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PCT/ US95/ 141W® 96/13266 Boroni ¢ Ester and Acid Conpdfidkisosndii?
Synt hesi s and Uses Cross- Reference to Rel ated
Appl i cations This applicationis a )

conti nuation-in- partBﬁrOInls Eﬁppla!@thold ﬁfnmpounds, Synthesis amd Id<es i | ed

May 16, 1995, which is a continuation-in-part of U S 5

application no. 08/330,525, filed Cctober 28, 1994, now abandoned, the
contents : of whigh arg iJacorpora herej n by reference.
Background of the Invention fross-ﬁef?renge tﬁﬁ(}atqéépd’l@aéWI nvention
The present invention relates to boronic ester and acid conpounds, their

10 synt hesi s and uses. 2 Description of Rel at ed
At Thid NeppHiKatidie §¢ S QBnﬁhda@ibﬁlxﬂ-%h'tPSPtU gyla Rgﬁé Cn St er
and aci d conpounds, in general and of specific co S,

been descri bed prélS/‘b‘l?sS%l (flad rMpy ek6, 1995, which isad contditdtion48Pan 8af iUSSued
February , 1985; envi P 37,7 i ssued August
27, 1985; i man et? PSF “9@“9-19W§ gl?ﬁ‘i ég @ﬁb’é‘?‘”i@aﬂd ned, the contents

1991 Kettner et ich Bk gg}agﬂ Eé% 15114 (1984)). These
conpounds have beEeHn shnown toco e I nhibitors o%écgekft ain proteolytic enzynes

(Shenvi et a. USPN 4, 499, 082 i ssued February 12, 1985; Shenvi et al. USPN
4,537,773; Siman et al. WD 91/13904 publ i shed Septerrber 19, 1991; Kettner

et 20 al., J Biol. Chem Beekgrpmaloftheinventivn). A class of
N-termnal tri- pepti de boronic ester and acid conmpounds has
been shown to inhibit the growth of cancer cells (Kinder et al.

USPN 5, 106, 948 i ssu r'I 199 A Dbroad ' cl ass of
N-termnal tri- Ztlde Uf,fl(%?’%é {%A’énd aci d conpounds and anal ogs
t hereof has been shown to inhibit renin (Kl eeman et aL. USPN 5, 169, 841

| ssued
The present invention relates to boronic ester and acid compounds their

10 synthesxs and uses.
2 Description of Related Art

The synthesis ofN-terminal peptidyl boronic ester and acid compounds,
in general and of spécific compounds, has been described previously (Shenvi et
al. USPN 4,499,082 issued February 12, 1985; Shenvi et al. USPN 4,537,773 |

15 issued Aug_ust. 27, 1985; Sunan et al. WO 91/13904 published September 19,
1991; Kettner et al., J. Biol. Chem. 259(24):1'51(.)6-151 14 (1984)). These
compounds have been shown to be inhibitors of certain proteolytxc enzymes
(Shenvi et al. USPN 4,499,082 issued February 12, 1985; Shenvi et al, USPN
4,537,773; Siman et al. WO 91/13904 pubhshed September 19, 1991; Kettner ez

20 al., J. Biol. Chem. 259(24):15106-15114 (1984)). A class of N-terminal tri-
peptide boronic ester and acid compounds has been shown to inhibit the growth
of cancer cells (Kinder et al. USPN 5, 106,948 issued April 21, 1992) A broad
class of N-terminal trl-peptlde boronic ester and acid compounds and analogs
thereof has been shown to mhxbxt renin (Kleeman et al. USPN 5 169 841 issued
25 December 8. 1992).
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In the cell, there is a soluble proteolytic pathway that requires ATP and

i nvol ves coval ent conj ugation of the cell uiar proteins with the small

pol ypepti de ubiquitin ("Ub")“(Hershko et al., A Rev.

Bi ochem 61:761- 807 (.11992); Rechsteiner et al., A Rev. Cell..
Bio. 3:1-30 (1987)). Thereaft'er t he  conj ugat ed 5 : proteins are

hydrol yzed by a 26S olgrel) ﬁ@%@ﬁg

degradative particl eﬁé;ﬁ?{éﬂ&b’ﬁ}e %r ot e‘?s% d%g}rlg,gﬁﬁtreqfngf ég

203: 9- 23 involves cbﬁé]&ﬁbbnjﬁgitlﬂnmfghﬁellalar pihdading withihe Srall ﬁ(?l?pép“tﬂﬁZ)) .
This mul ti conponent Sys tem [ s known_t o cat al §ze t he sel ective

degradation of Hbighitin {0HBDnEHershkR & @l 4. Rev. Biochemyn@IJAE307) (1983); #

about 15, o St | nRPEDREiS Y aly 4 Rey, Fol Bl m@%” PREGHAPE e ofERRa™

di fferest pepti faidingGre \i agzécm &| 253/ protesigiic icoaiplex @Onfalifing a 20S
car boxyl side o? t he droygho i C ga3| c, gﬂd aSC}tlldl C aﬂm no aci dsg(GoI dberg

et al, degradatlal: Mcmlﬁ@ewmmiﬁold@tgdﬁer d: Bmheszo.ﬁ-aa hem
203: 9-23 (1992 29:10289. (1990
R: vett et ( ial )(lcﬂ?g)’ @plgberene! ‘g dg‘\fl@’ 35;%%:9%“(%9%)8 %"{s OmRP: tt et
. Bi ReTere)
%ew Bi ol . | O4 1- 1%}% fsgg%“m%%g%%%%%?ls‘dlase )gg Vit es ar € arbélfoerreméoto as the

chynot rypsi n- | i &gl shori-Mvédregtlatory pyopeins- | i ke activity, and the ' ‘
pept i dil gl ut anyl hydr ol yzi ng actjvi tg respectively. :
Vari out0inhibitors o%@ﬁ@p@ﬁ@@ﬂ%ﬁ%mﬁdﬂfé@%ﬁ distingt 20 30kDadubrsite been

ct al, Naturo. hCbobaihs tréd gBmer SRORERC il o ladt Shetphtaly o e 0T

203: 9- 23 (1992) ¢arbasyP¥idk of the hydrophobxc, basBl mmxéammo?&;dbqa%&i&i@
Rivett et al, Archs. Biochem "Bi ophy (1989); R vett et

al., J. Biol. QNetwre 357: m-m(mzzlﬁo{dbgw)b‘maln@ac@m ad03: 9@3\/ (1992)

Bi oL 4:1-11 (19 akam . et tl USA 88 7592
25 (1986$%2’Yr°‘k‘e$ ogfiem ééréﬂ?&@?/g@’c\)ﬁ% 1%’(’%951‘5 g, Eur.
ol ogloal cont 81 (950 Relleral, (’19”)0”"””“2%?5‘2‘3@‘?2‘?%?‘"%?2%‘?@?1975)
pp. 429-454.  al., New Biol. 41 11 (19951)3|memmdas&acﬁwtmmfem}d tocatthen
serial nunber 08/212 909 fil ed, . ig/qarch,la 994, describe the use
of peptide al deshymosrypsinslike. aciyity, thedrypsineliks agtiyity the peptidylglytamyl e nass

I n an ani nmal byhy@&&%&'a@ﬁw@%@e&ﬁw&ye muscle with a peptide
Various inhibitors of the pepudase acnvmes of the proteasome have been
20 reported (Dick et al., Biochemistry 30:2725-2734 (1991); Goldbgrg et al., Nature
357:375-379 (1992); Go_ldberg, Eur. J. Biochem. _.2'03:9-23 (1992); Orlowski,
_Siochgmbny_ 29:10289 (1990); :Rivgtt et al., Archs. Biochem. Biophys. 218:1
(1989); Rivett ef al., J. Biol. Chem. 264:12.215-12,219 (1989); Tanaka et . New
Biol. 4:1-11 (1992); Murakami et al., Proc. Natl. Acad. Sci. US.A. 83:7588-7592
25 (1986); Li et al,, Biochemistry 30:9709-9715 (1991); Goldberg, Eur. J. Biochem.
203:9-23 (1992); Aoyagi etal, P}oteases and Biolbgical Control, Cold Spring
Harbor Laboratory Press (1975), pp. 429-454.
Stein et al., U. S. patent apphcatmn serial number 08/212 909 filed
March 15, 1994, descnbe the use of peptlde aldehydes to1) reduce the rate of loss

30 of muscle mass in an animal by contacting cells of the muscle with a peptide
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al dehyde proteasone inhibitor, 2) reduce the rate of intracellular protein
br eakdown in an ani mal by contactlng cells of the animal with a peptide

al dehyde prot easone inhibitor, -3nd 3) reduce the rate of
degradation of p53 protein in an ani mal by adm nistering to
the ani mal a pepti de al dehyde proteasone |nh|b|tor

Pal onbel l a et al., PCT application serial CT/USQ 1.0331 filed,
March 17, 1995, daldehyde Rreteaspsme dnhibion s i Qer date; gt infpcelliap, protein

| I ul
ggnt ;c? |r ng cells o g&gﬁ%@gﬁﬁﬁuﬁg%us%@%we awegm chyde

i"nhi bi tor of prot gaseasdnieinkibiter) a8d 3) kédudé therarwfdegridation of p53 protein in an’
The transcription factor NF-kB and other menbers of the rel famly of 10

protein conpl exes apimglbatadmnmstqnngtn thejanimala pepgde aldebydeproteasemeinkibitor.

esponses X ari |11 et oPalombelia tral, P aptfitaich {eP R WERED 050D AR RIS

143:1-62 (1993)). Eih7e>1 b64 Sdesrib the A€ lof {Rptide aldehydes to rédicEthé célfiffar
cyt opl asm conpl exed with’an i’ nhibitor protein, IkB. I'n order for the

NF- kB to becone a@bmmt aﬁdcnat)fmﬁm-n@snfanmhnamy contamngceﬂsméﬁlewmai:mm
nucl eus. 15 It cannot do thjs, however, HFEE the .| kB portion of the
conpl ex i s renpved,peptide aldehyde mhlb“%‘r‘lfd&'@‘:‘?a?‘&"e Hon gr BYIGYIHESONUEAtN g |

the art as the activat 'I?FO aﬁ;acrgﬁ o?h%t??%% and o er %mbNQ_Bf tﬂgﬁe#ﬁmllg'rbfs Ok

di seases, the normal nct1on

can be depri nental rét@intcﬁﬁlphﬁéé ?lby atedthrdleid mateguawon@xamhakamrdivase Set
essential for the expression he human i nmunodeficiency virus (HV). 20
Accordingly, a pr ofgcnes ha/pl\wdundhprxmme Qﬂdelr@@FMPﬂYOWSPﬁnSP!héG RfBllhn

LT e A ST O M g

January 27, 1994, ' i s to
i nhi bit MHC-1 ant | gen presen@gfm pﬁdmmﬁﬁaﬂoﬁﬁ%mmr%‘tﬂé

ubi qui ti nation/ pr manysb&mﬁdtmm@mmmmn itunust edter thetdeH nucleus.
processi ng of 25 internalized cellular or vi rF anti ens into
ant i geni d3pept i dedt eanaot do this,thowener, until the IxB portion,gf the o ‘?S‘rﬂséﬂnaYﬂdr 8en

presenting cell. Accordi ul d
be useful for thePl9% §§§Wg‘%f%otp ba%ggggggfeﬁﬁL&?%@ﬁ@%%nuon efé?rrperg remgonse
to antigen presenpANERB. 'm%méaa&swmmﬁppafmwoﬁmﬁmmmem-
rejection. Cyclins are proteins that are involved in

cel | cycle controkBi carebéaietrivhertal t80the health ofyth¢ patient elimmmylmw-w

regulating the acg;s\éxllfly gx I?IL Oetx%Irer;sniéhnoais ghse h&x?lgn tur;l%lmnodeﬁclency virus (HIV)

B

20 . Accordingly, a process that would prevent the activation of the NF-xB in patients
suffering from such diseases could be therapeutically beneficial.

. Goldberg and Rock, WO 94/17816, filed January 27, 1994, describe the
use of proteasome inhibitors to inhibit MHC-I antigen presentation. The
ubiquitination/proteolysis pathway is shown to be involved in the processing of

25 - internalized cellular or viral antigens into antigenic peptides that bind to MHC-I
molecﬁles_on an antigen presenting cell. Accordingly, inhibitors of this pathway

- would be useful for the treatment of diseases that result from undesired respbnse

to antigen presentation, including autoimmune diseases and transplant rej ection.

Cyclins are proteins that are involved in cell cycle control in eukaryotes.

30 - Cyclins presumably act by regulating the activity of protein kinases, and their -
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programed degradation at specific stages of the cell

t he

utilizing nodified ubiquitin
349:132-138 (1991); Hershko et al., J. Biol Chem 266: 376

transition fromone stage to the next. Experinents
' (@ otzer et al., Nature

PCT/US95/14117
cycle is required for

(1991)) have established that the ubiquitination/proteolysis pathway is 5
i nvol ved in cyclin degradation, :.Accordi ngl conpounds that inhihif this
pat hway woul d” caBEREF ‘%c‘iF@F”@a PR aL3PegHl (??E‘ée ffgfe‘m#e \SM‘Hﬁﬁdtf\t"égierrent

of
di seases.

usi ng

An additional aspect of the present . ;
that amino acid camtep@poniabjs, restanosiscarsioather cetlprolifemtive dissasgsneral , are

pot ent and

t3RGR6n fOAPbARASE to'tRSheRO %gﬁ%eﬂxs %ﬁ;ﬁdgﬁ Bbilghftin

ative

unar ventl on
The present i nve(Glotgerraali, dsture 849:0824138 (1RO DyHarshkoi eyl ,hir Biol. cChgni.d 10
ester and acid conpounds. The present invention al so_provides_ nethods

266:376 ALP94) have estgblished phat the whiguitination/pratrolysis pathwaipisunds,

i l i phi bi . ntian Of .eas N
0 a8t emmoatoRes bhevslin. despanion. n ABRRFRT, HibHBEh, BBy imhibc i o
and ester CONPOUBAHwAWHéIld caiisElbell dytR)arfiist &rkPivouRdshesulefif] ¢ tHe th&@infitht oS

highly selective proteasone inhibitors and can

enpl oyed to inhibit proteasone function. Inhibition of

prot easone function has a nunbersﬂl;mp{‘ﬂﬁ,t&fme?ﬁgéﬁ@gg%i C

prophyl actic applications. 20
present invention provides a nethod for

nd enbodi nent,
reducing the rate

muscl e protein degradation in a cell conprising contacting
cel | with a proteasonfhe pisdlit irventiGtyprogides previoaslyuaknawn peptily Hsorstiié hdiad

bel ow. This aspect of the present invention fi ndsn&r)act ical utility in

- ester and agideamppundso Thepeesent:inveption
of nuscle proteins.that, 25 .. _acco ni es,various physiol.ogi.cal. an
pat hol ogi cal st a?’@gméﬁ’diqrM&meé{%pg“A”’dmmma&én'éM’%*@thmf

i nhi bi t 10g

the | oss of nusc} métinefiby) that follows nerve injury,

fasting, fever.
96/ 13266
PCT/ US95/ 14117

15

20

aci dosis, and certain endocri nopat hi es. WO

of

I nvention is related to the discovery

be

and
t he
of

sai d

pravides methodsiof ysing own

d
or

- In a first embodiment, the present invention provides novel boronic acid -

and ester compounds having formula (1a) or (2a), as set forth below.

An additional aspect of the preSent invention is related to the di§covery
that amino acid and peptidyl boronic acids and esters, in general, are potent and
highly selective pfoteasome inhibitors and can be employed to inhibit proteasome
function. Inhibition of proteasome function has a number of practical therapeutic
and pmphylactic-applicétions.

In a second embodiment, the present invention provides a method for

| reducing the rate of muscle protein degradation in a cell comprising contacting

said cell with a proteasome inhibitor having formula (1b) or (2b) as defined

* below. This aspect of the present invention finds practical utility in inhibiting

25 -

(reducing or preventing) the accelerated breakdown of muscle proteins that

accompanies various physiological and pathological states and is i‘esponsible to

a large extent for the loss of muscle mass (atrophy) that follows nerve injury,

fasting, fever. acidosis, and certain endocrinopathies.



- 5- In a third enbodi nent, the present invention
provi des a Wﬁsi&r reduci ng the activity of NeeckbBsdsnagn7
cell conprising contacting the cell with a E pr ot easone
inhibitor of the formula (I b) or (2b), as set forth bel ow. The

i nhi bitors enployed in the practice of the prgsent invention are capabl e of

5 preventing this activation. Thus, blocking NF-kB activity is
contenpl ated as possessing inportant practical application in
vari ous areas of nedicine, e.g., i nfl ammati on, sepsis, AlDS,
and the |ike. In a third embodiment.f therpreseatrimantiom provides pmesked for

I nvention provides a_nethod of, . : . heduci,ng the rate of .
degradati on of p53redusing thejagtivity. of NFoeR in agel Fomprisingsqoptactpg theycell witha ¢
the cell a proteas | ohi bt tor.. of - I A ) f okt h
be ow WeBiehsbine’ fbindof B {oBin 1eh bR, el 2ot wfly, ok

provi des a nethod figHibitors emplo?'ed in it pRictice) of el breserteigvertivni are éarj]).aﬂ_ecﬂ !
conpri sing contacting said cel I bitor

] ells with a ) proteasone in

of the fordul a (| bpreventieghis activations drius, blecling NEvkBlactivity) is contemplated as

cyclin degradation i s cantenplated as. ppossessj:ng.inportant practical

application 15  POSSes§ipgmp gorg%cgpﬁ?;&cﬁag?g{ %"éo'ﬁi areas ok smedicms, 5.

cancer, restenosi s gghaQsd, 38hsts, AIDS, and the like. In a sixth

enbodi nent, the présent |nve’§‘l§‘|5 on pr ovia%lesea, reret hod f or

inhibiting the grow h ofina foumtheembaliinent; dhe presentgineentionacpromiges ai methed lof

wth a roteasone jnhibhitor of the formula (la)_ or (2a), as
Bt

set forth bel ow reducing the rate of degradatiop cefp_éémffxn_l%ﬁ@ﬁ?mssn& ipistesia
2 cell Bonpr i ot KHAGH R PrieBoR inhibor of i robrbld WuF & 285 e SER R BGHE"

i nhi bitor of the fornul gn GlHfh®mioddthenta$hé pieséMl inektRInOprovides 2 method for
In an eighth enbodi nent, the present invention provides a nmethod for

i nhi bi ting i nduci birhibiting Byclirpdegradationdh|a cellcomprising:contacsingrsaid eallspritlsang
dm nisteri t id i mal, .a. I phi bi f t f la,(L

(o 35" "9 1 S HOMRus (%) B A5, el BRIISH i

enbodi ment, the pr t 'gl%gtmﬂ' |afleSs @&ﬁgﬂ- : - . s ot

i nhi biting HV repl cat':lle nin aiglaglﬁl&@é‘a con%ﬁ sin Mnﬁfl%?rea?tll%aéa?%hcgg?%

ani mal 15 in tPeating cel proliferatibe Histayes,Guch Axcanoer)rdsendsid and psdridbis. as

set forth bel ow . . In a tenth enbodi ment, the present
i nvention provides an appecuixth srabodiment, the presend; ipvention providey i methed for

Irgg.sl.;) agggls 1 41—2$ pr O}nﬁﬂﬁggg tlilengli-obi %3 coa];lcérot:re'mj Icgmprising conta&gggg_i% _%g]? E\Sivith a
| * proteasome inhibitor of the formula (1a) or (2a), as set forth below.

In a seventh embodiment, the present invention provides a method for

20 inhibiting antigen presentation in a cell comprising administering to the cell a
proteasome inhibitor of the formula (1b) or (2b), as set forth below.

In an eighth embodiment, the present invention provides a method for
inhibiting inducible NF-xB dependent cell adhesion in an animal comprising
administering to said animal a proteasome inhibitor of the formula (1b) or (2b),

25 as set forth below.

In a ninth embodiment, the present invention provides a method for
inhibiting HIV replication in an animal comprising administering to said animal
a proteasome inhibitor of the formula (1b) or (2b), as set forth below.

'In a tenth embodiment, the present invention provides an approach for

30 inhibiting cytolytic immune responses. The proteasome inhibitors of formula



(1b) or (2b) can be used to inhibit the processing of internalized cellular °
or viral wo 9613266 antigens into antigenic peptides that REFUSISHINAC- |

mol ecul es in an animal, and’ are therefore useful for treating
aut oi nmune di seases and preventing rejection of foreign
tissues, such as transplanted organs or gréfts 5 In an

el event h enbodi ment, the present invention provides pharmaceuti cal
conposi tions that corrpri se conpounds of formula (la), (1b) (2a) or (2b) in

anda ?%ﬁiﬁmﬂeﬁf%@n&g@éﬁ%%w B Rerglioed ok Or el
Brief Descriptigfy rret ?%Hﬁi@?c& ﬁ%@thatbmdtoMHC—I molgdtﬁ’éérl g&?% day -

curul ative urinary F- kB

bi ndi ng acti vi t)arethereforeuseﬁ.llforu'eaung autangnnneaxsetseklaﬁd prewnthg réjeetibhdof
Description of the_ Preferred_ Enbodi rrenti A first aspect *
‘of the present |fW@ttFS§PF%§“°§|qsma¥t5 REgRes osgwllss s of 15 bor oni ¢

aci d ang¢ ester conmpo a0 Of: 1 r;

corrpoun%s of formi ali{‘]g‘g et &afx ! %@k@se&m%ﬂbn?ﬁ%ﬁ%pm&umal
phar maceut i cal | Yomp6sifibrithat contprise hﬁﬂ'@ﬁfmds of formula (12)y\¢189,924) 0#q2b) in an
P is hydrogen or an am no-group-protecting noiety as further defined
her ei n; amount effectiye | toainhibit hproteaseme nfwction; innde pamials lapdoae of N
or CH,

a

pharmaceutically acceptable carrier or diluent.
'B)'ief Description of the Figures
10 | Figure 1. Three day cumulative urinary 3-methylhistidine.
Figure 2. NF—xB binding mﬁvi&.-
Figure 3. Inhibition by MG-273.
Description of the Preferred Embodiments

A first aspect of the present invention is directed to novel subsets of
15  boronic acid and ester compounds having formula (1a) or (2a) below. Novel
“~ compounds of formula (1a) include the following:

p.._.l .?1._)(1 cv_xz_c?_a‘zmzz)
R|R i B (1a)

or a pharmaceutically acceptable salt thereof;
wherein _ . .

20 .. P is hydrogen or an _amino-group-protecting moiety as further defined
herein; |

B, at each occurrence, is independently one of N or CH;
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X;, at each occurrence, is independently one of-C(O-NH, -CH err]-NH,
-CH(OH)-CH2-, -CH(OH)-CH(OH)-, -CH(OH)-CH2-NH, -CH=CH,

-C(O-CHerr]-, -SJerr]-NH, -Serr]-CH err]~ or -CH(OH)-CH2-C(O) - NH,
provi ded _ that when B is N, then the X err] attached to said
B is -C(O-NH; 5 _ X2 is one of -C(O-NH, -CHOH)-CHerr]-,

- CH - CH -, -C(O) - err]-,.-902-NH, - - CH2_ or

. CHE 83 . m(z.o'é)( O -N+; X.ateachoce kace, s mfiekeﬁl%enﬁy 8P6§€‘FF@9§F"Z3/T?HMs
forms together with di~gacent , NS z Or s
together with the a‘ﬁ?—g?e t . a_cr‘??(tor%ecrﬁqgglthiﬁ%@%o}i’, ﬁ[ﬁ 2 2eHucH ’
or_tri-cyclic, satuCAORECHY, SO+NH, ySOMCH Atore-OH(OH)s@HL-C0)aMHRgprbvided

ring 10 - menbers, tr}at can be optionally substituted by one or two
of keto, hydroxy, ahatyyhenB'isN, thenthe X' aitaghed tg said B is G Q=NHgi “ar yl oxy;

R, at each occurrence, {,S.i ndepend ne r n,

cycl oal kyl rg aryl, a 5- 18&@%3’3?&{'5;{29%}“3& %(Wg?ﬁnﬁﬁé%}l@m"
aromatic ~C(ORIELOCSOL-NKY, ~SOLEHL oRSCHYOHCHAE(OMNHROT ti on of
any of said aryl, ar z(ilgﬁ,z 15 L alzkagglloor ﬁg?e_my%eé can be

optional | y substituted; R ishydrogen or alkyl, or R formiR2ogesheswdththe hdjdeent B or athen| |,

cycloal kyl, aryl, a 5-10 nber eqd sat yratedg, ) artially )
unsat ur at ed or  ar offef Z&% Wﬂleé “65‘ tﬁb“’%é?"r‘f Ré[aeplpp,ge%&}@n{qggnpmfgbl-
portion f ' i@l rocycle
can be optionally gﬁggtcly ? ﬁ%’,e%‘:turﬁéhdoxaf) %J“auya situfdftd rﬂ%?,fsgér%ﬁ{eavo %y@r ééén,

al kyl, cygboal kyl , mefbers, thabcah®e ally dubstitutedibyeone Gtwo of keto, lyakdxiyahlkyl,
unsaturated or aromatic heterocycle or -CHerr]-Rerr], where the ring
portion aryl,gralkyly alkpxy or arylexys | aral kyl, al karyl or heterocycle

can be optionally substituted; .. err], d ach
i nstance, is one of ar yk_,’ éfaqaﬁ%’,ccwwlﬁ IBWCBQW_E I Pnéqf_ii]b&r_ogen, atkyl,
menber ed sat ur at edcyo‘?@élkyl? L $'530Uhémb&ed %aﬁ%ﬁhﬁlég%ﬁét&%yéﬂ ér avr\lﬂmatic

or-WR[err], ere Wis a chal cogen and I's al kyl, ere the
ring portion of anketefocgelerasGH,—R25where the ringapdrtion ofilatiy iof Isakir aripk tassdkyly c| e
can be optjonally substituted,; and Z[err] are

i ndependet? |y one # RW“;““H(]H‘FI_BSE% b’a‘l’ﬂ&?k‘?‘,lyé‘l‘bsﬁwg‘gxy, or

having at o1 oMY %% RelxHR of Rdblen BV ERCIGUOH, de s SUU SlkneRT BRI, |

connecting atons iparfialih@ishturated or aromatic hefdrodyctedor <GH,ARE, wtiere the rinigidrtion

conprising carbon atons, and optionally, a heteroatom 30 or

het er oat ons whi ch ofzanyief said agyl, aralky], allkaryl or heterocyclp®an be optimally substituted;

PCT/USO5/ 14117 R? is one of hydrogen, alkyl, cycloalkyl, aryL a 5-10 membered saturated,
20 partially unsaturated or aromatic heterocycle or -CH,—R3, where the ring portion

of any of said aryl, aralkyl, alkaryl or heterocycle can be optionally substituted;
RS, in each instance, is one of aryl, aralkyl, alkaryl, cycloalkyl, a 5-10
| membered saturated, partially unsaturated or aromatic heterocycle or ~-W-R®,
where W is a chalcogen and R® is alkyl, where the ring portion of any of said aryl,
25 aralkyl, alkaryl or heterocycle can be optionally substituted;

Z! and Z? are independently one of alkyl, hydroxy, alkoxy, or aryloxy, or
together Z' and Z? form a moiety derived from a dihydroxy compound having at
least two hydroxy groups separated by at least two connecting atoms in a chain
or ring, said chain or ring comprising carbon atoms, and optionally, a heteroatom

30 or heteroatoms which can be N, S, or O; and



- 8- Ais 0, 1,0r 2. O her novel *
boroni c agigheanskeest er derivatives include conpounds havi ngPCT/US95/14117 a
single am no acid side-chain. These conpounds have the follow ng formul a:

*

[err] 5 and pharmaceutically acceptable salts thereof;
wherein Y is one of R€r]-C(O-, Rerr]-SJerr]-,
Rerr]-NHC(O- or Rerr]-OC(O-, where Rl err] is one of

al kyl, aryl, alkaryl, aralkyl, any of which can be optionally :
substituted, or when Y is Rerr]-C(O- or Rerr]-SJerr]-, then Rerr] can
al so be an optional | yA$80,1,0r2." gypstituted 5-10 nenmbered, saturat ed,

partially unsaturated | Ge e - . ¢ . : . .
X[err] is a coval ent 9@‘;%3%‘%%3"983[%‘9 re]ster d@ﬂﬁ%@lﬁ&ﬁ&é gqmpounds haying, one
of hydrogen, al kydinglewilifchdil sideahiin, Fhebe démpmiride have the foll@wing formula:
partially unsaturated or aromatic hetergcycle or -‘CHerr]-Rerr], ere the
tiall t ted t het er gcycl ‘CH 1-R ], wh th

ring portion 15 of any of YsaNe—X-p+CHar-B(ZY22) al karyl or heterocycle
can be optionally substituted; | |3 ' Rlerr], in each
instance, is one of aryl, aralkyl, HikarylR cycloalkyl, a 5-10 (2a)

menber ed sat ur at 8 »hRFhddeftidatlviies 18588 théregf:OMati c heterocycle or
-WR[er(rg] , a‘ﬁQph V\A?ééraglyv%\?i a ch%l cogeﬁf’and_ Rlerr] is alkyl, where

the ring portiorwigdreiany of said aryl, : aral kyl, al karyl or
het er ocycl e can be opti onal err]

| bstituyted; 20 Z
ene 2fet7]“arc” naepehieed ) ol st ptoycion e o
groups separ th e sbif a'tIJ Iogarg]slg)l’t %ﬁ’l’cé%rﬁ%tg@l O?gwgitc}éh%?'nﬁ%r%ﬁ?%g’ saiyd‘

chain substftuted, v8 wheA Y is REAO(0)2 0P RA-S0,0) ien RhéhnQiio Bérlﬁ'o‘gbionély
het er oat om or het er oat ons which can be N, S, or 0; 25

provi dd@ t hat wisubstituted 5¥16r mentljeryd, sathratad, pastialiyhcunsaturated arnptomasienzy |
or CJerr] - C3 al kyl - Al ternatively, the
group Y in for nE%IQYSle ahove, " can be: WD 96/ 13266

PCT/ US95/ 14117 X3 is a covalent bond or -C(O)-CH;~; - - 9-

R’ is one of hydrogen, alkyl, cycloalkyl, aryl, a 5-10 membered saturated,
partially unsaturated or aromatic heterocycle or ~CH,-R?, where the ring portion
15 - of any of said aryl, aralkyl, alkaryl or heterocycle can be optionally substituted;
RS, in each instance, is one of aryl, aralkyl, alkaryl, cycloalkyl, a 5-10
membered saturated, partially unsaturated or aromatic heterocycle or -gW-R“,
where W is a chalcogen and R¢ is alkyl, where the ring portion of any of said aryl,
aralkyl, alkaryl or heterocycle can be optionally substituted; and |
20 - _ Z' and 7? are independently alkyl, hydroxy, alkoxy, aryloxy, or together
 form a moiety derived from dihydroxy compound having at least two hydroxy
groups separated by at least two connecting atoms in a chain or ring, said chain
or ring comprising carbon atoms, and optionally, a heteroatom or heteroatoms
whichcanbeN, S,0rO; -
25  provided that when Y is R®~C(O)-, R? is other than phenyl, benzyl or C, -
| C, alkyl. ' | '

Alternatively, the group Y in formula (2a) above, can be:



PECH[err] -CHC'
R err] @) ' (3a) PCT/US9sM1f11DNE
,W??’f‘e'}srzfésoz-, Rlerr]-NHC(O- or Rerr]-0C(O)-;

of R7-C(O) - ’

Rlerr] is one of alkyl, aryl, alkaryl, aralkyl, any of which can be
optionally substituted, or whem.Y is Rerr]-C(O- or R7-SO2-,
R7 can al so be an optionally 5 substituted 5-10 nenbered
saturated, partially unsaturated or aromatic het er ocycl e; and

R is defined above as for formula (1a). -

Phar maceuti cal conpositions that conprisg,cosgoupds af formula (1a)

or- (2a) in an anount effective to in ibﬁ'lzp eagone function in a manmal ,
and 10 a pharmaceutically acceptabgpe cegyrier or diluent are (3a)
wi thin the scope of the present ‘i nvention.

A ‘second aspect of the anamﬂfR’W@}-ﬁ,&zv-$®ﬁsRl’-FNHh@(@)—SQIdVE—Dj—Q(O&E bor oni ¢

e ¢ et O et or Kl kPR sy alkatH, ki 3y o5 MORCE GRS Srtiooelon.
Ths, the Present dined, or WALEY sH0-8(B5- bPRAUGS R hPalts Sedh Qliahef? O

I nhi bitors having

of proteaspre depesubstitutedn{5- B ghénibéred Psatiiedl, partially unsaturiteé ab Gibmatie/Ch
as reducing the rate of nuscle protein degradation, reducing the
rate of degradati dwetesecysba apdot ein, and inhibiting cyclin degradation, and

for i nhi bi ctivi f NE- inacell. 20

Finally, the present n% %Féﬁedr ogfﬁ%gﬁf'ﬂg L@% of - proteasone inhibitors
having formula (1b) or gbhaledficdi’cdfip o@ﬁwﬁ?ﬁfa‘t Ebrﬁpﬁ%rﬁﬁdﬂﬁas bf“fo‘i‘ﬁ'ﬂu[@({l§13
that are medi ated or exacerbated, directly ‘or indirectly, by
pr ot easome funct i arg2a)thasamount effective to mh(bldpmteasmne furictide in & friasmal] ady
conditions, such as tissue rejection, organ rej ection.
arthriti sl,(j i nf ect |aloafH@P?F&tcéblé§°°¢Wﬁh lg, Gamics of dilvgay amg; %’Bh%‘etheeﬁfrt’l’mﬁf thyes
ost eopor osi s. ost%gsrehpx \/% and aut oi nmmune di sease such as | upus and

mul tiple SO cel | proliferative diseases, such as

cancer, psoriasis and rgsécon@aspect oFik present mvenuon l%é@ﬁﬂﬁr&écﬁdemb&omc
protei n breakdown t hat acconpani es various p éSI ol ogi cal nd
pat hol ogi cal st at esidaantl esterrdesivetivesodfcamimozacidsrand peptides, in @enerhleabm af
gu&;: IU(;% /14117 \{\slc))s?e%/c \:i)’a?r?a(tsxons thereof, inhibit proteasome function. Thus, the, present

mass (atn@phy) thihvehfibh 2145 rébfiEstB thd'asd’of proteaoitdnhfbRSR havitiy MARLE (16Y6

certain

(2b) for reducing the rate of proteasome dependent intracellular protein
breakdown, such as reducihg the rate of muscle protein degradaﬁon, reducing the
rate of degradation of p53 protein, and inhibiting cyclin degradaﬁon, and for
inhibiting the activity of NF-xB in a cell. _
20 _ Finally, the present invention relates to the use of proteasome inhibitors
| having formula (1b) or (2b) for treating specific conditions in animals that are
- mediated or exacerbated, directly or indirectly, by proteaéome functions. These
conditions include inflammatory conditions, such as tissue rejection, organ
rejection. arthritis, infection, dermatoses, inflammatory bowel disease, asthma,
25 ~ osteoporosis. osteoarthritis and autoimmune disease such as lupus and multiple
sclerosis: cell proliferative diseases, such as cancer, psqriasis and festenosis; and
accelerated muscle protein breakdown that accompanies various physiological

and pathological states and is responsible to a large extent for the loss of muscle



endocr i NORY h| es. Prot easonme inhibitors of fornula (1b)

I ncl ude: 9f’é??6f 5 or a pharmaceutically accept aptgusailsiy

t her eof ; wher ei n _ Plerr] is hydrogen or an
am no- gr oup- protecting noiety; ) : Blerr] is independently
one of N or CH; - X err] “at each occurrence, is

I ndependently one of -C(O-NH, -CH2-NH, 10 -CH(OH)-CH[ err] -

- CH( OH) - CH( OH) - -CH(C]—I) CH2- NH-, -CH=CH, ' -C(O-CHerr]-,
-Sqerr]-NH, - dt ol W ns;ldéwm, inig] févet) aclidsis, Bh

that when B[err] |s N t e(r?iX[err] s -C(O-NH; gl ) Bﬁ@‘éhﬁ%ﬁe”]

is one of C(O)emdécnnop}tﬂbresi) CH err]-, -CH(OH)-CH(OH) -
-C(O-CH2-, -SOerr] CH2: C(O) - NH-; 15

Rlerr] is hydrogen OPT%FWW“B?‘%PE‘N?&W% Pfr with the adjacent
Rl err], or ' when A i sazero, forns together with the
adj acent Rlerr], a nitrpgens amwj—-cu—-xﬂ—cﬂ-ma@ﬂ)(zn - or
t
ar

tri-cyclic, saturated or partl atjural ed ring stem having 4-14

ring members, that can be opR1¢RYI |y ubéﬁ?tuted one or two of ket(@b)
hydr oxy, al kyl, ara alkoxy or aryloxy; 20

Rl err],cat each_occurrenc [ ne of hydrogen, alkyl,
cycloaliyl ary? ﬁﬁgnfﬁlﬁgﬁugrec aﬁﬁggte 'gartlally unsat urated or
aromatic wherein het erocycl e or -CH[err] Rlerr], where the ring portion
of any of said aryl, aralkyl, -~ al karyl or heterocycle can be

optionally substitutBY:is hydrogen oranammo-groupapxgtqqmgmpwyerr] are each

i ndependent|y one of dr, 0 aryl, a 5- 10
menber ed sat ur at ed, g%fll %qﬁép&;gfﬁ&r@#ﬁm omatlc het er ocycl e or
-CH2-Rerr], where tge: 5 | A6h f¢¢, Rfin d;htsliggt i e%_mq_al_@_hz,_%aryl

or heterocyc e can be option
96/ 13206 —~CH(OH)-CH,~, -CH(OH)—CH(OH)— —CH(OH)—CHZ-NH— ~CH=CH-, -
PCT/ US95/ 14117 RJ) is aryl

aral kyl , al kar yt&( Q)y@Haa|-v$erNH-5=§Qr§§me¥éaH(0m-CHz—C —, provided

saturated, par tﬂ,g{ \Weryﬁs‘%w ﬂ&%ﬁﬁs%ﬁ;ﬁw het erocycl e, or
X" is one of —C(O)-NH~, ~CH(OH)~CH,-, -CH(OH)-CH(OH)-,
—C(0)-CH,~, -SO,-NH~, -80,~CH,- or -CH(OH)-CH,~C(O)-NH-;
15 R'" is hydrogen or alkyl, or R™ forms together with the adjacent R", or

when A" is zero, forms together with the adjacent R, a nitrogen-containing
mﬁno—, bi- or tri-cyclic, saturated or partially saturated ring system having 4-14
ring members, that can be optionally substituted by one or two of keto, hydroxy,
alkyl, aryl, aralkyl, alkoxy or aryloxy; _
20 5 ~ RY, at each occurrence, is independently one of hydrogen, alkyl,
" cycloalkyl, aryl, a 5-10 membered saturated, partially unsaturated or aromatic
 heterocycle or ~CH,~R', where the ring portion of any of said aryl, aralkyl,
alkaryl or heterocycle can be optionally substituted;
R" and R* are each independently one of hydrogen, alkyl, cycloalkyl,
25 aryl, a 5-10 membered saturated, partially unsaturated or aromatic heterocycle or
~CH;~R", where the ring portib:i of any of said aryl, aralkyl, alkaryl or
heterocycle can be optionally substituted,



-chalcogen al kyl , where the ring portion of any of said aryl,
aral kyl . al RXOW/13366 het er ocycl e can be optional |y substituted: PCTIES9SN4117
Z.err] and Z[err] are independently alkyl, hydroxy, alkoxy, aryI oxy, or
Z[err] and Z[ err] together fornfla noi ety derived froma

di hydr oxy conpound havi ng at | east two hydroxy groups
separated by at |east two connecting atons in a chain or ring,

said chain or ring conprising carbon atons, and optionally, a heteroatom or
heteroatons which can be N, Sypdk RO lsaa?ﬂ axJaﬂcyl alkaryl, cycloalk %rsrloin%

or 2 ~ Proteasone inhibitors of formla |nc

[err] saturateéd,b partially unsaturated oor pmmalm: dmtemnybley or

- acceptabl e salts thereof;

; Y[
one of Rlerr]-C(Q-, Rerr]- Sﬂhé‘cpﬁﬁn'aﬁ\[,\ygr‘f" erﬁll-ﬁéﬁ:("@ﬁ-P%TwR["éral“}’ ! ‘5@’

whe f
whi (r:ﬁ can be opti onsl[ F;r] 'S ﬁﬁyp;%ég?eﬁdt%de% é\}ééﬂo@ﬁlﬁ" t!t-glrnrg yC?O)

or Rlerr]-8Jerr]-, therZ'Rugbl" aleindependentlp atkiyl hyttoxy, alkoxy, aryloxy, or Z"' and

substituted 5-10 rrerrbered sat ur at ed, partlally unsaturated or aronmatic

heterocycle; 20  Z"together form a modet derivied femadshydmxymmqund havmg at least

-C(O-CHerr]-; .S _one .hydr oge

cycl oal kyl, aryl, Q”%hl‘émﬁ%ﬁ’f?é‘%ﬁp%@ ba'taéLeast two Soniiccting o r"L’P gr fing,

unsaturated or ar OBk GhallebEFAE ¥6mPrisin &Bﬂ&tbﬁﬁs 5 ipl iQn

of any of said aryl, ar aaFl‘E f g h‘?{/‘l heterocyc?ﬂmcan x{')‘]'g?opt P%F\ &fﬁ)} of

substitut ed; heteroatomswhlch caRbeN]S of @;emth i nstance, is one of aryl,

ar al kyl , ail karyl cycl oal kyl 10 25 menber ed sat urat ed,

partial |y @nsaturated o® alsc%dt‘i’rcz het er ocycl e or-WRlerr],

where Wis a chal cogen ing portion of any
. @‘P&e& e l]ﬁ“bﬁo'l%ka ?{]bg ihdlfiad:!

of said ary aral'k terocycl e can be

optional Iy substituted; and Yi0— 1 nd Z[err] are
i ndependent |y al kyl, hydr oxy, al koxy, |ar3ﬁ oxy| or b?g?ﬁ form

a noiety derived from a di hydr oxy conppund har ng at | east two hydroxy (2b)
WD 96/ 13266

PCT/ US95/ 14117 or pharmaceutically acceptable salts thereof; -12-
groups separated bypafei] €ast two connecting atons in a chain or ring, said
chain or ring conprising carbon atons, and.optionally, a

~ het eroat ob$or het er oat o¥#? is one of R%-C(O)-, RME8@}, RQ-INM(Q)-& RBO-T(O)-, where
R? is one of alkyl, aryl, alkaryl aralkyl, any of which can be optionally
substituted, or when Y is R:-C(O)~ or RSO, then R* can also be an optionally
substituted 5-10 membered, saturated, partially unsaturated or aromatic
heterocycle; | | -

20 | X" is a covalent bond or -C(O)~CH,—;

o R"is one of hydrogen, alkyl cycloalkyl, aryl, a 5-10 membered saturated
part:ally unsaturated or aromauc heterocycle or -CH,-R'Y, where the ring portion
of any of said aryl, aralkyl, alkazyl or heterocycle can be optionally substituted;

~ RY, in each instance, is one of aryl, aralkyl, alkaryl, cycloalkyl, a-5-10
25 membered satﬁrated, partially unsaturated or aromatic heterocycle or -W-R",
where W is a chalcogen and R'S is alkyl, where the ring portion of any of said
aryl, aralkyl, alkaryl or heterocyéle can be optionally substituted; and
yAL and Z" are indepeﬁdently alkyl, hydroxy, alkoxy, aryloxy, or together

form a moiety derived from a dihydroxy com'pound. having at least two hydroxy



Alternatively, the group Y in forrmula (2b) can be: '
P-CH err] - 13266. PCT/US95/14117

Rl err] 0 (3a) _ P is one of
R7-C(0)-, Rerr]-Sqerr]-, Rerr]-NHC(0)- or Rerr]-C(O-;

Rlerr] is one of alkyl, aryl, alkaryl, aratldl, any of which can be
optionally substituted, or when Y is R7-C(0)- or R7-S0, -,
Rlerr] can also be an optionally substituted 5-10 nenbered

saturated, parti n rated, or aromatic. 1 . . het erocycl e;. and
Rlerr] is as def %ﬁ‘é%#ﬁ?ﬁ%‘g?ﬁﬁﬁg’e té)’voé’BB{} ?mg g?oms in a chain or ring, said,chaia,
enbodi ments of tle rﬁ@@oﬁiﬁ?ﬁiﬂg%&%n@éﬂ@,%ﬂptﬁ%ﬁllﬁ%d&éi- atom or heteroatoms
conmpounds of fornmula (la) and formula (2a) as define agove. _

Phar maceuti cal covhieséaniberN, S;om@.i sing an effective anount of the 15
proteasone inhibitors gf fornulg (2a . (2b),. in conbination with any
conventional phar nncel‘ﬁq"e&ﬂqvgp}'aaﬁ@?‘éb%n&é@wébiircaﬂibF'uent, are incl uded
inthe g present invention. The term

"am no- group-protecting noiety," a®-udphOHG—efers to:

term nal am no protecting groups that are ﬂypi dhi | y enpl oyed in organic 20
synt.hesis, especially peptide synthesis. ARy ofQthe known categories dda)

protecting groups can i Rl QA NGy7a t 3 \QUPS, such

as acetyl ,Pqi?_lwenzo ,}-’ari?osrlrgf i’g{ 3&&'&2@8%&%{@%@{? gr oups,

such as bR is/drexofatiyhodryl, allkany, ahlmanyrofmm@daﬁbd%ﬁfoﬂa%ng
e

groups, such as tert- . byt 0X carbong/l. See, for exanple,
Peptides, Gross #thgtittedhienmhen Y isgR’-C(95- or R™-SOAc Rdean elsbrbesm, optionalor k. §

(1981), Vol. 3, o:3: 88 d Geen,. T.W Wit P.GM .
Protective G oupggfﬁéﬁ%géﬁfd; %Wg%gi §?t“%%’ eﬂ?‘ﬁlﬂ%, unsghirateyd | ex, asematic
Sons, | 1@., New hepérbcycl@dhd. Preferred protecting groups include aryl-,

‘aral kyl -, heteroaryl - and heteroaryl al kyl - carbonyl and
sul fonyl noieties. R'isasdefi@ddfor fafnda (1a) above.
PCT/ US95/ 14117 ' -13-

As used herein, the F%’Frﬁﬁeﬂma%di@ mn%mmsafsusmm@l@ to
oS o, Tontpki Grmdfl )RR B Sed MEREOCY 1L T o2
and Pharmaceutical compositions comprising an effective amount of the
15 proteasome inhibitors of formula (2a) or (2b), in combination with any
conventional pharmaceutically accéptable carrier or diluent, are included in the
present invention. ' .
The term "anﬁno-group-protécting mbiety," as used herein, refers to
terminal amino protecting groups that are typically éxhployed in organic
20 synthesis, especially pept,idé synthesis. Any of the known categories of
 protecting groups can be employed, iricluding acyl protecting groups, such as
acetyl, and benzoyl; aromatic " urethane protecting groups, such as
be_nzyloxycarbonyl; and _ﬂiphétié urethane protecting groups, such as ferr-
butoxycarbonyl. See, 'for: éxample, The'Peptides, Gross and Mienhoffer, eds.,
25 “Academic Press, New York ( 1981), Vol. 3, pp. 3-88; and Gréen, T.W. & Wuts,
P.G.M.. Protective Groups ih Organic Synthesis, 2nd edit-ion, John Wiley and
Sons, Inc., New York ( 1991). Preferred protecting groups include aryl-, aralkyl-,

.hetero.aryl- and hetéroarylalkyl- carbonyl and sulfonyl moieties.



from1 to 4 heteroatoms I ndependently selected fromthe group consisting of

N, 5 &ﬁ@d S, mhereln the nitrogen and sul fur het errCarEsys/14AN
optionally be oxi di zed, the nitrogen can optlonally be
guat er ni zed, and |nclud|ng any bi cyclic group in whi ch any

of t he above-defined heterocyclic rings is fuggd to a benzene ring. The
heterocyclic ring can be attached to its pendant group at any heteroatom or
car bon atomthat results in a stable formula. The

het erocyclic rings described herein can 10 be substituted on
.carbon or on a n|trogenAstmadhéreinhﬁwrtexmﬂ'hatcrgcxndn’r’psundldedtomeanastableS-to

st.abl e. Exanples of, such heteroc ncl limted to

pyri dyl . mgmrw cpn amfbdmem%sw cYsiie befeyacycli meissies)
Im dazol yl, tetr aZ§la¥ bre ej ither s?turated or urﬂﬁﬁﬂfﬁéc}"raﬁ@Whmhb@dﬁ%ﬁI 5f QRO Htbms and
| ndol yl , |ndolenyl qu no I soqul nol |

benzi m dazolyl, pfpari mhétemanmsrmﬂepéndaﬂtly selected froph ticarplip coxmsuhg o Ny |
15 tetrahydrofuranyl tetrahédrqu|noI|nyI

t et r ahydr ofsoqui nof am;i , wherein the mtrogen@a thetgrnatasns eapioptionally be oxidized,

octahydr0|squ|noI a200|n i azi.ny

o B e 2 hitrog @b dbonally bd RtHIzed, and;inclpding agy picyelic group in
thi ant hrenyl , which an ?'ofﬁiéraBGVé-deﬂﬁéﬂﬁﬂtéi‘ocybl wﬁxyé@tmélbenﬁé%

xant henyl , phenoxathllny pyrroly pyrrol e, |n1dazolyf

pyrazolyl, i sothi ahﬂbmbychcsmga:znbghttachgd todtsrgchdanzgroup at any heterqn;tomm ngrbon
pyri m di nyI ~pyridazin doliz i ndol doly
| i ndazol yi, puri#§ %a ﬂﬁ?%?ﬁgﬁ)ﬁ’m‘ﬁ Eﬁ?*\%ﬂ%ﬂv ﬁécrlh%f{]heremcan

pht hal azi py' pt:er | dbe sxrbsh&xtﬁ"car 1oon &t &' & b il 8 l?wle B&Hitlrﬂaz&lrﬁﬂaﬁhd is

ci nnol i ny

[err]-carbolinyl, stﬁtﬁaamhiﬂpwsmflsuctahéteﬂicwbs mahﬂa,awthwhmrmhnedmﬁ peAdyly | .

phenot hi azi nyl, furazarby phenoxazi nyl, 1sochromanyl chroman
pyrrolidinyl, 25 pyrimidinyl, .Mkomxmﬂylpyrrqwldamazqw; mp?i@i}dl i tdtragolyl,

iyl , | dol J
i nucl i d ny1 " ror RGP g%'&eﬁﬁmeaywpddxs indqkrBi, BEROLRY jsoguigolinyl,

ring and spiro Comgﬁﬂﬂaﬁﬁ _ r ltl"f‘ te S.
The term "substituted", as %ed E§EI inyh rrgans that onb nl?g 5 %ﬁ‘l‘ ns
of the deki gnat ed tetrahygrofurmanydpl aceetramtdnoqumdhmdi i on tétrahydtdmoqmnblh@tl,ed

group, 30 provi ded that no atom s_normal valency is exceeded. and
that the substi tutqegﬁhydroqumolmy\)\o 9%, 1 9otehydroisoquinolinyl,  azocinyl,  triazinyl,

PCT/ US95/ 14117
results in a stabl%géb c%ﬁ%'"%énzg%{ﬂbbt’zl xthxa{.m?' E‘e‘fphe'(le(yg thxa&h:ergyh,en 2

hydrogens at t achedufayRn pgfant g] Ofsob&Qoﬁi}hﬁ}l}/ c‘hi'&néx@m Xafithenyl, phenoxathunyl
By "stabl e conpound” or sta l'e formula" 1s neant herein.a co .

that is suf fi | ci entZ&pVﬂbMIpml&mdmlylsmlﬂnlSD&lwbé "B'grm@ldwyl
purity fr.

ef fi caci s ther aml’a@'é"r e.amt i 2 H?azmﬂ tndo zmylogsg‘l#‘?ai JW‘#&%FM&% "
as enpl oyed herei n g.gidabsIyi, %uﬂﬁﬁuaﬂ—ﬁlﬁﬁéliﬂnyﬁ {s8quiffolinyl, quinolinyl, phthalazinyl,

naphthyridinyl, qumoxalmyl qumazolmy! cinnolinyl, ptendmyl 4aH-carbazolyl,
carbazolyl, B-carbolinyl, phenanthridinyl, acridinyl, phenanthrolinyl, phenazinyl,
phenothiazinyl, furazanyl, phenoxazinyl, isochromanyl, ch_romanyl,'pyrrolidinyl,

25 . imidazolidinyl, imidazolinyl, pyrazolidinyl, pyrazolinyl, pipera_.zinyl, indolinyl,
isoindolinyl, quinuclidinyl, morpholinyl or oxazolidinyl. Also included are fused
ring and spiro compounds containing, for example, the above heterocycles.

The term "substitutedi', as used herein, means that one or more hydrogens
of the designated moiety are replaced with a selection from the indicated group,

30 : provided that no atom's normal valency is exceeded. and that the substitution



ring atons; 6, 10 or 14 [err] electrons shared in a cyclic array; and

cont ai ni NYFOPSNFIEE atonms and 1, 2 or 3 oxygen,PGRU$BGeHor
sul fur heteroatons (where exanpl es of het er oaryl groups are:
t hi enyl, benzo[b]thienyl; naphtho[2,3-b]thienyl, 10 _ t hi ant hrenyl ,
furyl, pyranyl, isobenzofuranyl, benzoxazdhyl, chronenyl, : '
xant henyl , phenoxathiinyl, 2H pyrrolyl, pyrrolyl, imdazolyl, pyrazolyl,
pyridyl, pyrazi nyI pyri m dinyl, pyr| dazi nyl, indolizinyl,

i soi ndolyl, 3Hind i ndol y dazol yl, purinyl :

4H qui nol i zi nyl rewgéqﬁlanﬁﬂ Ble. COmPPHM ylmﬁhﬁﬁé}bﬁﬂlﬁmm Ketd (i'e., <O, then 2

0? einEﬁf 4aH- car bazol yl ,
[ enant'hri 8

napht hyri di nyl , hg&yogg,{s%{r.,@@d]m

car bazol yl , 15 err]-car inyl, acridinyl,
perimdinyl, phenantByr'Qtabna/éompound" or "stable fmhﬁnm'zls mdant heeinhi cohfjoxhd
phenoth|a2|nyl I soxazolyl, furazanyl and phenoxazeag

groups) . that is sufficiently robqaﬁ@ %t@vws isodgtiom Hegree gﬁmwty from a

"opti ongl |y substituted het& Qar ul ed n.. [ rence to
Ver 't ot lation ino, 1 ficacignd Heapefhid f2caH 50
cﬁe%]re gﬁbgl tuent Smeie%t'ﬂgtefdagm &aérﬁaeye Keréih réferd!ts rou Qh%ﬁ%e 5% koxy,

car boxy, am no, (err] alkylam no and/or err])al kyl am no.
The term "aryl "ringatems} @ﬂ@darﬂénreelcctmps shaged ih aeyclicsarpay; and)¢omalmngearbgm oup
refers to m)noc C|IC8 8 cI|c aromatic gr uscontalzipl from6t 12
carbons " dtomsand}, rqxafgexbam&sﬂorg gops {iyhtss samples ¢ he

ring portion p (o] ht hyl .
The term' subst g@‘ %M 1engd herel #'ludesabgt?léﬁwg%g%gﬂ
def i netigabove, Ihliuﬂthreﬂﬂl uﬂﬁypnpyrmyl, mﬁso@uﬁmﬁm’mﬂnt berpmoxazolyler clirb@:eﬁ;h?ny' or

napht hyl group selected from(err] alk C[err] cycl oaI kyI err
alkyl (Cerr]) cy xanghenyl, phenoxathunyl 2}i-p )ém lgi[

RAUTIRARIe B R R P (’&F’g*lr ?&apm indoy

trifluoromethylindazolyl, purinyl, Vm%ﬁﬂi%ﬁﬁl, isoquinolyl, quinolyl, phthalazinyl
PCT/ US95/ 14117 ; v, piny d s q ¥> P azinyl, -15-

Q?Ikolgten_ O_C[ (e:[r re ]rnaphﬂmﬁmyl:[qema}:olmwlcétl!ﬂoélngl  pteridingy, 4ﬁiﬁdar|b?qulolt=?buﬂolyl q |
, Su | I Su O err
ar y?/, err] aré/‘F?’ll?PBnYlC[ MW‘Eﬁf ﬁ?Fp"éLd/ %nm d]inyq ¥’L &X‘(
| sul f | .
"ol udes ot h Jhemzing.isothisgolyl, phenprdiafinyisBkadBly! furazity! 3 pBYRHeA of‘%'p”t o

12 carbons, preireaps)l y 1-8 carbons, such as net hyI et hyl,

propyl, isopropyl, butyl, t butyl, isobutyl, pentyl hexyl' | sohexyl ,
heptyl, 4,4- Th terms ‘substitwiod heteropryl” orc Monailyzsuhsqmteﬁémmmdm yl,
nonyl decyl , nd and ec Th 1
oUbst i ¢t e altB B RS RSkt 1 heteroy s a5 dofined a8, BhAE one
20 or more substituents selected from halogen, C, alkyl, C,¢ alkoxy, carboxy,

“amino, C, 4 alkylamino and/or di(C, c)alkylamino. .

"The term "aryl” as employed herein by itself or as part of another group

refers to monocyclic or bicyclic aromatic groups containing from 6 to 12 carbons
_ ~ inthering portion, preferably 6-10 carbons in the ring portion, such as phenyl,
25 naphthyl or tetrahydronaphthyl. _

The term "substituted aryl"-as employed herein includes ary! groups, as
defined above, that include one or two substituents on elther the phenyl or
naip_hthyl group selected from C, ¢ alkyl, C; scycloalkyl, C, ;alkyl(C,)cycloalkyl,
C,s alkenyl, C,, alkynyl, cyano, amino, C,__s alkylamino, di(C,_¢)alkylamino,

30 benzylamino. dibenzylamino, nitro, carboxy, carbo(C,.¢)alkoxy, trifluoromethyl,



¥V

defi ned above t hat have one, two or three hal o substituents, or one (CJerr]

10 I?ﬂ?@ﬁerr])aryl hal o(C err])aryl, C[err] cycl oaj.dqy,h 95/141 .,
derr]4 alkyl (C3 Mcycl oal kyI C2.5 kenyl derr] ? Kyny
hydr oxy and/or carboxy. - The term’ cycl oal kyl " as
enpl oyed herein includes sat urat ed cyclic -15- ~ hydrocarbon groups

containing 3 to 12 carbons, preferably 3 to 8 carbons, which
i ncl ude cycl opropyl, cyclobutyl cyel opentyl, cycl ohexyl, cycloheptyl,

cyclooctyl, 15 yC cyh and decyl . _any h group
can, be substitut ed™iPesR: Ci3 alﬁ’ox%' b"“’s g%eﬁ)fpj& g’ﬁ%‘ﬁ ‘ﬁw%@%’ﬁ“ 'Cfg-ﬁ
al kyl, al koxy and/ gilcyBWE9K C, 9 aRyBulfonyl, Cq o aryl, c&, arylthio, cInaryqﬁﬂmyl%&Joky'
or aryI al kyl" as used her ei n by itsel f or as art o

group refers to C €gppailsulfonyl.oups as di scussed above havi ng an aryl
substltuent such as be

"hal 0" as used herein b?ﬁgf?’é‘lzmva&mwmwwgﬁé su'alg %%‘B’Tcg

f t hi
|roreeferefr eg ghiorine haﬂi&ﬁld&&ofﬁ;b'i@ me |6W¥Mg£¥e phar cha‘f‘P\&’
accept abl e aci d anprobgk dsapiehylj butyl, r-butyl, isobutyl, pehtyk hekﬂossehaqdltlﬁptyl Wm ch

t he ani on does not contribute si gnlflcantl to toxicity

phar macol ogi cal acdimethylpantyl; ontylo? ddrtrinethipentyl, &‘P@l{ﬁeéifbﬁfl@@yl B&#Qﬂesﬂl ts

;E grr] are both C]f-i;) r g? d?ﬁ%mx%%%tcfa@h gggﬁ{)loy ﬁ@@%?‘f’dﬁd\ﬁfeﬁqﬁ“é%g’éﬂuﬁfﬁn -

of a pharmaceuti Cadéﬁheﬁcﬁ%%a@}a? hafé -oneX o RitSthree halo subsntuentss‘<'>‘1”'bric1.5C,_¢5
sodi um hydr oxi de, potassi um hydr oxi de, sodi um bi car bonat e, sodi um

carbonat el0 or an aaﬂcyl@Cg@)mduhalp(Gd,ls)th&.sCmcyala&kylyﬂ:wdkﬂéQ Jeycboallbils€y i s,

N 30 @/ cam ne r arg| ni e ter-sol ubI e salts are

preferabl e. Thus, 1y, akynyl ydroxyan By

PCT/ US95/ 14117 " "

salts include: alkaline rretmfIl %?fctloa“fyl umplg%?daggrlehnn%necgudef satuﬁ(t cf "X‘é}“’
earth netal - 'hydrocarbongbiigh cofifaihigs3 umz catbotis|Preferably 3 tPSBRBORNWHIH S

and salts of pharmaceutically accept abl e am nes

(tetranet hyl ammoniineipde wcmmmbu%wmecydohexyl cycloheptyl, cyclooctyl,

dl Teehyl al?Dnoet ha(rzflé'gg?ﬁf’ﬂélgg %ﬁ%ﬁ: A ¢ M@hﬁnet l amQFyF‘}lg ""’A i th

I ysi ne, arginine tmhn &‘ﬂyd?o

The acid addition sggslt%tgeng gucgb%tsgtla%egghel‘fsher by rtyact lon-o xgngror-g'ani c base
of formula (la) or (2a)Thd tehmclaralkyjtor Carylalkylt ag assdchareincy ipsetfforrasipayt dfy
cont act I n solutjon, raﬁg any of the standard net hods
detailed in the |apgthsr lﬁf‘é“PanF‘lsatBI 168Kyl groups as; g abavei havingean axyl| | ed

in the art. Exanpggsh se,F' plc acids are 4
carboxylic acids such as na e|c acrd, acetic acid, tartaric acid, propionic
aci d, 20 - The term "halogen” or "halo" as used herein by itseif or as part of another

—|-

group refers to chiorine, bromine, fluorine or iodine with chlorine being
preferred. '.
For medicinal use, the phatmaceuncally acceptable acid and base addition
salts, those salts in which the anion does not contribute significantly to toxicity
25 or pharmacological activity of the organic cation, are preferred. Basic salts are
formed by mixing a solution of a boronic acid (Z' and Z? are both OH) of the
present invention with a solution of a pharmaceutically acceptable non-toxic base,
| such as, sodium hydroxide, potassium hydroxide, sodium bicarbonate, sodium
carbonate, or an amino cdmpound, such as choline hydroxide, Tris, bis-Tris, N-

30 methylglucamine or arginine. Water-soluble salts are preferable. Thus, suitable



fumaric aC%g&,ﬁ&};J‘i onic acid, succinic acid, cyclamc acid, pivalic acid

and the li ke; useful inorganic acids are hydrorerivdesaqifs
such as HCl, HBr, H; sulfuric aci d; phosphoric acid and the
‘like. Preferred acids-for formng acid addjtion salts 15 i ncl ude HC
and acetic acid. : The Boronate esters of boronic acid
conpounds of the present invention are also preferred. These
esters are forned by reacting the acid groups of the bor oni c
acid with a hydr memommfmeﬁﬁgaeqsm&hwﬂm%odam;& earth

di hydr oxy conpoun especi al |y pi nacol’, pertl uoropi nacol plnaneén

et hyl ene 20 salts (magyleyiuni, caldium mpl)eammghmnsa,ltshnasai;scdfqihanmducﬂny

1, 3- propanedi ol 3-.hut anedi ol glycero! or.. di et hanol am ne.
The P noiety of an'@“ﬁﬁ%t SHUBAPe (W@ﬂ?mwm‘ﬁ?’wmﬂ’é’ amine, mgthylamige| y one

L5711 S0 b sy i, Sl R i

het er oasyl al kyl mdrvethahoigmiie, tiethanolaminey trtsthﬂﬁoxymethyl)axmnmysihe,@gi e
optionally substltuted or if Yis Rerr]-C(O- or Rerr]-SOerr]-, then

R err] can N-methyhD-glugaminedat ur at ed or partially unsaturat ed

o R7-Sert]-. and F!{b&aﬂdardél‘m&“a/@#“s% e by et iarpbeif bhse )
or heteroaryl al lo¥ Forniily aﬁﬁbkﬁfb?éﬂcﬁdi&%rékkﬂbﬁdb%omact |

or a saturated or partlgm?y unsaturate het er ocycl e 96/ 13266
PCT/ US95/ 14117 in solution, or by any of the standard methods detalled in the literature available- 17-

Wher e R is alk i s, prefer, alg chai ned or branched al kyl of
from1o 6 carg%ﬁn&tm“%ﬁ’? él“SFé r‘é"o ¢%,6h usafplereanic Acids ¥5| ues

I ncl ude met hyl, tyl,

W th c&}bﬁ%ﬁ E&?P%%chn%%%lg{c pr é%g%% id, %@ggyél%aq}gp&ﬁ]eﬁcg&lﬂ err]
is alkaryl, arakigthri®4cid, iséthionic acid, subéihier @R, ‘,éildhlklid acid hﬁvaﬂckﬂ:id a5 @eY
thereof .is also_ ref erably one havi ng!f roml to car bon

atoms, and rost lilse;amsefud inoyganic.acidsane Rydsphalide acids such as HCI, HBI‘,HI suifurie

Rlerr] is aryl .S prefera Q carbo ons, , Nore
preferably 6 toa‘:'fg }&‘ffglb W%@%%Wa?gsﬁé? a@téorbéahﬁore of
the 15 mdﬁﬁqlpgpaﬁﬁgﬁcg&dt he af orenentioned aryl |s repl aced by.

one to three of O N, _ S.. The aryl and heteroaryl noieties
may, if desired, be thabomnbtetastem efthorosicfacid compounds of the presént gnvention

substi {uents | ncluge, one oty g m?/sd%%%meﬂ'éyreﬁ%ﬁtfn&?% 0l TouRS of the
fﬁif’ﬁééaLﬁfééén% aqid ‘*Y‘E*’? U8, compqund, Prefermed yShity Ebim i dri/ " ©
Addi tional Iy, wliayéroky eombomisaésbeﬁﬂw pmwoalﬂemtmmpmblepmsdml iylené he
above 5jatement glycol diethylene glycol, 1,2-cyclohexanedlol 1 3-propanedxol 2,3-butanediol,
glycerol or diethanolamine. |
The P moiety of the proteasome inhibitor of formula (1a) is preferably one
of R%-C(0)-, R’-SO;~, R™-NH~C(O)- or R™-0-C(0)-, and R is one of alkyl,
cycloalkyl, aryl, aralkyl, heteroaryl or heteroarylalkyl, the ring portion of any of
25 * which can be optionally substituted, or if Y is R™-C(O)~or R’-—SO2 , then R” can
| also be a saturated or partially unsaturated heterocycle _
More preferably, P is one of R’~C(O)~ or R’-8O,-, and R’ is one of aryl,
aralkyl, heteroaryl or heteroarylalkyl, any of which can be optionally substituted,

or a saturated or partially unsaturated heterocycle.

Y



15 equal Iy apply. Useful Rerr] aryl and

aral kyl gr oupwo 96éridtésde phenyl, 4-tolyl, benzyl, REHSIS 117
napht hyl , and napht hyl et hyl . Preferred heteroaryl
groups are quinolinyl, quinoxalinyl, pyridyl, pyrazi nyl ,
furanyl or pyrrolyl. Useful values of R[errﬂ7heteroaryl I ncl ude 20

8-qui nolinyl, 2-quinoxalinyl, 2-pyrazinyl, 3-furanyl, 2-pyridyl, 3-pyridyl
and 4- pyridyl . Preferred saturated or

partially saturated het cycl.e npieties
10- menbered het erocycl &gﬁfﬁ\ﬁ ﬁﬁzﬁﬁi it twfsrab?ms%%ghthh@mpébmmalkyl of

selected fromQ S I I
Preferred cycl oal ky mnlt;lll tgf&? gé'slgﬁc %é%&}'%\&%r g%l z%(a?l?f&n f}ég}sUIUVS‘I‘I \éaéues
i ncl ude cycl opent ylmclﬁd@hat}gb[yéthylg)pﬁépz}memtyl,,lsdptﬁlb)qOFdo}jhty@.@ﬂd e bRBA Whth

Especial Iy preferred val ues of P are razi necar bonyl
8- qui nol i nesul fonylmﬁhﬂ being mast preferyed. Addmonally, where R7 is aﬁ@:ﬁoﬁe&ky&bmve

A1 zoro. Stho res RSEHT e AR gt (Aerpar R plsd BriSRly G having FomiLEP  or

i S WO 9 641%3%@) atoms, and most preferably 1 carbon atom.
PCT/ US95/ 14117
- 18- a Wheve R iscieyl, iBispreferdbly arghef feord 5ite 10 catbon atoths)enciei d

or isosteric residue wthin e brackets is present and the

th
inhibitor is a tri aee&rﬁb'érﬂmwearhovgt@ﬂn@%ﬁ. k5 hegeroaryl, one ormoreofthe a
tetrapepti de. Most
preferred that R[erﬁ?gﬁa{oerrqhh% er<ra ed 1sre ed(?y?netr?&hﬁe&f moéach

5 10 i ndepeSdant hiyl mﬁwhaéroamlmam iﬁdesﬁéd%b,m@[s%édtueuc afuky!
Cerr] aryl, a 5-, 6-, 9- 0- nmenbered heteroaryl group,

or-CH2-Rerr], andnmsrdospmeme ingludg apeor tyo af kydroxy, nitro, trifluoromethyl, halogen,

-CHerr] - R[err] wher e err err err] ar tionally

substituted. More: gﬁ‘yi alkoxy, ¢ ahoP% ’e?&rl’a%f kf@?ﬂ'al ?{ye%f‘]‘“ Q a’émeach

I ndependent |y one s

propyl butyl, i sogéegﬁ/ela |S£‘% - sec- %&’&Y‘aaug’ltc‘rﬁﬂkofq phrenyl(ﬁtl%gr] ,
wher eAmmondllyl, whemdl’qé alkargl, aﬂilltw or hetexxohrymlkﬁm:e abOweGtatemdnite! I |

|s preferEny one of C[err aryl, Cerr] ar(Cerr]alkyl,
Cerr] al C[err]) }’am_’l&rr] cycloal kyl, CJlerr] alkoxy, CJ[err]

o 2o ot any Ot Y g RSty L kg i, 440t genyt. 1

menbered heter oary hegé@ypgaﬂ{thﬁ[ﬁmgaph%dm and Rl err] can be optionally
substituted by one or two SUbeYI tuents i ndependently sel ected

fromthe group conS| st |Plgfelfedcbeﬂerqaryl groups are quinalikyl, , quihexalinyk; ypyridylky| ,
Qerr] alkyl (er r;]))r%%'l?ai']ulgllyl or pyrr(llyf‘ | kfpg’ul v%&ersr Lf aé#)‘)e%rdar)(':ly ?r?c?ude
20 8-quinolinyl, 2-quinoxalinyl, 2-pyrazinyl, 3-furanyl, 2-pyridyl, 3-pyridyl and 4-
pyridyl. ' |
Preferred saturated or partially saturated heterocycle moieties are 5-, 6-,
9- and 10- membered heterocycles having one, two or three ring heteroatoms
selected from O, S or N. A useful value is N-morpholinyl.
25 Preferred cy,c_loalkyl moieties include C,.j, cycloalkyl. Useful values -
include cyclopentyl, cyclohexyl, cycloheptyl, cjrclooctyl and cyclononyl.
Especially preferred values of P are 2-pyrazinecarbonyl,
8-quinolinesulfonyl and N-morpholinoyl.
As noted above, A in formula (1a) and (1b) can be either 0,1 or 2. Thus,

30 when A is zero. the residue within the brackets is not present and the inhibitor is



amno, Cerr] alkylamno, di(C(err])alkylam no, benzylam no, dibenzyl am no, ‘
nitro, WO 96/13266 carboxy, carbo((C[err])al koxy, trifl uorPoEUsesi4117
hal ogen, C[err] al koxy, Cerr] aryl, Cerr]

aryl (Clerr])al kyl, Coé[err]aryl ((err])al koxy, hydroxy, (err] alkylthio,

Clerr] alkylsulfinyl, 20 C errjgal kyl sul fonyl, Cerr] arylthio,
Cerr] arylsulfinyl, Cerr] arylsulfonyl, Cerr] aryl, _
Cerr]alkyl(Cerr])aryl, and halo(C[err])aryl. It is nore-

preferred that at |east one of R err] and R err] is isobutyl or
-CHerr]-Rerr] admadnsSnmﬂaﬂ}ewhech Ahal, tﬁearm;noﬁhtﬂer rsbstE{xewslduelmthxﬁ
preferred that R err r]. aryl -, 9- or 10-

"menber ed het er ofieyprac P‘é Fﬁ!jnbﬁmmmﬂﬁaéﬁm WhefeAlszﬁb@E\hthﬂoons

i ndependent |y sgl Most
prefgrabl Y, }I;Z ﬁs%s%&a?wﬂﬁeno&lﬁyﬁ% 3 ‘i ndol yl met hyl , 4-
pyridyl met hyl, 3- pyr ftdisl prefehed. th&-RMFR’d}ihm*M forlaglazfla) ahd 'ﬂ%)héré)%&?t hyl,

2- _ napht hyl et hyl , | uor obenzyl , 4-benzy|oxybenzy|
4-(2'-'5 - mdepenéwﬂmemﬁmdmgm&mylkybﬁsmmaﬂ%rﬁhyMtafﬁﬂ 6-, 9-
WD 96/ 13266

PCT/ US95/ 14117 ©F 10- membered heteroaryl group, or —CH,-R?, and more preferably Cys alkyl
Preferably, R3 §s_(dy _ZR.&!I Whdrein"R', R FSf ﬁ{daﬁk &@%&tﬁ)ﬁhgﬂubsﬁﬁéﬁ E,](A%;gr ably

C4 al kyl, such as isobutyl. IS a
substituted al Iq;rbferably,lR' BFahéRélatqeaﬁhmdepéddphﬂy one of C, 4 alkyl, egbsﬁetlﬁyl} ed

wth at Ieast one cyclo gr oup, erably a C5.6 cycloal kyl group. 5
Were R, R2, hylo\i; il@?/‘ﬂuﬁgﬂ‘mﬂ éﬁf’%&w{ sesrbutylrand; tehyityls on ool e, i tq

iere 1 o, SFAPRIP BERRA S ook SRS B

e.g. aryl QG ﬁﬂ@&)ﬂkynfC&Y@lkmk%&%*yJ eng @%lbaﬂ@l 00, s aIkaky, yC I
substituted with at |east one aryl group or at |east one
al kyl group, pradedthiompras-;6:, %oallﬂymegwsmghemwl group. Wiere R5 is

-WR, Wis a chalc n refera un

p[ ﬁffarabl y Si.l| fir, Oﬁ?%@?&“&ﬂ‘ a}/) ﬁ?éﬁgrﬂﬁt%‘:@ Lworese 6 9- ﬂ’éWTyI

et hy propyl, I ROITEY. @5,??4

Preferred val uen'lsené?erel'«s”i,ﬁecrlou e%ﬁ?%‘én%??ﬁ al ky ,oprtrlgpgl%?ug tétru%legly C 4

al ll;yl l|5Us¢if5 ul \onk oetveSubStifuents ullttlepemiehﬁy seledtéd/ fromi thﬁgmupwoxﬁswiﬁtgm%@, and
n- buty itio g er. with the adjacent
R, or when A |ag‘yi»eq39 cyngF-'hWP Z‘ kyl(Cs.s %Hcl?&h{ﬁvé; kepyl Ges slkymydeyane2,
ni t r ogen- cont ai ]angb Cy or
partially satura ed r'fng SYys {%wfa'llaﬁ%ﬁifh m&lamnﬁ%’ bngﬁé)%:(g%ﬁgo

be optional |y saboky, tcufbwcmalmq ﬁiﬂﬂomafxylkmlogenhm{ﬂkofxy,&){Jarylatmxy or

aryl oxy. - preferred that the ring S}/stem chosen from
one of : aryl(Cm)alkyl Cm aryl(C, )alkoxy, hydroxy, C, alkylthio, C; ; alkylsulfinyl,
20 C,.s alkylsulfonyl, C, ,, arylthio, Cq,, arylsulfinyl, C,., arylsulfonyl, C ,, aryl,

Cysalkyl(Ce.o)aryl, and halo(Cy.p)aryl.
| | It is more preferred that at least one of R! and R? is isobutyl or
—CH,—R?, and most preferred that R? is —CH,—R?. It is preferred that R’ is
Ce.10 aryl, a 5-, 6, 9- or 10- membered heteroaryl group having one to three

25 heteroatoms independently selected from O,Nand S."

Most preferably, R.2 is isobutyl, 6-quinolinylmethyl, 3-indolylmethyl, 4-
pyridylmethyl, 3-pyridylmethyl, 2-pyridylmethyl, benzyl; 1-naphthylmethyl, 2-
naphthyimethyl, 4-fluorobenzyl,  4-benzyloxybenzyl, = 4-(2'-
pyridylmethoxy)benzyl or benzylnaphthylmethyl. '



50 | 1 HO ' : N N

N WO 96/13266 0~~~~ . PCT/US95/14117
N~~~~~ o _ 0 _ and

WD 96/ 13266 ' . '

PCT/ US95/ 14117 -19- - 20-

The nitrogen in each of the above fornmulae is attached to P in formula (la)
and t he open val ence carbon is attached to either Xl or X2.

It is preferred that Z° and Z2 are each_i ndependept | ne of Cl, alkyl,
hydroxy, Cl4 al koxy, an@’ﬁf@!@b’:&sﬁ'ny;all@'llafpﬁﬁél’Fgfab%y aﬂ%&Z‘Z“}ﬂsEP’@fmly

forma 5 nDj, 4 V. | om a di hydroxy conpound sel ected from
the group consi sti ﬁgaikyi’ sugl%é %’éggut;ri('.)f pi nacol , perfl uoropinacol,

pi nanedi ol , ethyl ene gl wRére RY, R*horl RNes 8lsubsiituted alkyl, it is preferably C,, alkyl
cycl ohexanedi ol , 1, 3-propanediol, 2,3-butanediol, glycerol or
di et hanol ani ne, or substituted with at least phe:eycloplky} graam prefenahly a 6l eyrleallgd group.

skilled in_the art. Use val ugs.inchude . . | . ethyl. .
propyl and®n-butyl . Nbs%%%éﬂgb‘{y ,"rg Is Sypstisgted pryl ﬂ&ﬂ!"a@?"%mﬁe’ 1tis
A preferred enbodi - ithiad SHiH £ NedsBortl CECHL 1 subgenus of
conpounds havi ng for rrurflglgl(slhg%dé%ove, wher eo Pis R@ O)p:j‘ or R7-S02-, and R7
is one of quinolinyl, qWhae«R!,iRYR? onBris dydloalkyly itiis preferatiy Capyyclorikyl, e.g.,
pyrrolyl, and _ when Pis R/-C(O-, R7 c n_aISé) be
N- ror phol i nyl . cyclopentyl or cyclohexyl, and can be optionally substituted with at least one Cy ,,
aryl group or at least one alkyl group, preferably a C, 4 alkyl group.
10 Where R is ~W-RS, W is a chalcogen, preferably oxygen or sulfur, more
- preferably sulfur; and R¢ is alkyl, preferably C, alkyl, e.g., methyl, ethyl, propyl,
butyl, or isomers thereof.
Preferred values of R include hydrogen or C, ; alkyl, more preferably C,
alkyl. Useful values of R include methyl, ethyl, isopropyl, isobutyl and n-butyl.
15 - Additionally, R can form together with the adjacent R', or when A is zero, form
together with the adjacent R?, a nitrogen-containing mono-, bi- or tri-cyclic,
saturated or partially saturated ring system having 4-14 ring members, and can
be optionally substituted by one or two of keto, hydroxy, aryl, alkoxy or aryloxy.
It is preferred that the ring system be chosen from one of: _ .

20




A preferred group of conmpounds of this enbodi ment are conmpounds of 15
formul a (v 9ems26&i n P i s one of quinolinecarbonyl, pyridi n®SIURIMN4117
qui nol i nesul fonyl, qui noxal i necar bonyl, qui noxal inesul fonyl, - :

pyr azi necar bonyl , pyrazrnesulfonyl furancar bonyl ,
furansul fonyl or N-norpholinyl carbonyl; A<8- zero; X2 is .
-C(O-NH; Ris hydrogen or C, alkyl; R2 and R3 are each

i ndependent | y one of hydrogen, Cl . 8al kyl, C3.10cycl oal kyl, C& Qaryl,

C6. IW (C I. al k ridyl methyl,, or i nolipylmethyl: and Z'
and Z2 are both e PWL ndach oFfhe %""%%‘ﬁ%wmg&%a‘wp%fge% (12)and
together Z' and ¢ dpeh FhidnéEbaRboh id Githoted tb LRALAX! or X2, . di-hydroxy
conpound sel ected fromthe group consisting of pinacol,

per f 1 uor opi nacol , pi Itampdcfeire.d thet @) land &Z2 ayé pach mdepbndbﬁﬂj' one of @), y aiRYy),

1 ,2-cycl ohexanedi ol , ]C aH(rorj)anedl oL 2, 3- but anedi dl cerol or

di et hanol ani ne. XY, oxy, and Ewéwlo%Pét‘}&egF—éZré@ﬂ apieferab)y form a
conpounds wher ei fﬁor[egr dér@ed from a ydre 8(3 q@%ﬁ%h @@18@:[39 %Yn the group consisting

8--qui nol 1 nesul f ony qurnoxa

2- qui noxal i nesul éfyindcol, perflupsopitac Fﬁzﬁbﬂﬁdl' ethyle?nel@Wc%?'di&ﬁﬂEﬁ@Q%ll?ol 23" or

pyridi necarbonyl. 3- pyrldlnesulfon furancarbony 3-furans nyl

N- nor Ehﬁl : neCﬁr ltﬁ)’ﬁlﬂhexﬂﬂﬁd@ lri@pwgmcdur@,s-jmm&ot )glyce?‘l of éleﬂmrdmt#? oB0
{/\bngg / 53)2/6?3 thy other e vat]erXs ggpargnt to thgéler équie&“?n m/e art. l?géiilxl \}/alurgtmclude6 )
PCT/ US95/ 14117 1, eth 1 i

qgui nol i nyl net hylme 3y| ﬁdg} ff‘r’?é’t ﬁrﬁnbbueynlz I\I/IOStXr?fFrab}yégenzyF aIAf'Wydor gxybenzyl ‘

4- (2' - pyri dyl met hoxy)Aemefytred émbodinzerit of thé inveption Bedizattetbod Buﬁfmww or
phenethyl; and Z' and Z2 are both %‘Slroxy, or together 7' and ZZ forma

moi ety compoa!arh haxedommmia (1) ahereo Wperedtis Rind(Qeics R's805+ and Rhe
t I
2:‘;;.*’;;2“3:;(;:,?% «,of nigelinyl, gnpRAifiyt, B, BYeRhyIS R Bs S SH i
3- propanedi ol , “’ehea -FoistRIAe(D)!, R7 phuy sled bk Nomopliiliagnol ami ne.

Anot her preferred enbodi nent of the present invention is directed to
conpounds of for mul a&P&fﬂW@rQ“ﬂofgommmdsvﬁ&eWﬁermmﬂndsof

unexpegﬁedly hi q,hmg)‘ﬂ; a d seI cl%‘\)/r ty s Jn b| t,0rs ofygrot easone e

functi

conpounds  of fohﬁh'ﬂoﬁnéshﬁ%nyl qumcgmhg% bdﬂgor espo ﬁﬁé Eonyl%nggrboqy L

corresponds to an am no acl d si I ng
tyrosine or an pymzinssulfumybdumycarbm)d fisearisulfonyl @r N-moepitblinylcatboayi; AQist he

hydroxyl group of th i ne_side-chain with a conpound having a reactive
functional groufsror s‘ss M lﬁdﬁ’mﬁds aflerds Kg andR¥ areneach (1 a),
15 Wher e{kieBéndenifly 'onl 8P hifirogE, € ,alk¥1,' G cycloalkyl, C, earyl, Cyar(C,.

20 sJalkyl, pyridylmethyl, or quinolinylmethyl; and Z' and Z? are both hydroxy,

C,.salkoxy, or Cg,garyloxy, or together Z' and Z2 form a moiety derived from a
dihydroxy compound selected from the group consisting of pinacol, .
perfluoropinacol, pinanediol, ethylene glycol, diethylene glycol,
1,2-cyclohexanediol, 1,3-propanediol, 2_,3-butanediol, glycerol or diethanolamine.
25 ' Even more preferred are those compounds wherein: P ié
8-quinoline'carbonyl, 8-quinolinesulfonyl, 2-quinoxalinecarbonyl,
2-quinoxalinesulfonyl, Z-pyrazinecarbonyl, 2-pyrazinesulfonyl, 3-
pyridinecarbonyl. 3-pyridinesulfonyl, 3-furancarb6nyl; 3-furansulfonyl or
N-morpholinecarbonyl; R is hydrogen; R® is isobutyl; R? is isobutyl,
30 l-naphthylmethyl. 2-naphthylmethyl, 3-pyridylmethyl, 2-pyridylmethyl 6-



IcH24 A2

where RO i swosarisdeshydr ogen, al kyl, cycloal kyl, aryl, aral kylPCHESSSH4H7y|
or het er oaryl al' kyl, wherein the alkyl is optionally
substituted with one of C, 46 al kyl, hal ogen, nonohalo (Cl . 6)
al kyl, and trifluoromethyl; and wherein sai dzk‘ycl oal kyl, 20 aryl,
aral kyl, heteroaryl and heteroaryl al kyl groups can be optionally
substituted with one or two of C .6 alkyl, C3.4 cycloal kyl,

1 gt . ol o
dib | ] , Ni r ' if
i benzyl ani no, nit4g C%?{)dg%@o@’bggygl ?‘@&‘glg‘ >})lefaiyiclfa betmy hﬂh‘ylmeﬂl{l or

hal ogen, C, . 6al koxy, y 10aryl (C, 4) al koxy,
hydr oxy, 25 phenéthy); ahét 7' and 82 are|bottnhydrbxy;(of taggther Z! a:sézuomm moiety |

G6 10aryl thio, C6.10arylsulfinyl _ | ogarvl sul fonyl , C6l laryl,
C, 46al kyl ( C8, 0) ar y#erv |%3@Wa?%?°‘ﬁﬁds°%‘edog°% ﬁ’\ﬁé‘@ Fpyging of '
PCT/ US95/ 14117 o : : diol. ethvl lycol, dieth: vld-
A and A ? are i nd%ﬁ%%oé’erﬂﬂuomo%gugg’ I?)l/%arngglgﬁ, °<ﬁ.°%%|%<§‘|"? hél o}élgnn? -gly&ﬁ’
monohal o( C, . 6) al kyl,2-cgclohexahediol, b3eprbpdnediol, 2,3-butanediol, glycerol or didthenajaming.
-OR9 is in either the ortho- or, para- &ﬁsition,_w’th ara- , . ..

bei ng preferred. The grAopthenprefersediembagiment gf theRreseshinvention inodiresteshto on

t he 5 henvl i . |t RO
o one of G, 1. al kyomRaymy 6 formpla (12) phere 4, is zerg. e RofipBlhd pbitals
(C .6)al kyl, 5- tqmwpedmmafgaq?oﬁa{cyraaawbcm@ islfibildts OF fiotsagbme function.

' al kyl .

het er oaryl ( C, Useful val ues of
R4 incl ud® benzyl, phenéithipd prefaredsybgenpy of ehypaundsare compounds of formula (1a)

furanyl met hyl rrol yiret h olidyl nethyl, .oxazolyl nethyl and.
| ni dazol yl et hylp.y whert Gfie OR?, R2BYR® corrsgfion i‘ﬂé“f)‘ﬂ’r“f’iaﬁ'ﬁ’osb‘i/&%m%‘% yl

aral kyl, al karyl PR oF = AL s tvrosine deri gd Rt LG
groups of RI, R2,qgséé%sﬁgr%gngbsgi)%gﬂegnms;nesu%-'svtalﬂ?dte byhﬁ Q’Ehe
one or two substi thicinéeyligiowpefthentytoginecidestiain vithra ¢ontpoynd lavingresreaétiveg of
Cl.6 15 al kyl, C3., cycloal kyl, C14 al kyl ( cycl oal k¥l , C2.,
al kenyl, C2.s al kyitm¢tional grayp. This subgenus includes compoun having the formula (1a),
15 wherein at least one R', R? or R? is: .
- o
~—CH,
: Al
A2

where R’ is one of hydrogen, alkyl, cycloalkyl, aryl, aralkyl, heteroaryl or

heteroarylalkyl, wherein the alkyl is optionally substituted with one of C,  alkyl,

' halogen, monohalo (C,.¢) alkyl, and trifluoromethyl; and wherein said cycloalkyl,

20 aryl, aralkyl, heteroary! and heteroarylalkyl groups can be optionally substituted

with one or two of C,4 alky1,' C, 4 cycloalkyl, C,¢ alkyl(Cg_,)cycloalkyl, C.s

alkenyl, C, alkynyl, cyano, amino, C,, alkylamino, di(C,alkylamino,

benzylamino, dibenzylamino, nitro, carboxy, carbo(Cy.¢)alkoxy, trifluoromethyl,

halogen, C, salkoxy, C¢ 1o1y], Ce.10ary}(C,.)alkyl, Ce.,02ryl(C,.c)alkoxy, hydroxy,

25  C,lkylthio, C,salkylsulfinyl, C,salkylsulfonyl, Cs carylthio, Cq earylsulfinyl,
C, oarylsulfonyl, Ce garyl, C,.¢alkyl(Cq p)aryl, and halo(Ce o)aryl; and



am no, Cl.6 al kyl am no,. di (C, 1) al kyl am no, benzyl am no, di benzyl am no,
nitro, =~ W096/13266 carboxy, carbo(C, 1,)al koxy, trifl uoronmetREIVUSINASdGen,
Cl.6 al koxy, C6.10aryl, C6.,0 aryl (Cl -6)al kyl,

C6- 10aryl (C14) al koxy, hydroxy, Cl.6 alkylthio, C, 4 alkyl suI finyl,

Cl.6 al kyl sul fonyl, C6.10 arylthio, C6.10 -212-yl sul finyl, C6.10 aryI sul fonyl ,

C6. 10 aryl, 20 d . 6al kyl (C6. 10)aryl, and hal 0(06. 10) aryl .

A preferred cl ass of corrpounds of this embodi ment are conpounds of
formula (1a) wherern Zeo, e of R R7-S02-, R7-NH C(O) -
or R7-0-C(O) - ‘Bné P’equ‘i“ﬂﬂ?el"aﬂtpy q?l"i‘eno%cig $°'ﬂayﬂ|d§1ky phaleganay| |
furanyl I ﬂ'ﬁﬁf 11 s R7-C(O -, R7 can al so be
N- nor phol i nyI %Eo?%lﬁ}%(@g)ﬁﬂéﬂm &‘g& o R3 is Cl. 6a| kyl; R2 is:

-CH2 OOR9 The group —-O-R? is in either the ortho- or ' para- position, Adth para-

WD 96/ 13266

PCT/ USO5/ 14117 being preferred. The groups A' and A? can be at any remaining positions-op3he

wher e A and A2 1.8 frlj;ltglgependently one of hydrogen, C 4 alkyl, hal ogen,
nonohal o(C 6) al % i fl uoromethyl; and RO is one of hydrogen, C,ilkyl,

phenyl, benzyl, phenq& Wﬁﬁt”ismﬁlﬁy 4alted, C cloalkyl, C. 1 - and
Z2 are both hydroxy, % | koxy oarbl;'oxy Jlo('iyogeatlky ?‘oar%ng&"’zg

V forma noiety (@e.s)ﬂufe'li 5F-rt@r}r0-amdmb911¢d(h£§ﬂ‘wﬁkmﬁﬁdo é@-}mcmbeted heteraahyd(Qyr oup

consi sting of pi pa?lgcil perfl uoropi nacol, pinanediol, et hyl ene gl ycol,
di et hyl ene 6 gl ycol, 1, 2- cycl ohexanedi ol , 1, 3-propanedi ol ,

2, 3-but anedi ol , glyc I’ifm@
Even nore preferred ggéeyf%lg‘;r?rl)%ejnog Pdrporrru Et&glé[bgndyl Ry}'usiyl%neer 10 d
P is 1® quinol fmylnhnﬂwil pSrralyinmethyln e spyrfalitylmethith, qUbrazobH e Rr bﬂwl

2- qui noxal i nesul f onyl Eyrazrnecarbonyl 2- pyrazrnesulfonyl
pyri di necar bonyl‘ml‘i?zﬂgﬂmﬁﬁlﬁ sul fonyl, 3-furancarbonyl, 3-furansul fonyl or

N:rorphol | necar bony! sl i @682 b o Bl i Y] MiarfPor S - or 10
membered heteroaryl groups of R!, R?, R® and R® can be optionally substituted by
one or two substituents independently selected from the group consisting of C,
15 alkyl, C, ¢ cycloalkyl, C, s alkyl(C; g)cycloalkyl, C, ; alkenyl, C, ; alkynyl, cyano,
amino, C, 4 alkylamino, di(C, ¢)alkylamino, benzylamino, dibenzylamino, nitro,
carboxy, carbo(C, c)alkoxy, trifluoromethyl, halogen, C, ¢ alkoxy, C, ,aryl, Cq,,
aryl(C, ¢)alkyl, Cy o aryl(C,¢)alkoxy, hydroxy, C, ¢ alkylthio, C, ; alkylsulfinyl,
C,.s alkylsulfonyl, C,., arylthio, Cg., arylsulfinyl, Cq ,, arylsulfonyl, C, é.ryl,

20 C,salkyl(Cs.jo)aryl, and halo(C,,_,o)ary L
_’ A preferred class of compounds of this embodnnent are compounds of
‘formula (1) wherein: A is zero; P is one of R-C(O)-, R’—SO, , R'-NH-C(0)-
| or R-0-C(O)-; R’is one of qmnohnyl qumoxalmyl pyridyl, pyrazinyl, furany]
or pyrrolyl, or when P is R%-C(O)-, R’ can also be N-morphohnyl X? is

25 —C(O)-NH-; R® is C, qalkyl; R?is:




15 where A° and A2 are independently one of hydrogen, net %%I et hyl ,

chloro, fluwm96/13266 or trifluoromethyl; and Rl is on®CH Jdben
net hyl, ethyl, butyl, phenyl," benzyl, phenet hyl or

pyri dyl met hyl ; and - Z' and Z2 are both hydroxy, or
together Z° and Z2 forma nvoiety derived -23- froma di hydroxy
conpound sel ected fromthe group consisting of pinacol, 20

per fl uoropi nacol, pi nanedi ol, ethylene glycol, diet hyI ene glycol,

I, 2- | oh di I d but I I

di et hanol am ne. . ohere: AT i RPEEE 'é’éepsmqnﬂ AR B ety 5 EBREBRun s
i ncl udes conpounds a er a

aci d side-chains, Bgé‘ }ex?lggﬁ:'if)alm Osrl m*i?al n yi nd RE1i€ bfle gpfl?’ EIEGC R‘gh&

an unnatural am I’IOpM’iyﬂi bmk;dcphaﬁeﬁ:ybmpga-myﬂﬂnyihyhtah;il 25

I|nylnethyl belhg nost

pyridyl methyl and quinolj nyI W, th n
pref erred. m{: g°@§5§'@?ﬂi$ ﬂ@PméE CooAtydanye or ©eetherZhand

I(3|C'Ia'3 Usgglerl '1276“ | 2284 Ogﬁxo%ty derived from a mcﬁ-g{()lggrﬁgound selected from thezﬁroup

R2 or R3 is napht huémmglofpmaebgyémbfwmm Pirianedion) kA Elycd) divihgRte

that the - conpound is other -than

i soval eryl - phenyl aglarnolnel Bm@cmﬂ@hadt&-pgﬂpmd@l. ) 3,3-butanediol, glycerol or
(4,4,5,5-tetranet h 3] -~ di oxabor ol ane- 2-yl )] net hyl am de or (3-t-
but yl sul f onyl )prop %' i ne- (1 -naphthyl, dihydroxyboryl)nethylam de.

(o) where R f'fﬁ%pﬁ‘s“’?'ﬁer MR LB TRRG S 0B 2

fornms a nl@rogen cPntisi ns-ngxnohnecarbonyl 8{qaimolinegutfony!, ThI&]uﬁmh@lﬁEUé&rbonyl
i ncl udes conpounds_hayving fornula (l1a), wherein:
forms together wi tdrquinexai %él&ﬂyl»l? nyﬁﬁéﬁPaﬁbeMszer @-pmnssqlfagal her 3-

with the adjacent a ni,troge tal

saturated or pyridmecﬁﬁqpf‘?/g ?‘ W.?F L ng"wg{bé)rw [1 éﬁf@a"%clf i Ag
nmenbers, and o_ne ON-rh holmecarbonyl X’xélmc(j)ﬂﬂﬂ-l-skbﬁisbb'&ﬂ R2¢l ected from
the group consisting of keto, hydroxy, aryl al koxy and

aryl oxy; when Ais 2, tfre—Rl that is not adj acent to
N-R is one of hydrogen, alkyl, oaUth. aryl, heterocycle
ng @

or -CH2-R5; and when Ais 1 or 2 RZ% ¢] 15 hydrogen al kyl,
cycl oal kyl, aryl, heterocycle or -CH2-Rs, A5 is defined as

above. A’ preferred cl assapf conpounds of this
enbodi nent of the |nvent|on are t hose wherein: Ais zero; Pis
hydrogen; x2 is -C(O-NH, and R forns together

15 where A' and A2 are independently one of hydrogen, methyl, ethyl, chloro, fluoro,

or trifluoromethyl; and R’ is one of hydrogen, methyl, ethyl, butyl, phenyl,
benzyl, phenethyl or pyridylmethyl; and ' | |
- Z' and Z? are both hydroxy, or together Z' and Z? form a moiety derived
from a dihydroxy compound selected from the group consisting of piﬁacol,
20 perfluoropinacol,  pinanediol, ethylene glycol, diethylene glycol,
1,2-cyclohexanediol, 1,3-propanediol, 2,3-butanediol, glycerol or diethanolamine.
A fourth preferred subgenus of compounds includes compounds 6f
formula (1a) wherein one of the ax_ni.r\lo acid side-chains, preferably the side-chain
defined by R? is an unnatural amino acid selected from naphthylmethyl,
25 - pyridylmethyl and quinolinylmethyl, with quinolinyimethyl b(_:ing most preferred.

Thus, this subgenus includes compounds of formula (1a), wherein at least one R/,



with the adeacent R2, one of the nitrogen-containing ring systens shown in
09611326 structures; R3 is Cldialkyl; and Z and ZECEusshaif

the 20

hydr oxy, C, 4al koxy, or : C6.,oaryl oxy, or together Z' and Z2
forma noiety derived froma di hydroxy 24- conmpound selected from
t he group consisting of pinacol, perfluoroplnacol, pi nanedi ol ,

et hyl ene glycol, diethylene glycol, 1,2-cyclohexanediol,

1, 3-propanedi ol , 2, 3-butanediol, glycerol or diethanolamne. The
hydrochl ori de 25 R2 or R? is faphtisyhabthyl) pyadylaeinl oflguinsitnyhhetyk prordded|that the
preferred. Even nore preferred -are those conpounds
wherein R forms toomuound iswther than isovaleryl-phenylalaningcraivaling-[(raphthylmethyl),

Shonn above: | Rs 1G4 SSHargTeg S aitaBO e S BITEEARE  oPr ¢ ogétter 2v
and %%t}leﬁlfaﬁé)ggdg&ﬁm%wm&d frﬁﬂllnﬁygh | SRyboSDiRAMYEmRR] ected |

fromthe group 30 sting of pinacol,” perfluoropinacol’

pi nanedi &, et hyl ene oA fifihlprefeired subigemus includes compandscyf femBga (1a) where R,
PCT/ US95/ 14117 ) . ) 9 . e -25-
glycol, 1,2-cycl degstherewith R', orawith Ri wben o is zezo, foms, apigpsery Fontainme or

di et hanol ani ne. . : j ' SHSein:
i nhibitors incl udSSRPRIS, THS srh‘btgg’?‘fs&ﬁéiﬁﬁég%ﬁp%déﬂé‘t‘ﬁé) kd?’o’ﬁ%@ﬁg e
corrpoundﬁ, anwel | as plahivacgeticr it the adjacent RY) or vairh4 isaeeb, formytegether 5
esters thereof: . . . .

N- (4- nor.phol i ne) cwittbthapdjagent R%na pitragenicontaining meao+, bi-«udtiwcxclin seturatedsern d,

N- (8- quinol i ne) sul f onyl - A- -naphthyl ) - L-al anj ne- L-| N ronic._acid, £
N-( 2- pyr@zi ne) ca_rpﬁmfgﬁ'- f;a-tw%&#yflﬁ T e E—“f’%é? ﬂAe Tgrrgﬁrﬁggg’clg'&‘?%m or two d
L-proline-L-| euc'o?ﬁoﬁ&lrs‘&l}étﬁué’:ﬁé Selectdd from the group con_sistin%of keto, h’ydrqxg, aryl,

N- ( 2- qui nol i ne) caf bonyl - L- honophenyl al ani ne-'L- | euci ne .boroni ¢ acid,

N ( 3- pyri di ne) caraﬂ(ulxylan&aWiexml al ani ne-L-1 euci ne boronic acid,

N- ( 3- phenyl pr opi on - L- phenyl al anj ne-L-1 eugine b jc aci.d,

N- E 4- Iromr p%oloi ng) ca)r/bZ)r‘?\/"T"%l_A t%’ei‘iﬁag{ that ‘ﬁé‘gﬁﬁ%’ﬁﬂ tﬂ&'ggﬁs&ﬂ? efgz‘#e,géns alkyl,

N- (4- nmor phol i ne) - -t S Ii3e; iAng 1o bL: G 15
N- (4- nmor phol i ne) %g@g%i’ﬁ ?}r oSl g"t‘?ﬁﬁ%‘ﬁ’ or%ﬁ%Aggild?{g’% lsa&{ed(’f -

N- (4- norghol i ne) hadfoge,lalkyl)dyctoplkiyl, dyy imtdrptycle drCH,OR?, whete REiy defigedagr oni C
aci d. Preferred conpounds having formula (2a) include
conpounds where ¥bove. - isone of R-C(O-, R-S02, RL-NH-C(O - or

o & 510 henber ad hedbPEF clastor bdimplnaS of s SmBidimen' Fife BiveticH SRl | |
substituted, or yWygEwhelen: R isSkia) P.is iydrégéh; X $2-C(0)~-NH—; and R forms together °
| with the adjacent R?, one of the nitrogen-containing ring systems shown in the
20 * above structures; R is C, salkyl; and Z' and Z? are both hydroxy, C,.salkoxy, or
Cs.10aryloxy, or together Z' and Z? form a moiety derived from a dihydroxy

-]

compound selected from the group consisting of pinacol, perfluoropinacol,

pinanediol, ethylene glycol, = diethylene glycol, - 1,2-cyclohexanediol,

1,3-propanediol, 2,3-butanediol, glycerol or diethanolamine. . The hydrochloride
25 " salts of these compounds are also especially preferred.

Even more preferred are those compounds wherein R forms together with
the adjacent R?, a nitrogen-containing ring system having one of the structures
shown above; R? is isobutyl; and Z' and Z? are both hydroxy, or together Z' and
Z2 form a moiety derived from a dihydroxy compound selected from the group

30 consisting of pinacol, perfluoropinacol, pinanediol, ethylene gI};col, diethylene



be N-rorpholinyl; provided that when Y is R-C(O-, then R is other than
phenyl , benzylo 9gnsiés. 3 al kyl . V\here Rl i s ROKUSIS/IAL17| s
preferably alkyl of from1l to 4 carbon atons, e.g., . net hyl,

ethyl, propyl, butyl, or isoners thereof. Addi t i onal I y, where Rl is al karyl
or aral kyl, the al kyI noi ety thereof is also %)Sn’eferabl y one having from

to 4 carbon at ons. : Were Rl "is aryl, it is
preferably aryl of from6 to 10 carbon atons, e.g., phenyl or
napht hyl , whi ch may be ring,su d. I 3
where Rl is alkar yIgl %ﬂladﬁ? gi&?%?é’oﬂaﬂéaé} 8#’%%’%0? ?ﬁgﬁ* gﬁ’ge@?y?r
ol ety Mﬁﬁme

PCT/ US95/ 14117 - 26-

thereof is also prefer abE!;anmiesdfauﬁ'abéepnotﬂu@nQ hibtorsdin¢lude witbows limitation the
preef erably to ar bo ns Pre r abl he .Rs ety is
a saturated, parti Jp]lcg,mng compoundcs ‘M‘Hg ’ﬁ‘aﬂ'f‘ Xraﬁﬁ%’?? e fltsan “é

nore preferg@bly an#st%%&eﬁ gpyridine ring _ nmor phol i ne ring.
5 I's nost preferably one of -

0 N- (4-morphohne)carbonyl-[5 (l-naphthyl)-L-alamne-L leucine borénic acid,

N. CN Re- C-

V H - N-(8-quinoline)sulfonyl- D—( l-naphthyl)-L-alamne-L~leucme borgnic acid,

where R4 is C64,2 preferred
enbodi nent of the ﬁ@gwnﬁvﬁﬁq’%bﬁhﬁg}'wm‘mm %cﬁx%%&cﬁcg 19 of the
pr ot easone i nhi bi tq,r?@imé.q_,r.muélﬁesgﬁ}nd &idn isosteric amno acid 10

repl’acenent of fornu
P- CH2- CH- @0 N- (2-qumolme)carbonyl L-homophenylalanine-L- leucme boronic acid, | i

3 .
\(/\/ngz e R is as def NithPyrding)gasbopyl-kphenylplanine-Lijcueipe bﬂfﬁ?“b’f“@‘ﬁ’er red val ues

" T e
R7-0-C(O -, and N-(4-morpholine)carbonyl-L-phenylalanine-L-leucine boronic acid,
N-(4-morpholine)carbonyl-(O-benzyl)-L-tyrosine-L-leucine borenic acid,

15 N-(4-morpholine)carbonyl-L-tyrosine-L-leucine boronic acid, and
N-(4-morpholine)carbonyl-[{O-(2-pyridylmethyl)]-L-tyrosine-L-leucine boronic
acid. | _ _

Preferred compounds having formula (2a) ihclude compdunds whe're Y
 is one of R-C(O)-, R%-SO,-, R-NH-C(0)- or R-0-C(O)-, and

20 R® is one of Cg o aryl, C,,_.., ar(C,¢)alkyl, or a 5-10 membered heteroaryl,
any of which can be _optionélly substituted, or when P is R®*-C(O)~, R? can also
be .N-morpholinyl; provided that when Y is R™~C(O)~, then R® is other than
phenyl, benzyl or C, ;alkyl. o |

Where R® is alkyl, it is preferably alkyl of from 1 to 4 carbon atoms, e.g.,
25 methyl, ethyl, propyl, butyl, or isomers thereof. Additionally, where R®is alkaryl
or arélkyl, the alkyl moiety ihereof is also preferably one having from 1 to 4
carbon atoms. | _
* Where R®is aryl, it is preferably aryl of from 6 to 10 carbon atoms, e.g.,
phenyl or naphthyl, which may, if desired, be ring substituted. .Additionally,
30 where R® is zilkaryl. aralkyl, aryloxy. alkaryloxy, or aralkoxy, the aryl moiety



15 R7 is one of alkyl, aryl, alkaryl, aralkyl, any of which can be

opt i onal | WO 96/13266 substituted, or when Y is R7-C(0)- oPCHRPS$DA1}T R/
can also be an optionally substituted 5-10 nenbered saturat ed,
partially unsaturated or aromatic " het erocycl e.

Useful and preferred values of R7, when R2%s one of al kyl, aryl, alkaryl,
20 aral kyl, any of which are optionally substituted are as defined
for formula (la) above. Wien R7 is optionally substituted 5-10

e e ottty SIS YOS ) Oy

het erocycl e, preterred a are as de _
heteroaryl, unsagubal®dabod femsi aPreferatilyutirt RY heiety’ BCH Gatur@td,! parifily Of

formul a (I a). I'n this aspect of the invention Y is nost
preferably: unsatupmied 67 ap@Ec heterocycle, more preferably an isomeric pyridine ring

PCT/ US95/ 14117 o | ‘ - 27-

ON or morpholine ring.| \, o t her enbodi ment of the conpounds of
fornul a §2a), useful @Ngmost preferably oié 6f:erred values of R3 are the sane as
for formula (I a) above. ' In formula (la) and (Ib), X
represents a peptide bond or an.isogtere 5 -~ can be ysed as a

pepti de bond replaceggnt in the profeaso inhibitors fo .
i ncrease bi oavail abi l|j ty .apfxe = gor BNyt Lo boPr s ;above,
X R —C— ) . H

_ o

where R*is Cg |, alkyl.
In an additional preferred embodiment of the present invention, the Y

(

moiety of the proteasome inhibitor of formula (2a) is an isosteric amino acid
10 replacement of formula (3a):
P—CH,—CH—C—°
_ ||q1 g ' (3a)
where R' is as defined for formula (1) above. Useful and preferred values of R’
are the same as those defined for formula (1a) above; and
P is-one of R’™-C(0)-, R™-SO,-, R’—NH4C(O)— or R'~0-C(0)-, and
15 R’ is one of :alkyl, aryl, alka_ryl, aralkyl, any of which can be optionally
| substituted, or when Y is .'R"—C(O)- or R’-SO,~, R can also be an optionally
substituted 5-10 membered saturated, partially unsaturated or aromatic
" heterocycle. '
Useful and preferred values of R?, when R’ is one of alkyl, aryl, alkaryl,
20 * aralkyl, any of which are optionally substituted are as defined for formula (1a)
above. When R’ is optionally substituted 5-10 membered saturated, partially
unsaturated or aromatic heteroéycle, preferred and useful values are as defined for
heteroaryl, unsaturated and partially saturated heterocycle of the R of formula

(1a). In this aspect of the invention Y is most preferably:



dan be one of -C(ONH, -CH2-NH, -CH(OH)-CH(COH) -,
-CH(CJ—|)-C|—|2-vgq;|%H s66H2- NH, -CH=CH-, -C(O-CH2-, -SO2-NH, PCT/US95/14117
-S2, -CH, or - OH)-CH2-C(O) -NH. Preferably, Xl is -C(O-NH. 10

I'nt roduction of these Xl noieties into the proteasone inhibitors results in
the foll ow ng wherein RX and Ry have the sane2ltefinitions as R and R2,

above and p, Z', Z2 and R3 are defined as above for formula
(la). _ CHj ou~0C~sze(Z? peptide
bond O Ry R~x

0 K3 - CHj: Jwd) keto
net hyl ene i1 sostere H O Ry
WD 96/ 13266

PCT/ US95/ 14117 _ - 28-

Rx 0 R3 H H - N~ "
NH' CH'" B( ZI X2) reduced pepti de bond o H N

NH -AH ", NH -BNzz) hydroxyet hyl ene iﬁos

o/ o

In either embodiment of the compounds of formula (2a), useful and
preferred values of R? are the same as for formula (1a) above.

In formula (1a) and (1b), X' represents a peptide bond or an isostere that

5 can be used as a peptide bond replacement in the proteasome inhibitors to
increase bioavailability and reduce hydrolytic metabolism. As noted above, X'

can be ome of -C(ONNH-, -CHyNH-, -CH(OH)-CH(OH)-,

—CH(OH)-CH,—CH(OH)~CH,~NH~, -CH=CH~-, —C(O)-CH,-, —-SO,~NH~,

—S0O,~CH,- or -CH(OH)~CH,~C(O)-NH~. Preferably, X' is —C(0)—NH—.

10 Introduction of these X' moieties into the proteasome inhibitors results in

the following wherein R, and R, have the same definitions as R' and R?, above

and P, Z!, Z? and R? are defined as above for formula (1a).

P CH.__ peptide bond
NH™  BEZ'NZ)
LI Ry
B ° m o
P W NH/CH\B(Z')(Z’) keto methylene 1soster§
H 5 Ry _



HOH Ry Rx O O R3
P , N, 10 96/13266 Z di hydr oxyet hyl ene i sostws”’“l”
H H R~X Ry R3.
Ps Jon oCz hydr oxyet hyl am rlEg.i sostere
HO 0 : Rx 0 35
p WCH ) al kene isostere
H S R~X
P N H CH css8w) suI Jonani de isostere
Rx ~0 tl ccH2 - B| HX2)
sul fone net hyI ene i sosn{arpj\/ W)k \2) H reducedReptide bond
@) F
Re o m |
P\N )\(\(‘k““ ,CH\B(Z‘)( 2) _ hydroxyethylene isostere
H o Ry _
Re- OH O rlv
P\N L NH/CH\B(Z‘)(Z‘) - dihydroxyethylene isostere
" ko Ry
S A -
P CH _ hydroxyethylamine isostere
\N)\'/\N/‘\“/ “BIZN) RO
H HO H o o _ .
R o ?3 .
5 P "/\\/\/‘LNH ~CH ) alkene isostere
_ N _
' Ry

'R3 .
P N)\n \(lL /CB\B(Z‘)(Z') sulfonamide isostere

)\u CH, j/U\ /CH\B(Z')(Z‘) sulfone methylene isostere

HH



VD 96/ 13266
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Rx R3 P

statine analog sIN __CH G®-C N+ CH I B )(zz)

H oo S OH

Thus, for exanple, if Z-Leu- Leu Leu-B(OH)2 is found to undergo rapld
hydrol yti c netabolismto produce Z-Leu-OH and H2N- Leu- Leu-B(OH) 2, the
hydr oxyet hyl ene i sostere can ,be prepared to elimnate this reaction:

0 2KN - R’ N B 2

| . —H /'\CH—CH _ B oz staglg];) analog o
0 | 2 if)\/gf"K )

Anot her group of conpounds of t_ﬂlé pr es@nt |nvent|on are aza-peptide

i sosteres. This is the result of the replacenent of the a-carbon atom of an
anm no
5 Thus, for example, if Z-Leu-Leu-Leu-B(OH), is found to undergo rapid
hydrolytic metabolism to produce Z-Leu-OH and H,N-Leu-Leu-B(OH),, the

hydroxyethylene isostere can be prepared to eliminate this reaction:

IDISDS
OhaR =

Another group of compounds of the present invention are aza-peptide
isosteres. This is the result of the replacement of the a'Qc_alrbon atom of an amino

acid with a nitrogen atom, e.g.,

R3 .
P '!‘ : | t!:H
A \"/ NHT OBEZ)22)
H . o

10 wherein R, represents R', R, represents R2, P, Z', Z2and R are defined as above
for formula (1a) and (1b). '
When P and R are both H, formula (1) will exist in equilibrium with a

cyclic formula (4), which is considered to be covered by the current invention:



acid with a nitrogen atom e.g., Rx

R3 WO 96/13266 _ | H PCT/US95/14117 P
N -~ N : 0 R 10 wher ei n
R represents R, R7 represents R2, P. Z'39ZV and R are defined as above
for formula (la) and (IDb). Wien P and R are both H,
formula (1) will exist in equilibriumwith a cyclic formula

(4), which is considered to be covered by the current invention:

WD 96/ 13266 '
PCT/ US95/ 14117 R3 - 30-

R3 - LElI D~~v1L~uv~u. . ar ~~h(~22' ~24 B 72
HN| -WX -CHX2_CH -BZI) e X'x2/C ~elp
E4R| J R2 H—I'V ??3_x1 c?_.xz_CT_mjzl)(%) — / ~/ H w_H
R) RLK RoR () RSN N )
A Tha above-descri bed boronic est¢X'ars! aci d '
conpounds i ncl ude both D : g Rt

| A

0 - - @

The above-described boronic ester and acid compounds include both D
andL peptidy] cbnﬁgurations. -However, L conﬁgufations are preferred.
The present invention relates to a method for redﬁcing_ the rate of muscle
5 protein degradation in a cell comprising contacﬁng the cell with a proteasome
inhibitor desc_ribed above. More specifically, the present invention relates to a
method for reducing the rate of loss of muscle mass in an animal comprising
contacting cells of the muscle with a proteasome inhibitor described above.
The present invention also relates to a method for reducing the activity of
10 NF-xB in a cell comprising contacting the cell with a proteasome inhibitor
described above. More specifically, the present invention also relates to a method
for reducing the activity of NF-xB in anammal conipris_ing contacting cells of the
animal with a proieasome inhibitor described above. '
The present invention also relates to a method for reducing the rate of
15 - proteasome-dependent intracellular protein breakdown comprising contacting
cells with a proteasome inhibitor described above. More specifically, the present
invention also relates to a method for reducing the rate of intracellular protein
breakdown in an animal comprising contacting cells of the animal with the
| proteasome inhibitor described above. | |
20 The present invention further relates toa method of reducing the rate of
degradation of p53 protein in a cell comprising administering to the cell a

proteasome inhibitor described above. More specifically, the present invention



and L peptidyl configurations. However, L configurations are pref rreg
The presentwigwéasisgeon relates to a nmethod for reducing the raf"éﬁﬂgﬁm {:7I e
5 protein degradation in a cell conprising contacting the cell wth
a proteasonme i nhi bitor descri bed above. Mre specifically,
the present invention relates to a -31-  nmethod for reducing the
rate of | oss of nmuscle mass in an ani mal conpri sing contacting
cells of the nuscle with a proteasone inhibitor described above.

The present invention also_ relates to a nmethod for_.reduci.n actjvity of
10 © NF-YcB | furtheg provides ametaed of £ Fle ¢ g?éPF"’gﬁ’{l?k?L%eP’B‘FB’HE one
I nhi bi tor . e e ' fhﬁﬁ%%ﬁ dh% K

i nvention al so rel Mdt(gmg&%%lsh%ﬁm\éfsu%&gd &P?gdrA re |%g e&e{%ﬁ%\%y
of NF-xcB in an anihmprisingRimiiféninpQ0 s4idiahiigal aproteasofrietinhibitor described above.

apimal with a proteasone I'nhibitor described above. ° o . The
present invention al so riegresent inventien fisther sslates tnaimeghed, forrighibiting cyelin

pr ot easone-dependent intracellular protein breakd .S nt&ct i ng
el | 5 i {h3a. br ot o ASHALAORR ot omEats stpch vud Sl Bl oot it
present dedcRbENABAE. Moo speriffthly, thOpresdiit inveftidoreldt@dy aimidhdd or
rate of intracellular proteln br eakdown in an ani mal conpri sing
contacting- cel | s ofnHibitingtyclin degradatiohdn an animal comprising>caaating dellsioHsaidr

descri bed above. 20 | . The ,Pr esenIb i.nyention further relates
to a method of redaeima) witha preteasme inhibitor descri ed&éﬁ‘f"adation of p53 protein

in a cell conprising adm,ni ' . 1 h, . e
i nhi bitor described abo{j‘tgl.g ﬁ%rg‘{e'hsqg‘é%n?lfobcgﬁﬁr&{lﬁgs gr rensete}}%d For{vg%tﬁlgnmg}’a
PCT/ US95/ 14117 Priffs] Fedfeosis, or other cell proliferative diseases in a patient comprising

- 1 administering to the patient a proteasome inhibitor described above.
The present invention also relates to a method for inhibiting antigen
presentation in a cell comprising administering to the cell a proteasome inhibitor
- described above. More specifically, the present invention relates to a method for
15 - inhibiting antiQen presentation in animal comprising administering to the animal
a proteasome inhibitor described above. _ |
The present invention further provides a method for inhibiting inducible
NF-xB dependent cell adhesion iﬁ an animal comprising administering to said
animal a proteasome inhibitor described above. '
20 The present invention also provides a method for inhibiting HIV infection
| in an animal comprising administering to said animal a proteasome inhibitor
described above. B ' '
The "animals” referred to herein are preferably mammals. Both terms are
intended to include humans. '
25 Preferably, the methods described above deliver the proteasome inhibitor
| by either contacting cells of the animal with a proteasome inhibitor described
above or by administering to the animal a proteasome inhibitor described above.
The compounds of the present invention inhibit the functioning of the
proteasome. This proteasome-inhibition activity results in the inhibition or

30 blocking of a variety of intracellular functions. In’particular, inhibition of



further provides a nethod of reducing the rate of degradation of

protein i Ivene6/13266 ani mal (preferably, an animl suBd6S 11‘67DNA
damagi ng drugs or radiation) conpri si ng adm nistering to said
ani mal a proteascne inhibitor descrl bed above. The

present invention further relates to a meth&d for inhibiting cyclin 5
degradation in a cell conprising contacting said cells with a proteasone

“inhibitor descri bed above. Mre specifically, the present
invention relates to a net hod i nhi biting cyclin
degradation in arPPfitsm ‘i‘ﬂ?ﬂﬂq ?LWQ“&%WPP%%@W%“W tgg%scnptmn factor

animal with a pr qiue@o Wpl@?ﬁgi, grceﬂ?a?q-f)lebiﬁq}lé‘péﬁﬁfbuon of a diverse set of genes

The present invention also pro a method for treating cance

psori asi s, resterinsleed mlthahinaun@aﬂd inflanimzteryatsponsesl dakibitioni of pmtaﬁoment
conpri sing dmnjstering tqQ the patleni mgroteasorre i nhibitor +

descri bed above. function 3150 inhibit the ubiquitigationfraicel al % pattvayes t o

Tl i o Sy 8 i

descri bed above. rdffifofimoteinst AHeubiquiindtiohwoteolyrisattivedy 410 BisoIveY id
nmet hod for 15 inhibiting antigen presentation _in aninmal conprising

adni ni stering to theproeassingpf internalized cellulargr yiralantigensantp H-hﬁﬂﬁn!@epﬂé&sahatbed

above. vention furt des a net hod
fOI’VI nhibiting i bingt: 19, MHC-I mofeckleS® %-’ RE% 8‘:‘;‘ B%n't"ﬂﬁ’ép h&f’?ﬁeqtn an
ani mal conpri si Ngn.g gBH'cﬁﬁ 358.9&1 inYreddiflg the actmtyf of the &b %iﬁlg%?fqgﬁﬁﬁm

i nhi bi tor described above he présent ion al so {
provi deg0a net hodependentproteolytiogystend in afrmmibes of cell types.. ~in an ani nal
conprising adm nistering.tqg said ani mal, a proteasone i nhi bi tor

descri bed above. - The inhibitors can be used d vitrg orindivos Jihey can be administered o e

pr ef erably mammajg mﬁ%’%‘%’%@@o‘% foutes, including oral C;t, %ﬁ&gﬁ%sy“{ggﬂug‘ggﬂ mans.

prot easome inhi bhﬁ&&momly,muaﬂmdm(m&n@[aﬁwmmmﬁé&wbswl mal
with a proteasone inhibitor described above or

admi ni stering t oNoh$,54, 136 Badalamente.einte AraniNart deaddics .54 8&15833-5987

or ot congser 5o s (5B B ol R kERaraBleBy R (LB e Rl o

~or 30 - BAAflheRa Gh Bnitihdttn/with 4 ghiﬁ&%bicﬂilﬁ%cé#ﬁblé edfier (dlg.,
particular, inhibition o WO 96/ 13266

PCT/ US95/ 14117  physiological saline). The effective quantity of inhibitor given will be determinéd® -

pr ot easorne function, |nh|b s .l he actlvatl n or rocessing of transgcription
fact or - empiricafly lﬁd tigns,as the pagticylar 1 Bt i on

of a diverse set_of
i nflammatory r esb%ﬂsg‘g%ﬁ%‘ﬁ‘% |°{ | onmgﬁw%%{%gsﬁéﬁegéw%gh toF e ﬁcﬁﬂdual
20 It is to be expected that the general end-use application dose range will be about

0.01 to 100 mg per kg per day, preferably 0.1 to 75 mg per kg per day for an

- effective therapeutic effect.

| The present invention relates to a method of inhibiting (reducing or

preventing) the accelerated or enhanced proteolysis that occurs in atrophjing

25 muscles and is known to be due to activation of a nonlysosomal ATP-requiring
process in which ubiquitin plays-a-critical role. -

Inkiibition of the ATP-ubiquitin-dependent pathway is a new approach for

treating the negative nitrogen balance in éatabo_lic states. This can be effected

through use of an inhibitor of the present invention, resulting in reduction of loss

30 of muscle mass in conditions in which it occurs. Excessive protein loss is



function al so inhibit the ubi qui tination/proteol ysis pathway. T y
5 catWOP6/dI266c| ecti ve degradati on of highly abnor mal p?&tqjéﬁﬁﬁéﬂga
short-Ilived regul atory proteins. The ubiquitination

proteol ysis pathway also is involved in - the processing of
internalized cellular or viral antigens intd3%htigehic pepti des that
bind to MHC-1 nol ecul es. Thus, the proteasone inhibitors of the present
i nvention can be used in reducing the activity of the cytosolic

ot S oo G5 o S B A 0

They can be admi ni ghwhgdnany cancers, chronic biysysteynit infections; eneohiotop dégeherative
including orally, intravenously, intramuscularly, L L
subcut aneousl y, i ndiseasp.cugh asmuscylar dystraphy o3cidasis, enpingl exnqree injuries: Inalso

Aad Sol. S A seosuindudduls Redhvig S RlefiBRn fobl ifvhgm ToRfige s

Research 444: 153- 158 d38hl)oraBsbrplion istdffpréiséd ORoreover, inhibitors oFHE proftisf " €d
in combination with a physiologically accCeptable carrier (e.g.,

physi ol ogi cal sal i xehkdoWrepathway tould possibllyi tieyvabfablerinianirhals, eyg.y for cambhtife
det er m ned wee . Opirical ly _an i1l be.base n such .
consi derations as (SHPPRE Ehi‘&ﬁ‘ck‘meﬁﬂ?ag:smamamee‘g’ﬁ"?fs‘B&?mFWépéﬂ?ndi tion
of the individual, and ' | ndiovi

Zﬁg?%gfeg%tg@ préil\ffdéﬂégé eﬁﬁeﬂt'ﬁ‘?]ailréﬂ{y 3 Bletal fliscles upon

It is to be expected th use app ati on dose range

be about  denervation 610 fistinig "3 aﬁalfylzai [ teka vionlys6sofial DAYPQeperident’ 5
ngy per kglﬂé)er day for an effective therapeutic effect.
The presel i nventdegradativepathway; Iihaghasnshown thahing variety ofcatabolicisfates (e.g.,

preventing) the acgel erated.or. enfanced proteol ysis that occurs.in .. .

atrophyi ng 25 denerv a%m}s @s&gg,a ahaks SCW$Q§¥188P§E§S ) ’38#‘?’91&? i2gidosiF) 4

nonl ysosomal ~ATP- riggii€ ividting is due primarily’ € 8&tleritedPr6tBint Bledkddvinl and, in.

pl ays-a-critical role. I nhi bition of the . _

ATP- ubi qui t i n- depeaddéitivn, it tiven yncreased protealpsis results from activation of the cytosalict i ng

the negative nit rogﬁ“gal ance in_ cataboli¢c states,, Thi s,caf be_effected
TUSIqUE ¥t

th&ou?_h usef o:‘ an m mtmcwsenwhishm _ Melxeyed
reducti on 0SS . . . X )
occurs. %essi ve ‘grg%’t"% Pﬁlyl éhse @é;d%&aﬂ%@@ﬁ@@%%% &M’%&nh%d

PCT/US95/ 14117  enzymes. The discovery that this pathway is responsible for the accelérated
comon in many types of patients, including individuals with sepsis, burns,

trauma, nany cancdreteolysisoini thess catpboligristatésnischased)on, studies dmovhich different
degenerative . _disease C s nuscul.ar, dystroph I dosj s, or
spi nal or ‘nerve im@?%wy%wm%%mmmmuﬂ‘géﬁ@w Hmﬁhaﬁaéﬁ“?des’
recei ving corticoshgrd i ihesid! Ofr | h i o
reduced and/ or abss‘%lragtt?# gﬁdllngrugolrrpr om sed. Nbrecg@g?aftﬁﬁfgﬁsgﬁtgég}, (?%,efor
protein 20 ubiquiiti® akid protessohie/subuaiis) ahdpimersakddylevels \of | ubddplitin-protein
animals, e.g., for conbating ] ' L.

_ conjugates in the atrophying muscles. The nonlysosomal ATP-ubiquitin-

dependent proteolytic process increases. in muscle in these conditions and is

responsible for most of the accelerated proteolysis that occurs in atrophying

muscles. There is a specific increase in ubiquitin mRNA, induction of mRNA for

25 proteasome and increased ubiquitinated pfotein content in atrophying muscles
that is not seen in non-muscle tissue under the same conditions.

The inhibitors of the present invention can be used to reduce (totally or

partially) the nonlysosomal ATP-dependent protein degradation shown to be

responsible for most of the increased protein degradation that occurs during



"shipping fever", which often leads to a nmajor weight loss in cattle or

pi gs. WO 96/13266 The accel erated proteol ysis evi dRCE/USIS/141¥70phy
of skel etal nuscles upon : denervation or fasting is catal yzed
by the nonl ysosonmal ATP-dependent 10 degradati ve pathway. It has

been shown that in a variety of catabolic $#ates (e.g.,
denervation, fasting, fever, certain endocrinopathies or netabolic

aci dosi s) nmuscl e wasting is due primarily to accel erated
protein breakdown and, in . . addition, that the_ increased
prot eol ysi s r esulfasUngdSACTXRHN, GF Weémﬁ‘éwéﬁﬁ%f therapy, febrile infection, and

ATP- ubi qui tin- degﬁﬁg%ﬁdﬂ%r&t eol ytic system which previously had been
bel i eved 15 : 0 serve only in the rapid elimnation of abnornal
proteins and certai n ©nerdpptdackdo testing drug candiduossyfor their Bisilith &-RUIYthehat
this pathway is responsible for the accelerated proteolysis in -«
these catabol i c Adarubiquitintieperdegt degradative Proogss ds) telj heastem proteolysis ‘in '

proteol ytic path ) r Kk o] tively.in incubated
prot eol V5T pat NGRS (RABE o LaT3R ] TFo08) R ot b AoRlES
this pathway (e.gflongdved thtracellular proteitd danbeanshshfed!if BRGUSE @qutzrih%éaxas@“d

I ncreased | evels of UObiquitin-protein conjugates in the

at rophyi ng nuscl esils. Cellsrmomingubatedrntith A3 metliionine ifor-48 hours to label lodgisadent
proteol ytic process.increases in nu clg I n the.a§§(1:o ditions and is

responsi bl e for PROLingand then chased for.¢ houss ¥ W, FonsRiings unigbeled

at rophyi ng sant k | fob G d i LQuitin
e o on SO AeE e IS ekt S8l L BEEARE BN 1
ubi qui t1Mat ed prpresence oabisente of theaest epinpougl. ITikcin&unt of protein degradakish in S Nnot
seen in non-nuscle tissue under the same conditions,

The inhibitors dchetgell pamdenmeasuped,byoquantitating thee trichlproacetisecaqid crolubily or
partially) the sonal R- depen ratei n dearadati on shown ,to be
responsi bl e for %ﬁ Wﬁ?ﬁ@i’é@%ﬁ%ﬁhe&dfﬁg&% YAt Bﬁrqvﬂﬁtm g
during - \iGHi2tiot 8L fftracellular proteolysis). L |

PCT/ US95/ 14117 -34-

fasting, denervati on,Inbibitdiszas alspiba sested for their ability 36 teduce musgle wasting e
infectign, and . . ot her. .condit.i gns. . - e e e
approacdt? to testiYRy Hringvexgmtignof Ehef’B?é'hﬁg Aming,aqid 3emethy] histidipe Q’Wg'
ATP-ubiquitin-d éﬁgfag(egg%‘ dé’ﬁ 9 ; - . .8 I N

5 cul turggﬁ%gﬁ‘g E&oéﬂ%‘t al, P'§‘7 : Z%%@ygﬁg{lﬁ%gﬁ%&e, t he
degr adat i on degradation in ¥ivd (5eg-YoungdaridMunes;| Fedepatiqn Preéd. 1572292300
measured in nouse C2Cl2 nyobl as cells. Cells are incubated

b
wi th 35S- net hi ofi8X &WﬂbﬁﬁémFéF#mﬂﬂ@WWéﬁOdiﬁed amino acid whighot ei ns-

ot hi oni e, Art S Be QAo for bl R A ot ROR B bom ipaetin s
the 1Qo RhE BRjbsR. dt osdieicatinfisdlited fofi all Ssieus] thelubity SRBpAsmief

protein degradation in
actin from many different cell types. It also occurs in the myosin heavy chain of

- . fast-twitch (white, type II) muscle fibers, but it is absent from myosin of cardiac
muscle and myosin of slow-twitch (red, type I) muscle fibers. Due to its presence
. in actin of other tissues than skeletal muscle, other tissues will contribute to
25 urinary 3-MH. Skeletal muscle has been estimated to contribute 38-74% of the
urinary 3-MH in normal rats and 79-86% of the urinary 3-MH in rats treated with
corticosterone (100 mg/kg/day subcutaneously) for 2-4 days (Millward and Bates,
Biochem. J. 214:607-615 (1983); Kayali, et al., Am. J. Physiol. 252:E621-E626

(1987)). |



the cell can be neasured by quantitating the trichloroacetic
radi oacti viwg9é/td26@sed from the pre-labeled proteins into th(?(gtlf'g%?ﬁ"ﬁgdl um

(an i ndi cator of intracellular proteolysis).

I nhibitors can also be tested for their ability to reduce nuscle wasting in
15 vivo. Urinary excretion of the modPPied amino acid 3-nethyl

hi stidi ne (3-M) I s probably the nost well characterized

met hod for studying nyofibrillar protein degradation in vivo

d , .
o Net byl nCstidine i o o EBdbieplutdepriseld FEamsar i bssd 9 inpesa sz?t%ﬂmgreﬂﬁ
cannot be reutili zg,gst{ngr%pg@tﬁegh@ﬁ{st Qﬁgia‘aﬂy%ﬂgcdﬁnebﬁsﬁm

in actin 20 nyosi n occurs’in actin isolated fromall
sour ces, i ncludi ng(i0Ptmgkegyeduses an increase of appemtimately 2+folddnyridaryf3MHt The! |

types. It also occurs in the avy chain . sf-twitch
(whi te, type I) nmsmm.esmona{fhﬁgls mm%a?#ﬁwma@ﬂi%@aef
nmuscl e andcnyosin o WE

presence 3 8@@%&% actin of b‘Ja%’aler ssuéersd?ﬁg seoéﬁ%& grf (rrusc e ot her

tissues will contrBlydhém 0o22£617-627 (1983);Kayadil ot di; Mrk. JSRRYstdl2257E621-B626:S
been estimated to contribute 38-74%of the urinary 3-MH in
normal rats and 79%198W)of th@lmmwds l\/hﬂ‘fen bgen t shoamed tQi taptlvate the

R

Physi ol . 252: E621- 676 (1993 MBISEHARRAE
PO/ US95/ 14117 &BiaBerg, Am. J. Physiol. (289%?515% E676 (1993))4ad3R6 i 1b1torsare

Hi gh- dosel@l ucocorthelefurelekpeeﬁlrmnﬁnblsthesmtdwwastnﬁgd&ta)csuraaﬁemglumnicmd
wasting in rats. Treating rats with daily subcutaneous injections of
corticosterone treatment. (100 ng/ kg) causes an increase of approximtely

2-fold 3- VH.

itotd tn urinery 3 Vel Bovcasog iy o bE A8 RSk o Qo
a return to basal ywih gféthéd infibifor or 4R ¥ishibitor! 6fomiotiie pa ﬂmzqég., adlysozbmal or

Bi ochem J. 214:617-627 (1983); Kayali, et al., Am J si ol

252: E621- E626 Ca’ -depende(mmwa)y)respomblm’@olqsseﬁmsclemse been shown

to activate the ATP-ubi qui ti n-dependent proteol ytic pathway
I n skeletal nuscle (Wng and Gol dberg, Am J Physiol.

264. Efﬁg 6 g}lg Qe)?gﬂk ‘P}»ﬁ%ﬁm&ow Bpémis Shal'selettively 5meéthfa’rﬁia% g

E D e O DL B e g il Mg ey HeddhhPly tui

adni ni stered al one or in conbination W t h anot her inhibitor or

an i nhi bltor of another pathway (e.g., a Iysosomal or
The inhibitors of the present invention will block the degradation of the

tumor suppressor protein p53. This protein is degraded by the ATP ubiquitin
dependent proteolysis by the proteasome (see Scheffner et al., Cell 75:495-505
20 (1993)). _
~ Studies of p53 knockout mice indicate an important role for p53 in
reducing incidence of tumors (Donehower et al., Nature 356:215-221 (1992)).
In normal cells expressing wild type, unmutated p53, the basal levels of p53 are
very low due to very rﬁpid degradation of p53 protein. However, expression of
25 p53 protein in normal cells is stimulated in response to radiation and drugs that
induce DNA damage (Kastan et al., Cancer Res. 51:6304-6311 (1991)). These
induced high levels of wild type, unmutated p53 induce arrest of normal cell

proliferation at the G1 stage of the cell cycle (Kastan er al.,, supra; Kuerbitz, |



Cal -dependent pathway) responsible for |oss of nuscle nass. 15
Use of prV@&R6/d3A66i nhi bitors as agents that selectively protRCHUSISHART

cells from DNA damage during radi ati on and chenot her apy
treatnment of tunors The inhibitors of the present
i nvention wll block the degradation of t re6- .tunor suppressor

protein p53. This protein is degraded by the ATP ubiquitin
dependent proteolysis by the proteasome (see Scheffner et al, Cell

75: 495-505 20 . Les of p53 knockout

nce indicate an ﬂNr‘#pSo‘?%z%@'%?se( 19889 b Jis arrest of cell p%ﬂgr?elbomrﬁb“ F‘?F@ng nce

of tunors (Donehdsmag&l DNA. Byadontist3 btutddr celld ekpSsing mutant forms of B?i,n £3
S B p

normal cells expressing wild type, unnutated p53, the basal |eve

ar e 134 dameging drugs oy tadjationdochat dndugd sell oycle arred FKastan s 4.,

However, expression of 25 Braein in normal cells is stinulated
in response to r¥A 4t ﬁﬁ‘%’r%@%‘ﬁ%’cﬁ? 1992)). %r°“§ > NYROF sehispare
(Kastan gtal ., CgllsQivel§atamaged B %M]ﬁ%&- d’]:,;%se i nduced
high levels of wld tv3e/pe, unrrutgt ed p53 i nduce lf‘;l:rre f of normal cell o
proliferation at the The stlegjivecirestuesparise of yoimal(déls barinducing ps3 supgests
Kuerbit z, Vﬁ) 96/ 1%266 ,

PCT/ US95/ 14117 that enhancing the p53 response can allow the treatment of the tumor witlg6-

o o 1L T ghcrien poplkhet BehRi0iadlacss ot HBiioh B AbgShELE dries vt anc

forms of p53, . The idea that indudthdh of STBY BGofl t8HEE aint héH AR 16 PadftherhpuC e
cel.l cycle arrest (Kastan et al., supra; Kastan et a?., Cel |

71: 587-Hb7 (199dyap beaoreportpdprevipusly (bane, dorure 3484 5-16 € 992), but a methediforel y

damaged by radiation and cytotoxic drugs. ' The

sel egt i veyarrestre?‘écé%ﬂé‘épéfn?ﬁ)?'ﬂ%?otégg‘?@egy i nduci ng p53 suggests

t hat h [ th - ts ith
 nE 0 41 P e o B s M

hi gher/ nore prol onged tunori adiation or an g _
dr ugs. expressidheof pé3 inhnormaldeedlsi by prévenfifigbits aleprudation ity @gent as
an adjunct to radi otherapy 10 has been reported previously (Lane,
Nat ure 358. 15- 18Teteasome. \n examplepfithis, would be the systemiq administrtion of
practi was no ' ey . ' . e,of pr.oteasqne

I nhi bi ? gr S pr ovitpasejtgésgﬁﬂrfegﬁﬂ%%mf oart aaﬁ%ﬁrriglr?f‘ |t rﬁ’é’s‘? Itﬁoe mﬁﬁ;ﬁ p%% degmﬁé‘)?ﬂﬁ@'sg?eon of
P53 in nornal c@rdteasbineufing e théatment of s AERSrivith dMotoRR drugs or radiation.

This will prolong and increase the levels of p53 expression in normal cells and

will enhance the arrest of normal cell proliferation, reducing their sensitivity to
higher doses of radigﬁon or cytotoxic drugs. Administration of proteasbme

20 inhibitors would therefore permit exposing the tumor to higher doses of radiation,
enhancing the killing of tumor cells. Thus, proteasome inhiBitors can be used as
adjuvants to therapy with tumoricidal agents, such as radiation and cytotoxic
drugs. '

Topical application of proteasome inhibitors to enhance p53 expression in skih
25 The expression of p53 in normal skin is induced by exposure of the skin

to UV irradiation, which inhibits DNA replication that is needed for cell division
(Maltzman ez al.. Mol. Cell, Biol. 4:1689 (1984); Hall et al., Oncogene 8:203-207



prot easone. An exanple of this would be the system c adm nistration of 15
prot easone WhDEMI2W6E at a sufficient dose to inhibit p53 degr RGAMUSHHIBY t he
pr ot easone during the treatnent. of the tunor with cytotoxic drugs or

radi ation. ' This will prolong and increase the | evels of p53
expression in normal cells and : _ 3741 enhance the arrest of
normal cell proliferation, reducing their sensSitivity to

hi gher doses .of radiation or cytotoxic drugs. Adm nistration of proteasone

20 i nhibitors would therefore permit exposing the tunmor to higher
doses of radiati on(1993)). This protects nemeal skin{tpm elrormiosomaldPNA damage by alldvsing

Thus, proteasone inhibit can. he.used.as .. . adj uvants to
'élherapy W th ,tum)rP&eggfﬁ%éﬁpg%f&@wgﬁcﬁ?%n and p&pﬁ)é);i C t

rugs. o Peife ifi Pihe! ' & PRt Rich MY 0 i
enhance p53 expression in ski r: 25ﬁ 85po e 'Tﬁe expres?iqtgng‘o 1?)53
in normal skin i s Telhngiedtakia, resyld ininereaked Susceptibility to ionizing radiatiohMhduced
irradiation, which jnhibits repj i | ' eeded for cell
division 3 | Skm(tmpisz@@géet“ aléﬁwg%gﬁhi% tzﬁ‘xje‘gsste@%aq thaty| |
I%tCT? béggizgﬁge 8 g%s&%%f normal individfA1S ficredsdiGhe risk for many kinds of skin cancers.
5_1993]2)- %s protmga?sn@mmm%ﬁﬁhn?édwwt_ filerirochimi Al inckirereary. Dg?bm# ng
ime for repair before replication. _ o ects in
the p53 response papproaash weuldibee promatesthe mesigtanceof the DNA in skin cells to UV

Tel angi ectasia, regult i.n increased,sysceptibil]t 0_ioni zi.n .

radi ati on-i nduced ge'by the'to !&aﬁa E}ﬁ%fo? REEAS, aé‘f’b@‘.’efﬂﬁﬁklpgfﬁ@?ﬂ%%
(1992)). 1§ is vel hsPshabpohBedo LU light. Inhibiting p5F HeSAMkfor by "RE "R

I ndi vidual s i ncreages t he éi sk for ma%y ki nds o1g gki n g‘gncers..yn@’ ”i%fncal
This risk can be dapplicaséredf IpyoteAsommel inbibitors pfovides &l methodstoi enhaneatte. p53
"Anot her : approach woul d be to pronote the resistance of the
DNA i n skin cells ¥&PQye- damage by the topical application of

agents that enhance t“egﬁgie;g%%gg??%ﬁé@yiﬁ?%‘gk{_‘ﬂg DPresent im}%lriﬁdﬁ Is "t R3pieal to

W Tight. Inhibiting p5 egrade . opl

appl i cation of proipplieftich 6fprofiabdhé inhikivors €6 retlud® theostknowlediaed ¢k o Skind3

response. One preferred _enbodi nent of the present

i nventionlds the tcaptersithatresults from the treatment of psoriasis using UV light, which is often
combined with psoralens or coal tar. Each of these agents can induce DNA

- damage.
Use of proteasome inhibitors to reduce the activity of NF-xB

| NF-xB exists in an inactive form in the cytoplasm complexed with an

20 inhibitor protein, IxB. In order for the NF-xB to become active and perform its
.function, it must enter the cell nucleus. It cannot do this, however, until the IxB

portion of the complex is removed, a process referred to by those skilled in the

art as the activation of, or processing of, NF-xB. In some diseases, the normal

performance of its function by the NF-xB can be detrimental to the health of the

25 . patient. For example, as mentioned above, NF-xB is essential for the expression
of the human immunodeficiency virus (HIV). Accordingly, a process that would

~ prevent the activation of the NF-xB in patients suffering from such diseases could

be therapeutically beneficial. The inhibitors employed in the practice of the



application of proteasone inhibitors to reduce the acknow edged ri sk of
skin 15 wo9en3éancers that results fromthe treatnent of PBEFAUSIFIHIUSI ng
W light, which is often conbi ned with psoral ens or coal tar.
'Each of these agents can i nduce DNA . damage. ' _ Use
of prot eawsne inhibitors to reduce the activqst‘y of NF- x| B . -

NF- xcB exists in an inactive formin the cytoplasm conpl exed with an 20
inhibitor protein, licB. In order for the NF-icB to becone active and

performits . function, ,jt ntar the cell. nucleus. |1 _
cannot do this, HEREYLPYEiona Y%b‘erqféyes\}eﬁng_ this é&.va ot T@‘f‘?’ bg’cgﬂg I‘h:o'rrpl ex
is removed, a prQEeadivitgiceaMd E@e%rbﬁﬂﬁ%pﬁﬁm,’bﬁ(in WiridU3%reas of medicine, e. g2/t @S -
the activation of, or processing of, NF-1cB. In sone diseases, the ndrnal

per f or mance of i tisflimmation; throgghtthe inkibitiorBofexpressionief inflanamiatdry tytokihes dndal t h
of the 25 tient. For exa . as nti one bove, NF-vcB. is
essential for th&sk gjmpjecules, (reHHrﬁh etgl., gﬁé’ ’f‘l’ffﬂﬁ‘g{ I&PHW Plog 3
virus (HisV). Accqrgh uld - prevent the

5 9 ﬁ:ﬂggﬁs’)l) rslé%a %ib"ssaﬁci‘ﬁ; 1

activation of the afient$ suffering fromsuch di seases could
be therapeutically beMérespedificallpcthe attivityt cfINF-Blik highly repulated (Gridle bi 47 Of
't he WO 96/ 13266 '

PCT/ US95/ 14117 International Review of Cytology 143: 1-62 (1993); Beg et al., Genes apd-

present inventio [,e C r {i his actjvation..Thus, bl ocking
NF- DB 7B 0T PR, QW Pt 0 P Do 28 o
areas af medi ci ngddifioflal. member of the rel gené Rinhify]88.| 565, (alsBkRBWA ds/Fee] iAYhiHRi ti on
of expression of inflammatory cytokines and cel | adhésion {
mol ecul 48, (ref. most t¢lis, ¢he pbQ and PHS rane present] inRwyinactivef préyursdrofpymliahe 5
1-62 (1993)) sepsis '

., Al DS; and like. . . Mre
specifically, t h%ytﬁﬁlﬁ%%%“"ap @T%dhg‘%iﬁ‘ﬁwo ﬁ%@tﬁf@y‘l‘@@ generated By |
I nt ernati onal Reyj : e ot)p .and
Devel opnent 7: 20%%‘8@@@@%& é“’g&fé%l lgékg%%prl s%@%%sﬁ'ﬁmlgsfgggﬁggd an
addi ti onal menmbeprooéssinpsis aiso regulatediaThe gequence of the N-tezinireal 50 kDpditiolel A) .
In 10 nost cells, the F%SO and 865 are present in an inactive

precursor form i PIQ5s similar to that of p6g png pther membstsof therel gene family(therebn,
t he p50;subunit - .S\ g806r o : roteoql ytic
pr ocesg!l%g of a %gmgﬁyégﬁé%?sgp%ﬁs%% tﬁxﬁ:tw ?%nggftprig%ﬁe?ﬁpg g _
processing is al eSeribightedb PEB-c(aRo kAGWA 2S RAD3}. "SightficaAty, tiproelsskdp ey t i on
of pl05 is simlar to that of p65 and ot her nenbers of the rel
gene fam |y (thecangissociate with p65 and other members of the rel family to form a p65/p105
heterodimer. Processing of p105 results in the production of p50, which can form
the transcriptionally active pS0/p65 heterodimer. The C-terminal IxB-a-
20 homologous sequence of p105 is rapidly degraded upon processing.
There is another rel-related protein, NF-xB, (p100), that is similar to p105
_ in that it, too, is processed to a DNA binding subunit, p52 (Neri et al., Cell
67:1075 (1991); Schmid et al., Nature 352:733 (1991); Bours et al., Molecular
and Cellular Biology 12:685 (1992); Mercurio et al., DNA Cell Biology 11:523

.25 (1992)). Many of the structural and regulatory features of p100 are similar to

-

pl0S. In addition, the p100 protein can also form a heterodimer with p65 and
other rel family members. | | _ "

In summary, the transcriptional activity of heterodimers consisting of p50
and one of the many rel family proteins, such as p6_5, can be regulated by at least

30 two mechanisms. First, the heterodimers associate w__ith IkB-¢ to form an



15 honol ogy dormain). By contrast, the C-termnal 55 kD of pl05 bears
a striking wo96/13266 resenbl ance to | B-a (al so known as MABGI/US9S/14117
Significantly, unprocessed pl05 can associate with p65 and

ot her nmenbers of the rel famly to forma p65/p 105

het erodi mer. Processing of pl 05 results in-3%e producti on of p50 which

can form the transcriptionally active p50 p65 heterodi ner. The
Cterminal licB-a- 20 honol ogous sequence of p 105 is rapidly
degraded upon processing. re |s anot her rel-rel ated
protein, NF-icB2 (wm)tmmmpéassnm@leﬁ oS‘?S’!? fami ymembpxﬁ @W&tﬂt@t

671075 (1061)  sonipEr el pTOR Pfohl Wae RIS r“§‘°'ﬂ*'%° o can be

Mol ecul ar activated'ty thé disSécidtioR! 4k Aeytnictiof DF IkB%@hﬂe'Yﬂé EE'SIbP()ﬁincﬁl
DNA Cell Biology 11:523 2 - (1992)). Many of the structural and

regul atory feat ur epp54pl09 detesodimer rhanabe tastivated by processings pl0$ amidipt100),
the pl00 protein can al. sq forma heterodiner with p65 and ot her
rel famil rrerrbersrespectlvey In sunmmary, the transcriptional
activity of heterodi rrer ,@5&? ny
rel famly proteins, as p gb‘pgﬁﬁ‘hb‘gégégﬁf”gt“?c?%"y at eas?lﬁgem{ﬁbgﬁ

two mechani sns. Fi df&ktracteﬂ&lah signala ducteasdipppslysaceharides) phorbal Bsters, TNFo&  argin

WD 96/ 13266
PCT/ US95/ 14117 a variety of cytokines. The IxB- is then rapidly degraded. Recent stgiies

I nactive ternary sm £00 orog , rel. nber s
associ at e %&8&& ﬁ%ﬂ%ﬁog%@’ rgr%g‘?g c%?%}olbﬁacé&gglbﬁﬁ axsome °Ifhe
ternary c@pl ex caRese@xtracellular signals. activated by the dissociation and
destruction of licB-a, while the p65/pl105 and p65f pl GO

het er odi mer can be act|Sladledlayydmmn§ptpl%ommnm@fomBofplOS(p60Tth)
respectively. SSO i on i nduced
by a remarkably | &Agbe prpgsssed to pSO "'"”"’(g cf& g}? ég‘; @ég]S?fQ%gibii E:e"%‘ﬂch

of cybokinee.  The f Figreqiighiits atfiafatterills 6f MBTH vigy processing poactfin €. ¥

~suggest that plO5ATRMpOd epvndem'smghm the dfvdlverneiit wfahe Gbiqaitinlmediated Ome
of 10 t hese extracel lul ar signals St udi es

have dendAst r at ed Protein équgdmo n pathway: (Geldberg; @ubepB@shqrpazﬂiﬂ 3 (1992),

can be processed H@O tro t aI 395- 398 (1991)).
Certain rl'f% e{ﬂé« % % 7§lﬁ§nglmt ics of this in
vitro processing react igg f;ﬂ)téhsome is reqmred for%/bﬁceﬁﬁge'weﬁms) to p50.

I nplicated the invol venent of the ubiquitin-nediated protein

degr adat i on pat hwpy0¥/p0%ih projeinsare noﬂpﬁcm&tbnnnz&ﬂ&nﬁatﬁ&l(dﬁé}ﬂ)s:mc extracts
Hershko et al ., Age;;ieted o protBelaggmhee anénv?t% Zlg%veggr?aéd}u 92319 purified 26S proteasomes
20 to these depleted extracts restores the processing activity. Additionally, specific

inhibitors of the proteasome block the formation of p50 in mammalian cell

-@xtracts and in vivo. Also, mammalian pl05 is processed to p50 in

Saccharomyces cerevisiae in vivo, and a mutant deficient in the chymotrypsin-
like activity of the proteasome showed a significant decrease in p105 processing.
25 p607this ubiquiﬁnated in vitro and this ubiquitination is a pre-requisite for p105
processing. ' | |
* As mentioned above, the C-terminal half of the p105 (p105C) is rapidly
degraded during the formation of p50 and the sequence of p105C” is remarkably |
 similar to that of IxB. fxB-u is rapidly degraded in response to NF-xB inducers

30 and this dégradation'has been shown to be necessary for the activation (Mellits



The proteasone is required for the processing of pl05 to p5

pl O p6OT-WO6H3U6ns are not processed in manmalian cel | cytgﬁpg§ﬁ?gu5&tacts
depl eted of proteasone activity. However, addition of purified 26S '
pr ot easonmes 20 ) to these depleted thracts restores the processing
activity. Additionally, specific " inhibitors of the proteasone
bl ock the formation of p50 in mamralian cell extracts and in
vivo. Also, mammlian pl( is processed to p50 in _
Saccharonyces Cgf gy ghdge MQ{J&-'R@Qear@E91@29*95?99‘-E0@'@§1‘9935§'ﬁerﬂ<91 1 Nature
chynotrypsi n-- - ke activity of the proteasone showed a

signi ficant decBen382-185 (1995); Begenads Mudeculttr and Cellular BidlégX36)t3301-3310 :
ubiquitinated in vitro and this ubiquitination is a pre-requisite for pl 05
processi ng. (1993)). IxB-o degradatien anchtheactiyationobNFreR are alsg hlosked byl f  of
the pl05 (pl &

p50 and the seqh’%‘?}%@%@k&%&n eiﬁéncrti onar Etggﬁgﬁ%gﬁﬁgﬁ%d @gloéﬁﬁl{ %lw?gleﬁﬂa? f of

IxB. IxgB-a is pap7ili7gsd ded in response to NF-cB inducers 30 and
this degradation has been shown to be necessary for the activation (Mellits
WO 96/ 13266 Accordingly, the proteasome plays an essential role in the regulation of

PCT/ US95/ 14117 . . . . . . - 40-

et al., Nuclei cNEFRRCUNIY, Ejrsty ths prossasontsds ragyied for sapsprocessing of pAPS and

Nat ur e : inﬁ: - E,gdg- ; : | : rne:gﬁ}g |1 ul ar
Bi ol ogy 13(6):3%°(ﬁl-1)\1:~y 10 : Thead d&%ﬁ%@g?’)ﬁ}%gémné eégaﬁgl at1on 611% t he
activation of Nbroteasbme.cSezbnd) the proteadothy appears to be required fohthei degfadatidn

prot easone function or ubiquitin conhugaﬁt ion (Palonbella et al., Cell 5 ‘

~

78: 77310785 ( 1990f)IxB-e in response to extracellular indueess.di ngl y, the proteasonme plays

tial role i | at i F-GB acti Vi Fi t,'.
the’ pr ot eacore i o 1 ofhs sirEfifvahdbsfles 1o 8 method fopredubing B iy of ¥p- 7 1S
possi bly pl00. Wi9qndadnAfa éomipriing BénthdtighéeliRIof the bkl With mAibildksS6r

require the proteasone. Second, the proteasome appears to be
required for tmowm&mmm 10 - of IcB-a in response to

extracel | ul ar i nducegs. ' . Ih resent. Lnventipon rel ates
to a nethod for red ué?‘ﬁgmf"rﬁié czp.he testpd Jpr fheir ;’Ii’_‘ﬁ‘ypto inbibit {hF

| ASUYHOROL i gl
conprigy ng cont ' ' ' ' AP ENIER O LS L0 f .

pr ot eal?c)rre fi ncr??ladr?gy%% d}fa_ﬁ}@Aadihﬁﬁk %gﬂmgg’nkﬁg&t -(é‘gltlgg'?gr their
ability to inhi(®994)).nWhaletcellaixiracts afe prépared from untyEated Br TWFreeaestedéells DNA

bi ndi ng assay (Palonmbella, et al., Cell 78:773 ~ _ &%&29.4)).

Wiol e- cel | ext rig@thavebeenpretreated for | havg with the test compoppd. . The BiAckinding) <

binding. - abkv SERIERE P ety oo ngSEP i ol o, o

nobi ity shift PRIDRYprotel fidh thechuman IFN-B. gene pfimsdter. pr obe from t he human
| FN- Pz%ene pronot er . ' - ' '

o

As an indirect 'me__asure of NF-xB actiyation, the cell-surface expression
of E-selectin, -CAM-1, and V-CAM-1 on primary human umbilical vein
ghc_lothel_ia_l cells (HUV ECs) can be determined by means of a cell surface
fluorescent immuno-binding assay. Because E-selectin, I-CAM-1, and V-CAM-1
are under the regulatory control of NF-xB, inhibition of NF-xB activation results

25 in reduced levels of these adhesion molecules on the cell surface. .
| Compounds can also be tested for their ability to inhibit a delayed-type
hypersensitivity response in mice. Contact hypersensitivity is a manifestation of
an in vivo T-cell mediated immune respohse (Friedmann, Curr. Opinion
Immunology, 1:690-693 (1989)). Although the exact molecular mechanisms that

30 regulate the cellular interactions and vascular changes involved in the response -



20 As an indirect neasure of NF-icB activation, the

cel | - surf acewo»puIzE6i On ‘of E-selectin, |-CAM1, XCIUSEMMT on
primary human unbilical vein endot helial cells (HUVECs) can be
det erm ned by neans of a cel I surface fluorescent

i mmuno- bi ndi ng assay. Because E-selectin, |-¢kwI, and V-CAM 1

are under the regulatory control of NF-rcB, inhibition of NF-,cB activation
results 25 in reduced | evel s of these adhesi on nol ecul es on the cell
surface. . Co unds can also be,tested for .their ability
to inhibit a del ay&dmay sbscure, n@f’&w@ﬁy PERrSS Fi‘%FPF?:‘i“'Pgé‘B%'hgﬁ mierplaxef
Cant act hyper sensi Lijuble nddfatcrs, HRbsiGiondleciRs,nd the cytokine netwdik (PigiidtY,

T-cell nediated i nmune respons’rem?Fr(?rggﬁnann, Cur'r.e (%?nfl%ﬁe Plgter/& al,

| munol ogy, 1:690- £9%xp.1 M) )173673R6791(19919; dliclatloffpler @il dr Imeshabermasol hat
30 regul ate the cel lular interactions gnd vascul ar, changes_invol ved
in the respoﬂse 94.'1518-1W§59%)2618F-KCB, bymeﬁatgng events suchasthe%roduction of

PCT/ US95/ 14117 . . . S il . -A1-
remain obsgur e, | tcﬁhgfseaélrd -ﬂi‘%lé‘fm?thoél arx)lfi &t:l é%%uqns‘)fﬁ%%é n&e: K tadlt'ﬁepsf)orﬁl ’Pﬂleeculés’ 15
interplay of  acentral and écrididhEngRguRitcifivoldel inSim@Ruri¥at &s, and the
cyt oki ne network (Piguet, et al., ' Exp. Med 173:673-679

J.

(1991): Nickol of f, et allhe gompeunsstof foxmula(th).or (2b) can be used to geatichrapid 67 S
(1990)). NrF-icB, by nediating.events, such as. the production of. 5 -

Cyt okl hes nd. the RHE, CRARSNGR Soatis; 06 TRl of D EiiaHoR deidtion wiritis,

| los i _ : B ) ard ounkyed
mol ecul es, 1S rsheumatmd ardﬁtﬁﬁﬂfe%ﬁbn,%ﬁﬂn&rtﬁﬁ&%ﬂﬂ:hﬂg& %l%%usféé e

i n i nmune responses. e compounds or
(2b) can b@ used testéoperisispdstenarthritis and autoimmune diseaseu tArlditivnkByyinflarmnatidia t
Is the result of transplantation rejection, aarthritis,

rheumat oi d art hri t3ssociatad ¥ath pspriasiandresisnasis canralsobatreated. novel di sease,

asthma, 10 0St epPOL OS] SretREROBS mﬁ'@q@ﬁ%ﬁ%ﬁ@éﬁ@%ﬁ@*ﬁﬁﬁs fs

Addi tionally, i'nflammtion assoc!

restenosi s can al siatep@ed foSA¢lG4 the administration of compounds bf¢hé fresent ifveRBéRNt
of inflammtion"” or "treating inflammtion” is i'ntended to

incl'gde t he adm_nigsm&tpr?rpmbiﬁhct?n@clud@rfpmdvm, mepMmtion
a subj ect,for purposes which, gan include prop xis, anmeliqration,
preventiot? 15  O°F °“r8\rlg}c?t5'r E‘%gfm?ﬁqyn?eﬁ t %F%rté%amﬁ%te" (ROt Recessarilyn
need not necessari : 1,0 t ' y
Joﬁngéﬁe{r ameliorate th&{ﬂiﬁ%xgﬁa%ry 1&5p5hseC Fither %}EP bR A B He

response. Further, reatnent c use n conj unction
with other traditiusedlint conjunetivrs with otheitaraditional treatments for reducing the

i nfl ammat ory condition known to those of skill_in the art.

The proteasone i ntinfiammatory condition knawvm tothoseef skill ytbeaBed as a 20

"preventive" treatnent Qefore detectihgn o N,y i N§ t state oas to
orevent ¢ 7, Biiedepin e, oo i BHER B 1B AfofieR " oy
the sanme,uch as, pfeentive” treatment befor@’daiERtiéh of dndnflahmBiorPahte S5dia8 to prevent

the same from developing in patients at high risk for the same, such as, for

example, transplant patients. _
" In another embodiment, efficacious levels of the proteasome inhibitors of
the invention are administered so as to provide therapeutic benefits against the
25 secondary harmful inflammatory effects of inflammation. By an "efficacious
level” of a composition of the invention is meant a level at which some relief is
afforded to the patient who is the recipient of the treatment. By an "abnormal”
host inflammatory condition is meant an level of inflammation in the subject at
a site which exceeds the norm for the healthy medical state of the subject, or

30 exceeds a desired level. By "secondary” tissue damage or toxic effects is meant



| n anot her enbodi nent, efficacious |evels of the proteasone inhibitors of
t he i nventwy@og/frgs adm ni stered so as to provide therapeuti c POENSHS 1417

agai nst the 25 secondary harnful inflanmatory effects of _
inflanmation. By an "efficacious | evel " of a conposition of the
invention is neant a | evel at which sone #4glief is afforded to

the patient who is the recipient of the treatnent. By an "abnormal"
host inflamuatory condition is neant an level of inflamation in the

. subj ect at - a site which exceeds the normfor the healthy
medi cal state ofthe tissusuddmage, orcoxigOeffects which aseunito etherwsise healthyvidsuesdy

"secondary" tissue da cor_ toxi¢c effects.i s mean . WD 96/ 13266
PCT/ US95/ >1/ 4117 organs, ar}xndgtie cells &ere(l:n, due to the presence oft ‘an inflammatory response; -

the tissue dama : | - -ﬁ%‘-ﬂ%}- @(Fﬁ“ - r@?&?@ Wit

tissues, %lﬁné%%gﬁ{séﬁﬁ t e‘h?}a S mr I n, %}ue tépﬁ?iééggdgéence
of an inflammatory r eanowstsand regimens for the administraioryofiproseas@ne isthikitors:
"primary"inflarmmatory responge el sewhere ig the bodé. . . '
Amount sdand r egPR®§omMpEsitions of the nvention cas,be determinsd yeadily hvithosegvith 5 -

and conposition <19 Jeh , _ ed. r eadi . hose wi th
ordinary skill ?ﬁ(ﬁ{’%&,g@‘q lﬁ?ﬁg&;%@gﬂ%@;ﬁ?féggﬁ ng ) ﬁgﬁféﬁt%{ql?éfig{séﬂ&

di sorders such ag arthritis, tissue injiry2nd fikdueSrejektion UGdneiallyy tieNdodab® D She
rejection. Generally, the dosage of the . . conpositron of the

i nvention will ecempositipreofithednveption wolh yaryalepending upen¢onsiderations such as:

type of pharmacguti cal conposition. enployed age; health; i cal. . _
conditions 10 Pe °%Ph6@%"8“??iﬁ?@ms%%%“@y ?,‘gﬁgfr:}?e@ﬁ’ 't’?‘geﬁ"{(]ﬁgﬂ%l,mi‘? any, {
frequepgy of .trgagggg ; 3 , | red,;
ext ent ﬂgf tissue rragtoéc;ﬁ Ik(lsf:;he&n er?cwpgﬁagﬁe%t?ﬁﬁfémqeém&BF"aJnggt;ar?g?zérm;
and, counter i rmitort ofothe, effett desired pextentdfetisswadamiges getiderp duradpni of die by

t he individual physician. A desired dosage can be adm nistered_ in one or
mor e symptors; and; ¢wter indications, i anycandosher variahles totbe adjusted by

Phar naceut i cal ( 34 qt ] 2 b . I ak aﬁllﬂﬁf i nhi bitors
of the inventi o'%gc%ﬁ de.l g!r Bvsxlc ed éﬁ“ﬁpgﬁ%&w %é@gg@B?%$W9m

Thus, the prot egsplicRtioshtdidbeiin theedesired Uesdlat tMmhhmtiamBoﬁPMiiéﬂsons as

Ji

tissue rejection, arthritis, local infections, dermatoses, inflammtory
bowel 15 contaigingthe proteasomei inhibiters if she, invention ean thprayideddn amite

I nhi bitors. of E)‘ibeiié)ﬁr sent 20 . _ i nvention can be enpl oyed to prevent
the rejection s OfM%ati on of taspl anted tissue or organs
of any type, for ex the 'prctedsomle libitdrs e fieful fo¥ Geating such conditions &K1 N
grafts, and tissue grafts. ' Co_rrpounc%s olf\ t%é ?)x}se%ent

i nventi on i nhi ltissu¢ rejectianyt dvtheitisc fovak infectidns, dermatoses, inflamnidtory, bdvinel
conmpounds can bg enpl oyed to treat cance soriasis,, [estenosis or 25
other cell proldifeases pYiommups dissases, eic. he BrRicass biteysad ghe present

20 invention can be employed to prevent the rejection or inflammation of
transplanted tissue or organs of any type, for example, heart, lung, kidney, liver,
skin grafts, and tissue grafts. _

Compounds of the present invention inhibit the growth of cancer cells.
Thus, the compounds can be employed to treat cancer, psoriasis, restenosis or

25 other cell proliferative diseases in a patient in need thereof.

By the term “treatment of cancer” or “treating cancer” is intended
description of an activity of compounds of the present invention wherein said
activity prevents or alleviates or ameliorates any of the specific phenomena
‘known in the art to be associated with the pathology commonly known as

30 "cancer." The term "cancer" refers to the spectrum of pathological symptoms



By the term"treatment of cancer" or "treating cancer" is int e(gﬂ,ggg .
descri pti orwof9easeéact i vity of conpounds of the present i nvent ¥ Hn

sai d activity prevents or alleviates or aneliorates any of the
speci fic phenonena known in the art to be associated with the
pat hol ogy commonly known as 30 "canceé®3-" The term "cancer" refers to
t he spectrum of pathol ogi cal synptons WO 96/ 13266

PCT/ US95/ 14117 -43-
associated with the initjatiaon . or, progressi on, as | as net.ast.asis, of
mal i gnant associated \with the ipfjiation TWSF’BW'JVAQL"% MEBsgy of malighant

pur pose ofthe pr emb{si_) Wé {ggﬁ,.mmor" is intended f‘? W@Mﬁm%&ﬁtﬁéﬁﬁéﬂ

which the multiplica s T's uncontro

progressive. The tauew gidwh of tissuerih iwhitlntheymuleiplivation dfeells is uncuntndlledrands
the 5 mal i gnant tumor, one in which the primary tupor has_the
properties of invasogessive. The tumor that igpagiquiariys relevagh tQ thes HyRRtion iy thst or

degree of _anapl asi a.than do benign . . . .
Thus. »tred mont - oflighen gy 58 FwhidH3he orimary. o hes the properties of imvasiop,
prevents, all evi atysmepistadivdr WhichisBews greier 8¢Red 61 anBlisithan doBagn tumors.
(initiation, progression, netastasis) or secondary synptons
associ ated with the di sBmsftredtthent of cancef? ot &treatingcancer'arafers 40 abactivity ghat

broadly divided into the categories qf carcinom, . | ynphoma and
sarcoma. Exanpl es PEfVeaty éﬁﬁ‘ﬂ OF ATCUQIRFES| ARY; qigtgxp&yrwytqunomena intiation,

conposition of th .Q%&m. | ddﬂ? r - a3 : Q.
adenocar ci nom, agjfcr,#rgésg‘;eﬁt’ In!la eno%?r?cdleﬁ%{na, gﬂﬁgﬁgﬁ %Sé?%tggfﬁ?a?%iﬁ%%%,
al veoli 10 Cancérs/that@e¢ gédisbie arecbrogdlg dividedinte thecargotiessaf] caicihoma,

carcinoma, basal cell carcinoma, 15 bronchi ol ar, carci nonm,
br onchogeni ¢ car cilymopboma @ndisangomas| Examplesopfcarcinomas that can bgiiepisd iy the

carci noma, anonetroid carcin fibrolamlar l.ivwer cel rci.n .
follicular carci n(‘}ﬂ’_é’g,"s‘b‘f’%_n?{orc%e | PIESEE | IR FRROn HB?)‘&?%C@P{ ﬁ%rn&éar’@%gng’,‘

i ntraepi der mal 'Caﬁﬁéﬂ&%inghﬁ 4RGP et SdenBtarSifbmb, Ydiehal édtiéaD 6RBindings, alveoli
carci nonm, medul Tary carcinoma, nelanotic carcinomm,

meni gual  car ci nokell c&finoma, anaplasticeearcinomaglpsaloid cazcinomanbasalcet] carsioma,
carci nomg, squanmal cel| carcinpoma, gwea;l ) . gl an acfar ci noum,
transiti ddal cel | beenchiokygarcingma, , Branchogedie carcIROMA. eI iladiBdi carcinoma,
Sarcomas that can : 1k : i [,on
“nel ude, el ringeinchfs. POmER Latshicith, Abrdiftfol 96 Yell calibnia
angi ol i t hi ¢ sar cofglliciigs r ¥dtiflomas, giant cell Sédr€inbias,ciparotelluddr Thrcinvma,

sarcoma, ew ng sarconm, fascicular sarcoma, giant 25 . .cell sarcong,
granul osi tic sar cinteaepidermalotarcinoma, intraepithelialj careinempglepiomanigio carcinoma,

Pymphac e o Hiedillgl: C SRR RS e REiRRR | ARG o FRCTRYR o1 g

sarcoma ggr anul oCpfdsGmetonephric carcinoma, oat cell carcinoma, squamal cell carcinoma, sweat
gland carcinoma, transitional cell carcinoma, and tubular cell carcinoma.
Sarcomas that can be treated by the composition of the present invention include,
but are not limited to: amelioblastic sarcoma, angiolithic sarcoma, botryoid
sarcoma, endometrial stroma sarcoma, ewing sarcoma, fascicular sarcoma, giant

25 ceil sarcoma, granulositic sércoma, immunoblastic sarcoma, juxaccordial

osteogenic sarcoma, coppices sarcoma, leukocytic sarcoma (leukemia), lymphatic
sarcoma (lympho sarcoma), medullary sarcoma, myeloid sarcoma (granulocitic
‘sarcoma), austiogenci sarcoma, periosteal sarcoma, reticulum cell sarcoma
(histiocytic lymphoma), round cell sarcoma, spindle cell sarcoma, synovial

30 sarcoma, and telangiectatic audiogenic sarcoma. Lymphomas that can be treated



.sarcoma), austiogenci sarcom, periosteal sarcoma, reticulumcell sar coma
(hi stiocytwodeymspgsonn), round cell sarcomm, spindle cell sarPGHESISAMBY al
30 sarconmm, and tel angi ectatic audi ogenic sarcoma. Lynphonas t hat

can be treated WO 96/ 13266 .

PCT/ US95/ 14117 e -44- - 44-
by the conposition of the present invention include, but are not limted
t o: Hodgki n' s di sease and | ynphocytic |ynphomas, such as

Burkitt's | ynphonma, .o NPDL, NM., NH an i {fuse | honas.

The compountis” of Byl AORPoption of e (ppseubieaion Suable, but it adl BapieR -y

5 I.n. treaty . : LBL | mens
for the adm ni st tri-glt %on %?ﬁ%%g?@gé%mngh?cxﬁ%wgl}%mas, such ésgﬂﬂp h '
conposi tions of NRDL,NNL, Nihasddiffust lydephommasned readi |y by those with
ordinary skill in the clinical art of treating cancer-rel ated di sorders

such as the The compoyngdsf farawiaed hb) and (2h)appeas to bepastiewarly wseful

nmet ast asi,S) or secgndary ns 10 ~ associated with the disease.
General 1y, the d&ﬁﬁ%%&@%[#e{&t& nposition of the _ ~ invention will
vary dependi ng upon Cofméf atd RipEméniClor Bt adnviRBtrafio 8N PrOtdasdME inhibitors

enpl oyed; age; heal th; nedical conditions being treated; kind of concurrent
treatment, if angndcompositions of ther iyention cambetdeterminedrreadily bpdhedef with
desired; ) ext.ent of .tjissue damage; gender; dyration Qf the
synptons; and, cBtRaLy Sﬁﬂgm the clinical a1t Bgﬁ%ﬁ@,cﬁ?ﬂmﬁméﬁ@r&rﬁﬂ&&?@ﬁbl es
to be adjusted. b @Qﬁ, ' hﬂ@ ; RS bd : . rﬂﬁﬁj age
can be adm ni.ste%‘re1 H‘P Hgg&é&or Fe ap ﬁggé;?ﬁog’nlge%m%@toéisﬁ% e gﬁ%t&gg ‘
desi redl0esul t s. ajsbesatedowith itiendiseasep Wenierablys theoddsage ofithet doampositiohasfahe

i nhibitors of the inventjon can be provided in unit dosage forns. = .

The present i nveinveaienwill vanydensading uper eensiderations sucks a5t fypgiof gompesitiors, 20

which are not intended,to b L ti I 0..any. CLs .

Exanpl es Eipiogea dyel %emq?/ﬁé%‘ﬂgad rf%’& %’é‘%‘%ﬁ%ﬁ?"as““&? of SOPFHTEDL ( 2a)
or (2b) were prepgdtfiént, if any, frequenc¥yCofotréhitient shd the neRiNE bf the! &Ffect dedired;
sequence depicted in Schene 1. R2 and R3 are as defined above

for fornulas (| ¢xtentndf ¢tishie. demages ;geaden tdurationaof the gymptoms25and, counter
protectjnhg noiety.. The general .pr.ocedures empl gved,for, each, comound are
s o4 1 Telpilicatons it B dnd RHE vereRtice i BF ot by fredad Sigtang, ¢

provided . 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. -
The present invention will now be illustrated by the following exami:les,
20 which are not intended to be limiting in any way.

Examples

Most compounds of formulas (1a), (1b), (2a) or (2b) were prepared
according to the general reaction sequence depicted in Scheme 1. R? and R® are
as defined above for formulas (1b) and (2b). | PG represents an amino-group-

25 protecting moiety. The general procedures employed for each compound are
| summarized in Table I, and detailed descﬁptions of these procedures are pi'ovided
inthe Exampleé. Syntheses that do not conform to the general reaction sequence

are described in full in the Examples. (15,25;3R.55)-Pinanediol leucine boronate



i'n the Exanples. Syntheses that do not conformto the general reaction

sequence wWoO96/13266 are described in full in the Exanples. PCI/USIS14117
(IS, 2S, 3R 5S) - Pi nanedi ol | euci ne boronate WO 96/ 13266

PCT/ US95/ 14117 ' - 45-
trifluoroacetate salt was prepared as previddsly reported (Kettner, C A ;
Shenvi , A.B. J. BioL Chem 259:15106 (1984)). N-Protected
(Boc-, Cbz-, or Fnoc-) am no aci ds Were comercially avail abl e

or were prepared fromthe corres fr amn
standard protectil WMBMQW\B’ °us neg&etﬁ’&&& %eﬂ‘ef‘% 't he
Ex | es. |- Ethyl Pt o}

anpl es yDgB("genzotH . % b@gﬁﬁﬁ?rm ted§Boc-, Chz-, or Fmoc-

hydrochl ori de (E 1yl oxytri's(di met hyl am no)c[:) osphoni u
hexaf | uor ophosphatmind BidRls weregesrhinercially aWaildbie bemavere | prepared - fron the
N-N, NN -t et ranet hyl uroni uthrgérafI uorgoborate (TBTU) were errpl oyed as
coupl i ng reagent sCcqrEssRending trae amingacig! by standagg pro meghed 5’8‘7'1‘*2519@‘9’("@%5)

ég 1927 (i9895tro‘iegé"b‘"ﬂn %AF?‘QX@‘EQ esll ‘é‘}&%'r 2%%@%@"er%§é@%%§

nucl ear magnetic hpdBekoage (HPQ), benzotnazol- -yloRg€eis(dinetPlamindphosphohiun Of
the products was verified by thin | ayer chr omat ography and by
hi gh perfornmance h¢:qﬂudrqpbo:phateogr@&l§/ (Eagent), or bl Hepenzomiezol-1-yl)-

gg:;/e #§9|5/ 1411 NN.N' "-tetramethyluronium tetrafluoroborate (TBTU) were e}nAi)?c_)yed as
coupling reagents (Sheehan, J.C. et al, J. Am. Chem. Soc. 87:2492 (1965);

10 Castro, B., et al., Synthesis 11:751 (1976); Tetrahedron Lett. 30:1927 (1989)).

| | All compounds were characterized by proton nuclear magnetic resonance (NMR)

spectroscopy. The purity of the products was verified by thin layer
chromatography and by high pérformance liquid chromatography (HPLC).
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Synt hesis of Boronic Ester and Acid Conpounds
Bor oni ¢ Aci GWO 9613266 mi nal

Protection
MG 262

Depr ot ecti on?

_ 5
BOP
EDC

A

| MG 274
EDC.

A 15

MG 284

BGP

A B

Ac20 20

MG 289

EDC

B 5
RC(OC 25
MG 294

BOP

B

RS(O CJ 30
| MG 299

PCT/ U895/l%4117

15

20

25

30

Conpound

Mz 261 EDC
EDC A
MG267 -“49BC

Coupl i ng P’&a'w5114117

MG 264

B | MG-267 REDC) 2C1 - MG 296 | - EDC
288 . EDC s <o a7 INaHMelS ol
Ebaic.270 BEDC A RC(O) C ~ W0 96/ 1f266
MG-272 EDC A 1=
MG-273 EDC A,B RC(O)CI 4
MG-274 BOP A -
MG-278 EDC A RC(O)CI
MG-282 EDC A -
MG-283 BOP A Ac,0
MG-284 - B RC(O)CI "
MG-285 BOP A RC(O)CI :
MG-286 EDC A,B RC(O)CI
MG-287 EDC B Ac,0
MG-288 EDC A RC(O)CI |
| MG-289 EDC B RS(0),C!
I MG-290 EDC B Ac,0
'MG-291 EDC B RS(0),CI
MG-292 BOP B RC(O)CI
MG-293 TBTU B RC(O)CI
MG-294 EDC B -
MG-295 BOP B | RS(O),CI I
MG-296 EDC B RS(0),Cl |
MG-297 EDC B RS(O),CI -
{ MG-298 EDC B RC(O)CI
Il MG-290 EDC B RC(O)CI




Boronic Acid N- Ter m nal | Conmpound Coupl [ n%_m%ent

Depr ot ect mem96/13266t ect i on MG- 300 93114118
RC(O) C MG 301 BOP B Ac20
MG- 302 EDC - B - MG 303
EDC B HCl, ether -48- MG- 304 TBTU
B 11 MG- 305 ~ EDC B
RC(O) C MG- 306 TBTU B RC(O) C
MG307 - TB 2 Yaa Ve ___
TBTU ; 0.Cl TermihGTU
5 %%(up NTerm}-'n-El
Ac20 BOR _ _ : Ldkane
MG- 312 ED¢ MG- 3oo - |Eepc BRC(O) Cl | rRcioyar MG 3
B | -
RC(O C !
M 316 BOK MG-302
MG- 319 BT B
RC(OC 20
M 323 5 MG-304 - SN Y '
TBTU RES>H—FBFY 325 FHTU
B MBS0 EDCMG 329 |B TBTU | RC(O)CI B 7‘#%
Od 25 30 BTU B TGH el
P el 808 | gerd N RCO)CL o Ao
TBTU MG-307 T8 Mel B MG 33¢ RC(O)CI TBTU {
oo/ IBlIU . . B ’
HCI di oxane ?,oR“'(’*?e"g’“’8 MG 334 TB enc|B g | RC(O)CI
RO(O Ol 10 MG-309 . | TBTU B RC(0)CI
PCT/ US95/ 14117 _ =
| | MG-310 BOP B ' Ac,0
| MG-311 | Bop B | By, dioxane
MG-312 EDC B RC(O)CI
MG-313 - B RCO,H, TBTU
15 MG-314 TBTU B 'RC(O)CI
MG-315 BOP B RC(O)CI
MG-316 BOP B -
MG-319 TBTU B |
MG-321 TBTU B RC(O)CI
20 MG-322 TBTU B "RC(O)C
| MG-323 |- B Ac,0
MG-325 | TBTU B RCO,H, TBTU
MG-328 TBTU B 'RC(O)CI
MG-329 TBTU B | Re(O)CI
25 MG-332 TBTU B | NaH, Mel
MG-333 . | TBTU B NaH, Mel
MG-334 TBTU B NaH, Mel
MG-336 TBTU B RC(O)CI
ch-m TBTU. B " | HCL, dioxane
30 MG-338 EDC B Jrcoyar |



-'49- Bor oni ¢ Acj _
N- Ter i nal WO 96/13266 Depr o Perisasuan7
Prot ecti on MG 339 TBTU B , HCl ,
di oxane MG 340 . TBTU HCl |
di oxane MG 341 TBTU  -49- B RCCR2H,
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MG 344 BO . ; : : ; Vi X
£ B =
BE_)C rcdio (¢ompound
RS(O)2CL 10 MS—S4-5- HSH :
di oxane | MIG33949 TBTUBTU B B HCI, dioxaridC] | 2”“
diroxane 50 BTU B ° . PhCHANCO
MG 351 Ecxlﬁ"%%“% TBTU" P YT HCl digxane
B raaersu 15 [TBTU M5 353 | B TBTU | RCO,H, TBTLB ||
RC( O C W& 357 BOP B - Cl
MG 356 TBILMG-34 - B a7
B 5 HClil, meiLssane TBTU MG 3% TBTWRCO,H, TBTU
RC(O C 20 S5 TET — =
di oxane | MGE34461 BOP 1RTU B B
TBTU ' B
MG- 363 EDC e
MG- 364 EEDC BROCO2H, TBTU |RC(0)Cl I\/(Hr 366
TBTU di oxane '
B |1%‘DM: 368—t B £nc R&tOLC o
TBTU 10 THMW B B HCI, dibkkdne di ¢xane
M5 380 RS 2CT 3( V& 382
e FBRL ey IB N HCI, dioxane
TBTU B PhCH,NCO
EDC B -
TBTU B RCOH, TBTU |
15 TBTU B RC(O)CI |
BOP B RS(O),C!
| TBTU B -
TBTU B HC}, dioxane -
TBTU B RC(O)C]
20 TBTU B HC), dioxane
TBTU B RCO,H, TBTU
- B PhCH,NCO
TBTU B HCI, dioxane
- IB. RCO,H, TBTU
25 TBTU B HCI, dioxane
- B RC(O)CI
EDC B TBTU
TBTU B " HCI, dioxane
TBTU B RS(O),CI
30 TBTU B RCO,H, TBTU
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- Conpound Coupl i ng Agent Boronic Acid N- Ter m nal
Depr ot ecti ona Protection _ _50/G- 383 TBTU
B RCO2H, TBTU MG 385 . TBTU
B HCl, dioxane - M 386 TBTU.
B - HCl , di oxane MG 387 TBTU
B L U A I A T O, PR oG, aCerore=wat er

ol N-Teominabt a
Protection

B = i-BuB(OH) 2,
descriptions of

N '--Whex&% .
pr ggé'gﬁ res. | - ling Agent Hx cPeprotegtion*
AT PONYT - 4S- ( f napnt Nyl ) - C- g1 _ani ne- L-
MGG 2731] 1BTU

(JS, 2S, 3R, 59) - Pifngnedi ol N- Bop=R=f,1- naphhyi

al ani ne- L-1 euci %S’ggam TBTb

(IS, 2S,3R 59)- pi,nﬂ@eglgg)l | eu
(664 ng, 1.76 rei—ard—N-Be
mg, 1.76 mmol) ijnMGMB2( 10 ni)

di met hyl am nopr Opy T DOU 0T OCTIT OT T % ,
15 1 - hydy oxykgn | azole o ate 11 mmol ),
a5 TXAENHOLORE R R SR ORR T Moyt
was al | oned to S€€TXamples SIRIETOEPICEIYSng stir overnight. The
reacti on was quenched with water (100 nL), and the m xture was ‘
extracted with CH2ClI 2 (4 x 25 nL). The ~ conbined organic |ayers '
wer e washed wi t IEXaMspdedie o UN-(HorpholineicarbanglAD-naphthyl)-L-adareined - Na HCO3,
dried over anhydrous MySHeuéink borosic acidgMG2e¥Ntrated to give a
yellow oil. Water was added and the resultant gunmmy precipitate was

| A (1S,2S,3R,5S)-Pinanediol N-Boc-B-(I-na'phthyl).-L-
10 alanine-L-leucine boronate

To a solution of (18,28,3R,5S)-pinanediol; leucine boronate

trifluoroacetate salt (664 mg, 1.76 mmol) and N-Boc-B-(1-naphthyl)-L-alanine

(555 mg, 1.76 mmol) in DMF (10 mL) at 0°C was added 1-ethyl-3-(3-

dimethylaminopropy!)carbodiimide hydrochloride (EDC) (404 mg, 2.11 mmol),

15 1-hydroxybenzotriazole monohydrate (HOBT) (285 mg, 2.11 mmol), and
Nemethylmorpholine (NMM) (0.3 mL, 2:64 mmol). The mixture was allowed to

_ _Wa'n'n'to room temperature and stir overnight. The reaction was quenched with

‘water (100 mL), and the mixture was extracted with CH,C, (4 x 25 mL). The

combined organic layers were washed with 5% aqueous HCl and saturated

20 aqueous NaHCO,, dried over anhydrous MgSO., filtered, and concentrated to

give a yellow oil. Water was added and the resultant gummy precipitate was

extracted with ether (3 x 25 mL). The organic layer was dx_'iéd_ (anhydrous

MgSO0,), filtered, and concentrated to afford the title compound (202 mg) as a

white foam.



éxtracted with ether (3 x 25 nlL). The organic |ayer was dried (anhydrous
MpSO4), fil tv@(\'i,\ﬁéquze\?d concentrated to afford the title conpourdET{U9814m) as
a rte

| oam e WO 96/ 13266

PCT/ US95/ 14117 o -51-
B. (1S, 2S, 3R, 55) - Pi nanedi ol f>-(1- Napht hy§)-- L- al ani ne-

L- 1 euci ne boronate trifluoroacetate salt To a

solution of the product of Exanple IA (930 ng, 1.38 nmmol) in

CH2Cl 2 (10 ML) at 0O0OC was added trifluoroacetic acid (5 nL) and thi oanisole
(1 5 m.) . TheBr eac(ASp2S,3R,58)Pinawedicd|B-GrNdphtbyl)eli-alanine-oom
tenperature. After 4 L-leucin® boronate wifliloreaveritesalt € was concentrat ed
to dryness and dried in vacua. The resi due was used in the
next reaction wi thout further purification. C.

l-S, 2S, 3R, SS) - Pi d
I(- (1- naphXt hi/l ) - | Eagfalnlak% s%fut@[él cﬁﬂﬂ%g?()ﬁ%?g?%%gle 1A (330 mg, 1.38 mmol) n

4- Nor phol i necar borgi, {10 hD)eat 03¢ wis ad@ed!2iflioRiatetitid (5 ﬁmy%@mlmlsole (1
(150 m., 1.08 mml) were added to a solution of the product of Exanple |IB

(0.25 g, G 36 mmolmL).nTipHR@MON Bixwre. Was aubmdtqwanntqummmmramre After 4
nmor phol i necar bonyl loride (50 nl) and tri m ne ). were ded.
ACLor 2 daye. o 2l e Eeactin FRe pad Sonsehse th ayiess ML Srigd Yo

Et OAc, 15 ﬁh%ﬁtfﬁf*h%ﬂm?“ HpHCO, dried
over MgSH4, fil tere gsmehhnml{;%m?gﬁ%entrat rification by flash
chr omat ogr aphy (el utlon with 1:2 Et OAc/ hexanes and 4:4:1
hexanes| Et OAc/ MeOH) affgrded the titl e conpound (124 ny).

D.  N-(4-Mor phol i ne) cd-bonyllS@SER,d8Rinapediol Do(4-morpholine)carbonyl-

L- al ani ne-L-1 eaci ne boronic [33-61-daphthyl)-L-alanme-L-leucme boronate

10 4-Morphdlinecarbonyl chloride (50 mL, 0.42 mmol) and triethylamine
(150 mL, 1.08 mmol) were added to a solution of the product _of Example 1B
(0.25 g, 036 mi_nol) in CHCl, (6 mL). After 24 h, additional
morpholinecarbonyl chloride (50_ mL) and triethylamine (150 mL) were added.
After 2 days total reaction time, the reaction mixture was diluted with EtOAc,

15 washed with 1V HCI and saturated aqueous NaHCO,, dried over MgSO,, filtered,
and concentrated. Purification by flash chromatography (elution with 1:2
EtOAc/hexanes and 4:4:1 hexanes/EtOAc/MeOH) afforded the ﬁtle compound
(124 mg).

: D. N-(4-Morpholine)carbonyl-B-(1-naphthyl)-
20 _ L-alanine-L-leucine boronic acid

To a stirred solution of the product of Example 1C (124 mg, 0.21 mmol)
in acetone (10 mL) was added aqueous NH,OAc (0.1 N, 5 mL, 1.0 mmol),
followed by NalO, (120 mg, 0.21 mmol). The reaction mixture was stirred at
room temperature for 72 h, and then the acetone was evapdrated. The aqueous

25 layer was acidified to pH 3 with 1V HCI and extracted with EtOAc (3 x 20 mL).

The combim-_:d organic layers were dried over anhydrous MgSO,, filtered, and



To a stirred solution of the product of Exanple IC (124 ng, 21 mml_)
in acet onwq@96n3ake was added aqueous NHAOAc (0.1 N, 5 ni, 11’9'1"#’%1‘)11

foll owed by Nal &4 (120 ng, 0.21 nmol). The reaction m xture was stirred at
roomtenperature for 72 h. and then the acetone was evaporated. The aqueous

25 | ayer was acidified to pH 3 wi th52-NHCI and extracted with Et QAc
(3 x 20 m). -The conbi ned organic | ayers were dried over
anhydrous MgSO™4, filtered, and WO 96/ 13266

PCT/ US95/ 14117
concentrated. Theoncgayaled 'ﬁb&feﬁm‘? Waéd’uB?"fl by flash ﬁwwwlmw%n

i ops s v R R e T

Exanple 2: N CbMeQ}LEtaAﬂHOAd)w iveah®title borpoaidi(20 vig)2 74 1
A (1S, 2S, 3R, 535) - Pi nanedi ol z-L- | euci ne-L-1I éuci ne boronate

Benzotriazol - 1 -yloxytris(dinet hyI am no) phosphoni um

nexel | 0y PRSPl b3 Ot bt W IR, L O

trifluoroacetate . salt (595 ng, 1.58 mmmol ), N Cbz-L-1eucine (500
nmg, 1.87 mmol) in acetonitrile 10 (30 nL) at roomtenperature. The
m xture Svas stirred ad. r ooffSi28\4i%5S)k-Bingnediol N-Cbz-L-leucine-R-lencine borbnate
reaction was quenched with brine (50 nL) and the m xture was

extracted with Et QAc (3 x 50 nlL). The conbi ned organic |ayers were washed

and then ared (antyds ShEoHHERPUSABFAEFHm ARG 1 BHARRD FRIRUR L ¢
was 15 hiekaflastaphusphate I(B@ngdagahr 8DRnag)r B8N ynrh6l) Wvasoaddettifl oHe- 30%

acet one/ hexanes) to afford the title conpound (539 ny).
B. N Chz-L- Leportinstp amixeref (b528ARS Sipingnediol leucine boronate trifluoroacetate

salt (595 mg, 1.58 mmol), N-Cbz-L-leugx_ne _(500 mg, 1.87 mmol) in acetonitrile
10 (30 mL) at room temperature. The mixture was stirred at room temperature for
2 hours. The reaction was quenched with brine (50 mL) and the mixture was
extracted with EtOAc (3 x 50 mL). The combined organic layers were washed
with aqueous 5% HC], saturated aqueous NaHCO;, and saturated aqueous NaCl,
and then dried (anhydrous MgSO,), filtered, and concentrated. The residue was
15 purified by silica gt_:l chromatography (elution with 20-30% acetone/hexanes) to
afford the title compound (539 mg). -

B.  N-Cbz-L-Leucine-L-leucine boronic acid

Bya procedufe ahélogoué to that described in Example 1D, the compound
of Example 2A above (539 mg) was deprotected by treatment with sodium
20 . metaperiodate (1.2 g, 5.61 mmol) and aqueous NH,OAc (0.1 N, 10mL, 1.0

mmol) to provide the title compound as a white solid (154 mg).



By a procedure anal ogous to that described in Exanple ID, the cgg@ound
of Exanpl e 2wosi#3266( 539 ny) was deprotected by treatnent wit WPSHYSEH4RY
nmet aperi odate (1.2 g, 5.61 mml) and aqueous NH4OAc (0.1 N, 10 nL, 1.0

mmol) to provide the title compound as a white solid (154 ng). - WO
96/13266 _ -53-
PCT/ US95/ 14117 -53-

Exanpl e 3: F3(1-Naphtkyl)-L-al ani ne-L-Ieuci ne boronic acid

hydr ochl ori de sal téé”H’P?‘hng’}B n -Na;gl}thl\ﬁwzuz k:la"anl ne’-'mmaad

L- | euci ne boronic

(JS, 2S, 3R, SS) - Pi nanedi oi | - ( #vdeashiaride sajt [MG:392] andzﬁ-(I-Naphthyl)-L-alamne-
L- I euci ne boronat e hydrochl odi-tegciz boronic acid [MG-303] To a sol ution
of (1S, 2S, 3R, 55)-pinanediol P-(l-naphthyl)-L-alanine-L-

‘| euci ne boronate trlfl uoroacetate salt (prepared as descrl bed i n Exanpl e

|B, 536 A.0- 9718983k, s.sg-ﬁﬁﬁﬁéd SFB- geﬁ W) Lfeind) M O

| NHCL. The.m xture vvas a m nutes. Ether
was al | ovvea to slowly evapor ét-lguafxﬁémnﬂgte}zy rocitloft fifant crystals were

coll ected, washed with H20 and ether, and dried in vacua to

provi de the title conpound (300 ng).
P- (1- Napht hyl ) - L al ani n#ola sojutioreobiSRAH, 3R, 5;&']-pinblﬂllojcﬁﬁ(lenaplﬂlyl}L-alanme-L-

salt; and f-(I- L- al anj neLIeu ne bor
To the product of Eﬂg\ﬁﬁl’ (‘9@@? (RrepRte Pﬁ HMW%X%PIEQB 336

hexane (4 nm.), M (
ng, 0.70 nmol). T%gfgagm%ﬂﬁm xt%lél}]r(gl &agﬁd?&%éﬂ‘@@%@ﬁml %géﬁzme%
t enper at ur e. sonicated forasetéraHmifiiled. aFeier was allosieddo Widvlyevapirate. Thel

the MeOH was evapor at ed. . The a ueous sol uti on was nmade basic
with NaOHI@nd washesultant erystalsevereealigsted, washed with H,Ojang) ethernandudrinsoinaatuy er

was | yophilized to ogprovxdgﬁ'x gmﬁ"‘ot%ﬁ(k&dv ?-l id. The

B.  B-(I-Naphthyl)-L-alanine-L-leucine boronic acid hydrochloride
salt; and B-(1-Naphthyl)-L-alanine-L-leucine boronic acid

To the product of Example 3A (290 mg, 0.58 mmol) in a mixture of

15 hexane (4 mL), MeOH (4 mL), and IN HCI (1.3 mL) was added i-BuB(OH), (71
mg, 0.70 mmol). The reaction mixture was stirred for 72 h at room temperature.

The MeOH-H,0 layer was washed with hexanes, and the MeOH was evaporated.

The aqueous solution was made basic with NaOH and washed with ether-EtOAc

(1:1). The aqueous layer was lyophilized to give 640 mg of a yellow solid. The

20 " solid was dissolved in MeOH, 4V HCl in 1,4-dioxane was added, and the solution
was filtered to remove a white solid. The filtrate was concentrated and the

residue was purified by reverse phase HPLC (elution with CH,CN-H,0) to afford

45 mg of MG-302 and 10 mg of MG-303. |



20 solid was dissolved in MeCOH, 4NHCl1 in 1, 4-di oxane was added, and '

t he sol ut e v6/13266 was filtered to renove a white sol PAT/USYE4117 trate
was concentrated and the residue was purified by reverse phase
HPLC (elution with CH3CN-H20) to afford ' 45 ng of MG 302 and 10
ng of MG 303. WO 96/ 13266 -54-

PCT/ US95/ 14117 - ' : - 54-

Exanpl e 4 N-(4-Morphol i ne) car bonyl - (Obenzyl ) L- tyrosi ne- L-1 euci ne

boronic acid (M> 3061 Boc- O Benzyl - L-tyrosine

A suspensi on of Exaseled| - N-(4Merpheli P)cfﬂb‘y‘y’{Q'éeWBr§".}’WS§'%7{€'£ﬁmeof 5
1, 4- di oxane (14 nL) and wéommcmd G-386/ treated, in order, with .

triethyl am ne (5.0 n., 35.9 nmol) and a sol ution of (Boc) 20
(2.86 g, 13.1 nmol) in 1, 4-dioxane (12 nmL). After 19 h, the
reaction m xture was i | Ung@oRi0-Be rosine (140 nmL) and washed
with ether. The aqueous | ayer vvas)zg?l led with INcitric

acid (35 nmL) and extracted with CH2CI2 (2 x 100 nL). Additional citric acid

(15 10 m.) was added t? t he alqﬂeous Iaer whi ch was agai n
extracted with CH2Cl A susprgsion o ~tyrosine (12 gobiey mERpInGuR@Ie of r act s

vere dried (Ngsfﬂ%n%%ahk&ﬁ )m?d‘@aterwdnl. wﬁgeal?ﬁi‘fxﬁgﬂdé With thi@mlatnd

crude product ( was use

reaction. 5. 0 mL 35.9 mmol) aBd a so(uhSchﬁ' &0 RIZJSG”ngIB)'l mmol) in
N- Boc- (O benzyli1 tyrosine-L- | euci ne boronate
To a stirred an 4@0%@2:)“‘-&@%&0?9 lyfthe regclion BrxwE) Wps didwted with water

P—(I napht hyl ) éé@{’ﬁs ‘éwaﬁiwéiu ng‘gbﬁoréﬁrégatqg%‘;‘%llfl uoroa 1‘3.% ﬁxalll\}m{r?repar e‘

N Boc- O benzy! -4eid §4" dekurddied with CH,Cl, (2 x £00 niLf) 9A&aiabaa1 cfififlaclBls (3. 35
g, 8.84 mnol) 1In anhy rous DVF ( m.)” wa
10 mL) was added to the aqueous layer, _whxch_ was again extracted with CH,CI, (100

mL). The combined organic extracts were dried (MgSO,), filtered, and
concentrated to gtve the crude product (4.5 g whxch was used directly in the next

reaction.

. " B. (1S,2S,3R,5S)-Pinanediol ~ N-Boc-(O-benzyl)-L-tyrosine-L-
15 leucine boronate

To a stirred and cold (0°C) solution of (1S,2S,3R 58)-pinanediol

B-( l-naphthyl)-L-alanme-L-leucme boronate tnﬂuoroacetate salt (prepared as

described in Example 1B, 3.03 g, 7.98 mmol), N-Boc-O-benzyl-L—tyrosme (2.97
| g 7.99 mmol), and TBTU (3.35 g, 8.84 mmol) in anhydrous DMF (30 mL) was |

20 added by syringe pump, at the rate of 1.9 mL/h, DIEA (4.2 mL, 24.1 mmol).
After the addition was complete the mixture was allowed to warm to room
temperature over 30 min, and then it was added dropwise to 30 mL of rapidly

stirring water. Additional water was added and the mixture was ﬁltered The

. collected solid was dissolved in MeOH, concentrated to near dryness and agam
25 added to rapidly stirring water (300 mL). The resultant white solid was collected
by suction filtration, washed with water, frozen, and lyophilized to provide the

title compound (4.49 g).



20 added by syringe punp, at the rate of 1.9 niL/h,

24:1 mol ). WO 96/13266 Af ter the addi ti on was conpl ete, the%ﬁ]ﬁmg
allowed to warmto room tenperature over 30 mn, and then it
was added dropwi se to 30 nL of rapidly stirring water.

Addi tional water was added and the mixture Wds filtered. The
collected solid was dissolved in MeOH, concentrated to near dryness and

again 25 added to rapidly stirring water (300 nL). The resultant
white solid was collected — (15,25,3R,55)-Pindnedldl on ?Mbbhﬂfl}-ﬂﬂyn)m*m'ed%w
wat er, frozen, and |yophiliz ohgteprow de the e conpound
(4.49 g). WD 96/ 132

PCT/ US95/ 14117 - 55-

C (1S, 2S, 3R, 5S) - Pi nanedl ol Qbenzyl ) - L-tyr Osi ne-L-1 euci ne

boronat e product Ri@l (447 2% aﬂﬂ@l)ma% disspiveg in CH:E1,

mnol ) was di ssol v and co

sol ution of 4NHCO(§ﬂ"H1B af?% sxllgu%%l&v@lmamxane @é’égh%maﬁd
the reactipn m xt ugg éﬁﬂ%d%hﬂiﬁ&‘éa&ionﬁﬁﬁﬁﬁrb%%ﬁ%ﬂ%@r&dﬁﬁ dﬁerﬁh:.ﬁ for 1.5 h.
Concentration afforded a yellow solid, which was triturate

hexane- et her Conccntratm@ﬂaffo,rdédl)ycﬂqvv sélid, which was tritiratetbvith hexarietdticer
conmpound (3.65 Q) aI' oli d.

EomPOTe, 53 S5 T, T, Fiketon st e filecoptRopi (361 6) as a pale yellow
(O benzyl) - L-tyroghfg- L-1 euci ne boronate By a
procedure anal ogous to that described in Exanple IC, the product

of Exanple 4C (2.53 g, 4.56 rrm)l) was treated w th 4-norpholinecarbonyl

chloride (0.75 nL, 6.43 mml) rovide the title conpound (2.35 g) as a
pale = - yeI | olsol i 45'2.5' Ry5S)-Pinanediol N-(4-megrpholinejcarbonyl-

N- (4- nor dRol i ne) car bonyl - ( O{Oelrengpl)-LetyrosinesLrlendine boxomate
boronic acid

| By a procedure analogous to that described in Example 1C, the product
of Example 4C (2.53 g, 4.56 mmol) was treated with 4-morpholinecarbony!
chloride (0.75 mL, 6.43 mmol) to provide the title compound (2.35 g) as a pale

yellow solid.

15 E. N-(4-morplzalme)carbonyl—(O-benzyI)-L-tyrasme-l.-leucme
boronic acid

" The product of Example 4D (0.39 g, 0.62 mmol) was deprotected
according to the procedure described in Example 3B to provide the title
compound (146 mg) as a white solid.

20 E»l:dnip[e'.i: N-Methyl-N-Cbz-L-leucine-L-leucine boronic acid [MG-268)

A N-Methyl-N-Cbz-L-leucine

To a solution of N-Cbz-leucine (1.38 g, 5.2 mmol) in THF (15 mL) at 0 °C
was added methyl iodide (2.5 mL, 40.1 mmol). Sodium hydride (60% dispersion



The product of Exanple 4D (0.39 g, 0.62 mmol) was deprotected

accor di ngV09613%66 pr ocedur e described in Exanple 3B to proviRfE¥§814117| ¢
conpound (146 ngy) as a white solid. 20 " Exanple 5:

N- Met hyl - N- Cbz- L- 4eaci ne- L-1| euci ne horonlsc acid (Mz 268J

A N- Met hyl - N- Cbz- L- | euci ne 6- To a sol ution

of NN Cbz-leucine (1.38 g, 5.2 mol) in THF (15 nL) at 0 C was
added nethyl iodide (2.5 nL, 40.1 nmol). Sodium hydride (60% di spersion
WD 96/ 13266 P - . : .

PCT/ US95/ 14117 1B oil, 0.6 g, 15 mmol) was added cautiously, and the resultant mixture was_ _
inoil, 0.6 g, sfifrednadkjoniacmpetance ﬁﬁlmi BUTthg regotidn ik nire Swilst dilitedWithUr € Was -

stirred at roomtenperature for 24 h. The reaction m xture was diluted with

Et OAc (25 nl) &E§QARat2SrmL) ané)wm(%adédwas equs@mwe nThe mistuye was

) s * ! SRR BfledySod B8 1 0B ARG R BB F AT, (10

t d
saturased aqueah@ water (50 mL). L ZW Ia%rwhgex@medmh%ﬁmte&d?@%gg?uam

extracts were acidified to - 3N HCl. The
extracted wi t hNaHO®Q; (mmmdm combihesthqueeus exty8msiwere acidified to pH 2 Witht er ed,

and concentr at Sﬂ' L ford the title W%O%g)ﬁq_é "%dﬁiﬂ)e%ﬂ?‘gﬂﬁhévéfm I d.
Ebr onat( és, 2-8, i gf and ncentrated ﬁyaﬁmartﬂé;&?é@n l 4 eget %]l%v %ﬁ ri bed
In Exanple | A tt%e é:o fﬁﬂﬁ ?gﬁ @3%5031 i?((:) nunol )

was coupled with (I S 2S, 3R, 5S) - p| nanedl oI | euci ne boronat e

trifluoroacetate salt (1 in the &resence of

EDC (64 my, 0.33 b(hia% ?Rés}rd’mlm ipl ﬁﬁmytyl- rabadaleycine-Edeuding 7
oronate

| By a procedure analogous to that described in Example 1A, the product
of Example 5A (85.1 mg, 0.30 mmol) was coupled with (15,28,3R,58)-pinanediol
leucine boronate txiﬂuoroacetaie'salt (105 mg, 0.28 mmol) in.thc presence of
_ EDC (64 mg, 033 mmol), HOBT (45 mg, 0.33 mmol), and NMM (37 mg, 0.37
15 nimol) to provide, after purification by ﬂaSh chromatogrﬁphy (elution with 3:2

hexanes/acetone), the title compound (85 mg).
C. N-Methyl-N-Cbz-L-leucine-L-leucine boronic acid

o By a procedure analogous to that described in Example 1D, the product
| of Example SB (85 mg, 0.16 mmol) was deprotected by treatment with NalO,
20 (104 mg, 0.485 mmol) and aqueous NH,OAc (0.1N, 5 mL, 0.5 mmol) in 10 mL
- of acetone to provide, aﬁer purification by flash chromatography (elution with

4:4:2 hexanes/acetone/MeOH), the title compound (21 mg).



15 mmol) to provide, after purification by flash chromat ography

(el uti-on wi tyyoded3266 hexanes/ acetone), the title comRAEASISEIITY) .
N- Met kyl - N- Cbz- L- 4euci ne- L- eucme boroni c acid- .

By a procedure anal ogous to that described in Exanple ID, the product

of Exanple 5B (85 ng, 0.16 nmol) was deprot®@ted by treatnent with Nal 04 20

(104 ng, 0.485 mmol) and aqueous NH4QAc (O.IN, 5 nL, 0.5 mmol) in 10 nL

of acetone to provide, after purification by flash chromatography (el ution

with _ 4: 4: 2 hexanes/ acet one/ Ne , the tlté 6corrpound (21 o).
VD 96/ 13266 Example 6 N-(4-Morpholine)carbonyl-p-(6-quinolinyl)-D,

PCT/ US95/ 14117 L-alanine-L-leucine boronic acid [MG-292] -57-
Exanple 6 N (4-Morpholine)carbonyl- p-(6-quinolznyl)-D,

L- al ani ne-L-1 eucine boronic acid | M52921 _ A

P<(6- Qui nol inyl)-DL-al gfi ne(g gumolm I)-D,L-alanme N Acet yl

P- (6-qui nolinyl)-D, L-al ani n (728 ng, 2.55 mol) 5 was
heated at reflux in 6N HO (20 m_) After 20 h, the reaction mxture was

conf:entrat ed to dryness and tﬁuﬁéaumaﬁ l@ﬁﬁaﬁw Qq\g%gz%ﬁgpéoglgg&the
title i X on
B. N- Bog- 1p- (6- %}%ﬂe@% )e ku?gﬂrl—'l@f . AﬂerZOh,the reacn%mxwgw%% ude

product of Exanpl I'n a s oxane

nm), water (10 mkonc%ﬁdat@&'&&@jnéfs aﬁd)théli'esﬂﬁﬁ Wﬁsdriﬂddﬁd’addw toeprovideithé title
pyr ocar bonate (556 ng, 55 mmol ). The reaction m xture was allowed to warm

to room tenper at upelnpwrtdewhm\\hasusﬁédﬂwbtmdhe nextreactionas acidified to pH 4
and extracted with EtOQAc (3 x 50 m_) and n-BuOH (3 x 50 ).
The conbi ned

B. N-Boc-B-(6-Qumolmyl)-D,L-alanme

To the crude product of Example 6A in a stirred mixture of 1,4-dioxane

10 (10 mL), water (10 mL), and 2N NaOH (5 mL) at 0°C was added di-fert-butyl
pyiocarbonate (556 mg, 2.55 mmol). The reaction mixture was allowed to warm

to room temperature. After 23 h, the reactioh mixture was acidified to pH 4 and

extracted with EtOAc (3 x 50 mL) and »-BuOH (3 x 50 mL). The combined

extracts were concentrated to provide the title compound, which was used directly

15 in the next reaction.

C. (1S,2S,3R,5S)-Pinanediol N-Boc-B-(6-quinolinyl)-D,
L-alanine-L-leucine boronate

By a procedure 'analo@us to that described in Exa:ﬁple 2A, the product
of Example .6B was coupled with ( lS,ZS,3R,SS)-pinanediol leucine boronate
20 trifluoroacetate salt (943 mg, 2.5 mmol) in the presence of BOP reagent (1.33 g,
3 mmo!) and triethylamine (0.37 mL, 2.62 mmol) to provide the title compound
(343 mg). ' '



extracts were concentrated to provide the title conpound, | I@S s ysed
directly WP96/13266 n the next reaction. _ "B lgg?l‘“ﬁ

(JS, 2S, 3R, 59) - Pi nanedi ol N- Boc- P- (6- qui nol i nyl)-D,
L- al ani ne-L-1 euci ne boronate 58- By a procedure anal ogous
to that described in Exanple 2A, the proguct of Exanple 6B was

coupled with (IS, 2S, 3R 5S)-pinanediol |eucine boronate 20
trifluoroacetate salt (943 ng, 2.5 ninol) in the presence of BOP reagent

(1.33 g, D.3 niargl, 2sa3R 53)-9!:%36@3199 (0. Bz(ﬂqui%-ﬁ?nﬁ?gpbé' to
provide the title CO”pou'ﬂalamne-L-leucmeS%;’la WD ™96/ 13266

PCT/ US95/ 14117 .-58-

D. (1S, 2S, 3R, 5S) - Pi nanedi ol - (6-quinolinyl)- D

L- daani ne- LI euci ne boronate he product of Exanple 6C

(343 mg, 0.61 nr nm@emdﬂﬁﬁt@@mﬂh §C (343 mg, 0.61: mmql)rwaa)rtm@étw acid (7 »

e Tt R AR BT D e

Es §1S, 25, 3E’es’é§beﬂdE9Eﬁ?;ﬂb oB, {%ﬁrévﬂae&lmﬁﬂd ébiﬁpcﬁﬁabonw --f(6-

qui nol i nyl’) - D, L-al ani ne- L-1"euci ne 'boronat e The
product of Exanple 6D was coupled wi th 4-norpholinecarbonyl

chloride (0.14 m_ 22 régf’lgi, Broc dlu gnalo oys .to that lgescrlbed
10 RolfRinngeial Y- m@ef ) ( SePomy
;:n N- (4- Nbrphol i ne)car BW("?’-V é"ﬁfﬁ’i”l’f“&ﬁ"’l‘l’ﬂ")" bgronate i

L- al ani ne- L4euci ne boronate ‘

The product of Example 6D was coupled with 4-morpholinecarbonyl
chloride (0.14 mL, 1.22 mmol) by a procedure analogous to that described in
10 Example 1C to produce the title compound (112 mg).

F. N—(4-Morplzolme)carbonyl—[i (6-qum olmyl)-D
L-alanine-L-leucine boronate

Deprotection of the product of Example 6E (153 mg, 0.27 mmol) was
effected according to the procedure described in Example 3B. Purification by
15 silica gel chromatdgraphy (elution with 50:50:10 hexanes/acetone/methanol)
afforded the title compound (87 mg). The product was further purified by reverse
phase HPLC; 5 mg of the title compound was recovered.

Example 7:  N-(4-Morpholine)carbonyl-B-(1-naphthyl)-L-alanine-L-leucine
methylboronic acid [MG-317]; and N-(4-Morpholine) carbonyl-
20 B-(1-naphthyl)-L-alanine-L-leucine dimethylborane fMG-318]

Toa suspén_ﬁio‘n of MG-273 (prepared as described in Example 1, 101.5
mg, 0.23 mmol) in 3 mL of a 2:1 mixture of Et,0/CH,Cl, was added
1,3-propanediol (20.0 mL, 0.28 mmol). The résultant clear solution was stirred
for 30 min at room temperature, and then anhydrous MgSO, was added. Stirring

25 was continued for an additional 30 min, and then the mixture was filtered through



Deprotection of the product of Exanple 6E (153 ng, 0.27 nmol) was

effect ed acorsliddeéd 0 the procedure described in Exanple 3B. PGRUSPYEAIIDN

by 15 silica gel chromatography (elution with 50:50:10°

hexanes/ acet one/ net hanol ) ~afforded the title conmpound (87 ng).

- The product was further purified by reverses9- " phase HPLC, 5 ng of
the title conmpound was recovered. Exanple 7:

‘N- (4- Mor phol f ne) carbonyl -f - (1-naphthyl)-'Lal ani ne-L-1eucine
nwAhyl boronic acid I M5 31 71; .and N (4-Morphol kn

>- (I -napht hyl ) - L-IcHPR Plyg aRd then: thypugh B Bmgﬁﬁ(fg&rsa e solution was

-If;g, aosggpﬁﬂgi ;)n_ é@%@ﬁé&% ﬁ'H't)ure oé%%’g@l&ﬁgé% ggaaé%jeoé’gén&ted

1, 3- propanedi ol (ta%r&ﬁ&,awm%sdmplﬁnhyahﬁsmtsmv@kaadecﬁahwtheqesmaﬁt

stlrred for 30 mn at room-tenperature, and then anhydrous
MySO4 was added. selution was eepled to 0°C.nieLd Bimkicki12 uun@lhmaddedormﬁexem m n.

ggflj_/ bggg / Qj lr7n xt urn? the rhi )Itllulet va edar}nb:ﬁ 0 goom temperature. \%%terajo min, g-ne l%\t red

a cotton plug andohiifh wdlcBsIed 0T uéHEhE’Jﬁ'ﬁhfa'tHv% ps D ovael) asiditdh difited

concentrated, toluene (2 nL) was added, and the mxture was agal n
concent r at ed with 10 mL of dNHCId ke calartess solatién was éxtractadowith THECL, 32 XL )

was added, and the r solution was cogled to OOC MeLi
(0.8 nm, 1.12 a@fﬁ&@dcowm extgact was concentrated 1o afford 3 white se 1‘3'das

Sl ut i on was. coolRTeAIGitEy Gt KfomatbeHiby (b w2 SEMEORICHC follqwes

diluted 10 by lO%MéDH@Ml;péffdrB&ﬂvIG-’SmE(Fm ﬁfé)@ﬁé MGI3UBI(PR 1 .
extracted with CHCl2 (2 x 0 m), and the conbi ned extract was
concentrated to afford a white solid. Purification by flash

ST e AR g -

Exanpl e 8: N-Benzyl - (3R)-3-di oxyboryl -5-nmel hyl hexanam de JM> 3421

A tert-Butyl-(3R)-3-[(1S,2S,3R,5S)-(pinanediyldioxy)boryl]-5-
methylhexanoate

A 200-mL round-bottomed flask was charged with anhydrous THF (50

15 mL) and_tert—butyl acetate (0.48 mL, 3.56 mmol). The solution was cooled to
-78°C under nitrogen, and LDA (1.5 M solution in cyclohexane, 2.2 mL, 3.3

mmol) was added by syringe over 8 mxn The resultant solution was stirred for

10 min, and then a solution of (iS,ZS,3R,SS)-pinanediol
1-bromo-3-methylbutylboronate (Organometallics 9:3171 (1990)) (1.04 g, 3.15

20 mmol) in anhydrous THF (15 mL) was added by cannula over 8 min. The
reaction mixture was allowed to warm to room temperature and stir overnight.

The pale pink solution was concentrated, aﬁd the residue was dissolved in 200

mL of ether. The solution was washed with saturated aqueous NH,CI and

_ saturated aqueous NaCl. Concentration gave a clear orange oil, which was
25 _ | purified by flash chromatography (elutioh with 2-3% EtOAc/hexanes) to afford

the title compound (584 mg).



A tert-Butl-(3R)-3-1(1S, 2S, 3R, 5S) - (pi nanedi yl di oxy) boryl | -5-

met hyl hex amoa6/23266 A 200- L round- bot t one PGYESR/I$HI
charged wi th anhydrous THF. (50 15 m.) and lert-butyl acetate (0.48
m., 3.56 mmol ). The sol ution was cool ed tg - 780C under
nitrogen, and LDA (1.5 Msolution in cycl %’exane 2.2 nm, 3.3

nmmol ) was added by syringe over 8 mn. The resul t ant soI ution was stirred

for 10 mn, and then sol ution

(IS, 2S, 3R, 5S) - pi nanegi ol 32

(Organonetal lics 9: 3?’71 ( %(?;;%S 23‘ ﬁg? ?555?H?¥Jiﬂ%'¥}; '{PJ}?lZn%ydrous
THF (15 nL) was added by ver mn. The -~ reaction

m xture was allowed to-warmto roomtenperature and stir overnight.
The pal e pink solution was concentrated, and the residue was: dissolved in

200 m. oF o et spdutionTofethe product of xemples $A (323 mig, D8 mamad}ii imqueous *

or ange o1 |, whi GG 55) el aea TG i GBS Rl B polofton

v\Ath 36 /21%;/06 gt QCAHBAURNGES stirfedt! b temperature for % RE THe! feSctf RBHAL 284 M) -

PCT/ US95/ 14117 concentrated and dned overmght under hlgh vacuum to produc_e adark bro&& roil

B. (3R)-3-[ (1S, 2S, 3R, 59) - (pi nanedi yl di oxy) boryl]-5- :

met hyl hexanoi ¢ @094 me). ‘To a solution of the product of
Exampl e 8A (323 ng, 0.89 mol) in ' ‘CH2C12 (8 nmL) was added
trifluoroacetic acid (2.0 nL, 26 mnol’). The resul tant 5 m xture
was stirred at roomgenpeNaBai l-rsx)-.?-ms IS3 R, SS)pinanediyldivs) boRi)-S5-
concentrated and dri.ed ov;,n,w,b, ~high vacuum to produce a dark brown
oi | - (309. 3 C.

‘N-Benzyl - (3R)-3-[ (1S, 2S, 3R 58) pi nanedi yl di oxy) boryl ] - 5-

methyl fjexanam de 1 4 solution of the product of Example 8B (300 mg, 0.9 mmol) and
TBTU (410 mg, 1.08 mmol) in anhydrous acetoniile (5 mL) was added
benzylamine (0.12 mL, 1.10 mmol), followed by diisopropylethylamine (0.50
mL, 2.9 mmol). The reaction mixture was stirred overnight at room temperature,
and then was poured into water and extracted with EtOAc. The organic layer was

15 washed with saturated aqueous NaHCO; and saturated aqueous NaCl.
Concentration gave a dark brown orl which was punﬁed by flash
chromatography (ehmon wrth 20% EtOAc/hexanes) to afford the ntle compound

(232 mg) as a clear, colorless oil.
D.  N-Bengyl-(3R)-3-dioxyboryl-5-methylhexanamide

20 The product of Bxample 8C (223 mg, 0.56 mmol) was deprotected
' according to the procedure described in Example 3B. Punﬁcauon by flash
chromatography (elution with 5% MeOH/CHCL,) provided a pale yellow oil,
which was dissolved in acetonitrile/MeOH. Water was added and the mixture
was lyophilized ovomight to produce the title compound (108 mg) as a fluffy

25 white solid. | |

~



10 To a solution of the product of Exanple 8B (300 ng, 0.9
mol ) and wo9613266 TBTU (410 ng, 1.08 mmol) in anhydrous a®ETBIOHE410T (5

nL) was added benzyl am ne (0.12 ni, 1.10 mml), followed by
di i sopropyl et hyl am ne (0. 50 m., 2.9 mol). The reaction m xture
was stirred overnight at room tenperature, -61- and then was poured

into water and extracted with EtQAc. The organic |ayer was 15

washed with saturated agueous NaHCJ err] and saturated aqueous NadC .
Concentration gave_ a dark brown oil_ j ch pyrified by f]as )

chr omat ogr aphy ( eExample $i ¢ ﬁm&ﬁ%&r &%‘#ﬁ”ﬂ‘?‘%ﬂz‘l‘ﬁ&vpﬁfé%’"e
canpound (232 npprewic gcid [3E6-3104) or | ess oi | .

D. N- Benzyl - (3R) - 3- di oxyboryl - 5- net hyl hexanam de 20 The
product of Exanple 8C (223 ng, 0.56 mml) was deprotected

according to the procegyire QeFoel2d 4 Te -@?uiﬁ’bﬁd&b%&}&“a&l flash
chromat ography (elution with 5% MEOH CHCI 3) provided a pale yellow oil,

whi ch was dissolved in acetonitrile/ MeOH. Water was added and the m xture

ras 1Yophi 11 zed over i .o LANSS LhG,od LS, COERUn (1050 B

PCT/ US95/ £4117 _ ' : -ﬁ&..—m

Exanpl e 9:% N- Acet4 yiﬁS%mgl):s(BXc %z(e)t(rI ggfd?ozs - gl ’qﬂdnlgf ll\lﬁgga(rsgtl)Lr?ylPﬁ_@ eucioﬁe
boroni c acid [ MG 3BY0OH (12 mL) and water (12 mL) was\stirred overnight at room temperature.
N-Boc- 1, 2, 3, 4- Tetrahydr o- 3-i soqui nol i necar boxylic acid .

A sol ution of 1,27Thezeactionamixtues wassdidited ovith ovaten 638/ imle) god dvashed with 5

4.83 mol ), (B Q(1.37 g, 2 I 1 NNa 6.n) Ln. b Xt
o )+ (50 bt heabs 1 B 25 iy oF B drpafif vt e RAckotaiion P il " ©
room t enper at ur €. NaHCO,. The combiie8 agfiédilsi 18ytréivétetafefiiiip acidlilfiel 86l phHioL P afipt er
(30 n.) and washed with et her-hexanes (1:1, 2 x 25 nL). The

organi c M@yer Wasemmctedeadthﬁwm 3(_'mﬂ.1).%l'he combined organiblexiBEts wateovasherdbi ned
aqueous [ayers were, Cal el and Yatarated aqueous Nall! died (Mg50,), and concentrated to

provide the title compound (1.27 g) as a white solid.

B. (18,25,3R,5S)-Pinanediol N-Boc-1,2,3,4-tetrakydro-3-
isoquinolinecarbonyl-L-leucine boronate

15 To a mixture of (15,2S5,3R,5S5)-pinanediol-L-leucine boronate
trifluoroacetate salt (1.14 g, 3.03 mmol), N-Boc-1,2,34-tetrahydro-
3-isoquinolinecarboxylic acid (762 mg, 2.75 mmol), and BOP reagent (1.34 g,

'3.03 mmol) in DMF (20 mL) was added, over a period of 2 h, DIEA (1.44 mL,
825 mmol). The resultant solution was stirred for 1 h after addition was
20 complete. The reaction mixture was poured into water (300 mL) and extracted
" with EtOAc (3 x 75 mL). The combined organic extracts were washed with
dilute aqueous HCI, half-saturated aqueous NaHCO,, water, and saturated
aqueous NaCl, dried (MgSO,), and concentrated. The residue was purified by
flash chromatography (elution with 20% EtOAc-hexanes) to provide the title
25 compound (1.04 g) as a white foamy solid. |



10

ver e washego 96/13266
(MySd err]), and concentrated to

extracted with EtOAc (3 x 30 nL). The conbi ned organic extracts -

with water and saturated aqueous NRCT/USGSA4dT
provide the title conpound

(1.27 g) as a white solid. B.
(1S, 2S, 3R, 5S) - Pi nanedi ol N-Boc- 1, 2, 3, 43-et r ahydr o- 3-
I soqui nol i necar bony- L-1euci ne boronate 15 _ To a mxture

of (1S, 2S, 3R, 5S) - pi nanedi ol -L-1 euci ne boronate
trifluoroacetate salt (1.14 3S3 03 mml), N Boc-1,2,3,4-tetrahydro-
¢

3-i soqui nol i necar box@l i c &b,

3825%Pteamdmb|) bﬂd&Elerenre&gdm-.i-l 34 g,

3.03 mmmol) in DWF (20 M)WMrmehumemwMeRydro&Wé&aM4 m.,
8.25 mml ). The resultant solution was stirred for 1 h after addition was

20

extracted

wer e maéhed with MMB%@ aqu@ous Q&T&%&quf )(;L;acts E‘

NaHCCB, water, amdcosled s GC:dA solution of 4N HC) inidioxane (8 GAL, 0C03I xﬁdl) de m and

concentrated. The residue was purified by

conplete. The reaction m xture was poured into water (300 m.) and

fl ash chromat ogr aphy

(el utidh with 20¢the crastipe miney was)smawonh@nmemt@ezsloncentmnmound
(1.04 g)
PCT/ US95/ 14117 1

C

(1S, 2S, 3RfARhitEssanedi ol

as 2 mhugugno%n Sl?ler-ﬁjexanes- afforded thg\%tl%tsc/:oln:x)’go%nd (565 mg) as g5
1,2,3, 4-tetrahydro- 3-

I soqui nol i necar bonyl - L-1 euci ne bor onat e hydrochlorlde sal t
The product of Exanple 9B (755 ng) was dlssolved in CH2Cl [err] (10 nl)

d cooled to 0 c A ANHCL 8. i, 0,03 npl
IR ARap O T O s o B CR MO SRl

Concentration and
title conpound (565 ng) as an

D.

isoquinolinecerhony Mewmb@mefa hexanes afforded the
off-white solid.

(1S, 2S, 3R, 5S) - Pi nanedi ol N-acetyl -1, 2, 3, 4-tetrahydro- 3-
10 .

15

20

The product of Exampie 9C (262 mg, 0.59 mmol) was treated at room
temperature with Ac,0 (0.085 mL, 0.89 mmol) and DIEA (0.18 mL, 1.36 mmol)
in CH,Cl, (5 mL). After 24 h, the reaction mixture was diluted w1th CHZClz. (20
mL), washed with 1IN HCI, half-saturated NaHCO,, and water, dried (Na,SO,),
and concentrated. Purification by .ﬂash chromatography (elution with
EtOAc-hexanes) afforded the title compound (271 mg) as a white foamy solid.

E. N-Acetyl-1,2,3,4-tetrahydro-3-isoquinolinecarbonyl-L-leucine
boronic acid

- Bya procedure analogous to that described in Example 3B, the product
of Example 9D (226 mg, 0.49 mmol) was deprotected to provnde the title

compound (131 mg) as a foamy, oily solid.

%

~



i soqui nol i necar bonyl - L- | euci ne boronat e 10 The product of
Exanpl e 9C (Reden2660. 59 mMmvl ) was treated at room PEEHRW LT e
wth Ac[err]O (0.085 nL, 0.89 mmol) and DI EA (0.18 niL, 1.36 mmol)

in CH2Cl [err] (5 mL). After 24 h, the reaction mxture was diluted with
CH2Cl [err] (20 m.), washed w th-$3NHCl , hal f-saturated NaHCGCS,
and water, dried (Na2SH4), ' and concentrated. Purification by
flash chronmat ography (elution with 15 Et OAc- hexanes) afforded the
title conpound (271 ng) as a white foany solid. . o E.
N-Acetyl - 1, 2, 3, 4- t Bxampled06 - N-fd<Morphaline)caxbonybpr(2-quinalyli-Lralanine-L-leucine
baroni c acid boronic ddjd fMG-3LFdur e anal ogous to that -
described in Exanple 3B, the product of Exanple 9D (226 ny,
0.49 Mol ) was deprotected to provide the title 20 conmpound (131 ny)
I%SCET?U]CSSE% 2115”7' y solid. 4 Diethyl (Mu%o’lﬂiﬁ%%l}acetamidomalonate _63-
Exanpl e 10: N-(4- Morpholine)carbonyl-[err]-(2-quinolyl)-L-al ani ne-L-I euci ne
boronic acid [ M5 315] ) A, _Det h¥ll )

(2- qui nol yl et hyl ) acet aFe aisoketioned2¢chloromethyl)quinoline monohydrogijoride (5108, 234 of

hi hy! ) qui nol | drochl orj d 4. |
and i eyl Acet arFORAPA MG bergsigofalaggie T & 4.7 fivaliin HigH oL pes
added sodi um met hQyhEesddfund Shethoxide (3778!g) 70 Hifol). ST deldti 'oﬂirﬁﬁctb&g\éééﬁ‘??#&ﬁét X red

at reflux for 6 h. The reaction m xturée was coo0 red,
and concentr at ed. réfiex for 6 h. The reaction axixtirecwaswottids fhitred,candreoht sntratedd Qhentl)

and extracted with ¢old 4N _HC (3 150 nl). . The, aqueous_| ayer
was neutralized wr?ag%m@ﬁw&vﬁai xeiﬁ.t%&t@eo flyrand gytractec wnhEP@@V HELL3 200

M) . The combined ;3p9fY Treshiddih 1BPwlRSEdIN Wi FOPNaOH and extracted with
10 EtOAc (3 x 200 mL). The combined organic extract was washed with water,
dried (anhydrous MgSO,), filtered, and concentrated to give the title compound

(8.3 g).

B. N-Acetyl-B-(2-quinolyl)-D,L-alanine ethy! ester -

- To.a solution of the product of Example 10A (8 g, 22.3 mmol) in EtOH
15 (180 mL) was added 6.1N NaOH (6.5 mL, 40 mmol). After2 h, 11.1¥HCI(3.6
mL, 40 mmol) was added, and the reaction mixture was concentrated to dryness. .
The residue was suspended in 1,4-dioxane (200 mL) and the mixture was heated
at reflux for 90 min. The reaction mixture was concentrated and the residue was
purified by silica gel chromatography (elution with 30-50% acetone-hexanes) to
20 | provide to title compound (4.3 g).

C. N-Acetyl-B-(2-quinolyi)-L-alanine
The product of Example 10B (4.3 g, 15 mmol) was treated with Subtilisin

Carlsberg (Sigma, 11.9 units/mg, 30 mg, 357 units) at room temperature in
“aqueous NaHCO; (0.2M, 120 mL). After 2 h, the reaction mixture was extracted



dried (anhydrous MgSO™4), filtered, and concentrated to give the title
conpound WO 96/13266 (8.3 g). B. PCT/US9S/14117

N- Acetyl -[err]-(2-quinolyl)-D, L-al anine ethyl ester

To a solution of the product of Exanple 10A (8 g, 22.3 nmol) in EtOH 15
(180 nm.) was added 6.1NNaOH (6.5 nml, 40 n®bl). After 2 h, 11.1INHC (3.6
m., 40 mmol) was added, and the reaction m xture was concentrated to
dryness. The resi due was suspended in 1,4-di oxane (200 nm.) and

the m xture was he at reflux for 90 mn. The reaction

ni xture was con‘ﬂ&ﬁwe@ ér’&ot%)'rgg? &ﬁtéeq}ﬁiayerwasconcentra P ATEESHI si | i ca
gel chromat ogr . [ b YvRich s s) to 20

provide to ti tﬁ@gﬁlg%ﬁ%&%bﬁg&gdigjﬁ’ BRI SR C.

N- Acetyl -[err]-(2-quinolyl)-L-al ani ne The product of
Exanple 10B (4.3 g, 15 mmléq s.treated with Subtfilisin '

Carl sberg (Sigma, 1#9 unVt ‘\rir\g‘,(z'ﬁ"ﬂg’,l’)aé‘ﬂ%ﬂfs) at roomtenperature in
aqueous NaHCO err] (0.2M 120 nlL). After 2 h. the reaction m xture was
extract ed WD 96/ 13266 : :

PCT/ US95/ 14117 " A solution of the product of Example 10C (3.5 g, ca. 7.4 mmol) in 6V HE14-
with CHC[err] (6 x 100 nlL). The aqueous | ayer was concentrated to dryness

to 5 (49 mdyivehs heated et reflux EosrkBdu nkhe(selventjyas removed anghthairesidiies al t s.
D. I\I—Boc-[er(ry}-%ﬁ_% inoll_él)-Lfalanine S . A solution
of the product JY2 ¥U9c (3.5 g, ca. 7.4 mol) in 6NHO 5 (40
M) was heated at refq s eQidud Wl adddd1 SHNGRE (YPML).WEEG0RE), thg 2)vesi due
was dried in vacuo. ' _ . ‘
NaOH (10 mL, 20 mmol). - The solution was cooled to 0°C and di-t-butyl
pyrocarbonate. (1.6 g, 7.5 mmol) was added. After 1 h at 0°C, the reaction
10 mixture was warmed to room temperature and stirring was continued for 17 h.
The reaction mixture was extracted with CH,C), (100 mL) and n-BuOH (4 x 100
mL). The aqueous layer was acidified and again extracted with n-BuOH. The

organic extracts were combined and concentrated to provide the title compound
(1.6 g).

15 E. (IS,2S,3R,-5S)-Pindn'ediol N-Boé-B-(Z-quinobrl)-L-alanine-L-
leucine boronate

By a procedure analogous to that described in Example 2A, the product
of Example 10D (0.6 g, 1.9 mmol) was coupled with (lS,ZS,3R;5.S')—pinanediol
leucine boronate trifluoroacetate salt (716 mg, 1.9 mmol) in the presence of BOP

20 reagent (0.84 g, 1.9 mmol) and triethylamine (0.27 mL, 1.9 mmol). Purification
by silica gel chromatography (elution with 10-30% acetone-hexanes) afforded the
title compound (194 mg).



To this residue was added 1, 4-di oxane (20 nlL), water (20 mL), and 2N
NaOH (10 i, wéfbeiia®de) - The sol ution was cooled to O[err] C and BCHUSINIAYL7
pyrocarbonate (1.6 g, 7.5 mol ) was added. After 1 h at O[err]C, the

reaction 10 m xture was warned to roomtenperature and stirring was
continued for 17 h. The reacti oms3ai xture was extracted wth
CHerr]d[err] (100 nL) and n-BuOH (4 x 100 m.). The aqueous

| ayer was acidified and again extracted with n-BuOH The
organi c extracts were conbi ned and concentrated to provide the title

conpound (1F6 g) (1S,28.8R,5S)-Pinanediol 4-morphdiineirarhonyl-p-

59) - Pi anedi ol N-Boc- ( 2- qui no(zym)mlzlyaua-alamd_l.-leucme boronate

| euci ne boronate By a procedure anal ogous to that
described in Exanple 2A, the product of Exanple 10D (0.6 g, 1.9

mol ) was coupl ed with %},% el -
boronate trifl uoroacet a’%ﬂesgx%ﬁué(%}' lenﬂf%ﬂlﬁ \Iav%s ?ﬁ%e%mtggiggg%?ceg&p 20
reagent (0.84 g, lac (ML) amdithidanisele(llmb) mde(s&nﬁb'd imExafp®e NBDThe resultant

Purification by silica gel chromato raphy (eI utlon with 10-30%
acet one- héxanes) #rodictwes eondensed with 4-morphojingcar 68 mgy$.8 mmol)
WO 96/ 13266

PCT/ US95/ 14117 as described in Example- 2C. Purification by sxhca gel chromatography (ggmqn
F. (1S, 2S, 3R, 59)ih 0309 icelone-heRhirleSy AFRsraédihe gl CBMpR A dfﬂrxﬁ&y

(2-qui nol yl)-L-alanine-L-1eucine boronate
product of Exanple 10E (194 ny) was treated mnth trifluoroacetic

Fesui tant 5 O BoqdF el bonitn s ""Eﬁé&a}pﬁ@a&%ﬁwe
chl ori de (568 ng, 3.8 nmol) boronic acid as described in Exanple 2C

Purification by silica gel chromatography (el ution wth
20- 50% acet one- hexanes) afforded the title conpound (367 ng).

G N-(4oMorphol i ne) carHeoshslindt T Exampiél YOR ABBY Jmg,;- 64 Mrfl6l) LwasCdproiEcted
according to the procedure described in Example 3B to provide the title
~ compound (222 mg).

Example 11: N-Boc-1,2,3 4-tetrahydm-1-moquinolmecarbaxylzc acid
[precursor for the synthesis of M G-3I 0] '

15 A 1,2,3,4-Tetrahydro-1 -ivoquinolihecarboxylic acid

A solution of 1-isoquinolinecarboxylic acid (1.67 g) in glacial acetic acid

" (25 mL) was hydrogenated at 60 p.s.i. over PtO, (270 mg). When the reaction

was complete, the mixture was filtered through diatomaceous earth (Celite),

washing the solid pad with MeOH, and the filtrate was concentrated to dryness.

20 The resultant white solid was triturated with cold water and filtered to provide the
title comp_ound (775 mg).



boronic acid

mol ) waswoegsrezésct ed
Exanple 3B to provide the title
Exanpl e 11: N-Boc-1, 2, 3, 4-tetrahydro- 1-i soqui.nol i necar boxylic

10 ~ The product of Exanple 10F (367 ng,
according to the proceduPEI/ugsddied in

conpound (222 ng).

[ precursorfor the synthesis of M>3101 -6 A
1, 2, 3, 4- Tetrahydro- 1-i soqui nol i necar boxyl i c acid

solution of 1- |squ|noI|necarboxyI|c acid (1.67 g) in glacial acetic acid
over PtQ2 (270 ng). Wen the reaction

(25 m) was hydrogenated at hen
icagidh (Celite),

was conpl et e;

washing the solid pad with MeOH, and the filtrate was concentrated to

dryness.

water and filtered tPhedpdusteof ERample 11B (762 mg, 4.3 MBSO Fedrdd WifhD) -

. 20

WD 96/ 13266

PCT/ US95/ 14117 di-tert-butyl pyrocarbonate (1.13 g, 5.17 mmol) according to the procedure66-
B. N- Boc-1, 2
The product of

di -terts butyl
described in Exanple 6B to afford the title conpound (886 ny),

white

5

CheST B o ReBart Dintreamhyira ifpanrnaloreasrbars)

acid

0.64

A

The resultant white solid was triturated with cold

s in ARS8 4 S0 St g oy fopmy whie

Ryfig@car bonate (1.13 g, 5.17 mmol ) according to the procedure
as a foany

solid. Exanpl e 12: Di et hanol am ne
1- napht hyl

N- (4- nor pholin arbonyl -Jerr] -
( P %tamplel IB thanofamme N-(4-mo)rph0Ime)carbonyl-ﬂ-(l-naphthyl)—L-

10

15

20

25

alanine-L-leucine boronate [MG-286]

To a solution of N-(4-morpholine)carbonyl-B-(1-naphthyl)-L-alanine-L-

leucine boronic acid (prepared as described in Example 1, 97.4 mg, 0.22 mmol)
in CH,Cl, (4 mL) was added a solution of diethanolamine (25.5 mg, 0.24 mmol)
in EtOAc (1 mL). The resultant solution was stirred at room temperature for 0.5
h. Anhydrous Na,SO, (1.5 g) was added and stirring was conﬁnued for an
additional 0.5 h. The reaction mixture was filtered and concentrated, and the
crude product was purified by stirring in hot EtOAc (2 mL) and precipitation with
hexanes (1 mL). | .The.solid was collected, washed with hexanes, and dried to

provide the title compound (106 mg).

Example 13: N-[3-(4-morpholine)carbonyl-2(R)-(1-naphthyl)methyl]
propionyl-L-leucine boronic acid [MG-324]

A.  1-Naphthalenecarboxaldehyde -

To-a cold (-78°C) solution of oxaly! chloride (6;9 mL, 0.079 mol) in dry
CH,Cl, (200 mL) was added dropwise dry DMSO (112 mL, 0.158 mol). The

mixture was stirred for 10 min, and then a solution of 1-naphthalenemethanol

(10.0 g, 0.063 mol) in dry CH,Cl, (40 mL) was added over 15 min. The mixture
was stirred for 10 min, and then Et;N (44 mL, 0.316 mol) was added slowly. The

reaction mixture was allowed to warm to room temperature. After 3.5 h, to the

s,

'l



al ani ne- L- 1 euci ne boronate / Mz 286/ To | of
N- ( 4- mor pholWR&sAIR6HoNy| -[ err] - (1- napht hyl ) - L-al ani ne- L- %&%&%}lgﬂ.’

| .euci ne boronic acid (prepared as described in Exanmple 1, 97.4 ny, 0.22

. mol) 10 in CH2Cl [err] (4 nmL) was added a sol ution of

di et hanol am ne (25.5 ng, 0.24 mmol) -67- in EtOAc (1 nL). The
resul tant solution was stirred at roomtenperature for 0.5 h.
- Anhydrous NaZSq err] (1.5 g) was added and stirring was continued for an

the oM 00 1 RS enERleMbehalle sl s sl R ARBARURAP R S |
and preci pitati on ani whter {300 mL). mewgm@pnéema)swéghaimhlwhmooﬁm)%aed

washed with hexanes, and dried to provide the title conpound
(106 nyg). saturated aq_umplI‘éaQB(IOO mL), dried (anhydrous MgSO,), filtered, and

N-+13- (4- mor phol i n%car DO%C @thmggi}]')“w gg&eHyand the mixture was filtered.

propi onyl - L-1 euci
1- Napht halsenecabo a cold (-78 C) solution
of oxal yl ohl or.dé@’?’g&gw%npf)&gdedan%?l”mgeml(979 CH2Cl [err] (200
m.) was added dropwi se dry DVMSO (11.2 nmi, 0.158 nol). The

m xture was stirred for_ 10 mn, and then a solution of |

_napht hal enenet hanol ~ B.  Ethyl 3-(IrnaphthyDpropeneat®| ) in dry CH2O [err] (40
nm.) was added over 15 min. The m xture was stirred for 10 mn,
and then Et3N (44 nmL, 0.316 nol) was added slowy. The 25 reaction -
m xture was al | owed tomrﬂﬁltitﬁnroﬂﬂfé‘ﬁré‘dmbﬁlix&ﬁple 104 ¢9.7%, 62 hmdipin OH,Cl,

WD 96/ 13266
PCT/ US95/ 14117 (150 mL) was added at room temperature (carbethoxymegliylene)

gﬁgemgteglrozvlggt re;ir_o Wu&gﬂgxturéﬁ\gzladdg‘%ﬁ%a eﬁus CItI‘I C ac#rfg_ la£ m.)
concent raded. gih ﬂ‘éﬂ%%mz%‘g&&mﬁ%h&%m%ﬂa“ﬂfﬁy PR,

concentr at ed. Et he exane e m xture was
5 Concent Etlier-hexqneqlt 1 ewlassaddeds ther mingareowas fiRerédgand the filtrate was

concentrated to dryness to provide a pale orange oil (15.3 g).
C. Ethyl 3-(1-naphthyl)propionate

_ The product of Example 12B (15.3 g, 68 mmol) was giissdlved ina

15 mixture of EtOAc (100 mL) and MeOH (10 mL) and hydrogenated at 1 atm. over
10% Pd/C (0.5 g). The reaction was continued for 4 days, replacing the catalyst

- with fresh. catalyst several times. The reaction mixture was filtered and

| concentmted to provide 13 g of a crude oil.
D. 3-(1-Naphthyl)propionic acid

20 To a solution of the product of Example 12C (13 g) in a mixture of THF
(100 mL) and water (25 mL) was added 1N NaOH (75 mL, 75 mmol). The
brown reaction mixture was stirred at room temperature overnight. The THF was

removed. and the aqueous layer was washed with ether (2 x 50 mL). The aqueous



B. Et hyl 3-(1-naphthyl) propenoate To a sol ution of
t he produciookniéspl e 12A (9.7 g, 62 mmol) in CH2C 2 PCT/US95/141130

m.) was added at room tenperature (carbethoxynethyl ene)

tri phenyl phosphorane (25 g, 71 nmml). The resultant m xture was stirred for

-

1.5 10 h, and the honobgeneous yelggow sol uti on was then
concentrated to dryness. Et her- hexane (1:1) was added, the
m xture was filtered, and the filtrate was concentrat ed to

dryness to provide a pal e orange oil élS 39
Et hyl 3- (1- naphidygt yvps agidifieditaspH 2 with 6V HCI andtheprecxpiﬁtul;nirddmtcoﬂéct&lgarrpl e

t) and VeGH ( 10 w00 e e xppihzed o eive . g OF  ple yellow seid p/ ¢

(0.5 g). The reaction was continued for 4 days, replacing the catalyst

with fresh catal yst several tines. The reaction nixture was filtered and *
concentrated to provilie 13-@-Napiahylpropionyl chloride D.

3- (1- Napht hyl ) propi onic acid 20 To a solution of the
product of Exanple 12C (13 g) in a mxture of THF (100 nL) and

vater (25 i) ves adfed JNAGE Lf Be'roadd FBlanid 80 (80 8,20 mypal S

reaction m xture was St room- errperature

removeds and t heHQl €Z34mLY ay(PC Wasades bralyVéhidtidet (19 mf.22% ol had DMP
aqueous WO 96/ 13266
PCT/ US95/ 14117 (0.1 mL). The reaction mixture was warmed to room temperature and then heated 8-

| ayer was acidified.to ecip sol i d was
col l ected, . witha g%nwégwl@ MY&P@FQT @g“ﬁ'ﬂ é‘% ARG WES t o (|
give 9.3 g of adiinfied fJ hiduced stk homogeneous mixture. The reaction mixture was

concentrated, the residue was redissolved in CH,Cl,-hexane, and the resultant

10 solution was filtered. Concentration afforded 4.9 g of a green liquid.
F. 4(.S‘)-ISopropyl-3-[3-'(I-n'aphthyl)-al-éxoprapyl]-?-oxazolidinone

To a solution of (45)-(-)-4-isopropyl-2-oxazolidinone (2.32 g, 18 mmol)
in dry THF (50 mL) at -78°C was added dropwise n-BuLi (2.5M in hexanes, 8
mL, 20 mmol). The heterogeneous white mixture was stirred at -78°C for 30
.15 min, and then a solution of the product of Example 12E '(4.9 g, 20 mmol) in dry
THF (25 mL) was added dropwise over 15-20 min. After 1.5 h, the reaction was
quenched by the addition of 1N HCI (25 mL)_ and saturated aqueous NaCl (25
mL). The mixture was stirred at room temperature for 30 min, and then the THF
was femoved by rotary evaporation. The aqueoixs layer was extracted with
20 EtOAc, and the combined organic extract was dried (anhydrous MgSQ,), filtered,
" and concentrated. The residue was filtered through a pad of silica gel (elution
with 20% EtOAc-hexanes) to provide 2.8 g of a pale pink solid.



~

E' 3-(1- h )ropi onyl ™ chl ori de

suspensi on%§%§%oduct of Exanple 12D (4.0 g, 20 nmmol ) in -'l;?:gﬁlsgsaﬂn
Ce2Cl'[err] (25 nmL) at O[err]C was added oxalyl chloride (1.9 nL, 22 mmol)
and DMF (0.1 nL). The reaction_mxture was warned to room
tenperature and then heated W a heat gun. Additional oxalyl

chloride (0.5 nL) was added and heating was continued to
produce a dark honobgeneous m xture. The reaction m xture was

concentrated, the resigdue rgdi v | _
resultant 10 .s@‘l ut Y\%?‘;?/éghf%ﬁgg@&?%%@r&% }gﬁgﬁﬁé’f’?@%yﬁ%’g g of
a -green |iquid. oxopropyl}-4(S)~isopropyl-2-oxazolidinone

4(S) - I sopropyl - 3- 13- ( 1- napht hyl ) - 1- oxopr opyl ] - 2- oxazol i di none

To a solution of (4S)-(-)-4-isopropyl-2-oxazolidinone (2.32 g, 18 mmol)

i dry THF (50 nL) at Fo'8pelatibCofibd,l5idSchakanpthyddisitizang (0.72mbl/BisrmeRanes,
8 m., 20 mol 2) The heterogeneous white nmxture was stirred at
-78[err]C for 30 ingry THF (10mlp) at §56 wasadded s5Buks @Miin hexangs, Jatiomle 8.6
Exanpl e E (4.9 0 | )n U . .ad

dr opw sejsgver 15-"2'80@ r{m%f%Oeéﬂﬁgéyﬁflx%eewﬁgg?lfgn%ﬁfa%% md)a?@lﬁugn ggﬂ’gnc hed
by the addition @foddt BEExagiple2F G010 §£28.0rAhes) addfOTHRNECMI()2Ras added

m.). The m xture was stirred at roomtenperature for 30 mn, and then the
THF wWaepwisewm \Adteri30-40 miny benzxb bramoasatateT((7 qmle ct8 nimegld rwasas
extracted wth 20 Et OAc, and the i ned, or gani G ext t was.dried
(anhydrous MySospdded | Fhemapyture was shr;egat-c7gga fg’bﬂ@e %{toeg.f}‘("i' ﬁ'g%r‘ﬁ’é'r (sﬂ'é was
filtered through Il Ut | | 0
réhchiBflval gge_nghééd%gfgﬁk alifibh bPTYV HCI (10 mL), andtte/Sorfigh was

Et OAc- hexanes) to provi a pale pin
96/ 132640 extracted with ether. The combined organic extract was washed with saturated
PCT/ US95/ 14117 ' ' - 69-

G 3-[3-Benzyl 8gyeeus NaH{0; apdyatprated aquenisiVaGlydried,anhydrous MgSO,), filtered
o b o bt o) haE B, MR Bl PAS riturae with evang-sther (L), e,

and dried to give the title compound (0.6 g) as a white solid.

H 3-2(R)-(1 -naphthyl)methyl]-3—[4(S)-ivopmpyI-Z-oxazdlidinayI]
15 ' propanoic acid '

To the product of Example 12G (600 mg, 1.3 mmol) was added MeOH

(15 mL), EtOH (15 mL), EtOAc (5mL), and CH,C, (5 mL), followed by 10%

Pd/C (100 mg). The reaction mixture was hydrogenated under 1 atm. H,. The

reaction mixture was filtered and concentrated. The residue was triturated with

20 ether-hexanes, the solvents were removed, and the resultant white solid was dried

in vacuo to give 480 mg of the title compound.

L 4(S)-Isopropyl-3-[4-morpholino-2(R)-(1-naphthyl)methyl-1,4-
| diaxo_butyl]-z-oxazalidinone '

To a solution of the product of Exémple 12H (473 nig, 1.28 mmol) in dry
25 THF (25 mL) at 0°C was added dropwise under nitrogen morpholine (130 mL,
1.47 mmol). diethyl pyrocarbonate (240 mL, 1.47 mmol), and triethylamine (220



in dry THF (10 nL) at O[err] C was added n-BuLi (2.5Min hexanes, 1.45

3.6 5 wog?,lstzwl ). After 10 min, the m xture was cool ed poTesé8fisnn] C ?Rd

m.,

a solution o product of Exanple 12F (1.0 g, 3.2 mmol)
dry THF (8 nL) was added . dropwi se. After 30-40 min, benzyl
bronpacetate (0.75 nL, 4.8 nmmol) was 7 added. The m xture was

stirred at -78[err]C for |I h, and at O[erP]Cfor 5-10 mn.

reaction was quenched by the addition of 1IN HO (10 nL),

NaCl, dried anhydrous MgSO4), filtered

The

_ and the solution
was 10 extracted with ether. The conbined organic extract was
washed with saill,di6xéimol). After2 h, the soliremonss résableédtin ¥achos ahd'the r@TthAGWR0US

wet solid was washedrwithowater and exdreted vithrrther(EtOAC (111)) The eatnbined organic
0 .
'EF“ ﬁ?“hffgﬂ‘ﬁ“ﬁ 15

0 L0 T RS b i

- propanoi ¢ aci dysas triturated with EtOAc-hexane§ Qo Eﬂﬁ'{c)lhr e Gele cefnggml% 2 (5 )

The

1.3 mmol) was added MeCOH (1
and CH2Cl [err] (5 nmL), followed by 10%
reactign m xture was hydr.o ena;?fd Junder 1
reacti

. EtOH (1

white solid was dri ed
conpound.

~ Pd/C (100 ng).
2. h
n mxture wad fil Sefduor ﬁl‘ﬂf)ﬁemwggafﬁﬁf@lﬂ;&%@w@ﬁ?’ﬁ? urated

with 20 et her - hexa®ids, the solvents were renoved, and the resultant
in vacuo to give 480 ng of the title

| .
4(S) - I sopropy!l - 3- / A1gQrs8iffoh b8t fFrbdiick oF ExBinple i2r$am1ng,1o.4n3 mmoD) ina

- di oxobutyl ]-2-oxazolidinone = -

_ 0 a solution o
product of ExampttereléfTHE (8 mh)and vedemiZonhl.) atr0°@ waPadded LiOH (BOmg, 259 L) at

0C was added dropw under ni trogen norpholjine (13 , R
nol ). di et hyl WWB?@WH&W&P@“{'%W%’P@?‘ MPY%’"‘&RH%T&?WW(
PO 95g3260  was concentrated to remove THF, 1N NaOH (20 mL) was added, and the mixture,

PCT/ 5/ 14117

and concentrated. The

1. 47
220

G (600 ny,

«

n., 1.6 ol ) .wawashed with CH,ECL,A5 visl). Theaqueos tnydr was acidified tepld 2twith 1 esi due

was

1IN HCI and extracted with CH,Cl,. The combined organic extract was dried

(anhydrous MgSO,), filtered, and concentrated. The residue was triturated with

ether-hexanes, and the solvents were removed in vacuo to provide the crude

15 product (240 mg) as a white foam.

K (IS,25.3R,55)-PinanediolN-[3-(4-morpholine)carbonyl-2(R)-(I-

napltthyl)methyl]propionyl-bleucihe'boronate

To a solution of the product of Example 12J (230 mg, 0.7 mmol) in DMF

) (8 inL) at 0°C was added (lS,2S,3R,5$)’-pin@ediol ‘leucine boronate

20 trifluoroacetate salt (293 mg, 0.77 mmol) and TBTU (293 mg, (0.77 mmol). To
the resultant mixture was added slowly over 1.5 h diisopropylethylamine (365

mL, 2.1 mmol). After addition was complete, the reaction mixture was stirred for

BN

30 min. Water (100 mL) was added, and the pi'ecipitated solid was collected,

washed with water (50 mL), and Iyophilized to provide the title compound (300 |

25 mg).

i



shed with water _and extracted with ether-EtOAc (1:1). The co.
?&@g&éﬁ 117 and

organi c WO 96/13266 oyt gct was dried (anhydrous MgSd err]),

cencentrated. The residue vvas triturated with Et OAc- hexanes to
provide the title conmpound (410 ng) . J.

3- (4- nor phol i ne) car bonyl - 2(R) - (I - napht hyl ) met-BlA  propi onic

aci d ' To a solution of the product of Exanple 121 (400
ng, 0.913 mol) in a : mxture of THF (8 nL) and water (2 ni) at

O[err] C was added Li OH (80 rea m Xt ure
was stored at O[err]C ovérni ngk’?ﬂ'é”?'é’é'(ﬂlfW"ﬁm/J(Rl‘tﬁ'"“i’ ?JA%"'J’}
concentrated to remove THF, lRroricepi-Loleucine bgganicaeidd, and the nixture

was washed with CH2Cl [err] (15 nlL). The aqueous | ayer was acidified to pH 2

W th IN HO and extracted with CH2C [err]. The conbi ned
organi c extract was dri edy a procedure analogﬁﬁi‘f&’ﬂ&ﬂb%cm%gxra]ﬂple 3B|ﬁ1€b?&iucta”d
concentrated. The resi due was triturated wth et her - hexanes,

and the sol vents weofcExamplec®@K (300ar0g00532 pruol) dwast hprmetdé td provide the title

product (240 ng) as a whi
(1S, 2S, 3R, 55) - Pi narﬁ?&?ﬂﬂ“ﬁb?b; g}mrphollne)carbonyl 2(R) (1-

napht hyl ) net hyl ] pr opi onyl - L- | euci ne bor onat e To a
sol ution of the product of Exarrple 12J (230 ng, 0.7 nmml) in DW

(8 nb) at 0C was adEtedingle 342 Srans-$-PhepoopilieproliheLelentine bororio atid [MG-349]
trifluoroacetate salt (293 ng, .0.77 nmol) and TBTU (293 ng, (0.77 mol).
the resultant m xture was added slowy over 1.5 h diisopropylethylam ne

(365 m., 2. 1 rrm)l | et the reaction
m xture was stirred for ﬁca%aﬁ%yapwtt}a&g#ﬁ{éﬁgn fﬁﬂés added, and
the precipitated solid was coll ected, washed with water (50
m.), and | yophilized to provide the title conpound (300 25 ngy) .
WD 96/ 13266 According to the literature procedure (J. Am. Chem. Soc. 189 (1957)),
P 14117

CT/ US95/ trans-4-hydroxy-L-proline (5.12 g, 0.039 mol) was treated thh benzyl

10 chloroformate (8.5 mL, 0.06 mol) to provide the title compound (6.0 g) as a white
solid. | |

B. N-Carbobenzyloxy-trans-4-hydroxy-L-proline methyl ester

To a solution of the product of Example 13A (1.08 g, 3.75 mmol) in
acetonitrile (4 mL) at 0°C was added dropwise DBU (0.62 mL, 4.12 mmol).

- 15 After 5 min, Mel (0.28 mL, 4.5 mmol) was added. The reaction mixture was
allowed to warm to room temperature and stir overnight. The solvent was
removed, the residue was dissolved in ether-EtOAc (1:1, 30 mL), and the
resultant solution was washed with 1V HC], dilute aqueous NaHCO,, water, and
satﬁrated aqueous NaCl. The organic layer was dried (anhydrous MgSO,) and

20 concentrated to provide the title compound (822 mg) as a light yellow oil.



L N-[ 3- (4- nor phol i ne) car bonyl - 2(R) - (1- napht hyl ) met hyl ]

pr opi onyl wo b&t1pasee boronic acid By aPETAISSSI14147

anal ogous to that described in Exanple 3B, the. product of
Exanmpl e 12K (300 ng, 0.522 mmol) was deprotected to provide the title 5
conmpound (150 ny). - Exanpl e .34t )

t rans- 4- Phenoxy- L-proline-L-1eucine boronic acid [ M 349]

A N- Car bobenzyl oxy-trans- 4- hydr oxy- L-proline -

According to the literature procedure (J. Am Chem Soc. 189 (1957)),
trans-4- hydr oxy- L- pr oCi ne NsCarbolien)Iidrans-§-pheaosybprelihemethybdpery! 10
chloroformate (8.5 nL, 0.06 nol) to provide the title conpound (6.0 g) as a -

white sol i d. . B.

N- Car bobenzyl oxy-trang- 4- hydr 0xv- L - i h [

To a solution of theng?%a'cl- “o‘?%iﬁ%‘%t@%@%@g@%&émn?Wenol
acetonitrile (4 (o3 nit, 2Usaniof, Wb trMeAApHERIeSS3 PRig, CDSGRmBL) in THEZ(F1TO! ) |
15 After(qg mnfgn ~Mel. (0.28 ni, ﬁﬂg rr?‘rgl )és(glas added. The urleactlon

m xture was mL) at 0°C was addediovey hMudiathybazodisarboxyiate 632 mLaR05 samol).
overnight. The s@_}vent ved, the resjdue was dissol ved

.Was ., r derm aoxl-kn
in ether> Et OAc (Me1reagtion mixture, was,gllowed to warm tg Ioom; teHPELANIE g Stifa s
washed with 1NH(3veﬂz%§ u e SihEE ' . .
sat urat ed agueous t'. ﬂ?ﬁﬁé&m ganfc I%%?B%egngg?’:%d an 3s/l 9%3?%§%d and

g
%<

20 concelif retherd(8t mL)randi allowedetot stand: at OAGoavethigh2 2 The soRtion wdsght
yel l ow oi | . WO 96/ 13266 L
PCT/ US95/ 14117 decanted and the solids were washed with cold ether. The ethereal solution »gas ‘

cdncentrat_ed, and the residue was purified by flash chromatography (elution with

10 10-30% EtOAc-hexanes) to provide the title compound (295 mg).
D. N-Carbobenzyloxv—trans#—ﬁhenoxj-L-proli_ne

The product of Example 13C (285 mg, 0.79 mmol) was dissolved in a
mixture of 0.5N aqueous LiOH (20 mL) and MeOH (10 mL), and the resultant
solution was stirred at room temperature ovemight. The MeOH was removed in

15 ~ vacuo, and the aqueous layer was washed with ether (2 x 20 mL). The aqueous
layer was cooled, acidified with 3N HCI, and extracted with EtOAc (3 x 20 mL).
The combined organic extract was washed with water and saturated aqueous
NaCl, 'dried (anhydroﬁs MgS0,), filtered, and concentrated to provide the title
ép“ihpound (251 mg) as a light yellow solid.

20 " E (IS.253R,5S)-pinanediol N-Carbobenzyloxy-trans-4-phenoxy-
L-proline-L-leucine boronate :

By a procedure analogous to that described in Example 12K, the product
of Example 13D (250 mg, 072 mmol) was coupled with
(18.25,3R,55)-pinanediol leucine boronate trifluoroacetate salt (300 mg, 0.79



c - N—Carbobenz oxy-trans-4-phenoxy- L-proline nmethyl ester
To a nixtureW iz roduct of Exanple 13B (495 ny, 1.71 mml),P(a{g??gl“”
(393 ng, 2.05 rrm)l) and triphenyl phosphine (537 ng, 2.05 mml) in THF (7
m.) at O[err] C was added over | h diethyl azodicarboxylate (0.32 nL, 2.05
mol ) . 5 The reaction mxture was dPfowed to warmto room
tenperature and stir overni ght. The reaction m xture was
concentrated, and the resi due was di ssol ved in ether (8 nl)

and allowed to stand a C over S . . |
decanted and the sd?‘?‘ﬂb &'&S ‘}Kﬁ?ﬁ‘éﬁﬁnlﬁ?%c‘g@f e¢u]é'ﬁ‘f50 ttRJraxide dhe sitleo
was fPRUADL ﬁgm@gatmtggﬁ,udue was purified by flash

chr omat ogr aphy (eI utlon w th 10- 30% Et QAc- hexanes) to provide

the title conpound (295 np). D.

N-"Car bobenzyl oxy-trans-4-phen | i ne The. product
of Exanpl e 13C (285 nu, % (%éﬁb g'gedmlérarﬁf-ﬁ-po{zenombpmlme Llecinee

of 0.5N aqueous LiCOH (20 m_) bonenateOH (10 nml), and the resultant
solution was stirred at roomtenperature overnight. The MeOH was renoved in

15 vacuo, and the aqueous | ayer was washed with ether (2 x 20 n).
The aqueous | bdd@%fﬁﬁﬁh R 13250343 i %wald i nhtell for2¢h at 1
extracted with Et OAc (3 X ? ple 1384 egaconblyralk?\éorgan?c extar act

was washed with wagtm. carndl@éth:‘&@édnghudinOH @3 mL) The reactibia Glixtuds wasifiltered

(anhydrous MgSH), filtered, and concentrated.fo vi de t he '
conmpound (251 ng) H¥ough WW@F?WW&BOWW thgnﬁecompound{ﬂémg)

(1S, 2S, 3R, 5S) - pi nanedi ol N- Car bobenzyl oxy trans- 4- phenoxy-

L- proline-L-1eucine boronate By a procedure anal ogous
to that described in EX@pl e trudibed-Phenoxydipriline-L-leucine borohickacadp! € 13D
(250 ng, 0.72 mmol) was coupled with (\1S. 2S, 3R, 59) - pi nanedi ol
| euci ne boronate trifluoroacetate salt (300 ng, 0.79. : WO 96/ 13266

PCT/ US95/ 14117 By a procedure analogous to that described in Example 3B, th_e7p%6duct

10 of Example 13F (270 mg, 0.6 mmol) was deprotected to provide the title

compound (130 mg) as a white solid.

- Example 15: [(3S,5R)-4-[(8-quinolinesulfonyl)aminoj- 3-hydroxy-5-(1-
naphthyl)pentanoyl]-L-leucine boronic acid

A. (48,5S)-1-Boc-4-hydroxy-5-(1-naphthyl)-pyrrolidin-2-one

15 | To a solution of N-Boc-P-(1-naphthyl)-L-alanine (1.4 g, 4.44 mmol),

~ 2,2-dimethyl-1,3-dioxane-4,6-dione (704 mg, 4.88 mmol), and 4-DMAP (1.25 g,

10.21 mmol) in CH,Cl, (40 mL) at 0°C was added isopropenyl chloroformate

(0.53 mL, 4.8 mmol). The reaction mixture was stirred for 1 h at 0°C and for 2

_ h at room temperature. The reaction was quenched by the.addition of aqueous

20 KHSO,. The organic layer was washed with water, dried (anhydrous MgSO,),

- filtered, and concentrated. The residue was suspended in EtOAc (30 mL) and
|  heated at reflux for 2 h. The solvent was removed in vacuo.

The residue was dissolved in CHZCII-HOAC (10:1, 30 m[;), and sodium

borohydride (310 mg. 8.21 mmol) was added at 0°C. The mixture was stirred for



mmol) in the presence of TBTU (302 ng, 0.79 mmol) to provide the title
conpound wa9é133e as a white solid. PCT/US9S/14117

(1S, 2S, 3RSS) - pi nanedi ol trans-4-phenoxy-L-proline-L-1eucine

bor onat e 5 The product of Exanple 1 3E (343 ng) was
hydrogenated for 20 h at 1 atyg. over 10%Pd/C (45 ng) in EtOH
(3 m). The reaction mxture was filtered t hrough Celite and
concentrated to provide the title conpound (272 ny).

G trans- 4- Phenoxy- L-proline-L-1|eucine boronic acid

By a procedure ahhhtfg"(ﬂmdtfor 15h &t neacteniperhtune. Watepivas ﬁiﬂ,edidml the o:ﬂaﬁic 10

B R A il LA R
[ (3SSR) -4-[ (8- q‘fifb? {%ﬁﬁ Shhan l%geamlﬂf?if catl%l'?’bp)éﬂfcg)@él @Bxfo;natography (glution

napht hyl ) pent anoy eucl ne bor oni

(4S, 5S) - 1- Boc- 4-+igli20:89%acélone-hpkdriey) affaried tieitiliero ﬁﬂd(l Abg).

To a solution of N-Boc-[err](1-naphthyl)-L-alanine 4 g, 4 44 mol ),

2, 2-di net hyl -1, 3-di oxane- 4, 6-di one (704 ng, 4.88 mml) and 4- DI\/AP (1.25 g,
10. 21 ) in CH2A [ rr] { s_adde chI formate .
(0.53 EED 4.8 mol ). gﬂ%‘ (?ﬁrﬁgﬂfj\éya 2’”’1" EF;B;# >*and for

2 h at roomtéﬁ‘fﬁ V’X?Hf'é‘“”‘?ﬁé“’f action was quenched by the .
addi ti on of aqueous 20 KHSO err]. The organic | ayer was washed with
wat er, dried (anhydrous MgSQOerr]), filtered, and concentrated.
The residue was suspdhdqsoduct ifExanipié 14B) (1a24l g, 3.64 mmol) wak QidseRedtin ef | ux
for 2 h. The solvent was renoved in vacuo. The residue

was di ssol ved i AcatepeciiSemly) apthagueaus: NaOBO(14)4 minct mwerllimwas added. The
bor ohydri de (31Peacngon %mt%lremwgs stiffed ?%jgnq tgxtnperatur;r Iflor fnhxuflﬁee m\’%l}%t%reswag red

for
10 acidified with 10% HCI and extracted with EtOAc (3 x 60 mL). The combined
' organic extract was washed with water, dried (anhydrous MgSQ,), filtered, and

concentrated. The residue was purified by silica gel chromatography (elution
with 30-50% acetone-hexanes and 70:30:10 hexane:acetone:methanol) to give the
title compound (0.61 g).

15 ' C (18,28,3R,5S)-Pinanediol [(3S,5R)-4-(tert-bug!loxycarbbnyl)
: amino-3-hydroxy-5-(1-naphthyl)pentanoyl]-L-leucine boronate

By a procedure analogous to that described in Example 2, the product of
Example 14B (395 mg; 1.1 mmol) was coupled with (15,25,3R,55)-pinanediol |
leucine boronate trifluoroacetate salt (415 mg, 1.1 mol) in the presencé of BOP
20 reagent (487 mg, 1.1 mmol) to afford the title compound (261 mg).

D.  (IS,2S,3R,5S)-Pinanediol  [(3S,5R)-4-(8-quinolinesulfonyl)
: amino-3-lzydro_xyb5-(1.-naplzthyI)pentanoyI]-L-leucine boronate -

The product of Example 14C. (261 mg, 0.43 mmol) was dissolved in
CH,Cl, (10 mL) and treated at 0°C with trifluoroacetic acid (5 mL) and

25 thioanisole (1 mL). After 2 h. solvents were evaporated. -



WO 96/ 13266 95/14117
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1 h at OC and for 15 h at roomtenperature. Water was added, and the
organic | ayer was washed wit h_7§§1t urat ed aqueous NaCl, dried
(anhydrous MgSQerr]), - filtered, and concentrat ed.
Purification by silica gel chromatography (el ution wth

20- 30% acet one- hexanes) afforded the title conpound (1.24 Q). 5

B.  (3S,5R)-4-(tert- byt pxiea Randisiaved en %1111%31{ XY miE) dnd cooled to 0°C.
napht kyl ) pent anoi ¢ acid e product of Exanple 14B
(,1.24 g, 3.64 mvl8yQuinslinésuifohyladloride (98 mg, 0.43 mmadandotmiethyianine (0.42 L,

NaOH (1M 4 m., 4 | dded, Th . ' ti
mixture was st ammoloReeE ahded T Eadtisn Bixpre s siisd g /G RE T gpdar
idified with 109 ] 4 ihaed
e

organi ¢ extract Wash s MgSH), filtered,
and 5 pRedRNvaséarhetelheith BsOAo¢3 wea® mi). i Theaebnityined diganic@stract
chr omat ogr aphy (el ution wi t h_30- 50% acet one- hexanes_ and

70:30: 10 hexane: as@surashadovitisatirated aqurops NaiCO; and saturated aqueops Nagbdsisdnd
(0. 61 % 4. (t érSt i &ﬂwm é\&g%(aﬁy%d corlcéntrated. >The @sinﬁe%eﬂirﬂied by silica gel

[(3S,5

ami no- 3- hydr oxy- SchdiAgithihy) |ERSRRAM R0150be BeOAR-HeRird3R 6 provide the title

By a procedure anal ogous tothat described in Exanple 2, the product of
Exanpl e 14B (395 wcompdurd (h2mg)was coupled with (1S, 2S, 3R 5S) - pi nanedi ol

| euci ne boronate trifluoroacetate salt (415 ng, 1.1 nol) in the presence of
BOP 20 reagent (487 nmg, 1.1 mmol) to afford the title conpound

(261 ng) 19 o auinol i n 35 BR)-4L (83q%in o BneSkifGndBhlinS-3-hydroxy-5-
135,58 . (6 quinol | nSul 1 TR et tecineronicpgid

The product of Exanple 14C (261 ngy, 0.43 nmol) was dissolved in

The product of Example 14D (152 mg, 0.22 mmol) was deprotected
according to the procedure described in Example 3B to provide the title

| q:ompound (12.7 mg).

15 Example 16: cis-3-Phenyl-D,L-proline-L-leucine boronic acid hydrochloride
. salt [MG-359] - : '

A. Diethyl 1-acetyl-4-phenyl-2-pyrrolidinol-5,5-dicarboxylate

Sodium spheres (washed 3 x with hexanes and dried in vacuo; 0.13 g, 5.7
mmol) were added to a :solutiori of diethyl acetimidomalonate (12.2 g, 56.1
20 mmol) in absolute EtOH under nitrogen. After the sodium had dissolved, the
solution was cooled in an ice bath and cinnamaldehyde (7.8 mL, 61.7 mmol) was
added dropwisé. The bath was removed and the reaction mixture was stirred -
overnight at room temperature. The solution was adjusted to pH 4 with acetic
acid (~ 3 mL). Solvents were evaporated and the residue was purified by silica

25 gel chromatography (elution with EtOAc) to give a yellow solid, which was



CHerr]C[err] (10 nL) and treated at OC with trifluoroacetic acid (5 nlL)

and 25

WO 96/1336b1 oani sol e (

WO 96/ 13266
PCT/ US95/ 14117
The residue was dissolved in CH2A [err] (1Ggl) and cooled to OC

8- Qui nol i nesul fonyl chloride (98 ng, 0.43 mmol) and triethylam ne (0. 12 m.,

-75-

0.86 mol ) were added. The reaction mxture was stirred at O[err]C for
roomtenperature for 15 h. The solvents were renoved,

wat er was added, recnytallized (benzene-hexang) toguaviderths tie compowrstl (B4111g)EE dhite3 X

and at

50 nmL). The conbi&e(g organi ¢ extract
aqueous NaHCC3 afeftt

MgSO4), and concentrated. The residue was purified by silica gel

chromat ography (elution wth 20-50% Et OAc- hexanes) to provide the title

conpound (152 nmg). B)  Diethyl 1'-ace:yl-3-]ihe,éyq,yrrolidine-z,2-dicarbaxy1ate

[ (3S, 5R) - 4- (8- qui nol i nesul fonyl ) am no- 3- hy

r oxy-5-

(1- napht hyl ) pent anoyl ] - L- 1| euci ne boronic acid

_ ' The
accor di ng 1o the pr ocdiaRRRR RIS PR At Siechs mi omsotuion

conpounds ( 12. 7 ngf the prdduct of ExampleXS#P{70 620.1 mmol iethylsi
. ci s- 3-Phenyl - DL- pr ol ipne- L-1 euci ng bor otni céaci dnfl{;uc)i,r)gg It%?tp}_c'ilgﬂane (4.9 mL,

salt [ Mz 3591 i .
e BB e i CEAEY, S it votero SYnapeons 7

Sodi um spheres (

mrol ) were addedyhigce.SYUnlt

' ' I t i go g, 56.1
in apsolut egﬁgxagdu%ggér&%i P% oe:gerﬁiﬁlegf @9&%@5@%@ hQHP
di ssol ved, the concentrated to givd 59ig0sf adtforfeddbfid in an ice bath and
ci nnanmal dehyde (7.8 nL, 61.7 mmol) was o

20

10

15

20

nmol )

30.8 mmol) in CHCl, (40 nil.). Aftere} hythe solvents were evaporated and the

C N-Acetyl-3-phenylproline ethyl ester

The product of Example 15B (5.9 g) was dissolved in 0.5N NaOH (200
mL) and the resultant solution was stirred at réom temperature for 21 h. The
solution was washed with_EtOAc (75 mL) and then acidified to le 2 with 3N
HCI. The precipitated solids were extracted with CHCl;. The organic layer was
concentrated t;) give a gummy residue, which was dissolved in toluene (70 'mL)
and heated at 75°C for 1 h. The solvent was evaporated to provide the title
compound (4.2 g) as a light yellow oil.

D. N-Acetyl-trans-3-phenyl-D,L-proline; and N-acetyl-cis-3-
phenyl-D,L-proline ethyl ester S

The product of Example 15C (4.2 g, 16 mmol) was dissolved 1M NaOEt
in EtOH (100 mL) which contained 2 mL of ethyl trifluoroacetate as a water
scavenger. and the resultant solution was heated at reflux for 2 h. The rea_ctiori
mixture was cooled to room temperatuie, water (65 .mL) was a_dded, and the

solution was stirred for 2.5 h. Most of the EtOH was removed by rotary

Il mL). After 2 h. solvents wer erecresmiaird.

1h

: was washed with saturated
aturat ed aqueous NaCl, dried (anhydr ous

|



added dr opw 858’ bat h was renoved and the reaction m xtur epagessshyired
over ni ght a0 83 enperature. The solution was adjusted to pH 4 - with

acetic acid (- 3 nL). Solvents were evaporated and the residue
Vas purified by silica 25 gel chromagg?raphy (elution with EtOAc) to
give a yellow solid, which was 13266

PCT/ US95/ 14117 - 76-

recrystallized (benzene-hexane) to provide the title conpound (14.1 g) as a

white lution was extrébted witPiCH, Y. The aqueous
1-acetyl - 3- phenyl pyré&% %Inand 3 qtapoggﬁ%gxg gte “

Trifluoroacetic adagkr@weab adidifle wiﬂEBMHdbdnéémdc;edcwﬂu EtQAei The organiceiktradton
5 of the product of Exa le 15A (7.0 1

triethylsilane (4.vwasyashed with wa ater and sggraged{ﬁpgqeyuq%{ (é:g?llsa agquﬁg)ls MgSQs) 3

h, the sol vents wer ved

in EtOAc (150 nl), %ggém‘gé @Qné@é%uga'lfggg;m mﬁﬁ&%ﬁeﬁﬁgﬁﬁﬁﬁk

sat ur at ed saqueous d‘ﬁﬁbw solid, Qﬂn&ﬁﬁ stsmwﬁ@)tomdvxeom to provide the acid (1 91

concentrated to give 5.9 g a colorless oil.

N- Acet yl - 3- phenyl g)dsd:ght gcllqw ceystals: Concentration of the CHZCI2 extracts q{ﬁg@qgcqheof
Exanpl e 15B (5.9 s dissolved in O 5NNaCH (200 m.) and the
resul tant sol uti oﬁSWéV% 9o meraSAnAaNES M t enper ature for 21 h. The

sol ution was washed with EtOAc (75 nL) and then acidified to pH 2 with 3N
HC . The precipitated solids were extracted with CHC13. The organic | ayer
was 15 concent r &.ed tdis-giPhenpl-Dilvpyolireshydvechlatidetwitias di ssol ved in
tol uene (70 ni) and heated at 75[err]C for 1 h. The sol vent was
evaporated to provide the title compound (4.2 g) as a light

yel l ow oil. . D - - . . i} i ne:
and N acetyl -cis-3- The ester obtain&d in ENmE 13D TS Radhydilyzid by Héaﬁhg
| 10 at reflux in 6N HCI (5 mL) for 17 h. The cooled reaction mixture was washed
| with EtOAc and the aqueous layer was concentrated to dryness. Recrystallization

(MeOH-ether) afforded the title compound (201 mg).
F.  N-Boc-cis-3-Phenyl-D,L-proline

The product of Example 15E (189 mg, 0.84 mmol) was dissolved in a

15 mixture of 2V NaOH (3 mL) and 1,4-dioxane (3 mL). rert-Butyl pyrocarbo.nate

(218 mg, 1.0 mmol) was added and the reaction mixture was stirred overnight at

room temperature. Dioxane was removed by rotary evaporation, water (30 mL)

was added, and the mixture was washed with EtOAc. The aqueous phase was

“cooled to 0°C, acidified with 3N HC), and extracted with EtOAc. The organic

20 ) layer was washed with water and saturated aqueous NaCl, dried (anhydrous
MgSO,), and concentrated to give the title compound (199 mg).



phenyl - DL- prol i ne ethyl ester 20 The product of Exanple
15C (4.2 gwobbn1sggp! ) was di ssol ved 1MNaOEt I n Etrgrnisvedsnt)
whi ch contained 2 nL of ethyl trifluoroacetate as a water

scavenger, and the resultant solution was heated at reflux for 2 h. The
reaction m xture was cool ed to-zgoom tenperature, water (65 nL)
was added, and the solution was stirred for 2.5 h. Mst of the
'Et OH was renoved by rotary WO 96/ 13266 -

PCT/ US95/ 14117 - -77-
evaporation and the acﬁeous{lé’d&!ﬂ.ﬁk,&ﬁ)-ihmwdiol d%-tﬂw-om-.ﬁ-phﬂ:j’zlm,[mpﬁoyme'ﬂae
aqueous | ayer mnaooﬁnw@d with 3NHCl and extracted with

Et OAc. The organi c extract was vvashed with water and saturated

aqueous NaC, dried (anhydrous MgSO err]), - and concentrat ed.

vert ow sori o i ot w8 g %r%rﬁ#l?édﬂ(té%i@@” g it °V'€ks4&etnmogwd :
(1.91 " of E ?%1I5FgmzmgldWd;ﬁ@é@oupﬁa%ﬁfgsaks%sgﬁan Orange

CHZO[err] extracts afforded the ester

oi | . leucine boronat€ trifluoroacstage Bale(R/14-bg) 0.73 mmob lin)mb‘ prebénee ioffe

sal t - est obtajned i.n Exanple 15D (375 ng) was
hydr ol yzed by hed ity@&d ms. J]% i'é’f?rﬂxldf’ﬁh% EH@mR‘B‘nEL? 56‘8) 17 h. The
cool ed reaction m xture was vvashed wi th Et OAc and t he aqueous

| ayer was concentrated to dryness. Recrystallization

(MeOH et her) af fordedH.he ftcist3-PhemyRDyligtoliR&L-lesKine boronic acid hydrochloride F.
N- Boc- ci s- 3- Phenyl - DL- pr ol isge The product of Exanple
15E (189 ng, 0.84 mmol) was dissolved in a 15 m xture of 2NNaCH (3
m.) and 1, 4-dioxane (3 nL). tert-Butyl pyrocarbonate

| The product of Example lSG (262 mg) was dissolved i in CH,Cl, (5 mL)
10 and treated at 0°C with 4NV HCl-dxoxam: (4 mL). After 2 h, the reaction mixture

was concentrated to dryness, and the residue was treated with isobutylboronic
acid (66 mg, 0.64 mmol) according to the procedure described in Example 3B to
provide the title compound (71 mg) as a white solid.

- Example 17: trans-3-Phenyl—D,L-prolin_é-L-Ieucine ~ boronic acid
15 ' hydrochloride salt [MG-363]

A N-Boc-trdns-3-Phe_nyl-L-proline

By a procedure analogous to that described in Example 1A, N-acetyl-
trans-3-phenyl-D,L-proline (prepared as described in Example 15D; 1.5 g, 6.44
mmol) was coupled with (S)-a-methylbenzylamine (0.92 mL, 7.08 mmol) in the

20 presence of EDC (1 26 g, 7.08 mmol) and HOBT 9956 mg, 7.08 mmol). The
diastereomeric products were separated by flash chromatography (elution with
1.5-2.5% HOAc-EtOAc). Fractions cbrresponding to the slower eluting band
were concentrated to provide a clear, colorless oil (913 mg).

The oil (900 mg, 2.68 mmol) was dissolved in a mixture of HOAc (7 mL) |

25 and 8N HCI and the mixture was heated at reflux for 18 h. The mixture was

R )



(218 ny, 1.Q o) s added and the reaction mxture was sti pegfisoygdp ght
at wo’ﬁ”&%fg\?errperature Di oxane was renoved by rotary evaporati on,

water (30 i) was added, and the mixture was washed with Et QAc.
The aqueous phase was cool ed to %err] C, acidified with 3N HC ,
and extracted with Et OAc. The organic 20 | ayer was washed with water
and saturated aqueous Nad, dried (anhydrous ~MgSd err]), and
concentrated to give the title conmpound (199 ny). WO 96/ 13266

PCT/ US95/ 14117

G (18,25, 3R 55) “Peentrated to dpmgss. The residup was dissolved in water (30 miLf ashed

| euci ne boronate with EtOAc, andagamconcenﬁgtedtq:)dlgnmure anal ogous to that
described in Exanple 4B t he doroduct npl e _15F (192

0.66 nmol) was coupl ed WWheFes us“@sr%hssslsyérmbhwml 4-d19xane(1 ml)jaad ested

o onet e 111 TSR Syl 13312 e by B Mo o

H  cis-35 Phenyl tHat &Es%bééﬁn'ExbﬁhB!H I5F tb%fdlﬂ’ﬂeﬁthé‘ﬁtlé‘c&ﬁﬁ&ﬁﬁ 574 ing§as a white

salt he product of Exanple 15G (262 ng) was di ssol ved
in CH2A [err] (5 n&glid. 10 and treated at O[err]C with 4N HJ - di oxane
(4 mL). After 2 h, the reaction m xture : was concentrated to
dryness, and the residue was treated with isobutyl boronic acid
(66 nmg, 0.64 mol) accogdi ng 5 . Db ugmm

provide the title corrpoﬂd ( Hsywae?&gﬁ-%?{%gg?&y ohit r&@l&‘p
17: trans-3-Phenyl - DL-proline- -IeUC| ne boronic acid 15

hydrochl ori de salt [ Mz 363] : A

N- Boc-trans- 3- Phenyl - L-proline
By procedures analogous to those descnbed in Examples 15G-H, the

10 product of Example 16A (332 mg, 1.14 mmol) was coupled with
(15,25,3R,58)-pinanediol leucine boronate trifluoroacetate salt (452 mg, 1.20
mmol) and deprotected to provide the title compound (101 mg) as a white solid.

Example 18: Kinetic experiments

Table I _éummarizes results from kinetic experiments that measured the
15 inhibition of the 20S proteasome by compounds having the formula of compound
| (1)or (2). P, AA!, AA?, AA’, and Z' and Z7 represent the structures present on
formula (1) or (2). The protoc‘bl for the kinetic assay described in Tables II-V is
as described in Rock er al., Cell 78:761-771 (1994). In these tables, X, values are
reported, which are dissociation constants for the equilibrium that is established
20 when enzyme and inhibitor interact to form the enzyme:ihhibitor complex. The
reactions were performed using SDS-activated 20S proteasome from rabbit
muscle. The substrate used was Suc-LLVY-AMC.



By a procedure anal ogous to that described in Exanple 1A, N-acetyl-
t rans- 3- playweiadse-- prol i ne (prepared as described in Exanpl ecthios/ia1dr g,
Cé& a- met hyl benzyl am ne (0.92 i,

6. 44 nol ) was coupled with
7.08 mml) in the 20. presence
9956 ng, 7.08 mmol ). The

by flash chromat ography (elution with °

DC (1.26 g,

7.08 mmol ) and HOBT
di astereoneric products were separated
1.5-2.5% HOAc- Et OAC) .

Fractions correspoading to the slower ¢ i ng _hand . were
concentrated to piovi de. coloffleds dil k91B np). : _
The oi |l (900 ng, 4. ié@ veﬂ i alixtur of HOAc| (7] mj
and 8N HO and thg 2R el ot |reffl B4 iof Bl The pi xpurfe was
VO 96/ 13266 il Sl 8l 2| S| €] S| F| 2| = 2 S
PCT/ US95/ 14117 clel-ielp el o) el ol epg e
concentrated to dffyness. due s jdi 4soljved} i n| wag er} (30 niL),| washsg
with Et OAc, and adlai n cofpcentratpd tofdgyneqss| s The
resi due was redis4ol ved hter - ,’ﬁ-dicxo_e'315 )| ‘anjd ty ealt ed
with tert-butyl proc_ar ég I)gby_-; @ ? é‘a@‘l@og
to 5 t hat g ampj e£15€ |t & prgvidle G} i gcgbwn
(574 ng) as a whi{ sol L : B =
trans- 3- Phenyl - L-gjrol i & ihe bo onijc acij hyldr gchl forilde
sal t By pripgeduf es|angdl ogoug tq t Wose descrfi bgqd ifn
Exampl es 15G H, t of Exarrgle 6Aé 32, 1.114 jrmqgl )
was coupl ed with ) S, BRRFSE{pRjariHdiH e r &late 8
trifluoroacetate ‘ _;, Y K L )'nE,Fd r gijec e§]_,tg,
provi de the titl ellconpe fb—a-+-whr-e—tSoHi-a- -
Exanpl e 18: Kinetjc ex@qfinents '
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In Table 111, P, AAlerr], AAlerr], AA[e;a\]2 and X are substituents of the
gener al formula: P - AA - 1AA[err] - X _
.Tabl e 11l denonstrates that dipeptide boronic acids have | ower K[err]
val ues- than the correspondi ng di pepti de al dehydes. 5
Table 111 I nic Acids to
Di pepti de Al dehydes Cpd. Pi = AAl err]
AAlerr] X 20S K[err]§ 1450 2z - L-Leu
L-leu  CHO 15 60| Ye¥y? K-SR I L- Leu
L-Leu B(OH) 2 & 10 : = IngTablje IV, P, AAlerr],
AA2, AAlerr], and X re—sgpstiTuems of—tie Jederal £ fornmula: P
- AAlerr] - AAlerr] AA[dFr] - X a0 = Taffl e 1V denonstrates
the markedly superioff Rel gctivity for the 20 .;:b’ = pr ot easonme over
ot her proteases, e.q. @t psin B, exhibitedjfbg ’Ehe.'g)oro iC
-esters/acids as conpdgred ghe peptide al deflyges. 2 96/ 13266
PCT/ US95/ 14117 = 93 8 2
5% =
g5
3 EXS
> % g
< Q- s
. 5
2
L 24}

B-(2-pyridyl)alanine; (3-Pal)

AA?
b8
T

morpholinecarbonyt; (8-Quin)-SO,

inecarbonyl; (3-Pyr)-C(O)

2-pyridi

; (2-Pal)

AA!
= 4.

B-(2-naphthyl)alanine

= (4-flurophenyl)alanine
arboxyl group of AA>.

methylsulfonyl; Morph

P [}
benzoyl; (2-Pyr)-C(0)

Morph |

B-(1-naphthyl)alanine; (2-Nal)

homophenylalanine; (4-F)-Phe
B(Z')(Z?) takes the place of the ¢

pyrazinecarbonyl.

Nal

ICbz= carbobenzyloxy; MS

2-quinolinecarbonyl; Bz

Compound

MG-387
)
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The selectivity of boronic acid i nhibitors of the prot easone is further

denonstrated in Tabl e V

Tabl e V Sel ectivitygef Boronic Ester and Acid
I nhi bitors 5 of the 20S Prot easone
Human ' Human S : -
Leukocyt e Pancreati c 20S
El ast ase Cat hepsi in Gabledhly PotAAp NAT?, AA3, and X are subﬁtmmsmﬂthe gdfiefal M
K (nM K (n [ern] (WM MG 262
0.03 dymida: P- AA!- %KXA 34 7 MG 267
2' % 122 Table I ge%ggstrates that d?pe%gg%borfalc acids have lowa\ég é’ég'es
0.82 7, 00than the corresporﬂu@ﬂ&peptlde aldehydé§5 : Mz 341
0.6 2, 300 22 Exanpl e 19:
I nhi bition of Protein Degr.adat | on in C2C12 Oel S

5 | Table IIT

Comparison of Dipeptide Boronic Acids to D_ipéptide A'Idehydes

20S K, @M)

15,000
3.0

10 In Table IV, P,lA-.A',. AA? AA’, and X are substituents of the general
formula: P- AA!- AA%- AA®-X. |
Table IV' demonstrates the markedly superior selectivity for the 20S
proteasome over other proteases, e.g. Cathepsin B, exhibited by the boronic
esters/acids as compared to the peptide aldehydes. |
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94.

The selectivity of boronic acid inhibitors of the proteasome is further

demonstrated in Table V.

Table V

| Selectivity of Boronic Ester and Acid Inhibitors
5 of the 20S Proteasome

10

Example 19: Inhibition of Protein Dégradation in C2C12 Cells

C2C12 cells (a mouse myoblast line) were labelled for 48 hrs with

35S-methionine. The cells were then washed and preincubated for 2 hrs in the

15 - same media supplemented with 2mM unlabelled methionine. The media was
removed and replacéd with a fresh aliquot 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 .

20 decrease in TCA soluble radioactivity. From this data, an EC,, for each

compound was calculated. _
Data for compounds of formula (1) or (2) are presented in Table VI.
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Exanpl e 20: MG 273 Inhibits Corticosterone-lnduced Cachexia in Rats
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Exarrpl e 22: M5273 Inhibits Expre55| on of Cell Adhesion Ml ec
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feeding needle with a 1.25 mmball tip (Roboz Surgical). 25
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What Is Cained Is: : 1. A conpound havi ng the
formula: [err] and pharS;Baceut ically acceptable salts
t her eof ; 5 - wherein T Pis Rerr]-C(O- or

Rlerr]-SOerr]-, where Rerr] is one of aryl, aralkyl, heteroaryl or
heteroaryl al kyl, the ring portion of any of which can be optionally
substituted, OF  pyymple 20: Mdmj‘zhgrﬁs B%F‘ﬁcro]ri ekbdInduded Cakh&ah ﬁkﬁi} be
N- nor phol i nyI each occurrence, 1Is

i pdependently one of N or CH 10 X[err], at each

occurrence, is independently one of C( Q) - NH, CH[err .- NH-,
- CH( OH) - CH2-, - CH( OH) - Ry wepestabilized ifrom 3-gjqthythistidine and then placed

or b el ") i P B Y R bl ke had¥

said Blerr] is - Girfreddttections to determine basal 3-metfi/hiStidine oﬁiput,CﬁQ) rat¥-vere
-CH(OH) -CH err]-, -CH(O)-CHOH) -, 15 O-CHerr] -,
-Sgerr] 5N+, ﬁa&:dr atbHdailyo sub@l(nﬁbf)s @jgcﬁ;(ns) of\llelomcosterone (100 mg/kg).

R

i s hyd | R f t oget th th d wh
e ol e et ks S il
mono-, bi - fpated w with Md-b7§yaﬂHnﬁmte?n§é H&%ts‘aﬂcxﬂéne%& E&xﬁbﬂx%’ P‘%ﬁé? 2hgd "1 ng

system having 4- that can
substituted by oRge®fa ﬁ&pthlﬁfatd{ﬁlm noke bedywefghwéy Qéhtrol rats recexv@d)vbhxcle
aral kyl', al koxy or ar

is |ndependently09b%(25%lﬂ Y Pm@m)).mxnxﬂg[edxnaswlaoﬁashwn Figuyre 1 a

],. at each occurrence,

et or ooy Bl ¢ or - ehrRY  fisky Brpieod /el TSP Crebled] OB nfnmy cootma o0 1

aral kyl , 3-meth§IHidtditle, WhidhAW& iRBYCEdSn 9@3&)09& :erebh%me%e%ﬁéxﬂ.ut ed;

Example 21: MG-273 Inhibits the Activation of NF-xB

This assay was performed as previously described (Palombella, et al. Cell,

78:773-785 (1994)). MG63 osteosarcoma cells were stimulate_d by treatment

15 . with TNF-u for the designated times. Whole cell extracts were prepared and

analyzed by electrophoretic mobility shift assay using the PRDII probe from the

human IFN-B gene promoter. Figure 2 shows that NF-xB binding activity was

inhibited by pretreatment for 1 hour with MG 273. An aldehyde inhibitor of the

 proteasome, MG-132 (Cbz-L-Leu-L-Leu-L-LeuH), also inhibited NF-xB

20 binding activity, whereas MG-102 (Ac-L-Leu-bLeu-L—Met—H), which is inactive
against the 20S proteasome, did not inhibit NF-xB binding activity.

Example 22: MG-273 Inhibits Expression of Cell Adhesion Molecules on
HUVE Celis

'HUVECs in microtiter plates were exposed to the indicated concentrations

25 of inhibitor for 1 hour, prior to the addition of 100 U/mL TNF-e. Céell surface
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-103- 0 96/13266 Rl err] is one.of hydrogen, aia&yﬁus”ng;n

cycl oal kyl', ary a 5-10 nenbered saturated, partially
unsaturated or arorratrc heterocycl e or -CH[err] Rlerr], where the ring
portion of any of said arylpp-aral kyl, alkaryl or heterocycle
can be optionally substituted:; R3 is one of hydrogen,
al kyl, cycloal kyl, aryl, a 5-10 menbered saturat ed, 5 partially

unsaturated or aromatic heterocycle or -CHZ-R[err] where the ring portion

of any of said bingding assayxere peiformed at 476: elsmgyeateramagn dopcenstationsajof y
i nst an ne of

substi t ut ed, I S

aryl, aral kyl, QPR‘&‘FIW"] méﬁskﬁec%f é{"ll(fhe ce esion (?C}E%%‘r éﬁecton
saturated, part Ef,}gsg st R

where Wis a chg é%gsgrlrwgﬁ 1 errfﬂrcs?ﬂ’g IE(\z/t,h?zr g{)?ﬁéefﬁirﬁu%e\fétron o$ any
of said aryl, Ildbs, San Francise| €A). Fhiokascgﬂt xmmuheassaysd'aneeleenmhﬁiIO@AMnal |y
substituted e i ngependent |y one of

al kyl , ?ydroxwwaqem;@nngdataqpmgﬁ,)}ho?f%rqlékﬁd Igixourfsﬂ iguse P shows that 5nd
Z
Lerr] Torma mjelysderiye Sidd PEAV AN s OIBRUR I e

| east two hydroXy Qroups separat € WO connecti'ng "at
chain HUVEGQY is lsighificafifly Gnlfibitéd b MG-273 at 0OIehEatichsCF (9 [lM‘bP s,

and optionally, a heteroatom 15 or heteroatonms which can be N, S,

or O and above. Ais 0, 1,or2. 2.
The conpound of claim 1, wherein: Ais zero;
Xis'-C(O)-NH-' 20 ' Ris hydrogen or (Jerr]alkyl; ‘
and f : Boronic Acﬂ@&h}oﬁrﬁis gl%lf Jliél ﬂﬁl ‘Response in Mice

3. The corrpound of ‘claim 2, wherein 'S

4. The- conpound of cI aim 1 wher ei n: - Pis

O - S -, wh f I
Ui noxd | ry1 , 25 - Naive s wprs sepgiRasd By e apeligaign 053044 o6 94'59/ GiVahen P

i's Rlerr]-q(O) “soldtlof drb, £ ahifoffifbr@benzene in 4:1 acetondbIiWY AR btk of the rear
limb footpads. This procedure is performed on two consecutive days, which are
referred to as days O and 1.

The efferent phase of the contact sensitivity response was elicited on day
15 Sbythe apﬁlication of 10 pL of a 0.2% (v/v) solution of 2,4-diniﬁ'oﬂuorobenzene
'in 4:1 acetone/olive oil to both sides of the left ear. The contralateral control ear
was treated on both sides with 10 pL of vehicle only. The mice were lightly
anaesthetized for this procedure by the intraperitoneal (i.p.) injection of a mixture
of ketamine (80 mg/kg, Henry Schein) and xylazine (16 mg/kg, Henry Schein).
20  Test compounds were administered orally as a suspension in 0.5%
xttethylcellulose. (4000 centipoises Fisher Scientific) 30 minutes prior to the
application of the challenge dose of 2,4-dinitrofluorobenzene to the ears. The
dose was delivered in a final volume of 0.5 mL using a 24 gauge 1 inch malleable

feeding needle with a 1.25 mm ball tip (Roboz Surgical). |
25 Approximately 18 hours after the challenge, ear swelling was determined
_ by measuring both the control and the experimental ear using a Mitutoyo Digital
micrometer. The absblute di_fference in thickness of the experimental (left) ears

vs. the control (right). ears was determined for each treatment group. 'Efﬁcacy

- 4
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5. The conpound of cl ai m1, wherein P is one of ‘qui nol i necar bonyl
pyri di necar bonyl, quinolinesul fonyl, qui noi@rl necar bonyl ,
quinoxalinesulfonyl, pyrazine bonyl , pyra2|nesulfonyl
furancarbonyl, furansul fonyl or N- m)rphol I nyl car bonyl .

6. The conmpound of claim 5, wherein i s one of

8- qui nol i necar boryls, fferenc@ 1nf] WhhiEineas &@%@Hﬁﬁ?éﬂ

2- qui noxal i nesul f ony

etel-Eﬁpyralne E% Pydl

2- pyrazi nesul fonyl,

3:zfurancar bonyl , calculated for the veﬁcfewoatrehgrbupy Testresultsareyprovidee ETible VIII
7. The corrpound of claim1, wherein Ais 0. .

The conpound of claim1, wherein B[err],
9> The conpound of cI aim 8, V\,herel n

-C(O - NH-.

Xerr] is -C(O-NH.

wherein R is hydrogen or

conpound of claim.

1, where

at each OCCUI’ rence,

(?ﬁhil;i?idﬂ’bf thé@T H Response in

and R2 and Rlerr] are each |ndependently one of

.Clerr] alkyl, dF

het er oar §l gr oup

or -@:ﬁpmm}iR[ err];

Dose (mglkg)

is CH

r] t eath occurrence, is
#Z’Iﬁc},rggund of claim9, wherein

The conpound of claim1,

Mike The

each occurrence,
hydrogen

i nstance, is one of _qerrjaryr,
Clerrlar(Cerr])flkyl  AM8r29al k(qlerr1)aryis0 60
| MG309 3 40
MG-341 3 90
All publications and U.S. patent applications mentioned hereinabove are
10 hereby incorporated in their entirety by reference.

While the foregoing invention has been described in some detail for

purposes of clarity and understanding, it will be appreciated by one skilled in the

art from a reading of this disclosure that various changes in form and detail can

be made without depafting from the true scope of the invention and appended

15 claims.



20 Clerr]cycloal kyl, Cerr]al koxy, (Jerr]alkylthio or a 5-, 6-, 9-
or 10- nenwvorssd32e66 het eroaryl group; PCTIUSMQ{ﬁ t he
ring portion of any of said aryl, aral kyl, alkaryl or 5-, 6-, 9- or

10- nmenbered heteroaryl groups of Rerr], R2, R3 and R[err] can be

optionally WD 96/ 13266 .102-

PCT/ US95/ 14117 -105-
substituted by one or two substituents independently selected fromthe
group consisting of CJerr]alkyl, Cer r] cycl oal kyl,

( err]al kyl (C eriVhards Chiimyed I§1 er 1] al kenyl, d err] akl ynyl ,

cyano, amno, (err]alkylamno, di(Cerr])al kyI am no, benzyl am no,

di benzyl am no, nitro, carboxy, carbo(C[err])al koxy, trifluoronethyl,

hal ogen, 5 err]al koxy, Clerr]aryl, Clerr]jaryl((err])al kyI
Clerr]aryl (Cerr])al I!oxy mpgq.yxdhavmgthefonnula Cierr]al kyl thio,

Jerr]al kylsul finyl, Clerr]al kylsulfanyl, Cerr]arylthio, :
Cerr]arylsul finyl, g(e vl sul il rlaryl,

Clerr]alkyl (CJerr])aryl, anth IBo € ri: aryl.. .7 B(ZQZQS 13.
The conmpound of claim 1, V\/neRe R1R3 [ érr]al KRB. _ (1a)
14. The conpound of claim 1, twhereidrAR3 is (err]al kyl. 10 '

15. The conpound of claim1, wherein R3 is C4dal kyl .

16. 'The conpound .of claim1l, wherein R3 is isobutyl.

17.  The conpo%?ﬁ’(f}@!’né?%mﬁﬂllyamldﬁﬁalﬁzhﬁ@oﬁne of i sobutyl,

| - naphtiyl met hy, +v % napht hyl met hyl, 3-pyridyl nethyl, 2-pyri dyI met hyI 6-
qU|noI|nyInethy |ndolylnethyl benzyl, 4- quorobenzyI 4- hydr oxybenzyl
15 4-(2' - pyri PWRREL e&t;@q n

benzyl napht hyl met hyl or t'@)LY&lI@-DS&} Wﬁ %[bﬂe(&)% Mkyl heteroaryl or
The canpound ofhetarearylaliyl, whening poﬂ{:mofﬂnyaofdvlﬂéh eancbel optiopdllyoamktitited, or

when P is R™-C(0)-, R” can also be N-morpholinyl;

B!, at each occurrence, is independently one of N or CH;

18.

10 X', at each occurrence, is independently one of ~C(O)-NH-, ~CH,-NH-,
—CH(OH)-CH,-, ~CH(OH)-CH(OH)-, —CH(OH)-CH,~-NH-, ~CH=CH-,
—C(0)-CH,-, ~SONH-, -SO~CH,~ or -CH(OH)-CH,~C(O)-NH- » provided

~ that when B! is N, then the X' attached to said B' is —-C(O)-NH-;

X? is one of —-C(0O)-NH-, ~CH(OH)-CH,-, ~CH(OH)-CH(OH)-,

15 ~C(0)-CH;-, -SO,-NH-, -SO,~CHy- or ~-CH(OH)-CH,~C(O}-NH—; =~

R is hydrogen or alkyl, or R forms together with the adjacent R', or.when
A is zero, forms together with the adjacent R?, a nitrogen-containing mono-, bi-
or tri-cyclic, saturated or partially saturated ring system having 4-14 ring
members, that can be optionally substituted by one or two of keto, hydroxy, alkyl,

20 aryl, aralkyl, alkoxy or aryloxy; | _

R', at each occurrence, is independently one of hydrogen, alkyl,
cycloalkyl, aryl. a 5-10 membered saturated, partially unsaturated or aroma’tic.
heterocycle or -CH,~R’, where the ring portion of any of said aryl, aralkyl,
alkaryl or heterocycle can be optionally subsﬁtuted;

) O O AV



one of Clerr]al k hydroxy, Cferr]al koxy, or Cferr]aryloxy.
19. The C#& ilﬂ?‘%f cI aim 18, wherein Z[err] and Z2 are bot ﬁcﬁﬁﬁ’?&{""

20 The conpound of claim1, wherein together Z[err]
and Z[err] forma - noiety deri v%g from a di hydroxy conpound
selected fromthe group consisting WO 96/ 13266

PCT/ US95/ 14117 -106-

of pinacol, perfluoropinacol, pinanediol, ethylene glycol, diethylene

g: );nglr ol ordi et hanol an# éo%xgkﬁyﬁogaenegkﬂ cy&oﬁkﬁfﬁgg%di(ﬂﬁ%mggg%%ﬁ%{‘gd' o

claim 1, wher ei n: partially unsaturated or aromatic ﬂ%teracﬁ!&rofcmukn%e&eﬁ@ "Poktion

pyridi necar bonyl, qU|noI|nesquonyI qU|noxaI|neca onyI
qui noxal i nesul f om)ﬂ any jof said mémalkyhylkar)ﬂwdmemqlefcenyb optionally substxtuted
fAuir g%g; lo)onyl fur ansuﬁjls oXe ophycl;\g% @Eﬁs rHyaS 10 membered saturated, R

i's hydrogen or q@gﬁ%ngf’ﬂn%%hm ogen het o?ycleor—dﬁzekflv}ém}x%ﬁrpbnﬁfn

each |ndependentl err

J err]cycl oal kyl, of@hgof 3aid wyl, ﬁlkﬂ Moeheth)&br&plcan by opsiotaliptshbstituted;
qui nol i nyl met hyl ; Z' and Z[err] are

bot h hydroxy, err] a|&o>tryeathn§1ae¢q,]lapm ekaryl, cﬂralkblgequaafl Hcdaalkylam 8-10

group 15 o endeciEd siemed SRS B 6 RBRARE RSl o R
ethyl ene glycol, yieps W’is%’éﬁalco%enandR" lsalka?lI Wﬁéi’ethehr?g;f&ﬁ& oF e?hano?km o

1, 3- propanedi ol , 2. 3-but anedi o gl ycer ol
22. Th® conpouraklyl, elkanydmnhetmeyde nan be optxonally substituted; P is one

f 8- qui nol i b | f ,« 20
g qui nog;: Pgel:g?gg:]yf)%and?w H‘iﬁ? 4%?5%%3%‘*@ ﬁydrgxbﬁl@zyf@@gylgmwr
2-pyrazi nesul fon%geﬂi%rﬁyﬁﬁdjzﬂﬁﬁﬂ t}%ﬂﬂy derived frbfll zﬂﬁﬁ%rgg?%mpound having at

3-furancar bonyl ,
least two hydroxy groups separated by at least two connecting atoms in a chain

or ring, said chain or ring comprising carbon atoms, and optionally, a heteroatom
15 or heteroatoms which can be N, S, or O; and
Ais0,1,0r2.

2. The compound of claim 1, wherein:
A is zero;
X is—C(O)-NH—;
20 " Rishydrogen or C, alkyl; and
' R, is C,calkyl.

3. The compound of claim 2, wherein R; is C,alkyl.

4. The compound of claim 1, wherein:
P is R’-C(O)- or R™~SO,—, where R’ is one of quinolinyl, quinoxalinyl,
25 pyridyl, pyrazinyl, furanyl or pyrrolyl, or when P is R’~C(0)~, R’ can also be
- N-morpholinyl.

A



3-furansul fonyl or N norpholinecarbonyl; Ais zero;

X2 is - Qo ddi326625 R is hydrogen or C[err?camsgymln
Rlerr] is isobutyl; R2 is one of isobutyl, |

- napht hyl met hyl , 2-napht hyl net hyl ,- 3- pyridyl met hyI

2- pyridyl met hyl 6-quinolinylmethyl, 3-ind0#yl nmethyl, benzyl,

4-f | uorobenzyl , 4- hydr oxybenzyl , 4-(2' - pyridyl met hoxy) benzyl ,

4- (benzyl oxy) benzyl , benzyl napht hyl met hyl or phenethyl and
Z[err] and Zerr] are |ndependentl one of

Cerr]aryl oxy, or 5. The compoyad pEelaim éf‘?’%/dr O?‘ZPE? Pfq‘l'mlmeaarhwét y
derived froma ﬁ%%%o oliﬂxgsﬁ?clnngtq%ﬂxoxﬁlmifar ony u%ﬁlﬂ?es&?&i&?,

consi sting of uor opi nac pl nane

9' ycol ; diet hy|p%&1&|c¥tb%hyl ? raxiakaion hedlﬁﬁ’ancai:bcﬁxypr Orfﬁﬁﬁshlﬂinyl or
, 3- but anedi ol , cerol or d| et hanol afr ne.

23 The corrpddmtbrplﬁolniy&narbmxy wherein said conpound is one of:

N- ( 2- pyrazi ne) car bonyl - L- phenyl al ani ne-L-1 euci ne boronic acid, 10

N- (2- qui nol i ne) sul f onyl - L- honmophenyl al ani ne-L-1 euci ne boroni.c acid,

N (3-pyri di ne) car boryl - L-FlieNUbApad  Cof Rini NS, DRhGRIC ACiig, pne of

N- ( 4- nor phol i ne) car bonyl - L- phenyt al ani ne- L- [ euci’ne boronic acid

N- (4- nor phol i n&}qéinblinedarbatyl] - ( 1-8Apuinoligéshifonyl, ani r>quinogalinevarbomybni c

acid,

N- (8- qui nol i neﬂsqmn@wynesglkfpm]l F-pyregiveeashonyl, 2-pyrazinesulfonyledrfirancaghonyhi ¢

acid, 15 h Obenzyl ) L-tyrosi ne-L-1I euci ne
boroni ¢ aci d, 3-furan fonyl%&ﬂ(hl%% ﬁh@%ﬁ‘ne car bonyl - L-t yr osi ne- L- | euci ne ‘
boroni c acid,
N- (4- nor phol | ne)carbonyl [O-(2-pyridylmethyl)]-L-tyrosine-L- Ieu0| ne boronic

aci d; of7. i soskhercempophd ofielaimili whertein Ade8pt abl e salts or
boronate esters thereof . 20 24. The conpound of cl ai m
23, wherein said conmpound is
10 8.  The compound of claim 1, wherein B, at each occurrence, is CH.
-9, The compound of claim 8, wherein X', at each occurrence, is
—C(O)-NH~-.

10.  The compound of claim 9, wherein X? is ~-C(O)-NH-.
11.  The compound of claim 1, wherein R is hydrogen or C, ; alkyl.

15 12.  The compound of claim 1, wherein:
R!, at each occuﬁence, and R? and R? are each independently one of
hydrogen, C, alkyl, C,,, cycloalkyl, Cq.yo aryl, a 5-, 6-, 9~ or 10- membered
~ heteroaryl group, or -CH,~R®; '
R’, in each instance, is one of Cg_jparyl, Cs0ar{C,)alkyl,C, calk(Cy, o)aryl,
20 C,.,cycloalkyl, C,salkoxy, C,salkylthio or a 5-, 6-, 9- or 10- membered
heteroary! 'gi'oup; ' |
where the ring portion of any of said aryl, aralkyl, alkaryl or 5-, 6-, 9- or
10- membered heteroaryl groups of R'. R% R® and R® can be optionally

* [% L M S *




N—(2 pyrazi nq)(pﬁ,gggyl - L- phenyl al ani ne-L-1 euci ne boronic acid, e.? 4117

| sostere, phar maceutical ly acceptable salt or borona e es{ é}

t her eof . 25. A conpound having the formula or a
pharmaceutically -pox.eptabl e salt thereof:

[err] WD 96/ 13266

PCT/ US95/ 14117 -108-
wherein P is hydrogen or an am no-group-protecting
noiety; substituted by oneRjretwio] substituents indspendenty selected froml digeprbapt | y

?Egeggnyeg'[ I S/:H one SBRSIFnNg °ﬁ||‘l‘ﬂ-ﬁalkl‘lb-l[(‘9141?3]"E e 1, Ca Eﬁf@ 25, w quﬁe,nyl,
- CH(OH) - CH 1
U, OO e i Bhgamine, (il bbb,

that when B[ er r] dibehzylatmiio, tﬂﬁ&o)(k:&lbb*y,aéﬁrboﬂ&g)aﬂmxyaltﬂﬂﬁirﬁnfelhyll,s halogen
-C(O-NH; X2 i's one of - Ic\)ﬁ):b F-\&(P
- CH(OH) - Cﬁl (oH) -, Ci.ealkoxy, Cs-lom'le( Sp-108m(C &@.@ XDHZhYd@‘PX}’,

Fors toget hor Wch%al#“ﬁ% ks, €. lsvlw%goﬁvi TS T Starstiny, o
forms together w O, Jaiyisutfingk @lafl. T/ alioy Yl Jrg and ag(G) (afld. mONO- ,  bi -

or tri-cyclic, saturated or partially saturated ring system havi ng 4-14
ring menbers, that can be optionally substituted by one or
two of keto, hydroxy, yI, .al ko ar .ary

Rlerr] at each occn’reniéz RIGe cpmpppndof claim ga ?‘Hagdéh %’?‘V&r one of
hydrogen, al kyl, cycloal kyl, aryl, a 5-10 nenbered saturat ed,
partially unsaturated or - aromatic heterocycle or -CH2-Rerr],
where the ring portionl4f amhecdbmpeurt eficldim I, wherein R; is C, allajlkyl , al karyl
or heterocycle can be optionally substituted;

Rlerr], in each instance, is one of aryl, ar al kyl, al karyl, .cycloal kyl, a
20 : -10 ne red .sat ur.at ed tial,l y unsaturated
or aromatdc 3. ﬁecomm&%eoﬁcﬂ%?@m%kéﬁgéﬂﬁle”], where W
Is a chal cogen and Rlerr] is alkyl, where the

ring portion of any of said aryl, aral kyl, al karyl or
'16.  The compound of claim 1, wherein R* is isobutyl.

17.  The compound of claim I, whérein. R? is one of isobutyl,

1-naphthylmethyl, 2-naphthylmethyl, 3-pyridylmethyl, 2-pyridylmethyl 6-

quinolinylmethyl, 3-indolylmethyl, benzyl, 4-fluorobenzyl, 4-hydroxybenzyl,

15 4-(2'-pyridylmethoxy)benzyl, 4-(benzyloxy)benzyl, benzylnaphthylmethy! or
| phenethyl.

18.  The compound of claim 1, wherein Z' and Z? are independently
one of C, calkyl, hydroxy, C, salkoxy, or C, j,aryloxy.

19.  The compound of claim 18, wherein Z' and Z? are both hydroxy.

20 20.  The compound of claim 1, wherein together Z' and 27 form a

moiety derived from a dihydroxy compound selected from the group consisting

A



het er ocycl e can

be optionally substituted,

provi ded t hefo wti3k@sast one R err], R2 or Rlerr] is naphthyl nepdwpriosestiair?

pyridyl net hyl o
are independent

together Z' and Z[err] forma noiety deri vi$6-from a di hydroxy conpound

havi ng at

conprising carb
het er oat ons whi
PCT/ US95/ 14117
or ring, said c
het er oat om
Ais 0, 1,or2;
than i soval eryI

r qui nol i nyl met hyl ;
|y one of alkyl, hydroxy, al koxy, or aryl oxy, or

Z[err] and Z[err]

| east two hydroxy groups separated by at |east two
connecting atons in a chain r| ng, said chain or ring

ongatons

ORE Bsalhl, mPiustopinac %’aenedw AR f’gezl@@eneorglycol

1,2-cycloh d 113- ediol, 2,3-butanedi
hali r-]cygr rC’ltar?S lc(:)orrprl s?arb Carb onutg?on%l glgceéolordleghr?g

or heteroatons which can be N, S, or O and

109

vided that®the conpound is other

pheny?él aanHEmmPB'md gfrccl)amh r‘%ﬁmﬂe [-(napht hyl met hyl ),

(4,4,5,5-tetranet hyl :ﬁfﬁ?cﬁ 8{%9@2 ine = - V. hyl am de
ul fonyr) pr op| ony -norvalin /! fyn ﬁ?R?ﬂyl’ qum%h)xésu ony*,
NgiiiRyXalinectbonyl, quinoxalinesulfonyl, p n’e@&bonyl,'rﬁﬁaﬁﬁémw, of

or (3-t-butyls
di hydr oxgboryl)
cl ai m 25, where
Rlerr]-NHC(O)-
of al kyl, aryl,
of which can be
Rl err] can al so
het erocycl e.

in Pis Rerr]-C{O-, R7-Sqerr]-

ﬁqraxmhopyl, Gurax fonylach-nm-phohnylcarbonyl Rlerr] is one

al kar ar al kyl, heteroaryl or heteroarylal kyl, any

optioédFF YOsubstituted, or-when Pis Rerr]-C(O-, then

X? is -C(0)-NH-sat urated or partially saturat ed

27. The conpound of cl aim 25, wherei

Pis Rerr]-C(O- or R[iehyqreMca-rG,],-aikyl and 15

R err] air(il one o

het ero or
of which can be

Rierr]-C(O -
The corrpound of
each -C(O -NH.

15

20

25

f C[err; ardygz C[err] ar(C[err] al kyl, 5- to 10- menber ed

hretpdepeadenil onsaof| hydregen, ) Giselkyl,

%ﬂ;éjy lodlk ng"B’ L '?mﬁ’ e ll'l%ﬂy#);rfﬂy?tqethw oiM&S’ ino mylmethyl

andai m 25, wherein B[err] Is CH and Xerr] and X err]

Z' and Z? are both hydroxy, C, alkoxy, or C ,,aryloxy, or together Z! and

Z? form a moiety derived from a dihydroxy compound selected from the group

consisting of pinacol, pgrﬂuoropinacol, pinanediol, ethylene glycol, diethylene

glycol, l,2-cycldhexanediol, l,3-propanediol, : 2,3-buténediol, glycerol or
diethanolamine. o -

- 22. The compound of claim 1, wherein:

P is one of 8-quinolinecarbonyl, 8-quindlinesulfonyl,
2-quinoxalinecarbonyl, ' 2-quinoxalinesulfonyl, 2-pyrazinecarbonyl,
2-pyrazinesulfonyl, 3-pyridinecarbdnyl, 3-pyridinesulfonyl, 3-furancarbonyl,
3-furansulfonyl or N-morpholinecarbonyl; |

A 1s zero;

- X?is—C(0)-NH-;

R is hydrogen or C, ; alkyl;

'R? is isobutyl:;.

R? is one of isobutyl, 1-naphthylmethyl, 2-naphthylmethyl,
3-pyridylmethyl, 2-pyridylmethyl 6-quinolinylmethyl, 3-indolylmethyl, benzyl,

TwioC L M [ * _

any

|

28.

are



—_—
—_—

20 29,  The compound of claim 25, wherein R{:ﬁrr%ﬁland R2
1441%y|

are i ndepenWena6/13266 This Sheet Has Begu| Re Ihed ‘fromthe group consis®

and -CH2-R err], where rmm Cerr] aryl, -derr]
alk(C[err])aryl, C[err] r a 51076- 9- or 10- rrerrbered

het er ocycl e. The conpound of claim 25, wherein
Ais zero. WD 96/ 13266

PCT/ US95/ 14117 -110-

31. The corrpoumifm,rgﬁaizyl,% vhigydrorybehzyl qui Mni-pyﬂldﬂhmthoxy)benzyl

32. The conpound of claim25, wherein said conpound is one of:

N—(al mor phol i ne) ctbsoryloxy)benzyl, benryipaphithylmethyl or phonethyly aadci ne bor oni ¢
aci or

N- ( 8- qui nol i ne) sul fony; a[“&zr2 Td?ﬂfﬂﬂm SneI_sz;\ygﬁoxXéCt‘al“%ochT GenB3lom &
acid; 5 tﬁ%&ﬁeﬂ 2RI Form a%@@%ﬁ%&ﬁbhva &aymkylabﬂapsaﬁd Sel&died
boronate esters thereof onpound having the
formula: 5 [‘er rfrom the group consistingraf mhmiapﬂ'ﬂﬂbmiﬂayolamc&bl eﬁthjelenas

t her eof ; wher ei

|s h 0 Qr
ami no- gr oup- pr ot @yqql,@ﬁbylg@g,glycg 1,2-cyclohexanediol, l lagggg.gﬁl iol,
occurrence, is i N or CH, X[err], at
each occurrence, %qg&ﬁﬂg’gggr%mn éne of -C(O-NH, -CHerr]-NH, [ ]

-CH(OH)-CH err]-, -CH(CH) - CH(O—I) -CH(OH)-CH err]-NH, -CH=CH,
-C(O-CHerr]-, -Sqerr] -Sqerr]-CH[err]- or -CH(OH)-CH2- C(O) NH-
provi ded Thc compound of claim 1, wherein said compound is one of*

N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine boronic acid,

10 N-(2-quinoline)sulfonyl-L-homophenylalanine-L-leucine boronic acid,
N-(3-pyridine)carbonyl-L-phenylalanine-L-leucine boronic acid,
N-(4-morpholine)carbonyl-L-.phenylalanine—L—leucine boronic acid,
N-(4-morpholine)carbonyl-B-(1-naphthyl)-L-alanine-L-leucine boronic acid,
N-(8-quinoline)sulfonyl-B-(1-naphthyl)-L-alanine-L-leucine boronic. acid,

15 . N-(4-morpholine)carbonyl-(O-benzyl)-L-tyrosine-L-leucine boronic acid,
N-(4-morpholine)carbonyl-_L-tyrosine-L-leucine boronic acid,
N-(4-morpholine)carbonyl-[O-(2-pyridylmethyl)]-L-tyrosine-L-leucine boronic
acid; _ : .
or isosteres, pharmaceutically acceptable salts or boronate esters thereof.

20 24, The compound of claim 23, wherein said compound is
' N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine boronic acid, or an isostere,
pharmaceutically acceptable salt or boronate ester thereof.

25.. = A compound having the formula:

_ crli—XZ-cT—B(zmz’)
R2 R? (1a)

A

-

US|




15 that when B[err] is N, then the X err] attached to said B is

-C(O - NH, WO 96/13266 X[err] is one of -C(O-NH, -CRODASISMMFr] -,
- CH( OH) - CH( OH) -, -C(O-CHerr]-, -Sgerr]-NH, -SO2-CH2- or
-CH(OH) - CH2- C( O - NH, : ﬁofsgrms together with the adjacent

Rlerr], or when Ais zero, forns together with the adjacent R2,
a hitrogen-containing nono-, bi- or tri-cyclic, saturated or 20

partially saturated ring system having 4-14 ring nenbers, and one or two
optional substitygefes; sel ected fromthe -group consisting of keto, hydroxy,

al kyl, aryl, aral kyl, al koxy and aryl oxy; : '

when A is 2, the R er Plis hydrogérsorantansidp-geeup-protechin®maietgne of hydr ogen,

al kyl , cygloal kyl . ‘aryl, a. 5. to 10-nenbered saturated,

partial |y unsaturat edBorat aﬁ%wsm% is independenglyione 9 NoprLH;

-CHerr]-Rerr]; i . ) '
PCT/ US95/ 14117 X ,ateacmcgﬁ-"e}:égﬁ?mdependenﬂy one of —-C(O)-NH-, —CHgyH-,

when A i% 1 or Z,CH{@%JCLH,&, OnEHEOHMCH@IER,, ECMOH}C&HLMJS,&"—CMH- a 5-
e

to 10- - ered saturated, partiall unsaturated or aromatic

het erocycl e or --€H)RCHst,H-8O,-NH-, -SO,~CH,~or—CH Hyn€(QF-NH- ponydded

| kyl , | oal k | s -, t0,1Qz d ...;. - sat t ed,

par 11 2l 1y unsat (P BhARR BN thor e PERg R I seig BB 75 |
i hi Lo N ¥

Rlerr], in each instagegg dme bpdqg{g‘)dﬁplt Y @q@)gj (ﬁ-%ﬁ, tm_cgg%ﬂrfyatuel @O}}ba’ry

cycloal kyl, a 5- to 10-nenbered saturated, partiall

aronmatic ~C(0O)-0Hi-¢ ~SO§eNH-p+SOMWAN, e or FCH(OE) eCH+E(G)-NHit cogen and
Rlerr] is al kyl; - ] Z[le{(rfr] ~and Z[,er.rtgl are, i ndreé)endent |y one
of alkyl® hydroxy, alRisdydregengr gikyl or RJprms together with the adiacentR' Arevhen and

Ceast two. hydr osyRgrsh eniiBeeb it e MR £ ARRMRMeRRbloe Bonie by -

chain or teFcycliog sattirditell 61 Paftially danibtedOfRY isyéten BARYA-FY ¢ixe. and
optionally, a heteroatom or heteroatons which can"be N, S, or
O and members, that can bgsomionallysubstituted by one or two of keto, hydfky, aryLhe
conpound of claim 33, wherein the nitrogen-containing ring 15 system
i s sel ected froﬁ'ﬂ%q’fg AR ¥%onsi sting of : |

15 R at each occurrence, R? and R? are each independently one of hydrogen,

alkyl, cycloalkyl, aryl, a 5-10 membered saturated, partially unsaturated or
aromatic heterocycle or -CH,—R?, where the ring portion of any of said aryl,
aralkyl, alkaryl or heterocycle can be optionally substituted;
R, in each instance, is one of aryl, aralkyl, alkaryl, cycloalkyl, a
20 ' 5-10 membered saturated, partially unsaturated or aromatic
heterocycle or ~-W-R®, where W is a chalcogen and R® is alky!,
where the ring portion of any of said aryl, aralkyl, alkaryl or
heterocycle can be optionally substituted, _ -
provided that at least one R'; R? or R? is naphthylmethyl, .
25 pyridylmethyl or quinolinylmethyl;

Z' and Z? are independently one of alkyl, hydroxy, alkoxy, or aryloxy, or
together Z' and Z* form a moiety derived from a dihydroxy compound having at
least two hydroxy | groups separated by at least two connecting atoms in a chain -
or ring, said chain or ring cémprising carbon atoms, and optionally, a heteroatom

30 or heteroatoms which can be N, S, or O; and

A



[err] ' PANISIS/14117
WO 96/ 13266 YO 26113266 PCT/ USS5! 14117

-1 12- : - 35. The conpound.of claim 33, wherein P
is Rerr]-C(O-, Rerr]-SO2-, -I0OR[err]-NHC(O - or
Rerr]-O0C(O-, and Rlerr] is one of alkyl, aryl,

al karyl, aral kyl, heteroaryl or heteroaryl al kyl, any - of

whi ch can be optionally substituted, or, when P is R7-C(O-, then Rlerr] can
also 5 ber rrg, sridichain®r ripg comprising sarbon atoats, #d etiongily, @ heteroatom

36. The conpound_ of, cl ai m wher einaP. i s. re]-c(O- or
Rierr]-SQ[err]-: O eteroatoms w bhgmﬁews,oré,a%{da Rierr] is one of

Clerr] aryl, C[err] ar@aGs@n]dd;kyl, 5- to 10-nenbered heteroaryl or

5- to 10-nmenbered heteroaryl((err])al kyl, any of which can be optionally

160 subst i t ut ed, providddethaP ths cBnponid (¥ Other tRak risqvatezyl-plienylalanine-

N- nor phol | nyl . . 37, The. conpo f.claim33

wher ei n ijer r] i sn‘lﬁﬂ?h%?f&nﬂ’@mmﬁhﬂ)sxz a(%4,5,§2 tetrame yﬂ?gféﬁiﬂ’fab@n}@?gﬂﬁ .
yDimethylamide or  (3-t-butylsulfonyl)propionyl-norvaline-(1-naphthyl,

dihydroxyboryl)methylamide.

26. The cbinpound of claim 25, wherein P is R’-C(O)-, R’-SO,-,
7_NH-C(O)- or R’-0-C(O)-, and |
10 R’ is one of alkyl, aryl, alkaryl, aralkyl, heteroaryl or heteroarylalkyl, any
of which can be optionally substituted, or when P is R’-C(O)-, then R7 can also
be saturated or partially saturated heterocycle. -

27.  The compound of claim 25, wherein P is R%-C(O)- or R™-SO,;
and L : '
15 - R’is one of Cq, aryl, Cq o ar(C,s)alkyl, 5- to 10-membered heteroaryl or
5- to 10-membered heteroaryl(C,¢)alkyl, any of which can be optionally
substituted, or when P is R%-C(0O)-, R” can also be N-morpholinyl.

28.  The compound of claim 25, wherein B' is CH, and X' and X? are
each —C(O)-NH-. '

20 29.  The compound of claim 25, wherein R' and R? are independently
selected from the group consisting of alkyl and —CH,—R?, where R’ is one of
Cs.10 aryl, C,.,, alk(Cq p)aryl, C; ,, cycloalkyl, or a 5-, 6-, 9- or 10-membered

heterocycle.

30. The compound of cfaim 25, wherein A is zero.

N N



38. The conmpound of claim 33, wherein Rlerr] and R err] are independently
sel ect ed W@R6/13266 gr oup consi sting of al kyl and - CH2- R er r ] ,PCIéS98/1487

Rlerr], in each instance, is one of CJerr] aryl, (err]

ar(Clerr])al kyl,Cerr] al k(Cl[err])aryI, Clerr] cycloal kyl,
Cerr] alkoxy, (Jerrlalkylthio or a 5-, 6!8- or 10- menber ed
het eroaryl group, where the ring portion of any of sald Cerr]Jaryl, derr]
ar(Cerr])alkyl,(err] alk((err])aryl, or 5-, 6-, 9- or 10- menber ed

S e endbn 1 JhePmoBl B 2 L‘@’Séféﬁ*ﬁ’ bR R insi st i ng

of ferr] alkyl, (err]cycloalkyl C[err]al kyI(C[err])cycIoaI kyl, Clerr]
al’kenyl, Cferr] alkynyl, cyano, amno, C[err] alkylam no,

g;ﬁ bC£)>e<r r églr lI;)C/)I( am P(r)32- I e cortnfonnd g@la}yﬁ a&mlswmm;mmdm onu dfr 0,
g[r elr E hy,glr l:j);(g I k. %")Pif’g‘l'ég%f’%? d'glr 9’?‘{%’8? k‘]‘ﬁlmffi"leﬂf‘ﬁ? p?romc acu]i, or
al Kyl sul finyl, ﬂx(grqr “°11W?§ﬂf8?¥16%§mg@fﬁ¥l? ]L gﬁﬂ’%ﬁ‘o w&% ﬁm%&&.r

aryl sul§inyl, qnasosjteras 3ﬂhani1éceutyd:ally@ceept§lﬂeyﬂts drberonatd ésyer§ tHepsof] ) ar yl and
hal o(Clerr]) aryl - The conpound of claim 33,

- wherein Ais zero. _ WO 96/ 13266

PCT/ US95/ 14117 -113-

40. The conpound o?3cl al rﬁogépoun (la]ra‘élflﬁtlﬂ?fogmﬁlydrogen :

41. The conpound of cl ai m 33Fwher eimn: Ais zero;

P is hydrogen; 5 P—N B‘*EX? CHCEK2NEH—B(Z)(22) R forr‘r‘
together with the adjacent R:IZ ni trogeh cont ai Ih!,‘ ng ri ng system

sel ected fromthe group consRs Rﬁg off;, R? (1a)

A

and pharmaceutically acceptable salts thereof:
wherein
10 P is hydrogen or an amino-group-protecting moiety;
B!, at each occurrence, is independently one of N or CH;
X', at each occurrence, is independently one of -C(O}-NH-, -CH,-NH-,
~CH(OH)-CH,~, —CH(OH)-CH(OH)-, —~CH(OH)-CH,NH-, —CH=CH-,
—C(0)-CH,-, -SOz—NH— —SO,~CHy- or -CH(OH)-CH,-C(O)-NH-, provided
15 that when B! is N, then the X! attached to said B' is -C(O)-NH-;
X? is one of -C(O)-NH-, ~CH(OH)-CH,~, ~CH(OH)-CH(OH)-,
—C(O)-CH,-, —SOz-?NH—, —SO,—CH,— or -CH(OH)-CH,—~C(O)-NH-;
R forms together with the adjacent R', or when A is zero, forms together
with the adjacent R’,;a nitrogen-containing mono-, bi- or tri-cyclic, saturated or
20 partially saturated ring system having 4-14 ring members, and one or two
optional substituents selected from the group consisting of keto, hydroxy, alkyl,
aryl, aralkyl. alkoxy and aryloxy; _
- ~ when Ais 2, the R' that is not adjacent to N-R is one of hydrogen, alkyl,
cycloalkyl, aryl, a 5- to- 10-membered saturated, partially unsaturated or aromatic
25 heterbcycle or -CH,-R?; |

TR R AN



[err] R3 is Jerr]alkyl; and 1
Z[err] and vagrgr‘sflsﬁar‘e bot h hydroxy, (err]al koxy, or C[err]ary 8'§’y“5956“‘“"

together Z' and Z[err:] forma noiety derived froma di hydroxy
conpound sel ected fromthe group ? fisi sting of pinacol

per fl uoropi nacol, pinanediol, ethylene glyco di et hyl ene WO
96/ 13266 '

PCT/ US95/ 14117 -114-
glycol, 1,2-cycl ohexanaﬁh@Alle&z;R@mdsmydmge@amm ayadamyl,aghacselt&lo-or
dlethanolan1ne : The conpound of claim 33,

wher ei n sai d conp@embered saturated, pmﬂlymm@rmlhn@rmplmrccﬁﬂs or

| sosteres,  phar eceuti Gl Lyo ACGFRYARLE, SHS cyciBaio, aryl, 2% B @RGeE! o

saturated, partially unsaturated or aromatic heterocycle or -—CH-_,—R ;

5 RS, in each instance, is independently one of aryl, aralkyl, alkaryl, |
cycloalkyl, a 5- to 10-membered saturated, partially unsaturated or aromatic
heterbcycle or -W-R®, where W is a chalcogen and R® is alkyl;

Z! and Z? are independently one of alkyl, hydroxy, alkoxy, or aryloxy, or
together Z' and Z? form a moiety derived from a dihydroxy compound having at
10 least two hydroxy groups separated by at least two connecting atoms in a chain
or ring, said chain or ring comprising carbon atoms, and optionally, a heteroatom
or heteroatoms which can be N, S, or O; and

Ais0,1,0r2.

34.  The compound of claim 33, wherein the nitrogen-containing ring
15 . system is selected from the group consisting of:

] B L



43. A conpound havi ng the formul a: [err] and

phar maceutwoabiyzéaccept abl e salts thereof; wherROTUSIS04117

P is hydrogen or an am no-group-protecting noiety; B,
at each occurrence, is independently one EIZN or CH; X,
at each occurrence, is independently one 0t<C(O)-NH, -CH2-NH,

-CH(OH)-CH2-, -CH(OH)-CH(OH)-, -CH(OH).-CH err]-NH, -CH=CH,
sC(O-CHerr]-, -Sgerr]-NH, -SHJerr]-CHerr]- or -CH(CH)-CH-C(O -NH,

i ded 15 tkat i : t apheg t i d
BTy ey B ARG il 1 P o LRG0 °
-CH(OH) - CH[err]R’—NHH:(m-&M’Oa-CO)—,and -C(O)-CH2-, -S2-NH,

-S2-CH err]- or -CH C]—I) CH[ er C(O Ris hydrogen
or alkyl, or R forns rallq}l,twlt#kathaavébmhwr@w]orhﬁermhucy any

Ao 255 LS MErbRRSILE “e blictel BBohBEE b sfen s AP OS MR el (i

system pavi ng 4bé§at{ulafaor art1all saturdfed Bétefoc g,a]ad one or two optlonal

substituents sel ected fromthe group consi s ing of ket o,

hydr oxy, aryl, al koxy and aryl oxy; Rlerr] at each
occurrence, R2 and rr] .are each jn enden .0 droge

al kyl, cycl oal kyl , RB& ﬁspﬂﬁpﬁ'é‘?do%&i%%gilw 52‘@& Wrﬁg‘s%@m at ed

or WO 3_9{ 13266 o _

PCT/ US95/ 14117 -115-
aromati c heterocycl eRdis on@ldﬂ"e}s_l;o]arﬁ[ egﬁ,}a:(OM)eJkyl Sh 10-memberet heteroafyl opy Of
said aryl, ar al kg/ al karyl or het erowﬁcl e can be optionall y"
substi t ut ed; 5‘ t° 10-membered hetero al'Y‘(Cl-s) i, any, ofawhichnean be coptiopaline of

|, | kyl el 0gl.kyb, 5-10
ﬁ\re?/mer g((stlas a%/ ur a% Kezilr gl é’ﬁ?@ﬁ ﬁ%gaﬁ@z}t_ oy R alsobe Nymomhelinyl.
het er ocycl e or -WR‘ where Wis a chalcogen and Rlerr] is alkyl,

where the ring portlon of any of said aryl, aral kyl, alkaryl or
heterocycle can be opl.i onZh¢ wmmndldfaiwd% wherein B! is CH, and X* and X2 are

provi ded t hat aéaci)?-%?b)—q\?ﬁ—.R[ err], R2 or Rerr] is

38.  The compound of claim 33, wherein R' and R? are independently
selected from the group consisting of alkyl and —CH,—R?®, where
15 R% in each instance, is one of C,,, aryl, Cg, ar(C,qalkyl,C,,
| alk(Cq \p)aryl, C,,, cycloalkyl, C,, alkoxy, C, s alkylthio or a 5-, 6-, 9- or 10-
membered heteroaryl group, where the ring portion of any of said Cq ,,aryl, Cq,,
' ar(C, alkyl,C, ¢ alk(C.,c)aryl, or 5-, 6-, 9- or 10- membered heteroaryl can be
optionally substituted by one or two substituents independently selected from the
20 group consisting of C, alkyl, C yscycloalkyl, C ,.alkyl(C s]cycloalkyl, C ,,
alkenyl, C,; alkynyl, cyano, amino, C,, alkylamino, di(C,g)alkylamino,
benzylamino, dibenzyl_amino, nitro, carboxy, cérbo(C r.c)alkoxy, trifluoromethyl,
halogen, C,, alkoxy, _Cc-m aryl, Cqo aryl(C,qalkyl, Cq,o aryl(C,¢)alkoxy,
hydroxy, C, 4 alkylthio, C, ; alkylsulfinyl, C, s alkylsulfonyl, Cs.,, arylthio, C,
25 arylsulfinyl, C, ,, arylsulfonyl, C jearyl, C,¢alkyl(Cs.io)aryl gnd halo(C;,o)aryl.

39.  The compound of claim 33, wherein A is zero.

AN




[serr] 10 WO aszggnere Rlerr] is one of hydrogen, alkyl, cycheghis¥iisr17
aryl, aral kyl, %e* eroaryl or het eroaryl al kyl ; wherein the

alkyl is optionally substituted with one of (Jerr] alkyl,

hal ogen nmonohalo (Clerr]) alkyl, and trifl upiznethyl; and wherein said

cycl oal kyl , aryl, aral kyl, heteroaryl and heteroaryl al kyl
groups can be optionally substituted with one or two of (Jerr]
al kyl, Clerr] cycloalkyl, Cerr] alkyl(Cerr])cycloalkyl, Cflerr] 15

al kenyl , C[err] al kynyl40. cyaFte, compound ofpleim B3 awhsreiark isciydrogen.

di (C[err])al kyl ani no, benzyl ami no, di benzyl ami no, nitro,
carboxy, carbo(([err])al koxy, trifluoronethyl, hal ogen, Cerr]
al koxy, Cerr] aryl, rr] ikl aryl ((err])al koxy,
hydroxy, Clerr] alkyl tqr@b, (?Iee%/ér alﬁﬁill)}s'%ﬁ‘??ﬂ , err] al kyl sul fonyl,
Cerr] arylthio, (err]Aiszero; _ arylsulfinyl, Cferr] arylsul fonyl,

Cerr] aryl, Cerr] al l@/_l&&[err])aryl, and halo((err])aryl; 20

Alerr] and Alerr] are ifnigdydregent |y one of hydrogen, hal ogen, Jerr] alkyl,
nonohal o( ¢ err])al kyl, <@r. t K qmet hyl ; ' Z[err] and
Z[err] ar® independent Ix;lf)ﬁg@*_%g{lw!, hydroxy, al koxy, or aryloxy, or
together Z[err] and Z[ ® formb edgettier With he/adjehtRY a hitfypen-cohiaitin®iiMg sesigaund

havi ng at | east two hydroxy groups separated by at |east two
connecting atons Belected framthe group consigtingef: 13266
PCT/ US95/ 14117 ' -116-

or ring, said chain or ring conprising carbon atons, and optionally, a

het er oat om -or heteroatons which can-be N, S, or 0; and

Ais 0, 1,or2. 44. The coppotsd of claim43, wherein
Pis Rerr]-C(O-, g err]-, e err]-0C(O) -,
and S &4 ahal kyl ,
het er oaryl or heteropryl gl kyl optional |l y
substituted, or when™Ry

R’ is C, ¢alkyl; and
10 Z' and Z? are both hydroxy, C, salkoxy, or C_jsaryloxy, or together Z! and
Z? form a moiety derived from a dihydroxy compound selected from the group

consisting of pinacol, perfluoropinacol, pinanediol, éihylene glycol, diethylene

- O O R A



be saturated or partially saturated heterocycle. 45,
The conpoUM@96M3266ai m 43, wherein Pis Rerr]-C(O- or R[errliclﬁi%milv 10
and Rlerr] is one of (Jerr] aryl, C[err] :
ar(Clerr])al kyl, 5- to 10-nenbered heteroaryl or 5- to

10- mrenbered heteroaryl (Cerr])al kyl, any']df“'v\,hi ch can be optionally
substituted, or when Pis Rerr]-C(0)-, R7 can also be N-norpholinyl.

46. The conpound of claim43, wherein X err] and X2 are each 15

-C(O) -NH. ' JT1: u f claim43, wherein one
ofC( R') Rlerr] oglyﬁflér lr,f-cp'glohexane?ié;,r ]1,3-Bx%p88e“&?81, @,3%1}@1@810@ g?ycerol or

~ Alerr] and Al erditthahslamisicpendent|ly one of hydrogen, CJerr] al kyl, hal ogen,
20 nonohal o (CJerr]) al kyl or trifluoronethyl; R9
is one of CJerr] alkyl, C(err] cycloalkyl, Clerr] aryl, 'C[err]

ar(Cerr])al kyl, a5 maj‘g)red hét.er oar or ab5b-to

* 10- menber ed heteroarﬁ(C[‘gP?ﬁ'ﬁPWdOf%?a‘ WheW?%ng@B und is

PCT/ US95/ 14117 L-proline-L-leucine boronic acid, or isosteres, ph 117-

and the remaini ng Rlerr]; Rerr] and R err]regrpe a.‘%‘é%é‘é‘ﬁ%’e%??ﬁ"‘%‘é‘ﬂ?&‘f%d from
t he 5 orbogmatqoesmemﬂlmafng of alkyl and -CH err]-Rerr], where
Rlerr], .in each instance, is one of CJerr] aryl, Cerr]

ar(Cerr])al kyl,derr] al k(C[err])aryI C[err] 0 cycl oal kyl ,

C err] al koxy, C[err al kyl . or 5 menber ed
het er oaryl group, V\/nJgre t%gbrk’gugdgﬁlé%me%"% y of sal d Cerr]aryl, (err]

het eroaryl can be P—N-+BbptX H-y-)e’ub-schl-t-ts(zd)(m one or two ‘

ar(Clerr])alkyl,Jerr] alk(d r])ar |, or 5-, 6-, 9- or 10- rrenbered
substituents independent!y sTeb‘lted ronh i he l

(1a)

and pharmaceutically acceptable salts thereof:
wherein
10 P is hydrogen or an amino-group-protecting moiety;
B!, at each occurrence, is independently one u_f Nor .CH; _
X', at each occurrence, is independently one of ~C(O)-NH-, ~CH,-NH-.
—CH(OH)-CH,-, —-CH(OH)-CH(OH)-, _—CH(OH)—CH,—NH— ~CH=CH-,
—C(0)-CHy-, -SO~NH-, ~SO,~CH~ or -CH(OH)~CH,-C(O)-NH-, , provided
15 ~ that when B is N, then the X' attached to said B' i is =C(O)-NH-;
X? is one of -C(O)-NH-, -CH(OH)-CH,~, ~CH(OH)-CH(OH)~,
~C(0)-CHy-, -SO,-NH-, ~SO,~CH,~ or ~CH(OH)~CH,~C(O)-NH-;
R is hydrogen or alkyl, or R forms together with the adjacent R, or when
A is zero, forms together with the adjacent R?, a nitrogen-containing mono-, bi-
20 or tri-cyclic, saturated or partially saturated ring system' having 4-14 ring
members, and one or two optional substituents selected from the group consisting
of keto, hydroxy, aryl alkoxy and azyloxy,
R! at each occurrence, R? and R? are each mdependently one of hydrogen
alkyl cycloalkyl, aryl a 5-10 membered saturated partlally unsaturated or

R D



group consi Cerr] alkyl, Cerr] cycloal kyl, Cerr] PCT/US95/14117

al kyl ([ err] cycf al kyl, Cerr] al kenyl, C[err] alkynyl,
cyano, amino, Clerr] alkylamno, di(Cerr])al kyl amno, 10

benzyl ami no. di benzyl amino, nitro, carboxy,-18%r bo( err]) al koxy,
trifluoronethyl, hal ogen, C[err] al koxy, C[err] aryl, Cerr]
aryl (Cerr])alkyl, Cerr] aryI(C[err])aI kox hydroxy Cerr]

al kylthio, (err] alkyl Ifln su] fan e | t hio,
Cerr] aromgqui/ 9}9|or ‘gl'ifk? s‘i}? Pﬁéﬂ"‘%ﬂ %f L} said @yl r |
alkyl (Clerr])aryl a%gy 48 ,  The
cenpound of claim I"/\ﬂk&g %’léganbeo gonally substituted; - 49, The
conpound of claim43, whereiRp, meach mstance, 1s one of aryl, afalkyl, akaK], cycloalkyl a
Pis one of Rerr]-C(O-, RS- err].- O- or. Rerr] 0;

Rierr] is one of .quinolinyl 5-40imemn Fl'ﬁﬂyﬂt“fpffﬂt lﬁyﬂa%ﬂﬁ?ﬂed omam;ancor

pyrrolyl, sor when P is Rl eridd cheoﬂﬁ—kw&ﬁé}fﬁrs a%ﬁalco§egq%?%

Xerr] is™-C(O-NH;

wher e Alviere tRe6 oMiéh b ERY AFAEIA aryl, WrAKPH alléé?y‘ n,
Clerr] alkyl, hal ogen 25 Ir;éﬁpohal 0 (%[ﬁgrr]) al yI or ’ lqg,e
trifluoronet hyI heeresycle3adde optionally substituted, _

PCT/ US95/ 14117 -118-

Rler] is one of hydrogen, CiPEPYified that atlﬁ?ﬁéﬂ?‘? RLRE0rR’is phenet hyl  or
- pyridyqgnet hyl ; R3 is Cferr]al kyl; and

Z[err] and Z[err] are both hydr oxy, ([ err]al koxy,- or (err]aryl oxy, or

together Z' and
R?
—a
At

A2

10 - where R’ is one of hydrogen, alkyl, cycloalkyl, aryl, aralkyl, heteroaryl or
heteroarylalkyl; wherein the alkyl is optionally substituted with one of C, ¢ alkyl,
halogen monohalo (C, ) alkyl, and trifluoromethyl; and wherein said cycloalkyl,
aryl, aralkyl, heteroaryl and heteroarylalkyl groups can be optionally substituted
with one or two of C, alkyl, C, cycloalkyl, C, alkyl(C, )cycloalkyl, C .,

15 alkenyl, C,, alkynyl, cyano, amino, C,, alkylamino, di(C,¢)alkylamino,
benzylamino, dibenzylamino, nitro, carboxy, carbo(C,.¢)alkoxy, trifluoromethyl,
halogen, C, alkoxy, Cgo aryl, Cq,o aryl(C,¢lalkyl, Cq,o aryl(C,g)alkoxy,
hydroxy, C, alkylthio, C,.¢ #lkylsulﬁnyl, C,.s alkylsulfonyl, Cg o arylthio, Cq,,
arylsulfinyl, Cq., arylsulfonyl, Ceq aryl, C.salkyl(Ceo)aryl, and halo(Cy.olary;

20 A! and A? are independently one of hydrogen, halogen, C,, alkyl,
monohalo(C,,,)alicyl, or trifluoromethyl;

Z'and Z% are indepehdently one of alkyl, hydi'0xy, alkoxy, or aryloxy, or

together Z' and Z? form a moiety derived from a dihydroxy compound having at

least two hydroxy groups separated by at least two connecting atoms in a chain

* [ L M H *



5 Z[err] forma noi ety derived froma di hydroxy conpound sel ected

fromthe woeg13266 consi sting of pinacol, perfluor86TAREYI4117
pi nanedi ol , ethyl ene glycol, diethylene gl ycol ,

1, 2-cycl ohexanedi ol , 1, 3-propanediol, 2, 31 éjt anedi ol , glycerol or

di et hanol am ne. 50. The corrpound of claim 43,

wherein said conpound is one of: 10
N- (4- nor phol i ne) car bonyl - (O benzyl ) L-tyrosi ne-L-1 euci ne boronic acid,

N- (4- nor phol i ne) léﬁfb%ﬁaﬂﬂxﬁso Fontiondil q{
N- (0- nor phol | ne)cargogr%g/q |%§ lﬁ?rl dyl rrig?hyl )]-L- ty?%m%g L- Yeu]zzl ne orom c

acid; or orheteroatomsmoh&an}bbN iSeoeQt amdl | y acceptable salts or
boronate esters ther eof. .. 51. A compound having the

f or mul a: [err] Ais0,1, or2. and phar maceuti cal |y acceptable salts

t hereof; - wherein - Ai$§ zero; 20

Pis hydrogen or an am no-group-protecting noiety; X[err]
is one of - (O - Nig4, md[wm;}mwrof clmﬁ-ﬂmhdﬁihd-'f is] R’-—C(O)—, R’-SO,-,

- CH(OH) - rr]-NH, - -C(O - CH2-, _
- SO2- NHS, -sq eRf-]-Nﬁt-E(:%)-}omW @D-l)ami+[err] C(O - NH; R

IS hydrogen or alkyl ,or R f get he t he ad

ni t rogen-cont ai ni ng %rﬁﬁn goaikrﬁ,rarﬁ %LPP&WH%??{P%‘FE‘&'C‘W“B%{VW ,|3§ly
saturated ring nafly $fbstituted, or when P is R'-C(O)-, then R can als

Do R 14179 of which can YOofiénbity ©F 210
syst em havi ng 4bé 4aturatgi orgpotially, saturated heteratycleng syst em can be optionally
substituted by one or two of keto, hydroxy, aryl, al koxy or aryl oxy;
Rlerr] and R3 are each independently one of hydrogen, alkyl, cycloal kyl,

aryl, 45.  The compound of claim 43, wherein P is R'-C(O)- or R’-SO,~;
10 and -
R’ is one of Cg ¢ aryl, Ce.1o ar(C, galkyl, 5- to lO—mbered heteroaryl or
5- to 10-membered heteroaryl(C,,s)alkyl any of which can be optionally
substituted, or when P is R’-C(O)-, R? can also be N-morphohnyl

46. The compound of claim 43, wherein X' and X? are each

15 —C(O)-NH-.

47. The compoﬁnd of claim 43, wherein one of R', R? or R® is

$ Z/o—lv
Al

A2

where _
A' and A? are independently one of hydrogen, C,¢ alkyl, halogen,
20 monohalo (C,.¢) alkyl or trifluoromethyl;
R’ is one of C, ¢ alkyl, Cy j, cycloalkyl, Cqo atyl, Ce o ar(C,4)alkyl, a 5-
to 10-membered heteroaryl or a 5- to 10-membered heteroaryl(C, ¢)alkyl;

————___—_—;*———'_,.‘_

A



a 5-10 rrenbcﬁa?g&l@? ﬁjrat ed, partlally unsaturated or aronmatic ?@?‘Rfs@ﬁy k{e or

Wnere the ring portion of any of said ary ara
alkaryl or het erocycl e can be optionally substituted;
Rlerr], in each |nstance i's one of aryl, gnal kyl, alkaryl, cycl oal kyl, a
5-10 rrenbered saturated, partially unsaturated or aromatic
het erocycl e or -WR[err] where Wis a chalcogen and R err] is alkyl, 10
where the ring portion of any of said aryI aral kyl, al karyl or
het erocycl e can be optm&iellymmmmuk dl;ld Richre mdependently selected from Zheer r ]

and Z2 are independently.one al koxy, or aryl oxy, or
teget her Z[err] oHAHURSC Wg L?%/A'd'e&éi %T?’B‘?ﬁea di hydr oxy conpound
havi ng at RS egst BYALOXY SR WTS CS€ t ed

connecting atons in a cha?ﬁ g o .eool¥ ring, s |°p§1??11 '°or¥r(r€f71)mﬁé"

conpri sing car boralla(tamaaaryar(t; .ppyalmihyu ¢“alkbxey,eﬁ,qaalbyiﬂuo ora5-, 6-, 9- opi0-
het er oat ons whi ch can be vided that P is

not Clerr} al koxyﬂﬂﬂb@ﬁ‘}'hﬂé@?@’# S']"“Hi where gpﬂ%‘iﬁ/ﬂ’orﬂ?n of any of said Ceroaryl, Ceyo
h | | | 51,
Wher tin P15 R erFiCieYLCuaali(Cylapgh or 7y 629 or 18 et iRRRMects il &8

R7-O-C(O -, and optionally substituted b one B §¥d s]ubls&tu&ﬁt@nﬁfepéﬂdéﬁﬂly seMéctdd froth Ry V|
ar al kyl , heteroaryl or heteroaryl al kyl, where the ring portion

of any of said argroyp ebraisting off adkyl Gaetcreloalkyl, Gis alkyl(Cy)cycloalkyl, C,

het eroaryl al kyl can b ti substitute en P |s err @)
Mhen por Vel Glendl, €04 5% syatly \artiing G BV IRFRR S Coaelkyiamin, )
het er ocyjgl e. 2 d rein
Pis R e(rblr] (O denzylgino, T‘b%’ayk’%’%’T‘??““’ chftof HRC ‘ﬁm“’ﬂ’%ﬁhé‘%%m

96/ 13266 halogen, C,¢ alkoxy, Cs o aryl, Cq.,, aryl(C ¢alkyl, Cq,, aryl(C, )alkoxy,
PCT/ US95/ 14117 -120-

E[er r] i sI one of hydwoxyj Ceyaflylthiy, é?mPlké[ﬂ%"@,ﬁ{@flrﬁ:}aﬁlkxﬂﬁ‘ﬂf@%rc&mmym%&lr ed
hoy of whi ch can ARyl e Riyteutoliyt, €LIRAAE G OB aidhbc) e

Rlerr]-(0O-, Rerr] can also be N-m)rpholinyl. 54.
The corrpound of claim51, wherein Blerr] is CH and X[_err] and X2 are
48.  The compound of claxm 43, wherein A is zero. -

15 49.  The compound of claim 43, wherein:
A is zero;
P is one of R’~C(O)~, R™~S0,-, R’-NH-C(0)- or R™-O~C(0)-;
R’ is one of quinolinyl, quinoxalinyl, pyridyl, pyrazinyl, furanyl or
pyrrolyl, or when P is R’-C(O})-, R’ can also be N—morpholmyl
20 X? is -C(O)-NH-;
R?is:

where _
~A' and A? are independently one of hydrogen, C, alkyl, halogen,
25 monohalo (C,.) alkyl or trifluoromethyl;

A



) each -C(O - NH. 55. The conpound of claim"

51, whereiWo%/1ass$é Rl err] are independently seber/usssiatpom t he
group consisting of CJerr] alkyl and -CH2-Rerr], where R err] is one

of (Jerr] aryl, Cerr] alk(C[err])aryl, Clgmt]ar(Cferr])alkyl, (err]
cycl oal kyl, or a 5-, 6-, 9- or 10-nenbered heterocycle 10
56. The corrpound of cI aim51, which is N (3-phenyl propionyl)-L-
phenyl al ani ne-L-1eucine boronic acid, or isosteres, pharnmaceutically
accept abl e R’ isabue off mdrqgna.t & qalkgl, Sphdmgt ebénzyl, phenethyl or

57. The corrpoun ﬁé‘[“h m 51, wherein said conmpound is one of
N- (2- pyrazi ne)c aiphenyl al ani ne-L- I euci ne boronic acid, 15

N- ( 2- qui nol i ne) sul f onyy} s, lC Il yl al ani ne-L-| euci ne boronic acid,
N-( 3- pyri di ne) car bony! - 1s emgﬁgm ne-L-1eucine boronic acid,

N- ( 4- nor phol i ne) car boZi‘;dndlZz Bydsoky) €, halkexss bPE, RayIORY, or dgether 7!
N-(4- m)rsphol | ne)izafr bonyl -[err]-(l -naphthyl)-L-al anine-L-]I eum ne %oronl C
aci d, orm a moiety derived from a dihydroxy compound selected from the group

_ N—(8-qU| nol i ne) ’\b% W - L | eu barani c
acid, 20 % lﬁ%"%ﬁhﬁ% car oém l&‘ﬂ%‘ﬁ%l gtELIFW Sﬁ'icﬂﬁ dicthylens ne

Eg; oni ¢ ac g ] rglycol 1,2-cydlbHekangdisth ol Brrﬁ'bp‘éfebmy|23-bﬁt¥ﬁ&ﬁbl”egiycér‘6}'cépe

N- (4- nor phol i nediethanelgming.0. ( 2- pyri dyl net hyl)]-L-tyrosine-L-I|eucine boronic

acid; or | sost eres, phar maceut ically acceptable salts or

boronate esters thereof. : 58. A conpound

having the fornul a: dof
Y[err]-N-X[err]- CH B Z[ err])Zf)ren ?usl of claim 43, wheremsaxdcompoundxsoneof : ‘

1 10 1 13  N-(4-morpholine)carbonyl-(O-benzyl)-L-tyrosine-L-leucine bbkonic acid, R
2a

(22) N-(4-morpholine)carbonyl-L-tyrosine-L-leucine boronic acid, or '

N-(4-morpholine)carbonyl-[0-(2-pyridylmet_hyl)]-L-tyrosine-L-leucine boronic

acid; or

~ isosteres, pharmaceutically acceptable salts or boronate esters thereof.

15 1. A compound having the formula:

p_N 31._)(1 QII-I—XZ—Cll-lF-B(Z1)(22)
| A R2 . RS | (1a)

and pharmaceutically acceptable salts thereof:
wherein

A is zero;

20 P is hydrogen or an amino-group—_protecting moiety;

X? is one of .- —C(O)y-NH-, -CHy-NH-, -CH(OH)~CH,-,
-CH(OH)-CH(OH)~, -CH(OH)-CH-NH-, -CH=CH-, -C(O)-CH,-,
-SO,~NH-, -SO,—CHy~ or -CH(OH)-CH,~C(O)>-NH-;

R is hydrogen or alkyl, or R forms together with the adjacent R?, a

25 nitrogen-containing mono-, bi- or tri-cyciic, saturated or pa_rtiélly saturated ring |

H!llllj I wm '
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and phar macgw g_;zk‘?/ acceptabl e salts thereof; WerAis9s 14117
Y'' is one % C(O-, Rerr]-S®@2-, Rerr]-NHC(O- or Rerr]-0C(O)-
V\here Rlerr] is one of alkyl, aryl, alkaryl, aral kyl, any of
whi ch can be optionally- subst +k19ed, or when Y[err] is
Rlerr]-C(O- or Rerr]-SO2-, then R err] can also be an optionally
substituted 5-10 nenbered, saturat ed, partially unsaturated or aromatlc
heterocycle; 10 r] is,a coval ent. hond or-C(O), - CH[err -

Rlerr] is one of wm@ewngaﬂ- mngdyembwwbereaﬁaﬂ nn&ssﬂ% GRBRscPRLtP
turat ed, tiall |
SHATELED et S g R Y M&{f’;ﬁs.e o

aral kyl, alkaryl or heReSRERT4re eschiindipeidiintl§ At bFh léndyledycloalkyl 1,
Rlerr], in each instance, is one of aryl, aral kyI aryl, cycl oal ar?'
510 15 mﬁer(bmmﬁchsmtepapmlywm en wmncahmracyde or

het erocycl e or-W resWis chal co n err] s
al kyl , V\/ni:re t he ‘Irbzn[:ﬁg %or‘?‘?eﬁﬁ the %pwoga?ﬁaﬁ}’ fasal aryl, draliyY, a&‘FP%Y 1’

al karyl or heter dnﬁﬂ S tltuted and

Z[err] and Z[err?&*are |ndepen§m yﬁgﬁk%y Nydr oxy, al koxy, aryl oxy, or

t oget her form RS, rmeaﬂxﬁnstmceyscbxkroﬁmw arglity ) alkacylpaioatkiay i ng
at least two hydroxy 20 grougs separated by at |east two

connecting atons in a chai n3d0 m ssjugated, (partially unsaturated, per (grepatic

i ch igﬂgbéa&b"g, Yoo " heiBby AR Wv—18, ULEL ARl R Bl

Rierr]- Q(OO) Rlerr] is Othﬁhfehmarﬂtﬁﬁéﬁl ket rady | ofaid sl ! dralkyl, al
al kyl . © cgrrlrpo{}% oof alcI ai m 58 kywhelr(aerlylnor

Ylerr] is R[ err]-C(O- or I{mﬂlo}:y@q:m be} optionally substituted; and d

arl(zg:[ err])alkyl, or a g %2@1‘&)‘@3 |Q%( F.l]kylailyc!irox)%[aﬁcog];{ O ATYIRYe OF can
be optional ly Su%éétﬁéftfgndﬁ" fmngleifdﬂ\fé&ﬁ]ong @hydro%‘?:ﬁfﬂpoﬁﬁ&‘h@%ﬁé’at

be N-norpholinyl.
least two hydroxy groups separated by at least two connecting atoms in a chain

15 or ring, said chain or ring comprising carbon atoms, and optionally, a heteroatom
or heteroatoms which can be N, S, or O;
provided that P is not C,, alkoxycarbonyl Cis alkylcarbonyl or

phenyl(C, ;)alkyl.

52. - The compound of claim 51, wherem P is R>-C(0)-, R™-SO,-,
20 R’-NH-C(0)- or R’-0-C(0)-, and
5 R’ is one of alkyl, aryl, alkaryl, aralkyl, heteroaryl or heteroarylalkyl
“where the ring portion of any of said aryl, alkaryl, aralkyl, heteroaryl or
heteroarylalkyl can be optionally substituted, or when P is R%-C(O)-, then R’ can
also be a saturated or partially unsaturated heterocycle.

25 53.  The compound of claim 51, wherein P is R™-C(O)- or R™-SO,-;

and

-
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60. The conpound according to claim58, wherein Y'' is one of [err]

where R erwbodsaszgeserr] al kyl . 61. A conpoRCEIUSEMKILT t he
f or mul a: [err] ‘and pharmaceutically acceptable salts thereof;
10 wher e Yis [err]isq. P is one of

Rerr]-C(O-, Rerr]-Sderr]-, RT-NHC(O-"0or Rerr]-0C(O-, where

Rl err] is one of alkyl, aryl, alkaryl, aral kyl, any of which can be
optionally 15 substituted, or when Y is Rerr]-C(O- or
Rlerr]-SJerr]-, R erRryisohe oG ,€ | 1,% 5- to 10-membezePRdtérohilFd
5-10 nenbered sat ur at ed. partibg’ Iagﬁungg?ﬁs:ﬁ)g%bor aromatic il
het er ocycl e; or a 5- to 10-membgred h¢teraaryl(Cadalkylnany ofiwhivh @nte Giitonally - ;

Cyal ofi Kyl ar y) SSORIGHLOT BHELP A Qb fen e P NTORRAGERS) ot o br

aromatic heterocycle or -CHerr]-Rerr]. ‘where the ring portion '
of any of said aryl, aralkyl, al karyl or heterocycle can be
optional |y substitutef4. Thecompound of claim 51, wherein B! is CH, and X' and X2 are

5 each ~C(O)-NH-. '

55.  The compound of claim 51, wherein R? and R’ are independently
selected from the group consisting of C,  alkyl and —CH,—R®, where R% is one
of Cg o aryl, C, 4 alk(C; jo)aryl, Cy 0 ar(C, o)alkyl, C, 4 cycloalkyl, or a 5-, 6-, 9- ‘

or 10-membered heterocycle.

100 - 56.  The compound of claim 51, which is N-(3-phenylpropionyl)-L-
phenylalanine-L-leucine boronic acid, or isosteres, pharmaceutically acceptable

salts or boronate esters thereof.

57.  The compound of claim 51, wherein said compound is one of:
N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine boronic acid,

15 N-(2-quinoline)sulfonyl-L-homophenylalanine-L-leucine boronic acid,
N-(3-pyridine)carbonyl-L-phenylalanine-L-leucine boronic acid,
N-(4-morpholine)carbonyl-L-phenylalanine-L-leucine boronic acid,

"_ __' N-(4-morpholine)carbonyl-B-(1 -naphthyl)-L-alanine-L-leucine boronic acid,
N-(8-quinoline)sulfonyl-B-(1-naphthy!)-L-alanine-L-leucine boronic acid,

20 N-(4-morpholine)carbonyl-(O-benzyl)-L-tyrosine-L-leucine boronic acid,
N-(4-morpholine)carbonyl-L-tyrosine-L-leucine boronic acid, or
N-(4-morpholine)carbonyl-[O-(2-pyridylmethyl)]-L-tyrosine-L-leucine boronic
acid; or | _
isosteres, pharmaceutically acceptable salts or boronate esters thereof.

A



R[err] Is o rogen, al kyl, cycloal kyl, aryl, a 5-10 rrerp}_elr
sat ur at ed, %0%’1;%9 partlally unsat ur at ed or aromatlc heter0(€§/‘éc,‘$lsel4101r7

-¢CH err]-R5, where the ring portion

aral kyl, alkaryl or heterocycle -can be optlpfﬁall ly s“ubstl
Rlerr], in each instance, is one of aryl, aralkyl, al kar @mﬂfﬁl lacgd

5-10 5 menbered saturated, partially unsaturated of
heterocycle or-WRferr], where Wis a chal coge
al kyl', where the ring F8ti Q0 céthpéuhd Kiviripothd fevimilla: ar al kyl ,

al karyl or heterocycle can be optlonally §ubst|tuted and

Zl-err] and Z[err] are mdependenﬂ"y—fﬂ-k-;b( —hehi-eBZYE%oxy, aryl oxy, or

t oget her forma noiety ddrlved qup1d|hydroxy conmpound havi ng
at least two hydroxy 10 groupd separaRed by at |east two connect(@aly
atons in a chain or ring, said chain or ring conprising carbon
atons, and optionally, a heteroatom or heteroatons whi ch can be

N, S, or O. and pRdimacenficelly acoeptable salts dieseafy 61, wherein Y is:
[err] 15 63. A pharnmaceuti cal conposition,

conprising a conpYHEEFIDI cl ai ns 1, 25, 33, 43, 51, 58 or 61, or
a pharmacgut| cal 1y accental g RAC(O Eﬁ‘egba eﬁ{‘dNﬁi—C(O)-orRB—o-C(O)- whege,

pharmaceuiical |y acceptable car r|

A phar maceuti cal Rérfpmtafoalkg I, | dk4igl, Sarslk cuh?dopfwmdhawﬁbe tionall
22, 28, 41, 49, 55, 60 or o(rmz !éarwrraceut?g y acceptabl e S%ﬁxon y
thereof, and 20 substituted, wWW@q@H¢QR’aSG&pm%camdsmbeampmment

substituted 5-10 membered, saturated, partially unsaturated or aromatic
heterocycle; |
10  X*isacovalent bond or -C(O)-CHz—;

R? is one of hydrogen, alkyl, cycloalkyl, aryl, a 5-10 membered saturated,
partially unsaturated or aromatic hetérocycle or ~CH,-R?, where the ring portion
of any of said ary], aralkyl, alkaryl or heterocycle can be optionally substituted;

R3, in each instance, is one of aryl, aralkyl, alkaryl, cycloalkyl, a 5-10

15 membered saturated, partially unsaturated or aromatic heterocycle or ~-W-R¢,
where W is a chalcogen and R® is alkyl, where the ring portion of any of said aryl,
aralkyl, alkaryl or heterocycle can be optionally substituted; and '

Z' and Z? are independently alkyl, hydroxy, alkoxy, aryloxy, or together
form a moiety derived from dihydroxy compound having at least two hydroxy

20 groups separated by at lez;st iwo connécting atoms in a chain or ring, said chain
or ring comprising cafbon atoms, and optionally, a heteroatom or heteroatoms
wh:ch canbeN, S, or O; |

provided that when Y isR-C(O), R* s other than phenyl, benzyl or C, ;

alkyl.

25 59.  The compound of claim 58, wherein P is R~C(O)- or R® -SO;

and

THIS SHEET HAS B RN 0 R
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65. A pharmaceutical conposition, conprisi ng. a conmpound of clains
23, 32, Awo%h3éd or 57 or an isostere, pharmaceutically apcepsssarsalt
onat e ester thereof and a pharnmaceutically acceptable

i uent . 66. . The pharnaceuti cal
‘5’1 aim 65, wherein said 5122- “conpound is present in an
H Iet0|nh|b|t_the proteasorrefunctlonln a
67. A et hod of |nh|b|t|ngthe grow h of a
cancer cell, conpri Sll;‘l cont aCtI]?é a cell in need of such

inhibiting with an éf 1§9&‘¢9%an606! [Csina A Gistalley, or 2 5-10 membereg hgteroanyl, o
conpound of cl Ao g 8 68
met hod for redﬁaé?% e rate og?ignalg'lsrubéprod Bw gn ?gs('jgt_lcc; nR can also

cell conpri si ng,eqm.moagﬁdmgla cell in need of sal d reducing W|th an
effective amount of a proteasone inhibitor of the fornula:

[err] or a pharmaceutically acceptable salt thereof; 1

5
o ety 0. T bt RYARHAE Jo ok SATMBEE B! 0

X[err], at each occurrence, is |ndepende one of (O - NH- CH[err] NH-

-CH(OHp-CH err]-, -CH(OH)CH(OH) - 9- CH( [err] -NH, - 20
] ,ﬁ@,@tﬁ(&\ N
o.

-C(O-CHerr]-, -S S |
prcf)vi)ded[e”] m.ﬁir] A

where R* is C,, alkyl.

61. A compound h‘aviﬁg the formula:
Y—-th'—x’--clzu-a(z")(z') |
H R - (2a)

and pharmaceutically acceptable salts thereof;
10 where | |
Yis
P—CH, —cH—C—
,L1 ) Ga)
P is one of R’—C(O)— R’. SOZ-—, R’ NH—C(O)-— or R’—O—C(O)— where
R” is one of alkyl, aryl alkaryl, aralkyl, any of which can be optionally
15 substituted, or when Y is R’~C(O)- or R™-SO,~, R” can also be an optionally
substituted 5-10 membered satura_ted, parnally. unsaturated or aromatic
heterocycle; | |
Xis a.covalent bond or ~C(O)-CHy—;
R', at each occurrence, is independently one of _hydrogen, alkyl,
20 cycloalkyl, aryl, a 5-10 membered saturated, partially.unsaturated or aromatic
heterocycle or ~CH,—R®, where the ring portion of any of said aryl, aralkyl,
alkaryl or heterocycle can be optionally substituted; |
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t'hét when B[ N—thenm X{err] is -C(O-NH ' i s
one of c(o)&hi"lbf  PCTrUSSSM4i 17

E—l%éelm Replagd( OH) - CH(OH) -
-C(O-CHerr]- -SCIerr CH2- or -CH(C]—I) CH2- C(O) NH-;
o sgar g ﬂ “" mlﬂlll -123-
PCTI US95/ 14117 -125-

R[err] S hydrogen or alkyl, or Rerr] forns together with the adjacent R,
when A[err] is zero, fornms together with the adjacent

R[ err], a nitrogen-contR? jione of hydro en,alkyl cyél'@ﬂl@yl,a@l asorohémbﬁﬂéﬂkitﬁrated
saturated or partiall y saturated ring system having 4 . fing

rrenbers t hat can pastidin mmmmmmwlwrmmmmmmxy

R[err] at 2131&%' oc%é’iﬁ glaﬂé W@@t@ﬁééﬁt??‘e{?ﬁ@}%k W&’F&@EH"“"&'IWFUWM
oycloalkyl aryl, a5 e, B BAEH Sfunl, 16 Shg St 4kl WML LLIGHES, B55-10

of any of $aid aryhemberedilsgturated, partially msahuﬁb&@fﬂorﬂhcﬂﬁt&bcyb}'@bﬁ-mme

optional |y substi tut ed; 10 6 Rlerr] and Rerr] are each’
i ndependent |y one Wi WW m@ﬂk@y@lkmhmhyuememgpMOnofany@sgmarjd,
5-10 nenbered sat ur atu at het erocycl e or
-CH2-Rerr], V\herearakgldﬂlﬁﬁ'l 96 %%llgs %f%‘““'g’r %k al karyl

or - het er o2 6/ In idi,gﬁ allébtx? 1
where R err] is aryl, aralkyl, aI karyl cycI oaI yl ba%aox e?retgget%%r
saturated, parti alib;mlannm'etyrdmmdﬁonadﬂrydmxy doaipeund having at)teast two hydroxy
- chal cogeig al kyl, where the r| n ortion of any of said ary

I

ar al kyl , j karyl @%tsél’%'ﬁﬂ?él ¥4 SORPEFIAR| AJoras ina ?ltam %rmg, said chain
Z V4 o R
Zterr] and o) oPihe' RSiRRE R Rt and Wity PcElanR i leRtaoRln, o

| east two hydroxy veiehedn BN, s or O. separated by at |east two connecting
atonms in a chain or ring, said chain or ri ng conprising carbon
atons, and optionally, a heteroatom or heteroatons which can

be N S or O and or2

69. A method for redf ng W@MﬁiW%ﬁwai ¥el |, conprising 25
contacting a cell in need of said reducing with an effective amount of a
prot easone inhibitor of the fornula:

6

15 ) 63. A phatmacelm:al composition, comprising a compound of claims
1,25, 33,43,51,58 or61,0ra pharmaceuucally acceptable salt thereof, and a
pharmaceutically acceptable carrier or diluent.

64. A pharmaceutical coinposition, comprising a compound of claims
_ 22, 28, 41, 49, 55, 60 and 62, or a pharmaceutically acceptable salt thereof, and
20 a pharmaceutically acceptable carrier or diluent.
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or a phar maceutlcal’ﬁh Sh etHas Y acelt t her eof ; wherein
Pl[err] is hydrogen o 1 p protect| ng noi ety; 5

Blerr] is.i ndependen Xerr], at

each occurrence, is |ndependently one of C(O) NH-, CHZ NH-
-CH(OH)-CH2-, -CH(OH)-CH(OH)-, -CH(OH)-CH err]- NH- -

LG ] e it s o g

X h:
[C? rO; ] C:—I[Se(r)pia é’% err 56 a@ggﬁrﬁ{s@ﬁ%r ?l] ?méfﬁﬁcaw&&ébtable salt or

- CH(OH) - CH er r]bcﬁ(;@tebue:thereof andaphaxmaceuﬂcalyap{:m&b}le carripsyorrdilpent. or  al ky!l |

or Rlerr] forms together with the adjacent Rerr], when
Alerr] is zero, forns t ogether with the adJ acent R[err] a

ni t r ogen- cont ai ni ng sifon bF c‘iéiﬁi 65, witeit i or
partially saturated 6r6| ng syster%"ﬁaw ng 42 4po ring menbers, that

can be sopt i onaldowpould is predefitlintin anfoanbefféctive tf inkibitahe prypteasomye function in

al kyl, aryl. aral kyl, alkoxy or .aryl oxy; R err], at
each occurrenc@,mammaidependently one of hydrogen, alkyl,

cycloal kyl, aryl, a 5-10 nmenbered saturated, partially unsaturated or

aromatic ' het erocycl e or -CH[err'] Rlerr], where the ring
portion of any of sagg arxlmembalomhxbz&ﬂgme growth of&'cKﬁéeY'ceH’rc fpcycl e
can be optionally substituted Rl err] and Rlerr| are

each i ndependerdohtacting a@éllhlydecdgﬁsuchhﬂybmngwﬂm dﬁcﬁve growth-inhibitingaryl , a
5-10 nenbered saturat ed part M Eg’fﬁt ﬁg g‘p g t|c het er ocycl e or
-CH[ err] - R[ er r jamayagp a cormpy a 5 aryl, aral kyl,

al karyl or het erocycl e can be optionally substituted, 25

where R err] is aryl, aralkyl, alkaryl. cycloal kyl, a 5-10 nenbered

satur giged, parti al | ygginsanunéthediforreduchigithe catd of muscly prateinaegradation in
a cell comprising contacting a cell in need of said reducing with an effective

amount of a proteasome inhibitor of the formula:

p10_N 311_.x11 -CT_X12—CT—B(Z")(Z12)
R‘lo R1‘| R‘|2 R13 : (1b)

ora pharmaceﬁtically acceptable salt thereof;
15 wherein
| P" is hydrogen or an ammo-group-protecnng moiety;
B''is mdependently one of N or CH; -
X'!_ at each occurrence, is independently one of ~C(O)-NH~-, ~CH,~NH-, |
_CH(OH)-CH,, —CH(OH)-CH(OH)-, ~CH(OH)-CH,-NH~, ~CH=CH-,
20 —C(O)~CHy, ~SO-NH-, ~S0,~CH, or —CH(OH)-CH,~C(0)-NH-, provided
" that when B! is N, then X! is -C(O)-NH;
X2 is one of —~C(O)-NH-, —CH(OH)-CHy~, ~CH(OH)-CH(OH)-,
_C(O)-CHy—, ~SOz-NH-~, ~S0,~CHy- or ~CH(OH)-CH,~C(0)-NH~;
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- ¢hal cogen-al kyl, where the ring portion of any.of said aryl,

aral kyl, al karyl or heterocycle can be'optlﬁﬂglly substltuted

Z[err] and Z[err] are independently alkyl ydr oxy, al koxy, aryloxy, or
Z[err] and Z[err] together forn1a di hydroxy conpound havi ng at
| east two hydroxy groups 5 separated by at |east two connecting

atoms in a chain or riRe jshydrbgenat alk9l, of R™forms together withtheBAjaséi? R !C 3F bON
atons, and optionally, a het er oat om or het eroat ons whi ch can be
N+ S or O and whenAWis zero, forms toggther Withghe adjacent 2R™, a mtrogen-contalmng

70. A nmethod for redycin rate of, intracell ul ar ,protein eakdo 10
conpri si ng cont ac®PRY> ’e'I°Fg" Wemeds"d'l ﬁ G\A%Pﬁsﬁﬁe’@f Xingi4;

arfount of mefh bQ{SO{h e saPﬁ%gtS%?ﬁ&tea Bﬁ oh®bFtof keto, I{W

or a phar maceutlcn?qy accepta reo

Plerr] is5hydrogealkyis amyt, aratkylo alkoryipr ytdxyct i ng noi ety;
B* is independently ‘one of N or CH at each

occurrence, is i ndepenﬁentalt;ﬁaéhé"’sﬂtl‘@("@ isHpdependgntly; PHNH'f hydrogen alkyl

- CH - CHz-,

QO O err] - selgesiy v agg i Flepttered ketlatod, pietaly unsaturated gr spppatic
i ded 20 ° B ,

% g\r”r] ei 20 he&rg)&i%é om;f& ?R G%Whexie?ﬁx%‘n_dg%b’ﬁ ar&b;a%f said(dryt, Bikyl,

-C(O-CHerr]-, ﬂkﬂmkwqhmcydwmxowly{u{swe@%[err] C(O) - NH-;

Rorr], B 09 O Rl bR e, nch ildsperalenty, o of Bydtomes, Al Shae
S 1) S B it e e o e
—CH,-RY, where the nng portion of any of said aryl, aralkyl, alkaryl or
heterocycle can be optionally substituted, |

where R" is aryl, aralkyl, alkaryl, cycloalkyl, a 5-10 membered
15 saturated, partially unsaturated or aromatic heterocycle, or
~chalcogen—alkyl, where the ring portion of any of said aryl,

aralkyl, alkary! or heterocycle can be optionally substituted;
 Z"and Z" are independehtly alkyl, hydroxy, alkoxy, aryloxy, or Z"' and
Z"? together form a dihydroxy compound having at least two hydroxy grc;ups
20 separated by at least two connecting atoms in a chain or ring, said chain or ring
- comprising carbon atoms, and optionally, a heteroatom or heteroatoms which can

beN,S,orO;and |
APis0, 1, or 2

| '69. A method for reducing the activity of NF-xB in a cell, comprising
25 contacting a cell in need of said reducing with an effective amount of a

proteasomé inhibitor of the formula:

A
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hydr oxy,

" PCT/US95/14117.8-

that can be optionally substituted by one or two of keto,

al kyl, aryl, aral kyl, al koxy or -aryl oxy;

Rlerr], at each occurrence, is independengby one of hydrogen, alkyl,

cycl oal kyl
aromatic- 5

optionally substituted:;
I ndependent |y one of IHEP
5-10 nenbered saturated, p

-CH2-Rerr],
or 10
where R err]

aryl,

Bk XM +—cCHoXRy+—CH—BZ1)(212) aryl,

folBit

where the r|H§
het erocycl e can be opt #@1@l |y substituted,
is aryl, aral kyl, alkaryl, cycloal kyl, a 5-10 nenbered

saturated, partially unsaturated or aromatic heterocycle, or

- chal cogen- al kyjy, dﬁfﬁﬁﬁ&eh{;@d Qecpg%m%bﬂf‘ﬂﬂfeo?”y of said aryl,

aral kyl, al karyl

eteroc e optionally substltuted 15

Z[err] and Z[ erwhereéine |ndependently al kyl, hydroxy, alkoxy, aryl oxy,

a 5-10 nenbered saturated, partially unsaturated or

het erocycle or -CHerr]-R err], where the ring portion
of any of said aryl, aralkyl,. al karyl or heterocycle can be
Rlerr] and Rl err] are each

a

filal Iy urfsatdrated or hromatic heterocycle or
ion qf aRf2of sai R¥ryl, aralkyl, al iyl

or

Z[err] and Z[.err] together form a di hydr oxy conpound havi ng at
| east two hydroxy grPouﬁélydmgenm'anamm%@?&‘?aﬁ'@'&"‘b%%‘%ast two connecting
atonms ign a chain or gi conpri sing carbon
at ons, 5and opti onal I%/ {]_,-Qm gg%ngﬁradnrqﬁooﬁﬁﬁﬁ eréatom; whi ch- can

be N, S, or O and 20! at each occurrence, is indéiefitiértly ohe Of —GQO)ONI% -CH,~NH-, ‘
71. A met hod for reduci ng the rate of degradation 53 proteln in a
cell, conprisi n@ﬂz(éDHhCth-ar |-1€§H(QH)aC&(QH)1-n B0 -eduCHaCHiy

ef f ect I ve

[err]

- 10

15

20

25

0y i B8y 0B S Ry B A it

accept abl e sal g HHeR Y is N, then X' is ~CAOREL

X" is one of —C(O)-NH-, _—CH(OHFCH;—, —CH(OH)—CH(OH)—,
—C(0)-CH,~, -SO,-NH-, -SO,~CH,- or -CH(OH)-CH,~C(O)}-NH-;

R is hydrogen or alkyl, or R'® forms together with the adjacent R'', or
when A' is zero, forms together with the adjacent R_’z, a nitrogen-containing
mono-, bi- or tri-cyclic, saturated or partially saiu_rated ring system having 4-14
ring members, that can be optionally substituted by one or two of keto, hydroxy,
alkyl, aryl. aralkyl, alkoxy or aryloxy; |

R, at each occurrence, is independently one of hydrogen, alkyl,
cycloalkyl, aryl, a 5-10 membered saturated, partially unsaturated or aromatic
heterocycle or —-CH,—R"®, where the ring portion of any of said aryl, aralkyl,
alkaryl or heterocycle can be optionally substituted;

R and R* are each independently one of hydrogen, alkyl, cycloalkyl,
aryl, a 5-10 membered saturated, partially Wd or aromatic heterqt:ycle or
~CH,-R¥, where the ring portion of any of said aryl, éralkyl, alkaryl or
heterocycle can be optionally substituted, | |

where R¥ is aryl, aralkyl, alkaryl, cycloalkyl, a 5-10 membered

saturated, partially unsaturated or aromatic heterocycle, or

AT
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Plerr] is hydrogen or an am no-group-protecting noiety; _
Blerr] is independently one of Nor CH  -127- X[err], at

each occurrence, is independently one of-C(O-NH, -CHerr]-NH,
-CH(OH)-CH err]-, -CHOH)-CH(OH)-, -CHOH-CH - NH[err] CH:CH- 5
-C(O-CHerr]-, -Sqerr] NH, -SO2-CHerr]- or - % mlaﬁ
provi ded t hat=ch haloegemi-alkyl, where the ﬁea p,Qm%O e('b)"fﬁ aryl,
Xerr] is one of -C(O-NH, ( &r& rr %%‘Q
LC(0)-CH2-, -S02-NH, - SCparalky % %&?L’%& ’?\‘rﬁﬁg‘ﬁﬂ“bsm“ted
- Rerr] is hydrogen or 712 denfl 1. & koM ofzHGaat
Rerr] , or Z&v#)ejz ?grr] 'S zergﬁfomk?o h’tem&t@h t he
adj acent R er r] 4 mgéﬂ;egﬁ;mdﬂgdmxyg:ompound having at deasbtwo bydrowy groups
tri-cyclic, saturated or partially satyrated r.i ng,system havi nﬂ{j4 14

ring menbers, t hsepamied by WM&F?’}“%EB%P‘%‘B& ing, sqiq shiaip of oipg

hydr oxy, . .al k eYorSat
Rlerr], at each B%W%%% |ndmp %ﬁgﬁlﬁyyﬂdne ?ﬂhoﬂ'lr Ogené‘mswhlcihcan
cycl oal kyl aryl be N, 8; gponm’d:)ered saturated, partially unsaturated or

aromatic heterocycle or -CH[err] Rlerr], where the ring
portion of any of sai &a'tisW, 1, erl kyl , al karyl or heterocycle
can be optionally substituted, Rlerr] and Rl err] are
each independently one of hydrogen -al kyl, cycl oal kyl : aryl, a
5-10 nenbered saturat p HegRh SFin@ucelialal Srofsih Bfe@kdefdie Of
20 -CH2-R[ e rr]%v\he?[eﬁlthﬁgmrf? ng poﬂ%t?%)hmkof any of sgr d aryl, ar al kyl,
al karyl 10r comprising Jsmimﬂmgy:elﬂsanumed bfsaitheeitucing Withsmteffective adount of
where Rlerr] is aryl, aralk al kar cycl oal kyl, a 5-10 nenbered

sat ur at ed, partraprqteasnsml btt@'df’ fmﬂ%lc heterocycle or

- chal cogen-al kyl , where the ri ng portron of any of said aryl, 25

aral kyl, al karyl or he | | |on St

Z[err] and Z[err] are ‘r?]';d'é'ﬁ 'H yI lrdoJxLyEWJ Mi)@ 3)I oXxy, or
Z[err] and Z[ er et her for 2a di hyd y conpound havi b )31t
| east two hydroxy groups ted by a Ieast two connecting .
atonms in a chain or ring, said chain or r| ng conpri sing carbon
atons, and optionally, a heteroatom or heteroatons which can 30 be

N, S, or G and
or a pharmaceutically acceptable salt thereof;

wherein _
15 P'® is hydrogen or an amino-group-protecting moiety;
B"! is independently one of N or CH;
X", at each occurrence, is independently one of -C(O)-NH~, -CH-NH-,
. _CH(OH)-CHy~, —CH(OH)-CH(OH)-, ~CH(OH)}-CH,NH-, —CH=CH-,
' _C(0)-CHy-, ~SO;-NH-, ~SO;-CHy or ~CH(OH)-CH,~C(O)-NH-, provided
| 20 that when B! is N, then X"! is <C(O)-NH;
X" is one of —C(O)-NH-, -CH(OH)-CH,~, -CH(OH)-CH(OH)-,
—C(0)-CH,-, ~SO,-NH-, -S0,~CH,- or ~CH(OH)-CH,~C(0)-NH-;
| R is hydrogen or alkyl, or R forms together with the adjacent R", or
when A is zero, forms together with the adjacent R, a nitrogen-containing

25 mono-, bi- or tri-cyclic, saturated or partially saturated ring system having 4-14

*x € L M s x
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Alerr] is 0, 1,or2. 72. A nmethod for inhibiting
cyclin degradation in a cell, conprising ' contacting a cell in
need of said reducing with an effective am@dnt of a

prot easone inhibitor of the fornula: 5 [err]

Al0 or a pharmaceutically acceptable salt thereof;

Qﬁeﬁgl gr oup- pr ot’éﬁﬁmﬁﬁ’bﬁﬁr @?Efﬂ‘%r r"]an?al{}yS“{’ ted by on °“Ef”éW‘] of §°1Pﬂt8'¢9ﬁ§§?{dent ly

Phdependent |y oriakly e graliy),alkoyy gr byt ol each occi Ape, ¢

- gl(—)l(2 OIQIDI-I- CH( g(—)l)2 CHZ CH(RH) aﬂ-&cml-bé,c_llzmgteﬂib 1ndepende'ntgy one of%@rﬁg&erﬂjt:yrv]l,t .
- - - or - pr OVi at - e
when B[err] is I\FYCQQ?@WI)@'@‘ O-g'ﬂgfm“ﬂ-ﬁm partmlly unsaturated o asemAti¢ s one

Soier o SRR it g o any s B S

Rlerr] is hydrO%Ear?IoﬂidﬁtbcycﬁHcﬂlﬁdﬂhoh@lﬂ Bstitigédjer with the adjacent
Rl err] or Alerr] is zero, form;together with the

adj acent Rlerr], a mRV@g&R'iM@mm@Pendenﬂy one of hy . alkyl, cygloalkyl,
tri-cyclic, satur te arti ur drin st em hav 4-14
ring nembers, gr‘}%ﬂ'@g’B 'P‘gﬁﬁ\{‘?égs%‘gﬁlf 5‘%5 YrfEORgANG b&ngB?Y‘i%%

hydr oxy, 20 -C —R¥ Kyhere @h¢ 'rin g’ig 6t e ;%H“Bﬁ’ ] 'a?&ﬂéyl aa}l%?l or

Rlerr]. at each occurrénce, is in one o ro en,

cycl oalWyl , ar ylhetao@lcmmmleﬂalwubsm parti al I y unsat urated or '
aromatic heterocyclfor an£ Rerr], V\,herethe ring
portion of any of said ar ywhergRg kyl, alkaryl Wﬁbﬂ@@'{tla 0 memberrd, c| e

can be optionally substit each

5
i ndependently one of hydro teé’l mallgygpsoag.}r%tefi or mg I'Bterg Fe Oy 5-10
menbered saturated, parti Wcuwtﬁﬁﬂrmar@ﬁmoﬁgf%gmam aFyl,

aralkyl, alkaryl or heterocycle can be optionally substituted;
15 Z" and Z" are independently alkyl, hydroxy, alkoxy, aryloxy, or Z!" and
Z" together form a dihydroxy compound having at least two hydroxy groups

separated by at least two connecting atoms in a chain or ring, said chain or ring
comprising carbon atoms, and optionally, a heteroatom or heteroatoms which can
be N, S, or O; and ' '

20 - Ais0, 1, or 2.

71. A method for reducing the rate of degradation of p53 protein in a

cell comprising administering to a cell in need of said reducing an effective

amount of a proteasome inhibitor of the formula:
p10 —N B11.....x11 c|i|_x12—c|i|_g(z11)(z12) _
R1o R11 R12 R (1b)
At0 . | |

25 or a pharmaceutically acceptable salt thereof;

wherein

* C L M H] *
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~-CHerr]-Rerr], where the ring portion of any of said aryl, aralkyl,

al karyl or het erocycl e can h@9optional |y substituted,

where R err] is aryl, aralkyl, alkaryl, cycloal kyl, a 5-10 nenbered
saturated, partially unsaturated or aromatic heterocycle, or 5
-chalcogen al kyl, where the ring portion of any of said aryl,

aral kyl , al karyl or H¥isthydyages o«:anatmnq;gtqwreytmmmertmt ed:

Z[err] and Z[err] are,,,ndepend roxy, al koxy, aryI oxy, or
Zlerr] and %"1512? ? Q/gg{ﬁéﬁqpﬁkﬁa di hydr oxy conpound havi ng
at | east two hydroxy ygmQupsh occurrence, is md%peiﬁ&ﬁfya&rﬁ%fbﬁ(@f—bjﬁas-tﬁ%—

connecting atons in a charn or ring, said chain or ring

conpri sing car be-ﬁ:l-E(OHmCHgﬂd -« (QIOH(OH) - e+ EH@HF+TH N4, er—&iﬂﬂ—yﬁwl ch

can I S

ora. 5 67 s8N 0GR OGBS e Pesaidedy an

i nflammat ory compgdi i A_@ﬂ m s N, then ”1s—C Ngtient in need thereof, said

met hod conprising adm ni ster ng to sal atlent a 15 pr ot easone

i nhibitor of the forrRiP&s one of —C(O)—NH— -CH(OH)—(H-Izpha-IGH?(OHDLCGHO ,
acceptabl e salt 'thereof; Plerr] is

hydrogen or an aﬁi@b@ﬁﬂupsgrtﬂlénh%-ﬁﬁzeDy-CﬂﬁOH)-CHz-C(O)-NH— Blerr] is

d dent | f .
occurrence, 1s i mdepBuBrIasner gkl QoR ferms togptBim ik i adjatent R, or
- CH CH (}&1{1’,?51)t &H"@f‘kﬁ RI12 _
qBO%[ eLrG]”] w-hgn%e‘f??elﬁﬁ, S apeether CH eref]%@ %érﬂt-R % Sreonaining ) N
provi ded mono-, bl-tdtan-oybbc; sBjueated or partially Mm'ale[denmg sylstem lii(\@)g M4 25

X f. -C(O)-NH, -CH
T6O) i err] - o emters st cahearkipnel wiRne by GRRRYO oF kel bydrary.

alkyl, aryl, aralkyl, alkoxy or aryloxy;
R", at each occurrence, is independently one of hydrogen, alkyl,
15 cycloalkyl, aryl, a 5-10 membered saturated, partially unsaturated or aromatic
heterocycle or —CHz—R"’, where the ring portion of any of said atyl,'aralkyl,_
alkary] or heterocycle can be optionally substituted; |
R" and R" are each independently one of hydrogen, alkyl, cycloalkyl,
aryl, a 5-10 membered saturated, partially unsaturated or aromatic heterocycle or
20 —-CH,-R", where the ring portion of any of said aryl, aralkyl, alkaryl or
| heterocycle can be optionally substituted, |
- where R is aryl, aralkyl, alkaryl, cycloalkyl, a 5-10 membered
saturated, partially unsaturated or aromatic heterocycle, or
~chalcogen-alkyl, where the ring portion of any of said aryl,
25 aralkyl, alkaryl or heterocycle can be optionally substituted;
Z" and Z" are independently alkyl, hydroxy, alkoxy, aryloxy, or Z!! and
Z'? together form a dihydroxy compound having at least two hydroxy groups
separated by at least two connecting atoms in a chain or ring, said chain or ring
comprising carbon atoms, and optionally, a heteroatom or heteroatoms which can

30 be N, S’. or 0, and

* c L M s *
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Rlerr] is hydrogen or alkyl, or Rerr] forns together with the adjacent
Rlerr], or when Alerr] is zero, forns together with the
adjacent R err], a nitrogen-containing -130- nono-, bi- or

tri-cyclic, saturated or partially saturated ring system having 4-14
ring menbers, that can be optionaIIy substituted by one or two of keto,
- hydr oxy, 5 alkyl |, “aral kyl, -al koxy or aryl oxy;

Rerr], at each occuﬁréﬁ@e ‘Fé |ndependently one of hydrogen, alkyl,
cycl oal kyl, aryl, a 5-10 nenbered saturated, partially unsaturated or

aromatic het erocycl e or - CH2- R[err] where the ring portion of
any of said aryl, ar?d.kyl A method formhlblm@dﬁhﬁldeg’ﬂ‘adﬁﬂixﬁh @étl] Sorfipris

optional |y substltuted 10 R&err] and‘Rerr] are eachd@

i ndependent | y mtagnnawpdgén negfkgfl saidyredueing Wwith an effective amouwnt ydf,aa 5- 10

menber ed saturated ari sat ur ted or aromatic heterocycle or
-CH2-Rerr], W{p?tgast Vﬁé%8?ﬁ\ ?ﬂ any of said.aryl, aralkyl, alkaryl

or 5 heterocycl n be o tlonal |y substitut ed
wher e R[err] is aryl p eyLlopekylopan ﬂ)(?ﬁjoered 15
saturated, partially unsat ed or ro t| C heterpcyc

- chal cogen- al kyl , where two ng portlonRoi any ofpmaid aryl, ' (1b)

aral kyl, al karyl or heterocy¢l e can @ptlonally substltuted

Z[err] and Z[err] are independently a hydr oxy, al koxy, aryI oxy, or
Z[err] and Z[ err] together forma di hydr oxy conpound havi ng a‘

| east two hydrox roups 20 eparated by at |east two connecting
atons in a chai°ﬁ¥<9 % “m?alb'd‘c‘é%tﬁ gﬁ‘&ﬂe’ffﬁf' conpri sing carbon

at ons, and optlvmg i Y, @ heteroatomor heteroatons which can -
be N S or G Alerr] is 0, 1, or

74.  The net hod of qulahydx'&enbhmimnﬁhcsgnoﬁipﬂﬁbﬂeammha gk;een- di agnosed 25
with, or is at rlskq deveI0|n acondltlon sel ected fromthe group
consi sting isdndapen Hyr gan rejection, al’thI’ItIS an

;3{ gftrlnbrg 2 . g.eg ggts gs X, at each occurrence, IisnlLr!iéapen ry%ne o}‘\fé(d;—ﬁﬁa —CHZ—
-CH(OH)—CHz-, —-CH(OH)-CH(OH)~, —CH(OH)-CH,-NH-, -CH=CH-,
-C(0)-CH,-, -SO,-NH-, ~SO,~CH;~ or -CH(OH)-CH,~C(O)-NH-, provided
that when B! is N, then X' is —C(O)-NH,_

| X' is one of —C(O)-NH~-, ~-CH(OH)-CH,-, -CH(OH)-CH(OH)-,
15 ~C(O)-CHj,-, -SO,-NH~, -SO,—CHy- or —CH(OH_)—CH,—C(O)—N_H—;
| R' is hydrogen or alkyl, or R forms together with the adjacent R ", or
when A'® is zero, forms together with the adjacent R'2, a nitrogen-containing
nibno-, bi- or n'i-cyclic, saturated or partially saturated ring system having 4-14
nng members, that can be optionally substituted by one or two of keto, hydroxy,
20 alkyl, aryl, aralkyl, alkoxy or aryloxy;

RY. at each occurrence, is independent-ly one of hydrogen, alkyl,
cycloalkyl, aryl, a 5-10 membered saturated, partially unsaturated or aromatic
heterocycle or -CH,~RY, ‘where the ring .portion of any of said'aryl, aralkyl,
alkary! or heterocycle can be optionally substituted; _ |

25 R" and R" are each independently one of hydrogen, alkyl cycloalkyl,

aryl. a 5-10 membered saturated, partially unsaturated or aromatic heterocycle or

AR O
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75. A nmethod for inhibiting antigen presentation in a cell conprising
adm nistering to a cell in need thereof an _gff. ective anount of a proteasone
~inhibitor of the fornula: [err]

A10 5 or a pharmaceutically acceptable salt thereof;

wherein . Plerr] is hydrogen or an

ani no- gr oup- pr ot ecCHYeR¥ipindiest; the ring portion of any of safld &yl afatkyl NdRREN RNt | y
one of N or CH; X[err], at each occurrence, is

i ndependent | y onehﬁm@’we@w&’rs}mmm‘e 10 - CH( OH) - CHz-,

Sl o] NS G el 1] SBPE REgEEyh ke ey cylpalitn- 3 Bebere

t hat }’Vﬂe” g) INISLI- N, tCIZ??]—DX[ gaaizﬂuateﬂd_{ﬂx'@ﬂ)‘\"ﬁnsamrated or aromatic heterc?é%?é Chﬁl S
one of - -

- SO2- NH-, 3 - SQ2- CH2- or -Oﬂ(&ba&@@n&l@l- M‘hereﬂﬁnng portion ofany ofsEiB edryf, s
hydrogen or alkyl, or Rerr t oget.her with the ad] a err or
when Alerr] is zero, forns ﬁ 9rthefqracy H’i"@f‘ substituted;

nitrogen-contaiNing 211 and 72 are i @yﬁae,}fl,}uﬂkyloﬁy&,&y,%{dxy arl){ﬁﬁ{#éf;

partially saturated ring system

can be optional | yZRubgéthérfors ah!ih}hhﬁxplt:oinpbuﬁﬂ hivihg at feastr Woyhydroxy groups
al kyl, aryl, aral kyl, al kox r aryloxy; 20 . R[errf
each occurrence, Sepamteddyea i\‘@ﬁt me@nngwm ea cha;n oy ring, said chain or rmg

cycl oal k aryI 5-10 ed sa urate arti y nsaturate
ar onat i ci’/d pnswgtcgfo(? ﬁ?] w ‘Wﬂ ﬁ'ﬁgcm |

t hat

portion of any ofpesRigl oarozlandar al kyI aI kar yl or het erocycl e
can be optionally subst i t ut ed; Rlerr] and Rerr] are
each independent|y oneABis (hyldlon@en al kyl, cycloal kyl, 25 aryl, a

5-10 nenbered saturated, partially unsaturated or aromatic heterocycle or
--CH err]-Rerr], where the ring portion of any of said aryl, aralkyl,

al karyl or 7318t X el ForHidveRfing 0 trQiiAk ¥ iR Iklos §hdition in
a patient in need thereof, said method comprising administering to said patient a
15 . proteasome inhibitor of the formula:

p1o__N B‘"-—X" CT—X'Z—CH—B(Z")(Zu)
R10 R11 : R12. A‘B . (lb)

or a pharmaceutically acceptable salt thereof;

wherein |

- Pis hydrogen or an amino-group-protecting moiety;

20 B" is independently one of N or CH;

| X", ateach occurrence, is independently one of -C(O)-NH-, ~CH,-NH-,

—CH(OH)-CH,~, —'CH(OH)-CH(OH)—, ~CH(OH)~CH,-NH-, —-CH=CH-,
~C(0)-CH;~, ~SO,-NH-~, ~8O,~CHy— or -CH(OH)}~CH,-C(O)}-NH-, provided
that when B'" is N, then X" is =C(O)-NH;

25 . X" is one of ~C(O)-NH~, -CH(OH)}-CH,~, ~CH(OH)-CH(OH)-,
~C(O)-CHy~. ~SO,~NH-, ~SO;~CH;~ or ~CH(OH)-CH,~C(O)-NH-;

* € L M 5 %
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where R err] is aryl, aralkyl, alkaryl, cycloal kyl, a 5-10 nenbered
saturated, partially unsaturated or aromatic heterocycle, or
-chalcogen-alkyl, where the ring portion-B2-any of said aryl

aral kyl, al karyl or heterocycle can be optionally substituted, 5
Z[err] and Z[err] are independently aIkyI hydroxy, alkoxy, aryl oxy, or

Z d Z di h

aE elr;LS?ntm hydroxngr'é&W[gfeorggmr %lég’r@rﬁpﬁa eQEF)'/' B‘a%elggﬁﬂpnl%tnq F/i N
t t

compri 5i ng. car buERfor 2 ek *%%“7"?% (et RIS pitpogen-oomainio o

can mon@-ebi\l,orﬁn-csiéhd,?sat&fnﬂed sz:artlally saturated ring syé#é@Hapings4-94 1, or
2. A net hod for |nh|b|t|ng|ndu0|ble NF- kB’
dependent cel | mm thatcanbeoptlonqlhl suhstituted By one one¥voiokete diydroxy,
inhibiting, co | Si er|n o sai d ani nal : an

ef fecti¥ve amou aﬁ;ﬂ“@&@?@ﬁ% xty0r of the fornula: - 15

or a pharnmaceuti cal 'R"a%e&bﬁbé&uﬁ@ﬁée ti9Sh8&endently one of hydrk‘)@éi{ eAikyl,

Plerr] is hydrogen or aAn am no- gr oup- prot ecting noiety;
B" is i ndependesycloalkyiparyl, a\5-d0 nidbered saturated, parually unsamﬁ[amdrc}r adbmede h

d dent f NH- H-,. 20
O O -t er r heterogy e“@ﬂzdae’* Whe (R e PR O R of skl arallyl,
O -CH CH CH2- C( O) - NH-,
prct()w)ded[e”] %r&]}f% &@J&ptﬁﬁkﬂf%&bsﬂﬁ{teq,r](??_qqql\ﬁ : ‘

X err]10 s one of - C(IOP-ahliiR" afer¥achiindependentiidnekdf hiitikogeh, -alkyl, cycloalkyl
-(OQ-CHerr]- -SOerr]-N+, -SR-CH2- or -CHOH)-CHerr] - C(O) NH- ;
Rlerr] is hydr@ggdna 5r10zhemberedsatwpated; partiallyunsaaupied-onarome h«@oexglaoem

o et VU8R P SR W o
heterocycle can be optionally substituted,
 where R¥ is aryl, aralkyl, alkaryl, cycloalkyl, a 5-10 membered
15 saturated, partially unsaturated or aromatic heterocycle, or
—chalcogen-alkyl, where the ring portion of any of said aryl,
aralkyl, alkaryl or heterocycle can be optionally substituted;
Z" and Z7 are independently alkyl, hydroxy, alkoxy, aryloxy, or Z!! and
Z* together form a dihydroxy compound having at least two hydroxy groups
20 separated by at least two connecting atoms in a chain or ring, said chain or ring
comprising carbon atoms, and optionally, a heteroatom or heteroatoms which can
beN, S, or O; and
AYis0,1,0r2.

“74.  The method of claim 73, wherein said patient has been diagnosed
25 with, or is at risk of developing, a condition selected from the group consisting
of ‘tissue rejection, organ rejection, arthritis, an infection, dermatoses,

* inflammatory bowel disease, and an autoimmune disease.

R
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mono-, bi- or tri-cyclic, saturated or partially saturated ring system

havi ng 4-14 ring menbers, thggscan be optionally substituted
by one or two of keto, hydroxy, al kyl, aryl, aralkyl, alkoxy
or aryl oxy; Rl err], at each occurrence, is

i ndependent |y one of hydrogen, al kyl, 5 cycl oal kyl, aryl, a 5-10

menbered saturated, pgg.tiallndethod foridlabiifg entigen@resentation in a cell comprising
het er ocycl e or -CH[err] Rlerr], where the ring portion of any of said aryl,

aral kyl | ' administesingzteya cell imaeed thegraf ctige dgounhaf B preteasoms ut ed:

Rl err] and Rl err. h . ndependent|y one of hydrogen, alkyl,
cycl oal kyl , ’l’h%‘t"r(’% ﬁg 5-10 rrerrber ed saturated, partially

unsaturated or aromatic heter ycle o -CH[err] Rlerr], where
the ring portion of arpal_g gHsylxnaJ_l@q.)d. 1yz12

het erocycl e can be optlonal ubstlt ted,)| | BRZTNZ™) wher e
Rlerr] is aryl, aral kyl, pﬂu cycljoal wz a 5- IR3menber ed (1b)
sat ur at ed, partlaIIy unsaturat ed or a t|c het er ocycl e, or

-chalcogen al kyl, where the ring portlon of any of said aryl, 15

aral kyl, al karyl or heterocycle can be optionally substltuted

Z[err] and Z[err] are |nde tl | k roxy, al koxy, aryI oxy, or Z'
and 3 E@H& ﬂ%ﬂﬁﬁ%‘?”ﬁﬁ%&xy conpound having at | east

two hydr oxy groL{,%.,'re separated by at |east two connecting atons

in a chain or ring, "aid chain or ring conpri sing carbon atons,
and optionally, a hetpf Q&iﬂmg&hohﬁh@ﬂﬂﬁ-gf@p%bebtm@mo%y be N, S,
or G and Alerr] is Q or 2. 77.
A met hod for inhibitiBY mndepeeémttyamﬁfﬁ ﬁfgﬁlsanl mal in need of

amount of T OB Sl BeRindh. i kel e 3P RO R G,
or a phgr maceut Leay(OHREHA! ahtﬁ(cmj-fcﬂcmneof —~CH(OH)-CH,-NH-, -CH=CH-,
—~C(0)-CH,-, -SONH-, -SO,~CH;- or -CH(OH)-CH,-C(O)-NH-, provided
that when B'! is N, then X' is —C(O)—NH
X" is one of —C(O)—NH— —CH(OH)-CH,~, —CH(OH)—CH(OH)—,
—C(0)-CH,-, —-SO,~-NH-, -SO,~CH,~ or -CH(OH)-CH,-C(O)-NH—;
15 ~ R"is hydrogen or alkyl, or R' forms together with the adjacent R"', or

when A" is zero, forms together with the adjacent R", a nitrogen-containing
mono-, bi- or tri-cyclic, saturated or partially saturated nng system having 4-14
ring members, that can be optionally substituted by one or two of keto, hydroxy,
alkyl aryl, aralkyl, alkoxy or aryloxy;

20 - RY, at each occurrence, is- mdependently one of hydrogen, alkyl,
cycloalkyl, aryl, a 5-10 membered saturated, pamally unsaturated or aromatic
heterocycle or ~CH,-R'%, where the ring portion of any of said aryl, aralkyl,
alkaryl or heterocycle can be optionally substxtuted

R' and R" are each independently one of hydrogen, alkyl cycloalkyl,

25 aryl, a 5-10 membered saturat_ed, partially unsaturated or aromatic heterocycle or

-CH,-R'’, where the ring portion of any of said aryl, aralkyl, alkaryl or

- heterocycle can be optionally substituted,

| L) )
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wherein P[err] is hydrogen or an

am no- gr oup- protecting noiety; : Blerr] is i ndependent |y
one of N or CH _ - X[ ertIp4- at each occurrence, is :

I ndependently one of -C(O) -NH, -CH2- NH- 5 -CH(OH) - CH2-
-CH(OH)-CH(OH) -, -CH(OH)-CH - NH[err] - C(O) CH2-,
-Sgerr]-NH, Sqerr] CH2- CH( vi ded

that when B" is N, then X' wpgre(?( %P “G_Lﬁ al]kary gycl\loalkyl a&[lgrmfmp%"e‘bne of -
-C(O-NH, -CHOH-CH2-, - turatd %

CSOLNH- - SCp- CHD- or - o ( unsa ed or aroma&‘é téi‘d%?le or

hydrogen or al kyl, or R[er%dhaiamgam—dllqg,etnhere thetﬂmg portiogj ofcamt oREssidra}yl or
when Alerr] is zero, formstogether w th the adjacent R err]
ni t r ogen- cont ai ni ng aralkyl, alkagy] gr hetsrocyg QaP ecQPé’PF%uY %&Sﬂmdéd or

tiall turated t hat
can be. obt onal |y sutkt R Fearoy e lialiy Jdram, by Bl B 2% 10
al kyl, aryl, argtRybgetisdr fortd aQlihyRirbkyP¥ompdind having at lleﬁst two hydré¥y groupdt
y!

each occurrence, is |ndependently one of hydrogen,
cycl oal kyl, arylseparagdby aﬁnmmogacqlma@tns pba chain bynnminlmrea img

aronatic het cI e 0 -err ere the.
portion of any cFP"g’é’is’d‘g& ﬂﬁ”‘mn;ﬁy’ altc m‘ﬁpﬁgﬂ apms %‘ﬁgg{‘ycl e

can be optional Iﬁéﬁ lih R[err] and Rlerr] are
each independently ‘one of ydrogen al kyl, cycl oal kyl, 20 aryl, a ‘
5-10 mdber ed saturatm'ﬂ;smdrbrz.lly unsaturated or- aromatic heterocycle or
-CHZ Rlerr], where the ring portion of any of said aryl, aral kyl, al karyl

het erocycl e can be optlonally substltuted

vvhere Rlerr] is aryl ,q,aral I
saturated, partially [ nsatku?ﬂefhog or aro lQ‘ﬁi’lger ocyg?%&%gﬁﬁgg%dﬁ&m
- chal cogen- al ky|maﬂ\/ﬂ|§hﬁlH&eﬂbﬂ&x@ﬁﬂﬁbxﬁhgp&orﬂﬁﬁsméacﬁﬁinﬁt&mgmsmdammal

aral kyl, al karyl or heterocycle can be optionally substituted,
Z[err] and Z[ertapeﬁeetl‘?ermm%&meﬁbmllmh;tm ehe formudacy, aryl oxy, or
Z[err] and Z[err] toget her form a di hydroxy conpound havi ng at
| east two hydroxy gro ep at by connecti ng
atoms in a chain or %ﬁg | ' IR S’(qz Cﬂ—gw (2“))
R10[R™ Rﬂ R ~(1b)
_ A0 _
15 or a pharmaceutically acceptabie salt thereof:
wherein - | ' |

PYis hydrogen or an ar'tﬁno-grdup-pr&écting moiety;
B'! is independently one of N or CH;
X", at each occurrence, is independently one of -C(O)-NH-, -CHz—NH-
20 —CH(OH)-CH,-. ~CH(OH)-CH(OH)~, -CH(OH)-CH,-NH-, —CH=CH-,
" _C(O)-CHj-, ~SO;NH-, ~S0,~CHy- or ~CH(OH)-CH,~C(O)-NH-~, provided
* that when B" is N, then X" is—C(O}-NH; |
X'2 is one of ~C(O)}-NH-, —CH(OH)-CH,-, ~CH(OH)-CH(OH)-,
~C(0)-CH~. ~SO,~NH-, ~80,~CH, or -CH(OH)-CH,-C(O)-NH-;
25 o R is hydrogen of alkyl, or R' forms together with the adjacent R", or

when A" is zero. forms together with the adjacent R ,'a nitrogen-containing

AR
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conprising carbon atons, and optionally, a heteroatom or heteroatons which

can be N, S, or 0; and -135- Alerr] i's 0,
1,or2. 78: The met hod of clainms 67, 68, 69, 70,

71, 72, 73, 75, 76 or 77 5 wherein said protesome inhibitor is one
of : N- ( 2- pyrazi ne) car bonyl - L- phenyl al ani ne-L-1 euci ne boronic
acid, mond¥, bﬁﬂm-@blucnembdtéd)aypmlt)osmpmdyinglsastemdmmgwu ne
bor oni ¢ aci d, N- ( 3-pyri di ne) car bonyl - ghemy ail - | euci ne
bor oni ¢ acid, ring members, that can be optionally sul stnutedbyon or tWo O eto y ox s .

N (- mor phol | ne) B7b A A TsF AP FAIERG 1 ) 1 7al i me- L | euci ne bor oni c

dci d, R", at each occurrence, is independently one of hydrogen, alkyl,

N- (8- qui noli ne) sul f onyl - “[err]-(1-napht hyl)-L-al ani ne-L-1eucine boronic
acid, 5 cycloalkyl; aﬂyLWﬁ-ﬂDne?mM@ﬁW@ pen@;ly)uneatugatqsls@rr@oman@ucu ne
Doroni ¢ acid, vl or K R WA WA HEFLORAN ot W B ik e

\- (4- mor phol | ne)aﬁsgpmet&&;aewb@aﬁtmnylsmsuhnwrOSI ne-L-| euci ne_bor oni c

15 ac sosteres, " pharnaceuti cal |l y accept abl e
salts or bor onat e estRPuandIfel and each mdependently one of hydrogeiiQalkyl, éyatedlkyld f or
reducing the rate of nmuscl e protein degradatlon I n el |

conpri si ng cont a®vl, a§- Khmembened saiprateds PRGALY, BB te%prm@cbqte@géeor

cont act g oai o et R Moate A pobioh, BE b 3 st gyt St Mt 6P 20

81. A rret hod fli!mb@fﬂl'&b&%é&ﬁﬁnﬁﬂ?s&ﬁstmﬁéd acel lul ar protein breakdown
conprising contacting cells with a conpound of claimb58 or 61.

82. A nethod for reduci ngrhencdl’fmaybfara;lbx}r alkaryl.nyclonlkyb a Jyl @ magmbered o

cell conprising adm _I’l.l steréan% % sai d i:el | a c erap%yngo%ngll%te%gﬁﬂgropl.

—chalcogen—alkyl, where the ring portion of any of said aryl,
15 . aralkyl, alkaryl or heterocycle can be optionally substituted;

| Z" and Z" are independently alkyl, hydroxy, alkoxy, aryloxy, or Z'! and

Z' together form a dihydroxy compoux_ld having at least two hydroxy groups

separated by at least two connecting atoms in a chain or ring, said chain or ring

comprising carbon atoms, and optionally, a hei_:eroatom or heteroatoms which can

- 20 beN, S, or O; and
A"is0,1,0r2.

7. A method for mhxbmng HIV rephcatxon in an animal in need of
said mhlbztmg, compnsmg adrmmstenng to said animal an effective amount of

- aproteasome inhibitor of the formula:
25 _ .
p1o —N 311_)(11 CH_..x12 _CT_B(zﬂ)(zﬂ)
: ' R10 R11 13 (1 b)

or a pharmaceutically acceptable salt thereof:
[ —

A O 0 R
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for inhibiting cyclin degradation in a cell conprising

83. . A met ho

PCTIUSIS BT

contacting said cell with-a conpound of claim58 or 61.
84. A nethod of preventing or treating a36rnfl anmatory condition in

a patient in need thereof,

- patient a 5

consli sting

ani mal conprising a

61.

an ani mal conpri sing

claim58 or 61.

10

15

20

said nethod conprising adm nistering to said

corrpound of claimb58 or 61. 85.
The net hod of ¢l aim 84, wherein said patient has: been di agnosed
with, or is at rWBRIEHY devel oping, a condition sel ected fromthe gr oup

i nf e.ct [ ;)n, der mat osespwq; h}drﬁééiﬁofa‘ﬂﬁ?mb%l% ?ﬂﬁ%tl\%\lgjnﬁ&?gasear ;2[ IhaﬁnlaS

ost eoporosi s, ost eoar Bhri indepentdéntiy oi®of N or CH,aut oi nmune di sease.
86. A nethod for inhi b|t| ng the growmh of a cancer ‘cel|l nprisin
contacting said cell ¥ meactmepsm léf“d@l’%ﬂqﬁﬂ%o'éﬁﬁﬁf(o)‘ﬁﬂ %H—

o et o e ey,

88. A nethod fang Jnc Ls 0g-N#- B 0olegrndeniCHEOH)-THL8(0)-NH-Atovided

m ni sterln to said ani mal a conpound of claim 58 or

an

that when B''89N, theAﬁétSf’r&(G)oNH,nhl biti ng HV replication in

—C(O)—CHZ—, -SO;,-NH-, —SOz—CHz or —CH(OH)—CH,—'-C(O)—NH—;

R is hydrogén or alkyl, or R'® forms t6éether with the adjacent R", or
when A" is zero, forms together with the adjacent R'?, a nitrogen-containing
mono-, bi- or tri-cyclic, saturated or partially'sat,uratéd ring system having 4-14
ring members, .that can be'optionally substituted by one or two of keto, hydroxy,
alkyl, aryl, aralkyl, alkoxy or aryloxy: |

RY, at each occurrence, is independently one of hydrogen, alkyl,
cycloalkyl, aryl, a 5-10 membered sannateﬂ, 'pai‘tiaily unsaturated or aromatic
heterocycle or -CH,-R'S, where the ring pbliti'on of any of said aryl, aralkyl,
alkary] or heterocycle can be optionally substituted; o

R™ and R™ are each independently one of hydrogen, alkyl, cycloalkyl,
aryl, a 5-10 membered saturated, partially unsaturated or aromatic heterocycle or
—~CH,-RY, where the ring portion of any of said aryl, aralkyl, alkaryl or

_ heterocycle can be optionally substituted,

25

where RY is aryl, aralkyl, alkaryl, cycloalkyl, a 5-10 membered
saturated,_ partially unsaturated ‘or aromatic heterocycle, -or
—chalcogen-alkyl, where the ring portion of any of said aryl,
aralkyl, alkaryl or hetgrocycle can be optionally substituted;
2" and Z" are independently élkyl, hydroxy, alkoxy, aryloxy, or Z! and
Z" together form a dihydroxy compound havirig at least two hydroxy groups.

separated by at least two connecting atoms in a chain or ring, said chain or ring

* [ L ] S *

Xlz is one of —8?(59—%1[}?;[ e—éﬁ?of{?-éﬁ feﬁf@ﬁ)-%ﬁﬁfﬁ)—“”d of

|
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comprising carbon éftoms, and optionally, a heteroafbr_ri or heteroatoms which can
beN, S, or O; and
AMis0,1,0r2.

78.  The method of claims 67, 68, 69, 70, 71, 72, 73, 75, 76 or 77
wherein said protesome inhibitor is one of:
N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine boronic acid,
N-(2-quinoline)sulfonyl-L-homophenylalanine-L-leucine boronic acid,
N-(3-pyndme)carbonyl-L-phenylalanme-L-leucme boromc acid,
N-(4-morpholine)carbonyl-L-phenylalanine-L-leucine boromc acid,
N-(4-morpholine)carbonyl-B-(1-naphthyl)-L-alanine-L-leucine boronic acid,
N-(8-quinoline)sulfonyl-ﬁ-(l-naphthyl)-L-alanine-L-leucine boronic acid,
N-(4-morpholine)carbonyl-(O-benzyi)—L—tyrosine-L-leucine boronic acid,
N-(4-morpholine)carbonyl-L-tyrosine-L-leucine boronic acid, or
N-(4-morpholine)carbonyl-[O-(2-pyridylmethyl)}-L-tyrosine-L-leucine boronic
acid; or |
isosteres, pharmaceutically acceptable salts or boronate esters thereof.

79. A method for reducing the rate of muscle protein degradation in
a cell comprising contacting said cell with a compound of claim 58 or 61.

8. A method for reducing the activity of NF-xB in a cell compnsmg
contactmg said cell with a compound of claim 58 or6l.

81. A method for reducing the rate of intracellular pi'otein breakdown

comprising contacting cells with a compound of claim 58 or 61.

82. A method for reducing the rate of degradation of p53 protein in a

cell comprising administering to said cell a compound of claim 58 or 61.

S
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83. = A method for inhibiting cyclin degradation in a cell comprising

contacting said cell with a compound of claim 58 or 61.

84. A method of preventing or treating an inﬂammatory condition in
a patient in need thereof, said method comprising adxmmstermg to said patient a

5 compound of claim 58 or 61.

‘85.  The method of claim 84, wherein said patient has been diagnosed
with, or is at risk of developing, a condition selected from the group consisting
of tissue rejection, organ rejéction, arthritis, an infection, dermatoses,
inflammatory bowel disease, asthma, osteoporosis, osteoarthritis and an |

10 autoimmune disease.

86. A method for inhibiting the growth of a cancer cell, comprising
contacting said cell with a compound of claim 58 or 61. | '

87. A method for inhibiting antigen presentation in a cell comprising

administering to said cell a compound of claim 58 or 61.

15 | 88. A method for inhibiting NF-xB dependent cell adhesion in an

animal comprising administering to said animal a compound of claim 58 or 61.

89. A method for inhibiting HIV replication in an animal comprising
administering to said animal a compound of claim 58 or 61.

* c L M S * .



