WO 2008/092924PCT/EP2008/051206 1 ENANTIOSELECTIVE
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[2] This invention relates to a
process for the hydrogenation of a ketooxime to selectivel form an

5 aminoalcOREISERBTEHRENCEAD REHGERF ASEddddd ot
hydregienatigfaforr diftvc origpieleaal PhotdibiRg Paear PR, 6«? [40/899,336

Ell-trione-6-oxime or a salt ﬁereof to selectively form a stereocisomer %f
(A FAS Y HIG)4 B P ISH eh P BT PR F ay peommoraied

rekhenzazepin2pitditone 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[1l-
10 1]-one hydrogenation prdd&tloDE EHIE theYdof th¥slectively make a
sterepipomes ol flnalesR LA R BEAl e N AR NG HRR B 2UEdrime to

zilpaterol stereoisomer or salt in methods of treatment and medicaments

seﬂ@r:tamlmm BADRGROUIT G 2\ E RerTonas © Bpiossidobiis
%Ml@lg RSt Gt del inpenisunar g thrdohawing Sretreriods Bhexime or

C name for zilpaterol is
a gfag @qq&;gﬁ9%vplﬁy%m ,@&r@ggﬁmgﬂgﬁ] ﬁ:f&no ~7-hydroxy-4,3,6,7-tetrahydro-
15 1%@{595415}1&]11 lq%&ﬂi&@@ﬁﬁpm%&%}@@ﬂt Thee-GhaFhicalvabstiaels relates to

f I 4, 0, 7 dro-7- d
G ST S T 2B oL b P eShtepi
zgtm%ué&xmﬁgmﬁasmp@@maﬁmehh &&t&mﬁ chickt @terhsmalOr stercoisomer of
ARSI 200008 PG A QSN SANS: i i

onsequen as four stereoisomers. These stereoisomers
methydsefdmatifient asdom@icaronts {gRESS(6S,7R)," and "(65,75)."
20 Racemic trans zilpaterol (i.e., a mixture of the (6R, 712) and (65,75)
stereoisomers) has been |dent|f|ed in the literature as "RU42173." These
trans sterecisomers BAVeRRE RHW; ENTION

[3] Zilpaterol is a known adrenergic -2 agonist having the following structure:
0,
>“NI—I
N
H,C

N
HC H  OH

25  The JUPAC name for zilpaterol is 4,5,6,7-tetrahydro-7-hydroxy-6~(isopropylamino)
imidazo[4,5,1-jk]-[1]benzazepin-2(1H)-one. The Chemical Abstracts name for zilpaterol
is 4,5,6,7-tetrahydro-7-hydroxy-6-[(1-methyl-ethyl) amino}-imidazo [4.5,1-
jk][1]benzazepin-2(1H)-one.

{41 The generic structure encompassing zilpaterol has two chiral atoms:
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0 H3C H3C HOH (6S,7S) [51lt is well known that zilpaterol, various
zilpaterol derivatives, and various pharmaceutically acceptable acid
waagiiRmenlts of zilpaterol and its derivatives may, for 10exanpierResuseds
to increase the rate of weight gain, 2mprove feed efficiency (i.e., decrease
the amount of feed per amount of weight gain), and/or increase carcass
leanness (i.e., increase protein content i carcass soft tissue) in livestock,
poultry, and/or fish. In US Patent 4,900, RO for example, Grandadam
describes zootechnical compositions of ra \itrans zilpaterol and salts
weight and meat 15 quality of

] egp, and poultry. And US
Patent 7,207,289 describegyging io & plide/zilpaterol dosing
. . 3 . 4“ P . .
regimens to increase beef proﬁucn H€dyiceteed intake while

maintaining beef production, cgincidences of liver abscess in

cattle. [61Methods for makl'ﬁ% zilpﬁyé?@known in the art. For example,

in US 20 Patent 4,585,770, Fthchet éf al. discuss compounds

encompassed by a genus charbbiealZ6drhgns

6-amino-7-hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1-jk][1]-benzazepin-2[1
Chheyeciii)72p08/09RA2HRGTHES 2008/ SIRGE S aevisemersaaydbe dentified as
« aceutl ] ble aci tion : vatives::

o S e s o L T v
of/thdd 6B ZBD st EStd Sapgraetseresy) e bearickmifipd B b BRI WS fe 6- 5
<R{RUPP;3N 70l SEAVPR RBNEHRA KaRSoRfissatiofrddiisegenus

encompasses racemic trans zilpaterol when R is isopropyl. 171The

methods reported in4JS Patent 4,585,770 use 4,5-dihydro- }\

imidazo[4,5,1-jk][1]behzazepin-2,6,7[1M-trione-6-oxime as an H

inteunediate. ThigTo ~@ corresponds in structure to

. OH
10(1) As indicated in ent 4,585,770, c
4,5-dihydro- midg@zel#,5;] ][1]benzazepin2,6,7lllﬁ?l triong-6- may
be %lingd fronitstartihg materials that have been}Lo wn i the art. US
Patent 4,585,770 illustrates the use of two such s Arting materials. In both
examples, the 6tBsfiR) materials are used to form (6S,7S)
R0 o AR e CZS R A A HEADEIRRE M o

phsbndityticaiiisazofdb, dejl jfifitenveate pi el B it deregivsd mey {§n

Qne of the examples in U Ratent 4585 740, thestaring eatsdialis 1.3-

A “ﬁr%?f-‘(‘i‘f%thy‘ﬁe‘iheny -rZH-benez?héi Szdlfz-ﬁone, which is desgcf:fizbed in

d@?@#f@ﬁhemmbﬂfif%},dmwMﬁ@ﬁ)‘i"ﬂgh" gain), and/or increase carcass lcanness

(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 frans zilpaterol and salts thereof that may be used to increase the weight and meat
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.

{6} Methods for making zilpaterol are known in the art. For example, m US
Patent 4,585,770, Fréchet 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( 1H]-one
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WO 2008/092924PCT/EP2008/051206 4
1,3-dihydro-1-(1-methylethenyl)-2H-benzimidazol-2-one US Patent

wi Shusthindicates that PCT/EP2008/051206
1,3-dihydro-1-(1-methyletheny1)- 2H; benzimidazol 2- one may be reacted

with an alk I 4-halobuty COOR r

degiyatives &R Iﬁ@*ﬁ%&‘a‘@% ?Pky%ceé’ it 1Bas me%ﬁgﬁl%nr Einy Eﬁ]}r ??)rﬁfo y?gﬁg s
cardpahbscivfenys wntlalkaliowstgljaaidem a butanoate, which, in turn may

be hydrolyzed with an acid (e.g., H2§04) in an alkanol (e.g., methanol or

ethanol) to remove the methylethgiyl substituent. The hydrolysis product

then may be subjected to saponificgtion by reacting it with a base (e.g.,

NaOH or KOH) in an alkanolig form a carboxylic acid. Subsequently, the
241

carboxylic-acid-terminated side chain may be cyclized to form 5,6-dihydro-
10imidazo[4,5,1-jk][1]benzazepi - 41 -1]-dione by reacting the
carboxylic acid with thionyl chig 3in_gchloride, and then treating
the chloride with a Lewis acid (¢ dumifium chloride) in an organic
solvent (e.g., methylene chloride or dichléroethane): WO
2008/092924PCT/EP2008/051206 5 0 dihydro-imidazo

Hig Fagphi - wroua FHOS HHERit AeSBe WP Hish I sYs %7‘% h&&"ﬁf}% % &5

a@@ho2ntedd gﬁﬂﬂ)EM@ ple ddncanfigydirion. 1768 gtdd eranotiveses racemic
exa Ie in U ent. 4,585 {70 the starting material is 1,3-

Wgﬁf E’i“benzy 1%é”’nzﬂjﬁldazol 2-one, which is described in Hely.,
Vol 447}p 1718 (%8I5S rép@rttith el keS| Ragane 152 1.7 Wewszirhfdddolone US
xﬁ%&%@ltﬁflﬁqgﬁjibﬁge E%szt@% r?g—tnone -6-oxime as an intermediate, This

ydr enzyl-Z2H- bénzirnidazol-2-one may be reacted with ethyl
caninemdpempraiedhid st g disamwarhm 1,3-dihydro-2-oxo-3- 10
benzyl-1H-benzimidazol-1- butanoe@l which, in turn may be subjected to
saponification by reacting it with méthanolic NaOH to form
1,3-dihydro-2-oxo-3-benzyl-1H- 2008/092924PCT/EP2008/051206 6
0

N
o
N
H (.

As indicated in US Patent 4,585,770, 4,5-dihydro-imidazo[4,5,1-ik]}{ 1 benzazepin-

2,6.7[1H]-trione-6-oxime may be formed from starting materials that have been long

=

known in the art. US Patent 4,585,770 illustrates the use of two such starting materials. 1
both examples, the starting materials are used to form 5,6-dihydro-imidazo[4.5,1-
ik][1Tbenzazepin-2,7-[1H,4H]-dione, which, in turn, may be used to make 4,5-dihydro-
imidazo[4,5,1-jk][ 1 [benzazepin-2,6,7[ 1H]-trione-6-oxime.

{8} In one of the examples in US Patent 4,585,770, the starting material 1s 1,3-
dihydro-1-(1-methyletheny])-2H-benzimidazol-2-one, which is described m J. Chem. Soc.
Perkins, p. 261 (1982):
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benzimidazol-I-butanoic acid. The butanoic acid side chain may then be
cyclized by reacting the
wb oekgelier 2-0x0-3-benzyl1-1H-benzimidazol-1-butanoic agigwpsieaRyies
chloride to obtain a chloride, and then treating the chloride with aluminum
chloride in dichloroethane. The cyclizgd product, in turn, may be
hydrolyzed using o-phosphasiciagid. 5K phenol to form
5,6-dihydro-imidazo[4,5,1-K flazeRing,741H,414]-di01See US
Patent 4,585,770, Example 1, Sips-A/D, col. 6, line 10 to col. 7, line 35.
[10] Using the methods reported in U$ Patent 4,585,770, 5,6-dihydro-
imidazo[4,5,1-jk][1]benzazepin-%17 ,ns]Eyﬂ-dione may be reacted with an
alkyl nitrite (e.g., tert-butyl nitrite 8riisoamyl hitrite), in the presence of a
base or acidy(§.gin{irdr-19-AfU@ e thenyl)-2H-benzimidazol-2-one
4,5-d|hydro-|m|dazo[4,5,I-ik][lﬁ]ben.zazepln-2,6,7 1H1-trione-6-oxime. The
U BatameitBirie nieatss 105k frfoiRydroelsi -206 et bepoeHortd-eepiimidaanl-2-
oiidiaisteertuaed viehcatalisiciysspgspadon(\Wwith (ol gxanpR’ iivdeageRins
S ey O ul e N A DL S A
(detrahydiakimitay af 4o 4 iliidnbetezaighinsfik Jrnnyebe Hpdtd\yzalkyithitriteid
&b racid 0411121111 12S . dih -imidazo[4,5,1-jkl
G a8 i et S RO U S
sifshienepirhe e drelisis-piodecighsrimey batalttsthg decgpemtioriandoreacting it
mdallﬂ&é’&fgt‘x@idﬁ? 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-

imidazol[4,5,1-jk][1]benzazepin-2,7-[ 1H,4H]-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):



El racetnic trans
6-amino-7-hydroxy-4,5,6,7-tetrahydrol5imidazof4,5,1-jk][1]-benzazepin-2
whlkddnensn the illustrative example in US Patent 4,585,778, #i®2008/051206
4,5-dihydro-imidazol[4,5,1- jk][1]bengazepin-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-b%nzaoepin-2[1Hkone in
two steps: the R\OL\%

4,5-dihydrg-imidgzol[4,5,1-jk][1]benzazepin-2,6,7[1H]4rione-6-0x1me is

f!rst reagfed W %%OHﬁ in H)@((pﬁegmﬁ)gﬁgsgarbon, and, then, fte(g

filtration, genation prodiictis WO —

2008/092924PCT/EP2008/051206 7 reacted with sodium borohydride.

See US Patgnpt4,58%,770, col. 2, line 50 to col. 4, line 2; apg- le 1,
2 $5] . 2

Steps E & F, col. 7, line 38 to col. 8, line 3. [111 US Paten 4,585,770

reports that the trans stereoisomers of 6-amino-7- acid &
hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1-jk][1]-benzazepin-2[f1 43 61&
may be alkylated 5 with acetone in the presence of a redueing’agent (e.g.,
an alkali metal bgrohydride or cyagob%rohydride, suq{n\gs diu
cyanoBBrohydride)jto form racemigﬂffgas Zilpaterol: lisc\CH3 TF13NFIN O

H3CCH3 reetginghagentgcehiictians. N
6-amino-7 xy-}l%,@,?-tetrahydro- >=o
imidazo[4,5;44 1-benzazepin-211Hbone racemic trans e

[12] In US Pat nts%,731,028 and 5,847,124, Chevremont et al. distuss
crystallized anRydrogszipateee! hydrochloride, and particularly
crystallized anfiydrousvk@zilgateraidwbirochloride wherein less than 5% of
the crystals ha¥e a size of less than 15 gm, and at least 95% of the
crystals have-arsige of less than 250 gm. According to Chevremont et al.,
such crystals may)be incorporated into animal feed to increase body
uality. Chevremont et al. provide methods for making
giselss using the crystals to make animal premixes in
yStatsiare secured to a corn cob support 15having a greater
particle size. They also discuss monohydrate and trihydrate intermediates
that SR e ridiiekample, making the crystals.  [13] There is
an interest in processes that can be used to selectively make one
SeecpSoRatmict Ot 2l pterbloliar théo ste? thiee sterddisemeles ! Fisetel lines I-
gRarticularly an interest in processes that can be used to selectively make
one trans stereoisomer (i.e., the 20trans(é)£s§reoisomer) over the other

three Stbreol8gREReTFEmpleithS ditiehtfafo dg- the starting material is 1,3-

dihydro-1-benzyl-2H-benzimidazol-2-one, which is described in Helv., Vol 44, p. 1278

(1961):
H
N
@ O
N

1,3-dihydro-1-benzyl-2H-benzimidarzol-2-one
US Patent 4,585,770 indicates that the 1,3-dihydro-1-benzyl-2H-benzimidazol-2-one may

be reacted with ethy!l 4-bromobutyrate and sodium hydride to form 1,3-dihydro-2-oxo-3-
benzyl-1H-benzimidazol-1-butanoate, which, in turn may be subjected to saponification

by reacting it with methanolic NaOH to form 1,3-dihydro-2-0x0-3-benzyl-1H-
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both cis stereocisomers). It is contemplated that there may be benefits in

using compositions that contain mostly (or only) one zilpaterol
woRReIemer relative to racem ¢ compositions or other Cormuagiitesis /158206

contain more equivalent amounts @f two or more stereoisomers. Such

cante, d benefits. incl far . ffi :
e AR Sl Tob Koo 6 MBI RRE) T AR by

reefiegtterédubbpddriyiosidurntaRrbrsingidaraldr Enpininpithafhigny

F SIEERY ' e BIfRES wil @uminum chloride in
A oA S W i s

_ 141 Applicants are unawage ﬁ%{}ané/ d
diddrionmeiipres cBhereylERsPRASNCEYR ISR ARy BnlYalss ditiRs Girafftene &
in SHRARING Tl drexi RebidtRtrafaysinosinideentdzEnirRIfiLH,4H]-dione. See US

benzazepin-2[1H]-one or zilpaterol oye ?”td?)irt OE;QFW{EGG gspective
Paé?éf’é&§§f¥] EXRP IS e PleRy é]%ecé’x ébrlﬁ% 1 idnd s The art relating
to usg of singlag TstersiaidompovahipbiStRaisnofhdiolTo dupedibydie0-2
. agonists. S iscussion nd i r e, L nitri
RS b4 AL RBbT Poh LD R et A Ry
(e2002/01:32 881 @ mmammwpm.tpecprmnz@eﬁﬁdm@sewbé@u@fl@@; to
R - ANGES HIREAIP0S. PRYBURLRIRMS® 1P RAHOR Rise ertiyaly.

synthesizing one 6-am ) ) o ) :
difiskiyetioyigaacsie) el Hhgeresrntafo b B o GranFasdp v 1 fcdnes drie
cAIRAEIOLIQRIBIRHIME FOVELlbIB oS dh i ehkesRea b f palladium on
stereoisomers. Int'l Patent Appl. CT/EP2007/O57£36, fo_r.l,_x dole_z4 567
carhslandienirdine damipiyls 1B RTHIRSETCiZsTALS t?%”ilf}anzlky zﬁﬁatérbq’
1SR SRISORNEEI60T IBAgM ictisrna cpilpltEral-¢h61 US Patent 6,284,925
discusses a genus of cnantiomeric bisphosphine ligandgy complexes that
reportedly may be used in enantioselective hydrogenafions. The ligand 15

and M is defined as /'a metal aégé}]ncl)r. mgtal ion of th

8, e.g., Ni, U, I, Pd, BE BEREY US Pate 8,925 jjustrates
the use of s igand cgmplexes-fmhe'!nantios ixre
hydrogenation of tha aLkene in acetamido acrylates: o cH3 [i2 li %ﬂd
h@jb‘ af,S 1} 4,5-dihydr0-imidazo[4_l,5,1—] ]

comp ! ebxg:zazepin- .19 1H,4%-}Ej§0ne benzazepin-2,6,7]1 Hl-trione-6-oxime

catalytic hydrogenation

and/or sodium borohydride

H,N
HO

N
—o
N
H
racemic frans 6-amino-7-hydroxy-4,5,6,7-tetrahydro-
imidazo}4,5,1-jk](1]-benzazepin-2[1H]}-one

In the illustrative example in US Patent 4,585,770, the 4,5-dihydro-imidazo{4,5,}-
ik][1Toenzazepin-2,6,7[1H]-trione-6-oxime is converted into racemic frans 6-amino-7-
hydroxy—4,5,6,7-tetrahydro-imidazo{4,5,1njk][l}-benzazepin-?.[1H]-one in two steps: the
4,5-dihydro—imidazo[4,5,l-jk][l]benzazepin~2,6,7[1H]-trione-6~oxime is first reacted with

H, in the presence of Pd carbon, and, then, after filtration, the hydrogenation product is
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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

wérsalgsyesogenations of a ketooxime to selectively make 3 &{oreai013%506
of an aminoalcohol. WO 2008/092924PCT/EP2008/051206 9 [171 US

Patent 6,348,620 discusses epantigselecti genatjons .
(LR O SRR GRS BRI PSR. LeQlriedale Shdogol: 4 ine
2 GHREx M NNIHHRY EhdsFzeod, 71 1i2s 8830 aol R 1IRE, -and R" are selected

f it t IS i

ryGr s hanas by bt s A eEa By DA A e b v 7
hydresgontinteirekydretimedtaalieSiotibilin o tommsrinRRp Hl-opa R iz plidated
wihWhesainiRthe Blsbide B ﬁ'ﬂgcﬁé Qﬁ@n%ﬁé%'ﬂeﬂ URak @9 Shydride or

substituents; and M is defined as "a metal atom or metal ion of the
CENOGRERRYF ik s uEib S 489 1Y CYEBORATARKTESIS) fp PEm RSBt s Al Rpterol:
Patent 6,348,620 does not discuss double-hydrogenationsiof a ketooxime
to selectively make a stereoisomer of an aminoalcohol. [18TWU8:Patent
7@241315 discusses a genus of enantiom
Sthat reportedly maythe used in c

[l metals for enant@ég!}%%tg\e% hydrogenatipns.

ligands corres } I‘S}tructure to the-kataHowurg formula; 3AR3
2()3R2 O 0

N N

H H

racemic frans
6-amino-7-hydroxy-4,5,6,7-tetrahydro-
imidazo(4.5,1-jk][1]-benzazepin-2[1H]-one

racemic frans zilpaterol

[12] In US Patents 5,731,028 and 5,847,124, Chevremont et al. discuss
crystallized anhydrous zilpaterol hydrochloride, and particularly crystallized anhydrous
zilpaterol hydrochloride wherein less than 5% of the crystals have a size of less than 15 um,
and at least 95% of the crystals have a size of less than 250 um. According to Chevremont et
al., such crystals may be incorporated into animal feed to increase body weight and meat
qualty. 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
having 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 #rans stereoisomer (i.e., the
trans{-) stercoisomer) over the other three stereoisomers (i e., over the other frans and
both cis stercoisomers). It is contemplated that there may be benefits in using
compositions that contain mostly (or only) one zilpaterol stereoisomer relative to racemic
compositions or other compositions that contain more equivalent amounts of two or more
stereoisomers. Such contemplated benefits may include, for example, greater efficacy,
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.
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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.

wol6434b315 focuses on and illustrates the use of such ligarggianégi206
enantioselective WO 2008/092924CT/EP2008/051206 hydrogenation of

alkengg) US Dalent ApRl. Eubl 20081004131 Brnawayer, doce ol discuss,
doubte- ydro%pena I0ns of & Ketooxine 1o svffe:r}é’cﬂveﬁy Make a Steredisorner =
orof seramimoal ob hithef D jdapandsdPatehd REH @85 HiviKbaelkes hiki[1]-

bﬂz%%ﬁ%ﬁﬁ@&?ermﬁpa%%'ﬂ%é&%&&m{mm&pr&gé&méﬁ&%mém'_t

aracterizes this process as a two-step process: oOHOH RI STEP 1 R
RSTHEPR 1. Thererbp v bogpem dipeipin the art relating to use of single-

sthRingieehydrexyRximedminaalsrhsiereipRkAN SRR @t8ussions may be
independently selected optlonalé/ substituted Cr-Cm-alkyl, cycloalkyl, o

RORRY I S50 (6 1B bl TS R ABBT A g RS LR U5 Patem

|
r
Appndiinniordicisseastions, Papanrase. PAEBEP200508H3ESEIsERSUEE DI0T).
Tgqi‘gferent reacti?&n 10conditions for each.re%ctio .Jq}p nese Patent

i

B R T e Y R S R A Y B S G ST g B 6-amino-
7-tarhieyots WiThi¢d2lipdleprdsaits .o b b hovatepi i oo plpatared
st%é@g?}’]ﬁ%rg\‘gﬁ' izéi’ﬂﬂg SRUFRROPLR ST UCHB I tallpming: ioppula: H3C
PCT/EP2007/057036, for example, instead discusses separation techniques to isolate the
trans{-) zilpaterol stereoisomer from racemic trans zilpaterol.

[16] US Patent 6,284,925 discusses a genus of enantiomeric bisphosphine ligand
complexes that reportedly may be used in enantioselective hydrogenations. The ligand

complexes correspond in structure to the following formula:

wherein R, R?, R, R?, and R’ are selected from a range of substituents; and M 1s defined as
"a metal atom or metal ion of the subgroup [B group] §, 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

hydrogenation of the alkene in acetamido acrylates:

Q R' H Q R
s 2 W\ s
/_2‘0 o ligand complex s 0

- $ O
R
CH;4

In these illustrations, R is hydrogen, phenyl, or 2-naphthyl; and R’ is hydrogen or methyl.

CH,

US Patent 6,248,925, however, does not discuss double-hydrogenations of a ketooxime to

selectively make a stercoisomer of an aminoalcohol.
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wherein Fe is ferrocene, and R3 is hydroxy or an amine substituted with
alkyl or 15cycloalkyl. Japanese Patent 2915161 characterizes the second
woeheRsggRduction that may be carried out using a metal hxfﬁwﬁp%ti%iﬂ%ﬁ
hydrogenation with H2 in the presenrce of a Raney nickel or rhodium
catalﬁs. Japanese Patent 2915161 does not discuss
-Hyd aﬁ

doub SRS BH o St R seletixrdlydrogsngtions of ketocsters:
H

stereoisomer of 6-agnino-¢- , X 0
hydroxy-4,5,6,7-tetrishydrip-imidazefdissi-jk][1]-benzazdpin-2[1H]-one or a
salt thereof 20[20}Jap@rieSeyRaETMTRET 2001z 106 di ses two-step
hydrogenations of ketgpximes. In the first step, the kigto group is reduced
using hydrogen with a'homogeneous catalyst that comprises:a metal
whersip|Exsob aCigR NIt NN B tah fisarrdransiie 3 ,gielR, Y hdh Rharksecrsdd
step,.the oxime group i uced wi rane. This reference does not
S S B s B e o e
cpggreddnidoplaspliine ligand complexes corresponding in structure to the following
frAMino-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 commerciallky-viablegﬁrocesses) that may be used
to selectively make a stereoisomer av‘i-»_-, e
hydmxy-4,5,6,7-tetrahydro-imidazo -ik][1}benzazzpin-2[1111-one,
arficularly a trans stereoisomer.
SUMMARY [21a] In a first
electively making a stereoisomer

2
6-amino-7-hydroxy-4,5,6,7-tetr%hydroERhi azo[4,5,1-jk][1]-benzazepin2[1F

ll-one or a salt thereof, wherein: the pr S comprises reacting
4,5-dihydroimidazo[4,5,1-jk][libenzazepin¥2,6,7[11-1]-trione-6-oxime or a
alt theregf with 12 in the presence.of a catalyst; and.the catalyst .

e e S B RS Al SV HETAcE R fed o

"dretetrdomsito meed i vilibe subd@Lp A by & sebowndeaspestNihBie ks gioRitldt, or

PR PIRCEASIY SRIeVElY MAKRG A HIRRISAMEL AL ZIRASHY LA 1o
thereof, wherein the process comprises reactln&4,5-

SEARSIRYL FHER AR SOBGRIET DT EBBSHCRI®L7 1 1 Hprione-6-oxime with H2 in
the pregenceobasARNI AHHSH06ER09VEIRINR 2 cenus of enantiomeric
6-amino-7-hydroxy-4,5,6,7-tetrahydroimidazo[4,5,1-jk][11-benzazePin-2[1

bisyignbige &@&ﬁ%ﬁ%fé&??{%}éﬂ@ﬁﬁ%%%F@mﬁﬁws‘&&fm@%@%@e VIH

nailt, fig enprdoasectorssi@otivelicsyntNesizingia SheseRis@Mekdture to the
fq-a‘{ﬂnlijn%zl;ﬂh ciroxy-4,5,6,7-tetrahydrOimidazo[4,5,1-jk][1]-benz8zepin-2[1fi

'(1-]8ne ra salt thereof (also known as "7-amino-6- -one"). This process
comprises reacting Re Ry
4,5-dihydro-imidazo[4,5,1-jk [1]beﬁ@zepin-2,6,7[1113-trione-6-oxime
(also known as nimidazo[4]§?fﬂmﬂlbegggepine-2,6,7(1H)-trione,
4,5-dihydro-, 6-oxime" or N pel ) Ro
"8,9-dihydro-2H-2,9a-dia4ebé%zfg'cd]ﬁﬁ@§rﬁ ,6,7-trione-7-oxime") or a

\

salt thereof with 112 in the pregerce o ?a”*lgata y'st. The catalyst comprises
a metal complex of a ligand With g”r?iégaﬁfrom transition group VIII [23]This
disclosure also is directed, in gart, to’a oceéfgisselectively synthesizing
a stereoisomer of zilpaterol or a salt t ereq;f This process comprises
reacting Ry P ,
4,5-th|ayc|ro-imidazo[4,5,1-jk][1]be&azepin-336,7[111]-trione-6-oxime with
H2 in the presence of a catalyst to selectively form & stereoisorner of
whezeinio, Rhidreng B, 516 splected from a range of substituents. US Patent Appl. Publ.
2ARiRBvspsimidazeld s ildlRenzareRiRil 14008 ora sallibment.
which, in turn, Is converted to zilpatesol or a salt'thereof. The cata ysg
used in the reaction fanning the 6-
amino-7-hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1-k][11-benzazepin-2[1H]
-one (or a salt thereof) comprises a metal complex of a ligand with a metal
from transition group VIM 11la [24] This disclosure also is directed, in

part, to a method of feeding an animal. This method comprises feeding to
an animal fena a hovine animal a ewine animal a cheen ar a bird) a
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS [271
This detailed description of preferred embodiments is intended only to

warsainteathers skilled in the art with Applicants' invention, ifg-phipsiRiaR1 206
and its practical application SO thatmthers skilled in the art may adapt and

the inv, tlon |n Umerous be best swted t
AN RS Bt o o T Dl WA SR A it
d@ﬂﬂmﬁmﬁ&mﬂm othilecindicat rtg sptecf&n@yi saiecditmentsoofcttug an

fg&ﬂj \are intended for purposes of illustration only. This invention,
ere ore, is not limited to the preferred embodiments described in this

spemﬂt?éitloﬁamﬁd&m%t@é ReeirigBbi h giditiesges a PIRBISTINS Mmepanterpiyically
a&i@%‘i’ﬁﬁmﬁlo@ﬁ&%@cﬁrﬂ(%@%ﬁﬁ@i ¢ eyl S YR SRS A3 L TRBLIIRP BFocess:

6 -amin@}7- hydroxy -4,5,6,7- tetrahyd i dazo[4 5,1-jk][1]-benzaZépin2[IH]
-one fL R> STEP! R®  STEP2 . R?
4,5-Bhydr -|m|dam[n75mﬁﬁ]be&aze in-2,6, F=trrome- GROXIm

N-OHHOH20554111rydro-imida20)4, 5 AN NH,
beanzepie:24,711111-trione-6- e 6-sairo-7-kydroxy-44.6,7-tetrabYdro-
mM%s%%f‘g'T -JkI[11- benzneplmoﬁé%.w 8T his is a aminoalcoho ,

wilerBlahysieoenation feaslien- FRERIG) Y%Hgﬁ{'@u%k%tﬁ‘{%jﬁ“é léﬁl&’f €

represenThs that the correspondlng substituent may have either an'R
e lpekitib rash. A BRI PASOTRIS I ERSS AP b‘@%%’éc?%@%é?@‘ét%ly

c&ﬁéiﬁﬁrﬁ%ﬁoﬂﬂ@é&&ifoﬂ@%@iﬁé&eﬁ%{ﬁ@@g%1@1?9&8@@1795 drafisli@isreaction
mula( la)Formula a) WO 2008/092924PCT/EP2008/051206 13

FRAStORs JsasiePcRbhtexd Shebaradraeshdha fisLiitnps
hﬂh@@ﬁeﬂ@ﬁﬁmﬂ alambceabycthaipratess panstitiesgreftenthantdveiadiom

oSl o245 e about S0k reater han, oH il B ShepleT

n-about AMOURt
amino-7-hydroxy-4,5,6,7-tetrahydro- H‘hang [4,5,1-] Ic] [1]-benzazepin-2
2 iscovered that the process of

[IHI-one 5stereoisomers made. } : |
this invention is particularly suitakl PsPe}\lIectively synthesizing a trans

isomer of

6- amlno -7-hydroxy4,5,6,7- tetrahydrgphﬁldazo,[4 5,1-jk][11-benzazepin-2[1

HI- -one. embo rocess is used t ec v ake
B TR A8 A IO SRR SR RSN SRS
Cﬁd@@iﬁ@én deponichetRisaphitid @ tishewis aras hes- stoongdier enatichieber tlor may

bERRRGI ALY ARAOSAHEY IRRFQLBF BB RALADH v'éiﬂgi% HERIPREERR: of 2

Specifically, when

Ransy ke Shiedpa el 1pess Fapn. 3% T141 doprnohdisadauble-
hﬁﬁ%ﬁ@ﬁ@gﬂlﬁﬂ@tﬂ@xﬁn@fé@M&ﬁf&ﬁﬁ&%@@é&ﬂ?ﬁ&ﬂ%ﬁ@é@ﬂdwll
zaze In- one tWO roge reactions r. t
A o T R P bR AP e e st bt
oxirng 2y fortnpene_&nﬁa&anlﬁ fiiedel d6664dianssecous ueind tthegenction of
k& ogg{;[lll%gsl% tBhe'%l',Qt ”“Qcﬂe%mt%@ 1tsh1% P using hydrogen with a

homogeneous catalyst that comprises a metal complex of a ligand with a metal from

transition group VIIL. 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
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.



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, geagent or product that may 20occur
during any isolation step; or avoidance of any potential epimerization Qf

the fifzH geFouathara il st Rere BGRRersts (PATElATh, e ImeEH e
ﬁéé%ae.nt m%él bé re areﬁ? m : '. I g/aila ‘ ."mfégi .s. '7“
bR A T PR A, e
stBasisgrand Aiphedh yertitniegy etiomn 2Ssrolsemsh CHks irygadom pawides such

degg&bed in US Patent 4,585,770 (the fill text of US Patent 4,585,770 is
aPrﬁ%orpérated by reference into this patent). WO

2008/092924PCT/EP2008/051206 14 [311 The catalyst used in the

process of this inventigtnwamEiges a metal complex of a chiral ligand and

a mepakirom tansitiarmsctihéie of theorideidadic masrsfnicseleptispis making a

Although the.metal complesis nomacdly Radf PElRidHHR aid apBeazazepin-
Steéﬁ?@@%?éta??rognatﬁﬂﬁo )%%%P Q/%?ié,l'the metal comglex ga% c%c;ompr'

ise. .
2[1hijditiornaliribingseahdiberatalse 1 3P1AEGENe FAMIE Ehtallfs 'cr)‘r%pré’%éd'hydro'

imiAAYOfAC) eGOSFREYEIn 1205, HasRAtiaty-ahojamal ipthe satalyereof with H. in the

dissolved. In some embodiments, at le aand
PrOSRTERLE: AR A A LR oLy Eaae ki at 22t one foan

witle asieaisouh® &t ah frizndransdinrogwimyIBast about 99.9%, or about
100(@@ ng%héégotﬁ’@ abSiietOdisseligedrthrosebertr seletBadyimaking a
embo

som iments, the Eigand comprises one or more "é’%:?'g‘%ris s reacting 4,5-
R ' ’

sisspesTBA i gRPSIEki BEDERL PR RINEIEL S
ity arRHRBRM(B) (R) HesazEzeglina? BT [RA]-RENarfioReVe Witk fbnte iy, presence
of hydroé’ag] < 1‘596'%!‘%11 hyEEQXY: @ Ghfrio-alsminolyRiieky—4,5,6,7-tetrahydro-

ct.ctEH gy of ©1-05-alkoxy IS, in turn, optionally substituted by one or
imidazeifAdgkli | ERRITFESRYY PRI2ATIG ﬁ?ﬁr’&&éﬁ’gr Ci-C6-alkyl. Each

R4 is {aelepengontimbisdsns afs Gidclobutsky kipeded 4l P8, to a process for
selectively synthesizing & stereoisomer of 6-amino-7-hydroxy-4,5,6,7-tetrabydro-
imidazof4,5,1-jk][1}-benzazepin-2{1H}-one or a sait thereof (also known as "7-amino-6-
hydroxy-é,?,8,9~tctrahydm-21—1—2,9a—dimbenzo{cd}aztﬂenz-l-one"). This process
comprises reacting 4,5-dihydro-imidazo{4,5,1-jk]{ 1 Toenzazepin-2,6,7] 1H]-trione-6-oxime
(also knowr as "imidazo(4,5,1-jk][ 1 Jbenzazepine-2,6,7(1H)-trione, 4,5-dibydro-, 6-0xime”
or "8,9-dihydro—2H»~2,9a-diazabcnzn[cd]m1lme~l,6,7-11-ione-7-oxime") or a salt thereof
with H, in the presence of  catalyst. The catalyst comprises & metal complex of 2 ligand
with & metal from transition group VIIL

[23] This disclosure also is directed, in part, to a process for selectively

syntbesizing a sterepisomer of zilpaterol or & salt thereof. This process comprises reacting
4,5-dihydm—imidm[4,5,lajk}[I]benzazzpin-z,éj[lﬂ}-trinns-é-uxime with Hs in the
presence of & catalyst to selectively form & sterecisomer of 6-amino-7-hydroxy-4,5,6,7-
tetrahydro-imidazo[4,5,1-jk][1]-benzazepin-2[ 1H]}-one or a salt thereof, which, in turn, is
converted to zilpaterol or a salt thereof. The catalyst used in the reaction forming the 6-
amino-7-hydroxy-4,5 6, 7-tetrabydro-imidazo{4,5,1-jk][1}-benzszepin-2[1H]-one (or & salt
thereof) comprises a metal complex of a ligand with & metal from transition group VIIL



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 "indepepdently” is used to characterize each
substituent as being 5selected independent of the other substituents.
@1‘ r&egxaaaé)le each RI is selected independent of the other R1, R2,
SRR @S i difREiRT o PRRalP st ed Rfdessing anranimal.
This ﬂlahmm&ddaxg%bsnmmﬂr(agam bevines diienah i @veia gl ant

han and R6 stltuent 5 In instances
st S WP S SR £ I KK TP AR R ReoR s 6 8mttR
Such @ndmmﬂredﬂwsb leg-usgd.Tien gxmmmemss thessibialisasio afieeight
. tgﬁpg, %R indenepgdenty:hysrogen or
ngI Co%zif(ﬁsl while mf%]lgégglcer R4 éﬁa%ygtﬁtuent R;ﬁaﬂd R8 (tsggether{/wt e8s.
thelP#rogdhisodishiesunhedlsardscdifsntenlymttachdd) thoUa sattilpetechl sterecisomer
seled Rt ORRIGy a prodSd] dNtse MECRBIAO WiMaKsSa ARBlkamens idertiea jectwe:
other,R3 SubS'[IE nts. In 15 some suc emboglments for example, each
such g RRAIGHRIEY Belide B %ﬂ@s?)mg IR A TPRIAEEPAA)
animal’ Hee efidiBd3);, and/m[&?c]rhmngm emhailisnanissscizehntgdl is
independently hydrogen or CI-Co-alkyl optionally substituted by one or
more halogen. In some such embodiments, for example, each Rl is
independently hydrogen or methyl optionally substituted by one or more
20 halogen. In some such embodiments, each Rl 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 Rl 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
ClI-Cs-alkyl. In 20 some embodiments, for example, each of R7 and R8 is
methyl. In some such embodiments wherein the ligand corresponds to

Forn{28] (A, witur leersefitmotipplicanatd\iCtikHE)e will BE3appasennto one skilled in
thgmpﬂgwgyan ?h%’%é@ﬁégﬁ?ﬂher with the nitrogen to which they are
fo

commonly attaCche ton a saturated heterocycle. The saturated
heterocycle preferably has a total of 5 to 6 ring atoms. At least one ring

atom is mmﬁmnﬁmmmpmm aawn'y

attac rin, atoms are mdependently selected from the
grou %M 46% Prelsgen sphodimentsaxintepried onty to
acgudnmsmes i thachet w:mh@miémaa&#%m@ PRAUBBRUNY its practical

rein the ligand corre ponds to Formula
p% A&actakggh 124'is a sa%}]rﬁ?&sdnhﬁlferocy a%@{ gf? CAMYEBHAR AN TS
HW%MWMWMWWMM&WM use. This

greTe el o) em odlments herein the,
demilies Bt EEEQ%QE&)@'«: ;i asséh x |sapyrr§I%' cfred ents of

Ilgand corresponds to Formula (A); e
this JRysTtion derrimtrrded-foripumeses ab tlpistraton endym memmmsm is

ot [ithREIrasS plefeasamnibBAchR] UMERSNESE R
" |s CH3 In gg 2008/092924PCT/Eg%‘?gé?Ogllg%%%gother eﬂ’%ﬁlﬁc?‘“

In other embodiments, each R2 |s H. In other
embmmemmseaemaanussmadn@ §60i PRy Stk i zing

eac [%%ri pyr:]ir:tsn,&ﬁc%?r n'ﬁj 3%2] And, in other embodlr?ﬂargts epin-
bifirong &omAch M@Miﬁrﬁmﬁm&bﬁdmwlmqﬁaﬁ%e

in structure to ormula 4-1) (i.e., a ligand wherein each Rl is CH3, each
R2is OC3, h R3ITS'H, and each R4 is N(CH3)2): C133 gNeH3 CH3

xamples of ligands encompassed by ula A also
| ple, the enantiomer of Formula (A-14' tcnantiomer

m{?ﬂ 1B) G-nmm-‘I-hydm ,5,6, 7-tetrabydro-
bennupm-z.ﬁ,'l!llll-trme#ome imndmiat.s,i-jkgli-benmep--ﬂiﬂ}-me

This is a double-hydrogenation reaction. Each wavy line in the product structure
represents 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:

H
SNH; H(% NH,

I-IN*O HN—(

0]
6R,7R 68,78
trans trans

Formaula (I1a) Formula (ITh)
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[49] Examples of ligands encompassed by Formula (A) also include, for
example, the ligand corresponding in structure to Formula (A-2) (i.e., a

wigandawhgrein each R1is H, each R2 is H, each R3 is H, apgd-eashi3Adtos
N(CHS3)2) or the enantiomer 5theregf: (A-2). The ligand of Formula (A-2)
and other such ligands are discussed in, for example, Patent

6,348,620 (inc ¢ oratedipy reference into this patent). [5G] Exaﬂmgles of

ligands en el by Formula A also include, =xample, the
ligand cor structure to Formula (A-3 wherein
each RI is 2 is H, each R3 is H, and €3 is.M(CH3)2) or

1206 19 (A-3).
[511 Exam |gands encompassed by Formuld'Aang include, for
example, the IlgarQl corresponding in structure to FormuIaQA-4) (.e., a
ligand wherein ¢&mRh R.1 is H, each R2 is H, each R3 GRI,-VSand each R4
is pyrrolidinyl) or ¢f¥e enantiomer 5thereof: (A-4). 152%in some
embodlmen}i@"fﬁé Id¥6d corresponds to Formula (E5°TEEHLch

Tﬁ@c@x%i *geef@éﬁvéw LRDRL1gachR Y] %@Aﬂ? i %'a %&}}R%@ Inents G

R2is OCH3. In other embodiments, éach R3 is In other embodiments,

made PRI PSS mrétﬁ@ﬁ&@ré?fﬁﬁé%ﬁmé%{s(%ﬁ%w%bb@ﬁaémhﬁn about

6m§tgwé&%ﬁﬁﬁs&bys@@%p%@@éﬁﬁﬁmea R iherRMharee ceat e 6-
R5is CF3. And, in other embodiments, each R6 jis H. 1531 Examples

a@ﬂ@&ﬁt@f@ﬁ%ﬁ&%é@ﬁ%%ﬁﬁtﬂ%ﬁéﬂ MtliE IrbrnzazrRpe L HRE-RgEnd

sees6RBRRRE g $tmtuéental&wm¢kath&ﬂ)e(pﬁ)c@4lgﬁnhdsw]heﬁakmﬁtl is
CH3I WO 20 Eifl T/EP 008/0511206 20 each 2 |s O HBHT0 m
SR Y FERe TSI RES A ‘S"mﬁ*& §PSF thay droxy

455rﬁﬁitteim1ydhemmﬂaz(®4;lﬁ) 1-jk][ 1[S#hAzside 2BHdecot OM@Waiwnts, the
e )

[29] It has ’oeen discovered in accordance with this invention that this double-
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 Jbenzazepin-2,6,7] 1H]-trione-
6-oxime is reacted to form 6-amino-7-hydroxy-4,5,6,7-tetrahydro-imidazo{4,5,1-jk][1]-
benzazepin-2[ 1H]-one, two hydrogenation reactions occur: the hydrogenation of a ketone
to form a hydroxy, and the hydrogenation of an oxime to form an amine. Both these
reactions 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
{0 manpower, equipment costs, solvent use, and loss of any reagent or product that may
occur during any isolation step; or avoidance of any potential cpimerization of the first-
generated stereocenter while generating the second.

[30] The 4,5-dihydro-imidazo[4,5,l-jk}[ I Jbenzazepin-2,6,7[ 1 H}-rone-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,
such methods include those described in US Patent 4,585,770 (the full text of US Patent
4,585,770 is incorporated by reference into this patent).
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structure to the following: C-2 WO
2008/092924PCT/EP2008/051206 25 C-29 C-31 [551The selectivity of

wihsoieashtion toward a particular stereoisomer product can gea¢/Eshosins12o6
changed toward its enantiomer progiuct by using the other enantiomeric

form gglar and 56] Met from'g lilosrlitlon rog VxHeltal

inclu ﬁﬁé%fd %‘f%‘i& prruccl%e?? rrPf alum ”)S FUthenTUm
catiipiey, afidicinina( hgdndsndi lannc(t':(bﬁ‘!)mmlmtmn(gﬁttup wid pfahadiemoditPbadle of
th@ﬁgm%%mgﬁ%ﬁ&qg%%e &be%av%ﬁm @%%M{Jm@h%m% 48 Bl hnd o

more 0 enium irdium In some embodiments,
sitigdermstal rom m@m@m@ms}fﬁ&m@mmﬁah@m@lﬁ@@m@@m@mﬁdémgnal
liyuhgEeiyibe Bgial complex comprises ruthenium, the 10 metal complex

comprises RuC12Ll?and DMF)x, wherein x is a number greater than zero.

The déRiny SOMFeL dbf LY BHES RPHFEARATER TR AR Hfsrsentially
alk(@/ﬁiﬂ)&ﬁg iraetbyioumasiee. Tt I@dﬁxﬁmplﬁmam enkeallytoatFepasad, more

example, mixing [Ru(C6H with the |i F at 100C .,
g R R AR R %@M
aCiompiises potheanilvayt ﬁh:euwm?%abcahqntewn%mﬂsmght of the catalyst is
d[sRulQi nd& -C mqne)CllCl. This complex can be prepared by,

SO 1N SQIVETE.

[33] In some embodiments, the ligand comprises one or more ligands

corresponding in structure to Formula (A) or Formula (B):

Here,

Each of R', R?, R®, and R® is independently hydrogen, C;-Cg-alkyl,
hydroxy, or C;-Cs-alkoxy. Any such C;-Cg¢-alkyl or C;-Cs-alkoxy is, in turn,

optionally substituted by one or more halogen.
Each R® is independently hydrogen or C;-Ce-alkyl.
Each R? is independently hydrogen, C;-Cs-alkyl, or NR'R?.
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20

WO 2008/092924PCT/EP2008/051206 26 for example, mixing
[Ru(p-cymene)C12]2 with the ligand in ethanol or an

wothsrplYsichloromethane solvent mixture at 50C for 2 hourspcy/epioédids 206
other embodiments wherein the magal complex comprises ruthenium, the

metal complex comprises, Ru(ligand)Br2, This complex.can repared .

by, for exa 6%,#%&’1% Hfl,r%-eé’fc (?ﬁéé)(ah %ﬁog&%é{ %?a%%ﬂ?,‘%ﬁ%mmwe}y’
ligand, andl R Bojretheetdthethe nifegtdriotiactethiodierenmorte psiechied, form a
meta ises ruthenium, the metal complex comprises

Ru(lié%n gzﬁé?%?ﬁggéo%hate)z (or "Ru(ligand)(acac)21). This complex can

be priddhred by tdion aixdeppdentixing used to characterize each substituent as being

sclBUB%depr B LD (REHAGEIRNAISIR ] el the: igandin detrabl drefluan

_("THE"). 10[62] In some emhodimepts where the metal complex
néepRpfE ST iReHiER 11 aARdBniBRELES BB igarmaseidbtagme
af i thecaravp eansisting afdrnulatedty, Eowslllas (G 23nfearnauldi flerent

(C-6), Formula (Cs7), Foemula.(C-8), Formula (C-9), Formula (C-11),
thﬁ%ﬁ??ﬁlgf(@?lﬁz)’,%o%%{% § 4B mula (C-14), Formula (C-16),

Form[as] (Cit #)sEocmulhdCaRtd iR ininl & ¢Eand), @) ®Bi28)ch NR'R®

Formula (C-28), 15 Formul - For -30). Formul -
T e S N s
REovhplitaentsmipriBE st BdiwnnipgapsndsstheadipesimenisCuisindinils inehs
offRPRIRXAMANSRS HPRIUM e MAIR IO MBI MBAR RBBRIRISRMonly

[Rh-Z-diene]climer. Here, Z is halogen. Examples  of such rhodium

a0 G dreRurdcd e RRYRfe, [RhC1(1,5-cyclo-octadiene)]2,
20[Rh86H (1, inhexragdienainand4RIC I{ikmpdesindigna)ie. subsdbRhts. In

Alternatively, the metal complex compyrising rhodium may be prepared ‘
SRR BTSSR PRIt HSTBEH, (LB IR cgpresponds
igaiberan Do rnalhesHotifanchdap@®By. Examples of such rhodium
compounds include, for & ample, [Rh(norbornadieng)2l C104-,

Sene)2IBF4- (also
F6,

p;lequataIyst may be
gxample, mixing the
F=to.rhodium

in the pregemnce-af-a solvent (e.g., a solvent used in thhydro
reaction®dr dichl romethg'ne) before being added to thg reactidn

B 5, the ligand¥ghodium mixture preferably TsUse ?Nit m about

3 hours of itspdrepangition. 1671 In some embodiments, the catalyst
comprises Rh(1,5-cyclooctadiene)ligandBF4 (or "Rh(COD)ligandBF4").

5[68] In some e diments where the metal complex comprises rhodium,

the ligid7dl cdmpoise sobaionemoredidtids {odsedsnibomérsetrere6f) Co-alkyl
selected from t oup.consjsti igand r neli &-f?@”&? i
e R ™'
csolmBriseadsnendentip iy frpsan sumribid @fsmathesubsiilyted hyignpgrapore
digands epusaspPondinehiadinemyla AR anchEQmuaPR)aibeethetlOor CF:. In

such embodiments, the ligand may, for example, comprise one or more
Tpmeratadiseatt fach thesgrsnicebitsiaanger %gawa%lmtés PRI
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
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15

20

25

30

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

wGndshetmeimula (C-19), Formula (C-20), Formula (C-23), Fermoies@124306

Formula (C-26), Formula (C-27), Fermula (C-31), and the enantiomers

e The m ti
h R'is CHa. And,
e RO R R B ornaae 3 SR S5 e s
stitbctiher catbbyientsigechtB theOhydrogenation reactor may vary. The ratio
preferahly igNGeSSMARARRAUEIG RIN SQIBRRIRRA DS for examilRexy.

the ratio is at least about2 25:1, at least about 50:1, at least about 100:1, or
In sprea erhBeiReen R riadsnmBa e S asen SH B bRt MH¥R%S0:1 to
endRRL509: 1adrot? AheuH: 2O b thabmu ROQbsaiubials) amwlﬁ@@m about

200:1. | h embodi f le, the rati
el 5 RO 50 ol HBEMR B0 0 b OHELO R AP Fho-L

extmplbessembbidimetatscythe ratio is from about 100:1 to about 200:1, or

fro OO 1to out 150:1. 571 0 .
A T L R O T
sosaitsush@nmmmeomﬁumﬂta @D&eﬁtﬂﬂ&ﬂbué@@ib@rﬁ@@@?ﬁﬁ?%@n R"is
i3 adn'eﬁt{?y%elx&@a RIRTRFBLY dSOHRRGIA N IR RS ERIRAIN RIQENRIRSs to

other |nq‘red|ents in the reaction, mixture. Examples of such
F%Wéﬁ@ge?ﬁ*é‘haﬂy imtderisafon etk nuSAT W SPISPUHY BRhefRcnts:
alel o] ggél aleghol i{alpene, ethyl acetate, and dimethylformamide. In some

embodiments, the solvent comprises methanol, water, tetrahydrofuran, or
isopréf1 allBRIPE AEBeHEmER B BRITD IR BAR e'?gfﬂéiééf éa%lféd ttirted by

oﬁ&&%&ﬁ%@éﬁﬂﬁ@&ﬂ@%&ﬂﬁﬁﬁﬁ méﬁtlemmmrﬁ@thR

ther embodiments olvent comprises | opr al

SESNERIES ard EBRteMY afn > Sten n%s rpooo?xg%a{)mpfé ofr{mgr%ﬁ(geé)sc%gggﬂy ety
quhathyhﬁwmmmmm)rea‘tq:}bm ézluﬁh@l@t@éﬂgiltemgﬁ)dbﬁ okikdted

hydr borllﬁ (Snlee gtﬂ%ﬂﬁ%ﬁ@ e%ﬂﬂsléehﬁntﬁjd%rlﬁ% REeMEGbstituent. In
hydroca bons (e.g., benzene), and esters JBH? , Bmethyl acetate). 1721

SOVt teeeofbsehvess. é@cﬁ%ﬁ@?lﬁeeﬁt@éﬂ SUBHIABRIres may, for example,

COmpyigs twe, Qb RatgfdiReitanakieer, a&ﬁlfﬂhifdfﬁbﬁa{dd&@(m&& alkyl. In

alcohol, toluene, ethyl acetate, dimethylformamide, and dichloro
SQUSCRAPRARTEBIH B BRI EARL ?ﬂ&tﬂmﬁ léaﬂ?ﬁwf e ri’l""e ments

whethraa watecdetpbydtefUrannals sapromt RO emhethjmmmmmis)z)
embodiments, for examp the vent.gomprise anol f
methe&d% 3 fatr: §h§/]c]1b 4ur§ﬁtslsopar%% a%]gﬁ{gl etra mﬁ% u%ar‘ll%gf‘h they
ato Ictﬁmcaﬁyi %Mh#df@ﬁnramtmmﬂélcmmdﬁmé“rlﬂssﬁbtf@&éhﬁﬂ@q}‘féc

pré%l 1%& OMPHSES, _?Wsefg%r}%lgaﬁgﬁ{gatﬂ 1@41?64@%&%%&%&‘0@%@@ the

solven mlxtures o’illustraté, in some embodimerits when the solvent

nimoapmisey htyRA SO B B CRPYORST AL PR v ShFFETHRE A HBE HEMRHE)
ntﬁetﬁéﬁﬂ@@f%@féa@ﬂm {96 examRigIRIdbdn) 0,500 SRR MeNtS!fur.
when the solvent comprises toluene an%@yﬁa hydrggﬂéx IEPe VOE me IiatIO
Fortonsrf e RERIRMGHGEARCHSS E Y B a MBS AUbauE"F: IR K
embogigientsm whas dnesnivant complises Mathbaoetapondateifdhaula (A),
volunge ratio of m Fféh nol tqwater may be, for example, about 10:1. In
<88hie SHBHIFAEHESTRES the solvent comprises methanol and 20

DCM, #% volu mmtmtmﬁmethadbl 10dC Nogetisontib4he, rigagenyisiedligh they
atr%ecénq‘ot%'%%%a%ﬁn%&ﬁn %Hgﬁ%ﬁ%%%@@Rl%h%&\é@&ﬁx(@ﬁt@%ﬁfe%iﬁ'%e

feven reagents, products other ingredients in the reaction
Emmﬁxrertmmtsdﬂ:md@?wlﬂié (Ahcash Bnis pivietdRgnogenous distribution

of the . r@geﬁiﬁsoﬁ%@me%ﬁeﬂ@ssgm ARQsineokas erained 6ojvantsine
ro-imidazol[4,5,1- 25jk][1)pbenzazepin-2,6,7[11-11- trlon(il ?{-101>:<;|rcr![§i1 In

4,5-di

Btgof@ifné%?nfﬁlfee"f’r’é‘mea At HB RS ARy et e
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
ahoiit 22 to aboiit 22 ml/a 741 In ecome embodimente the



29 for example, potassium hydroxide ("KOH"). In other embodiments, the
base comprises one or more organic bases, such as, for example,
wiisiiyisspipe. In still other embodiments, the base compriseg b@#oos/051206
inorganic and organic bases. The amount of base may vary. In some
embodiments for e le,.the concentration of base inthe reagtio
otk AR B 3718 RO SUBOSUBRTS et o st
ensitpd{areiorraabdtitOEBpul R atip) calboilistotheamBust Bf In other
oA SR PR Bl MReTeBARP A LS Be 1 SRR
salt). T n some embodiments wherein the hydrogenation is

condiddled Framppestivmndt conasentioedasipsresriphieaaHiakdhiniude, for
exgmﬁ'é,e:ﬂ%q IR MRREH (he L RBYdrRISNFIANR GACONAUCIRUdRN @ herein

presence of a base, the catalyst comprises rhodium. g6] In some
cagholtifldnteeeinRrdtDRE nie BerbiloAd sidhct ihHak presence of
an base (e.g., KOH), the catalyst Iigeﬁg 0 rises a ligand selected from
the group of ligands selected fr 3r@jﬁe"onsisting of Formula (C-1),
Formula (C-2), Formula (C-3), F'ormﬁl (€=6),dpormula (C-7), Formula
(C-8), Formula (C-9), 15 Forgatta (-1 &
Formula (C-14), Formula (C-16 1 ‘,\g}%rmula (C-21),
Formula (C-25), Formula (C-28), Fdxmuta+4€~30), and the enantiomers
thereof. 1771 In same embediments, the hidrogenation of
4,5-dihydro-imidaz | ,
its salt) may be co d in the presencé f.an acid. The presence of
an acid may, for mplg, staBilrzs 3
and/or increase c%"(?\zeﬂé"fon. IN¥Bme emBoditents, for example, the acid
comprises one ori®ore strong iporganic acids, such as, for example, a
mineral acid, such g sulftie@cidy O@Q}. In other embodiments, the
acid comprises one or Anic acids, such as, for example,
trifluoroacetic acid ("CF3 N other 25embodiments, the acid
comprises both inorgaflic an e prgan adiisChe amount of acid may
vary. In some embodimignts for example, the concentratiamyof acid in the
reaction mixture at the beginning of the hydrogenation is no greater than

ThlsoundPeGT sertirtieinds otk 4986 v Je gy rarlive 30t Gt BY-
2670y dne-imidazetdea, bsiditibanrdarcpii 6 F 1]-trione-6-oxime (or its

salt). 30[781 In some embodiments wherein the hydrogenation is
contidaH r B ES hLEDY B AR o B 8 1
cRiRer€nbediméntendfdiatmtie (AdoJdaatioami tendatsddandtie Formula
(R[?égnce 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-imidazol[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
wakeadetq about 45C. In other embodiments, the temperajureEpfiosnsi2os
about 50 to about 80C, from abouts0 to about 75C, or from about 50 to
about 65C. Although lesser temperafyres than the above ranges may
generally be used, such temperatures tend to coincide with slower

reaction 20rates. And, although g ey tepperatures may generally be
used, such temperaturea may oinc th grgater production of
undesirable byproducts.™ \N[§ 3 BydrogQ n%tti&p of

4,5-dihydro-imidazo[4;5y-j
salt thereof) is gen a@
H2. In some embodinténts, for example, the hygdrogenation is conducted
in the 25 presence of EI2 or a mie¢ture of H2 and an inert gas. The
hydrogenation may be conducted over a yAde range of H2 pressures. In
general, the H2 presgure is prefers about 1 bar, and generally
greater than atmosphe p(ESSHFE. THE pressure also preferably is no
greater than about 86k Fome efﬁlbagiments (e.g., laboratory scale
g pressure Is from about 10 to about 70
bars, or from about 2@ao abd 30bars. In some such embodiments,
the pressure is from aboll_,ll3 Otg-gbqyt 60 bar. In other embodiments, the
pressure is from about 40 to abput 65 bars. For example, in some
embodiments, the pressure is frogyabout 40 to about H% In other
embodiments, the pressure is from about 60 to about 65 bars. In some
embddﬁhenfggatmgiw’@f)ygggdﬁgﬂmggsmy Formula (A) also include, for

e%g.({gﬁ;eg%ge%”a?&16555%89&4%5&1%%%&*1@@:@Bﬂﬁt@és%ﬁg&ﬂ@.%% thanehesbin

onm about 2 to about 12 bar, from about 2 to about 7 bar, or from

casboRit 3 B easOUR 50Hr g T BB SRR Yo SRR

5 iipgdor a continuous reactor) will vary, and will depend on various factors,
which may include, for example, the reaction Stemperature, catalyst type,
catalyst concentration, H2 pressure, #,5-diffdrozimidazo[4,5,1-
jk][1]benzazepin-2,6,7[11-1]-trioné-6axim& congentration, molar ratio of

more typically no greater than-atfseg22 hows- In some embodiments, the
reaction time is, for examplg;ffrom a@bout 24 hours. Although
reaction times less thamib€se typical fanges.#ay be used, such
15reaction times may coinci ith@ésser conversions. And, although
greater reaction times may be used h reaction times may coincide
with greater production of impurities o¥inefficient usédotdequipment or

TRERRANES: IS hnd R RS 1Rk Word {Reihe Aruile-hxeioganalivn davple, US

comprise various reactor types. In some embodiments, for example, the

Raisptér iS00 ragomakatedaydiciosena du e s acttined reactors are
typicallyosuitarian pith 0¥ ghaany GRoReSIiAbSiRbienvhen gxpasedit fie

reaction mixture may be u .ed.,g]M Purificatjon or | (:4 tign of the. o
10 ARl GRHSaRASRER BrBE0E RS R ORI S Sbl i dTgpad wherein
st niathedshkirow il jrdtieRdrts himeoaifieR ‘ps0d(d raygr thagnantiemer
tg%ed ft_o selectively make a stereoisomer of zilpaterol or a salt thereof.
Kﬂérnatively, 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
wolsigisamer. The term "selective,” as used in the context géyRiReRIAEG06
a zilpaterol stereoisomer, means that the amount of one zilpaterol
stereoisomer constitutes greater than 50%.(and more typically greater
than about 60%, greater than abouf%o
the total amount of all the zilp}éﬁ%r steregisorners made. Given that the

6-amino-7-hydroxy-4,5,6,7-tetrah ' i 4,5,1-jk][1]-benzazepin-2[IHI
-one, it follows that the J‘% suitable for selectively
synthesizing the corrg i NS | r of zilpaterol. In some

make the 6R,7R trans

stereoisomer has alﬁggatwe OfSé otation, as measured by a
polarimeter; thus, it alg6 may be referred to as the "trans(-)" stereoisomer.
[86] The 6-amino-7-hydroxy:4,5,6-tetrahydro-imidazo[4,5,1-jk][1]-
benzazepin-2[11-1I-on€ : " +bERonverted to the
corresponding zilpaterol 1§ f using various methods. In
general, this may be achieved\by, forjexample, reductive alkylation. For
example, the CFs  CF,
6-amino-7-hydroxy-4,5,6,7-tetrahydroimidaz ﬁ% 1(] 1 benzazepln 2[1H
kone &&eo@@ﬁébﬁﬁﬁ‘@é“éﬁ@%ﬁéﬂ’%ﬁfﬂa’é’e ofos

SSRGS NG SOTHESRRARING FURABID tﬁtﬁ}ﬁ@l@so&ﬂ@aﬁ@ wherein

|Ilustrated in"the following reaction scheme:;
et 5B M5B Rty PO ARG ARrdf SETRBHgr the enantiomer
5 hepidazol4,5,1-jk] | 11-benzazepin-2[111]-one 15stereoisomer wherein the
wavy lines represent a specific ster:o configuration of the corresponding

substituents. The reducing agent{nay] for example, be an alkali metal
or alkali metal

ydrigie). In this instance, the
0 Various solvents (or
ISEX for example, methanol.
The reaction temperature may vary|wid Iy. #heral, the reaction

borohydride (e.g., sodium triacetoxybsrohyd
cyanoborohydride (e.g., sodium cyano OTOR

reaction temperature ig about 25C during at least a
portion (and, more prefée s&ehBally aII or all) of the 25reaction. The
reaction may be conducted af atmosp er| ssure, less than
atmospheric pressure, or gre ter than at jeric pressure. Typically,
however, it is conducted a ut a herlc pressure. WO
2008/092924PCT/EP2008/051206 711t should be recognized that
this invention further encompasses odiments wiagmgin the

hydro enation r ﬂ%ent com rises a

4,5- d| YoroiridgB 48P Ff’#enlﬁe %cf’geﬂ’fﬁﬁlst DReTEA (B ﬁl pome
fhydregenatientQrixd uga@@mpasmgz(os GItorivesthe itbpdisetttofash R* is OCH.

6-amin dro 51,16};{3 teﬁa
bodiments, each R* is CHa. In other
Iglﬂ%h azgé,gl, >ﬁ/lfit)enzazepln‘)gfi%:f]mc})ﬂlne‘? sltere0|somer ang/o} the
10 mlbadiemhpn;@ddmtf{ is independently methyl substituted by one or more halogen. In
other embodiments, each R® is CF:. And, in other embodiments, each R®is H.
153] Examples of ligands encompassed by Formula (B) include, for example,

the ligand corresponding in structure to Formula (B-1) (i.¢., a ligand wherein R is CH;,



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
wbeskepased using various inorganic or organic acids, and aplbageadsiirms
salt can typically be prepared usingwarious inorganic bases. Such salts
SARMRIGEH. DEAROIIEROY (3 YRmRle RNG:A URE Reserspipagund
with an acid"or mixing a free acid compound with a base using, for
crertionpte hesgidus methods known in the art. A salt may be advantageous
.due. to one or moregfits cmi @t}o'r'physical prqperties, suqh as stability
in differing temperature d¥iumidities, or a desirable solubility in water,
oil, or other solvent. In s hstances, a salt of a compound also may be

Q-gn animal), the sak is
eutically acceptable” is

e for use in a

gtically 20acceptable salt
y deleterio d'éffect that the salt
may have. [891 Example ino ¢ acids thiat typically may be
used to fowl acid addition s lu Joric, hydrobromic,
hydroiodic, nitric, carbonic, sulfuric, 8id ghosphoric acid. Examples of

organic acids include, for example, aliphatic(,: Scycloaliph&8el Jaromatic,

aralbpafc, RelgRRlC RRRG Y AN S Ulee iaRP SR BANIAAE o,
Specific examples of drganic sa include cho ate, sorbate, laurate, =~
5 SadeimendsifishrdadetsraniplenHeanpy dpie saratomehdrcefl) eorssponding in
sQlcanaiendiglyronate, lactate, malate, tartaric acid (and derivatives
thereof, e.g., dibenzoyltartrate), citrate, ascorbate, glucuronate, maleate,

Eate), /@
Uonate,falge

onate, adipate, alginate,

pharmaceutically acce .
used to characterize the salt

g rate, camphorsulfonate, cysfopentanepripionate,
dodecylsulfate, oheptanoate, WO 2008/092924PCT/ 91918/051206
34 glyceropho hatésh(e 1Lﬁfa\noate, hexanoate, nieotinate;

2-naphthalesulfenate;ioxa ate, palmoate, pectinate, 3-phenyl rgnate,
picrate, pivalate, thiocyanate, tosylate, and undecano ate. 1 mples
of base addition gajts may include, for example, metallic salts: tallic

salts, for example, include alkali metal (group la) salts, alkaihe earth
metal (group Ha) salts, and other physiologically acceptable metal salts.
Such salts may be madgfrox aluminum, calcium, lithium, magnesiyr
potassium, sodium, an r@ or example, a free acid compound
mixed with NaOH to formysefch a base addition salt. 49

coptaing the zilpaterol gtereocisomer prepared in g J Wi
inparticularl;gfﬁe 5R;7Rstereoisomer)fhay geherally be usg
exaqpie; %J?mz%gsé\tgse rate eight gain, imrove}ﬁfeed efficiency
and/or incyease garcags leanneg’ i i

plated b its of using a stereoisomer composit
accdydancg with thié i \éhition over racemic Zitea ,

pte“greater efficacy, greater selectivity, improved hafdfing

150haracteristics(,:Téwer side effects, lower drug tissue concentrations,
and/or the ability to eliminate another stereoisomer having adverse side
effects. [92] Typically, the sterecisomer 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,
Aarantilee nowdere ater )l nactee and licinind docecane fonne (e A enliitinne

S
n



25preservative agents, inert diluents (e.g., calcium carbonate, sodium
carbonate, lactose, calcium phosphate, sodium phosphate, or kaolin),
wolaREAREeg and disintegrating agents (e.g., corn starch or apginigracidhs1206
binding agents (e.g., gelatin, acaciaz or carboxymethyl cellulose), and
lubricating ats (e.g., magnesium stearate, stegric acid, or talc). Liquid

Contemplated sUpports include, for example, insert supports, such as
5calcium carbonate, limestone, oyster shell flour, talc, soybean hulls,
3 soybean feed, soybean mill run, @ iddlipgs, rice

meal, corn gluten, sta = creﬁrd

6N co§

ROrts
fis 8. In some |
or th&sgize 0 SHPPOrtiy
/‘ ut 800 um. Preferab e Zilpg gtereoisomer
3 to the support have~&particle siz€that is less
ort. Thus, for example, in some dm®odiments in
which the suppoit-is from about 300 to about 800 gm, the stereoisomer
particles (or at least about 95% of the stereoisomer patrticles) are less

than abouti26Q um-n séme embodiments, the size of the ority, £

l thgp'about 15 um. The methods discussg

28 (inconperated 20by referenﬁeé@/t'hi /patént) qr making
e distribution of crystalline racemic trané{iﬁpaterol may

nﬁ)‘l%, the type (e.g., species and breeq), age,
w t, 25waetnjty, and condition of the intended recipient. For bovine and
swine, various fé&ds are well known in the art, and often comprise
cereals; sugars; §r&ins; arachidic, tournsole, and soybean press cake;
flours of animal origin, such as fish flour; amino acids; mineral salts;
vitamins; antioxidants; etc. In general, the sterecisomer composition can
be incorporated into any feed that is available and used for the intended
recipient animal. 30[951It is contemplated that the stereocisomer
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
waosaa@mferably comprises an amount of the stereoisomerctivaitngethsrs
with the amount of other active ingeedient(s), constitutes an effective
amgunt. In the context of the stereoisomer, an 10"effectjve<amount” is an

arcass Ieanne\g [
and/or fish). [§71WA

, the\daily dose is from abo

about 0.01 to a@o&qo mg/kg, from abou 5

about 0.05 to abiout 1, or from about 0.05 to about 0.2 mg/kg. In sOx

embodiments where the stereoisomer is administered in th [
\

he feepkf
90% dry matter basis) is at least about 0.01 ppm (by weight)—Fg
animals, the stereoisomer concentration is preferably no greaterthaz
about 75 ppm (by weight). In some embodiments, for exgmgle, thc
stercoisomer concentration is no greater than about 38 ppm, from about
0.5 to ahqut 20 ppm, from about 3 to about 8 ppm, or fromn, abgrit 3.7 to
about 7.5 y ighPHFor 25swine animals, stgreoispmeyCH,
concenftrétion is preferalily ho greater than about 458pm By wight). In
some sucpempjodimentsgfor example, the conc%ﬁ%ati@ﬁ;is Hé-gre&tér
than abo pm, from @[I_?out 0.5 to about 20 ppm, fronCalgout 2 to about
t

e

5 ppm, or fre 0 about 4.5 ppm (by weight). [981Although

about
single ofatdaily dosés a gypically preferred, it is contemplated 30that
shorter or lefige ods between doses can be used, depending on, for
exampl ,-‘?he recipient's metabolism of the stereoisomer. It is

contemplated t t'dmaller doses may be administered two or more times
per day to,achieve the desired total daily dose. Such multiple dose

administered Wia a subcutaneous implant, the preferre
the stercoisomg icdlfy greater than about 0.05

of the

rm preferably is sufficiefEto provide the
effective amount of the stereoison‘eetlﬁw a volume
Arenteral administration. As.with oral feeding, an
injection dosage foffmmay be administered once per day, although it is
contemplated th&t Bhorter 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 sterecisomer composition
may be administered to the intended recipient a single time. In general,

however, the composition is administered over time. In some
oambodimente where the animal recinient ic a livvectoeclk animal for




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
winghRigeegariod. In some such embodiments, it is administePea/aaHA0FH51206
from about the last 10 to about the3ast 60 days of the finishing period, or
from about the last 20 to ghout the last 40 days of the finis eriod. The
V-G8

term "finishing period" r,éfeﬁs to the later stage of the grow riod for an
30animal. During this périod, livestock animals are typicall ipetiN
feedlot. In some embodimgnts where the livestock anj 3
animal, this p stsgr from about 90 to abewt 225 day
on, for example, the startigg body weight of the anirr%,!. The

withdrawal period follaying the finishing period in whighng

depen WO 2008/092924PCT1EP2008/051206 ple, the
type (e\g., spegi nd breed), age, weight, activity, anyg ct on of the
recipiept apmmarwes well as the maximum acceptdble
residue~sgncentration in the meat of the animal. SEX/ [1031
The folloviing examples are merely illustrative b nts of the
inventi n and not limiting to the remainder of closure in any way.

[104] EXample glydrogenation of 4,5-dihydro-imidazo[4;58-
10jk][1]benzaze}f)1 -2,6,7[111]-trione-6-oxime to selectively form a
stereoisomer of 6- gmino-7-hydroxy-4,5,6,7-tetrahydro-imidazo [4;§,1 -]
K][1]-benzazepin-2 1-one using an Rh(COD)LigandB 3

112N gandBF4 11j >0)=-0 Ii N [105] A
analyz J€atalysts consisting dE¢5RE(COR)Ligagke
enantiosetéctive hydrogenation of 4,5-dihydra gazopt,5,1- K][
libenzazepin-2,6, <1 T-trione-6-oxime. [106] To

catalyst, a ligand (0.802 mmol) and Rh(COD)2BE4 (0.00
dissolved under a mydichloromethane (0.1 m1). Ther

was stirr fdture for 10 min. 20[107] In prépar

substrate suspension was prepared us
o[4,5!1-jK|[1]benzazepin-2,6,7[11-1Ffone-

suspension at this¥point. [108] To perform each hydrogenation, the CH,
catalyst mixturewd& combined with 25the substrate susp€rfon, and the
resulting mixture was introduced into an autoclave. The
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autoclave was purged with H2. The pressure was adjusted to 40-50 barr,

and the temperature was adjusted to 35-40C. The pressure and
wiEsgialase were then maintained at those levels for 20 hrp&ftaroasiing2oe

and releasing the pressure, a sample of the mixture (0.1 ml) was collected

for analysis. 30[ 09] To analyze a sample, apptely 25 mg of

resulting si A was stigred at 50C for WO
2008/092924FCT/EP2008/051206 39 10 min. After vard, the 8ﬂspen3|on
was f||tered through paperand diluted Wlth 2. 5 M Na@H (008 ™M

resulting mixtures wereg analyzed usmg HPLC. 1104 T ants
Q) )
ey gandS-asing this procedure. 1 Ides{5results
gants e|ve to be the best results under the refaction o
Q26 O8/092924PCT/EP2008/051206 4
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[S5] The 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.

[86] Metals from transition group VIII include iron ("Fe™), cobalt ("Co™), nickel
("Ni"), thodium ("Rh"), ruthenium ("Ru"), iridium ("E"), osmium ("Os"), platinum ("Pt"),
and palladium ("Pd"™). Insome embodiments, the transition group VIII metal comprises
one or more of rhodium, ruthentum, and iridium.

[57] Insome embodiments, the metal complex comprises ruthenium.

[58] In some embodiments wherein the metal complex comprises ruthenium, the
metal complex comprises RuClLigand(DMF),, wherein x is a number greater than zero.
The acronym "DMF" corresponds to dimethylformamide, which also is known as "N,N-
dimethylformamide.” This complex can generally be prepared by, for example, mixing
[Ru(CsHg)Cl], with the ligand in DMF at 100°C for 10 min.

[59] In other embodiments wherein the metal complex comprises ruthenium, the

metal complex comprises [Ru(ligand)(p-cymene)CIJCL. This complex can be prepared by,
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for example, mixing [Ru(p-cymene)Cl;], with the ligand in ethanol or an
ethanol/dichloromethane solvent mixture at 50°C for 2 hours.

[60] In other embodiments wherein the metal complex comprises ruthenium, the
metal complex comprises Ru(ligand)Br,. This complex can be prepared by, for example,
mixing Rh(1,5-cyclo-octadiene)(2-methylallyl),, the ligand, and HBr in acetone.

[61] In other embodiments wherein the metal complex comprises ruthenium, the
metal complex comprises Ru(ligand)(acetylacetonate); (or "Ru(ligand)(acac),"). This
compiex can be prepared by, for example, mixing [Ru(n’-2,4-CeHio)(acetylacetonate),]
and the ligand in tetrahydrofuran ("THE").

[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),
Formula (C-29), Formula (C-30),Formula (C-31), and the enantiomers thereof.

[63] Insome embodiments, the metal complex comprises rthodium.

[64] In some embodiments wherein the metal complex comprises rhodinm, the
metal complex may be prepared from [Rh-Z-diene]dimer. Here, Z is halogen. Examples
of such rhodium compounds include, for example, [RhCI(1,5-cyclo-octadiene)]z,
[RhCI(1,5-hexaadiene)];, and [RhCI(1,5-norbornadiene)]s.

[65] Alternatively, the metal complex comprising rhodium may be prepared
from, for example, [Rh-(diene),]"Y. Here, Y is [BF47], [CIO47), [PFs], or another anion
that has no ligand capacity. Examples of such rhodium compounds include, for example,
[Rh(norbornadieng);] Cl0y, [Rh(1,5-cyclo-octadiene),] ClO4", [Rh(1,5-cyclo-
octadiene);] 'BF, (also known as "Rh(COD),BF;"), [Rh(1,5-cyclo-octadienc),] PFs,
[Rh(1,5-hexadiene);] ClO47, [Rh(1,5-hexadiene),] BFy, [Rh(1,5-hexadiene)] PFy,
[Rh({norbornadiene),] BF,, and [Rh(norbornadiene),] PFs .

[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
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
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reaction mixture. In these embodiments, the ligand/rhodium mixture preferably is used
within about 3 hours of its preparation.

{671 In some embodiments, the catalyst comprises Rh(1,5-cycio-
octadiene lligandBF, (or "Rh(COD)ligandBF4").

[68] In some embodiments where the metal complex comprises rhodium, the
ligand comprises one or more ligands (or stereoisomers thercof) 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
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 thodium, the
ligand comprises one or more ligands selected from the group consisting of Ligands
corresponding to Fermula (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), Fermula (C-27),
Formula (C-31), and the enantiomers thereof.

[70]  The molar ratio of 4,5-dihydro-imidazo[4,5,}-jk][1]benzazepin-2,6,7[ 1H]-
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
lcast about 25:1, at least about 50:1, at least about 100:1, or at lcast 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
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-imidazof4,5,l-jk][1]benzazepin-
2,6,7[1H}Hrione-6-oxime (or its salt) is generally conducted in a solvent. Various solvents
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 isopropy! alcohol. In some such embodiments, for example, the
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solvent comprises methanol. In other embodiments, the solvent comprises isopropyl
alcohol., Other solvents are contemplated, such as, for example, formarmdes (e.g., N-
methylpyrrolidinone), aliphatic alcohols (e.g., cthanol), chlorinated hydrocarbons (e.g.,
chloroform), ethers {e.g., dioxane), aromatic hydrocarbons (e.g., benzene), and esters (e.g.,
methyl acetate).

[72] 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
alcohol, In some such embodiments, for example, the solvent comprises methanol and
watet, methanol and tetrahydrofuran, isopropyl alcohol and tetrahydrofuran, or toluene
and tetrahydrofuran. In other embodiments, for example, the solvent comprises metharnol
and water. The volume ratio may vary in solvent mixtures. To illustrate, in some
embodiments when the solvent comprises methanol and tetralydrofuran, the volume ratio
of methano! 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
DCM, the volume ratio of methano! to DCM is about 24:1.

[73] Typically, 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-
jk][1]benzazepin-2,6,7[ 1H]-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][ 1 ]benzazepin-2,6,7[ 1 H]-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,}-
ik][1]benzazepin-2,6,7[ 1H}-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-
ik][1Jbenzazepin-2,6,7[ 1 H]-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,
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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
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,l-jk ][ 1 ]benzazepin-
2.6,7[1H]-trione-6-0xime (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
hydrogenation 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),
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.

[77]  In some embodiments, the hydrogenation of 4,5-dihydro-imidazo[4,5,}-
jk][1]benzazepin-2,6,7]1H]-trione-6-oxime (or its salt) may be conducted in the presence
of 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 ("HzSO4"). In other embodiments, the acid comprises one or more strong
organic acids, such as, for example, trifluoroacetic acid ("CF;CO,H"). In still other
embodiments, 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][ 1Jbenzazepin-
2,6,7[ 1H]-trione-6-0xime (or its salt).

[78] Insome 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 rthodium.

[79] In some embodiments wherein the hydrogenation is conducted in the

presence of an acid (e.g., CF:CO;H), the catalyst ligand corresponds in structure to
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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),
Formula (C-24), Formula (C-26), and the enantiomers thereof,

180] The hydrogenation of 4,5-dihydro-imidazo[4.5,1-1k ][I ]benzazepin-
2,6,7[1H]-trione-6-0xime (or its salt) may be conducted over a wide range of
temperatures. Typically, the reaction is conducted at a temperature that 1s not greater than
the boiling point of the solvent, and more typically is less than the boiling point. In
general, the temperature preferably is no greater than about 90°C. The temperature also
preferably is at least about 20°C 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 80°C, or from about 25 to about 80°C. In some such embodiments, the
temperature is no greater than about 45°C, from about 25 to about 45°C, or from about 35
to about 45°C. For example, the temperature in some embodiments is from 35 to about
40°C, while the temperature in other embodiments is from about 40 to about 45°C. In
other embodiments, the temperature is from about 30 to about 80°C, from about 50 to
about 75°C, or from about 50 to about 65°C. Although lesser temperatures than the above
ranges may generally be used, such temperatures tend to coincide with siower reaction
rates. And, although greater temperatures may generally be used, such temperatures may
coincide with greater production of undesirable byproducts.

[81] The hydrogenation of 4,5-dihydro-imidazo[4,5,1-jk][1Jbenzazepin-
2,6,7[1H]-trione-6-oxime (or a salt thereof) 1s generally conducted in thc presence of Hy or
a source of H,. In some embodiments, for example, the hydrogenation is conducted in the
presence of H; or a mixture of Hy and an inert gas. The hydrogenation may be conducted
over a wide range of Hj pressures. In general, the H, 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
bars. 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 H; pressure is less
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[82] 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
temperature, catalyst type, catalyst concentration, H» pressure, 4,5-dihydro-imidazo[4,5,l-
jk][ 11benzazepin-2,6,7] 1H]-trione-6-oxime concentration, molar ratio of 4,5-dihydro-
imidazo[4,5,1-ik][ 1]benzazepin-2,6,7[ 1H]-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
about 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
reaction 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.

[83] The reactor used for the double-hydrogenation may comprise various
reactor types. In some embodiments, for example, the reactor is a stirred-tank reactor.
Glass 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
achicved 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.
Alternatively, 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,

[85] In general, the 6-amino-7-hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1-5k][ 1]-
benzazepin-2[1H]-one stereoisomer made in accordance with this invention 18 used to
selectively make the corresponding zilpaterol stereoisomer. The term "selective,” as used
in the context of synthesizing a zilpaterol stercoisomer, 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 sterecisomers made. Given that the process is particularly suitable for
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selectively synthesizing a trans isomer of 6-amino-7-hydroxy-4,5,6,7-tetrahydro-
imidazo[4,5,1-jk][1]-benzazepin-2[ 1 H}-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.
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 “wransf-}"
stereoisomer.

[86] The 6-amino-7-hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1-k]{1]-
benzazepin-2[ 1H]-one stereoisomer may be converted to the corresponding zilpaterol
sterepisomer 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-tetrahydro-
imidazo[4,5,1-jk][1]-benzazepin-2[ 1H]-one stereoisomer may be atkylated with acetone 1n
the presence of a reducing agent to form the corresponding zilpaterol stereoisomer as
illustrated in the following reaction scheme:

1%13c>_CH3
H,N 0 HN

HO J’I\ HO

H,C” TCH,
N

—o
N
H

reducing agent
6-amino-7-hydroxy-4,5,6,7-tetrahydro-
imidazo[4,5,1-jk}[1]-benzazepin-2[1H}-one
sterepisomer

N
-
§
zilpaterol stereoisomer
;
wherein the wavy lines represent a specific sterco 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.
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 0°C, and no greater than the boiling temperature of the
solvent. In some embodiments, for example, the reaction temperature is from about zero
to about 25°C during at lcast a portion (and, more preferably, essentially all, or all) of the
reaction. 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.
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[87] It should be recognized that this invention further encompasses
embodiments wherein the hydrogenation reagent comprises a salt of 4,5-dihydro-
imidazol[4,5,1-ik][ 1Jbenzazepin-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-
imidazo{4,5,1-jk][1]-benzazepin-2[ 1 H]-one stereoisomer, and/or the zilpaterol product
comprises (or is converted into) a zilpaterol salt.

[88]  Salts 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
formed by, for eXamplc, 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
isolation 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 salt 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
acceptable salt has one or more benefits that outweigh any deleterious effect that the salt
may have.

[89] Examples of inorganic acids that typically may be used to form acid
addition salts include hydrochloric, hydrobromic, hydroiodic, nitric, carbonic, sulfuric, and
phosphoric acid. Examples of organic acids include, for example, aliphatic,
cycloaliphatic, aromatic, araliphatic, heterocyclic, carboxylic, and suifonic 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,
mesylate, stearate, salicylate, p-hydroxybenzoate, phenylacetate, mandelate (and
derivatives thercof), embonate (pamoate), ethanesulfonate, benzenesulfonate,
pantothenate, 2-hydroxyethanesulfonate, sulfanilate, cyclohexylaminosulfonate, algenic
acid, p-hydroxybutyric acid, galactarate, galacturonate, adipate, alginate, butyrate,

camphorate, camphorsulfonate, cyclopentanepropionate, dodecylsulfate, glycoheptanoate,
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glycerophosphate, heptanoate, hexanoate, nicotinate, 2-naphthalesulfonate, oxalate,
palmoate, pectinate, 3-phenylpropionate, picrate, pivalate, thiocyanate, tosylate, and
undecanoate.

[90] Examples of base addition salts may include, for example, metallic salts.
Metallic salts, for example, include alkali metal (group Ia) salts, alkaline carth metal
(group Tla) 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.

[91] Compositions containing the zilpaterol stereoisomer prepared in accordance
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
sterepisomer composition prepared in accordance with this invention over racemic
zilpaterol include, for example, greater efficacy, greater selectivity, improved handling
characteristics, 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
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 forms (e.g., solutions, suspensions, cmulsions, syrups, ete.).
These dosage forms optionally comprise one or more suitable excipients. Such excipients
generally include, for example, sweetening agents, flavoring agents, coloring agents,
preservative agents, inert diluents (e.g., calcium carbonate, sodium carbonate, lactose,
calcium phosphate, sodium phosphate, or kaolin), granulating and disintegrating agents
(e.g., com 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
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.
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93] In some embodiments, the zilpaterol stereoisomer is in the form of particles
adbered to a support, which, in tum, 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
calcium carbonate, limestone, oyster shell flour, talc, soybean hulls, soybean meal,
soybean feed, soybean mill run, wheat middlings, rice hulls, corn meal, corn genm 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
about 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 pm, 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
particles is from about 50 to about 200 pm. 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 stercoisomer particle size distribution is
such that less than about 5% of the stercoisomer particles have a particle size of less than
about 15 um. The methods discussed in, for example, US Patent 5,731,028 (incorporated
by 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 cxtent the composition is incorporated into feed, the feed mixture
will vary depending on, for example, the type (e.g., species and breed), age, weight,
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 mcorporated
into any feed that is available and used for the intended recipient animal.

[95] It is contemplated that the stereoisomer composition may be administered
via non-oral routes, such as rectally, via inhalation {e.g., via a mist or acrosol},
transdermally (e.g., via a transdermal patch), or parenterally (e.g., subcutaneous mjection,
intravenous injection, intramuscular injection, implanted device, partially implanted

device etc.). In some particular embodiments, the composition is administered via an
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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.

[96] In general, the stercoisomer composition is administered in a dosage form
that provides an effective amount of the stercoisomer. 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 stercoisomer, an
"effective amount” is an amount sufficient to increase the rate of weight gam, improve
feed efficiency, and/or increase carcass leanness in the intended recipient (typically
livestock, poultry, and/or fish).

[97] When 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
than 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 18
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,
the 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,
the stereoisomer concentration is no greater than about 38 ppni, 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
swine 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, ot from
about 2.2 to about 4.5 ppm (by weight).

[98] Although single oral daily doses are typically preferred, it is contemplated
that 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.
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[99] 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.

{100] If the stereoisomer composition is administered parenterally via an
injection, the concentration of the stercoisomer 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
periods 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, subcutancous implant, other parenteral route, etc.); pharmacological considerations,
such as the activity, efficacy, pharmacokinetic, and toxicology profiles of the particular
composition administered; and whether the stereoisomer is being administered as part 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.

[102] Itis 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
about 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
animal. 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 o 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
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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.

EXAMPLES
[103} 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,}-
jkl[1]benzazepin-2,6,7[1H]-tri0ne-6—0xime to selectively form a stereoisomer of 6-
amin0-7»hydr0xy-4,5,6,7-tetrahydro-imidazo[4,5,1—jk}{I]—benzazepin—Z[lH}-one
using an Rh(COD)LigandBF; catalyst.

“OH
N N
b v
A—— d -
[§) i H2 HO \\
i \f RB(COD)ligandBF, %( )
) -

. E ~N
S D™
Ll\\;’/;}k-“ N/: k\&’%/\ N/

H H

[105] Applicants have analyzed several catalysts consisting of
Rh(COD)LigandBF, for enantioselective hydrogenation of 4,5-dihydro-imidazo[4,5,1-
k][ 1]benzazepin-2,6,7] 1H]-rione-6-oxime.

[106] To prepare cach catalyst, a ligand (0.002 mmol) and Rh(COD),BF, (0.002
mmol) were dissolved under argon in dichloromethane (0.1 ml). The resulting mixture
was stirred at room temperature for 10 min.

[107} In preparation for the hydrogenation, a substrate suspension was prepared
by suspending 4,5-dihydro-imidazo[4,5.1-jk][ 1 Jbenzazepin-2,6,7 [1H]-trione-6-oxime (0.1
mmol) under argon in solvent (0.5 mi). In instances when an additive {(i.e., an acid or
base) was used, the additive (0.1 mmol) was added to the suspension at this point.

[108] To perform cach hydrogenation, the catalyst mixture was combined with
the substrate suspension, and the resulting mixture was introduced into an autoclave. The
autoclave was purged with Hy. The pressure was adjusted to 40-50 bar, and the
temperature was adjusted to 35-40°C. 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.

[109] To analyze a sample, approximately 25 mg of Deloxane®™ (a metal

scavenger) was added to the sample, and the resulting suspension was stirred at 50°C for
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NaOH (0.05 ml), acetonitrile (0.5 ml), and water (0.5 m!; containing 0.1% formic acid).
The resulting mixtures were analyzed using HPLC.

[110] Applicants tested numerous ligands using this procedure. Table 1 includes

results that applicants perceive to be the best results under the reaction conditions.
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{111] The enantioselectivity ("ec") equals the difference between the
concentrations of two stereoisomers divided by the total concentration of the two
stereoisomers (x 100%). Thus, the rrans enantioselectivity equals the difference between
the concentrations of the two trans stereoisomers divided by the total concentration of the
two trans stereoisomers (x 100%):

[first trans isomer] - [second trans isomer]

ee trans = x 100%
[first rans isomer] + [second trans isomer]

[112] 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.

[113] Example 2. Hydrogenation of 4,5-dihydro-imidazo[4,5,}-
jk][1]benzazepin-2,6,7[1H]|-trione-6-oxime to selectively form a stereoisomer of 6-
amino-7-hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1-jKk] [1]-benzazepin-2[1H}-one
using an RuChLigand(DMF); catalyst.

OH
Y j.
s, ST
O’ N H, HO-W/ A
‘1‘ / RuCle_,Lxgand(DMF)g 'L\ ;"
’/}\\(,N\ st /'/-\ /N\
l! B! =0 | .
R R
N -
H H

[114] Applicants have analyzed several catalysts consisting of
RuCl;Ligand(DMF), for enantiosclective hydrogenation of 4,5-dihydro-imidazo[4,5,]-
ik][1Jbenzazepin-2,6,7[ 1H]-trione-6-0xime.

[115] To prepare each catalyst, a ligand (0.002 mmol) and [Ru(CsHs)Cl2]; (0.001
mmol) were dissolved under argon in dimethylformamide (0.05 ml). The resulting
mixture was stirred at 100°C 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 Jbenzazepin-2,6,7[ 1H-trione-6-oxime (0.1
mmol) under argon in solvent (0.5 mi). In instances when an additive (i.e., a base) was
used, the additive (0.1 mmol) 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 H,. The pressure was adjusted to 20-60 bar, and the

temperature was adjusted to 50-80°C. The pressure and temperature were then maintained
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at those levels for 20 hr. After cooling and releasing the pressure, a sample of the mixture
{0.1 mi) was collected for analysis.

[118] To analyze a sample, approximately 25 mg of Deloxane® was added to the
sample, and the resulting suspension was stirred at 50°C for 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.

[119] 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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Solvent
methanol/
tetrahydrofuran
(1:1 {volp)
methanol
(1:1 (vol)}
methanol
methanol/
tetrahydrofuran
(1:1 (vol})
methanol
(1:1 (vol)}

Formula (C-22) |dimethylformamide

methanol/
{etrahydrofiran
methanol/
tetrahydrofuran
methanol
methanol/
tetrahydrofuran
(1:1 {(vol))
Formuia (C-28) |dimethylformamide
methanol
tetrahydrofuran
methanol
tetrahydrofuran
methanol
tetrahydrofuran
methanol
methanol
methanol/
tetrahydrofuran
methanol

Ligand
Formula {(C-14)
Formula (C-16}
Formula (C-16)
Formula {C-17)
Formula (C-17)
Formula (C-21)
Formula (C-21)
Formula (C-25)
Formula (C-25)
Formula (C-28)
Formula (C-28)
Formula (C-28)
Formula (C-28)
Formula (C-28)
Formula (C-28)
Formuta (C-29)
Formula {C-30)
Formula (C-30)
Formula (C-31)

"nd" means not determined.
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[120] 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.

[121] Example 3. Synthesis of (6R,7R)-6-amino-7-hydroxy-4,5,6,7-
tetrahydro-imidazei4,5,1-jk} [1]-benzazepin-2[1H]-one.

H
= HoN
N\ ]
H, HO
O Rh(COD)LigandB¥
CH,0H N
N A0 bar, 40°C :
N
N H
H
4,5-dihydre-imidazo4,3.1-jk1H{1] (6R,TR)-6-amino-7-hydroxy-4,5,6,7-tetralydro-
benzazepin-2,6,7[ LH]-trione-6-oxime imidazol4,5,1-jk][1]-benzazepin-2{1H]-one

A catalyst solution was prepared by dissolving (R,R)-(+)-2,2'-bis{(S)-(N,N-
dimethylamino)Xphenylmethyl]-1,1"-bis[di(3 ,5-dimethyl-4-methoxyphenyl)phosphino]
ferrocene (52.6 mg; 0.05 mmol; identified above as Ligand Formula (A-1B)) and bis(1,5-
cyclooctadiene)rhodium(I)tetrafluoroborate (20.4 mg; 0.05 mmol; also known as
"Rh(COD),BF,") 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}[l]benzazepin—Z,é,?[lH]-trione-ﬁ«oxime (1.15 g, 5.0 mmol) was charged into a 100 mL
autoclave and suspended in 40 mlL of methanol. The autoclave was purged 3 times with
H, without stirring at 20 bar, and 3 times with stirring at 20 bar. Afterward, the catalyst
solution, diluted with 4 mi 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
40°C. After cooling the mixture to room temperature and releasing the pressure, 2 g of
Deloxan™ THP II were added, and the resulting suspension was stirred at $5°C for 10 min

and filtered. The solvents were then removed to yield the product.
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[122] Example 4. Synthesis of the HCI salt of (6R,7R)-4,5,6,7-tetrahydro-7-
hydroxy-6~(isopropy!amino)imidazo[4,5,1—}1&1-[1]benzazepin-—2(1H)—one {i.e., trans(-)
zilpaterol HCl).

H;C
CH,
HoN 7/
; i. Sodiumtriacetoxy- Hi\l‘
HO borohydride E HC
CH,COCH; HO
N CH.OH

[}=]

. HCl
5 s
H N
H

(6R.TR)-6-amino-7-hydroxy-4,5,6,7-tetrabydro-
imidazo[4,5,1-jk]{1]-benzazepin-2[1H}-one

Trans(-) Zilpaterol HC)
Product from Example 3 was dissolved in methanol (6 ml) and acetone (3 ml). The
resulting mixture was then stirred under ice-cooling. After 10 min, sodium
triacetoxyborohydride (i.ﬁ 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
night. Afterward, the volatiles were removed in vacuo, and 1 N HCI (6 ml) and water (2
ml) were added to the resulting residuc. 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.

This desired product was obtained as a solid (802 mg, 2.7 mmol, 54%, 81%ee). m.p. 173-
174°C (dec., from ethanol); [ulp = -26° (¢ 1.0, methanol, 20°C); Vma/cm (neat) 3403,
2979, 2802, 2711, 1699, 1598, 1477, 1394, 1268, 1150, 1096, 1030, 782, 743, 683; 3y
(400 MHz, CD;0D) 1.40 (d, /=6.3 Hz, 3H), 1.45 (d, /=6.3 Hz, 3H), 2.09-2.19 (m, 1H),
2.55-2.63 (m, 1H), 3.61-3.73 (m, 2H), 3.87-3.95 (m, 1H), 4.22-4.32 (m, 1H), 5.02 (d,
J=8.4 Hz, 1H), 7.05 (d, J=7.8 Hz, 1), 7.12 (dd, /=7.8 Hz, J=7.8 Hz, 1H), 7.33 (d, J=7.8
Hz, 1H); 8¢ (100 MHz, CD;0OD) 18.8,20.2,28.2,40.5, 50.4, 61.8, 71.9, 110.5, 122.1,
122.8, 1229, 127.8, 129.9, 156.5; m/z (AP1-ES) 262.1 (MAH").
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{123] Example 5. First illustration of a contemplated suitable dosage form.
[124] A tablet is prepared containing 2.5 or 5 mg of the HCl salt of Example 4,
and sufficient excipient of lactose, wheat starch, treated starch, rice starch, talc, and

magnesium 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 HCI sait of Example 4

in each daily dose of granules.

[127] Example 7. Third illustration of a contemplated suitable dosage form.

[128] The HCI 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
crystals have a size of less than 15 um, and at least 95% of the crystals have a size of less
than 250 um. A premix of the crystalline HCl salt secured to a 300-800 pm corn cob
support is then obtained using the methodology discussed in European Patent 0197188
(incorporated by reference into this patent). The concentration of the HCl salt in the

premix is 3% (by weight).

R R Ak AR

[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
under United States patent law.

[130] 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
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

invention, therefore, is not limited to the above embodiments, and may be variously
modified.
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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[ 1H]-one or a salt thereof, wherein:
5 the process comprises reacting 4,5-dihydro-imidazo[4,5,1-jk][ 1 Jbenzazepin-
2,6,7[1H]-trione-6-oxime or a salt thereof with H; in the presence of 2 catalyst; and
the catalyst comprises a metal complex of at least one ligand with at lcast one

metal from transition group VIIL

10 2. A process of claim 1, wherein the metal from the transition group VIII

comprises ruthemum,

3. A process of claim 1, wherein the metal from the transition group V1II
comprises rhodium.

15

4. A process of claim 3, wherein the metal complex comprises Rh(1,5-cyclo-

octadiene)ligandBF,.

5. A process of any onc of claims 1 to 4, wherein the catalyst compriscs a ligand

20 selected from the group consisting of the following ligands and enantiomers thereof:

~
SRavas @P@g@

N N
0 NH
0 CH 0
H.C
CH,
C-1,

C-2,
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A catalyst solution was prepared by dissolving

(R,R)-(+)-2,2'-bis[(S)-(N,Ndimethylamino)(phenyl)methyl]-1,1'-bis[di(3,5-di
wisixbadsiethoxyphenyl)phosph1lnQ] 10 ferrocene (52.6 pigr/Eedtmsnsiods

identified above as Ligand FormulaxA-1B)) and bis(1,5-

cyclooctadiene)rho %(Otetraﬂuoroborate (20.4 mg; 0.

known as "R 4") in dichloromethane (1 ml) u

parallel, 4,6+dihy idazo[4,5,1-
Jk][l]benlzlaczepln -2,8,7[ 9- 1]-trione-6-oxime (1. :
charged into mL{1l5 autoclave and suspended i

pressure, 2 g of 20 Deloxan(r) THP Il were added, and the resulting
suspension was stirred at 55C for 10 min and filtere e solvents were
then removed to yield the product. WO
2008/092924PCT/EP2008/051206 48 (1221 Example-28.Synthesis of
the HCI salt of (6R,7R)- 4 5,6,7-tetrahydro-7-
hydroxy-6-(isopropyjanigo)imidazol4,5,1-jkl-ftlb W012(1M-one (i.e.,
trans(-) 21Ipatero| :

,6,7- tetrahydr -Tra
pin-2[1H1- oné Prod
mI) and aceto 43 m1).
mixture was th en stirred under ice-cooling. AeN10

- triacetoxyborohydride (@28 gnli 2 mmol)
was added, and th re was stirred over 10 night. Afterward, the
volatiles were remo A vacuo, and 1 N HC1 (6 ml) and water (2 ml)
were added to {heeesulting residue. After filtration, the filtrate was
freeze-dried. The resulting residue was then recrystallized from ethanol
: solid was discarded, and the filtrate was concentrated in
dsulting residue was triturated with hot ethanol (14 mL), and
f g-sotid wa§6®llected by filtration and then dried. 15This
deswed prductha obﬁ as a solid (802 mg, 2.7 mmol, 54%,
Z ., from ethanol); kilo=-26 (c 1.0, methanol,
2979 2802 2711, 1699, 1598, 1477, 1394,

temd:erato )

J=6.3 Hz, 3H 58 Hz,
1H), 38‘1‘3% " 87308 (m. 1H), 422432 (m, 1H), 502 d,
20J=8.4Tz, am), =7.8 Hz, 1H)712(de 7.8 Hz, 1=7.8 Hz,
1H), 7.33 (d, 1=7.8
50.4, 61.8, 71.9, 110.5,

C-31.
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5ma%‘ne l?ﬁ?cﬁséé’raafenyP%o naaI Haight 6r Y08 g [125] Example 6.
Secahellifastrasiossfre cortenpl co Byimble Mg%’f@ﬁiﬁ (B):  [126]
Granules are prepared cRptalnlng 12.5 or 25 of thgsMCI salt of Example 4
10in each daily dose qf g nules* [127] Esxam ble 7. Third illustration of
a contemplated suitabl® e
4 is crystallized usmgdth 3 pYele Iogy dlscﬁf {
making crystalling racgpiictrar l2|Ipaterol L[éss i
have a size of {¢

dISCU ed/in Eurpfpga Pa ﬁi X 9718%6(|nc rp_, afg
this _ n of the HC1 saft in th

weig 29] The words "comprise,’ co
"ccﬁ’nprlsm t (including the claims) are e b

inclusively; arRexqusively. This interpretationl|is int

same as retatlo;qsthat these words are giv

States patentlaw. 4, Alk[eferences cited in thi

incorporatg 7 £ into this patent. [131] THe aboveh”etalled
descriptiop eferregFgmbodiments is intended only to,gcquaint others
skilled iR%the Rwith he ik7ention, its principles, and |ts% actical

30application so that®dthers skilled in the art may adapt and apply the
invention in its ngxerous foims, as they may be best suited to the

requireiments oA RATEYR use, THiSIINENIOD. (SIelRe. 5.6} JNLErigor

the aB#t/k Mertas and may'be varbusly modi
h?&l@@ﬂﬂ&)@%%ﬁﬂ@é@@&l@ﬁdﬂ)EIB@lWEYCWAfrmml A process for

5 selectively makmgtﬁes(t,ere '5991%1(1(9&6 @mﬂ&gj@@%ﬁﬁb{naﬂy substituted by one

or more halogen;
each R” is independently sclected from the group consisting of hydrogen and Ci-
Ce-alkyl;
éach R? is independently selected from the group consisting of hydrogen, C1-Ce-
10 alkyl, and NR'R®; and
as to each of R” and R™:
each of R” and R® is independently selected from the group
consisting of hydrogen and C;-Cs-alkyl, or
R7 and R®, together with the nitrogen to which they are commonly

15 attached, form a saturated heterocycle.

7. A process of claim 6, wherein the ligand corresponds in structure to Formula

(A).



4,5,6,7-tetrahydro-imidazo[4,5,1-jk][1]-benzazepin-2[1Elkone or a salt
thereof, wherein: 5the process comprises reacting

wé,gj@)aygrzg-imidazom,&1-jk][11benzazepin- 2,6,7[11-1]-trigRer R8s Pios
a salt thereof with H2 in the presenge of a catalyst; and the catalyst
comprises a metal cqmplex qf at.least ope ligand with at least one metg|
from rarsRIBRoGH AUSIOM. 19575 P RGBT ERAPRE T YA Ly (A-

1)from the transition group VIII comprises ruthenium. 3. A process of
claim 1, wherein the metal from the trans'ii'! group VIII comprises

rhodium. 15 4. A process of claifyf'3 ein the metal complex
comprises Rh(1,5-cyclooctadie%é) [0}

from the group consisting of ¥ve¢ if afrdssand enantiomers
thereof: 1092924PC/EP268/051206 56 6. A
in: tbg,ligand con-esponds in

(A-1).

1B):

(A-1B).



(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,

wihereiesdathe C1-C6-alkyl and C1-C6-alkoxy are optionallygtigiityésdsyos
one or more halogen' each 123 is 'ssdependently selected from the group

COﬂS t s%rgpﬁazmnp Chl Elﬂt ?éﬁ Cgl‘l'|§4 (IBS n(ije lx ormula
select d er e group cdnS|sf|ng of hydrogen, ng
(ANRX7R8; and as to each of R7 and RS8: each of R7 and R8 |s
independently selected from the groggy, consisting of hydrogen and
C1-Cé6-alkyl, or R7 and RS, toge&ﬁwﬂh yogen to which they are
commonly 15attached form a saturated-He gycle. 7. A process of claim

2008/092924PCT/EP2008/051266:84 8. A ess of claim 7, wherein
ligand corresponds in structure to Formtija (- 1Y) 00-CH3 CH3 CH3 CH3
(A-1). 59. A process of claim 7, wherein ligand corresponds in structure to
Formula (A- 1B): Fe

(A-2)
or the enantiomer thereof.
5
11. A process of claim 7, wherein the ligand corresponds in structure to Formula
(A-4).
(A-4)
or the enantiomer thereof.
10

12. A process of claim 6, wherein the ligand corresponds in structure to Formula

(B).



H3CCH3 0\CH3 WO 2008/092924PCT/EP20081051206 58 10. A
process of claim 7, wherein the ligand corresponds in structure to Formula

%%jgﬁmp(ﬁzg) or the enantiomer thereof 11. A process pfeenaog 051206
erein the ligand corresponds msgtructure to Formula (A-4): or the

enant th 4), U. A
Corréégg%'leé?ﬁggt% %HB I)& Ii% rgro @an gorinre%f)(\)lv B 13 Q&Q%Jpg’%nﬁormula

rmu?a
(B2)08/092924PCT/EP2008/051206 59 13. A process of claim 12, wherein
the ligand correspopsgs in structige to Formula (B-1): (B-1)

F;C

CH,
CF;

CH,
CH,

CH,

s O—cn
; ®1)

or the enantiomer thereof.

14. A process of any one of claims 1 to 13, wherein 4,5-dihydro-imidazo{4,5,l-
k][ 1 Jbenzazepin-2,6,7] 1 H]-trione-6-oxime or a salt thereof is reacted with H; 1n the
presence of a homogeneous catalyst in a solvent comprising one or more solvents selected
from the group consisting of methanol, water, tetrahydrofuran, isopropy! alcohol, toluene,

10 ethyl acetate, and dimethylformamide.

15. A process of any one of claims 1 to 14, wherein 4,5-dihydro-imidazo[4,5,]-
ik]{1]benzazepin-2,6,7[ 1H]-trione-6-oxime or a salt thereof is reacted with H; 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,l-
ik][1Jbenzazepin-2,6,7[1H]-trione-6-oxime or a salt thereof is reacted with H; in the
presence of an acid.
20 17. A process of any one of claims 1 to 16, wherein 4,5-dihydro-imidazo{4.5,l-

k][] Jbenzazepin-2,6,7] 1 H}-trione-6-oxime or a salt thereof is reacted with H; at an H»
pressure that is (a) greater than atmospheric pressure, and (b) no greater than about 70

bars.



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 homogenegous catalyst in a solvent comprising
one or more solvents selected from the group consisting of methanol,

watel$ telr atopsss foff any sageb pipimicb o || Tolwbereinl O tHilsiretitidenn,5 -

iﬁ@@ﬂﬂmﬂr igde : { % claims ,-

jlc]\(;lv erein 4,%(%%3%%%%%%&4,5,1- oré 9,%81% M%ﬁ in the

preseTc ey SoEH 5t 8 tPRIeTEnIrR-ihat &8 dapid enshabantReeotnd (bhrocgreater

thatf iR Bl o RICSERE S A Re pressurd fn MAAGRSTAALAGY B WBrffucted.
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;heng@aegﬁfagaﬂﬂxﬁcgi.cmz .1,Azgks[;|ee3§ ?f BNV QNS Of6;l2ind 18,
16,.wherein 4,5-dihydro-imidaza[4,5,1-

WhERER 26 SRR PRSI0 %’é’?’%‘ga‘fﬂﬂ’é?é%ﬂls‘?éacted with 1-12
at an H2 pressure that is (a) gre®i@r thaﬁgﬁtmospheric pressure, and (b)
no greater than about 70 bars, 60 .'A process of any one of claims
1to 17, wherein 4,5-dihydrgcimigazo[4,%,1-

ghe-6-oxime or a salt thereof is reacted

a temperature that is (a) at least

about 20C, and (b) no greateHN the boiling point of the solvent at the

pressure in which the reaction is cdyducted. 19. A process of any one
~ofclaims 1, 2, 3,4, 6, 7,12, 14, 15, 16, 17, aﬂ%’i& wherein the
stereoisomer corresponds in structure to Formula (Ha): 20. A

procegs! E&&?HF&XI&Q@% RAREL HOUSEAhe! BRI R 5 lsalt thereof,

thereof, wherein the process comprises reacting . )
WiWWMWM&%&%@W&Mﬁ%M@W@%
2,6, ) hinki S exRe OFith(R) aly fited BrasGRidian s R M HisP Ry a0 B Gineta tith Any one

to 19 tq form 6-aming-7-hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1-jK][1]-

of U SR T AP R ot B PR AR L

bendaeepin-BiEiEleneoisamalt temedponds 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-
tetraBydrd-pavesay of4Bim R yhrsripthe sirepisbirerconesponds thievtrutture to

cifhRFFE AP PRy 2924PCT/EP2008/051206 61 the reductive alkylation
comprises reacting the 6-amino-7-hydroxy-4,5,6,7-
tetrahydro-imidazo[4,5,1-jk][l]-benzz:¥'zI in-2[1H]-one with acetone in the
presence of a reducing agentgf33. A p EHof claim 22, wherein the
reducing agent comprises sodiu tﬁ;ﬁ@etoxyborohydride.

re

i

0 (I1la).

22. A process of any one of claims 20 and 21, wherein:
the process further comprises reductive alkylation of 6~amino-7-hydroxy-4,3,6,7-
tetrahydro-imidazo{4,5,1-jk]{1]-benzazepin-2[ 1H]-one or a salt thereof; and



24. A process of claim 23, wherein: the metal complex comprises
Rh(1,5-cyclo-octadiene)ligandBF4; 10the ligand corresponds in structure

W(t)oz!l:ngf (A-1B): H3C\ Fe PCT/EP2008/051206
4,5-dihydro-imidazol[4,5,1-jk][1]bengazepin-2,6,7[11-1]-trione-6-oxime is

reacted with H2: in the presence of a solvent comprising methanql lbat a
o BT AT AU B TSP ST Ao A M Lo ot i
tetagut20ridabpys SQIprsbandzepiin2i lidhotor whlrgetdwith the presence of 2
4,5-dih drP-imidazo[4,5,1- jk][1]benzazepin-2,6,7[1H]-trione-6-oxime and
re%%r%%g%%bus 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
5 to thﬁfhﬁrﬁgg&?@w@iﬁ% j@mt@%ﬁeﬁggg&g(&iﬁpﬁses sodium

triacetoxyborohydride.

24. A process of claim 23, wherein:
the metal complex comprises Rh(1,5-cyclo-octadiene)ligandBF;

10 the ligand corresponds in structure to Formula (A-1B):

(A-1B); and
4,5-dihydro-imidazo[4,5,l-jk]{1 Joenzazepin-2,6,7[ 1H]-trione-6-oxime 18 reacted
with Ha:
in the presence of a solvent comprising methanol,
15 at a temperature of from about 25 to about 45°C,
at an Hj pressure of from about 20 to about 60 bars, and
in a reactor charged with 4,5-dihydro-imidazo[4,5,1-
k][ 1 Jbenzazepin-2,6,7[ 1H]-trione-6-oxime and homogencous catalyst such
that the molar ratio of the charged 4,5-dihydro-imidazo[4,5,}-
20 k][ 1]benzazepin-2,6,7[ 1 H]-trione-6-oxime to the charged catalyst is from
about 50:1 to about 200:1.



