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SYNTHESI S OF BORONI C ESTER AND ACI D COVPOUNDS BACKGROUND OF THE | NVENTI ON
Field of the Invention [001] This invention relates to the synthesis of
boronic ester and acid conpounds. More particularly, the invention rel ates
to |l arge-scale synthetic processes for the preparation of boronic ester

and acid conmpounds by Lew s acid pronoted rearrangenent of boron."ate"

conpl exes. Background of the Invention [0027 Boronic acid and ester
useful bi ol ogi cal

conmpounds display a variety of pharmaceutically
activities. Shenvi et al., US. Pat. No. 4,499,082 (1985), discloses that
boronic acids are inhibitors of certain proteolytic enzymes.

pepti de
Kettner and Shenvi, U S. Pat. No. 5,187,157 (1993), U S. Pat. No.
No. 5,250,720 (1993), describe a class of

5,242,904 (1993), and U.S. Pat.
inhibit trypsin-like proteases. Kleeman et al.,

pepti de boronic acids that
U S. Pat. No. 5, 169§WHHESI§QEPQMMCIES$E§AN[$§&!BEéMPQSUE(H%fied pept i de
Ki nder € ., U S Pat.

boronic acids that inhibit the action of renin.
No. 5,106,948 (1992), discloses that certain tripeptide boronic acid
conpounds inhibit the growh of cancer cells. [0031 More recently, boronic

acid and ester conpounds have displayed particular promse as inhibitors
maj ority

of the proteasone, a nulticatal ytic protease responsible for the

of intracellular protein turnover. G echanover, Cell, 79: 13-21 (1994),
di scl oses that the proteasone is the proteolytic conponent of the

ubi qui ti n-proteasone pathway, in which proteins are targeted for
degradation by conjugation to nultiple nolecules of ubiquitin. C echanover

al so discloses that the ubidfiRFHIUNBQFERTRIVENDORY pl ays a key role in a
processes. -1 [0041 Adans et at, U S.

vari ety of jnportant physiol ogical
Pat ent No. %éghﬁgﬁﬂ¥¥§@¥998), U S. Patent No. 6,066,730 (2000), U S. Patent
. S. Patent No. 6,297,217 (2001), U.S. Patent No.

No. 6, 083, 49; (2000).. . U
6, 548, 668, __and U. s.Thﬁé‘i“’éﬂ*f‘mﬁ%‘?fe%m@ﬁm@s(ozmaﬁcesm@ecpaﬁdcg&%&ggat ed by

ref erence iMOTe ResHeuaslyt the Bivshtion ARG ' boroni c ester”and acid
conpounds usRfrbic &fr m&&ﬁ%ﬁ%@ Lohi biiaf_gglr’g %&tsﬁﬂﬂ%ﬁcﬁé‘f%ﬁsﬁﬁ‘&r&%@ RiFRAERtgRS CT | be
and® AT 4 SRS someed maumgehfit of RE@ 9 MusCl e

t he use of boronic ester
protein de§ g% on, to reduce the activity of NF-KB in a cell, to reduce

the rate of degradation of p53 protein in a cell, to inhibit cyclin
degr adat i oBadkgroand-aflthe Inteatignhi bi t t he
002 ' ic aci
[ f] - Boronic acid and ester compounds display a variety of pharmaceutically
useful biological activities, Shenviet al., US. Pat. No. 4,499,082 (1985), discloses that peptide
boronic acids are inhibitors of certain proteolytic enzymes. Kettner and Shenvi, .S, Pat N
| . , U.S. Pat. No.
51,187,157 {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 7], U.S Pat. No.
5,1‘69,841 (1992), discloses N-terminally modified peptide boronic acids that inhibit the |
achon. of rf:mn. 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: 1321 (1994), discloses that
the proteasome is the proteolytic component of the ubiquitin-proteasome patlilway in w}ﬁil‘x
pll-oteins are targeted for degradation by conjugation to multiple molecules of ubj :u’an
Clechanover also discloses that the ubiquitin-proteasome pathway plays a key rolti in a'
variety of_important_physiological processes.
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grow h of a cancer cell, to inhibit antigen presentation in a cell, to
i nhi bit NF-KB dependent <cell adhesion, and to inhibit HV replication.
[ 005] Al banell and Adans, Drugs of the Future 27: 1079-1092 (2002),
di scl oses that one such peptide boronic add proteasone inhibitor,
bortezom b (N 2-pyrazi necarbonyl-L; phenyl al ani ne-L- | euchl ebor-onic acid),
shows significant antitunor activity in human tunor xenograft nodels and
i s undergoing clinical evaluation. R chardson et al., New Engl. J. Med.
reports the results of a Phase 2 study of bortezom b,

348: 2609 (2003),
ectiveness in treating relapsed and refractory nmultiple
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(Matt eson ef Q¢ 2 Fancpgfell, dpialvbit Suigen pkQ3tEa i a (4D R "biﬁgﬁf‘éi’ U.S. Patent
No. 4, 537,7@Ba@ﬂé3&5,)a)1dtoi[1ﬂgi?ﬂﬂ\}\@?ﬁc§§gn and Sadhu, U. S~ PalBftPeRgent 4. 525, 309
(1985), des&%bes an inproved p ocedure for the honol ogation of boronic
esters by r r angenglhhéned bnd A@nisNbg ' ) ~ate" conplex in the
presence ofon@ sh@\e 'c@%gro&ggaggst- T ?Eﬁ‘fﬁ”%é@é”ﬁz&%@t%@@mr onote the
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render theSJI-iSQQ%ﬁéézﬁ(ﬁ difficult™t

scale, and TI'mt )éreé’\(iﬁﬁW%tﬁﬁlﬂiswaﬂfasqﬂmdmwte%&ﬁiusﬁoﬁgﬁgrtant bor oni ¢

ester and a@ﬁmmg@uﬁﬂdéﬁdﬁﬂﬁ&ﬁgg{ﬁhb Thegos, there®remains a need in

the art fO{Og{iéanrovegtuggéhods for the rge-P%ec’ﬁY ™% oduct ion of boronic

ester and d conpdudidsef beRnbESCRIRIIGN THE | NVENTI ON [ 008] The present
nthet | c “or o%éssﬂg‘s’e e57 SRty adxdnged g}stbal e

i nvention @eNbEES of r :
\ ‘m&’g%g?" %afegaaaowmmewm afld eRSSaS, Of f er

producti on E%fi olrgplhg est an
}g, Uty ~halo- and alpha-amincboronic acids. Matteson and Majumdar, J. Am

i ncreased yie
Chem. Soc., 102:7590 (1980), discloses a method for preparing alpha-chloroboronic esters b
homologation of boronic esters, and Matteson and Ray, J. Am. Chem. Soc., 102:7591 (19;;3) ’
rffports that chiral control of the homologation reaction can be achieved I;y th;e use of "
pinanediol boronic esters. The preparation of alpha-aminoboronic acid and ester ’
compounds from the corresponding alpha-chloroboronic esters has also been reported

(Matteson ¢t al,, J. Am. Chem. Soc., 103:5241 (1981); Shenvi, U.S. Patent No, 4 537 773 (1985))

[007}
. Matteson and Sadhu, USS. Patent No. 4,525,309 {1985), describes an improved
procedure for the homologation of boronic esters by rearrangement of the intermediate

boron "ate" i ;
ate” complex in the presence of a Lewis acid catalyst. The Lewis acid is reported to

requir timum fur

quired for op results, however. These features render the reaction difficult to
perform successfully on a production scale, and limit the availability of pharmaceuticall
: . c

_ . ._important boronic ester and acid compounds, such as bortezomib. Thus, there rema; .
need in the art for improved method,  the large seale production of bororic screr .
s for the large-scale producti i

ot P on of boronic ester and



and purity, increased throughput, and greater ease of handling as conpared
to prior art nethods. Notably, the processes described herein are suitable
for batch production on a large, nmulti-kilogramscale that is |imted only
by the size of the avail able manufacturing capabilities. The processes of
the invention are particul arly advantageous for the synthesis of chiral
boroni c ester and acid conpounds, including al pha-am noboronic ester and
acid conpounds. Regardl ess of scale, the desired products are produced
with very high chem cal and stereochemi cal purity. [009] The patent and
scientific literature referred to herein establishes know edge that is
available to those with ski ITESGRIFHONQE THEMN emeTION er Wi se defi ned, al |
techni cal a @qsgSCi enhiyfi c terns used herein have the sanme neani ng as
comonl y un t ood BYe preentifiventordprioaiays iskicvdy d rt to jch this

p hibflond éyﬂmgﬂgjf%ne%sasrfo’b%@}éfﬁﬁi valent to

i nvention retad@6ductd .and materjals
those descri, rt?(fdf:rﬂ;?r' ein ?gﬂﬁgg@%Eég%gcfcﬁmfrﬁgmﬁﬁaﬁeﬁ%@omseq @ffst inngasedi yilae
present i nvent ¥ ot e piEpeshpaidandeartroul sasanthan@tr@iak Anaiit, S85 G Ded

her ei n. Themegmg@@d\rot@m%b&ces@dggggcg@hih%&,maanbrle er ences that are cited
herein are pgﬁrqumﬁilﬁgﬁ%lggr ted. by reference to 1Re SafEcdwtiamnaas if each
was specifically and §ndivicdual ’ieﬂﬂiﬂﬁbr’é'dsiﬁmfb@avmbmﬁxmﬁﬁ&@&lgby

ref erence. PR S-C'Hf@@r@ésmiesrmémaBivsﬂte,n@ie%ﬁc&llgg@y varﬁ%%gusqf' scl osure,

| ncluding - sfehielbirbabaer thd dad@fibh gl Al AddL LI ON, Lhe Tt €F PSS met hods,
and exanpl ec%mar%lgéjst rative ORIy ARSI ARbe-anynoberdeid edter abdadid ni t i ng.
[0101 The term ~&5o g"’“dile§5?f§‘@&:ﬂheﬂ@iredpmdmme@p@&c@aqv{m{,@rwj in the region
of ,  roughldhemiosl and getasthedib@puipe term "about™ is used in”conjunction with
a nunerical range, it nodifies that range by extending the boundaries

above and B¥Pbw t he Thepateritemd scialifiigter S8l retf ALt N general, the term
i c *gPedl’emE%% CAFPVIes8E ow t he

"about" i s thisRAvARKE I tniL dﬁgbﬁ\é—b}oﬂe ?rgﬁ{lésg%lgex%/@p defiredmitéchsall ands  Used

a varil ance o

stated val ueaﬂ%, _
herein to REAN"CHE Hekkereaveitw saoe mbaniigtae orkuflonly ur[o@gs?o]od-gﬂg%i*t Ogr "
i e r cyclic

"al i phat i cbrdirgsy dkillif tHQF@b WhichB@&Syved Sk ht.-chal n, branc

C _1, hydrggarhon which it%ﬁc§rrp[ et g%f%srg Eﬁgd{lg‘au metigds and materiilns one or

more units of Unsaturaie ‘Iﬁﬁfbeﬁh?felhfi@fsbenMdiammﬁ@.or@ﬁngqgfﬁgpl e,
uhstituted |inear,

;lrjiattngmag gfgff;;higa I;m?féma{?lan “ al k rféljliah%a?%%egéibggn ey Bieilifeed her eof
& ¥ 1 1 ; ¥ R ’
i %’ﬂd,r Erence%/g‘éi %E%ﬂ%f{ﬁ%%iﬁwred}ere@wwrpamey byal kenyl . In

cycC

such as (;:%%coal k%ﬁ_I?) al k _
various en RS Sampextent asgteatti wasgp@ifpalliasd bodddubnPmbicfieq Bhe 1-4 Carbons.
incorporated by reference. In the case of inconsistencies, the present disclosure including
definitions, will control. In addition, the materials, methods, and examples are illustrative

only and are not intended to be limiting,

[010] The term "about” is used herein to nean approximately, in the region of
roughly, or around. When the term "about” is used in conjunction with a numerical rar’1 e, it
modifies that range by extending the boundaries above and below the numerical Valuesgse!t
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%.

0 n ] nr
[o11] The term comprises” is used herein to mean “includes, but is not litnited 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 nits
of unsaturation, bt which is not aromatic, For example, suitable aliphatic groups include
) siibst?tu‘ted or unsubstituted linear, branched or cyclic alkyl, alkenyl, alkynyl groups and
hybrids thereof, such as (cylcoalkylalkyl, (cycloalkenyl) alkyl or (E&clbaﬂkﬁ)ﬁﬂéényi In
various embodiments, the aliphatic group has 1-12, 1-8, 1-6, or 1-4 carbons. |
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-3 [0131 The ternms "al kyl™, "al kenyl", and "akynyl", used al one or as part
of a larger npoiety, refer to a straight and branched chain aliphatic group
having from1 to 12 carbon atons, which is optionally substituted with
one, two or three substituents. For purposes of the present invention, the
be used when the carbon atom attaching the aliphatic

term"al kyl" will
group to the rest of the nolecule is a saturated carbon atom However, an
group may include unsaturation at other carbon atons. Thus, alkyl

al kyl
groups include, without I|imtation, nmethyl, ethyl, propyl, allyl,
exyl. [0141 For purposes of the present

pr opar gyl , |, pe apd ne " A
Y : %{l?gﬂi/l Vimi F erﬁbf%%%%émedtaﬂmwﬁis@ﬂoﬁi&@eﬁttachi ng

i nvention, theﬁ;g{fm'a

t he al i phat iTeCR§Y-6Hgr to sttaight srelirarehed dAgin hgg(u%,- f ar.t

car bon- car bapn@omiahes mgaua,gl gs%ﬁ}%dv%{&guggnc ﬁl@e@g’%ﬁﬁﬁg&tm ﬁ‘ﬁ&l"ﬁti on,
vinyl, 1-propenyl, . 1-butenyl. —1-pentenyii?o grifres sehsiieents. FoFpuppes @oses of

t he present "1V Fﬂtilqyﬁ{mmﬂéeteg}“luﬂlkYI'Mhylhs'éd%éﬂth@&rﬂb%%%ﬂv\ﬂg%ﬁe carbon at om
at tachi ng { hiphalii phat b GegioUnd Aokl £ L8l LlIe, 10l ceUl & TOT b part of a
car bon- car bgn i In% bond. Al kynyl groups inc &8 21o%) tHesisrer aniafiiyt at i on,

et hynyl, 1- EJVE.O )’ng CTCBUEG Ao 2o sArPR atomad THius gy Biplips ih@dda) wiling, t € M
"cycl oal kyl ﬂ?ﬂfﬁ'@a’r%@y,@ﬂerr,prdb?%b@@y@hﬁéwbu&l%ﬁgg%&{‘e(?c“r or "carbocyclic",

used al one [%r as part of a larger noiety, neans-a sa urated or partially
unsat ur at ed WCI ic aﬁoifﬁmﬁseeofrﬂimesyﬁm&ﬁﬁd}ameE&&nﬁ-gﬁu}qyﬁmﬁlpbqug&:t 14 nenbers,
wher ei n_t hethe aiticlaai SiabRONSYERER 5 IR ONALLY. SUbSL LT UT ed. & oal kyl
groups i ncl %n_ca\%tnhcﬁ’u 17 m LAt o Cyelopropyie melsruledpsas part ofmycl opent i
cycl opent enyl’,” cycl o E%P?ndcfélfeﬁﬂé%@mmﬂud@yﬁhmhﬁpﬁtyﬂimﬁﬁﬁ,lp@lgpgn nyl

cycl ooct yl ,1-1?}5?@15!1069@:@1@[1,ancanhbxsm@_lmgﬁ@@e%}ﬂe. A0 sone. embodi ments, the
cycl oal kyl "mﬁﬁiyahﬁllﬁ%ggﬂﬁ- dhe terms *cycl oaljééfm WER Py g

"carbocycl yl "™, “"carbocycl o o PR ARt dinedhe alipheticignaipucithe adsi qalat | ¢ ri ngs
that are fOYUGUEEBRert ofie carbprecaslonriale bordr ANGRALRIBE DRu:SUCh as
decahydr onaipltil etlynyt ARt hy! er he radi cal "of point of

at't achrrent{[: s] on ttﬁrgyal?gd%g?}?’g ri nﬁ,’hxf’%‘%‘\fv@ﬁ%l%%m "hal oal kyl ",

"hal oal keny#15] and " fiad taedsk@xpalrfietar an.al kyl ... al kenyl or al koxy group,
o bo&@e'%ﬁ%}%@hﬁ%ﬁ@ﬂg'%ﬁon& As” used

as the case Cﬂemw&}e& ut ed ith one or
herein, the term "hal ogen® SP ™R} B8-HBeipR, eangG: saBrgtedor partialtiil €SS Ot her wi se
ih n Fli c ﬂ( ed, :lﬁﬁf@raﬁ%lﬂﬁ@;;mmw ting §yﬂbrk®§lsyzhg"frong@ﬂ) abéilt E@&&b&% %\%hgr?eg A %u oal kyl ]
al oal Ken hpﬁétd 913(% ol Ing, I1n particu ) ose wmt
1-5 fl uor %/ln e‘ta%t g#g?s i 1"&'[)’O‘Sﬁgalmte‘P %lygloalky(‘? oups igclude, without
imitaton, opropyi, cyclob
ot ICY dPhPY cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl,
o4 Piyl, cycloheptenyl, cyclooctyl, cyclooctenyl, and cydooctadienyl. In some
embodiments, the cycloalkyl has 3-6 carbons. The terms "cycloalkyl", "carbocycle”
carbocyclyl”, “carbocyclo”, or "carbocyclic" also include aliphatic rings that are fused to one
Or more aromatic or nonaromatic rings, such as decahydronaphthyl or tetrahydronaphthy]

where the radical or point of attachment is on the aliphatic ring

[016} The terms "haloalkyl", "haloalkeny!” and "haloalkoxy" refer to an alkyl
alkenyl or alkoxy group, as the case may be, substituted with one or more halogen at;ms
As used herein, the term “halogen" or *halo" means F, C, Br, or . 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, 2.,
“aralkyl", "aralkoxy", or ‘aryloxyalkyl", refer to a Coq 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 ant‘rrmr‘ac;n&lrjw -

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

-4.



[017] The terns "aryl" and "ar-", used alone or as part of a larger nvoiety,
e.g., "aralkyl", "aral koxy", or "aryloxyal kyl", refer to a Canl' aromatic
noi ety conprising one to three aromatic rings, which are optionally
substituted: Preferably, the aryl group is -a CQo_ aryl group. Aryl
groups include, without limtation, phenyl, naphthyl, and anthracenyl. The
term"aryl", as used herein, also includes groups in which an aromatic ring
is fused to -4 one or nore non-aronmatic rings, such as indanyl,
phenant hri di nyl, or tetrahydronaphthyl, where the radical or point of
aromatic ring. The term"aryl" may be used

attachnent | t he (
i nter changea%F 38/1[11\1/1\,5’]"{e Rt He™piaTines grqhas indeny!, phéraaBiidiap, SeastalisdtbrapRfiy]
ttagched” to an al kyl

"aryl al kyl " vhemibe wdinpoi pis @Rtakien® QUR SoMAl.enL | :
is optionally %{hﬁeb%esffnl 9t &4 bpr ef erabi y,

group, eit hegedOhedi G ndent |y |

the aralkyl group ig E%flgiﬁgtrgi’/gf%, IZ%y1, including, without |imtation,

benzyl, phepmshyl, and - -RRRAL ayl. [019] The terns "heteroaryl" and

"heteroar-", used al one?rorﬁas .%‘ngirztﬁ&g%mgp F%I?deé?s ANl groyp cevalgntly attached

het er oar al kyl% %07 &Rt S5apiarhidiydependefibris eppiogallyupisstha PebeSath k4 Ti NG
14 it

atoms,  pr efrebgkgroupSs CG,anHC, Mikyl Onciidd RUBimi@Yyl Ag_ 6, 10, or
el ectrons Sﬁhﬁihﬁ{}h{\éa}ﬂ cyclic arr ayc; H%nd havi n%,%o?rr}fg“;féﬂdi’%ﬁnﬁ%’lt ¥dcar bon
atons, fromone'to tour heteroatons selected fromthe group consisting of
N, 0, and So1dtlet er oarpihe Q5 QL iLhclyde, without limtation, thienyl,

i m dazol y%?oa%?gr%‘%g]i‘e;/ oary et AN o astpattofletept ,  oxazol yl |

furanyl, pyrrolyl, '
i soxazol yl , O¥d BSGOFPIYY o hetesathlkonys otfdritagiobpslnavingls aflisaz Ll PYridyl,
i soi_.ndaol yl, Benzot hi enyl,

pyri dazi nylprefpybly 5i 69, 810 ringRYInRZil jondo) vl ,
benzof uranyl 4, di;benzaf r;ﬁlfl i nl?g%g?yﬁojorq%%ﬁgﬁwg%%CYB‘@@ZI’@N azol yl ,
purinyl, quinoly & L 58%8{'F?CFF"?PI,‘a*einﬁrrﬁl@rfiQIFytO,fplp_liEieaiaairislaeléc,tedfwfﬂm@xal inyl,
napht hyri d|8ﬁ3HP,001m5éng@Mﬂanm&mm%mug@;mgdmthwgﬁ% %g;\ Z%llaél' The
a e groups in

terns " het@eRa¥honP Rkt 8Loar-", . as used herein,

whi ch a heter oarp\gtrrat‘yi’c _r|ﬁ’gP?"s""chlﬂstélfizofy&t"éﬁé"fﬂroxﬁ@ﬂ)é,immtydmati c rings,

m ere t th_e PEreay @ﬂﬂﬁ?ﬂg“g#dﬂltt@dih;mmﬁiﬁyﬁ @Hd%ﬁﬂ%},@?ﬁﬂdﬁ%ﬁp matic ring.

nl i m ti ngyexadphdsyl) inshds b&%ﬁg& r i.nol.i , )

t et rahydr OF&Q&H&J}O} i E%/_Ig .a%nld pyr i do '3,%%3?6??1%81?9{%@%%@291& m _

"het er oar y[ ™"ty B& - A& Phtk Biéhgael) oguirolyl khaoltrgt, phihhiesgf0ar yl ring”

or the ter@¥intrelnl oaploinmiding!, ptedtiyDiardBhifih e iGHME 4. ¢l ude r]ngs that are

opt i onal | ysiRelirtHl 8, Lhe L ereg}lyh'et er Qg'r a 1{%‘5{" _rdé)fhg?afmﬁ’]o %ﬁg’m&% kyl group

substituted by a heteroaryl, WHErerR ARdciidr gloupsid whishemearogdonaae t i ons
ring 15 fused to one or more nonaromatic rings, where the radical or point of attachment is
on the heteroaromatic ring. Nonlimiting examples include tetrahydroquinolinyl
tetrahydroisoquinolinyl, and pyrido[3,4-d[pyrimidinyl. The term "heter oaryl” may be used
Interchangeably with the term "heteroaryl ring" or the term "heteroaromatic”, any of which
terms include rings that are optionally substituted. The term "heteroaralkyl" refers to an

alky! group substituted by a heteroaryl, wherein the alkyl and heteroaryl portions

independently are optionally substituted.

[020] As used herein, the terms “heterocycle”, “heterocyclyl”, or "heterocydlic
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 heterocydlic ring can be

7 a’ftached to1tsipendant_g:rf>up a? any heteroatom or carbon atom that results in a stable
struchure, and any of the ring atoms can be opﬂonallysubsntu’ted ) Examples ofsuch
saturated or partially unsaturated heterocyclic radicals include, without limitation,

-5.



i ndependently are optionally substituted. [0201 As used herein, the terns
"heterocycle", "heterocyclyl", or "heterocyclic radical" refer to a stable
5- to 7-nenbered nonocyclic or 7- to 10-nmenbered bicyclic heterocyclic
noiety that is either saturated or partially unsaturated, and having, in
addition to carbon atons, one or nore, preferably one to four, heteroatons
selected fromthe group consisting of p N, 0, and S, wherein the nitrogen
and sul fur heteroatons are optionally oxidized and the nitrogen atons are
optionally quaternized. The heterocyclic ring can be attached to its
pendant gro het er oat om or carbon atomthat results in a stable
structure, ;%gﬂgﬁgg%?uﬁﬁgmgﬂﬁehﬁﬁﬂnwnv&ﬁmhqwﬁﬁﬁ&ﬂ@@ﬁ#&d stituted.
Exanpl es of %%%ﬁﬂﬂﬁamdhate&mgmnﬁ@ﬁﬁgahﬁym#9§§£urated het er6&VeE radical s
i ncl ude, “‘ﬁﬂ@@&ﬁbiﬁkké&?ﬁﬁme ietrahy F Of UP arAF ol oxarpliftatLhi eny! |

pyrrol di nyl, rrolidonyl’, p|%g’ﬁﬂ?%$W$Oﬁ?ﬂmuﬂhmykpﬁwggknﬁgﬁghg ui nol i nyl ,
tetrahydroig@g&?ﬁbPﬁﬁ@ﬁﬁkﬂé@ahyﬁﬂﬁquﬁm@@@@M¢ﬁcgﬁﬁéogidi glh r{llg;lgj'('arazinyl,
di oxanyl , dﬁrmk@hmypsmm}@;gpmyllomg&%e inyl, thi azesp'i‘sﬁg cre1gdiomor phol i nyl .
The terms "heperocycle” ﬂpeterocyéiyexﬁ EPifRedy fukddao bRt Gale , A
used herein, also I'NheIPHWE @%@B@qsmmmmm%ﬂ,-ﬂgm&famm Lo

het er oat om EBAYArguinglinil veheteShd MG , [, nore
-~ @go%&ugﬁfaépﬁWTmﬁﬁgﬁ&m-mmdﬁmyl, or

non- ar omat i Ketdrhdd&S-cord i-ndol i nyl’,

tet rahydrogni nol i ngcl) ,%@%‘t@%tef‘a&?e@wW@lalpﬂfmfersafa ardlkpghignt is on the
non- ar onat i ¢ > H¥tE Y&aﬁeéﬂwcwdﬂtuhmémgleﬁikggndﬁagoéﬁfnc;'r{get erocycl yl al kyl "
refers to aptahalykaighireg. sSubstituted by a het r(gc@c and\%l’féflmﬂmatd]e al kyl

and heterocyclyl portions independently are optionally substituted. [0211
turated” refers to a ring noiety

As used heid@h, the Asend Kepa, tHe @y UP ,
that incl u{iﬁﬁe@gﬂejagt%ﬁédgu@e do_ublnlél %#@l?iuﬁffa Hohdefpe taving méintgrat ons.  The
term"partiall unsat ura gd’rtipéeqoﬂ‘i@ﬁ‘@@drmgamm.om%m havi ng one or
mul tiple sit® ﬁ?ﬂﬂﬁ@@@#ﬂ&bﬁmmnpmbﬂm¥5§@¥9£mip#ﬁ%dfd,to i nclude aryl or
het er oarylbmxeithﬁdecﬁt%iﬂﬁfd@ia%lgef” ned, 10221 ThePt&fTho ipsrtiont ed”, as
used here;g#éneans that one of NoF&RYLTeigtss asherimsletifedt he desi gnat ed
noi ety ar pl acedihepertVigdRghlga substitution results in a stable or
chem cal | Yardgasinhl £ %gﬁound_ %&é%E%%@m%ﬁﬁﬁﬁﬂﬁﬁmﬁPH%%@W&@@mﬁgyﬁeasibIe

1 WA O e SR etffaser povidert i the iuBstiilonsiRRt ANt i al |y

conmpound i s Pne In C
al tered B8 hempalipfeasible compound. A stable compound or chemically feasibl
e

compound is i i i
p one in which the chemical structure is not substantially altered when keptata

t S i
emperature of 40 °C or less, in the absence of moisture or other chemically reacti
Ty Ve

conditions, for at least a week, or a compound which maintains its integrity lon, gh
be useful i e

for the synthetic processes of the invention. The phrase "one or more substity,
as used herein, refers tg a mumber i maxim e

of substituents that e
quals from one to the i
number of substituents i er i
Ppossible based on the number of ava
available bonding sites, provi

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

[023] i i ' i
An aryl (including the aryl moiety in aralkyl, aralkoxy, aryloxyalkyl and the

ﬂl = . r” r e r
on me unsaturated Carbon a.tom Of an aljfl or heteroal'yl 81'0up indude ha]O N O CN Rl
"OR ’ ‘S.R. r "MR )2 'NR C((J)R 'NR C ) -. o 'O- 7 —O—C’ O Rz 'C() R

Y Fd (O)Nag 2 NR CO R CO R >
) ( ) ( ( ) ( I I 2( ) ’2 ,
+ . . F 3 r ’ SO N R - E
R mdep end(‘l‘nﬂy 18 Selected from the group Consisiing Of R 'C(C))R "CO R al Id -SO 12F
. s 4 -l d ol ]
- OI' t W. Q R - (J}'lﬂ?&: S-aﬂl-e mﬁogen atom, taken together Mth th.e nih.'og'en atom form a 5 8
membered ar Omﬁc or rlOn-‘a.t'omaﬁC I{ingha—vjl{g, iﬁaddiﬁoﬂ t(‘) mé I'Lii’r_c-)gEI:t -O"2_ ting
Ly l'lng

hete
roatoms selected from N, O, and S, Each R* independently is hydrogen oran optonall
y
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tenperature of 40 C or less, in the absence of noisture or other chemcally
reactive conditions, for at |east a week, or a conpound whi ch nai ntains
its integrity long enough to be useful for the synthetic processes of the
i nvention. The phrase "one or nore substituents”™ as used herein, refers to
a nunber of substituents that equals fromone to the maxi num nunber of

substituents possi ble based on the nunber of avail abl e bonding sites,
feasibility

provi ded that the above conditions of stability and chem cal
are net. 10237 An aryl (including the aryl nmoiety in aral kyl, aral koxy,
(i ncluding the heteroaryl noiety

aryl oxyal kyl |.i ke), or heteroaryl

in heteroar asﬁ%%t%qn%p %Feﬁ’%lah%%mﬂr@xbﬂermydﬂgm@ iHs€h) R°GH R BRY, ;£QNt @i N one
or nore subs"PP?f@@m@sﬁ@eamm}eﬁc@farﬁ%g,ﬁ@bl e substituents “on the unsaturated
“OR'; -SW -N(R~v -NRt(OR: -NR COO

car bon atom@g an aryl or heteroary

N yhoop i ncl{fdk - hal & alipl@gic grolyp alk¥ may Bels@stifded wiff(d )6%( Rloregé’ggR‘%R)

-NR CO, R, OECEREs,of sfdaibit & ge;.menés%g & - %t?i é@o % @1 a&sj y Egimp ¢ ﬂlﬁ? ggl;;u;) S(O R,
a

ndependée

and - NR SO, g{%%&dhetEac R _
consi sting of R, — CYYRN incude, mitheuriimit8@nRhose 18fed LiRe B m@%%gﬁﬁatg e
a b- nber ed

ni trogen at &wpontchkienyltiod tetdor] bid) the nitrogen atom form
aromatic ormgﬁn-arogﬁéic ring having, in addition to the nitrogen, 0-2 ring
het er oat ons | ect edferporseinventoR hekeQiscdvael 1R 4 endently is hydrogen or
an opt i onal dry eqp:siaSbivid 68 ald. Qﬁ%i%f a%¥4,fﬁ%? %gg??%?”8¥mﬁﬁﬁﬁ%ocyclyl
group. EacZy Iﬁﬂéﬂedege%igntl I's &N "Opt FrorEtaey preyisysly destigd atdcgtiadsi ¢ or ar yl
group. [024T An 277 @@Oéﬁma@@mtnﬁmhm"swb&hiﬂé%&gnw$b0jage):9§ oo bo
substituenﬂéanﬂﬁkaﬁpﬁﬁﬁmmﬁsﬁﬂd&@Q&ﬁw%&ﬂ%&%&uﬁnts the sat urated®™carbon of
an al i phat i GG QF,0f @ non- arofieti ¢ het eV OCYLPY B%°f igh & seblentle, wi t hout
limtati onba%gro%e M s?élg SBBVE Fpltitdngrammssale withvwdetesan i, phiaap aryl or
het er oaryl uf esfeobthe Fale apthe s@EHon i @RY QL . discover that the
§gg?%%m mﬁﬁ%ﬁﬁm£ agents t hat

requi r emenmah@fctegloURMMLAISl Yy dry equi prent, vents,
characterized previously described procedures for the Lewis acid pronoted

rearrangentRél of bolQie 2ék& h&OHR! an_be obviated by use of an ether
i poR tﬁ%(ﬁa%%?%ﬁ?{w’ﬂ%ﬂs%ﬂeﬂ@fs&e fof such a

solvent th Qw miscibility w

sol vent pg%ﬂlé}tﬁlga'ltbﬂ@mfgﬁﬁﬁﬁﬂow offermn(lon a nul ti-kil ogram scal e wit hout
deterioration in yield or purity. In essence, the scale of the reaction is
limted only by the size of the amg]l abl e

3o~ OR?
R
ORS
(D
wherein;

1. . N N
Risan optionally substituted aliphatic, aromatic, or heteroaromatic group;

R2 . .
is hydrogen, a nucleofugic group, or an optionally substituted aliphatic, aromatic
or heteroaromatic group; , ’

3. P
R’ is a nucleofugic &roup or an optionally substituted aliphatic, aromatic, or
hetercaromatic group; and

4 5
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 hetercatoms selected from N, O, or S.

[027] The process comprises the steps:

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



manuf acturing capabilities. [026] In one aspect, therefore, the invention
provides a | arge-scale process for preparing a boronic ester conpound of

formula (1): R2 Rl Rs~B.OR4 ORS wherein: (n R is an optionally
substituted aliphatic, aromatic, or heteroaromatic group; R is hydrogen, a

nucl eof ugi ¢ group, or an optionally substituted aliphatic, aromatic, or

het eroaromatic 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
het eroaromatic group, or R and R5, taken together with the intervening
oxygen | and boron atons, form anggphionally substituted 5- to 10-nenbered

ring having 0-2 additional ring het @éﬁﬁns selected fromN, 0, or S
- - providing a boron "ate"

[027] The process conprises the stepsigs ()
-7 RRS YORRW s (In where Y is a (Aucl eof ugi c

complex of formula (Ti):
group; M #hem cation; and each of R to r is as defined above; and (b)
contacting the horon "ate" conplex of formula (Il1) with a Lewis add under

condi tions that % f 8rgeofusic showpni ¢ ester conpound of formula (1), said
contacti ng stepﬁﬁgggﬁm1 P
; AT

each of R' to R’ is as defined ab ove; and

(b) contacting the boron "ate" complex of formula (1) 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.

[028] The previously reported processes for Lewis acid promoted rearrangement of
boron "ate” complexes employ tetrahydrofuran, an ether solvent that is fully miscible with
water. Failure to employ tigorously dried equipment, solvents, and reagents in these
pr-ocesses results in a dramatic reduction in the diastereomeric ratio. The hygroscopic Lewis
acids, in particuiar, typically must be flame-dried immediately prior to use in the reaction
Although techniques for running moisture-sensitive reactions are farniliar to those of skill .in
the art and are routinely practiced on a laboratory scale, such reactions are costly and
difficult to scale up.

[o29] Moreover, attempted scale-up of the prior art process frequently results in a
further 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 jon 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, FaiIU{e to c?mpletely remove the tetrahydrofuran also negatively

Impacts diastereomeric ratio during the subseqﬁent aﬁﬁéoﬁs —wiashe-s.‘ Expo;;xfe ofthe



conducted in a reaction mxture conprising: (i) a coordinating ether
solvent that has low mscibility wwth water, or (ii) an ether solvent that

has ow miscibility with water and a coordinating co-solvent. [028] The
previously reported processes for Lewis acid pronoted rearrangenent of
boron "ate" conpl exes enpl oy tefrahydrofuran, an ether solvent that is
fully mscible with water. Failure to enploy rigorously dried equi pnent,
sol vents, and reagents in these processes results in a dramatic reduction
in the diastereoneric ratio. The hygroscopic Lewis adds, in particular,

typically l,ae-dried i mmedi ately prior to use in the reaction:

Al t hough t Z?E‘?ﬁ“%‘ﬁ%éﬂ%s F’“%Eﬁﬁﬁ thepe migpadt diffisuls bresbitl] paeticiRAE fvhQ\Ge ég%oﬁan‘i liar
to those of seifpimedmpnatidigesaais. and are routinely practiced on a | aboratory
scal e, such_reactions are costly and difficult to scale up. [029]

Mor eover, af®¥npted Tsareseniinvefitotsheyetidcorerarth MQEESS. L requently results in
a further det@edeos aadaﬁﬁgéoaslﬁe%}rggde,{qgég :%ﬁé‘g:t;:ﬁg‘ag% Ii %é{eﬁ%ggﬂ“gzaﬁg )
: Ofvemigribibigyavifar di i k,

boroni ¢c €s

isolation o attep%sgrf(idgct [
ICs, 2 P TIE TN FYBgviates dhsortdsiot dobvent cRXPREES: ief&leaagggg,g% hal obor oni ¢
i i t he

Or ganonet al

ester produ€shes andftheegiiad doll@leipfaub8Sdilelif ol ::ERL MBI | zat | on &t

al pha- car bof & BtQh.sn ¥t howt %g/ips h-ung to hE’SfY%%lglﬁe R fseHeyalideien pr esent

inventors bel reve tlﬁa’t epi nerre "inéﬂarﬁ%scﬁar}fri?fe@blarthg/sombﬂﬂa}ﬁ%ﬁérg] during

reaction %EHR3 selrrat sless Serbadegbent /16 e RS prefefiblyda IR SyouER) mzri zation is

bel i eved t araf®BnbEAeRNE SRNGE trﬂ%ha%ﬁ‘ of . _%,h,e reaction m sPaPet o renove

the tetrahydrofuran sol vent and exc angemisEibpigE with aferapnstituesiatieasb| e

sol vent. FAarTuf &b EHMriley ﬁlﬁﬁmsﬁ%)etlteaubabtﬂd%%r%%t?doﬁgﬁ%egat ively
S

i npact s di &4Y efthomatiocmibxait.0 duri ng the subsequent aqueous washes. Exposure

of the 8 product to halide ion during these steps is difficult to avoid,
parti cul ar (%when t Fee qtia edl venfprefesblp @y dne BHXEH QR 1 3,88, Scal g. [030] The

pr esent inﬁemggaf@cﬁlﬁ\ygsggea%gr\éﬁrtggtet hgt t he ‘fearrangenen%“S(?fnl‘B’Eﬁ%n "ate"
conpl exes jegta]flva,tageousl pef T or Med BTeal eferdp a sottipatiat tiats 4as | ow

mi sci bi | ty=WH" el of tdestone sarihg wabnanPetealby) aﬁlﬁl%@sgaﬂ%n%?g%d for solvent
exchange pwiliges at ladt Aleou@QLIBH SIS or 1 nd,t he organic-sol'ubl’'e product is
effectively shiel ded fromﬁgqueoggﬁﬁgﬁf&@e;ﬁ%ﬂesw%ﬁ’ﬁft‘trﬁje washes, even if
in the

perforned BRla | ar gier pepbes offtieahinad], the tetr&@etﬁg'}é%%s'ti?t%%ﬁcg‘;rzl‘égéﬂ " bout 20
e an abou 0

. 0
| 3} \rllve r | ?]O| \kﬂizi f:j;fii:[i i@i:i%fj B h5av/10n\gN/ar\{v c’?xyggr[ 'agorg ;t?ad"led to two carbon atoms
pound that exists in liquid form at the desired reaction
temp.erature and is capable of dissolving the starting material(s) and/or product(s) of the
.reachon. Non-limiting examples of ether solvenis suitable for use in the process of the
Invention include tert-butyl methyl ether, tert-butyl ethyl ether, fert-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 jonic components of the
reaction. Hindered ether solvents, such as tert-butyl methyl ether, are Ppoorly coordinatin,
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 therzof.

~—-[034] -~ In i i
[034] Insome embodiments; the reaction mixture comprises at least about 5% orat - - -
least about 10% v /v of a coordinating co-solvent. Preferably, the amount of a water-miscible
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vari ous enbodi ments, ether solvent that has low mscibility with water
constitutes at | east about 70% at | east about 80% at | east about 85% at

| east about 90% or at |east about 95% v/v of the reaction mxture. [0311
The ether solvent preferably is one that is suitable for routine use in

| arge- scal e production. As used herein, the term"large-scale" refers to a
reaction that utilizes at |east about five noles of at | east one starting
material. Preferably, a |arge-scale process utilizes at |east about 10,

20, 50, or 100 noles of at |east one starting material. [032] For purposes
of the invention, the term"ether" refers to any of a class of chem cal
conmpounds cfiar %lg%tgllglcﬁ EYVIHPTREY IR fearciipyyeireds 0otsag e a@iB thib:@rd My, Car bon
atoms . Anphaeb@araﬁm{m thel rSaci@dh o8 c h XI StS in liquid form

£ B8k CRTRAN hecopdimatng he

at the desi pedJ.6a e aond I's capa
starting nateri 5 ﬂ?uq‘as/n(?ﬁn ?%Htfg’f"(‘fsz?"’cﬂbo‘t‘tﬁé%z qfébmtf ilﬂﬁ’ﬂv/vl\dtﬁfhelrdeamldﬂ ng

exanpl es of“@@ﬁ@r solvents suitable for use in the process of the
invention include tert-butyl nethyl ether, tert-butyl ethyl ether,

ent Ayl ey el nepueaniion BBEORMeRIE el 53]l BRS eTESC oL e

reaction m fur rises a coo
enbodi nent , &i@dﬁ!ggmg ﬁlé‘%leoféﬁhﬁglg?a"?ﬁ%“ URdes &leéwmmebt dondilﬁorwot e WRESE S

suf fi ci ent IBFO@%ﬁmhnmtlmfggltg:aﬁpsarmeﬁrmrnﬁéérPQ?r@eraﬁl | ¥ enkiel SN0t necessary.
For pur posesh.®f r{ . | the t "coordi nat1ng CorSSEWERAL" and
5o 08 e;&r&}éﬁ?&% Cﬁ?rb % rggf’v]«%‘nr’ﬁe copuse pf q‘%feéraapsﬁ@l@t whetipoor di nat i ng

"coordi nati ng sol vent
the Lewi s SETErEgdhedorapdate’ rfgmlphsoii fomiub (EMPOheBdreniOéste: RenpolfRGH | ON.

are poorly

Hi ndered etfditﬁfulﬂDJ ﬂﬁ@ﬂﬁ@aof@ié(‘glfbuﬁgf il Efe%seg H%%l ByRs h&af%%:{l]qe{ybert%m pipent .

coordi nati r&ﬂon@em ]g Eff erably are use
Nonl i mi ting exanpi &&° cd &8P #-nat i ng co- sol vents suitable for use in the

tetrahydrofuran di oxane, water, and

practice ofgghe inv | ude
ggé\l]?angbleﬂ&s AP celopecountBEe frethe nosatiteiy-dhegat i on mi xtur e

m Xtures t ereof

conpri ses Hrayalsmsboremeom 5 boroltate" J:c%}ﬂéx oamumawm/g%e% goor di nati ng
wat er - m é coordi nati ng

co- sol vent emﬂ’dﬁﬁ&{t&am Yoselbdiy (PHD Olrlﬁ) ot“ﬁ?bélngLlna{a g@iTéF ©ne ofzkilltio i nterfere

co-sol vent res in the reacti o
Wwith phas‘gl ’éf‘igB‘ﬁe gt thagpltMRY is formdd a0 A bpprodvaE HlR redrfnY@hdnPUS

enbodi ment=actibhef sep@p)di nati ng co-sol vent constitutes no nore than about
20% about 15% or about 10%v/v of the reaction m xture.
: 1
[037] The variable R preferably is a group with good migratory aptitude. In some

embodiments, R' is C,, aliphatic, Coparyl, or (C,, aryl)(C .« aliphatic), any of which groups is
optionally substituted. In certain embodiments, R is C,, aliphatic, particularly isobutyl.

[038] The variable R* preferably is hydrogen, a nucleofugic group, or an optionally
substituted C, aliphatic, C,,, aryl, or (C,,, aryl)(C, , aliphatic) group. The variable R?
preferably is a nucleofugic group or an optionally substituted C,, aliphatic, C, , aryl, or
(Coro ary(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 (I1).

[639] One embodiment of the invention relates to a process for preparing a boronic
ester compound of formula (), 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
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[035] As used herein, the term"nucleofugic" refers to any group that is
capabl e of undergoi ng nucl eophilic displacenent under the rearrangenent
conditions of the present process. Such nucl eofugic groups are known in
the art. Preferably, the nudeofugic group is a halogen, nore preferably
chloro or brono. In the course of the rearrangenent reaction converting
the boron "ate" conplex of formula (11) into the boronic ester conpound of
formula (1), the nudeofugic group Y is released as Y. By way of exanple,
when Y is chloro, <chloride ionis released in step (b). [0361 The variable
M is any ca onlc counterlon for the negatively charged tetraval ent boron

atomin t he*o10 oneé‘f‘rﬁﬂ’t@%a]brfsubsé’ﬁlﬁﬂﬂ5at0(lp-membhmd SogevhphehieHar el
enbodi nment s2 ad‘dlhqnsl riglherioa@nk EdiRel R8N, V1B £ WS lehBGaiQf b1y 0. Na" . and K.
leﬁl_lL RS F?raed as a

One of skilj cogni ze fhat the sa
bypr oduct |n t e %‘g%?(?ramn%gn‘éeﬁ?bqy 52‘3 GH 0 step (b). [037] The variable R

preferably fggra groug, aQ9 titude. In sonme enbodinents,
R is C 4 al |$hat| C, C%J[S)Qletlr Pihofl) %(a%éﬁi%yagq?rwtﬁe@fs,fo%fp?mﬁl@ any of
whi ch gr oug&ometed ’c'?ﬁ’irf‘%ﬁlé‘PWf ém@staie’t@n@&xesloﬁfoaeﬂhannwm;{idm@t§e R is C4

al i phati c, dimedyilbubddrdyfodetobat ¥ ] v ab referably is
’ ogc Jﬂmalzil{r;&%gt?lil)-na %Le gtf IHE‘VL‘]J'F Jrelalgs 9] j phati c,

hydr ogen, nucleofu

C. aryl, ?&réaﬁl em%?f’ﬁ g@ c%‘r‘f';lllbi"’ﬁ’t‘:la‘?t"i’ (99”‘2}?@&?9?%@9 a/’taomrahelsfer R preferably

is ? nude?fcg:gpwngrobisppnda (awhagh HeRabbyateH b&hhg Ht R’danglf aén't?: t061| |

ar or alq;ﬁ%_ c u ski e art w

re%:/ognl ze t@%m fu c%%lgﬁ;kf%nfo% lfl¥%i‘é’gefgs'%§§alﬂéhﬁgée§@ﬁﬁtﬂmwnbfﬂﬂ R, or

W provi ded Rifatalmpéety tormeetideriad bosarirsslet wepbundd &smaRlY) hivties f er e with the

formation G_fastbﬂa&n&&rrﬁ)ﬁb atﬁ{e%arb&pmgérﬂé ’fﬂ{ méll@ o a%é)a% %&ﬁt%ﬁ]ﬁréo’]atte‘@gtgb odi ment
er

of the mvegl?] on rej aﬂtirg to a process Tof pre a

cormpound of F'Gr FCATHY K Rapdiabppietr P ’ie@rahlymhﬁlémtergmmerglrmmps atBughb&@npounds

are usefubZ&s |nterrred| ates for the synthesis of alpha-substituted boronic

ester and acid conpounds, including al pha-am noboronic ester and aC| d

conpounds, (048 descr Tisdemisddimaisomert, "eRmticthdt” mlﬁfte@éoh?eg {gmg gg is a
es R an rl'?gS ca

nudeof ugi ccegfeguageaggghg 18 add¥ed 040 e variab n be
the same or li!gisirent emn %onegrg%ﬁmal en ﬁ @ven ngrdinggy pasge by | i nked,
so that R' ma’fyd‘k’élﬁn?’ﬁ@%tﬁélﬁ W@homlereanembmpommm@cmwg@&mlo and bor on

atoms, f ormmcmédnenﬁlbhydxﬂéimﬁhb E;&éhﬁ%:& e&z@ntpo g@ rﬁnaﬁﬁ n?ﬁ? whi ch can

have 0- 2 ng het er oat ons sel ected & | n sone
s?qulshhlgrg %hat fmvg% gorror image relationship, that is, the stereochezmcal configuration

enbodi ment's
at all Correspondmg chiral centers is opposite. Diastereomers are sterecisomers having more
than one chiral center, which differ from one another in that the stereochemical
configuration of at least one, but not all, of the corresponding chiral centers is opposite.
Epimers are diastereomers that differ in stereochemical configuration at only one chiral

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, S*R, and 5*5,
wherein the asterisk denotes the corresponding chiral center in each sterecisomer. The
diastereomeric ratio for such a mixture of stereoisomers is the ratio of one diastereomer and

its enantiomer {o the other diastereomer and its enantiomer = (R'R + 5%5) : (R*S + §"R).

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

nti . " s N ix .
present invention, the term "diastereomeric ratio” has identical mearning in reference to
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5- or 6-nenbered ring, preferably a 5-nmenbered ring. [041] The present
invention is particularly advantageous for the Lewis and pronoted
rearrangenent of boron "ate" conplexes of formula (li), wherein R4 and R5
are directly Tinked and together are a chiral noiety. One enbodi nent of
the invention relates to the rearrangenent of such chiral boron "ate"
conpl exes to provide a boronic ester conpound of fornmula (1) wherein the
carbon atom bearing k, R2, and R3 is a chiral center. The rearrangenent
reaction preferably proceeds with a high degree of stereodirection by the
R -R5 chiral_noiet 0 _provi,de the boronic ester conpound of fornula (1)
havi ng a d?g@¥3?3%W%FW@&@ gﬁﬁhﬁFmFﬁéﬂéﬁﬁﬁbﬁ&&Pﬁﬁpbeaﬂmn@ﬂﬁ&mgwwyand R of
at | east ab@ital @Gten. Tialsahé teen tdasteteofiltiid Bio"¢EHE & thd Ak Bﬁn"é’mggo%%\gsf" ral

noi ety. Pref " " iLastereonmeric ratio is at | east abou 97: 3. [042]
The terns "552%2%¥SB%E§”$%@%%§H€|Sﬁ%?&?é3&?&??@?éﬁﬂ%?ﬂwmn@phwgngsand
"chiral cefitSeF configirationabthe preciGiedchiml catersr e BRSeMbrc) T8 IR aRLNY 153° his

gi ven in origkdiddshd S f88edR¥eric fah i, N ski.ll, in the art. us,
stereoi somers are compounds thg%%ﬁg%ggéﬁgagg ALY SRt seonderegified ty, but
differ in tRE SPAti al arrangenent of the atons. Enantioners are

st er eoi sonqﬁé.,fthat tﬁ\é%&% mrror h%rc?ne rel ati onship, that is, the

stereochenical configuraton cgte PR bRy gnadtticalahetiwdstighk | S

opposi te. Drratittigdgvnghetveen disstereniR omsmilahabing diRESR: relB@N One chiral
Ee st er eocheni cal

center, wWhisehoicfh&l cofifi i.n_that t (

confi guration of at ﬁogig%?a%ﬁ%t@%g%&%flwﬁa&m%f& T8 methods wpludel migowhi r al
centers is OppYYY slear pygngirasonsnse QMR gos dummringtpiat(Gd), b Ehigh N

st er eochenpeddrmenniiggd dabingRg@phyqRIPYCRRAGK&GRI ral  center. [043] As used
herein, the term"diastereonmeric ratio" refers to the ratio between

di ast er eon¥6l whi chAdiliduesediaboveope shbideasheNthCialenGONE UOULAL, ﬁ%)ceasg one
center in the sa nol ecul e. By

chiral centgfprotigl 2bd ec chi r.al ] € S
way of exarrplper? ‘a chdéér{ﬁﬁ%fasrf&)go?nrp%c ‘ﬁ&gorm\}\ﬁiat(ﬁ heYigs thipstesporessifradiogt the ovi des f our
possi bl e stAErBSIEREFRS R KRN R & at §sRiboat R4S Sive toM1@¥:8] BnibN8 1aSe Y | Sk

denot es t heéhiralonhdiers PORCH BRI Glhe At WSR2  stereoisomer. The
di astereongric ratio for ch a mxtufe OtﬁatE%g?gf;?t%r PEY Pyl ratio of

S
one di ast eredner o afi™ Mt @éﬁ‘é‘ﬁ?ri SR RtR dptsdiat there thai asé chirelapmer, and it s
enant i orerprefe(ahly Rasthigt GpsterednRiSprrit sl the diRE AL RS LS at(a{e(%!n%arli YiosKi Il in the
art wll ngeognize ahﬁﬁ‘caﬂﬂgfnt ional  stereoi soners are possi f:e When t he
mol ecul e has more than-twe GRIFAT “CBNE 28y oneshheshiral gantess ipf*Rhe - present
i nventi on,jod7he term, idi i t.i o5 s identical neaning in
r ef er ence ltdglh f ‘ ﬂfé p?&-res@és%?){ﬁ@ Eﬂvgntfoﬁ, tlle 4.1? gh_u‘ai moiety prngerably hasa h?gh
evel of enantiomeric purity. For purposes 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 perceniage of the total. Preferably, the

R°-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): ("R} or (R*S) : (5*S) = (R*) : (8%). Asused
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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11 conpounds with nmultiple chiral centers as if does in reference to
conpounds having two <chiral centers. Thus, the term"diastereoneric ratio"
refers to the ratio of all conpounds having R*R or S*S configuration at
the specified chiral centers to all compounds having R*S or S*R
configuration at the specified chiral centers. For convenience, this ratio
is referred to herein as the diastereoneric ratio at the asterisked
carbon, relative to the second specified chiral center. [0451 The

di astereoneric rati o can be neasured by any analytical method suitable for
di sti ngui shi nl% lbet en di astereoneric conpounds having different relative
st er eochemi 8T PEOHET G Gmeovide abrronis seteri cpinpaimd|of foahule Gnvasran tUCh et hods
i ncl ude, Wi tepionetic rakib &t thedaibdn atof 8RR RBARERI; _ NNE% S

chr omat ogr agfiy,f § %t,g}gnd hi gh perrfﬁ%r nmance Iilﬁaﬁ?eg§gﬁ%§r§%’&ﬁ’fe ﬁfﬁ‘%ﬁlﬁPLC)

met hods. [046] As di'scussed above, one enbodi rent of the invention is

directed to[gqsocessesqyit hals LY a. _hor oni.c ter conpound of fornula (1)
havi ng a di ast er eomer| ¢ ratsisg&a%%éf ﬁlgemcéerp% & "HERTGRee thpsepabland R of

at |east abBUP™8EX88 VEh Heinydeategicerets ip &cilipgritselisplaterieheu A RS ati&s kel

moi ety. OnePmwferabli, thk Liviis hdis a8 ditiMali i Ahe R -R5 chiral noiety
& than o Caﬁgﬁ&ggéﬁégﬁé}%\%‘éﬁ ROE 88 have nore

may itself taln nore than one chiral T
t han one chlal{r%gi%dg%% et ,ﬁqnﬁlm'ﬁ‘ﬁé?"”é‘i‘%l‘c’iﬁ“ﬁ%‘? hivghechls fstude siomepingleptiici ty, and
the di ast er @¥mideiferic bromidepdndiféreic cradteNab@m poRALd &b '\en%theF%%§R| can be

nmeasur ed regcaiti'gﬁgc&,g,rigg_y one of the chiral centers in R - ] I'n the

processes of the invention, the R -R5 chiral noiety preferably has a high

S, O, e o e s L BB AL T 1

"enanti orreriegfo%téri @{% IS e:ise to nea _

amount by VAT GRS RENHGTS Pr SYARH fegtperature. SThe pelestiorea sn effprofrtariatdsn enant i omer
expr essEd dempergure odlh tepgad hfcelyloa metlteais.aci:i’@ﬁﬁl%&&%&%eﬂtagﬁw n%a@ Ch} ral bl

noi ety has j | ridy,.0f, at | east’ about 98% re’preferably at
| east  aboul ﬁtgg%}&%sétlg F‘f‘ogéﬁipjrde}%ﬁ’if&ei%/del? R “ﬁﬁgﬁf ledp selgsta quitgle Bogperaivek nost

pr ef er abl y‘%Yle‘lvéz@?ma%ﬁﬁﬂnd’g@mg[l@%] Wien the R'-Rs chiral noiety has
very high ‘f tiomeric purity, the diastereoneric ratio at the carbon atom
bearing R N R appiPBkichhedaentydhespitpaing stey iaperforabd attalhadetiqent er, i . e.

i ast er eombmizeratat oS IR 10( S, 1 br LSy dork S Bl Bl i Sl A5 Used
herein, the.lgrme.6RLIEMLE ratio’ refers to the ratio o ‘product havi ng one
absol ute stereochem cal Eort PUnTaiyedat Srogregiey ban shvut 81°Codi€er 30 o pr oduct

havi ng t he °Q pAF}'st?ngé erdonphaging these high and low temperatures are included within the
scope of the invention. Preferably, the contacting step is performed at a reaction

temperature in the range of about -100 °C to about 80 °C, about -70 °C to about 40°C, about
-60 °C to about 30 °C, or about -50 °C to about 30 °C. In certain preferred embodiments, the
contacting step is begun at low temperature, preferably in the range of about -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 reatrangement 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
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stereochem cal configuration at the corresponding chiral center.

Preferably, the products have identical stereochem cal configuration at all
ot her corresponding chiral centers. |In one enbodinent, therefore, the
invention relates to the rearrangenent of a chiral boron "ate" -12 conpl ex
of formula (Il1) to provide a boronic ester conpound of fornmula (1) wherein
the epineric ratio at the carbon atombearing R, R2, and R3 is at | east
about 96:4, nore preferably at |east about 97:3. [049] Lew s acids

sui table for use in the practice of the invention are those capable of
conpl exing wth the pucl eof ugj c.group to facilitate its displacement upon
mgration of R. Pr erﬁﬁ??,’nﬁ\%eﬂ@%ﬁo enfdipt has loyg aniscibditatvity wetapab| e of
coordi nati ng with ang;oxy tom .attached ta boragn. Nonlimting exanples
of suitable Lews ad(clilss) i%%%%é"&%"f“ﬁ?‘a%kr‘%?ﬁw S W YIS andiR ferric

broni de, an®ofdRPRgcaRivertiand. I n certain preferred embodi ments, the Lew s
acid is zinc chl (grid .. [ 050] The contacting step preferably is perforned at
| ow t enper at ur e @put? t8e sqliion of sterd 2L ewintarid pelutinn cemprisitesdatéranper at ur e.
The sel ect iokewifacdn appropriate reaction tenperature will depend |argely
on the Lewis acid enployed, as well as the mgratory aptitude of the R
moi ety. OndO¥ki | | ed In provenghen pnbaddithéntdthe Bibkie adidschtiof Gdmystissdli t abl e

terrperatureehghadféhﬁmagﬁa%m&cti on conditions being used. [051] In sone
enbodi nents, the contacting step is perfornmed at a reaction tenperature of

at |east aliess? - 100 Thys, urlifke e poibr arBfkoless, 1B pRRE ARPANTENLS ad.{lyhe contacting
erature that 1Is no greater’ than about

step is per t a reactign te
80 g, 40%&%&%“’ %@e's %%f?%%ﬁ@-%%%%@%%&@wwt 8118, 205 100,
t enper at ur €%, a1 1800 melesd borond At icomylveot [BRARINAE cnbered RURRTLDE 1Y ef er abl y,

the cont actfg «§ld@Rnt & a reacti tenperature in the range of
about -100 C to about gt%?freiﬁg%%og m%e?%r EHfPSU%Cgoglﬁ?rmlfgp@ Thaigisprtion 60 C to
about 30 CHw8r pBEes acomp@ition cehrising3bonic kstercenpaind opforhak (e ds enbodi nent s,

the cont agéscm@dsteR, irdl A soRknt M1 SOP BER aPleferably in the range
of about -70 C.to about C oand then ﬁfglbtﬁ acﬂ?vc‘)’%erm@?f%@o?fg"%l | owed to

u -30.C, a
warm pr ef BFEEH0Y PBPHIH PPt BPaMrel0attutlel00, 300 50100&meles pidhalgkanic éslie pr ocess
of the preswmpoundefdoriubi(l)r BopditiiR SmPliSRRS RBInd R%g&ﬁéﬁ}egqﬁjfglg_\o yoi d the
presence of water. gﬁrﬁo@%&n@ﬁéf)ea”an ment reaction itself. I n-’Some
enbodi ment s, noi SE Lew & acied PESEHTYREPosiiqthant dipsierrorersicaatioof &t i on i n
di ast er eoresst ebout Widjapthe Wrbon ajsebearing ReRemeR, gelitve tdechk8MbSeag td, the term
"noi st” merRng dhibdhokfie wat er

[056] Workup of the reaction preferably comprises washing the reaction mixture
with an aqueous solution and concentrating the washed reaction mixture by removal of
solvents to afford a residue comprising the boronic ester compound of formula (7).
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 (7) 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 bororic ester of formula (Lny:
1 4
RY B,OH
“ORe-
{n

with a reagent of formula (IV):
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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 m xture
in the formof an aqueous solution wthout deleterious inpact on

di astereoneric ratio. [053] In sone enbodi nents, therefore, the process of
the invention conprises the steps: (a) providing a solution conprising a
boron "ate" conplex of forrmula (l11) and -13 (i) a coordinating ether
solvent that has low mscibility with water; or (ii) an ether solvent that
has ow mscibility wwth water and a coordinating co-solvent; and (b)
adding to the solution of step (a) a Lewis acid solution conprising water
and a Lewis acid. [054] In sone ot enbodi nents, the Lewis acid solution
conprises tetrahydrofuran and a Le mrci d. [055] Thus, unlike the prior
art process, the process of the invention is readily anenabl e¥b

| ar ge- scal ewhdréil ughiooRr, Yl a{hd\Raf IROMS af { asf about 5, 10, 20,
50, 100, 00 ‘nol es. of bo?o(?]gﬁggdt%%pef%fm £°I°% PR EPRIPOf (11) s

of...1
cont act ed vm]%f v {Lﬁe SR ERPdinggngpethe E@ﬁwﬂﬂmrfsrmeldata:aadnon d:nfpblanb@mm c ester
conmpound ofledspabout -200(°C)-78 Th@-sonaemtsb@@emﬁmgﬁg ﬂlggeggﬂog%sp sition

S
conpri sing do ormul a c?esrcr?e 568 herein,
and an et heI?acggll{%&h Rﬁ ea% r"‘jrf“lu ‘ilcbizplq - P \ﬁg Wtf@}geemhmpmnpoa tion
preferably th%ﬁﬁblﬁhg%lomtemmmmm&d whithin BOscopddof tQend@O0qpor 1000 nol es
of the bOrGEHﬁo bfefabl In cert iin enbodi nents, r
c e bRfably GOIROMR o of reic‘%xméln X%l%l} Et?f’utf Y025 oy (1)

and Rs toge hiral nojety
present in c@ﬁg‘b‘ﬁﬁ JE)F? Aot 29 ﬁloaéltoélﬁé@)??eﬂomboutaﬁﬂi”@) lokorad | east about

96: 4 at th@mbedﬂnmﬁs dltedovdpeiate’i cOgplB of fhRwl AN B‘mﬁg{eg}ergazgtomgﬂn C"Flé?fﬂg?llg lr3 ial cent er
I P

inthe R rkup of "t

conpri ses %%ﬁblﬁ]@lkg%eé%%nuim%ﬁi%Y’gﬁﬁm"%ﬂ% aFPaghign eduredlisettiyon and
concent r at ffrjed %\h@ﬁéﬂﬂdfeaﬁﬁchamamgem«m&tbé/bd&@f@ﬁé@éon%uncﬁ&'f&ﬁﬂﬁ to afford
a residue gpnprising the boronic ester conpound of formula (1).

Preferably, the residue conprises at |east about 5,10, 20, 50, 100, 500, or

1000 nol esfoad] the BOOABEELREHEN, ﬁ@@%@gff&fmlﬁa O Bl sit, Nl oS e
7t sity. Such
embodi nenténl“)@&mﬁ tsmclude%eslte%sa chir

(@) providing a solution comprising a boronic ester of formula (I}, as defined
above, and a compound of formula (V):

R2_R3
T
%)

wherein R* and R’ are as defined above for the reagent of formula (IV); and

(ify  treating the solution with a sirong, sterically hindered base to form the boron
"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 Mis Li, Na, or K, and each R,
independently is a branched or cyclic C,, aliphatic. In 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 ).

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

-- . . methods described in Brown ef l., Organometallics,2: 1311-1316 (1 983} Cyclic boronic esters .-
of formula (IIT) preferably are prepared by:
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noi ety, the boronic ester conmpound of formula (1) present in the residue
preferably has a diastereoneric ratio of at |east about 96:4 at the carbon
atombearing R, R2, and R, relative to a chiral center in the RR5
chiral noiety. Mire preferably, the diastereoneric ratio is at |east about
97:3. [057] The boron "ate" conplex of fornmula (1T) can be prepared by any
known nethod, but preferably is prepared by reaction of a boronic ester of
formula (111): R .B..OR4A ORS (I1l1) wth a reagent of fornmula (1V): -14

R2 R3 y~ Mt wherein each of M Y, and R to R are as defined above for

t he boron "ate" nplex .mul a § In sone enbodi nents, the reaction

is perforned at a redctt A%Waﬁg i RPRFENGf at | east about -100 C, -78 C, or
-60 C. In sone enbod nt t|on d at a reaction
N L Sor %cut,l% und E}OFS ]&}Plﬁ%]% OB(

tenperature no greater t han about %LT Any range

enconpassing these hjgh sapg Jnawomﬁmmbtﬁ%oﬁf% LGk gﬁa tg' “t”‘e scope
aCtll on

of the |nvent|o E? react Le erabl i's pér or ned’
tenperature in t?ﬁa ﬁﬁrﬁén(??mé‘ﬁlglﬂ‘ stijiest linking chaibesgnpriging2-5apbott aterdg8 C t O
about -20 C, or 2abddheteBftols telectadd fruih thed@oub cohdla®BRD, NEIRPGL BNt S, the boron
"ate" conplex of formula (I1) is prepared in a solution conpr|5|ng an

et her sol vent havi ng(u})owahﬂlgem@dwem)thamrmmmmpamthmgr rg@ction m xture

is directly §§te§p w.th a Lewis acid to effect rearrangenent to the boron
ester conpound ﬁ‘H}g&hf(Sfuﬂo“f%ﬁh‘%wlﬁa%@ﬁeplem@lalméwmn t he reagent of

formula (1V) is formed in situ. Such enbodinents include the steps: (i)
provi di ng d%8b| ut i orisoserpinireférerge & B andRi Khe&&h&[nkﬁa%cﬁa@i @Hleétc(&lu ), as

defined alpyfest 188 Baik QMMm%Lth%Mygen a}chs to Wl’u]?ﬁ R and R are atta(c1\1/e)d
The linking chain optionally is substituted at any chain atom, and one or more chain atoms
also may form part of a ring system that is spiro to, fused to, or bridging the linear linking
chain. By way of example, but not limitation, in some embodiments, the compound of
formula HO-R-R™OH is pinanediol, having the structure:

HG

4

HC

In such embodiments, the linking chain R*-R® comprises two carbon atoms, which together
form one side of the bicyclof3.1.1]heptane ring system, and one of which additionally is
substituted with a methyl group.

[062] In some embodiments, the compound of formula HO-R*R*QH 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*-0H 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 58)-(-)-pinanediol
or (15,25,35,5R)-(+)-pinanediol; 1,2-cyclopentanediol, preferably (15,25)-(+)-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—dicyc10hexy1—1 2-ethanediol or (15, 2S)-1 2-dicyclohexyl-1,2-ethanediol;

preferably (R R) ( )-2 4~penta.ned101 or (S, S,)~(+)-2 4—pentaned101 erythromc y—lactone,
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wherein R and Ware as defined above for the reagent of fornula (1V); and
(ii) treating the solution with a strong, sterically hindered base to form
the boron "ate" conplex of forrmula (I1). [059] In some enbodi nents, the
sterically hindered base is an al kali netal dialkylam de bases of fornula
&\(R)z, where M is Li, Na, or K and each R', independently is a branched
or cyclic C. aliphatic. In situ formation of the reagent of fornula (I1V)
is especially advantageous in those enbodi nents wherein Y is a nucl eof ugic
group, due to the instability of the reagent of formula (1V). [060] The
boronic ester of formula (111) can be prepared by any known net hod, but
typically |E“ﬁ?ﬂﬁ%?éﬂﬂ59uﬁg¥§ﬂﬁfﬁ@&ﬂw%%ﬁﬁeahbzééﬂme&ﬂUﬂﬂypgmhmdonlc aci d

conpound, engnnitobylso ARy hodsd desesighgd in Brown et al .,
Organonetal lics, 2: 1311-1316(1983) _ Cyclic boronic esters of formula (111)

preferably pr epa r.ovi di | ution conprising: (i) a
bor oni ¢ addﬁ]%:grrpoundf\@%i r@{ngr%ux?rﬁp lé(% ﬁfsolve {‘193‘%8@2 BrEoi e sserfiahon a
HO R'- R - OHreactiqa insluge F@etoalrﬁrelefmsuer@dwme, Hepiget, relrmixtares tiafeo (Thsemal | y

substituted ﬂﬂbdakhdihg; B BlghniC MR 15k and 0:2.heteroat oms
- Ccons) sti ng e@so'iv&%&%%ibga?@& rfolvensth A% gani ¢

selected fr

sol vent that"f M?C%%ﬂﬁwl yast r%ﬁ@t%RrﬁfeM@mW thegstetifieatiompattioaissol Ut i on
at reflux vpdformeidotn efireolventietas bfv MBLBILy “h@@%ler%%d%%du@tsfﬁﬁ&{ ence to
wand R5, t n h t hortest |inear chain of
at ons conngc?ﬁpﬁgﬁ% Eb%ﬁ %’F\e%a S%Iﬂ?ghgﬁ eﬁgﬁecgﬁﬂ‘%méfﬁel’awtﬁ%‘ﬁed The

| i nki ng chdFﬂat@ﬂPffbﬁ%ﬂfPIyWS@rsubst| tuted at any chain atom and one or nore
chain atonms also may formpart of a ring systemthat is spiro to, fused
to, or bridgihg the Aslria&alébdvlem{é iﬂﬁceseiﬁi'@le'}resgbf xrw@xﬁoﬁgormly&e Q%R;tsn()t
limtation, dnﬂu o?,’f“? Scaeeac ment s. ound of farmula R

pi nanedi ol , ing 8%‘?13“3“%1“ Plefipratiqidn diapiprsernericntids; It he

l'i nki ng ch@PP&WaSIR@t @Wi@rﬂ,ﬂemvemlnwvﬁx&a &inﬁ}ﬁﬁtiorv%h{pﬁsﬁi Qﬁ&ala%outfsor m one
si de of t haolbieyabefse, br JobEBANS HoldA eS%SbEMua M 00 aﬁ whi ch

additionally is

QR1

>'\OF!

OR5 (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 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 §;

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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substituted with a nethyl group. [062] In sonme enbodi ments, the conmpound of
formula HOR-R -OHis a chiral diol, preferably one having high
di astereoneric and enantionmeric purity. One of skill in the art wll
appreciate that in such enbodi nent, the conpound of formula HOR'-R5-CH i s
enpl oyed as a chiral auxiliary to direct the stereochem cal configuration
at the carbon bearing R, R, and R. Chiral diols useful as chiral
auxiliaries in organic synthesis are well- known in the art. Nonlimting
exanpl es include 2, 3-butanediol, preferably (2R 3R)-(-)-2,3- butanediol or
(2S,39)-(+)- ZmS- bélt nedi ol ; pinanediol, preferably
(I R 2R 3R, 587254 H”&?Féfbdl' I§Prstipyfes ahl@spabo@I0BRY/W, 80% Wi/ waevech Bk ior 959,
1, 2- cycl opentaméthc odmpgpitiefi.er abl y (1S, 2S)-(+)-trans-1,2- cycl opent anedi ol or
(1R 2R)-(-)-trans-1, 2-cycl opent anedi ol ; 2, 5- hexanediol, preferably
g- 22, 35) - 5, Ezgﬂ;(azec% i Ghe @Ibgoir_(lﬁﬁnl &B)lfe%gw%di)ti@iﬁﬂ&ﬂﬂh- Qbscribed above, wherein at least

» £= U1 CYyAON&he)o the folle i r.ererably
(1R 2R) -1, 2-di cycl oﬁ‘gﬁgl@eﬁl,%ﬁe@%ﬁ%{ji ol or
(1S,25) -1, 2-di cyloheRWchibr2- €t anedi ol ;  hydrobenzoin, preferably
(SS)-(-)-hydrobenzoin or(R R)-(+)-hydrebenzoin; 2, 4- pent anedi ol , _
preferably (R RP (- )thhoforrasiadnagb@ld @fs (SS, ) - (+) - 2, 4- pent anedi ol ;
erythronic y-lactone, -16 preferably D-erythronic y-lactone. Carbohydrates,

e.g. al, 25, 6-symTq;;zﬁ1caIIy protected, gmannitol, also may be used as
f or gani ¢ solvents suitable for

chiral diols. [063] AQFting exanpligd of
use in the esterificati@@gction i el e/

scefonitrile, toluene, hexane,

hept ane, and mi xtures the > In,sone enbpgywents, the organic solvent is
an ether solvent, preferably an ether solvent that has low mscibility
with water. |n (dertBiinhplhekanhed enbodi ments, the esterification reaction
is perforned in an ether solvent that has low mscibility with water, and

the product sol®t i oR is emliphgi ng t he boronic ester of fornmula (111) is used
directly in the next step, without isolation of the boronic ester. [064]

As noted altedle, theAPsQRESSor este@nPbEIER IV eRtion for the first tine
pernmts V!B%}%Lp rgc{uc‘lalﬁr e- slcal e reactions vﬁr?ﬁlgg’ﬁplﬁej'ﬁﬁtb%‘&ﬁtpoﬂ@%r ioration
in diaster e@marpl C AL T 8 5IA batelhignnEqr prepgess of the ineereiby i tednhBaicoM@nt | ON

provi des dewsipeseuttioonf cynpéticirtgssAlhdr8aSLH & &tthna:‘ 10, 20 50, 100, 500,
or 1000 MRS rodreri MUk S5LEL compoynd of Q?or e r%ceisﬁl?erg’ﬁed BE ORE ORS5
(1) ’ ¢ ester compourid of formula (7) present in the composition is
prepared in a single batch run of the process according to the first aspect 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-seale Process.

[068] The boronic ester compounds of formula (D 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 (¥1):

OR -

_where

Y is a nucleofugic group;
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wherein: R is an optionally substituted aliphatic, aromatic, or

het eroaromati c group; R is hydrogen, a nucleofugic group, or an optionally
substituted aliphatic, aromatic, or heteroaromatic group; R is a

nucl eof ugi ¢ group or an optionally substituted aliphatic, aromatic, or

het eroaromatic group; and R and W taken together with the interveni ng
oxygen and boron atons, forman optionally substituted 5- to 10-nenbered
chiral ring having 0-2 additional ring heteroatons selected fromN, 0, or
S, wherein the carbon atomto which R, R, and R are attached is a chiral
center, having é\% di astereoneric ratio of at |east about 96:4, preferably
at | east about igacafigliative to a chiral center in the RR5 chiral

noi ety. [0651 PrReferred lues. for R to R are as described above.
Preferably, sol vefits PILBASt bt Hed dpketic qepmaiiboutet@0aombtiv gr@@9o W w, 10% W w,
or 5% w wof theRc:{gm)&g% fjon .. according to this aspect of the invention.

I n sone enbodi nent e’ boroni c ester -17 conpound of fornmula (1)
constitutes at Raa&hu é(;;}MW 80% w w, 90% w w, or 95% w w of the
conposition. [066] One errbodl relates to the conposition described

above, wherei n edch bBttahd Rpmae chih 1 @d&‘ﬂaﬁ}ﬂ Sphs. resent: (a) Ris
chl \(;ro (b) !the bg%g% ter]:@%%) i aﬁi(; I's %&%ﬁ.&%’@ I %E’T T O(oz (Ic)

R is hydrogen; CEPCOT éli‘c{]}fjﬁélfepéoge{hww}hthﬂntmm@em@@ﬁom c ester
conpound of for rruF%iﬂ(OI‘)ﬂW@s@rmanﬁpﬁohﬂly&ﬁfﬁﬂaﬁédta.mo,megg % duced ina
single batch run. obedaiRtaP@geseRhohlCal RGN, L0e term

(b) contacting the boron "ate” complex of formula (IT) with a Lewis acid under
conditions that afford the boronic ester compound of formula (I):

R1

R2>k
3o~ -ORY
" e
@
where each of R’ to R® is as defined above, said contacting step being conducted in a reaction
mixfure comprising:
(i) a coordinating ether solvent that has low miscibility with water; or

(i}  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 MR’ and a compound of formula (VIII):
R?

A..or*

(G)sN B
5
OR (VIID)

wherein each G and R’ to R® are as defined above; and

(d)  removingthe G groups to form a compound of formula (Vi1

R1
J\B,OR“

HoN"E
OR®

(vin

or an acid addition salt thereof.
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refers to execution of a synthetic process, wherein each step of the
process is perfornmed only once. Preferably, the boronic ester conpound of
formula (1) present in the conposition is prepared in a single batch run
of the process according to the first aspect of the invention. One of
ordinary skill in the art wll appreciate that preparation of a given
quantity of product by a single batch run of a | arge-scale process is nore
efficient and provides a nore honobgeneous product than preparation of the

sanme quantity of product by repeated execution of a small-scale process.

[ 068] The bﬁk nic ester conﬁfunds of formula (1) wherein R is a

nucl eof ugi ¢ g]roup are ol erbndiment, Frsepiedhahoeamidater tdvposyii@sius (of

al pha- am nofsdreaird &ith s teagent CATMAUBAT-N(ESIEH PNALDRF 1533 BRG! med NEL 8 QLS. the

| nvention praullfs.d il ALAGEEAhe Pr.OCESS, ok preparind an

al pha- ani nobor'oni ¢ ester, pref er apfy Bysresf dedssalodmpd iyl mietelie st eps: (a)
provi di ng a®Buirdw! Petien of thermpiliekisoptidrelynmibstitgtbd.) : R2- RL ~40Ra Y OM+ RS
(1) where %Bis a ucleof%gic group; 18 M is a cation; R is an
optional I'y €Bsti t utidetenop fibgrenic epten prmtrionnd offodrelaoamAn@lehn@ifoup; R~ is

hydr ogen; R8rnuda B-NWE)| mreftiblive:s GhBR: ' .and Rs, | ndependently,
is an opti opg@eby ﬁgQﬁ%ﬁ&utgg Iipha?ﬁ?ﬂggﬁgﬁgg %ﬁﬁ%anﬁé?g?Béﬁﬁhhtic group,
or R and RS, taken togetharaRl #gutAd'Gin pkomtBriCrrgd evoyepereferablydbharaon at ons,

form an optféndori0 Subsbine etbatiibentd, B id Rrl Y BRRRABH M drH GBS Y 1,0 2
0, or. S contacting the

addi tional difge RELEFQARR TR GRS/ W{ D
boron "ate" conpl ex of‘fogﬁh[aoﬁﬁ%ﬁgaI?ﬁfng%ﬁFﬁ”ﬁ%Wﬁﬁﬁ Bebly condi tions
that affor &OT‘FFQ%%} Ve s e in wiipba Pipratuct 10t RHkelob b)libiRg. RénimiBRs 9. ORa

examples of suitable organic solvents include methylcyclohexane, cyclohexane, heptane

hexane, and toluene. In some embodiments, step (c) further comprises filtering the reaction

mixture to remove M'-R’ and provide a filtrate comprising the compound of formula (VIII).

Preferably, the filtrate is used directly in step (d).

[071] In those embodiments wherein the reaction mixture comprises an organic
solvent in which the byproduct M'-R® has low solubility, the reaction mixture may
additionally comprise a solvent in which the byproduct M-R® has high solubility. In such
cases, the solvent in which the byproduct M'-R® has high solubility preferably is removed
prior to filtration of the reaction mixture. By way of example, in some embodiments, a
reagent of formula M-N(Si(R’),), is added to the reaction mixture as a solution comprising
tetrahydrofuran. In such embodiments, step (¢) preferably further comprises removing the
tetrahydrofuran before filtering the reaction mixture,

[072] Those of skill in the art ave aware of various 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 (VID)
has low stability and preferably is immediately derivatized (Matteson ef al,, I. 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 (VITI) with an acid and isolating the compound
of formula (VII) as the acid addition salt. In certain preferred embodiments, the acid js
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 particulazly well-

suited for preparing alpha-aminoboronic ester compounds of formula (VII), wherein the
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OR5 (n where each of R to Rs is as defined above, said contacting step

bei ng conducted in a reaction mxture conprising: (i) a coordinating ether
solvent that has low mscibility with water; or (ii) an ether solvent that
has ow mscibility wwth water and a coordinating co-solvent; and (c)
treating the boronic ester conmpound of fornmula (I) with a reagent of
formula M-NG,, where M is an alkali netal and each G individually or
together is an amino group protecting group to forma byproduct of formula
M-R and a conpound of formula (MIl): R a (G2N1li, g.OR ORS (VIlI)
wherein each G and R Qh]% R5 ar,gl_f as defjned above; and (d) renoving the G
groups to form a CORFSING “BYers OrinAng erlqdjment pf the inpeqtion efies @RS |)  or an
aci d addi ti?yﬁlemﬂC@SSthexeemrlgaﬂ@pb@&&hoﬁdapﬁ@aﬁr@m@a&mmﬁmai(ﬁl tep (c), the
bor oni c estgmb_orrpound of formula (1) is treated with a reagent of formula
M-N(Si (R a erem is an alkali netal and each R6 independently is

sel ected fromthe groupgiconsisting of alkyl, aralkyl, and aryl, where the
aryl or aryl portion oflthgearal kyl is optionally:substituted. [070]
Reaction of the borofifc Ester conpound of for mikwe & FWith the reagent of
formula M-N(G, pref eraBFy is cofV@erted at a reactdrsn terrpgf,g{,)ure in the
range of about -100 C to about 50 C, preferably about -50 to about 25 C
and nore proaffdhidsitionsitthersd wieris about 0 C. In sone enbodinents, R is
hal o, preferably.chloro. .and Mig Li. To facilitate isolation of the
product of for rr%llamkq«?fj?ﬂl},' Slldbﬁtét“{ieééléﬂ}iaﬁ‘harﬁi“ﬁ‘f‘“u?ré‘eﬁfc@f@raébwup;@ndrpri ses an
organi ¢ sol ventgi J t M.-R has |ow solubility.

Nonl i mi ti ng exarzrig(li?!é&’g“ﬂg%31 té%ﬁegﬁ&glrﬁg%rﬁ?%n BYRFBARLP IR At form an

net hyl cycl ohexane®Pioplysnskises chise gycinkoronic ester;

said process comprising:

(a) providing a boron “ate" complex of formula (I1a) or (IIb):

R3 3
IR, RN R
v i-OR Y'}’\E,on“
C') s M+ T° M3
() OR? (IIb)
where
Y is a nudleofugic 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 {1Ia) or (Ib) with a Lewis acid

under conglitions that afford a boronic ester compound of formula (Ia) or (Ib):
H‘I
RZ 2
I, v H -
Rak gaOH H3>\
OR?® (Ia) ORS (Iv)

where each of R’ to R® is as defined above, said contacting step being conducted in a reaction
mixture comprising:

T T T ) 7T acoordinating ether solvenf that has low miscibilify with water; o~~~
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hexane, and toluene. In sone enbodi nents, step (c) further conprises
filtering the reaction mxture to renove M-R and provide a filtrate
conprising the conpound of fornmula (VIII). Preferably, the filtrate is
used directly in step (d). [0711 In those enbodi ments wherein the reaction
m xture conprises an organic solvent in which the byproduct M-R has | ow
solubility, the reaction m xture may additionally conprise a solvent in
whi ch the byproduct M-R has high solubility. In such cases, the solvent
in which the byproduct M-R has high solubility preferably is renoved
prior to filtration E’Bﬁ the reaction mxture. By way of exanple, in sone
embodi ments, a reagBht SR eWerseivea that haylsy piRpBliti wittadateckntia t he react i on
m xture as ecosdihaiing onsob@iPaddsi ng tetrahydrofuran. In such embodi nents,
step (c) preferably further conprises renoving the tetrahydrofuran bef ore
filtering the rddcti @wﬂng&lehmremc{:a@e?a}mﬁnﬁ&eff&fmlﬁdw&ﬂorm;)V;l@,%r@gggm%ge awar e
of various ﬂ;ﬁhﬁqg ve the protecting groups Gin
t he conpoun gﬁﬂn@a%h%l%%P Lél ncfnuﬁland%ﬂgalbmn% B%B?"ec‘ﬁ%ﬂd?%?fi/’é@s or

t r eat ment °f’ﬁaé‘i‘ﬁ‘RPu“4‘ﬂfé°1ﬁ? a) gf (YE#)am noboroni c ester of formula (Vii)
has | ow stability and prqferabl y is inmrediately derivatized (Matteson et
al., J. Am Chem Soc 103:5241 (1981)) or is i s@fated as an acid
addition salt. In somNé'h’B rrents step (d) q@m)ﬂgréﬁ"treatl ng the
conmpound of formula (VI1I)RW th aﬁ/n@‘gl d and isol ati kst he cog}}%

formula (Vii) as the acid addition salt. In certain preferre( odi rrents
the acid i svhetein dakluGrodR'eb RtrésidatineddRBove@qconpound of fornula (VII) is
isolated as the trifluoroacetic acid addition salt. [073] As.-discussed
above, the pr oc@ése§9fmvutgﬁéﬂﬁlgmp&m@Imaa:bﬁp@aﬁtoffbb&lﬁa WI&Z‘@MVIH? suited for
preparing al pha-am nobor oni ¢ ester conpounds of fornula wherein the
-20 al pha carbon is a gn raI center. Thus, one enhodi nent of the invention

relates to a | arge- goﬁrocess for preparin gha- am noboroni ¢ ester
conpound of formula (VII@gg or ’2) Rl Ri LB ORa H2N - OR4 OR5
(VIla) OR5 () or an acid addltlon alt thereof, whereln RVIY an

opt i onal | yosathsidiabtitiedsalihdaheat i ¢, aromatic, or het er oar omat i ¢ group; and

0741 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 (VIT) 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 (VIT) with a compound of formula (IX):
B

Py
H

O
(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

92




R and R5, taken together with the interveni ng oxygen and boron atons, form
an optionally substituted chiral cyclic boronic ester; said process
conprising: (a) providing a boron "ate" conplex of fornula (l1la) or (M:
Z2RBRy 3 Ra R RR Y B OR M Y-B.ORa 6R5 (Ha) ORS M+ (IIb) where Yis a
M is a cation; R is hydrogen; R is a nucleofugic

nucl eof ugi ¢ group;
group; and R and R are as defined above; (b) contacting the boron "ate"
conplex of formula (Ha) or (I1b) with a Lewis acid under conditions that

afford a boronic ester conpound of forrmula (la) or (I1V): RRRI a R2 Rl "

R3-B' R3% BORa ORS (la) ORS (Ib) where each of R to Rs is as defined
above, said cont%éStSFlﬂ‘ﬁedsffc@bﬂisétﬂﬁgC@@nM@lf é@xvmlqlth@mﬂﬂlysﬁﬂsﬁﬁ;&ee
conprising: i) a coagrklidatiNgdetbs t giscibility with
water; or -21 (|?Sj an eftijf;er sol ngﬁ%i»@%zﬁ%{é hagﬁf‘ JOP FIH“S‘? w th water
and a coordinati n(i') 1780 Semidinagiorre@ndt r eat i ng the borom c ester conpound
of formula (la) a5 ofddP) 10k, n%]ﬁr% reagent of fornmula M-N(Gz, where M is an
al kali metal and Gi1s an a group protecting noiety, to forma conpound

of fornul a foVorkd Abn@burd\ Mmula (x):

R" y OR*
N Boore
o &
(X)

wherein each of P!, R', R®, R®, and R’ is as defined above.

P-N
H

[076] The leaving group X is any group capable of nucleophilic displacement by the
alpha-amino group of the compound of formula (VI). In some embodiments, the moiety —
C{O)-Xis an activated ester, such as an O~(N-hydroxysucccinimide) ester. In some
embodiments, an activated ester is generated in sity by contacting a compound of formula
(IX), wherein X is OH, with a peptide coupling reagent. Examples of suitable peptide
coupling reagents include, without limitation, carbodiimide reagents, e.g.,
dicyclohexylcarbodiimide (DCC) or 1-(S—djmemylaminopropyl)-S—ethylcarbodiimide (EDC);
phosphonium reagents, e.g., benzotriazol-l—yloxytris(dimeﬂ'lylamjno)phosphorﬁum
hexafluorophosphate (BOP reagent); and uronium reagents, e.g., O-(1H-benzotriazol-1-yl)-
N,N,N',N'-tetramethyluronium tetrafluoroborate (TBTU).

[077] Those of skill in the art also are aware of procedures that permit the direct
coupling of silyl protected amines, without a prior deprotection step. In such procedures,
the silyl groups are removed in sify 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 sity 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 mojety" 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 Wis, Proteckive 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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RL R (GQ2NJ1IBOR4 (G2N ;h ORS (Villa) ORS (VIIIb) wherein each G and R
to R are as defined above; and (d) renoving the G groups to forma
conpound of forrmula (Vila) or (MIb): R RL HzNJ.B.OR HZzNBOR ORS (Vita)

ORS (VIIb) or an acid addition salt thereof. [074] Preferred values for Y,
M, R to Rs, and G are as descri bed above. The conpound of fornula (VIIa)
or (VIlb) preferably has a diastereoneric ratio at the al pha- carbon of at
| east about 96:4, nore preferably at |east about 97:3, relative to a chiral
center in the R-R5 chiral noiety. [075] The al pha-am noboronic ester

conmpounds of for %T““ are useful synthetic internmediates for the
preparati on 6‘?55352%{ PRYSB 8GR P@%%@lﬁtﬁmﬁgcmﬁdsdedvnblgommogfﬂa d| nent s,

t herefore, lﬂbr&mgmﬁms&ndﬁmgilaﬂ@l 6@, bilb:Sre %Pﬁﬁgcﬁ%%gﬂ (r:“éierrp I)]E”;Egre;rul a

conpri ses ' oul d,of formila
(1¥: R7 C&&Eik §<n‘% %‘fﬂ? A& & He apinogroug i OQ%%OWM amﬂwielmnm ety; R
i s sel ect edrqm yrarpipead @%P@bmaﬁémﬂgvdﬁraiwﬁyiﬁ@eﬁ C .,,aliphatic,

optionally ﬁrbStltUted C,,aryl, or C ,aliphatic-R8; and -22 R8 is
sel ected i t he griguse F%firfhelt@tgt"@funabdxciszgcludaiwﬂlﬁdm@uy&p&rt@%w@dl y

subst i t ut edmnatugl amlh@icﬁisOBcﬁr)ﬂu.HpoQéB de @9&@51@1@{ Gl Xénvgm%”&f%h gg%% agl 0,1,10 l” 2;{“3’ g

protected iy uani di no_grioups; and
group; %1? b r%lsaong é‘np%‘éﬁ%f”ﬂ?mf‘% BTP-8¢ ¥J¥ydroxy, amino, carboxy, or guanidino
group at the N-terminus or on a side chain, is modified with a blocking group. As used

herein, an "analog" of an amino acid or peptide is one which includes a modified backbone
or side chain. The term "peptide analog” is intended to include peptides wherein one or
more stereocenters are inverted and one or more peptide bonds are replaced with a peptide

isostere.

{080] In some embodiments, P' is a cleavable protecting group. Examples of
cleavable protectmg groups include, without limitation, acyl protecting groups, e.g., formyl,
acetyl (Ac), succinyl (Suc), or methoxysucciny! (MeOSuc), and urethane protecting groups,
e.g., tert-butoxycarbonyl (Boc), benzyloxycarbonyl (Chz), or fluorenylmethoxycarbonyl
(Bmoc).

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

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

R QR
HN" Ny Broms
O R
(X1}

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);

H? H 0R4

[]
S

o A )

-~ - - wherein each.of P, R, R, R%;and-R" are as-defined-above: One-of skillin the artwill - - - - -

recognize that in those embodiments wherein P*is an acyl group, including, e.g., an acyl

9.




RT HOR4A P -NNYB-ORS HO R (X) wherein each of P, R, R, R, and R
is as defined above. 10761 The |eaving group X is any group capabl e of

nucl eophi l i ¢ di spl acenent by the al pha-am no group of the compound of
formula (M1). In sone enbodi nents, the moiety - C(O-Xis an activated
ester, such as an O(N—hydroxysuccci nimde) ester. In sone enbodi nents, an
activated ester is generated in situ by contacting a conpound of fornula
(I'X), wherein Xis OH, with a peptide coupling reagent. Exanples of suitable
peptide coupling reagents include, without linmtation, carbodiimde
reagents, e.aq. ycl ohexyl carbodi i m de (DCC) or

1- (3-di net h?%ﬁ%dﬁ% 1557 a5 tipa a9k o BePE el oF 41 agelog EDkEivative Hesphdwri um r eagent s,
e.g., benzotavirgzpbuplx mhybeyendraédinmeL, M:ﬁﬂ@s@ﬁb@%@ﬂ@&xﬁﬂ&md of formula

hexaf | uor op@gsphate (BOP reagent); and uroniumreagents, e.

O (1Hbenzotriazol-1-yl)- NN N,N -tetrarret hyl ur oni um tetrafl uor oborate

(TBTU). [ O%dsh; Those 1Rt LA e awar of procedures that
permit the7[d| ;ect chE cﬁ?ﬁ%bg#};shhh% pro te%g%fﬁf“ﬁ%%fmwvﬁstﬁi?te‘ﬁe‘jprl or

depr ot ect | GA25prepic esig- Geweérfhﬁ:@enmceed moiefiecas bé géprofectadiy aay @ethedroved i n

si tu under knben BQHPirt. THeftERG thORdrdiehi 19&% ﬁg? pts, of the
her¢ 4 c R Edé ?r% A e%gr con’f‘act ed

present |nv%nth| chcn %%er fore a, %ﬁrrgound of f

with a conpotn T ?rﬁpf 30150 g Rpropip Ak @?Pé?fg"b{‘-ﬁﬁﬁp foEpoises thelsepgR) |, Si
groups in situ of formula 078] For_ purposes of
the invention, he iecsr?rﬁrr%ml ﬁ{wg#%)%mqufékmﬁ&eﬁ%fgﬁchteWPB?%‘ dofo any group
used to derf?’ﬁ{}’é&ar(‘XeoréWDaﬁi‘Pféﬂmwc add peseiptal, b lovanalhirbkn 0, pdro@ioR0 gr oup of
a pepti de sévendahdRuR&isGnincki@cHer m " ani no- group bl ocking noi ety" incl udes,
but is not limted to, protecting groups that are conmonly enployed in

or gani ¢ synt hedis, elﬁpﬁgﬂrabipyasﬂeﬂkm&&o affeyfd tHA @Sk Spondfi deﬁx%%ect@&‘l?cﬂ@&% G oss

and Menhogg_‘ueg omy gﬁdoffgﬁgﬂﬁﬁf' gf%t Vol . 3, Academc Press

1981, pp. 3-88; een an ecti.ve Groups in Organic Synt heS| s, 3"
edition, John WIgy andy$ons, Inc., New York,, 1999 . Unless otherw se

speci fi ed however)hr‘”1 ig not -23 necessary orHa Myni no- group bl ocking Y
gr noiety to b ¥ “clP¥avabl e. Ani no- gfi tRomg noi eties incl ude,
e.g., alkyl, acyl, & k&ycarbonylXs)ani nocar on?l F!‘and sul f onxtmy,

(i)  separating the solvent layers; and

{iv)  exiracting the compound of formula (Xa), (XIII), or a boronic acid anhydride

thereof, into an organic solvent.

[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. Tn some embodiments, the boromic acid
acceptor is selected so that the boronic ester compound of formula (IZ1) is formed as a
byproduct of the deprotection reaction. The boronic ester compound of formula (IT1) 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.

1084] 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 extractifig step (iv). In sich emibodimenits, step (iii) preferably
comprises the steps:
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noi eties. In some enbodi ments, the am no-group bl ocking noiety is an acyl
noi ety derived froman amno acid or peptide, or a derivative or anal og
thereof. [0791 As used herein, the term "am no acid" includes both
naturally occurring and unnatural am no acids. For purposes of the
invention, a "derivative" of an amno acid or peptide is one in which a
functional group, e.g., a hydroxy, am no, carboxy, or guanidino group at
the NFterminus or on a side chain, is nodified with a bl ocking group. As
used herein, an "anal og” of an am no acid or peptide is one which includes
a nodi fi ed backbone or side chain. The term "peptide anal og" is intended
to include peptiHes SfAEr#EEhsrerlayelsior e st ereocenters are inverted and one
or nore peptide_ fonds, are replaced with a peptide isostere. [080] In sone
A R e

embodi nents, P ‘I's & PP Pt oup. Exanples of iL cleavable

protecting grou i i Li.m ion cyl protecting groups,
[ﬁ'ﬁ n&%ﬁ%\g? ;the\g'ﬁl.tlelagslﬁ er lfv%}& %&?{?rgamé Sﬁ%ﬁ%tb%{@

e.g., fornyl, acetyl suaccin or succi nyl (MeOSuc), and
uret hane protect4)Ng QfuBkdShe aqBedhs laydr8% § pRUWOXYCALRANY! (Boc),
benzyl oxycar bonyl (Cbz), or fluorenyl methoxycarbonyl (Frmoc). [081] In sone
such enbodi ts, t rocess. according.to this aspect of the invention
further coég%?ses'tEgang%gpéT??mTéﬂ%ﬁ%ﬂﬂ”?ﬁ&sﬁ?ﬂf RiOVsfPraesdr P to forma
conpound ofmargfagiyting fxpioteasoane iMENIEL @RS TED. RThu Xh pne caibodimengitheaddi t i on sal t
thereof , Wheyegiidh R88fksQlarR-scalRorocd: for 3 | fin ove; and (9)
coupling the conﬁ%und ofﬂ 6?n€%gcfXIS ﬁﬁ?ﬁgghﬁﬁhg%%ﬁm%Fﬁﬁ la P -X,
wherein P is any am no group bl ockin iety, as described above, and Xi s
a leaving group, to forma conpound ormula (XI1): R7 H OR4 PZHNYB. oRs
OR (XzZI) wherein each of P, WoR , @hd R - are as defined-above; One
of skill in the art will recoygj JB L hose enmbodi ments wherein P is
an acyl group, including, e.gl, _JanHac¥l :24

N

(X1V)
or a boronic acid anhydride thereof. The process comprises the steps:
(a) providing a boron "ate” complex of formula (XV):
H;\Z/; i
B
Y M+- O
(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

RO
Q<

‘said contacting stepbeing conducted in a reactivr mixtiré comprisirig:

(XVD)

@ a coordinating ether solvent that has low miscibility with water; or
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noi ety derived froman amno acid or peptide, or an analog or derivative
thereof, the |l|eaving group X may be generated in situ, as discussed above
for the conpound of formula (LX [0821 In each of the conpounds (X) and
(XI'l), the boronic acid noiety is protected as a boronic ester. If
desired, the boronic acid noiety can be deprotected by any nethod known in
the art. Preferably, the boronic acid noiety is deprotected by
transesterification in a biphasic mxture. Mre preferably, the boronic
acid deprotecting step conprises the steps: (i) providing a biphasic

m xture conpri sing tpg boroni c ester conpound of formula (X) or (XIl), an
organi ¢ boroni c aci d acc&peder solxent Gigbhas vk miseibilityavi®, witgtdnaear bon  sol vent ,
and aqueouscasidimatiag cadtbentf i i) stirring the biphasic mxture to afford the
correspondi ng deprotected boronic add conpound of formula (Xa) or (XIII):

R7 OH R7 OH N K P teting t@pb@@ﬁ@@s%@h&bf@bﬁmi(m wWith@rBbedeSE I (111)

separatlng_@hﬁm§gw U i ] n e conpound of fornula
(Xa), (X Il Nﬁgg?on?%%ggnm%"% Cﬁgﬁa‘%’(‘%“? 106 gfhesrigami ¢ sol vent .

[083] The %$8W%GPGWP68&@Pd°§@@@ﬁﬂ@pmnnctthMéqupfeferably is an
aliphatic, aryl, or ar(aliphatic)boronic add. In sone enbodi nents, the
boronic acid acceptor is selected frgm the group consisting of

phenyl boroni ¢ aci d, benzyl boroni c afid,” butyl boronic acid, pentyl boronic
aci d, hexyl boronic acid, and cygmhexydoronic add. In certain enbodi nments,
t he boronic add acceptor is isobutylﬁnﬁEﬁ}g%add. In sone enbodi nents, the
boronic add acceptor is selected sot tthe boronic ester ound of
formula (111) is formed as a byproduct of the deprotection reaction. The
boroni c ester d@hp Hﬁﬁwﬁgﬂﬁﬁ?ﬁnW§tQbhhpcmannmﬂhﬁmnhﬂagamm i n anot her batch
run of the process described above. In such enbodinents, the noiety R-Rs
is effectively recycled, which nmay Qe particularly advantageous if R'-Rs is
an expensive chiral noiety. [084]fTo enhance the purity of the product,

the aqueous |ayer containing thg,: gund of fornula (Xa) or (X I1)
preferably is washed to renpbve neut ¢ ni c
(Xvi
or an acid addition salt thereof;

(e coupling the compound of formula (XVIII) with a compound of formula

(X1X);
(XIX)
wherein:
P'is a cleavable amino group protecting moiety; and
X is OH or a leaving group;
to form a compound of formula (XX):
o~
H 7 —é
1
PL N N\:, B. o
H O '\'/
o {(XX)

wherein P’ is as defined above;




inpurities prior to the extracting step (iv).- In such enbodi nents, step
(ii1) preferably conprises the steps: -25 (1) separating the sol vent
| ayers; (2) adjusting the aqueous |layer to basic pH (3) washing the
aqueous |layer with an organic solvent; and (4) adjusting the aqueous |ayer
to a pH |l ess than about 6. 10851 In sonme enbodi nents, the invention rel ates
to an inproved process for manufacturing the proteasone inhibitor
bortezom b. Thus, in one enbodinent, the invention provides a |arge-scale
process for formng a corrpound of formula (XIV): O HOH NCNNNt, Kk OHOY
or a boronic amﬁ anhyd r| de t hereof. The process COITEI’I ses the steps (a)
provi di ng a bordH " at® Ipé%eCB’F‘gﬂ?}‘t‘Fh%IﬂafO ompRed gifornidia BBMVE ( XV)
wherein: R3 is a nucl eof ugl C group; is a nucI eofugic group; and M is an
al kali metal; (b) contacting the bd L-conpl ex of formula (XV) with a
Lew s acid under conditions that roni c ester conpound of
formula (XVl): Ra~B' O said coptak bei ng conducted in a reaction
m xture conprising: (i) a coordfha inqqe/her sol vent that has | ow

e

mscibility with water; or -26 (ii t her solvent that has | ow
(XX1

mscibility wwth water and a

or an acid addition salt thereof:

() coupling the compound of formula (XXT) with a reagent of formula (XX

N
Cli
\Nlrrx
8]

(XX1m)
wherein X is a OH or a leaving group, to forma compound of formula (XXI11):
N\
(Y f
N
(XXIII) ; and

(h)  deprotecting the boronic acid moiety to form the compound of formula (XIV)
or a boronic acid anhydride thereof.

[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.

(1) Inthe boron "ate” complex of formula (XV), R’ and Y both aze chloro.

2 The coupling step () 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—(1I—I—benzot‘iazol-1~y1)-1,1,3,3-
tetramethyluronium tetrafluoroborate (TBTU) and a tertiary amine in

dichloromethane;

= -- - - (H} - performing a solventexchange to replace dichloromethane withethyl - -
acetate; and
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coordi nating co-solvent; (c) treating the boronic ester conpound of fornula
(XVI) with a reagent of fornmula M-N(G" where M is an alkali netal and
each Gindividually or together is an am no group protecting group, to
forma conpound of forrmula (XVI1): (GGZN O % (XVLO (d) renoving the G
groups to forma conmpound of formula (XVI11): HZNG o (ten or an add
addition salt thereof; (e) coupling the conpound of formula (XVIII) with a

conmpound of forrmula (XIX)% PI-N X H(XIX) 0 wherein: P is a cleavable
am no group protecting noiety;, and X is OHor a leaving group; to forma
PP H HNB. O O Y ( wherein Pl is as defined

compound of fornmula &ﬁX): -
above: -27 renoving tHe FFETBEASRGIFPEHRSPOf theethgnmize wbmpeund of formul a

(XxI): 's H HZNNWEO
) The protecting group removing step (f) comprises the steps:

(i) 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 (XX} as its HCI
addition salt.
{4 The coupling step (g) comprises the steps:

(@ coupling the compound of formula (XXI) with 2-pyrazinecarboxylic
acid in the presence of TBTU and a tertiary amine in dichloromethane;

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

(iif)  performing an aqueous wash of the ethyl acetate soluton.

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

® providing a biphasic mixture comprising the compound of fornmyla
(XXTII), an organic boronic acid acceptor, a lower alkanol, a G, hydrocarbon solvent

and aqueous mineral acid;

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

(XIV);
(i}  separating the solvent layers; and
(iv)  extracting the compound of formula (XIV), or a bororic acid
anhydride thereof, into an organic solvent,
[087] Preferably, step (h)(iif) comprises the steps:
@ 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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o or an acid addition salt thereof; (g) coupling the conmpound of formula
(XXI) with a reagent of formula (XXI1) (kx O (XXIl) wherein Xis a OH or
a leaving group, to forma conmpound of formula (XXIll): H OCN OH N6Q 0
NOY (XXIIl) ; and (h) deprotecting the boronic acid noiety to formthe
conmpound of forrmula (XIV) or a boronic acid anhydride thereof. [0861 In
sone enbodi nents, the process is characterized by at |east one y of the
following features (1)-(5). In certain preferred enbodi nents, the process
is characterized by all five features (1)-(5) below. (1) In the boron
"ate" conplex of formula (XV), R3 and Y both are chloro. (2) The coupling
step (e) cHBphises im@Eoterppebodiment, Beirpleiting relbies t0 o Mpgeunde plocdsoorul a (XVI 1)
W th a conmpeming Qbm I,lg{dmgfoﬁmglg(;gﬁ,) wherein X is OHin the presence of

2- (1H benzotri azol F yl)-1,1,3,3-"tetranet hyl uroniumtetrafl uoroborate
(TBTU) and a tertiary am ne in di chl g et hane; (ii) performng

asol vent - exchange to repl ace dichl orongethane with ethyl acetate; and -28
() performng an aqueous wash of ¢hefet onHacet ate solution. (3) The
protecting group renoving stepnNy i%the steps: (i) treating the

conpound of forrmula (XX) wt Hn & etate; (ii) adding heptane to
the reaction mxture; and (iilly isola |ng y crystallization the conpound
of formula (XXI) as its HC (x1v)

or a boronic acid anhydride thereof, comprising the steps:

(aa)  coupling a compound of formula (XVII):

l,'

HaN™ "B
~J<
(xvi)
or an acid addition salt thereof, with a compound of formula (XIX):
PN X
© (Xx)

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

to form a compound of formula (XX):

O'%
Pl N & é

N "
H o
\'/ -

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

o

(i) coupling the compound of formula (XVII) with a compound of
T ~ formula (XIX) wherein X is OH in the presence of 2—(1H~benzotr1azol -1-y1)-1,1,3,3-
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addition salt. (4) The coupling step (g) conprises the steps: (i) coupling
the conmpound of formula (XXI) with 2-pyrazinecarboxylic acid in the
presence of TBTU and a tertiary amne in dichloronethane; (ii) performng a
sol vent exchange to replace dichloronethane with ethyl acetate; and (iii)
perform ng an aqueous wash of the ethyl acetate solution. (5) The boronic
acid deprotecting step (h) conprises the steps: (i) providing a biphasic

m xture conprising the conmpound of formula (XXII11), an organic boronic
acid acceptor, a lower al kanol, a C hydrocarbon solvent, and aqueous

m neral acid; (J} thrring.the bi.phasi I xture to afford the conpound of
fornula (iii) tjgié%)néeﬁhézthfrﬂr& ﬁeetrag%qr\’}jg’ﬁ?e @g};@ra@d AR fRe Bt ract i ng t he
conpound of f ordighlaopskhagl; or a boronic acid anhydride thereof, into an
organi c solvent. [0871 Preferably, step (h)(iii) conprises the steps: (1)
separating the sol vEht |Pgyfefdng asolyenigichansereyeple didilvemushanayeth ethgl basi ¢ pH;
(3) washi ng thecagaas@s | ayer wwth an organic solvent; and (4) adjusting

t he agueous layer to a pH less than about 6; -29 [088] In another

enmbodi ment, the invéiit i parferaingtae squieonsawdshbiife ahiflltot4d ReGSs for formng a
conpound of fornula (M) OHOHCN~-"HNOHNOY6 or a boronic acid
anhydri de ther %9, EBRpe S fptecing sewdS to foraajongound éffigmalaqarpound  of
formula (XVI11): HZN -,CO (XVLil) _or an acid addition salt thereof, with
a conpound of forrmula ()MX): .
(Y o~
HN N B

0
T ooy

or an acid addition sait thereof, said protecting group removing step (bb) comprising the

steps:
163 freating the compound of formula (XX) with HCl in ethy] acetate;
(i) adding heptane to the reaction mixture; and
(iii)  isolating by crystallization the compound of formula (XXT) as its HCI1
addition salt;

(c¢)  coupling the compound of formula (XXT) with a reagent of formula (XXIT)
N
Cl
G
o]

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

Q H 9%?;
ENJ)LN No_ B
H 5

(XX

X O
Y
(XX1ID),
said coupling step (cc) comprising the steps:

o gi), _coup l)mg the compound of formula (XX1) with 2-pyrazinecarboxylic =~ ... ..
acid in the presence of TBTU and a tertiary amine in dichloromethane;
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P-HX 0 (XIX) wherein: P is a cleavable am no group protecting noiety;
and X is OHor a leaving group; to forma conpound of formula (XX): P. NAB
NOHOY (W wherein PP is as defined above, said coupling step (aa)
conprising the steps: (i) coupling the conpound of fornmula (XVII1) with a
conpound of fornmula (XIX) wherein g is OHin the presence of

2- (1H benzotriazol-1-yl)-1,1,3,3- -30 tetranethyl uroniumtetrafl uoroborate
(TBTU) and a tertiary amne in dichloronethane; (ii) perform ng a sol vent
exchange to repl ace dichl oromethane with ethyl acetate; and (iii)

perform ng an aqueous wash of the ethyl acetate solution; (bb) renoving the
protecting group P Go frsriemaingasmbeniricensedto raplacaditiiotbinetharahli@ay O Y (XX )
or an acid addiid@n;salt thereof, said protecting group removing step (bb)
conprising the steps: (i) treating the conmpound of formula ()Mwith HO in
ethyl acetate; (ii fiinddbefgmiiapiraia@edudwhihedf BR a8k R&tatlbothikt€angand (11i1)

I solating by crystallization the conpound of fornmula (XXlI) as its HO
addition salt; éé)c) deprolpiting Grebhionic evip twisty to forfaohieupond foriviralix®) r eagent

of for mul aof 20rdnic acid anhydride thereof, said deprotecting step (dd) comprising the steps:

B providing a biphasic mixture comprising the compound of formula
(XXTIT), an organic boronic acid acceptor, a lower alkanol, a Css hydrocarbon solvent,

and aqueous mineral acid;

(@)  stirring the biphasic mixture to afford the compound of formula
(xIv);

(i)  separating the solvent layers; and

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

anhydride thereof, into an organic solvent.

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

4) adjusting the aqueous Jayer 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 ¥'. 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
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(kx O (XXI'l) wherein Xis a OHor a leaving group, to forma conpound of
formula (XXIl1): OHO-( OCNN, NBO NOY (ten, ~ said coupling step
(cc) conprising the steps: (i) coupling the conmpound of formula (XXI) with
2- pyrazi necarboxylic. acid in the presence of TBTU and a tertiary amne in
di chl oronet hane; -31 (ii) perform ng a sol vent exchange to repl ace

di chl oronet hane with ethyl acetate; and (iii) perform ng an aqueous wash
of the ethyl acetate solution; and (dd) deprotecting the boronic acid
noiety to formthe compound of formula (XIV) or a boronic acid anhydride
thereof, said deprotecting step (dd) conprising the steps: (i) providing a
bi phasi ¢ nﬂ??hre cOH%PF§P%@”?ﬁ§ﬂ%éﬁbﬁhﬁ@ﬁbﬁPﬁ@Wﬁﬂﬁan¢¥aﬁﬁﬁﬂ#6 an organic

bor oni ¢ ackehdaRas B @karibad AW EhePkdcRBIQ) forﬁu@(}ch)'éih@s acbeapyol vent, — and
phasi ¢ m xture to afford t he

aqueous m ner ii) stirring the

cgrrpound of V¥t %Lﬁ%f’%fm‘% the)rF"‘icP‘jnf’%‘é TR 11‘4@%6?1?/&53(5*%11&"%?%@ thend (i v)
extracti ngpxolclectsajnppmndtedﬂayEdrﬁimnﬂcﬁahg)ﬂr&earboﬂsolﬁmbmﬂ@ﬁrﬁh gnél mashydri de
thereof, i Qodgrﬂen(?sr gl@?é O%Mtgxgt’:%llaaLﬁa%g 1on|gén t%d%f%%g %ciﬂ%c%c% d) (iii)

- conprises t Re sor © adj usting the
aqueous Ia?%#m¥6mbaﬁﬁﬁt6ﬁep¢8#¢mmgﬁmﬁ§WPHeamqaéﬁaexkﬁmehwudﬂ&man organi ¢
sol vent ;|  afghpoliAd ofdsHdl (k8D irl AR nBANE QHRBieh BN EhoTeO afy tALIHES R iBNmAPOUL  6;

may have formed during the coupling step () or (aa). Such impurities are difficult to

remove at later stages in the synthesis.

[092] Further telescoping of the process is possible by carrying the product mixture
from the coupling step (g) or (cc) directly into the boronie acid moiety deprotecting step (h)
or (dd). Preferably, the organic solvent from the coupling reaction is first replaced with
ethyl acetate in order to facilitate aqueous washes. A second solvent exchange into a
hydrocarbon solvent then permits the product solution from step (g) or (cc) to be used
directly in the biphasic boronic acid deprotecting step (h) or (dd), without isolation of the
compound of formula (XXTIT).

[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)

T o

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

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

H—~>—E
Y -0

M (XV)

wherein:

R’ is a nucleofugic group;
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[ 0901 The efficiency of the processes described above is further enhanced
by telescoping steps, for exanple, by carrying a reaction m xture or
wor ked-up product solution fromone reaction directly into the foll ow ng
reaction, without isolation of the internediate product. For exanple, in
sone enbodi ments, step (e)(iii) or (aa)(iii) affords an ethyl acetate
sol ution conprising a conpound of fornmula (XX), and the ethyl acetate
solution is directly subjected in step (f) or (bb) to conditions effective
to renmove the protecting group P. In sone such enbodi nents, the
protecting gr o% P is an acid-labile protecting group, for exanple,
t er t - but oxycar bof ¢ rudmgic sreapdandhe et hyl acetate solution from step a
(iii) or (aa)(g\ié,j.% iaikaiirea ed with acid. In certain preferred enbodi nents,
the ethyl If et U5t on fromstep (e)(iii) or (aa)(iii) is dried
us HCO . 32 [091] When the

azeotropicallyand then.treated.wh se :

depr ot ecti ng st@p (éof&gr 5 eborclmswﬁe@?ﬁﬁﬁﬁigoﬁﬁ’&%m}%ﬁ?ﬂ?%%m%@ﬁmti ons, as
descri bed whdiiens thdietfprdedowhic eftericompatind of X6hla Cam: be i sol ated by
crystallization fromthe reaction mxture as its HO addition salt.
Crystallization of the product saljt is pronoted by addition of a

hydr ocar bon sol vent such as n-heptane. In sone enbodinents, the reaction
mxture is partially concentrat g™ pP@ to addition of the hydrocarbon
solvent. The present inventors havey ered that crystallization of the
conpound of forrmula (XXI') in this man fficiently reane%Xgﬂy tripeptide

inpurity that may have formed during the coupling step (e) or“(aa). Such
i mpuriti es*aidlcentd:iﬁﬁg$tq1ibsingtoondxrce&nwerea:ﬁoﬂzaixaﬁe&i@g@ﬁg;i n the synthesis. [0921
Further telescoping_of the process is possible by carrying the product

mxture fromthe &dupl? egridragpg ¢ther sefvent thedhaglloweokstipilityrvith vidae: door oni ¢ aci d
noi ety deprotecti n%.gste%l h) org%;ld). Preferably, the organic solvent from
the coupling reactidn i ef glvi thadgwpiscipilitepiy watseatdt e in order to
facilitat eccadjogngso-wasdmes. A second sol vent exchange into a hydrocarbon
solvent then permts the product solution fromstep (g) or (cc) to be used
directly in tH® bi prissteboropiviegeraoingowidpf et (X10) sidePrebdtht @ (dd) ,

W NoUt | Ehaki BN Sn E MRUI L LOLIYA QUL b L 0O3] A ternati vel y,

a nore conve;ﬂ%ren't approach nmay be ado y t he
compound BPEEERRHPLOPSgHF of g gralliyh andbarylavikarhibe ahiyodilpertibn ofthe | nvent i on
provi des aalkplrigeribadlysuiptiotes® el a oipbhdads AnmaApewad of formula (XIV)

((R‘*)ssnzw’(:o
Q<
(xva)

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

(xvim

or an acid addition salt thereof;

(e}  coupling the compound of formula (XVIII) with a compound of formula
(XTXa):
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OHOHCN~-"HNBOHNY (XM or a boronic acid anhydride thereof. The
process conprises the steps: (a) - providing a boron "ate" conpl ex of
formula (XV): R3YO=HIB O M () wherein: R3 is a nucleofugic group;
-33 Y is a nucleofugic group; and M is an alkali nmetal; (b) contacting
the boron "ate" conplex of fornula (XV) with a Lews acid under conditions
that afford a boronic ester conpound of formula (XVI): R3-;"610 yam (XVI)
said contacting step being conducted in a reaction mxture conprising: (i)
a coordinating ether solvent that has low mscibility with water; or (ii)
an ether solvent that has low mscibility wwth water and a coordinating
co-solvent; (c) treating the boronic est onpound of fornmula (XVI) with a
reagent of formula M-N(Si (RR) 2, wher s an alkali netal and each R
i ndependently is selected from tjfpeqrdupyconsisting of alkyl, aralkyl, and
aryl, where the aryl or aryl porffi®n ﬁf he aralkyl is optionally
substituted, to forma conpound formfPa (XVII): ((R6)3Sig<é&% oG (d)
renoving the (R )3Si groups to forma conpound of fornula ( ‘5}:

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

Q H 9@
EN:rlLN N_B.g
0

-~

" Y (XXTIIT) ; and

(£ deprotecting the boronic acid moiety to form the compound of formula (X1v)
or a boronic acid anhydride thereof.

[094] In some embodiments, the process is characterized by at least one of the
following features (1)-(3). In certain preferred embodiments, the process is characterized by
all three features (1)~(3) below.

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

3] The coupling step (¢') comprises the steps:

(i) coupling the compound of formula (XVIII) with a compound of
formula (XTX4) 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

acefate; and

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

3 The boronic acid deprotecting step (£) comprises the steps:

@ providing a biphasic mixture comprising the compound of formula
(XXIII), an organic boronic acid acceptor, a lower alkanol, a C,, hydrocarbon solvent,

and aqueous minera] acid;

(i)  stirring the biphasic mixture to afford the compound of formula
(XIV);
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HzN Bow (XVI1l) or an acid addition salt thereof; (e) coupling the
conpound of fornmula (XVII1) with a conpound of formula (XIXa): -34 o

N) 11 NJ HX NO (XIXa) I wherein Xis OHor a leaving group, to forma
conpound of forrmula (XXIl11): O N NNIO HONY (XXIIl) ; and
deprotecting the boronic acid noiety to formthe conmpound of fornmula (XIV)
or a boronic acid anhydride thereof. [0941 In sone enbodi nents, the process
is characterized by at |east one of the following features (1)-(3). In
certain preferred enbodi nents, the process is characterized by all three

features (1)-(3) bel ow %1§,I the boron "ate" conplex of fornmula (XV), R3
and Y both are chl dfy. %€ ?tmﬁ%?s%ﬁﬁﬁ%ﬁﬁ5 ep (e) conprises the steps: (i)

coupling the conpouynd of . forpula (XVILL) w th C ound af. formula (X Xa)
wherein X is OH in%wﬂe %?%%%g%gc% P%£?fi@ﬁ%ﬁ%%?¥%§io°¥’Ffﬁf—l,l,B,B-

t et r amet hyl ur omibydaidedharerf |into protygerat 9lvEMBTU) and a tertiary amine in

di chl oronet hane; (ii) perform ng a sol vent exchange to repl ace

di chl or onggogpne wi tppe@gm%lgtep@ﬂ@@ainepm@nﬁle&gpg;i) perform ng an aqueous wash
of the ethyl acetate solution.
(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;
[096] In step (h)(iv), (dd)(iv), or (f}(iv) of the processes described above, the
compound of formula (XIV), or a boronic acid anhydride thereof, preferably is extracted into
ethyl acetate and crystallized by addition of hexane or heptane. In some embodiments, the

process further comprises isolation of a boronic acid anhydride of the compound of formula

(XTV), preferably a trimeric boronic acid anbydride of formula (XXIV):

4 H 9
” b pox

[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):

] H
" O\'./ , (XXTV)
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(3) The boronic acid deprotecting step (f) conprises the steps: (i)
provi ding a bi phasic m xture conprising the conpound of forrmula (XXlI11),
an organi c boronic acid acceptor, a |ower al kanol, a C. hydrocarbon
solvent, and aqueous mneral acid; (ii) stirring the biphasic m xture to
afford the conmpound of forrmula (XIV) -35 (iii) separating the solvent

| ayers; and (iv) extracting the conpound of fornmula (,UV), or a boronic
acid anhydride thereof, into an organic solvent. [095] Preferably, step
(f)(iii) conprises the steps: (1) separating the solvent |ayers; (2)

adj usting &ge aqueous | ayer to basic pH (3) washing the aqueous layer with
an organi ¢ ~SofVEREd ARl ¥ X Ry pigterabligs piaperaitpuendisg foalrodeds dsd@ibkd €SS t han
about 6; [ 696}, ahthprtepsbly ddhdittds.at esgdded i.v) of the processes
described ahoye, gggalgénpound of forH%rgo€§%%%%g%%£5mﬁgéﬁﬁF’ cid
anhydri de thereof, pré?%rably is extracted into ethyl acetate and
crystallized by addition of hexaneEQ%MQg&%ane. In sone enbodi nents, the
process further conprises isolation oronic acid anhydride of the
conmpound of,.f .g%la (XI'V), preferably a trinmeric boronic acid anhydri de of
formul a (Xé?%éﬁ‘f%g NONN CJAH3 NOYOW) [097] The processes of
the inventjon permt the |arge-scale manufacture of bortezom b of very high

chem cal st er eochemi cal #ibiteycarmybr art processes were limted in
scal e andlgiforded product of |ower overall purity. In yet another aspect,
therefore, The invention pr&?ﬁ&@?da conposition conprising at |east one

kil ogram qfy@8 conpound of Rﬂ@g&hﬁw&éXIV)é
AN mamide

GC gas chromatography

GC-MS gas chromatography-mass spectrometry

h Hours

HDPE high density polyethylene

HPLC high performance liquid chromatography

LbA 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-benzob:iazol—l-yI-N,N,N ‘N "-tetramethyluronium

tetrafluoroborate

THF tetrahydrofuran

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

(15)-(8)-Pinanediol 1-chloro-3-methylbutane-1-boronate

1o () Pinanediol-2-methylpropane-1-boronate (120 kg, 508 moles) was charged roa.

reacton vessel maintained under a nitrogen atmosphere.
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-36 The conpound of formula (XXIV) preferably

N) ONNAB CHOY3 N (V)
and preferably

I s prepared according to the process descri bed above,
constitutes at |least 99% w w of the conposition according to this aspect
of the invention EXAMPLES Abbreviations BOC tert-butoxycarbonyl D.lI.
de-ionized DMF NWdinethyl formam de GC gas chromat ography GC- M5 gas
chromat ogr aphy- mass spectronetry h Hours HDPE high density pol yet hyl ene
HPLC hi gh performance |iquid chromatography LDA lithium diisopropylam de

LOD loss on drying mm Mnutes MIBE t-butyl nmethyl ether RP-HPLC reverse
er mnute

bhase hi ghyper figt gapae, %fl%ﬁ%%h ?ﬁa&l%ﬁuﬁ%ﬂ?g@ﬁpy&%@%%gs ®porate THP

TBTU C>benzotr|az
t et r ahydr of ur arfess Mwaﬁm)ed(tcﬁ)ﬂmwahaﬂm@ | - anmoni um

trlfluoroageta&g Ehylbutane | - boronate Manufacturing Process
uSOpropy amine, (6.7 kg) was charged to another reaction vessel maintained under

a nitrogen atmosphere.

4. tert-Butyl methyl ether (27 kg) was charged to the difsopropylamine and the
resultant mixture was cooled to ~10 °C with stirring.

5. n-Hexyllithium in hexane (33.2 weighi% solution) (17.6 kg) was added o the
diisopropylamine mixture over a period of 57 minutes, while the reaction

temperature was maintained at -10 °C to -7 °C.

6. This mixture (LDA-mixture) was stirred for 33 minutes at -9 °C to -7 °C before it was

used.

7. Zinc chloride, (12.1 kg) was charged to a third reaction vessel maintained under a
nitrogen atmosphere.

8. tert-Butyl methy] ether (16 kg) was charged to the zinc chloride and the resultant

mixture was warmed to 30 °C with stirring.

9. Tetrahydrofuran (53 kg) was added to the zine chloride suspension over a period of
18 minutes, while the reaction temperature was maintained at 35 °C to40°C,

10.  This mixture (ZnCl-mixture) was stirred for 4 hours and 28 minutes at38°Cto39°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-l—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 o -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 N é_a_f_ert-)_nt_lgyl methyl ether rinse (10 kg) was used to complete.the addition, - . .
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(1S)-(S)-Pinanedi ol 1-chloro-3-nethylbutane-1 boronate 1. -

(S) - Pi nanedi ol - 2- et hyi propane- 1- boronate (12.0 kg, 50.8 noles) was charged
to a reaction vessel maintained under a nitrogen atnosphere. -37 2.
tert-Butyl nmethyl ether (53 kg) and dichl oronethane (22.5 kg) were charged
and the resultant m xture was cooled to -57 Cwth stirring. 3.

Di i sopropylam ne, (6.7 kg) was charged to anot her reaction vessel

mai nt ai ned under a nitrogen atnosphere. 4. tert-Butyl nethyl ether (27 kg)
was charged to the dii sopropyl antine and the resultant mxture was cool ed
to -10 Cwith stirring . n-Hexyllithiumin hexane (33.2 wei ght% sol ution)
(17.6 kg) Was aﬁlﬂé‘if@%"f“ﬁ'é“”cﬂsls'%%eﬁrfﬁrﬁlaﬁﬁ‘?ﬂ@?ﬂ‘?‘[‘lﬂfﬁ%ato*?egf‘?ﬁﬁe@ﬁ% of 57

m nutes, whil e thitewir@ae td 0NC ol Hp@icaloligleminass. Mai ntai ned at -10 Cto -7 C
6. This m xture (LDA-m xture) was stirred for 33 minutes at -9 Cto -7 C
before it Was AdBdsulfvric Kidrolugbt G2 kglevas {dded dvek g penivalaf élmingesltottioe a t hi rd
reaction vessel, BN alNGaidR0RERn ok R8N FhIRSROE Gg - d& oof & - Butyl

met hyl ether (16 kg) was charged to the zinc chloride and the resultant

M Xt ure wago. Warmeabindxierewds Brirfdditér 1 Blnud at Aetiéd Bygealu 8doks® kg) was
added to the zinc chloride su sion over a period of 18 mnutes, while
the reaction tea%%pgyw%wwgpaﬁ%#t ained at 35 Cto 40 C. 10. This nmixture

CAE] T T et bighesd Glndd UL S Min BB MLONDAT wllr Bty 10 30 ©

until it was use ture over a

period of 60 m1H°(115‘é’-§“1P6h1f’%‘? solpEQRes: %’F@Aﬁé‘%@’éﬁm wonived ‘ﬁzcngus stirring for 15

(S) - pi nanedi ol w2irminbpt paepapeeahpdatenate, while the reaction tenperature
was nmaintained at -60 Cto -55 Cp 12. Atert-butyl methyl ether rinse (10

kg) was uszd td"hemaq:ﬁoatxéxmﬂeevaactubizdrmmuﬂs&rreahedrpmiré @n, FBDekhar)e was stirred

for an additio t g&eggal ggck%%?%%%emﬁe&so %%5517?2) ég%qtl on m xture

was warned to - a peri nut es % m xture

(from# 7 - 10TEW§WMW@§@WGQWYMd@FeX%@ﬁWt es to the reaction
vesselcongai ngg, (9 pnaned o 2, propane 1. borofat e and the LD

separation) under reduced pressure {p,,. = 67 mbar), maintaining an external

(jacket/bath) temperature of 50 °C to 55 °C for 2 hours and 7 minutes, until no more

water was separated.

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(frimethylsilyDamino-3-methvlbutane-I-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)-(5)-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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m xture, while the reaction tenperature was maintained at -50 Cto -45 C
16. Atert-butyl methyl ether rinse (10 kg) was used to conpl etethe
addition. - -38 17. The reaction m xture was stirred for an additional 30
mnutes at -45 Cto -40 Cand then warnmed to 10 C over a period of 81
mnutes. 18. A 10% sulfuric acid solution (72 kg) was added over a period
of 40 mnutes to the reaction vessel, while the reaction tenperature was
maintained at 10 Cto 21 C. 19. The reaction m xture was stirred for 16
m nutes at anbient tenperature, before the aqueous phase was separ at ed.
20. The organi c phase was washed successively with deionized (D) water (32
kg), and 10% SOUERREmPreligd- 3k frnshyiqdeheranedy2 kg wetnddedto thenvol ved

vi gorous sti rriregtidohicdde. to 17 m nutes at ambient tenperature. 21. The
reaction m xture was concentrated under reduced pressure (p_ = 81 nbar),
mai nt ai ni ng an Texteettiva mixXtjuackeetonbatrhipd tretepadaded heesaie 0 O5thhad> C,

providing a resif i i i Y, lL.ohexane (56 kg). 22.
The reaction m xt u@%ﬁ%ﬁﬁ?eaﬁ%y%}ég‘%ggg‘ﬁﬁ%ré%@p@PE%"?fg‘égﬁer for water
separati on) und@idup ¥disk ¥@s dipselyed ingnethyleydolgTanetf3gke). nai nt ai ni ng an ext er nal

(jacket/bq;h) enperat ure of 50, Cto 55 Cfor 2 hours and 7 m nutes, until
no nore wat er “WASPSEBA SR SFoveor Inpeess i fat gl drogpyegensnibar e di stil | ed
of f under redub€d pressure (p. = 81 nbar), naintaining an external
(jacket/bath) tenperature of 50 Cto 55 C. 24. The resultant dry

net hyl cyclé%hexaMeerwewfuanasey aianPpe (1S) - (S) - pi nanedi ol 1-

chloro-3-E§thy Utf e-1-boronate was cooled to 14 C. (1R)-(S)-Pinanedi ol
1-bi s(tri et hy'§% “Tsé’}’ﬁf?n'&?@@‘-’ YRVTAS0R s diatpgroiited through aianh

bi s(tri met hyl spilisalGehtiodke).i n t et rahydrofuran (19.4 wei ght% solution), (41.8
kg) was charged to a reaction vessel nmintained tinder a nitrogen

at mospher d0-andPot Bireits were washgl with isovipyl eibag30 ). The net hyl cycl ohexane

m xture cqgtaLﬂ%n élitls)-g{;;?-pinaned_iol 1-chl oro-3- nethyl but ane- 1-boronate
was added‘Over r% 16 greBp lcpsehiranetigrorih thes mitare ca@ining AR)-tSenper at ur e was
mai nt ai ned at pitGheBol Whis(fkBnchylsBylafrintel- AYh FICHADEX AR wRSErdiGn K9) Was used

to conplete t hc%m%glgxl att b Brent temperature until it was used in the next step.

(1R)-(5)-Pinanediol I-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/isopropy! 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. Anisopropyl ether rinse (5 kg) was used to complete the addition.

5. The reaction mixfure 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
portians, and dried under reduced pressire (pmin = 56 mbar) at 41 °C to 42 °C for 2

hours and 15 minutes.
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4. The reaction mxture was stirred for an additional 65 mnutes at -13 C
to -12 Cand then warnmed to 25 C over a period of 25- mnutes. -39 5. A
suspension of Celite (2.5 kg) in methyl cydohexane (22 kg) was added to the
reaction mxture. 6. The reaction m xture was concentrated under reduced
pressure (per" = 25 nbar), nmaintaining an external (]acket/bath)
tenperature of 45 Cto 50 C, providing a residue which was dissolved in
nmet hyl cycl ohexane (36 kg). 7. A sanple was then renoved for in-process
testing for tetrahydrofuran content by GC 8. The tetrahydrofuran assay
was 0.58% ,9. T %5804”5 er e renoved by filtration, the filtrate was
filtered tArough a° Bt SEe ‘§iﬂ}]P'(T:é?’a€é(60¥ for % gyinuteset arflierh tefvigetagire, UNi t S Wer €
washed with i soppfapthe Ddtimer wa8Enlogdd byliliatibhe resul t ant

met hyl cycl ghexane/ i sopropyl ether m xture containing (1R)-(S)- pinanediol
1- bi s(tri nét hyl Sepgidvasiwaeshed with THywvisert (2. 1- bor onate was stored in a
contai ner gt anbient, te%rature until it was used in the next step.

(1R) - ( S) - P nanedf 87935 MitB APerhiCes rust Gadnt Ambar3aintd t@il40 0T ane hdabor onat e

1. Trifluor oacahﬁczmﬁiuds,a&éﬁh;igg%euﬁsosgm,gﬁ whaQo.800ter reacti vessel

mai ntai ned under, .a nitrogen atnosphere. .gl sopr opyl efrﬁgt?ﬁ"(efggmg) was
charged to the tT1Fluor oacetic acid and the resultant mixture was cool ed to
-10 C Wi t hgest i Fhd gk : 1= . cycl ohexane/i sopropyl ether m xture
cont ai ni ng ( 1R)1 _b§ S) ?B?dl’ll%% gg{?gﬁ) g%_&pééllo(ﬁ/ammomumr]:néuoroacetate—g-meﬂlylbutane-

bi s(tri net hyl siTION&ricTee3vasihen phdseged irdo sinflopdyrliyienabszsadded over a peri od

of 53 m nutes paly@jopgerprmdmag&qﬁgﬁgh%sﬁ%ﬂ |l e the reaction tenperature
was maintained at -10 Cto -5 C. 4. An isopropyl ether rinse (5 kg) was

used to c b8 4B APl 5L O e Be 1 TRE Leaction mxture was stirred for an
addi t i onalpofbnieUsEiLan pmnogiuzn frifluoroacetaie-Sgmethlbutangtl d was
collected by filtration, washed with isopropyl ether (70 kg) in two

]porti ons, land @Rj-EPPiaeiol I-SMHH6aEm RIRS LRl PHefyBuBRe P& dudl 4l C to 42 C
or 2 2 :

(13 kg) was charged to a reaction vessel maintained imder a nitrogen atmosphere,

2, Trifluoroacetic acid (31 kg) was charged to the reaction vessel and the resultant

mixture was cooled to 4 °C with stirring,

3. Once all of the solid was dissolved leaving a slightly turbid mixture, isopropyl ether
(29 kg) was added over a period 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 Teceiving

vesse] 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 gver 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 ondrying was 0.32%, which meets the < 0.5%

requirement.
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hours and 15 mnutes. -40 7. The solid was stirred with D.1. water (60 kg)
for 24 mnutes at anbient tenperature, before the D.I. water was renoved
by filtration. 8. The solid was washed with D.1. water (12 kg). 9. The
solid was then dried under vacuum (pmin = 4 nbar) at 40 Cto.44 Cfor 9
hours and 22 mnutes, after that time the |oss on drying was 0.51% which
neets the < 1% requirenent. 10. The internediate, (1R)-(S)-pinanedi ol
1-amoni um trifl uoroacet at e- 3- met hyl but ane- 1-boronate, crude, was then
packaged into single polyethylene bags in polypropylene druns and | abel ed.
The yield was 72% Recrystallization of (1R) g@)ﬁ i nanedi ol 1- anmoni um
trifl uor odcet afhersedyst ¢ 1‘1%?18?%@‘111?11&%?%%?51“ erepe-methylpytanedy-_ pi nanedi ol
1- anmoni Umtr|ﬁdr&tﬁfepﬁﬂs&h@ﬁﬁd&g&ﬁhﬂmﬂbiﬂiﬁﬁdmﬁﬂ@&eb@b@ﬁ&tfﬁ;mdmbhﬁla;d (13 kg) was
charged to a rlbg ,ﬁnn yﬁgselsﬁﬁr ntai ned under a nitrogen atnosphere. 2.

Tri fl uor oacet i ‘8% °( s charged to the reaction vessel and the
resultant m xture was cool ed to 4 Cwith stirring, 3. Once all of the

sol i d was EdimpioP:y e &-@Esmapmecatbosy-ivhenylalaningy leleprine brenic idbwpridpy | ether (29
kg) was added over WDB@FW}%E‘PC%S? m nutes, while the reaction tenperature

was mai ntaj ] . ; 4. After cpngneebte agdrtron the m xture was
frltered 5 ‘ e &2%nai nt ai ned under a
nitrogen atnosp ho%% ﬁﬁ@% d}n sreséubﬁhas\a@aeﬁrameemﬁenh@aaﬂ xture of
trrfluoroacetrc acrd I SO g). The rinse was

added to the fthP?I%fe@fderf%‘@ﬁrW“Cé’ts EF”(%@GS}I’?S)““ °§%féled over a period

of 15 m nytes uct re I tat reac
t enper at ufe vve@%#‘grﬂ‘?aé'f ]gl OI%CEE%%I?\EIQ hutane“ e \/Q/as stirred at
16 Cto 18 C flfgb,whS&mtgudtdtﬂ'reﬂaskool ed to -5 C over a period of 67 m nutes,

and stirred at -3 Cto -5 C under a nitrogen atnosphere for 89 mnutes. 8.
The sol i d3was Behkprhgwlalaning (378 kg)vap gderesA o hadasd with i sopropyl ether (48

Kg) TN tng PO LANS, R Bk SRS A G tpwmbmamau @he4 C to 40
kg) was charged to the flask.
5. Dichloromethane (15.8 L) was charged to the flask.

6. The stirring motor was adjusted to provide stirring at 260 RPM.

7. Using an ice/water cooling bath, the reaction mixture was cooled to 1.0 °C,
maintaining a nitrogen atmosphere.
8. N N-Diisopropylethylamine (2.778 L) was charged to a glass flask and transferred fo
' 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 Hme 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-FIPLC). The percent conversion was
determined to be 99.3%.

i2. The reaction mixture was transferred in approximately two equal halves to two.

" Totary evaporator flasks. The reaction mixture was concenirated under reduced
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55 m nutesafter that-tine the loss on drying was 0.32% which neets the <
0.5% requirenent. -41 9. The product, (1R)-(S)-pinanediol 1-ammonium
trifluoroacet at e- 3-net hyl but ane-1- boronate, was then packaged into doubl e
pol yet hyl ene bags in fiber druns and |abeled. The yield was 86% Exanple
2: N-(2-Pyrazinecarbonyl)-L-phenyl al ani ne-L-1| euci ne boroni c anhydri de
Manuf acturing Process (1S25 3R, 5S) - Pi nanedi ol

N- BOC- L- phenyl al ani ne-L-| euci ne boronate 1. In a funme hood, a three-necked
gl ass reaction flask equi pped with a d aisen head tenperature recorder and
a nmechanical stirrer was flushed with nitrogen. (IR -(S)-Pi nanedi ol

1- ammoni um t r i PIBRIFeIREgpattay SYWWrIWfaﬂ@giﬂwmfb tefipe@iurk gf)29- was
charged to theafdmsk. 3. BOC-L-phenyl al anine (1.398 kg) was charged to the
flask. 4. 2-(1H Benzotriazol-1-yl)-1,1,3, 3-tetranethyl uronium

t et r af | uoridbor Bl acEBF4.4(1) wBSdvidbdgintonas apratigedlytequd pertiblsask chaBzed

Di chl or onet hangtﬁe]t@& cha d to the flask. 6. The stirring notor
was adjusted to prowOe sti I‘%f’ai nggﬁ? 260 RPM 7. Using an ice/water cooling

bat h, the 1neactieGmxites iritatn H@ﬁw@t@@éﬁdcoh&nﬂmt@d \g;nder f@h@h?h L POgfhelll LT OgEN
77 arged B

at rmsphere 8. NN-Dii sot}é et hyl am ne 0 a gl ass
flask and tranSPSF FaRTpIGE H%’?“F%ga?é‘tef‘ ﬁ‘a]rﬁaﬁ’tfﬁ?‘éeré £20-3eki od of 117 ninutes

t t t t f 0.7 C
o1 & e onerar R RS el g R Pt BTG Rnl or omet hane

(0.2 L) ri nse 'gfctiphask peingethy pestate{i3.34dact i on mxture was used to conplete
t he addlt n. 10.. T reaction mxture was stirred for an additional 35

m nut es. e B Aglrstash wuippeq wih 2 ginsy e 1%ranenys Bgsphogic agd sphigion v@s C, and 2. 5

C at the end. ptéparedl lyanphgDNastd (18N8 Lemaypaskpheric ahﬂ(@f@qz%bs testing by
reverse phase high erformance |iquid chromatography (RP-HPLC). The
percent cbhversp éhsswgsk eqiipped witlhestinen a B% a@@o89potassium carbonate solution

(12.0 L) was prepared by mixing D.I. water (11.76 L) and potassium carbonate (0.24
ke,

18.  Ina glass flask equipped with a stirrer, a 10% aqueous sodium chloride solution
(13.34 1) was prepared by mixing D.I. water (13.34 L) and sodium chloride (1.334 kg).

19. DI 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 RFM for 7
minutes. The layers were allowed fo 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 {o separate and the basic aqueous phase = = .

SR ~* (bottom layer) was transferred to a suitable flask and discarded.
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12. The reaction mxture was transferred in approxi mtely two equal hal ves
to two rotary evaporator flasks. The reaction m xture was concentrated
under reduced -42 pressure using a rotary evaporator, maintaining an
external bath tenperature of 29- 30 C. 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 each flask were again
concentrated under reduced pressure using a rotary evaporator, naintaining
an external bath tenperature of 29-30 C. 15. The residues in each rotary
evaporator flask were then transferred back to the reaction flask using
ethyl acet gte ('@‘31@’4Sq_d}um9.}@0r1dlen01@qgllmreﬁlnaﬁwTéqaspfpmtd\mﬂmracm rrer, a 1%
aqueous phosphalaklecodirsh I&@ta%%luh&[%@ﬁe@ﬁxgyeﬂ%réa% Gy Dedby YRt er (13.18
L) and phosphoric acid (0.16 17. In a glass f equi pped with a
stirrer, a 2% dG08B0drsprERET 029’&? IPRRATRe &l thk 29gpPus phase (botymygyer) pr epar ed
by m xing D.I. watensfdid io/fsulblefdk pot dssidedn carbonate (0.24 kg). 18. In a
gl ass flask equipped with a stirrer, a 10% aqueous sodi um chl ori de sol ution
(13.34 L) #%bs ﬁil"léﬁfb}'l@def&jsfsqlnh}wwgsf@irlsferrwhi@@rrotézjr:év@dralts)r flasicingodi um chl ori de
(1.334 kg) 16ncbh I cfu%éfi uym% ctign flask
containing the et hytltateg\c%%l%tr% sol u?sis%%\ an a%%% tr%t?%kgz}taflr%g f)(%h380 RPM
for 7 mnutes. eﬁf@rﬁt‘éf?@fr@%@ﬁP%%‘&S‘d‘t‘% separate and the aqueous phase
(bottom | ayer) Tﬁ@esxﬁﬁeax%%f I e Sg(?iv ‘f; %‘af;alé%{g‘%\gsﬁsihasw table flask and

di scarded. 20. rged to the reaction

flask Contﬁ ni ﬁ’gegohﬁoﬁwyéonceﬂﬁﬁgﬂr?dé cmggh-\%ﬂgtabhe%a A ture tigred at 385

RPM for 7 m nutg | ayers were ar a nEFaPh ueous
phase (bottom P %Fﬁnﬁﬁﬁgﬂ??féﬂé@&@mﬁﬁ%ﬁemdmmr@o a suitable flask and

di scar ded 1. The S C tion ared in Step 16 was

char ged to72 ?ea’ct%ere%duef"{?aﬁ nﬁe(??f? V‘?‘ilisl?l YR éetaé‘? gma?é‘é‘tt‘é{??%?sutl on and

the mixture st taikcerefdr deter@BBHRRVWaEE coﬁtmmmmemtlbxaymsfawe&@@tl owed to

separate and t hawackls Aauaas,DNansidpald &ty ) aver) was transferred to a
[ .22, T

suitabl e flask and di'scarded 2% potassi um carbonate sol ution
prepared i28. St Bandd e hainBeidithDackfIR (12.66 L), the mixture was transferred from

the rotary evaporator flask to a dry reaction flask equipped with a temperature

recorder, a mechanical stirrer, and a fritted gas d:spersmn tube, and purged with

nitrogen.

(15,.253R 55)-Pinanediol I-phenylalanine-L-leucine boronate, HCl salt

1. The ethy! acetate solution containing (15,25,3R,58)-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 at the end. -




reaction flask containing the ethyl acetate solution and the m xture
stirred at 367 RPMfor 7 mnutes. The |layers were allowed to separate and
t he basi ¢ aqueous phase. (bottomlayer) was transferred to a suitable
flask and di scarded. -43 23. The 10% sodi um chl oride solution prepared in
Step 18 was charged to the reaction flask containing the ethyl acetate
solution and the mxture stirred at 373 RPMfor 6 mnutes. The |ayers were
al l owed to separate and the aqueous phase (bottomlayer) was transferred
to a suitable flask and di scarded. 24. The ethyl acetate solution was
transferred to a rotary evaporator flask and concentrated under reduced
pressure u$i ng Asanemlawis revelsd fatimprocasniesing PNRAHPEC Ii3E percére npeesibiir € of
29-30 C, to proyi@era :&skdue. 25. The residue was then.redissolved in
ethyl acetate (4.68 Q 26. The solution was concentrated under vacuum usi ng
a rotary evapormiedactioifiag biiedifGiGppRxiaatdy 4 RARE behiHuls Hhaitdnad.C. 10 provide
a resi due once Jor e Ze%flda@‘@"ii* the residue was then redi ssolved in ethyl
acetate (4.68 Lf BRATERo sanp gs taken for determ nation of water content
by Karl Figher 4 ' [ : ) | es _was determ ned
as 0.216 % and ‘%é.a%{ 7 %@E%&Q&Ufsowﬁl gce%ﬁ%thﬁgéy %ﬁ%ﬁ%ﬁ&? RT3t at e
(12.66 L), t he ¥ Xftfe was transferred from the rotary evaporator flask to

a dry reaction_flask equipped,wth g tenperature  recorder, a nechani cal
stirrer, aérid a Tritered ﬁﬁggﬁgé%é‘m?’&ﬁ‘aiegpﬁé?&%éoW’@%W"%‘ﬂmgﬁi t r ogen.

(1S, 2S2R, 5S) - Piteregreedive bf 10-°0 k&17¢] Tie éinal tenrlerdneeiehdd.60Gr onat e HO salt 1. The
ethyl acetate solution containing (1S, 2S, 3R 5S) - pi nanedi ol N BOC-L-

phenyl al antthe- A 52@pk"6 rasenverhist B-Rremssseesbnaly RISTIR:. dfe tad resaticrtingool i ng bat h

to - 0.9 C 2. ahiGH@EENIERIREABIotide dobFak e @A uW¥AS bubbled into the
reaction mxture over a period of 1.48 hours. The tenperature at the start

of the addilti ofhepescenlofveSioramd 99%. 8 C at the end. 3. The reaction was then
allowed to warmto 14.4 C over 50 mnutes, while nmaintaining a nitrogen
at nospher €2 4. ARlgEHFsebsrersdr enoved for in-process testing by RP-HPLC. The

ercent caopversion
P 1@. n—I—ﬂaptane (8.8 L) was charged to the reaction mixture.

14, The slurry was stirred for 2 hours. The temperature at the start of the stir time was
12.7 °C, and 15.3 °C at the end.

15. The solid was isolated by filiration on a Buchner funnel lined with a polypropylene
felt filter pad.

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, HICl 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. oo

-45-




was 68.9 % (area % . 5. The reaction was stirred for 35 mnutes. The
tenperature at the start was 14 C, and 14.8C at the end. -44 6. A sanple
was renoved for in-process testing by RP-HPLC. The percent conversion was
94. 7% (area %9 . 7. The reaction was stirred for approximately a further 50
m nutes, maintaining a tenperature of 10 C 5 C. 8. A sanple was renoved
for in-process testing by RP-HPLC. The percent conversion was 97.3% 9.
The reaction was stirred for approximately a further 50 m nutes,
maintaining a tenperature of 10 C 5 C. The final tenperature was 14.6 C

10. A sanple was renoved for in-process testing by RP-HPLC. The total
reaction t iR22SRoRkFinae SR Eizecdpangb-h-phivivid dndle-Igkscivelsordraty (4) hours.
slurry was observed. 13.

11. The percent. conver si.o s 99% 1.. A
n- Hept ane (8.8 Ilr_‘)a?uv\%% Ch Elaﬁed“el‘%edtg?‘?ésrfe%%‘ﬁl%}ﬁEWBﬂeéﬂ@haﬂaiseﬂ'h@dsI urry was
stirred for 2 H@mp&famfﬁhelot@m@raaﬁddhe&dcaltsﬁir&@va%tﬂ%}tedinﬂltnlﬂ:%gé{ ir time was

12.7 C, and 15.3 C at the end. 15. The solid was isolated by filtration on
a Buchner PunndfS¥33 et Rinetedio! boherpllapint-biecin Bbrbndid, FXR5aiAgh kglBas The sol i d

was washed wit hhiehieBi@ngs(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 hour3. 18.2-Phieirgeiicslylwasid (0680 kgmasehafled T3Be fainder a vacuum of 27" of
Hg for 16 hours 28 mnutes in a vacuum oven equi pped with a vacuum gauge
and a tenpér at GriE-Bereatinzdieiryl)- 108 3-Fhenaioh utbni@ste G oMo Beratd BENAREH dr Yi NY
tray to deter mg)a”gslagarogdl.tggéﬂg&_ Drying. The LOD was determned to be 0 %
0.02 % and 0.02 %on the three sanples taken. 20.

(1S, 2S, 3R %S) - Pichivaesitiieine L18pHEW: ahARiRemb nkLUCi ne boronate, HA salt was
t hen packaged into double poly bags in fiber druns and | abel ed, and
sanpl ed. 6. The stirring motor was adjusted to provide stirring at 272 RPM.

7. Using a cooling bath, the reaction mixture was cooled o -1.2 °C.

8. N,N-Diisopropylethylamine (1.865 kg) was charged to a glass flask and transferred
fo 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.

9. 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,
11, The temperature at the start of the stir time was 15 °C, and 24.9 °C at the end.

12, Asample was then removed for in-process testing by RP-HPLC. The percent

conversion was determined to be 99.9%.

13.  The reaction mixiure was transferred in approximately two equal halves to two
rotary evaporator flasks. The reaction mixture was concentrated under reduced
pressure using two rotary evaporatots, 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 extetnal bath temperature of 33-34 °C,
16." "~ Thie residiies in each rotary evaporator flask were then transferred back to Eh_e- _
reaction flask using ethyl acetate (12.95 L).
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21. The isolated yield was 1.87 kg, 79.1% The internedi ate was stored at
2-8 Cuntil wused in further manufacturing. -45- (1S, 2S, 3R5S) - Pi nanedi ol

N- (2-123r azi necar bonyl ) - L- phenyl al ani ne-L-1| euci ne boronate 1. In a fune
hood a three-necked gl ass reaction flask equi pped with a C ai sen head,
tenperature recorder and a nechanical stirrer was flushed with nitrogen. 2.
(1S, 2S, 3R, 55) - Pi nanedi ol L-phenyl al ani ne-L-1 euci ne boronate, HO salt (1.85
kg) was charged to the flask. 3. 2-Pyrazinecarboxylic acid (0.564 kg) was
charged to the flask. 4. 2-(H Benzotriazol-1-yl)-1,1, 3, 3-tetranet hyl
uroniumtetrafluoroborate, TBTU (1.460 kg) was charged to the flask. i 5.
Di chl or onetthan eh(aﬁyssi@sksqumsd wiias gardr, tnd%tayaeois pitdphobic add@nioh (12is8g Ot or

was adj ust ed t )pVap¥ielBedhy dhbdn 9)16‘&7 té’r??leFi ng bath, the
reacti on nixture vvaisé igoo e}}d tog- i mﬁghg%%?c%iﬂa@{[%ggm ne (1.865

kg) was chad gedneglas Ayblasmiphbdmin ﬁéﬁﬁirei aa%%&@oﬁ%taséxﬁm BB o8 AGT kSN . over a
react |

period of 50m erlst |t mai ntai ning a
t enper at ur e range gfwgé}gr%% %t @ZI “é’tefﬁ%?&)rﬁn&wewlwaﬁ@wquo 37 L)
of the flask i b the reaction mxture was used to conplete the addition.

10. The I’Efgctl %{‘ 59 xture was allowed to warmand stirred for an additi onal
81 mi nut es. g Trskrrauiperdrith aptimen 21084 agueous odilre dibride sblufigh Was 15 C,

and 24.9 C at ﬂié4é}1ﬂdasp1@)are&b§ﬁﬁ5}%gel]mw§h@mf')eﬂ&g%%ﬁ 5%(‘8%;3% ss testing

by RP-HPLC. The percent conversion was determned to #3. The
reacti on Mm%t uPd ‘Mﬂsfﬂ%&ﬁ@fquha@edmﬂwmcamm@nﬁuﬁﬂﬁh@%ﬁaé@ ves to two

aducad ol asepr o e e fumas SRR DR A A AR Ve b er nal

r educed pr essg}re usi ng two rot ary evaporators,
bath tenperatu éleFafe%@té%a%e%aha%fbhwmmmaasar@aﬁu%toh)smmﬂdgw ded into

two appr oxi mat slddisepded. porti ons and charged to the two rotary evaporator
flasks. 15. The m xtures in each flask were then concentrated under reduced

pressure @&i ngAgain, D.L water (12.34 L) was charged to the reaction flask containing the ethyl
acetate solution and the mixture stirred at 398 RPM for 7 minutes, The layers were
allowed to separate and the aqueous phase (bottom layer) was transferred to a
suitable flask and discarded.

22.  The 1% phosphoric acid solution 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 Lywas 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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rotary evaporator, maintaining an external bath tenperature 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). -46 17, In a glass flask
equi pped with a stirrer, a 1% aqueous phosphoric acid solution (12.34 L)
was prepared by mxing D.I. water (12.19 L) and phosphoric acid (0.148 kg).
18. In a glass flask equipped with a stirrer, a 2% aqueous potassi um
carbonate solution (12.34 L) was prepared by mxing D.1. water (12.09 L)
and potassium carbonate (0.247 kg). 19. In a glass flask equipped with a
stirrer, a 10% sodi um chl oride solution (12.34 L) was prepared by
mxing D.1. Wat%géé%%%fg%%\ 5re%1ﬁac? RISHHTE0A R 7Y 6V apeapeandinpining 2. D. | . wat er
(12.34 L) was c¥iprmgbiebtlt tempdretureadidd 9on f | ask contai ning the ethyl acetate
solution and the mxture stirred at 382 RPM for 7 mnutes. The |ayers were

al | oned tN-(3@pariaierband-I-RRnAGHROUE IRRASE6LL cfea%e e) was transferred

to a suitable flask and discarded. . Again, DT. (12.34 L) was

charged t ol-t he I eglessiflevk efrliigmid veitnt stiive, AN bdlRticPNdrociLaL él&c?(rﬁ.?ﬂ;ti on and
e

the mxture sti“;ggggd%%ﬁj for. 7.mnutes. The | ayers we |l owed to
sep?r glte ?jnd LhéEl gqg_eou Eﬁg%é g%t%drﬁj}g% P oRER O e F-@’%’Fi&dt_to a .
sui tabl e fd.ask rengagnsga d vaida SERE:, oric.acid solution prepare
in Step 17 was,gcharged gg the reaction %%@ﬁ%ﬁ?’%ﬁ%? 80 (ﬁ%melt)hyl acet at e
sol ution and t R&" RERETHY 8hp Pddvater (B2 Lo spdinmayduviide (0962 kefhe | ayers wer e

al | oned t g sepggal Li 08, A6k di ueous. phase (bottom |ayer) was
transferred to a sﬁ?%g e 1%@%5§a%§@gfl§?fﬁﬁ’ﬂgﬁa'@§?z@ﬁ%b%%)ﬁ0t assi um
carbonat e sol uPiaRaraphendne bpr@tabpn 88h watey eh@bHeE MhR elShe! €act i on fl ask
cont ai ni ng t hergishytkd RGILRL-Backd itk R nmixture stirred at 367 RPM
for 8 minutes. The layers were a Iomg‘ﬁﬁﬁgasg(ggué}?gf?@%‘ﬁderf‘%ﬁbﬁsi c aqueous
phase (bot t oM TAYEATE WRETERcH etiresr vgias pdeptane 1483 ad fbtasdol and 1gli scar ded.

24. The 1Q% sofli.um i de sol ution prepared in Step 19 was charged to the
reaction flaskecorrlj%l %n(reﬁ{olrrlg]a?#é)us%fjﬁwmglé‘é s & g3 4™n and the mixture

stirred as. 374}2—%1&&?&%0%@&&@@:675%?%5’% fe2d 10 ef{a || oved to separate and
o] ) wa

t he aqueous phase ( tom | ayer transferr 'a suitable flask and
di scar deds. IN hydrochloric acid prepared inStep 1 (11.2 L) was charged to the flask.

7. The stirring motor was adjusted to Pprovide stirring at 326 RPM.

8. The 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 (537 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 aqueous methanol solution was transferred in approximately two equal halves

to two rotary evaporator flasks and concentrated under reduced pressure using a




25. The ethyl acetate solution was transferred under vacuumin
approximately two equal halves to two rotary evaporator flasks and
concentrated under reduced pressure wusing a rotary evaporator, naintaining
an external bath tenperature of 34 C. 26. n-Heptane (14.8 L) was divided
into two approxi mately equal portions and charged to the two rotary
evaporator flasks. The m xtures in each flask were then 47 concentrated
under reduced pressure using a rotary evaporator, maintaining an external
bath tenperature of 34 C. N-(2-Pyrazinecarbonyl)-L-phenyl al ani ne-L-1 euci ne
boroni c anhydride, crude 1. In a glass flask equipped with a stirrer, a IN
sol ution of ~hydPBEHI oL Rapginngynsxipmal bafhleperature &P\ “RilRE9§ D. 1. wat er
(20.36 L) and hydiachwesiotlerli d (1.84 kg). 2. In a glass flask equi pped
with a stirrer, a 2N sodi um hydroxi de solution (12.03 L) was prepared by
m xi ng D. | 16-watllishl@rarpetb@e (§.37dn tasedi torinahsfelrtipesdduc(f@nOB@rdigy evaporatbhe

resi dues cont aigligad o deraBion Pz Nanedi ol N-(2-pyrazi necar bonyl ) -L-
phenyl al ani ne-L-| euci ne boronate in each rotary evaporator flask were then
transferrety.t o 28 shliueeyaeRie d1 g psspdi@an biepD whi @slge@auhomed Wi th a
tenperature recorder and a nmechanical stirrer, using n-heptane (14.8 L)
and net hand. ( I4e 8iciprothethdiedayet {lowdr gerrwedranweisedaid ja asitabld flhgk apd ovi de
stirring at 284;.RPMs; 5. 2-Methyl propaneboronic acid (0.672 kg) was charged
to the flask. 6. I'N hydrochloric acid prepared in Step 1 (11.2 L) was

char ged t 014 he Hidhasdmethahe %5'@7@;) hd dhfirg&0to MR FREK ANA She Rl icz!:?és%&]g& £ 3pL OVi dﬁ
stirring at 32 M,_8 T reaction mxture was stirr or 16.38 hours
The start batcgwﬁepfﬁﬁ)sel?%ﬁ?'g'h@éfses%?e@ﬂ‘@e tﬁaeﬁaﬁéeaé‘ﬂé‘adjg%%ﬂﬁo rature was
21.6 C. 9. A siaypl(ewessydrhess thesioreddo 4 oitabladpk ecbdiscatdedt i ng by RP- HPLC.

10. The percent conversion was determ ned to be 100% 11. Stirring was

st opped antf- t héskinsligiiaremethare & taMapdharret & theflagk andthe mxtngpisred-ahept ane
Iaﬁgr (U|0|0(eEr5 lg,aaaanv? anﬁﬂ@éa.srgepmehhmemo%uam@éaﬁatéék@ﬁkeand di scarded. 13.
n- Hept ane . 37. was char to the reactio as the m xture
stirred at 381dlcwg?“%&¥ﬁgﬁﬂ‘fe§g@e%ﬁ“é‘sﬁr Fec Rareitablq r‘}to separate and
t he n-heptane piaasded. (upper | ayer) was transferred to a suitable flask and

di scarded. 14. Again, n-heptane (5.37 L) was charged to the reaction flask
and the ni3t ur Bicgloromegng5-37 L) was charged to the flask.

22. 1IN hydrochloric acid (10.7 L) was charged to the flask with stirring. The pH of the

aqueotis phase was determined to be 6.
23.  Sirring was discontinued and the phases allowed to separate.

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

receiving flagk.

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 flagk.

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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340 RPM for 6 mnutes. The layers were allowed to separate and the

n- hept ane phase (upper layer) was transferred to a suitable flask and

di scarded. 15. The aqueous nethanol solution was transferred in
approximately two equal halves to two rotary evaporator flasks and
concentrated under reduced pressure using a -48 rotary evaporator, _

mai ntai ning an external bath tenperature of 33-34 C. 15 L of nethanol were
coll ected. 16. Dichloronethane (5.37 L) was used to transfer the residue
fromthe rotary evaporator flasks back into the reaction flask. 17. 2N
sodi um hydr exi d repared.in Step 2 was charged to the flask. 18.
The dichIoronetE%#e$?§§§%u%ﬁgﬁgﬁﬁwgV§P? FPRPameels equalipertora asdii t abl e f1 ask
and di scar ded. “HgEEAY EiNitee ey raperaioblaAl:. fe MR ARk el | ask and

the mixture sti kéehtdted3hder [REMS S.plnutes. The phases were allowed to
separate and the_dichl r onet hane ﬁ%sgyggl? OVETY TYANEFPL aintairiegasf erred to a

suitabl e flask SH HiPaldeeRezp o of 45485C.n, di chl or onet hane, (5.37 L) was
charged to 4ghe 4 dt i xture stirred at 368 RPMfor 8 minutes. The
phases were all o%é%%h gp%cgtﬁlaéﬁgt%)ﬁ;‘ﬁﬁf Jided fp i Hiremindieln eqrabyoetions hawer

| ayer) was trangreged éxthe tvarotui dvair@orfflagis Kk Re i ﬁ%@%%wé%then

Di chl or onet hanecd&nddted hinM@fdGL to.the flask. 22. 1IN hydrochloric acid
(10.7 L) was chggeg%gbfo t he deag%%\?\Agﬁus’sﬁgiarr?tFng’."aPPF?éorp‘PF‘léiﬁlnﬁg@n aqueous
phase was det erfi atﬂb"eHE’e’G?‘“%.%ﬂiTQMﬁigapmsmdﬂeﬁambfﬂw&qghaamd t he phases
al | owed to separdtresreddinedlhe di chl or omet hane phase (| ower layer) was

transferred under vacuumto a glass receiving flask. 25. D chl oronethane

(5.37 L) wd% cHuHegrighe(D. 21 avaf Hisislkd mrctwh BEprodiehdfy@aSh bEk: 330, RPM for 6
m nutes. The pha&ewmﬁy@ab@%gﬂgsﬁs X; helf(%te a,ng%?heb%g%%%g‘arrﬁeﬁane | ayer
(lower layer) was t anPferred to the gl ass felEed "pder f niggsgen 26. Agai n,
di chl or omet hané ™ B 5o 563 hasrsah2d-3ed. t o the flask and the mixture stirred

at 335 RPM f ok, LUt es. e.phases were allowed to separate and the
di chl or onet han?ltf?%%F%\?\%JQX?fg‘é?‘)“%?W\ﬂm’ﬂi@wwam&;@&ﬁer ecei vi ng
fl ask. elt itter pad. ‘

32, The solid was washed with n-heptane (2.96 L).
33.  Inahood, the solid was transferred to four drying trays and air-dried for 1.25 hours

34.  The solid was then dried at 36 - 50 °C under a vacuum of 27” of Hg for 18 hours 27

funutes in a vacuum oven equipped with a vacuum gauge and a temperature
recorder.

3. 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~PyrazinecarbonyI)~L—pheny1a1aru‘ne—L~1eucine boronic anhydride, crude was
Ppackaged into two 5L, HDPE, tamper-proof wide-mouth bottles and labeled.

37. The isolated yield was 1.314 kg, 83%.

Recrystallization of N-(2- i -1 - i :
Reay n of N-(2-Pyrazinecarbonyl)-. phenylalanine-L-leucine boreonic anhydride,

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.  Ethylacetate (21 L) was charged. to the flask.- - - . S
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27. The dichl oronet hane extracts were conbined and transferred in
approximately two equal halves to two rotary evaporator flasks and
concentrated under reduced pressure using a rotary evaporator, mnaintaining
an external bath tenperature of 33- 34 C -49 28. Ethyl acetate (12.95 L)
was divided into two approxi mately equal portions and charged to the two
rotary evaporator flasks. The m xtures in each flask were then

concentrated tinder reduced pressure using a rotary evaporator, mnaintaining
an external bath tenperature of 45-46 C. 29. Again, ethyl acetate (12.95

L) was divided into two apprOX|nateu§ equal portions and charged to the
two rot ary 3evapbrestl acripigsvas heated do 6587 ipdey almﬁ%a%wmi‘%%%él@hen

concentrat ed ungger/eedibeE pressure using a rotary evaporator, maintaining
an external bath tenperature of 45-46 C, until approximately 10% of the

original 40Iudﬁ{?%ﬁﬂﬁm&dﬁmﬁoIqﬂm#ﬁﬁmﬁmekﬂﬁh&hﬁ@ﬁm@ﬁmﬂ&Wkﬁﬁw(immo t wo
appr oxi mat el y_aguiahs fakk 008 WYl LRALGALL SRl IR EY 0T At of

flasks, and th l'urry stir anitro at nosphe 2.67 hours
at 22- 23 C. 31.mipHEs:sol i d mas isolated by filtration on a Buchner funnel ,
lined wwth_a p 32.. The was washed wi th

| ene It filter ol
n- hept ane EQ.Qgh%§“§%%“@ﬁ“§“ﬂg dIm?ﬂ%“@%Fﬁﬁmﬁﬁ§”FP3ﬁ§%@ﬁF%ﬁ to four drying
trays and air - dempdatinerof the 23utvowass4°C34. The solid was then dried at 36 -
50 C under a vacuum of 27" of Hg for 18 hours 27 mnutes in a vacuum oven
equi pped whbt h aheBeal eanregaing cermre and tlampiatuag wasslowliowoled 60 °G8singhe sol i d was
sanpl ed fromeaghphmay to determne the % Loss on Drying (LOD). The LOD
was determned to be 0.38% 0.62% 0.71% and 0.63% on the four sanples
t aken. 36.7.N- ( ZhPystatiyhaeatebamyn)wak trpﬂmmngeua{tamimlhg f181 Gia POIy BEHLGNI C

anhydride, cru er - proof w de-nouth
bottles and | abe?x\/g&y%@%q%ﬁ%??llseo glicagls yi eF‘ga\Bans h pkg 83%
Recryst al | § zat 80 m@fubdkvaLalRWea B HE CHAXRY Ank HoRhanybal e ErikradefUC N€

bor oni ¢ anhydri de,
atmosphere without stirting, for 17.75 hours. The final temperature was recorded as

20.5°C.

9. The mixture was cooled using an ice/water bath with stirring for 2.33 hours. The
temperature at the start of the stir ime 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-I-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.  N-(2-Pyrazinecarbonyl)-L-phenylalanine-L-leucine boronic anhydride was stored at
—251t0-15 °C.
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crude 1. In a hood a glass reaction flask equi pped with a nechani cal
stirrer, a reflux condenser and a tenperature recorder was flushed with
nitrogen. 2. Ethyl acetate (21L) was charged-to the flask.- -50 3. The
ethyl acetate was heated to 66.8 C under a nitrogen atnosphere, using a hot
wat er/ st eam bath. 4. N (2-Pyrazinecarbonyl)-L-phenyl al ani ne-L-1 euci ne
boroni ¢ anhydride, crude (1.311 kg) was slowy charged to the reaction
flask. Charging occurred over a period of 3 mnutes. 5 The m xture was
stirred for 1 mnute until all the solid had dissolved. The tenperature of
the solution was 64 C. 6. The heat source was renoved and the m xture was
sl ow y coolE&mrle3:60 1\621}’%‘1512;@1’0&19? trhenyiplaxine-TFlvacihoboretihyihyddét at e sol uti on

was transferred int &oavergss Wlﬁffsflask via poly tubing and a pol ypropyl ene
. 8 The n];xture was al | owed

in-line fil & slgl e

to cool to@%@-@—’,"c?ﬁ—éﬁ%&%& : e E0akes pher e

W t hout st igogsi NQ, Lol m]' il rature vas re(F:)orded as
t 1 Qlsotfio éltkgkgé iny i a.l@umo I”ER& oroaﬁ%?tﬁ

20.5 C. 9. The mxture was d using an ith stirring for
2. 33 hour sMetfyiputapetrherpeate /i a7 ﬂ%hﬁfawumma@ﬁ grofin 6ennafdMF 8 C, and

-2.8 C at {whewosRa o -50c, :itkea 8) i 2888or @@@aﬁgxﬁ&rﬁoamd@hfo%?gpma Buchner

funnel lined with a rQ ne felt filter rate was
ol et ed TR prEaRoT G s GLRr o Pourrla FEurA=elsS iefife do apt icercy |

acet a]E e (2NE2pipzinaabbeyd)-L-phedylflatine (192 g; plRpaedBPGuplingehe défognéaas o5 o
transferre The en dried at 51-65
under a va%ﬁ%%n%&ig;%g%&@é Exyfégc%o‘ﬁq%gf enygﬁlaﬁ'ﬂ’teé%‘ﬂ?’ﬁnﬁwefﬁg %A oven

equi pped vt Bf BMY aes edfed Atmethdmerpholine frembY ai p empemboe dfdr°C, &hd theThe sol i d was
sanpl ed t o smua&l%&ead%{ect@%s e;Qon\' ﬁ'ﬂe&lkx%mnxmeadju@d%7§$t ermned to

be 0.65 % ddgg 62 % he t wo s | es t aken,
N- ( 2- Pyr az R tﬁoﬂc?ﬁi'fl‘of eF_ Bﬁ‘ér?flll\!é‘i' @rpoling ard %‘i’é’eﬁeﬁ‘e@ﬁﬁé L rgigmg el de was
packaged temperature slowly to 21 °C. After filtration, the filtercake was washed twice with MTBE

and the combined filtrates were diluted with 950 mL of MTBE. The organic layer was

washed with 20% aqueous citric acid (3 x 150 mL), 20% aqueous NaHCO, (3 x 150 mL), and

brine (2x). The organic layer was dried over Na,5O, filtered, and concentrated, yielding 25.5
g (95.5 %) of the title compound as a foarn. As indicated by tlc this material contained some
minor impurities, including approximately 2% of cyclohexyl urea.

N-(2-Pyrazinecarbonyl)-L-phenylalanine-I-leucine boronic anhydride

[099] A solution of (15,25,3R 55)-Finanediol N-(2-pyrazinecarbonyl)-L-
phenylalanine-I-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 HCI were added in portions, keeping the temperature
between 15 and 25 °C. 2-Methylpropaneboronic acid (8.67 g) was then added under
vigorous stirring, 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 E£,O (4 x 100 mL each), and then brought to pH 6.0 by the addition
of 102 mL of IN HCI. After extraction with 100 mL of ethy] acetate, the lower layer was
adjusted to pH 6.0 with 1N HCl and extracted one more fime with 75 i, of 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

~-52.




into four 1L, Type 3, Anber Wde-Muth Bottles with Tefl on-Lined Caps and

| abel ed. 16. The isolated yield was 1.132 kg, 86.3% 17.

N- ( 2- Pyrazi necar bonyl ) - L- phenyl al ani ne- L-1 euci ne boroni ¢ anhydri de was

stored at - 25 to -15 C -51 Exanple 3: i ‘

N- (2- Pyrazi necar bonyl ) - L- phenyl al ani ne-L-1 euci ne boronic anhydri de

Convergent Synthesis (1S2S, 3R, 5S) - Pi nanedi ol

N- ( 2- pyrazi necar bonyl ) - L- phenl al ani ne-L-1 euci ne boronate [098] A solution

of (1R)-(S)-Pinanediol 1-amoniumtrifluoroacetate- 3-

met hyl but ane;1- . . (13.,97 and hydr oxysucci nim de (6.23 g) of in

66 . of - D RN, Sulebvta st b A, SRR Sty

di cycl ohexyreartadicllereddy teadaEoydf. 150k of WEBHI Thd sugpensiopemsiaal was stirred

for one Nowkn@bn Pari@¥R8TRLILHE fifidred, FaltRd Bvife wilPhviPe® Qb mlr high

N ( 2- pyrazi necar bci%l i L-phenyl al ani ne (19.52 g; Eere are y c%upl ing the

prefornmed VESHUEY HFfHng &0t &2 B of Nriepyremiecarsnsipl-p nﬁghl'we LHeucingheny| al ani ne

i n di oxanebwatie kyhyitiddx2 a white 8flidDMF was added N-net hyl norpholine (5.7 nL) at

a tenperature of 0 C, and the resulting solution was added to the

suspensi Onﬁxﬂiﬁeéusﬂﬁ%%k&&n%é%%%}:&ﬂ &ltaﬁo M-{E& Sﬁgﬁgﬁ%gﬁ{d# 99, of anot her
C

5.7 mL of N-net hyl mpppbobhBe R clbbhE g}
tenperature slowly to 21 C After fti tration, tl%e 0fnl"’{etercake was washed

twce wiht h [OMIDBE aInmetdm'ceedaﬁ‘bﬁmﬁlit%bfl(ImﬁISQS,Bm@S)qm%L&{g,qu Wit h 930( mL of
MIBE. The organi c er e 1th 20% aqueo citric _aci 3 x 150
nm), 20% aarﬂlggrﬁgmﬁg@é&cegg%%mﬁg\gmeﬂ—%@amgﬁ%@?@)was eierriregdii ¢ | ayer
was dried wweghirNg28SOromdtigraphy €6C). and concentrated, yielding 25.5 g (95.5
% of the title conpound as a foam As indicated by tic this materi al

cont ai ned SRdHEcald?l NOr | WpurA&lcﬁ_&;ﬂei(ﬁ]ngjﬂbmemqéﬁéi mately 2% of cycl ohexyl
urea. N-(2-Pyrazinecar bony%k—%%%h&rﬁ%%ﬁani ne-L-| euci ne boroni c anhydride
[099] A solution of (1S, 2S, SRA&Ee Hingprdn ke g, qr gedwseny | ) - L-
phenyl al ani ne- L- | euci ne borlifabmwadeB&arbydrjdei(TFA2Q Tp.ariMeddk dvleddivang 190 L of
hexane was  cooled to 15 C_ and _109.4 nL of 1N HC1l were added in portions,
keepi ng t NESYERPEr at ure  bett¥e&H 280 sypgmesequivalpnivet hy| pr opanebor oni ¢ aci d
(8.67 g) wasmvlephamtided undgr vigorous stirring, and the stirring of the

bi phasic m xture vas, continued over plaht . After separation of the two
otvertt A {ith r}‘xp ximatel ;ado of & -a%L EE{W aheql%\%
phases, the VT stanB¥ B Wa%cé%ﬁc&gfglg gg?tgkaélo - vouglve 1cfgsgl<. SmLof The
TFAA were added and the flask was brought to volume with
acetonitrile.

Sampie 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 x 0.25 mm i.d. x 0.25 um flm

Mobile phase: H ‘

Temp. program: 130 °C (0.5 min); 0.5 °C /min to 200 °C (¢ 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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| ower | ayer was then concentrated in vacuo until it becane cl oudy, followed
by the addition of 109.4 niL of 2N NaOH and 100 nL of Et30 The two phases
were separated the lower |ayer was extracted with Et,O (4 x 100 nL each),
and then brought to pH 6.0 by the addition of 109 nL of IN HO After
extraction wth 100 nL of ethyl acetate, the |ower |ayer was adjusted to
pH 6.0 with IN HO and extracted one nore tinme with 75 nL of ethyl acetate.
The conbi ned ethyl acetate |ayers were washed with sem -saturated brine (2
x 25 m) and brine (2 x 25 nL), dried over Na2SO' filtered, and
concentrated to afford 153 g (81.8 %9 of crude

N- ( 2- Pyr azsiggakdaonyl ) - L- phenyl al ani ne- L-1 euci ne boroni ¢ anhydride as a
150 nL of ethyl acetate and

foam The -52 crude materi a i | ved r f

concent r at ed 'F‘f’o{f'é%uo to a Zl gggyé%@fﬁﬁpﬂwdwgmmswmﬁuaweﬁ% of 150 nL
of MIBE. The suspension was™Storaae battiEn 2 and 8 C over night, filtered,
washed twice with MIBE, and dried under high va m yielding 10.69 g
(57.2 %9 of N (2-pyrazi necarbonyl)-L-phenyl al & -L-1 eucine boronic
anhydride as a white solid. Exanple 4: Measur® of Diastereoneric Ratio
of (1R)-(1S,2S, 3R, 59)- Pi nanedi ol - 1- B~g

ammoni untri fl uor oacet at e- 3- net hyl but ane- 2-b roRat e O[_|0100) The

di astereoneric purity of (1R)-(1S, 2S, 3R 5S) - pi n%megl ol - 1-

amoni unt r i f Fuspeddet at e- 3-GBHIBASBRESERdnedior lomataiymiviipoundat)s- was
deternined by non-chiral gaghdhrsedthegmalehy (GC). Chemcals: Acetonitrile
(p.a. Bruker or equivalent) Tetradecane (internal standard) (Fluka puriss.
or equivalent) Trifluoroacetic anhydride (TFA p.a. Merck or equival ent)
I nstrument: Trace-GC 2000 system or equival ern ile phase: 1-4 Solvent A
(wmth Approximately 300 ng of tetradeca gwei ghed with an internal
standard) accuracy of 0.1 ng into a 100'%’5 olunetric flask. 1.5 nL of
TFAA were added and the flask was brought to ¥BiIRB°%ith acetonitrile.

- Sanpl e Pr %?%@Etci;%:so@uﬁ%‘ﬂt 150 ng of the sanple were exactly weighed (within
0.1 ng) i - lumetric flask. The flask was brought to volune
wi th Sol vegigr A They SQkULIOR MMBsEnpthRl Pad Hepated HFWHBLES 150.13 me of

compound 1 into a 10-mL volumetric flask and bringing it to volume with Solvent A.

Stability of this solution was tested at ambient temperature over 48 hours. The stock
solution was filled in 6 separate GC vials. Injections onto the GC system were carried out
from these vials after 0, 12, 24, 48, and 72 hours {double njection 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-

MS5 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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before injection. GC Paraneters: Colum: Rtx-200; 105mx 0.25 nun i.d, x
0.25 mfilm Mobile phase: H, Tenp. program 130 C (0.5 mn); 0.5 Cmn to
200 C (0O mn); 30 Cmnto 300 C (2 mn) Flow 0.9 n/mn (cont. flow)

I njector tenperature: 250 C Detector tenperature: 250 C (FID) Split: 1: 50
I njection volune: 1L -53 Substances Conpound 1 '

(1R - (1S, 2S, 3R, 5S) - pi nanedi ol - 1-a mmorduntrifl uoroacet ate-3

met hyl but ane- 1-boronate O wB O NH2 F3C- 000H Conpound 2

(1S)- (1S, 2S, 3R, 5S) - pi nanedi ol -1 -amoni unt ri fl uor oacet at e- 3-

met hyl but ane-| -boronate ~g 0 "'H2 F3C-000H Stability of the solution
[0101] A stock solution of conpoupngdyl Higdggmaityepar ed by wei ghing 150. 13 ng of
conmpound 1 into a 10-m, volunetric fm bringing it to volunme with

Sol vent A gabi lity of this solution was tested at anbient tenperature
over 48 houV’d The stogil toagkamiion was filled in 6 separate GC vi al s.
stemwere carried out fromthese vials after O,

I nj ections ﬁ(&t O he %ﬁ s¥ €
12, 24, 48,7 BfcY72 Howiedt oasndie ompadlgnmput of each vial. The area/6 of
determ ned. No changes in area% were

conpound 1 papd Qund. 2 _wer
E&Q{TP %efglﬂﬁ?fs azb%sﬁll“lﬁt[li“ﬁh is stable over 72 hours at anbient

observed, indicating
t enper at ur e104] A sample concentration of 0.05% of the standard test sample concentration

was injected and showed a signal to noise ratio of 4.3, Therefore, the limit of detection is
0.0075 mg/mL.

Limit of Quantitation

[0105] The limit of quantitation (LOQ) was defined o be that concentration where
the signal of compound 1 showed a signal to noise ratio of at least 10:1. Signal to noise ratio
was calculated as described above, A sample concentration of 0.1% of the standard sample
conceniration was injected and showed a signal to noise ratio of 10.1. Therefore, the limit of

quantitation is 0.015 mg,/mL.

Example5:  Purity Assay for N-(2-Pyrazine
- carbonyl)-L- ine- i
boroste antrdide VT onyl)-L-phenylalanine-L-leucine
[0106] The purity of N-(2—pyrazinecarbonyl)-L-phenylalardne—L~1eucine boronic
anhydride (compound 3) was assayed by reverse phase HPLC,

Reagents: Water, HPLC grade
Acetonitrile, HPLC grade
Formic acid, ACS grade, > 98% pure
3% Hydrogen peroxide, ACS grade or equivalent

Instrument

High petforinance Autosam tveri
1igl pler capable of delivering 20-vL injecti
liguid chromatograph maintaining a temperature of 5 °Cg ol infections and

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
-lin, Waters, cath WAT054275. ’
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Specificity [0102] Approximately 150 ng of a sanple conprising conmpound 1
and conpound 2 were dissolved in Solvent A and injected to the GC
chromat ographi ¢ system The peak for conmpound 1 was well|l separated from
t he peak for conpound 2. Peak purity check by GC- Ms showed no ot her
conponents co-eluting with conmpound 1 or conpound 2. Limt of Detection
[0103] The limt of detection (LOD) was defined to be that concentration
where the signal of compound 1 showed a signal to noise ratio of at |east
3:1. A previous blank neasurenment was carried out to show that no ot her
peaks interfered. The signal to noise ratio was calculated by the

equation: -54 S gnal H( basel ne) S/N = signal to noise ratio

H('si gnal ) Smﬁ@fbﬁ?m% 01Elgna.Pl? h d3 &§@Pﬁh@7ﬂéwﬁelght of

si gnal baseline [ mj [01041‘Il Fg ?Gbg@ﬁﬁﬁ t he standard
test sanple concentration ) Sa:nd% 0 gis ﬁ%PP? ddoi se ratio
of 4.3. Therefore, the Iim pp TS Mt of
Quantitation [0105] The Ilthan ﬁlﬁ%ﬁg g@ﬁ 5?0 be t hat
concentration where the S|%§ab@ Or@gg%% reg Af: n0| se
ratio of at least 10:1. Signal to noise ratlo was ¢ ate a descrlbed

above. A sdPil Baraoeteentrati on of 0.1% of the standard sanple concentration

1! GO AR, 2 LA Rl it A sl g (P
N- (2- Pyr azi nideide Fﬁﬁ) L ph“efﬁwaﬂa/ma&éﬁmuemd B&20:05d ¥ vl degabsedr i de [ 0106]
The purity ofigdNuate2- pyr azi namanbesy! ) - L- phenyl al ani ne- L- 1| euci ne boronic
anhydri de (c§% fund 3) masﬁﬁf%ﬁ%ﬁgﬁby reverse phase HPLC. Reagents: Water
r .

HPLC gr ade Onitrile

Injection Volume: 20 uL.

Column Temp: Ambient

Sample Tray Temp: 5°C

Gradient Program: Time %A %B

0 100 0
15 100 0
30 0 160
45 0 100
47 100 0
55 100 0
Substances
Compound 3 N-(2-Pyrazinecarbonyl)-L-phenylalanine-L-leucine boronic
anhydride

0 9
N N_B
= "N ~
EN/ Ho 5 :\r 8
Compound 4 N-(2-Pyrazinecarbonyl)-L-phenylalanine-D-leucine boronic

ven o
(Y vi
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Form c acid, ACS grade, >_98% pure 3% Hydr ogen peroxi de, ACS grade or

equi val ent I nstrunent Hi gh performance Autosanpl er capable of delivering
20-uL injections and |iquid chromatograph maintaining a tenperature of 5 C
Punp capabl e of gradient delivery at 1.0 nmL/m n UV detector capabl e of
nmonitoring effluent at 270 nm Col uim Symmetry CI'S chromat ogr aphi ¢ col umm,
250 mMmx 4.6 nmID, 5-pm Witers, cat# WAT054275. -55 Sanpl e Preparation:
Approxi mately 50 ng of conmpound 3 were accurately weighed into a 50-nL
volunetric flask. Mbile Phase B (5 nL) was added and the m xture was

soni cated to dissolve conmpound 3 (approximately 30-60 seconds). The

sol ution was @inpsavesl to reaglrPaaneck@sReRbntnHalafthd-DI&Rink Bor¥RL UME Wi th
Mobi |l e Phase A, and m xed wdyttsiddeach sanpl e was prepared in duplicate and
was stable for 7 days when stored at 2-8 C protegted fromlight. HPLC
Paraneters: Mobile phase A: Acetonitrile/water/[fom cqyacid, 30:70:0.1
(v/vliv), degassed Mobile phase B: Acetonityi fornlc aci d,
80:20:0.1 (v/v/v), degassed Flow rate: yl. ector: UV at 270 rem

I nj ection Volune: 20 sL Col um Tenp: AfbrEntN §ay Tenp: 5 C
G adient Program Tinme %A %8 0 100 0 ~% 100 63 100 45 0 100 47 100
0

{01071 The retention time of compound 3 was typically between 10 and 14 minutes

when using an HPLC system with a 1.3 minute dwell volume. Compounds 4 and 5 co-

eluted at longer retention time, with a resolution of = 2.0.

{0108} The relative retention of compound 3 in a sample chromatogram to that in the

standard chromatogram was calcutated according to the following equation:

tsem

Rr=
tsed
Where:

R, = relative retention

fw = retention time of compound 3 peak in the sample
chromatogram, minutes

to = 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:
Aseme . Wad X P 1
Yoassay = X b X100
w Asa Waarm 100--M
100
Where:

AL, = 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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55 100 0 Substances Conpound 3
N- ( 2- Pyrazi necar bonyl ) - L- phenyl al ani ne-L-1 euci ne boronic anhydride NN O N

N,B N NO Y3 Conmpound 4 N-(2-Pyrazinecarbonyl)-L-phenyl al ani ne-D-1euci ne
boronic anhydride O\ I OHOY 3 NIII,. -56 11 Conpound 5
N (2- Pyrazi necar bonyl ) - L- phenyl al ani ne-D-1 euci ne boronic anhydride N O N
O CH 3 (0107] The retention tine of conpound 3 was typically between 10
and 14 mnutes when using an HPLC systemwith a 1.3 mnute dwell vol une.
Compounds 4 and 5 co- eluted at |longer retention tine, with a resolution of
? 2.0. [0108] The rel ati\i§ retention of conpound 3 in a sanple chronmatogram
to that in the standard &hrommat o§PSRPRRL BEPRI at ed according to the
follow ng e i on: = : ; .= relative retention tam =
retention t'?irrhg} of co%%r E%ﬁeéaﬁ% |E E[ﬁleewlsﬁaur}ﬁf%l Saifiple Were calcuated

according to the following equations:

Zds
Where
R = relative retention
t = retention time of the individual impurity
t,, = retention time of the compound 3 peak
Bl = AiXWsa X PX DF X RF: %100
Astd 1% X Wiam
Where:
I = individual impurity
A, = Ppeak area response of individual impurity in the
sample preparation
A = 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)
DE = dilution factor, 1 /100
RE, = relative response factor of individual impurity
00 = conversion to percentage factor
[0111] When assayed by this method, N-(2-pyrazinecarbonyl)-L-phenylalanine-1-

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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ram mnutes t , = retention time of the drug substance peak in
;:E(raorrglt gges[n precedi ng standard chromatogram mnutes [01091 Assay _reosults
were cal cul ated for each sanple according to the foll ow ng equation: %ass
Asa, ,, xWadxPx 1 x100 Asld Ws-. 100-100M ( V\_here: A m = peak area
response of compound 3 in the sanpl e preparation As" = nean peaﬁ ar eah f
r esponsWIPAT ®ORAMEDIsI n the working standard preparation Wb = weig '{No
the standard, ng P = assigned purity of the standard (decimal fornat) m

= i ght of jhe s | e, M = noi sture content of the sample, % -57 100 =
co\rllv\ella?siton to per g’g?cefs(fﬂlalﬁpﬂé‘l@qb@ﬁenK@BientompmamhbﬂfmmMa(Iy l evel s in Each
sanpl e were cal culated according to the follow ng equations: R t ot
Where: R = relative retentlon}RR‘retentlontlma of t(r)le |_nd|V|duaI
impurity td5 = retention tine o onﬁrrpoundBpeak Nt =

Al xXWdxPXDFXRFI XI OO Asr a, 7%(V\$am V\h r5e 0

wherein:
R!is an aliphatic, aromatic, or heteroaromatic group;

R?is hydrogen, a nucleofugic group, or an aliphatic, aromatic, or heteroaromatic

group;
R3 js a nucleofugic group or an aliphatic, aromatic, or heteroaromatic group;

each of R* and R®, independently, is an aliphatic, aromatic, or heteroaromatic group,
or R* and RS, taken together with the intervening oxygen and boron atoms, form
a 5- to 10-membered ring having 0-2 additional ring heteroatoms selected from
N, O, or S, where the 5- to 10-membered ring optionally is substituted with one
or more substituents selected from the group consisting of -halo, -NO,, -CN, -R*,
-OR?, -SR?, -N(R*), -NR*C(O)R*, -NR*C(O)N(R*),, -NR*CO;R®, -O-CO3R*,
-O-C(O)R¥, -COzR*, -C(O)R¥, -C(O)N(R*)z, -OC(O)N(R*)z, -5(0)2R?, -SON(R*)s,
-S{O)R°, and -NR*SON(R*)y;

any of said aliphatic, aromatic, or heteroaromatic groups optionally is substituted
with one or more substituents selected from the group consisting of -halo, -NQO,,
-CN, -R*, -OR¥, -8R®, -N(R*), -NR*C(O)R*, -NR*C(O)N(R*)2, -NR+*CO,R®,
-0-CO;R*, -O-C(O)R*, -CO:R*, -C(O)R, -C(O)N(R*)z, -OC(O)N(R*)z, -S(O)zR®,
-SON(R*)z, -S(O)R®, and -NR*SO:N(R*)z;

each R* independently is selected from the group consisting of R*¥, -C(O)R*, -CO,R*,
and -50;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, 0-2 ring heteroatoms selected from N,O, and S;

each R* independently is hydrogen or an aliphatic, aryl, heteroaryl, or heterocyclyl
group that is optionally substituted with-halo, -NO,, -CN, -OR, -SR, -N (R)2,
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i ndividual inmpurity A, = peak area response of individual inpurity in the
sanpl e preparation A'dax = average peak area response of conpound 3 in the
1 % standard preparation W = weight of the standard, ng Ws, = weight of
sanple, ng P = assigned purity of the standard (decimal format) DF =
dilution factor, 1 /100 RE = relative response factor of individual

rothod. ' (2- py atnear BN EE G AR BSOS annyari de

from Exanpl e 2 -GI(&)M{H)ZI-QICE(O)NWES(QLZR,S-S_QJENU@§Ss(dmrb.r11%125&)9@%{ 1 Wile the
p

foregoing invention has been described in sone detail for poses of

clarity and emHe®esicpehdgilyifesgiphatid &gati#l?ggﬁ‘igg{a@ HB%JV%Bﬁ?W Subk @

considered as illustrative and not re be appreci ated by

one skilled i n%iHehalptNQaofMh -PRa8RNN(Rpf-NRG(O)R-DRAUOIN®R)4 HERCOaR,i ous

changes in fornyg det & € _(gr(e)gﬁ_' rting _fromthe true
scope of the inv?ﬁ%@??&@%&%ﬁe ag@m&\sﬁ'{zﬁ@&( > d®¥ED 1S 1. A
process for preaN(RE &M aiNRSEBNR),;@agpound of forrmula (1): R3z *R1
,,OR ORS (I) wherein: RL is an aliphatic, aromatic, or heteroaromatic

group; R2 iSeahtyﬁli@@eailiplaﬁau@mqgt&gm],%gggmc?a Ogi,’.i phatic, aromatic, or
heteroaromatic . group; R3 1s a nucleofugic g?o p or an aliphatic,

ar omat isﬁidlﬁbc&gt;&ﬁ?ﬁgiﬁg{‘ati c group; each of R4 and R5, independently, is an
al i phatic, aromatic, or heteroaromatic group, or R4 and R5, taken together

with the intervening %&g&ﬂlg%%rtlﬁp' atdl C&Ingf& of FTa (In:

2 R3 b
RS R or
YTBY L,
ors M (I
where
Y is a nucleofugic group;
M-+ is a cation; and

each of R? to R5 is as defined above; and

(b) contacting the boron "ate" complex of formula (I) with a Lewis acid to
afford the boronic ester compound of formula (J), said contacting step being

conducted in a reaction mixture comprising:

] a coordinating ether solvent that has low miscibility with

water; or

(i)  anether solvent that has low miscibility with water and a
coordinating co-solvent, provided that the coordinating co-solvent constitutes
no more than 20% v/v of the reaction mixture;

wherein the solubility of water in the ether solvent that has low miscibility with
water is less than 5% w/w.

2. The process of claim 1, wherein the reaction mixture comprises a

coordinating co-solvent.

._60_




a 5- to 10-nmenbered ring having 0-2 additional ring heteroatons sel ected
from N, 0, or S, where the 5- to 10-nenbered ring optionally is
substituted with one or nore substituents selected fromthe group
consisting of -halo, -N®2, -CN, -R*, -OR*, -SR -NR*)z, -NR+C(O R*,
-NR C(ON(R+t)z, -NR CO2R, -OCQ2R*, -OC(OR*, -QO2R*, -C(OR*,

- (O N(R ) 2,3, - OC(1@e N Rebdof 1t azlﬁere th&alrating <SG By 808N K) 2

any of said aliphatic, aromati c, et er oar omat r'c groups optironally is
subst i tthe E@upwpnﬂsmg@f@ﬁmdmfsmbsdmtmnmtesehdmmgthrésrtchmebhe gr oup
consisting of -halo, -N®2, -CN, -R*, -OR*, -SRO -N(R )z, -NR+C(O R*,
-NRFC(O N(R*) 2, -NRWCO2R, -OCX2R*, -OC(OR*, -C2R*, -C(OR*,

-C(ONR )24 - Ct(rb)eméﬂeyszof cla80.Q) RRerein tBERMrBINalng e S6EYEht canditudRhSR2N( R+) z;

each R* |n I S_sel ect fromthe group consisting of R*, -C(OR*,
- %‘a&e%é‘% 8Ifcf\l:l h%*“'B?dq“’tehe sane nitrogen atom taken together
vmththe nitrogen atom forma58 menbered aronmati c or non-aromatic ring
having, in _Ladditjion to t e nitro 1g heteroatons_sel ected from N,
0. and’ st "efion RTAF RESRE M EAET ) WESRRG SO el pitee rlser spp

het er o@ay has @wﬂ%mm&wateﬂfs%@ﬂ{a!ﬁ@% Wwopt ional ly substituted

wi t h-hal o, -NO2, -CN,” -OR R -N(Rz, -59 -NRC(OR, -NRC(ONR) 2,
-NRCO2R, -OCO2R, -OC(OR COZR -C(OR -(ONRZ2 -0(ONR)2,

-S(O 2R, - SERN( RrRe prosésdoRela 5; %%%B%tﬁer s%gfem Rat ﬂ%qeanq%awy Wil

ali phatic or aryl group that 1s optionally substitute
-CN, - BRter igRlecte(ERn2 the-gximag Ciyrﬂlshnglﬁf](e@)wﬂ)rﬁeﬂlﬂmm&t-butﬂe&@z Ia;her o C( O) R

CO2R, (; ) -S2N(R) 2, -S(OR, or
-NRsozﬁft ,lme%yq(e eﬁ’ﬁ}fi’rgp%llr? ?@‘P’(@”&%&V 0fhet eroaryl, or heterocyclyl
group; said process corrprl 5| ng: (a) provi ding a boron "ate" conpl ex of

formula (11 9 Rﬁi]e process oy clalm 6, where ﬂg l:?‘ler s\g{]vee;f that has low miscibility with

water constitutes at least 70% v/v of the reaction mixture.

8. The process of claim 1, wherein at least 5 moles of the boron "ate" complex of

formula (II) are provided in step (a).

9. The process of claim 1, wherein at least 20 moles of the boron "ate" complex of

formula (II) are provided in step (a).

10.  The process of claim 1, wherein at least 50 moles of the boron "ate" complex of

formula (II) are provided in step (a).

11. The process of claim 1, wherein at least 100 moles of the boron "ate" complex

of formula (II) are provided in step (a).

12.  The process of claim 1, wherein the Lewis acid is selected from the group

consisting of zinc chloride, zinc bromide, ferric chloride, and ferric bromide.

13.  The process of claim 12, wherein the Lewis acid is moist.
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Y is a nucleofugic group; Wis a cation; and each of Rl to RS is as

defi ned above; and (b) contacting the boron "ate" conplex of fornmula (il)
with a Lewis acid to afford the boronic ester conpound of forrula (I),
said contacting step being conducted in a reaction mxture conprising: (i)
a coordinating ether solvent that has low mscibility wth water; or (ii)

an et her solﬂent hat has }tcﬁw jscibility with water and a coordinating
co-sol vent, provi 058P PHE? L HE Lo PEEsR MsEPda) he bown "akorpplevebs  no nore

than 20@frmida (1) istprevide@t & SlutibrdonRisinh el & shdeh YuQfp gt er in

t he et her sol(g(‘)antﬂit hat has |l ow m scP?bi 1" ty%éﬂshﬂ%ﬁéiﬂ@%sé&}r@%&%% 5% W/ w.
2. The BrBreta. 3 the spnnding girpr (B) epmapirises bastepen ni xt ure conpri ses a

coordi nating co-solvent. -60 3. The process of claim2, wherein the

coordi nating co-sol veld i s psevidigadiolutiomcombeisiggaulpwionsd sid ng of

t et rahydr of ur an, t%a‘i%(%%‘fu;wate , and m xtures thereof. 4. The process of
claim3, wherein e coordinars ng co-solvent constitutes no nore than 15%
v/iv of the reaction mxture. 5. Th _roc,gss of claiml, wherein the

sol ubility of water it heaéfhﬁﬁ@%’g?‘@éﬁffl selsipn oy thejsglytinn f thsiborany wi t h
water is |ess thage28nplék offornttig (B L&ASE g)’.cl aim5, wherein the ether
solvent that has low mscibility with water is selected fromthe group
consi sting &fhereip thaseluhilifyef wpter in therether eslvertiuhatihae idw ity witt ent - any |
met hyl et her, | L, ether,, and m xtures thereof. 7. The process of
claim6, wher e"ik’%tg{)ﬁg&)étﬂh%r ngvi/\‘?vént that has low mscibility with water
constitutes at least 70% v/v of the reaction m xture. 8. The process of
claim1l, wheggein st mol.es .of .the bo "ate" cqonplex of fornula
(11) are prg%'i degﬁ‘%#oggsesﬁf?lgﬁn}Hg.wﬁ%“m%%%égﬂtﬂb%f’%iaﬁ Fompiex i n at | east
(20) ol fsrada (I és povied ifb oluGONPbMYrifhg alh OB dnk Hat RASIOR QikBAM, I N step
a).

with water, and the contacting step (b) comprises the steps:

(D) providing a solution comprising a Lewis acid and water; and

(i)  adding the Lewis acid solution to the solution of the boron
“ate" complex of formula (II) from step (a);

wherein the solubility of water in the ether solvent that has low miscibility with
water is less than 5% w/w.
16. The process of claim 1, wherein Y is a halogen.

17. The process of claim 1, wherein Y is chloro,

18.  The process of claim 1, wherein Rt is Cy.4 aliphatic, Ce.10 aryl, or {Cs1o aryl)(Cie

aliphatic).
19.  The process of claim 1, wherein M+ is selected from the group consisting of
Li*, Nat*, and K*,

20.  The process of claim 1, wherein R4 and RS, taken together with the
intervening oxygen and boron atoms, form a 5-membered ring that is optionally substituted

with -halo, -NO, -CN, -R*, -OR*, -SR®, -N(R*)2, -NR*C(O)R*, -NR*C(O)N(R*)z, -NR*CO:R®,

~-62-




10. The process of claim1, wherein at |east 50 noles of the boron "ate"
conplex of fornmula (11) are provided in step (a). 11. The process of claim
1, wherein at |least 100 noles of the boron "ate" conplex of fornula (1)
are provided in step (a). 12. The process of claim1l, wherein the Lew s
acid is selected fromthe group consisting of zinc chloride, zinc bromde,

ferric ehlerp.des 4 ertic 1.d N gcess of claim 12, wherein
t he Lewﬁgbggl?deﬁaggﬁ? S{%.ézk-’égf@g% ’ ‘é@%ﬁd%@gﬁw@ﬁwﬁ@iﬁ r wRENEh i n step
(a) theSE»RYr-NRSOHPRY;;ex of fornula (1) is provided in a solution
conprising an ether_ solvent that has low mscibility wth water, and the

cont acti ng <SREpR] Brepndsntly sselepted Sroapihe gtoup ensistiog oiR*a-YO)RY, HOD,R*,

conprising a Ley S i + raf uran; a i ddi the Lew s
acing sol uti on %H?%ﬁégfﬁgggnsﬁweg%g%%ﬁn ako ’ggke%‘&ﬂ%?tﬁ?%&gflﬁr mula (11)
from step (a);nivogeratont, ferso3-8 bidniticyeddrowatie br héh-hddenasit lﬂﬁ% nafingemt that
has | ow m sci bld{(h&%/ %let%lh ,vvaterori%lg | ess than 5% w w. 15. The process of :
claim 12, wher®EHREHLPEpiogenretipghejproatpms selestedifeom B O, ped Bul a (1) is
provided in a |.ut,ion conprising an ether solvent that has low mscibility

with wat er, 3 tiRderadenity is hydeogen of #) alimhapic, aplshethroagt apdetetodyclyt ovi di ng

| uti IS BN ; ] I t.er . i addi he Lew s
2ci d sol uti on Touk HRAxp il Al Rl Ela A6 O iR Rk Nkt a (1)
fromstep (a);-NBEOMRANRGELOPHRRHNRCP.R) FOVEDAR -O0-T(O)16 -COfRLC@DRY ent  t h?t
h I 1 sci bjl it ri ess than 5% w w. 16. The process o
C?Zi mO\iv, m\/\;glr éphéby(?g :«Sﬁ@@@@h Té(ai#{f -Sﬁqbl?ﬁagé@& évf“hgqsgzw{@)g:DMer einYis
chl oro. 18. 'EF JProces o]fé{_cl aiml, wherein R is C.8 aliphatic, Cs.io
aryl, or (C& g‘ g‘?‘%l?f’(“iﬁnj s an slimhatic ey aryl groupieptipnallyewbstifited withmit]o, wher ei n
M 1's sel ect ednt:, 0N, DORISRUB(RANNI O -RIRCOINRDNRCAE ErcoR,

-O-C(O)R, -CO2R, -C(O)R, -C{O)N(R)2, -OC(O)N(R)z, -5(O)zR, -SO:N(R),, -S(O)R,
or -NRSO,;N(R); and

each R is an aliphatic, aryl, heteroaryl, or heterocyclyl group.

21. . The process of claim 20, wherein R¢ and RS together are a chiral moiety.

22, The process of claim 21, wherein the boron "ate" complex of formula (I1) is;
R? R'ouk R R'o
v/ 1 ey
R )
Y . O Yy -o¢
M or M*
23. The process of claim 21, wherein step (b) provides the boronic ester

compound of formula (I) wherein the carbon atom bearing RY, R?, and R? is a chiral center
having a diastereomeric ratio of at least 96:4 relative to a chiral center in the R&-RS chiral

moiety.

24. The process of claim 21, wherein step (b) provides the boronic ester
compound of formula (I) wherein the carbon atom bearing RY, R2, and R? is a chiral center

having a diastereomeric ratio of at least 97:3 relative to a chiral center in the R-R5 chiral

moiety
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20. The process of claim1l1l, wherein R4 and R5, taken together with the

i nterveni ng oxygen and boron atons, forma 5-nenbered ring that is
optionally substituted wth -halo, -NO®2, -CN, -R*, -OR*, -SR -NR) ,
-NR C(OR*, -NRRC(ONR )2, -NRCR2R, -62 -OCR2R*, -0-C(OR, -CX2R*,
-C(OR, -C(ONR+)z -OC(O)N(R+)z -S(O 2R, -S@N(R+)z -S(OR or

- NR+SO2N( R+) 2; ea%m |nd nkLy is selected fromthe group consisting
of R*, -C(O ﬁ"‘ocess aragferigegpyret lesst anigeof dhadollowingogen at om

taken t fgeirser with the nltrogen atom forma 5-8 nenbered aromatic or
non-aronatic ring having, in addition to the nitrogen, 0-2 ring

het er oat onms sel eclgd f#Q . I nde ndentl i s hydrogen or
an aliphatic, ar yfa? hete?glg%gl & Ei [ﬁ %Secgﬁol%u%&’flarﬁ?(%ﬁﬂ@ﬁﬁfr FEMBEMSnal | y
substituted Writtitylmetbyl ethege, -CN, -OR -SR, -N(R)z -NRC(O) R,

-NRC(O N(R) 2, -NRCOzR, -OCzR, -OC(OR -C®2R -COR -C(ONR)Zz

-OC(ON(R) 2, -S(dpRR, thsDeMsRxd is z&cAhBrider - NRSO2N(R) 2; each R
i ndependently is an aliphatic or aryl group optionally substituted vvi th

-halo, -N® CN (e} OR at 1R, 5 mbleRbPthe bIRAEQsRy W&éﬁgy v

-0 C2R, - éiDZR CXR -(OR -C(ONR) z- OC(O)NRz I3 (R)2
-S(OR, st N(R)2; and each Ris an aliphatic, aryl, heteroaryl, or
heterocycl yI group 21. The process of claim 20, wherein R4 and RS t oget her

are a chir aI noi EI%/ @?Cowngﬁ@péb)ss pérf@tmdmtaieacmaetm;ﬁhr&tbﬁe #QrON "ate”

conpl ex of f (o ly), A ~RBRR3 R-O" R® j:~~ Rz~ -91 Mk Y + or M
23. The proc %}Hof q:l al mé";’?' wherein step (b) provides the boronic ester

conmpound of for t he, carbon atombearing RI, R2, and R3 is a

Iﬂll %\q/nerel

chiral center |ng d%?% EIRehc ratio of at least 96:4 relative to a
chiral center |n he @ chiral noiety. 24. The process of claim 21,
wherei n step (b)( rovi-d&SM?iPe boronic ester conpound of formula (1)

wherein the carb?ri atom bleﬂarl ng R, R2, and R3 is a chiral center
3 is chloro;

(h) R? is hydrogen; and

(i) Rt is Cialiphatic.
26.  The process of claim 25, characterized by at least two of the features (a)-(h).
27.  The process of claim 25, characterized by at least three of the features (a)-(h).
28.  The process of claim 25, characterized by all eight of the features (a)-(h).

29.  The process of claim 23, further comprising;:
(©) washing the reaction mixture with an aqueous solution; and

(d)  concentrating the washed reaction mixture by removal of solvents to

afford a residue comprising the boronic ester compound of formula (I).

30.  The process of claim 29, wherein the residue comprises at least five moles of

the boronic ester compound of formula (I,
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having a diastereoneric ratio of at least 97:3 relative to a chiral center
in the R4-R5 chiral noiety -63 25. The process of claim?21, characterized
by at |east one of the following features: (a) the contacting step (b) is
conducted in a reaction mxture conprising tert-butyl methyl ether; (b)
the Lewis acid is zinc chloride; (c) at least 5 noles of the boronic ester
of fornula (44) e contac st (b) is
per f or med até a rgg}%trﬁé%\é% gp&aéhgou%hglgu'{t?%ibm(or’[%lcnesg%?mp %'(’Jn‘iif)l?% %%Q& (e)

t he Levpxssem lrdthe $esll‘d}1e5ﬁa}3 a cﬁefs)eréf)me‘nd)’ah@ bt 168} QERBatI the b6 Ston{ boariBg |
hydrogelg Q‘E‘ I S 9{:4 hatic._ 26. The process of claim 25,

char act rF By tyqtoac eBerfIh%‘e%‘J"tsﬁ]P‘é%ln(‘%?W( h)y. 27. The process of
claim 25, characterized by at |least three of the features (a)-(h). 28. The

process of cJ.ai m25, char%Eerlzed by all eight of the features (a)-(h).

29. The procdss JfeEreseni dslaim 30 whereindhe bewnisgster sompeusd offormelaBact i on
M Xt ur gr¥dchPinfhe AGNRRYAs §9H§{eﬁ*%erﬁ'}g?égﬁ 1§R0CEY t%tté QGpd Gl e?ﬁggrea(:t on
m xturé by renoval of solvents to a resi ue conpri sing bor oni c
est er dniFoumdiRbfeldtbrertolaghirdjcen®Pin thh&*4RF daied snadétycl ai m 29, wherein the
resi due conprises at |east five noles of the boronic ester conpound of
formula (1). -64 31. The process of claim30, wherein the boronic ester
corrpound of 3Bor nwca)mp@siﬁqnmesmnigmntelﬂ&rrsels’éﬁhthaﬁlﬁs léw diigshikfyaemeric ratio

of at st _96.4 t t he. car.bon atom bearing _ R1, and R3, relative to a
ohi i "EToEH A frastie’ fpeRat B RPEoRIC Gri5? Spgpovind of formta ()
R1
R? 4
OR® M
wherein:

the solubility of water in the solvent that has low miscibility with water is 5% w/w;
R is an aliphatic, aromatic, or heteroaromatic group;

R? is hydrogen, a nucleofugic group, or an aliphatic, aromatic, or heteroaromatic
group;
R? is a nucleofugic group or an aliphatic, aromatic, or heteroaromatic group;

each of R* and R?, independently, is an aliphatic or aromatic group, or R¢ and RS,
taken together with the intervening oxygen and boron atoms, form a 5- to 10-
membered ring having 0-2 additional ring heteroatoms selected from N, O, or S,
where the 5- to 10-membered ring optionally is substituted with one or more
substituents selected from the group consisting of -halo, -NO,, -CN, -R*, -OR?,
-SR?, -N(R*)z, -NR*C(O)R¥, -NR*C(O)N(R*)2, -NR*CO2R?, -O-CO:R*, -O-C(O)R*,
-COsR*, -C(O)R?, ~-C{O)N(R*)z, -OC(O)N(R*)z, -S(O)2R®, -S0-N(R*),, -S(O)R®, and
-NR*SO;N(R+)2;

any of said aliphatic, aromatic, or heteroaromatic groups optionally is substituted
with one or more substituents selected from the group consisting of -halo, -NO,,

-CN, -R*, -OR?, -5R?, -N(R*)2, -NR*C(O)R*, -NR*C(O)N(R*)z, -NR*CO:R°,
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32. The process of claim 30, wherein the boronic ester conpound of formnula
(I') present in the residue has a diastereoneric ratio of at |east 97:3 at

the carbon atombearing R, R2, and R3, relative to a chiral center in the
R4-R5 chiral noiety. 33. A conposition conprising an ether solvent that has
low mscibility with water and at | east ten noles of a boronic ester

vater in the sEPvERR RO Yo nclont molt g Ertidola b sl R T

an aliphatic, BHNRY)E.SORDNKAENIREONUR:G; group; R2 is hydrogen, a
nucl eof ugi ¢ group, or an aliphatic, aromatic, or heteroaromatic group; R3

i's a nucl eofdigh R+ BideHdRAHAR <&l t@ﬁ%&&m @{'&gpéolngm ONEGIG group;
each of R4 and R5, mdepen%ent Iey, i's ane§I| hat | chﬁ% aromae)?lcﬁz g?(?)a@p or R4

and R5, takenalﬂjéékﬁ’éprquR*@h&asmmengtmy@amtagﬂhmﬂnﬂ&toms forma
5- to 10- rrenb ri.n Vi ng.0-2 -addj ti on r|n het oat msselected
TRl kOB, R 198 Bl SRt of ittt A

fromN, O, ere

substi t ut ed WI adudigtietothe ffogen D Eh hé@ﬂ%hﬁ)nﬁs@eﬁﬁfeﬁ%&dim Qﬁ‘d Q'r oup
consi sting of -halo, -NO2, -CN, -R+, -OR’*, -SRO, -N(R*)2, -NR*C(O) R,

- NR* C( O) N Rehéh R* NG
C(O)C(rxl()R*§2Glh oRC(O)li(R sty g % -SOZN R‘ R ang&ﬁ%a n%r@ﬁl%;‘”sézlﬁlm)z i
any of said alﬂﬁmﬁ%mﬁlﬁ@ﬁa Yﬁilbsbhlf%‘tvéh@a}%ﬁﬂﬂmeCUr@IbSSR)pNﬂ@maI ly is

b d bs¢ t t
cons st ng of RGO NEIONEE ke85 G RGO LIQUHADI IR Gy e
-NR C(O N(R ) 2C(ONRREOZI(C) BER )2, B OPRRGO,NOR (- , or SEERENRIG(O R
-C(ONR)2, -O(ONR)2, -S(O2R -S®N(R)2, -S(OR and -NR SO2N( R) 2:

each R i ndepamdentddopehSerfl i 6h BEpKALQBY & YRatGOBSHiHalIP dulthitdled - (O R,
-C2R*, and - SOZR*ép or I?ﬁl/o %‘F\ t he sxg,@rr%ﬂ{lll?trogeﬁﬂéﬂorﬂgl Itlaken t oget her

with t he. ni t r"b‘&éhalatﬁfﬁ)b fQNrerB SR3-N&h VRA(Q) CEODYRnoNREIBRRAt i ¢ ri ng
having, in  _ocoR, -O-C(O)R, -CO:R, -C(O)R, -C(O)N(R),, -OC(O)N(R)5, -S(O):R,
-S0:N(R)z, -S(O)R, or -NRSO;N(R)5; and

each R is an aliphatic, aryl, heteroaryl, or heterocyclyl group.

34. A composition comprising an ether solvent that has low miscibility with

water and at least ten moles of a boronic ester compound of formula (I):

OR® @
wherein:

the solubility of water in the ether solvent that has low miscibility with water is less

than 5% w/w;
Rt is an aliphatic, aromatic, or heteroaromatic group;

R2 is hydrogen, a nucleofugic group, or an aliphatic, aromatic, or heteroaromatic
group;
R? is a nucleofugic group or an aliphatic, aromatic, or heteroaromatic group;

each of Rt and RS, independently, is an aliphatic or aromatic group, or R*and RS,

taken together with the intervening oxygen and boron atoms, form a 5- to 10-
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addition to the nitrogen, 0-2 ring heteroatons selected fromN, 0, and S
each R* independently is hydrogen or an aliphatic, aryl, heteroaryl, or
het erocyclyl group that is optionally substituted with-halo, -NO2, -CN,
-OR, -SR, -N(R 2, -NRC(OR -NRC(ONR 2, -NRCRR, -OCRR -O0COR,
-C2R, -(OR -C(ONR2 -O0(ONR 2 -35(02R -SCJZN(R)Z -S(O)R or

- | i,phat P

opt i onal 1y suberrr i S et pop sduiichR g RiEbabrBsaiy N Onrd )

-NRC(O N(R) 2 NR@@ﬂRe 5- toCbOQMRbered)rS O)gonaﬂ ﬁl%tég(téa%zth—ogﬁg)%{gazR < an
- 0 2N(R) 2, - or - a

alolcﬁ)ﬁ))a'lt\l |( 5) 2aryf§ Efsc?ﬁ ‘iEd(‘Ugmﬁ\?t%ﬁ(“Hb%‘P‘Wn@?%ﬂlor%\‘ BANARECPBSS t i on

conprising an SREN(R9), VIRRICIO)RY, -RR&( ?2"”““2? dzky . {E%Iyxa (%5@?1 at

| east ten noles of a boronic éster co ormil a

R3) LB. OR4 OR5" QCPZ)R k(8 K (ONHER .o DAHOIN (Ry)2.05(Q)eR *1STN(R e -HORey arko| vent
that has | ow mgg. yvmth water is less than 5%ww, R is an .
al i phati c, arorratl c’ t) *het er oar omat i c group; R2 is hydrogen, a nucleofugic

| | phat mat j.c, het eroaromatic group; R3 is a
ﬁL?I’E’of 8[:“ gg‘ﬁ? SE% ‘g?ﬁ@ﬁ“’gﬁ?ﬁw&{‘? 0T g%tﬁ{%&m%tw geupsartiosalpisaubetitgedup;  each
of R4 and R5, WwitHeReBLRItd dbstiteAd saédt&bﬁéfn%%m%ﬁ@%b&l@%foﬂﬁo R, and

R5, taken together with the intervening oxyge por oY at ons’ ma 5-

to 10 -66 memseeR" r@ﬁg-%ml\Hg*)@ ~NRHAE)RE, oNRIC(O) DGR D £ t NRCOBYB sel ected

I
Subst i futbd wi L hCohG: & am ARt @Bﬂ?@@iﬁé‘é E%?ﬁ&%ﬁi%%w
R OONR )2, NECRR O ODR: TO GO R, - ar qor,

- O O) N( R*) 2each@Ekdd¥eRdmly is %lwt&ﬁmmwgl@%%onsé&@d?k*ﬁ-@?o)m -COR,

and -50: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, 0-2 ring heteroatoms selected from N, O, and S;

each R* independently is hydrogen or an aliphatic, aryl, heteroaryl, or heterocyclyl

group that is optionally substituted with -halo, -NO,, -CN, -OR, -SR, -N (R),
-NRC(O)R, -NRC(O)N(R)z, -NRCO:R, -O-COzR, -O-C(O)R, -CO:R, -C(O)R,
“CON(R}2, -OC(O)N(R)z, -S(O)R, -SON(R)z, -S(O)R, or -NRSO:N(R)5;

each R® independently is an aliphatic or aryl group optionally substituted with ~halo,
-NOg, -CN, -OR, -SR, -N(R), -NRC(O)R, -NRC(O)N(R)2, -NRCO:R, -O-CO:R,
-0-C(O)R, -CO:R, -C(O)R, -C(O)N(R)2, -OC(O)N(R)z, -S(O)2R, -SO:N(R)z, -S(O)R,
or -NRSO;N(R)z; and

each R is an aliphatic, aryl, heteroaryl, or heterocyclyl group;

wherein the carbon atom to which R, R2, and R3 are attached is a chiral center,

having a diastereomeric ratio of at least 96:4, relative to a chiral center in the R&RS

chiral moiety.

35. A composition comprising an ether solvent that has low miscibility with

water and at least ten moles of a boronic ester compound of formula (I):
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-NR*S2N(R*) 2; any of said aliphatic, aromatic, or heteroaromatic groups
optionally is substituted with one or nore substituents selected fromthe
group consisting of -halo, -NO2, -CN, -R*, -OR*, -SR, -N(R )2, -NR*C(O R*,
-NR CONR)2, -NRCR2R, -OCRR*, -OC(OR, -CR2R*, -C(OR*,
-C(ON(R)2r -OC(ON(R*)2. -S(0)2R, -S®EN(R )2, -S(OR and - NRS2N(R*) 2;
each R independently is selected fromthe group consisting of R*, -C(OR*,
-C2R*, and -SO2R*, or two R o0rr% e same nitrogen atom taken together
with the nitrogen atom form a ¥ gePered aromatic or non-aromatic ring
having, in addition to the nitrogenggr®-2 ring heteroatons sel ect%d fromN,
0, and S; each R* independently is hydrogen or an aliphatic, aryl(,
heteroa&]ﬁ%ﬁ or heterocyclyl group that is optionally substituted with
-hal o - -SR, -N(R) 2, -NRC(O)R -NRC(O N(R) 2, - NRCO2R,

o5, O Eﬁ}lgbﬂlg’c%iﬁ%gk?%%zer sehient i hardprrmieabiay b aaienis ket i ¢ or

aryI group opt A w/eubstituted with -halo, -NO®2, -CN, -OR -SR -N(R)?2,
NRC(O) R, -NRC(O)N(R)Z -NRCO2R, -OC2R, -OCOR -CR2R -C(OR,

-C(O N(R) 2, le ’aroﬁtg) ﬁﬁmeterggaufaglgr S(OR  or -NRSG2N(R) 2; and

each Ris an ali phatl c, eteroary éterocycl yl group; wherein

the carbon ghemdfo , ttached is g chiral. center,
havi ng a di ast er}teorf%@yl gn}lg%omgg@%{b Peas;t’ah@@%ﬁ’ ATRIptG P(/]éea{f’ré’a%?n&"lﬂcr al center
in the RA-R5 giloupal noiety. 35. A conposition conprising an ether sol vent
that has low mscibility wth water and at |east ten noles of a boronic

est et conpownth axtuclarapi geohplo an Aphac,ar BB, GRleRArérhlric g1 N Lhe

solubility of water in the ether solvent that has |ow m sc ity with
water is |esgh dfﬂﬁaan@%,\ﬂﬁdﬁpendenﬂy, is an aliphatic or aromatic group, or R¢ and RS,

taken together with the intervening oxygen and boron atoms, form a 5- to 10-
membered ring having 0-2 additional ring hetercatoms selected from N, O, or S,
where the 5- to 10-membered ring optionally is substituted with one or more
substituents selected from the group consisting of -halo, -NO,, -CN, -R*, -OR,
-SR% -N(R*)2, -NR*C(O)R*, -NR*C(O)N(R*)2, -NR+*CO2R?, -O-CO;R*, -O-C(O)R¥,
-COR*, -C(O)R*, -C(O)N(R*)2, -OC(O)N(R+)z, -S(0)2R” -SON(R*),, -S(O)R?, and
-NR*SO:N(R*)z;

any of said aliphatic, aromatic, or heteroaromatic groups optionally is substituted
with one or more substituents selected from the group consisting of -halo, -NO,,
-CN, -R¥, -OR?*, -8R°, -N(R*)z, -NR*C(O)R*, -NR*C(O)N(R*),, -NR*CO,R®,
-O-CORY, -O-C(O)R*, -COR*, -C(O)R*, -C(O)N(R*)2, -OC(O)N(R*),, -5(0)2R°,
-SO2N(R*)z, -5(O)R?, and -NR*SO:N(R*)»;

each R* independently is selected from the group consisting of R¥, -C(O)R*, -COzR*,
and -SOR¥, 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, 0-2 ring heteroatoms selected from N, O, and S;

each R* independently is hydrogen or an aliphatic, aryl, heteroaryl, or heterocyclyl
group that is optionally substituted with -halo, -NO,, -CN, -OR, -SR, -N(R),,
-NRC(O)R, -NRC(O)N(R)2, -NRCO:R, -O-CO:R, -O-C(O)R, -CO:R, -C(O)R,
-C(OIN(R)2, -OC(O)N(R)z, 5(O):2R, -SO-N(R)z, -5(O)R, or -NRSO:N(R)z;
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Rl is an aliphatic, aromatic, or heteroaromatic group; R2 is hydrogen, a
nucl eof ugi ¢ group, or an aliphatic, aromatic, or heteroaromatic group; R3
is a nucleofugic group or an aliphatic, aromatic, or heteroaronatic group;
each of R4 and R5, independently, is an aliphatic or aromatic group, or R4
and R5, taken together with the intervening oxygen and boron atons, forma

5- 10- | 3 d
57 ouOp L0, TR bR R0 LRl LA ISLEL AT IS APk SR ©
substitut ed w tNOaRrENorORBSR, -N¢R)psNROIR, SNRE(@IN Rﬁ, -fNRm(DHhGOQﬂ'

ORD
consi sting of -N(R )2 -NR+C( O R*,
~NR* IC( ol) N?R*) 2] 8%@‘%&&“ %%521&56)1‘18 E(@EEQ)N(RXZC@&M,%, -S@{W%% :S)(O)R,
-C(O N(R*) 2v -mg@ﬁzﬂ*@{g) -S(0)2R, -SA2N(R*)2, -S(OR, and -NR SO2N(R) 2;
any of said aliphatic, aromatic, or heteroaromatic groups optionally is

SUDSL t ut ed oo Kl 808 BoutToef ﬁéea%gﬁ SRR IFUSFRSpA (he groun

consisting of -halo, -

: cN:(R*O)C(I\I(O)R*IN § EV)’I?E&TW?“—“% %@R Bgéﬁ‘c@%ﬁeﬁﬁa% ARt scp N(RF) 2;

each R i ndepehaldng fuyepimesie ratizt fat feastpsighe group consisting of R, -C(OR*,
-CO2R*, and -SQ2R*, or two R* on the sanme nitrogen atom taken together
with the nitrogen atom forma 5-8 nenbered aromatic or non-aromatic ring
havi ng, |n 3addi fThedohpoditien &f dnf @G Bf cIRms mssgwheﬁeﬁ{m@fsel%ﬂﬁfbﬁ%@u{rom N,
0, and t[«;Jach R* 1 nde endently is hydrogen or an aliphatic,”aryl,
heterog?eiﬁ erplvent 1§ lese % WgWoup that is optionally substituted with

- hal o, -NOZ, - CN, CR SR -N(R) 2, -NRC(OR, -NRC(ONR)2, -NRCO2R,
-OCX2R, -0-C(OR C(OR ONR 2, -OC(OQNR2 -S(O?2R
-S®@N(R) Y - %ZO) Th%ﬁommmfwzone egc(l@a@r%ﬁsl whenaritie rthey salgerstiis al i phat i ¢

U By et o Bl R A B e e BT o Bt

- C( O) RmetlQl @i, RjopropyOethe), MpRnzixtur&(EpRBE. - SXN(R) 2, -S(OR, or
-NRSO2N(R)z, each Ris an aliphatic, aryl, heteroaryl, or heterocyclyl
group; and

38.  The composition of any one of claims 33-35, wherein R! is Cy.5 aliphatic, Co1o

aryl, or (Ce10 aryl)(Crs aliphatic).

39.  The composition of any one of claims 33-35, characterized by at least one of

the following features:
(@) R3 is chloro;
()  R2is hydrogen; and

(© R1is Cy4 aliphatic

40. The composition of any one of claims 33-35, wherein R4 and R5, taken
together with the infervening oxygen and boron atoms, form a 5-membered ring that is
optionally substituted with -halo, -NO,, -CN, -R*, -OR*, -SR°, -N(R*)2, -NR*C(O)R¥,
-NR*C(O)N(R*)2, -NR*COR®, -O-CO:R*, -O-C(O)R*, -CO:R*, -C(Q)R*, -C{O)N(R*)a,
-OC(O)N(R*)z, -5(0)2R®, -SO:N(R*)s, -S(O)R°, or -NR*SO-N(R*)2;

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
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wherein the carbon atomto which Rl, R2, and R3 are attached is a chiral
center, having an epineric ratio of at |east 96:4. 36. The conposition of
any one of clainms 33-35, wherein the solubility of water in the ether
solvent is less than 2% w w. 37. The conposition of any one of clains
33-35, wherein the ether solvent is sel ect ed fromthe group consisting of
tert-butyl neth eth tert=hut I et et her, tert-anyl _nethy|l ether,

i sopropyl et hef'}/tr g mlﬁﬁﬁ%g mﬂ?ﬁg{}%‘hﬁ{?ﬁ‘a[ticéﬁ‘&ha%ubne of
claims 33-35, whditieh tb e nitfoged, (82ahgmbﬁirda@omQMdated6ffa&hNQj ah&kio aryl) (G -6
aliphatic). 39. The conposition of any one of claims 33-35, characteri zed

by at | east e@ElEROind Rﬁ Ecl,eris B&g&%ﬁ‘éﬂ%ﬁ%mhﬁ%yﬁﬁeﬂefoa&?ﬁl &rl%teré\g)c fi%ne of

hydr ogen; and al i'phatic The’ conmposition of
cl ai ms 33- 35, mpéhat IMPtmmﬂRglebaﬁghmthe@@@,hﬁﬂmﬂl\h -ORe-SRNN(R¥e i ng

d b , t
oubSttut e w DRGSR NRQERN oz REREE 26 comf R0k Lot LI o o) e
- NR* C( O) N( R*) 2. CONRRGOARC 2R, OSGNDR RINRSENGR
C(O)C(N()R§2 )i ( OC(O)N(RS)SH%?(S% -Sosz%E-SGm-S(O)R ojrg

- NR* SG2N( R* )edéh REi68 dbmeﬂaaﬂqg Aﬁsedr cRdisi sting
of R*, -C(OR*, - ; n and &%cﬁﬁoﬁéﬂﬁ??&ﬁgﬁ%@%&ggﬁéatom

taken t oget her-N@z 1N, h@R R, rN@R{):@d‘éﬁC@)BmNR@(QiNﬂz)EIBTR@IBaQﬁoaROrrat ic or

non-aromatic r Vi i d r in
het er oat ons seidgg ng{ fc?%rir{f @Obﬁ -@k(%)'l\gﬂ) eac(aB&IHi) d%%i’%dé%zﬁgﬁ 2’§§®5’r ogen or
an aliphatic, @ar-MNRSONE{Rxaadyl, or heterocyclyl group that is optionally
substituted with -hal o, -NO2, -CN, -OR, -SR, -N(R2 -NRC(OR,
- NRC( O) N( R) gach-INBGERRphatfe; Reter 8 Itero&fBRerodfpl O R, - C(O N(R) 2,

-OC(O N(R) 2, -S(0) 2R, -SOZ R 2, -S(OR or -NRETOZN(R)Z; each R
i ndependently is an aliphatic or aryl group optionally substituted with

-hal o, - NQ21. - Clhe cdabositiR of 2 BhZ of ANREEEBR whdBR(HD H‘I@)&m HRCO2R,

-OC2R, -OCOR - R -Q(OR -CONRZ, -0(ONRa -S02R
- SeeN( Brmula @i9) R,
R’ R
R2 R?
R g0 R0,
SO 6S
or .
42. A process for preparing a boronic ester compound of formula (I):
2 R1
>k ~OR*
o ®
wherein:

Rt is an aliphatic, aromatic, or heteroaromatic group;

R? is hydrogen, a nucleofugic group, or an aliphatic, aromatic, or heteroaromatic
group;
R#is a nucleofugic group or an aliphatic, aromatic, or heteroaromatic group;

each of R* and RS, independently, is an aliphatic, aromatic, or heteroaromatic group,
or Rt and RS, taken together with the intervening oxygen and boron atoms, form

a 5- to 10-membered ring having 0-2 additional ring hetercatoms selected from
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or -NRSO2N(R)z; and each Ris an aliphatic, aryl, heteroaryl, or

het erocyclyl group. 41. The conposition of any one of clainms 33-35, wherein
t he conpound of forrmula (1) is RRRL RRR1 R3~B.0 R3~B.0 0 or AO. 42. A
process for preparing a boronic ester conpound of fornmula (n: Rl z R
R3*B.OR4 ORS (1) C wherein: R is an aliphatic, aromatic, or

het er oar onat i CNIOOME; wWhkrd &e@ywmﬁ&b&e@% gﬁﬁgdlﬁrxggt%éﬁmtgdwﬁﬂ O%I i phati c,

aromatic, or heteroaromatic group; I's a“n ugi ¢ _group or
ali phatic, ar omnom,substlthetteseieut@hfmm@eﬁmup ;comsﬁ:nlgmff 1&40 ,aND,,REN, -R \

independently, ' o hat| o roup, or R4
and R5, taken ’t%%é%’%erkm&)t)% C@ﬁﬂ%\%?ﬁ(ﬂg\’@g gﬁg#d Po(n‘g ons, form a
5- to 10- nenmbex®d (@) gd@mz#n@ RZ.@ rR9NabcroRgrhsL: 08B, 15@ cted from
-70 N, 0, or S \(/\h)lgrne the 5 -(d) @N( {e?ir:led gl)ﬁg ggt%ﬂ% y |s@s)g'bst|tut ed
with one or nﬁ@%@ﬁé‘rw}gl@el ect ed fromthe group consisting of -halo,
-NO2, -CN, -R*, -OR*, -SR -N(R)2, -NRC(OR", -NR C(ONR )2, -NR*CR2R,
- O C2R*, awei@@hpm@mMu@p@wmam@@a@;mmppmm@s wmn)md S(O 2R,

- S2N( R+) 2, sai d ali.phati.c, tic, or
het er oar omati c gr oupcs’r 138 15 S&E%ﬁﬁf"fu% §61%%35€$¥?‘3{‘9e§‘0%c?ﬂ5 cl;rh‘?]r‘br &8
substituents se:n\ec}t*edm*r (SR"I-M(R E,ONR+(§( ’t, SKR NRHalgR-cHRE, -ON, -R*,
-OR*, -SRO, -N(R - C(R) C{Q:g) é ]\?FE(O)-I(\IR'%COZR

-0-C zR* -O -C(O) -COR¥, -C(O —C O)N(R*)z2, -OC(O)N(R*)z, -5(0)2R°,

-SO;N(R*),, -S(O)R°®, and -NR*SO2N(R*)x;

each R+ independently is selected from the group consisting of R*, -C(O)R*, -CO;R*,
and -S50:R*, or two R* on the same nifrogen atom, taken together with the
nitrogen atom, form a 5-8 membered aromatic or non-aromatic ring having, in

addition to the nitrogen, 0-2 ring heteroatoms selected from N, O, and S;

each R* independently is hydrogen or an aliphatic, aryl, heteroaryl, or heterocyclyl
group that is optionally substituted with -halo, -NO2, -CN, -OR, -SR, -N(R),,
-NRC(O)R, -NRC(O)N(R)z, -NRCO:R, -O-CO:R, -O-C(O)R, -CO:R, -C(O)R,
-C(O)N(R)z, -OC(O)N(R)z, -S(O)2R, -SO2N(R)z, -S(O)R, or -NRSO:N(R)»;

each R° independently is an aliphatic or aryl group optionally substituted with -halo,
-NO2, -CN, -OR, -8R, -N(R)z, -NRC(O)R, -NRC(O)N(R)2, -NRCO:R, -O-CO:R,
-O-C(O)R, -CO2R, -C(O)R, -C(OIN(R)z, -OC(O)N(R)z, -S(O)2R, -SO:N(R),, -S(O)R,
or -NRSO;N(R)z; and

each R is an aliphatic, aryl, heteroaryl, or heterocyclyl group;
said process comprising:
(@) providing a solution comprising:
(@) a boronic ester of formula (III):
RY I?,0 R*
OR® (I

wherein R, R4, and RS are as defined above; and

(i) an ether solvent that has low miscibility with water;
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-OC2R*, -OCOR, -CR2R*, -C(OR*, -C(ONR)2, -CC(ONR*)2, -S(O 2R
-SE2N(R )z, -S(OR, and -NR*SO2N(R*) 2; each R independently is selected
fromthe group consisting of R*, -C(OR*, -CO2R*, and -SQ2R*, or two R on
the sane nitrogen atom taken together with the nitrogen atom forma 5-8
menbered aromatic or non-aromatic ring having, in addition to the
nitrogen, 0-2 ri het.er pat ans | ect.ed. fr N S; each R*

i ndependent |y isqﬁk/dr(%egﬁn rﬁleasﬁﬁlg'lolg;‘)/ﬁgﬁ%?g{aﬁtwfogﬁlé]?ae aryl, or

het erocyclyl group that is optionaLdy substituted with -halo, -NO2, -CN,
-OR, -SR, -N(R 2, -NRC(OR -NRCROYN(R) z, -NRCRR, -OCRR -0-C(OR,
-C2R, -C(OR -C(ONRZ2, -OC(OyM(RMZ, -S(O 2R, -S®NR)2, -S(@)R, or
-NRSO2N(R) z; each R i ndependently is an aliphatic or aryl group optionally
substi tut ed Wdrth a mﬁﬁ’"ate"%lex%rm@(lg SR, -N(R)2, -NRC(OR,

-NRC(O N(R) 2, -NRCO2R, -O R -0-CCOR -CR2R, -C(OR -C(ONR) 2,
-OC(ONR 2, -S(O2R, -S2N(R) 2, w2(OR, or -NRS&2N(R)2; and each Ris an
al i phatic, aryl, heteroaryl, or $T yclyl group; said process
conprising: (a) providing a sol quo’-cq\gprisi ng: (i) a boronic ester of
formula (111): R& B.OR4 ORS5 (lu) @Rerein R, R4, and RS are as(n?efined
above; and (ii) an ether solvent that has low mscibility wwth water; -71
(b) tregtdhg the solution with a reagent of formula (IV): z RBR Y) M
(I'V) to forma boron "ate" conplex of fornmula (11): RR R3 Rl a

Y is a nucleofugic group;
M+ is a cation; and
each of R! to R5 are as defined above; and

(©) contacting the boron "ate" complex of formula (II) with a Lewis acid to
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

(if) an ether solvent that has low miscibility with water and a
coordinating co-solvent, provided that the coordinating co-solvent constitutes

no more than 20% v/ v of the reaction mixture.

43. A process for preparing a boronic ester compound of formula (I):

R1

Rz*
OR*
3 -
RB
OR® ®
wherein:

R1is an aliphatic, aromatic, or heteroaromatic group;

R? is hydrogen, a nucleofugic group, or an aliphatic, aromatic, or heteroaromatic
group;

R3 is a nucleofugic group or an aliphatic, aromatic, or heteroaromatic group;




YBOR+ OB M(Il) where Yis a nucleofugic group; M is a cation; and
each of Rl to RS are as defined above; and (c) contacting the boron "ate"
conplex of fornmula (I11) with a Lewis acid to afford the boronic ester
conmpound of forrmula (1), said contacting step being conducted in a
reaction m xture conprising: (i) a coordinating ether solvent that has | ow
m sci bility stk Bf RMREETE; ; lal I . L LScibility
with water and a coordilﬁgfli)érﬁlgb%tge%oﬁe t?ﬁ%?g@:ﬁ&gﬂ t eé%@?rﬁé%ggg%o iMat | ng
co-sol vent congxt Riandd?¥, taken tagethert with tk0Bteryening otylzen ned bbiopratems forhe. 43. A

process for prepafti oronic,ester .C ound .of fornula (]): , Rl

R3- ~B' ORa CRSg ﬁto 1\9/%%&?‘%%5.@ Hpe havig [)-(% 3%“?%“‘ P‘Efﬁ‘f?f‘?"(??s. i(ﬁiec'i‘?élﬁéﬁnbar omatic
group; R2 is hNdOo@ed) whardte 5emf 10ghemBered Ping OptidhhlR is AiRkilfied RIRTRELI C, OF
heteroaromatic group; R3 is a nucleofugic group of an aliphatic, aromatic,
or het er oar oma®% BOKSEhffituenty seleciadfrem trigronn camsistingdé phabel eNOyCN, R*an

aliphatic, aroggid &ro0 t€ i RYe] _Ro~~taken toget her
with the int er%f %’g ’0%%2% ans (gmrﬁ%%ﬁwg ¥ H@@t@%@%mered ring
havi ng 0-2 addiQ-{EAK, COR", HE(BRYH aCE@NBI(R Y4, COCEYN(RYN-S(N).RO,-SONE),Wwher e t he
5- to 10-rrenbe§@ bi ng &Mﬁkly is substituted with one or nore
substituents si &@6‘ f d%'oup consisting of -halo, -NO2, -CN, -R*,
-OR*, -SR, -N 2, -NREC(OR, -NRC(ONR)2, -NRFCR2R, -0 CXR2R*,

-0 (OR, a2 RarOmE PN FeTperomabegryuIeRrFienallydt eyRutedORN( R) 2,

with one or more substituents selected from the group consisting of -halo, -NO;,
-CN, -R*, -OR¥, -SR° -N(R*), -NR*C(O)R¥, -NR*C(O)N(R*}s, -NR*CO:R?,
-O-CO:R?, -O-C(O)R¥, -COzR*, -C(O)R*, -C(O)N(R*)2, -OC(O)N(R*)z, -S(O)R®,
-SO:N(R*)s, -5{O)R®, and -NR*SO:N(R+)y;

each R* independently is selected from the group consisting of R¥, -C(O)R*, -COR*,
and -50;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, 0-2 ring heteroatoms selected from N, O, and S;

each R* independently is hydrogen or an aliphatic, aryl, heteroaryl, or heterocyclyl
group that is optionally substituted with -halo, -NO;, -CN, -OR, -SR, -N(R),,
-NRC(O)R, -NRC(O)N(R)2, -NRCO:R, -O-CO:R, -O-C(O)R, -CO3R, -C(O)R,
-C{O)N(R)2, -OC(O)N(R)z2, -8(O)2R, -SO2N(R)z, -S(O)R, or -NRSO,N(R)z;

each R° independently is an aliphatic or aryl group optionally substituted with -halo,
-NO2, -CN, -OR, -5R, -N(R)2, -NRC(O)R, -NRC(O)N(R)2, -NRCO,R, -O-CO;R,
-O-C(O)R, -COR, -C(O)R, -C{O)N(R)z, -OC(O)N(R)z, -5(O)2R, -SO2N(R)z, -S(O)R,
or -NR50:N(R),; and

each R is an aliphatic, aryl, heteroaryl, or heterocyclyl group;
said process comprising:
(a) providing a solution comprising:

(i) a boronic ester of formula (II):
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-S(OR and -NR*SO2N(R ) 2; any of said aliphatic, aromatic, or
het eroaronmati c groups optionally is substituted wth one or nore
substituents selected fromthe group consisting of -halo, -NO2, -CN, -R*,
-OR*, -SR, -N(R)z -NR+tC(OR*, -NRC(ONR*)2, -NR CRR, -0 CO2R*,
-OC(OR, -C2R*, -C(OR, -CCONR)2, -OC(ONR)2, -5(0)2R,

-S2N(R )2, -S(OR, and -NR*SOZN(FB)@Q&?ach R+ i ndependently is sel ected
fromthe group consisting of R, -\CEI'(’ , -CO2R*, and -SQ2R*, or two R* on
the sane nitrogen atom taken togetdrdr with the nitrogen atom dfyma 5-8
menbered aromatic or non-aromatic ring having, in addition to the

ni trogen, O- @heiehgRNBL, andRE givtas FefiRed fdvEr om N, 0, and S; each R*

i ndependently is hydrogen or an aliphatic, aryl, heteroaryl, or
heterocyclyl = group thal isQRipRmaldYorgtshhtuted with -halo, -NO&2, -CN
-OR, -SR, -N(R 2, -NRC(OR -NRC(ONRZ2, ~NRCRR, -OCRR -O0COR,
-C2R, -OQR  -C(ONR2 -O0(OpRA -S(O2R -SEN(R)2, -S(OQR or
-NRSO2N(R) 2; each R i ndependently is al i phatic or aryl group optionally
substituted with -halo, -N®2, -CN, YOR, -SR, -N(R 2, -NRC(O R,

-NRC(O N(R) 2, -NRCO2R, -OCX2R, -OC(OR -CR2R -C(OR -C(O)NE‘Q)Z,

- OC( O) N( R) 2, whes¢ DjioRnuel&dagic Brdip, aff B Md RQire aNRIGRNGBb76: 280 €ach R i's an
al i phatic, aryl, heteroaryl, or heterocyclyl group; said process
conprising: (a) provi¢iing asskentdoiprspigpri sing: (i) a boronic ester of
formula (111): -73 RZB_ OR4 OR5 (I'll)  wherein R, R4, and RS are as
defined above; (ii) a conp d Ak : where.Y is a
nucl eof ugi c group, and R2 gdr?z Rgfcgée as gg%ﬁséoévgﬁg@g}lxsa%yﬁ%b)%ﬁg sol vent
Corrpri Si ng: Wlthwater;or

(bb)  an ether solvent that has low miscibility with water and

a coordinating co-solvent, provided that the coordinating co-solvent

constitutes no more than 20% v/v of the reaction mixture;

(b)  treating the solution of step (a) with a strong, sterically hindered base

to form a boron "ate" complex of formula (II):

R3
2 1
R FS..OR“
Y~ "B~ M+
OR®
(I

where M* is a cation derived from the base, and each of Y and R! to RS are as defined above;

and

(© contacting the boron "ate" complex of formula (I} with a Lewis acid in

a solution comprising:
|

(i) 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, provided that the coordinating co-solvent constitutes

no more than 20% v/v of the reaction mixture. |

44. A process for preparing a boronic ester compound of formula (D: | :
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(aa) a coordinating ether solvent that has low mscibility wth water; or
(bb) an ether solvent that has low mscibility with water and a

coordi nati ng co-solvent, provided that the coordinating co-sol vent
constitutes no nore than 20% v/v of the reaction mxture; (b) treating the
solution of step (a) with a strong, sterically hindered base to forma
boron "ate" conplex of formula (II)1 3 R" RL4 y ~kB.ORORS M+ (I1)
where M is a cation derived from%h (ﬁ% and each of Y and R to RS are
as defined above; and (c) cont am‘f* e boron "ate" conplex of formula
(I'l) with a Lewis acid in a sol utlou)Rﬁ:orrprlsmg (1) a coordinatjng ether
solvent that has low mscibility with water; or (ii) an ether S(S‘bvent t hat
has | owmdrsigl bility with water and a coordinating co-sol vent, provided
that the coordinating co-solvent constitutes no nore than 20%v/v of the

reaction mﬁluig . es ropre a boronic ester conpound of
formula (1): %4a@éihﬁ§p&%%@g f’%)onpa%ﬁ Pn: Rl is an ali phati c,
aronatic, Ofp. roaromati.c rou R2 is hydrogen, nucl eof ugi ¢ group, or
an aliphatic 2%2%){%& Gnea nygle %Poﬁ’éﬁl} %hp%n@p%@ﬁomhc, or heteroaromatic

group;
R3 is a nucleofugic group or an aliphatic, aromatic, or heteroaromatic group;

R¢and R?, taken together with the intervening oxygen and boron atoms, form a
linking chain comprising 2-5 carbon atoms and 0-2 heteroatoms selected from the
group consisting of O, N, and S, where the linking chain optionally is substituted
with -halo, -NO,, -CN, -R¥, -OR?, -SR, -N(R*),, -NR*C(O)R*, -N R*C(O)N(R*),
-NR*CO:R®, -O-CO:R¥, -O-C(O)R¥, -CO:R*, -C(O)R*, -C(O)N (R*)2, -OC(O)N(R")2,
-5(O):R%, -SO:N(R*)2, -S(O)R°, or -NR*SON(R*)s;

any of said aliphatic, aromatic, or heteroaromatic groups optionally is substituted
with one or more substituents selected from the group consisting of -halo, -NO,,
-CN, -R*, -OR¥, -SR°, -N(R*)z, -NR*C(O)R*, -NR*C(O)N(R*),, -NR*CO:R®,
-O-CO:R*, -O-C(O)R*, -COzR*, -C(O)R*, -C(O)N(R*),, -OC(O)N (R*)z, -5(O)2R°,
-SO:N(R*)2, -S(O)R°, and -NR*SO,N(R*)»;

each R* independently is selected from the group consisting of R*, -C(O)R*, -COR*,
and -SO2R*, 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, 0-2 ring heteroatoms selected from N, O, and S;

each R* independently is hydrogen or an aliphatic, aryl, heteroaryl, or heterocyclyl
group that is optionally substituted with -halo, -NO,, -CN, -OR, -SR, -N (R)2,
-NRC(O)R, -NRC(O)N(R)z, -NRCO:R, -O-CO,R, -O-C(O)R, -CO,R, -C(O)R,
-C(O)N(R)z, -OC(O)N(R)z, -S(O)2R, -SO:N(R),, -S(O)R, or -NRSO:N(R)z;

each R? independently is an aliphatic or aryl group optionally substituted with -halo,
-NO,, -CN, -OR, -SR, -N(R)2, -NRC(O)R, -NRC(O)N(R),, -NRCO:R, -O-CO;R,
-O-C(O)R, -CO:R, -C(O)R, -C(O)N(R)2, -OC(O)N(R)z, -5(0O):R, -SO:N(R)z, -S(O)R,
or -NRSO:N(R)2; and
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R3 is a nucl eofugic group or an aliphatic, aromatic, or heteroaromatic
group; R4 and R5, taken together with the intervening oxygen and boron
atons, forma Ilinking chain conprising 2-5 carbon atons and 0-2

het er oat ons selected fromthe group consisting of O, N, and S, where the
| i nking chain optionally is substituted wth -halo, -NO2, -CN, -R*, -OR*,

- SR, -N(R*) NQ+%% ﬁ* %{({{z -NR CO2R, -O CO2R*, -0-C(O R*,
ORGP %ﬁ%") f‘\éﬁﬁ%’ %‘ftffocydg foPR - SN(R )2, -S(OR.
or -NR+802N % any of sai d al i phatic, aromatic, or heteroaromatic groups
optionally |S§1 El’]l%?sistcﬁ‘PBHSlnﬁnth one or rore substituents sel ected fromthe
group consisting of -halo,. - CN, -R*, -OR*, -SRO -NR)2,
“NR*C(O R, -NR*dfb) N(Iﬁoyli‘mgwimompr@l@ozw -0-C(OR, -OC®RR*,

-C(O R, -C(ONR)z, -OC(ONRZ2, -S(O2R -S&2NR*)2, -S(O)R and
_NR*S2N(R ) z;: each R)i ndepereiinadiq compesidaftfennila ¢t he group consi sting
of R*y -C(OR, -CO2R*, and -SQ2R*, or two R on the sane nitrogen atom
taken together with the nitrogen oﬁ!—l forma 5-8 nenbered aronatic or
non-aromati c ring having, in addltn%n to the nitrogen, 0-2 rln?

het eroatons selected fromN, O and®8; each R* i ndependent |y i s(Wdrogen or

an aliphati het ef.oa or heterocyclyl group that is optionally
subst i t ut ed%efﬂ}(h?hé“laédehﬂﬁﬁ{zﬁ’o"m “OR, -SR -N(R 2x “NRC(O R,
-NRC(ONR) 2, -NRCO2R, -OCR2R, -OC(OR -C2R -CCOR -C(ONR) 2,
-0C(ON(R z, -S(O2R (”)SOZP\IEWEOUHCBQf@WUIQIHONRMI@ RylRereio®e AndRRS are

i ndependent I y i saggefg{eaggg% gmﬁlr aryl group optionally substituted with
-hal o, -NQO2, z, -NRC(OR, -NRC(ONR) 2, -NRCRR,

SRz SOk o Rgb%eeé? oIV hatieh i SROEP AR aL | ¢, aryl.
Qetsi{ a1 o’ compr 13; ngteang el of ot b oPeqteamRemaR of | R'B O
OH (V1) water, to form a boronic ester of formula (IIT):
Ry ?,OR“
OR® (I
wherein RY, R4, and RS are as defined above;
() providing a solution comprising:
(i) the boronic ester of formula (II1);
(if) a compound of formula (V):
R3

v " W)

wherein Y is a nucleofugic group, and R2 and R3 are as defined above: and
(iii)  asolvent comprising;

(@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, provided that the coordinating co-solvent

constitutes no more than 20% v/ v of the reaction mixture;
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wherein R is as defined above; (ii) a conpound of formnmula HO R4- R5- OH,
wherein R4 and R5 are as defined above; and (iii) an organic sol vent that
forms an azeotrope with water; (b) heating the solution of step (a) at
reflex, with azeotropic renmoval of water, to forma boronic ester of
formula (111): R&B OR4 OR5 (I1l) wherein R, R4, and R5 are as defined

above; (c) providigg td L sing:, (i), the boronjic ester of
formula (111); ($di)) Zﬁgé(yn o%%ﬂ)lgﬁﬁ%é%%(fw potreng. stpricgliyhipdered j 5 g
nucl eof ugi ¢ ipformrachd®en tatel BRipdaxefasmelgs (med above; and (iii) a sol vent
conprising: (aa) a coordinating ether solvent that has low mscibility

with water; or (bb) an ether sol vemt 1that has low mscibility with water
and a coordinating co-sol vent, Psh§i ggd that the coordinating co-sol vent
constitutes no nore than 20% v/vYof &-hepmeaction nmixture; -76 (d) treating
the solution fromstep (c) with a s@R3ng, sterically hindered bgge to form
a boron "ate" conplex of formula (Il1): RR WRI  Y~IIB.OR4 ORS M+ (11)

wher e Whdrg Mt icatatom déeivied 6dnf the Bade)end a8 .of MM dFEEH RO re Xs aQEnA?if atpQeO are
as defined above; and (e) contacting the boron "ate" conplex o PéFmul a

(11) wWi¥fi a Lewis acid in

(e) contacting the boron "ate" complex of formula (II) with a Lewis acid in

a solution comprising:

(i) a coordinating ether solvent that has low miscibility with

water; or

(i) an ether solvent that has low miscibility with water and a
coordinating co-solvent, provided that the coordinating co-solvent constitutes

no more than 20% v/v of the reaction mixture.

45.  The process of claim 43 or 44, wherein the sterically hindered base is an alkali
metal dialkylamide base of formula M2N(R*),, wherein M2 is selected from the group
consisting of Li, Na, and K, and each R¥, independently, is a branched or cyclic Cs aliphatic,

46.  The process of claim 44, wherein the organic solvent in step (a) is selected

from the group consisting of acetonitrile, toluene, hexane, heptane, and mixtures thereof.

47. The process of claim 44, wherein the organic solvent in step (a) is an ether

solvent that has low miscibility with water.

48.  The process of claim 47, wherein the solutions in steps (a) and (c) each

comprise the same ether solvent.
49.  The process of claim 48, wherein step (b) provides a product solution

comprising the boronic ester of formula (II1), and the product solution from step (b) is used

in step (c) without isolation of the boronic ester of formula (.
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a solution conprising: (i) a coordinating ether solvent that has | ow

mscibility with water; or (ii) an ether solvent that has low mscibility

with water and a coordi nating co-solvent, provided that the coordinating

co-solvent constitutes no nore than 20%v/v of the reaction m xture. 45.

The process of claim43 or 44, wherein the sterically hindered base is an

al kali netal, di alkyl am de base of fornyla M2N(R#)2, wherein M2 is selected
o0 ehnt *REmingh

from the group PSS WHPOPARS AREMIAAraRic o5ty cempppupekof fopmaladHHEnt 1y, i s
a branched or cyclic C3-6 aliphatic. 46. The process of claim44, wherein
the organic solvent in step (a) is | ected fromthe group consisting of
acetonitrile, toluene, hexane, hg OR4nd mi xtures thereof. 47. The

process of claim44, wherein the Orggh«< solvent in step (a) is an ether
solvent that has low miscibility with water. 48. The process of (W@ai m 47,
wherein the solutions in steps (a) and (c) each conprise the sane ether
sol vent?" 24g Iwgstgerﬁ?frﬁ’ S1€H:48, wherein step (b) provides a product
solution caomrising the boronic ester of formula (H'), and the product
sol uti on frd?ﬁl%%ﬂlfgﬁycziagomworhﬁergma(ﬁegrwmhout i sol ation of the
boronic ester of fornula élll). -77 50. A process for preparing an

ami nobor oni @agsefdi* aadiiondepentlently, i Arealipthtig aronfRiticaor HdrdoatbmaBORrddps> (VI 1)

or an add additj t er eo rein: R .is an aliphatic, argmatic, or
het er oar onat i caﬂg@%ﬂ g;eﬁs’etgfé%n %’ge%ﬁr ‘\gﬂﬁ s A P?‘?E?@né’ltp’f% ?‘Hﬁfat ic,

aromatic, or hebaoqnaambdred GrHRving 02 ABditRRAE PR hdi@8RdnisQBRERE Hropl th the
i nterveni ng OXM n and_boron_atons, form a 5- to 10-nenbered ring having

0-2 addi ti onal Nr Prif netheredhe o Weneekaed ring aptioyally is swbs@uteheitt ohke 5- to
10-menber ed T §in R iRk dcfocfudddih bt SN BRE of AL TBE, SRS L uent s

selected fromthe group consisting o
-OR*, -SR?, -N(R*)z, -NR*C(O)R*, -NR*C(O)N(R*)z, -NR*CO,R°, -O-CO:R¥,
-O-C(O)R*, -CO:R*, -C(O)R*, ~C(O)N(R*)z, -OC(O)N(R*)2, -S(O):R?, -SON(R*),,

-S(O)R°, and -NR*SO;N(R+)2;

any of said aliphatic, aromatic, or heteroaromatic groups optionally is substituted
with one or more substituents selected from the group consisting of -halo, -NO,,
-CN, -R*, -OR*, -SR®, N (R*)z, -NR*C(O)R*, -NR*C(O)N(R+)>, -NR*CO,R®,
-O-COR?, -O-C(O)R¥, -COsR*, -C{O)R*, -C(O)N(R*)2, -OC(O)N(R*)z, -S(O)2R°,
-SO:N(R*)2, -S(O)R®, and -NR*SO,N(R*)z;

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, 0-2 ring heteroatoms selected from N, O, and S;

each R* independently is hydrogen or an aliphatic, aryl, heteroaryl, or heterocyclyl
group that is optionally substituted with -halo, -NO,, -CN, -OR, -SR, -N(R),,
-NRC(O)R, -NRC(O)N(R)2, -NRCO:R, -O-CO2R, -O-C(O)R, -COsR, -C(O)R,
“C(O)N(R)z, -OC(O)N(R)2, -5(O)2R, -SO:N(R)z, -S(O)R, or -NRSCN(R)z;

each R? independently is an aliphatic or aryl group optionally substituted with -halo,
-NOy, -CN, -OR, -SR, -N(R)2, -NRC(O)R, -NRC(O)N(R)z, -NRCO:R, -O-CO:R,

-O-C(O)R, -CO:R, -C(O)R, -C(O)N(R)2, -OC(O)N(R)z, -S(O)2R, -SO:N(R)2, -S(O)R,
or -NRSO:N(R).; and
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-OR*, -SR -N(R+)2, -NR+C(OR*, -NR C(O N(R+)2, -NR*C2R, -O CORR*,
-OCOR, -CO2R* , -C(OR", -CCON(R)z, -00(0)N(R )2, -S(0)2R, -SZN(R)
z, -S(OR and -NR*SO2N(R*)2; any of said aliphatic, aromatic, or
het eroaromati c groups optionally is substituted wth one or nore
substituents selected fromthe group consisting of -halo, -NO2, -CN, -R+,

-OR*, -SR - < : Q)ﬁ* 5 R* NR* CO2R, - O CO2R*,

O OR. %@&n%?}%% &85%%%8&%}1\% B2, -5(0) 2R

- SC2N NR SC2N(R' ) 2; h R* d dent | | ect ed
fromgr%) r%ﬁ%g‘%ﬁ% lbq{?gng of R+, ( C%O)R’gac COZRLn egﬁg egoz)lé’*lso?et\ig eR' on

t he same nitrogen_ato ken .t ogef her the nitrogen atom forma 5-8
menber ed ar omat i 2 Yor RS V1§ r‘?&:folr‘g“ ralt%ﬁoﬁﬁi?f‘ﬁéf"rwla d8dition to the
nitrogen, 0-2 ring heteroatoms sel ected fromN, 0, and S; each R

i ndependently is hydrogen or an F@IR ﬁhatl c, aryl, heteroaryl, or

het erocyclyl group that is opt| J@R substltut ed with -halo NOZ - CN,
-OR SR -N(R) 2, -NRC(OR, -NRC( -NRCO2R, -O C2R, - O)R
-0®2R -Q(QR -QQNR2 -0XQ -S(O)2R -SO2N(R) 2, -S(( R or
-NRSOZP%’[E}é each R i ndependently IS an al i phatic or aryl group optionally
subst i edvmth-halo -NC2, -CN, -OR, -SR -N(R 2, -NRC(OR,

- NRC( O) N( R) Rcr‘OZR, - O C2R,

-0 C(OR - ,‘a@fwgemm(mz -OC(ON(R) 2,-S(0O 2R -S®2N(R) 2, -S(OR, or
-NRSG2N(R) 2; and -78 each Ris an aliphatic, aryl, heteroaryl, or

het er ocycl yM dFdeadion; sai d process conprising: (a) providing a boron "ate"
complex of formula (11): z5:R 14 OR ORS M(Il) where Y is a nucleofugic
group; M Rsishydwgewmn;

R3 is a nucleofugic group; and
each of R%, R¢, and RS are as defined above;

(b)  contacting the boron "ate" complex of formula (IT) with a Lewis acid to
afford the boronic ester compound of formuta (1):
R1
4
It3,OR
OR® 1))

R2
R3

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

mixture comprising:

(@) a coordinating ether solvent that has low miscibility with

water; or

(if) an ether solvent that has low miscibility with water and a
coordinating co-solvent, provided that the coordinating co-solvent constitutes

no more than 20% v/v of the reaction mixture;

(© treating the boronic ester compound of formula (I) with a reagent of
formula MI-N(Si(R6)s), where M! is an alkali metal and each Ré independently is
selected from the group consisting of alkyl, aralkyl, and aryl, where the aryl or aryl
portion of the aralkyl is optionally substituted with -halo, -NO,, -CN, -R*, -OR*, -SR°,
-N(R*)2, -NR*C(O)R*, -NR*C(O)N(R*)2, -NR*CO3R?, -O-CO:R*, -O-C(O)R*, -CO:R*,
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R2 is hydrogen; R3 is a nucleofugic group; and each of R, R4, and RS are
as defined above; (b) contacting the boron "ate" conplex of formula (11)
with a Lewis acid to afford the boronic ester conpound of forrmula (I):
R2Ri Rs)~"B.OR4 OR5 V) where each of R to R5 is as defined above, said
contacting step being conducted in a reaction mxture conprising: (i) a

coordi nati ng_ bm[@;_ I LG DI LLy With water; or (ii) an
et her sol ventétt af %@Nﬁ%@mggﬁﬁ%'&m%hms%ﬁoﬁ"éroordi nati ng
co-sol vent, NR8Ode®RL.haherehe coordi nating co-sol vent constitutes no nore

t han 20%v/vag!£l t he reaftiorj m xture; (c) treating the boronic ester
conpound of $36R Rimslepeydently s selected dromm thstarodpeansisting/bf Ri, STOMBY, sEQ.R*wher e VB
is an al kali ngtalsmpd ' |y, IS elected fr t he group
consi sting of al kyI(;ERérog?‘%FF{ggng arylr}?@ egraéo?h%ﬁ%?'ﬁ?ge il FP‘E portion of
t he aral kyl i snijsigena@ind, yorsuid §8imerhisaediiomatid ak flon-afdaatic i haviRg, im OR*,

-SR -N(R)z %ga QAR ~NR Céc‘)}\Ng&)z -NR CzR, -OCOYR, -OC(OR,
R, - 79 -G O IEREICR §Z e beletopiqrme sekcteddtany RO, amtBN(R ) 2,
-S(OR, or - §%Né@l§l*d)2 where each R* independently is selected fromthe
group consi ff‘?% ependently yprogemop pa aliphagig, argoheteroanyl, anketaRscyolyl t he same

oMt € or no ol oemt e B P D SRR S fidon, 0.2

aromatic or nonh-aromatic rin avl ng, n en, 0-2

ring het er oat oRREEYBARC(OISR)INNBCOs) dOK;0Faab-ORO)R, ndegend@nil y i s _
opt 1 onal 1y sunSt PG SN o OResD e Sl kb NRo(O R
-NRC(ON(R) %achme%’enagtgf?szg{ﬁ al-ip%a%(c 92- aRr’yl ér%%%lat-iscgg:)iozhlly substituted

with-halo, -NO,, -CN, -OR, -SR, -N(R)z, -NRC(O)R, -NRC(O)N(R),, -NRCO:R,

-0-CO2R, -O-C(O)R, -CO:R, -C(O)R, -C(O)N(R)z, -OC(O)N(R)2, -S(O)2R,

-SO2N(R)z, -5(O)R, or -NRSO;N(R); and

each R is an aliphatic, aryl, heteroaryl, or heterocyclyl group;
to form a byproduct of formula Mi-R3 and a compound of formula (VIII):

RT
A.,.0R?
(G)N" B
5
OR (VIII)
wherein each G is an amino group protecting moiety, and R! to R5 are as defined above; and

(d)  removing the G groups to form a compound of formula (VII):

R‘I
4
N grOR
OR® (VII)
or an acid addition salt thereof.
51.  The process of claim 50, wherein the reaction mixture in step (c) comprises an

organic solvent in which the byproduct M1-R3 has low solubility.

52, The process of claim 51, wherein M! is Li and R? is CI.
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-C(ONR2, -CC(ONRz -S(O2R -S®2N(R 2, -S(OR, or -NRSO2N(R)2; each R
i ndependently is an aliphatic or aryl group that is optionally substituted
with-halo, -NO2 -CN, -OR -SR, -N(Rz -NRC(OR -NRC(ONR) 2, -NRCOR,
-OC2R, -0 COR-C2R,-C(OR-C(ONR2, -CC(ONRZ2, -S(O2R, -S@NR)z
-S(OR, or -NRSO2N(R)2; and each Ris an aliphatic, aryl, heteroaryl, or
het er ocycl ylsagr oun; product .of fornulg ML-R3 d a conpound of
fornula (Vi Ifisg: “%e b g“%%%‘?dﬁgﬁﬁg‘ t(hfg/lnfalc on W%Pﬁ’ﬁsgﬁ’g;b EMRLISEANi no
group prgamgc solventseleded fromtte BloupaoRistat faetRiAl) i x a0 WloRshe, ( d)
rermviri% Icarllle}g ﬁxrlog@s to forma conpound of formula (VII)? RL OR4 HZN B
OR5 (VI 206t ARG & BengaRfd mbrfures thereqfer eof . 51. The process of clai m 50,
wherein the reaction mxture in step (c) conprises an organic solvent in

whi ch the bngr Od'@% ML- R3 h%isml ow sol ubi lity. 52. The process of claim 51,
wherein M i°s" Li &r9e555 < clafm 50, whereinghe wagtiqiy isetapyc)ob conduictads2 2 wher ei n

the reaaiction hpdrblue inih}aihe bENOF QIR 43S an organi ¢ sol vent sel ect ed
fromthe group consisting of met ﬁyl cycl ohexane, cycl ohexane, heptane,

hexane, toluene, and m xtures thereof. 54. The process of claim50, wherein
the reactioBsin $H8BrdcBds df sl dyc reaction tenperature ip the
range of -100 C to Ef) ¢ SE?HﬁEe’ pltrleggiggée% et ngtfem %%Plr\%ﬁg’f‘ hTA8E °F eact i on
t enper &0fdo28°C.n the range of -50 Cto 25 C. 56. The process of claim 54,
wherein the reaction tenperature is in the range of

56.  The process of claim 54, wherein the reaction temperature is in the range of
-30°Cto 0°C.

57. The process of claim 50, wherein step (d) comprises treating the compound of
formula (VIII) with an acid and isolating the compound of formula (VII} as the acid addition
salt.

58. The process of claim 57, wherein the acid is triflucroacetic acid.

59. The process of claim 50, wherein step (c) further comprises filtering the

reaction mixture to provide a filtrate comprising the compound of formula (VIII).

60.  The process of claim 59, wherein in step (c), the reagent of formula
M-N(Si(R¢)s): is added to the reaction mixture as a solution comprising tetrahydrofuran,
and step (c} further comprises removing the tetrahydrofuran before filtering the reaction

mixture.
61.  The process of claim 59, wherein the filtrate is used directly in step (d).

62.  The process of claim 50, further comprising the step:
(e) coupling the compound of formula (VII) with a compound of formula (IX):

RT

PN
H

© (IX)
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-30 Cto 0 C. 57. The process of claimb50, wherein step (d) conprises
treating the conmpound of fornula (VIII) with an acid and isolating the
conmpound of forrmula (VII) as the acid addition salt. 58. The process of
claimb57, wherein the acid is trifluoroacetic acid. 59. The process of

cl aim 50, wherein step (c) further conprises filtering the reaction
nixturqwﬁgmgﬁovide a filtrate conprising the conmpound of fornmula (VIII).
60. The process of claimb59, wherein in step (c), the reagent of formula
M-N(Si (R6)3)2 is added to the reaction mxture as a solution conprising

t et r ahydr of ur dh?™ 2BNG EeYpbleesing ;MAYEr conpri ses removing the

t et rahydr of Aan efore filtering the reaction mxture. 61. The process of
cl ai m 59, refeectaddram the greup rensisting offhydregdry Ginaliptaytic(@uaryls@.  The
process of cl apMaRPatflgst gy conprising the step: (e) coupling the conpound
of formula (VII th a conpound of formula (I1X): R7 P-HX 0 -81-

wherein:  Pipgl: ] r ockin ety S | ected fromthe
Rslis’ -
group consisti n%%%eaﬁ}ydgx?g%e‘ﬁggbp%sbsgpg gﬁ%@%’: Xl&ﬁufia f’?‘eEF"a‘Y .
G _6al i phat i c- RaeroeyulylRthd @@ﬁh@ppﬁmecwmmmya&&@paﬁ&gﬁmaw%rm sal koxy,
al kylthio, aryl,, heteroaryl, heterocyclyl, and optionally protected am no,
hydr oxy, and idino groups; and Xis OH or a |leaving group; wherein any
of said aryl, heteroaryl, and heterocyclyl groups optionally is
subst i t ut edXif P girelepyinggraspsubst i t uent's sel ected from the group
consisting of -halo, -NO2, -CN, -R*, -OR*, -SR -N(R")z -NR*C(O R*,
- NR* C( O) N( Rwirein angrofGapiRryl, Rete@RRy, andheBirGlyRly] grdt@eRptiondllyG R |
-AONR )z - %Qt&&? V)’l%h one or more substituents selected from the group consisting of
-halo, -NO;, -CN, -R*, -OR*, -SR®, -N (R*)2, -NR*C(O)R*, -NR+*C(O)N(R*),,
-NR*CO:R?, -0-CO:R*, -O-C(O)R*, -CO.R¥, -C(O)R*, -C(O)N(R*),, -OC(O)N(R*),

-5(O):R®, -S0:N(R*)z, -S(O)R®, and -NR*SO,N(R*)z;

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 nifrogen atom, taken together with the
nitrogen atom, form a 5-8 membered aromatic or non-aromatic ring having, in

addition to the nitrogen, 0-2 ring heteroatoms selected from N, O, and S;

each R* independently is hydrogen or an aliphatic, aryl, heteroaryl, or heterocyclyl

group that is optionally substituted with -halo, -NO,, -CN, -OR, -SR, -N(R)s,
-NRC(O)R, -NRC(O)N(R)z, -NRCO:R, -O-CO:R, -O-C(O)R, -CO:R, -C(O)R,
“CO)N(R)2, -OC(O)N(R)z, -5(O)2R, -SO:N(R)z, -S(O)R, or -NRSON(R)z;

each R® independently is an aliphatic or aryl group optionally substituted with -halo,
-NO, -CN, -OR, -SR, -N(R)z, -NRC(O)R, -NRC(O)N(R)5, -NRCO,R, -O-COR,
-0-C(O)R, -CO:R, -C(O)R, -C(O)N(R)z, -OC(O)N(R)2, -S(O):R, -SO:N(R)z, -S(O)R,
or -NRSO;N(R); and

each R is an aliphatic, aryl, heteroaryl, or heterocyclyl group;

to form a compound of formula (X):

R’ OR?*

N B
P1-N/kn’ “OR®
H

O R X)
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-S(O 2R, -SAE2N(R )z -S(OR, and -NR SO2N(R )2; each R independently is

sel ected fromthe group consisting of R, -C(OR*, -CQ2R*, and -SQ2R*, or
two R on the same nitrogen atom taken together with the nitrogen atom
forma 5-8 nenbered aromatic or non-aromatic ring having, in addition to
the nitrogen, 0-2 ring heteroatons sel ected fromN, 0, and S; each R*

I ndeperdeidih ¥adhof Y, Hi10QERs, Qhd & js3s] gryl, heteroaryl, or
heterocyciyl group thaf i’s optiona substl tuted with -hal 0, -NOz -CN,
-OR, -SR, -N(R\z -NRC(OR, -NRC(O)N(R)z-NRcozR -OCX2R, -OC(OR -CO2R,

- E(R%ZRN( R) 2; %g((:?lgl?p Qggspe%mﬁf%?f%%%l |C§%%lg¥g0tec %O‘(J)TR %3; opt-l onal |y

substituted with -halo, -N® -CN, -OR, -SR, -N(R)z -NRC(OR, -NRC(O N(R)z

(NxR:(Cg)zﬁ( R;z- Qghep%%%ﬁgm%ﬂﬁfr%%mﬂﬁ&iﬁéﬁ% and each Ris an

al i phati c, r het e rou corrpound of
formul a (x) %ﬂiéﬁﬁﬁéﬂf R0 RRLP hpé’yf(é?fx ﬁ?mw@adaf% &n of Pl R
R4, R5, and R7 is as defined abov 63 The process of claim62, wherein Pi
is a cleavabl e protecting group. process of claim 63, furt her
conprising the steps: (f) cl eﬁwﬂ% Bpf)ﬁi ecting group PI to forma
conmpound of formula (Xl): N NYBCRS ORI (XI) or ap.acid
addition salt thereof, wherein eac R4, R5, and Rr is as fined

P2 x. oA %Jff’%éor?gaﬁtatﬁe %Sq%é’%hiﬂ?éc"ﬁﬁ ﬁ@(mﬁg%tagﬁ%ﬂie%a S oaving

group, to fo onpqund of formul a
(gg couphng the compound of formu ( with a reagent of formula P>X,

wherein P2 is an amino group blocking moiety and X is a leaving group, to form a

compound of formula (XII):

R?
PZ-N
H

R
YB‘0R5
0 R (XII)

H
N

wherein each of P2, R1, R4, R5, and R7 are as defined above; and
(h}  deprotecting the boronic acid moiety to form a compound of formula (XIII):

R? OH

g
P"’-N’kn’ “OH
H

o R! (XIII)

or a boronic acid anhydride thereof, wherein each of P, R, and R” are as defined above.

65. A process for preparing an aminoboronic ester compound of formula (VIIa)
or (VIIb):
R' R‘I
4 4
HZN,L _OR HaN B .OR
ORS (VIIa) OR® (VIIb)

or an acid addition salt thereof, wherein:

R1is an aliphatic, aromatic, or heteroaromatic group;
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R HOR4 p2-NNYBORS HOR (XII) wherein each of P2, RI, R4, R5, and R7
are as defined above; and (h) deprotecting the boronic acid noiety to form
a conmpound of formula (XII1): R7 HOH P2-N(NYBsOH HOR (XIIl) or a
boroni c acid anhydride thereof, wherein each of Pi, R, and R7 are as
defined above. 65. A process for preparing an am noboronic ester conpound

of formula (/| (M 1b): Rl HZN. 11, B 4 HZNB. OR 4 6R5 (VIla)
OR5 (VI 1b) %ra“‘g%?s’a ECi) %fo‘?ﬂljﬁimeﬂmﬁﬁ’éfl&&rwm bprogeptops, foime shimht i c,
aromatic, or hejiche BafoarRkiet tat BYRbstitnRa wilffordt nifte stINERLAOIRIRAT With the
I nt erveni ng oxygen, and boron atons,. forma chiral cyclic boronic ester

that is substifFodhe gioup contsting afohado, sHEs LN ORBIFE-DHR)Lr om t he gr oup

consi sting of " N AR aon o - 3 + . O R,
- NR* C( O N?R*) zmﬁ%g% 8%5*’?’ 'N5§8 R*é%%%g( jé@&'%% ’ ) C(ONR )z
- OC(O) N(R¥) 2, -CBPIR2R( OISR -RI(@)NE12)-BOJaRRI-SONBR- FORNORR) @id any of sai d
al i phati c, aro@; ., heteroaromatic groups optionally is substituted

] g@ﬂg@{}%ent s selected fromthe group consisting of -halo,

with one or no
-NO2 - CN, -SR, -N(R*)z -NR+C(O R*, -NR*C(O N(R*)2, -NR C2R,

-R* v e O:\>* L 7 . . .
-0 CRR+, - eRplopre aliphatip rromaty oy reteroarop@fikgreups eptionadiyNg Ribstitutsi O) 2R,
-SAN(R*) 2, - S({B) Bre &Hose'y M@@% fﬁ]gg j.ndependent L.y is ect ed
fromthe group consi St | %e (@?ég - ] - &%2%9{}9 cgnsmqmgc}f halo, -1%8)'2'
-CN, -R¥, -OR¥, -8R°, -N(R*)2, -NR*C(O)R*, -NR*C(O)N(R*),, -NR+*CO;R?,
-0-COR*, -O-C(O)R¥, -CO2R*, -C(O)R*, -C(O)N(R*)2, -OC(O)N(R*)2, -S(O):R®,
-SO2N(R*)2, -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, 0-2 ring heteroatoms selected from N, O, and S;

each R* independently is hydrogen or an aliphatic, aryl, heteroaryl, or heterocyclyl
group that is optionally substituted with -halo, -NO,, -CN, -OR, -SR, -N(R),,
-NRC(O)R, -NRC(O)N(R)z, -NRCO3R, -O-CO:R, -O-C(O)R, -CO:R, -C(O)R,
-C(O)N(R)2, -OC(O)N(R)2, -5(0):2R, -50:N(R)2, -S(O)R, or -NRSO:N(R)»;

each R° independently is an aliphatic or aryl group optionally substituted with -halo,
-NO;, -CN, -OR, -SR, -N(R)z, -NRC(O)R, -NRC(O)N(R)z2, -NRCO:R, -O-CO3R,
-O-C(O)R, -CO:R, -C(O)R, -C(O)N(R)2, -OC(O)N(R)2, -S(O)2R, -SON(R)z, -S(O)R,
or -NRSO;N(R)z; and

each R is an aliphatic, aryl, heteroaryl, or heterocyclyl group;
said process comprising:
(@) providing a boron "ate" complex of formula (ITa) or (ITb):
R3 R3
2SR 2 1
YN -OR! NEN
1. M+ s Mt
ORS (1) OR® (IIb)

where
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and - SO2R*, or two R+ on the sanme nitrogen atom taken together with the
nitrogen atom forma 5-8 nenbered aromatic or non-aromatic ring having, in
addition to the nitrogen, 0-2 ring heteroatons selected fromN, 0, and S;
each R* independently is hydrogen or an aliphatic, aryl, heteroaryl, or

het erocyclyl group that is optionally substituted with -halo, -NOz -CN,

"R, -SR "NRC(O N(R)z -NRO2R, -O O2R, -O C(OR -C®R
_C(OR N(of'lﬁ(’lfi) %W&(R)qu-)s,((q)zzl? -S®N(R 2, -S(OR orC( )

- NRSO2IN( R)2 ach R i ndependently is an aliphatic or aryl group optionally
substi tut ed Mi PR R0, N - O COR SR “N(R) 2, -NRC(OR, -NRC(O N(R) z
- NRCO2R, - O COR-CXER -(OR -C(ONR) z-0C(O NR) 2,

-S(O 2R, - Scﬁ%%@mg@(O)R or NRSOZN( R)2; and each Ris an aliphatic,
aryl, heterogaryl, or heterocycl group; said process conprising: (a)
provi di ng a Rb&vaomHclegfug @)Ef/of fornula (1l1a) or (11b): RRlL OR4 R2
RICR4 Y B M+ YB M+ ORS \/a) OR5 (I1b) where -84 Y is a nucl eofugic
group; M Réand Riareandefitiediabolgdr ogen; R3 is a nucl eofugic group; and R4
and R5 are as defined above; (b) contacting the boron "ate" conpl ex of
formula (1la) or{(H)l | byonkdtingahe barnh Satelcdoghyilex @fffbonla FIHBrQIbEwaERer
conpound of _formnmu . ZR1 R RR3*' BOR4 6R5 (la) 6
R5 (1b) V\heF‘EWg‘é"S'ﬁiatS%EfadE’Eéorégme§teé§°‘ﬁ%cf‘1”ﬁiélff%%§%(mk% @)eont acting step

bei ng conducted in g reaction 1
R%, r2R
A OR? reR g0
] 5 |
OR (Ta) OR® (Ib)

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

mixture comprising:

(@) a coordinating ether solvent that has low miscibility with

water; or

(i)  an ether solvent that has low miscibility with water and a
coordinating co-solvent, provided that the coordinating co-solvent constitutes

no more than 20% v/v of the reaction mixture;

© treating the boronic ester compound of formula (I4) or (Ib) with a
reagent of formula M!-N(G),, where M! is an alkali metal and each G is an amino
group protecting moiety, to form a compound of formula (VIIIa) or (VIIIb):

R R

A._.or¢
( G)ZNA JOR?

©N"B"
OR (VIia) ORS (VIITD)

wherein each G and R! to R5 are as defined above; and

(d)  removing the G groups to form a compound of formula (VIIa) or
(VIIb):

R R?

,OR4 = 4
HZN/'\? HZNAB’OR

OR?® (VIa) OR® (VIIb)
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m xture conprising: (i) a coordinating ether solvent that has | ow
mscibility with water; or (ii) an ether solvent that has low mscibility
with water and a coordi nating co-solvent, provided that the coordinating
co-solvent constitutes no nore than 20%v/v of the reaction mxture; (c)
treating the boronic ester conpound of formula (la) or (Ib) with a reagent
of formula M % ere M is an alkali nmetal and each Gis an am no
group pf @P@EH% émhef?f& forma conmpound of formula (Villa) or (MIlb):
RLRL 4 4 (G)2NB OR,A OR 5 (G2NB R (Villa) OB (VIIIb) wherein each
G and R 5 are as defi ed above; jng the G groups to form
a corrpound forﬁhﬂTO&es(s\%? Sm’&ﬁacevlﬂ?}mg&gfdoﬁ?‘lﬁ* \~B. OR 4 HZNI Al OR 6R5
(ViIla) 6R5 (MIb -85 or an acid addition salt thereof. 66. A process for
form ng a conmpound of formula (X V): OHOHor~oH (XIV) or a boronic
acid anhydride thereof, said process rising: (a) providing a boron
"ate" conplex of formula (XV): OH

EN\ N ~""OH
P’ O -
N Y (XIV)

or a boronic acid anhydride thereof, said process comprising:

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

H—E]
Y -0
M+

(XV)

wherein:
M+ is an alkali metal;

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

to afford a boronic ester compound of formula (XVI):

RITBYNS
LK
(Xvi)

said contacting step being conducted in a reaction mixture comprising:

(i) a coordinating ether solvent that has low miscibility with

water; or

(if) an ether solvent that has low miscibility with water and a
coordinating co-solvent, provided that the coordinating co-solvent constitutes-

no more than 20% v/ v of the reaction mixture;
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Y 'O M (XV) wherein: M is an alkali netal; (b) contacting the boron
"ate" conplex of fornmula (XV) with a Lewis acid to afford a boronic ester
conmpound of forrmula (XVI): R3%~B'O O - D< (XVlI) said contacting step
bei ng conducted in a reaction m xture conprising: (i) a coordinating ether
sol vent that has low miscibility with water; or (ii) an ether solvent that

has low mscibilifty w h and a, coordin ql vent provi ded

that the coordinat )E/ng t%:o 39 Pber?tm%lﬁﬁsg‘frlctompé’émgﬁtpm BRI t he

reacti on m xifdioreula 88-N((3)) whefainl RGntaNELASANING A8 @fm&x@{m{aﬂgﬁr Rlgefh@f Mul @
of fornula ML-N(G 2, where is an al kalr1 “netal and

(XVI) with g re nt

each G indi W ﬂ%%‘%ﬂ? PuR Bﬁ%?%ggf?@réﬁﬁomaﬁ@ﬂmoﬁuéobmm 33gDgr oup, to
forma conmpound of forrmula (XVI1): GzN' 'B O ( (fin (d) renoving the G
groups to forma conpound of formulg (XVII1): "OHzNB % O (XVIIl) or
an acid addition salt thereof; (e)rcoupling the conpound of formula (XVIII)

with a conpound of formula (G)N lg’o::
=<
(XVII)

(d)  removing the G groups to form a compound of formula (Xviy:

HQN)HB\?O
(<
b:4711)

(e coupling the compound of formula (XVIII) with a compound of formula
(XIX);

or an acid addition salt thereof;

© (XIX)

wherein:
P1 is a cleavable amino group protecting moiety; and
Xis OH or a leaving group;

to form a compound of formula (XX):

(XX)

wherein P! is as defined above;

® removing the protecting group P! to form a compound of formula (XXI):
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(XIX); P1-H X O (XIX) wherein: P1 is a cleavable am no group protecting
noiety; and X is OH or a leaving group; to forma conpound of fornula
(XX): O OP:NN610 HOY ( wherein P1 is as defined above; (f) renoving
the protecting group PI to forma conmpound of formula (XXI): -87 0 Hz2N
NN_OYT(XXI) or an acid addition salt thereof; (g) coupling the
conmpound of forrmula (XXI) with a reagent of fornula (XXIl) N ( NXO
(XXI'l) wherein Xis a OH or aleg.gr , to forma conmpound of formula
(XXI'TT): NONNe o HOY (=l BTd (3o eprotecting the boronic acid

noi ety to formthe compound of ‘6r1|
y wound of Jor e 2.

(xX1)

or an acid addition salt thereof;

(2) coupling the compound of formula (XXI) with a reagent of formula (XXII)

N
G,
0O

(XX1I)
wherein X is a OH or a leaving group, to form a compound of formula (XXIII):
N‘\
®
N
(XXIII) ; and

(h)  deprotecting the boronic acid mojety to form the compound of formula (XIV)
or a boronic acid anhydride thereof.

67.  The process of claim 66, characterized by at least one of the following features
(1)-0):
(1) in the boron "ate" complex of formula (XV), R3 and Y both are chioro;
2) the coupling step (e) comprises 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-yl)-
1,1,3,3-tetramethyluronium tetrafluoroborate (TBTU) and a tertiary amine in
dichloromethane;

(ii) performing a solvent exchange to replace dichloromethane

with ethyl acetate; and

(i)  performing an aqueous wash of the ethyl acetate solution.
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or a boronic acid anhydride thereof. 67. The process of claim 66,
characterized by at | east one of the followng features (1) in the boron
"ate" conplex of formula (XV), R3 and Y both are chloro; (2) the coupling
step (e) conprises the steps: (i) coupling the conmpound of formula (XVIII)
with a conmpound of forrmula (XIX) wherein Xis OHin the presence of

2- (1H benzotriazgl-1-yl) - 3. 3-tetranet hyl usoni umtetrafl uoroborate
(TBTU) and a terﬁ)ar y¥%9nﬁ’rﬁgeétﬁnrggr&?@ﬁ?%?%mn%f%gx ;COTPFFES%‘?%S?% ng a sol vent
exchange to replace di.chl ofonet hane wth, ethyl acefate: d (i.i|)
perforning an aqueous@&ashgﬁynﬁﬂgeﬁﬁqﬁWUQQﬁgg ‘ﬂgzt%?WHhFﬁﬂﬁﬁéﬂ?%) t he
protecting groupa¢egsrevi ng step (f) conprises the steps: (i) treating the
conmpound of forrmula (MOwith HOin ethyl acetate; (ii) adding heptane to

the reaction mxture; gnd bddihy hbSiRhédol thPrdd¥us hdldlel dgt i on the conpound
of formula (XXI) as its HO addition salt; (4) the coupling step (Q)

conprises the steps: ffy C | fL29R I 1

2- pyr azi ne- carboxyliéhaci%H@%hgﬁ%kﬁggsencgyggC%E?%ﬁgﬁgﬁgﬁéégaegyy&gnine in
di chl or onet hane; it§ HC} agpditibosati;ng a sol vent exchange to repl ace

di chl oronethane w th ethyl acetate; and (iii) perform ng an aqueous wash
of the ethyl aceate gelcuinplaly stgn@) cdhpridebendydépeni ¢ aci d deprotecting step
(h) conprises the steps: (i) providing a biphasic m xture conprising the
compound of formula GXXI | douplif e @apoand Of RitelAXX]) AARSDIRhzind | OWer

al kanol, a Cs-s hydrocarbon solvent, "and aqueous mnineral acid; (ii)
stirring the bi prraRPylignsiein thepsesgnean!d Blkkansionisstinng agine fhor mul a () UV) ;

dichloromethane;

(i}  performing a solvent exchange to replace dichloromethane

with ethyl acetate; and
(i)  performing an aqueous wash of the ethyl acetate solution; and
(5) the boronic acid deprotecting step (h} comprises the steps:

(i) providing a biphasic mixture comprising the compound of
formula (XXIII), an organic boronic acid acceptor, a lower alkanol, a Css

hydrocarbon solvent, and aqueous mineral acid;

(ii) stirring the biphasic mixture to afford the compound of
formula (XIV);

(iii)  separating the solvent layers; and

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

anhydride thereof, into an organic solvent.
68. The process of claim 67, characterized by all five features (1)-(5).

69.  The process of claim 67, wherein step (h)(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
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(1i1) separating the solvent |ayers; and (iv) extracting the conpound of
formula (XIV), or a boronic acid anhydride thereof, into an organic
solvent. 68. The process of claim67, characterized by all five features
(1)-(5). 69. The process of claim67, wherein step (h)(iii) conprises the
steps: (1) separating the solvent layers; (2) adjusting the aqueous | ayer
to basic pH (3) washi I h a sol vent; and
-89 (4) adjusting the @gueoulsugﬁl%ﬁl%%qhg‘yu%lﬂefrtoap ﬁ%sﬁq%ngo The process of
cl ai m 69, wherein instep (h)(iii)(3), the aqueous layer is washed wth

di chl or onet of clai inin ste h)(|v) t he
conpound of ‘for rru’ﬁ%% P r%@%ﬁ CPa%%%ﬁ i‘o‘:rrgﬁ ¢S n%éeg %a)@ﬂﬁ{/ g} G a@éle?‘f‘?el?g%

extractvmthbahmmdhdﬁbmmﬂehbane, the solvent is exchanged to et hyI acet ate,
an the compound of formula (XIV), or a boronic acid anhydride thereof, is
crystallized by addition of hexane or heptane. 72. The process of claim71,

wher ei n addi7ti on Thé phexensd clim 68l RdReinlie sié 1{1@(1b))ﬂ1éido)&§ic%hhlo¥&$rhﬁﬂ'a of a
cyclic trimeric boronlc aci d_anhydride of fornula (XXI'V): \ ONNN vB

CH 43 @R )orabaypnic agd aphyindedberephis exbpgiedinta d@bi@@@n@a@m ﬂle)ﬁ*QWﬂIﬁIS( )aVv) :
xO H Okt ng%&ko%xm alidte (24 fo@ﬁo&&w BHiuﬁa?%I@ @rwo%ﬂugsamﬁf,egg The

process co I ses ‘the steps: provi |ng a ®fornul a
(XV) : thereof, is crystallized by addition of hexane or heptane.

72.  The process of claim 71, wherein addition of hexane or heptane results in

crystallization of a cyclic trimeric boronic acid anhydride of formula (XXTV):

(XX1V).
73. A process for forming a compound of formula (XIV):
(?H
¢y "
(XIV)
or a boronic acid anhydride thereof. The process comprises the steps:
(@ providing a boron "ate" complex of formula (XV):
R3?/'O
H—E
Y -0
v V)
wherein:
R3 is a nucleofugic group;
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R'OY OM (XIV) wherein: R3is a nucleofugic group; -90 Yis a

nucl eof ugic group; and M is an alkali netal; (b) contacting the boron
"ate" conplex of forrmula (XV) with a Lewis acid to afford a boronic ester
conpound of formula (XVI): R3%BO = O D< (XVI) said contacting step being
conducted in a reaction mxture conprising: (i) a coordinating ether

sol vent that h%shul I%g\fum scibili '(tiy with water; or (ii) an ether solvent that
has | ow msmlgl f: WIS 0 8P%nd a  coor di nat i ng co-sol vent, provided
that the co dJ nat sol vent constitutes no nore than 20%v/v of the
reaction m aj(k@ﬁnfe%é’ati ng the boroni c ester conpound of fornula (XVI)
with a reage t of forgsr_{1 N(SI (R6)3)2, where_ M is an alkali nmetal and
each R6 i nd&%endé?ﬁtia’ipri & beTop{ &g Comie elfergla (VL with pdepigpdd toy) kyl

ar al k%ffoﬁf@b@xbﬁioesﬁé@&fn%&ﬂﬁcﬁ“ﬁiﬁlﬁéf\l}gly.l portion of the aralkyl is
optionally substituted h -halo , -CN, -R*, -OR*, -SRO, -NR*)2,

-NRFC(OR*, -NRFC(ONR)2, -NRtC2R, -OCXR2R*, -OC(OR", -CO2R*,
-C(OR, -C(ONR)2, -OC(ONR -S(O 2R, -S@N(R )2, -S(OR or
-NR*S2N(R*) 2, each R independently is selected fromthe group consisting
of R, -C(OR*, -CO2R*, and - ﬁ@Z‘Fgfoéer two R on the same nitrogen atom

t aken toget her vm'ththe ni trogen & rma 5-8 nenbered aronmatic or
non-aromatic ring having, in additi the nitrogen, 0-2 ri
het eroatons selected fromN, 0, and S; each R* independently ig hg/dr ogen or

| i ] I - that i ti |
oo | T e AR 4P RGPy o !
TNRAONR) 2, - N{%COZ R 0609dinc%r'3g ethdF S%V%Bma_t £ ﬁu%éx@hj%? with water; or

(i) an ether solvent that has low miscibility with water and a
coordinating co-solvent, provided that the coordinating co-solvent constitutes no more than

20% v /v of the reaction mixture;

{©) treating the boronic ester compound of formula (XVI) with a reagent of
formula M!-N(Si(R)3)2, where M! is an alkali metal and each Ré independently is selected
from the group consisting of alkyl, aralkyl, and aryl, where the aryl or aryl portion of the
aralkyl is optionally substituted with -halo, -NO, -CN, -R¥, -OR*, -SR°, -N(R*),, -NR*C(O)R*,
-NR*C(O)N(R*)2, -NR*CO:R°, -O-CO:R¥, -O-C{O)R*, -CO:R*, -C(O)R*, -C(O)N(R*)z,
-OC(O)N(R*)z2, -5(0)2R®, -SO2N(R*)2, -S(O)R®, or -NR*SO2N(R*)s,

each R+ independently is selected from the group consisting of R*, -C(O)R*, -CO:R*,

and -S0,R*, or two R* on the same nitrogen atomn, taken together with the
nitrogen atom, form a 5-8 membered aromatic or non-aromatic ring having, in

addition to the nitrogen, 0-2 ring heteroatoms selected from N, O, and S;

each R* independently is hydrogen or an aliphatic, aryl, heteroaryl, or heterocyclyl
group that is optionally substituted with-halo, -NO», -CN, -OR, -SR, -N(R)2,
~NRC(O)R, -NRC(O)N(R)z, -NRCO:R, -O-CO:R, -O-C(O)R, -CO:R, -C(O)R,
-C(O)N(R)2, -OC(O)N(R)z, -5(0)zR, -SO:N(R)z, -S(O)R, or -NRSON(R)2;

each R° independently is an aliphatic or aryl group that is optionally substituted
with-halo, -NO;, -CN, -OR, -5R, ~N(R)z2, -NRC(O)R, -NRC(O)N(R)z, -NRCO:R,
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-C(ONR 2, -CCCONR2, -S(O2R, -S®2N(R) 2, -S(OR, or -NRS2N(R) 2; each R
i ndependently is an aliphatic or aryl group that is optionally substituted
with-halo, -NO2 -CN, -OR, -SR, -N(R 2, -NRC(OR, -NRC(ONR) 2, -NRCRZR,

-91 -OC2R -0 COR-C2R -C(OR -C(ONR2,-OC(ONR) 2,-S(0 2R,
-S2N(R)2, -S(OR or -NRS2N(R)2; and each Ris an aliphatic, aryl,

het eroaryl, or 0 p; C of mula (XVII):
((R6)aSi ) 2N B~§I'%{fé§ﬂ'@/(§{(%¥{é%o@#ﬁg (?ﬂg -{3%%2, %@ﬁ@’oﬁ@ﬁ& a conpound of
formul a (XVI1B0,N(R)., SIO)R] ctNNRSONM(R),; eI [ 1) or an add addition salt
thereof; (e') coupling the conpound of forrmula (XVI11) with a conpound of
formula (XleXéh R is@Gn Mphatke, Gryit] Hrehbdrd, Sah ﬂﬁ/@)?d] i .is OH or a |eaving
group, to fgrma conptl))uad (g);fylﬁfornual(r?(xxﬁt‘lel): %%o‘g):, (N x" N6. (XXII1)

and (f) de%g;rgpgédﬁqx;uggop%r%ikp(m'q noi ety to formthe conpound of
formula (XIV) or a boronic acid anhydride thereof. -92 74. The process of

claim 73, characterized by at |east gne of the following features (1)-(3):
(1) I'n the boron "ate" conplex of faq la (XV), R3 and Y both are chloro.
(2) The coupling step (e) conprises|the steps:

(ROSN" B O
<<
(xXvI)

(d)  removing the (R8)35i groups to form a compound of formula (XVIII):

e

HN"B
o)

‘e,

R

(XVIII)
or an acid addition salt thereof;

(¢)  coupling the compound of formula (XVIII) with a compound of formula

(XIXa):
0
Nj)LN/E x
ENf H o

(XIXa)
wherein X is OH or a leaving group, to form a compound of formula (XXIIT):
2 H 9’&
Ny N NYB-..O
EN/ H o Y
(XXIII) ; and

(f') deprotecting the boronic acid moiety to form the compound of formula (XIV)
or a boronic acid anhydride thereof.
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(i) coupling the compound of fornmula (XVII1) wth a conpound of formnula
(Xl Xa) wherein Xis OHin the presence of 2-(1H benzotriazol-1-yl)-1,1, 3, 3-
tetramet hyl uroniumtetrafl uoroborate (TBTU) and a tertiary amne in

di chl oronet hane; (ii) perform ng a solvent exchange to repl ace

di chl oronet hane with ethyl acetate; and (iii) perform ng an aqueous wash

of the et hyl7zacetie@rs@bddficBiim 7_:5&&&&&&9&695‘1@1‘éas@8£901dtﬁ9%ﬂo%£%féﬁ siep (1)
conprises the steps: (i) providing a biphasic mxture conprisihg %e
conpout-@F formula (XXI11), an organic boronic acid acceptor, a |ower

al kanol, a Cm hydrocarbon solvent, and aqueous mneral acid; (ii) stirring

t he bi phasi ¢qym x f.tar oun fo.for XLV): (i1i)
separati ng gﬂe sg#\%%rﬁo??lgjffée?scgmgggof?v u%%( r ’cl%siaﬁléf}%%h@g fd of fornula
(XI'V), or a boronic acid anhydride thereof, into an organic solvent. 75.
The process(df clThe nouplingwhepr(e) corspréses (He)sgdpsi ) conprises the steps: (1)
separating the solvent |ayers; (2) adjusting the aqueous |ayer to basic pH;
(3) washing the &hueoosupliagehe sunipoudid ob FgaRlLNAIN WAt a @shouorad Ust i ng
t he aqueous,| a er a pH less than 8. -93 76. The process of claim75,
wherein in @Eﬁ‘ Et(‘}é[%ﬂ W?‘f@)n,xfsi%Hé’é] thediresenggefr2-(1El-bepaetrisdoli-yln1,1,3,3-

di chl or onet RaRgethh Hén TR in.in.step (f)(iv), the
conmpound of _forrml)guro( X V)&,rh%grﬁ&z)bg%rt%Li C Aéﬁ aggﬁéﬁr%e%ereof, is
extract ed | fichlomwmethareonet hane, the solvent is exchanged to ethyl acetate,
an the conmpound of formula (XIV), or a boronic acid anhydride thereof, is

crystallized by @iidi tpaforoindwesdinent exchangd @hepladSdicABRIMRAERSHRENLG] 8l m 77,
wherein addit%a n_of hexane or heptane results in crystallization of a
cyclic tri P BBfonic acid anhydride of formula (XXIV): NI N Nv6

(iii)  performing an aqueous wash of the ethyl acetate solution.
3 The boronic acid deprotecting step (') comprises the steps:

(1) providing a biphasic mixture comprising the compound of formula
(XXTI), an organic boronic acid acceptor, a lower alkanol, a Cs. hydrocarbon

solvent, and aqueous mineral acid;

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

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

(iv)  extracting the compound of formula (XIV), or a boronic acid
anhydride thereof, into an organic solvent.

75. The process of claim 74, 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 8.
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76.  The process of claim 75, wherein in step (')(iii)(3), the aqueous layer is

washed with dichloromethane.

77. The process of claim 75, wherein in step (£)(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.

78. The process of claim 77, wherein addition of hexane or heptane results in

crystallization of a cyclic trimeric boronic acid anhydride of formula (XXIV):

o)

o H i
N\ N NYB
EN/ H oo 3 7°

Y (XXIV).
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