]propionate (XVIIIb;
15 R’ =i-Pr; R* = Me): Sodium azide (24 g, 370 mmol) was added to 230 mL of

DMSO and the mixture was stirred at room temperature overnight. To the
resultant solution was added a solution of (25, 35)-Methyl
2-bromo-3-dihydroxy-3-[isbpropyl] propionate (XVIIb; R' = i-Pr; R*=Me) (61
g, 185 mmol) in 20 mL DMSO. After stirring for 11 h at room temperature, the
20 mixture was poured into water (1.5 L) and ether (200 mL) and stirred vigorously
for 10-15 min. Ether (100 mL) was added and the layers were separated. The
aqueous layer was extracted with ether (2 x 100 mL) and the combined organic .
layers were washed with water (2 x 100 mL) and brine (100 mL), dried over
MgSO,, and concentrated in vacuo affording the crude product (57.5 g),
25 containing approximately 3% starting material and 8% elimination byproduct. For
product: 'H NMR (300 MHz, CDCl,) & 8.07-8.02 (m, 2H), 7.55-7.43 (m, 3H),
5.40 (dd, J= 8.8, 2.8 Hz, 1H), 3.73 (s, 3H), 2.24 (m, 1H), 1.04 (d, /= 5.8 Hz,
3H), 0.98 (d, /=5.8 Hz, 3H).
e Benzamide XIXb (R = i-Pr; R* = Me): To a cold (0-5°C) solution of
30 (2R,3S5)-Methyl 2-azo-3-dihydroxy-3-[isopropyl]propionate XVIIIb (R’ = i-Pr;



a. Al cohol XIIb (Rerr] =n-Pr; Rerr] = Rerr] = Et): To a solution of
di et hyl am de Xilb (4.08 g, 14.7 mol) in 140nm. MeOH was added
20% Pd( O-WPepi03goe ( 400ny) and the suspensi on PFISISAYH8SYHenat ed
at atnospheric pressure and room 20 tenperature for 15 h. Filtration
of the catalyst and concentrating thefiltrate in vacuo
afforded 2.84 g (100% of the desired&i)'rimary al cohol Xli1Ib. [err]H NWR
(300 MHz, CDC[err]) [err] 3.74 (br. d, J=4.2 Hz, 1H), 3.61-3.15 (m 5H),
2.71 (m 1H, 1.69-1.24 (m 4H), 1.20 (t, J= 7.1 Hz, 3H), 1.12
(t, J=7.1 hg= (55%) ﬂ?méﬂmol (309 mL)wasadddﬂ47m12. of ﬁd/mok%ﬁFAB) e
188 (MtHerr]). Al cohol M , Rlerr] =r[err]
= Et): By anT.‘ogefEd(@Iﬁ{i@l Egonnxtumwmmgedmthhydrogenarrdessnedhtedorhor prepari ng
al cohol XiI1b, al coh Xl'Ja was obtaj ned i 100% | d. [err]H
NN (300 NHISpSERIGy Thmipgis Preaparied Wit bygFoges exesy 30 i fasemong te2. 64 (m

1
1 H)7 1-1.65 r#beﬁ-ﬁd mJ;_roE?Ln After 4 h %he fe?_célon gt%(ture WTSPu(%ed vYthh n}trigeﬁzan'd 3H). 0.96
(t, 9= additional Hd(OIH;IC (3E)g) was added The rea€tion mixfre oagpursed With( Rl err] =

n- Bu R err] Rl err] Ft): B ocedur e anal ogous to t hat
descri bed f(}?Ydﬁ‘?&?BaﬂnFi §21 R e"RDT ‘E}“fg 62!‘10T heymixpare s fltsredi sy i n 100% 5-

yiel g, err] Nl My PSR Rbfhd s ik P St fndll i, 52 3 19

4H) , 1 20 (tEsDAC. Ihd'iqueaﬁé)layerwasbasﬁed with Nal@O( &nd abain/exiratied watt) , 0. 90 (t,
J=6.9 Hz, 3H). d. Al cohol XliIld (Rlerr] =.i-Bu;, Rerr] =
Rlerr] = Et)EtQ#c.aThe sembined azganic guitasts were washed with brinen driedio¥er i bed f or

5[3@“ Fgr?iﬁ%%@ﬁz %@0‘%’%&@@{3?%?%%%?“‘\[‘%## %'%7@6% %@'l’%‘gﬁ?‘{ oS3 57.3. 15

(m 4H), whlchwasusecﬂdﬁécﬂ?lﬂ&e(rﬁktsﬂﬁ 1. 70 1.60 (m2H), 1.40-1.28 (m
1H, 1.21 (t,J= 7.1 Hz, 3I—l|) 2 (t, J=7.1 Hz, 3H), 0.92 (m
6H) . f. trans-Oxazoline Ib R!'=iPr; R’ = Me) The crude product IXb

obtained in Example 10e above (37.3 g, 141 mmol) was dissolved in toluene (350
mL). p-Toluenesulfonic acid (2.68 g, 14.1 mmol) was added and the mixture was

15 heated to reflux. Water was removed using a Dean Stark trap. After 3 h, ~2.5
mL of water had been collected. The reaction mixture was cooled, diluted with
EtOAc (100 mL), washed successively with saturated NaHCO, (2 x 100 mL) and
brine (100 mL), dried over MgSO,, and concentrated. The residue was purifted
over a pad of silica gel (~400 g), eluting with 25-30% EtOAc-hexanes to provide

20 the trans-oxazoline Ib (R' = i-Pr; R* = Me). '"H NMR (300 MHz, CDCL,) 8
8.01-7.97 (m, 2H), 7.52-7.38 (m, 3H), 4.68 (apparent t, J= 7 Hz, 1H), 4.57 (d,
J=17 Hz, 1H), 3.81 (s, 3H), 2.00-1.93 (m, 1H), 1.04 (d, J= 6.7 Hz, 3H), 1.00 (d,
J=6.8 Hz, 3H).

Example 12
25 Inactivation of Proteasome Activity

Purification of 208 proteasome and proteasome activator PA28 was
performed as previously described (Dick et al., J. Biol. Chem. 271:7273 (1996)).



e. Al cohol Xille (Rlerr] = CHerr]Ph; Rerr] =r[err] = Et): By a

pr ocedur yogvalooM$O US to that described for prpoepiksisadscohol
XI'llb, alcohol Xille was obtained in 15 1 00%ield. [err] HNMR
(300 MHz, CDCl[err]) [err] 7.29-7.166gm 5H), 3.81-3.71 (m 2H), -
3.61-3.50 (m 1H), 3.15-2.87 (m 6H)F°1.05 (t, J=7.1 Hz, 3H), 0.98 (t, J=
7.1 Hz, 3H). Exanpl e 6:
Al dehydes (XIV) . a. Aldehyde XIVb (Rlerr] = n-Pr; Rerr] =
Rlerr] =Et): T ' 0 I l5 ' 12.7 nmol)
in wet CHerr] CI? fglrLr a%%gg)ﬁtr‘rf[{(zgﬁgggrﬁ? ;9 5's'tnM lrSPi\fé" hﬁ[sfé )ra?‘éls%g'r r]

with wat er JesidLaeNal-Tii-AMC hedififegsm sulfdxddetwgre Wadedas d 8 nDaRSrebent | N

peri odi nane (8.06 g,.19.0 nmmol ). The nmixture was stirred at
room t enper@¥Vere andtheggvetieivagplaced in the jacketed cellhalder ofaitaghidt 200 0 ani xture

f 5% Na S 250 i t ai ni 2o
NaHOU or 11 greRs s g Retecy Thé et Yhs AR BRRR B G vi gor ous y
fors 25  circulatin %m%amm.zbmmx?@@wé@maaem tﬁéireﬁéﬁér?ﬁoye%? 15%

CHerr]C[err]/Et[err]O (2 x 10 e conbrned organic

| ayers wer evahmonttorsti by ta¢ ineredse in flaprescencey 8t 4A0) nrafaL, 5 380epm) that

R e SRR R R

(300 MHz, : . . ] |

op, % HEAPLDpig R5AIP LR e s mpog of o S BAPE ogmplen g,

aZH) , SI%Ij 3961A§é1& ﬁeapl‘ljlﬁg-l);,sgzady state I?I)f substmteﬂe/d(dlysislgﬁctéxlyzﬁq wgé-hcit(ied .td(s REt , j]: 7.1
-  I= [ S T2, : : : ehyde err] =

n- B, R er rfinal qgngentyation @?fl: Y e FeRionores Pamarsd fol . - Thd

fluorescence (F) versus time (f) data were collected on a microcomputer using

LAB CALC (Galactic) software. k., values were estimated by a nonlinear least-
squares fit of the data to the first order equation:
F=40-e"+C
15 where C=F, ,andA=F,  _—F,.,

Example 13
Inhibition of Intracellular Protein Degradation in C2C12 Cells

C2C12 cells (a mouse myoblast line) were labeled for 48 hrs with *S-

methionine. The cells were then washed and preincubated for 2 hrs in the same

20 media supplemented with 2 mM unlabelled methionine. The media was removed
and replaced with a fresh aliqhot of the preincubation media containing 50%

serum, and a concentration of the compound to be tested. The media was then

removed and made up to 10% TCA and centrifuged. The TCA soluble
radioactivity was counted. Inhibition of proteolysis was calculated as the percent

25 decrease in TCA soluble radioactivity. From this data, an IC,, for each compound

was calculated.



(1.25 g, 6.68 mol) inam xture of toluene (20 nL), ethyl acetate (20 ni),
and 5 water (3 nL) was added 2, 2, 6, 6-tetranet hyl - 1-pi | dinyl oxy
(TEMPO), WPa¥09006 radical (9 ng). The nmixture vvas%ggﬁféggi&g%s O[err]C
and a sodi um hypochlorite solution, prepared by adding 4.3 nL
of aqueous sodi um hypochlorite (10-1%4 avai l abl e chlorine) to
1.6 g of NaHCO err] in 20 nL of water, was added by portions

over a period of 30 mn. Sodium brom de (660 ng) was added and the sol ution
10 turned pale orange. Wthin a few mnutes the color of the

reacti on m xture ret lExamplgM f-white. Additional sodium
hypochlorite (4.7 nL) was add ] .. several portions to drive
the reaction to conpletion. T%ag@l?eeo{@qrgg) S was ... Separated and
extracted with toluene (20 nL) and ethyl acetate (2 x 20 nL). The

conbi ned organi c extract was washed with a solution of KI (70 ng) in 10% 15
aqueous KHS( er r [The Thaif-divear(t,q) | foy ehydsalysis hefi fixzstoeel aialdgs5% the _
Na[err]S[err]derr]. and pH ) 7 .pho ate buffer, dried (Na2sSO4),
and concent carepopdingdihydsaxygeids weregeasured at 3'?‘%]"“"“‘0““3?8??‘&}3 °%i298( 1.1 g).
Spectral datgd: | PP AMEBDARE t

from Exanpl égggg@éw A c.’%ﬂt‘hgil ﬁé}%‘é‘&é‘gﬁ?”%ﬁ‘? e?drﬁor: Et;

Rlerr] = R etlehstfivEh)If-1iB¢s @pproRivedely @ haod) hiB30usm, the wielength at whitht descri bed
for preparing alcohol Xl Vb, aldehyde XlVa was_obtained in 80%

yield. [errhernirtiegmatestdiffersars & pxiynctian cpefficisnts far the-lagtoge ;apd 1)

3.48-3.29 5 . - : . =Zoh Hz, 3H),
114 (i, o Spolingy. Helelives yere qefuigedngin Glkecthlim drabigs (O 1. 1)
d. Al dehyglg,mkN/CPIyRical Plincipies;BVileyRindl Sohs =NB&forl, 1575tpp:11B3118).pr ocedur e

anal ogous 25 to that described for preparing al cohol Xl Vb, aldehyde
XI Vi0 was obtBierreshltsipf Examples 12-14 m@mwwc{abfeelr-r] H NMR (300 Mz,
CDCl[err]) [err] 9.59 (d, J= 3.6 Hz, 1H), 3.48-3.29 (m 5H),
1.97-1.87 (m 2H), 1.39-1.22 (m 4H), 1.18 (t, J=7.2 Hz, 3H), 1.13 (t, J=
7.2 Hz, 3H), 0.90 (t, J= 7.0 Hz, 3H). e.

Al dehyde XIVvd (Rerr] =1i-Bu; Rerr] = Rerr] = Et): By a procedure

anal ogous 30 to that described for preparing al cohol Xl Vb, aldehyde

XI'vVd was obtained in



-52- 96%ield. [err]H NVR (300 MHz, CDCl[err]) [err] 9.57 (d,

J= 3.7 Hzwdédeseds 51-3. 27 (m SH), 1.83 (t,J=7ptThisos/idshs
1.66-1.55 (m 1H), 1.20 (t, J—7.1Hz 3H), 1.13 (t, J—71Hz,
3H), 0.93 (d, J= 6.6 Hz, 6H). f. Al dehyde XIVe (Rerr] =
CH err]Ph; Rerr] = Rerr] = Et): By ‘é7procedure anal ogous 5 to that

descri bed for preparing al cohol Xl Vb, aldehyde Xl Ve was obtained in
97% vyield. [err]H NVMR (300 M—Iz CDCl[err]) [err] 9.69 (d, J= 2.9 Hz, 1H),

7.29-7.16 (m 3. 650 (. 11H) 3.53-3.42 (m 1H), 3.30 (dd,
J= 13.5, 9.3 Hz, 1H) 323313 (m 2H), 3.06-2.91 (m 2H),

1.04 (t, J=7.1 Hz, 3H), The
preparation of clasto- gggwg’bgorﬁ%? ’8%’ 'é‘f!lal ogs thereof 10
according to the synth qredofeir Sesr “1” as exenplified in

Exanpl es 7-9. Exanmpl e 7: Al dol adducts
(1) a. Al dol adduct Ilb (Rlerr] =n-Pr; Rerr] =i-Pr;
Rlerr] = Me; Rerr] =Ph; Rerr] = R®rr] = Et): To acold

(-78[err]C) solution of trans-oxatolije lay(Rerr] =i-Pr; Rerr] =Ph) in
et her 15 (35 nL) was addﬁ L:h s(trinet hyI5|IyI)am de (2.17 of
a l Msolution in exane, ). After30 mn, the orange

solution was treated dropwi se w t#- H a 1M solution

of di met hyl al umi num chl ori de in hexa g{% m., 4.55 mml) and

the mixture was stirred for another %0 ef ore being cooled down to -85C
(liquid NJerr] was added to the dry ice/ &etone bath). A solution of

al dehyde Xl Vb 20 (420 ny, 2.27 rrm)l) in ether (4 nm.) was then added
over 10 mn along the side of the flask. The m xture was then
al | ofied to war Gampeund 40[ B r ] CKohsdh) ('8 ak€so (llM) tin mltl"hen quenched
by adding 35 nL of saturatglgl agqueous %@err]Cl 125 . Ac
Enough 2 N HO was“then ad d until g’ ear phases were obtdl ned (ca. 15 nL
3a 39,000 0.32 153
3b n-Pr 46,500 0.29 153
3c n-Bu 38,000 0.33 17
10 3d i-Bu 17,000 0.51 16.8
3e CH,Ph 6,400 - 6.8
3f OMe 82,200 86 3.7

*Inactivation of the Chymotrypsin-like activity of PA28-activated 20S proteasome.
*Inhibition of intraceliular protein degradation in C2C12 cells.
15 *Hydrolysis half-life

Theresults indicate that the compounds of the present invention are potent

inhibitors of the proteasome.

Example 15:
Reduction of Infarct Size and Neuronal Loss

| 20 Methods
Male Sprague Dawley rats (250-400 g) were anesthetized with haloethane
and subjected to middle cerebral artery (MCA) occlusion using a nylon fitament
for 2 h. Subsequently, the filament was removed and reperfusion of the infarcted

tissue occurred for 24 hours before the rat was sacrificed.



added). The aqueous | ayer was extracted with AcOEt (2 x 20 nL) and the 25
conbi ned organic | ayers were washed successively with 0.5 N aqueous HO (20
n), H erVPEPRIni), 0.5 Maqueous NaHSO err] (2 x 15 ni)PCTENBI686%
aqueous NaHCO err] and finally with brine, then dried over
Na[err] SO err] and concentrated i nvacgg

-53- affording 879 ng (> 100% of crude Al dol product Ilb

whi ch was pure enough to be used directly in the subsequent
step. "H NVR (300 MHz, CDCl[err]) [err] 8.02-7.97 and 7.53-7.39
(m 5H), 6.58 (dImieditddy sfrer thelfjiament®ds (vthdchwa, the hifimals were evaluated 1H), 3. 73
(s, 3H), 3.69-3. 61}&;{1 2H), 3.49-3.39 (m. 2H), 3.24-3.16 (m _1H), 3.05 5
(m 1H), 2.88ing3neyfglogicalisgonng system. Neyrologicghscores ergexpressed ana7- 1. 20 (m

2H)7 "Hz, 3H) scale frorh 01316, vt d@te@%ggp ﬁZur()l(t? é:%l:(}e?-lg& and10 r?ﬁ%segg; 0 (d, J=

pro was a Ined in
100% yi el d kyvere pevrologicabdeficit. After 24 howhohmbefore tsacrifita] aigalsrwédied above but
usi ng cis-oxazoline Ib (see below instead . of trans-oxazoline
la. 10 evalyated a spgongtimegesing the same pguselogical seormg sysfest.r] = i-Pr; Rlerr]

= Me; Rlerr] = Ph,.. g . = rel. = . o T cold (-780

sol ution of tran?—%%‘%oqficﬁ%mga&(ck%@ Q[O x:m?FIgF?) ﬁtgﬁqhexﬁlﬁ;%az@%{l 74 :
g) in THE (2RRridk) (THC) ftetedioupkoulIthb ki WER Budiadd/ bhdéf! Bigndeg2. 4 ML of a
1 Msolution in hexane) over 75 min. After 30 min, the orange
sol uti on wasonditignewsing image analysis Hy dgtevmine infaret sigeIM sol uti on of

di met hyl al um num chl oride in hexane (202 nlL) 15 and the m xture was
stirred for another 40 mn before being cooled down to -85 C
(liquid N em&s;ygageﬁgggd to the dry ice/acetone bath). A solution of

al dehyde XIVb (19.43 g) in THF (50 nL) was then added over 45
m nl0 The i xt ur e Rmiswere given i.v. bolus trjeatioas (Il /kg) ofieitiar vehick@%ver 40 min
and then to - 20C oyer 25 mn., . T el.l gw reactj.on..m xture was
208 n cool eI ERREIEOURITEHED F Craray i todaraditn ladi S 0bE 3

mg/kg; n=7) at 2 hours after the start of the occlusion. Two additional groups of

rats were given i.v. bolus injections (1.0 mL/kg) of 3b at 0 minutes, 2 hours, and
6 hours after the start of the occlusion. One group (0.1 mg/kg x 3; n=6) received

15 0.1 mg/kg at each of these times, while another group (0.3 mg/kg x 3; n=7)
received 0.3 mg/kg at each of the three timepoints.

Results
In animals treated with a single dose of 7-n-propyl-clasto-lactacystin p-
lactone (3b), infarct volume was decreased by 50% (FIG. 1, 0.3 x 1). Infarct
20 volume was not significantly decreased in either the 0.1 mg/kg x 3 dosage group
or the 0.3 mg/kg x 3 dosage group (FIG. 1). '
All animals had aneurological score of 10 + 0 immediately after the 2 hour
ischemic episode. At 24 hours, the vehicle-treated rats had a mean score of 8.7
* 0.6, whereas rats treated with a single 0.3 mg/kg dose of 7-n-propyl-clasto-
25 lactacystin f-lactone (3b) had a mean score of 4 + 1 (FIG. 2). These data
represent a 60% neurological improvement for the drug-treated animals. No
significant improvement in neurological score was observed in either the 0.1

mg/kg x 3 dosage group of the 0.3 mg/kg x 3 dosage group (FIG. 2).



20 addition of 40 nL of saturated aqueous NH err]C . The reaction

m Xt ure wasIgPueEd slowy into 460 nmL of sat pAds/aEEELOUS
NH err]d . AcOet (500 nlL) was added, and with good stirring
the reaction mxture was acidifed with 6 N HCO to produce ~two

cl ear phases. The aqueous | ayer was BRracted with AcOEt (2 x 200 n),
and the conbi ned organic | ayers were washed successively with Herr]O (2 x

200 25 m.), saturated aqueous NaHCO err] (2 x 200 nL), and brine (2
x 300 ni). ‘nfd ion organi c extract was dried over Na2SO4 and MySH4
and concentFated 'h vacuo to afford 41.55 g of crude Al dol

product |1b whi chnyepylildteiRtigPstin0 PRicttned given once post-iéﬁhéﬁfaﬁl y in the
subsequent step. Spectral data for this conpound matched that for

t he productPrpyiges Eigaifisent protegtion an both the degree of neurological deficit and

- 54- . . C dol..addugt Jla rr] = _Et; r i-Pr;
Rlerr] M lﬁfﬂé?ﬁbr@%magf@w@eﬁpé p}l@gy)d(a@[ it ap;]earsthatasﬁgfe-égssr ocedur e
anag ogous F&gﬁxﬁ@fis%?e?&&é@&ﬁir%%ulﬁ?l@%&éF&irﬁérgo! adduct 11b, the

lithium anion of trans-oxazoline Ta (Rerr] =i-Pr; Rerr] = Ph) was
treat ed successiHavipg now fully describedshisiinvimienjiyivill benanderstadd tothade and

al dehyde Xl \Va t.0 prqvj,de dol ductlla 5 in.95%vyield. [err]H NWVR
(500 Mo, HicamiteRy SKIGR the gt FicSime forbespertormed wyhim gowide and <

6.50 (d,J =scivdiint Lo : - ( , 3.74 (s,
3H) , e ?ﬁcggdﬁé@%?ﬁ%m{l?n“?m@ f‘@%’%ﬁé‘%ﬁ] “HM’HF 224 (m
1H), 1.89 (affectibf the scope of the invention/&@-ahy 6shbodimestfherebf. 281 phtentsand. 2 Hz, 3H),
1%& (d, J= 6.9 Hz, 3I—g, ~1.07 (d,. J= 7.2 Hz, 3H), 0.70 (d, J =
6. 'VHz, 3H)Publigationscited perein are A oarmerated by reerenqederejn intheinggtiey.err] =
i-Pr; Rlerr] = Me; Rerr] = Ph; Rerr] = Rerr] = Et). By a
procedure anal ogous to that described for preparing Al dol adduct I1b,

the lithiumanion of trans-oxazoline la (Rerr] =i-Pr; Rerr] = Ph) was
treated successively with di methyl al um num chl ori de and

al dehyde Xl Vc to provide Al dol



adduct Ilc in 100%ield. [err] HNVR(300MHz, CDCl[err]) [err] 8 02 7.98

and7.53-7.33 15 (m 5H), 6.57 (d, J= 10.0 Hz, gﬂgg J=2.3
Hz, 1H), WO SPPoes 3H) 3.68-3.60 (m 2H) 3"‘5’3”%98 ®m 2H),
3.00 (m 1H), 2.90 (m 1H), 1.98-1.87 (m 2H), 1.38-0.83 (m
16H), 0.70 (d, J= 6.7 Hz, 3H). -70- e. Al dol adduct I1d (R err]
=i-Bu; Rerr] =i-Pr; Rerr] = M; Rerr] =Ph; Rerr] = Rerr] =

Et): By a procedure anal ogous to that described for preparing Al dol adduct
[1b, 20 thelithiumanion of trans-oxazoline la (Rerr] =1i-Pr;
Rlerr] = PywhndstChanssd Is: successively wth di methyl al um num
chl oride and al dehyde XIvd to provide Al dol adduct 11d in
100%yi el d. [err] HNVR(300VHz, CDCl[err]) [err]8 01 7.80 and 7.55-7.20__.
(m5H),487(d J 2.3 Hz, 1 3.73 (s, 69-3.58 (m, 2 3.51-3.32
(m - : 2H)Apr@ssszfor§%°(rm4; bawrc agjd of Formula 'g)z( n, 1H),
1.83(t,J:7.1Hz 25 1H), 1.35(t J.:7.1 Hz, 3H), 125105(m
5H), 0.93 (d, J= 6.6 Hz, 3H), 0.89 (d, J= 6.5 Hz, 3H), 0.80
(d, J- 6.5 Hz, 3H), 069(d J—67Hz 3H). f. Al dol
adduct Ile (Rlerr] = CHerr]Ph; Rerg] =i-Pr; Rerr] = M; Rerr] = Ph;
Rlerr] = Rerr] RALt) By a procedure anal ogous to that

descri bed for preparing Al dol addu§t 'NH [1'b, the lithium anion
of trans-oxazoline la (Rlerr] = i-§;sRueosl = Ph) was treated? 30
successively wi th di nethyl al um nu rjde and al dehyde Xl Ve to provide

Al doT HO SR - 55-
adduct Ile in 100%ield. ferr] HNVR(3QfgHz, CDCl [err]) [err]8.01-7.93
and7.54-7.10 (m 10H), 4.71 (d,J=2.5 Hz, 1H), 3.73 (s, 3H),
3.68-3.58 (m2H), 3.48-2.79 (m 6H), 2.17 (m 1H), 1.12-0.91

(m 9H), 0.68 (d, J= 6.7 Hz, 3H).
Exanpl e 8: [ef thethaehfWhetdin)

5 R!isalkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, aralkyl, where the ring
portion of any of said aryl, aralkyl, or alkaryl can be optionally substituted;
R?isalkyl, cycloalkyl, aryl, alkaryl, aralkyl, alkoxy, hydroxy, alkoxyalkyl,
or amido, where the ring portion of any of said aryl, aralkyl, or alkaryl can
be optionally substituted; and
10 said process comprising:

(a) deprotonating a substituted ary or heteroary! oxazoline of Formula I

CO,R?

where R'isasdefined above; R’ isatkyl, alkenyl, alkynyl, cycloalkyl, aryl,

R*

alkaryl, any of which can be optionally substituted; and
15 : R* is aryl or heteroaryl, either of which may be optionally
substituted;
by treating said substituted ary! or heteroaryl oxazoline with a strong base to form

an enolate;
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5 a. [err]-Lactam I Vb (Rerr] =n-Pr; Rerr] =i-Pr; Rerr] =

Me): A ngiégkg@%of Al dol adduct 11b (4.72 g, ptnssosmessy i n 100
m. 1:9 Ac OH, to which was added 4.8 g 20% Pd(OH) 2/ C, was
vi gorously shaken under 55 p.s.i. Herr] for 60 h. The m Xt ure

was brought down to atnospheric tenpé@lature before being filtered and
concentrated in vacuo. The solid obtained was purified by flash
chr omat ogr aphy 10 (Sigerr], elution with 1% AcOHin 1 :1

A DX, 91 ARl s e e i g L
1H), 4. 77 (Qnsisfing Jﬁidgxi'iaﬁ, %ﬂﬁ%ﬁ&Hgﬁ,,ﬁiﬂziﬂJ, éﬂ%gesitlﬁ A b&ole,%n@tﬂr&eaﬁ%kb, 4.08

(dd, J= H, (s, 3H, 293 (m 1H),

1. 78-1. 39 (tmeatingiwithla 2m@1 ARide wf Formula XIV: 9H). 15 b.
[err]-LactamIVa (Rerr] = Et; Rerr] =i-Pr; Rerr] = M): By a procedure
anal ogous to that described for preparing y-lactam| Vb, Al dol
adduct Ila was hydrogenat ed at 55 p.s.i. for 48 Rgj0 provide
[err]-lactamIVa in 72% vyield. 'HINVR®Y300 MHz, [err])
[err] 7.79 (br. s, 1H), 4.62 (br. ll.ést, 1H), 4.51 (dd, J= 11. 2,
5.4 Hz, 1H), 3.83 (m 1H), 1.77-1.64 (m 3H),

1.01 (t,J= 7.4 Hz, 3H), 0.98 2 d J=6.9 H, 3H), 0.95 (d, J=
6.9 Hz, 3H). C. y- Lggt am | (Rlerr] = n-Bu; Rerr] =i-Pr;
Rlerr] = Me): A solution of Aldol adduct Ilc (361 ng, 0.80
nmmol) in 6 nL 1:9 AcOH/ MeOH, to which was added 250 ng 20%
Pd(OH)[err]/C, was vigorolisly shaken under 50 p.s.i. Herr] for 24 h. Mre
cat &l yst (100ny) whees Rtieas aboee, ek i xture was agai n shaken at 50

p.s.i. for 25 got her, 24 .h after ieh thnme it QUG wn -t o

at mospheri c terrpglf &P@l%e ag:elpgmgndentg one ofva\x'iky‘f%?fﬁary]l,i qrtlgzg@%.r\ﬁlge iltrate
was then heated ?&eﬁ%éteﬁi&r fA3th (BOn#oBen 5881 BGVHich #1129 Are attached form a
tenperature and concentrated in vacuo. The solid obtained was co-evaporat ed

once with tol uené- arfimembefed detetmeytlicring, whichraaydyraptipallysiubtiétste, el ution

with 4% . . . " .
and which optionally may include an additional oxygen or nitrogen atom,

10 to form an adduct of Formula IT:

I,

where R! through R are as defined above;
c) catalytically hydrogenating said adduct of Formula I7to forma y-

lactam of Formula I'V:

15
1w
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- 56- MeOH/ CHCl [err]) affording 140 ng (61 % of desired
y-lactam | Vc as Wmte sol id. [err]-H NI\/R(300I\/Hz Jx

[err] 8.0Y9%%0 4.93 (br. d, J= 11.3 Hz, 1H), 4. 4gPCT/US9s/68 (dd
J= 11.3, 55 Hz, 1H) '4.154. 08 (m 1H), 3.83 (s, 3H), 2.94 2.87 (m 1H),
1.80-1.34 (m 6H), 0.94 (d, J= 6.9 Hzgpp3H), 0.89 (t, J=7.2 Hz, 3H). 5

d. [err]-LactamIVd (Rlerr] =i-Bu; Rerr] =i-Pr; Rerr] = M): By a
procedur e anal ogous to that described for preparing y-lactam

| Vc, Aldol adduct I1d was hydr ogenat ed at 50 p.s.i. for 40 h
and heated to refwhere ROyRBMdR >rarpasadefided gbove; and [err]-lactam IVd in

61%vyield. [err]HNVR (30Q_ Wz, rr 7.92 (br. s, 1H, 4.81
(br0 d, J= 11.5 HP, 1HpPonifyiRe saidy qq;amaf]ﬁwn(lwl’l qform3 cgrhoxic agy
304298(@“’%&%‘-‘3“ 1H, 1.78-1.73 (m 2H), 1.66-1.47 (m 3H)

1.00-0.90 (m ) e. [err]-LactamIVe (Rerr] =

CH err]Ph; Rerr] =i-Pr; Rerr] = M): By a procedure

anal ogous to that descri bed for preparing [er]r-lactam|Vc, Al dol adduct
Ile was 2. hlkamsecassekdain 1, Guther gompnsmzrtreannmthan@tbmmced to

4ok S B et o S b ARG b V1210,

5H), 5.02 (YfFodmelr VHI: 7 Hz, 1H), 4.40-4.34 (m 1H), 4.06-4.01 (m

1H), 3.84 (s, 3H, 3.34-3.27 (m 1H), 3.10-3.04 (m 2H), 1.84-1.72 (m 1H),
0.98 (d, J=6.7 Hz, 3H),00.93 (d, J= 6.9 Hz, 3H).

Exanple 9: [err]-Lactones (VII) H a. [err] Lactone VIlb
(Rlerr] = n-Pr; Rerr] = i-Pr): RQ3 ld (O[err]C) solution of 20
y-lactam | Vb (2.20 g, 8.06 mol ) i n{;E£t ONH( R0 nL) was added 0. 1N aqueous
NaOH (100 mL, 10.0 nmol ). The m X¥juls ystirred at roomterrplglature for
15 h after which time Herr]O (50 nd "Aﬁ t (100 nL) were added. The
aqueous | ayer was then washed with 50 nL), acidified with 6N
aqueous HC and concentrated in vacuo tooa volune of ca 60 nL. This
solution 25 was then frozen and |yophilized. The obtained solid was
suspended i n THF, _

wherein R' and R? are as defined in claim 1.

3. The process of claim 2, wherein said cyclizing is effected with a

10 reagent selected from the group consisting of aryl sulfonyl chlorides, benzotriazol-
1-yloxytris(dimethylamino)phosphonium hexafluorophosphate, O-(1H-
benzotriazol-1-y1)-N, N, N’ N"-tetramethyluronium tetrafluoroborate and alkyl- aryl-

or alkenyl chlorofomates.
4. The process of claim 2, further comprising reacting the clasto-

15 lactacystin B-lactone of Formula VII with a thiol, R’SH, to form lactacystin having
Formula VI.

VI
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filtered to get rid of sodiumchloride and concentrated in vacuo affording
2.05 ¢ (98% of the desired di hydroxyacid agcpRisbg€résss i d-
VR 308’6

[err]H MHz, CDferr] QD)
-57- [err] 4.42 (d, J= 5.8 Hz, 1H), 3.90 (d, J = 6.5 Hz,
1H, 2.84 (m 1H, 1.70-1.24 (m -73- 6H), 0.95-0.84 (m 9H).

To asolution of the dihydroxyacid (1.90 g, 7.33 mmol) in anhydrous THF

(36 nm.) was added a solution of 2-(1H benzotriazol-1-yl)-1,1,3, 5
3-tetranet hyI uronr‘um trafl obor TBTU, 2.59, 8.06 nmmol) in anhydrous
MeCN (36 niwhergn Ro Fr& 38 ?lqb "HE‘#G‘“ZWL 22.0 mol ). After stirring

for 70 mn at r 1 Xture was
concent rat ed | n%%ﬁ?’@&ﬁi"e%m@ SR R S T
Purification alkaryl canbelbpuéﬂxaigrh;ubétftm&ﬁl ography (Sigerr], elution with

2: 3 AcCEt/ hexane) afforded 1.44 g 10 (81% of desired [err]-lactone
VIIb as a white solid "H NVR (300 MHz, CDCl[err]) [err] 6. 07

2702 63 (m 100, 2 T pigtesy offlagyd wiild chfmdfiuf ooy o7 5
7. 05 converted"% lacﬂ@ystu@b)g&ez(tﬁmg tﬂeﬁﬂa&oﬂwrtﬁﬁtace@l@%te(& J=6.7 Hz, 3H).

LRMS (FAB) m e ]1). 15 [err] - Lactone
Vila (Rlerr] = Et Rl err] —|-Pr) Hydrolysrs of | Va, as descri bed for

| Vb above, affor ed the corres acid in,100% Id [err]H
NVR (300 Eﬁr%%%’ %ﬁﬁ Cagoxy g agd tern "3 . 3.90
Sg 7‘]Z 224 onlnlt'ﬁa V%s gﬂ'e&m cougled to athlol R’éﬁ%to ﬁarrma l&etﬁc?ysﬁmhaﬁﬂg 94 (t1
3H). 20 Formula VI By a pr ocedure anal ogous to that descri bed for
preparing [err]-lactone VIIDb,

10 wherein R' and R? are as defined in claim 1; and
R’ is alkyl, aryl, aralkyl, alkaryl, wherein any of said alkyl, aryl, aralkyl or
alkaryl can be optionally substituted.

7. The process of claim 1, wherein in step (a) said strong base is
selected from the group consisting of hindered amide bases; alkali metal

15 hexamethyldisilazides; or hindered alkyllithium reagents.

8. The process of claim 1, wherein in step (a) the reaction is

conducted at reduced temperature in an ethereal solvent.

9. The process of claim 8, wherein in step (a) said ethereal solvent is
selected from the group consisting of diethyl ether, tetrahydrofuran, and
—_—
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[err]-lactone VIla was obtained in 79%vyield. [err]H NVR (300 MHz,

CDCl[err]) [err] 6.17 (br. s, 1H, 5.30 (d, J= 6.0 Hz, 1H),
3.98 (ddwWQ/@oes 4.4 Hz, 1H), 2.60 (m 1H), PCZ/U588/16858 J= 6. 4
Hz, 3H), 1.97 (m 2H), 1.75 (m 1H) 1.12 (t, J= 7.5 Hz, 3H), 1.07

(d, J= 6.8 Hz, 3H, 0.92 (d, J=6.8 H, 3H. 25 C.

[err]-Lactone VIlc (Rlerr] = n-Bu; H'err] = i-Pr): Hydrolysis of IVc, as
descri bed for I'Vb above af forded the correspondi ng

di hydroxyacid in 100%yield. "H NVR (300 WMHz, CDjerr] QD)
[err] 4.42 ﬂi?nethhxy@thﬁné"%nd 340 ,rea%n@ﬁ’tén‘ibem}ure(is ﬂoﬁﬁzaboﬁﬁ)loyc to about
2.86-2.79 (m 1H), 1.70-1.24 (m 8H)

By a procedt.’BtOéCanaI ogous to that descrl bed for preparl ng [err] -] actone '

VIlb, 30 [err]-lactone VIlc was obtained in 40%vyield. 'H NWR (300

MHz, CDCl[err]) [err] 6. 14

-H§,8-1H), 2.68-2. 61 m%" poceddof cheirh 1, HherEighin %?&%ﬁﬁ%"'?g 1J§64(f71

7H), 1.07 (ﬂ'ansinetéllatbdl-wl,th ﬁtd)uunﬁ)oﬂﬁuﬁxinum]er a7mixture thereof. Hz, 3H), 0.91
(d, J= 6.8 Hz, 3H). LRM5 (FAB) nie 256 (MtH err]) d.
[err]-LactoneVilid (Rlerr] =i-Bu; Rerr] =i-Pr): Hydrolysis of IVvd, as

d ibed 5 f h
di hadroxyaci d i n 1000 y‘?é’@f&f??}"%ﬁ“ai RhEER H &"*ﬁm %38‘0 BB i85 e 1) o)
[err] 4.50 f{rdnsmletalfatdll Yyzreackidn, with MR, AICL. J= 6.5 Hz, ,

3.09-3.02 (m 1H), 1.90-1.61 (m 3H), 1.49-1.40 (m 2H) 1.02 (d, J= 6.7
Hz, 3H), 098(d J= 6.5 Hz, 3H), 0.97 (d, J= 6.7 Hz, 3H).

By 2 procedure gl 0034 ot LG5 \ARf BERETRRE BB FhidkaC! one

VIilb, 10 Terr]- Pactone d" Was arned H NVR (300
MHz, CDO [ eeduiVvaibss of sdid kfetal are used. (br. s, 1H), 5.25 (d, J= 6.1 Hz,
1H), 3.97 (d, J= 4.4 Hz, 1H), 2.71 (dd, J= 15.1, 6.2 Hz, 1H),

1.95-1.66 (m 5H), 1.08 (d, J= 6.9 Hz, 3H) 0.99 (d, J—63Hz 3H),

?M?—ﬁ/[ fa(rjr j])_ 6.3 Hgs, 3H)Phe prggesg o iz 1 I, \wﬁerel%H}n s&%) sal )camy(:ﬁc256

10 hydrogenolysis of the adduct I7, affords the desired y-lactam (fV) as a mixture

with an aminodiol JIT:

I

wherein R'-R¢ are as defined in claim 1.

14.  Theprocess of claim 13, wherein said hydrogenolysis is conducted

15 in the presence of a catalyst selected from the group consisting of palladium black,
palladium on activated carbon, and palladium hydroxide on carbon; and in the

presence of an organic solvent selected from the group consisting of lower

alkanols, lower alkanoates, lower alkanoic acids and mixtures thereof.
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e. [err]-Lactone VIle (Rlerr] = CHerr]Ph; Rerr] =i-Pr): Hydrolysis of
| Ve, as M8099/09006 described for |Vb above, afforded the copcrupssndsssy

di hydroxyacid in 88%yield. [err]H NVR (300 WHz, CDjerr] QD)
[err] 7.25-7.04.-(m 5H), 4.29 (d, J-g Hz, 1H), 3.83 (d, J=
6.4 Hz, 1H), 3.01-2.82 (m 3H), 1.65 (M 1H), 0.90 (d, J= 6.6 Hz, 3H),

0.86 (d, J= 6.8 Hz, 3H). By a procedure anal ogous to
that described for preparing [err]-lactone VIIb, 20 [err]-lactone

VIl e was obtaine n [r err]
7.36-7.20 (m 5H)Oisl 6. g@‘@%bésg°féfﬁ§d 1§ “%gﬁ(“gg‘gg otdafiy %gi{l °1L3§ ¥ (d, J=
4.5 Hz, from the grouplddnsistin@éf rhethanbt, efithndl, i&bprobkhol &hﬂkc&at%gacéﬁ& 2H) ,
192181(m 1.05 dJ— Hz, 3H), 0.86 (d, J= 6.7 Hz,
3H). LRVS (P& B&@é@‘@@s eferr]). The preparation
of cis-oxazolines and trans-oxazolines according to the 25 synt hetic
schenes illustrated in Schenes 3 and 4 as illustrated by Exanples 10 and

11 16. The process of claim 13, wherein the crude roduct mixt®eis
l e 10: cis-Oxazoline (la a, F

3 ( opr opy Ibepted mn@meétmmdll;{ﬂhqﬂte\dlamamﬁ['err] = Me): To a stirred
sol uti on of car bonet hoxynet hyl ene tri phenyl phosphorane (56.04 g, 167.6 nmol)
in dry CHerr]CJ[err] (168 nmL) at O[err] C was added dropw se

i sobut yral dehyde f717. 4Tidprodess of claim 1, whérefa ™I ). After 5 min, the
reaction mxture was war ied to room t enper at ure

R'is C,,, alkyl, C, cycloalkyl, C,  alkenyl, C, ; alkynyl C ,, aryl, Cg

ar(Cl_G)alky{or C,.calk(C¢ p)aryl;

R? is C,4 alkyl, C,, cycloalkyl, C, alkenyl, C, ; alkynyl Ce.14 aryl, Cg yo
10 ar(C, ¢)alkyl or C, (alk(Cq_,)aryl;

R®is C, g alkyl, C, ; cycloalkyl, C, , alkenyl, C, 4 alkynyl, C, ,, aryl, C¢

ar(C, ¢)alkyl or C, salk(Cy ,o)aryl;

R* is C4,, aryl, or a heteroaryl group selected from the group consisting

of thienyl, benzo[b]thienyl, furyl, pyranyl, isobenzofuranyl, benzoxazolyl,
15 2H-pyrrolyl, pyrrolyl, imidazolyl, pyrazolyl, pyridyl, pyrazinyl, pyrimidinyl,

pyridazinyl, indolizinyl, isoindolyl, 3 H-indolyl, indolyl, indazolyl, purinyl,

4H-quinolizinyl, isoquinolyl, quinolyl, or triazolyl; and

R’ and R® are independently C,¢ alkyl, C,, ar(C,oalkyl or

C,.¢alk(Cg.;p)aryl or together with the nitrogen atom to which they are
20 attached form a 5- to 7-membered heterocycle which can be optionally

substituted, and which optionally can include an additional oxygen or

nitrogen atom.

18.  The process of claim 17, wherein
R'is C, 4 alkyl, C; ¢ cycloalkyl, or C; ,, aryl;

25 R? is methyl, ethyl, propyl, butyl, methoxy, or ethoxy;
R’ is methyl, ethyl, terz-butyl or benzyl;
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and stirred for 24h. The solvent was renoved in vacuo and pentane was added

to t he W(;&/&wa/l solid to precipitate triphenyl phosphi neggﬁ)'ﬁgg%%%be solid

ltered off and the filtrate concentrate The
pr ocedure was repeated one nore tinme and the crude ol efin-
(20.00 g, 93% was obtained as a yeldlfew oil 10 that was sufficiently

pure for the next step. [err]H NVR (300 WHz, CDCl[err]) [err] 6.95

(dd, J= 15.7, 6.6 Hz, 1H) 5.77 (dd, J= 15.7, 1.5 Hz), 372(5 3H), 2.44
(m 1H), 06 (d, J= 6.7 Hz, 6H). (2S,

3R) - Met'hyl 2, 3- oRh;smlmyl o phenphsubstiuted: tphalegane Cyxelkal, @iseaikqw,

i-Pr; Rerr] = %%b(txgmxture%f AD-m x-[err] (100.00 g,),

met hanesul f onani g, 71.3 mmol) and tert-butanol -water

(1:1, 720 nl) waRSpY &s'oRe of daRétRaMned Biethylamino pyrrohd'irﬁpﬂﬁeﬁﬂﬁﬁr ature for 5
mn. The reaction m xture was then cooled to C’

[err]- unsatmoqﬂlelinmst@«azolidm@enbsptmedbyl:ha]ogﬂl,@,g}ﬂkyl Op (6, Jalkg, 71.3 mol )
was_added dr opwi se vi aaPast eurpi pette. After stirring at 0C
for396 h, NapckoRyscybyF, added, and stirring continued at
roomtenperature for 1 h. The m xture was 20 diluted with ethyl
acetate (200 nL) and transferred to a separatory funnel. The

organi c | ayer wa#9.r emAvpmbcess dfot Herming eosubstitusesie oxazbline tempuiridhoft hy|
acetate (2 x 100 nlL). The conbi ned organic |ayers were dried
(Na[err] ng?fi’}‘)laﬂ?l | tered, and concentrated in vacuo. The
yel | ow oi | obtai ned was passed t hi ough a silica gel pad usi ng
1: 1 hexane/ethyl acetate affording diol XVla (Rerr] = i-Pr; Rerr] = M)
25 (11.48 g, 94% as a yeléﬁw sBI id. [err]H NWR (300 MHz,

CDCl [err]) [err]4.28 (dd, J—§§' 1.8 Hz, 1H), 3.80 (s, 3H);
3.48 (m 1H), 3.28 (m 1H) B'Q (d i385 9 Hzr 1H) , 1.87 (m
1H), 1.02 (d, J= 6.7 Hz, 3HRLO. (d Hz, 3 C.
(2R 3R) - Methyl  2-br onp- 3- di hytfoxy - %@oprbpyl )propi onate IT;
(XVIla; Rerr] = i-Pr; Rerr] O% 2S, I) - Met hyl 2, 3-di hydr oxy- 3-
-60-

Z\

said method comprising:

10 (a) deprotonating a substituted aryl or heteroaryl oxazoline of Formula I

CO.R?

R1
N I

ol

by treating said substituted aryl or heteroaryl oxazoline with a strong base to form

R4

an enolate; and

—

\
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[i sopropyl ] propionate XVia (Rlerr] =i-Pr; Rerr] = M) (1.0 g, 6.17 muol)
and ri methyl orthobenzoate (1.02 nL, 80.1 mvlp-rWogéhsgsol ved
in CI—I[er?’biQCf9 g?or (20 L) and treated with BF[err]CEt[err]
(40.0 [err]L, 0.32 mml). After stirring for 75 mn, the

m xture was concentrated under full ¥&euum (0.05 mmHg) for 35 min. The 5
m xture was redissolved in CHerr]d (20.0 nm.), cooled to.O[err]C and
treated sequentially W th Et[err]N (43 O [err]L, 0.31 mml) and
acetyl bromde (0Q.48 ni, ). After stlrrlngfor 4 h at
O[err]C, ther ea@)lt‘@ﬁ“ﬁf’t@%mg sid epolatsrwith wr@ﬂal selected from the grawpat ed

NaHCO err] 8 01##%12 'c]f&éﬁmﬂkhuﬂﬁ&ﬂl%%géj a%n%@ﬁxﬁ‘aﬂ@b&rgnr d'hereafter

t emper at ur e ayers were separ at aqueous’ 'ayer wasS extracted
with 10 reacti @Mﬁraﬁhdéaf%rﬁﬁLMV The conbl ned or ganic |layers were
dried (Na[err]SOerr]), filtered and concentrated in vacuo
affording the crude [err]-brono [err]-benzoate XVila (R =

i-Pr; Rlerr] = M) (1.36 g, 85% as a clear colorless oil. [erzé NMVR (300

MHz, CDCl[err]) ' [errD 8.08-8.00 (m 2H), 7.47-7. m 3H),
5.57 (dd, J= 8.8, 3.9 Hz, 1H), 4.47 (d J= 8.8 Hz, 1H), 3.67
(s, 3H, 2.45 (m 1H), 101(d .15 d.

(2S3R) - Met hyl 2- azo- 3-di hydr oxy-*8-[1i sz)prop ] propi onate( XVl I 1 a;

Rlerr] =i-Pr; Rerr] = M): A solutgpon of R, 3R) - Met hyl

2- br ono- 3-di hydroxy- 3-T1isopropyl] propionate XVila (Rerr] =
i-Pr; Rerr] = M) (2.00 g, 6.07 mol) in 15 n. DVBO was

treated with sodium azide (790.0 ng, 12.2 muol ). After stirring
for 512 h at wheesi fereach of Eormuldenfe Ihand Xifle was partiti oned between H20 and

et hyl 20 acgetate (50 nl_each). The aquegus |ayer was extracted with
nore ethyl acet atlhlsalkyl aSkenyl alkynyl£yeloalierd apil. M@@é lcwhe&g‘t"?nﬁ/ere dried

over WGSCL o1 S A i, ot o SE5A R s v cosi
NMR (300 MHz, mzﬁﬁlkﬁl) cy[chalk]yl &rﬁ7alﬁar92a1(alhyl Zlﬁ)oxy lmyﬂﬁ)x?, aﬂBoafyalkyBH) 5. 40

(dd, J= 1H), 3 (s, 3H, 4& 1H), 1.04 (d,
J= 5.8 Hz, 3H), (prggthq;wjlerezlge rmg portmn\r,o@q;qpfyq;l aryl, aralkyl or alkaryl can

epeating the sa cadur using DVF as the solvent instead of
DNE@ af f orded therg3 Paggl S[“gic’tlﬂiﬁ gZO [err]-benzoate in 85%vyield.
e. Benzam de &%@al(cﬁ Qlkéﬂyl-alkyr@ﬂ cyE{oﬁMyl atyl Mt dryPapod fudliicincanfbe( 2S,

3R) - Met hyl 2-azo- 3-di ydroxy -[i sopropyl] propionate XVilla
(Rlerr] =i-Pr; R{monallbtsuwt}m(eﬁ 50 g, 30 5.15 mol ) in ethyl acetate

(25 m) was tr eatlg‘dis op%xona%l?r%uggltgtfed %Pyo {oF g{:tq_r')aﬁy Substituted heteroaryl; and

R® and R° are independently one of alkyl or alkaryl; or R* and R® when
15 taken together with the nitrogen atom to which they are attached form a
5- to 7-membered heterocyclic ring, which can be optionally substituted,

and which optionally include an additional oxygen or nitrogen atom.

20. The process of claim 19, further comprising catalytically
hydrogenating said oxazoline compound of Formula 77, and thereafter optionally

20 . refluxing the resulting reaction mixture, whereby a f-lactam of Formula IV 1s

— e
—_
— e ——————
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-61- and the suspension was stirred vigorously in a H2

at nosphere under ball oon pressure. After 12 hours, the m xture
was filta¥r@ep/emes refl uxed for 4 hours to conBrEUSIY 16858

m gration of the benzoyl group. The mi xture was then cooled to

room tenperature and concentrated in_acuo affording the desired benzani de

5 (1.25 g, 92% as a yellowoil. [err]H NVR (300 MHz, CDCl[err])
[err] 7.85-7.83 (m 2H), 7.46-7.40 (m 3H), 6.99 (br. d, J=
9.1 Hz, 1H), 5.05 (dd, J= 9.1, 1.9 Hz, 1H), 3.77 (s, 3H, 1.79
(m 1H), 1.03 (d, J= 6.7 Hz, 3H), 0%9(d J= 6.7 Hz, 3H). v f.
cis-Oxazoline la (Rerr] =1i-Pr; Rengr] = Me): A solution of 500 ng of
benzam de XIXa (Rlerr] = i-Pr; RerrKR=Me) (18.8 nmol) in CHerr]dJ[err] _..
(20 nL) was treated 10 wi t h (4. 5SNHL t hi onyl chloride (61.7 mol).
After stirring at roomtenperatures¥fQs/«CO,R3 24 h, the m xture was

diluted with CHerr]d[err] and waghed\w th saturated NaHCCIerr]
solution, dried (Na[err]SOerr]), HQ onc Rt ed i n vacuo and chronat ogr aphed

(silica gel 1: 1 hexane/ug hyl acetate) affording the desired
ci s-oxazoline (248 ng, 53% as a paI eyellow oil. [err] HNMR(300
MHz, CDCl[err]) [err] 8.01-7.97 (m 2H), 7.52-7.38 (m 15 3 :

ot 1 eyt g Pl bncd g 1o 8 9, 376 (s 31,209

Exampl e 11 trans- Oxazol i ne (I b) a Et hyl
3- (i sopropyl) propenoate ( XV, err{a—l-Pr err] .= Me) a stirred
sol ution of carb@ket hbhpnBIoRSASefle © F’Pp?{bnf)‘»‘ﬁbﬁog?fﬁfﬁ‘%% SE‘B‘H“ Mg a 167. 6

i opui <o 1 5 SaPyP SERERATY A hfbdtlr AR i RO RIS T

t he 5 eact i Onadibae donfhotna hiwngBdrmhda WIDM t enper at ur e

vir

wherein R! and R? are as defined in claim 19.

22. A process for forming a substituted aryl oxazoline compound of

Formula Ia:
10 CO,R3
R1
N Ia
ot
R4
wherein

R!is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, aralkyl, where the ring
portion of said aryl, aralkyl, or alkaryl can be optionally substituted;

]
T

This Sheet Has Been Replaced

i

THIS SHEET HAS BEEN
REPLACED




and stirred for 24h. The solvent was renoved in vacuo and pentane was added

to he white oily solid to precipitate triphe ine
oxi de. THECSYPb o " | Fer e o bnd the [ TeyPRsEREs
concentrated in vacuo. The procedure was repeated one nore 25 t+nme

and the crude olefin (20.00 g, 93% wd% obtained as a yellow oil that was
sufficiently pure for the next step. [err]H NVR (300 Hz, CDCI[err]) [err]
6.95 (dd, J= 15.7, 6.6 Hz, 1H), 577(dd J=15.7, 1.5 Hz),
3.72 (s, 3H), 2.4 1H), 1.06 .7 Hz

- 62- (s, 31 %(gi 1, oy ;tyheq.lhwl any of w‘mch can be optlonl;?ly

2, 3-di hydr oxy- 3- vl L,propi onate (XVib; Rerr] = i-Pr;
R[err] = Me): Qgﬁs%%gtgg mgllow solution of Klerr]Gs(ferr](OH[err] (246.1
g, 0.67 R*is o%tﬁﬁﬂélly sﬁbs&&te@hy%n oﬂwla ﬂlb@hﬁl%d]hefer pal azi nedi yl
di et her (555.1 ml 9%, N-ne hyI nor phol i ne
N—OXI de (SOSaldethodmpmstS 0 m, 0.106 nmol, 1.51 equiv.),

BuOH (84 nL d H @) d t 2 th
neat ol (efl n Xi/ ( IBerr][e«r:r et"aﬁﬁ?@’?r a ?é‘%a'%teﬁ’%?r)m‘wa a ©

syringe pu over a perlod of 48 (the syringe was connected
to tubing, ose tip was i mrersed in the solution throughout
the reaction tine). The resulting clear orange sol uti on was
then stirred for another 60 mn, after which tinme ethyl acetate (200 10
m.) and a solution of Na[err] SO B ] 5.0 in Herr]O (150 wer e
added, and the resulting m e was stirred for 4 h. The
phases were separated, and the aqueous | ayer was extracted
wi.th nore ethyl acetate (2x) The organic |ayers were then

conbi ned and. the chiral |igand was extracted fromthe organic phase wth a
sol ution of t0; mezq@waoiqum Na[err]SOerr] (2 x 100 niL).
The phases were once 15 agai n separated and the aqueous | ayer was
extracted with nore ethyl acetate (1x)oH

R A .
Y cogs X
OH
10 (b) reacting said optically active diol of Formula X¥VIa with an

orthoester under acid catalysis to give a mixed orthoester, and thereafter reacting
the resulting mixed orthoester intermediate with a reagent selected from the group
consisting of acyl halides, HCI, HBr, HI,Me,SiCl, Me;,Sil, Me,SiBr and halogen-

containing Lewis acids to form a haloester derivative of Formula X¥V1Ia:

15 XVlia;

COR?

o]

=1~/< A,
Q mmin
' bod

wherein X is CL, Br, orI;
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The organic | ayers were conbined and dried over Na[err]SJerr], filtered

and _ concentrated in vacuo. This afforded 11.4 g (ca. 100% of
a white OV099/89906 d whi ch was shown to be 709%PETAISPYLISEY mi ned
by [err]H NVMR froma 1:1 nolar solution of di ol and Europi um
tris[3-(heptafl uoropropyl hydr oxynet hyé(%ne) -)-canphorate] 20 in
Cerr]Derr]). Recrystallisation from35-60[err]C petrol eum et her afforded
6.8 g (60% of (2R, 3S)- Met hyl

2, 3-di hydroxy-3-[isopropyl ] propionate (XVlb; R = i-Pr; Rl err]

= M) that was 0@ 10984cfndsaid Kaldetier @S vaBiveith fh AKNThRhSzideh form2- 34[ err] C
= 0.6[err] (c 1.04, CHO[err])]. [err]H NVR (300 IHz,
CDCI[err]) pnazx}leofE&'n@ddXVIHas 6, 1.8 Hz, 1H), 3.80 (s, 3H), ..
3.48 (m 1H), 3.28 (m 1H), 2.33 (d, J= 9.3 Hz, 1H), 1.87 25 (m
1H), 1.02 (d, H= 6.7 Hz, 3H), 0.95 (d, J= 6.7 Hz, 3H). C.

(2S, 3S) - Met hyl  2-brono- 3-di hydr oxy- 3- (\y.sopr opyl ) propi onat e

(XVI'lb; Rerr] =i-Pr; Rerr] = M): (2R 3S)-Mthyl

2, 3-di hydr oxy- 3-[i sopropyl ] 1 : propionate XVIb (Rlerr] = i-Pr;
Rlerr] = M) (30.0 g, 185.2 rrrmI)Ran/\ trimet hyl ort hobenzoate

(41.3 nL, 240.7 nmmol) were dissolvediin CH@Rr]C[err] (400 30

m.) and treated with BF[err] CEt[errE(l 16 nL, 9.25 mmol) XVE{&r 2 h,
triethyl am ne o] - 63-
(1.8 m., 13 mmol) was added, and e mxture was concentrated in vacuo and
pl aced under full vacuum (0.05 mmjHg) for 70 mn. The residue was

redi ssol ved in CHerrR®El [err] (400 nmL), cooled to O[err]C and
treated dropwi se with acetyl brom de (14.3 L, 194.5 nmol).
After 2 h, additional acetyl bromde (0.68 nL, 9.25 5 mol ) was

added. After 30 mn, saturated NaHCO3 solution (500 nL) was added
and the m xture was stirred vigorously for 5-10 min. The |ayers were
separ at ed and the aqueous l'ayer was extracted with

CHerr]dJ[err 2 ' ers were
dr |[ ed ](Na% err} S(q ei(r] %)}a%t)%et égrhgdﬁm%l Concfgrr%?g?%xgoenﬁl o\?;F%ﬁghlg ordi ng

.R‘

3 )\
(o] NH

XIXa; and

5

CO,R?

O nim
e

(e subjecting the compound of Formula XIXa to ring closing
conditions to form said substituted phenyloxazoline of Formula Ia;
wherein for each of Formulae XVa, XVIa, XVIIa, XVIIIa and XIXa, R', R? and

Rtare as defined above for Formula Ja.

10 , 23.  The process of claim 22, wherein in step (a) the dihydroxylation
reaction is conducted with AD-mix-f in the presence of methane sulfonamide to

stereoselectively afford the diol of Formula XVIa.
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the crude [err]-brono [err]-benzoate XVIIb (Rlerr] =i-Pr; Rerr] =

(66. 23 g)wadRedukear 10 colorless oil, containing ~ Ciﬁ,&%

nmet hyl benzoate. For product: [err]H NWR (300 MHz err])
[err] 8.05-8.00 (m2H), 747740(m 3H), 5.57 (dd, J-8839

Hz, 1H), 4.47 (d, J= 8.8 Hz, 1H), 3.681~(s, 3H), 2.45 (m 1H), 1.01 (d, J=
6.8 Hz, 6H) . d. (2R, 3S) - Met hyl

2-azo- 3-di hydroxy 3-[isopropyl] prop ion ate (XVII1b; 15 Rerr] =

i-Pr; Rerr] Sadi um azi 370 o S dded to 230 nL of
DVBO and t he ni )E/?%re %5 pgqq@q%ﬁ:laégﬁgmefwg{@m@ PHationTy t he
resultant s AEPEgn I o 3S) - Met hyI

2- br ono- 3-d|&lh roxy 3&Y| sopro%mﬂ] dg%l%p%oérzgg?{ga I1b; Rerr] =i-Pr; Rerr]
=Me) (61 g, 185 mmol) in 20 nL DVBO. After stlrringfor 11 h at
roomtenperature,  the xture was poured intg water (1.5 L) and

0

ether (200 nL) aré- StlﬁF@ﬁoc\?FSQQ; 24, wherein in step (bysgid diol ofFomapla £t her (100
dd |

) RS, SIS B SN AR et pa gy RS |

laygrs wer eawhixbéerthbdster\whieh is conver@inBitk t8 athaldebtBeofl Bl Xpzhy | ed over
MgSd err], and concentrated in vacuo affordi ng the crude product (57.5 g),
25

c oherdim iXnig Babyrtreatonent svith @kamldng materi al and 8% el i mi nati on

bypr oduct. For product: 'H NWR (300 MHz, CDCl[err]) [err]
8.07-8.02 (m 2H), 7.55-7.43 (m 3H), 540(dd J=8.8, 2.8 Hz,
1H), 3.73 (s, 3 2. 2heidce c 3H), 0.98
(d. J= 5.8 He, ?26 Fhelpfdcedd Of clabnt 25, @ﬁ%ﬂﬂhgg%({;%(tm’ﬂf’b?'ed%ﬁm- Pr: Rlerr]
= Me): To armtldn(smrﬁe[remm]laarbmtydmclaoxd arfho8gter. (2R, 3S) - Met hyl

2-azo 3-di hydroxy-3-[isopropyl]propionate XVIIIb (Rlerr] =1i-Pr;

- 64- Rlerr] = M) (55 ¢g) in nethanol (300 nm.) was added 94 niL

of 4 M HQ/di oxang andrpe process of claim 26, wherein the orthoester is trimethyl
10 orthobenzoate.

28.  Theprocess of claim 25, wherein said acid catalyst is HBr, SnCl,,
TiCl,, BBr; or boron trifluoride.

29.  The process of claim 22, wherein in step (c) crude haloester of
Formula XVIIa is converted to the azide of Formula XVIIIa by treatment with an

15 alkali metal azide in a polar aprotic organic solvent.

30. The process of claim 22, wherein in step (d) said catalytic
hydrogenation of the azide of Formula XVIIIa is conducted over a palladium

catalyst in ethyl acetate.

31.  The process of claim 30, wherein said catalytic hydrogenation
20 proceeds with concomitant migration of the aroyl group to afford the

hydroxyamide of Formula XIXa.
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2.75 g of Pd(OH)[err]/C. The m xture was purged with hydrogen and stirred

at room tenperature. The m xture was purged with h;/dro en every
30 min t VGV t he | i berated nitrogen. AftePCHURIS/LS
reaction m xture was purged with nitrogen and 5 addi ti onal -

Pd(OH)[err]/C (1.3 g) was added. The,s?,eacti on m xture was purged with

hydr ogen and again purged every hour for 4 h. The m xture was filtered and
concentrated in vacuo. The residue was dissolved in water and extracted
with Et OAc. The aqueous | ayer was basified with Na2CO3 and

agai n extracted 3@.t h The process ofclmﬁﬁ“&hei@ilﬁm&t?‘l{bﬁﬁdhﬁdr@ﬁﬂxﬁdesfr acts were
washed with brine, dried over SJerr], and concentrated to

give a ni xtEerewisXFXa igkeated Wéhﬁ'é%}%\@él@né‘? @d%ﬁéh)éene chloride to effectipg ch was used
o pre R er o B i e ytnami o mrgos e R S ERG fnRof 1 B o o

10e above (Bgimulfle 141 mmol) was di ssolved in toluene (350 m.) .

p- Tol uenesul fonic acid (2.68 g, 14.1 nmol) was added and the mixture was 15
heated to reflux. Water was renoved using a Dean Stark trap. After 3 h,

~2. o, ol le ted. The reacti m xture was
cooPed, diluted %émh eprocessopqalg{eg;gﬁ r H’d : '°x%9§H%{§°§ %‘E@géq vely with
sat urat ed '\ﬁ’l'é' s-@%ai&hﬁe%g% if¥8hing condition by vaxrsldﬁ%f&;rQ%uF&'tDonoF“ ed over

MySqerr], concentrate he resi due was” purif over apad
of silica géxlee(steﬂﬂﬂasgmpntel uting with 25-30% Et CAc- hexanes to provide 20
the trans-oxazoline Ib (Rlerr] =i-Pr; Rerr] = M). [err]H NWR (300 Mz,
CDCl [err]) [err] N 8.01-7.97 (m 2H), 7.52-7.38 (m 3H), 4.68
(apparent t, J= 81 (s,

3H), 2.00-1.93 (?ﬁ* 1%6“%“5%”?? ‘(“gingg Sybstjtuted vl oezglin J%"mﬂdd}’d of J=
6.8 Hz, 3H)Formula Ib: Exanpl e 12 25

| nactivation of Proteasone Activity Purification of
20S proteasone and proteasone acti-vat dBORA28 was performed as

previously described (Dick etal. R J Bipl. Chem 271:7273 (1996)).
10 \(\N Ib
. /(

R4

wherein
Rlisalkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, aralkyl, where thering
portion of said aryl, aralkyl, or alkaryl can be optionally substituted;
R’ is alkyl, cycloalkyl, aryl, alkaryl, any of which can be optionally
15 substituted; and
R‘ is optionally substituted aryl or opﬁonally substituted heteroaryl;
said method comprising:

(@) asymmetrically dihydroxylating an alkene intermediate of Formula

XV
2 R xv
‘ REPLACED -
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- 65- 2 nmL of assay buffer (20 mM HEPES, 0.5 nM EDTA,

pH 8. 0) ak4h 93806 Leu- Leu-Val - Tyr- AMC i n di met hprgigbd/fpssgle were
added to a 3 nL fluorescent cuvette, and the cuvette was pl aced
in the jacketed cell holder of a Htachi F-2000 fl uorescente

spect rophotoneter. The tenperature wa83-maintained at 37[err]C by a 5
circulating water bath. 0.34 ng of PA28 were added and the reaction
progress was nonitored by the increase in fluorescence at 440

nm([err] =380 nm th . g acc nies production offree AMC. The
progress Cu,tq,ggmb&?ﬂg}cgt}gacatmeggd&fgggnula%. lasting 1-2 nin resulting
fromthe slow formati on of the 20S-P conpl ex. After reaching
a steady state of substrate hydrol ysi | actacystin was added to a 10

final concentration of 1 mM andRipe cti%n was nonitored f ] h. The
fluorescence (F) versus tine (t) dafa weP@&ol | ected on a m Crocbnput er

usi ng LAB CALC (Gal actigy software. [err] values were estimted
by a nonlinear |east- squares fit of the data to the first
order equati on: . . . . , F=A(l -ef[err])+C
15 wher db = repcting) saigh @pticallyrpetive) diol pf Formula XVIb with an

EXATD! © 13 orthosserunder sl il R ob: o FEL AR g £ 02t Lo 1

C2 Cl12 Cells a’ nmouse nyo line) were

| abeg ed for tHSrebilinghiikedopthbdster intermediate with aﬂﬁ%&it@ﬂhét@dfrgﬂﬁhﬁgtbbp? were then
washed and preincubated for 2 hrs in the sanme 20 medl a

suppl enent econpistingofieryihalidese HCLHBH HIMm Sitd, Meiiil, MeasPiBrand halegasv e d
d | d wth f hsal.i t_of, th Li i i t ai ni 50%
corum and: $obAHALFRE Bidd ke Biokf BHSRNRIERIAR: Tohi 2 ot nen
X

1

R
Y\COst -
XVIIb;

R4

wherein X is Cl, Br, or I;

10 {c)  reactingsaid haloester derivative with an alkali metal azide to form

an azide of Formula XVIIIb.
R
\)\cost
XVIIIb;

(&)  hydrogenating said azide to form a compound of Formula XIXb:

— —_—
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renoved and nmade up to 10% TCA and centrifuged. The TCA sol uble
radi oactivity was counted. Inhibition of protealysis was cal cul ated as the
per cent WO 99/09006 decrease in TCA sol ubl e radioacti vi t yPCHYE¥16¥8s dat a,

an I C[err] for each conpound was cal cul at ed. -
- 66- -84- Exanpl e 14

Lact one Hydrol ysis The half-lives (t[err]) for
hydrol ysis of [err]-lactone analogs to the correspondi ng

di hydroxy acids were neasured at 37[err]C at a concentration of 200 5
mMin 20 nM HEPES, 0.5 nmM EDTA, pH 7.8. Absorbance was neasured for
at least five half-lives (approximately 1 hour) at 230 nm the wavel ength

at whi ch there is the Bfeatest difference in extinction
coefficients for the | actone and _ di hydroxy. Half-lives were
cal cul at ed usi ng Guggenhei m anal NHaut freund Enzynes:

Physi cal Principles; WIley and Sons: w York, 1975, pp 118-119). 10
The results of Exanples 12-14 a re E:SSRJ n Table 1.

XIXb; and
OH

()  subjecting the compound of Formula XIXb to ring closing
conditions to form said substituted phenyloxazoline of Formula 7b;
5 wherein for each of Formulae XVb, XVIb, XVIIb, XVIIIb and XIXb, R', R? and

R* are as defined above for Formula Ib.

35.  The process of clam 34, wherein in step (a) the dihydroxylation
reaction is conducted with AD-mix- in the presence of methane sulfonamide to

stereoselectively afford the diol of Formula XVIb.

10 36.  The process of claim 34, wherein in step (a) the dihydroxylation

reaction is conducted using an N-oxide as a reoxidant.

37.  The process of claim 34, wherein in step (b) said diol of Formula
XVIb is treated with an orthoester under Lewis or Bronsted acid catalysis to give
a mixed orthoester, which is converted in situ to a haloester of Formula XVIIb

15 wherein X is Br by treatment with acetyl bromide.

38.  The process of claim 37, wherein the orthoester employed in this

reaction is an aromatic carboxylic acid orthoester.

39.  The process of claim 38, wherein the orthoester is trimethyl

orthobenzoate.
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-67- Tabl e |
Ki netics Wb doabsegi ti on of 20SPr ot easone and

I nhibition of Intracellular Protein Degradation [err] PCTIUS9§‘{16858
Compound Rl err] Kobs/[1] (Merr]s[err])[err] 1{err] -
([err]M]err] t[err] mn[err] -85- 2 Me

20, 000 0.7-1.1 13 3a Et

39, 000 0.32 15. 3 3b n- Pr
46, 500 . 29 15.3 DL 3c n- Bu
38, 000 48: 33 The process of c%ymﬁ@, wherein said acid catalysgis HBr, SnCl,, i - Bu
17, 000 : . .16. 8 3e CH2Ph
6. 400 TiCl,, Bgrﬁer boron tr1ﬂuon%el. 8 3f OMe

82, 200 86 3.7 [err]lnactivation of the

Chynotrypsin-like activity of PA28-activated 20S prot easone.
[err]Inhibition &.intkhedpeess of clgira34i whereiy incsien (o) crudedrboesterof | s. 15

compounds. of ORBBAIIh}s Favsaist ohezride gbfamula RIS e WiBHF o of ¢ o

protgeasome. alkali metal azide in a polar aprotic organic solvent.

42.  The process of claim 34, wherein in step (d) said catalytic
hydrogenation of the azide of Formula XVIITb is conducted over a palladium
catalyst in ethyl acetate.

43.  The process of claim 42, wherein said catalytic hydrogenation
10 proceeds with concomitant migration of the aroyl group to afford the
hydroxyamide of Formula X7Xb.

44, The process of claim 34, wherein in step (e) the hydroxyamide of
Formula XTXb is treated with thiony! chloride in methylene chloride to effect ring
closure with inversion of the hydroxy! to produce the trans-substituted oxazoline
15 of Formula Ib.

45. A process for forming a compound of Formula XIXa:

R4
0= NH
R : XIXa
N coRs
OH
said method comprising:
hydrogenating an azide compound having Formula XVIIIa:
\\\
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Exanpl e 15: Reduction of Infarct Size and Neuronal

Loss 20 Met hods Mal e Sprague Dawl ey rats
(250- 400 WP ROPWSanest heti zed wi t hhal oet hane AR B8 68Bed to
m ddl e cerebral artery (MCA) occlusion using a nylon fil anent

for 2 h. Subsequently, the fil anent renoved and reperfusion of the

I nfarcted ti ssue occurred tor 24 hours before the rat was
sacrificed. - 68-

| medi ately after the filanmentwas withdrawn, the aninmals were eval uated
usi ng a neurol ogi cal scoring system Ne'g’rol ogi cal scores were expressed on

a scale fromO to 10, with representi ng no neurol ogi cal
deficit and 10 representing 2severe neurological deficit. After
24 hours and before sacrifice, ani M eval uated a second

ti me using the sane neurol ogi cal scoéing system XVilla

Stai ning of coronal sections (2.0 7-8) with triphenyltetrazolium
chloride (TTC) taken throughou brain were eval uated under blinded

condi tions using inmage anal ysis to peterm ne infarct size.
Dosi ng Regi nen

wherein for each of Formulae XIXa and XVIlIa:
R!isalkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, aralkyl, where the ring
portion of any of said aryl, aralkyl, or alkaryl can be optiorially substituted;

5 R? is alkyl, cycloalkyl, aryl, alkaryl, any of which can be optionally
substituted; and
R*is aryl or heteroaryl, either of which may be optionally substituted.

46.  Theprocess of claim 45, further comprising subjecting a compound
of Formula XIXa to ring closing conditions to form a substituted oxazoline
10 compound of Formula Ja:
CO,R3

R!?
N I

!

R4

wherein R}, R® and R* are as defined in claim 45.

47. A process for forming a compound of Formula XIXb:
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10 Rats were given i.v. bolus injections (1.0 nmL/kg) of
either vehicle (50% propyl ene glycol/saline; gz

7-n- propWQ%?t'oﬁg o- | actacystin [err]-lactone (3b) (0.3 Bc{i‘)us%/lssrsrxb/ kg;
n=7) at 2 hours after the start of the occlusion. Two additional groups of
rats were given i.v. bolus injectiong7(1.0 nL/kg) of 3b at O m nutes, 2

hours, and 6 hours after the start of the occlusion. One group
(0.1 my/ kg x 3; n=6) received 15 0.1 ng/ kg at each of these tines,
whi | e anot her group (0.3 ng/ kg x 3; n=7) received 0.3 ng/ kg at
each of t hesaidwnethoticompedsmngs. Resul ts In
aninmal s treated w sin ose of pr cl | actacystin [err]-

| actone (3b), ink Egef@BP%g%aﬂg éé‘é S&pée%" b: 1, 0.3 x 1).

I nfarct 20 vol une was not significantly decreased in either the 0.1
ng/ kg x 3 dosage group or the 0.3 ng/kg x 3 dosage group (FIG
1). Al'l animal s haN, a neurol ogi cal score of 10 O

i mredi ately after the 2 hour i schem ¢ episode. At 24 hours,

the vehicle-treated rats had a e 38.7 0.6, whereas

rats treated with a single 0.3 nyg/kgj dos *7-n- propyl -cl a

| actacystin [err]-lactone (3b) had nmean score of 4 [err] WQG 2).

These dat a repres 60% neur ol ogi cal inprovenent for the

drug-treated animals. No . Significant inprovenent in

neur ol ogi cal score was observed in®ither the 0.1 nmg/ kg x 3

dosage group of the 0.3 ng/kg x 3 dosage group (FIG 2).

- 69-

7-n- propy! - Sﬁhgg%fqr @’acys. "r‘lda[ee)gr)ib-qna%ne,' gi ven once post-ischenia,
5 R'is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, aralkyl, where the ring

portion of any of said aryl, aralkyl, or alkaryl can be optionally substituted;
R? is alkyl, cycloalkyl, aryl, alkaryl, any of which can be optionally
substituted; and

R* is aryl or heteroaryl, either of which may be optionally substituted.

10 48.  Theprocess of claim 47, further comprising subjecting a compound
of Formula XIXb to ring closing conditions to form a substituted oxazoline

compound of Formula 75:

~r »

wherein R, R* and R? are as defined in claim 47.

e —
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provides significant protection in both the degree of neurological deficit

and I nfarcted brain damage. Fromthese prelimnary data, it
appears {Wi2.09/69004 ngl e- dose 5 regi men i s preferre®aIERIs/a68ss

mul ti pl e-dose regi nmen. Havi ng now fully described this
I nvention, it will be understood to tfipse of ordinary skill in

the art that the sane can be performet within a w de and
equi val ent range of conditions, formrulations, and other paranmeters w thout
affecting the scope of the invention or any enbodi nent thereof. Al patents

and 10 Rgbl | fpbinf! 8 fully incorporated by
reference herein |n t |d ent |ar°gF§ BW%% 1. A
process for formng a [err]-lactam cgrboxylic acid of Fo
[err]

VI

vir

or a salt thereof, wherein:
5 R'is C,.,, alkyl, C, ; cycloalkyl, C, ; alkenyl, C, ; alkynyl, C, ,, aryl, 06 10
ar(C,.¢)alkyl or C, salk(cs.w)afyl
R?is C, 4 alkyl; and
R’ is alkyl, aryl, aralkyl, alkaryl, wherein any of said alkyl, aryl, aralkyl or
alkaryl can be optionally substituted.

10 50. A compound of claim 49, wherein R' is C, , alkyl.

51. A compound of claim 50, wherein R is isopropyl.

52. A compound of claim 49, wherein R?is ethyl, n-propyl, n-butyl or
isobutyl.

53. A compound of claim 52, wherein R? is ethyl.

N S S
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5 or a salt thereof, wherein Rlerr] is alkyl, alkenyl,

al kynyl |, aryl, alkaryl, aral kyl, where L ng
portion o a;ngg@g said aryl, aral kyl, or alkaryl can be Pcrm§9§ﬁss'§§
optionally substituted; Rlerr] is alkyl, cycloal kyl, aryl, -

al karyl, aral kyl, al koxy, hydroxy, 10-89- al koxyal kyl , or am do, where
the ring portion of any of said aryl, aral kyl, or alkaryl can
be optionally substituted; and sai d process conpri sing:

(a) deprotonating_a substituted aryl or heteroaryl oxazoline of

Formul a’ | : 54. A compound of claim 52, wherein R* i$ n-propyl. [err]

where Rlerr] is as defined above; Rlerr] is alkyl, alkenyl, alkynyl,
cycl oal kyl, aryl, alkaryl, any of which can be optionally
substituted; and 355. AcompoundofclairBBE,rwﬂnerEiﬁI&Hyh-bafyl,hEt eroaryl, either of
whi ch may be optionally 20 substi t ut éd; - by treating
said substituted aryl or heteroaryl oxazoline with a strong base to
forman enol at e; )etransygetal latj,ng. said enolate with a netal
sel ected from t he gr ouécompc’“égﬂgflr@i’?%?‘ﬁ e ‘F‘ttﬂad?lff’f“‘&%-um num tin, zinc,
magnesi um and boron, and 25 thereafter treating with a fornyl am de of
Formul a XIV:

57.  An enantiomerically-enriched formyl amide of Formula X7V:

3 - o o X
RS
MN/
H N
rR R
or a salt thereof, wherein
R?is C, 4 alkyl, C; cycloalkyl, C, ; alkenyl, C, , alkynyl, Cq ,, aryl, Cq o
ar(C, g)alkyl or C, calk(Cq go)aryl; and
R® and R® are independently C,, alkyl, C,,, ar(C, oalkyl or
10 C,.salk(Cq jp)aryl, or together with the nitrogen atom to which they are attached

form a 5- to 7-membered heterocycle which can be optionally substituted, and

which optionally can include an additional oxygen or nitrogen atom.

58.  Apharmaceutical composition comprising a compound according

to any one of claims 49-56 and a pharmaceutically acceptable carrier or diluent.

—\
\
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-71 - [err] where Rl err] is as defined above, and
Rlerr] and R err] are independently one of alkyl or alkaryl; or Rerr] and
Rlerr] WO9%/09006 \when taken together with the nitrogen atRFR/E8HLISEN t hey

are 5 attached forma 5- to 7-nmenbered heterocyclic ring, which
may be optionally substitu @_d, and which optionally may include
an addi ti onal oxygen or nifrogen atom to forman adduct of
Formula 11: [err] 10 where Rl err] through R err] are as
defi ned above; c) catal ytically hydrogenati ng said adduct of

Formula Il to forsy A camb&ind of Rghalngf Formula |V
[err]

/4

or a salt thereof, wherein
R'isalkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, aralkyl, where the ring
5 portion of any of said aryl, aralkyl, or alkaryl can be optionally substituted;

R?isalkyl, cycloalkyl, aryl, alkaryl, aralkyl, alkoxy, hydroxy, alkoxyalkyl,
or amido, where the ring portion of any of said aryl, aralkyl, or alkaryl can
be optionally substituted; .

R3is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, any of which can be

10 optionally substituted;

R‘ is optionally substituted aryl or optionally substituted heteroaryl; and
R?® and RS are independently one of alkyl or alkaryl; or R® and R® when
taken together with the nitrogen atom to which they are attached form a

5-to 7-membered heterocyclic ring, which can be optionally substituted,

15 and which optionally include an additional oxygen or nitrogen atom.

60. A compound of claim 59, wherein
R'is C, ,, alkyl, C, ¢ cycloalkyl, C, ; alkenyl, C, ; alkynyl, C.,, aryl, C¢ o
ar(C, ¢)alkyl or C, alk(Cg ,o)aryl, where the ring portion of any of said
aryl, aralkyl, or alkaryl can be optionally substituted;

20 R?is C, ; alkyl, C, 4 cycloalkyl, C, , alkenyl, C, ; alkynyl, Cq_, aryl, Cq o
ar(C, ¢alkyl br C,.calk(Cq p)aryl, where the ring portion of any of said
aryl, aralkyl, or alkaryl can be optionally substituted;
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where R err], Rerr] and R err] are as defined above; and 15 d)

saponi fyi bk y-1actamof Fornmula IV to forma carboxyl| aci d of
Formul a V%ﬁfbb&ﬁ 2. The process of claiml1, furt héﬁ@gﬁfﬂ@gﬁ ng
treating the carboxylic acid of Formula V with a cyclizing reagent 4o
forma clasto-lactacystin [err]-Iacto8¢- of Formula VII:

-72- [err]

wherein R err] and R err] are as defined in claim 1.

R?is C, 4 alkyl, C, 4 cycloalkyl, C, ; alkenyl, C, , alkynyl, Cerearyl, C o
ar(Cgalkyl or C,.alk(Cq,g)aryl, any of which can be optionally
substituted; '
R* is optionally substituted Cg,, aryl, or an optionally substituted

5 heteroaryl group selected from the group consisting of thienyl,
benzo[B]thienyl, furyl, pyranyl, isobenzofuranyl, benzoxazolyl,
2H-pymrolyl, pyrrolyl, imidazolyl, pyrazolyl, pyridyl, pyrazinyl, pyrimidinyl,
pyridazinyl, indolizinyl, isoindolyl, 3 H-indolyl, indolyl, indazolyl, purinyl,
4H-quinolizinyl, isoquinolyl, quinolyl, or triazolyl; and

10. R’ and R® are independently C,; alkyl, C,, ar(C,alkyl or
C,.salk(Cs jp)aryl or together with the nitrogen atom to which they are
attached form a 5- to 7-membered heterocycle which can be optionally

substituted, and which optionally can include an additional oxygen or

nitrogen atom.

15 61. A compound of Formula III:

OH O I

R30,C
z RS
R* 'l"/
NH, Rz
oM 2 K R6

or a salt thereof wherein:
R'isalkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, aralkyl, where the ring
portion of any of said aryl, aralkyl, or alkaryl can be optionally substituted;
20 R?isalkyl, cycloalkyl, aryl, alkaryl, aralkyl, alkoxy, hydroxy, alkoxyalkyl,
or amido, where the ring portion of any of said ary], aralkyl, or alkaryl can

be optionally substituted;

R’ is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, any of which can be
optionally substituted; and

. 'I’his She
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3. The process of claim2, wherein said cycli zi
reagent selected fromthe group consisting of aryl

ng is effected with a
sul fonyl chl ori des,

benzot ri 2¥@19942006  y| oxytri s(di met hyl ani no) phosphoni um ~PCT/US98/16858

hexaf | uor ophosphate, O (1H benzotriazol -

1-yl)-NNN , N -tetramet hyl uroni umtetrggl uoroborate and alkyl- aryl- or '

al kenyl chl or of onat es. 4. The process of claim 2,
further conprising reacting the clasto- | actacystin [err]-lactone of
Formula VIl with a thiol, Rerr]SH to formlactacystin having 10 Formul a
VI: [err] R® and R® ardlidegdndedtlycorie] ofodlity1 R alkiatyl f6reR Bgnddef whafd i n cl ai m
1, and Rlerr] is alkyl, aryl, aralkyl, alkaryl, wherein any of

said al kyl, aryl taken together withgthg niigagen atoz teawhich ey aprattache¢dfozin ay

substi t ut ed. 1%_

' 5. The,.pr.oces f claim4. wherei
cl ast o- | actacysti 719 L’W"]’@%ﬁt&?ﬁeéo‘f@hgmg’ %@ﬁ_@‘éﬂcb@d)p%n#ly&“gi‘&{g’pﬂ by
treating the [ er rahd¢HicH\GnWptibndlyafrdhde 4vaidfidng oxygen or nitrogen dom. The
process of claim1, wherein the Carboxylic acid inTerned ate of
Formula Vis directly coupled to a thiol, Rerr]SH to forma |actacystin

hawg‘u g Formila 62. VIA compound of claim 61, wherein

R'is C,.p, alkyl, C, 4 cycloalkyl, C, ; alkenyl, C,; alkynyl, C,_,, aryl, Cq o

ar(C, o)alky! or C, ;alk(Cq yo)aryl, where the ring portion of any of said

aryl, aralkyl, or alkaryl can be optionally substituted;
_ R?is C, ; alkyl, C; 4 cycloalkyl, C, ; alkenyl, C, ; alkynyl, C ,, aryl, C, joar
10 (C,.¢alkyl or C, ,alk(Cq ,o)aryl, where the ring portion of any of said aryl,

aralkyl, or alkaryl can be optionally substituted; and

R*is C, ; alkyl, C, 4 cycloalkyl, C, ; alkenyl, C, ; alkynyl, Cq ,, aryl, Cq joar

(C,.o)alkylor C, (atk(Cq_,o)aryl, any of which can be optionally substituted;

and

15 R® and R® are independently C, alkyl, C,,, ar(C,oalkyl or C,.
¢alk(Cy_o)aryl, or together with the nitrogen atom to which they are

attached form a 5- to 7-membered heterocycle which can be optionally

substituted, and which optionally can include an additional oxygen or

nitrogen atom.

20 63. A compound of Formula XVIla or XVIIb:

R2

:

COR®

(o]
0 iR

__<

x&

XVIia
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-73- Jerr] wherein R err] and Rlerr] are as defined in
claim1; Rlerr] is alkyl, aryl, aral kyl, erein
any of séﬁ@ﬂgpﬁvf, aryl, aral kyl or al karyl cghgggg%%¥¥%%ally
substi t ut ed. 5 7. The process of claim1l, wherein in step
(a) said strong base is sel ect @B-from t he group consisting of

hi ndered am de bases; al kali netal hexanet hyl di si | azi des; or hindered
al kyl I'i thium reagents. 8. The process of claim1l, wherein
in step (a) the reaction is conducted at reduced tenperature in an
et hereal solvent. 10 9. R? The process of claim8, wherein in
step (a) said ethereal solvent is = sel ected fromthe group consisting
of diethyl ether, tetrahydrofyran, zand di met hoxyet hane, and sai d
reaction tenperature is from 00 &grr]c to about -30 [err] C
10.  The process of clain11,~3ﬁFf;T%qoh step (b) said enolate is

$4

o) 0

T

R4

or a salt thereof, wherein
Rlisalkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, aralkyl, where the ring
portion of any of said aryl, aralkyl, or alkaryl can be optionally substituted;
5 R%isClL, Brorl;
R?is alkyl, alkenyl, alkynyl, cycloatkyl, aryl, alkaryl, any of which can be
optionally substituted; and
R* is optionally substituted aryl or optionally substituted heteroaryl.
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15 transnetallated with titaniumor alum numor a m xture thereof.

11. The process of claiml1l, wherein in step (b), said enolate is

t ransnet NOQ M6y reaction with Me[err]Ad . PCT/L398/1683he
process of claim 10, wherein between one and three nol ar equi val ent s
of said netal are used. 20 _ok3- The process of claim 1, wherein
in step (c) said catalytic hydrégenol ysi s of the adduct 11, affords
the desired [err]-lactam (IV) as a m xture with an aminodiol 111:
[err] wherein R err]-Rerr] are as defined in claiml.

14. The procesgg of Al RlriPotd of VRERNXPIE opXFzAgenol ysis is conducted in
the presence of a catal yst selected fromthe group consisting of palladium

bl ack,

N XVIlIa
¥y
R H
OYS
R4
N3 XVHIb
SN
CO.R3
o 0O
j&‘/
or a salt thereof, wherein
5 R! is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, aralkyl, wherein the

ring portion of any of said aryl, aralkyl or alkaryl can be optionally
substituted;
R3 is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, any of which can be
optionally substituted; and |

10 R* is'optionally substituted aryl or optionally substituted heteroaryl.

———
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5 pal | adi um on activated carbon, and pall adi um hydroxi de on carbon; and
in the sence of an organic solvent selected from&RgseiiRedt
consi st iwagglpg‘{ogmer al kan F i

ol s, | ower al kanoates, |ower al kanoic acids
and m xtures thereof. 15. The process of claim14, wherein
said organic solvent is selected -95- from the group consisting of
net hanol , et hanol, isopropanol, ethyl acetate, acetic 10 acid, and
m xtures thereof. 16. The process of claim 13, wherein the
crude product mxture is heated |, to _convert aminodiol Il to the

[err]-lactam |V65.  Aprocessforforminganenpptiomericadlyengrhed fgmmylamidger e n
Rerr] is r I ., Clerr] cycloalkyl, Clerr] alkenyl, C(err] alkynyl
%%rfglml%)ﬁ‘}

Cerr] ary Cerr] ar(Cerr])alkyl or Jerr]Jalk(Cerr])aryl;
Rlerr] is (Jerr] alkyl, C(err] cycloalkyl, (err] alkenyl, Cerr] alkynyl
Cerr] aryl, Cerr] ar(Cerr])alkyl or (Jerr]alk err])aryl;
Rlerr] is (Jerr] alkyl, Cerr] cygloalgyl, C[err] alkenyl, C ] al kynyl,
Cerr] aryl, Cerr] jar(Clerr])al kyl or JQerr]Jalk(Cerr])aryl;
20 Rlerr] is CJerr] aryl, ogla h roaryl group selected from

t he group consi st Hhg ~Y0f hi enyl , benzo[ b] t hi enyl,
furyl, pyranyl , i sobénzof urgeyl , benzoxazolyl, 2H pyrrolyl,
pyrrolyl, imdazolyl, Bﬁrazoly, pyridyl, pyrazinyl,

pyri mdinyl, pyridazinyl, indolizinyl, i soi ndol yl, 3H-indolyl,
i ndol yl, indazolyl, purinyl, 4H quinolizinyl, 25 i soqui nol yl ,

qui nolyl, or tri X Rlerr] and R err] are
i ndependent‘f’rf1 ‘gﬁ%r’é{%ﬂ‘%@ﬂ‘ Cerr] ar(Cerr])al kyl or Cerr]
alk§Clerr])aryl RFishikgEtycisalkgl]dryl, bikanl, araliod uledxyrhydooxyhalkbxyalieyl, ar e
attached forma 5- to 7-nmenbered heterqcycle which can, be

or amido, where the ring portion of any of said aryl, aralky}, or alkaryl can

be optionally substituted;
R’ and R® are independently one of alky! or alkaryl; or R® and R® when
taken together with the nitrogen atom to which they are attached form a
10 5- to 7-membered heterocyclic ring, which can be optionally substituted,
and which optionally include an additional oxygen or nitrogen atorn;
said method comprising:

() acylating an anion of a compound of Formula VIII:

)ok
HN 0
Re"
il
15 where R? is isopropy] or benzy!, with R:CH,COCI to form an acyloxazolidinone
of Formula IX:
I

N - N
. THIS SHEET HAS BEE!?
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optionally substituted, and which optionally can include an additional
oxygen or nitrogen atom 18. The. process of claim17,
wherein WO 99/09006 Rlerr] is err] alkyl, Clerr] cycl oaPKIUSHIEY err ]
aryl; 5 Rlerr] is methyl, ethyl, propyl, butyl, nethoxy, or
et hoxy; Rlerr] is methyl thyI tert-butyl or benzyl;
Rl err] is phenyl or phenyl substitut eg by haI ogen, (Cerr] alkyl, (err]

al koxy, car boxy, or am no; and NR[err]Rerr] is one
of di net hyl am no, diethylam no, pyrrolidino, 10 pi peri di no,

nmor phol 1 no, or oxazolidi none substituted jg\hal ogen, (err]

alkyl, Cerr]jar(derr])alkyl, Cerr] "l kox carboxy, or am no.

19. A process for formng a SHES'[I'[ t ed pxazol i ne conmpound of Formul a
[1: [err] 15 said nme g: (a)
deprotonating a substituted aryl or hetefoaryl oxazoline of

5
>

RS*
X

where R? and R® are as defined above;

(b) stereoselectively reacting the acyloxazolidinone of Formula IX with
benzyloxymethyl chioride to form a protected alcohol of Formula X:

(o}
2]
s
o]

-

C

(=]

%

X

where R? and R? are as defined above;
(c)  hydrolyzing the protected alcohol of Formula X to form a
carboxylic acid of Formula XT: '

OBn

o]

aumm<
(o]
X

]

10 where R? is as defined abdve;
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Formula 1: [err] by'treating said substituted aryl or

het er oar ywysapedd Ne With a strong base to 20 forman engl-ghfiosfdkds
(b) transnetallating said enolate with a netal selected fromthé group
consisting of titanium alum numtin, zinc, magnesium and boron, and -

thereafter reacting with a fornyl ani®fe of Fornula Xl V: [err]
wherein for each of Formulae I, Il and Xl V: Rlerr] is alkyl,
al kenyl , al kynyl, cycl oal kyl, aryl, alkaryl, aral kyl, where t he

rin ortion of of said aryl,.aral kyl, or al karyl can be
g po ?c{}y coup?ing said acid of Forthula XTI with an gmine R°R°NH, to

provide an amide of Formula XIT:

o)
W
s
o

Z\;U

%—

Xl

-

where R?, R® and R? are as defined above;
5 (e) catalytically hydrogenating, the amide of Formula XI7to form an
alcohol of Formula XIIT:

O
pa
O

aj,umug
4
\
3

Xin

where R?, R® and R® are as defined above; and
® oxidizing the resultant alcohol of Formula X7II to give a formyl
10 amide of Formula XIV.

66.  The process of claim 65, wherein:
R?is C, 5 alkyl, C, 4 cycloalkyl, C, 4 alkenyl, C, ; alkynyl C,,, aryl, Cq.,
ar(C, ¢)alkyl or C, alk(Cq ,o)aryl; and
R’ and R® are independently C,, alkyl, C,,, ar(C,alkyl or
15 C,.calk(Cq \o)aryl or together with the nitrogen atom to which they are attached
form a 5- to 7-membered heterocycle which can be optionally substituted, and

which optionally can include an additional oxygen or nitrogen atom.
ona’ oxyeen« g
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5 optionally substituted, Rlerr] is alkyl,
cycl oal kyl, aryl, alkaryl, aralkyl, alkoxy, hydroxy,
al koxyal M0 99/09006ani do, where the ring portion of any of sBFYUSI&/168s8

aral kyl, or alkaryl can be optionally substituted, Rlerrl is
al kyl, al kenyl, alkynyl, cycloal kyl g@ryl, alkaryl, any of which 10

can be optionally substituted; Rlerr] is optionally substituted
aryl or optionally substituted heteroaryl; and

Rlerr] and Rl err] are independently one of alkyl or alkaryl; or R err] and
Rlerr] 67. Whemetipldof inhildthdiprotaasdric funetio inagR coniisidgo Whi ch t hey
are 15 ,attached forma 5- to 7-nmenbered heterocyclic ring, which
can be contacting saidbesll with picompownd oficlaimdt9. and whi ch optional Iy include an
addi ti onal oxygen or nitrogen atom 20. The
process of claim 19, further conprising catalytically hydr ogenati ng

sai d oxazol i ne GRTPOURUnehod YiMinhibiting protchsbiiefaaétdd iPRAl aRmdly 20
refluxing the resulting reaction mxture, whereby a [err]-lactamof Fornula-
IVis domprisihg administering to said mammal a compound of claim 4% inanamount [ err]

wheg el N Rl edeiivd o Tk PhotedSofic o, 2 o1 ned 0 elaim 19

69.  Amethod of treating inflammation, comprising administeringtoa

subject an effective anti-inflammatory amount of a compound of claim 49.

70.  Amethod of treating cancer, comprising administering to a subject

an effective antitumor or antimetastic amount of a compound of claim 49.

10 71. A method of treating ischemic or reperfusion injury in a mammal
comprising administering to said mammal an effective amount of a compound of

claim 49.

72.  The method of claim 71, wherein the ischemia is the result of

vascular occlusion.

15 73. The method of claim 71, wherein said vascular occlusion occurs

during a stroke.
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-77 - 21. ‘The process of claim20, further conprising
saponi f yiwgegieegggrPOUNd of Formula IV and thereafter @®@ausesmeps8o form
a clasto-lactacystin [err]-actone conpound having Formula VII:

[err] 5 wherein Rlerr] and Rlerr] are as defined in claim 19.
oxazol i ne conpound of

22. A process for formng a substitutlg® aryl
Formula la: [err] wherei n

350

)
Cad
=

150

100

MEAN INFARCT VOLUME (mm

wn
o

III‘IIllllllllllllllllll‘lllllllll

VEHICLE 0.4 X3 0.3 X 3 0.3 X 1
| - (mg/kg) -————--

COMPOUND 3b

FIG.1

SUBSTITUTE SHEET (RULE 26)



10 Rlerr] is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl,

aral kyl, where the ring portion of said aryl, aralkyl.,h aqr

al karyl WEP9800§pt i onal |y substi t ut ed; Pam%@r‘?ﬁ% i s

al kyl, cycloal kyl, aryl, alkaryl, any of which can be optionally -
substituted; and 15 Rlerr] is ngionally substituted aryl or
optionally substituted heteroaryl; aid nethod conpri sing:

(a) asynmetrical ly di hydroxylating an al kene internedi ate of Formul a
XV: _ [err] 20 to forman optically
active diol of Fornula XVla: -78 -

OH [err] (b) reacting said optically active diol of
Formula XVlia with an ort hoester under acid catalysis to give a m xed

orthoester, and thereafter

£
& S -
® © > :
N S |
N\ X |
]
§
P pnn)
o
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‘o : : : fos
reacting the resulting m xed orthoester internediate with a reag«%ptf oy
selected 5 fromthe group consisting of acyl halides, HO, HBr, P Glusf]

H NELer rJ]Sic, Melerr]Sil, Me3Si Br7@nd hal ogen- containing Lewi s acids
to forma hal oester derivative of Fornmula XVIIa: [ errf] p
XVI 1 a; wherein Xis d, Br, or |; 10 (c)  reactfi REPLAGEMENT SHEET
hal oester derivative wth an alkali netal azide to form gn azi de—of
Formula XVilla:  What Is Claimed Is: [err] 18 FER 202
(d) hydrogenating said azide to forma conpound of Fornul XI Xa: "

1. A process for forming a y-lactam carboxylic acid of Fo

| %4
S  or asalt thereof, wherein
R! is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, aralkyl, where
the ring portion of any of said aryl, aralkyl, or alkaryl can be
optionally substituted;
R? is alkyl, cycloalkyl, aryl, alkaryl, aralkyl, alkoxy, hydroxy,
10 alkoxyalkyl, or amido, where the ring portion of any of said aryl,
aralkyl, or alkaryl can be optionally substituted; and
said process comprising:
(a) deprotonating a substituted aryl or heteroaryl oxazoline of
Formula I:
0,R?
R
N
Wi
15 R I

where R! is as defined above; R® is alkyl, alkenyl, alkynyl,
cycloalkyl, aryl, alkaryl, any of which can be optionally
substituted; and
R* is aryl or heteroaryl, either of which may be optionally
20 substituted;
by treating said substituted aryl or heteroaryl oxazoline with a strong base to
form an enolate;
(b) transmetallating said enolate with a metal selected from the group
consisting of titanium, aluminum, tin, zinc, magnesium and boron, and
25  thereafter treating with a formyl amide of Formula XIV:

RN A
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[err] (e) subj ecting the conpound Of 0 a7
X Xa to ring closing . conditions to form said substitut & LA‘*EZQ*"%:;\P%EE—
phenyl oxazol ine of Fornula Ia; wher/éirn for each of For nfirae XvVa, ~~Xvra,
XVIla, XVIlla and XIXa, Rerr], Rerr] 5 and Rerr] are %L det itnéd "abigve
for Formula Ia. 23. The process of claim 22, herein in stgp
(a) the dihydroxylation reaction ducted with A[tmx-[err] I'n the
presence of nmethane sul fonam de to eosel.ectively fafford the diol
of Formul a XVl a. 24. f claim?22, wherein i'n
step (a) the di hydroxylation 10 redctionm is gnduct ed using an N oxide as
a reoxidant. 25. The proc§§s of Bfaim 22, wherein in step
(b) said diol of Fornula XVia is treated with an orthoest erXIkider
Lew s or Bronsted acid catalysis to give a m xed orthoester, which is -

converted in si t“v&lﬁré‘% agggﬁ&hfggvg%dml a XVlla wherein X is Br by

treatnment wth aceLky

26. The proges% of claim 25,

wherein the orthodStasd %nﬁledp@wen@nﬂmosw of alkyl or alkaryl; or R

when taken together with the nitrogen atom to which they are
5 attached form a 5- to 7-membered heterocyclic ring, which may be
optionally substituted, and which optionally may include an
additional oxygen or nitrogen atom,
to form an adduct of Formula II:

I,
10 where R through RS are as defined above;
c) catalytically hydrogenating said adduct of Formula I7 to form
a y-Jactam of Formula IV:
v

where Rl, R? and R® are as defined above; and
15 d) saponifying said y-lactam of Formula IV to form a carboxylic
acid of Formula V.

2. The process of claim 1, further comprising treating the carboxylic
acid of Formula V with a cyclizing reagent to form a clasto-lactacystin -lactone of
Formula VII



reaction is an aromatic carboxylic acid orthoester. 27. The
process of claim 26, wherein the orthoester is trinethyl

ort hobenzoate. . 28. The prdeess of claim 25, wherein said

acid catalyst is HBr, SnCl[err], 20 TiC[err], BBrer| [,k " EET
t.rifluoride. 29. The process of claim 22 Fmﬁggﬁgﬁsm p
(c) crude hal oester of Formul a XVI |

is converted {ojthe azi f
Formula XVilla by treatnment with ang, | kali metal afideli® é%gi}@r
aprotic organic solvent. NH _Ri
- 80- 30. The process of Iai;m z& whereim in step (d) said
catal ytic hydr ogenati on of the Hyt 9,,or mul a XVilLla. is-conducted-d
over a pall adi um catal yst in ethylackt at®©H 31. The
process of claim 30, wherein said catal 9t7‘ hydr ogenation 5 proceeds wth
concom tant nigration of the aroyl group to @fford the hydr oxyanyge of
Formul a Xl Xa. 32. The process of claim 22, wherein in step
(e) the hydroxyam de of , Formula Xl Xa is treated with thionyl chloride
i n et hyl ene"aptesy Rded R ae pedafined jclaim 1. ¢) osure with inversion of the
hydroxyl to produce the cis-substituted oxazoline of 10 Formul a 1a.

33. The process of claim 32, wherein the cis-oxazoline is converted to

the trans- oxdzol i RBe Piogess obglaitk Povhareingaid sueliangols eHfpcted Wiid on of
configurati Opeagéntts@lgcted from the group consisting of aryl sulfonyl chlorides, benzotriazol-1-

5  yloxytris(dimethylamino)phosphonjum hexafluorophosphate, O-(1H- benzotriazol-
1-yD)-N,N,N’,N’-tetramethyluronium tetrafluoroborate and alkyl- aryl- or alkenyl

chlorofomates.

4, The process of claim 2, further comprising reacting the clasto-
lactacystin B-lactone of Formula VII with a thiol, R’SH, to form lactacystin having

10  Formula VI:

vI

wherein R* and R? are as defined in claim 1; and
R’ is alkyl, aryl, aralkyl, alkaryl, wherein any of said alkyl, aryl,
aralkyl or alkaryl can be optionally substituted.

15 5. The process of claim 4, wherein clasto-lactacystin 3-lactone is

converted to lactacystin by treating the B-actone with N-acetylcysteine.

6. The process of claim 1, wherein the carboxylic acid intermediate of
Formula V is directly coupled to a thiol, R’SH, to form a lactacystin having Formula
VI.

AN DN A



ester substituents. 34. A process for formng a substituted
aryl oxazoline conpound of 15 Formul a | b:

[err] : » wherein Rf2er] is alkyl, alk
cycloal kyl, aryl, alkaryl, aralkyl, where the fi
said aryl, aral kyl, or alkaryl can be optionally 20

Rl err] is alkyl, cycloal kyl, aryl, alkar;I any of which dary he optTe
substituted; and R[errhﬁ|s o:tlonally substit gt ¢d hﬁyfP
optional Iy substituted heteroaryl: ?

(a) asymmetrically d|hydroxylat|ng an
XV: [err] to forman optic%

wherein R' and R? are as defined in claim 1; and
R’ is alkyl, aryl, aralkyl, alkaryl, wherein any of said alkyl, aryl,
aralkyl or alkaryl can be optionally substituted.

5 7. The process of claim 1, wherein in step (a) said strong base is
selected from the group consisting of hindered amide bases; alkali metal

hexamethyldisilazides; or hindered alkyllithium reagents.

8. The process of claim 1, wherein in sfep (a) the reaction is conducted

at reduced temperature in an ethereal solvent.

10 9. The process of claim 8, wherein in step (a) said ethereal solvent is
selected from the group consisting of diethyl ether, tetrahydrofuran, and
dimethoxyethane, and said reaction temperature is from about -100 °C to about -30
°C.

10.  The process of claim 1, wherein in step (b) said enolate is

15  transmetallated with titanium or aluminum or a mixture thereof.

11.  The process of claim 1, wherein in step (b), said enolate is

transmetallated by reaction with Me, AICL

12.  The process of claim 10, wherein between one and three molar

equivalents of said metal are used.

20 13.  The process of claim 1, wherein in step (c) said catalytic
hydrogenolysis of the adduct II, affords the desired f—lactam (IV) as a mixture with

an aminodiol XIT:

-

]ﬁl\l\} )



[e'rr]

XVib with an
ort hoester,

and t-hereafter 5 reacting-The resulting m xe

(b) reacting said optically active diol of Formula
ort hoester under acid catalysis to give '

intermediate with a reagent selected fromthe group cgng

hal i des, HO, HBr, H, MJlerr]Sid, MJerr
containing Lewis acids to forma hal oest

[err]
hal oest er

10

15

derivative with an al kal i
Formula XVII1Db: R!

Me3Si
vative

10 wherein X is CR3OBr,

-~

NH, Rz Rs

OH 1

wherein R*-R® are as defined in claim 1.

14.  The process of claim 13, wherein said hydrogenolysis is conducted in
the presence of a catalyst selected from the group consisting of palladium black,
palladium on activated carbon, and palladium hydroxide on carbon; and in the
presence of an organic solvent selected from the group consisting of lower alkanols,

lower alkanoates, lower alkanoic acids and mixtures thereof.

15.  The process of claim 14, wherein said organic solvent is selected
from the group consisting of methanol, ethanol, isopropano}, ethyl acetate, acetic

acid, and mixtures thereof,

16.  The process of claim 13, wherein the crude prodlict mixture is heated

to convert aminodiol ZIT to the y-lactam I'V.

17.  The process of claim 1, wherein

R! is Ci12 alkyl, Cs5 cycloalkyl, Cy. alkenyl, C, g alkynyl Ce.14 aryl,
Ce.10 ar(Cy6)alkyl or Cy¢alk(Cs.10)aryl; )

R? is Cy.g alkyl, Cs.5 cycloalkyl, Cy alkenyl, Cy¢ alkynyl Ce.14 aryl,
Ce-19 ar(Cy.¢)alkyl or Cy¢alk(Ce-10)aryl;

R? is Cy.¢ alkyl, Cs cycloalkyl, Cyg alkenyl, Cy.g alkynyl, Cs.14 aryl,
Cs.10 ar(Cy.¢)alkyl or Cp.alk(Ce.10)aryl;

R* is Cgao aryl, or a heteroaryl group selected from the group
consisting of thienyl, benzo{b]thienyl, furyl, pyranyl,
isobenzofuranyl, benzoxazolyl, 2H-pyrrolyl, pyrrolyl, imidazolyl,
pyrazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, indolizinyl,
isoindolyl, 3H-indolyl, indolyl, indazolyl, purinyl, 4H-quinolizinyl,
isoquinolyl, quinolyl, or triazolyl; and

R’ and R® are independently Cy¢ alkyl, Ce.1o ar(Cre)alkyl or Cy.
6alk(Cs.10)aryl or together with the nitrogen atom to which they are
attached form a 5- to 7-membered heterocycle which can be

\\
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(d) hydrogenating said azide to forma conpound of Fornula 1 %P%GEMENT SHEET

[err] .
REPLACEMENT SHEET- -75 -
(e) subj ecting the conpound of Formula XIXb to ring closing

conditions to formsaid substituted lFihenyl oxazol i ne of For mu|
wherein for each eoptigrallnsubséitutads andwhish oxtionably cxwiinclusiendrdstit

e

Rl err] and ol i ned above for Fornula Ib. 5
8{( enlor Altfo Bﬁv\ﬂﬁ{

35. The process o cl am erein in step (a) the dihydroxylation
reaction is conducted with AD-m x-a in the presence of nethane sul fonam de

to st er eosel 1gct [ \tﬁéﬁ@gﬁmﬁhww %l?ére f Formul a XVl b.

36. The process of clal ereinin step (a) the di hydroxyl ation

reaction i s condugtt S ﬁgjkg xi dant . 37.
The process of cl g{ %dg dl%%e%eﬁ# Fo??l%%aﬁggl d diol of Forrrul a

XVIb is t¥eated \MRt ks methyk ethik propyl. bhfd’brmq_tb@m’sorcﬁth@m)nst ed acid catal ysis
to give a MRR @Omeh i e@SL &rs-bll ibehsyiconverted in situ to a hal oester

of Formula XVIlb _,. )
R" is phenyl or phenyl substituted by halogen, C,.¢ alkyl, C;.¢ alkoxy,
carboxy, or amino; and
NR’R® is one of dimethylamino, diethylamino, pyrrolidino,
10 piperidino, morpholino, or oxazolidinone substituted by halogen, Ci.¢
alkyl, Ce.10ar(Cr¢)alkyl, Cy¢ alkoxy, carboxy, or amino.

19. A process for forming a substituted oxazoline compound of Formula
I

I,
15  said method comprising:
(a) deprotonating a substituted aryl or heteroaryl oxazoline of
Formula I
0o,R?
R

N

o
R? 1

by treating said substituted aryl or heteroaryl oxazoline with a strong base to
20 form an enolate; and
(b) transmetallating said enolate with a metal selected from the group
consisting of titanivm, aluminum tin, zinc, magnesium and boron, and
thereafter reacting with a formyl amide of Formula X7V

e —

—

L
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wherein X is Br by treatnent with acetyl brom de. 38. The
process of claim 37, wherein the orthoester enployed in this. 15 _leaciiofm
is an aromatic carboxylic acid orthoest-@6- FEPLACTMEN P IOMEET S
of claim 38, wherein the arthoester is trinethyl or | hgbenzoat-ere——
40. The process of claim 37, wherein said acid catal ystji $ , _
SnC[err], TiC[err], BBr[err] & boon trifluoride TZQE{{ FEB 2002
41. The process of claim 34, whereif| in ep ﬁc) crude pakeest-er—of

Formula XVIIb is converted to the azj 0 r a XVIlIbjby treatnment wth;
an alkali metal azide in a poffar aproti'® organi c sokvent- -
42. The process of claim34, wherein i§,step B¥) said catalytic

hydr ogenati on of the azide of Fornula X VIIIb is conducted over XIWall adi um
25 catalyst in ethyl acetate. 43. The process of claim

42, wherein said.catal ytic hydro at i . proceeds with concom tant
m gration of {?1%%’6)?P&b?@t?ﬁ%ll%egﬁ?3%me hydr oxyam de of Formul a
Xl Xb. R! is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, aralkyl, 8&ere

44, The process 40f L m:34, r et N :ixN € h r m de of
Formula XI Xb is trﬂ%atrﬁeiéal\%\ﬁl%l tofﬁ\il\%ﬁyﬁf gla*nlpo?l' %eﬁ?ﬁrﬁwhe(%rh%(ge} feicgﬁ?/%ri de to
effect. ritg optienally substityied;nver si on of the hydroxyl to produce the

trans-substitut ed RXRzgfihNecyRloalkyl, aryl, alkaryl, aralkyl, alkoxy, hydroxy,
alkoxyalkyl, or amido, where the ring portion of any of said aryl,
aralkyl, or alkaryl can be optionally substituted,
R? is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, any of which
10 can be optionally substituted;
R* is optionally substituted aryl or optionally substituted heteroaryl;
and
R’ and R® are independently one of alkyl or alkaryl; or R’ and R®
when taken together with the nitrogen atom to which they are
15 attached form a 5- to 7-membered heterocyclic ring, which can be
optionally substituted, and which optionally include an additional

oxygen or nitrogen atom.,

20.  The process of claim 19, further comprising catalytically
hydrogenating said oxazoline compound of Formula 17, and thereafter optionally
20  refluxing the resulting reaction mixture, whereby a y-lactam of Formula IV is

formed:

Fi'%

wherein R', R? and R® are as defined in claim 19.

»
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Formul a | b.

Xl Xa: [er ]
sai d net hod conpri si ng hydf ogenating an azi defc g rfE thaidng
Formula XVilla: lerr]

45. A process for formng a corr)cﬁﬁ%AGEMﬁm rﬁlJ"IEgT

X0 wherein for ea of | I'S
al kyl, al kenyl., ?E nin’ﬁQ la qﬁf% F;?Z ftﬂ%{ﬁl k@nsﬂng Sg‘?’ nﬂfi%rnga \%ﬁ%ﬂnﬁ
the ring por bedirnﬁﬂa Amn@fheﬁaaftel @bﬁimg ﬁfi&hhiﬁclasw laatakygstiyilB-aaonebe
optionally substituted; Rlerr] is alkyl, cycloal kyl, aryl,
al karyl, anycempewniddavigFoseubdional |y 15 substituted; and
Rl err] is aryl or heteroaryl, either of which may be optionally

substi t ut ed.

5

10

15

20

viI

wherein R! and R? are as defined in claim 19.

22.  Aprocess for forming a substituted aryl oxazoline compound of

Formula Ia:
CO,R3
R?
. N
-
4
R Ia
wherein
R' is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, aralkyl, where
the ring portion of said aryl, aralkyl, or alkaryl can be optionally
substituted;
R? is alkyl, cycloalky), aryl, alkaryl, any of which can be optionally
substituted; and
R* is optionally substituted aryl or optionally substituted heteroaryl;
said method comprising:
(a) asymmetrically dihydroxylating an alkene intermediate of
Formula XV:
RN\ A

to form an optically active diol of Formula XVia:

I



46.

The process of claim45, further conprising subjecting a conpound

of Fornmula Xl Xa to ri-ng cl osing condltl,(JJns to forma substituted oxazoline

conmpound of Formula |a:

-84 -
L

in clai m45.
For mul a Xl Xb:

FB

10

1 wherein Rerr], Rerr] and R[E:RE LA@&MEBH BHEE'hed
47. A proce®@Hfor formng orrpound—of
1 Feal 20m

|
Qunm
X
gumu

Q

O

LX)

B

XVia;

(b)  reacting said optically active diol of Formula XVIa with an
orthoester under acid catalysis to give a mixed orthoester, and thereafter
reacting the resulting mixed orthoester intermediate with a reagent selected
from the group consisting of acyl halides, HCl, HBr, HI,MesSiCl, MesSil,
Me3SiBr and halogen- containing Lewis acids to form a haloester derivative
of Formula XVIa:

CO,R®

]

:o—< )
B -
O v
>

XVlla,
wherein X is Cl, Br, or I;

© reacting said haloester derivative with an alkali metal azide to

form an azide of Fornmla XVIHa:

N3

R‘I :
\/\ C 02R:

T

R* XViHa;

QO e

o

(d)  hydrogenating said azide to form a compound of Formula
XIXa:



5 sai d nmet hod conpri sing: hydr ogenati ng an azi de conpound
havi ng Formul a XVII1hb:

[err] . . wherein for each of #rnulae XI Xb a

Rlerr] is alkyl, alkenyl, alkynyl, cycloal kyl, aryl,

where 10 the ring portion of any of said aryl,

can be optionally substitutBd,

cycl oal kyl, aryl, alkaryl, any of whichjcan be optionafl

substituted; and Rlerr] i H Or heterogryrs ijch

may be optionally substituted. 15 48. Thg process of claim 47,

further conprising subjecting a corrang/\ of Formu n
closing conditions to forma substituted oxa€@ne conmpound of Formul a
| b:

H

tun

Qum

XIXa; and

(e) subjecting the compound of Formula XIXa to ring closing
conditions to form said substituted phenyloxazoline of Formula Ja;
wherein for each of Formulae XVa, XVIa, XVIla, XVIIla and XIXa, R!, R?
5  and R* are as defined above for Formula Za.
23.  The process of claim 22, wherein in step (a) the dihydroxylation
reaction is conducted with AD-mix-B in the presence of methane sulfonamide to

stereoselectively afford the diol of Formula XVia.

24.  The process of claim 22, wherein in step (a) the dihydroxylation

10  reaction is conducted using an N-oxide as a reoxidant.

25.  The process of claim 22, wherein in step (b) said diol of Formula
XVla is treated with an orthoester under Lewis or Bronsted acid catalysis to give a
mixed orthoester, which is converted in situ to a haloester of Formula XVIla

wherein X is Br by treatment with acetyl bromide.

15 26.  The process of claim 25, wherein the orthoester employed in this

reaction is an aromatic carboxylic acid orthoester.

27.  The process of claim 26, wherein the orthoester is trimethyl

orthobenzoate.

28.  The process of claim 25, wherein said acid catalyst is HBr, SnCls,
20  TiCly, BBr; or boron trifluoride.

29.  The process of claim 22, wherein in step (c) crude haloester of
Formula XVIIa is converted to the azide of Formula XVIIIa by treatment with an

alkali metal azide in a polar aprotic organic solvent.

A



[elrr]
claim47.
[err]

10

15

20

25

wherein Rerr], Rerr] and Rerr] are asREfkﬁ?EMgN?nSHEET

49. A conpound of Fornula Vi Vil g
%0 Y PTYY'S FEB 2002

30.  The process of claim 22, wherein in step (d) said catakytic

hydrogenation of the azide of Formula XVIIIa is conducted over a palladium

catalyst in ethyl acetate.

31.  The process of claim 30, wherein said catalytic hydrogenation
proceeds with concomitant migration of the aroyl group to afford the hydroxyamide

of Formula XIXa.

32.  The process of claim 22, wherein in step () the hydroxyamide of
Formula XIXa is treated with thionyl chloride in methylene chloride to effect ring
closure with inversion of the hydroxyl to produce the cis-substituted oxazoline of

Formula Ja.

33. The process of claim 32, wherein the cis-oxazoline is converted to the
trans-oxazoline under equilibrating condition by inversion of configuration of the

ester substituents.
34, A process for forming a substituted aryl oxazoline compound of
Formula Ib:
CO,R?
N

o !

Rt 1b

wherein
R! is a]kyl,‘ alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, aralkyl, where
the ring portion of said aryl, aralkyl, or alkaryl can be optionally
substituted;
R? is alkyl, cycloalkyl, aryl, alkaryl, any of which can be optionally
substituted; and '
R*is optionally substituted aryl or optionally substituted heteroaryl;
said method comprising:
(a) asymmetrically dihydroxylating an alkene intermediate of
Formula XV:

— R]\—/\ CofF Xv
TR A R LA




or a salt thereof, wherein: Rlerr] is (Jerr] alkyl, (err]

cycloal kyl, Cerr] alkenyl, Cerr] alkynyl, Cerr] aryl,

Cerr] ar(derr])alkyl or (Jerr]al k(C[ eﬁi/}) aryl ; REPLAC;W@HE&;
Clerr] alkyl; and 10 Rlerr] is alkyl, aryl, aral ky , at-karyts

wher ei n any of said al kyl, aryl, aral kyl gr r 2b¢
optional |y stiormanapgcally active diol of Formula¥VIba conpound df lcl tismrggcﬂ\%e eiln
Rlerr] is (Jerr] alkyl. 51lpy A conpound jof L-t:-l--a-r'rn'ﬁo"‘—"
wherein R err] is isopropyl. 52. A congound of claim 49, |

wherein R err] is ethyl, n-propyl, nRhbut or 15 isobuty+=
53. A conmpound of claim52, wherein err] COR® ot hyl .

-86 - 54. A conmpound of claim52, ein Rlerr] is n-propyl

55. A conpound of claim52, wherein Rlerr] is n-butyl. XVIb; 565, A
compound of claim52, wherein R err] is isobutyl. 57. An
enantionerical | y- gsyi chedtidgsdiy lopacaligeactive Gl of IFdrathM: XVIb with an

orthoester under acid catalysis to give a mixed orthoester, and thereafter

5  reacting the resulting mixed orthoester intermediate with a reagent selected
from the group consisting of acyl halides, HC], HBr, HI.Me3SiCl, Me3Sil,
Me;SiBr and halogen- containing Lewis acids to form a haloester derivative
of Formula XVIIb:

4 .
R XVIIb;

10  wherein X is Cl, Br, or I;
() reacting said haloester derivative with an alkali metal azide to
form an azide of Formula XVIIIb:

R4 XVIIIb;

(d)  hydrogenating said azide to form a compound of Formula
15 XIXb:

OH XIXb; and

—_—
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0

X'V
derr]
Cerr]
Rl err]

0 [err] 5 REPLACEMENT SHEET

or
cycloal kyl, C[err] alkenyl, C[er8}-alkynyl, (Jerr] arll ”537
ar(Cerr])alkyl or (JQerr]lalk(Cerr])aryl; and R[ieﬁrf‘
are independently Cerr] alkyl, Cerr] ar err])alk r—€-er+—316

a salt thereof, wherein Rlerr] is (erf] redep-

alk(derr])aryl, @ tosdjdeting whe hompeundi of bowmla tto mrg @ sili§ey are
optionally su st | tutt{égjr&wgtﬁﬂmﬁgh K}/iglg\gg@ﬁ% e an addi ti onal

attached for

oxygen

or

ni Wheigimiogeach of Formulae XV, Xg@b X

h3VHE. evd XEXb, I&er?posi tion

conpri sing aal?;pﬁpglgggd ra@bi?lgfoﬁ Foﬂﬁﬂagﬂy one of clains 49-56 and a

pharmaceutically accept l'e carrier or diluent. 59. A conmpound
of Formula Il: [err] or a salt thereof, wherein

Rlorr] issalkyl, abkenthe paioyby i bBleky b o4 ho Atfopbpaiah 2! k!
where 20 ﬁe ri nge ortion grfn any 3 s]alse‘ib(rytf]e h&a kgla or al karyl
can be reaction is conducted with AD-mix-ot in the presence of methane sulfonamide to

10

15

20

25

stereoselectively afford the diol of Formula XV1b.

36.  The process of claim 34, wherein in step (a) the dihydroxylation

reaction is conducted using an N-oxide as a reoxidant.

37.  The process of claim 34, wherein in step (b) said diol of Formula
XVIb is treated with an orthoester under Lewis or Bronsted acid catalysis to give a
mixed orthoester, which is converted in situ to a haloester of Formula XVIIb

wherein X is Br by treatment with acetyl bromide.

38.  The process of claim 37, wherein the orthoester employed in this

reaction is an aromatic carboxylic acid orthoester.

39.  The process of claim 38, wherein the orthoester is trimethyl

orthobenzoate.

40. . The process of claim 37, wherein said acid catalyst is HBr, SnCl,,
TiCly, BBr; or boron trifluoride.

41. The process of claim 34, wherein in step (c) crude haloester of
Formula XVIIb is converted to the azide of Formula XVIIIh by treatment with an

alkali metal azide in a polar aprotic organic solvent.

42,  The process of claim 34, wherein in step (d) said catalytic
hydrogenation of the azide of Formula XVIIIb is conducted over a palladium

catalyst in ethyl acetate.

43.  The process of claim 42, wherein said catalytic hydrogenation
proceeds with concomitant migration of the aroyl group to afford the hydroxyamide
of Formula XIXb.

gy
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optionally substituted,

-87 - Rlerr] is alkyl, cycloal kyl, aryl, alkafyle ;
al koxy, hydroxy, . al koxyal kgg - or am do, where the riing Fﬁﬁ.ﬁf?ﬁ@n
of any of said aryl, aral kyl, or alkaryl can bejopti'ohalTy ™

substi t ut ed; err]. s alkyl, alkenyl, alkynyl,
aryl, alkaryl, anf4of WHFEE’[C@% chia1m%4, xh%%\‘ﬁ_%@%ﬁﬁ)iﬁéﬁ@rdlré‘yé %ft ut ed: .

Rierr] is opfrofnih xixs Wetdddhaslamsih cRbri@P 'IB&H}Q&% ith G TREt T oar T
and Rlerr] and err| are I ndependently one o Kyl or

al karyl ; or Roeurelwithanderfioeof the hydroxyl to produce deerunisaklestitutod)exdzolinawft h t he

1 1.1
L oarkyr,

nitrogen atoEto jch they are 10 attached forma 5- to

7- member ed hEPERGRIRI i c ri ng, which can be optionally
substituted, and which optionally include an additi onal

oxygen orsnitrogegsat ORlyy, o of claim 59,
wher ei n % IIZ:\?[pé(rxﬁc]% ifosr foé[nglrl%?(:%@%/uln,d d%%ﬁ??ggg‘g‘lloal kyl, Cerr]

al kenyl, Cerr] alkynyl, Cerr] aryl, 15 Cerr] ar(Cerr])al kyl
or JerrJalk(Cerr])aryl, where the ringbrtion of any of
said aryl, aral kyl, or alkaryl can @&é\i onal Iy substituted,

Rlerr] is (Qerr] alkyl, Cerr] cycloal kyPhyif err] al kenyl, Cerr] al kynyl,
Cerr] aryl, Cerr] ar(der)alkyl or err]lalk(Cerr])aryl,
where the ring portion of any R1 A_of said aryl, aral kyl, or

al karyl can be optionally substitutecbgo/\cozﬁ3 Rlerr] is (err]

al kyl, Cderr] cycloalkyl, Cerr] alkenyd, Cerr] alkynyl, Cerr] aryl,
Cerr] ar(Cerr])alkyl or Cerr]al k(C[éW])aryI, any of which cgpype

optionally substituted, Rlerr] is optionally substituted

Cerr] aryl, ;04 nﬁ&&%%hy substituted

hydrogenating an azide compound having Formula XVIIIa:

Ns

3
Omunu
nn
O
A
2

0.
2

XVilla

10 wherein for each of Formulae XIXa and XVIHa:
R! is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, aralkyl, where
the ring portion of any of said aryl, aralkyl, or alkaryl can be
optionally substituted;
R? is alkyl, cycloalkyl, aryl, alkaryl, any of which can be optionally
15 substituted; and
R* is aryl or heteroaryl, either of which may be optionally substituted.

46.  The process of claim 45, further comprising subjecting a compound
of Formula XIXa to ring closing conditions to form a substituted oxazoline

compound of Formula fa:

—_—

_—

oy

§



het eroaryl group selected fromthe group consisting of thienyl, 25
benzo[ b] t hi enyl, furyl, pyranyl, isobenzofuranyl, benzoxazalyl 2k
pyrrolyl,-pyrrolyl, imidazolyl, pyrazot§4; pyridyl, pyrazi nREPU\CEMENT SHEET
pyri mdinyl, pyridazinyl, indolizinyl, isoindolyl, 3Hinddly ey
I ndazol yl, purinyl, 4H quinolizinyl, isoquinolyl, quinolylj or1 mp
triazolyl; and 30 Rlerr] and R er€P,Re e i ndependent é[ grflﬁ]

al kyl, Cerr] ar(Cerr])al kyl or Cerr] [ err]jal "”Jcrr,,a. VAN

or together with the nitrogen atomtB8! t hey are ; attached
forma 5- to 7-nenbered heterocycle whicC N be ! eptronatty
substituted, and which optionally can in ‘Qjé an additional
oxygen or nitrogen atom 35 1. A conpound of Fornula I11:
[err] or a salt thereof whereiff: R ip alkyl,
al kenyl, al kynyl, cycloal kyl, aryl, alkaryl, aralkyl, where
the ring portion of any of4sa|d aryl aral kyl, or alkaryl can be 5
optionally syhareinRl Rgand R" are as deﬁned in claim 45.

47. A process for forming a compound of Formula XIX5:

R4
O::<N
H
R
O,R3
OH XIXb
5  said method comprising:
hydrogenating an azide compound having Formula X VIIIb:;
N,
Ri
O.R3
(0]
0-——-(
R XVIIIh
wherein for each of Formulae XIXb and XVII1h:
R' is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, aralkyl, where
10 the ring portion of any of said aryl, aralkyl, or alkaryl can be

optionally substituted;

R? is alkyl, cycloalkyl, aryl, alkaryl, any of which can be optionally

substituted; and

R* is aryl or heteroaryl, either of which may be optionally substituted.

15 48.  The process of claim 47, further comprising subjecting a compound

of Formula XIXb to ring closing conditions to form a substituted oxazoline

compound of Formula 7b:

R BN



Rlerr] is alkyl, cycloalkyl, aryl, alkaryl, aral kyl, al koxy, hydroxy,
al koxyal kyl, or am do, where the ring portion of any o gg

aral kyl, or alkaryl can be optionally s8bstituted; ﬁﬁﬁﬂiﬁ%@g‘ e*iET
al kyl; al kenyl, alkynyl, cycloalkyl, aryl, alkaryl, any ¢f which 10
can be optionally substituted; and s Rerr]land FoeFED 280%
i ndependently one of al kyl or al karyl; or g@éﬁr] and Rljerir]

when taken together with the hitrogerhgt&%:\t; whi ch thegy are
Cl I

2

attached forma 5- to 7-nenbered heter ring, whijch can be
optional ly substituted, and which can opdiorAlly include an additional 15

oxygen or nitrogen atom 6 A conpound of claim61,
wherein Rlerr] is (Jerr] alkyl, @err] cycloalkyl, Ggerr]
al kenyl, Cerr] alkynyl, Cerr] aryl, Cerr] ar(Cerr])al kyl
or (Jerr]al k(C[err])aryI, where the ring portion of any of

said aryl, awhbtejd R',&® aaflRimyd asclefingsbingftimdial | y substituted; 20
Rlerr] is (Jerr] alkyl, C(err] cycloalkyl, Clerr] alkenyl, Cerr] alkynyl,

Cerr] aryl, Cerr] ar (Cerr])alkyl or (Jerr]Jalk(Cerr])aryl,
where the ring pod9i onAcfompoynd of Formula VI or BH: sai d aryl, aral kyl, or
al karyl can be optionally substituted; and Rlerr] is (Jerr]

al kyl, Clerr] cycloalkyl, Clerr] alkenylg Clerr] alkynyl, Cferr] aryl,
Cerr] ar ((err])alkyl or (JQerr]Jalk(Ceffr])aryl, any of which can be 25
optionally substituted; and R 7 err] and R err] are

i ndependently Cferr] alkyl, Cerr] ar erNH)al kyl or Cerr]
alk(C[err])aryl, or together with the gu @sR’om t o which they are
attached forma 5- to 7-nenbered heterfcychg which can be

optionally substituted, and which opl"PonaILs ®An include an additional 30

oxygen or nitrogen atom 69 A conpound of FOI’TT'U{/F XVIla
or XVlIb:
NH Rt
“OH
5 v
or a salt thereof, wherein:

R? is Cy.12 alkyl, Cag cycloalkyl, Cy.5 alkenyl, Cy alkynyl, Ce.14 aryl,

Cés.10ar(Cy.¢)alkyl or Cialk(Cs.10)aryl;

R? is Cy6 alkyl; and

10 R’ is alkyl, aryl, aralkyl, alkaryl, wherein any of said alkyl, aryl,

aralkyl or alkaryl can be optionally substituted.

50. A compound of claim 49, wherein R! is C4 alkyl.
51. A compound of claim 50, wherein R! is isopropyl.

52. A compound of claim 49, wherein R? is ethyl, n-propyl, n-butyl or
15  isobutyl

53. A compound of claim 52, wherein R? is ethyl.

N

T



[err] or a salt thereof, wherein
Rlerr] is al kyl, alkenyl, alkynyl, cycloal kyl, aryl, alkaryl, aralkyl

where 5 . the ring portion of any-8f- said aryl, aralkyl n IEET
can be optionally substituted, Rl err REQ%WER?F E’E‘EIE;

ton be-onti onal K bRl %Pé*&idf’iﬁﬁa'ﬂﬁ%%ﬂeﬁrﬁdmn‘?"l&%’ly' An} qfe WiHE by

55. A compound of claim 52, wherein R is n-butyl.

56. A compound of claim 52, wherein R? is isobutyl.

57.  Anenantiomerically-enriched formy! amide of Formula XIV:

A
B

5 X1v

or a salt thereof, wherein

R? is Cy.5 alkyl, Cs5 cycloalkyl, Cos alkenyl, Cs alkynyl, Ce.14 aryl,
C5.1o ar(Cl.s)alkyl or C1_53]k(C5-10)aryl; and
R’ and R® are independently Cys alkyl, Ce.10 ar(Crealkyl or Ci.

10 salk(Cs.j0)aryl, or together with the nitrogen atom to which they are
attached form a 5- to 7-membered heterocycle which can.be -
optibnally substituted, and which optionally can include an additional
oXxygen or nitrogen atom.

58. A pharmaceutical composition comprising a compound according to

15  any one of claims 49-56 and a pharmaceutically acceptable carrier or diluent.

59. A compound of Formula II:

/4

or a salt thereof, wherein
R! is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, aralkyl, where
20 the ring portion of any of said aryl, aralkyl, or alkaryl can be
optionally substituted; '

A



10 Rlerr] is optionally substituted aryl or optionally.substituted

het er oaryl . 64. A conpound of Fornula XVIIla or | RApt BRERENT SHEET
[err] _ . . or a salt thereof, wBBrein R[err -1 4 V1 N
al kenyl, al kynyl, cycloal kyl, aryl, al karyl, aral kyl, ?’ %Nh%r{elf,l:},

17

the ring portion of any of sald aryI aralkyl or aIkaryI can%b
optional |y substi RAtsdalkyb cycloalkyl, aﬁ! enlkpryl,s acalkiy)| alkeky.e hydrox

cycloal kyl, aryl, a@o%ﬁﬁl\&l’ oft d%f v?ﬂ?;fecﬁxe ring Rortlfm uagnzrbfbﬁlcp yi,onal I'y

substi t ut ed and titut ed-aryH—or

-~

optional Iy substi mﬂledtdredl@nd@mybe 0pt10nallysubst1tuted65 A process for forning
an enantiomeri cal Ry £9fid £ Rl ahyl2 By dSallfl, aryl, allka?ylMdh ofiwHichl err ]
5 can be optionally substituted;
R* is optionally substituted aryl or optionally substituted heteroaryl;
and
R’ and RS are independently one of alkyl or alkaryl; or R’ and R®
when taken together with the nitrogen atom to which they are
10 attached form a 5- to 7-membered heterocyclic ring, which can be
optionally substituted, and which optionally include an additional

oxygen or nitrogen atom.

60. A compound of claim 59, wherein
R! is Cy1.12 alkyl, Cs cycloalkyl, Cy. alkenyl, Ca. alkynyl, Cs.14 aryl,

15 Cg-10 ar(Cr.¢)alkyl or Cyalk(Cs-10)aryl, where the ring portion of any
of said aryl, aralkyl, or alkaryl can be optionally substituted;

R? is C1. alkyl, Ca cycloalkyl, Cy.g alkenyl, Cyg alkynyl, Ce.14 aryl,
Ce.10 ar(Cy.¢)alkyl or Cmalk(Cs-m)aryl, where the ring portion of any -
of said aryl, aralkyl, or alkaryl can be optionally substituted;

20 R?is Cys alkyl, Cs.s cycloalkyl, Cps alkenyl, Co.5 alkynyl, Cs.14 aryl,
Ce10 ar(Cre)alkyl or Ciealk(Ce.o)aryl, any of which can be
optionally substituted;

R* is optionally substituted Ce.10 aryl, or an optionally substituted
heteroaryl group selected from the group consisting of thienyl,

25 benzo[b]thienyl, furyl, pyranyl, isobenzofuranyl, benzoxazolyl, 2H-
pyrrolyl, pyrrolyl, imidazolyl, pyrazolyl, pyridyl, pyrazinyl,
pyrimidinyl, pyridazinyl, indolizinyl, isoindolyl, 3H-indolyl, indolyl,
indazolyl, purinyl, 4H-quinolizinyl, isoquinolyl, quinolyl, or
triazolyl; and

30 R’ and R® are independently Cis alkyl, Ce.1o ar(Cr.)alkyl or Ci.
¢alk(Cs.10)aryl or together with the nitrogen atom to which they are
attached form a 5- to 7-membered heterocycle which can be
optionally substituted, and which optionally can include an additional

oxygen or nitrogen atom.

35 61. A compound of Formula III:

R



or a salt thereof, wherein Rlerr] is alkyl, cygloalkyl—aryl

atkaryl, aral kyl, alkoxy, hydroxy, al koxyal kyl , BEPL&WFM’"TVM
the ring portion of any of said aryl, -88- ar al kyl , |or—akkaryl—can
be optionally substituted; 15 Rlerr] and Rlerr] afe Tgﬁﬁgl@gﬁ Y
one of alkyl or alkaryl; or Rerr] and R err] \hen
together with the nitrogen atomto i.ch H, are attaehked—ioum
a 5- to 7-nenbered heterocyclic rlrféfg RS optionally
substituted, and which optionallygacl I tional ; Y-
or nitrogen atom 20 said nethod co I’Nl-glﬁﬁ Rs (a) acyl ating
an ani on of a conpound of Fornula VIIICH I
VI where R8 is isopropyl or benzyl, with R[err]CH[err]CCI:(toform
an acyl oxazol i di ngne of Formula I X [err]

or a salt thereof wherein:

R! is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, aralkyl, where

the ring portion of any of said aryl, aralkyl, or alkaryl can be
5 optionally substituted;

R* is alkyl, cycloalkyl, aryl, alkaryl, aralkyl, alkoxy, hydroxy,

alkoxyalkyl, or amido, where the ring portion of any of said aryl,

aralkyl, or alkaryl can be optionally substituted;

R? is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, any of which
10 can be optionally substituted; and

R’ and R® are independently one of alkyl or alkaryl; or R® and R®

when taken together with the nitrogen atom to which they are

attached form a 5- to 7-membered heterocyclic ring, which can be

optionally substituted, and which can optionally include an additional
15 oxygen or nitrfogen atom. - B '

62. A compound of claim 61, wherein

R! is Cy.12 alkyl, Cag cycloalkyl, Cog alkenyl, Cyg alkynyl, Cs.14 aryl,
Cs-10 ar(Crg)alkyl or Cyealk(Ce.10)aryl, where the ring portion of any
of said aryl, aralkyl, or alkaryl can be optionally substituted;

20 R? is Cy5 alkyl, Cs.¢ cycloalkyl, Cy.g alkenyl, C.5 alkynyl, Ce.14 aryl,
Ce.joar (Crg)alkyl or Cialk(Ce.10)aryl, where the ring portion of any
of said aryl, aralkyl, or alkaryl can be optionally substituted; and
R? is Cis alkyl, Cs.g cycloalkyl, Cp g alkenyl, Co3 alkynyl, Ce.14 aryl,
Cs.10 ar (Ciglalkyl or Cigalk(Ces.io)aryl, any of which can be

25 optionally substituted; and
R’ and RS are independently Cij.s alkyl, CG_.m ar(Cy¢)alkyl or C;.
6alk(Cs.10)aryl, or together with the nitrogen atom to which they are
attached form a 5- to 7-membered heterocycle which can be
optionally substituted, and which optionally can include an additional

30 oxygen Or nitrogen atom.

63. A compound of Formula XVIIa or XVIIb:



where Rl err] and Rl err] are as defined above;

st ereosel ectively reacting the acyl oxazolidi none of For
benzyl oxynethyl chloride to forma prot®¢ted al cohol of
5

where R err] and R err] are as defined aboiég;

protected al cohol of Fornmula X to forr1n a carboxylic
R\)\

co,R®

O
o [RRIRAENS

LEERN R e s }
[\

or a salt thereof, wherein

(b

For

rn-'l 2R L ?‘("is n
e

ET

(¢)

ci

X
h, &r BE 2264

d of Formul a

[ h

XI

1%

XVIla

XVIiIb

R’ is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, aralkyl, where
5 the ring portion of any of said aryl, aralkyl, or alkaryl can be

optionally substituted;
R?is CL Bror[;

R? is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, any of which

can be optionally substituted; and

10 R* is optionally substituted aryl or optionally substituted heteroaryl.

64. A compound of Formmla XVIIIa or XVIIIb

A o

[ L M s
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Xl 10 where R err] is as defined above; d ' [
acid of Formula XI with an am ne R5R6NH2 to provi de ag Zam‘ pE@E@%‘#mf*gET
Xl : -90 - -92-

wher e R[err] Rlerr] and Rlerr] are as defined above; 15(F§)B 2002
catal ytically hydrogenating, the am de of Formula Xl to f.orm.an

al cohol of For dbalthsieps, wieesin | where Rlekr], Rerr] and

Rlerr] are as def phe e
al cohol of For mul 5 Xflgl ?R?y alkéYM’ alkeynyl, nyCIOalkP,L iryde o?glfor mul’a

66. The process wherein gqeﬁ;rnggaoﬂm)eqfeqnﬁ .of said aryl aralkyl or alkaryl can be
optionally substituted;

L XI V.

5 R® is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkaryl, any of which
can be optionally substituted; and
R* is optionally substituted aryl or optionally substituted heteroaryl.

65. A process for forming an enantiomerically-enriched formyl amide of
Formula X1V:

o
s
A
3

10 X1v

or a salt thereof, wherein
R? is alkyl, cycloalkyl, aryl, alkaryl, aralkyl, alkoxy, hydroxy,
alkoxyalkyl, or amido, where the ring portion of any of said aryl,
aralkyl, or alkaryl can be optionally substituted;

15 R> and R® are independently one of alkyl or alkaryl; or R’ and R®
when taken together with the nitrogen atom to which they are
attached form a 5- to 7-membered heterocyclic ring, which can be
optionally substituted, and which optionally include an additional
oxygen or nitrogen atom;

20  said method comprising:

(a) acylating an anion of a compound of Formula VIII:

R’
\ %711

where R® is isopropyl or benzyl, with R*CH,COCl to form an
acyloxazolidinone of Formula IX:

KRR Y R

7= 1o | RN



Rlerr] is (Jerr] alkyl, Cerr] cycloalkyl, C(err] alkenyl, Cerr] alkynyl

Clerr] aryl, 10 Cerr] ar(C[erir) )aIkyI or C[err]alk(C[err])aryI
and R[err] and Rlerr] are dependently Cerr

ar(C[err])aI kyl or derr] alk(C[err])aryl or M&@Emgﬁfﬁﬁﬁe
nrtrogen atomto which they are attached fornfaf5—tv

7-menber ed heterocycle which can be optionall ulsy ity een?
and which optionally can |nclude an addldional oxygen or
nitrogen atom i nhi bi ti ng] proteasone

function in a cell, conprising cont act |d cell wth a conmpound of

cl ai m 49. 68. A nethod of in! tlng prot eaSome Tunctron 1 n
a mammal , conprising adm nistering t Sai d namal a conmpound of claim
49 in an anobunt 20 effective to inhibit proteasone function.

69. A nethod of treating inflammation, conprising admnisteringI¥o a

subj ect an effective anti-infl ammtory anount of a conpound of claim 49.

70. A et hod of 9l gancer i.sing adm nistering to a subject an
effective anti turrﬂ‘%h ﬁaﬁ?ﬁl %@Stqg %XF of a conpound of claim 49.

- 93- (1. stereosaddchivelyakadtingathe regylosazedidinone rof rlEalausi on i njury
|0 a Ml wi QLR AYENGS S8 e frBieBRl dicBROTERFoRfuIR i ect T ve

anount of a conpaun

allmu
B

. where R? and R® are as defined above; .
(c)  hydrolyzing the protected alcohol of Formula X to form a
carboxylic acid of Formula XI:

2

X1
10 where R is as defined above;
(d) coupling said acid of Formula XI with an amine R°RNH; to
provide an amide of Formula XIT:
|
R R
D414

A



72. The nmethod of claim 71, wherein the ischema is ther e e
vascul ar occl usi on. 73. The nethod of claim 7%%@?@?’&35&{ T

vascul ar occl usi on occurs during a%troke.
conpound of Fornula VII: 15 Fﬁ%r”?@z

10 wher ei n err |5|s and err] is n-propyl.
R ]hele R2 lgé/ale as deﬁﬁl[ed ab(])ve propy

(e) catalytically hydrogenating, the amide of Formula XIZI-to.
form an alcohol of Formula XIIT:

%umn

:g,—-z\jg‘

X

5 where R%, R and R® are as defined above; and
@ oxidizing the resultant alcohol of Formula XIIT to give a
formyl amide of Formula XIV.

66.  The process of claim 65, wherein:

R? is C.¢ alkyl, Cs cycloalkyl, Ca alkenyl, Cog alkynyl Cs.14 aryl,
10 Cs-10ar(Cy.)alkyl or Cygalk(Ce.10)aryl; and

R’ and R® are independently Cyg alkyl, Ceio ar(Cr)alkyl or Ci.

¢alk(Cs.10)aryl or together with the nitrogen atom to which they are

attached form a 5- to 7-membered heterocycle which can be

optionally substituted, and which optionally can include an additional
15 oXxygen or nitrogen atom.

67. A method of inhibiting proteasome function in a cell, comprising

contacting said cell with a compound of claim 49.

68. A method of inhibiting proteasome function in a mammal,
comprising administering to said mammal a compound of claim 49 in an amount

20  effective to inhibit proteasome function.

69. A method of treating inflammation, comprising administering to a

subject an effective anti-inflammatory amount of a compound of claim 49.

70. A method of treating cancer, comprising administering to a subject an

effective antitumor or antimetastic amount of a compound of claim 49.

AR T
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71. A method of treating ischemic or reperfusion injury in a mpmmal
comprising administering to said mammal an effective amount of a compound-of - - - -~ =mem’
claim 49.

72.  The method of claim 71, wherein the ischemia is the result of

vascular occlusion.

73. The method of claim 71, wherein said vascular occlusion occurs

during a stroke.

74. A compound of Formula VII.

v

wherein R! is isopropyl and R* is n-propyl.

[
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The present invention is directed to an improved synthesis of clasto-lactacystin—f-lactone, and analogs thereof, that proceeds in fewer
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