
TOTAL SYNTHESIS OF SALINOSPORAMIDE A AND ANALOGS
THEREOF CROSS-REFERENCE TO RELATED APPLICATIONS [0001]
This application claims priority to U.S. Provisional
Patent Application Nos. 60/790,168, entitled "Total
Synthesis of Salinosporamide A and Analogs Thereof,"
filed April 6, 2006; 60/816,968, entitled "Total
Synthesis of Salinosporamide A and Analogs Thereof,"
filed June 27, 2006; 60/836,155, entitled "Total
Synthesis of Salinosporamide A and Analogs Thereof,"
filed August 7, 2006; 60/844,132, entitled "Total
Synthesis of Salinosporamide A and Analogs Thereof,"
filed September 19, 2006; and 60/885,379, entitled
"Total Synthesis of Salinosporamide A and Analogs
Thereof," filed January, 17, 2007, all of which are
incorporated herein by reference in their entirety,
including any drawings. BACKGROUND OF THE INVENTION
Field of the Invention [0002] The present invention
relates to certain compounds and to methods for the
preparation of certain compounds that can be used in
the fields of chemistry and medicine. Description of
the Related Art [0003] Cancer is a leading cause of
death in the United States. Despite significant
efforts to find new approaches for treating cancer,
the primary treatment options remain surgery,
chemotherapy and radiation therapy, either alone or in
combination. Surgery and radiation therapy, however,
are generally useful only for fairly defined types of
cancer, and are of limited use for treating patients
with disseminated disease. Chemotherapy is the method
that is generally useful in treating patients with
metastatic cancer or diffuse cancers such as
leukemias. Although chemotherapy can provide a
therapeutic benefit, it often fails to result in cure
of the disease due to the patient's cancer cells
becoming resistant to the chemotherapeutic agent. Due,
in part, to the likelihood of cancer cells becoming
resistant to a chemotherapeutic agent, such agents are
commonly used in combination to treat patients.[0004]
Similarly, infectious diseases caused, for example, by
bacteria, fungi and protozoa are becoming increasingly
difficult to treat and cure. For example, more and
more bacteria, fungi and protozoa are developing
resistance to current antibiotics and chemotherapeutic
agents. Examples of such microbes include Bacillus,
Leishmania, Plasmodium and Trypanosoma. [0005]
Furthermore, a growing number of diseases and medical
conditions are classified as inflammatory diseases.
Such diseases include conditions such as asthma to
cardiovascular diseases. These diseases continue to
affect larger and larger numbers of people worldwide
despite new therapies and medical advances. [0006]
Therefore, a need exists for additional
chemotherapeutics, anti microbial agents, and
anti-inflammatory agents to treat cancer, inflammatory
diseases and infectious disease. A continuing effort
is being made by individual investigators, academia
and companies to identify new, potentially useful
chemotherapeutic and anti microbial agents. [0007]
Marine-derived natural products are a rich source of
potential new anti cancer agents and anti-microbial
agents. The oceans are massively complex and house a
diverse assemblage of microbes that occur in
environments of extreme variations in pressure,
salinity, and temperature. Marine microorganisms have
therefore developed unique metabolic and physiological
capabilities that not only ensure survival in extreme
and varied habitats, but also offer the potential to
produce metabolites that would not be observed from
terrestrial microorganisms (Okami, Y. 1993 J Mar
Biotechnol 1:59). 



Representative structural classes of such metabolites
include terpenes, peptides, polyketides, and compounds
with mixed biosynthetic origins. Many of these
molecules have demonstrable anti-tumor,
anti-bacterial, anti-fungal, anti-inflammatory or
immunosuppressive activities (Bull, A.T. et al. 2000
Microbiol MoI Biol Rev 64:573; Cragg, G.M. & DJ.
Newman 2002 Trends Pharmacol Sci 23:404; Kerr, R.G. &
S.S. Kerr 1999 Exp Opin Ther Patents 9:1207; Moore,
B.S 1999 Nat Prod Rep 16:653; Faulkner, DJ. 2001 Nat
Prod Rep 18:1; Mayer, A. M. & V.K. Lehmann 2001
Anticancer Res 21:2489). validating the utility of
this source for isolating invaluable therapeutic
agents. Further, the isolation of novel anti-cancer
and anti-microbial agents that represent alternative
mechanistic classes to those currently on the market
will help to address resistance concerns, including
any mechanism-based resistance that may have been
engineered into pathogens for bioterrorism
purposes.SUMMARY OF THE INVENTION [0008] The
embodiments disclosed herein generally relate to the
total synthesis of chemical compounds, including
heterocyclic compounds and analogs thereof. Some
embodiments are directed to the chemical compound and
intermediate compounds. Other embodiments are directed
to the individual methods of synthesizing the chemical
compound and intermediate compounds. [0009] An
embodiment disclosed herein relates to a method for
synthesizing Salinosporamide A and its analogs through
an intermediate compound of formula (V): [OOIOJ One
embodiment described herein relates to a method for
synthesizing an intermediate compound of formula (V).
[0011] Another embodiment described herein relates to
a method for synthesizing an intermediate compound of
formula (X). [0012] Still another embodiment described
herein relates to a method for synthesizing an
intermediate compound of formula (XV). [00131 Ye
another embodiment described herein relates to a
method for synthesizing an intermediate compound of
formula (XVII). [0014] One embodiment described herein
relates to a method for synthesizing Salinosporamide A
and its analogs through an intermediate compound of
formula (V). [0015] Another embodiment described
herein relates to a method for synthesizing
Salinosporamide A and its analogs through an
intermediate compound of formula (VI). [0016] Still
another embodiment described herein relates to a
method for synthesizing Salinosporamide A and its
analogs through an intermediate compound of formula
(X).[0017] Still another embodiment described herein
relates to a method for synthesizing Salinosporamide A
and its analogs through an intermediate compound of
formula (Xp). [0018] Yet still another embodiment
described herein relates to a method for synthesizing
Salinosporamide A and its analogs through an
intermediate compound of formula (XI). [0019] One
embodiment described herein relates to a method for
synthesizing Salinosporamide A and its analogs through
an intermediate compound of formula (XV). [0020]
Another embodiment described herein relates to a
method for synthesizing Salinosporamide A and its
analogs through an intermediate compound of formula
(XVII). [0021] Still another embodiment described
herein relates to a method for synthesizing
Salinosporamide A and its analogs through an
intermediate compound of formula (XVIIp). 



[0022] Yet still another embodiment described herein
relates to a method for synthesizing Salinosporamide A
and its analogs through an intermediate compound of
formula (XVIII). [0023] One embodiment described
herein relates to a method for synthesizing
Salinosporamide A and its analogs through an
intermediate compound of formula (XXIII). [0024] Some
embodiments described herein relate to the individual
methods of synthesizing compounds of .formula (III),
(IV), (VI), (VI), (VII), (VIII), (IX), (X), (XV),
(XVI), (XXII), (XXIII), (XXIV), (XXV), (XXVI),
(XXVII), (XXVIII) and protected derivatives thereof.
[0025] Other embodiments described herein relate to
the individual compounds of formula (III), (IV), (VI),
(VI), (VII), (VIII), (IX), (X), (XV)5 (XVI), (XXII)
(XXIII) (XXIV), (XXV) (XXVI), (XXVII), (XXVIII) and
protected derivatives thereof. [0026] One embodiment
described herein relates to a method of forming a
compound of formula (X) from a compound of formula (V)
comprising the steps of: cleaving the carbon-carbon
double bond of the compound of formula (V) and
cyclizing the cleaved double bond with the tertiary
hydroxy group; transforming -COOR to an aldehyde; and
adding R to the aldehyde using an organometallic
moiety containing at least one R , wherein R and R are
described herein[0027] An embodiment described herein
relates to a method of forming a compound of formula
(XV) from a compound of formula (X) comprising the
steps of: cleaving an aminal group; removing PGi and
reductively opening the hemiacetal; and forming a four
membered lactone ring, wherein PGi can be a protecting
group moiety described herien. In some embodiments,
the cleaving of the aminal group can occur before the
removal of PGi and reductively opening the hemiacetal,
and before the formation of the four membered lactone
ring. In other embodiments, the cleaving of the aminal
group can occur after the removal of PGi and
reductively opening the hemiacetal, but before the
formation of the four membered ring. [0028] Another
embodiment described herein relates to a method of
forming a compound of formula (XVII) from a compound
of formula (V) comprising the steps of: cleaving the
carbon-carbon double bond of the compound of formula
(V) and cyclizing the cleaved double bond with the
tertiary hydroxy group; and adding R4 after
cyclization with the tertiary hydroxy group using an
organometallic moiety containing at least one R4,
wherein R4 is described herein; [0029] On embodiment
described herein relates to a method of forming a
compound of formula (XXII) from a compound of formula
(XVII) comprising the steps of: cleaving an aminal
group; removing PGi and reductively opening the
hemiacetal; forming a four membered ring via a
lactonization reaction; and removing any protecting
groups on a ketone, wherein PGi can be a protecting
group moiety described herien. In some embodiments,
the cleaving of the aminal group can occur before the
removal of PG and reductively opening the hemiacetal,
and before the formation of the four membered ring via
a lactonization reaction. In other embodiments, the
cleaving of the aminal group is after the removal of
PGi and reductively opening the hemiacetal, but before
the formation of the four membered ring via a
lactonization reaction. BRIEF DESCRIPTION OF THE
DRAWINGS [0030] The accompanying drawings, which are
incorporated in and form part of the specification,
merely illustrate certain preferred embodiments of the
present invention. Together with the remainder of the
specification, they are meant to serve to explain
preferred modes of making certain compounds of the
invention to those of skilled 



in the art. In the drawings: [0031] Figure 1 shows the
chemical structure of Salinosporamide A.[0032] Figure
2 shows a 1H NMR spectrum of the compound of formula
(1-1 ) in CDCl3. [0033] Figure 3 shows a 1H NMR
spectrum of the ester precursor to the compound of
formula (II- 1) in CDCl . [0034] Figure 4 shows a 1H
NMR spectrum of the protected ester precursor of the
compound of formula (II- 1) in CDCI3. [0035] Figure 5
shows a 1H NMR spectrum of the compound of formula
(II- 1) in CDCl3. [0036] Figure 6a shows a 1H NMR
spectrum of the compound of formula (III- 1) in CDCl3.
[0037] Figure 6b shows a LC-MS of the compound of
formula (III- 1). [0038] Figure 7a shows a 1H NMR
spectrum of the compound of formula (IV- 1) in CDCI3.
[0039] Figure 7b shows a NOESY spectrum of the
compound of formula (IV- 1) in CDCl3. [0040] Figure 7c
shows a 1H NMR spectrum of the compound of formula
(IVIA) in CDCl3. [0041] Figure 7d shows a 1H NMR
spectrum of the compound of formula (IVIB) in CDCl3.
[0042] Figure 7e shows a LC-MS of the compound of
formula (IV-I). [0043] Figure 8 shows a 1H NMR
spectrum of the compound of formula (VIA) in CDCl3.
[0044] Figure 9 shows a 13C NMR spectrum of the
compound of formula (VIA) in CDCl . [0045] Figure 10
shows a 1H-1H COSY NMR spectrum of the compound of
formula (V-IA) in CDCl3. [0046] Figure 11 shows the
crystal structure of the compound of formula (VIA).
[0047] Figure 12 shows a 1H NMR spectrum of the
compound of formula (VI- 1) in CDCl3. [0048] Figure 13
shows a 1H NMR spectrum of the compound of formula
(VII-Ia) in CDCl3. [0049] Figure 14 shows a 1H NMR
spectrum of the compound of formula (VII-Ib) in
CDCl3.[0050] Figure 15 shows the crystal structure of
the compound of formula (VIIIb). [0051] Figure 16
shows a 1H NMR spectrum of the compound of formula
(VIII-I b) in CDCl3. [0052] Figure 17 shows a 1H NMR
of the compound of formula (VIII-I ) in CDCl3 [0053]
Figure 18 shows a 1H NMR spectrum of the compound of
formula (IXl b) in CDCl3. [0054] Figure 19 shows a 1H
NMR spectrum of the compound of formula (IXl a) in
CDCl3. [0055] Figure 20 shows a 1H NMR spectrum of the
compound of formula (Xl bB) in CDCl3 [0056] Figure 2 1
shows a 13C NMR spectrum of the compound of formula
(Xl bB) in CDCl3. [0057] Figure 22 shows the crystal
structure of the compound of formula (XIbB). [0058]
Figure 23 shows a 1H NMR spectrum of the compound of
formula (Xl 



aB) in CDCl3. [0059] Figure 24 shows a 13C NMR
spectrum of the compound of formula (XI B) in CDCl3.
[0060] Figure 25 shows a 1H NMR spectrum of the
compound of formula (VIB) in CDCl3. [0061] Figure 26
shows the crystal structure of the compound of formula
(VIB). [0062] Figure 27 shows a 1H NMR spectrum of the
compound of formula (VIC) in CDCl3. [0063] Figure 28
shows a 13C NMR spectrum of the compound of formula
(VIC) n CDCl3. [0064] Figure 29 shows a NOESY spectrum
of the compound of formula (VIC) in CDCl3. [0065]
Figure 30 shows a 1H NMR spectrum of the compound of
formula (XXIX-I) in CDCl3. [0066] Figure 3 1 shows a
13C NMR spectrum of the compound of formula (XXIX-I)
in CDCl3.[00671 Figure 32 shows a 1H NMR spectrum of
the compound of formula (XXIII-IB) in CDCl3. [0068]
Figure 33 shows a 13C NMR spectrum of the compound of
formula (XXIII-IB) in CDCl3. [0069] Figure 34 shows a
1H NMR spectrum of the compound of formula
(XXIV-IB-Bz) in CDCl3. [0070] Figure 35 shows a 1H NMR
spectrum of the compound of formula (XXV-IB-Bz) in
CDCl3. [0071] Figure 36 shows a 13C NMR spectrum of
the compound of formula (XXV-IB-Bz) in CDCl3. [0072]
Figure 37 shows a 1H NMR spectrum of the compound of
formula (XXVp- IB-Bz-TMS) in CDCl3. [0073] Figure 38
shows a 3C NMR spectrum of the compound of formula
(XXVp- IB-Bz-TMS) in CDCl3. [0074] Figure 39 shows a
1H NMR spectrum of the compound of formula
(XXVI-IB-Bz) in CD3OD. [0075] Figure 40 shows a 13C
NMR spectrum of the compound of formula (XXVI-IB-Bz)
in CD3OD. [0076] Figure 4 1 shows a 1H NMR spectrum of
the compound of formula (XXVIII- IB-TBS) in CDCl3.
[0077] Figure 42 shows a 1H NMR spectrum of the
compound of formula (XV- 1B) in acetone-d 6. [0078]
Figure 43 shows a 13C NMR spectrum of the compound of
formula (XV-IB) in acetone-d 5. [0079] Figure 44 shows
a 1H NMR spectrum of the compound of formula (XVI-IB)
produced from the compound of formula (XV-IB) produced
synthetically in CDCl3. [0080] Figure 45 shows a 13C
NMR spectrum of the compound of formula (XVI-IB)
produced from the compound of formula (XV-IB) produced
synthetically in CDCl3. [0081] Figure 46 shows 1H NMR
spectrum of the compound of formula (XXII-I) produced
from the compound of formula (XVI-IB) obtained
synthetically in CDCl3.[0082] Figure 47 shows 1H NMR
spectrum of the compound of formula (XVIIA) 



produced from the compound of formula (XXII-I)
obtained synthetically in DMSOd6. [0083] Figure 48
shows a comparison of 1H NMR spectra of compound
(XVIIA) produced synthetically and from fermentation.
[0084] Figure 49 shows a 13C NMR spectrum of the
compound of formula (XVI-IA) produced from the
compound of formula (XXII-I) obtained synthetically in
DMSOd 6. [0085] Figure 50 shows a comparison of 13C
NMR spectra of compound (XVI-IA) produced
synthetically and from fermentation. [0086] Figure 5 1
shows a 1H NMR spectrum of cyclohexenyltributyltin in
CDCl3. [0087] Figure 52 shows a 1H NMR spectrum of the
compound of formula (Xl a) in CDCl3. [0088] Figure 53
s shows a 13C NMR spectrum of the compound of formula
(X-l a) in CDCl3. ]0089] Figure 54 shows a 1H NMR
spectrum of the compound of formula (XI b) in CDCl3.
[0090] Figure 55 shows a 13C NMR spectrum of the
compound of formula (XIb) in CDCl3. [0091] Figure 56
shows the crystal structure of the compound of formula
(XIb). [0092] Figure 57 shows a plot of the inhibition
of the chymotrypsin-like activity of 2OS proteasomes
by the synthetic and fermentation compounds of formula
(XVI-IA). [0093] Figure 58 shows a plot of the
inhibition of the trypsin-like activity of 2OS
proteasomes by the synthetic and fermentation
compounds of formula (XVI-IA). [0094] Figure 59 shows
a plot of the inhibition of the caspase-like activity
of 2OS proteasomes by the synthetic and fermentation
compounds of formula (XVI-IA). DETAILED DESCRIPTION OF
THE PREFERRED EMBODIMENT [0095] Numerous references
are cited herein. The references cited herein,
including the U.S. patents cited herein, are each to
be considered incorporated by reference in their
entirety into this specification.[0096] Embodiments of
the invention include, but are not limited to, methods
for the preparation of various compounds and
intermediates, and the compounds and intermediates
themselves. In some embodiments, one or more
substituents, one or more compounds, or groups of
compounds can be specifically excluded in any one or
more of the methods or compounds as described more
fully below. [0097] Salinosporamide A and its analogs
thereof have various biological activities. For
example, the compounds have chemosensitizing activity,
anti-microbial, anti-inflammation, radiosensitizing,
and anti-cancer activity. Studies have been conducted
that show Salinosporamide A and its analogs have
proteasome inhibitory activity, effect NF- kB / IKB
signaling pathway, and have anti-anthrax activity.
Salinosporamide A and several analogs, as well as
biological activity of the same, are described in U.S.
Provisional Patent Applications Nos., 60/480270, filed
June 20, 2003; 60/566952, filed April 30, 2004;
60/627461, filed November 12, 2004; 60/633379, filed
December 3, 2004; 60/643922, filed January 13, 2005;
60/658884, filed March 4, 2005; 60/676533, filed April
29, 2005; 60/567336, filed April 30, 2004; 60/580838,
filed June 18, 2004; 60/591 190, filed July 26, 2004;
60/627462, filed November 12, 2004; 60/644132, filed
January 13, 2005; and 60/659385, filed March 4, 2005;
U.S. Patent Applications Nos., 10/871368, filed June
18, 2004; 11/1 18260, filed April 29, 2005;
11/412,476, filed April 27, 2006; and 11/453374, filed
June 15, 2006; and International Patent Applications
Nos., 



PCT/US2004/019543, filed June 18, 2004;
PCT/US2005/044091, filed December 2, 2005;
PCT/US2005/014846, filed April 29, 2005; and
PCT/US2006/016104, filed April 27, 2006; each of which
is hereby incorporated by reference in its entirety.
[0098] Provided herein are methods for synthesizing
Salinosporamide A and its analogs through an
intermediate compound of formula (V): [0099] The
compound of formula (V) can be synthesized from
readily available starting materials, as described
herein. The compound of formula (V) may besubsequently
converted to Salinosporamide A or analogs thereof. For
example Salinosporamide A or analogs thereof may be
synthesized according to Scheme A. Scheme A [0100] For
the compounds described herein, each stereogenic
carbon can be of R or S configuration. Although the
specific compounds exemplified in this application can
be depicted in a particular configuration, compounds
having either the opposite stereochemistry at any
given chiral center or mixtures thereof are also
envisioned unless otherwise specified. When chiral
centers are found in the derivatives of this
invention, it is to be understood that the compounds
encompasses all possible stereoisomers unless
otherwise indicated. [0101] The term "substituted" has
its ordinary meaning, as found in numerous
contemporary patents from the related art. See, for
example, U.S. Patent Nos. 6,509,331; 6,506,787;
6,500,825; 5,922,683; 5,886,210; 5,874,443; and
6,350,759; all of which are incorporated herein in
their entireties by reference. Examples of suitable
substituents include but are not limited to hydrogen,
alkoxy, cycloalkyl, cycloalkenyl, acyl, acylamino,
acyloxy, amino, alkyl amino, aminoacyl, aminoacyloxy,
oxyacylamino, cyano, halogen, hydroxy, carboxyl,
carboxylalkyl, keto, thioketo, thiol, thioalkoxy,
aryl, aryloxy, heteroaryl, heteroaryloxy,
heterocyclic, heterocyclooxy, hydroxyamino,
alkoxyamino, nitro, -SO-alkyl, -SO-substituted alkyl,
-SO-aryl, -SO-heteroaryl, -SO2-H, -SO2-OH, -
SO2-alkyl, -SO2-substituted alkyl, -SO2-aryl and
-SO2-heteroaryl, heteroaryl, boronate alkyl, boronic
acid, (OH)2B-alkyl, phosphate and phosphate esters,
phosphonooxy,phosphonooxyalkyl, azido, azidoalkyl,
ammonium, carboxyalkyl, a salt of a carboxyalkyl,
alkylamino- a salt of an alkylamino, dialkylamino, a
salt of a dialkylamino, alkylthio, arylthio, carboxy,
cyano, alkanesulfonyl, alkanesulfinyl, alkoxysulfinyl,
thiocyano, boronic acidalkyl, boronic esteralkyl,
sulfoalkyl, a salt of a sulfoalkyl,
alkoxysulfonylalkyl, sulfooxyalkyl, a salt of a
sulfooxyalkyl, alkoxysulfonyloxyalkyl,
phosphonooxyalkyl, a salt of a phosphonooxyalkyl,
(alkylphosphooxy)alkyl, phosphorylalkyl, a salt of a
phosphorylalkyl, (alkylphosphoryl)alkyl,
pyridinylalkyl, a salt of a pyridinylalkyl, a salt of
a heteroarylalkyl guanidino, a salt of a guanidino,
and guanidinoalkyl. Each of the substituents can be
further substituted. The other abovelisted patents
also provide standard definitions for the term
"substituted" that are wellunderstood by those of
skill in the art. [0102] Whenever a group is described
as "optionally substituted" the group may be
unsubstituted or substituted with one or more
substituents as described herein. [0103] As used
herein, any "R" group(s) such as, without limitation,
R5R1, R2, R3, R4, R5, Re, R7, R8, RA and R B represent
substituents that can be attached to the indicated
atom. An R group may be substituted or unsubstituted.
If two "R" groups are covalently bonded to the same
atom or to adjacent atoms, then they may be "taken
together" as defined herein to form a cycloalkyl,
aryl, heteroaryl or heterocycle. For example, without
limitation, if Ri and R of an NRi a Rib group are
indicated to be "taken together," it means that they
are covalently bonded to one another to form a ring:
[0104] The term "alkyl," as used herein, means any
unbranched or branched, substituted or unsubstituted,
saturated hydrocarbon, with C1-C24 preferred, and Ci-C



hydrocarbons being preferred, with methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, and tert-butyl,
and pentyl being most preferred. [0105] The term
"alkenyl," as used herein, means any unbranched or
branched, substituted or unsubstituted, unsaturated
hydrocarbon containing one or more double bonds. Some
examples of alkenyl groups include allyl, homo-allyl,
vinyl, crotyl, butenyl, pentenyl, hexenyl, heptenyl
and octenyl. [0106] The term "alkynyl" as used herein,
means any unbranched or branched, substituted or
unsubstituted, unsaturated hydrocarbon with one or
more triple bonds[0107] The term "cycloalkyl" refers
to any non-aromatic, substituted or unsubstituted,
hydrocarbon ring, preferably having five to twelve
atoms comprising the ring. Furthermore, in the present
context, the term "cycloalkyl" comprises fused ring
systems such that the definition covers bicyclic and
tricyclic structures. [0108] The term "cycloalkenyl"
refers to any non-aromatic, substituted or
unsubstituted, hydrocarbon ring that includes a double
bond, preferably having five to twelve atoms
comprising the ring. Furthermore, in the present
context, the term "cycloalkenyl" comprises fused ring
systems such that the definition covers bicyclic and
tricyclic structures. [0109] The term "cycloalkynyl"
refers to any non-aromatic, substituted or
unsubstituted, hydrocarbon ring that includes a triple
bond, preferably having five to twelve atoms
comprising the ring. Furthermore, in the present
context, the term "cycloalkynyl" comprises fused ring
systems such that the definition covers bicyclic and
tricyclic structures. [0110] The term "acyl" refers to
hydrogen, lower alkyl, lower alkenyl, or aryl
connected, as substituents, via a carbonyl group.
Examples include formyl, acetyl, propanoyl, benzoyl,
and acryl. An acyl may be substituted or
unsubstituted. [0111] In the present context the term
"aryl" is intended to mean a carbocyclic aromatic ring
or ring system. Moreover, the term "aryl" includes
fused ring systems wherein at least two aryl rings, or
at least one aryl and at least one C3-8-cycloalkyl
share at least one chemical bond. Some examples of
"aryl" rings include optionally substituted phenyl,
naphthalenyl, phenanthrenyl, anthracenyl, tetralinyl,
fluorenyl, indenyl, and indanyl. An aryl group may be
substituted or unsubstituted. [0112] In the present
context, the term "heteroaryl" is intended to mean a
heterocyclic aromatic group where one or more carbon
atoms in an aromatic ring have been replaced with one
or more heteroatoms selected from the group comprising
nitrogen, sulfur, phosphorous, and oxygen.
Furthermore, in the present context, the term
"heteroaryl" comprises fused ring systems wherein at
least one aryl ring and at least one heteroaryl ring,
at least two heteroaryl rings, at least one heteroaryl
ring and at least one heterocyclyl ring, or at least
one heteroaryl ring and at least one C3.g-cycloalkyl
ring share at least one chemical bond. A heteroaryl
can be substituted or unsubstituted. [0113] The terms
"heterocycle" and "heterocyclyl" are intended to mean
three-, four-, five-, six-, seven-, and eight-membered
rings wherein carbon atoms together with from 1 to 3
heteroatoms constitute said ring. A heterocycle may
optionally containone or more unsaturated bonds
situated in such a way, however, that an aromatic p-
electron system does not arise. The heteroatoms are
independently selected from oxygen, sulfur, and
nitrogen. A heterocycle may further contain one or
more carbonyl or thiocarbonyl functionalities, so as
to make the definition include oxo-systems and
thiosystems such as lactams, lactones, cyclic imides,
cyclic thioimides, cyclic carbamates, and the like.
Heterocyclyl rings may optionally also be fused to at
least other heterocyclyl ring, at least one
C3-8-cycloalkyl ring, at least one C3.g-cycloalkenyl
ring and/or at least one C3-8-cycloalkynyl ring such
that the definition includes bicyclic and tricyclic 



structures. Examples of benzo-fused heterocyclyl
groups include, but are not limited to,
benzimidazolidinone, tetrahydroquinoline, and
methylenedioxybenzene ring structures. Some examples
of "heterocycles" include, but are not limited to,
tetrahydrothiopyran, 4Hpyran, tetrahydropyran,
piperidine, 1,3-dioxin, 1,3-dioxane, 1,4-dioxin,
1,4-dioxane, piperazine, 1,3-oxathiane, 1,4-oxathiin,
1,4-oxathiane, tetrahydro-l,4-thiazine, 2H-1,2-
oxazine, maleimide, succinimide, barbituric acid,
thiobarbituric acid, dioxopiperazine, hydantoin,
dihydrouracil, morpholine, trioxane,
hexahydro-l,3,5-triazine, tetrahydrothiophene,
tetrahydrofuran, pyridine, pyridinium, pyrroline,
pyrrolidine, pyrrolidone, pyrrolidine, pyrazoline,
pyrazolidine, imidazoline, imidazolidine, 1,3-
dioxole, 1,3-dioxolane, 1,3-dithiole, 1,3-dithiolane,
isoxazoline, isoxazolidine, oxazoline, oxazolidine,
oxazolidinone, thiazoline, thiazolidine, and
1,3-oxathiolane. A heterocycle group of this invention
may be substituted or unsubstituted. [0114] The term
"alkoxy" refers to any unbranched, or branched,
substituted or unsubstituted, saturated or unsaturated
ether, with Ci-Ce unbranched, saturated, unsubstituted
ethers being preferred, with methoxy being preferred,
and also with dimethyl, diethyl, methyl-isobutyl, and
methyl-tert-butyl ethers also being preferred. [0115]
The term "cycloalkoxy" refers to any non-aromatic
hydrocarbon ring comprising an oxygen heteroatom,
preferably having five to twelve atoms comprising the
ring. A cycloalkoxy can be substituted or
unsubstituted. [0116] The term "alkoxy carbonyl"
refers to any linear, branched, cyclic, saturated,
unsaturated, aliphatic or aromatic alkoxy attached to
a carbonyl group. The examples include methoxycarbonyl
group, ethoxycarbonyl group, propyloxycarbonyl group,
isopropyloxycarbonyl group, butoxycarbonyl group,
sec-butoxycarbonyl group, tert-butoxycarbonyl group,
cyclopentyloxycarbonyl group, cyclohexyloxycarbonyl
group, benzyloxycarbonyl group, allyloxycarbonyl
group, phenyloxycarbonyl group,pyridyloxycarbonyl
group, and the like. An alkoxy carbonyl may be
substituted or unsubstituted. [0117] The term
"(cycloalkyl)alkyl is understood as a cycloalkyl group
connected, as a substituent, via a lower alkylene. The
(cycloalkyl)alkyl group and lower alkylene of a
(cycloalkyl)alkyl group may be substituted or
unsubstituted. [0118] The terms "(heterocycle)alkyl"
and "(heterocyclyl)alkyl" are understood as a
heterocycle group connected, as a substituent, via a
lower alkylene. The heterocycle group and the lower
alkylene of a (heterocycle)alkyl group may be
substituted or unsubstituted. [0119] The term
"arylalkyl" is intended to mean an aryl group
connected, as a substituent, via a lower alkylene,
each as defined herein. The aryl group and lower
alkylene of an arylalky may be substituted or
unsubstituted. Examples include benzyl, substituted
benzyl, 2-phenylethyl, 3-phenyIpropyl, and
naphthylalkyl. [0120] The term "heteroarylalkyl" is
understood as heteroaryl groups connected, as
substituents, via a lower alkylene, each as defined
herein. The heteroaryl and lower alkylene of a
heteroarylalkyl group may be substituted or
unsubstituted. Examples include 2-thienylmethyl,
3-thienylmethyl, furylmethyl, thienylethyl,
pyrrolylalkyl, pyridylalkyl, isoxazolylalkyl,
imidazolylalkyl, and their substituted as well as
benzo-fused analogs. [0121] The term "halogen atom,"
as used herein, means any one of the radiostable atoms
of column 7 of the Periodic Table of the Elements,
i.e., fluorine, chlorine, bromine, or iodine, with
bromine and chlorine being preferred. [0122] As
employed herein, the following terms have their
accepted meaning in the chemical literature. 



9-BBN : 9-borabicyclo[3.3.1]nonane BF3.Et2O
:borontrifluoride diethyl etherate Bn :benzyl BnOH
:benzyl alcohol BOPCl
:bis(2-oxo-3-oxazolidinyl)phosphinic chloride t-BuOH
:frt-butanol//erf-butyl alcohol t-BuOK :potassium
tert-butoxide Bz :benzoyl DMIPS :Dimethyl
wo-propylsilyl ESI relectrospray ionizationEtOAc
:ethyl acetate FDH :formate dehydroganase GDH rglucose
dehydrogenase ID rinternal diameter IPA risopropyl
alcohol LC-MS :liquid chromatography - mass
spectrometry LDA :lithium diisopropylamide MS :mass
spectrum MsCl rmethanesulfonyl chloride NaOMe :sodium
methoxide NaOEt :sodium ethoxide NMO
:N-methylmorpholine N-oxide NMR :nuclear magnetic
resonance Pb(OAc) :lead tetraacetate PCC rpyridinium
chlorochromate PDC :pyridinium dicromate PPTS
rpyridinium p-toluene sulfonate PTSA :p-toluene
sulfonic acid RT :room temperature SAR
-.structure-activity relationship TMS :trimethylsilyl
TBS : -butyldimethylsilyl TES :triethylsilyl THF
.tetrahydrofuran TFA :trifluoroacetic acid TPAP
:tetrapropylammonium perruthenate [0123] The terms
"organometallic moiety" and "organometallic moieties"
as used herein refer to any chemical compound that
contains a metal-element bond(s) of a largely covalent
character. The term "metal" as used herein include
those elements traditionally classified as metals
(e.g., lithium, magnesium, zinc, and tin) and those
elements classified as metalloids (e.g., boron).
[0124] The terms "protecting group moiety" and
"protecting group moieties" as used herein refer to
any atom or group of atoms that is added to a molecule
in order to prevent existing groups in the molecule
from undergoing unwanted chemical reactions.Examples
of protecting group moieties are described in T.W.
Greene and P. G. M. Wuts, Protective Groups in Organic
Synthesis, 3. Ed. John Wiley & Sons, 1999, and in
J.F.W. McOmie, Protective Groups in Organic Chemistry
Plenum Press, 1973, both of which are hereby
incorporated by reference. The protecting group moiety
may be chosen in such a way, that they are stable to
the reaction conditions applied and readily removed at
a convenient stage using methodology known from the
art. A non-limiting list of 



protecting groups include benzyl; substituted benzyl;
alkylcarbonyls (e.g., tbutoxycarbonyl (BOC));
arylalkylcarbonyls (e.g., benzyloxycarbonyl, benzoyl);
substituted methyl ether (e.g. methoxymethyl ether);
substituted ethyl ether; a substituted benzyl ether;
tetrahydropyranyl ether; silyl ethers (e.g.,
trimethylsilyl, triethylsilyl, triisopropylsilyl,
t-butyldimethylsilyl, or t-butyldiphenylsilyl); esters
(e.g. benzoate ester); carbonates (e.g.
methoxymethylcarbonate); sulfonates (e.g. tosylate,
mesylate); acyclic ketal (e.g. dimethyl acetal);
cyclic ketals (e.g., 1,3-dioxane or 1,3-dioxolanes);
acyclic acetal; cyclic acetal; acyclic hemiacetal;
cyclic hemiacetal; and cyclic dithioketals (e.g.,
1,3-dithiane or 1,3-dithiolane). As used herein, any
"PG" group(s) such as, without limitation, PGi, PG2
and PG3 represent a protecting group moiety. [0125]
The terms "pure," "purified," "substantially
purified," and "isolated" as used herein refer to the
compound of the embodiment being free of other,
dissimilar compounds with which the compound, if found
in its natural state, would be associated in its
natural state. In certain embodiments described as
"pure," "purified," "substantially purified," or
"isolated" herein, the compound may comprise at least
0.5%, 1%, 5%, 10%, or 20%, and most preferably at
least 50% or 75% of the mass, by weight, of a given
sample. [0126] The terms "derivative," "variant," or
other similar term refers to a compound that is an
analog of the other compound. [0127] As shown in
Schemes 1-4, the starting compounds of formulae (I)
and (II) may be synthesized from readily available
materials. As shown in Scheme 1-1, a compound of
formula (I) can be synthesized from a serine ester
salt, an aldehyde (e.g. tbutyl aldehyde) and a base
(e.g., triethylamine) at elevated temperatures. In
some embodiments, the serine ester salt can be a
D-serine methylester salt which can form a compound of
formula (I) with the stereochemistry shown in Scheme
1-2.Scheme 1-1 aldehyde/base (D Scheme 1-2 [0128] In
some embodiments, a compound of formula (I) can have
the structure shown above wherein Ri can be hydrogen
or unsubstituted or substituted Ci-6 alkyl; and R2 can
be hydrogen, or substituted or unsubstituted variants
of the following: Ci-6 alkyl, aryl or arylalkyl. In an
embodiment when R is hydrogen, one skilled in the art
would recognize that the stereochemistry at C-4 may
not be retained upon conversion of a compound of
formula (IV) to a compound of formula (V) shown below.
In an embodiment when Ri is an unsubstituted or
substituted C alkyl, one skilled in the art would
recognize that the stereochemistry at C-4 would be
retained upon conversion of a compound of formula (IV)
to a compound of formula (V) shown below. As an
example, a compound of formula (I) can have the
following structure and stereochemistry: [0129] A
compound of formula (II) can be synthesized according
to Schemes 2, 3 and 4. The ester precursor of the
compound of Formula II can be prepared according to
Scheme 2, starting with a b-ketoester and a base
(e.g., t-BuOK or NaH) and then adding an allyl halide.
-ISScheme 2 ester precursor of the compound of Formula
II [0130] In some embodiments, the ester precursor of
the compound of formula (II) can have the structure
shown above wherein R can be hydrogen or substituted
or unsubstituted variants of the following: Ci- alkyl,
aryl or arylalkyl; and R3 can be 



substituted or unsubstituted variants of the
following: Ci alkyl, C3.6 cycloalkyl, C - alkenyl,
C3-6 cycloalkenyl, aryl, or arylalkyl. An exemplary
ester precursor is the compound having the following
structure: [0131] The protected ester precursor of the
compound of formula (II) can be prepared according to
Scheme 3. The ketone carbonyl of the ester precursor
can be protected using a suitable protecting group
moiety/moieties, as described herein. One method for
protecting the ketone carbonyl is shown in Scheme 3.
Scheme 3 protected ester precursor of the compound of
formula II[0132] In some embodiments, the protected
ester precursor of the compound of formula (II) can
have structure shown in Scheme 3 wherein R can be
hydrogen or substituted or unsubstituted variants of
the following: Ci-6 alkyl, aryl or arylalkyl; R3 can
be substituted or unsubstituted variants of the
following: C alkyl, C3-6 cycloalkyl, C - alkenyl, C -
cycloalkenyl, aryl, or arylalkyl; each Y can be an
oxygen or sulfur; and RL and R B can be each
independently selected from the group consisting of
substituted or unsubstituted variants of the
following: Ci- alkyl, C2-6 alkenyl and C2-6 alkynyl,
wherein RA and R B can be optionally bound together to
form an optionally substituted 5, 6, 7, or 8 membered
heterocyclyl. [0133] For example, the ketone carbonyl
may be protected by reacting the ester precursor with
1,2 dihydroxyethane to form a 1,3-dioxolane
heterocyclic ring as shown below: [0134] As shown in
Scheme 4, the protected ester precursor of a compound
of formula (II) can then be hydrolyzed to the
carboxylic acid equivalent using an appropriate acid
such as TFA or PTSA to form a compound of formula
(II). Scheme 4 [0135] In some embodiments, a compound
of formula (II) can have the structure shown in Scheme
4 wherein R3 can be substituted or unsubstituted
variants of the following: Ci-6 alkyl, C3 cycloalkyl,
C2-6 alkenyl, C3-6 cycloalkenyl, aryl, or arylalkyl;
each Y can be an oxygen or sulfur; and RA and R B can
be each independently selected from the group
consisting of substituted or unsubstituted variants of
the following: C -alkyl, C -6 alkenyl and C2- alkynyl,
wherein RA and R B can be optionally bound together to
form an optionally substituted 5, 6, 7, or 8 membered
heterocyclyl. As an example, the compound of formula
(II) can have the following structure: [0136] A method
of preparing a compound of formula (V) from the
starting compounds of formulae (I) and (II) is shown
below in Scheme 5. Scheme S [0137] In step (a) of
Scheme 5, a compound of formula (III) can be formed by
reacting a compound of formula (I) with a compound of
formula (II) under suitable conditions wherein Ri can
be hydrogen or unsubstituted or substituted Ci-6
alkyl; R can be hydrogen, or substituted or
unsubstituted variants of the following: Ci-6 alkyl,
aryl or arylalkyl; R3 can be substituted or
unsubstituted variants of the following: C1.6 alkyl,
C3.6 cycloalkyl, C2-6 alkenyl, C3-6 cycloalkenyl,
aryl, or arylalkyl; each Y can be an oxygen orsulfur;
and RA and R B can be each independently selected from
the group consisting of substituted or unsubstituted
variants of the following: Ci.g alkyl, C2-6 alkenyl
and C2- alkynyl, wherein RA and RB can be optionally
bound together to form an optionally substituted 5, 6
, 7, or 8 membered heterocyclyl. For example, a
compound of formula (I) can be added to a mixture
containing a compound of formula (II), a mild base
(e.g., triethylamine or N-methyl piperidine) and an
acylating agent such as methanesulfonyl chloride,
trifluoromethanesulfonyl chloride or
chloromethylformate. [0138] As an example, the
compounds of formulae (I), (II) and (III) may have 



the following structures and stereochemistry: [0139]
In one embodiment, the compounds of formulae (I) 5
(II) and (III) can have the following structures: ,
(M) (IM) (III-l) [0140] The compound of formula (III)
can be deprotected to form a compound of formula (IV)
5 as shown in step (b) of Scheme 5, wherein: R i can
be hydrogen or unsubstituted or substituted Ci-g
alkyl; R2 can be hydrogen, or substituted or
unsubstituted variants of the following: Cj.6 alkyl,
aryl or arylalkyl; R3 can be substituted or
unsubstituted variants of the following: C - alkyl,
C3.6 cycloalkyl, C2-6 alkenyl, C3.6 cycloalkenyl,
aryl, or arylalkyl; each Y can be an oxygen or sulfur;
and RA and RB can be each independently selected from
the group consisting of substituted or unsubstituted
variants of the following: Ci alkyl, C2-6 alkenyl and
C2-6 alkynyl, wherein RA and RB can be optionally
bound together to form an optionally substituted 5, 6,
7, or 8 memberedheterocyclyl. One method for removing
the ketone carbonyl protecting group (e.g., 1,3-
dioxolane) includes reacting a compound of formula
(III) with sodium iodide and a Lewis base such as
cerium (III) chloride heptahydrate. A second method
includes reacting a compound of formula (III) with
iodine in acetone at an elevated temperature.
Alternatively, a compound of formula (III) can be
reacted with lithium tetrafluoroboride at an elevated
temperature to form a compound of formula (IV). IfY is
sulfur, the ketone carbonyl protecting group can be
removed using various hydrolytic, oxidative and/or
solid-state methods such as those described and cited
in Habibi et al., Molecules, (2003) 8, 663-9, which is
incorporated by reference in its entirety. [0141]
Exemplary structures and stereochemistry of compounds
of formulae (III) and (IV) are shown below: [0142] For
example, the compounds of formulae (III) and (IV) can
have the following structures: (III-l) (IV-I) {0143)
As shown in step (c) of Scheme 5, treatment of a
compound of formula (IV) with an appropriate base
(e.g., t-BuOK, NaOMe, NaOEt or LDA) can induce an
intramolecular aldol reaction to form a compound of
formula (V) wherein Ri can be hydrogen or
unsubstituted or substituted lkyl; R2 can be hydrogen,
or substituted or unsubstituted variants of the
following alkyl, aryl or arylalkyl; and R can be
substituted or unsubstituted variants of the
following: Q -b alkyl, C3-6 cycloalkyl, C2-6 alkenyl,
C3-6 cycloalkenyl, aryl, or arylalkyl.[0144] As an
example, the compounds of formulae (IV) and (V) may
have the following structures and stereochemistry:
[0145] More specifically, compounds of formula (V) may
adopt one of the following stereochemical structures:
(V-A) (V-B) (V-C) [0146] Exemplary structures of
compounds formulae (IV) and (V) are shown below:
(IV-I) (V-I) [0147] More specifically, a compound of
formula (V) may adopt one of the following
stereochemical structures:(V-IA) (V-IB) (V-IC) [0148]
A compound of formula (V) can be used to synthesize
heterocyclic compounds such as Salinosporamide A and
analogs thereof. One method can proceed through a
compound of formula (X), which can then be transformed
to Salinosporamide A and analogs thereof, as shown in
the schemes herein. In an embodiment, a compound of
formula (X) can be produced from a compound of formula
(V) as shown in Scheme 6. [0149] In step (d) of Scheme
6, the carbon-carbon double bond of the 



compound of formula (V) can be oxidatively cleaved and
then cyclized to form a hemiacetal with the tertiary
hydroxy group to form a compound of formula (VI),
wherein Ri can be hydrogen or unsubstituted or
substituted Ci- alkyl; R.2 can be hydrogen,
orsubstituted or unsubstituted variants of the
following: Ci-6 alkyl, aryl or arylalkyl; and R3 can
be substituted or unsubstituted variants of the
following: Ci- alkyl, C - cycloalkyl, C -6 alkenyl, C
- cycloalkenyl, aryl, or arylalkyl. An exemplary
method for preparing a compound of formula (VI)
includes reacting a compound of formula (V) with a
suitable oxidant or oxidant combination, such as OSO4
and NMO for several hours and then adding an
additional oxidant (e.g.,NaIO4 or Pb(OAc) ) to the
reaction mixture. The reaction can be quenched using
suitable salt solutions. [0150] Exemplary structures
and stereochemistry of compounds of formulae (V) and
(VI) are shown below: [0151] Examples of compounds of
formulae (V) and (VI) are as follows: (V-IA) (VI-I)
[0152] If desired, the hemiacetal of a compound of
formula (VI) can be protected by forming an acetal
using a protecting group moiety (e.g. benzyl,
substituted benzyl, silyl, or methoxyl methyl) to form
a compound of formula (VII), as shown in step (e) of
Scheme 6. In some embodiments, R , R2, and R3 can be
the same as described with respect to the compound of
formula (VI); and PGi can be a protecting group
moiety. Examples of suitable protecting group moieties
are described herein. [0153] As an example, the
compounds of formulae (VI) and (VII) may have the
following structures and stereochemistry:[0154]
Exemplary structures of compounds of formulae (VI) and
(VII) are shown below: (VI-I) (VIM) [0155J As shown in
step (f) of Scheme 6, the COOR2 group of a compound of
formula (VII) can be reduced to an alcohol to form a
compound of formula (VIII), wherein R , R , and PGi
can be the same as described with respect to the
compound of formula (VII). For example, the COOR group
can be reduced to an alcohol using a suitable reducing
reagent (e.g., diisobutylaluminum hydride, lithium
borohydride, lithium aluminum hydride, superhydride)
and known techniques. [0156] Exemplary structures and
stereochemistry of compounds of formulae (VII) and
(VIII) are shown below: [0157] For example, compounds
of formulae (VII) and (VIII) can have the following
structures:(VII-I) (VIII-I) [0158] In step (g) of
Scheme 6, the C-5 alcohol of the compound of formula
(VIII) can be oxidized using an appropriate oxidizing
agent to form the compound of formula (IX), wherein
Ri, R3, and PGi can be the same as described with
respect to the compound of formula (VII). For example,
an alcohol can be oxidized to an aldehyde using an
oxidant such as Dess-Martin periodinane, TPAP/NMO,
Swern oxidation reagent, PCC, or PDC. [0159] Compounds
of formulae (VIII) and (IX) may have the following
structures and stereochemistry: (VIII-I) (IX-I) [0161]
In another embodiment, the COOR group of a compound of
formula (VII) can be reduced directly to an aldehyde
to give a compound of formula (IX) in a single
step.[0162J As shown in step (h) of Scheme 6, a
compound of formula (X) can be synthesized by reacting
an organ smetallic moiety containing at least one R4
with a compound of formula (IX), wherein Ri, R , and
PGi can be the same as described with respect to the
compound of formula (VII); and R4 can be selected from
the group 



consisting of substituted or unsubstituted variants of
the following: C1-C12 alkyl, C -C alkenyl, C2-C]2
alkynyl, C3-C12 cycloalkyl, C3-C12 cycloalkenyl, C3-Ci
2 cycloalkynyl, C3- C12 heterocyclyl, aryl,
heteroaryl, arylalkyl, heteroarylalkyl,
(cycloalkyl)alkyl, (heterocyclyl)alkyl, acyl,
acylalkyl, alkyloxycarbonyloxy, carbonylacyl,
aminocarbonyl, azido, azidoalkyl, aminoalkyl, salt of
an aminoalkyl, carboxyalkyl, salt of a carboxyalkyl,
alkylaminoalkyl, salt of an alkylaminoalkyl,
dialkylaminoalkyl, salt of a dialkylaminoalkyl,
phenyl, alkylthioalkyl, arylthioalkyl, carboxy, cyano,
alkanesulfonylalkyl, alkanesulfinyl alkyl,
alkoxysulfinylalkyl, thiocyanoalkyl, boronic
acidalkyl, boronic esteralkyl, guanidinoalkyl, salt of
guanidinoalkyl, sulfoalkyl, salt of a sulfoalkyl,
alkoxysulfonylalkyl, sulfooxyalkyl, salt of a
sulfooxyalkyl, alkoxysulfonyloxyalkyl,
phosphonooxyalkyl, salt of a phosphonooxyalkyl,
(alkylphosphooxy)alkyl, phosphorylalkyl, salt of a
phosphorylalkyl, (alkylphosphoryl)alkyl,
pyridinylalkyl, salt of a pyridinylalkyl, salt of a
heteroarylalkyl and halogenated alkyl including
polyhalogenated alkyl. In some embodiments, R can be
selected from the group consisting of: substituted or
unsubstituted variants of the following: C -Ci 2
heterocyclyl, aryl, heteroaryl, heteroarylalkyl,
(cycloalkyl)alkyl, (heterocyclyl)alkyl, acyl,
acylalkyl, alkyloxycarbonyloxy, carbonylacyl,
aminocarbonyl, azido, azidoalkyl, aminoalkyl, salt of
an aminoalkyl, carboxyalkyl, salt of a carboxyalkyl,
alkylaminoalkyl, salt of an alkylaminoalkyl,
dialkylaminoalkyl, salt of a dialkylaminoalkyl,
phenyl, alkylthioalkyl, arylthioalkyl, carboxy, cyano,
alkanesulfonylalkyl, alkanesulf nylalkyl,
alkoxysulfinylalkyl, thiocyanoalkyl, boronic
acidalkyl, boronic esteralkyl, guanidinoalkyl, salt of
guanidinoalkyl, sulfoalkyl, salt of a sulfoalkyl,
alkoxysulfonylalkyl, sulfooxyalkyl, salt of a
sulfooxyalkyl, alkoxysulfonyloxyalkyl,
phosphonooxyalkyl, salt of a phosphonooxyalkyl,
(alkylphosphooxy)alkyl, phosphorylalkyl, salt of a
phosphorylalkyl, (alkylphosphoryl)alkyl,
pyridinylalkyl, salt of a pyridinylalkyl, salt of a
heteroarylalkyl and halogenated alkyl including
polyhalogenated alkyl. [0163J A non-limiting list of
suitable organometallic moieties include
organomagnesium compounds, organolithium compounds,
organotin compounds, organocuprates compounds,
organozinc, and organopalladium compounds,
metalcarbonyls, metallocenes, carbine complexes, and
organometalloids (e.g., organoboranes and
organosilanes). In some embodiments, the
organometallic moiety can be selected from the group
consisting OfR -MgR7, R4-ZnR7, R4-Li, (R4)P-B(R7) P,
and (R-Oq-Sn(R7),,. q; wherein R7 can selected from
the group consisting of halogen, or substituted or
unsubstituted variants of the following: alkyl,
alkenyl, cycloalkyl, aryl, arylalkyl, isopinocampheyl,
hydroxy, alkoxy, and carbonylalkoxy, wherein if more
than one R7 is present, the R7 groups can optionally
be bond together to form an optionally substituted
cycloalkyl (e.g., 9-BBN), optionally substituted
cycloalkenyl, optionally substituted heteroalkyl or
optionally substituted heteroalkenyl ring; p can be an
integer from 1 to 3; and q can be an integer from 1 to
4. In an embodiment, the organometallic moiety is
(R4)p-B(R7)3-P . In certain embodiments, the
organometallic moiety is (R4)P-B(R7) -P, wherein R4 is
2-cyclohexenyl. In some embodiments, the
organometallic moiety is (R ,)p- B(R7)3-P, wherein R4
is 2-cyclohexenyl, p is 1, and the two R7 groups are
taken together to form an optionally substituted
cycloalkyl. In another embodiment, the organometallic
moiety is R -MgR7. In certain embodiments, the
organometallic moiety is R4-MgR7, wherein R4 is
2-cyclohexenyl. In some embodiments, the
organometallic moiety is R4- MgR7, wherein R is
2-cyclohexenyl and R7 is a halogen (e.g., chlorine).
[0164] As an example, the compounds of formulae (IX)
and (X) may have the following structures and
stereochemistry: 



(X-A) [0165] As another example, the compounds of
formulae (IX) and (X) may have the following
structures and stereochemistry.(X-B) [0166] Exemplary
structures of compounds of formulae (IX) and (X) are
shown below: (IX-I) (X-IB) [0167] Various synthetic
routes can be used to transform a compound of formula
(X) to Salinosporamide A and analogs thereof. In an
embodiment, the synthesis can proceed through the
intermediate compound of formula (XV). Exemplary
synthetic routes are shown Schemes 7-1 to 7-5.Scheme
7-1Scheme 7-2 [0168] As shown in step (i) of Scheme
7-1, the C-5 secondary hydroxy group of a compound of
formula (X) can be protected with a suitable
protecting group moiety to form a compound of formula
(Xp), wherein R , R3, R4 and PG can be the same as
described with respect to the compound of formula (X);
and PG2 can be a protecting group moiety. A
non-limiting list of suitable protecting group
moieties that can be used to protect the C-5 secondary
hydroxy group of a compound of formula (X) include a
substituted methyl ether (e.g. methoxymethyl), a
substituted ethyl, a substituted benzylethyl,
tetrahydropyranyl, a silyl ether (e.g. trimethylsilyl,
triethylsilyl, triisopropylsilyl,
t-butyldimethylsilyl, or t-butyldiphenylsilyl), an
ester (e.g. benzoate ester), or a carbonate (e.g.
methoxymethylcarbonate). Alternatively, in some
embodiments, the C-5 secondary hydroxy group of a
compound of formula (X) can remain unprotected, as
shown in Scheme 7-2. [0169] Compounds of formulae (X)
and (Xp) may have the following structures and
stereochemistry:(X-B) (Xp-B) [0170] As examples,
compounds of formulae (X) and (Xp) can have the
following structures: (X-IA) (Xp-IA)(X-IB) (Xp-IB)
[0171] The aminal of a compound of formula (Xp) can be
cleaved using a suitable acid (e.g. triflic acid, HCl,
PTSA, PPTS, TFA, camphor sulfonic acid) to form a
compound of formula (XIp), as shown in Scheme 7-1. In
instances in which the C-5 secondary hydroxy is
unprotected, the same or another acid can be used to
form a compound of formula (XI) from a compound of
formula (X). See Scheme 7-2. The substituents and
protecting group moieties (Ri, R3, R4, PGi, and PG
where applicable) for compounds of formula (XI) and
(XIp) can be the same as described with respect to the
compound of formula (Xp). [0172] Exemplary structures
and stereochemistry of compounds of formulae (X),
(Xp), (XI), and (XIp) are shown below:(X-A) (XI-A)
[0173] As another example, the compounds of formulae
(X), (Xp) (XI), and (XIp) can have the following
structures and stereochemistry: (X-B) (XI-B) [0174]
For example, compounds of formulae (X), (Xp), (XI) and
(XIp) can have the following structures:(Xp-IA)
(XIp-IA)(X-IB) (XI-IB) [0175] As shown in Scheme 7-1 ,
step (k), the C-1 5 primary alcohol group of a
compound of formula (XIp) can be transformed to R5 to
form a compound of formula (XIIp). Similarly when the
C-5 secondary hydroxy group is unprotected, the C- 15
primary alcohol group of a compound of formula (XI)
can be transformed to R to form a compound of formula
(XII). See Scheme 7-2. R3, R , PGi, (and PG , where
applicable) of the compounds of formulae (XII) and
(XIIp) can be the same as described with respect to 



the compound of formula (Xp); and R5 can be selected
from the group consisting of - -C(=O)Z wherein each R6
can be independently selected from the group
consisting of hydrogen, halogen, or substituted or
unsubstituted variants of the following: Ci-C24 alkyl,
acyl, alkylacyl, arylacyl, aryl, arylalkyl,
pnitrophenyl, pentafluorophenyl, pentafluoroethyl,
trifluoroethyl, trichloroethyl, and heteroaryl; and Z
can be a halogen. For example, the primary alcohol
group can be converted to a carboxylic acid using
appropriate oxidation conditions such as Jones
oxidation. Alternatively, the carboxylic acid group
can be prepared from the primary alcohol group of the
compound of formula (XI) or (XIp) through an aldehyde.
The primary alcohol group of the compound of formula
(XI) or (XIp) can first be converted to aldehyde using
appropriate oxidant such as Dess-Martin periodinane,
TPAP, Swern oxidation reagent, PCC, or PDC and then
the resulting aldehyde can be oxidized further to
carboxylic acid using appropriate oxidants such as a
combination of sodium chlorite/sodium phosphate
dibasic/2-methyl-2-butene. If desired, the carboxylic
acid can then be further converted to an ester, a
thioester, acid halides (e.g., acid chloride) or an
anhydride using an appropriate alcohol, thiol (e.g.,
thiophenol, cystine), thionyl or oxalyl chlorides,
carboxylic acid (e.g., acetic acid, benzoic acid),
and/or anhydride (e.g., acetic anhydride).[0176] As an
example, the compounds of formulae (XI), (XIp), (XII)
and (XIIp) may have the following structures and
stereochemistry: (XIp-A) (XIIp-A) (XI-A) (XII-A)
[0177] Other exemplary structures and stereochemistry
of the compounds of formulae (XI), (XIp) (XH) and
(XIIp) include following structures and
stereochemistry:G1 (XI-B) (XII-B) [0178] Exemplary
structures of compounds of formulae (XI), (XIp), (XH)
and (XIIp) are as follows: (XIp-IA) (XIIp-IA)(XIp-IB)
CXIIp-IB) (XI-IB) (XII-IB) [0179] In some embodiments,
a compound of formula (XII) can have the structure
shown in Scheme 7-2, with the proviso that if a
compound of formula (XII) has the structure and
stereochemistry of the compound of formula (XII-IA)
then Rs cannot be -C(=O)OR 6 wherein R6 is t-butyl.
[0180] A compound of formula (XIV) can be synthesized
by removing any protecting group moieties on the
compound of formula (XII) and/or (XIIp) to form a
compound of formula (XIII) and then cleaving the
hemiacetal of the compound of formula (XIII). In some
embodiments, R3, R , and Rs of the compounds of
formulae (XIII) and (XIV) can be the same as described
with respect to the compound of formula (XIIp). One
method for reductively cleaving the hemiacetal can be
using a suitable reducing reagent such as sodium
borohydride. In one embodiment, the formation of a
compound of formula (XIV) from a compound of formula
(XII) or (XIIp) can be accomplished in a single step.
In another embodiment, the protecting group moiety PG
on the compound of formula (XII) can be initially
removed to form a compound of formula (XIII) and then
the resulting hemiacetal can be reductively cleaved to
form acompound of formula (XIV). In another
embodiment, the protecting group moieties PG and PG2
on the compound of formula (XIIp) can be removed
simultaneously or sequentially to form a compound of
formula (XIII) and then the resulting hemiacetal can
be reductively cleaved to form a compound of formula
(XIV). If the protecting group moieties on the
compound of formula (XIIp) are removed sequentially,
they can be removed in any order to form a compound of
formula (XIII). 



[0181] Compounds of formulae (XII), (XIIp), (XIII),
and (XIV) may have the following structures and
stereochemistry: (XII-A) (XIIp-A) (XIII-A) (XIVA)
(XII-B) (XIIp-B) (XIII-B) (XIVB) [0182] Exemplary
structures of compounds of formulae (XII), (XIIp),
(XIII), and (XIV) are shown below:(XII-IA) (XIIp-IA)
(XIII-IA) (XIVIA) IB) [0183] In some embodiments, a
compound of formula (XIV) can be synthesized by
removing any protecting group moieties on the compound
of formula (XII) and/or (XIIp) and reductively
cleaving the resulting hemiacetal of the compound of
formula (XIII) with the proviso that if the compound
of formula (XII) has the structure and stereochemistry
of the compounds of formula (XII-IA), then R5 cannot
be - C(=O)OR6, wherein R is t-butyl. In other
embodiments, a compound of formula (XIV) x can be
synthesized by removing any protecting group moieties
on the compound of formula (XII) and/or (XIIp) and
reductively cleaving the resulting hemiacetal of the
compound of formula (XIII) with the proviso that if
the compound of formula (XIII) has the structure and
stereochemistry of the compounds of formula (XIII-IA)
then R5 cannot be -C(=O)OR , wherein R6 is t-butyl.
[0184] In one embodiment, a compound of formula (XIII)
can have the structure and stereochemistry of a
compound of formula (XIII-IA), with the proviso that
Rs cannot be -C(=O)OR6, wherein R is t-butyl. In an
embodiment, a compound of formula (XIV) can have
structure shown herein, with the proviso that if the
compound offormula (XIV) has the structure and
stereochemistry of the compound of formula (XIVIA),
then R5 cannot be-C(=O)OR6, wherein R is hydrogen,
methyl, or t-butyl. [01851 Finally, in step (m) of
Schemes 7-1 and 7-2, a compound of formula (XV) can be
formed by treating a compound of formula (XIV) with an
appropriate base (e.g., BOPCl/pyridine, tri
ethylamine) to induce a lactonization reaction and
form the 4- membered heterocyclic ring, wherein R ,
R4, and R5 can be same as described with respect to
the compound of formula (XII) or (XIIp). In an
embodiment, if R is an ester, it can first be
transformed to a carboxylic acid, an activated acid
(e.g., acid halide), or an activated ester (e.g.,
p-nitrophenyl ester, pentafluorophenyl ester,
pentafluoroethyl ester, trifluoroethyl ester,
trichloroethyl ester, a thioester, etc.) before being
treated with an appropriate reagent to induce the
lactonization reaction. For example, when R5 is
carboxylic acid, it can be treated with an appropriate
base to affect the lactonization reaction. In some
embodiments, if Rs is an amide, it can first be
transformed to a carboxylic acid, an activated acid,
or an activated ester such as those described herein
before being treated with an appropriate base to
induce the lactonization reaction. [0186] As an
example, the compounds of formulae (XIV) and (XV) may
have the following structures and
stereochemistry:[0187] In another example, the
compounds of formulae (XIV) and (XV) may have the
following structures and stereochemistry: (XIV-B)
(XV-B) [0188] Exemplary structures of compounds of
formulae (XIV) and (XV) are as follows:[0189] In an
embodiment, R5 of the compound of formula (XIV-IA) can
be a carboxylic acid. In some embodiments, R5 of the
compound of formula (XIV-IA) can be an activated acid
(e.g., acid chloride). In certain embodiments, R5 of
the compound of formula (XIV-IA) can be an activated
ester such as p-nitrophenyl ester, pentafluorophenyl
ester, pentafluoroethyl ester, trifluoroethyl ester,
trichloroethyl ester, thioester, etc. In an
embodiment, R5 of the compound of formula (XIV-IB) can
be a 



carboxylic acid. In some embodiments, R5 of the
compound of formula (XIV-IB) can be an activated acid
(e.g., acid chloride). In certain embodiments, R5 of
the compound of formula (XIV-IB) can be an activated
ester such as p-nitrophenyl ester, pentafluorophenyl
ester, pentafluoroethyl ester, trifluoroethyl ester,
trichloroethyl ester, thioester, etc. [0190] In some
embodiments, a compound of formula (XV) can be
synthesized by performing a lactonization reaction on
a compound of formula (XIV) with the proviso that if
the compounds of formulae (XIV) and (XV) have the same
structures and stereochemistry as the compounds of
formulae (XIV-IA) and (XV-IA), then R5 cannot be
-C(=O)OR^, wherein R is hydrogen. In other
embodiments, the lactonization reaction includes the
further proviso that R cannot be methyl or t-butyl
when the compounds of formulae (XIV) and (XV) have the
structures and stereochemistry of the compounds of
formulae (XIV-IA) and (XV-IA). In some embodiments, a
compound of formula (XV) can be synthesized by
performing a lactonization reaction on a compound of
formula (XIV) and/or (XIV-A) with the proviso that if
R5 is -C(=O)OR 6, wherein R6 is hydrogen, methyl or
t-butyl then R4 cannot be isopropyl. In an embodiment,
a compound of formula (XV) can have the structure
shown herein with the proviso that if the compound of
formula (XV) has the structure and stereochemistry of
the compound of formula (XV-A) and R3 is methyl then R
cannot be 2-cyclohexenyl. In some embodiments, a
compound of formula (XV) can have the structure shown
herein with the proviso that if R3 is methyl then R4
cannot be isopropyl, cyclohexyl, or phenyl. In one
embodiment, a compound of formula (XV) can have the
structure shown herein with the proviso that if the
compound of formula (XV) has the structure and
stereochemistry of the compound of formula (XV-A) and
R3 is methyl then R cannot be isopropyl. [0191] A
compound of formula (XV) can also be synthesized from
a compound of formula (X) as shown in Scheme 7-3. By.
modifying the protection/deprotection sequence, a
compound of formula (XV) can also be obtained from a
compound of formula (X) as shown in Schemes 7-4 and
7-5.Scheme 7-3Scheme 7-4Scheme 7-5 * PG3 can be the
same or different in the two compounds of formula XXVI
shown above [0192] A compound of formula (XXIII) can
be synthesized by removing the protecting group moiety
on the compound of formula (X) and reductively opening
the hemiacetal. The protecting group moiety can be
removed using known methods and the hemiacetal can be
reductively opened using a reducing agent (e.g.,
sodium borohydride). In some embodiments, the
substituents (and protecting group moiety where
applicable)(Ri, R3 R , and PGi) for compound of
formulae (X) and (XXIII) can be selected from the
following: Ri can be hydrogen or an unsubstituted or
substituted Ci. 6 alkyl; R3 can be substituted or
unsubstituted variants of the following: Ci-6 alkyl,
C3-6 cycloalkyl, C2 alkenyl, C - cycloalkenyl, aryl,
or arylalkyl; R can be selected from the group
consisting of substituted or unsubstituted variants of
the following: Cj-C 1 alkyl, C2-C)2 alkenyl, C2-Ci
alkynyl, C3-C12 cycloalkyl, C3-Cj 2 cycloalkenyl, C -C
2 cycloalkynyl, C3-Ci heterocyclyl, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, (cycloalkyl)alkyl,
(heterocyclyl)alkyl, acyl, acylalkyl,
alkyloxycarbonyloxy, carbonylacyl, aminocarbonyl,
azido, azidoalkyl, aminoalkyl, salt of an aminoalkyl,
carboxyalkyl, salt of a carboxyalkyl, alkylaminoalkyl,
salt of an alkylaminoalkyl, dialkylaminoalkyl, salt of
a dialkylaminoalkyl, phenyl, alkylth oalkyl,
arylthioalkyl, carboxy, cyano, alkanesulfonylalkyl,
alkanesulfinylalkyl, alkoxysulfinylalkyl,
thiocyanoalkyl, boronic acidalkyl, boronic esteralkyl,
guanidinoalkyl, salt of guanidinoalkyl, sulfoalkyl,
salt of a sulfoalkyl, alkoxysulfonylalkyl,
sulfooxyalkyl, salt of a sulfooxyalkyl,
alkoxysulfonyloxyalkyl, phosphonooxyalkyl, salt of a
phosphonooxyalkyl, 



(alkylphosphooxy)alkyl, phosphorylalkyl, salt of a
phosphorylalkyl, (alkylphosphoryl)alkyl,
pyridinylalkyl, salt of a pyridinylalkyl, salt of a
heteroarylalkyl and halogenated alkyl including
polyhalogenated alkyl.. [0193] Compounds of formulae
(X) and (XXIII) may have the following structures and
stereochemistry: (X-A) (XXIII-A)(X-B) (XXIII -B)
[0194] As examples, compounds of formulae (X) and
(XXIII) can have the following structures: (X-IA)
(XXIII-IA) (X-IB) (XXIII-IB) [0195] If desired, the C-
13 primary and C-5 secondary hydroxy groups of a
compound of formula (XXIII) can be protected using
suitable protecting group moieties as described herein
to form a compound of formula (XXIVp), as shown in
Scheme 7-3. Alternatively, only the C-13 primary
hydroxy group of a compound of formula (XXIII)can be
protected to form a compound of formula (XXIV), as
shown in Scheme 7-4 and 7- 5. In some embodiments, Ri,
R , and R4 of the compound of formula (XXIV) can be
the same as described with respect to the compound of
formula (X) and PG can be a protecting group moiety.
In certain embodiments, PG can be selected from the
group consisting of substituted or unsubstituted
arylcarbonyls (e.g., benzoyl); substituted or
unsubstituted alkyl carbonyl (e.g. acetyl);
substituted methyl ether (e.g. methoxymethyl);
substituted ethyl ether; substituted or substituted
benzyl ether (e.g. benzyl, 4- methoxybenzyl);
tetrahydropyranyl ether; silyl ethers (e.g.,
trimethylsilyl, triethylsilyl, triisopropylsilyl,
t-butyldimethylsilyl, or t-butyldiphenylsilyl);
carbonates (e.g. methoxymethylcarbonate); and
sulfonates (e.g. mesylate, tosylate. In an embodiment,
R , R and R of the compound of formula (XXIVp) can be
the same as described with respect to the compound of
formula (X), and PG and PG can be protecting group
moieties. In some embodiments, PG cannot be an alkyl
carbonyl (e.g., -C(=O)CH2CH3) . In other embodiments,
PG3 cannot be a sulfonate (e.g., methylate). [0196] As
an example, the compounds of formulae (XXIII), (XXIV),
and (XXIVp) may have the following structures and
stereochemistry: (XXIVp-A)[0197] Other examples of the
structures and stereochemistry of the compounds of
formulae (XXIII), (XXIV), and (XXIVp) include the
following: (XXIII-IA) (XXIV-IA) (XXIVp-IA) (XXIII-IB)
(XXIV-IB) (XXIVp-IB) [0198] Similar to step Q) of
Schemes 7-1 and 7-2, the aminal of a compound of
formula (XXIV) can be cleaved using a suitable acid as
described herein to form a compound of formula (XXV).
In the case where the C-5 secondary hydroxy has been
protected, the aminal of a compound of formula (XXIVp)
can also be cleaved using a suitable acid to form a
compound of formula (XXVp). In some embodiments, R ,
and R4 of the compound of formula (XXV) can be the
same as described with respect to the compound of
formula (X), and PG3 can be a protecting group moiety.
In some embodiments, R3 and R , and PG for compound of
formula (XXVp) can be the same as described with
respect to the compound of formula (X), and PG2 and
PG3 can be protecting group moieties. [0199] Exemplary
structures and stereochemistry of compounds of
formulae (XXIV) and (XXV) are shown below:(XXIV-B)
(XXV-B) [0200] Additional examples of the structures
and stereochemistry of compounds of formulae (XXIVp),
and (XXVp) can be as follows: (XXIVp-A)
(XXVp-A)(XXIVp-B) (XXVp-B) 



[0201] Compounds of formulae (XXIV), (XXIVp), (XXV),
and (XXVp) may also have the following structures and
stereochemistry: (XXIV-IA) (XXV-IA) (XXIV-IB)
(XXV-IB)(XXIVp-IA) (XXVp-IA) (XXIVp- 1B) (XXVp-1B)
[0202] As shown in Scheme 7-5, the aminal of the
compound of formula (XXIV) can first be cleaved using
one of methods described herein to form a compound of
formula (XXV). The C-5 secondary hydroxy group of the
compound of formula (XXV) can then be protected with
an appropriate protecting group moiety to form a
compound of formula (XXVp). In some embodiments, R , R
PG , and PG of the compounds of formulae (XXV) and
(XXVp) can be the same as described in the preceding
paragraphs. [0203] Exemplary structures of compounds
of formulae (XXV) and (XXVp) are as follows:(XXV-B)
(XXVp-B) [0204] As an example, the compounds of
formulae (XXV) and (XXVp) may have the following
structures and stereochemistry: (XXV-IA)
(XXVp-IA)(XXV-IB) CXXVp-IB) [0205] In an embodiment,
the primary alcohol group of the compound of formula
(XXV) and/or (XXVp) can be transformed to R5 to form a
compound of formula (XXVI) and/or (XXVIp),
respectively (see Schemes 7-3 and 7-4, respectively).
[0206] In some embodiments, the compound of formula
(XXVp) can be transformed directly to a compound of
formula (XXVI) as shown in Scheme 7-5. In an
embodiment, the protecting group moiety, PG , on the
compound of formula (XXVp) can be removed
simultaneously with the transformation of the C- 15
primary alcohol to R5 group to form a compound of
formula (XXVI). Alternatively, in an embodiment, PG
can be removed before or after the transformation of
the primary alcohol. [0207] The transformation of the
C-15 primary alcohol group to an R5 group can be
achieved using the same or a similar method to the one
described in step (k) of Schemes 7-1 and/or 7-2. In
some embodiments, R3, R4, and Rs of the compounds of
formulae (XXVI) and (XXVIp) can be the same as
described with respect to the compound of formulae
(XII) or (XIIp) of Schemes 7-1 and/or 7-2, and PG and
PG3 can be a protecting group moieties. [0208]
Exemplary structures and stereochemistry of the
compounds of formulae (XXV), (XXVp), (XXVI), and
(XXVIp) can have the following structures and
stereochemistry:(XXVp-A) (XXVIp-A)(XXVp-B) (XXVIp-B)
(XXVp-B) (XXVI-B) [0209] Other examples of the
structures and stereochemistry of the compounds of
formulae (XXV), (XXVp), (XXVI), and (XXVIp) are shown
below:(XXV-IA) (XXVI-IA) (XXV-IB) (XXVI-IB) (XXVp-IA)
(XXVIp-IA)(XXVp-IB) (XXVIp-IB) (XXVp-IA) (XXVI-IA)
(XXVp-IB) (XXVI-IB) [0210] In some embodiments, the
protecting group PG3 on compounds of formulae (XXVI)
and (XXVIp) can be removed to form a compound of
formulae (XXVII) and (XXVIIp), respectively. See
Scheme 7-5. The C- 13 primary hydroxy of thecompounds
of formulae (XXVII) and (XXVIIp) can then be
reprotected with the same or different protecting
group. For example, in one embodiment, a benzoyl group
protecting the C-13 hydroxy on a compound of formula
(XXVI) or (XXVIp) can be removed and replaced with a
TBS or TES protecting group. Suitable methods for
removing protecting 



groups are known to those skilled in the art. For
example, a benzoyl protecting group (PG3 = Bz) can be
removed using a suitable base such as K2CO3 to form a
compound of formula (XXVII) or (XXVIIp). [0211]
Exemplary structures and stereochemistry of compounds
of formulae (XXVI) (XXVIp), (XXVII) and (XXVIIp) are
shown below: (XXVI-A) (XXVII-A) (XXVI-A) (XXVI-B)
(XXVII-B) (XXVI-B)(XXVIp-A) (XXVIIp-A) (XXVIp-A)
(XXVIp-B) (XXVIIp-B) (XXVIp-B) (0212] Additional
examples of the structures and stereochemistry of
compounds of formulae (XXVI), (XXVIp), (XXVII) and
(XXVIIp) can be as follows: IA)(XXVI-IB) (XXVII-IB)
(XXVI- (XXVIp-IA) (XXVIp- (XXVIp-IB) (XXVIIp-IB)
(XXVIp-IB) [0213] Further examples of the structures
and stereochemistry of compounds of formulae (XXVI),
(XXVIp) (XXVII) and (XXVIIp) can be as
follows:(XXVI-IA-Bz) (XXVII-IA) (XXVI-IA-TES)
(XXVI-IATBS) (XXVI- IB-Bz) (XXVII-IB) (XXVI- 1B-TES)
(XXVITBS) (XXVIp- IA-Bz) (XXVIIp-IA) (XXVIp-1A-TES)
(XXVIp-1ATBS)(XXVIp- IB-Bz) (XXVIIp-IB) (XXVIp-IB-TES)
(XXVIp- IBTBS) [0214] Using an appropriate base, a
compound of formula (XXVIII) and/or (XXVIIIp) can be
synthesized via a lactonization reaction from a
compound of formula (XXVI) and (XXVIp), respectively.
See Schemes 7-3, 7-4 and 7-5. In some embodiments, R ,
R4, R (and PG . where relevant) for compounds of
formulae (XXVIII) and (XXVIIIp) can be the same as
described with respect to the compound of formulae
(XXVI) and (XXVIp) and PG3 can be a protecting group
moiety. In some embodiment, R of the compound of
formula (XXVI) or (XXVIp) can be a carboxylic acid. In
an embodiment, R5 of the compound of formula (XXVI) or
(XXVIp) can be an activated acid (e.g., acid
chloride). In certain embodiments, R5 of the compound
of formula (XXVI) or (XXVIp) can be an activated ester
such as p-nitrophenyl ester, pentafluorophenyl ester,
pentafluoroethyl ester, trifluoroethyl ester,
trichloroethyl ester, thioester, etc. [0215] In some
embodiments, a compound of formula (XXVIII) can be
synthesized by performing a lactonization reaction on
a compound of formula (XXVI) with the proviso that if
the compounds of formulae (XXVIH) and (XXVI) have the
same structures and stereochemistry of the compounds
of formulae (XXVIII-IA) and (XXVIIA), then Rs cannot
be -C(=O)OR6, wherein R is hydrogen. In other
embodiments, the lactonization reaction includes the
further the proviso that R cannot be methyl or t-butyl
when the compounds of formulae (XXVIII) and (XXVI)
have the structures and stereochemistry of the
compounds of formulae (XXVIII-IA) and (XXVI-IA). In an
embodiment, the compound of formula (XXVIII) can have
the structure shown herein with the proviso that if R4
is 2-cyclohexenyl and R is methyl, then PG3 cannot be
- Ct=O)CHbCH and/or mesylate. In an embodiment, if the
compound of formula (XXVIII) has the structure and
stereochemistry of the compound of formula (XXVIII-A)
and if R4 is 2-cyclohexenyl and R3 is methyl, then PG3
cannot be -Ct=O)CH 2CH and/or mesylate.[0216] As an
example, compounds of formulae (XXVI) and (XXVIII) can
have the structures and stereochemistry shown
below:(XXVI-B) (XXVIII-B) [0217] Other exemplary
structures and stereochemistry of compounds of
formulae (XXVIp) and (XXVIIIp) are as follows: 



(XXVIp-A) (XXVIIIp-A)(XXVIp-B) (XXVIIIp-B) [0218]
Additional examples of the structures and
stereochemistry of compounds of formulae (XXVI),
(XXVIp) (XXVIII), and (XXVHIp) are shown below:
(XXVI-IA) (XXVIII-IA) (XXVI-IB) (XXVIII-IB)(XXVIp-IA)
(XXVIIIp-IA) (XXVIp-IB) (XXVIIIp-IB) [0219] In the
final step shown in Scheme 7-3, 7-4 and 7-5, any
protecting group moieties can be removed from a
compound of formula (XXVIII) and/or (XXVIIIp) to form
a compound of formula (XV), respectively. In some
embodiments, R3 and R (and PG2, where relevant) of the
compounds (XXVIII), (XXVIIIp) and (XV) can be the same
as described with respect to the compound of formulae
(XXVI) or (XXVIp), and PG3 can be a protecting group
moiety. In another embodiment, the protecting groups
PG and PG3 can be removed from a compound of formula
(XXVIIIp) in a stepwise fashion to form a compound of
formula (XV); the protecting groups can be removed in
any order. In yet another embodiment, the protecting
groups PG2 and PG3 are simultaneously removed from a
compound of formula (XXVIIIp) to form a compound of
formula (XV). In an embodiment, a compound of formula
(XV) can have the structure shown herein with the
proviso that if the compound of formula (XV) has the
structure and stereochemistry of the compound of
formula (XV-A) and R3 is methyl then R4 cannot be
2-cyclohexenyl.[0220] Compounds of formulae (XXVIII),
(XXVIIIp) and (XV) can have the following structures
and stereochemistry: (XXVIII-B) (XXVIIIp-B) (XV-B)
[0221] In addition, compounds of formula (XXVIII),
(XXVIIIp) and (XV) can have the structures and
stereochemistry shown below: (XXVIII- IA)
(XXVIIIp-IA)(XXVIII-IB) (XXVIIIp-IB) (XV-IB) [0222]
Using an appropriate base, a compound of formula (XV)
can also be synthesized via a lactonization reaction
from a compound of formula (XXVII), as shown in Scheme
7-5, or lactonization reaction from a compound of
formula (XXVIIp) followed by deprotection. In some
embodiments, R3, I t, R5, (and PG2 where relevant) for
the compounds of formulae (XXVII), (XXVIIp), and (XV)
can be the same as described with respect to the
compound of formulae XVII or (XVIIp). [0223] As an
example, compounds of formulae (XXVII), (XXVIIp),
(XVp) and (XV) can have the structures and
stereochemistry shown below: (XXVII-A)
(XV-A)(XXVIIp-B) (XVp-B) (XV-B) [0224] In some
embodiments, a compound of formula (XV) can be
synthesized by performing a lactonization reaction on
a compound of formula (XXVII) with the proviso that if
the compounds of formulae (XXVII) and (XV) have the
same structures and stereochemistry as the compounds
of formulae (XXVII -IA) and (XV-IA) then R5 cannot be
-C(=O)OR , wherein Re is hydrogen. In other
embodiments, the lactonization reaction includes the
further proviso that R cannot be methyl or t-butyl
when the compounds of formulae (XXVII) and (XV) have
the structures and stereochemistry of the compounds of
formulae (XXVII -IA) and (XV-IA). In someembodiments,
a compound of formula (XV) can be synthesized by
performing a lactonization reaction on a compound of
formula (XXVII) and/or (XXVII-A) with the proviso that
if R5 is -C(=O)OR<$ wherein R6 is hydrogen, methyl or
t-butyl then R4 cannot be isopropyl. In an embodiment,
a compound of formula (XV) can have the structure
shown herein with the proviso that if the compound of
formula (XV) has the structure and stereochemistry of
the compound of formula (XV-A) and R3 is methyl then
R4 cannot be 2-cyclohexenyl. In an embodiment, a
compound of formula (XV) can have 



the structure shown herein with the proviso that if
the compound of formula (XV) has the structure and
stereochemistry of the compound of formula (XV-A) and
R3 is methyl then R4 cannot be isopropyl. In an
embodiment, a compound of formula (XVp) can have the
structure shown herein with the proviso that if R is
methyl and R4 is isopropyl then PG2 cannot be DMIPS or
TBS.In some embodiments, a compound of formula (XVp)
can have the structure shown herein with the proviso
that if the compound of formula (XVp) has the
structure and stereochemistry of the compound of
formula (XVp-A) and R3 is methyl and R4 is isopropyl
then PG cannot be DMIPS or TBS. [0225] In an
embodiment, a compound of formula (XXVII) can have the
structure shown herein with the proviso that if the
compound of formula (XXVII) has the structure and
stereochemistry of the compound of formula (XXVII-A),
R3 is methyl, and R5 is -C(=O)OR , wherein R is
methyl, H or t-butyl, then R4 cannot be
2-cyclohexenyl. In one embodiment, a compound of
formula (XXVIIp) can have the structure shown herein
with the proviso that if the compound of formula
(XXVIIp) has the structure and stereochemistry of the
compound of formula (XXVIIp-A); R3 is methyl; R is -
C(=O)OR , wherein R6 is hydrogen or methyl; and PG2 is
TBS or DMIPS then R4 cannot be isopropyl. [0226] Other
exemplary structures and stereochemistry of compounds
of formulae (XXVII), (XXVlIp) 5(XVp) and (XV) are as
follows:(XXVII-IA) (XV-IA) (XXVII-IB) (XV-IB)IB)
[0227] As shown in Scheme 7-6, a compound of formula
(XV) can further be transformed by replacing the C- 13
primary hydroxy group of the compound of formula (XV)
to form a compound of formula (XVI), wherein R3 and R4
can be the same as described with respect to the
compound of formula (X) and X can be a halogen (e.g.,
F, Cl, Br, and I). If desired or necessary, R , in
some embodiments, can be protected and/or deprotected
one or several times in any of the synthetic steps
described herein. Scheme 7-6 (XV) (XVI) [0228]
Examples of the structures and stereochemistry of
compounds of formulae (XV) and (XVI) are shown
below:(XV-B) (XVI-B) [0229] Further examples of the
structures and stereochemistry of the compounds of
formula (XV) and (XVI) are shown below: (XV-IB)
(XVI-IB) [0230] In one embodiment, Salinosporamide A
can be synthesized by chlorinating a compound of
formula (XV), wherein R4 is 2-cyclohexenyl and R3 is
methyl.(XV-IA) (XVI-IA) [0231J In some embodiments, a
compound of formula (XVI) can be prepared by
substituting the C- 13 primary hydroxy group of the
compound of formula (XV), with the proviso that the
compounds of formula (XV) and (XVI) cannot be the
compounds of formula (XV-IA) and (XVI-IA). In certain
embodiments, if the compound of formula (XVI) has the
structure and stereochemistry of the compound of
formula (XVI-A), then R4 cannot be isopropyl or
2-cyclohexenyl when R3 is methyl and X is chlorine.
[0232] In an embodiment, the C-13 primary hydroxy
group of the compound of formula (XV) can be converted
to a leaving group, as shown in Scheme 7-7. A
nonlimiting list of suitable leaving groups (LG)
includes sulfonate leaving groups (e.g. tosylate,
(OTs), mesylate (OMs), triflate (OTf), tripsylate
(OTps), and mesitylate (OMst)). In an embodiment, R3
and R4 can be the same as described with respect to
the compound of formula (X). If desired, the C-5
secondary hydroxy can be protected or 



oxidized before converting the C-1 3 secondary hydroxy
group of the compound of formula (XV). After the
leaving group has been added, the C-5 center can be
deprotected and/or reduced to a hydroxy group.Scheme
7-7 [0233] Examples of the structures and
stereochemistry of compounds of formulae (XV) and
(XXXX) with a leaving group attached to the C-1 3
oxygen are shown below:(XV-IB) (XXXX-IB) [0234] The
leaving group of compounds of formula (XXXX) can be
displaced with a nucleophile (Nu) using methods known
to those skilled in the art to form a compound of
formula (XXXXI). See Scheme 7-8. In an embodiment, R3
and R4 can be the same as described with respect to
the compound of formula (XXXX). Suitable nucleophiles
include but are not limited to R9S" CN", R cO" halide
anion, NR R " N ", - CO2R R9OH, and R9SH wherein R9 >
R9a and R9b can each be independently selected from
the group consisting of hydrogen, or substituted or
unsubstituted variants of the following: C -Ci2 alkyl,
C2-C alkenyl, C2-Ci 2 alkynyl, C3-Ci 2 cycloalkyl,
C3-Ci 2 cycloalkenyl, C37C12 cycloalkynyl, C3-Ci 2
heterocyclyl, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, (cycloalkyl)alkyl,
(heterocyclyl)alkyl, acyl, and alkyl acyl, wherein R a
and R b can be taken together to form an optionally
substituted cycloalkyl.Scheme 7-8 (XXXX) (XXXXI)
[0235] Exemplary structures and stereochemistry of
compounds of formulae (XXXX) and (XXXXI) include:
(XXXX-A) (XXXXI-A) (XXXX-B) (XXXXI-B)(XXXX-IA)
(XXXXI-IA) (XXXX-IB) (XXXXI-IB) [0236] In some
embodiments, the C-13 primary hydroxy group of the
compound of formula (XV) can be oxidized. For example,
in one embodiment, the C- 13 primary hydroxy group can
be oxidized to an aldehyde to form a compound of
formula (XXX). See Scheme 7-9. In an embodiment, R3
and R4 of a compound of formula (XXX) can be the same
as described with respect to the compound of formula
(XVII). If desired, the C-5 secondary hydroxy can be
protected or remained unprotected during the
oxidation.Scheme 7-9 [0237] Exemplary structures and
stereochemistry of compounds of formulae (XV) and
(XXX) are shown below: [0238] Additional examples of
the structures and stereochemistry of compounds of
formulae (XV) and (XXX) include the following:TITLE OF
THE INVENTION PROCESS FOR THE PREPARATION OF CGRP
ANTAGONIST BACKGROUND OF THE INVENTION International
patent applications PCT/US2004/010851, filed April 9,
2004 (published as WO2004/092166 on October 28, 2004)
and PCT/US2004/011280, filed April 9, 2004 (published
as WO2004/092168 on, October 29, 2004), and U.S
application Serial Number 10/838,835 (issued as U.S.
Patent Number 6,953,790 on October 11, 2005) disclose
compounds useful for the treatment of diseases or
conditions of humans or other species which can be
treated with inhibitors, modulators or promoters of
the Calcitonin Gene-Related Peptide (CGRP) receptor
function. Such diseases or conditions include those
mentioned in the referenced applications, and
specifically include migraine and cluster headache.
-[(3j?,6-S)-6-(253-Difiuorophenyl)-2-oxo-l-(2,2,2-trif
luoroethyl)azepan-3-yl]-4- (2-oxo-2,3 -dihydro-
lH-imidazo [4,5-b]pyridin- 1-yl)piperidine-
1-carboxamide, 1: 1 is a potent CGRP modulator. The
laboratory preparation of compound 1 is described in 



international patent applications PCT/US2004/010851
and PCT/US2004/01 1280, and in U.S patent application
Serial Number 10/838,835. The laboratory preparation
of certain intermediates employed in the synthesis of
compound 1 is likewise described in the above-listed
applications. Such intermediates include the
intermediate (3i ,6S -3-amino-6-(2,3-difiuorophenyl)-l
-(2,2,2-tri fluoroethyl)azepan-2-one, 2:and the
intermediate 2-oxo-l-(4-piperidinyl)-2,3-dihydro-l
-imidazo[4,5-b]pyridine, 3: and salts thereof,
including 2-pxo-l-(4-piperidmyl)-2,3-dihydro-l/-
r-irnidazo[4,5-b]pyridine dihydrochloride: Prior
techniques for synthesizing compound 1, including
syntheses of intermediates 2 and 3, are relatively
inefficient and costly from the standpoint of
production and/or may result in suboptimal salt and/or
solvate forms for further synthesis and/or
development. With respect to intermediate 2, it has
been found that prior techniques of synthesis require
an inordinate number of steps, including a large
number of isolation steps, making the overall
synthetic process slow as well as costly. Thus there
remains a need for an improved synthetic route to
compound 1 wherein the synthetic route to compound 2
is efficient and economical. Prior techniques for
making intermediate 3 are likewise costly and
inefficient. Such known routes start with a reductive
alkylation of 2,3-diaminopyridine ("DAP") followed by
CDI-mediated cyclic urea formation and, lastly, acidic
Boc-group deprotection/salt formation. This "DAP"
route is characterized by high-cost starting materials
and reagents as well as a lowyielding first step,
resulting in prohibitive overall costs. Thus, there
remains a need for an improved synthetic route to
compound 1 wherein the synthetic route to intermediate
3 is efficient and economical. Finally, prior
techniques for making compound 1, which techniques
employ 4- nitrophenyl chloroformate as the carbonyl
source, result in less than optimal yields. Such prior
techniques further require that the neutral form of
compound 1 be isolated prior to conversion to
preferred salt forms. Moreover, previous
laboratory-made forms of compound 1, including free
base forms and salt forms, possessed les than ideal
properties with respect to stability and
bioavailability. Thus, there remains a need for an
improved synthetic route to compound 1, and
pharmaceutically acceptable salts thereof, which is
amenable to large scale production formulation,
storage and distribution. SUMMARY OF THE INVENTION The
present invention provides an efficient synthesis for
the preparation of - [(3i
,6S)-6-(2,3-difluorophenyl)-2-oxo-l
-(2,2,2-trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-
dihydro-lH-imidazo[4,5-b]pyridin-l-yl)piperidine-l-car
boxamide, 1, by coupling the intermediates (3/?,6
S)-3-amino-6-(2,3-difiuorophenyl)-1-(2,2,2-trifluoroet
hyl)azepan-2-one, 2, particularly the hydrochloride
form thereof; and
2-oxo-l-(4-piperidinyl)-2,3-dihydro-l -
imidazo[4,5-b]pyridine, 3, particularly the
dihydrochloride form, with l,l'-carbonyldiimidazole as
carbonyl source. The present invention further
provides an efficient preparation of potassium salt
forms of -[(3i?,65)-6-(2,3-difluorophenyl)-2-oxo-l
-(2,2,2-trifluoroethyl)azepan-3-yl]-4-(2- oxo-2
3-dihydro-lH-imidazo[4,5-b]pyridin-l-yl)piperidine-l-c
arboxamide, 1 including the potassium ethanolate form.
Additionally, the present invention provides an
efficient syntheses for the preparation of
intermediates (3i ,6S)
-3-amino-6-(2,3-difluorophenyl)- l -(2,2,2-
trifluoroethyl)azepan-2-one, 2, including salts
thereof and particularly the hydrochloride salt form;
and 2-oxo-l-(4-piperidinyl)-2,3-dihydro-li
:ir-imidazo[4,5-b]pyridine, 3, including salts thereof
and particularly the dihydrochloride salt form. The
invention additionally resides in the superior
properties of the potassium salt of N-[(3
,6S)-6-(2,3-difluorophenyl)-2-oxo-l -(2,2,2-tri
fluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-
dihydro-lH-imidazo[4,5-b]pyridin-l-yl)piperidine-l-car
boxamide, 1, including the potassium 



salt ethanolate and potassium salt hydrate.DETAILED
DESCRIPTION OF THE INVENTION The present invention
provides a process for the preparation of
N-[(3R,6S)-6-(2,3- difluorophenyl)-2-oxo-
1-(2,2,2-trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihy
dro-IHimidazo[
4,5-b]pyridin-l-yl)piperidine-l-carboxamide, 1, and
its potassium salt ethanoate: The syntheses of
LT-[(3i?,6.S)-6-(2,3-difluorophenyl)-2-oxo-l-(2,2,2-
trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-lH-im
idazo[4,5-b]pyridin-l-yl)piperidine-lcarboxamide, 1,
and its potassium salt ethanoate, is depicted in
Scheme 1:Scheme 1 Scheme 1A Scheme 1B CDl, Et3N, THF.
KOtBu. EtOH Scheme 1C Scheme IA depicts an efficient
method of synthesizing the neutral form of compound 1
from intermediates 2 and 3 using
l,l'-carbonyldiimidazole as the carbonyl source;
Scheme IB depicts an efficient method of synthesizing
a potassium salt form of compound 1 starting from the
neutral form of compound 1; and Scheme 1C depicts the
efficient synthesis of a potassium salt form of
compound 1 directly from intermediates 2 and 3 using
l,l'-carbonyldiimidazole as the carbonyl source,
without isolation of the neutral form of compound 1.
Thus, in one embodiment of the invention provides a
process for the preparation of
-[(3i?,6-S)-6-(2,3-difluorophenyl)-2-oxo-l-(2,2
:,2-trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-
dihydro-lH-imidazo[4,5-b]pyridin-l-yl)piperidine-l-car
boxamide, 1, comprising reacting (3i?,6
S)-3-amino-6-(2,3-difluorophenyl)-l-(2,2,2-trifluoroet
hyl)azepan-2-one hydrochloride and
2-oxo-l-(4-piperidinyl)-2,3-dihydro-l
-imidazo[4,5-b]pyridine dihydrochloride in the
presence of 1,1'-carbonyldiimidazole.Another
embodiment of the invention provides a process for the
preparation of the potassium salt ethanolate form of
-[(3i?,65)-6-(2,3-difluorophenyl)-2-oxo-l -(2,2,2-
trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-lH-im
idazo[4,5-b]pyridin-l-yl)piperidine-lcarboxamide, 1,
comprising the steps of: (1) reacting
(3i?,6_S)-3-amino-6-(2,3-difiuorophenyl)-l-(2,2,2-
trifiuoroethyl)azepan-2-one hydrochloride and
2-oxo-l-(4-piperidinyl)-2,3- dihydro-l
H-imidazo[4,5-b]pyridine dihydrochloride in the
presence of 1,1'- carbonyldiimidazole; (2) isolating
7V-[(3i?,65)-6-(2,3-difluorophenyl)-2-oxo-l-(2,2,2-
trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-l
H-imidazo[4,5-b]pyridin-lyl) piperidine-l
-carboxamide, 1; and (3) reacting said
LT-[(3i?,65)-6-(2,3-difluorophenyl)-2-oxo-l-(2,2,2-
trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-lH-im
idazo[4,5-b]pyridin-lyl) piperidine-l -carboxamide, 1,
with potassium *er*-butoxide and ethanol. Yet another
embodiment of the invention provides a process for the
preparation of the potassium salt ethanolate form of
-[(3i ,6S)-6-(2,3-difluorophenyl)-2-oxo-l -(2,2,2-
trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-lH-im
idazo[4,5-b]pyridin-l-yl)piperidine-lcarboxamide, 1,
without the necessity to isolate the neutral form of
compound 1, comprising the steps of: (1) reacting
(3i.,65)-3-amino-6-(2,3-difluorophenyl)-l -(2,2,2-
trifluoroethyl)azepan-2-one hydrochloride and
2-oxo-l-(4-piperidinyl)-2,3- dihydro-l
H-imidazo[4,5-b]pyridine dihydrochloride in the
presence of 1,1 ' - carbonyldiimidazole; and(2)
reacting of iV-[(3 ,6^-6-(2,3-difluorophenyl)-2-oxo-l
-(2,2,2-
trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-lH-im
idazo[4,5-b]pyridin-lyl) piperidine-l-carboxamide, 1,
with potassium ferr-butoxide and ethanol. 



Additional embodiments of the invention provides a
process for the preparation of iV-[(3i?,6-S)-6-(2
3-difluorophenyl)-2-oxo-l-(2,2
2-trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-
dihydro-lH-imidazo[4,5-b]pyridin-l-yl)piperidine-l-car
boxamide, 1, wherein (3i?,6S)-3-amino-
6-(2,3-difluorophenyl)-l-(2,2,2-trifluoroethyl)azepan-
2-one hydrochloride is reacted with 1,1'-
carbonyldiimidazole to form a caprolactam acyl
imidazole intermediate, followed by the reaction of
this intermediate with
2-oxo-l-(4-piperidinyl)-2,3-dihydro-li -imidazo[4,5-
bjpyridine dihydrochloride. As described in the
reaction schemes and Examples contained herein, the
potassium salt ethanolate form of
N-[(3i?,6S)-6-(2,3-difluorophenyl)-2-oxo-l-(2,2,2-
trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-lH-im
idazo[4,5-b3pyridm-l-yl)piperidine-lcarboxamide is
obtained under anhydrous conditions. When the
described reaction is performed in the presence of
water, the reaction produces either pure ethanolate,
pure hydrate or a mixed ethanolate / hydrate,
depending on water content. The isolated potassium
salt ethanolate or mixed ethanolate/hydrate converts
to the hydrate over time due to the presence of
humidity in the air. Another aspect the invention
provides a process for the preparation of the
intermediate (3 ,6 )-3-Amino-6-(2,3-difluorophenyl)-l
-(2,2,2-trifluoroethyl)azepan-2-one, 2:and salts
thereof, in particular its hydrochloride salt: The
syntheses of (3 6S)-3-amino-6-(2,3-difluorophenyl)-l
-(2,2,2-trifluoroethyl)azepan-2-one 2 and its
hydrochloride salt is depicted in Scheme 2: Scheme 2
transScheme 2 depicts the direct formation of the
chloroacetophenone from cheap and readily available
difluorobenzene; the selective formation of the
Z-allylic alcohol using palladium catalysis; the use
of a crystallization driven asymmetric transformation
to set the amine stereocenter; followed by a
cis-selective hydrogenation and epimerization to set
the benzylic stereocenter and trans geometry. Thus, an
embodiment of the invention provides a process for the
preparation of the intermediate
(3i?,65)-3-amino-6-(2,3-difluorophenyl)-l-(2,2,2-trifl
uoroethyl)azepan-2-one, 2, comprising the steps of:
(1) hydrogenating a
(3)-6-(2,3-difluorophenyl)-2-oxo-l-(2,2,2-1rifluoroeth
yl)- 2,3 4,7-tetrahydro-l -azepin-3-amrnoniutn salt,
in the presence of a czs-selective catalyst, to form a
(3S,6 S)-6-(2.3-difiuorophenyl)-2-oxo-l -(2,2,2-
trifluoroethyl)azepan-3-ammonium salt; (2) reacting
the (35',6 )-6-(2,3-difluorophenyl)-2-oxo-l-(2,2,2-
trifluoroethyl)azepan-3 -ammonium salt with R3N ,
wherein each R is independently and a hydroxyl
nitrobenzaldehyde, to form (3_R,6S)-3-
amino-6-(2,3-difluorophenyl)-l
-(2,2,2-trifluoroethyl)azepan-2-one, 2. An additional
embodiment of the invention provides a process for the
preparation of the intermediate
(3i?,6S)-3-amino-6-(2,3-difluorophenyl)-l -(2,2,2-tri
fluoroethyl)azepan-2-one hydrochloride, comprising the
steps of: (1) hydrogenating a
(3_S)-6-(2,3-difluorophenyl)-2-oxo~l-(2,2,2-trifluoroe
thyl)- 2,3,4,7-tetrahydro-l -azepin-3-ammonium salt,
in the presence of a cw-selective catalyst, to form a
(3 ,65)-6-(2,3-difluorophenyl)-2-oxo-l -(2,2,2-
trifluoroethyl)azepan-3 -ammonium salt; (2) reacting
the (3S",6 )-6-(2,3-difluorophenyl)-2-oxo-l -(2,2,2-
trifluoroethyl)azepan-3 -ammonium salt with R3N .
wherein each R isindependently Ci-4alkyl, and a
hydroxyl nitrobenzaldehyde, to form (3R,6S)-3-
amino-6-(2,3-difluorophenyl)-l-(2,2,2-trifluoroethyl)a
zepan-2-one; and (3) reacting
(3i?,6S)-3-amino-6-(2,3-difluorophenyl)-l -(2,2,2-
trifluoroethyl)azepan-2-one with HCl. 



A further embodiment of the invention provides a
process for the preparation of the intermediate (3i
,6S)-3-amino-6-(2,3-difluorophenyl)- l
-(2,2,2-trifluoroethyl)azepan-2-one, 2, comprising the
steps of: (l) hydrogenating
(35)-6-(2,3-difluorophenyl)-2-oxo-l-(2,2,2-trifluoroet
hyl)- 2,3,4,7-tetrahydro-l//-azepin-3-ammonium
di-toluoyl tartrate salt, in the presence of a
heterogeneous palladium catalyst, to form
(35',6S)-6-(2,3-diiluorophenyl)-2-
oxo-l-(2,2,2-trifluoroethyl)azepan-3-ammonium
di-toluoyl tartrate salt; (2) reacting
(3-S',65)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-triflu
oroethyl)azepan- 3-ammonium di-toluoyl tartrate salt
with Et3N and 2-hydroxy-5- nitrobenzaldehyde to form
(3i?,6S)-3-amino-6-(2,3-difiuorophenyl)-l -(2,2,2-
trifluoroethyl)azepan-2-one, 2. A still further
embodiment of the invention provides a process for the
preparation of
(3i2,66)-3-amino-6-(2,3-difluorophenyl)-l
-(2,2,2-trifluoroethyl)azepan-2-one hydrochloride,
comprising the steps of: (1) hydrogenating (3
S)-6-(2,3-difluorophenyl)-2-oxo-l-(2,2,2-trifluoroethy
l)- 2,3,4,7-tetrahydro-l/ - r-azepin-3-ammonium
di-toluoyl tartrate salt, in the presence of a
heterogeneous palladium catalyst, to form
(3S',65)-6-(2,3-difluorophenyl)-2-
oxo-l-(2,2,2-trifluoroethyl)azepan-3-ammonium
di-toluoyl tartrate salt;(2) reacting
(3-9565)-6-(2,3-difluorophenyl)-2-oxo-l
-(2,2,2-trifLuoroethyl)azepan- 3-ammonium di-toluoyl
tartrate salt with Et3N and 2-hydroxy-5-
nitrobenzaldehyde to form (3i?,6
S)-3-amino-6-(2,3-diftuorophenyl)-l -(2,2,2-
trifiuoroethyl)azepan-2-one; and (3) reacting (3i? 6
S)-3-amino-6-(2,3-difluorophenyl)-l -(2,2,2-
trifluoroethyl)azepan-2-one with HCl. Additional
embodiments of the invention provide processes for the
preparation of the intermediate (3i ,6S)
-3-amino-6-(2,3-difiuorophenyl)-l
-(2,2,2-trifmoroethyl)azepan-2-one hydrochloride,
comprising the steps of reacting
3-amino-6-(2,3-difiuorophenyl)-l -(2,2,2-
trifluoroethyl)-l,3,4,7-tetrahydro-2 H-azepin~2-one
with 2-hydroxy-5-nitrobenzaldehyde and a chiral acid
to form an (35)-6-(2,3-difluorophenyl)-2-oxo-l-(2
2,2-trifluoroethyl)-2,3,4,7- tetrahydro-l
H-azepin-3-ammonium salt, prior to hydrogenating a (3
S -6-(2 3-difluorophenyl)-2- oxo-l-(2,2,2-1
tifluoroethyl)-2,3,4,7-tetrahydro-l/f-azepin-3-ainmoni
um salt, in the presence of a e/s-selective catalyst,
to form a (3,6.S)-6-(2,3-difluorophenyl. It will be
recognized by one skilled in the art that chiral acids
other than Lditoluoyl tartaric acid,may be employed.
Similarly, it will be recognized that the purpose of
the hydroxyl nitrobenzaldehyde is as an epimerization
agent, and thus alternate compounds capable of
epimerizing the appropriate substituents on the
azepinone ring may be used. It will also be recognized
by the skilled artisan that salts other than the
chloride salt may be formed. Thus, in the several
embodiments recited above wherein the final step
recites the use of HCl to form a chloride salt, other
acids such as HBr, H SO and HNO3 d others may also
form useful salts. In still another aspect the
invention provides a process for the preparation of
the intermediate
2-oxo-l-(4-piperidinyl)-2,3-dihydro-l/-
r-imidazo[4,5-b]pyridine dihydrochloride, 3:and salts
thereof, including the dihydrochloride salt. The
syntheses of 2-oxo-l-(4-piperidinyl)-
2,3-dihydro-lH-imidazo[4,5-b]pyridine, 3, and
2-oxo-l-(4-piperidinyl)-2,3-dihydro-l Himidazo[
4,5-b]pyridine dihydrochloride, is depicted in Scheme
3: Scheme 3 ACP hi Scheme 3, 3-Amino-2- chloropyridine
("ACP") is reductively alkylated in a first step. 3-
amino-2-chloropyridine is reacted with ethyl
4-oxo-l-piperidinecarboxylate in the presence of IPAC,
trifluoroacetic acid and sodium triacetoxyborohydride
("STAB") to form the amine ethyl 



4-[(2-chloropyridin-3-yl)amino]piperidine-l-carboxylat
e. In a second step, a urea is formed in a reaction of
the amine with chlorosulfonyl isocyanate (CSI),
typically in the presence of H2O andTHF. In a third
step, the urea is cyclized in the presence of a
palladium catalyst. Typically, the urea is reacted in
the presence of NaHCO3, z-PrOH, Pd(OAc) 2 and bis-
(diphenylphosphino)butane (dppb) to obtain the cyclic
urea. In a further ethyl carbamate deprotection step
the cyclic urea is reacted in the presence of NaOH and
EtOH to obtain the pyridine heterocycle bis-HCl salt
3. In practice, other bases or combinations of bases
including LiOH and KOH may be used in this final step,
and other acceptable salt forms may be made by
substituting acids, including HBr, HI, H2SO4, HNO3 and
other acids, for HCl. Alternatively, the acid salt may
be accomplished in two sub-steps, whereby a base is
introduced first to deprotect the pyridine moiety,
followed by introduction of the acid to form the acid
salt. As described above and in the Examples which
follow, this ACP route comprises four synthetic steps
and features a reductive alkylation, primary urea
formation using chlorosulfonyl isocyanate,
Pd-catalyzed cyclization of the primary urea and
hydrolysis of the ethyl carbamate. The starting
materials/reagents for the ACP route are significantly
less expensive than those required for the DAP route
and all the steps are high yielding. Thus, in one
aspect of the invention provides a process for the
preparation of the intermediate
2-oxo-l-(4-piperidinyl)-2,3-dihydro-l//-imidazo[4,5-b]
pyridine dihydrochloride, 3, comprising the steps of:
(1) reacting 3-amino-2-chloropyridine with Ci^alkyl
4-oxo-lpiperidinecarboxylate, in the presence of
trifluoroacetic acid and sodium triacetoxyborohydride
to form C^alkyl 4[(2-chloropyridin-3-
yl)amino]piperidine- 1-carboxylate; (2) reacting the
C^alkyl 4[(2-chloropyridin-3-yl)amino]piperidine-l
-carboxylate with chlorosulfonyl isocyanate to form
C^alkyl 4[(aminocarbonyl)(2-
chloropyridin-3-yl)amino]piperidine-l-carboxylate; (3)
reacting the Ci^alkyl
4[(aminocarbonyl)(2-chloropyridin-3-
yl)amino]piperidine-l-carboxylate in the presence of
NaHCO3, Pd(OAc)2 andbis-(diphenylphosphino)butane to
form Ci^alkyl 4-(2-oxo-2,3-dihydro-lHimidazo[
4,5-b]pyridin-l -yl)piperidine-l -carboxylate; (4)
reacting the C^alkyl
4-(2-oxo-2,3-dihydro-lH-irnidazo[4,5-b]pyridin-lyl)
piperidine-l -carboxylate with HCl to form
2-oxo-l-(4-piperidinyl)-2,3-
dihydro-lH-imidazo[4,5-b]pyridine dihydrochloride. An
additional embodiment of the invention provides a
process for the preparation of the intermediate
2-oxo-1-(4-piperidinyl)-2,3-dihydro-
lH-imidazo[4,5-b]pyridine dihydrochloride, 3,
comprising the steps of: (1) reacting
3-amino-2-chloropyridine with ethyl
4-oxo-l-piperidinecarboxylate, in the presence of
trifluoroacetic acid and sodium triacetoxyborohydride
to form ethyl
4[(2-chloropyridin-3~yl)arnino]piperidine-l
-carboxylate; (2) reacting the ethyl
4[(2-chloropyridin-3-yl)amino]piperidine-l
-carboxylate with chlorosulfonyl isocyanate to form
ethyl 4[(aminocarbonyl)(2-chloropyridin-
3-yl)amino]piperidine-l-carboxylate; (3) reacting the
ethyl
4[(aminocarbonyl)(2-chloropyridin-3-yl)amino]piperidin
e- 1-carboxylate in the presence of NaHCCb, Pd(OAc)2
and bis- (diphenylphosphino)butane to form ethyl
4-(2-oxo-2,3-dihydro-l H-imidazo[4,5-
b]pyridin-l-yl)piperidine-l-carboxylate; (4) reacting
the ethyl 4-(2-oxo-2,3-dihydro-lH-imidazo[4,5-b]
ryridin-lyl) piperidine-l -carboxylate with HCl to
form 2-oxo-l-(4-piperidinyl)-2,3- dihydro-l
-imidazo[4,5-b]pyridine dihydrochloride. The invention
is not limited to specific embodiments described in
this application, 



and in fact includes additional features not expressly
described above, including but not limitedto the use
of particular solvents and reaction conditions, the
use of particular reagent forms (including neutral
forms of intermediates 2 and 3, and salt forms other
than HCl salt forms), and the use or no-use of
particular separation or isolation techniques, and
other features.Several abbreviations, acronyms and
other shorthand is presented herein. Although these
terms are known to those skilled in the art, presented
below is a table summarizing these terms:Example 1
iV-[(3
,65)-6-(2,3-Difluorophenyl)-2-oxo-l-(2,2,2-trifluoroet
hyl)azepan-3-yI]-4-(2-oxo-2 s3-
dihydro-lH-imidazo[4,5-b]pyridin-l-yl)piperidine-l-car
boxamide To a 12 L 4 necked flask equipped with
overhead stirrer, thermocouple and nitrogen inlet was
charged Caprolactam HCl salt 2 - MTBE solvate ( 412 g
corrected as HCl salt; MTBE solvate typically 78-79 wt
% HCl salt) . THF was then added at room temperature
(4.1 L; 10 mL/g) followed by triethylamine (194 ml;
1.2 eq). The slurry was aged at room temperature. To a
separate 22 L 4 necked flask equipped with overhead
stirrer, thermocouple and nitrogen inlet was charged
CDI ( 233 g; 1.25 eq) and THF ( 2.3 L; 10 mVg relative
to CDI). The solution was aged at room temperature.
The caprolactam slurry solution was added to the CDI
solution over 1 -1.5 h at room temperature then aged
at room temperature over 1 hour after which the
reaction was assayed for conversion to the caprolactam
acyl imidazole intermediate ( >98.5 LCAP conversion).
The piperidine heterocycle 3 (418 g; 1.25 eq) was then
added followed by E (419 mL; 2.6 eq). The slurry was
heated to 60 0C and held overnight at that
temperature. HPLC assay showed 97.4 LCAP conversion.
Water was then added (190 mL; ~ 3 vol % relative to
THF) and reaction mixture aged at 60 0C for an
additional 2.5 hours after which LC assay showed 99.8
LCAP conversion. The reaction mixture was then cooled
to 15 0C then quenched with MTBE ( 3.1 L; 7.5 ml/g)
and washed with 10 % (w/w) aq citric acid soln (4 x
2L; 5 ml/g). The organic layer was then assayed for
imidazole and piperidine acyl imidazole impurities
(<0.2 LCAP) The organic layer was then washed with 5 %
(w/w) aq sodium bicarbonate solution ( 2 L; 5 ml/g)
then water (2L; 5 ml/g) then passed through an inline
filter to give 620 g assay of desired product. (95.3 %
assay yield, 98 LCAP purity).Example 2 7V-[(3
,65)-6-(2,3-Difluorophenyl)-2-oxo-l-(2,2,2-trifluoroet
hyl)azepan-3-yI]-4-(2-oxo-2,3-
dihydro-lH-imidazo[4,5-blpyridin-l-yl)piperidine-l-car
boxamide CI O HN - N H Caprolactam 2(8.23 kg  5.60 kg
caprolactam HCl salt based on 68 wt% assay)) was
charge to an inerted vessel A with TEDF (66.4 L) and
triethylamine (1.90 kg). A vessel B was charged with
CDI (3.163 kg) and THF (30 L). The contents of vessel
A were transferred to vessel B over 1.5h and the
mixture in vessel B aged for Ih. At that point HPLC
analysis showed the formation of caprolactam
acylimidazole to be complete. The piperidine
heterocycle 3 (5.0 kg) was charged to vessel B
followed by triethylamine (4.12 kg). The batch was
heated to 600C and aged overnight when HPLC analysis
showed the coupling was complete (<0.2 LCAP
caprolactam-CDI adduct remaining). MTBE (49 1) and 10%
aqueous citric acid (29 1) were added and the phases
separated. The organic phase was washed again with 10%
aqueous citric acid (29 L) and then with 5% NaHCO 3
solution (2 x 28 L). The pH of the last aqueous phase
was 9 at that point. The organic phase was washed with
DI water (27 L) and the MTBE solution was assayed for
compound 1, with the assay yield of neutral compound 1
equal to 8.49 kg, 96.0%. The HPLC assay also showed
still 1.0 LCAP of the N-acylimidazole adduct
remaining. Therefore, the MTBE solution was washed
again with 10% aqueous citric acid (2 x 29 L), 5%
aqueous NaHCO 3 (2 x 28 L) and water (27 L). HPLC
assay of the MTBE solution was performed again. Assay
yield neutral 454 = 8.27 kg, 93.5%, 98.9 LCAP, <0.1
LCAP N-acylimidazole adduct.Example 3 iV-[(3
,65)-6-(2,3-Difluorophe
pyl)-2-oxo-l-(2.2,2-trifluoroethyl)azepan-3-yl]-4-(2-o
xo-2,3-
dihydro-lH-imidazo[4,5-b]pyridin-l-yI)piperidine-l-car
boxamide, potassium salt ethanolate 



The MTBE solution of compound 1 (8.27 kg) was charged
to an inerted vessel through a 0.1 mm cartridge filter
and concentrated down to 30 L using partial vacuum and
keeping T<40 0C. Ethanol ( 116 L) was charged and the
solution concentrated down to 30 L again under vacuum
at <40 0C. Ethanol ( 116 L) was added and the solution
analyzed for residual THF/MTBE content (none
detected). Potassium tert-butoxide (1.720 kg) was
charged as a solid to the vessel and the mixture
warmed up to 45C to dissolve all solids. The batch was
then concentrated down to a final volume of 58 L (7
ml/g based on neutral 454) at <40C. The resulting
slurry was left cooling to room temperature overnight
before filtering. The filter cake was washed with cold
ethanol (25 L) and the solid dried under vacuum at 40
0C. The solid was de-lumped using a comill. Yield 7.97
kg, 84%.Example 4
iV-[(3r,65)-6-(2,3-Difluorophenyl)-2-oxo-l-(2,2,2-trif
luoroethyl)azepan-3-yl]-4-(2-oxo-2,3- dihydro-1
H-imidazo[4,5-b]py ridin-1-yl)piperidin
e-1-carboxamide, potassium salt ethanolate EtOH
PotassiumSalt Ethanolate af l A 250 mL, 3-neck round
bottom flask was equipped with a mechanical stirrer
and claisen adapter with nitrogen inlet and
thermocouple. Compound 1 (12.49 g) and punctilious
ethanol (165 mL) were charged to the vessel. The
suspension was warmed in a 60 0C oil bath and the
suspension agitated. All the solids dissolved and a
homogeneous solution was obtained when the internal
temperature reached 38 0C. The temperature of the oil
bath was reduced to 50 0C and the internal temperature
was brought to 44 0C. The potassium /erf-butoxide
(2.72 g of 95% pure material) was then charged (slight
exotherm to 46 0C observed). The resulting solution
was then seeded with authentic Compound 1
potassium-salt ethanolate (20 mg). The temperature on
the oil bath was reduced to 40 0C and the batch was
aged about 1 hr. The heating on the oil bath was
turned off and the suspension was cooled to 25 0C over
about 1 h . The batch was then cooled in an ice bath
to <5 0C and aged about 2 h. The batch was filtered
through a medium porosity sintered funnel and the cake
dried under vacuum and nitrogen tent until a constant
weight was obtained or until the amount of residual
EtOH present by NMR (DMSO-d6) was about 80 mol%
relative to Compound 1. The Compound 1 potassium-salt
(11.15) was obtained as a tightly bound ethanol
solvate in 78% yield (99.4 LCAP, 99.6 % ee).Example 5
7V-[(3 6
)-6-(2,3-Difluorophenyl)-2-oxo-l-(2,2,2-trifluoroethyl
)azepan-3-yl]-4-(2-oxo-2,3-
dihydro-lH-imidazo[4,5-b]pyridin-l-yl)piperidine-l-car
boxamidie, potassium salt ethanolate 2 HCI 2 Potassium
Salt Ethanolate o f 1 Caprolactam HCl salt 2 (30 g
20.4 g caprolactam HCl salt based on 68 wt% assay))
was charge to an inerted flask A with THF (240 ml) and
triethylamine (6.91 g). To flask B was charged CDI
(11.53 g) and THF (110 ml). The contents of vessel A
were transferred to vessel B over 50 minutes and the
mixture in vessel B aged for Ih. At that point HPLC
analysis showed the formation of caprolactam
acylimidazole to be complete. Piperidine heterocycle 3
(I8.2g) was charged to vessel B followed by
triethylamine (15.0 g). The batch was heated to 600C
and aged overnight when HPLC analysis showed the
coupling was complete (<0.2 LCAP caprolactam- CDI
adduct remaining). MTBE (180 ml) and 10% aqueous
citric acid (105 ml) were added and the phases
separated. The organic phase was washed again with 10%
aqueous citric acid (105 ml) and then with 5%NaHCq3
solution (2 x 100 ml). The pH of the last aqueous
phase was 9 at that point. The organic phase was
washed with DI water (100 ml) (5 ml saturated aqueous
brine added to give good phase separation). HPLC assay
of the MTBE solution gave an assay yield of 



neutral Compound 1 of 31.95 g, 99.1%, 98.8 LCAP. The
MTBE solution of neutral Compound 1 (31.95 g) was
concentrated down to low volume using partial vacuum
and keeping T<40 0C. Ethanol (240 ml) was charged and
the solution concentrated to low volume again under
partial vacuum at <40 0C. Ethanol (116 L) was added to
bring the volume of the solution to 420 ml and the
solution assayed for neutral Compound 1: Result: 30.3
g, 53.5 mmol. Potassium tertbutoxide (6.3 g) was added
and the mixture warmed to 45C to dissolve all the
solids. The solution was then concentrated down to a
final volume of 210 ml (7 rnl/g based on neutral 454)
at <40C. The resulting slurry was cooled to room
temperature for 2 hours and the solidcollected by
filtration. The filter cake was washed with cold
ethanol (100 ml) and the solid dried under vacuum at
40 0C. Yield = 30.2 g, 87%. Example 6 - [( - - . -Difl
uor op heny - -oxo-l - -t ri fl uoroethy azepan- -yll
- -oxo- -
dihydro-lH-imidazo[4,5-b]pyridin-l-yl)piperidine-l-car
boxamide, potassium salt ethanolate of 1 Caprolactam
HCl salt 2 (8.23 kg  5.60 kg caprolactam HCl salt
based on 68 wt% assay)) was charge to an inerted
vessel A with THF (66.4 L) and triethylamine (1.90
kg). To vessel B was charged CDI (3.163 kg) and THF
(30 L). The contents of vessel A were transferred to
vessel B over 1.5h and the mixture in vessel B aged
for Ih. At that point HPLC analysis showed the
formation of caprolactam acylimidazole to be complete.
The Piperidine heterocycle 3 (5.0 kg) was charged to
vessel B followed by triethylamine (4.12 kg). The
batch was heated to 600C and aged overnight when HPLC
analysis showed the coupling was complete (<0.2 LCAP
caprolactam-CDI adduct remaining). MTBE (49 1) and 10%
aqueous citric acid (29 1) were added and the phases
separated. The organic phase was washed again with 10%
aqueous citric acid (29 L) and then with 5% NaHCC>3
solution (2 x 28 L). The pH of the last aqueous phase
was 9 at that point. The organic phase was washed with
DI water (27 L) The HPLC profile showed still 1.0 LCAP
of the caprolactam N-acylimidazole adduct impurity
remaining. The MTBE solution was washed again with 10%
aqueous citric acid (2 x 29 L), 5% aqueous NaHC q 3 (2
x 28 L) and water (27 L). HPLC assay of the MTBE
solution gave an assay yield of neutral Compound 1 of
8.27 kg, 93.5%, 98.9 LCAP, <0.1 LCAP caprolactam
N-acylimidazole adduct. The MTBE solution of neutral
Compound 1 (8.27 kg) was charged to a vessel through a
0.1mmcartridge filter and concentrated down to 30 L
using partial vacuum and keeping T<40 0C. Ethanol (116
L) was charged and the solution concentrated down to
30 L again under partial vacuum at <40 0C. Ethanol
(116 L) was added and the solution analysed for
residual THF/MTBE (none detected). Potassium
terf-butoxide (1.720 kg) was charged as a solid to the
vessel and the mixture warmed up to 450C to dissolve
all solids. The batch was then concentrated down to a
final volume of 58 L (7 ml/g based on neutral 454) at
<40C. The resulting slurry was left cooling to RT
overnight before filtering. The filter cake was washed
with cold ethanol (25 L) and the solid dried under
vacuum at 40 0C. Yield = 7.97 kg, 84%.Example 7 (3jR,6
)-3-Amino-6-(2,3-difluorophenyl)-l-(2,2,2-trifluoroeth
yl)azepan-2-one Step 1:
2-Chloro-l-(2,3-difluorophenyl)ethanone n-HexLi To a 5
L 4-necked round bottom flask was charged
1,2-difluorobenzene (130.0 g) and dry THF (1.3 L).
This solution was cooled to < -60 while stirring under
nitrogen. To this was added nhexyllithium (455 mL of
2.5 M/hexane) dropwise such that T < -60 (~ 15 minute
addition). The solution quickly turned into a
stirrable slurry, which was aged for 1 hour cold. To
this was added zinc chloride (2.3 L of 0.5 M/THF) such
that T < -60 and the slurry quickly became a
homogeneous solution. This was warmed to 0 0C followed
by the addition of copper(I) chloride (11.3 g) and
chloroacetyl chloride (142 g) such that T < 5 0C. The
reaction was assayed after 20 minutes and judged
complete by HPLC. The reaction was quenched with IN
HCl (2 L) and then 



the two phase system was transferred to a seperatory
funnel and diluted with IPAc (2 L). The aqueous was
cut and the organic washed again with IN HCl (2 L)
followed by IN NH4OH (2 x 2 L) and finally with water
(2 L). The organic was concentrated to an oil. Assay
yield = 78%. The oil is then diluted with heptane (800
mL - does not all go into solution) and stirred while
cooling to -30 0C. During cooling the oil turns over
to a crystalline solid. The slurry is aged 1 hour at
-30 0C, filtered and washed with cold heptane. Desired
product isolated in 7 1 % yield (154 g). Step 2:
2-(2,3-difluorophenyl)-2-vinyloxirane toluene A
solution of chloro acetophenone (40 g) in dry toluene
(400 mL) was cooled to T < -60 while stirring under
nitrogen. To this was added vinyl magnesium bromide
(420 mL of 0.8 M i THF)dropwise such that T < -25 0C.
After complete addition the reaction is warmed to 0
degrees and assayed for completion. The reaction is
quenched with IN HCl (250 mL) and transferred to a
seperatory funnel and the aqueous layer cut. The
organic is washed again with IN HCl (250 mL) followed
by saturated sodium bicarbonate (250 mL) and water
(250 mL). The organic is concentrated to an oil and
carried forward directly. To a solution of tertiary
alcohol (210 mmol) in toluene (400 mL) is added IN
NaOH (400 mL) and the two-phase system agitated for 4
hours at room temperature. The organic layer is
assayed by HPLC for completion. At end of reaction the
aqueous layer is cut and the organic washed with water
(400 mL). The organic is concentrated/azeotropically
dried in vacuo and used for the next step. Typical
assay yield over both steps is 89 %. Step 3:
N-[(3Z)-4-(2,
3-difluorophenyl)-5-hydroxy-l,l-dipropionylpent-3-en-l
-yl]acetamide A 1 liter 3-necked round bottom flask
equipped with a vacuum/N2 Inlet, temperature probe,
addition funnel and septa was charge with Pd(OAc) 2
(392 mg, 1.75 mmol, 2 mol%), DPPE (835 mg, 2.09 mmol,
2.4 mol%) , N-acetodiethyl malonate (43.8 g, 201 mol,
1.15 equiv), NaOEt (1.20 g, 17.5 mmol, 10 mol%), and
flushed with N2. The addition funnel was charged with
the substrate vinyl epoxide (33.6 g, 174.8 mmol) in
100 mL of toluene (KF < 300 ppm). To the reaction
flask was added 500 mL of toluene (< 300 ppm) and the
resulting mixture flushed with N2 and stirred at room
temperature (20-250C) for 10 min. The vinyl epoxide
solution was added over 5 min and the resulting
mixture stirred overnight( 6-10 hrs) at room
temperature (20-250C).Toluene (140 mL) and 1 N HCl
(140 mL) was added to the flask and the biphasic
mixture transferred to a separatory funnel. The
organic layer was separated and washed with 140 mL of
1 N NaOH, 140 mL of brine and 140 mL of water. The
final organic layer was treated with Darco-G60 (2-5
grams), stirred for 10 min, and filtered. The
resulting solution was concentrated (T= 20-25 0C) to
about 300 mL volume. The solution was heated to 40-45
0C and 600 mL of Nheptane added over 20 min. The
slurry is stirred at 40-45 0C for 30 min and allowed
to cool to room temperature overnight. The solution
was filtered and the solids washed with 2 x 120 mL of
8:1 n-heptane:toluene. The solids were dried with
vacuum and N sweep(70 % yield). Step 4:
N-{(3Z)-4-(2,3-difluorophenyl)-l,
l-dipropionyl-5-[(2,2,2-trifluoroethyl)amino]pent-3-
en-l-yl}acetamide The compound of Step 3 (50.0 g,
125.2 mmol) in 40OmL toluene (was treated with Et3N
(16.5g, 162.7 mmol) followed by a 25 mL toluene flush
followed by MsCl (16.5 g, 162.7 mmol) in 12OmL toluene
followed by a 25 ml flush making sure the temperature
did not exceed 3 0C . After a 30 min age, the slurry
was treated with 25OmL H2O and then warmed to RT. The
aqueous layer was drained away (a black rag layer is
observed) and the organic phase washed with 1x200 mL
IN NaOH and 1x150 mL of 15 % NaCl solution. The
solution was concentrated to -150 mL and flushed with
30OmL toluene. Addition of 375 mL of DMAC (KF -400)
afforded the solution ready for the next step . To the
orange solution was added CF3CH2NH2 (37.2 g, 376 mmol,
few degree temperature increase here) followed by LiBr
(2.17g, 26 mmol) and the solution aged for 13 hours at
28-30 



0C. The reaction was diluted with 250 mL IPAC and 150
mL H O. The aqueous layer was removed. The organic
layer was washed with 150 mL IN NaOH and 150 mL 15 %
aqueous NaCl solution. Assay of the IPAC layer shows
92 % yield and the solution was concentrated to 150 mL
volume and 375 mL DMAC added.Step 5:
N-[6-(2,3-difluorophenyl)-2-oxo-l-(2,2,2-trifluoroethy
l)-2,3,4, 7-tetrahydro-lH-azepin-3- yljacetamide To
the DMAC solution of 6 (55 g, 114.49 mmol assay, 475
mL volume) was added LiCl (14.5g, 343.5 mmol) followed
by H2O (6.1 g, 343.5 mmol). The solution was aged at
113-1 15 0C for 12- 14 hours (after 1 hour at 112 0C a
white precipitate forms). After cooling to RT, 5g of
Darco was added and the solution filtered through
Solka-Floc. The filter cake was washed with 285 mL
IPAC. The organic layer was split in half and cooled
to 5-100C. Each half was treated with 118.5 mL H O
keeping the temperature ~15-20 0C. The aqueous was
back extracted with 165 mL IPAC and the organic layer
was washed with 220 mL IN NaOH, 2 x220 mL 15% NaCl
solution brine and 220 mL of water. The solvent was
switched to toluene (450 mL volume, 45g assay ). The
toluene solution (45 g, 110 mmol of decarboxylated
product) was treated with trifluoroacetic acid (143
mmol, 1.3 equiv. and a yellow oil separated from the
toluene solution. The reaction is aged at 85-90 0C for
12-15 hours overnight under nitrogen. The solution was
cooled to RT and then concentrated to 3 L/kg) based on
starting material and diluted with IPAC (338 mL). The
organic layer was washed with IN NaOH (225 mL). This
resulted in an emulsion, so the batch was charged with
10 wt % celite, filtered and the cake was washed with
180 mL IPAC. The aqueous phase was cut at this point.
The organic layer was washed with IN HCl (225 mL), 225
mL 1 % aqueous NaCl solution, and 5g Darco added. The
solution was filtered through Solka- Floc, and the
solution concentrated to 4L/kg (based on assay of
product) and flushed with IPAC until KF<100. A total
of 4 volumes of heptane was added and the slurry
cooled to 0 0C. Filtration and washing with 0 0C 7:1
heptanerIPAC (150 mL) afforded the product as an
offwhite solid.Step 6:
(3S)-6-(2,3-difluorophenyl)-2-oxo-l-(2,2,2-trifluoroet
hyl)-2,3,4,7-tetrahydro-lH-azepin- 3-ammonium
3-carboxy-2,3-bis[(4-methylbenzoyl)oxy]propanoate
(di-toluoyl tartrate salt) To a 288 mL dioxane
solution of the Step 5 compound (36 g, 99.4 mmol) was
added 6 equiv of 3N HCL. The solution was heated at 85
0C for 12 hours. After cooling, the solution was
diluted with 230 mL MTBE added and the pH adjusted
to8-10 with ION NaOH followed by IN NaOH. After the
phase cut, the aqueous was extracted with 230 mL MTBE
and the combined organic layer washed with 390 mL 15%
NaCl and assayed for product (25.4 g, 79.3 mmol, 80 %
assay yield). The solution was concentrated to ~10
L/kg of amine and then solvent switched to IPA (~762
mL total volume). The KF of the solution was adjusted
to 4000 ppm and then 2-hydroxy- 5-nitrobenzaldehyde
(7.9 mmol) was added followed by
(-)-0,0'-di-toluoyl-L-tartaric acid (158.6 mmol) and
the resulting slurry was aged at 65 C for 130 hours.
The slurry was then filtered and the solid washed with
IPA. Step 7:
(3S)-6-(2,3-difluorophenyl)-2-oxo-l-(2,2,2-tnfluoroeth
yl)-2,3,4,7-tetr hydro-lH-azepin- 3-ammonium
chlorideThe compound of step 6 (10 g, 14.15 mmol)
di-toluoyl tartrate salt was slurried in -PrOH (93
mL). To this mixture was added IN HCl (15.57 mL, 1.10
equiv) and the mixture became homogeneous. After
sparging with nitrogen, 5% Pd/BaSC>4 (1.20 g, 4 mol%)
was added and hydrogenated at 80 psi of hydrogen for
2Oh, or until all consumed by HPLC. The solution was
filtered through Solka Floe with MeOH (50 mL) to
remove catalyst. The filtrate was concentrated to 2
mL/g and then diluted with MTBE (100 mL) and then IN
NaOH (80 mL). After the phase cut, the aqueous was
back extracted with 70 mL of MTBE. The organic
solution was washed with brine (70 mL) (HPLC assay for
yield of cis form) and solvent switched to MeOH until
<5% MTBE and KF ~1500rpm with a total volume of 45 mL
and then treated with Et N (3.95 mL, 2 equiv. relative
to cis form) and 2-hydroxy-5-nitrobenzaldehyde (237
mg, 10 mol% relative to cis form). The solution was
stirred at room temperature for 20 hours which 



results in ~20:l ratio of transxis forms of the title
compound . The solution was diluted with MTBE (100 mL)
and then IN NaOH (80 mL) added. After the phase cut,
the aqueous was back extracted with 70 mL of MTBE. The
combined organics were then washed with 70 mL of
brine, cone, to 25% volume and filtered. The organic
solution was concentrated further and then MTBE was
added until volume was 30 mL. To this was then added
15 mL of MeOH (KF ~1500ppm). After heating solution to
50 0C, 1% seed of the title copound was added followed
by a 2 hour addition of 5N HCl in IPA (5.6 mL, 2.2
equiv. relative to cis form assay). This was then aged
1 hour at 50 0C and then cooled to room temperature
over 3 hours. After aging overnight at RT, the slurry
was filtered and washed with 3:1 MTBErMeOH (2 x 15
mL). The cake was then dried 2Oh under vacuum at room
temperature to give the title compound as an HCl salt
MTBE solvate in 85% yield (5.37 g, 99% ee,). Example 8
2-Oxo-l-(4-piperidiuyl)-2,3-dihydro-lJy-imidazo[4,5-6]
pyridine Step 1: Ethyl
4-[(2-ch.loropyridin-3-yl)amino]piperidine-l-carboxyla
teTo a 1 L three-neck RB-flask equipped with a
mechanical agitator and temperature probe was charged
3-amino-2-chloropyridine (37.9 g, 0.294 mol, 100 mol%)
and ethyl 4-oxo-lpiperidinecarboxylate (55.5 g, 0.324
mol, 110 mol%) followed by IPAC (500 mL). The mixture
became homogeneous after 5 min agitation (16 0C).
Trifluoroacetic acid (44 mL, 0.590 mol, 200 mol%) was
charged to the mixture over 30 s, causing an increase
in temperature to 25 0C (no cooling used). Sodium
triacetoxyborohydride (75.0 g, 0.354 mol, 120 mol%)
was added as a solid over 5 min and a further increase
in temperature to 56 0C was observed. After 10 min
agitation, the mixture was clear and homogeneous. LC
analysis indicated consumption (< 0.5 A%) of
3-amino-2-chloropyridine and formation of the
alkylated product. A solution of 10 wt% aqueous NaOH
was added to the mixture at 50 0C over 10 min. When
the pH of the mixture was 8-9, the phases were allowed
to separate. The organic phase washed with brine (200
mL). The separated aqueous phase was 580 mL - 100 mL
sample was diluted in 100 mL MeOH and LC analysis
indicated 0.23g, 0.3% of product was present. The
brine was assayed as above and contained negligible
product. Azeotropic drying with IPAC was conducted at
atmospheric pressure under constant volume conditions
until the water content was < 500 ppm by KF titration.
The solution was concentrated to a volume of 170 mL
then THF (35 ppm H O, 230 mL) was added. This solution
was used directly for the subsequent step. LC analysis
gave 84 g, 101% AY of the desired reductively
alkylated product and KF titration gave water content
as < 500 ppm. Step 1(alternate): Ethyl
4-[(2-chloropyridin-3-yl)amino]piperidine-l-carboxylat
e To a 2 L three-neck Morton-type flask equipped with
a mechanical agitator and temperature probe was
charged 3-amino-2-chloropyridine and ethyl
4-oxo-l-piperidinecarboxylate followed by IPAC. The
mixture became homogeneous after 5 min agitation (16
0C). Trifluoroacetic acid was charged to the mixture
over 30 s, causing an increase in temperature to 26 0C
(no cooling used). After 15 min age, a caplet OfNaBH
(0.95 g, 0.025 mol) was added. The temperature was
observed to increase to 28 0C over a 30 min period and
the caplet dissolved completely within this time. This
method of NaBH* addition was repeated, allowing each
caplet to dissolve before adding the next, until a
total of eight caplets had been added over 7 h. At
this time, LC analysis indicated > 95% conversion of
the 3-amino-2-chloropyridine. A solution of 10 wt%
aqueous NaOH was added to the mixture at 30-40 0C (no
cooling) over 10 min. When the pH of the mixture was
12-14, the phases were allowed to separate. The
separated aqueous phase was 450 mL and LC assay
indicated this contained 0.5 g, < 1.0% of product. The
organic phase washedwith brine then the separated
organic phase was assayed. The separated brine wash
was 275 mL and LC assay indicated this contained
neglible product. The organic phase was 690 mL and LC
assay indicated this contained 87.5 g, 97% AY of
reductively alkylated product and 2.1 g, 5% of
starting amine. The yellow organic phase was
concentrated (45 0C bath temperature) to 



approximately one-third original volume. Fresh IPAC
was added and this process was repeated until the
water content was 110 mg/mL by KF titration. The
solution was concentrated to a volume of 170 mL then
THF (230 mL) was added. This solution was used
directly for the subsequent step. Step 2: Ethyl
4-[(aminocarbonyl)(2-chloropyridin-3-yl)amino]piperidi
ne-l-carboxylate To a 1 L three-neck RB-flask equipped
with a mechanical agitator and temperature probe was
charged with THF (250 mL, KF 35 ppm H2O) then
chlorosulfonyl isocyanate (CSI) (30.7 mL, 0.353 mol,
120 mol%) was added at room temperature (negligible
exotherm). The mixture was cooled to -10 0C using
ice/MeOH. The solution of amine prepared above in Step
1 (83.42 g, 0.294 mol, 100 mol%) in THF : IPAC (-1:1)
(400 mL, KF of this solution was 500 ppm) was added
over a 20 min period via a dropping funnel. An
exotherm was observed during this addition (max. temp.
2 0C). Upon completion of the amine solution addition
LC analysis indicated consumption of the amine (< 1.0
A%) -sample was prepared by dilution in 0.1% HaPO
ZMeCN (70:30) and rapid injection on the LC instrument
indicated one major component. After 10 min, water (30
mL) was added dropwise over a 10 min period. A second
exotherm was observed during the water addition (max.
temp. 17 0C). The mixture was allowed to warm to rt
and aged for 14 h. The pH at EOR was approximately 1.
The hydrolysis was complete (< 0.5 A% intermediate)
within 30 min of the water addition as monitored by LC
analysis. The mixture was treated with 10% aq. NaOH
until pH 8-9 and the separated organic phase was
washed with brine (300 mL). The work-up was conducted
at 50 0C to maintain solubility of the product. The
separated aqueous volume was 500 mL - 100 mL sample
was diluted in 100 mL of above sample diluent and LC
analysis indicated 1.38 g, 1.4% of product was
present. The brine was assayed as above and contained
negligible product. Azeotropic drying with IPAC was
conducted atatmospheric pressure under constant volume
conditions until the water content was < 250 ppm by KF
titration. The urea crystallized and the slurry was
concentrated to ~ 5 volumes then allowed reach rt
before the product urea was collected by filtration.
The cake was rinsed with 2 bed volumes EPAC. After
drying for 12 h at 50-60 0C under vacuum, the product
urea was obtained as a white solid (81.41 g, 85%
isolated yield, 96 wt%). Step 3: Ethyl
4-(2-oxo-2,3-dihydro-lH-imidazo[4,5-b]pyridin-l-yl)pip
eridine-l-carboxylate To a 500 mL three-neck
Morton-type flask equipped with a mechanical agitator,
reflux condenser and temperature probe was charged
NaHCC>3 (25.21 g, 0.300 mol, 300 mol%), urea of Step
2, above (32.69 g, 0.100 mol, 100 mol%), and z-PrOH
(KF 1415 ppm, 320 mL). The heterogeneous mixture was
agitated and purged with N2 using an M-fritted gas
dispersion tube. After 1 h, the Pd(OAc) 2 (0.224 g,
0.001 mol, 1 mol%) and bis-(diphenylphosphino)butane
(dppb) 0.854 g, 0.002 mol, 2 mol%) were added as
solids and the N2 purge continued for a further 30
min. The pink mixture was then heated to 83 0C
(reflux) for 24 h. After this time, LC analysis of the
yellow mixture indicated > 99.5 : 0.5 A% ratio of
product to starting material. Atmospheric pressure
distillation of the /-PrOH was initiated and continued
until 200 mL ?-PrOH distillate had been collected.
IPAC (200 mL) and water (100 mL) were added and the
temperature was maintained at 60 0C. After 30 min
agitation, the phases were allowed to separate. The
organic phase was clear yellow and the aqueous was
colorless. The separated aqueous volume was 75 mL -
100 L sample was diluted in 100 mL of MeOH and LC
analysis indicated 0.03 g, 0.1% of product was
present. The organic phase was washed with brine (3 75
mL). Azeotropic drying with BPACwas conducted at
atmospheric pressure under constant volume conditions
until the water content was < 150 ppm measured by KF
titration. The product crystallized to produce a
slurry at 90 0C. The slurry was concentrated to ~ 5
volumes and allowed to cool to rt before it was
filtered and the cake was washed with 2 bed volumes
IPAC. The solid was dried in a vacuum oven @ 50-60 0C
under an nitrogen sweep for 16 h.A cyclic urea was
obtained as a white solid (27.4 g, 94% isolated, 96
wt%).Step 4:
l-piperidin-4-yl-l,3-dihydro-2H-imidazo[4,5-b]pyridin-
2-one dihydrochloride 



To a 100 mL three-neck RB-flask equipped with a
mechanical agitator, reflux condenser and temperature
probe was charged the cyclic urea made in Step 3,
above (4.80 g, 16.48 mmol, 100 mol%) followed by EtOH
(10 mL). To the resultant slurry was added aqueous
NaOH (13 mL of 50 wt% solution diluted with 12 mL
water, 246.0 mmol, 1500 mol%) and the mixture was
heated to 82 0C (reflux) for 14 h. LC analysis
indicated consumption (< 0.5 A%) of the cyclic urea
and formation of the amine product 3 - sample was
prepared by dilution in 0.1% H3PO4ZMeCN (70:30). Water
(25 mL) and /-BuOH (25 mL) were added and the mixture
was agitated for 10 min then the phases were allowed
to separate. The separated aqueous volume was 4 1 mL -
100 mL sample was diluted in 100 mL of above diluent
and LC analysis indicated 0.26 g, 5% of product was
present. The separated aqueous volume was 54 mL - 100
mL sample was diluted in 100 mL of above diluent and
LC analysis indicated 4.13 g, 86% of product was
present. Azeotropic drying with /-PrOH was conducted
at atmospheric pressure under constant volume
conditions until the water content was 150 ppm
measured by KF titration. The volume was adjusted to
100 mL and the temperature allowed to reach 50 0C. HCl
in Z-PrOH (5-6 N, 20 mL, 0.100 mol, 600 mol%) was
added, causing an immediate white precipitate. After
cooling to rt, the slurry was filtered and the cake
was rinsed with 2 bed volumes /-PrOH. The white solid
was dried in a vacuum oven @ 50-60 0C under a nitrogen
sweep for 24 h. The title pyridine heterocycle bis-HCl
salt was obtained as a white solid (5.54 g @ 78 wt%
giving 89% isolated yield, with the residual wt%
consisting of NaCl). While the invention has been
described and illustrated with reference to certain
particular embodiments thereof, those skilled in the
art will appreciate that various adaptations, changes,
modifications, substitutions, deletions, or additions
of procedures and protocols maybe made without
departing from the spirit and scope of the invention.
For example, effective dosages other than the
particular dosages as set forth herein above may be
applicable as aconsequence of variations in the
responsiveness of the mammal being treated for any of
the indications with the compounds of the invention
indicated above. Likewise, the specific
pharmacological responses observed may vary according
to and depending upon the particular active compounds
selected or whether there are present pharmaceutical
carriers, as well as the type of formulation and mode
of administration employed, and such expected
variations or differences in the results are
contemplated in accordance with the objects and
practices of the present invention. It is intended,
therefore, that the invention be defined by the scope
of the claims which follow and that such claims be
interpreted as broadly as is reasonable.WHAT IS
CLAIMED IS: 1. A process for the preparation of -[(3
,65)-6-(2,3-difluorophenyl)-2-oxol-(
2,2,2-trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro
-lH-irnidazo[4,5-b]pyridin-lyl)
piperidine-l-carboxamide, said process comprising
reacting (3i?,65)-3-amino-6-(2,3-
difluorophenyl)-l-(2,2,2-trifluoroethyl)azepan-2-one
hydrochloride and 2-oxo-l-(4-piperidinyl)-
2,3-dihydro-l/f-imidazo[4,5-b]pyridine dihydrochloride
in the presence of 1,1 *- carbonyldiimidazole. 2. A
process for the preparation of the potassium salt
ethanolate form of -
[(3i?,6-?)-6-(2,3-difluorophenyl)-2-oxo-l-(2,2,2-trifl
uoroethyl)azepan-3-yl]-4-(2-oxo-2,3-
dihydro-lH-imidazo[4,5-b]pyridin-l-yl)piperidine-l-car
boxamide, said process comprising the steps of: (1)
reacting (3i?,6 )-3-amino-6-(2,3-difhiorophenyl)-l
-(2,2,2- trifluoroethyl)azepan-2-one hydrochloride and
2-oxo-l-(4-piperidinyl)-2,3- dihydro-l -imidazo S-b
pyri dine dihydrochloride in the presence of 1,1'-
carbonyldiimidazole; (2) isolating
N-[(3i2,65)-6-(2,3-difluorophenyl)-2-oxo-l-(2 2,2-
trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-lH-im
idazo[4,5-b]pyridin-lyl) piperidine-l-carboxamide; and



(3) reacting said
N-[(3i2,65)-6-(2,3-difluorophenyl)-2-oxo-l-(2,2,2-
trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-lH-im
idazo[4,5-b]pyridin-lyl) piperidine-l-carboxamide with
a compound selected from potassium tertbutoxide,
potassium hydroxide, potassium methoxide and potassium
ethoxide, in the presence of ethanol.3. A process for
the preparation of the potassium salt ethanolate form
of JV- [(3
,65)-6-(2,3-difluorophenyl)-2-oxo-l-(2,2,2-trifluoroet
hyl)azepan-3-yl]-4-(2-oxo-2,3-
dihydro-lH-imidazo[4,5-b]pyridin-l-yl)piperidine-l-car
boxamide, said process comprising the steps of: (1)
reacting (3/?,65)-3-amino-6-(2,3-difluororhenyl)-l
-(2,2,2- trifluoroethyl)azepan-2-one hydrochloride and
2-oxo-l-(4-piperidinyl)-2,3- dmydro-lil/
:-imidazo[4,5-b]pyridine dihydrochloride in the
presence of 1,1 ' - carbonyldiimidazole; and (2)
reacting -[(3i?,6
S)-6-(2,3-difluorophenyl)-2-oxo-l-(2,2,2-
trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-lH-im
idazo[4,5-b]pyridin-lyl) pireridine-l-carboxamide with
a compound selected from potassium tertbutoxide,
potassium hydroxide, potassium methoxide and potassium
ethoxide, in the presence of ethanol. 4. A process for
the preparation of a potassium salt solvate form of -
[(3 ,6S)-6-(2,3-difluorophenyl)-2-oxo-l -(2,2,2-tri
fluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-
dihydro-lH-imidazo[4,5-b]pyridin-l-yl)piperidine-l-car
boxamide, said process comprising the steps of: (1)
reacting (3i?,6-?)-3-amino-6-(2,3-difluorophenyl)-l
-(2,2,2- trifluoroethyl)azeran-2-one hydrochloride and
2-oxo-l-(4-piperidinyl)-2,3- dihydro-l
-imidazo[4,5-b]pyridine dihydrochloride in the
presence of 1,1 ' - carbonyldiimidazole; (2) isolating
-[(3i?,6^)-6-(2,3-difluorophenyl)-2-oxo-l-(2,2,2-
trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-lH-im
idazo[4,5-b]pyridin-lyl) piperidine-l-carboxamide;
and(3) reacting said
N-[(3i?,6.S)-6-(2,3-difluorophenyl)-2-oxo-l-(2,2,2-
trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-1H-im
idazo[4,5-b]pyridin-1- yl)piperidine-l-carboxamide
with a compound selected from potassium tertbutoxide,
potassium hydroxide, potassium methoxide and potassium
ethoxide, in the presence of ethanol and water. 5. A
process for the preparation of the potassium salt
solvate form of -
[(3/.,65)-6-(2,3-difluorophenyl)-2-oxo-l-(2,2,2-triflu
oroethyl)azepan-3-yl]-4-(2-oxo-2,3-
dihydro-lH-imidazo[4,5-b]pyridin-l-yl)piperidine-l-car
boxamide, said process comprising the steps of: (1)
reacting (3/?,6S)-3-amino-6-(2,3-difiuorophenyl)-l
-(2,2,2- trifluoroethyl)azepan-2-one hydrochloride and
2-oxo-l-(4-pi reridinyl)-2,3-
dihydro-l/f-imidazo[4,5-b]pyridine dihydrochloride in
the presence of 1,1 '- carbonyldiimidazole; and (2)
reacting
-[(3i?,65)-6-(2,3-difluorophenyl)-2-oxo-l-(2,2,2-
trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-lH-im
idazo[4,5-b]pyridm-lyl) piperidine-l-carboxamide with
a compound selected from potassium tertbutoxide,
potassium hydroxide, potassium methoxide and potassium
ethoxide, in the presence of ethanol and water. 6. The
process of claim 2, further comprising exposing said
ethanolate to water to form a mixed ethanolate /
hydrate form of
N-[(3i?,65)-6-(2,3-difluororhenyl)-2-oxo-l-
(2,2>2-trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydr
o-lH-imidazo[4,5-b]pyridin-lyl) 



piperidine- 1-carboxamide.7. The process of claim 3,
further comprising exposing said ethanolate to water
to form a mixed ethanolate / hydrate form of L-[(3i?,6
S)-6-(2,3-difluorophenyl)-2-oxo-l-
(2,2,2-trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydr
o-lH-imidazo[4,5-b]pyridin-lyl) pperidine-
1-carboxamide. 8. A process for the preparation of
iV-[(3i-,65)-6-(2,3-difluorophenyl)-2-oxol-( 2,2
2-trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-lH-
imidazo[4,5-b]pyridin-lyl) pireridine-l -carboxamide,
said process comprising reacting
(3R,6S)-3-amino-6-(2,3-
difluorophenyl)-l-(2,2,2-trifluoroethyl)azepan-2-one
hydrochloride with 1,1 ' - carbonyldiimidazole to form
a caprolactam acyl imidazole intermediate, and then
reacting said intermediate with
2-oxo-l-(4-piperidinyl)-2,3-dihydro-l
-imidazo[4,5-b]pyridine dihydrochloride. 9. A process
for the preparation of the potassium salt ethanolate
form of -
[(3i2,65)-6-(2,3-difluorophenyl)-2-oxo-l-(2,2.2-triflu
oroethyl)azepan-3-yl]-4-(2-oxo-2,3-
dihydro-lH-imidazo[4,5-b]pyridin-l-yl)piperidine-l-car
boxamide, said process comprising the steps of: (1)
reacting
(3,6,S)-3-amino-6-(2,3-difluorophenyl)-l-(2,2,2-
trifluoroethyl)azepan-2-one hydrochloride and 1,1'
-carbonyldiimidazole to form a caprolactam acyl
imidazole intermediate, (2) reacting said intermediate
with 2-oxo-l-(4-piperidinyl)-2,3-dihydro-l -
imidazo[4,5-b]pyridine dihydrochloride; (3) isolating
N-[(3 ,6.S)-6-(2,3-difluorophenyl)-2-oxo-l -(2,2,2-
trifluoroethyl)azepan-3-yl]-4-(2-oxo-2.3-dihydro-lH-im
idazo[4,5-b]pyridin-lyl) piperidine-l -carboxamide;
and(4) reacting said
N-[(3i2,6,S)-6-(2,3-difluorophenyl)-2-oxo-l-(2,2,2-
trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-lH-im
idazo[4,5-b]pyridin-lyl) piperidine-l-carboxamide with
a compound selected from potassium tertbutoxide,
potassium hydroxide, potassium methoxide and potassium
ethoxide, in the presence of ethanol. 10. A process
for the preparation of the potassium salt ethanolate
form of - [(3
6S)-6-(2,3-difluorophenyl)-2-oxo-l-(2,2,2-trifluoroeth
yl)azepan-3-yl]-4-(2-oxo-2,3-
dihydro-lH-imidazo[4,5-b]pyridin-l-yI)piperidine-l-car
boxa piide, said process comprising the steps of: (1)
reacting
(3/?,6.S)-3-amino-6-(2,3-difluorophenyl)-l-(2,2,2-
trifluoroethyl)azepan-2-one hydrochloride and
l,l'-carbonyldiimidazole to form a caprolactam acyl
imidazole intermediate, (2) reacting said intermediate
with 2-oxo-l-(4-piperidinyl)-2,3-dihydro-l Himidazo[
4,5-b]pyridine dihydrochloride; and (3) reacting -[(3
,65)-6-(2,3-difluorophenyl)-2-oxo-l-(2,2,2-
trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-l
H-imidazo[4,5-b]pyridin-lyl) piperidine-l-carboxamide
with a compound selected from potassium tertbutoxide,
potassium hydroxide, potassium methoxide and potassium
ethoxide, in the presence of ethanol. 11. A process
for the preparation of a potassium salt solvate form
of N-
[(3i?.6S)-6-(2,3-difluorophenyl)-2-oxo-l-(2,2,2-triflu
oroethyl)azepan-3-yl]-4-(2-oxo-2,3-
dihydro-lH-imidazo[4,5-b]pyridin-l-yl)piperidine-l-car
boxamide, said process comprising the steps of:(1)
reacting
(3i?,6S)-3-amino-6-(2,3-difluorophenyl)-l-(2,2,2-
trifiuoroethyl)azepan-2-one hydrochloride and
l,l'-carbonyldiimidazole to form a caprolactam acyl
imidazole intermediate, (2) reacting said intermediate
with 2-oxo-l-(4-piperidinyl)-2,3-dihydro-l - 



imidazo[4,5-b]pyridine dihydrochloride; (3) isolating
-[(3/?,65)-6-(2,3-difluorophenyl)-2-oxo-l (2,2,2-
trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-lH-im
idazo[4,5-b]pyridin-lyl) piperidine-l-carboxamide; and
(4) reacting said
JV-[(3i?,65)-6-(2,3-difluorophenyl)-2-oxo-l-(2,2,2-
trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-lH-im
idazo[4,5-b]pyridin-lyl) piperidine-l-carboxamide with
a compound selected from potassium tertbutoxide,
potassium hydroxide, potassium methoxide and potassium
ethoxide, in the presence of ethanol and water. 12. A
process for the preparation of the potassium salt
solvate form of TV- [(3
,6-S)-6-(2,3-difluorophenyl)-2-oxo-l-(2,2,2-trifluoroe
thyl)azepan-3-yl]-4-(2-oxo-2,3-
dihydro-lH-imidazo[4,5-b]pyridm-l-yl)piperidine-l-carb
oxamide, said process comprising the steps of: (1)
reacting (3
,65)-3-amino-6-(2,3-difluorophenyl)-l-(2,2,2-
trifluoroethyl)azepan-2-one hydrochloride and
l,l'-carbonyldiimidazole to form a caprolactam acyl
imidazole intermediate, (2) reacting said intermediate
with 2-oxo-l-(4-piperidinyl)-2,3-dihydro-l/- rimidazo[
4,5-b]pyridine dihydrochloride; and(3) reacting
-[(3i?,6,S)-6-(2,3-difluororhenyl)-2-oxo-l-(2,2,2-
trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-lH-im
idazo[4,5-b]pyridin-lyl) piperidine-l-carboxamide with
a compound selected from potassium tertbutoxide,
potassium hydroxide, potassium methoxide and potassium
ethoxide, in the presence of ethanol and water. 13.
The process of claim 9, further comprising exposing
said ethanolate to water to form a mixed ethanolate /
hydrate form of -[(3 ,6S
-6-(2,3-difluororhenyl)-2-oxo-l-
(2,2,2-trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydr
o-lH-imidazo[4,5-b]pyridin-lyl)
piperidine-l-carboxamide. 14. The process of claim 10,
further comprising exposing said ethanolate to water
to form a mixed ethanolate / hydrate form of -[(3
,65)-6-(2,3-difluorophenyl)-2-oxo-l-
(2,2,2-trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydr
o-lH-imidazo[4,5-b]pyridin-lyl) piperidine-
1-carboxamide. 


