BORONATE ESTER COVPOUNDS AND PHARMACEUTI CAL

COVPOSI TI ONS THERECF [001] This application clains
w@eooons47y7 from U. S. Provi sional Patent Appli caP@DnS2009/003602

Serial No. 61/132,244, filed June 17, 2008, and U. S.

Provi sional Patent Application Serial No. 61/211, 499,

filed March 31, 2009; both which are hereby

i ncorporated by reference in their entirety. Field of

the I nvention [002] The present invention relates to
boronate ester conpounds useful as prot easorre

corrp03| t| ons corrprl si ng tﬁmwounds of the
invention, and nethods of using the conpositions in
pribi@ treatnent of various diseases. Background of the
I nvention [003] Boronic acid and boronate ester
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and Shenvi, U S. Pat. No. 5,187,157 (1993), U S. Pat.
FidhDof tfe, IRvERti&04 (1993), and U.S. Pat. No. 5,250,720

(1993), describe a class of peptide boronic acids that
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nod peptide boronic acids that 'inhibit the action
ambmh%wﬁals"m threpmpeyitiogs in thg tgatmpptiof vaggus diseassy, 948

(1992), discloses that certain boronic acid conpounds
Batckphdubd bf thdiaventiont h of cancer cells. Magde et al., WO

04/ 022070 di scl oses pepti de boronic acid conpounds
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degradation of p53 protein in a cell, to inhibit
[0Q4) c IBorpniteagid anihgsien pomnquigs belfl partiquipr promiisoias inhihigorgef gt ffoteasome, a

multicatalytic protease responsible for the majority of intracellular protein turnover. Adams et al.,

U.S. Patent No. 5,780,454 (1998), describes peptide boronic ester and acid compounds useful as
proteasome inhibitors. The reference also describes the use of boronic ester and acid compounds to
reduce the rate of muscle protein degradation, to reduce the activity of NF-kB in a cell, to reduce the
rate of degradation of p53 protein in a cell, to inhibit cyclin degradation in a cell, to inhibit the growth
of a cancer cell, and to inhibit NF-xB dependent cell adhesion. Furet e al., WO 02/096933,
Chatterjee et al., WO 05/016859, and Bernadini et al, WO 05/021558 and WO 06/08660, disclose

additional boronic ester and acid compounds that are reported to have proteasome inhibitory activity.

[005] Ciechanover, Cell, 79:13-21 (1994), discloses that the proteasome is the proteolytic

component of the ubiquitin-proteasome pathway, in which proteins are targeted for degradation by



of a cancer cell, and to inhibit NF-kB dependent cel

adhesion. Furet et al, WD 02/096933, Chatterjee et al
wODd00A303I6859, and Benadi ni et al, WO 05/ 021558CHO/200¥003602

06/ 08660, discl ose additional boronic ester and acid

conmpounds that are reported to have proteasone

inhibitory activity. [005] C echanover, Cell, 79:13-21

(1994), discloses that the proteasone is the

proteol ytic conponent of the ubiquitin-proteasone
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al2 8RB &l Dty Atk 01 AN 208, fe0iBwHthe LIEAT st heddih@ro@ttpproval of
bortezomib for the treatment of multiple myeloma patients who have received at least one prior
therapy. Fisher et al., J. Clin. Oncol., 30:4867 (2006), describes an international multi-center Phase II
study confirming the activity of bortezomib in patients with relapsed or refractory mantle cell
lymphoma. Ishii et al., Anti-Cancer Agents in Medicinal Chemistry, 7:359 (2007), and Roccaro et al.,
Curr. Pharm. Biotech., 7:1341 (2006), discuss a number of molecular mechanisms that may

contribute to the antitumor activities of bortezomib.



fromthe vasculature to distant tissue sites within
t he body. Moreover, Beg and Baltinore, Science 274:782

W@ 139654731 eaches that NF-kB i s an anti - apopt ot PCT/US2009/003602
controlling factor, and inhibition of NF-kB activation
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Bref Desctigtion pf)thd Dravhifeer t unat el y, bor oni ¢ aci d conpounds

are relatively difficult to obtain in analyticall
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6-0x0-1,3,2-dioxaborinane-4-carboxylic acid (I-1) Form 1.

{015] FIGURE 3 is a powder X-ray diffractogram of 4-(R,S)-(carboxymethyl)-2-((R)-1-(2-(2,5-
dichlorobenzamido)acetamido)-3-methylbutyl)-6-oxo-1,3,2-dioxaborinane-4-carboxylic acid (I-1)

Form 2.



(1972), teaches that butylboronic acid is readily
oxi di zed by air to generate 1-butanol and boric acid.
wab@gas4sfficulties [imt the pharmaceutical ukCT/US2009603602
boroni ¢ aci d conpounds, conplicating the
characterization of pharmaceutical agents conprising
boroni ¢ acid conpounds and |[imting their shelf-life.
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or a pharmaceutically acceptable salt or thereof, wherein:
AisO,1,0r2;
P is hydrogen or an amino-group-blocking moiety;

R® is hydrogen, C, aliphatic, Cy. fluoroaliphatic, -(CH,),,-CH;-R®,
-(CH,)-CH,-NHC(=NR*)NH-Y, -(CH,),,-CH,-CON(R*),, -(CH,),,-CH,-N(RY)CON(R?),,
-(CH,)»-CHR®N(R),, -(CHp)»-CH(R*)-OR™, or -(CH,)-CH(R®)-SR’;



((/?)-1-(2-(2,5-di chl orobenzam do) acet am do) - 3-net hyl b
utyl)-6-oxo-1, 3, 2-di oxabori nane-4- carboxylic acid

W@ 1009154781 m 2. Description of the Invention [ 02df/UT19e9/003602
present invention provides novel boronate ester
conmpounds and stabl e pharnmaceutically acceptable
conpositions conprising them These conpounds and
conpositions are useful for inhibiting proteasone
activity invitro and in vivo, and are especially
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al i or oa atirc, -
Cl—lgdCNI%(“} Rgbtqqélq_n\‘atom I()%.cm; Let@p@omq;{g)dzntly selected from the group
- ( ClelnsitideHd NNORMHICON( R4) 2, - (CH2) m CH( R6) N( R4) 2,
-(CH2) m CH( R5a) - OR5b, or -(CH2) m CH(R5) - SR5; each RB
i endieREindpeideitlyiishyarogetisaisthstitedd or unsutstitisd iiltpbitedlr yithe@roaryl, or
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%m%¥%w9?gnu%ubstltuted or unsubstituted aliphati c,
agaxll, R RRESLAARY Is hy@beeh 6 £LOGVdd0: u&{lpsmtedqnprkw atgf h@&oaryl, or
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nber d het e cl rin haV| ddi ti
6" By EGGaRETE B 9RO { WP WA Sp Bt ARG e Sar. o
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ueeshyBSindapendeetlyds & fyhattqt@ or gpspbstitutsitatiphatie, yiyl, opheteroaryl group;

heteroc clyl rou
Y is hydro)éen yCN %r -N

sea

mis 0,1, or?2;and

Z' and Z” together form a moiety derived from an alpha-hydroxy carboxylic acid, wherein the
atom attached to boron in each case is an oxygen atom; or Z' and Z* together form a moiety
derived from a beta-hydroxy carboxylic acid, wherein the atom attached to boron in each case

is an oxygen atom.

[023] In another aspect, the present invention provides pharmaceutical compositions comprising the
compound of formula (I), or a crystalline form thereof, and additional excipients described herein,

suitable for the production of an oral pharmaceutical dosage form.

[024] In another aspect, the invention provides a pharmaceutical composition comprising the
compound of formula (I), or a crystalline form thereof, and additional excipients described herein,

suitable for the production of a lyophilized powder pharmaceutical dosage form.



each R5a independently is hydrogen or a substituted or

unsubstituted aliphatic, aryl, heteroaryl, or
wedensoyel yl group; each R5b i ndependently i sPE/USgEON3602

or a substituted or unsubstituted aliphatic, aryl,

het eroaryl, or heterocyclyl group; each R6

i ndependently is a substituted or unsubstituted

al i phatic, aryl, or heteroaryl group; Y is hydrogen,

-CN, or -NO®2; mis 0, 1, or 2; and Z1 and Z2 together
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straight-chain, branched, or cyclic C,.,; hydrocarbon, which is completely saturated or which contains
one or more units of unsaturation, but which is not aromatic. For example, suitable aliphatic groups
include substituted or unsubstituted linear, branched or cyclic alkyl, alkenyl, or alkynyl groups and
hybrids thereof, such as (cycloalkyl)alkyl, (cycloalkenylalkyl or (cycloalkyl)alkenyl. In various

embodiments, the aliphatic grouphas 1 to 12,1 t0 8, 1 t0 6, 1 to 4, or 1 to 3 carbons.

[034] The terms "alkyl”, "alkenyl", and "alkynyl", used alone or as part of a larger moiety, refer to a
straight or branched chain aliphatic group having from 1 to 12 carbon atoms. For purposes of the
present invention, the term "alkyl" will be used when the carbon atom attaching the aliphatic group to
the rest of the molecule is a saturated carbon atom. However, an alky! group may include
unsaturation at other carbon atoms. Thus, alkyl groups include, without limitation, methyl, ethyl,

propyl, allyl, propargyl, butyl, pentyl, and hexyl.



conpositions of the invention. [030] In another
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on i IBHERNY ling. [ 036] For puf oses of the present
invention, the term"alkynyl" will be used when the

[oanr ma teawmﬁtatnacdar N@ed Mdhedt ésR;Bﬁbf @la@éﬁ%t{)@ 2, hﬁalkﬁ‘St aralkoxy",
a rt of a carbon-car

or DA PRy oG5S PRBH AR o PRSP TH PR BFE Anes. cach o
whédhhy optibnallly sygrsagoyedyPrefedhblipuibeyaryll group i50a@it ganyl [groupnAryl groups include,
wii‘hbli‘ﬁ?ﬁé{ﬁé(cln; phenyl, naphthyl, and anthracenyl. In some embodiments, two adjacent
substituents on the aryl ring, taken together with the intervening ring atoms, form an optionally
substituted fused 5- to 6-membered aromatic or 4- to 8-membered non-aromatic ring having 0-3 ring
heteroatoms selected from the group consisting of O, N, and S. Thus, the term "aryl”, as used herein,
includes groups in which an aryl ring is fused to one or more heteroaryl, cycloaliphatic, or
heterocyclyl rings, where the radical or point of attachment is on the aromatic ring. Nonlimiting
examples of such fused ring systems include indolyl, isoindolyl, benzothienyl, benzofuranyl,
dibenzofuranyl, indazolyl, benzimidazolyl, benzthiazolyl, quinolyl, isoquinolyl, cinnolinyl,
phthalazinyl, quinazolinyl, quinoxalinyl, carbazolyl, acridinyl, phenazinyl, phenothiazinyl,

phenoxazinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, fluorenyl, indanyl, phenanthridinyl,
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group consi stin
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cycl oal i phatic, "or heterocyclyl rlngs where t
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such
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intbeyerd g ringauoyis, foum bequgfal,ly amyltuted tinske oloyBk membered aromatic or 4- to 8-

m&ﬁﬁl?eh %ﬁj%ﬁlit}/c rm h?ﬂ? f?r?g e% oatofhy Feﬁ&lte){l Ifr’om tﬁ‘ grzzgksﬁltmg of O, N,
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angd &y Momsllermsfaémra%rwy pn b‘ﬁ@ﬁ%{zr 3ypped fpﬁ@néwncétzqergwws in which a

heteroaromatic ring is fused to one or more aryl, cycloaliphatic, or heterocyclyl rings, where the
radical or point of attachment is on the heteroaromatic ring. Nonlimiting examples include indolyl,
isoindolyl, benzothienyl, benzofuranyl, dibenzofuranyl, indazolyl, benzimidazolyl, benzthiazolyl,
benzoxazolyl, quinolyl, isoquinolyl, cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl, 4H-
quinolizinyl, carbazolyl, acridinyl, phenazinyl, phenothiazinyl, phenoxazinyl, tetrahydroquinolinyl,
tetrahydroisoquinolinyl, and pyrido{2,3-b]-1,4-oxazin-3(4H)-one. A heteroaryl group may be mono-,
bi-, tri-, or polycyclic, preferably mono-, bi-, or tricyclic, more preferably mono- or bicyclic. The

term "heteroaryl” may be used interchangeably with the terms "heteroaryl ring", or "heteroaryl
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phenoxazi nyl , tetrahydroqui nolinyl,

t et rahydr oi soqui nol i nyl, fluorenyl, indanyl,
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phenoxazi nyl , benzodi oxanyl, and benzodi oxol yl. An

aryl group may be nono-, bi-, tri-, or polycyclic,
preferably nono-, bi-, or tricyclic, nore preferably
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[046] As used herein, the term "partially unsaturated” refers to a ring moiety that includes at least

one double or triple bond between ring atoms. The term "partially unsaturated” is intended to
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'CB¥§ pehdgﬂ%k% &Uéﬂglsgﬁyx%e#ﬁP (Fgﬁlo caF@ &9%?§ﬁ9”RXOR)'
=N-h&(RD% 0. tos-N(R"aN(B)aHaeh Rlindependendy isdydrogenypr af optiprally substituted
al@kdﬁg aﬂll QlRro I‘&%x&&?élﬁ%ﬁl byor de s gﬂﬁmﬁé&%loﬁ'ﬁta@‘n together

uch saturated or part unsat urat ed heterocyclic
wighgHe @gtpgn P} foEea S-Rimembered arpmpticor pespromatic ring having, in addition to the

nitr6kh QBMCU @fuh)gr RRYdatonts @Jlécﬁ:mﬁ@frﬂﬁ&gr&ﬂ%'onswﬂb{é &N, i brfdhd. ;Each R*

yrrolj I peridin I
1n$e8fr}dgrﬁ & &{Yﬁﬂgqrgﬁwtgnall})ll subsP t%ted allphat}é aryl, heteroaryl, or heterocyclyl

group. Each R° independently is an optionally substituted aliphatic, aryl, or heteroaryl group.

[051] Examples of C; alkylene chains that have been "interrupted” with —O- include -CH,OCH>-,
-CH,0O(CHy3),-, -CH,0(CH,)s-, -CH,O(CH,)s-, -(CH,;),OCH,-, -(CH,),O(CH>),-, -(CH;),O(CH,);-,
-(CH,);0(CH,)-, -(CH,);0(CHy,),- , and -(CH,)sO(CH,)-. Other examples of alkylene chains that are
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t et rahydr oi soqui nol i nyl, decahydroqui noli nyl,

oxazol i dinyl, piperazinyl, dioxanyl, dioxolanyl,
waele@2api7ay| , oxazepi nyl, thiazepinyl, norpholipPgl/USang003602

qui nuclidinyl. [045] In some enbodi nents, two adj acent

substituents on a heterocyclic ring, taken together

Wth the intervening ring atons, forman optionally

substituted fused 5- to 6-nenbered aromatic or 3- to

8- nenbered non-aromatic ring having 0-3 ring

1&&&9&9%'@%:&1@&?%&@& ifldiRELER %*@HOU@H%@&- L8g, Al

N, terns "het eroc

-CHh%*i(%‘flzéroy@W}zZ*Cth ) (etlet ﬁqfhbg*(CHﬁet €ty CHY- -(CH)-

S ZEOPLR ", and et gz8Cys)- i viheFR 24y one ofiihd "inBRERING CURtibSal groups listed
radlcal , are used |nterchangeably herei n, and include

b8¥%ups i n which a heterocyclyl ring is fused to one or

[Ogg r orl)rde&tsgp ?natflé/ Jgt Tvﬁ)lrrec%%rhlregﬁ% hR{'n %réen 1’n hg\(l'ill’(l: hz1n

m'errmrtne@ rsaﬁay:dwdq a Metllqnﬁlygroupmeaﬂecqmtenaﬂ@mm@ald netrbepmfﬁnrpntbfsmble for

phediaBG 6% e, bﬁlyqablk Becﬂaﬁ.tc@ﬁmaeﬁ)ievdombwlaas arcAwnlﬁﬁ Bk QOBEbMhe present
group

tri-, cycli
mrﬁn%cr"e r%%ffybiﬁ %ﬁ‘f?&uca"bfewblsfownov'@y%meavh'%ﬂra@twétﬁ iftegrjiwjong enough
to BOIBful m,r thbnaﬁguo& oxcpmplihlectic Gdirfﬁhlshz&befd)cmﬁénw larbtki)ﬁbly theedhemfal

str\lll\%]qure iS. no iuﬁstangrlﬁfuq?tere %\I l{el'{ta?a tern: er?tu %t {e)vrvoﬁ)y‘él B/eldw -50 °C, below -

rocyc I'ons
204 °ﬁd‘€qbé‘n‘blghlot lgploa\r Z:Y 67ptn| taprpdbeinge Qf mwtt!ret ijéldr. chp@i4 @]y rastive conditions
fob i RdstA&VeBl.N, the term"partially unsaturated" refers

to aring noiety that includes at |east one double or

[053]i Phe aranabhialeieen uteld Rgreid] Md¥hs thd laeaydrsgemradpﬁrdf itldedfgnated
unsat ur. at

nt.ended a r
il P €1 i R Y Bk i P PUOaT bR duignegets na
stableclr clibenically feasitrle ¢vatpewrdia ¢ tempisebsiimmple’s svhbrewsed in reference to a

degg'ta]k&%ﬁ’ﬁ‘e n[nQ'?thhat %@ P{%g ani 1(%}%%%& %ﬂtrid?calén’hilaﬁl:a%%le lﬁ%‘aced with
m%ﬁﬂv$0f%WNéﬂywbﬁwwalkoxy group, as the case may be,
which is substituted with one or nore_hal ogen atons

(02 e ghrpssy enePr mpsSuRsaupRts” hz§|u6egié1ﬁnelnorrefersﬁglp Bumtﬁaé%‘fﬁgbsptuents that

eq(ls frddh _pneab thle .maXifr@ i rniber of l;umrt@alslpadmtel based bR the hembed oﬁavallable
bolétzilpg s{ﬁ,ls po%l: f:g t(lj%ﬁera%ﬂ (:!:onae tlons ofosgi%ﬁllglxa%d fctlreLrercraP %easxbnhty are meg Unless
otlfdryiey i@é\llcatfphat qpeorglﬂn wgtltutﬁtgrqd)enay\mtdmbsutupm at @t wibstitutable

poglluHrpé &U{)l and Hef shﬁ&g{u%Me’eltlﬁerr 'lhfelsé'fﬂar d? Gﬁfeﬁw
2- fluoroethyl, 2,2,2-trifl’uoroethyl,

[085])1, A-dséd Heleltphe ﬁirrhy ‘|‘mde§enaenay’t &rl' fnhéiﬁﬁ&ﬁﬂmiectecﬂﬂﬁéans that the same or
ent af | uoro ter

th
R Bt WG i B R U094 F0SP BRI D SPggpmonund
t | 1
0805 Bl PETRAL LIRS, PXIGRIBI AR ko) o
hetegapyl (inclyding)the hete(g(a@) Ieiety i hetesoasdliey]l pnddietepparghkexy and dis like) group

m@"boﬁtﬁiﬁ%h@&@n&@@bﬁnue&@ eEfﬁﬂlpﬁg bt s@ftablPBS6stiQEntdord thmﬁﬁﬁtuﬂat%d carbon
pically in the range of about 14 to 200, preferab

a“i’”h Oft R@y aﬂg@rwl g78uR '6019@ Bt INGe: FRhgR T -GR*IFS R G2, -C=C- K -OR¥,
-SR?, -S(O)R®, -SO,R?, -SO;R*, -SO;N(R"),, -N(R"),, -NR*C(O)R*, -NR*C(O)N(R*),, -N(R")-
C(=NR")-N(R"),, -N(R")C(=NR")-R°, -NR'CO,R®, -NR*SO,R®, -NR*SO,N(R"),, -O-C(O)R*,
-0-CO,R*, -OC(O)N(R"),, -C(O)R*, -CO,R*, -C(0O)-C(O)R*, -C(O)N(R"),, -C(O)N(R")-OR¥*,
-C(O)N(R"C(=NR")-N(R*),, -N(R"C(=NR*)-N(R*)-C(O)R*, -C(=NR*)-N(R*),, -C(=NR*)-OR*,
-N(R")-N(R"),, -C(=NR*)-N(R")-OR*, -C(R°)=N-OR*, -P(O)(R*),, -P(O)(OR*),, -O-P(0)-OR*, and
-P(O)(NR")-N(R"),, wherein R R", and R* are as defined above, or two adjacent substituents, taken

-1l -



about six atons. In sonme enbodinments, the linker is a
C al kyl ene chain. [049] The term "al kyl ene" refers to
w@2mpasd7ent al kyl group. An "al kyl ene chai n" i BCHUS2009/003602

pol ynmet hyl ene group, i.e., -(CH)y., whereiny is a
positive integer, preferably from1 to 6, from1l to 4,
from1l to 3, fromlto 2, or from2 to 3. A

substituted al kyl ene chain is a pol ynethyl ene group in
whi ch one or nore nethyl ene hydrogen atons is replaced

to%@lk]%pw% tﬁleﬁ&L\kMﬁ%itom§¥Urﬁlqul &néﬁbgﬁéh 'u];uslﬁﬁ‘l B% Hg%nsaturated ring

ose descri elow for a substit ute
hagﬁg)% ring\poras selerisd om HigisFPun FYeisiRgPf b‘eos‘ﬂ‘5§t i tut ed at
nore positions with an aliphatic grou
105735 A A BRREIEHR 2O EoBPS erp e [ hady bsheedcidiope or more

sulstients afxalnpleOftstiohielshbgtituerisamrthish@ chted g arBorf affas blipha group or of a

no? aronfgtlc he é:lrocg’g%lr%gs%ﬁgea Iwrlhou? lmftartlltoe rtﬁos? Ls%?[d abO\ye for t]ee unsaturated

carbepbiceo e o hetgroatybgrbunvot iﬂ@rﬁdlowgrgm@ —SER(é\(ﬁﬁ}szé‘I UfR*)z -N OR*,

=1\§.tmggkake, =N-RHEOLIAPLN- RGISOHPCII=MORY, WHERYRS R*IaBERUTE defined above.
'C( ):C(R*)'! 'CC'! 'O'! 'S'! 'S(O)'! 'S(O)Z-,

[05@( (9)1li'ew‘ieﬁ'drl)stituentﬁ‘rgc s)‘lbstitmdﬂ(eﬁh}(ﬁ@r atom BKZR!'&)@Q{&)@) N(rBﬁ)aro.matic

i a0 W A R coll Gihcon son-
SOLIRO) NCRSIN(R*),, CLENH)-N(RIR and NBSPM*R¥persin eh B isG6 @fingd above.
A m% ml}@'& atN(l%TA ﬁeteroag] NRT()n a;r\J)'ma(uc gter&@tl)c rg'g’also g{a% ()delzed to form

‘thﬁPFﬁﬂ’é?ﬁéﬁﬁd\éthf%%yloéNW'&F Eﬂj@ﬁ“’tﬁ’r Aan?nb'mlpgaﬁamp&? of such a heteroaryl
ha$idP &t dxidite dn@hitrlea bilofnis BloYidepyh@jier oaryl , or
het erocycl yl group, or two R+ on the same nitrogen
[058] or‘ﬂhe teark edboﬁtb'gatddehbreixvitcb mednhagprhxitnaelyein tetregian df Gouphy, or around.
ti [ '
W§%13h A on o%g t gﬁs%‘ﬁ] ol &%&org\tglgmﬂugﬂasarl ?aﬁéé, ﬂgl}og?'\ééa t?g rangp by
ewe@mﬁhebpuw@lm ablee @ﬁ belpw the muhericplinglues seNortD), In gengrafs the term "about”
is ERE Rerfn «d MSIRH 8 RERGH AW alud aBRYHEHRBEI0W He stbdARLE BB akidnce of 10%.
substituted aliphatic, aryl, heteroaryl, or
(0608 SXsQsadteitin, BE @ip "colrpaises' Rndangh SRAdee aﬁthsynok Bmitdd to."
optionally substituted aliphatic, aryl, or heteroaryl
[0éxio lell[bGBﬂﬂareEwamiﬂ skdledin tHE3rtGhantdcginenmmpainds of shig ihghtion may exist

in 'EL ce{% LlPéu‘éﬁ Chg%%%%zfo%‘\stopth&%n&o Ci—‘ilﬁ %Qﬁg wittih £dpe of the

mye@@qz berwxse( @I.Ei) g(gft@}q‘s:_sl@mtedhewjezﬂy@q@tgo include all geometric

(ota(oﬁfd%ﬁ%%ners i, %?%%@%}%ond xs&ﬂé}s arld@zand Q) Chiddrmational
er es O a ene. cnal ns

s PR BB GEPR e P B ORGSR F Geigevreqny orcac

as@hiBetric eeGtel2 ZPhefeldg, Ringle stGREEGiCHApBers as WAL Bhdotipetic and

= (CH2) 27* - * - * -
o BN s prod HRLBECAGA syt RRE R By v
mik @iy enrichgddn ererstepoisprger aglasive fo anpiber'siergpispmergh¢ miyture may contain, for

exquﬂEtah eR@liorslrie URBsslof fliGst 58R0Y$%, 9b4oehn, Ghed 4. or di nary
skill in the art will recognize that when an al kyl ene

[oeh)ai wmdaammg.sanathd] Etﬁfc&hﬂ@ﬁé[ﬁﬂ?edl hereat dr@dlddafkahtQo clude compounds
wlfgﬁ-pﬁ{f ! I%nlgltu] L ou%g?eé)?;)l%)e?)lr rrho?e%sotoplca] )! glrrllshe\égtoms por exakr)nple

compounds having the present structure except for the replacement of a hydrogen atom by a

deuterium or tritium, or the replacement of a carbon atom by a >C- or “*C-enriched carbon are within

the scope of the invention.

[063] As used herein, the term “seeding” is used to refer to the addition of a crystalline material to

initiate crystallization or recrystallization.



pharmaceutical use. Only stable or chemcally feasible
conpounds are within the scope of the present
wo pwens47eh. A stable or chemically feasible copr@DUSZH09/E03602
one which maintains its integrity |ong enough to be
useful for therapeutic or prophylactic adm nistration
to a patient. Preferably, the chem cal structure is
not substantially altered when kept at a tenperature
bel ow -70 C, below -50 0C, below - 20 C, below 0 0OC
[08’{] weqwca.qgc% ciyQalfi 6 §§(ﬂ&tﬁ)n?{: slﬁ'i%l ?t%&ég%?‘s'l[am?et\ﬂﬁmrdifferem
em cal eactive conditions
spﬁteslsjtlcq?f@nge@rems APPSTY {CEFFé‘bI'O as ag)lmdn%r Epoh of the grysgal forms is a

pt)@ﬁnbrpﬁ Wﬁ’ife%@ﬁlofpﬁﬁbﬁégweﬂfsubts@&eﬂ@@'tﬂé’h@ﬁ@%eﬂﬂa%ﬁp&sﬁlon they
the radical of a specified substituent

mﬁrﬂg‘l\ﬁ ag ef“iji‘é’t‘ ef Wi BRSSP PG1OF BRTePRLYARL RIOReRIes, S'éﬁhébf"é“bﬁ'ﬁy and

digbedvios,afuk gerkiga sieltih g p@agrgstah shapel b@nfaetidmbehavior, flow properties, and/or
abl e", when used in reference to a

Sogéygélﬁlg%ﬂg at om means that attached to the atomis a

[0&‘54 d r Q4L lfeﬁ:m he kerm“@l\ﬁl?: of %‘vah‘ﬁ fngaglk §8§)Q10Wa£slac15tn>ﬁ of a compound
radi cal of a suitable substituent. hrase

wittfE CbPoRB Ensneece- J@mr’éyswab%swa%@ inelydes hydrqgérf fonding. gin certain
mﬂanﬁcﬂ;ﬁﬂiﬁblvﬁkﬁ wailiteScapableain isSlatidaafor eﬂhh@ieSvhfarE S0P MBrelsElvdnhi@olecules are

substituents. poss sed, on the
R e RSP e BE ot o S8 G AT eones b
sobiorvehagromnd isblablp sol Gfes s Repindstritatiye shchtes Imemdc: &dr ekagapda, boydfratdsy
etl@aﬂﬁatggegr Mﬂlaﬁ§l§teg tﬂ@ E)WSQQ p'rJ}grlngser gqmvaﬂpty? Qz;lfty%ﬁ%l‘ %ré’m other solvates,

substitut ed 61_p have a sub tuen
ang uthmtup%ou\tags |fc§mb §pq qoaaﬁom@fi {39@%@ Iﬂ&j:b?mlazﬂ gorppesition also differs between

soB/dlSihésk B b Sre FEldfreld @ Ri“pdagdo-golymofphre or di fferent.
[055] As used herein, the terns "independently" or
[066]n depsaitertir, the sah Elidett” isnsalvste Whatkintiiesolsammoletule is H,O that is

prgyer]it il c?e@ikedvs?tlléﬁ?o%e%%nggm aﬁ%‘fhg)t' ?(9 e&%spléqﬂchxdpllne%ulgdrag monohydrate,

|nstances 0 Iven varia
dilnyg563, orarihyarad- P(Suumsil*@mnn@e tefre aahx/dratms ewnnomdaaf thefyyention that

cofaidb KOMYO inddrydrRediatkdlstangict.he 1ike) or heteroaryl
(including the heteroaryl noiety in heteroaral kyl and

[06@t exsaR¢dtelemy YCrﬁfhde hiefeksi th 830lig Ihﬁxhhlig dmg‘rllﬁﬁgﬁlﬁlcﬁbn@cfhestﬂl‘:ture. In
ago e substltuents t abl e . Sy bst |
p e Icu 1

lta?1 a crangla € comPougd 2y E?%roci&cec{ as 8?6 or or moge wg € crrystahmg pc}rr%s of the
coh‘@plmdoﬁq)ryllle ryrroers of thslapplieatioh.aheaerms NgRgle er@gllineRSrm” or “crystalline

forng:(a@c l)secg()g;c}]ar%eably%a B’éunﬁumeﬂwecﬁ%tals ﬁi@@a@dlffec%(tfr%?emes (e.g.,

dnff_srgnt )(thmqn}emsdlﬁfNRqI)DSﬁ(spgp)r?uIts_) N’(m)e@(h-q\ﬁ.qq) t _pFQymorp and
pselNBIdBRdReh of 2Bt consNEESODRG Bikint sindle @Qs@llﬁ*e,form herein.
-0 CRR*, -0(ONR +)2, -C(OR*, -CO2R,

[068T( O utfS(a@)aRy crystél(lﬁl% MEfERs to) a2 ompn@HN( dray) be@REast a frOnM Weight

per%‘\g(é &a-mle %E Eﬁl %B%Bre)lo%( gﬁ% ‘5% @'50% 60%, 70%, 75%,

80% WYQ. %@?@W ‘@(%)%—Rﬁ‘@:@%% 95%@}5(/@9'6@ 98%, 99%, 99.5%, 99.9%,
or'aE)( ;Q}Je@e)begveeﬁ o4 10693" In saiﬂgembodlments, substantially crystalline refers to

compounds that are at least 70% crystalline. In other embodiments, substantially crystalline refers to

compounds that are at least 90% crystalline.

[069] “Substantially pure” refers to a compound that may be at least a particular weight percent of
the compound. Particular weight percentages are about 80%, about 85%, about 90%, about 91%,
about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99%, or
about 99.5%.
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-P(O)(NR +)-N(R+)2, wherein R, R+, and R* are as

defi ned above, or two adjacent substituents, taken - U
WO t@gas41@r with their intervening atons, formBCBUS2009/003602

menbered unsaturated or partially unsaturated ring

having 0-3 ring atons sel ected fromthe group

consisting of N, O and S. [057] An aliphatic group or

a non-aronmatic heterocyclic ring may be substituted

with one or nore substituents. Exanples of suitable

(0504 bsﬁmésy&n&&ls@&pw@y SALY LRl REs A8iRQheRin Am@hi B h@tua&au hydrates,
ng;qﬁﬁﬁ or of a non- arormtl C heterocycl icri ng i ncl ud e,
3]

folvatespndelysrehs here®f- | i st ed above for the
Sat uls%tolw ng?n{a ?e%pls %]émgou@? {:%;lf 2and N_W? l m%n% ((%1?i (2-(2,5-

d1dﬂ¢rMeﬁ}(a®)d§?a,ceta:Nlermﬁ§{leNbﬁGl ZIRdlombomN-nRﬁ carbdrgylieacid” are
usgd’ai@!grcﬁg %@ ﬁdllrﬁ:ltﬂg lg&}gtﬁl%‘g: fgrpmgvﬁoth LeQrﬁ.?JefeswtlﬁeacQ*pSounds produced

stit ents on e nitrogen atom

in ﬁéfer@%h?rgsillixaﬁplﬁ bfh J"a‘h%ﬁ’ﬁ*ﬁﬂp@s brdeve rne'egﬂeg Pczsh Formd apdhEorode
[07?(-]:( @sdgwez e%rg%ywpoucgézlmz:m and Ef((.li)ss)-ﬁ@fj@oj()znethyl) 2-((R)-1-

(2-(E§—‘dMm&ﬁ@uﬁo)ac&&dudobd%ﬁﬂﬁlﬁﬁtyl)%h&bﬂI,3I§IZ cﬁéb@horﬁﬁnel—@caﬁ&xyhc acid
Fonrgl;]l grrg gsr?gpn(?e cer\;]m@algl Qg%t %e%:nrms?r?tgrgtoateocgs lmg E Erog?cgé gl 1-?%mple 1
Form2ipnd BemplsrlAdn geddempjestieleydr oxy or N- OXI de corrpound

A nonlinmting exanple of such a heteroaryl havin
0B} st hereiy thi el”f‘%)gféﬁp%‘f‘%ﬁﬁ fpnufa (VAR 1o gy {5 (2. 059]
dla:ll‘[ﬁoﬁeﬁiamldoﬁbﬂﬂfndo)I-ZSmstﬁﬁht)h&fr@hdhctd’J affRisdd laamaegdamt ahy,

Lt AR 2 T

t.h 1G] 18y
(014) v dd i, 8% 0p ko GHLARE B9 SoiRREdIS P ana 115y are
usgbifierchangeablyeand are peed shiser to th@ltwseeqateh@rt@ campyngrt\k-15).aand the
coftipBBiipfaliced & KAAmPRQY 6f BEEkaRBloMtIse stated val ue by a
vari ance of 10% [060] As used herein, the term

(0750 T Us&Hereinyha fesm “anhgdrideesed il udfereikce mt bokdnft ati@@udh@s the

COETF\) rJd 0¥ FO{mula Vlhﬁ_ﬁgfgxp g) a crl%anc?,' ccc))rpleoumli( %0 eedq)y combma%on ?ft twg or more

n co nventon may €
meleqyted n%arboeorrfcmcmommum it fhoss eﬁmanremre Wﬁtelrrm!ecgres t\Nben rmxed with

wRQROIH R aﬁgyd\%lé wnﬁ)o&riaes a8 Pfelehdd @ne'ﬁr&l B ORid compound.
Unl ess ot herwi se stated, structures depi cted herein

In d?réouapg@dmﬁt thct @r?wc@d}@hyéipfie ﬁgﬁmqs? 0( tafee four, or more boronic
acRianfeg aiddah anab):ydhs oNelesr,config@ratior, Z\)onamdm{gE)(arﬂtﬂus lok a:glaﬁxexﬁic

bOr()SWIﬁrE%{dsiinli’lgrlde(S 0} ?eg b()rEJmc ale %(%rmna&nldo??\ﬁ anf}thn ar illu%trated below:

Ste em ca
i.e., the Rand S conflgur tlons for each asymetric
center. Therefore, S|ng hen1ca| I somers as
wel | as enantioneric au eonerlc m xt ures of
t he present conpounds’ are % he scope of the
i nvention. When a mixture i's e“rlched in one 1)

stereoi soner relative to another stereoi soner, the
m xture may contain, fory

o’B‘?

|
B B
nn

[076] In formula (1) and (2), the variable nn is an integer from 0 to about 10, preferably 0, 1, 2, 3, or

@

4. In some embodiments, the boronic acid anhydride compound comprises a cyclic trimer

("boroxine") of formula (2), wherein nn is 1. The variable W has the formula (3):
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exanpl e, an enantioneric excess of at |east 50% 75%
90% 99% or 99.5% [062] Unl ess otherw se stated,

W@ R09as4182s depi cted herein are al so neant to PEEUSHEI/003602
conmpounds which differ only in the presence of one or
nore isotopically enriched atons. For exanple,
conpounds havi ng the present structure except for the
repl acenent of a hydrogen atom by a deuterium or
tritium or the replacenment of a carbon atomby a 13C
or 14C-enriched carb arewMthin the scope of the
invention. [063] As ysed @ge elﬁa1the term"seeding" is

used to refer to the di {)i bn of crystalline
ta IN EELV%W

material to initiatgfcr
recrystallization.[06§4] C npq¥nd crystallizes
froma solution or slrry, A may crystallize with ~
different spatial lattice arrangenents, a property S
whefnell, REJAIRS' asl R® pelaydafingitiesin. " Each of the crystal
forms is a "polynorph." \Wile polynorphs of a given
[0 b 2t asrddedamy e tokpb weightef ziegld erall pharonprotidat dasege fermaydetrapined by
ad&lhg fifhe M,grm Safbofbhiehts 4 twormepﬁaﬁl%eum] aﬁfge BB oes not
mqﬁ%SIca ro erties, such as sol ubi

dsereigh r‘?"y toRtings HaiGR ey be gpgipialy @Ppﬁiﬁf%ﬁt‘he gl Pharceutical dosage
for&‘ahﬁiaﬁn lscf@fmaacmeadsml betgaudfarsmgré Iomy\prpﬁfmanreal ﬁSs,ageEfBﬂﬁ @Elsed as the
b 1l ?t ethsgva t.per %ta [: Pealhé%%thecom Q n t%atc mprisé the or
aﬁsgf“%Félg? € F%a@%ﬁ Fedna a phySiear™asso 5t|on
pharr@mup@umagmform one or nore sol vent nol ecul es. Th| S
hyS|caI associ ation includes hydrogen bondi ng.
r t'givpedihpsinariewanoisties” weadvmtetraRrg o abexcma%llﬂeasefﬁ"er refers to an

ex&n&@ﬁt@{ak H’z@ a wWaRF cateal a? hibuv1$7 1OdbButAY%. NIKE €rfi OloW&Rdisture” may be used
re |ncgf orated in the crystal lattice of

‘“Tﬁ "% ?Pﬁ ederms [y-yater' s vat e or solvated"
MAL&S 1o any

cof SES; bot h_sal on e .
o RS B Baf ohnn Ol RIASS A F
SOhymmavésmmeﬂﬁaMEWhhéﬁon@hﬂﬁ%@h&@@ﬁ@@es The phyS|ca
operties of a solvate typically differ from other
logﬂ& \tugrst hergiglthe fegy QRIS Qeifisd” 57 285pts thish eQptFPY G AR the
osREIERYSLa lidudl h@mhdgal conposition also differs between
solvates these forns are referred to as
[0819s eﬂudxeedpm}eynma pinss' "bojofB6dsteAsand Seebnivesster” are usdalanttreliangeably and
r 1 £
el e Loy BB OEINE) RO PN L R pMRe ko
mejeiy where thaﬁ@rrrmschecf @boren Hrpgthecase ihal waenwm hydr at e,
nonohydrate, dihydrate, or trihydrate. As used_herein
[032) ¢ Tp é‘}”l‘ﬁ °"1'5’ﬁ?’19‘8‘i“%1f‘1§ bofogate,esiep H’B'G Aite SemprEed Hige it 1081 othér
entbbditne@q tHedofbBate &tdﬂ?rﬂetyl’lﬁ:ﬂ(i—ﬂﬂfn&&r&ﬂrmgn It ofne @hgsdngblodiments, the
bolro%%tte ies(f%nhoLeQ 1s]a rmAshhrgo e]dS g?erél?eﬂ Qi arlrnoc eic’ré 2|a| ergeiedrrh éte Lreres :: g
[Oﬁﬁr tAstls‘édar{eremathg 'Eeyrﬁt ﬁbﬂa'—f@@mfp ?yo ; ﬁsgiﬁgregﬁs tPh 9&“‘(’&)@1% tA2 contains

one oOor nore sSi ng crysta
a hydroxyl group directly attached to a carbon atom in an alpha position relatlve to a carboxylic acid

group. As used herein, the term "alpha-hydroxy carboxylic acid" is not intended to be limited to

compounds having only one hydroxyl group and one carboxylic acid group.

[084] As used herein, the term “beta-hydroxy carboxylic acid” refers to a compound that contains a
hydroxyl group directly attached to a carbon atom in a beta position relative to a carboxylic acid
group. As used herein, the term “beta-hydroxy carboxylic acid” is not intended to be limited to

compounds having only one hydroxyl group and one carboxylic acid group.
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conmpound. For the purposes of this application, the
terns "single crystalline fornmf or "crystalline fornf
wa@e@onsee7 i nt er changeabl y and di stingui sh bet We@rus2009/003602
crystals that have different properties (e.qg.,
different XRPD patterns, different DSC scan results).
Thus, each distinct polynorph and pseudopol ynorph of a
compound i s considered to be a distinct single
crystalline formherein. [068] "Substantially
[0&’3'] y%ts %Léd h@r%m he Ie?nrl 5m$ 9( BerfvQAHOH Ql‘;jalf)lf}qﬁd ca%xﬂtc aLng’aI%Fers toa
a particular wel ght pe cent crysta articul ar
majEsy @ﬁﬂe%ﬁm%gggdrage@ atpguifompPogrbozgleg,acid yothinzp alphBipeioxy
car%Q)?fﬁlc Zéﬁ/ﬁnd&g%mogﬁ&/‘h h%éy @en 81%%frcﬁ9a/ﬁyd9ﬂyﬁgrc91ga%rec%?%acl%a% a
g4W 95% W 97% 98% 99% 9 % or, any
casgt %f‘é‘ﬂfrh"g‘é’ %P%é‘@ﬂ “‘i%‘fyf ‘Qrﬁ*&f’ “iﬁ’ﬁ% ic F‘H ?8% ‘“éﬁ‘ﬁ?ﬁ‘&ef?ﬁhthg term
“moighysteeinddifain abecrhydioay tartveylicatiar efdrio @ ampoihoied bj &nosinga
|14 .
hya"é) eneag)?é flrm{? i/ Qarlok lgcaaa l“ﬁtﬁg arbg a Hrgxyoceaérg%g)g%: Eﬁgtaéc{lﬂ/ a{%m(a’}né a
hydpgqn@m fr@m@/gxqfvst gabypidirectly aa@bid v sodshanzaten inlalbyta pesitish relative to

thd @ftBkylichfld grog@npound that may be at |east a particul ar
wei ght percent of the conpound. Particul ar wei ght

pRELSENL ages mvb%gt 80% about 85% about 90% about
-E%i%g—%%dé%—@ég%—T&mmﬁ 93% about 94% about 95% about
% i

8 B SR b R R 0 £ B 00
structures deplcted h$§§|@)are meant to i ncl ude al
hydr at es, anhydr at es, tes and pol ynor phs t hereof.
[071] As used herei nR> t@Hrs "conpound (1-1)" and
"4-(/7?,S)-(carboxynet hyl 2 ((/?2)- 1-(2-(2,5- W)
d|chIorobenzan1do)acetan1do) 3-met hyl butyl) - 6- oxo-1, 3,

wgéré]?f @QQ H Rrane-gh 19@6"pmgﬁ/tiy 1§hy% gn -Eh8, b‘rsd%gbsmuted or unsubstituted
i nt er changeably, and incl ude alﬁ crystal line forns.

BotH‘W@P%ﬁWFBP@P“YB”P%%”%@WH%@WUS produced in Exanple
d X | udi.ng_bot
0873 P ARG Hep 95 AL e B R Cor g et or

(C'H‘zt;fﬁﬁzﬁndld@]_s Q) oFdrIms@he @mtadingatf, each of R™ and R™ mdependently is
hy rg%e (09 %Il'.6b i tﬁ%l&:&alr?sugl( érsnl)odiments e cl’sof § and ﬁy llrgieqen?e)mly is

robenzan1d acet am
seles&%sifrorethz gwms&a%mg Abhydrogene HF!B&S‘XWXICSOQ&PH ishuy, 2ert-bygyd and

cydlSiRgyll I fhe BaBaadbbiMhentBeidh of RY AR Kbefnﬂépeﬁ&nﬂﬁﬁhydrogen or

(EAPY. W St RN CE Do o oihs) oS g e of R and R

indegendémiy it -KEH),eCOH. Tcampo st embodimenmspa 1(VIT1-1)", and
"(F1)-1-((2,5-

(0§81 c An epmestsahodimirdo Jha elehamiddry c@8barglidtacidisiseldctod fromithe group

coﬁs@s’tlgg ofHi y%ol%sa%Q IIHBIC%EIG h@%?@f@llnyndelmldcm Q(H@q I"Qtiroxylsobutync acid,
formula (M 11-1) di scl os

man%‘&ZC‘ééE?“&FFdd \%zbyefgm%%rﬂwgthytbefmi 2% ZG%BXYh%W@Mbuwrﬁéﬂd -
hytiek fiocape@aRal) il bahzilicakidU [rdsomé othBr) émbodifenty @entphi-RAydidx)y ‘carboxylic

ac%ri]sd selegt%d t]r'gr% the %¥01e1p consisting of glycolic acid, malic acid, hexahydromandelic acid, citric

acid, 2-hydroxyisobutyric acid, mandelic acid, lactic acid, 2-hydroxy-3,3-dimethylbutyric acid, 2-
hydroxy-3-methylbutyric acid, 2-hydroxyisocaproic acid, tartaric acid, and benzilic acid. In certain
embodiments, the alpha-hydroxy carboxylic acid is citric acid. Some other non-limiting examples of
alpha-hydroxy carboxylic acids include glucoheptonic acid, maltonic acid, lactobionic acid, and

galactaric acid.

[089] In some embodiments the beta-hydroxy acid is characterized by formula (VI):
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used i nterchangeably and are used to refer to the
citrate ester of the conpound (VIII1-15), and the

W@ o09posHTa7 produced i n Exanpl e 15 of the ExanplBGI/b8100%003602
[075] As used herein, the term "anhydride" used in
reference to a boronic acid such as the conpound of
formula (VIIl), refers to a chem cal conpound forned
by conbi nation of two or nore nol ecul es of a boronic
acid conpound, with [ oss of one or nore water
nol ecul es. When m x g p4 h water, the boronic acid

anhydri de conpound ydPated to release the free

boronic acid conpo rious enbodi ments, the

boronic acid anhyd nprise two, three, four,

or nore boronic aC|drﬁ%|t5 and can have a cyclic or v

linear configuration. Non-limting exanpl es of
otvb@ane&h of mﬁrmrﬁbhn@@érmexarylkytdjﬂiogaﬁ cmﬁsz@m boesubQinedi o

acid i nvention ar ustrated bel.ow
R R R R R s e

i nt egiepenfigndyistydrogeab@@LH, 1D a sybst@fited arimhsub@itutdd alighatid, arydrheteroaryl
4. kﬁhé c]l &%inents, t he boronic acid anhydride
conpoun zp fises a cyclic trimer ("boroxine") of

f erRrtdnd RO%te ea&hiﬁ(ﬂe%bxﬁielm} h'y§ro§en ahBR"\iAd R'a blik%n }%Elﬁé with €he carbon

f |
o PHIH HEVE S oo LR O SRR 4115 fteghered non

of arotmanghlcg haviag 0P hiag haerealdsmmlectetmmgae gooprednSisting of O, N, and S,
;jet %Y’l erennesgl X gngg_ap%gn Plbe fuse tX"?A lglh#bétltgted I)lllgbs?&@aqn%%t r%embered

e ora pnar ceu osage oes
i ncIngeterotnpic nogioghrtto éﬁneaﬁyed:@am¢Iﬁ @98 bing9-hring holgroatoms selected

opt irRRAhd FodRBhdi®fe 60, N18a0¥;al  phar maceuti cal dosage
formafter it is formed. The total weight of a single

ObrER" A R MBCabint, 61;:]11 Rbdmazg%tamrwgethsr Mﬂﬁﬁef: @sboh Eﬁmfb &ﬁwrsch they are
r calculating t | Jpercentage of .each of th

comOmert Lo RRT st brBRREP G R Eiiugne ming 03 rn

dos dgerohtomsrrelde®@F 8pmAe gnspdorssting af O, Nl apdSnehesdinisa@l'ring el

I n o ﬁfl(ﬁlgﬁ)p&ﬁuste@ to uﬁgﬁgétﬂ]t&i% Slﬁ)g[ﬁaecf@ t6'8 Hel’n & not}l—eaﬁogrq E% /’ing, or

excl pi ent at has a mater content o
t o ab Eﬂftmﬂ%efe'#ﬁ@“taé‘f wiehayne proiriae bﬂteéoatwels@edlfmthe group

I Nt RbARANOT) NY antist h the term"| ow water". [079] As
used herein, the term"lyophilized powder"”, "cake", or
[09d) y Gp krintel erpadimereetach &ffRET $1d RY imdepend@itly ¢ Hyﬁbﬁnl @l ahphanc

—((fl—g%,a(?ﬁ]%g (Eiég%&ﬁgl‘ Iancl np l%tol P& ZOfIn s% %%Fédu’ﬁ% %arc}?of R® and R™ is

the term "t oni
hyri@g@r dn somegihentugh WhOéWeet@d% rip bOHend B tsmdreml ality of
quid or solution. [081] As used herein, the terns
l‘mdo 1B P TR B S RO GGIR nSBEFY SedigEaCre alishaic, o

-(CHY, ST HARPPAb0.Y o dInfseheEmboin@n€ ke dIRP3 a6ORP MdBgtndently is
hygro entone?,J 6 z?ngﬁatlc Bfn cel)ta(m su l)l enrw]Pod test each of ?{lﬁnang &M mdepengent]y is
selected from the group consisting of hydrogen, methyl, ethyl, isopropyl, isobutyl, tert-butyl, and
cyclohexyl. In certain other embodiments, each of R" and R™ independently is -(CH,),-CO,H, and p

isOorl.

[092] The variable pis 0, 1, or 2. In some embodiments, p is 0 or 1. In certain embodiments, p is O.

In other certain embodiments, p is 1.

[093] In some embodiments, R and R™ are absent and R®' and R taken together with the carbon

atoms to which they are attached, form a substituted or unsubstituted phenyl ring.
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noi ety where the atom attached to boron in each case

is an oxygen atom [082] In sone enbodi nents, the
wheronst7a7 ester noiety is a 5-nmenbered ring. |PCEUS®09/003602

ot her enbodi nents, the boronate ester noiety is a

6-menbered ring. In sonme other enbodi nents, the

boronate ester noiety is a mxture of a 5-nenbered

ring and a 6-nmenbered ring. [083] As used herein, the

term "al pha- hydroxy carboxylic acid" refers to a

[0$ MRPLAL e%@élmmp iR ibls- h?drMQEu@&th %@H Qelg:'terdel%m the group consisting
attached to a carbon atomin an

of majigcidy eitricgeid, IripaylppTie adidivgra Qr%’als%ﬂﬁs’*eﬂ an%faélf:wc acid. In
soinb Bthir%frﬁbdlﬂérﬁﬁ‘l the th—hﬂK(yxyG:arbb@lW hdiis 8éléctbd fioth thddroup consisting of

mzhlr(‘:]t <$c(i), )glt 1c ac:d ?gydr xgbt(l)t}/]nc aé;grlbeg roxylsaoallalanc acou%ptzlirfédlgxg an%ahcyllc

acnds édcehen embpdlrnehe thebata- HMEIXECQJIWV]@@}MO&F@@)WH i Songeqiithgt’ non-
lln{.@rfgee&me AbGLIRE @@a&,&@hc LR[S gl@cdﬂaﬁ%rﬁe%ld 9,519)% acid,

directly attached carbon atonin osition
latebiogici aelé ang salactagic Beidk-yPame ofer gprdimitifg examplepd eetﬁérdéw carboxylic
acidbBclL&S dMboRIE hard, NG EroXY2-6aphiBoX Ytidl EndeBCh ydroxy-3-naghthoic acid.
intended to be Iimted to conmpounds having only one
[09%) dlosoyre egibodifpers) the @lpka-ngirdxe ugid orbemeiydrogy widnis felBy fréis the group
co s%ﬂ%a‘%ﬁ blﬂ: ac;dhlﬁal %H‘ he%gcﬁmégnqglfcl a¥%d2 Hd?&‘y%&hu gtnc acid, citric acid,

r oxy car y rs to
mfﬁ‘é‘?‘ﬁ@ﬁid Haetie @%QTWQTO’SYI’WG‘F afgfbhetewmxmse\fﬂeac ecaci Béwpm3 3-
dna&mbuwric hiia zag,d@&pb%ewmn?wa&aQms’a%lyls‘ac@%mdacenani}% acid,
ro

41 }F en atom from a hydroxyl group
%’ PR to a carbon atomin an al pha
[o :grtl Iogn?e eeaﬂnoc? %nﬁn\{e {;(grgpo&;bde oF geeperolé“ rmuFa ( Calfedchgrgc:qerpzed bASformula an:
beta hydr oxy carboxylic aC|d refers to a noiety
formed by renoving a hydrogen atomd rogy,a carboxylic
acid within a bgta-hydyoxy carboxyllj c,/acid and by
removi ng a hydrqggn roup
directly attach qﬂQﬁgqatQﬂml RBet a posi tion
relative to tH& carggx:H C|afbr ail ed
Descri ption of tlhe R'Aivpnti o® [®6] | n sone enbodi nents
t he al pha-hydroXy acid fAs characterized by formula an
(V): wherein each of Rb3 and RM i ndependently is
hybkragen, CEEH or a substituted or unsubstituted
al i phatic, ar het eroaryl or heterocyclyl group.
[ B8 Vjriables BawR', @ﬁb&“& iangmhaye thearalhesalescRb@! balew aRfithe variables R, R,

I ndgeRd @M thhe thevall¥dieGRRd atve. @l | phatic, or -(CH2)
-C2H, and pis 0, 1 or 2. In sone enbodlnents each

[oawf] b narehb&Riinkid epeane e R, Y Bydzlmbo g@ylcdafamai mwﬁaﬁail Eroup that

rrent each
cat R oideeory I FEBTELIER, Fiesi sesyrsly RO Ery A
canﬁpymhogced] Inibtihogitain emlpdimenis stogfuaqiphsl giogpisathydrpxyl group.
tert-butyl, and
[098] Insome embodlments wherein the alpha-hydroxy carboxylic acid or beta-hydroxy carboxylic

acid is citric acid, the compound of general formula (7) is characterized by formula (III) or (IV):

0
H @ R O hh
P TN Yy Po
R2 |H o pe CO,H

A an;



cycl ohexyl. In sonme other enbodi nents, each of Rb3 and
RM i ndependently is hydrogen or -(CH2)p-CO2H. In sone
WG emb/18tThbdi nents, p is 1. In certain other PCT/US2009/003602
enbodi nents, each of Rb3 and RMindependently is
-(CH2) -C2H. In certain such enbodi nents, pis 1.
[088] In sonme enbodi nents, the al pha-hydroxy
carboxylic acid is selected fromthe group consisting
of glycolic acid, malic acid, hexahydromandelic acid,
citric acid, 2-hydroxyisobutyric~acid, mandelic acid,
| actic acid, g-hydrgxy-3,3-dinet beutyrlc acid,
2- hydr oxy- 3- kfyl@ [ h droxylsocapr0|c

aci d, and ben ci dl_ | iy Sope 2iénbodi nent s,
rNox i CYACI@” iy sel ected fromthe

t he alpha hydf oxy c
group consi st ngﬂﬁ? i craci d, bilg acid,
hexahydr onandel i ¢ aeciad, C|tr|c aci d, avy
2- hydr oxyi sobutyric acid, mandelic acid, l actic acid, ’
2 oty flixre/thedeod - whe Rl thé’lfﬁb'ﬁléérﬁ, A, RCRY, and R have the values described below.
hydr oxy- 3-net hyl butyric acid, 2-hydroxyisocaproic
[0283i dp sdngerditer erabodimnedts, vetreetita@pHatiyd@ey ehrbok yliceeid oabata-hydroxy
ca%@)ﬁg gpg rlt gtic %Hﬂea ﬁJ %%op&/n cgan 9%( %rmc?irb%tgv)égn tlhe cqab X)th acid in formula
(I8} e hmﬁwowrbo&’thuebw lajtefl hye hrud;bergba! b@rhieygtﬂwmycm such
en%alqmmetcemr&m@a Bnerhi3GHRRIBMG bekbdsenRAFy SRhAS lrfth) & (IVa):
acid 089 n sone enbodi ments the beta-hydroxy ac
IS characterlzed by formula (VT):whergyn each of Rb
and Rb2 i ndepend pFIMDIS hydr eno < OHoH, or a
substituted or uppubsi aryl,
het eroaryl or RéE}er of Rb3 and RM
i ndependently is hyB?% substituted or
unsubstituted al rphati€,A aryI het Poxyyl or
het er ocycl yl group; or Rb2 and RM are ®ach (IHa);
i ndependent |y hydrogen, and Rbl and Rb3, taken
together wwth the carbon atons to whicch they are
attached, form an unsu sfituted or s stituted 4- to

8- menber ed nonar o gRﬁaqug, 3ré aﬁ
het er oat ons selqg \fJB' \ rsting of O

N, and S, wherei 3§t a |y be fused to

an unsubstituted r |tut@d menber ed
non-aromatic ring or 5- t 6- nenbere (matic ring

having 0-3 ring heteroatons sel ected fron1the group (IVa);

conS|st|n BM are a

A o eSS Tere R E Rl ek i T R Gl sped elow.
[Oi(ﬁ V}ﬂ!s ?J(!oén!}g%thgtr @lﬂ@)ﬁlt &ﬁ]%%%taé g%ﬁ:&&?%ﬁ%h{ﬁésrﬁ qhegé’ zge other

St I tut ere rmn
feWrF%?gtatm@f Broarld heusseogispietdhis fughsrbprdingrod the C@b@?@/ll%ﬂ%“’dﬁe boron

atéah ilNorn@N (1Ha) ¥agNeh N said ring may optionally be fused
to an unsubstituted or substituted 4- to 8-nenbered

[omoam-Tke @ﬂ‘ﬁﬁvin@ viilud3@re defcribed for the variables in any of formulas (1), (I, (IT), (111a),
(IV), or (IVa).

[0102] The variable P is hydrogen or an amino-group-blocking moiety. Non-limiting examples of
amino-group-blocking moieties can be found in P.G.M. Wuts and T.W. Greene, Greene’s Protective
Groups in Organic Synthesis (4" ed.), John Wiley & Sons, NJ (2007), and include, e.g., acyl,

sulfonyl, oxyacyl, and aminoacy! groups.

[0103] In some embodiments, P is R®-C(O)-, R°-0O-C(O)-, R-N(R*)-C(0)-, R°-S(0),-, or R-N(R*)-
S(O),-, where R® is selected from the group consisting of C. aliphatic, C,¢ fluoroaliphatic, -RP,
-T'-RP, and -T'-R¥, and the variables T', RP, R*, and R* have the values described below.
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5- to 6-nenbered aromatic ring having 0-3 ring
het eroat ons sel ected fromthe group consisting of O
woRooansh7® [ 090] I n some enbodi ments each of ReCT/ESIH09/003602

Rb2 i ndependently is hydrogen, G _6 aliphatic,

-(CH2)P-OH, or -(CH2) -CO2H, and pis 0, 1 or 2. In

some such enbodi nents, each of Rbl and Rb2 is

hydrogen. I n sonme other such enbodi nents, Rbl is -CH

and Rp2 is hydrogen. [091] In some enbodi ments each of

[0593? 'l?%_&nﬁMe %Eﬁﬁﬁ%grptd %’ alkyg (!]yﬂlrloorgag]py’l oOC 18 mgém aﬁ(als the aryl

Poétrﬁa@ﬂi’vh'émsﬁuté%\‘éthd errunmsmmu IRMmﬁmﬂré’p@md@ntﬂ“ys hygirogen or C, 4 alkyl.

InRYEHEPGAdien@ RNORYdrdgen.| N Certain such enbodi nents,
each of Rb3 and RMi ndependently is selected fromthe

[01])’59) Uhe @6le It lsh’n@,Qﬁlkhyﬂrcﬁgﬁmbstmﬁéd'\yﬁh 0- Etnlhéﬂemdentlly sellected R* or R*,
SO obut tert n cl ohexy .
whego i Rkt b Tt et smnon -6 RC RS G i or 0 Bucn e
indepelelp@lydesetebtyd frem the ddp Bonkiciity, of andoH, 108CQ alk[yl) lCN[ BORY,, -C(0)-
(C,%zﬁlby\{)ard@ﬁl %102( %IQ)?I)ﬁ ]C((r%ghgﬁ and ?%(ﬁm g%ﬁl ach mJPependently
is g Ey-1 diphptie nﬁ@gjqﬂh@nhsgtuteg wijit Ri* or Fbget]wmsnbsgmpmgs R3b on the same carbon
at&m&gh ﬂ@&ﬁé withiRiR cﬁBSjn devh &Y v@u@\bﬁ@ e aﬁMeMm%%d toI%br?iembered

aken together with the carbon atons to which they are
Cy&‘f’i“%ﬂ%'“gf %ﬁﬂh#alsgab@t'ﬁ"%Pfetals‘&Fntwﬁ%ﬂ%iﬂtwtgmuedmﬁﬂ@ﬁgﬂlbod'mems
Tnsmglq[aﬂ@rt]wdhﬁmsone enbodi ments, the beta-hydroxy
carboxylic acid is sel ected fromthe group consi sting
(01161 rifik ivariablsiRE, is luile, FOR’, &P AS(OR BRI HOUNER Y. CNER')NR'C(O)R’,

hﬁ@é(@))lb%kd); 0?@(@91@'1@(‘1{")@0@@' Srsgrsingd, | %N&do%ﬁfdéio?r\!(ﬁ“)z _C(O)R’,

SOMe o di'ment’s, "t he bet a- hy roxy car box
-CReR glor §(@5F%bt‘é*&f€from the group consisti ng of rral ic

aci d r ci.d drox but yri c aci
Dt PG OER 4P FEVRger o RO PG AE) HiPhagfpr. heterary, o
hegadcydyllgianpat iveh RYan tmamamno@n‘amdn tﬁB&I’mttGgethEMth the nitrogen atom, form

ang)?{i](ﬂ\aw g%fff&)‘edcﬁ Eobé)%lXJnﬂ)e? dq(% eg)f;yc | %hé llg]alvgl ag at%mon e Pltr(égen atom,

non exanp CBF box

0- ééhgj@tqrqi*&ﬂud@egﬂnd@éh W@ﬁ P‘rema*m &ljouplfmmtsmg Qf Na Ok 'dld S

| act obi anic acid, and gal actaric acid. Sonme othe

non-PfhR t”i‘q%e“é%‘g?‘rﬁl hé(groﬁﬁ‘“ opt %P"PI'V‘HY ebytitetet Hiphafi aéy'dt?f"'ﬁ)s‘}fy L, or
heteizhdigdgraaphaai ¢ aci d, | -hydroxy- 2-napht hoi c aci d and

3- hydr oxy- 2- napht hoi ¢ acid. [095] In sonme enbodi nments,

t he eathitfandepaidany isaoioplnannllybebsatutcyldhmyc al, dr iegroaryl group.

sel ected fromthe group consisting of glycolic acid,
[OHH] i The yasjable quwpmg@pq)sgtugé jagpmatic, heterocyclyl, or cycloallphatlc ring,

an? YR Mp@ﬁh%}tﬁ\{s@a fo AGbstiute@lof uﬁds&bsﬁtﬁied aroPRRIRddrSeydGi o

cyﬁlgfgl k%v%&%i&pls%ﬁéﬁgg%ngﬁﬁé Euﬁ?q%%;ﬁ,wbsgtugable ring carbon atoms with
0-2lRfraidtoyl Rt tayd éach @ubstiytabile dnghitangstr ﬁommm tgitbgtitued acis shbstituted
WI?h I&g{%‘i{@X @Qﬁ?ﬂr ebCR‘ﬁ%g)q{‘s tse)rlli&ﬁ 14 a 1pgimcsaa slu S%Yllltédcor unsubstituted
C(, 10 aryl, or a Cq_jp ar(C,4)alkyl, the aryl portion of which is substituted or unsubstituted. The
variables R*, R’, and R® have the values described above. Each R® independently is selected from the
group consisting of Cy_ aliphatic, C; ¢ fluoroaliphatic, halo, -R" R -T2.R" and -T?-R%, where the
variables T2, R', R*, and R* have the values described below. In some embodiments, each R®

independently is selected from the group consisting of C,¢ aliphatic, C;_ fluoroaliphatic and halo.

[0108] T?is a C,alkylene chain substituted with 0-2 independently selected R* or R*, wherein the
alkylene chain optionally is interrupted by ~C(R*)=C(R’)-, -C=C-, or -O-. The variables R*, R, and

R’ have the values described above.
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[096] In sone enbodi nents, conpounds of genera

formula (I) are characterized by fornmula (If):
wob@pas4137 t he variables P, A, Ra, Ral , R 2, apdi/nsSivawe3602

t he val ues descri bed bel ow and the vari abl es Rbl

Rb2, Rb3 and RM have the val ues descri bed above. [097]

I n sonme enbodi nents, any one of Rbol , Rb2, Rb and RM

may contain a functional group that can forma further

bond with the boron atom In certain enbodi nents, the
[0f0'9ﬂ %taéhq{‘alndeg)@%ntlﬂ iSa %b&%t@&%héuﬁstﬁﬁé&w] I l{%temagl? Iileterocyc]yl or

certaln enbodi nents, the functional group is’a
cyHgaiPeiis Finggr oup. [ 098] I n sone enbodi ments, mhereln t he

alfha-h wldr oxy carboxylic acid.or heta-hydro . P
0y2 %W%/ todepepdgnig’s ¥ Qar - 2 EI=Cih: Cohifou ﬁ’& otR > -S(OR’,
-SQRIEB@IN(RYS, AURE),, (NR'A(S)RE NERAZOMI(RYE ANR) A-NRIPNR L) | 1)

g, SRk G SREU NG IS, [BE &IPS
C{MBYICOR® SOBNGR he C@ONIRHORBREE)NE@ISHENR) NER),,
—Nﬁi"%aﬂﬁﬁ @f(ﬁ%lt(éﬁﬁ Q)Q)@l(l—hﬁ“ %qu Ofhe b%a@l’eﬂ e‘(rj f{o )élydCF have the values

oxylic acid i's crerd acid Bond can be
degcipePeiovset ween t he carboxylic acid in formula (JI1) or

and, on atom W t hout bein by any
[‘"g‘ﬁv?rﬁ 3 B‘H?P&P‘i%@‘ YR e e ‘%Wpéﬂ%tfg?%ﬁés‘ﬁ‘%y
C,G Gnqodlipbhtiofhafpe 108, ab(Cf_oalipbdtia), (N, nﬁycbahpmnc)eaﬁnnem Wiphatic),.

In s%en%bgdlg'gilnt?)eac%rR&(it\éé%%rf.der%g' isaC 3%(%&1{1 hf%.[gl)?ogflp %ﬁ@o@%gﬁ)n

e varil e va ues

[Oﬁgf GA &obr%@nﬂ@élﬁwns [Rg JsQlQLbsthteH Or EROREDHd §Rnd- IB?‘ISwch: ltlmygtem In

being limted by chem cal bondi ng theory t he
SORF %‘“‘Eﬂdh’&“tsrl% At %%‘Bﬂ'l‘%‘?dl %% HEsupsted @ope-pr B'éy“u‘g gue ey é‘ﬂ?cé"@ from

thd g}b@ cﬁhﬂishh@éf fb@@d i tlﬁg]nypylfr(hﬁ iSO YixhAD1yd i ghol, isbthiabayl,

d%m?yqvayrazg%l ?xadxazo IV tl?'l elézc Iyﬁkhea?l @‘ﬂ/dil/]% ép¥/ dazué)%%pénnnedmyl
pyanrynylolﬁeniqﬁumw absnz@lh)o,phe(nlyll, l)ldolfll lpd)lzoxézol-ﬂ)benz@bx@zplylobenzmudazoly],

1m§a/zc§{9) punLer%ﬂ\m;f htﬁ:m‘()ﬂﬁ)’l %Iqﬁmﬁmklks;mm/o%ﬁ)q %ﬂla%mﬂ r]qumoxalm¥]

am ho- grou noi et |n1t|ng exang/es o
phﬁmaﬁaxlgwafu%aﬁmb r@rrﬁgdws%qlwste%ﬁlﬁdrs@ow oy itgiray dggqpnoxalinyl,
anwi}]%r&iéﬁlzo}zazv}(yl %@&H@enlxqb@ﬂlﬂféﬁlﬁ R xd;er abgialddwe uﬁa&&uw&d im®no- or
bliyﬁ% sysé sepeﬁtg? ﬁ’&é teérogp c “g‘&ﬁl)]% 0 glﬂﬁn?{lo%g/%n O?()Spga yl pyrazinyl,
naphblyl.benaioidazplyl, gninolpsl, isp@d®Bhyl| quinepatieyletaipabgirnpitodnyl, Pis
- (Or , or

el o i o il iy T Y L’ group
[OPQT Sh %ﬂe%b@élm@lts @w@hﬁsmﬁﬁﬁlb ﬁng £k BRI RN drCaubstitidd on

vari ables T1, RD, R2c,

SuboRs HAPEPFEY UL B a0 | DR Bel ow o1y The
val l'xﬁbm Tcﬁmﬁll)s is E dalrhglga%c C Cgluciroall{ﬁha‘nf C?]n%r oal kyl, or

CcB*1'o 1 e aryl ‘por

S ﬁk“dtn‘dfe d&u‘i}yﬁ’srtEMPx%hJcU& q}quoE‘hp%S}ﬁ%rﬁMOd' ments, Rdc

ydrog n or-al
[0114] In some embodiments, the substitutable ring carbon atoms in RP are substituted with 0-1 R®

and 0-2 R*, wherein:
T' is a C,; alkylene chain that is unsubstituted or is substituted with R* or R*;

each R'Y independently is a substituted or unsubstituted aryl, heteroaryl, heterocyclyl, or

cycloaliphatic ring; and
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In certain enbodi nents, R4 is hydrogen. [0105] The
variable T1 is a C al kyl ene chain substituted with 0-2
wo padepsttdent | y sel ected R3a or R3b, wherei n t hBCT/US2009/003602

al kyl ene chain optionally is interrupted by -C(R
5)=C(R5)-, -CC-, or -O. Each R3a independently is

sel ected fromthe group consisting of -F, -OH, -0(C 4
alkyl), -CN, -N(R4)2, -C(O- (C alkyl), -C2H, -Co2(C1L
alkyl), -C(ONH2, and -C(O-NH(C M al kyl). Each R3b

' ”d%&%ﬁ@'ﬁﬂ&ép%dkﬁly@s Or° 3R, 15071 -§0Fe! S@G@k‘)y N(RY NR“C(O)R5
substitu %ltuetsf%

7 4
-NR Oéfﬂﬁéz c%%%ﬁnapsmmﬂ%keﬁ@&efi% Wi ‘E@Wﬁe)z cHrekyaﬂablesR
R’8dn@IRF héve MRivellestdaRyibairaBovat t ached, forma 3- to
6- menbered cycl oaliphatic ring. Each R7 is a
[08bdi tdmteemocbmemmmbsrtabtem’m tizer fommula -Q-RT, otigre Qlin-Q-0MNH-, or -

C}\?fg?l%j% sntg- g‘d %ﬁﬁn&bgt%%g?y ktékg&%l Era gbclyji %é%kgl@ﬂgnc ring. In

somsmb@mzp)@ REing mzytzuted wmse?@}w phermh@m@)m(pmf}l@myl pyrazinyl,
NRAER NoRA KR N(R4) SS2N(R4) 2, -0-C(OR 5,

P 0 I\f(R4 PRk i) Rgﬁ""%:ost or -C(O) N(R4)2, where:

[0HS&T hin B4ne| eﬁﬂacpaade Rthhythd fornyAROQEN-, @her@R® i0 (31§ ay1d, yfluoroalkyl, or

C6]?] uatp I1“8 llegxfe I?t?gnl o? Whlcﬁ }g SHEP t%geg ! ﬁlﬁ]rsé{)st’ituteé 1{1 certam such

emiypdiments, akseenlet:te@@@m éﬂe gWUP tpnslhtelgmf aqetydy enifluatoacetyl, faml vhea)ﬂacetyl-
gt ional ly substituted 4- to 8-menbered heterocyclyl
[0F17h gn rpamei o emiodisneais i o the Borlnhlé RnitPhgisredt o supstipated or

un§ubBtgutbESHRA qiyamsyu ﬂwhemglnggem&lyyl&@hrﬁnm Gr fuifyXaiiny® 18 9@ ¥¢ine other

Si st ent
e i et RORRP PhectRER  PHrUh PRI R gpgidio.
naptetiydrqomplirly), qoinoxabtydrbeazyraitiazblyl podxpgdrcﬂmnkowmbﬂ sBstituted with 0-1 R
ani 9§pendently is an optional |y substituted aliphatic,
aryl, or heteroaryl group. [0107] The variable RDis a

[Oﬁ@pslﬁ bdridin@Fhb&dimeHRS Plﬁﬁtthet fdin@ith I@T ot 'w@nere hﬁs?ﬁ?ﬁa!ﬁ%ly ltn other
.S O 1 on

cloaliphatic rin
coRe e D e O L P el ¥yt trr
ceh@it entadingnis P ik teyahnhIRPatia)-| whetd Riis 6lphenSB¥Byridinyl.
enbodi nents, RD is substituted on substitutable ri ng
[0UI&1 o spnzetathes emrod imefits 2P R tha fiimQla R°-BQ¢l, whezaRf ie®RClor -T'-R

is €U ba%&lehyarﬁm@s :H)Hggyl rHyHi %%ra@ﬁ?l%y}rﬂmﬁ%l' n%:hﬂéyl quinolinyl,

, where T

unsu bstituted or I's SUb

q“'“@%@l’ﬂ( Mi@dazm'hydrwmazmymm% with (=1 Rjand 0-2 R¥.

ool A ariye R B PEFen e Shrhich £ Rt eSS oy R RY, or
-(CHS OB £ NHU(MA)NFHE GHL), AOILLCOTRR ), RECH, A ACH RS RHGORI (R ‘hhe

((YP?}) g@lﬁ(l{j)ﬁﬁ ﬂgagﬁgﬁ d;fgﬁgrl éﬁ?ﬂ&”@ﬁ?@ﬁéﬁn&@( hgvanab]es R* R’,
an¢Rf haye rl@aplpﬁwaqcrlhed ah‘ade@"d theveriableRBd, R”2 R3- YRjapd mzhh‘@ the values

descliBedefbw. Where the

[0121] In some embodiments, R” is hydrogen, C, ¢ aliphatic, C, fluoroaliphatic, or
-(CH,)--CH2-R®. In some other embodiments, R® is C,¢ aliphatic, or -(CH,),-CH,-R®. In some
further embodiments, R® is C, ¢ aliphatic. In yet other further embodiments, R is isobutyl, 1-
naphthylmethyl, 2-napththylmethyl, benzyl, 4-fluorobenzyl, 4-hydroxybenzyl, 4-(benzyloxy)benzyl,

benzylnapththylmethyl or phenethyl. In certain embodiments, R* is isobutyl.

[0122] The variable R* is hydrogen, C;.¢ aliphatic, C_¢ fluoroaliphatic, -(CH,),.-CH,-R&,
-(CH,),,-CH>-NHC(=NR*)NH-Y, -(CH,),-CH,-CON(R*),, -(CHy),-CH,-N(R)YCON(R*),,
-(CHy),.-CH(RON(R%),, -(CH3),,-CH(R**)-OR™®, or -(CH,),.-CH(R®)-SR®, where the variables R*, R’,
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variables T2, RId, R2d, and R have the val ues

descri bed below. |In sonme enbodi nents, each Rd
w0 pabepettaent |y is selected fromthe group consPGr/USIIODH03602

C aliphatic, C fluoroaliphatic and halo. [0108] T2 is

a d .6 alkylene chain substituted with 0-2

i ndependently sel ected R3a or R3b, wherein the

al kyl ene chain optionally is interrupted by -C(R

5)=C(R5)-, -CC-, or -0-. The variables R3a, R3b, and
anfRR® RAY ﬂ'netvmﬁes\ﬂ@:{cHﬁ‘eﬁ B8R il BRAaBRY R*[PLR8]y BAEH hRlelhe values

nde endently is a substituted or unsubstituted aryil,

‘kﬁﬁPﬁf , heterocyclyl, or cycloaliphatic ring.

[og;ﬁgll_@'za‘:h %d | ﬁde%%g%%g% 6alnplg(t%%é’flﬁqcr:Ng&l';_?g’g,R(CHz)m-CHz-RB

or -(SEDNTRUR 2)-ORR( RépiRe othdRABEADNREs, R’ MRAGOEINN(EE),2CH,-R?, or

R E R s&hﬁ%”%%“ !y R P ey
naphgtii ey, b wﬁzﬁeﬂu o b&ne(l@(l*aemlyxmzyl
bend{@MNkyRAIR SINRNettY. R4) 2, - N(Ra) O(=NR4) - N(R4) - C(O) RS,

or -C(=NR4)-N(R4)2. The variables R4, R5, and R6 have
[0124 Iv edriapemtiodmenth BY il &R, [10dHet berzm@Emb&Belents, R is -CH(R™)-OR™.

' f th t f
o R R g By SR ot "o - (G &1 {phat 1 ¢) 2° 1

[oﬁz@jmrh@ vhadk 'K@rﬁ l%ndro%@ncb B&thn@(@l?ﬁmgﬂ%aﬁﬁc }F‘),"-CH2 RB

allp atlc fl'uoroal | phatic or, I n

(et F%NRF%BH L - SR D 20@&}75‘&@3‘\1 >GPé‘é|R 2

(cmmmﬂmé)mk‘qutngm-mug YRS, 0AY(CHY),-SH(FE)- ﬁrﬁbaﬂarmma&laﬁéz R, R’
unsu

6@ SUbSti LY itu C
oo R €8T el et P PO P o L o e o vatoes
defcoibabglow. t hi enyl , pyrrolyl |soxazolyl oxazolyl
t hi azol yl |soth|a§ , |n1dazol razo
026k dp spmesiepibodimprita & asz*UFifyBe“ ﬁhﬁé‘hwauc ﬁyﬂy"mr%yphaﬁc -(CH,)»-CH,-R®
or CHL W TH(RY- oﬂbyrnlsmqabtﬁulemb&ma.zsl m?lls, lsobaaplz ehighaMhethyl, 2-

e benzox
naplghg mg&zéﬁawi; ﬂusré’ﬁ %‘M’{ﬂw‘renz i 4&8%}/%”%#. nyl ,
bemapiapHuWImetWDfnhbmddyl i soqui nolinyl, cinnolinyl,
qU|nazoI|nyI qU|noxaI|nyI phthala2|nyl
[Omb Hiaﬁylh mdpgﬁ:hdem[l)etsraahlgsdmg:q aF mqlhsntyled mono- or bicyclic ring system. In

soIn@ E&l@d@lﬁgern@ SOIRE 1ﬂ@épblﬂ]¥$tl’y id a%u[)émgf d° qwu&%{@d Bﬂéﬁly} pﬁ'ﬂi‘;l indolyl,

ydrobenzoxa2|n . In"some enbodi nents, .
be%‘B’gf‘%ofyut"éﬂ’“HF ALy oy RDiAUINGlnYhfiRgy dp Feetaw.eweodlments R
is Syubktied@lueabathddrphenyt . gr oup consi sting of phenyl,

pyridinyl, pyrimdinyl, pyrazinyl, naphthyl,
[0X28h Aihervadmble [Yyik hydegem ol W,y INO,. $ogpuicrabodinyiénts, Y is -NO,.
ui noxal i nyl _ tetrahydroquinol i ny
[0}28] rThp y@wblpgoqmyﬁmgmgr ja su @meéhws@efummﬁ&mhann yaryl, hgteeparyl, or

heftddycdl QRAP ZAXEAd Modm{egtg- 131 is hyursRie: LURARIBPERubstiflRa aliphatic
sub?tltut%ble ring cachon atons 1n RD are substituted .
groyip- In some other embodiments, R 1s hydrogen or C, ¢ aliphatic. In such embodxments R™is
selected from the group consisting of hydrogen, methyl, ethyl, isopropyl and isobutyl. In certain such

embodiments, R* is methyl.

[0130] The variable R® is hydrogen or a substituted or unsubstituted aliphatic, aryl, heteroaryl, or
heterocyclyl group. In some embodiments, R is hydrogen or a substituted or unsubstituted aliphatic
group. In some other embodiments, R is hydrogen or C, ¢ aliphatic. In such embodiments, R® is
selected from the group consisting of hydrogen, methyl, ethyl, isopropyl and isobutyl. In certain such

embodiments, R” is hydrogen.
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substitutable carbon atons with 0-1 Rd and 0-2 R8d ;
wherei n: each Rd independently is Cl aliphatic, C6
w0 bwondeaBT phati c or hal o; and each R8d i ndepenpenub009/603602

CM al i phatic, fluoroaliphatic or halo. [0114] In sone
enbodi nents, the substitutable ring carbon atons in RD
are substituted with 0-1 Rd and 0-2 R8 , wherein: T1

is a G-3 alkylene chain that is unsubstituted or is
substituted with R3a or R3b ; each R d independently

[Oi3§ Fhe %Ql%%lle fnqg @ q &, W&)ﬂ'@%h‘)&d&\g& Wls)’d or lhﬁltcg{lﬁlagrx&dlmems mis

erocyc or cyc oa atic ri ng, andeac
|I'h€fé‘1‘c§é?m’€m"ll dimgnts, @RS |- SR6 -S(O R6, - SC2R6,

[013 ] E{'Aé))'qgageA 1&?3%%( '!m%}!;%g( O)%Sq%s kIR4C( (Fi)sl}lrg gRﬁngl)n embodiments, A is
0.-C(ON(R4)2 The variables R4, R5, and R6 have the

val ues descri bed above. [0115] In sonme enbodi nents,
[0X38k Thepaibblen RD, brals It prstaingmbodimentQr R 0E, In wharcerta éngbodi@ents, n is
1.-NH, or - CH2-, and RE is a substituted or

unsubstituted aryl, heteroaryl, heterocyclyl, or

[01YT 10 VnieRRBbdiBertd, NYis banQ:T?dr@glJ@Qg| Bﬁiﬂﬁtﬁ:;CR&lub@alﬂJhanc or
unsu ute p
(G R R i oo b A o it B P itz B, or
-(GHY)EHa0R? hSDRs"rP RER°J00Q)L 6 RI-$(C8LrRS ieRBodd ment &, 1. P has t he
formula RC-C(O) -, where Rc is C1 alkyl, C fluoroalkyl,
[0136] dBsoim® oghey abpbodiynents k4xlis 0 t Rids Groaliphsse ori-67HbF CHbR % R*Vjisghydrogen,
(QUDstHRA 6:d(@Y,), UOBW b‘?—URm’UP R&ke-A(D)- 6L RE-8I0),- FGRP; and m is 0 or 1.

enbodi nents, P is selected fromthe group consi sting
[0136] axcszﬁnelo;het ¢ohollin@he, a8 @0y IR? isa0 d akpheiy RA ayiilogen] QEHAF]-CH,-RE, or

53l gg,r e ha th formula RD-C(O) -
(d\ﬁﬁgé"r&?@D?l S apgﬁ%?é éék ?ndu"ﬁ'§ FI t ut ed phenyIC( )
[OBVP% Me 1othd Jr%hl%lns Ay Enik qé lﬁwuty] 'IIE]Q}IdHr%Xrln C, b&l)ﬁhatlc

qui noxal i ny et’ sone ot her '€

Ci$ Grarealighanp-- @\H)) c e @Izi’nsCIé(RpaPr@ﬁyFPISp?yﬁé@hﬁ is -R”; and m is 0
orPYrazi nyl, pypm di nyl, naphthyl, quinolinyl,

gui noxal i nyI , benzim dazol yl, or dihydr obenzoxazi nyl
[0138D it {elt stin@Cbthet ébddindentR0A BIOIRTs Roddda R ik Bﬂdho?éen I3 aliphatic,

t &l n,enbodi N or wher e
'((%E;”T&!I 2 Py Q&rﬁy & 5 Bhé?'scfﬂ;?t(é)l I{ws eh ficb 9“ P has
[Ofiibfa Ilt Qﬁlrwé s@mgahgeg)oodlmM§ IAQS BI% llﬁso%urgl' ﬁm;ﬁyg g&h-??iﬂ »-CHy-RE,

other certain enb € rmil a
P@%@é}“ﬂ )v@%ré"RB ‘F@ﬁRpﬁe‘ﬁyPndzu By b & nyI [0119] In
ot her n P has the f 5 o02-, .
0L . S ebops ”ESTQSRRB%H&Q PR *ﬁ%ﬁ%@%ﬁ&
°R1CO) sR°as fRemg R” igypdizivgl., pyrazi nyl, pypmi di nyl,

apht hyl, quinolinyl,
[0141 In other certain embodlments A is 0; R? is isobutyl; R*! is hydrogen; P is R°-C(O)-; R®is -RP;

and R" is 2,5-dichlorophenyl.

[0142] In yet other certain embodiments, A is 0; R® is isobutyl; R* is -CH(R*)-OR>”; R*is
C. aliphatic; R is hydrogen; P is R-C(O)-; R® is -R?; and R® is 6-phenyl-2-pyridinyl-.

[0143] In some embodiments, the compound of formula (I) is characterized by formula (I-1):

Cl
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qui noxal i nyl , benzi m dazol yl, or di hydrobenzoxazi nyl

substituted with 0-1 Rd and 0-2 R8d . [0120] The
waapabb4e3Ra i s hydrogen, C 6 aliphatic, C 6 PCT/US2009/003602

fl uoroahphatic, -(CH2)m CH2-RB, -(CH2)m CH2- NHC(=NR

4)NH Y, - (CH2) m CH2- CON( R4) 2,

-(CH2) m CH2- N(R4) CON(R4) 2, - (CH2) m CH( R6) N(R4) 2,

-(CH2) m CH( R5a) - OR5b, or -(CH2) m CH(R5) - SR5, where the

vapabl es R4, R5, and R6 have the val ues descri bed

above, and the vapables R\ {30, RB, Y, and m have the

val ues descri bed bel ow [OlZi I n sone enbodi nents, Ra

orgg%%]q,q&gg,mbhergﬁ 6 aliphatic, Cl1 fluoroahphatic, or
- ( ) -CH2-RB. In sonme other enbodinents, R' is 6

[0ﬂ|41 B ﬁirﬂe%theﬂémbo@ﬂ'd&)s,ﬁh@dﬁrp&ﬁd of fArHA®) i i daRFized by formula (I-15):
enbodi nents, Ra is C 6 aliphatic In yet other further
enbodi ments, Ra is isobuty napht hyl met hyl ,

2- napt ht hyl net hyI benzyl ,
4- hydr oxybenzyl , Snzy
benzylnapththylnethyl or
enbodi nents, R' 4 o variable Ral is
hydrogen, C, 6 = flgoroahp i'_F, -(CH2)ra
-CH2-RB, -(CH2)m¥ NR4) : 2
-(CH2) m CH2- CON(R4) 2, -(CH2) m - N(R4) CON( R4) 2,

- (CH2) m CH(R6) N(R4) 2, - (CH2) m CH( R5a) - ORSb, or

-(CH2) m CH(R5) - SR5, where t{1asyapabl es R4, R5, and R6

have t he val ues descri bed above, and the vari abl es

or RbgstallfdforniRiBeredf, and m have t he val ues descri bed
bel ow. [0123] In some enbodi nents, Ral is hydrogen, C

[0BI5h1In pdy semecotheCegbddinyro s othe ¢opipatndef forfudkd) mcliiHReRB;d by formula (I-

18):( CH2) m CH(R5a) - ORSb. I n sone ot her enbodi ments, Ral
| s hydrogen, -(CH2)m CH2-RB, or -(CH2) m CH( R5a)- OR5b.

In yet sone other enbodinents, Ral igisobutyl,
1-napht hyl met hyl , 2- naphdy! thyI enzyl ,
A- hydr oxybeffzyl enzyl oxy) benzyl ,
@ Qhe thNI éﬁqg certain
enbodi nent s, i §]-Tf 2 B I'n othé:P cqrtain
enbodi ments, Ral Q?Sb n yeO.bt her
certai n enbodi mrents, Ral |s hydroge [0125] The
variable R 2 is hydrogen Cv6 ali phatl c, 6

pheHet hyl OTyH ai n

fl | i phat CH2
(E:El.rz? m ICIF—)|2aNIHg( N(R4) |\|)Hm\(CH?I 1gEZ)mcrlz CON( R4) 2,

AHEBRERAIEN ) (R SONE

the variables R4, R5, and R6 have the val ues descri bed
Gerprgl ymihgtitdMehadology i abl es RB, R5a, R5b, Y, and m have

[O{J%? %glccl)'ln?ps(’)urgcﬁs oﬂ:ormu a (I? can %e prepared by esterification of corresponding boronic
acids. Such boronic acid compounds can be prepared from methods known to one of ordinary skill in
the art. See, e.g., Adams et. al., U.S. Patent No. 5,780,454; Pickersgill et al., International Patent
Publication WO 2005/097809. An exemplary synthetic route is set forth in Scheme 1 below.
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[0126] In some enbodinents, R 2 is hydrogen, CV6
aliphatic, Cv6 fluoroaliphatic, -(CH2)mCH2-RB, or
WO ¢@p25418CH( R5a) - OR5b. I n sone ot her enbodi meneGT/URAR9I/003602
is isobutyl, 1-naphthylnethyl, 2- naphthyl nethyl,
benzyl, 4-fluorobenzyl, 4-hydroxybenzyl,
4- (benzyl oxy) benzyl , benzyl napht hyl net hyl or
phenet hyl . [0127] Each RB, independently, is a
substituted or unsubstituted nono- or bicyclic ring
sch¥sé #m I'n some enbodi nents, each RB independently is
a substituted or unsubstituted phenyl, pyridyl,
i ndol ylI , ben2|n1dazolyl napht hyl, quinolinyl, CHy
qU|noxaIkpyIL_%! |squ|noI|nyI ring. In certain Hﬁg-ukﬁm
enbodi ne 2 ulst i t ut pelicbupibNSUBSE i FluBRd 9‘§§7
Cppchgn)qj,N rgn [Ql <P*i abPrdios | s hy, NShB-~0
:a n SOlTE tS 2. ¥prbt5uon NC2. [@12 @] O-l-h’él
varlable R5a is hydro en or a substituted or
unsubstifuted aliphatic? aryl, heteroaryl, or
het erocyclyl group. In sone enbodinents, Rba i s
hydrogen or a substituted or unsubstituted al {phatic cn,
group. In sone other enbodi nents, Rba s dr geﬁﬁ@-nE@Ha
C .6 aliphata C. &n such emhadmgam&s Rba i EMecp§§:7
Nettrgl
efpode ment s,

froming ,hﬁﬂ |st|ﬂg—0F%?FHﬁ@en

i sopF ppye [ran |§ogutyl. | H°Certai n suc

R5a i s nmethyl. [0130] The variable R5b is dr ogen or
a substituted or unsubstituted aliphatic, faryl,
heteroaryl, or heterocyclyl group. In sone

[ORSD Qﬂwm{gtoseonlfs'éw iSvith mdjvq,g&&tea mfhoSHB Rt ﬂon(wea ®y Rlterminal
unsubsti t ut ed aI| n sone ot he

atic
BB RS o POy S YBHFRD BB et BB Erous (PO
.nammnembddmmem scyl prbtedting g&bﬁcé £ dfofrﬁ)amcétﬂQA@[ @ifinyl (Suc), and
m&l?or)](ggu%u}-)n galn&) Lremyr% é)?(ge%ﬁrtﬁ:%g ! hy é S| ter; QL%{&X’}’C I SOQ Bgcx Ibenzy%xycarbonyl

(Chichod Geore @iy ey &Frhasgh | Qotinily, B s hydrogen 2nd deprotseivs is not

ne@é@'g%d |'Im€E$p$1de mut)ﬁnggea@tﬁon%an lLJEoQ&:E&@b@pmérW&ﬁhe J:I}bloy?yhc acid
I'n other certain enbodinents, mis

mcve;::{y pLgomRoyndiiito en achateglestgr or peid gaélﬁ% eé’nﬁ‘bQ|(H([$‘ﬁ?f§XYS'K01ng1"Eﬁe) ester,
fomfweill by treat@&it tvéth Ebrﬁj’(b’lhﬁﬁl F{Bﬁhﬁwel{y\ théacfivatdd@3d:S:Zhn Jd@nerated in siru by

coptactmg ﬁué:rcarg% e, adrlld \glrpoa op(ﬂ)tlc{é c?lgnﬁln%rea%anwfra@% ﬂtt SL‘]tﬁlﬂ% Ber?‘tsc(i)e coupling
reagaig® wclnga vghouplinigation, cRbodiigideyehgoge p g.. Ge@ldabiyphdbdimideCDCC) or
ﬁ@lltﬂlétHﬁgr&%g (@J}@@ e%ylc%oantD% &ﬁ)munﬁg'«lgeﬁé e.g., (benzotriazol-1-

atic, C6 quoroallgp
IOy R HIREIPhesphon vy ePpieSRp L RO S i 8. O-
(1 BtbeiCtringdDI 34); N, Ry’ WStetrBEbthy&ﬁ&u&H] tefraffiofdborhte (TBTU).

[0148]) Compound iii is then coupled with an amino-group blocking moiety, to afford compound iv.
The peptide coupling conditions described above for the coupling of compounds i and ii are also
suitable for coupling compound iii with the amino-group blocking moiety. Deprotection of the
boronic acid moiety then affords compound v. The deprotection step preferably is accomplished by
transesterification in a biphasic mixture comprising the boronic ester compound iv, an organic boronic
acid acceptor, a lower alkanol, a Cs ¢ hydrocarbon solvent, and aqueous mineral acid. Other reagents
that can be used for deprotection of the boronic acid moiety include, without limitation, BCls, lithium

aluminium hydride and NalO,.
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[0135] In sone other enbodinents, Ais O; Rais Cl
aliphatic or -(CH2) m CH2-RB; Ral is hydrogen,

WO ¢@p25418CH2- RB, or - (CH2) m CH( R5a) - OR5b; P i sPEZUS{0®)/003602
or RC-S(O2-; Rcis -RD;, and mis O or 1. [0136] In
some ot her enbodinents, Ais 0; Rais Caliphatic; Ral
i s hydrogen, -(CH2)m CH2-RB, or -(CH2)m CH( R5a)- OR5b;
Pis RGCC(O; Rcis -RD, and mis 0 or 1. [0137] In
some ot her enbodinents, Ais O0; Rais isobutyl; Ral is

Stlpnghggen, C .6 aliphatic, C6 fluoroaliphatic,
% Ym CH2-RB, or -(CH2)m CH(R5a)-OR5b ; P is

RC-C(O)-; i -Rp and mis 0 or | .01 8]R|n yet
sone ot her Q)i,',é Allggpegouﬂag|5| obt ,Okﬁal is

aimpcibgen, yaf | CH2+m~@§-E—RB» ®
g‘°"(’€?—@’)mCH(R5af ORBb P i § REMGPO) -; R¢ i |- RD" and m

is 0 or 1. 0139‘] In still yet some ot her eﬁbodl nment s,

Ais O0; Rais isobutyl; Ral is hydrogen, vi HaC, oy
- (CH2) m CH2-RB, or (CH2)mCH(R5a) OR5b; Pis °'§b ?
RC-C(O-; Rcis -RD, and mis O or 1. [O 48&30d>T1H3N

certain enbodi ments, Ais O; Ra is isobujyl; Ral %
-CH 2-RB, and RB is phenyl; Pis RCGC(O}¢t; Reis - D, ;
and RD is 2-pyrazinyl. [0141] In other cgrtain

enbodi ments, Ais 0; Ra is isobutyl; Ral|i sP®riferentpesditons
Pis RGCC(O-; Rcis -RD;, and RDis

2, 5-dichl orophenyl. [0142] In yet other tertain CHs
enbodi rrents Ais 0; Rais isobutyl; Ral is HsC, I,,cn3

-CH(E 5b &H5a |s C 6 aI| hatl c% R5hy)i amhlydr
ri

P is|iRC N Bc:ls
nyL fr2- Jyr3, r1.di Ry - l@e@ﬂ/mesa}xeln o) Odl ﬁetS the

conmpbund! of forrrula (/) i & characteritzed'by fornul a

(1-1): (M, or a crystalline formthereof.,,[0144] In

some ot her enbodi nents, the conpound of fornula (/) is

characterized by fornula (1-15): (1 15) or a
lﬂé‘fﬂ}sfblaq"raflwéy fhérofﬁe't Hepuphing repghipuspn bereesred gy thowa irsheme 2. Thus,
arﬁlf@ﬂﬂelcﬁ@ﬁﬁuﬁo adidva I£MGW vidth ah @iidlgebup blbclifz moiety, followed by ester

d
GRS Ta (TR TR Uhepiorols cihds Henyit Rigtes not neoded. eain

diidetyhto dohmgyd vii. Coupling with compound i and boronic acid deprotection are then

accomplished as described above for Scheme 1 to afford compound v.

[0150] Compound v is reacted with the appropriate alpha-hydroxy carboxylic acid or beta-hydroxy

carboxylic acid to afford the compound of formula (I) as shown in Scheme 3.

Scheme 3:
of & oH alpha-hydroxy carboxylic acid or o g 21
“ H é beta-hydroxy carboxylic acid H H &%
N ~~°~0OH - o N N N B2
A A
' a)

[0151] The conversion of v to the compound of formula (I) can be accohplished under esterification
conditions employing approximately a molar equivalent of the alpha-hydroxy carboxylic acid or beta-
hydroxy carboxylic acid in a solvent such as ethyl acetate at a temperature of between about 40 °C
and about 80 °C. The conversion of v to the compound of formula (7) can also be accomplished as
described above employing a molar excess of the alpha-hydroxy carboxylic acid or beta-hydroxy

carboxylic acid. Examples of other suitable solvents for this conversion include, but are not limited
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[0146] The conpounds of fornula (/) can be prepared by
esterification of correspondi ng boronic acids. Such
wherons43aci d conpounds can be prepared from neCTOSR09/003602

known to one of ordinary skill in the art. See, e.g.,
Adans et. al., U S. Patent No. 5,780, 454; Pickersgill
et al., International Patent Publication WO

2005/ 097809. An exenplary synthetic route is set forth
in Schene 1 bel ow. Schene 1. [0147] Coupling of

to, %Wpy&qtyl keI\MnL Qc&&el\'&c%ﬁﬁr?& b %%t@g&gpya?ocfhrgn alalsolé %loLrQW gcetate

termna epro ectlon rovrdes conpoun 1
dusfahov(yth@ aaehydpofuam Kissansfdichisrerestiage, (lusne betang, rmﬂeyusgﬂohexane

rerk- B@lmletﬂﬂleuféle anm&m&uthe}ebmmaguo% of @RE ¥diveRt WAl %sgehafﬂmy on the

succin Sue and
SOIHIEJ{‘WSW% et Wfoxy g%wvfeﬁclﬁ‘alﬁ ge ?)P’fﬁ’f‘?é‘éf? H@‘YE% %95&39 ehy. |
terﬁ]ﬁfalur&mteﬁt)éc}' athe Owbrs()BOiCs) to tltaelmydua&yfdarrn’mmy)l will kaé)d partly on the

o [ (Fnoc). Optionally, PGis
boﬁ"%lf)o'mé)ﬁ{hgﬁ Veae%rsot%’g?" xouﬁeg{sgd not necessary. The

[OBQP%Q&nGQHQA (|>fn'go he @&Moﬁﬁh &%}mhﬁ éﬁ %9 U@@a@a@'yzp&/ b)pc{n Oanmc amine

conversi on of he carb [ic aci nnlet npoun
baqelsuqhdls éhl’lt ra)é{uin\%ltt%dneé@tlaérpneofrle@élie@fdﬁg!lqedgndlée gollldlacﬁ 2,6-lutidine, 4-

anﬂ(ﬂanuﬁb{:@iﬁd)Xd(&Lt%uWyﬂHﬂ@)V 18&h@horphdliné, Ov@ethPiperidine,

ment te [ \/
tetré'igF %vlé?aélaimgs({ I;ibl(éyg 0?4;4{] &ﬁndﬁc ?Ig?e @%%t) o Af %X%blc%c?org% 2. %]f)ctane 1,5-
diatzkbecyclaiztki!dblgdeeenad‘i N’ dvisoptopglethephing or Toixpird thgecrfe agent .
n'l:gl es of suitable peptide coupling reagents
[0353L Theleomprimdrad farmplp matlchqe? gpha-hydioppertonyligacid eplpemiydroxy

cax%o :]):c é&ldl &Y ﬁéa&h @d@fﬂh@xﬂﬁ e lgél{'em &f@a&&@&) b;ﬁgod of t1me Followmg this period

of Brﬁl élﬁﬁfl(e)%e glggglg%i) 8 é) L)Qol for(eatcpé % Elf'ng 21&*:{ tg]icomp und ()f formula (I)

whydh@xeg jphitsitesS(pdih mtnﬁgnk aasﬁeaa) pHfosploanThenhaiog ilay be apbhospiébdr may be
n

con?tf /(llfxg@ tHe2 Lgst ?If azogrnln%%%z{ %@%ﬁﬂr& &?CU )| gltnm%rgm n%li)ehstlrrac} dourm%lthls cooling

petiest ridiemaichbibe cerepof TR Eyrmula ¢h 48] alsGibmisolawdl b fhcirepctidsapixture by

co&gllé %lﬁ)q'e(y\b)t &a at@ﬁbf‘tﬁe Q)‘I\@Htp The REGbMBiixERL ﬁﬁ)ybe sE&le@tvfttQtfrgstals of
npound e coupling conditions described

‘hea‘i?H\P%”“f’SF fofrﬁléa %‘ﬂﬁf‘f‘)’h@ egfpet B‘Gﬁb‘&‘ﬂ?ﬂjs i and ii are also

e for
R g S e
bubybmehnyil ethercetity! awiaest gr atrhigmrealiciof, dsy bomdeddiing the Thing period.
Foqg\pl'ﬁ g e Gddit of Ih@ po-gglv%fn? {h@ waé/tlo'n Tk QJEHJe c&h&pfuh%r leadin g to the

transesterification In F asic m xture conmpri sing
Precipitatingof tie eoraoped Ofé‘éfﬁﬁlﬁlﬁﬁdA tgmatixgly.pefh - EH i addeethejreaction

rm@-l@lﬁ:&:ﬁﬁ En betheht@WRhinad gei\&@lle a hamégendhs Boleton C»ﬂﬁ@ﬂﬂth&oio‘vb%ﬂl teadmg to

” gueog mnera(% r ] (ﬁt}g rea ents th edwthc stals
%@%Cd" B < 3\8?8%"&‘{‘ 81“ %'He “o%cr‘ff’ MEH™ 0 eesf‘% ety

of thecbraplend il fodatat (Dlin paderad eféeat pr&Gidtionl i t hi um al uni ni um

hydri de and Nal 4. Schene 2: Ra 1 H 1 peptide coupli nfg
[035hdi ptherggbodiments, the compound of formula (Z) is isolated in substantially pure form. In

such embodiments, the purity is about 80%, about 85%, about 90%, about 91%, about 92%, about
93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99%, or about 99.5%.

[0156] In some embodiments, the compound of formula (J) is isolated in crystalline form. In some
embodiments, the compound of formula (I) is isolated in substantially crystalline form. In some other

embodiments, the compound of formula (J) is isolated in amorphous form.

[0157] The compound of formula (I) can also be generated by the co-lyophilization of compound v
and the alpha-hydroxy carboxylic acid or beta-hydroxy carboxylic acid. This is accomplished by

subjecting an aqueous solution comprising the compound of formula v and a molar excess of the
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amno blocking _j_ |_j' - P group nmoiety Ra2 H U2
deprotection a2 HA iv [0149] Alternatively, the order
wW@bB000osHIBT ng reacti ons can be reversed, as shoReT/U82009/003602
Schenme 2 Thus, an O-protected am no acid vi is first
coupl ed with an am no-group bl ocking noiety, followed
by ester hydrolysis, to formconpound vii. Optionally,
PG is H and ester hydrolysis is not needed, |eading
directly to conpound vii. Coupling wth conpound i and

alpgg égdrp‘:”@ ecgl%g%gggog{ &tbgtgghk&}m%olﬂg i gquzg)lhhézﬂﬁg pl%g'edure In some

embodimerts, ths Aol tionsaddigenallpeprygrises at“ﬁ@r-apﬁﬁw 915@11*’@‘ Examples of
su@albﬁt&@-'s&]yéjﬁsqmudgqubzﬁé(h(ét|hﬁut@c9tbde@5uth%tc@hd’l,\m€tl§hm{l ethanol, and mixtures

theg%r g Xyl i X%ﬁageﬁ%[{f%s@s fn%{f%@hgslet@g (t)rg %Hg%ﬁ% rc%rﬁépund of f(g n'?ula (I) and

theCa tddOMpHathydragy c@rtokylisatid ohtyethlgdyox ¢ eartiaaylyd acid. aci d [ 0151]
The conversion of v to the conmpound of formula (/) can

LbQ@ ﬁgggmghhghggﬂMQQanestepflcatlon condi ti ons

oyl ng approxi mately a nol ar equival ent of the

[mbp hae b.mmménmrawwb bdinpaGide thar ar@ﬁﬁ@hbﬁﬁlb%yof the proteasome The
c acigd in a solv acetate

nt
cofpBisep b e Betnieir S S Curit aregt e epice
hydialysic orpraeis degmdadony t o t he conpound of formula (/) can
al so be acconplished as described above enpl oying a
[0158] dp anetheraspech therefpse, Hiepvantion droyides agtineh{gn iphibitied qie oy more

peﬂﬁltaﬁ'aBtWijtfe@ a SreERoNY in'aQelﬁ@bﬂpr@ﬁ@ At R8n S ceNlihkich proteasome
uitabl e solvents for this conversion iInclude,

mrhlmloq 15 f‘ﬁst‘?é’di’ 8\ CHEIPWF d?sgr&&elpvr.m 105 R B%maCS%té:Pl&rﬁéce%ta%Ie salt boronic
estaC 6t toRinicracidaphyarideahdazdft et r ahydr of ur an, ani sol e,

i sopropyl acetate, dinethoxyethane, tetrahydrofuran
(0160 Xhe myerdipr dsacpromides h snathod fopinhibitieg cdllapelderetion, comprising contacting a

celﬁrﬁltméh'sﬁ%clhlﬁﬂﬁmg@esu&ﬁ('lth MWLWBMJ]beQBQQiE Tﬁélﬁlnrase "inhibiting cell

m xtures thereof he choi ce of he solvent wl
prolifsasion” s apeditqdeapre thﬁ éb‘B'dloﬁqunPﬂoy“dd’ff the frerentjop Fpamhylafeawmber or
cell grrohemy kéracRE célis 84 cohphrad l&)églls%ycoﬁﬁét&mﬁw thsma;@m ms @dessment of
J ]% erature, elecged }or t he 8onver3|on of $1'th
cell RGHEGHLIIRB° BRdcb RINRE (o' Usyeiice e BT B3 PR vk cqlidsbitty.
e.go@n lMFigorMSWssayf Wﬂlhxe teakNsent in @ solgl@rarein(e.giaxblid temerse drgan), such

Ea%%s%g]]:nt-gg&llg Jtl%ﬁ 0 bgfmaHe %'r éagﬁmg &%&Wﬂagf wttfl)r: ér? and

y an gani ¢ am ne e SUC
commnnﬂéhe Sizp A ttlwovfb of fanaé%gﬂ"amtmon qontia‘éfdmyll%nedu am ne

[Ofﬁ)ihlé’?gﬁgf?%hct:q%g%ﬂ% Elf Cﬁlés Coaificttide\}'l{hﬁhﬁ lglp Bw Ixsd'Ftﬁrged by at least about 50%
as compaeddhny rowthph odni-daetactéd deid. iy bpiopednbddif@nts, cell proliferation of contacted
cells is inhibited by at least about 75%, at least about 90%, or at least about 95% as compared to non-
contacted cells. In some embodiments, the phrase "inhibiting cell proliferation” includes a reduction
in the number of contacted cells, as compared to non-contacted cells. Thus, a proteasome inhibitor
that inhibits cell proliferation in a contacted cell may induce the contacted cell to undergo growth
retardation, to undergo growth arrest, to undergo programmed cell death (i.e., apoptosis), or to

undergo necrotic cell death.

[0162] In another aspect, the invention provides a pharmaceutical composition comprising a
compound of formula (), or a pharmaceutically acceptable sait thereof, and a pharmaceutically

acceptable carrier.

[0163] In some embodiments, the composition also comprises the free alpha-hydroxy carboxylic

acid or a salt thereof or the beta-hydroxy carboxylic acid or a salt thereof. In such embodiments, the
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t et ramet hyl guani di ne, di azabi cycl o[ 5. 4. 0] undec- 7- ene
(DBU), |, 4-diazabicyclo[2.2.2]octane, 1, 5-

waele@z2abi7’eycl e[ 4. 3. 0] non-5-ene, N, N PCT/US2009/003602
"diisopropylethylam ne, or a mxture thereof. [0153]
The conpound of fornmula v and the al pha-hydroxy
carboxylic acid or beta-hydroxy carboxylic acid are
heat ed together in the solvent of choice for a period
of time. Following this period of tine, the reaction

al‘ma ler-)}dlrogy &a?bo%'lkcod\éﬁ%r b Qalt(fl%%of I)r%reta I}]'H)r%{)i &9009 llctal:l%r éfjgaﬁi thereof and

he “conpound formula (/) reci pitates
th‘%:%’(H}PPW@ of éorra'dﬁ F’é%rts e&se’aymfamohr swp &ﬁgma’ﬁemebfwr hy q%aty 25l In
vaH&%QﬁleSdPﬂnér@ﬁ the E\lpﬁﬂyydbﬁy @«'QEHXS'IQZI dcRGr PYaldtRgeot Sﬁ)eﬂfhy&oxy carboxylic
c00 ara acti m xt ur.e

ed
Sl P o) AR SOl G B b eEn: o abou 21 0
abo@ 2@ Ui maibodtd f:intd @o(t/8): 1 cariroal dboutBe: 1 tsabo@tded. f r om t he
reaction m xture by cooling foll owed by evaporation of
[01644¢ solfgeharmacEpticallyeagedpiable saif oftthercempenpd bthsimeahtion inptilized in these

coﬁ-ﬁ;bfs@ﬁoﬂ& $heQhit ﬁr@l%ragﬁ RRRHR 1R Jn(?rw&élni% o( (l)rkadldqacfarog gz{‘se t1"12)r rev1ews of
fect precipitation,

SRt e - oo e et (91 05 PSSR AR Y B e and
Pra@ict brhiniaed, 294h Bat, B A, Geinbipl Lipgiedod (Ve ]liatk &SWiikixs, 2000.

t hereof, may be added during the cooling period.
[0Fsl | owNergdintitmg eaduiil¢siopsuitalfle ddirbaddivios sty mplude thdioligvaag ieore,

adrﬂal)ét alilén%tec erﬂaljt)a?e B&Q&a@éﬂ bécn%n% @Lﬁfon&@ %th@ge Elgyxtaig &itrate, camphorate,

precipitation of the conpound formula” (/ L
camp'ecéﬁﬂ%ﬂ?t?»évslopewﬁ&ewelﬁ@at% éugglewr\?@rﬂod?cylsﬁ&&eef anegyifonate, fumarate,

luéoBéidnb e grpc&bﬂig@h?agﬁhRamt@ BepfRadi dex@ﬁtﬁleﬂh)fdﬂ)cﬂ&ﬂﬁr Bd®bromide,
u

hano then co
e o e R e St
nigodiaas¢, iovataterparhaatee partiate) pergudfete Scphanytl-propioyse, alcsateof)wztlhea propionate,

susmomgte%méﬁ;{%l@é Dond ol L0 ef T ect

precipitation I'n er enbodi nents, the
[omﬁmousndtasaé bss@ 5&&&&0@ sz(ltl)nclu@e Iwi@bATiglation, mxumtansamm metal

ggre orm In such enbodiments, the purity is about

4ch aysitmes }b“mél‘B‘?)EﬂtaS%@/Vqsa"é’c?&?{‘“Qﬁ% meplsats isgs Cé‘ﬁ‘a{i‘ta“d
m&38Gunadang) bthOrdigltiaat ihet 5Ues, sahoastzm%e%s salsouith dPeAc basbg biich as
dng rsrlg%%lygr?uux{e 1\9 90/%%]0]5 éﬁl?é)nl'ijl%e 98 t)ﬁ% %ﬂﬁglg%ef;ipr{ﬁgg :&E%qolaapien&, and

chphlec:armala with n@mro@mrh sucmasmneehbo@ aresotferth. t he conpound
of formula (J) is isolated in substantially
(0847} stha rarmp nharreAcerticaly agisprableearTés i Hise Berpip i fgfer oanaterial that is

oﬁ’@ﬁfﬂﬂﬂlﬁdmha(}famlﬁl&ﬁ Babjeat, f)sflﬂe;alb@ alrm{@g @brd ;nefaxlrmppgm {nafigBuitable
e .COo oun 0 ornuj a . Can al so.Dbe

rof b e Ao RS e PYBSLAE M0t BN BRE AR ARG e aghpt The
totitiey @lase Hﬁdtsokynycasdw)ey Iwiith thecargiergrrefirattlparh yotnmoayurate with a
re&@ﬁa%M%M&,rﬁ%% forthd ftchdd AGCP IRLLRPE %npy subj ecting an

aqueous sol ution conprising the conpound of fornula v

[omqi a mt&;nseemess ‘Qiplehed} p«@ﬂcnbmmwme‘e%mwy HereftC bl include
bet a- hydr oxy carboxyllc acid to a lyophilization

or
any ekl pikedisried et dapiariides. dipersion RN A face active
aganile]ipHinwdiletsyis@ HIPLge R $hickeniad @TemiisFEihdAgents, Qres@laiedi] solid binders,

lulIJEr)l(c%r“P An%%heqfke, as suited to the particular dosage form desired. Remington: The Science and
Practice of Pharmacy, 20th Ed., ed. A. Gennaro, Lippincott Williams & Wilkins, 2000 discloses
various carriers used in formulating pharmaceutically acceptable compositions and known techniques
for the preparation thereof. Strickley, Pharmaceutical Research, 21(2) 201-230 (2004) reviews
pharmaceutically acceptable excipients used in commercial products to solubilize compounds for oral

or parenteral administration. Except insofar as any conventional carrier medium is incompatible with
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sui tabl e co-solvents include, but are not limted to,
tert-butyl al cohol, nethanol, ethanol, and m xtures

W0 b@padf737 The co-1yophilization results in a PCT/US2009/003602
conposition that contains the conpound of fornula (/)
and the excess al pha-hydroxy carboxylic acid or
bet a- hydr oxy carboxylic acid. Uses, Fornulation, and
Adm ni stration [0158] The present invention provides
conmpounds that are potent inhibitors of the

thpgd?rtp@@rﬂg) Bthe 1Ib§lt19rp SRA Hﬁgspr&ﬁan?%y%%lyﬁﬁe Hl(noé{éaﬁ &R ctr otherwise
invivo for their ability to inh

inSREINS AL HIREITHONT BEnDEF ‘w@m a'éefﬁg)w%w@? of thr Phaymseutigplly acceptable

cod@@i‘ltaﬂaﬁsl uSdlis c@&’lﬁﬁdted {0 bs’:lﬂﬁﬂui'lﬂié so@ﬁ@ﬁ@ﬂils 1nt/fh\661€f561h€exaﬁlbl€s of
nt |lc%n rovi L.biting one

m%ena S. W el eca a%e \ie \'71|s Iaérgacetftlc l’”‘.)), SchPtg%lg Saﬁgers ﬂdg‘g’c%‘ft |are n(r)t llrmteg to, ion
exclonpers, glumgachmiimot steagata lec@iin, s¢rmm\phitaids, priodsdasa@nserum albumin,

bulffgmupst;;nkéglguéhsas ﬁﬂa&‘zg CWO&EF:F‘ ﬁg@%%&ggﬁ%ﬁ%{d% inum r%/droxxde

herel n, or rmaceuti ca ccept l'e sa oro
nge?Ofb'%qcldb%er?ﬁF%““aiqﬂ?ﬁ“eaPﬁﬁW elyeraide mixpusesfof saquuagijegershie faty acids,

wdt&V@Pdgb@ﬂeeﬂllzﬁ& dart@weri&solﬁesrmdhm grofaaﬁnel sﬁnhaltéo uisM\gn ﬁﬁkdgen
a ce

l'iferatian, ont
P PO R PATPer UMt pronse it sulud i
mippesdimtrisiliteee, pélyasd p9r'mmldortel polyagrylaes, lwapesopol e ety labd-galyoxypopylene-
bl&%%gl Ingrsq’@cﬁp}aﬁ ligaxgls&kﬂlals Fthe c%secmgéjﬁ{;h xggnn \Ié‘ starches such as com

|nvet|ont0|n tce .nu er or
steghying eetatel stareh.|celludese ansiis dprbvatives sush by sodigetca @méwlecdllulose ethyl

ceMlBJ@ aﬁd’@llhlﬁd’é'a@t&t@ bowd@%dﬁﬁ@@&ﬁmtt ééfanﬁ) QA](I: exc1p1ents such as cocoa
S usin

i feration can ountin
s gAY Sar ST A of Sty S g o, oive
oileoriviiTandrsoyBEah @lsgigaols sWhes @robilalecgglcblsindip@ydtﬂyleae gl9dol, @sters such as
ety gl\égtpan(i% hgl l]aurgte Sa%!lr %fn}fl n?& iPlon2's8 %Q) negseyscsalu?%n alcohols such as

SSQSSITEH er ‘at1 on can
ethppelsiseprapy! itl%éolgheemlewl algohy!, andglychrog; g¥dlqslextsins sams hydroxypropyl B-

cySIRIR AN R@sulBuALES Bnyclsmmg rlmghtsosfucmg%ﬁ% ﬁqrymhfké and
W th non-contacted cell [0161] Preferably,

th
YFPEHThFa BF OV EGHEEY HS WL 1 ARSI F<DRet gptamg Coloring agents,
rel‘e&ir@l‘ag@d; it aglar&@S\tlee&bﬂthﬂaﬁQﬂ@ ard peeipmE Qgﬁnfsoprgséﬁﬂﬁvhs and
co nt Ct e
an?oxnﬁi1 é?na'({l : on re]senglg I’% € coing%i;mon cordS fing tgﬁ‘%ﬂlbcg?)ga oB?; gf‘mulator
St
[Oi@g}o asﬁ%o erZigeﬁlca"flLonllp%Qﬁéns @ptﬂy[gvc%gf)/f? cal rbfi: ﬂ’)tdnljfﬁtﬂﬁéd b? %Hltods well

ared to noncontacte
knayp ﬁ'dl’%*ﬁ?ﬁlsh aspﬁ@eﬁmngwnulptmg, rmxtnlgrfbssgléqng encapsulatmg, lyophilizing, or

enflsPlyink Broadséed, rhmoh@@théiﬂ BSondofi@shy ﬁiay Bprbducdde vin)U@@Fmsofncludmg

tacted ce S CO red t act e [ls
Sl P P i, ARt e R g ip o spay dried
poprderk.iafmerphdus powidlens, eable B dapsutee dyrog Ishppo@priesnialisciéont, Rewlsions, elixirs,

su Q&@&ngmggk to undergo growth retardation, to
ergo grow h arrest, to undergo programed cel

[Ogﬂﬁt E Abcofdin g t@QBﬁ?e%d éﬁbodﬂ{entt, e H&%Eig&s REGIsAVeftich &lel formulated

for pemrma'ceutical administration to a mammal, preferably a human being. Such pharmaceutical
compositions of the present invention may be administered orally, parenterally, by inhalation spray,
topically, rectally, nasally, buccally, vaginally or via an implanted reservoir. The term "parenteral” as
used herein includes subcutaneous, intravenous, intramuscular, intra-articular, intra-synovial,
intrasternal, intrathecal, intrahepatic, intralesional and intracranial injection or infusion techniques.
Preferably, the compositions are administered orally, intravenously, or subcutaneously. The

formulations of the invention may be designed to be short-acting, fast-releasing, or long-acting. Still
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[0162] In another aspect, the invention provides a

phar maceuti cal conposition conprising a conpound of
wo eooanb€137/), or a pharnmaceutical ly accept abl ePGHIS2009/003602

thereof, and a pharnaceutically acceptable carrier.

[0163] In sone enbodi nents, the conposition al so

conprises the free al pha-hydroxy carboxylic acid or a

salt thereof or the beta-hydroxy carboxylic acid or a

salt thereof. In such enbodi nents, theal pha- hydroxy
furgg{ @O OU{R% cgtgt:)e dglgnlsgerezig{\ b lot:ﬂ g{tlgeg a %Yé@l%il Z}n%)ésﬁ%ugﬁ% Cfadm];mstratlon
®€cﬁmmFﬁKT)§a&W@fﬁﬁesent in a nolar ratio ranging from

2:1 to_about 200:1. In various enbodi nents, the

l01£|1bﬁaqurﬂﬂ&?3§%§9%foberﬁmdm Sifatiqp ipgludg, bubare nqt faytedyp, Rﬁﬁrmaceunca“y
acdepiable ayi@lmxymmakmmyhsl, s’bllﬂxﬁhsds@ﬁenﬁorﬁaﬂyt'upﬁ hireaafs. MRddifidiRo the
o R IRRHR b LU B PSR RDL gl b e
as,dreuam8O whter grrotifer mlneatb,@g}pbl@ﬁngl_agt:MS a@idemulsh@rs uch[adiy plcohol,
1so|pIop? aRUﬁ’J] r@n@%ﬁ}ﬂogﬁé Ie %'la«ﬁ&ﬁptbé&lyﬁal‘%e!)lt begiyl B&Qoa@eo HEB{?}#JLQ glycol,

he i nvention is u l'ized se conp osit
Lhheylangietyoqlr fledeabsing dircthydpimpgviries ?‘BW@W‘?%r@ﬁWS@d&TOU"d““‘
cof@ §af] dlivélChsthr Qihd Bast: ouEp Blydeedl ] t@ihydéfuSitty tadl3h&, poBkih§lene glycols

et .al., J. Pharm. Sci. 66:1-19 977) ..
and i D RS e BB GRG, Br de r pia lay pbsicons
car?g$chindhgtle adJBVﬁUtSAUCh@S weiEnageits, ppulisi€ytg an\sdspénglimg agnts, sweetening,
fhwﬁhgkgggﬂggggg acbfd65] Nonlimting exanples of suitable

acl Ition alts i nclude the foll ow ng: acetate,

[08d) PAdRablePrdphidddns, foﬁ&ﬂﬂﬁlé Aefle iHRBBRAGR LS G]%?{lk%us suspensions may
but citrate, at e,

ul fonate, Dbisulf
be% 3 ac§a’idf"§ hoatp% oazv)l) at Bﬁé“l 5%)éepqlﬂ>ﬁlislaﬁ 8{ \§ettmg agents and suspending
agmtgﬁhmmaile]ﬁctdﬂnj;ﬁqy&aﬂbﬂ ihat aso be t arnie sjdcfabla adlatjon, suspension or
enﬁl a’cit &‘g:tn eeﬁﬁlg Iggc’?é%@%?%gmﬁe fé’%%a’igp p glg aats% s?lutlon dn 1,3-butanediol.
Arhgyd é thsiaeasnickle vehwqg ] s@bfpr&ethatznambel coNysd aeer e Rivaocs selution,

U.b 2ChaisBronidBddaah EnlorliB tdIRRESH laécﬁ)tﬂﬁt $erile, fixed oils are conventlonally
2- nafhtha enesul fopate, nicotinate, oxal ate, panpate

employed 43 a5y enheirsutperditeamedinmy ianibis Pyspash ity iand fixgshoflican e employed

mcﬂlld%@s;’ﬁtl&:nc ﬁfo@cploemgly&,ndésumelﬂdlﬁdrﬁfatty &ﬁdsrsaéheas oleic acid are used in the
decan

preigaratlo%og& cgibles i ectgble orralldzﬂlons (iaﬂ %ter lszcp 3‘ Glam%'le byafqtratlon

'on sa ine
thravgharbacienab getaimng faiek at by inermratiggitergdizing agﬁntsalsthb farthiofisgrile solid

co%Q&ith @Q@L &QB@&%HEH &%ksbésed% Afé”lé Qﬁer%@f)ttng]‘ S{Eﬁfezﬁjuectable medium

sal ts, such as cal ci um and 9ne3|un1sa ts; ot
PrRL{P ey Slommesitipat formuajed for paggteral adimipistrasion mpy ke ‘“Jé‘é‘fdttéf bolus

injedtioh oWy Jiiet ush A &%y bs atkiniateredibycasalibaxytuasd. ne,
N- et hyl - D- gl ucam ne, r-butyl am ne, ethyl ene di am ne,
[0B5Bh&nkid dusage dorma figl ochalniim@rati@noclsdelchisuled, tahlegnpilisopaeaied sand

gra?'nHl%p Irﬁ%ﬁﬁgo%h GJ)SQ?&' foln?/ Sthggc’uvea(g)&gglﬁ'ne oxl;ntxpd wIth,Oal % t o;l_agert

armaceu ly accep carrier” is us
phwewequwatlbaqceﬁ&*e exeipigntentastiar sich ahsetiuingittatrps dichlph@ phgsplipte and/or

a) ﬁllJr@&'th'eﬁd%Fs s@dhk §Giches AEESsE AR e, RudTBBTBRIcoseMErfitol, and silicic acid,

gre erably a human, and is suitable
b) binders suchas for example, carboxymethylcellulose, algmates gelatin, polyvinylpyrrolidinone,

sucrose, and acacia, ¢) humectants such as glycerol, d) disintegrating agents such as agar--agar,
calcium carbonate, potato or tapioca starch, alginic acid, certain silicates, crospovidone, cellulose,
croscaramellose sodium, sodium starch glycolate, and sodium carbonate, e) solution retarding agents
such as paraffin, f) absorption accelerators such as quaternary ammonium compounds, g) wetting
agents such as, for example, cetyl alcohol and glycerol monostearate, h) absorbents such as kaolin and

bentonite clay, and i) lubricants such as talc, calcium stearate, magnesium stearate, sodium stearyl
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for delivering an active agent to the target site
W thout termnating the activity of the agent. The
W 0095477 or adverse effects, if any, associ atBdI/vb1009/003602
the carrier preferably are conmensurate with a
reasonabl e risk/benefit ratio for the intended use of
the active agent. [0168] The terns "carrier”
"excipient" or "vehicle" are used interchangeably
herein, and include any and all solvents, diluents,

furdtste Qteaﬁ‘(,r ackd Sl goly&lhvl&lls §§col§j k&ﬂﬁﬁ ﬁb@f‘suﬁgte SHRRSIMRhARe, and
surface actjive ag fiers, 'isotonic

ai ds,
mixtyten hereot. I e qu‘apa?'esem'r&@ F"F‘{/JF? Vfgthag%mesform may also comprise
buffér@papanttsushes ph@phated obdattdedis, | ubricants and the |ike,
as suited to the particul ar dosage form desired.
[0R1riSetid ompositiens 8C4 wmibe tyan @aPalm:ltei emplooéd delfidlersmcsyft aRi0tahd-filled
ge Orbcap ﬁg ﬁ@ﬂ]mrp%ms Iaé QQB&@Q)PMlk dd ?Jgﬁ’ ]gs&h %ﬁ{ﬁn&&ﬂﬁt weight

sSes vari ous carriers U
Pobhtavlﬁwéxms ez the/likec Besplitrlogage o ef tehleh dragase craseiah pils, and
grinﬁ@béﬁn%@ Qr;é ir&f with®atig € alsrdils gtﬂ:h g%ﬁﬁiﬁtoan%gﬂ@ Kth&)éoatmgs well
Fnaceutl ca revi ews
kP EE 1% X TQRITE D1 B GeY BB B bing sgets and can
also benier @nmbsntmnol@um_t)sr_ete@se stel actbie lingzealien sy poly g prefeddntidilyain a certain
paxq of lﬂ@[nﬁi@t’ix%f gﬁm&lﬁ{ysiﬁ‘xr 3&1&;‘%‘8 maﬁ)?x%g %}(tclmg]gssﬁ Cdﬁﬁlﬁ @%osmons that

conventi ona rumis I nco

ca@%‘rs%wasdedﬂplmec fuRgaaesi apfh wa@acﬂqh%gowsnmr@ ata:ﬁlrn@armwymay also
beléﬁhgﬁ@édraﬁhh&s lw s6tt @i el iRk gﬁmn c@psull !;Lerrg\%&%xélmrﬁg AG4ctddor milk

t f
R Wi s “@g{‘v‘?{}ﬂ? adeinpBtatiaek ?2‘n’°”.et”s‘ﬁle°
[Oi‘ﬁb%ntac%npc?d%undts gan a?slo\‘yle n r?JQrotchealpg’u?qu%efor wi h 0618 or rg(érF sxcxplents as

noed absiye. T sddidtdosagad foynsazf tablstsadrhgsess papsilesy glls, msiI anaheles ¢ be prepared

w1ﬁ‘lrc%atn@§ arldisha1t Sdn BQente'nQ Qoaﬁ?fﬁh@fé% E:éntroﬁing' maﬂﬁgs a@d Mﬂgr Qéhtthgs well
stearate, |ecithi serum proteins, such as huma

kngwh {rifenPBRRFFtica) Ewm@?tmgaﬁs‘f* strh adiddgsage éogmb%%h%w@wnd may be
adfiXled GitR b9 ast dﬁ&@ﬁﬁ gilugnn shc}hdi% @l)elrdie 1&Re & staFoh8Hdh dosage forms may also

o5 G b el o b B B e B
lutfratarttyandcnhdst?blm’g @ids suply nmnesfuneﬂeavm ad migadrtsgllioe cellulose. In the

callof ‘E&p&&!:sy Iaﬁéts SHCIMIsOfe BYsQFPHH ?rﬁ§ gﬂrs% ?Jnﬁns«ﬂiuﬁ?x‘?rlg%g%ms They may

ydrogen pho te, potassium
OPLORAINFAPEN e HENE 26dvis 224 596 s b of A OBPRSSIo A1t BeY Fledee the active

in g}&g&l HES) dali, %rr ﬂr&ér&dtl@ﬂiﬁ & a deAdiy Hdrﬂ)f |theﬂNtEJtlﬂ$l |trd&,rl$tionally, in a delayed
(0] Ccr a S Xes .. . .

By BB e s P SR Py s sposagges and

WaER alnsoxgue)ﬂ)oasneha,ahmelplegk ooesiers nsydrohele, butangnot limited to sodium

steq@pﬂl Itcea?lf&?rﬁgﬁﬁceﬁlﬁgl 1D gsglrnpstg‘a;aqg %‘B Sp%()lﬂ r{%oétl‘wlc llulose talc, and

starc 0s€e an derivat i ves as so
S"@&PBGWWEISWWC&%!UIOQH ose, ethyl cellul ose and cell uI ose
acet ate, powdered tragacanth; malt, gelatin, talc,

[OLA6L iDsysagh frms fRe fppical o BE‘E%FY‘Bﬂtaf"@’r“'SHﬁ‘d’"é’ﬁbﬁlﬁ‘?Pt"@r@ thjgRyeation
1n<0|llde$n‘$ruﬁiﬂ; Mteﬂe&ﬂrﬁi l(ﬂbrhs, g&@bdvﬂﬁﬁ‘s%ﬂm@nﬁsl spray&fifhbl@ak¥e6r patches. The

actlYe cgmponerqt 1% %dongxed arrlc!oer i/?r é%congllt % aYnth 6? rPhal_Ipn(%‘fCUté(iaﬁXI?cé?’Péa%le chrrier and
ang hgedoi preseytteesorduffirs &gnaytbh yequindde@phehadmid fc&tnhlyﬂlonl, aufdmpseand eye
dr@;g Her a]s@lc&lt%ﬁatﬁﬁ% gem ﬁlﬂ‘ltnptm: gcoﬁé%f'tﬂ?mvﬁ’u&g %ddlﬁondly the present

sol ution
invention contemplates the use of transdermal patches, which have the added advantage of providing

controlled delivery of a compound to the body. Such dosage forms can be made by dissolving or

dispensing the compound in the proper medium. Absorption enhancers can also be used to increase
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et hanol , isopropyl al cohol, hexadecyl al cohol, and

gl ycerol, cycl odextrins such as hydroxypropyl b-
w@ywbosigstri n and sul f obutyl et her b-cycl odext rPEI/US2009/003602

| ubricants such as sodium |l auryl sulfate and magnesi um

stearate, petroleum hydrocarbons such as m neral oi

and petrolatum Col oring agents, releasing agents,

coati ng agents, sweetening, flavoring and perfum ng

agents, preservatives and anti oxi dants can also be
th@ﬁ@@&% cbﬂp&h@a&&m&’%ﬁ 'T*RE‘ rateac%.‘r‘ EJ Qe By & ?r BroRETE aee

e fornmulator. [0169] £ armaceut] ca

coe%cr‘rwsmetmbmg oy "c‘f’ﬁ%‘s'r’&% mmmn ia 4 PRlmerPA X 8elr ed by

0 ihods melldkno in the art such as conventiona

[ 59% G TS SRPOLIFRERLS (g Pregyns B FiPH Brovidss PAp R agediGahgmpositions
compoi thé Gintpgundar foeruth &, fayd znigmpﬁ;ﬂ) %ﬁﬁdﬁt‘s des’:tﬂ'ﬂd’dlglex@tnh & me other
emlgggﬁm%%ls }Ileoprlléc‘éexga r?(/elgf%n E rovngl Iacgeélxg‘lo? osxttlon& C(fdéﬂnémg the compound
of feyweiar(H). amMﬂquahg(CfpreeE zlescullvedéeremr bt yat sprd jofhetknpodigpnta yhe
pr&Eﬁt@r@eﬂ%%ﬁ;vﬁies ;ﬁi%{a%%ﬁ’ c@ﬂ)@gﬁ&r% coﬁliﬁ'mngiiﬁ coﬁ@(ﬂlﬁ&'hﬁ&mula () or

E% ositories, injections, emulsions, elixirs
a §E%H§P%ﬁ “%ng%Fﬁ?ﬁBﬁgﬂmP0170] Accordlng to a

e r r osi t.i on ..
[Op'/r fﬁr en’ﬁl)‘b c? ?ngntsn{h g{eéeént Tn oern rh]gf)%eé 8Eattfnac§‘1tlcal compositions
Coanimlm t9¢ siwdte eer bixompormitBl]- Dpargfaddiadyialexeipiantsdescrived hgein. In
otl%lJ ﬁJ&hB@%B‘B&@M% ke gl' S&lpﬂp&ﬁbl}- %'Q\riées gfnantng@utﬂ:glec%ﬁxpgsllqons cog'lpnsm g

I nventi on ma m ni st ered or al , arente
the ¢{tsaie epter eﬁfogﬁ?la*gi (VRbED caaf P@ﬂmqn@@rcawrys epraibed egein. I further

entbd@ighh, Yhe preaéHt nﬂlaﬂtﬁén Movnﬂés@h%aéeﬂ@daﬂé&r@l gsuﬁcﬂ§ &fn‘{ﬁl‘slﬁg thd Biftate ester
pa as use rejn includes

o T R S0 e PP amuscul ar
intra-articular, intcCa- mnOV|aI lnDHasternaI,
i ntrathecal, i ntrahedat i}, | esp onal and
intracranial inj ect or an | o\l{t é@ﬂ"lnl ques.
Preferably, the cong tidhs @e 3 istered orally,
i ntravenously, or su«cutaneously The formul ati ons of
the invention may becﬂe5|gned to be short-acting,
fast-rel easing, or long-actyngy) Stillfurther,
conmpounds can be adm nistered in a | ocal rather than
system ¢ neans, such as admnistration (e g , by
injection) at a tunor site [0171] Liquid dosage forns
for oral adm nistration incluggEybut are not limted
to, pharmaceutically acceptab Bmul si ons,
m croemul si ons, solutiong, sySPEnsi S, Syrups and
elixirs In addition o tjfje gctille conpounds, the
li quid dosage for nmeNay”Cogt ahnNnad?toigi | uent s
commonly used in t b alt ddichlas, 2for, exanpl e, water
or other solvents, s®lubilizing ag s and emulsifiers
such as ethyl al cohol, isopropyl altohol, ethyl
carbonate, ethyl acetate, benzyl al cohol, benzyl
benzoate, propylene egcoIO”ﬂVEDbutylene gl ycol ,
cycl odext pns, dinethylformam de, oils (in partlcular,
cottonseed, groundnut, com germ olive, castor, and
sesane oils), glycerol, tetrahydrofurfuryl alcohol,
pol yet hyl ene gl ycol s

-34-



and fatty acid esters of sorbitan, and m xtures
thereof. Besides inert diluents, the oral conpositions
W@ 2945487 i ncl ude adj uvants such as wetting ageeit/§$2009/003602
enmul si fying and suspendi ng agents, sweeteni ng,
flavoring, and perfum ng agents [0172] Injectable
preparations, for exanple, sterile injectable aqueous
or ol eagi nous suspensions may be fornul ated accordi ng
to the known art using suitable dispersing or wetting
agents and suspendi ng agent ;dhe, sterile injectable
preparati on nmay g be a sherig’e injeqglabl e sol ution,
suspensi on or e on Nn 4| parlent raléy accept abl e
di l uent or sol vents axaniNe, Y@as e sWtion in
1, 3- but anedi ol Anpng t ehccdpt apj e wehicl es and
sol vents that nmay be enpl oyed are ma?BrTCRinger's
solution, US P and isotonic sodi um chl opde sol ution
In addition, sterile, fixeﬂv L % are conventionally
enpl oyed as a solvent or s @ endi ng medi um For this
[0%& Hﬁ?@h%?%%ggs ftﬂé)i)?ﬁQenQInkfﬁggp?rg%d g d) {rn%ceuncfaniO{nposnp s
coatprldsg theiedmpgunddl-&), er %Fcysai"mp éormahegeof. rintswéngftetpqrealbmbrnems the

pr&knt lﬂeﬁfbtn %QJV%@S ];Haﬁna'cain@cﬁ E@‘K}J0§H$FQ Q&Hﬁxﬁtﬂg%oﬁa&n@ 8-15), ora
sterilized, I tration throug

for

cr B N Dot o LG PR er GFOCK et O i o provides

phain@icdutita béraposig@istcemprisinglte chmpsand {1-18),@F h tr@stAel fokm thereof.
conposi tions which can be dissolved or dispersed in

[0£80¢ r Thie éollpaving [desoriptipn eEphagpageuticad comgosio brastahé mathelis tienpparation of

sah%hhi%ﬁcegﬁm’&?dpké %%axfe%lm!éb@étg%e c%% ﬂ&seo@k%ﬁ‘lhs (D), (D, (1D, (),
mnistration may “b(éj ol us I nject

(TR o { ¥R @ndh\asipus embowsfn tf&%ﬁom%%s@f gcribpd basgie ﬂlﬁé@l@wmg
dekdﬂfpti&d i8] @he[n@:ﬂcz&]caﬁ@hipﬁkltd)ﬁ§ﬁ@ @nefHofdr ﬁr&fara@ﬁﬂ)f said pharmaceutical

d t I | et [
copBrE o Atrgp s roneh en A %GB or e, ¢ he
[0?%2 It %ne e‘i’f%& @1‘;{ tlh§ gﬂﬂ%ﬁ%%l%&n@o&nk? &%pn?& ?he ch%%ouhd of fﬂrmula n,

maceut| ca e excl prent or carri
wlmr,fnstbel Fampopid of éctr@ubﬂ) eﬁ selzsraeilalnlmcryhtel@pﬁ dp encgheei¢rofpodient, the

coiﬂpb&n%fo‘éfo%ulﬁm r%mﬂeﬁh&nﬁb&hcaﬁ&n%ﬁﬁ&h?&,1eaLt<%E$u@§5% 96%, 97%, 98%,
| ul ose, sucros ﬁrg , mannitol, and si
S,

993{; |9%.5%b39 ggf ?]fdié:pgtagw& In )quno@gmpcamem the compom?ndcc:)f formula (I) in
meﬂmbﬁxynEﬂhmhmshbmka&qmmmhgmnﬁtes, gel atin,

pol yvi nyl pyrrohdi none, sucrose, and acacia, c)
[OK&2irelo se@met egnbodiganta shegihyroeeeptical ymulatonyxfdyriatentig pagel sigble solid
orf U6 the @R AR e AE BEmpRfd, 6} W GRERONS Sing H}RJ @Eté} oP {ow-moisture content,

t apl oca starch, alglnlc acld, certain silicates,
anémgﬁwwrepo%@g BT nON-eRus EHElatAn PRSP Ss e sodi um

i.um st col at e, d sodi.um car bonat e,
“’i‘gﬁ P OB 85 H'F%r %5 P*ﬁ‘ﬁ%ﬁf‘é‘“@ ﬁ%’ﬂp"é%""b'éla&f“ﬁ‘f a"‘?afe“"za‘ dosage form,
seabtsd)frpm theigraap c@kistirggtod Lapsigascihblas pijlsloetdraayd granieni irmother
er%bgtmﬂ%m’]{d %%haﬁ%%éugpg 8(25?%6r}5r?1r10|§] gg élgc? gﬂth]::rgm tfexc‘fél "ste ?sba epo{ymer
baswccnpsals; Sﬂmﬂdifwnah@grbwmtmeofcgelayn hm@(ypyopylubﬂwl@alhﬂcge (HPMO),

ﬁs'algelamaanot;ﬁh&aan qalyé}'ahﬁfl‘né Lasaheas, tHE?:QlQI%%r’ 5&5@&5&@1& &lsBlected from the
sodi um st ear umar at e, st eari ¢ aci d

B GETHD S JEUmarociageR BFRYEE becs 4 Tt angihrcpgsiment, he
pddeite Bak@cap@idis a hard gelatin capsule.

[0184] In one embodiment, the pharmaceutical composition comprises the compound of formula (),
or a crystalline form thereof, a filler, and optionally a lubricant. In another embodiment, the
pharmaceutical composition comprises about 0.2% to about 3% of the compound of formula (I), or a

crystalline form thereof; about 97% to about 99.8% of a filler; and optionally up to about 1.5% of a
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m xtures thereof. In the case of capsules, tablets and
pills, the dosage formmay al so conprise buffering
wao@atts473uch as phosphates or carbonates. [ 017B(T/8810021003602

conpositions of a simlar type may al so be enpl oyed as
fillers in soft and hard-filled gelatin capsul es using
such excipients as lactose or mlk sugar as well as

hi gh nol ecul ar wei ght pol yet hyl ene gl ycols and the

i ke. The solid dosage forns of tablets, dragees,

lutSr R UIn§ % anBinkd eﬁ‘nbo&ﬂlgm,gﬁ@ﬂfd}rﬁéeu@l@@ c@fﬁpc,@.&,&p&rnﬁ,qse%ﬁont 0.25% to
coati ngs and | s such as enteric coating nd

abpyy 24 94 %munﬂ ﬁfcfﬁﬁ‘i"ul'arf’)t @ cpriafling famihereaf: alfdoarbﬁ‘ﬂ |9§‘i’o|t91ﬁ>°m
99a5%.of A i@st. may optionally contai n opacifying agents and

can al so be of a conposition that they rel ease the
[0E851 iTw enottegera@dierny &) ploahaceutionl cpmpds@ioe fitriher dogprisesianabptional flow-
aic %f&a% Bt durif IAE%@ aaomeﬁaﬁsoaﬁl n‘BE g.ggﬁarm%%s#%m%}xysnmh Borfbrises

manner.
abpiy QtZ%:ta Abaye3 G sbie Fcrmoum’@f ffwmylﬁéfﬁ jOE @ was‘t'mfe@stham about 86.5% to

ab¥R998% oPRKilld, GHABRAS L IoQBSut os%a,fs \uBlitaAl, obtdoRA1Y TP Yo a%})u%?% ofa
elatli n

| er |n soft and hard-filled
ﬂoavafﬁ@%@x'a%a"ﬁ i ment el ppefr Sraipeggeges i o oo
[Oﬁ%g fxrg)tchgqu ed'ngoﬁl%%flth l?g Bha%%%@%!al?:ém}%esh%n co prlses aggut QQ% to about 12%
of glesompaund of fanatadDeercaprsialliae togm theraof, \abqurﬂ(oﬁr?etoobomrﬁ? 83% of a filler,

OPE&mlph@tetasom SR @ﬂlbmewgptlo;m@ F% Abqut@%@g%tv%md%nonauy up
ra ees, granu es can

to ﬁ‘?oéb%\%’ @’i‘f’ '?Mfff'h blﬁﬁ%\'ﬁ‘i“ﬁ %P%‘i‘fﬂta&f’rf)é I“f‘@ “@@Eh as enteric

t
ofET I R mh P Ak PP P b L Bk g o raephy g resen
inawmhmmmmmu@hmsmbmmmdmaagemM@fdmuﬂhé%aammué%cunpm@m$a
peﬂ:glytagé%f f%gﬂ ]q ‘M ston\e @{hex] e%&inm@rﬂﬁ tﬂéggﬁaqbouq? LHﬁ%las(%CJ;} a%gystalline

sucrose ose or starch or s

fO%ﬁffF‘Pfs'é Pr eéf'é“ inghepharFraseufifabeompestiongii@p P'i"@‘ﬁ‘&?f aé% Q@%{ﬁ &eabout 2%,

%?ﬂﬁmhﬁ@ﬁmhgﬁbtmﬁlkggﬂts e.g., tableting lubricants

ot her tableting alds such as magnesi um stearate

(0881 SuhshledfileysShchide] Haeare adt limitabe, powiderth&llclagemiafocrystalline cellulose,
snllcque§ lflrlxcerg'c‘r% ﬁb le %Iﬁ'xlo@eﬂ 9159 fien51§y_|1H1Ero§rr¥%glﬁn %llglgs% I‘EBW rrTna s a|aIS g
m@p&ast#lqurglhageem@elamZ@anreal Ss)élublétaéfﬂl gévcel@tnpmé rmqtum thereof. In
sonB Bthed A®Ydi AL ARGINENE scRelell HEm Iaragg;&gIcsrms(.@of?swc\éredeéuunose

preferentially, in a certain part he 1 ntestinal

mifoggy il e s i) 1] FicsocgiB Ak B g ot B gegfallne
cemn&edaﬂu ROk e paedt! IanaSsotnB amelceammmemsad: fillacik 1o6lemoisture
nﬁ?wg&ge‘ﬁiénepﬁeguﬁ bzt %ps%rgxg Ifu?‘tﬂeerrewgoée ments ﬂ1 %ger is ?g,ﬂz?te(g tr(ém ﬂ]coz lgl‘oup
cohiisting efdowv-mnoistyd¢ mmcgty@talilyﬂ ceflumr@ﬂ@m starch glycolate, pregeletanized starch,

anfaRe¥yngtdry! cel I ul ose, nmagnesi um st earate,
crospovi done. ethylcellulose, talc, and silicified

[011891: ne Stlhyrsembddn&as el @&@mmb@ﬂﬂoumﬁa&ﬁt $79% ¥Bbdu099.8%, by

ﬁflcal or trﬁ ernﬁlladn1n%str?%éon oﬂ]%" ound of
W%l gs 51 W&}ﬁ)gc tota WEIg t. In some other em| iments, the filler is present in an amount

from about 98% to about 99.75%, by weight as a percentage of total weight. In yet some other

embodiments, when a lubricant is present, the amount of filler is reduced by the corresponding
percent amount of lubricant present. In some further embodiments, the filler is present in an amount

of about 86.5% to about 99.8%, by weight as a percentage of total weight.

{0190] In some embodiments, the filler comprises a first filler and a second filler. The first filler is
present in an amount of 0% to about 99.8%, by weight as a percentage of total weight, and the second

filler is present in an amount of 0% to about 99.8% by weight as a percentage of total weight, as long
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i nclude oi ntnents, pastes, creans, |otions, gels,

powders, solutions, sprays, inhalants or patches. The
wa@ewvass7gbnponent i s adm xed under sterile conBCT/US2089/003602

with a pharmaceutically acceptable carrier and any

needed preservatives or buffers as may be required.

Ophthal mc fornul ati on, ear drops, and eye drops are

al so contenpl ated as being within the scope of this

invention. Additionally, the present invention

as ﬁl@ gt g}%lﬁﬁ @lsﬁlfehlg nd/ @@até}fthah raﬁ’(ﬂl% #ﬁf‘ﬁain sBAL &ﬂﬁﬁrmemg ' tﬁJ‘ﬁrst filler is
have the added advant age of EJOVIdIng controll ed

Pregeat in\A8 piRowyt °5abe‘6ﬁ8‘6aw°t“&0% Weigh as QrEgsn fféa‘ gightgand the
secoAdfilRe lsfﬁk@@n hl)/andhﬁ&ﬁ’ bivibBg 40% 16l atHREG0% wagheaseq,enamd of total
o b P BT 2P DR BB B0 e
of ekl weighthe rate can be controlled by either providing a
rate controlling nmenbrane or by dispersing the
[01@@}@0@.{1@ emhochmw Shpfgfst lter isiseleqsed fg@]l the g@gp]cp}lsqtlﬁg gigpw-moisture
m@rmyﬁdum%r&mos& R&dikh a&anglydoihvee Bsegémarme@ytm@heand mixtures thereof. In
Iﬁlgﬁceutlgal gggosltk . r|S|n%]the ? gpound of
S“Pi’)? unepisythe SHEC 20di't GRS ‘%‘R CEIUREYsiggof opgpoisture
mitre¢r@dtailine lcell @ eBodidrh atrclegip@ititaypregedetariidae stprele amivhixtures thereof.

i nvention provi des pharmaceuti cal conpositions
[01938hSritabledgpricimys indwds chunate odt lifraiednol magngsiym steprate, glyceryl behenate,

hy@tg%,'nléte&)%%&atﬁe(&l %@ﬂﬁ@st%ﬁdl@@g stbﬁgtg 'sﬁbrosla Elezﬁfﬁé s&ﬁﬂ#steary]
er enbodi nents, the present I nventi on provi des

furppiale RS BIUTESANereof nip 5Te STEREIMEtnshe '§‘i’rf‘f@“‘fsﬁ’éag&?§h‘ﬁbiﬁ%@teo fin other

enfb&hﬂibﬂt@ the |h|bh):an0fs plebed) in aR Biloumel6b upit@itabit 1659, Ibp Iwellgtlt&s a percentage of

tot% eweg%im bt ble det@e f eotg ﬁ eln? éd\l/rln%ngstﬂe Lg{wtrzrlgtc 1 rtee?rggtgd an amerlgtSolf flbob.xt 1%, by

Wd@bmpmusmngﬁthéwGIWﬂate ester of compound (VIII-1), and
addi tional excipients described herein. In other

[0%93} Shigadledlayoridsrinaiids, but arengs Hegedip silipigrdiptidn sy dimergres thereof.
In R SHREEHELAS Me ﬂ%@fﬂﬁ% taldl @rﬂ&h&@ﬂiﬁ&dlﬁérﬁg thk h@wféidtlf Ftbs8nt in an

ester of co [11-15 an ditio exci pi ent
amgunt of P8 4° n?‘gﬂﬂ S t 3PP ‘BBF%H? sﬂ‘ ST é@B?Ffme“‘S the
flowPaii presunt jara0 winoles ofabait III%Cng}ahs zq&rqamsgetof onsweight. In yet some

othep E{rﬁiodﬁnen Jub ﬁov&g 515 s%‘i‘e%e ?%\ta%ra gtgnt &Mb ut 2%8%)(/@{' gﬂ as ;3percentage of

ronal” excip l'ent's descri erern
w%hﬁ@ﬁ“lS)(Vlll-18) [0179] In further enbodlnents t he
resent invention provides pharmaceuti cal nEositions

098 h5mitdiehytten includsodiymyitate. gityic agd, agd E‘P&%‘?Séll’qf " SYPsm
enbB@mend, thelbiff&tid obiumelirafel Id Joaie o@:ﬁm(ﬂioﬂmﬁitﬁ xhetbhﬁermﬁesemn an

amognt%?apl) tg %btputt g‘y bg'g ﬁgb%:p %%r{)?r%e a%lf %Fl t8taF n@}?s Ir tygﬁ Sf)me %th?r embodiments,
thet lhl@iee@ f)resehnn st arhdunyabaibf, Hyureighess amﬂtyerdagpref‘mel weighe

Egéesent i nventi on pr ovi des phar maceut i cal COﬂ"pOSI tions
(098 hin sosiersgbpdiments s phatgiaceticalgpmpesytiog cesprrisesthe qopgoyng pfformula
(Nt Srarc@Rfalline form thereof, a filler, and optionally a lubricant; wherein:

the alpha-hydroxy carboxylic acid or beta-hydroxy carboxylic acid is citric acid;
AisO;

R* is isobutyl;

R* is hydrogen, C, aliphatic, -(CH,),.-CH,-R®, or -(CH,),,-CH(R*)-OR>;

P is R*-C(O)-;

R¢is -RP;
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[0180] The follow ng description of pharnmaceuti cal

conposi tions and nethods for preparation of said
W@b@psoaut i cal conpositions are applicabl e t oP€TES2009/003602

conmpounds of fornulas (T), (I1), (I1l), (IHa), (1V),

or (/Va) and various enbodi nents of these fornulas as

descri bed herein. The foll ow ng descri ption of

phar maceuti cal conpositions and methods for

preparation of said pharmaceutical conpositions are

al, 500 gPp! i cable to the compounds (1-1), (1-15), or

(1-18). [0181] In one enbodi ment, the pharnmaceuti cal

C HeTPiNE it deRBie€ AOM EHe%ﬁﬁxp t:(hﬁls@r%rm Wﬂon&fxreﬁ@&&!&s&ll(nlt Yellulose, sodium
IS substantially

crysS{aéﬁh@ﬁ%a‘eupﬁpgs'ﬁ%? rrraEReBh RetE RS Bnpound of

| e. utical conposition is at
Ieas Q%o&'%’e ten 'é%g%%%%w" 99% 99.5% 99.9% of a
[0@6}' Sh @drhd e‘?r%ofh%lm tllerf)héi'ﬁl'écew; &ﬂ{poﬁﬁmqgﬂn%&t the Eo'?lff;ound of formula
npound fornul a glf phar maceut i cal

(%efrﬁf@s%fa#i"sfmnéhea%ﬁﬁ rairrnfi.oa@nﬁl&fwbr[ce@@zﬂererm sonme
d [ of | at f th
AR BRIl oo o o
a&te If & ;&&T@t@&‘ﬂ&n t@%roldﬁ %&let Colf Rh%?&z?m@%’é &gys aﬂWe g@ﬁl%se sodium
' ow ol sture co menut act ured- usi ng
non-Sﬁéﬂhegbﬂglatﬁfﬂf?ﬁﬂllem'?@ﬁtamho@éS‘B’ésfes thged3hd n one

enbodi ment, the pharmaceutical conposition is an oral

pH‘éF"r’i’ﬂ&”é‘bt“ihE‘h‘PreSG%‘s‘éQ’ég‘FB\"ﬁf‘e%’é‘Fect ed fromthe gr oup
[O%ESII S(}nllen ncfhgﬁ%? ﬁar %gblﬁgcﬁ){ﬂpo{) th0é1 cgrll'x%lnf)ses\/\ggout%.%% to about 2%
of ;ﬂhacpma@mdlbﬁ fealbulam)sagae:ryfstaﬂm fasmghecapsud abput @B teibouttdBES% of a
filkARTER: | S a pol ymerbased capsul e selected fromthe

group consisting of gelatin, hydroxypropyl nmet hyl

C e lcbthgbwBd étthva (Dfid @), gnemu @1s@i@ pul lulan. In yet

anot her enbodi nent, the pol ymer-based capsule is

S ele €itléradsefecdrfroh Ehegf(mpl por@n@tﬂfgl of tawigoigtlire gredradrystllind Bélulose, sodium

hydrxpo | met h n still. yet another
enbo%r%egg?’ gp‘{tte “Hm’gpl¥ amze% SlabaSe m’%{lﬁ)rgsu(l‘“geolfs a hard

[Ofyih ‘rﬂl k&n&e%%&& l'n@nts [tlgjpﬁﬁ']naée[}u% CHFI ¥ses Jub&)m ound of formula

har maceut i cal conposition co | ses the conpou
<1>r arrarﬁﬁx%f"(mr)‘m&rereaf efiller %ﬂﬂpmﬁﬂénﬁ@r‘?ﬁnt Resioagly 2 qulcl P@%meona"y a
bubted wagtinonal |y a lubricant. |In another enbodi nent, the
pharmaceuti cal conposition conprises about 0.2%to
abhe alph8Bydodxy tirboxybngealo detohydraxyrbrbexy{id cid i©titrir acid;
crystalline formthereof; about 97%to about 99. 8% of
asfi§Pl er; and optionally up to about 1.5% of
al ybrl cant. In yet anot her enbodi nent, the
pRais8P®Yli i cal conposition conprises about 0.25%to

Q %of t . :

P\/ TOﬁ?{‘eCf*bﬁ?‘ﬁﬁ‘af‘ﬁéﬁ%gg)r":&&ﬂ{j ’ %{gg{}ﬁ)@}é‘i OB Bout

E 150/ afiller. [0185] In another enbodi nent, the
ar rrace iti cal conposition further conprises an

oRt isogal flowaid,

misQorl;

the filler is selected from the group consisting of low-moisture microcrystalline cellulose, sodium

starch glycolate, pregeletanized starch, and mixtures thereof;
the lubricant, when present, is magnesium stearate;

the flow-aid, when present, is talc; and
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and an optional buffer. In yet another enbodi nent, the
phar maceuti cal conposition conprises about 0.2%to
wabwats@%Df the conpound of forrmula (/), or a PCT/US2009/003602
crystalline formthereof, about 86.5%to about 99.8%
of afiller, optionally up to about 1.5% of a
| ubricant, optionally up to about 5%f a flow aid, and
optionally up to about 5% of a buffer, by weight as a
percentage of total weight. [0186] In another
efrbaekkdyBten plebtar, RRBAIAERYE] cal conposition conprises
about O. 2%to about 12% of the conpound of formula
[0{99) In Qfme&rrfbbddﬁlérai |tHerﬁ>Barfn@d'eUﬂldahﬁ>h@6fmon&bﬂbﬂsesﬂﬁe &)%pbﬁhd of formula

(I)O?r agr)[sﬁlalpe ({ érﬁltthereg b fa ﬁlll?{a(?qnylpﬂeso? %ngé%nb ﬁgtxoggaly&%g alcil and/opt]onally a
bufferowheeiol, and optionally up to about 5% of a buffer,
by wei ght as a percentage of total weight. [0187] In
stblﬁéorewb@‘wfrfﬁmu (Diid-1p ard18 forrmula (1), or a
rystalline formthereof IS present in the
pW&ﬁH‘dd%i?{eF‘E%\fro'B Binseep f‘?"éﬁ“'lgr?f oy 'awsurﬁfmwcr&tfawe cgjlutpgg;, sodium
t 0 ahatitglydsinte Pyegaleiatiiid satchganp @fiaeed geofof t ot al
wei ght. In some other enbodi nents, the conpound of
f te inblieant, When pesedt. is mpgrtesibinisegatt;or m t her eof , is present
in the pharnmaceutical conposition, in an anount of
aﬁ’éﬂ?wﬂldzg%“t%esﬁb»dmalcm by wei ght as a percentage of
%F% 0188 Suitable fillers include, but are
e Pyffss ﬂpfe ﬁé [&PEF2€Eel | ul ose, nicr ocryst al li ne
%‘P% l u'ooseeembodnmerﬁs the pgarrrr’rllac%{‘lt(lJ a[y = ca)slltlonrég Crleses al'fl) 19[%62% to agout 3% of
m crocrystal'line ce 63 OWE o1 St Ur
thfmompolmd;oé foaunplp Hé ocetrlmiilb@éomph@gcél aétnarSﬁ Z‘édo @toavﬁ@lﬁ% of a filler,
opﬁ&gllyﬁﬁ SlBse nsaloy QQJIbf%aﬁb o;ﬁf?:%l@uf'id"a[b@& St%h(ﬁ @19&/ ald &d-%‘aﬁi%auy up

ot her enbodi nent s, is selected fromth

to @WW e%ehlgif@f fohgelglrt ab@)m@p@ée f dqtal u\}etggtgwherem
Ergryet e @8 ool 866 of o stur e
nlh% ﬁgr rl% ssegtgllﬁ!i h‘gl'g I"P%% dA Eegnggt’mgtaoﬁ %turreengcrgﬁr%s\%?l% ceél{uposeé sodium
s crs@aqh;gbtc@lpqe,. Pegeleienipad|staceh, and nmgmnfethqsrenft her

enbodi ments, the filler is selected fromthe group
cg‘ﬁéibé‘fa}“hdhﬁ‘f PrESSH FroREREEIB SH R Focr ystal line cellul ose,

di,um s col ate,, pregel etani zed starch, and
n&‘?lﬂﬁ?’é’é i’”h é%f‘}{ % IIon gt her enbodi ments, the
QBJ %@J'ferlﬁhemégg,%msSwmggltrgtgount of about 97% to about

as a percentage of total weight. In

[05A 8N Qarﬁbeermbemm R ﬁma&h@caf dohl §sr1tldn%oﬂgr?s§§tﬂé cdtbofid of formula
anount roma bout 98% t o about 5 i ght as
(I)p%rratc&.?fag@é qun thegrof ja filles; ﬁﬂtoptanﬁll)spelflbrga%wl&f%ﬁhe compound of formula
(I)Gntlaotl nsemtns othaeﬁocamémdo the gmﬁmadealcplrce&g@tmn tdiprR@ak dompound of
forngula @f or afcr¥s§ablme (Ijorm ereo atf'li]?r :(1: fof t?osn Iug]rgﬁlﬁevrvherem the compound of

I'cant preésen
foewﬂm@) isrerl) gthe fﬁlh:e1sfsqﬂbdt@rfromsthqagre@mons:snng affloamistire microcrystalline

cellulose, sodium starch glycolate, pregeletanized starch, and mixtures thereof; and the lubricant,

when present, is magnesium stearate.

[0202] In some embodiments, the pharmaceutical composition comprises the compound of formula
(D), or a crystalline form thereof; wherein the compound of formula (f) is (I-1); and the crystalline

form is Form 2.

[0203] In some embodiments, the pharmaceutical composition comprises the compound of formula

(I-1) Form 2, and low-moisture microcrystalline cellulose. In some other embodiments, the
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of about 86.5%to about 99.8% by weight as a

percentage of total weight. [0190] In sone
wepivods4tent s, the filler conprises a first filPEruszwdI/en3co2

second filler. The first filler is present in an

amount of 0% to about 99.8% by weight as a percentage

of total weight, and the second filler is present in

an amount of 0% to about 99.8% by weight as a

percentage of total weight, as |ongas the total anount
phg I[rr}(z)lcealllca? c%nllsp%sxp cﬁ c%#?xa ? {hF E?rﬁpour‘rflab ()c%lfl(gr{‘nglsg élBﬁFormZ 200 snhcnﬁetd
migrfocrgsdline c4d9ese olngbiogme Gm%enﬂ)ydlwentg ithte phaymacepiéoabempesifen

co Er@e@ﬁ’n@korﬁﬁh%f forflfd éi-hq:oﬁﬁ 8 QQ«Q Joﬁstdr%c*o%rygﬁlﬁ&edgﬁu]bs@ and
an anount about 40%'to about 60% b ht as a

maﬁé?sw&ﬁ%%ga& d'r stillpfetyomG dirigeirembadimenss, ghep arfnﬁ@u%{ Gemposition
compidfihe 6mpfouhd &EiforimSlabl) FefreAtmitrotrpadlirzkRemiiosd InBHMagnByium stearate.
wei ght as a percentage of total weight. [0191] In sone
[0204D dul sonmeereimd odi tnbras, the rpbztrmﬁdehdioarcomosstdn echpdes thocontphend of formula
I- gj’]ﬁ% 201(3&%0%(& anc%cr)lsgw gg:'ll %d%l& rlg g&‘X Jtl?elr L.ljnl.’;]o% ents, the
ul ose, odi Um st arcH l'ycol at e, etani zed.
phagmapeaical wom'%%mgsef the F@mounq of fagg ('e o Prepd Bregelatamized

stasﬁs.c Okt §dnkel difer érfboaieRs ttwph&rnﬁeauhmcaﬁﬂakmomm&& {h@ gorﬁ’[found of

ture mcrocr ne cel | u] ose, I u
forérruy-c(gqb]fs ém 2 ?rgﬁgq(a&zg tai%'dta %ndd??gnegwal sfﬁas?ieu? Wyet some other
entbhdimens, the[pBadrg@d¢euBial ttoaipbﬁldnu:bmplﬁls&ﬂhsmnmohnm fortault (1) ®orm 2,
loﬂ% is drMc?oq t‘anéT&ﬂ rl? | aYc'lh ﬁl@%r%&gm stgz!:th elrny Lm\? ﬁﬂﬁeﬂ <’éqngodxments
dr rog enat ed veget tapble ol
thft:malla@ilaemnsql EIPRESiEON eompriess the spragaupd of formyuq (er liwearlyw -moisture

mit1eBR&ALIR cefilble %l&%’a&%ﬁmﬁﬂ%ﬁﬁ&f and k6HiFRHRatE nf‘ﬁ@@rh@&ﬁ@r $urther

the | ubric [ nesi um stearate. In ot
e”&’ﬁ%&‘&ﬁ“ﬁé‘iﬁp am{a??é“‘irrﬁ PESIHAN CPRPIHFE %fﬂmﬂ"h"daﬂﬁ f"é’i’fb‘afkl)gf’rmz
low{mdisturédnietticrydtathfe celiylosapthlghhagassivin paree midgpgelotnitaatsatch. In still
yeyv%mg IFuertStlgrnetmb\é% mentg W?r%)gLpgcePUCnJE&)gquﬁg}gn%Bmprlses tlh% (f‘omé)oun%tof formula
(I-p)slqureﬁt lagenqﬁturt mcacbcrmlhgme.llulpmgm m&nﬂsutalbist@araftft o sadigm starch
glycBfafeude, but are not linited to silicion dioxide,

talc, and m xtures thereof. In sone enbodinents, the

[OdePVWEHndhd cSmb@Unﬁ of fofnutd (lﬂ)ﬁ? s&j@bl@djtom@ﬂﬂ)l%l% (I;)lﬁ&tléﬂscﬂﬁé é&ledpomon of
Se unt o Wwe|
i BB Bt i T risa St B b Vg 4 iyetSafidlo

enbodi nents, the fl aidq s present in an anmount of
about 1% by wei ght | g5 aOpler cR#t gge oJ‘Htot al wei ght.

In yet sone other e diAgnt si_t fbovv-ald IS present

in an amount of afdlit % [N WY ght="asOH percent age of
total weight. [0194] S bl'e bDf f &3 include sodi um
citrate, citric acid, and M xtures thereof. In sone
enbodi nents, the buffer Q;m?um citrate. In sone

ot her enbodi nents, the buff s present in an anount

[0ﬂf6] lU% rIan aiba%t:al Mho@bﬁat\’}mog}ag h)%%Ol)ﬁlC Q@r{dﬁﬁ‘)ﬂ; ﬁgﬁmﬁfe p;'éB&l@(llon the

In yet sone ot her enbodi nent
amount of the compound of formula (VIII) present in a test sample is measured (see e.g. Analytical

Test Method 1, below), by comparison to a reference standard of known purity. Using an analytical
method that does not subject the sample to hydrolytic conditions, the amount of the compound of
formula (VIIT) present in the sample of the compound of formula (I) is measured by comparison to a
reference standard of known purity (see e.g. Analytical Test Method 2 below). Therefore, the amount
of the compound of formula (VIIT) measured in Analytical Test Method 1 minus the amount of the
compound of formula (VIII) measured in Analytical Test Method 2, gives the amount of the

compound of formula (VIIT) in the sample that is derived from hydrolysis of the compound of

- 40 -



the buffer is present in an anount of about 2% by

wei ght as a percentage of total weight. [0195] In sone
werivods4ent s, t he pharmaceutical conposition cREPUB2EH003602

t he conpound of fornula (/), or a crystalline form

thereof, a filler, and optionally a |ubricant;

wher ei n: the al pha-hydroxy carboxylic acid or

bet a- hydroxy carboxylic acid is citric acid; Ais O

Ra is isobutyl; Ral is hydrogen, Cl-6 aliphatic,

forn(ug'd%) @a%n Bﬁl Meca]mm rf»?é‘l(o%f)é@.mgﬁk% comEodn§ of formula (I) to the

L is -RDOmis or 1; the fi

cogla?l@ee %"?%%’{'hé molestliy Vteeﬁ%ﬁogrﬁrw gyes F"G\ﬁﬂ’ﬁ'ﬂl‘ gi q@pgound of

forula (DQprased: &l the 18e sedld. ul ose, sodi um starch gl ycol at e,
pregel etani zed starch, and m xtures thereof; and the

[0200b i it bt recognerd patescranalyticgl malgnde as degspribedatirectty@bove04b8 61 the

Ex alrﬁe%ﬁ?segm%gllomt gpllcgﬁglnga%@ﬁ%%} Sglly &%[Q%Qﬁmb&dnﬁ’%f formulas

npri ses fornmu
(I)CV{)SQ’H} KWé (f‘af%( VA &nd gfirioug erbadjgepts oéﬁeﬁeéwwlﬁﬁaﬂqswbad herein.
SukbHalyG & nethWRE @dsélibed Hlﬁecﬂi)oz{m%«ﬂﬂd irQthe E)QJEHMJH}%] Gdclion Below are

soblabingiribs hetres A “Sporeb st 8 6 & ArBFocr yat al 1 i ne
B e e
phmge@ﬁéa] cqn@owggqtqgmngq @arpgﬁsngmg HG rgpynt pﬁthg@ﬂﬁpoﬁnd of formula

(vmmm é,}%? aitér@ 6&5@6&%%&&@%0@@9&&& HIcHR RkripS8a of
oto a

ut out 2% of t conmpound of formul a
f0'(“7‘“)“‘ (g hygralyzed o e omaeyng P%"f‘ﬁ&r @6’9‘? and about 98% to
[Oﬁlg? #?J Foerlne(e)r)%o/&%fertt§ trffl)alnlol(en& btit ceormr%lol?n_rl_l ig)rml?laa ﬁgl ’t(ﬁ é crfyst'rllfme form
thérepf gedsert inephmepquti¢pd cgmmuporoewressed agthoéquivelgatrmiossit gn @ molar

wdlht bRELY St Bdrhdol # Rrintifa @8RI-1)S0di UM starch glycol at e,
pr egel et ani zed starch, and m xtures thereof. [0198] In

[0SO En SSHRAEHHEBMEfs, tHe hrﬁveﬂfbﬂ FIR&RYIE LifiedoschaRsdutit4 Bomposition

es the coppo n&&gf rfgrmﬂ.aé/ﬂ%} or. a
coBPYSTEAFT AT hITRL B0 AP e o inal 1y a
[O%Ili?][ I oar‘rpet her meog %l J ythe umt dgélg_ pﬁ&rgﬁ’ace%p cql c tplosclntpoaﬂl co%pr"lases the
compound of formula (I 1) or a crystalline form thereof, wherein the compound of formula (I-1) is
present in an amount equivalent to a molar weight basis of about 0.1 mg to about 3.0 mg of the
compound of formula (VIII-1). In yet some other embodiments, the unit dose pharmaceutical
composition comprises the compound of formula (I-1), or a crystalline form thereof, wherein the
compound of formula (I-1) is present in an amount equivalent to a molar weight basis of about 0.15
mg to about 2.2 mg of the compound of formula (VIII-1). In still yet some other embodiments, the
unit dose pharmaceutical composition comprises the compound of formula (I-1), or a crystalline form
thereof, wherein the compound of formula (I-1) is present in an amount equivalent to a molar weight
basis of about 0.18 mg to about 0.22 mg of the compound of formula (VIII-1). In some further
embodiments, the unit dose pharmaceutical composition comprises the compound of formula (1-1), or
a crystalline form thereof, wherein the compound of formula (I-1) is present in an amount equivalent
to a molar weight basis of about 0.46 mg to about 0.54 mg of the compound of formula (VIII-1). In
still some further embodiments, the unit dose pharmaceutical composition comprises the compound of
formula (I-1), or a crystalline form thereof, wherein the compound of formula (I-1) is present in an

amount equivalent to a molar weight basis of about 1.80 mg to about 2.20 mg of the compound of
formula (VIII-1).
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t he al pha- hydroxy carboxylic acid or beta-hydroxy
carboxylic acid is citric acid; Ais O Rais

wo swbas4’B7 Ral is hydrogen, Cl aliphatic, PCT/US2009/003602
-(CH2) m CH2-RB, or -(CH2)m CH(R5a)-OR5b ; P is
RC-C(O-; Rcis -RD, mis 0 or 1; the filler is
sel ected fromthe group consisting of |ow noisture
m crocrystalline cellul ose, sodiumstarch glycol ate,
pregel etani zed starch, and m xtures thereof; the

[0&12*? th Q(ﬁ’ﬁktembm%@ntp kRS8Nt of e MW JH0rmhiG @f ﬁt cﬁ a cPv%gtgllme form

flow aid, whe resent is talc; andthe buff
th?jf(g%ﬁf,nt in zgprg@alf:q}lltﬁ:q_l’ quppé)ﬁlgon IP e@gegied |ahth§ mvalent amount of the

Gﬁbﬁﬂloﬂbﬂﬁtﬂg (\tmel)piaaeamsaﬂ@uémma oG g‘h}s?_ﬂtb@ @c}{ﬂﬂfohﬁﬂﬁ formula
e conmpoun o or a crystalline form
(I{lﬂw&mmﬁouf‘fif’ fgrmmanzytlﬁ& ally a lubricant: optionally

[0?13‘] '19 nga' qr}b @&%9!% ugdws"eﬁh Pc e o fofi & p:{ls% out 0.143 mg
tO@lmé\t‘f ii mgef thp gompeprdcaf gékaélﬂa?)?ﬁjcgﬁ@uﬁggnﬂwegﬂ mga%zlfed as about

0.1 AdMb& 30 Ry STt Bmpotnll 8f folr@a @FIL1Y 083 Sveigh O WETEHR bALCH
gl ycol ate, pregel etani zed starch, and m xtures

[0213g 11 &fme &Hbéerhthdﬂfrme@anhe uniiest phirga&dtical ¢<ﬁnpﬂa@cme;smp:ﬁees about 0.214
flow ndddf when (10 [esent

dth
m%{ofa?ou%g ? Wﬁlé I’?? the cc>smé>r(]>P formu]a or a cry’sttaflme F) &Bﬁegfp Wegsurgd as

absmﬂFJS 213410 @hon’eZh% mg of mecmaun@a)é émrmlle Y bngroswdigho for weight basis.
onpri ses about 0.2%to about 3% of the conpound of

W?’éﬂ i b sqrpg otheg pmbpdirpaptsy the pritflose RhiprRapqyEsab eFMPog e gomprises about

0.858 .npfo bitsbub®®IStmg 12 %oMbouad bf toin@ila (1P b Oétekdihe Ydtmitkereof, measured

5% ubri ant iqnal |y to about 5%of

o 300F D e 1 P B 26 b RF et o SPHRulsty HE 4. B SO e
baky. wei ght as a percentage of total weight, wherein:

the conmpound of formula (/) is (1-1), (1-15) or
[021p) 118}0“ Yehso e jofheggmblodime sk, dlest ua il dése gharmpasutipalngpposition comprises
abBRIDFHS nls AabBfic 0|703V'm'§‘2>f ﬁnE %nﬁ)oﬂﬁcﬁff@&ﬁﬂﬂ%f(ﬁic}l br€nkahihdoRR Brereof,

sodi um starch % pre%el etani zed starch, and
m?ﬁ%?qﬂs&gouf ?Téq‘ @g a about 0 54 'mg of the compound of formula (VIII-1), on a weight for

weight basis.

[0217] In some further embodiments, the unit dose pharmaceutical composition comprises about 2.58
mg to about 3.15 mg of the compound of formula (I-1), or a crystalline form thereof, measured as

about 1.80 mg to about 2.20 mg of the compound of formula (VIII-1), on a weight for weight basis.

[0218] In some embodiments, the invention provides a process for the production of an oral
pharmaceutical dosage form of the compound of formula (I), or a crystalline form thereof, wherein
the oral pharmaceutical dosage form is a capsule, comprising the steps of:
(a-1) mixing together screened filler and screened compound of formula (I), or a
crystalline form thereof, in a bag;
(a-2) passing the resulting mixture from step (a-1) through a screen, then blending;
(a-3) screening additional filler through the same screen, passing it through the
same bag, and blending in the same blending apparatus;
(a-4) repeating step (a-3) up to two times;
(a-5) taking the resulting mixture from step (a-4), and encapsulating it using a
capsule-filling system; and

(a-6) weight-sorting the resulting capsules from step (a-5).

[0219] In some embodiments, step (a-3) may be repeated three or more times.
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the | ubricant, when present, is magnesi um stearate;

the flowaid, when present, is talc; and the buffer,
wob@y1ptresent, is sodiumcitrate. [0201] | n soOPE@I/US2009/003602

enbodi nents, the pharmaceutical conposition conprises

the conpound of fornula (/), or a crystalline form

thereof, a filler, and optionally a lubricant; wherein

t he conpound of formula (/) is (1-1). In sonme other

enbodi nents, the pharmaceutical conposition conprises

[052'6? Wil R %ﬂganpfs pregcrnmrlltlﬁ: p‘\!ir}mceq{lca@co%{p\ésci&g\l !hla nﬁerl‘ngﬁ Hflowdcs a

thereof, a [ler, and optionally ubricant; wherein
PIQCR f%*fﬁmmefm@fof frbfrfwrlamew)mqaédoea_sc igrm of e compopeet of ffarmula (), or a
crya@l1me topdl teFeofMwhb@in HeQd pludrn sk StchligsaE fokA W-aBapstle Wohprising the

m'%[ocryst alline cellul ose, sodiumstarch glycol ate,

gel et ani zed starch, and m xtures thereof; and the

| ubri c@nd, wheixigrtegdat screbsed fitignadiscraensd emipatre.of flBBA2]D), or a

In sone gg‘g@ﬂhg@gﬁ&ereg I BP rmaceuti cal conposition

conprises ‘the conpoun of For mul a (/), or a

cryst abt?d ne f paspng Hereaping mieredion Sﬁqwébébthweg}h@cmn then blending;

fornmul @ 3i/ ) | &r&eamg)addl@nﬂ ﬁnaehr@&gﬁaﬁ@dahb Reeh Patbin $ 10k the
2. [0203 ar maceut i cal

In so odi nent s
conposi t PO B8 n?Plg &'ﬁ@eéﬂ?&éﬁﬂﬂﬂggirpalfawﬁw| a (1-1)
For m 2(b-4and | eepeanng s¢pub8) v whectnst al | i ne cel | ul ose.
In so t her [ N
conposi tjﬁ)on cgﬁp@%gb%ﬁ’ g{1te rg%&h%’ﬂ&é gﬁc&%’raﬁg%Céee?ef-hitﬁmam’
For m 2(b-6nd staking thejresuiiting W@'@ﬁrfm $itH (brid apd¢ncapsyating itjuging a
yet sone gihefrngpbredi®at s, the pharmaceutical
conposition conprises the compound of forrula (1-1)

Form 2®-% ow— nﬁF@P‘LfP’ém%{hE Feé\‘,ll"iﬂé‘ta&?”le? fiemeep (fPose, and
P OB Shm i R b e BTG PR oW agona
cohhelect@mp@mt mﬂhefuhnmmteatlc(alcoll)pomnm@h agtiufferoecydifdibd orflow-aid,
théﬁhggﬁle Q&¢fed in?RY o h{@%ﬁ ﬁwsf)lémbsjt) eﬁeQ&t@l an{OQr?tQ)?'laclln b Q%t of the

I ment s, armaceut i cal onposi tiron c npri ses
phemf@c%%mmsw Prhgeded (mmiytemrrmyae brokei intgiseei3} amounts, which

md¥l of FRE hot Bt 8f dqlid) ez, hddla0&Q in BMUidhAbEcurrdidesSo BEps@b-MEST (b-3).
enbodi nents, the pharmaceutical conposition conprises

[0222g 16 m‘imdmddnmfantﬁ HeriwMestiop prolidedzoproneds, forheiproduction of an oral
ph rrr]nagee Lca‘i 9&' %q? f%{e%g (!uqd ﬁ%rnﬁl? r(ﬁngr al% qp?ogﬂn %Q:Efs a/herem

ar nac Al 05| |on [o]o) e compoun
thwralfpbarrna¢eam(a!ld0§9ge¢wm Pcappyitcp panpsising the etdpsslf ar ch, t al c,

and WB&H@‘S' u n?&%lﬁé‘ﬁl@etr ﬂrroulgﬁ]a §Jré.el1 | théﬁ%ﬁacﬁxg ifPa lggthsﬁéar rmxmg apparatus
enbodi nent s, har maceuti cal conposition conpr

the c oi‘fﬁé und B?SS‘P%)F‘Frﬁ‘P‘%P"E"f’ of)forrpgl,a K2r a crydtalHes fg?'b‘nh%‘e"f through a
m cr ocr yséradnl therepl@alglinithe ssne higa|sﬁqar alkGhgmpeaR@st UM

;L:?:Tgig?lt II Qasz%gg I'llljerhiroug}ﬁa (s:c(seen tm:f‘) 1iac{ mh[ge same hﬁa she]ar mixing

fornul a (apatdusForm 2, | ow noi st ure

(c-4) mixing using the same high shear mixing apparatus for less than 10 minutes;
(c-5) taking the resulting mixture from step (c-4), and encapsulating it using a
capsule-filling system; and

(c-6) weight-sorting the resulting capsules from step (c-5).

[0223] In some embodiments, when using the high shear mixing apparatus, additional components
that are present in the pharmaceutical composition may be added by repeating either step (c-1) or step

(c-3).
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m crocrystalline cellulose, talc, magnesium stearate,
and sodiumcitrate. In sone other further enbodi nents,
wo b@opheasnaceut i cal conposition conprises the PORPS20NL003602
of formula (1-1) Form 2, |ow noisture mcrocrystalline
cellul ose, talc, magnesi um stearate, and
pregel etani zed starch. In still yet sonme further
enbodi ments, the pharnmaceutical conposition conprises
the conpound of fornmula (1-1) Form 2, | ow noisture
[05@.4? MR Sdr¥eStnibbodii }n@ﬁs &Rl cbﬂrﬂ;&’ﬁ@ of ft)ﬁltuq:a (%’(ﬁ&ﬂﬁ‘ e Bmcéske% %r%te%aratlon of

nd sodi um starch g ycol at e. he corrf
Sobql orplsfopage forpsryesqribedabgy e pedegted owbﬁaswtcwsew.( )o‘ﬂés) and (I-
18).h@ s&5¢ @nbopiiehis QRe @mpbina oﬂmhﬁmwmusb@ infiedhr 6tk a6k préparation of

sof it oo P lﬁ%ﬁ%{“@? ban' anal yti cal method that
O3 oL el SR B SN AR L 8 A o SRALEL Bipmen

For p reyiewesee e goffeiting dns %als'me ad Progiéce of Bharmgea| 31 Fé dllippiesstt
wivklRQedwhikinb®b@sn) , by conparison to a reference
standard of known purity. Using an anal ytical nethod

[02381t Thel ©RBdifdteps bildjired ibdvk &n&ﬂd&}plaee ﬁlani’lc}bdf'dhh()iiai tﬂendmg apparatus. In
SO%H%PI?’ILP%dIH‘gCrr]l?S th% gn(ﬁ '%l::me for eac 1|;1] vxﬁue}n‘ﬁlgrlilcp r&?%g is bg[wan zﬁ)out 1 minute

esen
anfl @payt4SemipTips. jIn sqma)ﬁm @rnbotéyneo@mlﬂslmg tifng fox epcbfirgkivadvgleblending

st%bm%e atQLt KRgwe aWJbb&t)ﬁO(rﬁrﬁ@e E1ryet s%%'&ﬁ%ﬂ e%kd;?ﬁ@;%! the blending

2 bel ovx? Therefore, the anmpunt of the conpound

tirgg fof @F*mnﬁ'a'dw eﬂémmgwwev ?P°Ah%‘|“y‘t‘ie%%{‘ld atrfé%%S Rt EDd 1

do
OF S Te BT R AR abhfe <ot BEE R s GTpRE PRt s 1n some
entroditriants,clenpiewp stetakes betwednab¢uy/BO Seporids artdrpemisatesp [liesdmeanbodiments,

%ﬁxﬂ& {egﬁégfllﬁéd%%ﬁ¥g{ the)fﬂ;alcé nQfstalnfls &&?&;ﬂﬁt&% of formul a

nol ecu ar ratio e conversion

[o£J8] t1he nfQ in®fhe hi2h BAth@miking apparatdd Sar QRN 2R conventional

formula (VII1), a nol ecul ar wei ght conversi on gives
highybeas friting 2PBratiy rﬁﬂﬁ}i’fﬂp Bff spdvanig hﬁ‘ )'“"B'i‘ge@%fi"if‘“ﬁ 1f50l¢ygs Lab High
SHe @ Sdrarfudingd |(Ieey 1he@ekiohal) Inc ViEdglishiggvn, B0 g‘nsloiﬁ dmb(hiahen&w(hh rmxmg is
al ,nmet ho bove

pe?fﬁrmeéif(or G than %bo?tqﬁ asutecsielScr I betger emboc‘i:xm[a}{ Ca S| ex1h%]1s gerformed for

section bel ow are appli
lesnhwlalamtimmnm to any of the conpounds of fornulas

&?{L (rn), III) % (I1V), or (lVva) and vari ous
aa\ieﬁ%w% iipg ftﬁb%uémﬁ #hRYA ofn sk placedp pysansoanlsapsgg Sing

syaeraoydpp&radus. n&&&}mba&neﬁg Qfe:cb(ﬁdle Gilling@ Giisle)h @kbbamut&ﬂﬂed Bhd can
tnhe er| nent secC el Ow ar I Ga
ro AT Ar 6T O GENALE [ g o i K copak
Lifnitedl 8jncolhDR€ S}aniford Jbrired &m‘gdmh)nhmgus etnbralimeGLtht capfuld filking system
| t.
is FRRRL YL QhpiE 6F 13734 %cra&‘l\ﬂe eyl %55,%%&& is 4ol & pﬁdﬁif 1B GRL.,

conposition Is asuring t anount of

Fairfield Ypldthd of fornul a

[0230] In some embodiments, the capsules are hard gelatin capsules, sold as Coni-Snap® (Capsugel,
Peapack, NJ). One of skill in the art will be able to select the appropriate capsule size and color. In

some embodiments, the capsules have a fill weight of 85 mg, 120 mg, or 150 mg.

[0231] The weight-sorting step outlined above can take place using any conventional weight-sorting
apparatus or machine. An example of a weight-sorting apparatus or machine is sold as the SADE SP
Bench Top Tablet and Capsule Weight Sorter (AC Compacting LLC, North Brunswick, NJ, USA).

[0232] In some embodiments, the capsules are packaged in bottles, foil pouches or blister packs. In

some other embodiments, the capsules are packaged in heat-induction sealed high-density



(M11) that is present after subjecting to the sanple
to conditions under which the conpound of formula (I)
w0 go0bysi7et yzed to t he conmpound of formula (VIIPGT/US2009/003602
[0209] In sone enbodi nents, the anpunt of the compound
of formula (1-1), or a crystalline formthereof,
present in a pharmaceutical conposition is expressed
as the equival ent amount on a nol ar wei ght basis of
the conpound of formula (M 11-1). [0210] In sone

pofBRAETEDPS) bo‘itl%@ InRH&RY: bﬂﬂodﬁ:ﬁén@ﬁ&%aﬁs@le@mé‘ &lcf(agg@ﬁ%lr-n ght sealed
f0|$)har rfaceutl cal n’g(?Sl tion conpri sing he co
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otHeNerBtidinents 1Bd capsulo diepaikhged widha desidchntdose
phar maceuti cal conposition conprises the conmpound of
(02331 rfibé phySital B)d chomical sabyist of Heior pliaomaredtivalidesits fomh eragbaested in a
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leng@k os@i® ot her enbodi nents, the unit dose
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r L
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(0% h B sbetiments 5 GaTRqUBH Ot Brﬁiﬁ'?al (Qé%f"ffﬂéa‘%"cﬁsrﬁ &i&‘ﬁ‘a“@F powder, in
a xﬁmeﬂahﬂogoﬂs tﬂ:)hat dh@crﬂwe@ihy’ﬁin&hﬁdnl’kealf WOVL/GEI BOherebpbPbrated by
refterence in 1 Fre Y. n suc T[,rrnrtyoldlmegmt]éh%n aglg:gusg L g ent IB{I]Sl%n f@)ha Hyz{roxy
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sone further enbodinents, the unit dose pharmaceuti cal _
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|
In Q&Hoh?%boﬁfﬂﬁ%ﬂg' r@ﬁﬁhe ai eydg%#ggr%&%hp Fc%:; SFReE. lﬂg(!ir%% ﬂboxyllc acid

tion conp
COGPO@d e,sroyfs@ 2id, ithﬁéywblhwﬂtphwee efmpriggsdiee Flﬁlqahlé apdthpesuigeponding

bofdaﬁtwdt@} if alméh)ar ratfo BAHEm 460utd0: 136RY40E 1069 bﬂdh@&b@&tzotl% gout
asis of about 1.80 ng to about 2.20 ngy

1084, ‘tflﬁfé”%%ﬁé%&”&?f’“‘f 8% hul a (VI I1-1).[0212] In sorre
[O%Jﬁ) idlso%%netm%bdnmen ﬁl ){OHFull ?eﬁcom rgéjsr]c 1co ;cn aindaconépound of

or a crys presen
formhuder (DRedsrritialy frq;@nfrp'bglcpmmemts Royprasthecnpesitigngan further comprise

onf g%&r@bﬁg}tphm&ﬂ&caﬂ actcgkﬁabm&gﬂg cmxexg Qi'ilnéﬁltsaﬁl(cysl Lallts Ib)lﬁfers
based on the relative nol ecul ar wel th

buldnesetit stelizetsr solyPlizqrs and othgs matepias t‘!%h‘ﬁ@tfhd‘ o rt GForfegaration of

phﬁl’pﬂal:elutléa)ly acceptable formulations containing these materials is described in, e.g., Remington:
The Science and Practice of Pharmacy, 20th Ed., ed. A. Gennaro, Lippincott Williams & Wilkins,
2000, or latest edition, and Strickley, Pharmaceutical Research, 21(2) 201-230 (2004).

[0238] Upon dissolution in aqueous medium, equilibrium is established between the boronate ester
compound of formula (I} and the corresponding free boronic acid compound. In some embodiments,
equilibrium is reached quickly, e.g., within 1-15 minutes, after the addition of aqueous medium. The
relative concentrations of boronate ester, boronic acid, and any intermediate species present at
equilibrium is dependent upon parameters such as, e.g., the pH of the solution, temperature, the nature

of the alpha-hydroxy carboxylic acid or beta-hydroxy carboxylic acid, and the ratio of the alpha-
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[0213] In sonme enbodi nents, the unit dose

phar maceuti cal conposition conprises about 0.143 ngy to
wabwots438 ng of the conpound of formula (1-1)PCDUSA09/003602

crystalline formthereof, nmeasured as about 0.1ng to

about 3.0 ng of the conpound of formula (VIII-1), on a

wei ght for weight basis. [0214] In sonme other

enbodi nments, the unit dose pharmaceutical conposition

conpri ses about 0.214 ng to about 3.15 ng of the

h &Q{m}mgyh@ acifi OF H&&L}@d&) )Eéla}boxﬂrc aBid &8 Yodrde! eét&%ofnp(;umi of formula (I)
thereof ,” neasured as about 0.15 ng to about 2 of

P’%%‘“&WWHGC%"“‘F’W mila (MI1-1), on a weight f or

ht bas et sone ot her embodi nents
0305 e S bt e b Bl SR Ros et B R G s B of formla
(D addmikinghg@6.8indrg bifer.all serhe @hed tbbariimats, théphagonpoigadomposition

cob @bl ol G XTA 305 LB AERS g TRaRA 41
[02‘401 mo%e(eMbJ,dlmé&s the @orﬁ)o\ﬁﬁ‘d m&rmmr(msedrgmmaa% §me[09,%.1 6]

In stil sone. ot her _enbodi nents, the unit dose
emBoimeRls, gﬁf?f&%ﬂ“"%frfﬂa@!amwoewm Weltom 4 Grregpogaine bryonicpcid of
forabmuwm T/ et Stne@ithet hﬂaodmm@umoafpmfrﬁr(nuhapré forthgd. IDEtilByet some

f t b
Othelb m oglénegtjr he c%gnirppon{nﬁzf ﬁg hs'pf?)rlr,lnr? m Sftu ?ir(%%m‘I a%O%%M\HPéLIS ng
[Oﬁnjggh%te btxﬂlfn g nghﬁclkégfycc‘ine [IQ g(;'ﬂ?é enledﬁlQH? tlfelﬁ'f'ntomﬁ bof the- bulkmg

di nents, e unit dose pharmaceutical conposition
ag%hfﬁ%ev's'égboab%we@hté{sluwg Ctle) B o6 s Iprgpresrothepgmbodiments, the
amoaiTPPMEBulkhg dgekhdPddsént (sbbdut 3%@v.a crystalline form

t hereof , nmeasured as about 1.80 ng to about 2.20 ng of
[024RE Scivviedufiers oflullovwdiumaiual| ditrie hJid, aodhimitunsitighdof. fIo some

emf35di @0, BA%LFer id < g&&ﬁ]cmja{% #3TiGRodi ments, - the

I'nvention prov rocess for the productlon of an

[025R mérenaa&ﬁ,usdt& &k b@k@é AGfest mn &Bcehmos SIBOM A8 mBf o about 65
formula (/), or a crystalline formthereof, wherein

mM, o sgpg P Eﬂ?g}bH‘HE‘%‘Hi FI‘GQFff‘Hd@iﬁémf‘b? PnFegtragiop %@B'i“éo mM to about 60
mMonprising the steps of: (a-1) m xi ng together

screened filler and screened conmpound of forrmula (/),
[023¢] dn smestnabdimneres, the ratio bhibe bufer toite @mpaugy of @mdjla @Fris Sbmgbout

s50i1he at{oﬁtsllt')l 1t '15‘9) Pén‘?boﬁ En%‘i% ShSRid & ﬂi’e)buﬁfé} 6’&1&9 porﬁ)and of formula (T)

screen, screeni ng a

is from plopt iiOnlrte abcwt t%'e 13 aﬁéowt Ambasiisentspge ratlo t”‘HP?)‘EPé‘hr e

compéid begsmuld @) ibhdaciong i n the same bl endi ng appar at us;
(a-4) repeating step (a-3) up to two tines; (a-5)

[0248K ilmgpricleboddmertd, tha gH T tht piizemice@itnib@pos(tian &)betwaerthbout pH 4.7

an& Blgl gns Lﬂ'le%l-k 5nd gha}i’:’?élcgﬁgca?composition can be adjusted using any suitable inorganic

acid or organic acid.

[0246] In some embodiments, the pharmaceutical composition comprises the compound of formula

(I, a bulking agent, and a buffer; wherein:
the alpha-hydroxy carboxylic acid or beta-hydroxy carboxylic acid is citric acid;
AisO;
R is isobutyl;
R* is hydrogen, C, aliphatic, -(CH,),,-CH,-R®, or -(CH,),.-CH(R**)-OR™;
P is R°-C(0)-;

R®is -RP;
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capsul e-filling system and (a-6) weight-sorting the
resulting capsules fromstep (a-5). [0219] In sone
wepiods4tent s, step (a-3) may be repeated threePOr/USINE003602

times.[0220] When a lubricant is present in the

phar maceuti cal conposition, the invention provides a
process for the production of an oral pharnaceutica
dosage form of the conpound of fornula (/), or a
crystalline formthereof, wherein the ora

Pha gaceutlcal dosage forn1|s a capsul e, conprising

He steps of: (b-1) m xing together screened filler,

angb§&ﬁgggﬁgsggampymﬂ of formula (/), or a crystall|ne
formthereof, in a bag; (b-2) passing the resulting

Mih% bliffe .g‘sbmmnsh.eta dnBeil)c dlar ough a screen, then
bl endi ng; (b-3) screening additional fiIIer t hr ough

[0247¢ Is sume: esrbbdienants, d@pharmgceltical dormpogtivntch@prsantie dagpourdivd formula
bLﬁﬁﬂP? ehtg%nigq% fgeal,r(?h LRlending apparatus; (b-4)

fepea up to two tines; (b 5) bl endi ng

t &g@m&mn& mmmuist(msere&as@méﬁmn&)&n@ a-13Rh1$56F g98ed

| ubri cant; aking the resulting mxture from
S&ﬁbmkbg5mmnag@mﬁﬂ6ﬂpsulatlng it using a
capsule-filling system and (b-7) weight-sorting the

r & bhfférmgpodianpsimaesanfl cioimasidep (b-6). [0221] In sone
enbodi ments, step (b-3) may be repeated three or nore
[0248rds somprrarhodicngits, ithsipdrmacsgiraheenpasittangoppréissethe campourdef formula
(z)pmanﬁﬁg@gaﬁﬂ &ﬁla bERFROSIybhRed s @ferlkf fer, second
filler, or flowaid, they may be added in any of steps
( bre]il)phé)ﬁyd(’(b(y 3arbox-ﬂ'k€act(ﬂir ddta-ByieKNYica@bxyBa G i€ cifFRQBRANt  Of
t he pharnmaceuti cal conposition may be added in one
stagpl;or may be broken into several anounts, which may
or may not be of equal weight, and added in individua
oRciisekiides of steps (b-1) or (b-3). [0222] In sone
odi ments, the inventiaon prOV|des 3, process for the

ng&UBFFﬁﬂ‘Gf6 aliphaie. 5(CHslneHeelt et EHah-FIRAYERT or m of

t und of formula (/), or a crystalline form

t ereo mherein the oral pharnmaceutical dosage form
? psule conprising the steps of: (c- 1) passing

f|| er ‘through a screen, then placing in a high shear

My @8 @ppar atus; (c-2) passing the conpound of

formula (/), or a crystalline formthereof, through a

S the ®6IRing hvanis plyasd; agl i N t he sane hi gh shear m xi ng

appar at us;

the buffer is sodium citrate and citric acid.

[0249] In some embodiments, the pharmaceutical composition comprises the compound of formula

(D), a bulking agent, and a buffer in a lyophilized powder; wherein:
the compound of formula () is represented by compounds (I-1), (I-15) or (I-18);
the bulking agent is glycine; and
the buffer is sodium citrate and citric acid.

[0250] In some embodiments, the pharmaceutical composition comprises the compound (I-1) in a
lyophilized powder. In some other embodiments, the pharmaceutical composition comprises the
compound (I-1), glycine, sodium citrate, and citric acid in a lyophilized powder. In yet some other
embodiments, the pharmaceutical composition comprises the compound (I-15) in a lyophilized
powder. In still yet some other embodiments, the pharmaceutical composition comprises the

compound (I-15), glycine, sodium citrate, and citric acid in a lyophilized powder.
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(c-3) passing filler through a screen, then placing in
the sane high shear m xing apparatus; (c-4) mxing
wW@2009g547B2 sanme hi gh shear m xi ng appar at us f oPCT/ES209/003602
than 10 minutes; (c-5) taking the resulting mxture
fromstep (c-4), and encapsul ating it using a
capsule-filling system and (c-6) weight-sorting the
resulting capsules fromstep (c-5). [0223] In sone
enbodi nents, when using the high shear nixing

[Oiﬁz qh QS mb%g%merlité %%vegtpo orl'ledng 2 untlthigge p%é'g-na Ecga?&) pioytion

arnaceutlca COﬁpOSI |on ma
corr@p@ea theyepraorrdef fosmadp (I(1g-abulking as‘trwm{ ebuffer {n@mplhmd powder. In
softR RRb&IFRGYEL KB BiSdosd pharnGRaReH BSngkitdPdomphids (l’/e):orHﬁﬁgd bfformula (I-

t he processes for aration of solid oral dosage
Dy ghysne: iﬂ’@‘%‘rcftﬁ?da“gkﬁg%ffds'"%&o%'ﬂéﬂ PP¥d5M t he group

t
[OQ#E STI Sor}len bodlfn%rilels g_';t?oe cor('xﬂouag g))f foxfnbu?a n(&'llléls r/egenhngré}g uin{x]TE?SFI e
anm@e@s@smmmmuwnepamaMmUWuoﬂmsohadmbrahgdbsagéanrhmgmammt
%&ﬁtﬁ&%%p@ﬂ@\‘ﬁohﬁllé (hﬂl)l) {nqu‘%glml;lc—)aﬁnems Q&B&) 8§Jn|9%§ formula (I-1) is

[ i ned above can take p ace usi ng convent
Pr%sﬁ‘ﬂfa'? the prit dostPharRireah FomRogitionyin PR IpQUY eqgiwalens op a molar weight basis

of Rediit ngtg@@aboirdsang%ﬂtwmpamd offoafuld @ATION. Bh&waﬁbboz% dm_%ik@ the

he
coBPRchBPRTE AL BT el e s i ape g g moun
eqoivalve ot B okl whikte hasistd azppho agLebout |13 e awuehbhodisben$ mg, about

3. %&g BL& a%' A9 o Bs £ br a%&ﬁg 0 rggaf\ﬁl.edcgelhj ol sm.tma AR B some

ween out 1 mnute an nutes. I n sonme

crofigienie Hscsamaeing of form Bilbis @repryt injthpeunit dpse ghasmaceutical composition

in i GkhdtinElgalvalbhi @R idEr $Ei8R bhsks PEEIVEEH mRROME compBlAtr GorAIE (VITI-
about 20 mnutes. In yet sone other enbodi nents, the

1)blendlng time for each individual blending step is

[0%1 V@?%eﬁegn%ﬁélm%m@ﬂ{l%%%ﬁ‘ %%c"ilnk%:%lrjetsen:l' {n tE(]a unl‘{tdose é)hL:m%czemlcal |
copppsiteantis abaet|0.0h g foyabet 0158 selnsame embpdiannts, téfrmmmrpé |glysme present in
th B J&e"dh%a@éuﬁ&l &&k@%&.&ﬁg WG, @tgqy bbodPo. 5RO rﬂ;%nfa%béd,mems the

m nutes. In sone enbodi nents, m xi ng step outlined
amouph AL 2lYSiRe present “bihﬁl’}'é‘ qose %{‘ag‘?aé?”ﬁ‘f"%é%m%’ﬁ'é@l is kot QPG about 0.125
g.[0228] The m xing step using the high shear m xing

apparatus can take place in any conventional high
(0254 dn samhocmbgdisppa tatsodium Aitrate yadgitkie aod is presdnt ia thiviugh dose

phm@éunggl &rﬁ&s.ﬂ&ﬂﬁ r‘rflgﬂ{(ﬁm{ e%]uisrglgrq t(@:ﬁ)o&t%&yg ﬁh%%o g Rf] itrate ion.

G anul Key I nternati onal
In Is?fn%?jPPé’d@r?b'édi’erﬁéﬁP@ citaie@ndygisgic agjd isPrasent f"d'i‘enlﬁ‘t} dpwhiir@s@uncal
cobpaditi ol andddntEh N VIS0 abdut 8. 0P8, Blab&it 0. ePOsticiRRLIS. t he
m xing is perforned for
[0255] In some embodiments, the invention provides a unit dose pharmaceutical composition

comprising the compound of formula (I-15), a bulking agent, and a buffer in a lyophilized powder. In
some embodiments, the unit dose pharmaceutical composition comprises the compound of formula (I-

15), glycine, sodium citrate, and citric acid in a lyophilized powder.

[0256] In some embodiments, the compound of formula (I-15) is present in the unit dose
pharmaceutical composition in an amount equivalent on a molar weight basis of about I mg to about
10 mg of the compound of formula (VIII-15). In some embodiments, the compound of formula (I-
15) is present in the unit dose pharmaceutical composition in an amount equivalent on a molar weight
basis of about 1 mg to about 5 mg of the compound of formula (VIII-15). In some embodiments, the
compound of formula (I-15) is present in the unit dose pharmaceutical composition in an amount

equivalent on a molar weight basis of about 1.0 mg, about 1.5 mg, about 2.0 mg, about 2.5 mg, about
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| ess than about 5 mnutes. [0229] The capsule filling
step outlined above can take place in any conventi onal
we@apsuse3filling systemor apparatus. | n sonme PCT/US2009/003602
enbodi nents, the capsule filling systemis
sem - aut omat ed, and can handl e small batch sizes. An
exanpl e of such a capsule filling systemis sold as
In-Cap (lsopak Limted, Lincolnshire, Stanford, United
Kingdon). In sone enbodinents, the capsule filling

3. §¥1g Bt '4% n@%ﬁ 4. Sn‘?g1 op%mloqnﬁgf tlﬁ%‘ag?&xng gpf%mnﬁa (fVIhl 1'5;1 %n some

aratus i s sold as$ ProFil pac,
el nta e comgounw(yrml{lws@a s prsea e ENbEHE FLTER—
in GRREsUNEGuAhIEntBAR choBe vakhiBatAP SBUES S mEQF Me 8Smpound of formula (VIII-
15Con| Snap(r) (Capsugel, Peapack, NJ). One of skill in
Vhe art VVI Il be able to select the appropriate capsul e

[0557? eIPrs me e(r:n% ?Jne?ti @]gsagnlgent g%)(')c%er{)?e%ﬁmhuemtcda F ?f)%lg;%%cmrll C\QF
compsgtmns@mtuorﬁ’gg S)taé?}“@é@ Bi h@dmabohfé"@ean thakeoupt o glycine present in

th&/SHiNBseAMY B AU ENEdnPRRion Ve 0.BY b bl RBRY. 34 Hﬁlegrnbodlments the
machi ne.. An exanpl e of a weight-sorti ng appar at us

SRR R SPIESER 41 BE Ui o sSpmag g FTPOTBp T AbER Ot g about 0.125
g.Capsul e Wi ght Sorter (AC Conpacting LLC, North

Brunswi ck, NJ, USA). [0232] In sone enbodi nents, the
[0258p Ju bawe cnbedipauk dgeddivm civat ahdastric fad is ppemcingls wit dose
thJnxaééuﬁzan 9@&;}6&,04 i a§£&H&mPéqDﬁ51aﬁ @ﬁgatfesgﬁg 8 to o0& 09305 Y Sifate ion.

are packaged I n heat-induction seal _ ' .
In sorag-Erehodigenty. e spEitmFitasand gppagid i @fesgng & the ynitdpsstphzsmaceutical
cofipbRehin i amoli@q & ddktiloaBou@ 02 2e KB@eo! 129 aticlimielight

seal ed foil pouches. In yet another enbodi nent, the
(0239 Su bresheasspecp alekagetibniprovides 4 métbid fotdrépatigy thp&aipsundlon formula (1)

: . | es are packaged with
o 3R AL DS RRRIRN oo I SRR °3 Chem ca
st abi | f&th) of e¢ebigipgil phar maceuti cal dosage form may

be tested iR @ &RPUSMNAN@wiBNNEr, for exanple, the
nmeasur enent  of dissol ution, disintegration tine, assay

for the corfboﬁﬁ&o'a?ouf‘%?rfﬁﬂ"&la(f)) degradati on products,
after st or aigeaailkidg hgear et tenperatures for different

| engt hs of .t rngerOZ 34] | n sone . other embodi ments, the
es

mixtire; and
i nvention pr ovi pharmaceutical conpositions for

par ent @2 usbophiliziyethe mistuee. ot her enbodi nents, the

I nvention provides |iquid pharnmaceutical conpositions
[026¢9) IB seresrpmbedimenys, thscgmpqygd of f[n@@@gp 1§ f@rraggjp situ from the corresponding

ﬁﬁhﬁﬂloffﬁ)ﬂhlﬂa (Wm THOETIRU AN afs6 hrividas o thothddSorf padpatid gahe@@mpound

a | hj manner anal ogous to that
o et Y Re S e b e <58 BB S5  her ey
i ncor perlat ed bymbighgrence in its entirety. In such

enbodi nent s; %aﬁ%ﬁgg&%nmhwe conprising a
al pha- hydro

the compound of formula (VIII);

ili. abulking agent; and

iv. an alpha-hydroxy carboxylic acid, or a salt thereof; or a beta-hydroxy
carboxylic acid, or a salt thereof; or a combination thereof’; to form a mixture;
and

(e-2) lyophilizing the mixture.

[0261] In some embodiments, the aqueous solvent mixture comprises one or more co-solvents in

addition to water. In some embodiments, the co-solvent is miscible with water. In some other
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carboxylic acid or a beta-hydroxy carboxylic acid is
| yophilized to formthe conpound of fornula (/).

WO 0383478 sone enbodi ments, the |[yophilized peemEs2009/003602
al so conprises free al pha-hydroxy carboxylic acid, or
beta hydroxy carboxylic acid. Preferably, the free
al pha- hydroxy carboxylic acid or beta hydroxy
carboxylic acid conpound and t he conmpound of formula
(7) are present in the mxture in a nolar ratio

endb8d] g\ErﬂQ te/cO.I31RAPK bin Qc&bl]inctl&hir%pﬁh' hothPfed to, &6, tert-butyl alcohol and
_preferablx fromabout 5:1 to about 100:1. In various
t'ss

milise B Teein s SO SIET smofigenls Seeotgliers ety aleghdl-c aci d
AL U T T NER AT S

alcatiél dn amok dtive eoladingsothelagogpub el @nahid tugesdoeiprisel atwutsh @F to about

[ [ : ) f.
550 S B8 TR Bl g
abay %1v/v {l@pg7In YEPome ABerembetiinenin the solvenemixguspesimprises gbout 3% v/v to
abO\R WHSSy ©RIBIY I s3R@RolC I iil] GetB6rh o R dmBodt AR So1etht hiRfuftofprises
(/)q substantlaLIy free of other conmponents. However,
abp a %Y A" ¥an furt her conprise one or nore ot her
Of3TIERAE rpffinit F58ER EBBoRT Rl RSBl pe KR G oo
lyephiipéd powdersthe meshedyiomprisirasthe stapst ot her material s wel |
known iyt he adfpinidgie preparation of pharnmaceutical ly
acceptab?e fornul ati ons containing these materials is
described i h, Y&°%., Remi ngton: The Sci ence and
Practi ce ofii. Phacémgynd @@3;h Ed., ed. A GCennaro,
Li ppi ncott Wl liams & WIkins, 2000, or | atest
edition, afll 8YFI%kl ey, Pharnaceutical Research, 21(2)
201- 230 ( 20043cdivmO2@84; akdoon di ssol uti on i n aqueous
medi um - equ | LBNCTUE b ForfStARlishgd between the
boronate ester conmpound of forrmula (/) and the
cor r esdhdi nglyPpélizingdhegnix@reaci d conpound. In sone
enbadi nents, .equilibriumis reached quickly, e,g.
lﬂ%ﬂ) HP FPE-STB 4R 8 grethy F@Fovtdﬁ‘g‘%hﬁfaﬁ’af’f‘%ﬁe 6‘?’}‘/%%@'&@ asa
lysphdizedpowdérethe ebthadd comprionpeadtepat | ons of boronate ester,
boroni%chid,cgn%ﬁQny i nternedi ate speci es present at
equilibriumis epé%dent upon paraneters such as,
e.g., the pH ofauenpus sabyeptriigire comprirerzavatar and teitrbutylgdceghad;
of the al pha- hydsasiné@mosyl i ¢ acid or beta-hydroxy
carboxylic acid, and the ratio of the al phahydroxy
car boxyl i ¢ lhcB¥°BF bet a- hydroxy carboxylic acid to
bor onat e est.esodami@@aidndf fornula (/) present in the
| yophi | i zed, popder,, 023910 sqe_enbodinents, the
pharnaceutidaf conposition conprises the conpound of
formul @2/), kopulidugiee mgwret, and a buffer. In sone
ot her enbodi ments, the pharnmaceutical conposition
[Ow}fﬂp pwtlteh@nl@gm@rfgrt mftqurﬁg;cgb%d/cyir’ectg Qﬂektpcﬁ:gnount of tert-butyl
al P8 Presen@ MUhedaqashd RivehtiRuleYOBB: 322 doROME 8%-v/L 0240] 1 n
sone enbodi nents, the conpound of formula (/) is
(02468 - The iyaplidlizalish & GlaEze @hylv@rcan be performed using any conventional lyophilizers or

freeze-dryers. In some embodiments, the lyophilization comprises the steps: (i) loading the liquid
mixture as prepared above, and freezing; (ii) annealing; (iii) second freeze cycle; (iv) drying under
vacuum; and (v) secondary drying. The temperatures and times for each step will depend on the

lyophilizer or freeze-dryer that is employed.
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enbodi nents, the conmpound of fornmula (/) is fornmed in
situ, fromthe correspondi ng boronic acid of fornula

W@ oph34731 n yet sone ot her enbodi nents, the coPgEDURH09/003602
(1-1) is pre-forned. In still yet some other
enbodi nents, the conpound (1-15) is fornmed in situ
fromconmpound (VII1-15). [0241] Suitable bul king
agents include glycine. In sone enbodi nents, the
amount of the bul ki ng agent present is about 1%

[02‘@'] ARt NI rmbOB e, VHe rEsanﬁ??Hﬁhlﬁzc{ﬁ W‘»Vder Hal a FR1ARal %B%Fe content of
dlnents t he anount o g .agent prese

IR SRRBU P RoP S opeEmbpdingy B U D eR R Gerds resicua

m&ictdie doAtehi biflesks €han acir 1%. aci d, and m xtures thereof. In
sone enbodi ments, the buffer is sodiumcitrate, and
[0268] rln enciler gbpedt A4 BYention psovires @mbtbel fioetht prepdrdtion bitdf fhemmatemtical

¢ m&s SERbor ihB c@n&qm&%mtamas pﬁq@nb,g.u}ng%@glmqﬁsg e%prmamﬁéemod

I'n some ot her enbodi nent
coprigingethh sl resprsgiyting 2 léi%dtzeda!?wﬁ‘ﬁn of ghe sprappund f?ﬁwla (1) with an

aqLQﬁQﬂvehﬁuﬁdblﬁo@K@@ﬂbéﬁﬁ&l sdmidiktearibR tduRati retdAQinkiish §&VentsGnclude,

o B SR 8 AT Sl IR 8BS o, e
entiodimgurk ftlwrrectoostmhlen edvepaisl rateo fvattfioninjeatiofy/ shlinesanfl ir@xTures thereof. In
soﬁ}g gh%r e%%oc]lmgﬁ)ts %Q&Ion&an ? soh@nty gsv?t?r%n]%tgﬁ o Follown%recgnstltunon

iments, the ratio o er to
th@pqm@hﬁmaaeuepzal desagefpiF gan gcqpta]_n c@%gg}onq of tlggcgq@\pound of formula (I) as
desdrpedticrant s, the pH of the pharmaceutical conposition
i s between about pH 4.7 and pH 6.1. The pH of the
mpﬂanﬁaﬁ&ummoahmmgﬁm&ﬂbﬂk@ﬁw&amﬁb&w@d@uamQGfMﬁhn@mamwm

comgostnt%k%rrg I nge‘% cl& lﬁgslaqlﬁmd RI-9& eutlcaf &)sagef ista%]melthod comprising

ce u ca
the gemfireserstitubies a:lmmbldumowerf@ thegprapoung (1- laasblgiscklbwgwerem with an

aqB&fal! Solve\ditdleb Jh%nacé@h@aﬁ Sdnbinistt06n. ah anﬁe cjﬂ%gén%ﬂs amethod is
carboxylic acid or beta-hydroxy carboxylic acid is

PrETHacifer apcireparaion o o gharmarepdea) coBBRNA O Raroou i b e
plﬁnﬂlcéulﬁmtlbsﬁge foxﬁ‘r(;kﬂd ﬂibt%&oﬁ%&nsu@ the {t@hﬂ }J&br@l“iﬁﬂ@ﬂa)ly(@ﬁ@ed, powder
of the clgﬁnpoun%l% 8.4, deécrlbgc? laerem \‘Nm waterQ”or mjectlon or normal sklmeg In some
embodlments a method is provided for the preparation of a pharmaceutical composition of the
compound (I-1) as a liquid pharmaceutical dosage form, said method comprising the step of
reconstituting a lyophilized powder of the compound (I-1) as described herein with water for
injection.

[0270] In some embodiments, a method is provided for the preparation of a pharmaceutical
composition of the compound (1-15) as a liquid pharmaceutical dosage form, said method comprising
the step of reconstituting a lyophilized powder of the compound (I-15) as described herein with an
aqueous solvent suitable for pharmaceutical administration. In some embodiments, a method is
provided for the preparation of a pharmaceutical composition of the compound (I-15) as a liquid
pharmaceutical dosage form, said method comprising the step of reconstituting a lyophilized powder
of the compound (I-15) as described herein with water for injection, or normal saline. In some
embodiments, a method is provided for the preparation of a pharmaceutical composition of the
compound (I-15) as a liquid pharmaceutical dosage form, said method comprising the step of
reconstituting a lyophilized powder of the compound (I-15) as described herein with water for

injection.
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the buffer is sodiumcitrate, and citric acid. [0247]

I n sone enbodi nents, the pharmaceutical conposition
w@opns«ees the conpound of formula (T), a bul kPeiyus2009/003602

agent, and a buffer; wherein: the conmpound of formnula

(/) is represented by conpounds (1-1), (1-15) or

(1-18); the bul king agent is glycine; and the buffer

is sodiumcitrate, and citric acid. [0248] In sone

enbodi nents, the pharmaceutical conposition conprises

[0%ﬁ$fl¢&m5ﬁhdtuﬁfm ﬂchrr&'kasgtuﬂér) SOlV@ntbz\L/ﬁquhblnIS}uﬁgﬁ Bdiablidhedbedween the
u er e 0 er er el n.:
oIPpiY "ﬁ{f’&?‘@@ &'f?r%eo%we'%a@. aropie e PLORHR %@ Typically,

eqﬁlﬂibblm( }sl reachacqmdkly witBintabdu€ 1Aa5 ehinués hffer e alRAtidnSof the reconstitution
so %,_é';-é/ re g@e&rﬂ%gs Q bbroC 6 {ob?ljn%d nat n{c%m&present at equilibrium is

deRepdgyt @pon theweH pighe szzmnormqnsper@tum anl:thettié df tHekalpheghwleresitor bota-

h)Ql'&fc(}ba@eonﬁﬂgndttQSormz f&d cohpoi@di um citrate and citric
acid In some enbodi nents, the pharnmaceutica

[OQWIHQShdt}he@ ﬁbp@dﬁ rﬂiH1h\&ﬁﬁontﬂf?f'1dé9Wﬁaﬂxﬁacétﬂﬁﬂﬂdgﬁm&hbn coghprising the

er Ze 0
coRasenToT s (RS Rams P o e b R, e
hqym'qb@md@tl(a]_ cdmposifidn-id §ijtalge fo( pardr@ral useh ér.l fourielothagenabgeinients, the
lidufti BhdBLRGeal @({h%oEiﬁ? PYERL fok Sra n@@@“ umcitrate and

citric acl In some e di nents, the
[0DTR I IHBES uhbmelﬁ@nseml& btﬁﬂn&@]@il'c&ﬁﬁ)sﬁlbﬁc&m e@ompound of

méﬂﬂ%ﬁ?ﬁgﬂggk%gﬁﬁ ﬂé?ﬁﬂ%ﬁﬁggéﬁp!gozggglgfgﬁrconprlses
[O%flﬁrliﬁ g)%dlgn]éntg' )the rgt oycﬁ Ithe gffer(Po g {:r(])rrclzpllofg]nda tffdrmﬁlmgl) is fﬁ)m about

S(éhlb@blcmtré(ht sin smhfeotbﬁn amhfniereqmtSs tbatane efrtp@lsqfﬁer to theccomprung efformula (7)
is (BB HBOY rbdabsl;héw) In' yet Bmb ¥R Ubbdi Bt WL Rio-of !h@ bestbel bd the

yet some ot her embodinents, the pharnmaceuti cal

COEtEﬁﬁts‘é’if foraia &’é)ﬁﬁP?“é%% the

[0275] In some embodiments, the buffer is present in a concentration of about 45 mM to about 65
mM. In some other embodiments, the buffer is present in a concentration of about 50 mM to about 60

mM.

[0276] Suitable buffers include sodium citrate, citric acid, and mixtures thereof. In some

embodiments, the buffer is sodium citrate, and citric acid.

[0277] Suitable tonicity modifiers include, but are not limited to, amino acids such as arginine,
histidine, and glycine; salts such as sodium chloride, potassium chloride, sodium citrate, propylene
glycol; and mixtures thereof. In some embodiments, the tonicity modifier is propylene glycol. In

some other embodiments, the tonicity modifier is sodium chloride.

[0278] Upon dissolution in a aqueous solvent mixture, an equilibrium is established between the
compound of formula (I) and the corresponding boronic acid of formula (VIII). Thus, either a
compound of formula (I) or a compound of formula (VIIT) may be used in the preparation of the
liquid pharmaceutical composition. Typically, equilibrium is reached quickly within about 10- 15
minutes after the addition of the aqueous solvent mixture. The relative concentrations of the boronate
ester and boronic acid present at equilibrium is dependent upon the pH of the solution, temperature,
and the ratio of the alpha-hydroxy or beta-hydroxy acid compound to boronic acid compound. In

some embodiments, the excess alpha-hydroxy or beta-hydroxy acid may act as a stabilizer, which
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compound (1-15), glycine, sodiumcitrate, and citric
acid in a |yophilized powder.[0251] In sone
wepdods4tent s, the invention provides a unit doREI/US2009/003602
pharmaceuti cal conposition conprising the conpound of
formula (1-1), a bulking agent, and a buffer in a
| yophilized powder. I n sone enbodi nents, the unit dose
phar maceuti cal conposition conprises the conmpound of
formula (1- 1), glycine, sodiumcitrate, and citric
pus%%otge c{ﬂm%mln}{ Mds 'th%%grop&y\gﬁ# [S(Qrgg bo%i'ih i e tomcn modlﬁer may
he conpound florm is pr dsent
a“?ﬁ*?h@“ﬁﬂﬂ?‘dose phar maceuti cal conposition in an
amount equi val ent _on a nolar wei ght basis of about 1
l"%l {rsoq5 smpodimentsythe Hayid R appasHEGH aoralroswerf pRiPRAY irihpr.cpipprises 2
prekdivaiiogre enbodi nents, the conpound of formula (1-1) is
present in the unit dose pharnaceutical conposition in
(02801 &mpoeembaofimenss, atiquidiprarmapéwical werngpsitiolersnpsises thegbmpriund of
forfuAn! £ ABO A JpusRLPS 10k B, QTR T or mul a

(VIII-I) I'n some enbodi ments, the conmpound of formula
(the Hphal 1ok &Ry lichckiBEbdIir ) SRbAHRT IRGEHrk Gab;
conposition in an anmount equi val ent on a nol ar m5|ght
basics of about 1.0 ng, about 1.5 ny, about 2.0 ng,
about 2.5 ngy, about 3.5 ng, about 4.0 ny, about 4.5ny,
ok’ ialbsgwtys’5. 0 ng of the conpound of formula (VII11-1),

I n,some enbodi ments, the compound of formula (1-1) is
pR esdndrogen. Cnalinhaiic, “GHoe ChaRr s EHCHR IR Gsi ti on i n

t equivalent on a nolar weight basis of about
3p§?£g%§¥ the conpound of fornula (VII1- 1). [0253] In

nmbodi nents, the amount of glycine present in the
uni't dose pharnaceutlcal conposition is about 0.01 g
t0iapeyt 0.50 g. In some enbodinents, the anmount of
glycine present in the unit dose pharnaceutica

CRERARE Isis@iiurh Sitr@b Mdlcitle &%; @nd 0 about 0.250 g. I'n sone
enbodi nents, the anount of glycine present in the unit

dib s ®njoitamodifia e plescn ngzodithicldorides about 0.06 g to
about 0.125 g - [0254] In sonme enbodi ments, the sodi um
(028} Aagosnegmbodzingnts, the figuidiphiagnagewticd gompasitipiheomprisds tigggmpound of

formﬂﬁr(ﬂaé?ﬁ}#ef & opﬁ&ﬁﬁ?ﬂowc%nmbcﬂﬁéﬂvﬁm nt equivalent to
about 05 g to about 0.250 g of citrate ion. In some

@H@&dﬁﬂ&m&forfnm@ B csde;umrﬁédtfy&bﬁp@mk @15, (1-15) aQ1-a8); S
present in the unit dose pharnmaceutical conposition in

athe bufted istsoddapoicivak emttcittioackbent 0. 025 g to about 0. 125 g
of citrate ion. [0255] In sone enbodi nents, the
i the tonicitpmogsfiey itka present v sedido slogdear maceut i cal
onposi tion conprising the conpound of formula (1-15), _
l02§2b it SOPs§magiments, ahfaelaths aPhahydraxy sarbgrspnacid o &gfe; éxﬂmfﬂ?rboxyhc
aCIB ns AR TR 0IdLiE PR Macelitltl COMpdsitidd SEhP EipdBIe tdr@alh () comprises

the co glglldtolt t%rmtﬁe? HP rwlat%re gltgcrllgdcs% r%%lqgteoand soc[mm chQOrsde In some other
embodiments, wherein the alpha-hydroxy carboxylic acid or beta-hydroxy carboxylic acid is citric
acid, the liquid pharmaceutical composition comprises the compound of formula (I), water, citric acid,
and propylene glycol. In yet some other embodiments, the liquid pharmaceutical composition
comprises the compound of formula (I), wherein the compound of formula (f) is the compound (I-1),

water, citric acid, sodium citrate and sodium chloride.

[0283] In such embodiments, wherein the alpha-hydroxy carboxylic acid or beta-hydroxy carboxylic
acid is citric acid, the liquid pharmaceutical dosage form of the compound of formula (I) has a pH of

between about pH 3 and about pH 7. In certain such embodiments, the pH is between about pH 4.9
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15), glycine, sodiumcitrate, and citric acid in a

| yophilized powder. [0256] In sonme enbodi nents, the
waeeowposute? of fornula (1-15) is present in the BCI/USHOS@3602

pharmaceuti cal conposition in an anmount equival ent on

a nol ar wei ght basis of about 1 ng to about 10 ng of

the conpound of formula (VII1-15). In sone

enbodi ments, the conpound of forrmula (I- 15) is

present in the unit dose pharnaceutical conposition in

an?gbo‘fﬁwg% B aslrtglg%ucﬂ%mgoc{mjzn%r t g%h?sh%empe%rsn’ ![1bsc’)uto JH ?? z?nltlitabout pH

about he conpoun
6iVIII-lS) In some enbodi nents, the conmpound of
formula (1-1 IS present in the unit dose

(02444 rlﬁa%a&"rbe%erne% r‘f’ﬁ6‘§'|"t“ied’|1PhF‘ Rydipryamermic agdiprpaedpdroprrarboxylic
acill is@tria racM\Bhegl’thdtpﬁﬁhﬁceﬁlflca%ﬂipbsn]on(bf the coxﬂﬁﬁhﬂ of:k@rﬁluf:ml) is prepared

in gpu tu c%m ﬂst%ckrwihuél? so(l) l'{lon Fndgth{)%ﬁﬁmgg %%émlggﬁfdggnlg sgjpe en%oggnents the

stdc vehidlasofuubn ¢0nb5)es WIanr simmec@ntvdidimmiratesand propyloe iglyoelnth such
en%dntr@ﬁtmﬂlllé}es(]ﬁmg' @lutfoﬁ C'leb%%ﬁﬁ\ter d;ﬁheﬁ I;Wth Hgéktveﬁ'iglks: Solution or w1th a

phar maceut | cal “conposition in an anount equi val ent
sodiupshigrida selugen o gersrak ligpid ahwsmecentio! gegppsitiongief theowrsvewwé of formula
(NSt désareddbhnéenfrdflohd. - 15). [0257] In sone enbodi nents, the
anount of glycine present in the unit dose
[02813h Tmareehet asperk the owpien prodidesiating basd liquid ﬁﬂagnatcamah @brhposition,

COQ]F§Qnth(J. &nﬁ)gﬂjlg o?ﬂ)plglgla gg AL ert JES H;?:Hg'ta t9n1c1 nyo(alfjgr In some

sent I1n't ar nac (O] t
eﬂ&@@mem@ Ugging desg halb@)marrmczs@algoquqmsmmp@m deti cn@musd of formula

(nt mﬁlfﬁmhm(gpn@lﬁallghY&lcﬁ?dehﬁ@re@lﬁerénmthE Uﬂcﬁof 4R%81a (I) lS the compound
(18) rnaceut | conposi t i gn i's about . %gt o about

DB embf’%é’s'éi tergoseaac iR ANt %’?SCP‘H% 8ot g liquid
phaintaceutieal eontbositidir dt & c@cénthatics op s £ m'g/ﬁll td’%om Blrrtg/rdeﬁ &1e compound

of P(E‘%[lmgﬁé %]‘n{a gtﬁ’)lgl:%glﬁ?él!ﬁglg% ré C(a)‘rpl?o%n l{b\{sapri%ﬁm 1n t%e unit
doganifsyid m@’maeeunqah@nwesjmqym @cqnmtrenoamﬂatmuttlrmymmf tigk qompound of

foxﬁr(u@aS(WItI) hia antEQ)tﬂépérﬁboq%ﬁtsméfemﬁ@&trdp&md of RITRAZ2 IE)fs Q&nﬂoﬂnd a-

anount equl val ent to about . g o0 about
1) ghe PRSI he PERdnsg liquid Pé‘ﬁr@taﬁf‘é‘ﬂcaég‘ﬁéﬁlt“’"t‘h present at :
cohd’é\ﬂ@ﬂfbh Gifhbﬂlit 0)5ingk@i5l ta attRt g/l 6f thdERPBNARY fdrh@a o\qmpr.)u 0ohet

some otfher CIT%O(? mgrﬁg ﬂfrem the%?%;l;]clflycli ngfdwﬁl%\@gg éompog{ﬁlr{g&)utgls El(gnpound (I-

1) gvhev_enttdom lm@méarnuceumdabcoommwndprexbntfam wn¢eatrtiop pf dbnut lang/mi of
théa)‘érﬁrjrlfnbm oPEGRIA (\ﬁﬁdl).l Y stift yggr)x]:)cecgther'éﬁbgd?rﬁmsgwmré& HE go.mpound of

formula (I) is fhe compound (I-15), the compound (I-15) in the unit dose liquid pharmaceutical

composition is present at a concentration of about 1 mg/ml of the compound of formula (VIII-15).

[0286] In some embodiments in the unit dose liquid pharmaceutical composition, the sodium citrate
and citric acid are present in an amount equivalent to about 0.005 g to about 0.250 g of citrate ion. In
some embodiments in the unit dose liquid pharmaceutical composition, the sodium citrate and citric

acid are present in an amount equivalent to about 0.025 g to about 0.125 g of citrate ion.

[0287] In some embodiments in the unit dose liquid pharmaceutical composition, the sodium
chloride is present in an amount of about 0.0045 g to about 0.09 g. In some embodiments in the unit
dose liquid pharmaceutical composition, the sodium chloride is present in an amount of about 0.01 g

to about 0.04 g.

[0288] In some embodiments in the unit dose liquid pharmaceutical composition, the pharmaceutical

composition is stored frozen until use.

-54 -



(d-2) lyophilizing the mxture. [0260] In sone
enbodi nents, the conpound of fornmula (1) is forned in

W@ 2G0w/18478Mm t he correspondi ng conmpound of for MUPET/US2009/003602
(M11). Thus, the invention also provides a nethod for
preparing the conpound of formula (/) as a |yophilized
powder; the nethod conposing the steps: (e-1)
conmbi ning: i an aqueous solvent mxture; li. the
compound of formula (VIII); in. a bulking agent; and

[0?99] gR an@dtf‘%p%p&y E%é{nn%ﬁ 11391)&/ tlﬂ)ﬁl re Enn tl’?’e‘%o!n ound of formula (),
& , B'ealt

héer eof et a- hyd carb oxy
aStaweut st “q‘tbq’ Pfarm,a@%% a‘fmlzmm?rh éfreemhodp@nrfr@mmm siePst ur e;
and (eﬁbﬁ Iyogh|I|2|n the m xture. [0261] In sone
enbodl ts ﬁ%”ﬂ&ﬁ@b fegig py PPy Utk conprlses one

orbogi e s CpENi delolbitiotio P Ga M pEE cradlingdf By nerges n he
some othemQWBQUMMehnsmpﬂhb,co solvent is an al coho

i ncl udin but not limted to, ethanol, tert-butyl

al cohofP-3nd nf’b?%oiW@s‘hfttFl'é“r“é@’Pdlﬁan"%mxtWh@Pmed in step (h-2);

enbodi ts e co-solvent is tert-butyl alcoho
[ 0262] Lt sonré dg}%ﬁbﬂlehﬁﬁ%‘s sqlyrat taaﬁéwgedsta}cbéﬂvme and

m xtur g Gonprise % 1% vl v &0 about
al coho 55 I n Sgﬁ‘g?&? a%m(amt of tl%e mlxttu btameg in step (h-4).

[omh wemmepnkswrn@ntg mmraussas%écaamuhe& nﬁbew.% in%oﬁa@gm& hBSfiments,

v/ v al cohol In some ot eaueous
nitgQgesy s Rpbbigdarpyel t'&?dﬁ‘b‘n“feé’é@f q B'sm fh %oﬁwvsome o@zbrcﬂmbo@ww pfter step

(hah,@eNbid it fhe Yidk csVIBvAlahY widHREEENRI B cafpiy. SOI vent
m xture conprises about 3%v/v to about 6% v/v

(0291 tIs banteydmbadimerdto khe cbmp@ind bil foyreda (E)adsarmddiesitu from the compound of

[ 5%
foﬁﬁm @Iﬂf ribalch F,llﬂg dihg n}(;sl Htstegggé) ? co?@gpnr{éi 0‘2? %m@? ﬁ%ﬁll) ora crystallme
forpethprsef. is gddsd whqj@dwfeo An pamesmbpdigenth dhe alphpldrdy adid stl) beashydroxy

acfl it B h sieg @le)pﬁlVQﬁE othtebhBIBRY tHe QIFRA- hﬁi‘rd}g a&@ @r b%taqg&'oxy acid
1s§f 12 combi ni n water: ii. the conpound

fegent ig Ist>e7% nlé as tge buffer

[0292] The pharmaceutical compositions of the invention preferably are formulated for
administration to a patient having, or at risk of developing or experiencing a recurrence of, a
proteasome-mediated disorder. The term "patient”, as used herein, means an animal, preferably a
mammal, more preferably a human. Preferred pharmaceutical compositions of the invention are those
formulated for oral, intravenous, or subcutaneous administration. However, any of the above dosage
forms containing a therapeutically effective amount of a compound of the invention are well within
the bounds of routine experimentation and therefore, well within the scope of the instant invention. In
some embodiments, the pharmaceutical composition of the invention may further comprise another
therapeutic agent. In some embodiments, such other therapeutic agent is one that is normally

administered to patients with the disease or condition being treated.

[0293] By "therapeutically effective amount” is meant an amount sufficient to cause a detectable
decrease in proteasome activity or the severity of a proteasome-mediated disorder. The amount of
proteasome inhibitor needed will depend on the effectiveness of the inhibitor for the given cell type
and the length of time required to treat the disorder. It should also be understood that a specific
dosage and treatment regimen for any particular patient will depend upon a variety of factors,
including the activity of the specific compound employed, the age, body weight, general health, sex,
and diet of the patient, time of administration, rate of excretion, drug combinations, the judgment of

the treating physician, and the severity of the particular disease being treated. The amount of
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iv. sodiumcitrate; and v. citric acid; to forma

m xture; and (f-2) lyophilizing the m xture. [0264] In
WG 0oe/184T80di ments, a nethod is provided for pre@EHDEI909/003602

the conpound (1-15) as a |yophilized powder, the

met hod conprising the steps: (g-1) conbining: i. an
aqueous sol vent m xture conprising water and
tert-butyl alcohol; ii. the conmpound (VII1-15); iii.

glycine; iv. sodiumcitrate; and v. citric acid; to

adF 8%%%? %&By{%gm g?eﬁ t ‘ngi ncé)g Jl)s}r{}g)ﬁ{gg tlhlsﬁrlvgrgioh g%lcnll »tvg b€ ho more than
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[02%4¢ g anofhie) aspegh tHienmyentiva pravifles dmethog far tesating apatgahaythg, or at risk of
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ch&ﬁ&@nz@d byl anGRpRR0N pRdtehddthe leyREioh era@ﬁw@rorf\Mhﬁ:ﬁ Z@;uﬁ'és)bﬂfteasome

act1v1t IT b? tﬁremnglroo%aﬁ(ir?] 18%2516% &Id&sgl;d%:n EE glnﬁgfg |a%‘gT°r‘?fﬁ|d§F‘t§F ar condition in

wludntﬂelmtloruﬁ ploge®mehetivitgixdgbef2ld. | n sone ot her
enbodi nents, the resulting | yophi hzed powder has a
[0295% Fguexampiei compeuadsasd pasmacsiicalkcompesiiians ofttsinventon[aga6@y! in

trehithe A WP NG e r@2BE AL vid lgl'gtefng &N tNPQﬁ &ﬁ@s\/bﬂ@’ﬁ*‘ & ﬁi)m%hfafé regulated
t he preparation of phar maceut i cal conposition of

bY PEHFURLCGN LY f BFlﬁ’@P%F“(Of%efSa%ché’e |1qﬂammt°ﬁr¢aﬁ°f¢a@ém i réalmawld arthritis,
M‘Eﬁ@ﬁy B@Vemilséﬁi Qstlﬂfﬁt h@(ﬂn&dbﬁfﬁlc\t;\gﬂ [Jilﬁndnli}? ﬁﬁs&a@@(@ﬁPD) osteoarthritis,
t i tuti er e
st PR PR he - BE TRt PRuTe B aronleois
reqndmamnm@iitrhtbfa locwdat iispridert feag. id’mbencwmbpwlye beegroprslifeatiMeidorders
e.g.o}.éﬁ%%ﬁm% 5] %LtUﬁirﬁnunE H%?aggs% alll] ;&l@lcz g(% §) &Sue\/gg(ﬁ ﬁlji’gxr{ rﬁ]ectlon) as

osphat e er ed
wellipg r'@emmatm agse%efbwﬁb’afeﬁmﬂt(gg TN EBRSRSSE) Raytcdergnerative disorders

(e £QR Vo8& nert sdidomke Qfarkm&@ﬂ S8isda@f mbid} RGLohOMseastdheuftPathidBaln, triplet repeat
} ures thereg

disorders, astrocytoma, an neurodegeneratlon as result of alcoholic liver disease), ischemic injury

(e.g., stroke), and cachexia (e.g., accelerated muscle protein breakdown that accompanies various

physiological and pathological states, (e.g., nerve injury, fasting, fever, acidosis, HIV infection,

cancer affliction, and certain endocrinopathies)).

[0296] The compounds and pharmaceutical compositions of the invention are particularly useful for
the treatment of cancer. As used herein, the term "cancer” refers to a cellular disorder characterized
by uncontrolled or disregulated cell proliferation, decreased cellular differentiation, inappropriate
ability to invade surrounding tissue, and/or ability to establish new growth at ectopic sites. The term
"cancer” includes, but is not limited to, solid tumors and bloodborne tumors. The term "cancer”
encompasses diseases of skin, tissues, organs, bone, cartilage, blood, and vessels. The term "cancer”

further encompasses primary and metastatic cancers.

[0297] Non-limiting examples of solid tumors that can be treated with the disclosed proteasome
inhibitors or pharmaceutical compositions include pancreatic cancer; bladder cancer; colorectal
cancer; breast cancer, including metastatic breast cancer; prostate cancer, including androgen-

dependent and androgen-independent prostate cancer; renal cancer, including, e.g., metastatic renal
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some ot her enbodi nents, the reconstitution solvent is
wat er for injection. Follow ng reconstitution, the
wo p@aist7ghar maceut i cal dosage form can cont ai NPCT/US2009/003602
concentrations of the conmpound of forrmula (/) as
descri bed herein. [0269] In sone enbodi nents, a nethod
is provided for the preparation of a pharmaceutica
conposition of the conpound (1-1) as a liquid
phar maceuti cal dosage forn1 sai d et hod conprising t he
ce@ %aﬁ%réo%aaﬂe?)%_g%ﬁhg}s ct%éeeg gl.}n hlE!r:lE&ﬁgd W%? \ﬁoldnes:ﬁnaa ccalelur? cancer
(NSGLYe bronchinlqalyigplar chrginopiy éﬁf’rﬁic@d@@@marmmawf e ruaz iogarian pqmer,
inci&iitg, @Ebﬁgér&%% &mhéhar@tphi?\gry peritBeaMafted cérQlEaltc!ﬁﬁ%er %astnc cancer;

preparati on of phar maceutical conposition of
es%?ﬁswﬁ'&er( &eaﬂ)an%%“‘a%"fea UREPaR s frasgeanqus el céré”é“a‘@%a"ffﬂlfr*}ﬁd and
ne&@hﬁlaﬁﬁiﬁah ﬂﬁlrdkﬁdﬁaﬁmcﬁdaﬁtgr ﬁrfdmdﬁig elﬁtaﬂitlcrneﬁ‘rﬁé’iﬂbdnhéltuhﬂ_@ tFain tumors,
mcnl}/do r{ér e.g. Vﬁqltoﬁlg napl, aStl(f ol},goctfI ndro a ar(liult %llob}a)stﬁ,rgl? mglglfo%%l%,g{e)% adult
angpdaytic shbythimaelineg cangerrastl mfchsms Sprcma ded for the

eparation of a pharnaceutlcal conposition of the

IO%éhMﬁlamm-eﬁmI&%s chhqmaflpess Pigraraieetitticanhe rashyith hedipglosed
pr&édsShnd vRkiBiasds &@Hmnh&uml Joh@oﬁttoﬁ@m&fxdera@@t@ Astibl uaukaﬂa @AML)

chwéi?:ré)rlé]ylﬁllgz ed OWder (?I&IIL ggngg %2{35%%’1"‘!‘) qnﬁ%gﬂﬁéast phase (CML BP);

acﬂiﬂb’@ﬂihmll(slpulammt\hbﬁ clanmptymthItetd: It wemia{€LIDX, Hpdpkitsidsense (HD);

f
il TR 2L EARE 0 Bl RIS e
'yre?mpm %thldymw@nmwt'm myderarMN: Waldsgstramis yspraglpbubipemia;
mﬁwa%ras&fsyﬁda&n& QMPSY) n{éluﬁll. ;le'ﬁr)acm 2R RS RA erdfr&eﬁﬁanemw wiifh ringed

ORI i AR RN L .

(RREBVI) thad niyeibprbliferapivespati@bdson of a phar maceuti ca
conmposition of the conpound (1-15) as a liquid
(0388 dmecoeembedients e gempayndrpr pharmdcentitaheanpesigms PEthaigventien are

used E e b pgtﬁﬁﬁﬁ%Eé btk F8%bf ﬁeJehé&H% blh:&ﬁ&ile cu%ncts E}Pa cancer selected
conmpound (1-15) as describ ereln wth water

frqmythe gropRyiensiging AbPpiple ayflpRzand mendesich amahes? nent s a

odis vided for the preparation
OB IR i PEG et he sefcataie FoBRer PhsABED e fomPpsfons e e
inYengpni ndaqnhrastmmubmjmtlordmiS&thérommpeusa|agenmeTdexer therapeutic agent

m%oa\i}g HhﬁJth& &gasg%g Br rqg ({p%%%@? ta Idltﬂ%l: hngecﬁ m%‘? Fﬂ? L(!?r?e%%bodiﬁlents the

e conpoun escri herein wt
Otlwathéqap%? aaem ipenejthahis popplY aqu@ﬁerpcb@cm@ﬂntswwwlﬁewe gr condition

berng@x@n&t |'ﬂ'1é'bl'0&ﬁ‘$0§1@ I.rmmbr of 2 ifdhtioh Inka b&! BnhiSisted @ ihs bt

h t ween the COTpoun of formul a and th q q
BB 13 FHGRUH (7B aT  20TPPipeHER Fpn [oyn adminiserd a3
sefayqpe doadge Yormedyel bﬂherbﬂidrapa’l]t]cSgdnG@MdﬁpNIMéd)er to it the @dn@Litme as, or
foﬂbg%rgagqu Srl].l'LAIl nsof ﬂIe p?oteagome in d&!c;‘ 1S ig\flenﬁcbne

[0301] In some embodiments, a proteasome inhibitor of formula (), or pharmaceutical composition

of the compound of formula (f) is administered in conjunction with an anticancer agent. As used
herein, the term "anticancer agent" refers to any agent that is administered to a subject with cancer for

purposes of treating the cancer.

[0302] Non-limiting examples of DNA damaging chemotherapeutic agents include topoisomerase I
inhibitors (e.g., irinotecan, topotecan, camptothecin and analogs or metabolites thereof, and
doxorubicin); topoisomerase II inhibitors (e.g., etoposide, teniposide, and daunorubicin); alkylating

agents (e.g., melphalan, chlorambucil, busulfan, thiotepa, ifosfamide, carmustine, lomustine,
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solvent The relative concentrations of the boronate
ester and boronic acid present at equilibriumis
walepensisst upon the pH of the sol ution, tenperBCT/US2009/003602
and the ratio of the al pha-hydroxy or betahydroxy acid
conpound to boronic acid conpound. [0272] In another
aspect, the invention provides a |liquid pharmaceutica
conposition conprising the conpound of formula (/),
and addi ti onal excipients descri bed herein. In sone
semm{l Btlregn)];oc’m d%caré)ﬁ 1%?gfqhag§gt%tg%gﬁé elozina gi@o%ﬁ(l)stpfma%del);sbNA
intenadl yokis MIossPlatnh@xaluplqum dngxaghoplaitB UPNA arltercaimqpadifiepradics
ge.%a;h&@mcﬁ aa‘ Borkd! an%@cleogggmeuweg% Tu&BRag &s&hﬁmnet he

rfgl armaceutical c osition conppses t e
ge%ﬁ’ﬁﬁ'a d%ﬂ‘b"feoﬂﬁﬁ‘l‘b&‘e( mgrcaplopysifes tBioguaning; PS‘iBt’%“tS‘ﬂaﬂ"P pydaoxyurea>

nodi fi er. e
rod 3] e g Rt s et G s DG Or ot B N Spigeagtand
relﬁtf:abma}}pgs) wincfs@ind vinblagip ot reldfdedlanalbgs; walilem@le Haralidomide, and related

anﬁ?B % n@?tﬁé? 'ﬁﬁ] %c Iﬁ)?gr E)m E?J?(?Sg% wfat&gnfg t(())bsrzg i 091%981)1 nlgsylate and

geljignib)spypigasemp i lbé?fbffcﬁ RefRzemiby; AE-wByinhipitesy, inclyding inhibisers pfdxB

kifabte arﬁmw&tw}dchq;mdf ® Erﬁléln@ o{el’e)xpr'e&secﬁh‘lhﬂcerg Qnd]{her£@2%5$reédihte cell
e resen
R BBt BTGP R SRR, S BB T8 AR 015 g of
prax¢itsarr eszybedinoen tahe upegulierf, bex-expgespid@s ambatedin @ancers, the inhibition of
> ' - ut 50 MM to about 60 nM [ 0276
Whﬁﬁggﬁ%éﬁﬁag%%?%m?ﬁ&Tude sodiun1citrate citEic aLid
m xt ur es t her eof nmbodi nents, the buf f er
l°?0§1 dn prderhas hisrimyeation g aloeq ft‘lm l@d%fem# the fdlpwing gisparafiye and testing
exhrfifésGard $¢t fOBKlI THe@ eSarhplssliNi@@ate Ru# todtiaRe 61Qést pedTTi¢ @chpbhds, and are not
to B¢ Gopstrug ' Olﬁni&#‘? e 3502 & E‘n'vng, nmatidie, and glycine;
LTOP e B HUNES A CORR S KIE SFHET MABY 34%i um chl opde,
sodlun1C|trate, propyl ene glycol and m xtures
thereof. In sone enbodi nents, t he tonicity nodifier is
propyl ene glycol In sone other enbodi nents, the
tonicity nmodifier is sodiumchloride. [0278] Upon
di ssolution in a aqueous solvent m xture, an
equilibriumis established between the conpound of
formula (I) and the correspondi ng boronic acid of
formula (VII1) Thus, either a conpound of formula (I)
or a conpound of formula (M If) may be used in the
preparation of the liquid pharmaceutical conposition.
Typically, equilibriumis reached quickly wthin about
10- 15 mnutes after the addition of the aqueous
solvent m xture. The relative concentrations of the
bor onat e
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ester and boronic acid present at equilibriumis
dependent upon the pH of the solution, tenperature,
wWarwInks3T ati o of the al pha-hydroxy or bet a- hyREDK§2009/003602
acid compound to boronic acid conpound In sone
enbodi nents, the excess al pha-hydroxy or beta-hydroxy
acid may act as a stabilizer, whichpushes the
equi libriumtowards the boronate ester In sone
enbodi nents, the tonicity nodifier may al so act as a
stabilizer. [0279] In sone enbodi nents, the liquid
phar maceuti cal conpositi dXAMPLERal |y further conposes
a preservative [0280] In sone enbodi nents, the |iquid
AmpRanf®geut i cal conposition conprises the conpound of
formula (/), a buffer, and optionally a tonicity
DGMdi fi er; wher ei n: m¢thdenglcibrdenydr oxy car boxylic acid
piPEabet a- hydroxy cagRexNReopfitdyiasugi tric acid, Ais Q
Ra is isobutyl, Ral is hydrogen, Cl 6 aliphatic,
DMF cH2) - CH2- RB, orN’l“(éﬂghylfeﬂﬂi(a%jé)-me , Pis
EDRI- C(O -; Rc i s - RD3-Binietiy@mioprbpylt-Neetbdattadiiride syaebichibaide
Ltrate and citric_agi and the tonicity nodifier,
Et%‘én present, is s%layiqﬂc(r%{a(t:ehl opde. [0281] In sone
h enbodi nents, the Ihayei d pharmaceutical conposition
m@pri ses the co.rrplggm&rfgfmai,&nmuid@h,un)mg@p@uffer, and
,%}l onal ly a tonicity nodi fll er; wherein: the compound
MBK formula (/) is ‘F‘%‘éﬂésglé‘ﬁ’( &F°BY conpounds (1-1),
PES1- 15) or (1-18); pdyethesbifee i s sodiumcitrate and
ktric acid, and tJe 1 Chb Vo N 4ge ar;{gag, d
élslls[} sodi um chl opde. 5;’8‘%@%’]2]&%1 gxlsg%g}qéﬁb%ﬁi rrengh sr(?ﬁﬁg?%quﬁmborm
ThAe al pha- hydroxy €8pwesesicacidaci d or bet a- hydr oxy
THr boxylic aci d i Stegahlyddofaraaci d, the liquid
armaceutical co sjtion of the conmpound of fornula
HOBY " conpri ses thengg%%ﬁﬁedmgfzogeor mula (/), water,
LG@NS pc aci d, sodi uniigid sheimetogeply mesdspgetriohl ori de. | n
mSome ot her enbodi ngph,ss Wherein the al pha- hydroxy
carboxylic acid or beta-hydroxy carboxylic acid is
Gé&ietdl Metias d, the |iquid pharmaceutical conposition
conprises the conpound of formula (/), water, citpc
[0305] dH NMR: The spectra are acquired at ambient temperature on a JOEL ECX-400 NMR

spectrometer operating at 400 MHz for 'H NMR. The resulting FID’s are transferred to a PC and
processed using NUTS NMR processing software from Acorn NMR Inc. Chemical shifts are
referenced to DMSO solvent, 2.50 ppm. A solvent blank is prepared by adding ~0.75 mL of DMSO-
dé6 to the NMR tube. After a 'H spectrum is acquired on the solvent blank, the sample is added and
completely dissolved.

[0306] Mass Spectrometry: Mass spectrometry studies are run on a Thermo-Finnigan LCQ Deca-
XP ion trap mass spectfometer. The electrospray ion source was used in both positive and negative
modes with a high voltage of 5 kv, sheath gas flow rate of 35 arb, capillary temperature of 275 C,
capillary voltage of 9 V and wbe lens offset of 35 V. An analyte was dissolved in acetonitrile to
generate a 0.5 mg/ml solution. An Agilent 1100 HPLC system was used for LC-Mass spectrometry
flow analysis. The pump flow rate was 1.0 ml/minute. 10 pl of each sample solution was injected
from the autosampler into a T-joint. About 2% of the solution from the T-joint was infused into the

mass spectrometer.

[0307] X-Ray Powder Diffractometry (XRPD): X-ray powder diffraction patterns are acquired on

either:
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and propyl ene glycol. In yet sonme other enbodi nents,
the liquid pharmaceutical conposition conppses the
w@ovposH1a7 of fornula (/), wherein the conpoundP@F/US2009/003602
formula (/) is the conpound (1-1), water, citpc acid,
sodiumcitrate and sodi um chl opde. [0283] In such
enbodi nents, wherein the al pha-hydroxy carboxylic acid
or beta-hydroxy carboxylic acid is citric acid, the
quuid phar maceuti cal dosage form of the conpound of
i)a Elrl%y l/%(sg Iégr c&?xﬁ:e gﬁ@ to%I n%zp e{’hw%gt is coﬁei;]: ed elil?r §n grgulf'ir rgrg%lfl]:tof 2.9°to
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> E{@ 02én4] In sérreag?nl‘sorodl mgnts tpv?h??a nth g&&\% *
ra&Pﬁﬁ&“ ?H%ngﬁrboxyllc acid or beta- hydroxy
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i GaRRI & BE Pd RsSaht e RSt P o trstthad o Cp pipipmproduces
us{ng jan Dptixploggiarediocul pougdet An Ellipinably srhded knuitiddyechigrosie baetl keoficus the
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bemp@? migson thick filyes} #halyaeddn §snsmistiprageemeinelansoipipd torpptimize orientation

stibyes.OA bednﬂst&&i@ s MIW}Bébacié}‘&mﬂ @6rld}ateti BY ai® Qlatddrin® MHelium and

th di | t ock hi ¢l I
N NIRRT R CILE CERE N
mphmzdmmemvergmbe dbepitiedctionoraserad ard dutlealnsiag b sbanding @kifeH-@inimize
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aspect t 3 &

e Invention provi s a un 0S
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nodi fier. In some enbodi nents, the unit dose liquid
(0303 rDiEfe@bifid]l Seédnnig rmnﬁinﬁdt@rmsommﬂfaemaltsmnﬁ 9 6GHHREy ADSC) data are
cdha:%unen&J) a buffer, and optionally a tonicity

modi I &r - wher ei n t he conmpound of formula (/) is the

1) ? ?Rﬁ&%rqer& I:bb dnf}e&nﬁzﬁ %nrﬁ”%’%?mﬁ?t ect]a 8&%1&%&Ug%n%tno sampler.

ormul a 'S present
Theieagrepand mpératurecc@hlisemntsﬁaemrdaﬁ ingiugioPrsepifs ﬁ@thiﬂ?éﬁi b raggnd 4@°C per

midut® bEFdH 250 ambRgtc 3 AR I‘?Eé J%ﬁgetdaalrﬁgwger%nlﬂﬁﬁ Hein@ined over

In so ot he he conp
o SPGB PSS e A { HE LM RIS ] motes arecrimped i
a Ipragticallysedlddodiminonpe vithia@inhalt tcalleone ta pressiie@bcuaiulagh @din the
So&@ﬁgé L. f the conpound of formula (M11). In sone
er odinents wherei n the conmpound of formula (/)

n)'aﬁ' AQHEIRI%H[Q dl@f‘srentga) scax‘irhr?g c@@ﬂﬂ@t@%ﬂﬁ 1Th:l:)sarh[ne i Bﬁcé&@r‘ntg an alummum
dose |iquid pharnmaceutical conposition is present

D3IPROGAE PErFiH TolccuBE fecgos ﬁ%‘F APenPan 5 pogEed ylth@}'manddhen rimped.
Tﬁehﬁnmefﬂﬂﬁih’qdlllﬁrfateﬁ @trmd:amé Wdateld uhder a hifroe@tpurg® Bt rité BEID °C/min.

ment s er el ound of formula (1) is
Ingluwp metal Has LTédlz)szt‘le cHllbratlon S%rh ngp in the unit dose

[0509? Un{inﬂh%!nﬂﬁﬁﬁ*ﬁ Aﬁ@i J'sﬁ ?F@R)S rA('h 91?11] kl’%wplgtﬁ?? QMym@t(T@A) data are

concentration o
collected on a TA Instruments Q500 thermal gravimetric analyzer, calibrated with Nickel/Alumel and

running at a scan rate of 10 °C per minute. A nitrogen purge flowing at 60 mL per minute is
maintained over the sample during measurements. Typically 5 mg to 15 mg of sample is loaded onto

a pre-tared platinum crucible.



t he compound of formula (MII-1). In still yet sone
ot her enbodi nents, wherein the conpound of formula (1)
wo goovhs478bnpound (1-15), the conpound (1-15) iPCT/K82009/003602

unit dose liquid pharmaceutical conposition is present

at a concentration of about 1 ng/m of the conpound of
formula (VII11-15). [0286] In sonme enbodi nents in the

unit dose liquid pharmaceutical conposition, the
sodiumcitrate and citric acid are present in an

EQRRIN UL 8PL. (8. @-(J?Mméthhoz%«ﬂ)t&éeout 0.250 g of
€ 4WRRIoro &z%%a& h§/ '11{\]'])16- 0- -dlg&ﬁtﬁ'mane 4-
i qui d pRALIREEHE @4l conp03|t on, tne sculun10|trate
and citric acid are present in an anmount equivalent to
about 0.025 g to about 0.125 g of citrate ion. [028‘5}
In sone enbodi nents in the un|t dose |i qUiclcoon, Hn 5.y
pharmageyti cal cqppesption, odlun1chlor|de ES

prese , an anDuntoof abou og to about dj/é
g. In me enbodlnﬁgps I'n th se T qui d gy
phar eutical conposition, SOdIUﬁ]Ch|OrIde IS

present in an anount of about 0.01 g to about 0.04 g.

&0288] In_: enbodi nent s |n the unix dose liquid
@edizgge compasi tion Na@daceutlcahmmm

rrr_l) is sfored’fro uun | iusé. [ 0289+—+r—>
@nother pect th@“ﬂhvent|o prOV|da§ a method for
preparing the conpound of formula (1), as a unit dose
quuid phar mageutical conposition; the method

COSI ng the)sseps: (h-1) dissolving the buffer in

(o}

an nuéo sﬁéoncgt (h-2) dissolving the conpound of

I)\rbr Ed crystalline formthereof, in the
ntx?ure obtained in step (h-1); (h-3) dissolving the
toncity nodifier in the mxture obtained in step

(h-2); (h 4) addlng further aqueous solvent to the

tep Bt ds p mdacgtiv-abid filling vials with an
amount of the ntxture obtalned in step (h-4). [0290

[0319) Jorramiztitsof NA@H(2, & BMempelyang chyeise éléépsp%?t? rerhelkip Watee(d 20 mL)

wisRdde) drobWiss @Jsewtnhersolem b %%ﬁwob@rﬁzbt]l‘ég]%ﬁdd 30 g ub latne)@ in THF

h the m xture r to
b Lo bt P gy aptt £ Rih by feglivtr e prgned
withi 220 §I R 11 25enlo) \kedping yiedntevndl lnen’metat‘u&gi&lb»\pabbmrs °Co Thenpguilting . :
0 f r
pr{c%gélgva% %)}l?rgg q'gg.lgﬁl d?fa% gglgg ﬁ%gulfggg or?cr}gstoa?lﬁg;f%(%] water to
giyevay- I(élchlwﬁbegmharenﬂe@rlhmaé a white, styetpllifchsoliyl (6. $62%). mp 1733 °C.
‘HQW[R%UO%}@{ DMYOW! &: WH b3, 1HP'3.88 (zCﬁ ¥%Tofiiz| t}!ibe7 §4J(fnmzH) 7 48 (m,

LS ﬁv%‘fow PR s t i BB, Ll dolpzz. 1382,

17iL 4, B58p MSmZ):. [Mm]$ﬁlﬁiﬂat&ifbﬁE9Hm DAL found, D48.0; [M+Na] calculated
foPERHANNSY, 9% 0381k b D6t a- hydr oxy aci d

[0311] 2,5-[(dichlorobenzoyl)amino]acetic acid was also be prepared via the following
procedure: To a mixture of glycine (21.5 g, 286 mmol) in water (437 mL), was added 2.0 M NaOH

(130 mL) and the resulting solution was cooled to 0 °C. A solution of 2,5-dichlorobenzoyl chloride
(50.0 g, 239 mmol) in THF (75 mL) was added dropwise at such a rate that the internal temperature
was maintained at 0 + 1 °C. During the addition, the pH was controlled at 11.0 £ 0.2 using a pH
controller titrated with 2.0 M NaOH. After complete addition, the mixture was stirred at 0 + 1 °C for
an additional 2 h. The mixture was then acidified with 2.0 M HCI (176 mL) to a final pH of 2.5. The
resulting precipitate was collected by filtration, washed with cold water (125 mL), and dried at 45 °C

in a vacuum oven to afford 2,5-[(dichlorobenzoyl)amino]lacetic acid as a white solid (57.6 g, 97.3%).
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is present in step (h-1) as the buffer. [0292] The
phar maceuti cal conpositions of the invention

w@e@basabt y are fornmul ated for adm ni strati on POI/ES2009/003602
pati ent having, or at risk of devel oping or
experiencing a recurrence of, a proteasone-nedi at ed
di sorder. The term"patient”, as used herein, neans an
animal, preferably a mammal, nore preferably a hunan.
Preferred pharmaceutical conpositions of the invention
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(152¥! @4|ther&& 1(rjltn{ikﬂ1a@cﬁﬁhé)daﬁé1(|l as 8o m@&@re bimem INHCe t@mm 30 Rhol) and
alhmu ora I.T1 O era en rese I N
B DBt P 2 QTR S EoPe Rt Srvaow i ovemight
Theph@ed \Vmﬂset)h&emmtmdtﬂaml laavembad Waﬂtemld:eymbeiddmonal heptane (2 x 55
rn?) I:thl'e%l g;lnfg la??elc»%g@ﬁﬁle to a%gﬁrlb%nagd %)zn'@ﬁoned between 2.0M
h as the on

erapeu y active ag

Natpefe rrr&b Ia'}d D@Méz%rn:bh e BEMdaxsr wp%mhedton@rvaﬁ@gﬁlil@nahb@ﬂﬁ‘laOH G
mi. Ihe F@I&Qﬁueﬁ)ﬁsqmeﬁb&&@ thénQJ?nBiQecf\bﬁéh‘éd % apdNie )@Mﬂtand
nor ma n.ac osition ¢
acgg@ﬂtw-%iw{’fﬁ@ R (e R Pes e SRR o (4 g fover
wdréiseparatd) anid hés padting atllh’.eusi layéewis v@iﬁhe{dmﬂw tthes wath mvhod OoGiL). The

com%%gé bEQI e%trgc%tvive?g] éneg %ver R/%SO? IE25 ét) patedctioe 2\1/ t%t:fg % ghe prroduct

experiencing a recurrenc asone- ne
watipsesipifated wilshepggra Shmibind colteh@d b)gﬁlmatlon to yield N,N',N" {boroxm 2.4.6-

tnylmsm 1@@%%%%%@1 @quf*ln%%(ﬁi @ioeth'aﬁkci Ugﬁﬁ] }ﬁﬂbﬁ delccfﬂfrgﬁﬁzannde) as
| Ssease or ndit IS Oor characteri zed

a wteaﬁhq Boectdn. ' W%f@%%#el)w&%s@u BB G/ e HgitHy) 8.68 (s,
11D 7.8%ing; IDHY, € G2 (th,2$1),AI00 Y& ISWHEHz, 2H), 2.62 (m, 1H), 1.59 (m, 1H), 1.33 (m, 1H),

1.24 (m, 1H), 0.81 (d, J = 5.9 Hz, 6H). *C NMR (125 MHz, DMSO-dg, 8): 23.2,25.8,40.1, 40.7,
43.0, 129.0, 130.0, 131.0, 137.5, 165.0, 172.5. MS (m/z) in CH3CN: [M+H] calculated for
C4>Hs;,B3ClIgNgOo, 1027.2; found, 1027.3; [M+Na] calculated for C4;Hs,B;ClgNsNaQyg, 1049.2; found
1049.5.
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activity. The term "proteasone-nedi ated di sorder” al so

i ncl udes any di sorder,

di sease or condition in which

WO pwbhs478DNn of proteasone activity is benefi ciBECT/US2009/003602

[ 0295] For exanpl e,

conmpounds and pharnaceuti ca
conpositions of the invention are useful
of disorders nediated via proteins (e.g.,

in treatnent
NFKB, pl | ,

p21WAF/ Cl P1, p53) which are regul ated by proteasone
act|V|ty Rel evant disorders include inflanmatory

: 'chhl%robénQLJmﬁ

§order§ (RS-

di sease (COPD),

ost eoarthrltls

: tylicVacidlf
derrrat05|s (e

[03\14@ ﬂi‘(ﬁmde TeREdIdtos nf A6 atidR . B)g) 14.YRGRY hnagtome odsi rfﬂ_@rwiﬁ) lal fiternal

EpSTIF et et

Sl

0Si S,

OXl'l

2 %g triy PgBL]?)Iz%methylbutane-l,1—

diglgitnino@paxbétlydng-2H atiy L) rigg?, &dlcﬁbroatnzmdebl(sm glarsg rr(Jml)gas a solid. The

soh.l%?rgagsl éBE‘i@dSJncorﬁ‘}éth

rosi s, tissue

L

& m%‘nsé?t@}%g Cat\g € wils abo{;@éI

rgan rej

t1on)

t°1: Fnoethe mixture was

stirrpd pvermight-| e reslseepregivittenias PPlieﬁF‘blmf?‘@ﬁlo(' @ >geld 2,2 Al AR)-1-({[(2.5-
dxaﬁ&p&nﬁﬁgz)mnasdéfyqdﬁgmep%aﬁ]maquhs%% ‘-il@rZSdl((xﬁbdaolane 4,4-diyl} diacetic

Al zhei mer's

CHOFBAES YFTEY

o S S

H)c

i nsq

Hahat 5

ase,

INB-FZEPMSQ&E?( 110 °C): 10.08

(s D .65, I H),asil (O ¢HJ, C l.‘iﬁ(d ard. 3&&!,121&))(;1&@@@16] abson, H—B 2 70 (q. /=145

dof /1

i 8l 'ztng e f’fbo(s

Hd 'Cachexi

I6V

??ﬁ?g%d

/ S§5‘ mcd

acce erate

ﬁUS 1I39H

LHhy b?i’e(ldﬁﬂ Broakdod Handt 1h¢ Haribuii Hddds dFidez, J = 6.6 Hz, 6H). MS (m/2)

in RIBYENO MO £ @hicuddich Rt el mgngﬁkogssﬁgle@u?ﬁ fggésg}t on:

injury, fasting,

f ever,

acl

0SsI S

nerve

[0BES) CEke XRIPDI datatfordr, Foam d 1£sﬁ6\t'rallanIGUREqralnﬂl QDI&BBIIES) ).

mmeont i

[ 0296] The conpounds

eqal

u”u ”u FRcedt conposi tions
of the invention are ;& t??"h%erul for the
treatnment of cancer. ASe et henﬁ +—i he term "cancer”
refers to a cellul ar [eH §ﬁ4de efig 5actvrized by
uncontrol l ed or disr guﬁ)“ed cellgpro iferation,
decreased cel l ul ar d|%ﬁ§fﬁ§t atisp, +Nnappropri ate
ability to invade surrqy%ygn th§%ue, and/or ability
to establish nem19rom1q5577c toREs sties. The term
"cancer” includes, byt S0 iﬁg@tcd'to, solid tunors
and bl oodbor ne tunmor s kE ter M gancer” enconpasses
di seases of skin, tissqgggrﬁrgaﬂ§f—bﬁﬂe, cartil age,
bl ood, and vessels. Thgoheg™ 'LQHaCIH further
enconpasses primary &6 1UkS @ raqug cancers. [0297]
Non-1imting exanpl e§ gy ,gprrd—tagors|that can be
treated with the di sqrogygyyproteggome] i nhibitors or
phar maceuti cal conpoSrtkEghs TTIChgge pancreati c cancer;
bl adder cancer; col orfegyggg CANCE; breast cancer,

i ncl udi ng netastati c breast _cancer; prostate cancer,

i ncl udi ng andr ogendapgrRAdexRr@bDaa AIFLAYEN- | ndependent

prostate cancer;

r enal

cancer,

i ncl udi ng,

e.g.,

[0 aﬂteﬁllﬁfeteﬁtlelr&hrmeigmama'fredrﬂm:) ddhefoal-oEakl ]Lhk stfowa aNEI&GYURE 2.

Tﬁe;é,”&le @”r%%&a%e%k

la'r?'én'?igm erfric

ronc

ransiti nw1§1 an onse{::te
veo ar carcilno

| un

n%eraztlgﬁ\ 191.8 °C with a

melhef 1888 Ko cAasespndgndptlsf mic kransition gorrespoadingite de@npesition has an onset

temperature of 225 °C. These temperatures have an error of + 5 °C.

[0317] The Thermal Gravimetric Analysis (TGA) data for I-1 Form 1 is shown in FIGURE 2. The

profile graphs the percent loss of weight of the sample as a function of temperature, the temperature

rate change being about 10 °C/min. The weight loss represents a loss of about 0.72 % of the weight of
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including, e.g., progressive epithelial or primry

peritoneal cancer; cervical cancer; gastric cancer;
wesephsggeal cancer; head and neck cancer, i nclBi/Hgz009/003602

e.g., squanous cell carcinonma of the head and neck;

nmel anoma; neur oendocri ne cancer, including netastatic

neur oendocrine tunors; brain tunors, including, e.g.,

gli oma, anapl astic oligodendrogliom, adult

glioblastoma multiforme, and adult anaplastic

iﬂ%g%yho F%pfl%&t&ﬁ% (3%6 g?rb gg d% O{(])g néa? t ‘gliﬁ:'el'sjg ter%%eratur@%ave an error of

i gnanci es that can be treated with the dlsclosed

r ot easone i nhibitors or pharmaceutical conpositions
031§ ude &ermé: Tyatobitign Pféukfe?ﬁlda(l?Amf)ZtSrern?lbw.EéOAc (300 mL) with an

inlnel e gRROLIS of aBol emcawéﬁ&’uad a sl GAnstiNIG, Naq 6 &b AR 210k (s [[(1R)-3-

m?allélqtf(uéaﬁ]e éq(daRﬁthplo@h oxoq hage F,E} H%H ﬁ ? dlflég’ggom a%%@)o g, 19.5 mmol)
in B0 md). Thewhgien @WOICQQWIMQMIW3§CJWMOIW i(tlik)temperature
weisrﬂ&lultlgd @anﬁ %eldugtuie@\ras Ltml?@% ?F?ref@tgé sﬁﬁi@ai cooled slt)w]y (rate of

B-cell lynp T-ce
abﬁ‘yé’llé n‘afﬂewtﬂ twpfa@ﬂléﬁmrﬁtlge wasePoy P Mdnla,fmnawre was stired

oveMhO s Phag precipittd WA B HedddBP)KiltraiBie oYWK, .@f(éa%t(ﬂﬁé(hyl) 2-

GG s P bipir bR S S D eI fe b onRe -
caghagyliRAGBForm 2 as aggfoltingatolid (26(7TRABB)T | H NMRI(500 MHz, DMSO d, 5 110
C‘S‘Yﬁi 6(?% Qi fs%@?{]'u\i? 7%¥&d[ M%) dl P299h,! ISP, s = 5.5 Hz, 2H), 2.70

e Co oun or pharnaceutlca

(qC’orr%j‘o%ﬁi% r‘Hh@ 78£bst H. |- RRAsewt-i/ o195 7% 1)k b 42 fdddt/r=ni Ha /=8.6 Hz, J =
13390, €1y, 1 hdda g 033, gt 9.4 18K 7 of14 A @EI P MY/ = 3.3 Hz, J = 6.6 Hz, 6H).

R SRR ARl & 1 B o0 SEAC Tl s 2nn,

128.84.1130. 94TD&D48&131[703@0]051 1165 841120, 23 DTECHANETTHS, MSHEVz) in CH;CN:
[Nﬂaﬁ &ﬂﬁﬁgﬁﬁhQﬂhb Nr@: angggg%u§bqal conposi tions of

nventi on rar N’ conj unction wth

[0$0Pt her yhg! [S‘?E%B)lﬁnea’ngﬁ Blr)-1Ne. (25 Bﬁﬁlo&%&ﬁﬂ%&de&gﬁﬁ%‘t

al SO |nh| r ot easone, oper at
AR o PR T e SR BrASTTONB g Ht acroteH By s o
solub&f EpRRrtd dc (aggrmtl 1 Irf&ncﬂmﬁ THR @0 IS 1§95dKRIoh ¥f RENMND| tBtRMEN.6-
Se e or Co
wip i) S Welulyet LSt 7t bar L P en @R efihessperragion o
g, Bl sehol) in ‘éItIE:fii@dnhMatdﬁ) °Ch @hodoheipn Wisahenpeadtd witlaBemt2 crystalk (400
m! ARLRARS A 30 A MehEC 30 (36@&%% HRG30E o b lor YR Reier

adm ni st ered separat e dosage form
copplse apditiqn of th&&é%c Fhﬁye%fa&'aﬂrﬁ'%ﬂ@t‘f&déﬂﬂbrq er 1o, Thetresplkes
su§p@fsontvi a8 BltéEd tﬁ Qbl1etal- dW(@@o@dﬁHH&l)&t«@tﬂ @3’2383;- ] t he
ot.easo i nhi. bi.tor t i nvention. [ n sone
R R LI BB I TS G OB oG gy Form 2
%phammamemhd@ag‘Kb%p05|tion of the conmpound of formula

i is adm nistered in conjunction with an anti cancer
[Ow Ad-(BSkearboxymethyl)-2-((R)-1-(2-(2,5-dichlorobenzamido)acetamido)-3-

methylbutyl)-6—oxo—l,3,2-dioxaborinane4-carboxylic acid Form 2 was also prepared in the same

general manner using the conditions described in Table 2.

Solvent Initial Temperature Seed Temperature Isolated Yield
I-1 Form 2
acetonitrile 80 °C No seeding 77 %
MIBK 80 °C No seeding 80 %




her ei n,
agent that

the term "anti cancer agent"

re

[

fers to any

is adm nistered to a subject with cancer
wo enops7pbses of treating the cancer
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Non-limting exanples of DNA damagi ng chenot herapeutic

agents include topoi sonerase |

I nhi bit

ors (e.qg.

i rinotecan, topotecan, canptothecin and anal ogs or
net abol i tes thereof, and doxorubicin); topoisonerase
II |nh|b|tors (e g., et oposi de, teniposide, and
ratmor-ubicir - —atkytating—agent sy (e—g——retphatam;
Che-oretwdarehydrofias uf f an, 80RFot epa, i fo$P & de, 72 %
armostine, Tonmustine, SENUStiNe, StTeptoZociTT,

decar bazi nerayies: h@BxﬁxSﬁﬁﬁ&ﬁdmmsthébhﬂu& of@ﬂd’ormZ

cycl ophosphani de); DNA intercalators (e.g., cisplatin,

[0m]al i pl aBi(RS)- @mﬂo@&bdhgap}lza(tlﬂ)m)@ (AINAichloro B exidi @) @ ESmialB)s-

th&?qua/ 8-86‘9' a1I 3, ﬂ%

orm%ne-4 At yl%saakc)il F%rm

uor oura

acgapé@lowptbbm@dmgentﬂt%bmn aptisgldentabi ne,

nercapto thio
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Hroxyugﬁ%¥Rf%
dlsrupt cell replic
docetaxel, and rela
vi nbl astin, and rel
| enal i dom de, and r
CC-4047); proteint
imatinib nesylate a
inhibitors (e g, b
i ncl udi ng i nhibitor
bind to proteins ov
downregul ate cell r
pt uxi mab, cet uxi mab
inhibitors of prote
upregul ated, over-e

the inhibition of W
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any wayEXAMPLES Abbf

DI PEA N, N -diisopro
N, N - di net hyl f or ma
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bpl 122621 on

(e.lg8, t
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angi2izeva
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and ot her

ns 19596enz

meg7know

h to be

Kpr ¢$8¥d o
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hi ¢ RO.goawnT

equl3akes

cell replication

1 t R0.898 nv

ent 308 be

nmore fully

ow hgS pre

ar dbilve

and testing

t h21.Tese

exdfyl es

illustrate how

Ci f 224@onp

pund3.6 an

1 are not to be

hg t2Rd2sco

e _g3B.6t he

i nvention in

evi2abQlons

DC¥bAet h

vyl ene chl ori de

vyl é¢# ami

nE0PVE

de 24882

19.7

opyd YeAN -

t hyPdarh

diimde

et BGH#64ace

at 898 ha

rs

27.347

21.7

27.65

17.1

27.979

164

2941

204

Table 3: XRPD Data I-1 Form 2

[0323] The Differential Scanning Calorimetry (DSC) data for I-1 Form 2 is shown in FIGURE 4.

The profile is characterized by an endothermic transition with an onset temperature of 206.5 °C with a

melt of 219.9 °C. A second endothermic transition corresponding to decomposition has an onset

temperature of 225 °C. These temperatures have an error of + 5°C.

[0324] The Thermal Gravimetric Analysis (TGA) data for I-1 Form 2 is shown in FIGURE 4. The

profile graphs the percent loss of weight of the sample as a function of temperature, the temperature

rate change being about 10 °C/min. The weight loss represents a loss of about 1.1 % of the weight of
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HPLC hi gh performance |iquid chromatography M BK
nmet hyl i sobutyl ketone PES pol yet hersul fone TBTU
W@R@oast78T azol - 1-yl-N, N N , N -tetranmethyl urbei/tisa009/003602
tetrafl uoroborate TFA trifluoroacetic acid THF
tetrahydrofuran HOBt 1-hydroxybenztriazole LCVS |iquid
chr omat ogr aphy mass spectrum m n m nutes General
Met hods [ 0305] 1H NMR The spectra are acquired at
anbi ent tenperature on a JOEL ECX-400 NWVR spectroneter
h !
BT oL 0 B A S dpirgh 30 P B0 o6 PR B i e o
*PFocessi ng software from Acorn NMR I nc. Chenical
shifts are referenced to DMSO sol vent, 2.50 ppm A
Exafiplecrnt: _bli@ibte s tesiestar @) byrbaddidig -0 @5 -alo f  DVBOU6
t o t he Nikshlottbénzanifid)edetaidbid3 SypeGthutyinG-&od GoR4dis@aborthane-4-
t he sol veabodyliasid Jdheprednpl e i s added and conpl etely
di ssol ved. [0306] Mass Spectronetry: Mass spectronetry
[0225) it *5L glees reagier eyipedTHETmMRshamiaahitigam drogdyeiownsl. texperaigre
indiéaad, ﬁ&ﬁ@anﬁ@&%t:ﬁé)ﬁﬁ&cﬂ Gnit (Lh&r ﬁlltrgéétrﬁ ?%Qflﬁged vtk ISZJIH&&)ﬁ filtered
e an ative nodes

d bot
EIRE AT aganDrresP R sl Bt g byl e AT GHE poblisas 71 °C and
a solpor degultyd. NN Eotok - 20f 6-@iF bi (uoaq@méthmuyanwhtcmg]amaé(zg
oxg?tgagg—ﬁ}éggﬁ)] Lt?ﬂfs Qi fﬂ%i%Eenlann?g oV 109'“%5"[‘ aby! 815 Ve & in BOAC (40 k)

acet onl
was glatifi¢dorsing AminAge Fibsert(1 lmnmn@hs yﬂmt@mvwm@deds,te thefrggetion mixture

unaé;si}@,a%(@@ &b %oeratpéryodfok S\mARiY %laﬁltam-mkea taﬂ;;spadré 9fW3 f°éttd975 °C.
/mnute. 10 nl of each sol ution

The AERS B IPRUGSEH tP ﬁ%m&ﬂ“8gﬁﬁﬁ¥‘€F “iaﬁf‘tﬁ"eﬂ asrf"}l%"t’snfl) T%'B{’,ﬁumz%s kept
at 0F °@ hes Kofoti2d @in; @) umlﬁlhere-FV‘aB ﬁxb;mnsewa&ed tol0s@ ek thathmwe of he

apfrﬁﬂﬂﬁ? R’eildr’/_ rrEt e 0307}6 was R? OO{UHCOHtTOﬁC%%VCOH[EE{]t thanblent

ay po ers A rErEe eI on pa terns are
teroperagire lyah stirlinga TBe prlodyct Y¢SheD ishdhiealrpy diltahiifr, wvascbtd)wetbeﬁlter with 1.2

ﬂllIllgﬁ flgé}tedr’lEt'O%c ??J( Il Q‘f(é)ezgldg}/laf unﬁg} \QHQHII a@EO r @nﬁeovglfn ggt (92 ﬂ&lrs) to

Q n conti nuous scan node usi ng step size
£10 038 L) 8 bt B ORI TONMB SO AESO-A D 1313 5, 2D, 1069
(s, 1H),9.11 (t, J=5.6 Hz, 1H),7.66 (t,J=1.2 Hz, 1H), 7.56 (d, J = 1.2 Hz, 2H), 4.27 (bs, 2H), 2.9

—2.55 (m, 5H), 1.67 (bs, 1H), 1.4 — 1.15 (bs, 2H), 0.86 (d, J = 6.4 Hz, 6H).

[0326] The XRPD data for the compound (I-1) Form 2 is shown in FIGURE 7 and in Table 6.

Angle Intensity %
2-0°

5.69 100
7.64 66
9.66 4
11.22 23
11.42 51
11.79 37
12.41 15
14.23 15
15.60 6
16.53 32
17.15 4
18.07 31
19.39 55
19.79 41
20.24 21
20.79 15
21.36 20
21.61 22
22.23 63
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sanpl e is run under anbient conditions and prepared as
a flat plate specinen using powder as received w thout

w@eoonds41g7 or ii) a PANal ytical

di ffractoneter

X Pert

Pro PCT/US2009/003602

Each specinmen is anal yzed using Cu

radi ati on produced using an Optix long fine-focus

sour ce.

An elliptically graded nmultilayer

mrror is

used to focus the Cu K aX-rays of the source through

t he specinmen and onto the detector.
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position-mnimze a
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Ani ng_Cal

prinetry (DSC):

Ng C®ori I
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nst fgunen
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differential scanning cal orhseser equi pped with a 50
‘position auto-sanpler. The energy and tenperature
(03231 iThe Biffeamtisl Semdiag Calosmetryd DG daBafpthe®ngo@ndi{ ft Kot afis shown

in ?‘I @i{ESOffhe#Q%e %ﬁarmepi%d%yg\g(g %@gtﬂer‘glﬁc t%gmf’fm\g tf?’ fg)rst%h apmelt at

ro en Iow
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| ndi us as t e.galibr on, st an
mfr@gw%%%?"rﬁr“@@% Rfiaf FrteoRsdaniofed By B RRERT Gnperature was
abgut &% P@rerdrthacsobratvias fegio(cAEA) vapatagorap elekddl 3 cedtlcedNe(ﬁ {§(1K)A3-methyl-

JC ;b% g:éarﬁfdg%ébéﬁ%pz I&@Eﬁ@lﬂ&ﬂ 9‘6& b&mzﬁﬁl@é a\éza‘%vrhne solid (0215 g,

r unni n scan
95¢at MSEpvanin GHeCNe MHEtANHE Fa'w‘f}ﬁ@dtfpf@éhsﬁﬁj @s ﬁ?%%mf?\@d 2p2.0. MS
(2R il tH,PORF MLHY¢hIBulAtEd for CiH sBCILN,Os, 399.1; found, 399.0.

Synthesis of {(45)-2-[(1R)-1-({[(2,5-dichlorobenzoyl)amino]-acetyl }amino)-3-
methylbutyl]-5-0x0-1,3,2-dioxaborolan-4-yl }acetic acid (I-3)

Example 3:

[0329] To a solution of L-malic acid (0.0958 g, 0.714 mmol) in EtOAc (2.0 mL) with an internal
temperature of about 60 °C was added a solution of N,N',N"-{boroxin-2,4,6-triyltris[[(1R)-3-
methylbutane-1,1-diyl]Jimino(2-oxoethane-2,1-diyl)] }tris(2,5-dichlorobenzamide) (0.239 g, 0.233
mmol) in EtOAc (1.0 mL). The solution was cooled uncontrolled until the internal temperature was
about 25 °C and the solvent was removed by evaporation to yield {(4S)-2-[(1R)-1-({[(2,5-

dichlorobenzoyl)amino]-acetyl }amino)-3-methylbutyl]-5-oxo0-1,3,2-dioxaborolan-4-yl }acetic acid as
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mai nt ai ned over the sanple during nmeasurenents.

Typically 5 ng to 15 ng of sanple is | oaded onto a
w@e@onse7ed pl ati num cruci bl e. Exanple 1 : Synt heGT/ES09/003602

4-(17?,S)-(carboxynmethyl)-2-( (R-1 -(2-(2,5-

di chl or obenzam do) acet am do) - 3- et hyl butyl ) - 6- oxo-1, 3,

2-di oxabori nane-4- carb oxylic acid (1-1) Step | :

2, 5-r(di chl orobenzoyl)am nol acetic acid [0310] To a

m xture of NaCH (12 g, 300 mmol ) and gI yci ne (18 g,

o G5 PR ] B V{20 P U B8 BB v,

5643; fonwl J60i In MS—FI/:()llﬁCII@ Kb qagul@héfqr fisHpBELN:0,, 457.1; found,
ashgnperature bel ow about 25 0C. After 1 h, the mxture
was acidified with 2.0 MHO (125 nl) keeplngthe

about 5 0C. The resul ti ng
NFf2-(f(LRY -1 cyal yl-3:0x0-4+3 2

AT T

cr de pré M
[0?30@St é’ldsl {EE&G ! ?%&%rﬁ&ﬂd&gzag/bﬁ% bé%l %%%ﬁ%@) 'YI\,%(%\I 2.0 mL) with

an(igerpal M@eramb(@t Qj‘)C was:ggdezﬁg s?lb@n of MyN'.Ng {ygoxin-2.4.§-teiyltris[[(IR)-
3- ﬁetﬂylﬁﬁanel1H)d,y17m§r’clj(2(dibet12alﬁ|}a 173 s, shiehloroﬁerﬁﬁmﬁg (0 Qoo—g 0.195

mT?lgdeté)&%&l 04mL)']\_/§Q$ ‘fé)?utlf% gaszcoolf%ncantrof%%ungl thﬁ/gte(rﬁ:f yeglyerature was
abpii2biPC el tbadobiemaval emoGIAHY €V phiaBon B4 8142, 5-dichiord-N-24 &1 R)-1-[(4S)-4-

cy 5- 8int 01]C =2 ngzt r?o 909 et Hyn(Ziamldea a white
SRR S LU e

faxsgare M () Mt Ie Nt Hiculd8P H)BEON)RIRN .1 (ddha
fomfi) V\l/as a(ddgéd 2@3 M%Iq\qla%—| ]’(CTBO 1#L?r)nfga%g ?I?w\ggr esmﬂitl nJSH

g o s alh S B iR Bl RS gy 02 dprapqten
(o uny !3_rne y],]ammo - oxoelh\V benzarmd

3

wu

(75 ) ) a cu dr opw Se - at Th rate that the
[033’15 elrorliast)lutlm QV@BHAJEﬁsoM?nJ%ide @5@ %dO ?45 nQno])lm %AQQ rO'n[ﬁg with an
1 on p was contr ol . usi n

mtamplmerewwrﬁpﬁ aBput 69 ¢ yaseaddag) %Sﬁluzoroof M whorp@t\ &4 6- tﬂylmsﬁ(lR) 3-
mawmha%e 1aﬂ5d].rtﬂn@(a,ox&mnm xrdiyu)ﬂtms gith1boBszatidd) (0.700@®.195

d n ture n
i 508 Sh k" Ao s Verored pitaFeo b 5 g gmpsisture s
abb!ﬁQﬁ P€ amiyhrobentpiab etrevedy eeapotagat e drick2, $-dithloraiN-GA[(1R)-1-(4.4-
dlwgtﬁ)h %doxw ltBhZ (ﬁgylagor -g-pg&%ﬁgn}yl]aﬂn\g } -g—rog((?equﬁﬁen%%ﬂg)e%s 'aWhite

cuum ove
SOQ‘? 6’ 22 @i %%)OM&S'@@'@QHP% AT Helitillcalgelpted 95 CaHuRbN:Os, 530.2;
fo§rQl|, 530,00 M5 G in SHBYIMITRRAIcAated for CysH,,BCLN,Os, 427.1; found, 427.0.
,5-dichloro-N-f2-(((IR)-3-niethyl-1-r(3aS, 4S. 6S. 7aR

Exa?rha,p’lesﬂ S5- 101 et hy) Dexativdr 05 1R).3-methyl-d 4[(SR)-4-0x0-5-phenyl-L3.2-

O Tt loronn MRIGHILORPSL Sl e LML) &t 10 -2

oxoet hv pbenzanide [U31Z] O Sot utrtom of

(03329 i)o(aghfah&p&f@i@ﬁmmmlc) a5 (69]589@ §t1b G il E@?CJ(QO%L) tn §n internal
tefawr?twle af gyt 6p e?rﬁ’é? %ﬂéﬁf aesob*éprb% N d%t{bsm@e%ésmaw R)- 4

méthy®utane-1,1-diylJimino(2-oxoethane-2,1-diyl)] }tris(2,5-dichlorobenzamide) (0.382 g, 0.37

mmol) in EtOAc (1.0 mL). The solution was cooled uncontrolled until the internal temperature was
about 25 °C and the resulting precipitate was collected by filtration to yield 2,5-dichloro-N-[2-({(1R)-
3-methyl-1-[(5R)-4-0x0-5-phenyl-1,3,2-dioxaborolan-2-yl]butyl Jamino)-2-oxoethyl}benzamide as a
white solid (0.343 g, 65%). 'H NMR (300 MHz, DMSO-ds, 5): 10.88 (s, 1H), 9.22 (m, 1H), 7.68 —
7.27 (m, 8H), 5.15 (s, 1H), 4.33 (d, J = 6.0 Hz, 2H), 2.8 -2.76 (m, IH), 1.71 - 1.62 (m, 1H), 1.50 —
1.28 (m, 2H), 0.89 (m, 6H). MS (m/z) in CH;CN: [M+ Et;N+H] calculated for C,3H3oBCI;N;0s,
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3-nmethyl -1 -[(3aS, 4S, 6S, 7aR) - 3a, 5, 5-tri net hyl hexahydr o-
4, 6- net hano- 1|, 3, 2- benodi oxabor ol - 2-

W@ bqobus4sz | - am ne" TFA (9.35 g, 24.7 mmol ). DI PEA/{3809/003602
m., 75 nmol) was then added dropw se over 2 h keeping
the internal tenperature bel ow about 5 0C. After 40
mn, the mxture was diluted with EtOAc (90 nlL),
washed with 5% NaCl (150 nmL), twice with 10% NaCll (2 x
40 nmL), once with 2% K2CO3 ( 1 x 40 nL), once with 1%

57§§PQ&151€]57]8 X I\é@nm'))in Cﬁ@fh C[IOIC éMcLthec]’Q)(‘d\zlﬁ (zN:b J@Q found

e resulting organic ayer was coné entrate

47t5H| ck oil, diluted with heptane (40 nmL) and evapor at ed
to yield

ExAnipledi: C hIS@iitbesiSof 25 d{chlofd)N-B2- (TR Blmdihyi-1 3@S)-4 Me b, S/aM3) 13-
a, 5, 5- t dioxtolpjdniex hytinmind)-B exvethhigieazamide (1-7)

, 3, 2-benzodi oxaborol - 2-yl ] but yl
[033ri Treg))soRtieynad ditIafik P@é@zﬁiﬁ'ﬁd@“a&md) iit@&c S mid) withiag Imternal
teeA@éatM% 6Ehbbit 70 e waStedSE SRtV Jf*mutN p[wo&ﬂn Czattd &Japlms?k 1R- 3
N Whor oxi n- 2A6- tr|){dtr|5|r ane- |

mgh)ati»%nf: |1r‘ndr‘96]<'2‘"8(>%c?é?°ﬁfli‘ﬂ%2 iyl)] }tris(2,5- dnchlorobenzarmde) (2.50 g, 2.43 mmol)
in E;(bAdX_W B! Thd ssludobwadiceditdmodttBEaiintahe i@ miBEmpetande was about 60

oS0l Ut on. af : , . :
C AR ERNOIRaR (b2 P PRy lipy SEephis Ty apeession
wags hBatdsluntil the internal temperature was at or about 70 °C, at which point a homogenous solution

reguitémmblnﬁm Q&Qeddat §raf§%tf h)alr‘)OC}rml"? ugtl'l *ﬁﬁnlﬁg'gél Mm{u@ wag about

'2%?21} - oxoet hyl | benzam de (12
n PRI HELHLNE lepya tezmatﬁf)wmt%&dél&re fepylting
préﬂ@xtat(e&@s tdlecta@lbymmm@dipn &r}dalc( YeldR 5 ychRECRY 2 I{bﬂ()@ﬂhéih)&QI[QS)-4

The t dt .
mehi3 By ieeordine: SNASREBT 2 Skt Bty OREe ohanine
son@tzwargom%)awmm oS M B NeHilchled Gir L 80BIN.O, 5159,
foldRP5 RE Nfsz( out[&rlk% afeSithkd f #oP@”ﬁroﬁéf‘N zﬁ!i( o130

concent rat ed- . and par'titidned
[0&4@%5@@#13(@@ fcml)7 @n:dwm\frléiﬁmﬁ-&nd in T®1eQCM | ayer WaS
washed once with additional 2. 0M NaOH (5 nL). The
basi ¢ aqueous | ayers WefBel$ hen conbj hed, washed twice
With DOM (2 x 25 nl) anddacildrerdd®th | M HO (60
nL). The resulting m xtZf® was 4Pl uted with DCM (40
m.), the layers were 3epdbht he resulting
aqueous | ayer was waslhe '4021.1r with DCM (3 x 10
nm.). The conbi ned DCM egtll’:9§c iri ed over MgSO4
(25 g) and evaporatedp ',/g.l’t The product was
precipitated with hept ol l col | ected by
filtration to yield N"’\15i;3"'2 2,4, 6-
-riyltris[[(! R)-3-nethy15 55 yl]1im no(2-oxoeth
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'nig
(7]
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T3

N D

12
DLSTOd]
D= | LSD;

T OPTITPPTITTOP

ane- 2,1 -diyl)]}tris(2558:Ehtorohenzam de) as a white
solid (6.6 g, 749%. 1+J7L29>§( 0%‘5’522, DVBO- O 6, d)
8.93 (t, J - 6.0 Hz, IHjgsg68=fasi—H, 7.63 (m IH),
7.52 (m 2H), 4.00 (dfFm§63F—2H), 2.62 (m IH),
1.59 (m IH, 1.33 (m 20:’_2,14 - (M 1H), 0.81 (d, =
5.9 Hz, 6H). 13C NVR (5 ke 06, d) : 23.2,

25.8, 40.1, 40.7,

JT
O]

21.48 15.6
21.887 23
22.75 30.1
23.028 53.1
23.334 28.9
24.243 18.2
25.2 13.3
25.566 37.7
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43.0, 129.0, 130.0, 131.0, 137.5, 165.0, 172.5. M5

(mz) in CH3CN: [ MtH] cal cul ated for C42H52B3C 6N6C9,
waemy/1273f ound, 1027.3; [MtNa] cal cul ated for EBARHS2009/003602

1B3CI 6N6Na(®9, 1049.2; found 1049.5. Step 4:

4-(/7?.S)-(carboxynethyl)-2-((/?)-1-(2-(2,5-di chl oroben

zam do) acet am do) - 3-

nmet hyl butyl ) - 6- oxo-1, 3, 2- di oxabori nane- 4- car boxylic

acid (1-1) [0314] Form1l: To a solution of citric acid

(2.75 g, 14.3 mol) mgt c(8§ m.),wth an internal

t enperature of about ] 1

N, N , N'-{boroxi n-2, 4, -1. T~y uualu ) - 3- net hyl but ane-

I, 1diyl] Table 4: XRPD Dat
|mno(2 oxoet hane- 2, | - di yI)]}trls(2 5 di chl or obenzam d

Enp{e8: 00 Sgathedis &7 2. mmhn))roa&mu&qiﬂsdneam@ [@S)- At AR-0/8D-1.3.2-
cool ed urRpeitoritdnl2d]buft laminbAB odatheNtratani@IPEY at ur e was
about 25 0C and the m xture was stirred overnight. The

(03353 Ullotai spigtiqr o €3)pi-hydtosybwgsic eodl (0050 gl 0kpp6 frimfol)imEIOA (2.@mL) with
aanlntngnQ tgnpgratu{rezof Lﬁdu&ﬂ ‘JC »Ca's aElc(ea a@olutxon of N N LN"- {bqr%xm -2,4,6-tri 5yltns[[(lR)—

[ or obenzog am noj acety di} am nog
3- svethylblsar? ldr EX BB Oraxaghane-Z.1 hixhl éétchleroaw@mﬁw 0p g,0.195
m@sl) A BOXS{1a hL)nahs @hitidn (v8s &516:@ uncgﬁro(f'@d undifthNMRm{ab@fperature was

abg/lll_tléi ?g/%%ﬁ_bolvery »gipe(rgvcgdj)y evafo?n t:o ylng%,S—(i?}ggo- d[:l-(\l](m)’-}methyl_
1-E85) 8- thizhyl-Bidxo-1 3,2 Box@lgprindn-2= §huly! HminojtRfoxoethyliBen¢dmsde as kiwhite solid
(0%2? % o6 &S ph’NNlR?O@ Nﬁ{é"f—)Ms'd‘B 5)1 16%3 cfd% 9. Qgrg 46,08z, é‘J‘) 7.65 (m,

1}927 553(;71_211)44 3l {dy) = ppDHz %3*)9%98(11%190(!11 15}, 3.5m, 1) —26336dq,.}i, =192
HAW:=2NE, (1Y, 224 LD 2CHBGN), [4-Nak2 gahgyhated.1dah, 2H), 1.07 - 1.04 (m,

IR oo SR RN, RS RarPslinied o Loy iy w02

fodnd, T30l MSL(m/z) ¥XREDCBats-H}-chlcHeedriol C[;A3R6LNTHRE127.1; found, 427.1.
Differential Scanning Calorinetry (DSC) data for 1-1

Efappe ol | S5y5hQir b B.alchiGdRE 21 1(1RIS - R4 Qfhdify1-b Sx0-1.3 2-dioxaborinan-2-

~ char actefy))zeq. M@J‘]amgmzla%emvﬁbén&ﬁﬂéé {lopnm WTh an
onset tenperature of I91.8 OCwith a nelt of 198.8 "C.

(02863 elmrsdluemdmh@ﬂmﬁsoman&bm i(@mm QI U B Pl iRGAAR (2.0 mL) with an

mt‘%ﬁ&lqgm[%eratur ouetl%O was %g td atsg ?ﬁ\JUN Z\I %t)orr))ﬁg 13%‘ tnr)ﬁtéls[[(lR) -3-

efartr 8s havean erro
meFhdiputeek- l@‘%\k]lmb(ﬂtosoemaft -§.$idy D] TS0, 5-digllerobenrandide} ((Rﬂ) g1 01253

m}n§l) &W t lrb ﬁ)%o%lnoa- U«% 0‘35195 hACGntgﬁlécpml ﬁi@ ﬁne%f tg#lﬂ;rature was

| oss of ght of the sanple as a function of
abpw# e 5?‘UP“eS°'VF'HéNaf ER9Rsdy GY woretendo ¥ sl foedigdeorad- GH HIR)- 1-(4.4-
dnﬂq&hﬂ@éd’ibn 3, 2?1@@9@1;1%&12 y])QﬁrﬁetKyﬁﬂblﬂ?]SﬁﬁlbiiZﬁx&eQﬁSbéﬂianﬁ&%E white
0 i 0. S e re
sof Ce8 ka2 T aEmGES BDER raRum e el bl e Os see
folraly Bt4dn MK () inoTH;CBY: I3 H][c018d!8}d feo CH2BCIN, g, 44 bl Lfound41.0.
of citric acid (10.1 g, 52.6 nmmol) in EtOAc (300 ni)

En{ple @0 iSOl R R 2.5 QRRSFA1- -8 (1R)- 1 3RSYE- el fbuly 1 WRR0-28 9 &6bx@borolan-
sol ut1 on 26/1-NnNhyINitg1{ REANILIRoeth V- D5-Hich¥lobdnkhibe (1-80)- 3-

[0337] To a solution of (S)-2-hydroxy-3,3-dimethylbutyric acid (0.0712 g, 0.553 mmol) in EtOAc
(2.0 mL) with an internal temperature of about 60 °C was added a solution of N,N',N"-{boroxin-2,4,6-

triyltris{[(1R)-3-methylbutane-1,1-diyl}imino(2-oxoethane-2,1-diyl)1} tris(2,5-dichlorobenzamide)
(0.200 g, 0.195 mmol) in EtOAc (1.0 mL). The solution was cooled uncontrolled until the internal
temperature was about 25 °C and the solvent was removed by evaporation to yield 2,5-dichloro-N-[2-
({(1R)-1-[(4S)-4-tert-butyl-5-ox0-1,3,2-dioxaborolan-2-yl]-3-methylbutyl }amino)-2-oxoethyl]-2,5-
dichlorobenzamide as a white solid (0.245 g, 97%). MS (m/z) in CH;CN: [M+ Et;N+H] calculated
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met hyl but ane-1,1-diyl]imno(2-oxoethane-2,-diyl)]}tri

s(2, 5-di chl orobenzam de) (20.0 g, 19.5 mml) in EtOAc
W@ 8@954737 The sol uti on was cool ed sl owl y (abourCDUSB09/003602

C/mn) until the internal tenperature was about 60 C

and the mxture was stirred for 3 h. The resulting

slurry was cooled slowmy (rate of about 0.12 C/ m n)

until the internal tenperature was about 25 OC and the

m xture was stirred overnight. The resulting

ke {

fmlOdE2 4})1&‘:34 I@E)C aér’é@gxfgﬁidt Efs @%@%{%%éﬁ%‘ﬁ WA e liGled for
Cz@Z(%‘(“QOS“éﬁ bﬁ?%?‘d@éﬁzam do) acet ami do) - 3- net hyl but yl ) -

6- oxo- 1, 3, 2-di oxabori nane-4- carboxylic acid Form 2
Exafapfe 107 Y Siythdsis062.5alchBrol262- 7 0LR) 98 (4H)-4-isbltopVB-ox593 2Mibaborolan-

DVSO d6, 2ei113LietBdbutyl 10ni8-2oethtibenz8mid®d(1d) | H), 7.61

(s, IH, 7.52 (d; J =1.3 Hz, 2H), 4.26 (d, J =5.5 Hz,
[0338) , To sERt¢nepf (I-2=hydlepx 3 thethylbuyric id/@.008kg, 01568 mmol) #PEIOAC (2.0

m]g)svﬁﬁxtan m]cemal %emre dfEout do Hav 4 diflq agolm(f_bn %f IkMJ N’J {bo$ox§1 2,4,6-

trlggltnﬂ‘[(lg) pﬁnet}]ypv,ltanﬁl g!)fly(]%no(g-oxxgthgnq_&l dgl)Hgls@ SFEchchqﬂbenzannde)

(Oge(fg gl\@% gﬂrgg n{\%IDAS Mﬂ,ﬂo’ﬁw sﬂut&?@va@&)zoéedgﬂcoﬁ@llea 3t he internal
5. . , . 42. 07 5.1

teT%glgi ’wasﬁ?il}t }é’ 8 i tpc?%)’?veTé\?s Ef,gloveﬂslg ex%or%%to ld]2 S-dichloro-N-[2-

({ AR 1 T@S)-4 RFpreyRy]-5180-{ A2 eljoxalypraGi3IENI - 3{rrl¢hhb®]1tybammg] -2t ed

oxﬁaﬁylﬁg&ﬁ%ﬁgg LIRIRERY 0285, 3995, OMRny PR Srlen! RBHAY) calculated for

né}ﬁli%é?z%%ﬁ@t Infaupd. 3631/ M§ () in CHCN. (M-Hheadubtsd i ani do

CHRBEINYOJ @) 1.8 found, 441.0.

nmet hyl butyl ) - 6- oxo-1, 3, 2- dioxaborinane-4-carboxy|ic

E)%?n n?e llior r§]yr%he f 9% %Oh roeIG X i lﬁvl%%xlét 1',3%di8)]:aborolan—
Al Uity to a

-3 )-2- thyllben id
solutlon ~{boroxin-2, 4, o-

(0339} Wotarsbﬁ[uﬁr{df B)hy@mﬂﬁiob?rd?@ztcm@ oh52 g, 089 bl ﬂ%@AQ&QﬁﬁD with an

_ane- di chl or obenzam de
gAY SRy o oo Do A a1 PR D Ay
mae)etsimlnewltcm]ﬁmnmza)xwmé 21 iy & 2yBHlichidbbearansdd) (0.200¢, 0.195

t. 6 er a
mmco>l m::%OK%; ﬂ (? rHL) ﬁ}h? sédrlutlc(:)o ceo%Jl‘e"Q lé ml%qll\é\%untlfgl geni,:aytfﬂgerature was
abpwrtQS te npiethamne@ vwasemommy@dapp@t@otoO@Idﬂx%thfsorh N-[PH&IR)-1-[(4S)-4-
lst% 5‘6!«{‘93 %m%%m yv?a§ rrfeih%ﬁn@t%ﬁ%u%&b moktﬁmbenzmde as a white

EARRITREG B ot

SOHﬁ‘ 5%&098 ) B EbGh BE§N %Cﬂ@t‘%ﬁﬂ fB&EzﬁzyBcdst%Osr 473.1; found,

478-1d M@0 inl CHAB: 4Mdd)daloxytkd or AgHIBEIND;, A58 8; faund 455.1.
crystalline solid (40 g, 70 %9. [0320]

_ExAﬁ: é"l"ﬁ e23°) “SyrALRO¥Y BRINLD) 122§ (RS 3-rhevE1 (£ofs 1. § BLOT Oben

40) aGelAdbA8erinti-2-yhbutyllamino ) -2-oxoethyl)benzamide (1-13)
met hyl but'yl’)-6-0xo-1,3,2-dI oxabor I nane-4-car boxyl i ¢

(0340 droRQbMtich malcﬂhcsaa.dno emrgecﬂs@nmhmmm @©Ra)@lith an internal

Tabl e 2 e
PR POREP °E SAUREF b RAgH T S orostt 20y SRS
métB3Rtdne4:1(diyIBninp@anxbabayerel faisl)) Huas(Z,§-dichlorobenzamide) (0.200 g, 0.195
mpnf)ll) Tn(éogg(lﬁ)_ HL)C %9 Eo‘f&%ﬂ %«%5'30%21 %C%Lt%ma&i l(l)l’)tﬁ %é internal temperature was

about 25 °C and the resulting precipitate was collected by filtration to yield 2,5-dichloro-N-(2-{ [(1R)-

3-methyl-1-(4-ox0-4H-1,3,2-benzodioxaborinin-2-yl)butyl]Jamino }-2-oxoethyl)benzamide as a white
solid (0.198 g, 78%). MS (m/z) in CH;CN: [M+Na] calculated for C;;H;, BC1,N,NaQs, 485.1; found,
485.1. MS (m/z) in CH3;CN: [M-H] calculated for C;H,BCl,N,0s, 461.1; found, 461.0.

[0341] The XRPD data for I-13 is shown in FIGURE 6 and in Table 5.
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nmet hyl but yl ) - 6- oxo- |

, 3, 2-di oxabori nane- 4- car boxylic

acid Form 2 was al so prepared by dissolving in acetone
wo edoboswse by additi on of Et OAc as an anti sol vePtT/US2009/003602
[0322] The XRPD data for 1-1 Form2 is shown in Fl GURE
3 and in Table 3. Table 3: XRPD Data 1-1 Form 2 [0323]

The D fferenti al

Scanning Calorinetry (DSC) data for

1-1 Form2 is shown in FIGURE 4. The profile is
characteri zed by an endothermc transition with an

onset tenperature of

r\R ': r\r‘ \nlfh &

melt of 219.9 0C.

A second endot hermic fr Leti oﬁ“‘ M ¢sponding to
deconposi tion has an ¢rsEi_-tepperatwe of 225 0C
These tenperatures ha e%‘;er o;gzgf 5C. [0324] The
Thermal Gravinetric Anpad ig'm T‘6"’6 gata for 1-1 Form 2
is shown in Fl GURE 4. T!lm,g. 6 i!8§‘2gr hphs t he percent

| oss of weight of the 554.,]“8 BS T'7f"1cti on of
tenperature, the tenpr"rjg.%z;e at ggc’unge bei ng about
10 ¥ mn. The wei ght Ioﬁ.'6 £P eg%‘.tsr a |l oss of about
1.1 % of the weight oft:"l,i'l‘“rr Iﬁézs he tenperature is
changed from50 0OC to 2\15,'417\. 2 Tl"l‘z—ﬁe enper at ures have
an error of 5C Exangt 761258. Alt;le;;“" e synt hesis of
4-(/17?,9S)-(carboxynet hyt )1-7'?-9(( Hi—t- (2, 5-

di chl or obenzamni do) acetranggR)—p-1& butyl) - 6-oxo-1, 3,
2- di oxabori nane-4- carbogpiit cu2|8l9 1-1) Form 2 [0325]
A 50-L gl ass reactor e¢uypppEd w.52|f mechani cal stirrer,
droppi ng funnel, tenpegrafuse ngpgatpr, and

heat i ng/ cool i ng contr gt 26‘.5@ IUI3§|' i trogen) was
charged with 1.2 m crgmzipiferedsstOAc (18.9 kg) and
anhydrous citric acid(9yg&t Kg,1g4- 9]0l ). The mixture
was heated to 7 1 0C angs; g, k@M Tesul ted.

N, N, N'-{boroxin-2, 4, 6=65 hid tT T 3pHo(TR) - 3- met hyl but ane-
I, 1-diyl]imno(2- 23557 | _Al35 _

oxoet hane- 2, | -di yl )]} {THh5%7 SF dizghl 0] obenzam de)
(1.109 kg, 3.1 nol) difssghved T FTO/c (4.0 kg) was
clarified using an i n{ThEgyd T Tec (1|2 mcron), and
the solution was added ©9eid1el rqagti bn m xture under
stirring (193 rpm over g1 §Erl 0Goqf RO min while

mai ntai ni ng a tenperatfungedd /3194 10 75 0C. The
stirring was reduced t028509 pm agd t he m xture was
cool ed as follows: (1) Phesgn xtusga was kept at 73 0OC -
75 0C for 25 mn; (2) [Thegss Xf urgswas stepw se cool ed
to 40 OC at the rate ¢of ®pproxinggely 5 C/ 30 mn; (3)

The m xture was all owed to cool

uncontrol | ed overni ght

to anbi ent tenperat ur &abe SHXRRD Data g3 The product was

then isolated by filtration, washed on the filter with

Exprplaide ; Synhasisob2 SdichioOALQ: D[(l)R) B metp)-(5 ol didpbapy 132
under vadipxahorgianiaylhbuyllamig i ,

[0342] To a solution of benzilic acid (0.126 g, 0.552 mmol) in EtOAc (2.0 mL) with an internal
temperature of about 60 °C was added a solution of N,N',N"-{boroxin-2,4,6-triyltris[[(1R)-3-
methylbutane-1,1-diyl]limino(2-oxoethane-2,1-diyl)] }tris(2,5-dichlorobenzamide) (0.200 g, 0.195
mmol) in EtOAc (1.0 mL). The solution was cooled uncontrolled until the internal temperature was
about 25 °C and the solvent was removed by evaporation to yield 2,5-dichloro-N-(2-{ [(1R)-3-methyl-
1-(5-ox0-4,4-diphenyl-1,3,2-dioxaborolan-2-yl)butylJamino } -2-oxoethyl)benzamide as a white solid
(0.291 g, 95%). MS (m/z) in CH3CN: [M+Na] calculated for C,3H5;BCLN,NaOs, 575.1; found,
575.2. MS (m/z) in CH;CN: [M-H] calculated for CosH¢BCI,N,0s, 551.1; found, 551.1.
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give 1.458 kg (92% of the title conmpound. 1H NWMR (400
MHz, DMSO-d6, d) : 12.13 (s, 2H), 10.69 (s, IH), 9.1 1
W@ 20093547376 Hz, IH), 7.66 (t, J = 1.2 Hz, |H),PTr/B820091003602
J =1.2 Hz, 2H), 4.27 (bs, 2H), 2.9 - 2.55 (m 5H),
1.67 (bs, IH, 1.4- 1.15 (bs, 2H), 0.86 (d, J = 6.4
Hz, 6H). [0326] The XRPD data for the conmpound (1-1)
Form2 is showmn in FIGURE 7 and in Table 6. Table 6
[0327] The Differential Scanning Calorinmetry (DSC)

Exg%fé 1507 stufigsis 8FROYRG Rl TG M) i3-°bhe°fﬂ W plRzids X CURE
€ PLRAbLIHNARInGIPAPAEH PInhi ASBuAY. 5 bYW 1,8 PARL Kot JnE-4.4-

transiti @iBdiatdi€adidfiISEyWM I h a nelt at abou 231.3 0C,

and the second with a nelt at about 239.9 0C. These
[0348 TR RaablutidSf bﬁ&iﬁamam B7rg0 [ .30fmoB uﬂ@OAEI(BtmL)Bwiﬁi an internal
ten_ls%?éuge):e( (2{3%(1&%4 %ﬂ as a I&g\?gﬁ\l '\JB(&%xm :5 4(6 -tfiy ns?[_( fH‘a)-t3the|:tEyllbutane-l,l-
dl)y]ir)libqfﬂ&)ramxvré’rphﬂlymertehw JibRNui@mizes-1-garRahig8 @00 E)-4§5 mmol)
as §9(11Mt 'I'f(:?Jlrtefltl lsMG&Jn'&s @&lleq u(x&mgélll"kd gmtll%e5rﬂemn) enlaﬂlre was about 25

an i nternal rrgerature of
°C@od Bt SlaRordde el 2@0[%%# Bfthyl-1- "B Phemy - [(Pyrazm 2

yldﬁ'sb%yl%‘mr{)hﬂfp@ﬂ@yﬂaﬁm@)b@ryl]ﬁl(ﬁbil iB12sdid )(akcﬁ%)la& =4 4-diyl }diacetic acid as a
an

i 5o o 53 b M PEN o8 BENGANG s apN 2

foundl, @221 MS (e indHLGN G- WW&SICd:fDOCBstBN@rﬂw@l fomd, 5392 |

the internal tenperature was about 25 0C and the

Ex3RipkA8! Wafinds BPNEASPY-b&YAROT ARD-QMinekt- V{ (SR F4-0x0-5-phenyl-1,3.2-
2, 5- di chliRk4bo RSt 2=yl 1bhdyl } Fhindr MBloBM il pykazine-2-carboxamide (1-16)
4- oxo-1, 3, 2- di oxabor ol an- 2-yl ) but yl ] am no} - 2- oxoet hyl)
[0} Zanisdleti@of (R)whintigic s1di(010738. 22088 50nm&@ SEIO AL 2(0nhi2))withan

. X Fr ) . R

i DhoerelltEbrbiEho G Elb b REn P ol ag bR o
methylitetaned & dliyiloning(2SH1 9REP QNZIQIBFOPQQQ 2tdiyH Jowinyazipgbcaghoxamide

(0. I1 gﬂml&) ;Féoh@ ST}Q sQlfmon was cooled uncontrolled until the mtemal tempcrature

ing precipitate was collected by fil

((4) -I-{(r(25d|chlorobenzo¥ )am ngl - ace
li)fbl) 253°C and the resul ation to yiel N [(IS) 1 benzyl 2-

2 ]b??’%{wliec’a%%g hn;r sooll %@5 g&'@ :ﬁr/[ (nzﬁ‘}'arhé kl?!éé]%]éc%lgagecgfor

CotlesieNa® 11523 ?ofouadb out-2. GMS OﬂZZMaQH@Nje@/I H] gﬁdﬂumeid(ﬁw (afH2sBN.Os,
mat hyl'butane-1,1-diyl]imno(2-oxoethane-2,1-diyl)]}tri

Expingei7 s S OrOb??- b2 AT -’nmgrivﬁg?(jl 2404 Dyt 132
antil tnds Gfolan-2-vIbutyl : leDyrazxnc ,cargwsarmd SEIR

enzo no - acet

a"}"a?ﬁ‘ﬁ éﬁmpstamﬁtcrﬁ?b%&@%q Wa?s-a@fieé N ‘ZbQﬂ‘Pw%’éﬁw‘t&ﬁﬂﬂR?rP

(Oé%&bg f lgNBlH{qa as :S%)gdl\l-i- 'Fﬂew%%%q%r»ﬁ c?(g d];ﬂoq\%{@%l? t'_ﬁ]the mtemal temperature

wa?.ab(ﬁlutﬂa‘tceaﬂldilﬁrsolm{vvmaﬂ)@&lﬁfﬂvapdkﬁﬁmlq yi£l® WA((LS)- 1 -benzyl-2-({ (1R)-3-

carboxamide as a white solid (0.213 g, 96%). MS (m/z) in CH;CN: [M+Na] calculated for

C,3H,0BN4NaOs, 475.2; found, 475.2. MS (m/z) in CH3CN: [M-H] calculated for Cp;H,sBN,Os,

({ (R-Brydetiit- [ (FR)S4-6%05- ;I)h,eﬁyl-ZBQI dvabasiat-29HEutY | haegLioRoddtl ) fyrazine-
495121\f0m{};449k20r0m n-2,4,6-triyltris[[(IR)-3-

[oé%%; "I%Qts IP?(% Jf?}‘% d;%gﬁf? @9&?& td)sﬁspﬁ *OQ y ln%ﬁ rlfl:étg;)c 20 k) with
me}m&tdnalardl yali iR [ (281 LoRo- sxahén?hp(&al;%oﬁz -8y 96 raz,h@z éamo&Amlde
methyl-1-[(4S)-4-methyl-6-0xo-1,3,2-dioxaborinan-2-yl Jbutyl Jamino)-2-oxoethylpyrazine-2-

451.2; found, 451.1.
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457.1. Exanple 4: Synthesis of
2.5-dichloro-Nr2-({(IR-1-r(4S)-4-cycl ohexyl - 5-o0xo-1,
W 2@9/154737 PCT/US2009/003602
di oxabor ol an- 2- vH 3- net hyl but yl ) am no) - 2- oxoet hvHbenza
m de (1-4) [0330] To a solution of
(S) - hexahydr omandehc acid (0.0881 g, 0.557 mmol) in
EtOAc (2.0 nL) with an internal tenperature of about
60 OC was added a solution of N, N ,N'-{boroxin-2,4,6-t

[[ -
e e e S Gl LG

§35.
ps( 2, 5- diLRLOLORGIES (& 608 ; ot ) 11
Et OAc (1 )l The g%) Ut T on: msaggrg%control | ed

[omi iHorrhl1Rioh At &vEs3¢1 \Jaemeg@awﬁ 80 MR varPHdlcitddactd AdhdhydRe: (0.08 g)

ang (s)cglvlgrp %ﬁz\ﬁ% B{d%r{%)(\é/%(g) {«‘%/relagg IEda ! 1I(rggnjntlid1¥solvec9 To this solution, 4-(R,S)-
(cahaxly by L A(®)-0xXD¢2,5- &clﬂerd)eﬁi@ﬁhﬂbaaét&ﬂrd&’)-yh}thﬁbmﬁi bgkdus g-

duLx}agm n%)4 %g)%%ﬁ?t FX (l]-B%Eé% dﬁ[q?/ﬁ?%s%% ngt %0| grteegs ?%med until a

so@zmswamms@ thi gpjutign, spéjumdhlomB40.45 gvas mldzy anwhepls@m adjusted
to E)MSM]S UQ%(W hat. eldle ffﬂzfl v@a%ﬁgﬁﬁgemgmluﬁlval adjﬁs%dWIOO mL with

¥nthe3|s of 2,5-dichloro-N(2-( [4
wqtef;rz)anq ﬁlte(eg tlzfoltﬁhﬁé)tm %Slag(rabrarf t%ylgdgpw&aﬂaq AWhich vas stored at -20
°cyl ) - 3- net hyl but yl | am no) - 2- oxoet hyl ) benzam de (1-5)
[0331] To a solution of 2-hydroxyisobuty pc acid (0
(038 Fognul@ios BSvaspwbared ay fEEFOMDIatidn B, excdpt thirttthe hwasratssterstb pH 6.2
ushggpq\fa@tl_pre of about 60 C was added a sol ution of
, N'-{boroxin-2,4,6-t pyltps[[(IR)-3-

[om'j mélnmmn € A vbsséliwgb &Hafgean R{tR90MD Mald PHA v #rid ac @i Ydnbiyitake (0.08 g),

S‘%f”@&&’ %rg{?L;) (s grST pg@?y[ﬁ ?%%f%{/\ﬁg Q&Sﬁeégd ?D'Ejo%lfr?‘g‘f"l"é‘ass"lve‘i
Tethis sd.luttolnet dlemt)ecramkymeerrm)ez @R)Y--(AASlichlbeibtnz25id6)aamhidd)6-

m%l%’éﬁluﬂ% ﬁﬁ?gﬁ?n{%{T & &%Q{?{yﬁg éfpcﬂl tif)FOWn%l(éi 142 g) was added, and the

m'dlurpefc'qmlrr@ uestletsplugonzwa@ iobiwiatsh rTOE B was gdjusted tofed ¥pyrigZOt NAOH, and
th@manﬁ}lurge &m,%shmhg &m%a%ﬁ w@éd Y mbl bl Qvith Qb dedl addFii€ e tHiough 2 0.2

963 z) cal cul ated for

Bl ?ﬂam@sld FS@E)*“?D" Fo‘G‘ﬁ:a WaS%%at wSmz) in
CHSCN: [M H] caI cuI at ed for ClSHZZBCI 2N2Ch, 427.1,
o1pix paratinml of foEmul Bioms bfels )-((xfarboxymethyl)Z((R)l(Z (25-

[0% - oxoet hyﬁJbenzam de (1- 6) [0332] To a solution of

49 Sioeh Fammiaen Yehiole: fevsssg) Wap ChasEerhiih pPRTGIRAEIALSY oL gyater and
citiit- jcidvmbibhgdrate (AN @)a:lndtsaime ciahitel i@ty d¥te emtgb w6 a@ed Waistirred until

dl%?/llg?drj i'I% tifc’%) %otgulog r;])ropyle:ne g]ycbll\JZ O{gp\gzrlsoa)éde% and tl'ieGmeture was stirred until a
homatdnpous selatine-Was pbtalnegl Therinmabp2 wesqs. hariee Bipdl wight of Hetrgsilting
soﬁx(lgn 5as%ﬁﬁﬁk%@5@ﬁ}ﬁ%{lfrﬂg%lns(tpofelw with w’%zer IR red ﬁ)rough a0.2 um

e sol'ution was cool ed uncontr ol
P]?tﬁ,ﬁxqmbrinﬁ glt?rrppyé pqﬁlgforqd@ﬁt)@mafr@p@ bglygen about 2 °C and about 8 °C.

[0350] Formulation Stock (1 mg/mL): To a vessel, 0.105 grams (approximately 95.4 % purity) of
N,N',N"-{boroxin-2,4,6-triyltris[[(1R)-3-methylbutane- 1,1-diyl]imino(2-oxoethane-2,1-

diyl)]} }tris(2,5-dichlorobenzamide) was added. To this was added approximatetly 90 g of the Stock
Formulation Vehicle, and the resulting mixture was stirred for 48 hours protected from light. The
final pH was pH 5.12. The final weight of the resulting solution was adjusted to 100 g (assuming
density of 1g/mL) with Stock Formulation Vehicle and filtered through a 0.2 um PES membrane filter

unit and stored protected from light at a temperature between about 2 °C and about 8 °C.
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about 25 0OC and the resulting precipitate was
collected by filtration to yield
WQ@2®9d5408t oro-N-[ 2- ({(I R) - PCT/US2009/003602
3-nmet hyl -1 -[ (5R) - 4- oxo- 5- phenyl -1, 3, 2- di oxabor ol an- 2-y
| 1butyl }am no)-2-oxoethyl]benzam de as a white solid
(0.343 g, 65% . 1H NWR (300 MHz, DVBO-d6 d) - 10.88
(s IH, 9.22 (m IH, 7.68 - 7.27 (m 8H), 5.15 (s,
4.33 (d, J =6.0 Hz, 2H), 2.8 - 2.76 (m IH, 1.71

(035 njl F%g‘nuq%wfhe M{?lﬁuo ﬁ? g}mu%{ﬂ)to c 3 e?lg'at(oql ot s mgMRL and 0.1

mmsmbl@clzmlawevwclermmuse578 1. MS (m2) |n
/ Hls cal cul ated for C22H22BCI 2N20Cb, 475.
[02-}5(_2,1J rfa oR %%@@atpn%k H’é%‘i‘ glteSfo concentrations of 0. 05 mg/mL and 0.1
mg@mb with G 10|96y dibimfcRiofide{ solLRMBpriveiohiyd. -
1-r(4S) - 4- et hyl - 5-oxo- 1, 3. 2- di oxaborol an-2-yl | but yl

EQa%rﬂ; m)-%&e&%é&m Apsgzam de (1-7) [0333] To a
d (0.675 g, 7 34 mmol) in
[oﬁsp% 1(;& d? teaitaom\%Jnh dagbwemrﬁbmb it £58380 AR nithotid? Plate is added

add [u
25|\qL|\(rf aRpy. t{ugsrraé;ﬂ L @?\% ngm_gtl\u{n% FA@ﬁcT\(afoRSB%ton Biochem, 12 nM final) with
AAWILAYANMIQH mse}ebwe shistydtd)i( N8 AN fidal ) Xadle tvirbye2s5 2,1 ofdslsy)l t)u}f]utat 37°C
di bhen 5
co?t.?l(]glgﬁ{ Ci@% 8ro eafon{ e%ﬁl)sgon)B (gc%em |Q)e2g nl\’?ﬁn ﬁt r er 1S fonilposed of 20

coo unco
mMHEEPER{ G mi EEMI@T%SMW Abdha fCEGOIOIGIfollAWG@ﬂ aMG Galaxy

plzm, l@adehépt"@réﬁcn{atlérﬂ-%@ nm—énnm 4%6 gﬁdgaerﬂOb | Pewéﬁt 1%1%& lQ&lculated
becane turbid he s%wﬁen& on was heated until

relptifeds %vnhtbéwaél.)wm nd 5% aphibigion 10 bertszeypid) %W%u ch

poi nt a honobgenous sol ution resulted. The sol ution was
lecX]: atAngprolift@ti@f A 7 Cmnuntil the internal
tenperature was about 30 OC, then cool ed uncontrolled
(0341 IHC T hit6i(100P s othgr mprells ia Abitlagfiaprrontiss cabheluregneg@m (McCoy’s
sAT#aﬁH(:@ﬁ% ﬁavng; BY) 86gpRireALEw MR 7 Rlal Bvin8 derti (thiilrbde} drOReded in

weils SP/ \ml%lel&)cwuiez)lettc{ ani R)cu%ateﬁé)tlwghqat {7( ES)Teﬁ compounds are added to
thmélhyhd the plxtes dre idcuba@d G adrouel aﬂBﬂ- . y\lf}'but\yisjr aagen) @ pD)Rache) are

adgefo g eJcRg f fﬁlscubzﬁed(@b%uk%m kﬁ%lﬂ%blegg :mlai(ljuf%%*rer F& 'MTT the
mGHR/HBT B i2 M bHizedbaBrmight fcgerdidg toan@uf@ctuw @muzyons fRoche). The

op %@ls: fM' é‘llh $al is . @189s hia gpls%g‘){%&fﬁgp %l]}_l_?(@c:r%néél):%orlhe MTT and 450

Pfound e XR
n"FfOGBREV%F uawa a PWC*T‘E%P‘@"‘ZFC'“I(%{’SP@“‘% Deyagsp Toathg MTHtheseliipreeoptical
deflsity SY0dshRSuRradkd from the values of the prlmary wavelength. Percent inhibition is

Cagcblgﬁeglgscrggt er\%luléls-a omgi)us%zcontrcqeét 0017 r(4S)-4-nethyl-6-o0

ori nan

pbutyl ) am no) - 2- oxoet hvHbenzam de (1-8) [0335] To a
Emﬂﬂzzhnlmﬁwfummfﬁfwﬁmmy pc acid (0.0598 g, O. 566

i n Et OACc W th an internal tenperatur
[0:6?5] eéhlp' dé@c@ lda 5 X lgbprlﬂtl}eéﬂmgf cells in 100 puL of RPMI 1640 media
(SN Alddichy h@ﬁs@pﬂcﬁliyﬁnﬁct&} ifito fhel stiicu@hdo(d dpce in the right dorsal flank of

utan i ] 2: oxoet hang- 2, |
femaln?Eh%/n g mH:F eS rY\/zegl%'/?i ea}?es?g(reébﬁmé a ldl%lg%%%ﬁo?e)eé{le g}ﬂe}:ton
Digki@ac Ref3@062A)) Altélfhrelvgm,l soné pamograls modedd reqhire the aeriat prsfagidg of tumor
fra*éméﬁtL. Itnt&%sé c%e@,rsﬂﬁh frgﬁl[fgagroﬂu%?tism%approximately 1 mm”®) are implanted

subcutaneously in the right dorsal flank of anesthetized (3-5% isoflourane/oxygen mixture) C.B-

17/SCID mice (age 5-8 weeks, Charles River) via a 13-ga trocar (Popper & Sons 7927). Beginning at
day 7 after inoculation tumors are measured twice weekly using a vemnier caliper. Tumor volumes are

calculated using standard procedures (0.5 x (length x width?). When the tumors reach a volume of
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about 25 0OC and the solvent was renoved by evaporation
to yield 2,5-dichloro-N-[2-({(IR)-3-nethyl!l-[(
W@ 3) 09454181 hyl - 6- oxo- | , 3, 2- di oxabori nan- 2-yl | bueg1/p82002603602
0) - 2- oxoet hyl ] benzam de as a white solid (0.225 g,
95% . 1H NWMR (300 MHz, DMSO-d 6, d) : 10.45 (s, IH,
9.11 (t, J =6.0 Hz, IH), 7.65 (m IH, 7.55 (m 2H),
4.21 (d, J = 6.0 Hz, 2H), 3.98 - 390(m IH) 2.51
(m IH, 2.33 (dd, J1= 19.2 Hz, = 2.7 2.24

ap%r}(_)g\m.?n%ly &9@) rnl'rrl)'% jla e%%d’or}:@zeg%to(t@t{rlem)ggi@ %;%I&T{ésqvn‘%Amg

tre@FRmN DOE‘WfEtSQNd*F&S agealetermingddar el exeimpnoiRSH AP ous results

obxHed aromfpﬁ’diﬁgookéé’ﬁ} arnf¥&d( KBz add’}nmmeﬁ-d}éﬂ'ﬂbse studles The control
cal cul at ed form"% H22BCl ound

2N OB,  427.1 ;
EERAMp e Y vehigly BRI Y re. gl,zyslfdlyctﬁ?ts?raw’? 99¢- ??O(ulv R)advumsmd
via i(]t-ﬂavéndﬂs (PBighyited), (meGZD,g3 gdagh erdid)@r Flﬂbalnanzous (27 -ga needle) routes at
vaﬁlﬂ% gg egeaix;[dtgéheglg% v Ot Onrn sg ch?lho(aX Q/g%&?/alé% Sgnuzrg twice aavgek z)nd the study is
terfrina@g Ahemthe Gnialumere fejch qnpremmely(zgommmi) with an
EI ntergal terrperat urse of about 60 OC Xvas added a i
] Qf ¢ CAOXAD orinin-2-

met hyl but/alslﬁrvdnnho)dll MJola mwramﬁ&%bhaﬂﬁs Qedrb(ﬁ{hrﬁlldé  {1-19)
}tps(2,5-di chl orobenzam de) (0 260 g, 0.253 nmmol) in
[0FB6DAC mix furof ALY, N Theros o2 46 toyl trisf{61 R)- Gaheity humaoh il rdpi Jirsido[(2S)- 1-

ox! @tﬂthgi;JP%ﬁﬂ 2 l@[@ﬁb Jipgn%ﬁé LU aNRS (@%‘B;g 0. ?23 Do shildfiic acia

oratron to
(2649 Gmg 08 Imsmad)- vierg pixed l’r\(ﬁl%c 10 mk).4The mixture was heated to form a solution.

THksBidA Y as EsoRd AndonBolid dhtﬂl‘?@bﬂema] temperature was about 25 °C. Heptane (16
A b A L s
ten{quatlEé BINF b Tieadhoty vafsﬁderéd)tb cQRBHAldIBQ S2NIED-3-rbefidy]-3;(4-0x0-4H-
s : . lsu

B A G P e 3 A

(08¢, A8%). M fm/z) in CH;CN: [M+H] calculated for CygHzsBN,Os, 487 2153; found, 487.3.
2, 5- dlchloro N-r2 gKIR%{I 482 4-tert- butyl 5-o0xo0-1,3

E f2 -((R)-3-methyl-1- 3-phen -2-

2- yl | -3- aawmmdtpydphmmem@wmemmhioxa%o@admodmb&ﬁmmn-zo)

zarrude (1-10) [0337] To a solution of
[0353) -mixyuk NIV Ibatoxiv2 4yl thyitris{ [OR) Semaihy(ht-0F-1.2-dgy]JirBino[(2S)-1-

j i.Lh. t e I o
oSBT SO 8 g L e i
(ZM q\rng ¢ SSWb\erﬁm'geqm@}IF (5 mL). The mixture was heated to form a solution. The
sotunbxy\bzltsrég&éc( anar?r%nmatnmgh%Hteﬁlaﬁerh belremijrla solaiI dbbihene @@ %@eegoh@
- di S i chl or obenzam de

prgg Pi‘@‘%d Pma?%‘}‘ ﬁ}frs Qﬁ%\fv"( Yaprgtts dat w%ffﬂtﬂﬂ? B‘igi %gh cﬁmsw was
filered ondolledt badid 2L((St)42L((R)IrBem¢thr>tler((’m43 -phetype{(@tite-2vas about
ca%%xa%&do%ﬁpah%ﬁ?}g t\g]?ﬁl_ %@ § 2- dnoxa \é)?o anbly yl?a\éag% 1@% &g t%%) MS

(m(ZP (nICR}sCN [(YiAH) cah;uta@rilforw*ysBvao&&i -205 3 feundi48%abor ol an- 2
-3_rreth| but _ - oxoet hgl1 -2 5-

) A

raz Y/

( I’ﬂ z) in choE%aﬂ%ﬂﬂ}y]ﬁﬁbM' £:Y) Qﬂf(zibbrolan 4- yl)acetlc acid (I-21)
C26H43BC 2N3Gb , 558.3; found, 558.0. M5 (nfz) in

[01583 @\mixfuvd HN NN ebbrakied 4f6€thyl€i2(ll‘ﬂ€8@héilﬁmne-45 Hliyl)imino[(2S)-1-
0X0 %%gnylpé}ép%ne 1,2-diyl] })tripyrazine-2-carboxamide (0.305 g, 0.278 mmol) and D-malic acid

(130.3 mg, 0.33 mmol) were mixed in acetone (3 mL). The mixture was heated to form a solution.

The solution was cooled uncontrolled until the internal temperature was about 25 °C. White solid
precipitated out and the resultant slurry was agitated at ambient temperature for 3 h. The slurry was
filtered to collect solid 2-((R)-2-((R)-3-methyl-1-((S)-3-phenyl-2-(pyrazine-2-
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Exanpl e 11: Synt hesis of
2,5-dichloro-N-[2-({(IR)-I-f(4S)-4-isopropyl-5-o0xo0-1,3
WQ 2s0ditdabor ol an- PCT/US2009/003602
2-vn- 3- net hyl but yl } am no) - 2- oxoet hyl | benzam de (I-11)
[0338] To a solution of (S)-2-hydroxy-3-nethylbutyric
acid (0.0659 g, 0.558 mmol ) in EtQAc (2.0 nL) with an

i nternal tenperature of about 60 OC was added a
solution of NN, N'- {boroxi n-2,4,6- triyltris[[(

e T
calgpipied fi t@ﬂ&o?(@@oﬂﬁo“"dr A&-Zol uti on was cool ed

uncontrol I ed until th m%ernal tenperature vvas about
Example 6 € 2 X¥=2-L(R)-2((R)-3pmethyl 1 .06S)-3phenxl-2-(pyrazine-2-

yi el d 2 5arﬁ¢)@h1i<blpﬂ}pbhahﬁ’do)butv]) 5-0x0-1,3.2-dioxaborolan-4-yl)acetic acid (I-22)
({(IR-1-[(4S)-4-isopropyl -5-o0xo0-1, 3, 2-di oxabor ol an- 2-
[0349] -Asmhcelrhgﬂl‘bﬂtl‘}’?(}nqmiméﬁbzﬂylmdétﬂ‘)yihjmlmﬂmm -ti@-dayd)irgino[(2S)-1-

oS (00580 B R U 1, o
(1455 r(lgrpz’j)'& nynpplbygm:xe? Mapﬂtoneé} &k élfhégmftbrp was heated to form a solution.

THe 18 Bk Edﬂi’e@_hncoﬁéallea intfl e Mdlernl delnpBratubexa¥Rb&it 12°C. Heptane (2.5

ynLh
m]§ ﬁ?d%ﬂl A lée wl? Qren( ? ta eﬁ)outI antl'j thﬁ §)sul£fm Sé‘S‘B’J‘f‘"‘? Iagxqgtegﬁtdirqblegt
terﬁpeghtlux&nbd)ﬁd)l Fhe sl@rywes Biltered toybltrat splig(R)-2-hydroxy-2-((R)-2-((R)-3-methyl-

l—@@—ﬁ@e -ZQ?Q‘%%H !:a%?grﬂ%)gl% &M%}OH%B?@% g% o@oxa%or%]):gn -4-

rox I sOCaprol Cc acl
yDaeesf 3cid Q-388 @A\th'wmcmm%atdﬁneaﬁ spasicer MmO pEHyGN: UMeH]
caRfilaRd et HOBRO, VS 206t flnd 49903 Ut i on of
N, N, N'-{boroxin-2, 4, 6- trlyltrls[[(l R) - 3-
E 7buiSaumiesls of tb -@RPRiIRAREE-ZS)-3- dieﬂlmgbiraziine-z-

2, 5-di b 1 de .
SEng ('1% R e D AT Qotfu

[0360 A mixife b, fr Ni‘@(‘borBSmQ %%H&ﬁ{[\(\ﬂé 3qpé?llrylibu?a§e @@d%ﬂﬁmm%) 1-

vent was renoved by evapor ation to y
ox2-35)h6qyg)ﬁ<|>papeol N_d{yg_})(r{pwam)e cz[r?qrg)ndg (0.180°g, 0.164 mmol) andD-tartaric acid
(1i7ssallag4tow3n5nm<\oeré m&ea md{b@@sg lbomD). an::}m Zridthek waf weaied! fre /dojution.
ani no e as  a Ite so ) ,
TGO s ERTS e CRACRY T AR ARl Bavb o . Heptle (5 mi)
waS20de2. 7 BE| itikRNa@S evapTi9ted (o yiebd 450 2-hAdtOx y12-((BR-((R)--nethpl-1-((S)-3-

ph?ﬁgg‘{)yn[zM'e 'ﬂca&%k&“{l(ﬁﬁrg&ngﬂao)gﬁgs—g @?(g# g%@abo?’ogfg 41yl)acetlc acid

(0845e)arhédhalsp eorwr(eﬂﬁ@lme(m Fz)ems& MBSHy YD) In QHECHix (M H] qalcglapd for
Chemadi, asabmoi oidk; &9yl ) but yl I am no

) - 2- oxoet hyl) benzam de (1-13) [0340] To a solution of
Exaaiple?8! | ®haghcku(ddl OoffiBsigon 0. 549 Mol ) in EtOAc (2.0

m.) with an internal tenperature of about 60 OC was
[O%Qj]j ddpe aormlsigpri efthegefapsule is shown in Table 7 below.

b {poroxim=2 A 6t yttT s (TR~ -

ngt en ane-1,1-diyl]imno(2-ogxoet haneéguqq"gf Lﬂg((fapsule

sFQmEQUﬂﬁeﬁP@F%éﬂ)zmée) (0.200 g, 0.195 nmmol) iln 0.29
MR Cerfsflfie Blilhlosd {15y kL] OTT VS COOT e HGOTt T UM et 5y 77

mtl he internal tenperature was

Total capsule content weight, mg 90.00

Size 4 white opaque gelatin capsules

Table 7: Capsule composition

Example 29: Pharmaceutical Composition 2

[0362] The composition of the capsule is shown in Table 8 below.
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about 25 0OC and the resulting precipitate was
collected by filtration to yield 2,5-dichloro-N(2-{
WO LaR)54737 PCT/US2009/003602
3-net hyl -1 -(4-oxo-4H1, 3, 2- benzodi oxabori ni n-2-yl ) buty
| 1 am no} - 2- oxoet hyl ) benzam de as a white solid (0.198
g, 78%. M5 (nmz) in CH3CN. [M-Na] cal culated for C2
1H2 1BC 2N2Na(Gb, 485.1; found, 485.1. M5 (tn/z) in
CH3CN:. [MH calculated for C2 1H20BO 2N205, 461. 1;

f 0—4A6110- [0341] Fhe—XRPD—data—for—j SHOWI

G E 6 and in Table 5 Table 5. XRPD "115‘3;&“"R {3i%/Capsule
EScemppiing Oifprmgyﬂt’déslin@ of 2,5-dichloro-N (2 { 0.29
Titidtlea FaidtoarDllire céIRIgIX O~ 4, 2= U piteryt =+ 8¢ 71
di (l)xafbororug- f\?c utvnam no 1-2-oxogeth Igﬁgenzam de 10971
(Tpaiaapsqlwzptwha@m ution of benziliclacid (0.126 gl10.00
05252, MGhdul Foideh Ouil:2 0 TIE) Wit T am T er et

t enper at u ahout 60 0C was added. a sol uti on af

N, N\ N - {bor oxin-2,4 T@blersr (‘pRsplespoppsitjons .
\ ] ' I m no(2-oxoethane-2,1-diyl)]}tri
e e e 9. 200 g, 0.195 mol) in
3?%:!1 (: mgosmpl ofth ca suPe 1§J§hoon n\AP%le%q)oLed uncont rol | ed
heP*nternal t at ur

enper re Wwas a 25 0C and the

é]omnllemvas rermved by evapor ation to yi Eugttion | mg/Capsule

G35 Fornd V== methytt—=<
-ng? bdnﬂop{? Fég\l/lP Trknsj 2-di oxaborol an-2{yl ) but yl|] am ng'29

J\'ECFQWIWIC?IBMQQWG@I%I% white solid Eﬂ)erz91 d. 88.81

Iﬂw-l F-Po—-LA- f_

s R, tellafe) T CHBEN—fvirNat —cat cut= .
BB, tro 1 - touar ave o LR A (g 0%

J

=\

:ﬁs@\ﬁapﬁ[umqgmte@a‘ietgmaleed for C28H26BCI 2NPOb, 551. 1;  90.00

f wh a2 —SymnthesTts of
2,2 -12-r(1R) - St byl el - (((2S)- 3-phenyl - 2-r (pyriazi n-
2. Table 9: Capsule composition

Ic rbon I)amnolropanoyl >am no) but vn- 5- oxo-1,3,2-dio
: g fbannagenticp] Compogitiandt i ¢ acid (1-15) [0343] To a

Cit 4 mml) in EtOAc
10 QJ] 3’“‘%’5&“ no{d‘eca Sé‘keﬁsa%OY" eagrﬁtlélbéo%f abZ)ut 74 0C

\ompookntl N, N' N' (bor OXI n- 2 4 6-triyltfyFedction | mg/Capsule

Ilh\'ﬂ'l L I TUIyIJ
' goﬁgfuﬁﬂgﬁmxuw 1 F'o Wenvl propane-1_.2-diyl]1})tripyrazi r9‘29

% F TSRt ot Tom was—cooted—uncont 1o E\‘Ii)n*déhtti H-the 0.80
rnal tenperature i "was '

eﬂaﬁbqﬁa%uwovtemwe'ehdmg , 80.00

!
|
i
¢ Microayiatmreeltidos¢ 0. 500 g, 0. 455 mml) agsFédlesol i d. The78.91
I
itn
g

[ S&e 3wtk bjalile giraliebagitie T~ ({128 =3 preny=2=1(pyT aziT-

yl car bonyl ) ami no] pr &pRietr (Crasulerempesitien - 5- oxo- | , 3, 2- di
oxaho olqpe-4 4- di I}dlacetlc acid as a white SO|Id
e n CH3CN: [ M+ Et3N+H] cal cd

"’5@%&@%’% DRt a1k 9bPB BkBa T oy D. Tound. |

I{Enﬁmnﬁx arrpl e 16 Synt heS| S of Function mgCapsule
[ £ ( N Ao ulbhan
'Cm f SHa Formy r\)-o |||:|.||y|-|-|\d A—OX 015 pret
| - b@’ngo Ol;(%l. o? (?an 2- vnbut y| 0.29
) arfwrn@j'stﬂhr@xdbﬂdsytldxpynameme 2- car boxam g¢Eill¢rl- 16) 84.71
Total capsule contents weight, mg 85.00
Size 4 white opaque gelatin capsule

Table 11: Capsule composition

Example 33: Pharmaceutical Composition 6
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[0344] To a solution of (R -mandelic acid (0.0738 g,
0.485 mmol) in EtOAc (2.0 nL) with an interna

wo eovpasasure of about 60 0C was added PCT/US2009/003602
N, N,N'-(boroxin-2,4,6-triyltris{ [(IR)-3-
met hyl butane-1 ,|-diyl]imno[(2S)-
1- oxo- 3- phenyl propane- 1, 2-diyl]
})tripyrazi ne-2-carboxam de (0.178 g, 0.162 nmmol) as a
solid. The solution was cool ed uncontrolled until the

[036@} %Q@Jmﬁ%sme&%té? gl\g@s‘zs S’rPiHﬁriaﬁgl%él &nd the resul ting

S CO tration to viel
\E{n@p@en( ben zy| Function mg/Capsule
€k ndjof'flir‘rln{ﬁ}’a(l iy ﬁo&,ﬁ@‘ﬂ—m- - phenyt=—-32=drgxaborg7;
an-2-yllbutyl }am no)-2- oxoet hyl] pyrazijne

Mecawmsahme@lubse GowRpisterelol i d (0.195 ¢ Fiboyy. N5 11928
ﬁq,tgl)cai;s ]ew(gﬂl[\lwe]gﬂw}}}?j cal cutated for Q27H29BNANECO5, 120,00
ound MS (nmfz) in CH3CN| [MH]
,51%%1113515 FECTESIICHPRBBBNACE, 499.2; founfd, 499. 2.
Exanpl e 170 Synt NeStabhlf2: Capsule composition
Nr(lS)-I-benzyl-2-(KIR)-3-rnethyl-I|-r(5R)-4-o0x0-5-phe
Ex@itiptel 343, Pharmaceutical Composition 7
di oxabor ol an- 2- vnbut yl ) am no) - 2- oxoet hyl | pyrazi ne- 2-ca
IOMbﬂhmmoe.ﬂ.onlonhe[C@ﬁdlS]s shiowvrain Jebleit 3 tovof

ol = aWal 1

e\ Sedgdroxybutyritact a6 0509 U O PR mpH) lﬁlc%(gapsule
C

ure o
pOomupdef fertadI-N) Berm &' - (bor oxi n-2, 4, 6-ftriyltri 2.89
Mldi‘dcryéfall T O A Boidture) - 1 Y1 ] 1T 11 110[ (35 147.11
- 0X0-3-D pnvl propane- 1 2- di vI 1

Wﬁl.cmﬁvlafmﬁ%uzme'ar%xam de (0.179 g, 0. 163 nmol|) as!5800
5 Oizd 5 wed\8 ordakdigelaah cipeide COOI €0 uncontrof red untifl the

nternal tpnhprnturp was about 25 Q0C a the_sollvent

was rem)ved by evapﬁb&ﬂ?’oﬁal’%‘le}ﬂo@l’%‘""“

, 3, 2-di oxabori nan-2-yl ]

"’%ﬁf fid @W *?“é %%g'i”a&%‘}?%@é”( ni2) Tn OGN [ M

chdmul al €dmpomenC23H29BN4ANa (b, 475. 2; f ounag/Batchs . |2mg/{ipsule

Nhdberl § CH3CN: [ M H cal cul at ed for C23H28BNACY,
n51_2: ound._ 451 1 anrmlp 18- Preparatilon of

f br mul af Comeous offormue &) Fempoxynet hyl )| 726( ( )|- | 0.30
-2 2- ([ £. PMicrocrystalline cellulose, NF (Emcocel® XLM90; | 100 4.25
di chl or pbenzam do) acet am dog 3- et hyl bur ') - 6- oxo- 1 , 3,

p- di oxahM AYHREU- carboxylic acid (1-1) |for

p&ar ent ef Mlcrﬁd’rysﬁﬂlléﬂe cadigsaiNE (Baicb@® [XO¥B6] [Fozoul dti on 820
A Ave<§ c\4\1/atrecharged with 90 nL water |and citjric
aci d nonohy8PEte (0.08 g) and sodium citrate dihydrate

4.5 g) Ma:recrmkuetd cdhﬂbs&tNRMow@ XILM$Dsq4S8b¥ed. (To 12.75
L his sollyti 'ﬂ& 45 (172
car box [? 5 ((/ ’P) -I -(2-(2.5-dichl orlobenzani do) ac

et am do Ngcrnmqtﬁ}lilblsrclwl%e GVTofEmncheeBd XLM90; | 500 21.25
di oxabof 'l(ﬂ@(ﬂ&stf}re arboxylic acid (1-1) Forim 2 (0.{142 g)
vas added and e mxture was stirred unftil a

SO ut | onWﬁQCWIHWﬁé‘WOW AN frimsoechP LMIR; [98%i um 38.25
chl ori d¢1dwméiSiu@) Was added, and the pH was adj Ust ed

Total weight 2000.0 85.00

Size 4 white opaque gelatin capsules

Table 14: Batch composition

[0369] The batch was prepared according to the following process:
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to pH 5.45 using 2N HCO . The final volune of the

resulting solution was adjusted to 100 nL with water
waeeofis4782r ed t hrough a 0.2 mm PES nenbrane t oPgi/gb009/003602

Formul ati on A which was stored at -20 0C. [0347]

Formul ati on B was prepared as for Fornul ation A

except that the pH was adjusted to pH 6.2 using 2N

NaOH. [0348] Formulation C. A vessel was charged with

90 nL water and citric acid nonohydrate (0.08 ),

S odi Idy n%d%'r&c%ﬁingéehylggeaﬁp (ér&co?el@ )XLM%Bdl anWJrsgﬁer@#% Qv%

were ad irred until di ssol ve

t hI S Ss@ree@qdétﬁoughaéto micron mesh screen.

4- (hY, e steakd ﬂlzstxnmﬁamlsbep 2y {ds/addet o hePK BleRde hrfal a9 bRRRA for 2

zam do%mget am do) - 3-

net hy! ) - 6- oxo- I 3, 2- di oxabori nane- 4-car boxylic

aci @) (G‘.erﬂ;)ouﬁ:bcrﬂfmﬁw(a@l 14D ) thaetid detdacteenaditirdubiea 60 mikctoh éesh

was stl [ | {,on was obtained. The pH was

adj ust'ed e'?qva w%gl{'fgi%ﬁé(ﬂgﬁl% aOH, and the final volunme of

t he 4 ekhgl cvmnfgmé of fatnuda (I iaEorm@; froot stap 3.@nd BO midroopystaline cellulose,

wat er Qp @Enfldol:ctl@ 5@@4%“69 lf'rg)liku@e) QI-te%l WE%HBH@L@Q Eolgfé?hylene bag,

yield Formul ation C whi was st ored
Exanpl @411 POIYFI‘“&‘F'teLPa%)Wé*pSB?“é? il “Effcof'tﬁ'i"mﬂ“%ﬁﬂob'ﬁ@ylﬁ'fe bag were
4- (/ 7 , Fabsed Gﬁt’d@b)hy HBﬁd’Mh])lean §cdén ad wz(s2lse(d2n Qep 1).

d| chl op,0benza t am do) - 3-
) R R A AW e PR bt e i
f or 6&) aMemcefsalhnme"elp@L NE Ernqord® &N%nbfv@@@ire)ﬂtm%) was

For mul @I’éeﬁ}:'a thY Qﬂe%ame%(yﬁl%ﬁ lmem‘ps%reerh %r&ﬁ:ﬁrewottltk same polyethylene
approxi nmat el y ter and citric acid nonohyd ra%

(0. 714 a@)useéh'ast%a .a'eﬂﬁhel?ep iPePAdetyBraka8: (2. 24 g) were

addegl Bdnfdrial fi@elstepd) iwlas sideso |th§g’(deléFﬂe% hhnﬁh &illlcbitthifed, the

propyl ene. ed, and the m xture

was st ?‘é wﬁ'ﬁtse? 5% anggﬁ%)dég@oééﬁgmélgf ‘uti on was obt ai ned.

The 8) | Makocpistalvas ceiiiofs, WH (Eridoecl ® XA M90neiv givistuod) (fdve#S) was

resul t ne
g Rag?e%%rw QR s%ﬁ4@1%c%§'ﬁ% dstc%I %Qrgns 3(‘:@%%% ggolyethyle

densi t ter an tere I ou
0.2 @Esdn%mﬁs éh@df‘SP lapgshaken jin theyprlyedyyispelrgat  a

t ener dlelthRerREfr M QRED @mysdd’e’d @CheKbIgHaBivhih Qi contblRe

Formul ati on_St ock a vessel, 0.105 grans
( appr oRFFRA LPY sees >4 agd ﬁ?ﬂ“%g‘?ﬂde ?or 10 minutes. °
N, N lpj\Mae@ckzcmstaHmaeexpléseGNF (Erydote1® S{LIMIORpw Indisptré)ltdmi# @ nas
| -di %L‘e&heg: \Fg% ﬂ%)ggxgé ro§ ‘nleg'l %l‘egll transzFed to the same golyethylene

}tr| s( or obenzam
added %asplﬁf@xn siesé). ¢). onl &, andl S*tah@ lSthe@Rlqubsf*qmlb@m on

Vehi g} he adiial fién &85 tvhmcimt&thum blAder ShHidH B cdridined e
hour s Ii%rot%&ted from i nal pH was pH 5. 12.

The. 11 BAFEPEHEPTD. Dried Peiierid Ba0Ere- nas
adj ugj 8tk rhaverihDfdory the BeadenivinEnckpnddtddyin cite 4 ghitelopagak Bdlatin capsules
St ock For%l Iatdapn Vehicle and filtered through a 0.2

mm PES &bt anar 11t er
13) The capsules were de-dusted, and weight-sorted.

Example 36: Pharmaceutical Composition 9

[0370] The composition of the capsules is shown in Table 15 below.

Component Function mg/Capsule
Compound of formula (I-1) Form 2 0.3
Pregeletanized Starch (Starch 1500) Filler 122.825
Talc Flow-aid 1.25
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unit and stored protected fromlight at a tenperature

bet ween about 2 O0C and about 8 O0C.[0351] Fornul ation
w®2009h&4780r mul ati on Stock was diluted to concePCT/EHS10091603602

of 0.05 ng/nL and 0.1 ng/nL with Stock Formul ation

Vehi cl e ppor to use. [0352] Fornulation E: The

Formul ati on Stock was diluted to concentrations of

0.05 ng/nm. and 0.1 ng/nmL with a 0.9% sodi um chl ori de

sol ution ppor to use. Example 20: 20S Prot easone Assay

UI lEbl C UTI UUIIU UI bbUI V€ VD\J LI

gﬂg&&ﬂ‘f&g aMcek m cr otlterpol ate i s adde dfg nl. gf b5
nSealyrasule entengpeigt, BC cont ai ni ng human |PA28 act ijvat of25.00

e
§9§I Qﬂtﬁ %@%ﬁg inlcapsaig | rat W T AC- UF# AVES
electlvnguqqtrate? (15 mMMfinal), followed by {25 m

of assay buffer at Blois: Eappulsicampesitiarman 20S
prot easorre (Bost on_ Bi ochem 0.25 nMfinal). Assay
Exgmplec): | Ehardacsuiucal{qmposiponaly HepES, o 5 mM EDTA and

The ction.i ovved on a BMG

[0%&?11‘)@3 C(B?ﬁgf'gonroefa Thie ]§S7'S %W“é&?:‘?bf alt6 17380 nm
bCbmperent 460 nm gai n 20) Per cent [ nh| punicthen i § mg/Capsule
” U/UIIIIII UILIUII \HVD\J) arnu|1i1Luuvu7u
;ﬁﬁ?l%oupagﬁor@g%w orp?ezom b) controls.| Exanpl e {21: 03
Ahmegqumlzeﬂélaahl(%ﬁcmsi@@)y [0354] HCT- 1 16| §il€900) qr 124.7
) | I 66— UI d roprriate Cerl
‘T ﬁlj:?féstégEgnén‘?M(-%bt 'Hg s BA for I—E‘Flj'-l% Lnvitroden) 1200
sﬁlﬁpﬂehmpe@e\%lﬁqﬂ %Q%ef etal bovine serum (Invitrogen)
re-seeded 11 Wel T StfHle f6: ERpsiie compbsitionCUl LUT € prate
and i ncubated overni ght at %7 0C. "Test conpounds are
ExQaR3B8! 0 PhiimadselidasCamdsitidel 1pl at es are incubated for 96
hours at 37 OC. MIT or WST reagent (10 nL, Roche) are
[OMﬂaﬂietcﬂnp@aobn @f/eﬂelcalankd 1s| showrbia (Tekle il Dbelaiv. hours at 37 0C

acan +

-—F‘

u Uy I. IIC ||u||U|| abl. ttr-et— I_UI IVII
Tg?mB lTe:ﬁfz}ed dye is sol ubi hzed overnight %‘t“ég?“d i1 mgt/%apsme
TeEpmpaod ofifermuda (I-hsfarm@t | ons (Roche). The opti cal 03

A | ) UL - rirary)y dil
T Y S e o KA S 9ED P or i e VET>
i$alng a spectrophot oneter (Ml ecul ar DepFlewsid. For theé25
VT Stal it Weight' _ are 125.00
subfracted fromthe values of the primary wavel gngt h
peize ¢ Frhitd epaqusiselrgYCabwlecal cul at ed using fhe valugs from
DVBO TONMUT O SEU T ah1d P Capdalctompesitiom | 11 Vi VO TUMTDT
Effi cacy Model [0355] Freshfy di SSOCI ated HCT-1 16
Exagipk 39: 1@8drmadeuian€dmgotia®i 12cel |'s in 100 nL of
RPM - 1640 nmedi a (Si gma-Al dpch) are aseptically
(0373} éliht:eojnpomnm ¢fhle @psbkeuﬂsamaom§alslpa8:brl¢m the right

PPl Vs ) using o Lom 26 35 ga TPIIOT pddgg e
Compound of formula (I-1) Form 2 03
Microcrystalline cellulose (Emcocel® XI.M90; low moisture) | Filler 89.25
Magnesium Stearate Lubricant 0.45
Total capsule content weight, mg 90.00
Size 4 white opaque gelatin capsule

Table 18: Capsule composition

Example 40: Pharmaceutical Composition 13

[0374] The composition of the capsule is shown in Table 19 below.

Component ‘ Function mg/Capsule
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Di cki nson Ref #309625). Alternatively,
nodel s require the serial passagi ng of
wo eagiet1ss. I n these cases, snall

t unor

tissue (approximately 1 nmmB) are inplanted

subcut aneously in the pght dorsal

fl ank of

some xenograft

fragnent s of PETIO®2009/003602

anest heti zed (3-5% i sof | ourane/ oxygen m xture) C B-

17/ SCID m ce (age 5-8 weeks,
13 ga trocar (Popper & Sons 7927).

Charles River) via a
Beg| nni ng at day 7

bom oundgmrrrﬂll'la (1) tpgrs—are—measured— eeki-y
vernier caliper. Tunor volunes pre cal cyl at ed

JMmgcrﬁtadmdafrlulom@md%@sKLM@O ;Bow mpiswreyt hFiidervvi dt rz)) 88.35
Nygr—tre—tumors reach e votume—of approx{REL S 66—mBy;
pce are random zed into treatnent groups and bdgin
lé’bemesﬂumgStQara@g treatment. Dosing and schewhnrans dr e 0.45
l?btﬁa‘{édbsqh.é(&oﬂté}ﬁw@@hll xperl TEMt basedon |9) BV OUS 90.00
esults abtfalned pharmacoki neti ¢/ phar macodynan ¢
afde frrithemquegrlatingeewledose st udi es. The| control |group
Wt Tecer ve venl Cl §,5N 197¢dpsufd Sonipbsion 1YPI Cal 1y, TEST

conmpound (100-200 ni)

Exadpledfl: N@RaHnedentiQl @mbodiflojit gavage needl e) or

subcut aneous (27-ga needl e)

is adm nistered via intravenous

routes at various doses

(03758 Be h@nhmbleen of’mermpsul@nszsao\am ’Itabldyo mebvg ht ar e nmeasured

Number

VCTR d.llu LIIU bl.uuy Ib I.UI IIIIId.I.C I l.I
(:g‘ﬁfﬁ?oﬁhgumrs reach approximately 2000 %ﬁb mﬁ/(éapsme
2§0m§33nmd biefgimmilagfl-1) Form 2 0.3

léraﬁrys&amnw{ sé'(‘E;rﬂéXéeIé) FAG n'6'1's RYZPEHLT, S 4TdTO%T 15
orinin-2-y ut yl am na) -1 - oxo- enyl propan- 4-y|
{ ¥e¥9r azi ne- 2- car boxanmi de’ (1-19) [0356] AFlpvaidur d of  0.98
MY endS UG 1 1= 2,4, 6- TT Ty T T S{ T (TR~ BryBREdiy T Ut aney 49
[ dlvl1|mnn[(?Q\-Imm-
\BPiﬁ‘fE@m‘l“ﬁFéwhéS‘Pfc@)dl yl1}) tripyrazi ne-p-car boxgmi de 4508
%té#&dpéﬁlecb’ntéé&e@ﬂvﬂng and salrcyclirc acyd (Zb9.49 ng, 93,00
rrrm\ were myxed in EtQAc (1() nd\ The m xtlure
Mégeﬁé’étt%@aﬂ”& gelgimheagsidol uti on. The sol ufion was |cool ed
uncontrolTed untiT Tifle 2001CapARA colpbip@dnal Ur € Was about
25 0C. Heptane (16 nlL) was added. Wite solid
Exaienld 42 t @ha@thacuticab®@ndoigod B5sul t ant sl urry was agit at ed
at anbient tenperature for 3 h. The slurry was
[0376] t e eompogitiorodf] tieepdapsytgli§ sfown in Table 21 below.
= J - J llb‘lllyl -I -\4 OX0- LH‘IUEIILU .
] : | ;:gn di oxaborinin-2-yl)butyl am nao) - I-?%nfg(-)%- e%CTpSUIe
r@p@ml@dyff))wadblh@mzicar boxam de (0.24p g, 75%|. Ms 03
1@rbcr%§‘all$n’é‘ééﬁbhosé dﬂH@bcei@XﬁN@@rﬁ&G moRture)<PF&bN+ g, 61.65
487 21 found 48 Exanple 24: Synthesis of
2Teles) - 2- ((R) - 3- net hyI 1- (( S) - 3- phenyl F Boy s adi ne- 2118
¢ MaDhb8RMH SRS Opanam do) but yl') - 5- 0X0-T T Lubricant 0.59
cid (1-2Dp)y 10357} A
o Eff‘é‘afﬂ’qll'cﬂa‘el@x?(%@ oxin-2,4,6-triylfris{ 34.28
[ (rota) capsurebimidrt BeieRRe I, 1 - d1 Yl J I mno| (23 - T oxo- 118.00
( 8'2&63YE orgaueslalif@@psileang L-mal i ¢ acid [213. 6 0.55
mol ) were m xed | NTABHE21; Tapdule comdpBsitignXt Ur e was heat ed
to forma solution. The
Example 43: Pharmaceutical Composition 16
[0377] The composition of the batch is shown in Table 22 below.
Item Component g/Batch | mg/Capsule
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solution was cool ed uncontrolled until the interna

tenperature was about 25 0C. Wiite solid precipitated
wW@ui0vasi3t he resultant slurry was agitated at BEDUSID9/003602

tenperature for 1 h. The slurry was filtered to

collect solid

2-((9)-2-((R-3-nethyl -1-((S)-3-phenyl -2-(pyrazi ne-2-

car boxam do) propanami do) butyl) - 5- oxo- 1, 3, 2- di oxabor ol a

n- 4- yl)acetlc aC|d (O 625 g, 5@6 VB (niz) |n CHBCN

Nl QAL10.0 20
J

vir— €@ t 8BNACGF—4 ; 3 f-out u,
RO R Sty b3
22 ((R) - 2Mi¢riyrys8iliime tcbulose, INK (ESkco@1® X&MPD: 2-5(00yr aZi ne- 24.50
car boxam delpkeeanam do) but yl') - 5- oxo- |
A R yl)acetic acid (1-21) [0358]| A
3 xt ur e | Microcrystalline cellulose, NF (Emcocel® XLM90; | 8.17 7.35

N, N, N { (RoneixiRy 2, 4, 6-triyltris{[(IR)-3qmethyl Qut ane-

l-diyllimnol(2S)-10x0-

3¢ pheny | iapamline seliyiase. INF Emepspt® X021 d4PDoxdni de 1260
0. 305 ) lowm@idtreymol ) and D-nalic aC| d (130.3 ng, 0.33

ro—myxad in acataona (2 M\ M vtura Was

oot o | Sl St ol FMGT Jo Hoolled 2230

uncont r )ld»\edomxmb)l t he |nter naI tenper atLre vvas about

S ur rS/ crocr* all{neééﬂu A3 m)P‘ @ln}cocid@* 'XL_ a9 ur 4?100 h. 39.60

The sl u Wmsmﬂltered to coIIect solid

27 (TR~ g1hat = 3- methyt=t=((S)=3=phenyt =29 (ggr azT|me- 2= {99
rboxami do) propanam do)butyl)-5-o0xo0-1, 3, 2- di oxaljorol an

8-yl ) agSediem Giag (0. 410 g, 1009 . [ M+H |@®0cul dted 180

®r CZ3 %g&%%stéﬁéé 2051 found, 48372 oEganpi€ 267 045
Qynf hesi s of (IQ\- h\/rirm(\/ 2- ((F\’\ 2- ((F\’\-Q- net h vl -

aQ
(4]

1- ((S) - BTpRBIREM 2 (pyr azi ne- 2- 100.00 90.00
car pboxa i 5 0X0-
13 2. Hmﬁ@h%@@@ﬁ@mg@%&ggﬁe& acid (1-22) [035d] A

m xt ure of N, N N - (FIB‘ l‘&%l??tﬁ”d?mé’"i‘??'yl tris{

but i m no[ (2S) -1 oxo-
[0%%’3 hehyt t%?“é (b5 af“ﬁ?lh% ﬁo}ﬂj%/tjf’lllow' {’ & 2- car boxani de
(0.27D gﬁlC@m@ﬂt@hmmlh)lommF (Entcaget@KLM9%O:d0wl m@ﬂsw&) Htenff2) was
0.33 ””%Lx)een‘émh?% %@@nﬁcfbn%‘?ﬂi&%@ (3 m). The mxture

was heat ed m a sol uti on e sol uti on was cool ed

uncong} ofhe édeaned mpteriah Bom ste Prives addsgrisahesk K plendgpand avgplended for
25 0C. Iﬁaﬁ,ae@ (2.5 nL) was added. Wite solid

) R 5 A A e

filter eckcnteen eod Wagied ow|(ltain #1).

( R) 2423’1@%9 c(éf%m%fa((%ﬁ)ffoﬁg Q‘?}%p}ys Cj:h 3{ (md the rrucro rgﬁtg]lme

razi ne- car poxam anam
|) 5- oxc?ﬁ ul@se Esneagst® E1-MA0:Jaw grlpr)staceétlte@ tvere cantdigd in a

g) whi crbo@leﬁsae&qmg ahd e p@lydiyIBRE bdz vwad Sk &S theMBe CoMtehts of fRe
CH3CN b)—%ycal cul at ed for C23HZ8BN4 (8, 499. 2000;

f oun d 4@ e%wprg pzs?e t§§?ﬁhﬁléesﬁa@e 69 micron screen as was used in step
(S)-2- hyldroxy 2 ((S)-2-((R-3-nmethyl-1-((S)-3-phenyl -
( py r g}z oo g Bnoa}.eg rropn?[s)t(e?‘l)r% ggs)e F%Q(g ([:llilggk?)%?ng%;am l}lén%ed_ f%l)'( %_n]iinutes.
6) Microcrystalline cellulose, NF (Emcocel® XI1.M90; low moisture) (Item #4) was
screened through the same 40 micron mesh screen, transferred to the same
polyethylene bag used in step 4) and shaken in the polyethylene bag.
7) Talc (Item #7), and Sodium Citrate (Item #8) were screened through the same 40

micron mesh screen.
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[0360] A m xture of N,N ,N'-(boroxin-2,4,6-triyltris{

[(IR) -3-nethyl butane-I,1-diyl]imno[(2S)-]oxo-
wWG@2hasIBpr opane-1, 2-diyl ]}) tri pyrazi ne- 2- car bPXEEB2069/003602

(0.180 g, 0.164 mmol) andD-tartaric acid (147.5 nyg,

0.33 nmmol) were mixed in acetone (4 nL). The m xture

was heated to forma solution. The solution was cool ed

uncontrolled until the internal tenperature was about

25 C. Heptane (8 nL) was added. The m xture was

?\é?pg§ﬁt ? g&l}%ngﬂs fr%% ste%6) a &7) \§ere addﬁd 0O tlre P& lgsndgr which still contained
phenyl - 2bg mgterip) from stgp é)a@ﬂ b'ﬁ‘éﬂw %}%F’U}y&ﬁ}am do) but yl ) - 5-
0XO0- B aﬁr%fogiyg%lﬂp@(feﬂdll@da 1413 bén)c@&:@ XE MO/ 116w (TQIS%X (I@}n #5) was

whi ch al so cgntal ned di meri c species
CH3CN: [SREFER® Hﬁ?"cghfhéts%e 4Ogpicren Qgﬁﬂbﬁa“sﬁgg’ ‘26@62‘”“’
f ound, %glﬁmy]eﬁ)mgpied m?s&ps Bhaﬂﬂ oneeithikesin tﬁ)ﬁﬂ[}@ﬁ)&kﬂldlﬁg 1

[ 0361]19‘[@8 materi slteop$) w&ad edI ts 91%%’%' b?endfir wh18]___sx111 coqtamed the

Tabl e [ ow. e Co
29: Pharmawalirére aFPSGM;d&lanci PJendad {@%@]nuffhe

conposi tN’IQR)c%Eta]‘i n@ceﬂaes%%ﬁ(enfco&i@mm@ J»abflo%m&e) (Item #6) was
bel ow. e conposition Exanple

u
Phar nac e6iefed I‘hf‘wﬁ-ﬁlﬁé‘?’?‘i rnigron pegstreath Ea”t?fﬁﬁffb@ itheisyPE of
the c apS;id)l)ethlylSneSthg\Méd instepadp), €, £hdl9e lapdshalealin @e Bolyethylene bag.

Caps ul ?) 'ﬁ')o% nf] gpér14 teE‘quWas ad(;‘)’e:cll 1o chﬁf(%]g etr hWth% still cc1ntamed the

Conposn t1on nposi
shown i rmafeil &or refseD, @wandl'kihlaed lllendecapé@tnem@@n'pom tion

Exanpl, 7) lqggnef NREEREE HFeh%B wg;(%gf@%h Hr&l@h the Emmgrt;#mesh

conposition of the capsule is shown in Table 11 bel ow.
Tabl e 12°™€hpsul e conposition Exanple 33:
Phar magerte infethial GRompsaspl 18) Wit a8ded 35hE PR BRn € PMistill ntatied the

th I h Tabl e 12:
Capsul o BBTBLETT POt bt 432 g e cer medr
ConpoghitThe mairipiGamvthe Hlbrelecwaypo@piulagd irofizetdhehie apsjud gelatis
shown i rEaJs%EL SsiJﬁhé’ﬁLﬁY‘éystIﬁbl e 13: Capsul e conposition

16) The capsules were de-dusted, and weight-sorted.

Example 44: Pharmaceutical Composition 17

[0379] The composition of the batch is shown in Table 23 below.

Item Component g/Batch | mg/Capsule

Number

1 Compound of formula (I-1) Form 2 7.06 0.30

2 Microcrystalline cellulose, NF (Emcocel® XLM90; | 4.94 0.21
low moisture)

3 Microcrystalline cellulose, NF (Emcocel® XL.M90; | 25.00 1.06
low moisture)

4 Microcrystalline cellulose, NF (Emcocel® XI.LM90; | 53.00 2.25
low moisture)

5 Talc 10.00 043

6 Microcrystalline cellulose, NF (Emcocel® XILM90; | 90 3.83
low moisture)

7 Talc 30 1.28




Exanpl e 35: Pharmaceuti cal Conposition 8 [0368] The

conposition is shown in Table 14 bel ow. Table 14:
w@atehswenposi ti on [0369] The batch was preparBCI/US2009/003602

according to the follow ng process:1) Mcrocrystalline

cellul ose, NF (Entocel (r) XLMBO; |ow noisture) (ltem

#2) was screened through a 40 m cron nmesh screen. 2)

The screened material fromstep 1) was added to the PK

bl ender and vvas bl ended for 2 m' nutes. 3) Conpound of

ad + k.

or-fav-aT€ t t .U" &
S i or od Mcro&y}sta‘l’lme ecglll]ullosg NET %ncbl%eg(% )%'19{9‘6 tclz(r)‘n 41| 4) 7.23

The combdnmmm@tﬂfefor mul a (1 1) Form 2 from step 3), and
gic Tt %Er}SaJys‘i‘dlMe'&‘é‘llL&é‘éb'M @Eoeeﬁ‘@ﬁﬁl%”“%@') ACVBOT1775
ow noi $ture)” (It #3) were conbined in
pol yet hy l@nBOIFHE) and t he pol yet hyl ene bag was slhaken;
[TiEN The MiabEiime QENIRE NIOIERREE® XI®1992d 5067 € Passedhy 2s
f hr ough|the sane 40 micron screen as was |used in step
1). 5) THYREFBEI al fromstep 4) was adddd to the PK
[iender ando&wﬁmded:elilmcrsellﬁ:mnﬁuée&s XL™90; | 800 34
M crocr taI | ne cel lul ose, NF (Entocel (r]) XLMR(Q; | ow
18] sture? }M) was _screened through |the sane 40
nixron nesmn@matetransferred to the scriﬁ 0.43
UIyClII) UDUU LILIL Dl cpM ’-I-) allu DITar\ T lIIC

ol yet hyl ﬁ*g{rg]{t;w‘ggﬁé 7) The material from st 2'8006) was 85
pdded t ¢ Stzhé whke érlaguedielatin capsubds stil | contlai ned tjhe

ratelrl dal I'T O ST Ep 1R 1 J.U nTutTes. [e))

M crocrystalline cel abﬁggeydtﬂ:&?gmbgcel (r) XLMRO; | ow

[0380} Stthélb&dh \(/zlstp%hx#@acccgﬁﬁg @Qﬁﬁﬁmﬁrﬂné pbugh the same 40
ra

m cron sh scr n rr oth
pol yetln;}ﬁ@ﬁ’éryﬁ‘é “%‘?lédoﬁen“s’%&é‘ﬁ SG'YW mRRBT M) was
in the m}eyreﬁlﬂyb@he4@ﬁg:ron91)esﬂ'kt&eﬁat eri aI from step 8)

was a%j .trS%ﬁ%“E‘f rg%glag;‘rgrg %55 17)>w %d %1 the s b?en? gmc} he

materia .
m nut es. bléﬂ@?dfM%mWst all'i ne ceI | ul ose

(Enc O@?' (éd‘n)pom @ormlllg‘ﬁ ﬂ%l%t ﬁ"(h@t)hagl l)éeﬁ g&r#e@ld t%ﬁgh a 60 micron mesh

screened t hrough the sane m cron nesh screen,
transferﬁceﬁf“f’ﬁf“ﬁ‘f’é‘e%%gteﬂ‘o“ili/et hyl ene bag used in steps

4), 6% ERdoBpoundsitorsiualBn) Foim 2@ medp B ahyhemRrdesgtalline
cellulose, NF (Emcocel® XI.LM90; low moisture) (Item #3) were combined, and then
passed through the same 40 micron screen as was used in step 1).

5) The material from step 4) was added to the small PK blender and blended for 30
minutes.

6) Microcrystalline cellulose, NF (Emcocel® X1L.M90; low moisture) (Item #4) and Talc
(Item #5) were screened through the same 40 micron mesh screen.

7) The material from step 6) was added to the small PK blender, which still contained
the material from step 5) and blended for 15 minutes.

8) Microcrystalline cellulose, NF (Emcocel® XL.M90; low moisture) (Item #6) was
screened through the same 40 micron mesh screen, transferred to a second larger PK
blender, and blended for 2 minutes.

9) The contents of the small PK blender from steps 5) and 7) were emptied into a
polyethylene bag, and then transferred to the larger PK blender from step 8).

10) Talc (Item #7) and Microcrystalline cellulose, NF (Emcocel® XI1.M90; low moisture)

(Item #8) were screened through the same 40 micron mesh screen.
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11) The material fromstep 10) was added to the PK

bl ender, which still contained the material from steps
w®2009/15473Bnd 9), and bl ended for 10 m nutes. 1P)T/Ukm®09/003602

material fromthe bl ender was encapsul ated in size 4

whi te opaque gel atin capsul es using the In-Cap system

13) The capsul es were de-dusted, and wei ght-sorted.

Exanpl e 36: Pharmaceutical Conposition 9 [0370] The

conposition of the capsules is shown in Table 15

bel oW, f"ﬁjﬂﬁthg‘ﬁmt&o FP!%HI'SE') @%8%{&6?}'1? aﬂBkebleer’nZer from steps 5) and

Phar maceut | ca e conp
of the chpdendegtor é mytyEpowiranstertpd ki the sage h;elb'@wlen?atﬂ t@edllﬁ step 9),

Capsul e gRrRRsH ;nlt Tﬂme%a 28: Pharnaceuti cal
Conposition 11 osition of the capsu

ul e
Compost e 11 [B21ET e coipes e BK pltiee whih sl contined
conposi ttﬂlé)ﬁlaEﬁ.ﬂlﬁphBteBQS) akrhg)r maceut i cal Corrp03| tion 12

[ 0373] e t|o f th suI
Tabl e 11)8%8 A %ma@ﬁ P ?ﬁﬁe con‘pgz0 ‘Se B! ggbrlr%‘ld‘ér from
40: Pharsias émﬂldd hlanﬂjmbbsdqdlfmﬁ migutp) Basferrdchie the same polyethylene

conposi t f. [ 9
oo TSl M TR b el

Phar meékthe f&%ﬁﬂaki%ts%q 159 yps afaed[teﬁvwgerﬁlé bleptep adichistilhcontained

of the Ctﬂé)&xuﬂeﬁa] if®mSpye), 9)/und 2Dl smd2RndRlfervwo miadadse 20:
Compodrt B8 S o d R oS PRI PV s S 9 wos
is shomnscrqqne'ﬂalbb@h@exaw(bwcroﬁa‘mbfescmn, u@afesed © the same
conposi t %Mg%seﬁ% sté:)p"s] L gzﬁﬁitlaf QAd s ﬂlqﬂletrfi I%th})\%l(éne bag.

[0377] he conposition of t atc
22 bel léwhpamt@ahfzom 2R IOhWeoRERISP the G‘H“C['EISGFQ’F bienderphightstill
was pr epahtthe@maenidrog stk 8)118, 120 lahdV) RGd PERISEHS 10 minutes.

17) Microcrystalline cellulose, NF (Emcocel® XLM90; low moisture) (Item #10) was
screened through the same 40 micron mesh screen.

18) The material from step 17) was added to the same larger PK blender, which still
contained material from steps 8), 9), 12), 14), and 16), and blended for 10 minutes.

19) Microcrystal_line cellulose, NF (Emcocel® X1.M90; low moisture) (Item #11) was
screened through the same 40 micron mesh screen.

20) The material from step 19) was added to the same larger PK blender, which still
contained material from steps 8), 9), 12), 14), 16), and 18), and blended for 10
minutes.

21) Magnesium Stearate (Item #12) was screened through the same 40 micron mesh
screen.

22) The material from step 21) was added to the same larger PK blender, which still
contained material from steps 8), 9), 12), 14), 16), 18), and 20), and blended for 5
minutes.

23) The material from the blender was encapsulated in size 4 white opaque gelatin
capsules using the Incap system.

24) The capsules were de-dusted, and weight-sorted.

. Example 45: Pharmaceutical Composition 18

[0381] The composition of the batch is shown in Table 24 below.

Item Component g/Batch | mg/Capsule

Number
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1) Mcrocrystalline cellul ose,

NF (Entocel (r) XLMO;

| ow noi sture) (ltem #2) was screened through a 40

WOoR@pPOM7BESh Screen.

2) The screened material PCOISEDEM3602

1) was added to the PK bl ender and was bl ended for 2
3) Conpound of fornmula (1-1) Form 2 that had

m nut es.

been screened through a 60 m cron nesh screen,
4) The compound of forrmula (1-1)

wei ghed

Form2 fromstep 3),

out (ltem#l).
and t he m' crocryst al

i ne

was

IIUIU

#g) wer e

Ebmﬁ%unﬂ '6f' ormufa (i 'l)a: ’\"' UU’

inap vethvlene bag,

+
I UV\I 11UI R

huser <
and t heg

+ o
CCIrl

0.30

pbl yet hy
pol yet hy
m cron

Magrecrizgadjinp@d lufisa REN(Entcbei® KhdM98:or
|SN§oil@g) were passed through the
ECreen as was used in step [)- 5)

wems s d
sanme 40
The mat

f the4so

erijal

apd bl e

nded 735

Mieryerystatling deldpse. GVF (Facpuc® XENMISr

MoWh&suref) M crocrystalline cellt
(r\ XLMRO: | ow noi Qtllrp\ (Itpmz‘i

screened TPRPRh t he same 40 nicron mesh|d89Gen,
[T anst ef 5RE4 Whid SpqieabienephyRE Nyl ene bag [used 11| STep
tem

%W@L@%—b&g—@#! el

#7), and Sodi um Gi t 2Pl 28 B sempodiitn scr eened
the s 40 n sh screen. 8) The

[0%82{ gjrﬂ‘?pzttch 13 ?re%re accrg)rrg;l’g t(é ﬁlaf OWIDE PIOCESS d t o the PK

bl e eMicroshyisiehinseeiliilpsecldi {Emaoedi® tXh Ml @ miogturd) (Itam #2) épereened

5) andth!%h@f@tﬁﬂm@r% ml-Qa sWe%@%ddeg)oM S RGEWkpl i ne

cel | ul ose, Encocel | ow nmoi sture) (ltem

#5) M%O%P'éb‘ﬁ mpli o) me %é Séfﬁ‘ﬁ’éd epugh £PGmicrPRENsh screen and
SCr eenweifHed B&f(Rdnf £ akdadtififio $2 REndX0gH/shEd yﬂn@nﬂoda a@p used

in aken

pag ) 10y orhe i stV SRRl X poeP RO i F sopeene
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M crocrystalline cellul ose, NF (Entocel (r) XLMBO; | ow

noi ﬁu?f@)hl@lstl@mnﬁel)frmge@é} @b AP i ieg mitwessane 40

m crs nrﬂmmrﬁpﬁ&@me hikh SHe&fikdr@lent HsdINQ i §PE4 white opaque gelatin

f¥om st ¢
f or 15

( Entoce

| ose, NF

\ was

85

pol yeth ne bag used in steps 4), 6), and 9), and
shaken H%“%J‘ Tt/g‘é"’cpﬁweéﬁe bag. 12) The naterial from
st em) 1m)e camsleaalelddddisied,tahdwghtBbeedder , whi ch still

cont ai ned t he
Example 46:  Lvophilized Powder 1

{0383] In a clean container, a solution of 40% tert-butyl alcohol/60% water for injection was
prepared by warming the required amount of tert-butyl alcohol to 35 °C and adding water for
injection. The solution was cooled to 15-30 °C. A portion of the required amount (60% of the total
batch) of tert-butyl alcohol/water solution was added to a pre-compounding container. Approximately
40% of the solution was reserved for use in rinsing. Citric acid (30% of the batch amount) was added
to the pre-compounding container with stirring. The container was rinsed with the reserved tert-butyl
alcohol/water solution, and the rinses were added to the pre-compounding container. The mixture
was stirred until the citric acid was completely dissolved. Sodium citrate (30% of the batch amount)
was added to the pre-compounding container with stirring. The container was rinsed with the
reserved tert-butyl alcohol/water solution, and the rinses were added to the pre-compounding
container. The mixture was stirred until the sodium citrate was completely dissolved. N-(2-
pyrazine)carbonyl-L-phenyl-L-leucine boronic acid (VIII-15) was added to the pre-compouding
container with stirring. The container was rinsed with the reserved tert-butyl alcohol/water solution,

and the rinses were added to the pre-compounding container. The mixture was stirred until the
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material fromsteps 5), 8), and 10), and bl ended for
10 m nutes. 13) Magnesium Stearate (ltem #9) was
W@ eooeasusa’ t hr ough the same 40 micron nmesh scr eRCT/US20P9/003602
The material fromstep 13) was added to the PK
bl ender, which still contained the material from steps
5), 8), 10), and 12) and blended for 5 m nutes. 15)
The material fromthe bl ender was encapsul ated in size
4 white opaque gelatin capsul es using the Profill

boroXLScta?e]l?l was C Q%né) &Q?yl_:cgsaQI%%dl %ﬁ G ﬁgxg?rsggigrﬁl:cu rate an%gaoromc a(ild mixture from

thejpre- f@@?@]dmment@mp@s fransfgryedop ﬂteh@lmwnﬂmg sﬁ@nAmTherpre-
comaﬁk&an &ngﬁiepwssméd%%?watem %9&%9%%&9 wkd388h 1o'themain

bat ch are accord o the | owi Ng process:;
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stnlnﬁgv 'IYQkSﬁthlhﬁ)waé hﬁsedmv#rzﬂle Waﬁr S6d tREeMB ek wWdnd ﬂl'd&lho ghedhdin vessel. The
ron ne cre erla

nnitjlremg st d% égsl Chg Cf(ﬂc a01d) was co etBllyglﬁa) ve{‘lra % C? Y45 Céﬁ%i%gg% 6)& t%g batch

amoRmLvasdded Yo o mpio ucﬁdel (wﬁth fstmmgj | Boe cdntdiner vay nins& vithawatdramid the

rinBi§ %ﬁsﬂgae‘a%@sﬂg et me&nd.ﬁg Efhafhef. 40 nIRAD ACLFEDuMPe sodium citrate

ound

wag 1Qrm)let¢ib¢1ﬁ§02ve¢ r%lml@ﬁ ‘té‘ﬁ 14 ed tcaﬁha "@lgge%%' erdibe sesidug glygire was rinsed
wﬁ?a&dﬂ 208 Be rINES (EoeqRe S)(tltiéh ma}ﬂa- MGk ’I('jlﬁﬁﬂ'@ﬂeﬁﬁbl §tRped Ghd) ﬁﬁ'\flycme

re.co an en se ou ame
o PR LB o T U AVED By oy ey HETRAR BT At 7% v
The mbnare Weqjﬁlth)edmlasglac(ti@dmt filter haligued df tHEPﬁltbx!eénﬂiamn avae placed into
vm%r:%?%@lngl(s) e (S% edra' %%o%ﬁl %a\?v))rl}r%) X ﬁ?ﬂé »§%r?t>lt\éeﬁgﬁ§ifgléﬂﬂgéeg&ﬁmber
shelyes @gingpged We?loecs Theduenbilization stagtbet helvesayees cooledrioch B using the

apﬁf@ﬁ'h\tesr%fﬁfb and held Ri@naiR érht@ile o200 HuRP. Fhe s\l’@ﬁ w@éj\dﬁgleé ©9-20°C
| ender, . ‘Etl Il cont

USHRELPPEPTT BFP SR SR B) B PO O gs Thaspelf vas e
codibdCo oLy °Faisimb b sppropahtt tampsae arimajritaited @eth{ttdmp¥talvisd) AftbiPR0

nnrr;rlﬁtlesstthg [ygghilgl!ztaueorrp cﬁa6n)1be\rl\@§s evacuated, and the chamber pressure was adjusted to 150
microns with nitrogen. The chamber shelves were warmed up to -25 °C using an appropriate ramp
rate, and held at that temperature for 3000 minutes. After each of the product thermocouples read -25
°C or warmer, the shelf was warmed to 27 °C and maintained at that temperature for 600 minutes. At
the end of the terminal drying phase, the chamber pressure was restored using nitrogen, and vials were
sealed and removed. Pre lyophilized solution contained: 52 mM citrate, 3% glycine, 4.7% tert-butyl

alcohol (as shown in Table 25 below).

No. Component Amount/mL mM Batch Amonfnt
per vial
1. Compound (VIII-15) 0.001 g 2.6 0300¢g 3.5mg
Citric Acid Monohydrate,
2. USP/EP 0.00382 g 18.2 1.147 g 13.37 mg
Sodium Citrate Dihydrate,
3. USP/EP 0.00994 ¢ 338 2982 ¢ 34.79 mg
4. Glycine, USP/EP 0.03¢g 399.6 90¢g 105 mg
5. | Tert-butyl alcohol, ACS n/a n/a 141mL | 0.1645 mL
grade
L Fill to
Water for Injection,
6. USP/EP n/a n/a batch n/a
volume
7. Total volume n/a n/a 300 mL 3.5mL
8. Final measured pH n/a n/a 5.08 n/a
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screened through the sane 40 m cron nesh screen,
transferred to a second | arger PK bl ender, and bl ended
wo 200925418hut es. 9) The contents of the snall PRCDUS00E003602
fromsteps 5) and 7) were enptied into a pol yethyl ene
bag, and then transferred to the | arger PK bl ender
fromstep 8). 10) Talc (Item#7) and M crocrystalline
cellul ose, NF (Entocel (r) XLMBO; | ow noisture) (ltem
#8) were screened through the sane 40 m cron nesh

screen. 11) Half the B8 §J@Jtd]‘crog{po§,{l§,p 10) was added

to the small PK bl ender fromsteps 5) and 7), bl ended
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fr was bI en f rjoAmount

stlggs ?9'“%3)2 and 11) for ]? nutﬂgt;ch per vial
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grhdene bag used in

steps 9)

11)

sane
a>o li.é)mL

nOdl 645 mL
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stép 1
whi ch

Wit REMRRGoREL hyl e
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he bag.

1”4
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sa
erial
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| arn
frg
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t eF!"a‘P f

| efefet
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rom
n/a

and. 14

Totandlubk ended f or
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S. ﬂ/Z)

300 mL

12)
3.5 mL

vicroc
moidst u

statti e cettuto

- Bipal meprd #H0)  was

b,

NE—(-Er
scr ®@ned

£ AN
Tocer (1)

XEVBO;

t he ¥ams

t hr ¥tigh

Fow
402

m cron nesh screen. TaBle 26hBatckadodipositiod r om step 17) was
added to the sane | arger PK bl ender, which still
ExampleASn e d.yophilized Bdwdtrom st eps 8), 9) 12) 14),
%@ﬁ and bl ended for 10 m nutes. ?R/ crocrystalline
[0385] | Thr fuwulaige WaEpeprie 3 dyserefoExamply *hsxeept i@ fhe(yqpijzation
cy8id bhs WoEfi&IC maengel whis kaed Wvith mpﬁaﬁeoﬂﬁomﬁ ﬁmldzfasdm lyophilizer

cnBke” S TPAPGRF 0 B cRBvoh .

and

%%ﬁ&g{}lg% st\xN?ves were cooled to -45 °C
using the appropriate ramp rate and held at that temperature for 200 minutes. The shelf was warmed
to -20 °C using an appropriate ramp rate and maintained at that temperature for 480 minutes. The
shelf was re-cooled to -45 °C using an appropriate ramp rate and maintained at that temperature. After
200 minutes, the lyophilization chamber was evacuated, and the chamber pressure was adjusted to
150 microns with nitrogen. The chamber shelves was warmed up to -15 °C using an appropriate ramp
rate, and held at that temperature for 2700 minutes. After each of the product thermocouples read -15
°C or warmer, the shelf was warmed to 37 °C and maintained at that temperature for 300 minutes. At
the end of the terminal drying phase, the chamber pressure was restored using nitrogen, and the vials
were sealed and removed. Pre-lyophilized solution contained: 52 mM citrate; 3% glycine; and 4.7%

tert-butyl alcohol (as shown in Table 27 below).

No. Component Amount/mL mM Batch Amonfnt
per vial
1. Compound (VIII-15) 0.001 g 2.6 10g 3.5mg
Citric Acid Monohydrate,
2. USP/EP 0.00382 g 18.2 382¢ 13.37 mg
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contai ned material fromsteps 8), 9), 12), 14), 16),
and 18), and blended for 10 m nutes. 21) Magnesi um
wEe@anstre7 (I tem #12) was screened through t he BERES209/003602
m cron nesh screen. 22) The material fromstep 21) was
added to the sane | arger PK bl ender, which stil
contained material fromsteps 8), 9), 12), 14),
18), and 20), and bl ended for 5 minutes. 23) The
material fromthe bl ender was encapsulated in size 4

16),

whi-t-e gb’(ﬁ“ﬂf’@lt}ﬂﬁfﬂ?ﬁ dHnbdp\m €S ust the—tngqap—syste
de- 34.79 mg

T
24) Thespgpsul es d@HOeH, Ed Wbd ght|- sGr¥ed.

"

Exanpie 45— Pharmaceuticgl—Conposijtian_ 18 [Udglb Th
g 105 mg

Cc 0$ BEBR ©F Khe bat ch |i s "Hé&wn i n P381 e
e J%trﬁLh '

9.1645 mL

DW n/a

bel ow. ¥abtﬁyl%ﬁoho$a4@§grgdarvosinv4 on [03§2] TH
W@atclin

35mL

1an/a

7

ed accordi ng t foll owinlg brocesd
Mecr o€ mask &dr kdjﬁﬁorCEBP/HPOQ N (E oce.ya( r)
Tlmul Qtllrn\ /Itcm #2) IS Q\_ t ﬁllgh a III \V UII
mésh gdetelenlumed added to earnﬁixer.l¢w)mL
mpoyipd. of T or a (I-71) S Screendd ug
U% mal measuﬁedmgir een _and wei"§hed lout "3 t ed g&gnd
added t o the same hikphleAeBatcinsomnositioom st ep 1) 3)
Nlcrocrystalllne cel |l ul ose, NF (Entocel (r) XLMO; | ow
E €% screened through the same 40
[0$6i é’-} Q]@ nesrﬁrs]eltswga%) % gﬁlgwitfrdfgrdrxjueﬁtwn hﬁnm acgdhaggl?oqlum Cétrate were
adfledaiml stireg gntil PissoNed. Bndlis3yluticn, Ntﬁ?}pfr@mez]carhonw{Laslen)‘}&L laigme
bo%‘ceaudzﬂ{’lli EQ%E %eyhﬂr&nﬁ%[ﬂ cmsgleéd 'Cﬁyc%%pwla@{o% \Jeﬂel and the
size 4 white opaque gelatin capsules using the Incap
reg%pg{ ggyﬁmee\)as ped Ualbgapregndé]peem@@ VGEFS‘idé?ﬂi to thg gnain vessel. The mixture
ww@tugdmtunsmet @ftineExaampietdPdissoMed rHu'fﬂioZeﬁdwR&ME kddad {omslolume.
cl eap cont ai ner | uti n of O0 but .
T“&l“&!’&ﬁ%l‘”ﬂ%@“ 6r8?ghfa<9r22|”|’ﬂ i qws ?ﬂ"%’;‘/’“ ere placed into

vialar'The nglstwees seagiwvirdgophitivation stoppetsand wire platedah tyohlolizet chamber
shé@es%ir@ﬂlged %% ¢J W&gghilrzgtgon chamber shelves were cooled to -45 °C using the
appropriate ramp rate and held at that temperature for 200 minutes. The shelf was warmed to -20 °C
using an appropriate ramp rate and maintained at that temperature for 480 minutes. The shelf was re-
cooled to -45 °C using an appropriate ramp rate and méintained at that temperature. After 200
minutes, the lyophilization chamber was evacuated with and the chamber pressure was adjusted to

150 microns with nitrogen. The chamber shelves were warmed up to -25 °C using an appropriate
ramp rate, and held at that temperature for 3000 minutes. After each of the product thermocouples
read -25 °C or warmer, the shelf was warmed to 27 °C and maintained at that temperature for 600
minutes. At the end of the terminal drying phase, the chamber pressure was restored using nitrogen,

and vials were sealed and removed. Pre-lyophilized solution contained: 52 mM citrate; and 3%

glycine (as shown in Table 28 below).

Component Amount/mL mM Batch Amm{nt
_per vial
1. Compound (VIII-15) 0.001 g 2.6 030¢g 3.5mg
Citric Acid Monohydrate,
2. USP/EP 0.004097 g 19.5 1229¢ 14.34 mg
Sodium Citrate Dihydrate,
3. USP/EP 0.009557 g 325 2.867¢g 33.45 mg
4. Glycine, USP/EP 003¢g 399.6 90¢g 105 mg
5. | Water for Injection, USP/EP n/a n/a Filltobatch | )
volume

-90 -




I nj ection.

The solution was cooled to 15-30 0C. A

portion of the required anobunt (60% of the total
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sl P blegesyundi ng container. The mixture

gcgi!g.‘eng cj{ﬁ%e are added

the sodiumcitrate was ¢

rred nt il
m%&sélclfé'dvesﬁjv charged ik Wéﬁﬂfg’ﬂ"‘teﬁ“"c“h Eitpggcd ap
anﬁhﬁa—rerdasmldmablvdgl G thissolvesn, M(mS)e((darbMyh]em@w eJ((,R)amﬂ(’zt,iqe
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adggegf il e@r@ﬁwnmswveda@yamq sddded tq 'éel veseel @ﬂdéhetrewchlhl ghicing fsginsed

w@rp»ost&natndm rﬂ\sez%’e\éédéd tol th@mml X1 e THB Rl xfubd i @Ir@8 urdtil i Ghcife is
lter. Aliquots of the filtered solution were

coﬂ}%?&é\’od ?Sﬁlf’ﬁjj ufficient water 15 addad do batchyolume; The mixiupe is filtered through a
0.2y aphitdaz ’cﬁliq@(ﬂs éﬂtl&ﬁpt@feﬂ s@lﬁld)n\ﬁ&rpﬁhcéﬂ ianerimed I\IMEPMJ\/MN are sealed

wﬁwamqlzan Yets an b p%ce%l on dyoPhl? @1 rsﬁelv%%{)w aln 28% The

er's e{oe%ers wef's P60
lyoghp izatpnichaneber shpipesragt aoladie -#eiCthisag at hgproptigerpepatteiraed ther are held

at %the}%é}é{&@ Yor 26-6]1%1n§£§ | fI’he ar Wafmeq ) 20 ;% Qstirgg;%[nlﬁﬁ;j)r&gia@r}amp rate

appropriate ranp rate and nmi ntal ne
anddlep dsrraainipieedrabthatagperatuitfor480 mingess it shelfisge-Fended¢p @ °C using an
appropriate ramp rate and is maintained at that temperature. After 200 minutes, the lyophilization
chamber is evacuated, and the chamber pressure is adjusted to 150 microns with nitrogen. The
chamber shelves are warmed up to -25 °C using an appropriate ramp rate, and held at that temperature

for 3000 minutes. After each of the product thermocouples reads -25 °C or warmer, the shelf is

warmed to 27 °C and is maintained at that temperature for 600 minutes. At the end of the terminal
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to -45 0OC using an appropriate ranp rate and

mai ntai ned at that tenperature. After 200 m nutes, the
WO 9@ph541B7 zat i on chanber was evacuat ed, and theCT/OS200%003602

pressure was adjusted to 150 mcrons with nitrogen The

chanber shelves were warnmed up to -25 0C using an

appropriate ranp rate, and held at that tenperature

for 3000 m nutes After each of the product

t hermocoupl es read -25 0C or warner, the shelf was
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copripesition #hthe prefyepigadsolyran is &MC@&P% 3idife gir@redgseﬁhowraﬁdf able 30
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al cohol (as shown in Table 25 bel ow). Tabl e 25: Batch
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TYOPT bl 467 (SPARDET SheT Yes, gl nt Al gl &l B0 0, THE 105 g

zation _chamher shelves®were cool ed C

usi nd Wher BPRJERA| BSLEF 2D T ake ahd hehd o Pl e n/a
ture for 200 minutles— The Shelf was| wiPHEE tlo

-20 QQaudvelgman appropri ate nanp [atevand padéimingd 3.5mL

At that t enpeT atur e 4, 3p0aih B gositiod 1€ STTe! V&S
re-cooled to -45 0C using an appropriate ranp rate and

Exiip 51t N@dcaktithilor I @ippiasaatPdiveers Af ter 200 mi nutes, the
'yophilization chanber was evacuated, and the chanber
[0RB9¢ SBhe Il)@pMB&d acyvdess (eg. ds prefpré iMERAnS 46450 hardianbilygeg@sing XRPD,

Dg—@gr P A ogra %ﬁlaly l\/@s%e V@%ﬁﬁ érldpttutc (i'lak%éatbg%g% gpaq soef%nt and

refigyal m@@renﬁmqtesly qumphea@rpowﬁerf fre regprsiduied with the appmpnate

antaaﬁrormemy Rh@Sfof eﬁelzlonléwmtarre V84, B ium LGS B&htfon W Snjection. The
warnmed to 37 0C a mai nt ai ned, at _that tenperature for

reg i g ens apganaipisd e HLCE et RMRfor et YA RetpehEE caler

the chanber pressure was restored usrng ni trogen, and

ow) . Tabl e 27: Bat ch conposr tion Exanpl e 49:
[OE?})édhyqsg% wep qu\fntlnwater and citric acid monohydrate and sodium citrate dihydrate
were added and stirred until dissolved. To this solution, 4-(R,S)-(carboxymethyl)-2-((R)-1-(2-(2,5-

dichlorobenzamido)acetamido)-3-methylbutyl)-6-oxo0-1,3,2-dioxaborinane-4-carboxylic acid (I-1)
Form 2 was added, and the mixture was stirred until a solution was obtained. To this solution, sodium
chloride was added and stirred until dissolved. Sufficient water was added to batch volume and the
solution was filtered through a 0.2 pm PES membrane. Aliquots of the filtered solution were placed
into vials. The vials were sealed with stoppers and stored at -20 °C. The batch and vial composition is
as described below in Table 31.

No. Component Amount/mL mM Batch Amc:/rlr:]t per
Compound (I-1) [expressed
1. as amount of compound 0.001 g 2.75 20g 33 mg
(VIII-1)]
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[0386] A clean vessel was charged with water for
injection. Ctric acid and sodiumcitrate were added
w@ea9a5478T ed until di ssolved. To this sol uti onPCT/US2009/003602

N- ( 2- pyrazi ne) car bonyl
(VI11-15) was added and stirred until
d yci ne was added to the vessel
glycine was rinsed with water,
added to the mai n vessel .

- L- phenyl

di ss

ol ved.

and t he resi dual
and the pnses were
The m xture was stirred

-L-I euci ne boronic acid

ttH B s—cqgtpletety—gtssotved—Suff+eirent

Wat el Ch”é:A&glgiga&deggat ch veblite [The 5 xt yr e23nfS g 282 mg

ftt¢ 58 h D s, 22 [ i ter—Atquot s of —the

f3 1 thg ?Ego?tutl onﬂ\r/\?eere pl aB8int p virdbs. [THRO1VPEEg 48.05meg
re Wt | ppers ard T

p'ace &{? }'ﬁ H%@ chcrrb@o“gﬁ ves i nt aigrggga?ét 2(}4-85 mg
o chanbey, she| ves wer g Bboiteghto

gACfS %%tégoﬁgrﬁécﬂéﬁygg@go ate ranp ate/and hevaume¢ tlhat nfa

teen'perra{tqwoﬂm{(:_or 200 ni nLtes n/aThe :,helrf/a was vvaz(m}d 10 33 mL

ny = a and nt nao at

LU \./ UDI II (J.II (J. I U 1 I L C I allp I L < AT 1 ﬂ.l LY (J.I IIULI Al

that f@n*gmaaﬁméflfor 480 m st es. | TheVshel|f wag? n/a

recool ed to -45 OC gablegl:Bataonmppside ranp rate and

mai ntai ned at that tenperature. After 200 m nutes, the

Exhmple 153:h z Ahalgtivalclizstiigiriodias evacuated with and t he

chanber pressure was adjusted to 150 microns with -
(0391} Reypesed-piaseHRHGwera luragt peiCevita mayiplay ﬁJY )csietegsm @25 nm.
usi ng . an approppate ranp rate, and held at th
[0y i3 phaze: T EradirnbsyRPIR SipRst A P arobilerbasedy (Otolﬁ‘@ ifluoERgeatic acid
in Wite) MAIAGHTh@Se pieadB (AT %G1 @droseicrieid,in 4cBniG g lafid enaSat 75% mobile
h 8"?ter45rmnu7tesoc and mai ntai ned at that tenperature for
Phb At the end of the terninal drying phase,

tes

[0395F Tﬁ!‘éﬁ’%ﬁpl&s?égﬁ Solbi g°'{sz9 Ecﬁw‘i‘ent‘ tlﬂ.\%a&ufeg @%ﬁﬂim Rh is 15:85
vials were sea renove hze uti1 on

(VieoseteniwitsROmbydcippie bqffef aensler theve a%@&l@lcyﬂtr?és ths sogpryphof fprmula (I-

1) J&W]&elﬁl%ﬁhlﬂz@mude EFE iadid el gomcggigf% RENRR S diledRe c%&@&mci%f formula

111 ze 0 e |

(Vﬁg‘l)éﬂ éﬂ-dl rRolgpylar fapioy (BE?FﬁHL@I e °§6‘P?J'F‘?8ﬁfd%‘i% (g'?ﬁggl“‘ thgest

samplé Giconfained byanshp3orgdfyie! saepl¢ esensboime tb thailaitegef2®nce standard. The

amglﬂt ‘BMe cc! Brly o% fo??ﬁ?g‘g{’ﬁl 1)t e%e Hnag{amhlg ?s cglrc&latley ﬁprE the aég gnder the

ut |on adj us tot _asure
peckle 2 Veght o woiRhte@Rpar Tt bk dg: mcﬂml@hqumﬁp@wrslp@ i the area under

meFeémlaee réfgmnéexfam& ITHE fh PN REndbrd [eQxﬁ%%d iéh Ho@ﬁ@mgm&qhe

fg water for injection. Ctric acid and
CO%‘B‘H‘Pﬁﬂﬁ 'i"f"llaa(ll é) gt kmowp auty- athirh & reraesd vpdst the saedadiplyane
corlditichfasshestedt sidnpld) , The limit of quantitation for the method is 0.05% and the calculated

lm‘ato@ﬂiztéc?énbl(s%%EpoxynEt hyl ) 2- ((/ 9) -1 - ( 2- (2 5-

enzam do) acet ami do) - 3- et hyl but yl') - 6- oxo- |
Ex3inflle R42P Q0L RGPS A RAGXYl I ¢ acid (1-1) is

[0394] Normal-phase HPLC using isocratic elution with a mobile phase of 40/60/0.1 (v/v/v) THF/n-
Hexane/TFA on a cyano HPLC column at 25°C for 8 minutes, with UV detection at 230 nm.

, 3,

[0395] The test sample is prepared by dissolving the content of the capsules in 40/60 (v/v) THF/n-
Hexane. Under these conditions, the compound of formula (I-1) is not hydrolyzed to the compound
of formula (VIII-1). The amount of the compound of formula (VIII-1) present in the test sample is
calculated from the area under the peak, on a weight to weight comparison, with the area under the
peak of the reference standard. The reference standard employed is a known amount of the compound
of formula (VIII-1), of known purity, which is prepared under the same conditions as the test sample.

The limit of quantitation for detection of the compound of formula (I-1) is 0.2%.
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added and stirred until dissolved. Gycine is added to

the vessel and the residual glycine is rinsed with
wowrien547and the rinses are added to the main vEGEEE2009/003602

The m xture is stirred until the glycine is conpletely

di ssol ved. Sufficient water is added to batch vol une.

The m xture is filtered through a 0.22 mmfilter.

Aliquots of the filtered solution are placed into

sterilized vials. The vi aI s are sealed with

I r
b 1L 15 SLE0RS1 o 0% 1 Sy S el LUARBH LSS,
A@H&ﬂ% dest M‘?@IO@ ¢ gndohnalygiend Test| Method 2 8re@eedy énfﬂg}lcaw est Method 1 is used to

ca%ﬁ’lﬁlre QR hRLR oﬁ am&‘ Eﬁt%taﬁs of@lﬂ:d:o];nbﬁmd of i%rrmﬁzl @1t thaat present in a test
nperat ure IS warnmed t

she
SamElG QEainog fig Calﬁp%‘ﬁ‘ﬁ)?fcfﬂfmu}ft(é 1) aﬁﬁﬁh’}l Eesgalﬁ[ah?qq?eﬁ alis%used to calculate
thérahduhedf ftedodpound aft foin@gI & T blesefmﬂh thé 8&inpid dF lﬂteﬁbﬁmp&iﬁ& of formula

45 OC using an appropriate ranp
(ﬁp(?mameddmgomm uce?g?'(}ra "at t hat tenperature. After 200

[0357']1 l’ﬁth@§m0l}nh§f dIé/&)mBBlln'd %ﬁ& ﬁ?a%ﬁtaméd ﬁo@&%ﬂ%g Te&ﬁﬂthod |

he chanber pressure is a m crons

““ﬁPSt‘P"o@%%‘“t of s cemeaypéef fgrwwwyéﬂd? ebtaiagd fom Anglytien! TessMgigrod 2
givS tha Gneadired ﬁj@xb@@ bf 84 &nipaiifid of fr@ula Wldl f}Q}Ladls @Fodﬁ&é@ﬁy the induced

t.e f the
rogPRE eFh fedengt st e et Sinsis s Sl Haged OF i1 molecular
ratyf) e Irblerdarwgighedlchipti¢h i @Ctha agours ofitbd coirpbund df fatmdld@itl) present in the
e g@rature for 600 mnutes. At the end of the

term nal dryi ng phase t he chanber pressure is restored

usi ng nitrogen, d vials are seal ed and renoved. The
l"%*’éhp‘g@letﬂ?eofﬂfeé?m& iRentigndhas Degp Agsriibed i soBF AetailfAr Rugposas offigrity and
undérbtiriing; th&d @arB0@y byiBddnAen(s At 16 BOWWAsiddieds DiutradOe 4@ In6Mdstrictive. It

stitution

Tabl e 30: Batch, ¢o siti.on EX co
B8l o BTLH BRI B e PO sl e
fo(r@arg detad cqgrbg pad@dlthont @m‘rgl feogn mﬁt-r@o;):opa péthamad:nylgle ovhich is to be
deHﬁ’édQ)g t%ag&dﬁgam%er%gy%gg&ﬁﬁ Q}ﬁbocﬁmgl Karl Fi sher

for Cake structure, cake Stability, resi dsual sol vent,
(03994 The pacehd add o heHc UikePaturé RERRE Lo NéRinYestadRfes |k¥(§mmgle tvé€6lavailable to

owders are re stltuted W th a ri ate anmount
B VIR 8P P it derepheryretefrohal PR R Rl e gy heren
hagoitie samegivhiopgle cemmoiily onlefsobd bmne@f or0inary SKikin the art to Wthh this
u n n
m\ﬁm&ﬂgkhés t'[ﬁgltssshg!i gatt%l% %P@%ﬁ t§ a@déeé gr}‘cgs%’ég Gre c1te|d%§1§m are hereby
qqr[émdé)mrqjﬁe@p tq‘tbq RIVE a)gti:r@ﬁs 16¢ach was specifically and individually indicated to
bedncofpdraell bl Feldrdox Vil RlelR¥de ¥Pinkdnkidbncies (tRe fredem disclosure, mcludl 3g

gl chl or obenzam do) acet ar ni do) - 3- met hyl but vO- 6- oxo- |

de “‘H?’Ex‘é‘ﬁ&ﬂ?ﬁ‘é’he 4- carboxylic acid (1-1) Form 2 for
parenteral or oral admnistration [0390] A vessel was
charged with water and citric acid nonohydrate and
sodiumcitrate di hydrate were added and stirred until
di ssol ved. To this solution,
4-(17?,S)-(carboxynmethyl)-2-(( )-I1-(2-(2,5-
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di chl or obenzam do) acet am do) - 3- et hyl butyl ) - 6- oxo-1, 3,
2-di oxabo pnane-4-carboxylic acid (1-1) Form 2 was
w@eaweds47and the m xture was stirred until a soP@E/US2I909/003602

was obtained. To this solution, sodiumchloride was
added and stirred until dissolved. Sufficient water
was added to batch volunme and the sol ution was
filtered through a 0.2 mm PES nenbrane. Ahquots of the
filtered solution were placed into vials. The vials

h& %iﬁgﬁED i.th stoppers and stored at -20 0C. The

ﬁ an conposition is as described below in

Tabl e 31. Tabl e 31: Batch conposition Exanple 53:
Analyti ca cokpsdndMetonaa dn:[ 0391] Reversed- phase HPLC
using a C8 colum at 25 OC with ultraviolet (W)
detection at 225 n [03 Mobi | e phase: The gradi ent
systemstarts at 8p%q nodi e ph‘a AZ(‘O 01%
trifluoroacetic acluy gﬁd %, mobi | e phase B
(0.01%trifluorod&t t| ? |n acéfon?%rlle) and ends
at 75% nobi | e phas RAf t 40m mMites. [0393] The
test sanple is pre ared Adi ssol ving the content of )
the capsules in diluent which is 15:85 (v/v)
acet®aiphdrinh@utRANMcedptabia st therédf avherelnder t hese aqueous
condi tions, the conpound of fornula (I- 1) conpletely
hyds @llyee)s the citrate ester portion of the nolecule
to give the conpound of formula (VMIII-1) ina 1:1
anIl%ltydroawm qr 41 prpino-Preup-plogldrgadietsf t he conpound of

ormula (MI11-1) in the test sa [ pnfirmed by
c&rﬁ&?"i’rg@ﬁ G all‘ﬂ’i‘é“csgnﬁgﬂ“@mf‘]é‘ihé‘l‘ft [EEHZ)’C Héﬁt’o that of the

][ ef er@ngeCcet mdmm )NTHE, MWHNO?M)%G@FQD”M NJ(R;)CON(R“)z,
r n 5 t
f romred @N’aﬁ (R e ST GRS 8

CRm gpd Qkh, Jhyﬂdu@g:,gﬁll&%ﬁ%ﬁaﬁncWR’!}EWCP?Q(WGVS' on, thh

ea un ref er'ence standa )
ref eﬁ@%ecgrléﬂ@% ¥ ofdi- SHaCRNG W %WH?OW(R'()EQN(R )2

conmpeceng,-ofi RENRY), ACh);-LHROIORN QMICIY-CHIR®)-9k ch i s
prepared under the same hydrol yzing conditions as the

t @adh R&aingebendentlly és Hydiogédn, Of all]plal’lt it aflhcosaliptatic, t(ORL etH AR,

o BRI LR o g con
Nor méCHPhEE R MR B, SHng GHER C)r(éﬁ b or ¢CHD-6HRMU-PI

mobi | ¢ phase of 40/60/0.1 (v/v/v2 THF/ n- Hexane/ TFA on
a ¢ypdn enqem@nemsaﬁhbsawteé STIPYRUBehIAYY 85Il Fregystem:

det ecLi on 0395] The, test

%j} gﬁlewéea 8}/({}%)%35 Of 43 Séléuﬁ?d o tmsa?stlfur% alj hatlcl] fngl heteroary] or
40/ Biftefackalyl gidupyan twd-RXamnie satgn digpgen laesetammethpmgw thet rmeogen
conmpayh orm( a QLQJUFU[’Jd%r (lr;lsugs}uukeﬁ 498%-19%%1(% X&@rgcy(:f}l ﬂr&%avmg, in

conpoun
addition to the nitrogen atom, 0-2 ring heteroatoms independently selected from N, O, and S;

each R’ independently is hydrogen or a substituted or unsubstituted aliphatic, aryl, heteroaryl, or

hetérocyclyl group;

each R* independently is hydrogen or a substituted or unsubstituted aliphatic, aryl, heteroaryl, or

heterocyclyl group;

each R*® independently is hydrogen or a substituted or unsubstituted aliphatic, aryl, heteroaryl, or

heterocyclyl group;
each R® independently is a substituted or unsubstituted aliphatic, aryl, or heteroaryl group;
Y is hydrogen, -CN, or -NO;;
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of formula (M1I-1). The anmount of the conpound of
formula (VI11-1) present in the test sanple is
w@2a000a5482d fromthe area under the peak, on aP@EU§IINI003602
to wei ght conparison, with the area under the peak of
the reference standard. The reference standard
enpl oyed is a known anount of the conpound of fornula
(VI11-1), of known purity, which is prepared under the
same conditions as the test sanple. The limt of
qqqsrtgltatzl on for detection of the compound of formla
T % [ 0396] To cal cul ate the anmount of
c n
b%{%% QFQIEeIr Edgﬁlm_lﬂrleozett)( él\%ltl%dofgynpié]%a 'hﬂdr?&y c?%gxyffi@g@é &herein the
Met 1R azta%bﬁ%towg@a in eapfhgags i ampxyg@fomyat %@ad 1 togethss fogma goiety
cal @efivali eroini®e@Mpatbiy cafboylivedigMWheRMTheSatdih attabiRd COBHRMUMERCh case
of formula %VIII-I) that is present in a test sanple,
contH " #R8& conpound of formula (1-1). Anal yti cal
Test Method 2 is also used to cal cul ate the anmount of

t he >conPaHNG nphurddF Bbinfl, Gr}éira!c!enie)d bk ?&.%@1@( éj n the sanple

of the conpound of formila - obt al ned wi t hout
i nduced hydrolysis. [0397] The anDunt of the compound
of formula (VIII-I) obta| ned from Anal yéi cal Test

t he conpound of |fo (1- rﬂesent in the test
sarrpl e. Based on a 1: 1 frol ecul ar ratio, a nol ecul ar (In
ght cal cul ati on ives the amount of the conpound of

ferramhpralaeern%}lymceg sajt fhexcpievberge: sanpl e. [0398] Wile

he foregoing invention has been described in sone
d?ﬁ‘éf"i Rt 8 Ryupdspadentlyfis hydrqgqny )Foaﬁdoﬁlrﬂﬂéls@is'étﬁ'd? Pginsubstituted
t hesBpHaad, iyl Hétarbar@indd elerbBOlyBgrarpe t 0 be consi dered as
illustrative and not restrictive. It will be
agpEh of R AR biydeperderslyiid Hydohgérmn -G, aratsulfstiory ar yneadiitngd aliphatic,
of ri ous changes in form and

tal:yl %etg}o§rgie&21%|tgr%c}cm%ro Lftp 9

det ai’l’ can departing fromthe true

S&qveaneﬁzwat&a&mwéa&ﬂdemythﬁmgeh dnd RP'QnPR daa‘eh RRcthd With R carbon

appended c| 6}1 ms rat her t he speci f
enb SN ey Revgttadse: f%‘&t"ér\'f““&ﬁk&‘“ Faifptipieg fused 4-to 8-
|1 t etieattberedndnedr@natie dng kaving 06 ing deitalbins feksted romite dgp consisting

th at bSN %hé‘ bl \%%re?n dse?i rmg g‘?ﬁ? g? ?pttlf)na‘ﬁk Iftlscled tiogn Ergebs?{uled or %ubstltuted 4-

Met hod 1 m nus nt of the c urggz of formula
(VIT1-1) obtai n CHfr An IaytHcaIOTe $hod 2 gives
t he nmeasured ng rmul a
(M11-1) that Tq pr gu the i Mduce® hydrol ysis of

Unl ess ot herm se ni ca sci entl
t er fis8-ms@bergretopiarpniativ Bng, peS- sxtmeemicaadi angnagis rieoiravioe Py ring

undeksioaesls R¥ecRd ?rorgfthe%(gﬂp REs¥eirmkkdr U NI al?ldtShe art to
whi ch this invention bel ongs. e issued patents,

apyR dhalRP“QﬂSabsém dncne’F @ﬂ@%asentt@them@ thé &aftidn BOHE td’kvlﬁdh&hey are
her eb%c Oor%gor f S%i rence é? g same ext et § 0o 0-
i SRERCARS s%%%sf“fs g |°§/S” ﬁ‘&l el P8 S1TSPOF AR TR e Bavine
_be |3nmg hpcmapresdsebyted frbre rthe igoep cc_inalstidge)f Oa]S,ei_mbS whe_rem said ring may

I ncqp §f)t§)§1:§f}c‘fhs%§ to a‘ﬁ Iﬂﬁsu%ﬂﬁﬁ&i%‘ s-.%lstﬁlglleé)z?‘-% §-me}nB&l:&Jr¢dn%matic ring, or

5- to 6-membered aromatic ring having 0-3 ring heteroatoms selected from the group

consisting of O, N, and S; and

nisOorl.

3. The compound of claim 2, wherein each of R® and R* independently is hydrogen,
C, aliphatic, or -(CH,),-CO,H;
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definitions, wll control.WAT IS CLAIMED IS: A
conpound of formula (/): or a pharnaceutically
waeweps€abt e salt thereof, wherein: Ais O | ,PCFHUR009003602
i s hydrogen or an am no-group-blocking noiety; Ra is
hydrogen, C 6 aliphatic, Cl 6 fluoroaliphatic,
-(CH2) m CH2- RB, - (CH2) m CH2- NHC( =NR4) NH- Y,
-(CH2) m CH2- CON(R4) 2, - (CH2) m CH2- N(R4) CON(R4) 2,
-(CH2) m CH(R6) N(R4) 2, - (CH2) m CH( R5a) - OR5b, or
g,g—!;,)’.mlq)—,l( #B)-SR5; Ral is hydrogen, fluoroaliphatic,
ym CH2- RB, - (CH2) m CH2- NHC( =NR4) NH- Y,
(CH2)mCH2 CON(R4) 2, -(CH2) m CH2- N(R4) CON(R4) 2,
- ( CHR2) m Gk EpN(idAf laim § IdeginP SHCRB0)-; IBRR (00 IR-N(R*)-C(0)-,

TR AR oo ey 1
R BB e

W CH( R5a) - ORdb, or - (CH2) m CH( R5) - SRS; each RB

| nde endent|y is a substituted or unsubstituted

i (Acts elkvlF??gchg'g} S{PahyteyigH0- ézvdm?a@,s%m&ﬁ%w PE:R Siherein the
hydr 0Q08Kyl&@k cRaiSepashdlll iligenpted BN SOWSI=CIRI-ed=al ioploat i c,
aryl, heteroaryl, or heterocyclyl group; or two R4 on
t he Rasresubitiutatye nnaibtimtedtnakieror bogeic ieg sysieinh t he
nit rogen at om form a subst i tuted or unsubst i tut ed 4-
to R'nehtereR’. hﬁeﬁ&%r%ﬂanrSﬁbNﬂbm NQR )2 INRAAE@R, SFR'EE®)-

the ni N(wgewﬁ@m ﬁcRZ)sbmg SRR, cd@;ﬁp&s@t@mm -C(0)-

sel ecte S; |ndependent
hydr oan “GRa OEL%QW(FL){ ed or unsubst ituted ali phatl c,

aryl hchllgt 1n§ﬁ%§nd¥ntlyﬁs s&‘lecteé E(I; o}éa B(g'tslstfr%toéglg 5H ?)?CM alkyl), -CN,

|ndependen rogen or

unsubstN®ROL e,Q(Oé(Cnmlafd)l, @Ozldr (}Dz(Chetlle'ﬂ)o&KQ}NHzmnd

het er ogy6] M, apy, each RSb independently is hydrogen
or a substituted or unsubstituted ali phatic, aryl,

het %ﬁ@ﬂtzyllndep&{deﬁt@tlﬁﬁ OCyafipnalic @bAikRed &@ﬁgﬂbsﬁﬁlted w1th R* or R7; or two
i ndependent | ¥ 3}subst Ituted or unsubstitut
ey % on

al i phatPdt © SAEE SrR9RAYM: Bregupeether yith ‘Hi/‘a’ft@@ am to which
-CN, othey M;ametisfoﬁr; a 3-,to ©@meber&itcloaliphatic ring;

each R’ is a substituted or unsubstituted aromatic group; and

R*is hydrogen, C, 4 alkyl, C,.4 fluoroalkyl, or Cs 1 ar(C,.4)alkyl, the aryl portion of which is

substituted or unsubstituted.

5. The compound of claim 3, wherein A is 0;

R* is hydrogen, -(CH,),.-CH,-R®, or -(CH,),,-CH(R**)-OR™; and

mis 0.
6. The compound of claim 3, wherein P is R-C(O)- or R°-S(O),- and R® is -RP.
7. The compound of claim 6, wherein RP is a substituted or unsubstituted mono- or

bicyclic ring system selected from the group consisting of phenyl, pyridinyl, pyrimidinyl, pyrazinyl,
naphthyl, benzimidazolyl, quinolinyl, isoquinolinyl, quinoxalinyl, tetrahydroquinolinyl,

tetrahydroisoquinolinyl, tetrahydroquinoxalinyl, and dihydrodrobenzoxazinyl.

-97.



Z1 and Z2 together forma noiety derived from an

al pha- hydroxy carboxylic acid, wherein the atom
w@raoaaksa’ t o boron in each case i s an oxygen apORUSI®NI/ 003602

Z1 and Z2 together forma noiety derived froma

bet a- hydr oxy carboxylic acid, wherein the atom

attached to boron in each case is an oxygen atom 2 .

The conpound of claim 1, characterized by fornula

(I'l): or a pharmaceuticall y accept abI e salt thereof,

mgg OI gn The %&)‘%IEM%&P%] éavhgrﬁ%] l{d SD st ?ed on)é%bssﬁ utsal le {:arli)on &toms

W@Qpﬁgmd@”&f?yl heteroaryl or heterocyclyl gr oup;
each of Rb3 and RMi ndependentl%I i s hydrogen, -CO2H,
ofach Rs independeptyeigl Cor alighpsictia ¢ fluqieadighagie pihelee pnd  ar vl |
het

T L S R R

together with the carbon atoms to which they are

att@hed’mﬁ%ngﬂr%&@&W@Wh&#&%%ﬂs@r substituted fused

- to 8- ne non-aronmatic ring haV|ngOSr|ng
hg@@@g;@nﬁlcs&u@@gﬂt}ﬁmmthe group consisting of O
N, and S, wherein said ring may be optionally fused to
aR“‘umub;gtn t(QHeFCBls-RS Wb SCHE)LHOBER *B-0R%Y 8- nenber ed
non-aromatic ring, or 5- to 6-nenbered aromatic ring
h&8vs RigC(0)-3r R*§¢Phet er oat onms sel ected from the group
copsis(fi ng of O N and S; or Rb2 and R are absent,
aRdisRpl: a%hd Rb3, taken together with the carbon atonms
0 .\/v{)n ch they are attached, form an unsubstituted or

Pilited fused 5- to 6-nmenbered aromatic ring
having O 3 ring heteroatons sel ected fromthe group
consjgst i [ Jing may be
opt |Slgnal ?ge?{"épeg‘é“dy’é“gﬁg%ﬁ’é‘ﬁr\é@g t%udtq“égi‘ﬁ]lo?I substituted 4-
to 8-menbered non-aromatic ring, or 5- to 6-nmenbered
ar onmt i ¢ The &gnpdand diglalen B, whédgn RELLIBIRGNE Sel ect ed
fromthe group consisting of O N, and S; and n is Oor
1R®3 B.phdye anbnpound of claim 2, wherein each of Rb3 and
RM i ndependently is hydrogen, Cl1 aliphatic, or

PrEmgH, and p is 0, 1, or 2 4 The conpound of
cIa|m3 wherein P is RC (C( O)- RC-O C(O) -

Re- N(2R4C)Thc<(,ocr)12poundR§cl§1 0?02 wherem RB %ﬁ?lg}-)%R ’

R*®is C¢ aliphatic;
R is hydrogen; and

RP is 6-phenyl-2-pyridinyl-.

13. The compound of claim 10, wherein R is hydrogen, and

RP is 2,5-dichlorophenyl.

i4. The compound of claim 3, wherein Z' and Z? together form a moiety derived from
citric acid.
15. The compound of claim 14, in a substantially crystalline form.

16. The compound of claim 14, characterized by formula (ZII), (II1a), (IV), (IVa):
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Rc is selected fromthe group consisting of G 6
aliphatic, C fluoroaliphatic, -RD, -T"-R D, and - T -R
wW@e009/13431s a G 6 al kyl ene chain substituted MT/OSHOR003602

i ndependently sel ected R3a or R3b, wherein the
al kyl ene chain optionally is interrupted by -C(R

) N(R4) 2; each

ich they are

5)=C(R5)-, -CC-, or -O, RDis a substituted or
unsubstituted nono- or bicyclic ring system R2c is
hal o, -OR5, -SR6, -S(O R6, -SO2R6, -S2N(R4) 2,

-N(R4) 2, -NR4AC( O R5, RAC(O) - N(R4)2n - NRACORRS,

-N(R4) SO2R6, -N(R4) S R4) 2, -O-%

-OC(ON(R4) 2, - (}3 - RS,

R3a i ndependentg4| Y xertis

consisting of -Ff -@ek FB(Cnallgd), -

“c(0 (¢ Malkyl) L -ceed , - cB(c™ al kyFP2H ¢ o N,

and -C(O-NH(CM al kyl); each R3b independently is a Ci (y;
3 aliphatic substituted or unsubstituted with R3a or

R7, or two substiltuents

t aken toget her vvitm t

attached, form - al i phatic png,

each R7 is a subgtit

group; and R4 is lhydrogeR, Cralkyl H

or C6-10 the aryl portion of which is

fl uoroal kyl
bstituted or

unsubstituted. 5 The conpound of claim3, wherein Ais (IHa);
O Ral is hydrogen, -(CH2)m CH2-RB,
-(CH2) m CH( R5a) - b ; d mis O6 fhe conmpound of
claim3, wherein ks & C(ay- or 0 2- and Rc is
-RD. 7 The conpou ai i 6, whely_ei olils a
substituted or W3ubdtitphifNed Yond o biyyclic ring
system sel ected f omRPfe oup c®fsi stinQOgH phenyl,
pypdi nyl , pyprrudimyl, Aazi nyl, naphthyl, avy;
benzi m dazol yl, qui nohnyl, isoquinolinyl, quinoxahnyl,
t et rahydr oqui nohnyl , tetrahydroi soqupnohnyl ,
t et r ahydr oqui noxalfnyl , d di hydr odr f§lbenzoxazi nyl . 8.
The conpound of cljgqm V\hBi"bil_q] R@is S §stitut ed on
substitutable car it INO-BRR # 29_ 2 Red ;
each Rd i ndepend&nt | i pati T, \@ .
fluoroaliphatic o ;| and O R? HO
A
0
(IVa);

or a mixture thereof.
17. The compound of claim 16, wherein R* is C,_¢ aliphatic.

18. The compound of claim 16, wherein A is 0; R is hydrogen, -(CH,),.-CH»-R®, or
-(CH,),,-CH(R?)-OR™; P is R°>-C(0)-; and R is -R".

19. The compound of claim 18, wherein R® is a substituted or unsubstituted mono- or
bicyclic ring system selected from the group consisting of phenyl, pyridinyl, pyrimidinyl, pyrazinyl,
naphthyl, benzimidazolyl, quinolinyl, isoquinolinyl, quinoxalinyl, tetrahydroquinolinyl,

tetrahydroisoquinolinyl, tetrahydroquinoxalinyl, and dihydrobenzoxazinyl.
20. The compound of claim 18, wherein R* is isobutyl.

21. The compound of claim 20, wherein R* is -CH,-R®;
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each R8d independently is Cmaliphatic, C
fluoroaliphatic or halo. 9. The conpound of claim 4,
wob@ees413A is 0; Rais C6 aliphatic, or PCT/US2009/003602
-(CH2) m CH2- RB; Ral is hydrogen, -(CH2) m CH2-RB, or
-(CH2)m CH(R5a) -OR5b; Pis RGCC(O- or RC-S(O2-; Rc
is -RD;, and wis O or 1. 10. The conpound of claim?9,
wherein Ra is aliphatic. 11. The conpound of clai m 10,
vvherein Ral is -CH 2-R; RBis phenyl; and RDis
P | 12. The conpound of claim10, wherein Ral
|§ X@E‘%ﬁﬁgx -OR5b; Rba is aliphatic; R5b is hydrogen;
apdisRByISinfr Phenyl - 2-pyridinyl -. 13. The conpound of
cl almflo wherein Ral is hydrogen, and RD is
2, 5-di chl orophenyl . 14. The conpound of claim 3,
wherei n Zhe eoitpoudidl of Oigiet 1ewhdren RY' & Hydiogdnyarder i ved from
citric acid. 15. The conpound of claim14, in a
sBBst2andi¢hddrophenylyst al 1ine form 16. The conpound of
claim 14, characterized by forrrul a (///) (Ha), (1V),
(IV%\)% m xture thereof . campound of claim
er é[?‘?lcqf?ﬁ’o}“gl ofclaign 20, Wb‘ﬁ%l‘[’ Fc is fél(R PR Conpound of
16 vvhereln Ais O Ral is hydrogen,
kcﬁ%'ma’&ﬂﬂé ®B, or -(CH2)m CH(RS)-OR5b ;: P is
sbg:s(r%ro Rc is -RD. 19. The conpound of claim 18,
ereln RD'I's a substituted or unsubstituted mono- or
bRE}gchF;h@nyuzq,?mﬁyﬁl em sel ected fromthe group
consi sting of phenyl, pyridinyl, pyrimdinyl,
pyrazi nyl, naphthyl, benzim dazol yl, quinoli nyI ,
i soqdi nolA phytmacepticah oomidsinw qorrtpEitinahg/qumdro@ Farmyth (I):

Ra1

4

or a crystalline form thereof, a filler, and optionally a lubricant;
wherein:

Ais0,1,0r2;

P is hydrogen or an amino-group-blocking moiety;

R*is hydrogen, C, ¢ aliphatic, Cy fluoroaliphatic, -(CHZ),,,-CHZ-RB,
-(CHZ),,.-CHZ-NHC(=NR4)NH-Y, -(CHZ),,.—CHZ-CON(R“)Z, -(CHZ),,,-CHZ-N(R“)CON(R“)Z,
-(CH,),,-CHR)N(R",, -(CH,),.-CH(R*)-OR®, or -(CH,),.-CH(R’)-SR?;

R" is hydrogen, C, aliphatic, C, 4 fluoroaliphatic, -(CH,),-CH,-R®,
-(CH3)n-CH;-NHC(=NR*)NH-Y, -(CH,),,-CH,-CON(R*),, -(CH,),»-CH>-N(R))CON(R"),,

-(CHy),-CH(R®ON(R*),, -(CH,),-CH(R**)-OR®, or -(CH,),-CH(R?)-SR’;

each R* independently is hydrogen, C, ¢ aliphatic, C, ¢ fluoroaliphatic, -(CHZ),,,-CHZ-RB,
-(CH,),,-CH,-NHC(=NR*NH-Y, -(CH,),,-CH,-CON(R"),, -(CH3),,-CH,-N(R*)CON(R"),,
-(CHp)-CH(R®N(R),, -(CH),-CH(R*)-OR™, or -(CH,),,-CH(R®)-SR’;

each R® independently is a substituted or unsubstituted mono- or bicyclic ring system;
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t et rahydroi soqui nol i nyl, tetrahydroqui noxalinyl, and

di hydrobenzoxazi nyl. 20. The conpound of claim 18,
Wab@pas413Ra is isobutyl. 21. The conpound of cPEI/HSR09/003602

wherein Ral is -CH 2-R ;RB is phenyl; and RDis

2-pyrazinyl. 22. The conpound of claim 20, wherein Ra

i s hydrogen, and RD is 2,5-dichl orophenyl. 23. The

compound of claim20, wherein Ral is -CH(R5a)-OR5b

R5a is C 6 aliphatic; R5b is hydrogen; and RD is

eéenﬁnbﬁhepgnda){ﬁf 1§ihﬂiy(1gen or?aASubsAuR:B%F m%%fegalllphanc a:yl heteroaryl or
conposi tion conpri Sin he COfT'pOUI’]d of formul a

a crhgerosydy! gun:oF Pﬁ% ap éﬁﬁam@l¥qaev ipm, taken tqsbfb‘ffdwa|ﬂrewta°gen
| Ubrato®d firin a\bkitRiRIed or vAsibStitlled 4- to 8-@edibertd me&r&ydylogug Ravdxg, in

t Ra.
glni %ﬁ%{n?nt El%%&?gwoa?o(%l % rrrlgth?tgx%bto Isspm%\_‘gyo ctéd rom]g O, and S;

%gﬂ%) AR, R4ST%% R4)a}ubst1§.|gE:§g Eﬁs@:&’rﬁ%ﬁ‘% Garyl, heteroaryl, or

CHE‘FWFKEH(‘RE?&B OR5b, or -(CH2)m CH(R5)-SR5; Ral is

h%addr;_é)gﬁr? th%m %ﬁ?&kﬁ%oﬁq{a@ Srr{]a"_:talgcahphatlc aryl, heteroaryl, or
(CHE&nmﬁ}ﬂgﬁmN(RA)z - (CH2) m CH2- N( R4) CON( R4) 2,
(CH2) m CH(R6) N(R4) 2, -(CH2) m CH(R5a)-OR5b , or

Q@HB% "ndepqnRE)ly SRdrogeamha Raititertie pesbigintiddyalipmtic, aryl, heteroaryl, or
hydq@gg@%ﬁgk atic, fluoroaliphatic, -(CH2)m CH2-RB,
-(CH2) m - :NR4) NH Y, -(CH2) m CH2- CON( R4) 2,

- £4hIRY i dpktdet(yRéa SIBRREY) of unsubdakidd i piAl RG)yN(OFRieketoaryl group;
-(CH2) m CH( R5a) - OR5b, or -(CH2) m CH(R5) - SR5; each RB

i WdepdrngeantCly, of NG; substituted or unsubstituted nono-

or bicyclic ring systemeach R4 independently is

hyds @deor 20enda substituted or unsubstituted aliphatic,

aryl, heteroaryl, or heterocyclyl group or two R4 on
t ﬁeanégn@gﬁhftrf%@éﬂl%bﬁiﬁwdafmart%gs@ H&PXy GatbRx i acid, wherein the

ni t raﬁﬁﬁﬂta&{e@fﬂbofdﬁ ik13ach SasdiS bk &xyg@pht&ﬁ otP'SAB S dofdifte® thrifka moiety
t 0 8derr1r\‘/:?‘3 %¥nea eta y ro;?yc ar% Xyllc ac15] QVher%Xil tpegatom Qttached to boron in each case

is an oxygen atom.

25. The pharmaceutical composition of claim 24, wherein the pharmaceutical

composition optionally further comprises a flow-aid, and optionally further comprises a buffer.

26. The pharmaceutical composition of claim 25, wherein the pharmaceutical
composition comprises about 0.2% to about 3% of the compound of formula (), or a crystalline form
thereof, about 86.5% to about 99.8% of a filler, optionally up to about 1.5% of a lubricant, optionally
up to about 5% of a flow-aid, and optionally up to about 5% of a buffer, by weight as a percentage of
total weight.

27. The pharmaceutical composition of claim 25, wherein the pharmaceutical
composition comprises about 0.2% to about 3% of the compound of formula (), or a crystalline form
thereof; about 97% to about 99.8% of a filler; and optionally up to about 1.5% of a lubricant, by

weight as a percentage of total weight.

28. The pharmaceutical composition of claim 25, wherein the pharmaceutical
composition comprises about 0.25% to about 2% of the compound of formula (), or a crystalline

form thereof; and about 98% to about 99.75% of a filler, by weight as a percentage of total weight.
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addition to the nitrogen atom 0-2 ring heteroatons
i ndependently selected fromN, O and S; each R5
W0 pepsttdent |y i s hydrogen or a substituted orPCT/US2009/003602
unsubstituted aliphatic, aryl, heteroaryl, or
het erocycl yl group; each R5a independently is hydrogen
or a substituted or unsubstituted aliphatic, aryl,
het eroaryl, or heterocyclyl group; each R5b
i ndependently is hydrogen or a substituted or
unsulgst i | ' ,
het 2 ?ocytcr?‘é ﬁ%"?%hg%ggg osﬂé'w)f T epena& ?" thei p%rénaceuucal
cogppseiion iy Anesh! pharmassuisaldpsage feem-al i phatic, aryl, or
heteroaryl group; Y is hydrogen, -CN, or -NO2; mis O,

1, q and Z2 to §m.a i et erived
Tt onPan’ RS MoaR G B Hoky e A et AP e dosage
fonaxtismcaismlached to boron in each case is an oxygen atom

or Z1 and Z2 together forma noiety derived froma
bet a- hydr oxy carboxylic acid, wherein the atom

at t ddhed THOPHIBRAGFRUFH comRopitien@e!aig 23 herelpdes rompep obigrmula ().
or Ila@stplhaer fOBE Bk d TR preSANRA QS hihbudNofRbout D3V T fsbut I &K Sefght as a

ceutical conposition optionally further
pef:CS’h%& gog?we'\g Yow-ai d, and optionally further conprises

a buffer. 26. The pharmaceutical conposition of claim

wher ghdptahgacRitdi U&ﬁ&%b&@dcla@m@%b&inm &Qlawnu S€drmula (),
about 0. Z%lt)o about 3% of the conpound of formnul /

(/)
ord Fryé‘a'&‘?“;/@f"éfhfe‘ie?fe‘s PBFGH P AR ABEY °fé‘B?.H§9 258 syt %y Bbﬁf‘gh‘ asa
pefRBnt8fodiotadwtiphtl er, optionally up to about 1.5% of a

| ubricant, opti onal | y up to about 5%f a flow aid, and

optionally up to about 5% of a buffer, by weight as a

per éént adée pifarmageudical weipppsition X zlairfRs whiargmriipecfdigt is eegbent in an
anfoRRRP el 9% Bhbdat .4%,29 we)@ﬁ%%?&c&ﬁ%s méﬁlﬂﬁe‘%@.@ utical

conmposition conprises about 0.2%to about o of ‘'t he
compound of formula (/), or a crystalline form
t herdgof ; Thbphatm#®BaAdicil oorafmsitibn L1BUR 6 fwharefnithe fdlet is aresknt in an

0 , Caht
NI A0 PP S B BEL A0 e T O
phar maceuti cal conposition of claim25, wherein the

pharsac gl:nh& gﬁtm&anpa%mo@mo@@ﬂmﬂaagsvh&*mume e Poeke@t in an
anlaf)?lgtu gtrzqéf %ei% to about 5r90 é)‘y r{)y w%fghtf egrarg)lélrlcg’lta {3 of totalrwelght

36. The pharmaceutical composition of claim 25, wherein the filler is selected from the
group consisting of powdered cellulose, microcrystalline cellulose, silicified microcrystalline
cellulose, low-moisture microcrystalline cellulose, sodium starch glycolate, pregelatinized starch, and

mixtures thereof.
37. The pharmaceutical composition of claim 25, wherein the filler is selected from the
group consisting of low-moisture microcrystalline cellulose, sodium starch glycolate, pregelatinized

starch, and mixtures thereof.

38. The pharmaceutical composition of claim 25, wherein the lubricant, when present, is

present in an amount of up to about 1.5%, by weight as a percentage of total weight.

39. The pharmaceutical composition of claim 25, wherein the lubricant, when present, is

present in an amount of about 1%, by weight as a percentage of total weight.
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formthereof; and about 98%to about 99.75% of a

filler, by weight as a percentage of total weight.29.
wab@phashaceut i cal conposition of claim 25, WwWhEr/ER2909/003602

t he pharnmaceutical conposition is an oral

pharmaceuti cal dosage form 30. The pharnmaceuti cal

conposition of claim?29, wherein the oral

pharmaceuti cal dosage formis a capsule. 31. The

phar maceuti cal conposition of claim 25 wherein the

Conpl‘aund'lﬂg lra%m&alu% osttion & c?arn¥§§ }eRQhJIQ%&IAm when present, is

t her eof , i'sP present %n anount
selgpieslfrom e IoYP GRupigtig oaslaaleiaeﬁ @:temtagb/cml belsnatk. hygirpgphated vegetable
oiBdlc, ZREstRNA! EMGEM LA, sfcRITP QSdrdid, SRR st&ﬁﬁ'fdﬁa?a’i_’e and mixtures

wherei n t he conmpound of formula (/), or a crystalline
ther8Hm t hereof, is present in an anount of about 0.25%

to about 2% by wei ght as a percentage of total

[

25 V\her e| WP H}ﬁ ac?'n 1 &'B"r;gtlscea?f?al?(relﬁlgtr?lng%olgélncg&?s rhdgnesium
stegfffut 97% t o about 99. 8% by weight as a percentage of

t ot al vvei ght. 34. The phar maceutical conposition of

cl ai erein | ] er nt n _amoul

of " lfout IR0 B RbICouer 180! YR aE Rt TR preent i
present Greamt argentof up otabdut §i%i tyhteighBE .a pélventqzh af waletight.cal

conmposi tion of claim25, wherein the filler is present

in an ampunt of about 86.5%to about 99, 8% by wei ght

as 43 per %ﬁﬂgﬂg&mﬂqﬂ&pﬁpm%p @frﬂalméé wheggin the flow-aid, when present is
prisidt imBCaistint ©8hboGOITR BF Weighias @ berédnfibéwfidal wiipat.ei n t he

filler is selected fromthe group consisting of

powder ed cel lul ose, mcrocrystalline cellul ose,

sili4dif dbe nhacrmgetrty@tcampqmen efaldim%a@,erelndbv—ﬂmi-e@u‘ﬂ@ present, is
taldd crocrystal line cellul ose, sodium starch glycol ate,

pregel ati ni zed starch, and m xtures thereof. 37. The

phar maceuti cal conposition of claim25, wherein the

filldsr i Q‘hsﬂiaeﬁztcedxcﬁlrcompdslmen dnmpZﬁ:,@msne&tthertglffexf when present, is

prb BN RIS ) GL0GK YRUR L Be Sl 36 o BRRL Starch

& ni z ure
thereof 38. The phar maceut i cal conposition of claim

25, 4eher ?mapﬂahﬁackubﬁllcsa{sus.{lo%méﬂQ@S@eﬁe{n theébuPte© §Bhtprdséht, is
an anoun of ou we
ey S pu o St By S ighces ag@%ﬂ?ﬂﬁ@fbﬁg BBt i cal

conmposition of claim?25, wherein the lubricant, when
pr es@nt T‘hec' Mﬁé&ﬂka]'e@m@&%n@ﬁ%m% vﬁm@xgﬁtthébéffeprhen present, is

i ght as a percentage of total wel ‘ght’.
SOB'Ha'rcﬁ’&Pfeutl cal conposition of claim 25, V\,her e| n the
| ubri cant, when present, is

48. The pharmaceutical composition of claim 25, wherein:
the alpha-hydroxy carboxylic acid or beta-hydroxy carboxylic acid is citric acid;
Ais0;
R? is isobutyl;
R is hydrogen, C,.6 aliphatic, -(CH,),,-CH,-R®, or -(CH,),.-CH(R**)-OR*;
P is R°-C(O)-;
R®is -R”;

misOorl;
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sel ected fromthe group consisting of magnesi um
stearate, glyceryl behenate, hydrogenated vegetabl e

WO@RI09/15€IBT, zi nc stearate, cal cium stearate, SPCT/USI09/003602

stearate, sodiumstearyl fumarate, and m xtures
t hereof. 41. The pharmaceutical conposition of claim
25, wherein the lubricant is magnesium stearate. 42.
The pharnmaceuti cal conposition of claim25, wherein
the flow aid, when present is present in an anmount of
Rleh firls s&%ated?.%/gm R{é} 5 goenlle tmgaﬁlocgrhc%% Lgrlea gclg]c%fs &lmr cc!llulose sodium
25 S\m‘elgepﬂattyme?gﬂbteweaﬁdrchvmennwwkmtof,lasd present |n
an amount of about 1% by weight as a percentage of
t the Hibricaal, yhen prepant. iTASNSHEP AE-eit i cal conposition of
claim 25, wherein the flow aid, when present, is talc.
he armaceut.i of cl aim 25,
vvheré-l n H-E PhtRrtical & \Aﬁnép(’s’n?reéje}nafmgs wherelsent in an
a rd e of
t{gtgg(?mpo%d ﬁQO%gla%H#EPré%?(%’ceu% i cal 2%3’10%2 ? ?‘gfr??gf
clai m 25, wherein the buffer, wherppresent, is present
in an anount of about 2% by weig as a percentage of
total weight. 47. CrheQphar map'eutﬁ)ca msml on of
cl ai m 25, wherei hellbu IS sodium
citrate. 48. Th rrd% C&E/cchpoHlon of claim
25, wherein: th a de)xy oxylQA1 acid or
bet a- hydroxy carbdxylic acid is fitric acid; Ais O
Ra is isobutyl; RY s hydr ogen, C al i phatii c,
-(CH2) m CH2-RB, or -(CH"-CHCR*-OR 5 ; Pis RCGCC(O-;
Rc is -RD;, mis 0 or 1;the f#-Dier is selected fromthe
group consisting of | ownoisture mcrocrystalline

cel l ul ose, sodium starch | at pregel et ani zed
starch, and m xtures there and he | ubri cant, when
present, is magneS| ur@st ra e O

CO,H

CO,H

(1-18);

the filler is selected from the group consisting of low-moisture microcrystalline cellulose, sodium

starch glycolate, pregeletanized starch, and mixtures thereof; and

the lubricant, when present, is magnesium stearate.

50. The pharmaceutical composition of claim 25, wherein:
the alpha-hydroxy carboxylic acid or beta-hydroxy carboxylic acid is citric acid;
Ais 0
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49. The pharmaceuti cal conposition of claim 25,
wherein the conpound of fornmula (/) is represented by
w@orsposutas (1-1), (1-15), or (1-18): (1-1) (1-BEH/US2009/003602
(1-18); the filler is selected fromthe group
consi sting of | ow noisture mcrocrystalline cellul ose,
sodi um starch gl ycol ate, pregel etani zed starch, and
m xtures thereof; and the lubricant, when present, is
magnesi um st earate. 50. The pharmaceutical conposition
ok ¢l 0125, Wherein: the al pha-hydroxy carboxylic
acid or eta hydroxy carboxylic acid is citric acid; A
R“'Q okéh, €30 aMé»c -CHS-RBy&L CH(RE® @ivb hatic,
ol CRaRbale Rl R IR IR O
R§31s@(@(05- Rc |s -RD mls 0 or 1; the flller |s
sel ected fromthe group consisting of |ow noisture
nkTis R% ystal | i ne cel | ul ose, sodium starch glycol ate,
pregel et ani zed starch, and m xtures thereof; the
| whyQerdnt, when present, is magnesi um stearate; the
flow aid, when present, is talc; and the buffer, when
pihe §Beits selegteds Qi [heEonp Foppigting st lpWw-mpjgiurs igrogaysialling eeljplose, sodium
C ONRAkh iglyoslate fpregtlataiized Starchhi@d RixturkdtRerédnpound of
formula (/) is represented by conpounds (1-1), (1-15)
othe (ubrida8d, wh¢nlprdsgnt(id mi&negidm $t83rgte;t he filler is sel ected
fromthe group consisting of |ow noisture
mihe flovrids VegniprgsentdetrlciAindse, sodi um starch gl ycol at e,
el etani zed starch, and m xtures thereof; the
IWBg?gﬁﬁfe“RﬁgﬂtBF@EEHF“MFS magnesi um st ear at e;

51. The pharmaceutical composition of claim 25, wherein
the compound of formula (Z) is represented by compounds (I-1), (I-15) or (I-18):

O

¢ COLH

Q H
N/\'rN\:/BO
H 0O Y CO,H

Cl

(I-1)
O O
Py I‘ ')ﬁgcw
E A
NG CO,H
(1-15)

HO,
N Q CO,H
| ] W
J H 0 CO,H
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the flow aid, when present, is talc; and the buffer,
when present, is sodiumcitrate. 52. A pharnmaceutica
W@ 09p0si787 on conpri si ng the conmpound of for mul BCT/LUSZP9/003602

(M or acrystalline formthereof, a filler, and
optionally a lubricant. 53. The pharnaceutica
conposition of claimb52, wherein: the filler is
selected fromthe group consisting of | ow noisture

m crocrystalline cellul ose, sodiumstarch glycol ate,
pregel etani zed starch, and mxtures thereof; and the

| ubricant, when present, is ghesi um stearate. 54.
Th}@ ﬁnw ﬁﬁgt@@ﬁblﬁ ﬁle gf“oggp&l%hﬁdg%?‘loqf m&Ltﬁ'lle mlégorysm#lg @él]ﬂ]ose sodium
the crystalline formis Form 2 . The pharnmaceuti ca
conpBEDElERlatEPregE sianived starchped gmurf:ﬁéefﬁﬂﬁar maceut i cal

ﬁﬁm@3ltl0n 0 tlonallg further conprises a flowaid,

Bfﬁ"b RAFT RFEFUr T HBEUURTFI¥Es a buffer. 56. The
pﬁg (y&hm%mmlgnpgéltlon of claim55, wherein: the
l'er a

rom t he group consisting of

|ﬁ%%ﬂﬁhﬁhﬁﬁEm&hpk%&hM§E@hE'ne cel lul ose, sodium starch
gl ycol ate, pregéletanized starch, and nixtures
t hereof; the lubricant, when present, is magnesi um
st earat e ;A phagnatdutivdl &i]ﬁhosimnﬁﬁﬁﬁ@hé conpuridalf tormand-1:he
buffer, when present, is sodiumcitrate.57. A unit
dose pharmaceutical conposition conpri<dng the
conmpound of formula (1-1), or a crystalline form
t hereof, wherein the Cnhpornd of Horﬁa is
present in an anount eG% wel ght
basis of about 0.1 abqut g zbgfnpound
of formula (Vill i). 3¢ A unit dosé\rﬁ i ca
conposi tion conprisingspbout 0.143 nglto about 4.3 ny
of the conpound of forrula (1-1), or a crystall’ine
form thereof, measured as a?eb 0.1 ng to about 3.0 ny
of the conpound of fornula II-I) on a weight for

or a c#mﬁlneb%rm fhﬁreo a fifloéé,ﬁaﬁ dg%?)c;@gtallu ncan%;);rp og:r t Iaon
crystalline forn1thereof, a bul king agent; and a
buf fsar; wWhepikhaceutical composition of claim 52, wherein:

the filler is selected from the group consisting of low-moisture microcrystalline cellulose, sodium

starch glycolate, pregeletanized starch, and mixtures thereof; and

the lubricant, when present, is magnesium stearate.

54. The pharmaceutical composition of claim 52, wherein the crystalline form is Form 2.

55. The pharmaceutical composition of claim 52, wherein the pharmaceutical

composition optionally further comprises a flow-aid, and optionally further comprises a buffer.

56. The pharmaceutical composition of claim 55, wherein:

the filler is selected from the group consisting of low-moisture microcrystalline cellulose, sodium

starch glycolate, pregeletanized starch, and mixtures thereof;
the lubricant, when present, is magnesium stearate;
the flow-aid, when present, is talc; and

the buffer, when present, is sodium citrate.
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Ais 0, 1, or 2; P is hydrogen or an
am no- gr oup- bl ocking noiety; Ra is hydrogen, C .6
wabdiophst7sT, Cl fluoroaliphatic, -(CH2)m CH2- RBPCT/US2009/003602

-(CH2) m CH2- NHC(=NR4) NH Y, - (CH2) m CH2- CON(R4) 2,
-(CH2) m CH2- N(R4) CON(R4) 2, - (CH2) m CH(R6) N(R4) 2,
-(CH2) m CH( R5a) - OR5b, or -(CH2)mCH(R5)-SR5; Ral is

hydr ogen, fluoroaliphatic, -(CH2)m CH2-RB

-(CH2) m CH2- NHC(=NR4) NH Y, - (CH2) m CH2- CON(R4) 2,

158 ™ LR ARy SR P Wy gy,

orlaﬁafét'g&)ﬁ@@ﬁp Flyrep% whty@p %QWPO&M ?fﬁg{qu@ (I-&)is present in an amount
eqlilvhlent @Ak mdRavkiBht basisEriZdont 6-HRw RBibout 3.0 mg of the compound of formula
) m CH2- NHC( =NR4) NH- Y, ?CHZ)mCHZ CON( R4) 2,
“’-"E ) m CH2- N( R4) CON( R4)2, - (CH2)m CH(R6) N( R4) 2,
-(CH2) -CH(R5a)-OR5b, or -(CH2) m CH(R5)-SR5; each RB
' ndeﬁ%end%mn%oéesphmwaﬁéai & %&ggtl&lrco}ﬂgl’?’gﬁg%g&;t Htl@.gmgp)rhgéut 43 mg

or bicyclic ring system ea ently |
of fhecrrerg@id ot fornuda (B} iot 3 grueplline fermsbasecti nnea%ug‘@ ag piogtht g to about
3.@Y bof thbednRloG@I of Form@a (VBL-BY &Ly Gdigh f@k@igiibagl. two R4 on
the same nitrogen atom taken together with the

nitrogen atom forma substituted or unsubstituted 4-

t o &9nentfephedndatieal oerymekiyion goimpgsimgthé exgnponnd of fabintla Or t 0
the nitrogen atom 0-2 ri ng het er oat ons i ndependent |y
selected fromN, O and each R5 independently is

hydr ogen or a subs{iH ut o orRﬁnsHlbstZtut ed aliphatic,
aryl, heteroaryl, VJ&Qn)N ; each Rba
|ndependently i s fyar al substl ted or
unsubstituted aliplhatic, ryI Ohetroaryl, or

het erocycl yl group; each R5b |ndependently I's hydrogen O
or a substituted or unsubstituted aliphatic, aryl,
heteroaryl, or heterocyclyl group; each R6

i ndep e Arreing foym thereef pRlkine AseRy: 98 2 bifEtist i t ut ed

al i pq&tlc aryl, or heteroaryl group; Y is hydrogen,

NO2; mis O, 1, or 2; and Z1 and Z2 toget her

fgrm)q ety derived from an al pha-hydroxy carboxylic
aci'd,” whéfein the atom attached to boron in each case

| i A aRBHAR In &hidTkrolb-bidkif hi4e together forma noiety
derls?\{}/eg))éfrorﬁ]a bgn?ro ydr oxy c%fboxyl ic acid, wherein

t Reisay@3eatd,aakeid 0, JRobRAlighRicCICH,) S aHeR®,
-(CH,),,-CH,-NHC(=NR*NH-Y, -(CH>),.-CH,-CON(R*),, -(CH,),-CH,-N(RHCON(R?),,
-(CH2),-CH(R®)N(RY),, -(CH,),.-CH(R*)-OR™, or -(CH,),,-CH(R®)-SR?;

R is hydrogen, C, aliphatic, C,. fluoroaliphatic, -(CH,),-CH,-R®,
-(CH3),,-CH,-NHC(=NR*)NH-Y, -(CH,),,-CH,-CON(R*), -(CH2)-CH>-N(R*)CON(R?),,
-(CH2)m-CHRN(R*),, -(CH,),.-CH(R*)-OR™, or -(CH,),-CH(R®)-SR’;

each R¥ independently is hydrogen, C, aliphatic, C, ¢ fluoroaliphatic, -(CH,),.-CH,-R&,

-(CH3),-CH,-NHC(=NR*)NH-Y, -(CH,),,-CH,-CON(R*)3, -(CH2),-CH2-N(RHCON(R"),,
-(CH2),-CHR)N(R%),, -(CH,),,-CH(R*®)-OR™, or -(CH,),,-CH(R®)-SR?;

each R® independently is a substituted or unsubstituted mono- or bicyclic ring system;

each R* independently is hydrogen or a substituted or unsubstituted aliphatic, aryl, heteroaryl, or
heterocyclyl group; or two R* on the same nitrogen atom, taken together with the nitrogen
atom, form a substituted or unsubstituted 4- to 8-membered heterocyclyl ring having, in

addition to the nitrogen atom, 0-2 ring heteroatoms independently selected from N, O, and S;
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IS an oxygen atom 60. The pharnaceutical conposition

of claimb59, wherein the bul king agent is present in
wa@pooairma1st of about 1% w v to about 5% w v. 61PCTEHE2009/003602

phar maceuti cal conposition of claimb59, wherein the

bul ki ng agent is present in an anount of about 3% w v.

62. The pharmaceutical conposition of claimb59,

wherei n the bul king agent is glycine. 63. The

phar maceuti cal conposition of claimb59, wherein the

%{a ;: RE 1nh et?a%gt Cor‘r'po%gr?&ed sulssl] teﬁ Io; Msnﬁ)ggtﬁfe%l é)%zlilc gylhheteroaryl or

rmaceut | ca sition o
aI phraeteghbgipuar boxyl i ¢ aci d or bet a- hydr oxy

car boxylic acid |s citric acid; Ais

i %BB yrrdequgefntlyg pﬂ;ageagé?]submt% quﬂﬁs&Pqtlejted ahphauc aryl, heteroaryl, or
(CHZt):ﬂSbﬁlergrRBp or -(CH2)ra -CH(Rsa)-OR5b ; Pis R

C(O-; Rcis -RD;, mis 0 or 1;the bul king agent is

gtk Rf'?endeaﬁndentlhe hpdrbges ror 2 sibstindedomuasubstiatte adiplohtic iatyt, iheteroaryl, or

aci QeeRoyclyl BRuphar maceuti cal conposition of claim 59
ergtlen ){chegcglﬁpound of formula (/) is represented by

CMRﬂmdéi)eﬁdlantﬂy)ls a (ul;stlllﬁéd &runiu@snltﬁad aliptdtid, afyl, o;-l@ter&alyl g%).lp

the bul king agent is glycine; and the buffer i s sodi um
civtig Ipidergera KN, ©F tINO,c aci d. 66. A pharmaceuti cal
conposition conprising the conpound of formula (/) in
amlisdpgherl2i 7dd powder: wherein: Ais O | , or2;

Z' and Z? together form a moiety derived from an alpha-hydroxy carboxylic acid, wherein the
atom attached to boron in each case is an oxygen atom; or Z' and Z” together form a moiety
derived from a beta-hydroxy carboxylic acid, wherein the atom attached to boron in each case

is an oxygen atom.

60. The pharmaceutical composition of claim 59, wherein the bulking agent is present in

an amount of about 1% w/v to about 5% w/v.

61. The pharmaceutical composition of claim 59, wherein the bulking agent is present in

an amount of about 3% w/v.
62. The pharmaceutical composition of claim 59, wherein the bulking agent is glycine.

63. The pharmaceutical composition of claim 59, wherein the buffer is sodium citrate,

and citric acid.

64. The pharmaceutical composition of claim 59, wherein
the alpha-hydroxy carboxylic acid or beta-hydroxy carboxylic acid is citric acid;
Ais0;
R is isobutyl;
R*' is hydrogen, C, aliphatic, -(CH,),.-CH,-R®, or -(CH,),,-CH(R>*)-OR*®;
P is R°-C(0)-;
R®is -R%;

misQorl;
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P is hydrogen or an am no-group-blocking noiety; Rais
hydr ogen, fluoroaliphatic, -(CH2) m CH2-RB, -(CH2)

WO SHIANAE] =NR4) NH Y, - (CH2) m CH2- CON( R4) 2 PCT/US2009/003602
-(CH2) m CH2- N(R4) CON(R4) 2, - (CH2) -CH(R6) N(R4) 2,
-(CH2) m CH( R5a) - OR5b, or -(CH2) m CH(R5)-SR5; Ral is
hydrogen, Cl1 6 aliphatic, Cl fluoroaliphatic,
-(CH2) m CH2- RB, - (CH2) - CH2- NHC(=NR4) NH- Y,
-(CH2) m CH2- CON(R4) 2, - (CH2) m CH2- N( R4) CON(R4) 2,
-gg%g&mhgé%ﬁ@%®&ﬁgzg, - (CH2) m CH( R5a) - ORSb, or _
-(CH2) W CH(R5Y-SR5; each aliphatic, fluoroaliphatic,

- (Helgprenisebtin RBitrare ( etk d6fd2 - NHC( =NR4) NH- Y,
-(CH2) m CH2- CON(R4) 2, - (CH2) m CH2- N( R4) CON(R4) 2,
-(CH2) m CH(R6) N(R4) 2, - (CH2) m CH( R5a) - OR5b, or

- ( CH2) m ThE pPi3ymdSRBical earoppsiBn dfivthép &P dbatihy i s a
substituted or unsubstituted nono- or bicyclic ring

s {hs cempouageftiorrala (R deprrergried bycompoindgiddyéhlyor @-18):
substituted or unsubstituted aliphatic, aryl,
heteroaryl, or heterocyclyl groupﬁDOr two R4 on the
same nitrogen atom t ken toget ith the nitrogen
atom form a substjitufjed or supst i 4- to

8- menbered heter YINT 2 Brg7\n addition to
the nitrogen at -2 HMi ngy heteroat o WPdependentIy
selected fromN, ¥ and S; eacﬁ\ﬁﬁain ependently is
hydrogen or a subgfituted or unsubstituted aliphatic,
aryl, heteroaryl, or heterocyclyl group; €ach Rba

i ndependently is hydrogen orgg substituted or
unsubstituted aliphatic, aryl, heteroaryl, or

het er ocycl yl group; each R/- y ndependently is hydrogen
or a substituted or unsubs \lt ed @l i phatic, aryl,
heteroaryl, or heterocycl y< ogs' each R6

i ndependently is a s ut gd uns j tuted
N _of8 ,Egi$g hydr ogen,

aliphatic, aryl, bl

-CN, or -NO2; idlis 0, 2% andZl land Z2 toget her
forma noiety derpyed fronan ahfﬁa-h y carboxylic
acid, wherein the atom attached fo boron in each case
is an oxygen atom or Z1 and Z2 together f'orma noiety
derived froma beta-hydroxyggayboxylic acid, wherein

the atom attached to boron In each case is an oxygen

atom 0
Jo.
N H g COH
[ S N Y0
J H 0 '\r CO,H

(1-18);
the bulking agent is glycine; and
the buffer is sodium citrate, and citric acid.
66. A pharmaceutical composition comprising the compound of formula (I) in a

lyophilized powder:
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67. The pharmaceutical conposition of claim 66,

further conprising a bul king agent, and a buffer. 68.
wab@opheasnaceuti cal conposition of claim67, WEr/E52909/003602

the bul ki ng agent is glycine. 69. The pharmaceutica

conposition of claim67, wherein the buffer is sodi um

citrate and citric acid. 70. The pharnaceutica

conmposition of claim67, wherein the al pha-hydroxy

carboxylic acid or beta-hydroxy carboxylic acid is

citric acid; Ais O Ra Ls isobutyl; Ral is hydrogen,

Cl aliphatic, -( ) m -qumor -(gﬁQ)n+CH(R5a)-CR5b

; Pis RGCC(O-; R D, } id0 ar 1; the bul king

agent is glycinep ~gsBszaiun1citrate,

and citric acid. 7]1. gEhg Hharfaceyti cal conposition

of claim67, wherebLn theldcpnpound of formula (/) is

represented by conmpounds (1-1), (1-15) or (1-18): (M D

- 11l -(21-15) (1-18); the bul king agent is glycine;

alld®t'he buffer is sodiumcitrate, and citric acid. 72.

AAQHBH ggse phar maceuti cal conposition conprising the

conpduhd of formula (1-1), in a lyophilized powder:
(Ms h%l%égﬂopén ztrmﬁq—grgﬁ'ﬂ)QHMgQ'(floth)Qr mula (1-1) is present

i n an anount equivalent on a noblar wei ght basis of
R* is hydrogen, C, ¢ aliphatic, C, ¢ fluoroaliphatic, -(CHz)m-CHz-RB,

-(CH,),»-CH,-NHC(=NR*)NH-Y, -(CH,),-CH,-CON(R*),, -(CH,),-CH,-N(RHCON(R%),,
-(CH,),-CH(R®)N(R"),, -(CH,),,-CH(R*»)-OR™, or -(CH,),.-CH(R?)-SR>;

R* is hydrogen, C, aliphatic, C,.s fluoroaliphatic, -(CH,),,-CH,-R®,
-(CH,),,-CH,-NHC(=NR*)NH-Y, -(CH,),,-CH,-CON(R*),, -(CH,),,-CH,-N(RY)CON(R*),,
-(CH,)-CHR®)N(R®),, -(CH,),.-CH(R®)-OR™, or -(CH,).-CH(R’)-SR’;

each R¥ independently is hydrogen, C, aliphatic, C, fluoroaliphatic, -(CH,)-CH,-R,
-(CH,),,-CH,-NHC(=NR*)NH-Y, -(CH,),.-CH,-CON(R*),, -(CH,),,-CH,-N(RY)CON(R"),,
-(CH,),-CH(R®N(R*),, -(CH,),,-CH(R**)-OR™, or -(CH,),-CH(R?)-SR’;

each R® independently is a substituted or unsubstituted mono- or bicyclic ring system;

each R* independently is hydrogen or a substituted or unsubstituted aliphatic, aryl, heteroaryl, or
heterocyclyl group; or two R* on the same nitrogen atom, taken together with the nitrogen
atom, form a substituted or unsubstituted 4- to 8-membered heterocyclyl ring having, in

addition to the nitrogen atom, 0-2 ring heteroatoms independently selected from N, O, and S;

each R’ independently is hydrogen or a substituted or unsubstituted aliphatic, aryl, heteroaryl, or

heterocyclyl group;

each R* independently is hydrogen or a substituted or unsubstituted aliphatic, aryl, heteroaryl, or

heterocyclyl group;

each R® independently is hydrogen or a substituted or unsubstituted aliphatic, aryl, heteroaryl, or

heterocyclyl group;
each R® independently is a substituted or unsubstituted aliphatic, aryl, or heteroaryl group;
Y is hydrogen, -CN, or -NO;

mis0, 1, or2;and
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about 1 ng to about 5 ng of the conpound of fornula

(MiI1-1). 73. The unit dose pharmaceutical conposition
W@B000/1154781 72, wherein the conpound of fornul a PAF/LF200%003602

present in an anmount equival ent on a nolar wei ght

basis of about 3.5 ng of the conpound of fornula

(MI1-1).74. The unit dose pharmaceutical conposition

of claim 72, wherein the pharnaceutical conposition

further conprises glycine, sodiumcitrate and citric

agi 75. N It . [ ITRC hcal . c ition of.

ootz e oo R B BB iy " ABBREL b i e

aboutorQat@hgd todoeph drugacicasois gn oxyeen aiiwes opd| and dowgether form a moiety

ph aldeied %h%%ta%?&?@g{sda;b!omm Qé id leh@f'em tﬁé‘atom_ﬁﬁﬁ‘e’d b oS in each case

sodiumcitrate and citric acid is present in an anpunt

equi'VARIKEE" f8™about 0. 005 g to about 0.250 g of

citrate ion. 77. A unit dose pharmaceutica

it i.-Si h f | 1-15
ComR. 8 AR ARG e S, e

abyffef ornul a (1-15) is present in an anount equival ent
on a nolar weight basis of about 1ng to about 5 ng of

the compqund of fornmula (M I11-15)._78. The upit dose . .

e ol Em B SP RSO B Tehein el i s elycine.

conpound of fornmula (1-15) is present in an anount

equiggal e ' ' - of
Ehe BonpanadafefBea oo g o) 57.9hc A nferks fluBlivare an
Cithfagitaceut i cal conposition of claim 78, wherein the

phar maceuti cal conposition further conprises glycine,

sodi;ym citrate and gitric..acid, .8 he. unit dose

pharincedt Rt b pregsBEH P of 0t e

afp Ql?ﬁa-lgdr(gk' Y&b&?liooarcﬁisb? Béta-hfdr&?gﬁbo&igc% iE gtr@QQiHI 0.50

g. 81l. The unit dose pharnaceufical "conposition of

chaign 78, wherein the sodiumcitrate and citric acid

is present in an anount equivalent to about 0.005 g to

aRbisitsoft@d50 g of citrate ion.82. A nethod for

preparation of a pharnmaceutical conposition of the

c Bipduduggn] Cilsaliptstia -(CHopifiH.iR edt -(EdlaclePH(RIheR et hod

cgnq;kﬁgyg the steps: (f-1) conbining: i. water;

is R™- -

R®is -R”;
misOorl;
the bulking agent is glycine; and

the buffer is sodium citrate, and citric acid.

71. The pharmaceutical composition of claim 67, wherein

the compound of formula () is represented by compounds (I-1), (I-15) or (I-18):

Cl

@) \l/ CO.H
Cl
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ii. the compound (1-1); iii. glycine; iv. sodium

citrate;

and v. citric acid; to forma m xture; and

W@ teos479ophi I i zing the m xture. 83. A met hod PGF/US1989/003602
preparation of a pharmaceutical conposition of the
compound (I- 15) as a |lyophilized powder, the nethod
conprising the steps (g-1) conbining: i. an aqueous
solvent m xture conprising water and tert-butyl

al cohol ;

sodlun1C|trate and v. citr
and (g-2) lyophilizing th
claim83, wherein the tert
aqueous sol vent m xtude i
about 3% v/v to akput GW

ii. the conpound (VII1-15); iii. glycine; iv.
acid; to forma m xture;
turey 84. The net hod of
yl djcohol in the

Sed nmount of
/kaeré;b 651Eﬁcohol. 85. A

nmet hod for the epyr atNon pHAr miceut i ca
conposition of t E' nﬂé)und) (1= s &04Hui d
phar maceuti cal age form said|process conprising

the step of reconstltuting a lyophilized powder of the
conpound (1-1) according to,claim72 with water for
i njection. 86. A method for IR preparation of s

phar maceuti cal conposition of the co
a liquid pharmaceuti cal age form
conprising th
powder of the

® ep of | t uti
i r O } Y1l.
conposi tion conpri ¢ ng thé*co

with water fo

buf f er,
is O |

and optional
, or 2; Pis hydrogen or an
ani no- gr oup- bl ocki ng noi ety;

ound (I- 15) as
ai d net hod

| yophi i zed
41 aim77
ar naceut i cal

qua (/):a

y a ton|C|ty difier;” wherein: A

is hydrogen, d .6

aliphatic, 6 fluoroaliphati c(ﬁSQCHZ) m CH2- RB,

the bulking agent is glycine; and

the buffer is sodium citrate, and citric acid.

72.

A unit dose pharmaceutical composition comprising the compound of formula (I-1),

in a lyophilized powder:

wherein:

0
¢ 9 “ ? CO,H
NS

H O Y CO,H
Cl .

7

I-1)

the compound of formula (I-1) is present in an amount equivalent on a molar weight basis of

about 1 mg to about 5 mg of the compound of formula (VIII-1).

73.

The unit dose pharmaceutical composition of claim 72, wherein the compound of

formula (I-1) is present in an amount equivalent on a molar weight basis of about 3.5 mg of the

compound of formula (VHI-1).
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- (CH2) m CH2- NHC(=NR4) NH Y, - (CH2) m CH2- CON( R4) 2,
-(CH2) m CH2- N(R4) CON(R4) 2, - (CH2) m CH( R6) N(R4) 2,
WO ¢a@bi25418CH( R5a) - ORSb, or - (CH2) m CH( R5) - SR5; WRel/UB2909/003602

hydrogen, aliphatic, C .6 fluoroaliphatic,

- (CH2) m CH2- RB, - ( CH2) m CH2- NHC( =NR4) NH- Y,

- (CH2) m CH2- CON(R4) 2, - (CH2) m CH2- N(R4) CON(R4) 2,
-(CH2) m CH(R6) N(R4) 2, - (CH2) m CH(R5a) - OR5b, or
-(CH2) m CH( R5) - SR5; each Ra2 independently is

hy d r7gg en gﬁéhrﬁﬁ&? %Nk&{gmn%] co,\ip%%nrgfg%n %\I{‘ﬁ?‘:y éhe pharmaceutical

con@w@y rﬁwtbﬂzzomemy gippieReddum citftaBHMY GittHCE) N( R4) 2,
(CH2)mCH(R5a) ORSb, or -(CH2) m CH(RS) - SR5; each RB

i ndepend subst i uted .0r uynsubstituted nono-

o EBoycrhtibidss By Thesiid rroniin o SRR At hedmosnt o
ghydm0QQMm@mmaOQubshmmmmém@or unsubstituted aliphatic,

aryl, heteroaryl, or heterocyclyl group; or two R4 on

the same nitrogen atom taken together with the

ni t r'8gen Tt WHy doperhamecaytiend eqnipgtide of claimh &y yherpip theaepiyu citrate
antl Gitrf-a0R R Esest ihataaloamegliydlent toABoUNATOT W0 abdut AJSH d df @ifrate Gon.

the nitrogen atom 0-2 ring heteroatons i ndependently

selected fromN, O and S; each R5 independently is

hy dr’dgen Aomitgossphastageyticaticompositres ¢ broprisingttieectompdynh af fogmula (I-15),
in @lipebhilieb&IRAryl , or heterocyclyl group; each R5a

i ndependently is hydrogen or a substituted or

unsubstituted aliphatic, aryl, roaryl, or

het erocycl yl group; each R5b i ) Iy i s hydrogen

or a substituted or unsubstitujteali tic, aryl,

het eroaryl, or heterocgcl g oupﬂ e

i ndependently is a s ut'ed
aliphatic, aryl, or hpt e oan.yl ijr oup; i S gﬁz_l{)ogen,
-CN, or -NO2; mis 0, m, or 2; d&nd d 2 get her

forma noiety derived froman al pha-h dr oxy car.boxylic
acid, wherein the atom attached to boron in each case

i s an oxygen atom or Z1 ang.j£g together forma noiety
derived from a beta-hydroxy carboxylic acid, wherein

t hgerathom attached to boron in each case is an oxygen
atom 88. The liquid pharmaceutical conposition of

c ltizd aomBatind whierneila141B)es prosenGih iy anamdi dqbieslent win e mojar edgnbasis of

s SaBSUt ‘t“}Hg‘E@Lb%[u' Sdrﬁg of the compound of formula (VIII-15).

78. The unit dose pharmaceutical composition of claim 77, wherein the compound of
formula (I-15) is present in an amount equivalent on a molar weight basis of about 3.5 mg of the

compound of formula (VIII-15).

79. The unit dose pharmaceutical composition of claim 78, wherein the pharmaceutical

composition further comprises glycine, sodium citrate and citric acid.

80. The unit dose pharmaceutical composition of claim 78, wherein the amount of

glycine present is about 0.01g to about 0.50 g.

81. The unit dose pharmaceutical composition of claim 78, wherein the sodium citrate

and citric acid is present in an amount equivalent to about 0.005 g to about 0.250 g of citrate ion.
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89. The liquid pharmaceutical conposition of claim87,

wherein the buffer is sodiumcitrate, and citric acid.
w@09/The31 i qui d pharnmaceuti cal conposition of PCHUS08%003602

wherei n: the al pha-hydroxy carboxylic acid or

bet a- hydroxy carboxylic acid is citric acid; Ais O

Ra is isobutyl; Ral is hydrogen, 6 aliphatic,

-(CH2)mCH2-RB, or -(CH2)mCH(R5a)-OR5b ; Pis

RCC(O-; Rcis -RD; mis 0 or 1; the buffer is sodium

cit r8§t e %ngetﬁddtfglj %)ggih of %'Bﬁar&%%mkgl%%k&s%noﬁ%%ﬁ l:o%pound (I-1)as a

when present, i 'sgdi um chior| ose
ly¢phgize Orf)’ﬁ%fr%@étb?cl eogIPrigpmhPoYERsi on conpri sing the

compougdy of f esdBihife:(1-1): (M wherein: the conpound
of forrru?a (1- 126{|s present at a concentration of

about 0.5 nfy/ o about 3 ng/m of the conpound of
formula (VLI theom@@nd M1g uni t dose |iquid

phar naceut i.cal ggnposn tion of claim9l, further

conpri sing SOéI umcitrate, citric acid and sodi um

chl ori de. 93v- fodinm ¢isate;faet treati ng cancer, conpri sing

the adm ni s§ratdcQRidob r@mtahsk@resi cal |y ef fective
anount of the pharmaceutijcal conposition of any one of

cl ai nstf22, 5213'05*’7‘2‘@8“3’8’?}‘“‘72 77, and 87.

83. A method for the preparation of a pharmaceutical composition of the compound (I-
15) as a lyophilized powder, the method comprising the steps
(g-D combining:

i. an aqueous solvent mixture comprising water and tert-buty! alcohol;

ii. the compound (VIII-15);

iii. glycine;

iv. sodium citrate; and

v. citric acid; to form a mixture; and

(g-2) lyophilizing the mixture.

84. The method of claim 83, wherein the tert-butyl alcohol in the aqueous solvent mixture

is present in an amount of about 3% v/v to about 6% v/v tert-butyl alcohol.

85. A method for the preparation of a pharmaceutical composition of the compound (I-1)
as a liquid pharmaceutical dosage form, said process comprising the step of reconstituting a

lyophilized powder of the compound (I-1) according to claim 72 with water for injection.

86. A method for the preparation of s pharmaceutical composition of the compound (I-
15) as a liquid pharmaceutical dosage form, said method comprising the step of reconstituting a

lyophilized powder of the compound (I-15) according to claim 77 with water for injection.
87. A liquid pharmaceutical composition comprising the compound of formula (I):

1
H O Ral H Z
o N)\n,N B\ZQ
R2 |H 5 Ra

A 1)
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a buffer, and optionally a tonicity modifier;
wherein:
Ais0,1,0r2;
P is hydrogen or an amino-group-blocking moiety;
R® is hydrogen, C,. aliphatic, C, ¢ fluoroaliphatic, -(CH,),,-CH,-R®,

-(CH,),-CH,-NHC(=NR*)NH-Y, -(CH,),.-CH,-CON(R*),, -(CH,),,-CH,-N(R)YCON(R"),,
-(CH,),,-CH(RON(R*),, -(CH,),,-CH(R*)-OR™, or -(CH,),,-CH(R®)-SR>;

R* is hydrogen, C,. aliphatic, C,¢ fluoroaliphatic, -(CH,),-CH,-R®,
-(CH»),,-CH,-NHC(=NR*)NH-Y, -(CH,),,-CH,-CON(R*),, -(CH,).,-CH,-N(R)CON(R?),,
(CH),-CH(R)N(R");, -(CH,)-CH(R*)-OR™, or -(CH,),,-CH(R?)-SR’;

each R¥ independently is hydrogen, C, ¢ aliphatic, C, ¢ fluoroaliphatic, -(CH,),»-CH,-R®,
-(CH,),.~CH,-NHC(=NR*)NH-Y, -(CH,),,-CH,-CON(R*),, -(CH,).-CH,-N(R»)CON(R*),,
-(CH,),-CH(R)N(R?),, -(CH,),.-CH(R>)-OR™, or -(CH,),.-CH(R?)-SR?;

each R® independently is a substituted or unsubstituted mono- or bicyclic ring system;

each R* independently is hydrogen or a substituted or unsubstituted aliphatic, aryl, heteroaryl, or
heterocyclyl group; or two R* on the same nitrogen atom, taken together with the nitrogen
atom, form a substituted or unsubstituted 4- to 8-membered heterocyclyl ring having, in

addition to the nitrogen atom, 0-2 ring heteroatoms independently selected from N, O, and S;

each R’ independently is hydrogen or a substituted or unsubstituted aliphatic, aryl, heteroaryl, or

heterocyclyl group;

each R™ independently is hydrogen or a substituted or unsubstituted aliphatic, aryl, heteroaryl, or

heterocyclyl group;

each R independently is hydrogen or a substituted or unsubstituted aliphatic, aryl, heteroaryl, or

heterocyclyl group;
each R® independently is a substituted or unsubstituted aliphatic, aryl, or heteroaryl group;
Y is hydrogen, -CN, or -NO;;
mis 0, 1, or 2; and

Z' and Z* together form a moiety derived from an alpha-hydroxy carboxylic acid, wherein the
atom attached to boron in each case is an oxygen atom; or Z' and Z* together form a moiety
derived from a beta-hydroxy carboxylic acid, wherein the atom attached to boron in each case

is an oxygen atom.
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88. The liquid pharmaceutical composition of claim 87, wherein the tonicity modifier,

when present, is sodium chloride.

89. The liquid pharmaceutical composition of claim 87, wherein the buffer is sodium

citrate, and citric acid.

90. The liquid pharmaceutical composition of claim 87 wherein:
the alpha-hydroxy carboxylic acid or beta-hydroxy carboxylic acid is citric acid;
Ais0;
R* is isobutyl;
R* is hydrogen, C, ¢ aliphatic, -(CH,),,-CH,-R®, or -(CH,),.-CH(R*)-OR™;
P is R°-C(O)-;
R®is -R”;
misOorl;
the buffer is sodium citrate and citric acid; and

the tonicity modifier, when present, is sodium chloride.

91. A unit dose liquid pharmaceutical composition comprising the compound of formula
I-1):
O

% va . CO.H
N B~
H/ﬁc; 2 COLH

{ T
(I-D

wherein:

the compound of formula (I-1) is present at a concentration of about 0.5 mg/ml to about 3 mg/ml

of the compound of formula (VIHI-1).

92. The unit dose liquid pharmaceutical composition of claim 91, further comprising

sodium citrate, citric acid and sodium chloride.
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93. A method for treating cancer, comprising the administration of a therapeutically
effective amount of the pharmaceutical composition of any one of claims 24, 52, 57, 58, 59, 72, 77,

and 87.
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