1 AUGUST 2006 Boronic Ester and Acid Conpounds, Synthesis and Usééugp&m%
Reference to Rel ated Applications *166166* This application is a
continuation-in-part of U S. application no. 08/ 442,581, filed May 16,

1995, which is a continuation-in-part of US. 5 %ppl i cation no.

08/ 330, 525, filed OBorearicIBsteroand Acid {bampeuads; Synthesinaud Bisesni ch

are incorporated herein by reference. Background of the Invention 1. Field
of the Invention The present invention relates to boronic ester and acid

cynt oo ANMBIRIAINY =7 oot Riteohce o RERRIAPR BB s 1, ™

general and«@fiesspeci fi ¢ conpounds, has been described previously (Shenvi et
al . USPN 4.499, 082 issued February 12, 1985; Shenvi et al. USPN 4,537,773

15 i ssued August 27, 1 D el t:cal. AidmaRdaeusd Trbead RAbRs. 19,
1991; Kettner et al ., TR ppilERlof s 55%‘}(@1’)%: o pal (1988)). These
conpounds have beggr4s0egn fiRdbRMaynEhil008,s wifictc ds taacontimuatiowiiy-pas enkydres
(Shervi et al. USPN 4,499,082 issued February é , é985; Shenvi, et al ., USPN
4,537, 773% Si man siplieationo. 08/338628% file® Octabeq2 3&9 R abagdonedy the Geptepse

et 20 al., J. Biol, Chem 259(24):15106- 984)). A class of
N-termnal tri- pepthialagons i8’%%%€?ng’nb§59ae%e§8£%bnpounds has been shown to
inhibit the growh of cancer cells (Kinder et al. USPN 5,106, 948 i ssued
April 21, 1992). A broad class of N-termnal tri-peptide boronic ester and
acid conpounds and anal ogs t herRatkproundcof thedmveatiomi bit renin
(Kleeman et al. USPN 5, 169, 841 issued 25 Decenber S. 1992).

1. Field of the Invention

The present invention relates to boronic ester and acid compounds, their

10 synthesis and uses.
2. Description of Related Art

The synthesis of N-terminal peptidyl boronic ester and acid compounds,

in general and of specific compounds, has been described previously (Shenvi er

al USPN 4.499.082 issued February 12, 1985; Shenvi et al. USPN 4,537,773

15 issued August 27, 1985; Siman er al. WO 91/13904 published September 19,
1991; Kettner et al., J. Biol. Chem. 259(24):15106-15114 (1984)). These

compounds have been shown to be inhibitors of certain proteolytic 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 published September 19, 1991; Kettner ef

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 ef al. USPN 5,1 06,948 issued April 21, 1992). A broad

class of N-terminal tri-peptide boronic ester and acid compounds and analogs

shereof has been shown to inhibit renin (Kleeman e! al. USPN 5,169,841 issued

A
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December S. 1992).
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1 AUGUST 2006 -2 In the cell, there is a soluble proteolytic pat h\ﬁalglGPI$é\q2006
requires ATP and involves coval ent conjugation of the cellular proteins

with the small polypeptide ubiquitin ("Ub") (Hershko et al., A Rev.

Bi ochem 61:761-807 (1992); Rechsteiner et al., A Rev. Cell. Biol. 3:1-30
(1987)). Thereafter, the conjugated 5 protei'r?s are hydrolyzed by a 26S
proteolytic conplex containing a 20S degradative particle called the

prot easonme (CGol dberg, Eur. J Biochem 203:9-23 (1992); Coldberg et al.,

Catalyze t ho el 6ot | ve e ssuthers 1ok SHEDIR BFORBHOR U el figUlte ATP and
T80 sti met 20-30 RTSVEL SR S B ot o
e hos o "L CHRRBRPEUY caldnhian t v, dasimofioeham 67FERIO)
3%7: 3?5- 379 (1992)Redhsieiticeetyl., BuRev. Lath 8&49%&6%9&28@9)22{—?%@;&‘)’ m&ﬁ“ﬁ‘xﬁéﬁ?ﬁ’,
2161 (1080); i venmpieiss aFe Bygrapa bl aoS, BEITYq SRS optaiuta 2B

et al., New Biol., 4 1c2d éﬂg@)@lgjme%tmmem@mba@ Bur.tJ Bocher. 263:8423ed
to as the chynotr n-I'rke activity, 'the trypsin-like activity, and the

peptidyl gl utanyl Aypdppl GEldbergaatdlyiNature BEPREI-BVRIYI NN i THis MUNRORROGFY of

the peptidase activities of the proteaso have been . ] et
al ., Biochenistry 88teavizknpwp4o ¢atalyze the S&?‘Hﬁ §m§?u°£ &Qu%gygir;%&%ai B’O&lﬁls

357:375-379 (1:992); | dher ur . L.achem 203:9-23 (1992); Ol owski,
Bi ochem siry 29: 1@@%&&#&%%{?&#‘%&% ., Archs. Biochem Biophys.

213, P9, 5, g e iy st 108
U S.A 83: 7588- 759 cdntdin®@ipe different peptidagy aethatiessthay cleaye g]ﬁfg}@aﬁ}%mt thsg
b Coldberg, Eur. caib()Biy?%ir:i%Tf the hydrophobic, basic, and acidic amino acids (Goldberg et al.,
Nature 357:375-379 (1992); Goldberg, Eur. J. Biochem. 203:9-23 (1992);
Orlowski, Biochemistry 29:10289 (1990); Rivett et al., Archs. Biochem. Biophys.
15 218:1 (1989); Rivett et al., J. Biol. Chem. 264:12,215-12,219 (1989); Tanaka e?
al., New Biol. 4:1-11 (1992)). These peptidase activities are referred to as the
chymotrypsin-like activity, the trypsin-like activity, and the peptidylglutamyl
hydrolyzing activity, respectively. |
" Various inhibitors of the peptidase activities of the proteasome have been
20 reported (Dick eral., Biochemistry 30:2725-2734 (1991); Goldberg et al., Nature
357:375-379 (1992); Goldberg, Eur. J. Biochem. .203:9-23 (1992); Orlowski,
Biochemistry 29:10289 (1990); Rivett ef al., Archs. Biochem. Biophys. 218:)
(1989); Rivett et al., J. Biol. Chem. 264:12,215-12,219 (1989); Tanaka et al., New
Biol. 4:1-11 (1992); Murakami et al., Proc. Natl. Acad. Sci. U.S.A. 83:7588-7592
25 (1986); Li et al., Biochemistry 30:9709-9715 (1991); Goldberg, Eur. J. Biochem.
203:9-23 (1992); Aoyagi et al., Proteases and Biological Control, Cold Spring
Harbor Laboratory Press (1975), pp. 429-454.
Stein er al., U.S. patent application serial number 08/212,909 filed
March 15, 1994, describe the use of peptide aldehydes to 1) reduce the rate of loss

30 of muscle mass in an animal by contacting cells of the muscle with a peptide




203: 9-23 (1992); Aoyagi et al., Proteases and Biol ogical Control, 1AJ/GUST 2006
Spring Harbor Laboratory Press (1975), pp. 429454. Stein et al., U S

pat ent application serial nunmber 08/ 212,909 filed March 15, 1994, describe
the use of peptide al dehydes to 1) reduce the_rate of loss 30 of nuscle

mass in an aninmal by contacting cells of the “‘Huscle with a peptide 1 AUGUST
2006 -3 al dehyde proteasone inhibitor, 2) reduce the rate of intracellul ar
protein breakdown in an animal by contacting cells of the aninal with a

tide al dehyd i nhi bi.t.or. -at @ :
R ndat ton of o5 2 liRhv Fricedime inhine ) RhnbE W Sald o [Bnfedfuler profein
pepti de al dehyde p%ﬁ%&ﬂ‘%}ﬁ:ﬁﬂ@’com@cﬁﬂ%@ﬂ%ﬂﬁeﬁilmal' wimagzﬁmmgaéon
, |

seri al nunber PCT/ ed” March 17, 1995, desc_ribet e us'e.of
pepti de al dehydes pevtéadmednhibitor; @ht 3) ssduce thret ratet ofxiegradation iof p5prauin iBan n

an animal by contacting cells of the animal with kL a ti,de al dehyde ...
i nhi bi t or 01}/ pr ot easimagbr/ aAminisiaring tQ e amimalp E%ﬁdﬁégfﬁ%éfﬂ? prpﬁgsom% whibitor.
transcription factor NF, B .and i

c Slomiea e o B Sof ertl Rt P CTAIS051 4 Bled

protein co?rpl exes play tron of a remar

di verse set of geRggchNYOhyes deferitictherise e peptide afdehyda wf eduespersilar
(Gilli et al., International Review of Cytology 143:1-62 (1993)). NF-xB

exi sts in an i nact cotentfand mciivityt sfaNIExBoiplananimarhy cortagting eeilsaf thapnimpaliwith

rotein, IxB. In order for the NF:-1cB to becone_.act.ive and performi.ts
1? unction, it rmust érPFE‘r‘dftﬂéelbﬂellmHBBP’é rolegsqrmpe @éﬂ?&f&‘ OH(B’BWI‘BE‘, c%\ﬁ?\{}gf”,

1 he 1B . : .
until the IxB portion Otrh%g{}aﬁn%ée}fﬂgl{o%&ah r'f\ﬁmap%d dtherthé&hmbers Jf%@ﬁ!l%%r_n}(yg?p?’n

those skilled in the art ctivation of, or processing of,

sone di segges, thepppEnRbmpBRiXEOPIER Beentedl rolt $n thenegulaiontuf atremalifablykidecsersebe
detrinmental to the health of the patient. For exanple, NF-xB is _essential
for the expressi onobigendseinvoined inntha iowednecand flagmatery egsponses (Grilli er al.,

bati ento Lutferi nieretived Aeimaltoren {116 G 4L SR skl han Bpbtve,
form in the cytoplasm complexed with an inhibitor protein, IkB. In order for the
NF-xB to become active and perform its function, it must enter the cell nucleus.

15 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 patient. For example, NF-xB is
essential for the expression of the human immunodeficiency virus (H]V).

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-]
molecules on an antigen presenting cell. Accordingly, inhibitors of this pathway
would be useful for the treatment of diseases that result from undesired response
to antigen presentation, including autoimmune diseases and transplant rejection.

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



Gol dberg and Rock, WD 94/17816, filed January 27, 1994, descri be Q@JG&S‘;{,‘ZO%
of proteasone inhibitors to inhibit MHC- I antigen presentation. The

ubi qui tination/proteolysis pathway is shown to be involved in the

processing of 25 internalized cellular or viral antigens into antigenic
peptides that bind to MHC-| nol ecul es on an™anti gen presenting cell.
Accordingly, inhibitors of this pathway would be useful for the treatnent

of diseases that result fromundesired response to antigen presentation,

i ncl udi ng aut oi nmune di seases and.transpl.ant_.rgl 1011 60 sTequisédfor the
proteins that are programmgdidgeragpyion cpgk@gnstdr%%%?rrt\ﬂ euka%ot es. 130 Cyclins

presumably act by re %'l-?%' teh Yhe Nex@f Exbetimentslititiamgsnodifidd ubiguitinl
AUGUST 2006 -4 prB@‘%é g&%e&gdr}gsé%%itg\rtlhatesgecf)fic stalg‘ie%s< of tge C‘ﬁtlel é:’xcl e
is required for thegioldeRn§idl), Murineodd 132-9BBJA90D; sk ! abxefy fhem
utilizing nodified ubiquitin (G otzer et al., ture 349 - :
Hershko el al., J Pé&B76 (199)) hazeestabléshed daat the ﬁﬁxaan@gﬁ%%r’@%ééﬁ? ﬁé‘?‘a'tg%}as
ubi qui tination/proteolysis path i | nv, ' blindke ta2 dahib@nthi
Accor di ngly, conpoiny@tvedniy °¥ﬂmm'§¥¥fa?%‘?°sd' é’%aﬁ\;\%gl\?\ri)fﬁ%glpgause cell cycl és

arrest and woul d be ,;J,%.,%&%odl&c h& deli@dicieittesond sounibbe ugpfalringbe sreatment of
restenosi s, and ot RBY "GR8l proliterative diseases. Sumrary of the Invention

The present invent ygiteppaviialts resenoiisuaid/othakerilprof &R ¥ 1588t oni ¢ acid 10
ester and acid corrpounds. The present invention also provides nethods of
using amno acid or peptidyl boronic ester and acid conpounds, in general,

as inhibitors of proteasone funCtiéﬁi(}nrrg&r}rngithétlmmﬁent’ the present

i nvention provides novel boronic a ter conpounds having formul a
(I a) or (2a), as set forth below 15 An additional aspect of the present
invention is related to the discovery that am no acid and peptidyl boronic

acids and esters, in gengl.aleseAtifvditioR Provides prévigisly usielopmtpeptidylborenis
i nhi bitors and can be enployed to inhibit proteasone ) £ usi
10 ester and acid compounds. The present invention also provides methods of using

amino acid or peptidyl boronic ester and acid compounds, in general, as inhibitors

of proteasome function.
In a first embodiment, the present invention provides novel boronic acid

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

15 An additional aspect of the present invention is related to the discovery
that amino acid and peptidyl boronic acids and esters, in general, are potent and
highly selective proteasome inhibitors and can be employed to inhibit proteasome
function. Inhibition of proteasome function has a number of practical therapeutic
and prophylactic applications.

20 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 presént invention finds practical utility in inhibiting
(reducing or preventing) the accelerated breakdown of muscle proteins that

25 accompanies various physiological and pathological states and is responsible to
a large extent for the loss of muscle mass (atrophy) that follows nerve injury,

fasting,. fever. acidosis, and certain endocrinopathies.




function. Inhibition of proteasone function has a nunber of pract?c”%}IJGUSTZO06
t herapeutic and prophylactic applications. 20 in a second enbodi nent, the
present invention provides a nethod for reducing the rate of nuscle
protein degradation in a, cell conprising contacting said cell with a
prot easone inhibitor having formula (Ib) or ¢3b) as defined below This
aspect of the present invention finds practical utility in inhibiting
(reducing or preventing) the accel erated breakdown of nuscle proteins that
25 acconpani es vari ous physi ol ogi cal anddgatholo ical ,states,and is
responsible to a |argelext third éroboditngnt.obe RseseRtI RVERtiaR PLOYIGES B gRSHI] ek
follows nerve injury, fasting. fever. acidogi - Celdn® the cell with
endocr i nopat hi es. TedneinRdhe 26/HgY QéﬁF H‘@"ﬂ ﬁicr%g%gﬁ%glglln%e%ﬁdc? RE ‘Pr esent 2

i nvention provides d: £.6eor F @FOME | foembRC(185 lor (Rb), asf sehliforB below. CEid
conpri sing cont actP%é%hgj%cg{h lf/(\)/irt h a proteasone inhibitor of the forma
(Ib) or (2b), as Sqinikiedrs erstbyed inThe practiceiof dhe PEasPRlOYWENHON @Ffe CRRARI Ploe
of the present invention are capable Qf 5 preventi this.acti ' Jhus,
bl ocki ng NF- KB act preventing thi® aetavasPas “55810516‘9%3‘2% gaﬁ‘%‘gr‘% z&é?‘t"%‘?"ghé?‘} %
application in various areas_of di G s Htion in Vhiiaid Bleb® Bf nSRIEHS c.g.,
Al DS, and the |ikePOSSRSHNg WP?M%%%icﬁgﬁ?ﬁlcgﬂgnﬁresent I nvent i on provigdes
a met hod of reduclM&ti%g@ps@i Alpgr agdttedikeof p53 protein in a cell
conpri sing adm nistering to the cell a proteasone inhibitor of the £
formula (I b) or (2b), a# =sf&urhoernbodisient: the preseni MVENERMH BERYIETH 2 methed 0

a(l b 3 oembodilepy. (he Ipreec § e
el | compr i ng cohduemErte sia of dearaatvn eP P DALk o PRl ARkt °
formula (10) or (2D 27 abibred:BillinkiBliBrof the forbhih Uy of (TH)l & skt Gortidbelown

S conten‘b@at ed as g rnportant practical application 15 in
treating cell proliferaghve fiihs eabedimesnt)cthe gyesean ¢rventior Prevides 8 mpgod for

psoriasis. [In a sixth enbodi ment, the present invention ;():r.ovi des rre&lhod
for inhibiting cyclin degradation in a cell comprising contacting said cells with a

proteasome inhibitor of the formula (1b) or (2b), as set forth below. Inhibiting

cyclin degradation is contemplated as possessing important practical application
15 in treating cell proliferative diseases, such as cancer, restenosis and psoriasis.

In a sixth embodiment, the present invention provides a method for
inhibiting the growth of a cancer cell, comprising contacting said cell with 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



inhibiting the growh of a cancer cell, conprising contacting sai 4 ANGUST 2006
wth a proteasone inhibitor of the fornula (I a) or (2a), as set forth
below. In a seventh enbodi nent, the present invention provides a nethod for
20 inhibiting antigen presentation in a cell gorrpri sing adm nistering to
the cell a proteasone inhibitor of the formifa (I b) or (2b), as set forth
below. In an eighth enbodi nent, the present invention provides a nethod for
i nhi biting inducible NF-xB dependent cell adhesion in an animal conprising
adm nistering to said anj nal I of easo i i hj : ' or
(2b), 25 as set f&ﬂt)r?’@)(f\%‘.’%?ﬁsef it lﬁﬁéhné;g{&lg%r%ﬁ{g&ﬁfl %egﬁag{rzgggﬂlthﬂ#\d\;gﬁﬂ on
provi des a net hod faﬂiégenk'i‘x%%{i'é?&ﬁ!p\édémlai siall o MHO-1afolenilenin aanimals amdy
adm ni stering to sal d ani nal proteasome inhibitor of the formula (I b

or (2b), as set fomfdhbref@eusdfal far treating awdinaynsdiscases ang PERVSRKNG FRASHER 6

provi des an approach for 30 inhibiting cytolytic i ne responses. The
pr ot easomne i nhi bi td@@lgﬁtlﬁsb?%ﬁv@af%@é?yeédﬁéms-oég?&b) or (2b) can be
used to inhibit the processi i [MpP=) 'hgee‘q $e8t invétionProvidésPharmdteutians
into anti ggni C pepti descif’ﬁ‘%ffgg?n%dpggﬁl—ic-f" nol gcul es i nn(ayn anisrggall , and are

therefore useful f%m?&ﬁﬁbhﬁﬂhaﬁwr@bmmxﬁmdaeéﬁmw (rBEb), (28) of B én amon
of foreign tissues, such as transplanted organs or grafts. 5 In an

el event h enbodi mentamdune ¢ffastizat to ripkibit| @FP‘E?SGWCdé%“‘gWQr R R Peggal, and a
conpositions that conprise conmpounds, ,of fornul a), (I b), (2a) or (2b)
in an amount effe@ﬁlﬁv’éa"FB“‘Faglﬁia&f’?"‘ﬁ‘?'Sf@%ﬁ%ﬁ‘édﬁﬁénnéti on in a manmmal, and a
phar maceutically acceptable carrier or diluent. Brief Description of the
Figures 10 Figure 1. Three day cunul ative urinary 3-methyl histidine.

Figure 2. NF-xB binding activityBrffiDescRiptionidfitheoRigyress 273.

10 | Figure 1. Three day cumulative urinary 3-methylhistidine.
Figure 2. NF—xB binding activity.
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—N-+B1—X? CII-I—XZ-—CIiI-—B(Z1)(Zz)
|

R | R R? R3 (1a) -
A
ora 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;



Description of the Preferred Enbodi nents A first aspect of the préfg#FUST2006
i nvention is directed to novel subsets of 15 boronic acid and ester
conpounds having formula (1a) or (2a) bel ow. Novel = conpounds of forrmula (I

a) include the following: P-N--Bl-Xi--CH X2-CHB(Z1)(Z2) 1 I I | RR RS

- A or a pharmaceutically acceptable salt t hefeof, wherein 20 Pis

hydr ogen or an am no-group-protecting noiety as further defined herein; B

|, at each occurrence, is independently one of Nor CH 1 AUGST 2006 -7

X1, at each occurrence, _is independently .one of -C(O)- v GH2- - 7y L o
TGOy G- G O - X ceyeach bemienge lyipdepdentBanb gl OO S NH-

-S2- NH, -SO2- CH2- Eﬁ:l_—g CH OV] HybeH, WEn, B.CHSCN-,
then the X | att acﬁgglr(p S E;—YB% S - (I(\?I-}IBL SLQ(I;@?S one’ of - C(O - NH,

SR onti o o sty i rolas
- - CH2- -NH; I's hydrogen or al kyl, or R far 0 er with the
adj acent R, or whemt whenB'ieNothengheX' aiadhed o sqid & 18 gg(éb]%ﬁé@nt R2, a

cat ur at od $1ng System hath i one1af oS RSO ¢ OONTGHON
SUbSt Ykt BY 91 glohasyol K6l Ay SOKEHAUCHOMMCISCIORNS Al koxy
al kyl, cycloal kyl, arylR ishy@rog@nwealkgl, e Rfatms wgetier withtheadigeenhB apuraerd
or aromatie 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
10 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,

15 alkaryl or heterocycle can be optionally substituted;

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
of any of said aryl, aralkyl, alkaryl or heterocycle can be optionally substitgted;

R’ is one of hydrogen, alkyl, cycloalkyl, aryl, a 5-10 membered saturated,

20 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;
.RS, in each instance, is one of aryl, aralkyl, alkaryl, cycloalkyl, 2 5-10
mémbered 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



heterocycl e or -CH2-R5, where the ring portion of any of said aryl AUGUST 2006
aral kyl, 15 al karyl or heterocycle can be optionally substituted; R2 is

one of hydrogen, alkyl, cycloal kyl, aryl, a 5-10 nenbered sat urated,

partially unsaturated or aromatic heterocyctg_or -CH2-R5, where the ring
portion of any of said aryl, aral kyl, alkaryl or heterocycle can be
optionally substituted; R is one of hydrogen, alkyl, cycloalkyl, aryl, a
5-10 nenbered saturated, 20 partially unsaturated or aromatic heterocycle

or -CH2-R5, where the ring portion of any of said aryl, aralkyl, alkaryl

or heterocycle can be d%f%%ﬂap¥g'substituted; R, in each instance, is one

of aryl, aralkyl, alkaryh.r el Gbkitlacidand-esttOderfvativesioriade sompeunds daving
partially unsaturated or aromatic heterocycle or -W

R6 |, \A@gre.W's Qa:
chal cogen and Wi %S@ngb;nixvmaﬁ@siﬁbe:hainndfméf#F?@ﬁowdszmyeb‘?e Pa"%ﬁt?ﬁ" 5
aral kyl, al karyl or heterocycle can be o&gi o] _I)%?H? Ituted; Z' and Z2
are independently one of al kyl, hy¥roly2aTkoxy, i/l oxy, or together
Z1 and Z2 forma noiety derived fromg di hydngxy conpound having at | eagh)
two hydroxy groups separated by at |east two connecting atons in a chain

or ring, said chai aﬁ{,g&uﬁm@rdcsémgbleaahmmem, and optionally, a
het er oat o'}] 30 or aﬁg%roatom which can be N S, or 0; and 1 AUGUST 2006
-8 Ais 0, 1, or 2Avhdreiner novel boronic acid and ester derivatives include

conpounds having a single am ' |sde~Chajsnnyl e RROynd awRerehe

following fornula: Y- I\§)KS 9@9—9‘3%2??@%?5% 1§?3 Ia-}li RN(HZa @3% and ©OF2

pharmeceutical Iy aeceptabl & split SrbineiReeyl, #BRYE dny of which can be optionally
substituted, or when Y is R%~C(O)- or R*-SO,~, then R° can also be an optionally

10 substituted 5-10 membered, saturated, partially unsaturated or aromatic

heterocycle;
X3 is a covalent bond or —-C(O)-CHy—;
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;
R®, 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,
aralkyl, alkaryl or heterocycle can be optionally substituted; and
20 7' and Z? are independently alkyl, hydroxy, alkoxy, aleoxy, 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 rmg comprising carbon atoms, and optionally, a heteroatom or heteroatoms

which can be N, S, or O;
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:



Y is one of RB-C(O) -, R8-S2-, R8-NH-C(O- or R8-O-C(O-, where kAIiIQU(§rTe2006
of alkyl, aryl, alkaryl, aral kyl, any of which can be optionally
substituted, or when Y is R C(O- or WS02-, then Wcan al so be an
optionally 10 substituted 5-10 nmenbered, saturated, partially unsaturated
or aromatic heterocycle; Xl is a coval ent bdnd or -C(O-CH2-; Rl is one of
hydr ogen, al kyl, cycloal kyl, aryl, a 5-10 nenbered saturated, partially
unsaturated or aronmatic heterocycle or -CH2-R5, where the ring portion 15
of any of said aryl, aral kyl, alkaryl or heterocycle can be optionally
substituted; RI, in each instance, ip—ogH, eiCH+yC—aralkyl, alkaryl,

cycl oal kyl, a 5 10 nmenbered saturated, part|ialll unsaturated or aromatic¢
heterocycle or -WR6, where Wis a chal cog®Rt an® Wis al kyl, where the(3a)
ring portion of any of said ar

, | kyl h t b
optional |y substitutedp iande Qﬁﬁbc@ahrja&g dza?ﬁk%@iﬁ i ﬁ‘@ﬁ_,can ©

hydroxy, al koxy, aryl oxy, or t t.her ?Wh‘f&p Jnr e oMoy oxy
conpound having at |east 't &% # E l’g;rlgérg‘s sep rat eg by at ] eastﬂtowo(rl’r

connecting at oms %'\?sﬁtﬁgé'd? Wher! ¥1¢ R’S@(@}-th-so% R7 bgn alsoyiei i oygionalion
atons, and optiona a heteroatom or heteroatons which can_be N, S,  or

0; 25 proyi ded thembsmﬁad Y5i16 Rentfeyd , saRgated, cpareally hapsapRasg| or LERBSHc or
C, - C3 alkyl. A ternatlvel y, the group Y in fornula (2a) above, can be: |
AUGUST 2006 -9 Phegrocgrie cand | | (3a) R 0 Pis one of RT-C(O-, R7-S02-,

(?f?-\ll\l\}n_ii- g]oz:;ino[)eRZ)ptOi gﬁ] |1§,d%neicisab80§a§)for%xlﬁ{ﬁla Byl . alkaryl, aralkyl, any

Pharmaceutical compositions that comprise compounds of formula (1a)
or (2a) in an amount effective to inhibit proteasome function in 2 mammal, and

10 . a pharmaceutically acceptable carrier or diluent are within the scope of the
present invention.

A second aspect of the present invention lies in the discovery that boronic
acid and ester derivatives of amino acids and peptides, in general, as well as
isosteric variations thereof, inhibit proteasome function. Thus, the present

15 invention also relates to the use of proteasome inhibitors having formula (1b) or
(2b) for reducing the rate of proteasome dependent intraceliular protein
breakdown, such as reducing the rate of muscle protein degradation, reducing the
rate of degradation of p53 protein, and inhibiting cyclin degradation, and for
inhibiting the activity of NF-xB in a cell.

20 Finally, the present invention relates to the use of proteasome inhibitors
having fofmula (1b) or (2b) for treating specific conditions in animals that are
mediated or exacerbated, directly or indirectly, by proteasome 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, psoriasis and restenosis; and
accelerated muscle protein breakdown that accompanies various physiological

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



substituted, or when Y is R7/-C(O- or R7-S2-, R can also be an bﬁquﬁlﬂp%
5 substituted 5-10 nenbered saturated, partially unsaturated or aronmatic

het erocycle; and Rl is defined above as for formula (I a). Pharmaceuti cal
conpositions that conprise conpounds of forldla (I a) or (2a) in an anount
effective to inhibit proteasonme function in a mammal, and 10 a

phar maceutically acceptable carrier or diluent are wthin the scope of the
present invention. A second aspect of the present, inyention |jes,t

di scovery that boroni g o8y knanfbliesisererde VR i?%sgggofcvg}n%dogif‘r %gd rg_% i
peptides, in gené?ﬁ ,,as"well as isosteric variations thereof, inhibit

prot easone functidQocritidithiesie present 15 invention also relates to the use

of proteasone inhibitors havi ggﬁg{%gﬂg:ﬁféﬁn@g(m_mdﬁdﬁ: for reducing the

rate of proteasome depBraieasem ul'ar protein breakdown, such as
reducing the rate of mnuscle protein degradation reduc;% 1;)%?]2) rate of
degradati on of p53 proteigse teti-bM ld'y'cﬂzl’i—(fé'b'r t'én,’ and for
inhibiting the activity of NF-}KBlin a dell |1220 Fi neﬁﬂ,y, t he present (1b)
invention relates to the use oROIRYBteasdme Rihi bitors havi ng formula (I Db)
or (2b) for treating specific condition A" animals that are nediated or

exacerbated, directly or indirectl piipthesdgne functions. These
condi tions i ncl uder a phArZRAPEY y@8fvﬁe(ﬂ‘%{%ns, such as tissue rejection, organ

rejection. arthritis, .infection, dermatoses, inflamuatory bowel disease,
asthma, 25 osteop&}ﬁé‘?lg, osteoarthritis and autoimnéﬁfgiéﬁase such as
| upus and nultiple sclprpgiydrogesldr apramm-éf%{PrW GHe ases;’ such as cancer,

psoriasis and restenosis; and accelerat .e protein breakdown t hat
acconpani es vari ous phﬁﬁ‘@@éﬁmden%ﬂn%gmgr%’cal states and is

responsible to a large cxtent! Qi niepinammyone of AR 2008 M
0} rve I njur

mass (atrophy) that fol y, fastin fevefy: aghdosi syl
certain 10 : _CH(OH)-CHr-, _CH(OH)—CH(OH)—, -%H(Omﬂlaﬁw’ €H

_C(O)-CHy-, -SO~NH-, ~SO,~CHy-or —CH(OH)-CH,~C(O)-NH-, provided
that when B! is N, then X! is -C(O)}-NH,
% is one of ~C(O}-NH-, —CH(OH)-CH:, —CH(OH)-CH(OH)-,
_C(O)-CHy-, -S0,~NH-, -SO~CHy-or —CH(OH)—CHZ—C(O)—I\.IH—; ”
R0 is hydrogen or alkyl, or R'® forms together with the adjacent R. ,. or
R'", a nitrogen-containing

15 .
A" is zero, forms together with the adjacent

saturated or partially saturated ring system having 4-14

that can be optionally substituted by one or two of keto, hydroxy,

when
mono-, bi- or tri-cyclic,
ring members,

alkyl, aryl, aralkyl, alkoxy or aryloxy;

. . drogen, alkyl,
20 R!!, at each occurrence, 1S independently one of hydrog ky

cyclealkyl, aryl, a 5-10 membered saturated, partially unsaturated or aromatic

heterocycle or —CH,-R", where the ring portion of any of said aryl, aralkyl,

' ionally substituted;
 or heterocycle can be option
e f hydrogen, alkyl, cycloalkyl,

R'? and R" are each independently one 0
unsaturated or aromatic heterocycle or

jally
5-10 membered saturated, part
- o f said aryl, aralkyl, alkaryl or

—CH,~R"¥, where the ring portion of any o

heterocycle can be optionally substituted,




endocrinopat hi es. Proteasone inhibitors of formula (I b) incl ude:lﬁI&HSTm%
B'-X'" CH X12-CH-B(Z")(zi2) I I 113 (Ib) KOR Rz KIIIl t. Al0 5 or a
pharmaceutically acceptable salt thereof; wherein P10 is hydrogen or an

am no-group-protecting noiety, B is independgntly one of N or CH X at

each occurrence, is independently one of -C(O-NH, -CH2-NH, 10

-CH(OH) -CH2-, _CH(OH)-CH(OH) -, -CH(OH)-CHr-NH+, -CH-CH, -C(O-CH, -,
-S@2-NH, -SQ2-CHr- or -CH(OH)-CH2-C(O) -NH, provided that when B" is N,

then X' is -Q(Q-NH_XI12 is Qﬁfbr@k"‘x@(a@l Mty £TkKrH)oyEdatky], a'5-10 membered
SCH(OH)-CH(OH) -, -C(O)-CH2-, -S2-NH-,” - SCR- "G or - CH OF) - GH- C( O) - N -
15 R" is hydrogen O al kyl (satuﬂltddfpmllyog@&aﬁé'ﬁt% Ph aTRBAalE] belereeyqty, or

or when Al is zero, f or s to et her acent R12,
ni trogen- contai ning mono-, al&?g? ‘mk@lg'cwpﬁreatgjﬁtrlﬂgaf’%‘am& fg%r}yt oL s3ig aryl,
saturated ring system having aéa.l#gl alfl]chﬁg opgg@%c?detdaatbe%ﬁogglpmasgﬁ@gdl

substituted by one or two of r oxy, aryl, aral kyl, al koxy

or aryloxys 20 R', at egshaficriusre endamwﬂ%dndem'l ulkong, aofldxydordtiéand
al kyl, cycl eal kyI aryl, a 5-10 nenbered saturated, partiall unsaturat ed

or aromatic heter Zé’ytogaho:rfonﬁlaznm&’ dWﬂé’Qfﬁé difyds ’@bF‘E"PBﬂ hayigg 1l °§h|
and R are eash | nBupBRHERY B BRSTERTD Ae: O oePReing RS 4 ity e
a 5-10 menbered safunahe; oPAhL c@HprsH@S@JrHé@E%s(?ﬁn@rd?)ﬁthlqiy ehaEas or or
heteroatoms which can be N, S. or O; and
10 A%is0,1,0r2 |
Proteasome inhibitors of formula (2b) include:
Y10 —N—X"—CcH—B@")(2"2)
I!i K (2b)
or pharmaceutically acceptable salts thereof;
wherein
15 Y is one of R®~C(O)~, R&~S0,-, R®-NH-C(O)- or R*~O~C(0O)-, where
R® is one of alkyl, aryl, alkaryl, aralkyl, any of which can be optionally
substituted, or when Y is R%-~C(O)— or R®~SO,—, 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)}-CHy—; |
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
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
25 | membered saturated, partially unsaturated or aromatic heterocycle or -W-RS,
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
7" and Z'? are independently alkyl, hydroxy, alkoxy, aryloxy. or together

form a moiety derived from a dihydroxy compound having at least two hydroxy



-CH2-R', where the ring portion of any of said aryl, aral kyl, al k&,AWGBJ,STZO%
het erocycl e can be optionally substituted, 1 AUGUST 2006 where k" is aryl,
aral kyl, al karyl, cycl oal kyl, a 5-10 nenbered saturated, partially
unsaturated or aromatic heterocycle, or -chalcogen-alkyl, where the ring
portion of any of said aryl, aralkyl, al karxlp'or het er ocycl e can be
optionally substituted; 5 Z11 and Z12 are independently al kyl, hydroxy,

al koxy, aryloxy, or Z11 and Z" together forma noiety derived froma

di hydroxy conpound having at |east. two hydrox § raf . : .
| east two connect i grpups s8parater BY ahigest tHp cgﬁeﬁflxgggoﬁgpglh%‘%ﬁﬁ%?} ﬁ?%i%x idhain

conprising carbon atans, and .opti | el fionall A Réterod®Ine bPRétervatomy ch
can be N, S. or 0: °4A§8 feMRMS Cﬁf%%dt%l?s’Z Proétieasofre i nhibitors of fornula

(2b) include: VI Dmgﬁgagbgﬁ,@,z)lr@_(m 2) 1113 HR (2b) or
abl

phar maceutical ly accept e salts thereof, wherein_ 15 ch s one of

R C(O -, R8-SR-, RS- NHANeH)atively, Be-ghoup ¥)in foppalad2blganite: gne of al kyl ,
aryl, alkaryl, aral kyl, any of which can be optionally substituted, or
when Y is R-C(O- or R8-SM2-, then Rp-eaQHat-OH-beCan Optionally
substituted 5-10 menbered, saturated, partiallly uhsaturated or aromatic (3a)
heterocycle; 20 X13 is a coval ent bond or -CRY)-®R-: R' is one of

)
insatirated of aromat i o Peeks EPHERr RahRit N R 2Rk o of
any of sa Lg; aryl, aral k.. al Kar ik OLr1EfIRA9E ARy IS @ty BE WA @ndeloptionally
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
10 - heterocycle; and
R! is as defined for formula (1a) above.
Preferred embodiments of the aforementioned methods of use employ
compounds of formula (1a) and formula (2a) as defined above.
Pharmaceutical compositions comprising an effective amount of the
15 proteasome inhibitors of formula (2a) or (2b), in combination with any
conventional pharmaceutically acceptable carrier or diluent, are included in the
present invention.
The term "amino-group-protecting moiety," as used herein, refers to
terminal amino protecting groups that are typically employed in organic
20 synthesis, especially peptide synthesis. Any of the known categories of
protecting groups can be employed, including acyl protecting groups, such as
acetyl, and benzoyl; aromatic urethane protecting groups, such as
benzyloxycarbonyl; and aliphatic urethane protecting groups, such as tert-

butoxycarbonyl. See, for example, The Peptides, Gross and Mienhoffer, eds.,

25 Academic Press. New York (1981), Vol. 3, pp. 3-88; and Green, T.W. & Wuts,
P.G.M.. Protective Groups in Organic Synthesis, 2nd edition, John Wiley and
Sons, Inc., New York (1991). Preferred protecting groups include aryl-, aralkyl-,

heteroaryl- and heteroarylalkyl- carbonyl and sulfony! moieties.



R', in each instance, is one of aryl, aral kyl, alkaryl, cycl oal kyF,A[éGy-sileO%
25 menbered saturated, partially unsaturated or aromatic heterocycle or
-WR16, where Wis a chalcogen and R' is al kyl, where the ring portion of
any of said aryl, aralkyl. alkaryl or heterocycle can be optionally
substituted; and Z" and Z' are independently-l&-kyl, hydroxy, alkoxy,

aryl oxy. or together forma noiety derived froma di hydroxy conpound

having at |east two hydroxy 1 AUGUST 2006 -12 groups separated by at | east

two connecting atoms in a chain or ring, said cga,i,n_ or ,rj %%Hc'orrg)ri i ng
carbon atons, and opti oded usgd hereine thertemm GheteToCK Pewdaﬁsﬂ%d‘ Faha egé“?\l,
S, or 0. Alternatiyely, .the group Y indformyl 1 < p -
111 K 0 (3a) P Vs méimbergd ‘%9‘32%@? O0R7- E%EH“?'F?%% g%%fl?‘? %"r‘e’%‘:f)"c‘}%& -’?SCR
is one of alkyl, a - turdié n@fted OdndWhich censistd cafionaitehs snd
substituted, or m%alty?éslh%}i%(@-@gfﬁga- SO -, Rl clan caI si) be an optionally

substituted 5-10 ngwhel a4 heteroaainesiindppertdently selestechfraomathe gra)p consisieg ef Nio

heterocycle; and Rl is as defined for formu | a) above. Preferred.,.
enbodi ment§ of t he QulnsrSvhersin thechiFeesiod %‘k‘%{éﬁef@%‘ﬁwa“ 88%%%@%&’§ OFjdized,

formia (1 a) and tornyl o {220 8048l YaSiafhiies SRERIRISY kS Blcylc groupin

conposi tions conpr I've” anount of the 15 prote€asone
i nhi bitors of for myacH R8)ofMe dod02-defifledipidronrllic ingsstfaseny a benzene ring.ofiad

pharmaceutically acceptable carrier or diluent, are included in the

present inventi on. heterocyclic ring can be attached to its pendant group at any heteroatom or carbon
atom that results in a stable formula. The heterocyclic rings described herein can
10 "be substituted on carbon or on a nitrogen atom if the resuiting compound 1s
stable. Examples of such heterocycles include, but are not limited to, pyridyl,
pyrimidinyl, furanyl, thienyl, pyrmolyl, pyrazolyl, imidazolyl, tetrazolyl,
benzofuranyl, benzothiophenyl, indolyl, indolenyl, quinolinyl, isoquinolinyl,
benzimidazolyl, piperidinyl, pyrrolidinyl, 2-pyrrolidonyl,  pyrolinyl,
15 tetrahydrofuranyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl,
decahydroquinolinyl  or octahydroisoquinolinyl, azocinyl, triazinyl,
6H-1,2.5-thiadiaziny!, 2H,6H-1,5,2-dithiazinyl, thiophene(yl), thianthrenyl,
furanyl, pyranyl, isobenzofuranyl, chromenyl, xanthenyl, phenoxathiinyl,
2H-pyrrolyl, pyrrole, imidazolyl, pyrazolyl, isothiazolyl, isoxazolyl, pyridinyl,
20 pyrazinyl, pyrimidinyl, pyridazinyl, indolizinyl, isoindolyl, 3H-indolyl, indolyl,
1 H-indazolyl, purinyl, 4H-quinolizinyl, isoquinolinyl, quinolinyl, phthalazinyl,
naphthyridinyl, quinoxalinyl, quinazolinyl, cinnolinyl, pteridinyl, 4aH-carbazolyl,
carbazolyl, B-carbolinyl, phenanthridinyl. acridiny!, phenanthrolinyl, phenazinyl,
phenothiazinyl, furazanyl, phenoxazinyl, isochromanyl, chromanyl, pyrrolidinyl,
25 imidazolidinyl, imidazolinyl, pyrazolidinyl, pyrazolinyl, piperazinyl, indolinyl,
isoindoliny!, quinuclidinyl, morpholinyl or oxazolidinyl. Also included are fused

ring and spiro compounds containing, for example, the above heterocycles.
The term "substituted”, 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



The term "am no-group-protecting noiety," as used herein, refers !@1"3UST2006
termnal am no protecting groups that are typically enployed in organic 20
synthesis, especially peptide synthesis. Any of the known categories of
protecting groups can be enpl oyed, |nclud|n% acyl protecting groups, such

as acetyl, and benzoyl; aromatic urethane protecting groups, such as

benzyl oxycarbonyl; and aliphatic urethane protecting groups, such as tert-

but oxycar bonyl . See, for exanple, The Peptides Gross and M enhoffer, eds.,

25 Academ c Press, w .Yor K ol 8ER:0 Tth\éﬁ g3
Wits, P.G M. Pr&e¥iipe Eiag[l?p%‘mi’# ga\g\vlh?n gts"fégt lsglra\%ogﬁl £i on) John

Wley and Sons, lhﬂﬁ{agef}?!&%ﬁEgtéwﬁﬁhOfREEf'rﬁﬁétgdr@l‘emaeedI ng groups include
roar

aryl -, aral kyl - and heteroaryl al kyl - carbonyl and sul fon
moi eties. 1 AUGUST 20068y ﬁaablsednﬂpeund"rpr "siable formulen s meaﬁs)af@n 2 COMPRYRh ded

t table 5- to 7- nber ed | I
et or ocyel | o ot ctiasés suFiseny SRR NG 5plran b whriul SpFET Py BobE | €
consi st of carbon atans a.ng_‘Er %ﬁg@@&ﬁgﬂéhﬁﬁ&ﬁamugmdﬁ@Mhy sel ected

fromthe group con€? é‘f’f‘ﬁ‘é’x wherein the nitrogen and sul fur

het er oat ons can opt i onafyeteks "Ketérdhmiths em;j’pwedlhemgeefcnﬁa@ ETPE bamng Y tpkA
quat erni zed, and including any bicyclic group.in i ch any, of t.h b
above- def i ned het eingayarhs;®, 19 ngb4 relectrgeshagrdin pey P ﬁ%d °°ﬁllaémng carbon

het erocyclic ring can be_ at ed to ils OerdCixamaRt em or
carbon atom t hat &@Eﬁﬁ%? 05 SF e \t‘" ng‘ﬂbﬁg{eﬁéél?aetraglg?cxfc % ngs

descri bed herein ga e tigait 1, CayeRas[bithienhl, a ma hlrhob'bhbaihmnyl;f
(SR oeRi et oo, ot

the resulting co Exarrp es of such heterocycl es | ncl ude,

but are n@t |imtQqgiahthrem)/ i fliyy], ppanylyi tiobgnzofuranylny benzoppzalyh | chremenyly|
pyrazolyl, imdazolyl, tetrazol

i ndol yl, indol enylxanqnnyiophmpca%pgyquﬁpﬁzygoﬁm p rroégﬁﬁﬂﬁg%@;g@fﬂwyl "pyridyl,
oD by i ot e oA SR, LR Wlndp, 37 oo, ol
decahydr oqui nol i nyhd%l)qct ﬁm,gylol 5};%,;@;21,@ ) ISWIUW quinalylzi plythalazmyl
naphthyridinyl, quinazolinyl, cinnolinyl, pteridinyl, 4aH-carbazolyl, carbazolyl,
15 B-carbolinyl, phenanthridinyl, acridinyl, perimidinyl, phenanthrolinyl,
phenazinyl, isothiazolyl, phenothiazinyl, isoxazolyl, furazanyl and phenoxazinyl

groups).

The terms "substituted heteroaryl” or "optionally substituted heteroaryl,"
used in reference to R!, refer to heteroaryl groups, as defined above, having‘ one

20 or more substituents selected from halogen, C, alkyl, C,, alkoxy, carboxy,
amino, C, alkylgmino and/or di(C,.¢)alkylamino.

The term "aryl" as employed herein by itself or as part of another group
refersto monocyclic or bicyclic aromatic groups containing from 6 to 12 carbons
in the ring portion, preferably 6-10 carbons in the ring portion, such as phenyl,

25 naphthyl or tetrahydronaphthyl.

The term "substituted aryl"-as employed herein includes aryl groups, as
defined above, that include one or two substituents on either the phenyl or
naphthyl group selected from C, alkyl, C;gcycloalkyl, Cy4 alkyl(C, g)cycloalkyl,
C,, alkenyl, C,, alkynyl, cyano, amino, C,, alkylamino, di(C, ¢)alkylamino,

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



6H 1,2, 5-t hi adi azi nyl, 2H, 6H 1,5, 2-di thi azinyl, thiophene(yl), 1AUGUST2006
thianthrenyl, furanyl, pyranyl, isobenzofuranyl, chronenyl, xanthenyl,
phenoxat hiinyl, 2H pyrrolyl, pyrrole, imdazolyl, pyrazolyl, isothiazolyl,

i soxazolyl, pyridinyl, 20 pyrazinyl, pyrimdisnyl, pyridazinyl, indolizinyl,

i soi ndolyl, 3Hindolyl, indolyl, 1Hindazolyl, purinyl, 4H quinolizinyl,

i soqui nol i nyl, quinolinyl, phthalazinyl, naphthyndinyl, quinoxalinyl,

qgui nazolinyl, cinnolinyl, pteridinyl, 4aH carbazolyl, car E:Sarzol1 o C
(err)-carbolinyl, g&enan ri k8w, Cag el (G ) alkxyn AidapeYsi fry+ 2 %ﬂg}\%zl Wae
phenot hi azi nyl , f& ' '

Eﬁ?ryl e phenoXazi nyl ,_ i sochromanyl... chro | and/or
pyrrolidinyl, 25 idgxwmyl,@,gmmqlsmoaah&ho@ﬂl; Copiiy oy Cho 1%{1/%):20' i nyl |
pi perazinyl, indolinyl, ‘isdindolinyl, quinuclidinyl, norpholinyl or
oxazolidinyl. A sccfj,m'ylsdgqn)dre fused ring and spiro conpounds contai n(iing,
for exanple, the above ﬂgteroqm&%@%&%ﬁ,ﬁ&hﬁchﬁiﬂhﬁbs both gtraighkandsranche
herein, neans that one o %BPe drogens ~ of the designated 'xﬁ&t?‘n ALyl
replaced with a sel g@txja&%al%?ﬁiﬂ@ﬂ wﬁbmpgﬂcrglpludpgcar Sp,SBQ}'} e Bt Xd

atoni s nofnal vale“‘ﬁ’ i'S exceeded. and that the s ty] Is AHEMSIT 42006
-14 results in a si@ e isoprapylirishity MrBHT, @ﬁWﬁtpﬁgﬁ?’ llwg%é%he*%i’ e_,T:g'0 _

then 2 hydrogens ‘attached to a om 0 |, oM lc',iﬁecw,amdgcxdcﬁnd@pdecy.’
"stabl e conpound" dimethyipantd. ?qugha%ﬂh@g%@here?n a compou

that is
sufficiently robust to iﬁr¥i Ve SRinatd iRy I" s @mpbafed herrin nckidgs 2 ¥ 85YP§ Hom
a 5 reaction nmixture and*tPmiration into an effic iou%s{i&gﬁép%ﬁt(jng C,
agent. The term" hg%tﬁe%agw“}'e st cmqvieogmrd ey 6F rhregs B 559 Gups havi ng'™s
, 10

to 14 ring atons; or 14 7c el ect S I [ i peyvisadlyl, @ngd
(r:]ont ai ni ng c?\r,ﬁon al&tyt(mil‘@ﬁdl, Paloﬁ%m)@ia%@éﬁ’%ﬁ. rl’ogbaal?&stffﬁl

et er oat ons ere exanpl es te yesy.are: thienyl,
benzo[ b] t hi enyl , na}kml}’ll@FZ;%}gﬁﬁ‘xlhﬁ%ﬁwg?%%/ogﬁ?aﬁfyhrenyI  f

ur vl r [:
i sobenzof I b | r grel iReeE R ?@91’10
Spbenzofuranyl benzoxagg ki SYCRARGI! as employmh}eie LAY

dazol yI, pyrazolyl ridyl k34 84tbons, which
pyrimidinyl, pyri dagisshrboh pesipsontgining 3 1 eArbons, grefrably B ip B okbons, W 1
obutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,

include cyclopropyl, cyel | .
ododecyl, any of which groups can be substituted with

substituents such as halogen, C,. alkyl, alkoxy and/or hydroxy group.
The term "aralkyl" or "arylalkyl" as used herein by itself or as part of

15 cyclodecyl and cycl

another group refers o C,calkyl groups as discussed above having an aryl

substituent, such as benzyl.

20 The term "halogen” or "halo" as used herein by itself or as part of another

. . . . : in
group refers to chlorine, bromine, fluorine or iodine with chlorine being

preferred.
For medicinal use,

salts, those salts in which the anion does not contribute s1
o are preferred. Basic salts are

and Z? are both OH) of the

the pharmaceutically acceptable acid and base addition
gnificantly to toxicity

25 or pharmacological activity of the organic cation,

formed by mixing 2 solution of a boronic acid ' '
present invention with a solution ofa phannaceutically acceptable non-toxic b‘ase,
such as, sodium hydroxide, potassium hydroxide, sodium bicarb'onat'e, so.dxum
onate, Or an amino compound, such as choline hydroxide, Tris, bis-Tris, N-

soluble salts are preferable. Thus, suitable

carb

30 methylglucamine or arginine. Water-



i ndazol yl,

napht hyri di nyl ,
car bazol yl
phenant hrol i nyl,

purinyl, 4H quinolizinyl, isoquinolyl, quinolyl, pht haié}?ﬁﬁs,‘“zo“
qui nazolinyl, cinnolinyl, pteridinyl, 4aH carbazoly~,
15 (err)-carbolinyl, phenanthridinyl, acridinyl, perimdinyl,

phenazi nyl, i sothiazol ylsiéphenot hi azi nyl, isoxazolyl,

furazanyl and phenoxazi nyl groups). The terns "substituted heteroaryl”
“optionally substituted heteroaryl, used in reference to RI, refer to
het er oar yl

sel ected from hal
al kyl am no and/ o

itself or as partsapé (rasgteksiam, grlsinm e

def d ab h 20
2@8;%; CiealforbetaDAals (s0dHuRy POBSTHB LY, L el
al k

yl am no. The term afs 6 @uﬁded\ealéyn by
mm%%%(%gfgl i C ofrmt)l cyclic

aromati c groups cont al ning from 8ﬁ ?, GATRSREm, i mri¢thplamine medthylgmine,
g portion,

preferably 6-10 cmctmagle| RARIRES |
or tetrahydronap
I ncl udes aryl
substltu nts on ey
al kyl, 8 cycl oa
al kynyl , cyano,
dibenzylanino,
2006 -15 hal ogen,

al kyl thi o,

- EDagl
n?ﬂd}g maPhty)o‘g :z%gg%g, Gbatredejther by feactin

Rinihe)t mg}l;;{]mgs ks ﬁ@k&gae,hg@@%ﬁ%@y |

?A}B{eth é%'gﬁlgf’e??ned ove, tha

i.ncl uds ¢, 1{34Re, arginine
FE e,rdxtthmolamié}ﬁm‘ﬁ% db?%&‘p?hsﬁ P?mt ed” from gC 6
yl, Ci1-6al kyl (Cl\/&cycl oal kyl, C2-8 al kenyl, C2.8
Weho, di(d. 6) al kyl am no, 30 benz?{lbam no
S

g2k

oo B F(é'ﬂ'ﬁ#l% g]l'ap%l' (2 %&ﬁ&ﬁh%gﬁg"ﬁg&g&%ﬂy 8gjcf§tam

arylthio, ©6.10 af and/ or 15 QefaQirBravaldble "
as enpl oyed herei qhgdlgdlétQQSbjbanYloﬁﬁlﬁéﬁQﬁ éﬂﬁj{?ﬁan%ﬁﬂg m%h-@ghgl n radj cal s of

up to 12 carbons,

| sopropyhg butyl,
di met hyl pentyl,

dodecyl .
groups as

15

20

25

preferably 1-8 UC ﬁﬁ metdfydscﬁlétdﬂsﬁmc ag,d .,
btﬁk‘@\% penf : Bx

16 -alpy t rectitions hexy i sohexy]| ,
oct yl at erioragid, t@@é‘;‘ilac‘qa 6‘3@ o Tt
The ter mcvagk{%gh:?ﬁ{ Sg{&%mm e g ?}?{

as enpl Oyegycrfa%{lﬁ' a%ld Qﬁlaﬁg Pa&dadnlﬁythe

fumaric acid, isethionic acid, succinic acid

like; useful inorganic acids are hydrohalide acids such as HCI, HBr, HI; sulfuric

acid; phosphoric acid and the like. Preferred acids for forming acid addition salts

include HC1 and acetic acid.

The boronate esters of boronic acid co
d by reacting the acid groups of the

mpounds of the present invention

are also preferred. These esters are forme

boronic acid with a hydroxy compound. Preferred hydroxy compounds are
o

dihydroxy compounds especially pinacol, pcrﬂuoropmacol pinanediol, ethylene
1 I
glycol, diethylene glycol, 1 2-<':yclohexancdlol, 1,3-propanediol, 2,3-butanediol,

glycerol or dlct.hanolamme

 TheP moxety of the proteasome inhibitor of formula (12) is preferably one
of R’—C(O)— R’-SO,~, R™-NH-C(O)- or R’-O-C(O)-, and R’ is one of alkyl,
cyeloalkyl, aryl, aralkyl, heteroaryl or heteroarylalkyl, the nn7g portion o !
which can be optionally substltuted orif Y isR’-C(O)y-orR -SO,—, then R’ can

also be a saturated or partially unsaturated heterocycle.
R’-SO,-, and R is one of aryl,

f any of

More preferably, P is one of R™-C(O)-or

aralkyl, heteroaryl or heteroarylalkyl, any of which can be optionally substituted,
y

or a saturated or partially unsaturated heterocycle.



defined above that have one, two or three hal o substituents, or oﬁ§J8?U§T2006
10 al kyl (C6-10)aryl, hal o(C6-10)aryl, C3.8 cycloalkyl, C -6

al kyl (C3-8)cycl oal kyl, C2.8 al kenyl, C2.8 al kynyl, hydroxy and/or carboxy.
The term "cycl oal kyl" as enpl oyed herein includes saturated cyclic

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

whi ch include cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl,

cycl oheptyl, cyclooctyl, 15 cycl odecyl and cycl ododecyl, any of which

2 Koxy any or nar oxy. oVonsse R kil SgFdiay R GRLRRRH méncnls e
herein by itself Of}'P%‘Sl R c2bon %gfshﬁ{orgﬁ?éf&abﬂf EL4ScdrBorarcdd. KWkefdl C4lgs as
g S

di scussed above ha an ary substituent, such as benzyl. 20 The term

"hal ogen" or "hal ojjcarieUnetiyhestiyIn pkapyl.t }sayl‘ isoprapylpisobutyfl andotetrebutylgmatp
refers to chlorine, bromne, fluorine or iodine w th_Ech%?r_i n bet' 3@
preferred. For nediethydlbeingemoshpreferagdraddiditionallyy whers B 48| alkary} falky Wase

dditi Its, t I ' hch.t ' |
Sgni Ficarky o ¢ Batreppialkdsttg Atk Fbice B ARoOR a0 TRe(R0017 8RR bRk from | 1o
tion, ¢ . i LUt ;
cation, are pre er5gg?ggg?dnq%g_tﬂé]},%iﬁ%{grtgﬂgqohabyommnﬂg a solution of a

boronic acid (Z1 an are present invention with a
sol uti on of a phar maceuwWiwsd RYisarylepisgreferabiy arybof fomakte 10 earon aomssmeareum
hydr oxi de, potassi um hydroxi de, sodi um bi cgr l%?‘;l%ggé hsodi um carbonate

or
an amino conmpound, prefasablas whi) FHFEOR MATE | gietoaryl, orie Qr mpre of the

met hyl gl ucam ne or _aygi ni ne. - SOl ubl : f k SNOSN,
suitable | AUGUST %%g" atos 05\6/{?% gfolr%% ,(?g?d gﬁ{lb\s?rneg[a%g{?g oglglqz?s}ﬁ‘(msodigum0r

potassiume@tc.), agkahkasasd héterdatydimoiswdsirmay, ihdesiret Livg ring bubstimted. cUeful
ammoni um sal ts and salts “of pharmaceutically acceptabl e, am nes
(t et r amet hyl anmoni ring substivehtslingtudeconemsitwp| afydroxy. Bitice triflporamsthyl, halogen,

cycl opent ylam ne, ztijl}ecglz, %lll&r)rc]y?g)"an%t] Ez,eotarx%l, gg‘nzr)]ri capéog&raikgw,eamino, and guanidino.
Preferred substituents include halogen, C,salkyl, C,¢alkoxy, phenyl and benzyl.
Additionally, where R’ is alkaryl, aralkyl or heteroarylalkyl, the above statements

15 equally apply.
Useful R7 aryl and aralkyl groups include phenyl, 4-tolyl, benzyl,
phenethyl, naphthyl, and naphthylmethyl.
Preferred heteroaryl groups are quinolinyl, quinoxalinyl, pyridyl,
pyrazinyl, furanyl or pyrrolyl. Useful values of R’ heteroaryl include
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 cycloalkyl moieties include C,,, cycloalkyl. Useful values
include cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl 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



5 nonoet hanol ar ni ne, di et hanol am ne, tris(hydroxynethyl)am ne, Iyé#ﬂ@?UST2006
arginine and N-nethyl-Dglucamne). The acid addition salts are obtained
either by reaction of an organic base of fornula (I a) or (2a) with an
organic or inorganic acid, preferably by contact in solution, or by any of
the standard nethods detailed in the literat?fe available 10 to any
practitioner skilled in the art. Exanples of useful organic acids are
carboxylic acids such as naleic acid, acetic acid, tartaric acid, propionic

acid, fumaric acid, isethionic acid, succini | . 1,.G . agd: vl i
acid and the |ikea dipsBigs- $%Fﬁ%¥m?‘g‘e§c‘#d§ﬁ’%g aﬁ@%@%ﬁ%ﬁ?‘f%@%@f%@@ﬁ%‘ﬂ“‘é@
HCl, HBr, HI; sulfuric i o %Eﬂﬁ irfhitifor §s Afipeptice. [Where AHsQf eeristdbiesi ds
for formng acid atg‘ #’ﬁcgﬁ‘gé'ﬂfrf%w |§1£:%%e HCI aﬁ% acetic acid. The
boronate esters ofjshqe@speptidel Mosopreferably, Afisg¢re. present invention are

al so preferred.. These esters are forned by r ti t he 1 d.g ps. of .t he
boroni ¢ acid with a hydhoisyprefemsduthat ﬁgr%?@l“ﬁggpﬁy%wa é@aﬁﬁﬂnggygfeeeach

di hydr oxy conpounds,, especj all i P r opy 1. CPI edisole.. 9.

et hyl ene” 20 gl ycol‘Pdﬁﬁeé’af’&t}ye?fbey(gﬁ?'@gq%?h’lg'2‘%;3{){1’;/%"?)E%dgg%g%|’oP!(’W

1, 3-propanediol, 2,3 dz%aﬂﬁaiegheter&nr@wﬂa, o?-CH,eRAand Imore peefeiably ©, palkgt y
of the proteasone |n1;1| brtor of formula (I a) is prefer_abIY one , of

R7-C(O) -, R7-SCe- ,O,R_ZCHFHIU( @hereirr RR7RH-RY @)d R°zare artiopally, sgbsgitutgg. Jylore
cygdoal kyl, aryl, aral kyl, heteroaryl or heteroagrylal kyl:, t ring i on
of any of 25 whi chpreferatiyy, BptR’wdl R \are easdy pdeRen ?f}/‘br°’féf/°f\?'rs?h§%éc?'oj“?m8'tr"
WSQ2-, then R7 can, also he d; I'sbé-BltvY aHa $Buty] 2éred-CH,—R?,
het er ocycl e. More 'f}r‘ﬁﬁﬁ%@f yb%?ﬁ%&%@ bFB%xJ?t_?f&s%)_ igr R7- SO"!'I,1 and W1s one
of aryl, j@ral kyl,,Rekat:ogionk opeydiehlRyloary oahkptacyeley Rifis preferablyzameioé Ce.ro

optionally substituted, or a saturated O_partjally unsatu ed
hot er oaycl o 1 AUGHST. Copar(Ca kil o, RIKCop ek (s o (W loakgh o or allpys C 14
straight chained Oglkglﬁgcor;ead&%-if& or {0- membered heteroaryl group.
The ring portion of any of said aryl, aralkyl, alkaryl or 5-, 6-, 9- or 10-
membered heteroary groups of R', R, R? and R’ can be optionally substituted by
15 one or two substituents independently selected from the group consisting of C, ¢
alkyl, C, 4 cycloalkyl, C, alkyl(C, )cycloalkyl, C, , alkenyl, C,.s alkynyl, cyano,
amino, C, , alkylamino, di(C,.¢)alkylamino, benzylamino, dibenzylamino, nitro,
carboxy, carbo(C, ¢)alkoxy, trifluoromethyl, halogen, C, ¢ alkoxy, Cq o aryl, .CHO
aryl(C,¢)alkyl, Ce10 aryl(C,c)alkoxy, hydroxy, C,.¢ alkylthio, C, 4 alkylsulfinyl,
20 C, alkylsulfonyl, Cq o arylthio, Ce o arylsulfinyl, Cq arylsulfonyl, C ,, aryl,
C,alkyl(Cq o)aryl, and halo(Cq.0)aryl.
It is more preferred that at least one of R' and R? is isobutyl or
—C€H,—R®, and most preferred that R? is —CH,—R’. Itis 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, N and S.
Most preferably, R? is isobutyl, 6-quinolinylmethyl, 3-indolylmethyl, 4-
pyridylmethyl, 3-pyridylmethyl, 2-pyridylmethyl, benzyl, 1-naphthylmethyl, 2-
naphthylmethyl, 4-fluorobenzyl, 4-benzyloxybenzyl, 4-(2'-

pyridylmethoxy)benzyl or benzylnaphthylmethyl.




from1l to 6 carbon atons, nore preferably 1-4 carbon atons. Usef UF/\H@H§§2006
I ncl ude nethyl, ethyl, propyl, butyl, isopropyl, isobutyl and tert-butyl,
with nethyl being nost preferred. Additionally, where R7 is alkaryl,

aral kyl or 5 heteroarylalkyl, the alkyl noiety thereof is also preferably
one having from!| to 4 carbon atons, and nost!%referably | carbon atom
Were R7 is aryl, it is preferably aryl of from5 to 10 carbon atons, nore
preferably 6 to 10 carbon atons. Wiere R 7 is heteroaryl, one or nore of
the carbon atons of the aforerrentloned IS r by.,one to t

0, N, or 10 S. The aryl Lmeferably R (i tF\§’§3H§$"r§&P’d{a’ ﬁuf}gdm Offer ?f%FPél
substituted. Useful Sti s include one or two of hydroxy,

nitro, trifl uoronetﬁyﬁiky?feﬁ% gﬁlsw&ﬂ al koxy, cyano, C6.10 aryl, benzyl,
car boxyal koxy, am no, andygsrdR diR*er RPnefaegubedmdoamdyr leis préferablyde,, alky!

hal ogen, Ci-6al kyl, Ci-6al k%g ‘phen yl and benzyl. Additionall where R
is al karyl, aral kyl substihgedwithey eastlopp cyctlﬁ@khltm@ Jrefemblya Sss oyslaallyh grapp.

ot hy! efﬁ'apﬁt 1 ”" and WRERR SRR iRt I subfich i HererARY i
qui nol inyl, qui “OXag {Ablﬁ&h&ﬁ{eﬂ wﬂyﬁﬁébﬁlbhedy"aﬁ@l/brdﬂb pyrrol yl. Useful

val ues of RI het ero 20 8- qui nolinyl, 2-quinoxalinyl,

2-pyrazinyl, 3- furanyl where RAYR2, mopgfisdybloalhyl 4uspyefcmb]yCH®k:kJaﬂe'dl,eg,
saturated or partially saturated heterocycle nojetjes ar

10- nmenber ed heterocwbmnﬂmpygom apdieanohe qnitoaall Y?%ﬂw&de‘}"éfb%‘d??émnea&m

selected fromO0, S or Aus f ul vaI s N erred
cycl oal kyl noi et esa"ylluéf‘?}lf legst Wr? g%lll %y?p’%ﬂgﬁw Qt{'ﬁa%l EFO% ude

cycl opentyhg cycl ohexyl, w&kw%@lewaqkaeﬁﬂyd»geanﬁrefeyﬁmsmﬁmdnorsulfur more
Especial |y preferred vaI ues of P are 2-pyrazinecarbon

(err)-quinol i nesul fpnférab\lyctul\ﬂmrmnqblif)ismibgh prefﬁsabrlﬁoCedalé!)‘ofe‘/é methyib, st RIPRYL( |
a) and (I b) can be either 0, - or. 2. Thus,
butyl, or isomers thereof
Preferred values of R include hydrogen or C, 4 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:

‘ QUQ&Q 0
.8




)O when Ais zero. the residue within the brackets is not presentlﬁ‘rw}p%rm%
inhibitor is 1 AUGUST 2006 a dipeptide. Simlarly, where Ais 1, the am no
acid or isostenc residue within the brackets is present and the inhibitor

is atripeptide. Were Ais 2, the inhibitor,,is a tetrapepti de. Most

preferably, Ais zero. It is preferredthat I?Qp and R in formula (la)
and (I b) are each 5 independently one of hydrogen d.s alkyl, C3-10
cycl oal kyl, C6-jo aryI a 5- 6-, 9- or 10- nenbered heteroaryl group, or

-CH2-RI, and nore %E’t ’i'otgux[‘ g;cng,f%l,move%nn&}hewﬂacﬂ&ﬁfo@ Ih Brmul (18 amind

Rl are optionally preferably, R, R and R are each

i ndependent |y one g dpen valekidd carborgis attm!hddytb exthextxybl; Xbropyl, butyl,
i sopropyl, isobutyl, Sec-butyl and t-

ere ne
of cycloal kyl, aryl or hensezr@bgredéhatlﬂ %‘Feﬁagﬁfﬁ%’é&%‘py 1&'&‘?@?"
C6- 10 ar CI.JaIkI Cl. 6 IkC61 I I L
el Y aﬁggregmw thé 2%nd cﬁjjei%?db'ﬁof&‘m

1.8 alkylthio or 6 eroary p. The ring

portion of any of dﬁg,ﬁllam dré‘* éénipodid ﬁlcctcﬁ}ﬁoxﬁthegrol@rcomsmfg ed
het eroaryl groups g@k%a&ﬁe Rl and R5 c’gn be optionally substituted b 15

one or two substit ppihscd, r]ﬂfﬁlmnotamdoy mmdloédﬂh)ﬂm glyeolgdisthylensralyeal;

C, .6 alkyl, CMcycloal kyl, -6_al kyl clo y a

SI lI;ynyl I cyano, ?mq}@exwedmlal Q&PF%H‘?P\%%I é’@%‘é&@;ﬁﬂfﬁr &'lé%%ﬁzly %\’ ?fo
i benzyl ami no, nitr car if4 u lud

hal ogen, C,.6 al koRifer eguy cﬁ% qp%g{ég g?) %ngﬂyxg aE= sefifVallles include

Co. ., aryl (G .6)al kg, e@@ gau,qr%? | G Bbaiyky Mdst prefab, 4 knd hkibygiraxy20
C - 6 al kyl sul fonyl , 10 “ar K C& O aryisulfinyl, 6.10 argll sul fongtl ,
CB-10 aryjg C,.6al kyl (@pre@mﬂdycmbodimnhaf &mvw}% {p| directed {053 sphgenus

BiSIiHiS that R pampoun heving i 1g] ehcey SRR Ry C(Q- B o5 o A7
5-, 6-, 9- or 10- ne e 0 QY pyrRIVL, Ty ratigyl] furbtiylar py2flyl, and
het er oatoms |ndepe en ‘%’I‘;&‘ge@h@{leﬂ:%ﬁ%@ IqJN andr}%r I\/ﬂt;);t pref er apbl y, R2is
i sobutyl, 6-qui nol iyngh PaE RILC(Gi R cdnydlsebé N-motpholinyl.

A preferred group of compounds of this embodiment are compounds of

15 formula (1a) wherein P is one of quinolinecarbonyl, pyridinecarbonyl,
quinolinesulfonyl, quinoxalinecarbonyl, quinoxalinesulfonyl, pyrazinecarbonyl,
pyrazinesulfonyl, furancarbonyl, furansulfonyl or N-morpholinyicarbonyl; A is

zero; X? is —~C(O)-NH—; R is hydrogen or C,, alkyl; R? and R’ are each
independently one of hydrogen, C,.salkyl, C;.cycloalkyl, Cq,aryl, C&,oa'r(C ..

20 o)alkyl, pyridylmethyl, or quinolinylmethyl; and Z' and Z? are both hydroxy,
C,.calkoxy, or Cq jearyloxy, 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-eyclohexanediol, 1 ,3-propanediol, 2,3-butanediol, Iglycerol or diethanolamine.

25 Even more preferred are those compounds wherein: P s
8-quinolinecarbonyl, 8-quinolinesulfonyl, 2-quinoxalinecarbonyl,
2-quinoxalinesulfonyl, 2-pyrazinecarbonyl, 2-pyrazinesulfonyl, 3-

pyridinecarbonyl. 3-pyridinesulfonyl, 3-furancarbonyl 3-furansulfony! or
N-morpholinecarbonyl; R is hydrogen; R? is lsobutyl R? is isobutyl,
30 1-naphthylmethyl. 2-naphthylmethyl, 3-pyridylmethyl, 2-pyridylmethyl 6-



pyridyl nethyl, 3-pyridylmethyl, 2-pyridylnethyl, benzyl, | -napht hUEPR 2006
2- napht hyl net hyl, 4-fl uorobenzyl, 4-benzyioxybenzyl, 4-(2'-

pyri dyl nmet hoxy) benzy] or benzyl napht hyl nrethyl. 1 AUGUST 2006 19

Preferably, Rl is C,.,2 alkyl, nore preferabl C, .6 alkyl, npst preferably

C4 al kyl, such as isobutyl. Wiere R, & 3is a substltuted al kyl, it

Is preferably Cl4 al kyl substituted mnth at | east one cycl oal kyl group,
preferably a C.'6 cycloal kyl group. 5 Wiere R, Rl, R1, or Rl is

substituted aryl o @f‘,ﬁ&z‘?’ﬂﬂﬂ%ﬁéﬁ%w mlebcﬁgyumuam@ﬁiﬁbhmyﬁmt

with at | east one r'oup ere Ri, I s cycl oal kyl',

is preferably C5-6gy pwmemexg)bgnzﬁ,yGt(bgmyﬂquy)kmnzyiydiwﬁﬁlnwhthﬁmthndnolbe
optionally substituted™with at |east one 10 ar %ger p _ar.,.,at | east. one

al kyl group, pref eplenkthyl agd Z' andt)ZF argr Ath hy@@xw,grt@g OIT 21ROty

Tyt ot et b ably clenmstipm s st GomPOR, sPleCist i 4n 4 W colfingof >
t hereof Preferred I%L‘Ttbqs &}?,% béﬁ-{a&tﬂe Mg{cqgﬂn 165k §ly’:dokyk-lxeﬂmyléxﬁe glycol,

preferably C -4 & ues ‘of Rlnclu e meth et h

i sopropyl, isobutyj 2aaydwheimﬁesxiol 1,3kpropamtidiol 5 3rblutanediol & cw@wﬁ%@b@tmmw th
t he adjacent R, or when Ais zero, formtogetq.stg wth t heat § a
ni t r ogen- cont ai ni ng nonénOﬂtﬁT-PfoFﬂF‘il embpdjment o ?@Feéf%tdm&mbdé"r Fgcfpd to
saturated ring system avy n%é 14k 51% rgge(,,ts leq, c%esp%o%&ﬁ&abbggess

r oxy

substituted by one“YPrP ‘t’ al koxy or aryloxy. It is
preferred that theygdng.eysHesn Sﬁeﬁé}oﬁﬂmeidcﬁmtjbae:mibxtoiﬂoﬂprbtd@somb FiictioN N

e 10 ' A third preferred subgenus of compounds are compounds of formula (1a)
where one of R!, R? or R? corresponds to an amino acid side-chain corresponding
to tyrosine or an O-substituted tyrosine derivative, formed by reacting the
hydroxyl group of the tyrosine side-chain with a compound having a reactive
functional group. This subgenus includes compounds having the formula (1a),

15 wherein at least one R', R? or R* is:

_.Rs
—-CH,—< 2
At

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 arylyaralkyl, heteroaryl and heteroarylalkyl groups can be optionally substituted
with one or two of C,¢ alkyl, C,, cycloalkyl, Ci alkyl(C,,)cycloalkyl, C, 4
alkenyl, C,, alkynyl, cyano, amino, C,, alkylamino, di(C,¢)alkylamino,
benzylamino, dibenzylamino, nitro, carboxy, carbo(C,.¢)alkoxy, trifluoromethyl,
halogen, C, salkoxy, Ce1oTYl, Cer0aryl(C.¢)alkyl, Ce10aryl(C,¢)alkoxy, hydroxy,

25 C, calkylthio, C,alkylsulfinyl, C,.¢alkylsulfonyl, C¢.parylthio, Ceoarylsulfinyl,
C, oarylsulfonyl, Cq ioaryl, C,.calkyl(Ce.o)aryl, and halo(Cq ,q)aryl; and
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I n each of the above fornulae is attached to Pin formula (I a) and the

open val ence carbon is attached to either V or X2. It is preferred that Z

and Z' are each independently one of Cl, alkyl, hydroxy, Cl-6al koxy, and

C6- 10 aryloxy; or together Z' and Z' preferdaly forma 5 noiety derived
froma di hydroxy conpound selected fromthe group consisting of pinacol,

per f| uor opi nacol, pinanediol, ethylene glycol, diethylene glycol, 1,2-

| oh diol, 1,3 di ol . 2 ol | ¢
& et hanol arni ne, & Benok cAfE: ieORISAACIE B, IBGGRA0 Colalior. | halogen.

arent to“those skilled in the

art. Useful values ingl Ny} riffiofdethgt.opyl and n-butyl. Most
preferably, Z an@%oggtr%gehﬂ)%rﬁ%l)’(y. 10 A preferred enbodi nent of th

invention is directed tThedgraupg€r®s infin ettherpibe 9dkhioh 87 PALAT RS "(’ﬁ‘ Bgra-

above, where Pis R7-C(OQ- or R7-S2-, and R 7 .1is one of.aui . vl
qui noxal i nyl, pyr ibeing,preferred.i mgrwméhwéjér cﬂl?erglaﬁr,reéﬁg'%vﬁ%ﬁ{@%idgthe
R7-C(O -, R7 can also be N-norpholinyl. A preferred group of conpounds of
this enbodi ment aPBeRYfunds of 15 fornula (1a) wherein P is one of

qui nol i necar bonyl, pyrigingeRrbdmat R® isQinie B 10, pedlsyd] € ppsptc]oalkyl, Ce.oaryl, Ce.oar
qui noxal i necar bonyl , qui noxal i nesul fonyl, pyrazi necarhonyl

pyr azi nesul f onyl , (Eypalkyhiseomy0- membared detesparyl er5'|‘£9r¥BF'B\¥F6‘PF’i‘?§lIhE§W%¥|I§/(F': A
is zero; X1 is -C(O--NH; Ris hydrogen or C .8 alkyl; R and R3 are each
i ndependent |y one ¢#kHydrogen, C1-8al kyl, C3-10cycl oal kyl, C6-10aryl,

G- 10ar (CL- 20 6) al kyl ;i YL 4TS RY incRide Behill pReHetERAyridyansyridylmedly
are both hydroxy,

10 furanylmethyl pyrrolymethyl, pyrrolidyimethyl, oxazolylmethyl and

imidazolylmethyl. :
The ring portion of any of said aryl, aralkyl, alkaryl or 5-, 6-, 9- or 10-
membered heteroary! 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; 4 cycloalkyl, C, alkyl(C, g)cycloalkyl, C,q alkenyl, Cy., alkynyl, cyano,
amino, C, ¢ alkylamino, di(C,_é)alkj'lamino, benzylamino, dibenzylamino, nitro,
c&boxy, carbo(C,)alkoxy, trifluoromethyl, halogen, C, ¢ alkoxy, Cq paryl, Ce.io
aryl(C,.¢)alkyl, C,.10aryl(C,.¢)alkoxy, hydroxy, C,.; alkylthio, C, dkylsulﬁnyl,
C,.¢ alkylsulfonyl, C¢.,, arylthio, Cy.10 arylsulfinyl, Cq o arylsulfonyl, Cq o aryl,

20 C,. alkyl(Cq. o)aryl, and halo(Cq.j0)aryl.
A preferred class of compounds of this embodiment are compounds of

formula (1a) 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 quinolinyl, quinoxalinyl, pyridyl, pyrazinyl, furanyl
or pyrrolyl, or when P is R’-C(O)-, R’ can also be N-morpholinyl; X2 is

25 ~ —C(O)-NH-; R?is C, salkyl; R?is:

—CH, O—R®




C . 6al koxy, or C6-10aryl oxy, or together Z' and Z2 forma nvoiety HéﬂF§Q§T2006
froma dihydroxy conpound sel ected fromthe group consisting of pinacol,

per fl uoropi nacol,” pi nanedi ol, ethylene glycol, diethylene glycol,

1, 2- eycl ohexanedi ol , 1, 3-propanediol, 2, 3- bu?gnedlol gl ycerol or

di et hanol am ne. 25 Even nore preferred are those conpounds wherein: P is

8- qui nol i necar bonyl , 8-quino|inesu|fony|, 2- qui noxal i necar bonyl ,

2-quinoxalinesu|fony| pyrazinecarbonyl 2- pyr azi nesul fonyl , 3-

pyri di necar bonyl , nesykfo SHtRN6A¢ WTMdro Llr,aﬁnsntblf Oiydgeas
N- nor phol i necar bon a"ﬁyg é‘%deﬁgné lE;:l’]sobu yIrW}l é?tlrrfs I sobutyl, 30

1- napht hylmet hv1. %ﬁm’ i 6§Hﬂé>hydr tnﬁu@bdmeilyylr;rmnmw 1sZm|quf hdroganh{ adkyl,
AUGUST 2006 -21 quino met hy -indolyl net hyl , benzyl, 4-fluorobenzyl,

4- hydroxybenzyl,  #hdmdl; bzpzyldyhmth}’bnypmﬂﬂme Yiw%nzyl oxy) benzyl ,
benzylnaphthylnethyl or _ pheneth 0
toget her Z1 and Z2 formza%zgﬁf9%°@e‘ryam #r@@?‘”&m hyb'Pngo;lgcl;%gg fr Z°8nd

selected f rom t he consi sti JiRP8RIxy doaf rsekecued(f:dm the group
pi nanedi ol ? et hyl e%s ?‘B'F‘%B'fmag de{:lﬂ (ﬂer?r@ao lygo Y fc cl ohexanedi gl

1, 3- pr opanedi ol , 2 Srdastl iRdcol, gicymmmﬂunmoldplaML aﬁhrylmegm%t%hylene
preferred enbodrnent of t present invention is dir dto e

formula (1 a) vvhergly@xolslzkcwlohﬁhe@@“éonbétmﬁga"ﬁs&‘g’e 3% FFé’S?B‘é’@t r§d’?]ce’d°n 8{1
pot ency and sel ect | Vi ty Jnhibitors of proteasone function. 10 A t hi rd
preferred subgenus digthang fds are conpounds of forrmula (1 a) where one of

R, R2 or R correspongs, Lgn &?&r&‘a é@b@m@bd@dsﬁfabmnhar(ﬂebphﬂdmn@lszcro
tyrosine or an O substitute 05| ne derivative, forned by reactl n

hydroxyl gpoup of theid ymogjxﬂ@luwcahbonﬂar -qumhhaes@(lfﬂﬁﬁhndzﬁa!ﬂ%@‘%ch"@% Yh ve

functional group. This subgenus includes cq nds havr_ a (h.
a), 15 wherein at 2+@asoxatinesutfonyly og2-p¥razige caLrle@_ having, Lhgebfdiyl, 2 (5

pyridinecarbonyl, 3-pyridinesulfonyl, 3-furancarbonyl, 3-furansulfonyl or
N-morpholinecarbonyl; X2 is -C(O)-NH-; R? is isobutyl; R? is:

—CH, O0—R?
Al
A2

15 where A! and A? 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
7! and Z? are both hydroxy, or together Z' and Z? form a moiety derived

from a dihydroxy compound selected from the group consisting of pinacol,

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 of

formula (1a) wherein one of the amu;o acid side-chains, preferably the side-chain

defined by R?, is an unnatural amino acid selected from naphthylmethyl,

25 pyridylmethyl and quinolinylmethyl. with quinolinylmethyl being most preferred.

Thus, this subgenus includes compounds of formula (1a), wherein at leastone R',



_CH2 A2 where IV is one of hydrogen, alkyl, cycloal kyl, aryl, ara}é§F?UST2006
heteroaryl or heteroarylal kyl, wherein the alkyl is optionally substituted
with one of C, .6 alkyl, halogen, nonohalo (Cl1l-6) alkyl, and

trifluoronethyl; and wherein said cycloal ky24-20 aryl ~, aral kyl, heteroaryl
and heteroarylal kyl groups can be optionally substituted wth one or two

O Cl.6 alkyl, C3.8 cycloalkyl, Cl.6 al kyl (C3-8)cycloal kyl, C2.8 al kenyl,

C2-8 al kynyl, cyano, am no, Cl-6 al kylam no, di(Cl-6)a T Rided that th
benzyl ar ni no, di b%z?/ga{g&%ﬂ@hﬁémyl, pwﬂd)dmyt,}IY&ﬁrr%?%)'%é}qglg?g@’de at the
trifluoronethyl, 8 8gen, ' C1- 6al koxy, Cq Or%wmgk;ﬂ&aﬂme([(ﬁa;&)l&ﬂmyﬁlyl),
C6- 10aryl (Cl1-6) al kg ouﬁd/wmhvr,m%mm@@ﬁ FPh°S, Cl- 6al kyl sul finyl |

Cl- 6al kyl sul f onyl, - 10aryl t hi - oS f-i-’ eth ider y| S for@th
CB- 10aryl , Cl-6al K&J%mgtgmp’;yf’)-’lg%d#}ﬁa&ﬂ& ef2-§})imethglemi

al o( C6-10)aryl; and.l
-22 A] and A 2 are i r}dﬁPenﬁiﬁ (E#ign)q%rcﬁlidey(dFmbﬂ%yl,élhlégP’kXH?}"A’h%@gléﬁggé
nmonohal o( G, - 6) al kyRutyISHIeH, P oronet hyl . The grou a&aﬁf'fo?mm(qh;hmreme
ortho- or para- positiog,ﬁﬂﬂﬁrhfmdaubmpﬁg‘c ?‘é‘?rﬁ%o. e groups A and A

can be at “any remmining positions qn the h I dtehs 4 tnitragepr eansHRISE
that RO is one of {ghefhet kuith REBOELO‘ES)’CPoa‘T'%?/\ B‘ %%ro

-10aryl, C6- 1}%35 &&; -
.6)al kyl, 5- to 10- nenbered, het Bomipouds ayirssfosau a) ol
6) ?al ky|>/. Usef ul vahﬁwcmle.R‘ghﬁSﬁBﬁ%egxglg%ﬁch‘iﬁes ripd fosm IR

enzyl , phepet hyl ridyl the
byri dyy ety 10 Tur agl, ey oalmrabaent Ry e d R s e
Z0

oxazol yl nethyl and i ni yl methyl . The rin r 1, OBy tAtyclid, sasmraiedory|
aral kyl , al karyl o%@-ﬂ]e§djacé}npdranm0gﬁ%1%’é‘?ggn£§}°é?dgﬁyI gftgups of R,

R1
Rl and R can be optional I’y substituted by..iQ5e-04 rngomsmibstsi @néAng or two
i ndependeqpl y sel ephaihllyr satnated ﬂP%Gﬁsetggln}s{img??ng of C,,

i , aryl,
optional substituents selected from the group consistng of keto, hydroxy, ary
alkoxy and aryloxy; .

when A is 2, the R! that is not adjacent to N-R 1s one of hydrogen, alkyl,

- 2 . f
cycloalkyl, aryl, heterocycle or —CH,-R%; and when A 1s lor2,R*isonco

5
15 hydrogen, alkyl cycloalkyl, aryl, heterocycle or -CH,-R®, where RS is defined as

above.

A preferred class of compounds of this embodiment of the invention are

those wherein: A is zero; P is hydrogen; X? is —C(O)-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,¢alkyl; and 7! and Z2 are both hydroxy, C,.calkoxy, or

C, ,,aryloxy, or together 7! and Z? form a moicty derived from a dihydroxy
6-10 4

compound selected from the group consisting of pinacol, perfluoropinacol,

pinanediol, ethylene glycol, diethylene glycol, .
— -butanediol, glycerol or diethanolamine. The hydrochloride

1,2-cyclohexanediol,

1,3-propanediol, 2,3

25 salts of these compounds are also especially preferred.

n more preferred are those compounds wherein R forms together with

ne of the structures

Eve
a nitrogen-containing ring system having o

the adjacent R?,
J and Z2 are both hydroxy, or together Z' and

shown above; R® is isobutyl; and Z'

i i i mpound
? moiety derived from a dihydroxy co |
- : |, ethylene glycol, diethylene

selected from the group

30 consisting of pinacol, perﬂuoropinacol, pinanedio




15 al kyl, C3-8 cycloal kyl, C1-6 al kyl (C3-g)cycl oal kyl, C2.8 al ken&ﬁp%g.sg“m%
al kynyl, cyano, amno, C 1-6 al kyl am no, di (Cl-6)al kyl am no, benzyl am no,

di benzyl am no, nitro, carboxy, carbo(Cl-6)al koxy, trifluoTonethyl,

hal ogen, C 1-6 al koxy, C6- 1 o aryll C6. 10 (ﬁryl (Cl-6)al kyl,

C6- 10ary( Cl1- 6) al koxy, hydroxy, Cl-6 al kylthi Cl. 6 al kyl sul fi nyl, Cl-6

al kyl sul fonyl, C6.10 arylthio, C6-10 arylsulfinyl, C6.10 aryl sul fonyl , C& O
aryl, 20 C 1.6 al kyl (C6- 10) aryl, and hal o( C6-10) aryI A preferred cl ass of

conpounds of this egbodi {grula3. tﬁ;karﬁ)ilo\l\[r'l efsl Aris
zero; P is one of IQS;;O‘@?O) ﬁ}g&ﬂ%% gﬂ-&-@ arljeﬁor R7- O CO- %ﬁjls one
of quinolinyl, qui s olmﬂlmepyrl dyl, pyrazi nyI furanyl or pyrrol yl, or
when P is R7- C(O)- can al so be N-m)rphol [ nyI X2 1s C&OéNI—é—dé‘ntgl
is C .6alkyl; Rl is: Gﬂa&pﬂ&ofﬂm@lemteﬁsmﬂgb’mcmdﬁme MEANARGE A

are mdependently one of hydrogep, Kyl Its and b t
nonohal o( C1- 6) al ky Ifokewipgcpmpg l?asamfy'ﬁ?cﬁmg‘l:%ﬁ':&ﬁmﬁblgrsgg%%n orgrlxak;l

phenyl , benzyl, phenet h%%r % pyri dyI rret hyl; and Z | and Z2 are both
hydr oxy, C1-6al koxy,° StfS aryl oxy, or together ZI and 5 Z2 forma noiety

derived from a di hygyQxersreTRRYebesictionaphti)- me@bdeu@aﬁbpgqmwl%f

pi nacol, perfl uoropi nacol pi nanedi ol , ethy I di et I en |l ycol ,
1, 2- cycl ohexanedi oIN- (&—gBthop)anléde’rB (bn@‘ﬁ'@f gﬁe%f‘% II'gh'?’E’é‘F gamg

di et hanol am ne. Even nore r are S 4, a) wher ei n:
o . G g b 4npFrs BB e lind Dt ad,

2- qui noxal i necar bo'lybrohng ulggféacjolr&ﬁgul;fuonyl 2- pyr azi necar bonyl ,
2- pyr azi nesul f onyl necarbony , 3- pyr|d|nesulfonyl

3-furancarponyl, 3- N%Z-@ﬂﬁ'l&lhe)&ﬂbonyl -L-homophenylalanine-L-leucine boronic acid,
N-(3-pyndme)carbonyl-L-phenylalanme-L -leucine boronic acid,
N-(3-phenylpropiony1)-L-phenyla_lanine-L-leucine boronic acid,
N-(4-morpholine)carbonyl-L-phgnylalanine-L-leucine boronic acid,
N-(4-morpholine)carbonyl-(O—bcnzyl)-L-tyrosine-L-leucine boronic acid,

15 N-(4-morpholine)carbonyl-L-tyrosine-L-leucine boronic acid, and
N-(4-morpholine)carbonyl-[0-(2-pyridylmetl'lyl)]-L-tyrosine-L-leucine boronic
acid.

Preferred compounds having formula (2a) include compounds where Y
is one of R&~C(O)-, R*-SO,-, R'-NH-C(O)- or R*~0O-C(0)-, and

20 R* is one of Cg ;o aryl, Ce.10 ar(C,¢)alkyl, or a 5-10 membered heteroaryl,
any of which can be optionally 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.

Where R? is alkyl, it is preferably alkyl of from 1 to 4 carbon atoms, e.g.,
butyl, or isomers thereof. Additionally, where R?is alkaryl

25 methyl, ethyl, propyl,
or-aralkyl, the alkyl moiety thereof 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 alkaryl. aralkyl, aryloxy. alkaryloxy, or aralkoxy, the aryl moiety



N- nor phol i necarbonyl; Vis -C(O-~; R is isobutyl; R is: _CH2 %é_q:@US’_l;z;O%
AAl1l A2 where A' and A2 are independently one of hydrogen, nethyl, ethyl,
chloro, fluoro, or trifluoromethyl; and IV is one of hydrogen, nethyl,

ethyl, butyl, phenyl, benzyl, phenethyl or ridylmethyl; and Z' and Z2

are both hydroxy, or together V and Z2 formd noiety derived froma'

di hydroxy conpound sel ected fromthe group consisting of pinacol, 20.

per fl uoropi nacol, pinanediol, ethylene glycol, diethylene glycol,

1, 2-cycl ohexanedi ol , 1, 3-propanedi,ol - i V&6f8! mekt preferabl

di et hanol ami ne. A‘h‘-‘é‘iﬁft‘ﬁgﬁ? B?eg?%@ﬁ °§%§ag\§%€§%g?§§ofr§p%atﬂ%s i ncl udes. . Y
conpounds of  formyl gaqh(lé Srbd Gl Frefenibly, htheaRt movietyi 8 sisdhrathd, pastially
preferably the side-chain defined by R2, is an unpatyral .am no acidd .

sel ected from naphtfyitaehdtyor, arématie hétasochele iporeprateseh i gn i SRMTRT PRFICINS 714,

qui nol i nyl met hyl being nost preferred. Thus, this subgenus includes
conmpounds of for nuloanfarpbgline@ngei n at | east one R, 1 AUGUST 2006 -24 R2

or R3 is naphthyl methyl,  pyridyl ui nol i nyl net hyl ; provided that

the conpodnd is other th oSBTt of off
isovaleryl-phenylalanine-norvaline-[(ngphthyl
(4,4,5,5-tetranet hyl -1, 3, 2- di oxabor ol afe- 2-y )]
but yl sul f onyl ) propi onyl 5 or yaLineAd_paaplg hyN
S Afifth preferred g S
together wwith R, or wwith Wwhes'A is zero, forns @ nitrogen>€ontai ni ng
het erocycl e. This subgenus i ncludes conpounds having formula (I a),
wherein: R fornms together with the adjacent R, or when Ais zero, forns
together with the agi-agend clY, afikyli t rogen-containing nono-, bi- or
tri-cyclic, saturated or 10 partially saturatg_d ri ng;tﬁeystem havi n 4t'h%4Y
ring members, and one orlntamadditional preferred embodiment 0 present invention,

moiety of the proteasome inhibitor of formula (2a) is an isosteric amino acid

yl), o
_thy am de or

10 replacement of formula (3a):
P—CH, —<|:H—cl.l:—— ;
R'" O
where R! is as defined for formula (1a) above. Useful and preferred values of R

(3a)

are the same as those defined for formula (1a) above; and
P is-one of R™-C(O)-, R™-80,—, R’-NH-C(O)- or R’-0-C(0)-, and
15 R’ is one of alkyl, aryl, alkaryl, 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

heteracycle.
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 heterocycle, preferred and useful values are as defined for

heteroaryl, unsaturated and partially saturated heterocycle of the R” of formula

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



optional substituents selected fromthe group consisting of keto,lﬁ§8?g§$?006
aryl, alkoxy and aryloxy; when Ais 2, the Rl that is not adjacent to NR
is one of hydrogen, alkyl, cycloalkyl, aryl, heterocycle or -CH2-R, and
when Ais | or 2, R is one of 15 hydrogen, agkyl cycl oal kyl, aryl,

het erocycl e or -CH2-R5, where Wis defined as above. A preferred cl ass of
conpounds of this enbodi nent of the invention are those wherein: Ais
zero; P is hydrogen; Vis -C(O-NH; and R forns together wth the adjacent
R2, one of the nitrogen-containing ring systens shown in the 20 above
structures; R3is C .6alkyl; and Z° and Z2 are hydr oxy, Cl1-6al koxy, or
C6- 10aryl oxy, or together Z' and Z' form a noi et rived froma di hydroxy
conpound sel ected fromthe group consisting of 3 perfluoropinacol

pi nanedi ol , ethylene glycol, diethylene glycol, | ohexanedi o

1, 3- propanediol, 2, 3- butanedlol gl ycer ol 3 am ne. The
hydr ochl ori de 25 salts of these conpounds § .Iso especially preferred.
Even nore preferred are those conpoungds ?ﬁns together with the
adj acent R2, a nitrogen-containing riing ing one of the structures
shown above; R is isobutyl; and Z ﬁng/zyz are bG h hydroxy, or together
ZI and Z2 forma noiety derived froma di hydroxy conpound sel ected from
the group 30 consisting of pinacol, perfluoropinacol, pinanediol, ethylene
gl ycol, diethylene 1 AUGUST 2006 -25 glycol, 1, 2-cyc|ohexanedio|

1, 3- di ol 2, 3- but ahedi ol | di th
sui tg[)f)gag(rao!t gasome i nﬁl g] g'éllP"g’ ?'ﬁ}?ﬂq\gﬂgr . fﬂ?fu?orlpsﬂ‘i"i {? E?gnﬂ%ﬁﬁ?
compounds, as wel | asfePr [VIRGE Ot RE alel the SGRERE ?&'f@nﬁ@i'a@aﬁb@v@oronat e

esters thereof

N- (4- mor phol i ne) car bony! p Rfhaka((1a)yaag it bly X) rdpréseatsiaygeptide bond oearbisosere ¢hat
aci d,

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 one of -C(O)NH-, -CH,-NH-, -CH(OH)-CH(OH)-,
—~CH(OH)-CH,—CH(OH)-CH,-NH-, ~CH=CH-, —C(O)-CH;~, -SO,~-NH-,
-$0,-CH,- or ~CH(OH)-CH,-C(O)-NH-. Preferably, X' is —C(O)—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).

Ry |, 0 llv

P N _CH__ peptide bond
~ NH BZ')}Z)

H 5 Ry

] )
CH keto methylene 1sostere

P\NWNH/ ~BZYZ) y

H



(8-qui noline)sul fonyl - p-(1-napht hyl)-L-al ani ne-L-1| euci ne bor oni &A&&"HST 2006

N-

N- (2- pyrazi ne) car bonyl - L- phenyl al ani ne-L-1 euci ne boroni c aci d,
L- proline-L-1eucine boronic acid, 10

N- ( 2- qui nol i ne) car bonyl - L- honmophenyl ai ani ne--£84 euci ne boronic acid,
N- ( 3- pyri di ne) car bonyl - L- phenyl al ani ne-L-1 euci ne boroni c acid,

N- ( 3- phenyl propi onyl ) - L- phenyl ai ani ne- L-1 euci ne boronic acid,

N- (4- mor phol i ne) car bonyl - L- phenyl ai ani ne-L-1 euci ne boroni c acid,

N- (4- nor phol i ne) car bonyl - (O benzyl) - L-tyrgsi ne-L- 1| euci ne boronlc acid, 15
N- (4- nmor phol i ne) car bonyl - -l eu¢i ne boronic aC|di ﬁﬁg“k

N- (4- nor phol i ne) car bonylr[ O ﬁ%w tyr osf iEine bor oni ¢
acid. Preferred conpounds having foernula (2a) |ncI ude conpounds where Y is
one of R8-C(O-, R8-SO -, -NHC&- or R-OC(O-, and 20 Rl is one of

C6-10 aryl, ©C6-10~ ar(Cl-6)al kyl, or a 5-10 rrenbered het eroaryl, any of
whi ch can be optionally substituted, or when Pis R8-C(O-, R can also be
N- nor phol i nyl ; provided that when Y is R8-C(O) - then R is other than
phenyl, benzyl O C 0 alkyl.g Were Ro is ab kyl , is preferably al kyl of

froml to 4 carbon atons, e. 25 thyI et hyI Pr ORY lrox! Eblﬁhyle,ne%)stcre
i soners thereof. Additi ohah NHI’S Brlstza(zy or - ar al t he al kyl
noi ety thereof is also pre era |y one having froml to 4 carbon at ons.
Were Rl is aryl, it is preferQBIyRaryl of from6 to 10 carbon atons, e.g.,
phenyl or naphthyl which may, if desired, be ring substituted.
Additionally, 30 where R is alkaryl, aralkyl, aryloxy. alkaryloxy, or
ar al koxy, the aryl noiety 1 AUGUST 2006 -26 thereof is also preferably one
having from5 to 10 carbon ahpms,onrm;q pr e’i’er ably 6 to 10 carbon atons.
Preferably, the R noi ety IS sgt ur gt ed, cmartl al I y dihydroxyethylene isostere

N NHT BIDNZ

H

HO Ry

T »
CH hydroxyethylamine isostere
P~n N SBRNZ)
H
H HO o
g ' alkene isostere
5 P\N)\A/l]\"”/ Ch 22
H

R .
)x\? N éH sulfonamide isostere
P~n 1 N O BIENZ)
Ry

Rl

0 l ulfone methylene isostere

o R



unsaturated or aromatic heterocycle, nore preferably an isoneric b@‘H%PﬁZZO%

ring or norpholine ring. 5 Y is nost preferably one of-. 00 0 11 / ,
HONV- ~, or R4-C 0 where R is C6.,, alkyl. In an additional preferred
enbodi ment of the present invention, the Y -2miety of the proteasone
inhibitor of fornula (2a) is an isosteric amno acid to replacenent of
formula (3a): P-CH2-CHC 1 11 (3a) K O where Rl is as defined for
formula (la) above. Useful and preferred values of R are the sanme as
those defined for fornula (Iga) above; andERF; is one of R7-C(O-, R'-S02-,
R7-NH-C(O - or RT-O-C(O-, a 15 R is oné¥of alkyl, aryl, aryl,

aral kyl, any of which c&r B.Ei_%a'_%imﬁi@mé@kﬂ’ Sg$t%\%hag%io‘§' is R7-C(O) -
or R7-S2-, R can also bg an ¢ptionajjly substituted 5-10 nmenbered
saturated, partially unsaturated or aPonmatic 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 (I a)

above. Wien R' is optionally substituted 5-10 red ;sat urat artially
unsat urated or ar ofsj cfoh@mmpl?yclf@'%P&%F&@ngwhéseffﬁ?ﬁ#a@u‘g@er er%ldsl@

defined for heteroaryl, unsatyrated § Lal tinat eel 1 RetmOrpy,che of
the R' of formul a hydrolytic W“ﬁgtfcﬁ}sg’ g"ngotrglgcg?'r%h‘glq}yn\?gﬁt}?'oq\ﬁ Y i s nost ¥

preferably: 1 AUG}J%r-Erc%&Qﬁlylene isostere can be prepared to eliminate this reaction:

SRERSS

B(OH),

Another group of compounds of the present invention are aza-peptide

isosteres. This is the result of the replacement of the a-carbon atom of an amino

acid with a nitrogen atom, €.g.,

Ry o R3
PN N L,
\N/ YN%NH/ \B(Z‘)(F)
H o Ry

10 wherein R, represents R', R, represents R?, P, Z'. Z? and 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

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



-27 0 NO )~ 0O In either enbodi nent of the conpounds of forrruI]aAP?él]j],ST2006
useful and preferred values of R are the sanme as for fornula (]a) above.
In formula (I a) and (I b), X represents a peptide bond or an isostere
that 5 can be used as a peptide bond repl ae¥ient in the proteasone
inhibitors to increase bioavailability and reduce hydrolytic netabolism
As noted above, X, can be one of -C(ONH, -CH2-NH, -CH(OH)-CH(OH) -,
-CH(OH) -CH2-CH(OH) -CH2-NH-, -CH-CH, -C(O-CH2-1 -SQ2-NH, -SO -CH2- or
-CH(OH) - CH2- (O - NH-. Preferably, Vis -C(O--NH. 10 Introductign of these
V noieties into the proteasone inhibitors results in the follw ng wherein
R. and R, have the sane definitions as Rl and R 2 above and PCH21 /Z‘2 and
R' are defined as above _for f]-u mula (l a). x 0 RB - "T)~ | x7- NefEF CH

sn)(Zz) peptide bapd \ dR—RB—Fch—argzhestene |sbstere \IN,__I\H
| -1 CH ~' - B(ZXZP) H- zr|4 |o Ry || AUGUST 2006 - 28 r2—CH / \

1) )

The above-described boronic ester and acid compounds include both D
and L peptidyl configurations. However, L configurations are preferred.
The present invention relates to a method for reducing the rate of muscle
5 protein degradation in a cell comprising contacting the cell with a proteasome
inhibitor described 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 an animal comprising contacting celis of the
animal with a proteasome 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 to a 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



RX0 R3 '"J~~H I pl-1 NN NHreduced peptide bond HRy R3 | P~I11‘§IWST2006
hydroxyet hyl ene isostere H--- OGHRy R3 PINN; ;;--~ NH "Il | M-B(VXZF)
di hydr oxyet hyl ene i sostere H HO Ry hydroxyethylam ne isostere 3 HHOO O

R3 | al kene isostere 5 pl% NZ NH "AW' ~B(V%1(22) HRy O Rl P~ |
--13(r XZzZ) sul fonam de isostere WS -'T-~-NW**" H" HO Ry RX 0 R3 | 10, C
H CH sul fone nethylene isostere P~ NS, 2 T*'~ NH 1-1 '--B(Zl XZl)

further provides a method of reducing the rate of degradation of p53 protein in an
animal (preferably, an animal subjected to DNA damaging drugs or radiation)
comprising administering to said animal a proteasome inhibitor described above.

The present invention further relates to a method for inhibiting cyclin

5 degradation in a cell comprising contacting said cells with a proteasome inhibitor
described above. More specifically, the present invention relates to a method for
inhibiting cyclin degradation in an animal comprising contacting cells of said
animal with a proteasome inhibitor described above.

The present invention also provides a method for treating cancer,

10 psoriasis, restenosis, or other cell proliferative diseases in a patient comprising
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 antigen 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 in 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.
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



H 11 0 Ry 1 AUGUST 2006 -29 RX R3 P' ~ "~" | statine anal og NIAUGUSTZOO6
CHCH-CNH-rl-B(Z)(V) H1 11 OHO 5 Thus, for exanple, if
Z-Leu-Leu-Leu-B(OH)2 is found to undergo rapid hydrolytic nmetabolismto
produce Z-Leu-OH and H, N-Leu-Leu-B(OH)2, the__hydroxyethyl ene isostere can
be prepared to elimnate this reaction: 0 0 H20 N " _~NB(OH2 HH 000

0 )~ NNB(O+ 0 HO O Another group of conpounds of “the present invention
are aza-peptide isosteres. This is the result of the replacenent of the

D o Ol hrcasnsmme fomipey i3i8 ol AciOB56h B HBkesSind of ahhbrffhoh théiorT™ ~
NF-xB. NF-xB plays a central role in the regulation of a diverse set of genes
involved in the immune and inflammatory responses. Inhibition of proteasome
function also inhibit the ubiquitination/proteolysis pathway. This pathway

5 catalyzes selective degradation of highly abnormal proteins and short-lived
regulatory proteins. The ubiquitination proteolysis pathway also is involved in
the processing of internalized cellular or viral antigens into antigenic peptides that
bind to MHC-I molecules. Thus, the proteasome inhibitors of the present
invention can be used in reducing the activity of the cytosolic ATP-ubiquitin-

10 dependent proteolytic system in a number of cell types.

The inhibitors can be used in vitro or in vivo. They can be administered
by any number of known routes, including orally, intravenously, intramuscularly,
subcutaneously, intrathecally, topically, and by infusion (Platt ez al., U.S. Patent
No. 4,510, 130; Badalamente ef al., Proc. Natl. Acad. Sci. U.S.A. 86:5983-5987

15 (1989); Staubli ez al., Brain Research 444: 153-158 (1988)) and will generally be
administered in combination with a physiologically acceptable carrier (e.g.,
physiological saline). The effective quantity of inhibitor given will be determined
empirically and will be based on such considerations as the particular inhibitor
used, the condition of the individual, and the size and weight of the individual.

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 atrophying

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

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

treating the negative nitrogen balance in cataboli_c 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



0O Ry 10 wherein Rx represents R, Ry represents W P, V. Z2 and I%Ayr%UST2006
defined as above for formula (I a) and (I b). Wien P and R are both H,
formula (1) will exist in equilibriumwith a cyclic fornmula (4), which is
considered to be covered by the current inveption: 1 AUGUST 2006 -30 R3 |
F~Ori ZI X2. ~ 72 HN-BI-XI CH X2-CH B(zZI %ZZ) HCH KK K R H A
X1-B1 Rl A (4) The above-described boronic ester and acid conpounds
i nclude both D and L peptidyl configurations. However, L configurations
are preferred. The present invention : n i ividhal o wvitheskpsis,npurhie
rate of nuscle 5 GANERAD RAWBRES 8?15%1&%5?2%1@?5@“ sing contacting the
cell with a prot ea&%ﬁ? nmpicg;,gag, cHesiié bbsyitenhiovnfectitnseneyromiolaTieRenerativee
present invention Aré< to a nethod for reduci ng the rate af. | oss %isﬁ’

a

muscl e mass in an geiaRlsucpammistute dysmonhye e6idRpis 8T FRINGOT PR CHRSTIE i
proteasone inhibitor described above. The .oresent Iy to
a method for reducbeogrsinéndividuals fepetying ﬁ%ﬂgﬁ—‘%@@g’idﬁaéﬁ%gllﬂqmggnﬁpﬁogﬁ#\%k@%

contacting the cell with rote | Jrohlisdd. Merevérbizthititvoy ef thetpratein
specifically, the ﬁdégﬁr@aﬁﬁgﬁ?ﬁﬁ%%ﬂ@@t es to a nethod

breakdown pathway could possibly be valuable in animals, e.g., for combating

"shipping fever", which often leads to a major weight loss in cattle or pigs.
The accelerated proteolysis evident in atrophy of skeletal muscles upon
denervation or fasting is catalyzed by the nonlysosomal ATP-dependent
10 degradative pathway. It has been shown that in a variety of catabolic states (e.g.,
denervation, fasting, fever, certain endocrinopathies or metabolic acidosis)
muscle wasting is due primarily to ac;eleratcd protein breakdown and, in
addition, that the increased proteolysis results from activation of the cytosolic
ATP-ubiquitin-dependent proteolytic system, which previously had been believed
15 to serve only in the rapid elimination of abnormal proteins and certain short-lived
enzymes. The discovery that this pathway is responsible for the accelerated
proteolysis in these catabolic states is based on studies in which different
proteolytic pathways were blocked or measured selectively in incubated mus.cles,
and the finding of increased mRNA for components of this pathway (e.g., for
20 ubiquitin and proteasome subunits) and increased levels of ubiquitin-protein
conjugates in the atrophying muscles. The nonlysosomal ATP-ubiquitin-
dependent proteolytic process increases in muscle in these conditions and is
respongible 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 protein 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 (totaily or
partially) the nonlysosomal ATP-dependent protein degradation shown to be

responsible for most of the increased protein degradation that occurs during



for reducing the activity of NF-1cB in an animal conprising cont ab S UST 2006

cells of the animal with a proteasone inhibitor described above. The
present invention also relates to a nethod for reducing the rate of 15

pr ot easone- dependent intracellular protein brgakdown conprising contacting
cells-with a proteasone inhibitor described above. Mre specifically, the
present invention also relates to a nethod for reducing the rate of
intracellular protein breakdown in an animal conprising contacting cells

of the animal with the digibd Qhdcavityly; sexoidaberapy\febril2GniBoton, and
present invention ﬁﬁ’i”ﬁe&én(rgglaagt&g’;@tcf a ergt hod of reducing the rate of

degradation of p53 JuRtBhditibAs.2a cel | conprising administering to the cell a
pr ot easomne i nhi bitor descri bed above. Mre specifical . hg . ent .1

i nvention 1 AUGUST 2006 oﬂsapprgaqm@rteﬁirlﬁ/&’a'@sca&d%f"ﬁoéay8?334;%5@?%9&%‘% Pete
of degradation of p53 protein, n an | -‘gep 2 Yo fAdastfy teolysis in
subj ected to DNA daﬁrr"ﬁﬁ'iqbgq‘ﬂﬁ"lrggp%ﬁewaggé;\ A b@%ﬁfori sing adm n?]sac'% er?,ng to

said animal a prot %a?tﬁgﬁ%@tskgi?ae%ﬂﬁ,?@éﬂ bed6asa)). TRer exampinthe degeadation

further. relPates to ¥ Ibiting cyclin 5 de,gradaticg?g,sligp a.cell
conpri sing cont act i gigosgliided Biraselhilartpratefiscian g neashrediip mpese myRRast
above. More specifically, the present inygntign relate el 9

i nhi biting cyclin detsadzllsere mﬁu%ﬁedamtﬁa%]%ﬂﬂ??lgf 2%’ @oh@é%ttl ng gg’ﬂ%s 'S
said animal with a proteas i nhi hist e5durs Reich dheditm toMainigs anlabeled
i nvention al so proRTEEENS {{ﬁﬁrbl c?%;r%dt ?Jéa?i ng cancer, 10 psoriasis,

restenosis, or otheg el l or akef eleattiave pericd:; abeselisnara ipeubiatadt for dnmursingge
adm nistering to the patient a proteasone inhibitor descrifbed .agﬁved ti-cr)rﬁein
present inyention aresencebmtbsenceof thertestisompernd. i Hif BROYNGT BRI EHETACE

presentation in a cell conprising admnistering. . QL RASAOE
i nhi bitor descri belie gsdly6an Mgy E‘egﬁ’é@ pﬁycgf’ﬂ}agﬁé “tﬁér]g's‘gﬁ%’}?a%%‘g{u i on ¢
relates to a method for 15 inohlolitddg g iredsbeled fdihSint®the groett madium (an
conpri si ng adni ni st'@HCAEHYY r?%&gtrﬁ&rr‘gl _ Y

indicator of intracellular proteolysis).

Inhibitors can also be tested for their ability to reduce muscle wasting in

15 vivo. Urinary excretion of the modified amino acid 3-methy! histidine (3-MH)
is probably the most well characterized method for studying myofibrillar protein

degradation in vivo (see Young and Munro, Federation Proc. 37:229-2300

(1978)). 3-Methylhistidine is a post-translationally modified amino acid w.hich

cannot be reutilized for protein synthesis, and it is only known to occur in actin

20 and myosin. It occurs in actin isolated from all sources, including cytoplasmic
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

ther tissues than skeletal muscle, other tissues will contribute to

in -actin of 0

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, er al., Am. J. Physiol. 252:E621-E626
(1987)).



a proteasone inhibitor described above. The present invention f ur} AYGUST 2006

provides a nethod for inhibiting inducible NF-icB dependent cell adhesion
in an animal conprising admnistering to said aninmal a proteasone

i nhi bitor described above. 20 The present invention also provides a nethod
for inhibiting HHV infection in an aninal co%ﬁrising adm nistering to said
ani mal a proteasorne inhibitor described above. The "aninmal s" referred to
herein are preferably nmammals. Both terns are intended to include humans.

25 Preferably, the nethods described above deliver th kot eason®. i R hiL or
by- either contacting cetligh-dsseghosarticald WFAment Br"&?gé‘gé%é’%?%ﬁsﬁggfto glr%‘@élL
descri bed above or by adn pi ' . 113U B arRoll$ B RABASES dortitobefone
descri bed above. Th¥ grﬂ'bﬁ dzftri%dnggaeég’r]g)@ll r}'lhnvent ioon ir,nhi bit the
functioning of the 1§64 QiXBses Bhiifcreast cfappredmatelpRfolninaginag 3MHedhet s
in the inhibition or 30 bl'ocking of a variety of .intracellular fér_kcaion?.
In particul ar, i nhiihéreaserin excretion ISV GOEansienh Wikhe B repSeafieT gt days o

inhibits the activation or processin f tr } pti . -xB

plays a certral r o!t@ameftt%EFéWibg#HP}uﬁggﬁig/r_reér'gg agg?fg geeﬁtegdfdelﬁﬁ\’/gil\l\@éd

Ln the imune and | gkl gt of¥eREPPNDEI); KaYMibetdlonm. PhysiohI6NEE21-EG26
e“ubiq

function al so inhi ul tination/proteol ysis pathway. This pathway
5 catal yzes sel ect i(\yggpﬁgrada@jmacmﬁcdﬁghl hawbndresnl phawvei N arggtivate the

short-lived regulatory proteins. The ubiquitination, proteglysi .hwa

al so is invol ved inATPhé:iqm@n-dgmndgnbprqt%fﬁ)é%QP E’eFlf'{lﬂtglr *wasﬁg\é{pg hd
antigens into anti I.C pepti th Rid :

pr ot easone i nhi bi tgqggdB?’gt (x _g?%,ggﬂ?tzgsfaﬁvaggﬁé;]gl\(g%j)%gi?%@g(&jﬂa?o;m? ig%um%:tior%a?he

activity ofy the Cyttgérg#d'rgr ?;E_E)fea_tié) SHKiBit e MEsclepaniipnhapscuesdfyr ighiceyetiestdi n
a nunber of cell types. ﬁ Inhibitors can be used in vitro or in vivo.
They can be adm ni stekraént.

The proteasome inhibitors can be administered alone or in combination
with another inhibitor or an inhibitor of another pathway (e.g., 2 lysosomal or

Ca"*-dependent pathway) responsible for loss of muscle mass.

15 Use of proteasome inhibitors as agents that selectively protect normal cells
Jfrom DNA damage during radiation and chemotherapy treatment of tumors

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 ez al., Nature 356:215-221 (1992)).
In normal cells expressing wild type, unmutated p53, the basal levels of p33 are
very low due to very rapid degradation of p53 protein. However, expression of

p53 protein in normal cells is stimulated in response to radiation and drugs that

9]
W

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 ef al., supra; Kuerbitz,



by any nunber of known routes, including orally, intravenously, 1 AUGUST 2006
I ntramuscul arly, subcutaneously, intrathecally, topically, and by infusion
(Platt et aL, U S. Patent No. 4,510,130; Badal anente et al., Proc. Natl.
Acad. Sci. US.A 86:5983-5987 15 (1989); Stali el alL, Brain Research
444:153-158 (1988)) and will generally be adm nistered in conbination with

a physiologically acceptable carrier (e.g., physiological saline). The
effective quantity of inhibitor given will be determned enpirically and

wi Il be based on 51#9 Sggn;g?qigﬁ@g i PI%R) pSThib ermpstrdficell psgliferation ipeonits trpeid of t he
condition of the i'ndividual, and the size and weight of the |nc%| Vi dgtal 20

it is to be expect@ehddeatDNAe Byoontdst,dndumos CaIln FYRISTSIREMIRNS IPIhsof B3

be about 0.0 1 to 100 ng..per kg per. day,. pr kg
per day for an efDEAtdamgMﬂe‘?ra%%%’t’iaé‘aé‘f’%(éj&m?llrl?ré]@%%ée’l!s%;ﬁlé?}rﬁesetg?iagﬁrl ?’gtflat es

to a nmethod of inhibiti redyci 58567 €N992)H) Cohseqaentdy, enmioe delis are
enhanced pr ot eol ys‘i"é”‘f’ﬂg%‘%'c%u&r"s %I g{'rophyi Eg 225 nmuscles and is known to

ot 5o e g B a0 aTD. CEeeet 1 o o dont
pat hway is a new appr oathe ejectiveramgsy i§§PANTe °ﬁé‘§§?$]\f§ﬁﬁi 4 r‘gg‘%ﬁ‘l‘@?%n‘g@? n
catabolic states. This can. be effected gbatent ohitké th@horoWwithhe
present inventi on,thb%ﬂ‘ac"FH’& the dﬁé??nghh{)a@?%svgﬁgo o? muscle mass in

conditions in whicgh j RESbNEdEN ddses of raiationsor] antipeRsEstROdregs. - 33
comon i n many tyé@gh%r{ﬁg%ﬁré}ﬂn?&i ncluding individuals "with seg&.i ﬁ’ﬁ
burns, trauma, N @eAERT Mdutionofips3 by asnosttexic @2¢nHiRsaR A NEC IRJBISHSTARY

degenerative disease, such as muscular d r ophy.o. aci Ao | r
nerve injlyies. i thalbeen reponed BTCNWUPWJW%/}%@%‘QBJ%?ﬁgfécggp’t%gs éetﬁgé gg

and those in whom fqod intake is I akl/ or absorption is
conpr om sed. |voreoRFéPemsHHP&W?%V%%O*’P?‘?EQ&SP%% n breakdown pat hway coul d

possi bl y be val uabl e i nTgp|,5BbSproRasbme fnbibimonprividey a methodfarraygmengng the

which often leads to a major weight loss in cattle or, E"%S'd dation by the
expression of p53 in normal cells by preventing 1ts degradation | y
proteasome. An example of this would be the systemic administration of

15 proteasome inhibitor at a sufficient dose to inhibit p53 degradation by the

proteasome during the treatment of the tumor with cytotoxic 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 radiation or cytotoxic drugs. Administration of proteasome
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 skin

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 et al.. Mol. Cell. Biol. 4:1689 (1984); Hall et al.. Oncogene 8:203-207



The accel erated proteolysis evident in atrophy of skeletal nuscl &AH&I&STZO%
denervation or fasting is catalyzed by the nonl ysosonal ATP-dependent 10
degradati ve pathway. It has been shown that in a variety of catabolic

states (e.g., denervation. fasting, fever, certain endocrinopathies or

met abol i ¢ acidosis) nuscle wasting is due p¥l-marily to accelerated protein
breakdown and, in addition, that the increased proteolysis results from
activation of the cytosolic ATP-ubiquitin-dependent proteolytic system

whi ch previously had been believed 15 to serve only i ‘ ' .

el i nination of abngogs). Phispmiterss rorchabekin FOM %’F‘quwgéﬁﬁgé@‘%g?y aligvang

di scovery that this pathway is.r nﬁﬁgﬂ fli@ﬁtiérhe accel erated proteolysis
udi

SpPo
in these cataboli cti@ﬁiQfe@NiAsreB%iégff%B% PEsin which different

proteol ytic pat hways we 06 53@%{1@ tiveyt i sueh yas ise¢m ovibntAdaxia
muscl es, and the findi ?gf%*s ?A(nggeegﬁsed fc;)?_ conponents of this E‘?t halay
(e.g. , for 20 ubiguhjicadsl st arimrmsedibusseptidilionie ioRIZARg EAQAY 0B afuced s

ubiquitin-protein conjugates in the at | Sy, : I

Lot e o 0a e gt o, Gl P 2 TLSEE ™ Wpurabh sz

conditions and is responsgi bl ealf‘!?fﬁyig%g itfeabdianafisie fo? g kiidsasfeRinahcers. hat
|

occurs in atrophyi SPOSHESE PRI S'a specific increase in ubiquitin

MRNA, i nducti on of Tg'@'}k%kfca{ b2 FinRhRhEaBP U Ateringchiernisals iniskigureamatAnpther
protein content in t

rophyi ng nuscles that is not en.i.n nhon-nuscl
ti ssue under the sagproschohlddresto ﬂfhmokmmeb'ﬁﬁé‘%“o?fsﬁ’ﬁgmﬂ?‘e@eﬁq?n F%&e‘ﬁtq\én
can be used to reduce (totally o artial A% {J8h's expression of
ATP- dependent pr ot émaye@’rth@m@ia@ﬂmoq 8‘1%%“{5?%5{%%& Elggcmf or nost of the

i ncreased protein deggradation thaino [S GHibifee lp5AUGdTada2idnchy -tBe topical
fasting, él&nervat i B 9 ‘Brreaﬁ’qgﬁgetg(?nag%ﬂvi ty), l'rs"lfsgerpoi d therapy, febrile

I nfection, and ot Fﬁﬂli&%ﬁ”&i Pgaﬁ:asdane irpibitara qitovides gsmq:thgd de Lf@he%?dqhaépés
for their ability I nhibit the ATP-ubiquitin-dependent degradative
process is to neasgdgspogeot eol ysis in -

One preferred embodiment of the present invention is the topical

application of proteasome inhibitors to reduce the acknowledged risk .of skin
15 cancers that results 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

furiction, it must enter the cell nucleus. It cannot do this, however, until the IxB

porfion 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

pefformance 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



5 cultured cells (Rock, et al., Cell 78:761 (1994)). For exanpl e,l‘f‘Hé;USTZOM
degradation of long-lived intracellular proteins can be neasured in nouse
C2C 12 nyoblast cells. Cells are incubated with "S-methionine for 48 hours
to label long-lived proteins and then chasedsgor 2 hours w th nmedi um

contai ni ng unl abel ed nethionine. After the chase period, the cells are
I'ncubated for 4 hours in the 10 presence or absence of the test conpound.

The amount of protein degradation in the cell can be neasured bg ide N
quantitating the trichlor ' ' entireattli sosetivhwart yTines|, blaskadg Nfem
the pre-| abel ed pro?rg" g“ﬁ’%ﬁg&i %g%g?%ovlvté%k?r%gi umg?gjn I ndi cat or _of

intracel | ul ar prot egBysiisity céulllinaié importznt applinatipe it KEIQ ¥ S of medicingy F8it v
to reduce nuscle wasting in 15 vivo., Ui nary. excreti ] ],gpﬂ' |

anmino acid 3- net hyl inflasmiationethr@ighythe inhubi éBPS?SS[’%gﬁo“@'E‘“\}XEﬁ biihéand
characterized method for studying. nveis byikLas b2l iBnaldiadaft Cablogn 143:vo
(see Young and Munr gl @P’éf’%&?f%ﬁ;b@& giﬁdéfg&lﬁ}gg (’16%8)). o Cavioky

3- Met hyl hi séi di ne i ?-6? (993) g%ﬁgbglpgpispaﬁdﬂulmdi fied am no acid which
cannot be reutilized Tor prz)t In synthesis, and it i,sh&rﬂ% kngaévm (tccxégfoc?ulr
in actin 20 and myosin. Morespacifically, the arivirsef NE-&B is highlyreeu off Guilverat,

i ncluding cytoplasmc actin fromm di.ff erent, gell p t .2l GRS
in the nmyosin heavy/merzianions! Rpgg‘tv_an %”(?rlpg(yv\z‘(f'{]el 8?%;1)% %f ;Bscﬁuéstc?lg ?i&tggrs,
but it is absent frqom r%osi%nq &Oﬁgﬁbqgggmmm‘@%ﬁyﬁitwo@ﬁbmﬁtsv\piwmdcah

(red, type I) nuscl &Y e to its presence in -actin of other
tissues than skel et gfi4iyssl MemBENer tht irelsgens fawnily, cpnpbd falseknaymas Beli arkp

3-MH. Skel etal nuscle has been estimated to contribute %8- 74%’?1]950 th‘r?n in the
urinary 3-WBl i n nor rast cells the\@59 andapiSorretRiesedt jthap yRactive PIEFUIY S LI the
with corticosterone (100 ny/kg/.d S . %{1515 it 8f NFOB $s delbriatedebyd
and Bates, Bi ocheﬁﬁ?Pﬂ@?@@Wgéﬁgx%iég%#ﬁ%ya |9,0)Séli% alt. Am J %’hysi ol .

252: E621 -E626 (1987 UGHREsSRP6f a 185k bipgdruekos progdin MFesB; (pd 65)and this
treatnment is used t%“?%’&‘&é‘éfﬁa sta?eH%f muscl e : o of
processing is also regulated. The sequence of the N-terminal 50 kD portion o

p105 is similar to that of p65 and other members of the rel gene family (the rel
15 homology domain). By contrast, the C-terminal 55 kD of p105 bears a striking
resemblance to IxB-a (also known as MAD3). Significantly, unprocessed p105
can associate 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 f.'orm
the transcriptionally active p50/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, (pl 00), 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 ef al., Nature 352:733 (1991); Bours et al., Molecular
and Cellular Biology 12:685 (1992); Mercurio ef al., DNA Cell Biology 11:523
25 (1992)). Many of the structural and regulatory features of p100 are similar to
p105. 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 p65, can be regulated by at least

30 two mechanisms. First, the heterodimers associate with IxB-¢ to form an



wasting in rats. Treating rats with daily subcutaneous i nj ections1 ‘3PGUST2006
corticosterone (100 ng/kg) causes an increase of approximtely 2-fold in
urinary 3-MH. The increase in excretion of 3-MHis transient, with a peak

i ncrease after 2-4 days of 5 treatnment and zzr?'eturn to basal values after

6-7 days of treatnent (Odedra, et al., Biochem J 214:617-627 (1983);
Kayali, et al., Am J Physiol. 252:E62 | -E626 (1987)). d ucocorticoids

have been shown to activate the ATP-ubi quitin-dependent proteolytic

pat hway in skeletal nuscle (Wng and Col.dpe el FAE &embers associate
264: E668- E676 (19939%"&%“%3’0’(95’@&?5%?%1 |'t%ér%son§:;%eleo thejr'efore expect ed

to inhibit the nuscle ti b &ivaf dodipletdsc Gitertemarny domples gambet .
The prot easone inh‘?”Bli‘PmﬁiaEg%l%Q?&a%ﬁ’C‘H 1 P i

ni stered al one or in conbi i i th
anot her i nhi bi tor :ﬁ'iivﬁ’i‘édiU?hh@Hts@éciﬂiomﬁtdwm@mféyB(@. while g%@?@ﬁﬁ&rlw or
Ca++- dependent pathway) reésponsible for |oss of scl i

pr ot easone i nhi bi tpASép é)gmtbmhaﬁans@f"e%‘iq‘@éqdy%&r gf(gcggaﬁ%r%gfs c%’?l gfog’rom
DNA damage during radiation and chenot herapy treatnment of tunors The

i nhi bitorsS of the TSFREEENEYi nvention will ‘bl ock the degradation of the tunor

suppressor protein p53. ﬁ{ﬂgs&;ﬁbgiommadﬁgrbadﬁdhdeﬂ byteerensprkalphy lange pusmber
dependent proteolysis by

e proteasone (see Scheffner et il b
75:495-505_ 20 (195 raceluled is;@?mrsqnsfskmowescmr@es,inher@ F%Fl%%nz}ﬁlqkp"’m"’f‘ﬁnt
role for p in reducing incidence_of tunors _ tnde:
356: 215- 221 (1992)3 vari¢ty ofosytelfingse| e & -ﬁgﬁh&t@%ﬁ?ﬁ%@éedﬁn%ﬁ% at ed p§3,

t he basal |evels of p53 are ery | dife ¥&H Asé dpiistiuded bpdaidastsonfe qf53
protein. However, F@s‘g?tcm%fanéglggg%&?%tg%n in normal cells is

stinmul at e?oi N respRRseetifackddaadipmdls.and drugs that induce DNA damage
(Kastan e

al ., Cancer Res. 51:6304-6311 (1991)). These ,i.ndu [
level s of wild type, unSuididsdadvpdgnonstraied Pb@m@r“‘fﬂ‘}?‘ﬁﬁ@%ﬁgﬁe"%g (FdT0R)
roliferation at the G stage of fhe cell cvycle K ! Fai
Euer bitz, 1 AUGJSTcagmy@roccsged to pSB 1 vifro d?anyu}l.. Naki?e 534364-398 (1993 )P Ceitain

of the requirements and characteristics of this in vitro processing reaction (€.g.,
ATP/Mg"™ dependency) implicated the involvement of the u‘biquitin-mediated

15 protein degradation pathway (Goldberg, Eur. J. Biochem. 203:9-23 (1992),
Hershko et al., Annu. Rev. Biochem. 61:761-807 (1992)).

The proteasome is required for the processing of p105 to p30.
p105/p60Tth proteins are not processed in mammalian cell cytoplasmic ex@cts
depleted of proteasome activity. However, addition of purified 26S proteasomes

20 to these depleted extracts rcstdrcs the processing activity. Additionally, specific
inhibitors of the proteasome block the formation of p50 in mammalian cell
extracts and in vivo. Also, mammalian pl05 is processed to p50 in
Saecha;-omyces cerevisiae in vivo, and a mutant deficient in the chymotrypsin-
like activity of the proteasome showed a significant decrease in p105 processing.

25 p607Tth is ubiquitinated 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. IxB-a is rapidly degraded in response to NF-xB inducers

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



-36 PNAS 89:7491-7495 (1992)). This arrest of cell proliferation lp‘éprﬁ‘{grm%
repair of damaged DNA. By contrast, in tunor cells expressing nutant forns
of p53, DNA damagi ng drugs or radiation do not induce cell cycle arrest
(Kastan et al., supra; Kastan et al., Cell,,71:587-597 (1992)).
Consequently, tunor cells are 5 selectively damaged by radiation and
cytotoxic drugs. The selective arrest response of normal cells by inducing
p53 suggests that enhancing the p53 response can allow the treatnent of
the tunor with higher/nore, prolonge L4l - Plenke&l Gk al.| Narupy
anti neopl astic dleﬂgév.N“‘;}?fé“*‘Jg‘é’ak?ﬁg'f&i}r{ u f%déﬁd%‘%66ggg,¢@9% non toxic agent
as an adj unct to xadieotRey ) Heohaal Meecilapond EelarRiolgs|1§(9B3AEI3Nat ur e
358: 15- 16 oA LA o) ing | i

: 15- (1992) ““buf a method for reducing it to rgc@eceoag/as nolt<db
descri bed. The us(eggca‘)).plm-eadegndatmniabﬁttbii§°%Y%chggu TR R AISG Blocked by
augnenting the expression of p53.in.nor gl : | bita,
degradati on by th@lﬁbmrgpéa@@ﬁﬁ&m%ﬁm&{%%’]@l%@g{’ E?@Q%%@ngﬁgh{b Elga gthtCe%'I c
adm ni stration of inhibitor at a sufficient dose to inhibit
p53 degr adat i on gf%ﬁ?%@%?@;gone during the treatment of the tupnor with
cytotoxic drugs or radi@ddrdingly, He owhatdmephalysay esseatialreledadke regalatien 8f s of
p53 expression in normnal ceIF

proliferation, redexBegtivitei Flis;:ﬁr;ls Mwéslf’yliggggﬁﬁg‘%g’?_t%tr)érg’gésﬁggroﬁﬁg? :a?)ﬁel)lr
Cytoonl e L o0 SRS OILh S e o
S o o 16 e Rishmen YLSond i SRRASBIERDRAIS B A
g S et e
By expgsur e of the skiThe pr9§WﬂVF$‘éQﬂ ’éh‘??n‘." a\Kﬁ?t‘gﬂA Foﬁ ﬁ?{)’.‘qﬁ@ %&r\, ilarg Iolﬂggf i on
LSRR Ll Lg{@cel | d";\z/;'a_lélﬁaq %@@h&éggtﬂ%%el@ of thé'aﬁlma!@iﬂh inHbiedrs of

4:1689 (1984); 1g @angmn
proteasome function.
Compounds can be tested for their ability to inhibit the activation of

]

15 NF-xB by means of a DNA binding assay (Palombella, et al., Cell 78:773
(1994)). Whole-cell extracts are prepared from untreated or TNF-a treated cells
that have been pretreated for 1 hour with the test compound. The DNA binding
activity of NF-xB is measured by an electrophoretic mobility shift assay using the
PRDII probe from the human IFN-P gene promoter.

20 As an indirect measure of NF-xB activation, the cell-surface expression
of E-selectin, -CAM-1, and V-CAM-1 on primary human umbilical vein
endothelial cells (HUVECs) can be determined by means of a cell surface
ﬂuonscént immuno-binding assay. Because E-selectin, l-CAM-l, and V-CAM-1
are under the regulatory contro! 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 a2 manifestation of
an in vivo T-cell mediated immune response (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



| AUGUST 2006 -37 (1993)). This protects normal skin from chr omds®RGUSRA006
damage by allowing tinme for DNA repair before DNA replication. Defects in

t he p53 response pat hway, such as seen with Ataxia- Tel angi ectasia, result

in increased susceptibility to ionizing radiation-induced 5 skin tunors
(Kastan et al., Cell 71:587-597 (1992)).. It4l-s well established that
exposure of normal individuals increases the risk for many kinds of skin
cancers. This risk can be dimnished by LJV filtering chemcals in skin

creans. Another approach would be to pronote the resistance in
skin cells to W rdmanygebsoyre, iteistcigar dhat the Brocest 1S Ps?dseé‘gé’ﬁ?’%%eh‘fa‘&%%'%ﬁce
the skin's expression of 10 p53.in. res&l%g?lgs taﬂgltﬂéé.&ahc REMHrEi(Piigﬂa, aa,

degr adati on by théd%@a a’°§p61ﬂ?°é€9tnir8 proteascne | nhibitors provides a

method to enhance j Mg PO r gopans&79MRane Nickatoffeubali derdivest. Deematol
present inventions the topical application of prot easoge i.nhi bi.t ors tfo
reduce the acknow egdgsrs-i52% (IS00RKiNF-kE byamedipting Frents e 2 the;prodiation o

treatment of psoriasis using LTY |jght, ich i t ' ' ;
psoral ens Hr coal mhnﬁaﬂ@ﬁ%mm@m a&&é“\ﬁ,\‘,ﬁl‘?‘boé’n&icgf 3§Qa%@kﬁggmng&é§cnﬁg’elsof
proteasone inhibitors to reduc g Lo iHvaivedVim dEmiie weBpensest s in an

I nactive formin t%%"“ﬂ?&ﬂﬂe‘é{;’ ﬁ@(‘:‘%{ﬁ%%;g&\{%ltﬁ aﬁ 20 i nhi l)t?ig?or protein,

11cB. In order for the g YoRpbihda@Fdommulat(lbeora@l) par borsaditogreat gheRicHH,
it must enter the cell nucleus. It cannot do this, however, until t .{.xB
portion of the congpiuex ihBammavoredhataispthsceesylt reff BARSPLANIALIOR, THEOD: ?E‘Fﬁ‘ 12d

e e ot R Ry e Bt
o Te o ol by st e mer st aror
i rmunodef i ci ency Vidshiafetiviih psbeiasis dhd gisyencaissan elsedettieatednoul d
| The term “treatment of inflammation” or “treating inflammation” is
intended to include the administration of compounds of the present invention to
a subject for purposes which can include prophylaxis, amelioration, prevention
15 or cure of an inflammatory response. Such treatment need not necessarily
completely ameliorate the inflammatory response. Further, such treatment can be
used in conjunction with other traditional treatments for reducing the
inflammatory condition known to those of skill in the art. |
The proteasome inhibitors of the invention can be provided as a
20 "preventive" treatment before detection of an inflammatory state, so as 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 10 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 i1s meant



prevent the activation of the NF-icB in patients suffering fron1§dé”cujgr2006
di seases could be therapeutically beneficial. The inhibitors enployed in
the practice of the 1 AUGUST 2006 -38 present invention are capabl e of
preventing this activation: Thus, blocking NF- xB activity could have

i nportant application in various areas of ned-cine, e.g., inflanmtion,
through the inhibition of expression of inflammtory cytokines and cell
adhesi on nol ecules, (ref. Gilli et al., International Review of Cytol ogy

143: 5 1-62 (1993)) sepsis, AIDS, and the like. Mre sﬂ[?eci-.ficalﬁlhg,.the
activity of NF-- KBhé SishiegBimageguioxiedffeats Which gecusto otharygise, Realthy tispues,

Revi ew of tolo 143: 1-62 (1993);. Beqg .et, al

7: 2064- 207((5y (199%{0;ng@@¢&}‘5?&‘?&%%‘%&%‘Qd%ﬂfet"‘es“,%g%ga”aﬂnﬁga“adn;ﬁ%gﬁ i onal

menber of the rel dgéggmf ani Ig t%f?.qugQ,rS{"i_ﬁﬂhﬁﬂxak&?\t\Ebpaﬁsd%eieWh)ere innhelitbdyost
n a

cells, the p50 an §ra§a;5 sen i nactive precursor formin the
cytopl asm bound to | KBamounfdgidtregiment tier the @dministrationod! pypteRspme iGN Rt ed

by the proteolytic processing of a 105 kD precur,sor protej -, e

(p105), amd this a@.aomnmsﬁ:@nssofathsdnwwpdt%@gl?e ﬂS%@agéﬁ%dé"%y t"ﬁge with
N-term nal 50 kD portion qf . pl03.i.s,SL.M : ‘n‘fﬁﬁﬁn t@diseidegrsuch
menbers of the reIOfééﬁ@' FHI%‘P@’?%H@CQEF%E&%%%1 ogy d%i?an?%) .t Byscont rsggt,

the Gtermnal 55 kD 'tflleﬁsﬁeﬁ{' fikdk Hgjectiers e iGunaratly, the de®@ga of theo
known as MAD3). Siﬁn cantly, urllp ocessed pl05 can associaje with 3165_and
other menbers of tdhgnpeitidroof thy invention wilh vargsiepending UReR EQNISHACHAONS such as:

Processing of pl05 results in the production aof p50. whi ¢h. : o
transcriptionally type ioﬁphmpwah%‘%@??ﬁﬁ%‘?n?&?ﬁgéé—gf’\éﬁu%&ﬁaﬁ?’gﬁlfél?%&g%ng

nomD] 090U, SeaNence ol LRI iy S8kt pgeABCrunp ek egmerberihe
that 1t, too, 1s wﬂgﬁsﬁﬁgﬁt&feﬁ; %&r‘i’rgbg ggki;lg%fsl(iﬂlsggid@aggaz}@ngﬁidufan@ of thex |
&)322 5| grl ggi%a ggn g%;agmeg avidp gyunie? iltigations 3H3nY, wﬂ@gfq gngﬁlealtzq Ee adinsied by
Bl ology 111523 the individual physician. A desired dosage can be administered in one or more
applications to obtain the desired results. Pharmaceutical compositions
15 containing the proteasome inhibitors of the invention can be provided in unit
_ dosage forms.

Thus, the proteasome inhibitors are useful for treating such conditions as
tissue rejection, arthritis, local infections, dermatoses, inflammatory bgwel
diseases, autoimmune diseases, etc. The protcasome inhibitors of the 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.
Ths, the compounds can be employed to treat cancer, psoriasis, restenosis or

25 other cell proliferative diseases in 2 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



25 (1992)). Many of the structural and regul atory features of plddngQJST2006
simlar to pl05. In addition, the pl QO protein can also form a heterodi ner
with p65 and other rel famly nenbers. In summary, the transcriptional
activity of heterodimers consisting of p50 .ggd one of the many rel famly
proteins, such as p65, can be regulated by at~least 30 two nechani sms.
First, the heterodinmers associate with IKB-a to forman 1 AUGUST 2006 -39
i nactive ternary cytoplasm c conpl ex. Second, the rel famly nenbers

associate with p 105 and p.100.t.0 form.]j i QR Sxepstasthkie, dfandlinynt
conpl ex can be ac@-‘iﬂ?‘é@@éVﬁ?“gﬁémﬂ?g%%ri%??%%élgﬁ’dﬁdestruction of 1, KB-cx,
whil e the p65/p 105 _and 39@341949%%?%%&&%, foa thelypmirpase iof thegpgesght invention,
processi ng pl05 an Xo0° respectively. The dissociatiqn,of ng-ﬁdcar;!l be
i nduced by a remar kahlygloatigof tissubdn whith termuldiplicaion olegnly SNCOHRR LY

| i popol ysacchari des, phorbol esters, TNE-a, an ri iGoeneikh € the
The IxB-a is then pmgreisivededhedegor ﬂ?—f’ééﬁtpag‘ﬁfg? sré{g‘(ﬁé‘gtégttﬁ% hat p 105 and

p 100 processing can_ al sq _be ind xI.hg,.g,x-::tmg,gﬁﬂmagihel:ihrepertieﬂ.sefinvasion
extracel | ubar si gn&!%‘gnﬁtwggoﬁg\&g‘gﬁmﬁgr ated that p 105 oy a fruncated

e 6 0B 535 B0 o B e i e
characteristics of this Thusytreatmept oﬁ@@§¢rﬁgrf‘g&&qgﬁn@r_ e ,e.rS tgfﬁ/a,g}dwry that |
dogr adat | o pay hvepreeoisislpaes o amelioriirs i, if U AN B REtse tiBhiane &
For “the proseos! ng RopErpstm TRl {LBAREY expte s e
processed jiin MaMBldaRefsahht &Y teabblenire bmatlyadivided deigitbe e%}e%qnearogf@raglam&

activity. wever, addition of purified 26

S pr.ot easones
depl eted extracts rigsiphosm mmsgﬁﬁpﬁéﬁfm‘wmﬂﬁdﬁh%?éﬁgﬁ ;Eag%g(}:’it?? c

composition of the present invention include, but are not limited to:
adenocarcinoma, acinic cell adenocarcinoma, adrenal cortical carcinomas, alveoli
cell carcinoma, anaplastic carcinoma, basaloid carcinoma, basal cell carcinoma,
15 bronchiolar carcinoma, bronchogenic carcinoma, renaladinol carcinoma,
embryonal carcinoma, anometroid carcinoma, fibrolamolar liver_cell carcinoma,
follicular carcinomas, giant cell carcinomas, hepatocellular carcinoma,
intraepidermal carcinoma, intraepithelial carcinoma, leptomanigio carcin?ma,
medullary  carcinoma, melanotic  carcinoma, menigual carcinoma,
20 mesometonephric carcinoma, oat cell carcinoma, squamal cell carcinoma, sweat

gland carcinoma, wransitional 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 cell sarcoma, granulositic sarcoma, immunoblastic sarcoma, juxaccordial

osteogenic sarcoma, COppices sarcoma, Jeukocytic 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



I nhibitors of the proteasone block the formati on of p50in nannal‘éﬁu%Q§F2006
extracts and in vivo. A so, mammalian pl05 is processed to p5o0 in'
Saecharomnmyces cerevisiae in vivo, and a nutant deficient in the

chymotrypsin- like -activity of the proteaso showed a significant

decrease in p 105 processing. 25 p60 Ph is U qU|t|nated in vitro and this
ubiquitination is a pre-requisite for p 105 processing. As nentioned

above, the Ctermnal half of the p 105 (p | 05C) is rapidly degraded

during the- formation of p50. and u 86 Guti e mRtHnkRE! g
simlar to that oyl the QQEIEPC&“}%‘ ?éﬁﬂ%ﬂfﬁs gqﬁ‘ge&ggnﬁﬁa? espounse to NF-KB

i nducers 30 and F'H'io qgﬁ?@% O%ghyﬁlg%@ﬁ:&l@ﬁ%ohﬂsmmas&nhnys hyowphome,

activation (Melli 0 et al Nucl ei ¢ Aci ds Research

2] (22) : 5059- 5066 g&%@ngMEnkﬁlaneuxfﬁiselymahmes 365: 182- 185 (1993); Beg et
al., Mol ecular an

I Bi ol 13(6
degradation and the act#hgéwmﬂvgag’?gﬂfoﬁé‘ﬂ)é? gl%gﬁg%&&}g%%%%bg@am% bi to?fgl of

prot easone finction or  ubi %w ti n conjugation (Palonbella et al., Cell 5
78:773-785 (1994) )in ukatRg MRS t he prot easome plays an essential role in

the regulation of NF-KB a Suhtsvdn'd%e imidns tfor tHeeadpminisaiemef Proteaseme ARHDIQSS
t he processi ng of pl 05 an possi Iy p 100. The de rad t|o L Lﬁgse with
i nhi bitory C-ter mjydScoapositions ofetpei inventian casy Bt &5 §§3 Yt

prot easone appears to be required for t he. de § h&@'sh&l’%ﬂhe
response to extrao&rklinah'}asklﬂlrmdb%ﬂémc %@E&%ﬁ@%%n{’/%ﬁﬂaé% drqeorat es to a

met hod for reducing.the t | Vit dsSioR'meaktasik) eraependarynsymptoms
contacting cells RTIMRRY P‘Hﬁf %\9’?&% r?ﬁPéétYosrg of proteasone fung tlgfnthe
15

Conpounds, can be t aes%%%Afd%ﬂt,la% Bisedie] iGanetailyi, ti M&agc o thecearRASIEAD
NF-i cB by ans of

(1994)).  Whol e-cel ;,wmmﬁﬁgfa;;‘ geniiégéﬁég’% Lgﬁﬁ%'ﬂrﬁ‘%ﬁg@a%gy%# coﬁﬁsrogxglt%gd
cetls employed; age; health; medical conditions being treated; kind of concurrent
treatment, if any, frequency of treatment and the nature of the effect desired;
extent of tissue damage; gender; duration of the symptoms; and, counter
15 indications, if any, and other variables to be adjusted by the individual physician.
A desired dosage can be administered in one or more applications to obtain the
desired results. Pharmaceutical compositions containing the proteasome
inhibitors of the invention can be provided in unit dosage forms.

The present invention will now be illustrated by the following examples,

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 1, and detailed descriptions of these procedures are provided
in the Examples. Syntheses that do not conform to the general reaction sequence

are described in full in the Examples. (15,25.3R.55)-Pinanediol leucine boronate



that have been pretreated for | hour with the test conpound. The ]II>1§IHGUST2006
binding activity of NF-KB is neasured by an el ectrophoretic nobility shift
assay using the PRDII probe fromthe human | FN-P gene pronmoter. 20 As an

i ndi rect neasure of NF-KB activation, the C_f‘;hl -surface expression of
E-selectin, 1-CAM1, and V-CAM 1 on primary human unbilical vein

endot helial cells (HUVECs) can be determ ned by neans of a cell surface

fl uorescent i mmuno-bindi ng assay. Because E-selectin, |I-CAM 1, and V- CAM

| are under the regulatory control of - ioh s kdHotea Kefind¥FEKR; Shenvi,
activation result®i “25’4°Fﬁa% é@&pfe@g&ﬁdgﬁﬁg{lﬁgsg dhesimon nol ecul es on the

cell surface. Co ngs t(ed84)pr N-Bmitectetb(Boc-yChz, ionfimsict) a
hyg&?@ g Bxgaﬁ'tﬁén%%@?lstl% (@984))

del ayed-type ensitrvity response in mce. Contact hypersensitivity
is a manifestatiogmafo aids Fwetevoonimesdiallyreavatiells PAYRE Pé%%"rfgeg"m the

(Friedmann, Curr. Optnion | nmunol oXy, K 1:690-693 Losth

exact nol ecul ar nearspondisg freeamEw qctsbw %%&%8”&%‘#"?6?%%“‘?‘% g}rﬂgctl o%‘?gsgnd
vascul ar changes involved in e_respon -PQRletRARG; afbiodiimide
obscure, $t is cl 8eScTIPR tmt%gé?'@@@so?éﬁl ependent tlﬁ}gonmt e.iygl}tter pl ay of
sol ubl e nedi ators 3}%(33@§th} @@yub@ﬁomdl-l%mﬁdﬂimhﬁgmmmhqwgmém et
al., J Exp. Med E T673-679 (1991): Nickoloff, et al. \Z)Hvest.. Deirl ol .
94: 15| S- 157S( 1990}, 3xafiordgBosphatered(BOPng reegsnts s®Eh LLHRPPFIHAEY ‘o) of 5

cytoki nes and the induction and utilization of - c &Ved
mol ecules, is a OBNIVA-tetrametBBERTHUM,; P‘F&aﬂgarlﬂbéfalct)ér (i%ﬁvo vgl ?efi%ﬁ?rlr%uzneas

responses. The conpoynds_of for 11.8) ePlal ( 2bMnt aThehe Sose87L2d492 (£245);
chronic or acutergg‘i‘ﬁti}%g?’gg (Sﬁ%gmlq’sjthg result of transplantatio

rejecti otrll8 art hri tdaSiro, B LR Syinthesist /N 131i @ 976X Tatrahedron déf‘-rﬁé‘ficl)%?%(,lgsg))-
r

i nflammatory bowel di sease, asthma, 10 osteopor osi ost egarthri S(N‘%ﬂg
aut oi mune di seasall danpdundniwerecharagterizeghy PO, E%H’%&%‘é%%\hg{bﬁ‘l“}b‘!s"'ori as)l S

and restenosis can also be tregated. . The.term“ t GRAt vaifidd Tyanmiat izgef or
"treating infl amm&PFAFPSCORY- Tt ®Surity "Bt e Mprddut vé&ifidd iy

chromatography and by high performance liquid chromatography (HPLC).




intended to include the adm nistration of conmpounds of the preseh&AlK}UST2006
invention to a subject for purposes which can include prophyl axis,
anelioration, prevention 15 or cure of an inflammtory response. Such
treatment need not necessarily conpletely gﬂgliorate the inflamuatory
response. Further, such treatnent can be wused in conjunction with other
traditional treatnents for reducing the inflamatory condition known to
those of skill in the art. The proteasone inhibitors of the invention can

be provided as a 20 "preventive" treat ofe detection of an
inflammatory state, so as to prevent tR?gééﬁ§%{0n1developing in patients

at high risk for the sane, such as, for exanple, transplant patients. In
anot her enbodi nent, efficacious |evels of the proteasone inhibitors of the
invention are adm nistered so as to provide therapeutic benefits agai nst

the 25 secondary harnful inflammtogy effects of inflanmmation. By an
"efficacious |evel"{ of q? conposition qLNkhe invention i s neant a Ie”?L at

whi ch sone rmda#uls affogded tyg t A patie 2 e reci piygght :zyﬁe
treatnent. By an "abrgprmal" hosji fmat or y condition, is neap:
of inflammation inqfhe subpeet a te which exceedthheHnor > he
heal t hy nedi cal state ofRGhts Pegt, or 30 exceed?Ga_N ' Bvgl . By
“secondary" tissue danage or toxic effects is meant "1HAUGWST 2006 -42 the
ti ssue damage or toxic effectsRmhiqﬂ occur to otherw se h®al t By tissues,
organs, and the cells therein, due to the presence of an inflgymatory
response, including as a result of a "primary" inflammtory response

el sewhere in the body. Amounts awd reginens for the adm nistration of
proteasome inhibitors 5 and coppbs®™ions of the | REERS BF F9h b .
determined readily by thoseM YN_"ordinary skill in the clinical |8
treating inflammti orerel at ders such as arthritis, tissye injury
and tissue rejectionf Ceferglly, the dosage of the conposition qf tie

invention wll wery dependin on consi dergti such as: "L/MO
penong e bro@4bn e, KT
2
(5) .
&—N’l\w’“\r’s\°
H
Boronic acid o) R3
Deprotection '
4)
R? OH

(6)



type of pharmaceutical conposition enpl oyed; age; health; nedica.IlA‘UGUST2006
conditions 10 being treated; kind of concurrent treatnent, if any,

frequency of treatnment and the nature of the effect desired; extent of

ti ssue damage; gender; duration of the synptons; and, counter indications,

I f any, and other variables to be adjusted hy7- the individual physician. A
desired dosage can be adm nistered in one or nore applications to obtain

the desired results. Pharmaceutical conpositions 15 containing the

prot easone inhibitors of the invention can be provi

forms. Thus, the re useful for treating such
conditions as tigsue rejection, arthritis, TaRed| infections, dermatose
i nfl ammat ory bowelfj di seases, autoi nmune di seases, etc. The proteasone

i nhi bitors of the jpresent Z%Qﬂygqgémomﬁbngeeﬁpumdﬂqm wvdsnt t he
rejection or infl

for exanple, heart|f lung, kidne ,ﬁ;lver A e%lfl N gﬁ%‘f’!@“&’nd tI&&é 'I“g'?t
Conpounds of the pf es&emAOMIEnt il oGOPRAMIE R hE Deprmtrction® ccnce "E%ﬂ
Thus, the conpoun SIS, res eno S
or 25 other cell [pMGiz6érative oﬁ-@@aqu in Q@M{_;_n_ﬁe
the term"” Heaﬂmn ncer" qar éraﬂlngc1mmr'isintmmed
. D .
descrlptlo of an A&SJ%EU of u%uunub ot present 1 nventi on wherei
said activity prevgmg&eor aIIeV|B®Es or_aneltorates any ofl The-specifi
phenomena known ipr—TthE art (0 He.associ ated W_th the path | agy connDnIy
known as 30 "cancef MGR6d TPF”‘"¢5§§€L1 Fef-erd—to—ttre apetﬂrUﬂ]OT
pat hol ogi cal synpt )rmGlzé,Q\UGUST 40E6C -43 assogifated with t hieNpHj | )]
progression, as we as—metastasi s or nallgn { tunmors. By_the term
"tunor" is intendef MGRT0t he pur [pBRE the | A—r-e At e
growt h of élssue | | the nulgbgllcatlon ¢facells is ungentrol |l ed ang
progre55|@ The t - trcutarty T |e¥§nt to the kEMﬁﬁﬁion S
t he MG-273 EDC A,
MG-274 BOP A -
MG-278 EDC A RO
| MG-282 EDC A =
15 MG-283 BOP A A0
1 M-234 - B RCOXC]
MG-285 BOP A RC(OXCI
MG-286 EDC A,B RC(O)CI
MG-287 EDC B Ac,0
20 MG-288 EDC A RC(O)C
MG-289 | EDC B RSO)CI
O
| MG-290 EDC B Ac |
- C
MG-291 EDC B RSO)
. 1
MG-292 BOP B RCO)C
Cl
25 MG-293 TBTU B RCO)
MG-294 EDC B =
Cl
MG-295 BOP B RS(0);
S(0),Cl
MG-296 EDC B RS(0),
|
MG-297 EDC B RS(OLC
RC(O)C!
30 MG-298 EDC B (©)
RC(O)CI
MG-299 EDC B ©




5 malignant tunor, one in which the primary tunor has the propert*é@"%?ST2006
I nvasion or nmewstm s or which shows a greater degree of anaplasia t han do
beni gn tunors. Thus, "treatnment of cancer" or "treating cancer" refers to

an activity that prevents, alleviates or anel%orates any of the primry
phenonena (initiation, progression, netastasrs) or secondary synptons
associated with the disease. 10 Cancers that are treatable are broadly
divided into the categorles of carci nong, Iynphona and sarcona. Exanpl es of
carci nomas t hat cap.h ety e on

i ncl ude, but are nt Ilmto ade ocar ci noneBorasicAcid cel | N-Terminal
al Ibeplrotectinal® | |car Brotention

adenocar ci nonm, adenzﬂowﬂcal (S:&P‘E %ﬁﬁ%",
ceHt—Tarct 5
B CIOX

anapl asti c carci nofe.—ha oi-d
G- jmloonchogenElDCcar cr norra B enal adi nol

I.IUII UI LIl

bronchi ol ar carci ng

C
|

enbryonal carci nonfg—amometrrol d [carci noma, fibrplanolar |ivegcegl|
carcinoma, folli cliMB-3%r ci no l%ﬁ eﬁ%hﬁm—ﬁ;péwwkm
carcinonmm, intrae Wgrml carci gﬁg i ntraepiftBel i al carcinena,
| ept omani gi 0 car ci rrechori- carcrmnong, [Ifel anoti c car chg:gmg er meni gpal
carci noma, 20 meso Gn@ﬁhrl c caré PBoma._oat ddll carcing SHSEEEL col
carci noma, _sweat 0(z‘larcr no TB‘ﬁJanS' ti onaIB cell carci nbma, and tubu ar
cel | carcifoma. S 3 be—treated iy te Conpos hlg%l)cq
present invention jnatcwbs, but aEBCnot linitedto: aneliob A,
angiolithic sarconmg;_poiryord s ﬁ‘ﬂl , -endongtgi al st roma FRCEONR. ew njg
sarcoma, fascicula Qima_gr.aﬁ ceH—safeora—granutopTt1 C_Sal Conu
i mmunobl astic sarc an mzyxaccord @#BTUOSt eogenyg Barcoma, cop RE@E_&IJ&[E
| eukocyti c sar coma fffteokema; 1 natrc sarGOé:ra (I'ynmpho S?k
medul | ary sarcona, IP 6-H18d_sar coldBIHr anul acitlid  sarsemay—-eHst ch,,b,
sarcona, %rr ost ea(jﬁﬁ%r%rm ret] ¢girym cel |l sgrgoma (hi sti pRE(OIE]
| ynphoma) ,”“round c —sptete—cett—sgrcona, synovi fal sarconm
and tel anci ectati c [|[aM@-dgeni ¢ saf BORa. Lvnphors® that can hiﬁﬁam_;_
AUGUST 2006 -44 MG-311 BOP B HC], dioxane
MG-312 EDC B RCOX!
MG-313 - B RCO,H, TBTU
15 MG-314 TBTU B RCOXC
MG-315 BOP B RC(O)CI
MG-316 BOP B
MG-319 TBTU B
| MG-321 TBTU B RCOX]
20 MG-322 TBTU B RC(O)Cl
| MG-323 - B Ac,0
MG-325 TBTU B RCO,H, TBTU
MG-328 TBTU B Reox
I—MG 320 TBTU B RC(O)Cl
25 MG-332 TBTU B NaH, Mel
MG-333 TBTU B NaH, Mel
MG-334 TBTU B NaH, Mel
MG-336 TBTU B RCO)CI
MG-337 TBTU B HC], dioxane
30 MG-338 EDC B RCO)C!




by the conposition of the present invention include, but are not 11"HCEQ§T2006
to: Hodgkin's disease and | ynphocytic |ynphomas, such as Burkitt's

| ynphoma, NPDL, NM., NH and diffuse | ynphomas. The compounds of fornul ae

(I b) and (2b) appear to be particularly useful 5 in treating metastases.
Anmounts and regi nens for the adm ni strati on ot proteasone inhibitors and
conpositions of the invention can be determ ned readily by those with

ordinary skill in the clinical art of treating cancer-rel ated di sorders
such as the prinmary phenonena (initiati e acimcanx A i
secondary synptonyf 10 associatdd with t
t he conposition o t Keompoundnt i jorCamplipg BEEYE
such as: type of donposition —aomploved.—age-:
being treated; KifdefsoncurreptpTr eat nent,
treat ment and t he rettr-e—of—tterefTect desirgd;
gender; duration (H?r:iﬂayosynmon TBIHd _ cou
ot her vari abl es t j usted pygitye i ndivi duel
dosage can be adnijnistered—i-A—epe—or—more—appritarions to n
desired results. BhesGisu2euti cal | eonpositions |cBntaining t
I nhi bitors of thelrmvention can rovi ded ijngunit dosage | frore, TBTE
present ifdvention mk"_lq':" ow bhe | REIEJ at-ed—by ??.c fottowrTg EXd%I €S, 2
whi ch are not intenp@:;,;p be |ipBoOpng in any MBy. Exanples ds
of formulas (la), [f+r—t2a)"orT bé%l) Wwer e prepgred accordi ebiet he
general reaction deMéedte depic BS 0 schens - R—ane—R— T d
above for fornmul as Mg_p)é and (2pEpdPG represegnBs an ani no- griRSUPICH
protecti ng noi ety.j—+re—getret-at—procedur €5 ¢ ayed Tor each epnd ar
summari zed in Tabl{leMG-34ihd det al E® descrij ptiloHs of J‘Jn%;g__ﬁ
provided _in the Ex&@&&& Synt hgggg) t hat do jngt conform t ¢ HCledigeamer al
reaction lé)equence e—8scri-bef—+A—foH—rmtjeExanpr €3. L di
(1S, 2S, 3R, 5S) - Pi ndnpei-a49 | euci ng TBAlbnat e HCl, dioxane
MG-350 TBTU B PhCH,NCO
MG-351 EDC B -
MG-352 TBTU B RCO,H, TBTU
15 MG-353 TBTU B RC(O)C!
'MG-354 BOP B RS(O),C!
MG-356 TBTU B =
MG-357 TBTU B HCI, dioxane
MG-358 TBTU B RCO)C
20 MG-359 TBTU B HCI, dioxane
MG-361 TBTU B RCO,H, TBTU
MG-362 _ B PhCH,NCO
MG-363 TBTU B HCI, dioxane
MG-364 _ B RCO,H, TBTU
25 MG-366 TBTU B HCI, dioxane
MG-367 - B RCOXC]
MG-368 EDC B TBTU
MG-369 TBTU B HCI, dioxane
MG-380 TBTU B RSOXC!
30 MG-382 TBTU B RCO,H, TBTU




1 AUGUST 2006 -45 trifluoroacetate salt was prepared as previ ous) @UGUSTZO%
reported (Keftner, C A ; Shenvi, A B J BioL Chem 259:15106 (1984)).
N-Protected (Boc-, Cbz-, or Fnobc-) anmino acids were conunercially

avai l abl e or were prepared fromthe correspg ding free amno acid by
standard protection nethods, unless otherwi sé"5 described in the Exanpl es.

| - Et hyl - 3- ( 3- di net hyl mi nopr opyl ) car bodi i m de hydrochl oride (EDC),

benzotri azol - 1-yl oxytri s(di net hyl am no) phosphoni um hexaf | uor ophosphat e

(BOP reagent), or Qs ' =N éatj'e rehoamian urn
tetrafl uoroborate | TBTU) were efiployed a olip|Bomepit Agifent] s exmngl,  J. C
et aL, J Am Chem| So€omppundigo (‘f@é@)",géﬁf"?:a t DeprdBectiont 3L, Bxptectioni s
11: 751 (1976); Tet|ahedor—tettr—30-+927(198PT)— A comoun&i&ﬁg
characterized by [maiusszmcl ear |MRAAeti ¢ resop@nce (NWVR) Jpe a-g&/
purity of the pro '

verTfTed Dy thin | pyer chronatcgﬁepa%@nd b
hi gh performance || MG-38&hr omat ¢grBidhy (HPLO AUGUST 20064 ~~40 ScChene il P
R2 OH M- 0 Me couptTTig_agent Mg Me, ... oo Me, Ll -H&. aRxBe H
CF~C243 B- 4y 0 PSM@]%§6I\IyB-.O #ﬁ’?‘é) HO R3 Brfa) Mo X
TBTU

MG-387 B RC(O)Cl

5 s A = NalO,, NH,OAc, acetone-water; B = i-BuB(OH),, 1N HCl, MeOH-hexane.
See Examples for detailed descriptions of procedures.

[¢)

'Example 1: N—(4—Marphaline)carbonyl-B-(I-naphthyl)-L-alanine-L-
leucine boronic acid [MG-273]

A. (1S,2S,3R,5S)-Pinanediol N-Boc-B-(1-naphthyl)-L-
10 alanine-L-leucine boronate

To a solution of (1S,2S,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-
dimethylaminopropyl)carbodiimide hydrochloride (EDC) (404 mg, 2.11 mmol),

15 1-hydroxybenzotriazole monohydrate (HOBT) (285 mg, 2.11 mmol), and
N-methylmorpholine NMM) (0.3 mL, 2.64 mmol). The mixture was allowed to

warm to room temperature and stir overnight. The reaction was quenched with

water (100 mL), and the mixture was extracted with CH,Cl, (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 dried (anhydrous

MgS0,), filtered, and concentrated to afford the title compound (202 mg) as a

white foam.



Me PG= Boc, Cbz, F., M&,, NDeprofaction R2 _ ,YHO M H M Fl-‘ﬂIUGUST2006
N-Protaction ...... 0O RBM"', (5 R H,YHO Boronic acid 0 R3
Deprotecton (4) R2 OH"JYHOH P-NHO R3 (6) 1 AUGUST 2006 -47 Table |
Synthesis of Boronic Ester and Acid Conpounds, Conpound Coupling Agent
Boronic Acid N-Terminal Deprotection' Protéction =MM-MMA=M MG 261 EDC

5 M5 262 EDC A M5 264 BOP

B. (15,28,3R,5S)-Pinanediol B-(1-Naphthyl)-L-alanine-
L-leucine boronate trifluoroacetate salt

To a solution of the product of Example 1A (930 mg, 1.38 mmol) in

CH,Cl, (10 mL) at 0°C was added trifluoroacetic acid (5 mL) and thioanisole (1

5 mL). The reaction mixture was allowed to warm to room temperature. After 4
h, the reaction mixture was concentrated to dryness and dried in vacuo. The

residue was used in the next reaction without further purification.

C. (1S,2S,3R,5S)-Pinanediol N-(4-morpholinejcarbonyi-
B-(1 -naphthyl)-L-alanine-L-leucine boronate

10 | 4-Morpholinecarbonyl 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 mmol) in CHCl, (6 mL) After 24 h, additional
morpholinecarbony! 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 HC] 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 title compound
(124 mg).

D. N-(4-Morphaline)carbbnyl—ﬁ-(] -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 agueous 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 evaporated. The aqueous

25 layer was acidified to pH 3 with 1N HC] and extracted with EtOAc (3 x 20 mL).

The combined organic layers were dried over anhydrous MgSO,, filtered, and



MG 267 EDC MG 268 EDC A NaH, Me] M3 270 EDC A 10 Mz 272 EDC A MAAPGERE2006
A B R(OC MG274 BOP A MG 278 EDC A RG(OCl  M>282 ED A 15 MG 283 BOP

A Ac20 M3 284 B RC(O)CI M3 285 BOP A RG(O) G MG 286 EDC A, B RC(O) Cl

MG 287 EDC B Ac~O 20 MG 288 EDC A RG(O)Cl MG 289 EDC B RS(0)2C MG 290

EDC B Ac20 MG 291 EDC B RS(O-C MG 292 BGE2B RC(O)Cl 25 MG 293 TBTU B
RC(OC M G294 EDC B MG 295 BOP B_ RS(0)2C M 296 EDC B RS(0) 20

MG 297 EDC B RS(0)2CI 30 M&29 EDC B RC(OCI M3299 C B RC(OCl 1 AUGUST
2006 -48 Conpound Coupling Agent Boronic Acid N Term nal - . .
concentrated. The residue was purified by flash chromatography (elution with

1:1 hexane/EtOAc, 2:2:1 hexanes/EtOAc/MeOH, and l:l:few drops
MeOH:EtOAc:HOAC) to give the title compound (29 mg).

Example 2: N-Cbz-L-Leucine-L-leucine boronic acid [MG-274]
5 A (18,25,3R,5S)-Pinanediol N-Cbz-L-leucine-L-leucine boronate

Benzotriazol-1 -yloxytris(dimethylamino)phosphonium
hexafluorophosphate (BOP reagent, 827 mg, 1.87 mmol) was added in one
portionto a mixture of (1S,25,3R,5.S’)-pinanediol leucine boronate trifluoroacetate
salt (595 mg, 1.58 mmol), N-Cbz-L-leucine (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% HCl, saturated aqueous NaHCO,, and saturated aqueous NaCl,
and then dried (anhydrous MgSO,), filtered, and concentrated. The residue was

15 purified by silica gel chromatography (elution with 20-30% acetone/hexanes) to

afford the title compound (5 39.mg).

B. N-Cbz-L-Leucine-L-leucine boronic acid

By a procedure analogous to that described in Example 1D, the compound
of Example 2A above (539 mg) was deprotected by treatment with sodium
20 metaperiodate (1.2 g8, 5.61 mmol) and aqueous NH,OAc (0.1 N, 10 mL, 1.0

mmiol) to provide the title compound as a white solid (154 mg).



| Deprotection' Protection M5300 EDC B RC(O C M 301 BOP B Acszq\SE%Esz“
EDC B MG 303 EDC B HCl, ether 5 M>304 TBTU B MG 305 EDC B RC(O)Cl MG 306
TBTU B RC(O Cl MG 307 TBTU B RC(O CI M3 308 TBTU B RC(O CI 10 MG 309 TBTU
BRC(OC M3 10 BOP B Ac~O M3 311 BOP B HClI, dioxane MG 312 EDC B
RC(OCI M5313 B RCO2H, TBTU 15 M5 314 TBTU’B RC(O CI MG 315 BOP B

RC(OCI Ms316 BOP B Mz 319 TBTU B Mz 321 TBTU B RC(O Cl 20 MG 322 TBTU B
RC(OCI M5323 B Ar-20 MG 325 TBTU B- RCO2H, TBTU MO 328 TBTU B RC(O) Cl

ﬁ 332 %w E ESHO > ;?12 i E?’(?.Ja%‘{hﬁ)-%’Z‘HunW-L-INEi&@EoA}BTAh&d NaH, ~ Mel
, hydrochloride salt [M G-302] and B-(1-Naphthyl)-L-alanine-
L-leucine boronic acid [MG-303]

A. (IS,ZS,3R,5S)-Pinanediol B-(1-naphthyl)-L-alanine-
5 L-leucine boronate hydrochloride salt

To a solution of (15,2S,3R,55)-pinanediol B-(1-naphthyl)-L-alanine-L-
Jeucine boronate trifluoroacetate salt (prepared as described in Example 1B, 536
mg, 0.93 mmol) in ether (2 mL) was added 10 mL of 1V HC!l. The mixture was
sonicated for several minutes. Ether was allowed to slowly evaporate. The

10 resultant crystals were collected, washed with H,O and ether, and dried in vacuo

to provide the title compound (300 mg).

B. B-(1-Naphth yl)-L-alanine-L-leucine boronic acid hydr.'ochl.oride
salt; and B-(]-Naplxthyl)-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,O 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 Jiltered 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.
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Deprotection' Protection | | M>7339 TBTU B HCl, di oxane M3 340 TBTU B
HCl, dioxane M3 341 TBTU B RCO H, TBTU M3342 B RNH2, TBTU 5 MG 343 TBTU

B RCO2H, TBTU M3 344 BOP B Ac~O MG 345 EDCB RC(O)Cl M3 346 EDC B

RC(OCI Ms 347 EDC B RS(0)2CI 10 MG 348 TBTU B HCl, di oxane- MG 349 TBTU B
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boronic aci
A. N-Boc-O-Benzyl-L-tyrosine

A suspension of O-benzyl-L-tyrosine (3.12 g, 11.5 mmol) in 2 mixture of

5 1,4-dioxane (14 mL) and water (14 mL) was treated, in order, with triethylamine
(5.0 mL, 35.9 mmol) and a solution of (Boc),0 (2.86 g, 13.1 mmol) in

1,4-dioxane (12 mL). After 19 h, the reaction mixture was diluted with water

(140 mL) and washed with ether. The aqueous layer was acidified with 1V citric

acid (35 mL) and extracted with CH,Cl, (2 x 100 mL). Additional citric acid (15

10 mL) was added to the aqueous layer, which was again extracted with CH,Cl, (100
mL). The combined organic extracts were dried (MgSO,), filtered, and

concentrated to give the crude product (4.5 g), which was used directly iri the next

reaction.

B. (15,2S,3R,5S)-Pinanediol N-Boc-(0O-benzyl)-L-tyrosine-L-
15 leucine boronate

To a stirred and cold (0°C) solution of (1S5,25,3R,5S)-pinanediol
B-(l-naphthyl)-L-alanine-L-leucine boronate trifluoroacetate salt (prepared as

described in Example 1B, 3.03 g, 7.98 mmol), N-Boc-O-benzyl-L-tyrosine (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 again

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).
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di oxane M3 367 B RC(OCI M>368 EDC B TBTU M3 369 TBTU B HCI, di oxane
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Deprotection' Protection Ms TBTU B RCO2H, TBTU Col 383 TBT M MG 3

Mz 385 TBTU B HCI, dioxane M>386 TBTQ B HCI, dioxane G 387 TBTU B

ROQCL 5 A = Nal O, N O, aGRUUNECI] Sl = | (CUBHEIN-E-tyt indLteucine

boronate

The product of Example 4B (4.47 g, 7.23 mmol) was dissolved in CH,Cl,
(40 mL) and cooled to 0°C. A solution of 4N HCl in dioxane (40 mL, 0.16 mol)
5 was added and the reaction mixture was stirred at room temperature for 1.5 h.

Concentration afforded a yellow solid, which was triturated with hexane-ether

(1:1, 100 mL). Filtration afforded the title compound (3.65 g) as a pale yellow

solid.

D. (1S,2S,3R,5S)-Pinanediol N-(4-morpholine)carbonyl-
10 (O-benzyl)-L-tyrosine-L-leucine boronate

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-morpholinecarbonyl
chloride (0.75 mL, 6.43 mmol) to provide the title compound (2.35 g) as a pale

yellow solid.

15 E. N-(4-morpholine)carbon yl-(0-benzyl)-L-tyrosin e-L-leuf:ine
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 Example 5: 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



See Exanples for detailed descriptions of procedures. Exanple 1: 1 AUGUST 2006
N- (4- Mor phol i ne) car bonyi - p- (I - napht hyl ) -L-al ani ne-L- | euci ne boronic acid
JMG2 731 A (1S, 2S, 3R 5S) - Pi nanedi o1 N-Boc-P-(1-naphlhy#-L- 10

al ani ne-L-1 euci ne boronate To a solution of. (IS, 2S, 3R, 5S) - pi nanedi ol

| euci ne boronate trifluoroacetate salt (6’éﬁ ng, 1.76 mmol) and
N-Boc-(err)-(l-naphthyl)-L-alanine (555 ng, 1.76 mmol) in DVF (10 nl) at

O*C was added 1-ethyl-3-(3- di rret hyl am nopr opyl ) car bodi i mi de hydrochl ori de

(285 . 2. 13 i il Gk K RERGH) D AR Fa LR 8 e ool The

m xture was allo b SeraRRTor apker dtherreactiod mbitareovas diluged withhe
reacti on was quevfrﬁ%%gw&% Egvvaékér (100 nL), and the m xture, was. extracted

with CH2Cl 2 (4 xp25ABL(RS mhe andonhcméljndr)g‘élm edded, drapwiss: o [HE JABITGIWAS 50
agueous HCl and saturated 20 a e 3, dr -
ayeo : e AN G R

filtered, and concmenwatedtp @Wneijr ed and the
resul tant gumy %CIagl t@dﬂ% Thf!')&tr cWaQ extragied WAt satbrated) aqudtne

organi c Payer wa r ous |tered,. and concentrated to
afford the t't'er\%ﬂﬁ? 4nsini3 O&drtaéccﬁﬁbxaedmucbes émmswermm&dm with) B,
(1S, 2S, 3R, 5S) - Pi nhanedi ol

(1- Napht hyl L t
trifluoroacet ate3NaHCIT‘Bhag\§x;33mMaénx§¢°tQ4¥| g ?31 6&5 E@r@?’@%’& 4§ge
1.38 mmol) in CHC 2 ﬁ%_:)tratemg%g% %{g% %Bﬁrtd 1%%%'}%”8@/‘531165

m L) and thi oani ﬂiﬂ@d(?“d@“ ron mxture s al Toved to warmto
roomtenperature. After 4 h, the reaction m xture was concentrated to
dryness and dried in vacuo. The residue was used in the next i\citl on

wi thout further purifigatiqus,2S,3R,5S)-Pinanediol N-methyl-N-Cbz-L-leucme- eucine

10 boronate

By a procedure analogous to that described in Example 1A, the product
of Example 5A (85.1 mg, 0.30 mmol) was coupled with (15,25,3R,5S)-pinanediol
leucine boronate trifluoroacetate salt (105 mg, 0.28 mmol) in the presence of
EDC (64 mg, 0.33 mmol), HOBT (45 mg, 0.33 mmol), and NMM (37 mg, 0.37

15 mmol) to provide, after purification by flash chromatography (elution with 3:2

hexanes/acetone), the title compound (85 mg).
C. N-MethyI-N-Cbz-L-Ieucine-L-leucine boronic acid

Bya proccdufe analogous to that described in Example 1D, the product

of Example 5B (85 mg, 0.16 mmol) was deprotected by treatment with NalO,

20 (104 mg, 0.485 mmol) and aqueous NH,OAc (0.1¥, 5 mL, 0.5 mmol) in 10 mL
of acetone to provide, after purification by flash chromatography (elution with

4:4:2 hexanes/acetone/MeOH), the title compound (21 mg).



C (1S, 2S, 3R, 5S) - Pi nanedi ol N-(4-norpholine)carbonyl - 1 AUGUST 2006
P- (I -naphtiiyl)-L-al ani ne-L-1euci ne boronate 10 4- Morphol i necar bonyl

chloride (50 nL, 0.42 mml) and triethylamne (150 ni, 1.08 mMmol) were

added to a solution of the product of Exanple I- B (0.25 g, 0.36 mmol) in
CH202 (6 nlL). After 24 h, additional nor pfﬁ?l'i necar bonyl chloride (50 nL)

and triethylamne (150 nL) were added. After 2 days total reaction tineg,

the reaction mxture was diluted with Et OAc, 15 washed with IN HCl and

saturated agueous NaHCO3, dried over O, .. fFilter apd, ;o -3 ed.
Purification by fEemhptehé omﬂt%TMrﬂfW’(I\gﬁlﬁ’t‘V&ﬁ':\kiot (ﬁggg“ %&%ﬁgg'gy e?’and
4: 4: 1 hexanes/ Et QAc/ MeOH) al{atarinerLiteacinetboEoric 46 '% 4 my, D.

N- (4- Mor phol i ne) carbonyl - (err)-(1-naphthyl)- 20 L-al ani ne-L-1eucine boronic
acid To a stirred solution of the product of Exanple I C (124 ng, 0.21

mol) in acetone (10 pl) was oL aldmigeOAc (0. 1 N, 5, 1.0
nmmol ), followed by 10} \('\@6‘%%’6'?’% nmml ). The reaction m xture was

stirred at roomtenperature for 72 h. and then the acetone was evapor at ed.
The aqueous 25 layer was acidified to p ith | Cl r hth
Et OAc (3 x 20 nl). Thy-mmbiﬁa@dqmglmlgﬁa%@ﬁx%’ﬂ °&F°?g?%§‘ fg'géﬁ’gﬂ%us

MySO,, filtered, and 1 AUGUST 200 7 n 4c8ioh FhiIRWa W,
purified Dy fl ashwéhh%?ﬁﬁ‘é}dFa‘ﬁﬁV’ %,g%@i?%ﬁqgmﬁfhﬁ‘ﬁ%f‘%ﬁh{gggﬁe/ Et OAc, 2: 51

hexanes/ Et OAc/ MeOH, a gl e rdvRiokl vids@NedH@Aayua o piovidetthe titlet | e
conmpound (29 np) .cﬁ?ﬁﬂgﬁtéed ?}dr&ﬁ%g%ﬁ-niﬁ;euci ne-L-1 euci ne boronic acid
IMG-2741 5 A (1S;@spcifRdowhicRiwasnaed diredthydphe nexs 1eaciien - | euci ne boronat e
Benzotri azol - 1-yl oxytri s(di met hyl am no) phosphoni um hexaf | uor ophosphat e
(BOP reagent, 827 ng, 1.87 mml) was added in one

B. N-Boc-B-(6-Quinolinyl)-D,L-alanine

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-tert-butyl
pyrocarbonate (556 mg, 2.55 mmol). The reaction mixture was allowed to warm

to room temperature. After 23 h, the reaction mixture was acidified to pH 4 and
extracted with EtOAc (3 x 50 mL) and n-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,2$,3R,55)-Pinanediol N-Boc-B-(6-quinolinyl)-D,
L-alanine-L-leucine boronate

By a procedure analogous to that described in Example 2A, the product

of Example 6B was coupled with (15,28,3R,5S)-pinanediol leucine borenate

20 wrifluoroacetate salt (943 mg, 2.5 mmol) in the presence of BOP reagent (1.33 g,
3 mmol) and triethylamine (0.37 mL, 2.62 mmol) to provide the title compound

(343 mg).



portion to a mxture of (1S, 2S, 3R, 5S)-pi nanedi ol | euci ne boronat el AUGUST 2006
trifluoroacetate salt (595 ng, 1.58 mmol), N-Cbz-L-Ieucine (500 ngy, 1.87
mol ) in acetonitrile 10 (30 nL) at roomtenperature. The m xture was
stirred at roomtenperature for 2 hours. Hge reaction was quenched with
brine (50 nmL.) and the m xture was extracted with EtQAc Q x 50 nL). The
conbi ned organic | ayers were washed w th aqueous 5% HCI, saturated agueous
NaHCO03, and saturated aqueous NaCl, and then dried (anhydrous MySO, )
filtered, and concentrgted. j{)2S,8%, 88 Riasanédinrifi 4t Byquin o baydeD,
chromat ogr aphy (el ution w t{-a inl Yo Ragineboromnenes) to afford the title
conpound (539 ngy). B. N Ck-L-Leuci ne-L-1eucine boronic acid By a procedure
anal ogous to that described in Exanple | D, the conpound of Exanple 2A
above (539 ng) was deprotected by treat t..with sodium_ RO ' te
(1.2 g, 5.61 mol) andheqpedust Mple( .1(3%, m !"“.‘L‘T‘Bg %%ff?*‘?%“‘g?’?vi de
the title conpound as a white sol.id 5 mbyatora e 3:
(err)- (1- Napht hy|t1)1ﬂnqra¢9;HPﬁE§L(7|"é‘c?cﬁ“ﬁ{éé§%’§g%lféi 3@1 é%g?zggm or)igade sgﬁ

[ MG 302] .and (erry.- (- 3 Rbvige the-titkeuoimpeubdr oni ¢ aci d [ MG 3031
A (]S 2§, 3R 59) -%F@ﬁggﬁgx%}%elﬁ’ggﬁt hyl)-L-al anine- 5 L-1|eucine boronate
hydrochl oride salt To a solution of (1S, 2S, 3R, 5S) - pi nanedi ol

P- (1- napht hyl ) - L-al ani ne-L- | euci he .onat e .t ryf t -B-(6-
(prepared as describedEin EfddndERs %'sa'tf“@” ;Zr\é;(*'é%ﬁﬂ%@oé?) %fzﬁbﬂg Ih%r(6(2
m.) was added 10 nL of IN Hpuinoliny)-R.Jalgringelsleucing borondie s o soyer a

m nutes. Ether was allowed to slowy evaporate. The 10 resultant crystals
were col |l ected, washed with H O and ether, and dried in vacuo to provide

the title conpound (30&@%@& of EREmple(4D Nogzhicupled- withl4ambrpholintwathoingie
boroni ¢ acid hydrochl orid . .
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-Morpholine)carbonyl—B-(6-quinolinyl)-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 chromatography (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.

) ] B-(1- l)-L-alanine-L-leucine
Example 7: N-(4-Morpholine)carbonyl p-(1-naphthy i
: i methylboronic acid [MG-31 7); and N-(4-Morpholine) carbonyl-
20 B-(1 -naphthyl)-L-alanine-L-leucine dimethylborane (MG-318]

To a suspension of MG-273 (prepared as described in Example 1, 101.5
mg, 0.23 mmol) in 3 mL of a 2:1 mixture of EL,0/CH,Cl, was added
1,3-propanediol (20.0 mL, 0.28 mmol). The resultant 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



salt,- and P-(1-Naphiltyl)-L-al ani ne-L-1eucine boronic acid To th]eAEI]r%Hﬁgtm%
of Exanple 3A (290 ng, 0.58 mmmol) in a mxture of 15 hexane (4 nL), MeOH

(4 m), and INHO (1.3 nL) was added i-BuB(O+ (71 ng, 0.70 nmol). The
reaction m xture was stirred for 72 h at roggﬂerrperature. The

MeOH H20l ayer was washed with hexanes, and the MeCOH was evaporated. The
aqueous solution was nmade basic with NaOH and washed with ether-EtOAc (1:

1). The aqueous |ayer was |yophilized to give 640 ng of a yellow solid. The

20 solid. was dissolved in M 4 I 0 oly 4541 PFEREGIRS - THel@diutisndvdshe

solution was -fi®ta8 ElBgr%‘%{wgn%ﬂgpeysob% ?‘HH r‘?’f\e filtrat e was

concentrated and Eﬂ& nﬁ%écjl jgﬁgf{@@ ;ﬁy{/{éﬁi gdtielyandethie mixturswasagai @neentiatedon
Fora

wi th CH3CN H20) t I ng of 302 and 10 ing of AV%SOd%. 1 AUGUST
2006 -54 Exanpl eidproduce a white solid. Anhydrous THF (3 mL) was added, and the resultant

N- (4- Mor phol i ne) carbonyl - (O benzyl ) -L-tyrosi pe-L-| ' | '
NG 306] A N Bbosgonays-comibdfe MALLILERGdn5Pri) sRSSHE Aerdo,
3.12 g, 11.5 mmmol), ip a.nm xtur < 'eg»}ﬁ, 1 20aMth, G | ebd
ErL) vvag teated, p%ﬁndgam“\xi f”ﬁgt mf??ﬁ?%"ﬂ{e (gﬁ%&n@ﬂ% 9 mol )%gﬁlgl a
sol ution of (BOC) 2Q,fidn &8s oolddtoD°Wralenched with 4-fel drapsef (agernand thaf dilsed1 9
h, the reaction mXxture was diluted with water (140 m%qﬁa%d %ﬂﬁiﬂ th
ether. The aqueousvithay®Emlvefs] MEQi Thesoldriess sQluidon Wag extaat Wﬁg Jaand
extracted with CH2A 2 (2 x 100 .. Addit | . CLLri | - igwas
added to the aqueéﬂsmLiy@d, &Wﬁ°g}f‘r?’9\%£e’é ¥ (rel&gxcto%g%:r[dea%d\?\ﬂ ﬂfféﬁs%:ll\,q’l??ggi
m.). The conbi ned4or. ' i i th ©i4% el D/ GHIQL,, followe

: PRARHISh ¥ R ER BRIt (A

concentrated to g _ g), Which was used d%rectly in
t he next lgr eact i 0By 18% MeDREHE, FifforBedMEdil 3I(17.7 mg) and MG-318 (72.1 mg).
N- Boc- (O benzyl ) -L-tyrosi ne-L- 15 | eucine boronal e

Example 8: N-Benzyl-(3R)-3-dioxyboryl-5-methylhexanamide [MG-342]

A tert-Butyl—(3R)-3-[(IS,2S,3R,SS)-(pinanediyldioxy)boryl]—S-
methylhexanoate

A 200-mL round-bottomed flask was charged with anhydrous THF (50

15 mL) and rert-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 min. The resultant solution was stirred for

10 min, and then a solution of (1S,2S,3R,5S)-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, and the residue was dissolved in 200

mL of ether. The solution was washed with saturated aqueous NH,C! and

saturated aqueous NaCl. Concentration gave a clear orange oil, which was

25 purified by flash chromatography (elution with 2-3% EtOAc/hexanes) to afford

the title compound (584 mg).



To a stirred and cold (OC) solution of (1S, 2S, 3R, 5S) - pi nanedi ol 1 AUGUST 2006
(err)-(21-naphthyl)-L-al ani ne-L-1eucine boronate trifluoroacetate salt
(prepared as described in Exanple I B, 3.03 g, 7.98 mmol),

N- Boc- O benzyl -L-tyrosine (2.97 g, 7.99 nogd.), and TBTU (3.35 g, 8.84

mol ) in anhydrous DVF (30 nmlL) was 20 added by syringe punp, at the rate of
1.9 rnL/h, DIEA (4.2 mL, 24.1 mol). After the addition was conplete, the
m xture was allowed to warmto room tenperature over 30 mn, and then it

was added dropwi se to g0 i, pp)JAR(HSY2S 3R /IS pypivea aediylddorydhetyieter
was added and the mixture s”:f il xahsfl-aclde collected solid was dissol ved
In MeCOH, concentrated to neX¥ d’ryness and again 25 added to rapidly
stirring water (300 nL). The resultant white solid was collected by

ti filtration, hed with water, f I Il i 1 d
The 11l e conpound (4Tad shuian sbEsrosme! e shet2s sk 58 SRlhGT
Ob l)-L-t ine-L-1| ' . ] 47

0, 75 mol) - wasCHiGh G 7Y Sen gebitOa e e R GDIEL, PO O TR AQuie

sol uti on of 4NHO _i.ndjio eé® altdom Gerdferafird for52 ks Theldemgtiamdnikhuge was
reacti on o xt ure Wé@qiéet%?'?g%&at aroom terrgeerat ure for 1.5 h. Con?ﬁ{l\_t ration

af forded a yel | owssbhthtedtidatriedasemight undardighvwacumee rrduge fdark brawn gil -1
m.). Filtration afforded the title conpound (3.65 g) as a pale yell ow
solid. D. (IS, 2S, @R933ngPki nanedi ol N-(4-norpholine)carbonyl- 10
(O-benzyl)-L-tyrosine-L-Ieucine boronate By a procedure anal ogous to that
described in Exanple I' C, the product of Exanple 4C (2.53 g, 4.56 nmol)
was treated with 4-norghol i NegRRPABIR)-F 65 2S)3R(SE)HhEnanedi digemberol/y3+ o
provide the title conpound (n?etﬁﬁh@arﬁ%r@e pale yellow solid.

0 To a solution of the product of Example 8B (300 mg, 0.9 mmol) and
TBTU (410 mg, 1.08 mmol) in anhydrous acetonitrile (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 w;shed with saturated aqueous NaHCO; and saturated aqueous NaCl.
Concentration gave a dark brown oil, which was purified by ﬂmh
chromatography (elution with 20% EtOAc/hexanes) to afford the title compound

(232 mg) as a clear, colorless oil.
D. N-Benzvl-(3R)-3-dioxyboryl-5-methylhcxanamide

20 The product of Example 8C (223 mg, 0.56 mmol) was deprotected
according to the procedure described in Example 3B. Purification by flash
chromatography (elution with 59 MeOH/CHC),) provided a pale yellow oil,
which was dissolved in acetonitrile/MeOH. Water was added and the mixture

was lyophilized overnight to produce the title compound (108 mg) as a fluffy

25 white solid.



15 E. N-(4-norpholine)carbonyl-(0O benzyl)-L-tyrosine-L-1|eucine b]o’r"yrﬁgsrr 2006
acid The product of Exanple 4D (0.39 g, 0.62 mml) was deprotected

according to the procedure described in Exanple 3B to provide the title
conpound (146 ng) as a white solid. 20 Exarrnge 5:

N- Met i syl - N- Chz-L-1 euci ne-L-1 euci ne boroni ¢°acid | M2681 A

N- Met hyl - N- Ck- L-1 eucine To a solution of N-Cbz-leucine (1 .38 g, 5.2 nmol)
in THF (15 nL) at O*C was added nethyl iodide (2.5 nL, 40.1 mmol ). Sodi um

hydri de (60% di spersion 1 AUGJST 6, ,-.56 i I3l 5 : bPb oYL lekEivie
added cauti ous!y, Exarplerfe ré’sﬂf‘f_’&ﬁ'?:grﬁg%gf%w\%é%? 3t r‘?(égn%ctwroom
tenperature for 24 h. The r borariieacidil. d0has diluted with EtOAc (25 mL)
and water (2 nL) was added dropwi se. The m xture was concentrated to
dryness, and the residue was partitioned between ether (15 niL) 5 and water

(50 mL). The organic layer nupscas,s,3cTaeahyidrdr3ssoguinalirecarhosplic aciflaHCO3
(25 mL), and the conbined aqueous extracts were acidified to pH 2 with 3N
HCL The product was extracted with EtOAc (3 x 25 nl), dried over MySO ,

filtered, and concentrated to afford the title :
yel low solid. B. (1S, 23,&9h§t@9)0?m7réﬁ'éa' ydrd-3SsSRiRS HRCarbxstic &ld (@35 e,

N- et hyl - N- Cbz- L- | eyci nes Ll i t shdBWV NaOHh@eadlL) in amaktogafs t o
that desciibed in* %&é@oggét(ﬂg7ﬁgggg?ﬁagfﬁ]Exaanae. 5A (85.1 mg, 0.30

rnmol ) was coupl egB}abH”(llQlﬁyﬁﬁxdWaﬁﬁbl-mnamd stired pearpightatyepmigmaerature.
£ (105

L voroacet e el o e it 3558 TS50 S, BBy
o e af Dl Ao el St s s
N-Methyl - - Coz-L- k%@d}?ﬁélc%%i% DAEOR 1ayérs ivétre carefully acidified to pH 23 and
10 - extracted with EtOAc (3 x 30 mL). The combined organic extracts were washed
with water and saturated aqueous NaCl, dried (MgSO,), and concentrated to

provide the title compound (1.27 g) as a white solid.

B. (1S,2.S’,3R,5.S')-Pinanediol N-Boc-1,2,3,4-tetrahydro-3-
isoquinolinecarbonyl-L-leucine boronate

15 To a mixture of (1S,ZS,BR,SS)-pinancdiol-L-leucine boronate
trifiuoroacetate  salt (1.14 g, 3.03 mmol), N-Boc-1,2,3,4-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,
8.25 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

NaCl, dried (MgSQ,), and concentrated. The residue was purified by

aqueous .
flash chromatography (elution with 20% EtOAc-hexanes) to provide the title

25 compound (1.04 g) as a white foamy solid.



By a procedure anal ogous to that described in Exanple 1 D, the prloéy(:qugf2006
Exanple 5B (85 ng, 0. 16 mmol) was deprotected by treatnment with NalO4 20
(104 ny, 0.485 mmol) and aqueous NH4OAc (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/acetone/ MeOH), the titlgconpound (21 ng). | AUGUST
2006 -57 Exanple 6 N-(4-Mrpholine)carbonyl-(err)-(6-quinolinyl)-D,
L-al ani ne-L-1eucine boronic acid [ MG 2921 A
(err)-(6-Quinolinyl)-D,L-alapj . P- i nol iiny|3) 403 éler @h piti S -

Co5° i bbss, -"ﬁg@%i'ﬁfﬁ 2ig41 nol imy 3 »a

ethyl ester (728 ng, 2-55 nf : i : m.) .
After 20 h, the reaction m Jegrigofinecarpamny %"g‘%'é{i;‘{rlgygtreﬁg?ghg?édét%gt

residue was dried in vacuo to provide the title conpound, which was used

directly in the next reaction. B. N-Boc-(err)-(6-Quinolinyl)-D L-alanine To
the crude product of Eﬁgﬁl}dau&'%ﬂmamMQBr(éﬁ m@)mdxmlvggmﬁ%%r{ﬁm (10
2

Bb 3 E)c\gﬂ)g Fl a’E éo( gif;?ﬁ;dt;;;?eﬂ tEB"}I%TO'r;l ;?Uﬂﬁé’f%@ég@maﬁ? ggm;o%‘ﬁélé\yﬁgggdg dvvar m

to roomtenperature, After, 23 h, the r i j : s, TridkhtrAidbntandpH 4
and extricted wiand the(ggaction JIXspre¥3s sgﬁggtdnﬁgawgbgm% M). The conbi ned

extracts were congentrated WAl t {Feortied Ithe Gitlepcompbundh(56h may asised
directly 15 in {friradh ‘9‘&2&%2’&%&50 558, 3R 5S) - Pi nanedi ol

N- Boc- (err) - (6- quhgolhife/doidD, L-al ani ne-L-1euci ne boronate By a procedure
anal ogous to that described in Exanple 2A, the product of Exanple 6B was
coupled with (1S, 2S, 3R, 5S) - pi nanedi ol | eucine boronate 20 trifluoroacetate

salt (943 ng, 2.5 mmol )D.i nt R B8 S8 Pirftinedfdl T €aNaitent-y, 53, 4xetrahyiivol3- and
triethylamne (0.37 ni;™2. 6{?{‘%%%%{(35}%% 19585 e bbidnaes 0mpouNd

10 | The product of Example 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 with CH,Cl, (20
mL), washed with 1N HCl, half-saturated NaHCO,, and water, dried (Na,S0,),
and concentrated. Purification by flash chromatography (elution with

15 EtOAc-hexanes) afforded the title compound (271 mg) as a white foamy solid.

E. N-Acetyl-1,2,3,4-tetrah ydro-3-isoquinolinecarbonyI-L-leucine
boronic acid

By a procedure analogous to that described in Example 3B, the product
of Example 9D (226 mg, 0.49 mmol) was deprotected to provide the title
20 | compound (131 mg) as a foamy, oily solid.



(343 ng). | AUGUST 2006 -58 D. (1S,2S,3R 5S)- Pi nanedi ol 1 AUGUST 2006
(err)-(6-quinolinyl)-D, L-alanine-L-kucine boronate The product of Exanple
6C (343 ng, 0.61nmol) was treated with trifluoroacetic acid (7 nL) and
thioanisole (I nL) in CH2CI2 (15 nlL) at O Cgzas 5 described in Exanple 1B,
to provide the title conmpound. E. (1S, 2S, 3R, 5S) - Pi nanedi ol N- (4-norphol i ne)
carbonyl - (err)-(6- quinolinyl)-D,L-al ani ne-L-kuci ne boronate The product of
Exanpl e 6D was coupl ed with 4-norpholinecarbonyl chloride (0. 14 ni, 1.22

mml ) by a procedyre anal : phpiep-(2-quiridlyl=Lasighiner Ldpucine
produce the title%é'ﬂﬂﬁ’gﬁﬁg'g?y'?ﬁ'wo hajl:"éé?\fﬁg -I\/br(p'ﬁol i ne) carbonyl - P-
(6-quinolinyl) -D, L-al ani r9romic {4 e bnat e Deprotection of the
product of Exanple 6E (153 ngy, 0.27 mml) was effected according to the
procedure described in Exanple 3B. Purification by 15 sjlica gel

chromat ogr aphy (el uti ong.wi t hDREhyB @2-geirnvdxaetyaceias 'Hﬁ{"ﬂg ol ) af forded
the title conmpound (87 ng). The product was further purified by reverse
phase HPLC, 5 ng of the title conpound was recovered. Exanple 7.

N- (4- Morplioline)car bonéy-1 épiﬁ&gg-oga@?ﬁbﬁl\}gmy))qhmalmhaﬁeﬂydk@htdﬁds (5.0g,23.4
) n -

met hyl boronic acid [ M& r phol i ne) car bonyl }&g
P- (1-naphthyl) - L- g} anj Q(gauiéuw;@éaﬁnmbmmtdided@%mgainE QL2 W& on
of M5 273°(prepare as) escri‘bed in Exanple 1, 1%}%. D.: ixtﬁrez\gssr%ga{&iailn 3
mL of a 2:1 m xt urfided sddid@/nGitaotide (328 dfanmol). IhErEAURRHIS 28 K,
0.28 mml ). The resultant clear solutig | teréand Qofdentrated.r Then
tenperature, and trigBux gmﬁyl!ir °ﬂfd§&m\fxg‘§%§é§lws?gﬁri ng 25 was continued
for an additional rgé(slxd\rﬂa Was AdoivEE T EftSA 8 400UHE) uAd eftrdctesh wih coldigHC! G x
150 mL). The aqueous layer was neutralized with 10N NaOH 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 ).

B. N-A cetyl-B-(2—quinolyl)-D,L-alanine ethyl 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). After2h, 11.1NHCI-(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
punﬁed by silica gel chromatography (elution with 30-50% acetone-hexanes) to
20 provide to title compound (4.3 g)- '

C. N-A cetyl-p-(Z-quinolyl)-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



1 AUGUST 2006 -59 a cotton plug and then through a 0.2 rm PTFE f} AUGUST 2006
"The' solution was concentrated, toluene (2 nL) was added, and the m xture
was again concentrated to produce a white solid. Anhydrous THF (3 nL) was
added, and the resultant solution was cooled to OC. MeLi (0. 8 m, 1. 12
nmmol ) was added. After 10 5 nin, the nixtur@was warned to room

tenperature. After 20 mn, the light red solution was cooled to 0 * C
guenched with a few drops of water, and then diluted wth 10 nL of I N HCL

The col orl ess solution was extracted with CH 2C12 an i)

conbi ned ext ract wiﬂscﬁﬁ‘l@éémrl&oéﬂlui-ofg{’@ﬂﬁpué Wﬁrt'éés%’lnfé;.h butroi ?‘?g%ts%iqgn by
fl ash chromat ography. | ut i on wit 9 indddatewed 10 by 10%

MeOH/ CHCl 3) aff orm%ﬂd%%’tit ‘i%‘?“)"q‘r‘%?'@a% 318 (72.1 mg). Exanple 8

N- Benzyl - (3R) - 3-di oxyboryl - 5- met hyl he- xanam de | MG 3421 A
tert-Butyl-(3R)-3-1(1S, 2S, 3R, 5S) - ())i nanedi yl di oxY) boryl | -5- met hyl hexanoat e
A 200- nL round- bot t oneD. f | aAkBemB-@rBuinrelylinLt4{asi®€ydr ous THF (50 is nl)

and tert-butyl acetate (0.48 nL, 3.56 nmol). The solution was cooled to
-78*C under nitrogen, and LDA (1.5 Msolution in cycl ohexane, 2.2 n-J, 3.3

nmol ) was added by syrijnge . ' &l 6@ (8.5 8. Wali? 4 emmbvl $n &Y HAled
for 10 mn, and then ésggﬁngt{?gﬁégfad(hftsﬂz%agﬂ% 55) EHpi %anedi ol

1- br omo- 3¢ met hy | hup yhiopwa Wéakd @rgadoet Ghl Tos savet pes caored andthorsidue . 15
20 mol ) ‘'m anhydrous THF (15 nlL) was added by cannula over 8 mn. The
reacti on m xture wasdridd imwadue.0 warmto roomtenperature and stir

overnight. The pale pi.nk ,sol utiaon > » mBN Gyt 20 981 Y Hfd IVES
di ssolved in 200 niL o#°§?‘ﬁé"rs.'&ufh‘§ass% ﬁ?ﬁg{lgi&é‘éﬁé shrgdnm téh}e(saturgt ed

aqueous NH4C a”%aéﬁt Eﬁgﬁﬁﬁd AOHLRIP Neel solGHdIC evak rcabledntog@’@ aad adigduty!
orange oil, which was puritied by flash chromat ogr a;l:)hy (glélti on with
2- 3% Et OAc/ hexanegyroéRbaidto(tl6 g, 1S5 mmbh wampddedd ABeu! gt 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,Cl, (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. (15,28,3R,5S)-Pinanediol N-Boc-p-(2-quinolyl)-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 (15,25,3R,55)-pinanediol
leucirie 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).



1 AUGUST 2006 -60 B. (3R)-3-[(1S, 2S 3R 5S)- (pinanediyl di oxy) bAPSFYST2006
net hyl haxanoi ¢ acid To a solution of the product of Exanple 8A (323 ng,

0.89 mmol) in CH2Cl2 (8 nL) was added trifluoroacetic acid (2.0 nm., 26
mmol ). The resultant 5 m xture was stirred ?t roomtenperature for 2 h.

The reaction mxture was concentrated and d®3’ed over ni ght under high vacuum
to produce a dark brown oil (309.3 ng). C -
N-Benzyl - (3R)-3-[ (IS, 2S, 3R, SS) - pi nanedi yl di oxy) boryl | -5- met hyl hexanam de

10 T lution of th J ¢ | SO0 6 i de
(410 ng, 1.08 ol ) inﬁ%?dﬁéé&%@%ﬁf 1 ( 3OOV HomBhrpholie) clar 86¥I-p

7 |
5.nL adde benzyl am ne
(0.12 m, 1.10 mmol), fol | oleauinebil-£ 'Gﬁﬁé‘g‘ﬁiffeaéoﬁ?ﬁé’e(o&o L, %.9

mol ). The reaction m xture was stirred overnight at roomtenperature, and
then was poured into water and extracted with Et OAc. The organi¢c | ayer, was
15 washed with saturat qﬁegmusfwa_laﬁdl%mg)awdr@éﬂﬂewb trifeproacetic

Concentration gave a dark brown oil, which was puri.fied b a

chr omat ogr aphy ( eigid (DmDjiand tmowmle(\bﬂ@ﬁ\r&’if%eé ‘3;55‘8?18}/% L% {Pf Fesultant
conmpound (232 ng) as a clear, colorle i1 C%Po : 8 mg, 3.8 ]

N- Benzyi -§ 3B) - 3- dpmy@deaosd?fﬁf‘ﬁwthé?iﬁ?%bh’ée %lec%%do?u(g? gl }Exeéa:iéllog 8C
(223 ny, 0.56 mmmol ), was ¢ Aioabyt silidd el phooedogrep iobed
i n Exanpl e 3B. Pu?‘%qqsﬁla}ﬁ%g"ﬁ%ﬁ? ash Fglﬁfr?%nat ogtr_a[;hd;/gt(el ution with 5%
MeOH CHO 3) provi gegl 2. Sk aceiBhé-hexanes),affordedthe vidle componnd 6107 me)-

acetonitrile/ MOH Water was added and the m xture was |yophilized
overnight to produce the title conpound (108 ng) as a fluffy 25 white

soltd. 1 AUGST 2006 G. N-(4—Morpholine)carbonyl-B-(Z-quinolyl)-L-alanine-L-leucine
boronic acid

10 The product of Example 10F (367 mg, 0.64 mmol) was deprotected

according to the procedure described in Example 3B to provide the title

compound (222 mg).

Example 11: N-Boc-1 ,2,3,4-tetrahydro-1 -isoquinolinecarboxylic acid
[precursor for the synthesis of MG-310]

15 A 1,2,3,4-Tetrahydro-1 -isoquinolinecarboxylic 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—éc‘omplete, 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

titlecompound (775 mg).



-61 Exanmple 9: N-Acetyl-1, 2,3, 4-tetrahydro-3-isoquinolinecar bonyll-‘ﬁUﬁHsI&O%
boronic acid [ M>310] A N-Boc-1, 2, 3, 4- Tetrahydr o- 3-i soqui nol i necar boxyl i c
acid A solution of 1,2, 3, 4-tetrahydro-3-isoquinolinecarboxylic acid (855
ng, 5 4.83 mmol), (BOC)20(1.37 g, 6.28 mml), and INNaCH (6 nL) in a

m xture of t-BuOH (12 nL) and water (12 mk§6-was stirred overni ght at room
tenperature. The reaction mxture was diluted with water (30 nL) and
washed with ether-hexanes (1: 1, 2 x 25 nL). The organic | ayer was
back-extracted with 10% NaHC03. The conbi ned aqueous |ayers were carefully
acidified to pH 2-3 ang. 10 NxBsm&Letd-setrahydr@boisoquinolinecarboxyiaacidonhi ned
organi c extracts were washed wth water and saturated aqueous NaC, dried
(MgS™), and concentrated to provide the title conmpound (1.27 g) as a

L o St TG DR 1yt s

I soqui nol i necar bonyl - oron a nxture o

(1S, 2S, 3R, 59) - pi naNeAiRkylLpyresEbaatd QL .0Bag,e5.1T munbl)oacvanking te thaptoc¢dird 4 g,
3.03 mmol ), NBoc-1,2,3,4-tetrahydro-_3-i soqui nol i nedc&hg%gfél i %daci d %62
ng, 2.75 mmol), adedcrileR in Exzrople 6B1toafford the ditlg gompaynd § » BAJOHPY WRES
added, over a period of 2 h, DIEA (1.44 m., 8.25 mml). The resultant

sol ution Swvas stirsoid-for | h after addition was 20 conplete. The reaction
m xture was poured into water (300 nL) and extracted wth EtQAc (3 x 75
m.). The conbi ned organic extracts were washed with dilute aqueous HCl,
hal f - sat ur at ed aquepmsleNaHCDRerhawdlamina N (4bowmpiealing)casbersifs (nephthyll-Led
NOW and concentrated. The pLgiflUE-leR&GnpBordriceslfMEG-28d]ash chr omat ogr aphy

(elution with 20% Et OAc- hexanes) to provide the title 25 conpound (1.04 Q)
as a white foany solid. 1 AUGUST 2006 -62

To a solution of N-(4-morpholine)carbonyl-p-(1 -naphthyl)-L-alanine-L-

Jeucine boronic acid (prepared as described in Exa.mple 1, 97.4 mg, 0.22 mmol)

10 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 continued 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

15 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)carbon yl-2(R)-(1-naphthyl)methyl]
propionyl-L-leucine boronic acid [MG-324]

A. 1-Naphthalenecarboxaldehyde

20 To a cold (-78°C) solution of oxalyl chloride (6.9 mL, 0.079 mol) in dry
CH,Cl, (200 mL) was added dropwise dry DMSO (11.2 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,C], (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

[89]
W



C (1S, 2S, 3R 55)-Pinanediol 1, 2,3,4- tetra hydro -3 - 1 AUGUST 2006
I soqui nol i necar bonyl -L-1 enci ne boronate hydrochl oride salt The product of
Exanpl e 9B (755 ng) was dissolved in CH2CA 2 (10 ML) and cooled to O(err)C.

A solution of 4N HO in dioxane (8 nmi, 0.03 F;)I) was added 5 and the
reaction mxture was stiffed at roomtenperatur Concentration and
trituration with ether-hexanes afforded the title conpound (565 ng) as an
off-white solid. D. (1S, 2S, 3R 58) Pi nanedi ol N-acetyl -1, 2, 3, 4-1etrahydro- 3-

i soqui nol i necar bon Sruldwab8ddedades b wouEsarpbed 4 @262
ng, 0.59 nmol) wasgatl’r%%{[oé‘a %%%%?hrrpergﬁre With Ac~O (0.085 ni, 0. §9

nol ) and DI EA (0. jokBwher ( 11}0?;ﬁL)nTDhé organicHas svag Svashed wish ater 400 ml)iqe
reacti on m xture was dlluted with CH2C 2 (20

hal f - sat ur at ed NaH@dgatednausanse NaClr(l 8@ %@ozanhmﬁfd’ ﬁﬂ"‘%{ﬂ éﬁ‘e?’q ‘and
Purification by flash chro raph | ?ﬁﬁxﬁﬁé%sﬁltered
afforded the titl eC%MFﬁ%%%ézi gs\kﬁ}’t %H#(B)aﬁléyds%g

N-Acetyl -1,2, 3, 4-t e W bragg@bilaylg)L- | euci ne boronic acid
5y a pr oce%lure ana éé%ﬂég{’&] ?rﬁat desﬂ(?g)% bedgl n Exanpl e 3B, the product of
Exanpl e 9D (226 ng, 0.49 mmol) was deprotected to provide the title 20
compound (131 ng) as a foany, AUGUST 2006 -63 Exanple 10:

N- (4- Mor phol i ne) car bonle'(erEX”J(@YGWW‘{W&”"’PQF%? ne-L-| euci ne boronic

acid [ Mz315] A Diethyl (2-quinolyinethyl)acetamn domal onate To a solution
of 2(chl oromet hyl) qui nol i ne monohydrochloride (5.0 g, 23.4 5 mml) and

di et hyl acetamni domal onafg a(sdfition ogmeé’gﬁo&udmﬁEj(amplc B28H9 (7T 6|ai_n)lmm)agn Ciy6kd

sodi um net hoxi de (3.78 g, 70 nmol he reaction mixture Waﬁ J} ed, at
(150 mL) was added at room temperature ethoxymethylene)

triphenylphosphorane (25 g, 71 mmol). The resultant mixture was stirred for 1.5
10 h, and the homogeneous yellow solution was then concentrated to dryness.
Ether-hexane (1:1) was added, the mixture was filtered, and 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 dissolved in a

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

concentrated 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



reflux for 6 h. The reaction m xture was cooled, filtered, and 1 AUGUST 2006
concentrated. The residue was dissolved in EtQAc (400 nL) and extracted
with cold 4N HC (3 x 150 rnQ The aqueous |ayer was neutralized with | ON
NaOH and extracted with 10 Et OAc (3 x 200 . The conbi ned organi c extract
was washed with water, dried (anhydrous MJSO,), filtered, and concentrated
to give the title conpound (8.3 g). B. N-Acetyi-p-(2-quinolyl)-D, L-al anine
ethyl ester To a solution of the product of Exanple I OA (8 g, 22.3 mol)

in EEOH 15 (180 nL) was added 6 ) 'ﬁ]{ﬂ@éagoliﬂf\bﬁrcoﬂedled,l
LINHClI-(3.6 m Ll,ayerovqmﬁﬁlgeqc:ﬁé’*g%‘&%%ﬁg} tg%e Fgg%i onogi xtalt;reuwas i
concentrated to dr . 166 hiiYeanAdgophilizednd givei 3 g ol a galgygrew §Q L)
and the m xture V\)ggﬁgég‘?%ld‘;{tgrt(refl 3x fo? %g m n. The reaction m xture was
concentrated and the residue was purified by silica gel chronatography
(elution with 30-50% acet one- hexanea{ to .201 rlgy.idgle to title conpound (4.3
g). C. N Acetyl -p-(2- gBi nol yt(f=YaphtariRrariefk %?ocfuct of Exanple 10B (4.3 g,
15 mmol) was treated with Subtilisin Carlsberg (Sigma, 11.9 units/ng, 30
ng, 357 units) at roomtenperature in aqueous NaHC03 (L%szwbu 120 nmL), After
2 h. the reaction mxtgpe Yapemsién af thedprodues@fixaraple 1 #.Qig ROcnmeh 6 x
100 mL). The aqueous |ayer was concentiated tq dryness .t i

title compound (3€H,Q)(25ml)kt QEAWES H@fdé’élaltyk‘?ﬁﬂ?dé/a § L, 22 iiid)) 43 B

N- Boc- p- (2- Quinol yl )-L-al ani ne, A sol uti A94aberafurdX R BELhdatedC
(3.5 g, ca. 7.4 n&htnﬂa)i BWﬁEﬂnmg‘“(rﬁbV%QnL wét({s%r{géat ed At reflux for 16 h.
The sol vent was renmpved t hes:f oS gify] dhiridér(0 ScnLywasadded afid hedting was
resi due was added“4- Fgé}g]he w% m.), %/,vater (20 mL),_and 2N NaOH (10 ni,
20 mmol ). The sol ghhtHuewas pesdvced dack irapgangous MExtye: yThe 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-(]-naphthyl)-1-axopropyl]-z-oxazolidinane

To a solution of (4.S')-(-)-4-isopropyl-z-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 folr 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 réemoved by rotary evaporation. The aqueous layer was extracted with

20 | EtOAc, and the combined organic extract was dried (anhydrous MgSO,), 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.



pyrocarbonate (1.6 g, 7.5 mmol) was added. After I h at O°C the %g&ygﬁzm
10 m xture was warned to roomtenperature and stirring was continued for 17
h. The reaction m xture was extracted with CH2C 2(1 00 nL) and n-BuOH (4 X
100 ). The aqueous |ayer was acidified and again extracted with n-BuOH.
The orga:nic extracts were conbi ned and copcentrated to provide the title
conpound (1.6 g). 15 E. (JS, 2S, 3R, 59) - Pi nanedi ol

N- Boc- p- (2- qui nol yl ) -L-al ani ne-L- | eucine boronate By a procedure anal ogous
to that described in Exanple 2A, the product of Exanple 10D (0.6 g, 1.9

mol ) was coupled with (I g 1%‘33? ¢§§ _Di 9?99%1-2(Rf"i?]f"dﬂ;’*’%"mm'/"'

trifluoroacetate salt @71 J 1nt 0 OP 20 reagent
(0.84 g, 1.9 nrnol) and tri@’EWPM { PPSFP. ?“’%@ﬁ’?m )e. Purification by

silica gel chromatography (elution with 10-30% acet one- hexanes) afforded
the title conpound (194 ng). | AUGUST 2006 -65 F. -
(1S, 2S, 3R, 5S) - Pi nanedi ¢ ahg-oflﬁipmpml,i3me3-(haxmct§xyld¢sxlazane (0.75 mL, 3.5 mmol)

(2-quinolyl)-L-al ani ne-{i-l euci ne boronate The praq of , Exanpl, e, 194
ng) was treated V\jntd]-yt’rl'HIf(lﬂanbhaé@?@waé@ﬂéect7‘%‘(221384{’111?%?};3[465 ’(‘PE%%) as
described in Exanple |I B. The resultan &g ° CoHdeN ss1ation bhth

4- mor phol§ necar bomgnol: hASET &I@ "(‘Bﬁ‘g’erfﬁfxttgsgw&n;r%%atsom?gscri bed i n Exampl e

2ot one. hexanee) SRR B IYFOTRD RO RMmED) 1l BT (D weoacic
e e o o e o ot s T
accor di ﬁg to the mdadrerg'lhc mimtt:wa%étgﬂgédnatégg‘r’rélr}%r isg ?V}@Saﬁ(rag\% @Iégfltk?gtqﬁ tﬁhee
compound (222 ). on was quenched by the addition of 1N HCI (10 mL), and the solution was
10 extracted with ether. The combined organic extract was washed with saturated
aqueous NaHCO, and saturated aqueous NaCl, dried anhydrous MgS0,), filtered

and concentrated. The wet solid was triturated with hexane-ether (1:1), filtered,

and dried to give the title compound (0.6 g) as a white solid.

H. 3-[2(R)-(1 -naphthyl)methyl]—3-[4(S)-isoprapyI-Z-axazoIidinoyl]
15 propanoic acid

To the product of Example 12G (600 mg, 1.3 mmol) was added MeOH
(15 mL), EtOH (15 mL), EtOAc (5 mL), and CH,Cl, (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 etheréheianes, 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)-(I -naphthyl)methyl-1,4-
dioxobutyl]-2-oxazolidinone

To a solution of the product of Example 12H (473 mg, 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



Exanpl e 11: N-Boc-1, 2, 3, 4-1 etrahydro-1I-i soqui nol i necar boxylic aci]cIAUG'UST 2006
[ precursor for the synthesis of Mz3101 15 A

1, 2, 3, 4-Tetrahydro- 1-i soqui nol i necar boxylic acid A solution of |

-i soqui nol i necarboxylic acid (1.67 g) in glacial acetic acid (25 nL) was
hydrogenated at 60 p.s.i. over PtQ (270 ng? When the reaction was
conplete, the nmixture was filtered through di at onaceous 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 tit]eg- vell if4dS TandGi6 residad wds

N- Boc- 1, 2, 3, 4-1 et%h&‘gmqi'i‘é@ﬁfﬁ%%&%?%ﬁoc acid The product of |
Exanple | | B (762 ity wé_h%va%a ex@gctéd with ethemEt®Ac {1 :1). eFhe ¢nmbined organic

pyr ocar bonate (1. g, o.17 mml) according to the@grocedure df}?criiged in
Exanpl e 6B to af fegictWas dri¢d @nhsodtpwms(@gﬁmﬁﬂf‘}’ coneRIAlEd\n f peeresigue
solid. Exanple 12: D ethanol anne . :

N- ( 4- nor phol i ne) omstidﬂyﬂteéé’YlF}&E@ﬁgﬁfﬁ"ﬁflfc} proy ‘daeltg?nnﬂgf: Exppgtlxjrécll (n4el Ot;rtx)gr)bnat e

[ MG 286] To a sol ution of

N- (4- nor phol i ne) car bonyl - (err)-(1-napht hyl)-L-al ani ne-L- | eucine boronic
aci d (p\rN;par ed as descyi bedzidnrprphpline)tardnyb2(R):(1onaphtipiinsthyh prapierdeCl 2
(4 n) s added a solution,Qf diethanolamne (25.5 ng, 0.24 mml) in EtOAc
(1 m). The resultant solution was stirred at roomtenperature for 0.5 h.
Anhydrous Na2SO4 (1.5 g) was added and stirring was continued for an

additional 0.5 h. The reaction mxture was filtere tar in and
the crude product wasTeasphitien %?’%ﬁrpfj??tr?é ]'éixﬁmr?gﬁ Pﬂﬁ?ﬁ%&%@?ﬁf rgitrl?gﬁ in 2
precipitation with 15 h : h g S wad hlddedlt IOH (&sigdl .9 t h
hexanes, and dri @%Xtgre mfzse%e%%w-%e(ggﬂniﬁ%und (106 ny). Exanple, 13:

N-[ 3- (4- mor phol i ng), parket¥Acidn oRkmurd Was stapdtah OPG ovemight] The reaction mixture
10 was concentrated to remove THF, 1V NaOH (20 mL) was added, and the mixture
was washed with CH,Cl, (15 mL). The aqueous layer was acidified to pH 2 with

1N 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,ZSJR,SS)-PinanedioW-[3-(4-morpholine)carbonyl-z(R)-(] -
naphthyl)meth yljpropionyl-L-leucine boronate

To a solution of the product of Example 12J (230 mg, 0.7 mmol) in DMF

¢ mL)u at 0°C was added (15,25,3R,55)-pinanediol leucine boronate

20 wiflugroacetate 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

30 min. Water (100 mL) was added, and the precipitated solid was collected,

washed with water (50 mL), and lyophilized to provide the title compound (300

mg).

(18]
wn



propi onyl -L-1 euci ne boronic acid [ Mc324] A 1-Napht hal enecar boxal 6@@H§TZ“’806
To a cold (-78(err)C) solution of oxalyl chloride (6.9 mL, 0.079 nol) in
dry CF12Cl12 (200 nL) was added dropwi se dry DMSO (11.2 mL, 0.158 nol).
The mxture was stirred for 10 mn, and then a solution of 1

- napht hal enenet hanol  (10.0 g, 0.063 nol) in-dry CF12C12 (40 rnL) was added
over 15 min. The mxture was stirred for 10 mn, and then Et3N (44 ni,
0.316 nmol) was added slowy. The 25 reaction mxture was allowed to warmto
roomtenperature. After 3.5 h, to the I AUGUST 2006 -67 pale yellow

het er ogeneous ni xture wags adgﬁ_g }f}%,,ﬁ&gﬁﬁ%)ﬁﬁbbh?l-wkﬂ-((l&&pth)yl)nwﬂylj
water (100 nmL). The organhic g.e 1$H g?f()jntip ter (100 nm.) and
saturated aqueous Nad (100 lﬂf?’f‘oﬂ—VV\?éﬂe'(an ydrousMgS04), filtered, and
concentrated. Ether-hexane (1. 1) was added, and the m xture was filtered.
5 Concentration provided a pale orange oil (9.7 g). B. Ethyl

3- (1- napht hyl ) pr openoat g3yT# poce@lrstanalogois toltbatsieseried ipfE PB. ths Rrodycty

g, 62 mol) in CHC, (I50 nL) was added. at rQom:t er 8 : :
(car bet hoxymet hyl elmé)ExamﬁlpHaKy(BQﬁdB&hQ)ﬁg%émP?g s %%%%IE? .tg‘ﬂﬁ%w?i eeéhtfl ttltfl;lent
m xture was stirred for 1 Eléjoo %f and t he honopgeneous yel |l ow sol uti on was
t hen conceftrat ed tCdePPm Y Mg} her - hexane (1:1) was added, the mixture
was filtered, and the filtrate was concentrated to dryness to provide a

pal e orange oil (15.3 g). C. Ethyl 3-(1-naphlhyl)propionale The. u of
Exanpl e 12B (15. 3 GExdspleys} ) trmess4-Phepoxx-&cprofing-L-teycige ?@C&‘@%&J‘}(’ioo
m.) and MeOH (10 nL) and hydrogenated at | atm over 10%Pd/C (0.5 g). The
reaction was continued for 4 days, replacing the catalyst wth fresh

catal yst several tines. L%he rﬁaéﬂb%eﬂyﬁxyftﬁumhj’wwmﬂ’m concentrated

to provide 13 g of a crdlte oi'l.

According to the literature procedure (J. Am. Chem. Soc. 189 (1957)),
trans-4-hydroxy-L-proline (5.12 g, 0.039 mol) was treated with benzyl
10 chloroformate (8.5 mL, 0.06 mol) to provide the title compound (6.0 g) as a white

solid.

B. N-Carbobenzylaxy-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 1N HCl, dilute aqueous NaHCO;, water, and
saturated aqueous NaCl. The organic layer was dried (anhydrous MgSO,) and

20 concentrated to provide the title compound (822 mg) as a light yellow oil.



D. 3-(1-Naphthyl)propionic acid 20 To a solution of the product o]f%%rlrew%
12C (13 g) in a mxture of THF (100 nm.) and water (25 mL) was added IN
NaOH (75 nlL, 75 mml). The brown reaction mxture was stirred at room
tenperature overnight. The THF was renoved. and the aqueous |ayer was
washed with ether (2 x 50 nL). The aqueous 17AUGUST 2006 -68 |ayer was
acidified to pH 2 with 6N HOJ and the precipitated solid was coll ected,
washed with water (100 nmL), and |yophilized to give 9.3 g of a pale yellow
solid. E. 3-(1-Naphthyl)propionyl chloride To a suspension of the product
of Exanple 12D (4-0 g, @0 "MA.EaibbbehzyldgCirans-2iphenpxpl-foolinedretlsx ¢star
oxalyl chloride (1.9 nL, 22 mmol) and DMV (0. 1 nL). The reaction m xture
was warmed to roomtenperature and then heated wth a heat gun. Additional

oxalyl chloride (0.5 mL) was added, and .heat. S ' a
dar_kdhormgeneog_s m'rt u(r:I _.°aFHé“-‘l’%%'g{’?demwggg“ﬁgswigﬁggﬁga%ﬂ?m
resi due was redi ssalved i - 8 0

ok e 5 T F- G VPory o B (ERLBr

was filtered. Conc a green liquid. F.

4(S) -1 sopropyl - 3- g,;_@ bt @@%@x&ddbﬁxbhr@wuazadiomwlia&?(ﬁéﬁéﬂ-?r%oé mmol).

N R AL IR TR R R e ey

20 mmol ). The het er ogeneo white ni. i Qe wvas didddved

nin, and then a soPYﬁr{“@ﬁt' gﬁ’etrﬁ%‘mﬁpdﬁgé#é g’f Eia&rr%‘in;et&%%ga&?%ﬁg, 20 rrlm)l)

dry TBF (25 ni) eg,qgsﬁ' L PRHE $BoWeE o IsarRDanDPC oMetrghtl. Thr solutien was
che

reacti on was quen the addition of I N HC 525 rrL_}_ and sat ur at ed
aqueous NaCl (25 Hécantedhad thesolidewareswashed with ¢old s %ﬁgFféaﬁ" Hogvasg
mn, and then the THF was- renoved by rotar Vapo i :
| ayer was extract edongentrated) apd @ﬁc’,es‘g\%w?%%“%y a&ﬁ% gogﬁrht%&@f@gt%mm
dried (anhydrous i|lter : ; 208 gigdue was

Urough alPat oRlQM Fetiss) BlpfoE B laRpohaR20 Rig)

filtered ##rough ution

In

D. N-Carbobenzyloxy-trans-4-phenoxy-L-proline

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 overnight. The MeOH was removed in

15 vacuo, and the aqueous layer was washed with ether (2 x 20 mL). The aqugous
layer was cooled, acidified with 3NV HCl, and extracted with EtOAc (3 x 20 mL).
The combined organic extract was washed with water and saturated aqueous

NaCl, dried (anhydrous MgSO,), filtered, and concentrated to provide the title
compound (251 mg) as a light yellow solid.

20 E. (1S5,2S,3R,5S)-pinanediol N-Carbobenzyloxy-trans-4-phenoxy-
L-proline-L-leucine boronate

By a procedure analogous t0 that described in Example 12K, the product
of Example 13D (250 mg, 0.72 mmol) was coupled with
(15.2S,3R,55)-pinanediol leucine boronate trifluoroacetate salt (300 mg, 0.79



w th 20% Et CAc- hexanes) to provide 2.8 g of a pale pink solid. | %ﬁ&%"}STm%
2006 -69 G 3-[3-Benzyl oxycarbonyl -2(R)-[(1-napht hyl ) et hyl]-1-

oxopropyl ]-4(S)-isopropyl -2-oxazolidinone To a solution of 1, 1,

1, 3, 3, 3-hexanet hyl di si |l azane (0.75 nL, 3.5 mmvl) in dry THF (10 nL) at 0 *
C was added n-BuLi (2.5Min hexanes, 1.45 m.,733.6 5 mmol). After 10 mn,
the m xture was cooled to -78*C and a solution of the product of Exanple
12F (1.0 g, 3.2 mmol) in dry THF (8 nmL) was added dropw se. After 30-40

m n, benzyl bronpacetate (0.75 nL, 4.8 mmol) was added. The Mxt.urghtrv\‘/z;}jﬁg
stirred at -7 8 * C for . 1802 Ind,00.Mp nmmiblleto pexvide
quenched by the ad&f’?&gnlhoﬁelpﬂl%&leg (()?(}dBrrL)_,( and %he sol ution was 10
extracted with ethepmpdtisd (Fsthged aowbismsalidext ract was washed with
saturated aqueous NaIEKI)Band saturated aqueous NaC, dried anhydrousMS04),
filtered and concentrated. The wet solid was triturated with hexane-ether

1: 1), filtered, and i ed i DGinlthtdibl FEHSCLPRENdY-E-podlirees Ledevding e
gol i d? H 3-12(R)-(I- na?hti tj gzgéﬁgefﬁr%pgﬁgﬁfsopropylé)g- c»fgg& i di ;oyl I

15 propanoic acid To the pro Exanpl e 12G (600 ng, 1.3 mml) was
added MeOH (15 mL), EtOH (15 niL), EtOAc (5 nL), and CH2CI 2 (5 nl),

foll owed by 10% Pd/C (100 ng). The reaction m xture was hydrogenat under
| atm H2.  The reacti OnTHH podner ofeBxabiple éBEd3%mgdW$éM@f°£eéﬁ?§¥?fe2%ﬂé§ﬁ ue

was triturated with 20 et her-hexanes, th | vent.s re r. Vi €4
resul tant white solatmd. owes 1696 BHC (ﬂﬁm&i@hgt@ﬁ %F@é r%&lgg‘ﬂpﬁ%’%?t éﬁé}
conpound. L 4(S)-1sopropyl -.3- 14- nor L Q- b Rke (e fRa@BéRpdbInBRR7L Mg) 1, 4-

di oxobut yl ] -2-oxazdh’|'°(!l‘gﬁ tea,rglcao §§l{}'ﬁz}tt%d(;% %? tﬁe productyof Exanpl e 12H
(473 ng, 1.28 mol ) in dry 25 THF (25 nL) at 0 0O C was added dropw se under

ni trogen norpholine (130 ni, . . _—
' G. trans-4-Phenoxy-L-proline-L-leucine boronic aci

By a procedure analogous to that described in Example 3B, the product
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-quinolinesu{fonyl)amino]- ' 3-hydroxy-5-(1-
naphth yl)pentanoyl]-L-leucine boronic acid

A (4S,5S)-1-Boc-4-h ydroxy-5-(1-naphth yl)-pyrrolidin-2-one

15 To a solution of N-Boc-p-(l-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 MgSQ,),

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 CH,Cl,-HOAc (10:1, 30 mL), and sodium

borohydride (310 mg. 8.21 mmol) was added at 0°C. The mixture was stirred for



1,47 mmol ). diethvl pyrocarbonate (240 niL, 1.47 mol), and triet h]yf‘gﬁ'ﬂgrzo%
(220 I AUGUST 2006 -70 mL, 1.6 mml). After 2 h, the solvent was renoved
in vacuo, and the residue was washed with water and extracted with
ether-Et OAc (1: 1). The conbined organic extract was dried (anhydrous
MySO, ), filtered, and concentrated. The residye was triturated with
Et CAc- hexanes to provide the title conpound ? 10 ng). 5 J.
3- (4- nor phol i ne) car bonyt -2(R) - (1 - napht hyl ) met hyl propionic acid To a
solution of the product of Exanple 121 (400 ng, 0.913 nmol) in a mxture
of THF (8 nL) and ter, (2 C Ly ( ed, lng th baic
The reaction m xt ur/gab\és ﬂ&%dggia%y%%g?%?gﬁ%'%é%ggﬁ on mxfﬁﬂrge 10
was concentrat edc'lt_& %re %Qva'gh@:d wilh NaGHtdd?8qudols WeeCladded! (ashyirodse MeSir e
& 2W(% 5m).

was washed with The aqueous | agagr, was fCi dified to pl—l 2
with IN HC and efiéred! &l vérchnteausd Purifipaticiob sikica 88} eEAMAARIRNY (F ufiqn

dried (anhydrous S04)1 filtered, an ncentr S4 was
triturated with e&'/%brzﬂh@?/aﬁ%"é?n%hﬁ‘apﬁg a&@rmg%&\gﬁgm}gﬁ%égdifgfvacuo to
provi de the crude 15 product (240 ng) as a white foam K

(1S, 2S, 3R, SS) - Pi nanedi oRV- 13- ( 4- nor phol i ne) car bonyl - 2; R-(I-_

napht hyl ) gt i tyl ] propi opyt - L{kS,5R) 6 (feer-duntlexjcarbonpl)amisa-Shydrexyptdduct

of Exanple 12J (230 ng, 0.7 WH")II l)ﬁe;BVEoic(&iM L) at OOC was added
(1S, 2S, 3R, 5S) - pi nanedi ol |eucihe Igor onate 20 trifluciroacetate salt (293

my, 0.77 nmol) and TBTU (293 ngy, (0.77 nmmol). To the resultant nixture was
e ot Soer 52 i e R SR D28 B U AL
Laver "(ho' ) " anaen i mE PRI Y L Sene e

reaction mixture was stirred at room temperature for 2 h. The mixture was

10 acidified with 10% HCI and extracted with EtOAc (3 x 60 mL). The combined

organic extract was washed with water, dried (anhydrous MgSO,), 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. (1S,2S,3R,5S)-Pinanediol [(3S,5R)-4-(tert-butyloxycarbonyl)
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,5S)-pinanediol
Jeucine boronate trifluoroacetate salt (415 mg, 1.1 mol) in the presence of BOP

20 reagent (487 mg, 1.1 mmol) to afford the title compound (261 mg).

D. (1S,2S,3R,5S)-Pinanediol [(3S,5R)-4-(8-quinolinesulfonyl)
amino-3-hydroxy-5-(1 -naphthyl)pentanoylj-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 mlL) and

thioanisole (1 mL). After 2 h, solvents were evaporated.

(8]
W



1 AUGUST 2006 -71 L N 13-(4-norpholine)carbonyl-2(R)-(1 -napht hy‘ 5‘%‘%%?]2006
propi onyl - L-1 euci ne boronic acid By a procedure anal ogous to that described

i n Exanpl e 3B, the product of Exanple 12K (300 ng, 0.522 mml) was
deprotected to provide the title 5 conmpound (15 0 ng). Exanple 14:

t rans- 4- Phenoxy- L-proline-L-1eucine boronic_ggid [ MG 3491
y-trans-4-hydroxy-L-proline A N Carbobenzyl ox According to the literature
procedure (J. Am Chem Soc. 189 (1957)), trans-4-hydroxy-L-proline (5.12

g, 0.039 nol) was treated with benzyl 10 chloroformate (8.5 ni, 0.06 nol)

to provide the title c was Wissdpved whiCH3ClsOI0 diL)Band cooled to 0°C.
N- Car bobenzyl oxy-t rans%ﬁ%ﬁ%ﬁf- L-proline nethyl ester, To.a,sol uzb ﬁg}nq;
' t

the product of Exaggghsndl@sgifory chloride 138 men 03] mmo})anddriethy{aming

O*C was added dropwi se DBU (0.62 niL,_4.12 .mmuol. . ' . 28
mL, 4.5 mmol) was @86eunolyiere addedi @e&%ﬁp@%&eéﬁf%ﬁ?%ﬁ%%ﬁ‘ﬁ%m

tenperature and stir overnight 1Rere feaitved dvateheas aided| ard thes
di ssolved in et hertm@P(‘Tgf fqgélg%'_fl,qk\aéﬁ ?he resul tant sol ution, was

washed with IN HCl . di Lule agueRdsvitpERI&d (wisomLarthe eambined eteantf rEgas
NaCl . The organic Payer was dried (anhydrous S04). and 30 con 1%82 to
provide the title gagnasted widPaturgted aquepus| dSRPERIEC aﬂ“%%@f:

-72 C N-Carbobenzyl oxy-trans-4- phenoxy-L- [ : @ifidPby silitx kelr e
of the product of MWO@SMBSQ59§’ ,"CE’.‘%QWf?&% en‘glﬁ\s%(léB rr%giSI 2.85
mml ), and tri phe”XM%K}l%%&gr}L&fy (glét?or{rgvit}? 20509 HtD Aicrhekhlhes) 2o provide the title

compound (152 mg).

10 E. [(3S,5R)-4-(8-quinolinesulfonyl)amiu?-3-hydroxy-5-
| (1 -naphthyl)pentanoyl]-L-leucine boronic acid

The product of Example 14D (152 mg, 0.22 mmol) was deprotected

according to the procedure described in Example 3B to provide the title

compound (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-phenyI-Z-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 solution of diethyl acgﬁmidomalonate (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 dropwise. 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



m.) at O C was added over | h diethyl azodicarboxylate (0.32 ni, IZ%IQGI—%F)Z.O%
5 The reaction m xture was allowed to warmto roomtenperature and stir
overnight. The reaction m xture was concentrated, and the residue was
dissolved in ether (8 nL) and allowed to stand at O*C overnight. The

sol ution was decanted and the solids were washed with cold ether. The

et hereal solution was concentrated, and the residue was purified by flash
chromat ography (elution with 10 10-30% Et QAc- hexanes) to provide the title
conmpound (295 ng). D. N-Carbobenzyl oxy-trans-4-phenoxy-L-proline The
product of Exanple 13C (. : ad’é‘)‘w Vite el §tfe0dongisbund (84.1 1) 1 aiwhitof
0. 5N aqueous Li mrf%gﬁéégcgﬂ%qﬁé%ﬁ?lo rrngr,0 and the resultant s@ol ution was
stirred at roomtggRgrature overnight. The MeOH was renoved in 15 vacuo,
and the aqueous | ayer was washed with ether (2 x 20 nL). The aqueous | ayer
was cool ed, acidified with 3N HCl, and extracted with EtOAc (3 x 20 M.).
The conbi ned organi c exjract a M phYr idiél 2 SRdichrBoRslilapclueous
NaCl , dried (anhydrous '804),1)%?'1’1}[/’:‘% ) %’(’j&concgﬂtrat ed to provide the
title conpound (251 ng) as a light yellow solid. 20 E.

1S, 2S, 3R, 5S) - pi di ol N-Carbob | -t - 4- - . .
(L- prol i ne- L- I) eﬁi;inﬁgeb'o?-ﬁﬁﬂmotg;e%ai;ﬁ%@éé@@iﬁ@@%@é‘%&mab'geﬁplygani n
EXx | 12K, th duct f | D, 50 . d
W (15525, 3R 55t partiat oF ERuRRES A0 GRaedY el el Heshy KREnEQUPRES

, 0.79 1 AUGUST 2006 ool ki e v Hfere fatgPanidrche
[rg provide the ti t%%eé)“%?goghéﬁ‘gld(]‘%@?%w% é@éﬁﬁ%qihgg&sgﬁtiéd. Feig‘apo ' )

(1S, 2S, 3R, 5S) - pi napgdise lwds' @Bl dedpeBDAe (158 oili)nwashedewith atel, $%b aayeous
The product of Exanple 13E (343 ny) was hydr natedq for 20 h at
over 10% Pd/ C (45 NaiCDs, EnOHst8raied) aqpeis, é‘%ﬁi (ﬂtﬁ‘eai {anhy, "Wésﬁﬁ? &r 38%

concentrated to give 5.9 g of a colorless oil.

10 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 room temperature for 21 h. The

solution was washed with EtOAc (75 mL) and then acidified to pH 2 with 3N

HCI. The precipitated solids were extracted with CHCl,. The organic laycr. was

15 concentrated to 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

20 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 reaction
mixture was cooled to room temperature, water (65 mL) was added, and the

lsolution was stirred for 2.5 h. Most of the EtOH was removed by rotary



through Celite and concentrated to provide the title conpound (2712%1.‘]8&2006
trans-4-Pli enoxy-L-proline-L-leucine boronic acid By a procedure anal ogous

to that described in Exanple 3B, the product 10 of Exanple 13F (270 ngy,

0.6 mml) was deprotected to provide the title conpound (130 ng) as a

white solid. Exanple 15: 1(3S, 5R)-4-1(8-qui nﬁzl nesul f onyl ) am nol -

3- hydr oxy-5-(1- naphilayl)pentanoyl]-L-Ieuciné boronic acid A
(4S,5S)-1-Boe-4-isydrojy-5-(1-naphthyl)-pyrrolidin-2-one 15 To a solution

of N-Boc-(err)-(1-naphthyl)-L-alznine (1.4 g, 4.44 mmol), 2,2;dinmethyl-

1, 3-di oxane- 4, 6-di one (704 .. 4.88 mol,).,: = ] 1. THR addedzol
in CH2Cl2 (40 ni) avaﬁ@%ﬁ%%%ﬁ?%ﬁ?%%%’?% éﬁwoér“oéf (g?thna%'@ o. 5332]rri, 4.%3

mol ). The reacti op, i Xt UL e4#es wihi3N BA1 bRd edtrdotedtwitX EtOAC Ehd ofganicZxtractat
roomtenperature. € reaction was quenched by the addi t_ian f a%u go
KHS04. The or gani ¢ wag@Ehetasitnaaieedndisathraies: agueows NaGl. ABA W&aﬂ@ N@%&ﬁ%
filtered, and concentrated. The residue was su j peiw igand
heated at reflux fend QOWan'ﬁ%d-s&%ﬂgwgﬁsgﬁgﬁqﬁgﬁ‘g@%}( re%]ggghqe was

di ssolved in CH Cl12- c (10 talfi2ed EADIALIMeOB]) ehprdviddehe a)d (10 1ny.
8.21 mmol) 5ms-addédtﬁwﬁéhcgwhﬁle@%r%?e wasggti rred for 1 AUGUST 2006

-74 1 h at OCC andgévgg 3Bt Vel Exgonlst eOpeeatratien ofithec? Hylels extarraviafiered e
organic |ayer was shed Wi th saturated aqueous NaC ; dried

(anhydr ousMyS04) , eftet (306ong) aamd ccengeditrat ed. Purification by silica gel
chromat ography (elution wth 20-30% acet one- hexanes) afforded the title
conpound (1.24 g). 5 B.

(3S,5R)-4-(lert-butyl oxyear b(%%k_) 'ppp?ngym,m(yyﬁoélllariﬂam hyl ) pent anoi c
acid The product of Exanple (1.24 g, 3.64 mmol) was dissolved in
acetone (15 nL) and aqueous NaOH (I M 4 nlL, 4 mmol) was added.- The

. The ester obtained in Example 15D (375 mg) was hydrolyzed by heating
10 at reflux in 6N HCl (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‘ ina

15 mixture of 2N NaOH (3 mL) and 1,4-dioxane (3 mL). rert-Butyl pyrocarbonate
(218 mg, 1.0 mmol) was added and the reaction mixture was stirred overnight at

room temperature. Dioxane was removed by rotary evaporation, water (30mL)

was added, and the mixture was washed with EtOAc. The aqueous phase was

cooled to 0°C, acidified with 3N HCI, and extracted with EtOAc. The organic

20 layer was washed with water and saturated aqueous NaCl, dried (anhydrous

MgS0,), and concentrated to give the title compound (199 mg).



reaction mxture was stirred at roomtenperature for 2 h. The m'xlﬁ‘PeG%gZZOOG
10 acidified with 10% HCO and extracted with EtQAc (3 x 60 nL). The
conbined organic extract was washed with water, dried (anhydrous

MpSH4) ,filtered, and concentrated. The residue was purified by silica gel
chromat ography (elution wth 30-50% acet onesqiexanes and 70: 30: 10

hexane: acet one: net hanol) to give the title conmpound (0.61 g). 15 C

(JS, 2S, 3R, 5S) - Pi nanedi ol [(3S,5R)-4-(tert-hutyl oxycarbonyl)

am no- 3-i sydroj gv-5- (I-napi sthyl)pentanoyl]-L-1eucine boronate By a
procedure anal ogous to ghat gEs2s,5RES) Rindpeaxdip A-Boc-tis-pheaindh Lyrrotisesfip| e
14B (395 ng, 1.1 mmol) was cgyeheborbhdre (1S, 2S, 3R, 5S) - pi nanedi ol | eupi ne
boronate trifluoroacetate salt (415 ng, 1. 1 nol) in the presence of BOP
20 reagent (487 ng, 1.1 mmol) to afford the title conpound (261 ng). D.

(IS, 2S, 3R, 5S) - Pi nanedi ol 1(3SSR) - 4- ( 8- qui nol,i £ of

am no- 3-1i zydz oxy-5-(I- napngnrpgad)yﬁeﬂ%ﬁ 1o h’-apgigjsgﬂﬁg&#o%%mnna?lg 4BTrt1h<§ pﬁ?%‘fﬁct
of Exanple 14C (26 - ' V@dlpled vt (T5,253 tharsedib]

U enton at oG o sof Etbmule (5% (57na, OéBcEirgm(c@ n{‘e’)&gﬁlg B DT (I i),

After 2 h,,sol vent%u b S oRMRRfrFhRfoacktafdAIS2 72008, 0.773nmaY ip sk AIsECHRE ST
di ssol ved ?n CH2Cl %@0

m.) and cooled to QC., 8-Quinoli f onyl
chl oride (98 ny, orammvyngr&mmmlmmwu%t‘m‘.ﬂlﬁ%fﬁ{",“"ggig@"}%ﬂb|) wer e
added. The reaction m xture was stirred at O°C for I h and at room
tenperature for 15 h. The solvents were renoved, water was added, and the 5
product was extracted wigh EtLAE ph 3,1 150-proline-INeucineborvadc aciddpdrockloridact
was washed with saturatgﬂ aqtﬁé?ﬁs Naji’;lcﬁs ;g’:d sat urated aqueous NaCl, dried
(anhydrous MgSOA and concent P&l ed. The residue was purified by silica gel
chromat ography (elution wth 20-50% Et OAc- hexanes) to provide the title
conmpound (152 . . .
mp ( mg) The product of Example 15G (262 mg) was dissolved in CH,Cl; (5 mL)
10 and treated at 0°C with 4N HCl-dioxane (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-Phen yi-D,L-proline-L-leucine boronic acid
15 hydrochloride salt [MG-363]

A N-Boc-trans-3-Phenyl-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
mmbol) was coupled with (.S’)-a-rnethylbcnzylamine (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 corresponding 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



10 E. J(3S,5R)-4-(8-quinolinesuifonyl)am no- 3-hydroxy-5- 1 AUGUST 2006
(1-naphtityl) pentanoyl]-L-kucine boronic acid The product of Exanple 14D
(152 ng, 0.22 mmol) was deprotected according to the procedure descri bed
in Exanple 3B to provide the title conpound (12.7 ng). 15 F-xanpk 16:

ci s- 3- Phenyl - DL- prol i ne-L-1euci ne boronic aci g_ hydrochl oride salt [ MG 3591
A. Diethyl I-acetyl-4-phenyl-2-pyrrolidinol 'g 5-di carboxyi ate Sodi um
spheres (washed 3 x with hexanes and dried in vacuo; 0. 13 g, 5.7 nmol)
were added to a solution of diethyl acetim domalonate (12.2 g, 56.1 20

) i bsol ute Et OH und it . Af ; ] ( h
ol ul i on aas. cool eBORSFIHAISECR eR o (e M ARGt 7y MR BORL Y SLandee

was added dropwi sg,. .k cEhcadiedns difiResy. eacti on m xture was
stirred overnight %héri;b(ﬁn&:ag?rp rgture. The sol ution was adj us}@gic)i to pH 4

with acetic acid (- 3 riheresilewenstredissoiveddn djovaierobidsheraps £l 3 BL) apbregiad
purified by silica 25 gel chromatograph el ution w 0. Qi

yel | ow solid, whi chriﬂxa!sﬂl-bma?m?e 8/171533 $’§2#€§Y’§ﬁ]$ P%gé%gﬁéeeaﬁ%!%@%ﬁe)
to provide_the title conpound 4B tHeRitleS@pdun® (572 g )34la white

| -acetyl - 32 phenyl pmgfﬁr‘%gﬁcglnzé - anﬂ%ggr%%%/rlagt e Trifl uc?réoacc(ati C g{?sd (15.4
m.) was added sl O\MSQ;%)_ver 15 mn to a solution 5 of the product of Exanple

15A (7.0 g, 20.1 mmo and triethylsilane (4.9 nL, 30.8 ninol) in CHC13 (40
m.). After 3 h, the solvents were evaporated and the residue was dissolved

in EtOAc (150 m), washed with wajer, 3% agueous i20d; b
aqueous Nadl, dried (antﬁ/drodé"’PV?g%@'F""gT%p%zlcﬁ'ﬁ%saf]et"r%g'?g?;?'gggglve : 9&3&%8 a
colorless oil. 10 C N Acetyl -s8lfphenyl prol i ne ethyl ester

By procedures analogous to those described in Examples 15G-H, the
10 product of Example 16A (332 mg, 1.14 mmol) was coupled with
(15,2S,3R,5S)-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 Il summarizes results from kinetic experiments that measured the

15 inhibition of the 208 proteasome by compounds having the formula of compound
(1)or 2). P, AA!, AA? AA’, and Z' and Z? represent the structures present on

formula (1) or (2). The protocol for the kinetic assay described in Tables II-V is

as described in Rock et al., Cell 78:761-771 (1994). In these tables, X; values are

repcs;ijted, which are dissociation cohstants for the equilibrium that is established

20 | whel;'enzyme and inhibitor interact to form the enzyme:inhibitor complex. The
reactions were performed using SDS-activated 20S proteasome from rabbit

muscle. The substrate used was Suc-LLVY-AMC.



The product of Exanple 15B (5.9 g) was dissolved in 0. 5NNaCOH (ZOOIAﬁE§U§I&006
the resultant solution was stirred at roomtenperature for 21 h. The

sol ution was washed with EtOQAc (75 nL) an hen acidified to pH 2 with 3N

HCL The precipitated solids were extract ith CHC13. The organic |ayer

was 15 concentrated to give a gumy residue, which was dissolved in tol uene
(70 m.) and heated at 750C for | h. The sol vent was evaporated to provide

the title conpound (4.2 g) as a |light ve Smm e e
N-Acetyl -trans- 3- phef§T=1, [~ pr 0 |n{§ and N-hcelyl {ci 9- 3-| pHenyll - O} L-[pr ql i rje
ethyl ester 20 The pyoduct [jof Exa wle $9C (#. 2|g, {16-immydl ) |was| dijssql vad |
M NaOEt in EtCOH (10D nl) | ich comft & mad 2| nb og e%yB,t;g’fldjo cet atlecAds e
a water scavenger, [and thd resul tanf stfl & | oB | vl aBqd St TeB R g &) S
h. The reaction nixfure wgs cooled to rfoém tRipedafilr &1 L) was
added, and the sol ufion wags stirrdmTor 2.5 11. Nost| of| th OH wals
renoved by rotary | JUGUST 2006 - 47 evapeg fti gnggnd |t hel agueous ol futifon
was extracted with QH2C 2. |[The aqudoids || ay¢r Wa® a@ di fi edf wifh BN HC| and |
extracted with EtOAc The arganic dxgfach ¢ wighe ot IShafprsp@| 2| = T
sat ur at ed aqueous NafDl , drifed (anhydr ous{MyS4s, HnE colc ot @t @ Ihe Sl ©
orange gummy solid was trgtfurated 'th el h&1l T4 priov Y-S
which was recrystallllzed EHt OAc- MeQH) tof provi de tihhe jacid ([L.9L p) ps
light yellow crystal§. Coar-ntratio of fhelCH|Cl2 exgrarts|afforfed| the
ester (396 ng) as anlorangd oil. E.| & s-[B- Phenyl -0, L-pro iga Dydrpchl arj de| 5
sail The ester obtaifled i j8lFxanple (150 (878 ng) v%sﬁw@ Dl Yk ed| by| heptI pei| 3
10 at reflux in 6N H{l (54 L) for {L7 h. Tﬂe oor_fpd_gee}g.i_gwmxbjr.e wap 2
. | . [ -
washed wth Et OAc ad t h& lhqueous  ayer 4 _rdnfentrhted—b—eHyress
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F. N-Boc-ci s-3-Phenyl -D, L-proline The product of Exanple 15E (1891 ﬁEGH.SEZ?O%
nmol ) was dissolved in a 15 mxture of 2N NaOH (3 mL) and 1, 4-di oxane (3
m.). tert-Butyl pyrocarbonate (218 ng, 1.0 nmol) was added and the

reaction mxture was stirred overnight at roomtenperature. Di oxane was
renoved by rotary evaporation, water (30 n§) { was added, and the m xture

was washed with Et OAc. The aqueous phase was cooled to Qerr)C, acidified

with 3N HCl, and extracted with Et OAc. The o ic 20 laver wag
wat er and sat urated , drie nhydfous MSP4)| and
concentrated to giv g |tIe compoung (199 np). |1 AUGIST|2006] -78 G
(1S, 2S, 3R, 5S) - Pi nan d@) BBoc-ci s- 3-phenyl - D, L-pfol {ne L- |1 guc| ne boronat ¢
By a procedure anal gﬁ'u &that describs £n bamlie 4B,<1 e pt cgluct of
Exanpl e 15F (192 nyg) 0. 6 mml) was co Pwi t (15| 28] 3R 52) pl ndnediol 6
| euci ne boronate tri acetate salt}(2Y4 nmg{ 0} 73|mmpl ) |in t he presence
of TBTU (277 ng, 0J73 ) to provide the title|coppound|{(286}ng). H.
ci s-3-Phenyl - D, L- pr ¢l fpe-[L- | euci ne bor ¢ni ¢ gci ¢ hydrochlor dg palt The
product of Exanple :5%_{( 2=nmg) was di ssﬂ vEde ”C%Slg (§ nE) & ]:»g and
treated at OOC with [4NHCI} & oxane (4 )5 A‘ﬁt rg tB¢ Tea tgprgm' xture
was concentrated tolldryndesy and the résT s1rEhted Vit
i sobutyl boroni ¢ aci mg, 0.64 mmoll) according td the procefure
described in Exanplq 3B t provide the¢ tiftle ¢onpound (71|ng) @as a white
solid. F-xanple 17. fft bangy 3-Plienyt-D, L-pnoline-Lileuci ne Poron c_acid 15
hydrochl ori de salt ~M§a3 18 A. N-Boc-traﬁ 3-P1e_§‘l_3L’-\];g| ofiné B Q
procedure anal ogous fito t t:.‘descri bed |n_-} jnpl €Tl A _]%cg yh- | &
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trans- 3- phenyl -D, L-proline (prepared as described in Exanple 15D;1‘f‘.I‘gGIgI,ST 2006
6.44 miol) was coupled with (S)-a-nethyl benzylamne (0.92 nL, 7.08 muol)

in the 20 presence of EDC (1.26 g, 7.08 mml) and HOBT 9956 ng, 7.08 mmol).
The diastereomeric products were separated by flash chromatography

(elution with 1.5-2.5% HOAc- Et OAc) . FracBidns correspondi ng to the sl ower
eluting band were concentrated to provide a clear, colorless oil (913 ny).
The oil (900 ng, 2.68 mmol) was dissolved in _a m
and 8N HCl and the ps , aq rarly
AUGUST 2006 -79 co ryf . The
water (30 nmL), wash and gggjin g
resi due was redisso it gr] , B|dCD
with tert-butyl pyr |18 |gs |540n
to 5 that describe T oVl de

as a white solid. yl -[L- gr ol |i ng
hydrochl ori de salt angl odoud| t o
15G H, the 10 prod ex|164 (F322imys =
(1S, 2S, 3R, 59) - pi nank o ogcng eg?% & )
1.20 mmol) and dep viee <t |herit it
white solid. Exanp exper ijment s
from ki netic experi ured the | 15
pr ot easome by conpofing fofr muj a pf
AAl, AAl, and Z | apd<zZ' ([iregreslerd| tdhe St ract3f
O (2). The protocol For ol K netf & psspy: Hes
described in Rock el al. | R 78 fredl it oo i
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repooed, which are dissociation constants fDT the equiIibriun1tha{A#g}UST2006

est abl i shed 20 when enzyne and i nhibitor
enzyme: i nhi bi tor conpl ex.

20S proteasone fromrabbit
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reactions were performed using SDS-activated
The substrate used was Sqg- LLVY-AMC. 1
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tz r~riro 11 1 AUGUST 2006 -92 In Table 111, p, AAl' AA2' AAl, hAYGUST2006
substituents of the general fornula: P - AA - AA - AA - XTabIe 1]
denonstrates that dipeptide boronic acids have | ower Ki values than the
correspondi ng di pepti de al dehydes. 5 Tabl & 811 Conparison of Dipeptide
Boronic Acids to D peptide A dehydes Cpd. P AA X 20S Y'j (nM -7=7AA 2
;7,7 Mz105 Z L-Leu L-Leu CHO 15, 000 I\/t3274 I Z L- Leu L- Leu B(O—|)2 3 0 1
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selectivity of boronic, acid inhibitors of the proteasone is further
denonstrated in Table V. Table V Selectivity of Boronic Ester and Acid
Inhibitor's 5 of the 20S Proteasone H§@n Human Leukocyte Pancreatic 20S
El astase Cat hepsin G Chyrnotrypsin Conpound 1~- (DM K (nM 1~ (nW1l~ (nm
Mz 262 0.03 15 55 7 M3267 0.1 150 33,000 2,300 M5>296 1.7 36 9,200 75 10
Mz 309 0.82 7,000 4.8
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Exanpl e 19: Inhibition of Protein Degradation in C202 Cells c2c 2! AFYSTL006
nouse nyobl ast |ine) were |abelled for 48 hrs with 35S-nethionine. The

cells were then washed and preincubated for 2 hrs in the 15 sane nedia

suppl emrented with 2mM unl abel | ed nethiog ﬁ The nedi a was renoved and
replaced with a fresh aliquot of the pr cubation nmedia containing 50%
serum and a concentration of the conpound to be tested. The nedia was

t hen renoved and nade up to 10@6TCA and centrifuged. The TCA sol ubl e

radi oactivity was COpisehr=—rariF+tr GF—01— pT Of €01 y Was |lcal cul ated as the
percent 20 decrease || n .L qubIe radi oactifity. Ffom tlis data, an EC50

for each conpound sneaffcul ated. Data for mmpoun@§ of fformula (1) or (2)
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In Table 111, P, AA', AA?, AA’ and X are substituents of the general

formula: P-AA'- AAZ-AA’-X
Table 111 demonstrates that dipeptide boronic acids have lower K; values

than the corresponding dipeptide aldehydes.

5 Table ITI
Comparison of Dipeptide Boronic Acids to Dipeptide Aldehydes
Cpd P AA! AA? AA3 X 20S K, (nM)
MG-105 Z - L-Leu L-Leu | CHO 15,000
MG-274 Z - L-Leu L-Leu B(OH), 3.0
10 In Table IV, P, AA!, 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, €.g. Cathepsin B, exhibited by the boronic

esters/acids as compared to the peptide aldehydes.
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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
Human Human
Leukocyte Pancreatic
208 Elastase Cathepsin G | Chymotrypsin
Compound K, (aM) K, (nM) K, (nM) K, (aM)
MG-262 0.03 15 55 7
MG-267 0.1 150 33,000 2,300
[ MG-296 1.7 36 9,200 75
10 MG-309 0.82 7,000 4,800 465
MG-341 0.6 2,300 628 322

Example 19: Inhibition of Protein Degradation in C2C12 Cells

C2C12 cells (a mouse myoblast line) were labelled for 48 hrs with

335G_methionine. The cells were then washed and preincubated for 2 hrs in the

15 same rhedia supplemented with 2mM unlabelled methionine. The media was
removed and replaced 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 V1.



| AUGUST 2006 -99 Exanple 20-- MG 273 inhibits Corticosterone-| nhﬁ‘éje%USTm%

Cachexia in Rats Rats were stabilized on a diet free from
3-met hyl hi stidine and then placed in netabolic cages for collection of
24-hour urine sanples. After two days ofy curine collections to determ ne
basal 3-nethyl hi stidine output, the rat@&ere 5 treated with daily
subcut aneous injections of corticosterone (100 ng/kg). Starting on the
second day of corticosterone treatnent, so

with MG 273, administered vifg afsufcutfan€lous| ospot}j ¢ punp af a|dogse |rate
of approxi mately 120 gg/ kg bpdy [weilght|/ dajy. ngrol rpts|regeiyed|vehic|e
only (25% DVBQ 75% PEG (200)§, &d n'wtgﬂregirgag R| R RFBONR| REEE @
10 shows that treatment yjth 2 decedf fre| ut | far yZpukpuf;| of | ~ puct IR
3-met hyl hi sti di ne, whi ch®asl{i nguedd ifn r $Ppnsk tp cpré| cobt ef ong -1 -
treatnent. Exanple 21: RG 2[f3 [InRijpitls the |Actfvalioh of NF-KB This|assay
was perfornmed as previ ou%y esqLi e-at-etratr—tet -8— 7378
(1994)). M3 osteosarcomd cpl | refstijrullatefd by tfeafnmept {18|with
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100 bi ndi ng assays were performed at 4*C, using saturating concehfb‘r (?UCS>T2006
of nonoclonal antibodies specific for the cell adhesion nolecul es (Becton

Di ckenson) vande6/i3266r escent - conj ugated F(ab')2 goat anti-nurine 1gG (Caltag
Labs, San Francisco, CA). Fluorescent i munoassays for E-selectin and |I-CAM
5 were performed at 4 hours, those for V-GhMjat 16 hours. Figure 3 shows

that cell-surface expression I-CAM V-CAM and E-sel ectin on TNF-a
stinmulated HUVECs is significantly inhibited by M5 273 trations

of 0.5 ~iMor abo ds BIoEktheDH
Response in M ce hi ve mice W appl i cptipn jof [20 |pL
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consecuti ve days, i§1 fre refer 1. [TRE| ef f erpnt
phase of the conta ensitivity 1 on day| 1p 5} by] th
application of 10 of a 0.2% (v/ . o -uet-obeRzeRe
in 4:1 acetone/oli [ to both gidg t clar.| The cpntfal at ef al
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vs. the control (right) ears was determ ned for each treatnent grbéﬂ”gUST2006_
Effi cacy 1 AUGUST 2006 -101 was determ ned by conparing this difference in
thickness to the difference calculated for the vehicle control group. Test
results are provided in Table VII Table VII Inhibition of the DITH Response
in Mce 5 Conpound Dose (nmg/kg) % Inhibition M3296 50 60 M3 309 3 40
M5341 L 3 90 All publications and U. S p?tent applications nentioned

her ei nabove are 10 hereby incorporated in their entirety by reference.
Wil e the foregoing invention has been descrlbed in sone detall for
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skilled in the ar sur e that|various chahges
in formand detail jjcany be nmade wt out departing bt he &é e,$cape. pfg
the invention and & [ﬁn@d 15 cl ai 88 1 AUGUST 20(% 2108 tolsv:Iga reed
Is: I A conpound J Yhe formulal B-N- -BI-Xi - EHXR-CHB(ZI ) (Z2) | KR
R2 KO - A and phar utically accept@bl e salts ther gof b erein{P i{s
R7-C(O) - or R7-SO2- here R' is hetleroaryl or. which can be
N
N| = S e
S S S|l 8l glgggle
Eg 3l of =31 31 =31 31 =1 =
= p— — -
g 3 3 2| 3| 5| 3333
B 2 A Al af a2 a2 Al A 2
- - o}
P \__7 2l 2
2 ° 5 5
T 1 ol =| El E| 5| | 5| =
i sl z| 2| 3 % % %) %
Al Ap A Al Al Al A -
S c
_ S O .| 2
9 _ 9 BEEIE
— =) __l—'
- 2 = £ £ 5 |3 38
E- [ ] .E-g-ol,qg,g.
= T o 2| 2| 2| = O] O| =
2| = @ ol @ @l @) o a0
=l S &) Ol ol o 9| 9 2| 9 ©
sl = s == = 2| 2 2| 2| =
&




optionally substituted, or when Pis R7-C(O-, R7 can also be 1 AUGUST 2006
N-nmorpholinyho P I , at each occurrence, is independently one of N or CH

10 X I, at each occurrence, is independently one of -C(O-NH, -CH2-NH,
-CHOH)-CH2_, -CHOH-CHOH)-, -CHOH)-CH2-NH, -CH-CH, ~C(Q _JJ
-SQ@-NH-, -S2-CH2.- or -CH(OH)-CH2_C(Q)gNH, provided -C -2r, that when B

| is N, then the V attached to said B is -C(O-NH Xl is one of -C(O)-NH-,
_CH(OH) - CH2-, - CH( OH) - CH( OH) - 15 -C( O - CH2-, SO NH- S2- CH2

- CH( OH) - CHz- C(O) N oget her Wlt t he
adj acent R, or whdn her Wi th a@acent W
nitrogen- contai nin g} ~saturateg [pr Sartially
saturated ring systie .36523 t hatf € e optionalfly
substituted by one forg al kyl, 2 g ZEal kyl ,
al koxy or aryl oxy; RE S i ndeper | & @& of
hydr ogen, al kyl, nenher ed.lse reﬁeﬁj’éparti al |y
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menbered saturated, partially unsaturated or aromatic heterocycle164"39§§%006
where Wis a chalcogen and R is alkyl, where the ring portion of any of
said aryl, 10 aralkyl. alkaryl or heterocycle can be optionally
substituted; Z' and ZI are independently one of alkyl, hydroxy, alkoxy, or
aryloxy, or together Z 1 and ZI forma moigjy derived froma di hydroxy
conpound having 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 heteroatorn 15 or heteroatons which can be N, S

or 0; and Ais O, 1 rzé dl?l -ﬁflﬁﬂmuﬂﬁzﬁste@bm-mmcembm inRats zer o;
Xis -C(O-NH; rogen or ,alkyl; and R, is Cl. 6alkyl. 3. The
conmpound of claim 2 vvherel n RBis C aI kyI 4. The conmpound of claim1,

wherein: Pis R-C(O- or R7-S02:1wh |
T p S s e S i S 5 B e et

R-00-, R can alsg e %eg%r%ﬁutwﬁ' of 4RO SRR les: WfesbowoTtsys of

corrpound of cl ai Apfe I's one of quinolinecarbonyl,
pyridi necar bonyl ,,, Gl Gffelgmutd aéuhnmqwaswmmahylmsndnw gutput, the rats were

qU|noxaI|nesquony . pyrazi necarbonyl, pyra2|nes Ifon fur rbo
faransul fsonyl or trdmdmmpﬂoldmrhylsummmus @J@"O% %Q?FFG 6@&@ rﬂg/gg

\ghglrjle:’lgxz | : ?leggsb%;lymg og%g%lp q??ggﬁﬂogﬁmqlgltgg%#g%}“ﬁ%ggﬁ Orr?;(/s \:verc also
2-pyrazinesul fonyj éated wH.fn %afﬁo%mlstered via a subcutaneous osmotic pump at a dose
rate of approximately 120 pg/kg body weight/day. Control rats received vehicle

only (25% DMSO/75% PEG (200)), administered in a similar fashion. Figure |

10 shows that treatment with MG-273 reduced the urinary output of

3-methylhistidine, which was induced in response to corticosterone treatment.

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 stimulated by treatment

15 with TNF-a for the designated times. Whole cell extracts were preparedland
analyzed by electrophoretic mobility shift assay using the PRDII probe from the

human IFN-P 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

MG-132 (Cbz-L-Leu-L-Leu-L-Leu-H), also inhibited NF-xB
whereas MG-102 (Ac-L-Leu-L-Leu-L-Met-H), which is inactive

proteasome,

20 binding activity,
against the 20S proteasome, did not inhibit NF-xB binding activity.

Example 22: MG-273 Inhibits Expression of Cell Adhesion Molecules on
HUVE Cells

'HUVECs in microtiter plates were exposed to the indicated concentrations

of inhibitor for 1 hour, prior to the addition of 100 U/mL TNF-a. Cell surface

[\
W



3-furansul fonyl or N-norpholinecarbonyl. 7. The conpound of clai n*?,UGUSTZO%
wherein Ais 0. 10 8. The conpound of claim1l, wherein B I, at each
occurrence, is CH 9. The conpound of claim8, wherein X1, at each
occurrence, is -C(O-NH. 10. The conpound of claim9, wherein X2 is
-C(O-NH. 11. The conpound of claim1, whet@@n R is hydrogen or Cl.8
al kyl. 15 12. The conpound of claim1l, wherein: R, at each occurrence,
and R2 and R 3 are each independently one of hydrogen, C, ., alkyl, C3. 10
cycl oal kyl, C6.10 aryl, a 5-, 6-, 9- or 10- nenbered heteroarz %rou
-CH2-R; R, in e%q:,ka % ewemSperfmnmﬂ at64 ansing saturating concentrations of °
al k

C6- 10Ar ( C1- 6) al kyl C6-10) ar yl 10c al k
Cl- 8al k§/| t mz) oryan@oclqml @nbgqh)egos}/peﬁgﬁbg}fcﬁi & e?‘g’a?ﬂ??“ mog%%ﬁ V\Aﬁgre The
ring portion of a%c%sﬁ%(f ﬁoresﬁn{fll Q{Jhgat@b leREYD, Bbatomiti- x@urm@ig@r(c

menber ed het eroar can be optionally ST
2006 105 substitihedalyriitescs! CAYOFINtestent muaoasmdezﬁenhecgnmlm

-fromthe group consisting of Cil-6alkyl,

Cl- 6al kyl §CM cycl cwadrkpb;fom@Mkmwa,those:_forerQ i@ﬁt ?%Eéwa Fighre, 3 shows that
C1- 6al kyl di (C1-6) al kyl
Car boxy car bo{ Ol celmurass SIFHREEOR Ty M dnd Esedhl b ThfEe Sihded

Co6- 10 |, C6-10 | enydti f05 M
CL-6al kol i hi o, . HVENRdy PetsentREied WCHCETD e 15“393‘1“?%. o

C6- 10aryl sul finyl ,5po¢b- 10aryl sul fbnyl, C6-10aryl, Cl.6 al kyl (C6-10)aryl,
and hal o( C6- 10) aryl 13. The conpound of claim1l, wherein R3 is Cl-12al kyI
14. The compound of claim1l, wherein R3 is C .6alkyl. 10 15. The conpound

of claim1, wher eIEnxaBan Ie§3 C4g’an);m: Acid Compounds Block the DTH Response in Mice

10 Naive mice were sensitized by the application of 20 uL of a 0.5% (v/v)
solution of 2,4-dinitrofluorobenzene in 4:1 acetone/olive oil to both of the rear
limb footpads. This procedure is performed on two consecutive days, which are
referred to as days 0 and 1.

The efferent phase of the contact sensitivity response was elicited on day

15 5 by the application of 10 uL of 2 0.2% (v/v) solution of 2,4-dinitroflucrobenzene
in 4:1 acetone/olive ol 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 kctamme (80 mg/kg, Henry Schein) and xylazine (16 mg/kg, Henry Schein).

20 Test compounds were administered orally as a suspension in 0.5%
methylcellulose (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 absolute difference in thickness of the experimental (left) ears

vs. the control (right) ears was determined for each treatment group. Efficacy



16. The conmpound of claim1, wherein R3 is isobutyl. 17. The conpbé&H}g§T2006
claim1, wherein Rl is one of isobutyl, 1-naphthyl nethyl,

2- napht hyl met hyl , 3-pyridyl net hyl, 2-pyridyl nethyl -6- quinolinylnethyl,
3-indol yl met hyl, benzyl, 4-fluorobenzyl, 4-hydroxybe' nzyl, 15

4-(2' - pyridyl met hoxy) benzyl, 4-(benzyl oxy)bgnzy!, benzyl napht hyl net hyl or
phenet hyl . 18. The conpound of claim1l, wherein Z1 and Z2 are independently
one. of C _,alkyl, hydroxy, C -6al koxy, or C6.1 aryloxy. 19. The conpound
of claim 18, wherein Z1 and Z2 are both hydroxy. 20 20. The conpound of
claiml, wherein Loogthhinéd Bndorkgadsy Mis differnts imrickress o ¢t dxffhrmcdr oxy
conpound sel ected omthe group consisting 1 _AUGUST 2006 98 ? ERRFCO'
per f | uor opi nacol , cakulaed ftirahe vetitly Icon@olgroup)| | C%l’%ﬁ“ﬁ??@rﬁoﬁl‘i 4 Tabl

1, 2- cyclohexanedlol 1, 3- propanedi ol , 2, 3- butanedlol gl ycerol or
diethanolarnine. 21. The conpound of clain11 mherein: P is one of

qui nol i necar bonyl, pyridinecarbonyl, quigglpjpgsgt fonyl, 5

gui noxal i necar bonyl , qU|noxaI|nesquonyI pyra2|necarbonyl

pyrazi nesul fonyl, furancarbonyl, fur ansul fonyl or N-nor phol i nyl carbonyl ; A
is zero; X is -O(O)-NH; Wﬁﬁzmﬁ@"rﬂﬂ MQFDTHReﬁpMse OMiteand R are
each independently one of hydr ogen, ,al kyl, C3-10cycl oal kyl, C6-10aryl,
C6-, Dar (C,.6)al kyl, pyridyl nethyl, or qU| nol i nyl met hyl ; and and Zl are
bot h hydr oxy, CI1- ;.-—-—;--~v~"~—;‘—~—r‘*—‘-_" er orm g

moi ety degived frjom a didnysbuady co ound)tzsel(meﬂml fromt he%dﬂb‘bﬂmnm
consi sting of pingACoOr, perfluoropl npcol, pi nedi ol , Pt hyl ene I ycol ,
di et hyl ene MG-296 Ha 3 6

MG-309 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 departing from the true scope of the invention and appended

15 claims.



gl ycol, 1, 2-cycl ohexanediol, 1, 3-propanediol, 2,3-butanediol, gl y!:élIHI;U&T 2006
di et hanol am ne. 22. The conpound of claim1, wherein: P is one of

8- qui nol i necar bonyl, 8-quinolinesul fonyl, 20 2-quinoxalinecarbonyl,

2- qui noxal i nesul fonyl , 2-pyrazi necarbonyl, 2 pyrazi nesul f onyl ,
3-pyridinecarbonyl, 3-pyridinesul fonyl, 3-furancarbonyl, 3-furansulfonyl
or N-norpholinecarbonyl; Ais zero;, X2 is - )-NH: 25 R is hydrogen or

C .g alkyl; R 3 is isobutyl; R2 is one of isobutyl, 1-naphthyl nmethyl,

2- napht hyl net hyl ,  3- pyridylnethyl 6- quinolinylnethyl, 3-i ndol yl met hyl ,
benzy], pyrldylneb? 2 2006 -107 4-fluorobenzyl,

4- hydr oxybenzyl gé!l §jqﬂgcﬁsghoxy)benzyl, 4- (benzyl oxy) benzyl ,
benzyl napht hyl net hyl or phenethyl; and Z' and ZI are independently one of

hydr oxy, C1-6al koxy, C6-10aryloxy, or together Z° and ZI forma noiety
derived froma di hydroxy conpaigpsh oixﬂh(hﬁf/@x thé fértmula:t he group consi sting of

pi nacol , perfluoroplnacol pl nanedi ol , yl ene gl ycol, dlethylene gl ycol,

1, 2-cycl ohexanedi ol , 1, 3- propaned ol , 2 -butan di Y

di et hanol am ne. | 23) The € —K' i(g elﬂE )g?o? corrpound S
one of- N-(2-pyrazine)carbonyl - nyl a an e-L-| ey@i ne boronic acid, 1Qia)
N- ( 2- qui nol i ne) sul f onyl - L- honop ani neaL-1 euci ne boronic acid,

N- ( 3- pyri di ne) car bonyl - L- phenyl aI anl ne-L-1 euci ne boronic acid,

and pharmaceutically acceptable salts thereof;
5 wherein
P is R’™—C(O)- or R’-SO,-, where R’ is heteroary! or which can be
optionally substituted, or when P is R’~C(O)~, R’ can also be N-morpholinyl;

B', at each occurrence, is independently one of N or CH;
10 X!, at each occurrence, is independently one of —C(0O)-NH-, -CH,-NH-,
—CH(OH)-CH,-, —CH(OH)-CH(OH)-, —CH(OH)-CH,~NH-, -CH=CH-,
 =C(O»-CH,=, -SO,~NH-, ~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(O)-NH-, —CH(OH)-CH,-, ~CH(OH)-CH(OH)-,
15 —C(O)-CH,—, -SO,~NH~-, ~80,—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 R2, 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. 2 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;



N- (4- nmor phol i ne) car bonyl - L- phenyl al arii ne-L-| euci ne boronic acid, 1 AUGUST 2006
N- (4- nor phol i ne) car bonyl - (err)-(1-napht hyl)-L-al ani ne-L-1euci ne boronic
acid, N (8-quinoline)sulfonyl-(err)-(1l-naphthyl)-L-al anine-L-Ieucine
boroni c acid, 15 N-(4-norpholine)carbonyl-(O benzyl)-L-tyrosine-L-Ieucine
boronic acid, N-(4-norpholine)carbonyl-L-tygnsi ne-L-I|eucine boronic acid,
N- (4- nmor phol i ne) car bonyl -[ O (2- pyri dyl net hyl )] -L-tyrosi ne-L-|eucine boronic
acid; or isosteres, pharmaceutically acceptable salts or boronate esters
thereof. 20 24. The compound of claim 23, wherein said compound is

N- (2- pyrazi ne) car bony| gkiiRBFhgaRBEN ailyl) calbatieyl taoylom$d Oanérabered sagyrated,

i sostere, pharnaceutically acceptable salt or borgpates ester thereof. 25.
A conpound havi ngpirkiglly ansanirated or aropiatie hetgrasyele ©5 Hy Hak mpihsts the Singportion

08 wherein P i of pchiagesh siomA kEThPEhpeisesis St bs PRl SRt
"ndependent 1y one. of - & ¢ e ST A EseR gL el R e ey 0 -
-CH(OH) - GER_NH_,  1,Chhhihihsaruratel 6} arGhtatic he@acyhleior -CBgpRThe afhe g porton
CH(G-l) 2-C(%--, pr ovided that when Bl is N then E?r]'e ei%na"i'lt ts% Rﬁ-&lteﬁ-o
said B is -C(O) - bfeny ofxaidsaryheratkyl, akayl Rl—i’?‘cr-mlb‘%?@ pet y ’

R i i
when . 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,
10 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

15 or heteroatoms which can be N, S, or O; and
Ais0,1,or2
2. The compound of claim 1, wherein:
A is zero;
X is =C(O)-NH-;
20 R is hydrogen or C, salkyl; and

R, is C,qalkyl.

3. The compound of claim 2, wherein R, is C,alkyl.

4. The compound of claim I, 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(O)-, R’ can also be

N-morpholinyl.



Ais zero, fornms together with the adjacent R2, a nitrogen-contai hiAr%GU_STZO%
nmono-, bi. or tri-cyclic, saturated or partially saturated ring system

having 4-14 ring
of keto, hydroxy,

menbers, that can be optionally substituted by one or two
aryl, alkoxy or aryloxy; 15 Rl at each occurrence, R

and Rl are each independently one of hydrogea, alkyl, cycloalkyl, aryl, a

5-10 nenbered saturated, partially unsaturated or aromatic heterocycle or

-CH2-RlI, where the ring portion of any of said aryl, aralkyl, alkaryl or

het erocycl e can be optionally substituted; R, in each instance, isbone of
e} inglipeear

aryl, aralkyl, alkaryls cycipatdepound of 21irs-11 whemsirRisqn

onyl,

artially unsaturated or aromatic heterqcycle or -WR-~ ML
(I? hal coge% and R' ﬁﬁidaidcmlbpnylmmndin%@f?l?)ﬁgX‘HB?’fQR%C%\f’mEHym&%&%g‘g&gﬂ’

aral kyl, al karyl

qui nol i nyl met hyl ;

or heterocycle can Db i o e, l'gi t girgekulfon@lvi ded
that at |east OnepyRRZINGEATRADYR ipgr%ﬁﬁWAbt mdﬁéaﬁ y

, 25 pyridyl met hyl or

Z' and.Z jyjndependently one of al kyl, hydroxy,
al koxy, or aryl oxk}:mslﬂ’%{“ﬁg‘e’%ﬁg“’“

er'Z and Z2 forma noiety derived froma

di hydroxy conpound having at |east two hydroxy groups separated by at

| east two connecting atons in a chain or ring, sad %Qg kNG f
conpri si g carbon atons, an'(l'heptqm“PQ, %frhgg‘é?o§t'om ‘C')lgo?lls hel'%ercr)lzcit (?ms
which can be N. S, or

ring conprising c

whi ch can be N,
ot her than i soval

;. and 1 AUGUST inesdi¥Snyl! i Yquindkalindraitongl,
%ﬂb‘b‘%?q’eﬁcﬁﬂg’f’n&ﬁd oggiq%g%ﬁnﬁs a h’celt eroatom or heteroat ons

: B{nleﬁlir?eE?if i 9-Byradinecarbodyl, @ pyrazinesutfbnyl, 3-fzeemssthd i s
ryl-phenyl a

ani ne- 5 norvaline-[(naphthyi nethyl),

(4, 4,5, 5-t et r anet ByfhrahsdfoytiopNanorpholinecarbonyl.) | net hyl ani de or
(3-t.- butyl sul fonyl) propi onyl - norval i ne- (I -naphthyl,

10

15

20

7. The compound of claim 1, wherein A is 0.

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, 4 alkyl.

12. The compound of claim 1, wherein:
R'. at each occurrence, and R? and R? are each independently one of

hydrogen, C,, alkyl, C,.10 cycloalkyl, Cq o aryl, a 5-, 6-, 9- or 10- membered
heteroaryl group, or -CH,~R*;
RS, in each instance, is one of Cq.earyl, Cuoar(c|.6)alk}'l,cl.salk(cm)afy1,

C,.,ocycloalkyl, C,alkoxy, C, salkylthio or a 5-, 6-, 9- or 10- membered

heteroaryl group;
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



di hydr oxyboryl ) net hyl am de. 26. The conpound of claim 25, wherei n! IA‘ngUSTZO06
R7-C(O -, R7I-S2-, R/-NHC(O- or R-O0C(O-, and 10 R7 is ond& of alkyl,
aryl, alkaryl, aralkyl, heteroaryl or heteroarylal kyl, any of which can be
optionally substituted, or when Pis Ra-C(O-, then R can also be
saturated or partially saturated heterocycl-40527. The conpound of cl ai m 25,
wherein Pis R7-C(O- or R-S2-; and 15 TV is one of C6.,(, aryl, C6.10
ar(C,.6)al kyl, 5- to 10-nmenbered heteroaryl or 5- to 10- merrbered

het eroaryl (C . 6)al kyl, any of which can be optional,|l {e en
Pis R-C(O-, R suagitatedobybendlororpsehsiients 128513 X‘&yoﬁ‘gfs%ﬁ% §1 gn’r‘gg

wh B I CH, d Xl d RO f
cl Sur(ranI 25 vvhlefel n Wigléﬂﬂg I&nGrgﬁﬁyidgbé:ﬁglgﬁ{wy k% é@oaﬁ? ?lgﬂkﬁg@gr ougg|1 0

consi sting of al kyl apd ]%n'@lﬁtﬁ ditC Mﬂamxyd,,be@zylmmo,
al k(C6-10) aryl , cséaﬁﬂi?%’%‘%ﬂmﬁ S‘P%l}w - gr,49%

het erocycl e. ~ 30. ThEe Jg.ym,qmad ,ﬁzj—o,ctabmﬂ&arbﬁ(@néﬂkom’i @ém r8meﬁ\)’,£¢u€§}g$°@ooa
0

110 31. The conpoun f claim25, wherejn R2.i QUi n vl | . The
conpound of cl ai m @5,alkdxyr eiCa,8Bild € emﬁﬁkﬁd*)ﬁgwgn blpa&i(&'-s)%w “hydféxy,

N- (4- nor phol i ne) car bonyl (edmjlsﬁgg% E{%Q%S@foq@l & Jaryieni6) O drglsalfingl,

acid, or N (8- qui @ -L-al ani ne-L- 1| euci ne

boronic acid; 5 or ph LEIVENY: (A )alyteapdé)bloécsa)w or boronate
esters thereof . 395'0%%115%%5 lnd&ﬁgi\?ng%t he fororrul a: P-N

Bi-Xl--CHX2-CHB(ZI)(Z2) | I | |

13.  The compound of claim 1, wherein R, is C,_;,alkyl.

14, The compound of claim 1, wherein R; is C,.alkyl.
10 15.  The compound of claim 1, wherein R, is C.alkyl.

16.  The compound of claim 1, wherein R? is isobutyl.

17.  The compound of claim 1, wherein R? is one of isobutyl,
1-naphthylmethyl, 2-naphthylmethyl, 3-pyridylmethyl, 2-pyridylmethyl 6-

quinolinylmethyl, 3-indolylmethyl, benzyl, A-fluorobenzyl, 4-hydroxybenzyl,
15 4-(2'-pyridylmethoxy)benzyl, 4-(benzyloxy)benzyl, benzylinaphthylmethyl or

phenethyl.

18.  The compound of claim 1, wherein Z' and Z? are independently

one of C, calkyl, hydroxy, C,salkoxy, or C.ioaryloxy.

19.  The compound of claim 18, wherein Z' and Z* are both hydroxy.

20 20.  The compound of claim 1, wherein together Z' and Z? form a

moiety derived from a dihydroxy compound selected from the group consisting



K K K KO (la) and pharmaceutically acceptable salts thereof; Mé‘r‘éﬁ;HSTﬁp%
P is hydrogen or an am no-group-protecting noiety; B 1, at each occurrence,

i s independently one of Nor CH X, at each occurrence, is independently

one of -C(O-NH, -CH-NH, -CHOH)-CH2-, -CH(OH)-CH(OH)-, -CH(OH)-CH27~-,

-CH-CH, _C(O_CH -l -SONH, -S2-CH2- ofl06cH(OH) - CH2-C(O) - NH, provided
15 that when Bl is N, then the XI attached to said Bl is -C(O-~; X2 is
one of -C(O-NH, -CH(OH)-CH2-, -CH(OH)-CH(OH) - - C( K, H2- -SO--NH—

- S2- CH2- or -CH(O—I) CH2-C( O - NH- Rforms to ether vvlththe 6}_’% I‘f
or when A is zero,off pinasol qngﬁ'tdmecupmmoi hpmh%ﬁda | gthyignerglycol, die lene gyco

ni t rogen- cont ai ni ng_nono tri

saturated ring sys?%ﬁb’ﬁl&bﬁ?&eqfoﬁi’3mrﬂ g[,B,SES{aHé éy@éroltcﬁgxagga%\wgﬁ]ae}’
substituents selected fromthe group consisting of keto, hydroxy, al kyl,
aryl, aral kyl. al koxy and aryl oxy; when Ais 2, the R that is not adjacent
to NRis one of hydroggn, alTkykompoydd ofadlmynl \ahgrcm a 5- to 10- menbered

saturated, partially unsaturated O arorra eter e or
AUGUST 2006 when A is P isrone ofxuiRolmesar Pﬂh‘yd’r gP@r q“&%’l“S%‘l’fl?Wl

et erocyci & or - o punpraingsapen, Sinpafipkndiink 4 F%"f*?ﬁ%%“’gr%ﬁ“ﬁ%"f@ a
5- to 10-nenber ed fuRAsdical] o NOEGiHbRAEarbonyr omat i ¢ het er ocycl e
or -CH2-R5; 5 R5, 1|:"?1£'}eczlé1§ctﬁg-‘?ﬂstance |5's r| ndeg?gdenytaly one of aryl, aralkyl,

al karyl, cycl oal kyl, aASszem; 10- nrenbered saturated, partially unsaturat ed
or aromatic heterocycl e or -WR6, where Wis a chal cogen and R 6 is al kyl;
ZI and Z2 are |ndepende?‘tzIlsy-‘%(:Q?‘bI —al kyl, hydroxy, al koxy, or aryloxy, or

R is hydrogen or C, 4 alkyl;
10 R? and R® are each independently one of hydrogen, C,,alkyl,

C,.ccycloalkyl, Cq paryl, Cq0ar(C,.c)alkyl, pyridylmethyl, or quinolinylmethyl;

and
Z! and Z2 are both hydroxy, C, calkoxy, or C¢ jcaryloxy, or together Z' and

72 form a moiety derived from a dihydroxy compound selected from the group
15 consisting of pinacol, perfluoropinacol, pinanediol, ethylene glycol, diethylene

glycol, 1,2-cyclohexanediol, 1,3-propanediol, 2.3-butanediol, glycerol or

diethanolamine.

22.  The compound of claim 1, wherein: _
P is one of 8-quinolinecarbonyl,  8-quinolinesulfonyl,
20 2-quinoxalinecarbonyl, 2-quinoxalinesulfonyl, 2-pyrazinecarbonyl,
2-pyrazinesulfonyl, 3-pyridinecarbonyl, 3-pyridinesulfonyl, 3-furancarbonyl,
3-furansulfony! or N-morpholinecarbonyl;
A is zero,
X? is -C(O»-NH-;
25 R is hydrogen or C, alkyl;
R3 is isobutyl;
R? is one of isobutyl, 1-naphthylmethyl, 2-naphthylmethyl,
3-pyridyimethyl, 2-pyridylmethyl 6-quinolinylmethyl, 3-indolylmethyl, benzyl,



together Z° and Z2 forma noiety derived froma di hydroxy conpounaAﬂggp 2006
at 10 |l 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, S, or 0; and Ais

0, 1, or 2. 34. The conpound of claim 33, wherein the nitrogen-containing
ring 15 systemis selected fromthe group-t@hsisting of: HO N HNT ZN'~'

NNN CN N -0OZN~-1T _P N I'l I N Oand N N 1 AUGUST 2006 -112
35. The conpound of claim 33, wherein Pis R--C(O -, R7-S02-, R7-NHC(O) -
or R7-0-C(O -, and k7is one of alkyl, aryl, alkaryl

net 50 yratkyl . abfuoffbetByLh ggn;rgsdgmt!bmg:d y s&b@t"{%?l[}ﬁh?‘“g‘?t"gﬁb%ﬁ% e
het er ocycl e. 4-(benzyloxy)benzyl, bcnzylna;?htﬁﬁ'jlmethﬁaorrﬁa'h@ﬁej.tﬂyﬁ ghyrate

7! and Z? are independently one of hydroxy, C,.calkoxy, Cq earyloxy, or

together Z' and 72 form a moiety derived from a dihydroxy compound selected

5 from the group consisting of pinacol, perfluoropinacol, pinanediol, ethylene

glycol, diethylene glycol, 1 2-cyclohexanediol, 1,3-propanediol, 2,3-butanediol,

glycerol or diethanolamine.

53.  The compound of claim 1, wherein said compound is one of:
N—(?.-pyrazine)carbonyl-L-phenylalanine-L-leucine boronic acid,

10 N-(?.-quinoline)sulfonyl-L—homophenylalanine-L-leucine boronic acid,
N-(3-pyridinc)carbonyl-L-phcnylalanine-L-leucine boronic acid,
N-(4-morpholine)carbonyl-L-phenylalamne-L-leucine boronic acid,
N-(4-morpholine)carbonyl-B—(l -naphthyl)-L-a.lanine-L-1cucine boronic acid,
N-(8-qu.inoline)sulfonyl-ﬁ-(1-naphthyl)-L-alanine-L-leucine boronic acid,

15 N-(4-morpholinc)carbonyl-(O-benzyl)-L-tyrosinc-L-leucinc boronic acid,
N-(4-morpholinc)ca.rbonyl-L-tyrosinc-L-leucinc boronic acid,
N-(4—morpholine)carbonyl-[0-(2-pyridy1mcthyl)]-L-tyrosine-L-lcucine boronic
acid; '

or isosteres, pharmaceutically acceptable salts or boronate esters thereof.

20 24.  The compound of claim 23, wherein said compound 1s
N-Q-pymzinc)carbonyl-L-phenylalanine-L-leucine boronic acid, or an isostere,

pharmaceutically acceptable salt or boronate ester thereof.

25. A compound having the formula or a pharmsaceutically

acceprable salt thereofs

P—lr ?1—-)(1 CII'I—XZ——CT——B(Z1)(22)
R | R R2 R3 (1a)
A



36. The conpound of claim 35, wherein Pis R7-C(O)- or |R7_SO 2 élﬁpﬁ’-@’rm%
one of C6. 10 aryl, C6.,0 ar(Cl.6)al kyl, 5- to I O-nenbered heteroaryl or

5- to 1 O-nenbered heteroaryl (d.6)al kyl, any of which can be optionally

10 substituted, or when Pis R7-C(O -, R 7 can also be N-norpholinyl. 37.

The conpound of claim 33, wherein Bl is CH108rd V and XI are each

-C(O-NH. 38. The conmpound of claim 33, wherein Rl and Rl are

i ndependently selected fromthe group consisting of alkyl and --CH, -Rl,

where 15 R, in each instance, is one of C6.1. aryl, C6.10

ar(d .6)al kyl, C, _&herlk( C6. 10) aryl, C3. 10cycl oal kyl, C .1 al koxy, C .8

al kylthio or a 5-, 6-, _9- or 10- nenbered het , Where the ring

por1:5i on60f gny of 1gai d8gs hydgogen ofan ar 1‘“;8&‘8,‘?’5%?%6%’%?&%&%03- 1_())arél ]

or 5-, 6-, 9- or - r g%;,ﬁ.@ in8 entlyophd 6fld ubstitute y
1%&%‘%‘% entﬁ&r’y ingepen %

one or two substituent y selected fromthe_ 20 %oug ﬁogﬁ?}i[fti ng
of C ., alkyl, C3.scychoaklkithodurenceaiskndependeniivom: obt&id)- —-gH=AYRany| |

C2.8 al kynyl, cyano, amno, C,.6 alkylamn di (Q.; | kvl Qpk no, _
benzyl arnino, di be@HEORY-GH,—,ni~GHO %Q&,*Cﬂ@é@%’r@?, —CH_'_'CH ’
trifluoronethyl, hal,ogen, C - | k , ~40 )gﬁ adyl ,
C6. 10 aryl (d . 6) aHcy zﬁy—oﬁ%zz&*ﬁc,’-g%?%t%rgﬂgﬁ 6 aF%/@s%W?ﬁ?ﬁm g

C, - 6al kyl sul f onyl 1Lt e ié B! is AQ(0)SBIHQ
vyl oul Tonyl | b, PEROPRAEF iph [l R, Ak €0 o G- )

. a C6. 10) ar yl—ﬂ%&%ﬁﬁ%%- , I The
conpound of claim3 3, Xthey @ine éf i~C(D@rlH-1 6> —Cﬂ@*%b*?ﬁfﬁg‘%
conpound of claim 33, wherein P.is hydro .4 w)d .claim
33, wherein: Ais z@(@)—@ii-s-ﬁQdT%Enqug'g?ﬂTgr %&ﬁf—? PII;EE@ N

10 ' 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, aryl,

alkoxy or aryloxy;
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;
RS, 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 alkyl,
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;
7! and 7 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 Jeast two connecting atoms in a chain

1 ' i ' iSi ionally, a heteroatom
or ring, said chain or nng compnsing carbon atoms, and optionally,

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



R forns together with the adjacent R,
sel ected fromthe group consisting of. HO N HNZN~ NNN O0-0' oN XN N

N Oand I-RIN N,,N R is C-6alkyl; and 1.0 Z |- and Z2 are both

hydroxy, C .6al koxy, or C6-10aryl oxy, or together Z° and Z2 forma noiety

derived from a di hydroxy conpound sel ect ed PPm t he group consisting of

pi nacol, perfl uoropi nacol, pinanediol, ethylene glycol, diethylene 1 AUGUST
2006 -114 gl ycol,
gl yceroi or
conmpound is

1, 2-cycl ohexanedi ol , 1, 3-propanedi oI 2, 3-but anedi’

O e e ot s b ShE A gl shiciteh

phar maceutically acceptable s . esters thereof. 43. A
conpound havi ng t keh F@Wﬁﬂ‘ﬁswg’*i clgn%il %&E@Zl B(Z1)(Z2) | I I I KK

R3

10

15

20

Ais0,1,0r2;
provided that the compound is other than isovaleryl-phenylalanine-

norvaline-[(naphthylmethyl), (4,4,5,5-tetramethyl-1,3 ,2-dioxaborolane-2-
yl)Jmethylamide  or (3-t-butylsulfonyl)propionyl-norvaline-(1-naphthyl,
dihydroxyboryl)methylamide.

26.  The compound of claim 25, wherein P is R’-C(O)-, R™-S0,-,

R’-NH-C(O)- or R’'-0—C(0O)~, and
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 R’ can also

be saturated or partially saturated heterocycle.

27.  The compound of claim 25, wherein P is R™-C(O)- or R’-S0,—;

and
R’ is one of Cq o aryl, Cq1o ar(C,¢)alkyl, 5- to 10-membered heteroaryl or

5. 1o 10-membered heteroaryl(C,.9alkyl, any of which can be optionally
substituted, or when P is R’-C(O)-, 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-.

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
Ce.i0 aryl, Cy.po alk(Cq.j0)aryl, Cs.io cycloalkyl, or a 5-, 6-, 9- or 10-membered

heterocycle.

30. The compound of claim 25, wherein A 1s zero.

a nitrogen-containing ri nglﬂ%@gﬁr 2006



and pharmaceutically acceptable salts thereof; wherein 10 Pis h}éﬁf‘éﬁéﬁm(’%
an am no-group-protecting noiety; Bl, at each occurrence, is independently
one of N or CH X1, at each occurrence, is independently one of -C(O-NH,
-CH2-NH, -CH(OH)-CH2-, -CH(OH)-CH(OH)-, -CH(OH)-CH2-NH, -CH-CH,
-C(O-CH .-, -SO2-NH, -SO2-CH2- or -CH OHIi1@GH2-C(O) -NH, provided 15 that
when Bl is N, then the X | attached to said B is -C(O-M; X is one of
-C(OQ -NH, -CH(OH)-CH2-, - CH(OH) - CH(OH) - C(OYC H2-, -SO2-NH, -S02-CH2-
or -CH OHYCH2-C(O -NH; R is hydrogen or aIk , orns .t.oget her . with
the adjacent R, or wgn Alhescampomndfodciaimt &hﬁfﬁ‘f% fshq‘{‘ﬂ‘él“gfg ﬁ’é’ht W a
ni trogen-contai ning nono-, bi. 20 or tri-cyclic, saturated or partially
saturated ring system havi ng 4-14 ring nenbers, and one or two opt i onal
substituents sel ected fy om-m% E&lﬂldcd?'&%ﬁmtilﬂgvheﬁﬁm k&it eomippdndisyoneafy|

al koxy and aryl oxy; R each occurrence, R2 and Rl are each mdependently
one of hydrogen, y.adkid hamb&@bdnyl-ﬁ (apgaphﬂwlﬁLmrbép%n%hmm%i
partially unsaturated or 1 AUGUST 200 jlg ar.omat |Lc1 het grbgg?;ﬁég IE

-CH -Rl, where thé(s-qugaoﬂloe).suﬁwyltﬁ'(laﬁ??tﬁli‘y é’f‘ﬂa%fpﬁ'l 1 FRaryl or
heterocycl e can be optiona subst redfSs one of
aryl, aralkyl, aquawrerewh%%ﬂ d]g%tcw grgg?ihggﬂﬁ?gd partially
unsaturated or aromatic 5 heterocycle or -WRI, where Wis a chal cogen and
R 6 is alkyl, where the ring portion of an of sald aryl, aral kyl, alkaryl
or heterocycl e can be33)pt|Arm>krlgouadbat/mgtl efprmylasyi ded that at |east one

R, RRor RR'is CH2 -<;r-
P—N B“—)(1 CH—XZ—CH—B(Z’)(Zz)
(1a)

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,~

—CH(OH)-CH,-, —CH(OH)-CH(OH)~, —CH(OH)-CH,~NH-, -CH=CH-,
—C(0)-CHy-, ~SO,~NH-, -SO,—CHgy-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(0)~CH,-, ~SO,-NH-, ~SO,~CH,— or ~CH(OH)-CH,-C(0)}-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 A is 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 heterocycle or -CH,-R%



Al A2 10 where R' is one of hydrogen, alkyl, cycloal kyl, aryl, aFéﬂ%?pﬁTZOO6
heteroaryl or heteroarylal kyl; wherein the alkyl is optionally substituted
wi th oneof C 1-6al kyl, hal ogen nonohalo (C,.6) alkyl, and trifluoronethyl;
and wherein said cyploal kyl, aryl, aralkyl, heteroaryl and heteroaryl al kyl
groups can be optionally substituted wth-1dne or two of Cl.6 al kyl, C3.8
cycl oal kyl, CI-6 al kyl (C3.9%$)Cyd Qal kyl, C 2-8 15 al kenyl, C,.8 al kynyl,

cyano, am no, Cl.6 al kylam no, di(Cl-6)al kyl am no, benzyl am no,

di benzyl am no, nitro, carboxy, carbo(C -6)al koxy, trlfluoronethy

hal ogen, C -6 al koxy, %@Aagybrz,axammoﬂ(ﬂomaalkyltcyowlky a’5-to 10-

aryl (d . 6)al koxy, hydroxy, Cl-6 alk Ith|o al k ul fi

Cl - 6al kyl sul fonylmexﬁ&d:r@iaamtm, (as?fl EFPW?{CE 459 ey §Cle"onYI

C6.10 aryl, d.6alkyl ( ar h 14 128 5A'to aIdmembared

mdependently one of hidid éﬁ cx‘hlgldg% g‘ %cl k lI?}ryhlr?lnnohal o(C, - 6)al kyl ,

or trifluoronet hysjatur;t %aﬁﬁm&ﬁﬂmmﬁticﬁxmecyﬂe ot -k(QHg ydr oXy,
get

al koxy, or aryl oXy, or er Z' and Z2 form a noi eté i l rpm ?
di hydr oxy conpound havRhgimeach émtancenis indapends endently ARSsOk 8RAr ’b§l 04

| east two connecting atonms in a chain 1 N nSficd

chain or ring co aslkyy, aariien! %Wﬁ%‘”g&ﬁ El‘gJBE O%Q‘iiﬁauy E Pié?%gggm or

het er oat ons whi ch can b doge gal The conpound
:‘1& Eig °ﬁ7§‘5:’(%) \Jﬂeﬁ? Ss%chﬁlc@genlan i alidd;

of claim43, wherRfFORYS

R7-0-C(O -, and R7is opeaef Za&kyﬁdepa;mehtlyahkafdkyl bycttbmlak%t@r%kow, ar
het er oar yl aI kyl, any of which can be opti onda% y S‘!l&lg ituted, or ven eIth i's
R7-C(O) -, then R bgether Al aral Z{ors atmeigwederived Farya Y@'%ét"&?‘?f’%’&d ng

et erocycl e 45. The conpound of, cl al ) 43 oy 36k fwb cbiindBéingkiehns ffachain
or ring, said chain or ring comprising carbon atoms, and optionally, a heteroatom
or heteroatoms which can be N, S, or O; and

AisO,1,or2.

34.  The compound of claim 33, wherein the nitrogen-containing ring

15 system is selected from the group consisting of:

5?41%1@

.—D\Q o

(o} and



10 and Ws one of C6.10 aryl, C6.1() ar(Cl.6)al kyl, 5- to | O- menb&UGUST 2006
heteroaryl or 5- to 10-nenbered heteroaryl (O .6)al kyl, any of which can be
optionally substituted, or when Pis R7-C(O-, k7can al so be

N nmor phol i nyl . 46. The corrpound of claim 43, wherein XI and XI are each 15
-C(O -NH. 47. The conpound of claim 43, whéd&in one of R, R or R is

OR9O -CH2 A2 where A and A" are independently one of hydrogen, C -6

al kyl , hal ogen, 20 nonobalo (Cl-6) alkyl or trifluoronethyl; RO is one of

Cl.s alkyl, C3.10 cycloal kyl, C6.10 aryl, C6.1() rCI-G% kg- ap?-oh 0

0- menber ed heteroaryl &5.a 5Fhe Qompﬂm%%@%%ﬁef‘&%éﬂ%‘ gT_% Q’ﬂ’k% ;S 2
AUGUST 2006 -117 and t e and Rl are independently

sel ected fromtheR QNHU%(Q%SB&'%@)—aﬁ and -CH,-R, where R, in each
instance, s one of CBigais 8hybalih 44, au@e}l,mdykmeaarﬂorabtemeylal@hmw

C3.10 cycloal kyl, C, . 3alﬁxy, kylthio or a 5-
menber ed het er oar ¥ whichigan bmuenﬂbesubstﬂiytqﬁlopt when Bfls Brr;p@)‘s‘QF’&l RCSa“_Lgé? yl,

C6.10 ar(Cl-6)al kyl 6al k( - or 10- nmenbered
het eroaryb can bebe(spmﬂi%m?a%‘éﬁlé tﬁ{ﬁgﬁhe@ro%cg ‘or two substituents

I ndependently selected fromthe group consisting of C ., alkyl, C3-8
cycloalkyl, C 1.6 alkyl(C3.8)CYd oal kyl, C2.8 alkenyl, C2-g al k n);I
cyano, anino, Cl-6 al kyj@ni nppe simgound)ofickaimad 5 whereid & ib Qirion &'-SO0—;
di benzyl am no, nitro, carboxy, carbo(d.®6)al koxy, trifluoronethyl,

hal ogen, C -6 al kaxd, C& O aryl, C6. 10 aryl (C,.6)al kyl, C6.10

ary (d-0)al kexy, R7 is one of Cg o aryl, Cq 0 ar(C¢)alkyl, 5-to 10-membered heteroaryl or
5. 10 10-membered heteroaryl(C,¢)alkyl, any of which can be optionally
10 substituted, or when P is R’~C(O)-, R can also be N-morpholinyl.

37.  The compound of claim 33, wherein B! is CH, and X apd X2 are
each —~C(O)-NH-.

38.  The compound of claim 33, wherein R' and R? are independently
selected from the group consisting of alkyl and —CH,—R’, where

15 RS, in each instance, is one of Cgy aryl, Cqyo ar(C,.¢alkyl,C, ¢
alk(Cq o)aryl, Cs.o cycloalkyl, Cy, alkoxy, C,. alkylthio or a 5-, 6-, 9- or 10-

membered heteroaryl group, where the ring portion of any of said C¢ jparyl, Cy0
ar(C,.¢)alkyl,C,.¢ alk(Cqg.0)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 y;cycloalkyl, C ,.calkyl(C jjcycloalkyl, C ,,
| alkenyl, C,, alkynyl, cyano, amino, C,, alkylamino, di(C,¢)atkylamino,
benzylamino, dibenzylamino, nitro, carboxy, carbo(C,¢)alkoxy, trifluoromethyl,

halogen, C,, alkoxy, Cer0 aryl, Ceo aryl(C,¢)alkyl, Ceo aryl(C,.¢alkoxy,

hydroxy, C, alkylthio, Cy alkylsulfinyl, C,4 alkylsulfonyl, Cs. o arylthio, Cq g

25 arylsulfinyl, C.,, arylsulfonyl, Ce.10aryl, Cy6 alkyl(Cq.,0)aryl and halo(Cq )aryl.

39. The compound of claim 33, wherein A is zero.



hydroxy, G .6alkylthio,C .6alkylsulfinyl,C -6al kyl sul fonyl, Cs-,, 1AUGUST2006

arylthio, C6_,, arylsulfinyl, C& O arylsul fonyl, C6.10aryl,
Cl. 6al kyl (C6., O aryl and hal o(C6-10)aryl. 48. The conpound of claim 43,
wherein Ais zero. 15 49. The conpound of claim43, wherein: A is zero; P
is one of RC(O-, R7-S02-, R7-NH-C(O- or RIDB-C(O-; R is one of
qui nol i nyl, qui noxalinyl, pyridyl, pyrazinyl, furanyl or pyrrolyl, or when
Pis R7T-C(O-, Rl can also be N-norpholinyl; 20 X2 is -C(O--NH; R 2 is:
-CH2 -QTl ORO A A2 where A and A2 are independent|ly one of hydrogen,
C 1.6 al kyl,'. hal ogen, 4025 IEhechaimundol clgim 3Bkyhersin ¥ is pydiegdmet hyl ; 1
AUGUST 2006 RO is one of hydrogen, Cl-8al kyl, phenyl, benzyl, - phenethyl
or pyridylmethyl; R3 is Cl-6alkyl; and Z ' and V are both hydroxy,
Cl- 6al koxy, or C6-10aryloxy, Qr t s jhorm a noi ety derived
froma di hydroxy corrpour?’g' seﬂg”&"@%%&"gﬁ?{E‘g’g?giﬁ,@%’gnsi sting of pinacol,
per f1 uoropi nacol, pinanedilero;€t hyl ene gl ycol, diethylene glycol,
1, 2-cycl ohexanedi ol , 1, 3-propanediol, 2, 3-butanediol, glycerol or
di et hanol am ne. 50. The Feisigydragénpf cl ai m 43, wherein said conpound is one
of - N-(4-norpholine)carhanyl - zyl)-L-tyrosi ne-L-I|eucine boronic acid,
N- ( 4- mor phdl i ne) car bony|X?’u§r§§§}§19ﬁg?'L-| euci ne boronic acid, or

R forms together with the adjacent R?, a nitrogen-containing ring system

selected from the group consisting of:

R? is C, alkyl; and
10 7' and Z* are both hydroxy, C,calkoxy, or C caryloxy, 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



N- (4- nor phol i ne) carbonyl -[ O (2- pyri dyl net hyl )] -L-tyrosi ne-L-1 euci F\é"lﬁgpﬁ@%
acid; or isosteres, pharmaceutically acceptable salts or boronate esters
thereof. 51. A conpound having the fornula: YONX 13 CHB(ZI1)(V2) 1
113 HR (22) and pharnaceutically acceptable salts thereof; wherein Y"
is one of R-C(O-, R-SO-, R-NHCO- etl&R-.0C(O-, where R 1is one
of alkyl, aryl, alkaryl, aral kyl, any of which can be optionally
substituted, or when Y'' -is R-C(O- or R SQ27, then R can al so be an
optionally substituted 5-10 nmenbered, saturated pargi al I%. nsg,t urated or
aromati c heterogmbg; 1 D-Ad@ysTaRads, 1.3qgopanediols 23-BHEAFERL BBITE Ly OF
-C(O~H --, R' iS°one of hydrogen, alkyl, cycloalkyl, aryl, a 5-10 nenbered
saturated, part diethapolamine.ur ated or aromatic heterocycle or -CH2-R , where
the ring por-tion of any of said aryl, aral kyl, alkaryl or heterocycle can
be optionally substituted; R, in each instance, is one of aryl, aralkyl,

al karyl, cycloal kyl, &»5- 1%&m3mcmmamwupamdicamp9meﬁw§at urated or

aromatic heterocycle or -WR , where Wis a chal.cogen an '
where the ring poLprolife-bfleasige b@rog@iagxdapwspstcg,s,aﬁ)hg#?c %ﬁ%rl cc'g?ta@ie‘%ﬂts

het erocycl e can be optionally substituted; and Z' and V2 'are independently
al kyl, hgdroxy, g)rbgso}x,ategﬁsﬁ%W}'”ir together forma. noiety derived from
di hydroxy conpound having at | east two hydroxy groups separated by at
| east two connecting atons in a chain or ring, said chain

43. A compound having the formula:

p—N—-B—X? cT—XZ—cT—B(z1)(z2)

sla ;lv R? R3 (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(O»-CH,-, -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! is =C(O)y-NH-;
X? is one of —C(O)-NH-, —CH(OH)-CH,~, ~-CH(OH)-CH(CH)-,
—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 zéro, 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 aryloxy;

R! at each occurrence, R? and R? are each independently one of hydrogen,

alkyl, cycloalkyl, aryl, a 5.10 membered saturated, partially unsaturated or



or ring comprising carbon atons, and optionally, a heteroatom or 1AUGUST 2006

het eroatons which can be N, S, or 0; provided that when'V... is R-C(O~-,
R is other than phenyl, benzyl or C 1.3 alkyl. 52. The conmpound of claim
58, wherein Y .is Rs-C(O- or R-SD,--, and R is one of C6.10 aryl, C& O

ar(C -6)al kyl, or a 5-10 nenbered heteroaryll5-any of which can be
optionally substituted, or when Pis RI-C(O-, R can also be

N- nor phol i nyl . 1 AUGUST 2006 -120 53. The conpound according to claimb58,
wherein).'" isoneof 5000 NKor H . CO where R is C%,Z | kyl . 54.
A conmpound havi ng atéreatiohetatazycleyornGHx-874 whete) theyringporgop, 0 a(’ié? saidraryl,

phar maceut | cal ¥ acqent ahle, sal e, Lg 5ol v Wi Frubelidl @~ OFC 1 11

R®, in each instance, is one of aryl, aralkyl, alkaryl, cycloalkyl, a
5-10 membered saturated, partially unsaturated or aromatic

5 heterocycle or ~-W-RS, 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,

provided that at least one R', R?orR’is

RS
—CH,
Al

A2

10 where R° is one of hydrogen, alkyl, cycloalkyl, aryl, aralkyl, heteroaryl or
heteroarylalkyl; wherein the alky! is optionally substituted with one of C, ; alkyl,
halogen monohalo (C,.) alkyl, and trifluoromethyl; and wherein said cycloalky!,
aryl, aralkyl, heteroaryl and heteroarylalky] groups can be optionally substituted
with one or two of C, alkyl, Cs s cycloalkyl, C 4 alkyl(C;.g)cycloalkyl, C ;4

15 alkenyl, C,; alkynyl, cyano, amino, C,; alkylamino, di(C,)alkylamino,
benzylamino, dibenzylamino, nitro, carboxy, carbo(C, ¢)alkoxy, trifluoromethyl,
halogen, C, alkoxy, Ceo aryl, Ceyo aryl(Cig)alkyl, Cero aryl(C, ¢)alkoxy,
hydroxy, C, alkylthio, C, alkylsulfinyl, C. alkylsulfonyl, Cg ,, arylthio, Cq o
arylsulfinyl, Cq. arylsulfonyl, Ce 10 aryl, C,¢alkyl(Cq o)aryl, and halo(Cq p)aryl;

20 Al and A? are independently one of hydrogen, halogen, C,, alkyl,
monohalo(C, )alkyl, or trifluoromethyl;

7' and 72 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 hvdroxy groups separated by at least two connecting atoms in a chain



-Pis one -of RI-Q(O-, R7.S0,,-, R-NHCO- or k7-0-C(O) -, wheldURUST 2006
- S one of alkyl, aryl, alkaryl, aralkyl, any of which can be optionally

15 substituted, or when Yis R-C(O- or RZ---S2-, R 7 can also be an
optionally substituted 5-10 nenbered saturated. partially unsaturated or
aromatic heterocycle; X is a covalent bondl&r -C(O--CH,--, R1l, at each
occurrence, is independently one of hydrogen, alkyl, 20 cycloalkyl, aryl,

a 5-10 menbered saturated, partially unsaturated or aromatic heterocycle

or -CH -R, where the ring portion of any of ;said ary] y -ryl
or heterocycle canrﬁag,cspld@#mWyﬂf&ﬂﬁ’ﬂﬂr{séﬁé’a{b%a&&fﬂ#%@é 151%?‘6@%%’%0%

of hydrogen, alkyl, B cycloalk I o1 6. gggbered saturated, partially
unsat urated or ar BRHE f?am%%'bﬁk}ca}e{bgrhﬂ-%gl,-ﬁ, where the ring portion of

any of said aryl, aralkylspdl leppyl or heterocycle can be optionally

substituted; R, in each insfance, is one of aryl, aralkyl, alkaryl,
cycloal kyl, a 5-10 6 :5 nenbered saturated, partially unsaturated or

aromatic heterocycle or -WR6 , where i,S. a,cha epn... a I $7.8 |,
where the ring portion 4% an?h%FO@a‘i"H‘da‘;/%/ﬁl?lm 35’&"&%3& gllig‘rgd/(l:@c)r-’i A6,
het erocycl e .can be.opt) I ug&té tegdq and Z1 and Z2 are independently
al kyl, hy@roxy, aﬁéﬁﬁyﬂ%é&é or %’%}er forma noiety derived from

di hydroxy conpound havigs ghe bfa I,Mawmﬂkynbegmm&p@r etpegaaxl'elé{ylbynm

| east two connecting atons in a chain or ring, salgéﬁﬁﬁw gie‘i‘l ng, al
conprising car bonoﬁmmcmrhtapﬁbhdhaﬁub‘}‘}m'ﬁ_dh@'t‘@% of o K Ao 28hi ch
can be N, S, or 055552{11;;;23o?g%gﬂygatgjate%lh%km‘-ﬁ)’cjfe- wherein Yis: 0 N'K

45. The compound of claim 43, wherein P is R’-C(O)~ or R’-SO,—;

10 and
R7 is one of Cq o aryl, Ce0 ar(Calkyl, 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(O)—, R’ can also be N-morpholinyl.

46. The compound of claim 43, wherein X' and X? are each

15 —C(O)-NB-.

47.  The compound of claim 43, wherein one of R',R*orR*is

R?
Al

A2

where
A' and A? are independently one of hydrogen, C,4 alkyl, halogen,

20 monohalo (C,.¢) alkyl or trifluoromethyl;
R is one of C,5 alkyl, Cy.y0 cycloalkyl, Ce.10 aryl, Ce.10 ar(C,¢)alkyl, a 5-
to 10-membered heteroaryl or a 5- to 10-membered heteroaryl(C, ¢)alkyl;



0 0 15 56. A pharmaceutical conposition., conprising a conpound of AVGUST 2006
1, 25, 33, 43, 51, 58 or 61, or a pharmaceutically acceptable salt thereof,
and a pharmaceutically acceptable carrier or diluent. 57. A pharnmaceuti cal
conposition, conprising a conpound of clainms 22, 28, 41, 49, 55, 60 or 62,

or a pharnmaceutically acceptable salt theredl7-and 20 a pharmaceutically
acceptable carrier or diluent. 1 AUGUST 2006 -122 58. A pharnaceuti cal
conposition, conprising a conpound of clainms 23, 32, 42, 50, 56 or.57 or

an isostere, pharmaceutically acceptable salt or _boronate esker tger eof ,

and a pharmaceuti cal | y smdohpiraaieingaRl,i R anst Rijare independsgtly gglected from the

phar maceuti cal conposition of ¢laim 65, er ejisn Id 5 conpound is present
in an anount effe(gfqﬂﬂécqf@lsi‘ﬁﬁpgf‘&y{nﬂ@?ﬁcvoﬁ&' h%l%%ﬁnction in a manmal . 60.
A method of inhibiting dhe gre?‘m NnQinR, GaN6RE &reld,,, eANPIa,s) @ﬁ(cuﬁﬁmﬁ’»q.k ng

a cell in need of such Tnhi'biting wth an effective growth-inhibiting
amount of a conpoundyf,)&VRICE, dyclddkyl38, ; #iRox$1C, Sakyithie br a1%, 64.9-Ar ket hod

for reducing the rate 0T> nmuscl e protein degradation i a cell ~conprising
contacting a cel | membrredihesérogmyi afoluéd‘dbﬂﬁéh%"ﬁ%lp%f?}%]"? e ?’\pﬁgl‘l ghﬁgﬁij’ @fwa

PR e ke gy SR g S B St s B Se hetttod il of ) 2
her eofi 15 - WherqghBraily shriiel b 0ABBANAS subRriahs dndependently stlected from the
group consisting of C,¢ alkyl, Cs cycloalkyl, C,¢ alkyl(C,s)cycloalkyl, C,,
alkenyl, C,; alkynyl, cyano, amino, C,s alkylamino, di(C,4)alkylamino,
10 benzylamino. dibenzylamino, nitro, carboxy, carbo(C, ¢)alkoxy, trifluoromethyl,
halogen, C,¢ alkoxy, Ceio aryl, Ceo aryl(Cioalkyl, Ceyo aryl(Cyglalkoxy,
hydroxy, C, alkylthio, C, ¢ alkylsulfinyl, C, alkylsulfonyl, C,_,, arylthio, Cq

arylsulfinyl, C o arylsulfonyl, C¢earyl, Cy. alkyl(Cq.i0)aryl and halo(Cg ,g)aryl.
48.  The compound of claim 43, wherein A is zero.

15 49.  The compound of claim 43, wherein:
A is zero;
P is one of R’=C(O)-, R™-80,-, R’-NH-C(O)- 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-morpholinyl;
20 X? is -C(O)-NH-;
R?is:

—CH, O—R®
A1

where
A' and A? are independently one of hydrogen, C, alkyl, halogen,

monohalo (C,) alkyl or trifluoromethyl;

19
(94



Bl | is independently one of Nor CH Xl 1, at each occurrence, AAUGUST2006

i ndependently one of -C(OQ-~, -CH2-NH, -CH(OH)-CH,-, -CH(OH)-CH(OH) -,
-CHOH)-CH -NH, -CH-CH, 20 -C(O-CH -, -SO -NH, -SO -CH2- or
-CH(OH)-CH2-C(O)-NH, provided that when B-118s N, then X' is -C(O-NH;
X12 is one of -C(O-NJ-, -CHOH-CH -, -CHOH)-CHOH)-, -C(O-CH, -,

-SO -NH, -SO-CH - or -CHOH-CH -C(O-NH 1 AUGUST 2006 -123 R' is
hydrogen or al kyl, or R' forns together with the adjacent R or

is zero, forms together RAi ish drise ohdipyresn, RE2alkYlni }Peé‘égnbﬁwg’aipﬁleﬂ y)
mono-, bi- or tri-cyclic, saturated or partially saturated ring system
having 4-14 ring ppnddmethihat can be optionally substituted by one or two
of keto, hydroxy, 5 alkyl., ~ar . | kyl, al koxy or aryloxy; R', at each
occurrence, is i ndepend@ét’? 9'ﬁ%lé'l’o@ﬁydr ogen, alkyl, «cycloalkyl, aryl, a

5-10 menbered saturat ed,z'gad b alelbpthingiadxy, & edkaxy, ar Gam%riybx}’h@ttég%ibyczl angy
- CH2- R15, where the ring portion of any o

f said aryl, aral 4 eal karvl or
het erocycl e can bez®psrmaaidigtysiebyed frgp'ea,dxhygrcpty q_gndaﬁetextegcfﬁomligb é’roug

i ndependently one of hydrogen, alkyl, cycl Kk | - @k e
saturated, partial F?n%ﬁh%tQﬁ%?@@k’d%r%?%ﬁé{n?’%lhé{ng %‘g%leglygern% gj{SC):IC-ldzr’ERISL:y ¢

where the ring portj.on, of, A j r Y3.prapahddidl, 2BKararedind, glycerol or
het er ocycl e can begh'ﬁ }’oéa?%d%eggﬁ?c?%?ed, I\J/vhgre R' is aryl, aral kyl,

al karyl, cycl oal kyljetiganfolathineenbered 15 saturated, partially unsaturated
or aromatic heterocycle, or -chal cogen-al kyl, where the ring portion of
any of said aryl, aralkyl, alkaryl or heterocycle can be optionally
substituted; Z° 1 and Z"5 ar e J.nde Qtdfilﬁinkdd,,wﬁydh@ﬂ,coﬁiﬁmhﬁis &ieydfoxy,
or Z° and Z" together 8 m a ‘hy T0Xy. conpound having at |east two
hydroxy groups N-(4-morpholine)carbonyl-(O-benzyl)-L-tyrosine-L-leucme boronic acid,

Al0
or

N-(4-morpholine-)carbonyl-L-tyrosine-L—leucine boronic acid, or
N~(4-morpholine)carbonyl-[0-(2-pyridylmeﬂxyl)]—L-tyrosine-L-leucine boronic

acid; or
isosteres, pharmaceutically acceptable salts or boronate esters thereof.

5T. A compound having the formula:
Y10 — N—X"— CH—BZ")(Z?)
rl+ IL“ (2a)

and pharmaceutically acceptable salts thereof;
wherein
Y" is one of R*~C(O)-, R*~SO—, R:-NH-C(O)- or R®-~0O-C(O}-, where

R® is one of alkyl, aryl, alkaryl, aralkyl, any of which can be optionally

. . B :
substituted, or when Y'"is R*-C(O)-or R®*-SO,-, then R* can also be an optionally

substituted 5-10 membered, saturated, partially unsaturated or aromatc

heterocycle;



20 separated by at |east two connecting atons in a chain or ring, 1$SY&UST 2006
chain or ring conprising carbon atons, and optionally, a heteroatorn or
het eroatorns which can be N, S, or 0; and Al is 0, 1, or 2 62. A nethod

for reducing the activity of NF-KB in a cell, conprising 25 contacting a
cell in need of said reducing with an effective anount of a proteasone

i nhi bitor of the fornula: 1 AUGUST 2006119-124 PIO -N-,BI|-X"- -CH X12
-CHB(Zz11)(z12) 1 I I | KilwK s K K@% (1b) L J Al10 or a

pharmaceutically acceptable salt thereof, wherein P11 is hydrogen or an
am no-group-protecting noiety; 5 B is independently one of Nor CH X at

each occurrence, is independently one of -C(O-~, -CH -NH, -CH(OH)-CH2-,
-CH(OH) - CH(OH) -, - CH( 1:Gig- F Sddd dritc(oEHA - CH, -, -SO - NH-,
- SQ2- CH2- or - CH( OH) - _SFéﬁﬁL‘?‘%%vi ded ‘that when B 1 | is N then X I

| is -C(O-NH 10 X12 i R"086n®éf hy@rédenNidkyl, cOHODKYL, @nit-a 5-1CRearerdenryted,
-N-C(O-NH- -C(OQ-CH-1 -SO-2 H, -S02-Cl42- qr -%Oﬁs-%{z lt R." is i0
hydr ogen or al kyl , pertialty unsatestadsy@reraaticReieroFyde Shatiarit » WHere B Mg RAHOR o
is zero, fornms together wth the | AC L 1L CREDE SRIYnal1 D isktituted:
mono-, bi- or tri-&y&Hy Egﬁﬁfﬁ’ﬁaﬁrg@ygrﬁ%ﬁf‘%ﬁt?o%t ur at ed&?i ng 2yst em
having 4-14 15 ring menbgs 9, hBatnstaie e cBtdfensl, yalkylpaikitylt aeldalkybes 0
two of keto, hydroxy, ‘ . . 6
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,
aralky!, 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
groups separated by at least two connecting atoms in a chain or ring, said chain
or ring comprising carbon atoms, and optionally, 2 heteroatorn or heteroatoms
whichcanbe N, S, or O;

provided that when Y" is R*~C(O)-, R? is other than phenyl, benzyl or C, ,

alkyl.

52. The compound of claim 38, wherein Y" is R&~C(O)- or R*-SO—;

and

R* is one of Cg 1 aryl, Ce.io ar(C,4)alkyl, or a 5-10 membered heteroaryl,
any of which can be optionally substituted, or when P is R*=C(O)-, R® can also
be N-morpholinyl.



al kyl, aryl. aralkyl, alkoxy or aryloxy; Rl 1, at each occurrencel A§GUST 2006
i ndependently one of hydrogen, alkyl, cycloalkyl, aryl, a 5-10 nenbered
saturated, partially unsaturated or aromatic heterocycle or -CH2-R', where
the ring portion of any of said aryl, aralkyl, 20 alkaryl or heterocycle

can be optioftally substituted; R -" and R11 are each independently one of
hydrogen, al kyl, cycloalkyl, aryl. a 5200 menbered saturated, partially
unsaturated or aronmatic heterocycle or -CH -R, where the ring portion of

any of said aryl, aral kyl, alkaryl or heterocycle can be optionally
substituted, 25 where R' is aryl, aralkyl, alkaryl, cycloal kyl, a 5-10
menbered saturated, partially unsaturated or aromatic heterocycle, or 1
AUGUST 2006 -125 -chal cogen-al kyl, where the ring portion of any of said
aryl, aralkyl, alkaryl or heterocycle can be optionally substituted; Z

and Z11 are independently al kyl, hydroxy, al koxy, aryloxy, or Z' | and Z12
together forma di hydro%y. compewachgoant nébcatdih@astcliind S8y dviexsin ar'oidpshe &f
separated by at |east two connecting atons in a chain or ring, said chain

or ring conprising carbon atons, and gption
het er oat o®s whi ch can de N, S or 0;|and ig 0, .1, or 2. 63. A@g@LhOd
for reducing the rate gf int ; el ~~pt otHdi n wPl  ATSeOTpK 'Pg
contacting cells i Rpedt—of g with an ffectivunt”of a
prot easone inhibitor of the Pefhula: PIO -N-.Bll->1 - -CH X¥
-CHB(zI1)(zl2) 1.1 1 1 K8 K @R12 KI-0 (1b) AID

a. het eroat om or 0

where R* is Cq.,, alkyl.

54. A compound havinglthe formula:
Y—hIJ—X“—cl:H—B(z')m)
H R (2a)

and pharmaceutically acceptable salts thereof;
10 where
Y is
P—CH,—CH—C—°
;|q1 (':l) (3a)
P is one of R’-C(O), R’=S0,~, R'-NH-C(O}- or R’-0—C(O)~, where
R7'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,~, R7 can also be an optionally
substituted 5-10 membered saturated. partially unsaturated or arornatic
heterocycle;
X® is a covalent bond or -C(O»CHq—;
R', at each occurrence, is independently one of hydrogen, alkyl,
20 cycloalkyl. arvl, 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:



or a pharnmaceutically acceptable salt thereof; wherein is PlO islAdGIEER2006
or an am no-group-protecting noiety; B 1 | is independently one of N or

CH, X 11, at each occurrence, is independently one of -C(O-NH, -CH2-NH,
-CH(014)-CH2-, -CH(OH)-CH(OH)-, -CH(OH)-CH2-NH, -CH-CH, -C(O-CH -,
-S2-NH, -SO2-CH2- or -CH(OH)-CH2-C(O -NE-, provided 20 that when B " is

N, then X is -C(OY-NH. X12 is one of -&4y-NH, - CH(OH)-CH2-,

-CHOH)-CH(OH)-, -C(O-CH, -, -SO-NH, -S02-CHI - or -CH(OH) -CH2-C(O -NH;

R "™ is hydrogen or alkyl, or RO fornms together with the adjacent R', or

when A" is zero, forns et her..wi,th th i s

ni trogen-containing 25 AongRc Offydregen, @ﬁg%ﬁ:&‘@}m&@ &rag'é r%crm%eé?q[slatauﬁtf/d’
saturated ring syshgmaliavh &g,glgr oSt ie ol 2BHILRIgwheRRe ]
can be optionally Eubst?t ute gé‘b(r)hre or t\/\o&g?ﬁketo, hydrgxy, aléﬁl%?&gﬂml,
aral kyl , al koxy or ofiiny efksaid 831, hralkyl, elkahylarherarecyeds carsbd optegratiy enbstiyutedye

of hydrogen, al kyl, cycloalkyl, aryl, a 5-1 nbereqd saturated, partially
unsat urated or aromati c R'5imetcdy 5spre 16Pn9€21 I “ﬁim'gr%l RS $YoiRpbra P4

of any of said aryl ral kyl karyl {.onal 6
Subst ¢ ut el R anEoRoRrt Ve SR el Ot o Snear pRRroRE SO IR,
cycloal kyl, aryl, whers Wis HRANES B MARARIRG], wiRES thalring potda of b ¢ sHd aryl,
aromatic heterocycle or -CH2-R", where the ring portion of any of said

aryl, aral kyl, al karajkylpalkari:0 ohb¢tercopgicican baroptionaliy suhstitutgd;sandst i t ut ed,
where RIl is aryl, aral kyl, alkaryl, cycloal , 5-10,, menber ed
saturated, partially uns%taﬂﬁigfé’if%ﬁic%f‘\éﬁ%f& E‘%LM&H’C .Cpgc,oxg,raryﬁxy. or together
-chal cogen-al kyl, phere rﬁé]@tyrdé;'ﬂ'eg(ﬁotxﬁ QAbhyroAN¥oftpodt Havdhy bt least two hydroxy

10 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.

55. The compound of claim 61, wherein Y is:

N Y
o/ 0

15 56. A pharmaceutical composition, comprising a compound of claims
1, 25, 33, 43, 51, 58 or 61, or a pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable carrier or diluent.

57. A pharmaceutical composition, comprising a compound of claims
22,28, 41, 49, 55, 60 or 62, or 2 pharmaceutically acceptable salt thereof, and

20 a pharmaceutically acceptable carrier or diluent.



aral kyl, alkaryl or heterocycle can be optionally substituted; 15 PAULUST 2006
Z12 are independently al kyl, hydroxy, alkoxy, aryloxy, or Z' | and Z12

t oget her form a di hydroxy conpound having at | east two hydroxy groups
separated by at |east two connecting atons in a chain or ring, said chain

or ring conprising carbon atonms, and opijonally, a heteroatorn or
heteroatorns wi & can be N, S, or 0; ank20 A" is 0, 1, or 2. 64. A nethod
for reducing the rate of degradation of p53 proteinin a cell, conprising
adm nistering to a cell in need of said reducing an effective anount of a

pr ot easone inhibitor of s4he faqr o 3 arnk: y :
11)(Z12) 1 1 1 | KwK A ﬁpﬁ%ﬁacc&% %’B@’k&%aﬂék%ﬁgﬁtﬁééééfﬁ?gﬁgéf claims
acceptabl e salt thesegh; 42Wh&r 54 noil SAYRIRTIs2REe, pharZnacBlitida3lyhadEemaslie saf ofn
am no- group-protecting noiety;, B is independently one of N or ;X at
each occurrence, i doromdépeserthetepl,@ané aghampcepueqly, accepiableigarrier or diluent.
-CH(OH)-CH2-, -CH(OH)-CH(OH)-, -CH(OH)-CH -NH7., -CCH--CH, 5
--C(O--CH2-, -S2-NH, -S02--CH2- or -CH(OH)-CH2_ C(O-NH, provided that

when B1 | is N then X | 1 $na = NHE: Y : - _ , . .
_CH( OH) - CH- | -cH(OH)-CH5I O ThE %%‘3%3& &%ncg&ﬁﬁ% °§%9"3:::&2-§ Wperein said
- CH( OH) - CHg- C( O) - Nidompbiind & piysbhogedn amouat &fféctivero RhibiothepritegehirefiinaMonhin

the adjacent R 11, or 10 when A" is zero, forns together with the adjacent
R 2, a nitrogen- codtraimmag

60. A method of inhibiting the growth of a cancer cell, comprising
contacting a cell in need of such inhibiting with an effective growth-inhibiting

amount of a compound of claims 1, 25, 33, 43, 51, 58 or 61.

10 6l. A method for reducing the rate of muscle protein degradation in
a cell comprising contacting a cell in need of said reducing with an effective

amount of a proteasome inhibitor of the formula:

L1
R13 1 b)

P10 —N—B11—X11 CT-X”-CT-B(Z")(Z”)
R1O|RN R12
Al

or a pharmaceutically acceptable salt thereof;
15 wherein
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)-CH.,-, —-CH(OH-CH(OH)-, —CH(OH)-CH,-NH-, —CH=CH-,
20 —C(O)»-CH,-, -SO,~NH-, -80,~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(ONH-, ~CH(OH)-CH,-, ~CH(OH)-CH(OH)~,
~C(0)»CH,—, =SO,-NH-, -S0,~CH,~ or -CH(OH)CH,-C(ONH-



mono-, bi- or tri-cyclic, saturated or partially saturated ring sybA&HMGUST 2006
having 4-14 ring nenbers, 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, 15 cycl oal kyl, aryl,

a 5- 10 nenbered saturated, partially u aturated or aromatic heterocycle

or -CH,-R', where the ring portion of a%? of said aryl, aralkyl, alkaryl

or heterocycle can be optionally substituted; R 12 and R13 are each

i ndependent |y one of hydrogen, alkyl, cycloalk |, aryl, a 5-10 nmenbered
saturated, partially undgde i kytdzogesr oralkyiinen R °Hermss tngpthes voth the@diacem R, or

where the ring portion of .an ai I ralk A | kqr

heterocycl e can be“d8hi%nas 05{?52’9 Q@é%w\kﬁ ée’{% k r§|mtr%gc£r$&p|mmng
al karyl, cycl oal ky ) Eﬁﬁll sl InhoW

aromati c heterocycle on@ %11& cgiagge%%mgt? 3 V\/ne%’e Hﬁe ri n gi‘?mﬁl"%d“ gr
of said aryl, 25 aﬁﬁg h}dmbe@é klmyhnbeoﬂitmnaﬂpsybslumteabybae optwoofikktp, hydroxy,

substituted; Z11 and Z12 are independently al kyl, hydroxy, alkoxy, aryl oxy,
or ZI ' ard Z togléfb'h@rylféﬁaHWé%W&T@E(Il%ﬁﬁpound having at |east two

hydroxy groups separ at g{q,’b%t at(i ?ﬁ on é %h@ g,t HF (Janh??_r%Ig inal%l

ring, said chain or rin i ona

het eroat om or het eéméémgl \éﬁil,cbscmme%em urited0p ax@iall?ﬂ.ﬁ'lsituﬁm-rargﬁgﬁc
-128 ADis 0, 1, or 2. ©5. "A nethod for inhi b|t|ng cyclin degradation in a

cell, conprising keeiagtieng eCIdeR" i whare ahle ahgairtdon edwany rof said arydraralkyl,
effectlve anount of a proteasone inhibitor of the fornmula: 5 P10 - N
-Bl 1- XI | -- CH _XI 2 -akeny 2f h§tergcygle can be optionally substituted;

10 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,
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 Z'? are independently alkyl, hydroxy, alkoxy, aryloxy, or Z'' and
Z'? together form a dihydroxy. compound having at least two hydroxy grbups
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
be N, S, or O; and
A%is0,1,0r2

62. 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

proteasome inhibitor of the formula:



| 111 K% Ks KI&K % (1 b) LJAOor apharmaceutically adctBEAHE2006
salt thereof, wherein P " is hydrogen or an am no-group-protecting noiety;

B" is |ndependently one of Nor CH 10 X 11, at each occurrence, is

i ndependently one of -C(O)-NH, -CH -NH, -CH(OH)-CH2-, -CH(014~-CH(OH~-,

--CH(OH)-CH2-NH-, --CH--CH, --C(CKHZ SCJZ NH-, - SCR- CH2- or
-CH(OH)-CH2-C(O) -NH-, provided that V\H@ﬁ B I iIs N, then X1 | is
-C(O-NH, X 12 is one of -C(O-NH, -CH OH) - CHZ- -CH(OH)-CH(O ' H-, 15
-C(OQ-CH, -, -S32-NH, -SO2-CH2- or -CH(OH)-CHz- C(O)-~-' R' is hydrogen or
al kyl , or R * forns toget her w the 1q1 Jac nt abfq 5(#15 zero,
forms together with thep?fd]"a )ono- bi -
or tri-cyclic, saturated or %‘tl IIystur edrlng stemhaV|ng414
ring Menbers, that can be opty IIy su st| ut ed by or two of keto, (1b)
hydroxy, 20 alkyl, aryl, aralkyl, al kox4¥r aryl oxy; R'. at each
occurrence, is independently one of hydr ogen, al kyl, cycloal kyl, aryl, a

5-10 nenbered saturated, partially unsaturated or aromat i ¢ het er ocycl e or

--CH2-R', where té}%ﬁﬂaﬁﬁa@aﬁfeawa&fe @able @it theredf,aryl, aral kyl, alkaryl or
heterocycl e can be optionally substltut ed; 25 RI2 and R' are each

i ndependent | y onewbéretmnydr ogen, al kyl , cycl oal kyl, aryl. a 5-10 nenbered

saturated, partially upsaturated or aromatic het eroc cl e. or 1 AUGUST 2006
-129 - CH2-R15, where the!$h Yfgo%fd‘r?ﬁmﬁ“oaﬁwu%?rgg‘f &Y ar al kyl , al karyl

or heteiocycle can begORL ipiplddénty Bk b W &EH;

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,—, —=SO,~NH-, -SO,—CH,- or -CH(OH)~CH,-C(O)-NH-, provided
that when B"' is N, then X'' is ~C(O)-NH;

10 X'? is one of ~C(O)-NH-, -CH(OH)-CH,-, —~CH(OH)-CH(OH)-,
—C(0)-CH,-, -S0,-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- or tri-cyclic, saturated or partially saturated ring system having 4-14

15 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,

20 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
—CH,-R". 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



where R' is aryl, aralkyl, alkaryl, cycloalkyl, a 5-10 menbered doAUGH®H?2006
partially unsaturated or aromatic heterocycle, or 5 -chal cogen-alkyl,

where the ring portion of any of said aryl, aral kyl, alkaryl or heterocycle
can be optionally substituted; Z° | and Z" are independently alkyl,

hydr oxy, al koxy, aryloxy, or ZlI | and ]éé'l toget her form a di hydroxy
conpound having at |east two hydroxy graodps separated by at | east two
connecting atons in a chain or ring, said chain or ring 10 conprising

carbon atons, and optionally, 1het erﬁﬁxgrn or .heteroat i ch ﬁan bei N,
S, or 0; and Allis 0, 1,or?2. ‘6}63"93% S ERE R 8? Yt Ph g ATyl

I nfl ammat ory condition in
: %‘%W s Popﬁ&gro’b?&é 22X be 6@%&}% %A:Etgmutcd

conprising admnistering to nt a 15 proteaso or of the

formula: PID-N--Bll Xl |ZCnXZ? ar€idepetidep biRyl, hb'dxloxy dlkéky alyloxiC o' { andd)
A. | 10 or a phar rraceutlcal |y acceptable salt thereof, wherein P" is
hydr ogen or an ani 73 togashes- fpngtae@xdwd@xmo&gpundmvggatﬂga# Ree fuideerh groupme

ot Ny 3B el g AR e i i
-C(O-CH, - , -S02-N o \bF gwngge,g t
Wrcl:fan) B" is N then @mslr?%%&ﬁgr?g%%gﬁg%f - het% hick O
-CH( OH) - CH2-, - CH(Yali; SHlf@fland - C(O -CH,-. -SO - NH. -so CFI or
"0 -CH -9 - N Ais 0, 1, or 2.

63. A method for reducing the rate of intracellular protein breakdown,
10 comprising contacting cells in need of said reducing with an effective amount of

a proteasome inhibitor of the formula:

p10 -—N B“—X" Cll'l—-X“—-Cll-l—-B(Z")(Z‘z) '
R10 R11 R12 R13 (1b)
A10

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,~
—~CH(OH)-CH,-, —CH(OH)-CH(OR)-, -CH(OH)-CH,-NH-, -CH=CH-,
—C(O¥CH,—, -SO,~NH~-, -SO,~CH,~ or -CH(OH)~CH,~C(O)-NH-, provided
20 that when B"! is N, then X" is -C(O)-NH;
X7 is one of -C(O)-NH-, -CH(OH)-CH,-, ~-CH(OH)-CH(OH)-,
—C(O)-CH,-, ~SO;-NH-, ~50,—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

25 mono-, bi- or tri-cyclic, saturated or partially saturated ring system having 4-14



1 AUGUST 2006 -130 RIOis hydrogen or alkyl, or RO forns togethet AUGUST 2006
the adjacent R11, or when A" is zero, fornms together with the adjacent R',

a nitrogen-containing nono-, bi- or tri-cyclic, saturated or partially
saturated ring systemhaving 4-14 ring nmenbers, that can be optionally

substituted by one or two of keto, hydroxy, 5 alkyl, aryl, aralkyl, alkoxy
or aryloxy; R 1, at each occurrence, réz'ndependently one of hydrogen,
al kyl, cycloal kyl, aryl, a 5-10 nenbered saturated, partially unsaturated

or aromatic heterpcycle or :CH2-R15 .where i ri f aid
aryl, aral kyl, anP&r’?‘FmB?rs’HE?téiaB@ﬁ&pgo%agﬁ %ég%ﬁ{epoﬁa%%y&stﬁgs?? |}ie%é&&}g’ﬂ$) R
12 and R' are eachyy I M,r.ogen, al kyl, cycl oal kyl, aryl,
a 5- 10 nenbered gg{ﬂ’?%?@% galffmlkg?fﬁpérgsatﬁrat ed or aromatic heterocycle
or -CH2-R', where the Rii'ngt path i cveunrénaen)is ahdependently | gneaphiltiydrogeal byl

or heterocycle can be optionay substituted, where R! i{s ar Iétearal kyl ,

.
al karyl , cycl oal kyelyeloalksl, 120ykherff sarmbezed saturaiede Partally wnsa SR APMANEJ

tic het e, . - | i QL i

oy of Sabd aryl helsromdiels or 2FELrb T AR e BREIE of f bF Caial SRS

substituted; ZII %ﬂ&r{l@k@f&oéﬁ@@%f%ﬁdoﬁaﬂ&k%sﬁnﬁ&d{OXy, al koxy, aryl oxy,
t oge

or Z I I and Z" her forrm a di hydroxy conpound having at |east two
hydroxy groups 20 sep&'atnd R3Yamteack asdependentiyronscafi hygrogemalkyh cyclonlkyh or

et of oat om or hot aPdeR brig RIS BTeS. RETIALY BRaB TR aF RGPt Rftergeyclgors
Wih, or Ts at riskBTResbing e Bt oE ARy B SpCEY ChaA e
consisting of ti $giteodytietdahiteibptionddy sitatianed,on, arthritis, an infection,
dennat 0ses, where R* is aryl, aralkyl, alkaryl, cycloalkyl, a 5-10 membered
saturated, partially unsaturated or aromatic heterocycie, or
—chalcogen—alkyl, where the ring portion of any of said aryl,
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 cc;mpound 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, 2 heteroatom or heteroatoms which can
be N, S, or O; and
20 Ais0, 1,0r 2.

64. 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 Bi1—Xx11 CH—X12 '—CT—B(Z“)(Z”)
'I210 1R11 |R12 R13 (1b)
A0

25 or a pharmaceutically acceptable salt thereof;

wherein



inflammat ory bowel disease, and an autoirnnmune disease. 1 AUGUST 2QQQUGUSH 2006
68. A nmethod for inhibiting antigen presentation in a cell conprising

adm nistering to a cell in need thereof an effective anount of a proteasone
inhibitor of the formula: PID -N B11l X11 CH X12 -CHB(zZI1)(zZl2) 0 KIJIFR

11 K& & (I b) AIOS5 or a pharmaceutically acceptable salt thereof; wherein

P' is hydrogen or an ani no-group- protectléhg noiety; B is independently one

of Nor CH x at each occurrence, is independently one of -C(O-NH,

-CH,-NH, 10 -CH(OH)- CHZs., .- - CH _CH2- NH-, - CH-- CH,
-C(0) - CH2-, -S02- (NI-OI-_D Cgédg &%&4%8? ’6%«%-%:80 @92’?& oNpE MAEyi ded t hat
when B" is N then X' i B'*lgﬁxgepmenﬁmj&xe'o?lﬂ BP%I_-'Pf ~QO -N+, - CHIOH) - CHZ'j

-CH(OH) -CH (O -, - O-CH2-, ~- or - CH(OH) - CH2- G(O) - NH ;
15 R10 i s hydrogen or akkyhteaoh oRutrehee; Mnﬂqgﬁﬂhﬁfymfletdf—(j(l@)-mﬁ&qm ~RE

when A" is zero, for together with the adjacent R', a nitrogen- contalnlng
nono-, bi- or tri- qu) g@ﬁmra@&foﬁ &(dﬂ'@ﬂ y-GH(QHX+GCH +NHg, syCHeGH-,
havi 4- 14 b II t
of keto, Rydroxy. "GO0t rar o SER BPT ety P SO, mevidedt
occurrence, is i ndppenEEenB!ys ppg,egthyﬁte@pN}al kyl, cycl oalkyl, aryl, a

5-10 nenbered saturated, part lally unsaturated or aromatic heterocycle or
-CH2- R15, where the ri nlj pt ohonoiof-C4DY-Ni-s ailCH(&H)-CHyr-a HGH(OH )-CH(OH)-,
~C(0)-CH,-, ~SO,~NH-, -80,~CH,~ or ~CH(OH)}~CH,~C(O)-NH-~;
R'®is hydrogen or alkyl, or R'® forms together with the adjacent R " or
10 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, 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 -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 unsaturated or aromatic hctcrocycie 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 O; and



al kary) or heterocycle can be optionally substituted; R and R' ard ABGUST 2006
I ndependent|ly one of hydrogen, alkyl, cycloal kyl, 25 aryl, a 5-10 nenbered
saturated, partially unsaturated or aromatic heterocycle or --CH2-R15,
where the ring portion of any of said aryl, aral kyl, alkaryl or

het erocycl e can be optionally substituted, 1 AUGUST 2006 -132 where R' is
aryl, aral kyl, alkaryl, cycloal kyl, a 5'25 menbered saturated, partially
unsat urated or aromatic heterocycle, or -chal cogen-al kyl, where the ring
portion of any of said agyl 1 arglkyl, al karyl or heterocycle can be
optionally substitutedﬁ P ght z12 are independently al ky), hydroxy,

al koxy, aryloxy, or ZI | and Z 12 together form a di hydroxy conpound
having at | east two hydroxy groups separated by at | east two connecting
atoms in a chain or ri6dg, sai echethuai for inhibiting cychingegradaipreiaraas], abmpﬁsmgnd
optionally, a heteroatom or heteroatons which can be N S or 0; and 1
Allis 0, 1, or 2.camgachingeersd fromeedhof bﬁa@Cl Aedycing Yith @nmrffmveegamémf zel |

adhesion in an anl a i biting, conpfising adm nistering
to said aninmal %?.@ng%%ﬁ%ﬁe@ lgrot easone inhibitor of the
formula: sPID - NBll Xl CH X12 —CHB(ZIL)(Z12) Rio Rl KIA Koo (1b) IF

| ALO 15 or a pharnacegidgca OCEDE A alt 112h.e.r g 20 P
hydr ogen or an am no- g?lgup p!ﬂot %tl ng |et§/‘ S |pdepém?|§ one of N

or CH R10 R11 R12 R13 (lb)
A0

or a pharmaceutically acceptable salt thereof;
wherein

P' is hydrogen or an amino-group-protecting moiety;

B'" is independently one of N or CH;

10 X", at each occurrence, is independently one of ~<C(O)-NH-, -CH,~-
—CH(OH)-CH,~, -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)»-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', a nitrogen-containing
mono-, bi- or tri-cyclic, saturated or partially saturated ring system having 4-14
ring miembers, that can be optionally substituted by one or two of keto, hydroxy,

20 alkyl, aryl, aralkyl, alkoxy or aryloxy;

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,
alkary| or heterocycle can be optionally substituted;

R' and R" are each independently one of hydrogen, alkyl, cycloalkyl,

9
W

aryl. a 5-10 membered saturated, partially unsaturated or aromatic heterocycle or



X at each occurrence, is independently one of--C(O-~-, -CH2-NH, 12&UGUST2006

-CH(OH)-CH2-, -CH(OH)-CH(OH~-, --CH(OH~-CH2-NH, -CH -CH, C(O) CH, -.
-SO, -NH, -SO -CH2- or -CH OH)-CH2-C(O) -NH, provided that when B I | is
N, then X" is -C(O-NH V2 is one of -C(O-NH, -CH(OH)-CH2-,

-CHOH-CHOH) -, -C(O-CH -. -SO -NH O - CH or -CH(OH)-CH2-C(O) - NH;
25 R10 is hydrogen or al kyI, or R10 forr‘}g t oget her vm'th the adjacent R', or
when A" is zero. fornms together with the adjacent R "a nitrogen cont ai ni ng

1 AUGUST 2006 - 133CHMR”, where He Hnl~ fdrfibhCof SAY t{:Lfa a%j %’E‘ty? ﬂﬁW&/ or

saturated ring system having 4-14 rrng nembers

substituted by onehaerocyae ofn bebpnoﬂayl(yrsnbsnmtea[ kyI aryl ar aI kyl, al koxy
or aryloxy; R', at each occurrenceb is |ndeFendentIy one of hydrogen
alkyl, 5 cycloalkyl, aryl, ¥hsrely”rigandsadlkyhalkaykdyclpalii,a 5310 membered

unsaturated or aromatic heter le o CH2- R15, ere the ring portion of
any of said aryl, aralkyl, ’@'ﬁf‘@r %arr[’ﬁl e?%é%?tégm%fn apematie | katerobycle, or

substitutéd; R 12 and R 13 al&ha Qni_g]gﬁp%[;}%@ptﬂl,g Bge’?c’%(ﬁaé’gﬁﬁa‘?feﬁﬁ’%kyl

cycloal kyl, aryl, a 5-10 rrerrber sat ur at par

aromatic heter ocycl e or 10 araldgl RiKaryMéreheterbiyeie EatOb Ot bridly X b &t gf said
aryl, aral kyl, al karyl %q[( C;Z,rzeroc cI e can be optionally substltute wher e

R" is aryl, aralkyl, ependently alky, hydrowyeikexy, asdoxy,ar @6, and
artially , unsatyna [ OC halco en- al kyl
\a/ner:a th)é ri ngspolrzi,l {o(%g‘h?; any g?ﬁ}?gﬂrgﬁg X'ﬂ:aeg?‘éfpﬁﬁ Caa}mwdmxyéroups

het erocycl e can beepapited by ki héaﬁu%tdohgacqg,, dAdrhs ang r o ndentl
al kyl, hydroxy, al koxy, aryloxy, or Z | gand leZC%ge?k?gllg F%&ﬁﬁgnornn

di hydr oX corrpounepfﬁamm@caxbon alams, ambomrpdaunygya hgta»oms:n TRt Whichlean
"l east two connectlwngJ gt and a chain or ring, sal d chain or ring

A'%is 0, 1, or 2.

66. A method of preventing or treating an inflammatory condition in
a patient in need thereof, said method comprising administering to said patient a

15 proteasome inhibitor of the formula:
B11.._x11 CT_xu —CH—B(Z")(Z‘Z)
R10 R11 . R12 &13 . (1b)

or a pharmaceutically acceptable salt thereof:

wherein
P'® is hydrogen or an amino-group-protecting moiety:;
20 B'! is independently one of N or CH;

X", at each occurrence, is independently one of ~C(0)~NH—, ~CH,-NH-
—-CH(OH)-CH,-, —CH(OH)-CH(OH)-, -CH(OH)~CH,~NH-, —CH=CH-,
~C(0)~CH;~, ~S0,-NH-, ~80,~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(O}»CH.~-. -S0O,~NH-, —-SO.,—CH.- or —CH(OH)-CH,~C(O)-NH-:

k4

N
Lhn



conprising carbon atons, and optionally, a heteroatom or heteroato WG B
can 20 be N, S, or 0; and A10is O, 1,- -or 2. 70. A nethod for WSA%ﬁgTZO%
inhibiting HHV replication in an animal in need of said inhibiting,

conprising admnistering to said aninmal an effective anount of a

proteasone inhibitor of the fornmula: 25 P10 N B11 X11 CH X12_CH B(ZI 1) (Zl 2)
Rol4 11 K& KIQ (I b) AOor a pharmslé utically acceptable salt thereof.

1 AUGUST 2006 -134 wherein P" is hydrogen or an am no-group-protecting

iety; B depend f Nor O x at_each
Mdependent |y one of e'ﬁo"’*'ﬁ\ﬁzde okt pr 1, of B ferperes Owalfﬁfr%QC(ame A

- CH -CH -NH7, -

-CH_Eg-I)_D-CI-IZ-C(O) Nﬁﬂmgﬂxﬁ e @'ﬁagt B&ﬁ.enﬁg&h% aﬂi’*‘%?ﬂﬁ @ mtr%gencs(@mwg
X' is one of -C(O) midnes, ba-(bﬂ(tﬁbbycﬁbﬁsanmﬁ&l %@E&nated gﬁé@rs tS%havi

-S02-NH-, -S02-CH2- or (OH) - CH2- C( O) - NH- I S hydrogen or af%‘ﬂ 14
R' fornms together Tpg m T dhjat eamnbe WUOBGH}’ S\lmmtéd by orse aretw, off l@étUBhydroxy

together with the a n|t en contai ning nono-, bi-
tri-cycli c sat ur ang%laggi’pﬁﬁklyglamff’xé’aﬁ’ EISF zi ng system having 4- 14 ring
menbers, that can be OpRFONA! J,%hsgg&ﬁ.,l e wo of. kefo, hydroxy,
alkyl, aryl, aralkyl, alkoxy or aryl o c}‘&t 8 Iaeplifuchlly e O hydtrogen 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

alkary! or heterocycle can be optionally substituted;

10 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,
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 Z" 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
be N, S, or O; and

A%is 0, 1, or 2.

67. The method of claim 73, wherein said patient has been diagnosed
23 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.



15 R11, at each occurrence, is independently one of hydrogen, alkyl

cycloal kyl, aryl, a 5-10 nenbered saturated, partially unsaturated IO?AUGUSTZO%
aromatic heterocycle or -CH2-R15, where the ri ng portion of any of said

aryl, aral kyl, alkaryl or heterocycle can be optionally substituted; R 12

and R' are each independently one of hy(;I1 ogen al kyl, cycloal kyl, 20 aryl,

a 5-10 nenbered saturated, partially un 3turated or aromatic heterocycl e or
-CH2- R15, where the ring portion of any of said aryl, aral kyl, alkaryl or

het erocycl e can be optiggally, i ryl., aral kyl , .

al karyl, cycloalkyl, a g 10 r‘% ereﬁpm&lllg%ﬁeﬁjﬁ?wiﬁafgx%g F@F%%B’GSIBE

aromati c heter ocycachmrmten@ to eheelicingesedathkidol anheffeRtivEanidung o?%]r ?}o?éas&%e
onal Ty

any of said aryI WEﬂzkyl al karyl or heterocycle can be opti
substituted; Z " a thedormlependent |y al kyl, hydroxy, al koxy,

aryloxy, or Z 1 | and Z12 together forn1a dlhydroxy conpound havi ng at

| east two hydroxy groups 15Ep ra q b connecting atons in a
chain or ring, said chaih nge | Al Hiﬂﬁﬁzgﬁﬂaztarbon
atons, and optionally, a heteé gmor h ter tons mhlq can be N, S, or
0O; and A" is 0, 1, or 2. 71 thod alns 67, B8, 69, 70, 71, 72(1b)
73, 75, 76 or 77 5 wherein said protes % nhibitor is one of .

Y- (2- pyr azi ne) car bonyl - L- phenyl al ani ne-L-1 euci ne boroni c acid,

N- (2- qui nol i ne) sul fonyl - L- honophenyl ani ne- L-1 euci ne boronic acid,

N- (3- pyri @i ne) car lomyhatmapteativilhl acepable-sakukdrser; bor oni ¢ aci d,

] V- (4-nor phol i ne) car banyl - L- phenyl ai ani ne-L-| euci ne boronic acid, 10

N- (4-rnorpholine) é”%ﬁﬁ?iﬂyl (err)-(1-naphthyl)-L-al ani ne-L-1I euci ne bor oni ¢

N- I ¢ L-.al L-1
R e I

B''is independently one of N or CH,
X", at each occurrence, is independently one of ~C(O)-NH-, —CH,-NH-,
10 -CH(OH)-CH,~, —CH(OH)-CH(OH)-, —CH(OH)-CH,-NH-, —-CH=CH-,
—-C(O)-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)-,
—C(O)-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 nit:rogen-comaiﬁng
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, aryl, aralkyl, alkoxy or aryloxy;

20 - 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,
alkary! 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 portion of any of said aryl, aralkyl, alkaryl or

heterocycle can be optionally substituted,



N- (4- nor phol i ne) car bonyl - (O benzyl )-L-tyrosi ne-L-1euci ne borordc acj

N- (4- nor phol i ne) car bonyl - L-tyr osi ne-L-1 euci ne boronic acid, or CiRUGUSTz‘)OG
N- (4- mor phol i ne) carbonyl -[ O (2- pyridyl methyl )] -L-tyrosi ne-L-1eucine boronic

15 acid; or isosteres, pharmaceutically acceptable salts or boronate esters

t hereof 72. A nmethod for reducing the raﬁ%? of nuscle protein degradation in

a cell conprising contacting said cell wth a conpound of claim58 or 61.

73. A nmethod for reducing the activity of NF-xB in a cell conprising 20

contact ing said cell wth a,ggapou im 58 or 61. 74. .A nethod for
reducing the rate of intracellular %Méﬁéﬁléﬁgﬁ%"yc li 35niP membereti ng

cells with a conpound of cl aator&t8d,Obafiially Ghsa t hod reduci ng the
rate of degradation of p53 protein :pn a yceII t?gfr?gr itagi?%ggagrcﬁ ﬁf@f Flﬁg Ao
said cell a conpound of cl aiTthaigogan-glkyl| wheseUise 1)) Bortioch38f 45y Oﬁs%ti}gld
for inhibiting cyclin degraq%t%)an 'kn 2.c || conprising contacting sard’
cell %ith a conpound of cl AIHeE ¥kapTer cterogyclg canbr eptionally substititey or
treatingsan inflammat ogy smai 4y ' ' | n_need thereof, said
met hod conpri si %ladrri ni steri ngéﬁgegg}?dgﬁgggl@ﬁ?&g}oxg, ?ﬂﬁbmloew, en &l ancs8
or 61. 78. The meffdegeshercloanra dilydniirgraenpouat haalg &Nbadd 350 36a0.,di agnosed
with, or is at risk of developing, a condition selected from ﬁ"éo’a'r Bps
consisting of tiSBYAIAYA IFaShiwasonmscling alonisdn,a chatrhori g saieHaft §Ggon.
der mat oses, inf Ic@mﬁ{s | ast hnp, osteoporosi s,
osteoarthritis and an mf%%pgkonn%%%@é?@%?& %‘,’mmﬁt@mmmmsmm ¢anng
the growth of a balN,es, ot€;landconprising contacting said cell with a
conpoungl, of claim 58 or 61. 80. A nmethod for inhibiting antigen
_presentation in a cel IAc#rli or Ag

69_. A method for inhibiting inducible NF-xB dependent cell adhesion
In an animal in need of said inhibiting, comprising administering to said animal

an effective amount of a proteasome inhibitor of the formula:

10— —_—
p ?, IB11 XM clii—x12 —CH—B(Z")(212)
R10 [R11 R12 R

A10 (1)
15 or a pharmaceutically acceptable salt thereof;
wherein
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-
20 —CH(OH)-CH,~, —-CH(OH)-CH(OH)-, —CH(OH)-CH,~NH-, ~CH=CH-
_C(O)‘—CHJ_. "'SO-_)"NH-, -SOZ—CHZ— or —CH(OH)-CHZ—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(O)-CH,~. -SO.-NH-, -80,-CH,- or —CH(OH)-CH,~C(O)-NH-;
25

R'is hydrogen or alkyl, or R'® forms together with the adjacent R"'. or

10 ; ; ;
when A is zero. forms together with the adjacent R Ja nitrogen-containing



adm nistering to said cell a conmpound of claim58 or 61. 15 81. A nPé%STZO%

I nhi biti | adhesion in an aninmal conprisin
o ot o ont dependen; gghpound of claim5 8 or 6 1. 82. A nethod

for .
conprising admnistering to

. . . mal
adm nistering to said aninal ( _
for inhibiting HHV replication in an ani nal

said animal a conpound of claim5 8 or _613&;

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, aryl, aralkyl, alkoxy or aryloxy;
RY, at each occurrence, is independently one of hydrogen, alkyl,
5 cycloalkyl, aryl, a 5-10 membered saturated, partially unsaturated or aromatic
heterocycle or -CH,~R'S, 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 unsaturated or aromatic heterocycle or
10 —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,
15 aralkyl, alkary] or heterocycie 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
20 be N, S, or O; and
A'is 0, 1,0r 2.

70. A method for inhibiting HIV replication in an animal in need of
said inhibiting, comprising administering to said animal an effective amount of

a proteasome inhibitor of the formula:

|
R13 (1b)

25
P10 —N—{Bt—x11 CH—X12—CH—B(Z™)(z12)
Aw R11 ',§12 ,
Al0

Or a pharmaceutically acceptable salt thereof:
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wherein

P is hydrogen or an amino-group-protccting moiety;

B'! 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 -NHj, —CH=CH-,
-C(O)-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)—,
~C(O)-CH,~, -SO,-NH-, -SO,~CH,- or —CH(OH)-CH,~C(0O)-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
nng 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 unsaturated or aromatic heterocycle or
-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,
aralkyl, alkary] or heterocycle can be optionally substituted:

Z'" and Z" are independently alkyl, hydroxy, alkoxy, aryloxy, or ' and
Z'* 1ogether 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
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compnising carbon atoms, and optionally, a heteroatom or heteroatoms which can

beN, S, or O; and
Ais0, 1, or 2.

7L, The method of claims 67, 68, 69, 70, 71, 72, 73, 75, 76 or 77
wherein said protesome inhibitor is one of:
N—(2-pyrazinc)carbonyl-L-phcnylalanine-L-leucine boronic acid,
N-(2-quinoline)sulfonyi-L-homophenyla]anine-L-leucine boronic acid,

N-( 3-pyn'dinc)carbonyl-L-phenylalanine-L-leucinc boronic acid,
N-(4-rnorpholinc)carbonyl-L-phcnylalanine-L-leucinc boronic acid,
N-(4-morpholinc)carbonyl-ﬁ-( 1 -naphthyl)-L-aJanine-L-leucine boronic acid,
N-( 8-quinoline)sulfonyl-[3-( 1 -naphthyl)—L-alanine-L-leucine boronic acid,
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-moxpho]ine)carbonyl-[ O-(2-pyridylmethy])]-L-tyrosine-L-leucine boronic
acid; or

isosteres, pharméccutically abceptable salts or boronate esters thereof,

72. A method for reducing the rate of muscle protein degradation in

a cell comprising contacting said cell with a compound of claim 58 or 6].

73. A method for reducing the activity of NF-xB in a cel] comprising
contacting said cel] with a compound of claim 58 or 6].

74, A method for reducing the rate of intracellular protein breakdown

comprising contacting cells with a compound of claim 58 or 61,

75. 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
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76. A method for inhibiting cyclin degradation in a cel] comprising

contacting said cell with a compound of claim 58 or 61.

77. A method of preventing or treating an inflammatory condition in
a patient in need thereof, said method comprising administering to said patient a

compound of claim 58 or 61.

78. 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 rejection, arthritis, an infection, dermatoses,

inflammatory bowel disease, asthma, osteoporosis, osteoarthritis and an

autoimmune disease.

79, A method for inhibiting the growth of a cancer cell, comprising

contacting said cell with a compound of claim 58 or 61.

80. A method for inhibiting antigen presentation in a cel] comprising

administering to said cell a compound of claim 58 or 61.

81. A method for inhibiting NF-xB dependent cell adhesion in an

animal comprising administering to said animal a compound of claim 58 or 61.

82. A method for inhibiting HTV replication in an animal comprising

administering to said animal a compound of claim 58 or 61.



