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Docket No. MPI 04- 044P1RWO M BACKGROUND OFTHE
WORMBENITION Fi el d of the Invention [001] This | RECEMSRME009774
relates to the synthesis of boronic ester and acid
conmpounds. More particularly, the invention relates to
| arge-scal e synthetic processes for the preparation of
boroni c ester and acid conpounds by Lewi s acid
pronot ed rearrangenent of boron "ate" conpl exes.
Background of the Invention [002] Boronic acid and
ester conpounds display a variety of pharmaceutically
useful biological activities. Shenvi et al., U S. Pat.
No. 4,49 j t ' I C
acids ar gygﬁﬁ%ﬁ}gg’??% @g&rggfﬁl{ 6&@% é%ﬁ@ﬁgﬁ%%
Kettner and Shefftiorney, IZckerd¥o. MEBO4-GLAPEY WIBYD) ( 1993) ,
U S. Pat. No. 5,242,904 (1993), and U. S. Pat. No.
5,250, 720 (1993), describe a class of peptide boronic
acids that inhibit trypsin-like proteases. Kl eeman et
al., US Pat. No. 5,169,841 (1992), discloses
N-termnally nodified peptide boronic acids that
inhibit the action of renin. Kinder et al, U S Pat.
No. 5, 106,948 (1992), discloses that certain
tripeptide boronic acid conpounds inhibit the growh
of cancer cel|ls. BAGKSIREEND QEIHFINVENIIOMi ¢ aci d and
ester conpounds have displ ayed particul ar prom se as
Higddd bbthé 0fvendn t he proteasone, a nmulticatal ytic
prot ease responsible for the majority of intracellul ar
[po1bt ei n t Titin oweritionGelaeh &b 8Fnthdsldf borbflic edidr ahll cHABAounds.

i sclos t hat. the. proteasaone is the _proteol ytic _
5 SRR P iSRG EF o e LT B REses rfhe preparation
ofborohic psiat anidrsidavepbandpdtyd@dwiicidiagindedirearanlg¥ment of boron "ate"
Cconkyggtion to multiple nol ecules of ubiquitin.
gi'Echanover al so discl oses that the
ubi qui ti n- prot easone pathway plays a key role in a
Bagkgreund afthe Inyemtibant physi ol ogi cal processes. [ 004]

Adans et al., U S. Patent No. 5,780,454 (1998), U. S.
(893} ent NoBorenigegd 7adegtaronpoundsSisplatacnrietiof phard8es 8iodly

u%%gpr%%lgéigél g%tévl?@etse §ltlenupet ap, ’U2§ Z”a? ?\TZ) 4,2@%) (195%5) ,Sdisc?cﬁgsetﬂgt peptide
boronic acids are inhibitors of certain proteolytic enzymes. Kettner and Shenvi, U.S. Pat. No.
5,187,157 (1993), U.S. Pat. No. 5,242,904 (1993), and U.S. Pat. No. 5,250,720 (1993), describe a
class of peptide boronic acids that inhibit trypsin-like proteases. Kleeman et al., U.S. Pat. No.
5,169,841 (1992), discloses N-terminally modified peptide boronic acids that inhibit the
action of renin. Kinder et al., U.S. Pat. No. 5,106,948 (1992), discloses that certain tripeptide

boronic acid compounds inhibit the growth of cancer cells.

[003] More recently, boronic acid and ester compounds have displayed particular
promise as inhibitors of the proteasome, a multicatalytic protease responsible for the
majority of intracellular protein turnover. Ciechanover, Cell, 79: 13-21 (1994), discloses that
the proteasome is the proteolytic component of the ubiquitin-proteasome pathway, in which
proteins are targeted for degradation by conjugation to multiple molecules of ubiquitin.
Ciechanover also discloses that the ubiquitin-proteasome pathway plays a key role in a

variety of important physiological processes. .



and U.S. Patent No. 6,617,317 (2003), hereby

i ncorporated by reference in their entirety, describe
weoepisiodesobor oni ¢ ester and aci d conpounds usef BCTAS2005/009774

prot easonme inhibitors. The references al so descri be

the use of boronic ester and acid conpounds to reduce

the rate of nuscle protein degradation, to reduce the

activity of NF-kBin a cell, to reduce the rate of

degradation of p53 protein in a cell, to inhibit

[004¢] i N degatiattiah/U.BrPagerg Blol 5,780@54 (1698yi U.S.tHaengNevé, ib6780 (2000),

| J-D. L ae / . AL
et oy Grespt Credladisalbinet ReRl QL 6 Rieahad s s,
and Ri.RiPatenTNo.régqy B 7adash) he{oeﬁg ﬂfg}ﬂ;ﬁ@d&ﬂigﬂzreﬁmj}cé\ﬂﬁﬂl &ir entirety,
f. Fut 27: .1079- , . discl oses
PR ahederoplF aid ot e weFlor bistine Bhbiors. The
refieteinbistalzo dedraibé e Qige llafbor(;]nic eslterland acid corrtpciunds to reguce the rate of
N-2- azj b - Lphenyl al an -_L-leyci neboraqnic
T TR I KT My
depridatiotesi@gs pfdteifidedes, 1 Michibis cydlitl @630dtign & & AICR) inhibit the
eval uation. Richardson et al., New Engl. J. Med.
BB A SANCSs ) 0 IphilybatigeR Rresyntationin a gl fo iphihe NE>KB dependent

cBll bidhesioh, AAnd BN HLV SpRutieg its effectiveness in
treating rel apsed and refractory nultiple nyel ona.

[§0BD6] St u.dibaﬁelrhfndbei%ﬁﬁéDr@ﬁ bfhdFu@ire s @07'9%?1)4’23@2),&11{@%@ that
been. greatly advance t he devel opment chem str
R e I B SHe R QLR AY POUFoBth Q7 ey aingearbony L
pﬁ@ﬂfﬂlﬂbﬂﬂd&blﬁﬁﬁfeb@ruﬁa Eﬂ:ig), ahdasidhaticant a&gﬁhmqr alf:rtévity in/human tumor
al pha- am. noboroni ¢ aci ds, .Matteson I u r .
R BCISTR 1 S a6 i Gny o APs RO GLh iy et Efgh ) Med.
3p8:2908(3003), Rp Pitethe msm&s;&%amaé@ ﬁuﬁ;&ff%aﬁé&zoﬁﬁﬂ@&&ﬁ%ﬁii@ n
f boronjc esters, teson an y, /. em
egﬁ%we%ﬁigﬁgﬁan%%%@@%ﬂ“péﬁ%?W§YPH§WﬁEHWFQFMControI of
honol tion reactipn can be. achieved by the use
B 1 o S S Cpafase mRGE batkTieer Breh{h advanced by the
daVedamantbhelbmisaryifor the pﬂapaﬂgoﬁ st fanctivasped lbﬁﬁmicralﬁfiﬂl cb]g@ounds,
ondi al -chl oroboraoni ¢.esters has SO0 been
R e e v b e A St
ChaR Fd. ;105820 ¥1980)| Hisclodeah atethoidor pﬁeﬁﬁiﬁglﬁﬁaﬁ:ﬂl %8(5))05 o )é%néc esters by
007] Matt.eson, and Sadhu,. U. S, t ent , ,
g ok Ot s B SR A8 7] BSeUdb Chgt Spn 027591 (1980),
rd 1ot eg atiitd tortiol ahehdbolegitRhsedolon @albe aggersEy thd udelde
i nternedi ate bor "at e" co&rleg in the fesgncg of a
P UOTROa SSieaT o e PRoPRIRHOR R APGassRinPRotPRS A AT pgjer
compounds from the corresponding alpha-chloroboronic esters has also been reported
(Matteson et al., |. Am. Chem. Soc., 103:5241 (1981); Shenvi, U.S. Patent No. 4,537,773 (1985)).

[007] Matteson and Sadhu, U.S. Patent No. 4,525,309 (1985), describes an improved
procedure for the homologation of boronic esters by rearrangement of the intermediate
boron "ate" complex in the presence of a Lewis acid catalyst. The Lewis acid is reported to
promote the rearrangement reaction and to minimize epimerization at the alpha-carbon
atom. Rigorous exclusion of water and careful control of Lewis acid stoichiometry are
required for optimum results, however. These features render the reaction difficult to
perform successfully on a production scale, and limit the availability of pharmaceutically

~ important boronic ester and acid compounds, such as bortezomib. Thus, there remainsa
need in the art for improved methods for the large-scale production of boronic ester and

acid compounds.
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[010] The term "about" is used herein to mean approximately, in the region of,
roughly, or around. When the term "about" is used in conjunction with a numerical range, it
modifies that range by extending the boundaries above and below the numerical values set
forth. In general, the term "about" is used herein to modify a numerical value above and

below the stated value by a variance of 10%.
[o11] The term "comprises” is used herein to mean "includes, but is not limited to."

[012] The term "aliphatic”, as used herein, means a straight-chain, branched or
cyclic C,, hydrocarbon which is completely saturated or which contains one or more units
of unsaturation, but which is not aromatic. For example, suitable aliphatic groups include
substituted or unsubstituted linear, branched or cyclic alkyl, alkenyl alkynyl groups and

~ hybrids thereof, such as (cylcoalkyl)alkyl, (cycloalkenyl)alkyl or (cycloalkyl)alkenyl In
various embodiments, the aliphatic group has 1-12, 1-8, 1-6, or 1-4 carbons.
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definitions, will control. In addition, the materials,

nmet hods, and exanples are illustrative only and are
waabosimtsemded to be limting. [010] The term " abows2006009774
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ro tation
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be used when the carbon atom attachin

05 Fr}orgmagpméhcgqrd@aaqogla{hﬁ gingsasychgp degghydronaphthyl or tetrahydronaphthyl
where the radical or point of attachment is on the aliphatic ring.

[016] The terms "haloalkyl", "haloalkenyl” and "haloalkoxy" refer to an alkyl,
alkenyl or alkoxy group, as the case may be, substituted with one or more halogen atoms.
As used herein, the term "halogen" or "halo" means F, C, Br, or I. Unless otherwise
indicated, the terms "alkyl", "alkenyl", and "alkoxy" include haloalkyl, haloalkenyl and

haloalkoxy groups, including, in particular, those with 1-5 fluorine atoms.

[017] The terms "aryl” and "ar-", used alone or as part of a larger moiety, e.g.,

non

“aralkyl", "aralkoxy", or "aryloxyalkyl", refer to a C,, aromatic moiety comprising one to

_three aromatic rings, which are optionally substituted. Preferably, the aryl groupisaC,,,

aryl group. Aryl groups include, without limitation, phenyl, naphthyl, and anthracenyl.

The term "aryl", as used herein, also includes groups in which an aromatic ring is fused to

4.



nol ecul e forns part of a carbon-carbon triple bond.

Al kynyl groups include, without |[imtation, ethynyl,
wa2psmpyReyl , 1-butynyl, 1-pentynyl, and 1-hexyRgi/us2005/009774

[015] The ternms "cycl oal kyl ", "carbocycle",

"carbocyclyl", "carbocyclo", or "carbocyclic", used

al one or as part of a larger noiety, neans a saturated

or partially unsaturated cyclic aliphatic ring system
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@leiop h@t¢ wor-drpgatiy st gansuch aﬂpﬁhrgﬂlqihhlyalﬁhthﬁhﬂt arttethhydronaphthyl,

Vg%{er aelrgé/lceil o %OIHHS g ar%{%ll Udeeritl W ttﬁé’ zl:l’lrto a (r:‘r}lﬁ%alt a enc%% I’?\/Xl',' may be

eyt opent yit,
wydhnérdwlgeabtyywiﬂmﬂexemy'laxylcmy ohept yl, cycl ohept enyl ,
cycl ooctyl, cyclooctenyl, and cyclooctadienyl. In sone

[eHodi ments, atalgl" oy trplalkigl/ Igrdmoﬁlpﬁse{sankaqu grouphevilertymttached

o RS, g PSR enac SO e s
araliggroures Cay ayKUGsetkyl, onabuiing Wlhho‘ll’tdlrmtaillnia,tbenz}drphenethyl, and

EH%E c rings, such as decahydronapht hyl or
Iﬁgtr r'onapht hyl , where the radical or point of

| %?SZFE”F“ DR AP e et R Bl Bl {reer
mapieial &y heteaq>ap(zék])5u org hetaﬂokmidy)x b tefRs to g)s)upﬁh;avmtormying etoms,
pﬁ‘gijgfsaﬂ SU{S %dorWOtrD\ %E gﬁs éaexﬁﬁé B,,aofgl 9?% ,rel:legtrons sthé 8 Cglghc array;

er el ter no
a@d hhvmglnh e@@’aqm t@enm'osetdmmdfrolatoed to ﬁohehett@rpmtsms adléydd'from the

st Rking AR0 0, AdO Mercl A HIRpDRLAAL Wihoub BLARIYE Afdoy,

oxy groups I'nc gar
fwatllvil nyrsolfflb mdm&ylaiymmlyl [t6aZp]yl, Fereazokyt, wgazodyl \isxazuhd,
oxgﬁlazolylvﬂl.éxgﬁ ?158 Elgi?(cﬂgz’[otlyl (r:gyn%?l ?g&%{z r@lp?}l}éﬁdlig%l
szmyﬁwwlcﬁmnddylnbﬂwowﬂe@ngﬁu@yb dé?enmftuhnglemdazolyl
HRRAR a!zgl'yf b&t&ﬁhéa 4 1%9%? Qi%fyi) %%h}b%ol?il E%bl&rﬁ%%%ﬁ}alalzmyl
Oglr@agim}’ﬂ, m\éphibﬁldlwlt }Wéu@mlﬂ, mrba@plyb ncrlcphjelneyid pheapfityhy The terms

"ﬁ@cgro %aol%@é%ar T, SE& é?e £1¥A mcluaes %ﬁﬁgm%?{ Qhe&gijoir%mahc
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roup conprises an ar% group cova ent
tg:frtsa@’qlwha rings that are optlonally substituted. The term "heteroaralkyl" refers to an

alkyl group substituted by a heteroaryl, wherein the alkyl and heteroaryl portions
independently are optionally substituted.

[020] As used herein, the terms "heterocycle”, "heterocyclyl”, or "heterocyclic
radical” refer to a stable 5- to 7-membered monocyclic or 7- 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 to four, heteroatoms selected from the group
consisting of N, O, and S, wherein the nitrogen and sulfur heteroatoms are optionally
oxidized and the nitrogen atoms are optionally quaternized. The 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 ophonally substituted. Examples ofsuch

saturated or partially unsaturated heterocyclic radicals include, without limitation,
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to an al kyl group, either of which independently is
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c&&ﬁbr@ for aff IQaSYa wRaD 8F £ebniRNRA N HidhmShtatrs ifs (Pntegrltg long enough to
nber ed blcycllc het erocyclic noiety that

bé Pﬁ%@rf%félﬁ ayrhetig Parcessas ofi the iInfentiona T plirass, "ormer here swlptituents”,

a!s Oscddi@tein, Qeterds %o £ ARRAPE AR b HIR B Ena® Equil ffom BREHIhARL¥mum
% to four het er oat ons sel ect ed fron1the group
er of substituents possible based on the number of available bonding sites, provided

that the above conditions of stability and chemical feasibility are met.

[023] An aryl (including the aryl moiety in aralkyl, aralkoxy, aryloxyalkyl and the
like) or heteroaryl (including the heteroaryl moiety in heteroaralkyl and heteroarylalkoxy
and the like) group may contain one or more substituents. Examples of suitable substituents
on the unsaturated carbon atom of an aryl or heteroaryl group include -halo, -NO,, -CN, -R*,
-OR*, -SR’, -N(R"),, -NR'C(O)R*, -NR'C(O)N(R"),, -NR'CO,R®, -O-CO,R*, -O-C(O)R*, -CO,R*,
-C(O)R*, -C(O)N(R"),, -OC(O)N(R"),, -S(O),R°, -SO,N(R"),, -S(O)R°, and -NR'SO,N(R"),. Each
R" independently is selected from the group consisting of R*, -C(O)R*, -CO,R*, and -SO,R*,
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, 02 ring

heteroatoms selected from N, O, and S. Each R* independently is hydrogen or an optionally
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consisting of N, O and S, wherein the nitrogen and

sul fur heteroatons are optionally oxidized and the
wai2005mgeRn9 at ons are optional |y quaterni zed. TheCcT/uS2005/009774

heterocyclic ring can be attached to its pendant group

at any heteroatom or carbon atomthat results in a

stable structure, and any of the ring atons can be

optionally substituted. Exanples of such saturated or

partially unsaturated heterocyclic radicals include,

aubbittatet] aliphdtic.airyloRetérehiyh by Bte@beyicBi goup. Each R° independently is an

t et dr ot hi L. i di nyl, lid l,
TRyl 1 ek, P oy

Y MR A —
Eliaaplsp ionytlitable xazipienyd on thdsatizrefd oatbon afh APh@Arbwydr.of a non-

The ter "het erocycle". . "heterocyclyl” n
HBe e eprE Flfine wing Ul Akt ot Gfove for punmaturated
grioopsan eyl leferearpigired@y.omat i ¢ het er oat om cont ai ni ng
ring is fused to one or nore aromati c or non-aromatic
[0250gs, suChe pesdnh ttokntoys have His@ivemrey [that pieeraquiitdafidnélion ydrupulously
cg‘% Fé@é{#g%%lgqﬁxge%gshgrg%fgg elcr)lF]s_tﬁé}ng\na:rta?ttgr?zerd%%vquslyocﬁesgr%eHtpr(%fedures
fhethe Lowis @nid pooratied irgagrangamgent tierérelata’ complexes can be obviated by use
v ) I l kyl group
oL EEROENER LI oy RSOy WO KB e uh g otvent
Heanits e yekction fode ritnos a mudte kidogteen sdale witleoud detedoatidryin yield or

t . : L 1, rm"partial
PR PR e O of M MIRE IO ol SR o B el
thawdactuging cepabblitiesor triple bond between ring atons.
The term "partially unsaturated” is intended to
[826¢ 0 pas shivanegspdsh tienforsribe byvemtidnt firpyidessd large-sofle process for

: | | ' d to include aryl or
Pﬁ%%@%%%?%#B%g?gggghfngg%ﬁggéﬁﬁqgéfined. [022] The term
“substituted", as used hergin, neans that one or nore
hydrogen atons of the de&? nabﬁd noi ety are repl aced,
provi ded that the substititiBn results in a stable or
chemnical |y feasible conpoundR°A stabl e conpound or I
chem cally feasible conmpound is one in which the
wdleggth:cal structure is not substantially altered when
kept at a tenperature of 40 C or less, in the absence
of Bl shoppti@nllptitstittdkkadiphatid, yroradc ok Hetemanghidtic gRsip;
for at |east a week, or a conpound which maintains its
i nt e§is hydiogery aendecfhigic grdve, arsefoptiofialy stibsitstyd bligtatic aromatic,

proces ' tion. The phrase "one or nore
2lmes el 5

R’ is a nucleofugic group or an optionally substituted aliphatic, aromatic, or

heteroaromatic group; and

each of R and R’, independently, is an optionally substituted aliphatic, aromatic, or
heteroaromatic group, or R’ and R’, taken together with the intervening oxygen
and boron atoms, form an optionally substituted 5- to 10-membered ring having

0-2 additional ring heteroatoms selected from N, O, or S.

[027] The process comprises the steps:

(a) ~ - providing a boron "ate" complex of formula (II): -



as used herein, refers to a nunber of substituents

that equals fromone to the maxi num nunber of
weubwstowrseent s possi bl e based on the nunber of aeaiuSaE009774

bondi ng sites, provided that the above conditions of

stability and chem cal feasibility are met. [023] An

aryl (including the aryl noiety in aral kyl, aral koxy,

aryl oxyal kyl and the like) or heteroaryl (including

the heteroaryl noiety in heteroaral kyl and

het eroaryl al koxy and the Jg¥ke) group may contain one

or nore substituents. Ex%nh.g@mof sui table

substituents on the unsatur & edvearbon atom of an aryl

or heteroaryl group incl ude®Bhal o, -N2, -CN, -R*, dn

-OR*, -SRO, -N(R%-NR C(OR*, -NR+C(O N(R+) ,

WhRe CCO2R0, - O CO2R*, -OC(O R* - C2R*, -C(O R*,

-C(O)N(R +)2, -OC(O N(R% -S(0O 2RO, -S2N(R+)2, -S(OR,

and -NRagegegireiy stoupach R+ i ndependently is sel ected

fromthe group consisting of R, -C(OR*, -CO2R*, and

- SO RF 5 pfatioRABion the same nitrogen atom taken

together with.the nitrogen atom forma 5-8 nmenbered

ar onﬁf“'&b"fgto ﬁﬁaénﬂ{%h%‘iqag’o?’?;ﬁﬁghavi ng, in addition to

the nitrogen, ..0-2 ring heteroato sel.ected fromN, O
ang @) Eaditsing ol af Fy R Tl arata i an i Lewis acdunder
copditionathhiysfohbthe butot edlet itaidugd offoyinulaliBf AID@ctingdtep being
he{lero. dyl ro%?. Each R .independently is an

RO Py S B SE RF P BHat | ¢ or aryl group. [024]

An al i phat.{c group..also e bstituted w.th one or
nor e 'subs H t uehts ?dI%(tlan l%pelﬁg% S‘@YE‘@ &fa? h?ﬁ lgwﬂﬁégflflgﬂ'gﬂ} water; or
on the sat.yrated r.bon n aliphati.c group or of a
nonar onat |El he eert%e%f g&?%t%?t%s ?)Wc'ﬁlﬁ 8e1],hgyvm‘9itﬁ‘8ﬁa Pand’s

dopdintaging omsolvdmbse | i sted above for the unsaturated
carbon of an aryl or heteroaryl group. [025] The

[pIsgsent i *i‘l\(eg%%%)ﬁséf Bpridh B&%@é&& Ifelaﬁé adid'Froh Jegrgﬁggmem of

for scrupul y “equi pment, solvents,” and rea
borra " atehearaplexss prplpy eteahy dipbiogn.desther bavenp thot s dulbemistible with
) . . r n n n
o L S
nrergssepresulisgnaidramaticupduction g the dinstexspmerReratio k e lyygrossepic Lewis

] ,SiH . ) i he. i . . {OL
b MR R0 IR RESII Ao R SASLUBR) BB A o
/dthopgly techmiques Sepaning Rwissiggisensiive repstionsaeg fagwliar ¢o those of skill in

thd A k@ Rotinbl prdl®ic&] dfa Bborhidfy Q4fR! iRt ctions are costly and
manuf acturing capabilities.
difficult to scale up.

[029] Moreover, attempted scale-up of the prior art process frequently results in a
turther deterioration in diastereomeric ratio during workup and isolation of the product
boronic ester compound. Matteson and Erdiik, Organometallics, 2:1083 (1983), reports that
exposure of alpha-haloboronic ester products to free halide ion results in epimerization at
the alpha-carbon center. Without wishing to be bound by theory, the present inventors
believe that epimerization is particularly problematic during reaction work-up and/or
subsequent steps. For example, epimerization is believed to occur during concentration of
the reaction mixture to remove the tetrahydrofuran solvent and exchange it for a water-
immiscible solvent. Failure to completely remove the tetrahydrofuran also negatively

impacts diastereomeric ratio during the subsequent aqueous washes. Exposure of the



[026] In one aspect, therefore, the invention provides

a |large-scale process for preparing a boronic ester
woanpeursdo of formula (T): wherein: Rl is an oppComabdog/009774

substituted aliphatic, aromatic, or heteroaronmatic

group; R2 is hydrogen, a nucleofugic group, or an

optionally substituted aliphatic, aromatic, or

het eroaromatic group; R3 is a nucl eofugic group or an

optionally substituted aliphatic, aromatic, or

Hredheat Galtadina iancduging ulssse sk ie difficudifto Réol&,r’[ﬂtriﬂiﬁlaﬂy when the reaction

ent | an optionally substituted aliphati c,
IEPQ%B egfnalxﬁeggkoaronatlc group, or R4 and R5, taken

h h t boron ato e
Pt By AP B D e
domplexes i a@vaattkg‘ed?usmrforme‘cglrﬂ'mteﬁ{e@ adslm ﬂ&e hﬁibﬁdmﬁcﬁlﬁﬁ%y with
v{r\llter ’Udc,g of s%fch %cgge?rlts (}i)v%até?sr eC I? Séﬁ e?(r S ve t elx e E)Iil?r tg \?‘}I}?eaiqggous
W@sl;esaamb ecg‘augfsoh@lreqmpducl\/is ieffecivelgtshielled fmoch @@edushlide ion

d.(b {
Stng yioRed Syt DORSRAPRY Slar 8otk gl T bl pipvater in
theretber solyauliis le@sntbam ittt 566 fotvd nidrepledarany hesse&hleabtc))ut 2% w/w. In
{ T ern
2 ow&%erﬁg (emél ?olxge; that":'f%t (ijovg gusc%chtl?f rv]\gths %%) ci)nsglh%es at least

I'n & reaction
abod78v-naitl¢asrboth¥Y, stllease altout &E% ah haastlabwtﬁi)%mrkmt lebdtybout 95%

Y NN \g‘?‘%a%ﬁonf}&xn#') an ether solvent that has |ow

m sci Ity wth water and a coordinating co-sol vent.

[04278] Theriy Sid QUSb¥ ﬁ%&%?ﬁl%%jor@rtﬁ&%sﬁﬁﬁblg x rJﬁ?tYMesusea % l?/rge—

pronot ed rear rangene oron "ate" conpl éxes
sfaéft PraAyaionr de aped hereintthesterrs dangencale efiersite a faaktign that utilizes at

18RS 0 e MhSIES of at least one starting material. Preferably, a large-scale process

utilizes at least about 10, 20, 50, or 100 moles of at least one starting material.

[032] For purposes of the invention, the term "ether" refers to any of a class of
chemical compounds characterized in having an oxygen atom attached to two carbon atoms
- An "ether solvent" is an ether compound that exists in liquid form at the desired reaction
temperature and is capable of dissolving the starting material(s) and/or product(s) of the
reaction. Non-limiting examples of ether solvents suitable for use in the process of the
invention include fert-butyl methyl ether, fert-butyl ethyl ether, tert-amyl methyl ether, and
isopropyl ether.

[033] In one embodiment, the reaction mixture further comprises a coordinating co-
solvent. In another embodiment, the ether solvent that has low miscibility with water is
sufficiently coordinating that a coordinating co-solvent is not necessary. For purposes of the
invention, the terms "coordinating co-solvent" and "coordinating solvent" refer to a solvent
that is capable of coordinating the Lewis acid and solvating the ionic components of the
reaction. Hindered ether solvents, such as fert-butyl methyl ether, are poorly coordinating
and preferably are used with a coordinating co-solvent. Nonlimiting examples of
coordinating co-solvents suitable for use in the practice of the invention include

tetrahydrofuran, dioxane, water, and mixtures thereof.

-[034] - - - In some embodiments; the reaction mixture comprises at least about 5% or at

least about 10% v /v of a coordinating co-solvent. Preferably, the amount of a water-miscible



water. Failure to enploy rigorously dried equipnent,

sol vents, and reagents in these processes results in a
wdnrersb7so9 r educti on in the di astereoneric rati 8CT/TIS2005/009774

hygroscopic Lewis acids, in particular, typically nust

be flame-dried i mediately prior to use in the

reaction. Although techniques for running

noi sture-sensitive reactions are famliar to those of

skill in the art and are routinely practiced on a

doai@’tmaﬂng ky-selealt @resentdi theeex tioromsxtak s 00 8d bigabdddo interfere with

02 Vbr.eover t t ed .
e <ebifs bt SRt rifion i sedt FF o eRip R o e ceordinating
dorsolyehilnohdtidntesied oitcthat atont 20%, db@ g tlBY% @B outd 0%at /ivef the reaction
{mng wor kup and isol ation of the product boronic

ester conpound. Matteson and Erdiik, Organonetllics,

2:1083 (1983), reports that exposure of

[835bha- hal %gsmheceie,stheeterrp todleofugid oefés &earty@rbw;ethbﬁn capable of

PP AR e B PSR B80! e rens
Arpeeem tSoels nibddofegiegtohpd are pnaver inzhe¢ arbnPiefergbdy, ﬂllE(IUiCEDthgIC group is
‘Pc%'eﬁ THRGk ﬁre%f«[ﬂ!)l? ghl%lg)a&tbk&ﬂo Vﬂrﬂke QB %g f_h% rear Cf?% ergen% reac‘aon

Imerization 1s be
cgmqrw@ ’dﬂ@ h@l@n a’fat qompkafof fdrmuled il tnt@merhomnm@et oornlecrnmvl@f

ML B, 00, PSS L e i

chloeide enristejedsastinstep (8l so negativel y inpacts
di astereoneric ratio during the subsequent aqueous

[(iebhes. EXprosuiabledd is h@mab@muowmrha fprcthe nagatmhlly ch:n@ed
t&t%ﬁ@nt%o@&% atbﬁl Lﬁi ltl'tefﬂogw ta n@% gf foﬂr?urls g?)e {od%e(ﬁ red

reaction is perf or med arge sc
eprbéé@mn’fsv M isrselected frameth@gl@up vesisting bidti’, Nab and K. One of skﬂl in

th&at &rﬁﬂgﬁ%ﬁ%ﬁe rﬁ% t}l%ogaﬂ lR/I % Formrg]c? %@ﬁ}? c?m the {eﬁrr?ng1ement

advant ageous erforms ven

reagtion eitapi(bl- 1 ity with water. Use of such sol vent s

obvi ates the need for solvent exchange prior to the
[@lieous V\H@ﬁﬁ@élab]aﬂ?dpltefﬁéabéy gagrevrswitypdasl pigodogytaptigide. In some

eﬁfbt)@ﬁ:rte'n}éek’%s ehi,lided o 90;3591 acﬂg@ lﬁ‘f‘ylﬂél 'aﬂgha{n%g Iag}ygij WHch groups is

t he washes, e\?en
opHerfadly amsy‘fut% elnsent% tmecym@ftts,\A?auﬁH alrphahe pettitalarly isobutyl.
solvent is less than about 5% ww, nore preferably
[938ks t hanTheotieble & wefﬁrabllshls\hafﬁxiose}s a@irpleefiigis gtastp, etameptionally
t 3
SE?R&?% Elt E?}é&tﬁ@%ﬁgﬁl bout °Q7% &t}’ g?ﬁﬁﬁcy\@ﬁ%ou ¢ Vamg/};) e &t
Preferably drouHclepBgic srpup ey opsigpAlly sgbuatutgd Catalipbatist C@tmdt or

(@& %ryl)(C, aliphatic) group. One of skill in the art will recognize that functional
substituents may be present on any of R', R, or R®, provided that the functional substituent

does not interfere with the formation of the boron "ate" complex of formula (II).

[039] One embodiment of the invention relates to a process for preparing a boronic
ester compound of formula (I), wherein R’ is a nucleofugic group. Such compounds are
useful as intermediates for the synthesis of alpha-substituted boronic ester and acid
compounds, including alpha-aminoboronic ester and acid compounds, as described below.

In certain preferred embodiments, R® is a nucleofugic group and R* is hydrogen.

[040] =~ The variables R* and R® can be the same or different. In some embodiments,

R’ and R’ are directly linked, so that R’ and R’, taken together with the intervening oxygen

-10-



v/iv of the reaction mxture. [031] The ether sol vent

preferably is one that is suitable for routine use in
woaogaetabe production. As used herein, the tePaT/US2005/009774

"large-scale"” refers to a reaction that utilizes at

| east about five noles of at |east one starting

material. Preferably, a large-scale process utilizes

at | east about 10, 20, 50, or 100 noles of at [ east

one starting material. [032] For purposes of the

ainﬂ\befttni aboys, fdren drespiionalyhrebstittied 61 1D@e&ﬂ3¢re@fnr% wh@ﬁ%an have 0-

ound rac in havin
R R e D el e NEDEE I By ot dhe ring s 2
Esof &-aetribered rimg, lﬁbféﬁﬁbl}Cﬁm@uﬁdreﬂhmg. exists in liquid

format the desired reaction tenperature and is
[edpabl e oThepresol nvagidniepatiaidyngivanigeouakd e R4 aiid

roduct (s) _of the.reactiqn. n-limti X | es, of .
BRI ke Rloadnl i Rt BompBResics AR R e ace
dimm@mﬂked andh &lgeither dre b thikxl h)dlety(E@ﬁla/émlﬁidlilﬁént of &fetm\kéﬂhyﬂl relates to

et her t ert

t.h d
o e e o bR SR B e P e g B GrPR I e
cbmpblhnd of(fomfpﬂa GI)’:‘Wha'eme chirlva dtdrg bea Rl Rifand R isandirhitdenter.

PR e MBS Bl St R b S5 e
I*t‘f—dif)duiuahmbiquto qmexsd)é the bbrohi: estet cong@RAS af fprmidar’) ﬂwlﬁg ges

s FRratan ol Soping By X g°d FL e SPoPopgetive o

ac:hmdkténﬁenh thm]b“FId ichiad] infge ty. NBrefeeabllys tiacdishtaasinSRIryi@s is Bfleast about
he ionic conponents of the reaction. Hi ndered ether
solvents, such as tert-butyl nethyl ether, are poorly

[(949? rdi nat Tlﬁ:gce st@fe%}csg | abl " ;1anrt1§]mtlés egm\g@géer?ﬁ}eg's "egfmer and "chiral

coor di nat i ng. co- sorven
ceder direvased ﬂngrewnsodov@mtswﬁh Itlteahéa&'urfg(ﬂachhs @ivien it drelinary usage by

de tetrahyd
ﬂ?}{sg&t Arﬁﬁa% tkhﬂg the eg? nmfhx lﬁceé'elz;oq ouwg?se agg ! a&xﬁp}i P’ﬁii ﬁ%x}ﬁ.éhe same
ambodinmediivey, Hulh élffma acthe spratiad artamganm mfﬂhle a@gnsaEnlieéiers are
s@pe%ﬂgﬁngﬁtﬂ!t h%% %1%%? rllﬁgget %la%ioo/ ¥h g%s %e gt%roe%c err]rggal chnfiguration

co-sol vent erera e am)
atyedl aorrespondingl Chxmi@enxtensai Cbprpgsmeo -@m’caremtlerp aresepdoisometd@ving more
t}{ Gk l:lgpcll gér%«%r%ﬁmfa qiffep %ro ralrs1 tﬁa? the s%e? rofcﬁerm a}ﬁd th
ase separa uri ng e reac 1 on or (i( F

CQF&XSPWQH ehijdeishenet lsut H’Dhiél obtbe dirremp d)rr@ng:@m:abctemem is opposite.
gﬂﬂlﬁg ér% gh@&; P}H“%e difadt Qth%ﬁEheg:QL/ i co%?gtli' At Al onf¥f one chiral

bout % v reacti o
center.

[043] As used herein, the term "diastereomeric ratio” refers to the ratio between
diastereomers which differ in the stereochemical configuration at one chiral center, relative
to a second chiral center in the same molecule. By way of example, a chemical structure
with two chiral centers provides four possible stereoisomers: R*R, R*S, $*R, and S*S,
wherein the asterisk denotes the corresponding chiral center in each stereoisomer. The
diastereomeric ratio for such a mixture of stereoisomers is the ratio of one diastereomer and

its enantiomer to the other diastereomer and its enantiomer = (R*R + $*S) : (R*S + S*R).

[044] One of ordinary skill in the art will recognize that additional sterecisomers
- are possible when the molecule has more than two chiral centers.. For purposes.of the -

present invention, the term "diastereomeric ratio” has identical meaning in reference to
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m xture. [035] As used herein, the term "nucl eofugic"”
refers to any group that is capable of undergoing
wauaals@opod | i ¢ di spl acenment under the rearr angeREMUS2005/009774
conditions of the present process. Such nucl eof ugic
groups are known in the art. Preferably, the

nucl eof ugi ¢ group is a halogen, nore preferably chloro

or bronmo. In the course of the rearrangenent reaction
converting the boron "ate" conplex of formula (11)
cpmpoumdsemltmmumm ceah&enemms Ot does ereﬂ‘emnmJﬂoaom@unds Ih@ving two

N RN AT
hstfmg RE: R) ))r S’[S&aﬁjglifd{t&)n\batheabécﬁaﬁdbﬂ‘dhﬁalaﬁiy’cefsab Y0) beﬁpounds having R*S
TN T N S,
hereirs@the piagbepmendc atib adﬂmemﬁskedb/&arsors edlaiie eslth kedhd Becified

qgtconsnstlng of Li+, Na+, and K+. One of skill in
%ﬁa will recognize that the salt MY is fornmed as

yprodu he rearr ment re t| on of ste
[%g 7] Th e’fl;t/eac!}l:gsé IPQmesiC F{? e? lr?/eais%re %Flglﬁa&hfﬂ ng%}g%? suitable
for djstangoisling betvwteen éxaswmommccmmmdﬂmm diffddest relhtide

s%Lélebe%&\ V\?’] ’cox‘%lgafa%{o}% at R %D(ELC%%% (alHaﬁ ge eb%t 6 al HP F%#Clcl)d’e, without

oups’i's
here’tatlam, mluelntrodagmem 13$onRQ¢eﬁ(N®ﬂ2) agds phmtnamgrcnﬂiyt(ccy laad high

AR v L0 TR A @ﬁt@pr{@ﬁgaef erabl y i hydrogen,

grc onal |l y substi t uted Cl1-8

[G6] Phati Cag ek Qib¥le ol e oY I‘)e(lrgléng nls Pre& &’Fo)processes
aﬂ era f F

group. The varl pre y. 1S nacr
thept prAyidsra lmorgmat@nampgmsmjé@mm (éblha@mg& cahstqsbranerm ratio at the

Eg';POI:ll'% ﬁ'{ Bélarm % fi’cgndll% (1? Fé’ le:)sg %Ou@ 9& Jl f% bt%t % d'?rrapclfleg er im %e R.R°

recogni ze ona
clirdd mqwttme@n%ofwhyl 1b élemrtwélrnecogmza that e RRE cHR2] moietyRBay itself

t en oes
cclﬂ{ril:iﬁ}é 'n?ogg éﬂa\%%kﬁ I:l?ﬁal EE?IO (rf njﬁé\tﬂmlggan %}Jcpc%%% hg\% (gre ghan one ghlral center, it
Prederpiblp hapliglh dlaﬁiﬁteam(ﬂlcfpumy%@]th@dnestelfmmdmmno anhe tdron atom

bbdIH grﬁl '@,Qmﬁq* gﬁ'n% é%\s&'re? EQ%‘F]%%O \Eﬁ%’ or%ro? 9’%&&1&91 cgntg%rir? ﬂi-ﬁs.

est conpoun ornu

[(ﬂlﬁ}:l eof u%cl‘:hegﬁrg&xgses SHEE nﬁigﬂg an 51} &y ?u%a S%QIS }?ﬁ er%b e}ahas a high

internmedi ates for the synt
leyplrab gnantienerie puig- Her pitrposes of the invention, the term "enantiomeric purity”

is used to mean "enantiomeric excess", which is the amount by which the major enantiomer
is in excess of the minor enantiomer, expressed as a percentage of the total. Preferably, the

"R’ chiral moiety has an enantiomeric purity of at least about 98%, more preferably at least
about 99%, still more preferably at least about 99.5%, and most preferably at least about
99.9%.

[048] When the R*-R’ chiral moiety has very high enantiomeric purity, the
diastereomeric ratio at the carbon atom bearing R, R’, R® approximates the epimeric ratio at
that center, i.e., diastereomeric ratio = (R*R) : (S*R) or (R*S) : (S*S) = (R*) : (S*). As used
herein, the term "epimeric ratio" refers to the ratio of product having one absolute
stereochemical configuration at a given chiral center to product having the opposite absolute
stereochemical configuration at the corresponding chiral center. Preferably, the products

~ have identical stereochemical configuration at all other corresponding chiral centers. In one

embodiment, therefore, the invention relates to the rearrangement of a chiral boron "ate"
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conmpounds, i ncl udi ng al pha-am noboronic ester and acid

conpounds, as described below. In certain preferred
wenhsdorent s, R3 is a nucl eof ugi ¢ group and R2PC$/US2005/009774

hydrogen. [040] The variables R4 and R5can be the sane

or different. In some enbodi nents, R4 and R5 are

directly linked, so that R4and R5, taken together with

the interveni ng oxygenand boron atons, form an

optionally substituted 5- to 10-nenbered ring, which

@atpldxadf Gorthula 1B @stpol e albofdnit@see tadhaing 158 fcﬁﬁnluﬁc(l) @Gherein the

he
S e R O RET ATEDy § O A GO, more preferably
JtQhdilabdte073 esent i nvention is particul arl y
advant ageous for the Lewis acid pronoted rearrangenent

[0491bor on ‘'LatvB'acidle sfitabledsr @ if he m:dc&ce( dfhe inWigibR | ﬁfé théke capable
nd are ectly.linked r.are a chir }
b Rbftuhe S ert Ao OB B Rbral sh bipmton of &
l?rehralb@n gertents «fd is udditicully ahpablerod ﬁoor&ineﬁngx@m he¥8geh Btom
a bo est er conpoun
R o NG R TR P i e At Rt ngpromide,sine
abhiridal ferrerbﬁc@mde,'l'dm fereia chlande rfﬁ oértaie pefdared eptbeleieal, the Lewis

£§p§§l h a high degree of stereodirection by the
ne 01‘1
nnlety to provide the boronic ester

d | ric.rati
[giﬁjrtp E g n c a?& Zo%ta[gﬁlﬁ? %téég)reﬁ?\ﬂﬂg% pﬁggr dt aa% F—‘%‘()EE éateralture, tiu? may be
repfouhedd ahbiemlt at elwtetddelaperhﬁural Tkeeeieemn iofart dygprépkiaRbreaction
i {]
P PR L8 B RS AU SLEAS  rd
ap@tvaimof thed® toietyli Gt skilled imihie art'vap ibereble fo setedt a' gitabla Itemperature
ifi SRS the lesﬁxoﬂ%&?m&&{s%mg e ACCOr dance with the

meani ng each 1's given In°ordinary usage by those of

[Qgﬂj' nary Hﬂl‘?ei;l@’ HTe czmcgécmﬁ]%{e érﬁ)%{ﬁgcﬁ §1i aaxregcgm{l

npounds’ t ave the’'sane atofti c connec
t@mpﬂewrci of att ]@és’@b@lﬂl HI0 *Gr-7&1g endA fC.oln spime eabgcﬂltments, the contacting

@'gﬁg# ﬁﬂri:tzrﬁé afd ﬁﬁﬁoﬁr’c&%éﬁcﬂg tﬁatt1£]ﬁ1(§ Qt\életh]gn %JJ{: i) d H@Q;e or 30

ter GOC
°60ﬁmygu@aﬁn@mmaﬁﬂ%ﬁﬂw%ﬁnﬁengQWﬁﬂgp@ﬁmmahnueduébemgn&m

PRR meqnvel;?haﬁtﬁre@ ﬁle%()ﬁtaﬁt‘fr%r gng@B rfhea Q¥ e

t han one chiral rom one anot er
terRperpire intee rngg @f@bh@nil@af? te ereiuit HUTCaalb e -761°C 4o alowh4d °C, about

-80%€3 oAbt BOtC, %lr Lo 5080 ARk S5ROR4 Eé}&lrp efe‘?llgd%?l B&I{r%nts, the

S OppOSI te. pl nmers are di astereoners
ceptaetagetrprs begunablem iguperatiae: Pagfershlyyn 6ﬁéareg¢|of gltout -70 °C to about

-30 °C, and then the reaction mixture is allowed to warm, preferably to ambient temperature.
[052] Surprisingly, the process of the present invention requires no special
precautions to avoid the presence of water during the rearrangement reaction itself. In some
embodiments, moist Lewis acid is employed, with minimal deterioration in diastereomeric
ratio. When used in reference to the Lewis acid, the term "moist" means that the water
content of the Lewis acid is greater than about 100, 200, 500, or 1,000 ppm. Remarkably, the
Lewis acid even can be added to the reaction mixture in the form of an aqueous solution

without deleterious impact on diastereomeric ratio.

[053] In some embodiments, therefore, the process of the invention comprises the

“steps:-

(a) providing a solution comprising a boron "ate" complex of formula (II) and

-13-



center. [043] As used herein, the term"diastereoneric
rati 0" refers to the rati o between di astereoners which
wdi2bds@mo780m t he st er eochem cal configurati on at POMAIS2005/009774
chiral center, relative to a second chiral center in

the sane nol ecul e. By way of exanple, a chem cal
structure with two chiral centers provides four

possi bl e stereoi soners: R*R R*S, S*R, and S*S,

wherein the asterisk denotes the correspondi ng chiral
cent er i n(ipacha sdopdieatir0iear sol¥ére titht hsd lowenis®isilit, wilh Water; or
for such a mxture of stereoisoners is the ratio of

one di ast éi)eonaretherdolvest thatdns ]osmeiscibidit;t\iw'ﬂh olakebnd a
C%g%%a(@m?gg%lvand |ts enant i oner (RRR + §*§) : (RS

‘Gié"of ordi nary Skl|| inthe art wll

recogni ze a&%lﬂ% lﬂa(gug %]C;l{lt(i)&lagf st%i) Eeg %q_te%&)s&a%{“ oft ti n%glfs’lsrlSlng water and

when ‘t’he as nore cen
Hegwipasidboses of the present invention, the term

“di astereoneric ratio" has identical neaning in

[P%f er encelt wosmivy rabodintentsnthe Lewisecid solution cemirees as

té& R5Fulal 2hEE BLEAGR4t O conpounds having two chiral
ers. Thus, the term"diastereoneric ratio" refers

[I)EQ')]t he r a%t% Qlflllkglﬂlle M%g& C{'ﬁl‘é'p@ X d?t}%rlnv%nﬁon is r[eadlly

configuration at the specified chi ra centers
ageshplde risrenasalegrofadionr IrsraRopeernbeplimants o least abmts 10, 20, 50, 100,

590, U(ﬁdO %lgsmf 'b@ilonGQcQ’t & lexFo‘P ?orﬁl%fhv(?l'? is%gﬁtgcte(ﬁ Wﬂﬁ arL%t/JlSoaCId

is referred herein a the diastereoneric ratio
unger @gﬂ@pn%%é@f@ai e fporanid ester gamnpaying l9éfosmubr{. The mven’aon

félﬁ?ﬁ& &ﬁ&ies(él%ﬁl l)mg&ﬂg) r1s[ %‘5 rO es%& gcﬁ‘fnﬁe&ﬁ@ Edrﬁuﬂa (I), as

rati o can as anal ytic
desfr ltba@)h@ elﬁlofrndchnﬁhem g@h’@ﬁi ittred) hhﬁelt)m@ﬂcﬂdh’a@v@ watenrThe composition

‘E&EEFA Bée\!, Qs hﬁéﬁé%t 2d, 88, géd E&) 3{ ﬁb@&%ﬁ@gkﬁgbmﬁm ester

FConf i ura ions at the specifié centers
camppigdkofifersiulald). Inicertrduembodinesats,iRoand Rliogether ampayehitl moiety,

aﬁ& rﬁ%'l%{r}r%n u eci\wg i %Qghg%ﬁeg?%gt?{g Eﬁﬂ&%ﬁ%@ﬁ a 8{3% %oglerlc ratio of at

16{8@'@@}7111;6% kit Srucerhed atbobhearing Re Rerhd 81, redaitvedd a thiml center in the
4@/8%1&816'0’5 directed to processes that provide a
boroni c est’er conpound of formula (I) having a

957 1O 0t AR AL e e
VEdrneaqueqyssplatipyarmEropantrating i staghed@partioh miktitel byi rampyed of
siélt(résrglg\‘%ol difob ££ REALE Eorhfiind 1AE bEsnIRstEMN R oull® bV IBYD).
Preferably, the residue comprises at least about 5, 10, 20, 50, 100, 500, or 1000 moles of the
boronic ester compound of formula (I). In those embodiments wherein R*-R’ is a chiral
moiety, the boronic ester compound of formula (I) present in the residue preferably has a
diastereomeric ratio of at least about 96:4 at the carbon atom bearing R', R’, and R’, relative

to a chiral center in the R™-R’ chiral moiety. More preferably, the diastereomeric ratio is at

least about 97:3.

[057] The boron "ate" complex of formula (II) can be prepared by any known
method, but preferably is prepared by reaction of a boronic ester of formula (III):

1 4
R 'B'OR
“OR%” arn

with a reagent of formula (IV):
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contain nore than one chiral center. Wien R4-R5 does

have nore than one chiral center, it preferably has
wai2gis/0d7sagt er eomeri ¢ purity, and the di ast er eORETIUS2005/009774

ratio at the carbon atom bearing Rl, R2, and R3 can be

nmeasured relative to any one of the chiral centers in

R4-Rd. [047] In the processes of the invention, the

R4-R5 chiral noiety preferably has a high | evel of

enantioneric purity. For purposes of the invention,

the term"enantionmeric puri,Ry" is used to nmean

"enanti oneric excess", wh c%_“s t he anobunt by which

the maj or enantioner is in excess of the mnor 1v)

gnantioner, expressed_as a percentage of the total.

vpreEeiR bl of M h@n R 1R ateiae dpfined; abpye fnnthe haron "ate” complex of
f@ﬂi‘:@tﬂ& (IQ”@[’E écﬁn@iﬁﬂddﬁn@{ts, dle rhRAsh 1sﬁ£%fme%18a{‘h r&ﬁ?@n teg}perature of at

ferab | east about 99% still nore prefera
l%tst abeytl Oé/i% ® "99rrs0 °Ca ﬁﬁsqwmbmdéf‘@ﬁ% heyreagtion éiaEtformed ata
rédRabk te&%e?a%lre [n@@géate ab&@c oFé; B@ °@ Qﬁ' L@lc %ﬁe%gg @ﬁcompassmg

Ver%{g enantioneric purl ty, the diastereo
thege héﬂdﬂ%’feéf&@%wemre m%dm@urﬁhe s@pe oRBe invention. The

r@daﬁézopﬂef@mﬁlstp@ﬁo&wdm%&é‘acﬁ@}{ tleﬁ’l @xfanlr@ﬁhh& %@[»5?14 u100°Cto
ratio (S*R) or §

t
bt C e 7 I b Ao Priboph0 (e aAbobis NS 1o e o°

efr@f)@]hfenfspthb BEronakte Qcoftfpldd @ iatul AN id e RR&l ARIBLMLE compnsmg
stereo nLcaI configuration at a given chiral center
ap gthst SRRt YRS Y MisabiEpBish vatern3ad hereaciipr pbduredailicedtly

@ XBfl gt AltenBdlac tolefEct QTR BRI kd e BHioh Bbte CEM ;ﬁ)[md f formul
u&referably, t he products hgve |den§|c§ s?ere chen?chn 2

onfiguration at all other corresponding chiral

ters. Jn one odiment, therefore, the invention
[q%gf ates t05PHE e‘l"gng ﬂ'ﬁetﬁ%i?ﬂag‘%ﬁ offogpile4IV) fsdpmped in situ. Such

eihBb&irRARRh@dhe §igssiul a (11) to provide a boronic
ester conpound of formula (1) wherein the epineric

rati@ at ﬁrbﬁdﬁ%r dvonitioh eSthPesiid 8orBic Berd ehrR3i1d @II?ES defmed
| east about 96 nore preferably at | east about
YA ASRPWPO @B@bgﬁﬂfgﬁle for use in the practlce of

the invention are those cap able of conplexing with the
nucl eof ugi ¢ group to faci |ﬁ¢ﬁe its displacenent upon
mgration of RL. Preferablyy the Lewis acid is

addi tionally capabl e of coordlnating with an oxygen ™)

wilRM @LhaRNed ot QeRl Qﬂove b I:Qa% 19f ﬁﬁ‘rﬁgﬁ (ﬁ§ a%d

suitabl e Lew s aci ds 1 ncl e zi brom

C hl ofih de, ydaBhg e sOLROH REh a Qﬂgngf ?‘c%ﬁéa‘fl mdgfed%%e th%orm the boron
ertain preferred enbodi nents, e Low s
ate complex of formula (II).

{059] In some embodiments, the sterically hindered base is an alkali metal
dialkylamide bases of formula M°N(R"),, where M is Li, Na, or K, and each R,
independently is a branched or cyclic C, aliphatic. I situ formation of the reagent of
formula (IV) is especially advantageous in those embodiments wherein Y is a nucleofugic

group, due to the instability of the reagent of formula (IV).

[060] The boronic ester of formula (III) can be prepared by any known method, but
typically is prepared by esterification of the corresponding boronic acid compound, e.g., by

. methods described in Brown et al., Organometallics, 2: 1311-1316 (1983). Cyclic boronic esters - -
of formula (III) preferably are prepared by:
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acid is zinc chloride. [050] The contacting step
preferably is perfornmed at | ow tenperature, but nmay be
woeodsooreg at anbi ent or el evat ed tenper at ur e. PTNAIS2005/009774
sel ection of an appropriate reaction tenperature wl|l
depend largely on the Lewis acid enployed, as well as
the mgratory aptitude of the Rlnpbiety. One skilled in
the art will be able to select a suitable tenperature
in view of the reaction conditions being used. [051]
In sdoe epboidingassytiscrhempoisingct i ng step i s perforned
at a reaction tenperature of at |east about -100 0OC,
-78 0C, ofi) - 60a b€onik acid epreparidod ferendsR-B(@B).cont act i ng
step is perfornmed at a reaction tenperature that is no
greater thin abeurp®odotformpladis)-RGR-QH, GlereArR andRY¢aken
enco - S
el e L o oalttet M TR Biing Scarbon atoms
Pr ef endBi2ynetereptorppistesiet fieg the erpup somiating AN znds5; and
reaction tenperature in the range of about -100 OCto
about 80 (1), aBbIEITWI(RE that fapuan ABoDMe veioweter;80d 0C
‘to about 30 OC, or_ about -50 OC to about 30 OC. In
cert #)n pheatiag iegobiinp at 1wt with prrotrepis rerevahef watep i s
begun at | ow tenperature, preferably in the range of
[edabut - 70ADGsddan adi@dhicet3 R’ L4, R’ ARE tebACAnItiREHAR A 64£E:8 R0 the

i xture ig allowed to war preferably tao anbient
sttt e {' g3 SIPFRTS MRGHYEr e SudLR grd Rye attached.
The tisking chaiv eptidnally iseahbbtinesd fAng Pleth Aomp RCand dr@fiste Efin atoms

voi d .t he esence of ter duri t.he rearrangenent _
230 R A PS4 g BB I g 10,6 PREInG e g lipking
chain eBpivay efkxainiplebubiniot lialtatitey @rsbe @inbediniefts, the compound of
di_ast ri-c.ratio.. When used in reference to the
fl@%ﬁ%ﬁg%?gs{?%ngg?ﬁgm ?@?géﬁﬁﬁﬁnghat t he wat er

content of the Lewis acid i.s greater than about 100,

200, 500, or 1,000 ppm % ly, the Lewis acid

even can be added to thqﬂ§ ion mxture in the form
of an aqueous solution without deleterious inpact on

di asteregnerjc.ratjo. [053].Jn some enbodi nents, .
I R SRS en et ki chE R RSO MRSy DA BB TS aehighyiogether
fetrepe:sideay therbioyld3igl | Reptaie ting 8 fsteR HRHiosE BOWRICR 8 @fonally is

"at.e" conplex.,of formula (I T) and(i) a coordinating
gésthmggﬂgéneﬂpagFmﬁas low miscibility with water; or

[062] In some embodiments, the compound of formula HO-R-R>-OH is a chiral
diol, preferably one having high diastereomeric and enantiomeric purity. One of skill in the
art will appreciate that in such embodiment, the compound of formula HO-R-R*-OH is
employed as a chiral auxiliary to direct the stereochemical configuration at the carbon
bearing R, R*, and R’. Chiral diols useful as chiral auxiliaries in organic synthesis are well-
known in the art. Nonlimiting examples include 2,3-butanediol, preferably (2R,3R)-(-)-2,3-
butanediol or (25,35)-(+)-2,3-butanediol; pinanediol, preferably (1R,2R,3R,55)~(-)-pinanediol
or (15,25,35,5R)-(+)-pinanediol; 1,2-cyclopentanediol, preferably (1S,25)~(+)-trans-1,2-
cyclopentanediol or (1R,2R)-(-)-trans-1,2-cyclopentanediol; 2,5-hexanediol, preferably
(25,55)-2,5-hexanediol or (2R,5R)-2,5-hexanediol; 1,2-dicyclohexyl-1,2-ethanediol, preferably
(1R,2R)-1,2-dicyclohexyl-1,2-ethanediol or (15,25)-1,2-dicyclohexyl-1,2-ethanediol;
hydrobenzoin, preferably (S,5)-(-)-hydrobenzoin or (R,R)-(+)-hydrobenzoin; 2 4-pentanediol,
preferably (R,R)-(-)-2,4-pentanediol or (5,5,)-(+)-2,4-pentanediol; erythronic y-lactone,
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(ii) an ether solvent that has low mscibility with
wat er and a coordi nating co-solvent; and (b) adding to
woheosgofsepi on of step (a) a Lewis acid sol uti oRCT/US2005/009774
conprising water and a Lewis acid. [054] In sone other
enbodi nents, the Lewis acid solution conprises
tetrahydrofuran and a Lewis acid. [055] Thus, unlike
the prior art process, the process of the invention is
readily anenable to | arge-scal e production. In various
}&ﬁﬁéfﬂﬁlyr’m—réf}&hroﬁic vHehsgte. @bﬂicbhyd’xateﬂ,@.g 21)2,5,68ymaRQicabPProtected
tﬁ es.9 of boz&h H conplex of formula (I1)
%nrgé’ talggfr}?éf 59 35 TENid%ci d under conditions t hat
afford the boronic ester conpound of formula (1). The
[DeBIent i onNoulitnitig epamylieﬂe&)rgarmmgisism@rbledoﬂmei is te@s@rification
bor.oni c ter G for de criped
AR R T O Mot B BB i pqpme
mwmdhmwmaﬂnnﬁgﬂmnmhpngshmammpmhkarph%ydﬂpm@ﬁha&sh@hﬂhm}ms
20,..50, .10 0 000 les of . .
R EkB iR e & T Sehaid R emotime Rl 8 o fegetion s
renfoudédiprnethe RédAveoht Rﬁt hasdew hescilakity VﬂﬂUh&ltElahndrmie @toduct solution
C?lgl ri(%igg ﬂ‘r‘e%ﬁwgé;ggeg f %;cl)g girfla éﬂ#eér] ‘21588 rdgr?cqp tm n r{exii sée&a %1 without
iamnum£©6m¢oatmnhercarbon at om beari ng Rl, R2, and R3,
relative to a chiral center in the R4-R5 chira
[H&'] et y- [ Q@ ﬁJ) eMMﬁ&Q?r&&% of &1@ ésglpr IMQEL&L tﬁ’e first tlme ermits
conpri ses was eaction xture w th an aque
vk Pfdhrgaﬁqﬂ@@n@@m withoytgignifisaniadetesidration it qileﬁempmem mtio. In

ahxtheleﬁpxalth&tefc,?@hl\éqmeanwgﬁiv;&g nj&ﬁ%&%@n@%}gﬁé E#gabouw

oni c_esteér compoun
10178, 302 5400 360, o619 rr§>ée§ oha bp@a@testalb@mpognd eformpdla (50,
100, 500, or 1000 noles of the boronic ester conpound
of fornula (1). In thosegRbodi nents wherein R4-R5 is

a chiral noiety, the bor £88ter conpound of fornula
(1) present in the residue p&ferably has a
di astereoneric ratio of at |east about 96:4 at the @D

V%ﬁrbon atom bearing Rl, R2, and R3, relative to a
[¥% center in the R4-R5 chiral nDiety. Mor e

pref R'3 9}1 Xpﬁcgnlgﬁy gu ggu?erde aqngzriﬂcc,: arro%l:a ¢, or Isletgrtoaroma’dc group;

R*is hydrogen, a nucleofugic group, or an optionally substituted aliphatic, aromatic,

or heteroaromatic group;

R’ is a nucleofugic group or an optionally substituted aliphatic, aromatic, or

heteroaromatic group; and

R* and R’, taken together with the intervening oxygen and boron atoms, form an
optionally substituted 5- to 10-membered chiral ring having 0-2 additional ring

heteroatoms selected from N, O, or S;

wherein the carbon atom to which R, R?, and R’ are attached is a chiral center, having
a diastereomeric ratio of at least about 96:4, preferably at least about 97:3, relative

to a chiral center in the R*R® chiral moiety.

[065] Preferred values for R' to R® are as described above. Preferably, solvents
constitute less than-about 30% w/w, 20% w/w, 10% w/w, or 5% w/w of the composition - -

according to this aspect of the invention. In some embodiments, the boronic ester
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| east about 97:3. [057] The boron "ate" conpl ex of
formula (I1) can be prepared by any known net hod, but
wonefsaoaoby i s prepared by reaction of a bor onPCTRSR@®SE/009774
of formula (I1l): with a reagent of formula

(I'V):wherein each of M Y, and Rlto R5 are as defined
above for the boron "ate" conplex of formula (Il). In
some enbodi nents, the reaction is perforned at a

reaction tenperature of at |east about -100 0C, -78
O®pound efF0rrida (I) ronsidiokes etieas bifeA 7% wt/Me 80% &Ctw, 90%ws/w, or 95%
Vp%f ﬁqrr%d at .a reaction tenperature no greater than

abodt 0 “otPe sﬂmeQ or -40 0C. Any range encomnpassi ng

=S copeOnt St reHRVERRRER e RamPicio B iR abiva s at ast

ope pf e fdldwing faatneadt present enperat ure in the range of
about -100 OC to about 0 OC about -78 OC to about -20
0C ofa)aboBtis cl8xo)C t 0 about -40 OC. In some

enbodi ments, the boron "ate" conplex of formula (IT)
is pﬂépar’é'dbpwnales@tmmndéhml sing an ether sol vent
havi ng Iowmsm bility with water, and the reaction
mxture ig ectlytreated haLevvls acid to

ef f ect re nt to the oe ter compound of
formul a ( some e odi t he reagent of
forrrula(l\/) si tu. Kxbodi nent s

i ncl ude the steps (|) prOV|d|ng a solutlon conpri si ng

a bofoni crest, mula (U), as defined above, and
a cog“(r:gound of frggn %nglr(\/) wherein R2 and R3 are as

defi pgd apoyve Lgnatibe reagent of formula (1V); and
(||) treating 'the solution with a strong, sterically

dered base to formthe boron "ate" conpl ex of
[95 mul a (4 pf the beygnic psterseomponng elforrawe §) Pregent in the composition

&y ek Eﬁcﬁiukéﬂ Rl a@ﬁ%‘l%’c@@ﬁﬁ Fé p%?p(%laé‘ﬁltl'le) ﬁw&ﬁion, the te R/ﬁm "batch run"

[ aI | am de bases of fornmnu
rqfyrs fweﬂBanR 2 Bfdhess erpoRes, Whﬁeeﬁé%ﬁéeﬁ qf;thq ogestis grdtratkd only

ofie. Pb&@érbl%r B BorBhit PO dofmpoluft &f fBHmﬁlQ (I’)Tg%'sé}l@ irPthe Eaﬁposmon is

reagent of fornula (IV) is especi al vant ageous 1 n
PORBSH 12 ABEEF FER S A dhapracers acgorahmte rﬂ@cffrafgqspect of the invention.

One of ordinary skill in the art will appreciate that preparation of a given quantity of
product by a single batch run of a large-scale process is more efficient and provides a more
homogeneous product than preparation of the same quantity of product by repeated

execution of a small-scale process.

[068] The boronic ester compounds of formula (I) wherein R’ is a nucleofugic
group are useful as intermediates for the synthesis of alpha-aminoboronic ester compounds.
In another aspect, therefore, the invention provides a large-scale process for preparing an

alpha-aminoboronic ester, preferably by a process comprising the steps:
(a) providing a boron "ate" complex of formula (II):
R3
2 pg

M Fore

Y™ B
i M+
OR® (i

_where

Y is a nucleofugic group;
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group, due to the instability of the reagent of

formula (IV). [060] The boronic ester of formula (111)
woaomsme7gop epar ed by any known net hod, but typi eariug200s/009774

prepared by esterification of the corresponding

boroni c acid conmpound, e.g., by nmethods described in

Brown et at, Organonetallics, 2: 1311-1316 (1983).

Cyclic boronic esters of forrmula (I11) preferably are

prepared by:(a) providing a solution conprising: (i) a

bor oM'ds acatebnconpound of forrmula R'B(OH)2; (ii) a

conpound of formula HO R4-R5-0OH, wherein R4 and R5

t ake®' tsegephenallyanlstiariedpiphatia hiomasiv af htettabdind oty

chain_conprising 2-5 carbon atons and 0-2 heteroatons

sel e® isdyflragan:t he group consisting of O N, and S; and

(|||%-an organi c solvent that forns an azeotrope with

wat e isgawclepfigisgmuipnend he sol ution at reflux with

azeot ropic, renqval of water. [061] As used in

r ef e PRABCER! i, infepergentiyeis pr pptiorialln kuhsgttxtditbalmhamcemerr&hc, or

to the 1xhesd6s K ;

oxygen ot oo groER oL 2NN ek Fnef AR R orygon

i nki ngneRaroR agpns, e qfsppﬁlgn%lﬁrﬁgbﬂhm#e@a- tqfl0-amynbetediring having

atom  @thdor@l m'[%:;lﬁe@ersﬂaihﬁ‘ s R ) ROONEYs, form part

of a ring systemt is spiro to, fused to, or

bri d@)ng ddﬁ%chﬁ@@l@ bodonM¥eN@mpad forBYulYaY with LDl B under

b%{ not P1t§£ﬂ in sone énbodi nents, "the conpound

Qg ﬁlﬂﬁté fpfd thebpsnieeptercopipRwidef fotmuln % ng t he

structure: HO s In such enbodlnents the linking chain

R4-R5 conprises two car bgaf} 'at ons, whi ch t oget her form

one side of the blcyclo[ﬁPEBEPﬁeptane ring system and

one of which additionally iggsubstituted with a nethyl

group. [062] In sone enbodi nents, the conpound of @D

di.ol , efera

e ey Bl e B 1 arescion
MOEreePIPRFING: in the art will appreC|ate that in such

enbodi nent, the conpound of fornula HOR4-R5-CH i s

enpl oyed Bs aachordiatingthes salvgntthatdias et misaibility with water; or

stereochen1cal configuration at the carbon
ii) an ether solvent that has low miscibility with water and a

coordinating co-solvent; and

(© treating the boronic ester compound of formula (I) with a reagent of formula
M'-N(G),, where M' is an alkali metal and each G individually or together is an amino group
protecting group to form a byproduct of formula M'-R® and a compound of formula (VIII):

R!?

4
J\B,OR

OR® | (Vi)

(G)2N

wherein each G and R’ to R’ are as defined above; and
(d) removing the G groups to form a compound of formula (VII):

R1
4
HQNJ\ _OR

B
OR® (v

or an acid addition salt thereof.
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bearing Rl, R2, and R3. Chiral diols useful as chiral

auxiliaries in organic synthesis are well known in the
wanoos/obisobi mi ti ng exanpl es i ncl ude 2, 3- but anedPair/us2005/009774

preferably (2R 3R)-(-)-2,3- butanediol or

(2S,3S)-(+)-2, 3-butanedi ol ; pinanediol, preferably

(IR 2R, 3R, 5S)-(-) - pi nanedi ol or

(1S, 2S, 3S,5R)-(+)-pinanediol; 1,2-cyclopentanedi ol

preferably (IS, 2S)-(+)-"rans-1,2- cycl opentanedi ol or

[0F9R, 2R) - ( 1) somegbedimehis yredtepplen therectingd ester compound of formula (I)

%E%Etgﬁé_ﬁg & gé:a%Lnt RA gIn%?aal\w M(S(l(%%) 5/\7%)[81'82 M5 1s|21%)§;1 ?al and eachR®

exane
ihdependenyly isrrlexipdl flopPthe grapedisiting pf @kyy zalaﬂlkyl éﬂld aryl, where the

a%%%f%h pﬁrﬁgh glk’%;g{}ﬁﬁ)él - l nagﬁlgﬁlgglﬁletd& hydr obenzoi n,
R e S -

f()qmtpg I\)(GB ptﬁfgelpiy imddadtedat a reactlon temperature in the range of about

I
i%(f § é(% %lé]ogl)c 5p0?‘g? % %_%é.z? y&-{oh?g% %ﬂgﬁlgﬁq flnd more preferably about -30
P

sty r(étle§0me elgbocarr@n& jshady praderahly ahlb;o, pmdéléfé &tledTo
fg@lﬂgt'e tls%ia*hoﬁ‘ l)ﬁtﬂe E:gcf(iu@teof? ot g?ﬁ/]ﬁﬁ It}{eq'LaCQ%)R &rﬁxt—u.{e éb?fLran]

Nonl |n1t|ng exa es O i c’solvents sui
coesprises ap egapissely ritiin whicbrihe lsgpeedushMi-Rihas dewv solublhty Nonhrmtmg

e@&ﬁﬁl@é’]&ftsﬁitéb@e orEEQILJH %&gt&ﬁéﬁ@@metﬁéﬁ% Xar?engz e, eptane,

hereof. I'n so ment s rgani c
hahanét amértolgeney dmgomepraliastimprity step (& fimerer sohyeses ﬁtthm; thaeeacnon

IJUQWré foReEbR 1 lt(3ya1'ﬁﬁ’I 9(131\71 filtrate cBm?)ﬁE&lgﬂu—: CBF@ ?%Prnné%la (vIII).

nbodi nents, the esteritication reaction I
Pifﬁferahl}’e‘i‘hél*raﬁjﬁ veadtdirentdt intstep (ow mi sci bi | i ty vv| th
wat er, and the product solution conprising the boronic
(@3l er of Indhesaemmbpdimentsivehegeie thedpacion mjxtine comprisrsn organic

sl &R i m Which @détbtyp%z'iu@{ MOR® lpafs lc;vpﬁoh?ﬂﬂ nt!hg I §tt1&{ IhD(.ng‘g ﬂag

not ed above rocess sent I nventi on
aglfigonqLiyspmprigpe fp"é’feﬁf msﬂlmr the bympduq M’ besligh sdalgtifyofrssuch

cM¥ed, RQULhAR WHiGAAL bHabend: Rrae h %fpso?%ﬂl%cﬁr %Ee%}gﬁ 1scremoved

ratio. In another as ect, there ent
PHPOIitHiEation of Bieperstion BirtatsnBY ey @ée@npﬂee asaorramabpd&ments,

r@a%ent%@forégla 1\1’0[@(51( ?QQS acQ:fedJcQQ'lg rggah&?mﬂfmﬁ ap 9 E&Hﬁ&l comprising

ester COﬁpOUﬂ or mul a Z wher el n: IS an

tesishy GRary I3 g qr%hﬂiéaerafw ﬁﬁgﬁ 40 preferahly hantiee congprises removing the

tdHRhPABRI AR b6 HiBEQMPihe Rclich AXEE9en, a nucl eof ugi c
group, or an optionally substituted aliphatic,

[Epnat i C,THIke YRR BeQRBdrk Swite QEHParious methods that can be used to
remove the protecting groups G in the compound of formula (VIII), including, e.g., aqueous
hydrolysis or treatment with acid. The product alpha-aminoboronic ester of formula (VII)
has low stability and preferably is immediately derivatized (Matteson et al., J. Am. Chem.
Soc., 103:5241 (1981)) or is isolated as an acid addition salt. In some embodiments, step (d)
comprises treating the compound of formula (VIII) with an acid and isolating the compound
of formula (VII) as the acid addition salt. In certain preferred embodiments, the acid is
trifluoroacetic acid, and the compound of formula (VII) is isolated as the trifluoroacetic acid

addition salt.

_[073] ... As discussed above, the processes of the invention are particularly well-

suited for preparing alpha-aminoboronic ester compounds of formula (VII), wherein the
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R3 is a nucl eofugic group or an optionally substituted

aliphatic, aromatic, or heteroaromatic group; and R4
wanwsR8780p aken together with the interveni ng orggasS2@ado9774

boron atons, forman optionally substituted 5- to

10-menbered chiral ring having 0-2 additional ring

het eroatons selected fromN, O or S; wherein the

carbon atomto which Rl, R2, and R3 are attached is a

chiral center, having a diastereoneric ratio of at

alpheserhobdia chop! eentepr Bfiver eiipl epbatlinhad st thabyeatti@izeRtes to a large-

{
R Bl Gu B P SRR oy Brl e Bl L Py 0 o
(él’élbbrl bed above. Preferably, solvents constitute |ess
t han about 30% ww, 20% ww, 10%ww, or 5% w w of the
conposition a’écor ding to this aspect of tRe invention.

In some e Igném‘s, t he boronic ester voré of
formula ( cofgditutes at | east aboutﬁm W, 80%
ww, 90%w w, or 95% w WH# the conpositiof" [066] CVaD)

enbodi . relates to the conposition described above,
C\ﬂ/ﬁ%?‘%ﬁjgggpoﬁl%aé ergofewBereithe fol | owing features is

pres chl o t he boronic ester
CompBURa" %&‘}%F(ﬂy e e sgaiogn gy R soup nd
al i pha U of..t oroni c _ester ound of

for i érjlq&(:gr)t[‘El FeseT ermﬂitﬁ%rg 3% P8R! 06 HPEGEEyan
in a s|qubmlbaUMtutemduﬁd)cychubcplosleSstaf t he invention,
the term"batch run" refers to execution of a

sajid provess comprisiog'ss, wherein each step of the process is
performed only once. Preferably, the boronic ester
conptind erevidéigrakicaor “Rje” peoglentf formulhdlgonpidsi tion i s
prepared in a single batch run of the process

accordi ngg s hhe first aspect of the 'dw@ﬁ“ on One of
ordi nary qI?N' ORh the art will appreci

preparation 5aMg| ven Qrﬂgntlty of produc pyvva singl e
bat ch run of a | ar ge- sc process i s nor Ref fi ci entdIb)

%nd provi des a nore
where

Y is a nucleofugic group;

M is a cation;

R” is hydrogen;

R’ is a nucleofugic group; and
R'and R’ are as defined above;

(b) contacting the boron "ate" complex of formula (ITa) or (ITb) with a Lewis acid

under conditions that afford a boronic ester compound of formula (Ia) or (Ib):

ORS (Ia) ORS (Ib)

where each of R' to R® is as defined above, said contacting step being conducted in a reaction

mixture comprising:

" ()~ acoordinating ether solvent that has low miscibility with water; or
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honogeneous product than preparation of the sane

guantity of product by repeated execution of a
weoenslsloomoal e process. [068] The boronic ester eompsSE809774

of formula (T) wherein R3is a nucleofugic group are

useft as internediates for the synthesis of

al pha- am noboroni ¢ ester conpounds. |In another aspect,

therefore, the invention provides a | arge-scale

process for preparing an al pha-am noboronic ester,

pr ef er abl {i)by an gheselsnidbathas Bwngistihiitwvithsvatdrand a

%ﬁﬁﬂ%ﬁ%%g?gd gﬁggd"ate" conplex of formula (IT): where

C

s an eofugic group; M+ is a cation; RL is an
opti gnal | ' ' ' r ti :

het e (r&g ar olr/?gt | % géf %ﬁ%ﬁg Egéljl Cg Hﬁ%r?do%fgﬁr%ln% h%)sorgfb) with a reagent of
frrneyle b -DGY, Whaep! isancliedichetdan®RG iaadaRBo group protecting moiety, to
fbgggpﬁﬂgﬁg I | t'?ﬂﬁﬁ,y substituted aliphatic,
aromat I T, g;*ﬁg?%%ﬁgP%@g%.c gkoup, or R4 and R5, taken
together withgthe interveni ng oxygen and bgron atons,

forman optional | yssubstituted 5- to 10-ne eégp ring
havi ng 0- 26)a¢diBional ring heteroat onmsGaarested from

N, O or S; (b)ORbntact ivigishe boron "ate” Ompl ex Qvrim)
formula (1Z) with a Lewis acid under conditions that

vetfetein chchi@arbiR e Rtare 8¢ @tinedameunadof formula (1):

where each of RL to R5 is as defined above, said

cont &bt i ngnsva theGrgogs asivehadomPodnd G608 (VIS bH18Ib):
conprising: (i) a coordinating ether solvent that has
low mscibilRty with water; or (ii) an etdgler sol vent

t hat has P .eatbility with water and gicoemadi nati ng
co-sol vent?" artl.{c) treating the borori e§ier
conpound of foftula (1) (Mf®h a reagent of PSrnula (Vi)

MWNT(G 2, where MLis an alkali netal and each G
Ofﬁ%?%qiﬂﬁHWQP%BFmFﬁﬁether is an ami no group

[074] Preferred values for Y, M, R' to R®, and G are as described above. The
compound of formula (VIIa) or (VIIb) preferably has a diastereomeric ratio at the alpha-
carbon of at least about 96:4, more preferably at least about 97:3, relative to a chiral center in
the R*R’ chiral moiety.

[075] The alpha-aminoboronic ester compounds of formula (VII) are useful
synthetic intermediates for the preparation of peptidyl boronic ester compounds. In some
embodiments, therefore, the process according to this aspect of the invention further

comprises coupling the compound of formula (VII) with a compound of formula (IX):

R7

© (IX)

wherein:
P' is an amino group blocking moiety;

R’ is selected from the group consisting of hydrogen, C_aliphatic, optionally
substituted C, aryl, or C, aliphatic-R®; and
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protecting group to forma byproduct of formula M-R3

and a conpound of formula (M I1): wherein each G and
werow/RBoar e as defi ned above; and (d) renovi ngCThs2085/009774

groups to forma conpound of forrmula (VTI): or an acid

addition salt thereof.[069] In sonme enbodi nents, in

step (c), the boronic ester conmpound of formula (1) is

treated with a reagent of forrmula ML- N(Si (R6)3) 2wher e

ML is an alkali nmetal and each R6 independently is

sel e® eacte}kctedrfrbﬂm&h@gmup cmtsisshg of aticpxpf allgtlityd, pplasralli ylibstituted

and aryI

oo o e REEEet R Bl aciv o PR b BOnatly dkNBeted grpino,

t he borlmydrmcye&tdeguamiiqungmdpspand ormula (1) with the
reagent of fornmula MVUNT(G 2preferably is conducted at

a reacs Obhortadeqyingagrane i n t he range of about -100 OC
to about 50 OC, preferably about -50 OC to about 25

to Errenepmpyrind pf fefranlalfky about -30 OC to about 0 OC. In
sonme enbodi nents, R3 is halo, preferably chloro, and
ML is Li. To facilitate i®olgti@R* of the product of

fornula (VII11), the reag Nq&-\tﬂ?ge preferably
conpri ses an organic soIHve ch the byproduct
MVR3 has | ow solubility. Nonli m ting exanpl es of (X)

Bt fe s PR BE R A f#a%%i el ?Ef uane i m some
FRRer on ITPEERSte KUY SRR B S sgeh e Pttt by the
ad;ﬂmpafrmxladt) ?@Fp bét;ne (Sdsaqggomdircneﬂfct)rhmﬂmma In\élohie)embBﬂﬁxﬁe&nfsab’leynmety -
QREE iRl et Gin O bbbt R e bR Tn e
eﬁ@%ﬁﬂl}]es;? aram:uoatga thﬁ is Qér\éﬁiﬁéd 1:1 ;l;w ?ﬂtdc’ﬁﬁg b?c}e}ﬁlﬁtdmdtof formula
SRR R S Rl e Gt o hs e lecuBde

vaﬂﬁ‘lgh@e%ehﬂﬁg&hﬁé Whthduit liyhitation, smbdlﬁmgg;\aeagﬂﬁlsteggl vent

?Yélgg EfﬁgtP ﬁgﬁd@@&éﬁ M@ @W@ RIPF O By Keprbodiimide (EDC);
pmeq&ghmm ehgdnts, €g., lﬁgﬁdtﬁﬁg?@? miﬁgtﬁeﬂhgla&m hosphomum
R G otate BOE PR a0 (v Rabnly (s B Hi e tarasl -

N EIN’ aNiyteteefdiiyanrontuin tuailu@ohast (BB, step (c)
preferably further conprises renoving the

[67% rahydr ’Phol'slg &t sktlFln%e ar{ élllsg aerre g&gre oIP Ienrorcee u(::rtesI Q’c prgrr)r(ut%e direct
coupling of silyl protected amines, without a prior deprotection step. In such procedures,
the silyl groups are removed in situ under the coupling reaction conditions. In some
embodiments of the present invention, therefore, a compound of formula (VIII) is contacted
with a compound of formula (IX) under conditions that remove the (R%),Si groups in situ and

form a compound of formula (X).

[078] For purposes of the invention, the term "amino-group blocking moiety" refers
to any group used to derivatize an amino group, especially an N-terminal amino group of a
peptide or amino acid. The term "amino-group blocking moiety” includes, but is not limited
to, protecting groups that are commonly employed in organic synthesis, especially peptide
synthesis. See, for example, Gross and Mienhoffer, eds., The Peptides, Vol. 3, Academic Press,
New York, 1981, pp. 3-88; Green and Wauts, Protective Groups in Organic Synthesis, 3* edition,
John Wiley and Sons, Inc., New York, 1999. Unless otherwise specified, however, it is not
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[072] Those of skill in the art are aware of various

met hods that can be used to remove the protecting
wgnrose7s®i n the conpound of formula (WI), ineCudises/09774

e.g., aqueous hydrolysis or treatment with acid. The

product al pha-am noboronic ester of formula (VH) has

| ow stability and preferably is imediately

derivatized (Matteson et ah, J. An Chem Soc,

103: 5241 (1981)) or is isolated as an acid addition

regessary [of a8 GRENQEEI9BH Plesking moite t(edyachlawbm_r?@ Agln'matglrdng)

; : f I ' n
Dl S e h b A Al g psony
raeigtiesi Ersosglembopimends, theiamipy-gifoep b@@kieg’gw@htyrismgac:}]iltrﬂnﬁety derived

h G b Skl }g)cﬁf.ee'c ' ound o
ff?tgl!lr1 ?rnu%rgmt(oﬁlh%dﬂ?é 1 SO ﬂzﬁcéegl%gtgvetq?gg ???ﬁeﬁe@%ac etic acid
ition He hSC ' , cesses
TP e T nan el SEHT SR AORNE b RaRP O g ana
ety prénogciskaFeruapiset eftheinsertton, ' skepvativd’sofah amino acid or

: ] i E a [ L ral 1
R B e P o o pap g b prggicine
SEQHPapt ther NydasEdius op poye eisls chaim, ipmegidied witharblocking g\r;ntp. As used

A AHL 19D QNG : - i 4. or
B e e ST ISR Mol Pe REich B a i Rl s80kbone
oRiife chgin. oheiternlpeptida anglogt istimtendeditp ralvide peptidermtheein @te or
it QERBEAFIM 16 i eRbPanBE AN e bbRE0e kngérJ;rx?fgﬁ a peptide

W th the intervening oxygen an oron atons,
159p%€Teonal | y substituted chiral cyclic boronic ester;

saj d process conprising: (a) providing a boron "ate"
[B8hpl ex o spBe sEPadimends) P 62 dleqvible prgienting ¥iospa Examples of

cREIbRA Gt r&kﬂ%ﬁn&@de?wﬁh&@tlim{%ﬁoﬁ%k L9805, g,ge. i.,‘i‘or 1,

a %ﬁj;ofugig%’r group; and R4 and R5 arygpgs éeg%ecﬂ) &, Tormy
a%p&az%c), succinyl (Suc), or methoxysuccinyl (MeOSuc), and urethane protecting groups,
e.g., tert-butoxycarbonyl (Boc), benzyloxycarbonyl (Cbz), or fluorenylmethoxycarbonyl

(Fmoc).

[081] In some such embodiments, the process according to this aspect of the

invention further comprises the steps:
63) removing the protecting group P’ to form a compound of formula (XI):

R” H OR*
N _B
HoN N " ORS

O R! (XT)
or an acid addition salt thereof, wherein each of R', R%, R®, and R’ is as defined above; and

(8)  coupling the compound of formula (XI) with a reagent of formula P*-X,
wherein P* is any amino group blocking moiety, as described above, and X is a leaving

group, to form a compound of formula (XII):

4
oo
Y " ORS

O R [9'¢1))

R7
P2-N
H

- wherein each of P% R', R?, R’, and R” are as-defined above: One-of skillin the art-will-

recognize that in those embodiments wherein P* is an acyl group, including, e. ., an acyl
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(b) contacting the boron "ate" conplex of formula

(Jla) or (lib) with a Lewis acid under conditions that
wafhbwrod7sa9 bor oni ¢ ester conpound of fornula (I 8FT®S2005/009774

(I'b): where each of Rlto R5 is as defined above, said

contacting step being conducted in a reaction mxture

conprising: (i) a coordinating ether solvent that has

low miscibility with water; or(ii) an ether solvent

that has low mscibility wwth water and a coordi nating

raeieiyslevivert frommad afrino acideertpepde, biearbrmtngior destative thereof, the

; ol th a.r ent of
lwggp N{?}N-‘zaé%,rgé}\}\%%t%g %)I\iztg,l ass%gslr%&sg\/\%l(%l?olve for iccompotind pf formula
(BR- ani no group protecting noiety, to forma conpound

of formula (Mlla) or (VIIIb): wherein each G and Rlto

(8% e as Hefacnetthe boveoundnX) @dd gﬂié))ﬁmibbgarll\i/clhaleidfingié@'upﬁrotected
. mul. il a) ,or L Or an

e e F onuanid i boBh M Eybla Bhupebirehitydey Fhod

lyop in fReay. Reefernlely Ghaberosis adé swiatpisdieptoaceed b'glhﬁnﬁesterificaﬁon in
f L (VL] ef er as a .

R Pt ek L B G fgaoases the steps

bout;) 96: uov ' t out. 97: 3,
ol At ve. g AR AR AT e M BT PRAL, Regtompound o
forB1R (K) of GKB] aorganit berania atid etseptoniadoestairanabapguydscarbon

s@berft Ol Bedu¥lidedf £idisef ul synthetic internediates
for the preparation of peptidyl boronic ester

conp@EyNdsstirtify SQNEHHRGPRIHIRRS Stork %&%@%ﬁnﬁ%@ﬁg@{o‘?&%ﬁ%mmﬁc

agcording to this aspect of the 1nven .
a?}gﬁ‘ﬁf‘f‘l’ E RPN AeXdBlpound of formula (V1) with
a conpoun7d of formula (IX): wherein: Eli S an am no
group blfpckiing®roiety; R7 is sel ect e§’ f romQ@rhe group
conspsi Byer ogen, C oal i phagel g @I_II y
subst i Hut aryl , or( al i phati o4 Rgj dRB i s

selected fromthe group®™@nsisting of &l Koxy,

al kylthi | bstituted aryl, heteroaryl,
andy lgt e%(%%%g{lﬂ;ﬁotﬂg%(gﬁ%nz,yaygrrsibangpti onal ly protected

am &) extracting the compound of formula (Xa), (XITI), or a boronic acid anhydride

thereof, into an organic solvent.

(XIID);

[083] The organic boronic acid acceptor in step (i) preferably is an aliphatic, aryl, or
ar(aliphatic)boronic acid. In some embodiments, the boronic acid acceptor is selected from
the group consisting of phenylboronic acid, benzylboronic acid, butylboronic acid,
pentylboronic acid, hexylboronic acid, and cyclohexylboronic acid. In certain embodiments,
the boronic acid acceptor is isobutylboronic acid. In some embodiments, the boronic acid
acceptor is selected so that the boronic ester compound of formula (ITI) is formed as a
byproduct of the deprotection reaction. The boronic ester compound of formula (III) can
then be used in another batch run of the process described above. In such embodiments, the
moiety R*R’ is effectively recycled, which may be particularly advantageous if R*R® is an

expensive chiral moiety.

[084] To enhance the purity of the product, the aqueous layer containing the
compound of formula (Xa) or (XIII) preferably is washed to remove neutral organic
impurities prior to the extracting step (iv). In siich embodiments, step (iii) preferably

comprises the steps:
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hydr oxy, and guani di no groups; and Xis OH or a | eaving
group; to forma conpound of fornmula (X): wherein each
wofoBhe748d, R4, R5, and R7 is as defined abovePCI@R&]05/009774
The | eaving group Xis any group capable of nudeophilic
di spl acenent by the al pha-am no group of the conpound
of formula (W). In sone enbodinents, the noiety -
C(O-Xis an activated ester, such as an
O (N-hydr oxysucccinim de) ester. In sone enbodi nents,
an ac€d)i vasepdraging dre solyegedmerat ed i n situ by contacting
a conpound of fornmula (I1X), wherein Xis OH with a
pept i@e C@ﬂ]pﬁhngghqmg@mlayemﬂpk@ﬁ,of sui tabl e peptide
coupling reagents include, without |imtation,
car b&i i nvashingthg eatesus éygf withpngrermneotyansandodi i i de
(DCO) or | -(3 di met hyI am noProp | )-3-ethyl carbodiimde
(EDCf‘l) ph Wﬂﬂ%ﬁﬁ% e to less than about 6.

benzotriazol -1 -yl oxytris(di methyl am no) phosphoni um
[besxaf | uor E%ﬁﬁféﬁ%&m(eﬁg:’th@ eRRBAGD r,ela@é%do bk RBrH¥Rd process for
reagents, IH-benzotrlazoI-I-

) -
Taqrurie 2 %Rrpﬁﬁﬁwwm%w %%Paﬁ%m@ﬁmbedmtr@)e
1ﬁ\£b?1ﬁﬂ>n PooRRs Ofargddchlle prdtedsioyr fafnhingd h $OmPEENREE I (XTV)
procedures that permt the direct coupling of silyl
protected am nes, w thout a peiNgr deprotection step.
In such procedures the silyl oups are renoved in
situ under the coupli ng @ ea on o@ndi tions. In sone
enbodi nents of the pEZ t @éon, therefore, a
I(

conpound of fornula \7I||}§'| # ccnté)@ted wWth a

compound of formul a ¥N? uner C itions that renove
the (R6)3Si groups in situ and fotma conpound of (XIV)
formula (X). [078] For purposes of the invention, the

ot eborohimatid enbydride théreatk Thgproodsetomiptises testep@ any group
used to derivatize an am no group, especially an

N-t efa)i naprowidingm lyroufated toraplpept forkeula (X@mi no aci d. The
term "am no-group bl ocking noiety" includes, but is

not limted to, protecti groups that are commonly

enpl oyed in organi c symshesi.S.refpecially peptide
synthesis. See, for exaspt®, 35 and M enhoffer,
eds., The Peptides, VolY 30 em c Press,

(XV)

wherein:
R’ is a nucleofugic group;
Y is a nucleofugic group; and
M is an alkali metal;

(b) contacting the boron "ate" complex of formula (XV) with a Lewis acid under

conditions that afford a boronic ester compound of formula (XVI):

PN

=A<
(XVI)

‘said contacting step being conducted ina reaction mixture comprising;
D a coordinating ether solvent that has low miscibility with water; or
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New Yor k, 1981, pp. 3-88; Geen and Wits, Protective

G oups in Organic Synthesis, 3rd edition, John Wl ey
wanwsBeree9 | nc., New York, 1999. Unl ess ot her WPe®/US2005/009774

speci fied, however, it is notnecessary for an

am no-group bl ocking noiety to be readily cleavable.

Am no- group bl ocking noieties include, e.g., alkyl,

acyl, al koxycarbonyl, am nocarbonyl, and sul f onyl

noi eties. In some enbodi nents, the am no-group

bl ocki ng (i et3n ¢theranlventyhatims lewymiebilinedith mater afd a
C@mdﬂgﬁﬁgk(ﬁs&gm@epti de, or a derivative or anal og
thereof. [079] As used herein, the term"am no acid"

i ncl ydes : [ r am no
acid§$]Fo?gﬁﬁﬁggﬁggag#&?ﬁgg#ﬁéen§fgﬁsu%pﬁﬁérwgaFFV@m“Of
formun MaiN(Rb valkdreMois apapali deetdl sndeaehiGhindividihalipor together is an
METoTona ; .. : 1 NQ, boxy, or
guan%g?ﬁghgggggggFﬁf%émﬁf%er c%%éogﬁﬁ%ﬁﬁéxgﬁge chai n,

is nodified with a bl ockingygroup. As used herein, an
"anal og" of an am no acid peptide is one which
includes a nodified backbdne or side chain. The term

"peptide anal og" is i@eWdeB Nd incl ude peptides
wherein one or nore stereoce are inverted and one
or nore peptide bonds are replated wth a peptide (XVII)
i sostere. [080] In some enbodi nents, Plis a cleavable
pr ot &bt i Mgmgrivgthe Egawpk Esfouh acorepwatl o (ol LGVIITY
groups include, without limtation, acyl protecting
groups, e.g., fornyl, acetyl (Ac), succinyl (Sue), or
met hoxysucci nyl (MeQSuc),¢ra ur et hane protecting
groups, e.dg., tert-bu%;h tdanyl (Boc),

v fF

benzyl oxycar bonyl (Cb o% r enyl met hoxycar bonyl
(Frmoc). [081] In sone such™e nts, the process
according to this aspect of the invention further (XVIII)

m%%ﬁ?%ﬂ%%ﬁﬁégggtﬁkgg§: (f) renoving the protecting group

rma conpound of fornmula (XI): or an acid

addi ty on t el of. Rl, R4, R5, and

R 1®) oo AR Roun e e R iR i gbiofgula
(dX;formula (XZ) with a reagent of formula P2-X,

wherein P2 is any amno group blocking noiety, as

descri bed above, and Xis a |« ng group, to forma
compound of forrmula (XIJ):

PL” )
© (XIX)
wherein:
P'is a cleavable amino group protecting moiety; and
Xis OH or a leaving group;
to form a compound of formula (XX):
O—S” §
H 7
1
H 5 '\I/
A xx)

wherein P' is as defined above;
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wherein each of P2, Rl1, R4, R5, and R7 are as defined

above. One of skill in the art will recognize that in
wohos@oeobodi ment s wherein P2is an acyl group, PCT/US2005/009774

including, e.g., an acylnoiety derived froman am no

acid or peptide, or an anal og or derivative thereof,

the leaving group X nmay be generated in situ, as

di scussed above for the compound of formula (IX).

[082] In each of the conmpounds (X) and (Xl I), the

bor offf)c acdnovimg ée pratectipg gtomptPeth fasn a c&mp@mdmf éstraita (XXI):

If desired, the boronic acid noiety can be deprotected

by any met hod known in th t. Preferably, the
ect y
prhé% Xture. More

boronic acid noiety is d

transesterification in

preferably, the boroni Ndwﬂ%orotectlng step
conprises the steps: (i) @rowi ding a biphasic mxture
conprising the boronic ester ¢gonmpound of formula (X)
or (XTlI), an organic boronic acid acceptor, a | ower

Oglahgageddl% ?aqytggr%cpr bon sol vent, and aqueous m neral

I'rring’the biphasic mxture to afford t he

?8: I e5po n%!u;igﬂ gﬁ% i%.??&r?c?of?@r;mﬂg egg?g{/\rl MG r grliltsog Iforgw%a (XXID)

Iayers and (iv) extracting the conpound of formul a
(Xd), (XIIl), or a boronq; ci d anhydride thereof,
into an organi c sol vent. XThe organic bor oni ¢
acid acceptor in step (i) preherably is an aliphatic
aryl, or ar(aliphatic)boronic acid. In sone

or oni c i.d_accepto
R O o e R b G RGPS o e P
benzyl boroni ¢ aci d, butylborn Ic acid, pentyl boronic
aci d, hexyl boroni c acid, 1 glycl oheyyl boronic acid.
In certain enbodi nents id acceptor is
i sobut yl boroni c aC|ﬂ aonH nts, the boronic
acid acceptor is s INT {0 YT fOthe boronlc ester
conpound of fornmnul Illﬂ i f d as a byproduct of
the deprotection reaction. The koronic ester co %ﬁﬁ . and
of forrmula (I11) can then be used in another bat ran
of t pr t
the 151 ot RS & Al hle AREKRion) £ OHE e CBRRELIRR Banyta v
opabetoniglagid|aphydfiderihargefous if R4-R5 is an

(XXT)

(XX11)

[086] In some embodiments, the process is characterized by at least one of the
following features (1)~(5). In certain preferred embodiments, the process is characterized by
all five features (1)-(5) below.

(@) In the boron "ate" complex of formula (XV), R* and Y both are chloro.

(2 The coupling step (e) comprises the steps:

(i) coupling the compound of formula (XVIII) with a compound of
formula (XIX) wherein X is OH in the presence of 2-(1H-benzotriazol-1-y1)-1,1,3,3-
tetramethyluronium tetrafluoroborate (TBTU) and a tertiary amine in

dichloromethane;

e - (ii) - performing a solvent-exchange to replace dichloromethane with ethyl - -

acetate; and
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expensive chiral noiety. [084] To enhance the purity

of the product, the aqueous |ayer containing the
woanpmarsd of formula (Xa) or (XTTl) preferabl yPC$/US2005/009774

washed to renove neutral organic inpurities prior to

the extracting step (iv). In such enbodi nents, step

(ii1) preferably conprises the steps: (1) separating

the solvent layers; (2) adjusting the aqueous |ayer to

basic pH, (3) washing the aqueous |layer with an

or gani ¢ s 6l enperfeamihg ah)aqaetjus stabingf thbethléeRUSoBYE!

to a pH less than about 6. [085] In sone enbodi nents,

I P e R S R R

manuf acturi ng the asone

Thus, in gne ephed: 'Eﬂzé%m]pBﬁﬁi SRR ﬁ)%g%g‘y%gﬁﬁ 8ﬁ'ﬁ%ftc“§tate;

| arge-scal e process for formng a co

(XI'V): or(ig bojdaigheptind iARBYAEE HGnineESQl- The

process conprises the steps: (a) providing a boron

"ate" congibex i@flatf tal?¥ion M0 €6 BLNind 37 £ ;
nucl e%u(?‘l c.gr oup;r%%bg nucloer:)fugi cbgrgllj%g;f&glr'i‘%m%slts}id
an affaf ﬁ*?éttal; (b) contacting the boron "ate"

conplex of fornmula (XV) with a Lewis acid under

condi) i oriBhetchaplirgfsteapr(g) @nipek@nhestgst er conpound of
formula (XVT): said contacting step being conducted in

a reacti di m xbuplgdnmniminng of foihula (XD rV\?HH'EQIE_')brﬁ‘ﬁnecarboxylic

et her.. sal t hat |ow. m.scibility with water;
or (i %@%ﬁ@? IR RYY ta@ﬁé?r%gﬂawwﬁlﬁ?@meWye;w th

wat er and;\a C ' Lng. co-solvent; (c) .treating the

bor oni ¢ glsl)? er %g%%pngﬁ%as of° 8?%‘?1‘?%’% 5@‘5’&)&‘ ﬁch‘?rcﬁn &yith ethyl
of fasetaigiand Vf-N(G 2, where MLis an al kali metal and

each Gindividually or together is an am no group

prot ect i §§) gr Befornting &rvaqueeusowashofithel etifyl A@tamHoRution.

(XVI1):

5) The boronic acid deprotecting step (h) comprises the steps:

(1) providing a biphasic mixture comprising the compound of formula

(XXIII), an organic boronic acid acceptor, a lower alkanol, a C,; hydrocarbon solvent,

and aqueous mineral acid;

(i) stirring the biphasic mixture to afford the compound of formula

(X1V);
(iii)  separating the solvent layers; and

(iv)  extracting the compound of formula (XIV), or a boronic acid

anhydride thereof, into an organic solvent.

[087] Preferably, step (h)(iil) comprises the steps:
(1 separating the solvent layers;
2 adjusting the aqueous layer to basic pH;
3 washing the aqueous layer with an organic solvent; and

4 adjusting the aqueous layer to a pH less than about 6;
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(d) renoving the G groups to forma conpound of

formula (XVII1): or an acid addition salt thereof; (e)
woauslorsydt he conpound of formula (XVIII1) w t hPaT/uS2005/009774

conmpound of formula (XTX); wherein: Pl is a cleavable

am no group protecting noiety; and Xis OH or a

| eaving group; to forma conpound of fornmula (XX)

wherein Plis as defined above; (f) renoving the

protecting group P1 to forma conpound of formnula
[ow}(XI ) oiin awtlze eshbadidieht, Gre iswdntion redatextd a l4rgg-sa@lzpbdesfor

he co ound f f or (XXI) with a reagent of
fOFgPﬁﬁl #%?hekls a OH or a leaving group, to
forma conpound of fornmula ( [1): (h) deprotecting
the boronic acid noiety to t he conpound of
formula (XTV) or a borogic hydrlde t her eof .
[086] In sone enbodlﬂen S, thH pEocess i's
characterized by at shlo of tore foll ow ng
features (1)-(5). |1 erth I 10 pr red enbodi nent s,
the process is characterized by five features (XIV)

(I) (5) be|OMI (1) In the boron ate" conpl ex of

ora®o @&@onchﬁ]g- hQEtle 4 0. (2) The .
coup |ng stez conpri ses e st ps (i) coupling
the(&a@@@&%n@%c&ﬁﬁéﬂﬂd%f@fﬂﬂ(kﬂm a conpound of
formula (XI'X) "wherein Xis OH I n the presence of
2~(1 H benzotriazol-1-yl)-lyl,3,3- tetranethyl uroni um
tetrafl uoroborate (TBTU) atertiary amne in
di chl oronet hane; (ii) pe fqﬁnlng a sol vent exchange to
repl ace di chl or onet haHé&\"wg hyl acetate; and(iii)
perform ng an aqueous washO et hyl acetate
sol uti on. (Xvi

or an acid addition salt thereof, with a compound of formula (XIX):

PL”
© (XIX)

whereirn:
P'is a cleavable amino group protecting moiety; and
Xis OH or a leaving group;

to form a compound of formula (XX):

o
o H ,'§S§;
“N

~Bg

H o
\T/ (XX)

wherein P' is as defined above, said coupling step (aa) comprising the steps:

(i) coupling the compound of formula (XVIII) with a compound of
* formuila (XIX) wherein X is OH in the presence of 2—(1H -benzotriazol-1 1-y1)-1,1,3,3-

-30-



(3) The protecting group renoving step (f) conprises
the steps: (i) treating the conpound of form a (XX)
wei2ods/eid9i n et hyl acetate; (ii) addi ng hept aneCcrawstds/009774
reaction mxture; and (iii) isolating by
crystallization the conmpound of formula (XXZ) as its
HC addition salt. (4) The coupling step (g) conprises
the steps: (i) coupling the conpound of formula (XX2)
wi th 2-pyrazinecarboxylic acid in the presence of TBTU
and tetranagthylaropivamietrafliorolfireth (BF 3 Hent anetiaryianiine in
per f ' | vent exchange to repl ace
o crremReiBethatd T ot hyl acetate; and (iii)

perform an RS, .
solutionﬁg(S)pgﬁg bor6%?%92%%%£%§Sf%?%%??ﬁg&gﬁgngﬁvﬁhe““d
conpfstaleandhe steps: (i) providing a biphasic mxture
conprising the conmpound of fornmula (XXII1), an organic
boroni ¢ 8] d BREEPIRg AN agueyRsask pithe ethyl agetets sglution;

hydr ocar bon sol vent, and aqueous mneral acid;, (ii)

st i (PR g opRying tha REQRCURS souP & todomn p sprapeuas of Snrpalm@XD):

of formula (XTV); (iii) separating the solvent |ayers;

and (iv) extracting the poyn formula (XTV), or
a boronic acid anhydri gether.g y nto an organic

sol vent. Preferably, SIepH(hg(i conprises the
steps: (1) separatihHgNtRE Sl veént | ayers; (2)

adj usting the aqueous | &yer* basi c pH, (3) washing

t he aqueous | ayer with an organic solvent; and (4)
adj usting the aqueous |ayer to a pH |l ess than about g,:

or bRE&H alidlitian Qilhﬁérem#ﬂg?&ﬁmg LG kNSRS 98 (8] @hfrisin® the

a | arge-scal e process

steps:
(1) treating the compound of formula (XX) with HCl in ethyl acetate;
(i) adding heptane to the reaction mixture; and
(iii)  isolating by crystallization the compound of formula (XXI) as its HCI
addition salt;

(cc)  coupling the compound of formula (XXI) with a reagent of formula (XXII)
N
Cli
\N j\f( X
0]

wherein X is a OH or a leaving group, to form a compound of formula (XXIII):

(XX1)

r"
;

0] H 0O
N N__B
| AN N N0
N, : O :\’/
(XXIII),

said coupling step (cc) comprising the steps:

(i) coxlplmg the compound of formula (XXI) with 2-pyrazinecarboxylic = .. - -

acid in the presence of TBTU and a tertiary amine in dichloromethane;
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form ng a conpound of formula (XTV) or a boronic acid
anhydri de thereof, conprising the steps: (aa) coupling
wa 20mpond of formula (XVTZI): or an acid addPCirmis2005/009774
salt thereof, with a conmpound of fornmula (XZX):
wherein: Plis a cleavable am no group protecting
nmoiety; and X is OH or a leaving group; to forma
compound of forrmula (XX): wherein P1 is as defined
above, said coupling step (aa) conprising the steps:
(i) cou p i)ng  plroratmgpossmenoéxcharpeib fpladd/dicHipromdiitng with ethyl
f, formula (XIX) wherein Xis CHin the

Conpa%gtate,a?}d
presence O

2- (1 H-be tb(r)i;éir A% _nﬁ% i; e(bu Wals Er%ﬂ}?tcgj?/ ur?) Jolf{,n;;nd

tetraflu

di Crl!i(?)r OgE}gJ%?eré gropu%rafcﬁrrﬂgl fO%I(l)ll Vee (Er})tmpeo)ﬁ%g ? m)ll% (XIv)

repl-ace ane wWth y ace

orpdmt@umcrcgar&tydaqmﬂemf vaid Idelmbtet:tlilg sdrhigll) angiraing the steps:
sol ution; (bb) renmoving the protecting group Pl to
forma c élhp ouphvisting obipivsi (XN congprisang the anpriatidtof Gmmula

sal t Xkﬁ%r 593 aﬁ@b&oﬁfe %1?%&?&&,%1&9& c{jlga% ng%hﬁrtg§%]a1(b%9)solven’c,

conpri sing the st eps: ating t
formnﬂaq%$&®nmm¥ﬂaﬂdt in ethyl acetate; (||) addi ng
heptane to the reaction mxture; and (iii) isolating
by cryst&il i zetirting thefiphesinpidhee toptferdrtheitoapoxyd pf fesmula
|ts(gﬁb addition salt; (cc) coupling the conmpound of
formuld (XXT) with a reagent of formula (XXIT) wherein

Xis a Q‘h?& %p%ﬁh@%e%l%’ﬂ&la}e?s f gy ma conpound of
fornula Il said cotipli'ng step (cc) conprising

the stepsy) extracting the compound of formula (XIV), or a boronic acid

anhydride thereof, into an organic solvent.

[089] Preferably, step (dd)(iii) comprises the steps:
(1) separating the solvent layers;
2 adjusting the aqueous layer to basic pH;
©)] washing the aqueous layer with an organic solvent; and

(4) adjusting the aqueous layer to a pH less than about 6;

[090] The efficiency of the processes described above is further enhanced by
telescoping steps, for example, by carrying a reaction mixture or worked-up product
solution from one reaction directly into the following reaction, without isolation of the
intermediate product. For example, in some embodiments, step (e)(iii) or (aa)(iii) affords an
ethyl acetate solution comprising a compound of formula (XX), and the ethyl acetate
solution is directly subjected in step (f) or (bb) to conditions effective to remove the
protecting group P'. In some such embodiments, the protecting group P' is an acid-labile
protecting group, for example, tert-butoxycarbonyl (Boc), and the ethyl acetate solution from
step (e)(iii) or (aa)(iii) is treated with acid. In certain preferred embodiments, the ethyl
acetate solution from step (e)(iii) or (aa)(iii) is dried azeotropically and then treated with

gaseous HC.
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(i) coupling the conmpound of fornmula (XXT) wth
2- pyrazi necarboxylic acid in the presence of TBTU and

wa 20@rv7smpy ami ne in di chl oronethane; (ii) perf 8CmiUSgN08/009774
sol vent exchange to replace dichl oronethane with ethyl
acetate; and (iii) perform ng an aqueous wash of the
ethyl acetate solution; and (dd) deprotecting the
boronic acid noiety to formthe conpound of fornula
(XI'V) or a boronic acid anhydride thereof, said

[osigpr _og eC g bt’_ﬁé &dpréteetingCapf) os (Ubgisgahgo@ﬁeaﬁ&ae]( ér)hydroats
rrovi daln a DI pnasl m Xt ure. co ri t.he (0] oun

coBfiitiPRs At %fcr(ﬂmaEP‘;e; theprg ekt e BRI Capdredsold B or,
cristalBYion SolePhe keaciorGhixhire hOIEFIOOIN dRMInN\EIRt Crysfaliz R8s Wise

m ner%I, aci d; ﬁ%%%ﬂjﬁtl rrfl ﬂgfét he  bi Qasn C cﬁg xture to
Prfch st s REORQY 1ign ¢i 3 foéaf(f’%‘g)ﬁ venft puqhyas gligpiage.i lpgome
enhiRRLrBQ1tY e red YR BixtuRNSlpArkiXlly @nbdndigtddigiot iradaarms ek

of f%r mul a or a E

la (XTV), a boronic acid anhydri de_t hereof,
hoidrecarooR SBIP’GHniT%Q B’ﬁ?%ﬁ‘t"?f‘tf’ﬁgg e %F%)fvslieaﬁﬁ\{%? crygieligatiqet dhe
co|)11p©ﬁfi@ bf ﬁ(éﬁ?ulb dk TeXH Erﬁtlhi:}s Ir?fqn'h)ar Sagadtpt &ﬂ@vés"étﬁy &%ﬁe\plﬁﬂé iml_]|>urity that
ers; adj usting.the uequ ayer to_basic pH
RV S G R R T Sy E = ST R AN
re@idtle {tddtendlidesin higsyilfiesBoueous | ayer to a pH |l ess than
about 6; [090] The efficiency of the processes

scri be 0 i s further enhanced by tel escopin .
0 S ne. 1 SPSTARRT b EPISTAG v eaby PR Qe ST mitue
fromo theerduplnerstepd plodr (SP Hindtlgintd tierboooréc dddheibiegndepirsteeing ytep (h)
o B PGP0 KSR O AL 808 ke
etigribatiiterdirder to faeflit{te)dtiebiiy warhef. 2 jdcond Jolaht owchingainto a
PRSI R FATREL S BEETBRATE oo
digsetheintthybighisiarede ddil ddpepiedtin sep () dd)owitbndisolatins of the
cofpb&Sd b4Erha LEERYNE the

[093] Alternatively, a more convergent approach may be adopted for the synthesis
of the compound of formula (XIV). Thus, in yet another embodiment, the invention

provides a large-scale process for forming a compound of formula (XIV)

(0] H (l)H
I NP SNy N Boom
N/ H @] Y
(x1v)

or a boronic acid anhydride thereof. The process comprises the steps:

(@) providing a boron "ate” complex of formula (XV):

s{eiy

O
HO—E
M (xV)

Y

wherein:

R’ is a nucleofugic group;
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protecting group Pl. In sonme such enbodi nents, the

protecting group Plis an acid-|labile protecting group,
woaoosawzasopl e, ter-butoxycarbonyl (Boc), and thecewisyios/009774

acetate solution fromstep (e)(iii) or (aa)(iii) is

treated with acid. In certain preferred enbodi nents,

the ethyl acetate solution fromstep (e)(iii) or

(aa) (iii) is dried azeotropically and then treated

wi th gaseous HC .[091] Wien the deprotecting step (f)

or (Wioh nuslegfegitgrampgarynder anhydrous conditions, as

descri bed above, the product of formula (XXI) can be

i solMtiedn bikalemyst;al | i zati on fromthe reaction mxture

as its HO addition salt. Crystallization of the

prodilct sertécting tlmhmmt ‘atk” bgmlaldld bt foonule {X¥ wistds beais had under

e h,a e. ments, the

coﬁc%nX ‘J’q%ﬁfsa#n%ﬁ ufg%l%lm§ © (i%mﬁoi'md 819 ﬁeg%ﬁfn?‘g%d prior to

addltlon of the hydrocarb n solvent. The present

i nventors have di scovere hat crystallization of the

conpound of formula (XXIs) in this manner efficiently

renpves any tripeptiderd sty that nay have formed

during the coupling step beizg§<faa). Such inpurities

are difficult to renove at | " stages in the

synthesis. [092] Further telescoping of the process is
saideestatiing shyp ety phdigriddia apedod iniNtiéicomprifihgm t he

coupling step (g) or (cc) directly into the boronic

acid noi 61y depootiegingrthes b@pent fjat bas 1oetd)iscibligTeifadhigs; or

the organic solvent fromthe coupling reaction is

first reflacethefharisolzetiyhat heeloatmisiibiligreigh whiter and a

co&ﬁﬁhhh ﬁggﬂ@gyeous washes. A second sol vent exchange
Into a rocarbon solvent then permits the product

sol yyio ntrga{h%g]tﬁet %901(19 %steg éoé\g&)ncf & f@r?mhlas thg\]v{tﬁ ? tréa%eﬂt%f

t he _&Fa5|c boroni c aci protecting

forgrydy D M N(SiFOW Whees Mt is on allsali mital awhgcuRuindépehdentlylimselected

frogrg%{trk glrc)bw &qugtlng%lf gl@g ngikxfg %uXctl ?11271 i n%ﬁieig ?rﬁ;?&?a%?lﬁaomon of the
n%ib’ stbstivited, to JaZw)a coltipeynd pifoymtla $XGRher
enbodlnent the invention provides a | arge-scale
process for formng a compoynd of formula (XTV) or a
boroni ¢ acid anhydri de theyeof. The process conpri ses
the steps: (a) provu@sgg oogn "ate" conpl ex of

formla (XV): _®<
(xvin)

(d) removing the (R®),Si groups to form a compound of formula (XVIII):

e

HNT B
o)

I,'

3

(XvIII)

or an acid addition salt thereof;

(¢)  coupling the compound of formula (XVIII) with a compound of formula
(XIXa):
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wherein: R3 is a nucleofugic group;Yis a nucl eofugic
group; and Mis an alkali netal; (b) contacting the

woaowosab e” conpl ex of formula (XV) with a LeRCs/Ua20108/009774
under conditions that afford a boronic ester conpound
of formula (XVlI): said contacting step being conducted
in a reaction mxture conprising: (i) a coordinating
ether solvent that has low miscibility with water; or
(ii) an ether solvent that has low mscibility with
wat er and a coordinating co-sol g€y; (c) treating the
boroni ¢ ester conpound of for XVI) with a reagent
of formula ML-N(Si (R )362 Lis an al kali netal
and each R6i ndependentdyxy B ¢ted fromthe group
consi sting of alkyl, kylH afhd aryl, where the aryl
or aryl portion of the Qralkyl is optionally (XIXa)
substituted, to forma conpound of formula (XVIl): (d)
WRERRID KXriy O e a (e ingsiroug, suformiagoippumdeof dommpdal(ROKIHN:
formula (XVII1): or an acid addition salt thereof;
(e') coupling the conpound ormula (XVI11) wth a
conmpotind of fornula (X Xat rej is OHor a
| eavi ng group, to fornfa ¢onpou ormula (XXI11):
(F) deprotecting thby NeNacBdyfoi ety to formthe
conpound of for mul b X1 \A a: boyoni ¢ aci d anhydri de
thereof. [094] In sBnme enbodi neyfs, the process is
characterized by at |east one of the follow ng (XXIII);and
featyres (1)-(3). In certain preferred enbodi nents,

t he E oc e‘ieé’r‘i’téc"%‘ﬁ SheRor s 3dmBiptatolfornythe sompeing ef ormula (XIV)

of & porodit alie ey dridb)hdrébft he boron "ate" conpl ex of
formula (XV), R3 and Y both are chloro. (2) The

pling ste %e conprises the steps: (i) . coupling the
[@gﬁ‘po und %150‘?‘8 R EREH tﬁ? PTORESE I ‘ga@gﬁﬁ%ﬁﬁlﬂf& 365)935" one of the
following features (1)-(3). In certain prefeired embodiments, the process is characterized by
all three features (1)-(3) below.

@ In the boron "ate” complex of formula (XV), R* and Y both are chloro.

@ The coupling step (e”) comprises the steps:

(1) coupling the compound of formula (XVIII) with a compound of
formula (XIXa) wherein X is OH in the presence of 2-(1H-benzotriazol-1-y1)-1,1,3,3-
tetramethyluronium tetrafluoroborate (TBTU) and a tertiary amine in

dichloromethane;

(i)  performing a solvent exchange to replace dichloromethane with ethyl

acetate; and

(iii)  performing an aqueous wash of the ethyl acetate solution.

€)) The boronic acid deprotecting step (f) comprises the steps:

() providing a biphasic mixture comprising the compound of formula
(XXTII), an organic boronic acid acceptor, a lower alkanol, a C,, hydrocarbon solvent,
and aqueous mineral acid;

(ii) stirring the biphasic mixture to afford the compound of formula
(XIV);
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formula (Xl Xa) wherein Xis OHin the presence of
2- (I H benzotriazol -1 ~yl)-1,1,3,3- tetranethyl uroni um
woebwsabtseor oborate (TBTU) and a tertiary am nePCI/US2005/009774
di chl oronmet hane; (ii) perform ng a solvent exchange to
repl ace di chl oronethane with ethyl acetate; and (iii)
perform ng an aqueous wash of the ethyl acetate
solution. (3) The boronic acid deprotecting step (f)
conprises the steps: (i) providing a biphasic m xture
conpri si(y t bepacaing thesdlveht psrspahd (XXI11), an organic
boroni c acid acceptor, a |lower alkanol, a C
hydr oc ar(bzt)) n sn’racamg thea:mmipamcbco:fdsmmlm@ﬁﬁ}, one beroniciagiy
Stll‘l‘l asi c mxt Lo afford the compound
of W Wnt??n?r)galggf) f%%ing the sol vent |ayers:
and (|v) extractlng the conpound of formula (XIV), or
[098] bor oniRrefarbly, siephif iliii) demphiees dwefstepbnt o an or gani ¢
solvent. [095] Preferably, step (f)( i) conprises the
steps: ((1) segmraingie wotvensleyerent | ayers; (2)
adj usting the aqueous | ayer to basic pH, (3) washing
t he aquddus ledipetingihe pausaupiageiie basikdt¥ent ; and (4)
adj usting the aqueous layer to a pH |ess t han about 6;
[096] |3kt epvaching thﬁ)aqu?%)liyewﬁalﬁom’ﬁsel)ve’&f e
processes descri bed above, the fbforgml a
(XIV), df a peisife he ATYPORH Y TP agﬁﬂ 2 OB‘i’ &f erabl y
is extracted into ethyl acetate and cryst aI lized by

[o980di t i onm@fepliRGaY) @idyoiv)h@nf')@n)':‘of thepoossees eletynitiedraimntve, the
the praocess f her co

r [ s ol,at,i on . of
corg]a(ptaldam lﬁﬂffﬂull of a],]‘tg)r ﬁlah 1d? (E}'\ereolf é)r?f%a%r i® &t&cted into
I fbatablar taﬁl[zieﬂbff b@dlhsﬂi Gﬂ’he&araaCdr thepintyy dn isclee efibodiments, the

I The f
prclg%qrsrr,frpurtt}?etr (ﬁgmp%./%eé @s[)lsaggﬂl. af amh%g?’gg{f S Cl1cle top e ccg}n&mndoo@ formula

(XIV), preferably a trimeric boronic acid anhydride of formula (XX1V):

o H 9
ENj/lLH N B ]
N ©

\l/ (XXIV)

[097] The processes of the invention permit the large-scale manufacture of
bortezomib of very high chemical and stereochemical purity. Prior art processes were
limited in scale and afforded product of lower overall purity. In yet another aspect,
therefore, the invention provides a composition comprising at least one kilogram of a

compound of formula (XXIV):

0O
|N‘ N
N7 e

...(Z_I
v.—<w b

(Xx1V)
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bortezom b of very high chem cal and stereochem cal
purity. Prior art processes were |[imted in scale and
wahtmrodesdo pr oduct of | ower overall purity. |n per/us2005/009774
anot her aspect, therefore, the invention provides a
conposition conprising at |east one kilogramof a
conpound of formula (XXl V): The conpound of fornula
(XXI'V) preferably is prepared according to the process
descri bed above, and preferably constitutes at | east

Tregotpbundéf fotneuls OO ptefenablpiz qbeépﬂtd&@ct&dﬁ@ it thapReelts deberibed

<Hp 28 TR AT rghyP 3 oR P o ‘BRpomposiion sccoring fo s

aspecmﬁihmwmycldnor mam de GC gas chromat ography GC-Ms gas
chr omat ogr aphy- mass spectronetry h Hours HDDPE hi gh
density pol yet hyl ene HPLEXAMPLESr f or mance |i qui d
chromat ography LDA lithium diisopropyl am de LOD | oss
ABDReviH6hEgd M n M nutes MIBE -butyl nethyl ether RP-HPLC
reverse phase high performance |iquid chromatography
BC@DM revol utions per nute TBTU
benzotri azol - | - yfERARKNEIDEBY aret hy| ur oni um

Dfetrafl uoroborate THF t%trahydrofuran

de-

DMF N,N-dimethylformamide

GC gas chromatography

GC-MS gas chromatography-mass spectrometry

h Hours

HDPE high density polyethylene

HPLC high performance liquid chromatography

LDA lithium diisopropylamide

LOD loss on drying

min Minutes

MTBE t-butyl methyl ether

RP-HPLC reverse phase high performance liquid chromatography

RPM revolutions per minute

TBTU O-benzotriazol-1-yl-N,N,N’,N "~tetramethyluronium
tetrafluoroborate

THE tetrahydrofuran

Example1:  (1R)-(S)-Pinanediol 1-ammonium trifluoroacetate-3-methylbutane-1-
boronate Manufacturing Process

(15)~(S)-Pinanediol 1-chloro-3-methvlbutane-1-boronate

- 1.~ (S)-Pinanediol-2-methylpropane-1-boronate (12.0 kg, 50.8 moles) was charged to a <'

reaction vessel maintained under a nitrogen atmosphere.
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Exanpl e 1: (I RMS)-Pi nanedi ol 1-ammoni um
trifluoroacetat e- 3- et hyl but ane- | bor onat e
woRmsfoatoar i ng Process dS)-(S)- Pi nanedi ol PCT/US2005/009774
| - chl or o- 3- net hyl but ane- | - boronate 1.
(S) - Pi nanedi ol - 2- met hyl pr opane-| - boronate (12.0 kg,
50.8 noles) was charged to a reaction vessel
mai nt ai ned under a nitrogen atnosphere.2. tert-Butyl
nmet hyl ether (53 kg) and di chl oronet hane (22.5 kg)
2-wer gertRutybedthahetheri® kg sud tighloramethane 22ikly) 0@od @drged and the

57 QG Ignmﬁmrg gy&ole%t D) 2apioRy:am ne, (6.7 kg) was

TINY
char ge 0 ano reaction vessel neintained under a

3.nit rﬂﬁ@ﬂoﬁ} ?}S.t;i%h@ %ras ik deaty M%théﬁéacﬁon xgets?eh gagn%amed under

kg) was c e di1 sopropyl am ne an
r es@nitapgengtmespheremas cooled to - 10 OC with stirring.
5. n-Hexyllithiumin hexane (33.2 wei ght% sol ution)

4 (1718tR ’gt)’l metdykaliors @27 k) wae ciirgesiop thepsdiisepropidaminetand ehe

OV e ke tRG mhiQrdf adbolTRY L gtm gtlgrnﬁg' e reaction

tenperature was maintaine to - 7 C6. This

5. X%W&yﬁfﬂ@&mﬁh lﬁE)Eéh@ Y33BiSei SHith s'bﬁl‘éio%)%? @ﬁ%)’%%%ﬁéd Blihe

9 0Cto - 7 before' it was us ['oride
(12 da}SQP@Px}ea%me AartyEePveDa Beriodiof 87 méwdasi while/ibs s@iction

MBI MnRpPRbreRdGhaifaliell LAGBRCH DDEPhere. 8. tert-Butyl
nmet hyl” ether (16 kg) was charged to the zinc chloride

6. and ThiRenik RS DA ik WhEsHARS f&%%ﬁut‘é@at&@ AT Idbefore it was
St'”e@ﬂg 9. Tetrahydrofuran (53 kg) was added to

zi n&%hl ori de suspen5| on over a period of 18dm nuggsoc
whi Le onte eratfure S rralntalne at
7 to ?B‘CGE‘“ fl!% %itt(DZr’i]EF reaftigneese! maigtadted ynder a

fornﬁrogétuﬁtﬁnoapﬂtére?S rri nutes at 38 OC to 39 OC until it
was used. 11. The LDA-m xture (from# 3 - 6) was added

8. ov eterieBysgmhatblyl @theb (16 Iﬁgmtlﬁfhafg@? :t]chiﬁe 74051 Qﬁbﬁllfle éggiritglﬁ getsgltant
C 0 nt o t?ulﬁquas(wa)rmgd I’goafa[b%gf with st1rr1n yl propane-

9. Tetrahydrofuran (53 kg) was added to the zinc chloride suspension over a period of

18 minutes, while the reaction temperature was maintained at 35 °C to 40 °C.

10. This mixture (ZnCl-mixture) was stirred for 4 hours and 28 minutes at 38 °C to 39 °C

until it was used.

11. The LDA-mixture (from # 3 - 6) was added over a period of 60 minutes to the
reaction vessel containing (S)-pinanediol-2-methylpropane-1-boronate, while the

reaction temperature was maintained at -60 °C to -55 °C.
12. Atert-butyl methyl ether rinse (10 kg) was used to complete the addition.
13.  The reaction mixture was stirred for an additional 20 minutes at -59 °C to -55 °C.
14.  The reaction mixture was warmed to -50 °C over a period of 11 minutes.

15, The ZnCl-mixture (from # 7 - 10) was added over a period of 48 minutes to the
reaction vessel containing (S)-pinanediol-2-methylpropane-1-boronate and the LDA-

mixture, while the reaction temperature was maintained at -50 °C to —45 °C.

16. A tert-butyl methyl ether rinse (10 kg) was used to complete the addition. -
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reaction tenperature was maintained at -60 0OCto - 55
0C. 12. Afert-butyl nethyl ether rinse (10 kg) was
waged/wogonpl ete the addition. 13. The reacti 8aT/US2005/009774
m xture was stirred for an additional 20 m nutes at
-59 0Cto - 55 0C. 14. The reaction m xture was war ned
to -50 OC over a period of 11 mnutes. 15. The
ZnCL, -m xture (from# 7 - 10) was added over a period
of 48 mnutes to the reaction vessel containin
17 S) - Penaaveichh otixt@rervedstsiitrpd pan edditipuy shaimtiesad-401e to 40 °C and

e Tt Hained b8 i a&gﬂ‘&%é“’%ﬁ%@?k""i ert butyl
14Tet hxhoo?tsﬁhgx f&ss%m%{?l et W@sc‘ad%ﬁﬁq)véroa ) lo?&(ﬁrr&ﬂ?es to the

addit reac xture was stirred for an

addi teacioalve36l, whiteithe seagtion WHpeEtre wagmag@ipasht H &ato 21 °C.

warmed to 10 C over a period of 81 mnutes. 18. A 10%
195l f Theireaction chixjotegrdsshired for g ninides % AABiEnbigaPertetefse the

of 4 ugg)&Lghgge‘msg at@g_actl on vessel, while the

reaction tenperature was naintained at 10 0OCto 21 OC

20-9- 'ﬁbe%r%eﬁ@%ﬂa@@wgsl WhHeE sN@ésﬁEl'yW1ﬂ£Heﬁ&ﬁzeli@Dﬂb dte B2ak), and
anbi ent tenperature, bef ore he” aquequs .phase was
s epalO8lt sedivmp chloridasosiign i ‘(Xé%‘ R FrRelrigorous stirring for 15

Succt%%?&ﬁﬁﬁﬁ%séﬁ"ahﬁﬁﬁ@fe@r@e?a@&e(D |.) water (32 kg), and
10% sodi um chl ori de solution (26.7 kg), each wash

21.NV Ol WEdadtibe Blifuse Wis cohideRGate@indd réducdd pressitd @S, a8l mbar),

anbi ent tenperature. 21. The reaction _m re was . ..
conc@ﬁmit%aruﬁa%wlr(@éﬁ&@& teSREGFEe H;,nz%t:y%.;% m%ff’ylflmga
M Nedile #BicARvEXisedlfal inchaligiGiclobatan (Foagper at ur e of

50 0OC to 55 C, providing a residue which was dissol ved

23.n MERerhEips hoherans réHoel @ha [Ibﬁn-Sﬂéhletype amtdeoser fidrxtaere

was refluxd i n nStarkty nden r
sepat Bt PHH} ”d‘ﬁﬁrerreg?cggl?ﬁeegamﬁ (Res 557 mb(a g &) alm%%’ arrlr%Xt §1
mai ngakét/ bghpemexheraal 50(Cae ketd ﬂoaz hyurt e:mqaénamueseumﬂ no more
50 Cto 55 0C for 2 hours and 7 m nutes, until no nore

vat eV ARy S EhYA
23.  About 35 L of the solvents were distilled off under reduced pressure (p,,, = 81 mbar),

maintaining an external (jacket/bath) temperature of 50 °C to 55 °C.

24.  The resultant dry methylcyclohexane mixture containing (15)-(S)-pinanediol 1~
chloro-3-methylbutane-1-boronate was cooled to 14 °C.

(1R)-(5)-Pinanediol 1-bis(trimethylsilyl)amino-3-methylbutane-1-boronate

1. Lithium bis(trimethylsilyl)amide in tetrahydrofuran (19.4 weight% solution), (41.8
kg) was charged to a reaction vessel maintained under a nitrogen atmosphere and

cooled to -19 °C with stirring,.

2. The methylcyclohexane mixture containing (15)~(S)-pinanediol 1-chloro-3-
methylbutane-1-boronate was added over a period of 55 minutes, while the reaction

temperature was maintained at~19 °C to -13 °C.
3. A methylcyclohexane rinse (5 kg) was used to complete the addition.

4. The reaction mixture was stirred for an additional 65 minutes at-13 °C to -12 °C and

" then warmed to 25 °C over a period of 25 minutes.
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23. About 35 L of the solvents were distilled off
under reduced pressure (P n = 81 nbar), maintaining an
wexbwsroazdo9 (j acket / bath) tenperature of 50 0C t 8CBASD05/009774
24. The resultant dry methyl cycl ohexane m xture
contai ning (IS)-(S)~pinanedi ol 1-
chl or o- 3- net hyl but ane-| - boronate was cooled to 14 0OC.
(I R) - (5) ~Pi nanedi ol
| -bi s(trinmethylsilyl)am no-3-nethyl butane-1I -boronate
5.1. LA suspermidoi o Celife 25 ky)lis ireHy)cgetbi&ahd (2 @V adpudaed tortaa
(19.4 gﬁi 8@%% solution), (41.8 kg) was charged to a

r eadFaGR %8 maintai ned under a nitrogen atnosphere

6 ot T ST RN i solsbie i ity foe P (o =25 mb)
(| SmdiBpingigrearesthirmdl (jhcketibathpteByerature of 45 °C to 50 °Cd, pr(f)vi%irslg a
net hyl. but - 1- bar onat.e wa dded ove period o
i ng%gésl%é @hglﬁT ‘éast lésopvgggrf F‘S%Yfégﬂ% erxi?ﬁf?%g%s mai nt ai ned
at - - . . | ohexane rinse

7 Ry Saelaftngn Sl foln Rl B o (AN RS Sy
m xt&-e was stirred for an additional 65 minutes at
-13 0Cto -12 0C and then warnmed to 25 0OC over a

8. per iThg tesrhydyofyiranaseay, Was Ub8%uspensi on of Celite (2.5
kg) _in nethyl cycl ohexane (22 kg) was added to the

9. r eadbe eplidsierqremove byrfilrafien dheifdinataines filtereddlarough a plug of
con(sgfa_gcalt(g_@kgpder reduced pressure (pmn = 25 nbar),
mai nt ai ni ng an external (jacket/bath) tenperature of

1045 Botrilf ukits ére WadhddGvith 65b %m@htamﬁysas di ssol ved

in methyl cycl ohexane (36 kg). 7. A sanpl'e was then
11r enave thsti@mt hﬁﬂ@zﬂc@@l@ﬁ&aﬁ@ﬁédﬁ yi @helifbhab YsHiQhiAg gna%é 0}
a . (]

tent . 8. The tetr rof yran assay was :
gén?ﬁ‘én%%ﬁ L S(m%hggﬁ%@aﬂ%%ﬂ?ﬁv%nﬁ&rhm?w vagstored i a
was corithih@r 2 dmbRhoid ezt UgHof was dskd th 6 hexttef. K9) -

(1R)-(S)-Pinanediol 1-ammonium trifluoroacetate-3-methylbutane-1-boronate

1. Trifluoroacetic acid, (12 kg) was charged to another reaction vessel maintained under

a nitrogen atmosphere.

2. Isopropyl ether (78 kg) was charged to the trifluoroacetic acid and the resultant

mixture was cooled to ~10 °C with stirring.

3. The methylcyclohexane/isopropyl ether mixture containing (1R)-(S)-pinanediol 1-
bis(trimethylsilyl)amino-3-methylbutane-1-boronate was added over a period of 53
minutes causing product precipitation, while the reaction temperature was

maintained at-10 °C to -5 °C.

4. An isopropyl ether rinse (5 kg) was used to complete the addition.
5. The reaction mixture was stirred for an additional 8 hours and 20 minutes at -9 °C to
-7 °C.

6. The solid was collected by filtration, washed with isopropyl ether (70 kg) in two
portions, and dried under reduced pressure (pmin = 56 mbar) at 41 °C to 42 °C for 2

hours and 15 minutes.
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10. Both filter units were washed with isopropyl ether
(30 kg). 11. The resultant nethyl cycl ohexane
woiesmoTioyl et her m xture containing (1.R)-(S)PCT/US2005/009774
pi nanedi ol
| -bi s(trinethylsilyl)amn no-3-nethyl butane-I-boronate
was stored in a container at anbient tenperature until
it was used in the next step. | R)-( )-Finanedi ol
| -amoni untrifl uor oacet at e- 3- net hyl but ane-1| - bor onat e
7.1. TefsblibwesastietedovigdcDd, watdr260dg) fovag nifid@egadnibient temperature,

anotjy vessel ed under a nitrogen
at m)sp er e%tzwaerwa?f)enﬁ/vggt’ hﬁr E?% kg) was charged to

g.the Ith(és& &J‘ggso‘ggs %:Ji%m? pwapeg(ltztf(%) resul tant m xture was

cooled to - 3. The

o.met hyl eyed @Méﬁ]&ﬂ%ds 2% chlum%t BI%EH nll %gnbar) at 0> JB t%lélg |°8 gor 9 hours
(IR) - éS) pi nanedi o

bi s (@ne Raetmiess kftey|thaatimedhSlosainttiryipg tan 651 % bohion fieets Was< 1%
added, g\gl,@ Period of 53 mnutes causing product
preci |tat|on while the reaction tenperature was

OTES%@?@%SQE&%Q i priedioht Mot Dol BRI b oflhutane.
r eadtioEmatey Wé%évaﬁla@nsitapkage@mﬂ@mngﬂ palsiethyleonizdigs & hour s
and p3f3 fﬂéﬁléh@ﬁrtﬁﬁs anl 15beldd eﬁgzdld@za ZW solid was

Feé F i

col by filtration, I"sopropyl et her
and dri ed under reduced

70 § |ntvvo ortlons
Rey X poetaie-3fmethw@butane-1-
< 15 mnutes7 The SO|Id was stirred with

tenﬁléﬁ?’iéﬁha@% Fﬁ%%L%E@?%H'Hu%é?%@t?%aé‘e”tﬁéﬁ&%wwomte, crude,

fi | (13ak) @is chlrgediea seabiich waes! W@t dWnBr DnitrogWRdiRlbsphere.
(12 kg). 9. The solid was then dried under vacuum

2. ( prrﬂ‘nﬂumréamﬁ@.{c)d et ké})w%hhtgeééo B rdabtiorSrebusis AR thsdant
Les after &pasz&/ii the 1 oss on drying was 0.51%
\Nhl YRS YRS cppled © W‘gﬁﬂ?rflaﬁent 10. The
I nt (';Eeaqf SR so{1d % dl(s efélblg%%ﬁgga sli ht:l'y tum Imx’mre, isopropyl ether

uor oacet a
(29 kg) was added over a perlod of 57 minutes, while the reaction temperature was

maintained at 2 °C to 3 °C.

4. After complete addition the mixture was filtered through a filter into a receiving

vessel maintained under a nitrogen atmosphere.

5. Reactor and filter were rinsed with a mixture of trifluoroacetic acid (3.8 kg) and

isopropyl ether (5 kg). The rinse was added to the filtrate.

6. Isopropyl ether (126 kg) was added over a period of 15 minutes causing product

precipitation, while the reaction temperature was maintained at 16 °C to 18 °C.

7. The mixture was stirred at 16 °C to 18 °C for 15 min, then cooled to -5 °C over a
period of 67 minutes, and stirred at -3 °C to -5 °C under a nitrogen atmosphere for 89

minutes.

8. The solid was then isolated by filtration, washed with isopropyl ether (48 kg) in two
portions, and dried under vacuum (pmin = 2 mbar) at 34 °C to 40 °C for 2 hours and
55 minutes. after that-time the loss on-drying was 0.32%, which meets the < 0.5%

requirement.
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1- boronate, crude, was then packaged into single
pol yet hyl ene bags i n pol ypropyl ene druns and | abel ed.
woheosywedod was 72% Recrystallization of PCT/US2005/009774
(1 - RHS) - pi nanedi ol 1-ammoni um
trifluoroacet at e- 3- net hyl but ane- I boronate, crude 1.
(1R) - (S) - Pi nanedi ol 1-amoni um
trifluoroacet at e- 3-net hyl but ane-| -boronate, crude, (13
kg) was charged to a reaction vessel nmaintained under
9. a nrHerpagﬁra:t,&:tR‘;t(S)p;hﬁxredioI1-aﬁtﬂcfrﬁmmtrﬁh©eqat@aiaf3irdetbﬂhum€} -1-

charged to the reaction es [

B aes LEBPRT o ORI gb&éﬁ% B3 LB
of hhgeds Thé gielasasdib®sol ved | eavi ng a slightly turbid
m xture, isopropyl et her (29 kg) was added over a

Exﬁ@i& %gi éélzggaflmt:c E;ML oélgenggﬁm @E?%@{he&%ﬁé tﬁ{eﬂﬁiﬁde

addi ti ol THEMXY&rE€“Was filtered through a filter

(18%%3%5%? f’&\%ﬁédé&l@B&%sﬁrghengﬁ'l MALMNEHHEES e N trogen

fer were rinsed with a

1. M X]tnlért?m Rhobd,! fﬂmﬂé@%@&@@%lags @th@n@l%k&qlﬁ%edmml aSUPE@HEad
et her he rinse was added to tFe filJtrate. 6.

| soqgmpvmérqﬁ@frde{ apn pgghapise SRS R VBB P8 15

m nut duct
2. [ eadR) G BRI RN PO TS Rt s op g 20

7 ﬂ-éjewggdﬁﬁllg@&td\@gﬂ§§ld rred at 16 Cto 18 OC for 15
then cooled to -5 OC over a period of 67 ninutes,

3. an dB@C”_F—IB ¥Blanm% (06981) whas attedes the flask.r ogen
at mosphere for 89 minutes. 8. The solid was then

4. | s ob-gitreBerytriablt1-w)-i mﬂﬁ—tumﬂnﬁhiyl\mrctrhumSﬂmﬂmpgdbm@tdnEBTU (1.864
L e Posbe S 48 30 OC ror 2 hours and 58 m hut es

5 a“ﬁg:mt Rahah G RE RO 8a B0 Ak e C. 52% uhich

6 {1 TR EPRf é%a%ﬁe%’f%%%ﬁé%w 3208 ™Mas then

7. gﬁgﬁ%ﬁg dn ﬁc@}&atgp&miﬁg PRLMRL Y RRAGNRRGSwhdkcbieR 86 1.0FPQ S

maintaining a nitrogen atmosphere.

1

8. N,N-Diisopropylethylamine (2.778 L) was charged to a glass flask and transferred to
the reaction mixture over a period of 117 minutes using a peristaltic pump
maintaining a reaction temperature range of 0.7 °C 2.1 °C. The overall addition rate

was 23.7 mL/min.

9. A dichloromethane (0.2 L) rinse of the flask into the reaction mixture was used to
complete the addition.
10.  The reaction mixture was stirred for an additional 35 minutes. The temperature at the

start of the stir time was 1.8 °C, and 2.5 °C at the end.

1. A sample was then removed for in-process testing by reverse phase high
performance liquid chromatography (RP-HPLC). The percent conversion was
determined to be 99.3%.

12.  The reaction mixture was transferred in approximately two equal halves to two .. .

“ >rotary evaporator flasks. The reaction mixture was concentrated under reduced
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| abel ed. The yield was 86% Exanple 2:
] V- (2- Pyrazi necar bonyl ) - L- phenyl al ani ne- L-1 euci ne
woaowrmwsoanhydr i de Manuf acturi ng Process PCT/US2005/009774
(i S"S, 3R, 59) - Pi nanedi ol N-BOC-L-phenyl al ani ne-L-1eu
cine boronate 1. In a fume hood, a three-necked gl ass
reaction flask equipped with a C ai sen head
tenperature recorder and a mechanical stirrer was
flushed with nitrogen. 2. (1R)-(S)-Pinanediol
1- apfagg relif#lrigral thladpéaportaf waitairendat ddragdath tepperotuad of 29-
0 % was charged to the flask. 3.
O@ L> phenylalanlne (1.398 kg) was charged to the

t.r
1.1 B sCerP LR YR PR BTVt sl sl chovsed
(1.1364k teg)rowdsecbaragedatie. t he fl ask. 5.

Di chl oronmet hane (15.8 L) was charged to the flask. 6.
14. TheTtgtrhixtiresgn madhdlasihversreagiio somdnirged raddr dedused prepsyge wing a

200, RoM-vabora AinBihé & é%@h%l%ﬁ%@gé?&hﬂ@BﬁSi dohe,

ufe was C rmlntalnlnga

15,7 t'f}-%%g%jh?ets ”r?é“'a‘lﬂ %tgg da%apd}'atwf Bk SUPE @RY hah -8B o the

2 ass flask and transferred
to1Bh@0né@d1m%ngqﬁwﬂ@q¥@€@Qé Lh period of 117 minutes

- using a peristaltic punp maintaining a reaction
6.t e rﬂp@r@asa fleskreanippedivith aptiper 2 1% aguerus Phpwphgijeqcyd solution was

ad d}BZrHIJ_EQQd Bﬁ‘hﬁ&l B 14matdr (13190 hnd Phodphdtie Mi@ (oarsp ke

rinse o the flask into the reaction m xture
17. WaSInLésg@Qs Hst“eQHHJp@& 371111"&%’(1&@19’ h Y%QRueckd pothBgumheadbhdsolution

m xture was stirred an addit | 35 m nutes

t enpeP & REPEPared By gt“&% ng%tﬁfeﬂ@? 49 i‘ﬁﬁﬂ?@ gl faho 6‘%& (0.24
andggd. 5 0C at the end. 11. A sanple was then renoved

for 1Tn-process testing by reverse phase high

18.per hQr drs aasd dqdippdd eltharstires b aghayiqideRs biliGh chidhide solution

ercent_conver
P (13.34 L) was }%elg’a{rgg b}‘rlvr?&xing D.I water (13.34 L) and sodium chloride (1.334 kg).

19.  D.. water (13.34 L) was charged to the reaction flask containing the ethyl acetate
solution and the mixture stirred at 380 RPM for 7 minutes. The layers were allowed
to separate and the aqueous phase (bottom layer) was transferred under vacuum to a

suitable flask and discarded.

20.  Again, D.I water (13.34 L) was charged to the reaction flask containing the ethyl
acetate solution and the mixture stirred at 385 RPM for 7 minutes. The layers were
allowed to separate and the aqueous phase (bottom layer) was transferred under

vacuum to a suitable flask and discarded.

21.  The 1% phosphoric acid solution prepared in Step 16 was charged to the reaction
flask containing the ethyl acetate solution and the mixture stirred at 365 RPM for 7
minutes. The layers were allowed to separate and the acidic aqueous phase (bottom

layer) was transferred to a suitable flask and discarded.

22.  The 2% potassium carbonate solution prepared in Step 17 was charged to the

reaction flask containing the ethyl acetate solution and the mixture stirred at 367

RPM for 7 minutes. The layers were allowed to separate and the basic aqueous phase = . .

* (bottom layer) was transferred to a suitable flask and discarded.
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determ ned tobe 99.3% 12. The reaction m xture was

transferred in approximtely two equal halves to two
woab@rog7seyapor at or fl asks. The reaction m xt ur BCWAS$2005/009774

concentrated under reducedpressure using a rotary

evaporator, maintaining an external bath tenperature

of 29- 30 0C. 13. Ethyl acetate (4.0 L) was divided

into two approxi mately equal portions and charged to

the two rotary evaporator flasks. 14. The m xtures in
23eac IThe hees kodiemehRaide Bolatsicgaparad RoStemntbowasdhaiged €b the reaction

Ct Peer A EEAS) e BB oot b Rty o et or e

r esimibie®s.iThe @gefs wedé alopedva ppaeiioind thasduensy ghasd @ottom layer)

transferred back t h eact.ion .flask using ethyl
acefg?ga ??%gmffyﬁfg?ﬁ?%agggﬁggga¥lask equi pped with
a stirrer, a 1% aqueous, phgs i j d_sol uti,on S
A, o Tk 6 B SRS SRR S0 B8 Sl BB AT
aci dorfdenit&i6d kgder rddiiced pressuty aisg 4 1otk eegporgipe chaisttditing a bath
stirrer, a 2% eOUys_pot assij carbonat e sol ution
(12.t%}“lﬁr%%%?%%ﬁ%%loﬁv g axﬂe%‘g% | . water (11.76 L)
and ' - n a gl ass
K%Iagggggﬁﬁ%gg%%%#?%ﬂ%%g??%}éﬁ?ﬁ%&%%éggghéous sodi um
chl af) da, 5 Whd QR 6(1\!1% d4mbdr YRRRLERSE 85 ,?y b 3h#38 maintaini
0.1 matgra%lé#%ﬁcL B g&ﬁ{un1chjo$idea fﬁ%%4 ﬁgf*”mﬁm“%
19. ambath tempetatyrg of 29P01C, ipapsovidesg waidue enemeore.eact i on
flask containing the ethyl acetate solution and the
27mmi xtAsRE Beitesidug vaas thggredisnglved in othi] aceipted4 68 heanddyresamples

ver gx1ah k@R ritha86R 8 viiter @Rt IEK AUHEIRY $itBAGS erHe IR QBhtent
| ayer) was transferred under vacuumto a suitable

f | agkMhmRlescasdistgrmed aply2iaye ansl §-20%vat er  (13.34 L)

was _charged. to the reactjon flas ontai ning the ethy
283 cetstng a%a#hfr. %lﬁn%*m??’fﬁ@ %?Wdf%g%s@q‘ the ’é’ér‘“é’ie%%ﬁé sfaﬁ?ﬁmre& from
for tie ity beporaldiglablamer &y wekeortfldsR W@dphad wRpa tatRrand

h h b I
(e o Lty (el oL AL B2 LLSTRLE00sS 0%

nitrogen.

(1S,25,3R,55)-Pinanediol L-phenylalanine-L-leucine boronate, HCI salt

1. The ethy! acetate solution containing (15,25,3R,55)-pinanediol N-BOC-L-

phenylalanine-L-leucine boronate was cooled using an ice /water cooling bath to -

0.9 °C.

2. Hydrogen chloride (1.115 kg) gas was bubbled into the reaction mixture over a
period of 1.48 hours. The temperature at the start of the addition was -0.9 °C, and
6.8 °C at the end.

3. The reaction was then allowed to warm to 14.4 °C over 50 minutes, while

maintaining a nitrogen atmosphere.

4. A sample was removed for in-process testing by RP-HPLC. The percent conversion

was 68.9 % (area %).

5. The reaction was stirred for 35 minutes. The temperature at the start was 14 °C, and

14.8°C atthe end. -
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21. The 1% phosphoric acid solution prepared in Step
16 was charged to the reaction flask containing the
wetmsloszoet at e sol uti on and the m xture stirredCatus3®5/009774
RPM for 7 mnutes. The layers were allowed to separate
and the acidi c aqueous phase (bottom | ayer) was
transferred to a suitable flask and di scarded. 22. The
2% pot assi um carbonate sol ution prepared in Step 17
was charged to the reaction flask containing the ethyl
6.acet R/bLnSIetwds tedibvad br i Brodéss Ttééfiﬁ‘? B¢ RP-HR0.CaThe3fetceRPnversion
for 7 mnutes. The |ayers were allowed to separate and
t he %?ﬁg/%ﬁli‘iécf 's phase (bottom | ayer) was transferred
to sui table fl ask ,and di scarded. 23. _The 10% sodi.um
7-chl ofedercEdt Hes %‘ﬁregrf‘éfp?&’i’é(a‘“f‘ﬁelétagbr%%% Sfgun ]"ﬁsaPEétHa‘{“zS‘g a
t he wmpehidnoffloaSk scant ai ning the ethyl acetate
sohition and the mxture stirred at 373 RPMfor 6
8.mM nut esnpld ves teayoeed fondi-proadsh easenk hORBEFACATIe sndnt dv@version
aqueous, gg)ase (bottom layer) was transferred to a
sui t5B51°%8°f1 ask and di scarded. 24. The et hyl acetate
sol ution S f.err to rot.a [ r.fl.ask
0.5 na s fEelFr ARSI EPhnded Hrlible BURRRIES Pl iR o
evapemnpérature ofelD A€ aiTCnGhefinpatempesrpe mas 44.6 °6f 29- 30 0C
to provide a residue. 25. The residue was then
10r edissoipledas renwveg for eptogese tesinglgy RY-HPRE. Ting total reaction time
SOl Ul PLy MRS SR ;il%g&{ah&ﬁide at@'gvrasm?g%ﬁ@ ng a rotary

evaporator, maintai'ning a tenpefature of 29-30

11. G I@m@g@fe@ﬂticgﬁveé‘siéﬁ%sdéﬁo.once nmore. 27. Again, the
residue was then redissolved in ethyl acetate (4.68 L)

10and Amrzmbgs%ﬂteaken for determ nation of water
content by Karl Fisher titration. The water content of

13t WO SHERLRS(88AS Wit FEdNS theaSactior Hixti@nd 0. 207 % 28.
Using a further quantity of ethyl acetate (12.66 L),

14 he Thexhidfyevasatrred R 2 hetfseThefteaperatiee stahadtyrt 6MAPStirain®d was
e e N AL L

157 58 s haTRE B Pk b R uP el AR et DR ytene
bor delafiser pekll sal t

16. The solid was washed with n-heptane (4.68 L).

17.  Inahood, the solid was transferred to three drying trays at not more than 1” deep

and air-dried for 1 hour.

18.  The solid was then dried at <35 °C under a vacuum of 27" of Hg for 16 hours 28
minutes in a vacuum oven equipped with a vacuum gauge and a temperature

recorder.

19.  The solid was sampled from each drying tray to determine the % Loss on Drying.
The LOD was determined to be 0 %, 0.02 %, and 0.02 % on the three samples taken.

20. (15,25,3R,55)-Pinanediol L-phenylalanine-L-leucine boronate, HCI salt was then
packaged into double poly bags in fiber drums and labeled, and sampled.

21.  Theisolated yield was 1.87 kg, 79.1%. The intermediate was stored at 2-8 °C until

used in further manufacturing.
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1. The ethyl acetate sol ution containing
(1S, 2S, 3R, 59) - pi nanedi ol N BOC- Lphenyl al ani ne-
waQ-2b@swersee bor onat e was cool ed using an i ce / WRCEMUS2005/009774
cooling bath to - 0.9 0C. 2. Hydrogen chloride (1.115
kg) gas was bubbled into the reaction m xture over a
period of 1.48 hours. The tenperature at the start of
the addition was -0.9 0C, and 6.8 0C at the end. 3.
The reaction was then allowed to warmto 14.4 0C over
(1585 BR8-S ancitl N2 B it S8y 1AL Bhd iy 28 inat 18RRI fonate
4. A sanple was renoved for i n-process testing by
L RP HRh Gimd heodnethedentecladrplas Sda@ianﬁaSk @ﬁnﬁpe%v(na{ &eela%&n head,
The reaction was stlr ed for ut

L e A i“&“ﬁé’as e ek BEORE he

2 o WA TR LRl 1 e PO BS5F afELi i B v

The chaged tothe fiask. stirred for approxi mately a further

50 m nutes, maintaining a tenperature of 10 0OC + 5 0OC.
3.8. A-Baupheeanhasylicanid (@8h4fkg) wheechprgedesthetfilasit.i ng by
~ RP-HPLC. The percent conversion was 97.3% 9. The

4.r ea@t (Fopenzaisiazalilryletll B dtetapptigX irmmieh jetaflfiorobdrete, BBIU (1.460

S tenperature of 10 0OC 5 OC. The
f| na ?t gsrr%lg% ?Ségle\%gssﬁm 6 0C. 10. A sanple was

5.7 empafohfleraRe ABS EFwa dglcgllﬁ{)g g?&a}g -HPLC. The total

reaction tine after ad rogen chl ori de gas

6.2 TheYirrind Indd@Uh&-adjdted 1BroR on was
99% 12. 1‘IlAés lurry v;\ia%étgbsegr\?eg{e%%hg%?me (8.8 L)

7. Was Ushilag@6lidgbal) éhd 18 aGbh Blixtlieshal Boled tb -15PE. Sl urry
was stirred for 2 hours. The tenperature at the start

8. of INJN-Dilsbprobly@thyl@sine (1.865 kg) was charged to a glass flask and transferred

to the reaction over a period of 50 minutes using a peristaltic pump maintaining a

reaction temperature range of -1.2 °C to 2.8 °C.

o. A dichloromethane rinse (0.37 L) of the flask into the reaction mixture was used to
complete the addition.
10. The reaction mixture was allowed to warm and stirred for an additional 81 minutes.

i1. The temperature at the start of the stir time was 15 °C, and 24.9 °C at the end.

12. A sample was then removed for in-process testing by RP-HPLC. The percent

conversion was determined to be 99.9%.

13.  The reaction mixture was transferred in approximately two equal halves to two
rotary evaporator flasks. The reaction mixture was concentrated under reduced
pressure using two rotary evaporators, maintaining an external bath temperature of
33-34°C.

14.  Ethyl acetate (12.95 L) was divided into two approximately equal portions and
charged to the two rotary evaporator flasks.

15.  The mixtures in each flask were then concentrated under reduced pressure using a

rotary evaporator, maintaining an external bath temperature of 33-34 °C.
16, The residues in each rotary evaporator flask were then transferred back to the

reaction flask using ethyl acetate (12.95 L).
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12.7 0C, and 15.3 0C at the end. 15. The solid was
isolated by filtration on a Buchner funnel lined with
wea 2pilogproopyl ene felt filter pad. 16. The sol i #HCWAS2005/009774
washed with n-heptane (4.68 L). 17. In a hood, the
solid was transferred to three drying trays at not
nore than 1" deep and air-dried for 1 hour. 18. The
solid was then dried at <35 OC under a vacuum of 27"
of Hg for 16 hours 28 minutes in a vacuum oven

17equilp g glrissﬂildsh eQuippeimith g stirge, D1% aczaebfﬁ%sggfﬁﬁdrd sio}’]ution (12.34
rec .
[T 8 msPar R e RRE Coh WeEr 3 TR oot el e

0
162 o EAREabR e S iy gt o B S i cacbomite olution
L-p I(iélmﬁIIa\Wasl prepated bg utiking Iliowaﬂea(lem HGndsgdtdssiv@scat@bte (0.247
pac ed into double poly bags in fiber drunms and
Iabeg and sanpled. 21. The isolated yield was 1.87

lglkj g 5 ér? i? ﬁl%@ﬁa%%%ﬂi%e%&&%% %r?er,vgal%"/osatq%{eoelgs sgéiurzn_ c%doqglebsl&tuiﬁl)n

man (R4 L wan grepi8d 2R n8RNG B)- Watan(1284 b) dxid(sRdipyr ddorieqaL34 kg).
bon ]% L- phenyl al ani ne-L-1 eucne boronate 1. In a fune
20h ooé) WaleE @éBﬁ brwasichgtesd 4o the aeaciiomfldsk agkainingithoetly \aicdtite

a Osﬁhﬁﬁ{]arﬁecﬁgml ﬁfr@% B2 R@Wogﬁwgs??éﬁ‘fgguk& Mowed

stirrer was nitrogen

S/ 31 BBYrapE; aﬁd ﬁ@ﬁ%‘?ow&%\ﬁ%ﬂﬁﬁmfalﬂ}'ﬂé was frenaférrasl to a suitable flask
bor gh@ligearddd salt (1.85 kg) was charged to the flask.

3. 2-Pyrazinecarboxylic acid (0.564 kg) was charged to

21t he Abhidsil. vhterdtd 44 ON& bhdrbar @lind re){ét*)onlﬂaék J:ontalmrlbg the ethyl
/ 3/ 3-tetranmet hyl uraniumtetrafl uoroborate

(1. M5t} Tigng e giaTe BimaskatBPERRM fgy 7 minutes. The layers were

Di chihgarearsbdange 4-kBind 3qikeb & (1R688aye?) WS b RAKd 1y
The stk{&gﬁgﬁnnior was adrﬁg§§d&?3 prg%ﬁhe stlrrlngtat

27258kt Skﬁﬁkﬁﬁmgk@oollng bath, the reaction mixture

WaS’T}cfeo{?’/o plqospgonc acid so%mon prepared in Step 17 was charged to the reaction
flask containing the ethyl acetate solution and the mixture stirred at 364 RPM for 8
minutes. The layers were allowed to separate and the acidic aqueous phase (bottom

layer) was transferred to a suitable flask and discarded.

23. The 2% potassium carbonate solution prepared in Step 18 was charged to the
reaction flask containing the ethyl acetate solution and the mixture stirred at 367
RPM for 8 minutes. The layers were allowed to separate and the basic aqueous phase

(bottom layer) was transferred to a suitable flask and discarded.

24.  The 10% sodium chloride solution prepared in Step 19 was charged to the reaction
flask containing the ethyl acetate solution and the mixture stirred at 374 RPM for 8
minutes. The layers were allowed to separate and the aqueous phase (bottom layer)

was transferred to a suitable flask and discarded.

25.  The ethyl acetate solution was transferred under vacuum in approximately two equal
halves to two rotary evaporator flasks and concentrated under reduced pressure
using a rotary evaporator, maintaining an external bath temperature of 34 °C.

26. -n-Heptane (14:8 L) was divided into two approximately equal portions and charged

to the two rotary evaporator flasks. The mixtures in each flask were then
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8. N,N-Diisopropyl enyl am ne (1.865 kg) was charged to
a glass flask and transferred to the reaction over a
weoenismd780p 50 minutes using a peristaltic punpPCT/US2005/009774
mai ntai ning a reaction tenperature range of -1.2 0Cto
2.8 0C. 9. A dichloronethane rinse (0.37 L) of the
flask into the reaction m xture was used to conplete
the addition. 10. The reaction m xture was allowed to
warm and stirred for an additional 81 mnutes. 11. The
t empenrcgnigzted ander peshusedipresufe tsives stotary tvaperad@smabtaing an
and PRS- . A sanple was then renoved
for eigtéfrglr%?égegn%eestl %gs%f/éRP- HPLC. The percent
rmned to be 99.9% 13. Th

2Y, :‘;,__33 M RErSHIEHC cboiranicyvy disigl rEue

conver si on vvals det e

N- ata v:."al.a

14

y two

eq | hal ves o_tvvo r ot r vaporatpr fl ak. The

Ly ea?‘f 2 gﬁssrffailf EAUEPRRE SV MBI raabepliinge hydraeidenic acid (222 1)
Pr esgbl pRphi®t b niddelg DO *haiér €686 0 MdySirodBiRLARM. n
exter ngl pbat hgt en‘p%r atur e_rgf 3_3}r 34 g%ro 14, Et h?[ Bk

2. acelred glads¥RsiOaquippedasitlch stirfd€ e ANWoidnRy BBRUS XSHBEHY 03 L)
equal the two rotar

ti d d
ovaBs BEBHeR PR citins P SREa B3 blindsomnrahor e @eeakse

t hen, concentrated u uced pressure using a
5 1 ot a5 0Bk BB Ner et it na Rt mapmaattony) 1
t enplesrgtalméneeif-leB@n8Kor0fiate feacll Rftarl @SAbHAST fldk @afd then
re.then transferred back to

r ot rator flask we r
theé%geg%/e?gga?frg%ﬂe% g g‘assé%‘aﬁ'??n wkeqyippe ‘z.l’fgs tgryperature
| n ecgidassdfd rmskasicul speciusthd Bhéptstd (14.8L) ardl théhAQ GABS).
phosphoric acid solution (12.34 L) was prepared by

4. mi xTheptiDing mekt ves §¢dj@stddtolproddesttios pioase Revaci d (0. 148
kg). 18. In a glass flask equipped with a stirrer, a

5. 2% %M@@W&gomg@@mmda@.@?@d@ wasdlatgedontheF3si84 L) was
prepared by mxing D.1. water (12.09 L) and potassium

6. car ﬁ%h&fﬂred(lw%iﬁ Iegpared tn Steml @ 18Lawss fHagskd te thei flagled
wth a stirrer, a 10% aqueous sodi um chl ori de sol ution

7. (12'heAtipyng aetopapadiesiednp prewdaining at 33aRBM. (12. 34 L)
and_sodi um chl oride (1.234 kgg

8. e reaction mixture was stirred for 16.38 hours The start batch temperature was

28.6 °C, and the end batch temperature was 21.6 °C.

9. A sample was then removed for in-process testing by RP-HPLC.
10. The percent conversion was determined to be 100%.
11 Stirring was stopped and the biphasic mixture allowed to separate.

12. The n-heptane layer (upper layer) was transferred to a suitable flask and discarded.

13.  n-Heptane (5.37 L) was charged to the reaction flask and the mixture stirred at 381
RPM for 6 minutes. The layers were allowed to separate and the n-heptane phase

(upper layer) was transferred to a suitable flask and discarded.

14.  Again, n-heptane (5.37 L) was charged to the reaction flask and the mixture stirred at
340 RPM for 6 minutes. The layers were allowed to separate and the n-heptane phase

(upper layer) was transferred to a suitable flask and discarded.

15. The agueous methanol solution was transferred in approximately two equal halves

to two rotary evaporator flasks and concentrated under reduced pressure using a
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20. D. 1. water (12.34 L) was charged to the reaction
flask containing the ethyl acetate solution and the
waiadswesost i rred at 382 RPM for 7 minutes. ThePCayse®s/009774
were allowed to separate and the aqueous phase (bottom
| ayer) was transferred to a suitable flask and
di scarded. 21. Again, D.I. water (12.34 L) was charged
to the reaction flask containing the ethyl acetate
solution and the mxture stirred at 398 RPM for 7
m nubesy eviherataaymaistaivingaredxteon thathderspgraiuad & 3&13d °C.Hé L of
aqueo S ottomlayer) was transferred to a
suif%%ﬁggpﬁg%fggﬁ%ﬁdiscarded. 22. The 1% phosphoric
aci Gy ' K ' , th
16 BB BLERE) S Lkl Bl PR HRLBAING ) Eraporato
and flables batkinto the sdactiorefthsat 364 RPM for 8 minutes. The
| ayers were allowed to separate and the aci di c aqueous
17pha g8 sogvmn bydrpzifle (1. 2da preppegd ét Sep @ avas shaages fottebilask.
flask and di scarded. 23. The 2% pot assi um car bonat e
1850| Utk dishjorepethent lnyer Spwer lawen)was eansfetred tq osuitgble flask and
r eaGtd.idedi! ask containing the ethyl acetate solution
and the mxture stirred at 367 RPM for 8 m nutes. The
19 ay erign1ehRttahe GV d,) Was SRBAIAb thealEk AEMD Ak iire @ Us374

phasehébottqn1la§gr) was trapsferred to a suitable
f I ad¥Maieg © grinitss dbeyphasas wers allawied o sapainie end Bieidiloromethane

SOl WyePRowéraRREEkas tinSlefBd &% st@able hadkaed divaldbe
reaction flask containing the ethyl acetate solution

20|an d Adas, Hicbﬂbttil’r?etﬁdﬂe[(ﬁeﬂ Lpvas3ichérgBB b ﬂ@hfﬂa& AAdné ﬁ@xﬁﬁfghﬂrred at
ayegr r.e owe t 0 .separ at an t he aqueaou pnase
(b PR T eRa et Allol o ‘e thPp i Sk ihecy - and

di scladhitesmetBine 1d1ie (lovbylyayehab-fstealed td O BuitBR flask and

tra ferrgd under vacuumin approxi mately two equal
hal V8§48 t wo rotary evaporator flasks and

SNSRI e U er 1 SUSEO BSRRULE Usi g @ rotary

evaporat or, tai ernal "bath tenperature

2 or SV SRy BETER e S Bat AREahHL TR fitRe e

r ot agyeocsy phase ateo deteimiskdio bElbe ni xt ures in each fl ask
were thenconcentrated under reduced pressure using a
23r ot &hyringwegsclisspatinuedaind theiphiaseg allgwed to separate.

24.  The dichloromethane phase (lower layer) was transferred under vacuum to a glass

receiving flask.

25. Dichloromethane (5.37 L) was charged to the flask and the mixture stirred at 330
RPM for 6 minutes. The phases were allowed to separate and the dichloromethane

layer (lower layer) was transferred to the glass receiving flask.

26.  Again, dichloromethane, (5.37 L) was charged to the flask and the mixture stirred at
335 RPM for 6 minutes. The phases were allowed to separate and the

dichloromethane layer (lower layer) was transferred to the glass receiving flask.

27.  The dichloromethane extracts were combined and transferred in approximately two
equal halves to two rotary evaporator flasks and concentrated under reduced
pressure using a rotary evaporator, maintaining an external bath temperature of 33-

34°C..
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external bath tenperature of 34 OC

N- (2- Fyrazi necar bonyl ) - L- phenyl al ani ne-L- | euci ne
woaowrmwsoanhydri de, crude 1. In a glass flask equiuspwd009774

with a stirrer, a IN solution of hydrochloric acid

(22.2 L) was prepared by mxing DJ. water (20.36 L)

and hydrochloric acid (1.84 kg). 2. In a glass flask

equi pped with a stirrer, a 2N sodi um hydr oxi de

solution (12.03 L) was prepared by mxing D. 1. water

2812, @thyll pcetatel(13 88 LLwaddidided irde tvidarPoaxitgiely egual Potions and

resi i 0 3 S)=pi napedi.o
N- ( Zq}f:% Gé;léztl(aﬁltlecar lb%%ﬁ %éﬁéoﬁﬁa%sa% -Xpufgﬁ 1B Gshyflask were then
bor onercentiaiedarder restuaed/pressapousatzor rofarpedaporite, hhi@fhining an
Lr anskenh Al el iiB8; REGIRd 0l ass Teactlon ) ask

t a-t

equi pped w enperature tecorder and a nechani cal

281 1 I 1@k j - . and_met hanol (14,8

o1 i U 080R2) 8ol Al RO NB080: (A Brions an
stir F—lllaﬁSfd&fP tipegy oORPINY &7apQraivis flaskis SPhe pairielesrin Badh fAGH Were then

(0. 6dchckthatdBs, I 6. IN e

hydr oc h oraiJc C acdié g?e{é)irgge:giaﬂrT gséﬁjlgﬁm%‘fgg%gtfr}’( TRPYA{9 Mpjgtaining an
char géerneldatiHemppratice off45-4p15€, witil ppproginmbdlp L0%ethe original

ad] usdigtle tonfhQvi de stirring at 326 RPM 8. The
reaction mxture was stirred for 16.38 hours The start

3hat chHeptipe (180Ul & aWasidd: i h
t enper tg ur e(vvag!) 2T 6 Cl)%% ngt.oqﬁoSg%gr@\?%g%ﬁgﬁ&r%g%a\?gﬁhargﬁ
f or ‘i"ﬁﬁ"p?"{?cr@w EePPIatRy agksrmdribe gurry etirrathendee p citrugen

convan®khere¥as2 ehfirihiedske be 100% 11. Stirring was
st opped and the bi phasic m xture allowed to separate.

312. Theaohd hapisalagdlbg\ikatod PRABULIRS FnnbBiindd BRS
to afeliy'kct abl.e fl asl?gand di scar élled. 13. n-Ill—Iept anesélgﬁ%?ylene
L) wa ! ?{é’ra&ed to the reaction flask and the m xture

tir 381 RPM for 6 minytes. The | ayers were
32as'll I oﬁgoﬁéwgse‘ﬁgﬁhﬁlf\{l@%ﬁﬁhetpﬁaé‘ez@%t ane phase (upper
ble flask and

f d .t it
EREr L G T R -

34 0 the & ' : n e mxture stirred at 340
RPM f or b g‘ﬁ%‘!ntg%éé%@ﬁ%g’gl g%lél%n P CHERLRAd P&t &% hewss 27
and miRstepinrericams ogéragpiipped with a vacuum gauge and a temperature

recorder.

35.  The solid was sampled from each tray to determine the % Loss on Drying (LOD). The
LOD was determined to be 0.38%, 0.62%, 0.71%, and 0.63% on the four samples

taken.

36.  N-(2-Pyrazinecarbonyl)-L-phenylalanine-L-leucine boronic anhydride, crude was

packaged into two 5L, HDPE, tamper-proof wide-mouth bottles and labeled.

37.  Theisolated yield was 1.314 kg, 83%.

Rec;vstallization of N-(2-Pyrazinecarbonyl)-L-phenylalanine-L-leucine boronic anhydride,
crude

1. In a hood a glass reaction flask equipped with a mechanical stirrer, a reflux

condenser and a temperature recorder was flushed with nitrogen.

2. Ethyl acetate (21 L) was charged to the flask.- - : o : R
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(upper layer) was transferred to a suitable flask and

di scarded. 15. The aqti eous net hanol sol ution was
wonensgbesoped i n approxi mately two equal hal vespPCo/usmms/009774

rotary evaporator flasks and concentrated under

reduced pressure using arotary evaporator, maintaining

an external bath tenperature of 33-34 0C. 15 L of

nmet hanol were coll ected. 16. Dichloronethane (5.37 L)

was used to transfer the residue fromthe rotary

3.ev apﬂfe%‘tl@ﬂ adetAs Was Raedd th 86.9°C teddreagitdgen afchapkere kiding2MMot
sodlun1h ?ﬁ’g} (11.2 L) prepared in Step 2 was
chaﬁ@?ﬁr @8"F | ask. 18. The d|chloronEthane | ayer

N AR R A R
t he id) ask slawtly dhaggettitx the tecBbri ﬁlé(skdil&:h:glﬁg dCCRF?Ml boar afperiod of 3

m nut es, The phases were allowed to separate and the
di cHPB¥STet hane | ayer (1 ower |ayer) was transferred to

5. as t abj f l/v%ss ghn(egq%tc?jf S awa%tq-l(l: 1%91e s’A@c%l %1350 ved

di cht'6roner hahe ar &d I"as and
t he mnm&mhgesﬂ&ws@dthWSﬁ%°EPM'for 8 m nutes. The
phases were allowed to separate and the
6.di ¢ hTherheatsohien avab syeaved pogihe niixtpes yasdevly casled @r@e@ usigg a
a su 1{%& flask and di scarded. 21. Dichl oronet hane
(5.3 was charged to the flask. 22. IN hydrochl oric

7.2C1 Orpe Ry Zthjﬁ]) ac¥@fe seltﬂlﬁ&gﬁzgs febhskdRdlihiBS ket fﬁatsk Via é)’(‘)ﬁf tubing

The pH of e aqueous E ase was determ ned
23. estduamqlsngom@edn%@ H@rﬁmlwawrlﬁﬁﬁm | owed
to separate. 24. The di chl oronet hane phase

8. ayelhe mikre Wéﬁ@%oé‘feﬁié%l Qoh ey 2y Sethifalioyed t(gqitggsum{er a nitrogen

I ecejitbfhefd Rdkout dRrinB 61 70M0REhBREriabtedbetakurd@ss recorded as
charﬁFd to the flask and the m xture stirred at 330

RPMPer°C6 ni nutes. The phases were allowed to separate

and t he di chl oronethane |a
%4 r angredrixtge 1vas §99led &sg\ggmrvég‘éﬁa‘éﬁ ﬁ%ﬁfv\p rrnzg 102233 hours. The

temperature at the start of the stir time was 3.8 °C, and -2.8 °C at the end.

10.  The solid was isolated by filtration on a Buchner funnel lined with a polypropylene
felt filter pad. The filtrate was collected in a collection flask.

11 The solid was washed with ethyl acetate (2.62 L), cooled to 4.7 °C.
12.  Inahood, the solid was transferred to two drying trays.

13.  The solid was then dried at 51-65 °C under a vacuum of 27" of Hg for 19 hours 10
minutes in a vacuum oven equipped with a vacuum gauge and a temperature

recorder.

14.  The solid was sampled to determine the % Loss on Drying (LOD). The LOD was
determined to be 0.65 % and 0.62 % on the two samples taken.

15.  N~(2-Pyrazinecarbonyl)-L-phenylalanine-L-leucine boronic anhydride was packaged
into four 1L, Type 3, Amber Wide-Mouth Bottles with Teflon-Lined Caps and
labeled.

16.  The isolated yield was 1.132 kg, 86.3%.

17. 7 N-~(2-Pyrazinecarbonyl)-L-phenylalanine-L-leucine boronic anhydride was stored at
—25to-15 °C.
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26. Again, dichloronethane, (5.37 L) was charged to
the flask and the m xture stirred at 335 RPM for 6
w2509 The phases were all owed to separate Ba@/USE®5/009774
di chl oronet hane | ayer (lower layer) was transferred to
the gl ass receiving flask. 27. The dichl or onet hane
extracts were conbined and transferred in
approximately two equal halves to two rotary
evaporator flasks and concentrated under reduced
Exafr$eé3ir € Nu@imygazindcaibanyl)-xphpoylalaoine-Ivkiunina botonde aihydride
ext er nal Coavhrgtsgyatietisre of 33- 34 0C 28. Ethyl
acetate (12.95 L) was d| vided into two apprOX| mat el y
(1&88%518R 5 pePihiredi] dRE-pyhermgen phdnptelanidealiJeucine boronate
evapor at or fl asks. The m xtures in each flask were
[0%dlen condeniutaned (1M¢mme@darpmesm wiflygiopgptate-3-

o 85 P10 B R RSl 1 .o
W(s]czol_95 1435 Wablldived Hp theiadtlition mbdlaxrmmxylmb@hméq (18483 ). The
regﬁ%ﬁsgl(sg@gerﬁ{&q v&£ %Euggcgfo& 8né lkb%fr] E{? LkYre %}" 350[8 03E9K0 a solution of

m Xt ures vver e
Nfﬁz}pweminecatm}fhﬁdmenyleuume 92 @ssngperedu Sy n@u:émg dheqrrgformed

S EHABESEL s PR AL EAILN AR Dk O BB o
mlof DNE wasrmddedti-mabylmerplefinetbe’ r(llfmﬂtz ternpegaiiraidl P “Geand the
rehﬁﬁ% R AR A5 P Ghe, su@?éﬁ?{onp?ﬁé élﬁ Rﬁ%a% Igafugt%g td PH 7 by

vvorotar evap orato thes urry
the @qldm@doflmd@pr a7 mltqf@{:;@nﬂmmsbﬂ@w @nﬁ 8ffrred wrmgmf risipg the

telagel%gﬁ%owg% 2The ﬁ@rhgxa%ﬁ théfﬂ'té?éa%@ Wy Jagﬂadrt@ﬁae QRHITBE

Buchner nnel I he

anglthe cmhyeed] 13100 res gt o0 AaedTog Hhe AremeigiatABwas
o o I
b ek AR AP 25 MGRARRIEIG EAD,
brifled2>g.0lhedrgrms: layee wad diiedioar N3FO,, fB@re@&nﬁmecenaatﬂécﬁddmg 25.5
g @E 5 %é gfe trfg ﬁ&%o&% AQYLS, AL nﬁal%%aegy wh?s RGHH ERURE some

a vacuum gauge an
mm@cmnl:d.emes, including approximately 2% of cyclohexyl urea.

N-(2-Pyrazinecarbonyl)-L-phenylalanine-I-leucine boronic anhydride

[099] A solution of (15,25,3R,55)-Pinanediol N-(2-pyrazinecarbonyl)-L-
phenylalanine-L-leucine boronate (25.2 g) in 207 mL of MeOH and 190 mL of hexane was
cooled to 15 °C, and 109.4 mL of 1N HCl were added in portions, keeping the temperature
between 15 and 25 °C. 2-Methylpropaneboronic acid (8.67 g) was then added under
vigorous stitring, and the stirring of the biphasic mixture was continued over night. After
separation of the two phases, the lower layer was extracted once with 75 mL of hexane. The
lower layer was then concentrated in vacuo until it became cloudy, followed by the addition
of 109.4 mL of 2N NaOH and 100 mL of Et,O. The two phases were separated the lower
layer was extracted with Et,0 (4 x 100 mL each), and then brought to pH 6.0 by the addition
of 109 mL of 1N HCl. After extraction with 100 mL of ethyl acetate, the lower layer was
adjusted to pH 6.0 with 1IN HCI and extracted one more time with 75 mL o;f ethyl acetate.
The combined ethyl acetate layers were washed with semi-saturated brine (2 x 25 mL) and

~ brine (2 x 25 mL), dried over Na,SO,, filtered, and concentrated to afford 15:3 g (81.8 %) of -
crude N-(2-Pyrazinecarbonyl)-L-phenylalanine-L-leucine boronic anhydride as a foam. The
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35. The solid was sanpled fromeach tray to determ ne

the %.oss on Drying (LOD). The LOD was determined to
woeo@/03& 0.62% 0.71% and 0.63% on the four PeEamSk®s/009774

t aken. 36.

N- (2- Pyrazi necar bonyl ) - L- phenyl al ani ne- L~ eudne

boroni ¢ anhydri de, crude was packaged into two 5L,

HDPE, tanper-proof w de-nouth bottles and | abel ed. 37.

The isolated yield was 1.314 kg, 83%
crRéemytial W:isz:’éftsb]ﬁrlad 0f 150 mL of ethyl acetate and concentrated in vacuo to a

Py Zl Nec } Res |- '

et e e R e G R
bdtivessi2 gLl Ppever mvghﬂ?l fikberaed cVrahecciadicesyith MEBE, amdrdefetl wwder high

vacmtug\ o{ﬂ gl%mggra%%?Igéﬁ%)gcg?\gt%fy(r%ﬁ%%%gﬁ hEJaH%QI%ge- -lélprme

b@bmskquﬁdeIhewhthymdacetate was heated to 66.8 0C
under a nitrogen atnDsphere usi ng a hot water/steam

%ﬁ%ﬂ; Measurem t of stereomenc Ratio of (1R) S 28 3R,55)-Pinanediol-1-

boronlc an r%% cru a?ngaxh@Eﬁ§$ ﬁﬂflne

y charged
[om)]t he r %@Hiaeﬂ@refoh@ﬁk @'RMS%@R@S?EmQN&ﬁoIﬁ peri od

3 mnutes. 5. %x ure was stirred for 1 mnute
aruﬁ\pmmrmlﬂuqrh@e@m a\em&uéﬁr@édq%a’fe (Tererquedde as deterngned by
).6. The heat source was renoved
n%ﬁgm?%%gﬁ$§?bpgéﬁg§ gFomAy cooled to 60 OC using a
cold bath. 7. The hot ethz ac itate solutgon was
Chemiq@lFier red i nt o ACTIEEIS{PgPrIkELY egriyalsB® y t ubi ng and
a pol ypropyl ene i Tettdds@né (ihfeftal aamuﬂ)e(musa p@ns's or equ1va1ent)
peristaltic punp._8, The m xture

to 27.2 0C andhal oA %ﬂ%ﬁ\“@éﬁ% B <8 eqrf 38vatent)
T
Ir%frﬁ%%g{]ere W Uhoufp, 54 &;&rzb&ﬂs 81% or%glaig Jgours e

enperature Was recor C. 9. The
nmiMobilarpdaseas cool ed, usi ng an ice/water bath with

S tSblEernlt QQwIt}? r 2.3 SABIS%&i‘?natJ? 00 mg of tetradecane were weighed with an

internal standard) accuracy of 0.1 mg into a 100-mL volumetric flask. 1.5 mL of
TFAA were added and the flask was brought to volume with
acetonitrile.
Sample Preparation: About 150 mg of the sample were exactly weighed (within 0.1

mg) into a 10-mL volumetric flask. The flask was brought to
volume with Solvent A. The solution was stored for 15 minutes
before injection.

GC Parameters:

Column: Rix-200; 105m % 0.25 mm i.d. x 0.25 um film

Mobile phase: H,

Temp. program: 130 °C (0.5 min); 0.5 °C/min to 200 °C (0 min); 30 °C/min to 300
°C (2 min)

Flow: 0.9 mL/min (const. flow)

Injector temperature: 250°C
Detector temperature: 250 °C (FID)
Split: 1: 50

Injection volume: 1uL
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tenperature at the start of the stir tine was 3.8 0C,

and -2.8 0C at the end. 10. The solid was isolated by
woizbdasroatdoon on a Buchner funnel lined with a PCT/US2005/009774

pol ypropyl ene felt filter pad. The filtrate was

collected in a collection flask. 11. The solid was

washed with ethyl acetate (2.62 L), cooled to 4.7 0C

12. In a hood, the solid was transferred to two drying

trays. 13. The solid was then dried at 51-65 OC under
s&%&%%&P”WOf 27" of Hg for 19 hours 10 mnutes in a

acuum oven equi pped with a vacuun1?auge and a

t Eopenad Ur e 1 ecor @8)-(1524.3R Phkepisenddiphasmaeniphiluprpacetate-3-

det er mi ne t he % ossthglhudngiligrqra®D). The LOD was

determ ned to be 0.65 %and 0.62 %n the {w sanpl es

taken. 15. .

N- (2- Pyr azi necar bonyl ) - L- phenyl al ani gé euci ne

boroni ¢ anhydri de was packaged. nto o L, Type 3,

Anmber W de-Muth Bottles with Tgfl dn-Li ned Caps and

| abel ed. 16. The isol ated yiel d wad\H. &32C®QH 86. 3%

17. N—(2 Pyra2|nec rbon phenyl Ianlne utlne
b&PBREL Anhydr i dell @ %( 6%@ pjpaned é@ ER%’ﬁfﬂ’faée'3'
3: - -Pyrazinecar® %Wﬁnﬁﬁ ?Fﬁthlne L Ieu0|ne
bor oni ¢ anhydri de Convergent Synthesis ( SR
5S) - Pi nanedi ol N- (2- pyr azi necar bonyl ) -4, nyl al ani ne- L
-l euci ne boronate [098] A solutlon ob
(1K) - (S) - Pi nanedi ol 1-anmoni u | Bqrloacet at e- 3-
nmet hyl but ane- 1- boronate (13.97 ﬁﬂ%
N- hydr oxysucci ni nide (6.23 g) of i 6F:/tC8PHDMVF was
cooled to - 5 0C, followed by the addition of

Stebilitycof Hieeselpttionr bodi i m de (10.83 g). The resulting

suspension was stirred for one hour at a tenperature
[0l - 5 t &\ gogkeolutign gf comnernd A “gp prepared by weighing 150.13 mg of

co%rp{o%gn? }é d@cé LRg: Wxﬁﬁ’lﬂ}{é’c}m has@@%@%!nﬁx%ﬁg 18 véhShe At Eolvent A.

coup Fgre or succi ni m de ester
Stdﬂhiwvrf thi$ M@mnkymsyqasrch a4 eindien emperaphe AYAr 4P AeiiraeThe-ptock

soﬂit&ﬁ%ﬁh@ TRl 9{1@ se E‘ra@?G(mnan h%o%t@ﬁllg@t system were carried out
yl mor pho % at atamaauneofooc
frgmdhqsﬁ@als after 0,12, 24 48, and 72 hours (double injection out of each vial. The area%

of compound 1 and compound 2 were determined. No changes in area% were observed,

indicating that the solution is stable over 72 hours at ambient temperature.

Specificity

[0102] Approximately 150 mg of a sample comprising compound 1 and compound 2
were dissolved in Solvent A and injected to the GC chromatographic system. The peak for
compound 1 was well separated from the peak for compound 2. Peak purity check by GC-

MS showed no other components co-eluting with compound 1 or compound 2.

Limit of Detection

[0103] The limit of detection (LOD) was defined to be that concentration where the
signal of compound 1 showed a signal to noise ratio of at least 3:1. A previous blank
measurement was carried out to show that no other peaks interfered. The signal to noise

ratio was calculated by the equation:
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resulting solution was added to the suspension. The
suspensi on was adjusted to pH 7 by the addition of
wanoeisersod. 7 nl of N-met hyl nor phol i ne and sti r Pe@/US2005/009774
overni ght, raising the tenperature slowy to 21 C
After filtration, the filtercake was washed twice with
MIBE and the conbined filtrates were diluted wth 950
nmL of MIBE. The organic | ayer was washed with 20%
aqueous citric acid (3 x 150 nL), 20% aqueous NaHCO 3
(3 x 150 nlL), and brine é <) .H({hgaDr gani ¢ | ayer was
dried over Na2S&4, fil £ mcentrat ed,
yielding 25.5 g (95.5 % of the 1 e corrpound as a
sysam As Logdhgab RsPbi c this material contained sone
mnor inpurities, | ncPudi ng approxi mately 2% of

Hy exyk heERdf
%t . mgnalforco Oundil!ﬁmki ne-L-1| euci ne

Pyrazi necar bonyl) heny
Habarsé'lﬁw aahéﬁgmcﬁ@l B&i%%élehﬁe gRLytion of
(1S, 2S, 3R, 5S) - Pi nanedi ol

[0d0412- pyr aZx saiaplRk r |18 ;
bo% on it Z&S}ﬁg1 dgif %&%E%E@gw" ?\/ﬁ%%gﬂgﬁd !ié%?%@ﬁ? concentration

“hd %eﬁgd\ﬁg S]&%‘f ignal toenagre ratigef 480 Therefoire, dlfie inhit biGletection is

00efengdaied | n portions, keeping the tenperature
between 15 and 25 0C. 2- Met hyl propaneboronic acid

éﬁt(@ﬁglga}mw%s t hen added under vigorous stirring, and
of the bi phaS| c mxture was continued
]ygr nig r r at e two phases, the
[ oﬁer at;%lre 11%!;0% v TEe on&tgﬁé ﬁ\ﬁa‘%}ﬁ‘e%" bR thafcoRespiration where
th?ﬁl@nhlmﬁewmp@y@’l ShﬂWedl ln elgmﬂ ORESH b 8ChtidAsMQU Q%Qlttb hoise ratio

was ca €5C oV, th dd : f

b IR R R BPSp B et B aramdard somple
coneqydratioryas ingcledwad shoayedra si@al ©olsaedtRhs W . hI'l@r&Qeg the Ximit of
qLilaQQta%nE%“(?% 8H\%t hen brought to pH 6.0 by the

addi tion IN HO . After extraction with

100 nL of ethyl acet ate the | ower | ayer was adjusted
EXp@pieb: 6. Fuibt Assfdadl-Calydazmnécnbonglh LoptengRlid-Ieitideh

75 nlL of betonjdankhydtid¢ e. The conbi ned ethyl acetate

| ayers were washed with sem -saturated brine (2 x 25
036 and Bhe ity of N-@Pyrazinecadbirat)-IoplemyMianS@4L,-leucine boronic

anﬁ%«ﬂ%ﬁ (@(ancﬁﬂlg 3?%g%ggfeatb§qe\}e95e%fhas%rﬁﬂ(,5 39 (8189
(2- Pyra2|necarbonyl L- phenyl al ani ne-L-1 euci ne
R"B%‘?‘B?ﬂ c anhydri deVafsr ;éﬂ’fLGﬁ@ deThecrude material was

di ssolved in 150'ﬁeefb§utﬁiehMi’L@gl%H§te and concentr at ed
in vacuo to a su%penm on, followed by the addition of

150 mL of MIBE. TRENSgE e‘?ﬂ§$%ﬁﬁﬂd9»@§8%tmed bet ween 2

and 8 OC over ni gh HydrobdrBsceskidela MTBE,
and dried under hi ghy ' krﬁf ' éb%?adewrggm%&n

Instrument

I-‘Iigl‘l performance Autosampler capable of delivering 20-vL injections and
liquid chromatograph maintaining a temperature of 5 °C

Pump capable of gradient delivery at 1.0 mL/min
UV detector capable of monitoring effluent at 270 nm

Column Symmetry C18 chromatographic column, 250 mm x 4.6 mm ID,
5-um, Waters, cath WAT054275.
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vacuum yielding 10.69 g (57.2 % of

N- (2- pyrazi necar bonyl ) - L- phenyl al ani ne-L- | euci ne
woano@rmwsoanhydri de as a white solid. Exanpl e 4PCT/US2005/009774

Measurenent of Diastereoneric Ratio of

(1JR) - (1S, 2S, 3R 59) - Pi nanedi ol -

ammoni untri fl uor oacet at e- 3- et hyl but ane- | - boronat e

[0100] The diastereoneric purity of (I

R - (1S, 2S, 3R, 5S) - pi nanedi ol -l anmoni untri f | uor oacet at e-

3- et hyl but ane-1 -boronate (conpound 1) was determ ned
Sapyple Brepehitipad  gasAprodimatabPEpa pf (apeundh aiercadcarately weighed

Acetonitrile (p.dntoBrigkek volrmetyisiflask dviohile e setl Gonhevas

(i nternal standarafided Ehdite npyiukeswas sonicatgd kovdibstte)compound 3

Trifl uoroacetic dapyrdxindéely IFELecqngdsia. Thiveelutkorowas allowed to

equi val ent) | nst rremidnrbom Terapasat@®, 20@ed Hyiwne with Mobile Phase

equi val ent Mobi | eApidsaxed@elbdlage pample paf piepared in duplicate and

Appr oxi mat el y 300vasgptable foel dagedenstomst a 286 Cahreldeted from light.

an internal standard) accuracy of 0.1 ng into a 100-nL
HEM Bavametegs:f | ask. 1.5 nlL of TFAAwere added and the

f hsie rp Was Abr oughtAéegbrytﬁlé;W%terbhnéaaa %‘7@’0'1'(@/v§§@%§ssed
Pre ation: About 150 ng of wer e

wie ﬁ@easeﬁn thin oACftmﬂq/mat?réfomcﬁed«@rzeﬁét(w‘efvmdggk%ed
szgwfn{task was br olL{gIIalL/ﬁ@I volume with Sol vent A The

| uti on was stor (}I’ 15 m nutes before injection.

i anet er s: AeORFX- 200; 105mx 0.25 mmi.d. x
O Ingeotiamrm lirkem I\/bblzloem,phase H2 Tenp, program 130 OC

.5mn); 0.5 Cmnpto 200 0C (0 mn); 30 Cmn to
ggﬁ”’ﬁ@ fy%ﬂ . Anm&ent ( )

m n)
Sample Tray Temp: 5°C
Gradient Program: Time Y%A %B
0 100 0
15 100 0
30 0 100
45 0 100
47 100 0
55 100 0
Substances
Compound 3 N-(2-Pyrazinecarbonyl)-L-phenylalanine-L-leucine boronic
anhydride
2 H 9
Ny N N‘Z’B
[[N/ H o E\T/f 8
Compound 4 N-(2-Pyrazinecarbonyl)-L-phenylalanine-D-leucine boronic
anhydride

PRR i
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Flow 0.9 nmL/mrv (const flow) Injector tenperature:

250 OC Detector tenperature: 250 0OC (FID) Split: 1. 50
wonpesmv7som vol ume: | nliSubst ances Conpound 1  PCT/US2005/009774

(IR -(I1S, 2S, 3R, 5S) - pi nanedi ol - | ~anmor

unt ri fl uoroacet at e- 3- net hyl but ane- 1- bor onate Conpound

2 (1S)-(1S,2S

/ 3R, 5S) - pi nanedi ol - | -amroni untri fl uor oacet at e- 3-

nmet hyl but ane- 1- boronate Stability of the sol ution

[0101 stock so f I

L 250 Junéz\51 Lock solusl Eg?ﬁzﬁﬁ%agr%gggtmﬁq y BRI ERAEAE b Bbnic

vqurretrlchask an r|ng|ng|t to volume with

Solvent A Stability of this solution tested at

anbi ent tenperature over 48 hours. Th

was filled in 6 separate GC vial sQ I f§j egti §s onto the

GC systemwere carried out fr '

12, 24, 48, and 72 hours (doulpl gl i mecti oyts of each

vial. The area% of conpound 1 &dnd conpound

determ ned. No changes in area% were obserVed,

indicating that the solution is stable over 72 hours

at anmbi ent tenperature. Specificity [0102]
mﬁ% r oxi ndihergfertivy timy @b ompemdd wasipigallydieicea dApoigminutes

D B Y efhuias g 5o
elfried atlonpouetentiontise, withla respetioatoéd 20r om t he peak for

conmpound 2. Peak purity check by GCMS showed no ot her
[0&@8dp onentlie cadatbleuetrmitpnf compamddiingd sample corompdngnan 2o that in the

(LOD)

bR e e Bk R T S S

of conpound A showed a signal to noise ratio of at

| east 3: 1R-=A—previ ous bl ank

tstd

Where:
R, = relative retention
tom = retention time of compound 3 peak in the sample
chromatogram, minutes
ta = retention time of the drug substance peak in the
closest preceding standard chromatogram, minutes
[0109] Assay results were calculated for each sample according to the following
equation:
sam Si x P
%assay = A X Waa X 1 X100
Asta Wam 100-M
100
Where:
A = peak area response of compound 3 in the sample
preparation
A, = mean peak area response of compound 3 in the
working standard preparation
W, = weight of the standard, mg
P = assigned purity of the standard (decimal format)
W, o= weight of the sample, mg
M = moisture content of the sample, %
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measurenent was carried out to show that no other

peaks interfered. The signal to noise ratio was
woabwswvzoed by the equation: S/IN - H signal) H PCT/US2005/009774

{baseline) S/IN = signal to noise ratio H(signal)

hei ght of signal for conpound 1 [mm] H(baseline)

hei ght of signal baseline [mm] [0104] A sanple

concentration of 0.05% of the standard test sanple

concentration was injected and showed a signal to

noi se rati o of 100, 3.=Therwefigrgeon toiperdentri t of det ecti on

is 0.0075 ng/nmL. Limt of Quantitation [0105] The

01101 t of Helative retentionagd iogrrikakvelein eadusapplbwerehalrulated

&%Qﬁgttéiﬂ{eif&[bvmg&%ahg%:y gnal of conpound 1 showed a

signal” to noise Tatio of at least 10:1. Signal to

noi se rati o was cal cul ated as descri bed above. A

sanpl e codtentrati on of 0.1% of the standard sanple

concentratiof®was injected and showed a signal to

noi se rati{Q of 10.1. Therefore, the limt of

guantitati "¥'s 0.015 nmg/ mL. Exanple 5: Purity Assay

for N (2-Pyrazjnecarbonyl))-L-phenyl al ani ne-L-I eudne

bor oni ¢ anhydrilifde [‘OlO6]yf€12]'1ﬁVeeIgten’El V' of

N- ( 2- pyr azi neclar bonyl ) - ketpitenytingd efrthaniedividualimmeity

bor oni ¢ anhydrj de (conp . 3. ssayed reverse

phase HPLC. Reﬂéigenth: V\Z%%%Oﬁﬁg\l{_}%ﬁé}%ac g}f) ‘éré‘?%ﬁﬁ rile,

HPLC grade Forymjw. aG . grade, > 98% pure 3%

Hydr ogen ﬁdr%AmW BGLPERR: 0 equival ent | nstrunent

Hi gh performance A #pl er capabl e of delivering

20-uL inj %terieons and

L = individual impurity

A, = peak area response of individual impurity in the
sample preparation

Ape = average peak area response of compound 3 in the 1%
standard preparation

W, = weight of the standard, mg

W, = weight of sample, mg

P = assigned purity of the standard (decimal format)

DF = dilution factor, 1/100

RE, = relative response factor of individual impurity

100 = conversion to percentage factor

[0111] When assayed by this method, N-(2-pyrazinecarbonyl)-L-phenylalanine-L-

leucineboronic anhydride from Example 2 showed total impurities of less than 1%.

[0112] While the foregoing 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 and appended claims.
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l'iquid chromatograph maintaining a tenperature of 5 0C

Punp capabl e of gradient delivery at 1.0 nL/mn W
wdeo@sabao capabl e of nmonitoring effluent at 270CTA182005/009774

Col um Symmetry C18 chr omat ogr aphi ¢ col unm, 250mm x

4.6 mm I D, 5-mm Waters, cat# WAT054275. Sanpl e

Preparation: Approximately 50 ng of conpound 3 were

accurately weighed into a 50-nL volunetric fl ask.

Mobi | e Phase B (5 nlL) was added and the m xture was
WHATJa Ce4IVBDd$:ssol ve conmpound 3 (approxi mately 30-60

seconds). The solution was allowed to reach room

: d \bbi.l e Ph nd
mei(fggr \f;\ve luA@ar AL S;ﬁ'gce Qfo&%éeﬂ%? %ﬁal%g | ﬁst%{EBngzI?deégwma D:

was stable for 7 days when stored at 2-8 0C protected
fromlight. HPLC Paranet &¢ bi |l e phase A :
AcetonltrlIe/mater/fornlaaa@ , 30:70:0.1 (v/vlv),
degassed Mobil e phase B: AcéﬂﬁnltrlIe/mater/fornlc
acid, 80:20:0.1 (v/v/v), degassed Flow rate: |.OrL/mn
VﬂERQttor W at 270nm I nj ecti on Vol une: 20 nL Col umm
Tenp: Anbient Sanple Tray Tenp: 5 0C G adi ent Program
Ti meRYPAa@tHna0s dstiGteHNpRatBtarbmift) odBetf 0AQatd grbfdf; O

(D

R?is hydrogen, a nucleofugic group, or an optionally substituted aliphatic, aromatic,
or heteroaromatic group;

R’ is a nucleofugic group or an optionally substituted aliphatic, aromatic, or

heteroaromatic group; and

each of R* and R’, independently, is an optionally substituted aliphatic, aromatic, or
heteroaromatic group, or R* and R, taken together with the intervening oxygen
and boron atoms, form an optionally substituted 5- to 10-membered ring having

0-2 additional ring heteroatoms selected from N,OQ,orS;

said process comprising:

(a) providing a boron "ate" complex of formula (II):

2 Rs 1
} R >‘\B,OR4
Y® "B
1 M+
OR® an

where
Y is a nucleofugic group;
M is a cation; and
each of R' to R® is as defined above; and

(b) contacting the boron "ate" complex of formula (II) with a Lewis acid
under conditions that afford the boronic ester compound of formula (I), said

contacting step being conducted in a reaction mixture comprising:

(@ a coordinating ether solvent that has low miscibility with
water; or 7
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55 100 0 Substances Conmpound 3 _ _ _
N- (2- Pyrazi necar bonyl ) - L- phenyl al ani ne-L- | euci nebor oni
wo 200509thop de Conpound 4 PCT/US2005/009774
N- ( 2- Pyrazi necar bonyl ) - L- phenyl al ani ne- D-| euci nebor oni
¢ anhydri deConmpound 5 _ _
N- (2- Pyrazi necar bonyl ) - L- phenyl al ani ne- D-1 euci ne
boroni ¢ anhydride [0107] The retention time of
conmpound 3 was typically between 10 and 14 m nutes

when using an (HPLCaaye&teemlvdr&hmaahébl&leml Bty W8] drater and a
vol une. Corrp d 5 coeluted at Ionger retention

time, with® ﬁngelglglcﬁtsglgﬁmof > 2.0. [0108] The relative

retention of conmpound 3 in a sanpl e chromat ogramto

thatyin the ﬁB%QQ?O%&HrQ@EB% 1eac a’clpgeuco%%.p%mes a

according t owl ng equat’i

coaflinatingcorsebvent i on t sam = retenti on time of conpound 3
peak in the sanple chromatogram mnutes tsld =

rete tlon time of the drug substance peak in the

cl os dgéﬁquﬁij§]la5ﬁ davieprein thsyeaersipating corbelverd ds selected from

t}{ecgi&q;] coﬁglsmg JF@StkhhY SroVBES ERhEULALES %ﬁ%ﬁ@&sﬂh&@&p' e

according to the foll ow ng equat| on: \Were: =
area response of conmpound 3 in the sanple preparatl on
Ast dd.= nelde pp@ad;s ddiriesn B e»st&wﬁ Eale)oﬂa‘iHEﬂﬁgl B8lscvdrid cdrldBtutes no

m\éPJéﬁbﬂ‘Qoo%E %ﬂ@/ v of the e%gtl%tn rruxture

5. The process of claim 3, wherein the coordinating co-solvent constitutes no

more than about 15% v /v of the reaction mixture.

6. The process of claim 1, wherein the solubility of water in the ether solvent

that has low miscibility with water is less than about 2% w/w.

7. The process of claim 6, wherein the ether solvent that has low miscibility with
water is selected from the group consisting of tert-butyl methyl ether, tert-butyl ethyl ether,

tert-amyl methyl ether, isopropyl ether, and mixtures thereof.

8. The process of claim 7, wherein the ether solvent that has low miscibility with

water constitutes at least about 70% v /v of the reaction mixture.

9. The process of claim 1, wherein at least about 5 moles of the boron "ate”

complex of formula (II) are provided in step (a).

10. The process of claim 1, wherein at least about 20 moles of the boron "ate"

complex of formula (II) are provided in step (a).

11. The process of claim 1, wherein at least about 50 moles of the boron "ate"

complex of formula (II) are provided in step (a).

12, The process of claim 1, wherein at least about 100 moles of the boron "ate"

complex of formula (II) are provided in step (a).
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Wl d weight of the standard, mg P = assigned purity

of the standard (decimal format) 5.-.m = weight of the
weane780eg M = noi sture content of the sanpl epC¥iBE005/009774

conversion to percent [0110] Relative retention and

impurity levels in each sanple were cal cul ated

according to the follow ng equations: tds Were: R

relative retention t, = retention tine of the

individual inpurity tds = retention tinme of the

conpddnd Jhppmkesplbelam 1, wheieirdihey ek lacitd ipdeldetel (ANTthe group

d th
R R A G T A S

response of conpound 3 in the 1% standard preparation

V6t dig weirgh ro@éss Bf@alﬁ‘h@ngﬂt{rgm ﬂ';%L %ﬁg&m llt of
sanpl e, ny = assigned purity o

(decimal format) DF = dilution factor, 1/100 RF. =

r eI atibve TRSpORsEof @GindB, Wherdil i Mé}d(&?hle'bmr"htteyco}r%gexzof
i.on t ercent a%e fact.or
£&2NS (I is provi e In a solution comprising an ether solvent that has low miscibility

with water, and the contacting step (b) comprises the steps:

@ providing a solution comprising a Lewis acid and
tetrahydrofuran; and

(if) adding the Lewis acid solution to the solution of the boron

"ate" complex of formula (II) from step (a).

16. The process of claim 13, wherein in step (a) the boron "ate" complex of
formula (II) is provided in a solution comprising an ether solvent that has low miscibility

with water, and the contacting step (b) comprises the steps:

(& providing a solution comprising a Lewis acid and water; and

(ii) adding the Lewis acid solution to the solution of the boron

"ate" complex of formula (II) from step (a).
17. The process of claim 1, wherein Y is a halogen.

18. The process of claim 1, wherein Y is chloro.

19.  The process of claim 1, wherein R'is C, aliphatic, C,,, aryl, or (C,,, aryl)(C,,
aliphatic).

20.  The process of claim 1, wherein M is selected from the group consisting of
Li*, Na*, and K*.
21.  The process of claim 1, wherein R* and R’, taken together with the intervening

oxygen and boron atoms, form an optionally substituted 5-membered ring.

22.  The process of claim 21, wherein R* and R® together are a chiral moiety.
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[0111] When assayed by this nethod,

N- (2- pyrazi necar bonyl ) - L- phenyl al ani ne- LI euci neboroni c
wanbsdowisde f rom Exanpl e 2 showed total inpuritPes/ustoos/009774

| ess than 1% [0112] Wile the foregoing invention has

been described in sone detail for purposes of clarity

and under standi ng, these particul ar enbodi nents are to

be considered as illustrative and not restrictive. It

will be appreciated by one skilled in the art froma

readidng ahe plucsss@di dainoz) wheteirathe baron tals’ cohgleges fdrmula (1) is:

formand detail can be nade w t hout departing fromthe

true scop 3o§1 e | ention and append d;ﬁk@ ATl S
CLAI MED I e scal e process f:( G o a
boroni ¢ esyer oo u' nd of formula (J): elpeiy

an optional My substituted gl.iphatic, ardwatic, or_

het eroaromati ¢ group; R2is hydrogen, a nucleofugic
group, or an optionally substituted aliphatic,

aromat i C Theprdiekor Q&hﬂ!ﬁ%@regfs%pr{b) PR3vidss the BUfon&QkUEI C

group.of. an o nal, | stituted al]jphat
comRoMAL P orravlaﬁéfﬂ 85 en@ﬁOB\Pﬁaf%fa REe s pebiroenter
hd¥hg 4 NEREEHHSTH NG of 43 138 BBkt 98A Rk hYveIt BShird1d6:@6k in the R*R’

al j phatic, aromatic, or heteroaromatic group, or Rdand
dﬁﬁl ﬁ?bn t oget her Mﬁth the interveni ng oxygen and

boron atons, forman optionally substituted 5- to

nbe in A It

he t erE?oa t gﬁgproc go aadm}“é?z thﬁe@%g €p (b)o;%%lfldes fg\g boromc ester
copopndl sf fogmulg &) wbﬂem e ngrben Bomdreatiag B Re mqaR es<a dﬁral center
hafv?r%rgi a chlastére(g}'%:g: Crﬁg %ast aﬁg&?bggglgt%fect ral%g% ge/nelylglj 1§ rt]h% R'R’
chida) moietyt acti ng t he boron "ate" conplex of formula (TT)

wth a Lewis acid

26.  The process of claim 22, characterized by at least one of the following

features:
(@)  the contacting step (b) is conducted in a reaction mixture comprising
tert-butyl methyl ether;
(b) the Lewis acid is zinc chloride;
(© at least about 5 moles of the boronic ester of formula (II) are provided
in step (a);

(d)  the contacting step (b) is performed at a reaction temperature in the

range of about -60 °C to about -30 °C;
(e the Lewis acid is moist;
€3] Y is chloro;
(g) R’is chloro;
(h)  R’is hydrogen; and

(@)  RisC,aliphatic.

27."  The process of claim 26, characterized by at least two of the features (a)‘—(hr)r.
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under conditions that afford the boronic ester

conpound of formula (T), said contacting step being
woaowetsed in a reaction mxture conprising: (PLTAS2005/009774

coordi nati ng ether solvent that has low mscibility

with water; or(ii) an ether solvent that has | ow

mscibility wwth water and a coordi nati ng co-sol vent.

2. The process of claim 1, wherein the reaction

m xture conprises a coordinating co-solvent. 3. The

proc8ss (ahe ptaressiol¢lainh By, eiamctdnized bpatdeastthraeef the features (a)-(h).

co-solvent is selected fromthe group consisting of

t et rahydr of uran, dioxane, water, and m xtures

t her28of . The piigess pf deias, @farastesized By aliwightaf thetfpasures (a)-(h).

coordi nati ng co-solvent constitutes no nore than about

20% v/v of the reaction m xture. 5, The process of

cl aih 3, Tﬁﬁ@?@?ﬁOfﬂ@ﬂﬁ%bﬁﬂﬂﬁﬁ%Pﬁﬁ$Eﬁ sol vent

constltut S no re_ than_ about 15°ghv/v of thel react| on

mxture. @ TWé'IE%@sg?cmn BPTRTMID ARRaPEtR SpEor an

sol ubi | i of water er solve hat has

i sci bi | H)y W PR 8 HedvpsBeebeiin =Ete g of oivents to

The affoatemsidaé cahprisingthe Bbrenie ested ddmpathe of eahvie®. t hat

has low mscibility with water is selected fromthe

group consisting of tot-butyl nethyl ether, tert-butyl
et hylll. et Albe process bf daiyrl Zﬁmhhyin tb¢ teeidue raoprisepyt least 4o five

m%goﬂh@({) ﬁ%eg’cﬁ crogggfmc?off cess of claim7,

ereln ent t 1as low miscibility
with water constitutes at Ieast about 70% v/v of the

reaghi onthi igdéésg of aalmTﬁewﬁé@&%éb&Bm@ h@éﬂeo&mo&mmbﬁnula )
at | east about nmol es of the boron "ate" | ex of

presghig] the fepidye héisea HrsirrpIeRTicraticefap leag pbout§e: 4vh e grrBeRatem
begfmgk’akﬂhﬂd R%?Jtﬁb B %Jaﬁéﬁkr abap R-BOHIMI Bsieqf the

boron "ate" conplex of formula (I'l) are provided in
step (a). 11. The process of claim1, wherein at |east
abous. 50 THOpRGesd bf didith C:hpﬁ/ﬁéteih&heﬁoronic ester compound of formula ()

present in the residue has a diastereomeric ratio of at least about 97:3 at the carbon atom

bearing R', R, and R’, relative to a chiral center in the R-R’ chiral moiety.

34. A composition comprising an ether solvent that has low miscibility with

water and at least about ten moles of a boronic ester compound of formula (I):

2R1

>'\ _OR?

G ®
wherein:
R' is an optionally substituted aliphatic, aromatic, or heteroaromatic group;

R’ is hydrogen, a nucleofugic group, or an optionally substituted aliphatic, aromatic,

or heteroaromatic group;

R’ is a nucleofugic group or an optionally substituted aliphatic, aromatic, or

heteroaromatic group; and
-each of R* and R’, independently, is an optionally substituted aliphatic or aromatic -

group, or R* and R’, taken together with the intervening oxygen and boron atoms,
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conplex of formula (I1) are provided in step (a). 12.

The process of claim1, wherein at |east about 100
wonb@s®tdot he boron "ate" conpl ex of formul a (PCY/USR@®S5/009774

provided in step (a).13. The process of claiml,

wherein the Lewws acid is selected fromthe group

consisting of zinc chloride, zinc bromde, ferric

chloride, and ferric brom de. 14. The process of claim

13, wherein the Lewis acid is noist. 15. The process

of cl afomne opiprallyispbstifted &0 Q»%ynembere@@mrhawag €2 additional ring

compl exei@fafoRlsUbAed rdh N, &, BfQVvi ded in a sol ution

conmprising an et her solvenf that has low miscibility

with water, and the contacting step (b) conprises the

steps: (ia coﬂ[pb\éﬂndh B@nﬁnﬁ‘iﬁ A dei s@l@aﬂ&rtha& haglot hBWbSity with
aci d an|<il tetrahydro gqn}ﬂ&rand addi ng. the Lew s
waigs ek Iear bR B RS PRfeRfr w&om efrformtla ¢
compl ex of fornula (IT) fr mstep (a). 16. The process
of claim 13, wherein ing g) the boron "ate"
conpl ex of forrrula(ll)nsg\ |dedinasolution
conprising an ether solventdghat has low nmiscibility o
with water, and the contacting step (b) conprises the
whd:gRs: (i) providing a solution conprising a Lew s
acid and water; and (ii) adding the Lewis acid

sol 4 ko oﬁéﬁ Qéaaﬁtb@ahﬁané QRO HeRh Siro R QTS Of

formula ( mstep . The process o
1, wh esrreyldpog\éhsa uchd oupl Br anTckﬁloaaw}cﬁ%u@fedcahﬁmc Jaromatic,
wher ein’Yis chloro. 1I9." The process of claim1l

wher el?F}Rﬂﬂr%ar@Ta‘BC%PPﬁzhatl c, C O aryl, or (CI\/D aryl)(C
al i atl The rocess wherein M+ s
sel fsea&;‘jr%ﬁﬂgfor?éo‘&f B BB léfﬂl hbffcjf piphaRe agomatiGe®
+. 21. heTma@ﬁgaegﬁupfanal aim1l, wherein R4dand R5, taken
together with the intervening

each of R* and R’, independently, is an optionally substituted aliphatic or aromatic

group, or R’ and R’, taken together with the intervening oxygen and boron atoms,
form an optionally substituted 5- to 10-membered ring having 0-2 additional ring

heteroatoms selected from N, O, or S;

wherein the carbon atom to which R', R*, and R’ are attached is a chiral center, having
a diastereomeric ratio of at least about 96:4, relative to a chiral center in the R*-R®

chiral moiety.

36. A composition comprising an ether solvent that has low miscibility with

water and at least about ten moles of a boronic ester compound of formula (I):

Rl
>'\B,0R4

RS
]
OR® )
wherein:
R’ is an optionally substituted aliphatic, aromatic, or heteroaromatic group;

R”is hydrogen, a nucleofugic group, or an optionally substituted aliphatic, aromatic,

or heteroaromatic group;
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oxygen and boron atons, forman optionally substituted
5-nmenbered ring. 22. The process of claim2l, wherein
we4o@End748® t oget her are a chiral noiety.23. Thecprsemwss09774
of claim 22, wherein the boron "ate" conpl ex of
formula [1J) is: 24. The process of claim 22, wherein
step (b) provides the boronic ester conpound of
formula (1) wherein the carbon atom bearing Rl, R2,
and R3is a chiral center having a diastereoneric ratio
of & i ;masteohighugrogsoranapiignillysubsitated hiiplalic ceomaic, ¢m
t he R4h§§n%%h%@kgﬁﬂ%e . 25. The process of claim 22,
tep pr

wherein's Vi des the boronic ester conpound

of fQumt aﬁz{[‘i{s, Ma@%&id@nﬁ)b & d %ﬁg&ghllgtsgﬁgh%@& %a&m $Bmatic

and R3is a chiral center havin di astereoneric ratio
of at greuBtorRoaut Rotkar oggtheriwith the inderypriing pxygen ered born atoms,

the Rae R 26RLEG 1Rk M 1bs- 1 NRrREBELE $indhatih@bP Aditional ring
g? | f I g g

characteri ze y east one of the fol PFow n

f eat ur lkaterogigins selectecbieradt Oher St ep (b) is conducted in

a reaction mxture conprising tert-butyl nethyl ether;
(b) Wheeein ggicarbopiatpm & whigheR cﬁi #hd e gttarhest is p ghigal center, having

about 2 gPhedc Rtiobhg 1hor eBlweester of formula (1J) are
provided in step (a); (d) the contacting step (b) is
perfornmed at a reaction tenperature in the range of

abowy. - 6ahOEorhyfosipnWl anBdhe@Ctlain)34136 ewhedwin Sheadiibilit§ of water in

nmoi st; . (f). Yis,chloro;, R3 is chloro; (h) R2 is
&ﬁ§%$%%@%?hﬁﬁﬁs???aéﬁggég%%%liphatic. 27. The process
of claim 26, characterized by at |east two of the

featur es of Aok iBsitdf of JForRPEENS 3256 Gl AL %8s ether solvent is
y at f o

characteri ze edast three the features
selegipd frigin the group consisting of tert-butyl methyl ether, tert-butyl ethyl ether, tert-amyl

methyl ether, isopropyl ether, and mixtures thereof.

39.  The composition of any one of claims 34-36, wherein R'is C,, aliphatic, C

6-10

aryl, or (C,, aryl)(C,, aliphatic).

40.  The composition of any one of claims 34-36, characterized by at least one of

the following features:
(a)  R’is chloro;
(b)  R%ishydrogen; and
(9  RisC, aliphatic
41. The composition of any one of claims 34-36, wherein R* and R®, taken together
with the intervening oxygen and boron atoms, form an optionally substituted 5-membered

ring.

42.  The composition of any one of claims 34-36, wherein the compound of

formula (I) is
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29. The process of claim 26, characterized by all
eight of the features (a)-(h). 30. The process of
wohleisrmoZe9 further conprising: (c) washing therPCeasiosn09774
m xture with an aqueous solution; and (d)
concentrating the washed reaction m xture by renoval
of solvents to afford a residue conprising the boronic
ester conpound of formula (T). 31. The process of
clai m 26, wherein the residue conprises at |east about
five nole zgf t he boronic estR@R’con'pound of formula
(T). 32. gess of clai m3l,.oMperein the boronic
ester conpouny mula (T) prss in the residue
has a di astereo ratoi o of at 'I' about 96:4 at
the carbon at om bearing Rl, R2, and R3, ‘relative to a
chiral center in the R4-R5 chiral noiety. 33. The
procgss o ; [ # .
Compaind of TR eop i B S A A5 Horonigesir
comasrd ddpEileFati o of at |east about 97:3 at the
carbon atombearing R1l, R2, and R3, relative to a
chiral center in the R4- I§5R?:hi ral noiety. 34. A
conposition conprising ag{?&g}éﬂ“sol vent that has | ow
irascibility with water and %4 | east about ten noles
of a boronic ester conpound of fornula (T): wherein: @
Vﬁge'%&n_an optionally substituted aliphatic, aromatic, or
eteroaromati c group; R2 is hydrogen, a nucl eofugic

grougs; ' | | ubstituted aljphatic, . )

ar oy hofforl LRt RS SisBhed oG chiste g o

gr oup:; ' A titut L phat.i S .
ar om0 sk ANl BER! & b BHo S BBk gy eromatic
R5, i n@&peipmeremaic giostpan optional |y substitut ed

aliphatic or aromatic group, or R4 and R5, taken

t ogeRHer nyfletiugingrorn e ay erilongllpsupgéntedratiphaicomomatic, or

atons,fh@trefgagd}nggtgjr&ﬂggllld/ substituted 5- to 10-nmenbered
ring having 0-2 additional ring heteroatons sel ected

f r OMRNn@ RO Mtal@n tS5RtheAWSIATROS el fh, \ME‘?({]I{ ﬂd%r&ﬁat&kg #rm an
solvent that has lowirascibilit
optionally substituted 5- to 10-membered chiral ring having 0-2 additional ring

heteroatoms selected from N, O, or S;

wherein the carbon atom to which R!, R? and R’ are attached is a chiral center, having
a diastereomeric ratio of at least about 96:4, relative to a chiral center in the R-R°

chiral moiety; and

wherein the boronic ester compound of formula (I) constitutes at least about 70% w/w of

the composition.

44, The composition of claim 36 comprising at least about 20 moles of the boronic

ester compound of formula (I).
45, The composition of claim 36, wherein the carbon atom to which R’, R? and R®

are attached has a diastereomeric ratio of at least about 97:3, relative to a chiral center in the

R'-R’ chiral moiety.
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wat er and at | east about ten noles of a boronic ester

conpound of formula (J): wherein: RL is an optionally
weoeubwstovtsep ed al i phatic, aromatic, or heteroar oRErTIUS2005/009774

group; R2 is hydrogen, a nucleofugic group, or an

optionally substituted aliphatic, aromatic, or

het eroaromati c group; R3 is a nucl eofugic group or an

optionally substituted aliphatic, aromatic, or

het eroaromati ¢ group; and each of Rd4and R3,

i ndegéndefhé yompsitian oogzlhmgwg%reﬁwmidf ithHo@cﬂu(ﬁésiteQ R&hp&und of
tIC roup an t aken ther wt
Pinatn Y Rieo ?fhﬁle 8‘?{95%9%?%%?@8}1%1 i §ing! etbﬁ%ﬁ

optional Iy substituted 5- to 10-nenbered ring having

0-2 dit t o sel eete

S; \M%gr ej ER mcoglr HBF& %‘cr%%to WATE qﬁﬁomca‘?’?g F%m%‘?%‘d of

fonnve Hpprepent in bk cmalbosmnseprodh@wm g siagldibaish eureeiTRs pidcess
east about 96:4, relative to a chiral

agéeb%algig%dg ie R4-R5 chiral noiety. 36. A conposition

conprising an ether solvent that has |ow mscibility

wi t hygvat erhanehRbitbe @isélalﬁi%%hér%% amhﬁ%n ftﬂe 9)?1 %q{gcfeatures is

ester conpound "of fornula :

P&EMonal |y substituted ali phat| c, ar omatl c, or

het er oaro tic group, R2is hydrogen, a nucI eof ugi c

group, or'dan o%tlsr%\lfﬁPi y substituted aliphatic,

aromati c, gr groaromatlc group; R3 is alm:leofuglc

group or ® pﬁ? AT gs %ﬁPBgﬁOW%%foﬁ?Wﬁ i c,

aromati c, Qr!' heteroaronmatic gr gUP; and each of R4 and

R5 i ndepeﬁglﬂnt bys is an opti Bry; I B? ubstituted

al i phati cRor Bardsmtic group, Ror BRAagd R5, taken

toget her witH tervening o %@.1 d boron atons,

forman optional subsPituted 5- to”10-nenbered ring

havi ng 0-2 addi,tional ri ng het er oat ons sel ected from
N O or © R*is hydrogen; an

(d) RisC, aliphatic.

49. A large-scale process for preparing a boronic ester compound of formula (I):
R2 R’
AN
b o
wherein:

R’ is an optionally substituted aliphatic, aromatic, or heteroaromatic group;

R*is hydrogen, a nucleofugic group, or an optionally substituted aliphatic, aromatic,

or heteroaromatic group;

R’ is a nucleofugic group or an optionally substituted aliphatic, aromatic, or

heteroaromatic group; and

each of R’ and R’, independently, is an optionally substituted aliphatic, aromatic, or
heteroaromatic group, or R’ and R, taken together with the intervening oxygen
~ and boron atoms, form an optionally substituted 5- to 10-membered ring having

0—2 additional ring heteroatoms selected from N, O, or S;
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wherein the carbon atomto which Rl, R2, and R3 are

attached is a chiral center, having an epineric ratio
woho@toorseast about 96: 4. 37. The conposition oPCamg2m6/009774

of clainms 34-36, wherein the solubility of water in

the ether solvent is |ess than about 2%w w. 38. The

conposition of any one of clains 34-36, wherein the

et her solvent is selected fromthe group consisting of

tert-butyl nmethyl ether, ferf-butyl ethyl ether,

t er t saidplocasstchypbrisingzer, i sopropyl ether, and mi xtures

thereof. 39. The conposition of any one of clains

34-36, wh@ ei rPrRUding@ salvtiphedrnperisi@d 10 aryl, or (CMD

aryl)(CM al i phatic). 40. The conposition of any one of

cl ai ms 34- 36, (6haraépEFWZEwIUVOanuMéEBI one of the

following features: (a) R3 is chloro; (b) RZis

hydrogen; and (c) Rl is Bﬂg4wﬁllphat|c 41. The

conposi tion of any one of Glsai ms 34-36, wherein R4 and

R5, taken together with the intervening oxygen and (D

bor owh%g{fij4f£{drﬁsa& a(g[akfngé’aa‘ibbyel (EJSt ituted 5-nenbered

ring. 42 he conposition of any one of clains 34-36,

wherein the CQﬂpouﬂgeﬁﬁngoWeH%Qtl{ggloW Sstibil pith water,

COIT'pOSI tion conprising at | east out ten

boroni ¢ gB} er +CARROMESLIRfior &fﬂwke% génlbof fo%ﬁfa?m Rl' S

an optionally substituted aliph atlc aronmatic,

het ercoaromati ¢ group; R2 |a3hydrogen a nucleofuglc
group, or an optionally éﬁﬁsq¢;uted al i phati c,

aromatic, or heteroaromatYc group; R3is a nucleofugic 1)

[ 1 bstituted aliphat
g? gﬁl‘gtfﬁg%r} e?’gqrggt'a{tg'régmp}gx%%] fo?m{ﬂau I)e al i phati c,

o R%
RS % ore
Y™ B
i M+
OR® (I
where
Y is a nucleofugic group;
M’ is a cation; and

each of R' to R’ are as defined above; and

() contacting the boron "ate" complex of formula (II) with a Lewis acid
under conditions that afford the boronic ester compound of formula (I), said

contacting step being conducted in a reaction mixture comprising:

) a coordinating ether solvent that has low miscibility with

water; or

(ii) an ether solvent that has low miscibility with water and a

coordinating co-solvent.

50.  Alarge-scale process for preparing a boronic ester compound of formula (I):

OR® o @



het eroaromatic group; and R4 and R5, taken together

with the interveni ng oxygen and boron atons, form an
wopbismazoby substituted 5- to 10-menber ed chir aRCTRISE®S/009774
havi ng 0-2 additional ring heteroatons selected from

N, O or S; wherein the carbon atomto which Rl, R2,

and R3 are attached is a chiral center, having a

di astereoneric ratio of at |east about 96:4, relative

to a chiral center in the R4-R5 chiral noiety; and

WiFE?8i n t he boronic ester conpound of formula (J)

cons%if,]t utes at | east about 70% w w of the conposition.

44. Tl B GRPIELY sehstinrecdaliphati@ sroswiipior Setrrpasimatie gadup;
abo%ﬁzz | es of the boronic ester conpound of
for ’ﬁg‘é'gl%.gerh 8 nugipeiugic gFaye: 9t aarPrEpPnally siibstis@ed wlidntc, Aromatic,
t he cardmateaiaﬁmlatt@gmp,ch R1, R2, and R3 are attached
has a diastereoneric ratio of at |east about 97: 3,

r el aRi ige ntidedugibgroab of B8R beiorhlly bibeHRkaRNe R 2k i
noi ety.h4%. The co gsi ti oﬁﬁog?m}él ai m 36, \?\)her ein Al °of
the bor SiT P ERES MHBind of formula (J) present in

the ¢co i L Ny roduced in a sjngle batch run. 47.
The gaélg% glg atnldg{ﬁ "5teP gﬁ“gelnﬁ’yé%?n QRtionainsukptituted afiplatic, aromatic, or
oTROSLL L B ot I p ool & bePRRRRT ink ekt ogen
proces$ %g(?:}g{rl 3?0%5’ {%ﬁmélf‘ 8P ﬁ?rf.uy ﬁ’gj%ﬁtf‘ﬁ‘éja% dorHbermbesd ging having
cl ai m 8@,advliongirmgaieter@ashs @Retea frotd1g, Galrispwi ng
features is present: (a) R3is chloro; (b) the boronic
est efaidpmgsueinpisitfigor mul a (1) is: (c¢) R2is hydrogen;
and (d) Rlis Cl-4 aliphatic. 49. A large-scale process
for prepddi ngpevidingasduégt@mpesimgound of fornmula (1):
@) a boronic ester of formula (I1I):
Rl?,OR“
OR® (1D

wherein R', R!, and R® are as defined above;

(i) a compound of formula (V):
R&_R®
H
Y M)
where Y is a nucleofugic group, and R* and R’ are as defined above ; and

(ii)  asolvent comprising:

(aa)  a coordinating ether solvent that has low miscibility

with water; or

(bb)  an ether solvent that has low miscibility with water and

a coordinating co-solvent;

(b)  treating the solution of step (a) with a strong, sterically hindered base

to form a boron "ate" complex of formula (ID):

2R3 1
R R
Y™ "B-
Srs M*
(In
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wherein: Rlis an optionally substituted aliphatic,
aromatic, or heteroaromatic group; R2is hydrogen, a
waouals@ofsegi ¢ group, or an optionally substitutedT/us2005/009774
aliphatic, aromatic, or heteroaromatic group; R3 is a
nucl eof ugi c group or an optionally substituted
aliphatic, aromatic, or heteroaromatic group; and each
of R4 and R5, independently, is an optionally _
substituted aliphatic, aromatic, or het er oar omat i c
wWheseM' isgrcaiamaervrRe fromythe haseoeteady of M arfil R'lieR’ are as defined above;
anAt erveni ng oxygen and boron atons, form an optionally
substituted 5- to 10-nenbered :ri ng havi ng 0-2 <
addi tionafgri - " ar S
said pr oc.EaC%s Q%Spﬁsﬁgﬁgb&?g) égr%\%pgé}n%@mé% %ﬁwét%amms acid in
conpRPeFAER cqprisgsedifr eoleent drat bds 1pwmmiedilailiyIvifh) watl  form the
ORA RBnlcddil) cathRiRll Bf BB yand R5 are as defined
above; and (ii) "an ether sol'vent that has |ow _
mscibility with water; (b) treating tphe sol UEI on with
a reagent AQdrgé-edalyracebsi¥) prep@irfd?] BBréniP M@ omBbEnd of formula (I):
corrplalgx of fgrrrulmz;\ﬁ(ll): %greg&{s a nucl eofggﬁ%}: @
group; Mris a cation; and_gach of Rlto R5 are as
defi ned above; and (c) cBgﬂ\agbhng the boron "ate"
conplex of formula (I1) ﬁ/ltlgﬁg Lewi s acid

(D

wherein:
R' is an optionally substituted aliphatic, aromatic, or heteroaromatic group;

R*is hydrogen, a nucleofugic group, or an optionally substituted aliphatic, aromatic,

or heteroaromatic group;

R’ is a nucleofugic group or an optionally substituted aliphatic, aromatic, or

heteroaromatic group; and

R*and R’, taken together, form an optionally substituted linking chain comprising 2-
5 carbon atoms and 0-2 heteroatoms selected from the group consisting of O, N,
and S;

said process comprising:

(a) providing a solution comprising:
6] a boronic acid compound of formula (VI):
R E';/OH
OH (VD)

wherein R' is as defined above;

(ii)  acompound of formula HO-R-R*-OH, wherein R* and R are

as defined above; and

(iii)  an organic solvent that forms an azeotrope with water;

_(b)  heating the solution of step (a) at reflux, with azeotropic removal of - -..- . .

water, to form a boronic ester of formula (ITI):
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under conditions that afford the boronic ester

conpound of formula (1), said contacting step being
woandwetseg i n a reaction m xture conprising: (PLTAS2005/009774

coordi nati ng ether solvent that has low mscibility

with water; or (ii) an ether solvent that has | ow

mscibility wwth water and a coordi nati ng co-sol vent.

50. A large-scale process for preparing a boronic

ester conmpound of formula (I):wherein: Rlis an

optionally substituted aﬁr\gmﬁl c, aromatic, or

het eroaromati c group; R2 i Jﬁydrogen a nucl eofugic

group, or an optionally su st ituted aliphatic, (1)

ar onMgfplefein R RNSLER %Q%an(pefﬁ%&%%r oup; R3is a nucl eof ugi c

group or an’optiona y su It uted al i phatic,

aromati c, (pr beTRR and each of R4and
R5, mdepéﬁde Iy, an ogf%ﬁﬂc?ﬁ/ substituted

al i phati c, arcmatlqhewmms@gr%@fomu @firoup, or Raand

R5, taken together with the 1 nterveni'ng’oxygen and
boron atonms, f@ym an, Bmlf‘l)ymﬁ tituted 5- to
10- menbered ri n{; hawﬁlg 0-2 adrdltélygﬁ ring

het eroatons selected fromgh, @ or S; said process

conprising: (a) providing a \S lution conprising: (i) a

bor oni c ester of formJIa(IVl) RO OS5 (JI2) V)
V\,hereh R# and R5 are a s defl ned above; (ii) a
conpSUTE™, ISPWHIEP%%’GWWP«\H&% ayil & are e definstlaows; and

group, and R2 n? R3 are as defined above; and (iii) a
sol vent con”pri]él ngasoventcomprlsmg

(aa)  acoordinating ether solvent that has low miscibility

with water; or

(bb)  an ether solvent that has low miscibility with water and

a coordinating co-solvent;

(d)  treating the solution from step (c) with a strong, sterically hindered

base to form a boron "ate" complex of formula (IT):

2R3 i
R R ore
v B
M+
OR®
(I

where M* is a cation derived from the base, and each of Y and R' to R® are as defined above;

and

(e) contacting the boron "ate" complex of formula (II) with a Lewis acid in

a solution comprising an ether solvent that has low miscibility with water to form the

boronic ester compound of formula (I).

52.  The process of claim 50 or 51, wherein the sterically hindered base is an alkali
metal dialkylamide base of formula M’N(R"),, wherein M? is selected from the group
consisting of Li, Na, and K, and each R’, independently, is a branched or cyclic C, aliphatic.

53.  The process of claim 51, wherein the organic solvent in step (a) is selected =~

from the group consisting of acetonitrile, toluene, hexane, heptane, and mixtures thereof.
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(aa) a coordinating ether solvent that has | ow
mscibility wwth water; or (bb) an ether sol vent that
waasosloovsomi scibility with water and a coor di naPCIgS2005/009774
co-solvent; (b) treating the solution of step (a) wth

a strong, sterically hindered base to forma boron

"ate" conplex of fornmula (1J):where Mtis a cation
derived fromthe base, and each of Y and Rlto R5 are

as defined above; and (c) contacting the boron "ate"
conpbPex ofhg preeass of dlaim)5Iawhdrein theewpaniamiebnt i séep (a) is an ether
SSRLUIHARLRMNISLAY At falg! solvent that has |ow
mscibility wt ter to formthe boronic ester
conmpound of formula (Z). 51. A large-scale process for

Prepas.i NgTlg f0EBbAlMA5E witedh eiendl 8bnd A '
R1 I?s an opti onz;ifl y substitut eld SQEPIL'%%%@ szc) each

wher.ei n:
C%F‘Bﬁ?fttp%?ar?ﬁ'eﬂi‘%ﬁ%l?%f&ronati c group; R2 is hydrogen, a
nucl eof ugi c group, or an optionally substituted

al i phat i aromati.c, .or_heteroaromatic group; R3 is a
nucl g%‘f u&*&epgr?céﬁﬁp°f6}al%ﬁ5'a¥e)‘lef%%t?1? SIS iprestyct solution

cerhpritiag the bomniareatet af, foﬁ:ﬁul?l aigaa EKH‘?_E){M‘ct lgclﬂﬁmh fkr)@?gtteﬁﬁs) s used
. .4 aKen, t.ogel ne orman optionally supbstitute
lﬁ%ﬁv&é&%ugfsﬁla@g?rﬁ{t?‘g Fjﬂrﬁmf-eﬁgr %5?‘%81‘\5‘ dlons and 0-2

het eroatons sel ected fromthe group consisting of O
N, agd S;a Babd Rk QS j.sing. (a) providing a
Sol Lt on S oo AE R AT e Rl ngunc o
freul(VED:(VT): wherein Rl is as defined above; (ii) a
conpound of formula HO R4-R5-OH, wherein R4 and R5 are
R1
HZNJ\I‘B,OR‘*
5
or an acid addition salt thereof, wherein:

R’ is an optionally substituted aliphatic, aromatic, or heteroaromatic group; and

each of R' and R’, independently, is an optionally substituted aliphatic, aromatic, or
heteroaromatic group, or R* and R’, taken together with the intervening oxygen
and boron atoms, form an optionally substituted 5- to 10-membered ring having

0-2 additional ring heteroatoms selected from N, O, or S;
said process comprising:
(a) providing a boron "ate” complex of formula (II):
R3
2 p1
NS R oRe
Y© "B~
ors M an
where
Y is a nucleofugic group;
M is a cation;

R*is hydrogen;

R'isa nucleofugic group; and
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as defined above; and (iii) an organic solvent that

forns an azeotrope with water; (b) heating tine
weabostovran9 of step (a) at reflux, w th azeotr opPCT/US2005/009774
renoval of water, to forma boronic ester of fornula
(I'11):wherein RL R4 and R5 are as defined above; (c)

provi ding a solution conprising: (i) the boronic ester

of forrmula (I11); (ii) a conpound of fornula (V):

wherein Yis a nucleofugic group, and Rzand R3 are as

def | raeh ff0Re and Rjateias fofingd sbdveent conprising: (aa) a
coordinating ether solvent that has lowirascibility

wi th wat efb) orconstingthe bpionats otomgmex of fermutend) Math a Lewis acid
i 1 asGinhkd aohaluwmamﬁof‘d th@ﬁagmﬂm%gt%f angk?c}%ﬁ %f ﬁ;?maﬁ ent;
(d) treating the solution fromste ong,
sterically hindered base tg1form a boron "ate" conpl ex

of formula (I1): where MFﬂ2 ation derived fromthe

base, and each of Yand RBf0 B‘\’g are as defined above;

and (e) contacting the bor ordRCat " conpl ex of formula (g
(I'l') with a Lewis acid in a solution conprising an

vdienerach of KeoR’ it hadefinad abaw, Qﬁics@hﬁbﬁﬂlg ﬁeﬂ\be‘ilﬁg Al &dted 9 a reaction
nﬁjgt[ure o?r? Ilbsﬂ%rgonl c ester conpound of fornmula (J). 52.

ess®of claim50 or 51, wherein the sterically

P'or”dnﬁ{ Z%E%?&ii "B hnBRkBusshiall &8 AP e Gt

consi sti ngatef;oti, Na, and K, and each R*,
i ndependently, is a branched or cyclic c3 ali phati c.
53. The proced8) of apktiensdbient thhthsilow thisibdlitg anthovater and a

sol vent i n 8H8RinbRd-sbiSeie! €cted fromthe group
consi sting of ac&tonitrile, toluene, hexane, heptane,

and m Xt Uees tﬁé@ﬁﬁ?ﬁ\e %éroml@?tepéom? %E fogllnﬁjagb %11?1]1 a reagent of

wherein't e or ganl sol vent 1 n st
formula M'-N(Si(R%),),, where M is an alkali metal and each R® independently is
selected from the group consisting of alkyl, aralkyl, and aryl, where the aryl or aryl
portion of the aralkyl is optionally substituted, to form a byproduct of formula M-R®
and a compound of formula (VIII):
R!

4
AIIB,OR

OR® (VIII)

(G)2N

wherein each G and R' to R’ are as defined above; and

(d) removing the G groups to form a compound of formula (VII):

R‘l
4
NS -OR
OR® (vID)
or an acid addition salt thereof.
58. The process of claim 57, wherein the reaction mixture in step (c) comprises an

organic solvent in which the byproduct M'-R® has low solubility.

59. The process of claim 58, wherein M" is Li and R*is CL.
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solvent that has low mscibility wth water. 55. The

process of claimb54, wherein the solutions in steps
woOadosaaBopc) each conprise the same et her sol vear/usa®s/009774

The process of claim55, wherein step (b) provides a

product solution conprising the boronic ester of

formula (I11), and the product solution fromstep (b)

is used in step (c) without isolation of the boronic

ester of formula (ZlZ). 57. A large-scale process for

pr ep&Pi ng Theprogess obdriovi%cwhetiorthe eagmnnixofe hetepu(t)@omprises an

¢ ; e o ; . ;
e ARSI 0 SR E e M8 Bke
heptaae.dexanentoluene rod prixtared thezeslt of R4 and RS,

i ndependently, is an optionally substituted aliphatic,
aromatic, or heterparomatic group, or R4 and R5, taken

t ogePher W Rrogese of FRigySy eherginghe igastioadaisthi fchis candyieted at a

re&6h &MnRPAHIRNA HeYa$ilds hibdu 1186 Oto dpBudd~aenbered ring
havi ng 0-2 additional ring heteroatons selected from

N, O or S; said process conprising: (a) providing a

bor |0|62." at Ehe proogk efcladi 6l oratbia tid xb)cgigﬂﬁ?@ﬁ}%r%fufeﬁs 5} th%mge of
cl [ § ; M+ is a cation; i s hydrogen;

aggutagﬁ%&g@g?%&gg@gr oup; andeach of Rl, R4, and R5 are

as defined above; (b) contacting the boron "ate"

compkex ofpd onmdl g 4did)s1 W . i S. ac] I .

condi ti ons tl?}{gt a?ff ornjg o '&ﬁ%%lﬁg#%\gg%gﬁg%&eg%%ﬁ% thg range of

aperttrdf] % tophout@iier e each of RIto R5is as defined above,
said contacting step being conducted in a reaction

m xtyre conpri sing;
gi Thnepprocess gf claim 57, wherein step (d) comprises treating the compound of

formula (VIIT) with an acid and isolating the compound of formula (VII) as the acid addition

salt.
6b. The process of claim 64, wherein the acid is trifluoroacetic acid.

66. The process of claim 57, wherein step (c) further comprises filtering the

reaction mixture to provide a filtrate comprising the compound of formula (VIII).

67.  The process of claim 66, wherein in step (c), the reagent of formula
M'-N(Si(R"),), is added to the reaction mixture as a solution comprising tetrahydrofuran, and
step (c) further comprises removing the tetrahydrofuran before filtering the reaction

mixture.
68.  The process of claim 66, wherein the filtrate is used directly in step (d).

69.  The process of claim 57, further comprising the step:
(e) coupling the compound of formula (VII) with a compound of formula (IX):

R7

Py
H, -

wherein:
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(i) a coordinating ether solvent that has | ow
mscibility wwth water; or (ii) an ether solvent that
waasosloovsomi scibility with water and a coor di naPCIgS2005/009774
co-solvent; (c) treating the boronic ester conpound of
formula (Z) with a reagent of fornmula M-N(Si (R6)3) 2,
where MLis an al kali netal and each R6i ndependently is
selected fromthe group consisting of alkyl, aralkyl,
and aryl, where the aryl or aryl portion of the
ar al Ky anl anifpgicapdldcking maddty;t ut ed, to form a byproduct
of formula M R3 and a conpound of fornmula (VIII):
wherFigsekaieh HiGraihd gfliptcons®bing oehytoghet Cnalirkatigvaptionslly

(d) remvj.n e [ffall]et: $0 a conpound of

for mul & (S{I)ﬂ?edt(gfaﬁ%%r 1‘%@15%?{5(’ 1) or an acid

addisi. on, sal r —_— - bR Gubstituted
whe r% ilsnse%eﬁ%dtrfré) E&Q’%ﬁ ggguﬁ] C?(%JS; %E ?ﬁﬁgé@e §1(§¥1;%%o%rh?gr IS gé B z;lsr,ﬁ1 fute
or gani erybbktesnryli andiieterdeyelilesrbyRs: tioppllyRgRieste gyino,

sol ubi | jty. 2 1 cl aim 58, wherein ML
i STi ah@%'?ﬁééﬁ%@%%gﬁ%?g%ess of claim59, wherein
t he yeaghi, Qlem’%%%f‘%ﬁ% n step (c) conprises an organic

sol vent sel ecte the group consi sting of

tJPBLRY LoMpbRREF dRuIL£G! ohexane, heptane, hexane,
toluene,” and m xtures thereof. 61. The process of

claim57, wherein the regetiongmp step (c) is
conducted at a reacti on de r@\ursﬁz_ in the range of
about -100 OC to abouR-}0 WC. Y629%The process of claim
61, wherein the reaction t@mpRrature is in the range
of about -50 OC to about 25 0C. 63. The process of
whkmirmaabi of RURY R I, artueR ismclefingd abevper at ure is in the
range of

70. The process of claim 69, wherein P' is a cleavable protecting group.

71.  The process of claim 70, further comprising the steps:
® cleaving the protecting group P' to form a compound of formula (XI):
4
R’ H QR

HzN)\n/NYB‘OW

o R (XT)
or an acid addition salt thereof, wherein each of R, R*, R®, and R’ is as defined above;

(g)  coupling the compound of formula (XI) with a reagent of formula PX,
wherein P* is an amino group blocking moiety and X is a leaving group, to form a

compound of formula (XTI):

YB\ORS
H o R (i
wherein each of P>, R', R*, R®, and R’ are as defined above; and

(h)  deprotecting the boronic acid moiety to form a compound of formula (XTII):
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about -30 0OC to about 0 OC. 64. The process of claim

57, wherein step (d) conprises treating the conpound
wohodsmomoeba (VII1) with an acid and isol ati ng PO®US2005/009774

conmpound of formula (VTI) as the acid addition salt.

65. The process of claim64, wherein the acid is

trifluoroacetic acid. 66. The process of claimb57,

wherein step (c) further conprises filtering the

reaction mxture to provide a filtrate conprising the

conpound of formula (VIIIR. §7.0Mhe process of claim

66, wherein in step (QQ%J N eh t of fornula

ML- N(Si (R6)3)2 is addedH o hégre tion mxture as a

sol ution conprising tetrahydrofuran, and step (c) (XIII)

further c I se enmoving the tetrahydrofuran before

F f F’?ré’Pﬁc ﬁ&g% qa@%&%‘ff‘é?f' eigeach Qié’.q, Rpjpad Bf Y€ g defigpd above.
claim 66, wherein the filtrate is used directly in
step-{d). Th rocess _of claim5§7, further

conpr ) iy b AR e e ey et R coppound of
faroyapa(Vala) o (VIIbyi t h a conpound of formula (I1X)
wherei n: Plis an ami no group bl ocking noiety; R7is

sel ected from the group consisting of hydrogen, C
oal i phati g, oshal | y substituted CM Qagxyl,omer C
aliphatic-é%; iand R8 is selected from'khe roup

consi sting ofcgfkoxy, al¥i@t hi o, optional I §7 (VIIb)

substjt ut ed |, hetergaryl, and heterocyclyl groups,
O%aﬁbacbdpi‘#ébthoé‘l slg{;%ﬁf%’lt?'é’&}feéﬂmam no, hydroxy, and guani di no
Sonpo G gRr s e liimb i edke i ster PRt srpup and
R5, 7 defin ahove. 70. The pr.ocess of
or ai S8 R e Bk PR IR aflio e BB gt an
71. Thepirelessstfutel chiral cfljc Houstiheterconpri si ng t he
st eps:
said prr())cess comprising:

(@) providing a boron "ate" complex of formula (IIa) or (IIb):
3
232\2!3R4 3iiiZlOR4
ors MY (Ila) ors M (Ib)
where

Y is a nucleofugic group;
M'is a cation;
R’ is hydrogen;
R’ is a nucleofugic group; and

R and R’ are as defined above;

(b) contacting the boron "ate” complex of formula (ITa) or (IIb) with a

Lewis acid under conditions that afford a boronic ester compound of formula (I a) or
(Ib):

B
OR5 (Ia) OR® (Ib)
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(f) cleaving the protecting group Plto form a conpound

of formula (XI): or an acid addition salt thereof,
wohersavrsogach of RL, R4, R5, and R7is as defi nedTaiseonsno9774

(g) coupling the conmpound of forrmula (XT) with a

reagent of fornmula P2-X, wherein P2is an am no group

bl ocking noiety and Xis a |l eaving group, to forma

compound of forrmula (XIT): wherein each of P2, Rl R4,

R5, and R7are as defined above; and (h) deprotecting )
whire ehdr @ & © Rdd a3 definest Jpove sdid contacting sisp baiaS Pndusiei areaction
n&%%%%g:orig_boronic acid anhydride thereof, wherein

gach of 'PT Rl and Rrare as defined above. 72. A

| arge-scale p [§eess céoQamm:%@ﬂéreglva& (RITHROBATAREBility with

ester conmpound of formula (Vila) or (VIIb): or an acid

addi ti on vedért ot her eof, wherein: RL is an optionally
substituted aliphatic, aromatic, or heterﬁaro

mpt i c
group; and R4 (And msethersRlsntthgdimkr wisch Yy, water and a

intervenkg&ﬁgﬁﬁgga}gﬂgmgoron atons, forman optionally
substituted chiral cyclic boronic ester; said process

conpri si g  ( eatMOMé Bbroficasthiddodibouad ef fofratlpRxXodib) with a
formula (Ha) or (lib): where.Yis nuclqofggl% rouphlin
M Seeascohof lrmulRbt SR EigE N 1568 kal TR aRdgraigy 1 o amino
gr oUpoud PEbtEMiag tholRep kefors aleipbett et¥oreila (WI)Ia) or (VILIDb):
contacting the boron "ate" conplex of forrmula (lid) or
(lib) with a gewi s acid tinder conditionsghat afford

a boronic estkr ggnpound of formula (la) o_(OR3): where

each of RPN B i's as defined above, ald Eontactin
step being con®itted i n(VAllpeaction m xture 5nprisiﬁ§ﬂﬂﬂ

wherein each G and R’ to R’ are as defined above; and

(d)  removing the G groups to form a compound of formula (VIIa) or
(VIIb):

R! R!
4 - 4
)\B,OR N p-OR

HoN" T E >
OR® (VIIa) OR (VIIb)

or an acid addition salt thereof.

73. A large-scale process for forming a compound of formula (XIV):

N
“ h o

or a boronic acid anhydride thereof, said process comprising:

(a) providing a boron "ate" complex of formula (XV):

R;7(;
SISO
Y "0

M+

-7 -
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(i) a coordinating ether solvent that has | ow
mscibility wwth water; or (ii) an ether solvent that

waasosloovsomi scibility with water and a coor di naPCIgS2005/009774
co-solvent; (c) treating the boronic ester conpound of
formula (la) or (Ib) with a reagent of fornula
M-N(G 2, where MLis an alkali netal and each Gis an
am no group protecting noiety, to forma conpound of
formula (M11d) or (MIIb): wherein each Gand Rl to
Rreipe as defined above; and (d) renoving the G groups
to forma conpound of formula (Vila) or (VIIb): or an
aci dl\’gdﬂ?rtilbﬂ@%tﬁ]t/ thereof. 73. A |l ar ge-scal e process
for formag a conmpound of formula (XIV): or a boronic

[

aci d anhyi decopktingothe betendatprae of enrprulasXyy witha)Lewis acid
?;&3/;/ wHE8G0RIIRQRat 2BbRI 2 19(959% @%erqgg%Qﬁx{%%ﬁormula m .

wherein: IVT is an alkall conta
the boron "ate" conplex ofjyfornmula (XV) with a Lew s
acid under conditions th fford a boronic ester
conpound of formula (XVI ) §9|d contacting step being

conducted in a reacti orlﬁ3m ’t conpri sing an ether
sol vent that has |ow irasc® with water; (c)
treating the boronic ester c ound of formula (XVT) (xvn

wth a reagent of fornula MWT(G 2 where MLis an
s3f kentactingstep baing cendvigted i A ehavticiuaixkyre crmprisies dresthdrsolaent that

haﬂbwqmg&gmg,‘pﬁmvg&p ng group, to forma conpound of
formula (XVIT): (d) renoving the G groups to forma

conpound f f Qfeaﬁlk e B¥lohiblesteLdonfbuiG o
t her eof ; ((Q);g cou I%a%lg 0e cegre}pcﬁl}ﬁ% ? fc?%%ﬁ%%magem
wi t hotdo gfwlﬁqyfz M lissn alkali metal and each G individually or together

is an amino group protecting group, to form a compound of formula (XVII):

Q >
<L <
(Xvin

(d) removing the G groups to form a compound of formula (XVIII):

HaN7 B~V
X<
(XVIIT)

(e) coupling the compound of formula (XVIII) with a compound of formula
(XIX);

or an acid addition salt thereof;

PLH
© (XIX)

wherein:
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(XI X)) wherein:Plis a deavabl e am no group protecting
nmoi ety; and Xis OH or a |eaving group; to forma
woaopmarsdo of formula (XX): wherein Plis as def Pa&as2005/009774
above; (f) renoving the protecting group Plto forma
conmpound of formula (XXI): or an acid addition salt
thereof; (g) coupling the conmpound of formula (XXI)
with a reagent of formula (XXI1) wherein Xis a CH or a
| eavi ng group, to forma conpound of formula (XXIII):
(h) &eiprstearthlergning grduppevtedingehdetymindt y to form t he
conmpound of forrmula (XIV) or a boronic acid anhydride
ther§6$OEWEa @yenggroasss of claim 73, characterized by
| east one of the followng features (l1)-(5):(1) in
? Bipouad ef forawp 28X of fornmula (XV), R3 and Yboth
are chloro; (2) the coupling step (e) conprises the
steps: (i) coupling the c und of Aformula (XVIII)
with a conpound of for I rein Xis OHin
the presence of 2-(Ik-b nzﬁtruaz l-yl)-
1,1/3, 3-tetramet hyl ur gl F@fluoroborate (TBTU)
and a tertiary amne i ch net hane; (ii)
perform ng a sol vent exchange to repl ace
di chl oronet hane with ethyl acetate; and (iii) (XX)

m@feﬁrppmggieﬁge@%ggus wash of the ethyl acetate
solution. (3) the protecting group renoving step (f)

conpf SesSrellde RS [
for rrg)l a (§X 1vr\:|§ Ote@lr)g ér[) P tggoé%rgbte%) | |§]gpfgg‘%da (XXD):
heptane to the reactlon

(XXT)

or an acid addition salt thereof;

(g) coupling the compound of formula (XXT) with a reagent of formula (XXII)

N
Cl
(0]

(XXII)
wherein X is a OH or a leaving group, to form a compound of formula (XXTII):
o-f" §
N B
ey Y by
N
(XX1II) ; and

(h)  deprotecting the boronic acid moiety to form the compound of formula (X1v)

or a boronic acid anhydride thereof.

74.  The process of claim 73, characterized by at least one of the following features

(1)-(5):
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(iii) isolating by crystallization the conpound of

formula (XXI) as its HO addition salt; (4) the
woauplwreydstep (g) conprises the steps: (i) compTiusSgn05/009774

t he compound of formula (XXI) wth

2- pyrazi necarboxylic acid in the presence of TBTU and

a tertiary amne in dichloronethane; (ii) performng a

sol vent exchange to replace dichl oronet hane with ethyl

acetate; and (iii) perform ng an aqueous wash of the

et hyl aceftlat e indhairarem’ated gompBX of fesnide (V)i B’ aciboth are chloro;

deprotecting step (h) conprises the steps: (i)

provi di ng@ bithheesiptingiep (7) eoropiiges iteistegs:t he conpound

of formula (XXI11), an organic boronic acid acceptor a

| oner al kanol ,0a Ccﬁ‘mﬁfrﬁég? arposipfl piiermulat¥VHR et uscompound

T ner al e S . . to .

A for d t h oimlh IS WEAD RO png SRSt Bl Xtk erk Biazot--y)-

t he sol veht3pagremethydwgpiug) tebrflwaotiaratg (TBIR)) endp Gartiatyafine in

fornul a (HKtMywonREnagdeoroni c acid anhydride thereof,

into an organic solvent. 75. The process of claim 74,

characterized gy a%’erff)ljn’ﬁﬁgggﬁtféiﬁ 8chfiige th rplacd QichlbiSnethane
process of claim 74, wherein step (h)(ii1) conprises

the stepswith efykaspiateasndg the sol vent |ayers; (2)
adj usting the aqueous |layer to basic pH, (3) washing
t he aqueous Iéﬂ}‘gr REHPFOHNE & draspies weashoé fe:ethiyh acefadg solution.

adj usting,t he ueous layer to a pH |l ess than about 8.

77. The 3P i Pt ag f0% renyREIP @ﬁogweaes the steps:

fj.hZ;H Iolrgﬁrg% haklg.e AUEOS IS BT ound o BENEH (U Mith 1101 in ety
acetate;

(ii) adding heptane to the reaction mixture; and

(i)  isolating by crystallization the compound of formula ( as

its HCl addition salt;
4 the coupling step (g) comprises the steps:

@) coupling the compound of formula (XXI) with 2-pyrazine-
carboxylic acid in the presence of TBTU and a tertiary amine in

dichloromethane;

(ii) performing a solvent exchange to replace dichloromethane

with ethyl acetate; and
(iii)  performing an aqueous wash of the ethyl acetate solution; and
5 the boronic acid deprotecting step (h) comprises the steps:

@ providing a biphasic mixture comprising the compound of
formula (XXITII), an organic boronic acid acceptor, a lower alkanol, a C,,

hydrocarbon solvent, and aqueous mineral acid;

(i)  stirring the biphasic mixture to afford the compound of
formula (XIV);

- (iii) separating the solvent layers;and
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78. The process of claim76, wherein in step (h)(iv),
t he conpound of formula (XTV), or a boronic acid
wanmsioisde t hereof, is extracted into di chl or oreThaZ®5/009774
the solvent is exchanged to ethyl acetate, an the
conmpound of formula (XTV), or a boronic acid anhydride
thereof, is crystallized by addition of hexane or
hept ane. 79. The process of claim 78, wherein addition
of hexane or heptane results in crystallization of a
cyclic trineri@boreshreingdheicoantoydd ptferrotlaf¥Mhndra boronic acid
(XXIV): 8 / P-{e: formng a
compound g?h}?%g?%}%geo?xq@\%%?%%&g&%gl%%c aci d anhydri de
t hereof, conprising the steps: (aa) coupling a
conpgsnd he %@Eergybiasle(i%\m,l dnhracRbiz& bya e asifiubl @ g2l t
thereof, with a conpound of forrmula (Xl X): wherein: Pl
is a cleavable am no group protecting noiety; and X s
OH of6.a | Eavprocpsgofalim 74ovhaeimstp QRbRprés thesep: a
(XX): wherein P. is as defined above, said coupling
step (aa) conpil) si segparkingshepdvent lajergoupl i ng t he
compound of formula (XVI1l) with a compound of formula
(XI'X) wherein (s @Hjusiing the agreeselage tobasic pH;
2~(l H-benzotriazol -1-yl)-1,1,3,3- tetranmethyl uronium
tetrafl uor obor@k e oy therrgueousdayter with an pigasicisplvent; and
di chl oronet hane; (ii) perform ng a sol vent exchange to
repl ace di chl dftomeeABpEgihe AquecHslayerde s atdess dlrh abpi §
perform ng an aqueous wash of the ethyl acetate

sol utdi on;.(bh) re ing_ the protect group P1 to ]

f or m%ai compal ??S%(g%%gf‘%@l‘g‘e(&%r) S.t%ﬂ'ehglgﬂ)gbi&& aguequsilayis is
waahdd wiiedieibronsahathepr ot ecti ng group renovi ng step (bb)
conprising the steps: (i) treating the conpound of
formula (XX) with HOJ in ethyl acetate; (ii) adding

hept &he tBhetthecessed claim A6, whetain &y stegn@d)(iv), the compound of formula

(XIV), or a boronic acid anhydride thereof, is extracted into dichloromethane, the solvent is
exchanged to ethyl acetate, an the compound of formula (XIV), or a boronic acid anhydride

thereof, is crystallized by addition of hexane or heptane.

79. The process of claim 78, wherein addition of hexane or heptane results in

crystallization of a cyclic trimeric boronic acid anhydride of formula (XXIV):
9 H ©
Ny N NYB
EN/ H o :\r ®

80.  Alarge-scale process for forming a compound of formula (XIV):

(XXIV).

OQH
B

EJ/lL Yo
N O

h (xav)
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(iii) isolating by crystallization the conpound of

formula (XXT) as its HO addition salt; (cc) coupling
woheosmorgoound of formula (XXT) with a reagent 8€T/US2005/009774

formula (XXIT) wherein Xis a OH or a | eaving group, to

forma conmpound of formula (XXIIT): said coupling step

(cc) conprising the steps: (i) coupling the conpound

of forrmula (XXT) with 2-pyrazinecarboxylic acid in the

presence of TBTU and a tertiary amne in

Fiadiorevoanid #ndivdridg thejeoh corhprisingrge atepwl vent exchange to

repl ace dichl oronethane with ethyl acetate; and (iii)

per f dfah ngoERinggvennsundefforgtula GIH):hy| acet at e

solution; and (dd) deprotecting the boronic acid

noi ety to formthe conpound{ of forrmula (XTV) or a

boroni ¢ acid anhydri de thgfedf, said deprotecting step

(dd) conprising the stepsXg-Oproviding a biphasic

m xture conprising the conpgy formula (XXI11), an

organi c boronic acid acceptor) wer al kanol, a CBC§&HD

hydr ocar bon sol vent, and aqueous mneral acid; (ii)

Ll . ' oY ( compound
b Pl AAROE oL PORD Ful b B Lot B R O Ty ers:
and (iv) extracting the compougq of fornmula (XIV), or
a boronic acid anhydride therggm into an organic
solvent. 81. The process of a'm 80, wherein step
(dd) (iii) conprises thed§g-z .. X(1) separating the
sol vent |ayers; (2) adj stmng%the aqueous | ayer to
basic pH, (3) washing the aqueous |ayer with an (XIX)
‘organic solvent; and (4) adjusting the aqueous |ayer
WRFTENHH | ess than about 8. 82. The process of claim

81, ﬁmere n steggﬁ%%&&ag&ﬁ%the conmpound of formula

|
isa cieavab[fe amino gro moiety; and

Xis OH or a leaving group;

to form a compound of formula (XX):

H o) \1/, .
(XX)

wherein P' is as defined above, said coupling step (aa) comprising the steps:

@) coupling the compound of formula (XVIII) with a compound of
formula (XIX) wherein X is OH in the presence of 2-(1H-benzotriazol-1-y1)-1,1,3,3-
tetramethyluronium tetrafluoroborate (TBTU) and a tertiary amine in

dichloromethane;

(i)  performing a solvent exchange to replace dichloromethane with ethyl

acetate; and
(i)  performing an aqueous wash of the ethyl acetate solution;

(bb)  removing the protecting group P’ to form a compound of formula (XXI):
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(XI'V), or a boronic acid anhydride thereof, is

extracted into dichl oronethane, the solvent is
wexaisaaed to et hyl acetate, an the conpound oPCTaiSzesa09774

(XTV), or a boronic acid anhydride thereof, is

crystallized by addition of hexane or heptane. 83. The

process of claim82, wherein addition of hexane or

heptane results in crystallization of a cyclic

trinmeric boronic acid anhydride of fornula (XXIV): 84.

A | arge-scal e process for m ng onmpound of

formula (XIV):or a boroni i d=, dride thereof. The

process conprises the stlepst Q% ovi ding a boron

“ate" conplex of formuh >~pherein: R3is a

nucl eof ugi ¢ group; Yis a ouckegfugic group; and Mt is

an al kali netal; (b) contactinfg the boron "ate"

conplex of fornmula (XV) with a Lewis acid under (XXT)

condi t.i . th afford.a bor.onic ester .compound of .

F o ttratdion st e Bienl b Brl R ErB B i R R Pbering the
stepseacti on m xture conprising: (i) a coordinating

ether solvent that has low miscibility with water; or

(i) an efiher seltingtite dohgouhdsf foomulaiXX) with HICY invdtiih acetate;
wat er and a coordinating co-solvent; (c) treating the
boroni ¢ e§ber wblipplepdarefio fhereastion (3¥THe; akidt h a r eagent

of formula ML-N(Si (R )3)2 where MLis an al kali netal

and each H#) i ndelpargiesneysfallization thecoagoimd o formaulg (XH) as its HCI
consig ﬁﬁﬂsﬁﬁ al kyl, aral kyl, and aryl, where the aryl

or aryl portron of the aralkyl is optionally

substgd ut ; gung - Ul :
emonihg. { R SRS ARe Rl B QA et g oD
formula (XVII1): or an acig_addition salt thereof; (e
coupling the compound of [Fofjmula (XVI11) with a

compound of fornula (Xl Xa¥y ein Xis OHor a

| eavi ng group, to forma conpgund of fornmula (XXHI):QQHD

wherein X is a OH or a leaving group, to form a compound of formula (XXTII):

" \T/ (XX1),

said coupling step (cc) comprising the steps:

6)] coupling the compound of formula (XXI) with 2-pyrazinecarboxylic

acid in the presence of TBTU and a tertiary amine in dichloromethane;

(ii)  performing a solvent exchange to replace dichloromethane with ethyl

acetate; and
(ifi)  performing an aqueous wash of the ethyl acetate solution; and

(dd) deprotecting the boronic acid moiety to form the compound of formula (XIV)
or a boronic acid anhydride thereof, said deprotecting step (dd) comprising the steps:
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(f) deprotecting the boronic acid noiety to formthe

conpound of formula (XIV) or a boronic acid anhydri de
wOhers@of80985. The process of claim 84, charactecraseoosyoy774

at least one of the followng features (1M3): (1) In

the boron "ate" conplex of fornula (XV), R3and Yboth

are chloro. (2) The coupling step (e ) conprises the

steps: (i) coupling the conpound of fornula (XVIIT)

with a conpound of formula (Xl Xa) wherein Xis OHin

t he presefice dfrogidingr ehesistonikazotoniprising the ongrognd of formula

tetr Y. f

tort P oD R B L s B 318k RO TR con solvent,

sol vend aguechamiyeral acidepl ace di chl or omet hane with et hyl

acetate; and (iii) perform ng an aqueous wash of the

et hyl acetixt e ssigting ‘5‘9 Riphagy miierelyo pfiforil theogpound of formula

depr tlng step (f) conprises the steps: (i)

providi g a bi phasic mxture conprising the conmpound

of formul 11(X>§bfair)ac5§ﬂ&e%lgé}{%'l «ROLpNi ¢ aci d acceptor,

a | ower al KanoL a hydrocarbon sol vent, and aqueous

m neral agd; &trbém%tﬂxé &dn%uh@ 8t Qhahﬁfexm NSt Rid

afford the conpound of fornula (XTV); (iii) separating
t he %@}Wé‘ﬁFﬂTeﬁ%Péﬂ%toaﬁﬁégaﬂc\P}ﬂVé&ttract| ng the compound
of forrrul a (XIV), or a boronic acid anhydride thereof,

into ni c so 6. .The ss of cI i m 85,
wher Bl n TBFPIPES{Oe ¥a1%§W8h6§%§ SEp LA Emppisss the sleps
separati ng th sol vent E‘&,ﬁ])g’l adJ usting the
aqueous Iayer % bggﬁc #f'flg t he aqueous

llayer with an & gaﬂdﬁm&@ QAS n(ﬁueouplgyer to basic pH;

(3) washing the aqueous layer with an organic solvent; and

4) adjusting the aqueous layer to a pH less than about 8.

82. The process of claim 81, wherein in step (dd)(iv), the compound of formula
(XIV), or a boronic acid anhydride thereof, is extracted into dichloromethane, the solvent is
exchanged to ethyl acetate, an the compound of formula (XIV), or a boronic acid anhydride
thereof, is crystallized by addition of hexane or heptane.

83. The process of claim 82, wherein addition of hexane or heptane results in

crystallization of a cyclic trimeric boronic acid anhydride of formula (XXIV):

O
i
B

Q H

N N
Ej)\” 0 A
N Y (XXIV).

84.  Alarge-scale process for forming a compound of formula (XIV):
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(4) adjusting the aqueous layer to a pH |l ess than

about 8. 87. The process of claim86, wherein in step
wORdIwT809 3) , t he aqueous | ayer is washed w t hPCT/US2005/009774

di chl oronet hane. 88. The process of claim 86, wherein

in step (f)(iv), the conpound of formula (XIV), or a

boroni ¢ acid anhydride thereof, is extracted into

di chl oronet hane, the solvent is exchanged to ethyl

acetate, an the conpound of formula (XIV), or a

boroni ¢ aci d anhydri de thereo s crystallized by

addi tion of hexane or heptang I The process of claim

88, wherein addition of Qexdaneyor Qheptane results in

crystallization of aB i HQBBL boroni c acid

anhydride of formul g ( : 90.3 A conp03|t|on

conprising at | east ONe kllogran1 a conpound of

formula (XXIV): wherein the conpo nd of formula (XXl VIXIV)

is prepared according to the process of claim73 or

@@ booric agidHiyddde ﬁ%w%dﬁ%pwwwgrogpﬂseéélsqstmﬁe ki | ogram

of a conpound_ of fornula V): wherein the conpound

of fé®mul BIQISNEA PetgAs ett?tcetr@éexa{f foregla(X¥Poo w w of the

conposi ti on.
H——E]
Y -0
M+

(XV)

wherein:
R’ is a nucleofugic group;
Y is a nucleofugic group; and
M is an alkali metal;

(b) contacting the boron "ate" complex of formula (XV) with a Lewis acid under

conditions that afford a boronic ester compound of formula (XVI):

N

R3/\ an ::
=<
(XVI)

said contacting step being conducted in a reaction mixture comprising:
(1) a coordinating ether solvent that has low miscibility with water; or

(ii) an ether solvent that has low miscibility with water and a

coordinating co-solvent;

(c) treating the boronic ester compound of formula (XVI) with a reagent of
formula M'-N(Si(R"),),, where M is an alkali metal and each R® independently is selected
from the group consisting of alkyl, aralkyl, and aryl, where the aryl or aryl portion of the
aralkyl is optionally substituted, to form a compound of formula (XVII):
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((RS)sSi)zN/é\:)
<
(XVII)

(d) removing the (R°),Si groups to form a compound of formula (XVIII):
& ;o1 group p

l"'

HaN7 BN
5L {<
(XVIII)

(e)  coupling the compound of formula (XVIII) with a compound of formula

(XIXa):
0
ENj)LN X
—~ H
N o)

wherein X is OH or a leaving group, to form a compound of formula (XXITI):

or an acid addition salt thereof;

(XTXa)

(XXIII) ; and

£) deprotecting the boronic acid moiety to form the compound of formula (XIV)

or a boronic acid anhydride thereof.

85.  The process of claim 84, characterized by at least one of the following features

1H-G):
1) In the boron "ate" complex of formula (XV), R* and Y both are chloro.

(2 The coupling step (e) comprises the steps:
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(i) coupling the compound of formula (XVIII) with a compound of
formula (XIXa) wherein X is OH in the presence of 2-(1H-benzotriazol-1-y1)-1,1,3,3-
tetramethyluronium tetrafluoroborate (TBTU) and a tertiary amine in

dichloromethane;

(if) performing a solvent exchange to replace dichloromethane with ethyl

acetate; and

(fii) performing an aqueous wash of the ethyl acetate solution.

3) The boronic acid deprotecting step (f)) comprises the steps:

@) providing a biphasic mixture comprising the compound of formula
(XXTII), an organic boronic acid acceptor, a lower alkanol, a C,, hydrocarbon solvent,

and aqueous mineral acid;

(if) stirring the biphasic mixture to afford the compound of formula
(XIV);
(iif)  separating the solvent layers; and

(iv)  extracting the compound of formula (XIV), or a boronic acid

anhydride thereof, into an organic solvent.

86. The process of claim 85, wherein step (f)(iii) comprises the steps:
(1) separating the solvent layers;
2 adjusting the aqueous layer to basic pH;
3) washing the aqueous layer with an organic solvent; and

4) adjusting the aqueous layer to a pH less than about 8.

87. The process of claim 86, wherein in step (f)(iii)(3), the aqueous layer is

washed with dichloromethane.

88. The process of claim 86, wherein in step (f))(iv), the compound of formula
(XIV), or a boronic acid anhydride thereof, is extracted into dichloromethane, the solvent is
exchanged to ethyl acetate, an the compound of formula (XIV), or a boronic acid anhydride

thereof, is.crystallized by addition of hexane or heptane.
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39. The process of claim 88, wherein addition of hexane or heptane results in

crystallization of a cyclic trimeric boronic acid anhydride of formula (XXIV):
2 H ©
Ny N NYB
EN/ H o H/ 8

90. A composition comprising at least one kilogram of a compound of formula

(XXav):

(XXIV).

Q ‘ H |j:

N N B
PRROE:
: Y .

wherein the compound of formula (XXIV) is prepared according to the process of claim 73

or 80.

91. A composition comprising at least one kilogram of a compound of formula

(XXTV):

ZT

_<"'<m-o

0O
o8
N O

wherein the compound of formula (XXTV) constitutes at least 99% w/w of the composition.

(XXIV)
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