BORONATE ESTER COVPOUNDS AND PHARMACEUTI CAL COVPCSI TI ONS THEREOF Priority
[001] This application clains priority fromU. S. Provisional Patent
Application Serial No. 61/132,244, filed June 17, 2008, and U.S.
Provi si onal Patent Application Serial No. 61/211,499, filed March 31, 2009;
bot h which are hereby incorporated by reference in their entirety. Field of
the Invention [2] The present invention relates to boronate ester
conpounds useful as proteasone inhibitors. The invention al so provides
pharmaceutical conpositions conprising the conpounds of the invention, and
met hods of using the conpositions in the treatnent of vari ous di seases.
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[15] FIGURE 3 is a powder X-ray diffractogram of
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expression of cell adhesion molecules, such as E-selectin, ICAM-1, and VCAM-1. Zetier, Seminars
in Cancer Biology 4:219-229 (1993), teaches that cell adhesion molecules are involved in jumor
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activation makes cells more sensitive to environmental stress and cytotoxic agents.

[008] The proteasome inhibitor VELCADE® (bortezomib; N-2-pyrazinecarbonyl-L-phenylalanine-
L-leucineboronic acid) is the first proteasome inhibitor to achieve regulatory approval. Mitsiades et
al., Current Drug Targets, 7:1341 (2006}, reviews the clinical studies leading to the approval 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 er al., Anti-Cancer Agents in Medicinal Chemistry, 7:359 (2007), and Roccaro et al.,
Curr. Pharm. Biotech., 7:1341 (2006), discuss a number of motecular mechanisms that may

contribuse 1o the antitumor activities of bortezomib.



each RB independently is a substituted or unsubstituted nono- or bicyclic
ring system each R4 independently is hydrogen or a substituted or
unsubstituted aliphatic, aryl, heteroaryl, or heterocyclyl group; or two R4
on the same nitrogen atom taken together with the nitrogen atom forma
substituted or unsubstituted 4- to 8-nmenbered heterocyclyl ring having, in
addition to the nitrogen atom 0-2 ring heteroatons independently sel ected
fromthe group consisting of N, 0, and S; each R5 independently is hydrogen
or a substituted or unsubstituted aliphatic, aryl, heteroaryl, or
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or experiencing a recurrence of, a proteasone-nedi ated disorder. [31] In
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[33] The tegmialiphatic" or "aliphatic group”, as used herein, neans a
substituted or unsubstituted straight-chain, branched, or cyclic Cl_12

hydr oc a][ bong14ph FIGURES2 € @ afatedal syansiag salon el (Qscymrﬁm gRORE@E mlygmcm glor e
units of uns r gt i ti sui.t abl e
aliphatic gr Olf%r%l (ngﬁjﬁg xgm%s%l)c{]%k)slo‘ggis %ﬁhg%%e?zartm&?)éﬁmfmda’n?'lwh%tfug ched or
cyclic al k)ﬁroxﬂéﬁi@éwy@bmf@ﬁeﬁtwwilﬁ8‘g¢6ﬁb‘éﬂﬂarl\d hybr i ds t hereof, such as

(cycl oal kyl cl oal k ),al k or (c cIoaIk al ken yI | n various
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as part of gglarger noiety, refer to a straight or branched chain aliphatic
group having from1l to 12 carbon atons. For purposes of the present
invention, the term"alkyl" will be used when the carbon atom attaching the
al i phatic group to the rest of the nolecule is a saturated carbon atom
However, an al kyl group may include unsaturation at other carbon atons.
Thus, al kyl groups include, without Iimtation, nethyl, ethyl, propyl,
allyl, propargyl, butyl, pentyl, and hexyl.



(035] For purposes of the present invention, the term"alkenyl"™ wll be
used when the carbon atom attaching the aliphatic group to the rest of the
nol ecul e forns part of a carbon-carbon doubl e bond. Al kenyl groups include,
without Iimtation, vinyl, 1-propenyl, 1-butenyl, 1-pentenyl, and

1- hexenyl. [36] For purposes of the present invention, the term"al kynyl"
w Il be used when the carbon atom attaching the aliphatic group to the rest
of the nolecule forns part of a carbon-carbon triple bond. A kynyl groups
include, without limtation, ethynyl, 1-propyny|, 1- butynyl, 1-pentynyl,
and 1-hexynyl. [37] The term "cycloaliphatic'', used alone or as part of a
larger noiety, refers to a saturated or partially unsaturated c C|IC
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cycloali phatic, or heterocyclyl rings, where the radical or point of
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phenant hri di nyl , tetrah drona i.ndo , phenoxa2|nyl

benzodi oxanyl , affdPBEHRFE Fﬂ§8ﬁy$aEﬁﬁ“ﬁlVFogV%%ﬁLnay be nono-, hi-, tri-, or
pol ycycli c, pp@fgr@gby nono-, bi-, or tricyclic, nore preferably nono- or
bicyclic. The term™aryl" may be used |nterchangeably W th the terms "aryl
group”, "aryl m®hgitdgen or anninadgrytlp-bldckige moiety); 40] An "aral kyl " or "arylal kyl"
group conprlses an aryl group covalently attached to an al kyl group, either
of which i ndepitadrotey. G:s aliphttic Shaflyopakinhisist {GHA-&ELRr ef er abl y, the aral kyl

gr °?’E’c'1 3) C|6k1? al mhzlé %@ﬂkcwmtvn@@xo (@ﬂzx,ldrgit@\a“ %Ncmmcr@ﬁ«(mt:?]mllv>z |

ary al kyl, i u on enet hy an

napht hyl et hyl . ) %Tg#ﬁngg%nggyh(%%ﬂ%é}yr Hg %ﬁé%eﬁgar- , used al one or
as part of a larger noiety, e.g., heteroaral kyl, or "heteroaral koxy", refer
to groups having 5 to 14 ring atons, preferably 5, 6, 9, or 10 ring atons;
having 6, 10, or 14 it electrons - shared in a cyclic array; and having, in
addition to carbon atons, fromone to four heteroatorns. The term

"het eroatont refers to nitrogen, oxygen, or sulfur, and includes any
oxi di zed formof nitrogen or sulfur, and-any quatem zed formof a basic
nitrogen. Thus, when used in reference to a ring atomof a heteroaryl, the
term "nitrogen” includes an oxidized nitrogen (as in pyridine N oxide).
Certain nitrogen atons of 5-nenbered heteroaryl groups also are
substitutable, as further defined bel ow Heteroaryl groups include, wthout




-Nar)-C(=NR.)-, -N(R)CO, -NanSOr, -N(127)S02N(12!)-, -0C(0)-, -0C(0)O0-,
-0C(O)N(R..)-, -C(0)-, -02-, -C(O)N(In-, -C(0)-C(0)-, -C(=N€e)-N(12+)-,
-C(NR*)=N-, -C(=NR+)-0-, -C(OR*)- =N, -C(R=N-0-, or -N(R-N(R)-. Each
Rl -i ndependently is hydrogen or an optionally substituted aliphatic, aryl,
het eroaryl, or heterocyclyl group, or two IV on the sane nitrogen atom
taken together with the nitrogen atom forma 5-8 nenbered aromatic or
non-aromatic ring having, in addition to the nitrogen atom O0-2 ring

het er oat ons sel ected fromthe group consisting of N, 0, and S. Each R*

i ndependently is hydrogen or an optionally substituted aliphatic, aryl,

heteroaryl, of Rejd; eptgay{)hawegmuoﬁ%m@ edi!ﬂ)emnﬁently is an optionally

REEORpEA L N, A G e SRR R D

- CH20( CH2) 2-, - CEROLCHRHBR"): - CHIHABIR R ™, of -CHIR), ZBIOHRSR’; - ( CH2) 20( CH2) 2-,
- (CH2) 20( CH2) 3-, - (CH2) 30(CH2) -, - ( CH2) 30(CH2) 2- . and - ( CH2) 40( CH2) -
Qt her  exanpl erachy” ’a‘l’eRW%'He’SE TeRS Cp4plphatis s Thiosqpliphatip{CE-CleRh f unct i onal
gaz gpS( Ic& g I) ude ~OHARZHLIQ=NRY )melngm%(@@w(R )% mﬂgs@ﬁfrﬁzmi’m(égwgz;)é
- Z* 4- , Z* (01 -,
4CH2) 32*(0- 12) - ‘&‘%g’ﬁ*@?f & Q:H%% @1‘2 %@/’ﬁ)ércé"l‘%%% i's one of the
"i nt errupt i nggachf RANGepeaeally igs QﬂmﬁnddIoSﬁn@ﬂastﬁnhQMﬁono-[&ﬁZﬂchg}@ s@fer@r di nary skill
inthe art wll recognl ze that when an al kyl ene chai n having an
i nterruption €agh Rtindershdegtitiphygroganeca jubstiaited gr owybsting@iratiptiate, aginisienatyl, ons woul d

not be suffici emdraeya)u@ab@oh% Rpa\aﬁema&@még@mmrymem lhyrvﬁmnlnﬁmg%
chem cal ly feasibl resent

e
i nvention. A st a?)T%rm as S‘é‘%e%%{ ”T‘S”bsf‘ Efgd'b‘f’g"88%‘%5’3‘?1‘80?3’5'3’]6%8%6?1 mai nt ai ns
its integrity | mgﬂeﬁqwghrosﬁm afgen. %%eﬁahetefoetpmt inépagetly etscted frqur pdrgupact i ¢
adm ni stration (fRsidinpPadN edndsPreferably, the chem cal structure is not
substantially altered when kept at a tenperature below -70 C, below -50 C,
bel ow - 20 C, eathd}’inde@ndgptlyos hybekmwr 2@bGiuted pr dnikdsiabsialigetiofryneiestyr & or ot her
chem cally reacltléley&y@)qgghgl ons for at |east a week. [0531 The term
"substituted", as used herein, neans that a hydrogen radical of the
desi gnat ed nmaeltl'y Jh(&pdn&@k!ﬁﬁﬁﬁﬂrc&gbrt(h abubtinitarhr aabbsoifitc QaHRAE lafyl, @dlersafi St | t UENt
provi ded t hat t@%r&y@ﬁ%; ohpdtion resul ts in a stable or chemcally feasible
conpound. The term "substitutable", when used in reference to a designated
atom neans tdatr"ahdepshedy is@ydidpen @ta@mmae@orhysdtssﬁaemalrp%b GA), hetiblinfklar can be
replaced with the ra cjh,cl%l of a suitable substituent. [054] The phrase "one
or nore substituents” cas used herein, refers to a nunber of substituents
that equals feraa,rnﬂmaspea&mtyhea Miu@&ﬁﬂdﬂ%@ﬁ&ed‘%fupréﬁbbﬂl'&H&Q&a?yl PRSI bl e based
on the number of avail abl’e bonding sites, provided that the above
condi ti ons ofY shaieger,tgN.andNGhem cal f easi bil | ty are nmet. Unl ess otherw se
i ndi cated, an optionally substituted group may have a substituent at each
subst it ut abl & 58sk Pi%#dof the group, and the substl tuents may be either the
same or di ffepnen o) use her ndent |
"i ndependent I % sdt% %?téﬁ}mrrr‘égﬁwty &?1 i'"aﬂ ah “”‘af*’r‘?"ég‘éﬁ‘?‘? b r‘f",feg‘gmay be
sel ected for nuteh plaghed Wéjpfane@scheéseaagpvmwp%h@ﬁ wgehesfong# moigpnpound.
[056] An aryl (dencddudinibetRfireky YdrodtRic@tiY, Whbredhidlabsdlattachdadd dofb)n cadl MdeOXYal Kyl
and the |ike) or het eroaryl (including the heteroaryl noiety in
het er oar al kyl and’ REtErSst al koxy and the |ike) group may contain one or

nore subst igue nf:ﬁnoﬁ@‘%ﬁ&l ﬁé plggem%lrUer‘itl%p Lt%vﬁéélaf?arr:'m;c&lﬁ&ﬁ §onQ)QS|tEolﬂ§coH §sﬁ'ttglt”eat ed
carbon atom of an %’E}:‘&“& het er pary u?rou include -h

-Q(R¥) =. . C(:?_gggogn ora cm&lhne fgw erg( GI}W m@@?pgpwngégqg{mbcd hw N( R ) 2
-N(R) 2, - NwWi@glojcRne proﬂﬂtl&kﬁ(oﬂéd\d(rdiwjaﬂnaceuh(a\@usagéfﬂiﬁﬂ?+) N(R+) 2, -N(RLC(=NR+)-R,
-NR+CO2R0, -NR. SO02R, -NR+SQ2N(R+)2, -0-C(0)R*, -0-CQ2R*, -0C(0)N(R+) 2,

-C(0) R, &ghk In ana@(egasp@( 61)3 R»ventmmmcﬁ( zp[)hgrmace@(u@b qq(npp.sﬁ)ommpnsmg the

C( 0) N( RlC@erhﬂRﬁ;)d—oNfoRﬂn)la?U) orN(cREGKTOR A A, ir?d"ﬁ)ddl@(ngl)e%ptemsgéscﬁﬁd‘ herd(, RT) 2,

ook e A R R N B, 1 T e

as defined above, or two adjacent substituents, taken together with their
intervening atons, forma 5-6 nenbered unsaturated or partially unsaturated
ring having 0-3 ring atons selected fromthe group consisting of N, 0, and
S. [57] An aliphatic group or a non- arsomatl c heterocyclic ring may be
substituted with one or nore substituents. Exanples of suitable
substituents on the saturated carbon of an aliphatic group or of a
non-aromati ¢ heterocyclic ring include, without Iimtation, those |isted
above for the unsaturated carbon of an aryl or heteroaryl group and the
following: =0, =S, =C(R")2, =N-N(R")2, =NOR*, =N-NHC(0)R*, =N-NHCOZR,



[66] As used herein, the term"hydrate" is a solvate wherein the sol vent
nol ecule is H20 that is present in a defined stoichionetric anmount, and
may, for exanple, include hem hydrate, nonohydrate, dihydrate, or
trihydrate. As used herein, the term"anhydrate"” is a conpound of the
invention that contains no H20 incorporated in its crystal lattice. [67]
As used herein, "crystalline" refers to a solid having a highly regul ar
chem cal structure. In particular, a crystalline conpound nay be produced
as one or nore single crystalline forms of the conpound. For the purposes
of this application, the terns "single crystalline fornf or "crystalline
form' are used interchangeably and di stingui sh between crystals that have
di fferent pp2Reild inederpeeqy.the idieftibe prevites XRPRDnpatitad canpositgp Edrapriemg thOSC scan

results). T&Hﬁaun@@t?&m@fa%ﬁ 'opgé s&ﬁtlné/ m mge(@md Rf&%r@?&&b%ﬂp&%bé&fm@nCOWPOUHd
|s considered to be |st|n %?hg e cr sta{?lneformhereln [ 68]

" Subst ant i asl“l“'i}’ e(f?’)}@tpéﬂdi“it‘ﬂ'b@f" g EpharTagputca d(?f‘f‘ﬁ‘b HY that may be at |east a

particul ar g T t. ages are
oo 200 U uPREaTEL LG5iel s Bl beeHiglonkBl BNieaBREER: 555, o1
92% 93% 9‘?4?%30“95%““9’6%’) 9"7%’3”59‘9"}6 f"gg%ffe‘ggi %a@gp@%“m#vbaw per cent age
bet ween 10% ntially Lline refers
to conpound@?ﬁha? amt{er a%?mlsuge "évtes'%%méir 34 a“lhf“fc?lgwgl 170t Hm com?r%smglﬁnents

subst anti al 4oy1p@m99ftfamuiaﬂé of pfrfaling fyrre &ﬁfmfmfdlsr mva'ea"m lubrigpnt) optipppllyg0 9y

crystal | i negow-§i®9d opSsistaantriral |y pure” refers to a conmpound that nay be at
| east a particul ar weight percent of the conpound. Particul ar wei ght

per cent agesltzi e Imimotitr a0 thedingion 85%les ablernacO (o4 capotionFedprismbthat 92%

about 93% &hRMid Wﬂnuﬁb@%ta&ﬁ%smaﬁwthe@&%bu&ka@u%em%%bﬁk&put 98% about
99% or about 99.5% [ 70] Unl ess otherw se explicitly stated, structures
depi ct ed helw2d1n lametheragatt, theGmiemh udedfaIptocdagpdfoaﬁxegrpduawmyﬂhemfe@acest@hlvat es and
poI ynor phs $oh$53ﬁf?,ﬁsofm[:7nllnn€§ used herein, the terns "conpound (1-1)" and
"4- (R, S) - (carboxynmethyl)-2((R)- | -(242,5-

di chl or obenpaori dmarametaamt,dmz)m@mtmbdaylidsutey»bc)s-fcﬁﬁem&-oi;haplﬁfmﬁc@x‘abori nane- 4- car
boxylic acig r fornmns.
Both terns ¢ gvfpgsqt%ng‘j&ﬁh édv%t(t)ﬁr{) %Bﬁ%g&;&s ((«}Qg o%l‘n&%@?e@é]&mfg OYeSng"eMt g LA in

t he Exanpl e@cwwcm\f?wewwwdﬁﬁﬁﬁwmml and Form 2 [72] As used herei n,
the terns X h 24(R) - 1-
(2-(2,5-di c@?gpo ‘é"r?tzhgrnqls%%t)tgec’%‘fmém v'd%s me& ?15\?% but yﬁc)?%éxﬁa uggab di oxabori nan
e- 4-car boxymrrwoset@mcpfrfmwr@mfaﬁéﬂttfgféﬁmwﬁ%aeqe&hangeabl y. Both terns refer to
the crystal e. form 2 produced in Exanple | Form2 and Exanmple A in the
Exanpl es beh%fEH 73] As used herein, the terns "conpound of fornula

(M11-1)", and "(R)-14(

di chl or obe n@é?]nl%%ft&'é‘f“dﬁﬁeﬁé‘f"’isﬂﬁeé’t B LU PIPIBEME if ©eared iprefeiabofs e g

i nt er changeahlyutivelfia@esomgadintuedprdcasomdl a (V1114) is disclosed in U S. Pat.
No. 7,442,830 and V\D 09/ 020448. [74] As used herein, the ternms "conpound
of formula foh315ke term SRR B akphatit 2loup’ aé%@sedﬁlgrég’)mearﬁ'é@ubktﬁlﬁgi de ﬁﬂsﬁﬂstﬁﬂ&ﬂgeabl y
and are used tg é 3 %odthe mtr@te es h%x e Ieddor(v ik and
t he conpoundBPEdtLSE PR BELHE (e -‘5““’8?‘ 2 he™EXE ??fﬂp@ yBe‘f% ["7'?51 ,5\5

herei n, theoteermer amtls\yﬂrnsadedtwruhledfhlcwsme‘fﬂ@r@m@ﬂt%a@f%wt@mabpfa@q &!P"B%Jch as

t hﬁb CorrFounﬁllleJetsfl@ﬂtm & uks\bstituged ;nreeff lﬂ'ﬁrﬁh&i@r eifhen, Q@Anylwamwrgaouﬁmnme?hb?/

conbi nati on WO C ni,.c a Wi 0SS
of one or rr[?&’ ds\/%e(egf LI"FEDS {ng‘/% 'g\’ﬂ e"&i&?kyf B Sl gkrygatgeﬁqp Jor ¢ (')dr‘f?c acid
anhydri de cenipdamsds, Msahghetrcatoemlhasé)tfriél 1eta§é to b 16 4.0l Pdrabrng aci d conpound.

I n various enbodinents, the boronic acid anhydride can conprise two, three,
four, or moPdhokhkrmes dky'a UM sard sl anseH AV o AR Pl adargy mpiptydefpr o4

confi gur at i @nightNe brajchedi chiimgipexagmipdsyind frool 1 gohektios atyoy: &b porpaes of tenhydr i des
of peptide ho eﬁ’tr?r'wgmﬁﬁ tﬂﬁerm@@tmmmsem@n ehgymh 5@&1 a@aaﬁng tﬂéamataﬁ@gr el ow.

[76] 1 B.. formula (1) d (2), the variable nn is
an integer TG CEMAROERISH TAEBCAHEIE #9, H?J‘?‘eé?re"’r“éﬁlﬂﬁ‘ﬁp miy'“"'“de

unsaturation at other carbon atoms. Thus, alky} groups include, without limitation, methyl, ethyl,

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



(1) (2) 2, 3, or 4. In sone enbodinents, the boronic acid anhydride
conpound conprises a cyclic trimer ("boroxine") of forrmula (2), wherein nn
is |. The variable Whas the formula (3): wherein P, 12'2, A Rat and IV
are as defined herein. [77] As used herein, the total weight of a single
oral pharmaceutical dosage formis determ ned by adding all the weights of
the conponents in the oral pharmaceutical dosage form and does not include
t he wei ght of any coatings which may be optionally applied to the oral
pharmaceuti cal dosage formafter it is formed. The total weight of a single
oral pharmaceutical dosage formis used as the basis for calculating the

wei ght per g3} ags p%os@@&haegfes&hﬁvemﬁmé}@m §|kénpnatm:909mﬁ Wi tm%b% R

phar maceut i cag dglsa‘ﬁ) orm As used hereéin, noi sture” used in
ref erence t9*4He E%8 g?“éﬁ’t"”%i‘j “':i F the mojepulsy forms @prigfa C%’Pf’"éﬁb‘é%@i‘% WPt that has
a wat er comtleny! gokpsdirbude, “&hcﬁ%mxcanabmuyl m&/opeﬂ'ﬂe -Huenym) 1" de@vyTBidSthateyl. May be
used mterchangeabl y with the term"| owwater" 79] As used herein, the
term "1 yopHP36i 2 BRY Paosgnl the pregeqiipventiogythe terpg syl »lbbe el avheny thef caben 4t any

sol :j dhmat el‘ana:hmg)lhéalpﬁeﬂldgbypﬂoytﬁlﬁdﬁldfr;jhl&bleﬂﬂb feﬁmsamaqu&am@qa%w&ﬁd [ 80] QS
used herei ny, ik QLG Vs ){ rs, Lo ag jch contribute
to t he osnol a){n?{%r ES:"I UF u(lgjtttl ofaggolﬂt';f ﬁ’)h.prrog “gllfbu wﬁggegivﬁgf ein, the terns
"boronat e e‘sﬂe@f"y and ' boronl c ester" are used interchangeably and refer to
a chem cal Gont ing a. -B(Z Z' and Z2

t oget her fégaq %mgr ?/Vw%é)ﬂam g %r%rgésgp a%:fr?r{ogetr mX’BtEST’ Ffsf"r"i‘sét%f&’ ¥ase is an
oxygen atorPFmaJ[YBQSPt“FaF?d§t¥hﬁﬂ@h4§éﬂ$wm%havmhé0fbésmwé4lecsmbeqs wheiciethy | s a

5- nenber ed arpﬁag:rmk@ys&ﬁﬁﬁopﬁﬁr}ﬁ@’su&ﬂhﬁmH@Ma&mbb&ﬁen@%@@@%ﬁnpﬁaﬁ&ﬁ% noiety is a
6- menber ed ot .he d| ne oronat e est noiety is a
i xt ur e Of nl;olnggchc ngdn?cfourrgn haw&gg 881'@ rglg carﬁ%n ealt_oe lreanl?lmltmg T:xg@rlesAgc?udg ed herein,
the term " &YPIPERPHyIFIBY ! curapesyH drdorsesprt: cw@flwlscw'eh&aembmpbhmdl t hat contains

a Ihydroxyl Ol hikientl, f}@ﬁﬁdt)y c@aictoaﬁrkwdnd@ctaoc&aérmrlnﬁiniamnbdau@ﬂts akdpha position
relative tq.a,

rbo C
5l iy ARy b‘ld?ed% £ bk B R B TRANEE B P10, bW d B b opgomrmpounds
havi ng onl yvharﬁ’éawyeﬁ*‘a ““@r"b‘l]@‘%[ﬁ‘& ftﬁﬁ@“@@l‘*ﬁfc}x%/fmﬂ@mam d group. [84] As used
her ei n, drox ar Oiﬁ%gl C aci efers to a conpound that

rm
cont ai ns a???tsgr So'fw o 8d‘ i P%’c? ST PP YRR g th % 0815’11“?58 AR B PHEDY et a
p05| tionr eﬂltaﬁhewéerteomaﬂmtmﬂyﬂm a cpendlygutetiiped f0sd fige 6 rasbagidaombiver 3-er m

“bet a- hydr exgt m@rﬁﬁcﬁ@)ﬁw drémaAE Lifh hablﬁg m@ﬁné Halren%ﬁlgrﬁsdsefecgedt}ﬁmJ thJEr(;uggonrs gm%gfnpounds
havi ng onl %, car Oxygl c acid group As

y
used herein, 8@ g’?“ﬁ’ltalen%ﬁ'ef’ﬂ'fgﬂé’p‘i“\? YEHHPRHC dnepiia- aFﬁf'éFF‘bS?)?“ed’éF‘Bréxyl ic
aci d" ref ersl. ﬂ‘@:wfaarﬂmr btigrodydyimpgh. Bipnlimeiraekanpleaintiydtriaigen Sat7¢midfadm: a

carboxylic q@xﬁéﬂ@hd@d H&hﬂ}dﬁﬁhpﬁhﬁhﬁtcg%g&r%}fhtﬁ@r“m%%le kaicA6H thikBdaR¥mdnBEOVI Ng a
hydr ogen at omﬁ om a hydr oxyl group directly attached to a carbon atomin
|

an al pha pds nm%éfétlve to the carboxylic acid group. As used herein,

the term” rmnpt Yred&hak MEE i o %seﬁ@ﬂ)@cd?)fs%’af??ya :&gerrh,%ybo%f Gl argi grs to a

noi ety fornme g%)/(rem)wn a hydrogen atom froma ca I C acl vmthlna
bet a- hydr oXy “ParHERY | FEr éFdw&rfdfwﬂfr'EH’BW%Camww BRGAT @%Wﬁ%ﬁﬁ a
hydroxyl gradishisdpticadtylsybsatitd ddaatotha argieprdup i 2l @Ryl gogr. BBA groPesitlidepn

relative t%it%&l@i:lﬁ%ﬁl@tpf%wi%a@ﬁﬂyg a:gira%ﬂcenpeinas'mlngﬂm%ﬂﬁﬂté Riola chﬂf the

| nventi on ‘E 1‘ I n enmbodi'nment s | aC| I's characteri zed
by for mul a Sytuents on @I(“?/‘)”“&H@ﬁ"’éi"ﬁeﬂﬁé‘é‘l‘i‘ B ‘“%@‘%r‘i’dg @‘”f‘%ﬂfﬂ’éb%éﬂ‘f‘l‘yy i's
hydr ogen, +@82hicd fosed &- 18 tHoginbdradtashatd or UNs Blak nbdredinedl ardinitip iag haGing @B Yhe

het er oar yl hggroﬂﬁs%glgg%q}o%lth%éag pﬂnsisting 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 heteroaryt, 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, quinotyl, isoquinolyl, cinnolinyl,
phthalazinyl, quinazolinyl, quinoxalinyl, carbazolyt, acridinyl, phenazinyl, phenothiazinyl,

phenoxazinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, fluorenyl, indanyl, phenanthridinyl,



[87] In some enbodi nents, each of Rb3 and Rb4 independently is hydrogen,
Cl.6 aliphatic, or -(Ch2)p-CQ2H, and pis 0, 1 or 2. In sone enbodi nents,
each of Rb3 and Rb4 independently is hydrogen or Cl4 aliphatic. In certain
such enbodi nents, each of Rb3 and Ri s independently is selected fromthe
group consi sting of hydrogen, nethyl, ethyl, isopropyl, isobutyl,
ten-butyl, and cycl ohexyl. In sone other enbodi nents, each of Rb3 and Rb4
i ndependently is hydrogen or -(CH2),-CQ2H. In some such enbodi nents, pis
. In certain other enbodi nents, each of Rb3 and Rb4 independently is
-(CH2) p-C2H. In certain such enbodinents, pis!. [88] In sone
enbodi nents, the al pha-hydroxy carboxylic acid is selected fromthe group
consi sti ng tefabgdrgrepiithvs indelingl, phampkizénylabrngpdiokaaylatnd deraodioriele! iAe aabdrerP m8Y tri c
gc Ihda 2- hy OOxMb-SRDYL Yot b&yciGic, PrefdiBIFhb-Coia6i Ldeyglkcaﬁ%riz ﬁref%ﬁit)lﬁ fIONO- Of id 2

ydr oxy Y me utyric ac -
hydroxylsoc%ﬁ?%:gE%S%BaWLWﬁygéﬁ%*wﬁgmd§%gyw‘ﬁh%%wg K ﬁ“mpénggﬂmﬁﬁhts t he
al pha- hydr osny "wdmrbeoxyl i ¢ acid is selected fromthe group conS|st|ng of
glycolic acid, malic acid, hexahydromandelic acid, citri gei
2- hydr oxyi s@flt i e=id] o, "arvad i PR coreries aF gk gvplgntly tane alkyl
2- hydr oxy- 3gr&pd¢lﬂh’8‘tohyhib'uh§epﬂﬂ¢€ﬂﬂbciﬁ optio@slly kwpelimaedy PBtermbly hiyd dolityy grpuwp iaci d,

2- hydr oxyi sec%p;]ea ?axﬁﬁ'@m aw:mmypm@,mqryu@rg%n@ﬁmzm&;ﬁgcwmdmdmrbn%ﬁzmal n

enbodi nment s p a- roxy carboxyli'c acid is citric acid. Sone other
non-1i mi ti ngfeRyhprias *ﬁ a- hydr oxy carboxylic acids include

gl ucohept o a ind, $§qugﬂgg Cos FER-TaTo actaric acid.
[89] In son@ggngggﬁﬁgpﬁéggﬁﬁzﬂg emr dr oxy (%CF &&% aé%acf%?%zgd by fornula

(VI): (VI heerspilylpi hasdearplkary” 1%&%{?1%{0%?3%'%58&%‘%&%?% Pelerahly ar%yahl® - conH,
-OH, or a stilistdnisiHa@ds N0, unBIUREtdhikheed iak phiadrtag, andirayihg, ihm@tigsnoacaton or
het erocycl vl 45 QLR onG260: h@&m%ﬁg,fagegmerﬁb hétaga‘?&#r}gﬁfl{oln}{ro%eﬁ Qb QI8 ur, :m@ 214,

or a substltuteﬁ or unsubsti hatic, ary eroaryl or

het er ocycl yiclgiedy oxigieddpym of piosep e S'&F"é aggaoy ay %Wﬂ%ﬁtalbﬁs‘w&gﬂ’g dh’ and
RRb3, t akenwhaget ekfemwhdelb 4 ing av@oDorembgide teon Niitiogdn” tnbledes ar exided ached, form
an_unsubst | nggg%ﬁ%a% ﬁw&@w &&He)e%eéam rru?og& SHRES Gemiad haérwﬁyogps AN Egv Lng

0-3 rlng het er‘oat or sel ect fromt group consi stin

wher ei n sai asbww@lenﬁﬁm@ﬁtdﬁ%ﬁ%m‘r lS’é‘E‘F’%‘eg&’“Pb'"%‘r‘?euﬂ'é%B i é’awﬂ%

subst i t ut edddivedifenBhinghaizefuad, prede, Bfidia@d, pgratolengaok, iGrzdlooGzaeivverdd aromati c
rN' ng ngag ngmgagz?re' tng che{saﬁ.%ie dlaaaé %9&&1@ Jyasm& Eﬁ &M@%@smu ifag of 0,

are absent, and | ether with
the carbon &wPBHEiding: Riﬁ‘i‘f"&?\ PRy iding: "&’ldf‘zﬁ@ﬁ@’(ﬂe °f°6?'?ﬁy5‘i"i“%?‘i‘§ffﬁ‘§‘9”i' Rt ed or
substltuteduﬁxm$9uﬁmm@ﬁmeme&m&mnnﬁmumdnmﬂgmhammngfﬁu&dmuﬂgxhetemoatons
sel ect ed fforsﬁléah&n%%& HORASE SldoNgnQhail pr&#uce%greﬁovamgrh%rg%eﬁaagax AWy rrgy

optionally be fused to an unsubstituted or subStituted 4- ngnbere

non- ar onmt i te pirEghergparomstic fng systepe Ahrapd! Gf g RE TR Ge eS8 13 ng

het er oat ons ths et the ehofecubimbihie cgital o anycutsiitgthbleygpsiodn i@ anyNingafudle @Bren{ 090] | n
sone enbodi geOL.S, 8RENQh. Rl and 1452 independently is hydrogen, Cl145
aliphatic, -(CHZ)p-OH, or -(CH2)"-CX2H, and pis 0, 1 or 2. In sone such
enbodi nent s [p4Ea0R s@fe ciodignd, tRb 2djdcant i@ oh thd IRteBAYE tabdni@ktha With the

enbodi nent s | & nts each
of 14b3 and‘“ﬁbR%”‘"%d“egﬁ‘eg: g‘ﬁrq\ m@“”’%%%@“ﬁ%@ g g‘%ﬂ‘ed‘%ﬁa‘fﬁ ?Jgﬁadg?p‘??dm p- CO2H,
and p is 0, mgmpgredzon-pramalis fiag *@h‘ﬁ%‘?ﬁ ArgrPe€oatam Sslegpd fmmthfa&mp%m?"ﬁa%% dent |y

i S hydr ogenagrs. GAgs, &t icpidakdteCoaryl” Iﬁnd)‘ﬂét&radrﬂ aSLﬂE:hlh@diibﬁdi iRk grou@ackhiofa Rb3 and
I'tb i ndependen hQ o] en,

el o hﬂ;zergarymmén éﬁj ﬁ&h%dqb ABLAT SiQH i mtwggg ra%e% man tain
ot her enbodrqffﬁﬁtospmféa aghfrenRls gn aﬁhptwwmame*@ewer@mqngleﬁagwiei oyt ndeddpH,  and p
is O or!. [.s8.2<]ozyT hﬁnzﬁﬁi’eh)@,mﬂﬁo{ﬁrahy&, dmenzafuraﬁ},ﬂ nﬁiazolylﬂ b&ﬁi?fﬁ:la&ﬂﬁ]dﬁhmdi]ﬁ, p is 0
or 1. In certain r nts, pis 1.
[93] In Sonéenzo zoc?jyl ﬁein? gﬁs Eolyﬁ Cdm%lﬁl hlrﬂ'nezlpagyseqdn zo! 1%’199.81 %3 taken

t oget her wi atindlisaylcearol. ardivg. Rhersgin! (Phenpﬁé?"bdrPée“a’EBF‘aﬂﬁé‘ffhde‘tﬂP‘ﬁ?’%RY‘

E ubsti Ih t gt ed m@ahyuﬂasbtpsmbmtyumwm&nw] 1 4 loRdin- 3(4}{)34&h Alk&te&ﬁﬁBgr&fﬁbrﬂdbd’mb-Sf t hle
et a- hydr oxy. car box s Selected fromt [ of malic
aci d, C|tr|§ Ci R e CCﬁ:Fm%m%h VPlclé%F%% Ompﬁﬁﬁggx |s§€§ﬁgﬁ%gﬂgC|d and
sal i cyI ic a@l"ﬂ heterpasrbrmybq%é#mterﬁ'ww#%wwhe ‘Ffﬁ’é 'B@Pé!?'ﬁy‘ﬂr pxyetEsBoxyl i ¢ acid
is selected fromthe group consisting of malic acid, citric acid,

3- hydroxybutyric acid, beta-hydroxyisovd@leric acid, tartaric acid, and
salicylic acid. In certain enbodi nents, the beta-hydroxy carboxylic acid is
citric acid. Some other non-limting exanpl es of beta-hydroxy carboxylic
aci ds include glucoheptonic acid, maltonic acid, |actobionic acid, and

gal actaric acid. Some other non-limting exanples of beta-hydroxy



(1) the variables P, A W R 1lia2, and n have the val ues descri bed bel ow
and the variables RI'', Rb2, WB and R b4 have the val ues described above.
[97] In some enbodi nents, any one of W, Rb2, Rb3 and W} nay contain a

functional group that can forma further bond with the boron atom In
certain enbodi nents, the functional group is a carboxylic acid. In other
certain enbodi nents, the functional group is a hydroxyl group. [98] In

sonme enbodi ments, wherein the al pha-hydroxy carboxylic acid or beta-hydroxy
carboxylic acid is citric acid, the conpound of general forrmula (I) is
a mxture

t her eof, L@l Ry BM1%Q&M}R&I!§§ rif s arB@an%gny su%ﬂueﬁzﬂhﬁéé% “heltBoaMk

characterized by formula UM or (/\0' - 18 - (rv); or

descri bed bel ow. [ 099]

t he a}

ph

jpes

a- hydr oxy

n
car boxyl i ¢ "&E §abobEry SHVBH”‘gEE’/V %FB&‘%&W“&"’"&‘B? ﬂkyl %'}Q@'F‘Frf"'i“é PALPYS, a further
bond can bédémpudesty aeatpiwelly stisdedr boxylic acid in formula (III) or (11i)

and the boron atom Wthout being |imted by any chemni cal

bondi n

in such enfYal nirsed hepeethe I5TS OUPRRtIA Fing) A PraTmatic S EIPEM  EiF AR PHena

%b

t heory,
pr esent ed

by for nmul asdpbajtedahonpd, Ma be il PouRading 0-6, preferably 0-4 ring heteroatoms, and having 6,

10, or 14 n electrons shared in a cyclic array. Thus, the terms "aromatic ring” and "aromatic ring

system" encompass both aryl and heteroaryl groups.

[044] As used herein, the terms "heterocycle”, "heterocyclyl”, "heterocyclic radical”, and
"heterocyclic ring" are used interchangeably and refer to a stable 3- to 7-membered monocyclic, or to
a fused 7- to 10-membered or bridged 6- to 10-membered bicyclic heterocyclic moiety that is either
saturated or partially unsaturated, and having, in addition to carbon atoms, one or more, preferably
one o four, heteroatoms, as defined above. When used in reference (o a ring atom of a heterocycle,
the term "nitrogen" includes a substituted nitrogen. As an example, in a heterocyclyl ring having 1-3
heteroatoms selected from the group consisting of oxygen, sulfur or nitrogen, the nitrogen may be N
{as in 3,4-dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl), or ‘NR (as in N-substituted pyrrolidinyl). A
heterocyclic ring can be attached to its pendant group at any heteroatom or carbon atom that results in
a stable structure, and any of the ring atoms can be optionally substituted. Examples of such saturated
or partially unsaturated heterocyclic radicals include, without limitation, tetrahydrofuranyl,
tetrahydrothienyl, pyrrolidinyl, pyrrolidonyl, piperidinyl, pyrrolinyl, tetrahydroquinolinyl,
tetrahydroisoquinolinyl, decahydroguinolinyl, oxazolidinyl, piperazinyl, dioxanyl, dioxotanyl,

diazepinyl, oxazepiny}, thiazepinyl, morpholinyl, and quinuclidinyl.

{045] In some embodiments, two adjacent substituents on a heterocyclic ring, taken together with
the intervening ring atoms, form an optionally substituted fused 5- to 6-membered aromatic or 3- to 8-
membered non-aromatic ring having 0-3 ring heteroatoms selected from the group consisting of O, N,
and S. Thus, the terms "heterocycle”, "heterocyclyl”, "heterocyclyl ring”, "heterocyclic group”,
"heterocyclic moiety”, and “heterocyclic radical”, are used interchangeably herein, and include groups
in which a heterocycelyl ring is fused to one or more aryl, heteroaryl, or cycloaliphatic rings, such as
indolinyl, 3H-indolyl, chromany!, phenanthridinyl, or tetrahydroquinolinyl, where the radical or point
of attachment is on the heterocyclyl ring. A heterocyclyt group may be mono-, bi-, tri-, or polycyclic,
preferably mono-, bi-, or tricyclic, more preferably mono- or bicyclic. The term "heterocyclylalkyl”
refers to an atkyl group substituted by a heterocyclyl, wherein the alkyl and heterocyclyl portions
independently are optionally substituted.

[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



(I'na); (I'va); or a mxture thereof, wherein the variables P, A R
Ral , and Ra2 have the val ues described below [0100] It is recognized that,
wi t hout being limted by any chem cal bonding theory, there are other
representations that could be used to depict this further bonding of the
carboxylic acid with the boron atomin formulas (lila) and (IVa). [0101]
The followi ng values are described for the variables in any of formulas
)y, )y, )y, (ma), (I'V), or (I va). [0102] The variable P is hydrogen
or an am no- group- bl ocking noiety. Non-limting exanpl es of

am no- group- bl ocking noieties can be found in PP.GM Wts and T.W G eene,
Greene's Protective Goups in Oganic Synthesis (4th ed.), John Wley &
Sons, NJ (26©apassaings havied rudkep)e sees@f ynsawgstiop, bgUb fooinighded mynchidy dry! calmtbraary! noacy!|
groups. [Olgalnems&m grpodi ments, P is r-C(0)-, V-0-C(0)-,

I e- N(R4) - C(0) - S(0)r, or S(0)2-, where 12." is selected fromthe group
consi sting mﬁ7]C112&e afmsph:attallmuscmhaﬁ:aﬂ(yluonimlkhrphahd "Baloaiiel),” reidi cteandlighlne,
variables T [0104] The
variabl e R4 yl aﬁgﬁn dl‘ Slkg N &LI-EL thF%yeethygg %?ch%%&sﬁn@&»?:’lht}ﬁgo%ljr_%ogm

al kyl), thea‘QF%IIAsﬁif?f“i‘?ﬂ'\ ‘*Bfer’\‘i\/rﬁaE’ﬁe“l or "Bl depRsidt %'dBro‘?‘ LuHedmst fuorpe ?"CI n some
enmbodi nent Sl;efe%ahaﬁ)ahy\ﬁh’c&@aﬁmmé hildgén &lkotd, inclufing @ fluatinted Ailpbaic gengss, R44 i s
hydrogen. %&Qﬁe Jm@?rxa%@aﬁp%@ipmcmé »%th%}@nﬂ!nfﬁxlfﬁ&&n&lﬁ@'dﬁlu&%éﬁf&tUt ed with

0- 2 independently se erein ene ain optionally
i s i nter rupFéeeraiFyE REyretiyRE}2, iflupsoethyl Jy ! 2-t¢jfluogsstby, ﬁé%“‘iﬂh‘a%"ﬁ@héfé’nt ly is
sel ected fr@dmamhm@gmoup consisting of-F, -OH, -0(Cl.4 alkyl), -CN,
-N(124) 2, CS Cl4 al kyl), -CO2H, -002(Cl.4 alkyl), -C(0)N12, and

- C( 0) - NH( C148j| Kk Fjerm Eabqﬁgﬂ(’@ Pﬁ&é‘ﬁérﬂf@ﬁtﬂp greqnc f%?iﬂ@l!h%cwﬁciéh%&ﬂaewfﬁtu onal | y
substi t ut edcompbibhd Rinkts tdpZeally coMprist WatGhIsH dsbokh@Bd & siR3H a i shdhas SERBCHAT bon
atom taken e g th the t d, form
a3 to 6- n_-eC,t gr~§ C?r acl‘lam as(:%%g lgucnasaik %E]gglﬁ %’l Cllﬂe HJ\?&G aﬂh?s% ‘l?ﬁael@&pg
unsubsti t ut é’d‘cﬁb’éjﬁh‘tf?‘%ﬂe@?%ﬂbm‘Pﬁoas?fﬁ‘é’a'émd'éﬁr?féﬁ?fs““"'ﬁ‘s “i“‘é knghof upfoky| ene
chai n. [ 0106joutERrtowar in3&themBddimdns, thatkn@sr is AR5 alkyiddBRBhain- S( 0) R6, - SO2R6,
-SO2N(R4) 2, -N(R4)2, -NRAC(O)R5, NR4c("(R4)2, _Nrcoe, _Nuos02R6,) S02N(R4) 2,
-0-C(0) R5, A%y Olth(em)a%yleﬂ@(@%a biv@pe! growp- AG( 0‘)}1‘@(‘1@4}‘ 2is a pithaspedylene
eaclh Rﬁ i ndg@ﬂ;ﬂfi@l’l(fd}m n&e}amqmgﬂmz.@nm@& Q@r&ﬂampa&dl YoSiiast 1 but@sh abBphati c,
ary et er par te ni trogen
atom t akenp? Oéecph%r fromeli 5 !gyu%st&/lited%{ké!er% c{\am is a\é\cﬁ¥me41§l%ne§pc%up in “ﬂ“n% on subst i tuted
4- to 8- nenbeweedthhlerteéw@wwws if 1eplg=e4hm¢i Frybstijupnt-a¥hetibie sewtlwwtww@dmh@sﬁ ogen
a}g om 8- 2 rgagibamemataqmmmm&@nagmpl Yan SR 16 ish ofsb @AY BRBLsGLOUR oRST Sti Ng
o] , 0, an

more ‘positions with an aliphatic group or a substituted aliphatic group.

[0501 An alkylene chain also can be optionally interrupted by a functional group. An alkylene chain
is "interrupted” by a functional group when an internal methylene unit is replaced with the functional
group. Examples of suitable "interrupting functional groups” include -C(R¥)=C(R*)-, -C=C-, -O-, -3-,
-8(0)-, -8(0)y-, -S(0)N(R")-, -N(R*)-, -N(R")CO-, -N(RIC(O)N(R")-, -N(R"C(=NR")-N(R"}-,
-N(R"-C(=NR*)-, -N(R")CO;-, -N(R*)SOy-, -NR)SO;N(R*")-, -OC(0)-, -OC(Q)O-, -OC(O)N(R")-,
-C(O)-, -CO;-, -CIOYN(RY)-, -C(0)-C(O)-, -C(=NR")-N(R")-, -C{NR")=N-, -C(=NR")-O-, -C(OR*)-
=N-, -C(R%)=N-0-, or -N(R")-N(R")-. Each R'independently is hydrogen or an optionally substituted
aliphatic, aryl, hetercaryl, or heterocyclyl group, or two R” on the same nitrogen atom, taken together
with the nitrogen atom, form a 5-8 membered aromatic or non-aromatic ring having, in addition to the
nitrogen atom, 0-2 ring heteroatoms selected from the group consisting of N, O, and 5. Each R*
independently is hydrogen or an optionally substituted atiphatic, aryl, heteroaryl, or heterocyclyl

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

[0511 Examples of Cy6 alkylene chains that have been "interrupted” with —O- include -CH,OCH;-,
-CH;O(CHz)z-, -CHzO(CHy)s-, -CH,0(CHa)s-, -(CHp);OCH,-, -(CH,),0(CHy)y-, -(CH;)0(CH)s-,
-(CH,);0(CHy)-, -(CH;);:0(CH;),- , and -(CH;)4O(CH,)-. Other examples of alkylene chains that are

- 10 -



each R5 independently is hydrogen or an optionally substituted aliphatic,
aryl, heteroaryl, or heterocyclyl group; and each R6 independently is an
optionally substituted aliphatic, aryl, or heteroaryl group. [0107] The
variable RD is a substituted or unsubstituted aromatic, heterocyclyl, or
cycloaliphatic ring, any of which is optionally fused to a substituted or
unsubstituted aromatic, heterocyclyl or cycloaliphatic ring. In sone
enbodi ments, RD is substituted on substitutable ring carbon atons with 0-2
Rd and 0-2 Rid, and each substitutable ring nitrogen atomin RD is
unsubstituted or is substituted with -C(0)R5, -C(0)N(R4)2, -0O2R6, -SO02Re,

- S2N(R4) 2, m% lwmnﬂ.mtfanal gmédmémet%ezicgr VMRS, l&aezi«&@)slo aryl, or a
Co, 10 ar(Cl % IS substltute

f
unsubst i tut vé?H%%ﬁT%% FﬁﬁHz)ﬁé(CHéhd(%)zﬁﬁ%ht HEHY " (- d@é‘érl bed
above. Eac hZRdHi)ﬂdaepaﬂHem“dOyIz} svhareth e ts ek of e nntietigy” dugiccopsisliiilg of Cl4
aliphatic, g4 fluoroaliphatic, halo, -Rl4, -R 2d,and -T2-R', where the
vari ables T2, RId, R2d, and Rthe val ues described below. In sone
enbodi ment 9p52¢ aOhe dferdinagefie et wil teSoghigd 1B tvagh oh BRI de bR @knCONSI St i ng of

Chai b sopat Enpidl:d Jf“mﬂ‘%*gg*dnﬁ*%%s%avzn%“%e El PR g REb S BblY] e
al kyl ene cHAFRGHtRIdral Gy SF‘Q‘CP @?’Fﬁ}bfeé%ﬂa‘wmp@eﬂﬁi“@%*)e scoppypf thegpresentTh e
vari abl es RB4ntiohel statdagt cRﬁudaaylﬁastbhb&oMﬁﬁuhtBSord&&G:ﬁ mbiedinafameyrity 1643 294h Each
Rid i ndepengsméfm fm}?e@ag%u Ert u&pwla%ﬁc Rnin %g@aggt taéa egée ax,h,dthe &L LeLaar yl,

het er ocycl yl, or cyc ring. ependently is
CNO2, - CON, STesys 5')“’2‘3‘ e W*SRBCP‘ g w%"feb@wﬁwc bedoyw N0 F pelow = N( R4) 2,

- NR4C( 0) R5,20- °®JF3416(v®)°N(ome)(2y 20-°N(1R41): elfserIR)moNuiRAy BthercNERANGE seNR4DrdRGss

- NRACO2R6, Nk B4) SP2R6, - N(R4) SO2N(R4) 2, -0-C(0) R5, -0C(0) N(R4)2, -C(0) 125,

-02R5, -C(0O)N(1252, -C(0O)N(R4)-0R5, -C(0)N(R4)C(=NR4)-N(R4)2.

- Né RAF% c& NF@:;&):;;I1 NERAYChld}tihed" G useﬁ(egme.}mmaxzhﬁegen rhiR€al Mﬁﬁéc@ﬁén@t@d 324 | RS,

an ave Ll a [ abav L ependent |y is

sel ect ed from lﬁrep{aérégﬁ"@%g%gﬁmgg%n <t Ei’fﬁ%eﬁ]ip?ﬁf matll%f%s?tl"t'fé’)rmcs)gsl Phati c,

hal o, - OH, siableey f&eratpqlfp Fﬁa%llrfmompomz?hﬂqf\w(s@vs;\ma [ pﬁbﬁmuae}i in rpfaegnee ](aC14

al i phat i c) aesagn@tesﬂm n&ﬁfb(ﬂdt AXBIAESto the a6 i hydiBEe RAPE SitidhYad 18 rfpibded@ich pPhat i c,

Cl.4 fl uorg gl Lphatd c .or. b Supem[0112] In some enbodiments, RDis a

substituted of UNSUDSLTt Ul nono- or bicyclic ring system In sone

embodi ment so4aP irke pﬁrawbﬁdrw;e@ﬂ,smenun%@@tﬂekmtr@@m iman@mbé?efst}ssﬁmmlt&: ring
system sel ect e

consj sti.n hi eny rrolyl,
R e A AL L/ A
oxadi azol ylbmd@fmsaﬁl rapley ihat thshabayy kondigns othktatnfity, anghsheinidal Zaanlyility appyrei. fdnidésny| |

pyrazinyl, daRRasfitdicasy kn @@.ﬁﬁp@%&&h@:@w mayha\d:qlswsmuéaeﬂmmmlkwbne | 3
QUInO |ny

b | pht hyl
soau ol | el BRI GR i Bmen g e B R ST phe bl asi nyl
napht hyri di [@Sh Ab Bkl g Eh@‘él:%ﬁ% dﬂé(dentlyt &L Yn@&%%&f}r%a&% Nk n%:Jt grﬁ same or

tetrahydro Ul noxa 0 enzoxa2|ny In sone e I nents, i's

a substitut ‘eﬂfval!'ﬁ%é‘? fefeﬁ‘f’%f?’%ﬂﬂlﬂe nHIC Ot &Ter (‘fa”ta?lﬁtlj‘ agipele enfiPeWect ed f rom
the group GeRsi %Lhr@gnn‘&ﬂldapé‘tﬁé“%%{ nloﬂﬁf ﬂhaﬁ'}f aralkB%/?[ %r??o&alrﬂyl ahd :Ré/l.k%f' ”yl

napht hyl , benzi m dazol ul noxa

t et r ahydr odgiER#v (wy'r*dm&%et M&wgﬂwa?‘%ﬁmtﬁeqm k) pnd hft@wam}u Fr@dmhh@mpn nyl, and
di h%dr obenmammydnc or[r&ikasgu])sntuemscnmn;ﬁd%boﬂltm&rmﬁmuetnhemaﬁb&hh:ﬁm abbe r| ng
carbon ato are substitut

Ra and 0 2 TR ahayal RSkl rls Ba O i SR R PR At

f1 uor oal i phdki S(@R", I‘ﬁélz%f -SSR é@éﬁﬂ)eﬂﬁﬁﬂé‘ﬁbﬁ@ﬂ INR'CEOMIRD:, ¥ Rphat i ¢, Cl4
f1uoroali phame*) SR DaN®-d Nk, INk-e0RE -SrBeMH", ﬂﬁﬁ{sﬁ)éN(hhﬁ Gelski t ut abl e ring

S5 o PR RO AR X oI St o Ml el T ot

R36; -CERR MR IANE &) I NRISN@E Y SUORT | -CNBY- MR Hu rHaiiRY-DRUt ed aryl ,
het eroaryl , Nhemmgy@(wk,) Nek* )@k@l @@A«’)Lnfaﬁ&rl g%d)w%oz R*), op(l\?)l 24%820'

|ndependent

- NR4C( 0) RS, L%@R{( Rh‘)’ 6%/65 " s as %W@S‘W(: f?ﬁ‘)"zdlmwdﬁs%“‘s ‘%5‘62 R5, or
-C(O)N(R4) 2. The vari abl es R4 R5, and R6 have the val ues descri bed above.
[0115] In sone enbodi nents, the variable Rd has the fornula -Q 126, where Q
is -0-, -NH, or - CH2-, and RE is a sybstituted or unsubstituted aryl,
heteroaryl, heterocyclyl, or cycloaliphatic ring. In sone enbodi nents, RE
is a substituted or unsubstituted phenyl, pyridinyl, pyrimdinyl,

pyrazi nyl, piperidinyl, piperazinyl, or nDrphoIinyI ring. [0116] In sone
enbodi ments, P has the formula WC(0)-, where Ir is Cl4 al kyl, Cm

fluoroal kyl, or C6_10 ar(Cl4) alkyl, the aryl portion of which is



[0118] In certain enbodiments, P has the fornmula RD-C(0)-, where RDis
2-pyrazinyl. In other certain enbodinents, P has the forrmula RD-C(0)-,
where RD is 2,5-dichlorophenyl. In yet other certain enbodi nents, P has the
formula RD-C(0)-, where RD is 6-phenyl-2-pyridinyl. [0119] In sone ot her
enbodi nents, P has the fornmula WS02-, where 12. is -RD or -T1-RD, where T1
is Cl4 alkylene and RD is a phenyl, pyridinyl, pyrazinyl pyrimdinyl,

napht hyl , qui nolinyl, quinoxalinyl, benzimdazolyl, or dihydrobenzoxazinyl
substituted with 0-1 Rd and 0-2 Rad. [0120] The variable 12. is hydrogen,
Cm aliphatic, Cl4 fluoroaliphatic, -(CH2)",-CH2-1213,

-(CH2) ", - CH2- NHC(=NR4) NH- Y, -(CH2)", - CH2- OON( R4) 2,

-(CH2) ", - CHRed{eRA NI R yRing 210 W a Ci6(MREP 4K AR japurated oOpiptially ungyrfR&inng OR56, or
- (CH2) , " - CHRBY 0-3R3g aQEIEddMBm\iRItoaPtAsstidof NRD, anraBd R6 have the val ues
descri bed above, and the variables R5', R5b, 128, Y, and m have the val ues
descri bed bBFAw.AN20d24d gréup osore-a@mB@dEERetEs:, rinRmag baryigingeénith @4 or. ndre

al i phatic, Q%AtltJeJ)ty Qfx%léspjhﬁtt&b@e sulﬁﬂtuen(sg?laﬂe saturgd%ax%gtgof alk Btpﬁa@@o@toh&fa
enbodi ments, Ra i at i | n sone fur%her
Rd is

enbodi ment s""“l“‘?"“iagc *éfﬁ""éycél{)‘i"ﬁh‘&f“f]% withgy ‘V@F‘?“B‘t Her '“F“’(i‘r“f"h"éf"r&ﬁﬁ‘&f&‘il‘

i sobutyl, Jlearhwapiuniagyl evberydryl gumap tha fdigvine =RyES, =0@ME\HAN-NE&=E |=NaPRfbenzyl |

4- hydr OXybeﬂﬁNHC(ng@ bRyt ORY LRKRRBLRe, P ERRY ] MR R Rk R AR YEs adinedRbsBet hyl .

In certain enmbodiments, 12 is isobutyl. [0122] The variable W is hydrogen,
Cl1.6 ali phamsm Sﬁitdblefsblidﬁlﬁ@&loh phﬁititnﬂa,bte-n(n@k&ﬂ)xiom—o&ﬂetel&&} or non-aromatic

-(CH2) " ¢ * JaoRwHE . *
188 SESARI Wt saronng o,
or -(CHZ) é‘“ arﬁ‘sz 4“"*%" °a°*a‘?1 's pgstefingd otthe
val ues descmrhgﬁitr@ammanoiaanﬂtentokra ovwnraaiﬁiaweﬁs)cgch Rerdg, alsé\Bay bé oxidizal tiolvave t he
val ues desc , lde un : am A en, CL.6
al i phati c, [&ng%Q pg[ﬁdor%\géa?yhgwhd Re SRS gnmgi,{l %%g Eg%féuél Wt% (Rsa) - 0leb.
In some ot hBAving Ahese! %ﬁ’f@‘“"#@" afoi ify 6?‘6@&’93’] CHZ) CHZ R3, or
(CHZ) a) abo sed he mt r0X n of, Tou or arg tyl
1 rapht Pyl mSeTl o e B BT A RS TR i ok Fuplt ol SARE
4- hydr oxybeWgi t ‘he tgum B‘éﬁi VA "é‘%@‘y‘) @éJH‘WP“ W‘B‘é‘r‘i‘iwfﬁ%{ﬁ‘fﬁ'ﬁ%vv‘]‘?@ﬁﬁy’ra‘ @recBhenet hyl .
[0124] In ce.rzénaﬂnglmesﬁnmihﬁesﬁvs andfBelbw th8 nurkariZx Rifues denfoll. e Een@@Il thatkim "about’
enbodi nment s t i nts, Rai
i's hydr ogeniS uRgﬁrgf to‘lnﬁg;'(%%?%)g%ﬁgﬂ\%%ﬁbow aq%%? rwotg‘%a%a%dé%g%gy ga vfrbaﬁ%??gjqngl 6
f 1 uoroal i phaish)C, Asus&atHénkin, thd(biar ddnpriset Gldans~ GHZG&NHQ(W{N%N&"[OY
-(CH2) ", -CH2- CON(R4) 2, -(CH2).-CH2-N(R 4) CON(R4) 2, -(CH2)", - CH( R6) N(124) 2,
- (CH2) m CH( R&&)) -104d be anparer(t ©H423 skjlleClr(RB ¢ SREvtainvvape:ndsoé thisdrveaibh sy eR4t, Rs,
and R6 have.nttm@oraéa& HES, AQSGIRARH DAY 6 th@aaq, sulass bmg mm ﬁ§sc m%a Ris, Y,
and m have the va 12'2 is

hydr ogen,  CEVETE: ‘%%ést‘ﬂlf“w‘sés‘a‘é F‘f‘ﬁ%’ﬂ%‘lﬁp{‘ﬁ%é?% i g o O e,
- ( OHR) . - CH( RBcinicpRgTonablisameisiie. @) 40d KE) Svblsdonivemers akXZpunil &) b isburtigral

1- napht hyl mab Al as well aQﬁ%H%MJe%EIWJns ofbrﬁ'e@@v.\élure fes. ke YOI @ B 8IAE Mrations for each
4- hydr oxybenzyl , enz or. phenet hyl .

| oxy | na | met h
i et A e N L S A A
bi cyclic ri digsigsegeanmixrgs sfamreeqmdpmdﬁas% withmalhy sRpe piteraperidentVhep ai s a
substi t ut ed QbR shHRekid dAk ﬁs}emﬁaﬂnauvaamw sterdolt@RbrYithe mRERZIPLHARROLY | |

napht hyl , qui no| i nyl ui_noxal i_n 0 i nyl ring. In certain
obodi rent & gl & bagadhise o e st A%k Kb o i ng. f0128] The
variable Y '{ﬂ%zpygﬂiggﬁ%lsequtedcﬁmcMﬁpnclte'a h&gnﬁeﬁgpﬂgh@ﬂ&%e cymdo§nds

[0129] The varl drogen or a substituted or_unsubstitut ed

ali phatic, &hih d‘ffﬁé‘f"él"ﬁﬁf'r%f‘fsencﬁ)?fOﬁf'e‘trépfﬁé*‘;?t’?l”ﬁuyﬁ?’tﬁhf'ﬂ awomyy ope@mhodi nent s,

Rs' is hydr OGJRIdUIGE haring the pletchistr@th raoax ceptfeiiestpldcerhaddofa hydodyad dten graoup. I n sone
ot her embodiyik BERL A or B, oahé}xﬁgcgrge%nof%m&l. a@m‘%lyl maa&rh% enmemﬁ,& gmqm ments,
Rs' is sel ect romthe group consisting of "hydrogen, nethyl, ethyl

i sopr opyl aHHS‘fog?)‘EﬁB‘tey'I"c“"Pﬁ certain such enbodinents, Rs' is methyl. [0130]
lxl Ya;::e?g:_ g GIZ:ltl J\S usedytﬁréa{nér%term SE%FI%%LQSS[}S oie?er to%e aHé‘?T%g)?é %s%!%gmgsdpptgatl c,
hydr ogen or ”H“Wb@‘?ihﬁtj?'éﬂfe@ﬁmﬁlh@mst| tuted aliphatic group. In sonme other
enbodi ments, Rs" is hydrogen or Cl.6 aliphatic. In such enbodi nents, Rsb is

selected fromthe group consisting of hydrogen, nethyl, ethyl, isopropyl
and isobutyl. In certain such enbodi nents, feb is hydrogen. [0131] The
variable mis 0, 1, or 2. In sonme enbodinents, inis O or I. In certain

enbodi ments, inis 0. In other certain enbodinents, inis 1. [0132] The
variable Ais 0, 1, or 2. In sone enbodinents, Ais O or 1. In certain
embodi ments, Ais 0. [0133] The variable nis 0, or I. In certain



[0134] In sone enbodinents, Ais 0; le is hydrogen, Cl.6 aliphatic, Cl1.6
fluoroaliphatic, or (CH2),",-CH2-R8; fel is hydrogen, Cl.6 aliphatic, C1 6
fluoroaliphatic, -(CH)",-CHe, or -(CH2)",-CH(10-0R5b; P is le-C(0)-
WS(0)2-; leis -RD;, and inis O or I. [0135] In sone other enbodinents, A
is 0; Wis G _6 aliphatic or -(CH2)",-CH2-R8; lel is hydrogen,
(CH2)",-CH2-R8, or -(CH2)",-CH(R52)-0R5b; Pis re-C(0)- or WS(0)2-; leis
-RD; and inis O or 1. [0136] In sone other enbodinments, Ais 0; leis Cl1.6
aliphatic; Rai is hydrogen, -(CH2)",-CH2-12.8, or -(CH2)",-CH(R5)-OR5b; P
is WC(0); leis -RD;, and inis O or I. [0137] In sone other enbodinents, A
is 0; BY o] roge Cl.6_aliphatic

flLuoroal i pﬁa{i[ ?C%Ery:lcﬁ_ig\%ﬁjnd Lé%éené% FRO argbl(naqé))r slairy F%CWSMB%%% dlgfelreélt Re- C( 0) -
BY is -R éﬁﬂlah'ﬁ“qeéf‘f@gﬁ?ﬁ“ﬁ aP{QH&fS'STfEFreﬁ o8 { PobmeEhisTR dfacorie @iyl s s A i s 0; W
I S 1 sobut yl“polyedrph.’s WioQgRphs c@lgi@cr&hﬁsﬂh@thhfe,thwsér@'&aamcm Sonldoditdn, tlQS(

" 0139] |
- (CH2), %a@@e%@rp&acﬂ:} Iﬂe?w!th resr%éc@o '&he or nt;);re qh ésl:\c);a Spropelg%suﬁucl-l as sci(?ubq:ty and [ ] d

still yet so ot her odi ne hydr ogen,

- (CH2) ", - CHissqetagon, trygdensitopplfing ﬂ“@HGRSﬁ)Sh"GRS%ﬂPaPIOP §3hP‘e0f(f(°@Y)PmPefM§ jodfor. RD and
inis 0 or sblid stalsdBilityl N certai n enbodi nents, Ais 0; BY is isobutyl;
-CH2-12B, and RD is phenyl; Pis le-C(0)-; Reis -RD;, and RD is 2-pyraziny|
[0141] . | n BiShers eed bagiim he trop tiovenersolvated! meds a Biysitabasiosiptinatof comgodng dr ogen; P

is WCO0)- ,w1B\§nd&mnglvéilﬂﬂolRu!e§ Tl;’is ﬁwg!:a@kkk&faﬁmw&s hy8:Bek Bdndihg) I Bl heET
certain errbocgla i.SO lea is Cl4

al i phatic; THEH° 1 e ““5 Wﬂ?bﬁ cbpabe 01! 1so|iat:onc? )‘-?}flimblg\v%fn one ﬁlﬂmgeéﬂlaenhﬁolfcgles are
6- phenyl - 'WWP'@F%WM Cf}[s'@liaﬁ@]f of the ayshrBtinesrhid diSpient @ solvaed” aompeundobf f or nul a

(/) is Charsﬁlﬁﬁcﬁﬂ;ﬂhis@%dbéb]aﬁl@lﬁdmdle@- l(elaresleham@ solva@k ma:u@er Mséxeflmixé Hﬁlrafte@r m t her eof .
[0144] In s

characteri zg‘a“%a i me[ﬁ?m’otﬁ n@%s’“ﬁi p”épcme% zi‘iﬂﬁte téplcfa&‘#w?ﬁg‘%g%?’ solvates,

and from unsolvated forms of the compound. Because the chemical composition also differs between

solvates these forms are referred to as “pseudo-polymorphs™.

[066] As used herein, the term “hydrate” is a solvate wherein the solvent molecule is H,O that is
present in a defined stoichiometric amount, and may, for example, include hemihydrate, monohydrate,
dihydrate, or trihydrate. As used herein, the term “anhydrate” is a compound of the invention that

contains no H,;O incorporated in its crystal lattice.

[067] As used herein, “crystalline” refers to a solid having a highly regular chemical structure. In
particular, a crystalline compound may be produced as one or more single crystalline forms of the
compound. For the purposes of this application, the terms “single crystalline form” or “crystalline
form” are used interchangeably and distinguish between crystals that have different properties (e.g.,
different XRPD patterns, different DSC scan results). Thus, each distinct polymorph and

pseudopolymorph of a compound is considered to be a distinct single crystalline form hesein.

[068] *'Substantially crystalline” refers to a compound that may be at least a particular weight
percent crystalline. Particular weight percentages are 10%, 20%, 30%, 40%, 50%, 60%, 70%, 75%,
80%, 85%, 87%, 88%, 89%, 90%, 1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,. 99.5%, 99.9%,
or any percentage between 10% and 100%. In some embodiments, 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%.

-13 -



[0145] In yet sone other enbodi nents, the conpound of fornula (1) is

characterized by fornmula (118): or a crystalline formthereof. Ceneral
Synt heti c Met hodol ogy [0146] The conpounds of fornmula (1) can be prepared

by esterification of correspondi ng boronic acids. Such boronic acid
conpounds can be prepared from nmet hods known to one of ordinary skil

the art.
et al.,

See,

in

e.g., Adans et. al., U S Patent No. 5, 780, 454; Pickersqgil
I nternational Patent Publication WO 2005/097809. An exenpl ary

synthetic route is set forth in Schene | below. Schene 1: CH3 0 Ral
N?rOH CH A. 1-BuB(OH)2, ag HO O Tna2 0.- il. Ral H11 o

[070] Unless otherwise explicitly stated, structures depicted herein are meant to include all hydrates,

anhydrates, solvates and polymorphs thereof.

[071] As used herein, the terms “compound (I-1)" and “4-(R,5)-(carboxymethy!}-2-({ R)-1-{2-(2,5-
dichlorobenzamido)acetamido)-3-methylbutyl)-6-ox0-1,3,2-dioxaborinane-4-carboxylic acid” are
used interchangeably, and include all crystalline forms. Both terms refer to the compounds produced

in Example 1 and Example 1A in the Examples below including both Form | and Form 2.

[072] As used herein, the terms “compound (1-1) Form 2 and “4-(R,§)-{carboxymethyl}-2-((R)-1-
(2-(2,5-dichlorobenzamido)acetamido)-3-methylbutyl}-6-0x0-1,3,2-dioxaborinane-4-carboxylic acid
Form 27 are used interchangeably. Both terms refer to the crystalline form 2 produced in Example {

Form 2 and Example LA in the Examples below.

{0731 As used herein, the terms “compound of formula (VIH-1)”, and “(R)-1-((2,5-
dichlorobenzamido)acetamido)-3-methylbutylboronic acid” are used interchangeably. The
compound of formula (VIII-1) is disclosed in U.S. Pat. No. 7,442,830 and WO 09/020448,

f074] As used herein, the terms “compound of formula (I-15)”, “compound (I-15)” and “(F-15)” are
used interchangeably and are used to refer to the citrate ester of the compound (VIII-15), and the

compound produced in Example 15 of the Examples below.

{075] As used herein, the term “anhydride” used in reference to a boronic acid such as the
compound of formula (VIII), refers to a chemical compound formed by combination af two or more
molecules of a boronic acid compound, with loss of one or more water molecules. When mixed with
water, the boronic acid anhydride compound is hydrated to release the free borenic acid compound.
In various embodiments, the boronic acid anhydride can comprise two, three, four, or more boronic
acid units, and can have a cycelic or linear configuration. Non-limiting examples of oligomeric

boronic acid anhydrides of peptide boronic acids compound of the invention are illustrated below:

W
L
HO” ~oX “of “oH
nn
m
W
i
0”0
] |
(W’B‘o)'s"'w
nn (2)

{076} In formula {1} and (2), the variable nn is an integer from O 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):

-14-
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MeOFUnexane |t A iv [0147] Coupling of conpound i with an N-protected
amno acid ii, followed by N-term nal deprotection, provides conpound iii
or a salt thereof. Exanples of suitable protecting groups (PG include,

wi thout limtation, acyl protecting groups, e.g., fornyl, acetyl (Ac),
succi nyl (Suc), and nethoxysuccinyl; and urethane protecting groups, e.g.,
tert-but oxycarbonyl (Boc), benzyl oxycarbonyl (Cbz), and

fl uorenyl met hoxycar bonyl (Fnoc). Optionally, PG is hydrogen and
deprotection is not necessary. The peptide coupling reaction can be
conducted by prior conversion of the carboxylic acid noiety of conpound ii
to an activated ester or acid halide,_e.g., an 0-(N hydroxysucci nni m de)
ester, followed by treatnment wi{h c ourhq,l Al ternatively, the activated
ester can be generated in situ ﬂ coppttacty ngHt carboxylic acid with a
pepti de coupling reagent. Exarpfesyof a%e_ ptide coupling reagents
include, without linmitation, cafbogr aggnts, e.g.,

di cycl ohexyl car bodi i m de (DCC) r 3,
1- (3-di nmet hyl am no ) - 3-et hyl car bod| i m de (EDC); phosphoni um reagents,
e.g., (benZ’ﬁ‘P’Pi"é’z%F de&?‘)ef‘sr elgedPsreit-hy| ani no) phosphoni um

hexaf | uoro phat e n ro ium reagents ,

CThr bengos TRADP RS, '%el NekcRER 8 e RO M B B o doomisssty e
(TBTU). [Okd8ie @dmtm@ of the copgoneitiein the oapitherhaggutidal dawgamendgﬂuﬂwat bl ocki ng
noi ety, to iafdaohd weHBOMN Eoatings wﬂ-ﬁﬂn@%ﬁbbtﬁﬁaﬂg Qbpbd th ghe s,elrmrtnh@m&aldessgar i bed

above for the coupl of, co re.a i tabl coupling
conpoun d i If?r (f"t i lp {?gxgeg‘mf['lhe Ot(_)ta wel pt g? sin ?e.oraé pharmac%uncall %)e%; orm ns use as c% t he

bor oni ¢ acibdsisfor cewatmhénwalfglﬁtwprd@tam’fp@mn%ihfxﬁpmmenfﬁbﬂgsﬁmpé@tth%ﬁalst ep

pref erabl y phgmadtaRaRbiagdveeh. by transesterification in a biphasic mxture
conprising the boronic ester conpound iv, an organic boronic acid acceptor,
a | ower al He#8dI As esemrdry Hoocaistet usd Inveertnce wndeapisaicowd am fmer. afergeind. O her

reagents t wlplaama:tngs ausae&icén%m@%mtﬁm b0t 494, TeBRmP AR RALISLRTHL B8t Y
i ncl ude, without |im tafI BCl 3, ithium al um ni um hydride and Nal at .

Schenme 2: 'HerciRrgeadhyuiy ‘H‘émbéﬁi pfthg Nilu ..kii30PG conditions y- H Ra202.
deprot ect i %79'?‘ A’ used herein, the term “lyophilized powder”, “cake”, or “lyophilized cake” refers to any

solid material obtained by lyophilization of an agueous mixture.

{080] As used herein, the term: “tonicity modifier” refers to agents which contribute to the

osmolality of a liguid or solation.

f081]1 As used herein, the terms "boronate ester” and "boronic estet” are used interchangeably and
refer to a chemical compound containing a “B(ZNZH moiety, wherein Z' and Z* together form a

moiety where the atom attached to boron in each case is an oxygen atom.

[082] In some embodiments, the boronate ester moiety is a 5-membered ring. In some other
embodiments, the boronate ester moiety is a 6-membered ring. In some other embodiments, the

boronate ester moiety is a mixture of a 5-membered ring and a 6-membered ring.

[083] As used herein, the term “alpha-hydroxy carboxylic acid™ refers to a compound that contains
a hydroxy! group directly attached to a carbon atom in an alpha position relative 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.

-15-



I -BuB(OH)2, ag MClOat IF?lytNrri PB - MeOH hczaneRa2 HO A It-A iv [0149]
Alternatively, the order of coupling reactions can be reversed, as shown in
Schenme 2. Thus, an O-protected amino acid vi is first coupled with an

am no-group bl ocking noiety, followed by ester hydrolysis, to form conpound
vii. Optionally, PG is H and ester hydrolysis is not needed, |eading
directly to conpound vii. Coupling with conpound i and boronic acid
deprotection are then acconplished as descri bed above for Schene 1 to

af ford compound v. [0150] Conpound v is reacted with the appropriate

al pha- hydroxy carboxylic acid or beta-hydroxy carboxylic acid to afford the
conpound of fornula (/) as shown in Schenme 3. Schene 3: ORalCHHI NB

YI LN-4"/ -. {0851 Risisdd hereid, the kmdimplag-deryveld Botyancatphibbydydky cartmeylid aod” rdat @ahydr oxy

carboxylic Q\Qiieg fdrﬁmeoooyﬁ’)aﬁozqﬂg la"hydwéyfamm flré)nP a JEM()NHE &iNiﬁinaaﬁﬁ!é%-hydroxy
carboxylic acid and by removing a hydrogen atom from a hydroxyl group directly attached to a
carbon atom in an alpha position relative to the carboxylic acid group. As used herein, the term
“moiety derived from a beta-hydroxy carboxylic acid” refers to a moiety formed by removing a
hydrogen atom from a carboxylic acid within a beta-hydroxy carboxylic acid and by removing a
hydrogen atom from a hydroxyl group directly attached to a carbon atom in a beta position relative to

the carboxylic acid group.

Detailed Description_of the Invention

[086] In some embodiments the alpha-hydroxy acid is characterized by formula (V):

Rb3 0O

wherein each of R™ and R™ independently is hydrogen, -CO;H, or a substituted or unsubstituted

aliphatic, aryl, heteroaryl or heterocycly! group.

[087) In some embodiments, each of R™ and R™ independently is hydrogen, €, aliphatic, or
-(CHp),-CO;H, and p is 0, 1 or 2. In some embodiments, each of R* and R™ independently is
hydrogen or C, aliphatic. In certain such embodiments, each of R™ and R™ independently is
selected from the group consisting of hydrogen, methyl, ethyl, isopropyl, isobutyl, tert-butyl, and
cyclohexyl. In some other embodiments, each of R* and R™ independently is hydrogen or
-(CH,),-CC,H. In some such embodiments, p is 1. In certain other embodiments, each of R*® and R™

independently is -(CH,),-CO;H. In certain such embodiments, p is 1.

[088] In some embodiments, the alpha-hydroxy carboxylic acid is selected from the group
consisting of glycolic acid, matic 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, and benzilic acid. In some other embodiments, the alpha-hydroxy carboxylic
acid is selected from the group 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.

[08%] In some embodiments the beta-hydroxy acid is characterized by formula (VI):

-~ 6 -



Ra2 A (I ) [ 0151] The conversion of v to the conmpound of fornula (/)
can be acconplished under esterification conditions enploying approxi mately
a nol ar equi val ent of the al pha-hydroxy carboxylic acid or betahydroxy
carboxylic acid in a solvent such as ethyl acetate at a tenperature of

bet ween about 40C and about 80 C. The conversion of v to the conpound of
formula (/) can al so be acconplished as descri bed above enpl oyi ng a nol ar
excess of the al pha-hydroxy carboxylic acid or beta-hydroxy carboxylic
acid. Exanples of other suitable solvents for this conversion include, but
are not limted to, nethyl isobutyl ketone, acetone, acetonitrile,

2-met hyl tetrahydrofuran, anisole, .jsopropyl acetate, dinethoxyethane,

t et rahydrof uran, di oxane, di cR fbn@thane t ol uene, hept ane,

met hyl - cycl ohexane, tert-butyl her, and m xtures thereof. The

choi ce of the solvent wll déﬁ@nd rtl’'y on the solubility of the

al pha- hydroxy carboxylic acid oRPbetf&-hydroxy carboxylic acid use@y The
tenperature selected for the conversion of v to the conpound of formula (1)
will depend pémrtelneacdnf Rediidiitdeprgdepthi inbydogent 0161800 ant swsitgglovent mi xture

used. [0152] ThgGRMES MibtRc, o1, NerdrOarh D:%(EBEQQQF%?@L;;OJ&J SRYPRA | ) nmay be
catal yzed by an_organi c am ne base such not limted t

triethyl anm ne, PPﬁWerﬁéﬁ?g&ﬁq (R prypsphgiped Ofeer’imflmeﬁé!'vh%wem‘ Gf‘i”?,ﬁ”f‘ue 4-
dinethylarninopyﬁmdwneblmmmiertbutylpyr|d|ne N- et hyl nor phol i ne,

N- et hyl pi peri di,ne, .tetranet hyl guani di ne, LazaQLaﬁclo[S 4. 0] undec- 7- ene
(bBY), 1, 4- d|°&§a5?dd§/c4"b‘[aé‘ ‘2"52‘1"6‘6‘%%‘")%‘ ayd Relpad Ry Spipesther WEh B AP 5- ene,

N, N di i sopropy!| abdub afictinBey a@eratache, fobrbl sreunfub@ituedfor supOitubed - b Bencabag@aomd of
formula v and the al rboxylic
acid are heated ?dﬁegﬁgmu¥%6? Mﬂ%éﬁ@@ﬁyek 0|cer?§%&§mn%§fg mﬁ%l

Fol | owi ng this rﬂeﬁ’ﬁ"bsdldd‘l“g PyRRtionaiebe fusschtp P‘b‘ﬁ‘“ﬁ’?‘i&‘t‘ﬁ'r"éS‘ib§“ﬁffdl4oERéd““{“B“‘%E’ool for
a period of ti neonaRthatidwngeodVpotinent@fedhiommdlriag favig M riehhepraempicleatdes upon
cooling is CO"ﬁ&&ﬁgggmu£hhh&ﬁktpﬂ;mJge cooling may be uncontrolled or nay
be controlled by the"use of a cooling apparatus. The reaction m xture may
be stirred strriRPancntﬁ &e a1, hrﬂglbﬁﬁdR'@%kerAbgeﬁémmlméQhryon akdag zmmawylde of
formula (1) can alsg be |59l %‘z‘}zﬁt‘éd LA DEs [ SaGL el Qr‘o.%éulére Vi SRl
fol | owed by evapora ion of F% ol ve % e reacti on mxture n% %5 seeded
with crystals ofle‘ﬂlf%é’“t%éq‘?ﬁ@ﬂlﬁ%lﬂ@?%)m%ﬂﬁlsa"%qf P, Nipng¥, defreipea"efrfgeer

preci pitation. b&.&&ﬂ} beﬁru@@roa@hx\saﬂtnuew&humuwdwto 1@émbetedhdn@ebntall; rinR Pt ane,
nethylcyclohexageoG t enb or a

t t at
m xt ure t her eof é’lereq afamatlc dmuhglvmn% %he?ﬁroa%m’s se?ec!gg ¥ g e lgrl%%usm ng t he

5 he perio
addi ti on of the“@@ﬂ§ePﬂ%ﬁ&mm§he reaction mixture can be cool ed further

| eading to reC| tion he Al ternatively,
once the cc;ws&gl ﬁTe ﬁlﬁgscf’a&ﬂgg ra'edglgﬁﬁ%ﬁe"% j)f'ﬁ}' Jr%’ﬁ'h ai*%{'a%e heat ed agai n
to generat e(%zh@hbgeﬁéizbs(?@tﬂ ertdipoh0, 1\whd- dinsoims SltChembOémhteGaChe@th mdRto t he
preci pi t at iQito@h. hhenCRPRUNEbedimER RUlsa0fkid RTBByERALLI On M xture may be
seeded with crystals of the conpound of fornmula (1) in order to effect

preci pit at i[g#1l [raiﬁ&muommattsfﬁetrh of R eati Rbindeggnddnhipis bphpen Bk aliphafiopmul a (1) is

| sol ated i n«gUPFOANLAR L, 1RHE qnwerz}nb(!dnmmce@ch%ﬁﬁ@%@ﬂm abdA@yRUrity is
about 80% about 5% about 90% about 91% about, 9 about 93% about

94% about Y999 sHoatiPs8Y, NAHBI GraPo BBt gL é’lﬁ‘dﬁt‘“@@%‘e”@f'sabout 99. 5%
[ 0156] | n sdmeeddivinoie gmept@sisihiel hydmgoinnthyDéhf adopmapyd, ifebityli tet-bimdlast ed i n
crystall i ngfQtR. thBerSQWRe R HBEIRNash of P En GO RRMAGAR is {@EIMEGR(d 1 S
isolated in substantlally crystalllne form [n some other enbodi nents, the
conpound 0P596Tnula (I') is isolated in annrphous form [0157] The conpound
of formula ¢an,,al a 0 za npound v
and the al p[ﬁ &ab?ﬂ gﬁiq’??ﬁ%sa’%ﬁe %Xd'm%‘ p'QROyrg’xenaé"§r %%é;ﬂ?“gcp lgtgl d. This
is acconplHBH@HC%Vm§ﬁ%m%EWanShn aqueous solutlon conpr|5|ng t he conpound
of fornula eXCess ohr lic,acid or
bet a- nydr ol E B Tt bR i s edberiyy Snfhe

enbodi ment sitonts irewhad e as adiedtfororn salddiued @maﬂubsytuedmpnylses a water-mscible
co-sol vent. Exanples of suitable co-solvents include, but are not limted
to, tert-butyl alcohol, nethanol, ethanol, and m xtures thereof. The
co-lyophilization results in a conmposition that contains the conpound of
formula (1) and the excess al pha- hydrox¥ carboxylic acid or beta-hydroxy
carboxylic acid. Uses, Formulation, d’Adni ni stration [0158] The present

i nvention provides conpounds that are potent inhibitors of the proteasone.
The conpounds can be assayed in vitro or in vivo for their ability to

i nhi bit proteasone-nedi ated peptide hydrolysis or protein degradation.




[0159] In another aspect, therefore, the invention provides a nethod for
inhibiting one or nore peptidase activities of a proteasone in a cell,
conprising contacting a cell in which proteasonme inhibition is desired with
a conpound descri bed herein, or a pharmaceutically acceptable salt, boronic
ester, or boronic acid anhydride thereof. [0160] The invention al so
provides a nethod for inhibiting cell proliferation, conprising contacting
a cell in which such inhibition is desired with a conpound descri bed
herein. The phrase "inhibiting cell proliferation"” is used to denote the
ability of a conmpound of the invention to inhibit cell nunber or cel

gromh in contacted cells as conpared to cells not contacted with the

i nhi bitor. HM4laslsessrrehtdindntsgbd detaphydbiyfeabatyiiconid tarledyd fiomde dopp cotitibg ng

cel | s_usi ngofmfighdia, GRUALES. h?(ﬁro:@b’utﬁﬂ aa§s,ayhmoxgelv!ﬂea@aablaha ;aucyh@acg man MT
or WBT assa solid tunor or

organ), sucg PR 5%?5’8@% %tfetaé’égrf’xypcf“ P"iyf‘ce‘fgét'ﬁ SBIﬁC“ifiaﬁ?g’H%e %ﬁ%‘&é"“ﬁ)‘f}m%’éfasurl ng
t he growt h, meliqpeid. atit ridcahidpaystyriard, orpdpivsgvadieads), mearphcid, el sgicgint h  of

contacted cghd s{n wnhhcm;amegptu@%&@qyd&ﬁy k&m&&«!%é&is C.Prc%wrs%mexmer Bg growth of
cells cont ai:t b|t is ret r(?%t\?q%é? | east about 50% as

conpared to "g“i“B%\E"ﬁm 9 EB‘W‘ I'E”g’ﬁ' E’H]’E?fl‘dlss’ ‘s EBBa it s, cel |
proliferati Gntofeffmlcca@ﬁtaa@g@@aweddds S¢ree dihghndpilimedlg ypmalts df easbydaplsy)mbo@ﬁ% at

| east about a9 %18 enitbnib KRS T-hARRILL-nIRHRBS:i &ﬁ@ﬂf&&yh%aﬁ%m%&@t acted cells.
In some enbodi nents, the phrase "inhibiting cell proliferation" includes a
reducti on i i09§hen mmmembodirﬁenenmmﬁ Bgliraxe hdidsqr bashﬁlmsrpaaicﬁdseteaedmmnwg?duact ed
cells. Thuscon@stp@ gitg%Q&Qrﬁgdlr&m ;Qldt H&kah %&}%anhn{‘bhc@d E%y&@y!sohg{ygl A{:Tde&tﬁg éc%n ina

contacted cel | may induce the contac under go re tar dation,
to under go WWWC‘QTI?‘%@%TM %Bvd{mﬂewgba% Vi (it omt el a%&‘gﬁ“("iy

apopt osi s) , dierthylbuyrivded.goydreqriohddybegthit actiezbidroxfidtprid aa:dam&hherd aspect t he
i nvention praviides: gndBAnageuti cal conposition conprising a conpound of
formula (1), or a pharmaceutically acceptable salt thereof, and a
pharnaceutlEﬂﬂlWnam&&pbﬁhhﬁmﬁﬂmﬁmaﬁof@ﬁ&ﬁ@iﬁﬂaGD@E&@%@@G&HEM&&MaUDE
conposition also conprises the free al pha-hydroxy carboxylic acid or a salt
t hereof or the beta-hydroxy carboxylic acid or a salt thereof. In such
enbodi nents, the al pha- hydroxy carboxylic i drBY a salt thereof or

bet a- hydroxy carboxylic acifdl, or @& sahtntherg H*2 he conpound of fornmula
(/) are present in a nolar i angi n fr 32:1 to about 200:1. In
vari ous enbodi nents, the @&PphaThy X id or a salt thereof or
bet a- hydr oxy carboxylic acifl oR*2a|d4ltot heyaeof ancf?dahe conpound of formula
(1) are present in a ratio Fangi ngAfrom about 2:1 to about 200: 1, ﬁf,;,om
about 15:1 to about 80:1, or fromabout 20:1 to about 40:1. [0164]

phar maceut i caldhyreiaccept abl e salt of the conpound of the invention is
utilized in these_con]gom tigns, the salt preferably is derived froman

i nor gani c or drgATPES By B BT R5awd » hig the vy deseribed belowiapdie wrishigs R, Rs e,

e.g., Berge et at" and R”RhamR.vaids descbBd ok (1977) and Rem ngton: The Sci ence
and Practice of Phar macy, 20th Ed., ed. A Gennar o, Li ppi ncott Wllianms &
W | ki ns, 206971 [leim]eméfrﬂimwstqnn@ce&%nﬁf’e% o RE wiay adskan afwictionaldietivp fhesn sl t s

i ncl ude t hecdnGbrmQwirihg: bommaﬁeema@lbrﬁatnemaqleglbm-h@as teesfp@&&ratgeoupmnzoat e,
benzene sul f.onat

e, .bisulfate ra canphor
sul f onat e, ent’'aneproplrona te,
a xgac aCl? I!Swther certaln em odeea\ Pe f 152 g&?ﬂt egrdua 8&3‘2@?? r?ug
et hanesul f on@me In fsd.lﬁmrna&d%mnls uﬁelfar%mte%%ﬂﬁm%éa%g%emwgﬁﬁmmmoam fate,

hept anoat e, xXan oride romde roiodid

- hydr oxyet ﬁ%‘ﬁ‘é%‘[ﬂ°f“‘a‘ﬁé{‘["égmﬂ"&‘lf‘t"é%f’ée’a‘r‘?%[l“é‘éf’é‘s bR or

2- napht hal enesul fonate, nigotinate, oxalate, Qfm)at e, pectinate,

persul fate, 3-phenyl-propipnatg;|pi ReAt e, el propionate, succinate,

tartrate, thiocyanate, tos t d un oaye. [0166] Suitable base
addition salts include, w-Thoyt niumsalts, alkali netal
salts, such as |ithium sofli uRt?a Maswums dsi alkaline earth netal
salts, such as cal ci um and-magnesaum salts; ot her mul tival ent net Jn.salts,
such as zinc salts; salts wth organic bases, such as dicycl ohexy ani ne,

N- et hyl - D- gl ucam ne, t-butylam ne, ethylene diam ne, ethanolam ne, and
choline; and salts with am no acids such as arginine, |lysine, and so forth.
[0167] The term "pharmaceutically acceptable carrier” is used herein to
refer to a material that is conpatible-w-th a recipient subject, preferably
a manmal, nore preferably a human, and is suitable for delivering an active
agent to the target site without termnating the activity of the agent. The
toxicity or adverse effects, if any, associated with the carrier preferably
are commensurate with a reasonabl e risk/benefit ratio for the intended use



known in the art such as conventional granulating, m xing, dissolving,
encapsul ating, lyophilizing, or emulsifying processes, anmpng others.
Conposi tions may be produced in various forms, including granules,
precipitates, or particul ates, powders, |nclud|ng freeze dried, rotary
dried or spray dried powders, anorphous powders, tablets, capsules, syrup,
suppositories, injections, enmulsions, elixirs, suspensions or solutions.
[0170] According to a preferred enbodi nent, the conpositions of this
invention are fornul ated for pharnmaceutical adm nistration to a nmanmal ,
preferably a human being. Such pharmaceutical conpositions of the present
invention may be adm nistered orally, parenterally, by inhalation spray,
topically, rectally, nasgally, uccaIIy, vagi nal 'y or via an inplanted
reservoir. The term "par ﬁtemal" uied i n includes subcutaneous,

i ntravenous, intranuscul BN Jar tjjculgar , kiGRaa- synovi al | i ntrastemal ,
intrathecal, intrahepafff, int iges onad” dad nntracranial injection or

i nfusi on techni ques. Pre erﬁ%ﬁ t he cGﬁp03|tKEN§lare adm ni stered orally,
i ntravenously, or subcutaneous 9 The formul ati ons of the inventi@y, may be
designed to be short-acting, fast-releasing, or long-acting. Still

further, corrp@rurrd’smeéneﬁe”*a@mﬂm vatidleel) A, A" B a0t BT havaithh egluet dramibsipsieni ¢
nmeans, sucg ? dm ni tion g % by | ectlon at a tunor site. [0171]
Li qui d dos 2;% f GRS ¢ er crgos ey HPEL (AR dmr‘rc‘tat?&éf"c istor BB i m t ed

t o, phar nacehtiyiedcldys @ocept afster bomd kgibe fismedbcweaem rkddgtisicidsobatulaons,
suspensi ongunxY (IvPsd ﬁt@gor@rl deatdh. rxs.mot.nmﬂgﬂuteh 8y eheliiG ts%ﬁ&.tg\rﬁeogqmwds the

liquid dosagg(&orns cont in i ert ﬁnts commonly used In the art
such as BBl e co {igsar o e %@% t‘é’l’m%‘F‘lfmft’rﬂ‘ﬂt"Hb‘“)a“@é'H’fs and
enul sifiers such as ethyl cohol |sopropyl alaohol et hyl carbonate,

cottonseed, groundnut copry, and sesane oils),

gl ycerol, tetrahydrofurfury amfo &, @O|Fﬁ e glycols and fatty acid
esters of sorbitan, and m xtures hereof inert diluents, the ora
conposi tions can al so i ncl ude adj uvants such as tting agents, @nmlsifying
and suspendi ng agents, sweetening, flavoring, and perfum ng agents. [0172]

I nj ectabl e preparations, for exanple sterile $njectabl e aqueous or

ol eagi nous suspensi ons may b %gd accg{ ng to the known art using
sui tabl e di spersing or wetti nstu enfliag,Hagents. The sterile

i nj ectabl e preparation may ctabl e solution,
suspension or enulsion in a pargt gridl | aqge abye diluent or solvent, for
exanpl e, as a solution in 1,3 butadedi ol. AnoH e acceptabl e vehlcles and
sol vents that may be enployed are water, Ringer sOsolution, U.S. Rvgand

i sotoni c sodiumchloride solution. In addition, sterile, fixed oils are
convent i onal | § aawphrofresebf asherringls wadbles BrA, BUBB.andiR Abpverthel ialims deﬁmibedtbbib\s pur pose
any bland fixed oil can be enpl oyed i ncluding synthetic nono-

di gl yceri a0 ff isyergenized fhat ‘I’”éﬁ"t“t;’e‘&%'i’ Rted by pry chraica) hapdingdheogy: ta%ar%%a in the
pr epar at i orreppdseritanpmctiandohle de usdhe depijt Gathabbdoddngriihatartongic eddwibehedbenii | | zed,

for exanpl e nb¥ rdrnbils@ld) @R (ids.ough a bacterial -retaining filter, or by

i ncorporating sterilizing agents in the formof sterile solid conposrtlons

whi ch can leied] SeObMechzetludiakReksRa for the Sdrigtléslianyat BrmulE (Mtherrsurs) | e
|njectable{ﬁ§QL#g;prror to use. Conpositions fornul ated for parenteral

adm ni strati y be injected by bolus injection or by tinmed push, or may

be adm ni stigroed ThyvaSRRtA W en'opm&[kmubgl%&gﬂg vy, QJoqlﬂﬁrﬁﬂgexfaﬂﬁlgﬁjff or oral

adm ni stration incl capsules, ta ranul es. In
Such sol | d "R TR <t 8 o R T Gt PP one

i nert, pharGrame it @reakdSyiesic 6 edbiabn B5ley diSent NJdR00Pamdirguds aghrcds sodi um
crtrate orSQmﬁ@I&@ggpQQQ&QQ@Q%Kﬁﬂp/or a) fillers or extenders such as
starches, |actose, cellul ose, sucrose, glucose, mannitol, and silicic acid,
b) bi nder s (81901 IresBme énahiodiaxrasy P lisR*-Co@r, RORYIO - IRFINERT)I UD B SFE-S(@B)- gir RAN(BE)-

gel atin, pogt@s)vl Y P OL ARG r%c%y&r&ﬁﬁg @é}ga@ﬁ%@}f nGlalIRCRANL S such as

gl ycerol, sintegrating cl um car bonat e,
potato or t pr oty gtg;éﬁ“maﬁﬁgﬁFg Bcﬁﬁ‘mégrPQFHW§?F$€§F§§d“%WbSpOV|done

cel | ul ose, croscaranellose sodi um sodi um starch gl ycol ate, and sodi um
carbonate, e) solution retarding agentsd?such as paraffin, U absorption
accel erators such as quatemary ammoni um conpounds, g) wetting agents such
as, for exanple, cetyl alcohol and glycerol nonostearate, h) absorbents
such as kaolin and bentonite clay, and i) lubricants such as talc, calcium
stearate, magnesium stearate, sodiumstearyl funmarate, stearic acid, solid

et hyl acetate, benzyl alcoh leenzy abenzo e p@@ﬂ?lene gl ycol ,
1, 3-butyl ene glycol, cyclod tr| , hygggzggnlde oils (in particular




(M11-15) HO 0 OH[0179] In further enbodi nents, the present invention
provi des pharnmaceutical conpositions conprising the conmpound (l1-1), or a

crystalline formthereof. In still yet further enbodi nents, the present
i nvention provides pharnmaceutical conpositions conprising the conpound
(1-15), or a crystalline formthereof. In still yet some further

enbodi nents, the present invention provides pharnmaceutical conpositions
conprising the conmpound (1-18), or a crystalline formthereof. [0180] The
foll owi ng description of pharmaceutical conpositions and nethods for
preparation of said pharmaceutical conpositions are applicable to the
conpounds of formulas (/),(1ll), (lila), (1V), or (lVa) and vari ous
SnbOdi ment s [@Ha)t Tieseiabe RiNiH aGo@s, cdgagn idpmoﬁelkﬁjdacmmgz I,Qk;h)omu}g f
escription i;ons _an reparation o
sai d phar naggrﬁ?rlloogggf"wgr?r%gtlnﬁ%oé%gmétr e RIS E™ em'f‘lldgnaeﬁtfg{ t'o i rﬁ%ep‘é’orfﬁg%tl
(1-1), (1-1%)cergpepdipgys R E?I‘S‘if]’gelln one enbodl ment, the phar maceut i cal

conp05|t|on es the c n t he comppund of
comnos! {1 on (GRMRELSERNE B2, EATRAYAL Ol LELIMLE, (L), ekl Lhe SO0
conpound of wmmlmhlb alkyleng Phainpptideellyphiaemeped b +QR)=CRIPESLL, boo- |lsxcrat3“ | east

about 95% %J&en&&%ls R84 DAhe g?&pﬁo(&ls@@ofg% O, RxE/ mh?' i nl@(Rf‘)‘)r(EIb) In yet

anot her enb ( rraceutl cal
Conposi t i on?$s ng-ﬂ%r%ﬁapﬁ?(ﬁg ﬁé‘?n&oflﬁf@?f SR %% f’é‘iﬁ‘ﬁoﬁi‘cﬁgnf@epeﬂ’i‘ély
phar maceut i &alCif diphatit etiosils substitttddevith RV ent’t amprubsiveies Bt @bbeesasadaiben or al

dosage for rramaftaz@f; Hfer GRMBOURLN atbfym%tcn%%@&Q&n@@ff&m%vth BOhehbiEqnat er -or

| ow noi st ure qb%nu actured usin ry or non-aqueous fornul ation
processes. @’}’atlcl’i“’%ﬁ% PR fed onuRReby ﬁ‘é@é‘tftgf%%li“é%’l“?ﬁﬁ‘g‘?df’i‘eﬁﬁ is an
oral phar rraé”é@tirl&ailkytﬂ@s@e for rn sel ected fromthe group consisting of
capsul es, tablets, gnd anul es. 1n another enmbodjnent, the
oral phar mé@ﬁ@ﬂé‘ﬁlvafﬂﬂﬁﬁgéghf‘lﬁﬂrﬂ? 88%11?%2}‘ WHENE I YR PSR- i s a

pol yner - bas edR*’CapE®e Nk‘b@ﬁﬁed(ﬁ‘}s@mﬁl N BONR’) £ ansiosk’| 0g@NERIB -atodrf,

hydr oxypr opyddRt Q,yb(cgﬁgfy)ul‘,@@g (HPMC), fish gelatin, and pullulan. In yet
anot her enbodi nmént, t he pol ymer-based capsule is sel ected fromthe group
consi sting of geelaam“mde;&ﬁtdntiyydm,amye}aroomblpmﬁlméhbsﬁt@tlec! MHRSE aryl, Retddabyi lor yet
Poogar | SRR e i1 RO IPh: B2 S LPOSH LRl Rele ML IS AL Bac R ©
conpound of 2 eipAdlwsupgtiyuted 6T‘° & “@P’%‘tdé'PfFfPWélY‘f@E h@vﬂﬁﬂef‘ adgftion i tejnjtjoggn atognd
optional |y a2lridprdcains indépeasaaly Bedcted FHA the BRAE condishify D MAESUt i cal
conposition conpri ses about 0.2%to about 3% of the conpound of fornula
(1), or a cryst ahKénderspdenibieydwien oatsontond Foststutabdiphati® 9ryBbétadand of i | | er ;
and opti onahdwtodyyiteprughait 1.5% of a lubricant. In yet another embodi rrent,
t he pharnaceuti cal corrp05| tion conprises about 0.25%to about 2% of the
conpound of f or matheR® Gddypendwlyas gropginglylskbsgudaliphatih eryk ofhpte@med cadoput 98% t o
about 99.75%of a filler, [0185] In another enbodi nent, the pharmaceuti cal
conposi ti on B HervEHRBr is 2 sbstipedpErsEREed reRta heeroyHy. AkydpbitbaiaRe. buf f er |
| n yet anot herof ehioid bpierdly fusddeo plabstin®e euhsubaikuted arpes] lickeaiaydhyOBPr i ses about
0.2% to abogfed} gtc sh8%n mausaqneqis ﬁvqsrsml.ateé&wasgrutas\eﬁsﬁva.tbal Jtan%uf,o

t hereof , abqut o about 8% of I tiona
1.5% of a | UBR &féh‘?f”ofﬂdieemavqswefﬁe 176 "WBEH £LOBH %f‘s‘éf's‘ft’t“ﬁ%ﬁdd]ftl‘s“ba‘ﬁfﬂfe“
optional | y wh tGOR)e00)E®)0 fC@RHBIOERST-SOPYR e ghliphas, Supeteentuagbstiafdt ot al

wei ght. [ 0185], arbnnor%e%m%élsgu OBl R Brio J?@hmgmgﬁéatolrg&hbs&ﬁ@@t' on

bout

conpri ses about e _conpoun, or a
cryst al | i ne "Bk Heradk, ha%ﬁ%‘talu?@eﬁ%eﬁéb"% gh Rygndgemdsntlygs Sfele?‘F fom the
optional | y gjpustonsdiogiif CL, fipoadd, Cas flubdoglipeaitithalo, ORY I-RAATIR/, bia -T'R*Q e hd% of a
flowaid, a tiz oy % . f , s a

per cent age g?'a?%tfalcﬁqﬁgl aﬁwﬁﬂiggfﬂ{ nésss{@cr)'grrft\:f\ibglngLi go?r{eemp%anr}{n%e coﬁkgound of
fornula (1)" @F"%“‘Br‘iﬁ%‘?%ﬂdlfi"ﬁ’é’“”f%?”ﬁf‘t"ﬁ%&"é%ffcw pliphasie. &g efitordaliphptigand halo.
%?gmicggt ;?(ger]g]g%qgléglk enf Icl’{gnnas&statute(ﬂm& Oozfxnc%gengentf¥ ﬁ%:;/tecl:elﬁbg Q’Ut e?e(lyr?th PKe
conpound of akdgmrghai opliopallydy intgrmepteg by ai(RDﬂR?)mCﬁCt ePe dfhe varsblgsﬂ%“s@htand n the
phar maceut i QakavERERASE deb@Pad abdvean anount of about 0.25% to about 2% by
wei ght as a percentage of total weight. [0188] Suitable fillers include,
but are not limted to, powdered cellul ose, mcrocrystalline cellul ose,
silicified mcrocrystalline cellulose, -fi.gh density m crocrystalline
cellul ose, lownoisture mcrocrystalline cellul ose, pregel etanized starch,
sodi um starch glycolate, and m xtures thereof. In sonme other enbodi nents,
the filler is selected fromthe group consisting of powdered cell ul ose,

m crocrystalline cellulose, silicified mcrocrystalline cellul ose,



[0192] Suitable lubricants include, but are not limted to, magnesi um
stearate, glyceryl behenate, hydrogenated vegetable oil, talc, zinc
stearate, calcium stearate, sucrose stearate, sodiumstearyl funmarate, and
m xtures thereof. In sonme enbodi nents, the lubricant is nmagnesi um stearate.
I n other enbodi nents, the lubricant is present in an amount of up to about
1.5% by weight as a percentage of total weight. In yet sone other

enbodi ments, the lubricant is present in an anount of about 1% by weight
as a percentage of total weight. [0193] Suitable flow aids include, but are
not limted to silicion dioxide, talc, and m xtures thereof. In sone

enbodi nent h e ;mﬁgh aidis
present |n§(gg§1a%ﬁh %d?‘! tagdaqr“%/()lg ?ggﬁdeg%%gﬁ b hggrg%éﬁphg%cerﬁ{ !ag}év- of total
wei ght In §é5°r¥‘é‘“?5‘t“l‘?éi“gerrbod| rrents the flowaid is present in an anobunt of
about 1% 24@S a g 5 b ohen et ge ot her
enbodi nent géﬁiﬁ\ﬁggpfz N p;Nga 8 ﬁég ﬁbun?tﬁdfogb ut Séé)ﬁ '‘by wei ght as
a percent ag@Oan -SCHNGR )z\/\Ein)IatNR"FGZ)B4]NR§JGQ)T&(BF)e -WRHEN’ )tNﬁ%"Dzude sodi um

citrate, ciK[R'@ @RS, ;lec@gkxtm{rzgg)zkhm(gqgozmm)zs@@owb@mmﬁ the buffer

is sodiumc #49) fer Is present in an
anmount of ug q)l%t g@é‘tt C\E’(Q)ﬁ%i} &Ei{) ﬁzt (g% g‘?@g?‘%gﬁ%g&@fbtot al weight. In yet
sone ot her -BROGHNIEMIR)-GER Jmufq(éYRl§(Iﬁ)be§eneﬂablpﬁ%rﬂamﬂ)ﬂﬂtavme‘abwt 2% by
wei ght as ae=pResgemi@age of total weight. [0195] In some enbodi nents, the
pharmaceutical conposition conprises the conpound of fornula (/), or a
crystal | i nd0¥ldk Bach R@meieﬁepdeatlyhk feleged fraamile grpxpicemahdg)of @ «lalighpticcant ; wher ei n:

Q%)ﬁkélgalﬁ,ﬁiu@zl s citric

aci d; A [ s “Wis | S0 R&' (]g : phat

- (CHR) , " - cp s ey *me(‘wglh Eﬂfm%‘*a)'y ‘6&5 tphyafiq, EWE{‘W‘M‘C Gfé‘“% s -RD, niis
0 or I’ I m 1 d falé T S u OS T 1 5 St ure

m or octyst 4 Tpfth b SRR 0, LSOO, ORISRl T S e

0
and m xt ur €8M¢ ¢TOPEpFnts Byriga thied g W“@'&ﬁi‘”tgd\ﬂf’éﬁ %P'%@“rﬂ“g S¥S§mﬁ‘a§ﬁ’€§f’
Sstearate. [tR:1D@p cdnistBgEfuandoidenyepirslyl, ishazqh syt ttakay isotoapPasi t i on
conpr i Seznhﬂﬁaéz‘sﬂggﬁﬁ%f}l Q)f(ﬁdicaﬁ}rm ﬂiia&ll phg{y} gyrf(\ﬂrnﬁls ;Sﬁllielzlnplepyhmdgnyf hereof, a

filler opt I f'orrula(/)ls
(M, (1- 15)93’6?'“1(‘ FTB?‘”W'HE“%"?“I“P‘@FY* '%doEYbP%'é‘t"é@’YI’ P%SQKH@IYQP%‘]H“%&% sting of
| oW NI St urigdafdle, IpeEyY sdpathlil qignolgl, kstduoSinyl, siaahlity) @insdolidyl, gliveingt e,

pr egel et an'p%ﬁngaz?r%ﬁﬁzﬁ) gﬁﬂ%l [Qr?\%i&i%ﬁg%}?Eeﬁ‘%gdm%&qn%ﬂgl Jefl’zm dr&;ﬂﬂﬁ«ahmen

present, is nm rate
phar maceut i ”6%111‘%6’6%%‘6%’1“%‘1‘)6 nirEFTRSM %‘léfge“&b% ut? %‘bSZ’SU/%de“"é‘BHUt‘EdZW?jf‘" t he
conpound ofbidyaicring &stéh yelec@t fram Gk Yisbadohsiskigy df plieay1f ﬂ?ﬁdlﬁ}@,fpyrlrﬁmdylﬂbﬂﬂbyl 98% t o

about 92 75{1{%%/1 Benbildi dJa?Jiyl wﬂﬁl n?l' Roquhhif 1%!938&1'1?9 Qfanfcoftdian (/) s (1-1),

(I-15) 15 sel ect e rom the group consisting of
| ow noi st ur‘%‘rafﬁ SB%“r"in{“féI“f“i“‘i’l"éroﬁ‘éﬂ"ﬂ’l“bls@d dbylirosrPeEaYich gl ycol ate,

pr eQe' etani Eﬁ?] rl;ngmbog‘imentgnth)t(atst'iﬂgt%ﬁal:&ehr%r %‘Ol]%on an%%‘% Dall rs]ub tqr[gd o%nbOdl ment s,
t he pharrraceu I'tron conp é oué of for roula (/), or a

crystalli né“‘?sé't“ﬁ’i"ﬁi’é-‘roééﬁpm‘aqu lFe’iF'doéﬁti‘Uﬁ&lﬂl y a I ubricant; optionally a

flowaid;, and o al | t he hdro car boxylic
herd or et e robk RS Haadhn g M iy M SlenlSyipind Y ST Oy carbol

each R% mdependent]y is C,4 aliphatic, C, 4 fluoroaliphatic or halo.

[¢114]) 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" independently is a substituted or unsubstituted aryl, heteroaryl, heterocyclyl, or

cycloaliphatic ring; and

=21 -



R is isobutyl; W is hydrogen, Cl4 aliphatic, -(CH2)",-CH2-RD, or
-(CH2)",-CH(R52)-0R5b; Pis WC(0)-; 12" is -1213; mis O or |; the filler
is selected fromthe group consisting of |ow noisture mcrocrystalline

cel lul ose, sodium starch glycol ate, pregel etanized starch, and m xtures
thereof; the lubricant, when present, is nmagnesium stearate; the Flow aid,
when present, is talc; and the buffer, when present, is sodiumcitrate.
[0199] In sone enbodi nents, the pharmaceutical conposition conprises the
conmpound of forrmula (1), or a crystalline formthereof, a filler,
optionally a lubricant; optionally a flowaid; and optionally a buffer,
wher ei n: the conpound of formul a (I) is (I-1), (1-15) or (1-18); the filler
is selected fromadhtRe igfepragention sORt-BRIG-SEDRY, e RDISORNIRE: NERD0ORJOR'| i ne

cel I ul ose, (&hgr@h(cgkycmi SR, PEEHR!, RIARY, 62EHURH)E e AGHITIRXE UT €S

t hereof; the, Légl’ﬁluca t, g E}rﬁs?ent i s magnesi um stearate; the flow aid,
when present; *paye foe Valyey S HRLBPRr | when present, is sodiumcitrate.

[0200] In sgy ' Qe rienis tma}?ﬂ@rllﬂﬁagﬁ\gtfdnﬁ?§—(§ﬁm§rbb':so'a) Cﬁrpga ses about

0.2% to abou %o e conpound f or mul , or cryst ne form
t her eof , abblt ‘BRS'G/& iUBSf%&af urgepstigegd pyl aethPw'e'}m@ﬁirﬂ ah%(F'PWefﬁc %8 Bbout
1.5% of a | wibkiemBimens R iionabshiyedi® ubobsgled phebfio pafidiayl folmindiay Chyrasmg,

optionally MBanBylaﬁ&%mﬁ%rQJo olplylf,{ngr by weight as a percentage of total
wei ght, wherein: npoun f formula (1) is (1-1), (1-15) or (1-18);

the filler {osmsah &ﬁﬁe%ﬁab&fdﬁxﬁﬁﬁklﬂ‘lﬁs B¢ QLGOS S thirg ROE CI@WymL%bﬂsﬂcy] or
rnicrocrysta iR AL el et ani zed
{L’e?)%ﬁblt tﬁl: uQrgI ]pma?(ﬁ w'ﬂ%%ts& tqr]ft-(ﬂ) V\E‘IOb ﬂ ted. lﬁ)ntng sul cFl

starch, and ?’h” rican , 1S m ne5| um
stearate; t febofimss. Bulﬂelewﬁw"ﬁ?f"@%ﬁﬁons’ft@g praPey, tafﬂmr%%é/l pdrphamylac

present, is um ci t.rat har ITB.CEUtI cal
conposi ti on[ozﬁiplr f‘osmeo fhe' %Od"["enbsg#cfs b fc'f”or frull gzg?r‘jlher 'g“(g?smé‘{)g?rl ine form
t hereof , a fuisplsigtpted pheayl, @mqﬂwhair#zyw’apﬂnmnyé amolmwimentemomalmwelrn@rﬁpmwttr of

f or mul at (1) edsdinbaed, P-had it (6:@HVR ROIGGY wxfémfwdi AEBdyS pyddist, ﬂh@rnmal%uﬁdngal f
CcO osition c I‘IS (0] or orm
Chereof, a FoRMBaGt SR SRR e Tl e ResblNG of

formul a (I)aﬁdé)?(R 1) the filler is sel ected fromthe group consi sting of
| ow noi st ur rocrystal |ine cel uos so arch gl ycol at e,

pr egel et ani @é@l g‘f‘ 578 R SRR g h% Redf Breﬁ{h %rpﬁ%? %‘/Ygalﬁf" “when
present, i scamsigresidimns,tPaag et fermu[a()@@q)) ,Iwmers BPre 26nipbiopentlsin yedveher

phar nmaceut i gabhin CAFRASHL lpcmstspmunaazesuémvh&@wwrmm?fzEﬁaﬂ}il a (), or a
crystalline formthereof; wherein the conpound of formula (1) is (1-1); and

the crystal (0119 Ifh emmoihgr drdbdimads, § B2 B8forhula BeitR-, endarliisBAGST-Rehere T -
phar maceuti gl , £QMROSI RPN pﬁé?.FTPJyh&ﬁﬁ ppasnﬁ%gmumﬂ rsatmtyf LR (1-1) Form 2,

and | ow- noi st ure m crocr odi nent s, the

phar maceut | B41O*¢§ tefg?ﬂdéﬁ'ybafrfwvf‘fglggmt‘%ﬂé&%%iﬁm'ﬂb%“Foﬁ%?& {1-1) Form 2,

d I f i |} s enbodi t
taRe f)lhalr (T:TIB.Cteo‘S?II} nihg LOGHIYR @Ndl‘oﬁ& €eatxg¥l£t85@, (,ﬂucgoa}lﬁ%ucs Qgﬁ Oéllf’{‘el{r h‘ﬁ| ao( I]_m]:f;] IS:OI’ m

2, | ow noi stfHg ﬁﬁt‘?’%@&?‘gt}%ﬁ*ﬁ' ﬁ%“%ve@l‘ LﬁQﬂ‘g% Y2, AR mekprd& )‘G‘PrlT’@t)ear ate. In
still yet saom,)f-0ARReKR*BMHITH],EIR'Y,0R Y& aﬁnaxnmle‘ufswcather&wmget ROR’,
conpri ses t%@ﬂﬂ@%@ﬂue@ﬁes&%&ﬂ%@ Gl md darE QLR B OF QET YAl L1Es cel | ul ose,

and magnesi um St ear at
described below.

[0121] Insome embodiments, R"is hydrogen, C, ¢ aliphatic, C ¢ fluoroaliphatic, or
«(CHy),-CH2-R®. Tn some other embodiments, R*is C\¢ aliphatic, or -(CH,),,-CH;-R®. In some
further embodiments, R* is Cj aliphatic. In yet other further embodiments, R* is isobutyl, 1-
naphthylmethyl, 2-napththylmethyl, benzyl, 4-fluorobenzyl, 4-hydroxybenzyl, 4-(benzyloxy)benzyl,
benzylnapththyimethyl or phenethyl. In certain embodiments, R® is isobutyl.

[0122] The variable R* is hydrogen, Cy aliphatic, C, 5 fluoroaliphatic, -(CHy),-CH>-R®,
{CH,)-CH,-NHC(=NRONH-Y, -(CH,),,-CH,-CON(R®),, -(CH;),-CH2-N(RHYCON(R?),,
«(CH}m-CHROIN(R®),, -(CH,),-CH(R*®)-OR™, or -(CH,),-CH(R)-SR’, where the variables R*, R®,

-22.



[ 0204] In sone enbodi nents, the pharmaceutical conposition conprises the
conpound of fornmula (1-1) Form2, |ow noisture mcrocrystalline cellulose,
and talc. In sonme other enbodi nents, the pharnaceutical conposition
conprises the conpound of formula (1-1) Form 2, and pregel etani zed starch.
In yet sone other enbodi nents, the pharnmaceutical conposition conprises the
conpound of fornmula (1-1) Form 2, pregeletanized starch, talc, and
magnesi um stearate. In still yet sone other enbodi nents, the pharmaceuti cal
conposition conprises the conpound of formula (I1-1) Form 2, | ow npoisture
rnicrocrystalline cellulose, talc, and magnesium stearate. In sone further
enbodi ment g4 ﬁﬁm@venraaraﬁ@s%@rerareg BhovE MRS fipRORS WD, %eﬁdrﬂqveqerUQand of
formula (I Q rm2, |ownoisture mecrocrystalline cellulose, talc,
nagnesrunré*é@FgPﬂm”and sodiumcitrate. In some other further enbodi ment s,

t he phar magguyy; ﬁqasl)mgargmertr GOLch ﬁeﬁdr,gmc@m%m af tQpmhgge! -1) Form

2, | ownoisture mc@g % i ne nesi um steérate and
pr egel et ani®zdeHa G n 9epTq othpegmbediments. B isthadrossmr & mERe R - of he

phar maceut i-@ai,), CORPYOR. QrﬂyeC@)ﬁﬁbm&eﬁrbddh&nGQ{fh@uﬂﬂtnyi nhpathptkdyl(3-- 1) Form 2,

| ow noi st ur g |4l o | C m st earate, and

sodi um starc sz:g& yé&ﬁ“ 6% 8&%3&%% T %ﬂ‘%&ggalgr mula (/) is

subj ect ed P82 @YIV‘F‘?‘ﬁOEB’ﬁ'EﬁhtY ons the ester portion of the nolecule is
hydr ol yzed g /AN ecular ratio.
[0206] " Usi rgr‘iﬂg e cemfn bgé)np“% hod&fI = q?%@%%\fé’é‘ e%'?bog'rmc‘fa(fitr & gng?p |hons f or
sanpl e preﬂereaetheﬁertamweb%ﬁ!mﬂnﬁtR“ $hYFWéC“eorrpound of formula (VIIl) present in

a test sa ee e Anal yti.cal  Test h bel ow), by
conpari som‘{'@ﬂaﬁ’ r%{ces @?rgﬁeﬂa@d algppatieyf mﬂ“%ﬁ:rr'r*rv (%13 g‘g%#? anal yti cal
met hod t hat(Clioe$ HrdRICSINR BELY +- Weiz}sﬂhﬁaﬁ@Nflb)zhgfdrzbr%WoR MR ons, t he
anount of t{g @mmdd ofchy)-oudr). 6&95/04)@1@{),,6@3@15) IR Whii€ e ARHI& R@fRSt he

conmpound of ure $ ref erence standard
of known p&PJ‘g}la( e gsdfescﬁ%g Rtk g@@,{*ﬁgﬁﬁ 3{]2%@?5\”}3"3 &8Pt ore, the
anount of tderigéhgound of for rruI a (M) measured in Analytical Test Method
| mnus the anount of the conpound of fornula (VI!!) measured in_Analytical
Test Met hod?2%) brsvegerbﬁ@ma%ﬁnts nyfroseh & t”(?ﬁlifﬂﬁﬁdﬁ ‘B‘P’Of't’é’?‘r?&l EHNCER i n the
sanpl e t hater r(SHﬂerZH(\Ré“MOR?’omsmedm@r gnghiogimerfts, RH & iobnpounphtiotmetfybenul a (1).
Based on a n%ph%yﬂﬁ}lh‘?lcb@né’ﬁ 4rfﬁBﬂoﬁany@r4 h&&@xyﬁé?.?}f%&%én?ﬁnx?{ber&ﬂe conmpound of
formula (1) he” conpound formul a( , a nol ecul ar wei ght

conver si on b@‘i'z\y/lé‘?h‘thhlémﬁﬂﬁbﬂ‘?"eﬁ‘ﬁ" corrpound of forrrul a (1) present in the test
sanpl e. 3913]7] %ch\ﬁglnlrde&ﬁdccr%fgg@dbgtﬁlgedté)g%sukﬁh'tgpd %Fn% (}ﬁa ?c%c n%esrst()d% as

descri bed direct rinmenta

appl i cabl e SPRE " WFTI‘%\?a"'i‘rﬁrfﬁ@Pe"f’%‘“éﬁﬁS‘B’F““E‘?fhf’r B’ﬁh&ﬁ@)‘&fﬁ‘ﬁ@e@‘? Py iinfadd: (1),

(1), (111 )benz(riaeolyl( daphipyt, (qmm(iin)dadumaana)rismns)orenhﬁ@r eatas eabodib@s8 R or nul a
as descri begaslagggﬁregorﬁ%gnm%%w 91? met hods as described directly above
and in the Experinental section belfow are applicable in a simlar manner to
t he conpouneies) Thelyusiablely i3 Bydrogl, AN, ol 8)D,. 1h 4R8hbddinea@eis yodi ment's, the
anount of the conpound of formula (VII1) present in a pharnaceuti cal

conposi t i orf0528] Fest varabierREds byiropmas uubstitpted heurauvsinned abfhatichaylciorpouhdr of

formul a (VipkdkheyelbdrodpS mae&&rrrod@mseﬁfw %mparsgela bﬂguﬁsﬁ%u&m uShRkRd higneondi ti ons

under which the c ound of to the cogpound of
formula (VIS I“fﬁ?r%ﬁ‘]‘*”f‘?m'a‘ﬁ%s gynﬁg?ﬁér?g@ﬁ?rsc‘ﬁ%/l éa“&nlzﬁﬁ‘ﬁf’e‘atf"d't"}‘i%’s ‘&offpound of
fornula (1 -sdlycteddromahegropp tabibtingef Hydrpawn trivgy L oy, ippep mid ijobutd. pheraivaesut i cal
conposi ti oRmb&iRRRI S8 GEAnAS the equival ent anpunt on a nol ar wei ght basis
of the conmpound of formula (VM 1). [0210] In sone enbodi nents, the

i nvention red3ex @Ee\hﬂab& RiTiS bydohasier p&masrnrmaaemrismhmmmﬁsa liryIONete€c@YP A Si Ng t he
conpound of Hal aor.m [.n sone
ot her enbodi 68%{ 5‘0 e u%?‘egjgg@relg{%gr %E%&Tﬁ%;] graalsubsgmg%%rru siu%%rgcg%%l P‘i“ées t he
conpound ofg“’I“E’rrIr'i'ﬁ‘l”%’;te qther epybodigpnts R jsyrudrogen Prr%sr'qurrt%ércésmbodm@r s t he
conmpound  OfselécidMidmahe(gtoup fonkiRinP GG Ben,| nitthn etBYINLPopyE BH4li36BdA NI cEr@indudiD| ar

wei ght basi to about 3.0 ng of the compound of formula
(VII1*, In "§‘8 mél%%eok%isﬁedrloggpnbodr ments, the unit dose pharnaceuti cal
corrposrtlon conpri ses the conpound of fornmula (I-1), or a crystalline form
thereof, wherein the conpound of fornula (1-1) is present in an anount

equi val ent to a nolar wvei ght basis of out 0.15 ng to about 2.2 ng of the
conpound of formula (V111-1). In still “yet sone other enbodiments, the unit
dose pharnaceutical conposition conprises the conpound of formula (1-1), or
a crystalline formthereof, wherein the conmpound of forrmula (I-1) is
present in an anmount equivalent to a nolar weight basis of about 0.18 ng to
about 0.22 ng of the compound of formula (M11-1). In some further



(a-3) screening additional filler through the sanme screen, passing it

t hrough the sane bag, and blending in the sane bl endi ng apparatus; (a-4)
repeating step (a-3) up to two tines; (a-5) taking the resulting mxture
fromstep (a-4), and encapsulating it using a capsule-filling system and
(a-6) weight-sorting the resulting capsules fromstep (a-5). [0219] In sone
enbodi nents, step (a-3) may be repeated three or nore tines. [0220] Wen a
| ubricant is present in the pharmaceutical conposition, the invention

provi des a process for the production of an oral pharnaceutical dosage form
of the compound of formula (/), or a crystalline formthereof, wherein the
oral pharmaceutical dosage formis a capsule, conprising the steps oft
(b-1) m xi n@13¥idgért herbdblswisde hed?. flp bdre embaingns,or ie @ neld Incempountodiodnisf isnul a
(7)., or a coymbmkddtad Hpbdhihergaf, in a bag; (b-2) passing the resulting
m xture fromstep (b-1) through a screen, then bl ending; (b-3) screening
addi tional foLs2) efhe bhriigeighs O her 5 AnBremnBRinen SIS 0 DY . i1k cekthis n@binkNe ASAME bag,
and bl ending in the same bl endi ng apparatus; (b-4) repeating step (b-3) up
to two tines; (h-5)blending together the m xture fromstep (b-4), and
screened Iutmsa;aurmb varalle B 0f ki MPerdaR@mb&Srhtnis] /190N ¥hétc@alle-RRGEAR, (iP- 5) , and
encapsul atipg it using a capsule-filling system and (b-7) weight-sorting
the resulting capsules fromstep (b-6). [0221] In sonme enbodi nents, step
(b-3) tmay bgnmneadn@dmsémr&ats% .srmmelsh%aa@a} cvm aﬁcdd tﬂugeﬁglpha@%pogeptlsl are
present in phar £U onposi.ti.0 g Secon iller,

or flow ai d(gﬁﬂ Eﬁ‘ ﬁmﬁ ‘Sth d‘%f"@r(‘:l% n‘R i G r@ﬁ%’ E(“B *&'Z)OF?'GB The total
anount of ed@ﬂz)rc@ﬁ@o"h@ﬁitb Fof R EE)- ph&rfﬁ(@beﬁfls ané@np@sn!tl on nay be added in
one step or 0"?51 be broken into several amounts, r, my not be of
equal wei ght®*AdasaaaRe erhod 'ﬁec?fsvf‘dﬁ.Palesc%a?'fpéﬂEéé (ng)"S(f%& ‘fb‘s yroge: (b- 3) .
[0222] In S 6. e Bt oRT oredeiHs),-OHIRE ) ORV elis IROB(QPT @ \H° 363,-2R°v-BG @sbn s Okr & he
production of an oral pharnaceutical dosage form of the conpound of formula
(1), or a cH¥dprmeabersrirdm@iebfs O; \ﬁnélcef Wkt Rorddivirgeear-ttbetithRalor dosage
formis a capsol-eHREpORTiPSE REC(Oh&® 8tRepsdefis 0 &ra- 1) passing filler through a
screen, then placing in a high shear m xi ng appar at us; (c-2) passing the
conpound of I“F??r}HHF%’EGY“)‘“"’B?"“&C"E?W§Pa‘T~ I'ﬁ‘ﬁ’é“tfloli‘msi’i’?eqﬁefoﬁ;oi’wm%gh a screen,

t hen pl aci ng,dfMobiighaanenhi,-Gh,-RheA(CHY), AHIFapRIa patis o), & ) RPaasiing filler
through a sgreen, then placing in the sanme high shear m xing apparatus;
(c-4) mxing using the sane high shear m xi ng apparatus for |ess than 10

i nut esI §Ct05:)8] txag@z Elﬁ‘letohh@r chrBSdithdntsNg is B REGUEBuhIr @M B BRA e @:pha@cnﬁt t
encapsul at i g em _sand (c- wei ght - sorting
the resulti RQH e (?Hgm%!éo& %)Sﬁ f@ é 5 1Ry aé‘gﬁ’é e‘ﬁﬁodl ments, when
usi ng the hto@imham em.mmréma.a@&tm.s@ﬂdi'stswat}ahz* sqrm.fa GNlGL,) 3L rar e

g{ g;e?t(:: :;1 %P Z)Q?H(r‘;%%%%g ¢ sRC(é?éTp(}){%lgtl oarrlldm 00: a dded by repeatl ng either

[0140] In certain embodiments, A is 0; R is isobutyl; R™ is -CH,-R®, and R® is phenyl; P is
R°-C(0)-; R®is -R®; and R” is 2-pyrazinyl.

[0141] In other certain embodiments, A is 0; R* is isobutyl; R™ is hydrogen; P is R-C(0)-; R is -R";
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
Ci.6 aliphatic; R® is hydrogen; PisR*-C(0)-; R®is -R”; and R%is 6-phenyl-2-pyridinyl-.

[0243] In some embodiments, the compound of formuta (I} is characterized by formula (I-1}:

0O

Cl
Q H @ CO,H

N/\n,NYB
H o '\r COH
Cl
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[0224] In sone enbodi nents, the conpound of forrmula (1) used in the
processes for preparation of solid oral dosage forns descri bed above is
selected fromthe group consisting of (l1-1), (1-15), and (118). In sone
enbodi ments, the conpound of fornula (1) used in the processes for
preparation of solid oral dosage forns described above is (1-1). [0225] The
process steps outlined above can take place using conventional apparatus
and equi pment. For a review, see e.g. Rem ngton: The Science and Practice
of Pharmacy, 21" Ed., Lippincott WIllians & WIkins, 2005. [0226] The

bl endi ng steps outlined above can take place in any conventional bl ending
apparatus. In sone enbodi nents, the b%gﬂding time for each individual

bl endi ng step i s between about 1 m nut'e‘and about 45 minutes. In sone other
enbodi ment g, , tgnkl GRdisag.et i me for each individual blending step is between
about | mnute and about 20 m nutes. In yet sonme other enbodinents, the

bl endi ng t i[oTe4]f MkoraEHar dnibddivtidi) &k cdidpend oNigrnslap id Garb@divaen foabodid-13: M nut es
and about 15 minutes. [0227] The m xing step outlined above can take place
in any conventional polyethylene bagﬁ!’“ SO enbodi ments, the m xing step
t akes between about 30 seconds and 5 fut e I n sone enbodi nents, the

m Xi ng step outlined above can tpakeg¢pl ace oy stai nl ess steel container.

[ 0228] The m xi ng step usingyt hdl hiph ﬁhqu mlx¥Regtappar at us can take pl ace
in any conventional high Sgégzr%$ i Q[ appar & usy An exanpl e of such a high
shear m xi ng apparatus is as La® Hi § heaCOgh anul at or ( Key
International, Inc., Englishtown, NJ). In pone enbodinents, the mxing is
performed for |ess than about 10 m nutes. In sone other enbodi nents, the
mxing is perfornmed for | ess than abo hs? m nutes. [0229] The capsul e
filling step outlined above can take pl'ace in any conventional capsule
filling systemsahidRRahatds. | n sone enbodi ments, the capsule filling
systemis sem -automated, and can handle small batch sizes. An exanple of
such a capsulg hiyktlsbmgpusy shtemimess, 80 kenpasd bNfobaa (§)lishpakerikddnsy togrehla (1-
Lincolnshiﬁg: Stanford, United Kingdom). In sone enbodi nents, the capsule
filling systemis manual. An exanple of such a capsule filling apparatus is
sold as ProFill 100 (Torpac, Inc., Fairfield, §§J, USA). [0230] In sone
enbodi nents, the capsul es_are hard g6 gti n capfiul es, sold as Coni-Snap(r)
(Capsugel , Peapack, NJ). 2 of skPll fin gyheGart)widl, be able to select the
appropriate capsul e si zegpeh o QL4 ments, the capsul es have
a fill weight of 85 ng, 120 ny, ﬂ%o . 302 1]ﬁg$$%2eight-sorting step
outlined above can take place ™8T ng any-con i orrat2ivei ght - sorting
apparatus or machine. An exanple of a weight-isorting apparatus or machine
is sold as the SADE SP Bench Top Tabl et and Capsul e Wi ght Sorter (AC
Conpacting LLC, North Brunsw ck, NJ, US8&). polyethylene (HDPE) bottles. In
anot her enbodi nent, the capsul es are packaged in air-tight sealed foi
pouches. | rryarsaigforebeedbodi ment, the capsul es are packaged in foil-foi
blister packs. In sonme other enbodi nents, the capsules are packaged with a
desi ccant . (e@233}urEheMphyisiogyal and chemical stability of the oral
pharmaceuti cal dosage forn1na¥ be tested in a conventional manner, for
exanpl e, t K8 sParAErs obPraaB G PRIy S eP Rl iCOTTSROPHES PoB¥Say for the
conpound ofacifisOISaaklbarofit cidi@gpaciadchott pppoadifairtmetabid lebws b ofiead erdadry kilfif er ent
temper at ur g o 08c.t J fuah il of RGPS Rb, S75ss, BORRAN oo, [ROMEIOR P

enbodi nents, the i nvent| on provides pharnmaceutic conposi t1 ons ¥or

par ent er al Fydligatiop WQ2005/&GR¥ - S resrmriRrisutichenteis sqt ﬁé‘hi'“rﬁ?ng’ﬁl"'iléﬁo‘br ovi des

| i qui d pharmaceutical conpositions for parenteral or oral use. [0235] In
sonme enbodi ments, the conmpound of forrmula (/) is formulated as a

| yophi li zed powder, in a manner anal ogous to that described in Planondon et
at, WO 02/059131, hereby incorporated by reference inits entirety. In such
enbodi nents, an aqueous m xture conprising a al pha-hydroxy carboxylic acid
or a beta-hydroxy carboxylic acid is |lyophilized to formthe conpound of
formula (/). [0236] In some enbodi nents, the |yophilized powder 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 conmpound and the conpound of forrmula (/) are present in the
m xture in a nolar ratio ranging fromapout 0.5:1 to about 100:1, nore
preferably fromabout 5:1 to about 10017 I'n various enbodi ments wherein

t he al pha- hydroxy carboxylic acid or beta-hydroxy carboxylic acid conpound
is citric acid, the |yophilized powder conprises free citric acid and the
correspondi ng boronate ester in a nolar ratio ranging fromabout 10:1 to




[0243] In sone enbodi nents, the buffer is present in a concentration of
about 45 mMto about 65 mM In sone other enbodinents, the buffer is

present in a concentration of about 50 mMMto about 60 mM [0244] In sone
enbodi nents, the ratio of the buffer to the conpound of forrmula (/) is from
about 50:1 to about 10:1. In sone other enbodinents, the ratio of the
buffer to theemehpound of fornula (/) is fromabout 30:1 to about 10:1. In
yet sone ot her enbodi nents, the ratio of the buffer to the conpou of
formula (/) is about 20:¢x:; [0245] In sone enbodrnents t he pHH f L B,

phar maceut i cal corrpd‘sﬁ,._' Hq S bet bout PH 4. d Heb. 1 pH of
the pharmaceuticalt ¢ i onlc cﬁdjéﬁiﬂdp § |norgan|c
acid or organ ¢ a¢id.© 024 17l n Tsohre anQ&@gn% t egp ar q@utlcal

conposi tion conprrs%s t he conpoun AOf formul a buFki ng agent, and a
buf fer; wherein: thetal pha-hydroxy earboxylrc acrd or beta-hydr oxy
carboxylic acidis citric acid; Ais O0; RAis isobutyl; Rai is hydrogen

Cla aliphatic, -(CH2).-CH2-Ra, or -(CH2)", - CH(R5A)- 0125b] P is l.g- C(0) -
Iteis -RD;, mis O or I; the bulking agent is glifrne ndmx lbd%fer is

sodiumcitrate, afid ¢jjtric agi d. [ 0248lsd) s € neent, s 0
e kee~¢7 ), a bul ki ng
agent, and a buf fér faphefeiza: the conPoulid ™ of for R% ifg represented by

phar maceuti cal cofposttio \gbgprrs
conpounds (1-1), (l145jaor (1-18); the bul king agent |s“glycrne and the
buffer is sodiumcitrate, and citric acid. [0248] In %one enbodi ments, the
phar maceuti cal conposition conprises the conpound of forrmula (/), a bulking
agent, and p1ymfdE@plingns amhpysmﬁh wkth iﬁﬂdpnfa@wet&rnnnd/ﬂ&famefonowetd Iﬂ(j! Nadplar hydr oxy
carboxylrc Qe $ 0; W
is isobutyl]
-(CH),,, CRG‘R%)"’“WWWPOW scwa@:fc@yg grOerS ergs furﬁﬂ, acptyli (¢)0suerinyd (Suetead bul ki ng
agent is gl yeh&&suc@R; and urethane protecting groups, e.g., rert-butoxycarbonyl (Boc), benzyloxycarbony!

proqicp dné [prﬁ:[n X d rO(l?i')l( d‘iﬁ"%‘rslf?l% Ie IfC E)%Iamp &Rts s&?&b e &roi ejtnﬁérdugspﬁPb

(Cbz), and fluorenylmethoxycarbonyl (Fmoc). Optionally, PG is hydrogen and deprotection is not
necessary. The peptide coupling reaction can be conducted by prior conversion of the carboxylic acid
moiety of compound ii to an activated ester or acid halide, ¢.g., an O-(N-hydroxysuccinnimide) ester,
followed by treatment with compound i. Altematively, the activated ester can be generated in situ by
contacting the carboxylic acid with a peptide coupling reagent. Examples of suitable peptide coupling
reagents include, without limitation, carbodiimide reagents, e.g., dicyclohexylcarbodiimide (DCC) or
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide (EDC); phosphonium reagents, e.g., (benzotriazol-1-
yloxy)tris{dimethylamino)phosphonium hexafluorophosphate (BOP); and uronium reagents, e.g., O-
{1 H-benzotriazol-1-y1}-N, NN’ N’ -tetramethyluronium tetrafluoroborate (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  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, BCl;, lithium

aluminium hydride and NalO,,.
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the buffer is sodiumcitrate and citric acid. [02491 In sonme enbodi nents,

t he pharnmaceutical conposition conprises the conpound of forrmula (/), a
bul ki ng agent, and a buffer in a |yophilized powder; wherein: the conpound
of formula (/) is represented by conmpounds (1-1), (1-15) or (1-18); the
bul ki ng agent is glycine; and the buffer is sodiumcitrate and citric acid.

[0250] In so Sfbodi ments, the pharmaceutical conposition conprises the
conmpound (I - “'hia | yophi | i zed powder. In some other enbodinents t he
pharnaceutlcal conpositi onprlses t he conpound - egC|ne sodi um
citrate, and citric aciqg}ingayl ygphiliZzgs mwmer ot her
enbodi nment s, ﬂgpelg nanma{ﬂ éTrrcorrpo Sl {h)\rrcorrpound (1-15)
in a lyophil F28§" 6bmder fh §tf1| yet %8ﬁﬁ“ﬁfher e fits, the

pharmaceutical conposition conprises the conpound (1 15) egC|ne c:godlum
citrate, and citric acid in*a |lyophilized powder. [0251] In spge,. L4m3
enbodi ments, the invention provides a unit dose pharmaceuti cal v sition
conprising the conmpound of forrmula (14), a bulking genmmzamdva fer in a
| yophilized powder. In sonme enbodi nents, the unit ddse pharnmageutica
conposition conprises the compound of fornmula (11), |glycine, sodium
citrate, and citric acid in a lyophilized powder. [(252 “&mm§%mMmms

enbodi ments, the conpound of fornula (1-1) is present in the unit dose
pharmaceutical conposition in an anount equival ent a nol ar wei ght basis
of about 1 ng to about 10 ng of the conpound of fornula (VI||-1 In sone
enmbodi nents, the compound of forrmula (14) is pre é:é?ln théﬁh Cabse

phar maceuti cal copo ﬁfon i1 an annmmomﬁqumvale |ght basi s
In sone
t%e unit dose

of about 1 ngy ta, %ﬂHt Jo r
enbodi ment's, the fcofp und BT formul & (a- 1) |s pr sB1

pharnaceutlcal conposi*tion in an ampunt equi val ent on a nol ar wei ght basi s
of about 1.0 ng, about 1.5 ny, about 2.0 ng, about 25 ny, about 3.5 ny,
about 4.0 ny, about 4.5ny, or about 5.0 ng of the conpound of fornula
(V1114). In P Arbodicdyeht derbh@ugbppadioo iof bfroverd, @ shbwilip Stitmpr.eEent in

the unit dos I n a nol ar
wei ght baS|s§”?B%E §%&EEQV1&ﬁHR%§N%gR ghn %Qﬁgﬁgrn%fgquﬁl%ﬁ%$dgfﬁ%5 In
sone enbodi n@iﬁ‘f“&)’s'st‘ﬁ 8’"& W?“dd’f' QPW?'HSP (priel aptesterhydmsiyi et nepdedeleading

phar maceut i céitectyQbP@spoliridaB. CoupAdROMih cOmpbligd {:d BIIEHIK acld.daf6tectibhlarS GEE

enbodi nent s, m%gg ﬂp? %kﬁg&ﬁgbxg ngcem6 gg%,égo$£$(ynlt dose pharnmaceutica

conposition 1's Loe enbodi nents, the:

t f l S I Lv T a ac (")
amount of g ao@mec{%@é}@mg gaa: &asf%h hs@!}f;p o‘ﬂﬁé@ Iﬁmpﬁfy&m@ﬁé Fd%vpé?aswg} Qn is

about 0.06 g to about ts, the sodium
citrate and GFPorYEagd jogtfprd ”ﬁt‘%‘gfé’ﬂ'ﬁ'd ‘?flfPr’t“l‘l'é(Ibi‘ﬁSf‘o“d'd%%C pR&T-maceut i cal
conposition in an anount equivalent to about 0.005 g to about 0.250 g of
citrate ion.Sdgmedne enbodi nents, the sodiumcitrate and citric acid is
present in the unit dose pharnaceutlcal conposition in an anount equival ent

to about 0.025 g&i ﬂbqut 00425 GufdfnyGif hubihfic kiohr. [ 02 5] RSOﬁEﬂ
N

enbodi nents, the BL Qi deshdeyrieoierse phar N.C8NPOSi tion
conprising the € Ad Ra‘ornula (1-15), a bul ki ngPag Qt#dgﬁd uffer in
a lyophilized po Al n sonme enbodi ments, the unit dése harnaceutlca
conposition conprises the conpound of fornmula (I15), glyciney)sodium
citrate, and citric acid in a lyophilized powder. [0256] In sone

enbodi nment s, [(He e apoersien G ¢ the spgipeund pf foaiuls (B cpr eeqemplished tnder gtdrificaios e

phar maceut i C&Jndlﬁmﬂﬁb}:ﬁg@ﬂprbﬂm@ay ammquﬁm Hﬁh&mha Qwr&y@mb Sy lidMRIa@herbasi s
of about nEFto about he coggound of formul a F % Ln sone

enbodi ment s, PHE? &%?%815 Al i s S?’a?"hﬂﬂ‘:%as(e BYCIig At g IR 063%95“ RO dose
phar maceut i cald abn§FS Thomntersicanf avwderbmpgud o ddrenk (Mranalsobd @rompishghds basi s
of about 1 t I n sone
enbodi nent sn%sﬁgef%%gﬂﬁmm 9&%%:%& { gg@pa @Bro%)g%?r%ﬁ]f %ié({] reb e%ﬁi){qtmgose
phar maceut i crPodiTaasi Fmpies 9% other Séfff‘ﬁ'ﬁ Belvealy lﬁf\)‘asl @persion ingludp Py preie igtted basi s
of about 1.0 ng, about 1.5 ngy, about 2.0 ng, about 2.5 ng, about 3.5 ny,
about 4.0 ny, about 4.5ny, or about 5.0 ng of the conpound of fornula
(V111-15). In sone enbodi nents, the conpddnd of fornula (1-15) is present
in the unit dose pharmaceutical conposition in an anount equivalent on a
nol ar wei ght basis of about 3.5 ng of the conpound of fornula (VIII-15).
[0257] In sone enbodi nents, the anount of glycine present in the unit dose
phar maceuti cal conposition is about 0.01g to about 0.50g. In sone

enbodi ments, the anmount of glycine present in the unit dose pharnmaceutica
conposition is about 0.03 g to about 0.250 g. In sone enbodi nents, the
amount of glycine present in the unit dose pharnmaceutical conposition is



(d-2)lyophilizing the m xture. [0260] In sone enbodi nents, the conpound of
formula (/) is formed in situ fromthe correspondi ng conpound of fornula
(V/I/1). Thus, the invention also provides a nethod for preparing the
conmpound of forrmula (/) as a |yophilized powder; the nmethod conprising the
steps: (e-1)conbining: i. an aqueous solvent m xture; ii. the conmpound of
formul a (11te/yethy jspbutyhkdmak lapstage agaonitile ghjethyetrahydreflijamh avibajel e gpybaetioxy | i ¢

acid, or a cﬁﬁl&tﬁoxtyaﬁfngQ:ftr,ah)‘afofzﬁanb&t)ﬁn@MQKI%M&:ES&%E RA¥ME, ihGptae) ribihyDEycRheS @i |
thereof or a.co ti on thereof;

z ¢ hi |
the. m xt ur o PUBBROTHeC NP EHBC AR TE o By susneu et et e -
conpri ses owability aithe elptohydoky ertiosylic acid ddietihgdrotygathatybi acid useds dhe

enbodi ment Stem%é?ﬁurg Q1eaRh HERE cdnSerlbrotivid Ke wn{p&nwar Bfmuld ® mn@empﬂ@; on the
enbodi nment s he co-solvent is an al cohol including, but not limted to,

et hanol , tetfoﬂ”“BtH?‘y‘l"fé{’Fé‘BYFBﬁO’éﬂﬁ“h‘f‘%f’fﬁ‘r”é"é’ thereof. In sorre ot her

enbodi rrents %25: sol yen tert- lau}: a ohoI a[[ %‘J
b an
enbodi nment sm e 5cﬁ'é%ﬂcs)“(’sgltc{/enfomr‘?1ou ur%mclzuoan@ e%ca Gt 1 A)ovg/a W irtBneabout

40% v/ v al Ceskeouch asrbusmﬁbmmdmmeém@drp ﬁ@qﬁhyéenectla@eneawé@wo@@jhwéﬁﬂutlﬁnnset*ur e
conprises afpkth 1M6Hy%ldlﬁé3dxa&@au¢yip}%evﬁYneﬁ)lyl(ﬁﬁl:lﬂblme|N]m§t pRlifer enbodi nents,

t he aqueous, sol v 6% v/ \. al cohol .
In yet sone“BGtM g&% ﬁ%@%'@c}n&heﬁ'ﬁ%c é’a?gﬁlﬁ: 0?3;%?0%36'8& 3% v/ v
to about G%Iaehlsicytciefﬂit&(ljww-enaImm@bpronyittfe(tanﬂde wemmmermfher enbodi nent s,

t he solvent m xture conprises about 5% v/v tert-butyl alcohol. [0263] In
some enbodi BRI sThe sorvpopiie formulp aigithpetphe-Bydroyy sasbaxylisgcid REPSRINAGYNd (1-1) as
a l yophi | i z&ebopyedas are hired metb@duﬁ@saspemsfdmglc& foea gdiepstintef Fdloeogiispetmd: 1 .
W?;[ gr t :)I f thueneCtRerrr%%cHon nug(t]ﬂre(]:ig 1?%%’ Clccpo?ﬁrﬂ)e?loa qu{n%m 5’ tlht %0%rpgunda8§mrlia (f):‘]t ;:):’:YE
enbodi ment swhigh precifiteyes ypgn ?ﬂob\&'ﬁ@ﬂeqledrby pltatyer ﬂ'hfgw?m W%WWO(@%’B;Y b§s a

| yophi l'i z ef'cdﬁ@(‘ﬂﬁ@ﬁy tht £ o BB S ARRK] BleNehclidAGniRh@ Iﬂ%y b s@rraa d:mg*xh@ bddGag i . an
aqueous so [ye?*:g memanve ¥, t %e c mpoundrgngorméae (rI) c%r? a sot b%l;s%latehl ¥1¥m the reacnon n'uxture by
cooling followed by evaporation of the solvent. The reaction mixture may be seeded with crystals of

the compound of formula (f) in order to effect precipitation.

[0154] A co-solvent such as, but not limited to, heptane, methylcyclohexane, toluene, rers-
butylmethyl ether, ethyl acetate, or a mixture thereof, may be added during the cooling period.
Following the addition of the co-solvent, the reaction mixture can be cooled further leading to the
precipitation of the compound of formula (7). Altematively, once the co-solvent is added, the reaction
mixture can then be heated again to generate a homogenous solution, which is then cooled leading to
the precipitation of the compound of formula (3. The reaction mixture may be seeded with crystals

of the compound of formula (I} in order to effect precipitation.

[0155] In other embodiments, the compound of formula () is isolated in substantially pure form. In
such embodiments, the purity is about 80%, about 85%, about 0%, about 91%, about 92%, about
93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99%, or about 99.5%.

f0156] In some embodiments, the compound of formula () 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 (I} 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 2 molar excess of the
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ii. the compound (VII1-15); in. glycine; iv. sodiumcitrate; and v. citric
acid; to forma mxture; and (g-2)lyophilizing the mxture. [0265] In sone
ot her enbodi nents, for the nethod described directly above, the anount of
tert-butyl al cohol present in the aqueous solvent m xture is about 3%v/v
to about 6% v/v. [0266] The |yophilization or freeze-drying can be

per f or med usawﬂghmymga@malcfa Rpterd HARY éal-b%?}rh% 28§ mfaﬁﬁ)ﬁ%ﬁ zafl EUES Sdure, h SRET
enbodi nment s, I'izat1on conprises Jlng iquid
mxture as g B%W@HS 3}56%%3 sgiop padiippally COTH"Ff)S aafﬁﬁwswwg co- (Oi"iei“) Exsphef
freeze cycl aijitabie)- sadiieyilsr}gluwﬁl.&he\{]aﬂwm maxadbu(m)alcsmmmaﬂfoy eMAnol, l.gj midtes
tenperatures, a ac Wi end on.the |yap

freeze- dryeﬁhT%Q ﬂm §h%ﬂ”““8“gmﬁ $Tm?ﬁmggg“mgﬁ%%%e“mﬁ?mg %%m%E@uF{|ng
| yophi | i zed Wnetéﬁrafm%wﬁoww@fbmhq acifr Beiuhdrosperriontliceid| ess t han about 2%
In sone other enbodinments, the resulting |yophilized powler has a residual
nNoi St ur e corwsenFohladiossndddanisabaut 1% [0268] | n anot her aspect, the

i nvention provides a nethod for the preparation of a pharmaceuti cal

conposi t i on [B¥58} Hbe prempdypriionprotigns smhppuds thatase poten| ighibitprssi te pretsesame- CRk
dosage for mcoﬁlﬁéquerﬁﬁ Be0ka fe@FDVidrSde Mvido 16r 18i8BI1B 1o BB Prdtehsomt hB@ard peptide

| yophi | i zed ound of fornula (1) with an agueous sol vent
fits B e Earahn Ty t

suitable fo nistration. Suitable reconstitution

sol vents i nC[thF In RUﬁweraagp%ctnfg cf!)nje rf%et E\Q:ntgoq roW@IEs me @lfdrn'ﬁlbxtﬂ Q&Q)hﬁl&% buf f er ed
saline (PBS), and m xtures thereo I'n sone e S, e reconstitution
sol vent is VeaPUdRse aglyjtisy ofpgpotsasoms &t 4 Ghh, CG@%ﬂSinﬁéomaam arﬁeikmﬂusé PROEPEBf . | n
sone ot her ambgGinTedkised wﬁthﬁcdxﬁﬁ(ﬂfﬁl&feﬂcﬁb&ﬁlh&&nSﬁbmﬂﬁacbﬁ:cM@b@EptiﬂHsalt BHr&Gd | ON.
Fol | owi ng regonstitution &Ee&ﬂwgld pharmaceuti cal dosage form can contain

concentratlSﬁgrgﬁmFﬁmamd&méund of fornmula (/) as described herein. [0269]

In some eanmdﬂa Fﬂlz,smvéin&paﬁsg ggvﬂd& apﬁegx\éh ﬂﬁqmibﬁ‘i'hg Eelﬂ%rom&e%@ﬁ @&duﬁ’:@m%éon@ctmg a .
phar maceut i cal as a ar maceut i cal

osi tion
dosage for meeSH “@%f%&“"wﬁﬁ#%wﬂl %@“@?"éé d‘&i‘f“"?‘é%"ﬁ%t?‘f’ B‘E‘f‘sﬁg'“%{b“'“g cell
| yophi | i zed pooifgion’ok udeth® dererpimeuaddicy(df a bgmpasndde e inivieian fetheiitreliMuldberan
aqueaus 0! VEitkoBllh BRlGed aiie LOMRG G| R, A1k 20 o
enmbodi nents, a I's provid e prePara I on armceuti ca
conposi tion ‘cgh P‘théfal’:‘ﬁ‘rﬁﬂ'b‘i’,FriﬁFdf Py.cpynting celis psinggicef @H'&Pfr?abﬂﬁ‘taﬁéwf cetbgEijwy. f or m
sai d net hod ecgqmpmmmgfstmga)stmrme Je@@mstals&fdtgtda@ (agl yammtuhioz&drgp.gvm@,r of

t he conpoun bed h 0 |nje or nor nal
Sal | ne. | n gaggssesst)n n‘?gf CE Flrofltleratlon ca etﬁ?. m&xgebsy mera%u\l}lln%lt%agrf) {h &I Cail 5r;$a cl[on Of a

pharnaceutldamp¥6§ﬁ6§¥Q¢ﬂm¢aﬂ@“ﬂﬁ@m@@wﬁGUﬁH"WQM$Wma§ﬂadklqU|d phar maceut i cal
dosage form, _saj thod co sing the ste reconstituting a

yopi 11 2t (BTG He SORThsE St SragBlr I PUP b 0k er f or
i njection. [«923Garel > oy ofowidoghamedteds. Ia_vmtlm&od:merm ol petdickrfrion oftchreacted
preparation gfg @mmb@erdrs?gﬁé&t a&ﬁ& 758 Qﬂ%ﬁ%b&%@? sth&sz%ﬁp%g c&hpaﬂeﬁ}o AR5 2

l'iquid pharnaceutical dosag orm sal nprisin

reconst it ut i AHged gisp Hi goms @aboﬁmﬁﬂérlhe@hmfeh@h@@ﬁ@%ﬁjm@ll&rmwg)‘ﬂc&@em #ioped
herei n w th ifthe aguieotioRted €8k, 28 tintpakl & nf)QEonﬂibtadf FEBE XM, @ Ploteddfit MhiSkdrat i on.
:)Raf ?rangeﬁwgg_ t m?ublts dell p{ﬂmraponfm 03%8:8&’ ceﬂ maHm Te&'\g%on{?acteg Q{Iﬁé Ln%grgo grox?flh

phar maceut i Gaipfd@iwsage"dﬁm prpwibgirest. rtretmﬁqszb reammried |Cﬁgie§thé es ppptog), or to

reconst it utijigergb de¥@iveh had powder of the conpound (I-15) as described
herein with water for injection, or normal saline. In sone enbodinents, a
met hod i s priowzded m@mmkhsm@raaawambmmnﬂ&sam&h&ma&&euﬁmﬁahmﬁﬁﬂnﬁmgh|on of
the conpoun t hod
conpri sing shg&%$§%fo ug(@dﬂg @Pﬁ??ﬁ§ﬁ§§# 6%%1 ?%e mﬁ ‘%gmﬁéggonpound
(1-15) as dé§6?@ﬁéﬁ“%%reln with water for injection. [0271] Upon
reconstltutlggs reco ut| n solvent, an e U|I|br [ est I shed
bet ween t he | rﬂ)ou 8 5‘5‘?"‘ T“éf 7 SompARFan s ‘(:Oé‘?pf‘ ‘ﬂé‘ B ‘B‘r’flcﬁr Ii“:d of
formul a (V/ /aid.or Tsppitteebf of the @ejathydrdsy caibnxyig: arié acdrell trqmofc Kinyuohetnhodimeabyobt  10-
15 mnutes after the addition of the reconstitution solvent. The relative
concentrations of the boronate ester and boronic acid present at
equilibriumis dependent upon the pH of “#he solution, tenperature, and the
rati o of the al pha-hydroxy or betahydroxy acid conpound to boronic acid
conpound. [02721 In another aspect, the invention provides a liquid
pharmaceutical conposition conprising the conmpound of formula (/), and
addi tional excipients described herein. In sonme enbodi nents, the liquid
pharmaceutical conposition is suitable for parenteral use. In sone other
enbodi ments, the liquid pharmaceutical conposition is suitable for oral
use. [02731 In such enbodi nents, the liquid pharnmaceutical conposition



[0279] In sone enbodi nents, the liquid pharnmaceutical conposition
optionally further conprises a preservative. [0280] In sonme enbodi nents,
the liquid pharmaceutical conposition conprises the conpound of fornula
(1), a buffer, and optionally a tonicity nodifier; wherein: the

al pha- hydroxy carboxylic acid or beta-hydroxy carboxylic acid is citric
acid; A is @phaipgroxycaripatiigtagil or Rl terogfenbetdiyd@xntarphdiciagid ora(s@Hpyreof andCH2 - RS,
or -(CH2). Mﬂp‘ééﬁd PRaRila 79 dr@pryéémrpé) malarRE:tm'r&)gmB@om'aﬁbul 51 0 aBfut Jo0:1t e buf fer

is sodiumcitrate a when present,

ric ac
S Sodi um cHBReaESRPrSet PSR Bl e s Pt R | cal
conposi t i onadbmpriligkeseof ind teenmppandlofdérmis o K Prade grefdn) in azatib wnfieg fronasdut@gtte onal | y
a tonicity mdezho @rfmmvxﬂart@s fio il 86 LAPRINELRM201195 MMdhido4!) 1S represented by
conmpounds (I - (1 or (1-18); the buffer is sodiumcitrate and citric
acid; and ttmesq oni matpyanﬂndmfcm@ragcememapbaﬁemnpouna oSdinmi&hd @flikeden th§s®282]
In sone enbc(‘?ocrlrll rc;r§ otnsS ’Lt]evs\'eﬂ? prgflarnbl 1s%enve<p &'c?‘rﬁ ar}/ mcl; (g)z%% ?g‘l;g&tl)ncl)g I Io(r: ag'é: Pdor rgv!"i ws of
bet a- hydr oxy ic acrd 1s citric acrd: 18 3 ar naceut | cal
conposi ti on%ﬁblq %@s teemﬁelﬁwe exfal. ffd?hﬁm &ei(G6yt- I@dt&‘)’?] @égermfmncé"hqﬁwn@ apyf
formul a (1) proW@t 8f Rrahdcy, 20k BRI &b, A SRAhANLEbhEAtWilliatR & Wdhswmehl oride. I'n
sone ot her enbodi nents, wherein the al pha-hydroxy carboxylic acid or
bet a- hydr ox1€4r boxydlinttingekaples otsultableccia addition bdie includrthafoldvagnaeent | cal
conposi t i 0na&&@}mm@éasgs}grect?emqm@nme st,%nqae'@su(dté byt %%tralecaahhﬂo9at96' d, and
propyl ene sone ot her enbodi nents, th ar maceut i cal
conposi ti on"a@’(?Hiﬂs'i"g’é§3 CYRPPESIPBR BRI A6 £ dig PR %Pdewsu'f%@r*@iﬂ%ﬂ’ﬁt"ﬁ'é femound of
formula (I )mnm;itma:e,@wmmekpﬁdw &émsu«va:E SEptanohtk hexinéhéd, BydrosiQetide myarbirsraiie and
ig?l)g)r?yfm:oﬁ dld[e%hgt x%&a?egégn%%? %X{/re a'i]gaﬁa me\:,%ﬁ' %gs%,fona&e,% rgahat.}gaﬂaesm?%\ate Xy
phar maceut i E*Sﬂ““@f@)S’a@@ meeoﬁw!fﬁ@ L@@Wﬁ%hdheofl PEQPFONRIE. dic(afe) pivrdpte, propidsaef
bet ween aboyicifit, BaraRtthdHQke, R 1de ankiinde&Mmbad. N such enbodi nents, the pHis
bet ween about pH 4.9 and about pH 6.7. In other certain such errbodi ment s,
the pH is bMeden &bebit bpthditibn shdinalb@ubithpid limidtion, {ni@Bdn shin, dlaietal
enbodi nent s C r oxy
carboxylic gg%ﬁﬁgé 12?1%:?%8311&%?@&%%&1 [(tqsu%ggﬁ%a!rnhg}g%ﬁa%c%l;h %g%%%ﬁ?}?l on of
t he conpounBa&Fsiymas; Pﬁef(“/“)"“ia@mﬁffe@b%‘%épcl‘ s %ﬂctsﬁltsfﬁa%irﬁ 8 oggapie RasgFetifics e
sol ution andicjchBesRAMOIN te®fl-D-gudithing, (b\ylalne, dﬂﬂleﬁ@dfﬁmﬁd]btﬁﬂblﬁfﬂﬂﬂ& sad t he stock
vehi cl e sol H1t 'h [ an% I;vllt %r%un\é\g‘tuﬁs sfu:h%ls :g.rrzl ine %me 1an s%qjor![i\m citrate and propyl ene
glycol. In such &moai UPt R S61°0T 0N can be further dil uted

Wi th stock wegiche té.gl mm&ugém;m&ébtm%mru musehlh%m%eé%umaml I igener at e
l'i qui d pharnaceuti cal ositions of the conpound of formula (/) of

desired contEWEYG ‘i"B’r?s‘“‘P[ H8ect prelerpRly ﬁ@?mfa%w Pfﬁfﬁ@blmwwm aawsaf'a‘e)? des a
unit dose | foqddlidlerph an swaicengtnt @athe w@RaPIESYithb@mrmdamgtiesitvgy dthie agarpiiend  of
formula (/) o )b&} Ih%rse ef%@g f’z% sgé!a hcywﬁ’h thLAL L ;Fr%(fer'lﬂ heb EimendutheS R,

enbodi nent s, h uni t dose armaceuti c osition conprises the
conmpound of TGP%?FWITQWW‘??”%{“’S‘U eé‘?‘e“d%ﬂwe ofslte 264128872 t oni ci ty nodi fi er,

wherei n the of formyl a [

enboai ment < IBHE e kB oBEt Sty &/ Jehe” B Bed Riesrechl AP GBLaA  qui o
phar maceut i wland:@hpbmts, dibmntakndotieo hgaitehiges, dispecionabmstens@B aitg sufacd tigbout 3
mg/m of t hggfeﬁt@rm%lﬂ@%ex@fusdct&ﬁc@g&% é%lcénln%gm defi HEaé%Et@%Fes&vrm%g'sQiﬁmé}erst he

corrpound of Tornul a resent he unit dose Ié’tfar maceut i cal
conposi t i onlufgicagts é’tS‘ﬁl%Pé FP&E‘E‘%‘H"B‘F PN d%aﬁ?ﬁ?fmd‘*ﬁ@t?f?@"’é’ﬁ’ﬁ‘p REFeE “or mul a
(M/11). In Qﬂzﬁﬁeefﬂ’}ﬁﬁncﬁﬂbaﬂﬁm& Gemeecr elpﬁamﬁdmavmmmmmmfzob@mmusa (0is

conmpound (! Iz)l, t he. COTROUN h [1 %narna eut| cal
conpost ti onirgusife HTR Bl oo D Bl R g o o PR

mg/ M of thér évenﬁmzm'dn @Jﬁfﬂﬁoﬁmlﬂw C’WMcetiﬂ)cal Resparpbt2 QO HH - 2@@ {2604) eripwtli msnt S,
wher ei n t hepiGanRaBy @cfce;ftwier@)l&ﬁier(tg L)SGd in c&%?@ﬂ'ﬂd}diﬁclts t&golubﬁlli‘@coﬁﬁém@s‘*ﬂn%r{ll 1) in

the unit dose I| g%sg har na tl cal osition.is gr esent at
concent r at i §rP25F nist ra‘f‘i’ﬁ/ Ce%f“s?fﬁfésé Ry Y e H’?FB'P'Q‘S(‘WPP“‘"B" Wity
still yet sonme other enbodi nents, wherein the conpound of forrmula (/) is

t he conmpound (1-15), the conpound (I-15)3in the unit dose |iquid

phar maceuti cal conposition is present at a concentration of about 1 ng/m

of the compound of formula (VII1-15). [0286] In sonme enbodi nents in the
unit dose |liquid pharmaceutical conposition, the sodiumcitrate and citric
acid are present in an anount equivalent to about 0.005 g to about 0.250 g
of citrate ion. In sonme enbodinents in the unit dose |iquid pharnaceuti cal
conposition, the sodiumcitrate and citric acid are present in an anount
equi val ent to about 0.025 g to about 0.125 g of citrate ion. [0287] In sone
embodi ments in the unit dose |iquid pharnaceutical conposition, the sodi um



[0289] In another aspect the invention provides a nmethod for preparing the
conpound of fornmula (/), as a unit dose |iquid pharmaceutical conposition;
t he net hod conprising the steps: (h-1) dissolving the buffer in an aqueous
solvent; (h-2) dissolving the conpound of fornmula (/), or a crystalline

formthereof, in the mxture obtained in step (h-1); (h-3) dissolving the

tonci ty modi f &limpbihdd B8neThoshioh Sudhh 8} &sat.can ar@tuﬁ&s&atsre%)omggm ﬁém @ﬁtgt ke g

further aqueous solvent to the reSU|re ba vol une; an

vials with aRCERHEEH? GRS N AR Bihgh ABBPTEHGSY ES Pt'ttm%)wmf'bmrwtt*% some
enbodi ment s, cordpesitioh Alsssedls @neaplpediodt tvatin it &pd 4118y invehibnSKUNR cOdripRk

enbodi nent s, » ey nior t

In yet sone rgtﬂ l"Fea%%é’& Cdlssﬁ[gﬁggj Ih&glt? Jtegtgcg@ga cht)?ﬁ E‘J) "t RC?UdF but e OQE'""Eeﬁe Vi aI s
can be over | H§RAIEEH: HBMIAL. AR BHER SR eciRn, é%‘ﬁlpﬁ’@?'ns{se@%]mﬂpan segfprelbumin,

enbodi m;nt fS ?dﬂ’ﬁt&u&&ﬂ&@ﬂﬂﬁi aﬂfhosfpﬁd’téﬂﬂa@on(a‘e); rha@nécsﬂﬁlm?ﬂoﬂldfb aBdl 51&@56@@&&%8
conpound of f.or

conpound of R ﬁO%]C(aW 1F %’massmm Sorgate mzﬁ l:yccnger ‘8‘?‘%“’? ﬂfsst“%%fes V?%ggﬁé%actdé t he
mxture. In g@mymﬁb&ﬁen@m saItSt)hﬁéecmlvbﬁuﬁwpmmynra@u!ﬁteodtsommaydrygén oxy acid

is added in gh&Rad, Iﬂmgs);mmlh’ﬂdrggﬂghdgﬁtﬁ@rso&ﬁ’rh@lqbrmér!a‘h@zmééﬂfs é&JnQ&Ié} s1h¥adr OXy acid
or bet a- hydrlg%% aci (h- 12 as the buffer. [0 The

t st e

phar naceuti c ESBWBEQ ctaieo‘?’i’ vEp pt"ﬁ@ Fréilﬁ oh ParesPalrdyiesraely ‘B‘ﬁ’i’fﬂ?y &d for
admi ni st r at | Werkipdy@erpaiobldmt supms/duriogs laomeeagludoses kucobe, shdwehtpl, Bigrci@k such as comn
exper i enci NGy 268 ik CR6Eh, Qiulo@ 2R &tc@@ﬁmsm% | g ifodl o {itoagrtét | cenli&, o

"patient”, as_used herein, neans an_ ani nal P er ab
preferably a“Hlppsand coulse poeits. R?Wé‘l"‘"ﬁ"dff’é‘t‘ft“?%éﬂa torstatro & ‘P‘é‘rﬁ@m&t“c@ MEoPRVeNt i on
are those f oturetsad @gpdkiany @ixas, pild sntwaay@mus ,conscBEIAL uiffad%.ewrssea&mom gt ation.
However, any cant ai ni.n rap
effective an%ﬁ%on]i Qfanﬁg’%ﬁe%n g‘?%@g Q}Ftﬁmﬁ%}e“e |ly8?11 gdrpe0 ly\?\%%F"e\ﬁ%f ‘fn 5% ﬁ‘}éh Bounds
of routine esipériparemnd attlt'cbwra@n@gat hléméfaw @sotopis [s3lingyiRirgeis selitton sroles secrh ahe

i nstant i nveskdnd nsop}dayﬁféﬂfﬁ)l Q%@QQ]%BE@ and $iReRN HIREEHE GieRhs tﬁ@rﬂ%ﬁ;‘p&l' on of

t he i nvention not er ther eutlc a ent I'n, sone

embodi ment s, &4 %"‘8?1‘1 Sf"l? t’l’t‘é&g;ge%‘tyc éﬁ'&ﬂt’bricg‘“sosﬂ ¥ prgon lairy] staigiang,

adm ni ster edmethESplatSlte@mespetwltﬂhn bdecdb@easeasoninad od eddipewrpldnen. nepldring ademsl.

[0293] By "thei®RS wsqatttng ag%tts%c,taeﬁﬁ,gaffro&mg and p%rf%ﬁ{'é gl fattmmes Staf fici ent
I

to cause a detecta decrease in proteasome activ severity of a

pr ot easone- nRPARE c"(’ilaEB PoRSFSent ¥H8e rBertion @Fcoﬁjr"tgtt%%t%b‘ﬁ@“q“h‘ﬁlﬂﬁlf‘tf@ﬁla‘ﬁéed ed
will depend he ff f. the nhlb .tor o ven c yp
and the: TengPioob ©t gt NGSSndhibid s bILAHXap bhort B Y G 1o
under st ood tHarn R t@ﬁééﬁ“t“laéc%b@&@él ﬂﬁi‘dlatﬂgelatxmemsstﬂey n@FPStlleimgdmh'pana plcul ar

patient wl |end1&ﬁ§iﬂ§iprbk}%§k@s &né’r@lbthettsyc&tf\pogxﬁ&lﬁ Q{aﬁbe ﬂrélﬁée!dq{ VAods rﬂﬁm@-%luﬁl’n y of

t he specific co ener al sex,
bnd oot of FRAMBIEPEERY RISt Bt e PRtR e o by 8ioab A i g
conbi nat i onsRowd¢ie ajnerdepreprtwders, tibliess, tapaudes.isprgp. pimpssitaiieanpiecine, dnivievigdnt y  of
the particul @gpeslicheassuiRping treated. The anount of additional therapeutic
agent present in a conposition of this invention typically will be no nore
t han the ano@Imo] t hatccudiab e apostereh hmbdaa:eaxdm BdnshoQiidelof ths ﬁvéﬁmf muﬁgbfi ]
conprising t r n Prefer , the
compri sing_ d@ﬁhﬁ%ggumﬁgt%ngsgg@ct s B bGP0y a%marf. SIS prdrmEeScd? Y, |
100% of t he ®RAMBYHENTRSthedfekapt *pYeeB@m’awbﬁadaﬂmﬁwgbmim mn@@}hplbr whalgior fredty. agent

as the only tt);h@iﬂlfﬂp@tﬂlja (ﬁﬁ’s’ahy b@@ﬁllyv"%glﬁzg@'a; via £nqg1?lﬂted r@se@ﬂi‘?t’ﬂﬂg&rn@ﬁﬁ@ﬁt&al the
i nvention pr OV{J des .a Sr\i%l or treati n atient havi ng, or at ri sk of

devel opi ng of e@?{?g'r‘fcé%lﬁﬁ “l‘i‘“er"é%ﬂ‘r"?‘gﬁ%‘é ’B’F’m”ﬁ”lﬁﬁ' Btaatie "?f'é‘cf?’!i‘t‘”é‘tzl di sor der.
As used her enpstetbieintrairenal,'iprabtpeds pneesipdiaed iedkcthhislonjet@int oriinfediandesniguay
di sorder, di 5838y, M SARNMbAQAR BRinkRrel §raﬁ)auﬁr§stn8fs] Vﬁarbaﬁtn@ws&e% Py an

i ncrease in proteasome expression or activity, requrres proteasone
activity. THamufipgs: Ob‘%t’é%tgﬂh'éwgd?%@do b %lart eréms fagy- rgleasmﬂcqr Ipgeractigs,Still

di sorder, disease or condition in which inhibition of proteasone activity
IS beneficial [0295] For exanple, conpounds and pharmaceuti cal

conposi tions of the invention are useful in treatnent of disorders nediated
via proteins (e.g., NFxB, p27"), p21WANCPP1, p53) which are regul ated by

pr ot easone activity. Rel evant di sorders include inflamuatory disorders
(e.g., rheumatoid arthritis, inflammatory bowel disease, asthm, chronic
obstructive pul nonary di sease (COPD), osteoarthritis, dermatosis (e.g.
atopic dermatitis, psoriasis)), vascular proliferative disorders (e.g.,

at heroscl erosis, restenosis), proliferative ocular disorders (e.g.,

di abetic retinopathy), benign proliferative disorders (e.g., hemangi onas),
aut oi mune di seases (e.g., nultiple sclerosis, tissue and organ rejection),



[0302] Non-limting exanples of DNA damagi ng chenot herapeutic agents

i ncl ude topoisonerase | inhibitors (e.g., irinotecan, topotecan,
canpt ot heci n and anal ogs or netabolites thereof, and doxorubicin);

t opoi sonerase Il inhibitors (e.g., etoposide, teniposide, and
daunorubicin); alkylating agents (e.g., nelphalan, chloranbucil, busulfan,
t hi ot epa, | MBasF.&pMRAENds iy tnadminiyigred | tiather than gystepict rhages, sush ssagnipisentipm

decar bazi ne(,e.gr,TBfEnlﬂ}éi_tfoﬁ)(:ﬁﬁﬁxmom:&.onym n C, and cycl ophospham de); DNA
intercalators (e.g., cisplatin, oxaliplatin, and carboplatin); DNA
i nt er cal at o714 idhviddesze Bdnciat org edreinistabpsingud:hbuase hdtdongdod, rpharamlutmml eosi de

mnetics (e cgeptabh@ e[t'luIHQrfs%trcn%%l!lsmng%ngﬁdng 'sps'p&gtbnsg%%k B;{'&Ql )ng iﬂgc.l(!ii“gﬂ[oq

cyt ar abi ne, mner capt opur I ne, %uanl ne ent os roxyur ea
[0303] Che St P RpRITES: e ay&ﬂoéagf aﬂsw§?mﬂﬁ g i Fue%fﬂwawefﬁ in thfcw
pacl i t axel , asdocataple watett@ihi elobtred schrballz g Sgenty hiiCriuBifiesd Sych W em’qt ashdin, "and

related an l%%%ﬁiél EQEJI eg?ma%gnatel 8%'&:&6@%%(&9%18‘ ak":a‘orgzgl nﬁyﬁt%enzoa e?&opg ne éhl? ’n b

CC-5013 an otern tyrosine se |h ors
nesyl ate ant’-Berineie F%)O?C*ﬂqf’é@éfaélﬁﬁ'éylf@rﬁ’h?%ﬂﬁt @ifsdin(partigplar, qgmeéécsmu@)mt NF- x13

i nhi bi t ors, cokd) gdriacilng cisfblﬂ,labd e o), gh@olkiem&ofuﬁﬁ]&l alRQEBI SslyhyiGh gl?:!oﬂd to

proteins ove ncers. e te cell lication
(o "t r oS anr SR B AR SR e BT ks ERerBOTeeS s b o amerebher

i nhi bitors halsr lo@leit?ﬁé;uwntselwhymndgmmm emylsiigingipd eguénding egento v egeteaingr essed
or activat eghvbiheCAREE ushinglaB&us. Nhi bi tion of which downregul ates cel
replication. §041 I n order that this invention be nore fully understood,

the fol |l ow mwzpnapmb&tprepaamd fdr esdripRQsteeiea ARt aﬁ,ﬁeﬁus&ﬁblezfgﬂfoﬁﬁuspa_ﬁﬁﬁﬁs&nay

| | f d d t ot
g)é agg n gf ; Lellch&;nru?leﬁ’. azgg WHE %hzﬂﬁ&‘éw.? It IISF]E E%éae&i,pelsfnrg or W gn%gﬁesnts afd susp%rgeﬁ‘p/gl_ ESO

Abbr evi at i 388" DEREY Fwwecrﬁf@fecﬂfﬁpymoa@amlp@@rq srqniﬂmj@c@b&srs@wpétmmwswam ne
DVEN, N - di nehuiydnficod giesited@y acceptable diluent or solvent, for example, as a solution in |,3-butanediol.

£001 ¥ (3,9 AR STLAGRC SR 3l €L POl LS i GGl or e Bt Oncet
i sobutyl ket 8FeanPESpol yaivreshipmild olygon. In addition, sterile, ﬁxed oils are convemlonaily
TBTUO- benz Oén‘fpllcﬁgd)als a%olye!nf Ssh Mdm%lme& &h rl‘%mﬁ;s IBX SE wa Uﬁmi h?etd ﬁt:zlnlﬁg Eﬂg@;fe@t e

fe

TEAtrlquorOﬁcetlc aci d THEt et r ahydr of ur an t 1-"hydr oxybenztri azol e
LOVB! i qui d (BHIPENt S RSP R Eriee 17 YRR, A Atifiouch s oleé o sr used n e

preparation of injectables. The injectable formulations can be sterilized, for example, by filtration
through a bacterial-retaining filter, or by incorporating sterilizing agents in the form of sterite solid
compositions which can be dissolved or dispersed in sterile water or other sterile injectable medium
prior to use. Compositions formulated for parenteral administration may be injected by bolus

injection or by timed push, or may be administered by continuous infusion.

[0173] Solid dosage forms for oral administration include capsules, tablets, pills, powders, and
granules. In such solid dosage forms, the active compound is mixed with at least one inert,
pharmaceutically acceptable excipient or carrier such as sodium citrate or dicalciumn phosphate and/or
a) fillers or extenders such as starches, lactose, ceilulose, sucrose, glucose, mannitol, and silicic acid,
b} binders such as, for example, carboxymethyleellulose, alginates, 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 alcoho! and glycerol monostearate, h} absorbents such as kaolin and

bentonite clay, and 1) lubricants such as talc, calcium stearate, magnesium stearate, sodium stearyl
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General Methods [0305] 111 NWR The spectra are acquired at anbient
tenperature on a JOEL ECX-400 NMR spectroneter operating at 400 MHz for
11-1 NMR The resulting RD's are transferred to a PC and processed using
NUTS NMR processing software from Acorn NVR Inc. Chemical shifts are
referenced to DVMSO sol vent, 2.50 ppm A solvent blank is prepared by adding
-0.75 L of m&gﬁteﬁrﬁ ahh%oNMglytﬁ&lh@ne gﬁf:&]@%oc%m I|5L REEhS hReh$behGMk lngd ON the
sol vent bl ank, g e}nlgh {:1 {i bp C{T@l {q di_ ssol ved. [0306] Mass
Spectrorretrf“‘x‘f\’/% “SP t‘%??éf’r%‘?psg FUHPES 28NS OR ?\gezg‘)rﬂ“ﬁ’éﬁﬁﬁrﬁoﬁ fi°gan LCQ
DecaXP i on thuffpingasetssybes prospbitesror caftipeates| ectrospr ay ion source was used in
bot h p05|t|ve and negative nodes with a high voltage of 5 kv, sheath gas
flow rate ofl048] gpld COE‘a?ﬂ‘PP%ﬂf? SIEPROPE A2t pleo "*’“2*?‘56“@5 fillesgdn paftppg hagdfiiedge of 9
V and tube |gnéen Qf.)ﬁcu&etls:rﬁgfsm?vﬁxé/p:erﬁ’hs aBadeyt MilkAgards S80I WRH moRaAG QbR trile to
E(é?ﬁ/{i?tsesge &og %nﬁ );Iy?clqso z\llr\}d éh% like '%Qe sAﬁdrf:;]o‘Eef‘ te fo]r'ms(.) Oftabllz)l&cdr%%es cagsu?aénlf'l %1 Lﬁ:e
10 pl of eacdingiangshke srma{fmweihcm@srmﬁsé@tswhﬁmmw ¢ratings trdotmpdoetings wello a

T-j oint. Abqut,we",{q&fph;rmecemhs%mmz.rfgraampe,agfoﬂue.hdn; coBh dpmrgﬁgz;%(mmr{a chahe
mass spectro owder

di ffraction "ﬂ)g g m&‘?‘sﬁ‘l"&@ﬁfﬁ%é‘a&"ai‘?ﬁh aiCTWé?gm%’emi%}m'Hy B‘f‘% %rFm R ance
di ffract onetpan of tihetegmnlaragtsopgorialle ot aaidlappdenangn Eamgpidsaf embadrie comp@itidnstttat 29. 6

20 in conti wps&saﬁmd@w%%lsma@eﬂn@aa% 281 lonBodRndl a%ﬁim@yp%tnﬁpalgd me of
2 seconds. The sanp anbi ent conditions and prepared as a

flat plate sbﬁéE'P’ﬁi?H aﬂ%‘fefﬁg" ffﬁﬁwa‘é'i’af‘h%”ef'é?!é‘l“\?éﬁ“‘ﬁi I8 N BIPFAT AYCsE o milk) o

PANal yti cal sfidPerwells bigitinblkqute vage baéhyldnagiicag@diherke. i s anal yzed using Cu

radi ati on produced using an Optix long fine-focus source. An elliptically

graded nul t i [PEyEThedcHyeompaundssarialtode fropiors-endresulied Kore with papyos mofe exdipients@sir ce

through the @Ee%on@rl"h@{ﬁbdd @d@sg@ f&rﬂ@otdﬁb‘le%c&r%e?s Jﬁ@léﬂﬁﬁ'dﬂ@@rahﬁes%ﬁ%‘ﬁ&e&ﬂﬁd
ransmnj ssi on

between 3-mcron th

ot ated to CHPCHIE B el Ui ARG AP g Bl ATURURE SOBE 8 TS S M ni i ze
t he backgr oUmdwrgm therphdredcelycaldpmmub tatarielnisurg solidelosapmionus chetahreye amboursiosdy ber
extensi on arQmied witsK Q,ast% lJ‘l&(r dll§én& dush KK s§erddd, @aqtogé)Jr sttm}al? s%d?.%&&é‘ﬁ:m%'}%ty also

diffracted beans to mnimze axial divergence. ractron patterns are
col | ect ed usRES: % EIATThYAG6S A4 taR Fﬁbﬁi“ﬁfweé%i‘%}Pe"cﬂ“v?é’fsg%é@‘e‘“ﬁwe :
di ffracti on ipatcireyans olidr@abbhd HB ket atiGignyivan ﬁ@ﬂ:&ﬁh@@c&@@ttﬁlln&r&ci&&ﬂé lithe/e

analyses, - a ‘Syof LB uth 88 Bl SESAR R Mab g ARBEL Fip el hG g,
anal ized to %?'ia'l*ssﬁom%@ oprsdying wantofnd ednelss pe ‘i’f@Gﬁml’qSII"mpfé%iI@eY [elr3Bd]e active
Differenti al m@é‘tﬁ’dﬂmi) Ry (o bRfetcfiTRAlY Yin { {306 parD¥rie@fi@DiA @dct, SRRV NG SMyet | Met Iy

(DSC) data Al Sn&! xamgles ocflcmgedgih%om%osmog%th% canAFte use% mcMHEpOIi me%lsug dLL eJ enti al

scanni ng cal ori neter’ equi osition au SRR & ener gy
and t enper at\axes- cfaﬁr?nbﬁr@atbpdmersi éné@zmmﬁgrqamérsm 1r@bmﬂpbtésrea¢témm%®e@mt a
rate of 10C slib@ﬁ/! e oaldBlyWRANIcRlofe, ARestMPstdarateeriph i RAE B PLUITBsef hiehag at
50 rnL per t ?ls mali talgdover the sanpl e durlngascan Bet ween 1 ng
and 3 ng of Séﬁ#ﬁ 8"°f°§ryétﬁ Al sarrpl es are crinped in a hernetically
seal ed al um I | at ed
fromthe sol gwgl %\?’ga %\4;0;&@”9 f&g‘&:&u’sﬁéﬁn rtﬂ]ﬁg%lt%nw di P‘B?‘Ei&tﬁf laﬂgeg]gﬁl ng

cal ori net er pdgy omtm?etssaﬁw @eams; Iojjoas eds: P?Ytdﬁfsasﬁlua%ﬁWpfﬁﬁrﬂﬁmspaﬁﬂm&%dmfhe

wei ght is aC@We&blewem@@%ﬁl&ﬂ.ndgl@@nl@&ﬁ\ammmms pa@mrémaaiwa&dap@id daﬂxeﬁdﬁd t hen

crinped. Tesa e cell is |br ted at at ed

i trogen purBLrara e e GER berur R ES e et e
calibration @an@ahdcon[eﬁﬁlaeql asTawg Walhm Gr scepathig ioveAimal Adsiitond|I7 Gt presdher nal
gravinmetric @Milléﬁ%bﬁerﬁg;r@)theqeéﬁnﬁ{s&nﬁﬁ Ip!:t%g Qm;cf? ﬂav@ thIAﬂdle@ﬁvﬁﬂlHE@mﬁ()vm

t her mal grawrretrlc anafyzer calibrated with N ckel/A unel and running at
a scan rate Brrlled €ligay ofpicampaund @t PedyogHsh Igsprederme F”G\R/F ey dg!vRg °per

m nute i s nedigptaing éd cau@ind ih e p@ PP @ diGhd r ARG pitRashah@ AR A Bso bd y{pd @ahdregseS Ny t o
15 nmg of sanple is |oaded onto a pre-tared platinumcrucible. Exanple

1: Synthesis of 4-(R S)-(carboxynethyl)-24(R)-1-(2- (2,5-

di chl or obenzam do) acet am do) - 3- net hyl butél) 6- oxo-1 3 2-di oxabori nane- 4-
carboxylic acid (1-1) 9'. ce, coon.

1: 2, 5-Rdi chl orobenzoyflam nol acetic acid [0310] To a mixture of NaCH (12 g,
300 mmol ) and glycine (18g, 239 mml) in water (120 nlL) was added dropw se
over 45 mn a solution of 2,5-dichlorobenzoyl chloride (10 g, 48 mmol) in
THF (15 nmL) keeping the internal tenperature bel ow about 25 C. After! h,
the m xture was acidified with 2.0 MHClI (125 nlL) keeping the internal
tenperature bel ow about 5 C. The resulting precipitate was coll ected by
vacuum filtration. The crude product was recrystallized fromwater to give



procedure: To a m xture of glycine (21.5 g, 286 muvol) in water (437 nL),
was added 2.0 M NaOH (130 nL) and the resulting solution was cooled to 0 C
A sol ution of 2,5-dichlorobenzoyl chloride (50.0 g, 239 mmmol) in THF (75
nm) was added dropwi se at such a rate that the internal tenperature was
maintained at 0 | C During the addition, the pH was controlled at 11.0
0.2 using atsPwEecempIpd to7asy the - Retrhfe ganthe MnNaIERIbY sifhergrovidgplrese e
addi tion, theusiing rdntrakasr Widishdrask 1 cofipound inG JofmeaBan@dddighii onal 2 h. The
m xture was then acidified with 2.0 MHCI (176 nL) to a final pH of 2.5.
The resul ti H37Prlecdm drdbd mweas the oleteaGh edtidpyrdvides phatraentcalvasb@diowd t h col d
wat er (125 f d

B mﬁ@fﬂe gfnlp@ﬂrd%?fo%lzgl)‘ Ehd%dd{%ﬁ%%ﬁyn%egcﬁb% h%g% ngOme (bh/er 300 .

2,5-[(dichl orobenzo Danmi no] acetic acid as a te so

Step 2:2,5- Efpl&)mnaﬁné, tir\e,_pres?ﬁiwini@_rmrowgdes H@fwfuucal compositions comprising the compound
-1-1¢( 3aS 4 Spfabrmt &R, 3@1 digifertal dxﬁﬁibﬂnydid&ﬁbbah‘;éﬁkﬁro-ln ¥kt some other embodiments, the

6- met hano- 1 Q I m no oxoet h | l.benz de
[0312] To a 'gséﬁ'u{?‘%%ﬁ’g ¢ %’Qs%%g’mﬁ'l‘%'r og‘g‘gﬁ\z{'é"iff S}“éceet"i"’é‘p"é{& B REY 4. 6
mol ) and TST'Ua'(dB“dQ‘HW@le"Q’B'e'BS‘i‘Pﬁ%P?d HersinDIVE (40 m.) with an inter naI

t enperat ure out 5.C wa

et 1 T ARGy Sent e D e R proK s BRSO mRRSHaHo -

L3, 2- benodi exabgnpihe duatgésicheftcampduadiVilHde Fhdedi@ioBbexeipRuts Jesarie! HereinDIPEA ( 13
n., 75 mol mmhm%omgﬁsdm%@&w ;mm%wsrov%esfbhmmm bl ositlgﬁs%gﬂﬁlém%m o

t enper at ure bel ow about C. 40 mn, th dil

Et 0Ac (90 nify ciiiaeyreaf W“P?P“%ﬁ)élﬁa‘é? a?“l@é‘“ﬁﬂi‘)e"“'?\ﬁﬁ“&‘é‘asw"?%effﬂn/o“r\ﬁ@lﬂ(2 X 40
m.), once werttodd%ni2EPdsAnt ivehBoriryvide® ftaxemadkitibal &%pbBMcdrﬂpn%ﬁ ngkBe dikake es@nd
once with 1 fra ng organi c | ayer was

concentr at e%p(?/o g%)ta&u&a mﬂpallggc%ﬁ’ertm&g{b%%ﬁe"he tane (40 nL) and evaporated to
yield 2,5-dichloro-N42-([(1R) - 3-&@kt &1-1- [(}3a501ﬁS 68 7aR) - 3a, 5, 5-

tri met hyl hexahydr o- 4, 6- net hano- -2-yl ] butyl)am no) - 2- ox
i s L;se n the next step w thout

oet hyl ] benzam de as a white sol
het hyl but ane-?lf— di yl ]i m no(2-oxoet hane-

purification. Step 3: N, I NLN'-f
boroxin-2,4,6-trivitrisf[(IR)-3-

2,1-diyfilltris(2,5-dichlorobenzarnide) [0313] To a solution of

2, 5-di chl oro- N42- (1(1R) - 3- net hy1- 1- [ ( 3&%¥H4¥, 6S, 7aR) - 3a, 5, 5-

tri met hyl hexahydr o- 4, 6- net hano- 1, 3, 2- benzodi oxabor ol - 2-yl ] but yl

}am no) - 2- oxoet hyl ] benzam de (12.2g. 24.6 mmol) in nethanol/hexane (1:1)
(250 nL) were added IN HCI (30 nL, 30 nmo and (2-net hyl propyl ) boronic
acid (6.5 g, 64 mmol). The reaction m xt @~= allowed to stir overnight.
The phases were separated and the net hang ayer was washed twice with
addi tional heptane (2 x 55 nL). TheGresfltipg @Hgani c | ayer was
concentrated to about 10 ml. an & pBt yween 2. OM NaOH (30 nlL) and
DCM (25 nL). The DCM | ayer was jjwashedjonae wit h ditional 2.0M NaOH (5
mL). The basic aqueous | ayers € then @nbit , washed twice with DCM (2
x 25 nm) and acidified wwth IMHCI (60 m.). Th¢ resulting m xture was
diluted with DCM (40 nlL), the layers were separated, and the resulting
aqueous | ayer was washed three tinmes wWwili®HCM (3 x 10 nl). The conbi ned DCM
extracts were dried over MgSO4 (25 g) and evaporated to a thick oil. The
product was precipitated with heptane (50 nL) and collected by filtration
to yield NN ,N-{boroxin-2,4,6- triyltrisa( |

R) - 3- net hyl but ane-1, 1-di yl I i m no( 2- oxoet hane- 2, 1-di y1)]
)tris(2,5-dichlorobenzam de) as a white solid (6.6 g, 74% .NVR (300 Mz,
DMSO-d6, 6): 8.93 (t, J = 6.0 Hz, 1H), 8.68 (Us, 1H, 7.63 (m 1H), 7.52
(m 2H), 4.00 (d, 1=6.0 Hz, 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). '3C NWR (125 MHz, DMSO d6, 6):
23.2, 25.8, 40.1, 40.7, 43.0, 129.0, 130.0, 131.0, 137.5, 165.0, 172.5. M5
(mz) in CH3CN: [ Mt11l] cal cul ated for C42H5283ClI 6N606, 1027.2; found,
1027.3; [M+-Na] cal cul ated for C42H5183CL6N6Na09, 1049.2; found 1049. 5.
Step

4: 44R, S) - (car boxynet hyl ) - 2- ((R) - 1- (2- ( 2,52-di chl or obenzam do) acet am do) - 3-
nmet hyl but y1) - 6- oxo- |, 3, 2-di oxabori nane-4-carboxylic acid (1-11 [0314] Form
1: To a solution of citric acid (2.75 g, 14.3 nmmol) in EtOAc (85 nL) with
an internal tenperature of about 74C was added

N, N, N'- I boroxin-2,4,6-triyltrisU(IR)-3-nethyl butane-1, 1-

di yfli m no(2-oxoet hane-2, 1-diyl)]}tris(2,5-dichlorobenzam de) (5.00 g, 4.87
mol ) as a solid. The solution was cool ed uncontrolled until the internal
tenperature was about 25 C and the m xture was stirred overnight. The
resulting precipitate was collected by filtration to yield

Iz
&



19 11.619 5.1 12.695 13.6 15.077 28.2 16.352 28.7 17.504 16.3 18.231 6
19.086 21.4 20.405 11.7 21.231 7.6 21.916 7.6 25.371 15.2

HO,,
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NN ~BoH
= H 5 -\r

(VIII-18)

[0179] In further embodiments, the present invention provides pharmaceutical compositions
comprising the compound (I-1), or a crystalline form thereof. In still yet further embodiments, the
present invention provides pharmaceutical compositions comprising the compound (E-15), or a
crystalline form thereof. In stifl yet some further embodiments, the present invention provides

pharmaceutical compositions comprising the compound (I-18), or a crystalline form thereof.

{0180] The following description of pharmaceutical compositions and methods for preparation of
said pharmaceutical compositions are applicable to the compounds of formulas (I, (IT), (III), (IT1a),
(I'V), or (I'Va) and various embodiments of these formulas as described herein. The following
description of pharmaceutical compositions and methods for preparation of said pharmaceutical

compositions are also applicable to the compounds (I-1), (I-15), or (I-18).

{0181} In one embodiment, the pharmaceutical composition comprises the compound of formula (7),
wherein the compound of formula {I) is substantially crystalline. In another embodiment, the
compound of formula (7) in the pharmaceutical composition is at least about 95%, 96%, 97%, 98%,
99%, 99.5%, 99.9% of a crystalline form. In yet another embodiment, the compound of formula (I} in

the pharmaceutical composition is a crystalline form.

{0182} In some embodiments, the pharmaceutical formulations of the invention provide stable solid
oral dosage forms of active compound, by using excipients having low water or low-moisture content,

and manufactured using dry or nen-aqueous formulation processes.

{0183] In one embodiment, the pharmaceutical composition is an oral pharmaceutical dosage form,
selected from the group consisting of capsules, tablets, pills, powders, and granules. In another
embodiment, the oral pharmaceutical dosage form is a capsule, wherein the capsule is a polymer-
based capsule selected from the group consisting of gelatin, hydroxypropylmethyl cellulose (HPMC),
fish gelatin, and pullulan. In yet another embodiment, the polymer-based capsule is selected from the
group consisting of gelatin, and hydroxypropylmethyl cellulose. In still yet another embodiment, the

polymer-based capsule is a hard gelatin capsule.

[0184) In one embodiment, the pharmaceutical composition comprises the compound of formula (I),
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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27.588 6.2 Table 1: XRPD Data |-1 Form 1 [0316] The Differential Scanning
Calorimetry (DSC) data for 1-1 Form1l is shown in FIGURE 2. The profile is
characterized by an endothermic transition with an onset tenperature of
191.8C with a nelt of 198.8 C. A second endothermc transition

correspondi ng to deconposition has an onset tenperature of 225 C. These

t enper at ur d¥PTisE-eln R apethes Fmsimest, the PlpagTRPyical RRMPPHEMTPRMPIEPAPPHBEIP & Anal ysi s

(TGA) dat a dbo 240t thEediPolnd o foBHNMD), bk drystRAUREfo?m thERe!; d@bdut W aghs t he
per cent Ios;9 oo\f\eﬁgeht of the sanple as a function of tenperature, the
t enper at ur € ra € change being about 10 G mn. The weight |oss represents a

| oss of abo{lﬂss 1l %o%&fmb&hﬁem&e@bh&m@geutlcralrb%mﬁémh fuirfls c$rnﬁlsésquﬁ&)§all H&@ i's

changed from50 Cto C.. These ter‘rg)eratures have an error of
[ 0318] For m ¥ a"‘F‘o’“élPtg’Bl‘*L‘?t'lfean"dF‘ 3p9ther prbadunegt fhe ghaymageutisy “‘H“Prﬁ‘ﬂib‘r“)c‘”i"l’f‘s%t 0AC
(300 nl) widbburand wtenti oftiienpepa@atdsfdorohilaghoub ciydalGevias tiede dooat &OPd i on of

N, N, N'-{ boarbgﬁl '9@8‘; *ofla t%lel' {(Jnlilly u}czi I-tc]c gﬂ.R)l 5% of a d.\bncans opnonaé &up to aboum% ofa

met hyI but ane- Bi m no( 2- oxoet ane- or obenzam de
(20.0 g, foy- %d ua?ﬁ%a?r)a“wwEﬁ@ATé% 6@ bhileyr, bY‘Fﬁ"@ S%IatﬂffF"@ﬁg%éé‘“?éH@B@d sl owl y

bout 0.3 I d th
ixt ur e wad® BT 7 BtPismost iR g o TR memh Soiie 8881 ar Qb D% r ac e
of about 0. ZheCpmpondd afferinpila{Prer i eryalling formaheprof, alucur@ Siets a@btﬂ?tS%ZEaG)l%nd t he

m xture w%pﬁédanfwo%emoﬂbfta 1ubT|8§1t lofrSdhifyly zz&%@%%ﬂfs%@-al&’aﬁd &RbhaBEied by
filtration to vyiel ar box rrethl
t“ﬁﬂF ‘butyl) 6- oxo- 1, 3 2- di oxabor

I-(2-(2,5- dPé‘Pﬂ“bSr%Bfé‘rl’E&?ﬁ‘Hla LT AP
i nane- 4- |

Lo L R 1A BN o doa Y

7.52 (d,J l&tl‘@pmmacgq.q)cal c,qrn%m()rdm amamougt@aww o abouy (q;{wel t:as g_4 5 Hz, 4H)
2 70 (bS Hﬁ)centﬁgezeto{aﬁﬁﬁﬁht l«&scarraea)tl?rézﬁboda%ats thle. c@rap({uﬁlcfj@lforr}lula(ﬁ-oZadﬁ?stallﬂe— g 81
(da J = 3 §‘”“El§é"e‘%Hg f"ése%‘ "I’—@g d‘é’ﬂlﬁ‘a““i‘%"é‘xl{ll?ﬁs ‘C%l? ‘“‘R/f—l?"““ H%Z,AS'?‘B“’ H%B‘%ﬂ?

21. 65, 23. 3 weht BQ peBBBOI 1B Wt 42, 07, 76. 25, 128.97, 129.14, 130. 94,
131.48, 131.73, 137.05, 165.44, 170.23, 175.74, 177.43. M5 (n/ z) i n CH3CN:

[ MtNa]  cal cld188l Syicglsfilless ireluder dseresrpigiiodto. Bpsgergd ceflypsgricrepgtaiine cellulose,
[0319] 4- (R, ﬁ)crf(e&&lidﬁ@)(yyﬂﬁlﬁhélgéllt)losz%dﬂ)dcrkd a:c(o?;yaaldhecdalhmcrsab@nm&muéo) acet am do) -

3- t hyl bug d . Form.2 I
or egzr eé b;m}é (?ld{?sﬁallo fie cel ul’lo%% pregeleg 129(9 tei.’n::‘l'lgg]o%xum ds?a?cilf%cél tﬁ({;!laa rgllxturefs Ergg;f l,P\|’_|\|Ia:S ( goso

m.) to a solone pt(l;ﬁ’ e@poqqnqptsltjge fler 1s|sgjgﬂte§)fq0ﬁ1_tlza goug consisting of powdered cellulose
triyltri sR(AlRerdsiiiBicRMtuidt amands rﬂwr@é dedllind eI (ode, DWORS: mgarc%c@szﬁllmél) 1)tris(2,

5-di chl or obe am d 11 mm The sol ution
vae Chen SCERARR e histeh ol iy & T s A B by PP or 30 M neat
60 C, Et OAch(czlaC)r@Sle)e cvitbosa dhd enedrther embpdmeogl tl@fﬂlgiwelemfeﬂlmtbmplpet e

addi tion of oL, B&nELAAE-molshiee rﬁ;%?s‘la@lnb‘l?é?lulﬂ@ssddﬂl’lﬁla%q olyBo120 plcp Y lzestdon, The

resul ting suspen5|on was filtered to coll ect
4- (R, S) - (catBIRYMEYPRA - 24(R) - 142- (2 5-
di chl or obe cet do Q- 6- ox0-.1. 3, 2 ne-4-carb
oxyl 1 o act dUER) APAREEMERASL, o fR] Bbickt i SpRiPocplracts RB9HTHY
[ 0320] 4- ( R, B)ight mm@wympﬁylal)de( 2] SOIﬂe(OQE(eznbsdidiewh khe ifillés éaresent o) ac@tnar ni do)
- 3- et hyl bgdny BoBr98%Qs dbodt 9379%@9%@5ﬂa@§9&6e4ta§@6@9&1%@g& 80)eColObther2 Was al so
prepared in the sane neral manner usmg1Ii ?ﬁ ggpgons descrlbed in Table
2. Sol vent §hedimgats: T’@%b"e‘l‘%ftcﬁﬂlé* PEaRY PPATIPEY SRS P OrBPYIE L Form 2
acetoni tri | grd afoddooSaeddarm gresent. 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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77 % M BK 80C No seeding 80% 2-nethyltetrahydrofuran 80C 60 C 72 % Table
2: Additional conditions for preparation of 1-1 Form 2

[0321] 4- (R, S) - (car boxynet hyl )-2-((R)-1-(2-(2, 5-di chl orobenzam do) acet am do)
-3- net hyl butyl)-6-o0xo0-1, 3, 2- di oxabof i nane- 4- car boxylic acid Form 2 was

al so prepared by dissolving in acetone foll owed by addition of EtOAc as an

anti sol vent. -as [hgmkl;l:&ﬁt %Rﬁgpl%tg?eatfe%anjabéut E@MJ‘ l%sbrﬁe &Q@Med:&h?h%ﬁ |€' and in
Table 3. Angle Intensity % 2-0

present in an amount of about 40% to about 60% by wclght as a percentage of total weight, and the
second filler is present in an amount of about 40% to about 60% by weight as a percentage of total
weight, as long as the total amount of filler is not greater than about 99.8%, by weight as a percentage

of total weight.

{0191} In some embodiments, the first filler is selected from the group consisting of low-moisture
microcrystalline cellulose, sodium starch glycolate, pregeletanized starch, and mixtures thereof. In
some embodiments, the second filler is selected from the group consisting of low-moisture

microcrystalline cellulose, sadium starch glycolate, pregeletanized starch, and mixtures thereof.

[0192] Suitable lubricants include, but are not limited to, magnesium stearate, glyceryl behenate,
hydrogenated vegetable oil, talc, zinc stearate, calcium stearate, sucrose stearate, sodium stearyl
fumarate, and mixtures thereof. In some embodiments, the lubricant is magnesium stearate. In other
embodiments, the lubricant is present in an amount of up to about 1.5%, by weight as a percentage of
total weight. In yet some other embodiments, the lubricant is present in an amount of about 1%, by

weight as a percentage of total weight.

[0193] Suitable flow-aids include, but are not limited to silicion dioxide, talc, and mixtures thereof.
In some embodiments, the flow-aid is talc. In other embodiments, the flow-aid is present in an
amount of up to about 5%, by weight as a percentage of total weight. In some other embodiments, the
flow-aid is present in an amount of about 1%, by weight as a percentage of total weight. In yet some
other embodiments, the flow-aid is present in an amount of about 2%, by weight as a percentage of

total weight.

[0194] Suitable buffers include sodium citrate, citric acid, and mixtures thereof. In some
embodiments, the buffer is sodium citrate. In some other embodiments, the buffer is present in an
amount of up to about 5%, by weight as a percentage of total weight. In yet some other embodiments,

the buffer is present in an amount of about 2%, by weight as a percentage of total weight.

[0195] Insome embodiments, the pharmaceutical composition comprises the compound of formula

(1), or a crystalline form thereof, a filler, and optionally a lubricant; wherein:
the alpha-hydroxy carboxytic acid or beta-hydroxy carboxylic acid is citric acid;
Ais O
R? is isobutyl;
R* is hydrogen, C, aliphatic, -(CHa),,-CHy-R®, or -¢(CH,),-CH(R*)-OR®;
P is R*-C(0)-;

R®is -R™:
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93.4 11.575 71.1 11.896 67.1 12.571 243 14.43 32.2 16.689 65.8 17.362 17.8
18.232 53.9 19.596 77.6 19.959 63.8 20.376 36.2 20.998 32.2

misOorl;

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

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

[0196] In some embodiments, the pharmaceutical composition comprises the compound of forrula

(I, or a crystalline form thereof, a filler, and optionally a lubricant; wherein:
the compound of farmula (1) is (I-1), (I-15) or (I-18);

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

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

[61971 In some embodiments, 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; wherein:
the compound of formuta (7) is (I-1}, (I-15) or (I-18}; and

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

starch glycolate, pregeletanized starch, and mixtures thereof.

[0198] In some embodiments, the pharmaceutical composition comprises the compound of formula
(I, or a crystalline form thereof, a filler, optionally a lubricant; optionally a flow-aid; and optionally a

buffer; wherein:
the alpha-hydroxy carboxylic acid or beta-hydroxy carboxylic acid is citric acid;
Ais
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;

the filler is selected from the group consisting of low-moisture microcrystalline cetlulose, 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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the buffer, when present, is sodiumn citrate.

{0199] In some embediments, the pharmaceutical composition comprises the compound of formula
(I), or a crystalline form thereof, a filler, optionally a lubricant; optionally a flow-aid; and optionally a

buffer, wherein:
the compound of formula (7) is (I-1), (I-15) or (I-18);

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

starch glycolate, pregeletanized starch, and mixtures thereof:
the {ubricant, when present, is magnesium stearate;
the flow-aid, when present, is talc; and
the buffer, when present, is sodium citrate,

[0200] In some embodiments, the pharmaceutical composition comprises about (.2% to about 3% of
the compound of formula (I), 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, wherein:
the compound of formula (I} is (E-1), (I-15) or (1-18);

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 magnesiom stearate;
the flow-aid, when present, is talc; and
the buffer, when present, is sodium citrate.

[0201] In some embodiments, the pharmaceutical composition comprises the compound of formula
(D), or a crystalline form thereof, a filler, and optionally a lubricant; wherein the compound of formula
{I) is (I-1). In some other embodiments, the pharmaceutical composition comprises the compound of
formula (), or a crystalline form thereof, a filler, and optionally a lubricant; wherein the compound of
formula () is (E-1); 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.

[0202] In some embodiments, the pharmaceutical composition comprises the compound of formula
{I), or a crystalline form thereof; wherein the compound of formula (I} 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

-39.



16.4 29.41 20.4 Table 3: XRPD Data |I-1 Form 2 [0323] The Differential
Scanning Galorinmetry (DSC) data for 1-1 Form2 is shown in FIGJRE 4. The
profile is characterized by an endothermc transition with an onset
tenperature of 206.5 Cwith a nelt of 219.9 C. A second endot hermc
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title conpogigdlate. H NVR (400 MHz, DVSO-d6, 8): 12.13 (s, 2H), 10.69 (s,
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Form2 is shown in FIGURE 7 and _in Table 6. Angle Intensity % 2-0 5.69
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A
(VI

[0206] Using an analytical method that involves hydrolytic conditions for sample preparation, the
amount of the compound of formula (VIIT) 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) 1s 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 (VII) 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
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formula (7). Based on 2 I:1 molecular ratio for the conversion of the compound of formula (/) to the
compound of formula (VIII), a molecular weight conversion gives the amount of compound of

formula (I} present in the test sample.

[0207] [t will be recognized that such analytical methods as described directly above, and in the
Experimental section below are applicable in a similar manner to any of the compounds of formulas
(N, (ID, (11N, (I{H1a), (IV)}, or (IVa) and various ernbodiments of these formuia as described herein.
Such analytical methods as described directly above and in the Experimental section below are

applicable in a similar manner to the compounds (I-1), (E-15), or (I-18).

(0208] In some embodiments, the amount of the compound of formula (VIIT) present in a
pharmaceutical composition is determined by measuring the amount of the compound of formula
(VIII) that is present after subjecting to the sample to conditions under which the compound of

formula (I) is hydrolyzed to the compound of formula (VIIT).

[0209] In some embodiments, the amount of the compound of formula (I-1), or a crystalline form
thereof, present in a pharmaceutical composition is expressed as the equivalent amount on a molar

weight basis of the compound of formula (VHI-1).

[6210} In some embodiments, the invention relates to a unit dose pharmaceutical composition

comprising the compound of formula (I-1), or a crystalline form thereof.

[0211] In 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 (1-1) 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 (I-1), or
a crystalline form thereof, wherein the compound of formula (I-1) is present in an amount equivalent
1o 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 (VHI-1).
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[0212] In some embodiments, the amount of the compound of formula (I-1), or a crystalline form
thereof, present in a pharmaceutical composition is expressed as the equivalent amount of the
compound of formula (VIII-1), based on the relative molecular weights of the compound of formula
(1I-1} and the compound of formuta (VIII-1).

[0213} In some embodiments, the unit dose pharmaceutical composition comprises about 0.143 mg
to about 4.3 mg of the compound of formula (I-1), or a crystalline form thereof, measured as about

0.1 mg to about 3.0 mg of the compound of formula (VIII-1), on a weight for weight basis.

[0214] In some other embodiments, the unit dose pharmaceutical composition comprises about 0.214
mg to about 3.15 mg of the compound of formula (I-1), or a crystalline form thereof, measured as

about 0.13 mg to about 2.2 mg of the compound of formula (VIII-1), on a weight for weight basis.

[0215] In yet some other embodiments, the unit dose pharmaceutical composition comprises about
0.258 mg to about 0.315 mg of the compound of formula (I-1), or a crystalline form thereof, measured
as about 0.18 mg to about 0.22 mg of the compound of formula (VIIE1), on a weight for weight

basis.

[6216] In still yet some other embodiments, the unit dose pharmaceutical composition comprises
about 0.659 mg to about 0.773 mg of the compound of formula (¥-1), or a crystalline form thereof,
measured as about 9.46 mg to about 0.54 mg of the compound of formula (VIII-1), on a weight for

wetght basis.

10217] 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 2 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), ora
crystalline form thereof, in a bag;
(a-2) passing the'resu!ting mixtuze 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-3).

[0219] In some embodiments, step {a-3) may be repeated three or more times.
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29.72 10 Table 6 [0327] The Differential Scanning Calorinmetry (DSC) data
for the conpound (l1-1) Form2 is shown in FIGURE 8. The profile is
characterized by two endothermc transitions; the first with a nelt at

[0220] When a lubricant is present in the pharmaceutical composition, 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:

(b-13 mixing together screened filler, and screened compound of formula (I}, or a

crystalline form thereof, in a bag;
(b-2) passing the resulting mixture from step (b-1) through a screen, then blending;
(b-3) screening additional filler through the same screen, passing it through the

same bag, and blending in the same blending apparatus;

(b-4) repeating step (b-3) up to two times;
(b-5) blending togetherthe mixture from step (b-4), and screened lubricant;
(b-6) taking the resulting mixture from step (b-5), and encapsulating it using a

capsule-filling system; and

(b-7 weight-sorting the resulting capsules from step (b-6).

[0221] In some embodiments, step (b-3) may be repeated three or more times. When additional
components are preseni in the pharmaceutical composition, such as buffer, second filler, or flow-aid,
they may be added in any of steps (b-1) or (b-3). The total amount of each compenent of the
pharmaceutical composition may be added in one step or may be broken into several amounts, which

may or may not be of equal weight, and added in individual occurrences of steps (b-1) or (b-3).

[0222] In some ernbodiments, 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:
(c-1) passing filler through a screen, then placing in a high shear mixing apparatus;
{c-2) passing the compound of formula (D), or a crystalline form thereof, through a

screen, then placing in the same high shear mixing apparatus;

{c-3) passing filler through a screen, then placing in the same high shear mixing
apparatus;

{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 (¢-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).

-43.
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[0334] The XRPD data for 1-7 is shown in FIGURE 5 and in Table 4. Angle 2-
Intensity % 7.404 46 8.783 63.5 9.402 16.1 11.9 20.6 12.195 100 13.71 7.3
14.594 26.5 15.302 8.3 15.772 31 17.299

0

polyethylene (HDPE) bottles. In another embodiment, the capsules are packaged in air-tight sealed
foil pouches. In yet another embodiment, the capsules are packaged in foil-foil blister packs. In some

other embodiments, the capsules are packaged with a desiccant.

[0233] The physical and chemical stability of the oral pharmaceutical dosage form may be tested in a
conventional manner, for example, the measurement of dissolution, disintegration time, assay for the
compound of formula (f) degradation products, after storage at different temperatures for different

lengths of time.

[0234] In some other embodiments, the invention provides pharmaceutical compositions for
parenteral use. In yet some other embodiments, the invention provides liquid pharmaceutical

compositions for parenteral or oral use.

[0235] In some embodiments, the compound of formula (F) is formulated as a lyophilized powder, in
a manner analogous to that described in Plamondon er al., WO 02/059131, hereby incorporated by
reference in its entirety. In such embodiments, an agueous mixture comprising a alpha-hydroxy

carboxylic acid or a beta-hydroxy carboxylic acid is lyophilized to form the compound of formula (I).

[0236] In some embodiments, the lyophilized powder also comprises free alpha-hydroxy carboxylic
acid, or beta hydroxy carboxylic acid. Preferably, the free alpha-hydroxy carboxylic acid or beta
hydroxy carboxylic acid compound and the compound of formula (I} are present in the mixture in a
molar ratio ranging from about 0.5:1 to about 100:1, more preferably from about 5:1 to about 100:1.
In various embodiments wherein the alpha-hydroxy carboxylic acid or beta-hydroxy carboxylic acid
compound is citric acid, the lyophilized powder comprises free citric acid and the corresponding
boronate ester in a molar ratio ranging from about 10:t to about 100:1, from about 20:1 to about
100:1, or from about 40:1 to about 100:1.

[0237) In some embodiments, the lyophilized powder comprises citric acid and a compound of
formula (1), substantially free of other components. However, the composition can further comprise
one or more other pharmaceutically acceptable excipients, carriers, diluents, fillers, salts, buffers,
bulking agents, stabilizers, solubilizers, and other materials well known in the art. The preparation of
pharmaceutically acceptable formulations containing these materials is described in, e.g., Remington:
The Science and Praciice of Pharmacy, 20ih Ed., ed. A. Gennaro, Lippincott Williams & Wilkins,
2000, or latest edition, and Strickley, Pharmaceutical Research, 21(2) 201-230 (2004).

[0238} Upoen dissolution in aqueous medium, equilibrium is established between the boronate ester
compound of formula {F} and the corresponding free boronic acid compound. In some embodiments,
equilibrium is reached quickiy, 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 afpha-
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26.8 17.859 25.8 18.549 - 22.7 19.943 55.5 20.214 33.9 20.606 50 21.48 15.6
21.887 23 22.75 30.1 23.028 53.1 23.334 28.9 24.243 18.2

hydroxy carboxylic acid or beta-hydroxy carboxylic acid to boronate ester compound of formula (I)

present in the lyophilized powder.

[0239] In some embodiments, the pharmaceutical composition comprises the compound of formula
(I, a bulking agent, and a buffer. In some other embodiments, the pharmaceutical composition

comprises the compound of formula (f}, a bulking agent, and a buffer in a lyophilized powder.

[0240) In some embodiments, the compound of formula (£} is pre-formed. In some other
embodiments, the compound of formula (f) is formed in situ, from the corresponding boronic acid of
formula (VIFI). In yet some other embodiments, the compound (I-1) is pre-formed. In still yet some

other embodiments, the compound (I-15) is formed in situ from compound (VIII-15).

[0241] Suitable bulking agents include glycine. In some embodiments, the amount of the bulking
agent present is about 1% weight/volume (w/v} to about 5% w/v. In some other embodiments, the

amount of the bulking agent present is about 3% w/v.

[0242] Suitable buffers include sodium citrate, citric acid, and mixtures thereof.. In some

embodiments, the buffer is sodium citrate, and citric acid.

[0243] 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.

f0244] In some embodiments, the ratio of the buffer to the compound of formula (I} is from about
50:1 to about 10:1. In some other embodiments, the ratio of the buffer to the compound of formula {I)
is from about 30:1 to about 10:1. In yet some other embodiments, the ratio of the buffer to the

compound of formula (I} is about 20:1.

[0245] In some embodiments, the pH of the pharmaceutical cpmposition is between about pH 4.7
and pH 6.1. The pH of the pharmaceutical 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, abulking agent, and a buffer; wherein:
the alpha-hydroxy carboxylic acid or beta-hydroxy carboxylic acid is citric acid;
Ais O,
R’ is isobutyl;
R* is hydrogen, C\¢ aliphatic, (CHz),-CH,-R®, or -(CHy),.-CH(R*)-OR™;
Pis R*-C{O)-;

R®is -R™;
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25.2 13.3 25.566 37.7 27.221 10 29.1039.2 29.38312.6 Table 4: XRPD Data
1-7 Exanpl e 8: Synt hesi s of

2,5-dichloro-Nf2-({(1R)-3-net hyl -14(4S) - 4-net hyl - 6-oxo-1. 3, 2-

di oxaborinan-2-yll butyl | am no)-2-oxoethyll| benzam de (1-8) [0335] To a
solution of (S)-3-hydroxybutyric acid (0.0598 g, 0.566 mmol) in EtOAc (2.0
m) with an i nkgsmali:-t enperature of about 60C was added a sol ution of

N, N ,N'-{boroxin-2,4,6-triyltrisWR)-

3- met hyl but aneht biikilg ydehtiinglyvog2ndxoet hane- 2, 1-di y1) ] ) tri s(2, 5-di chl or obenza
m de) (0.200g. 0.195 mml) in Etake (1.0 m_) The sol ution was cool ed
uncontrol | ed uHePHfer feoditk eiriiaprdripidat ure was about 25 C and the sol vent
was renoved @% va orat&o{&_ﬂtod[% &éd 2, 5-di chl oro- N42-0( 1R) - 3- net hy1-

1-[ (49) - 4- me ORI BSOS mROmets e RhatmsFSupcRhcomPgsit OB G RpATises eﬁaweozn%efmww Thenz
am de as a Wi, aeullsudagdm(aﬁdmﬁfegwh@a% [1-1 NVR (300 MHz, DMSO d6, 8):

10.45 (s, IH), 9.11 (t, J =6.0 Hz, IH), 7.65 (rn, IH), 755(m2H) 4.21
(d, J = 6.0 HthezﬂypouaiCéé)fmufe(%r%men@mycowpgmd{w) IHS) orZ1-B8: (dd, . 11= 19. 2
Hz,J—27Hzth%3% 2 (m 1H), 1.61 -1.52 (m 1H), 1.33- 1.19
(m 2H), 1.07 Hepo Hgigﬁf ‘%ﬁ%}“‘“e@"% (m 6H). M5 ('viz) in CH3CN: [ M Et 3N+H]
cal cul ated for found, 530.0. M5 (tn/z) in CH3CN
[MH cal cul atéggﬁfgé?%c@:%%%%fg&?ﬁ%s“‘%z? 1. found, 427.1. Exanple

9: Synt hesi s @#482, I5scﬁlie@hib@f rﬁenhl'tﬁfgphbrnﬁ&e@lcaﬂco(@os;tmn comprises the compound of formula

4-di met hy1- 6,0x051, 3,25 %l‘?li’fo iosd h

Y1) - 3- net hyl%)uf’y JIag ety anda by r’f’ﬂff’ﬁ’%gﬁ PRFHRPTIT9) [0336] To a sol ution
of D-hydroxyis (2.0 nL) with
an i ntornal |t onmapathiroREiaelh RS s ard TRl 0

N, N1, N'- { bor oxians @, 4, 6-triyhris[[ (1R) - 3-

nmet hyl but ane-1, 1-di yI ]i m no(2-oxoet hane-2,1-diy0])tris(2,5-dichlorobenzamd
e) (0.260 g, OR2BBopmmbl ) in EtOAc (1.0 nmL). The solution was cool ed
uncontrol led until the internal tenperatyre was about 25 C and the sol vent
was renoved by RevsdpePeni On 2inbatis; €FCHi-RT; o hi(BheRD-0RER) - 1- (4, 4-

di net hyl - 6- 0X03, 1R"sc(2S di oxabori nan-2-y1) - 3- nmet hyl butyl I am no) - 2- oxoet hyl ) ben
zanide as a white' s (l) d (0.296 g, 95%. M5 (miz) in CH3CN: [ M+ Et 3N+H|

cal cul ated forgG2a#d113C12N305, 544.3; found, 544.0. M5 (Fitz) in CH3CN:

[ MA-1] cal cul ated for Cui E124B02N205, 441.1; found, 441.0. Exanple 10:
Synthesis of misGory;

2,5-dichl oro- N 1- 241( 1R) - 14(4S)-4-tert-butyl-5-o0xo-1, 3, 2-di oxabor ol an-

2- 0- 3- et hyl buthy bilking spe)tisxhokeandyl | - 2, 5- di chl or obenzam de (1-10) [0337]
To a solution of (S)-2-hydroxy-3, 3-di rret hyl butyric acid (0.0712 g, 0.553
mml ) in Et OAc‘hEE“ffF‘HL?d‘W?"l‘P‘%‘idF'HtCéF'ﬁal t enperature of about 60C was added

a solution

triyhrisw R;)[B%%Te f%’"l"' ‘gjh“ée"é E" %‘hr“iaf"’“‘ﬂﬁa’ BB I0B LTINS 1S cPmprtrf formyl 5 ( 2, -
di chl or obenz(é)nﬁbié'?“gi@e@@m ghuffer i&@B/OMBbépqmerEwm@l (1.0 nL). The solution
was cool ed uncontrolled until the internal tenperature was about 25 C and
the sol vent waf®FEPSYEPT ymEydhsreatseard '?Y(fOW@!“éF L UASEH o8- N-[ 2- ({
(1R)-1-[(45)-4; ; , 3, 2- di oxabor ol an-2-y1] - 3- net hyl butyl )
am no) - 2- oxoet WEFTIngTEgEIYng@ﬁ"&aB enzam de as a white solid (0.245 g, 97%.

MS (mz) in Cl—lggg:u,ffeuylgomgfgangahgqj:@t ed for C26H4A31302N305 , 558. 3;
found, 558.0. M5 (mz) in CH3CN. [MH calculated for C20H26Bd 2N205,

455. 1; foundp25653n &me Emﬁdiﬂphdats,]xﬂe phﬁwa&eb@ﬁl &mPésitidn BorkPriGd tHR LOnPYuAdd1-0) ih a

1R) - 14( 45 ) . - .
(1R -14(45) oy MO pBRtet Ok Spbodunents, s PN BRI BEPREHY) [ 0338
To a sol uti cﬂﬁ“@?"né L. 2134@!%“8‘6%1}11 @um@mimwrih clyemhilded ®WOB5D yg soB¢ 8858 nmol )

in EtOAc (2.dhbbdined, thl p!@sﬂndcélftn@dﬁ 9@111 OEE%Qg&ﬁsbgtﬁe c%tnp@ﬂ@l‘ﬂlqu a@ome@‘dded a
solution of N, N SHé/boro

triyltrisM APEET V%Wr?g'eicw f"fﬂ“l IR PIATPas B SYMRRRBOEOPIES MY 11t 1 s( 2, 5
- di chl or obenrappudei-16D gROGYsoddmEkBGtenawd kijricianid b Opgphilided@owdey.. The sol ution
was cool ed uncontrolled until the internal tenperature was about 25 C and

t he sol vent was renoved by evaporation to yield 2,5-dichloro-N[2-
({(1R)-1-{(4S)-4-isopropyl -5-0x0-1, 3, 2- ditoxabor ol an- 2- y11l-3-net hyl butyllam
no) - 2- oxoet hyl ] benzam de as a white solid (0.246 g, 99%. M5 (mz) in
CH3CN: [ MtNa] cal cul ated for Cl 9H25BC12N2Na05, 465.1; found, 465.1. M
(ink) in CH3CN, [M11] calculated for Cl 9H24BC12N205, 441.1; found, 441.0.



Exanpl e 12Synthesis of 2 5-dichloro-N12-(1(1R)-14(4S)-4-isobutyl-5-0x0-1
3, 2-di oxaborol an- 2-y11-3-net hyl butyl | am no) - 2- oxoet hyl 1benzam de (I-12)
[0339] To a solution of 2-hydroxyisocaproic acid (0.0752 g, 0.569 rnnol) in
EtOAc (2.0 nL) with an internal tenperature of about 60C was added a
solution of N, N, N'-{boroxin-2,4,6-triyltris[[(1R)-3-

met hyl but an@231} 1ln giryefeinbpd imesgs2the et proprevides 4 udf dpse)pharmpgegiical |mpgsetile or obenzanmi
de) (0.200 g}mes.aﬁ& &Rbond bﬂoﬁtuﬁm.n( ablﬁk,mg-a)gemm@a &%Mh  YRpMERSI fRRLEh

uncontrol | ed unt t he bnt erdnal Hn‘p a\ture was abqut 25C anl% k{vent
was 1 enoved By CBURIBT R POH I Y iea ATRGT RS T eorpe f zf%?(

I sobut yl - 5- bxgycine3so2iudicoraiyod oiranci@ inyldopBilimdpbyydebut yl | ami no) - 2- oxoet hyl i ben
zam de as a white solid (0.253 g, 95% . M5 (nmlz) in CH3CN: [ M+Na]

cal cul at ed 13%2) dperreeppadmenip e rmpourdgf formilndyis Pr&wt.tn!hew‘{om z) in CH3CN:
[ M H cal cuptatrededticn cdogQsitich26mMGind Nd BuivatthiGon himofa0 Weight 8550t abolangdb eool:3:

Synt hesi s of

I chl ar
benzodi oxaborl%éft efomfﬁ) ON? umiﬁ]lf%) g&%’eeﬁ%‘lfﬁgle”ﬁe?tgﬁnﬁ(e °m{’?““i§5f§‘"r‘8é‘4‘d To a
sol uti on of preshtieipp P'ut dets nﬂmv@cewslggmpw@wampw fapivElerg pga polargverghdbasig t h an
i nternal tepmeaAl ufgeo @fmab,w m@@or@ommglq@ﬁioﬁnslql 14tsbrAdlentbbdiments, the
N,N',N'-{boroxmdz a9 '[Rjﬁé
et hyl but angrPo gt (ST BT URRANEES PSP PIRgSSio8 i GPSE obenzar ni
de) (0.200 eguivaledt9ba nmlpt Yeighhbass Gfaboyt1.00ngribput IThag, swhikt( mg avas2. Toglabugt

uncontr ol | egls Wt dnby ks Bngl MolaReHs, dr GEHAES Rnbl bEihYRshp &H@Hﬁfo@:ﬁia RS, WN@me

resulting precipitate was col | écted hy fi Itratlon to rY
2. 5-di chl OantNg;(nsz ttﬁfpgxpound of formula (I-1)7is present in the unit dose pha rmaceultcai composition

3- met hy1- 1- {nén eiGmddduilalht 2r beolzioekighxtakio sl ahbut 3 2 mglof theitanpbaidionfimul: @xidet hyl ) b
enzam de asya white solid (0.198 g, 78%. M5 (mz) in CH3CN. [ M ENa]
cal cul ated t'or C21H20302N2Na05, 485.1; found, 485.1. M5 (,nk) in CH3CN:

[M1-11 cal pubatedsddmbbdhEe)BEIRNI0T 1y61§éprésemﬂrptumﬂ dés@]aha@mao[e&%éll The XRPD
data for 113|s[sho 0@ {(%J)go%agg |nTbIe : %Iteflntensm 2-0 %
6. 784 88.1 B"FITITY ‘T kgog e T&“TTS‘h rpUALLT e peFscptin

the unit dose pharmaceutical composition is about 0. 03 g to about 0.250 g. In some embodiments, the

amount of glycine present in the unit dose pharmaceutical composition is about 0.06 g to about 0.125

-

[0254] In some embodiments, the sodium citrate and citric acid is present in the unit dose

pharmaceutical composition in an amount equivalent to about 0.005 g to about 0.250 g of citrate ion.

In some embodiments, the sodium citrate and citric acid is present in the unit dose pharmaceutical

cornposition in an amount equivalent to about 0.025 g to about 0.125 g of citrate ion.

[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 | mg to about
10 mg of the compound of formula (VIII-15). In some embodiments, the compound of formula (I-
15} 1s 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 (1-15} 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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15.614 9.6 16.123 19.3 16.417 14.1 16.738 7.7 17.29 43.7 19.05 17.4 19.28
28.9 19.726 52.1 20.401 60.8 20.591 37.6 21.233 43.7 21.658

3.5 mg, about 4.0 mg, about 4.5mg, or about 5.0 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 3.5 mg of the compound of formula (VIII-

15}).

[0257] In some embodiments, the amount of glycine present in the unit dose pharmaceutical )
composition is about 0.01g to about 0.50 g. In some embodiments, the amount of glycine present in
the unit dose pharmaceutical composition is about 0.03 g to about 0.250 g. In some embodiments, the
amount of glycine present in the unit dose pharmaceutical composition is about 0.06 g to about 0.125
g.

[0258] In some embodiments, the sodium citrate and citric acid is present in the unit dose
pharmaceutiéa] composition in an amount equivalent to about 0.005 g to about 0.250 g of citrate ion.
In some embodiments, the sodium citrate and citric acid is present in the unit dose pharmaceutical

composition in an amount equivalent to about 0.025 g to about 0.125 g of citrate jon.

[0259] In another aspect, the invention provides a method for preparing the compound of formula (I)
as a lyophilized powder; the method comprising the steps:
d-1 combining:
1. an aqueous solvent mixture;
ii. the compound of formula (N);
ili. a bulking agent; and
iv. a buffer; to form a mixture; and

(d-2) lyophilizing the mixture.

[0260] In some embodiments, the compound of formula (I) is formed in situ from the corresponding
compound of formuia (VIIT). Thus, the invention also provides a method for preparing the compound
of formula (1} as a lyophilized powder; the method comprising the steps:
(e-1} combining:
i. an agueous solvent mixture;
it. the compound of formula (VIII);
ui. abulking agent; and
iv. an alpha-hydroxy carboxylic acid, or a salt thereof; or a beta-hydroxy
carboxylic acid, or a salt thereof; or 2 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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16.7 22.029 18.6 22.718 30.9 23.557 41.5 24.236 22.2 24.717 62.1 25. 309
25.648 13.5 26.186 69.1 26.653 17.4 26.995 36.3 27.956 25.4

embodiments, the co-solvent is an alcohol including, but not limited to, ethanol, tert-butyl alcohol and

mixtures thereof. In some other embodiments, the co-solvent is tert-butyl alcohol.

[0262] In some embodiments, the aquecus solvent mixture comprises about 1% v/v to about 40% v/v

alcohol. In some other embodiments, the aqueous solvent mixture comprises about 3% v/v to about

10% v/v alcohol. In some other embodiments, the aqueous solvent mixture comprises about 3% v/v to

about 6% v/v alcohol. In yet some other embodiments, the solvent mixture comprises about 3% v/v to

about 6% v/v tert-butyl alcohol. In still yet some other embodiments, the solvent mixture comprises

about 3% v/v tert-butyl alcohol.

[0263} In some embodiments, a method is provided for preparing the compound (I-1) as a

lyophilized powder, the method comprising the sieps:

(-1

iil.

iv.

(-2)

combining:

water; -

. the compound (I-1});

glycine;
sodium citrate; and
citric acid; to form a mixture; and

lyophilizing the mixture.

{0264] In some embodiments, a method is provided for preparing the compound (1-15) as a

lyophilized powder, the method comprising the steps:

(g-1)

(g-2)

combining:

an aqueous solvent mixture comprising water and tert-butyl alcohol;
the compound (VIII-15);

glycine;

. sodium citrate; and

citric acid; to form a mixture; and

Iyophilizing the mixture.

[0265] In some other embodiments, for the method described directly above, the amount of tert-butyl

alcohol present in the aqueous solvent mixture is about 3% v/v to about 6% v/v.

[0266] The lyophilization or freeze-drying can 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; (i) annealing; {iii) second freeze cycle; (iv) drying under

vacuum; and (v) secondary drying. The temperatures and times for each step will depend on the

Iyophilizer or freeze-dryer that is employed.
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28.898 8.4 29.47 8.7 Table 5: XRPD Data 1-13 Exanple 14: Synthesis of
2,5-dichloro-N-(2-{ r(IR-3-nethyl-1-(5-0x0-4, 4-di phenyl -1, 3, 2-

di oxaborol an-2-yl)butyllam no | -2-oxoethyl)benzam de (1-14) [03421 To a
solution of benzilic acid (0.126g. 0.552 nmml) in EtOAc (2.0 It) with an
internal tenperature of about 60C was added a sol ution of

N, W]Ni b( POI' OpoRéw An Qon@‘ehibbd&a&nrésl & Blu{ﬁ%] e $rophilized powder has a residual mo:stn.(:jre cor::ltent of b
nmet nyl but ane; OXO ane- i ch] or obenzam
de) (0.200 g*° Sd“aﬁlégﬁ%#%r%' 'é\ ofipegys f Z*HLSS“ “é{%]?%é‘lpé@ﬂ“iﬂtpg%ﬁff s i ed

uncontrol | edmummelcomdneoﬂméarnaébuttl‘@rrper ature was about 25 C and the sol vent
was renoved b evaporatlon to yield 2,5-dichloro-N(2-{

[ (1E) - 3- met hiPROB (I52noshar atpest: the fhieapign prqvidgs 2 g erldatibe RseramL o of k phsgmastdieahi no} - 2-
oxoet hyl ) benaaipbsaten asthacampoing stk (s 2 AduidphaPiéhuticaMBsdzBtornh, shild nfelRCN:

[ MkNal cal cu 7 N 75..1; found Z)
OBk e ri TR B o et %%@%’Eﬁ‘gff\%‘%‘f or 58 i""l‘f"“‘gé’gf]d““‘%@ fj an
Ex arrpl e 15: @}‘Wﬁ@é“ie@ sjfablp fcg pl}_agqueqical administration. Suitable reconstitution solvents mclude

R) - 3- net hyl - aul{ﬁe 2§)mﬁedqhawdr 'saﬂqé @Hés kerhuff;’red sxéhmpmrm hﬁmré?.mel%ﬁpﬁ%%l
| am no) but yl

110(11 £71 ]H éc sjitufion s Ol‘nO]S te ter orn_% g:srﬂwetlhc ?('Cld ref Ir?
[0343] To a 80 e sy 8?{5"16'85?6 G ?%’? for meaian. salige. and mixtéres Rereot7 Ity )
wi th an i nt eronabthtrempediatayy Be pionghgion solvk@ invagerdofdgeltion. Fotlowing reconstitution,

N, 1\ 11, N*- (b@E Qdﬁﬁdbhgrnﬂceﬁﬁdar doY::lgI: Fo'rrﬁg-in(cgn@m gbn%&ﬂ%h@ﬂh@@&n%u&l’ formul (I) as
diyi]imno[(2S)-1-o0xo0-3-phenylpropanel, 2-diyl]))tripyrazine- “car boxam de
(0.500 g, O. fe) as a solid. The resultlng soI ution was cool ed

uncontrol | ed erat Qut 5 C an d

evapor at ed t[oh!(i}':j e}' E’g%g*bg%'géﬂl 1 ‘;’[ - rrse‘{r%“ X‘?E’ ?%‘Ya aé’narf“acﬂt(cpyr azin- 2-
yl car bonyl ) a?ﬁ"]ﬂ@}‘]‘tlﬁ’ﬂ @’f)thﬁw]pound (I-1) as a hiquid pharmaceutical dosage form said method comprising

) at ni no) but yik} st P 1Lonbiitding 2 WP BRE pe BN 1A cémﬂ:hh(d @19 Restdred ﬁ&endw@sana white

lid (0.730
1101 SaraonteausacsybBl fTbadmc D Ry T Blbseke iy« BHI8E { or
C23H28131" 14®9vided 89 2 prepuativd of HB@rmRceutebavpipesitib6 of thymtdpesil 9-10hs a liquid
N-1-(1S)-1- bﬁ%ﬁéeuaéa( dJséeE%H% dgﬁrntaﬁl)d éo%(pﬁ&% s & %féco%lﬁ‘mﬂk l)ph:l)‘llz Lpovis 1)

di oxaborol an-2-yl I b % m no) - 2- oxoet h yrazi ne-2-car oxam
[0344] To a %’é*re&f”i“w“ g1 ﬁ)desﬁ’é‘?fdéfff‘ Wawaﬂ(fer *mcgsn . §t nopmak gngyrlptome n Bt 0AC
(2.0 L) wi tdémtatiment, e fradbd & empieddabLicprephratdn®i b pHabndCeuiess conghe@ithn of the

N, Nr, N'- (bor | . m
met hyI but ane&)‘f{Péll g(flﬁ)i :IlgclnXi %I%E?C(elit gi do é t%ﬁré ald m?tgodadorémprjw_ Eth& sterI) ])f
Dt ri pyrazi ne®2ngitnex ﬁ?tdée‘;w?wﬂq‘@f@e Ccvﬁpgzw%ﬁ@p 9esg§edéae§@| Wigh, wa‘tph@rsm ution

was cool ed ungamhrolled until the internal tenperature was about 25 C and

the resulting precipitate was collected by filtration to yield
N- R1S) - 1- bent®37] Zo some embodiments, a methed is provided for the preparation of a pharmaceutical

({ (LR) - 3- met byposhibh 9Rhe éonfamd%rﬁmw. ai mﬁ&n?ﬁcdm@af a&g%q$rﬁﬁsa%rra{étﬂob%rwnl ﬁ%ﬂnno) -

2- oxoet hyl j pyr azi rgez car boxam de as ite solid g ng z/ z)
in Cl-13CN: RS CAredge dgriyed Eﬁ”ﬂﬁ‘l"ﬁﬁel‘iﬂm&’e@ (I-£3) s gesc %ﬁmdm wHan ) VB
(m z) in CH34ghkous dokvift sombie € pliagghcéunical GRMNRBBM 0850méd 98badimeh® LiNkihod 89. 2.
_Ei()ggrz)lyi ]2'7( 1%?%@%&%?%&)'1115' ogt gafla%harmaceunca comrglosntlolw of the coglpound (1-15) as a liquid

di oxabor ol annhzquubﬁf Qﬂsagy Sarrriely "Eth@(@éﬁ’ﬁWg tb«waaﬁ weeansiituting b yRepHzetbpopier 17)

[0345] To a ﬁ(ﬂleubrhp)ﬂnd)(ﬂ léﬁ}déicrl’bydjﬁda%ry\blmvyzﬁdr@or@fﬁdcﬁbn(&n%gﬁsaﬁhe ﬂ»sﬂ&g mmol) in

Et IO,SA\(I; (N' 2. (Obg:‘-r%?)?g\ﬂﬁle {';‘ Ei‘ﬁgfllded (epli%%rlélrgpen hannaléleut:ca?compos:tlon P Iﬁe

met hyl but anecompqundﬂy%} #srriligwf @w&qmiwéoszgedhenwdpmdpamplmﬁgtde spldDt ri pyrazin
e- 2- car boxaniegfstflind 4 BphilRed R ddrophe c.%om%pisbQsde;EhS‘ed%QrL:WuQO«as\é\@fgr cool ed
uncontrolled until the internal tenperature was about 25C and the sol vent
was rermoved B¥“®Faporation to yield N1(1S)-1-benzyl-211(1R)-3-

met hy1-11(45) - 4- net hyl - 6- oxo- 1, 3, 2- di oxabori nan-2-yl ] but yl

) ami no) - 2- oxoet hyl ] pyrazi ne-2- carboxanide as a white solid (0.213g. 96%.
M5 (nmz) in CH3CN: [M+Na] cal cul ated for C231-129BN4Na03, 475.2; found,
475.2. M5 (mz) in CH3CN. EM H1l cal cul at ed for C231423BN403, 451. 2; found,
451.1. Exanple 18: Preparation of formil Pati ons of

4- (R, S) - (car boxymet hyl )-2-0R)-1-(2-(2. 5-

di chl or obenzam do) acet am do) - 3- met hyl butyl) - 6- oxo-1 3 2-di oxabori nane- 4-
carboxylic acid (l1-1) for parenteral or oral adm nistration



[ 0346] Formul ation A: A vessel was charged with 90 rnL water and citric

aci d nonohydrate (0.08 g) and sodiumcitrate dihydrate (1.5 g) were added
and stirred until dissolved. To this solution, 4-(R'S)-

(ear boxyrret hyl)-2-((R)-1-(2-(2, 5-dichl orobenzarri do) acet am do) - 3 rret hyl butyl
) - 6- oxo- 1, 3, 2- di oxabor i nane-4-carboxylic acid ﬁ H‘) glnﬁ%g h g) was
added, and @Wé HEQP [FPEsttiion &t 3 teoagy AT Yol venr b gpyibriyA bl f’tﬁvéﬁ{ “To this
sol ution, sadipoudohfoomild® shdihd Borgipomiie taddiedcidpdfotrind (BHDWAwially.usted to pH

5. 45 using hﬂ]mm is 1aGhek | tﬂ@éiy \«Vl@llm%t@[; l%%u‘fe@%ﬁh’echjl&gl)ﬂhérg&nmlo@dl ust ed
to 100 nL w ter andf| tered through a 0.2 ranetogueld

For mul at i onsoReHhTbaTekiiys caiceiiaipng pf thegropate fSGF?;a?’.fj]b"’i‘—?’B‘Fﬁiﬁ %“E’i""ﬁﬁ‘ HURE™t epar ed
as for For nadpaidbi® Bpof the@XGE e sdlitdk, tiij@rapkd, antialse raxdhj ofl 8 eighattodpky & b3a-usi ng 2N
NaOH. [0348] .Fornmul ation charged with 90 nL water and
citri c aci d'ly%)r’l‘ ﬁc'dcra Ou"(jgbﬁémcg?ﬁa \é%?‘ﬁ citrate dihydrate (1.5 g), and

pr Fp%/l ene glp¥£9!m Qr;lefl-gr HhectVile Crvafid S plo Al a Shilid pHREnabdtitd coipssh ¥ fbrisitht hi S
sol utl1 on,

4- (R S) - (caruBywet gy @ prdggdifonplexqipienss diicgRIISFEBe M 2aMF YBPLEEa M do) - 3-
met hyl but yl Jque pesonadep@aleodipasitab Grshirrhia éor fareragri osey [ ©ma othet e(bodirensgthen 2
(0.142 9g) B Xl G1e MR Srabdskr red until a sol ution was

obt ai ned. \'?\ﬁ@%ﬂgﬁg?ua chg{agsg to S6 : ]eu5| ﬁlg S2N NaOH, and the final volune of
the resul ti g7} ah wichenbodatent thelfuRGhirMactaltbmpdsitibn wadpeies dachbnipblridef ed

t hrough aoO. %g{t{uq% E)Egb{{% amﬁo %ona&, f}/ti(}mm? D%rfgyl ation C which was stored at -20

C. Exanpl e ara on ot "TOr il ati ons of

4- (R, §) - ( CafOQ% qugérhEYeln')bouzmQr@ th ra( gol(tge DUffer to the compound of formula ) is from about

di chl or obenzam do) acet am do) - 3- et h

rin
o Dot e SR abdut [51. o Forsitr AP 1 Fip LT FREy B of ormal @ 4o
St ock For nuis@bin@bouvahi ©laBsut K: I d6 $& konwashecdiatiogieenitie matia pthobuiffaetd ey 160 nil
wat er and c&;tngpo%\é‘%ﬁogmgpgfl@x&{l g (0.714 g) and sodiumcitrate di hydrate

(2.24 g) were added an irred until dissolved. To this solution,

propyl ene glegef! inc@nenlbbdiiess, e U6rek: 1s%ﬂ:§’ent A8 chic¥diiticd oV\@SuAb hMt@dbdx!ﬂﬁSl a
honmbgeneous sol ution vvar%b8$t ain

pH was
e R e e Tl St na s S5 et dnhs bl ) o
1g/m) withmMater and filtered through a 0.2 gm PES nenbrane filter unit
and stored at a tenperature between about 2 C and about 8 C. [0350]
For nul at i on{087@cheitetie hpffessincludergdigmpisaie gpitric gridy pyl mytarsgtheregh o 8% at el y 95. 4%
purity) of BnHodimen® the Huffer is sodium citrate, and citric acid.
boroxin-2,4,6-triyhri s[RI R)-3-nethyl butane-1, 1-di yl I i m no(2- oxoet hane- 2, 1-
di yWtri s(2[B7Hi $tithlde ohieinzegifte)indvds baidded! lifigd tdh imingvecls sugh eschradpis oxi mat el y
90 g of thehétcﬂﬁ:kanﬁgryaué éfmsamh}/sestaalerh@mo@eqmtam,d&ﬁﬂhs !;dagmmaswr@pym@
stirred for 48 hours protected from

71 hal Cviel gheG: S BEderPhd SO GEPe RSP B E D T e FASL I g
density of Iguerdiher svhtioltinBSbtacte idndmitprodifierdrsodiemicidbréleand filtered through a 0.2
um PES nenbrane filter unit and stored protected from |Iﬁﬁt at a

t enper at ur e [B3@8\WBean disbrbetion i a@aupaep salyent mixgiresan equiiBim) is ERPRREERTYSAT P The

For mul at i on cshR6k Mstmélh malﬂ%etceu&waaﬁ@wraﬁd Rt Rfmlla GHNTOhN ciderd 0. 1 g/ nl

w th Stock Fornul ation icle r.to u -or.mul ati.on The

For mul at i oncgf‘%’ﬁ'l’fl‘{f\é‘gmﬂiaf@?ré‘cfmf’ ?'f(f‘@ﬁ‘??iﬁ’%%@y gefus B pEPIOAN 0. 1 g/ L
Wi th a 0. 9%igodpharmaciuticnt tdnposmdnufrvmmtpleq@nbnmnlm@hedlﬁxaﬁpmh@@outzg’sﬁ

Pr ot easone %ﬁ@?&xa&e%%%dum fmpaqu&fusz ?\%ﬁ:rﬁQH@O%QeIQIvﬁ§&Léﬁ§ﬂ:nh§bf%@oha& a

384-well black mcrotiter ate 1s ad assaMY fer at 37 C
cont ai ni ng Kerard Prg aa‘étPf%E%Fq“('Bﬂ'éft‘ Briemnsaheny the H pfiferspiqign) egpgiere:
Ac- WA- AMC (fid3he S6d @“Qﬁel alfBla-SRHREY bﬂieﬁ)hyﬁrﬂn@ oA chptahd o bérodi¢ @wedmpann@5InAL  of

assay buffer at 37 t eas. ost m 0.25
TR o e R T e S RN T Y LT
BSA, pH7.4. The reaction is followed on a BMsc Gal axy plate reader (37 C
excitation 380 nm em ssion 460 nm gain 20). Percent inhibition is
calculated relative to 0% inhibition (DVSO and 100% i nhibition (10 AM
bortezom b) controls. Exanple 21: Antipred-iferation Assay [0354] HCT-116
(1000) or other tunor cells in 100 AL of appropriate cell culture medi um
(McCoy's 5A for HCT-116, Invitrogen) supplenmented with 10% fetal bovi ne
serum (I nvitrogen) are seeded in wells of a 96-well cell culture plate and
i ncubat ed overnight at 37C. Test conpounds are added to the wells and the
pl ates are incubated for 96 hours at 37 C. MIT or WST reagent (10 AL,
Roche) are added to each well and incubated for 4 hours at 37 C as

descri bed by the manufacturer. For MT the netabolized dye is solubilized
overni ght according to manufacturer’'s instructions (Roche). The optical



approximately 200 nmmB m ce are random zed into treatnent groups and begin
receiving drug treatnent. Dosing and schedul es are determ ned for each
experiment based on previous results obtained from

phar macoki neti c/ phar macodynam ¢ and maxi num tol erated dose studies. The
control group will receive vehicle w thout any drug. Typically, test
compound ( 108508 aheliohitm RATDIEbASAL YL ard BhE A A e forility PSR Ghy OT @l
(20-ga gavagaﬁ needl| eg or subcutaneous (27-ga nee routes at various
doses and schatrEEsfifffor size and body wei ght are measured tw ce a week
and e St udiziop f ST ABLALMNRN NG SARLLRL ch 4IRS, 5285, ARRL XIyRLS' Y
N-((S)-14( R)P@“H‘E'f"ﬁyl 1- (4 oxo 4H benzof d111, 3, 21di oxabori ni n- 2-

yl) butyl am Qpﬁpthg%ggm%m en ms Rf gpan- 2-yl ) pyrazi ne- 2- car boxam de (I-19)

[0356] A ni quid pharmaceutical composition comprises the compound of

N, N, N' - ( bor drimulaZda W@fer; anglobong(y[a(drk)ty Bodittrhyllebiit ane- 1, 1-di yl ] i m no[ (2S) - 1-
oxo- 3- phenyl propane-1, 2-di y1]))tri pyrazi ne- 2- car boxam de (0.250g. 0.228
mol ) and sal | & phechydereraesiic gide betahpBoxmesbaxyviacd ivditiertid; n Et 0Ac (10
mL). The m xture was heated to forma solution. The solution was cool ed
uncontrol | ed ufti¥ the internal tenperature was about 25C. Heptane (16 nl)
was added Wit g ;sQly,di.precipitated out and the resultant slurry was
agitated at ambient tenperature for 3 h. The slurry was filtered to collect
solid R" is hydrogen, C, aliphatic, (CH,),-CH,-R®, or -(CHy),.-CH(R*)-OR™;
N((S-1-((R)-3-net hyl -1- (4- oxo- 4Hbenzo[d][1 3, 2] di oxabori ni n- 2-yl ) but yl am
no) - 1- oxo- 3- phemREr@pan- 2- yl ) pyr azi ne- 2- car boxam de (0.249g. 75%. MS
(mz) in CH3CN, [MtH] cal culated for C26H2313N405, 487.2153; found, 487.3.
Exanpl e 24: SyRihdSis of

2-((S)-24(R) - 3 m%th | -1-aS) - 3- phenvl- 2- (pyrazine- 2-

car boxam do)propanarﬁ do) but vl) - 5- oxo- 1, 3, 2- di oxabor ol an-4-yfl acetic acid
(1-20) [0357] xin-2,4,6-triyltris{

[ (1R) - 3- et hyltﬁ\fﬁnaf?rél;eggl(%mgfm teu%%&{ﬁlé%%gé? - 0XO0- 3- phenyl propane- 1, 2-di y1]
)) tripyrazi ne- @ GakoNaMiet &/hbLorOR, lgsodIleéﬁéndaml) and L-malic acid (2116
ng, 0.55 rrunol) were mxed in THF (5 inL). The m xture was heated to form
a sol ution. [@28&] Solut Eobrdingsts.clediqeid paneeatic o kdedsitsi donpdsbahd hpounabs ‘
tenper at urefmiaaﬁocl%ff%anguptMHPgtcﬁlm&gocﬁiﬁ&c\h}%}c at ed out and the resultant

slurry was agitated at anbient tenperature f h. The slurry was filtered
to collect solhécodpbimioR bRt Brivptithiedlby(compourdsRRHNY15)%1 (18}, azi ne- 2-
car boxam do) pr opanam do) but y1) - 5- oxo- 1, 3, 2- di oxabor ol an- 4-yDaceti c acid
(0.625 g, 95%th6We(m@)umana@ﬂ&mrwﬁurwlaﬂd cal cul ated for C23H28EN407,
483. 2051; found, 483.2. Exanple 25: Synthesis of
24(R) - 24(R) - 3- AelPRgH. fi°d(f(‘=8)wh§’ RSTIRTRY S0Biup ghipride; ne 2-

yDacetic acid

car boxam do na d o

(1 20) T oasueal B G Slbadimel e R sl ey SHog ke arg ey ony ubory

[ (1R) - 3- et g blftﬂaqﬁldlthihldm%h}mmenr@{al(czﬁp%ﬁmn MC@mmmmepaheerﬂgnﬁesdl yl |
Dtri pyrazi n%e%bﬁ@d’ub@m&hﬂﬁ (ﬁ Q2P Rith acd: s%&gmm)an%QmR' chﬁe I }ngolét;]rso 3

ng, 0.33 nmo et one nm.). The m xture was eate to form
a sol ution. ‘I‘%ﬁ%“ ‘E%‘fsuﬁ%‘iﬁ" %ﬂpf’é@é‘ff@a Cegwh% i b BTy caroaylichsid s iic
t enper at ur e avidshedigeid ph2bacEiticMbbrtsisal dothpieerte @infpaind df rulaNCdwiieiriesu, t ant

slurry was The s urry.was filtered
to coll ect ggc% ;};r y?eqe %aoﬁﬂgk E%" “m ?{b@%h’%ﬁ%{h‘@gqm%% AitecBuEl °°’“£XS'“°"- 2-
carboxanldofﬂPHﬁﬁﬁ @895 TfmBiﬁxﬁwﬁmSNQD@WD%@@%?mwhﬁDnuvﬂbamemﬁ@1a0|d
(0.410 g, 10@H, citdddtili lshdiGa kbt aldeeuid@EnididdEI28RNA07, 483. 2051; found,

483. 2. Exanpl e 26Synt hesi s of

(R) - 2- hydr oXe2834 InRych2arbR)imSusrebanyd thd AHE)hyBeptvedyil yli@ac(dy baz hylerxy earboxylic
carboxanldohgg anag cid
(1-22) 9%9%\ b Xtdﬂt?ée mﬁgdyp%armgze%gl d%s ? I%qu) }Q%BOQIL]@& f%m\ﬂa{(ﬁﬁ‘% pﬁ oft

R R) - 3 met h?f’ EfnZh pH ialaﬂ %l;?qt PW n%ﬁ‘RZQ)‘LSEQh embodlments the pH IS between about pH 4.9

oxo0- 3- phenyl propane- 1, 2-diyl)))tri pyrazi ne-2- car boxam de (0.270g. 0.246
mmol) and L-tartaric aC|d (149.5 ng, 0.33 nmol) were m xed in acetone (3
mL). The nmixture was heated to forma solution. The solution was cool ed
uncontrolled until the internal tenperature was about 25 C. Heptane (2.5
niL) was added. White solid precipitated out and the resultant slurry was
agitated at anbient tenperature for 1.5 h. The slurry was filtered to
collect solid

(R) - 2- hydr oxy-24(R) - 24(R) - 3- et hyl 14( S) - 3- phenyl - 2- (pyr azi ne- 2- car boxam do)
pr opanam do) but y1) - 5- oxo- 1, 3, 2- di oxaborol an-4- ypacetic acid (0.388 Q)
whi ch al so contained a dlnerlc ~species. M5 (mz) in CH3CN: [M+H] cal cul ated



Filler 8931 Total capsule content weight, ng 90.00 Size 4 white opaque
gel atin capsul es Tabl e 7. Capsul e conposition

Exanpl e 29: Pharmaceutical Conposition 2 [0362] The conposition of the
capsule is shown in Table 8 bel ow Conponent Function ng/CapsuIe Conpound

Of f or mJl a (ntd'a%))u{ EQ rf)m ?ﬂ OIIQCI’ ge%aélsdeh mlf)odlmen IEB }Zﬁ‘f’lg gst&'eaéﬂ about P}‘P?g lal?o?ltepHFl l er

109. 71" Total cap content wel ,

[0284] In some embodiments, wherein the alpha-hydroxy carboxylic acid or beta-hydroxy carboxylic
acid is citric acid, the liquid pharmaceutical composition of the compound of formula (7) is prepared
in situ from a stock vehicle solution and the compound of formula (VHT). In some embodiments, the
stock vehicle solution comprises water, citric acid, sodium citrate and propylene glycol. In such
embodiments, the resulting solution can be further diluted with stock vehicle solution or with a
sodium chloride solution to generate liquid pharmaceutical compositions of the compound of formula

(I} of desired concentrations.

[0285] In another aspect the invention provides a unit dose liquid pharmaceutical composition,
comprising the compound of formula (I), a buffer, and optionaily a tonicity modifier. In some
embodiments, the unit dose liquid pharmaceutical composition comprises the compound of formula
(1), a buffer, and optionally a tonicity modifier, wherein the compound of formula (1) is the compound
(I-1). In some embodiments, the compound of formula (I) is present in the unit dose liquid
pharmaceutical composition at a concentration of about 0.5 mg/ml to about 3 mg/ml of the compound
of formula (VIII). In some other embodiments, the compound of formula (I) is present in the unit
dose liquid pharmaceutical composition at a concentration of about 1 mg/mi of the compound of
formula (VIIT). In some other embodiments, wherein the compound of formula (I} is compound (I-
1}, the compound (I-1} in the unit dose liquid pharmaceutical composition is present at a
concentration of about 0.5 mg/ml to about 3 mg/mi of the compound of formula (VIII-1). In yet
some other embodiments, wherein the compound of formula () is compound (I-1), the compound (I-
1) in the unit dose liquid pharmaceutical composition is present at a concentration of about 1 mg/m! of
the compound of formula (VIII-1). In still yet some other embodiments, wherein the compound of
formuta (I) is the 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

1o about .04 g.

[0288] In some embodiments in the unit dose liquid pharmaceutical composition, the pharmaceutical

composition is stored frozen until use.
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110.00 Size 4 white opaque gel atin capsul es Tabl e 8: Capsul e conposition
Exanpl e 30: Pharmaceutical Conposition 3 [0363] The conposition of the
capsule is shown in Table 9 bel ow. Conponent Function ng/ Capsul e Conpound
of formula (I1-1) Form2 0.29 Mcrocrystalline cellulose (Iow noisture)
Filler 88.81 Magnesium stearate Lubricant 0.90 Total capsul e content

wei ght, ng [8ZB9DMn another aspect the invention provides a method for preparing the compound of formula (),

as a unit dose liquid pharmaceutical composition; the method comprising the steps:
(h-1) dissolving the buffer in an aqueous solvent;

(h-2) dissolving the compound of formula (I, or a crystalline form thereof, in the

mixture obtained in step (h-1);

(h-3) dissolving the toncity modifier in the mixture obtained in step (h-2);
(h-4) adding further aqueous solvent 1o the required batch volume; and
(h-3) filling vials with an amount of the mixture obtained in step (h-4).

{0298] In some embodiments, the vials are capped afier step (k-5). In some other embodiments,
nitrogen is bubbled through the mixture prior to step (h-5). In yet some other embodiments, after step

(h-5), the liquid in the vials can be overlayed with nitrogen prior to capping.

[0291] In so‘me embodiments, the compound of formula (I) is formed in situ from the compound of

formula (V). In such embodiments, in step (h-2), the compound of formula (VIIT), or a crystalline
form thereof, is added to the mixture. In some embodiments, the alpha-hydroxy acid or beta-hydroxy
acid is added in step (h-2). In some other embodiments, the alpha-hydroxy acid or beta-hydroxy acid

is present in step (h-1) as the buffer.

[0292] The pharmaceutical compesitions 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 compaositions 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.

[6293] By "therapeutically effective amount” is meant an amount suffictent 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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Size 4 white opaque gelatin capsule Tabl e 9: Capsul e conposition Exanple
31: Pharnmaceutical Conposition 4 [03641 The conposition of the capsule is
shown in Table 10 bel ow. Conponent Function ng/ Capsul e Conpound of formula
(I-1) Form2 0.29 Mcrocrystalline cellulose Filler 78.91 Magnesi um
stearate Lubricant 0.80 Total capsule content weight, ng 80.00 Size 4
white Opaqu@dgé‘l'aéf‘?rﬁpeé%ﬁﬂt gresent in a composition of this invention typically will be no more than

the amount that would normally be administered in a composition comprising that therapeutic agent
as the only active agent. Preferably, the amount of additional therapeutic agent will range from about
50% to about 100% of the amount normally present in a composition comprising that agent as the

only therapeutically active agent.

[0294] In another aspect, the invention provides a method for treating a patient having, or at risk of
developing or experiencing a recurrence of, a proteasome-mediated disorder. As used herein, the term
"proteasome-mediated disorder” includes any disorder, disease or condition which is caused or
characterized by an increase in proteasome expression or activity, or which requires proteasome
activity. The term "proteasome-mediated disorder” also includes any disorder, disease or condition in

which inhibition of proteasome activity is beneficial.

{0295] For example, compounds and pharmaceutical compositions of the invention are useful in
treatment of disorders mediated via proteins (e.g., NFxB, p27*®, p21VAFP! 153) which are regulated
by proteasome activity. Relevant disorders include inflammatory disorders (e.g., rheumatoid arthritis,
inflammatory bowel disease, asthma, chronic obstructive pulmonary disease (COPD), osteoarthritis,
dermatosis {e.g., atopic dermatitis, psoriasis)), vascular proliferative disorders (e.g., atherosclerosis,
restenosis), proliferative ocular disorders (e.g., diabetic retinopathy), benign proliferative disorders
(e.g.. hemangiomas}, autoimmune diseases (e.g., multiple sclerosis, tissue and organ rejection), as
well as inflammation associated with infection {e.g., immune responses), neurodegenerative disorders
(e.g., Alzheimer’s disease, Parkinson’s disease, motor neurone disease, neuropathic pain, triplet repeat
disorders, astrocytoma, and neurodegeneration as resuit 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 10 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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Tabl e 10: Capsul e conposition Exanpl e 32: Pharnmaceutical Conposition 5
103651 The conposition of the capsule is shown in Table 11 bel ow. Conponent
Function ny/ Capsul e Conpound of fornmula (1-1) Form2 0.29 Mcrocrystalline
cellulose (low noisture) Filler 84.71 Total capsule contents weight, ny
85.00 Size 4 white opaque gelatin capsule Tabl e 11: Capsul e conposition

cell carcinoma; hepatocellular cancer; lung cancer, including, e.g.. non-small celt lung cancer
(NSCLC), brenchioloalveolar carcinoma (BAC}, and adenocarcinoma of the lung; ovarian cancer,
including, e.g., progressive epithelial or primary peritoneal cancer; cervical cancer; gastric cancer;
esophageal cancer; head and neck cancer, including, e.g., squamous cell carcinoma of the head and
neck; melanoma; neuroendocrine cancer, including metastatic neuroendocrine tumors; brain tumors,
including, e.g., glioma, anaplastic oligodendroglioma, adult glioblastoma multiforme, and adukt

anaplastic astrocytoma; bone cancer; and soft tissue sarcoma.

[0298} Non-limiting examples of hematologic matignancies that can be treated with the disclosed
proteasome inhibitors or pharmaceutical compositions include acute myeloid leukermnia (AML);
chronic myelogenous leukemia (CML), including accelerated CML and CML blast phase (CML-BP);
acute lymphoblastic leukemia (ALL); chronic lymphocytic leukemia (CLL); Hodgkin's disease (HD);
non-Hodgkin's lymphoma (NHL), including follicular lymphoma and mantle cell lymphoma; B-cell
lymphoma; T-cell lymphoma; multiple myeloma (MM); Waldenstrom's macroglobulinernia;
myelodysplastic syndromes (MDS), including refractory aremia (RA), refractory anemia with ringed
siderblasts (RARS), (refractory anemia with excess blasts (RAEB), and RAEB in transformation
(RAEB-T); and myeloproliferative syndromes.

{0299] In some embodiments, the compound or pharmaceutical compositions of the invention are
used to treat a patient having or at risk of developing or experiencing a recurrence in a cancer selected

from the group consisting of multiple myeloma and mantle celt lymphoma.

{0300] In some embodiments, the proteasome inhibitor or pharmaceutical compositions of the
invention is administered in conjunction with another therapeutic agent. The other therapeutic agent
may also inhibit the proteasome, or may operate by a different mechanism. In some embodiments, the
other therapeutic agent is one that is normally administered to patients with the disease or condition
being treated. The proteasome inhibitor of the invention may be administered with the other
therapeutic agent in a single dosage form or as a separate dosage form. When administered as a
separate dosage form, the other therapeutic agent may be administered prior (o, at the same time as, or

following administration of the proteasome inhibitor of the invention.

[0301] In some embodiments, a proteasome inhibitor of formula (I), or pharmaceutical composition
of the compound of formula (J} 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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Exanpl e 33: Pharmaceutical Conposition 6 [0366] The conposition of the
capsule is shown in Table 12 bel ow. Conponent Function ng/ Capsul e Conpound
of formula (I1-1) Form2 0.72 Mcrocrystall ne cellul ose (I ow npoisture)
Filler 119.28 Total capsule content weight, ng 120.00 Size 3 dark green
gel atin capsul e Tabl e 12: Capsul e

conposi t i orse@xging eecpRocipirgirpae metheuxaConiastin Cond pyclop3gpnideh ENA

conposi ti Onin@fealhiB® (CARSPagh, bRl caibobRbhEDAE ikatMidrs LaFRaaaat Function

generators such as bleomycin; and nucleoside mimetics {e.g., 5-fluorouracil, capecitibine,

gemcitabine, fludarabine, cytarabine, mercaptopurine, thioguanine, pentostatin, and hydroxyurea).

{0303] Chemotherapeutic agents that disrupt cell replication include: paclitaxel, docetaxel, and
related analogs; vincristine, vinblastin, and related analogs; thalidomide, lenalidomide, and related
analtogs {e.g., CC-5013 and CC-4047); protein tyrosine kinase inhibitors (e.g., imatinib mesylate and
gefitinib); proteasome inhibitors (e.g., bortezomib); NF-xB inhibitors, including inhibitors of IxB
kinase; antibodies which bind to proieins overexpressed in cancers and thereby downregulate cell
replication (e.g., trastuzumab, rituximab, cetuximab, and bevacizumab); and other inhibitors of
proteins or enzymes known to be upregulated, over-expressed or activated in cancers, the inhibition of

which downregulates cell replication.

[0304] In order that this invention be more fully understood, the following preparative and testing
examples are set forth. These examples iljustrate how to make or test specific compounds, and are not

to be construed as limiting the scope of the invention in any way.
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ng/ Capsul e Conpound of formula (1-1) Form2 2.89 Mcrocrystalline
cellulose (low noisture) Filler 147.11 Total capsule content weight, ng
150. 00 Size 2 Swedi sh orange gel atin capsul e

Tabl e 13: Capsul e conposition Exanple 35: Pharmaceutical Conposition 8
[ 0368] The conposition is shown in Table 14 below. Item Nunber Conponent

d of f | 1-1) F 2 7.06 0.30
g/ Bat ch nyg/ Capsul e 1 Conpoun o. orrrhjng LF.S) orm

Abbreviations

DCM methylene chloride

DIPEA N,N’-diisopropylethyl amine

DMF N,N’-dimethylformamide

EDCI N-(3-dimethylaminopropyl}-N'-ethylcarbodiimide hydrochloride
EtOAC ethyl acetate

h hours

HPLC high performance liquid chromatography

MIBK methyl isobuty! ketone

PES polyethersulfone

TBTU 7 O-benzotriazol-1-yI-N,N N’ N’ -tetrameth yluronium tetrafluoroborate
TFA trifluoroacetic acid

THF tetrahydrofuran

HOBt 1-hydroxybenztriazole

LCMS liquid chromatography mass spectrum

min minutes

General Methods

[0305} 'H 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 Acomn NMR Inc. Chemical shifts are
referenced to DMSO solvent, 2.50 ppm. A solvent blank is prepared by adding ~0.75 mL of DMSO-
d6 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 LLC-Mass spectrometry
flow analysis. The pump flow rate was [.0 m/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.

[6307] X-Ray Powder Diffractometry (XRPD): X-ray powder diffraction patterns are acquired on

either:
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2 Mcrocrystalline cellulose, NF (Encocel (r) XLMBO; |ow noisture) 100 4. 25
3 Mcrocrystalline cellulose, NF (Entocel (r) XLMBO; | ow noisture) 192.9
8.20 4 Mcrocrystalline cellulose, NF (Entocel (r) XLMBO; |ow noisture) 300
12.75 5 Mcrocrystalline cellul ose, NF (Enctocel (r) XLMBO; |ow noisture) 500

21.25 6 Mcrocrystalline cellulose, NF (Encocel (r) XLMBO; |ow noisture) 900
38.25 Tot al a@gjkgmxszigw_v@]ce diffractometer. The data is collected over an angular range of 2.9% to

29.6° 28 in continuous scan mode using a step size of 0.05% 28 and a step time of 2 seconds. The
sample is run under ambient conditions and prepared as a flat plate specimen using powder as

received without grinding; or

ii) a PANalytical X' Pert Pro diffractometer. Each specimen is analyzed using Cu radiation produced
using an Optix long fine-focus source. An elliptically graded multilayer mirror is used to focus the
Cu K a X-rays of the source through the specimen and onto the detector. The specimen is sandwiched
between 3-micron thick films, analyzed in transmission geometry, and rotated to optimize orientation
statistics. A beam-stop is used to minimize the background generated by air scattering. Helium and
the anti-scatter extension are not used. Soller slits are used for the incident and diffracted beams to
minimize axial divergence. The diffraction pattemns are collected using a scanning position-minimize
axial divergence. The diffraction patterns are collected using a scanning position-sensitive detector
(X Celerator) located 240 mm from the specimen. Prior to the analyses, a silicon specimen (NIST

standard reference material 640c¢) is analyzed to verify the position of the silicon 111 peak.

[0308] Differential Scanning Calorimetry (DSC): Differential scanning calorimetry (DSC) data are

collected on either:

i) a TA Instrements Q100 differential scanning calorimeter equipped with a 50 position auto-sampler.
The energy and temperature calibration standard is indium. Samples are heated at a rate of 10°C per
minute between 23 °C and 300 °C. A nitrogen purge flowing at 50 mL per minute is maintained over
the sample during a scan. Between 1 mg and 3 mg of sample is analyzed. All samples are crimped in
a hermetically sealed aluminum pan with a pinhole to alleviate the pressure accumulated from the

solvent vapor; or

ii} a TA Instruments differential scanning calorimeter 2920. The sample is placed into an aluminum
DSC pan and the weight is accurately recorded. The open pan is covered with a lid and then caimped.
The sample cell is equilibrated at 25 °C, and heated vnder a nitrogen purge at a rate of 10 °C/min.

Indium metal was used as the calibration standard.

[0309] Thermal Gravimetric Analysis (T'GA): Thermal gravimetric analysis (TGA) data are
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 platinumn crucible.



85.00 Size 4 white opaque gel atin capsul es Tabl e 14: Batch conposition

[ 0369] The batch was prepared according to the foll owi ng process: 1)

M crocrystalline cellulose, NF (EntocelC) XLMBO. |ow noisture) (Item #2)

was screened through a 40 micron nesh screen. 2) The screened material from
step 1) was added to the PK bl ender and was bl ended for 2 m nutes. 3)

Compound of gonfMW R (§fknGOLMR. & st RaboNRdnRESN k5 E[L6Red through a 60 micron

mesh screen, was Wel gbelobthzadidofBiuthdo) 3hlehbEy B QIIRRN Y. Rfafofiatiha (1-1)
Form 2 fromstep 3), amshxtikecipynocrystalline celTulose, NF (Entocel (r)

XLMBO; | ow noisture) (lItem #3) were conbined in a pol yethyl ene bag, and the
pol yet hyl ene bag was shaken; then the contents of the polyethyl bag were
passed t hrough the same 40 micron screen as was used i:}i’,bo&-t@:ﬂ,éc. ) The
material fromstep d4)owas addeg 46"t he PK dl ender and bl ended_for 15

m nutes. 6) Mcroc al | i ne_cel 1%l qge, el (r)_XLMBO: | | owy i st ure)
(Item #4) was scre d t hrough sdse sanme 4 i tron mesh screem, transferred
to the sanme pol yethyl ene bag used in step @) and shaken in the pol yethyl ene
bag. 7) The material from step 6) was added to the PK bl ender, which still
cont ai ned t hex nat eriHaI?-- s}tNepES) and: by ended gfor 10 m An'ut‘((ras. 8)

M crocryst al N Mitose, NEC groc N ) | ow noigttte) (1tem #5)
was screened r%ﬁgﬁ' e sane . 4Q,m cr %?ﬂ;rs' Ben, transferred to the
sane pol yet hy#ene bag 'used in steps 4) @&and 6), dnd shaken in the

pol yet hyl ene bag. 9) The material fromstep 8) was added to the PK bl ender,

which still contaised {he cto%ri al fromsteps 5) and 7), and bl ended for 10
m nutes. 10) M ystadstgRe“cel | ul ose, NF (Encocel (r) XLMBO; |ow
noi sture) (lte )"was ser emmwed through the same 40 micron nesh screen,

transferred to the sane pol yethyl ene bag used in steps 4), 6), and 8), and
shaken in the polyethylene bag. 11) The material fromstep 10) was added to
the PK bl ender, which still contained the material fromsteps 5), 7), and
9), and bl erglggh:f or 185 mumbBEmzol RdmiddleiBERr i @l from the bl ender was
encapsul ated 1n size 4 white opaque gelatin capsules using the In-Cap
system 13) [@N6! Tapsuttes ofdéa0Od (dkg, dosihed) andntcineilg 238 Mo ¢h wdmt alrphe) 36:

Phar maceut i Gas o $REMOSild 8 43 min a solution of 2,5-dichlorobenzoy! chioride (10 g, 48 mmol) in THF

(15 mL} keeping the internal temperature below about 25 °C. After 1 h, the mixture was acidified

with 2.0 M HCI (125 mL) keeping the internal temperature below about 5 °C. The resulting
precipitate was collected by vacuum filtration. The crude product was recrystallized from water to
give 2,5-[(dichlorobenzoyl)amino]acetic acid as a white, crystalline solid (6.1 g, 52%). mp 173.3 °C.
'H NMR (300 MHz, DMSQ-dg, §): 12.72 (bs, 1H), 8.89 (t, J = 6.0 Hz, 1H), 7.54 (m, 2H), 7.48 (m,
1H), 3.93 (d, J = 6.0 Hz). *C NMR (75 MHz, DMSO-de, 8): 41.6, 129.3, 129.6, 131.4, 132.2, 138.2,
171.4,165.9. MS (m/z): {M+H] calculated for CoHClL.NQ;, 248.0; found, 248.0; [M+Na] calculated
for CoH,C1;NNaO;, 270.0; found 270.2.

[0311] 2,5-[{dichlorobenzoyl)aminojacetic 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 21 0 £ I °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 HC! (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 vacuuim oven to afford 2,5-[(dichlorobenzoyl)aminolacetic acid as a white solid (57.6 g, 97.3%).

-6l -



[ 0370] The conposition of the capsules is shown in Table 15 bel ow
Conmponent Function ng/ Capsul e Conmpound of formula (14) Form2 0.3
Pregel et ani zed Starch (Starch 1500) Filler 122.825 Talc Flowaid 1.25
Magnesi um St earate Lubricant 0.625 Total capsule content weight, ng 125.

Size 4 white qfaque gelatin C%Psule
Step 2: S-dichloro-N-[2-({ (1R)-3-methy!-1-{{3aS.45.65,7aR)-3a.5,5-trimethylhexahydro-
4. 6-methano-1,3.2-benzodioxaborol-2-vilbutyl }amino)-2-oxoethyl }benzamide

[0312] To a solution of 2,5-[(dichlorobenzoyl)aminolacetic acid (6.10 g, 24.6 mmol) and TBTU
(8.34 g, 26.0 mmol) in DMF (40 mL) with an internal temperature below about 5 °C was added (1R)-
3-methyl-1-[(3a5,48,68,7aR}-3a,5,5-trimethylhexahydro-4,6-methano- 1,3,2-bencdioxaborol-2-
yilbutan-1-amine®TFA (9.35 g, 24.7 mmol). DIPEA (13 mkL., 75 mmol) was then added dropwise
over 2 h keeping the internal temperature betow about 5 °C. After 40 min, the mixture was diluted
with EtQAc (90 mL), washed with 5% NaCi (150 mL), twice with 10% NaCl (2 x 40 mL)}, once with
2% KCO5 (1 x 40 mL), once with 1% H;PQ,4 (1 x 40 mL), and once with 10% NaCl (1 x 40 mL).
The resulting organic layer was concentrated to a thick oil, diluted with heptane (40 mL) and
evaporated to yield 2,5-dichloro-N-{2-({(1R)-3-methyl-1-[(3aS,45,65,7aR)-3a,5,5-
trimethythexahydro-4,6-methano-1,3,2-benzodioxaborol-2-yl]butyl }amino)-2-oxoethyl|benzamide as

a white sotid which was used in the next step without purification.

Step 3: N,N'.N"-{boroxin-2.4.6-trivltris{[(1R)-3-methylbutane- 1,1 -diyl]limino(2-oxgethane-
2.1-diyD1ris(2.5-dichlorobenzamide

[0313]} To a solution of 2,5-dichloro-N-[2-({ (1R)-3-methyl-1-[(3aS,45,65,7aR)-3a,5,5-
trimethylhexahydro-4,6-methano-1,3,2-benzodioxaborol-2-yl]butyl }amino)-2-oxoethyi]benzamide
(12.2 g, 24.6 mmol) in methanol/hexane (1:1) {250 mL) were added 1N HCI (30 mL., 30 mmol) and
(2-methylpropyltboronic acid (6.5 g, 64 mmol). The reaction mixture was allowed to stir overnight.
The phases were separated and the methanol layer was washed twice with additional heptane (2 x 35
mL). The resulting organic layer was concentrated to about 10 mL and partitioned between 2.0M
NaQH (30 mL) and DCM (25 ml.). The DCM layer was washed once with additional 2.0M NaOH (5
mL). The basic aqueous layers were then combined, washed twice with DCM (2 x 25 mL) and
acidified with 1M HC! (60 mL). The resulting mixture was diluted with DCM (40 mL), the layers
were separated, and the resulting aqueous layer was washed three times with DCM (3 x 10 mL). The
combined DCM extracts were dried over MgSO4 (25 g) and evaporated to a thick oil. The preduct
was precipitated with heptane (50 mL) and collected by filtration to yield N,N',N"-{ boroxin-2,4,6-
triyltris[[(1R)-3-methylbutane- 1, l-diyl]imino{2-oxoethane-2, I-diyl}] } ris(2,5-dichlorobenzamide} as
a white solid (6.6 g, 74%). 'H NMR (300 MHz, DMSO-dg, 3): 8.93 (t, J = 6.0 Hz, 1 H), 8.68 (bs,
1H), 7.63 {m, 1H), 7.52 (m, 2H), 4.00 (d, J = 6.0 Hz, 2H), 2.62 (m, 1H), 1.59 (m, IH)}, £.33 (m, I1H),
1.24 (m, 1H), 0.81 (d, J = 5.9 Hz, 6H). C NMR (125 MHz, DMSO-d,, &): 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 CH;CN: [M+H] calculated for
Cy>H;,B1CIgNgQs, 1027 2; found, 1027.3; [M+Na] calculated for CiHs B3CigNsNaOs, 1049.2; found
1049.5.
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Tabl e 15: Capsul e conposition Exanple 37: Pharmaceutical Conposition 10
[0371] The conposition of the capsules is shown in Table 16 bel ow.
Conmponent Functi on ng/ Capsul e Conpound of forrmula (I1-1) Form2 0.3
Pregel etani zed Starch (Starch 1500) Filler 124.7 Total capsul e content
wei ght, nmg 125.00 Size 4 white opaque gel atin capsule

ABi-(R

Tabl e 16: Cagﬁyhe comaqglg; {080 E4ed
[0372] The conposi ti Ofueyibthe-6©apsH

[0314] Form 1: To a solution of citric acid (2.75 g, 14.3 mmol) in EtOAc (85 mL) with an internal
temperature of about 74 °C was added N,N',N"-{boroxin-2,4,6-triyltris[[(1R)-3-methylbutane-1,1-
diyl]imino(2-oxoethane-2,1-diyl)] }iris(2,5-dichlorobenzamide) (5.00 g, 4.87 mmol) as a solid. The
solution was cooled uncontrolled until the intemal temperature was about 25 °C and the mixture was
stirred overnight. The resulting precipitate was collected by filtration to yield 2,2{2-[(1R)--({[(2,5-
dichlorobenzoyl)aminolacetyl }amino)-3-methylbutyl]-5-0x0-1,3,2-dioxaborolane-4,4-diyl jdiacetic
acid Form 1 as a crystalline solid (6.65 g, 88 %). 'H NMR (500 MHz, DMSO-dg, 6 110 °C): 10.08
(s, 1H), 8.69 (s, 1H), 7.61 (s, 1H), 7.52 (d, / = 1.3 Hz, 2H), 4.26 (d, / = 5.5 Hz, 2H), 2.70 (q, / = 14.5
Hz, 4H), 2.70 (bs, 1H), 1.72 (sept, J - 6.5 Hz, 1H)}, 1 .42 (ddd, J=5.2 Hz, /= 8.6 Hz, /= 13.9 Hz,
tH), 1.28 (ddd, J = 5.3,/ =9.4 Hz, J = 14.3 Hz, 1H), 0.91 (dd, J = 3.3 Hz, J = 6.6 Hz, 6H). MS (m/7)
in CHyCN: {M+Na] calculated for CyH;BCLN;NaQg, 539.1; found, 539.1.

[0315] The XRPD data for I-1 Form 1 is shown in FIGURE 1 and in Table 1.

Angle Intensity %
28°
6.441 100
8.304 29.5
10.35 19
11.619 5.1
12.695 13.6
15.077 282
16.352 287
17.504 16.3
18.231 6
19.086 21.4
20.405 187
21.231 7.6
21916 7.6
25.371 15.2
27.588 6.2

Table 1: XRPD Data ¥-1 Form |

[0316] The Differential Scanning Calorimetry (DSC) data for I-1 Form 1 is shown in FIGURE 2.
The profile is characterized by an endothermic transition with an onset temperature of 191.8 °C with a
melt of 198.8 °C. A second endothermic transition corresponding to decomposition has an onset

temperature of 225 °C. These temperatures have an error of % 5 °C,

[0317] The Thermal Gravimetric Analysis (TGA) data for -1 Form | 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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Function ng/ Capsul e Conpound of fornmula (1-1) Form2 0.3 Mcrocrystalline
cel lul ose (Entocel (r) XLMBO; low noisture) Filler 124.7 Talc Flowaid 1.25
Total capsule content weight, ng 125.00 Size 4 white opaque gelatin

capsul e Tabl e 17: Capsul e conposition Exanpl e
39: Pharmaceutical Conposition 12 [0373] The conposition of the capsule is
shown i n TabtembR apik swper@yapohantd Fundt Con209§L Chipsakemperatures have an ermor of

+5°C,

[0318] Form 2: To a solution of citric acid (10.1 g, 52.6 mmol) in EtQAc (300 mL) with an
internal temperature of about 74 °C was added a solution of N,N',N"-{ horoxin-2 4,6-triyltris[[{ IR)-3-
methylbutane-1,1-diyl]imino(2-oxoethane-2. E-diy}}} }tris(2,5-dichlorobenzamide) (20.0 g, 19.5 mmol)
in EtQAc (60 mL). The solution was cooled slowly (about 0.33 °C/min) unti! the internal temperature
was about 60 °C and the mixture was stirred for 3 h. The resulting slurry was cooled slowly (rate of
about 0.12 °C/min) until the internal temperature was about 25 °C and the mixture was stirred
overnight. The resulting precipitate was collected by filtration to yield 4-(R,S)-(carboxymethyl}-2-
{({R)-1-(2-(2,5-dichlorobenzamido)acetamido)-3-methylbutyl)-6-0x0-1,3,2-dioxaborinane-4-
carboxylic acid Form 2 as a crystalline solid (26.7g, 98 %). 'H NMR (500 MHz, DMSO-dg, & 110
°C): 10.08 (s, 1H), 8.69 (s, 1H), 7.6l (s, IH), 7.52 (d, J = 1.3 Hz, 2H},4.26 (d, JF = 5.5 Hz, 2H), 2.70
(g, J = 14.5 Hz, 4H), 2.70 (bs, 1H), 1.72 (sept, J - 6.5 Hz, I1H), 1.42(ddd, /=52 Hz, /=86 Hz, /=
13.9Hz, 1H), 1.28 (ddd, J =5.3, J=9.4 Hz, J= 143 Hz, 1H), 0.91 (dd, / =3.3 Hz, J = 6.6 Hz, 6H).
"3C NMR (100 MHz, DMSO-dg, 8 100 °C): 21.65, 23.34, 25.09, 38.39, 38.98, 42.07, 76.25, 128.97,
129.14, 130.94, 131.48, 131.73, 137.05, 165.44, 170.23, 175.74, 177.43. MS (m/z) in CH;CN:
[M+Na] calculated for CyHasBCLN,NaQy, 539.1; found, 539.1.,

[0319] 4-(R,5)-(carboxymethyl)-2-((R}-1-(2-(2,5-dichlorobenzamido)acetamido)-3-
methylbutyl)-6-0x0-1,3,2-dioxaborinane-4-carboxylic acid Form 2 was also prepared by adding a
solution of citric acid (21 g, 0.F1 mmol) in THF (80 ml.) to a solution 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)} (40
g, 0.11 mmol} in THF (80 mL) at 60 °C. The solution was then seeded with Form 2 crystals (400
mg). After stirring for 30 min at 60 °C, EtCAc (400 mL) was added over a period of 9 h. After
complete addition of the EtOAc, the temperature was lowered to 20 °C over 5 h. The resulting
suspension was filtered to collect 4-(R,S)-(carboxymethyl}-2-((R)-1-(2-(2,5-
dichlorobenzamido)acetamido)-3-methylbutyl}-6-oxo0-1,3,2-dioxaborinane-4-carboxylic acid Form 2

as a crystalline solid (40 g, 70 %).

{0320} 4-(R,S)-(carboxymethyl)-2-{(R)-1-(2-(2,5-dichlorobenzamido)acetamido)-3-
methylbutyl}-6-oxo-1,3,2-dioxaborinane-4-carboxylic acid Form 2 was also prepared in the same

general manner using the conditions described in Table 2.

Solvent Initial Temperature | Seed Temperature Isotated Yield
1-1 Form 2
acetonitrile 80 °C No seeding 77 %
MIBK 80 °C No seeding 80 %




Compound of formula (1-1) Form2 0.3 Mcrocrystalline cellul ose
(Encocel (r) XLMBO; [ow noisture) Filler 89.25 Magnesium Stearate Lubricant
0.45 Total capsule content weight, ng 90.00 Size 4 white opaque gelatin

capsul e Tabl e 18: Capsul e conposition Exanpl e
40: Pharmaceutical Conposition 13 [0374] The conposition of the capsule is
shown i n Tabl e—19betow—Component—Function—ngrCapsute—Cerpound—oef—f or nul a
(1-1) Form 2 2-methyltetrahydrofuran 80 °C 60 °C 72 %

Table 2: Additional conditions for preparation of I-1 Form 2

[0321] 4-(R.S)-(carboxymethyl)-2-((R)-1-(2-(2,5-dichlorobenzamido)acetamido)-3-
methylbutyl)-6-0xo-1,3,2-dioxaborinane-4-carboxylic acid Form 2 was also prepared by dissolving in

acetone followed by addition of EtOAc as an antisolvent.

[0322] The XRPD data for I-1 Form 2 is shown in FIGURE 3 and in Table 3.
Angle Intensity %
2-0°
5.817 100
7.614 93.4
11.575 1.1
11.896 67.1
12.571 243
14.43 322
16.689 05.8
17.362 17.8
18.232 53.9
19.596 716
19.959 63.8
20.376 36.2
20.998 32.2

21.5 40.1
21.764 43.4
22.407 77.6

23,12 33.6
23.901 26.3
24.402 204
24.882 19.7
25.764 19.1
26.464 39.5
27.347 217
27.65 17.1
27.979 i6.4
2941 20.4

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 2253 °C. These temperatures have an error of + 5°C.

[0324] The Thermal Gravimetric Anaiysis (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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0.3 Mcrocrystalline cellulose (Encocel0 XLMBO; |ow noisture) Filler 88.35
Tal c Howaid 0.9 Magnesium Stearate Lubricant 0.45 Total capsul e content
weight, ng 90.00 Size 4 white opaque gelatin capsule

Tabl e 19: Capsul e conposition Exanple 41: Pharmaceutical Conposition 14

[ 0375] The conposition of the capsule is shown in Table 20 bel ow. Conponent
Funct i on ngh€Gapslaksethe temperature is changed from 50 °C to 200 °C. These temperatures have an error of

+ 5°C.

Example 1A: Alternate synthesis of 4-(R.8)-(carboxymethyl}-2-((R)-1-(2-(2.3-
dichlorobenzamidolacetamido)-3-methylbuiyl)-6-ox0-1,3.2-dioxaborinane-4-
carboxylic acid (I-1) Form 2

[0325] A 50-L glass reactor equipped with mechanical stirrer, dropping funnel, temperature
indicator, and heating/cooling control unit (under nitrogen) was charged with 1.2 micron filtered
EtQAc (18.9 kg) and anhydrous citric acid {0.561 kg, 2.9 mol). The mixture was heated to 71 °C and
a solution resulted. N,N'N"-{boroxin-2,4,6-trivitris[[(1 R)-3-methylbutane-1,1-diyl}imino(2-
oxoethane-2,1-diyl)]}tris(2,5-dichlorobenzamide) (1.109 kg, 3.1 mol) dissoived in EtOAc (4.0 kg)
was clarified using an in-line filter (1.2 microﬁ), and the solﬁtion was added to the reaction mixture
under stirring (193 rpm) over a period of 20 min while maintaining a temperature of 73 °C to 75 °C..
The stirring was reduced to 96 rpm and the mixture was cooled as follows: (1} The mixture was kept
at 73 °C —~ 75 °C for 25 min; (2) The mixture was stepwise cooled to 40 °C at the rate of
approximately 5 °C/30 min; (3) The mixture was allowed to cool uncontrolled overnight to ambient
temperature with stirring. The product was then isolated by filtration, washed on the filter with 1.2
micron filtered EtOAc (2 x 1.2 kg), and dried under vacuum at 40 — 41 °C overnight (22 hours) to
give 1.458 kg (92%) of the title compound. "M NMR (400 MHz, DMSO-dg, §): 12.13 (s, 2H), 10.69
(s, 1H), 9.11 (t, 7 = 5.6 He, 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°

5.69 160
7.64 66
9.66 4
11.22 23
1142 51
11.79 37
1241 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 i5
21.36 20
21.61 22
22.23 63
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Compound of formula (1-1) Form2 0.3 Mcrocrystalline cellulose _
(Entocel (r) XLMBO; low noisture) Filler 51.15 Talc Howaid 0.98 Magnesi um
Stearate Lubricant 0.49 Pregel etanized Starch (Starcap) 45.08 Total
capsul e content weight, nmg 98.00 Size 4 white opaque gelatin capsule

Tabl e 20: Capsul e conposition Exanple 42: Pharmaceutical Conposition 15

22.55 14
22.97 20
23.22 7
23.67 16
23.90 7
24.19 10
2474 7
24.97 3
25.64 8
26.31 24
26.64 10
27.21 7
27.40 7
27.88 5
28.25 4
2927 11
29.72 10
Table 6

[0327] The Differential Scanning Calorimetry (DSC) data for the compound (I-1) Form 2 is shown

in FIGURE 8. The profile is characterized by two endothermic transitions; the first with a melt at
about 231.3 °C, and the second with a melt at about 239.9 °C. These temperatures have an error of + 5
°C.

Example 2: Synthesis of 2.5-dichlorg-N-(2-{ {{1R}-3-methyl-1-(4-0x0-1,3.2-dioxaborolan-2-

yhbutyllamino }-2-oxoethyhbenzamide (I-2)

[0328] To a solution of glycolic acid (0.041 g, 0.54 mmol) in EtOAc (2.0 mL) with an internal
temnperature of aboat 60 °C was added a solution of N,N',N"-{ boroxin-2.4,6-triyltris[{(1R)-3-

methylbutane-1,1-diyilimino(2-oxoethane-2,1-diy}] }tris(2,5-dichlorobenzamide) (0.199 g, 0.19
mmoti} 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-(4-0x0-1,3,2-dioxaborolan-2-yl)butylJamino }-2-oxoethyl)benzamide as a white solid (0.215 g,
95%). MS (m/z) in CH;CN: [M+Et;N+H] calculated for C2,H;sBCI,N;05, 502.2; found, 502.0. MS
(m/z) in CH;CN: [M-H] calculated for C,¢H,3BCLN,Os, 399.1; found, 399.0.

Example3:  Synthesis of {(48)-2-[(1R)-1-{{[(2,5-dichlorobenzoyDamino]-acety] }amino)-3-
methylbutyl]-5-0x0-1,3.2-dioxaborolan-4-yl acetic acid (1-3)

[0329] To a solution of L-malic acid (0.0958 g, 0.7 14 mmol) in EtQAc (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-diylJimino(2-oxoethane-2,1-diy1)] }tris(2,5-dichlorobenzamide) (0.239 g, 0233

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 {{45)-2-[(1R)-1-({[(2,5-

dichlorobenzoyl)amino]-acetyl }amino)-3-methylbutyl}-5-oxo-1,3,2-dioxaborolan-4-yl Jacetic acid as
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[ 0376] The conposition of the capsule is shown in Table 21 bel ow. Conponent
Functi on ng/ Capsul e Conpound of formula (I1-1.) Form2 0.3 Mcrocrystalline
cel lul ose (Entocel (r) XLMBO; |ow noisture) Filler 61.65 Talc Rowaid 1.18

Magnesi um St earate Lubricant 039 Sodium Starch dycol ate (Explotab) 54.28

Total capsul e cont ent wei ght, 118.00 Size 4 white opaque gel atin
capsul e P a white solid (0.307 g, %g% Mgpmfz) in CH;CN: [M+ Et;N+H] calculate forqcz.,H37 CELN;0,,

560.1; found, 560.1. MS (n/z) in CH;CN: [M-H] calculated for CgH:BCI,N-0;,, 457.1; found,
457.1.

Example 4: Synthesis of 2 5-dichloro-N-[2-{{(I1R)-1-{4S)-4-cyclohexyl-5-0x0-1.3,2-
dioxaborolan-2-yil-3-methylbutyl Yamino)-2-oxoethyllbenzamide (I-4)

[0330] To a solution of {S)-hexahydromandelic acid (0.0881 g, 0.557 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,I-diyl]imino(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)-1-[(48)-4-
cyclohexyl-5-0x0-1,3,2-dioxaborolan-2-yl]-3-methylbutyl amino)-2-oxoethyl]benzamide as a white
solid (0.251 g, 93%). MS (m/z) in CH;CN: [M+ Et;N+H] calculated for CogHysBCLNOs, 584.3;
found, 584.1. MS (m/z) in CH3CN: [M-H] calculated for CapHeBCLN2Os, 481.1; found 481.1.

Synthesis of 2,5-dichloro-N-{2-{ [(IR)-1-{4 4-dimethyi-5-0x0-1,3.2-dioxaborolan-2-
¥1)-3-methylbutyllamino }-2-oxoethyl)benzamide (I-5)

[0331] To asolution of 2-hydroxyisobutyric acid (0.0567 g, 0.545 mmol) in EtOAc (2.0 mL) with an
internal temperature of about 60 °C was added a solution of NN N"-{boroxin-2,4,6-triyitris[[{ IR)-3-
methylbutane-1,1-diyllimino(2-oxoethane-2,1-diy!)] }tris(2,5-dichlorobenzamide) (0.200 g, 0.195

Example 5:

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-dichioro-N-(2-{[(1R)-1-(4 4-
dimethyl-5-ox0-1,3,2-dioxaborolan-2-yl}-3-methylbutyllamino }-2-oxoethyl)benzamide as a white
solid (0.225 g, 96%). MS (m/7) in CHyCN: [M+ Et;N+H] calculated for CoaH3:BCLILN-Qs, 530.2:
found, 530.0. MS {m/2) in CH;CN: [M-H] calculated for CzH:BCLN,Os, 427.F; found, 427.0.

Example 6: Synthesis of 2,5-dichloro-N-[2-({{1R)-3-methyl-1-[(5R)-4-0x0-5-phenyl-1,3 2-
dioxaborotan-2-yilburyl }amino)-2-oxocethyljbenzamide (1-6)

[0332] To a solution of (R)-mandelic acid (0.168 g, 1.10 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{[(IR)-3-

methylbutane-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-({{IR)-
3-methyl-1-[(5R)-4-0x0-5-phenyl-1,3,2-dioxaborolan-2-ytbutyl Jamino)-2-oxoethy!Jbenzamide as a
white solid (0.343 g, 65%). 'H NMR (300 MHz, DMSO-ds, 8): 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, 1H), 1.71 - 1.62 {m, 1H), 1.50 -
1.28 (m, 2H), 0.89 {(m, 6H). MS (n/z) in CH;CN: [M+ Et;N+H] calculated for Cy3H3BCILN;0s,
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Tabl e 21: Capsul e conposition Exanple 43: Pharmaceuti cal Conposition 16
[0377] The conposition of the batch is shown in Table 22 below Item
Conmponent g/ Satch ng/ Capsul e Nunber 1 Conpound of formula (1-1) Form 2
0.33 0.30 2 Mcrocrystalline cellulose, NF (Entocel (r) ?CLMBO; | ow
noi sture) 5.00 4.50 3

578.2; found, §78.1. MS (m/z} in CH;CN: [M-H] calculated for C5H,BCLN,O;, 475.1; found

475.1.

Example 7: Synthesis of 2 5-dichloro-N-[2-({ (1R)-3-methyl-1-[(45)-4-methyl-5-0x0-1,3.2-
dioxaborolan-2-yl|butyl }amine)-2-oxoethyl|benzamide (I-7)

[0333} To a solution of L-lactic acid (0.675 g, 7.34 mmol} in EtOAc (3.0 mL) with an internal
temperature of about 70 °C was added a solution of N,N',N"-[boroxin-2,4,6-triyleris[[(iR)-3-

methylbutane-1,i-diyljimino(2-oxoethane-2,1-diyl)] jtris(2,5-dichlorobenzamide) (2.50 g, 2.43 mmol)
in EtOAc (7.5 mL). The solution was cooled uncontrolled until the internal temperature was about 60
°C. After 30 min, heptane (11.5 mL) was added until the solution became turbid. The suspension
was heated until the internal temperature was at or about 7¢ °C, at which point a homogenous solution
resulted. The solution was cooled at a rate of (.17 °C/min until the intemal temperature was about
30 °C, then cocled uncentrolled until until the internal temperature was about 0 °C. The resulting
precipitate was collected by filtration to vield yield 2,5-dichloro-N-[2-({(1R)-3-methyl-}-[{45)-4-
methyl-5-ox0-1,3,2-dioxaborolan-2-yl jbutyl }amino)-2-oxoethyl]benzamide as a white, crystailine
solid (2.32 g, §19%). MS (m/z) in CH;CN: [M+ Et;N+H] calculated for CpH3BCILN;0s, 515.9;
found, 516.0. MS (m/z) in CHyCN: [M-H] calculated for C;H:,BCLN,Os, 413.1; found 413.0.

[0334] The XRPD data for I-7 is shown in FEGURE 5 and in Table 4.

Angle

2-0° | Intensity %
7.404 46
8.783 63.5
9.402 I6.1

11.9 20.6
12.195 100
£3.71 73
14.594 26.5
15.302 8.3
15.772 3l
17.299 26.8

17.859 25.8
18.549 22.7

19.943 55.5
20.214 33.9
20.606 50
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
25.566 317
27.221 10
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M crocrystalline cellul ose, NF (Entocel (r) XLMBO; |ow noisture) 8.17 7.35
4 Mcrocrystalline cellulose, NF (EntocelO0 XLMBO; | ow noisture) 14.00 12.60
5 Mcrocrystalline cellulose, NF (Encocel0 XLMBO; | ow noisture) 25.00 22.50
6 Mcrocrystalline cellulose, NF (Encocel (r) XLMBO; |ow noisture) 44.00
39.60 7 Talc 1.00 0.90 8 SodiumCitrate 2.00 1.80

29.103 9.2
29.383 12.6

Table 4: XRPD Data I-7

Synthesis of 2,5-dichloro-N-[2-({(1R)-3-methyl-1-[(45)-4-methy]-6-0x0-1.3 2-
dioxaborinan-2-vllbutyl }aming)-2-oxoethvi]benzamide (I-8)

[0335] To a solution of (8)-3-hydroxybutyric acid (0.0598 g, 0.566 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-triylris{{{1R}-

3-methylbutane-1,1-diylJimino{2-oxoethane-2,1-diyD1}tris(2,5-dichlorobenzamide) (0.200 g, (.195

Example 8:

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-({(IR)-3-methyl-
1-[(4S)-4-methyl-6-0x0-1,3,2-dioxaborinan-2-ylJbutyl ] amino)-2-oxoethylJbenzamide as a white solid
(0.225 g, 95%). "H NMR (300 MHz, DMSO-dg, 8): 10.45 (s, 1H), 9.11 (t, ] = 6.0 Hz, 1H), 7.65 (m,
IH), 7.55 (m, 2H), 4.21 (d, J = 6.0 Hz, 2H), 3.98 — 3.90 (m, 1H)}, 2.5} (m, {H),2.33(dd, J, = 19.2
Hz, J =2.7 Hz, tH), 2.24 - 2.2} (m, {1H), 1.61 — 1.52 (m, 1H), 1.33 - 1.19 (m, 2H), 1.07 - 1.04 (m,
3H), 0.84 (m, 6H). MS (m/z) in CH,CN: [M+ Et;N+H] calculated for C,,H3,BCl,N;0s, 530.2;
found, 530.0. MS (m/z) in CH,;CN: [M-H] calculated for C;sH,;,BCLN,Os, 427.1; found, 427.1.

Synthesis of 2,5-dichloro-N-(2-{ [{1R)-1-(4 4-dimethyl-6-0x0-1.3.2-dioxabaorinan-2-
y1)-3-methylbutytjamino }-2-oxoethyhbenzamide (1-9)

[0336] To a solution of B-hydroxyisovaleric acid (0.0841 g, 0.712 mmiol) in EtQOAc (2.0 mL) with an

internal temperature of about 60 °C was added a solution of N,N'.N"-{ boroxin-2,4,6-triylris[[{ 1R)-3-

methylbutane-1,1-diyl]imino(2-oxoethane-2,1-diyl}] }tris(2,5-dichlorobenzamide) (0.260 g, 0.253

Example 9:

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-{[(IR)-1-(4 4-
dimethyl-6-0x0-1,3,2-dioxaborinan-2-y1)-3-methylbutyllamino }-2-oxoethyl)benzamide as a white
solid {0.296 g, 95%). MS (mn/7) in CH;CN: [M+ Et;N+H] calculated for CosH, BCIIN;Os, 544.3;
found, 544.0. MS (m/2) in CH;CN: [M-H] calculated for CHzBCi,N,Os, 441.1; found, 441 .0.

Examptle 10.  Svynthesis of 2.5-dichloro-N-[2- -4-tert-butyl-5-oxo0-1.3.2-dioxaborolan-

2-y1]-3-methylbutyl }amino)-2-oxoethyl]-2,5-dichlorobenzamide (I-16)

[0337} To a solution of (8)-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 Jimino{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 intemal
temperature was about 25 °C and the solvent was removed by evaporation to yield 2,5-dichloro-N-[2-
({(IR)-1-[(45)-4-tert-butyl-5-0x0-1,3,2-dioxaborolan-2-yl]-3-methylibutyi jamino)-2-oxoethyl-2,5-
dichlorobenzamide as a white solid (0.245 g, 97%). MS (m/2) in CH;CN: [M+ EixN+H] calculated
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9 Magnesium Stearate 0.50 0.45 Total weight 100.00 90.00 Size 4 white
opaque gel atin capsul es Tabl e 22: Batch conposition [0378] The batch was
prepared 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 nesh screen. 2) The screened material fromstep 1) was ?dd?fl tl? }:he
PK bl ender d }g}a(ﬁ 0 a (I- orm
2 that had ﬁggﬁ\&g?@eﬁg %G?]J_E gﬂungﬁa%sn%ﬁéff)gicn’es %glgﬂeg'ﬁmmedrfrm wei ghed out
(Item #1) . 4yFrRClduRpbidfnd g%srorml a (1-1) Form2 fromstep 3), and the

m crocrystalline cellul ose NF (Em:ocel (r) XLIVDO | ow noi sture) (I'tem #3)
wer e conbi nebxample . i o-Ne el (IH ab At)2-Wasb&hlaken;
then the contents of : h =‘ hrough thi)sama 40
m cron scree was used_ in e rraterla romste was
Rdded to t hoOBRI Graieiongh- 81*’&‘?{&%' RO D639 26 SR FOVRITS me

cel l ul ose, NRL)Y N0 @redmal ©einpekhtde® Of abbaép mestadtree) so(ldtbeaﬂl#ﬁ)Nwasmﬁﬁ-Qeened

through the ﬁgl%{[ﬁﬂ)-mrﬁ{hggutmsiléﬁfl@%&%o Jeﬁ,n[§ f{ﬁ'glﬂ t]&Z ﬁhiProggaz%mde_) 7)

pol yet hyl ene use E@£ ene
Talc (Item #<?)20 HdSBepPl ihEPAG Péﬂélf‘?ﬁ?lﬁﬁﬂ’}‘ Wﬂe?%leéefrce'éwéw lmhirthmgthm%lhe same

40 m cron nNespédire . about 25 °C and the solvent was removed by evaporation to yield 2,5-dichloro-N-[2-
({(IR)-1-[(45)-4-isopropyl-5-oxo0-1,3,2-dioxaborolan-2-y1}-3-methylbutyl }amino)-2-
oxoethyl]benzamide as a white solid (0.246 g, 99%). MS (m/z) in CH;CN: [M+Na] calculated for
C,oHasBCLN,NaQs, 465.1; found, 465.1. MS (m/z) in CHCN: [M-H] calculated for
C1oHuBCELN,Os, 441.1; found, 441.0.

Example 12: Synthesis of 2,5-dichloro-N-[2-({(1R)-}-[(45)-4-isobuty]-5-0x0-1.3.2-dioxaborolan-
2-yl}-3-methylbutyl  amino)-2-oxoethyl |benzamide (1-12)

[0339] To asolution of 2-hydroxyisocaproic acid (0.0752 g, 0.569 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{[(IR)-3-

methylbutane-1,[-diyllimino(2-oxoethane-2,1-diyD)] }tris(2,5-dichlorobenzamide) (0.200 g.0.195

mmoi) in EtOAc (1.0 mL). The solution was cooled uncontrolled until the intemal temperature was
about 25 °C and the solvent was removed by evaporation to yield 2,5-dichloro-N-[2-({(1R)-1-[(45)-4-
isobutyl-3-0x0-1,3,2-dioxaborolan-2-yl]-3-methylbutyl }amino)-2-oxoethyl Jbenzamide as a white
solid (0.253 g, 95%). MS (m/z) in CH;CN: [M+Na] calculated for CyoH,,BCLN,NaQs, 479.1; found,
479.1. MS (m/z} in CH;CN: [M-H] calculated for CyoH3BCLN,O;, 455.1; found 455.1.

Example 13:  Synthesis of 2,5-dichloro-N-(2-{[(IR)-3-methy]-! -(4-ox0-4H-1.3.2-
benzodioxaborinin-2-yDbutyHaminog }-2-oxoethyDbenzamide (1-13)

{0340} To a solution of salicylic acid (0.0758 g, 0.549 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-
methyibutane-1 ,l-diyl]imino(?-o;oethane-Z,i—diyl)] jtris(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 resulting precipitate was collected by filtration to yield 2,5-dichloro-N-{2-{ [(1R)-
3-methyl-1-(4-0x0-4H-1,3,2-benzodioxaborinin-2-yl)butyljamino }-2-oxoethyl)benzamide as a white
solid (0.198 g, 78%). MS (m/z) in CH;CN: [M+Na] calculated for CpHz BCLN,NaQs, 485.1: found,
485.1. MS (m/z) in CH;CN: [M-H] calculated for Cy HzBCLN,Os, 461.1; found, 461.0.

[0341] The XRPD data for I-13 is shown in FEGURE 6 and in Table 5.
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8) The materials fromstep 6) and 7) were added to the PK bl ender,
fromstep 5) and bl ended for
NF (Entocel
was screened through the sane 40 m cron nesh screen,
sanme pol yethyl ene bag used in steps 4) and 6),

still contained the materi al
M crocrystal line cellul ose,

(r) XLMO;

whi ch
10 m nutes. 9)
| ow noi sture) (Item #5)
transferred to the

and shaken in the

pol yet hyl ene bag. 10) The material Argdn $tg@s®) | was added to the PK
bl ender, which still contained the npaterjial romsteps 5) and 8), and
bl ended for 10 minutes. 11) M crocrg3sal |ims.icell ul ose, NF (Entocel XLMO;
| ow noi sture) (ltem #6) was screene83thr ougi®ot he sane 40 m cron nesh
screen, transferred to the sanme pol Mébhyl erf®-bag used in steps 4), 6), and
9), and shaken in the pol yethyl ene _ba 2)85Phel material fromstep 11) was
added to the PK bl ender, which stjl1%1d8nfai Add {he material fromsteps 5),
8), and 10), and bl ended for 10 nini#3& [ 1389 3N\agnesi um Stearate (Item #9)
was screened through the same 40 pilk¥@h peshésclieen. 14) The material from
step 13) was added to the PK bl engde¥®12dhichl?%ti|| contained the materi al
fromsteps 5), 8), 10), and 12) a.f9$l atled¥lor ! 5 minutes. 15) The materia
fromthe bl ender was encapsul at ed LA PN 47%hkie opaque gel atin capsul es
- - AL T 437

using the Profill system 16) The Qg es—Gre de-dusted, and
wei ght-sorted. Exanple 44: Phar nmageggsral %ggpusition 17 [03791 The
conposition of the batch is shownijghte=33 el ow Item Number Conponent
g/ Bat eh ng/ Capsul e | Conpound of foygmsiartigk—fForm2 7.06 0.30 2
Mcrocrystalline cellulose, NF (Emcgcgi 0 xz¥p0] | ow noisture) 4.94 0.21

21.233 437

21.658 16.7

22.029 18.6

22.718 30.9

23.557 41.5

24.236 22.2

24.717 62.1

25.309 26

25.648 13.5

26.186 69.1

26.653 17.4

26.995 36.3

27.956 25.4

28.898 8.4

29.47 8.7

Table 5: XRPD Data I-13

Example 14:

Synthesis of 2,5-dichloro-N-(2-{I{1R)-3-methvyl- [ -(5-ox0-4,4-diphenyl-1,3,2-

dioxaborolan-2-yhbutyllaminoe }-2-oxoethyl)benzamide (1-14)

[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-diyllimino(2-oxocthane-2, 1 -diyl)] }tris(2,5-dichlorobenzamide) (0.200 g, 0.195

mmot) 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-(5-0x0-4 4-diphenyl-1,3,2-dioxaborolan-2-yl)butylJamino }-2-oxoethyl)benzamide as a white solid
(0.291 g, 95%). MS (nv/z) in CH;CN: {M+Na] calculated for CysHzBClLN;NaOs, 575.1; found,
5752. MS (n/z) in CH;CN: [M-H] calculated for CysHogBCHLN,O5, 551.1; found, 551.1.
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3 Mcrocrystalline cellulose, NF (Enctocel (r) XLMBO; |ow noisture) 25.00
1.06 4 Mcrocrystalline cellulose, NF (Enctocel (r) XLMBO; | ow noisture)
53.00 2.25 5 Talc 10.00 0.43 6 Mcrocrystalline cellul ose, NF (Entocel (r)
XLMBO; | ow noisture) 90 3.83 7 Talc 30 1.28 8

Example 15: Synthesis of 2.2'-{2-[{1R)-3-methvl-1-(}{25)-3-phenvl-2-[(pyrazin- 2-
ylcarbonyhaminolpropanoyl }amino)butyl}-5-ox0-1,3,2-dioxaborolane-4 .4-
divl ldiacetic acid (1-15)

[0343] To a solution of citric acid {0.257 g, 1.34 mmol) in EtOAc (7.4 mL) with an internal
temperature of about 74 °C was added N,N',N"-(boroxin-2 4,6-triyltris { [(1R)-3-methylbutane-1,1-
diyl]imino{(25)-1-oxo-3-phenylpropane-1,2-diyl] ) tripyrazine-2-carboxamide (0.500 g, 0.455 mmol)
as a solid. The resulting solution was cooled uncontrolied until the internal temperature was about 25
°C and was evaporated to yield 2,2'-{ 2-[(1R)-3-methyl-1-({(2S)-3-phenyl-2-{(pyrazin- 2-
y]carbonyl)amjno}propanoyl}amino)butyl]-s-oxo-l,3,2-dioxaborolane-4,4—diyl }diacetic acid as a
white solid (0.730 g, 99 %). MS (m/z) in CH;CN: [M+ Et;N+H] caled for C3HysBNSO,, 642.3;
found, 642.2. MS (m/z) in CHyCN: [M-H] caled for CpsHagBN,Dy, 539.2; found, 539.2.

Example 16: _Svynthesis of N-[(1S)-t-benzyl-2-({{}R)-3-methyl- [ -[(5R)-4-0x0-5-phenvl-1,3,2~
dipxaborolan-2-yllbutyl jamino)-2-oxoethyi|pyrazine-2-carboxamide (I-16)

{0344] To a solution of (R}-mandelic acid (0.0738 g, 0.485 mmol) in EtOAc (2.0 mL) with an
internal temperature of about 60 °C was added N,N',N"-(boroxin-2,4,6-triyltris { [(1R)-3-
methylbutane-1,-diylJimino{(2S)- 1-oxo-3-phenylpropane-1,2-diyl] tripyrazine-2-carboxamide
(0.178 g, 0.162 mmoi) as a solid. The solution was cooled uncontrolled until the internal temperature
was about 25 °C and the resulting precipitate was collected by filtration to yield N-[(18)-1-benzyl-2-
{({(1R)-3-methyl-1-[(5R)-4-0x0-3-phenyl-1,3,2-dioxaborolan-2-yl Jbuty! }amino)-2-oxoethyl]pyrazine-
2-carboxamide as a white solid (0.195 g, 80%). MS {(m/z) in CHsCN: [M+Na] calculated for
Cx7H39BNuNaOs, 523.2; found, 523.2. MS (m/z) in CH;CN: [M-H] calculated for CoHaBN,Os,
499.2; found, 499.2.

Example 17:  Synthesis of N-[(15)-1-benzyl-2-({ (}R}-3-methyl-1-[{5R)}-4-0x0-5-phenyl-1,3,2-
dioxaborolan-2-yllbutyl }amino)-2-oxeethyllpyrazine-2-carboxamide (1-17)

[0345] To a solution of (5)-3-hydroxybutyric acid (0.0509 g, 0.489 mmol) in EtOAc (2.0 mL) with
an internal temperature of about 60 °C was added N,N',N"-(boroxin-2,4,6-triyltris{ {(1R)-3-
methylbutane-1,1-diyllimino[(25)- I -oxo-3-phenyipropane-1,2-diyl] }tripyrazine-2-carboxamide
(0.179 g, 0.163 mmol) as a solid. The solution was cooled uncontroled until the internal temperature
was about 23 °C and the solvent was removed by evaporation to yield N-[( L8}-I-benzyl-2-({(1R)-3-
methyl-1-[(45)-4-methyl-6-0x0-1,3,2-dioxaborinan-2-yl]butyl Jamino)-2-oxoethylJpyrazine-2-
carboxamide as a white solid (0.213 g, 96%). MS (m/z) in CH,CN: [M+Na] calculated for
C»HzsBNyNaOs, 475.2; found, 475.2. MS (m/z) in CH;CN: [M-H] calcuiated for CpHosBN,Os,
451.2; found, 451.1.
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M crocrystalline cellul ose, NF (Entocel 0O XLMBO; |ow noisture) 170 7.23 9
M crocrystalline cellulose, NF (Entocel (r) XLMBO; | ow noisture) 300 12.75
10 Mcrocrystalline cellulose, NF (Encocel (r) XLMBO; |ow noisture) 500
21.25 11 Mcrocrystalline cellulose, NF (Entocel (r) XLMO; | ow noi sture)
800 34 12 Magnesium Stearate 10 0.43 Total weight 2000 85
Example 18:  Preparation of formulations of 4-(R,8)-(carboxymethyi}-2-((R)-1-(2-(2 5-
dichlorobenzamido)acetamido)- 3-methylbuty}-6-0x0-1,3,2-dioxaborinane-4-

carboxylic acid (I-1) for parenteral or oral administration

[0346] Formulation A: A vessel was charged with %0 mL water and citric acid monochydrate (0.08 g)
and sodium citrate dihydrate (1.5 g) were added and stirred until dissolved. To this solution, 4-(R,8}-
{carboxymethyl}-2-((R})-1-(2-(2,5-dichlorobenzamido)acetamide)-3-methylbutyl)-6-ox0-1,3,2-
dioxabarinane-4-carboxylic acid (1-1} Form 2 (0.142 g) was added, and the mixture was stirred until a
solution was obtained. To this solution, sodium chloride (0.45 g) was added, and the pH was adjusted
to pH 5.45 using 2N HCI. The final volume of the resulting solution was adjusted to 100 mL with
water and filtered through a 0.2 pm PES membrane to yield Formulation A which was stored at -20
°C.

[0347) Formulation B was prepared as for Formulation A, except that the pH was adjusted to pH 6.2
using 2N NaOH.

[0348] Formulation C: A vessel was charged with 90 mL water and citric acid monohydrate {0.08 g),
sodium citrate dihydrate (1.5 g), and propylene glycol (1.0 g) were added and stirred until dissolved.
To this solution, 4-(R,5)-(carboxymethyl)-2-((R)-1-(2-(2,5-dichlorobenzamido)acetamido)-3-
methylbutyl)-6-0x0-1,3,2-dioxaborinane-4-carboxylic acid (I-1) Form 2 (0.142 g) was added, and the
mixture was stirred uatil a solution was obtained. The pH was adjusted to 6.2 using 2N NaOH, and
the final volume of the resulting solution was adjusted to 100 mL with water and filtered through a 0.2

tm PES membrane to yield Formulation C which was stored at -20 °C.

Example 19:  In situ preparation of formulations of 4-(R.5)-(carboxymethyD-2-({R}-1-(2-(2.5-
dichlorobenzamido)acetamido)-3-methyibutyD-6-0x0-1.3,2-dioxaborinane-4-
carboxylic acid (I-1) for parenteral or oral administration

[0349] Stock Formulation Vehicle: A vessel was charged with approximately 160 mL water and
citric acid monohydrate (0.714 g) and sodium citrate dihydrate (2.24 g} were added and stirred until
dissolved. To this solution, propylene glycol (2.0 g} was added, and the mixture was stirred until a
homogeneous solution was obtained. The final pH was pH 5.14. The final weight of the resuliing
solution was adjusted to 200 g (assurning density of 1g/mL) with water and filtered through 2 0.2 pm

PES membrane filter unit and stored at a temperature between 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 -diyllimino(2-oxoethane-2,1-

diyD)] }tris(2,5-dichlorobenzamide) was added. To this was added approximatety 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 pm PES membrane filter

unit and stored protected from light at a temperature between about 2 °C and about 8 °C.
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Size 4 white opaque gel atin capsul es Tabl e 23: Batch conposition [0380]
The batch was prepared according to the foll owi ng process: |)

M crocrystalline cellulose, NT (Entocel (r) XLMBO; |ow noisture) (ltem #2)
was screened through a 40 micron nesh screen. 2) The screened materi aI from
step 1) was added to the small PK bl ender and bl ended for 2 m nutes.

Corrpound of lf()@glr]ni:loﬁmﬁa’lﬂog-b W%}rgulétitaﬁgtomazm Gﬁﬁé& t§an§e%n§Qnst(ﬂP89%E/|rrﬁ ? 0. [T'I cron

mesh screen was V\BI% out (ltem# e comnmpoun

Form 2 from S#8b ¥y, ‘oéhﬁor'[“ﬁé“"l’hvé? B‘EP%P&FM ne cel lul ose, NF (Em:ocel (r)
same 40 i or B P E gt EVE ol SERE0 Eca onieailg %@?ﬁﬁfméfﬂj Hep
was added tomg/rméveMIOP‘mmilbhelﬁ@féips@tn@nbﬂmwded for 30 m nutes.

M crocrystalline cellul ose, NF (Entocel (r) XLMBO; | ow noi stur e) (I'tem #4)
and Tal ¢ (|t eanipi)200nepEs meteenetsiynr ough the same 40 mi cron nesh screen. 7)
The material fromstep 6) was added to the small PK bl ender, which still
cont ai ned t hi@33¥htTerlidi of feprgamueddiBylvanu DMISOneleB4fvall bbbk mic wukegate i8 )dded

M crocryst al 35 nereghy) uakfasaesv %Eoﬁtmman (»Ais M@(Bo&@%m&t B f"(ai) Lvﬁ'sn #6)
was screened tBﬁ(%B‘%Q Ej% 1 een, transferred t

second | ar gef® f4ere eaé‘ﬁ?iS“Bﬁi"é‘ﬁb‘éﬁ“M(ﬂ"alk fcilrlPH"t'ﬁtléfszs ) kit bk&fffﬁf‘éﬁt% of the
smal | PK bl eqrvdeining hmmnslﬂ%msteﬁ):mama@ Binahrre, OemnM e ) sk baffqzmlcympd@eyﬂeeme bag,
and then trangfigiEed thémJ A4 8617 Bﬁ@%ﬁad?ﬁe . JQin %@Bﬁe@ 2 B d ?K‘ﬁr (Item

#7) and M crocrystalline cellul ose, Entoce 6w oI

(1tem #8) welide Eadealdh & XFiRsMGRP 1h&mistipRAcl ompgair28h Fetserh inbibitigwis calculaeyt Half
the mat eri al refafivena &% epibitid) (MAS0)askd B0%tithibida (PRl borR¥orbib)eBdels. f rom st eps 5)
and 7), blended for 3 mnutes, transferred to the sane pol yet hyl ene bag
used in stepgQnpe@id ng@@erétgnhmv pol yet hyl ene bag. 12) The material from
step 11) was added to the Targer PK bl ender, which still contained the

mat eri al fr oess ¢ug-83p (mmj othher Ludjor aanemae@mnaf ab[ﬁl)ﬁna@f:elmﬂtuﬂé hl@clmriﬁ Mot ep
10) was adde %\IIOPH& ?l()s fna;tro en su?éleengzqgeﬁ wiﬂhﬁw tseta%%vmi:z éu.tnh rrVét éengg see%e)g Fin

bl ended for m nu tra e ‘'sane

steps 9) andvetigpfa %miigﬁbﬂ@éwe plate pitinqubradayényiple ﬁ@76§gTesrl_¢)np€fll1Fés Jvedddedital  from
st telo 13|) }Nasth@-dfiﬁdmﬁtﬂe BIAG aledrBked R obh&RIRE7 dmﬁﬂ%rs»l‘rslﬂoéageﬂ @:O%inl@cﬁhé) he
material from.ste en m nut es

M crocryst al 1#d° a‘(’i\*l1 T’%] %gé’wbﬂiﬁg E"E%n%%‘é %%%‘ﬁ@%eg i WE“E‘HF%)FO'(IYIT’)eﬁF #9)
was scr eenedndtbplingdtiyetisrelubiling od@night ecodingestrngfect@ers, instruainsf(Rodchedd Theo t he

sane pol yet mbh@!n@engggoﬂéﬁdveh B 1S GP®5 9){1’(prljrl';la}y) aﬂﬂa@o Jtl%lr&f&%%) éh%ﬁﬁ"r L4k dshe

pol yet hyl ene b VW)I; he material from st was he sane
| arger PK bI'E'hﬁg‘F‘? Kol 3 %%PF%“PP‘[?I?HF‘&{%&C%tDéP'F%l Foy 'B?ﬁw«'sl'tfé]ﬁgefgynce gpical 12y |

and 14), andielditgngded ak cubtrddedrfionubegiues of the primary wavelength. Percent inhibition is
calculated using the values from a DMSO control set 1o 100%.

Example 22:  In vivo Tumor Efficacy Model

[0355] Freshly dissociated HCT-116 (2-5 x 10%) or other tumor cells in 100 gL of RPMI-1640 media
(Sigma-Aldrich) are aseptically injected into the subcutaneous space in the right dorsal flank of
female CD-1 nude mice (age 5-8 weeks, Charles River) using a 1 mL. 26 3/8-ga needle (Becton
Dickinson Ref#309625). Alternatively, some xenograft models require the serial passaging of tumor
fragments. In these cases, small fragments of tumor tissue (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 vernier caliper. Tumor volumes are

caleulated using standard procedures (0.5 x (length x width?)). When the tumors reach a volume of
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17) Mcrocrystalline cellulose, NF (Encocel (r) XLMDO; |ow noisture) (ltem

#10) was screened through the sanme 40 mcron nesh screen.

fromstep 17) was added to the sanme | arger PK bl ender, which still

contained nmaterial fromsteps 8), 9), 12), 14), and 16), and blended for

mnutes. 19) Mcrocrystalline cellulose, N (Encocel(r) XLMBO; |ow

noi sture) (appreximatdly POGwmm’ wice ere rradPntidsd intRgreatriaet sseaneand Begri reqetying desh screen.
20) The mat@hibhe bs&:crjg and f‘cnedl.&} a:waeseramamf dath éxbﬁln‘?eﬁlrﬂ%seld 3k gfe\rloﬂfesms ender
Lcont mat er i

which still

fromste

18) The materi al

10

8
and bl ended 'F’B‘F ﬁ“maﬁfﬁ‘:@‘é"e“;ﬁ')ar% &EPUR dé%‘aé‘é{?%‘f @%Ea?eflg?ﬁeﬁﬂ‘)s \)K/%sw‘ét eened
t hr ough t herraqaml A&ivwiveidawinesteng drugelypic@l) tesfhempratd(l 906200 LDipndstieger@l) was

dded to t b o . ) ] 1 f
Steps 8. gU)? .ﬁwjﬁnob%gg&ne% $r§Wﬂf~‘£ g Wgéﬁ:@dléto'rwb FREHRDG Bk ROl "om

bl ended f or m nut es,

The nmt eri afriqus deret 39d S%F‘é‘#&eT”"iﬁéé'z"e“H% By me’éP*éeF egsuggd wicga Wﬁféﬂ s

gel ati n capsdtiftd Winnie dolieol tm&peaswaipe,mael@)zod'mambapsul es were de-dusted,
sorted Exanpl e 45 Phar maceut [ caI Corrp05| tion 18 [0381] The
: asif @f Nl L4 (P g dldipwbomniadt g/ Bat ch

and wei ght -
conpositio
ng/ Capsul e

NUTDET  yibud e 0uRsls Blenfighy Yo i (5

[0356] A mixture of N.N',N"-(boroxin-2 4,6-triyliris{ {{1R)-3-methylbutane-1,1-diylJimino{(2S)-1-

oxo-3-phenylpropane-1,2-diyl] ) tripyrazine-2-carboxamide (0.250 g, 0.228 mmol} and salicyclic acid
(269.6 mg, 0.68 mmol) were mixed in EtOAc (10 mL). The mixture was heated to form a solution.
The solution was cooled uncontrolled until the intemal temperature was about 25 °C. Heptane (16
mL) was added. White solid precipitated out and the resultant slurry was agitated at ambient
temperature for 3 h. The slurry was filtered to collect solid N-((S)-1-((R)-3-methyl-1-(4¢-oxo-4H-
benzold][1,3,2]dioxaborinin-2-yl}butylamino)-1-oxo-3-phenylpropan-2-yl)pyrazine-2-carboxamide
(0.249 g, 75%). MS (m/z2) in CH;CN: [M+H] calculated for CysHasBN,Os, 487.2153; found, 487.3.

Example 24:  Synthesis of 2-({($)-2-((R)-3-methyi-1-({5)-3-phenyl-2-(pyrazine-2-

carboxamido)propanamidg)butyl}-5-ox0-1 .3 2-dioxaborolan-4-vhacetic acid (1.20}

{03571 A mixture of N,N',N"-(boroxin-2,4,6-trivhtris{ [(1R}-3-methyibutane-i,1-diyl}imino{{28)-1-
oxo-3-phenylpropane-1,2-diyl] } tripyrazine-2-carboxamide (0.500 g, 0.455 mmol) and L-malic acid
(213.6 mg, 0.55 mmol) were mixed in THF (5 mL). The mixture was heated to form a solution. The
solution was cooled uncontrolled until the intemal temperature was abeut 25 °C. White solid
precipitated out and the resultant slurry was agitated at ambient termperature for I h. The slurry was
filtered to collect solid 2-((8)-2-((R)-3-methyl-1-((S)-3-phenyl-2-(pyrazine-2-
carboxamido)propanamido)buty!)-3-0x0-1,3,2-dioxaborolan-4-ylacetic acid {0.625 g, 95%}. MS
(m/z) in CH;CN: [M+H] calculated for CaHzsBN4O;, 483.2051; found, 483 .2,

Example 25:  Svnthesis of 2-{({R}-2-((R)-3-methyl-1-

carboxamido)propanamido)butyl)-3-ox0-1,3,2-dioxaborolan-4-yhacetic acid (I-21)

[0358] A mixture of N,N'N"-(boroxin-2 4,6-triyltris { [(1R}-3-methylbutane-1,1-diylJimino[(25)-1-
ox0-3-phenylpropane-1,2-diyl] Diripyrazine-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 sofution.
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-((8)-3-phenyl-2-(pyrazine-2-
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0.30 2 Mcrocrystalline cellulose, NF (Encocel (r) XLMO; |ow noisture)

496.5 4.50 3 Mcrocrystalline cellulose, NF (Entocel0 XLMBO; | ow noisture)-
500 7.35 Total weight 1000 85 Size 4 white opaque gel atin capsul es

Tabl e 24: Batch conposition [0382] The batch is prepared according to the
followi ng process: |) Mcrocrystalline cellul ose, NF (Em:ocel (r) XLMBO; | ow

noi st ur e) (I@a%kﬁ%ao)ﬁrépaﬁé}ﬁ: %ﬁi) §$’!&>qlﬁm &aﬁ?oi&ﬂ-f %c?ngé@(gﬁl 8 €300 eﬂ"lz’%ded

to a high shear m xeéer %

through a 60°fPREGRT Fekh @&é‘éﬁzoéhcfo%l“é%éd out (Item#1) and added to t he

same hi gh shg nxer from - J.Cr _ _ :

(Em:ocel (r) : 2%°" s nthes:s- e ARy T3 rre 40

m cron nesh screen b airlic pnarhido)ryteS-biag 0 41‘ : ; "‘
h er fromstesl n is am for

?nngutZ)es 4) T[%??S!)%“ g:?nxtsurceo%li\f l\GnNX (boroxin-2,4,6- tnyl?ns{[(?R)Q n)lethy[butane Pl-diyl]imino[(ZS)-l-

oxo-3-phenylpropane-1,2-diyl] } )tripyrazine-2-carboxamide (0.270 g, 0.246 mmol) and L-tartaric acid

(149.5 mg, 0.33 mmol) were mixed in acetone (3 mL). The mixture was heated to form a solution.
The solution was cooled uncentrolled until the intemal temperature was about 25 °C. Heptane (2.5
mlL) was added. White solid precipitated out and the resultant slurry was agitated at ambient
temperature for 1.5 h. The slurry was filtered to collect solid (R)-2-hydroxy-2-((R)-2-((R)-3-methyl-
1-((S)-3-phenyl-2-(pyrazine-2-carboxamido)propanamido)butyl)-5-0x0-1,3,2-dioxaborolan-4-
yDacetic acid (0.388 g) which also contained a dimeric species. MS (m/z) in CH;CN: [M+H]
calculated for Cy3HsBN,Oyg, 499.2000; found, 499.2.

Example 27: _Synthesis of ($)-2-hydroxy-2-((5)-2-((R)-3-methyl-1-({$)-3-phenyl-2-{pyrazine-2-

carboxamido)propanamido}buty)-5-ox0-1,.3,2-dioxaborolan-4-y]acetic acid (1-23)

{0360] A mixture of N,N',N"-(boroxin-2,4,6-triyltris{ [{ 1R)}-3-methylbutane-1,1-diyi]imino[(25)-1-
ox0-3-phenylpropane-1,2-diyl] ) tripyrazine-2-carboxamide (0.180 g, 0.164 mmol} andD-tartaric acid
(147.5 mg. 0.33 mmol) were mixed in acetone (4 mL). The mixture was heated to form a solution.
The solution was cooled uncontrolled untit the internal temperature was about 25 °C. Heptane (8 mL)
was added. The mixture was evaporated to yield (8)-2-hydroxy-2-((8)-2-((R)-3-methyl-1-((8)-3-
phenyl-2-(pyrazine-2-carboxamido)propanamido)butyl)-5-o0xo-1,3,2-dioxaborolan-4-yDacetic acid
(0.447 g} which also contained a dimeric species. MS (m/z) in CH;CN: [M+H] calculated for
CraH3BN4Og, 499.2000; found, 499.2.

Example 28: Pharmaceutical Composition 1

[0361] The composition of the capsule is shown in Table 7 below.

Component Function mg/Capsule
Compound of formula (I-1) Form 2 0.29
Microcrystalline cellulose (low moisture) Filler 89.71
Total capsule content weight, mg 80.00
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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5) The material fromthe high shear m xer is encapsulated in size 4 white
opaque gel atin capsules using the Incap system 6) The capsules are
de-dusted, and wei ght-sorted. Exanple 46: Lyophilized Powder 1 [0383] In a
cl ean container, a solution of 40%tert-butyl alcohoU60% water for
injection was_prepared by warmng the required amount of tert-butyl alcohol
to 35 C and pHeireegemtat er for injection. The sol uti ¢iuggtien cogmeiCapenlel §- 30 C.

A portion of [EfeLRWE Az Ay Bt A 00% Of The-totat [batch)y o Tertgigyl
al cohol / wat e@qumfon_xmas,_addeeuo_a_me;aanpmmdi_ng_mm.ai ner .
Appr oxi mat el yShoatgiacroasalise (M8 was reserved for |G in rinsi d§?7'Gjtric

acid (30% of | Tdi@ cipali€ion@iueithy, mgas added to the pre¢-conmpoundi ng ie@ett di ner
with stirringes : Sef-ved—t-ert—huiaH
al cohol /vvaters’§eo1 ‘ﬂit“reSPraq” %?gi“t'ﬁags“rlr nses were added 30 t he_pr ¢- compoundi ng

contai ner. The m xture was sti r felle 8apbul¢ dvenposition c acid was conpl etely
di ssol ved. Sodi um cr t rat e (30% of the batch amount) was added to the
pr e- compoung&HE s The container was rinsed with the

reserved ter oho wat er, so| uti. 0 d the rinses were added to
the pre-conp® ﬁﬁ%ﬁo'@%"ﬁt’ﬁ“ e carpplg ISEom iy gétiﬁaa&bcgtr rred until the sodium
citrate was dfmrlpet:erlty di ssol ved. N-(2- Function mg/Capsule
pyrazi ne) car ohmBﬁﬁH%haﬁﬁjﬁJ pe—toronttact o viH=15)was—gdggted to
t he pre-conpau rqa contalner with stirring The coftainer was rinsed with
t he reserved t%ﬁ@ﬂ%mlwecélué@%@‘t’mséﬂe)sol ution, andFile rirses WSk ladded

to the pre- cOMRHIHITEGRT Al er - The M XtUr e Was Sy gdckh Yti 1 bog
boroni ¢ aci d hwas Pnnh|PfP|V dissolved. The citric acid sodiumcitrate, and

boroni ¢ aci d [ EPelsPRR PRghpPE- conpoundi ng cont 4i ner wag trarf8P@rled to
the mai n conp@RAIige ¥R§SSklatinlRpsulRl €- Compoundi ng container (was rinsed with

wat er for | nj ect | oh ﬁnrl t he r: AS-es—were ﬁdded tn t hn nrnl o ﬁnwpnllnrh I

vessel . Citric acid (70% of theTB'é{fghcaaﬂgﬁ??P)p“ﬂﬂ? added to the main vessel

with stirrigg,n. !lpﬁ’l cqﬂwa&ggcamﬁ %)w&,eld with the water, and the rinses were
added to th € mxture was stirred untrl the citric acid was
conpl etely Wssﬂomeempo%rﬁdh bihedapstRbsandwiQfarafle fohRickat ch amount) was added to

the n‘a| n Vescnl with octir i nn Thn S-ont-ai-hRer—Was _EI ncnr‘l \I\l t h wat er nd the

ri nses were an‘fJ"é?:P“P‘&S‘tthe pr e- corrpoundr ng cont ai ner. F¥RrHion g/ CaRME It rred
until the so |Ci:mnpcuntiroafoenum($ Irbnmplet el y di ssol ved. [A yci ne was added to the
mai n vessel . -I;m?te. -and 7.8.9 ri nses
wer e added to e LN vessel. The mixture was stifred untill the gl vici ne
was conpl et el pMatinssgiol sieardte Suf fi ci ent wat er was addg¢dvirganteduce tﬁéotot al

al cohol cont e, g{,—elcégtg,gt\(}\,e,gmngg M Xture was fritefedtimugh a Godg 19m
filter. A]iqu ts nP filtered solution were nlarpd into vials hE vi al s
|

wer e seal ed %‘W4I"§}‘dfbﬁl?aﬁ?ezg§taf"b‘ﬁp%'teoppers and were pl aced or |yophil

chanber shel ves maintained at 20avle 10702pshi¢Qprpdsitieat 1 on chanber shelves were
cooled to 45 C using the approprrate ranp rate and held at that tenperature
for 200 m nixes A E Ak Cono STe 0-20Cusrng an appropriate ranp
rate and mai nt ai ned at that terrperature for 480 m nutes. The shelf was
re-cool ed t 03635The compasigionpf thargpsslsissheve if ek Haebwand mai nt ai ned at t hat

tenperature. [Fdmkfonelg0 M NULES, the TYOpni 11T Zat | QRukdieR 08 mPBsps@¥ ac uat ed,
and t he chanb%%e_\aasam-t&ed to 150 m crofgs-wth nfitrogen—iThe
chanber shel v 1 SHEPREHIF Y8 2. 25 € using an appropri atle rar‘rﬂz?art e, and

hel d at that [Marpehailideeeludse 30PoibuBUt es. After eqehleof tHe pr adact

t her nocoupl GSWWMV Frea—t \’gsﬁﬂd _
mai nt ai ned at| that rtenperat ure for_600 m nutes. At [the end of t he m nal
dryi ng phase, &rh:ehﬂinamquegataels&mue was restored usifng ni traggen, and vi al s

wer e seal ed anmd—Tenoved—Pre—ty contarned—52 i trate,
3% glycine, 4.7%ten-butyl alco M#“(lag R"('Mq’dsmth:;tbI e 25 below). No.

Conponent  AnRbwapit B3 rmlmﬁ@guga[égmg]t,onner vial I. Conmpound (VIII1-15) 0.001 g
2.6 0.300 g 3.5 ng 2. CQtric Acid Monohydrate, USP/EP 0.00382 g

"'T
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18.2 1.147 g 13.37 ng 3. Sodium Citrate D hydrate, USP/EP 0.00994 g 33.8

2.982 g 3439ng 4. dycine, USP/EP 0.03 g 399.6 9.0 g 105 ng 5. Tert-butyl
al cohol, ACS grade n/fa nfa 14.1 nL 0.1645 nL 6. Water for Injection,
USP/ EP
f0366] The composition of the capsule is shown in Table 12 below.
Component Function mg/Capsule
Compound of formula (I-1) Form 2 0.72
Microcrystalline cellulose (low moisture) Filler 119.28
Total capsule content weight, mg 120.00
Size 3 dark green gelatin cépsule
Table 12: Capsule composition
Example 34:  Pharmaceutical Composition 7
{0367) The composition of the capsule is shown in Table 13 below.
Component ' Function mg/Capsule
Compound of formula (I-1) Form 2 2.89
Microcrystalline cellulose (Jow moisture) Filler 147.11
Total capsule content weight, mg 150.00
Size 2 Swedish orange gelatin capsule
Fable 13: Capsule composition
Example 35: _ Pharmaceutical Composition 8
[0368] The composition is shown in Table 14 below.
Item Component g/Batch | mp/Capsule
Number
1 Compound of formuta (1-1) Form 2 7.06 0.30
2 Microcrystalline cellulose, NF (Emcocel® XLM90; | 100 425
fow moisture)
3 Microcrystalline cellulose, NF (Emcocel® XLM90; | 192.9 8.20
low moisture)
4 Microcrystatline cellulose, NF (Emcocel® XLMS90; | 300 1275
low moisture)
5 Microcrystalline cellulose, NF {(Emcocel® XLM90; | 500 2125
low moisture)
6 Microcrystalline cellulose, NF (Emcocel® X1.M90; | 900 38.25
{ow moisture)
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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nfa nfa Fill to batch volume ri/a 7. Total volume n/a n/fa 300 nL 3.5 nL 8.
Final neasured pH n/a n/fa 5.08 n/a Tabl e 25:
Bat ch conposition Exanple 47 Lyophilized Powder 2 [0384] Prepared as

described in Exanple 46. Pre-lyophilized solution contained: 52 mMcitrate;

3% gl yci ne; and 4. 7%tert-_butl¥l al. cohol (as _shown in Table 26 bel ow). No.
Conponent 1) Microcrystalline cellutose, NF (Emcocel® XLM90; low moisture} (Item #2) was

screened through a 40 micron mesh screen.

2) The screened material from step ) was added to the PK blender and was blended for 2
minutes.

3) Compound of formula (I-1) Form 2 that had been screened through a 60 micron mesh
screen, was weighed out (Irem #1).

4) The compound of formula (I-1) Form 2 from step 3), and the microcrystalline cellulose,
NF (Emcocel® XLMS0; low moisture) {Item #3) were combined in a polyethylene bag,
and the polyethylene bag was shaken; then the contents of the polyethylene bag were
passed through the same 40 micron screen as was used in step |).

5) The material from step 4) was added to the PK blender and biended for 15 minutes.

0) Microcrystalline cellulose, NF (Emcocel® X1.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.

7y The material from step 6) was added to the PK blender, which still contained the
matenial from step 5) and blended for 10 minutes.

8) Microcrystalline cellulose, NF (Emcocel® X1.M90; low moisture) (Itemn #5) was
screened through the same 40 micron mesh screen, transferred to the same polyethylene
bag used in steps 4} and 6), and shaken in the polyethylene bag.

%) The material from step 8) was added to the PK blender, which still contained the
material from steps 5) and 7), and blended for 10 minutes.

10) Microcrystalline cellulose, NF (Emcocel® XLM90; low moisture) {Item #6) was
screened through the same 40 micron mesh screen, transferred to the same polyethylene
bag used in steps 4), 6), and 8), and shaken in the polyethylene bag.

11) The material from step 10} was added to the PK blender, which still contained the
material from steps 5), 7), and 9), and blended for 10 minutes.

12) The material from the blender was encapsulated in size 4 white opaque gelatin capsules
using the In-Cap system.

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 formuta (I-1) Form 2 0.3
Pregeletanized Starch (Starch 1500) Filler 122.825
Talc Flow-aid 1235

- 80 -



Amount/ L nM Bat ch Anmount per vial |,
3.5 ng 2.
Sodium Citrate D hydrate,

Compound (VM 15) 0_001 g 2.6 0.300 g
Citric Acid Monohydrate, USP/EP 0.00168g 8.0 0.504g 5.88 ng 3.
USP/EP 0.0129 g 44.0 3.882g 45.15 ny

Magnesium Stearate Lubricant 0.625
Total capsule content weight, mg 125.00
Size 4 white opaque gelatin capsule
‘Table 15: Capsule composition
Example 37: Pharmaceutical Composition 10
[0371] The composition of the capsules is shown in Table 16 below.
Component Function mg/Capsule
Compound of formula (1-1) Form 2 03
Pregeletanized Starch (Starch 1500) Filler 124.7
Total capsule content weight, mg 125.00
Size 4 white opaque gelatin capsule
Table 16: Capsule composition
Example 38:. Pharmaceutical Composition 11
[0372] The composition of the capsule is shown in Table 17 below.
Component Function mg/Capsule
Compound of formula (I-1) Form 2 03
Microcrystalline cellulose (Emcocel® XL.M90; low moisture) | Filler 1247
Talc Flow-aid 1.25
Total capsule content weight, mg 125.00
Size 4 white opaque gelatin capsule
Table 17: Capsule composition
Example 39: Pharmaceutical Composition 12
[0373} The composition of the capsule is shown in Table 18 below,
Component Function mg/Capsule
Compound of formula (I-1) Form 2 03
Microcrystalline cellulose (Emcocel® XLM90; 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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4. Gycine, USKEP 0.03 g 399.6 9.0 g 105 ng 5.
grade nfa n/fa 14.1 rriL, 0.1645 nL 6' Water for

Tert - butyl
I nj ection,

al cohol , ACS
USP/ EP at n/a

Fill

to batch volune n/fa 7.

Total volume n/a

Compound of formula (I-1) Form 2 0.3
Microcrystalline cellulose (Emcocel® XLM90; low moisture) | Filler 88.35
Talc Flow-aid 09
Magnesium Stearate Lubricant 045
Total capsule content weight, mg 90.00
Size 4 white opaque gelatin capsule
Table 19: Capsule composition
Example 41: Pharmaceutical Composition 14
{0375] The composition of the capsule is shown in Table 20 below.
Component ] Functien mg/Capsule
Compound of formula (1-1} Form 2 0.3
Microcrystalline cellulose (Emcocel® XLM90; low moisture) | Filler 51.15
Talc Flow-aid 0.98
Magnesium Stearate Lubricant 049
Pregeletanized Starch (Starcap) 45.08
Total capsule content weight, mg 98.00
Size 4 white opaque gelatin capsule
Table 2(: Capsule composition
Example 42: Pharmaceutical Composition 15
[0376] The composition of the capsule is shown in Table 21 below.
Component ' Function mg/Capsule
Compound of formula (1-1) Form 2 0.3
Microcrystalline cellulose (Emcocel® X1L.M90; low moisture) | Filler 61.65
Talc Flow-aid 1.18
Magnesium Stearate Lubricant 0.59
Sodium Starch Gtycolate (Explotab) 54.28
Total capsule content weight, mg 118.00
Size 4 white opague gelatin capsule
Table 21: Capsule composition
Example 43: Pharmaceutical Composition 16
[0377] The composition of the batch is shown in Table 22 below.
Item Compenent g/Batch | mg/Capsule
Number
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nfa 300 mL 3.5 nL 8.
Tabl e 26: Batch conposition Exanple 48: Lyophilized Powder 3 [0385] The

formul ati on was prepared as described i n Exanpl e 46,

Final measured pH n/a & 5.84 n/a

except that the

| yophilization cycle was nodified. The vials were sealed with

| yophi | i zation stoppers and placed on |yophilizer chamber shelves

mai nt ai ned at -260—€—fhe—tyopht-izai-tor—charber—shelves—werercooledto9 -45 C
using the appfopri at nbfnéprf'%ndrdoétfoermgﬁg']ﬁg?ralz‘ét t hat tem)g‘t3 ture for 20
m nutes. The ghel f walliojrivelding @!lulgg, NF (Bicng i@ XLSfr opoo at ef ranp 4t ¢ and
mai ntai ned at|that teppResRtie for 480 mnutes. The $helf was re-cooled to
-45 C using ap—appropriate.ranp rate and nmaintained at fhat{tenperatire.
After 200 minptes, th¥IFFERRinG CheipenNE Fapel® WM&y a8dat ed| and e
chanber pressure wasjadjnuwstwedg) to 150 microns with nitrogen. | The chanber
shel ves was et —tpoto——15--Cus-Rg—ah-appreptiate tarmp-rate—and—hel d at
that tenperatpre for Wf)%r_yﬁ%mﬂﬁetngt.’losifﬁﬁﬁeég‘i%@’&mp%e E‘F@duc t hebric bupl es
read -15 C or] war ner | lowheoisgivd| f was warmed to 37 C ahd mai ntained at |that
tenperature fpy 300 [RATBcE AT colitlsss COE (Fhcodel & XEROHT T3 i T YT Mo Phgse] the
chanber presspyre was éestored using nitrogen, and the vials|{were sealed and
removed. Pre-|yophil| 2888 tion contained: 52 nMcitrate:|3%glycihe; and
4. 7%tert-butyé a cohmlcrdcasalifcomwnuibs, NatHzocdi® REMOY) | 445 CONPONSIHO
mount/ L mM Bat ch A”DMthoPsﬁfre)V' al 1. Conpound (VII1-15) 0.0p1 g

7 Talc 1.00 0.90

8 Sodium Citrate 2.00 1.80

9 Magnesium Stearate 0.50 0.45

Total weight 100.00 90.00
Size 4 white opaque gelatin capsules

Table 22; Batch composition

[0378] The batch was prepared according to the following process:

1}

2)

3)

4)

5)
6)

7

Microerystalline ceflulose, NF (Emcocel® XLM90; low moisture) (Item #2) was
screened through a 40 micron mesh screen.

The screened material from step 1) was added to the PK blender and was blended for
2 minutes. .

Compound of formula (I-1) Form 2 that had been screened through a 60 micron mesh
screen, was weighed out (Item #1).

The compound of formula (1-1) Form 2 from step 3), and the microerystalline
cellulose, NF (Emcocel® X1L.M90; low moisture) (ftem #3) were combined in a
polyethylene bag, and the polyethylene bag was shaken; then the contents of the
polyethylene bag were passed through the same 40 micron screen as was used in step
1).

The material from step 4) was added to the PK blender and blended for 15 minutes.
Microcrystalline cellulose, NF (Emcocel® X1.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.

Talc (liem #7), and Sodium Citrate (Item #8) were screened through the same 40

micron mesh screen.
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2.6 1.0 g 3.5ng 2. Ctric Acid Mnohydrate, USP/EP 0.00382 g 18.2 3.82 g
13.37 ng 3. SodiumCitrate D hydrate, USP/EP 0.00994 g 33.8 9.94 g 34.79
ng 4. dycine, USP/EP 0.03 g 399.6 30.0 g 105 ng 5.

8) The materials from step 6) and 7) were added to the PK blender, which still contained
the material from step 5) and blended for 10 minutes.

9) Microcrystatline cellulose, NF (Emcocel® XLM90, low moisture} (Item #5) was
screened through the same 40 micron mesh screen, transferred to the same
polyethylene bag used in steps 4) and 6), and shaken in the polyethylene bag.

10) The material from step 9} was added to the PK biender, which still contained the
material from steps 5) and 8), and blended for 10 minutes.

11) Microcrystalline celtulose, NF (Emcocel® X1L.M90; low moisture) (Item #6) was
screened through the same 40 micron mesh screen, transferred to the same
polyethylene bag used in steps 4), 6), and 9), and shaken in the polyethylene bag.

12) The material from step 11) was added to the PK blender, which still contained the
material from steps 5), 8), and 10), and blended for 10 minutes.

13) Magnesium Stearate (Itemn #9) was screened through the same 40 micron mesh
screen.

14) The material from step 13) was added to the PK blender, which still contained the
material from steps 5), 8), 10), and 12) and blended for 5 minutes.

15) The material from the blender was encapsulated in size 4 white opaque gelatin
capsules using the Profill system.

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® X1L.M90; | 25.00 1.06
low moisture)

4 Microcrystalline cellulose, NF (Emcocel® XLM90; | 53.00 2.25
low moisture)
Tale 10.00 043

6 Micracrystalline cellulose, NF (Emcocel® XLMS90; | 90 3.83
low moisture)

7 Talc 30 1.28




Ten-butyl al cohol, ACS grade n/a n/a 47.0 nL 0.1645 nL 6. Water for
Injection, USP/EP n/a n/a Fill to batch volume n/fa 7. Total volunme n/a n/a
1000 m. 3.5 nL 8. Final nmeasured pHn/a rila 5.05

8 Microcrystalline cellulose, NF (Emcocel® XLM90: | 170 7.23
low moisture)

9 Microcrystalline cellulose, NF (Emcocel® XLM90; | 300 12.75

low moisture)

10 Microcrystalline cellulose, NF (Emcocei® XLM90; | 500 21.25

low moisture)
1 Microcrystalline cellulose, NF (Emcocel® XLM90; | 800 4

low moisture)

12 Magnesium Stearate ‘ 10 0.43
Total weight 2000 85

Size 4 white opaque gelatin capsules

Table 23: Batch composition

[0380] The batch was prepared according to the following process:

1) Microcrystalline cellulose, NF (Emcocel® XLM90; low moisture) (Item #2) was
screened through a 40 micron mesh screen.

2} The screened material from step 1) was added to the small PK, blender and
blended for 2 minutes.

3) Compound of formula (I-1) Form 2 that had been screened through a 60 micron mesh
screen was weighed out (Item #1).

4) The compound of formula (I-1) Form 2 from step 3), and the microcrystalline
cellulose, NF (Emcocel® XLM90; 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) Microcrystaliine cellulose, NF (Emcocel® XLM90; low moisture) (Item #4) and Talc
(Iiem #5) were screened through the same 40 micron mesh screen.

7) The material from step 6) was added to the small PK bilender, which still contained
the material from step 5) and blended for 15 minutes.

8} Microcrystalline cellulose, NF (Emcocel® XLMO90; 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® XLMD90; low moisture)

(Item #8) were screened through the same 40 micron mesh screen.
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n/ a Tabl e 27: Batch conposition Exanple 49:
Lyophil i zed Powder 4 [0386] 'A clean vessel was charged with water for
injection. Citric acid and sodiumcitrate were added and stirred until

di ssolved. To this solution, N (2-pyrazine)carbonyl-L-phenyl-L-Ieucine
boronic acid (VH -15) was added and stirred until dissolved. dycine was
added to the vessdl) Hatdhe haerjabicimeiypl 10hvaseiidea wthesmall R dlgndgy frem siegsSrandand t he

rinses were added tontwﬁdén&m MBS &Sk ansfdR X fabhe BolVISy 18 bdped ikdpio), t he
gl yci ne was conpl ete ssol ve Sufficient water was added to batch

vol ume. The mixture §ha“'?““f5§‘?8 ye’thIéB fa0.22umfilter. Aliquots of the
filtered sol uti on I%eThe npleadddmisid d)l)\maa#dsled G te largeaPS blamiee whielndtidddovained

| yophi | i zation st opqﬁgéa@r{;qﬁg}@g[gps Rj Aged on |yophilizer chamber shelves
mai nt ai ned at 20 C. The |y | i'zation chanber shel ves were cool ed to 45 C

usi ng the appropri é?t"é‘“’ls%ﬂ?? *}aﬁf’fe’"%{ﬁli' fream eraO) yasaddef dndpreymat R Blepdst fopo
m nutes. The shel f w&ps mmIHE)daan)-tﬂ&dEB fds3 nfuiad) rapRiraps thatencpaliphyiat e and

mai nt ai ned at that t8 Egg?%ts%r €9 a% lig Hnelﬁdpoygﬁylgﬂ%la% was re-cooled to

-45 C using an appro rraln at that tenperature.
After 200 ni nut es 14X magﬁaﬁimomszeatl?)ows eqﬁ*eﬁm&w lasges Pl blgedgn tvaigh wﬂtcpumawa t he
chanber pressure washaglheist R6m keps3R0), FdarR B vidnlda ft 1D B@RA. The chamber

shel ves were war to -25 Si appr. te ra t and hel d at
t hat tenperatur enﬁgrﬂgﬁ’ﬁ'as%g'heuﬁg éugc.’se&% t(g'?mcg%rﬁ@#doa‘ e "o uof&@? heffiocoupl es
read -25 C or war nerscretrigd thedvah fhe sgs 4Qmiondnesipscegn, @afaf?demtamw«'ailmed at that

tenmperature for 600 gpJam %l@:% baf\ised RQefW, 195, aldNB), hRS sﬂ&k@xain triirpyl'yéigfla%@%e t he
chanber pressure was_restored usin and

ni t
renoved. Pre- | yopHP) Thea@egd o6 | d*ﬁ‘fﬁ‘{dﬁcg‘ﬁq’egimer ﬁrﬁﬁr :Ktsbr‘e eé’ Whéfﬁamg% gl yci ne
(as shown in Table Zc&ntlambdmétenalm'.p@nem) Ryt t4)vhd bidBhfoct® inesnt  per vi al

1.  Conpound (VII cro nete e cote ow Yfoistu wa
Monohydr at e, USP/ EF 0 Og g[gﬁl?' 5 %é‘gSWE&élémg%l Colstukey afefil oy 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) Microcrystalline cellulose, NF (Emcocel® XLM9Y0; 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 stiil
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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3. SodiumCtrate Dihydrate, USP/EP 0.009557 g 32.5 2.867 g 33.45 ny 4.
G ycine, USP/EP 0.03 g 399.6 9.0 g 105 ng 5. Water for Injection, USP/EP

nfa nfa Fill to batch volune nfa 6. Total volune

i Compound of formula (I-1) Form 2 3.53 0.30

2 Microcrystalline cellulose, NF (Emcocel® XLM90; | 496.5 4.50
low moisture)

3 Micrecrystalline cellulose, NF (Emcocel® XLM90; | 500 7.35
low moisture)
Total weight 1000 83
Size 4 white opaque gelatin capsules

Table 24: Batch composition

[0382] The batch is prepared according to the following process:

I) Microcrystalline cellulose, NF (Emcocel® XLM90; low moisture) (Item #2) is screened
through a 40 micron mesh screen and added to a high shear mixer.

2) Compound of formula (I-1) Form 2 is screened through a 60 micron mesh screen and
weighed out (Item #1) and added to the same high shear mixer from step 1).

3) Microcrystalline cellulose, NF (Emcocel® XLM90; low moisture) (Item #3) is screened
through the same 40 micron mesh screen, and added to the same high shear mixer from
steps 1) and 2).

4) The high shear mixer from steps 1), 2), and 3) is run for 4 minutes.

5) The material from the high shear mixer is encapsulated in size 4 white opaque gelatin
capsules using the Incap system.

6} The capsules are de-dusted, and weight-sorted.

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 stitrring. The container was rinsed with the reserved tert-buty! alcohol/water solution,

and the rinses were added to the pre-compounding container. The mixture was stirred until the

-87-



nfa nfa 300 inL 3.5 nL 7. Final neasured pH n/a n/a 4.90 rda
Tabl e 28: Batch conposition Exanple 50: Lyophilized Powder 5 [0387]
Prepared as described in Exanple 49. Pre-lyophilized solution contained: 52
mM citrate; and 3% gl ycine (as shown in Table 29 below). In this exanple,
the pH of the pre-lyophilized solution was adjusted to the final measured
pH by the adddniciaohwascoNetei@disiidred Chhesomeasid. sidoasitraaiandr@ad sshd mirroe fremper
vial 1. Comgbn(pyl.lmldln‘g Lhairdr Q2 brahfedre®to the main compounding vessel. The pre-

compounding container was rinsed with water for injection and the rinses were added to the main

compounding vessel. Citric acid (70% of the batch amount} was added to the main vessel with

stirring. The container was rinsed with the water, and the rinses were added to the main vessel. The

mixture was stirred until the citric acid was completely dissolved. Sodiums citrate {70% of the batch

amount) was added to the main vessel with stirring. The container was rinsed with water, and the

rinses were added to the pre-compounding container. The mixture was stirred until the sodium citrate

was completely dissolved. Glycine was added to the main vessel and the residual glycine was rinsed

with water, and the rinses were added to the main vessel. The mixture was stirred until the glycine

was completely dissolved. Sufficient water was added to reduce the total alcohol content to 4.7% v/v.

The mixture was filtered thrugh a 0.22 pm filter.  Aliquots of the filtered solution were placed into

vials. The vials were sealed with lyophilization stoppers and were placed on lyophilizer chamber

shelves maintained at 20 °C. The tyophilization 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 maintained at that temperature. After 200

minutes, the lyophililization chamber was 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 mMv Batch Amm{nt
per vial
1. Compound (VIIL-15) 0.001 g 2.6 0300 g 35 mg
Citric Acid Monohydrate,
2. USP/EP 0.00382 g 18.2 1.147 ¢ 1337 mg
Sodium Citrate Dihydrate,
3. USP/EP 0.00994 g 338 2982¢g 3479 mg
4. Glycine, USP/EP 003 g 3996 9.0g 105 mg
5. | Tertbutylalcohol, ACS nfa n/a 14.1mL | 0.1645 mL
grade
_— Fill to
Water for Injection,
6. USP/EP nfa nfa batch nfa
volume
1. Total volume /a n/a 300 mL 35mL
8. Final measured pH nfa nfa 5.08 n/a
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0.30g 3.5 ng 2
g 3 °
d yci ne,

Example 47:

Sodium Citrate D hydrate,
USP/EP 0.03 g 399.6 9.0 g 105 ng 5.

Ctric Acid Mnohydrate,

Wat er for

Tahle 25: Batch composition

Lyophilized Powder 2

USP/ EP 0. 00168 g 8.0 0.504 g 5.88
USP/ EP 0.01294 g 44.0 3.882 g 45.29 ny 4.
I nj ection,

[0384] Prepared as described in Example 46. Pre-lyophilized solution contained: 52 mM citrate; 3%

glycine; and 4.7% tert-buty! aleohol (as shown in Table 26 below).

No. Component Amount/mL mM Batch Ammfnt
per vial
1. Compound (VIII-15) 0.001 g 26 0.300¢ 3.5mg
Citric Acid Monohydrate,
2. USP/EP 0.00168 g 8.0 0504 g 5.88mg
Sodium Citrate Dihydrate,
3. USP/EP 0.0129 ¢ 44.0 3882g | 45.15mg
4. Glycine, USP/EP 003¢g 399.6 90¢g 105 mg
5. | fertbutylalcohol, ACS wa wa 14.1mL | 0.1645 mL
grade
o Fili to
Water for Injection,
6. USP/EP nfa n/a batch n/a
volume
7. Total volume n/a n/a 300 mL 35 mbL
8. Final measured pH n/a n/a 5.84 n/a
Table 26: Batch composition
Example 48: _ Lyophilized Powder 3

[0385] The formulation was prepared as described in Example 46, except that the Iyophilization

cycle was modified. The vials were sealed with lyophilization stoppers and placed on lyophilizer

chamber shelves maintained at 20 °C. The lyophilization 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 ternperature 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. Compenent Amount/mL mM Batch Amotfnt
per vial
i Compound (VIII-15) 0001 g 26 1.0g 35 mg
Citric Acid Monohydrate,
2. USP/EP 000382 g 18.2 382¢g 13.37 mg
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nfa nfa Fill to batch volune n/a 6. Total batch volunme n/a n/a 300 nL 3.5
mL 7. Final neasured pHn/a n/a 5.84 n/a

Tabl e 29: Batch conposition Exanple 50: Lyophilized Powder 6 [0388] A clean
vessel is charged with water for injection. Citric acid and sodiumcitrate

are added and stirred until dissolve To this solutiqgn
4- (1 Cs) - (cdrbaxyne$ Cigratg PRydraie,( 2- ( 2 fyo94 ¢ 33.8 994g | 3479 mg
di chl or oberjzam do} Hé m do)---3-met hyl but \/13 -6t-0x0-1312- di oxablorinane-{4- car

[}

2 a
boxylic acijd (4 - 1) Glysin@dﬂéﬂﬁPand sti I‘I‘EOUQB’EI || di3®sel ved. 3@@ g ci |neldp sizadded

to the vesget—and T juat _—grycine 1S 11 Nge o7~ angd. 1 erinses
are added tlo_the T& ‘\9&%&"?“&%5}2‘% tur¥is Kt I'“We m\rqlt%?'[j”g“hengﬁ‘}%l g is
conpl et el y {di gsol Qgte”%pfnjghq;ne@gp,gpt er ig,added tg bat dHitobitenie. The
mxture isifiltered through a Q filter | Aliguots oPlYMEe filtered
solution arle @ aceotiivblomst er i | i zed vi aliga The vindd s 4r eé0®edl ed W tnh

| yophi | i zatfron—st PPpET S Amd-are ptacgdon tyophitTzerjch er ghelves
mai nt ai ned |lat_%20C] FRHEPYERRY i zati oh ch¥#ber | shédes lar @ ®oolled P8 -45 C
using an appropriate ranp rate, Talel2T: Batsh gemepdsitibel at t hat tenperature for
200 m nutes. The shelf is warned to -20 C using an appropriate ranp rate
and then i sExampladdi obyonhilizeddorderdnperature for 480 mnutes. The shelf is
re-cooled t using an.a rh rate [ ined at that
t enper at ur e&;%ﬁt ecqeaﬂdf)ssg AU a,p‘?dr%ﬁ. a? %rﬁlelnpzat i1 a%de‘lm!rlri)odlm Cgrta{eg\?g%uat ed,
and the chamd@ranmtwéwnédlﬁsglvadalﬁ@sﬂme@lm@ M@pmaenwowifawhmywﬁgew The

chanber shepy&k RiaeviRITRAs dBedAd stéred Quw&ggage&mlﬁmr\@pﬁddat (6 the a&¥Rei srdtuR, and
hel d at that ggufaggerature f(g 3000 mi nut.es. r aduct

e
F her macoun S ALRge g T paimane R hectwt 1S RE inBesd I R | o
mai nt ai ned &#s stita@ituntleimdycak wascofpletch@Gsatved uBwBcienAvaiérivas sidell (o batthhelumer m nal
drying phaS@h Jamre%@ﬁuté% um;fgﬁ%u&@wlnm&e%au&gomlmgre@gotuam plBglini al s

are seal ed renoved he conposition of the pre-lyophilized solution is
55 M ci tra‘v@s Hﬁdtaé%em%ﬁdnﬁthd%zgh%mwtquwﬁrvéfewwsgr Bﬁyh‘“%*’am er

shelves maintained at 20 °C. The lyophilization 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 mﬁintained 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 ;z_o‘:;:lt
1. Compound {VHI-15) 000t g 2.6 030¢g 3.5 mg
Citric Acid Monohydrate,
2. USP/EP 0.004097 g 19.5 1229¢ 14.34 mg
Sodium Citrate Dihydrate,
3 USP/EP 0.009557 g 32,5 2867¢ 3345 mg
4, Glycine, USP/EP 0.03g 399.6 90g 105 mg
_— Fill to batch
5. Water for Injection, USP/EP n/a nfa volume n/a
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Conponent Anount/rnL nM Bat ch Anmount per vi al

as anmount of conpound (VIII-

Monohydr at e,

USP/ EP 0. 0147 g 49.5

Compound (1-1) [expressed
Ctric Acid

A 0.001 g 2.75 0.50g 3.5 ng 2.
USP/EP 0.0012 g 5.5 0.578 g 4.2 ng Sodium Citrate Di hydrate,

6. Total volume nfa /a 300 mL 3.5 mL
7. Final measured pH n/a nfa 4.90 n/a
Table 28: Batch composition
Example 50: Lyophilized Powder 5

[0387] Prepared as described in Example 49. Pre-lyophilized solution contained: 52 mM citrate; and

3% glycine (as shown in Table 29 below). In this example, the pH of the pre-lyophilized solution

was adjusted to the final measured pH by the addition of 2N HCL.

No. Cemponent Amount/mL miv Batch AmOlf]]t
per vial
I. Compound (VIII-15) 0.001 g 2.6 030g 35mg
Citric Acid Monohydrate,
2. USP/EP 0.00168 g 8.0 0.504 g 588 mg
Sodium Citrate Dihydrate,
3. USP/EP 0.01294 ¢ 44.0 3.882¢ 45.29 mg
4. Glycine, USP/EP 003¢g 399.6 9.0¢ 105 mg
5. | Water for Injection, USP/EP wa wa Fill to barch na
volume
6. Total batch volume n/a nfa 300 mL 35 mL
7. Final measured pH n/a n/a 5.84 n/a
Table 29: Batch composition
Example 50:  Lyophilized Powder 6

f0388] A clean vessel is charged with water for injection. Citric acid and sodium citrate are added

and stirred until dissolved. To this solution, 4-(R.S)-(carboxymethyl)-2-((R)-1-(2-(2,5-

dichlorobenzamido)acetamido)-3-methylbutyl)-6-ox0-1,3,2-dioxaborinane-4-carboxylic acid (I-1) is

added and stirred until dissolved. Glycine is added to the vessel and the residual glycine is rinsed

with water, and the rinses are added to the main vessel. The mixture is stirred until the giycine is

completely dissolved. Sufficient water is added to batch volume. The mixture is filtered through a

0.22 pm filter. Aliquots of the filtered solution are placed into sterilized vials. The vials are sealed

with lyophilization stoppers and are placed on Iyophilizer chamber shelves maintained at 20°C. The
lyophilization chamber shelves are cooled to -45 °C using an appropriate ramp rate, and then are held
at that temperature for 200 minutes. The shelf is warmed to -20 °C using an appropriate ramp rate
and then is maintained at that temperature for 480 minutes. The shelf is re-cooled to -45 °C using an
appropriate ramp rate and is maintained at that temperature. After 200 minutes, the Iyophilization
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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7.279 g 51.45 ng 4. dycine, USP/EP 0.03 g 399.6 15.0 g 105 ng 5.
for Injection, USP/EP n/fa n/fa Fill to batch volunme n/a 6. Total
nfa 500 nL 3.5 nL Table 30: Batch conposition

Wat er
vol une n/ a

drying phase, the chamber pressure is restored using nitrogen, and vials are sealed and removed. The

composition of the pre-lyophilized solution is 55 mM citrate; and 3% glycine (as shown in Table 30

below).
No. Component Amount/mlL mM Batch Am(:::; per
Compound (I-1) [expressed as
1. amount of compound (VHI- 0001 g 2.75 050g 35mg
L3)
Citric Acid Monohydrate,
2. USP/EP 0.0012¢g 55 0578 g 42 mg
Sodium Citrate Dihydrate,
3. USP/EP 00147 g 49.5 7.279¢ 51.45 mg
4., Glycine, USP/EP 0.03¢g 399.6 150¢g 105 mg
5. Water for Injection, USP/EP nfa n/a Fill to batch n/a
volume
6._ Total volume n/a nfa 500 mL 35mbL

Table 30: Bateh composition

Example 51: Reconstitution of Lyophilized Powders

[0389] The lyophilized powders {e.g. as prepared in Examples 46-50) are analyzed using XRPD,
DSC, gas chromatography, and Karl Fisher for cake structure, cake stability, residual solvent, and
restdual moisture, respectively. The lyophilized powders are reconstituted with the appropriate
amount of sterile water for injection or with sterile 0.9% sodium chloride solution for injection. The

reconstituted solutions are analyzed using HPLC, and NMR, for purity, and percentage ester.

Example 52:  Preparation of formulation of 4-(R.S)-(carboxymethvl)-2-((8)-1-(2-(2,5-
dichlorobenzamido)acetamido)-3-methylbuty])-6-0x0-1,3.2-dioxaborinane-4-

carboxylic acid (I-1) Form 2 for parenteral or oral administration

[0390] A vessel was charged with water and citric acid monohydrate and sodium citrate dihydrate
were added and stirred until dissolved. To this solution, 4-(R,8)-(carboxymethyl}-2-((R)-1-(2-(2,3-
dichlorobenzamido)acetamido)-3-methylbutyl)-6-oxo-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 2 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 Am(:::; per
Compound (I-1) {expressed
1. as amount of compound 0.001 g 2.75 20g 33mg
{(VIIE-1)]
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Exanpl e 51: Reconstitution of Lyophilized Powders [0389] The |yophilized
powders (e.g. as prepared in Exanples 46-50) are anal yzed usi ng XRPD, DSC,
gas chromat ography, and Karl Fisher for cake structure, cake stability, -
resi dual solvent, and residual noisture, respectively. The |yophilized
powders are reconstituted with the appropriate amount of sterile water for

i njection qr W TN 8kET AdiEMBhoR AR dl g Tht orrdg—sof utTom for—mjection— The
reconst it utled Sol JUsmﬁlareoa%al yzed u8PHF eHPLC, S&nd NI\/F33 1P%8 putiRye and
per cent age {est.er. | bammpCiaab Dinydtaeparjat 1. on _of f or nul at ijon_of

4-(R'S)-(cqr boxymbtURpEp- 2- 11/ 2) - | -|(28814FE . | — 495 211838 48.05 mg

di chl or obenzan do g&ﬁﬁ@@mggglﬁﬂﬂgghylbyba&% 61 0X0py 1, 3, 2gglhqanor | nane- 4-
car boxy| i ¢ laei-d { Form2. f parenter al or..oral admnistration 0390]
A vessel wds char fedrenict hieaheisPard [Ci t ric acj d nmnohy EF‘a{FE“%Hd sadi un
citrate di hydratetwere—added—ang—stHrret—unti-t—eai-ssolyed 8 this selu{ion,
4- (R, 5) - (cdr béxyneleigvpupe ((R) - 1- (2-}( 2, 9va n/a 0L 33mL

di chl or obenzam do 3- nethylbut ) - 6F 0xQ;.1, 3| 2- xabor 1 nane-4- car
boxylic acild P?l-‘l ﬁgﬁ EQ%QQH rly 'Yi(’?]ljlrp \mc%g?wrpd II;I:%TI| a

sol uti on was obtai ned. To this é’b‘ﬂbift"'ll'off?‘d’s‘BEfPEﬁ‘H"ehl ori de was added and

stirred unti | v f ( Water was added to batch volune and the
sol ution é b 39 il ik Arn PES nmenbrane. Aliquots of the
filtered soltmno ReVARELpHAL A0S ubiRd pcsféoﬂm at e Mih%h@v.w(m 8 -6h NMARm.
stoppers and stored at -20 C. The batch and vial conposition is as

descri bed bé¢d3oa Mobikgihhse: Ba gradient s;@@mpﬁimBsqambmtphm A (M oBaifichoabdound per
2L L oMM by o GIENSE RO SR YL e A
phase B after 40 minutes.
[0393] The test sample is prepared by dissolving the content of the capsules in diluent which is 15:85
{v/v) acetonitrile:20mM citrate buffer. Under these aqueous conditions, the compound of formula ¢(I-
1) completely hydrolyzes the citrate ester portion of the molecule to give the compound of formula
(VII-1) in a 1:1 molecular ratio. The presence of the compound of formula (VIII-I) in the test
sample is confirmed by comparison of the sample retention time to that of the reference standard. The
amount of the compound of formula (VIII-1) present in a sample is calculated from the area under the
peak, on a weight-to-weight comparison including molecular weight conversion, with the area under
the peak of the reference standard. The reference standard employed is a known amount of the
compound of formuta (I-1), of known purity, which is prepared under the same hydrolyzing
conditions as the test sample. The limit of quantitation for the method is 0.05% and the calculated

limit of detection is 0.02%.

Example 84:  Anatytical Test Method 2

[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 § minutes, with UV detection at 230 nm.

[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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23.198 g 3.282 ng 3. SodiumGCtrate D hydrate, USP/EP 0.0147 g . 49.5
291.183 g 48.05 ng 4. Sodium Chloride, USP/EP 0.0045 g 77 89.991 g 14.85
ng 5. Water for Injection, USP/EP n/fa n/a Fill to batch volune n/a 6.
Total vol une

{0396] To calculate the amount of compound of formula (E-1) present in a test sample, both

Analytical Test Method 1 and Analytical Test Method 2 are used. Analytical Test Method 1 is used to

calculate the amount on a weight basis of the compound of formula (VIE-1) that is present in a test

sample, containing the compound of formula (I-1). Analytical Test Method 2 is also used to calculate

the amount of the compound of formuia (VIII-1) present in the sample of the compound of formula

(I-1) obtained without induced hydrolysis.

[0397] The amount of the compound of formula (VIII-1) obtained from Analytical Test Method 1
minus the amount of the compound of formula (VIII-1) obtained from Analytical Test Method 2
gives the measured amount of the compound of formula (VIII-1) that is produced by the induced
hydrolysis of the compound of formula (I-1} present in the test sample. Based on a 1:1 molecular
ratio, a molecular weight calculation gives the amount of the compound of formuta (I-1} present in the

test sample.

{0398] While the forepoing invention has been described in some detail for purposes of clarity and
understanding, these particular embodiments are to be considered as illustrative and not restrictive. It
will be appreciated by one skilled in the art from a reading of this disclosure that various changes in
form and detail can be made without departing from the true scope of the invention, which is to be

defined by the appended claims rather than by the specific embodiments.

[03991 The patent and scientific literature referred to herein establishes knowledge that is available to
those with skill in the art. Unless otherwise defined, il technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. The issued patents, applications, and references that are cited herein are hereby
incorporated by reference to the same extent as if each was specifically and individually indicated to
be incorporated by reference. In the case of inconsistencies, the present disclosure, including

definitions, will control.
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nfarila20L 3.3 nL 7. Final neasured pHn/a ilia 5.72 nfa Table 31:

Bat ch conposition Exanple 53: Anal ytical Test Method 1 [0391]

Rever sed- phase HPLC using a C8 colum at 25 Cwith ultraviolet (UV)
detection at 225 nm [0392] Mbbile phase: The gradient systemstarts at 85%
nmobi | e phase A (0.01%trifluoroacetic acid in water) and 15% nobi | e phase B
(0.01%trifl wengacet hevdsisd i n acetonitrile) and ends at 75% nobi|l e phase B
after 40 m nutes. [0393] The test sanple is prepared by dissolving the
content of the capsules in diluent which is 15:85 (v/v) acetonitrile:20nM
citrate buffer. Under Atdempendefieoul (Bondi ti ons, the conpound of fornula
(I'l') conpletely hydrolyzes the citrate ester portion of the nolecule to

gi ve the compound of formula (MIII- ina 1:1 'mplecular rati o. The
presence of the conpound of forjndl a 11 R )gin% he test sanple is
confirmed by conparison of th? | NQpBwisre to that of the
reference standard. The anount jof Ade mpBundc_of formula (VIII-1) present

in a sanple is calculated fromfthe ar 2 under Rhe peak, on a

wei ght -t o-wei ght conpari son includi ng nol ecul ar wei ght conversion, ith the
area under the peak of the reference standard. The reference standard

enpl oyed is a kndhAPHBURLICHY 25oRm2 Z“o‘ﬁlbéﬁfﬁ 9%l a (1-1), of known
purity, which i, priepared under the sanme hydrol yzing conditions as the test
sanple. The limt of quantitation for the nethod is 0.05% and the

cal cul ated | i mptis Rhiro@@top s dnMd-drSipBidddde mEX@nPl € 54: Anal ytical Test Method
2 [0394] Normal - phase HPLC using isocratic elution wwth a nobile phase of
40/ 60/ 0.1 ( v/ vRiis hiddbgenlde xaipiestid, |, o Aucgoatprano-(BRD.ECHERUM at 25C for 8
mnutes, with UV ._ Cebak € i M 3 sl € S 2D h B4 ared by
di ssol ving the coﬁjtﬁezg"tcé %ﬁ(ﬁéﬁﬁw égilj?"’ng%b(;%igﬁ)\‘ﬁet ¢ z)j‘glgi}:mic?ggﬁﬁ{lnder
these conditi ons, (G- GERPEERVe -GHEGHRDDLR 1 o {CHay-GRRISRIr ol yzed to the

conmpound of forpula (VIIL-1). Th unt . of qund of fornul a
(V111-1) preseht ‘7Wd§“ﬁ"é" ‘é§\)’phgtéfngl“‘gﬂ?@g?Bﬁtiﬁ’u{éﬁ)@%omthe area under the
peak, on a wei ght-(GH)yEH.GHCERPHYs dGHIMCHACONRYar €H)uTHe NRIONRBREK of the
reference standar. gy, fhakekgrgn t rsksegpl@y.s @i agknown amount  of

t he conpound of fg:rrﬁslj-l a((gll ﬁﬁ)@éﬁ"%% puri'lt(y,Z?V\hi(ch) is prepared under

t he sanme condi kiR imBpchdaily i©Bidragaind, Lalipiiie d, ) Mictoamhargiya0K)) }-alti i f or

detection of the < Ly % 0 4 ul ate
t he amount of corrg%% cf%’r;&n@?%w I(\?-(%[:)"b%%s%é%gﬂ%ﬁ § Hhéé?‘?bé%&@hﬁ%t h
Anal ytical Test MSEHbACHRINRIANEHbiEHR T oMERDLCHRASR used. Anal yti cal
Test Method 1 is uged to, cal cul Et_e t he anmount on a wei g_ht, basi s of the
conpound of. foﬁ?ﬁmRam(d%nevqes*@)*sw fityted opprsatipted mong- erdy s ZRpPEe ™t ont ai ni ng

t he conpound of h | vt | . I d.to
cal cul ate the 5%%@ lc??“ d%%gjf%hgﬁﬁgﬁr%g %)u ﬁ*“&%ﬁ’aF'gl}%bfpﬁj?lﬁ;';&l%’ra?si’g%tefldl "The
sanpl e of the corfSEIPRFLHECTRPHHEP R ¢1 thespmp piiragen algmyipke ipgtthar iékh the pitrogen

Pydr o!A\ys: s. [0|39_7|_a]ton1fhtﬁlvrgahr§iwmtited35ruhdilestiﬁﬁ&mh Ol'dlﬂdne@'fb?rfzdlﬁfﬁﬂc?cl}(lvhé I':lja'vﬂa%, i;]?bt ai Ined
rom Anal ytica 1. 0 nus ,t. nmount . t he ¢ n r.mul a
(W T12D) ot o ned Frge RERfiodn e G2 bR ioBRARS st SRR 2 st
of the C_OITpOUI’lQaC(HfRS fn@ép@wcﬁly(is\ﬂyhllo'gérl)orgQ@gtitdtéi &B&Q&éﬁtﬁt@q Q)ﬁh&t#&e‘lryl!qlgk%ﬁgl or
hydrol ysis of the conpound of fornula (1-1) present in the test sanple.
Based on a 1:1 nol®EEGYH 8F%i 0, a nol ecul ar wei ght cal cul ation gives the
amount of the compeund of for a (1-1 resent in the.test s | e. [ 0398]
T Lo the for eabiR Bt Mitdep gkl BUEF Sl b d SR p SR i o

pur poses of cl ariteferogvedy! eratfer st andi ng, these particul ar enbodi nents are to
be considered as il |ustrative and not restrictive. It will be appreciated
by one skil | ed 1 & Hedepsnently is hydsosep ordyspiytigied prrmaubitutsd) afehatie 2 Brerapaticbus
changes in form anrgrdgtpducan be nade without departing fromthe true
scope of the invention, which is to be defined by the appended cl ai ns

rat her than by eadh e’ gmgg@jxqem{y ierdybtiiutad 9t wisubstituted aliphatic, aryl, or heteroaryl group;

Y is hydrogen, -CN, or -NOy;
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[0399] The patent and scientific literature referred to herein establishes

know edge that is available to those with skill in the art. Unless
ot herwi se defined, all technical and scientific terns used herein have the
sanme neani ng as commonly understood by one of ordinary skill in the art to

which this invention belongs. The issued patents, applications, and
references thats@leréianéd herein are hereby incorporated by reference to
t he same extez;t g i f eafch was, s eC| %call and individ aIIy ndi gated to
be i ncor por at &d"" ?‘P%CF%F 8%%’“‘“% FHE har N ST iTIcEs Y ‘Yeﬁ’et bresent
di scl osur e, i nclawdianghetiab bevirt in@ss caswislah o:dgﬂtmm or Z\ARI® toSGLEAPMVEDIANS: A
conpound . of for%\@dfra_rﬁabeta(lln))droxy garfiyift aata%mmwownlme@g%&m akh& ca'ellt

t hereof, wherein: Ai1s 0, I, Pis hydr ogen or an am no- gr oup- bl ocki ng
noi ety; Wis hydy@dgergen @"’“al i phatl c, Cl 6 fluoroaliphatic,

- (CH2) ", - CH2- NHO(=NR4) NH- Y, - (CH, ) - CH2- CON( R4) 2, - ( CH2) - CH2- N( R4) CON( R4) 2,
(Cr2) m CH(RE) N(B4) 2. re Ghfphi o CHAN) FBRG fmfrs;wg, m CH(R5) - S12.6; W i
hydr ogen, Cl4 aliphatic £l uoroa I phati c, CH2- 126,

ACH2) ", - CH2- NHC(=NR4) NH Y, - (CHR) . - CH2- CON( 124)

~(CH2) ", - CH2- N(W) CON(R4) 2, - ( CH2) . - CH( R6) N( R4)c2 RtﬁCHZ),"-CH( R5) - OR56, or
-(CH2) ", -CH(126) - SR5; each Ra2 i ently j 20gen, Cho ali phati c,

Cl4 fluoroaliphatic, -(CH2)}@H2- R) - G- u:NR4) NH-Y,
-(CH2) ", -CH2-CON(R4) 2, - ( W CHZ)" - CH(R6) N(R4) 2,
-(CH2) . - CH( R5a) - OR56, or 9’ R5 S each Yi ndependently is a
substituted or unsubstltute m)no- I|c ring system each R4

i ndependent |y |s hydrogen or a subsAtl t ut ed or unsubstituted aliphat{®,
aryl, het eroary ‘het roc or. two R4 on the sane nitrogen
atom taken t9 e‘{hf‘\'&m\b\i' h‘zﬁjgéf Péf’th‘c')rﬁ‘f' forma substituted or

bstituted | to th
unsubstitute ea%g Oftfg ﬁdgﬁrﬂi’i@ﬂeﬁé%nmrs ﬁyd?d;% drg LY, ggﬁkﬁyggﬁﬁknﬂ&edé s%gs‘E{luFehon 0 the

nitrogen atom 0-2 rin t'er oat’ons’ | ndepen ected fromN, 0, and
S; each R5 |ndeﬁbﬁd@nw‘th“’@aﬁg}dﬂdﬁ@ﬁywg’&“%ubst| tuted or unsubstituted

s hyar ogen” oF<a0SEE0RT ittt R LRGN ok et BhaE & rapyi eBRERoary1

or heterocyclyl agt, mupvarel@chptmdyllgmke;pendent ly is hydrogen or a substituted
or unsubstituted, aliphatic, aryl, heteroaryl, or heterocyclyl roup, each
R6 i ndependenft R/’ 4nd Ry atesadindepspdsatinhydipaen BeR r2pd RE wakes toresher ith the Gppbon o

het er oaryl gr ouptomY td ®hidhyeHy @@@Rachedrm & unsd¥ékited or substituted fused 4- to 8-
membered non-aromatic ring having 0-3 ring heteroatoms selected from the group consisting
of O, N, and §, wherein said ring may be optionally fused to an unsubstituted or substituted 4-
to 8-membered non-aromatic ring, or 3- to 6-membered aromatic ring having 0-3 ring

heteroatoms selected from the group consisting of O, N, and S;

or R* and R™ are absent, and R and Rbs, taken together with the carbon atoms to which they are
attached, form an unsubstituted or substituted fused 5- to 6-membered aromatic ring having 0-
3 ring heteroatoms selected from the group consisting of O, N, and S, wherein said ring may
be optionally fused to an unsubstituted or substituted 4- to 8-membered non-aromatic ring, or
5- to 6-membered aromatic ring having 0-3 ring heteroatoms selected from the group

consisting of O, N, and S; and

nisQorl.

3. The compound of claim 2, wherein each of R™ and R™ independently is hydrogen,
Ci. aliphatic, or -(CH2),-CO,H;
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mis O, 1. or 2: and Z1 and Z2 together forma noiety derived from an

al pha- hydroxy carboxylic acid, wherein the atom attached to boron in each
case is an oxygen atom or Z and Z2 together forma noiety derived froma
bet a- hydroxy carboxylic acid, wherein the atom attached to boron in each
case is an oxygen atom 2.The conpound of claim1, characterized by fornula
(11): or a phayiemaeszi cally acceptable salt thereof, wherein: each of

Rbl and Rb2 independently is hydrogen, -CO2H, -OH or a substituted or
unsubstituted aliphatic, aryl, heteroaryl or heterocyclyl group; each of
Rb3 and | e i ndepéndenifhacomgouny diatrire A wher@OR H,R“6X(O)a, RS-GHSI0) BREE@“BC(0)-,

unsubsti t ut egk-®bj,pPhatir @y, heteroaryl or heterocyclyl group; or Rb2 and
| e are each i ndependently hyérogen and Rbl and le, taken together with the
carbon atons t 8 whilehd e Yhe@rodp aintianp ek, « iiphificar)  ARSHHNSRatit, UR B O ®P and —
substituted fusedu4:x to 8- menbered non-aromatic ring having 0-3 ring

het er oat ons sel ected fromthe group consisting of 0, N, and S, wherein said

ring may be opti m&lalqﬁiim&dcﬂa& sar;sudaiawméttnuép%ﬁhe&ry é:l-!é?&ﬁ#ﬁ&ﬂkﬁ%éremt&e
8- nenbered non-aromatic ring 6-menbered aromatic ring having 0-3

ring heteroatons sef &"f““eﬁmw’a‘l‘ﬁ”f‘fﬁés ‘Qﬁe‘é‘inFdébhgﬁRs)f?Wg) 0F=®; o\ and S; or R62

and Rb4 are abse n t aken.together with the carbon atons
to which they ar qubé Sugs E?do?uélrsur?]ﬂélﬁédu"ﬁos"ﬁ P‘C¥3f8%555?m§ubsti tuted fused 5-

to 6 membered ar qERl ko, rowgsﬁa\g(@w Oso, R SAIAEHELAGORL ﬁﬂ’@xéﬁ'ﬁ egkeqbyf rom t he

group consi sting of tiona I fused
to an unsubstit ut ed\l(g‘r)z’sNu%gprquélﬁ)s@-?R 81(%3%%}2689% aPS NRO2r¢ @y, or
5- to 6-nenbered ar®RmEOLR’, ori-O@ki@hi;ng 0-3 ring heteroatons selected from
the group consisting.of 0, N and S; and nis 0 or 1. 3.The conpound of
claim 2, V\,her ei n cehd "ES?W@F@“M%@F'%AffPindBﬂ@anml*tyg pis-Ffdt, e€n, alk,.-C,

al i phatl c, - ( CH2Npr* G2ty C, gmly]p @@HQCOJGCH%@@ C(b)flfﬁg aPmpound of claim3
C(0)-, or is selected from

wherein P |s Rb 0
t he group consi S'[CI( ng«@f%%f “6"’%81 phatl c 016 fl uor oal i phat| c, -RD, -T-RD,
and - TI-R2b; T e«lic% R j Iﬁe@d@lh%%'ﬂ%‘.’]?fi’\gﬁﬁé &b&:\".{?le%tohglﬁq%ﬁut\%t lQrorR ar two

i ndependently sel ected or ene chain optionally is
interrupted by -C( @ym@rﬁg} orbtpe sapye ¢ carbon atom, taken together with the carbon atom to which

they are attached, form a 3- to 6-membered cycloaliphatic ring;
each R’ is a substituted or unsubstituted aromatic group; and

R¥ is hydrogen, C)4 alkyl, Cy4 fluoroalkyl, or Ce.1o 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{Q)- or R%-8{0),- and R®is -R".
7. The compound of claim 6, 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, quinoxaliny!, tetrahydroquinolinyl,

tetrahydroisoquinolinyl, tetrahydroquinoxalinyl, and dihydrodrobenzoxazinyl.
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RD is a substituted or unsubstituted nmono- or bicyclic ring system R2 is
hal o, -0OR5, -SR6, -S(0)R6, -S02R6, -502N(R4)2, -N(R4)2, _NR4c(0)R5,
-NRAC(0)- N(R4)2, _NR4AO32R6, N(R5s02Rs, N(R4)so2N(R4)2, _ 0-C(0)RS5,
-0C(0O)N(R4)2, -C(0)- R5, -02R5, or each R3b independently is selected from
the group consisting of-F, -01-1, -0(Cl4 aI kyl), -CN, -N(R4)2, -C(0)(C14

al kyl), -CO2H, 2002(Giaﬂlccmpkgdd)ofclal@(?()‘)fw@Randdbst@(tei)mwsmmbia‘#aﬁw)'tom%each R3b
i ndependent L b-$ rRAafgb.23r%al | phatic substituted or unsubstituted with R3b or
12.7; or two substituents R3b on the sanme carbon atom taken together with
t he carbon at @lhwlﬂdkﬁeﬁﬁ‘&nttyhegmaﬁﬁla&tCaédhlﬁlda]ipﬁﬂi’cmﬁﬂcﬁandtO 6- menber ed
cycloaliphatic rin each R7 is a substituted or unsubstituted aromatic
group; and re@athB%MP@Q@HyiS@lﬁithyI(}MGlmoafiphaéfr@éhlk-yl, or C510

ar(Cmal kyl, the aryl portion of whi ch is substituted or unsubstituted.

5The corrpound of clal,[tp %r%_( é 8.0 ' i s hydrogen,
- w Roa)™ "Eﬁ%

-(CH2) ", - CHR2- 12b or and is O 6. The
corrpound of clgism 3 ahp}é\ﬂ‘é‘ro@'(&ﬂ ch,k#-C(0)- or fr-S(0)7- and fr is -RD.
7. The conpound of “clai m 6, eérein RDis a substituted or unsubstituted

nmono- or bi cyad*iighydiogéeh, SYEHSOHSRY, ect@d) foim™-OR™gr oup consi sting of phenyl,
pyridinyl, pyrimdinyl, pyrazinyl, naphthyl, benzim dazolyl, quinolinyl,

i soqui nol i nyl P igRT-@@x-ar iRt et r ahydr oqui nol i nyl, tetrahydroi soqui nolinyl,

t et rahydroqui ngxal jnyl, and di hydrodr obenzoxazi nyI 8. The conmpound of
clai n?, wher eifiSRD & substituted on substitutabl e carbon atoms with 0-1 Rd
and O- 2 | ed; eacﬁ :IID)d i ndependently is Cl.6 aliphatic, CL.6 fluoroaliphatic

or hal o; and &a% ed i ndependently is Cl4 aliphatic, Cl4 fluoroaliphatic

or hal o. 9. The conpound of claim4, wherein Ais 0; Wis Cl4
aliphatic, or 4CGd2)"  rheki2nBid oFRdlain®, hy&leruogaglc.@(lm ,,-CH2-RB, or Pis
Re-C(0)- or Wis -RD;, and mis 0 or!. 10. The conpound of claim?9,

wherein Ra is Cl4 aliphatic.
11 The compound of claim 10, wherein R*' is ~CH,-RE;

R is phenyl; and

RP is 2-pyrazinyl.

2. The compound of claim 10, wherein R*! is -CH(R*)-OR™;
R®isC, aliphatic;
R™ is hydrogen; and

R® is 6-phenyl-2-pyridinyl-.

13. The compound of claim 10, wherein R* is hydrogen, and

R is 2,5-dichlorophenyl.

4. The compound of claim 3, wherein Z' and Z* together form a moiety derived from
citric acid.
15. The compound of claim 1[4, in a substantially crystalline form.

16. The compound of claim 14, characterized by formuta (IfT), (IHla), (IV), (I'Va):
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11. The conpound of claim 10, wherein Re' is -CH2-128; RB is phenyl; and RD

is 2-pyrazinyl. 12. The conpound of claim 10, wherein W is
-CH(R5d) - OR5b; R5a is Cl4 aliphatic; W' is hydrogen; and RD is

6- phenyl - 2- pyri di nyl -. 13. The conmpound of claim 10, wherein W is
hydrogen, and RD is 2, 5-dichl orophenyl . 14. The conmpound of claim
3, wherein Z1 and Z2 together.forma noiety derlv d fromcitric acid.

15. The conpound of claim14,fin & ub ghanti al (f2thl line form 16.
The conpound of claim 14, chafHct bnyo (|||) (lita), (1V),
(1Vva): or a mxture there ound of cl aim 16,

wherein Wis Cl.6 aliphatic. iB. he;$onpou f claim16, wherein A
is 0; R' is hydrogen, -(CH2)"L- , or -(CH2),"-CH(R5)-0R5B; P iﬁly
Re-C(0); and 12" is -RD. 19. The conmpound of claim 18, wherein”le is
a substituted or unsubstitute or bicyclic rhng systemselected from
the group consisting of pheny yoitdi ah, pyr pyrazinyl,

napht hyl , benzi m dazol yl, qui i i i 7 qui noxal i nyl ,

t et rahydroqui nol i nyl, tetral®{ir ofsoqUNnolf Nyt t ahydrqu|noxaI|nyI and
di hydr obenzoxazi nyl . 2. Rffe dénpqunda@f cl @ m18, wherein 12.' is

i sobutyl . 21. The conpsdund of Acl ai m 20, FW% einleis -CH2-1e; RD
is phenyl; and RD is 2-pyrazinyl. 22. The conpound(bf claim 20, whemmpn It"

i s hydrogen, and RD is 2, 5-dichl orophenyl.

_ - 0]
O Reﬂ
Ry H g COH
PT Y "‘NJ\n’ Yo
RZ2 IH o pge CO,H
TA vy
_ _ O
O Ra‘i
N H .7 ) con
P N N \o
RZ [H O pe
L da HO
o+
O (ava);
or a mixture thereof.
17. The compound of claim 16, wherein R* is Cy¢ 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(O)-; 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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23. The conpound of claim 20, wherein R" is -CH(R5a)-0R5b; R5' is C1_6
aliphatic; R5b is hydrogen; and RD is 6-phenyl-2-pyridinyl-. 24. A

phar maceuti cal conposition conprising the conmpound of formula (/): HalZ1 H
OFria A or a crystalline formthereof, a filler, and optionally a

| ubri cant; V\herern Ais 0, 1, or 2; P IS hydrogen or an

ani no- gr oup- bR hanyl: #ndi et y; RUis hydrogen Cl 6 aliphatic, Cl1.6
fluoroaliphatig, -(CH)-CH2-R3 , -(CH2)", - CH2- NHC( =NR. 4)NH-Y

-(CH2), " - CH2- &d%l( F@.ﬁa?“yl (CH2) - CH2- N( R4) COVR4/ 2, - (CH2) - CH( R6) N( R4) 2,

-(CH2) CH(R5a) - OR5b, or -(CH2)",-CH(R5)-SR5; R is hydrogen, Cl.6 aliphatic,
¢ -6 fluoroaliphati Cﬁc&ﬂ&%)ndofc%?é-%vhgremﬁ hrogen% M 1C(. - - NR4) NH Y,

- (CH2) . - CH2- CON( 124)2 CH2- N(R4) CON(R -(CH2) ", - CH( R6) N(R4) 2,
-(CH2) ", - CH( Rﬁs)s'ZQRﬁdMor@heny( CHZ) - CH( R5) - SR5; each R 2 |ndependently is
hydrogen, Cl4 aliphatic, C4 fl uoroal i phatic, -(CH2),,,-CH2-RO
(CH2),,, - CH2- NH =NR4) NHY, - (CH2), "- CH2- CON( 124

-(CH2) ", - CH2- N( £24) @wwndﬂtwﬁﬁ when@r'ié)' ‘%?OR(CHZ) CH(R5')-OR , or

-(CH2) - CH( R5) - QRS - h RD i ndependently is a substituted or unsubstituted
mono- or bi cy& i e PHEEy st em

R¥ is hydrogen; and

R” is 6-phenyl-2-pyridinyl-.

24. A pharmaceutical composition comprising the compound of formula (I):
1 1
H 9 Ra H Z
N Ne B«

LT Y
A 7))

or a crystalline form thereof, a filler, and opticnally a lubricant;
wherein:

Ais(,1,0r2;

P is hydrogen or an amino-group-blocking moiety;

R is hydrogen, C, ¢ aliphatic, C, fluoroaliphatic, (CH,)-CH,-R?
ACH,),-CH,-NHC(=NR*)NH-Y, -(CH,),.-CH,-CON{R"),, -(CH,),.-CH,-N(R“CON(R"),,
-(CH,),-CH(RON(R®),, (CH,),-CH(R™)-OR™, or -(CH,)-CH(R®)-SR?;

R is hydrogen, C, aliphatic, C; ¢ fluoroaliphatic, -(CH,),.-CH>-R®,
-(CH3)m-CH-NHC(=NR*NH-Y, -(CHy)n-CHa-CON(R*);, -(CH),,-CH,-N(RYCONR*),,
«(CH2),-CH(R®N(R"3, -(CH,),-CH(R*)-OR™, or (CH;).-CH(R’)-SR?;

each R¥ independently is hydrogen, C, 4 aliphatic, C, ¢ fluoroaliphatic, -(CHZ),,,—CHZ-RB,
~(CH3)-CH,-NHC(=NR*)NH-Y, -(CH,),.-CH;-CON(R*),, -(CH3),,-CH,-N(RYCON(R?),,
-(CH3),-CHRNRY,, -(CHp)m-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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each | e independently is hydrogen or a substituted or unsubstituted
aliphatic, aryl, heteroaryl, or heterocyclyl group; or two R 4 on the sane
nitrogen atom taken together with the nitrogen atom forma substituted or
unsubstituted 4- to 8-nenbered heterocyclyl ring having, in addition to the
nitrogen atom 0-2 ring heteroatons independently selected fromN, 0, and

S, each R6 inda@endemwedu? ishyatb Q8 8 Qbstidted Ubskd bbb EflBhaniRsH RSt bLIHL £d
al i phatic, aryl, heter teroc cl‘1>,/(lgargrou%i]f each | ea i ndependently
n

ryl, or ,
i s hydrogen or a hgtﬁrﬂ%yfgfl%ﬁ%/@d‘”évo BIBSETY USSR feethenpih the Biiste&? oar v |
or heterocyclyl gwroufprm eabhitRelE uisndapendendmgmbsedigdoogbfrigrhaging tibst i t ut ed
or unsubstituted a@t!it'ioqm& Eitr(_) h yt!)m, djfﬁr%rhgtgrroxtl)ms 1956@%‘8&1‘1%? Qﬁ%%h le)mg}r 8“3% S;eaCh

R6 i ndependently is a substituted or unsubstitut aliphatic, aryl, or

het eroaryl gr oeygh RNindepenaytlly @@@dogen 6N suBkituteMNERinsuBsdeSiedalipHatic, @fyl, Beterddifl, £1 and
Z2 together formg I@Lﬁé%ﬂ derived from an al pha-hydroxy carboxylic acid,
wherein the atom'attdc Yo boron in each case is an oxygen atom or Z1
and 72 toget heg,cf R% Radhe ARG hydRELMP bl - BRLRTAXE L) Micpﬂl,qgé%lafyforaCI d,
wherein the atomattached to boron in each case I's an oxygen atom

25. The phar macedtFearYe8MBosi ti on of claim 24, wherein the pharnmaceuti cal
conposition optiopall rth rises.a flowai.d and optiqnally further
conpri ses a bu%af'gg. radpeh il 'glgy.dp e ARRr R ?Sg%f‘mf(?%%ﬁg%tictZir%l‘ﬂlwgfoa%i‘ &i m 25,
wher ei n t he phar heererelybstepeonposi ti on conpri ses about 0.2% to about 3% of
t he conpound of fgg_ | a g/ , or. acrystalline formthereof, about 86.5%to
about 99. 8% of *%" Fj iPgeagnd %ﬁtﬁi%ﬂ’éﬁ%ﬂ ?ywnﬁuaﬂ'&*&aa{*vhﬂ%@i&'o?r hgtetogrplearuant |
optionally up 5% of g flowaid, and optionally up to about 5% of a
buffer, by wei gﬁstl@grg&g’ gle@%eﬁtéﬁge of total weight. 27. The

phar maceut i cal »GPQstlan@®n of claim 25, wherein the pharmaceuti cal
conposition conprises about 0.2%to about 3% of the conpound of formula
(/), or a cryst'anlZiregeiter fomi hesiae firivedredrt andfHa-baira) 04ibox PR :840 vatfercan thd | | €r;
and optionally u 59 ricant  by.,wej.ght as _a percentage
of total weight. Qto&%&p&qég%oul’ﬁ%ﬁfﬁﬁa? ilrsrac%xﬁ e?‘é’%’ ’fp:roznﬁ%ds?tt?ggtﬁeré e I"é{’ile?rﬁ 25,
wher ei n t he phar Aeived e abetxyivssfartiosic eddphpsia she oo ptiachedrs Yeromin gisb ase 2% of
the conmpound of fh@kKgan4én., or a crystalline formthereof; and about 98%
to about 99.75%of a filler, by weight as a percentage of total weight.

29. The pharmaceutical conposition of claim25, wherein the pharnaceuti cal
conposi tion i s am’-or afrephamageisaicompisitignelglpan 24 wherein the pharmacg@eal The

phar maceut i Gahp&RBPESbEANQ urfé: c@&lﬁiséﬁazﬁwﬂmﬂﬁ{d%btﬁbnﬁlb@u&%mompw |geuti cal
dosage formis a capsul e. 31. The pharnaceutical conposition of
claim 25, wherein the conpound of forrmula (/), or a crystalline form

t hereof, is preséft i Frephampsufivel compasioue! cRindh whergibthe phaBcedtiyalwei ght as a
percent age Qbmpdhigh capkig hbout 0.2% to abouB R ofthEcoRPAMABCHEMINCB! or& CHRARL b AN Of

cl ai m 25, rein t npoun formul a , or_a crystalline for

t her eof , i\;\h?e)ermé’gé’?l "pi&nsqy‘gtﬁ agor‘r‘b%ng%’f ?ffa%éﬁro‘ﬂ’t“‘"g‘{l ) Y %%P}Eg%”c v WYt as a
per cent age o tq apetl> %t s bw-aid, and optional! 8p to Fbrext §rh af ntmbfeuty eadht sappostdt dn  of
claim 25, whenelnthe filler is present in an anount of about 97%to about
99.8% by weight as a percentage of total weight. 34. The
pharmaceutical conposition of claim25, wherein the filler is present in an
anount of about 98% t thegbombce@BalZbiposityn afelaginls, aberdn the plaamdcagieal of t ot al

wei ght . composiidn comﬁsee%mwé%gﬁ sgggocg&ipsdnegfﬁmgggi_ g%%égy}éﬁ\%gé;rg{]n the

filler is present in _an anmount o , t o about t as
a per cent agdPPlebruaT7 Rkt 99.-8% of a filler; angd optiprally yp sorshrert & fiof alubricerrysi t i on of
claim 25, wheight 43 atpheenfaizd dr@dtaliwgigiel ect ed from the group consisting of
powdered cellul ose, mcrocrystalline cellulose, silicified mcrocrystalline
cellul ose, | ownoisture mcrocrystalline cellulose, sodiumstarch

gl ycol ate, pregeP&ti nTheelargpcgrtch comprdition of clained. vhregied pharmaceutical

composition comprises about 0.25% to about 2% of the compound of formula (7}, 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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37. The pharnmaceutical conposition of claim?25, wherein the filler is

sel ected fromthe group consisting of |ow noisture mcrocrystalline

cel lul ose, sodium starch glycol ate, pregelatinized starch, and m xtures

t her eof . 38. The pharnaceutical conposition of claim25, wherein
the lubricant, when present, is present in an anmount of up to about 1.5%
by weight as a B@r cefitcagemefeuticotampasgiog htclaim 23, whereig gie pipmacpttfimaceut i cal
conmposi t i onoRbostilortisih dras phi¥RERIdA doi@e kol | cant, when present, is present in
an armount of about 1% by weight as a percentage of total weight.

40. The pharmaceutical conposition of claim25, wherein the |ubricant, when
present, is sel 88t edTherbmmedretiqgrapossionsh adimn A% “éiﬁreinﬁgﬁeéphamas@é@i%@?

gl yceryl befgnatepsdi/drogenated vegetable oil, talc, zinc stearate, calcium
stearate, sucrose stearate sodi um st earyl fumarate and m xtures thereof.
41. The pharmaceutical conposition of claim?25, wherein the lubricant is
magnesi um st ear @e. The pharmackticalidompgyitian nédeneh Mbreiomgsmmdﬂf fgfulg{fai m 25,
wher ei n t he, tLOWaRldorrREDE A BSERTH anlatholt S5BHk 0% t@&o@\rﬁwwwggm ma to about
5% by weight as a_percentage of total weight.

phar rraceuth‘?ﬁF"‘i‘,gﬁﬁf)‘Bgi‘t’?'%‘ﬁ of claim25, wherein the flowL ai d when present
is present in an anmount of about 1% by weight as a percentage of total

vei ght . 44. The @Mam&%%hﬁ@shmegmus I“@.@remhe%.%dah@é,foa&mner@l n the
fl ow ai d, when present ti cal corrp05| tion

of claim 25°raﬁﬁé‘?’&?erfo‘f‘}f@e’ﬁ’m‘?%?Se"‘\mf’é‘r?”‘ﬁﬁ“lég%aﬁ?“w25%&"@%2 o el Baount  of
up to aboutpeh¥tadayf vl gdightas a percentage of total weight. 46. The
pharmaceutical conposition of claim25, wherein the buffer, when present,
is present in an_anount of about 2% by weight as a percentage of total
wei ght . #7. Thee RS‘HFQFFF&E‘@W’E%H‘“OBBﬁ‘i.’;%‘@?vl“ﬁ‘ﬁ’e‘aft“‘“’cﬁ“ﬁ"W‘ZSS“‘ R¥er ei n t he
buf fer, whefsndpfies et 97%30 s6k9SVCht weadh€as a percentage difotal Wegghphar maceut i cal
conposi tion of claim25, wherein: the al pha-hydroxy car boxylic acid or
bet a- hydroxy carboxylic acid is citric acid; Ais 0; Wis isobutyl; W is
hydrogen, Cl4 al¥phaffheehampespgat comppptionn cla 25, thepin te FHeiRTEFIGRSY: P i s
W C(0)-; | tamdubtof hi®it 98% to about 99.75%, by weight as a percentage of total weight.

35. The pharmaceutical composition of claim 25, wherein the filler is present in an

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

36. The pharmaceutical composition of claim 25, wherein the filler is selected from the
group consisting of powdered cellulose, microcrystalline cellulose, silicified microcrystatline
cellulose, low-moisture microcrystalline celiulose, 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 microcrystaliine ceflulose, 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.

30, 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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Inis O0or 1; the filler is selected fromthe group consisting of

| ow- noi sture mcrocrystalline cellul ose, sodiumstarch glycol at e,
pregel et ani zed starch, and m xtures thereof; and the |ubricant, when
present, is magnesium stearate. 49. The pharmaceutical conposition of claim
25, wherein the conpound of formula (/) is represented by conpounds (I-1),

(1-15), or (I- 18)4:0. 0, Tﬁe! ﬁh%:%‘)acc:u(iéaf JD%)p[DSiIFOP%f leiiJr1|2?.{\\ihie:r%in§ gallu ?i%aeg wLé’nOé)ersénrtle group

consi sting of |ow noisture rnicrocrystalline ce ulosh, Sodi um st ar ch
gl ycol ate, pieEHe] Emis gFatp @psstishorf migeesinisedrte glyeand pehshate, Ayddosertusd vabeble ant |
when present gil, iaf, HBGRES WAkHMSRERE SucrSE stealAk€ sqNAT MRS LI GR! ang ANRRS! t1 0N of
claim 25, whgrein: the al pha-hydroxy carboxylic acid or beta-hydroxy
carboxylic acrd is citric acid; Ais 0; R" is isobutyl; Rai is hydrogen,
Cl aliphatic, -(0-12)CH2-RD, or Pis r-C(0)-; 12" is -RD;, inis 0 or 1; the
filler is selected. fromghiehaghtddPeobPBifiiod bf dGm 0F, wherdin MRiLsbkibHHEis magnesium
nicrocrystalg n%.cellulose, sodi um starch glycol ate, pregel etanized

u

i
starch, and Xt ur es t hereof; the lubricant, when present, is nagnesium

stearate; the flow aid, when present, is talc; and
42, The pharmaceutical composition of claim 25, wherein the flow-aid, when present, is

present in an amount of up to about 5%, by weight as a percentage of total weight.

43. The pharmaceutical composition of claim 25, wherein the flow-aid, when present is

present in an amount of about 1%, by weight as a percentage of total weight.

44. The pharmaceutical composition of claim 25, wherein the flow-aid, when present, is

talc.

43, The pharmaceutical composition of claim 25, wherein the buffer, when present, is

present in an amount of up to about 5%, by weight as a percentage of total weight.

46. The pharmaceutical composition of claim 25, wherein the buffer, when present, is

present in an amount of about 2%, by weight as a percentage of total weight.

47. The pharmaceutical composition of claim 25, wherein the buffer, when present, is

sodium citrate.

48. The pharmaceutical composition of claim 25, wherein:
the alpha-hydroxy carboxylic acid or beta-hydroxy carboxylic acid is citric acid;
Ais(;
R%is isobutyl;
R™ is hydrogen, C, aliphatic, -(CH;)n-CH,-R®, or -(CH,),-CH(R*)-OR™:
P is R“.C(0)-;
R°is -R%;

misOori;
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the buffer, when present, is sodiumcitrate. 51. The pharnmaceutica
conposition of claim25, wherein the conpound of formula (1) is represented
by conpounds (1-1), (1-15) or (1-18): O the filler is selected fromthe
group consisting of | ow noisture mcrocrystalline cellulose, sodiumstarch
gl ycol ate, pregel etani zed starch, and m xtures thereof; the |ubricant, when
present, is ntgfibsiumegtddemhegrogprensishiegpf fvdmoisire migspeasehipe ceflgosg.gpdivm and
the buffer, whenRhg56M 0, plefelMREAME, iidtifureDBerdrphdr maceut i cal
conposition conprising the conmpound of formula (l1-1): 0 O 106- or a
crystal i ne f o mbtitret, ebdn,pregent.iid thgnresivarsdaopt i onal |y a | ubricant. 53The

phar maceuti cal conposition of claimb52, wherein: the filler is selected

fromthe group consisting of | ow noisture mcrocrystalline cellul ose,
sodi um starch gl4col dbeRhareyifabicarpion k¥ Aneh, Y88 mi xtures thereof; and

the lubricant, when ent S _magnesi um st ear . .54. The
phar maceut i cafheg%nﬁﬁ%‘gd;cﬁioo“ﬁu%f ‘élrcgfeg%nggl?y Wher el %&%‘ﬁé"ks?’;?é?éﬂ'i ne formis
Form 2. 55. The pharmaceutical conposhtion of claim52, wherein the

pharmaceutical conposition optionally furtherjjconprises a flowaid, and

optionally further conprises @ b@fer. e pharnmaceuti cal

conposition of claimb55, wherg] nHt ted fromthe group

consi sting of | ow npoisture cryst , sodium starch

gl ycol ate, pregel etani zed s , and(ﬁixﬁﬁies t KPS ;
Ci

(-1
o)
o)
H [ COQH
EN\ NN Mo
N H o '\r CO,H
(I-15)
o

(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;
AisO;
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the lubricant, when present, is nmagnesium stearate; the flow aid, when
present, is talc; and the buffer, when present, is sodiumcitrate.

57. A unit dose pharmaceutical conposition conprising the conpound of
formula (1-1), or a crystalline formthereof, wherein the conmpound of
formula (1-1) is present in an anmount equivalent on a nolar weight basis of
about 0.1 ngy t@u,@ggwtﬁ 0 ng of the conpound of forrmula (VIII-1).

58. A unit dose phar rraceutl cal conposition conprising about 0.143 ng to
about 4.3 ny oR"tdgdegmpoyacbhafc, fommutd-K® orl{cH,RrcHareLyt.al | i ne form

t hereof, neasured as about 0.1 ng to about 3.0 ng of the conpound of

formula (VI11*Pidhi-GiOwei ght for wei ght basis. 59. A pharnmaceuti cal
conposition conprl%lng t he conpound of fornula (/): RalzZi HN--Nritf8 Z2
0 na A or a c‘Fy‘%taI line formthereof, a bulking agent; and a buffer;

wherein: Ais O ‘%fjllér or 2; P is hydrogen or an am no-group- bl ocki ng noi ety,
Ra is hydrogen é ali phatl c, Cl4 fluoroaliphatic, -(CH2)", - CH2- Ra,

(CH2)", - CH2- NH%?I‘P!?%H‘E&% from( Q’%l@_? cgé'%tmgg}‘fo@%&smr %&g@éﬁ% g)'\l(@é% I:?4) 2

(CH2)",-CH(R6) N(R4) 2, -
hydrogen, Cl4 al |S‘Bf‘f5§]iyﬁ" a‘TR‘e%e‘@f‘al"ﬁﬁf’rﬁff'é‘Ihr 396 aptgres t*“'T(’T‘BIEIZ) n, - CH2- Ra,

the lubricant, when present, is magnesium stearate;
the flow-aid, when present, is talc; and

the buffer, when present, is sodium citrate.

51. The pharmaceutical composition of claim 25, wherein
the compound of formula (I} is represented by compounds (I-1), (1-15) or (I-18):

O
Ci O

N & CO,H
N’Wr
\I/ CO.H
Cl

(I-n)
0
N B COzH
E j)LN -
H
P CO,H
(I-15)
o,
4’4 £ ].coH
v “
COH
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(CH2), n- CH2- NHC(=NR4) NH- Y, -(CH2)-CH2-CON(R4)2, -(01.2).-CH2-N(R4) CON(R4) 2,
(CH2)-CH(R 6) N(R4)2, -(0-12)",-CH(R5a)-0R5a, or -(CH2)",-CH(R5)-SR5; each
W2 i ndependently is hydrogen, Cl4 aliphatic, Cl1 fluoroaliphatic,

-(CH2) ", -CH2-11.8, -(CH2)",-CH2-NHC(=N12. 4) NH Y, -(CH2)",-CH2' CON(124) 2,
-(al2)",-CH2- N(R4) CON(R4) 2, -(CH2)",-CH(R6) N(R4) 2, -(CH2)-CH(R5a)-0R51', or
-(012) - CH(R5) - SR5; each Ra independent | §I-18; a substituted or unsubstituted
nmono- or bicyclic ring stem each R4 indep endentlcy h dr?ﬂ ({5

Substi tuted ofe filksisepsedlt °é‘bfh%1$fi’”p9ﬁa‘tsl*‘&“8 oA ORI BY 6%%?&3“‘ FFREESP U el v
group; or two R4taeh glydidas piggelduntzedxgmeh, @kl anyutatkedft oget her with t he
nitrogen atom forma substituted or unsubstituted 4- to 8-nenbered

het erocycl y1 F*’Fh@fi%awwmpquw adufigedsiom segraehe nitrogen atom 0-2 ring

het er oat ons |nde t sel ec ed fromN, 0, and S; each R5 independently
i s hydrogen OF“"Q ﬂ s‘{}fef’ " ﬁfaﬁnﬂ’é’ubstl tuted aliphatic, aryl, heteroaryl,
or heterocycl endently is hydrogen or a substltuted
or unsubstitut%agge?’i pﬁnﬁgsgm lg{r?{)?;|lﬁnqﬂuéaa'?'eroaryl or heterocyclyl group; each
1156 i ndependently is hydrogen or a substltuted or unsubstituted aliphatic,
aryl, heteroaryls2. or Apaireaeayal php@tionu@mpasdsdthRemphda peiodent(-y):1 s a
substituted or unsubstituted aliphatic, aryl, or heteroaryl group; Y is
hydrogen, -CN, or -NO2; mis 0, 1, or 2; and Z1 a®#l Z2 together forma

noi ety derived from an al pha-hydr %iy ar boxylic d, wherein the atom
attached to boron in each case is jan gxygen kto orl_gb,and Z2 toget her
forma noiety derived froma bet Mo cid, wherein the atom
attached to boron in each case i oxger atom 60. The

phar maceuti cal conposition of clafyh 59, wherein e bupﬁl ng agent is
present in an anmount of about 1% wjfiv to about 5% w/ v. i 61. The

phar maceut i cal conposition of claimb59, wherein the bul king agent is
present in an amount of about 3% wv. (1.4 62. The pharnaceuti cal
conposition of claimb59, wherein the bu(l ki ng agent is glycine. 63.
The phar macguylchéalindonpPastdf] Mle@ indob@dnMy2Qubrishier ei n the buffer is sodium
citrate, and citric acid. 64. The pharnmaceutical conposition of

cl ai m 59, wherein the al pha-hydroxy carboxylic acid or beta-hydroxy
carboxylic aci d3®s ciThgphermeequieal gympesityn ofidgmi33, whewsisut yl ; Ral is hydrogen,

9;6_ E:DI ppqait ISC gflg_lmz e}ectedcflr_clazm tﬁeBgrouprcorxsgstmg f low- mglﬁgr%)nngo%%%tallme ceﬁu[ose 3%1 n)l

starch glycolate, pregeletanized starch, and mixtures thereot; 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 celtulose, sodium

starch glycolate, pregeletanized starch, and mixiures 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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t he bul king agent is glycine; and the buffer is sodiumcitrate. and citric
acid. 65. The pharmaceutical conposition of claim59 wherein the conpound
of formula (/) is represented by conmpounds (1-1), (1-15) or (1-18): O
(1-15) (1-18); the bulking agent is glycine; and the buffer is sodium
citrate, and citric acid. 66. A pharmaceutical conposition

conprising th e C 03’7130 u U’dunﬂfdosfe ‘Bﬁarf‘ﬁ’!elc@uticzél):odﬂbszﬂorl %ngmirlglﬂze%gmp W%‘r ft&rmula 'ﬁ(ll)

wherein: Ais I hydr ogen or an am no- gr oup- cking noiety;
Ra is hydr og&H C”ﬁ? lige éf"i’ B‘Ffﬁ‘ffl %here(‘flm%“’fnl’%? BiPipyhat- pds Presﬁ'@l"l?")“"“mp‘aqr Re,

ACH2) ", - CH2- dBatedRn 4 jriddlak Weight $aisia!) dbout CliZnpGONE L. 040 0f the compound of formula

-(CHZ) .- CH2- NgWIGON(R4) 2, - (012)", - CH(R6) N(124) 2, -(CH2)", - CH(R56) - OR5b, or
-(CH2)6,-CH(R5)-SW W is hydrogen, C .6 aliphatic, Cl.6 fluoroaliphatic,
-(CH2)",-CH2-RB, -(CH2)",-CH2- NHC(=NR4)NHY, -(CH2)", - CH2- CON(R4) 2,

- (CH2) 11, - CH244( 1:84) C@N(pRYidse phaidic Tklin®)inlecd hpidsing ab ot ) 43-rkgHl R2004-0RPb, or

-(CH2) ", - CH( gﬁﬂe‘c%%ound of formula (I-1), or a crystalline form thereof, measured as about 0.1 mg to about
3.0 mg of the compound of formula (VIII-1}, on a weight for weight basis.

39. A pharmaceuatical composition comprising the compound of formula (I):

Rat 1

Z

i

)\rr B
R&H

N

or a crystalline form thereof, a bulking agent; and a buffer;
wherein:

Ais0,I,or2;

P is hydrogen or an amino-group-blocking moiety;

R"is hydrogen, Cy aliphatic, C; ¢ fluoroaliphatic, -(CH,),.-CH,-R®,

-(CHy)-CH,-NHC(=NR*)NH-Y, -(CH,),,-CHs-CON(R*);, -(CH3),.-CH,-N(R»CON(R®),,
~(CH2)mCH(RO)N(R )2, -(CH,)-CH(R*)-OR®, or -(CH,),-CH(R®)-SR®:

R is hydrogen, Cy aliphatic, Cy.¢ fluoroaliphatic, -(CHa),-CH»-R®,
-(CHz)p-CH,-NHC(=NR")NH-Y, -(CH,),,-CH,-CON(R*);, -(CH,),,-CH,-N(R)YCON(R*),,
-(CH)m-CHRON(R®),, -(CHy),.-CH(R™)-OR™, or -(CH,),-CH(R®)-SR’;

each R¥ independently is hydrogen, Ci aliphatic, C, 4 fluoroaliphatic, -(CH,),,-CH,-RE,
-(CHy),p-CH,-NHC(=NR*)NH-Y, -(CH,),.-CH,-CON(R*);, -(CH,),.-CH,-N(R)HCON(R"),,
-(CHy)n-CH(RIN(R*),, «(CHy),-CH(R™)-OR™, 01 -(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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each W2 independently is hydrogen, Cl4 aliphatic, Cho fluoroaliphatic,
-(CH2), 0- CH2428, -(CH2)", - CH2- N'I'—|C( =NR4) NH- Y, -(CH2)",-CH2- CON(R4) 2,

-(CH2) - CH2- N(W CON(R4) 2, - (CH2) ", -CH(R6) N(R4) 2, -(CH2),,, - CH(R56)- OR56, or
-(CH2) ", - CH(12. 5) - S125; each RB independently is a substituted or
unsubstituted nono- or bicyclic ring system each 12.4 independently is
hydr ogen or acashBstfsredatyorhydieeares ¢ suptituey oapisphsaiuied alihptip) aryistewpdladty | | or
het erocycl yl gr odgsocRiyl k&, 12. 4 on the sane nitrogen atom taken toget her

with the nitrogen atom forma substituted or unsubstituted 4- to

8- nenber ed hetehaﬁy@bgchdm!lnghwmgﬁmgasubamatd@lmtunwhstmadtahﬂmm trybbreaeaad.om  0- 2
ring het eroatom;‘e;e;g,g)ec ghtly selected fromN, 0, and S; each 126

i ndependently is hydrogen or a substituted or unsubstituted aliphatic,

aryl, het er oaeyh R*Gidepradeanpie ydrogkn GraQuiptitu@astuniofinidichapand ent hyerdasyi oy dr ogen
or a substituted or un %IQE?SI tuted aliphatic, aryl, heteroaryl, or

het erocycl yl group; € 6 i ndependently is hydrogen or a substituted or
unsubsti t ut ede@hkpmaépwdem@nsvd subs Rt bPFHE s tiruted alPRhi€ 208 E he¥droad) 9@@ each R6
i ndependently is a substituted or unsubstituted aliphatic, aryl, or

het er oaryl gr quphyddbges-dNdr-ogen, -CN, or -NO2; inis 0, 1, or 2; and Z1
and V together forma noiety derived froman al pha-hydroxy car boxyl ic acid,

wherein the aton®.dierdeddd to boron in each case is an oxygen atom or Z'
and V together, forma noiety derived froma beta- hydroﬁ% car boxyl | c acid,

wherein the atzo‘ﬁ‘ldgt fogehee &7 8 "B ST oA raR amalphadhydrory carhonilic gridh Whtrghihe

67. The phar nmac etin g@athed GIPOS intechddrraefis aloayean f6m; ok B 4nh &F ogeapioins i Mgeta

bul ki ng agent, f.hel s T i . iti.on of
claim 67, wher e?j’%g\{e fxlgﬁx bE(IE ydr?’;é carbox; IyE@aadle?eaeEﬂﬁém gtﬁgﬂeggclbogogrq)eg& chde

phar maceut i cal cwws&ema'@w of clai m 67, wherein the buffer is sodium
citrate and citric acid. 70. The phar maceuti cal conposition of claim
67, wherein the al ph X t roxy, . lic
acidis citric aégl d; %Rp%/hqf"% %ﬁ&%o tlgm%f%glm%? he't%% r%}% %g%ilgégsgﬁwhatl c,
-(CH2) " _ CHRLamemnt ofgbom WOSW’F@-‘-"@QL@?%W’YLZ' is -RD; | n |s 0 or!; the bul king
agent |s glycine; and the buffer is sodium C|trate and citric acid. 71.

;l'lh)e nga‘:: rergfggte:‘]%gld b?ﬂ%%sa}rgalce% dca (ampis)anon ()Fciﬁf wh%:laelt} Af%e) lkﬂ]gngenp:s gres%r]:t “1: ormul a

an amount of about 3% wi/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;
AisO;
R® is isobutyl;
R is hydrogen, C\ aliphatic, (CH,),-CHz-R®, or -(CH,),.-CH(R*)-OR™;
P is R*-C({O}-;
R®is -R%;

misQorl;
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(1-15) (1-18); the bulking agent is glycine; and the buffer is sodium
citrate, and citric acid. 72. A unit dose pharmaceutical conposition
conprising the conmpound of formula (1-1), in a |yophilized powder: wherein:
t he conpound of fornula (1-1) is present in an anount equival ent on a nol ar
wei ght basis of about 1 ng to about 5 ng of the conmpound of formula
(VIii-1). the béRing 28 it dnedp@de pharnaceutical conposition of claim 72,
wherein the conpound of forrmula (1-1) is present in an anount equival ent on
a nol ar wei ght tHesffes isgbdiabdudre. 3nditi®acaf. t he conpound of fornula (V111-1).
74. The unit dose pharnaceutical conposition of claim72, wherein the

phar maceuti cal conposition further conprises glycine, sodiumcitrate and
citric acid. 65. 7gm”*ﬂﬁmﬁﬁWF“@6§@mBH8?%%Eg%ﬁh%%? conposition of claim

74, wherein th mount lycine present is ahoyt 0.01g to about 0.50g.
76. The unit d§§§°%‘%WH@%%ﬁ?gﬁg?“@%ﬁﬁ8§9¥?ﬁwmﬂgs@ﬂb%ﬂﬁ%gﬁLH%érein t he
sodiumcitrate and citric acid is present in g anount equi val ent to about

0.005 g to about 0.250 g of citrate ion. 77. A unit dose
phar maceutical conposition confiri € ng the,c ownd of formula (1-15), in a
K1 of 1 lebiren

| yophi li zed powder: wherein: _Xhellconpou (1-15) is present in
an anount equivalent on a m) 'ﬁ%as?—’é & ahout 1 ng to about 5 ng of
t he conpound of fornmula (VI ~) 0O Th€Oghi t dose pharmaceutica
conposition of claim77, whereln the conpoundl of fornmula (1-15) is present
in an anount equivalent on a ndlar wei ght basis of about 3.5 ng of the

conpound of forrmula (VIII-15). 79. The unit dose pharnaceutica
conmposi tion of claim 78, wherein the phdF¥aceutical conposition further
conprises glycine, sodiumcitrate and citric acid. 80. The unit dose
phar maceuti cal conposition of claim78 ereidy the amount of glycine
present is about 0.0lg to about 0.50 g 81. The unit dose
pharmaceutical conposition of claDm 78, ﬁperlln tegbsodiun1citrate and
citric acid is present in an ui“QLgmg But 0.005 g to about
0.250 g of citrate ion. I T N T 0
N, O Y COzH
(1-15)
O
CﬁC% o
N H B COH
T N Yo
(F-18);
the bulking agent is glycine; and
the buffer is sodium citrate, and citric acid.
66. A pharmaceutical composition comprising the compound of formula () in a

lyophilized powder:
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82. A nethod for preparation of a pharmaceutical conposition of the conpound
(I-1) as a lyophilized powder, the nmethod conprising the steps:
(f-1)conbining: i. water; ii. the conpound (1-1); glycine; iv. sodium
citrate; and v. citric acid; to forma mxture; and (f-2)lyophilizing the
m xture. 83.A method for the preparation of a pharnmaceutical conposition of
the conmpound (I- 15) as a |yophilize pomder t e method conprising the

steps (g- |)conbining: i. an apHeo oﬁ@enp m ture conpri sing water and
tert-butyl alcohol; ii. the NQLJB bycine; iv. sodium
citrate; and v. C|tr|c aC|d ture and (g-2)lyophilizing the

m xture. 84. The net hod of clal ereF% t%e tert-butyl alcohol in the
aqueous sol vent m xture |s present i n"an anmount of about 3% v/v tdéDabout 6%
viv tert-butyl alcohol A nmethod for the preparation of a pharmaceuti cal

conposi tion of*hemkE: conpound (1-1) as a liquid pharnmaceutical dosage form
sai d process con§r|5|ng the step of reconstituting a | yophilized powder of
t he conpound ) %CCordlng to claim72 with water for injection.

P is hydrogen or an amino-group-blocking moiety;

R® is hydrogen, C,.¢ aliphatic, C;¢ fluoroaliphatic, ~(CH,)-CH,-RE,
-(CH3)-CH,-NHC(=NRYNH-Y, -(CH,),,-CH;-CON(R"),, -(CH3),,-CH,-N(RHYCON(R"Y),,
«(CH2)m-CHRON(R®);, -(CH)- CH(R™)-OR™, or -(CH,),-CH(R®)-SR;

R¥ is hydrogen, C,; aliphatic, C fluoroaliphatic, -(CH,)-CH,-R",
-(CHy),-CH,-NHC(=NR*)NH-Y, -(CH,),,-CH,-CON(R";, (CH;),,-CH2-N(RY)CON(R"),,
-(CH2)-CHR®N(R ), -(CHy)-CH(R™)-OR™, or -(CH,),-CH(R?)-SR’;

each R independently is hydrogen, C ¢ aliphatic, C, 5 fluorcaliphatic, -(CHy),-CH,-R®,
-(CH,),-CH-NHC(=NR*NH-Y, -(CH,),-CH,-CON(R®);, -(CH,)m-CH,-N(RHCON(RY);,
«(CH;)»-CH(R®)N(R),, -(CHy),-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 §;

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 -NQO;;

mis0,1,or2; and
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86. A nethod for the preparation of s pharmaceutical conposition of the
conpound (1- 15) as a liquid pharmaceutical dosage form said nethod
conprising the step of reconstituting a | yophilized powder of the conpound
(1-15) according to claim77 with water for injection. 87.Aliquid
pharmaceutical conposition conprising the conpound of formula (/): H(;)z1 H
- 11INY3- 72 a2 Hz0u0fz? gdhek fbim o Aol GrREd rréHigh BRI QAL LYoy hORIACI e dTRII T1 er ;
wherein: Ais 0,n1, %% 5; 31?séhgdfogeﬁ orzgﬁ aﬁ?nafgrgﬂﬁgg bé%%ﬁga%niety;
Ra i s hydrogen, EP™@tapnedspherpin eqch cg5e g oipyas qgh at 4 @nd Z'(Qephyrformanprigp,
-(CL1-12),,, - CF12g&iHef from NR4Y-INkroXy cart{ofhtte Jaei e @N(eRRE, attached to boron in each case
-(CH2).-CH2-N(12,§%QEE¥5§&§, -(CH2) m CH(R6) N(12. 52, -(CH2)CH(R6)-0r, or
-(CH2),-CH(R5)-S§ ; I'S hydrogen, Cl1.6 aliphatic, Cl1:5 fluoroaliphatic,
-(CH2) ", -CH2-128, -(CH2),,-CH2-NHC( =NR4)NH Y, -(CH2)",-CH2- CON(R4) 2,
-(C112) ", - CH2- N( B#) CON(eRpfdrdhacenticaldmnpositiclibRe) iNGdl Zurdtdrdompr(sfabid hutihl 22ak)and R56,
or -(CH2)-01Q%%§)-SR5; each 1r2 independently is hydrogen, Cl4 aliphatic,
G -6 fluoroallphatic, -(CH2)",-CH2-128, -(CH2)", - CH2- NHC(. - - - NR4) NH- Y,
-(CH2) ", -CH2- CON(12.4)2, -(CH2)-CH2-N(124)CON(R4)2, (CH2)-CH(R6)N(R4) 2,
- (CH2) - CH(RS) - OR58, OThephitmichdicarcoitpdSiopn SiRRRim 68 GHeEBE BHRRENSQ M diYinkS a
substituted or unsubstituted nono- or bicyclic ring system each R4
i ndependently is hydrogen or a substituted or unsubstituted aliphatic,
aryl, heteroaryl 8%or Hetpbrraespetoylcogpasigpn ofshaim (b wierein e bifEer is spdiurmdirateogeén
atom taken dwagetdner with the nitrogen atom forma substituted or
unsubstituted 4- to 8-nenbered heterocyclyl ring having, in addition to the
nitrogen atom 0-2 ring heteroatons independently selected fromN, 0, and
S; each R5 i ndepéhdenthophirgudsyiselsguppsien of chimbét whatied or unsubsti tut ed
aliphatic, ar ytlhé alpl %th?/{lrg)?; ézlul'bbxy?ig ac?deér%gtgg)}/dgclrx¥ lcarggxg')llijcpa’cid is citric acid;

Alis(;

R®is isobutyl;

R is hydrogen, Cy ¢ aliphatic, -(CH,),-CH,-R®, or -(CH,),-CH(R™)-OR™;

P is R-C(O)-;

R°is -R";

misQor |k,

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 (f) is represented by compounds (¥-1), (I-15) or (I-18):

O

} CO.H

O H

N_ _B
N ~ B0
Ny

Y COaH
Cl )

I

Cl

(I-1)
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each R56 independently is hydrogen or a substituted or unsubstituted
aliphatic, aryl, heteroaryl, or heterocyclyl group; each R56 independently
i s hydrogen or a substituted or unsubstituted aliphatic, aryl, heteroaryl,
or heterocyclyl group; each R6 independently is a substituted or
unsubstituted aliphatic, aryl, or heteroaryl group; Y is hydrogen, -CN, or
-N®2; rnis O, I, or 2; and Z1 and Z2 cnetheé forma noiety derived from
an al pha- hydroxy carboxylic acid, whe @5 t hefjat om attached to boron in
each case is an oxygen atom or &l ape t er forma noiety derived
from a beta- hydroxy carboxyliﬁ aqj d, Jwhe Eiﬁ t he.Gd4in att ached to boron in

< -

he

each case is an oxygen atom N $5. eofiyui d pharmaceuti ca
conposition of claim87, wh he toni &ty no idJrer, when present, is
sodi um chl ori de. 89.NThe Iiquid gh§¥aaceut|cal conposition of
claim 87, wherein the buffer is sodiumcitrate, and citric acid.

90. The liquid pharnmaceutical conposition of claim87 wherein: the

al pha- hydroxy carboxylic acid or beta-Hy#Poxy carboxylic acid is citric
acid; Ais 0; 1r is isobutyl; Rai is hydrogen, Cl.6 aliphatic,
-(CH2) ", -CH2-RB, or -(CH2)"-CH(R5a)- b; Pis I§-C(0)-; 11." is -RD;, inis
O or 1; the buffer is sodj citrigragid; and the tonicity

nodi fier, when present, i deH C@®H A unit dose liquid
phar maceuti cal comnposition~co I¥yn h S%npgun f formula (1-1):

wherei n: the conpound of fornulla_gh- 14 i&gpréQ%gx atx%hponcentration of

about 0.5 ng/mM to about 3 ng/mM~of the conpouffd of formula (V111-1).
92. The unit dose liquid pharmaceutical conposi'tion of claim91, further
conprising sodiumcitrate, citric acid qp@nsodiunlchloride.

the bulking agent is glycine; and

the buffer is sodium citrate, and citric acid.

2. A unit dose pharmaceutical composition comprising the compound of formula (I-1),

in a lyophilized powder:
O

¢ )coH

O H
N._- B~
N ~TT0
H/\ror x

\\r/ CO,H
Cl .

I

Cl

(I-1)
wherein:

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 (VIIE-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 formuta (VHI-1).
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93. A nethod for treating cancer, conprising the administration of a
therapeutically effective amount of the pharnaceutical conposition of any
one of clains 24, 52, 57, 58, 59, 72, 77, and 87.

74. The unit dose pharmaceutical composition of ciaim 72, wherein the pharmaceutical

composition further comprises glycine, sodium citrate and citric acid.

75. The unit dose pharmaceutical composition of ¢laim 74, wherein the amount of

glycine present is about 0.01g to about 6.50 g.

76. The unit dose pharmaceutical composition of claim 74, 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.

17. A unit dose pharmaceutical composition comprising the compound of formula (E-15),

in a lyophilized powder:

COH
(I-15);

wherein:

the compound of formula (I-15) is present in an amount equivalent on 2 molar weight basis of

about 1 mg to about 5 mg 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 2an amount equivalent on a molar weight basis of about 3.5 mg of the

compound of formula (VEIE-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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B2. A method for preparation of a pharmaceutical composition of the compound (I-1) as a
lyophilized powder, the method comprising the steps:
(f-1) combining:
i. water;
ii. the compound (I-1);
iii. glycine;
iv. sodium citrate; and
v. citric acid; to form a mixture; and

(f-2) lyophilizing the mixture.

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-1) combining:

i. an agueous solvent mixture comprising water and tert-buty! alcehol;

ii. the compound (VIII-15);

iii. glycine;

1v. sodium citrate; and

v. citric acid; to form a mixture; and

(g-2) Iyophilizing 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 pbarmaceutical 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 (1-
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 (1)
H O Ra! H . '{1
N
P N NBrz2
Haa H 0 éa
A )
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a buffer, and optionally a tonicity modifier;
wherein:

Ais(,1,0r2;

P is hydrogen or an amino-group-blocking moiety;

R® is hydrogen, Cy.5 aliphatic, C,. fluoroaliphatic, -(CHy),.-CH,-R?,
+(CHy)-CHy-NHC(=NR*)NH-Y, -(CH;),-CH,-CON(R*);, -(CH,),,-CH,-N(RHCON(R*),,
-{CH2),-CH(RON(R )2, -(CH,),,-CH(R™-OR™, or -(CH2),,-CH(R%)-SR’;

R" is hydrogen, C,4 aliphatic, C, ¢ fluoroaliphatic, -(CHy),,-CH,-R®,
-(CH2),,-CH,-NHC(=NRYNH-Y, -(CHy)p-CHa-CON(R?),, -(CH3),.-CH,-N(R*JCON(R®),,

~«(CHp)n- CHROIN(R®),, -(CH2)m-CH(R™)-OR™, or -(CHy),.-CH(R®)-SR;

each R¥ independently is hydrogen, Ci. aliphatic, Cy ¢ fluoroaliphatic, -(CHz)-CH»-R5,
-{CHy),.-CH,-NHC(=NR*NH-Y, -(CH,),.-CH,-CON(R"),, -(CH,),,-CH,-N(R*JCON(R",,
«(CHz)w-CHR*N(R®),, -(CH,)»-CH(R™)-OR™, or -(CH;),-CH(R®)-SR’;

each R” independently is a substituted or unsubstituted mono- or bicyclic ring systen;

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 -NOy;
mis @, I, or2; 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 alom.
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B8. The liquid pharmaceutical composition of claim 87, wherein the tonicity modifier,

when present, is sodium chloride.

89. The liguid 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;
AisO;
R" is isobutyl;
R* is hydrogen, C,. aliphatic, -(CH,),,-CH,-R®, or -(CH,),,-CH(R**)-OR;
P is R*-C(O)-;
R®is -R®;
misQorl,
the buffer is sodium citrate and citric acid; and

the tonicity modifier, when present, is sodium chloride.

91. A unit dose Hquid pharmaceutical composition comprising the compound of formula
(I-1):
O

¢ 9 H g COzH
ﬁz\n, \:, 0

Cl ;
(I-1

wherein:

the compound of formula (I-1) is present at a concentration of about 0.5 mg/m! to about 3 mg/ml

of the compound of formuta (VIII-1).

92. The unit dose liquid pharmaceutical composition of claim 91, further comprising

sodium citrate, citric acid and sodium chioride.
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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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