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SYNTHESIS OF
6-AMINO-7-HYDROXY-4,5,6,7-TETRAHYDRO-IMIDAZO[4,5,1-JK] [I I-
BENZAZEPIN-2[1H]-ONE AND ZILPATEROL 5CROSS-REFERENCE TO
RELATED PATENT APPLICATION [IiThis patent claims priority to US
Provisional Patent Appl. No. 60/899,336 (filed February 1, 2007). The
entire text of that patent application is incorporated by reference into this
patent. 10FIELD OF THE INVENTION       [2] This invention relates to a
process for the hydrogenation of a ketooxime to selectively form an
aminoalcoholstereoisomer, and, in particular, to a process for the
hydrogenation of 4,5-dihydro-imidazo[4,5,l-jk][1]benzazepin-2,6,7[ I
Ell-trione-6-oxime or a salt thereof to selectively form a stereoisomer of
6-amino-7-hydroxy-4,5,6,7-tetrahydro- 15imidazo[4,5,1-jk][1
kbenzazepin-2[1H]-one or a salt thereof. This invention also relates to the
use of the
6-amino-7-hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1-jk][1]-benzazepin2[1I-
1]-one hydrogenation product or a salt thereof to selectively make a
stereoisomer of zilpaterol or a salt thereof, as well as the use of such a
zilpaterol stereoisomer or salt in methods of treatment and medicaments
for animals. 20 BACKGROUND OF THE INVENTION       [3] Zilpaterol is
a known adrenergic 13-2 agonist having the following structure:  25The
IUPAC name for zilpaterol is
4,5,6,7-tetrahydro-7-hydroxy-6-(isopropylarnino)
imidazo[4,5,1-jIcH1Thenzazepin-2(1H)-one. The Chemical Abstracts
name for zilpaterol is 4,5,6,7-tetrahydro-7-hydroxy-6-[(1-methyl-ethyl)
amino]-imidaw [4,5,1- jk][1]benzazepin-2( 1H)-one.       [4] The generic
structure encompassing zilpaterol has two chiral atoms:  WO
2008/092924PCT/EP2008/051206 2 H3C H3C HOH Chiral Carbons
Consequently, zilpaterol has four stereoisomers. These stereoisomers
may be identified as 5"(6R,7R)," "(6R,7S)," "(6S,7R)," and "(65,75)."
Racemic trans zilpaterol (i.e., a mixture of the (6R,712) and (65,75)
stereoisomers) has been identified in the literature as "RU42173." These
trans stereoisomers have the following structures: 



0 H3C H3C HOH (6S,7S) [51It is well known that zilpaterol, various
zilpaterol derivatives, and various pharmaceutically acceptable acid
addition salts of zilpaterol and its derivatives may, for 10example, be used
to increase the rate of weight gain, improve feed efficiency (i.e., decrease
the amount of feed per amount of weight gain), and/or increase carcass
leanness (i.e., increase protein content in carcass soft tissue) in livestock,
poultry, and/or fish. In US Patent 4,900,735, for example, Grandadam
describes zootechnical compositions of racemic trans zilpaterol and salts
thereof that may be used to increase the weight and meat 15  quality of
warm-blooded animals, including cattle, pigs, sheep, and poultry. And US
Patent 7,207,289 describes using ionophore/macrolide/zilpaterol dosing
regimens to increase beef production, reduce feed intake while
maintaining beef production, and reduce incidences of liver abscess in
cattle. [61Methods for making zilpaterol are known in the art. For example,
in US 20 Patent 4,585,770, Fthchet et al. discuss compounds
encompassed by a genus characterized as
6-amino-7-hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1-jk][1]-benzazepin-2[1
M-one  WO 2008/092924PCT/EP2008/051206 3 derivatives and
pharmaceutically acceptable acid addition salts thereof. The derivatives
correspond in structure to the following formula:       Here, R can be
various substituents, and the wavy lines indicate that the bonds to the 6- 5
amino and 7-0H groups have the trans configuration. This genus
encompasses racemic trans zilpaterol when R is isopropyl. 171The
methods reported in US Patent 4,585,770 use 4,5-dihydro-
imidazo[4,5,1-jk][1]benzazepin-2,6,7[1M-trione-6-oxime as an
inteunediate. This compound corresponds in structure to Formula (I): OH
10(1) As indicated in US Patent 4,585,770,
4,5-dihydro-imidazo[4,5,1-jk][1]benzazepin2,6,711M-trione-6-oxime may
be %lined from starting materials that have been long known in the art. US
Patent 4,585,770 illustrates the use of two such starting materials. In both
examples, the starting materials are used to form
5,6-dihydro-imidazo[4,5,1- 15 jk][1]benzazepin-2,741H,41Thdione, which,
in turn, may be used to make
4,5-dihydroimidazo[4,5,1-jk][1]benzazepin-2,6,7[11-1]-trione-6-oxime. [8]In
one of the examples in US Patent 4,585,770, the starting material is 1,3-
dihydro-1-(1-methyletheny0-2H-benzimidazol-2-one, which is described in
J. Chem. Soc. Perkins, p. 261 (1982):  



WO 2008/092924PCT/EP2008/051206 4
1,3-dihydro-1-(1-methyletheny1)-2H-benzimidazol-2-one US Patent
4,585,770 indicates that
1,3-dihydro-1-(1-methyletheny1)-2H-benzimidazol-2- one may be reacted
with an alkyl 4-halobutyrate (i.e., RA-(CE12)3-COORB (wherein RA is Cl,
Br, or I; and RB is CI-CI-alkyl), such as methyl or ethyl 4-bromobutyrate)
and a base 5(e.g., an alkali metal) to form a butanoate, which, in turn may
be hydrolyzed with an acid (e.g., H2SO4) in an alkanol (e.g., methanol or
ethanol) to remove the methylethenyl substituent. The hydrolysis product
then may be subjected to saponification by reacting it with a base (e.g.,
NaOH or KOH) in an alkanol to form a carboxylic acid. Subsequently, the
carboxylic-acid-terminated side chain may be cyclized to form 5,6-dihydro-
10imidazo[4,5,1-jk][1]benzazepin-2,741H,41-1]-dione by reacting the
carboxylic acid with thionyl chloride to obtain a chloride, and then treating
the chloride with a Lewis acid (e.g., aluminum chloride) in an organic
solvent (e.g., methylene chloride or dichloroethane):  WO
2008/092924PCT/EP2008/051206 5 0    dihydro-imidazo14,5,1-jk][1]
benzazepin-2,7-91H,4111-dione See US Patent 4,585,770, col. 4, line 3 to
col. 5, line 14; and Example 14, col. 12, lines 1- 68. 191In another
example in US Patent 4,585,770, the starting material is 1,3-
5dihydro-l-benzy1-2H-benzimidazol-2-one, which is described in Hely.,
Vol 44, p. 1278 (1961):  1,3-dihydro-l-benzy1-211-benzimidazol-2-one US
Patent 4,585,770 indicates that the
1,3-dihydro-1-benzy1-2H-benzirnidazol-2-one may be reacted with ethyl
4-bromobutyrate and sodium hydride to form 1,3-dihydro-2-oxo-3- 10
benzy1-1H-benzimidazol-1-butanoate, which, in turn may be subjected to
saponification by reacting it with methanolic NaOH to form
1,3-dihydro-2-oxo-3-benzy1-1H-  WO 2008/092924PCT/EP2008/051206 6



benzimidazol-l-butanoic acid. The butanoic acid side chain may then be
cyclized by reacting the
1,3-dihydro-2-oxo-3-benzy1-1H-benzimidazol-1-butanoic acid with thionyl
chloride to obtain a chloride, and then treating the chloride with aluminum
chloride in dichloroethane. The cyclized product, in turn, may be
hydrolyzed using o-phosphoric acid 5in phenol to form
5,6-dihydro-imidazo[4,5,1-jk][1]be1flazePin-2,741H,414]-di01See US
Patent 4,585,770, Example 1, Steps A-D, col. 6, line 10 to col. 7, line 35.
[10] Using the methods reported in US Patent 4,585,770, 5,6-dihydro-
imidazo[4,5,1-jk][1]benzazepin-2,741H,414]-dione may be reacted with an
alkyl nitrite (e.g., tert-butyl nitrite or isoamyl nitrite), in the presence of a
base or acid (e.g., HC1), to 10form
4,5-dihydro-imidazo[4,5,l-jk][1]benzazepin-2,6,7[1H1-trione-6-oxime. The
4,5- dihydro-imidazo[4,5,1-jk][1]benzazepin-2,6,7[11-1]-trione-6-oxime, in
turn, is reduced via catalytic hydrogenation (with, for example, hydrogen in
the presence of palladium on carbon) and/or sodium borohydride to form
racemic trans 6-amino-7-hydroxy-4,5,6,7-
tetrahydro-imidazo[4,5,1-jk][1]-benzazepin-2[1H]-one:    PH N   alkyl nitrite
& base or acid 01111?111111111?S    dihydro-imidazo[4,5,1-jkl (1]
benzazepin-2,7-910,4111-dione 4,5-dibydro-imidazot4,5,1-jk][1]
benzazepin-2,6,71131-trione-6-oxime  catalytic hydrogenation and/or
sodium borohydride   



El                  racetnic trans
6-amino-7-hydroxy-4,5,6,7-tetrahydro15imidazof4,5,1-jk][1]-benzazepin-2
11141-one In the illustrative example in US Patent 4,585,770, the
4,5-dihydro-imidazo[4,5,1- jk][1]benzazepin-2,6,7[11-1]-trione-6-oxime is
converted into racemic trans 6-amino-7-
hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1-jk][11-benzazepin-2[1Hkone in
two steps: the
4,5-dihydro-imidazo[4,5,1-jk][1]benzazepin-2,6,7[1H]4rione-6-0x1me is
first reacted with 20H2 in the presence of Pd carbon, and, then, after
filtration, the hydrogenation product is  WO
2008/092924PCT/EP2008/051206 7 reacted with sodium borohydride.
See US Patent 4,585,770, col. 2, line 50 to col. 4, line 2; and Example 1,
Steps E & F, col. 7, line 38 to col. 8, line 3.       [111 US Patent 4,585,770
reports that the trans stereoisomers of 6-amino-7-
hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1-jk][1]-benzazepin-2[1141-one
may be alkylated 5 with acetone in the presence of a reducing agent (e.g.,
an alkali metal borohydride or cyanoborohydride, such as sodium
cyanoborohydride) to form racemic trans zilpaterol: lisc\ CH3 I-13NFIN 0
H3CCH3 reducing agent racemic trans
6-amino-7-hydroxy-4,5,6,7-tetrahydro-
imidazo[4,5,1-jk1[11-benzazepin-211Hbone racemic trans zilpaterol
[12] In US Patents 5,731,028 and 5,847,124, Chevremont et al. discuss
crystallized anhydrous zilpaterol hydrochloride, and particularly
crystallized anhydrous 10zilpaterol hydrochloride wherein less than 5% of
the crystals have a size of less than 15 gm, and at least 95% of the
crystals have a size of less than 250 gm. According to Chevremont et al.,
such crystals may be incorporated into animal feed to increase body
weight and meat quality. Chevremont et al. provide methods for making
such crystals, and discuss using the crystals to make animal premixes in
which the crystals are secured to a corn cob support 15having a greater
particle size. They also discuss monohydrate and trihydrate intermediates
that can be useful in, for example, making the crystals.       [13] There is
an interest in processes that can be used to selectively make one
stereoisomer of zilpaterol over the other three stereoisomers. There is
particularly an interest in processes that can be used to selectively make
one trans stereoisomer (i.e., the 20trans(-) stereoisomer) over the other
three stereoisomers (i.e., over the other trans and 



both cis stereoisomers). It is contemplated that there may be benefits in
using compositions that contain mostly (or only) one zilpaterol
stereoisomer relative to racem c compositions or other compositions that
contain more equivalent amounts of two or more stereoisomers. Such
contemplated benefits may include, for example, greater efficacy, 25
greater target selectivity, improved handling characteristics, fewer side
effects, reduced drug tissue concentrations, and/or the ability to eliminate
another stereoisomer having adverse side effects.  WO
2008/092924PCT/EP2008/051206 8 1141 Applicants are unaware of any
known process for selectively synthesizing one stereoisomer of either
6-amino-7-hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1-jk][11-
benzazepin-2[1H]-one or zilpaterol over all their other three respective
stereoisomers. [151 There have been some discussions in the art relating
to use of single- 5 stereoisomer compositions of various adrenergic 0-2
agonists. Such discussions may be found in, for example, US Patent
6,110,974; US Patent Appl. Publ. 2005/0113456; US Patent Appl. Publ.
2002/0132830, and Int'l Patent Appl. PCT/EP2007/057036 (filed July 10,
2007). These discussions, however, provide no instruction for selectively
synthesizing one 6-amino-
7-hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1-jk][1]-benzazepin-2[1H]-one or
zilpaterol 10stereoisomer over all the other three respective
stereoisomers. Int'l Patent Appl. PCT/EP2007/057036, for example,
instead discusses separation techniques to isolate the trans(-) zilpaterol
stereoisomer from racemic trans zilpaterol. [161 US Patent 6,284,925
discusses a genus of cnantiomeric bisphosphine ligand     complexes that
reportedly may be used in enantioselective hydrogenations. The ligand 15
complexes correspond in structure to the following formula: R2 - RI
wherein RI, R2, R3, R4, and R5 are selected from a range of substituents;
and M is defined as "a metal atom or metal ion of the subgroup [B group]
8, e.g., Ni, Co, Rh, Ru, Ir, Pd, Re, or Pt." US Patent 6,248,925 illustrates
the use of such ligand complexes for the enantioselective 20
hydrogenation of the aLkene in acetamido acrylates:  o cH3  li2 ligand
complex  0jv C (0 RN  CH3 



In these illustrations, R is hydrogen, phenyl, or 2-naphthyl; and R' is
hydrogen or methyl. US Patent 6,248,925, however, does not discuss
double-hydrogenations of a ketooxime to selectively make a stereoisomer
of an aminoalcohol.  WO 2008/092924PCT/EP2008/051206 9 [171 US
Patent 6,348,620 discusses enantioselective hydrogenations of
ketoesters: X 0H2X 0 catalyst R'OR a?Nnil?OR R"R" wherein Xis 0,
CHR", NR", NNHR"; n is zero, 1, 2, or 3; and R, R', and R" are selected
from a range of substituents. US Patent 6,348,620 reports that this
hydrogenation may be 5catalyzed by bisphosphine ligand complexes
corresponding in structure to the following formula: R2 R  123 PR42 PR42
m wherein R1, R2, R3, R4, and R5 are selected from a range of
substituents; and M is defined as "a metal atom or metal ion of the
subgroup 7 or 8 such as, e.g., Co, Ni, Rh, Ru, Ir, Pd, Re, or 10Pt." US
Patent 6,348,620 does not discuss double-hydrogenations of a ketooxime
to selectively make a stereoisomer of an aminoalcohol.       [18] US Patent
Appl. Publ. 2006/0241315 discusses a genus of enantiomeric
bisphosphine ligands that reportedly may be used in complexes with
transition group VIII metals for enantioselective hydrogenations. The
ligands correspond in structure to the 15following formula: R4R3 R3A R3.
2( )3 R 2 



H I Fe)R /11 R3 V\-- R2 It4.",44- 4 R3R3 wherein 12], R2, R3, and Fe are
selected from a range of substituents. US Patent Appl. Publ.
2006/0241315 focuses on and illustrates the use of such ligands for the
enantioselective  WO 2008/092924PCT/EP2008/051206 hydrogenation of
alkenes. US Patent Appl. Pub!. 2006/0241315, however, does not discuss
double-hydrogenations of a ketooxime to selectively make a stereoisomer
of an aminoalcohol. [19] Japanese Patent Ref. 2915161 discusses a
process for preparing optically 5active aminoalcoho Is from ketooximes. It
characterizes this process as a two-step process: oOHOH RI STEP 1 R
RSTEP 21.--\2"-R2 No?ape.  NOHNOHNH,
ketooximehydroxyoximeaminoalcohol wherein RI and R2 are
independently selected optionally substituted Cr-Cm-alkyl, cycloalkyl, or
aryl. As opposed to a one-step process that uses the same reaction
conditions for both reactions, Japanese Patent 2915161 discusses use of
different reaction 10conditions for each reaction. Japanese Patent
2915161 characterizes the first step as a hydrogenation that may be
carried out with H2 in the presence of a monovalent rhodium complex and
a ligand. The ligand corresponds in structure to the following formula: H3C
R3 PPh2 PPh2 



wherein Fe is ferrocene, and R3 is hydroxy or an amine substituted with
alkyl or 15cycloalkyl. Japanese Patent 2915161 characterizes the second
step as a reduction that may be carried out using a metal hydride or using
hydrogenation with H2 in the presence of a Raney nickel or rhodium
catalyst. Japanese Patent 2915161 does not discuss
double-hydrogenations of any ketooxime to selectively form a
stereoisomer of 6-amino-7-
hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1-jk][1]-benzazepin-2[1H]-one or a
salt thereof 20[20] Japanese Patent Ref 2001-106664 discusses two-step
hydrogenations of ketooximes. In the first step, the keto group is reduced
using hydrogen with a homogeneous catalyst that comprises a metal
complex of a ligand with a metal from transition group VIII. In the second
step, the oxime group is reduced with borane. This reference does not
discuss double-hydrogenations of any ketooxime to selectively form a
25stereoisomer of
6-amino-7-hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1-jk][1]-benzazepin-
2[1H]-one or a salt thereof  11        [21] Thus, there still exists a need for
processes (particularly commercially-viable processes) that may be used
to selectively make a stereoisomer of 6-amino-7-
hydmxy-4,5,6,7-tetrahydro-imidazo[4,5,1-jk][1]-benzazzpin-2[1111-one,
and, in turn, a stereoisomer of zilpaterol, particularly a trans stereoisomer.
This invention provides such a process. SUMMARY       [21a] In a first
aspect, there is provided a process for selectively making a stereoisomer
of
6-amino-7-hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1-jk][1]-benzazepin2[1F
II-one or a salt thereof, wherein: the process comprises reacting
4,5-dihydroimidazo[4,5,1-jk][1ibenzazepin-2,6,7[11-1]-trione-6-oxime or a
salt thereof with H2 in the presence of a catalyst; and the catalyst
comprises a metal complex of at least one ligand with at least one metal
from transition group VIII.        [2114 In a second aspect, there is provided
a process for selectively making a stereoisomer of zilpaterol or a salt
thereof, wherein the process comprises reacting 4,5-
dihydro-imidazo[4,5,1-jk][1]benzazepin-2,6,711Hprione-6-oxime with H2 in
the presence of a catalyst as defined above to form
6-amino-7-hydroxy-4,5,6,7-tetrahydroimidazo[4,5,1-jk][11-benzazePin-2[1
H)-one or a salt thereof. [22]Briefly, therefore, this disclosure is directed, in
part, to a process for selectively synthesizing a stereoisomer of
6-amino-7-hyciroxy-4,5,6,7-tetrahydr0imidazo[4,5,1-jk][1]-benz8zepin-2[1fi
l-0ne or a salt thereof (also known as "7-amino-6- -one"). This process
comprises reacting
4,5-dihydro-imidazo[4,5,1-jk][1]benzazepin-2,6,7[1113-trione-6-oxime
(also known as nimidazo[4,5,1-jk][I]benzazepine-2,6,7(1H)-trione,
4,5-dihydro-, 6-oxime" or
"8,9-dihydro-2H-2,9a-diazabenzo[cd]azulene-1,6,7-trione-7-oxime") or a
salt thereof with 112 in the presence of a catalyst. The catalyst comprises
a metal complex of a ligand with a metal from transition group VIII [23]This
disclosure also is directed, in part, to a process for selectively synthesizing
a stereoisomer of zilpaterol or a salt thereof This process comprises
reacting
4,5-thlayclro-imidazo[4,5,1-jk][1]benzazepin-2,6,7[111]-trione-6-oxime with
H2 in the presence of a catalyst to selectively form a stereoisorner of
6-amino-7-hydroxy-4,5,6,7-
tetrahydro-imidazo[4,5,1-jk][1]-benzazepin-2[1111-one or a salt thmeof,
which, in turn, is converted to zilpatesol or a salt thereof. The catalyst
used in the reaction fanning the 6-
amino-7-hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1-jk][11-benzazepin-2[1H]
-one (or a salt thereof) comprises a metal complex of a ligand with a metal
from transition group VIM  11a         [24] This disclosure also is directed, in
part, to a method of feeding an animal. This method comprises feeding to
an animal (e.g., a bovine animal, a swine animal, a sheep, or a bird) a
zilpaterol stereoisomer selectively made by a process of this disclosure.
Such feeding methods may be used, for example, to increase the animal's
rate of weight gain, improve the animal's feed efficiency, and/or increase
the animal's carcass leanness,         [25] This disclosure also is directed,
in part, to use for a zilpaterol stereoisomer selectively made by a process
of this disclosure to make a medicament. Potential uses for such a
medicament include increasing an animal's rate of weight gain, improving
an animal's feed efficiency, and/or increasing an animal's carcass
leanness.  12        [26] Further benefits of Applicants' disclosure will be
apparent to one skilled in the art from reading this specification. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS       [271
This detailed description of preferred embodiments is intended only to
acquaint others skilled in the art with Applicants' invention, its principles,
and its practical application so that others skilled in the art may adapt and
apply the invention in its numerous forms, as they may be best suited to
the requirements of a particular use. This detailed description and its
specific examples, while indicating preferred embodiments of this
invention, are intended for purposes of illustration only. This invention,
therefore, is not limited to the preferred embodiments described in this
specification, and may be variously modified.       [28] This invention is
directed, in part, to a process for selectively synthesizing a stereoisomer
of
6-amino-7-hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1-jk][1]-benzazepin2[lH]
-one from
4,5-dihydro-imidazo[4,5,1-jk][l]benzazepin-2,6,7[1H]-trione-6-oxime:
N-OHHOH2 4,54111rydro-imida2o)4,54-Jki Ill
beanzepie-24,711111-trione-6-oxime 6-sairo-7-kydroxy-44.6,7-tetrabYdro-
imidasof4.5,1-Jkl[11-benznepim-211H1-ose  This is a
double-hydrogenation reaction. Each wavy line in the product structure
represenThs that the corresponding substituent may have either an R. or
S configuration. In other words, this process may be used to selectively
make one of the four possible stereoisomers:  6R,7R6S,7S transIrons
Formula (11a)Formula a)  WO 2008/092924PCT/EP2008/051206 13
The term "selective," as used in this context, means that the amount of
one stereoisomer made by the process constitutes greater than 50% (and
more typically greater than about 60%, greater than about 75%, or greater
than about 85%) of the total amount of all the 6-
amino-7-hydroxy-4,5,6,7-tetrahydro-imidazo [4,5,1-j lc] [1]-benzazepin-2
[IHI-one 5stereoisomers made. It has been discovered that the process of
this invention is particularly suitable for selectively synthesizing a trans
isomer of
6-amino-7-hydroxy4,5,6,7-tetrahydro-imidazo[4,5,1-jk][11-benzazepin-2[1
HI-one. In some embodiments, the process is used to selectively make
the 6R,7R trans isomer (Formula (Ila)).       [29] It has been discovered in
accordance with this invention that this double- 10 hydrogenation reaction
can be advantageously performed in a one-pot and single-step process.
Specifically, when
4,5-dihydro-imidazo[4,5,1-jk][1]benzazepin-2,6,7[11-1]-trione6-oxime is
reacted to form 6-amino-7-hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1-jkl[1]-
benzazepin-2[1H]-one, two hydrogenation reactions occur: the
hydrogenation of a ketone to form a hydroxy, and the hydrogenation of an
oxirne to form an amine. Both these 15reactions occur using the reaction
conditions of this invention employing the same 



catalyst. Thus, it is unnecessary to isolate any intermediate and/or subject
the reaction mixture to separate hydrogenation conditions to initiate or
complete the second of the two hydrogenation reactions. This translates
into, for example, potential savings with respect to manpower, equipment
costs, solvent use, and loss of any reagent or product that may 20occur
during any isolation step; or avoidance of any potential epimerization of
the first- generated stereocenter while generating the second.       [30] The
4,5-dihydro-imidazo[4,5,1-jk][1]benzazepin-2,6,7[1M-trione-6-oxime
reagent may be prepared from commercially available ingredients using,
for example, methods known in the art. As indicated above in the
Background of the Invention section, 25such methods include those
described in US Patent 4,585,770 (the fill text of US Patent 4,585,770 is
incorporated by reference into this patent).  WO
2008/092924PCT/EP2008/051206 14       [311 The catalyst used in the
process of this invention comprises a metal complex of a chiral ligand and
a metal from transition group VIII of the Periodic Table of the Elements.
Although the metal complex is normally made from a single ligand and a
single metal from transition group VIII, the metal complex may comprise
additional 5ligands and/or metals. 1321In general, the catalyst comprises
a homogeneous catalyst, i.e., essentially all (or all) the catalyst is
dissolved. In some embodiments, at least about 50% (and, more
preferably, at least about 75%, at least about 90%, at least about 95%, at
least about 98%, at least about 99%, at least about 99.9%, or about
100%) by weight of the catalyst is 10dissolved in the solvent.       1331 In
some embodiments, the Eigand comprises one or more ligands
corresponding in structure to Formula (A) or Formula (B): R3R6 R3is..R3
R3 R3 R3 R3 (B) (A) Here, Each of RI, R2, R5, and R6 is independently
hydrogen, C1-C6-alkyl, 15hydroxy, or C1-Co-alkoxy. Any such
C1-Co-allcyl or C1-05-alkoxy is, in turn, optionally substituted by one or
more halogen. Each R3 is independently hydrogen or Ci-C6-alkyl. Each
R4 is independently hydrogen, C1-C6-alkyl, or NR7128. 



WO 2008/092924PCT/EP2008/051206 15      Each of R7 and R8 is
independently hydrogen or C1-Co-alkyl. Alternatively, R7 and R8, together
with the nitrogen to which they are commonly attached, form a saturated
heterocycle. 1341 The term "independently" is used to characterize each
substituent as being 5selected independent of the other substituents.
Thus, for example, each RI is selected independent of the other R1, R2,
R5, and R6 substituents, and, therefore, may be the same as or different
than each of the other R' substituents, as well as the same as or different
than each of the R2, R5, and R6 substituents.         [35] In instances
wherein both R4's in Formula (A) are NR7R8, each NR7R8 10 substituent
is independently selected. Thus, for example, it is possible that in one of
the R4 substituents, the R7 and R8 are independently hydrogen or
CI-Co-alkyl, while in the other R4 substituent, R7 and R8 (together with
the nitrogen to which they are commonly attached) thou a saturated
heterocycle.         [36] In some embodiments, each R3 is identical to the
other R3 substituents. In 15 some such embodiments, for example, each
R3 is hydrogen. Here, the ligand corresponds in structure to Formula (AA)
or Formula (BB):          [37] In some embodiments, each 121 is
independently hydrogen or CI-Co-alkyl optionally substituted by one or
more halogen. In some such embodiments, for example, each RI is
independently hydrogen or methyl optionally substituted by one or more
20 halogen. In some such embodiments, each RI is independently
hydrogen, CH3, or CF3. In some embodiments, each R1 is identical to the
other 12.1 substituents. In some such  WO
2008/092924PCT/EP2008/051206 16 embodiments, for example, each RI
is H. In other embodiments, each RI is CH3. And, in still other
embodiments, each RI is CF3.       1381 In some embodiments, each R2
is independently hydrogen or C1-05-allcoxy. In some embodiments, each
R2 is independently hydrogen or methoxy. In some 5embodiments, each
R2 is identical to the other R2 substituent(s). In some such embodiments,
for example, each R2 is hydrogen. And, in other embodiments, for
example, each R2 is methoxy.       [39] In some embodiments, each R4 is
independently C1-05-alkyl or NR7R8. In some such embodiments, for
example, an R1 is methyl. In other embodiments, an R4 is 10
independently selected NR7R8. In some embodiments wherein the ligand
corresponds to Formula (A), each IC is identical to the other R4
substituent. In some such embodiments, for example, each R4 is NR7R8 .
[401 In some embodiments, each R5 is independently C1-Co-alkyl
substituted by one or more halogen. In some embodiments, each R5 is
identical to the other R5 15substituents. In some such embodiments, for
example, each R5 is independently methyl substituted by one or more
halogen. In other embodiments, each R5 is CF3. 



[411In some embodiments, each R6 is identical to the other R6 subst
tuent. In some such embodiments, for example, each R6 is hydrogen.
[42]In some embodiments, each of R7 and R8 is independently
CI-Cs-alkyl. In 20 some embodiments, for example, each of R7 and R8 is
methyl. In some such embodiments wherein the ligand corresponds to
Formula (A), each le is dimethylamino (N(CH3)2)-       [431 In somc
embodiments, R7 and R8, together with the nitrogen to which they are
commonly attached, foton a saturated heterocycle. The saturated
heterocycle preferably has a total of 5 to 6 ring atoms. At least one ring
atom is nitrogen (i.e., the 25nitrogen to which Fe and Rs are commonly
attached). The remaining ring atoms are independently selected from the
group consisting of carbon, oxygen, nitrogen, and sulfur. Examples of
such heterocycles include pyrrolidinyl, piperidinyl, and morpholinyl.
[441 In some embodiments wherein the ligand corresponds to Formula
(A), each 124 is a saturated heterocycle. 30[451 In some embodiments,
R7 and Rs, together with the nitrogen to which they are commonly
attached, form a pyrrolidinyl. In some such embodiments wherein the
ligand corresponds to Formula (A), each R4 is a pyrrolidinyl.       [461 In
some embodiments, the ligand corresponds to Formula (A). In some such
embodiments, for example, each RI is H. In other embodiments, each RI
is CH3. In  WO 2008/092924PCT/EP2008/051206 17 other embodiments,
each R' is CF3. In other embodiments, each R2 is H. In other
embodiments, each R2 is 0CH3. In other embodiments, each R3 is H. In
other embodiments, each R4 is N(CH3)2. And, in other embodiments,
each R4 is pyrrolidinyl. 147] Examples of ligands corresponding in
structure to Formula (A) include, for 5 example, the ligand corresponding
in structure to Formula (4-1) (i.e., a ligand wherein each RI is CH3, each
R2 is OCH3, each R3 is H, and each R4 is N(CH3)2):  C113 oNCH3 CH3
CH3 0 CH3  This and other such ligands are discussed in, for example,
US Patent Appl. Publ. 2006/0241315 (incorporated by reference into this
patent). 10[481Examples of ligands encompassed by Formula A also
include, for example, the enantiomer of Formula (A-1). That cnantiomer
corresponds to Formula (A-1B): 



[49] Examples of ligands encompassed by Formula (A) also include, for
example, the ligand corresponding in structure to Formula (A-2) (i.e., a
ligand wherein each R1 is H, each R2 is H, each R3 is H, and each R4 is
N(CH3)2) or the enantiomer 5thereof: (A-2). The ligand of Formula (A-2)
and other such ligands are discussed in, for example, US Patent
6,348,620 (incorporated by reference into this patent). [50] Examples of
ligands encompassed by Formula A also include, for 10 example, the
ligand corresponding in structure to Formula (A-3) (i.e., a ligand wherein
each RI is CF3, each R2 is H, each R3 is H, and each R4 is N(CH3)2) or
the enantiomer thereof:  WO 2008/092924PCT/EP2008/051206 19  (A-3).
[511 Examples of ligands encompassed by Formula A also include, for
example, the ligand corresponding in structure to Formula (A-4) (i.e., a
ligand wherein    each R.1 is H, each R2 is H, each R3 is H, and each R4
is pyrrolidinyl) or the enantiomer 5thereof: (A-4).       1521 In some
embodiments, the ligand corresponds to Formula (B). In some such
embodiments, for example, each R1 is CH3. In other embodiments, each
R2 is OCH3. In other embodiments, each R3 is H. In other embodiments,
each R4 is CH3. In other 10 embodiments, each R5 is independently
methyl substituted by one or more halogen. In other embodiments, each
R5 is CF3. And, in other embodiments, each R6 is H.       1531 Examples
of ligands encompassed by Formula (B) include, for example, the ligand
corresponding in structure to Formula (B-1) (i.e., a ligand wherein R1 is
CH3,  WO 20081092924PCT/EP2008/051206 20 each 122 is OCH3,
each R3 is H, R4 is CH3, each 113 is CF3, and each R6 is H) or the
enantiomer thereof:  (B-1).         [541 A wide range of other ligands also
are generally suitable for this reaction. 5Such ligands include, for
example, ligands (and enantiomers thereof) corresponding in 



structure to the following:    C-2          WO
2008/092924PCT/EP2008/051206 25    C-29  C-31 [551The selectivity of
the reaction toward a particular stereoisomer product can generally be
changed toward its enantiomer product by using the other enantiomeric
form of the catalyst ligand.        [56] Metals from transition group VIII
include iron ("Fe"), cobalt ("Co"), nickel ("Ni"), rhodium ("Rh"), ruthenium
("Ru"), iridium ("Ir"), osmium ("Os"), platinum ("Pt"), and palladium ("Pd").
In some embodiments, the transition group VIII metal comprises one or
more of rhodium, ruthenium, and iridium.        [57] In some embodiments,
the metal complex comprises ruthenium. 1581 In some embodiments
wherein the metal complex comprises ruthenium, the 10 metal complex
comprises RuC12Ligand(DMF)x, wherein x is a number greater than zero.
The acronym "DMF" corresponds to dimethylformamide, which also is
known asdimethylformamide." This complex can generally be prepared
by, for example, mixing [Ru(C6H6)C1212 with the ligand in DMF at 100C
for 10 min.            1591 In other embodiments wherein the metal complex
comprises ruthenium, the 15 metal complex comprises
[Ru(ligand)(p-cymene)C11C1. This complex can be prepared by, 



WO 2008/092924PCT/EP2008/051206 26 for example, mixing
[Ru(p-cymene)C12]2 with the ligand in ethanol or an
ethanol/dichloromethane solvent mixture at 50C for 2 hours.         [60] In
other embodiments wherein the metal complex comprises ruthenium, the
metal complex comprises Ru(ligand)Br2. This complex can be prepared
by, for example, 5mixing Rh(1,5-cyclo-octadiene)(2-methylally1)2, the
ligand, and HBr in acetone.       [61] In other embodiments wherein the
metal complex comprises ruthenium, the metal complex comprises
Ru(ligand)(acetylacetonate)2 (or "Ru(ligand)(acac)21). This complex can
be prepared by, for example, mixing
[Ru(n4-2,4-C6H10)(acetylacetonate)21 and the ligand in tetrahydrofuran
("THF"). 10[62] In some embodiments where the metal complex
comprises ruthenium, the ligand comprises one or more ligands selected
from the group consisting of Formula (C- 1), Formula (C-2), Formula
(C-6), Formula (C-7), Formula (C-8), Formula (C-9), Formula (C-11),
Formula (C-12), Formula (C-13), Formula (C-14), Formula (C-16),
Formula (C-17), Formula (C-21), Formula (C-22), Formula (C-25),
Formula (C-28), 15 Formula (C-29), Formula (C-30),Formula (C-31), and
the enantiomers thereof.       [63] In some embodiments, the metal
complex comprises rhodium [64] In some embodiments wherein the metal
complex comprises rhodium, the metal complex may be prepared from
[Rh-Z-diene]climer. Here, Z is halogen. Examples     of such rhodium
compounds include, for example, [RhC1(1,5-cyclo-octadiene)]2,
20[RhC1(1,5-hexaadiene)]2, and [RhC1(1,5-norborriadiene)]2.       [65]
Alternatively, the metal complex comprising rhodium may be prepared
from, for example, [Rh-(diene)2IY. Here, Y is [BEI], [C1041, [PF61, or
another anion that has no ligand capacity. Examples of such rhodium
compounds include, for example, [Rh(norbornadiene)2I C104-,
[Rh(1,5-cyclo-octadiene)2]C104-, [Rh(1,5-cyclo- 25octadiene)2IBF4- (also
known as "Rh(COD)2BF4"), [Rh(1,5-cyclo-octadiene)2]+EF6,
[Rh(1,5-hexadiene)2]+C104-, [Rh(1,5-hexadiene)2IBE4-,
[Rh(1,5-hexadiene)2]tFF6 [Rh(norbomadiene)2IBF4-, and
[Rh(norbornadiene)21 EF6-.       [66] The metal complex catalyst may be
prepared from the above rhodium compounds by, for example, mixing the
ligand with the rhodium compound at a molar 30 ratio of ligand-to-rhodium
of about 1:1. In some such embodiments, a slight excess of ligand is
used. In some embodiments, the ligand and rhodium compound are mixed
in the presence of a solvent (e.g., a solvent used in the hydrogenation
reaction or dichloromethane) before being added to the reaction mixture.
In other embodiments, the ligand and rhodium compound are mixed by
being separately added to the hydrogenation  WO
2008/092924PCT/EP2008/051206 27 reaction mixture. In these
embodiments, the ligand/rhodium mixture preferably is used within about
3 hours of its preparation.       1671 In some embodiments, the catalyst
comprises Rh(1,5-cyclooctadiene)ligandBF4 (or "Rh(COD)ligandBF4").
5[68] In some embodiments where the metal complex comprises rhodium,
the ligand comprises one or more ligands (or stere,oisomers thereof)
selected from the group consisting of ligands corresponding to Formula
(A) and Formula (B). In some such embodiments, for example, the ligand
comprises one or more ligands selected from the group consisting of
ligands corresponding to Formula (AA) and Formula (BB). In other 10
such embodiments, the ligand may, for example, comprise one or more
ligands selected from the group consisting of ligands corresponding to
Formula (A-1), Formula A-2), Formula (A-4), Formula (B-1), and the
enantiomers thereof.         [69] In some embodiments where the metal
complex comprises rhodium, the ligand comprises one or more ligands
selected from the group consisting of ligands 



15 corresponding to Formula (C-1), Formula (C-2), Formula (C-3),
Formula (C-4), Formula (C-5), Formula (C-10), Formula (C-15), Formula
(C-18), Formula (C-19), Formula (C-20), Formula (C-23), Formula (C-24),
Formula (C-26), Formula (C-27), Formula (C-31), and the enantiomers
thereof.         [70] The molar ratio of
4,5-dihydro-imidazo[4,5,1-jk][1]benzazepin-2,6,7[1F1]- 20 trione-6-oxime
to the catalyst charged to the hydrogenation reactor may vary. The ratio
preferably is no less than about 10:1. In some embodiments, for example,
the ratio is at least about 25:1, at least about 50:1, at least about 100:1, or
at least about 200:1. In some embodiments, the ratio is from about 50:1 to
about 500:1, from about 50:1 to about 400:1, or from about 50:1 to about
200:1. In some such embodiments, for example, the ratio is 25  from
about 50:1 to about 150:1, from about 50:1 to about 100:1, or about 50:1.
In other embodiments, the ratio is from about 100:1 to about 200:1, or
from about 100:1 to about 150:1.       [71] The hydrogenation of
4,5-dihydro-imidazo[4,5,1-jk][1]benzazepin2,6,7[11-i]-trione-6-oxime (or its
salt) is generally conducted in a solvent. Various solvents 30 may be
used. The solvent preferably is non-reactive with the reagents, products,
and any other ingredients in the reaction mixture. Examples of such
solvents generally include, for example, methanol, water, tetrahydrofuran,
isopropyl alcohol, toluene, ethyl acetate, and dimethylformamide. In some
embodiments, the solvent comprises methanol, water, tetrahydrofuran, or
isopropyl alcohol. In some such embodiments, for example, the  WO
2008/092924PCT/EP2008/051206 28 solvent comprises methanol. In
other embodiments, the solvent comprises isopropyl alcohol. Other
solvents are contemplated, such as, for example, formamides (e.g., N-
methylpyrrolidinone), aliphatic alcohols (e.g., ethanol), chlorinated
hydrocarbons (e.g., chloroform), ethers (e.g., dioxane), aromatic
hydrocarbons (e.g., benzene), and esters (e.g., 5methyl acetate). 1721
Mixtures of solvents also may be used. Such mixtures may, for example,
comprise two or more of methanol, water, tetrahydrofuran, isopropyl
alcohol, toluene, ethyl acetate, dimethylformamide, and dichloromethane
("DCM"). In some embodiments, the solvent comprises two or more of
methanol, water, tetrahydrofuran, or isopropyl 10alcohol. In some such
embodiments, for example, the solvent comprises methanol and water,
methanol and tetrahydrofuran, isopropyl alcohol and tetrahydrofuran, or
toluene and tetrahydrofiiran. In other embodiments, for example, the
solvent comprises methanol and water. The volume ratio may vary in
solvent mixtures. To illustrate, in some embodiments when the solvent
comprises methanol and tetrahydrofuran, the volume ratio 15of methanol
to tetrahydrofuran may be, for example, about 1:1. In some embodiments
when the solvent comprises toluene and tetrahydrofuran, the volume ratio
of toluene to tetrahydrofuran may be, for example, about 1:1. In some
embodiments when the solvent comprises methanol and water, the
volume ratio of methanol to water may be, for example, about 10:1. In
some embodiments wherein the solvent comprises methanol and 20
DCM, the volume ratio of methanol to DCM is about 24:1. 1731Typically,
the amount of solvent is sufficient to, for example, prevent (or essentially
prevent) the reagents, products, and other ingredients in the reaction
mixture from sticking to the reactor, and promote homogenous distribution
of the reagents. To illustrate, in some embodiments, the ratio of solvent to
4,5-dihydro-imidazo[4,5,1- 25jk][1)benzazepin-2,6,7[11-11-trione-6-oxime
may be, for example, from about 34 to about 35 ml/g. In other
embodiments (e.g., laboratory scale embodiments), the ratio of solvent to
4,5-dihydro-imidazo[4.5,1-jk][11benzazepin-2,6,7[1ft-trione-6-oxime may
be, for example, from about 43 to about 44 ml/g. And in some
embodiments, the ratio of solvent (e.g., methanol/DCM at a volume ratio
of 24:1) to 4,5-dihydro-imidazo[4,5,1- 30
jk][1]benzazepin-2,6,7[11-1]-trione-6-oxime may be, for example, from
about 22 to about 23 ml/g.       [74] In some embodiments, the
hydrogenation of 4,5-dihydro-imidazo[4,5,1-
jk][1]benzazepin-2,6,7[11-1]-trione-6-oxime (or its salt) may be conducted
in the presence of a base. In some embodiments, the base comprises one
or more inorganic bases, such as,  WO
20081092924PCT/EP2008/051206 



29 for example, potassium hydroxide ("KOH"). In other embodiments, the
base comprises one or more organic bases, such as, for example,
triethylamine. In still other embodiments, the base comprises both
inorganic and organic bases. The amount of base may vary. In some
embodiments for example, the concentration of base in the reaction
5mixture at the beginning of the hydrogenation is no greater than about 3
eq. (or from about Ito about 2 eq.) relative to the amount of
4,5-dihydro-imidazo[4,5,1-jkli Hbenzazepin2,6,7[1H]-trione-6-oxime (or its
salt).          [75] In some embodiments wherein the hydrogenation is
conducted in the presence of a base, the catalyst comprises ruthenium. In
other embodiments wherein the 10hydrogenation is conducted in the
presence of a base, the catalyst comprises rhodium.       [76] In some
embodiments wherein the hydrogenation is conducted in the presence of
an base (e.g., KOH), the catalyst ligand comprises a ligand selected from
the group of ligands selected from the group consisting of Formula (C-1),
Formula (C-2), Formula (C-3), Formula (C-6), Formula (C-7), Formula
(C-8), Formula (C-9), 15 Formula (C-11), Formula (C-12). Formula (C-13),
Formula (C-14), Formula (C-16) , Formula (C-17), Formula (C-21) ,
Formula (C-25), Formula (C-28), Formula (C-30), and the enantiomers
thereof.       1771 In some embodiments, the hydrogenation of
4,5-dihydro-imidazo[4,5,1- jk][1]benzazepin-2,6,7[11-1]-trione-6-oxime (or
its salt) may be conducted in the presence 20of an acid. The presence of
an acid may, for example, stabilize the reaction, accelerate the reaction,
and/or increase conversion. In some embodiments, for example, the acid
comprises one or more strong inorganic acids, such as, for example, a
mineral acid, such as sulfuric acid ("H2SO4"). In other embodiments, the
acid comprises one or more strong organic acids, such as, for example,
trifluoroacetic acid ("CF3CO2H"). In still other 25embodiments, the acid
comprises both inorganic and organic acids. The amount of acid may
vary. In some embodiments for example, the concentration of acid in the
reaction mixture at the beginning of the hydrogenation is no greater than
about 3 eq. (or from about 1 to about 2 eq.) relative to the amount of
4,5-dihydro-imidazo[4,5,1-jk][1]benzazepin2,6,7[1F1]-trione-6-oxime (or its
salt). 30[781 In some embodiments wherein the hydrogenation is
conducted in the presence of a acid, the catalyst comprises ruthenium. In
other embodiments wherein the hydrogenation is conducted in the
presence of a acid, the catalyst comprises rhodium. 1791 In some
embodiments wherein the hydrogenation is conducted in the presence of
an acid (e.g., CF3CO2H), the catalyst ligand corresponds in structure to
WO 2008/092924PCT/EP2008/051206 30 Formula (A-2) or the
enantiomer thereof. In other embodiments wherein the hydrogenation is
conducted in the presence of an acid, the catalyst ligand comprises a
ligand selected from the group of ligands selected from the group
consisting of Formula (A-1), Formula (A-4), Formula (B-1), Formula (C-3),
Formula (C-5), Formula (C-19), 5Formula (C-24), Formula (C-26), and the
enantiomers thereof. 1801The hydrogenation of
4,5-dihydro-imidazo[4,5,1-jk][1]benzazepin- 2,6,7[1H]-trione-6-oxime (or
its salt) may be conducted over a wide range of temperatures. Typically,
the reaction is conducted at a temperature that is not greater than the
boiling point of the solvent, and more typically is less than the boiling
point. In 10general, the temperature preferably is no greater than about
90C. The temperature also preferably is at least about 20C during at least
a portion (and, more preferably, essentially all, or all) of the reaction. In
some embodiments, for example, the temperature is from about 20 to
about 80C, or from about 25 to about 80C. In some such embodiments,
the temperature is no greater than about 45C, from about 25 to about
45C, or from about 35 



15to about 45C. For example, the temperature in some embodiments is
from 35 to about 40C, while the temperature in other embodiments is from
about 40 to about 45C. In other embodiments, the temperature is from
about 50 to about 80C, from about 50 to about 75C, or from about 50 to
about 65C. Although lesser temperatures than the above ranges may
generally be used, such temperatures tend to coincide with slower
reaction 20rates. And, although greater temperatures may generally be
used, such temperatures may coincide with greater production of
undesirable byproducts.       [811 The hydrogenation of
4,5-dihydro-imidazo[4,5,l-jk][l]benzazepin2,6,7[1M-trione-6-oxime (or a
salt thereof) is generally conducted in the presence of H2 or a source of
H2. In some embodiments, for example, the hydrogenation is conducted
in the 25 presence of EI2 or a mixture of H2 and an inert gas. The
hydrogenation may be conducted over a wide range of H2 pressures. In
general, the H2 pressure is preferably at least about 1 bar, and generally
greater than atmospheric pressure. The pressure also preferably is no
greater than about 80 bars. In some embodiments (e.g., laboratory scale
embodiments), for example, the pressure is from about 10 to about 70
bars, or from about 20 to about 70 30bars. In some such embodiments,
the pressure is from about 20 to about 60 bar. In other embodiments, the
pressure is from about 40 to about 65 bars. For example, in some
embodiments, the pressure is from about 40 to about 50 bar. In other
embodiments, the pressure is from about 60 to about 65 bars. In some
embodiments, the H2 pressure is less  WO
2008/092924PCT/EP2008/051206 31 than about 25 bar, less than about
16 bar, from about 2 to about 12 bar, from about 2 to about 7 bar, or from
about 2 to about 5 bar. 1821 The preferred reaction time (or residence
time for a continuous reactor) will vary, and will depend on various factors,
which may include, for example, the reaction 5temperature, catalyst type,
catalyst concentration, H2 pressure, 4,5-dihydro-imidazo[4,5,1-
jk][1]benzazepin-2,6,7[11-1]-trione-6-oxime concentration, molar ratio of
4,5-dihydroimidazo[4,5,1-jk][1]benzazepin-2,6,7[11-1]-trione-6-oxime to
catalyst, characteristics of the solvent, presence of a base or acid, reactor
configuration and size, rate of conversion acceptable to the user, etc. In a
batch reactor, the reaction time is generally greater than 10about 1
minute, more typically greater than about 30 minutes, still more typically
greater than about 2 hours, and still yet more typically greater than about
5 hours. The reaction time typically is no greater than about 36 hours, and
more typically no greater than about 24 hours. In some embodiments, the
reaction time is, for example, from about 18 to about 24 hours. Although
reaction times less than these typical ranges may be used, such
15reaction times may coincide with lesser conversions. And, although
greater reaction times may be used, such reaction times may coincide
with greater production of impurities or inefficient use of equipment or
manpower. [831 The reactor used for the double-hydrogenation may
comprise various reactor types. In some embodiments, for example, the
reactor is a stirred-tank reactor. 20Glass and glass-lined reactors are
typically suitable, although any composition stable when exposed to the
reaction mixture may be used. [84]Purification or isolation of the
double-hydrogenation product may be achieved using, for example,
various methods known in the art. This purified product may, in turn, be
used to selectively make a stereoisomer of zilpaterol or a salt thereof.
25Alternatively, the double-hydrogenation product may, for example, be
used to selectively make a stereoisomer of zilpaterol (or a salt thereof)
without further purification or isolation. [851In general, the
6-amino-7-hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1-jk][1]- 



benzazepin-2[11-1]-one stereoisomer made in accordance with this
invention is used to 30selectively make the corresponding zilpaterol
stereoisomer. The term "selective," as used in the context of synthesizing
a zilpaterol stereoisomer, means that the amount of one zilpaterol
stereoisomer constitutes greater than 50% (and more typically greater
than about 60%, greater than about 75%, or greater than about 85%) of
the total amount of all the zilpaterol stereoisomers made. Given that the
process is particularly suitable for  WO 2008/092924PCT/EP2008/051206
32 selectively synthesizing a trans isomer of
6-amino-7-hydroxy-4,5,6,7-tetrahydroimidazo[4,5,1-jk][1]-benzazepin-2[IHI
-one, it follows that the process also is particularly suitable for selectively
synthesizing the corresponding trans isomer of zilpaterol. In some
embodiments, the process is used to selectively make the 6R,7R trans
isomer of zilpaterol. 5 Applicants have observed that the 6R,7R zilpaterol
stereoisomer has a negative optical rotation, as measured by a
polarimeter; thus, it also may be referred to as the "trans(-)" stereoisomer.
[86] The 6-amino-7-hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1-jk][1]-
benzazepin-2[11-II-one stereoisomer may be converted to the
corresponding zilpaterol 10 stereoisomer using various methods. In
general, this may be achieved by, for example, reductive alkylation. For
example, the
6-amino-7-hydroxy-4,5,6,7-tetrahydroimidazo[4,5,1-jk][1]-benzazepin-2[1H
kone stereoisomer may be alkylated with acetone in the presence of a
reducing agent to form the corresponding zilpaterol stereoisomer as
illustrated in the following reaction scheme:
6-amino-7-hydroxy-4,5,6,7-tetrahydrozilpaterol stereoisomer
imidazoI4,5,1-jk] I 11-benzazepin-2[111]-one 15stereoisomer wherein the
wavy lines represent a specific stereo configuration of the corresponding
substituents. The reducing agent may, for example, be an alkali metal
borohydride (e.g., sodium triacetoxyborohydride) or alkali metal
cyanoborohydride (e.g., sodium cyanoborohydride). In this instance, the
reaction preferably is conducted in a solvent. 20 Various solvents (or
combinations of solvents) may be used, such as, for example, methanol.
The reaction temperature may vary widely. In general, the reaction
temperature is at least about 0C, and no greater than the boiling
temperature of the solvent. In some embodiments, for example, the
reaction temperature is from about zero to about 25C during at least a
portion (and, more preferably, essentially all, or all) of the 25reaction. The
reaction may be conducted at atmospheric pressure, less than
atmospheric pressure, or greater than atmospheric pressure. Typically,
however, it is conducted at about atmospheric pressure.  WO
2008/092924PCT/EP2008/051206 33 1871It should be recognized that
this invention further encompasses embodiments wherein the
hydrogenation reagent comprises a salt of
4,5-dihydroimidazo[4,5,1-jklilThenzazepin-2,6,7[1H]-trione-6-oxime, the
hydrogenation product comprises (or is converted into) a salt of the
6-amino-7-hydroxy-4,5,6,7-tetrahydro-
5imidazo[4,5,1-jk][1]-benzazepin-2[111]-one stereoisomer, and/or the
zilpaterol product 



comprises (or is converted into) a zilpaterol salt. 1881Salts may be, for
example, base or acid addition salts. In general, an acid addition salt can
be prepared using various inorganic or organic acids, and a base addition
salt can typically be prepared using various inorganic bases. Such salts
can typically be 10 formed by, for example, mixing a free base compound
with an acid or mixing a free acid compound with a base using, for
example, various methods known in the art. A salt may be advantageous
due to one or more of its chemical or physical properties, such as stability
in differing temperatures and humidities, or a desirable solubility in water,
oil, or other solvent. In some instances, a salt of a compound also may be
used as an aid in the 15isolation or purification of the desired
stereoisomer. In some embodiments (particularly where the salt is
intended for administration to an animal, or is a reagent for use in making
a compound or salt intended for administration to an animal), the sak is
pharmaceutically acceptable. The term "pharmaceutically acceptable" is
used to characterize the salt as being appropriate for use in a
pharmaceutical product. In general, a pharmaceutically 20acceptable salt
has one or more benefits that outweigh any deleterious effect that the salt
may have.       [891 Examples of inorganic acids that typically may be
used to fowl acid addition salts include hydrochloric, hydrobromic,
hydroiodic, nitric, carbonic, sulfuric, and phosphoric acid. Examples of
organic acids include, for example, aliphatic, 25cycloaliphatic, aromatic,
araliphatic, heterocyclic, carboxylic, and sulfonic classes of organic acids.
Specific examples of organic salts include cholate, sorbate, laurate,
acetate, trifluoroacetate, formate, propionate, succinate, glycolate,
gluconate, digluconate, lactate, malate, tartaric acid (and derivatives
thereof, e.g., dibenzoyltartrate), citrate, ascorbate, glucuronate, maleate,
fumarate, pyruvate, aspartate, glutamate, benzoate, anthranilic acid,
30mesylate, stearate, salicylate, p-hydroxybenzoate, phenylacetate,
mandelate (and derivatives thereof), embonate (pamoate),
ethanesulfonate, benzenesulfonate, pantothenate,
2-hydroxyethanesulfonate, sulfanilate, cyclohexylaminosulfonate, algenic
acid, p-hydroxybutyric acid, galactarate, galacturonate, adipate, alginate,
butyrate, camphorate, camphorsulfonate, cyclopentanepropionate,
dodecylsulfate, glycoheptanoate,  WO 2008/092924PCT/EP2008/051206
34 glycerophosphate, heptanoate, hexanoate, nieotinate,
2-naphthalesulfonate, oxalate, palmoate, pectinate, 3-phenylpropionate,
picrate, pivalate, thiocyanate, tosylate, and undecano ate. 1901 Examples
of base addition salts may include, for example, metallic salts. 5Metallic
salts, for example, include alkali metal (group Ia) salts, alkaline earth
metal (group Ha) salts, and other physiologically acceptable metal salts.
Such salts may be made from aluminum, calcium, lithium, magnesium,
potassium, sodium, and zinc. For example, a free acid compound may be
mixed with NaOH to form such a base addition salt. 1911 Compositions
containing the zilpaterol stereoisomer prepared in accordance 10 with this
invention (particularly the 6R,7R stereoisomer) may generally be used, for
example, to increase the rate of weight gain, improve feed efficiency,
and/or increase carcass leanness in livestock, poultry, and/or fish.
Contemplated benefits of using a stereoisomer composition prepared in
accordance with this invention over racemic zilpaterol include, for
example, greater efficacy, greater selectivity, improved handling
15characteristics, fewer side effects, lower drug tissue concentrations,
and/or the ability to eliminate another stereoisomer having adverse side
effects.       [92] Typically, the stereoisomer composition is administered
orally. In some embodiments, the composition is added to the intended
recipient animal's drinking water. In other embodiments, the stereoisomer
is added to the intended recipient's feed, either 20 directly or as part of a
premix. Suitable oral dosage forms for such embodiments include, for
example, solid dosage forms (e.g., tablets, hard or soft capsules,
granules, powders, etc.), pastes, and liquid dosage fonns (e.g., solutions,
suspensions, emulsions, syrups, etc.). These dosage forms optionally
comprise one or more suitable excipients. Such excipients generally
include, for example, sweetening agents, flavoring agents, coloring
agents, 



25preservative agents, inert diluents (e.g., calcium carbonate, sodium
carbonate, lactose, calcium phosphate, sodium phosphate, or kaolin),
granulating and disintegrating agents (e.g., corn starch or alginic acid),
binding agents (e.g., gelatin, acacia, or carboxymethyl cellulose), and
lubricating agents (e.g., magnesium stearate, stearic acid, or talc). Liquid
compositions will generally comprise a solvent. The solvent preferably has
sufficient 30 chemical properties and quantity to keep the stereoisomer
solubilized at temperatures at the normal storage temperature for the
composition. In some instances, it may be desirable for the compositions
to comprise one or more preservatives. The presence of a preservative
may, for example, allow for the compositions to be stored over a greater
amount of time.  WO 2008/092924PCT/EP20081051206 35       [931 In
some embodiments, the zilpaterol stereoisomer is in the form of particles
adhered to a support, which, in turn, is fed to the intended recipient
animal. The supported stereoisomer may be incorporated into the
intended recipient's feed, either directly or as part of a premix.
Contemplated supports include, for example, insert supports, such as
5calcium carbonate, limestone, oyster shell flour, talc, soybean hulls,
soybean meal, soybean feed, soybean mill run, wheat middlings, rice
hulls, corn meal, corn germ meal, corn gluten, starch, sucrose, and
lactose. Particularly contemplated supports include corn cob supports,
such as the support discussed in US Patent 5,731,028. In some
embodiments employing a corn cob support, the size of the support is
from about 300 to 10about 800 um. Preferably, the zilpaterol stereoisomer
particles that are adhered to the support have a particle size that is less
than the size of the support. Thus, for example, in some embodiments in
which the support is from about 300 to about 800 gm, the stereoisomer
particles (or at least about 95% of the stereoisomer particles) are less
than about 250 um. In some embodiments, the size of the majority of the
stereoisomer 15particles is from about 50 to about 200 gm. To avoid
generating dust when making the supported stereoisomer, it is preferred
to avoid using extremely small stereoisomer particles. In some
embodiments, for example, the stereoisomer particle size distribution is
such that less than about 5% of the stereoisomer particles have a particle
size of less than about 15 um. The methods discussed in, for example, US
Patent 5,731,028 (incorporated 20by reference into this patent) for making
a specific size distribution of crystalline racemic trans zilpaterol may
generally be applied when making crystals of the negative trans
stereoisomer having the above-described size distributions. [94] To the
extent the composition is incorporated into feed, the feed mixture will vary
depending on, for example, the type (e.g., species and breed), age,
weight, 25 activity, and condition of the intended recipient. For bovine and
swine, various feeds are well known in the art, and often comprise
cereals; sugars; grains; arachidic, tournsole, and soybean press cake;
flours of animal origin, such as fish flour; amino acids; mineral salts;
vitamins; antioxidants; etc. In general, the stereoisomer composition can
be incorporated into any feed that is available and used for the intended
recipient animal. 30[951It is contemplated that the stereoisomer
composition may be administered via non-oral routes, such as rectally, via
inhalation (e.g., via a mist or aerosol), transdermally (e.g., via a
transdermal patch), or parenterally (e.g., subcutaneous injection,
intravenous injection, intramuscular injection, implanted device, partially
implanted device etc.). In some particular embodiments, the composition
is administered via an  WO 2008/092924PCT/EP2008/051206 36 implant,
such as a subcutaneous implant. For administration to bovine or swine
animals, for example, the composition may be administered in the form of
an implant behind the ear or baleen. 1961 In general, the stereoisomer
composition is administered in a dosage form 5that provides an effective
amount of the stereoisomer. This is particularly true where the 



stereoisomer is the only active ingredient in the composition. To the extent
the stereoisomer is administered with another active ingredient(s), the
dosage preferably comprises an amount of the stereoisomer that, together
with the amount of other active ingredient(s), constitutes an effective
amount. In the context of the stereoisomer, an 10"effective amount" is an
amount sufficient to increase the rate of weight gain, improve feed
efficiency, and/or increase carcass leanness in the intended recipient
(typically livestock, poultry, and/or fish). [971When the composition is
orally administered, it is typically preferred to use a daily dosage form. The
preferred total daily dose of the stereoisomer is typically greater 15than
about 0.01 mg/kg (i.e., milligram of stereoisomer per kilogram body
weight), particularly for bovine and swine animals. In some such
embodiments, the daily dose is from about 0.01 to about 50 mg/kg, from
about 0.01 to about 10 mg/kg, from about 0.05 to about 2 mg/kg, from
about 0.05 to about 1, or from about 0.05 to about 0.2 mg/kg. In some
embodiments where the stereoisomer is administered in the recipient
animal's feed, 20the concentration of the stereoisomer in the feed (on a
90% dry matter basis) is at least about 0.01 ppm (by weight). For bovine
animals, the stereoisomer concentration is preferably no greater than
about 75 ppm (by weight). In some embodiments, for example, thc
stercoisomer concentration is no greater than about 38 ppm, from about
0.5 to about 20 ppm, from about 3 to about 8 ppm, or from about 3.7 to
about 7.5 ppm (by weight). For 25swine animals, the stereoisomer
concentration is preferably no greater than about 45 ppm (by weight). In
some such embodiments, for example, the concentration is no greater
than about 23 ppm, from about 0.5 to about 20 ppm, from about 2 to about
5 ppm, or from about 2.2 to about 4.5 ppm (by weight). [981Although
single oral daily doses are typically preferred, it is contemplated 30that
shorter or longer periods between doses can be used, depending on, for
example, the recipient's metabolism of the stereoisomer. It is
contemplated that smaller doses may be administered two or more times
per day to achieve the desired total daily dose. Such multiple doses per
day may, in some instances, be used to increase the total oral daily dose,
if desired.  WO 2008/092924PCT/EP2008/051206 37         [901 When
administered via a subcutaneous implant, the preferred total daily dose of
the stercoisomer is typically greater than about 0.05 mg/kg (i.e., milligram
of stereoisomer per kilogram body weight), particularly for bovine and
swine animals. In some such embodiments, the daily dose is from about
0.1 to about 0.25 mg/kg. 5[100i If the stereoisomer composition is
administered parenterally via an injection, the concentration of the
stereoisomer in the dosage form preferably is sufficient to provide the
desired therapeutically effective amount of the stereoisomer in a volume
that is acceptable for parenteral administration. As with oral feeding, an
injection dosage form may be administered once per day, although it is
contemplated that shorter or longer 10periods between doses also could
be used.       [101] Factors affecting the preferred dosage regimen may
include, for example, the type (e.g., species and breed), age, size, sex,
diet, activity, and condition of the intended recipient; the type of
administration used (e.g., oral via feed, oral via drinking water,
subcutaneous implant, other parenteral route, etc.); pharmacological
considerations, 15such as the activity, efficacy, pharmacokinetic, and
toxicology profiles of the particular composition administered; and whether
the stereoisomer is being administered as pan of a combination of active
ingredients. Thus, the preferred amount of the stereoisomer can vary,
and, therefore, can deviate from the typical dosages set forth above.
Determining such dosage adjustments is generally within the skill of those
in the art. 20[1021 It is contemplated that the stereoisomer composition
may be administered to the intended recipient a single time. In general,
however, the composition is administered over time. In some
embodiments where the animal recipient is a livestock animal, for
example, the stereoisomer is administered daily for at least about 2 days,
more typically daily for from about 10 to about 60 days, and still more
typically daily for from 



25about 20 to about 40 days. In some particular embodiments, the
composition is administered daily for at least about the last 2 days of the
finishing period. In some such embodiments, it is administered daily for
from about the last 10 to about the last 60 days of the finishing period, or
from about the last 20 to about the last 40 days of the finishing period. The
term "finishing period" refers to the later stage of the growing period for an
30animal. During this period, livestock animals are typically confined in a
feedlot. In some embodiments where the livestock animal is a bovine
animal, this period lasts for from about 90 to about 225 days, and depends
on, for example, the starting body weight of the animal. There is typically a
withdrawal period following the finishing period in which no zilpaterol
stereoisomer is administered. The length of this withdrawal period may
depend  WO 2008/092924PCT1EP2008/051206 38 on, for example, the
type (e.g., species and breed), age, weight, activity, and condition of the
recipient animal, as well as the maximum acceptable stereoisomer
residue concentration in the meat of the animal. 5EXAMPLES       [1031
The following examples are merely illustrative of embodiments of the
invention, and not limiting to the remainder of this disclosure in any way.
[104] Example 1. Hydrogenation of 4,5-dihydro-imidazo[4,5,1-
10jk][1]benzazepin-2,6,7[111]-trione-6-oxime to selectively form a
stereoisomer of 6- amino-7-hydroxy-4,5,6,7-tetrahydro-imidazo [4,5,1 -j
k][1]-benzazepin-2,[1111-one using an Rh(COD)LigandBF4 catalyst. 011
112N H2HO Rh(COD)ligandBF4 11j >0)=-0 IiEl N [105] Applicants have
analyzed several catalysts consisting of 15Rh(COD)LigandBF4 for
enantioselective hydrogenation of 4,5-dihydro-imidazo[4,5,1- jk][
libenzazepin-2,6,7[11-11-trione-6-oxime.        [106] To prepare each
catalyst, a ligand (0.002 mmol) and Rh(COD)2BE4 (0.002 mmol) were
dissolved under argon in dichloromethane (0.1 m1). The resulting mixture
was stirred at room temperature for 10 min. 20[107] In preparation for the
hydrogenation, a substrate suspension was prepared by suspending
4,5-dihydro-imidazo[4,5,1-jk][1]benzazepin-2,6,7[11-1]-trione-6-oxime (0.1
mmol) under argon in solvent (0.5 ml). In instances when an additive (i.e.,
an acid or base) was used, the additive (0.1 rnmol) was added to the
suspension at this point. [108] To perform each hydrogenation, the
catalyst mixture was combined with 25the substrate suspension, and the
resulting mixture was introduced into an autoclave. The 



autoclave was purged with H2. The pressure was adjusted to 40-50 bar,
and the temperature was adjusted to 35-40C. The pressure and
temperature were then maintained at those levels for 20 hr. After cooling
and releasing the pressure, a sample of the mixture (0.1 ml) was collected
for analysis. 30[109] To analyze a sample, approximately 25 mg of
Deloxane(r) (a metal scavenger) was added to the sample, and the
resulting suspension was stirred at 50C for  WO
2008/092924PCT/EP2008/051206 39  10 min. Afterward, the suspension
was filtered through paper and diluted with 2.5 M NaOH (0.05 ml),
acetonitrile (0.5 ml), and water (0.5 ml; containing 0.1% formic acid). The
resulting mixtures were analyzed using HPLC.           [1101 Applicants
tested numerous ligands using this procedure. Table 1 includes 5results
that applicants perceive to be the best results under the reaction
conditions.  WO 2008/092924PCT/EP2008/051206 40  ./.... C- 4.2,c) ca V
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The enantioselectivity ("ee") equals the difference between the
concentrations of two stereoisomers divided by the total concentration of
the two stereoisomers (x 100%). Thus, the trans enantioselectivity equals
the difference between the concentrations of the two trans stereoisomers
divided by the total concentration of the 5two trans stereoisomers (x
100%): [first trans isomer] - [second trans isomer] 



ee trans -  x 100% [first trans isomer] + [second trans isomer]       11121 It
should be noted that the selectivity of the reaction toward a particular
enantiomer can generally be changed toward the other enantiomer by
using the opposite optical form of the catalyst's ligand 10       11131
Example 2. Hydrogenation of 4,5-dihydro-imidazo[4,5,1-
jk][1]benzazepin-2,6,711111-trione-6-oxime to selectively form a
stereoisomer of 6-
amino-7-hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1-jk][1]-benzazepin-2[114
1-one using an RuChLigand(DMF)2 catalyst. 011 NH2N \ \
0,-_,--",H2HO,,,\ 1 \RuCl2LIganc( DNIF )2i ----....- ,N H 11141 Applicants
have analyzed several catalysts consisting of RuCl2Ligand(DMF)2 for
enantioselective hydrogenation of 4,5-dihydro-imidazo[4,5,1-
jk][1]benzazepin-2,6,7[1H]-trione-6-oxime.         [115] To prepare each
catalyst, a ligand (0.002 mmol) and [Ru(C61-16)02]2 (0.001 20 mmol)
were dissolved under argon in dimethylformamide (0.05 m1). The
resulting mixture was stirred at 100C for 10 min.       [116] In preparation
for the hydrogenation, a substrate suspension was prepared by
suspending
4,5-dihydro-imidazo[4,5,1-jk][1]benzazepin-2,6,7[1H]-trione-6-oxime (0.1
mmol) under argon in solvent (0.5 m1). ln instances when an additive (i.e.,
a base) was 25used, the additive (0.1 mrnol) was added to the
suspension at this point.       [117] To perform each hydrogenation, the
catalyst mixture was combined with the substrate suspension, and the
resulting mixture was introduced into an autoclave. The autoclave was
purged with H2. The pressure was adjusted to 20-60 bar, and the
temperature was adjusted to 50-80C. The pressure and temperature were
then maintained  WO 2008/092924PCT/EP2008/051206 44 at those
levels for 20 hr. After cooling and releasing the pressure, a sample of the
mixture (0.1 ml) was collected for analysis.       [1181 To analyze a
sample, approximately 25 mg of Deloxane(r) was added to the sample,
and the resulting suspension was stirred at 50C for 10 min. Afterward, the
5suspension was filtered through paper and diluted with 2.5 M NaOH
(0.05 ml), acetonitrile (0.5 ml), and water (0.5 ml; containing 0.1% formic
acid). The resulting mixtures were analyzed using HPLC.       [1191
Applicants tested numerous ligands using this procedure. Table 2 includes
results that applicants perceive to be the best results under the reaction
conditions.  
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elllunuth I _ I Formula (C-30) I Formula (C-31)   WO
2008/092924PCT/EP2008/051206 47       [1201 As noted in Example 1,
the selectivity of the reaction toward a particular enantiomer can generally
be changed toward the enantiomer by using the opposite optical form of
the catalyst's ligand. 5[121] Example 3. Synthesis of
(6R,7R)-6-amino-7-hydroxy-4,5,6,7-
tetrahydro-imidazo[4,5,1-jk][1]-benzazepin-211111-one. OHH214.
4.5-dihydro4midazo14,54-jkjill benzazepin-2.6,7[111i-trione-6-oxime
(6R,7R)-6-amino-7-hydroxy-4,5,6,7-tetrahydr0-
imidazof4,5.1-jk][111-benz,azepin-2111Thone  



A catalyst solution was prepared by dissolving
(R,R)-(+)-2,2'-bis[(S)-(N,Ndimethylamino)(phenyl)methyl]-1,1'-bis[di(3,5-di
methy1-4-methoxypheny1)phosph1n0] 10 ferrocene (52.6 mg; 0.05 mmol;
identified above as Ligand Formula (A-1B)) and bis(1,5-
cyclooctadiene)rhodium(Otetrafluoroborate (20.4 mg; 0.05 mmol; also
known as "Rh(COD)2BF4") in dichloromethane (1 ml) under argon, and
then stirring the resulting mixture at room temperature for 10 min. In
parallel, 4,5-dihydro-imidazo[4,5,1-
jk][1]benzazepin-2,6,7[11-1]-trione-6-oxime (1.15 g, 5.0 mmol) was
charged into a 100 mL 15 autoclave and suspended in 40 mL of methanol.
The autoclave was purged 3 times with H2 without stirring at 20 bar, and 3
times with stirring at 20 bar. Afterward, the catalyst solution, diluted with 4
ml of methanol, was charged into the autoclave. Hydrogen pressure (60
bar) was then applied, and the mixture was stirred at that pressure for 22
hr at 40C. After cooling the mixture to room temperature and releasing the
pressure, 2 g of 20 Deloxan(r) THP II were added, and the resulting
suspension was stirred at 55C for 10 min and filtered. The solvents were
then removed to yield the product.  WO
2008/092924PCT/EP2008/051206 48       (1221 Example 4. Synthesis of
the HCI salt of (6R,7R)-4,5,6,7-tetrahydro-7-
hydroxy-6-(isopropylamino)imidazol4,5,1-jkl-ftlbenzazepin-2(1M-one (i.e.,
trans(-) 21Ipaterol HCI).
(6R,7R)-6-amino-7-hydroxy4,5,6,7-tetrahydro-Trans(-) Zilpaterol Ha
hnidazo[4,5,1-j1c1111-benzazepin-2[1H1-one 5 Product from Example 3
was dissolved in methanol (6 ml) and acetone (3 m1). The resulting
mixture was then stirred under ice-cooling. After 10 min, sodium
triacetoxyborohydride (1.2 g, 5.66 mmol) was added, and the mixture was
allowed to attain room temperature After 5 hr of stirring at this
temperature, further sodium     triacetoxyborohydride (0.25 g, 1 2 mmol)
was added, and the mixture was stirred over 10 night. Afterward, the
volatiles were removed in vacuo, and 1 N HC1 (6 ml) and water (2 ml)
were added to the resulting residue. After filtration, the filtrate was
freeze-dried. The resulting residue was then recrystallized from ethanol
(10 mL). The solid was discarded, and the filtrate was concentrated in
vacuo. The resulting residue was triturated with hot ethanol (14 mL), and
the remaining solid was collected by filtration and then dried. 15This
desired product was obtained as a solid (802 mg, 2.7 mmol, 54%,
81%ee). m.p. 173- 174C (dec., from ethanol); kilo= -26 (c 1.0, methanol,
20C); vmaxicm-1 (neat) 3403, 2979, 2802, 2711, 1699, 1598, 1477, 1394,
1268, 1150, 1096, 1030, 782, 743, 683; aiu (400 MHz, CD30D) 1.40 (d,
J=6.3 Hz, 3H), 1.45 (d, J=6.3 Hz, 3H), 2.09-2.19 (m, 1H), 2.55-2.63 (in,
1H), 3.61-3.73 (m, 2H), 3.87-3.95 (m, 1H), 4.22-4.32 (m, 1H), 5.02 (d,
20J=8.4 Hz, 1H), 7.05 (d, 1=7.8 Hz, 1H), 7.12 (dd,J=7.8 Hz, 1=7.8 Hz,
1H), 7.33 (d, 1=7.8 Hz, 1H); Sc (100 MHz, CD30D) 18.8, 20.2, 28.2, 40.5,
50.4, 61.8, 71.9, 110.5, 122.1, 



122.8, 122.9, 127.8, 129.9, 156.5; rn/z (API-ES) 262.1 (MH+).  WO
2008/092924PCT/EP2008/051206 49 11231 Example 5. First illustration
of a contemplated suitable dosage form. 11241 A tablet is prepared
containing 2.5 or 5 mg of the HC1 salt of Example 4, and sufficient
excipient of lactose, wheat starch, treated starch, rice starch, talc, and
5magnesium stearate for a final weight of 100 mg.        [125] Example 6.
Second illustration of a contemplated suitable dosage form.            [126]
Granules are prepared containing 12.5 or 25 of the MCI salt of Example 4
10in each daily dose of granules.        [127] Example 7. Third illustration of
a contemplated suitable dosage form.        [128] The MCI salt of Example
4 is crystallized using the methodology discussed US Patent 5,731,028 for
making crystalline racemic trans zilpaterol. Less than 5% of the 15crystals
have a size of less than 15 gm, and at least 95% of the crystals have a
size of less than 250 p.m. A premix of the crystalline HC1 salt secured to
a 300-800 um corn cob support is then obtained using the methodology
discussed in European Patent 0197188 (incorporated by reference into
this patent). The concentration of the HC1 salt in the premix is 3% (by
weight). 20 * * * * * * * * *       [129] The words "comprise," comprises," and
"comprising" in this patent (including the claims) are to be interpreted
inclusively rather than exclusively. This interpretation is intended to be the
same as the interpretation that these words are given 25under United
States patent law. 11301 All references cited in this patent are
incorporated by reference into this patent.       [131] The above detailed
description of preferred embodiments is intended only to acquaint others
skilled in the art with the invention, its principles, and its practical
30application so that others skilled in the art may adapt and apply the
invention in its numerous foims, as they may be best suited to the
requirements of a particular use. This invention, therefore, is not limited to
the above embodiments, and may be variously modified.  WO
2008/092924PCT/EP2008/051206 50 WE CLAIM: 1. A process for
selectively making a stereoisomer of 6-amino-7-hydroxy- 



4,5,6,7-tetrahydro-imidazo[4,5,1-jk][1]-benzazepin-2[1Elkone or a salt
thereof, wherein: 5the process comprises reacting
4,5-dihydro-imidazo[4,5,1-jk][11benzazepin- 2,6,7[11-1]-trione-6-oxime or
a salt thereof with H2 in the presence of a catalyst; and the catalyst
comprises a metal complex of at least one ligand with at least one metal
from transition group VIII. 102. A process of claim 1, wherein the metal
from the transition group VIII comprises ruthenium.       3. A process of
claim 1, wherein the metal from the transition group VIII comprises
rhodium. 15       4. A process of claim 3, wherein the metal complex
comprises Rh(1,5-cyclooctadiene)ligandBF4.            5. A process of any
one of claims 1 to 4, wherein the catalyst comprises a ligand 20selected
from the group consisting of the following ligands and enantiomers
thereof:    C-2,            WO 20081092924PCT/EP2008/051206 56 6. A
process of any one of claims 1 to 4, wherein: the ligand con-esponds in
structure to Formula (A) or Formula (B): 



(A)       each of R', R2, le, and R6 is independently selected from the
group consisting of hydrogen, C1-C6-alkyl, hydroxy, and C1-C6-alkoxy,
wherein: 5the C1-C6-alkyl and C1-C6-alkoxy are optionally substituted by
one or more halogen; each 123 is independently selected from the group
consisting of hydrogen and C1- C6-allcyl; each R4 is independently
selected from the group consisting of hydrogen, C1-C6- 10 alkyl, and
NR7R8; and as to each of R7 and R8:       each of R7 and R8 is
independently selected from the group consisting of hydrogen and
C1-C6-alkyl, or R7 and R8, together with the nitrogen to which they are
commonly 15attached, form a saturated heterocycle. 7. A process of claim
6 wherein the ligand corresponds in structure to Formula  WO
2008/092924PCT/EP2008/051206 57 8. A process of claim 7, wherein
ligand corresponds in structure to Formula (A- 1):   00-CH3 CH3 CH3 CH3
(A-1).  59. A process of claim 7, wherein ligand corresponds in structure to
Formula (A- 1B):   



H3CCH3 o\CH3  WO 2008/092924PCT/EP20081051206 58        10. A
process of claim 7, wherein the ligand corresponds in structure to Formula
(A-2):  (A-2) or the enantiomer thereof          11. A process of claim 7,
wherein the ligand corresponds in structure to Formula (A-4): or the
enantiomer thereof.  (A-4)  U. A process of claim 6, wherein the ligand
corresponds in structure to Formula  WO
2008/092924PCT/EP2008/051206 59 13. A process of claim 12, wherein
the ligand corresponds in structure to Formula  (B-1):    (B-1) 



5 or the enantiomer thereof.          14. A process of any one of claims 1 to
13, wherein 4,5-dihydro-imidazo[4,5,1-
jk][1]benzazepin-2,6,7[11-1ktrione-6-oxime or a salt thereof is reacted with
H2 in the presence of a homogeneous catalyst in a solvent comprising
one or more solvents selected     from the group consisting of methanol,
water, tetrahydrofuran, isopropyl alcohol, toluene, 10ethyl acetate, and
dimethylformamide.        15. A process of any one of claims 1 to 14,
wherein 4,5-dihydro-imidazo[4,5,1-
jk][1]benzazepin-2,6,7[11-1]-trione-6-oxime or a salt thereof is reacted
with H2 in the presence of a base. 15       16. A process of any one of
claims 1 to 14, wherein 4,5-dihydro-imidazo[4,5,1-
jk][1]benzazepin-2,6,7[1H]-trione-6-oxime or a salt thereof is reacted with
H2 in the presence of an acid. 2017. A process of any one of claims 1 to
16, wherein 4,5-dihydro-imidazo[4,5,1- jk][l
Thenzazepin-2,6,7[1Hktrione-6-oxime or a salt thereof is reacted with I-12
at an H2 pressure that is (a) greater than atmospheric pressure, and (b)
no greater than about 70 bars.  60        18. A process of any one of claims
1 to 17, wherein 4,5-dihydro-imidazo[4,5,1-
.11][1]benzazepin-2,6,7[111]-trione-6-oxime or a salt thereof is reacted
with H2 in the presence of a solvent at a temperature that is (a) at least
about 20C, and (b) no greater than the boiling point of the solvent at the
pressure in which the reaction is conducted.        19. A process of any one
of claims 1, 2, 3, 4, 6, 7, 12, 14, 15, 16, 17, and 18, wherein the
stereoisomer corresponds in structure to Formula (Ha):         20. A
process for selectively making a stereoisomer of zilpaterol or a salt
thereof, wherein the process comprises reacting
4,5-dihydro-imidazo[4,5,1-jk][1]benzazepin2,6,7[11-1]-trione-6-oxime with
112 in the presence of a catalyst in accordance with any one of claims 1
to 19 to form 6-amino-7-hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1-jk][1]-
benzazepin-2[11-1].-one or a salt thereof.        21. A process of claim 20,
wherein the stereoisomer corresponds in structure to either Formula (ma):
22. A process of any one of claims 20 and 21, wherein:       the process
further comprises reductive alkylation of 6-amino-7-hydroxy-4,5,6,7-
tetrahydro-imiciazo[4,5,1-jk][1]-benzazepin-2[11-]-one or a salt thereof,
and  WO 2008/092924PCT/EP2008/051206 61      the reductive alkylation
comprises reacting the 6-amino-7-hydroxy-4,5,6,7-
tetrahydro-imidazo[4,5,1-jk][1]-benzazepin-2[1H]-one with acetone in the
presence of a reducing agent. 523. A process of claim 22, wherein the
reducing agent comprises sodium triacetoxyborohydride. 



24. A process of claim 23, wherein:          the metal complex comprises
Rh(1,5-cyclo-octadiene)ligandBF4; 10the ligand corresponds in structure
to Formula (A-1B): H3C\   Fe
4,5-dihydro-imidazo[4,5,1-jk][1]benzazepin-2,6,7[11-1]-trione-6-oxime is
reacted with H2: in the presence of a solvent comprising methanol, 15at a
temperature of from about 25 to about 45C, at an H2 pressure of from
about 20 to about 60 bars, and      in a reactor charged with
4,5-dihydro-imidazo[4,5,1- jk][1]benzazepin-2,6,7[1H]-trione-6-oxime and
homogeneous catalyst such that the molar ratio of the charged
4,5-dihydro-imidazo[4,5,1- 20jk][1]benzazepin-2,6,7[11-11-trione-6-oxime
to the charged catalyst is from about 50:1 to about 200:1. 


