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SYNTHESIS OF BORONIC ESTER AND ACID COMPOUNDS
(Attorney Docket No. MPI04-044P1R WO M)

BACKGROUND OF THE INVENTION

Field of the Invention

[oo1] This invention relates to the synthesis of baronic ester and acid compounds.
More particularly, the invention relates to large-scale synthetic processes for the preparation
of boronic ester and acid compounds by Lewis acid promoted rearrangement of boran "ate”
complexes.

Background of the Invention
[002] Boranic acld and ester compotunds display a variety of pharmaceutically

useful bialogical activities. Shenvi et al, US. Pat. No. 4,499,082 (1985), discloses that peptide
boronic acids are inhibitors of certain proteclytic enzymes. Kettner and Shenvi, U.S. Pat. No.
5,187,157 (1993), U.S. Pat. No. 5,242,904 (1993), and U.S. Pat. No. 5,250,720 (1993), describe a
class of peptide boronic acids that inhibit trypsin-like proteases. Kleeman et al., US. Pat. No.
5,169,841 (1992), discloses N-terminally modified peptide boronic acids that inhibit the
action of renin. Kinder et al., U.S. Pat. No. 5,106,948 (1992), discloses that certain tripeptide
boronic acid compounds inhibit the growth of cancer cells.

[003] More recently, boronic acid and ester compounds have displayed particular
promise as inhibitors of the profeasome, a multicatalytic protease responaible for the
majority of intracellular protein turnover. Clechanover, Cell, 79: 13-21 (1994), discloses that
the proteasome is the proteclytic companent of the ubiquitin-proteasome pathway, in which
proteins are targeted for degradation by conjugation to multiple molecules of ubiquitin.
Ciechanover also discloses that the ubiquitin-proteasome pathway plays a key role in a
variety of important physiclogical processes. .
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[004] Adams ef al., US. Patent No. 5,780,454 (1998), U.S. Patent No. 6,066,730 (2000),
US. Patent No. 6,083,903 (2000), U.S. Patent No. 6,297,217 (2001), US. Patent No. 6,548,668,
and U.S. Patent No. 6,617,317 (2003), hereby incorporated by reference in their entirety,
deacribe peptide boranic ester and acid compounds useful as proteasome inhibitors. The
references also describe the use of boronic ester and acid compounds to reduce the rate of
muscle protein degradation, to reduce the activity of NF-xB in a cell, to reduce the mate of
degradation of p53 protein in a cell, to inhibit cydin degradation in a cell, to inhibit the
growth of a cancer cell, to inhibit antigen presentation in a cell, to inhibit NF-xB dependent
cell adhesion, and to inhibit HIV replication.

[005] Albanell and Adams, Drugs of the Future 27: 1079-1092 (2002), discloses that
one such peptide boronic acld proteasome inhibitar, bortezomib (N-2-pyrazinecarbornyl-L-
phenylalanine-L-leucineboranic acid), shows significant antitumor activity in human tumor
xenograft models and is undergaing clinical evaluation. Richardson et al., New Engl. |. Med.,
348:2609 (2003), reports the results of a Phase 2 study of bartezomib, showing iis
effectiveness in treating relapsed and refractory multiple oyyeloma.

[006] * Studties of boromic acid protease inhibitors have been greatly advanced by the
development of chemistry for the preparation of functionalized boronic acid compounds,
particularly alpha-halo- and alpha-aminoboronic aclds. Matteson and Majumdar, J. Am.
Chem. Soc., 102:7590 (1980), discloses a method for preparing alpha-chloroboronic esters by
homalogation of boronic esters, and Matteson and Ray, J. Am. Chem. Soc., 1027591 (1980),
reports that chiral control of the homologation reaction can be achieved by the use of
pinanediol boronic esters. The preparation of alpha-aminobaronic acid and ester
compounds from the corresponding alpha-chloroboronic esters has also been reported
(Matieson et al., ]. Am. Chem. Soc., 108:5241 (1981); Shenvi, U.S. Patent No. 4,537,773 (1985)).
[007) Matteson and Sadhu, US. Patent No. 4,525,309 (1985), describes an improved
procedure for the hamologation of boronic esters by rearrangement of the intermediate
boron "ate” complex in the presence of a Lewis acid catalyst. The Lewis acid is reported to
promote the rearrangement reaction and to minimize epimerzization at the alpha-carbon
atom. Rigorous exclusion of water and careful conirol of Lewis acid stoichiometry are
required for optimum results, however. These features render the reaction difficult to
perform successfully on a production scale, and limit the availability of pharmaceutically
need in the art for improved methods for the large-scale production of baronic ester and
acid compounds.
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DESCRIPTION OF THE INVENTION

foos] The present invention provides improved synthetic processes for the large-
scale production of boronic ester and acid compounds. These processes offer increased yield
and purity, increased throughput, and greater ease of handling as compared to prior art
methods. Notably, the processes described herein are suitable for batch production on a
large, multi-kilogram scale that is limited anly by the size of the available manufacturing
capabilities. The processes of the invention are particularly advantageous for the synthesis
of chiral boranic ester and acid compounds, induding alpha-aminoboronic ester and acid
compounds. Regardless of scale, the desired products are produced with very high
chemical and stereochemical purity.

[005] The patent and scientific literature referred to herein establishes knowledge
that is available to those with skill in the art. Unless otherwise defined, all technical and
scientific terms used herein have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention relates. Although methods and materials
simnilar or equivalent to those described herein can be used in the practice or testing of the
present invention, the preferred methods and materials are described herein. The issued
patents, applications, and references that are cited herein are hereby incorporated by
reference to the same extent as if each was specifically and individually indicated to be
incorporated by reference. In the case of inconsistencies, the present disclosure, including
definitians, 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 mean approximately, in the region of,
roughly, or around. When the term "about” is used in conjunction with a numerical range, it
modifies that range by extending the boundaries above and below the numerical values set
forth. In general, the term "about” is used herein to modify a numerical value above and
below the stated value by a variance of 10%.

[o11] The term "comprises” is used herein to mean "includes, but is not limited to."
(012] The term "aliphatic”, as used herein, means a straight-chain, branched or
cyclic C, ,, hydrocarbon which is completely saturated or which contains one or more units
of unsaturation, but which is not aromatic. For example, suitable aliphatic groups include
substituted or unsubatituted linear, branched ar cyclic alky}, alkeny), alkynyl groups and

" hybrids Hhereaf, such as {cylcoalkylalkyl, (cycioalkenyDalicy! or (cycloalicyljalkenyl. In
various embodiments, the aliphatic group has 1-12, 1-8, 1-6, or 1-4 carbans.

-3-
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[013] The terms "alkyl", "alkenyl”, and "alkynyi", used alone or as part of a larger
molety, refer to a straight and branched chain aliphatic group having from 1 to 12 carbon
atoms, which is optionally substituted with one, two ar three substituents. For purposes of
the present invention, the term "alkyl” will be used when the carbon atom attaching the
aliphatic group to the rest of the molecule is a saturated carbon atom. However, an alkyl
group may include unsaturation at other carbon atoms. Thus, alkyl groups include, without
limitation, methyl, ethyl, propyl, allyl, propargyl, butyl, pentyl, and hexyl.

(014] For purposes of the present invention, the term "alkenyl” will be used when
the carbon atom attaching the aliphatic group to the rest of the molecule forms part of a
carbon-carbon double band. Alkenyl groups include, without limitation, vinyl, 1-propenyl,
1-butenyl, 1-pentenyl, and 1-hexenyl. For purposes of the present invention, the term
"alkynyl” will be used when the carbon atom attaching the aliphatic group to the rest of the
molecule forms part of a carbon-carbon triple bond. Alkynyl groups include, without
limitation, ethynyl, 1-propynyl, 1-butynyl, 1-pentynyl, and 1-hexynyl.

[015] The terms "cycloalkyl®, “carbocycle”, "carbocydyl”, "carbocyclo”, ar
"carbocyclic”, used alone or as part of a larger moiety, means a saturated or partially
unsaturated cyclic aliphatic ring system having from 3 to about 14 members, wherein the
aliphatic ring system is optionally substituted. Cycloalkyl groups incdude, without
Himitation, eyclopropyl, cyclobutyl, cyclopentyl, cyclopenteny, cyclohexyl, cyciohexenyl,
cycloheptyl, eyclohepteny), cyclooctyl, cyclooctenyl, and eyclooctadienyl. In some
emboadiments, the cycloalkyl has 3-6 carbans. The terms “cycloalkyl”, “carbocyde”,
"carbocydlyl”, "carbocyclo”, or "aarbocydic” also include aliphatic rings that are fused to one
or more aromatic or nonaromatic rings, such as decahydronaphthyl or tetrahydronaphthyl,
where the radical or point of attachment is on the aliphatic ring.

[016) The terms "haloalky!", "haloalkenyl” and "haloalkaxy” refer to an alkyl,
alkeny! ar alkaxy group, as the case may be, substituted with one or mare halogen atoms.

As used herein, the term "halogen" ar *hale” means F, C, Br, or L Unless otherwise
indicated, the terms "alkyl", "alkenyl”, and "alkoxy” include haloalkyi, haloalkenyl and
haloalkoxy groups, including, in particular, those with 1-5 fluorine atoms.

[017} The terms "aryl” and "ar-", used alone or as part of a larger moiety, e.g.,
"aralkyl", "aralkoxy”, or "aryloxyalkyl”, refer to a C,,, aramatic moiety comprising ane to

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

aryl group. Aryl groups include, without limitation, phenyl, naphthyl, and anthracenyl.
The term "aryl", as used herein, also indudes groups in which an aromatic ring is fused to

-4-
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one or more non-aromatic rings, such as indanyl, phenanthridinyl, or tetrahydronaphthyl,
where the radical or point of attachment is on the aromatic ring. The term "aryl” may be
used interchangeably with the term "aryl ring".

[018] An "aralkyl” or "arylalkyl" group comprises an aryl group covalently attached
to an alkyl group, either of which independently is optionally substituted. Preferably, the
aralkyl group is C,, aryl(C, Jalkyl, including, without limitation, benzyl, phenethyl, and
naphthylmethyl.

[019] The terms "heteroaryl” and "heteroar-*, used alone or as part of a larger
moiety, £.g., heteroaralkyl, or "heteroaralkoxy”, refer to groups having 5 to 14 ring atoms,
preferably 5, 6, 9, or 10 ring atoms; having 6, 10, or 14 % electrons shared in a cyclic array;
and having, in addition to carbon atoms, from one to four heteroatoms selected from the
group consisting of N, O, and S. Hetercaryl groups include, without Hmitation, thienyl,
furanyl, pyrrolyl, imidazalyl, pyrazolyl, triazalyl, tetrazalyl, oxazolyl, isoxazalyl,
axadiazolyl, thiazolyl, isothiazolyl, thiadiazolyl, pyridyl, pyridazinyl, pyrimidinyl,
pyrazinyl, indolyl, iscindolyl, benzothienyl, benzofuranyl, dibenzofuranyl, indazolyl,
benzimidazolyl, benzthiazolyl, purinyl, quinoly], isoquinolyl, cnnolinyl, phthalazinyl,
quinoxatinyl, naphthyridinyl, pteridinyl, carbazolyl, acridiny), and phenazinyl. The terms
"hetevcaryl” and "heteroar-", a8 used herein, also include groups in which a heteroaromatic
ring is fused to one or maore nonaromatic rings, where the radical or point of attachment is
on the heteroaromatic ring. Nonlimiting examples include tetrahydroquinolinyl,
tetrahydroisoquinclinyl, and pyrido[3,4-d]pyrimidinyl. The term "heteroaryl” 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
alkyl group substituted by a heteroaryi, wherein the alkyl and heteroaryl portions
independently are optionally substituted.

[020] As used herein, the terms "heterocycle”, "heterocyclyl”, or "heterocyclic
radical” refer to a stable 5- to 7-membered manocydlic or 7- to 10-membered bicyclic
heterocyclic moiety that is either saturated or partially unsaturated, and having, in addition
to carbon atoms, ane ar more, preferably one to four, heteroatoms selected from the group
consisting of N, O, and S, wherein the nitrogen and sulfur heteroatoms are opticanally
oddized and the nitrogen atoms are optionally quaternized. The heterocyclic ring can be
attachedtompe:ﬂmtgroupatanyhehmammmrbmatomﬂ\atresullsmashble

- shuchne,andmyofhenngatumscmbeoptlmallymbsﬁtuted Ecamplmdsudx
saturated or partially unsaturated heterocyddic radicals include, without limitation,
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tetrahydrofuranyl, tetrahydrothienyl, pyrrolidinyl, pyrrolidanyl, piperidinyl, pyrrolinyl,
piperazinyl, dicxany), dioxolanyl, diszepinyl, oxazepinyl, thiazepiny), and morpholiny.
The terms "heterocycle”, “heterocyclyl”, and "heterocyclic radical”, as used herein, also
include groups in which a non-aromatic heteroatom-containing ring is fused to one or more
aramatic or non-aromatic rings, such as indolinyl, chromanyl, phenanthridinyl, or
tetrahydroquinolinyl, where the radical ar point of attachment is on the non-aromatic
hetercatom-containing ring. The term "heterocycdylalkyl” refers to an alkyl group
substituted by a heterocyclyl, wherein the alkyl and heterocyelyl portions independently are
optionally substituted.

{oz1] As used herein, the term "partially unsaturated” refers to a ring maiety that
includes at least ane double or triple bond between ring atams. The term "partially
unsaturated” is intended to encompass rings having one or muitiple sites of unsaturation,
bu.tisnothizndedmindudearylmlnmtylmdeﬂes,nshemhdeﬂmd.

[022] The term "substituted”, as used herein, means that one or more hydrogen -
atoms of the designated maoiety are replaced, provided that the substitution results in a
stable or chemically feasible compound. A stable compound ar chemically feasible
compound is one in which the chemical structure is not substantially altered when kept at a
temperature of 40 “C or less, in the absence of moisture or other chemically reactive
conditions, far at least a week, or a compound which maintains its integrity long enough to
be useful for the synthetic processes of the invention. The phrase "one or more substituents”,
as used herein, refers to a mmber of substituents that equals from one to the maxtmum
number of gubstituents passible based on the number of available bonding sites, provided
that the above conditions of stability and chemical feasibility are met.

[023] An aryl (including the aryl moiety in aralkyl, aralkoxy, aryloxyalkyl and the
like) ar heteroaryl (including the heteroaryl moiety in heteroaralkyl and heteroarylalkoxy
and the like) group may contain ane or maore substituents. Examples of suitable substituents
on the unsaturated carbon atom of an aryl or heteroaryl group include -halo, -NO,, -CN, -R*,
-OR®, -SK°, -N(K), -NR'C(O)R, -NR'C(O)N(R'),, NR'COR’, -O-COR", -O-C(OJR®, -COR®,
-C(O)R*, -C(O)N(R'), -OC(O)IN(R"),, S(OLR’, SON(R’),, -S(O)R°, and -NR'SON(K'),. 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

" membeéred aromatic or non-aromatic ring having, in addition to the nitrogen, 0-2ing
heteroatoms selected fram N, O, and S. Each R* independently is hydrogen or an optionally
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substituted aliphatic, aryl, hetercaryl, or heterocydlyl group. Each R°® independently is an
optionally substituted aliphatic or aryl group.

[024] An aliphatic group also may be substituted with one or more substituents.
Examples of suitable substituents on the saturated carbon of an aliphatic group or of a non-
aromatic heterocyclic ring include, without limitation, those listed above for the unsaturated
carbon of an aryl or heteroaryl group.

[025] The present inventars have discovered that the requirement for scrupulously
dry equipment, solvents, and reagents that characterized previously described procedures
for the Lewis acid promoted rearangement of baron "ate” complexes can be obviated by use
of an ether solvent that has low miscibility with water. Remarkably, use of such a solvent
permits the reaction o be run on a multi-kilogram scale without deterioration in yield or
purity. In essence, the scale of the reaction is limited only by the size of the available
manufacturing capabilities.

[026] In one aspect, therefare, the invention provides a large-scale process for
prepaxng a boronic ester compound of formula (I):

R!
:}LB,OR‘
OR® ')
wherein:
R' is an optionally substituted aliphatic, aromatic, or heteroaromatic group;
R’ is hydrogen, a nucleafugic group, or an optionally substituted aliphatic, aromatic,
or heteroaromatic group;
R’ is a nucleofugic group or an optionally substituted aliphatic, aromatic, or
heteroaromatic group; and
each of R' and R’, independently, is an optionally substituted aliphatic, aromatic, ox
heteroaromatic group, or R' and R’, taken together with the intervening oxygen

and boron atoms, form an optionally substituted 5- to 10-membered ring having
0-2 additional ring heteroatoms selected from N, O, or S.

[027] The process comprises the steps:
{a) - - providing a boron "ate” complex of formula (II): -

17



WO 2005097809 PCT/US2005009774

Y G -
where

Y is a nucleofugic group;
M' is a cation; and
each of R' to R’ is ag defined above; and

(b) contacting the boron "ate” complex of formula (I} with a Lewis acid under
conditions that afford the boranic ester compound of formula (J), said contacting step being
conducted in a2 reaction mixture comprising:

(1) 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.

[028] mmymdpmmuwisaddpmmdmmngmmtof
baron "ate” complexes employ tetrahydrofuran, an ether solvent that is fully miscible with
water. Failure to employ rigarously dried equipment, solvents, and reagents in these
processes results in a dramatic reduction in the diastereomeric ratio. The hygroscopic Lewis
acids, in particular, typically must be flame-dried immediately prior to use in the reaction.
Although techniques for running maisture-sensitive reactions are famniliar to those of skill in
the art and are routinely practiced on a laboratory scale, such reactions are costly and
difficult to scale up.

[029) Moreover, attempted scale-up of the prior art process frequently results in a
further deterioration in diastereomeric ratio during workup and isclation of the product
boronic ester compound. Matteson and Erdiik, Organometallics, 2:1083 (1983), reporis that
exposure of alpha-haloboronic ester products to free halide ion results in epimerization at
the alpha-carbon center. Without wishing to be bound by theary, the present inventors
belleve 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-
immiacible solvent. Fnlu:etocomplelzlymoveﬂ\emmrdmfunnlhonegaﬂwly
mlpaclsdnsumleﬂcmhoduﬂng&embuqumtaq!mmwaﬂms Expcsureoft!u
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product to halide ion during these steps is difficult to avoid, particularly when the reaction
is performed on a large scale.

[030] The present inventors have discovered that the rearrangement of boron “ate”
complexes is advantageously performed in an ether solvent that has low miscibility with
water. Use of such solvents obviates the need for solvent exchange prior to the aqueous
washes, and the arganic-saluble product is effectively shielded from aqueous halide ion
during the washes, even if performed on a large scale. Preferably, the solubility of water in
the ether solvent is less than about 5% w/w, maore preferably less than about 2% w/w. In
various embodiments, ether solvent that has low miscibility with water constitutes at least
about 70%, at least about 80%, at least about 85%, at least about 90%, or at least about 95%
v/v of the reaction mixture.

[031] The ether solvent preferably is one that is suitable for routine use in large-
scale production. As used herein, the term "large-scale” refers to a reaction that utilizes at
least about five moles of at least one starting material. Preferably, a large-scale process
utilizes at least about 10, 20, 50, or 100 moles of at least one starting material.

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

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

- - - -034] - - -  Insome embodiments; the reaction mixture comprises at least about 5% or at
least about 10% v/v of a coordinating co-solvent. Preferably, the amount of a water-miscible
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coordinating co-solvent present in the reaction mixture is not so great as to interfere with
phase separation during the reaction or workup. In various embodiments, the coordinating
co-salvent constitutes no more than about 20%, about 15%, or about 10% v /v of the reaction
mixture.

[035] As used herein, the term "nucdeofugic” refers to any group that is capable of
urdergoing nucleophilic displacement under the rearrangement conditions of the present
process. Such nucleofugic groups are known in the art. Preferably, the muicleofugic group is
a halogen, more preferably chloro or bromwo. In the course of the rearrangement reaction
converting the boron "ate” complex of formula (I7) into the boronic ester compound of
formula (I), the nucleofugic group Y is released as Y. By way of example, when Y is chloro,
chioride ion is released in step (b).

{036) The variable M" i any cationic counterion for the negatively charged
tetravalent boron atom in the boron "ate” complex of fonmula (7). In some preferred
embodiments, M" is selected from the group consisting of Li’, Na’, and K'. One of skill in
the art will recognize that the salt M"Y is formed as a byproduct in the rearrangement
reaction of step (b).

[037] The variable R' preferably is a group with good migratory aptitude. In some
embodiments, R’ is C,, aliphatic, C,, aryl, or (C, , aryl)}(C,, aliphatic), any of which groups is
optionally substituted. In certain embodiments, R’ is C, , aliphatic, perticularly iscbutyl.

[038] The variable R" preferably is hydrogen, a nucleofugic group, or an optionally
substituted C,, aliphatic, C,,, ary), ot (C,, aryl)(C,, aliphatic) group. The variable R’
preferably is a nucleofugic group or an optionally substituted C,, aliphatic, C, _ aryl, or

(C, » 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 farmation of the baron *ate” complex of forrmula (TT).

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

_[080) . . _ The variables R* and R’ can be the same o different. In some embodiments,.
K' and R’ are directly linked, so that K® and R, taken together with the intervening axygen
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and boron atoms, form an optionally substituted 5- to 10-membered ring, which can have 0-
2 additional ring heteroatams selected from N, O, or S. In some embodiments, the ring is a
5- ar 6-membered ring, preferably a 5-membered ring,.

[041] The present invention is particularly advantageous for the Lewis acid
promoted rearrangement of boran "ate” complexes of formula (II), wherein R* and R® are
directly linked and together are a chiral moiety. One embodiment of the invention relates to
the rearrangement of such chiral boron "ate” complexes to provide a boronic ester
compound of formula (I) wherein the carbon atom bearing R, K, and R’ is a chiral center.
The rearrangement reaction preferably proceeds with a high degree of stereodirection by the
"R’ chiral maiety to provide the boronic ester compound of formula (I) having a
diastereomeric ratio at the carbon atom bearing R', K, and R’ of at least about 96:4 relative to
a chiral center in the R-R’ chiral moiety. Preferably, the diastereomeric ratio is at least about
973.
[042) The terms "sterecisomer”, "enantiomer”, "diastereomer”, "epimer”, and "chiral
center”, are used herein in accordance with the meaning each is given in ordinary usage by
thase of ordinary skill in the art. Thus, sterecisamers are compounds that have the same
atomic connectivity, but differ in the spatial arrangement of the atoms. Enantiomers are
sterevisomers that have a mirror image relationship, that is, the stereochemical configuration
at all corresponding 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 diastereamers that differ in stereochemical configuration at only one chiral

center.

[043] As used herein, the term "diasterecmeric 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 sterecisomers: R*R, R*S, S*R, and §*S,
wherein the asterisk denotes the carrespanding chiral center in each sterecisomer. The
diastereomeric ratio for such a mixture of sterecisomers is the ratio of one diastereomer and
its enantiomer to the other diastereamer and its enantiomer = (R*R + $*S) : (R*S + 5°R).
[044] One of ordinary skill in the art will recognize that additional sterecisomers
.- . ..are possible when the molecule has more than two chiral centers. For purposes.of the -
present invention, the term "diastereomeric ratio” has identical meaning in reference to

-11-
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COImMpOUNAS With MIUTIPIE Chital centers as it does in reference to compounds having two
chiral centers. Thus, the tenmn "diastereameric ratio” refers to the ratio of all compounds
having R*R or §*5 canfiguration at the specified chiral centers to all compounds having R*S
or 5*R configuration at the specified chiral centers. For convenience, this ratio is referred to
herein as the diastereomeric ratio at the asterisked carbon, relative to the secand specified
chiral center.

{045] The diastereameric ratio can be measured by any analytical method suitable
stereochemical configurations at the specified chiral centers. Such methods inctude, without
limitation, nuclear magnetic resanance (NMR), gas chromatography (GC), and high
performance liquid chromatography (HPLC) methods.

[046) As discussed above, one embodiment of the invention is directed to processes
ﬂmtpmvideabmﬁcaizrmmpomdoffmmuh(ljhnﬁnsadiaﬁmeommicmﬁoatﬁt
carbon atam bearing R', R', and R’ of at least about 96:4 relative to a chiral center in the R“R’
chiral moiety. One of skill in the art will recognize that the R-R’ chiral moiety may itself
contain more than ane chiral center. When R-R’ does have more than one chiral center, it
preferably has high diastereomeric purity, and the diastereameric ratio at the carbon atom
bearing R', R’, and R’ can be measured relative to any ane of the chiral centers in R-F’,

{0471 In the processes of the inventian, the R*R® chiral moiety preferably has a high
level 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 percentage 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 maiety has very high enantiomeric purity, the
diastereomeric ratio at the carbon atom bearing R', R', R’ appraximates the epimeric ratio at
that center, ie., diastereomeric ratio = (R*R) : (S*R) or (R*S) : (S*S) = (R") : (S*). As used
herein, the term "epimeric ratio” refers to the ratio of product having ane absolute
stereochemical configuration at a given chiral center to product having the opposite absolute
stereochemnical configuration at the correspanding chiral center. Preferably, the products

. haye identical stereochernical configuration at all other corresponding chiral centers. Inone - - -

embodiment, therefore, the invention relates to the rearrangement of a chiral baron "ate”
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complex of formula (I} to provide a boronic ester compound of formula (I) wherein the
epimeric ratio at the carbon atom bearing R, R, and R’ is at least about 96:4, more preferably
at least about 97:3.

[049] Lewis acids suitable for use in the practice of the inventian are those capable
of complexing with the nucleofugic grotp to facilitate its displacement upon migration of R'.
Preferably, the Lewis acid is additionally capable of coordinating with an oxygen atom
attached to boron. Nonlimiting examples of suitable Lewis acids include zinc bromide, zinc
chloride, ferric bromide, and ferric chioride. In certain preferred embodiments, the Lewis
acid is zinc chloride. |

[050] The contacting step preferably is performed at low temperature, but may be
performed at ambient or elevated temperature. The selection of an appropriate reaction
temperature will depend largely on the Lewis acid employed, as well as the migratory
aptitude of the R' moiety. One skilled in the art will be able to select a suitable temperature
in view of the reaction conditions being used.

o513 In some embodiments, the contacting step is performed at a reaction
temperature of at least about -100 °C, -78 °C, or -60 °C. In same embodiments, the contacting
step is performed at a reaction temperature that is no greater than about 80 °C, 40°C, or 30
°C. Any range encompassing 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.

{o52] Surprisingly, the process of the present invention requires no special
precautions to avoid the presence of water during the rearrangement reaction itself. In some
embodiments, moist Lewis acid is employed, with minimal deterioration in diastereomeric
ratio. When used in reference to the Lewis acid, the term "moist” means that the water
content of the Lewis acid is greater than about 100, 200, 500, or 1,000 ppm. Remarkably, the
Lewis acid even can be added to the reaction mixture in the form of an aqueous solution
without deleterious impact on diastereameric ratio.
[053] In some embodiments, therefore, the process of the invention comprises the
()  providing a solution comprising a boron "ate” complex of formula (IT) and
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(i) a coordinating ether solvent that has low miscibility with water; or
(i) an ether salvent that has low miscibility with water and a
coordinating co-solvent; and
()  adding to the solution of step (a) a Lewis acid salution comprising water and
a Lewis acid.

[054] In some other embodiments, the Lewis acid solution comprises
tetrahydrofuran and a Lewis acid.
[055] Thus, unlike the prior art process, the process of the invention is readily

amenable to large-scale production. In various embodiments, at least about 5, 10, 20, 50, 100,
500, or 1000 moles of boron "ate” complex of formula (11) is contacted with a Lewis acid
under canditions that afford the boronic ester compound of formula (I). The invention
further provides a composition comprising a boranic ester compound of formula (I), as
described herein, and an ether solvent that has low miscibility with water. The composition
preferably comprises at least about 5, 10, 20, 50, 100, 500, or 1000 moles of the boronic ester
compound of formula (I). In certain embodiments, R* and R’ together are a chiral moiety,
and the compound of formula (f) present in the composition 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.

[056] Workup of the reaction preferably comprises washing the reaction mixture
with an aqueous solution and concenirating the washed reaction mixture by removal of
solvents to afford a residue compriging the boronic ester compound of formula (J).
Preferably, the residue comprises at least about 5, 10, 20, 50, 100, 500, or 1000 males of the
boranic ester compound of formula (). In those embodiments wherein R'-K’ is a chiral
molety, the boronic ester compound of formula (I) present in the residue preferably has a
diastereameric ratio of at least about 96:4 at the carbon atom bearing R, R', and R’, relative
to a chiral center in the R-R’ chiral moiety. More preferably, the diastereomeric ratio is at
least about 97:3.

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

n‘..z.on‘
"OR®’ (m)
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R
R
v v

wherein each of M’, Y, and R’ to R’ are as defined above for the boron "ate” complex of
formula (IT). In some embodiments, the reaction is performed at a reaction temperature of at
least about -100 °C, -78 °C, or -60 °C. In some embodiments, the reaction is performed at a
reaction temperature no greater than about 0 °C, 20 °C, or 40 °C. Any range encompassing
these high and low temperatures are included within the scope of the invention. The
reaction preferably is performed at a reaction temperature in the range of about -100°C to
about 0 °C, about -78 °C to about -20 °C, or about -60 “C to about -40 °C. In some
embodiments, the boron "ate™ complex of formula (IT) is prepared in a solution comprising
an ether solvent having low miscibility with water, and the reaction mixture is directly
treated with a Lewis acid to effect rearrangement to the boran ester compound of formula
@-
{o58] In some embodiments, the reagent of formula (IV) is formed in gitu. Such
embodiments include the steps:

4] providing a solution comprising a boronic ester of farmula (IIT), as defined
above, and a compound of farmula (V):

R2__R?
Y
Y V)

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

(i) treating the solution with a srong, sterically hindered base to form the boron
"ate” complex of formula (II).

[058) In some embodiments, the sterically hindered base is an alkali metal
dialkylamide bases of formula M'N(R"),, where M is Li, Na, or K, and each R,
independently is a branched or cyclic C,, aliphatic. In sifu formation of the reagent of
formula (IV) is especially advantageous in those embodiments wherein Y is a nucleofugic
group, due to the instability of the reagent of formula (IV).

{060] The boronic ester of formula (1) can be prepared by any known method, but
typically is prepared by esterification of the corresponding boronic acid compound, e.g., by

. methods described in Brown et al., Organometnilics,2: 1311-1316 (1983). Cyclic boronic esters .- - - -

of formula (U preferably are prepared by:

-15-
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(a)  providing a solution comprising:

() a boronic acid compound of formula R'-B(OH),;

() acompound of formula HO-R-R*-OH, wherein R' and R, taken
together, are an optionally substituted linking chain comprising 2-5 carbon atoms
and 0-2 heteroatoms selected from the group consisting of O, N, and S; and

(i) an arganic solvent that forms an azeotrope with water; and
(b)  heating the solution at reflux with azeotropic removal of water.

[o61] As used in reference to R' and R’, the term “linking chain" refers to the
shartest linear chain of atoms connecting the axygen atoms o which R' and R are attached.
The linking chain optionally is substituted at arry chain atom, and one or maore 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 limitatian, in some embodiments, the compound of
formula HO-R'-R"-OH is pinanediol, having the structure:

In such embodiments, the linking chain R-R’ comprises two carbon atoms, which together

form one side of the bicyclo[3.1.1]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-OH i5 a chiral
diol, preferably one having high diastereameric and enantiomeric purity. One of skill in the
art will appreciate that in such embodiment, the compound of formula HO-R-R-OH is
employed as a chiral auxiliary to direct the stereochemical configuration at the carbon
bearing R', R, and R’. Chiral diols useful as chiral auxiliaries in organic synthesis are well-
known in the art. Nonlimiting examples include 2,3-butanediol, preferably (2R 3R)~-)-2.3-
butanediol or (2535}(+)-2,3-butanediol; pinanediol, preferably (1R 2R 3R,55)-)-pinanediol
or (15,2535 5RH+)-pinanediol; 1,2-cydopentanediol, preferably (15,25)-(+)-trans-1,2-
cyclopentanediol or (1R 2RH-)-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)-12-dicyclohexyl-1,2-ethanedial ar (15,25)-1,2-dicyclohexyl-1,2-ethanediol;
hydrobenzoin, preferably (5,5)-(-)}-hydrobenzoin or (R,R)-{+)-hydrobenzain; 24-pentanediol,..
preferably (R,R)~(-)-2 4-pentanediol or (5,5,{+)-24-pentanedicl; erythronic y-lactone,

-16-
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preferably D-erythronic y-lactone. Carbohydrates, e.g. a 1,2,5,6-symmetrically protected
mannitol, also may be used as chiral diols.

[063] Nonlimiting examples of organic salvents suitable for use in the esterification
reaction include acetonitrile, toluene, hexane, heptane, and mixtures thereof. In some
embodiments, the organic solvent is an ether solvent, preferably an ether solvent that has
low misdbility with water. In certain preferred embodiments, the esterification reaction is
performed in an ether solvent that has low miscibility with water, and the product solution
comprising the boronic ester of formula (IT) is used directly in the next step, without
isolation of the boronic ester.

[064] As noted above, the process of the present invention for the first time permits
workup of large-scale reactions without significant deterioration in diastereomeric ratio. In

un&maspecbﬂmrdme,ﬂninmﬁmpmﬁdsammposi&mmmpﬁﬁngatléastabouﬁ,

10, 20, 50, 100 , 500, or 1000 moles of a boronic ester compound of formula (I):

Rl
::i\?,on"
OR® 1))
wherein:

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

or hetercaromatic group;
R’ Is a nucleofugic group or an optionally substituted aliphatic, aromatic, or

heteroaromatic group; and
R’ and R’, taken together with the intervening exygen and boron atoms, form an

optionally substituted 5- to 10-membered chiral ring having 0-2 additional ring
heteroatoms selected from N, O, or S;

wherein the carbon atom to which R', R, and R’ are attached is a chiral center, having
a diastereomeric ratio of at least about 96:4, preferably at least about 97:3, relative
to a chiral center in the KR’ chiral moiety.
[065] Preferred values for R' to R’ are as described above. Preferably, solvents
constitute less than-about 36% w/w,;20% w/w, 10% w/w, or 5% w/wof the composition - -
according to this aspect of the invention. In some embodiments, the baronic ester

-]17-
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compound of formula (f) canstitutes at least about 70% w/w, 80% w/w, 90% w/w, ar 95%
w/w of the composition.

[066] One embodiment relates to the composition described above, wherein at least
one of the following features is present:

(a) R*ischloro;

(b) the boromic ester compound (I) is

(© R'ishydrogen; and
(d RisC,aliphatic.

foe7) All of the boronic ester compound of formula (I) present in the composition
may be produced in a single batch run. For purpaoses of the invention, the term "batch run”
refers to execution of a synthetic process, wherein each step of the process is performed only
once. Preferably, the boronic ester compound of foxmmula (I) present in the composition is
prepared in a single batch run of the process according to the first aspect of the invention.
One of ardinary skill in the art will appreciate that preparation of a given quantity of
product by a single batch run of a large-scale process is more efficient and provides a more
homogeneous product than preparation of the same quantity of product by repeated
execution of a small-scale process.

[068] The boronic ester compounds of formula (I) wherein R® is a nudleafugic
group are useful as intermediates for the synthesis of alpha-aminoboranic 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:
(@)  providing a boron "ate” complex of formula (II):
R
e

l:!' M+ (m

-18-
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M is a cation;

R’ is an optionally substituted aliphatic, aromatic, or heteroaromatic group;
R’ is hydrogen;

R’ is a nucleofugic group; and

each of R' and R, independently, is an optionally substituted aliphatic, aromatic, or
heteroaromatic group, or R’ and R’, taken together with the intervening oxygen
and boron atoms, form an optionally substituted 5- to 10-membered ring having
0-2 additional ring heteroatoms selected from N, O, or S;

(b) contacting the boron “ate” complex of formula (IT) with a Lewds acid under
conditions that afford the boronic ester compound of formula (1):

2B
“9\3.034
R® o
where each of R’ to R’ is as defined above, said contacting step being conducted in a reaction
(i) & coordinating ether solvent that has low miscibility with water; or
(ii) anether solvent that has low miscibility with water and a
coordinating co-solvent; and

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

Ri
A g-ort

OR® . (v
wherein each G and R' to R’ are as defined above; and

(d) removing the G groups to form a compound of formula (VII):

n'l
A.__or*
h 3;2. v

Q)N

or an acid addition salt thereof.
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[065] In some embodiments, in step (c), the boranic ester compound of formula (1)
is treated with a reagent of formula M-N(Si(R"),), where M' is an alkali metal and each R*
independently is selected from the group consisting of alkyl, aralkyl, and ary), where the
aryl or aryl portion of the aralkyl is optionally substituted.

[070] Reaction of the boronic ester compound of formula (f) with the reagent of
formula M'-N(G), preferably is conducted at a reaction temperature in the range of about
-100 °C to about 50 °C, preferably about -50 °C to about 25 °C, and more preferably about -30
°C to about 0°C. In some embodiments, R is halo, preferably chloro, and M' is Li. To
facilitate isolation of the product of formula (VIII), the reaction mixture preferably
comprises an organic solvent in which the byproduct M'-R’ has low solubility. Nonlimiting
examples of suitable organic solvents include methylcyclohexane, cycdlohexane, 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 formwula (VITI).
Preferably, the filirate is used directly in step (d).

[on] 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 gkill in the art are 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 ar treatment with acid. The product alpha-aminoboranic ester of formula (VIT)
has low stability and preferably is immediately derivatized (Matteson et al., . Am. Chem.
Soc., 103:5241 (1981)) or is isclated as an acid addition salt. In some embodiments, step (d)
comprises treating the compound of formula (VII) with an acid and isolating the compound
of formula (VII) as the acid addition salt. In certain preferred embodiments, the acld is
trifluoroacetic acid, and the compound of formula (VIT) is isolated as the triflucroacetic acid
addition salt.

.[o73] ... As discussed above, the processes of the.invention are particularly. well-
suited for preparing alpha-aminobaronic ester compounds of formula (VII), wherein the
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alpha carbon is a chiral center. Thus, one embodiment of the invention relates to a large-
scale process for preparing an alpha-aminoboronic ester compound of formula (VIIa) or
(VIIb):

R? R!
A .OR* A OR
HN"B HN g0

OR® (VIIa) OR®

or an acid addition salt thereof, wherein:

(VIIb)

R' is an optionally substituted aliphatic, aromatic, or heteroaromatic group; and

R’ and R’, taken together with the intervening cxygen and boran atams, form an
optignally substituted chiral cyclic boronic ester;

(@) providing a boren "ate" complex of formula (IIa) or (IIb):

B K
R Lont Nl Fom
- + - +
e ¥ (Ta) Bre ()

Y is a nucleofugic group;

M’ i8 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 (IIa) or (IIb) with a Lewis acid
under conditions that afford a boronic ester compound of formula (Ia) or (Ib):

R2 R! - A2 B1
¥ OR* n,xz,om
ORS (Ia) R®
where each of R to R’ is as defined above, said contacting step being conducted in a reaction
mixture compriging:

(b)

" () * - Tooordinating ethiér solvenf that has low miscibility with water; ar

-21-
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(ii) gne&ersolvunththnslowmiacﬂ:ﬂitywihwatztmda
coordinating co-solvent; and
(9] treating the boronic ester compound of formula (Is) or (Ib) with a reagent of
formula M'-N(G),, where M' is an alkali metal and G is an amino group protecting moiety, to
form a compound of formula (VIIIa) or (VIIIb):

H1 B‘l
(G).N"‘gm (G)zu"-gf:“'
Re (VIlla) (VIIIb)

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

R? R?
H,N"‘g;‘:“' H.N,i.g.on*
(VIla) R (VITb)
or an acid addition salt thereof.
{o74] Preferred values for Y, M", R' to R’, and G are as described above. The

compound of formula (VIIs) 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 maiety.

[075] The alpha-aminoboronic ester compounds of formula (VIT) are useful
gynthetic intermedijates for the preparation of peptidyl boronic ester compounds. In some
embodiments, therefore, the process according to this aspect of the invention further
comprises coupling the compound of formula (VII) with a compound of formula (IX):

R7
L )\gx
N (x)
wherein:

P' is an amino group blocking moiety;

R’ is selected from the group consisting of hydrogen, C, liphatic, optionally
substituted C,_aryl, or C ,aliphatic-R"; and
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R’ ig selected from the group conaisting of alkoxy, alkylthio, optionally substituted
aryl, heteroaryl, and heterocyclyl groups, and optionally protected amino,
hydroxy, and guanidino groups; and

X is OH or a leaving group;
to form a compound of formula (X):

R . OR*
PN I;Lrﬁ'*on“

R @
wherein each of P, R', R*, R®, and R is a8 defined above.

[076] The leaving group X is any group capable of nucleophilic displacement by the
alpha-amino group of the compound of formula (VII). In some embodiments, the moiety —
C(O)-X is an activated ester, such as an O-(N-hydroxysucccinimide) ester. In some
embodiments, an activated ester is generated in situ 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-(3-dimethylaminopropyl)-3-ethylcarbodiimide (EDC);
phosphonium reagents, e.g., benzotriazol-1-yloxytris(dimethylamino)phosphonitum
hexaflucrophosphate (BOP reagent); and uronium reagents, e.g., O(1H-benzotriazol-1-yl)-
NN,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 sitx under the coupling reaction conditions. In some
embodiments of the present invention, therefore, a compound of formula (VIII) is contacted
with a campound of formula (IX) under conditions that remove the (R%),Si groups in situ and
form a compound of formula (X).

[078] For purposes of the inventian, the term "amino-group blocking moiety” refers
to any group used to derivatize an amino group, especially an N-terminal amino group of a
peptide or amino acid. The term "amino-group blocking moiety” includes, but is not limited
to, protecting groups that are commonly employed in organic synthesis, especially peptide
synthesis. See, for example, Gross and Mienhoffer, eds., The Peptides, Vol. 3, Academic Press,
" New York, 1981, pp. 3-86; Green and Whts, Frotective Groups in Organic Synthesis, 3 edition, -
John Wiley and Sans, Inc., New York, 1999. Unless otherwise specified, however, it is not

-n-
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necessary for an amino-group blocking malety to be readily deavable. Amino-group
blacking moieties include, e.g., alkyl, acyl, alkoxycarbonyl, aminocarbonyl, and sulfonyl
moieties. In some embodiments, the amino-group blocking moiety is an acyl moiety derived
from an amino acld or peptide, or a derivative or analog thereof.

[079] As used herein, the term "amino acid” includes both naturally oceurring and
unnatural amino acids. For purposes of the inventian, a "derivative” of an amino acid or
peptide is one in which a functional group, e.g., a hydroxy, 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 ar peptide is one which includes a modified backbone
or side chain. The term "peptide analog™ is intended to include peptides wherein ane or
mare stereocenters are inverted and one or mare peptide bonds are replaced with a peptide
isostere.

[080] In some embodiments, P' is a cleavable protecting group. Examples of
cleavable protecting groups include, without limitation, acyl protecting groups, e.g., formyl,
acetyl (Ac), succinyl (Suc), or methaxysuccinyl (MeQOSuc), and urethane protecting groups,
e.8., tert-butoxycarbanyl (Boc), benzyloxycarbonyl (Cbz), or flucrenylmethoxycarbanyl
(Pmox).

[o81] In some such embodiments, the process according to this aspect of the
invention further camprises the steps:

(d  removing the protecting group P' to form a compound of formula (XI):
R’ R
.
HaN Y
R! (xm
ar an acid addition salt thereaf, wherein each of R', R, B, and R’ is as defined above; and
(8) coupling the compound of formula (XT) with a reagent of formula F-X,
wherein P* is any amino group blocking maiety, as described above, and X is a leaving
group, to form a compound of formula (XII):
R’ R
i &
P’-n Y OR®
R (xan)
. . wherein each-of P2, R", R, R®; and-R are as-defined-above: One-of gkillin the art will-
recognize that in those embodiments wherein P* is an acyl group, including, e.g., an acyl
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moiety derived from an amino acid or peptide, or an analog or derivative thereof, the
leaving group X may be generated in situ, as discussed above for the compound of formula
(IX).

[082] In each of the compounds (X) and (XII), the boronic acid moiety is protected
as a boronic ester. If desired, the boronic acid moiety can be deprotected by any method
known in the art. Preferably, the boranic acid moiety is deprotected by transesterification in
a biphasic mixture. More preferably, the boronic acid deprotecting step comprises the steps:

® providing a biphasic mixture comprising the boronic ester compound of
formula (X) or (XIT), an organic boronic acid acceptor, a lower altkanol, a C,, hydrocarbon
solvent, and aqueous mineral acid;

(i) stirring the biphasic mixture to afford the corresponding deprotected boronic
acid compound of formula (Xa) or (XIII):

LN g g
p'- "o *g " oH
R (Xa) i o R (ermy;

(iii) separating the solvent layers; and

(iv)  extracting the compound of formula (Xa), (XII), or a boronic acid anhydride
thereof, into an organic solvent.

[083] The organic boranic acid acceptor in step (i) preferably is an aliphatic, aryl, or
ar{aliphatic)boronic acid. In some embodiments, the boranic acid acceptor is selected from
the group consisting of phenylboronic acid, benzylboronic acid, butylboronic acid,
pentylboranic acid, hexylboranic acid, and cyclohexylboronic acid. In certain embodiments,
the boronic acid acceptor is isobutylboronicacid. In some embodiments, the boranic acid
acceptor is selected so that the boronic ester compound of formula (IH) is formed as a
byproduct of the deprotection reaction. The boronic ester compound of formula (III) can
then be used in another batch run of the process described above. In such embodiments, the
molety R'R’ is effectively recyded, which may be particularly advantageous if R-R’ is an
expensive chiral moiety.

[084] To enhance the purity of the product, the aqueous layer containing the
compound of farmula (Xa) or (XIII) preferably is washed to remove neutral organic

- impurities priar to the extractiti step (iv): In siich exfibodimeints, step (iii) preferably
comprises the steps:

2/



WO 2005/097809 PCT/US2005/009774

(1)  separating the solvent layers;
(9  adjusting the aqueous layer to basic pH;
(3)  washing the aqueous layer with an organic solvent; and
(49)  adjusting the aqueous Iayer to a pH less than about 6.
[08s] In some embodiments, the invention relates to an improved process for

manufacturing the proteasome inhibitor bortezomib. Thus, in one embodiment, the
invention provides a large-scale process for forming a compound of formula (XIV):

AR

or a boronic acid anhydride thereof. The process comprises the steps:
(3) providing a baron "ate” complex of formula (XV):

wherein:

R’ is a nucleofugic group;

Y is 2 nucleofugic group; and

M’ is an alkali metal;

(b) contacting the baron "ate” complex of formula (XV) with a Lewis acid under
conditions that afford a boranic ester compound of formula (XVI):

nfg‘ng“
(xvI)

‘Bald contacting step being cortductex! in"a resictibn mixhird comprising:
N a coordinating ether solvent that has low miscibility with water; or
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(i) anether solvent that has low miscibility with water and a
coordinating co-solvent;
{0 treating the boronic ester compound of formula (XVI) 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 compound of formula (XVII):

(G)m%(
O
(xvi)

(d) removing the G groups to form a compound of formula (XVII):

(XvIn
or an acid addition salt thereof;

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

(XIX);
1 X
P-u .
(XIX)
wherein:
P is a deavable amino group protecting moiety; and
X is OH or a leaving group;
to form a compound of formula (XX):
(xx)
wherein P' is as defined above;

22
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()  removing the protecting group P to form a compound of formula (XX1):

(XX1)
or an acid addition salt thereof;
() coupling the compound of formula (XXT) with a reagent of formula (XXT7)

E,J\Ex .

(XX1) ; and
(h) deprotecting the boronic acid moiety to form the compound of formula (XTV)

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

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

4)] coupling the compound of formula (XVIII) with a compound of
formula (XIX) wherein X is O in the presence of 2{1H-benzotriazol-1-yl)-1,1,3,3-
tetramethyluronium tetrafluaroborate (TBTU) and a tertiary amine in
dichloromethane;

== -- - () - performingasclvent-exchange to replace dichloromethane with ethyl - - -

acetate; and




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

()  The protecting group removing step (f) comprises the steps:

[§9) treating the compound of formula (XX) with HCl in ethy] acetate;

(ii} adding heptane to the reaction mixture; and

(ii) isolating by crystallization the compound of formula (XXT) ag its HCl
addition salt.
(4)  The coupling step (g) comprises the steps:

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

(i) performing asolvent exchange to replace dichloromethane with ethy]
acetate; and

(ilify performinganaqueous wash of the ethyl acetate solution.
(5)  The boranic acid deprotecting step (h) comprises the stepe:

(i) providing a biphasic mixture comprising the compound of formula
(XX111), an organic boronic acid acceptor, a lower alkanol, a G, hydrocarbon solvent,
and aqueous mineral acid;

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

(iii) separating the solvent layers; and
(tv) extracting the compound of formula (XIV), or a baranic acid
anhydride thereof, into an arganic solvent.
[087] Preferably, step (h)(iii) comprises the stepa:
(1) separating the solvent layers;
(2  adjusting the aqueous layer to basic pH;
()  washing the aqueous layer with an arganic solvent; and
(9  adjusting the aqueous layer to a pH less than about 6;

-29.
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1088] In another embodiment, the invention relates to a large-scale process for
farming a compound of formuia (XIV)

8 ”‘f}

(XIV)
or a boronic acid anhydride thereof, comprising the steps:
(aa) ocoupling a compound of formula (XVII):
Lo
(xXvmm
or an acid addition salt thereof, with a compound of formula (XIX):
P- X
O ()
wherein:
P! is a cleavable amino group protecting moiety; and
X is OH or a leaving group;
to form a compound of formula (XX):
Y om

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

() oouphngﬂtecnmpoundoﬁmnnﬂa(xvm)mﬂumpoundof
* forinuila (XIX) whierein X is OH in the presence ofz-(lH-benzou-lazol-l-yl)-l,l,a,s-
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tetramethyluronium tetrafluoroborate (TBTU) and a terfiary amine in
dichloromethane;

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

(iii) performing an aqueous wash of the ethyl acetate'solution;
(bb) removing the protecting group P' to form a compound of formula (XXT):

(XXT)
or an acid addition salt thereof, said protecting group removing step (bb) comprising the
steps:
()  treating the compound of formula (XX) with HCl in ethyl acetate;
() adding heptane to the reaction mixture; and
(iii) isolating by crystallization the compound of formula (XXT) as its HCl
addition salt;
(cc)  coupling the compound of formula (XXT) with a reagent of formula (XXII)

3
(XXII)

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

¢y

said coupling step (cc) compriging the steps:

(xXx1m),

A

2

(4) mupl_ﬁlgﬂlecompomdoffnm_mh(m“uﬂ}jj:yrmmrboxyﬂc e -

7 -aEidiﬁthépresenceofTBTUandaterﬁaryamimindicﬂommeﬂm;
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performing a salvent exchange to replace dichloromethane with ethyl

performing an aqueous wash of the ethyl acetate solution; and

(dd) deprotecting the boronic acid moiety to form the compound of formula (XIV)
or a boronic acid anhydride thereof, said deprotecting step (dd) comprising the steps:

tY

providing a biphasic mixture comprising the compound of formula

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

and aqueous mineral acid;
(i) stirring the biphasic mixture to afford the compound of formula
(xIv);
(ii) separating the solvent layers; and
(iv) extracting the compound of formula (XIV), or a baronic 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 besic pH;
(3)  washing the aqueous layer with an arganic solvens; and
(4) adjusting the aqueous layer to a pH less than about 6;
[0s0] 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)(iif) affords an
ethyi acetate solution comprising a compound of formula (XX), and the ethyl acetate
solution is directly subjected in step (f) or (bb) to conditions effective to remove the
protecting group P'. In same such embodiments, the protecting group P* is an acid-labile
protecting group, for example, tert-butoxycarbaryl (Boc), and the ethyl acetate solution from
step (e)(iti) or (aa)(iil) is treated with acld. 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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[091] When the deprotecting step (f) or (bb) is performed under anhydrous
conditions, as described above, the product of formula (XXT) can be isolated by
crystallization from the reaction mixture as its HCl addition salt. Crystallization of the
product salt is promoted by addition of a hydrocarbon solvent such as n-heptane. In some
embodiments, the reaction mixture is partially concentrated prior to addition of the
hydrocarbon solvent. The present inventors have discovered that crystallization of the
compound of formula (XXJ) in this manner efficiently removes any tripeptide impurity that
may have formed during the coupling step (e) 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 boronic acid moiety deprotecting step (h)
or (dd). Preferably, the arganic solvent from the coupling reaction is first replaced with
ethy] acetate in arder 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)

saates

(x1Vv)
or a boronic acd anhydride thereof. The process comprises the steps:
(a) providing a boron "ate” complex of formula (XV):
n:(/ :
HO—E
M (XV)

wherein:
R’ is a nucleofugic group;

-33.
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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):

e

RIS
(xvD

said contacting step being conducted in a reaction mixture comprising:

()  acoordinating ether solvent that has low misdbility with water; or

(i)  an ether solvent that has low miscibility with water and a
coordinating co-solvent;

(c)  treating the boronic ester compound of formula (XVI) with a reagent of

formula M'-N(Si(R"),), where M" is an alkali metal and each R* independently is selected

from the group congisting of alkyl, aralkyl, and aryl, where the aryl or aryl portion of the
aralkyl is optionally substituted, to form a compound of formula (XVII):

Loy

(d) removing the (R")Si groupe to form a compound of formula (XVIII):

((R%)5SNeN

(Xv)
or an acid addition salt thereof;

()  coupling the compound of formula (XVII) with a compound of formula
(XIXa):



WO 2005/097809 PCT/US2008/009774 26

chO

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

E:I)i“ C .

(l;) deprotecting the boronic acid maiety to form the compound of formula (XIV)
or a boronic acid anhydride thereof.

(XTXa)

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

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

(2)  The coupling step (¢') comprises the steps:

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

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

(i) perfonming an aqueous wash of the ethyl acetate solution.

(3  Theboronic acld deprotecting step (f) comprises the steps:

(i providing a biphasic mixture comprising the compound of formula
(XX1II), an organic boronic acid acceptor, a lower alkanol, a G, hydrocarbon solvent,
and aqueous mineral acid;

"7 @) stirring the biphasic mixture o afford the compound of formula
(XIv);
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(i)  eeparating the solvent layers; and
(iv) extracting the compound of formula (XIV), or a boronic acid
anhydride thereof, into an organic solvent.
[095] Preferably, step (£)(iii) comprises the steps:
(1)  sepamating the solvent layers;
(2  adjusting the aquecus layer to besic pE;
(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 (£){(iv) of the processes deacribed above, the
compound of formula (XIV), or a baronic acid anhydride thereof, preferably is extracted into
ethyl acetate and crystallized by addition of hexane ar heptane. In some embodiments, the
process further comprises isalation of a boronic acid anktydride of the compound of formula
(XIV), preferably a trimeric boronic acid anhydride of formula (XXIV):

(xXxv)

{0971 The processes of the invention permit the large-scale manufacture of
bortezomib of very high chemical and stereochemical purity. Priar 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 ane kilogram of a
compound of formula (XXTV):

(cav)
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The compound of formula (XXTV) preferably is prepared according to the process described
above, and preferably constitutes at least 99% w/w of the composition according to this
aspect of the invention.

EXAMPLES
Abbreviationg
BOC teri-butaxycarbanyl
DL de-ionized
DMF N,N-dimethyiformamide
GC gas chromatography
GC-MS gas chromatography-mass spectrometry
h Hours
HDPE high density polyethylene
HPLC high performance liquid chromatography
LDA lithium diisopropylamide
LOD 1oss an drying
min Minutes
MTBE t-butyl methyl ether
RP-HPLC reverse phase high performance liquid chromatography
RPM revolutions per minute
TBTU . O-benzotriazol-1-yl-N,N,N’,N'-tetramethyluronium
tetrafluoroborate
THF tetrahydrofuran

Example1: (1RMS)-Pinanediol I-ammonium trifluoroacetate-3-methylbutane-1-
boronate Manufacturing Process

1 1 1

- 1.~ (S)Pinanediol-2-théthylpropane-1-boronate (12.01:3,50 8m oles).w;.; :l- o -!-in;
reaction vessel maintained under a nitrogen atmosphere.

-37-
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10.

11

13.
14.

15.

16.

teri-Butyl methyl ether (53 kg) and dichloromethane (22.5 kg) were charged and the
resultant mixture was cooled to -57 °C with stirring.

Diisopropylamine, (6.7 kg) was charged to another reaction vessel maintained under
& nitrogen atmosphere.

tert-Butyl methyl ether (27 kg) was charged to the diisopropylamine and the
resultant mixture was cooled to =10 °C with stirring,.

n-Hexyllithium in hexane (332 weight% solution) (17.6 kg) was added to the
diisopropylamine mixture over a period of 57 minutes, while the reaction
temperature was maintained at-10 °C to—7 °C.

This mixture (LDA-mixture) was stirred for 33 minutes at -8 °C to -7 *C before it was
used.

Zinc chloride, (12-1 kg) was charged to a third reaction vessel maintained under a
nitrogen atmosphere.

tert-Butyl methyl ether (16 kg) was charged to the zinc chloride and the resultant
mixture was warmed to 30 °C with stirring.
Te&ahydmﬁm(&!l;g)wuaddedbﬂnu‘mddoﬂdenmpmwaapeﬁodd
18 minutes, while the reaction temperature was maintained at 35 °C 0 40 °C.

This mixture (ZnCl-mixture) was stirred for 4 hours and 28 mimites at 38 °C t0 39 °C
umtil it was used.

The LDA-mixture (from # 3 - 6) was added over a period of 60 minutes io the
reaction vessel containing (S)-pinanediol-2-methylpropane-1-boronate, while the
reaction temperature was maintained at -60 °C to -55 °C.

A tert-butyl methyl ether rinse (10 kg) was used to complete the addition.

The reaction mixture was stirred for an additional 20 minutes at-59 *C to-55 *C.
The reaction mixture was warmed to -50 °C over a period of 11 minutes.

The ZnCl-mixture (fram # 7 - 10) was added over a period of 48 minutes to the
reaction vessel containing (5)-pinanediol-2-methylpropane-1-boraonate and the LDA-
mixture, while the reaction temperature was maintained at -50 °C to —45 °C.
Ateﬂu!:utqung_l_hyleﬂuﬂnge_(lpkg)wuusedboomphte&eaddium .
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17.

18.

19,

21.

Themacﬁmnﬁxh:rewassﬂrmdformaddiﬁmml?ﬂnﬁnutsat-ﬁtto-ﬁ'cmd
then warmed to 10 °C over a period of 81 mintites.

A 10% sulfuric acid solution (72 kg) was added over a period of 40 minutes to the
reaction vessel, while the reaction temperature was maintained at 10 °C to 21 °C.

The reaction mixture was stirred for 16 minutes at ambient temperature, before the
aqueous phase was separated.

The organic phase was washed successively with deionized (D1) water (32 kg), and
10% sodium chloride solution (26.7 kg), each wash involved vigorous stirring for 15
to 17 minutes at ambient temperature.

The reaction mixture was concentrated under reduced pressure (p_,, = 81 mbar),
maintaining an external (jacket/bath) temperature of 50 °C to 55 °C, providing a
residue which was dissolved in methylcyclohexane (56 kg).

The reaction mixture was refluxed (in a Dean-Stark type condenser for water
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.

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.

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

1-bis(tri ilyl

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.

The methylcyclohexane mixture containing (15)(S)-pinanediol 1-chloro-3-
methylbutane-1-boronate was added over a period of 55 minutes, while the reaction
temperature was maintained at-19 °C to-13 °C.

A methylcyclohexane rinse (5 kg) was used to complete the addition.

28

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

" then wairmhed to 25 “C over a period of 35 minutes,
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5. A suspension of Celite (2.5 kg) in methylcycohesxane (22 kg) was added to the
reaction mixture.

6. The reaction mixture was concentrated under reduced pressure (p_, =25 mbar),
maintaining an external (jacket/bath) temperature of 45 °C to 50 °C, providing a
residue which was dissolved in methylcyclohexane (36 kg).

7. A sample was then removed for in-process testing for tetrahydrofuran content by
GC.

8. The tetrahydrofuran assay was 0.58%.

9. The solids were removed by filtration, the filtrate was flitered through a plug of
Silica Gel (2.0 kg).

10.  Both filter units were washed with isopropyl ether (30 kg).

11.  The resultant methylcyclohexane /isopropyl ether mixture containing (1R)<(S)-
pinanedial 1-bis(trimethylsilyl)amino-3-methyibutane-1-boronate was stared in a
container at ambient temperature until it was used in the next step.

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 triflucroacetic acid and the resultant
mixture was cooled to -10 °C with siirring.

3. The methylcyclohexane/isopropyl ether mixture containing (1R){S)-pinanediol 1-
bis(trimethrylsilyl)amino-3-methylbutane-1-boronate was added over a period of 53
minutes causing product precipitation, while the reaction temperature was
maintained at ~10 °C to-5 °C.

4. An isopropy] ether rinse (5 kg) was used to complete the addition.

5. The reaction mixture was stirred for an additional 8 hours and 20 minutes at -9 °C to
-7°C,

6. The solid was collected by filtration, washed with isopropyl ether (70 kg) in two
partions, and dried under reduced pressure (pmin = 56 mbar) at 41 *C to 42 *°C for 2
hours and 15 minutes.
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10.

The solid was stirred with D1 water (60 kg) for 24 mimutes at ambient temperature,
before the D.I. water was removed by fltration.

The solid was washed with D.L water (12 kg).

The solid was then dried under vacuum (pmin = 4 mbar) at 40 °C to 44 °C for 9 hours
and 22 minutes, after that time the loss on drying was 0.51%, which meets the 1%
requirement.

The intermediate, (1R)~(S)-pinanediol 1-ammondum triflucroacetate-3-methylbutane-

1-boronate, crude, was then packaged into single palyethylene bags in
polypropylene drums and labeled. The yield was 72%.

(1R)(S)-Pinanediol 1-ammonium trifluoroacetate-3-methylbutane-1-baranate, crude,
(13 kg) was charged 10 a reaction vessel maintained under a nitrogen atmosphere.
Trifluoroacetic acid (31 kg) was charged to the reaction vessel and the resultant
mixture was cooled to 4 °C with stitring.

Once all of the solid was dissolved leaving a slightly turbid mixture, isopropyl etherx
(29 kg) was added over a period of 57 minutes, while the reaction temperature was
maintained at2°Cto 3 °C.

After complete addition the mixture was filtered through a filter into a receiving
vessel maintained under a nitrogen atmosphere.

Reactor and filter were rinsed with a mixture of triflucroacetic acid (3.8 kg) and
isopropyl ether (5 kg). The rinse was added to the filtrate.

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.

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

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 minuies after. that time the loss ondrying was 0.32%, which ineéts the < 0.5%

requirement.

-41-
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9.

The product, (1IR)}S)-pinanediol 1-ammonjum trifiucroacetate-3-methylbutane-1-
boronate, was then packaged into double polyethylene bags in fiber drums and
labeled. The yield was 86%.

Example2: N-(2-Pymazinecarbonyl)-L-phenylalanine-L-leucine boronic anhydride

10.

11.

In a fume hood, a three-necked glass reaction flask equipped with a Claisen head
temperature recorder and a mechanical stirrer was flushed with nitrogen.
(1R)(S)-Pinanediol 1-ammonium trifluorcacetate-3-metiryibutane-1-boronate (2.0
kg), was charged to the flask.

BOC-L-phenylalanine (1.398 kg) was charged to the flask.
2-(1H-Benzotriazol-1-y1)-1,1,3,3-tetramethyl uronium tetrafluoroborate, TBTU (1.864
kg) was charged to the flask.

Dichloromethane (15.8 L) was charged to the flask.

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

Using an ice/water cooling bath, the reaction mixture was cooled to 1.0 °C,
maintaining a nitrogen atmosphere.
N,N-Diisopropylethylamine (2.778 L) was charged to a glass flask and transferred to
the reaction mixiure gver a period of 117 minutes uaing a peristaltic pump
meaintaining a reaction temperature range of 0.7 *C ~ 2.1 °C. The overall addition rate
was 23.7 mL/min.

A dichloromethane (0.2 L) rinse of the flask into the reacon mixture was used to
complete the addition.

The reaction mixture was stirred for an additional 35 minutes. The temperature at the
start of the stir time was 1.8 °C, and 2.5 *C at the end.

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

mmudxtunwuwmmappmﬂym%uﬂhﬂmmm
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14,
15.
16.

17.

18.

19.

21.

pressure using a rotary evaporator, maintaining an external bath temperature of 29-
30 °C.

Ethyl acetate (4.0 L) was divided into two approximately equal portions and charged
to the two rotary evaporator flasks.

The mixtures in each flask were again concentrated under reduced pressure using a
rotary evaporator, maintaining an external bath temperature of 29-30 °C.

- The residues in each rotary evaporator flask were then transferred back to the

reaction flask using ethyl acetate (1334 L).

In a glass flask equipped with a stirrer, a 1% aqueous phosphoric acid solution was
prepared by mixing D.1 water (13.18 L) and phospharic acid (0.160 kg).

In a glass flask equipped with a stirrer, a 2% aqueous potassium carbonate solution
(12.0 L) was prepared by mixing DI water (11.76 L) and potassium carbonate (0.24
kg).

In a glass flask equipped with a stirrer, a 10% aqueous sodium chloride solution
(13.34 L) was prepared by mixing DI water (13.34 L) and sodium chloride (1.334 kg).

DL water (1334 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 aliowed
to separate and the aqueous phase (bottom layer) was transferred under vacuum to a
suitable flask and discarded.

Again, D1 water (13.34 L) was charged to the reaction lask containing the ethyl
acetate salution 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.

The 1% phospharic acid eolution prepared in Step 16 was charged to the reaction
flask containing the ethyl acetate solution and the mixture stirred at 365 RPM for 7
minutes. The layers were allowed to separate and the acidic aqueous phase (bottom
layer) was transferred to a suitable flask and discarded.

The 2% potassium carbonate solution prepared in Step 17 was charged io the
reaction flask containing the ethyl acetate solution and the mixture stirred at 367

RPM for 7 minutes. The layers were aﬂowedtom?enndﬂepagicagueo;:sph_aae_ )
~ (bottm Liyer) was transferred to a suitable flask arl discarded.

30
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23.  The 10% sodium chloride sclution prepared in Step 18 was charged to the reaction
flask containing the ethyl acetate solution and the mixture stirred at 373 RPM for 6
minutes, The layers were allowed to separate and the aqueous phase (bottom layer)
'was transferred to a suitable flask and discarded.

24.  The ethyl acetate solution was transferred to a rotary evaporator flask and
concentrated under reduced pressure using a rotary evaporator, maintaining a bath
temperature of 29-30 °C, to provide a residue.

The residue was then redisaolved in ethyi acetate (4.68 L).

R B

The solution was concentrated under vacinun using a rotary evaporator, maintaining
a bath temperature of 29-30 °C, to provide a residue once more.

27.  Again, the residue was then redissolved in ethyl acetate (4.68 L) and two samples
taken for determination of water content by Karl Fisher titration. The water content
of two samples was determined as 0.216 % and 0207 %.

28.  Using a further quantity of ethyl acetate (12.66 L), the mixture was tranaferred from

the rotary evaporator flask to a dry reaction flask equipped with a temperature
recorder, a mechanical stirrer, and a fritted gas dispersion tube, and purged with

29 IR 55)-Pinanedigl L-phenyilalanine-I-leucine boronate, HCl sa

1.  The ethyl acetate solution containing (15,25 3R,55)-pinanediol N-BOC-L-
phenylalanine-L-leucine boronate was coaled 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.

a. 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
wasg 68.9 % (area %).

5. The reaction was stirred for 35 minutes. The temperature at the start was 14 *C, and
148Cattheend.-
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10.

11

13.

14.

15.

16.
17.

18.

19,

21.

A sample was removed for in-process testing by RP-HPLC. The percent conversion
was 94.7% (area %).

The reaction was stimed for approximately a further 50 minutes, maintaining a
temperature of 10°C £ 5 °C.

A sample was removed for in-process testing by RP-EHIPLC. The percent conversion
was 97.3%.

The reaction was stirred for approximately a further 50 minutes, maintaining a
temperature of 10 °C + 5 °C. The final temperature was 14.6 °C.

A sample was removed for in-process testing by RP-HPLC. The total reaction time
after addition of hydrogen chloride gas was four (4) hours.

The percent conversion was 99%.
A slurry was observed.
n-Heptane (8.8 L) was charged to the reaction mixture.

The slurry was stirred for 2 hours. The temperature at the start of the stir time was
12.7 °C, and 153 °C at the erul.

The solid was isolated by filtration on a Buchner funnel lined with a palypropylene
felt filter pad.
The solid was washed with n-heptane (4.68 L).

In a hood, the salid was transferred to three drying trays at not more than 1" deep
and air-dried for 1 hour.

The salid 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.

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.
(1525,3R,55)-Pinanediol L-phenylalanine-L-leucine baronate, HCl salt was then
packaged into double poly bags in fiber drums and labeled, and sampled.

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

2l
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-

N @

10.
11.
12,

14.

15.

.1—6'- -

In a fume hood a three-necked glass reaction flaak equipped with a Claisen head,
temperature recorder and a mechanical stirrer was flushed with nitrogen.
(15,25,3R,55)-Pinanediol L-phenylalanine-L-leucine boronate, HCl salt (1.85 kg) was
charged to the flask.
2-Pyrazinecarboxylic acid (0.564 kg) was charged to the flagk.
2-(H-Benzotriazal-1-y1)-1,1,3 3-tetramethyl uronium tetrafluaroborate, TBTU (1.460
kg) was charged to the flask. '
Dichloramethane (18.13 L) was charged to the flask.

The stirring motor was adjusted to provide stirring at 272 RPM.

Using a cooling bath, the reaction mixture was cooled to -12 *C.
N,N-Diisopropylethylamine (1.865 kg) was charged to a glass flask and transferred

to the reaction over a period of 50 minutes using a peristaltic pump maintaining a
reaction temperature range of -1.2 °C t0 2.8 °C.

A dichloromethane rinse {0.37 L) of the flask into the reaction mixture was used to

. complete the addition.

The reaction mixture was allowed to warm and stirred for an additional 81 mirutes.
The temperature at the start of the stir time was 15 °C, and 24.9 °C at the end.

A sample was then removed for in-process testing by RP-HPLC. The percent
conversion was determined to be 99.9%.

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

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

The mixtures in each flask were then concentrated under reduced pressure using a
rotary evaporator, maintaining an external bath temperature of 33-34 °C.

Thie residiiés if each fotary evaporator fiask were then transferred back to the
reaction flack using ethyl acetate (12.95 L).

-46-



WO 2005097809 PCT/US2003/009774

17.

18.

19.

21.

24

In a glass flask equipped with a stirre, a 1% aqueous phosphoric acid solution (12.34
L) was prepared by mixing D.L water (12.19 L) and phosphoric acid (0.148 kg).

In a glass flask equipped with a stirrer, a 2% aqueous potassium carbonate solution
(1234 L) was prepared by mixing D.L water (1209 L) and potassium carbonate (0.247
kg).

In a glass flask equipped with a stirrer, a 10% aqueous sodium chloride solution
(1234 L) was prepared by mixing D.I water (12.34 L) and sodium chloride (1.234 kg).

DJ. water (12.34 L) was charged to the reaction flask containing the ethyl acetate
solution and the mixture stirred at 382 RPM for 7 minutes. The layers were allowed
to separate and the aqueous phase (bottom layer) was tranaferred 1o a suitable flask
and discarded.

Again, D1 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 aquecus phase (bottom layer) was transferred to a
suitable flask and discarded.

‘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 agueous phase (bottom
layer) was transferred to a suitable flagk and discarded.

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 sultable flask and discarded.

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.

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, meintaining an external bath temperature of 34 °C.

n-Heptane (14.8 L) was divided into two spproximately équil portions and charged

to the two rotary evaporator flasks. The mixtures in each flask were then
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concentrated under reduced pressure using a rotary evaparator, maintaining an
external bath temperature of 34 °C.

1. In a glags flask equipped with a stirrer, a IN solution of hydrochloric acid (22.2 L)
was prepared by mixing DL water (2036 L) and hydrochloric acid (1.84 kg).

y In a glass flask equipped with a stirrer, a 2N sodium hydroxide solution (12.03 L)
was prepared by mixing DI water (12.03 L) and sodium hydroxide (0.962 kg).

3. The residues containing (15,25,3R 55)-pinanediol N-(2-pyrazinecarbonyl)-L-

phenylalanine-L-leucine boronate in each rotary evaparator flask were then

transferred to a three-necked glass reaction flask equipped with a temperature

recorder and a mechanical stirrer, using n-heptane (14.8 L) and methanol (14.8 L).

The stirring motor was adjusted to provide stirring at 284 RFM.

2-Methylpropaneboronic acid (0.672 kg) was charged to the flask.

IN hydrochloric acid prepared in Step 1 (112 L) was charged to the Aask.

The stirring motor was adjusted to provide stirring at 326 RPM.

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.

® N o @ a

9. A sample was then removed for in-process testing by RP-HPLC.
10.  The percent canversion was determined to be 100%.

11.  Stirring was stopped and the biphasic mixture allowed to separate.
The n-heptane layer (upper layer) was transferred to a suitable flask and discarded.

S

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 fiask 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. neaqmmmneﬂ\mdsoluﬂmwasmfmedmapprwdmatelytwoequdhalm
' hmwﬁryenporamrﬂnhandcmmhahdmﬂﬂredumdpmmuﬂnga
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rotary evaporator, maintaining an external bath temperature of 33-34 °C, 15 L of
methanol were collected. .

16.  Dichloromethane (537 L) was used to transfer the residue from the rotary evaparator
flasks back into the reaction flagk.
17. 2N sodium hydroxide (11.2 L) prepared in Step 2 was charged to the flask.

18.  The dichloromethane layer (lower layer) was transferred to a suitable flagk and
discarded.

19. Dichloromethane (5.37 L) was charged to the flask and the mixture stirred at 374
RPM far 6 minutes. The phases were allowed to separate and the dichloromethane
layer (lower layer) was transferred to a suitable flask and discarded.

20.  Again, dichloromethane, (537 L) was charged to the flask and the mixture stirred at
368 RPM for 8 minutes. The phases were allowed to separate and the
dichloromethane layer (lower layer) was transferred to a suitable flask and
discarded.

21. Dichloromethane (537 L) was charged to the flask.

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

aqueocus phase was determined to be 6.

Stirring was discontinued and the phases allowed to separate.

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

receiving flaak.

BB

25. Dichloromethane (5.37 L) waa charged to the flask and the mixture stirred at 330
REM for 6 minutes. The phases were allowed to separate and the dichloromethane
layer (lower layer) was transferred to the glass receiving flask.

26. Aguin, dichloromethane, (5.37 L) was charged to the flask and the mixture stirred at
335 RPM for 6 minutes. The phases were allowed to separate and the
dichloromethane layer (lower layer) was transferred to the glass receiving flask.

27. MMWMMwmbmmmdmedinamﬂym
equal halves to two rotary evaporator flasks and concentrated under reduced

pressure using a rotary evaporator, maintaining an external bath temperature of 33-
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30.

al.

8

Ethyl acetate (12.95 L) was divided into two approximately equal portions and
charged to the two rotary evaporator flasks. The mixtures in each flask were then

concentrated under reduced pressure using a rotary evaporator, maintaining an
external bath temperature of 45-46 “C.

Again, ethyl acetate (12.95 L) was divided into two approximately equal portions and
charged to the two rotary evaporator flasks. The mixtures in each flagk were then
concentrated under reduced pressure using a rotary evaporator, maintaining an
external bath temperature of 4546 °C, untll approximately 10% of the original
volume remained.

n-Heptane (10.2 L) was divided into two approximately equal portions and charged
to the two rotary evaporator flasks, and the shurry stirred under a nitrogen
atmosphere for 2.67 hours at 22-23 *C.

The salid was isolated by filtration on a Buchner funnel, lined with a polypropylene
felt filter pad. '

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

The solid was then dried at 36 - 50 “C under a vacuum of 27" of Hg for 18 hours 27
minutes in a vacuum oven equipped with a vacuum gauge and a temperature
recorder.

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.

N-(2-Pyrazinecarbonyl)-L-phenylalanine-L-leucine boronic anhydride, crude was
packaged into two 5L, HDPE, tamper-proof wide-mouth bottles and labeled.

The isolated yleld wan 1314 kg, 83%.

.2

In a hood a glass reaction flask equipped with a mechanical stirrer, a reflux
condenser and a temperature recorder was flushed with nitrogen.

Ethyl acetate (21 L) was charged.to the flask—-- - - e e



WO 2005/097809 PCT/US2005/009774

10.

1L
12
13.

14.

15.

16.

17.

The ethy] acetate was heated to 66.8 °C under a nitrogen atmosphere, using a hot
water /steam bath.

N-(2-Pyrazinecarbonyl)-L-phenylalanine-L-leucine boronic anhydride, crude (1311
kg) was slowly charged to the reaction flask. Charging oocurred over a period of 3
minutes.

The mixture was stirred for 1 minute until all the solid had dissolved. The
temperature of the salution was 64 °C.

The heat source was removed and the mixture was slowly cooled to 60 °C using a
cold bath.

The hot ethry]l acetate solution was transferred into a receiving flask via poly tubing
and a polypropylene in-line filter capsule using a peristaltic pump.
The mixture was allowed to cool t0 272 °C, and allowed to stand under a nitrogen

atmosphere without stirring, for 17.75 hours. The final temperature was recorded as
205 °C.

The mixture was cooled using an ice/water bath with stirring for 2.33 hours. The
temperature at the staxt of the stir time was 3.8 °C, and -2.8 °C at the end.

The sotid was isolated by Sltration on a Buchner furmel lined with a polypropylene
felt filter pad. The filirate was collected in a collection flask.

The solid was washed with ethyl acetate (2.62 L), cooled to 4.7 °C.
In a hood, the solid was transferred to two drying trays.

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.

The sclid was sampled io determine the % Loss on Drying (LOD). The LOD was
determined to be 0.65 % and 0.62 % on the two samples taken.
N-(2-Pyrazinecarbonyl)-L-phenylalanine-L-leucine boronic anhydride was packaged
into four 1L, Type 3, Amber Wide-Mouth Bottles with Teflon-Lined Caps and
labeled.

The isolated yield was 1.132 kg, 86.3%.

N-(-Z-P.ynmcarbmyl)-l.-phmylaluﬁm-lrleudm boronic anhydride was stored at
—26t0-16 °C.

-51-
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Example3: N-(2-Pyrazinecarbonyl)-L-phenylalanine-L-leucine boronic anhydride
Convergent Synthesis

[098] A solution of (1R){S)-Pinanediol 1-ammanium triflucroacetate-3-
methylbutane-1-boronate (13.97 g) and N-hydroxysuccinimide (6.23 g) of in 66 mL of DMF
was cooled to -5 °C, followed by the addition of dicyclohexylcarbodiimide (10.83 g). The
resulting suspension was stirred for one hour at a temperature of -5 to 0 °C. To a solution of
N-(2-pymazinecarbonyl)-L-phenylalanine (19.52 g prepared by coupling the preformed
succiniride ester of pyrazinecarboxylic acid with L-phenylalanine in dioxane-water) in 62
mL of DMF was added N-methylmorpholine (5.7 mL}) at a temperature of 0 °C, and the
resulting solution was added to the suspension. The suspension was adjusted to pH 7 by
the addition of another 5.7 mL of N-methylmorpholine and stirred ovemight, raising the
temperature alowly 1o 21 °C. After filtration, the filtercake was washed twice with MTBE
and the combined filtrates were diluted with 950 mL of MIBE. The arganic layer was
washed with 20% aqueous citric acid (3 x 150 mL), 20% aqueous NaHCO, (3 % 150 mL}), and
brine (2x). The organic layer was dried over Na,SO,, filtered, and concentrated, ylelding 25.5
g (955 %) of the title compound as a foam. As indicated by tic this material contained some
minor impurities, induding approximately 2% of cyclohexyl urea.

[099] A solution of (15,25,9R 55)-Pinanedial N-(2-pyrazinecarbonyl)-L-
phenylalanine-L-leucine boronata (252 g) in 207 mL of MeOH and 190 mL of hexane was
cooled to 15 *C, and 109.4 mL of 1IN HCl were added in portions, keeping the temperature
between 15 and 25 °C. 2-Methylpropaneboronic acld (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 EtO (4 x 100 mL each), and then brought to pH 6.0 by the addition
of 109 mL of IN HCL After extraction with 100 mL of ethyl acetate, the lower layer was
adjusted to pH 6.0 with IN HCl and extracted ane more time with 75 mL of ethy] acetate.
The combined ethy] acetate layers were washed with semi-saturated brine (2 x 25 mL) and

_ brine (2 25 mL), dried over Na,50,, filtered, and concentrated to affard 153 g (81.8 %) of -
crude N~(2-Pyrazinecarbonyl)-L-phenylalanine-L-leucine boranic anhydride as a foam. The
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crude material was dissolved in 150 mL of ethy] acetate and concentrated in vacuo to a

suspension, fallowed by the addition of 150 mL of MTBE. The suspension was stored

between 2 and B °C over night, filtered, washed twice with MTBE, and dried under high

vacuum, yielding 10.69 g (572 %) of N-(2-pyrazinecarbonyl)-L~phenylalanine-L-leucine

boronic anhydride as a white solid.

Example4 Mensurement of Diastereameric Ratio of (1R)»-(15,2S,3R,55)-Pinanediol-1-
ammoniumtrifiuoroacetate-3-methylbutane-1-boronate

[0100] The diastereomeric purity of (LR)«(15,25 3R, 55)-pinanediol-1-

ammonivmtrifluoroacetate-3-methylbutane-1-boronate (compound 1) was determined by

non-chiral gas chromatography (GC).

Chemicals: Acetonitrile (pa. Bruker or equivalent)

Tetradecane (internal standard) (Fluka puriss. or equivalent)
Trifluoroacetic anhydride (TFAA) (p-a. Merck or equivalent)

Instrument: Trace-GC 2000 system or equivalent
Mobile phase: H,
Solvent A (with Approximately 300 mg of tetradecane were weighed with an

internal standard) accuracy of 0.1 mg into a 100-mL volumetric flask. 1.5 mlL of
TFAA were added and the flask was brought to volume with
acetonitrile.

Sample Prepamation: 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:
Colummn: Rix-200; 105m x 025 mm i.d. X 025 pmn film
Mobile phase: H,
Temp. program: 130 °C (0.5 min); 0.5 *C/min to 200 °C (0 min); 30 “C/min to 300
°C (2 min)
Flow: (.9 mL/min (const. flow)

Injector temperature: 250°C
Detector temperature: 250 °C (FID)
Split: 1:50
Injection volume: 1ul

-53-



WO 2008/097809 PCT/US2005/009774

Substances

Compound 1 (1R)<(15,25 3R 55)-pinanediol-1-ammoniumtrifinoroacetate-3-
methylbutane-1-baronate

\qﬂz FyC~COOH

Compound 2 (1S){15.25 3R 55)-pinanediol-1-ammoniumtrifiuoroscetate-3-
methylbutane-1-boronate

2

H: F,C-COOH

Stability of the goluti

[0101] A stock solution of compound 1 was prepared by weighing 150.13 mg 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 injection out of each vial. The area%
of compound 1 and compound 2 were determined. No changes in area% were observed,
indicating that the solution is stable over 72 hours at ambient temperature.

Specificity

[0102] Approximately 150 mg of a sample comprising compound 1 and compound 2
were dissalved in Solvent A and injected to the GC chromatographic system. The peak for
compound 1 was well separated from the peak for campound 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 hlank
measurernent was carried out to show that no other peaks interfered. The signal to noise
ratio was calculated by the equation:
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—_H(signal)

S/N
H(baseline)

S/N = signal to noise ratio

Hi(signal) = height of signal for compound 1 [mm)]

Hi(baseline) = height of signal baseline [mm]

fo104] A sample cancentration 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 i

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

concerdration 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-Pyrazinecarbonyl)-L-phenylalanine-L-leucine

boronic antrydride
[0106] The purity of N-(2-pyrazinecarbonyl)-L-pherylalanine-L-leucine boronic
anhydride (compound 3) was assayed by reverse phase HPLC.
Reagents: Water, HPLC grade

Acetonitrile, HPLC grade
Formic acid, ACS grade, 2 98% pure
3% Hydrogen peroxide, ACS grade or equivalent

High performance Autosampler capable of delivering 20-vL injections and
liquid chromatograph ~ maintaining a temperature of 5 °C

Pump capable of gradient delivery at 1.0 mL/min

UV detector capable of monitoring effluent at 270 nm

Column Symmetry C18 chromatographic column, 250 xun x 4.6 mm ID,
5-um, Waters, cath WAT(54275.

26
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Sample Prepamtion:

HPLC Parametery:
Mobile phase A:
Mobile phase B:
Flow rate:

Injection Volume:
Column Temp:

Sample Tray Temp:

Gradient Program:

Substances
Compound 3

Compound 4

PCT/US2005/009774

Approximately 50 mg of compound 3 were accurately weighed
into a 50-mL volumetric flask. Mobile Phase B (5 mL) was
added and the mixture was sonicated to dissolve compound 3
(approximately 30-60 secands). The solution was allowed to
reach room temperature, diluted to volume with Mobile Phase
A, and mixed well Each sample was prepared in duplicate and
was stable for 7 days when stored at 2-8 °C protected from light.

Acetonitrile /water /formic add, 30:70:0.1 {v/v/v), degassed
Acetanitrile /water /formic acid, 80:20:0.1 (v/v/v), degassed
1.0 mL/min

UV at 270nm

20 uL

Ambient

5°C

Time %A

o 100

15 100
30 0
) 0
o 100
55 100

N-(2-Pyrazinecarbony

enhydride
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Compound 5 N-(2-Pyrazinecarbonyl)-L-phenylalanine-D-leucine boronic
anhydride
0
[Nj)LH/q EH gi
3
g 0 R’
fo107] 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 2.0.

[0108] The relative retention of compound 3 in a sample chromatograrn to that in the
standard chromatogram was calculated according to the following equation:
b=
Ind
Where:
R = relative retention
. = retention time of compound 3 peak in the sample
chromatogram, minutes
ta = refention time of the drug substance peak in the

closest preceding standard chromatogram, minutes
[0109] Assay resuits were calculated far each sample according to the following
equation: y
A—doxPx 1
A" W [M)

%assay = %100

100

= peak area response of compound 3 in the sample
preparation

mean peak area response of compound 3 in the
working standard preparation

weight of the standard, mg

= assiged purity of the standard (decimal format) _ __
= weigl{t-of;};sample.mg

= moisture content of the sample, %

FRENE .
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100 = conversion to percent
[0110] Relative retention and impurity levels in each sample were calculated
according to the following equations:
R=2
Ly
Where:
R, = relative retention
t = retention time of the individual impurity
t, = retention time of the compound 3 peak
_ AixXWasX PX DF X RFi
®li= AniisXWon X100
Where:
I = individual mpurity
A = peak 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)
DF = dilution factor, 1/100
RF, = relative respanse factor of individual impurity
100 = conversion to percentage factor

[0111] When assayed by this method, N<(2-pyrazinecarbonyl)-L-phenylalanine-L-
leucineboronic anhydride from Example 2 showed total impurities of less than 1%.

[0112] While the foregoing invention has been described in some detail for purposes
of darity 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 daims.
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WHAT IS CLAIMED IS:

1. A large-scale process for preparing a boronic ester compound of formula (I):
z’faﬁ“‘
OR® 7))
wherein:

R' is an optionally substituted aliphatic, aromatic, or heteroaramatic group;

R’ is hydrogen, a nucleofugic group, or an optionally substituted aliphatic, aramatic,
or heteroaromatic group;

R’ is a nucleofugic group or an opticnally substituted aliphatic, aromatic, or
heteroaromatic group; and

each of K and R, independently, is an optionally substituted aliphatic, aromatic, or
hetercaramatic 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 5;

said process comprising:
() providing a baron "ate” complex of formula (II):

: Y>L-,or=r'

(.')Hs 1)

Y is a nucleofugic group;
M' ig a cation; and
each of R' to R® is as defined above; and

(b) contacting the boron “ate”™ complex of formula (IT) 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 misdbility with
water; or
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(i) an ether solvent that has low miscibility with water and a
coordinating co-solvent.

2 The process of claim 1, wherein the reaction mixture comprises a
coordinating co-solvent.

3. The process of claim 2, wherein the coordinating co-solvent is selected from
the group consisting of tetrahydrofuran, dioxane, water, and mixtures thereof.

4 The process of claim 3, wherein the coordinating co-solvent constitutes no
more than about 20% v /v of the reaction mixture.

5. The process of claim 3, wherein the coordinating co-solvent constitutes no
more than about 15% v /v of the reaction mixture.

6. The process of claim 1, wherein the salubility of water in the ether solvent
that has low miscibility with water is less than about 2% w/w.

7. The prooess of claim 6, wherein the ether solvent that has low miscibility with
water is selected from the group consisting of terf-butyl methyl ether, teri-butyl ethyl ether,
tert-amyl methyl ether, isopropyl ether, and mixtures thereof. .

8. The process of claim 7, wherein the ether solvent that has Jow miscibility with
water constitutes at least about 70% v /v of the reaction mixture.

9. The process of claim 1, wherein at least about 5 moles of the boron “ate"
complex of formula (I) are provided in step (a).

10.  The process of claim 1, wherein at least about 20 moles of the boron "ate”
complex of formula (I7) are provided in step (a).

11,  The process of clalm 1, wherein at least about 50 maoles of the boron "ate”
complex of formula (IT) are provided in step (a).

' 12.  The process of claim 1, wherein at least about 100 males of the boran "ate”
complex of formula (IT) are provided in step (a).
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13.  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.

14.  The process of claim 13, wherein the Lewis acid is moist.

15.  The process of claim 13, wherein in step (a) the boron "ate” complex of
formula (I) is provided in a solution compriging an ether solvent that has low miscibility
with water, and the contacting step (b) comprises the steps:

(i) providing a solution comprising a Lewis acid and
tetrahydrofuran; and

(ii) adding the Lewis acid solution to the solution of the boron
*ate" complex of formuila (II) from step (a).

16. The process of claim 13, wherein in step (a) the boron "ate” complex of
formula (II) is provided in a solution comprising an ether solvent that has low miscibility
with water, and the contacting step (b) comprises the steps:

(@) providing a solution comprising a Lewis acid and water; and
(i) adding the Lewis acid salution to the solution of the boron
“ate” complex of formula (I) from step (a).

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

19.  The process of claim 1, wherein R' is C, , aliphatic, C, , aryl, or {C, , aryIXC,,
aliphatic).

20.  The process of claim 1, wherein M" is selected from the group congisting of
Li*,Na’, and K'.

21.  The process of claim 1, wherein R' and R’, taken together with the intervening

axygen and boron atoms, form an optionally substituted 5-membered ring.

22.  The process of claim 21, wherein R® and R’ together are a chiral motety.

-61-
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23.  The process of claim 22, wherein the boron "ate” complex of formula (IT) is:

FasCa Sk

L
]
Y -
M+

24.  The process of ciaim 22, wherein step (b) provides the boronic ester
compomdofformula(l)wheteinheﬂrbmawmbeaﬁngk',R',andR'isadﬁnlmter
having a diastereomeric ratio of at least about 96:4 relative to a chiral center in the R*R’
chiral moiety.

25.  The process of claim 22, wherein step (b) provides the baronic ester
compound of formula (I) wherein the carbon atom bearing R', K', and R’ is a chiral center
having a diastereomeric ratio of at least about 973 relative to a chiral center in the R'R*
chiral molety

26.  The process of claim 22, characterized by at least ane of the following
features:

(a) the contacting step (b} is conducted in a reaction mixture comprising
tert-butyl methyl ether;

() the Lewis acid is zinc chloride;

(© at least about 5 moles of the boronic ester of formula (I7) are provided

in step (a);
(@) lheountacﬁnsslap(b)ispeﬁormedatamcﬁontmnpmtureinﬂle
range of about -60 °C to about -30“C;

(e theLewis acid is moist;

(  Yischlorog;

(® Rischloro;

()  R'is hydrogen;and
() R'isC aliphatic

* 27 The prodess of clatm 26, characterized by at least two of the features (a)}-(h).
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28.  The process of claim 26, characterized by at least three of the features (a)(h).
29.  The process of claim 26, characterized by all eight of the features (a)-(h).

30.  The process of claim 24, further comprising:
(© washing the reaction mixture with an aqueous solution; and

(d) concentrating the washed reaction mixture by removal of salvents to
afford a residue coamprising the boronic ester compound of formula (7).

31.  The process of claim 26, wherein the residue comprises at least about five
moles of the baronic ester compound of formula (I).

32.  The process of claim 31, wherein the baronic ester compound of formula (1)
present in the residue has a diastereomeric ratio of at least about 96:4 at the carbon atom
bearing R', R, and K’, relative ta a chiral center in the R*-R’ chiral moiety.

33.  The process of claim 31, wherein the boronic ester compound of formula (I}
present in the residue has a diastereameric ratio of at ieast about 973 at the carbon atomn
bearing R', K, and R’, relative to a chiral center in the R*-R’ chiral moiety.

34 A composition comprising an ether solvent that has low miscibility with

water and at lesst about ten moles of a boronic ester compound of formula (I):

2 H1
:;.L?.om
OR® @
wherein:
R' is an optionally substituted aliphatic, aromatic, or heteroaromatic group;
R is hydrogen, a nucleofugic group, or an optionally substituted aliphatic, acomatic,
or heteroaromatic group;
R’ is a nucleofugic group or an optionally substituted aliphatic, aromatic, ar
hetercaromatic group; and
-each of R* and R, indépendenitly; is an optionally substituted aliphatic or aramatic
group, or R' and R, taken together with the intervening oxygen and boron atoms,

4o
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form an optionally substituted 5- to 10-membered ring having 0-2 additional ring
heteroatoms selected fram N, O, or 5.

35. A composition comprising an ether solvent that has low miscibility with
water and at least about ten moles of a boronic ester compound of formula (7):

Al
::9\ LOR
B
R M
wherein:
R’ is an optionally substituted aliphatic, aromatic, or heteroaromatic group;
R’ is hydrogen, a nucleofugic group, or an optionally substituted aliphatic, aromatic,
or heteroaromatic group;
R’ is a nucleofugic group or an optionally substituted aliphatic, aromatic, or
heteroaromatic group; and

each of R* and R’, independently, is an optionally substituted aliphatic or aromatic
group, or R’ and R’, taken together with the intervening cocygen and boron atoms,
form an opticnally substituted 5- to 10-membered ring having 0-2 additional ring
heteroatoms selected from N, O, or S;

wherein the carban atom to which R, R’, and R’ are attached is a chiral center, having
a diastereomeric ratio of at least about 96:4, relative to a chiral center in the R-R*
chiral moiety.

36. A composition compriging an ether solvent that has low miscibility with
water and at least about ten moles of a boranic ester compound of formula (J):
H‘I
R%
RPN OR*
o
wherein:
R’ is an optionally substituted aliphatic, aromatic, or heteroaramatic group;

R’ is hydrogen, a nucleofugic group, or an optionally substituted aliphatic, aromatic,
or heteroaromatic group;
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R’ is a mcleofugic group or an optionally substituted aliphatic, aramatic, or
heteroaromatic group; and

each of R' and R, independently, is an optionally substituted aliphatic or aromatic
group, oz R' and R’, taken together with the intervening oxygen and boron atoms,
form an optionally substituted 5- to 10-membered ring having 0-2 additional ring
heteroatoms selected from N, O, or 5;

wherein the carbon atom to which R, R', and R’ are attached is a chiral center, having
an epimeric ratio of at least about 96:4.

37.  The composition of any one of claims 34-36, wherein the solubility of water in
the ether solvent is less than about 2% w/w.

38.  The composition of any one of claims 34-36, wherein the ether solvent is
selected from the group consisting of teri-butyl methy! ether, teri-butyl ethyl ether, tert-any!
methyl ether, isopropyl ether, and mixtures thereof.

39.  The composition of any ane of claims 34-36, wherein R' is C,, aliphatic, C,
aryl, or (G, aryl)(C,, aliphatic).

40. The composition of any ane of claims 34-36, characterized by at least one of
the following features:

() R'ischioro;
(®) Ris hydrogen; and
(@ R isC,,aliphatic
41.  The composition of any one of claims 34-36, wherein K' and K, taken together

with the intervening oxygen and boron atoms, form an optionally substituted 5-membered
nng.

42.  The composition of any ane of claims 34-36, wherein the compound of
formula (I) is
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n‘l

e . Pt

’

43. A composition comprising at least about ten moles of a boranic ester
compound of formula (I):
H1
L
i M
wherein:
R' is an opticnally 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
hetercatoms selected fram N, O, or S; .

wherein the carbon atom to which R, K, and R’ are attached is a chiral center, having
a diastereomeric ratio of at least about 96:4, relative to a chiral center in the R*-R’
chiral molety; and
wherein the boronic ester compound of formula (I) constitutes at least about 70% w/w of
the composition.

44  The composition of claim 36 comprising at least about 20 moles of the boranic
ester compound of formula (I).

45.  The composition of claim 36, wherein the carbon atom to which R, R, and R°
are attached has a diastereomeric ratio of at least about 97:3, relative to a chiral center in the
R"-R’ chiral maiety.
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46.  The composition of claim 36, wherein all of the boronic ester compound of
formula (I) present in the composition is produced in a single batch run.

47.  The composition of claim 36, wherein all of the boronic ester compound of
formula (I) present in the composition is produced in a single batch run of the process
according to claim 1.

48.  The composition of claim 36, wherein at least ane of the following features is
present:

(@ Rischloro;
(b) the boronic ester compound of formula (I) is:

e’ ey
Q Z>< o-.< ;><

(© Rishydrogen;and
() R'isC,,aliphatic

49. A large-scale process for preparing a boranic ester compound of formula (I):

paf
n”"s“’“‘

OR® ®
wherein:

R' is an optianally substituted aliphatic, aromatic, or heteroaromatic group;

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

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

each of R and R’, independently, is an optionally substituted aliphatic, aromatic, or
heteroaramatic 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 5;
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said process compriging:
(a) providing a solution comprising:
(D a boronic ester of formula (III):
Rl?,OH‘
ORS® (I

wherein R', R', and R" are as defined above; and
(ii) an ether solvent that has low miscibility with water;
(b) treating the solution with a reagent of formula (IV):
o

- )
to form a boran "ate” complex of formula (IT):
OR® m
where
Y is a nucleofugic group;
M’ is a cation; and

each of R' to R’ are ap defined above; and

() contacting the boron “ate” complex of formula (I) with a Lewis acid
under conditions that afford the boronic ester compound of formula (1), said
contacting step being conducted in a reaction mixture comprising:

{)] a coordinating ether solvent that has low misdibility with
water; or

(1) an ether solvent that has low miscibility with water and a
coordinating co-solvent.
50. A large-scale process for preparing a boranic ester compound of formula (I):

ke~
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wherein:
R' is an opticnally substituted aliphatic, aromatic, or hetercaromatic 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, aramatic, or
heteroaromatic group; and

each of R* and R, independently, is an optionally substituted aliphatic, aromatic,.or
heteroaromatic group, or R' and R’, taken together with the intervening oxygen
and boron atoms, form an optionally substituted 5- to 10-membered ring having
0-2 additional ring heteroatoms selected from N, O, or ;

(a) providing a solution comprising:
(i) a boronic ester of formula (HT):
R OR!
ore (o)
wherein R, R, and R’ are as defined above;
() acompound of farmula (V):

RL_R®
T

where Y is a nucleofugic group, and R* and R’ are as defined above; and

W)

(iif) a solvent comprigsing:
(aa) a coordinating ether solvent that has low misdbility
with water; or
(bb) an ether solvent that has low miscibllity with water and
a coordinating co-solvent;
(b) treating the solution of step (a) with a strong, sterically hindered base
to form a boran "ate” complex of farmula (IT):

R,
e e e e . .- -.HZ_I-H‘I. -
Y B:'H;n+
or @
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where M" is a cation derived from the base, and each of Y and R’ to R’ are as defined above;
and

(© contacting the boron "ate” complex of formula (II) with a Lewis acid in
a solution comprising an ether solvent that has low miscibility with water to form the
boronic ester compound of formula ().

51. A large-scale process for preparing a baronic ester compound of formula (I):
1
Hpka,on‘
OR®

wherein:
R' is an optionally substituted aliphatic, aromatic, or heteroaromatic group;

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

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

R’ and R, taken together, form an optionalty substituted linking chain comprising 2-
5 carbon atoms and 0-2 heteroatoms selected from the group consisting of O, N,
and S;

(@  providing a solution comprising:
(1) a boronic acid compound of formula (VI):

Rl OH
OH (VD)

wherein R’ is as defined above;
(i) acompound of formula HO-R-R’-OH, wherein R* and R’ are
as defined above; and _
(iii) anorganic solvent that forms an azeotrope with water;

__(b). . heating the salution of step (a).at reflux, with azeotropic removal of. ----
water, to form a boronic ester of formula (III):
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AL OR*
ORs ()
wherein R, R*, and R’ are as defined above;
{© providing a solution comprising:’
(i) the boronic ester of formula (IT1);
(i) acompound of formula (V):
R _A°
v " )

wherein Y is a nucleofugic group, and R* and R® are as defined above; and

(i)  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 coardinating co-solvent;
{d) treating the solution from step (c) with a strong, sterically hindered
base to form a boron "ate” complex of formula (IT):

“’is'-‘lom
Y 3-5 M+
R @

where M' is a cation derived from the base, and each of Y and R’ to R’ are as defined above;
and

(e) contacting the boron "ate” complex of formula (IT) with a Lewis acid in
a solution comprising an ether solvent that has low miscibility with water to form the
baranic ester compound of foraula (I).

52.  The process of claim 50 or 51, wherein the sterically hindered base is an alkali
metal dialkylamide base of formula M'N(R"),, wherein M" is selected from the group
consisting of Li, Na, and K, and each R’, independently, is a branched or cyclic C,, aliphatic.

53. - The process of claim 51, whereiri the organic solvent'in step (a) is selected ~

from the group consisting of acetonitrile, toluene, hexane, heptane, and mixtures thereof.

-7-
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54, The proceas of claim 51, wherein the organic solvent in step (a) is an ether
solvent that has low miscibility with water.

55.  The process of claim 54, wherein the salutions in steps (a) and (c) each
comprise the same ether solvent.

56.  The process of daim 55, wherein step (b) provides a product solution
comprising the borornic ester of formula (I), and the product solution from step (b) is used
in step (c) without isolation of the boronic ester of formula (II). '

57. A large-scale process for preparing an aminoboronic ester compound of
formula (VII):

Hi
A _or*
P 3;2 71))

or an acid addition salt thereof, wherein:
R is an optionally substituted aliphatic, aromatic, or heteroaromatic group; and
each of R and R’, independently, is an optionally substituted aliphatic, aromatic, or
heteroaromatic group, or R* and R’, taken together with the intervening oxygen

arnxd boran atoms, form an optionally substituted 5- to 10-membered ring having
0-2 additional ring heterocatoms selected from N, O, or S;

said process comprising:
(a)  providing a boron "ate” complex of farmula (II):

R
i ¥
where
Y is a nuclecfugic group;
M' is a cationy;

R’ is hydrogen;
R’ is a nucleofugic group; and
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each of R', R, and R’ are as defined above;

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

el
H,)kz,om
R )
where each of R' to R’ is as defined above, said contacting step being canducted in a reaction
ixt ising:
(@ a coordinating ether solvent that has low miscibility with
water; or
(ii) anether solvent that has low miscibility with water and a
coordinating co-solvent;

(@ treating the boronic ester compound of formula (f) with a reagent of
formula M'-N(Si(R"),),, where M' is an alkali metal and each R* independently is
selected from the group consisting of alkyl, aralkyl, and aryl, where the ary! or aryl
portion of the aralkyl is optionally substituted, to form a byproduct of formula M'-R’
and a compound of formula (VIII):

H1

@ g
Ot (vm)

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

R‘I
HNT il
OR (v)
or an acid addition salt thereof.

58.  The process of claim 57, wherein the reaction mixture in step (¢) comprises an
organic solvent in which the byproduct M-R’ has low solubility.

59.°  The prodSss of cliim 58; Wherein M i3'Li and R*is CL
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60. The process of claim 59, wherein the reaction mixture in step (c) comprises an

arganic solvent selected from the group consisting of methylcyclohexane, cyclohexane,
heptane, hexane, toluene, and mixtures thereof.

61.  The process of claim 57, wherein the reaction in step (c) is conducted at a
reaction temperature in the range of about -100 °C to about 50 °C.

62.  The process of claim 61, wherein the reaction temperature is in the range of
about -50 °C to about 25 °C.

63.  The process of claim 61, wherein the reaction temperature is in the range of
about -30 °C to about 0 °C.

64.  The process of claim 57, wherein step (d) comprises treating the compound of
formula (VII) with an acid and isolating the compound of formula (VII) as the acid addition
salt

65. The process of claim 64, wherein the acid is trifluoroacetic acid.

66.  The process of claim 57, wherein step (c) further comprises filtering the
reaction mixture to provide a filtrate camprising the compound of formula (VIII).

67.  The process of claim 66, wherein in step {(c), the reagent of formula
M'-N(Si(R"),), is added to the reaction mixture as a solution comprising tetrahydrofuran, and
step (c) further comprises removing the tetrahydrofuran before filtering the reaction
mixture.

68.  The process of claim 66, wherein the filtrate is used directly in step (d).

69.  The process of claim 57, further comprising the step:
(¢  coupling the compound of formula (VII) with 2 compound of formula (IX):

HT

209 -

-74-

wherein:
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P' ig an amino group blocking moiety;

R’ is selected from the group coneisting of hydrogen, C, ,aliphatic, opticnally
substituted C, ,aryl, or C, aliphatic-R’; and

R is selected from the group consisting of alkaxy, alkylthio, opticnally substituted
aryl, heteroaryl, and heterocyclyl groups, and optionally protected amino,
hydroxy, and guanidino groups; and

X is OH or a leaving group;
to form a compound of formula (X):

R? R4
; _NJ\H,HYS.OR.
0o AR X
wherein each of P, R, R, K, and R’ is as defined above.
70.  ‘The process of claim 69, wherein P! is a cleavable protecting group.

71,  The process of claim 70, further comprising the steps:
() ceaving the protecting group P' to form a compound of formula (XI):

H,N’H':gnﬁl:l:g:n‘

or an acid addition salt thereof, wherein each of R', R*, R, and R’ is as defined above;

14))

() coupling the compound of formula (XI) with a reagent of formula P*X,
wherein F* is an amino group blocking moiety and X is a leaving group, to form a
compound of formula (XTI):

R , oA
P,_H,kENYB.ORS
i (xam)
wherein each of P, R', R, R’, and K’ are as defined above; and
(h)  deprotecting the boronic acid moiety to form a compound of formula (XIID):

«-75a
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R? n gH
P’-H*E Y
al (xam)
ar a boronic acid anhydride thereof, wherein each of P!, R', and R’ are as defined above.

72.  Alarge-scale process for preparing an aminoboronic ester compound of
formula (VIIa) or (VIIb):

Hi B‘I
HZNJ\g.on‘ HN~p-OR"
RS (VIle) ORF (viIL)
or an acid addition salt thereof, wherein:
R' is an optionally substituted aliphatic, aromatic, or hetercaromatic group; and
R' and R’, taken together with the intervening oxygen and boron atoms, form an
optionally substituted chiral cyclic boranic ester;

said process comprising:
(a) providing a boron "ate” complex of formula (Ia) or (IIb):
e, o,
oR8 (a) ORS (IIb)
where
Y is a nucleofugic group;
M'is a cationy
K'is hydrogen;
R’ is a nucleofugic group; and
K’ and R’ are as defined above;

{b) contacting the boron "ate” complex of formula (Ifa) or (IIb) witha
Lewis acid under conditions that afford a boronic ester compound of formula (Ia) or
(Ib):
RI‘.H?... - . H!B"' -
g)n‘ R,XB.OH‘
; (la) Or® ()

-76-
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where each of R’ to R’ is as defined above, said contacting step being conducted in a reaction
(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;

(c) treating the baronic ester compound of formula (Ia) 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 (VIIIDb):

H‘l B‘l

o
(GN" B GRN"B
OR® (VIIa) O (Vi)

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

(VIIb):
1 B1
" ’"*E'OH‘ H 2,,,AIE‘.cu:w
R® (VIIa) OR® (vIL)

or an acld addition salt thereof.

73. A large-scale process for forming a compound of formula (XIV):

(XIV)
or a boronic acid anhydride thereof, said process comprising:
(a)  providing a boron "ate” complex of formula (XV):
l (XV)

-T1-
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wherein:
M’ is an alkali metal;
(b)  contacting the boron "ate” complex of formula (XV) with a Lewis acid
under conditians that afford a boronic ester compound of formula (XVI):

A

"Rex -

said confacting step being conducted in a reaction mixture comprising an ether solvent that
has low miscibility with water;

© treating the boronic ester compound of formula (XVI) 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 compound of formula (XVII):

(G)ﬂ’d\\‘_‘&
0
xv)

(d) removing the G groups to form a compotund of formula (XVIIT):

H!NILS o
Xvim)
or an acid addition sait thereof;

(¢)  coupling the compound of formula (XVII) with a compound of formula
(XTX);

X

P
LR

wherein:

-18-
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P is a cleavable amino group protecting moiety; and

X is OH or a leaving group;
to form & compound of formula (XX):
.ﬂ.HL En:ygﬁ
° Y
(xx)
wherein P is as defined above;

()  removing the protecting group P to form a compound of formula (XXT):

(Xx1)
or an acid addition salt thereof;
.(g) coupling the compound of formula (XXT) with a reagent of formula (XXII)

(lg _

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

m::iwfx?f@

Y (XX11) ; and

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

74 The process of claim 73, characterized by at least one of the following features ..

Q)5
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(1)  in the boron "ate” complex of formula (XV), R and Y both are chloro;
(2)  the coupling step (e) comprises the steps:

(§1] coupling the compound of farmula (XVII) 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 (TBIU) and a tertiary amine in
dichloromethane;

() performing asolvent exchange to replace dichloromethane

. with ethyl acetate; and

(ili) performing an aqueous wash of the ethyl acetate solution.
(3)  the protecting group removing step (f) comprises the steps:

{ treating the compound of formmula (XX) with HCl in ethyl
acetate;

(i) adding heptane to the reaction mixture; and

(ili) isolating by crystallization the compound of formula (XXT) as
its HCl addition salt;
(4 the coupling step (g) comprises the steps:

® coupling the compound of formula (XXT) with 2-pyrazine-
carboxylic acid in the presence of TBTL and a tertiary amine in
dichloromethane;

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

(iif)y performing an aqueous wash of the ethyl acetate solution; and
(5 theboronic acid deprotecting step (h) comprises the steps:

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

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

‘W) separating the solvent layers; and
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éxtracting the compound of formula (XIV), or a boronic acid

anhydride thereof, into an organic solvent.

75.  The process of claim 74, characterized by all five features (1)-(5).

76.  The process of claim 74, wherein step (h)(iii) comprises the steps:

@
@
@)
@

separating the solvent layers;

adjusting the aqueous layer to basic pH;
washing the aqueous layer with an organic solvent; and
adjusting the aqueous layer to a pH less than about 8.

77. The process of claim 76, wherein in step (h)(iii}3), the aqueous layer is
washed with dichloromethane.

78.  The process of claim 76, wherein in step (h)(iv), the compound of formula
(XTV), or a boronic acid anhydride thereof, is extracted into dichloromethane, the solvent is
exchanged to ethyl acetate, an the compound of formula (XTV), or a boronic acid anhydride
thereof, is crystallized by addition of hexane or heptane.

79.  The process of claim 78, wherein addition of hexane or heptane results in
crystallization of a cyclic trimeric boronic acid anhydride of formula (XXIV):

(xxav).

80. A large-scale process for forming a compound of formula (XIV):

vaate;s

-81-

(XIV)
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or a boronic acid anhydride thereof, comprising the steps:
(aa)  coupling a compound of formula (XVIII):

Lo

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

X
P'-u I

(XIX)
wherein:
P' is a cleavable amino group protecting maoiety; and
X is OH or a leaving group;
to form a compound of formula (XX):
(xx)

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

()] coupling the compound of formula (XVIII) with a compound of
formula (XIX) wherein X is OH in the presence of 2-(1H-benzotriazol-1-yl)-1,1,3,3-
tetramethyluronium tetrafluorobarate (TBTU) and a tertiary amine in
dichloromethane;

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

(iiiy performing an aqueous wash of the ethyl acetate solution;

(bb) mmhgﬂwpobcﬂngm?bfmmammrﬂdfqmgﬂ.mi
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RS
Y ocxs

or an acid addition salt thereof, said protecting group removing step (bb) comprising the
steps:
(D treating the compound of formula (XX) with HCl in ethyl acetate;
(ii) adding heptane to the reaction mixture; and
(iii) isolating by crystallization the compound of formula (XXT) as its HCl
addition salt;
(o)  coupling the compound of formula (XXT) with a reagent of formula (XXTT)

z:lgx

wherein X is a OH or a leaving group, to form a compound of formula (XXTI0):

E::J’R

said coupling step (cx) comprising the steps:
(i) coupling the compound of formula (XXT) 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
(ili) performing an aqueous wash of the ethyl acetate solution; and

(dd) deprotecting the baronic acid maiety to form the compound of formula (XTV)
or a boronic acid anhydride thereof, said deprotecting step (dd) comprising the steps:

(xxmm),
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(4] providing a biphasic mixture comprising the compound of formula
(XXTH), an organic boronic acid acceptor, a lower alkanol, a G, hydrocarbon solvent,
and aqueous mineral acid;

(i) stirring the biphasic mixture to afford the compound of formula
(X1Vv);
(iii) separating the solvent layers; and

(iv) extracting the compound of formula (XIV), or a boronic acid
anhydride thereof, into an organic solvent.

8l. The process of claim 80, wherein 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
(49)  adjusting the aqueous layer to a pH less than about 8.

82.  The process of claim §1, wherein in step (dd)(iv), the compound of formula
(XIV), or a boronic acid anhydride thereof, is extracted into dichloromethane, the solvent is
exchanged to ethyl acetate, an the compound of formula (XIV), or a boranic acid anhydride
thereof, is crystallized by addition of hexane or heptane.

83.  The process of claim 82, wherein addition of hexane or heptane results in
crystallization of a cyclic trimeric boronic acid anhydride of formula (XXTV):

84.  Alarge-scale process for forming a compound of formula (XTV):
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Yy ”‘:itf

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

(x1)

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

n“'\(/ i
ReCh
w (&xv)

wherein:

R' is a nucleofugic group;

Y is a nucleofugic group; and

M is an alkali metal;

(b) noniacﬁngtt.leborm“aiz'mmp]exoffmﬂa(XV)wiﬂulzwisaddmlder
conditions that affard a boronic ester compound of formula (XVI):

PN

R AT
0
(XVI)

said contacting step being conducted in a reaction mixture comprising:

1] 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;

(© treating the boronic ester compound of formula (XVI) with a reagent of
formula M-N(Si(R"),),, where M is an alkali metal and each R’ independently is selected
from the group consisting of alkyl, aralkyl, and aryl, where the aryl or aryl portion of the
aralkyl is optionally substituted, to form a compound of formula (XVII):
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oS

((R%S0eN" B
0O

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

O
(XVII)
or an acid addition salt thereof;

(¢)  coupling the compound of formula (XVIIT) with a compound of farmula
(XIXa):

(XIXa)

(XXn1) ; and

(f)  deprotecting the baronic acid maiety to form the compound of formula (XIV)
or a boronic acid anhydride thereof.

85.  The process of claim 84, characterized by at least ane of the fallowing features
(1-0):

(1)  Inthe boron "ate” complex of formula (XV), R" and Y both are chioro.

()  The coupling step (e') camprises the steps:
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@ coupling the compound of formula (XVIII) with a compound of
formula (XIXa) wherein X is OH in the presence of 2-(1H-benzotriazol-1-y1)-1,1,3,3-
tetramethyluronium tetrafluorobarate (TBTU) and a tertiary amine in
dichloromethane;

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

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

(3  The boronic acid deprotecting step (f) comprises the stepes:

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

(ii) stirring the biphasic mixture to affard the compound of formula
xav);
(i)  separating the solvent layers; and

(iv) exiracting the compound of formula (XIV), or a boronic add
anhydride thereof, into an organic solvent.

86.  The process of claim 85, wherein step (f)(ili) comprises the stepa:
(1)  separating the solvent layers;
(1;) adjusting the aqueous layer to bagic pH;
(3  washing the agueous layer with an organic solvent; and
(4) adjusting the aqueous layer to a pH less than about 8.

87.  The process of claim 86, wherein in step (£)(iii)(3), the aqueous layer is
washed with dichloromethane. .

88.  The process of claim 86, 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.. .
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89.  The process of claim 88, wherein addition of hexane or heptane resuits in
crystallization of a cyclic trimeric boronic acid anhydride of formula (XXTV):

Efﬂﬁ'\g

90. A composition comprising at least one kilogram of a camnpound of formula
xxav):

).

(xx1v)

wherein the compound of formula (XXIV) is prepared according to the process of claim 73
or 80.

91. A composition comprising at least one kilogram of a compound of formula
(XXTV):

(XXTV)
wherein the compound of formula (XXTV) constitutes at least 99% w/w of the compaosition.
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proteasoma peptidico de dcido bérico bortezomib.

51



10

15

20

25

30

SINTESIS DE COMPUESTOS DE ESTER Y ACIDO BORICO

ANTECEDENTES DE LA INVENCION
Campo de la invencion

Esta invencion se refiere a la sintesis de compuestos de éster y acido
bérico. Mas particularmente, la invencién se refiere a procesos sintéticos a gran
escala para la preparacién de compuestos de éster y acido bérico mediante
redisposiciéon promovida por acido de Lewis de complejos boron"ato”.
Antecedente de la invencién

Los compuestos de acido y éster bérico muestran una diversidad
de actividades biolégicas Utiles. Shenvi et al., Patente de Estados Unidos N°
4.499.082 (1985), describe que los acidos béricos de péptidos son inhibidores
de ciertas enzimas proteoliticas. Kettner y Shenvi, Patente de Estados Unidos
N° 5.187.157 (1993), Patente de Estados Unidos N° 5.242.904 (1993), y
Patente de Estados Unidos N° 5.250.720 (1993), describen una clase de acidos
béricos de péptidos que inhiben las proteasas de tipo tripsina. Kleeman et al.,
Patente de Estados Unidos N° 5.169.841 {1992), describe acidos boricos de
péptidos modificados de extremo N que inhiben la accién de la renina. Kinder of
al., Patente de Estados Unidos N° 5.106.948 (1992), describe que ciertos
compuestos de acido bérico de tripéptidos inhiben el crecimiento de células
cancerigenas.

Maéas recienternents, los compuestos de &cido y éster bérico han
mostrado ser prometedores como inhibidores del proteasoma, una proteasa
multicatalitica responsable de la mayoria de las conversiones de proteinas
intracelulares. Ciechanover, Cell, 79: 13-21 (1994), describe que el proteasoma
es el componente proteolitico de la ruta de ubiquitina-proteasoma, donde las
protelnas son el objetivo de la degradacidon por conjugacién con muttiples
molécuias de ubiquitina. Ciechanover también describe que la via de ubiquitina-
proteasoma juega un papel clave en una diversidad de procesos fisiologicos
importantes.
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Adams et al., Patente de Estados Unidos N° 5.780.454 (1898), Patente
de Estados Unidos N° 8.066.730 (2000), Patente de Estados Unidos N°
6.083.903 (2000), Patente de Estados Unidos N° 6.297.217 (2001), Patente de
Estados Unidos N° 6.548.668 y Patente de Estados Unidos N° 6.617.317
(2003), incorporadas en este documento como referencia en su totalidad,
describen compuestos de éster y acido bérico de péptidos utiles como
inhibidores de protaasoma. Las referencias también describen el uso de
compuestos de éster y acido borico para reducir la velocidad de degradacién
de las protelnas musculares, para reducir la actividad de NF-xB en una célula,
para reducir la velocidad de degradacién de la protelna p53 en una célula, para
inhibir la degradacién de ciclina en una célula, para inhibir el crecimiento de
una célula cancerigena, para inhibir la presentacién antigena en una célula,
para inhibir la adhesién celular dependiente de NF-«xB y para inhibir la
replicacién del VIH.

Albanell y Adams, Drugs of the Future 27: 1079-1092 (2002), describe
que uno de tales inhibidores de proteasoma peptidicos de &acido bérico,
bortezomib (&cido N-2-pirazina-carbonil-L-fenilalanina-L-leucinabérico), muestra
una actividad antitumoral significativa en los modelos de xenoinjerto de tumor
humano y esta bajo evaluacion clinica. Richardson et al., New Engl. J. Med.,
348:2609 (2003), informa de los resultados de un estudio de 2 fases del
bortezomib, que muestra su eficacia en el tratamiento del mieloma miuitiple
refractorio y de recalda.

Los estudios de inhibidores de proteasa de acido bbrico han avanzado
enormemente mediante el desarrolio de la quimica para la preparacién de
compuestos de acido bérico funcionalizados, particularmente acidos alfa-halo-
y alfa-aminobdricos. Matteson y Majumdar, J. Am. Chem. Soc., 102: 7590
(1980), describe un procedimiento para preparar ésteres alfa-clorobdricos por
homolagacién de ésteres bdricos, y Matteson y Ray, J. Am. Chem. Soc., 102:
7591 {1980), informa de que el control quiral de la reacciébn de homologacion
puede alcanzarse mediante el uso de ésteres bdricos de pinanodiol. También
se ha informado sobre la preparacion de compuestos de acido y éster alfa-
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aminobdricos a partir de ésteres alfa-clorobéricos correspondientes (Matteson
ot al., J. Am. Chem. Soc., 103: 5241 (1981); Shenvi, Patente de Estados
Unidos N° 4.537.773 (1985)).

Matteson y Sadhu, Patente de Estados Unidos N° 4.525.309 (1985),
describe un procedimiento mejorado para la homologacién de ésteres béricos
mediante la redisposicion del complejo boron®ato” intermedio en presencia de
un catalizador de 4cido de Lewis. Se informa del &cido de Lewis para promover
la reaccidn de redisposicidn y para minimizar la epimerizaciéon en el &tomo alfa-
carbono. Sin embargo, se requieren una exclusion rigurosa del agua y un
control cuidadoso de la estequiometria del acido de Lewis para obtener unos
resultados 6ptimos. Estas caracteristicas hacen que la reaccién sea dificil de
realizar de forma satisfactoria en una escala de produccién, y limitan la
disponibilidad de los compuestos de éster y acido borico farmacéuticamente
importantes, tales como bortezomib. De esta manera, queda una necesidad en
la técnica para métodos mejorados para la producciébn a gran escala de
compuestos de éster y acido borico.

DESCRIPCION DE LA INVENCION

La presents invencidn proporciona procesos sintéticos mejorados para la
produccién a gran escala de compuestos de éster y acido bdrico. Estos
procesos ofrecen un rendimiento y una pureza aumentados, una produccién
aumentada y una mayor facilidad de manejo en comparacién con los métodos
anteriores de la técnica. Notablemente, los procesos descritos en este
documento son adecuados para la produccién en lote a gran escala, a escala
multi-kilogramo que se limita sélo por el tamafio de las capacidades de
fabricacién disponibles. Los procesos de la invencién son particularmente
ventajosos para la sintesis de compuestos de éster y acido bbrico quirales,
incluyendo compuestos de éster y 4cido aifa-aminobdrico. Sin tener en cuenta
la escala, los productos deseados se producen con una pureza quimica y
estereoquimica mucho mayor.

Las patentes y la bibliografia especlifica indicadas en este documento
establecen el conocimiento que esta disponible para los especialistas en la
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técnica. A menos que se defina otra cosa, todos los términos técnicas y
cientlficos usados en este documento tienen el mismo significado que se
entiende cominmente por un especialista en la técnica a la que se refiere esta
invencién. Aunque pueden usarse métodos y materiales similares o
equivalentes a los descritos en este documento en la practica o ensayo de la
presenta invencion, los métodos y materiales preferidos se describen en este
documento. Las patentes, solicitudes y referancias expedidas que se citan en
este documento se incorporan como referencia en ia misma extensidén que si
cada una se indicara especifica e individualmente como referencia. En el caso
de inconsistencias, controlard la presente descripcién, incluyendo las
definiciones. Ademas, los materiales, métodos y ejemplos son sdlo ilustrativos
y no pretenden ser limitantes.

El término "aproximadamente®™ se usa en este documento para indicar
aproximadamente, en la regién de, méas o menas o alrededor. Cuando se usa el
término "aproximadamente™ junto con un intervalo numeérico, modifica ese
intervalo extendiendo los limites superior e inferior de los valores numéricos
indicados. En general, el término "aproximadamente® se usa en este
documento para modificar un valor numérico por encima y por debajo del valor
establecido por una varianza del 10%.

El término "comprende” se usa en este documento para indicar "incluye,
pero sin limitacion".

El témino "alifatico™, como se usa en este documento, significa un
hidrocarburo Ci42 de cadena lineal, ramificada o ciclica que esta
completamente saturado o que contiene una o mas unidades de insaturacion,
pero que no es aromético. Por ejemplo, los grupos alifaticos adecuados
incluyen grupos alquilo, alguenilo o alquinilo lineales, ramificados o clclicos
saturados o insaturados e hibridos de los mismos, tales como
(cicloalquil)alquilo, (cicloalquenil)alquilo o (cicloalquil)alquenilo. En varias
realizaciones, el grupo alifatico tiene 1-12, 1-8, 1-6, 6 1-4 carbonos.

Los términos "alquilo”, "alquenilo” y "alquinilo®, usados solos 0 como
parte de un resto mayor, se refieren a un grupo alifatico de cadena lineal y
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ramificada que tiene de 1 a 12 a4tomos de carbono, que esta opcionalmente
sustituido con uno, dos o tres sustituyentes. Para los propositos de la presente
invencion, el tdmino "alquilo™ se usara cuando el 4tomo de carbono que une el
grupo alifatico con el resto de la molécula es un atomo de carbono saturado.
Sin embargo, un grupo alquilo puede incluir insaturacién en otros atomos de
carbono. De esta manera, los grupos alquilo incluyen, sin limitacién, metilo,
etilo, propilo, alilo, propargilo, butilo, pentilo y hexilo.

Para los propésitos de la presente invencién, el tdrmino "alquenilo® se
usara cuando el 4tomo de carbono que une el grupo alifatico con el resto de la
molécula forma parte de un doble enlace carbono-carbono. Los grupos
alquenilo incluyen, sin limitacidn, vinilo, 1-propenilo, 1-butenilo, 1-pentenilo y 1-
hexenilo. Para los propésitos de la presente invencion, el tdrmino "alquinilo® se
usara cuando el 4tomo de carbono que une el grupo alifatico con el resto de la
molécula forma parte de un triple enlace carbono-carbono. Los grupos alquinilo
incluyen, sin limitacion, etinilo, 1-propinilo, 1-butinilo, 1-pentinilo y 1-hexinilo.

Los téminos “cicloalquilo”, "carbociclo®, “"carbociclilo”, "carbociclo® o
"carbociclico”, usados solos o como parte de un resto mayor, significan un
sistema de anillos alifaticos clclicos saturados o parcialmente insaturados que
tienen de 3 a 14 miembros, donde el sistema de anillos alifaticos esta
opcionalmente sustituido. Los grupos cicloalquilo incluyen, sin limitacién,
ciclopropilo, ciclobutilo, ciclopentilo, ciclopentenilo, ciclohexilo, ciclohexenilo,
cicloheptilo, ciciohaptenilo, ciclooctilo, ciclooctenilo y ciclooctadienilo. En
algunas realizaciones, el cicloalquilo tiene 3-6 carbonos. Los términos
"cicloalquilo®, "carbociclo”, "carbociclilo”, "carbociclo™ o "carboclclico™ también
incluyen anillos alifaticos que se condensan a uno o mas anillos aromaticos o
no arométicos, tales como decahidronattilo o tetrahidronaftilo, donde el radical
o punto de unién esta en el anillo alifatico.

Los términos "haloalquilo”, "haloalquenilo”™ y "haloalcoxi” se refieren a un
grupo alquilo, alquenilo o alcoxi, como puede ser el caso, sustituido con uno o
méas atomos de halégeno. Como se usa en este documento, el término
"halégeno” o "halo" significa F, C, Br o |. A menos que se indique otra cosa, los



10

15

20

25

30

términos "alquilo”, "alquenilo”™ y "alcoxi" incluyen grupos haloalquilo,
haloalquenilo y haloalcoxi, incluyendo, en particular, aquellos con 1-§ &tomos
de flGor.

Los términos "arilo” y "ar-", usados solos o como parte de un resto
mayor, por ejemplo, "aralquilo”, "aralcoxi" o "ariloxialquilo®, se refieren a un
resto aromatico Cg14 que comprende de uno a tres anillos aromaéticos, que
estan opcionalmente sustituidos. Preferiblemente, el grupo arilo es un grupo
arilo Cg 19. LOS grupos arilo incluyen, sin limitacion, fenilo, naftilo y antracenilo.
El término “arilo", como se usa en este documento, también incluye grupos en
los que un anillo aromatico se condensa a uno o mas anillos no arométicos,
tales como indanilo, fenantridinilo o tetrahidronaftilo, donde el radical o punto de
unidn esta en el anillo aromatico. El tdrmino "arilo” puede usarse de forma
intercambiable con el término “anillo arilo".

Un grupo "aralquilo” o arilalquilo® comprende un grupo arilo unido
covalentemente a un grupo alquilo, cualquiera de los cuales esta
opcionalmente sustituido. Preferiblemente, el grupo aralquilo es aril(C4.g)alquilo
Cs-10 . incluyendo, sin limitacion, bencilo, fenetilo y naftiimetilo. .

Los términos “heteroarilo™ y "heteroar-", usados solos o como parte de
un resto mayor, por ejemplo, heteroaralquilo o "heteroaralcoxi”, se refieren a
grupos que tienen de 5 a 14 atomos en el anillo, preferiblemente 5, 6, 9 6 10
atomos en el anillo; que tienen 6, 10 o 14 electrones x compartidos en una
serie ciclica; y que tienen, ademas de atomos de carbono, de uno a cuatro
heteroatomos seleccionados entre el grupo compuesto por N, O y S. Los
grupos heteroarilo incluyen, sin limitacién, tienilo, furanilo, pirrolilo, imidazolilo,
pirazolilo, triazolilo, tetrazolilo, oxazolilo, isoxazolilo, oxadiazolilo, tiazolilo,
isotiazolilo, tiadiazolilo, piridilo, piridazinilo, pirimidinilo, pirazinilo, indolilo,
isoindolilo,  benzotienilo, benzofuranilo, dibenzofuranilo, indazolilo,
benzimidazolilo, benztiazolilo, purinilo, quinolilo, isoquinolilo, cinnolinilo,
ftalazinilo, quinoxalinilo, naftiridinilo, pteridinilo, carbazolilo, acridinilo vy
fenazinilo. Los términos "hetervarilo”™ y "heteroar-", como se usan en este
documento, también incluyen grupos en los que un anillo heteroaroméatico se
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condensa a uno o0 méas anillos no arométicos, donde el radical o punto de unién
estd en el anillo heteroaromético. Los ejemplos no limitantes incluyen
tetrahidroquinolinilo, tetrahidroisoquinolinilo y pirido[3,4-d]pirimidinilo. El término
*heteroarilo™ puede usarse de forma intercambiable con el término "anillo
heteroarilo * o el término "heteroaromatica”, incluyendo esos términos anillos
que estan opcionalmente sustituidos. El término "heteroaraiquilo® se refiere a
un grupo alquilo sustituido con un heteroarilo, donde las porciones alquilo y
heteroarilo estan independientemente opcionalmente sustituidas.

Como se usan en este documento, los téminos “heterociclo”,
"heterociclilo" o "radical heterociclico” se refieren a un resto heterociclico
monociclico de 5 a 7 miembros o biciclico de 7 a 10 miembros que esta
saturado o parcialmente insaturado y que tiene, ademas de atomos de
carbono, uno o mas, preferiblemente de uno a cuatro, heterodtomos
seleccionados entre el grupo compuesto por N, O y S, donde los heterodtomos
nitrégeno y azufre estan opcionalmente oxidados y los atomos de nitrébgeno
estdn opcionalmente cuaternizados. El anillo heterociclico puede unirse a su
grupo pendients en cualquier heterodtomo o atomo de carbono que de como
resultado una estructura estable y cualquiera de los d&tomos del anillo puede
estar opcionalmente sustituido. Los ejemplos de tales radicales heterociclicos
saturados o parcialmente insaturados incluyen, sin limitacion, tetrahidrofuranilo,
tetrahidrotienilo, pirrolidinilo, pirmolidonilo, piperidinilo, pirrolinilo,
tetrahidroquinolinilo, tetrahidroisoquinolinilo, decahidroquinolinilo, oxazolidinilo,
piperazinilo, dioxanilo, dioxolanilo, diazepinilo, oxazepinilo, tiazepinilo y
morfolinilo. Los términos "heterociclo”, "heterociclilo™ y "radical heterocliclico ",
como se usan en este documento, también incluyen grupos en los que un anillo
no aromético que contiene heteroatomos se condensa a uno o mas anillos
aromaticos o no aromaticos, tales como indolinilo, cromanilo, fenantridinilo o
tetrahidroquinolinilo, donde el radical o punto de unién estd en el anillo no
aromatico que contiene heterodtomos. El término "heterociclilalquilo™ se refiere
a un grupo alquilo sustituido con un heterociclilo, donde las porciones alquilo y
heterociclilo estan independientemente opcionalmente sustituidas.
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Como se usa en este documento, el término "parciaimente insaturado®
se refiere a un resto del anillo que incluye al menos un doble o triple enlace
entre los atomos del anillo. El tdmino "parcialmente insaturado™ pretende
abarcar anillos que tienen uno o miltiples sitios de insaturacién, pero no
pretende incluir restos arilo o heteroarilo, como se ha definido en este
documento.

El término "sustituido”, como se usa en este documento, significa que se
reemplazan uno o mas Atomos de hidrdgeno del resto indicado, con la
condicién de que la sustitucién da como resultado un compuesto quimicamente
factible o estable. Un compuesto estable o quimicamente factible es uno en el
que la estructura quimica no se altera sustancialmente cuando se mantiene a
una temperatura de 40°C o menos, en ausencia de humedad u otras
condiciones quimicamente reactivas, durante al menos una semana, o un
compuesto que mantiens su integridad durante el tiempo suficiente para ser util
para los procesos sintéticos de la invencién. La frase "uno o mas
sustituyentes”, como se usa en este documento, se refiere a un nimero de
sustituyentes que es de uno al nimero maximo de sustituyentes posibles
basandose en el nimero de sitios de unién disponibles, con la condicién de que
se cumplan las condiciones anteriores de estabilidad y factibilidad quimica.

Un grupo arilo "incluyendo el resto arilo de aralquilo, aralcoxi,
ariloxialquilo y similares) o heteroarilo (incluyendo el resto heteroarilo en
heteroaralquilo y heteroarilalcoxi y similares) puede contener uno ¢ mas
sustituyentes. Los ejemplos de sustituyentes adecuados en el atomo de
carbono insaturado de un grupo arilo o heteroarilo inciuyen -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*, -COz2R*, -C(O)R*, -C(O)N(R")2, -OC(O)N(R"), -S(O)R®, -
SO:N(R*);, -S(O)R° y -NR'SO:N(R*). Cada R' se selecciona
independientemente entre el grupo compuesto por R*, -C(O)R*, -COzR"* y -
SO2R* 0 dos R* en el mismo atomo de nitrégeno, tomados junto con el 4tomo
de nitrégeno, forman un anillo aromético o no aromético de 5-8 miembros que
tiene, ademas del nitrégeno, 0-2 heterodtomos en el anillo seleccionados entre
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N, O y S. Cada R* es independientemente hidrégeno o un grupo alifatico, arilo,
heteroarilc o heterociclilo opcionalmente sustituido. Cada R° es
independientemente un grupo alifatico o arilo opcionalmente sustituido.

Un grupo alifatico también puede estar sustituido con uno o mas
sustituyentes. Los ejemplos de sustituyentes adecuados en el carbono
saturado de un grupo alifatico o de un anillo heterociclico no aromatico
incluyen, sin limitacién, los listados anteriormente para el carbono insaturado
de un grupo arilo o heteroarilo.

Los presentes inventores han descubierto que el requerimiento de
equipamiento escrupulosamente seco, disolventes y reactivos que caracterizan
los procedimientos descritos anteriormente para la redisposicidon promovida por
acido de Lewis de los complejos boron"ato” puede obtenerse mediante el uso
de un disolvente de éter que tenga una baja miscibilidad con el agua. De forma
remarcada, el uso de tal disolvente permite que la reaccién se realice en una
escala multi-kilogramo sin deteriorar el rendimiento o la pureza. En esencia, la
escala de la reaccién se limita Unicamente por el tamafio de las capacidades de
fabricacidn disponibles.

En un aspecto, por lo tanto, los inventores proporcionan un proceso a
gran escala para preparar un compuesto de éster bérico de formula (J):

ORS 0)

en la que:

R! es un grupo alifatico, aromatico o heteroaromatico opcionalmente sustituido;
R? es hidrégeno, un grupo nucleSfugo o un grupo aliftico, aromético o
heteroaromético opcionalmente sustituido;

R® es un grupo nuclesfugo o un grupo alifatico, aromético o heteroaromatico
opcionalmente sustituido; y

cada uno de R* y R®, independientemente, es un grupo alifatico, aromético o
heteroaromético opcionalmente sustituido o R* y R®, tomados junto con los
atomos de oxigeno y boro que intervienen, forman un anillo de 5 a 10
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miembros opcionalmente sustituido que tiene 0-2 heteroatomos mas en el anillo
seleccionados entre N, 0 0 S.

El proceso comprende las etapas:

(a) proporcionar un complejo boron"ato" de férmula (//):

2Rt
S L.oR*
YOUBST e
ORS {))]
en la que
Y es un grupo nucledfugo;

M* es un catién; y

cada uno de R' a R® es como se ha definido anteriormente; y

poner en contacto el complejo boron"ato” de férmula (/) con un acido de Lewis
en condiciones que produzcan el compuesto de éster borico de férmula (/)
realizandose dicha etapa de contacto en una mezcla de reaccibn que
comprende:

(i) un disolvente de éter de coordinacion que tiene una baja miscibilidad con
agua; o

(i) un disolvente de éter que tiene una baja miscibilidad con agua y un co-
disolvente de coordinacion.

Los procesos informados anteriormente para la redisposicion de
complejos boron"ato™ promovida por acido de Lewis emplean tetrahidrofurano,
un disolvente de éter que es totalmente miscible con agua. El fallo al emplear
equipamiento, disolventes y reactivos rigurosamente secados en estos
procesos da como resultado una reduccidn drastica en la relacion
diastereomérica. Los acidos higroscopicos de Lewis, en particular, tipicamente
deberlan secarse a la llama inmediatamente antes del uso en la reaccién.
Aunque |as técnicas para realizar reacciones sensibles a la humedad son
familiares para los especialistas en la técnica y se practican rutinariamente a
escala de laboratorio, tales reacciones son costosas y dificiles de escalar.
Ademas, los intentos de escalar los procesos anteriores de la técnica
nomalmente dan como resultado un mayor deterioro en la relacién
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diastereomérica durante el tratamiento y el aislamiento del compuesto de éster
bérico producto. Matteson y Erdiik, Organomelallics, 2: 1083 (1983), informa de
que la exposicion de productos de éster alfa-halobdrico a iones de haluro libre
da como resultado la epimerizacién en el centro alfa-carbono. Sin querer unirse
a una teorla, los presentes inventores creen que la epimerizacién es
particularmente problemaética durante el tratamiento de reaccion y/o etapas
posteriores. Por ejemplo, se cree que la epimerizacién aparece durante la
concentracibn de la mezcla de reaccibn para retirar al disolvente
tetrahidrofurano e intercambiario por un disolvente inmiscible en agua. Ei fallo
al retirar completamente el tetrahidrofurano también impacta de forma negativa
en la relacion diastereomérica durante los lavados acuosos posteriores. La
exposicidn del producto a un ién haluro durante estas etapas es diflcil de evitar,
particularments cuando la reaccion se realiza a gran escala.

Los presentes inventores han descubierto que la redisposicién de los
complejos boron"ato" se realiza ventajosamente en un disolvente de éter que
tiene baja miscibilidad con el agua. El uso de tales disolventes obvia la
necesidad del intercambio de disolvente antes de los lavados acuosos, y el
producto soluble organico se escuda eficazmente del ibn de haluro acuoso
durante los lavados, incluso si se realiza a gran escala. Preferiblemente, la
solubilidad del agua en el disolvente de éter és menor de aproximadamente 5%
p/p., mas preferiblemente menor de aproximadamente 2% p/p. En varias
realizaciones, el disoivente de éter que tiene baja miscibilidad con el agua
constituye al menos aproximadamente 70%:; al menos aproximadamente 80%,
al menos aproximadamente 85%, al menos aproximadamente 90% o al menos
aproximadamente 95% v/v de la mezcla de reaccion.

El disolvente de éter es preferiblemente uno que es adecuado para el
uso convencional en la produccion a gran escala. Como se usa en este
documento, el tdrmino "gran escala™ se refiere a una reaccién que utiliza al
menos aproximadamente cinco mol de al menos un material de partida.
Preferiblemente, un proceso a gran escala utiliza al menos aproximadamente
10, 20, 50 6 100 mol de al menos un material de partida.
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Para los propésitos de la invencidon, el tdrmino “éter" se refiere a
cualquiera de una clase de compuestos quimicos caracterizados por tener un
atomo de oxigeno unido a dos atomos de carbono. Un "disolvente de éter” es
un compuesto de éter que esta en forma liquida a la temperatura de reaccién
deseada y que es capaz de disolver elllos material(es) y/o producto(s) de
partida de la reaccidén. Los ejemplos no limitantes de disolventes de éter
adecuados para el uso en los procesos de la invencion incluyen tarc-butil metil
éter, terc-butil etil éter, terc-amil metil éter y éter isopropllico.

En una realizacion, la mezcla de reaccién comprende ademéas un co-
disolvente de coordinacién. En otra realizacién, el disolvente de éter que tiene
baja miscibilidad con el agua es lo suficientemente coordinante para que no
sea necesario un co-disolvente de coordinacién. Para los propésitos de la
invencién, los términos "co-disolvente de coordinacién™ y "disolvente de
coordinacién™ se refieren a un disolvente que es capaz de coordinar el dcido de
Lewis y solvatar los componentes idnicos de la reaccién. Los disolventes de
éter impedidos, tales como terc-butil metil éter, son pobremente coordinantes y
se usan preferiblemente con un co-disolvente de coordinacién. Los ejemplos no
limitantes de co-disolventes de coordinacién para el uso en la prictica de la
invencion incluyen tetrahidrofurano, dioxano, agua y mezclas de los mismos.

En algunas realizaciones, la mezcla de reaccién comprende al menos
aproximadamente 5% o al menos aproximadamente 10% de un co-disolvente
de coordinacién. Preferiblemente, la cantidad de un co-disolvente de
coordinacién miscible en agua presente en la mezcla de reaccién no es tan
grande como para interferir con la separacion de las fases durante la reaccion o
el tratamiento. En varias realizaciones, el co-disolvente de coordinacién no
constituye mas de aproximadamente 20%, aproximadamente 15% o
aproximadamente 10% v/v de la mezcla de reaccion.

Como se usa en este documento, el término "nucleéfugo™ se refiere a
cualquier grupo que es capaz de experimentar desplazamiento nucledfilo en las
condiciones de redisposicion del presente proceso. Tales grupos nucleéfugos
se conocen en la técnica. Preferiblemente, el grupo nucleéfugo es un halégeno,
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méas preferiblemente cloro o bromo. En el transcurso de la reaccion de
redisposicion que convierte el complejo boron"ato” de fémula (i) en &}
compuesto de éster borico de férmula (f), el grupo nucleéfugo Y se libera como
Y. A modo de ejemplo, cuando Y es cloro, el idn cloruro se libera en la etapa
(b)

La variable M* es cualquier contraién catiénico para el 4tomo de boro
tetravalente cargado de forma negativa en el complejo boron"ato” de formula
(In. En algunas realizaciones preferidas, M* se selecciona entre el grupo
compuesto por Li*, Na* y K*. Un especialista en la técnica reconocera que la
sal M'Y" se forma como un subproducto en la reaccién de redisposicién de la
etapa (b).

La variable R' es preferiblemente un grupo con buena aptitud migratoria.
En algunas realizaciones, R' es alifatico Ci.e. arilo Ce.10 0 (aril Ce-10)(alifético C.
s), cualquiera de los cuales estd opcionalmente sustituido. En ciertas
realizaciones, R’ es alifatico C,.4, particularmente isobutilo.

La variable R? es preferiblemente hidrégeno, un grupo nucledéfugo o un
grupo alifatico Cy.s opcionalmente sustituido, arilo Cg.1o 0 (aril Ce.10)(alifético C;.
6). La variable R® es preferiblemente un grupo nuclesfugo o un grupo alifatico
Cis opcionalmente sustituido, arilo Ce1o 0 (aril Ceqo)(alifatico Cig). Un
especialista en la técnica reconocera que los sustituyentes funcionales pueden
estar presentes sobre cualquiera de R', RZ o R?, con la condicién de que el
sustituyente funcional no interfiera con la formacién del complejo boron"ato” de
férmula ().

Una realizacion de la invencién se refiere a un proceso para preparar un
compuesto de éster borico de férmula (/), en a que R® es un grupo nuclesfugo.
Tales compuestos son utiles como intermedios para la sintesis de compuestos
de éster y 4cido bdrico alfa-sustituidos, incluyendo compuestos de éster y acido
alfa-aminobdrico, como se describe a continuacién. En ciertas realizaciones
preferidas, R? es un grupo nucleéfugo y R? es hidrégeno.

Las variables R* y R® pueden ser iguales o diferentes. En algunas
realizaciones, R* y R® se unen directamente, para que R* y R5, tomados junto



10

15

20

25

30

14

con los 4tomos de oxigeno y boro que intervienen, formen un anilio de 5 a 10
miembros opcionalmente sustituido, que puede tener 0-2 heteroatomos mas en
el anillo seleccionados entre N, O o S. En algunas realizaciones, el anillo es un
anillo de 5 & 6 miembros, preferiblemente un anillo de 5 miembros.

La presente invencién es particularmente ventajosa para la redisposicion
promovida por acido de Lewis de los complejos boron"ato" de férmula (#), en la
que R* y R® se unen directamente y juntos son un resto quiral. Una realizacion
de la invencion se refiere a ia redisposicién de tales complejos boron"ato”
quirales para proporcionar un compuesto de éster bdrico de formula (f) en la
que el Atomo de carbono que tiene R', R? y R? es un centro quiral. La reaccién
de redisposicion se realiza preferiblemente con un alto calidad de

. estereodireccion por el resto R*-R° para proporcionar el compuesto de éster

bérico de fdrmula (/) que tiene una relacién diastereomérica en el atomo de
carbono que tiene R', R? y R® de al menos aproximadamente 96:4 en relacién
al centro quiral en el resto quiral R*-R® Preferiblemente, la relacion
diastereomérica es al menos aproximadamente 97:3.

Los térmminos ‘“esterecisdmery”, "enantidmero®, “diastereémero”,
"epimero” y "centro quiral®, se usan en este documento de acuerdo con el
significado de que se da para cada uno de ellos en el uso convencional por los
especialistas en la técnica. De esta manera, los esterecisémeros son
compuestos que tienen la misma conectividad atdmica, pero difieren en la
organizacion espacial de los atomos. Los enantidmeros son estereoisomeros
que tienen una relacibn de imagen espejo, esto es, la configuracién
estereoquimica en todos los centros quirales correspondientes es opuesta. Los
diasteredmeros son esterevisdmeros que tienen méas de un centro quiral, que
difiere uno de otro en que la configuracién estereoquimica de al menos uno,
pero no de todos, de los centros quirales correspondientes es opuesta. Los
epimeros son diasteredmeros que difieren en la configuracion estereoquimica
sélo en un centro quiral.

Como se usa en este documento, el término "relacién diastereomérica™
se refiere a la relacion entre los diasteredmeros que difieren en la configuracion
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estersoquimica en un centro quiral, en relacién con un segundo centro quiral en
la misma molécula. A modo de ejemplo, una estructura quimica con los centros
quirales proporciona cuatro esterecisbmeros posibles: R*R, RS, S*"Ry §'S,
donde el asterisco indica el centro quiral correspondiente en cada
esterecisomero. La relacidon diastereomérica para tal mezcla de
esterecisomeros es la relacion de un diasteredmero y su enantiémero con el
otro diastereémero y su enantiomero = (R*R + §*S):(R*S + S'R).

Un especialista en la técnica reconocerd que son posibles otros
estereoisémeros cuando la molécula tiene mas de dos centros quirales. Para
los propésitos de la presente invencion, el término "relacién diastereomeérica”
tiene el mismo significado con respecto a los compuestos con mditiples centros
quirales que el que tiena con respecto un compuestos que tienen dos centros
quirales. De esta manera, el término "relacién diastereomérica” se refiere a la
relacién de todos los compuestos que tienen configuracién R*R o S*S en los
centros quirales especificados. Por conveniencia, esta relacion se denomina en
este documento relacibn diastereomérica en el carbono del asterisco, en
relacidon con el segundo centro quiral especificado.

La relacidn diastereomérica puede medirse por cualquier método
adecuado para distinguir entre compuestos diastereoméricos que tienen
diferentes configuraciones estereoquimicas relativas en los centros quirales
especificados. Tales métodos incluyen, sin limitacion, métodos de resonancia
magnética nuclear (RMN), cromatografia de gas (GC) y cromatografia llquida
de alta resolucién (HPLC).

Como se ha discutido anteriorments, una realizacion de la invencion se
refiere a procesos que proporcionan un compuesto de éster bérico de formula
() que tiene una relacion diastereomérica en el 4tomo de carbono que tiene R',
R? y R® de al menos 96:4 en relacién con el centro quiral del resto quiral R*-R®.
Un especialista en la técnica reconocera que el centro quiral R*-R® puede
contener por sl mismo méas de un centro quiral. Cuando R*-R® no tiene mas de
un centro quiral, preferiblemente tiene gran pureza diastereomérica, y la
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relacién diastereomérica en el dtomo de carbono que tiene R', R? y R? puede
medirse en relacién con cualquiera de los centros quirales de R*-R>,

En los procesos de la invencién, el resto quiral R*R® tiene
preferiblemente un elevado nivel de pureza enantiomérica. Para los propésitos
de la invencién, el término "pureza enantiomérica” se usa para indicar el
"exceso enantiomérico™, que es la cantidad mediante la que el enantidmero
principal estd en exceso del enantimero menor, expresadc como un
porcentaje del total. Preferiblemente, el resto quiral R*-R® tiene una pureza
enantiomérica de al menos aproximadamente 98%, mas preferiblemente al
menos aproximadamente 99%, aGn mas preferiblemente al menos
aproximadamente 99,5%, y mas preferiblemente al menos aproximadamente
99,8%.

Cuando los restos quirales R*-R® tienen una pureza enantiomérica muy
elevada, la relacién diastereomérica en el 4tomo de carbono que tiene R', Ry
R? se aproxima a la relacién epimérica en ese centro, es decir, relacién
diastereomérica = (R*R):(S*R) o (R*S):(S*S) = (R*):(S*). Como se usa en este
documento, el tdrmino "relacién epimérica” se refiere a ia relacién del producto
que tiene una configuraciéon estereoquimica absoluta en un centro quiral dado
para que el producto tenga la configuracién estereoquimica absoluta opuesta
en el centro quiral correspondiente. Preferiblemente, los productos tienen una
configuracion estereoquimica idéntica a todos los otros centros quirales
comespondientes. En una realizacién, por lo tanto, la invencion se refiere a ia
redisposicidon de un complejo boron"ato" quiral de férmula (i) para proporcionar
un compuesto de éster bérico de formula (f) en la que la relacion epimérica en
el 4tomo de carbono que tiene R', R? y R? es al menos aproximadamente 96:4,
mas preferiblemente al menos aproximadamente 97:3.

Los &cidos de Lewis apropiados para el uso en Ia practica de Ia
invencién son aquellos capaces de complejarse con el grupo nucleéfugo para
facilitar su desplazamiento tras la migracién de R'. Preferiblemente, el 4cido de
Lewis también es capaz de coordinarse con un dtomo de oxigeno unido a boro.
Los ejemplos no limitantes de acidos de Lewis adecuados incluyen bromuro de
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cinc, cloruro de cinc, bromuro férrico y cloruro férrico. En ciertas realizaciones
preferidas, el &cido de Lewis es cloruro de cinc.

La etapa de contacto se realiza preferiblemente a baja temperatura, pero
puede realizarse a temperatura ambiente o elevada. La seleccién de una
temperatura de reaccion dependerd enormemente del &acido de Lewis
empleado, asf como de la aptitud migratoria del resto R'. Un especialista en la
técnica sera capaz de seleccionar una temperatura adecuada en vista de las
condiciones de reaccién que se usen.

En algunas realizaciones, la etapa de contacto se realiza a una
temperatura de reaccién de al menos aproximadamente -100°C, -78°C o -60°C.
En algunas realizaciones, la etapa de contacto se realiza a una temperatura de
reaccién que no es mayor de aproximadamente 80°C, 40°C o 30°C. Cualquier
intervalo que abarque estas temperatura altas y bajas se incluye dentro del
alcance de la invencion. Preferiblemente, la etapa de contacto se realiza a una
temperatura de reaccion en el intervalo de aproximadaments -100°C a
aproximadamente 80°C, de aproximadamente 70°C a aproximadamente 40°C,
de aproximadamente -60°C a aproximadamente 30°C, o de aproximadamente -
50°C a aproximadamente 30°C. En ciertas realizaciones preferidas, la etapa de
contacto comienza a baja temperatura, preferiblemente en el intervalo de -70°C
a aproximadamente -30°C, y después la mezcla de reaccién se deja calentar,
preferiblemente a temperatura ambiente.

Sorprendentemente, el proceso de la presente invencién no requiere
precauciones especiales para evitar la presencia del agua durante la reaccién
de redisposicion en si misma. En algunas realizaciones, se emplea acido de
Lewis humedo, con deterioro minimo de la relacién diastereomérica. Cuando se
usa con respecto al dcido de Lewis, el tdrmino "himedo” significa que el
contenido del agua del 4cido de Lewis es mayor de aproximadamente 100,
200, 500 o 1.000 ppm. Remarcadamente, el acido de Lewis puede afiadirse a
la mezcla de reaccién en forma de una solucién acuosa sin impacto nocivo en
la relacién diastereomérica.
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En algunas realizaciones, por lo tanto, el proceso de la invencion

requiere las etapas:
(a) proporcionar una solucién que comprende un complejo boron"ato”
de férmula (i) y

(i) undisolvente de éter de coordinacion que tiene una baja miscibilidad con
agua; o

(i}  un disolvente de éter que tiene una baja miscibilidad con agua y un co-
disolvente de coordinacion; y

afladir a la solucién de la etapa (a) una solucién de écido de Lewis que
comprende el agua y un &cido de Lewis

En otras realizaciones, la solucibn de acido de Lewis comprende
tetrahidrofurano y un &cido de Lewis.

De esta manera, a diferencia de los procesos anteriores de la técnica, el
proceso de la invencion es faciimente flexible a produccion a gran escala. En
varias realizaciones, se ponen en contacto aproximadamente 5, 10, 20, 50,
100, 500 6 1000 mol de complejo boron"ato" de férmula (i) con un &cido de
Lewis en condiciones que proporcionan el compuesto de éster bdrico de
férmula (f). La invencién también proporciona una composicion que comprende
un compuesto de éster bdrico de férmula (f), como se ha descrito en este
documento, y un disolvente de éter que tienen baja miscibilidad con el agua. La
composicién comprende preferiblemente al menos aproximadamente 5, 10, 20,
50, 100, 500 6 1000 mol de compuesto de éster bdrico de fdrmula (/). En
ciertas realizaciones, R* y R® juntos son un resto quiral, y el compuesto de
formula (/) presente en la composicion tiene una relacién diastereomérica de al
menos aproximadamente 98:4 en el 4tomo de carbono que tiene R!, R? y R?,
en relacién con el centro quiral en el resto quiral R*-R®.

El tratamiento de la reaccidon comprende preferiblemente al lavado de la
mezcla de reaccidon con una solucién acuosa y el concentrado de la mezcla de
reaccion lavada mediante la retirada de los disolventes para producir un
residuo que comprende ol compuesto de éster bérico de férmula (I).
Preferiblemente, el residuo comprende al menos aproximadamente 5, 10, 20,
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50, 100, 500 6 1000 mol del compuesto de éster borico de formula (/). En las
realizaciones en las que R*-R® es un resto quiral, el compuesto de éster bérico
de férmula (/) presente en el residuo tiene preferiblemente una relacién
diastereomérica de al menos 96:4 en el 4tomo de carbono que tiene R', R? y
R, en relacitn al centro quiral en el resto quiral R*-R5, Mas preferiblemente, la
relacién diastereomérica es de al menos aproximadamente 97:3.

El complejo boron"ato” de férmula (M) puede prepararse mediante
cualquier método conocido, pero preferiblemente se prepara por reaccion de un
éster bérico de formula (H/):

con un reactivo de férmula (/V):

en la que cada uno de M*, Y y de R' a R® son como se han definido para el
complejo boron"ato" de fébrmula (If). En algunas realizaciones, la reaccién se
realiza a una temperatura de reaccién de al menos aproximadamente -100°C, -
78°C o -60°C. En algunas realizaciones, la reaccién se realiza a una
temperatura de reaccidn no superior a aproximadamente 0°C, -20°C o 40°C.
Cualquier intervalo que abarque estas temperaturas altas y bajas se incluye
dentro del alcance de la invencién. La reaccion se realiza preferiblemente a una
temperatura de reaccién en el intervalo de aproximadamente -100°C a
aproximadamente 0°C, de aproximadamente -78°C a aproximadamente -20°C,
o de aproximadamente -60°C a aproximadamente -40°C. En algunas
realizaciones, el complejo boron"ato” de férmula (If) se prepara en una solucién
que comprende un disolvente de éter que tiene baja miscibilidad con el agua, y
la mezcla de reaccion se trata directamente con un &cido de Lewis para realizar
la redisposicién con el compuesto de éster de boro de férmula (/).

En aigunas realizaciones, el reactivo de férmula (/V) se forma en situ.
Tales realizaciones incluyen las etapas:
(i) proporcionar una solucidn que comprende un éster bérico de férmula
(M), como se ha definido anteriormente y un compuesto de férmula (V):
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Rz*ﬁa
Y (V)
en la que R? y R® son como se ha definido anteriomente para el reactivo de
formula (IV); y
(i) tratar la solucién con una base fuerte y estéricamente impedida para
formar el complejo boron"ato” de férmula (I).

En algunas realizaciones, la base estéricamente impedida es una base
de dialquilamida de metal alcalino de férmula M2N(R*), en la que M? es Li, Na
o K y cada R*, es independientemente un alifitico Cs.5 ramificado o ciclico. La
formacién en situ de reactivo de formula (/V) es especialmente ventajosa en
aquellas realizaciones en las que Y es un grupo nucledfugo, debido a la
inastabilidad del reactivo de férmula (V).

El éster bdrico de formula (M) puede prepararse mediante cualquier
método conocido, pero tipicamente se prepara por esterificacion del compuesto
de &cido bérico comespondiente, es decir, mediante los métodos descritos en
Brown eof al., Organometallics, 2: 1311-1316 (1983). Los ésteres bdricos
ciclicos de férmula (/il) se preparan preferibilemente por:

(a) proporcionando una solucion que comprende:

(i) un compuesto de 4cido bdrico de formula R'-B(OH)z;

(i) un compuesto de férmula HO-R*-R%-OH, en la que R* y R’ tomados
juntos, son una cadena de unién opcionalmente sustituida que comprende 2-5
atomos de carbono y 0-2 heterodiomos seleccionados enire el grupo
compuesto porO, Ny S; y

(i)  un disolvente organico que forma un azeétropo con agua; y

(b) calentar la solucién a reflujo con retirada azeotrépica del agua.

Como se usa con respecto a R* y R®, el término "cadena de unién" se
refiere a [a cadena de atomos lineal mas corta que conecta los &tomos de
oxigeno a los que estdn unidos R* y R® La cadena de unidén esta
opcionalmente sustituida en cualquier &tomo de la cadena, y uno 0 mas atomos
de la cadena también puede formar parte de un sistema de anillos que es
espiro a, condensado a, 0 que une la cadena de enlace lineal. A modo de
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ejemplo, pero sin limitacién, en algunas realizaciones, el compuesto de formula
HO-R*-R®-OH es pinanodiol, que tiene la estructura:

=)
HO )

En tales realizaciones, la cadena de unién R*-R® comprende dos atomos de
carbono, que juntos forman un lado del sistema de anillos biciclo[3,1,1]heptano,
y uno de los cuales ademas esta sustituido con un grupo metilo.

En algunas realizaciones, el compuesto de férmula HO-R*-R%-OH es un
diol quiral, preferiblemente uno que tiene una pureza diastereomérica y
enantiomérica elevada. Un especialita en a técnica apreciard que en tal
realizacion, el compuesto de formula HO-R*-R3-OH se emplea como un auxiliar
quiral para dirigir la configuracién estereoquimica en el carbono que tiene R,
R? y R3. Los dioles quirales Gtiles como auxiliares quirales en la sintesis
inorganica se conocen bien en la técnica. Los ejemplos no limitantes incluyen
2,3-butanodiol, preferiblemente (2R,3R)-(-)-2,3-butanodiol o (2S,3S)-(+)-2,3-
butanodiol; pinanodiol, preferiblemente (1R,2R,3R,5S)(-}-pinanodiol o
(15.28.,3S,5R)-(+)-pinanodiol; 1,2-ciclopentanodiol, preferiblemente (1S,2S)-
(+)-trans-1,2-ciclopentanodiol o (1R,2R)(-)}-trans-1,2-ciclopentanodiol; 2,5-
hexanodiol, preferiblemente (2S,5S)-2,5-hexanodiol o (2R,5R)-2,5-hexanodiol;
1,2-diciclohexil-1,2-etanodiol, preferiblemente  (1R,2R)-1,2-diciclohexi-1,2-
etanodiol o (1S,28)-1,2-diciclohexil-1,2-etanodiol; hidrobenzolna,
preferiblemente (S,S)}{-}hidrobenzolna o (R,R)-(+)hidrobenzolna; 24-
pentanodiol, preferiblemente (R,R)-(-)-2,4-pentanodiol o (S,S,)}(+)24-
pentanodiol; y-lactona entrénica, preferiblemente y-lactona D-eritrénica.
También pueden usarse como dioles quirales los carbohidratos, por ejemplo un
manitol 1,2,5,6-simétricamente protegido.

Los ejemplos no limitantes de disolventes organicos adecuados para el
uso en la reaccion de esterificacién incluyen acetonitrilo, tolueno, hexano,
heptano y mezclas de los mismos. En algunas realizaciones, el disolvente
organico es un disolvente de éter, preferiblemente un di solvente de éter que
tiene baja miscibilidad con el agua. En ciertas realizaciones preferidas, la
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reaccion de esterificacion se realiza en un disolvente de éter que tiene baja
miscibilidad en agua, y la solucion del producto que comprende el éster bérico
de formula (/i) se usa directamente en la siguiente etapa, sin aislamiento del
éster bdrico.

Como se ha indicado anteriorments, el proceso de la presente invencién
para el primer momento permite el tratamiento de reacciones a gran escala sin
un deteriaro significativo en la relacién diastereomérica. En otro aspecto, por lo
tanto, la invencién proporciona una compasicidn que comprende al menos
aproximadamente 5, 10, 20, 50, 100, 500 6 1000 mol de un compuesto de éster
bérico de férmula (f):

en la que:

R! es un grupo alifitico, aromético o heteroaromatico opcionalmente sustituido;
R? es hidrogeno, un grupo nucledfugo o un grupo alifatico, aromético o
heteroaromatico opcionalmente sustituido;

R® es un grupo nucleéfugo o un grupo alifitico, aromético o heteroaromético
opcionalmente sustituido; y

R* y R® tomados junto con los atomos de oxigeno y boro que intervienen,
forman un anillo quiral de 5 a 10 miembros opcionalmente sustituido que tienen
0-2 heterodtomos mas en el anillo seleccionados entre N, O o0 S;

donde el 4tomo de carbono al que se unen R', R? y R? es un centro quiral, que
tienen una relaciéon diastereomérica de al menos aproximadamente 96:4,
preferiblemente al menos aproximadamente 97:3, con respecto al centro quiral
en el resto quiral R*-R%.

Los valores preferidos para R' a R son como se han descrito
anteriormente. Preferiblemente, los disolventes constituyen menos de
aproximadamente 30% p/p, 20% p/p, 10% p/p o 5% p/p de la composicion de
acuerdo con este aspecto de la invencién. En algunas realizaciones, el
compuesto de éster borico de férmula (f) constituye al menos aproximadamente
70% p/p, 80% p/p, 90% p/p o 95% p/p de la composicién.
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Una realizacién se refiere a la composicién descrita anteriormente, en la
que esta presente al menos una de los siguientes caracteristicas:
(a) R3es cloro;
(b) el compuesto de éster barico () es

re

Ry
R!* Q‘ 3 ng\q'oc
0 O,
o .

(¢) R?es hidrégeno; y
(d) R'es alifatico Cy4.

Todo el compuesto de éster bdrico de férmula (/) presente en la
composicion puede producirse en una Unica realizacion de lote. Para los
propdsitos de la invencién, el término “realizacidn de lote" se refiere a la
ejecucién de un proceso sintético, donde cada etapa del proceso se realiza
Onicamente una vez. Preferiblemente, el compuesto de éster bérico de fbrmula
() presente en la composicién se prepara en una Unica realizacién de lote del
proceso de acuerdo con 8l primer aspecto de la invencidén. Un especialista en la
técnica apreciard que la preparacion de una cantidad dada de producto
mediante una Unica realizacién de lote de un proceso a gran escala es mas
eficaz y proporciona un producto mas homogéneo que la preparacién de la
misma cantidad de producto por ejecucién repetida de un proceso a pequefia
escala.

Los compuestos de éster bdrico de férmula (/) en la que R? es un grupo
nucleéfugo son utiles como intermedios para la sintesis de compuestos de
éster alfa-aminoborico. En otro aspecto, por lo tanto, la invencién proporciona
un proceso a gran escala para preparar un éster alfa-aminobdrico,
preferiblemente mediante un proceso que comprende las etapas:

(a) proporcionar un complejo boron"ato" de férmula (/f):

R2 R3R1
v*é‘PR‘w

OR3 1)
donde
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Y es un grupo nucledfugo;
M"* es un catién;
R' es un grupo alifatico, aromético o heteroaromético opcionalmente sustituido;
R? es hidrégeno;

R? es un grupo nuclesfugo; y
cada uno de R* y R? independientemente, es un grupo alifatico, aromatico o
heteroaromético opcionalmente sustituido o R* y R®, tomados junto con los
atomos de oxigeno y boro que intervienen, forman un anillo de 5 a 10
miembros opcionalmente sustituido que tienen 0-2 heterodtomos méas en el
anillo seleccionados entre N, O 0 S;

(b) poner en contacto el complejo boron"ato” de formula (/) con un
acido de Lewis en condiciones que produzcan &l compuesto de éster bodrico de
férmula (f):

B
OR® ()
en la que cada uno de R' a R® es como se ha definido anteriormente,
realizindose dicha etapa de contacto en una mezcla de reaccién que
comprende:
(i) un disolvente de éter de coordinacion que tiene una baja miscibilidad con
agua; o
(ii)  un disolvente de éter que tiene una baja miscibilidad con agua y un co-
disolvente de coordinacién; y
(c) tratar el compuesto de éster bérico de férmula (/) con un reactivo de
formula M*-N(G),, donde M’ es un metal alcalino y cada G individualmente o
juntos son un grupo protector de grupo amino para formar un subproducto de
formula M'-R® y un compuesto de férmula (Vill):
R1
(G)zN/L?.OR‘
ORS (i)
en la que cada uno de G y R’ a R® son como se han definido anteriormente; y

32
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(d) retirar los grupos G para formar un compuesto de formula (VH):
R1
HaNJ\?.om
OR? (VID
0 una sal de adicidn de acidos del mismo.

En algunas realizaciones, en la etapa (c), el compuesto de éster bérico
férmula (/) se trata con un reactivo de férmula M'-N(Si(R®)1)z en la que M' es un
metal alcalino y cada R® se selecciona independientemente entre el grupo
compuesto por alquilo, aralquilo y arilo, donde la porcién arilo o arilo del
aralquilo esté opcionalmente sustituida.

La reaccién del compuesto de éster bérico de férmula (/) con el reactivo
de férmula M'-N(G). se realiza preferiblemente a una temperatura de reaccién
en el intervalo de aproximadamente -100°C a aproximadamente 50°C,
preferiblemente de aproximadamente -50°C a aproximadamente 25°C y mas
preferiblemente de aproximadamente -30°C a aproximadamente 0°C. En
algunas realizaciones, R® es halo, preferiblemente cloro y M' es Li. Para
facilitar el aislamiento del producto de férmula (VIi), la mezcla de reaccién
preferiblemente comprende un disolvente organico en el que el subproducto
M'-R? tiene baja solubilidad. Los ejemplos no limitantes de disolventes
organicos adecuados incluyen metilciclohexane, ciclohexano, heptano, hexano
y tolueno. En algunas realizaciones, la etapa (c) comprende ademaés filtrar la
mezcla de reaccidn para retiar el M'-R® y proporcionar un filtrado que
comprende el compuesto de férmula (VIlf). Preferiblemente, el filtrado se usa
directamente en la etapa (d).

En aquellas realizaciones en las que la mezcla de reaccion comprende
un disolvente organico en el que el subproducto M'-R? tiene baja solubilidad, la
mezcla de reaccion puede comprender ademés un disolvente en el que el
subproducto M'-R? tiene una solubilidad elevada. En tales casos, el disolvente
en el que el subproducto M'-R? tiene una solubilidad elevada preferiblemente
se retira antes de la filtracién de la mezcla de reaccién. A modo de ejemplo, en
algunas realizaciones, a la mezcla de reaccidon se le afiade un reactivo de
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formula M'-N(Si(R®);). en forma de una solucién que comprende
tetrahidrofurano. En tales realizaciones, la etapa (c) preferiblemente comprende
ademas la retirada del tetrahidrofurano antes del filtrado de mezcla de reaccion.

Los especialistas en la técnica sabran que existen varios métodos que
pueden usarse para retirar los grupos protectores G en el compuesto (VHI),
incluyendo, por ejemplo, hidrélisis acuosa o tratamiento con acido. El producto
éster alfa-aminobdrico de férmula (V#) tiene baja solubilidad y preferiblemente
se deriva inmediatamenta (Matteson et al., J. Am. Chem. Soc., 103: 5241
(1981)) o se aisla en forma de una sal de adicién de acidos. En algunas
realizaciones, la etapa (d) comprende tratar el compuesto de formula (VIll) con
un écido y aislar el compuesto de férmula (Vi) en forma de la sal de adicién de
acidos. En ciertas realizaciones preferidas, el 4cido es 4cido triflucroacético, y
el compuesto de férmula (Vi) se aisla en forma de la sal de adicibn de acido
trifluoroacético.

Como se ha discutido anteriormente, los procesos de la invencién son
particularmente adecuados para preparar compuestos de éster alfa-
aminobdrico de férmuia (VI), en la que el carbono alfa es un centro quiral. De
esta manera, una realizacion de la invencién se refiere a un proceso a gran
escala para preparar un compuesto de éster alfa-aminobdérico de formula (Vila)
o (Viib):

Ri R‘l
HIN*?‘OR‘ HzNA?.OR"
ORS (Vila) OR®
(Viib)

o una sal de adicion de écidos del mismo, donde:

R! es un grupo alifatico, aromético o heteroaromatico opcionalmente sustituido;
y

R* y R5, tomados junto con los 4tomos de oxigeno y boro que intervienen,
forman un éster bérico clclico quiral opcionalmente sustituido;

comprendiendo dicho proceso:

!
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(a) proporcionar un complejo boron"ato™ de férmula (//a) o (/ib):

RZ BaR1 R2 R3R1
YXé,OR‘ Y')L i OR*
1 M'l' ? = M+
ORS (Hta) ORS (Iib)
donde
Y es un grupo nucleéfugo;
M* es un catién;
R? es hidrogeno;

R? es un grupo nucleéfugo; y

R* y R5 son como se han definido anteriormente;

(b) poner en contacto el complejo boron"ato™ de férmula (/la) o (/ib) con un
acido de Lewis en condiciones que produzcan un compuesto de éster borico de
férmula (la) o (Ib):

1
gi?,on“ ::i

OR5 (In) ORS (ib)
donde cada uno de R' a R® es como se ha definido anteriormente, realizdndose
dicha etapa de contacto en una mezcla de reaccién que comprende:
(i) un disolvente de éter de coordinacion que tiene una baja miscibilidad con
agua; o
(i) un disolvente de éter que tiene una baja miscibilidad con agua y un co-
disolvente de coordinacion; y
(c) tratar el compuesto de éster bérico de férmula (/a) o (Ib) con un reactivo
de fdrmula M'-N(G)2, donde M' es un metal alcalino y G es un resto protector
de grupo amino, para formar un compuesto de férmula (Vilia) o (VIllb):

R1 B‘l
(G),N’Lqm‘ @) ZNA?.ow
OR® (Vilia) OR®
(VIlib)

donde cada uno de G y R' a R® son como se han definido anteriormente; y
(d) retirar los grupos G para formar un compuesto de férmula (Vila) o (Viib):
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OR® (Via) OR®
(VIib)
o una sal de adicién de acidos del mismo.

Los valores preferidos para Y, M*, R' a R® y G son como se han descrito
anteriormente. El compuesto de férmula (Vila) o (Vilb) preferiblemente tiene
una relacién diastereomérica en el carbono alfa de al menos aproximadamente
96:4, mas preferiblemente al menos aproximadamente 97:3, con respecto al
centro quiral en ei resto quiral R*-R®.

Los compuestos de éster alfa-aminobdrico de férmula (VH) son
intermedios sintéticos ltiles para la preparacion de compuestos de éster
peptidilbérico. En algunas realizaciones, por lo tanto, el proceso de acuerdo
con este aspecto de la invencién comprende ademas acoplar el compuesto de
formula (VII) con un compuesto de férmula (IX):

RT
P‘-uJ\n’x
0 ()
en la que:
P! es un resto bloqueante de grupo amino;
R’ se selecciona entre el grupo compuesto por hidrogeno, alifatico Ci.10, arilo
Ce.10 Opcionalmente sustituido o alifatico C4.6-R% y
R® se selecciona entre el grupo compuesto por grupos alcoxi, alquiltio, arilo
opcionalmente sustituido, heteroariio y heterociclic y grupos amino
opcionalmente protegido, hidroxi y guanidino; y
X es OH o un grupo saliente;
para formar un compuesto de férmula (X):
R ., OR'
NYB,QRs
° R )

en la que cada uno de P!, R', R*, R®* y R” es como se ha definido

P-N
H

anteriormente.
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El grupo saliente X es cualquier grupo capaz de desplazamiento
nucledfilo mediante el grupo alfa-amino del compuesto de férmula (V). En
algunas realizaciones, el resto —C(O)-X es un éster activado, tal como un éster
de O-(N-hidroxisuccinimida). En algunas realizaciones, un éster activado se
genera en situ poniendo en contacto un compuesto de férmula (X}, en la que X
es OH, con un reactivo de acoplamiento de péptidos. Los ajemplos de reactivos
de acoplamiento de péptidos adecuados incluyen, pero sin limitacién, reactivos
de carbodiimida, por ejemplo, diciclohexilcarbodiimida (DCC) o 1-(3-dimetil-
aminopropil)-3-etilcarbodiimida (EDC), reactivos de fosfonio, por ejemplo,
hexafluorofosfato de benzotriazol-1-iloxitris-(dimetilamino)-fosfonio (reactivo de
BOP), y reactivos de uronio, por ejemplo, tetrafluoroborato de O-(1H-
benzotriazol-1-il}-N,N,N',N-tetrametiluronio (TBTU).

Los especialistas en Ila técnica también sabran que existen
procedimientos que permiten el acoplamiento directo de aminas sililprotegidas,
sin una etapa de desproteccién anterior. En tales procedimientos, los grupos
sililo se retiran en situ en condiciones de reaccién de acoplamiento. En tales
realizaciones de la presente invencion, por lo tanto, un compuesto de formula
(Vi) se pone en contacto con un compuesto de férmula (IX) en condiciones
que retiran los grupos (R%)sSi en situ y forman un compuesto de férmula (X).

Para los propdsitos de la invencion, el término "resto bloqueante de
grupo amino" se refiere a cualquier grupo usado para derivar un grupo amino,
especialmente un grupo amino de extremo N de un péptido o aminoécido. El
término "resto bloqueante de grupo amino® incluye, pero sin limitacién, grupos
protectores que se emplean cominmente en la sintesis orgéanica,
especiaimente sintesis de péptidos. Véase, por ejemplo, Gross y Mienhoffer,
eds., The Peptides, Vol. 3, Academic Press, New York, 1981, pags. 3-88;
Green y Wuts, Protective Groups in Organic Synthesis, 3° edicién, John Wiley y
Sons, Inc., New York, 1999. A menos que se indique otra cosa, sin embargo,
no es necesario para un resto bloqueante de grupo amino que sea faciments
escindible. Los restos blogueantes de grupo amino incluyen, por ejemplo,
restos alquilo, acilo, alcoxicarbonile, aminocarbonilo y sulfonilo. En algunas

%%
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realizaciones, el resto bloqueante de grupo amino es un resto acilo derivado de
un aminogcido o péptido, o un derivado o analogo del mismo.

Como se usa en este documento, el término "aminoacido™ incluye
aminoacidos que se encuentran en la naturaleza y no naturales. Para los
propésitos de la invencion, un "derivado” de un aminoécido o péptido es uno en
el que un grupo funcional, por ejemplo, un grupo hidroxi, amino, carboxi o
guanidino en el extremo N o sobre una cadena lateral, se modifica con un
grupo bloqueante. Como se usa en este documento, un "andlogo"™ de un
aminoacido o péptido es uno que incluye un esqueleto o0 cadena lateral
modificada. El témino "analogo de péptido™ pretende incluir péptidos en los
que uno 0 méas estereocentros se invierten y uno o mas enlaces péptido se
reemplazan con un isdstero peptidico.

En aigunas realizaciones, P! es un grupo protector escindible. Los
ejemplos de grupos protectores escindibies incluyen, sin limitacién, grupos
protectores de acilo, por ejemplo, formilo, acetilo (Ac), succinilo (Suc) o
metoxisuccinilo (MeOSuc) y grupos protectores de uretano, por ejemplo, terc-
butoxicarbonilo (Boc), benciloxicarbonilo (Cbz) o fluoreniimetoxicarbonilo
(Fmoc).

En algunas de esas realizaciones, el proceso de acuerdo con este
aspecto de la invencién también comprende las etapas:

(f retirar el grupo protector P! para formar un compuesto de férmula
(Xi:

Ry OR!
H,N’l\"’NYB‘OR5
0 R! (xmn

o una sal de adicién de acidos del mismo, en la que cada uno de R', R*, R% y
R’ es como se ha definido anteriormente; y

(@) acoplamiento del compuesto de férmula (X7) con un reactivo de férmula
P2-X, en la que P? es cualquier resto bloqueante de grupo amino, como se ha
descrito anteriormente y X es un grupo saliente, para formar un compuesto de
férmula (XTI):

231
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R" y OR'
N{-Brors
o R (m
en la que cada uno de P2 R', R*, R® y R’ son como se han definido

P23-N
H

anteriormente. Un especialista en la técnica reconocera que en aquellas
realizaciones en las que P? es un grupo acilo, incluyendo, por ejemplo, un resto
acilo derivado de un aminoécido o péptidc o un analogo o un derivado del
mismo, el grupo saliente X puede generarse en situ, como se ha discutido
anteriormente para el compuesto de férmula {IX).
In cada uno de los compuestos (X) y (X7}, el resto acido bbrico se protege en
forma de un éster bérico. Si se desea, el resto de acido bérico puede
desprotegerse mediante cualquier método conocido en |a técnica.
Preferiblemente, el resto de &cido bérico se desprotege por transesterificacion
en una mezcla bifasica. Mas preferiblemente, la etapa de desproteccion del
écido bdrico comprende las etapas:
(i) proporcionar una mezcla bifasica que comprende el compuesto de éster
bérico de férmula (X} o (XI), un aceptor organico de acido bérico, un alcanol
inferior, un disolvente de hidrocarburo Css y un acido mineral acuoso;
(i) agitar la mezcla bifasica para proporcionar el compuesto de acido bérico
desprotegido correspondiente de férmula (Xa) o (XiH):
Ry OH RT  OH
NyBeon P2-N .
o R (Xa) "o w (o,
(iiiy separar las fases de disolvente; y
(iv) extraer el compuesto de féormula (Xa), (X[} o un aldehido de acido
bérico del mismo, en un disolvente organico.

El aceptor orgénico de é&cido borico de la etapa (i) preferiblemente es
alifatico. arilo o dcido ar(alifatico)bérico. En algunas realizaciones, el aceptor de
acido bdrico se selecciona entre el grupo compuesto pro acido fenilbérico,
acido bencilbérico, dcido butilbérico, acido pentilbérico, acido hexilbérico y
acido ciclohexilbérico. En ciertas realizaciones, el aceptor de écido bdrico es

PI-N
H

q0
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acido isobutilbérico. En algunas realizaciones, el aceptor de acido boérico se
selecciona para que el compuesto de éster bérico de férmula (M) se forme en
forma de un subproducto de la reacciéon de desproteccion. El compuesto de
éster bérico de formula (M) puede usarse después en otra realizacion de lote
del proceso descrito anteriormente. En tales realizaciones, el resto R*-R® se
recicla de forma eficaz, lo que puede ser particularmente ventajoso si R*-R® es
un resto quiral caro.

Para mejorar la pureza del producto, la fase acuosa que contiene el
compuesto de fdrmula (Xa) o (Xill) preferiblemente se lava para retirar las
impurezas organicas neutras antes de la etapa de extracciéon (iv). En tales
realizaciones, la etapa (jii) comprende preferiblemente las etapas:

(1) separar las fases de disolvente,

(2) ajustar la fase acuosa a pH basico,

(3) lavar la fase acuosa con un disolvente organico; y

(4) ajustarla fase acuosa a un pH menor de aproximadamente 6.

En algunas realizaciones, la invencion se refiere a un proceso mejorado para
fabricar el inhibidor de proteasoma bortezomib. De esta manera, en una
realizacidn, la invencién proporciona un proceso a gran escala para formar un
compuesto de formula (X/V).

" C Y (xX1v)

o un aldehido de 4cido bérico del mismo. El proceso comprende las etapas:
(a) proporcionar un complejo boron"ato” de fdrmula (XV):

slety
M* (Xv)

en la que:
R? es un grupo nuclesfugo;

al
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Y es un grupo nucleéfugo; y

M" as un metal alcalino;

(b) poner en contacto el complejo boron"ato™ de férmula (XV) con un acido
de Lewis en condiciones que produzcan un compuesto de éster bérico de

férmula (XVI):
PN

Raf\qo 5
O:: g K
(xw)

realizandose dicha etapa de contacto en una mezcla de reaccibn que
comprende:

) un disolvente de éter de coordinacién que tiene una baja miscibilidad con
agua; o

(i) un disolvente de éter que tiene una baja miscibilidad con agua y un co-

disolvente de coordinacion;

(c) tratar el compuesto de éster bérico de férmula (XVI) con un reactivo de
férmula M'-N(G)z, donde M’ es un metal alcalino y cada G individualmente o
juntos son un grupo protector de grupo amino, para formar un compuesto de

formula (XVH):
5L <
(xvi)

(d) retirar los grupos G para formar un compuesto de formula (XVill):

o
(Xvil)

o una sal de adicion de acidos del mismo;
(8) acoplamiento del compuesto de férmula (XVIil) con un compuesto de

formula (XIX);
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0 (XD
en la que:
P' es un resto protector de grupo amino escindible; y
X es OH o un grupo saliente;
para formar un compuesto de férmula (XX):

B

(XX)

en la que P! es como se ha definido anteriormente;
h retirar el grupo protector P! para formar un compuesto de fdrmula 20a):

o)
Y (X

o una sal de adicion de acidos del mismo;
(g) acoplamiento del compuesto de férmula (XX7) con un reactivo de férmula

(od)
¢
‘NJﬁr"
o] o)

en la que X es a OH o un grupo saliente, para formar un compuesto de férmula
(20d):
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("‘Jj J;O é

(xodam) ; y
(h) desproteger el resto de éacido boérico para formar el compuesto de
férmula (XIV) o un aldehido de acido bérico del mismo.

En algunas realizaciones, el proceso se caracteriza por al menos una de
las siguientes caracteristicas (1)-(5). En ciertas realizaciones preferidas, el
proceso se caracteriza por las cinco caracteristicas (1)-(5) mostradas a
continuacion.

(1)  En el complejo boron"ato" de férmula (XV), R® e Y son ambos cloro.

(2) La etapa de acoplamiento (e) comprende las etapas:

(i) acoplamiento del compuesto de férmula (XVIIl) con un compuesto de
férmula (XIX) en la que X es OH en presencia de tetrafluoroborato de 2-(1H-
benzotriazol-1-il}-1,1,3,3-tetrametiluronio (TBTU) y una amina terciaria en
diclorometano;

(i) realizar un intercambio de disolvente para reemplazar el diclorometano
por acetato de etilo; y

(iii) realizar un iavado acuoso de la solucién de acetato de etilo.

(3) La etapa de retirada del grupo protector (f) comprende las etapas:

(i) tratar el compuesto de formula (XX) con HCI en acetato de efilo;

(i) afiadir heptano a la mezcla de reaccién; y

(iii)  aislar por cristalizacién el compuesto de férmula (XX7) en forma de su sal
de adicién de HCI.

(4) La etapa de acoplamiento (g) comprende las etapas:

(i) acoplamiento del compuesto de férmula (XXF) con acido 2-pirazina-
carboxilico en presencia de TBTU y una amina terciaria en diclorometano;

(i) realizar un intercambio de disolvente para reemplazar el diclorometano
por acetato de etilo; y

(i) realizar un lavado acuoso de la solucién de acetato de etilo.
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(5) La etapa de desproteccién de acido bérico (h) comprende las etapas:
(i) proporcionar una mezcla bifasica que comprende el compuesto de
formula (XOCIH), un aceptor orgédnico de acido bérico, un alcanol inferior, un
disolvente de hidrocarburo Cs s y un acido mineral acuoso;
(i) agitar la mezcla bifasica para producir el compuesto de férmula (XIV);
(ili) separarias fases de disolvente; y
(iv) extraer el compuesto de férmula (XIV) o un aldehldo de 4cido bérico del
mismo, en un disolvente organico.
Preferiblemente, la etapa (h)(iii) comprende las etapas:
(1) separar las fases de disolvente;
(2) ajustar la fase acuosa a pH bésico;
(3) lavar la fase acuosa con un disolvente organico; y
(4) ajustar la fase acuosa a un pH menor de aproximadamente 6;

En otfra realizacién, la invencion se refiere a un proceso a gran escala
para formar un compuesto de formula (XIV)

0 q OH
Euj)k” N8
N® o \|/

o un aldehido de acido bérico del mismo, comprendiendo las etapas:
(aa) acoplar un compuesto de férmula (XVII):

qu’d\:’ §
°"2 z><
(Xxvan

o una sal de adicidn de Acidos del mismo, con un compuesto de férmula (XIX):

(xav)

P-N
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en la que:

P! es un resto protector de grupo amino escindible; y
X es OH o un grupo saliente;

para formar un compuesto de férmula (XX):

9
(X%

en la que P' es como se ha definido anteriormente, comprendiendo dicha etapa
de acoplamiento (aa) las etapas:

(i) acoplamiento del compuesto de formula (XVI) con un compuesto de
férmula (XIDX) en la que X es OH en presencia de tetrafluoroborato de 2-(1H-
benzotriazol-1-il}-1,1,3,3-tetrametiluronio (TBTU) y una amina terciaria en
diclorometano;

(i) realizar un intercambio de disolvente para reemplazar el diclorometano
por acetato de etilo; y

(i) realizar un lavado acuoso de la solucién de acetato de etilo;

(bb) retirar el grupo protector P! para formar un compuesto de férmula (XO00):

o]
Y X

o una sal de adicion de acidos del mismo, comprendiendo dicha etapa de
retirada del grupo protector (bb) las etapas:

(i) tratar el compuesto de formula (XX) con HCI en acetato de etilo;

(i) afiadir heptano a la mezcla de reaccion; y

(iii)  aislar por cristalizacién el compuesto de férmula (XX7) en forma de su sal
de adicién de HCI;

(cc) acoplamiento del compuesto de férmula (XX7) con un reactivo de férmula
(Xxin
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]
‘Nlur"
0 oK)

en la que X es a OH o un grupo saliente, para formar un compuesto de férmula

.¢.(//)"

comprendiendo dicha etapa de acoplamiento (cc) las etapas:
(i) acoplamiento del compuesto de fémula (XXI) con &cido 2-
pirazinacarboxilico en presencia de TBTU y una amina terciaria en

(XX,

diclorometano;

(i) realizar un intercambio de disolvente para reemplazar el diclorometano
por acetato de etilo; y

(i) realizar un lavado acuoso de la solucién de acetato de etilo; y

(dd) desproteger el resto de acido bdrico para formar el compuesto de
formula (XIV) o un aldehido de acido bérico del mismo, comprendiendo dicha
etapa de desproteccion (dd) las etapas:

(i) proporcionar una mezcla bifasica que comprende el compuesto de
formula (JOGI), un aceptor orgénico de acido bérico, un alcanol inferior, un
disolvente de hidrocarburo Csg y un écido mineral acuoso,

(i) agitar la mezcla bifasica para producir el compuesto de formula (XIV);
(i) separar las fases de disolvente; y

(iv) extraer el compuesto de férmula (X7V) o un aldehido de écido bérico del
mismo, en un disolvente orgénico.

Preferiblemente, la etapa (da)(iii) comprende las etapas:

(1) separar las fases de disolvente,

(2) ajustar la fase acuosa a pH basico;

(3) lavar la fase acuosa con un disolvente organico; y
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(4) ajustar la fase acuosa a un pH menor de aproximadamente 6;

La eficacia de los procesos descritos anteriormente se mejora mediante
etapas telescdpicas, por ejemplo, llevando la mezcla de reaccion o solucidn de
producto tratado de una reaccidén directamente a la siguiente reaccion, sin
aislamiento del producto intermedio. Por ejemplo, en algunas realizaciones, la
etapa (e)(jii) o (aa)iil} produce una solucién de acetato de etilo que comprende
un compuesto de férmula (XX) y la solucién de acetato de etilo se somete
directamente en la etapa (f} o (bb) a condiciones eficaces para retirar el grupo
protector P'. En algunas de esas realizaciones, el grupo protector P! es un
grupo protector inestable al acido, por ejemplo, ferc-butoxicarbonilo (Boc) y la
solucién de acetato de etilo de la etapa (e)(iii) o (aa)(iii) se trata con acido. En
ciertas realizaciones preferidas, la solucién de acetato de etilo de la etapa
(a)iii) o (aa)(iii) se seca azeotrdpicamente y daspués se trata con HC| gaseoso.

Cuando la etapa de desproteccion (f) o (bb) se realiza en condiciones
anhidras, como se ha descrito anteriormente, el producto de férmula (XXI)
puede aislarse por cristalizacion de la mezcla de reaccion en forma de su sal
de adicion de HCI. La cristalizacion de la sal producto se promueve por la
adicién de un disolvente de hidrocarburo tal como n-heptano. En algunas
realizaciones, la mezcla de reaccibn se concentra parciaimente antes de la
adicion del disolvente de hidrocarburo. Los presentes inventores han
descubierto que la cristalizacion del compuesto de férmula (XXJ) de esta
manera retira de forma eficaz cualquier impureza de tripéptido que pueda
haberse formado durante ia etapa de acoplamiento (e) o (aa). Tales impurezas
son dificiles de retirar en las ultimas etapas de la sintesis.

Es posible abreviar adicionalmente el proceso llevando la mezcla del
producto de la etapa de acoplamiento (g) o (cc) directamente a la etapa de
desproteccién del resto de 4cido bérico (g) o (dd). Preferiblemente, el
disolvente organico de la etapa de acoplamiento se reemplaza primero por
acetato de etilo con el fin de facilitar los lavados acuosos. Un segundo
intercambio de disolvente en un disolvente de hidrocarburo permite después
que la solucién del producto de la etapa (g) o (cc) se use directamente en la

9%
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etapa de desproteccion de acido bérico bifasico (h) o (dd), sin aislamiento del
compuesto de férmula (JOGI).

Como alternativa, puede adoptarse una aproximacién mas convergente
para la sintesis del compuesto de férmula (X7V). De esta manera, en otra
realizacién, la invencién proporciona un proceso a gran escala para formar un
compuesto de fdrmula (XIV)

o~ H O
N Y 0av)

o un aldehldo de &cido bérico del mismo. El proceso comprende las etapas:
(a) proporcionar un complejo boron"ato" de férmula (XV):

a\( =
e Ch
M* xv)
en la que:
R? es un grupo nucleéfugo;
Y es un grupo nucleéfugo; y
M" es un metal alcalino;
(b) poner en contacio el complejo boron"ato” de férmula (XV) con un acido
de Lewis en condiciones que produzcan un compuesto de éster bérico de

formula (XVI):
A

ROy
OQ Z><
(XVI)

realizindose dicha etapa de contacto en una mezcla de reaccidn que
comprende:
(i) un disolvente de éter de coordinacién que tiene una baja miscibilidad con

agua; o
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(i) un disolvente de éter que tiene una baja miscibilidad con agua y un co-
disolvente de coordinacién;

(c) tratar el compuesto de éster borico de férmula (XVI) con un reactivo de
formula M'-N(Si(R%)s)2, donde M' es un metal alcalino y cada R® se selecciona
independientemente entre el grupo compuesto por alquilo, aralquilo y arilo,
donde el arilo o porcién del aralquilo esta opcionalmente sustituida, para formar

un compuesto de férmula (XVII):

((R®):SieN” B
0'2 Z><
(xvi)

(d) retirar los grupos (R®);Si para formar un compuesto de férmula (XVIN):

Hzn’é:’ S
0-2 Z><
(Xl

o una sal de adicién de acidos del mismo;
(") acoplamiento del compuesto de férmula (XVHI) con un compuesto de

férmula (XiIXa):
¢
E"‘B)L“J:'Ex
J H
N © (XIXa)

en la que X es OH o un grupo saliente, para formar un compuesto de férmula

poca:
J)L H o

(XX ; y

|90
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(f) desproteger el resto de 4cido bérico para formar el compuesto de
formula (XIV) o un aldehido de 4cido bérico del mismo.

En algunas realizaciones, el proceso se caracteriza por al menos una de las
siguientes caracteristicas (1)-(3). En ciertas realizaciones preferidas, el proceso
so caracteriza por las tres caracteristicas (1)-(3) mostradas a continuacion.

(1)  En el complejo boron"ato" de férmula (XV), R® e Y son ambos cloro.

(2) La etapa de acoplamiento (e') comprende las etapas:

() acoplamiento del compuesto de férmula (XVIll) con un compuesto de
formula (XIXa) en la que X es OH en presencia de tetrafluoroborato de 2-(1H-
benzotriazol-1-il}-1,1,3,3-tetrametiluronio (TBTU) y una amina terciaria en
diclorometano;

(i) realizar un intercambio de disolvente para reemplazar el diclorometano
por acetato de etilo; y

(i) realizar un lavado acuoso de la solucién de acetato de etilo.

(3) La etapa de desproteccién de acido bérico (') comprende las etapas:

(i) proporcionar una mezcla bifasica que comprende el compuesto de
férmula (X)), un aceptor organico de acido bdérico, un alcanol inferior, un
disolvente de hidrocarburo Cs4 y un acido mineral acuoso;

(i)  agitar la mezcla bifasica para producir el compuesto de férmula (XIV);
(i) separar las fases de disolvente; y

(iv) extraer el compuesto de fdrmula (XIV) o un aldehido de acido bérico del
mismo, en un disolvente organico.

Preferiblemente, |a etapa (f)(iii) comprende las etapas:

(1) separar las fases de disolvente;

(2) ajustar la fase acuosa a pH basico;

(3) lavar la fase acuosa con un disolvente orgénico; y

(4) ajustar la fase acuosa a un pH menor de aproximadamente 6;

En la etapa (h)(iv), (ddXiv) o (F)iv) de los procesos descritos
anteriormente, el compuesto de férmula (X7V) o un aldehido de acido bdrico del
mismo, preferiblemente se extrae en acetato de etilo y se cristaliza mediante la
adicién de hexano o heptano. En algunas realizaciones, el proceso comprende
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ademas el aislamiento del anhidrido de acido bdrico del compuesto de férmula
(X1v), preferiblemente un anhidrido de acido bérico trimérico de férmula (JOXIV):

P 0
N Y eoav)

Los procesos de la invencién permiten la fabricacién a gran escala de
bortezomib de pureza quimica y estereoquimica muy elevadas. Los procesos
anteriores de la técnica limitaban la escala y producian el producto con una
pureza total menor. En otro aspecto mas, por lo tanto, la invencién proporciona
una composiciébn que comprende al menos un kilogramo de un compuesto de

formula (XXIV):
Enj)'iN,[ v‘éi
o H 0 3
" h om

El compuesto de fdrmula (XXIV) se prepara preferiblemente de acuerdo
con el proceso descrito anteriormente, y preferiblemente constituye al menos

99% p/p de la composicion de acuerdo con este aspecto de la invencién.

EJEMPLOS
Abreviaturas
BOC terc-butoxicarbonilo
D.l. desionizado
DMF N,N-dimetilformamida
GC cromatografia de gas
GC-MS cromatografia de gas-espectrometria de masas
h horas

HDPE polietileno de alta densidad

/o
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HPLC cromatografla liquida de alta resolucién

LDA diisopropilamida de litio

LOD perdido en el secado

min minutos

MTBE t-butil metil éter

RP-HPLC cromatografia liquida de alta resoluciébn y de fase
inversa

RPM revoluciones por minuto

TBTU Tetrafluoroborato de O-benzotriazol-1-il-N,N,N',N"-
tetrametiluronio

THF tetrahidrofurano

Ejemplo 1: Proceso de fabricacién de trifluoroacetato-3-metilbutano-1-
boronato de {1R)<{S)-pinanodiol 1-amonlo

(1S)-(S)-pinanodiol 1-cloro-3-metilbutano-1-boronato

1. Se cargd 2-metilpropano-1-boronato de (S)-pinanodiol (12,0 kg, 50,8
mol) en un recipiente de reaccion mantenido en una atmésfera de nitrdgeno.

2. Se cargaron terc-butil metil éter {53 kg) y diclorometano (22,5 kg) y la
mezcla resultante se enfrié a —57°C con agitacion.

3. Se cargd diisopropilamina (6,7 kg) en otro recipiente de reaccion
mantenido en una atmdsfera de nitrdgeno.

4 Se cargd tferc-butil metil éter (27 kg) a la diisopropilamina y la mezcla
resultante se enfrid a —10°C con agitacién.

5. Se afladié n-hexillitio en hexano (solucién al 33,2% en peso) (17,6 kg) a
la mezcla de diisopropilamina durante un periodo de 57 minutos, mientras la
temperatura de reaccidn se mantenia de —10°C a —7°C.

6. Esta mezcla (mezcla LDA) se agit6 durante 33 minutos de —8°C a -7°C
antes de usarse.

7. Se cargd cloruro de cinc, (12,1 kg) a un tercer recipiente de reaccién
mantenido en una atmésfera de nitrdgeno.

/°>
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8. Se cargd terc-butil metil éter (16 kg) al cloruro de cinc y la mezcla
resultante se calent6 a 30°C con agitacion.

9. Se afiadié tetrahidrofurano (53 kg) a la suspension de cloruro de cinc
durante un periodo de 18 minutos, mientras la temperatura de reaccién se
mantenia de 35°C a 40°C.

10. Esta mezcla {(mezcla de ZnCl,) se agitdé durante 4 horas y 28 minutos de
38°C a 39°C hasta que se uso.

11. La mezcla de LDA (de # 3 - 6) se afladié durante un periodo de 60
minutos al recipiente de reaccién que contenla 2-metilpropano-1-boronato de
(S)-pinanadiolboronato, mientras la temperatura de reaccién se manten{a de -
60°C a -55°C.

12. Se usé un aclarado de ferc-butil metil éter (10 kg) para completar la
adicion.

13. La mezcla de reaccién se agité durante 20 minutos mas de -59°C a —
55°C.

14. La mezcla de reaccidon se calentd a -50°C durante un periodo de 11
minutos.

15. La mezcla de ZnCl, (de # 7 - 10) se afiadié durante un periodo de 48
minutos al recipiente de reaccién que contenlia 2-metilpropano-1-boronato de
(S)-pinanodiol y Ia mezcla de LDA, mientras la temperatura de reaccién se
mantenia de -50°C a —45°C.

16. Se usd un aclarado de terc-butil metil éter (10 kg) para completar la
adicion.

17. La mezcla de reaccidn se agité durante 30 minutos més de 45°C a —
40°C y después se calentd a 10°C durante un periodo de 81 minutos.

18. Al recipiente de reaccién se le afiadié una solucién al 10% de Acido
sulfurico (72 kg) durante un periodo de 40 minutos, mientras la temperatura de
reaccion se mantenia de 10°C a 21°C.

19. La mezcla de reaccion se agitd durante 16 minutos a temperatura
ambiente, antes de separar |a fase acuosa.

10F
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20. La fase orgdnica se lav® sucesivamente con agua desionizada (D.l.) (32
kg). y una solucién al 10% de cloruro sddico (26,7 kg). cada lavado implicé
agitacion vigorosa durante de 15 a 17 minutos a temperatura ambiente.

21. La mezcla de reaccién se concentrd a presion reducida (pmn = 81 mbar),
manteniendo una temperatura extema {(camisa/bafio) de 50°C a 55°C,
proporcionando un residuo que se disolvid en metilciclohexano (56 kg).

22. La mezcla de reaccién se calentd a reflujo (en un condensador de tipo
Dean-Stark para la separacion del agua) a presién reducida (pmn = 67 mbar),
manteniendo una temperatura externa (camisa/bafio) de 50°C a 55°C durante 2
horas y 7 minutos, hasta que no se sepanrd mas agua.

23. Se retiraron por destilacion aproximadamente 35 | de los disolventes a

presidn reducida (pmn = 81 mbar), manteniendo una temperatura externa
(camisa/bafio) de 50°C a 55°C.

24. La mezcla de metilciclohexano seca resultante que contenla 1-cloro-3-
metilbutano-1-boronato de (1S)-(S)-pinanodiol se enfrié a 14°C.
1-Bis(trimetilsilillamino-3-metilbutano-1-boronato de {1R}-(S

1. Se cargd bis(trimetilsiliJamida de litio en tetrahidrofurano (solucién al
19,4% en peso), (41,8 kg) en un recipiente de reaccidbn mantenido en una
atmésfera de nitrégeno y se enfrié a -19°C con agitacién.

2, La mezcla de metilciclohexano que contenia 1-cloro-3-metilbutano-1-
boronato de (1S)-(S)-pinanodiol se afiadié durante un periodo de 55 minutos,
mientras la temperatura de reaccidn se mantenia de —19°C a —13°C.

3. Se usd un aclarado de metilciclohexano (5 kg) para completar la adicién.
4, La mezcla de reaccién se agité durante 65 minutos mas de -13°C a -
12°C y después se calentd a 25°C durante un periodo de 25 minutos.

5. A la mezcla de reaccién se le afiadié una suspension de Celite (2,5 kg)
en metilciclohexano (22 kg).

6. La mezcla de reaccidn se concentrd a presion reducida {pmin = 25 mbar),
manteniendo una temperatura extema (camisa/bafio) de 45°C a 50°C,
proporcionando un residuo que se disolvié en metilciclohexano (36 kg).
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7. Después, se retird una muestra para el ensayo en proceso para el
contenido de tetrahidrofurano por GC.

8. El ensayo de tetrahidrofurano fue del 0,58%.

9. Los sdlidos se retiraron por filtracién y el filtrado se filtré a través de un
lecho de Gel de Sflice (2,0 kg).

10. Ambas unidades de filtro se lavaron con éter isopropllico (30 kg).

11. La mezcla de metilciclohexano/éter isopropllico resultante que contenla
1-bis(trimetilsililJamino-3-metilbutano-1-boronato de (1R)(S)-pinanodiol se
aimacend en un contenedor a temperatura ambiente hasta que se usd en la
siguiente etapa.

Trifluoroacetato-3-metilbutano-1-boronato de (1R)-(S}-pinanodiol-1-amonio

1. Se cargd acido trifluoroacético (12 kg) en otro recipiente de reaccién
mantenido en una atmésfera de nitrdgeno.

2. Se cargd éter isopropllico (78 kg) al &cido trifluoroacético y la mezcla
resultante se enfrié a —10°C con agitacién.

3. La mezcla de metilciclohexano/éter isopropllico que contenla 1-
bis{trimetilsilil)Jamino-3-metilbutano-1-boronato de {1R)-(S)-pinanodiol se afiadié
durante un periodo de 53 minutos provocando la precipitacién del producto,
mientras la temperatura de reaccion se mantenia de —10°C a -5°C.

4, Se usd un aclarado de éter isopropllico (5 kg) para completar la adicion.
5. La mezcla de reaccion se agité durante 8 horas y 20 minutos més de -
9°C a-7°C.

6. El sélido se recogid por filtracion, se lavd con éter isopropllico (70 kg) en
dos porciones y se secé a presién reducida (pmin = 56 mbar) de 41°C a 42°C
durante 2 horas y 15 minutos.

7. El solido se agitd con agua D.. (60 kg) durante 24 minutos a
teamperatura ambiente, antes de que el agua D.l. se retirase por filtracion.

8. El sélido se lavé con agua D. 1. (12 kg).

9. Después, el sélido se secd al vaclo (pmin = 4 mbar) de 40°C a 44°C
durante 9 horas y 22 minutos, tiempo después del cual la pérdida tras el
secado fue del 0,51%, que satisface el requerimiento de <1%.

/oé
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10. Después, el intermedio, 1-amonio trifluoroacetato-3-metilbutano-1-
boronato de (1R)-(S)-pinanodiol, bruto, se empaquetd en bolsas unitarias de
polietileno en bidones de polipropileno y se marcaron. El rendimiento fue del
72%.

Recrigtalizacién de 1-amonio trifluoroacetato-3-metilbutano-1-boronato de (1R)-

(S)-pinanaodiol, bruto
1. Se cargd 1-amonio trifluoroacetato-3-metilbutano-1-boronato de (1R)-

(S)-pinanodiol, bruto, (13 kg) en un recipiente de reaccién mantenido en una
atmoésfera de nitrégeno.

2. Se cargd &cido trifluoroacético (31 kg) al recipiente de reaccién y la
mezcla resultante se enfrid a 4°C con agitacién.

3 Cuando se disolvié todo el sdlido dejando una mezcla ligeramente turbia,
se afiadid éter isopropilico (29 kg) durante un periodo de 57 minutos, mientras
la temperatura de reaccion se mantenia de 2°C a 3°C.

4, Después de que se completar la adicion, la mezcla se filtrd a través de
un filtro en un recipiente de recepcién mantenido en una atmésfera de
nitrégeno.

5. El reactor y el filtro se aclararon con una mezcla de &cido trifluoroacsético
(3.8 kg) y éter isopropllico (5 kg). El aclarado se afiadio al filtrado.

6. Se afiadié éter isopropllico (126 kg) durante un periodo de 15 minutos
provocando la precipitacion del producto, mientras la temperatura de reaccién
se mantenia de 16°C a 18°C.

7. La mezcla se agité de 16°C a 18°C durante 15 min, después se enfrié a -
5°C durante un periodo de 67 minutos y se agitd de -3°C a -5°C en una
atmosfera de nitrdgeno durante 89 minutos.

8. Después, el sdlido se aisld por filtracién, se lavé en dos porciones con
éter isopropllico (48 kg) y se seco al vacio (pmin = 2 mbar) de 34°C a 40°C
durante 2 horas y 55 minutos, tiempo después del cual la pérdida tras el
secado fue de 0,32%, que satisface el requerimiento de <0,5%.

/o0t
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9. Despuéds, el producto, 1-amonio-trifluoroacetato-3-metilbutano-1-
boronato de (1R)-(S)-pinanodiol, se empaquetd en bolsas dobles de polietileno
en barriles de fibra y se marcaron. El rendimiento fue del 86%.

EjJemplo 2: Proceso de fabricacién de anhidrido N-(2-pirazina-carbonil)-L-
fenllalanina-Ldeucina-bérico

N-BOC-L -fenilalanina-L-leucina-boronato de (1S,2S,3R,55)-pinanodiol

1. En una capa fumante, un matraz de reaccion de vidrio de tres bocas
equipado con un registro de temperatura de cabeza Claisen y un agitador
mecanico se lavé abundantemente con nitrégeno.

2, Se cargd en el matraz 1-amonio-trifluoroacetato-3-metilbutano-1-
boronato de (1R)-(S)-pinanodiol (2,0 kg).

3. Se cargé en el matraz BOC-L-fenilalanina (1,398 kg).

4, Se cargd en el matraz tetrafluoroborato de 2-{1H-benzotriazol-1-il)-
1,1,3,3-tetrametiluronio, TBTU (1,864 kg).

5. Se carg6 en el matraz diclorometano (15,8 I).

6. El motor resultante se ajusté para proporcionar agitacion a 260 RPM.

7. Usando un bafo de refrigeracion de hielo/agua, la mezcla de reaccibn se
enfri6 a 1,0°C, manteniendo una atmésfera de nitrégeno.

8. Se carg6 en un matraz de vidrio N,N-diisopropiletilamina (2,778 1) y se
transfirid a la mezcla de reaccién durante un periodo de 117 minutos usando
una bomba peristaltica manteniendo una intervalo de la temperatura de
reaccién de 0,7°C — 2,1°C. La velocidad de adicién total fue de 23,7 mi/min.

9. Se usé un aclarado de diclorometano (0,2 |) del matraz en la mezcla de
reaccion para completar la adicion.

10. La mezcla de reaccion se agitd durante 35 minutos mas. La temperatura
al principio de este tiempo fue de 1,8°C, y de 2,5°C al final.

11.  Después, se retird una muestra para ensayo en proceso por
cromatografia liquida de alta resolucién y de fase inversa (RP-HPLC). Se
determind que el porcentaje de conversién era 99,3%.

12. La mezcla de reaccion se transfirib en aproximadamente dos partes
iguales a dos matraces evaporadores rotatorios. La mezcla de reaccién se
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concentrd a presidn reducida usando un evaporador rotatorio, manteniendo una
temperatura externa del bafio de 29-30°C.

13. Se dividi6 acetato de etilo (4,0 1) en dos porciones aproximadamente
iguales y se cargaron en los dos matraces evaporadores rotatorios.

14. Las mezclas de cada matraz se concentraron de nuevo a presion
reducida usando un evaporador rotatorio, manteniendo una temperatura
extemna del bafio de 29-30°C.

15. Los residuos de cada matraz evaporador rotatorio se transfirieron
después al matraz de reaccién usando acetato de etilo (13,34 |).

16. En un matraz de vidrio equipado con un agitador, se prepard una
solucion acuosa al 1% de Acido fosférico mezclando agua D. |. (13,18 1) y acido
fosférico (0,160 kg).

17. En un matraz de vidrio equipado con un agitador, se prepard una
solucién acuosa al 2% de carbonato potasico (12,0 [) mezclando agua D. .
(11,76 1) y carbonato potéasico (0,24 kg).

18. En un matraz de vidrio equipado con un agitador, se prepard una
solucién acuosa al 10% de cloruro sddico (13,34 ) mezclando agua D. 1. (13,34
1) y cloruro sédico (1,334 kg).

19. Se cargd en el matraz de reaccion agua D. |. (13,34 |) que contenla la
solucidn de acetato de etilo y la mezcla se agitd a 380 RPM durante 7 minutos.
Las fases se dejaron separar y |la fase acuosa (capa del fondo) se transfirié al
vacio a un matraz adecuado y se desecho.

20. De nuevo, se cargd agua D. |. (13,34 1) en el matraz de reaccién que
contenlia la solucién de acetato de etilo y la mezcla se agité a 385 RPM durante
7 minutos. Las fases se dejaron separar y la fase acuosa (capa del fondo) se
transfirié al vacio a un matraz adecuado y se desechd.

21. La solucidn al 1% de 4acido fosférico preparada en la Etapa 16 se cargd
en ol matraz de reacciébn que contenlia la solucidn de acetato de etilo y la
mezcla se agitd a 365 RPM durante 7 minutos. Las fases se dejaron separar y
la fase acuosa acida (capa del fondo) se transfiri6 a un matraz adecuado y se
desechd,
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22. La solucidon al 2% de carbonato potasico preparada en la Etapa 17 se
cargd en el matraz de reaccidn que contenia la solucion de acetato de etilo y la
mezcla se agité a 367 RPM durante 7 minutos. Las fases se dejaron separar y
la fase acuosa basica (capa del fondo) se transfirié a un matraz adecuado y se
desecho.

23. La solucién al 10% de cloruro sédico preparada en la Etapa 18 se cargd
en el matraz de reaccion que contenla la solucién de acetato de etilo y la
mezcla se agitdé a 373 RPM durante 6 minutos. Las fases se dejaron separar y
la fase acuosa (capa del fondo) se transfiri6 a un matraz adecuado y se
deseché.

24. La soluciobn de acetato de etilo se transfiri6 a un matraz evaporador
rotatario y se concentrd a presion reducida usando un evaporador rotatario,
manteniendo una temperatura del bafio de 29-30°C, para proporcionar un
residuo.

25. Después, el residuo se disolvié de nuevo en acetato de etilo (4,68 ).

26. |La solucibn se concentrd al vaclo usando un evaporador rotatorio,
manteniendo una temperatura del bafilo de 29-30°C, para proporcionar de
nuevo un residuo.

27. De nuevo, el residuo se redisolvidé después en acetato de etilo (4,68 I) y
se tomaron muestras para la determinacién del contenido del agua por
titulacion de Karl Fisher. El contenido del agua de las dos muesiras se
determiné como 0,216% y 0,207%.

28. Usando una cantidad mas de acetato de etilo (12,66 I), la mezcla se
transfirid6 del matraz evaporador rotatorio a un matraz de reaccion seco
equipado con un registro de temperatura, un agitador mecanico y un tubo de
dispersion de gas vitrificado, y se purgé con nitrégeno.
L-fenilalanina-L-leucina-boronato de (75,258 ,3R,5S }-pinanodiol, sal HCi

1. La solucién de acetato de efilo que contenla N-BOC-L-fenilalanina-L-
leucina-boronato de (1S,25,3R,5S8)-pinancdiol se enfrié usando un bafio de
refrigeracion de hielo/agua a -0,9°C.
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2. Se burbujed gas cloruro de hidrégeno (1,115 kg) en la mezcla de
reaccién durante un pericde de 1,48 horas. La temperatura al principio de la
adicion fue de -0,9°C, y de 8,8°C al final.

3. Después, la reaccion se dejd calentar a 14,4°C durante 50 minutos,
mientras se mantenia una atmésfera de nitrégeno.

4 Se retird una muestra para el ensayo en proceso por RP-HPLC. El
porcentaje de conversion fue de 68,9% (% de area).

5. La reaccién se agité durante 35 minutos. La temperatura al principio fue
de 14°C y de 14,8°C al final.

6. Se retind una muestra para el ensayo en proceso por RP-HPLC. El
porcentaje de conversién fue de 94,7% (% de area).

7. La reaccion se agité durante aproximadamente 50 minutos mas,
manteniendo una temperatura de 10°C £ 5°C.

8. Se retird una muestra para el ensayo en proceso por RP-HPLC. El
porcentaje de conversion fue de 97,3%.

9. La reaccion se agitd durante aproximadamente 50 minutos mas,
manteniendo una temperatura de 10°C * 5°C. La temperatura final fue de
14,6°C.

10. Se retir® una muestra para el ensayo en proceso por RP-HPLC. El
tiempo de reaccién total después de la adicién de gas cloruro de hidrégeno fue
de cuatro (4) horas.

11.  El porcentaje de conversion fue de 99%.

12. Se observé una suspension.

13. Se carg6 n-heptano (8,8 ) en la mezcla de reaccion.

14. La suspension se agitd durante 2 horas. La temperatura al principio del
tiempo de agitacién fue de 12,7°C, y de 15,3°C al final.

15. El sdlido se aislé por filtracion sobre un embudo Buchner revestido con
una capa de papel filtro de polipropileno.

16.  El sélido se lavé con n-heptano (4,68 I).

17.  En una tapa, el sdlido se transfirié a tres bandejas secantes de no mas
de 1" de profundidad y se seco) al aire durante 1 hora.
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18.  Después, el sélido se secd a <35°C a un vacio de 27" de Hg durante 16
horas y 28 minutos en un horno de vacio equipado con un calibre de vaclo y
registro de temperatura.

19.  El sélido se muestred de cada bandeja secante para determinar el % de
pérdida tras el secado. Se determind que el LOD era de 0%, 0,02%, y 0,.02%
para las tres muestras tomadas.

20. Después, s8 empaqueto | -fenilalanina-L-leucina-boronato
de(1S,2S8,3R,58)-Pinanadiol, sal HCI en bolsas poli dobles en bidones de fibra
y $e marcaron y se muestraaron.

21.  El rendimiento aislado fue de 1,87 kg, 79,1%. El intermedio se almaceno
a 2-8°C hasta que se usod en la fabricacidn adicional.

2-Pirazinacarbonil}-L -fenilalanina-L -leucina-boronato de (718,25 3R,58
pinanodiol
1. En una capa fumante se lavé abundantemente con nitrégeno un matraz

de reaccién de vidrio de tres bocas equipado con una cabeza Claisen, registro
de temperatura y un agitador mecanico.

2 Se cargd L-fenilalanina-L-leucina-boronato de (1S,2S,3R,5S)-pinanodiol,
sal HCI (1,85 kg) en el matraz.

3 Se cargé 4cido 2-pirazinacarboxilico (0,564 kg) en el matraz.

4, Se cargé tetrafluorofosfato de 2-(H-benzotriazol-1-il}-1,1,3,3-
tetrametiluronio tetrafluoroborato, TBTU (1,480 kg) en el matraz.

5. Se cargo diclorometano (18,13 |) en el matraz.

6. El motor de agitacion se ajustd para proporcionar agitacion a 272 RPM.
7. Usando un bafio de refrigeracién, la mezcla de reaccion se enfrié a -
1,2°C.

8. Se cargd N,N-diisopropiletilamina (1,865 kg) en un matraz de vidrio y se
transfirid a la reaccién durante un periodo de 50 minutos usando una bomba
peristiltica manteniendo un intervalo de temperatura de reaccién de -1,2°C a
2,8°C.

9. Se usd un aclarado de diclorometano (0,37 I) del matraz en la mezcla de
reaccién para completar la adicion.
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10. La mezcla de reaccidn se dej6 calentar y se agito durante 81 minutos
mas.

11. La temperatura al principio del tiempo de agitacién fue de 15°C, y de
24.9°C al final.

12. Después, se retird una muestra para el ensayo en proceso por RP-
HPLC. Se determiné que el porcentaje de conversién era 99,9%.

13. La mezcla de reaccién se transfirib en aproximadamente dos mitades
iguales a dos matraces evaporadores rotatorios. La mezcla de reaccién se
concentrd6 a presién reducida usando dos evaporadores rotatorios,
manteniendo una temperatura extema del bafio de 33-34°C.

14.  Se dividi6 acetato de etilo (12,95 I) en dos porciones aproximadamente
iguales y se cargd en los dos matraces evaporadores rotatorios.

15. Después, las mezclas de cada matraz se concentraron a presién
reducida usando un evaporador rotatorio, manteniendo una temperatura
extemna del bafio de 33-34°C.

16. Después, los residuos de cada matraz evaporador rotatorio se
transfirieron al matraz de reaccién usando acetato de etilo (12,95 1).

17. En un matraz de vidrio equipado con un agitador, se prepand una
solucién acuosa al 1% de acido fosférico (12,34 1) mezclando agua D. 1. (12,19
) y &cido fosférico (0,148 kg).

18. En un matraz de vidrio equipado con un agitador, se prepard una
solucién acuosa al 2% de carbonato potdsico (12,34 |) mezclando agua D. |.
(12,09 1) y carbonato potasico (0,247 kg).

19. En un matraz de vidrio equipado con un agitador, se prepan una
solucién acuosa al 10% de cloruro sédico (12,34 1) mezclando agua D. I. (12,34
) y cloruro sédico (1,234 kg).

20. agua D. I. (12,34 |) se cargd en el matraz de reaccién que contenla la
solucion de acetato de etilo y la mezcla se agitd a 382 RPM durante 7 minutos.
Las fases se dejaron separar y la fase acuosa (capa del fondo) se transfirié a
un matraz adecuado y se desechd.
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21. De nuevo, se carg6 agua D. I. (12,34 1) en el matraz de reaccidn que
contenia la solucion de acetato de etilo y la mezcla se agité a 398 RPM durante
7 minutos. Las fases se dejaron separar y la fase acuosa (capa del fondo) se
transfirié a un matraz adecuado y se deseché.

22. La solucion al 1% de acido fosfoérico preparada en la Etapa 17 se cargd
en el matraz de reaccion que contenla la solucién de acetato de etilo y la
mezcla se agitd a 364 RPM durante 8 minutos. Las fases se dejaron separar y
la fase acuosa Acida (capa del fondo) se transfirid a un matraz adecuado y se
desechd.

23. La solucion al 2% de carbonato potésico preparada en la Etapa 18 se
cargd en el matraz de reaccion que contenia la solucién de acetato de etilo y la
mezcla se agitd a 367 RPM durante 8 minutos. Las fases se dejaron separar y
la fase acuosa basica (capa del fondo) se transfiridé a un matraz adecuado y se
desechd.

24. La solucién al 10% de cloruro sédico preparada en la Etapa 19 se cargd
en el matraz de reaccidn que contenia la solucion de acetato de etilo y la
mezcla se agitd a 374 RPM durante 8 minutos. Las fases se dejaron separar y
la fase acuosa {capa del fondo) se transfiri® a un matraz adecuado y se
desechd.

25. La solucidn de acetato de etilo se transfirié al vacio en aproximadamente
dos mitades iguales a los dos matraces evaporadores rotatorios y se concentréd
a presion reducida usando un evaporador rotatorio, manteniendo una
temperatura externa del bafio de 34°C.

26. Se dividié n-heptano (14,8 ) en dos porciones aproximadamente iguales
y se cargé en los dos matraces evaporadores rotatorios. Después, las mezcias
de cada matraz se concentraron a presion reducida usando un evaporador
rotatorio, manteniendo una temperatura extemna del baflo de 34°C.
Anhldrido N-(2-pirazina-carbonil}-L-fenilalanina-L-leucina-bérico, bruto
1. En un matraz de vidrio equipado con un agitador, se prepard una
solucion 1 N de acido clorhidrico (22,2 1) mezclando agua D. |. (20,36 1) y acido
clorhidrico (1,84 kg).
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2. En un matraz de vidrio equipado con un agitador, se prepar6 una
solucion 2 N de hidréxido s6dico (12,03 1) mezclando agua D. I. (12,03 ) e
hidréxido sédico (0,962 kg).

3. Después, los residuos que contenlan N-(2-pirazina-carbonil)-L-
fenilalanina-L-leucina-boronato de (7S,2S,3R,5S)-pinanodiol en cada matraz
evaporador rotatorio se transfirieron a un matraz de reaccién de vidrio de tres
bocas equipado con un registro de temperatura y un agitador mecanico,
usando n-heptano (14,8 1) y metanol (14,8 I).

4. El motor de agitacién se ajustd para proporcionar agitacion a 284 RPM.
5. Se cargé acido 2-metilpropanobdrico (0,672 kg) en el matraz.

6. Se cargd acido clorhidrico 1 N preparado en la Etapa 1 (11,2 |} en el
matraz.

7. El motor de agitacidn se ajustd para proporcionar agitacion a 326 RPM.
8. La mezcla de reaccién se agitd durante 16,38 horas. La temperatura del
lote de partida fue de 28,6°C, y la temperatura final del lote fue de 21,6°C.

9. Después, se retind una muesira para el ensayo en proceso por RP-
HPLC.

10. Se determind que el porcentaje de conversidn era 100%.

11.  La agitacién se interrumpié y la mezcla bifasica se dejé separar.

12. La fase de n-heptano (capa superior) se transfirié a un matraz adecuado
y se desechd.

13. Se cargd n-heptano (5,37 [) en el matraz de reaccion y la mezcla se
agité a 381 RPM durante 6 minutos. Las fases se dejaron separar y la fase de
n-heptano (capa superior) se transfirid a un matraz adecuado y se desech6.

14. De nuevo, se cargdé n-heptano (5,37 1) en el matraz de reaccién y la
mezcla se agité a 340 RPM durante 6 minutos. Las fases se dejaron separar y
la fase de n-heptano (capa superior) se transfirié a un matraz adecuado y se
desecho.

15. La solucién acuosa de metanol se transfirid en aproximadamente dos
mitades iguales a los dos matraces evaporadores rotatorios y se concentrd a
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presién reducida usando un evaporador rotatorio, manteniendo una
temperatura externa del bafio de 33-34°C. Se recogieron 15 | de metanol.

16. Se usd diclorometano (5,37 |) para transferir el residuoc de los matraces
evaporadores rotatorios al matraz de reaccién.

17. Se carg6 hidréxido sédico 2 N (11,2 {) preparado en la Etapa 2 en el
matraz.

18. La fase de diclorometano (capa inferior) se transfii® a un matraz
adecuado y se desechd.

19.  Se carg6 diclorometano (5,37 I) en el matraz y la mezcla se agit6 a 374
RPM durante 6 minutos. Las fases se dejaron separar y la fase de
diclorometano (capa inferior) se transfirié a un matraz adecuado y se desechd.
20. De nuevo, se cargd diclorometano (5,37 I) en el matraz y la mezcla se
agitd a 368 RPM durante 8 minutos. Las fases se dejaron separar y ia fase de
diclorometano (capa inferior) se transfirié a un matraz adecuado y se desechd.
21. Se cargd diclorometano (5,37 I) en el matraz.

22. Se cargd acido clorhidrico 1 N (10,7 1) en el matraz con agitacién. Se
determiné que el pH de |la fase acuosa era 6.

23. La agitacién fue discontinua y las fases se dejaron separar.

24. La fase de diclorometano (capa inferior) se transfiri6 al vacio a un matraz
receptor de vidrio.

25. Se cargo diclorometano (5,37 I} en el matraz y la mezcla se agit6 a 330
RPM durante 6 minutos. Las fases se dejaron separar y la fase de
diclorometano (capa inferior) se transfirié a un matraz receptor de vidrio.

26. De nuevo, se cargd diclorometano, (5,37 I) en el matraz y la mezcla se
agitdé a 335 RPM durante 6 minutos. Las fases se dejaron separar y la fase de
diclorometano (capa inferior) se transfirié a un matraz receptor de vidrio.

27. Los extractos de diclorometano se combinaron y se transfirieron en
aproximadamente dos mitades iguales a los dos matraces evaporadores
rotatorios y se concentrd a presién reducida usando un evaporador rotatorio,
manteniendo una temperatura externa del bafio de 33-34°C.
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28. Se dividi6 acetato de-etilo (12,95 1) en dos porciones aproximadamente
iguales y se cargd en los dos matraces evaporadores rotatorios. Después, las
mezclas de cada matraz se concentraron a presion reducida usando un
evaporador rotatorio, manteniendo una temperatura extena del bafio de 45-
46°C.

29. De nuevo, se dividid acetato de etilo (12,95 I) en dos porciones
aproximadamente iguales y se cargd en los dos matraces evaporadores
rotatorios. Después, las mezclas de cada matraz se concentraron a presion
reducida usando un evaporador rotatorio, manteniendo una temperatura
externa del bafio de 4546°C, hasta que quedd aproximadamente un 10% de
del volumen original.

30. Se dividié n-heptano (10,2 |) en dos porciones aproximadamente iguales
y se cargd en los dos matraces evaporadores rotatorios, y la suspensién se
agité en una atmésfera de nitrégeno durante 2,67 horas a 22-23°C.

31. El sdlido se aisld por filtracién en un embudo Buchner, revestido con una
capa de papel de filtro de polipropileno.

32. Elsélido se lavd con n-heptano (2,96 ).

33. Enuna tapa, el sélido se transfiri¢ a cuatro bandejas secantes y se sec)
al aire durante 1,25 horas.

34. Después, el sélido se secd a 36 - 50°C a un vaclo de 27" de Hg durante
18 horas y 27 minutos en un homno de vacio equipado con un calibre de vacio y
un registro de temperatura.

35. El sdlido se muestreé de cada bandeja para determinar el % de pérdida
de secado (LOD). Se deteminé que el LOD era 0,38%, 0,62%, 0,71%, y 0,63%
en las cuatro muestras tomadas.

36. Se empaquetd anhidrido N-(2-pirazina-carbonil)-L-fenilalanina-L-leucina-
bérico, bruto, en dos botellas de 5 |, HDPE, sin manipular y de boca ancha y se
marcaron.

37. El rendimiento aislado fue de 1,314 kg, 83%.
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1. En una tapa, se lavé abundantemente con nitrégeno un matraz de
reaccion de vidrio equipado con un agitador mecanico, un condensador de
reflujo y un registro de temperatura.

2. se cargé acetato de etilo (21 1) en el matraz.

3. E! acetato de etilo se calentd a 66,8°C en una atmésfera de nitrogeno,
usando un bafio caliente del agua/vapor.

4 Se carg6 lentamente anhidrido N-(2-pirazina-carbonil}-L-fenilalanina-L-
leucina-bdrico anhidrido, bruto (1,311 kg) en el matraz de reaccion. Ocurmrié un
cambio durante un periodo de 3 minutos.

5. La mezcla se agitd durante 1 minuto hasta que se disolvié todo el sdlido.
La temperatura de la solucion fue de 64°C.

6. La fuente de calor se retird y la mezcla se enfrié lentamente a 60°C
usando un bafio frio.

7. La solucibn de acetato de etilo caliente se transfii6 en un matraz
receptor mediante mudltiples tuberfas y una capsula de filtro en linea de
polietileno usando una bomba peristaltica.

8. La mezcla se dejo enfriar a 27,2°C y se dej6 en reposo en una atmadsfera
de nitrégeno sin agitacion, durante 17,75 horas. La temperatura final registrada
fue de 20,5°C.

9. LLa mezcia se enfrié usando un bafio de hielo/agua con agitacién durante
2,33 horas. La temperatura al principio del tiempo de agitacion fue de 3,8°C y
de -2,8°C al final.

10. El sdlido se aislé por filtracion en un embudo Buchner revestido con una
capa de papel de filtro de polipropileno. El filtrado se recogié en un matraz de
recoleccién.

11.  El sélido se lavé con acetato de etilo (2,62 1) y se enfri6 a 4,7°C.

12. Enuna tapa, el sdlido se transfirié a dos bandejas secantes.
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13. Después, el sélido se secéd a 51-65°C a un vacio de 27" de Hg durante
19 horas y 10 minutos en un homo de vacio equipado con un calibre de vaclo y
un registro de temperatura.

14. El sdlido se muestred para determinar el % de pérdida tras el secado
(LOD). Se determin6 que el LOD era 0,656% y 0,62% para las dos muestras
tomadas.

15. Se empaquetd anhidrido N-(2-pirazina-carbonil)-L-fenilalanina-L-leucina-
bérico en cuatro botellas de boca ancha ambar de 3 |, Tipo 3, con Tapas
Revestidas con Tefilén y se marcaron.

16.  El rendimiento aislado fue de 1,132 kg, 86,3%.

17. Se almacend anhidrido N-(2-pirazina-carbonil)-L-fenilalanina-L-eucina-
bérico anhidrido de — 25 a -15°C.

Ejemplo 3: Sintesis convergente de anhidrido N-{2-Plrazinacarbonll)-L-
fenllalanina-Ldeucina-bérico
N-(2-Pirazinacarbonil}-L-fenilalanina-L-leucina-boronato  de (1S,2S,3R,58
pinanodiol

Una solucién de 1-amonio-trifluoroacetato-3-metilbutano-1-boronato de (1R)-
(S)-pinanodiol (13,97 g) y N-hidroxisuccinimida (6,23 g) en 66 ml de DMF se
enfri6 a —5°C, seguido de la adicién de diciclohexilcarbodiimida (10,83 g). La
suspension resultante se agité durante una hora a una temperatura de -5 a
0°C. A una solucibn de N-(2-pirazina-carbonil}-L-fenilalanina (19,52 g;
preparada por acoplamiento del éster de succinimida preformado de acido
pirazinacarboxilico con L-fenilalanina en dioxano-agua) en 62 ml de DMF se le
afladid6 N-metilmorfolina (5,7 ml) a una temperatura de 0°C, y la solucidn
resultante se afiadié a la suspensién. La suspension se ajustd a pH 7 mediante
la adicién de 5,7 ml mas de N-metilmorfolina y se agité durante una noche,
aumentando lentamente la temperatura a 21°C. Después de |a filtracidn, la torta
de filtro se lavd dos veces con MTBE vy los filtrados combinados se diluyeron
con 950 ml de MTBE. La fase organica se lavd con &cido citrico acuoso al 20%
(3 x 150 ml), NaHCOj3 acuoso al 20% (3 x 150 ml) y salmuera (2 x). La fase
organica se secd sobre Na SO, se filtrd y se concentrd, produciendo 25,5 g
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(95,5%) del compuesto del titulo en forma de una espuma. Como se indicé por
tic, ests material contenla algunas impurezas menores, incluyendo

aproximadamente 2% de ciclohexilurea.

Una solucién de N-(2-pirazina-carbonil)}-L-fenilalanina-L-leucina-boronato
de (15,28,3R,5S)-pinanodiol (25,2 g) en 207 ml de MeOH y 190 ml de hexano
se enfri6 a 15°C, y se le afladieron en porciones 1084 ml de HCl 1 N,
manteniendo la temperatura entre 15 y 25°C. Después, se afiadié acido 2-
metilpropanobdérico (8,67 g) con agitacién vigorosa, y la agitacidn de la mezcla
bifasica se continudé durante una noche. Después de la separacién de las dos
fases, la fase inferior se extrajo una vez con 75 mi de hexano. Después, la fase
inferior se concentrd al vaclo hasta que se hizo turbia, seguido de la adicién de
109,4 ml de NaOH 2 N y 100 ml de Et20. Las dos fases se separaron y la fase
inferior se extrajo con Et20 (4 x 100 ml cada vez) y después se llevd a pH 6,0
mediante la adicién de 109 ml de HCI 1 N. Después de la extraccién con 100 mi
de acetato de etilo, la fase inferior se ajust a pH 6,0 con HCI 1 N y se extrajo
una vez mas con 75 mi de acetato de etilo. Las fases de acetato de etilo
combinadas se lavaron con salmuera semi-saturada (2 x 25 ml) y salmuera (2 x
25 ml), se secaron sobre Na;SQ, se filtraron y se concentraron para producir
15,3 g (81,8%) de anhidrido N-(2-pirazina-carbonil}-L-fenilalanina-L-leucina-
bérico bruto en forma de una espuma. El material bruto se disolvié en 150 ml
de acetato de etilo y se concentrd al vacio hasta una suspensién, seguido de la
adicién de 150 ml de MTBE. La suspensién se almacené entre 2 y 8°C durante
una noche, se filtré, se lavdé dos veces con MTBE y se secd a alto vaclo,
produciendo 1069 g (57,2%) de anhidrido N-(2-pirazina-carbonil)-L-
fenilalanina-L-leucina-bérico en forma de un sélido blanco.

Ejampio 4: Medicién de Ila Relacién Diastereomérica de 1-
amoniotrifluoroacetato-3-metilbutano-1-boronato de (1R)«(1S5,28,3R,5S)-
pinanodiol

)2°
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La pureza diastereomérica de 1-amoniotrifluoroacetato-3-metitbutano-1-
boronato de (1R)-(1S,2S,3R,5S)-pinanodiol (compuesto 1) se determind por
cromatografia de gas no quiral (GC).
Productos Acetonitrilo (p.a. Bruker o equivalente)
Quimicos:
Tetradecano (patréon intemo) (Fluka puriss. o

equivalente)
Anhidrido trifluoroacético (TFAA) (p.a. Merck o
equivalente)
Instrumental: sistema Trace-GC 2000 o equivalente
Fase movil: Hz
Disolvente A (con Aproximadamente 300 mg de tetradecano se pesaron
patrén intemo) con una exactitud de 0,1 mg en un matraz volumétrico

de 100 ml. Se afiadieron 1,5 ml de TFAA y el matraz
sa llevé a volumen con acetonitrilo.
Preparacién de la Se pesaron de forma exacta aproximadamente 150 mg
muestra: de la muestra (dentro de 0,1 mg) en un matraz
volumétrico de 10 ml. El matraz se llevd a volumen con
el Disolvente A. La solucion se almacené durante 15
minutos antes de la inyeccién.

Pardmetros de GC:

Columna: pelicula Rix-200; 105 m x 0,25 mm d.i. x 0,25 um

Fase mévil: Ha

Programa de Temp.:  130°C (0,5 min); de 0,5°C/min a 200°C (0 min); de
30°C/min a 300°C (2 min)

Flujo: 0,9 mi/min (flujo const.)

Temperatura del 250°C

inyector:

Temperatura del 250°C (FID)

Detector:

Filtro: 1: 50
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Volumen Inyectable: 1 pl

Sustancilas

Compuesto 1 1-amoniotrifluoroacetato-3-metilbutano-1-boronato de
(1R)-(1S,28,3R,5S)-pinanodiol

?
AR
NHz2 F,c-COOH
Compuesto 2 1-amoniotrifluoroacetato-3-metilbutano-1-boronato de
(1S)-(1S,2S,3R,5S)-pinanodiol

L/
%,

?

O

NH, FaC-COOH

Estabilidad de la solucién

Se prepard una solucién madre del compuesto 1 pesando 150,13 mg del
compuesto 1 en un matraz volumétrico de 10 ml y llevandolo a volumen con el
Disolvente A. La estabilidad de esta solucibn se ensayo a temperatura
ambiente durante 48 horas. La solucién madre se rellend en 6 viales de GC
separados. Las inyecciones en el sistema GC se realizaron desde estos viales
después de 0, 12, 24, 48 y 72 horas (doble inyeccién de cada vial. Se
determinéd el % de area del compuesto 1 y el compuesto 2. No se observaron
cambios en el % de area, indicando que ia solucién es estable durante 72
horas a temperatura ambiente.
Especificidad

Se disolvieron aproximadamente 150 mg de una muestra que
comprendla el compuesto 1 y el compuesio 2 en el Disolvente A y se
inyectaron en el sistema cromatogréfico GC. El pico para el compuesto 1 se
separd bien del pico para el compuesto 2. La comprobacién de la pureza del
pico por GC-EM mostrd que no co-elufan otros componentes con el compuesto
1 o el compuesto 2.
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Limite de deteccién

El limite de deteccién (LOD) se definié como la concentracion en la que
la sefial del compuesto 1 mostraba una sefial a relacién de ruido de al menos
3:1. Se realiz6 una medicién en blanco anterior para mostrar que no interferfan
otros picos. La seflal a relacién de ruido se calculé mediante la ecuacién:

S/N = H (signal)
H (baseline)
SIN = sefial a relaciéon de ruido
H (sefal) = altura de la seflal para el compuesto 1 [mm)]
H (referencia) = gltura de la sefial de referencia [mm]

Se inyectd una concentracién de muestra de 0,05% de la concentracion
de la muestra de ensayo convencional y mostré una sefial de relacién de ruido
de 4,3. Por lo tanto, el limite de deteccién es 0,0075 mg/ml.

Limite de cuantificacién

El limite de cuantificacién (LOQ) se definié como la concentracién en la
que la sefial del compuesto 1 mostraba una sefial de relacion de ruido de al
menos 10:1. La sefial de relacién de ruido se calculé como se ha descrito
anteriomente. Se inyectd una concentracion de muestra de 0,1% de la
concentracién de muestra convencional y mostrd una sefial de relacion de ruido
de 10,1. Por lo tanto, el limite de cuantificacién es 0,015 mg/ml.

EjJemplo 5: Ensayo de Pureza para anhidrido N-(2-pirazina-carbonil)-L-
fenilalanina-L-leucina-bérico

La pureza de anhidrido N-(2-pirazina-carbonil)}-L-fenilalanina-L-leucina-
bdrico (compuesto 3) se ensayd por HPLC de fase inversa.

Reactivos: Agua, calidad de HPLC
Acstonitrilo, calidad de HPLC
Acido férmico, calidad de ACS, puro 298%
Peroxido de hidrégeno al 3%, calidad de ACS o
equivalente
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Instrumental

Cromatografia llquida Automuestreador capaz de liberar inyecciones de 20 wl

de alta resolucion y manteniendo una temperatura de 5°C
Bomba capaz de liberar el gradiente a 1,0 mi/min.
Detector UV capaz de controlar las aguas residuales a
270 nm

Columna columna cromatografica de Symmaetry C18, 250 mm x
4.6 mm ID, 5 um, Waters, N° de cat. WAT054275.

Preparacién de la Se pesaron con exactitud aproximadamente 50 mg del

muestra: compuesto 3 en un matraz volumétrico de 50 ml. Se
afladié Fase Movil B (5 ml) y la mezcla se sonicd para
disciver el compuesto 3 (aproximadamente 30-60
segundos). La solucidn se dejd alcanzar Ila
temperatura ambiente, se diluyé a volumen con Fase
Movil A y se mezcl6 bien. Cada muestra se prepard
por duplicado y fue estable durante 7 dias, cuando se
almacené a 2-8°C protegida de la luz.

Parimetros de

HPLC:

Fase modvil A: acetonitrilo/agua/acido formico, 30:70:0,1 (viviv),
desgasificado

Fase mévil B: acetonitrilo/agua/acido  féormico, 80:20:0,1 (vA),
desgasificado

Caudal: 1,0 ml/min

Detector: UV a 270 nm

Volumen de 20 pl

inyeccién:

Temp. de columna: ambiente

Temp. de Bandeja de 5°C
muestra:



Programa gradiente:

Sustancias
Compuesto 3

Compuesto 4

Compuesto §

66

Tiempo %A %B
0 100 0
15 100 0
30 0 100
45 0 100
47 100 0
55 100 0

Anhidrido N-(2-pirazina-carbonil}-L-fenilalanina-L-
leucina-bdrico anhlidrido

Anhidrido N-(2-pirazina-carbonil)-L-fenilalanina-D-

Yy Oi

Anhidrido N-(2-p|razma-carboniI)-L-feniIaIanina-D-
leucina-bérico

El tiempo de reaccién del compuesto 3 estuvo tipicamente entre 10 y 14
minutos cuando se usd un sistema de HPLC con un volumen de 1,3 minutos.

128
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Los compuestos 4 y 5 co-eluyeron al tiempo de retencion mas largo, con una
resolucion de 22,0.

La retencion relativa del compuesto 3 en un cromatograma de muestra
con respecto al cromatograma patrdn se calculé de acuerdo con la siguiente
ecuacion:

P
fend
Donde:
R, = retencion relativa
trwes = tiempo de retencidn del pico del compuesto 3 en el
cromatograma de muestra, minutos
tw = tiempo de retencién del pico de sustancia faqrmaco en el

cromatograma convencional anterior mas préximo, minutos

Los resultados del ensayo se calcularon para cada muestra de acuerdo
con la siguiente ecuacion:
Ame WwxP 9 1

%ensayo = ™ x W [IOO—MJHOO
100

Donde:

Amues = respuesta de d4rea de pico del compuesto 3 en la
preparacion de la muestra

Agg = respuesta al area de pico principal del compuesto 3 en la
preparacién de tratamiento estandar

We = peso del patrén, mg

P = pureza asignada del patrén (formato decimal)

Whues = peso de la muestra, mg

M = contenido de humedad de la muestra, %

100 = conversién a porcentaje

La retencién relativa y los niveles de impureza de cada muestra se
calcularon de acuerdo con las siguientes ecuaciones:

12
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Rr=—
Ids

Donde:

R, = retencion relativa

t = tiempo de retencién de la impureza individual

tas = tiempo de retencion del pico del compuesto 3

o4 fi = AfouxPxDFxRﬂxloo
At 1% %X Wnsex

Donde:

h = impureza individual

A = respuesta al area de pico de la impureza individual en la
preparacion de la muestra

Agd 1% = respuesta de pico media del compuesto 3 en la preparacion
convencional al 1%

Wey = peso de patron, mg

Winues = peso de la muestra, mg

P = pureza asignada del patrén (formato decimal)

DF = factor de dilucién, 1/100

RF, = factor de respuesta relativo de la impureza individual

100 = conversién al factor de porcentaje

Cuando se ensaydé mediante este método, el anhidrido N-(2-pirazina-
carbonil}-L-fenilalanina-L-leucinabérico del Ejemplo 2 mostré impurezas totales
de menos del 1%.

Aunque la invencién anterior se ha descrito con detalle para propdsitos
de claridad y entendimiento, estas realizaciones particulares deben
considerarse como ilustrativas y no restrictivas. Un especialista en la técnica
apreciara, a partir de una lectura de esta descripcién, que pueden hacerse
diversos cambios en la forma y detalle sin apartarse del verdadero alcance de
la invencién y de las reivindicaciones adjuntas.

12T
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Al
REIVINDICACIONES

1. 1. Un proceso a gran escala para preparar un compuesto de
éster bdrico de férmula {J):

R1

2
:,*B,OR*'
ORS )

en la que:

R' es un grupo alifatico, aromético o heteroaromético opcionalmente
sustituido;

R? es hidrégeno, un grupo nucledfugo o un grupo alifatico, aromético o
heteroaromatico opcionalmente sustituido;

R® es un grupo nucleéfugo o un grupo alifitico, aromatico o
heteroaromatico opcionalmente sustituido; y

cada uno de R* y R5 independientemente, €s un grupo alifatico,
aromético o heteroaromatico opcionalmente sustituido o R* y R®, tomados junto
con los atomos de oxigeno y boro que intervienen, forman un anillo de 5 a 10
miembros opcionalmente sustituido que tiene 0-2 heteroatomos mas en el anillo
seleccionados entre N, O 0 S;
comprendiendo dicho proceso las etapas:

(a) proporcionar un complejo boron"ato” de formula (#):

R? RSR’
* ! ,0R4
YR e
ORS ()
en la que
Y es un grupo nucledéfugo;

M* es un cation; y

cada uno de R' a R® es como se ha definido anteriormente; y

(b) poner en contacto ei complejo boron"ato” de férmula (/) con un
acido de Lewis en condiciones que produzcan el compuesto de éster bdrico de
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férmula (/), realizAndose dicha etapa de contacto en una mezcla de reaccion
que comprende:

(i) un disolvente de éter de coordinacién que tiene una baja
miscibilidad con agua; o

(i) un disolvente de éter que tiene una baja miscibilidad con
agua y un co-disolvente de coordinacién.

2. Ei proceso de la reivindicacibn 1, donde la mezcla de reaccién

comprende un co-disolvente de coordinacion.

3. El proceso de la reivindicacién 2, donde el co-disolvente de coordinacion
se selecciona entre el grupo compuesto por tetrahidrofurano, dioxano, agua, y
mezclas de los mismos.

4, El proceso de la reivindicacién 0, donde el co-disolvente de coordinacién
no constituye mas de aproximadamente 20% v/v de la mezcla de reaccién.

5. El proceso de la reivindicacién 0, donde el co-disolvente de coordinacion
no constituye mas de aproximadamente el 15% v/v de la mezcla de reaccion.

6. El proceso de la reivindicacién 1, donde la solubilidad del agua en el
disolvente de éter que tiene una baja miscibilidad con agua es menor de
aproximadamente el 2% p/p.

7. El proceso de la reivindicacién 0, donde el disolvente de éter que tiene
una baja miscibilidad con agua se selecciona entre el grupo compuesto por
terc-butil metil éter, terc-butil etil éter, ferc-amil metil éter, éter isopropllico, y
mezclas de los mismos.

[21
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8. El proceso de la reivindicacién 0, donde el disolvente de éter que tiene
una baja miscibilidad con agua constituye al menos aproximadamente el 70%
v/v de la mezcla de reaccion.

9. El proceso de la reivindicacién 1, donde al menos aproximadamente 5
moles del complejo boron"ato” de férmula (i) se proporcionan en la etapa (a).

10. El proceso de la reivindicacién 1, donde al menos aproximadamente 20
moles del complejo boron"ato™ de férmula (i) se proporcionan en la etapa (a).

11.  El proceso de la reivindicacién 1, donde al menos aproximadamente 50
moles del complejo boron"ato™ de férmula (/) se proporcionan en la etapa (a).

12. El proceso de la reivindicacién 1, donde al menos aproximadamente 100
moles del complejo boron"ato” de formula (i) se proporcionan en la etapa (a).

13. El proceso de la reivindicacion 1, donde el 4cido de Lewis se selecciona
entre el grupo compuesto por cloruro de zinc, bromuro de zinc, cloruro férrico, y
bromuro férrico.

14. El proceso de la reivindicacion 0, donde el dcido de Lewis es himedo.

15. El proceso de la reivindicacién 0, donde en la etapa (a) el complejo
boron"ato" de férmula (/) se proporciona en una solucién que comprende un
disolvente de éter que tiene una baja miscibilidad con agua, y la etapa de
contacto (b) comprende las etapas:

(i) proporcionar una solucién que comprende un acido de Lewis y
tetrahidrofurano; y

(ii) afiadir la solucién de acido de Lewis a la solucién del complejo
boron"ato" de férmula (/) de la etapa (a).

/50
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16. El proceso de la reivindicacion 0, donde en la etapa (a) el complejo
boron"ato” de férmula (i) se proporciona en una solucion que comprende un
disolvente de éter que tiene una baja miscibilidad con agua, y la etapa de
contacto (b) comprende las etapas:

(i) proporcionar una solucién que comprende un acido de Lewis y
agua, y

(i) afadir la solucién de &cido de Lewis a la solucién del complejo
boron"ato” de férmula (/) de la etapa (a).

17.  El proceso de la reivindicacion 1, donde Y es un haldgeno.
18. El proceso de la reivindicacién 1, donde Y es cloro.

19.  El proceso de la reivindicacién 1, donde R! es alifatico C1.s, arilo Cg.10, ©
(aril Ce-1p)(alifético C1.).

20. El proceso de la reivindicacion 1, donde M* se selecciona entre el grupo
compuasto por Li*, Na*, y K",

21. El proceso de la reivindicacion 1, donde R* y R, tomados junto con los
atomos de oxigeno y boro que intervienen, forman un anillo de 5 miembros
opcionalmente sustituido.

22. El proceso de la reivindicacion 0, donde R* y R® juntos son un resto
quiral.

23. El proceso de la reivindicacion 0, donde el complejo boron"ato” de

formula () es:
R'o. <

eC)

13/
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24. El proceso de la reivindicacién 0, donde la etapa (b) proporciona el
compuesto de éster bérico de férmula (f) donde el atomo de carbono que lleva
R', R?, y R® es un centro quiral que tiene una proporcién diastereomérica de al
menos aproximadamente 96:4 con respecto a un centro quiral en el resto quiral
R-RS.

25. El proceso de la reivindicacion 0, donde la etapa (b) proporciona el
compuesto de éster bérico de férmula (f) donde el atomo de carbono que lleva
R', R%, y R? es un centro quiral que tiene una proporcién diastereomérica de al
menos aproximadamente 97:3 con respecto a un centro quiral en el resto quiral
R-RS,

26. E! proceso de la reivindicacién 0, caracterizado al menos por una de las
siguientes caracteristicas:

(a) la etapa de contacto (b) se realiza en una mezcla de
reaccién que comprende terc-butil metil éter;

(b) ol acido de Lewis es cloruro de zinc;

(c) al menos aproximadamente 5 moles del éster boérico de
formula (/) se proporcionan en la etapa (a);

(d) ~ la etapa de contacto (b) se realiza a una temperatura de
reaccién en el intervalo de apraximadamente -60°C a aproximadamente -30°C;

(e) el dcido de Lewis es humedo;
(f Y es cloro;

(9) R? es cloro;

(h) R? es hidrégeno; y

0 R! es alifatico Cy.

27. El proceso de la reivindicacion 0, caracterizado por al menos dos de las
caracteristicas (a)-(h).

13v
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28. El proceso de la reivindicacién 0, caracterizado por al menos tres de las
caracteristicas (a)-(h).

29. El proceso de la reivindicacion O, caracterizado por las ocho
caracteristicas (a)-(h) en su totalidad.

30. El proceso de la reivindicaciéon 0, que comprende adicionalmente:

(c) lavar la mezcla de reaccién con una solucién acuosa; y

(d) concentrar la mezcla de reaccién lavada retirando los disolventes
para dar un residuo que comprende el compuesto de éster bdrico de férmula

(.

31. El proceso de la reivindicacion 0, donde el residuo comprende al menos
aproximadamente cinco moles del compuesto de éster bérico de férmula (/).

32. El proceso de la reivindicacién 0, donde el compuesto de éster borico de
formula (/) presente en el residuo tiene una proporcién diastereomérica de al
menos aproximadamente 96:4 en el 4tomo de carbono que lleva R, R? y R?,
con respecto a un centro quiral en el resto quiral R*-R®,

33. El proceso de la reivindicacién 0, donde el compuesto de éster bérico de
férmula (f) presente en el residuo tiene una proporcidn diastereomérica de al
menos aproximadamente 97:3 en el 4tomo de carbono que lleva R', R y R?,
con respecto a un centro quiral en el resto quiral R*-R5.

34. Una composicién que comprende un disoivente de éter que tiene una
baja miscibilidad con agua y al menos aproximadamente diez moles de un
compuesto de éster borico de férmula (/):

R? R’
¥ Ng-OR!
OR® ()

)35
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en la que:

R' es un grupo alifitico, aromético o heteroaromético opcionalmente
sustituido;

R? es hidrégeno, un grupo nucledfugo o un grupo alifstico, aromético o
heteroaromaético opcionalmente sustituido;

R?® es un grupo nucledfugo o un grupo alifstico, aromético o
heteroaroméatico opcionalmente sustituido; y

cada uno de R* y R° independientemente, es un grupo alifatico,
aromético o heteroaromatico opcionalmente sustituido o R* y R?, tomados junto
con los atomos de oxigeno y boro que intervienen, forman un anilio de 5 a 10
miembros opcionalmente sustituido que tiene 0-2 heteroatomos més en el anillo
seleccionados entre N, O 0 S.

35. Una composicién que comprende un disolvente de éter que tiene una
baja miscibilidad con agua y al menos aproximadamente diez moles de un
compuesto de éster borico de férmula (/):
R
2:"\?,0#
OR® ()

en la que:

R' es un grupo alifdtico, aromatico o heteroaromatico opcionalmente
sustituido;

R? es hidrégeno, un grupo nucledfugo o un grupo alifatico, aromético o
heteroaroméatico opcionalmente sustituido;

R® es un grupo nucledfugo o un grupo alifdtico, aroméatico o
heteroaromatico opcionalmente sustituido; y

cada uno de R* y RS, independientemente, es un grupo alifético,
aromatico o heteroaromético opcionalmente sustituido o R* y R®, tomados junto
con los atomos de oxigeno y boro que intervienen, forman un anillo de 5 a 10
miembros opcionalmente sustituido que tiene 0-2 heteroatomos méas en el anillo
seleccionados entre N, O 0 S.

F2er-
i
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donde el 4tomo de carbono al que estan unidos R', R2 y R® es un centro
quiral, que tisne una proporcibn diastereomérica de al menos
aproximadamente 96:4, con respecto a un centro quiral en el resto quiral R*-R°®,

36. Una composicion que comprende un disolvente de éter que tiene una
baja miscibilidad con agua y al menos aproximadamente diez moles de un
compuesto de éster bérico de formula (/):

B
ORS )
en la que:

R! es un grupo alifitico, aromético o heteroaromético opcionalmente
sustituido;

R? es hidrégeno, un grupo nucledfugo o un grupo alifatico, aromético o
heteroaromatico opcionalmente sustituido;

R® es un grupo nucledfugo o un grupo alifatico, aromatico o
heteroaromatico opcionalmente sustituido; y

cada uno de R* y R® independientemente, es un grupo alifatico,
aromatico o heteroaromatico opcionalmente sustituido o R* y R®, tomados junto
con los atomos de oxIgeno y boro que intervienen, forman un anillo de 5 a 10
miembros opcionalmente sustituido que tiene 0-2 heteroatomos mas en el anillo
seleccionados entre N, O 0 S.

donde el 4tomo de carbono al que estan unidos R', R, y R® es un centro
quiral, que tiene una proporcién epimérica de al menos aproximadamente 96:4,

37. La composicion de una cualquiera de las reivindicaciones 0-0, donde la
solubilidad del agua en el disolvente de éter es menor de aproximadamente el

2% plp.

38. La composicién de una cualquiera de las reivindicaciones 0-0, donde el
disolvente de éter se selecciona entre el grupo compuesto por ferc-butil metil

ET
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éter, terc-butil etil éter, ferc-amil metil éter, éter isopropilico, y mezclas de los
mismos.

39. La composicién de una cualquiera de las reivindicaciones 0-0, donde R'
es alifatico C,.g, arilo Cg.10, 0 (aril Cg.m)(ﬂlifético C1.e).

40. La composicibn de una cualquiera de las reivindicaciones 0-0,
caracterizada al menos por una de las siguientes caracteristicas:

(@ R?es cloro;

(b) R2?es hidrégeno; y

(C) R!es alifatico Ci4

41. La composicién de una cualquiera de las reivindicaciones 0-0, donde R*
y RS, tomados junto con los &4tomos de oxigenc y boro que intervienen, forman
un anillo de 5 miembros opcionalmente sustituido.

42. La composicidn de una cualquiera de las reivindicaciones 0-0, donde el
compuesto de fdrmuia (/) es
R1 2 R1

::*Q' & ::"\q-o.
Oi i K O -< : ><
0 .

43. Una composicion que comprende al menos aproximadamente diez
moles de un compuesto de éster bérico de formula (/):

ORS ()
en la que:
R' es un grupo alifatico, aromatico o heteroaromético opcionalmente
sustituido;

/36
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R? es hidrégeno, un grupo nucleéfugo o un grupo alifatico, aromético o
heteroaromaético opcionalmente sustituido;

R? es un grupo nucletfugo o un grupo alifitico, aromatico o
heteroaromatico opcionalmente sustituido; y

cada uno de R* y R® independientemente, es un grupo alifatico,
aromatico o heteroaromético opcionalmente sustituido o R* y R®, tomados junto
con los atomos de oxigeno y boro que intervienen, forman un anillo de 5 a 10
miembros opcionalmente sustituido que tiene 0-2 heteroatomos mas en el anillo
seleccionados entre N, O 0 S.

donde el 4tomo de carbono al que estan unidos R', R?, y R® es un centro
quiral, que tiene una proporcion diastereomérica de al menos
aproximadamente 86:4, con respecto a un centro quiral en el resto quiral R*-R%;
y

donde el compuesto de éster bérico de férmula (f) constituye al menos
aproximadamente el 70% p/p de la composicion.

44. La composicion de la reivindicacion 0 que comprende al menos
aproximadamente 20 moles del compuesto de éster bdrico de férmula (J).

45. La composicién de la reivindicacién 0, donde el 4tomo de carbono al que
estan unidos R', R?, y R? tiene una proporcién diastereomérica de al menos
aproximadamente 97:3, con respecto a un centro quiral en el resto quiral R*-R5.

46. La composicion de la reivindicacién 0, donde todo el compuesto de éster
bérico de férmula (/) presente en la composicién se produce en un solo lote.

47. La composicion de la reivindicaciéon 0, donde todo el compuasto de éster
bérico de fdrmula (/) presente en la composicién se produce en un solo lote del
proceso de acuerdo con la reivindicacion 1.

31
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48. La composicion de la reivindicacibn 0, donde hay presente al menos
alguna de las siguientes caracteristicas:

(@) R}es cloro;

(b) el compuesto de éster bérico de férmula (/) es:

Rz R‘l 2 R1

* JO s R’L o)
RY "B S RY B,

(¢} R?es hidrogeno; y
(d) R'es alifitico Cy..

49. Un proceso a gran escala para preparar un compuesto de éster bérico
de férmula (I):

ORS ("

en la que:

R' es un grupo alifdtico, aromético o heteroaromatico opcionalmente
sustituido;

R? es hidrogeno, un grupo nucledfugo o un grupo alifatico, aromatico o
heteroaromatico opcionalmente sustituido;

R® es un grupo nucledfugo o un grupo alifitico, aromético o
heteroaromatico opcionalmente sustituido; y

cada uno de R* y R independientemente, es un grupo alifético,
aromético o heteroaromético opcionalmente sustituido o R* y R®, tomados junto
con los atomos de oxigeno y boro que intervienen, forman un anillo de 5 a 10
miembros opcionalmente sustituido que tiene 0-2 heteroatomos mas en el anillo
selaccionados entre N, O 0 §;
comprendiendo dicho proceso:

(a) proporcionar una solucién que comprende:

(i) un éster bérico de férmula (/).

133
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RLB,0R4
ORS 1)
en la que R', R*, y R® son como se han definido anteriormente; y

(i) un disolvente de éter que tiene una baja miscibilidad con

agua;
(b) tratar la solucidn con un reactivo de formula (/V):
R3
RZ
Yﬂ - M + ( ’v)
para formar un complejo boron"ato" de formula (H):
R
S5.or
YR Me
ORS (/)]
en la que:
Y es un grupo nuclesdfugo;

M* es un catién; y
cada uno de R' a R® es como se han definido anteriormente; y

(c) poner en contacto el complejo boron"ato™ de férmula (i) con un
acido de Lewis en condiciones que dan el compuesto de éster bérico de
formula (), realizandose dicha etapa de puesta en contacto en una mezcia de
reaccion que comprende:

() un disolvente de coordinacién de éter que tiene una
baja miscibilidad con agua; o

(i) un disolvente de éter que tiene una baja miscibilidad
con agua y un co-disolvente de coordinacion.

50. Un proceso a gran escala para preparar un compuesto de éster bérico
de formula (/)

OR® 0

en la que:
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R'! es un grupo alifitico, aromético o heteroaromético opcionalmente
sustituido;
R? es hidrégeno, un grupo nucledfugo o un grupo alifatico, aroméatico o
heteroaromatico opcionalmente sustituido;
R’ es un grupo nucleSfugo o un grupo alifitico, aromatico o
heteroaromético opcionalmente sustituido; y
cada uno de R* y R% independientemente, es un grupo alifatico,
aromético o heteroaromético opcionalments sustituido o R* y R®, tomados junto
con los dtomos de oxigeno y boro que intervienen, forman un anillo de 5 a 10
miembros opcionalmente sustituido que tiene 0-2 heterodtomos més en el anillo
seleccionados entre N, O 0 S;
comprendiendo dicho proceso:
(a) proporcionar una solucién que comprende:
(i) un éster bérico de férmula (H):
RL?,OR‘
ORS (1
donde R, R*, y R® son como se han definido anteriormente;
(i) uncompuesto de férmula (V):

R% __R?

T \%)
donde Y es un grupo nucleéfugo, y R®> y R® son como se han definido
anteriormente; y

(i) un disolvente que comprende:

(aa) un disolvente de coordinacién de éter que tiene una
baja miscibilidad con agua; o

(bb) un disolvente de éter que tiene una baja miscibilidad
con agua y un co-disolvente de coordinacién;

(b) ftratar la solucion de la etapa (a) con una base fuerts, con
impedimentos estéricos, para formar un complejo boron"ato™ de férmula (H):
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R3
RY R ort
YO e
ORS (i
donde M* es un catién derivado de la base, y cada uno de Y y R! a R® son
como se han definido anteriommente; y

(c) poner en contacto el complejo boron"ato” de férmula (i) con un
acido de Lewis en una solucién que comprende un disolvente de éter que tiene
una baja miscibilidad con agua para formar el compuesto de éster bérico de

formula (/).

51. Un proceso a gran escala para preparar un compuesto de éster bérico
de férmula (/):

B
OR® n
en la que:
R' es un grupo alifatico, aroméatico o heteroaromético opcionalmente
sustituido;
R? es hidrogeno, un grupo nucledfugo o un grupo alifatico, aromatico o
heteroaromatico opcionalmente sustituido;
R® es un grupo nucledfugo o un grupo alifatico, aromatico o
heteroaromético opcionalmente sustituido; y
R* y R5 tomados conjuntamente, forman una cadena de unién
opcionalmente sustituida que comprende 2-5 atomos de carbono y 0-2
heterodtomos seleccionados entre el grupo compuesto por O, N, ¥ S;
comprendiendo dicho proceso:
(a) proporcionar una solucién que comprende:
(i) un compuesto de acido bérico de férmula (VI):
RL?,OH
OH (V)

donde R' es como se ha definido anteriormente;
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(i)  un compuesto de férmula HO-R*-R®-OH, donde R* y R® son
como se han definido anteriormente; y
(i)  un disolvente orgéanico que forma un azedétropo con agua;
(b) calentar la soluciébn de la etapa (a) a reflujo, con retirada
azeotrépica del agua, para formar un éster bérico de férmula (H):
R-L?,OR‘
OR® (i
donde R', R*, y R3 son como se han definido anteriormente;
(c) proporcionar una solucién que comprende:
(i) el éster borico de férmula (i),
(i) un compuesto de formula (V):
R:_R?

v " V)
donde Y es un grupo nuclesfugo, y R*> y R® son como se han definido
anteriormente; y

(i) un disolventa que comprende:
(aa) un disolvente de coordinacién de éter que tiene una
baja miscibilidad con agua; o
(bb) un disolvente de éter que tiene una baja miscibilidad
con agua y un co-disolvente de coordinacion;
(d) tratar la soluciébn de la etapa (c) con una base fuerte, con

impedimentos estéricos, para formar un complejo boron"ato” de férmula (/)

R Rlort
YRR

donde M* es un catién derivado de la base, y cada uno de Y y R' a R® son
como se han definido anteriormente; y

(e) poner en contacto el complejo boron"ato” de férmula (/) con un
acido de Lewis en una solucidn que comprende un disolvente de éter que tiene
una baja miscibilidad con agua para formar el compuesto de éster bérico de
formula (/).

52
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52. El proceso de la reivindicaciéon 0 o 0, donde la base con impedimentos
estéricos es una base de dialquilamida de metal alcalino de férmula MN(R").,
donde M? se selecciona entre el grupo compuesto por Li, Na, y K, y cada R,
independientemente, es un alifatico Css ramificado o ciclico.

53. El proceso de la reivindicacion 0, donde el disolvente organico en la
etapa (a) se selecciona entre el grupo compuesio por acetonitrilo, tolueno,
hexano, heptano, y mezclas de los mismos.

54. EIl proceso de la reivindicacion 0, donde el disolvente organico en la
etapa (a) es un disolvente de éter que tiene una baja miscibilidad con agua.

55. El proceso de la reivindicacién 0, donde las soluciones en cada una de
las etapas (a) y (c) comprenden el mismo disolvente de éter.

56. El proceso de la reivindicacién 0, donde la etapa (b) proporciona una
solucidn de producte que comprende el éster bérico de formula (#h), y la
solucién de producto de la etapa (b) se usa en la etapa (c) sin aislar el éster
bérico de férmula (HI).

57. Un proceso a gran escala para preparar un compuesto de éster
aminobérico de férmula (V).

R1
A g-OR*
OR® (v
o una sal de adicion de acidos del mismo, donde:
en la que:

R! es un grupo alifdtico, aromético o heteroaromatico opcionalmente

HaN

sustituido; y
cada uno de R* y RS independientemente, es un grupo alifatico,
aromético o heteroaromético opcionalmente sustituido o R* y R®, tomados junto

/45
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con los atomos de oxigeno y boro que intervienen, forman un anillo de 5 a 10
miembros opcionalmente sustituido que tiene 0-2 heteroatomos mas en el anillo
seleccionados entre N, O 0 S
comprendiendo dicho proceso:;

(a) proporcionar un complejo boron"ato® de férmula (i):

R R!
S oR
Y R M
ORS (i
donde

Y es un grupo nucleéfugo;
M* es un cation;
R? es hidrégeno;

R? es un grupo nucledfugo; y

cada uno de R', R, y R® son como se han definido anteriormente;

(b) poner en contacto el complejo boron"ato™ de férmula (/) con un
acido de Lewis en condiciones que dan el compuesto de éster bérico de
férmula (J):

OR® ()
donde cada uno de R' a R® es como se ha definido anteriormente, realizandose
dicha etapa de puesta en contacto en a mezcla de reaccidon que comprende:

(i) un disolvente de coordinacibn de éter que tiene una baja
miscibilidad con agua; o

(i) un disolvente de éter que tiene una baja miscibilidad con agua y
un co-disolvente de coordinacion;

(c) tratar el compuesto de éster bérico de férmula (/) con un reactivo
de féormula M'-N(Si(R%a)., donde M' es un metal alcalino y cada R®
independientemente se selecciona entre el grupo compuesto por alquilo,
aralquilo, y arilo, donde el arilo o porcién arilo del aralquilo esta opcionalmente
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sustituido, para formar un subproducto de fomula M'-R? y un compuesto de
formula (VIN):
R1
(G)zNJ\?.OR“
ORS (Vi)
en la que cada G y R' a R® son como se han definido anteriormente; y
(d) retirar los grupos G para formar un compuesto de férmula (VI/):

R1
HzNJ\ _OR*

B
ORS (vih
o una sal de adicién de acidos del mismo.

58. El proceso de la reivindicacién 0, donde la mezcla de reaccién en la
etapa (c) comprende un disolvente orgénico en el que el subproducto M'-R®
tiene poca solubilidad.

59. El proceso de la reivindicacién 0, donde M’ es Li y R® es Cl.

60. El proceso de la reivindicacion 0, donde la mezcla de reaccién en la
etapa (c¢) comprende un disolvente organico seleccionado entre el grupo
compuesto por metilciclohexano, ciclohexano, heptano, hexano, tolueno, y
mezclas de los mismos.

61. El proceso de la reivindicacion 0, donde ia reaccion en la etapa {(c) se
realiza a una temperatura de reaccion en el intervalo de aproximadamente -
100°C a aproximadamente 50°C.

62. El proceso de la reivindicacion 0, donde |a temperatura de reaccion esta
en el intervalo de aproximadamente -50°C a aproximadamente 25°C.
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63. El proceso de la reivindicacién 0, donde la temperatura de reaccion esta
en el intervalo de aproximadamente -30°C a aproximadamente 0°C.

64. El proceso de la reivindicacion 0, donde la etapa (d) comprende tratar el
compuesto de férmula (VII) con un acido y aislar el compuesto de formula (Vi)
en forma de la sal de adicién de acidos.

65. El proceso de la reivindicacidn 0, donde el 4cido es acido trifluoroacético.

66. El proceso de la reivindicacién 0, donde la etapa (c) comprende
adicionalmente filtrar la mezcla de reaccion para proporcionar un fitrado que
comprende el compuesto de férmula (VII).

67. El proceso de la reivindicacién 0, donde en la etapa (c), el reactivo de
formula M'-N(Si(R®)). se afiade a la mezcla de reaccion en forma de una
solucibn gque comprende tetrahidrofurano, y la etapa (c¢) comprende
adicionalmente retirar the tetrahidrofurano antes de filtrar la mezcla de
reaccién.

68. El proceso de la reivindicacién 0, donde el filtrado se usa directamente
en |a etapa (d).

69. E! proceso de la reivindicacién 0, que comprende adicionalmente la
etapa:
() acoplar el compuesto de formuta (V) con un compuesto de
formula (IX):
R?
P‘-u)\n‘x
O (IX)
donde:
P! es resto que bloquea al grupo amino;

[ ¥
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R’ se selecciona entre el grupo compuesto por hidrégeno, alifatico Ci.1o,
arilo Ca 10 opcionalmente sustituido, o alifatico C1.¢-R% y

R® se selecciona entre el grupo compuesto por grupos alcoxi, alquiltio,
arilo opcionalmente sustituido, heteroarilo, y heterociclilo, y grupos amino,
hidroxi, y guanidino opcionalmente protegidos; y

X es OH o un grupo salients;
para formar un compuesto de férmula (X):
R" ., OR'

NYB‘OR-"
o R ()

donde cada uno de P, R', R*, R® y R? es como se ha definido anteriormente.

P-N
H

70. El proceso de la reivindicacion 0, donde P! es un grupo protector
escindible.

71. El proceso de la reivindicacién 0, que comprende adicionalmente las
etapas:
(h  escindir el grupo protector P' para formar un compuesto de
formula (X7):
Ry cém‘

HZNJ\H’NY “OR5

o R (X1
o una sal de adicién de acidos del mismo, donde cada uno de R', R*, RS, y R’
es como se ha definido anteriormente;

(g) acoplar el compuesto de formula (X/) con un reactivo de férmula
P2-X, donde P? es un resto que bloquea al grupo amino y X es un grupo
saliente, para formar un compuesto de formula (X#):
R , OR*
P’-HJ\rN\:B‘ons

O R oan
donde cada uno de P%, R', R, R% y R’ son como se han definido
anteriormente; y

lf¥
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(h) desproteger el resto &cido bérico para formar un compuesto de
férmula (XH):
R7 H (é)H
|='2-{_~|I Y TOH
0 R (X1
o un anhldrido de 4cido bdrico del mismo, donde cada uno de P!, R, y R son
como se han definido anteriormente.

72. Un proceso a gran escala para preparar un compuesto de éster
aminobérico de férmula (Vi/a) o (VIIb):
R! R!
J\?,OR‘ HzNA?.OR‘
OR® (Vila) OR®  (ViIb)
o una sal de adicion de acidos del mismo, donde:
R' es un grupo alifatico, aromético o heteroaromatico opcionaimente
sustituido; y
R* y R® tomados junto con los atomos de oxigeno y boro que

H;N

intervienen, forman un éster bérico ciclico quiral opcionalmente sustituido;
comprendiendo dicho proceso:
(a) proporcionar un complejo boron"ato" de férmula (/la) o (/fb):

R R R R? i R
S LOR* I OR*
Y ? " M+ Y ? . Mt
ORS (ifa) ORS (/fb)
donde

Y es un grupo nucleéfugo;
M” es un catién;
R? es hidrdgeno;

R? es un grupo nucleéfugo; y

R* y R® son como se han definido anteriormente;

(b) poner en contacto el complejo boron"ato™ de formula (/fa) o (lib)
con un acido de Lewis en condiciones que dan un compuesto de éster bérico
de férmuia (/a) o (Ib):
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R1 2 B1
::"—J\B.OR‘ :,xa.on‘
OR® (fa) ORS (ib)

donde cada uno de R' a R® es como se ha definido anteriormente, realizandose
dicha etapa de puesta en contacto en a mezcla de reaccién que comprende:
(i) un disolvente de coordinacion de éter que tiene una baja

miscibilidad con agua; o

(i) un disolvente de éter que tiene una baja miscibilidad con
agua y un co-disolvente de coordinacion;

(c) tratar el compuesto de éster bérico de férmula (fa) o (Ib) con un
reactivo de férmula M'-N(G),, donde M' es un metal alcalino y cada G es un
resto protector del grupo amino, para formar un compuesto de féormula (Villa) o
(Vilib).

R R!
(GhNJ\?,om (G),N’-‘q'OR‘
OR® (Villa) OR®  (Vilb)
donde cada G y R! a R® son como se han definido anteriormentse; y

(d) retirar los grupos G para formar un compuesto de férmula (Viia) o

(VIIb):
R! R!
HZNJ\?.OR“ HzN;\I?,on"
OR® (Vila) OR® (ViIb)
0 una sal de adicién de acidos del mismo.

73. Un proceso a gran escala para formar un compuesto de formula (X7V):

N Y oav)

o un anhldrido de acido bérico del mismo, comprendiendo dicho proceso:
(a) proporcionar uh complejo boron"ato” de formula (XV):
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HR,E@
Yo
M (xXV)
donde:
M* es un metal alcalino;

(b) poner en contacto el complejo boron"ato” de férmula (XV) con un
4cido de Lewis en condiciones que dan un compuesto de éster bérico de

férmula (XVI):

e

R,Aq.o s
- {<
(XvI)

realizdndose dicha etapa de puesta en contacto en a mezcla de reaccién que
comprende un disolvente de éter que tiene una baja miscibilidad con agua;

(c) tratar el compuesto de éster borico de férmula (XVI) con un
reactivo de férmula M'-N{(G);, donde M' es un metal alcalino y cada G
individual o conjuntamente es un grupo protector del grupo amino, para formar

un compuesto de fébrmula (XVII):

(GRN" BN
03 Z><
(XViI)

(d) retirar los grupos G para formar un compuesto de férmula (XVII):

HN" B a
(&)
(xvim)

o una sal de adicién de acidos del mismo;
(e) acoplar el compuesto de formula (XVIll) con un compuesto de

formula (XIX);
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P‘-H
en la que:
P! es un resto protector del grupo amino escindible; y
X es OH o un grupo saliente;
para formar un compuesto de férmula (XX)-

P1 vB\

0]

donde P! es como se ha definido anteriormente;
()  retirar el grupo protector P! para formar un compuesto de férmula

- 5) "

(3xr)

0 una sal de adicién de acidos del mismo;
(g) acoplar el compuesto de férmula (XXI) con un reactivo de fdrmula

(20ai)
N
G
o (o
donde X es un OH o un grupo saliente, para formar un compuesto de férmula
(XX
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aQ H 9@
N N B.
" h g (o ; y

(h) desproteger el resto acido bdrico para formar el compuesto de
férmula (XIV) o un anhidrido de acido bérico det mismo.

74. El proceso de la reivindicacidn 0, caracterizado al menos por una de las
siguientes caracteristicas (1)-(5):

(1) en el complejo boron"ato" de férmula (XV), R? y Y son ambaos
cloro;

(2) la etapa de acoplamiento (e) comprende las etapas:

(i) acoplar el compuesto de férmula (XVIil) con un compuesto
de formula (XIX) donde X es OH en presencia de tetrafluoroborato de 2-(1H-
benzotriazol-1-il}-1,1,3,3-tetrametiluronio (TBTU) y una amina terciaria en
diclorometano;

(i) realizar un intercambio de disolvente para sustituir
diclorometano con acetato de etilo; y

(i) realizar un lavado acuoso de la solucién de acetato de etilo.

(3) la etapa de retirar el grupo protector (f) comprende las etapas:

(i) tratar el compuesto de fdrmula (XX) con HCI en acetato de

etilo;

(i) anadir heptano a la mezcla de reaccién; y

(iiiy aislar por cristalizaciéon el compuesto de férmula (XO() en

forma de su sal de adicién de HCI;
(4) la etapa de acoplamiento (g) comprende las etapas:

(i) acoplar el compuesto de formula (XX/) con acido 2-

pirazina-carboxilico en presencia de TBTU y una amina terciaria en
diclorometano;

/52
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(i) realizar un intercambic de disolvente para sustituir
diclorometano con acetato de etilo; y

(i) realizar un lavado acuosa de la solucién de acetato de etilo;
y
(5) la etapa de desproteger el acido borico (h) comprende las etapas:

(i) proporcionar una mezcla bifasica que comprende el
compuesto de fdrmula (XXTII), un aceptor organico de acido bdrico, un
alcanol inferior, un disolvente hidrocarburo Css, ¥ un acido mineral
acuoso;

(i) agitar la mezcla bifasica para dar el compuesto de formula
(Xivy,

(it} separar las capas de disolvente; y

(iv) extraer el compuesto de fdrmula (XIV), o un anhidrido de
acido bérico del mismo, en un disolvente organico.

75. El proceso de la reivindicacion 0, caracterizado por las cinco
caracteristicas (1)-(5) en su totalidad.

76. El proceso de la reivindicacion 0, donde la etapa (h)(iii) comprende las
etapas:

(1) separar las capas de disolvente;

(2) ajustar la capa acuosa a pH basico;

(3) lavar la capa acuosa con un disolvente organico; y

(4) ajustar la capa acuosa a un pH menor de aproximadamente 8,

77. El proceso de la reivindicacion 0, donde en la etapa (h)iii}(3), la capa
acuosa se lava con diclorometano.

78. El proceso de la reivindicacion 0, donde en la etapa (h)iv), el compuesio
de formula (XIV), o un anhidrido de acido borico del mismo, se extrae en
diclorometano, el disolvente se cambia a acetato de etilo, y el compuesto de

/55
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féormula (X1V), o un anhidrido de acido bérico del mismo, se cristaliza por
adicién de hexano o heptano.
79. El proceso de la reivindicacién 0, donde la adicién de hexano o heptano
da como resultado la cristalizacién de un anhidrido de acido bérico trimérico
clclico de formula (XXXIV):
H i
. N;;NV::I
E /Ji H g £°
N he
(XXIV).
80. Un proceso a gran escala para formar un compuesto de férmula (XIV):
I’ﬂ 'y
(Xiv)

o un anhidrido de &cido bérico del mismo, que comprende las etapas:
(aa) acopiar un compuesto de férmula (XVIir):

H,N¢o S
0-2 g><
(XVIl)

o una sal de adicién de acidos del mismo, con un compuesto de férmula (XIX):

PI-N
H

en la que:
P! as un resto protector del grupo amino escindible; y
X es OH o un grupo saliente;

/SY
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para formar un compuesto de férmula (XX):

o
\I/ (300

en la que P! es como se ha definido anteriormente, comprendiendo dicha etapa
(aa) de acoplamiento las etapas:

5 (i) acoplar el compuesto de férmula (XVIII) con un compuesto
de férmula (XIX) donde X es OH en presencia de tetrafluoroborato de 2-
(1H-benzotriazol-1-il}-1,1,3,3-tetrametiluronio (TBTU) y una amina
terciaria en diclorometano;

(i) realizar un intercambio de disolvente para sustituir

10 diclorometano con acetato de etilo; y
(iii) realizar un lavado acuoso de la solucién de acetato de etilo;
(bb) retirar el grupo protector P' para formar un compuesto de formula

- @g

(XX1)
15 o una sal de adicién de &cidos del mismo, comprendiendo dicha etapa (bb) de
retirar el grupo protector las etapas:
(i) tratar el compuesto de férmula (XX¢) con HCI en acetato de etilo;
(i) afadir heptano a la mezcla de reaccion; y
(i)  aislar por cristalizacion el compuesto de formula (XX7) en forma de
20 su sal de adicién de HCI;
(cc) acoplar el compuesto de férmula (XXI) con un reactivo de férmula
(X
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N
G,
° (XX

donde X es un OH o un grupo saliente, para formar un compuesto de formula

(20dir):
J)L H o

(i,
5 comprendiendo dicha etapa {cc) de acoplamiento las etapas:

(il acoplar el compuesto de férmula (dOU) con éacido 2-
pirazina-carboxllico en presencia de TBTU y una amina terciaria en
diclorometano;

(i) realizar un intercambio de disolvente para sustituir

10 diclorometano con acetato de etilo; y

(iii)  realizar un lavado acuoso de la solucién de acetato de etilo;
y
(dd) desproteger el resto acido bérico para formar el compuesto de

formula (XIV) o un anhidrido de acido bérico del mismo, comprendiendo dicha
15 etapa (dd) de desproteccion las etapas:

(i) proporcionar una mezcla bifédsica que comprende el
compuesto de férmula (XXXII), un aceptor organico de acido bérico, un
alcanol inferior, un disolvente hidrocarburo Csg, ¥ 4cido mineral acuoso;

(i) agitar la mezcla bifasica para dar el compuesto de férmula

20 (X1Vv),

(i) separar las capas de disolvente; y

(iv) extraer el compuesto de férmula (X1V), o un anhidrido de
acido bérico del mismo, en un disolvente orgénico.
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81. El proceso de la reivindicacién 0, donde la etapa (dd)(iii) comprende las
etapas:

(1) separar las capas de disolvente;

(2) ajustarla capa acuosa a pH basico;

(3) lavarla capa acuosa con un disolvente orgénico; y

(4) ajustar la capa acuosa a un pH menor de aproximadamente 8.

82. El proceso de la reivindicacién 0, donde en la etapa (dd)(iv), el
compuesto de férmula (XiIV), o un anhidrido de acido bérico del mismo, se
extrae en diclorometano, el disolvente se cambia a acetato de etilo, y el
compuesto de férmula (XIV), o un anhidrido de &cido bérico del mismo, se
cristaliza por adicién de hexano o heptano.

83. El proceso de la reivindicacion 0, donde la adicién de hexano o heptano
da como resultado la cristalizacién de un anhidrido de 4acido bdrico trimérico

ciclico de férmula (JOUV):
2 H
[ ?Nyzi
PRARVL
N he
84. Un proceso a gran escala para formar un compuesto de formula (XTV):

H ©H

N N._B.
E:Jjur*f o
N Y V)

o un anhidrido de acido bérico del mismo. Comprendiendo el proceso las
etapas:
(a) proporcionar un complejo boron"ato" de fdrmula (XV):

poav).

157
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R’T :
ST
Y -0
M* (Xv)
en la que:
R® es un grupo nucledfugo;

Y es un grupo nucleéfugo; y

M* es un metal alcalino;

(b) poner en contacto el complejo boron"ato" de féormula (XV) con un
écido de Lewis en condiciones que dan un compuesto de éster borico de

formula (XVI):
A

R A
OQ Z)(
(Xvi)

realizadndose dicha etapa de puesta en contacto en una mezcla de reaccién que
comprende:
(i) un disolvente de coordinacién de éter que tiene una baja

miscibilidad con agua; o

(i) un disolvente de éter que tiene una baja miscibilidad con
agua y un co-disolvente de coordinacidn;

(c) tratar el compuesto de éster borico de formula (XVI) con un
reactivo de formula M'-N(Si(R®)s)z. donde M' es un metal alcalino y cada R® se
selecciona independientemente entre el grupo compuesto por alquilo, aralquilo,
y arilo, donde el arilo o porcién arilo del aralquilo esta opcionalmente sustituido,
para formar un compuesto de férmula (XVII):

(RSN E‘!'f’zz"
xvii

o

(1S3
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(d) retirar los grupos (R%)sSi para formar un compuesto de férmula

(xvin:
Hznfja?o § '
)
~®< v

0 una sal de adicién de acidos del mismo;
(e') acoplar el compuesto de féormula (XVIll) con un compuesto de

férmula (XiIXa):
o)
N\ NJ: Ex
E J4 H o
N (XIXa)

en la que X es OH o un grupo saliente, para formar un compuesto de férmula

(B¢, (//}F

¢ A&
| ] W S Y
" Y ) |y

() desproteger el resto 4cido bérico para formar el compuesto de
fébrmula (XIV) o un anhidrido de acido bérico del mismo.

85. El proceso de la reivindicacién 0, caracterizado al menos por una de las
siguientes caracteristicas (1)-(3):
(1) En el complejo boron"ato" de foérmula (XV), R® y Y son ambos
cloro.
(2) La etapa de acoplamiento (e') comprende las etapas:
(i) acoplar el compuesto de férmula (XVIll) con un compuesto
de formula (XIXa) donde X es OH en presencia de tetrafluoroborato de

(S4
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2-(1H-benzotriazol-1-il)-1,1,3,3-tetrametiluronio (TBTU) y una amina
terciaria en diclorometano;

(i) realizar un intercambio de disolvente para sustituir

diclorometano con acetato de etilo; y

(3)
etapas:

(i) realizar un lavado acuoso de la solucion de acetato de etilo.
Comprendiendo la etapa de desproteger el acido bérico (f) las

() proporcionar una mezcla bifasica que comprende el

compuesto de férmula (O, un aceptor organico de acido bdrico, un
alcanol inferior, un disolvente hidrocarburo Cs, y &cido mineral acuoso;

(X))
(i)
(iv)

(i) agitar la mezcla bifasica para dar el compuesto de férmula

separar las capas de disolvente; y
extraer el compuesto de férmula (X7V), o un anhidrido de acido

borico del mismo, en un disolvente organico.

88. El proceso de la reivindicacion 0, donde la etapa (f')(iiij) comprende las

etapas:
(1)
(2)
(3)
(4)

separar las capas de disolvente;

ajustar la capa acuosa a pH basico;

lavar la capa acuosa con un disolvente organico; y

ajustar la capa acuosa a un pH menor de aproximadamente 8.

87. El proceso de la reivindicacion 0, donde en la etapa (f)(iii)X3), la capa
acuosa se lava con diclorometano.

88. El proceso de la reivindicacién 0, donde en la etapa (f)(iv), el compuesto
de férmula (XIV), o un anhidrido de &cido bérico del mismo, se extrae en
diclorometano, el disolvente se cambia a acetato de etilo, y el compuesto de
formula (XIV), o un anhidrido de éacido borico del mismo, se cristaliza por

adiciéon de hexano o heptano.

oo
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89. El proceso de la reivindicacion 0, donde la adicién de hexano ¢ heptano
da como resultado la cristalizacién de un anhidrido de acido bérico trimérico

ciclico de formula (XXIV):
1T N Y I
R

90. Una composicion que comprende al menos un kilogramo de un
compuesto de férmula (XXIV):

EJ’&E{; .

donde el compuesto de férmula (XXIV) se prepara de acuerda con el proceso

OaV).

de la reivindicacion 0 0 0.

91. Una composicibn que comprende al menos un kilogramo de un
compuesto de formula (XXIV):

Vel
SRS -

donde el compuesto de férmula (XXIV) constituye al menos el 89% p/p de la
composicion.
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RESUMEN DE LA DESCRIPCION

La invencién se refiare a la sintesis de compuestos de éster y écido
bérico. Mas particularmente, la invencién proporciona procesos sintéticos
mejorados para la produccién a gran escala de compuestos de éster y Acido
bérico, incluyendo el inhibidor de proteasoma peptidico de Acido boérico
bortezomib.

o
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SYNTHESIS OF BORONIC ESTER AND ACID COMPOUNDS

BACKGROUND OF THE INVENTION

Field of the Invention

[001] This invention relates to the synthesis of boronic ester and acid compounds.
More particularly, the invention relates to large-acale synthetic processes for the prepamation
of boronic ester and acid compounds by Lewis acid promoted rearrangement of boron "ate"

complexes.

Background of the Invention
[002] Boronic acid and ester compounds display a variety of pharmaceutically

useful biological activities. Shenvi et al., US. Pat. No. 4,499,082 (1985), discloses that peptide

boronic acids are inhibitors of certain proteolytic enzymes. Kettner and Shenvi, US. Pat No.
5,187,157 (1993), US. Pat. No. 5,242,904 (1993), and US. Pat. No. 5,250,720 (1993), describe a
class of peptide boronic acids that inhibit trypsin-like proteases. Kleeman et al., U.S. Pat. No.
5,169,841 (1992), discloses N-terminally modified peptide boronic acids that inhibit the
action of renin. Kinder et al., US. Pat. No. 5,106,948 (1992), discloses that certain tripeptide
boronic acid compounds inhibit the growth of cancer cells.

[o03] More recently, boronic acid and ester compounds have displayed perticular
promise as inhibitors of the proteasome, a multicatalytic protease responsible for the
majority of intracellular protein turnover. Ciechanover, Cell, 79: 13-21 (1994), discloses that
the proteasome is the proteolytic component of the ubiquitin-proteasome pathway, in which
proteins are targeted for degradation by conjugation to multiple molecules of ubiquitin.
Ciechanover also discloses that the ubiquitin-proteasome pathway plays a key role in a
variety of important physiological processes.

[004] Adams et al., US. Patent No. 5,780,454 (1998), U.S. Patent No. 6,066,730 (2000),
US. Patent No. 6,083,903 (2000), U.S. Patent No. 6,297,217 (2001), US. Patent No. 6,548,668,

-1-
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and US. Patent No. 6,617,317 (2003), hereby incorporated by reference in their entirety,
describe peptide boronic ester and acid compounds useful as proteasome inhibitors. The
references also describe the use of boronic ester and acid compounds to reduce the rate of
muscle protein degradation, to reduce the activity of NF-xB in a cell, to reduce the rate of
degradation of p53 protein in a cell, to inhibit cyclin degradation in a cell, to inhibit the
growth of a cancer cell, to inhibit antigen presentation in a cell, to inhibit NF-xB dependent
cell adhesion, and to inhibit HIV replication.

[005] Albanell and Adams, Drugs of the Future 27: 1079-1092 (2002), discloses that
one such peptide boronic acid proteasome inhibitor, bortezomib (N-2-pyrazinecarbonyl-L-
phenylalanine-L-leucineboronic acid), shows significant antitumor activity in human tumor
xenograft models and is undergoing clinical evaluation. Richardson et al., New Engl. . Med.,
348:2609 (2003), reports the results of a Phase 2 study of bortezomib, showing its
effectiveness in treating relapsed and refractory multiple myeloma.

[006] Studies of boronic acid protease inhibitors have been greatly advanced by the
development of chemistry for the preparation of functionalized boronic acid compounds,
particularly alpha-halo- and alpha-aminoboronic acids. Matteson and Majurndar, J. Am.
Chem. Soc., 102:7590 (1980), discloses a method for preparing alpha-chloroboronic esters by
homologation of boronic esters, and Mattesan and Ray, J. Am. Chem. Soc., 102:7591 (1980),
reports that chiral control of the homologation reaction can be achieved by the use of
pinanediol boronic esters. The preparation of alpha-aminoboronic acid and ester
compounds from the correspanding alpha-chloroboranic esters hes also been reported
(Matteson et al,, . Am. Chem. Soc., 103:5241 (1981); Shenvi, U.S. Patent No. 4,537,773 (1985)).

[007] Matteson and Sadhu, U.S. Patent No. 4,525,309 (1985), describes an improved
procedure for the homologation of boronic esters by rearrangement of the intermediate
boron "ate" complex in the presence of a Lewis acid catalyst. The Lewis acid is reported to
promote the rearrangement reaction and to minimize epimerization at the alpha-carbon
atom. Rigorous exclusion of water and careful cantrol of Lewis acid stoichiometry are
required for optimum results, however. These features render the reaction difficult to
perform successfully on a production scale, and limit the availability of pharmaceutically
important boraonic ester and acid compounds, such as bortezomib. Thus, there remains a
need in the art for improved methods for the large-scale production of boronic ester and
acid compounds.
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DESCRIFTION OF THE INVENTION
[o08] The present invention provides improved synthetic processes for the large-
scale production of boronic ester and acid compounds. These processes offer increased yield
and purity, increased throughput, and greater ease of handling as compared to prior art
methods. Notably, the processes described herein are suitable for batch production ona
large, multi-kilogram scale that is limited only by the size of the available manufacturing
capabilities. The processes of the invention are particularly advantageous for the synthesis
of chiral boronic ester and acid compounds, including alpha-aminoboronic ester and acid
compounds. Regardless of scale, the desired products are produced with very high
chemical and stereochemical purity.

[009] The patent and scientific literature referred to herein establishes knowledge
that is available to those with skill in the art Unless otherwise defined, all technical and
scientific terms used herein have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention relates. Although methods and materials
similar or equivalent to those described herein can be used in the practice or testing of the
present invention, the preferred methods and materials are described herein. The issued
patents, applications, and references that are cited herein are hereby incorporated by
reference to the same extent as if each was specifically and individually indicated to be
incorporated by reference. In the case of inconsistencies, the present disclosure, including
definitions, will control. 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 mean approximately, in the region of,
roughly, or around. When the term "about" is used in conjunction with a numerical range, it
modifies that range by extending the boundaries above and below the numerical values set
forth. In general, the term "about" is used herein to modify a numerical value above and
below the stated value by a variance of 10%.

[o11] The term "comprises" is used herein to mean "includes, but is not limited to."

[012] The term "aliphatic”, as used herein, means a straight-chain, branched or
cyclic C;.1z hydrocarbon which is completely saturated or which contains one or more units
of unsaturation, but which is not aromatic. For example, suitable aliphatic groups include
substituted or unsubstituted linear, branched or cyclic alkyl, alkenyl, alkynyl groups and
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hybrids thereof, such as (cylcoalkyl)alkyl, (cycloalkenyl)alkyl or (cycloalkyl)alkenyl. In
various embodiments, the aliphatic group has 1-12, 1-8, 1-6, or 1-4 carbons.

[013] The terms "alkyl", "alkenyl", and "alkyny!", used alone or as part of a larger
moiety, refer to a straight and branched chain aliphatic group having from 1 t0 12 carbon
atoms, which is optionally substituted with one, two or three substituents. For purposes of
the present invention, the term "alkyl" will be used when the carbon atom attaching the
aliphatic group to the rest of the molecule is a saturated carbon atom. However, an alkyl
group may include unsaturation at other carbon atoms. Thus, alkyl groups include, without
limitation, methyl, ethyl, propyl, allyl, propargyl, butyl, pentyl, and hexyl.

[014] For purposes of the present invention, the term "alkenyl" will be used when
the carbon atom attaching the aliphatic group to the rest of the molecule forms part of a
carbon-carbon double bond. Alkenyl groups include, without limitation, vinyl, 1-propenyl,
1-buteny], 1-pentenyl, and 1-hexenyl. For purposes of the present invention, the term
"alkynyl" will be used when the carbon atom attaching the aliphatic group to the rest of the
molecule forms part of a carbon-carbon triple bond. Alkynyl groups include, without

limitation, ethynyl, 1-propynyl, 1-butynyl, 1-pentynyl, and 1-hexynyl.

[015] The terms "cycloalkyl", "carbocycle”, "carbocyclyl”, "carbocyclo”, or
"carbocyclic", used alone or as part of a larger moiety, means a saturated or partially
unsaturated cyclic aliphatic ring system having from 3 to about 14 members, wherein the
aliphatic ring system is optionally substituted. Cycloalkyl groups include, without
limitation, cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl,
cycloheptyl, cycloheptenyl, cyclooctyl, cyclooctenyl, and cyclooctadienyl. 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 tetrahydronaphthyl,
where the radical or point of attachment is on the aliphatic ring.

[016] The terms "haloalkyl", "haloalkenyl" and "haloalkoxy" refer to an alkyl,
alkenyl or alkoxy group, as the case may be, substituted with one or more halogen atoms.
As used herein, the term *halogen" or "halo" means F, C, Br, or I. Unless otherwise
indicated, the terms "alkyl", "alkenyl", and "alkoxy" include haloalkyl, haloalkenyl and
haloalkoxy groups, including, in particular, those with 1-5 fluorine atoms.
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[017] The terms "aryl" and "ar-", used alone or as part of a larger moiety, e.8.,
"aralkyl", "aralkoxy", or "aryloxyalkyl", refer to a C4.14 aromatic moiety comprising one to
three aromatic rings, which are optionally substituted. Preferably, the aryl group is a Cen
aryl group. Aryl groups include, without limitation, phenyl, naphthyl, and anthracenyl.
The term "aryl", as used herein, also includes groups in which an aromatic ring is fused to
one or more non-aromatic rings, such as indanyl, phenanthridinyl, or tetrahydronaphthyl,
where the radical or point of attachment is on the aromatic ring. The term "aryl" may be
used interchangeably with the term "aryl ring".

[018] An "aralkyl" or "arylalkyl" group comprises an aryl group covalently attached
to an alkyl group, either of which independently is optionally substituted. Preferably, the
aralky! group is Ce10 aryl(Ci6)alkyl, including, without limitation, benzyl, phenethyl, and
naphthylmethyl.

[019] The terms "heteroaryl" and "heteroar-", used alone or as part of a larger
moiety, e.g., heteroaralkyl, or "heteroaralkoxy", refer to groups having 5 to 14 ring atoms,
preferably 5, 6, 9, or 10 ring atoms; having 6, 10, or 14 = electrons shared in a cyclic array;
and having, in addition to carbon atoms, from one to four heteroatoms selected from the
group consisting of N, O, and S. Heteroaryl groups include, without limitation, thienyl,
furanyl, pyrrolyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl,
oxadiazolyl, thiazolyl, isothiazolyl, thiadiazolyl, pyridyl, pyridazinyl, pyrimidinyl,
pyrazinyl, indolyl, isoindolyl, benzothienyl, benzofuranyl, dibenzofuranyl, indazolyl,
benzimidazolyl, benzthiazolyl, purinyl, quinolyl, isoquinolyl, cinnolinyl, phthalazinyl,
quinoxalinyl, naphthyridinyl, pteridinyl, carbazolyl, acridinyl, and phenazinyl. The terms
"heteroaryl" and "heteroar-", as used herein, also include groups in which a heteroaromatic
ring is fused to one or more nonaromatic rings, where the radical or point of attachment is
on the heteroaromatic ring. Nonlimiting examples include tetrahydroquinoliny],
tetrahydroisoquinolinyl, and pyrido[3,4-d]pyrimidinyl. The term "heteroaryl” may be used
interchangeably with the term "heteroary! ring" or the term "heteroaromatic", any of which
terms include rings that are optionally substituted. The term "heteroaralkyl" refers to an
alkyl group substituted by a heteroaryl, wherein the alkyl and heteroaryl portions
independently are optionally substituted.

[020] As used herein, the terms "heterocycle”, "heterocyclyl”, or "heterocyclic
radical” refer to a stable 5- to 7-membered manocyclic or 7- to 10-membered bicyclic
heterocyclic moiety that is either saturated or partially unsaturated, and having, in addition

-5-
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to carbon atoms, one or more, preferably one to four, heteroatoms selected from the group
consisting of N, O, and S, wherein the nitrogen and sulfur heteroatoms are optionally
oxidized and the nitrogen atoms are optionally quaternized. The heterocyclic ring can be
attached to its pendant group at any hetercatom or carbon atom that results in a stable
structure, and any of the ring atoms can be optionally substituted. Examples of such
saturated or partially unsaturated heterocyclic radicals include, without limitation,
tetrahydrofuranyl, tetrahydrothienyl, pyrrolidinyl, pyrrolidonyl, piperidinyl, pyrrolinyl,
tetrahydroquinolinyl, tetrahydroisoquinolinyl, decahydroquinolinyl, oxazolidinyl,
piperazinyl, dioxanyl, dioxolanyl, diazepinyl, oxazepinyl, thiazepinyl, and morpholinyl.
The terms "heterocycle”, "heterocycly!l", and "heterocyclic radical", as used herein, also
include groups in which a non-aromatic heteroatom-containing ring is fused to one or more
aromatic or non-aromatic rings, such as indolinyl, chromanyl, phenanthridinyl, or
tetrahydroquinoliny!, where the radical or point of attachment is on the non-aromatic
heteroatom-containing ring. The term "heterocyclylalkyl" refers to an alkyl group
substituted by a heterocyclyl, wherein the alkyl and heterocyclyl portions independently are
optionally substituted.

[oz1] As used herein, the term "partially unsaturated" refers to a ring moiety that
includes at least one double or triple bond between ring atoms. The term "partially
unsaturated" is intended to encompass rings having one or multiple sites of unsaturation,
but is not intended to include aryl or heteroaryl moieties, as herein defined.

[022] The term "substituted", as used herein, means that one or more hydrogen
atoms of the designated moiety are replaced, provided that the substitution results in a
stable or chemically feasible compound. A stable compound or chemically feasible
compound is one in which the chemical structure is not substantiaily altered when keptata
temperature of 40 °C or less, in the absence of moisture or other chemically reactive
conditions, for at least a week, or a compound which maintains its integrity long enough to
be useful for the synthetic processes of the invention. The phrase "one or more substituents”,
as used herein, refers to a number of substituents that equals from one to the maximum
number of substituents possible based on the number of available bonding sites, provided
that the above conditions of stability and chemical feasibility are met.

[023] An aryl (including the aryl moiety in aralkyl, aralkoxy, aryloxyalkyl and the
like) or heteroaryl (including the heteroaryl moiety in hetercaralkyl and heteroarylalkoxy
and the like) group may contain one or more substituents. Examples of suitable substituents
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on the unsaturated carbon atom of an aryl or heteroaryl group include -halo, -NO,, -CN, -R*,
-ORY, -SR®, -N(R*)2, -NR*C(O)R*, -NR*C(O)N(R*)2, -NR*COzR®, -O-CO:R*, -O-C(O)R",
<COR*, -C(O)R*, -C(O)N(R*)2, “OC(O)N(R*)y, -S{O)2R°, -SO2N(R*), S(O)R®, and
-NR*SO;N(R*)z2. Each Rt independently is selected from the group consisting of R*, -C(O)R*,
-COzR*, 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 optionally substituted aliphatic, aryl, heteroaryl, or heterocyclyl group.
Each R° independently is an optionally substituted aliphatic or aryl group.

[024] An aliphatic group also may be substituted with one or more substituents.
Examples of suitable substituents on the saturated carbon of an aliphatic group or of a non-
aromatic heterocyclic ring include, without limitation, those listed above for the unsaturated
carbon of an aryl or heteroary! group.

[025] The present inventors have discovered that the requirement for scrupulously
dry equipment, solvents, and reagents that characterized previously described procedures
for the Lewis acid promoted rearrangement of boron "ate" complexes can be obviated by use
of an ether solvent that has low miscibility with water. Remarkably, use of such a solvent
permits the reaction to be run on a multi-kilogram scale without deterioration in yield or
purity. In essence, the scale of the reaction is limited only by the size of the available
manufacturing capabilities.

[026] In one aspect, therefore, the invention provides a large-scale process for
preparing a boronic ester compound of formula (I):

OrR® ®
wherein:
R! is an optionally substituted aliphatic, aromatic, or heteroaromatic group;

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

R3 is a nucleofugic group or an optionally substituted aliphatic, aromatic, or
hetercaromatic group; and

N
leq
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each of Rt and R?, independently, is an optionally substituted aliphatic, aromatic,or ] 70
hetercaromatic group, or R* and RS, taken together with the intervening oxygen
and boron atoms, form an optionally substituted 5- to 10-membered ring having
0-2 additional ring heteroatoms selected from N, O, or S.

[a27] The process comprises the steps:

(})  providing a boron "ate” complex of formula (II):

o

? e M+
a
where

Y is a nucleofugic group;

M* is a cation; and

each of R! to RS is as defined above; and

(b)  contacting the boron "ate” complex of formula (IT) 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

(iiy anether solvent that has low miscibility with water and a
coordinating co-sclvent.

[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 rigorously dried equipment, solvents, and reagents in these
processes results in a dramatic reduction in the diastereomeric ratio. The hygroscopic Lewis
acids, in particular, typically must be flame-dried immediately prior to use in the reaction.
Although techniques for running moisture-sensitive reactions are familiar to those of skill in
the art and are routinely practiced on a laboratory scale, such reactions are costly and
difficult to scale up.

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

[030] The present inventors have discovered that the rearrangement of boron “ate”
complexes is advantageously performed in an ether solvent that has low miscibility with
water. Use of such solvents obviates the need for solvent exchange prior to the aqueous
washes, and the organic-goluble product is effectively shielded from aqueous halide ion
during the washes, even if performed on a large scale. Preferably, the solubility of water in
the ether solvent is less than about 5% w/w, more preferably less than about 2% w/w. In
various embodiments, ether solvent that has low miscibility with water constitutes at least
about 70%, at least about 80%, at least about 85%, at least about 90%, or at least about 95%
v/v of the reaction mixture.

[031] The ether solvent preferably is one that is suitable for routine use in large-
scale production. As used herein, the term "large-scale" refers to a reaction that utilizes at
least about five moles of at least one starting material. Preferably, a large-scale process
utilizes at least about 10, 20, 50, or 100 moles of at least one starting material.

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

[033] In one embodiment, the reaction mixture further comprises a coordinating co-
solvent. In ancther 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

i
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that is capable of coordinating the Lewis acid and solvating the ionic components of the l ?1/
reaction. Hindered ether solvents, such as teri-butyl methyl ether, are poorly coordinating

and preferably are used with a coordinating co-solvent. Nonlimiting examples of

coordinating co-solvents suitable for use in the practice of the invention include

tetrahydrofuran, dioxane, water, and mixtures thereof.

[034] In some embodiments, the reaction mixture comprises at least about 5% or at
least about 10% v/v of a coordinating co-solvent. Preferably, the amount of a water-miscible
coordinating co-solvent present in the reaction mixture is not so great as to interfere with
phase separation during the reaction or workup. In various embodiments, the coordinating
co-solvent constitutes no more than about 20%, about 15%, or about 10% v/v of the reaction

mixture.

[035] As used herein, the term "nucleofugic” refers to any group that is capable of
undergoing nucleophilic displacement under the rearrangement conditions of the present
process. Such nucleofugic groups are known in the art. Preferably, the nucleofugic group is
a halogen, more preferably chloro or bromo. In the course of the rearrangement reaction
converting the boron "ate" complex of formula (II) into the boronic ester compound of
formula (), the nucleofugic group Y is released as Y-. By way of example, when Y is chloro,
chloride ion is released in step (b).

[036] The variable M* is any cationic counterion for the negatively charged
tetravalent boron atom in the boron "ate" complex of formula (II). In some preferred
embodiments, M* is selected from the group consisting of Li*, Na*, and K*. One of skill in
the art will recognize that the salt M*Y- is formed as a byproduct in the rearrangement
reaction of step (b).

[037] The variable R! preferably is a group with good migratory aptitude. In some
embodiments, R! is Cy ¢ aliphatic, Cs.10 aryl, or (Ce10 aryl)(Ci.¢ aliphatic), any of which groups
is optionally substituted. In certain embodiments, R! is C14 aliphatic, particularly isobutyl.

[038] The variable R2 preferably is hydrogen, a nucleofugic group, or an optionally
substituted C, ¢ aliphatic, C¢10 aryl, or (Cs-1o aryl)(C1 aliphatic) group. The variable R?
preferably is a nucleofugic group or an optionally substituted Cy¢ aliphatic, Ce10 aryl, or
(Ce0 aryl){Cy aliphatic) group. One of skill in the art will recognize that functional
substituents may be present on any of R1, R3, or R3, provided that the functional substituent
does not interfere with the formation of the boron "ate" complex of formula (II).

=10~
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[039] One embodiment of the invention relates to a process for preparing a boronic
ester compound of formula (I), wherein R3 is a nucleofugic group. Such compounds are
useful as intermediates for the synthesis of alpha-substituted boronic ester and acid
compouruls, including alpha-aminobaoronic 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,
Rt and R5 are directly linked, so that Rt and R®, taken together with the intervening oxygen
and boron atoms, form an optionally substituted 5- to 10-membered ring, which can have 0-
2 additional ring heteroatoms selected from N, O, or S. In some embodiments, the ring is a
5- or 6-membered ring, preferably a 5-membered ring.

[041] The present invention is particularly advantageous for the Lewis acid
promoted rearrangement of boron "ate" complexes of formula (II), wherein R4 and R are
directly linked and together are a chiral moiety. One embodiment of the invention relates to
the rearrangement of such chiral boron "ate” complexes to provide a boronic ester
compound of formula (I) wherein the carbon atom bearing R, R?, and R® is a chiral center.
The rearrangement reaction preferably proceeds with a high degree of stereodirection by the
RA-RS chiral moiety to provide the boronic ester compound of formula (I) having a
diastereomeric ratio at the carbon atom bearing R, R?, and R3 of at least about 96:4 relative
to a chiral center in the R4-R* chiral moiety. Preferably, the diastereomeric ratio is at least
about 97:3.

[0€2] The terms "sterecisomer”, "enantiomer”, "diastereomer”, "epimer", and "chiral
center”, are used herein in accordance with the meaning each is given in ordinary usage by
those of ordinary skill in the art. Thus, sterecisomers are compounds that have the same
atomic connectivity, but differ in the spatial arrangement of the atoms. Enantiomers are
sterecisomers that have a mirror image relationship, that is, the stereochemical configuration
at all corresponding chiral centers is opposite. Diastereomers are stereoisomers 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

-11-
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with two chiral centers provides four possible stereoisomers: R*R, R*S, 5*R, and §*S,
wherein the asterisk denotes the corresponding chiral center in each stereoisomer. The
diastereomeric ratio for such a mixture of sterecisomers is the ratio of one diastereomer and
its enantiomer to the other diastereomer and its enantiomer = (R*R + 5"S) : (R"S + 5*R).

[044] One of ordinary skill in the art will recognize that additional sterecisomers
are possible when the molecule has more than two chiral centers. For purposes of the
present invention, the term "diastereomeric ratio" has identical meaning in reference to
compounds with multiple chiral centers as it does in reference to compounds having two
chiral centers, Thus, the term "diastereomeric ratio” refers to the ratio of all compounds
having R*R or 5*S configuration at the specified chiral centers to all compounds having R*S
or 5*R configuration at the specified chiral centers. For convenience, this ratio is referred to
herein as the diastereomeric ratio at the asterisked carbon, relative to the second specified
chiral center.

[045] The diastereomeric ratio can be measured by any analytical method suitable
for distinguishing between diastereomeric compounds having different relative
stereochemical configurations at the specified chiral centers. Such methods include, without
limitation, nuclear magnetic resonance (NMR), gas chromatography (GC), and high
performance liquid chromatography (FHPLC) methods.

[046] As discussed above, one embodiment of the invention is directed to processes
that provide a boronic ester compound of formula (I) having a diastereomeric ratio at the
carbon atom bearing R!, R?, and R? of at least about 96:4 relative to a chiral center in the R-R%
chiral moiety. One of skill in the art will recognize that the R\-RS chiral moiety may itself
contain more than one chiral center. When R&R5 does have more than one chiral center, it
preferably has high diastereomeric purity, and the diastereomeric ratio at the carbon atom
bearing R?, R?, and R® can be measured relative to any one of the chiral centers in RA-R5.

[047] In the processes of the invention, the R-R5 chiral moiety preferably has a high
level 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 of the minor enantiomer, expressed as a percentage of the total. Preferably, the
RL-RS 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%.

-12-
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[048] When the R&-RS chiral moiety has very high enantiomeric purity, the
diastereomeric ratio at the carbon atom bearing R1, R?, R? approximates the epimeric ratio at
that center, i.e., diastereomeric ratio = (R*R) : (S"R) or (R*S) : (5*S) = (R*) : (S*). As used
herein, the term "epimeric ratio” refers to the ratio of product having one absolute
stereochemical configuration at a given chiral center to product having the opposite absolute
stereochemical configuration at the correspanding 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"
complex of formula (I) to provide a boronic ester compound of formula (I) wherein the
epimeric ratio at the carbon atom bearing R?, R?, and R3 is at least about 96:4, more
preferably at least about 97:3.

[049] Lewis acids suitable for use in the practice of the invention are those capable
of complexing with the nucleofugic group to facilitate its displacement upon migration of R
Preferably, the Lewis acid is additionally capable of coordinating with an oxygen atom
attached to boron. Nonlimiting examples of suitable Lewis acids include zinc bromide, zinc
chloride, ferric bromide, and ferric chloride. In certain preferred embodiments, the Lewis
acid is zinc chloride.

[050] The contacting step preferably is performed at low temperature, but may be
performed at ambient or elevated temperature. The selection of an appropriate reaction
temperature will depend largely on the Lewis acid employed, as well as the migratory
aptitude of the Rl moiety. One skilled in the art will be able to select a suitable temperature
in view of the reaction conditions being used.

[051] In some embodiments, the contacting step is performed at a reaction
temperature of at least about -100 °C, -78 °C, or -60 °C. In some embodiments, the contacting
step is performed at a reaction temperature that is no greater than about 80 °C, 40 °C, or 30
°C. Any range encompassing 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
Pprecautions to avoid the presence of water during the rearrangement reaction itself. In some
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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 an diastereomeric ratio.
[053] In same embodiments, therefore, the process of the invention comprises the
steps:
(a) providing a solution comprising a boron "ate" complex of formula (II) and
(i a coordinating ether solvent that has low miscibility with water; or
(i) anether solvent that has Jow miscibility with water and a
coordinating co-solvent; and
(b)  adding to the solution of step (a) a Lewis acid solution comprising water and
a Lewis acid.

[054] In some other embodiments, the Lewis acid solution comprises
tetrahydrofuran and a Lewis acid.
[055] Thus, unlike the prior art process, the process of the invention is readily

amenable to large-scale production. In various embodiments, at least about 5, 10, 20, 50, 100,
500, or 1000 moles of boran "ate” complex of formula () is contacted with a Lewis acid
under conditions that afford the boronic ester compound of formula (I). The invention
further provides a composition comprising a boranic ester compound of formula (I), as
described herein, and an ether solvent that has low miscibility with water. The composition
preferably comprises at least about 5, 10, 20, 50, 100, 500, or 1000 moles of the boronic ester
compound of formula (I). In certain embodiments, R¢ and RS together are a chiral moiety,
and the compound of formula (I) present in the composition has a diastereomeric ratio of at
least about 96:4 at the carbon atom bearing R, R, and R3, relative to a chiral center in the
RURS chiral moiety.

[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 (I).
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&RE is a chiral
moiety, the boronic ester compound of formula (I) present in the residue preferably has a
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diastereomeric ratio of at least about 96:4 at the carbon atom bearing R!, R2, and R?, relative
to a chiral center in the Ri-R? chiral moiety. More preferably, the diastereomeric ratio is at
least about 973.

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

RLOR*

e ()
with a reagent of formula (IV):
R
2
RY’ - M +

av

wherein each of M*, Y, and R! to RS are as defined above for the boron "ate® complex of
formula (II). In some embodiments, the reaction is performed at a reaction temperature of at
least about -100 °C, -78 °C, or -60 °C. In some embodiments, the reaction is performed ata
reaction temperature no greater than about 0 °C, -20 °C, or 40 °C. Any range encompassing
these high and Iow temperatures are included within the scope of the invention. The
reaction preferably is performed at a reaction temperature in the range of about-100 °C to
about 0 °C, about -78 °C to about -20 °C, or about -60 °C to about -40 °C. In some
embodiments, the boron "ate" complex of formula (IT) is prepared in a solution comprising
an ether solvent having low miscibility with water, and the reaction mixture is directly
treated with a Lewis acid to effect rearrangement to the boron ester compound of formula
0.

[058] In some embodiments, the reagent of formula (IV) is formed in situ. Such
embodiments include the steps:

(V] providing a solution comprising a boronic ester of formula (ITI), as defined
above, and a compound of formula (V):

Y V)
wherein R2 and R3 are as defined above for the reagent of formula (IV); and

(iiy treating the solution with a strong, sterically hindered base to form the boron
"ate” complex of formula (II).

-15-
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[059] In some embodiments, the sterically hindered base is an alkali metal
dialkylamide bases of formula M2N(R*);, where M2 is Li, Na, or K, and each R*,
independently is a branched or cyclic Cs¢ 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 (IV).

[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, e.g., by
methods described in Brown et al., Organonetallics, 2: 1311-1316 (1983). Cyclic boranic esters
of formula (III) preferably are prepared by:

(a) providing a solution comprising:

@ a boronic acid compound of formula R-B(OH);

(ii) acompound of formula HO-R-R5.0H, wherein R and RS, iaken
together, are an optionally substituted linking chain comprising 2-5 carbon atoms
and 0-2 heteroatoms selected from the group consisting of O, N, and S; and

(i) an organic solvent that forms an azeotrope with water; and

(b)  heating the solution at reflux with azeotropic removal of water.

[061] As used in reference to Rt and RS, the term "linking chain" refers to the
shortest linear chain of atoms connecting the oxygen atoms to which R¢* and R3 are attached.
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+-R5-OH is pinanediol, having the structure:

Gy
HO _
In such embodiments, the linking chain R-R5 comprises two carbon atoms, which together

form one side of the bicyclo[3.1.1]heptane ring system, and one of which additionally is
substituted with a methyl group.

[062] In some embodiments, the compound of formula HO-R-RS-OH is a chiral
diol, preferably one having high diastereomeric and enantiomeric purity. One of skill in the
art will appreciate that in such embodiment, the compound of formula HO-R4R5-OH is
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employed as a chiral auxiliary to direct the stereochemical configuration at the carban
bearing R, R?, and R3. Chiral diols useful as chiral auxiliaries in organic synthesis are well-
known in the art. Nonlimiting examples include 23-butanediol, preferably (2R 3R)-{-)-23-
butanediol or (25,35)«(+)-23-butanediol; pinanediol, preferably (1R,2R,3R 55)}-)-pinanediol
or (15,25,35 5R){+)-pinanediol; 1,2-cyclopentanediol, preferably (152S)(+)-trans-1,2-
cyclopentanediol or (1R, 2R)(-}-tmns-1,2-cyclopentanediol; 2,5-hexanediol, preferably
(25,55)-2,5-hexanediol or (2R ,5R)-2,5-hexanediol; 1,2-dicyclohexyl-1,2-ethanediol, preferably
(1R,2R)}-1,2-dicyclohexyl-1,2-ethanediol or (15,25)-1,2-dicyclohexyl-1,2-ethanediol;
hydrobenzoin, preferably (S,5)-(-)-hydrobenzoin or (R,R)}-(+)-hydrobenzoin; 2,4-pentanediol,
preferably (R,R){-)-2,4-pentanediol or (S,5,)-(+)-24-pentanediol; erythronic y-lactone,
preferably D-erythronic y-lactone. Carbohydrates, e.2. a 1,2,5,6-symmetrically protected
mannitol, also may be used as chiral diols.

[063] Nonlimiting examples of organic solvents suitable for use in the esterification
reaction include acetonitrile, toluene, hexane, heptane, and mixtures thereof. In some
embodiments, the organic solvent is an ether solvent, preferably an ether solvent that has
low miscibility with water. In certain preferred embodiments, the esterification reaction is
performed in an ether solvent that has low miscibility with water, and the product solution
comprising the boronic ester of formula (III) is used directly in the next step, without

isolation of the boronic ester.

[064] As noted above, the process of the present invention for the first time permits
workup of large-scale reactions without significant deterioration in diastereomeric ratio. In

another aspect, therefore, the invention provides a composition comprising at least about 5,

10, 20, 50, 100 , 500, or 1000 moles of a boronic ester compound of formula (I):

OR® o
wherein:
R! is an optionally substituted aliphatic, aromatic, or heteroaromatic group;

R is hydrogen, a nucleofugic group, or an optionally substituted aliphatic, aromatic,
or heteroaromatic group;
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R3 is a nucleofugic group or an optionally substituted aliphatic, aromatic, or
heteroaromatic group; and

R¢ and RS, taken together with the intervening oxygen and boron atoms, form an
optionally substituted 5- to 10-membered chiral ring having 0-2 additional ring
heteroatoms selected from N, O, or S;

wherein the carbon atom to which Rt, R2, and R? are attached is a chiral center,
having a diastereomeric ratio of at least about 96:4, preferably at least about 973,
relative to a chiral center in the R&R5 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
compound of formula (I) constitutes at least about 70% w/w, 80% w/w, 90% w/w, or 95%
w/w of the composition.

[066] One embodiment relates to the composition described above, wherein at least
one of the following features is present:

(@ Reischloro;
(b)  the boronic ester compound (T) is

R1

ey RY
Oj g >< O -< ; K

() Rtishydrogen;and
(d Riis Cy4aliphatic.

[0671 All of the boronic ester compound of formula (I) present in the composition
may be produced in a single batch run. For purposes of the invention, the term "batch run"
refers to execution of a synthetic process, wherein each step of the process is performed only
once. Preferably, the boronic ester compound of formula (I) present in the composition is
prepared in a gingle 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
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homogeneous product than preparation of the same quantity of product by repeated
execution of a small-scale process.

[o68] The boronic ester compounds of formula (I) wherein R? is a nucleofugic
group are useful as intermediates for the synthesis of alpha-aminoboronic ester compounds.
In another aspect, therefore, the invention provides a large-scale process for preparing an
alpha-aminoboronic ester, preferably by a process comprising the steps:

(a)  providing a boron "ate" complex of formula (H):

R% RSR'I
S\ 1. orR*
LA - T
OR® am
where
Y is a nucleofugic group;
Mt is a cation;

R! is an optionally substituted aliphatic, aromatic, or heteroaromatic group;

R ig hydrogen;

R3 is a nucleofugic group; and

each of Rt and RS, independently, is an optionally substituted aliphatic, aromatic, or

heteroaromatic group, or R¢ and RS, taken together with the intervening oxygen
and boran atoms, form an optionally substituted 5- to 10-membered ring having
0-2 additional ring heteroatoms selected from N, O, or S;

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

B
OR® )
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) anether solvent that has low miscibility with water and a
coordinating co-solvent; and

=19
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(c) treating the boronic ester compound of formula (I) with a reagent of formula
MLN(G)2, where M! is an alkali metal and each G individually or together is an amino group
protecting group to form a byproduct of formula M1-R’ and a compound of formula (VIII):

R1

(G,zn)\?.on"
ORS (VIII)
wherein each G and R! to RS are as defined above; and

(d) removing the G groups to form a compound of formula (VII):

9’ ZNA?,OW
OR® (v
or an acid addition salt thereof.
[069] In some embodiments, in step (c), the boronic ester compound of formula (I)

is treated with a reagent of formula M1-N{Si(R€)s): where M! is an alkali metal and each R¢
independently is selected from the group consisting of alkyl, aralkyl, and aryl, where the
aryl or aryl portion of the aralkyl is optionally substituted.

[070] Reaction of the boronic ester compound of formula (I) with the reagent of
formula M!-N(G): preferably is conducted at a reaction temperature in the range of about
-100 °C to about 50 °C, preferably about -50 °“C to about 25 °C, and more preferably about -30
°C to about 0 °C. In some embodiments, R is halo, preferably chloro, and M! is Li. To
facilitate isolation of the product of formula (VITI), the reaction mixture preferably
comprises an organic solvent in which the byproduct M1-R3 has low solubility. Nonlimiting
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 MLRS has low solubility, the reaction mixture may
additionally comprise a solvent in which the byproduct M1-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 ML-N(Si(Rs»)z is added to the reaction mixture as a solution comprising

-20-



F>
182

MPIN4-044P1IRWOM

tetrahydrofuran. In such embodiments, step (c) preferably further comprises removing the
tetrahydrofuran before filtering the reaction mixture.

[072] Those of skill in the art are aware of various methods that can be used to
remove the protecting groups G in the compound of formula (VII), including, e.g., aqueous
hydrolysis or treatment with acid. The product alpha-aminoboronic ester of formula (VIT)
has low stability and preferably is immediately derivatized (Matteson et al., ]. 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 (VII) with an acid and isolating the compound
of formula (VII) as the acid addition salt. In certain preferred embodiments, the acid is
trifluoroacetic acid, and the compound of formula (VII) is isolated as the triflucroacetic acid
addition salt.
[073] As discussed above, the processes of the invention are particularly well-
suited for preparing alpha-aminoboronic ester compounds of formula (VII), wherein the
alpha carbon is a chiral center. Thus, ane embodiment of the invention relates to a large-
scale prooess for preparing an alpha-aminoboronic ester compound of formule (VIIa) or
(VIIL):

R R!

Aapw A OR*

HN HN"B

(VITa) OR® (VIb)
or an acid addition salt thereof, wherein:
R! is an optionally substituted aliphatic, aromatic, or heteroaromatic group; and
R* and RS, taken together with the intervening oxygen and boron atoms, form an
optionally substituted chiral cyclic boronic ester;
said process comprising:
(a) providing a boron "ate" complex of formula (IIa) or (IIb):

R2Z BSR1 RZ R3R1
v y-OR! A -OR*
B e YR Ty
OR® (ITa) OR® (1)
where
Y is a nucleofugic group;

M+ is a cation;

-21-
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R? is hydrogen;
R3 is a nucleofugic group; and
Rt and RS are as defined abave;
(b) contacting the boron "ate" complex of formula (IIa) or (IIb) with a Lewis acid
under conditions that afford a boronic ester compound of formula (Ia) or (Ib):
R! R!
R R
:Ll?.om R,x?.on*‘
OR? (Ia) OR® (Ib)
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
(i} anether solvent that has low miscibility with water and a
coordinating co-solvent; and
(c) treating the boronic ester compound of formula (Ia) or (Ib) with a reagent of
formula M-N(G)z, where M! is an alkali metal and G is an amino group protecting moiety,
to form a compound of formula (VIIIa) or (VIIID):
R1 81
(G)zN'LQ'OR“ @NT :
OR® (VIIla) OR® (VIIIR)
wherein each G and R! to RS are as defined above; and
(d) removing the G groups to form a compound of formula (VIIa) or (VIIb):

R R!
HgN’LQ'OR“ HzN;\Q'OR“
OR® (VIa) OR® (VIIb)
or an acid addition salt thereof.
[074) Preferred values for Y, M*, R! to RS, and G are as described above. The

compound of formula (VIIa) or (VIIb) preferably has a diastereameric 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 R4-RS chiral moiety.
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[075] The alpha-aminoboronic ester compounds of formula (VII) are useful
synthetic intermediates for the preparation of peptidyl boronic ester compounds. In some
embodiments, therefore, the process according to this aspect of the invention further
comprises coupling the compound of formula (VII) with a compound of formula (IX):

RT
ot _N,kg,x
: @

P! is an amino group blocking moiety;

wherein:

R7 is selected from the group consisting of hydrogen, Ci-caliphatic, optionally
substituted Cg.10aryl, or C¢aliphatic-RY; and

R¥ is gelected from the group consisting of alkoxy, alkylthio, optionally substituted
aryl, heteroaryl, and heterocyclyl groups, and optionally protected amino,
hydroxy, and guanidino groups; and

X is OH or a leaving group;
to form a compound of formula (X):
R7 N cém‘
P-N Y oR®
"o R ®

wherein each of P1, R}, R4, R3, and R? is as defined above.

[076] The leaving group X is any group capable of nucleophilic displacement by the
alpha-amino group of the compound of formula (VII). In some embodiments, the moiety -
C(O)-X is an activated ester, such as an O«(N-hydroxysucccinimide) ester. In some
embodiments, an activated ester is generated in sitit 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-(3-dimethylaminopropyl)-3-ethylcarbodiimide (EDC);
phosphonium reagents, e.g., benzotriazol-1-yloxytris(dimethylamino)phosphonium
hexafluorophosphate (BOP reagent); and uronium reagents, e.g., O-(1H-benzotriazol-1-yl)-
N,N,N'N'-tetramethyluronium tetrafluoroborate (TBTU).
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[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 situ under the coupling reaction conditions. In some
embodiments of the present invention, therefore, a compound of formula (VIII) is contacted
with a compound of formula (IX) under conditions that remove the (R6)Si groups in situ
and form a compound of formula (X).

[078] For purposes of the invention, the term "amino-group blocking moiety" refers
to any group used to derivatize an amino group, especially an N-terminal amino group of a
peptide or amino acid. The term "amino-group blocking moiety" includes, but is not limited
to, protecting groups that are commonly employed in organic synthesis, especially peptide
synthesis. See, for example, Gross and Mienhoffer, eds., The Peptides, Vol. 3, Academic Press,
New York, 1981, pp. 3-88; Green and Wuts, Protective Groups in Organic Synthesis, 3= edition,
John Wiley and Sons, Inc., New York, 1999. Unless otherwise specified, however, it is not
necessary for an amino-group blocking moiety to be readily cleavable. Amino-group
blocking moieties include, e.g., alkyl, acyl, alkoxycarbonyl, aminocarbonyl, and sulfonyl
moieties. In some embodiments, the amino-group blocking moiety is an acyl moiety derived
from an amino acid or peptide, or a derivative or analog thereof.

[079] As used herein, the term "amino acid" includes both naturally occurring and
unnatural amino acids. For purposes of the invention, a "derivative® of an amino acid or
peptide is one in which a functional group, e.g., a hydroxy, 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 protecting groups include, without limitation, acyl protecting groups, e.g., formyl,
acetyl (Ac), succinyl (Suc), or methoxysuccinyl (MeOSuc), and urethane protecting groups,
e.g., tert-butoxycarbonyl (Boc), benzyloxycarbonyl (Cbz), or fluorenylmethoxycarbonyl
(Fmoc).

[081] In some such embodiments, the process according to this aspect of the
invention further comprises the steps:
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(f) removing the protecting group P! to form a compound of formula (XT):
R? n (l)R‘
H,NJ\lr v 2 ore
O R (1)
or an acid addition salt thereof, wherein each of R1, R4, RS, and R’ is as defined above; and

() coupling the compound of formula (XI) with a reagent of formula P2-X,
wherein P2 is any amino group blocking moiety, as described above, and X is a leaving
group, to form a compound of formula (XTI):

R" , OR*
Fﬂ-n"\“""'\'é‘ons

H o0 R (xm)
wherein each of P2, R1, R4, RS, and R? are as defined above. One of skill in the art will
recognize that in those embodiments wherein P2 is an acyl group, including, e.g., an acyl
moiety derived from an amino acid or peptide, or an analog or derivative thereof, the
leaving group X may be generated in situ, as discussed above for the compound of formula
).
[082] In each of the compounds (X) and (XII), the boronic acid moiety is protected
as a boronic ester. If desired, the boronic acid moiety can be deprotected by any method
known in the art. Preferably, the boronic acid moiety is deprotected by transesterification in
a biphasic mixture. More preferably, the boronic acid deprotecting step comprises the steps:

(D providing a biphasic mixture comprising the boronic ester compound of
formula (X) or (XII), an organic boronic acid acceptor, a lower alkanol, a Cs¢ hydrocarbon

solvent, and aqueous mineral acid;

(ify strring the biphasic mixture to afford the corresponding deprotected boronic
acid compound of formula (Xa) or (XIII):

R OH R" 4 OH
""NJﬁfNYS‘OH P"H'HrNYg‘OH

o R (Xa) o K (xa);
(iii) separating the solvent layers; and

(iv) extracting the compound of formula (Xa), (XIII), or a boronic acid anhydride
thereof, into an organic solvent.
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[083] The organic boronic acid acceptor in step (i) preferably is an aliphatic, aryl, or
ar(aliphatic)boronic acid. In some embodiments, the boronic acid acceptor is selected from
the group consisting of phenylboronic acid, benzylboronic acid, butylboronic acid,
pentylboronic acid, hexylboronic acid, and cyclohexylboronic acid. In certain embodiments,
the boronic acid acceptor is isobutylboronic acid. In same embodiments, the boronic acid
acceptor is selected so that the boronic ester compound of formula (II) is formed as a
byproduct of the deprotection reaction. The boronic ester compound of formula (IIT) can
then be used in another batch run of the process described above. In such embodiments, the
moiety RLRS is effectively recycled, which may be particularly advantageous if R&-R% is an
expensive chiral moiety.

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

(1) separating the solvent layers;
(20  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.
[085] In some embodiments, the invention relates to an improved process for

manufacturing the proteasome inhibitor bortezomib. Thus, in one embodiment, the
invention provides a large-scale process for forming a compound of formula (XIV):

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

@xav)

(a) providing a boron "ate” complex of formula (XV):
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a\( F
neCh
M (V)

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):

AN

RS
“’fZZX
Xvn

said contacting step being conducted in a reaction mixture comprising;

(i) a coordinating ether solvent that has low miscibility with water; or

() anether solvent that has low miscibility with water and a

coordinating co-solvent;

(¢)  treating the boronic ester compound of formula (XVI) with a reagent of
formula M1-N(G)z, where M! is an alkali metal and each G individually or together is an
amino group protecting group, to form a compound of formula (XVII):

(GLN Q‘°\72~’
0
. 0.471)

(d)  removing the G groups to form a compound of formula (XVIII):
pou

oy

HN" 8

L <
(XvIm)

-27-
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or an acid addition salt thereof;

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

P-N
H

wherein:
P1 is a cleavable amino group protecting moiety; and
X ia OH or a leaving group;

to form a compound of formula (XX):

P\ H\_,g;é
o -

(XXx)
wherein P! is as defined above;

) removing the protecting group P! to form a compound of formula (XXT):

B

(XXT)
or an acid addition salt thereof;
(g) coupling the compound of formula (XXT) with a reagent of formula (XXII)

G x

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

-28 -
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et
(XXTI) ; and

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

[o86] 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)4(5) below.

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

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

(1] coupling the compound of formula (XVIT) with a compound of
formula (XIX) wherein X is OH in the presence of 2-{1H-benzotriazol-1-yl}-1,1,33-
tetramethyluronium tetraflucroborate (TBTU) and a tertiary amine in
dichloromethane;

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

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

(3)  The protecting group removing step (f) comprises the steps:

() treating the compound of formula (XX) with HCl in ethyl acetate;

() adding heptane to the reaction mixture; and

(iii) isolating by crystallization the compound of formula (XXT) as its HCl
addition salt
(4)  The coupling step (g) comprises the steps:

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



MPI04-044P1IRWOM
(ii) performing a solvent exchange to replace dichloromethane with ethyl
acetate; and

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

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

()] providing a biphasic mixture comprising the compound of formula
(XXTIT), an organic boronic acid acceptor, a lower alkanol, a Cs¢ hydrocarbon

solvent, and aqueous mineral acid;

(ii) stirring the biphasic mixture to afford the compound of formula
(X1V);

(iii)y separating the solvent layers; and
(iv) extracting the compound of formula (XIV), or a boronic acid
anhydride thereof, into an organic solvent
[087] Preferably, step (h)(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
@ adjusting the aqueous layer to a pH less than about 6;

[088] In another embodiment, the invention relates to a large-scale process for
forming a compound of formula (XIV)

QH
raasss

or a boronic acid anhydride thereof, comprising the steps:

(X1V)

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

-30-
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oy

HaN" B~
(o]
(XvVHi)
or an acid addition salt thereof, with a compound of formula (XIX):

0 (XIX)
wherein:
P1 is a cleavable amino group protecting moiety; and
X is OH or a leaving group;

to form a compound of formula (XX):

P'..u H\_,g.oé
o =

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

(0 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

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

(bb) removing the protecting group P! to form a compound of formula (XXT):

-31-
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)4

H,N

0 555
- (XX1)

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

® treating the compound of formula (XX) with HCI in ethyl acetate;
(ii) adding heptane to the reaction mixture; and

(iii)  isolating by crystallization the compound of formula (XXT) as its HCl
addition salt;

(cc)  coupling the compound of formula (XXT) with a reagent of formula (XXIT)
¢)
S
0

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

cf‘uf) =

(xxm)

(xxai),
said coupling step (cc) comprising the stepe:

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

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

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

(dd) deprotecting the boronic acid moiety to form the compound of formula (XIV)
or a boronic acid anhydride thereof, said deprotecting step (dd) comprising the steps:

-32-
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(D providing a biphasic mixture comprising the compound of formula
(XXT1I), an organic boronic acid acceptor, a lower alkanol, a Cs4 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.

[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 layer to a pH less than about 6;

[090] The efficiency of the processes described above is further enhanced by
telescoping steps, for example, by carrying a reaction mixture or worked-up product
solution from one reaction directly into the following reaction, without isolation of the
intermediate product. For example, in some embodiments, step (e)(iii) or (aa)(iii) affords an
ethy! 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 P1. In some such embodiments, the protecting group P! is an acid-labile
protecting group, for example, tert-butoxycarbonyl (Boc), and the ethyl acetate solution from
step (e)(iii) or (aa)(iii} is treated with acid. In certain preferred embodiments, the ethyl
acetate solution from step (e)(iii) or (aa)(iii) is dried azeotropically and then treated with
gaseous HCL

[091] When the deprotecting step (f) or (bb) is performed under anhydrous
conditions, as described above, the product of formula (XXI) can be isolated by
crystallization from the reaction mixture as its HCl addition salt. Crystallization of the
product salt is promoted by addition of a hydrocarbon solvent such as n-heptane. In some
embodiments, the reaction mixture is partially concentrated prior to addition of the
hydrocarbon solvent. The present inventors have discovered that crystallization of the

-33-
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compound of formula (XXT) in this manner efficiently removes any tripeptide impurity that
may have formed during the coupling step (e) 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 (<) directly into the boronic 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 (XXTTI).

[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)

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

(x1v)

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

slefa

M V)

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):

1Ak
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R g~ £
o
Vi)

said contacting step being conducted in a reaction mixture comprising;

(i) 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;

(c) treating the boronic ester compound of formula (XVI) with a reagent of
formula ML-N(Si(R¢)s)2, where Mt is an alkali metal and each R¢ independently is selected
from the group consisting of alkyl, aralkyl, and aryl, where the aryl or aryl portion of the
aralkyl is optionally substituted, to form a compound of formula (XVII):

((R'hSi)zN’(;?z:
(XvI)

(d) removing the (R6)Si groups to form a compound of formula (XVIII):

Hzﬂ’de??z:"‘
o)
eevm)

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

or an acid addition salt thereof;:

0O
Wy

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

(XIXa)

-35-
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n ey A
ENJ)LH Y (XXIII) ; and

(f)  deprotecting the boronic acid moiety to form the compound of formula (XIV)

or a boronic acid anhydride thereof.

[054]

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.

[035]

(1) Inthe boron "ate" complex of formula (XV), R? and Y both are chloro.

(20  The coupling step (e') comprises the steps:

(i) coupling the compound of formula (XVII) with a compound of
formula (XIXa) wherein X is OH in the presence of 2-(1H-benzotriazol-1-yl)-1,133-
tetramethyluronium tetrafluoroborate (TBTU) and a tertiary amine in
dichloromethane;

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

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

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

(i) providing a biphasic mixture comprising the compound of formula
(XX1IT), an organic boronic acid acceptor, a lower alkanol, a Css hydrocarbon
solvent, and aqueous mineral acid;

(i) 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 boronic acid
anhydride thereof, into an organic solvent.

Preferably, step (f')(lii) comprises the steps:

-36-
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()  separating the solvent layers;
(2  adjusting the aqueous layer to basic pH;

®) washing the aqueous layer with an organic solvent; and
(4)  adjusting the aqueous layer to a pH less than about 6;

[096] In step (h)(iv), (dd)(iv), or (F)(iv) of the processes described above, the
campound 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 boronie acid anhydride of the compound of formula
(XIV), preferably a trimeric boronic acid anhydride of formula (XXTV):

U‘nﬁ'g

[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 (XXTV):

2R
PG

The compound of formula (XXIV) preferably is prepared according to the process described
above, and preferably constitutes at least 9% w/w of the composition according to this
aspect of the invention.

-37-
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Abbreviations

DI

DMF

LDA
LOD
min

MTBE

EXAMPLES

tert-butoxycarbonyl

de-ionized

N,N-dimethylformamide

gas chromatography

gas chromatography-mass spectrometry
hours

high density polyethylene

high performance liquid chromatography
lithium dtisopropylamide

loss on drying

minutes

t-butyl methyl ether

reverse phase high performance liquid chromatography
revolutions per minute

O-benzotriazol-1-yI-N,N,N',N'-tetramethyluronium
tetrafluoroborate

tetrahydrofuran

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

Pinanediol 1-chloro-3-methylbutane-1-
1. (S)-Pinanediol-2-methylpropane-1-boronate (12.0 kg, 50.8 moles) was charged to a
reaction vessel maintained under a nitrogen atmosphere.

2 tert-Butyl methyl ether (53 kg) and dichloromethane (22.5 kg) were charged and the
resultant mixture was cooled to -57 °C with stirring,
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3. Diisopropylamine, (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 diisopropylamine and the
resultant mixture was cooled to ~10 *C with stirring,

5. n-Hexyllithium in hexane (33.2 weight% solution) (17.6 kg) was added to 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, (121 kg) was charged to a third reaction vessel maintained undera :
nitrogen atmosphere.

8. tert-Butyl methyl ether (16 kg) was charged to the zirc chloride and the resultant
mixture was warmed to 30 °C with stirring.

9. Tetrahydrofuran (53 kg) was added to the zinc chloride suspension over a period of
18 minutes, while the reaction temperature was maintained at 35 °C to 40 °C.

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

until it was used.

11.  The LDA-mixture (from # 3 - 6) was added over a period of 60 minutes to the
reaction vessel containing (S)-pinanediol-2-methylpropane-1-boronate, while the
reaction temperature was maintained at-60 *C to -55 °C.

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

15.  The ZnCl-mixture (from # 7 - 10) was added over a period of 48 minutes to the
reaction vessel containing (S)-pinanediol-2-methylpropane-1-boronate and the LDA-
mixture, while the reaction temperature was maintained at -50 °C to —45 *C.

16. A tert-butyl methyl ether rinse (10 kg) was used to complete the addition.

17. The reaction mixture was stirred for an additional 30 minutes at -45 °C to —40 °C and
then warmed to 10 °C over a period of 81 minutes.
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18.

19.

21.

24.

A 10% sulfuric acid solution (72 kg) was added over a period of 40 minutes to the
reaction vessel, while the reaction temperature was maintained at 10 °C to 21 °C.

The reaction mixture was stirred for 16 minutes at ambient temperature, before the
aqueous phase was separated.

The organic phase was washed successively with deionized (D.1.) water (32 kg), and
10% sodium chloride solution (26.7 kg), each wash involved vigorous stirring for 15
to 17 minutes at ambient temperature.

The reaction mixture was concentrated under reduced pressure (pmin = 81 mbar),
maintaining an external (jacket/bath) temperature of 50 °C to 55 °C, providing a
residue which was dissolved in methylcyclohexane (56 kg).

The reaction mixture was refluxed (in a Dean-Stark type condenser for water
separation) under reduced pressure (pmin = 67 mbar), maintaining an external
(jacket/ bath) temperature of 50 °C to 55 °C for 2 hours and 7 minutes, until no more
waler was separated.

About 35 L of the solvents were distilled off under reduced pressure (pmin = 81 mbar),
maintaining an external (jacket/ bath) temperature of 50 °C to 55 °C.

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

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

1.

Lithium bis(trimethylsilyl)Jamide 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,.

The methylcyclohexane mixture containing (15)-(S)-pinanediol 1-chloro-3-
methylbutane-1-boronate was added over a period of 55 minutes, while the reaction
temperature was maintained at -19 °C to -13 °C.

A methylcyclohexane rinse (5 kg) was used to complete the addition.

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.

A suspension of Celite (2.5 kg) in methylcyclohexane (22 kg) was added to the
reaction mixture.
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10.

11

R
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The reaction mixture was concentrated under reduced pressure (pmin = 25 mbar),
maintaining an external (jacket/bath) temperature of 45 °C to 50 °C, providing a
residue which was dissalved in methylcyclohexane (36 kg).
A sample was then removed for in-process testing for tetrahydrofuran content by
GC.
The tetrahydrofuran assay was 0.58%.
The solids were removed by filtration, the filtrate was filtered through a plug of
Silica Gel (2.0 kg).
Both filter units were washed with isopropyl ether (30 kg).
The resultant methylcyclohexane/isopropyl ether mixture containing (1R)«S)-
pinanediol 1-bis(trimethylsilyl)amino-3-methylbutane-1-boronate was stared in a
container at ambient temperature until it was used in the next step.

Pinanediol 1-ammonium trifluoroacetate-3-methylbutane-1- te
Trifluoroacetic acid, (12 kg) was charged to another reaction vessel maintained under
a nitrogen atmosphere.

Isopropyl ether (78 kg) was charged to the trifluorcacetic acid and the resultant
mixture was cooled to 10 °C with stirring.

The methylcyclohexane/isopropyl ether mixture containing (1R)-(S)-pinanediol 1-
bis(trimethylsilyl)Jamino-3-methylbutane-1-boranate was added over a period of 53
minutes causing product precipitation, while the reaction temperature was
maintained at -10 °C to -5 °C,

An isopropyl ether rinse (5 kg) was used to complete the addition.

The reaction mixture was stirred for an additional 8 hours and 20 minutes at-9 °C to
-7°C.

The solid was collected by filtration, washed with isopropyl ether (70 kg) in two
portions, and dried under reduced pressure (pmin = 56 mbar) at41 °C to 42 °C for 2
hours and 15 minutes.

The solid was stirred with D.1. water (60 kg) for 24 minutes at ambient temperature,
before the D.L water was removed by filtration.

The solid was washed with D.I. water (12 kg).
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9. The solid was then dried under vacuum (pmin =4 mbar) at 40 °C to 44 °C for 9 hours
and 22 minutes, after that time the loss on drying was 0.51%, which meets the <1%

requirement.

10.  The intermediate, (1R)-(S)-pinanediol 1-ammonium trifluoroacetate-3-methylbutane-
1-boronate, crude, was then packaged into single polyethylene bags in
polypropylene drums and labeled. The yield was 72%.

tallization of (1R}{S}-pinanediol 1-ammonium trifluoroacetste-3- Ibutane-1-
boronate, crude

1. (1R)<S)-Pinanediol 1-ammonium triflucroacetate-3-methylbutane-1-boronate, crude,
(13 kg) was charged to a reaction vessel maintained under 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 receiving
vessel maintained under a nitrogen atmosphere.

5. Reactor and filter were rinsed with a mixture of trifluoroacetic acid (3.8 kg) and
isopropyl ether (5 kg). The rinse was added to the filtrate.

6. Isopropyl ether (126 kg) was added over a period of 15 minutes causing product
precipitation, while the reaction temperature was maintained at 16 *C to 18 °C.

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

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

9. The product, (1R)«S)-pinanediol 1-ammonium trifluorcacetate-3-methylbutane-1-
boronate, was then packaged into double polyethylene bags in fiber drums and
labeled. The yield was 86%.
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Example2: N-(2-Pyrazinecarbonyl)-L-phenylalanine-L-leucine boronic anhydride
Manufacturing Process

IS Pinanediol N-BOC-L~ lalanine-1 -leucine boronate

1. In a fume hood, a three-necked glass reaction flask equipped with a Claisen head
temperature recorder and a mechanical stirrer was flushed with nitrogen.

2 (1R){S)-Pinanediol 1-ammonium triflucroacetate-3-methylbutane-1-boronate (2.0
kg), was charged to the flask.

3. BOC-L-phenylalanine (1.398 kg) was charged to the flask.

4 2-(1H-Benzotriazol-1-yi}-1,1,3,3-tetramethy] uronium tetraflucroborate, TBTU (1.864
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 to
the reaction mixture over a period of 117 minutes using a peristaltic pump
maintaining a reaction temperature range of 0.7 °C - 2.1 °C, The overall addition rate
was 23.7 mL/min.

9. A dichloromethane (0.2 L) rinse of the flagk into the reaction mixture was used to
complete the addition.

10.  The reaction mixture was stirred for an additional 35 minutes. The temnperature at the
start of the stir time was 1.8 °C, and 2.5 *C at the end.

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

12.  The reaction mixture was transferred in approximately two equal halves to two
rotary evaporator flasks. The reaction mixture was concentrated under reduced
pressure using a rotary evaporator, maintaining an external bath temperature of 29-
30 °C.
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13.

14.

15.

16.

17.

18.

19.

Ethyl acetate (4.0 L) was divided into two approximately equal portions and charged
to the two rotary evaporator flasks,

The mixtures in each flask were again concentrated under reduced pressure using a
rotary evaporator, maintaining an external bath temperature of 29-30 °C.

The residues in each rotary evaporator flask were then transferred back to the
reaction flask using ethyl acetate (13.34 L).

In a glass flask equipped with a stirrer, a 1% aqueous phosphoric acid solution was
prepared by mixing D.I. water (13.18 L) and phosphoric acid (0.160 kg).

In a glass flask equipped with a stirrer, a 2% aqueous potassium carbonate solution
(12.0 L) was prepared by mixing D.L water (11.76 L) and potassium carbonate (0.24
kg).

In a glass flask equipped with a stirrer, a 10% aqueous sodium chloride solution

(1334 L) was prepared by mixing D.L water (13.34 L) and sodium chloride (1.334 kg).

D.I. 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.

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.

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

The 2% potassium carbanate 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 [ayers were allowed to separate and the basic aqueous phase
(bottom layer) was transferred to a suitable flask and discarded.

The 10% sodium chloride solution prepared in Step 18 was charged to the reaction
flagk containing the ethyl acetate solution and the mixture stirred at 373 RPM for 6
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27.

IS

minutes. The layers were allowed to separate and the aqueous phase (bottom layer)
was transferred to a suitable flask and discarded.

The ethyl acetate solution was transferred to a rotary evaporator flask and
concentrated under reduced pressure using a rotary evaporator, maintaining a bath
temperature of 29-30 °C, to provide a residue.

The residue was then redissolved in ethyl acetate (4.68 L).

The solution was concentrated under vacuum using a rotary evaporator, maintaining
a bath temperature of 29-30 °C, to provide a residue once more.

Again, the residue was then redissolved in ethyl acetate (4.68 L) and two samples
taken for determination of water content by Karl Fisher titration. The water content
of two samples was determined as 0.216 % and 0.207 %.

Using a further quantity of ethyl acetate (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 dispersion tube, and purged with
nitrogen.

Pinanediol L-phen ing-1 ~leucine boronate, HCl salt
The ethyl acetate solution containing (15,25,3R 55)-pinanediol N-BOC-L-
phenylalanine-1-leucine boronate was cooled using an ice/water cooling bath to -
0.9°C.
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.

The reaction was then allowed to warm to 14.4 °C over 50 minutes, while
maintaining a nitrogen atmosphere.

A sample was removed for in-process testing by RP-HPLC. The percent conversion
was 68.9 % (area %).

The reaction was stirred for 35 minutes. The temperature at the start was 14 °C, and
14.8 °C at the end.

A sample was removed for in-process testing by RP-HPLC. The percent conversion
was 94.7% (area %).
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7. The reaction was stirred for approximately a further 50 minutes, maintaining a
temperature of 10°C 1 5 *C.

8. A sample was removed for in-process testing by RP-HPLC. The percent conversion
was 97.3%.

9. The reaction was stirred for approximately a further 50 minutes, maintaining a
temperature of 10 °C + 5 °C. The final temperature was 14.6 °C.

10. A sample was removed for in-process testing by RP-HPLC. The total reaction time
after addition of hydrogen chloride gas was four (4) hours.

11.  The percent conversion was 99%.
12, A slurry was observed.
13. n-Heptane (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 153 °C at the end.

15.  The solid was isolated by filtration 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

reoorder.

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. (1S,253R,55)-Pinanediol L-phenylalanine-L-leucine boronate, HC salt was then
packaged into double poly bags in fiber drums and labeled, and sampled.

21.  Theisolated yield was 1.87 kg, 79.1%. The intermediate was stored at 2-8 °C until
used in further manufacturing,
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10.
11.

12

14.

15.

—2A
N- i 1L~ ine-I -leucine boronate
In a fume hood a three-necked glass reaction flask equipped with a Claisen head,
temperature recorder and a mechanical stirrer was flushed with nitrogen.

(15,25,3R,55)-Pinanediol L-phenylalanine-I.-leucine boronate, HCI salt (1.85 kg) was
charged to the flask.

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

2-(H-Benzotriazol-1-yl)-1,1,3,3-tetramethy] uronium tetrafluoroborate, TBTU (1.460
kg) was charged to the flask.

Dichloromethane (18.13 L) was charged to the flask.

The stirring motor was adjusted to provide stirring at 272 RPM.

Using a cooling bath, the reaction mixture was cooled to -1.2 °C.
N,N-Diisopropylethylamine (1.865 kg) was charged to a glass flask and transferred

to the reaction over a period of 50 minutes using a peristaltic pump maintaining a
reaction temperature range of -1.2 °C to 2.8 °C,

A dichloromethane rinse (037 L) of the flask into the reaction mixture was used to
complete the addition.

The reaction mixture was allowed to warm and stirred for an additional 81 minutes.
The temperature at the start of the stir time was 15 °C, and 24.9 °C at the end.

A sample was then removed for in-process testing by RP-HPLC. The percent
conversion was determined to be 99.9%.

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

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

The mixtures in each flask were then concentrated under reduced pressure using a
rotary evaporator, maintaining an external bath temperature of 33-34 °C.
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16.

17.

18.

19.

The residues in each rotary evaporator flask were then transferred back to the
reaction flask using ethy] acetate (12.95 L).

In a glass flask equipped with a stirrer, a 1% aqueous phosphoric acid solution (12.34
L) was prepared by mixing D.I. water (1219 L) and phosphoric acid (0.148 kg).

In a glass flask equipped with a stirrer, a 2% aqueous potassium carbonate solution
(12.34 L) was prepared by mixing D.I. water (12.09 L) and potassium carbonate (0.247
kg)-

In a glass flask equipped with a stirrer, a 10% aqueous sodium chloride solution
(12.34 L) was prepared by mixing D.I. water (12.34 L) and sodium chloride (1.234 kg).

D.1. water (12.34 L) was charged to the reaction flask containing the ethyl acetate
solution and the mixture stirred at 382 RPM for 7 minutes. The layers were allowed
to separate and the aqueous phase (bottom layer) was transferred to a suitable flask
and discarded.

Again, D.I. water (1234 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.

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.

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.

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

26. n-Heptane (14.8 L) was divided into two approximately equal portions and charged
to the two rotary evaporator flasks. The mixtures in each flask were then
concentrated under reduced pressure using a rotary evaporator, maintaining an
external bath temperature of 34 °C.

N-(2-Pyrazinecarbonyl}-L-phenylalanine-1.-leucine boronic anhydride, crude

1. In a glass flask equipped with a stirrer, a 1N solution of hydrochloric acid (222 L)
was prepared by mixing D.L water (20.36 L) and hydrochloric acid (1.84 kg).

2 In a glass flask equipped with a stirrer, a 2N sodium hydroxide solution (12.03 L)
was prepared by mixing D.I. water (12.03 L) and sodium hydroxide (0.962 kg).

3. The residues containing (15,25,3R 5S)-pinanediol N-(2-pyrazinecarbonyl)-L-
phenylalanine-L-leucine boronate in each rotary evaporator flask were then
transferred to a three-necked glass reaction flask equipped with a temperature
recorder and a mechanical stirrer, using n-heptane (14.8 L) and methanol (14.8 L).

4. The stirring motor was adjusted to provide stirring at 284 RPM.

5. 2-Methylpropaneboronic acid (0.672 kg) was charged to the flask.

6. 1N hydrochloric acid prepared in Step 1 (11.2 L) was charged to the flask.
7. The stirring motor was adjusted to provide stirring at 326 RPM.

8. The reaction mixture was stirred for 1638 hours The start batch temperature was
28.6 °C, and the end baich temperature was 21.6 °C.

9, A sample was then removed for in-process testing by RP-HPLC.

10.  The percent conversion was determined to be 100%.

11.  Stirring was stopped and the biphasic mixture allowed to separate.

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

13.  n-Heptane (5.37 L) was charged to the reaction flask and the mixture stirred at 381
RPM for 6 minutes. The layers were allowed to separate and the n-heptane phase
(upper layer) was transferred to a suitable flask and discarded.
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14.

15.

16,

17.

18.

19.

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.

The aqueous methanol solution was 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. 15 L of
methanol were collected.

Dichloromethane (5.37 L) was used to transfer the residue from the rotary evaporator
flasks back into the reaction flask.

2N sodium hydroxide (112 L) prepared in Step 2 was charged to the flask.
The dichloromethane layer (lower layer) was transferred to a suitable flask and
discarded.

Dichloromethane (5.37 L) was charged to the flask and the mixture stirred at 374
RPM for 6 minutes. The phases were allowed to separate and the dichloromethane
layer (lower layer) was transferred to a suitable flask and discarded.

Again, dichloromethane, (537 L) was charged to the flask and the mixture stirred at
368 RPM for 8 minutes. The phases were allowed to separate and the
dichloromethane layer (lower layer) was transferred to a suitable flask and
discarded.

Dichloromethane (5.37 L) was charged to the flask.

1N hydrochloric acid (10.7 L) was charged to the flask with stirring. The pH of the
aqueous phase was determined to be 6.

Stirring was discontinued and the phases allowed to separate.

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

Dichloromethane (537 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.
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26.

29.

al1.

32

8

2\
Again, dichloromethane, (5.37 L) was charged to the flask and the mixture stirred at B

335 RPM for 6 minutes. The phases were allowed to separate and the
dichloromethane layer (lower layer) was transferred to the glass receiving flask.

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-
3°C.

Ethyl acetate (12.95 L) was divided into two approximately equal portions and
charged to the two rotary evaporator flasks. The mixtures in each flask were then
concentrated under reduced pressure using a rotary evaporator, maintaining an
external bath temperature of 45-46 °C.

Agnin, ethyl acetate (12.95 L) was divided into two approximately equal portions and
charged to the two rotary evaporator flasks. The mixtures in each flask were then
concentrated under reduced pressure using a rotary evaporator, maintaining an
external bath temperature of 45-46 °C, until approximately 10% of the original
volume remained.

n-Heptane (102 L) was divided into two approximately equal portions and charged
to the two rotary evaporator flasks, and the slurry stirred under a nitrogen
atmosphere for 2.67 hours at 22-23 °C.

The solid was isolated by filtration an a Buchner funnel, lined with a polypropylene
felt filter pad.

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

The solid was then dried at 36 - 50 °C under a vacuum of 27” of Hg for 18 hours 27
minutes in a vacuum oven equipped with a vacuum gauge and a temperature
recorder.

The solid was sampled from each tray to determine the % Loss an Drying (LOD). The
LOD was determined to be 0.38%, 0.62%, 0.71%, and 0.63% on the four samples
taken.

N-(2-Pyrazinecarbonyl)-L-phenylalanine-L-leucine boronic anhydride, crude was
packaged into two 5L, HDPE, tamper-proof wide-mouth bottles and labeled.
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7.

The isolated yield was 1.314 kg, 83%.

Recrystallization of N-(2-Pyrazinecarbonyl} I.-phenylalanine-L-leucine boronic anhydride,

g

L

W

10.

11.
12,

13.

In a hood a glass reaction flask equipped with a mechanical stirrer, a reflux
condenser and a temperature recorder was flushed with nitrogen.

Ethyl acetate (21 L) was charged to the flask.

The ethyl acetate was heated to 66.8 °C under a nitrogen atmosphere, using a hot
water/steam bath.

N-(2-Pyrazinecarbonyl)-L-phenylalanine-I -leucine boronic anhydride, crude (1311
kg) was slowly charged to the reaction flask. Charging occurred over a period of 3
minutes.

The mixture was stirred for 1 minute until all the solid had dissolved. The
temperature of the solution was 64 °C.

The heat source was removed and the mixture was slowly cooled to 60 °C using a
cold bath.

The hot ethyl acetate solution was transferred into a receiving flask via poly tubing
and a polypropylene in-line filter capsule using a peristaltic pump.

The mixture was allowed to cool to 27.2 °C, and allowed to stand under a nitrogen
atmosphere without stirring, for 17.75 hours. The final temperature was recorded as
205°C.

The mixture was cooled using an ice/water bath with stirring for 2.33 hours. The
temperature at the start of the stir time was 3.8 °C, and -2.8 °C at the end.

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.

The solid was washed with ethyl acetate (2.62 L), cooled to 4.7 °C.
In a hood, the solid was transferred to two drying trays.

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.
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14 Thesolid was sampled to determine the % Loss on Drying (LOD). The LOD was 2
determined to be 0.65 % and 0.62 % on the two samples taken.

15.  N-(2-Pyrazinecarbonyl)-L-phenylalanine-L-leucine boronic anhydride was packaged
into four 1L, Type 3, Amber Wide-Mouth Bottles with Teflon-Lined Caps and
labeled.

16.  The isolated yield was 1.132 kg, 86.3%.

17.  N-(2-Pyrazinecarbonyl)-L-phenylalanine-L-leucine boronic anhydride was stored at -

2510 -15 °C.
Example3: N-(2-Pyrazinecarbonyl)-L-phenylalanine-L-leucine boronic anhydride
Convergent Synthesis
I Pinanediol N-{2- inecar 1~ Ialanine-L-leucine
[098] A solution of (1R)-(S)-Pinanediol 1-ammonium trifluoroacetate-3-

methylbutane-1-boronate (13.97 g) and N-hydroxysuccinimide (6.23 g) of in 66 mL of DMF
was cooled to -5 °C, followed by the addition of dicyclohexylcarbodiimide (10.83 g). The
resulting suspension was stirred for one hour at a temperature of -5 to 0 °C. To a solution of
N-(2-pyrazinecarbonyl)}-L-phenylalanine (19.52 g; prepared by coupling the preformed
succinimide ester of pyrazinecarboxylic acid with L-phenylalanine in dioxane-water) in 62
mL of DMF was added N-methylmorpholine (5.7 mL) at a temperature of 0 °C, and the
resulting solution was added to the suspension. The suspension was adjusted to pH 7 by
the addition of another 5.7 mL of N-methylmorpholine and stirred overnight, raising the
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 NaJSO,, filtered, and concentrated, yielding 25.5
g (95.5 %) of the title compound as a foam. As indicated by tic this material contained some
minor impurities, including approximately 2% of cyclohexyl urea.

N- razinecarbonyl}-L-phenylalanine-L-leucine boroni dri

[099] A solution of (/S,25,3R,55)-Pinanediol N-2-pyrazinecarbonyl)-L-
phenylalanine-L-leucine boronate (25.2 g) in 207 mL of MeOH and 190 mL of hexane was
cooled to 15 °C, and 109.4 mL of 1N HCl were added in portions, keeping the temperature
between 15 and 25 °C. 2-Methylpropaneboronic acid (8.67 g) was then added under
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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 1094 mL of 2N NaOH and 100 mL of EtxO. The two phases were separated the lower
layer was extracted with EtO (4 x 100 mL each), and then brought to pH 6.0 by the addition
of 109 mL of 1N HCI. After extraction with 100 mL of ethyl acetate, the lower layer was
adjusted to pH 6.0 with 1N HCl and extracted one more time with 75 mL 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
crude material was dissolved in 150 mL of ethyl acetate and concentrated in vacuo to a
suspension, followed by the addition of 150 mL of MTBE. The suspension was stored
between 2 and 8 *C over night, filtered, washed twice with MTBE, and dried under high
vacuum, yielding 10.69 g (57.2 %) of N-(2-pyrazinecarbonyl)-L-phenylalanine-L-leucine
boronic anhydride as a white solid.
BExample4: Measurement of Diastereomeric Ratio of (LR)-(15,253R,55)-Pinanediol-1-
ammoniumtrifluoroacetate-3-methylbutane-1-boronate
[0100] The diastereomeric purity of (1R){(15,25,3R 55)-pinanediol-1-
ammoniumtrifluoroacetate-3-methylbutane-1-boronate (compound 1) was determined by
non-chiral gas chromatography (GC).

Chemicals: Acetonitrile (p.a. Bruker or equivalent)
Tetradecane (internal standard) (Fluka puriss. or equivalent)
Trifluoroacetic anhydride (TFAA) (p.a. Merck or equivalent)

Instrument: Trace-GC 2000 system or equivalent
Mobile phase: Hz
Solvent A (with Approximately 300 mg of tetradecane were weighed with an
internal standard) accuracy of 0.1 mg into a 100-mL volumetric flask. 1.5 mL of
TFAA were added and the flask was brought to volume with

Sample Preparation: About 150 mg of the sample were exactly weighed (within 0.1
mg) into a 10-mL volumetric flask. The flask was brought to
volume with Solvent A. The solution was stored for 15 minutes
before injection.
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GC Parameters:
Column: Rix-200; 105m x 0.25 mm i.d. x 0.25 pm film
Mobile phase: Ha
Temp. program: 130 °C (0.5 min); 0.5 °C/min to 200 °C (0 min); 30 °C/min to 300
°C (2 min)
Flow: 0.9 mL/min (const. flow)

Injector temperature: 250 °C
Detector temperature: 250 °C (FID)

Split: 1:50
Injection volume: 1uL
Substances
Compound 1 (1R)<15,25,3R 55)-pinanediol-1-ammaniumtrifluoroacetate-3-

methylbutane-1-boronate

?
YY B"o
NH2 Fic-cooH

Compound 2 (15)-(15,25,3R 55)-pinanediol-1-ammoniumtrifluoroacetate-3-
methylbutane-1-boronate

N

Hz Fyc-cOOH

Stability of the solution

[0101] A stock solution of compound 1 was prepared by weighing 150.13 mg 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 injection out of each vial. The area%
of compound 1 and compound 2 were determined. No changes in area% were observed,
indicating that the solution is stable over 72 hours at ambient temperature.
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f0102] Approximately 150 mg of a sample comprising compound 1 and compound 2

were dissolved in Solvent A and injected to the GC chromatographic system. The peak for
compound 1 was well separated from the peak for compound 2. Peak purity check by GC-
MS showed no other componenis 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:

__H(signal)
SIN= H (baseline)

S/N = signal to noise ratio
H(signal) = height of signal for compound 1 [mm]
H(baseling) = height of signal baseline [mm]

[0104] 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 to 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

concentration 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-Pyrazinecarbonyl)-L-phenylalanine-L-leucine
boronic anhydride

[0106] The purity of N«(2-pyrazinecarbonyl)-L-phenylalanine-L-leucine boronic

anhydride (compound 3) was assayed by reverse phase HPLC.

Reagents: Water, HPLC grade
Acetonitrile, HPLC grade
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Instrument

High performance
liguid chromatograph

Column

Sample Pr'eparaﬂon:

HPLC Parameters:
Mobile phase A:
Mobile phase B:
Flow rate:
Detector:

Injection Volume:
Column Temp:
Sample Tray Temp:
Gradient Program:

Formic acid, ACS grade, > 98% pure
3% Hydrogen peroxide, ACS grade or equivalent

Autosampler capable of delivering 20-vL injections and
maintaining a temperature of 5 °C

Pump capable of gradient delivery at 1.0 mL/min
UV detector capable of monitoring effluent at 270 nm

Symmetry C18 chromatographic column, 250 mm x 4.6 mm ID,
5-um, Waters, cati# WAT054275.

Approximately 50 mg of compound 3 were accurately weighed
into a 50-mL volumetric flask. Mobile Phase B (5 mL) was
added and the mixture was sonicated to dissolve compound 3
(approximately 30-60 seconds). The solution was allowed to
reach room temperature, diluted to volume with Mobile Phase
A, and mixed well. Each sample was prepared in duplicate and
was stable for 7 days when stored at 2-8 °C protected from light.

acetonitrile/ water/ formic acid, 30:70:0.1 (v/v/v), degassed
acetonitrile/ water/ formic acid, 80:20:0.1 (v/v/v), degassed

1.0 mL/min

UV at270 nm

20 pl.

ambient

5°C

Time %A %B

0 100 0

15 100 0
30 0 100
45 0 100
47 100 0
55 100 0
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Substances
Compound 3 N<2-Pyrazinecarbonyl)-L-phenylalanine-L-leucine boronic
anhydride
[ij N” invda
H z
AR
Compound 4 N~2-Pyrazinecarbonyl}-L-phenylalanine-D-leucine boronic
anhydride
Compound 5 N-(2-Pymzi:mrbmyl)—[.—phmylalnmm—D—leum1e boronic
anhydride
0
Nj)L \ 4
(Y E’ ;
[0107] 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 £ and 5 co-
eluted at longer retention time, with a resolution of 2 2.0.

[0108] The relative retention of compound 3 in a sample chromatogram to that in the
standard chromatogram was calculated according to the following equation:

Lram

R="=
Lend

Where:

relative retention

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

R,
toum
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[0109]
equation:

[o110]

taa ™= retention time of the drug substance peak in the
closest preceding standard chromatogram, minutes
Assay results were calculated for each sample according to the following

Amm Woix P 1
Y%assay = ™ x W x(loo_M)xIOO
100
Where:
Aun = peak area response of compound 3 in the sample
preparation
Agg = 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)
Wun = weight of the sample, mg
M = moisture content of the sample, %
100 = conversion to percent

Relative retention and impurity levels in each sample were calculated

according to the following equations:

R=L
bx

Where:
Rk = relative retention
b - retention time of the individual impurity
te = retention time of the compound 3 peak

_ A:xW.uxPxDFxRth
Ad.lle-

%l 100

Where:
I - individual impurity
Ay - peak area response of individual impurity in the
sample preparation

Agdix = average peak area response of compound 3 in the 1%

standard preparation
Wi = weight of the standard, mg
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e
Wam = weight of sample, mg
P - assigned purity of the standard (decimal format)
DF = dilution factor, 1/100
RE = relative response factor of individual impurity
100 = conversion to percentage factor
[0111] When assayed by this method, N-(2-pyrazinecarbonyl)-L-phenylalanine-L-

leucineboronic anhydride from Example 2 showed total impurities of less than 1%.

[o112] 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 acope of the invention and appended claims.
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WHAT IS CLAIMED I: I

1. A large-scale process for preparing a boronic ester compound of formula (I):

R1
R, or*

R? B
ORS 1))
wherein:

R! is an optionally substituted aliphatic, aromatic, or heteroaromatic group;

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

R? is a nucleofugic group or an optionally substituted aliphatic, aromatic, or
heteroaromatic group; and

each of Rt and R5, independently, is an optionally substituted aliphatic, aromatic, or
heteroaromatic group, or R! and R3, taken together with the intervening oxygen
and boron atoms, form an optionally substituted 5- to 10-membered ring having
0-2 additional ring heteroatoms selected from N, O, or S;

said process comprising:
(a)  providing a boron "ate" complex of formula (II):

Rl e
YO R~ M+
OR® am
where
Y is a nucleofugic group;
M-+ is a cation; and

each of R! to R? is as defined above; and
(b}  contacting the boron "ate” complex of formula (IT) with a Lewis acid
under conditions that afford the boronic ester compound of formula (1), said
contacting step being conducted in a reaction mixture comprising:
(i) a coordinating ether solvent that has low miscibility with

water; or
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(iiy an ether solvent that has low miscibility with water and a

coordinating co-solvent.
2 The process of claim 1, wherein the reaction mixture comprises a
coordinating co-solvent.

3. The process of claim 2, wherein the coordinating co-solvent is selected from
the group consisting of tetrahydrofuran, dioxane, water, and mixtures thereof.

4, The process of claim 3, wherein the coordinating co-solvent constitutes no
more than about 20% v/v of the reaction mixture,

5. The process of claim 3, wherein the coordinating co-solvent constitutes no
more than about 15% v/v of the reaction mixture.

6. The process of claim 1, wherein the solubility of water in the ether solvent
that has low miscibility with water is less than about 2% w/w.

7. The process of claim 6, wherein the ether solvent that has low miscibility with
water is selected from the group consisting of ferf-butyl methyl ether, tert-butyl ethyl ether,
tert-amyl methyl ether, isopropyl ether, and mixtures thereof.

8. The process of claim 7, wherein the ether solvent that has low miscibility with
water constitutes at least about 70% v/v of the reaction mixture.

9. The process of claim 1, wherein at least about 5 moles of the boron "ate"
complex of formula (II) are provided in step (a).

10.  The process of claim 1, wherein at least about 20 moles of the boron "ate"
complex of formula (IT) are provided in step (a).

11.  The process of claim 1, wherein at least about 50 moles of the boron "ate"
complex of formula (II) are provided in step (a).
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12.  The process of claim 1, wherein at least about 100 moles of the boron "ate"
complex of formula (I} are provided in step (a).

13.  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.

14. The process of claim 13, wherein the Lewis acid is moist.

15.  The process of claim 13, wherein in step (a) the boron "ate" complex of
formula (II) is provided in a solution comprising an ether solvent that has low miscibility
with water, and the contacting step (b) comprises the steps:

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

(i) adding the Lewis acid solution to the solution of the boron
"ate" complex of formula (IT) from step (a).

16.  The process of claim 13, wherein in step (a) the boron "ate” complex of
formula (IT) is provided in a solution comprising an ether solvent that has low miscibility
with water, and the contacting step (b) comprises the steps:

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

(ii) adding the Lewis acid solution to the solution of the boron
"ate" complex of formula (IT) from step (a).

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

19.  The process of claim 1, wherein R! is C1¢ aliphatic, Cs10 aryl, or (Ce-0 aryl){Cis
aliphatic).

20.  The process of claim 1, wherein M* is selected from the group consisting of
Li*, Na*, and K*.

25
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21.  The process of claim 1, wherein R4 and RS, taken together with the

intervening oxygen and boron atoms, form an optionally substituted 5-membered ring.

22.  The process of claim 21, wherein R4 and RS together are a chiral mojety.

23.  The process of claim 22, wherein the boron "ate" complex of formula () is

S Sttt

M
24,

The process of claim 22, wherein step (b) provides the boronic ester
compound of formula (I) wherein the carbon atom bearing R!, R?, and R? is a chiral center

having a diastereomeric ratio of at least about 96:4 relative to a chiral center in the RR5
chiral moiety.

25.  The process of claim 22, wherein step (b) provides the boronic ester

compound of formula (I) wherein the carbon atom bearing Rt, R?, and R? is a chiral center
having a diastereomeric ratio of at least about 97:3 relative to a chiral center in the R-R5
chiral moiety

26. The process of claim 22, characterized by at least one of the following
features: :

teri-butyl methyl ether;
(b)
(c)

at least about 5 moles of the boronic ester of formula (II) are provided
in step (a);

(d)  the contacting step (b) is performed at a reaction temperature in the
range of about -60 °C to about -30 °C;

()

(a) the contacting step (b) is conducted in a reaction mixture comprising

the Lewis acid is zinc chloride;

the Lewis acid is moist;
) Y is chioro;

® R3 is chloro;
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(h) R2?ishydrogen;and
® R1 is Gy aaliphatic.

27.  The process of claim 26, characterized by at least two of the features (a)-(h).
28.  The process of claim 26, characterized by at least three of the features (a)-(h).
29.  The process of claim 26, characterized by all eight of the features (a)-(h).

30.  The process of claim 24, further comprising:
(©) wasghing 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 (J).

31.  The process of claim 26, wherein the residue comprises at least about five
moles of the boranic ester compound of formula (I).

32.  The process of claim 31, wherein the boronic ester compound of formula (I}
present in the residue has a diastereomeric ratio of at least about 96:4 at the carbon atom
bearing R1, RZ, and RS, relative to a chiral center in the Ri-R5 chiral moiety.

33.  The process of claim 31, wherein the boronic ester compound of formula (I)
present in the residue has a diastereomeric ratio of at least about 97:3 at the carbon atom
bearing R, R3, and RS, relative to a chiral center in the Ré-R% chiral moiety.

34, A composition comprising an ether solvent that has low miscibility with
water and at least about ten moles of a boronic ester compound of formula (I):

OR® ®
wherein:

R! is an optionally substituted aliphatic, aromatic, or hetercaromatic group;
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R is hydrogen, a nucleofugic group, or an optionally substituted aliphatic, aromatic,
or heteroaromatic group;

R3 is a nucleofugic group or an optionally substituted aliphatic, aromatic, or
heteroaromatic group; and

each of Rt and RS, independently, is an optionally substituted aliphatic or aromatic
group, or Rt and RS, taken together with the intervening oxygen and boron
atoms, form an optionally substituted 5- to 10-membered ring having 0-2
additional ring heteroatoms selected from N, O, or S.

35. A composition comprising an ether solvent that has low miscibility with
water and at least about ten moles of a boronic ester compound of formula (I):

OR® ®
wherein:
R! is an optionaily substituted aliphatic, aromatic, or heteroaromatic group;
R2 is hydrogen, a nucleofugic group, or an optionally substituted aliphatic, aromatic,
or hetercaromatic group;
R3 is a nucleofugic group or an optionally substituted aliphatic, aromatic, or
heteroaromatic group; and
each of R¢ and R3, independently, is an optionally substituted aliphatic or aromatic
group, or Ri and RS, 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;

wherein the carbon atom to which R}, R, and R? are attached is a chiral center,
having a diastereomeric ratio of at least about 96:4, relative to a chiral center in
the R4-RS chiral moiety.

36. A composition comprising an ether solvent that has low miscibility with
water and at least about ten moles of a boronic ester compound of formula (I):
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wherein:

R! is an optionally substituted aliphatic, aromatic, or heteroaromatic group;

R? is hydrogen, a nucleofugic group, or an optionally substituted aliphatic, aromatic,
or hetercaromatic group;

R3 is a nucleofugic group or an optionally substituted aliphatic, aromatic, or
heteroaromatic group; and

each of R* and RS, independently, is an optionally substituted aliphatic or aromatic
group, or R4 and RS, taken together with the intervening oxygen and boron
atoms, form an optionally substituted 5- to 10-membered ring having 0-2
additional ring heteroatoms selected from N, O, or S;

wherein the carbon atom to which R1, R?, and R3 are attached is a chiral center,
having an epimeric ratio of at least about 96:4.

37.  The composition of any one of claims 34-36, wherein the solubility of water in
the ether solvent is less than about 2% w/w.

38. The composition of any one of claims 34-36, wherein the ether solvent is
selected from the group consisting of teri-butyl methyl ether, teri-butyl ethyl ether, feri-amyl
methy! ether, isopropyl ether, and mixtures thereof.

39.  The composition of any one of claims 34-36, wherein R! is Cy.s aliphatic, Cs10
aryl, or (Cs10 aryl)(Ci aliphatic).

40.  The composition of any one of claims 34-36, characterized by at least one of
the following features:

(@) R3is chloro;
(b) R2is hydrogen; and
(C) RlisC4 aliphal:ic
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41.  The composition of any one of claims 34-36, wherein R¢ and RS, taken
together with the intervening oxygen and boron atoms, form an optionally substituted 5-

membered ring.

42.  The composition of any one of claims 34-36, wherein the compound of
formula (I) is
1 1
R r2f

s:*qo s RS*Q'O'
032 g >< Ou< ; K

’

43. A composition comprising at least about ten moles of a boronic ester
compound of formula (I):

OR® @
wherein:
R! is an optionally substituted aliphatic, aromatic, or hetercaromatic group;
R2 is hydrogen, a nucleofugic group, or an opticnally substituted aliphatic, aromatic,
or heteroaromatic group;
R3 is a nucleofugic group or an optionally substituted aliphatic, aromatic, or
heteroaromatic group; and
Rt and RS, taken together with the intervening oxygen and boron atoms, form an
opti ly substituted 5- to 10-membered chiral ring having 0-2 additional ring
heteroatoms selected from N, O, or S;

wherein the carbon atom to which R, R?, and R? are attached is a chiral center,
having a diastereomeric ratio of at least about 96:4, relative to a chiral center in
the R-RS chiral moiety; and
wherein the boronic ester compound of formula (I} constitutes at least about 70% w/w of
the compaosition.

44.  The composition of claim 36 comprising at least about 20 moles of the boronic
ester compound of formula (I).
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45.  The composition of claim 36, wherein the carbon atom to which R!, R?, and R3
are attached has a diastereomeric ratio of at least about 97-3, relative to a chiral center in the
R4-Rs chiral moiety.

46.  The composition of claim 36, wherein all of the boronic ester compound of
formula (I) present in the composition is produced .in a single batch run.

47, The composition of claim 36, wherein all of the boronic ester compound of
formula (I) present in the composition is produced in a single batch run of the process
according to claim 1.

48. The composition of cdlaim 36, wherein at least ane of the following features is
present:
(a) R3ischloro;

() the boronic ester compound of formula (J) is:
R!
2

3R1
j g >< O--< ; ><

() R is hydrogen; and

(d) RtisCy4aliphatic.
49.  Alarge-scale process for preparing a boronic ester compound of formula (I):

Ry
R,)L?.on‘
OR® M
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;
R3 is a nucleofugic group or an optionally substituted aliphatic, aromatic, or
heteroaromatic group; and
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each of R and RS, independently, is an optionally substituted aliphatic, aromatic, or
heteroaromatic group, or R and RS, taken together with the intervening oxygen
and boron atoms, form an optionally substituted 5- to 10-membered ring having
0-2 additional ring heteroatoms selected from N, O, or S;

said process comprising:
(@  providing a solution comprising:
i) a boronic ester of formula (IH):
RL I?,OR‘
ORS ()
wherein R1, R, and RS are as defined above; and
(i) an ether solvent that has low miscibility with water;
(b) treating the solution with a reagent of formula (IV):

R i
V- e aw
to form a boron "ate" complex of formula (IT):
[ o
RS Fore
i . M*
GRS )
where
Y is a nucleofugic group;

M* is a cation; and
each of R! to RS are as defined above; and
(c) contacting the boron "ate" complex of formula (II) with a Lewis acid
under conditions that afford the boronic ester compound of formula (1), said
contacting step being conducted in a reaction mixture 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.
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50. A large-scale process for preparing a boronic ester compound of formula (I):

i
OR? ®
wherein:
R! is an optionally substituted aliphatic, aromatic, or heteroaromatic group;
R2 is hydrogen, a nucleofugic group, or an optionally substituted aliphatic, aromatic,
or heteroaromatic group;
R3 is a nucleofugic group or an optionally substituted aliphatic, aromatic, or
heteroaromatic group; and
each of R* and RS, independently, is an optionally substituted aliphatic, aromatic, or
hetercaromatic group, or Rt and R?, taken together with the intervening oxygen
and boron atoms, form an optionally substituted 5- to 10-membered ring having
0-2 additional ring heteroatoms selected from N, O, or 5;

said process comprising:
(a) providing a solution compriging:
(i a boronic ester of formula (ITI):
RL?,OR‘
OR® ()
wherein R}, R4, and RS are as defined above;
(i) acompound of formula (V):
R R
v ™
where Y is a nucieofugic group, and R? and R® are as defined above; and
(iii) a solvent comprising:

(aa) a coordinating ether solvent that has low miscibility

with water; or

(bb) an ether solvent that has low miscibility with water and
a coordinating co-solvent;
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(b)  treating the solution of step (a) with a strong, sterically hindered base
to form a boron "ate" complex of formula (II):
R®
R T ort
YR Ty

OR )

where M+ is a cation derived from the base, and each of Y and R! to RS are as defined above;
and

(c) contacting the boron "ate” complex of formula (IT) with a Lewis acid in
a solution comprising an ether solvent that has low miscibility with water to form the
boronic ester compound of formula (I).

51.  Alarge-scale process for preparing a boranic ester compound of formula (I):

OR? @
wherein:
R! is an optionally substituted aliphatic, aromatic, or heteroaromatic group;
R2is 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
Rt and RS, taken together, form an optionally substituted linking chain comprising 2-
5 carbon atoms and 0-2 heteroatoms selected fram the group consisting of O, N,
and S;
said process comprising:
(a) providing a solution comprising:
(i) a boronic acid compound of formula (VI):

R'\B,OH

OH (VD
wherein R! is as defined above;
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(ii) acompound of formula HO-R-R5-OH, wherein R¢ and R°® are
as defined above; and
(iii)  an organic solvent that forms an azeotrope with water;
(b)  heating the solution of step (a) at reflux, with azeotropic removal of
water, to form a boronic ester of formula (HIT):
1 4
R\?,OR
ORS (I
wherein R1, R4, and R3 are as defined above;
{c¢)  providing a solution comprising:
)] the boronic ester of formula (IIT);
() acompound of formula (V):
R _R®
H
Y )
wherein Y is a nucleofugic group, and R? and R? are as defined above; and
(iii) a solvent 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;
(d) treating the solution from step {c) with a strong, sterically hindered
base to form a boron "ate” complex of formula (II):
RS
2 o1
ONE-oR!
1. M*
OR® @
where M* is a cation derived from the base, and each of Y and R! to R5 are as defined above;

and

(e) contacting the boron "ate” complex of formula (II) with a Lewis acid in
a solution comprising an ether solvent that has low miscibility with water to form the
boronic ester compound of formula (I).

R
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52 The process of claim 50 or 51, 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 RY, independently, is a branched or cyclic Cs¢ aliphatic.

53.  The process of claim 51, wherein the organic solvent in step (a) is selected
from the group consisting of acetonitrile, toluene, hexane, heptane, and mixtures thereof.

54.  The process of claim 51, wherein the organic solvent in step (a) is an ether
solvent that has low miscibility with water.

55.  The process of claim 54, wherein the solutions in steps (a) and (c) each
comprise the same ether solvent.

56.  The process of claim 55, wherein step (b) provides a product solution
comprising the boronic ester of formula (III), and the product solution from step (b) is used
in step (c) without isolation of the boronic ester of formula (IH).

57. A large-scale process for preparing an aminoboronic ester compound of
formula (VIT):

R
HzNJ\?.on‘
OR? (van)
or an acid addition salt thereof, wherein:
R! is an optionally substituted aliphatic, aromatic, or heteroaromatic group; and

each of R4 and RS, independently, is an optionally substituted aliphatic, aromatic, or
hetercaromatic group, or Rf and RS, taken together with the intervening oxygen
and boron atoms, form an optionally substituted 5- to 10-membered ring having
0-2 additional ring heteroatoms selected from N, O, or S;
said process comprising:
(a) - providinga boron "ate" complex of formula (IT):

bre M a

23b
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where
Y is a nucleofugic group;
M* is a cation;
R? is hydrogen;
R? is a nucleofugic group; and
each of R1, R4, and RS are as defined above;

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

OR® ®

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;

() treating the boronic ester compound of formula (I) with a reagent of
formula M1-N(Si(R¢)s)2, where M! is an alkali metal and each R¢ independently is
selected from the group consisting of alkyl, aralkyl, and aryl, where the ary] or aryl
portion of the araikyl is optionalily substituted, to form a byproduct of formula M*-R3
and a compound of formula (VII):

Rl
(G)ZNJ\S,OR‘
R (vam)
wherein each G and R! io R® are as defined above; and
(d removing the G groups to form a compound of formula (VIT):
R?

H’NJ\?,OR‘

OR® (v

-75-
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or an acid addition salt thereof.

58.  The process of claim 57, wherein the reaction mixture in step (c) comprises an
organic solvent in which the byproduct M-R? has low solubility.

59.  The process of claim 58, wherein M! is Li and R3 is Cl.
60.  The process of claim 59, wherein the reaction mixture in step (c) comprises an
organic solvent selected from the group consisting of methylcyclohexane, cyclohexane,

heptane, hexane, toluene, and mixtures thereof.

61.  The process of claim 57, wherein the reaction in step (c) is conducted ata
reaction temperature in the range of about -100 °C to about 50 °C.,

62.  The process of claim 61, wherein the reaction temperature is in the range of
about -50 °C to about 25 °C.

63.  The process of claim 61, wherein the reaction temperature is in the range of
about-30 °C to about 0 °C.

64.  The process of claim 57, wherein step (d) comprises treating the compound of
formula (VIOT) with an acid and isolating the compound of formula (VII) as the acid addition
salt.

65.  The process of claim 64, wherein the acid is triffuoroacetic acid.

66.  The process of claim 57, wherein step (c) further comprises filtering the
reaction mixture to provide a filtrate comprising the compound of formula (VIII).

67.  The process of claim 66, wherein in step (c), the reagent of formula
ML-N(Si(R¢)a): is added to the reaction mixture as a solution comprising tetrahydrofuran,
and step (c) further comprises removing the tetrahydrofuran before filtering the reaction
mixture.

68.  The process of claim 66, wherein the filtrate is used directly in step (d).

-76-
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69.  The process of claim 57, further comprising the step:
(e)  coupling the compound of formula (VII) with a compound of formula (IX):

RT
Py
H o

()
wherein:
P! is an amino group blocking moiety;
R? is selected from the group consisting of hydrogen, Cy.icaliphatic, optionally
substituted Cgoaryl, or Crcaliphatic-RS; and
R® is selected from the group consisting of alkoxy, alkylthio, optionally substituted
ary], heteroaryl, and heterocyclyl groups, and optionally protected amino,
hydroxy, and guanidino groups; and

X is OH or a leaving group;
to form a compound of formula (X):
R’ n ('JR“
P-N Yy B-ore
"o R x

wherein each of P1, R1, R4, R5, and R is a8 defined above.
70.  The process of claim 69, wherein P! is a cleavable protecting group.

71.  The process of claim 70, further comprising the steps:
() deaving the protecting group P! to form a compound of formula (X1):
R’ OR*
N8
HzNJ\rr ﬁR" “ORS

o (@)

or an acid addition salt thereof, wherein each of R, R4, RS, and R7 is as defined above;

() coupling the compound of formula (XI) with a reagent of formula P2-X,
wherein P2 is an amino group blocking moiety and X is a leaving group, to form a
compound of formula (XIT):
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R? n Cl)R‘
pﬂ-u*,r Y or®
"o R o
wherein each of P2, R1, R4, RS, and R” are as defined above; and

(h)  deprotecting the boronic acid moiety to form a compound of formula (XIII):
K
P’-H’Hr Y TOH
0 R (x1m)
or a boronic acid anhydride thereof, wherein each of P!, R}, and R7 are as defined above.

72 Alarge-scale process for preparing an aminoboronic ester compound of
formula (Vila) or (VIID):
R! R
H'N)\?.OR‘ H zN""‘q’°R4
ORS (ViIa) OR® (VII)
or an acid addition salt thereof, wherein:
R! is an optionally substituted aliphatic, aromatic, or hetercaromatic group; and
R* and RS, taken together with the intervening oxygen and boron atoms, form an
optionally substituted chiral cyclic boronic ester;
said process comprising:
(a) providinga boran "ate" complex of formula (IIa) or (IIb):

R '?R‘ R2 R R1
Ny _OR* ';’\ 1_OR*
YOUBRT e YOUBTT e
OR® (Ia) OR® ()

where
Y is a nucleofugic group;
M* is a cation;
R? is hydrogen;
R3 is a nucleofugic group; and
R4 and R? are as defined above;

-78-
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(b)  contacting the boron "ate" complex of formula (Ia) or (ITb) with a 'L‘-f/
Lewis acid under conditions that afford a boronic ester compound of formula (Ia) or
(Ib):
R1 B1
RAA_ort g O
ORS OR®
(Ia) (Ib)

where each of R! to R® is as defined above, said contacting step being conducted in a reaction
mixture 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;
{©) treating the boronic ester compound of formula (Ia) or (Ib) with a
reagent of formula M!-N{(G})z, where M! is an alkali metal and each G is an amino
group protecting moiety, to form a compound of formula (VIIIa) or (VIIb):

R! R

(s)zn"‘ _OR ©) zN/'\?.OR‘

R® (VIIIa) OR® (VIIID)
wherein each G and R! to RY are as defined above; and

(d) removing the G groups o form a compound of formula (VIIa) or

(VIIb):
R R
H 2N,Ll?,on" H INAE".OR‘
OR°® (VIla) OR® (VIIb)
or an acid addition salt thereof.

73.  Alarge-scale process for forming a compound of formula (XIV):

e

h (aav)
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or a boronic acid anhydride thereof, said process comprising: W'V
(a) providing a boron "ate" complex of formula (XV):

R’T :
e O
Y 4+
M xXv)
wherein:
M-+ is an alkali metal;

(b) contacting the boron "ate” complex of formula (XV) with a Lewis acid
under conditions that afford a boranic ester compound of formula (XVI):

PR

Rﬂ’z\qf &
O:.z g ><
(XvI)

said contacting step being conducted in a reaction mixture comprising an ether solvent that
hag low miscibility with water;

(c) treating the boronic ester compound of formula (XVI) with a reagent
of formula M1-N(G)z, where M! is an alkali metal and each G individually or together
is an amino group protecting group, to form a compound of formula (XVII):

(G)szQo\'%‘:
(XvI)

(d) removing the G groups to form a compound of formula (XVITI):

G .

or an acid addition salt thereof;
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(6)  coupling the compound of formula (XVIII) with a compound of formula 7/‘/'}
(XIX);
PN N X
hoo (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):
) H 9'&
P.n NYB"O
o i
Y (Xx)
wherein P! is as defined above;

(f) removing the protecting group P! to form a compound of formula (XXT):
. En:\:,z:,,é
" Y

() coupling the compound of formula (XXT) with a reagent of formula (XXII)
G
4§
o)

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

(xx1)

or an acid addition salt thereof;

(xxm)

-81-
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®)

2t

A
(XXI) ; and

deprotecting the boronic acid moiety to form the compound of formula (XIV)

or a boronic acid anhydride thereof.

m-65)

74,

The process of claim 73, characterized by at least one of the following features

(1)  inthe boron "ate" complex of formula (XV), R’ and Y both are chloro;

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

D 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)-
1,1,33-tetramethyluronjum tetrafluoroborate (TBTU) and a tertiary amine in
dichloromethane;

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

(iii) performing an aqueous wash of the ethyl acetate solution.
(3) 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 (XXT) as
its HC1 addition salt;
(4)  the coupling step (g) comprises the stepes:

(i) coupling the compound of formula (XXT) with 2-pyrazine-
carboxylic acid in the presence of TBTU and a tertiary amine in
dichloromethane;
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76.

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

(iiiy performing an aqueous wash of the ethyl acetate solution; and
(5) the boronic acid deprotecting step (h) comprises the steps:

Q] providing a biphasic mixture comprising the compound of
formula (XXIIT), an organic boranic acid acceptor, a lower alkanol, a Css

hydrocarban 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

The process of claim 74, characterized by all five features (1)-(5).

The process of claim 74, 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

4) adjusting the aqueous layer to a pH less than about 8.

77.  The process of claim 76, wherein in step (h)(iii)}(3), the aqueous layer is
washed with dichloromethane.

78.

The process of claim 76, wherein in step (h)(iv), the compound of formula

(XIV), or a boronic acid anhydride thereof, is extracted into dichloromethane, the solvent is
exchanged to ethyl acetate, an the compound of formula (XIV), or a boronic acid anhydride
thereof, is crystallized by addition of hexane or heptane.

79.  The process of claim 78, wherein addition of hexane or heptane results in
crystallization of a cyclic trimeric boronic acid anhydride of formula (XXIV):

-83-
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4

¢y

xxrv).
80. A large-scale process for forming a compound of formula (XTV):
H
Eujiﬁl En,,E,E.OH
N’
Y xav)

or a boronic acid anhydride thereof, comprising the steps:
(aa) coupling a compound of formula (XVIIT):

(xXvi)

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

PI-N" ix
M

o (XIX)
wherein:
P i a cleavable amino group protecting moiety; and
X is OH or a leaving group;

to form a compound of formula (XX):

B
Y

-84-
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M7

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

(D coupling the compound of formula (XVIII) with a compound of
formula (XTX) wherein X is OH in the presence of 2-(1H-benzotriazol-1-y1)-1,1,33-
tetramethyluronium tetrafluoroborate (TBTU) and a tertiary amine in

dichloromethane;

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

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

(bb) removing the protecting group P! to form a compound of formula (XXI):
nYS.'oé
T oon)

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

HaN

(i) treating the compound of formula (XX) with HCI in ethyl acetate;
(ii) adding heptane to the reaction mixture; and

(iii) isolating by crystallization the compound of formula (XXT) as its HCI
addition salt;

(<) coupling the compound of formula (XXTI) with a reagent of formula (XXII)

o

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

E::]jﬂgfi’f

T oo,

(Xxm)
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said coupling step (cc) comprising the steps:
(i) coupling the compound of formula (XXT) with 2-pyrazinecarboxylic
acid in the presence of TBTU and a tertiary amine in dichloromethane;
(ii) performing a solvent exchange to replace dichloromethane with ethyl
acetate; and
(iii) performing an aqueous wash of the ethyl acetate solution; and
(dd) deprotecting the boronic acid moiety to form the compound of formula (XTV)
or a boronic acid anhydride thereof, said deprotecting step (dd) comprising the steps:
(i) providing a biphasic mixture comprising the compound of formula
(XXIII), an organic boronic acid acceptor, a lower alkanol, a Cs¢ hydrocarbon
solvent, and aqueous mineral acid;

(ii)  stirring the biphasic mixture to afford the compound of formula
(X1V);
(iii) separating the solvent layers; and

(iv) extracting the compound of formula (XIV), or a boronic acid
anhydride thereof, into an organic solvent.

81.  The process of claim 80, wherein step (dd)iii) comprises the steps:
(1)  separating the solvent layers;
(2)  adjusting the aqueous layer to basic pH;
(3)  washing the aqueous layer with an organic solvent; and
(4)  adjusting the aqueous layer to a pH less than about 8.

82  The process of claim 81, wherein in step (dd)(iv), the compound of formula
(XIV), or a boronic acid anhydride thereof, is extracted into dichloromethane, the solvent is
exchanged to ethyl acetate, an the compound of formula (XIV), or a boronic acid anhydride
thereof, is crystallized by addition of hexane or heptane.

83.  The process of claim 82, wherein addition of hexane or heptane results in
crystallization of a cyclic trimeric boronic acid anhydride of formula (XXIV):



MPI4-044P1IRWOM

Uin&f;

84.  Alarge-scale process for forming a compound of formula (XIV):

or a boronic acid anhydride thereof. The process comprises the steps:
(a) providing a boron "ate" complex of formula (XV):

aT H
aeCh
Y -
M-I-
wherein:

R3 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):

ba

e
o
(xvn
said contacting step being conducted in a reaction mixture comprising:

() a coordinating ether solvent that has low miscibility with water; or
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(i) anether solvent that has low miscibility with water and a
coordinating co-solvent;

(c) treating the boronic ester compound of formula (XVI) with a reagent of
formula M!-N(Si(R¢)s)2, where M! is an alkali metal and each Ré independently is selected
from the group consisting of alky], aralkyl, and aryl, where the aryl or aryl portion of the
aralkyl is optionally substituted, to form a compound of formula (XVH):

«R')asuznfi\l\’_‘jzz"
@vin)

(d) removing the (R6)sSi groups to form a compound of formula (XVIII):

oy
e _

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

(XIXa):
0 qr:
Nj)LN p
IIN' H o

or an acid addition salt thereof;

(XIXa)
wherein X is OH or a leaving group, to form a compound of formula (XXTIT):
E"‘jj“u uﬁ
N® :
Y (XXT) ; and

(f)  deprotecting the boranic acid moiety to form the compound of formula (XIV)

or a boronic acid anhydride thereof.

g0
A
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85.  The process of claim 84, characterized by at least one of the following features
-3

(1) Inthe boron "ate" complex of formula (XV), R¥and Y both are chloro.

(22  The coupling step (e') comprises the steps:

(i) coupling the compound of formula (XVII) with a compound of
formula (XIXa) 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.

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

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

(ii) stirring the biphasic mixture to afford the compound of formula
(xIvy;
(iii) separating the solvent layers; and

(iv) extracting the compound of formula (XIV), or a boronic acid
anhydride thereof, into an organic solvent

86.  The process of claim 85, wherein step (F)(iii) comprises the steps:
(1) separating the solvent layers;
(2) adjusting the aqueous layer to basic pH;
(3)  washing the aqueous layer with an organic solvent; and
(4) adjusting the aqueous layer to a pH less than about 8.

87.  The process of claim 86, wherein in step (F)(iii)(3), the aqueous [ayer is
washed with dichloromethane.
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88.  The process of claim 86, wherein in step (F)(iv), the compound of formula ’LS?’
(X1V), or a boranic 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.

89.  The process of claim 88, wherein addition of hexane or heptane results in
crystallization of a cyclic trimeric boronic acid anhydride of formula (XXIV):

XaV).

90. A composition caomprising at least one kilogram of a compound of formula

(xXxavy.
: 2 [ Eu.._,ﬁ

wherein the compound of formula (XXIV) is prepared according to the process of claim 73
or 80.

91. A composition compriging at least one kilogram of a compound of formula

U’uf”)lg -

wherein the compound of formula (XXTV) constitutes at least 99% w/w of the compaosition.
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ABSTRACT OF THE DISCLOSURE }
[0113] The invention relates to the synthesis of boronic ester and acid compounds.
More particularly, the invention provides improved synthetic processes for the large-scale
production of boronic ester and acid compounds, including the peptide boronic acid
proteasome inhibitor bortezomib.
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description and drawings) may bes smended during the Inlemalional prelimtiney examination , there is ususlly
no nead (o fis amendments of the claima under Artiole 19 excepl whers, 8.9. ihe applicant wanis the laiter io be pubished
for the purposes of provisional proteation or has anaother mmon lor amending the olsims belore intemationsl pbuliosion.
Furtharmore, & should be emphasized that provisional protsction is avalsble in some Btales only,

What parts of the inlsmational application may be swended ?
. Under Asticle 19, only the claims mey be amended,

During the intemational phase, the dsime may aiso be amended (or further smended) under Article 34 before
the intemational Preliminary Examining Authorily. The deseriplion and drawings may only be amended under
Article 34 bafore the Intemational Examining Authority.

Upon entry into the national phase, all parts of the internalional applisation may be emended under Article 20
or, whers appliosble, Article 41.

When'? Within 2 months from the dsie of traremiital of the inlemational ssarch report or 18 mantha from the priarity
daie, whichever time limit expires lster. It should be nobed, howaver, that the amendmenis wil be conaldered
as having been recsived on fima I they are received by the inlsmational Buresu afier the sxpirstion of the
qﬁo:h;imhiﬂhﬁnhmﬂhdhhﬁnﬁmp.hhmm
(Rule 48.1).

Whate nel ie file the amendmenia?

Tha amendments may only be fled with the intlemations! Bureau and not with the receiving Offics or the
intemnational Searching Authorlty (Fule 48.2).

Whare a damend for intermnalional prefliminary examinalion haa been /s flled, see below.

. How? Elihar by canceling one or more sniire alaims, by adkling ohs or more new alsims or by amending the tet of
one ar more of the adaims e Sed.

- A replasemaent shest musi be submitiad for sach shest of the clainw which, on ascount of an amendment or

All the claime appearing on a replasement shesi must be numbered in Arablo numerals. Whare a olaim s
canceiied, no renumbaring of the other olaims Is recquired. in ol cases whery clgims are rerumbared, they must
be rerumberad conssaulively (Administrative instructions, Beation 205{b)}).

The amendinentis must ba mads in the language in whish the intemational applicstion ks i be published.

What desurnenis isust/may sccompany the amendments?
Latter (Baction 208(b)):
The smencdmanis must be sulsmitted with a lelter.

Tha letter will not be published with the intemational applicsiion and the amendad alsime. It should nat be
sonfused with the “Stalement under Article 19{1)" (see below, under "Statement under Articls 16{1)").

Tha latter must be in English er French, ai the cheles of the spplicant. Howeves, I the language of the
intormnational application is English, the istisr musi be in Englizh; if the langsage of the intanational application
s French, the lstter must be In French.

Naoles tv Form PCTASA/220 (firet shest) (January 1894)
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The leiter must indioate the differences betwesn the olsims as filed and tha alaime aa amendad. R must, in
particulsr, Indicats, in conneciion with eash claim appearing in the intemational applioation (it being \mdemnsiood
that identiaal MMMdm0m1yBMMr

{l the claim is unchenged;

(I} the claim in cancelied;

(W) the olaim s new;

(v) the claim replaces ons or more daims & flled;

{(v) the claim s the remult of the division of a claim as fled. -

The foliewing exsnpies [lustrais the manner in which amandmants musl be axplained in the
sooompanying latter:

1. [Whers ariginally there were 48 clsims and alter smendment of sofme claima thare are 51}
“Claims 1 o 28, 31,22, 34, 35, 37 lo 48 replaned by amendad claims bearing the same numbars;
claima 30, 33 snd 36 unahengad; new clsima 48 to 51 added.”

' 2. PWharn originally here were {5 alsim and after smendmant of afl dlsisms there are 11]:
"Cisms 1 io 15 replaced by amended dlaims 1 1o 11.°

3 m-mmhnmummhmw‘ in canceliing some alaims and in adding
new ]:
*Claims 1 (o 6 and 14 unshanged; olaims 7 o 13 cancelled; new elaims 15, 16 and 17 added " or
*Claims 7 to 13 cancsfled; new olaim 15, 10“17“.!““:1”“

4. [Whare verious kinds of amendmenis are made]:
*Claims 1-10 unchanged; olaima 11 ta 13, 18 and 19 oancsbed; dlinlﬂ.‘lilnd‘l!uﬂ-ldb;m
mmmwmmmu-nw 1!-"1 naw claims 20 and 21 added.”

“Bistewmant ynder wrticls 19(1)" (Rute 40.4)

The amendmaris may be sccompanied by a ststement sxpisining the emendments and indicaling any impast

mnmmmhmmhm anvd the drawings (which cannot be smendacd under
Aticle 18(1)).

The slslement will be published with the international appioation end the amended aleima.
@ wosst b i the language in whish the infternalianal apppliostion is to be publishe,
R must bs briel, nol exceeding 500 words ¥ in English or if transisied into Engliah.

R should not be confused with and dows not replace the letter indioating the difersnoes betwesn the slalms
as Bed and a8 amended, k must be fed on a separais shest and must be identiled as sush by a heading,
proderably by using the words "Slslement under Artiole 19{1)."

. it may not conlain any disparaging commenis on the internstional ssarch report or the relevancs of stations
MhMMMbMMbQMﬁn contsined in the intemational ssarch
report may be made only in sormaction with an amendment of that alaim.

Conssquenas ¥ & demand for internalianal preliminery examination has atronsty basn flled

i, al hw time of Siing any amandments under Articls 19, a demand for inlemational preliminasy sxamination
han sbwady been submilied, the applicant must prefersbly, ai the same iime of filing the amandmenis with the
intamational Buresu, aiso e & copy of such amendments with the Inlamational Preliminary Examining
Authority (ses Ruls 82.5(a), first santenca).

Conssquenca with regand to imnsiation of the intemational appliostion for entry into the netional phase

Thw appliasnt’s sitention is drawm to the last thal, where Illlybhhndbnlllil— @ iraruistion of the
ddu..mﬂmﬁ“limhmhhmh mdb- instead of, or
in additien o, the innalstion of the daims s fled.

:&Mﬂdhmhmd.ﬂﬂmm , bee Volume |l of the POT Applioant's

15
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INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)
Applicant's or agent's file reference FOR FURTHER see Form PCTASA220
MDIO4-044 ACTION &s well as, where applicable, tern 5 beiow.
intemational appiication No. International fiing date (day/monih/year] {Earfiest) Priority Date (day/morihyear)
PCT/US2005/009774 24/03/2005 30/03/2004

Applicant

MILLENNIUM PHARMACEUTICALS, INC.

This iImtemational Search Report has been prepared by this Intemational Searching Authority and |s tranamitted io the epplicant
accordng to Article 18. A copy |8 belng tranemiited 1o the Intemational Bureau.

This Intemational Search Report conslsts of a toted of 1 sheets.
]E itis aiso accompanied by a copy of each prior ert document cited In thie report.

1. Basls of the report

a. With regard to the languags, the intemational ssarch waa camried out on the baals of the intemational application In the
language In which It was filed, unless otherwise indicated under this kem.

I:I The imemational ssarch was carried out on the basis of a ranelation of the intemational application furnished o
this Authority (Rule 23.1(b)).

b. [[] Wwithregard to any nucleatide and/or amino acid soquencs disciosed In the intemational application, 8¢ Box No. |.
2. D Certain claims were found unssarchable (See Box I1).
3. Unlty of invention is lacking (ses Box Ii).

4, With regand to the dtle,
[X] thewxis approved as submitied by the appilcant.
[ ] thetext has bean estabiished by this Authortty o read as foliows:

5. With regard to the abstrast,
[X] the textis approved as submitied by the appiicant.

D the text has been established, according to Rule 38.2(b), by thia Authority as It appears in Box No. IV, The applicant
may, within one month from the date of maliing of this Intemational sesrch report, eubmit comments to thia Authority.

6. With regard to the drawings,
a. the figura of the drawings to be published with the abstract ia Figure No.
[] aseuggestsd by the appiicant
[[] assemected by thia Authortty, bacause the appiicant tailed to suggeet a figure.
D as selacted by this Authority, becausa thia figure batier chamcterizes the Invention.
b. [[] noneof the figures is 1o be published with the abatract

Form PCTASA/210 (firet sheat) (January 2004)
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According to Inlernational Patent Classificallon (IPC) or 1o both national clasaificatlon and IPC

Minimum MII'EBI;‘IFI'I saarched {classiicaiion sysiem followad by dassification eymbots)

Documnaniation searchad othar than minimum doumantation fo the axent thal such docurments are included In the fiekis ssarchad

Elocironic daia bass conaulied during the international search (name of data basa and, whare preclical, search lafmme used)

EPO-Internal, CHEM ABS Data, BEILSTEIN Data

€. DOCUMENTS CONSIDERED TO BE RELEVANT

Calagory * | Chiation of documant, with indication, whars appropriats, of the relovant passages Relevar fo dabm No.

A US 6 699 835 B2 (PLAMONDON LOUIS ET AL) 34
2 March 2004 (2004-03-02)
cited in the application

A claims 89-92; examples 2-5 1
X column 15 90,91
X US 4 525 309 A (MATTESON ET AL) 1,12,
25 June 1985 (1985-06-25) 17-23,
cited 1n the application 34-36,
40-48,
57-59,
61-68
exampies 1-3,6-10
iy
m Furthar docurnanis are listad in the cominusilon of bax C. E Patent tamily members are Rsted In annax.
e o~ —— T e S b e e
At %ﬂm'%ﬂ:’éﬂ.m:ﬂ.ﬂmﬂ an which Is not ched 1 unclersiand the principle or theory undariying the

‘B ﬁ&w‘“ﬂm"“m’m imemational “X* dogumani of paricule relovancs: the claimed irverion

nol be conskiared novel or cannot be consldered 1o

“L" docu whluhhel.dlo mmm ﬁl!l-y.mg m-:mmmmmmu ixken aione
"Y" document of particular relevance; the claimad Inventio
m"“wmm cannol be considered 10 involve an Invantive dqmll:nm
"Cr documant nefarting 1o an oral disclosums, use, exhibition or documant s combinad with ong or more olher auch docl-
othar maans mants, such combination baing cbvious to a person sidilad
*P* document published prior io the intsmational fing date but In the ant.
Inter than the priority dale claimed “&" documarni membes of the seme patent family
Data ol tha actusl compiation of the inlomational ssarch Date of maling of the Intemational ssarch repon
08 12. A0
9 November 2005
Nams and malling ackiress of the ISA Authorirad officer
Elnp:.mﬂm P.B. 5818 Paleniinan 2
;&(g;%mn 31851 eponl, Richter‘, H

Form PCTABA/210 inscond shest} Clamury 2004)
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C.{Continustion) DOCUMENTE CONSIDERED TO BE RELEVANT

Cxtagory * | Clalion of document, with indication, whare appropriaie, of tha relsvant passages

Ralvant to clalm No.

A KOLOMEITSEV A A ET AL: "Perfluoroalkyl
borates and boronic esters: new promising
partners for Suzukt and Petasis reactions”
TETRAHEDRON LETTERS, ELSEVIER SCIENCE
PUBLISHERS, AMSTERDAM, NL,

vol. 44, no. 45,

3 November 2003 (2003-11-03), pages
8273-8277, XP004463842

ISSN: 0040-4039

Entry 1, 2, 8, 9table 2

X entry 9, table 2

A PERGAMENT I. ET AL.: "“Arbuzov Reaction of
1-Iodoboronates as a Means of preparing
Cl-Bridged Phosphonoborates”™

TETRAHEDRON LETTERS,

vol. 40, 1999, pages 3895-3898,
XP004163774

Scheme 1

Y PRIESTLEY ET AL: "Pl Phenethyl Peptide
Boronic acid Inhibitors of HCY NS3
Protease"

BIOORGANIC & MEDICINAL CHEMISTRY LETTERS,
OXFORD, GB,

vol. 12, 2002, pages 3199-3202,
XP002339235

ISSN: 0960-894X

Schemes 1 and 2 + corresponding text
page 3200

A DOU, Q. PING ET AL: "Bortezomib
Mi11lennium Pharmaceutieals”

IDRUGS , 5(8), 828-834 CODEN: IDRUFN;
ISSN: 1369-7056, 2002, XP0D2351534

page 828

& WO 96/13266 Al (LEUKOSITE, INC., USA)

9 May 1996 (1996-05-09)

Y DATABASE BEILSTEIN ‘Online!

BEILSTEIN INSTITUTE FOR ORGANIC CHEMISTRY,
FRANKFURT-MAIN, DE;

XP002351537

Database accession no. Reaction ID 8638739
abstract

tE$¥SDON, R. M. ET AL.: BIOORG. MED. CHEM.
vol. 10, no. 14, 2000, pages 1577-1580,

Y DATABASE BEILSTEIN ‘Online!

BEILSTEIN INSTITUTE FOR ORGANIC CHEMISTRY,
FRANKFURT-MAIN, DE;

XP002351538

Database accession no. Reaction ID 8726664
abstract y

1

34
50-56

57-59,
61-68

73-89

65

57-59,
61-64,
66-68

Farm PCTABA/210 (continuation of seocand sheat) {Januasy SD04}

page 2 of 3



IN'.'T"WNATIONA,L SEARCH REPORT °s A -

I PCT/US2005/009774

C.{Continuation) DOCUMENTS CONBIDERED TO BE RELEVANT

Caiagoty * { Chation of document. with indicaiion, whers appropriaie, of the relsvani passages Relavant io clakm No.
& VON MATT, A. ET AL.: BIORG. MED. CHEM., 'LW
vol. 8, no. 9, 2000, pages 2291-2304,
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Intamational application No.
INTERNATIONAL SEARCH REPORT PCT/US2005/009774

Box Il Observations where certain claims were found unssarchabie (Continuation of item 2 of first sheet)

v 20A
2.0

This International Search Report has not been eswmbllshad In respect of certain claime under Article 17(2)(a) for the following reasone:

1. l:l Claime Noe.:
becauss they relate to subjact matter not required to be asarchad by this Authority, namely:

2. ]:l Clalme Nos.:
because thay relate to parts of the Intemational Application that do not comply with the prascribed requirements to euch
an extent that no meaningful Intermational Search can be carried out, speciically:

a. I:I Claims Noe.:
because they are depsndant claims and are not draftad In accordance with the second and third sentences of Rule 6.4(a).

Box Il Observations where unity of iInvention Is lacking (Continuation of iem 3 of first sheet)

This Intemational Searching Authority found multiple Inventions In thie Interational application, as follows:

see additional sheet

1. As all required additional ssarch fees were tmely paid by the applicant, this intemational Search Raport covars all
ssarchabie claims.

2, ]:I As al asarchable claims could be asarched without effort justifying an additional fee, this Authority did not Invita payment
of any ardditional fee.

3. Monlynwneolheramhudaddﬂmalmmm:mﬂmlypddbymenpplmwulnumaﬂnnmsﬂmhﬂepm
covers only thoss claime for which feas were pald, spacifically claims Nos

4, I:I Nommiadﬁdﬂunﬂnud:humtnﬂypﬂdbymapplmmnmw.mb inlemational Search Report ie
restriciad 1o the invention first mentioned In the claime; i I covered by claimse No

Pomark on Protsst Dmmmmm“mmmmuwmmm-mn

D No protest accompanied the payment of addiional search fees.

Form PCT/ISA210 (continuation of irst shest (2)) (January 2004)
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FURTHER INFORMATION CONTINUED FROM PCTASA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims

2. claim:

3. claims

4. claims:

5. ¢claims:

6. claims:

7. claims:

8. claims:

: 1-48

49

: 50, partially: 52

b1,63-66; partially: 52

87-72

73-79

80-83

84-91
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nternational Application No
iCrmEion on peemt femiby membere | PCT/US2005/009774 26D
Patant document Publication Paten femily Publication

citad in asarch report dale meamber(s) date

US 6699835 B2  02-03-2004 US 2002188100 Al 12-12-2002
US 2004138411 Al 15-07-2004

US 4525309 A 25-06-1985 NONE

WO 9613266 Al  09-05-1996 AT 241631 T 15-06-2003
AU 710564 B2 23-09-1999
AU 4139896 A 23-05-1996
CA 2203936 Al 09-05-1996
CN 1168633 A 24-12-1997
cY 2484 A 03-06~2005
DE 69530036 D1 03-07-2003
DE 69530036 T2 26~02~2004
DK 788360 T3 22-09-2003
EP 0788360 Al 13-08-1997
ES 2199257 T3 16-02-2004
FI 971746 A 06-06-1997
HK 1002059 Al 05-09-2003
IL 115790 A 01-12-2002
JP 10510245 T 06-10-1998
LU 91083 A9 09-08-2004
NL 300151 11 02-08-2004
NO 971929 A 12-06-1997
NZ 296717 A 29-11-1999
PT 788360 T 31-10-2003
US 5780454 A 14-07-1998

Form PCTABA/210 (paiart temily annex) (January FO04)
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PATENT COOPERATION T. :ATY

1%

From the
INTERNATIONAL SEARCHING AUTHORITY ‘Zb 7‘

PCT

gee form PCTASA220 WRITTEN OPINION OF THE

(PCT Rule 43bis.1)

Date of malling
(dayinoniyesr) see form PCTASA210 (second shewt)

Applicant's or agent's file referunce

FOR FURTHER ACTION
saa form PCTASA2220 See paragraph 2 below
Intemational appiication No. intemational filing date (daysnonthi-ear) Priority date (dayinonthyeer)
PCTAIS2005009774 24.03.2005 30.03.2004

Imemational Pament Clagsification (IPC) or both national clessification and IPC
CO7F502, CO7F504

Appllcant
MILLENNIUM PHARMACEUTICALS, INC.

1. This opinion contains indications relating to the following items;

BoxNo.|  Basls of the opinion

[0 BoxNo.l!  Prority

O Box No.lll Non-establishment of opinion with regard to novelty, Inventive step ard Industriai gpplicablitty
B BoxNo.V Lack of unity of Invention

B3 BoxNo.V  Reasoned statement under Rule 43bis.1(a)(l) with regard to novelty, inventive step or Industrial
applicablilty; citations and explanations supporting such statemant

0 Box No.Vt  Certaln documents clted
O Box No. VIl  Certaln defects in the International application
B Box No. Vill Cerirln observations on the International application

2. FURTHER ACTION

if a demand for Intemational preliminary examination is made, this opinion wlill usually be considered to be a
wiitten opinion of the International Preliminary Examining Authority (*IPEA"). However, this does not apply where
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the
International Bureau under Rule 66.1bis(b) that writtan opinlons of this Intemational Searching Authority

will not ba so considered.

if this opinion |s, as provided above, considered to be a written opinion of the |PEA, the applicant ls Invited to
submit to the IPEA a wrliiten raply topether, whare appropriaie, with amendments, before the expiration of three

months from the date of malling of Form PCTASA/Z220 or before the explration of 22 months from the priority datae,
whichever expires iater.

For turther options, see Form PCTASA/220,
3. For further detalls, see notes to Form PCTASAZ20.

INTERNATIONAL SEARCHING AUTHORITY

Name and malling address of the ISA: Authorized Officer

Tol. +49 88 2360 - 0 Tx: 5238356 eprwr d

Fax: +49 80 2399 - 4485 Telophonae No. +40 BB 2399-8538

N
B e Office Richter, H h\@}




WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAS2005009774

205~

Box No.1 Basils of the opinion

. With regard to the language, this opinion has been established on the basis of the international application in
the language in which It was filed, unless otherwise indicated under this item.

0 This opinion has been established on the basis of a translation from the original language Into the following
language , which is the language of a transtation fumished for the purposes of intemational search
{under Rules 12.3 and 23.1(b}).

. With regard to any nuclieotide andior amino acid sequence disclosed in the intemational application and
necessary {0 the claimed invention, this opinion has been established on the basis of:

a. type of material:
0O asequence listing
O table{s) related to the saquenca listing
b. format of material:
O in written format
O in computer readable form
c. time of filingfumishing:
O comtained in the interational application as filed.
O filed together with the intemational application in computer readable form.
O turnished subsequently to this Authority for the purposes of search.
. O In addition, in the case that more than one version or copy of a sequence listing andbr table relating thereto
coples is Kiantial o hat i the appication a fled of a8 not G beyond the appicaton as fled. 25
appropriate, were fumished,
. Additional comments:

Form PCTASA/23T (January 2004)
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCTAS2005009774

Wb

Box No. IV Lack of unity of Invention

. & In response to the invitation (Form PCTASA/208) to pay additional tees. the applicant has:

E paid additional fees.

O paid additional fees under protest.

O not paid additional fees.

. O This Authority found that the requirement of unity of invention Is not complied with and chose not to invite
the applicant to pay additional fees.

. This Authority considers that the requirement of unity of invention in accordance with Rule 13.1, 13.2 and 133 is

0O complied with
not complied with for the following reasons:
860 separate sheet
. Consequently, this report has been established in respect of the following parts of the international application:
® all parts.
O the parts relating to claims Nos.

Box No.V Reasoned statement under Rule 43b/s.1(a){|) with regard to novelty, Inventive step or
Industrial appiicablilty; citations and explanations supporting such statement

. Statement
Novelty (N) Yes: Claims 2-12,14-16,24 25, 57-59, 50-89
No: Ciaims 1,13,17,23,26-28,30,49
inventive step (1S) Yes: Claims 8-12,28,31-33, 50-586, 60, 69-89
No: Claims 2-8,14-16,24,25,34-48, 57-59, 61-68, 80, 91
Industrial applicability (IA) Yas: Claims 1-91
No: Claims
. Citations and explanations
00 seperate sheet

Box No. Viil Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made;

ooe separate shest

Form PCTASA/237 (January 2004)
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INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/US2005/009774
2

Re item IV.

The separate inventions/groups of inventions are:
I: claims 1-48,

Il: claim49

lli: claim 50, partially: 52

IV: claims 51, 53-56; partially: 52

V. claims §7-72

VI: claims 73-79

VIl: claims 80-83

VIII: claims 84-91

They are not so linked as to form a single general inventive concept (Rule 13.1 PCT) for
the following reasons:

The statement of claims contains the following independent process claims which relate to
the following processes:

Claim 1: (Il) —> (1)

Clairm 49: (Hl) + (IV) -> (1) -> (i)

Claim 50: (11f) + (V) -> (Il) -> (})

Claim 51: (IV}—> (lll; (1) + (V) —> (I—> (1)

Claim 57: (Il) -> (1) > (VIll) -> {V1I)

Claim 72: (lla or lib) -> (la or Ib)) -> (Villa or VIIIb) -> (Vlia or Viib)

Claim 73: (XV) - (XVI) > (XVII) -> OXI); (XVIIE) + (XIX) -> (XX) -> (XXI);
(XXI) + (XXIT) -> (XX -> (XIV)

Claim 80: (XVII) + (XIX) -> (XX) -> (XXI) ; (XXI) + (XXI1) -> XX ->{XIV)

Claim 84: (XV)+ (XVI) -> (XVII) -> (XVIII); (XVIII) + (XIXa) -> (XXIN) -> (XIV)

The present application suffers under a-priori non-unity because there is no connection by
a common chemical key substance between the 3 groups of independent claims group A:
1,49,50,51,57

Form PCTASA/237 (Separate Sheet) (Sheet 1) (EPO-January 2004)
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INTERNATI NAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2005/009774

263
group B: 72 group C: 73, 80, 84.
For instance the amino boronic esters (VIl), (VIlb) and {XIV) have a different structure.
The present application also suffers under a-posteriori non-unity because some of the final
compounds to be prepared by the processes according to the claims and falling within the
formulas (XIV) and (XXIV) are already known in the prior art, see in the document
US-A-6699835 (=Dl), the compound shown at column 18 and example 3 (starting at
column 18): N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine Boroxine and
N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine boronic acid and examples 4 to 5
(Bortezomib). Compounds of formula (I) which are used as intermediates for the
preparation of amino boronic esters (see claim 57) as well as compounds of formula Il are
known from US-A-4525309 (= D2). D2 describes processes for preparing a Li boronate
complex (formulas Ii, lla or lib) as intermediate and rearranging this intermediate to yield
compound (l); see examples 1-3 and 6-10. A salt of formula Il is also mentioned in
Tetrahedron Letters 44 (2003), page 8275, entry 9.
Boronic esters as well as aminoboronic esters (protected and unprotected) falling within
formulas (1), (VII), (Vilb), (VIII} and (VIlib) are disclosed in Priestiey et al. Bioorganic &
Medicinal Chemistry Letters 12 (2002) 3199-3202 (=D4); page 3200, left hand column,
Scheme | (for compounds of formula (1), see also D4, tables | and 2). Consequentiy, the
compositions according to claims 34-36, 40-48, 90 and 91 lack inventive step because
neither the reference to the preparation process nor the purity of a compound nor its
amount in a composition can serve as a factor for limitation or inventive merit.

Hence, there is not a new or inventive product or intermediate which can link the
various preparation processes according to independent claims 1, 49, 50, 51, 57, 72,
73, 80, and 84 together as required by the PCT Guidelines (as from 25/03/04), page
77, part 10.12.

Part 10.13 doas not apply because the feature “large-scale process” is a relative term as
explained in Guidelines 5.34. This unclear term, thus, cannot connect the process and the
products and intermediates together.

Hence, neither the products either claimed (claims 90 and 91) or not or the known

intermediates of formulas (1), (ll), (lla), {lib) nor the feature “large-scaie process” can serve
as special technical feature in the sense of Rule 13 PCT, linking the different subjects
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together.

As there is no other technical feature, that could fulfil the role of special technical
feature in the sense of Rule 13 PCT, the present application lacks unity of invention,
containing the subject-matters as listed.

Re Hem V.
Invention |
1. Reference is made to the following documents:

D1: US 6 699 835 B2 (PLAMONDON LOUIS ET AL) 2 March 2004 (2004-03-02)
D2: US 4 525 309 A (MATTESON ET AL) 25 June 1985 (1985-06-25) cited in the
application

D3: Tetrahedron Letters 44 (2003), pages 8273-8277

D4: Priestley et al. Bioorganic & Medicinal Chemistry Letters 12 (2002) 3199-3202

2. Document D2 (see also paragraph [007] of the present application) describes processes
for preparing a Li boronate complex as intermediate and rearranging this intermediate in
the presence of a Lewis catalyst; see examples 1-3 and 6-10. The solvent being inter alia
ether (example 1). Large-scale process cannot be accepted as distinguishing feature for
the reason set out under item IV. See claims 9-12 and 34 in contrast to claim 1. Hence,
claims 1,13, 17-23,26,27,28,30 lack novelty over D2

2.1
CLAIMS 2-12, 14-16, 24,25

No effect (and hence no inventive step) can be seen on account of the additional features
according to these claims when dependent on present claim 1. Once this claim is correctly
limited from D2 by inclusion of e. g. one of claims 9-12, 31-33 this view may be
reconsidered.
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INDEPENDENT CLAIM 34 -

In view of the above document D2, the subject-matter of independent claim 34 can not
be considered inventive (Article 33(3) PCT) for the following reasons: Compounds of
formula (1) are known from D2 and D4, see item IV, above. The preparation of a
composition according to claim 34 by use of a known compound (I) can be done without
inventive action.

2.3
INDEPENDENT CLAIMS 35 and 36

In view of the above document D2, the subject-matter of independent claims 35 and 36
can not be considered inventive (Article 33(3) PCT) for the following reasons:

Means for the enrichment of diastereomers and epimers are well known to the skilled
person.

2.4
DEPENDENT CLAIMS 37-42

In view of the above document D2, the subject-matter of dependent claims 37-42 can not
be considered inventive (Article 33(3) PCT) for the following reasons: see item 2.2, above.

2.5
INDEPENDENT CLAIM 43, DEPENDENT CLAIMS 44-48

in view of the above document D2, the subject-matter of independent claim 43 can not be
considered inventive (Article 33(3) PCT) for the following reasons : see items 2.2 and 2.3,
above.

Remark in respect of claims 46 and 47: process features cannot be considered as a
limiting factor for products.

Re KHem VIIl.
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relative terms such as “large-scale process”, or functional terms such as “low miscibility
with water” in claims 1, 15, 16, 34 are not acceptable under Art. 6 and, therefore, have to
be ignored. Also the “abouts” before ranges should be removed.

Invention i
Re tem V.
1. Reference is made to the following document:

D2: US 4 525 309 A (MATTESON ET AL) 25 June 1985 (1985-06-25) cited in the
application

2. Document D2 describes processes for preparing a Li boronate complex as intermediate
and rearranging this intermediate in the presence of a Lewis catalyst; see examples 1-3
and 6-10. The solvent being inter alia ether (example 1). The features "large-scale
process” and "low miscibility with water” cannot be accepted as distinguishing features for
the reason set out under item IV or VIII. Hence, claim 49 lacks novelty over D2.

Re ltem VIIl.

relative terms such as “large-scale process”, or functional terms such as “low miscibility
with water” in claim 49 are not acceptable under Art. 6 and, therefore, have to be ignored.

Inventions Il and IV
Re ltem V.

1. Reference is made to the following document:
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D2: US 4 525 309 A (MATTESON ET AL) 25 June 1985 (1985-06-25) cited in the
application

2. Document D2 describes processes for preparing a Li boronate complex as intermediate
and rearranging this intermediate in the presence of a Lewis catalyst; see examples 1-3
and 6-10. The solvent being inter alia ether (example 1). The strong base chloromethane
lithium is prepared in situ and boronic ester in ether is added thereto.

From this prior art the process according to claim 50 is distinguished in that an ether
solution of boronic ester (l11) and a compound of formula (V) are treated with a strong
hindered base to form complex (ll) i. e. the sequence of the reaction is changed over the
prior art according to D2. Furthermore, the process according to claim 50 uses sterically
hindered base rather than n-BuL.i as according to D2, example 1. Hence, novelty and
inventive step can be acknowledged for claims 50-56.

Invention V
1. Reference is made to the following documents:

D1: US 6 699 835 B2 (PLAMONDON LOUIS ET AL) 2 March 2004 (2004-03-02)
D2: US 4 525 309 A (MATTESON ET AL) 25 June 1985 (1985-06-25) cited in the
application

D3: Tetrahedron Letters 44 (2003), pages 8273-8277

D4: Priestley et al. Bioorganic & Medicinal Chemistry Letters 12 (2002) 3199-3202
D5: Beilstein Reaction ID 8638739

D6: Beiistein Reaction ID 8726664

2. Document D2 (see also paragraph [007] of the present application) describes processes
for preparing a Li boronate complex as intermediate and rearranging this intermediate in
the presence of a Lewis catalyst; see examples 1-3 and 6-10. The solvent being inter alia
ether (example 1). The features "large-scale process” and "low miscibility with water”
cannot be accepted as distinguishing features for the reason set out under item IV or VIIL.
Hence, D2 discloses the reaction steps (&) and (b) from (Il) to (l). Steps (c) and (d) are
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known from D4; see D4, Schemes 1, 2, reactions b, ¢
and corresponding text in D4 (acidolysis in HCl/dioxane). Hence, claims 57-59, 61-64, 66,
67, 68 are obvious over D2/D4.

D6 (acidolysis in HCl/dioxane) is similar to D4.

Acidolysis with trifluoracetic acid is described in D5 (step (c)). Hence, claim 65 is
considered obvious over D2/D5 because the removal of G groups is within the expertise of
the skilled person.

Re item VIII.

relative terms such as “large-scale process”, or functional terms such as “low miscibility
with water®, low solubiliity” in claims 57 are not acceptable under Art. 6 and, therefore, have
to be ignored.

Art. 6: No definition of “G" in claim 57;

Inventions VI and Vi
1. Reference is made to the following documents:

D2: US 4 525 309 A (MATTESON ET AL) 25 June 1985 (1985-06-25) cited in the
application .

D3: Tetrahedron Letters 44 (2003), pages 8273-8277

D4: Priestley et al. Bioorganic & Medicinal Chemistry Letters 12 (2002) 3199-3202

D5: Beilstein Reaction ID 8638739

D6: Beilstein Reaction ID 8726664

D7: DOU, Q. PING ET AL; IDRUGS , 5(8), 828-834 CODEN: IDRUFN; ISSN: 1369-7056

2. The process for the preparation of Bortezomib according to claims 73 or 80 is entirely

different from what is disclosed in document D7. D2 to D6 aim at the preparation of
compounds different from Bortezomib. Hence, inventions Vi and VIl are novel and
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inventive.

Invention VIil

1. Reference is made to the following documents:

D1: US 6 699 835 B2 (PLAMONDON LOUIS ET AL) 2 March 2004 (2004-03-02)

D2: US 4 525 309 A (MATTESON ET AL) 25 June 1985 (1985-06-25) cited in the
application

D3: Tetrahedron Letters 44 (2003), pages 8273-8277

D4: Priestley et al. Bioorganic & Medicinal Chemistry Letters 12 (2002) 3199-3202

D5: Beilstein Reaction ID 8638739

D6: Beilstein Reaction ID 8726664

D7: DOU, Q. PING ET AL; IDRUGS , 5(8), 828-834 CODEN: IDRUFN; ISSN: 1369-7056

2. The process for the preparation of Bortezomib according to claim 84 is entirely different
from what is disclosed in document D7. D2 to D6 aim at the preparation of compounds
different from Bortezomib. Hence, claims 84 - 89 are novel and inventive.

3. Compound (XXIV) is shown in D1, column 15. The additional feature (1 kg) of claims 90

and 91 do not provide for inventive excess over D1.
Hence, these claims lack inventive merit.
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sddress st Incinds possul code and nama of csstry. Tha couniry of the addres indicnted in this Box isthe | This pateen f:

applios’s Siae (that it. country) of residance if mo Jamg of residence ir indiosted below ) .

Bochringer Ingelheim Chemicals, Inc. X sppticant md imventer

2820 North Normandy Drive 1 invemor cuty (7 this check-bax

P.O. Box 1658 is martad, do not fill in below.)
Petersburg, Virginia 23805-9382 N

United States of A ica Aﬂmswmmuomu

Stade (dhutt is, counrry) of natioeality:  US

Semte: (rhat Is, country) of residence:  US

‘This parman Ly spplicet

all dasignaind Sietes except the
for the purpoms of

United Staes of America

e 0O

i Unitr) Stamas of
Amerien only

0 States Inchieased in the
Sopplerserss] Bex

P4 Purther apgiicants suVor (hirther) inveences wre indicated on another eonttranion shees.

"~ Form PCITROVIO] (contimmiion sheet) (Januazy 2004)

See Notes 1o the request form
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(hnlnulmd'lu"o.m FURTHER AFPLICANT(S) AND/OR (FURTHER) INVENTOR(S)

[ and e (P lﬂ—’“bﬂ-”haumﬂﬂm e
aubireny win bechuds posal code and name of counry. The crunry of the adivegs Indicaned i this Bex is the
applice’s Seane (that b, ssmiry) of rasidence if mo Sinte of residence s indicmsed belvw.)

Chui, Fang-Ting :

Bochringer Ingeltheim Chemicals, Inc.
2820 North Normandy Drive

P.O. Box 1658

Petersburg, Virginia 23805-9382
United States of America

This person ia:
[ sppticant cnty

E applicant snd inventor

] inventor anly (17 chis chect-bax
i svarked, do not (il in below.)

2%0

Agplicn's Rogisration No. with the Office

State (that (s, cowry) of natlionality: US

Stte: {chat s, coumery) of residence: US

This peraon s applicant D all designered [] 2 seugmared Sutes sncepe e Unized Semes of the Stacrs indiewed n thy
for the purposes of Statns Unisod St of Americs Asmerica oaly Supplements) Bax
[ Fame mnd adives: (Faily name foliwed by given name: for @ legol outity, Al oficial dasguaion. Tha -
airasy rust inchuds pesial code ared nems of country. The counsry of the address indicased in this Bux iy the ‘This person is:
applicant's Sasre (that &, country) of residence if ne Swmts of rexidence is indicased balew, )
KULKARNL, Vithslanand R. [ sppiicanc cay
Bochringer Ingelheim Chemicals, Inc. X sppiicant and tovecsor
2820 North Normandy Drive [ taveasor anty thrthis eheck-baz
P.O. Box 1658 Is marked, do not fill i below.)
Petersburg, Virginia 23805-9382 - -
United States of America Applicent’s Regisiation No. with the Office

State (har [z, conntry) of emtionality: US

State: (that is, camory) of residence:  US

This parson Is applicent D sl dealgnased D ol deaignated States exceps the the Unilted Sumee of the States Indicand n the
for the purposes of: Statey United Seates of America Amevicn ouly Sopplements] Ban
Nams sl midreny: (Fusily szmae followad by given name; for u legal entlty, fuil official designion. The .

addrezr st bnchuls postal code and nemss of coutry, The country of the avkdress indiooted in ddy Bax is the ‘This person is:

applicens's Saas (that i, courery) of residenca if ne Stote of residancs v indicated beiow. ) D oxly

] spplicant and isrveater

] soventor caly (i hir chock-box
I marked, do not /i i below.)

Applican's Registration No. with the Office

State (that s, country) of nancoatity:

Sine: (that is, coumivy) of residense:

This pomm Iy spplicant ol deal pratexd all denignased Sttes sneept e hlﬂlﬂllﬂlf i Stniey indicated in e
for the paxpases of: D Stutes D United States of Amwien D Supplemerssl Box -
Naxoe wd addres: lhﬁmﬁ“bm-nﬁlmm”“m The ]
addracs waut inctude possal code and ngme of counsry. The couniry of the address indicnted in this Bo is the This pexscm is:
applicon’s Siane (that ks, cwucntry) of residance §f no Swmte of rexkdence i indierteed below ) D ol

spplicant only

] sppticant and iavertor

[ iaventor anly (2 this chect-bex
s marked, do noe fil tx below.)

Applitant’s Registration No. with the Qffice

[ Stme {chat s, couniry) of naticmality:

State: (that &, coumery) of regidence

This parson bs spphicant

ofl denignasd States axcapt the
for the poxposes of:

:.- D Ulized Sutey of Amarica

tha Unined Statws of

D the Scams bncicad In the
America aoly Soppleamstal Bax

] Pusther spplicants anor (fiarther) inventors re indicated on mother contiomation sheet

P PCIARGVIO] (contmmtion sheet) (lamary 2004)

Sae Notss 10 the requast form
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Shoat No. 5
Bax No. V DESIGNATION OF STATES Mark the applicabls chack-booiee below: &t leapt ons warst be mevkod.

The filing of this request eanstifutes under Ruis 4.5(a), the desiguation of all Contracting Siates bamd by the PCT on the interoational filing dats, for the grant of
every kind of prosection avaliable and, where applicabla, for the yra of both regionm) sd national patats.

Howover, Zg'

[J DE Gormany b« mot designated for any kind of national prowction

O KR Republic of Korea s not designated for smy kind of natiogal protection

{1 RU Romimn federmion is aot designated for any kind of ntional protection

(The chect-bazes abowe may be used to exchude (irevocably) the dasignasions concernad in order to avoid the ceasing of the effct, undier the national law of an

earlier nationel spplication from which priority is clzimed. See the Noses to Bax No. V as to the consequences of such nasional law provirions in these and ctrsain
other Ssates.)

Box No. V1 PRIORITY CLAIM
The priarity af the following earlier appileation(a) is hereby claimed:

«ﬁ“ﬁ‘rﬁm um"‘;""‘;iim Where eartier applicxtion la:

{dawmonth/ysar)
national spplication: international application: reotiving
courtry or Mesaber of regional epplication:* Office

h,41°) regional Office
Gam (1)
30 March 2004 60/557,535 Us
(30.03.2004)

] Purther petority clatms are indicated in the Supplemental Bes

The recelving Office is requestad to prepare and rangmit 1o the Inbernational Buresu a certified copy of the exrfier spplication{s) (only {f the eariler application war
Jiled with tha Office which for the purposes of this intsrnational opplicarion is the recetving Office) identified sbove m:

DA aa [ m=m | fen 2) 0O w==o [  oter, seo Supplomenst B

* Whre she earlier application ir an ARIPO applicarion, indicate at lsast one coumtry parry to the Pariz Convention for the Protection of Industricl Property or ane
Member of ta World Trade Organization for whick that sarlier applicarion was filed (Rule 4. 10(bYit)):

Bax No. VI INTERNATIONAL SEARCHING AUTHORITY

Cheice of Interntionn] Bemrching Awtherity (1SA) (if two or more Intsrnasional Setrching Authoritisy are competent io carry out the intsrnational search,
indicnse the Authority chosen; the wo-laner cods may be used):

ISA / EP.

Requast to use resulis of sarlier search; reference to that search ({fan exriler search has beens carried out by or requented from the Inernational Searching
Authoriry)

Date (day/month/year) Numnber Couniry {or regiceal Offics)

Box No. VIII DECLARATIONS

The following declarations are coniained in Boxes Nos. VIII(T) to (v) (mark the applicable check-bozes below and indicate in the Nomber of declarstions
right column the mumber of each type of declaration):

Bax No. VIIG) Dedlnliu'-buihﬁtyduhvm
. Declaration ss to the applicant’s entitlement, s af the international filing dxte. 10 apply for and be
Box No. VIII(ii) granted s patent

.. Declaration s 10 the icant's entitlement, a1 &t the iterntional filing date, 1o cinim the
Bax No. VIII(sii) ph‘ilyuflhu‘liu'::ilfuﬂl:l

Bax No. VIIGY) Da:hgﬁudhvumﬂip(mlyhlhwdthhlﬂhdhﬂniﬂl!ﬂﬂd

Box No. VIIL{v) Declaration as to noo-prejudicisl dsclosures or exceptions 1o lack of novelty
" Form PCT/ROYTON (second sheet) (amaary 2004) "See Noter 10 the regquest form

ogooaod
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Bapplansutsl Box

CONTINUATION of Box No. IV (AGENT OR COMMON REFRESENTATIVE; OR ADDRESS FOR

BROWN, Scatt A, Reg, No. 3,724 v
SILVERMAN, fan Robert, Rog, No. 37,443

SILVERI, Jean M., Reg. No. 39,030

SHAIR, Karoline K. M., Reg. No. 44,332

SCHRAY, Kerri Pollard, Reg. No. 47,066

SIOUSSAT, Tracy M., Reg. No. 50,609

All of MILLENNIUM FHARMA CEUTICALS, INC., 40 Landsdowne Street, Cambridge, MA, 02139, United Sintes of
America

| Foarm PCITROVION (ﬂﬂimdmdﬂ)ﬂmyﬁi See Nosas 10 the requant form
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Thds lememasions] spplication cosinine
(n) = papurfarm, e following
mnpber of shoets
roquest (nchading declaration
therre)

dmeription (mchafiag swqpuence
Hating put mad/or tables relaterd
therete)

Clalma

Abmrmet

Dexwinga
Sub-tatal pymber of sheely

gl - 83

mpence Bniag

tnbles reinted thereto :
(for both, ectusl manber of shasts if Kled in
papar form, whwther or not sl flied in
computer readable forw: see [r) beiow)

Total snmiver of sheuts : 96

@)Dﬂh-ﬁlﬂlﬂh‘
(Soctian 001 ()())

G)D-n—l-inc
aty ] whlen related thoreen

G)Dlhh_l-hbh-
(Beczian K01 {)(1))

ml:l-ll—lhlhl

@ L] nbles relatmd theraen

‘Type s wppsher of exrriars {dhvienn, CD-ROM,
CD-R or athar) ant which are cantsine] te

Box No. IX CHECK LIST; LANGUAGE OF FILING

“Thia insernationsl spplication s secompanied by the foliowing levn(s) (merk

e applicable checl-bazes below and indirgie in righi colesmn the monber of  Nuxnber of
cadh bem)* [ ]

1. oo calcnkntion sheet HI |

2 oxiginal separsin power of atcney

original gonersl pawer of stiymey H
;mhdﬂuimdwummw. s 1
-y

statement explsining lack of signature
prlority docoment(s) identifiad in Boax No, V1 a2 (s

wanlstion of emstionsl spplicstion tom (ienguege)

separats ndlestions cncerning deposhed microarganiam or
gther biologies! masarial

sequance Usting o computer resdshlo form (Leficatr type snd
ommher of carrian)

Copy mbmined for e porposesy of \nernatisngl
[]  scorch stor Ruis 30w omly et 20t en part of e

inrsstionsl spplicetion)

{orrly ndseve check-bex (i) or (cX1} it rked i bt

coharn} addirionsl meples incheiing, whare spplicalis,
D e eapy for the perpeses of intteossionel starch poder

Raolel M

‘Togaher with racvent matement s @ the Sientity of
) D the copy ar coples with tha soquencs Hecing sxstioved
1o e belt cobuxm

I R )

= 0 0000KO00X

Tuhles in roadshie form related o
10 D fmmmqm oo s

espy sulsniond far d= gurposs of imernationsl sserch
® D under Section &1 (b~guerter) only (ad st smpariof
the intrrnetionel application)
{only where chack-bos {BXL) or (c) 1) i wmarked in bgft
0 cotunmn) acklickonal cagles Snclintig, whers sppiicalis.

soquemcs Huing... i) the oy for the poypsess of intrmatiors! search ussler
bl st et ogether with refevant atemens as 3 te kivotity of
{addinonad indiosied “‘m -
:ati).-uz‘:::; teer e au) D the capy of coplet with the tsbley mesianed In lsft
0 DO e errPosscard 12
Figmw Languags of fillag of the
Sl ey it seme intaraatioel epplication: English
Box No. X SIGNATURE OF AFFLICANT, AGENT OR COMMON REFRESENTATIVE
Ndlamh::lnn.mhmdﬁlmmdﬁIMhMﬁlmmmﬂmhmm
| [rom reading the requer).
M. KLUNDER, Regiztration No. 41,121
Apent for Applicants
Euwhriuom:llemly
1. Datc of actnal receipt of the purparted intemational spplication: 2. Drawings

3. comected dae of acnal receipt due to later but timely received pipers aor drawings completing the

the International Buresn-

purparted intemation] spplicarion: [ received
4. Dute of timely receipt of the required corrections under PCT Article 11(2):
S. International Searching Authority Gf iwe or move e &Dmdmm D oot peoeived:
competent): delayed untll search fee ls paid
ISA /
For International Burean uac caly
Duto of recelm of the record copy

Form PCT/RGV10]1 (last sheet) (Tamuary 2004)

See Notes to the requert form
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PCT For recelving Office use only
FEE CALCULATION SHEET Iteraational spptication No.
Anncx to the Request
Applicant's or agent's Date stamp of ihe recelving Office
file reference MPID4-D44
Appliamt MILLENNTUM PHARMACEUTICALS, INC. atal.
CALCULATION OF PRESCRIBED FEES

({f two or more Internasional Searching Authoriiies are competeni 1o carry out te insernarional
saarch, indicase the name of the Authority which ir charen 1 carry out the ntarnational search )

1. INTERNATIONAL FEE

Where hems (b) andVor (c) of Box No. IX spply, enter Sub-Total somber of Sheets
‘Where iterns (b) and (c) of Bax No. IX do noe spply, enter Toml number of Sheets __96

[EE PR L] O p———————— I I ) ¥ (1 )
[2) [ z 12 = | 192 2]
pumber of sheety fee per sheet
in excess of 30

3] additionsl coxnponenty (only if sequence Esting snd/or tabdes related theretn are filed in computer
readshla form under Section $01(a)D, or buth in thet form and an paper, under Section $01(=)(i).

400 x a | (i3]
Add smnounts entered af i1, |12 and |3 end enter totalal . .......... .. ¥ 1926 M
{Applicants from certain Siutep sre extitled to 2 reduction of 75% of the  international filing
fee. Whare the spplicent is (or all spplicanty sre) 5o entitled, the toml to be extered at 1 is 25% of the
interoatianal filing E=e.)
4. FEEFOR FPRIORITY DOCUMENT (if spplicable) . ...cvcoe v 10 vveene] 20[P]
5. TOTAL FEES PAYABLE TOTAL | 4166
Add amounts entered & T, 3, 1 and P, and enter
twtal in the Total bax
MODE OF PAYMENT
B Anthorhution to charge [ bank dmit 0 coupom
depoait accaunt (see below)
O cheque O cmh O ather (specify):
O] pestal money arer O reveoue stamgs

AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT ACCOUNT (rhis mode of payment may not be available ar all receiving
Offices)
Raceiving Office: RO/US

B Aumhorization to charge the total fees indicated sbove. Deposit Accoms No.: 501 668

) (This check-box may be marked only If the conditlons for depoait Detes__March 24, 2005
accomts of the recelving Office po permit) Authorization 1o charge
mny deficiency or credit any over payment in the total fees indicated shove.  Name:__Janice M. KLUNDER. Reg, Mo 41,121

B Authorization 1 charge the fes for the priority document . ]

Form PCT/RON0] EEFMW) Nores to he

2%¢
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- PCT/US2005/009774
L e cemen S PATENT COOPERATION TREAT: c
From the INTERNATIONAL BUREAU
JUL 5 2005 -
o ;

DOCKETING DEPARTMENT ®
DOCKETED BY:

CERNING KLUNDER, Janice, M,
SUBMISSION OR TRANSMITTAL ‘inllennium Phﬂ;'ll&::llticll-'l. Inc.
Landsdowne t
OF PRIORITY DOCUMENT Cambridge, MA 02139
ETATS-UNIS D'AMERIQUE
{PCT Administrative Instructions, Section 411)
Date of mailing (daywmonth/year)
23 June 2005 (23.08.2005)
Applicant's or agent's file reference
MPI04-044 IMPORTANT NOTIFICATION
Intemational application No, International filing date {day/monih/year)
PCT/US2005/009774 24 March 2005 (24.03.2005)
Tnternational publication date (dawmanth/ear) Priarity date (daymonth/year)
30 March 2004 (30.03.2004)
Applicant

MILLENNIUM PHARMACEUTICALS, INC. ot al

1. By means of this Form, which rcplaces any previously issued notification concerning submission or transmittal of priority
documents, the applicant is hereby notified of the datc of receipt by the Intemational Burcau of the priority documeni(s)
relating 10 all eorlier application(s) whose priorily is claimed. Unless otherwise indicated by the letters “NR", in the
right-hand column or by an asterisk appearing next to a date of receipt, the priority document concerned was submitted or
tronsmitted 1o the International Dureau in compliance with Rule 17.1(s) or (b).

2. (if applicable) The letters "NR" appearing in thc right-hand column denote a priority document which, an_the date af

of this Form, had not yet been received by the International Bureau under Rule 172.1(a) or {(b). Where, under

Rule 17.1(a), the priority docurnent must be submitted by the applicant to the receiving Office or the International Buresu,

but the applicant fuils to submit the priority document within the spplicable time limit under that Rule, the attention of the

spplicant ls directed to Rule 17.1(c) which provides that no designated Office may disregard the priority claim concerned

befare giving the applicant an opportunity, upon entry into the national phase, to furnish the priority document within & time
limit which is reasonable under the circumstances.

3. (if applicable)An asterisk (*) appearing next to a date of receipt, in the right-hand column, denotes a priority document
submitted or transmitted to the International Buremu but not In compliance with Rule 17.1(a) or (b) (the prierity
document was received after the time limit preseribed in Rule 17.1(a) or the request to prepare and transmit the priority
document was submitted to the receiving Office afier the applicable time limit under Rule 17.1(b)). Even though the priority
document was not furnished in compliance with Rule 17.1(a) or (b), the International Bureau will nevertheless transmit a
copy of the document to the designated Offices, for their consideration. In case such a copy is not accepted by the designeted
Office us the priority document, Rule 17.1{c) provides that no designated Office may disregard the priority claim concerned
before giving the applicant an opportunity, upon entry into the national phase, to furnish the priority document within s time
limit which is reasonable under the circumstances.

Briocity date Prociy application No. - Country or rgional Office Dt secei
30 March 2004 (30.03.2004) 60/557,535 us 28 May 2005 (26.05.2005)
The International Bcournllu of WIPQ Authorized oflicer
4. chemin des mbettes
1211 Gepeva 20, Switzeiant A. ZOLTANSKI (Fax : 338 88 75)
Fucsimile No. (41-22) 338.89.75
Facsimile No. +41 22 338 82 70 Telephone No. +41 22 338 8608

Form PCI/IB/304 (January 2004) CHOJENQA
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Ak A1) PUESEMIAGION  Folos 216
SUPERINTENDENCIA

REQUISITOS MINIMOS PARA ADMISION A TRAMITE ’Lge i
PCT |
PATENTE DE INVENCION [.q/ MODELO DE UTILIDAD [ ] j
¢ Indicacién de que se solicita la concesién de una patente [/]/
¢ Datos de identificacion del solicitante o de la persona que presenta la solicitud [4/
@ Descripcién de la Invencién v d
¢ Dibujos de ser estos pertinentes [1]
4 Comprobants de pago de las tasas establecidas [4]/
COMPLETA ' INCOMPLETA [ ]
DISENO INDUSTRIAL | ]
Indicacion de que se solicha el registro de Disefio Industrial [ ]

Datos de identificacion del solicitante o de la persona que presenta la solicitud [ ]
Representacién gréfica y fotogréfica del Disefio Industrial o muestra del

L 2R 2K & 4

material que incorpora el disefio []
Comprobante de pago de las tasas establecidas []
COMPLETA [ ] INCOMPLETA [ ]

ESQUEMA DE TRAZADO [ ]

€ Indicacién de que se sollcita el registro de un Esquema de Trazado

¢ Datos de identificacién del solicitants o de la persona que presenta la solicitud
€ Representacion grafica del esquema trazado

4 Comprobante de pago de las tasas establecidas

— e —
el G Bl Bl

COMPLETA [ ] £ INCOMPLETA [ ]

Firma Responsable

Fecha Carrera 13 No. 27-00 Piso 5,7 y 10
Conmutador: 3 82 08 40
Fax: 350 52 20
E-mali:
www.slc.gov.co
Bogoté, D.C., Colombia




@

DX Patente de Invencion.

Lndustria y Comercio
SUFERINTEMNDEMNTIA

FORMULARIO UNICO DE SOLICITUD DE PATENTE ’bg?’

PCT
ENTRADA EN FASE NACIONAL

SOLICITUD DE :

FELRATEEIE I SO ATRIP Y CW0Y
Figad 0&- 129869 -00C00-0000 )
ﬁ!ﬁ]& lgal‘ a! ‘M.Fl Dep 2C230 NUECRCACIONE!
Eve )M AN NACHKINNG
__N:H‘II PELOENIALION Fohos: 21D

50 ~10 -0

[ ] Patente de Modelo de Utiidad.

@
SOLICITANTE

)

@
REPRESENTANTE
0 APODERADO

@
INVENTOR (ES)
72)

® PCT (86)

Solicitud Internacional No.  PCT/US2005/009774
Pubiicacion Intemacional No. WO 20050097803 A3

Nombre: MILLENIUM PHARMACEUTICALS, INC.

Direccitn: 40 Landsdowne Street,
Cambridge, MA 02139 Estados Unidos

Nacionalidad o Domicilio: Cambridge, Massachussats
Estados Unidos
Lugar de Constitucién: Estados Unidos

Teléfono: Fax:
E-mall:

Nombre: LUIS PATINO LEYVA
Direccion Cra. 11* No. 94-76 - Of, 308

Teléfono: 6161948 Fax; 6163976
E-mail:

Nombre: PICKERSGILL ., Fraser
Direccidn: 115 Liberty Street,

IDENTIFICACION
cc [ NT [
cE. O Oto []

Cual
Nimero

IDENTIFICACION
cc XM NT [

Nimero 2.930.616 TP 2698

Nacionalidad o Domicllio: Newtion, MA 18940, Estados Unidas

WO 20050097809 A2

Fecha: Marzo 24 de 2005
Fecha _Octubre 28 de 2004

® Tiulo (54) SINTESIS DE COMPUESTOS DE ESTER Y ACIDO BORICO.

@ Clasificacién Intemacional (51) CO7F 502

| . (33) Pals de Origen
-Estados Unidos

®  Comprobante de pago No. 06 - 82,120

(31) Numero de Solicitud
60/557,535

Fecha Octubre 24 de 2006

instrucciones para el diligenciamiento del presente formularic , ver reverso de esta pagina.
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Continuacién nombre, direccién y domicilio de lnventores:

Nombre

BISHOP John

KOELLNER Christoph

GOMEZ Jean-Marc

GEISER Achim

HETT Robert

AMMOSCATO Vince

MUNK Stephen

LO Young

CHUI Fang-Ting

Direccion

878 Townsend Road,

Amcis AG, Haupstrasse 159-173

Amcis AG, Haupstrasse 159-173

CarboGen Laboratories

(Neuland) AG, Neulandweg 5,

CarboGen Laboratories

(Neuland) AG, Neulandweg 5,

Ash Stevens, Inc.,

Ash Stevens Inc.,

Chemicals, Inc.,, North Normando

Drive, P.O. Box 1658,

Boehringer Ingelheim Chemicals,

Inc.,

Domicilio

Groton, MA 01450,
Estados Unidos

CH-4416 Bubendorf, China
CH-4416 Bubendorf,China

CH-5502 Hunzenschwil,
China

CH-5502 Hunzenschwil
China

18655 Krause Street,
Riverview, MI 48192
Estados Unidos

18655 Krause Street,
Riverview, MI 48192
Estados Unidos

Petersburg, VA 23805-
93-82 Estados Unidos

2820 North Normandy
Drive, P.O. Box 1658,
Petersburg, VA 23805-
9382 Estados Unidos

KULKARNI Vithalanand, R., Boehringer Ingelheim Chemicals, Petersburg, VA 23805-
Inc., 2820 North Normandy Drive, 9382 Estados Unidos

P.O. Box 1658,
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REIVINDICACIONES
1 1. Un proceso a gran escala para preparar un compuesto de
¥ &ster bérico de formula (I):
R? R
g OR*
OR® 0

en la que:
R' es un grupo alifatico, gromético o heteroaromético opcionalmente
-n‘lsﬁtuido:
R? es hidrégeno, un grupo nucledfugo o un grupo alifatico, aromético o
| hetercaromético opcionaimente sustituido;
9 R® es un grupo nucledfugo o un grupo alifitico, aroméatico o
¢ heteroaromaético opcionalmente sustituido; y
cada uno de R* y RS, independientemente, €s un grupo alifatico,
¥ gromético o heteroaromético opclonaimente sustituido o R* y R®, tomados junto
¢ con los 4tomos de oxigeno y boro que intervienen, forman un anillo de 5 a 10
miembros opcionalmente sustituido que tiene 0-2 heteroatomos mas en el anillo
b seleccionados entre N, O 0 S;
. comprendiendo dicho proceso las etapas:
(a) proporcionar un complejo boron"ato™ de férmula (If):

R R e

YOUBRT e
_ OR® )

8h:la que

| Y es un grupo nucledfugo;
M* es un cati6n; y
cada uno de R' a R® es como se ha definido anteriormente; y
(b) poner en contacto el complejo boron"ato” de férmula (/) con un

| _aéido de Lewis en condiciones que produzcan el compuesto de éster bérico de

Vs o, ~

. ."'I
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- formula (f), realizandose dicha etapa de contacto en una mezclé de reaccion
- que comprende:

(i) un disolvente de éter de coordinacién que tiene una baja
miscibilidad con agua; o

(i) un disolvente de éter que tiene una baja miscibilidad con
agua y un co-disolvente de coordinacién.

2 El proceso de la reivindicacibn 1, donde la mezcla de reaccién
comprende un co-disolvents de coordinacion.

3 El proceso de la reivindicacién 2, donde el co-disolvente de coordinacion
se selacciona entre el grupo compuesto por tetrahidrofurano, dioxano, agua, y
. mezclas de los mismos.

4, El proceso de la reivindicacién 0, donde el co-disolvente de coordinacion ]
' no constituye mas de aproximadamente 20% v/v de la mezcla de reaccion.

5 El proceso de la reivindicacion 0, donde el co-disolvents de coordinacion A
no constituye méas de aproximadamente el 15% v/v de la mezcla de reaccion.

6. El proceso de la reivindicacién 1, donde la solubilidad del agua en el '
disolvente de éter que tiene una baja miscibilidad con agua es menor de R
aproximadamente el 2% p/p. -y

1.  El proceso de la reivindicacion 0, donde el disolvente de éter que tiene ]
+ una baja miscibilidad con agua se selecciona entre el grupo compuesto por _
[ ferc-butil metil éter, terc-butil etil éter, terc-amil metil éter, éter isopropllico, y W
mezclas de fos mismos. -

'
« we" -
N
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PATINO LEYVA LUIB

Apoderado(a) y/o Repreasentante de
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Fecha inicio fase naciomal 30/10/2006

Trimite 11
Eveanto 378
Actuacién 430

Oficio Fo. h U 14710

Como resultade del de forma, realizado con fundamento en el articulo 38 de
la Decisifn 486 de la Comisidén de la Camunidad Andina, articulo 27 del Tratado de
Cooperacién en Materia de Patentes (PCT), regla 51 bis del Reglamento y Circular
Unica de la Superintendencia de Industria y Comercio, se le comunica que:

1. La solicitud no contiene la copla del documento que consta la ceslén del
derecho a la patente del inventor al solicitante o a su causante. (Art. 26-k)
Decisién 486.

2. Debe aclarar la fecha de publicaciém intermacional, por cuanto el petitorio
presentado en fase naclonal difiere del presentado fase intermaciomal.

En ocumplimiento de lo dispuesto por el articulo 39 de la Decisibn 486, se le
requiere para que dentro del término de dose meses siguientes a la fecha de
notificacién del presente oficlo, complete los requisitos anterliormemte enunciados.
En caso de no dar cumplimiento al presente requerimiento, la solicitud se
considerari abandonada y perderf su prelacifn.

Notifiquese el preseante oficio conforme a lo dispuesto en el numeral 5.2, literal
e), del capitulc quinto de tulo primerco de la Circular Unica No.10 de 2001.
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