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ENANTI OSELECTI VE SYNTHESI S OF

6- AM NO- 7- HYDROXY- 4, 5, 6, 7- TETRAHYDRO- | M DAZ( 4, 5,
wa208pp194 BENZAZEPI N- 2[ 1H] - ONE AND ZI LPATEROLPCT/EP2008/051206

CRCSS- REFERENCE TO RELATED PATENT APPLI CATION [1] This

Ro. 60/ 898, ggepf{w%ﬁ%éﬁ CIIY ‘”‘%ﬁ, S Qo (ro
t ex?®- /O IN QA HYHRAL Yabpii 76515? HYDRR %9%5 WK]U]
reference | nB N ER e dAH]- WEM@ZIW ERQENTI ON [ 2]

This invention relates to a process for the

am nograonor RHEACE AT REEA Ry FATENT EFLICA I

pr 0([13188 s fafet bmﬁﬁ@m lt@wsqfrowsmnal Patent Appl. No 60/899 336
di hydr o-1 m dazol[ 4, 5, I- L@ benzazepi n- 2,
(ﬁIﬁﬂ @ﬁbUJ@fYoklzime rThe e@bﬂfq tetdrfefrt fpatept applisgtiqn/is |11}cormr#¢%1by

re%{eé%%‘g?@?%a&%gxy_ 4,5, 6, 7-tetrahydr oi m dazo[

4,5, 1-jk][I]-benzazepin-2[I H -one or a salt thereof.
This invention also relates to the use of the

6- am no- 7- hydr oxy- EEL@QFFE]@I%WEIQ% dazo[ 4, 5,1 -j K]
[1] 1Benz aFEp iventidd HdlaQng ayéaeggﬁ,g aget @)ardgeﬁawoﬁrke@oome to

salt t hereof to sel ectivel reol soner
selzo;tixpt&t forml aneminodedhbl sthiepsofgr, asd.ve phrti@slat, e a pseccsd for the

hya uch ZI lf g%ﬁ!‘? h,%c%[) m@ ggﬁ [alj:tigeﬁ%%lg%)m ? 6 %ﬁ?]-t%song 6-oxime or
a salt thereof 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. This invention also relates to
the use of the 6-amino-7-hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1-jk][1]-benzazepin-
2[1H]-one hydrogenation product or a salt thereof to selectively make a stereoisomer of
zilpaterol or a salt thereof, as well as the use of such a zilpaterol stereoisomer or salt in

methods of treatment and medicaments for animals.

BACKGROUND OF THE INVENTION

[3] Zilpaterol is a known adrenergic -2 agonist having the following structure:

N

N

H,C

N
H,¢C H  OH

The ITUPAC 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.

(4] The generic structure encompassing zilpaterol has two chiral atoms:
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BACKGROUND CF THE I NVENTION [3] Zil paterol is a known

adrenergi c b-2 agoni st having the foll ow ng structure:
Wab@souPAC nanme for zilpaterol is PCT/EP2008/051206

4,5, 6, 7-t et rahydr o- 7- hydr oxy- 6- (i sopr opyl am no)

i mdazo[4,5,1-jk]-[]]benzazepin-2(1 H) -one. The

Chem cal Abstracts nane for zilpaterol is

4,5, 6, 7-t et rahydr o- 7- hydr oxy- 64 (1-nmethyl -ethyl)

am no] -imdazo [4,5,1- jk][| ]beknzaggpi n-2( 1H)-one.

[4] The generic structure enconpasskng zilpaterol has

two chiral atons: Consequent |y, 2] paterol has four

stereoi somers. These stereqgf soner g be identified

as "(6R 7R)," "(6R 78,C" "(§ "(6S,7S)."

Racem c trans zil patero| ({i ¥Xture of the

(6R, 7R) and (6S,79) stgr\eq{y T has been identified

in the literature aBhCRUAZL AR Olhese trans

st ereoi soners have the fol | d ng structures: (6R 7R)

(6S,7S) [5] It is well @9 Ctapﬁx(gnszi | paterol, various

zi | paterol derivatives, and various pharnaceutically

acceptable acid addition salts of zilpaterol and its
Cogeqquority, ¢dpatergl hastfopr ssrgappe@acrshd hossestcreisqmers auwg detigatified as

« of i g bt gabgy »» | pL e f1ci [ -

(6r écg)é as@%??h% ar(rgsazg)’o? TFE%D e@g’%sgr elgar%%)%lﬁ(lt ﬁ%’?mv\gjla{éeﬁ?ﬁz' ¢., & mixture
of gi(6R,7Randd ¢6S, 7 Hicst@asisomas clas detrerinedal ihitheliterature as
.kncrease protein content in carcass soft tissue) in

RUAG £ &Y o cResqyisest st§reoiapmagrs hays Wi folfqyvipg siwagtuiss:

4,900, 735, for exanpl e, G andadam describes ¢
zoot echni cal co&goﬁ&ti ons of

HsC
HC H - OH ne” N on
(6R,7R) (6S,7S)
[5] It is well known that zilpaterol, various zilpaterol derivatives, and various

pharmaceutically acceptable acid addition salts of zilpaterol and its derivatives may, for
example, be used to increase the rate of weight gain, improve feed efficiency (i.e.,
decrease the amount of feed per amount of weight gain), and/or increase carcass leanness
(i.e., increase protein content in carcass soft tissue) in livestock, poultry, and/or fish. In
US Patent 4,900,735, for example, Grandadam describes zootechnical compositions of
racemic trans zilpaterol and salts thereof that may be used to increase the weight and meat
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, in 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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racem c trans zil paterol and salts thereof that may be
used to increase the weight and neat quality of

waenosiidaoded ani mal s, including cattle, pigs,PGHERNS/051206
and poultry And US Patent 3,207,289 descri bes using

1.ono /nacrol 2i | pat.er ol 0 , . .
e B i BB R 5 4G5 Gtid G RLBH 51 RO Rgerivatives
cofBIpBh@iMitABHRERS the FOIGhE Rtmusnd reduce incidences of

liver abscess in cattle. [6] Methods for making

zil paterol are known in the R&rt. For exanple, in US

Pat ent 4,585, 770, FrechetHNt al. discuss conpounds

enconpassed by a genus char@acterized as

6- am no- 7- hydr oxy- 4, 5H®& et rahydro-im dazo[ 4, 5,1 -j K]

[1]-benzazepi n- 2[Ikﬂ onederi vatyves and

pharmaceutical |y acceptabhg acid addition salts

t hereof. The derivative§ Fespond in structure to

the follow ng fornul a: @ R ¢an be vari ous

substituents, and the wavy¥T1in i ndi cate that the

bonds to the 6- am no and 7-OH groups have the trans
He?é”}‘i %a?lgﬁreg\{ah V\Ese %uﬁg@g&lﬁ ;hgﬁrt%@p\&?{;@ ?@ﬁ%‘ﬁﬂéﬁ% 9{5% glgsﬁoﬁﬁéto the 6
anm&pmdt BOH groUufs Ratelnt 14y S figui@tions eThis genus encompasses racemic

i h dazo
trags 5ﬂﬂ’at‘fry§j‘["f‘)?‘g%rﬁsz’§9k&fﬁpﬂ 2,6, 7[I H -trione-6-oxime as an
'ntij”Edﬁ%E%mﬂﬁEk§q%%%9%PU@I%%%EQ%B@Wdéu&94§kﬁ yre
ornmul a : As indicated in US Patent 4,585, 770,
lmﬂa@[élﬂwﬁ][é]hemdamo{w 3|, llH-]rtk@)][ld Pveimazepi mterrnedlate This
2,6, 7] trione- Xi me.na forned fromstarting
coftpiuid arsidndt Mgtk BRFP By A '
OH
N

\

N
o
N
H ).

As indicated in US Patent 4,585,770, 4,5-dihydro-imidazo[4,5,l-jk][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. In
both examples, the starting materials are used to form 5,6-dihydro-imidazo[4,5,1-
jk][1]benzazepin-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[ IH]-trione-6-oxime.

[8] In one of the examples in US Patent 4,585,770, the starting material is 1,3-
dihydro-1-(1-methylethenyl)-2H-benzimidazol-2-one, which is described in J. Chem. Soc.
Perkins, p. 261 (1982):
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known in the art. US Patent 4,585,770 illustrates the
use of two such starting materials. In both exanples,
w0 b@s®2e4 i ng materials are used to form PCT/EP2008/051206
5, 6-di hydro-i m dazo[4,5,1] k[
| ] benzazepin-2, 7-[ | H, 4H] - di ope, which, in turn, may be
used to make 4, 5-di hydeeim dazo|
4,5,1-jk][I] benzazepi ) 7[9};!]__-(:11ri one- 6-oxi me. [ 8]
In one of the exanpl US Patent 4,585,770, the
starting material is I N
di hydro-1-(I-nethyl et henyl)-2H benzi m dazol - 2- one,
which is described in J.g m ngc. Perkins, . 261
(1982): 1, 3-di hydro-1 - (I - net hyl et hényl ) - 2H benzi ni dazol
-2-one U et hadhcaire -
[, 3-di hydslr’g?llh?}?flr? %@ﬁ@ﬁé}%ﬁe&gﬁl?gﬁgﬁgﬁﬁa@&%lor_lez_ one
USRateriset, ¥88 ¢t 0andivatehthanl , 3ddidysidretd Hainodshiylythenyd)-2 H- teenzimidazol-2-

RA- 3- B ' [ , R ; RB i.S_ 4.
oneTiag e S T E e Ry (e R PSR haiea R s
ClLamd oP1; RA8 REG§CY-Cy-a8y 1 AL ds mi@A@lo) cth91 B Wr&hébutyrate) and a base

but anoate, which, in turn may be hydrfol yzed with an

(e.gc b alkeli gnetal Hodorm ajbutaanatad whinl|in terngnay bedtyidselptedorith an acid
et [\): to remove the nethyl et henyl substituent. The
ey RSP 42 DGR o AEATRR S B0 IR PR b HERcal 1
sutsstipeat. f Tigsttyidesy4ly pfodaet thégmby bukitie@ed@Sapdiefightion 8gGheting it
OH) in an al kanol to form a carboxylic acid.
g

or K
with plase (gt NpOTh o1l @l Bostyalkanod & termer bty biel agil g dubsequently,
C J . . , 8- I
R AR B R LT
imidaeo[da; bidyil]benzaepth-W7 ¢ MHI4H Jedighe nhteactindetht carbbtdicracal with
thlglgg’lg{lkglﬁs toa Q‘t(i-jtaitnlﬂla(:)cr}llglrg(Fe‘rjlzull({1 t%eltl Igrgatfng tgé Iclﬂgri(\i\g gvlilth% LLe%vvi\g gcid (e.g.,

aluminum chloride) in an organic solvent (e.g., methylene chloride or dichloroethane):
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al um num chloride) in an organic solvent (e.g
nmet hyl ene chl ori de or dichl oroet hane): sol vent
walRdvgao924 m dazo[ 4, 5,1 -j k] [1] PCT/EP2008/051206
benzazepi n-2, 7-91H, 4H] - di one See US Patent 4, 585, 770,
col. 4, line 3tocol. 5, Iline 14; and Ex nple 14,
col. 12, lines 1- 68. [9] In another exa Ie in US
Patent 4,585,770, the starting materREL i
di hydro-1-bepzyl - 2H benzi ni dazol - 2- one, Owhi ch [

descri b ., Vol 44, p. 1278 (1961): N
1, 3-di e Nz ]I :CaERFisntadaz ol - 2- @ S Ea:t:@nt
4, 585, QI Cal ©OmmimiErimfly @e—-- N

|, 3-di hydro-| - benzyl - 2H benzi m dazol - 2- one may

react ed W & ekhyl 4-bronobutyrate and sodi ym

to forml 3-di hydr o- 2- oxo- 3-

benzyl -1 H- benzi m dazol - 1- but anoat e, which, in I ReidRY
be subjected to saponification by reacting it t fikanol
rret hanobl c NaOH to form

, 3- di hydr o- 2- oxo- 3- benzyl - | Hbenzi m dazol - put anoi c
aC| % Jk,bm\anm c acid siygggchain may tRie
cycl Yed by rgacting the alkanol

, 3-di hye DX 0- Suraiiyebmllpgiaiiad daz 0l - | - BBRADNN C
aCIdVVI i ony=ochl oride to obtalnachlort‘l
then treagFng he chloride with alumnumchl
di chl oroet hanél The cycli zed product, in turn, naytbe
hydr ol yzed Jusi ng o- phosphorl c acid in phenol to form

_i It )
_SdIGOﬁlehygg @@%&;@gﬁglm | 1benzazepin-2, 7-[1 H 4H]
0
N
-
N
H

dihydro-imidazo[4,5,1-jKk][1]
benzazepin-2,7-91H,4H]-dione

See US Patent 4,585,770, col. 4, line 3 to col. 5, line 14; and Example 14, col. 12, lines 1-
68.

9] In another example in US Patent 4,585,770, the starting material is 1,3-
dihydro-1-benzyl-2H-benzimidazol-2-one, which is described in Helv., Vol 44, p. 1278

(1961):
R
(L~
N

1,3-dihydro-1-benzyl-2H-benzimidazol-2-one
US Patent 4,585,770 indicates that the 1,3-dihydro-1-benzyl-2H-benzimidazol-2-one may
be reacted with ethyl 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-oxo-3-benzyl-1H-
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Patent 4,585,770, Exanple 1, Steps A-D, col. 6, line

10 to col. 7, line 35. [10] Using the nethods reported
WO poogiB9Pat ent 4, 585, 770, 5, 6-di hydroi m dazo[ PCT/EP2008/051206

4,5,1 -] k][I]benzazepi n-2,7-41H, 4H] di one may be

eac al k rite (e tert
belRTed Bbifadi gt ﬁlhﬂbufaayw bl e, Beh e cxclipad by
rea@fmg"ﬂdedl {-@ihg dro-r6kd-3-B@z§ 10N Obenzimidazol-1-butanoic a01d with thlonyl
hydro i mdazo[4,5,1-jKk][]]benzazepin-2,6, 7[!I

ch]prldﬁgl @t@ijmarpéqlorrmeamd tgen treating the chlorlde with alurmnurn chlorlde n

dlc% Oég qflanr?e %%’f eH pr?dulck ]IIL hxll’rg,glrl] %I%IZ?% 7Lng|_¢g pflospﬁorlc acid

red

in blye@hbpg)efaﬁh |5§63dlh?ﬁlbhmlﬁ&b[éﬁ5( ax]p][e]beﬂmaﬁépa@arv 1M, 4B dione. See US
resence of palladi umon carbon) and/or sodi um boro

thd o7 1 Exampler b Ségas A-Ds 5%156611%0&@ <ol Ay i3S - 4

t 2
[ 1|_|][F(8ne‘f}s{l%hﬁgg%tﬂo% ol o% fP @S éf(u}(hf %]776’,%8}418@%0”
imtarofd dhalz ﬂ{]Fll]lSanﬁtaZebjn 2, I}[lHeﬂ-Z]adﬂemH ﬂﬁaﬁ bd r&ttad 4l i Dk nitrite
benzaze pln- 6, 7/[| H-triaone-6-oxine r m'ctran(s
(e.g. LR PREY Py %Waraylsnf@tg? b BRI okt ga%[r acid (e.g., HCI), to
forfn 56'd’1ﬂ1}%i]r$ |11111&%§g[[ s Ril[n];_)b%[&di“%%ﬁ@6 |7[1H] heiohd-bsthat TlYee4 5-

exanmpl e 1n US P
dllgldﬁydmldym{éﬁ;lﬂk}ﬂh]b@[lz@z@lmﬁbq ’[[lH]-trlone -6-oxime, in turn, is reduced via

catiae;(?lB Eqaélopl(gﬁg[fle}_%ﬁ o g r60ggl)1( n the pres%r?cr]evoeirpaﬁadlum on
carlByAly é??@%‘r%o&uﬁ) HorbBfdrRABYS fRmi Iﬁbedﬁlé QfAs B-dmihbI7LdrHE0L 3%, 7-

epin-2[I H -one in tw steps:
tetephgdrgiimpdazol4, Mdb]ib][blﬁnzazep}ﬂ(?[[lﬂ]]@@ﬁzazepl n-2,6, 7[1 H -t

rione-6-oxine is first reacted with ol
/
N

\

alkyl nitrite &

N N
>:O base or acid >:O
——--
N N
H H

dihydro-imidazo[4,5,1-jK][1] 4,5-dihydro-imidazo[4,5,1-jK][1]
benzazepin-2,7-91H,4H]-dione benzazepin-2,6,7[1H]-trione-6-oxime

catalytic hydrogenation
and/or sodium borohydride
HN

HO
N
—
N
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,]-
jk][1]benzazepin-2,6,7[ 1 H]-trione-6-oxime is converted into racemic trans 6-amino-7-
hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1-jk][1]-benzazepin-2[ 1H]-one in two steps: the

4,5-dihydro-imidazo[4,5,l-jk][ 1 Jbenzazepin-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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Hin the presence of Pd carbon, and, then, after
filtration, the hydrogenation product isreacted with

W@ oasmbor ohydri de. See US Patent 4,585,770, POGI/EPR08/051206
line 50 to col. 4, line 2; and Exanple 1, Steps E & F,

col. 7, line 38 to.col line Pat e .
rea&f@égsl?%%*% B3RS Seends PRAs R St T Bhiedhreni g to co. 4. line
2; PRI 1, Steps E & F, col. 7, line 38 to col. 8, line 3.

hydr oxy-4, 5, 6, 7-tetrahydro-i m dazo[ 4,5, -jKk][I]-benzaz

epi hLH[ | MS Brenta)BSoE Oarpoytsahatdhavrens dereeiseracts of baenino-7-
e T T SR D T
withyR61086 iroihy ¢rdseitde dfa rb@Idifg aRenieSs. tdhadliSalizinbtRPb& 6By dride or

reducing_agent racem c trans racenic trans zil patero
cygLoppfohgdridd yerhaspodiug granobasphyhidlg} i fRima sacgmic frans zilpaterol:

4,5, 1-jK][I]-benzazepin-2[1 H -one [12] In Ug®Patents

5,73 1,028 and 5,847, 124, Chevrenont et al. di S

crystal |l i zeginanhydrous zi | paterol hydrochl oriyge, and

particularly mrystallized anhydfous zil patero

hydr ochl 80hdé wherein | ess hh@ﬂmﬁggof t henorygt al'g
of | ¢ss than 15 fiand at | east 95% of

,% a Siz€ Ofmgse=—i=har 250 mmA N

ev, nt et al., such crysta

animal feed to increase body”wewght

and nmeat quality. Chevrenont et al. provide net hdd
racemie rrans

fOr ERlhOBneaa 56y fhahydro- and di scuss usi Fjeingens zilpaterol
cr yiglidaka4, 3 g kmahenzampisrgilHpmem xes in which the crystals
are secured to a corn cob sqggort )

[12] In US Patents 5,731,028 and 5,847,124, Chevremont et al. discuss

i ncor por at ed

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
quality. Chevremont et al. provide methods for making such crystals, and discuss using
the crystals to make animal premixes in which the crystals are secured to a corn cob support
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 trans stereoisomer (i.e., the
trans(-) stereoisomer) over the other three stereoisomers (i.e., over the other trans and
both cis sterecoisomers). 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 stercoisomer having

adverse side effects.



10

15

20

having a greater particle size. They al so di scuss
nmonohydrate and trihydrate internedi ates that can be

wa@ @292, for exanple, making the crystals. PABEP2008/051206
There is an interest in protesses that can be used to

sel make one stereo mer of zi
¢ re TP R e E R e Ry Piocis Bl Blis @iy hesizing
on@@tefeets@ﬁ@%f élfhePBQﬁﬁﬁoi?ﬁlyh%(:y -£488 7%&&'1%@1@0 'irﬁldazo[4 5,1-k][1]-
sel ecti vel make one trans er eol soner {|.e
benzezers(-2f 11 @reemzsloﬁtem)l owwrenl! theieobiehéwee msnsetive Steremsorners

st er ove t he oth r tra and bot

ot ol B SRR pfem ooy e AT ENE wieys e
stemfmdr SoinPoditSd 3B f & ARAB Sich &t f-Dagort@Nt Rich di’ﬁ@ﬁdsiolﬁs ﬁﬁp be

only) one Z|Igﬁterol stereoi soner relative to rac

fOUé]éﬂ*de@li e, BP Fotaned. | EQ b $1S Fasens ApphPubloPR0H 1%569 US Patent
MRS SBER T ATRAR L b R BRSO E R BCR. 2007
Thggeemcessumﬁfho@myr, pngehtnermmgﬁi fos edl@tivtly |syr)theslzm¢g @aneagdamino-

ndl characteristjcs, fe i de effe reduced
7- faf%&a‘ o260 te&f@%@éﬂf%{a@ﬂé{é RIS(8n i%en%%plar%ﬁﬁll -§ng ¢f zilpaterol
stefb! ESHM%@&\%r an %r}ﬁﬁer il 1%9[56%%&61@@1&’6&&5 aﬂlVPPa?&t e

effects.[14] Applicants ‘are unaware of any kno
PCHW@EE@iﬂﬁHB6séﬁemﬂnﬁeﬁpﬁgwnh$BS£&ﬁmgaUWQmeamﬁem$mqbwthe
ei.t her . 6- am no hydr oxy- 4, .
g o AR SHETPO T S 2Ry el
benzpgepiuy Pk 28062 Oliséiskddat Rh oﬂ%\ﬁ%tloﬂelrlcuoﬁh@hé I’Iihme ligand
ot her three respectlve stereoisoners. [1 here have

coppleressbargendirtsdlygedydresispintanantselegtisie élo/rim@ertaaom elhgfligand
cof bR BRl ROk OB kib R D% lnygr  ous adreneraic

I SCUSSI ONns

wherein R', R%, R, RY, and R’ are selected from a range of substituents; and M is defined as
"a metal atom or metal ion of the subgroup [B group] 8, e.g., Ni, Co, Rh, Ru, Ir, Pd, Re, or
Pt." US Patent 6,248,925 illustrates the use of such ligand complexes for the enantioselective

hydrogenation of the alkene in acetamido acrylates:

O, R H R’
% 2
/_2‘0 ligand complex k_o
— O -~
~ wl

R
CHs,

In these illustrations, R is hydrogen, phenyl, or 2-naphthyl; and R’ is hydrogen or methyl.
US Patent 6,248,925, however, does not discuss double-hydrogenations of a ketooxime to

selectively make a stereoisomer of an aminoalcohol.
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found in, for exanple, US Patent 6,1 10,974; US Patent
Appl . Publ. 2005/01 13456; US Patent Appl. Publ.

wWQo®8/0xb32830, and Infl Patent Appl. PCT/ EP200F¢ UBF8%051206
(filed July 10, 2007). These di scussions, however,

ELSY%ﬂ:m Oﬂ_’art]esntt %Bﬁgkg& dlfsgl{ssesé%lna%%}olsglgclt%e ?1¥cr1]rtogeensa{igrllsno% ketoesters:
7- hydr oxy-4, 5, 7-Q§trahydrg§inidazo[ , 5, -] K][I]-benz
azepin-2[IH-o or zilpaggﬁggtstere | som#r over al
the other thr dg%iue—s&e&sgi ! gﬁil Pat ent
Appl . PCT/ EP2007N057038, for exanpRe, iYiste
di scusses separ atR"on techniques to isolRte the
trans(-) zilpaterol stereoisoner fronracemc trans

wheidipXtiePoCHR" 1SR ", DENIERY ;ents z&02B 2, 02F adil B¢ BS sesRAangsplgeted

of enantioperic. bi sphi Lgan onpl exes t hat
frof S YOy e. LeLdone- 2 4a FaEs BRT Ty Hodkhon may be
catBlygédOgeBihoSiene [1daad boeplRgescomBpRxX&ifg aPdtfeaROBANd following

structure to the followmng fornmula: wherein Rl, R2,
formmla:R4, and R5 are selected froma range of

substituents; and Mis defined ag."a netal atom or

metal ion of the subgroup RB _groap],8, e.g., N, Co,

Rh, Ru, Ir, Pd, Re, or Pt. ¢S -Palent 6,248, 925

illustrates the use of suc gandR3corrpI exes for the

enanti osel ecti ve hydrogenat thhe al kene in

acetam do acrylates: |n these Ustrations, Ris

hydr ogen, phenyl, or ;; and R is hydrogen or

nmet hyl . US Pat ent 6, 248; owever, does not discuss

doubl e- hydrogenati ons @& a ,00Xi me to selectively

make a stereoi soner of an anmihdal cohol .[17] US Patent

6, 348, 620 di scusses enanti oselNeati ve hydrogenati ons of

ket oesters: M ,

wherein R', R%, R, RY, and R’ are selected from a range of substituents; and M is defined as
"a metal atom or metal ion of the subgroup 7 or & such as, e.g., Co, Ni, Rh, Ru, Ir, Pd, Re, or
Pt." US Patent 6,348,620 does not discuss double-hydrogenations of a ketooxime to
selectively make a stereoisomer of an aminoalcohol.

[18]  US Patent Appl. Publ. 2006/0241315 discusses a genus of enantiomeric
bisphosphine ligands that reportedly may be used in complexes with transition group VIII
metals for enantioselective hydrogenations. The ligands correspond in structure to the

following formula:

R, Rs
R
3 \@Ré
P H
R4 Fe Rl
Ry
R;
H
Ry
R3: :; P :; sz
R4 R4
R3 Ry

wherein R', R% R’, and R” are selected from a range of substituents. US Patent Appl. Publ.

2006/0241315 focuses on and illustrates the use of such ligands for the enantioselective
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wherein Xis O CHR', NR', NNHR'; nis zero, 1, 2, or

3; and RR R, and R' are selected froma range of
waasIeent s. US Patent 6, 348, 620 reports thakCT/RP208/051206

hydrogenation may be catal yeed by bi sphosphi ne |igand

GO PRRAT S GHIETEN Dl R Dk OO R 105 S B dBPuAP! discuss
doﬁEl@JgPlérorg@IWi%nQBf SKA86 e e kS ect ARH MhikSa sislfebi@sﬁela@f and

atomor netal ion of the subgroup 7 8 such
amgapalashgl. | Co, Nl, Rh, Ru, Ir, Pd, Re, or Pt." us

Pat 6, 348
Goutl. pydrsE o RE e ot s HSYTRene resesue L QiR optically
actﬁ%‘@ﬁ’mﬁo@bcﬂfo@ﬁ&l@ﬂ@foo@fm@ﬂ IedhanRedrizeddlis prbdd} aliStiRabepiprocess:
Appl . Publ. 2006/ 0241315 di scusses a genus of
nds that reported QHray

enant Doneri ¢ bi sphosphi ne | iQ}iﬁ
be usgd i x2congirgrgs With U/g's/ipﬂ ongggpyp Vi :RI]l t alRs

f orRE€nant’i osel.ar;t.l.ua.hydrﬁben I ons—Ihe ljgalis "’

corresp in structure to theyhgl | owi ng forml a:

wher ei n R2, R3, and R4 are selectedfromarange2

of \eubsliiuents. US Pat efardRPbximeubl - 2006/ 024h3aik5hol

focuses on and illustrates the use of such Iigands for >
wheln ﬁm%ﬁ R@a%'l RGN EANd /selgaeéb #hafl sAKRNEP C 5 -alkyl,

Pat ent 200 024131 ver, does not

cydoakyls er zdgm bAeempdecb‘@ewmtei-@mpmﬁesa th«aee mﬁsthmecreactlon
cof b B PaR S AP RET P50 2 64 RO HRE b0 g aegenction
coh@fiomr fBPadchRehcPiBh ! Fapahde Patent 2915161 characterizes the first step as a
hydrogenation that may be carried out with H, in the presence of a monovalent rhodium
complex and a ligand. The ligand corresponds in structure to the following formula:
_H;C Rs3
(B
S pph,
PPh,

wherein Fe is ferrocene, and R” is hydroxy or an amine substituted with alkyl or
cycloalkyl. Japanese Patent 2915161 characterizes the second step as a reduction that may
be carried out using a metal hydride or using hydrogenation with H, in the presence of a
Raney nickel or rhodium catalyst. Japanese Patent 2915161 does not discuss double-
hydrogenations of any ketooxime to selectively form a stereoisomer of 6-amino-7-
hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1-jk][1]-benzazepin-2[ 1H]-one or a salt thereof.

[20] Japanese Patent Ref. 2001-106664 discusses two-step hydrogenations of
ketooximes. In the first step, the keto group is reduced using hydrogen with a
homogencous catalyst that comprises a metal complex of a ligand with a metal from
transition group VIII. In the second step, the oxime group is reduced with borane. This
reference does not discuss double-hydrogenations of any ketooxime to selectively form a
sterecoisomer of 6-amino-7-hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1-jk][1]-benzazepin-
2[1H]-one or a salt thereof.
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active am noal cohols from ketooxinmes. It characterizes

this process as a two-step process: ket ooxine
whywsoxpeKi me am noal cohol wherein R1 and R2 aP@I/EP2008/051206

independently sel ect ed opthonally substituted

one elelé%% éléegg lﬁgzlfl %@é@e‘i ngrpg%fﬁéseF @XE‘[Q?“E?HFY Comercially-

vidbRsHobdsQit§ tHapﬁla$ Bk mséde@%ue@tm\sely ARRAA SRR oRBNRAL BAARIAT-
di scusses use 0 ferent reaction conditions for

hy g4 e@d ttﬁtmhyd@amd@w Pdti&Ht ]-bowsain-dHatlameetridz ensturn a
ste%e{h?esofnlletqrﬁ 'z_}‘?;?a%%?ﬁgar%F leiHr 92 ecz%?tstlg%g?ostﬁg\a?;l en% 1n\hen§?n R,l{owdes such

sené
a pesU¥.ex and a Ilgand The Iigand corresponds in
structure to the followi ng fornmula: wherein Fe is

ferrocene, and R3 i s hydroxy or an am ne substituted

with alkyl or cyg }ejown%Yolfa@ﬁ@el SE/ERRTRIN 2915161

characterizes the se step as a reduction that nmay
be ¢m]r| Sticfiy} thowforg, thisrirteaatioh ydtitededpin past, tigaprocess for
presence, of ney kel

hydr tion with in e
Sels?tlvre o%’P IRWEAY %}%TPOBQF&?faORésaémpat7 shydroxyrs, 5%71 tf‘a rﬁot
1mﬂia§6’[‘45551 ﬂﬂHl?lb%Hi’a%ﬁEQr[‘ﬁtl] RS0 sa‘?triMerg ngQBZS ikABwh Qs "7-amino-6-

l'ectively forma stereol soner no- /-
hydmdy@x&S 9; tar&yaﬁot éﬂf%%@amhemqﬂaﬂ@{mtﬁ 1-o0K).[ This lpeorz s

copBives tstha dos P abtald T T R aPoR B O birengR-oxime

(alsCkRN £ Smidabouhel ﬁk][lﬁbet&ﬁ&%me@‘@ TR Pt BROURS dfhydro-, 6-oxime"
reduced usin hydrogen W th hormgeneous cat al yst

or tditmohpelso8-diaiaroledivpl e bb. arongdrmiime DIer & salt thercof
wigﬂelllzafn tfler Srrgsence of a catalyst. The catalyst comprises a metal complex of a ligand
with a metal from transition group VIII.

[23]  This invention also is directed, in part, to a process for selectively
synthesizing a stereoisomer of zilpaterol or a salt thereof. This process comprises reacting
4,5-dihydro-imidazo[4,5,l-jk][ 1 [benzazepin-2,6,7[ 1H]-trione-6-oxime with H; in the
presence of a catalyst 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, 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-tetrahydro-imidazo[4,5,1-jk][1]-benzazepin-2[ 1H]-one (or a salt
thereof) comprises a metal complex of a ligand with a metal from transition group VIIIL

[24]  This invention also is directed, in part, to a method of feeding an animal.
This method comprises feeding to an animal (e.g., a bovine animal, a swine animal, a
sheep, or a bird) a zilpaterol stereoisomer selectively made by a process of this invention.
Such feeding methods may be used, for example, to increase the animal’s rate of weight
gain, improve the animal’s feed efficiency, and/or increase the animal’s carcass leanness.

[25]  This invention also is directed, in part, to use for a zilpaterol stereoisomer
selectively made by a process of this invention to make a medicament. Potential uses for
such a medicament include increasing an animal’s rate of weight gain, improving an

animal’s feed efficiency, and/or increasing an animal’s carcass leanness.



transition group VIIl. In the second step, the oxine
group is reduced with borane. This reference does not

waele@ss24oubl e- hydr ogenati ons of any ket ooxi nRCT/BP2008/051206
selectively forma stereoi 3onmer of

1 J [ %]“gﬁ%h’%ﬁ%@gf ﬁA’pg i?g& GEILVglq (91{ ‘gzlngi': ?papZarJnt to one skilled in

thetd}ﬁfrs&fre&cﬁﬂé thlfWpseifichgme still exists a need for
processes (particularly comerciallyviable processes)

that may be used to selectively nmake a stereoi soner of

6-am n
hydr oxy(/b EZT%H@E?DF gtc %TI(? Ig OFrrli) az o]flfrEg’ ?MBQI?IMEIETEZ az

5 epi RA[ | Hhisafeiled ld@scrllpfioﬁ Bf PrefdredtegitRainS@n®is ifttnded only to
zil paterol, particularly a trans stereoi sonmer. This

acq (s pticsmskiiashin dlaesars with Apnpiestis S8YenGoMVIRRYINOm gsgnd its practical

ap%lwgi)\ﬂ- Loq\ﬂa 8@1&5 %Hll%{i Y thetapte[fl ?t at{ﬂg? e}) AYSRh A8 IrSits
Irected, In proc or s rvely

nusiroulk ésinsi H]sgthay Btagrbedbleﬁatmdfd tofthe requirements of a particular use. This

6- am no- 7- hydr oxy- 6, 7- tetr drai m dazo
det&ﬂ@{n fleserptiqry an&éﬁzsasggp REaPPpleg. vgﬁlé %cﬁcaémsg@r?f[efrﬁ%?@a?dlmems of
10 th1£ ﬁlv%ﬁ’tl&f‘ Qi’@"in%ﬁdedﬁo@?hﬂ)@se@ of 1llustrat10n only. This invention, therefore, is
hydroxy-6, 7 O-tet dro-2 9a- di azabenzo[ cd] azul e
nonlemitdd orbe prefafmdﬁnmoduasﬁs dcmpbulsmsthlts epatificagion, and may be
4,5 dlhggrg i mdazo[4,5,1-jk][|]benzazepin-2,6,7[I H -t
Va?@ﬁh@“@ Xfne (al so known as
"l m[mz Oﬁﬁlsﬁnbeﬂtféh lid Jll?&%aﬁ?&rﬂ% £ pRocéds! ) sdldckiQ819 synthesizing a
4, 5-di hydro-, 6-oxine"

stef@lwnmr B Gragim7: Qlygﬁlxdr‘b%éﬂetﬁ‘i@ﬁ}@ﬁq-azﬂﬁ@{éﬁﬂ -# ][4 ]benzgaepin-
15 2[1%?] noexijr 4)5 ﬂly%ﬁ 1%113 zQ 43 £ f&g[}lﬁ%tngazl_leginn gﬁf-@iﬁ%ﬁ ég(xnne.

At al'ys e ca
of a ligan® N OH HO NH,
Catalzst ;
N
HN‘-§
4,5-dihydro- 1m1daz0[4 S,1-jk][1] 6-amino-7-hydroxy-4,5,6,7-tetrahydro-
benzazepin-2,6,7[1H]-trione-6-oxime imidazo[4,5,1-jk][1]-benzazepin-2[1H]-one

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

20  stercoisomers:

HOQ NH, HQ=

N N
i i

0 0

6R,7R 6S,7S

trans trans
Formula (Ila) Formula (I1b)
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with a netal fromtransition group VIII. [23] This
invention also is directed, in part, to a process for

W@ 200809292€1 y synt hesi zi ng a stereoi somer of zi PEHER2008/051206
or a salt thereof. This pragess conprises reacting
4, 5-di hydro-im dazo[ 4,5, -jk][|] benzazepi qté 6, 7[ I H -t
rloneGOX| R W thptb in the presence of a'Catal wgf, to
sel ecti vg S a stereoi soner of ~

{hexedf, which, in turn, is cofivened to

zi | paterglllN‘Qﬁaa salt thereof. The cataly sed in the
reaction ng t he 6-

ani no- 7- hydr o%y- 4, 5, 6, 7-t et rahydr o- i mi dazo[ 5,1 -j k][I
] - benzazepi §S,2Rl H] one (or a salt thereof)sRgp®prises a
net al conpl e&isof aligand with a netal fromg§ransition
group VI IFormuBA(lIchhi s i nvention al so i SFelindai(Hd) in
part, to a nethod of feeding an animal. This nethod
The tarpr ‘Isslestiviegeati usgd tmth!asrcoatﬁ:bitmmea{letk@t the anmm ofeongstonedisomer
ne ani zZi I er ol
mee Bl fer uned GoRy BandoB/8 pPutioBalFbpeg than about
60%d) gRAt @hn aSQ@WS@@Qﬁ'gE@ttMJﬁ%Suﬁ"@%W tHS Bkl ah@unt of all the 6-
exarrple to increase the aninmal's rate of weight gain,

amnmphblvémtxrﬂél %ﬁﬂrtﬁtlra@df%éﬂldém[ﬂésleuk&& ]-benvazaminhidtleense
ste%e{g) so%{g sn}%lar eclg ﬁ%&c&%ﬁ dls%g\?é’llgcf ﬁlat {h% ﬂ‘oc-le_gy c?f th Ev%tnlclg is

pater

paﬁiceraﬁplsammer fos ebleatue%eéymtmﬁmgmytrwspmﬁ@&ﬁ“ 69efm1hh47shydroxy-
i nvention to nake a nment.  Potential uses

4. xR éthetrhyeieridydw 4 Mdk]labbwa%e@ag?ﬂgﬂaqmam pRINe %mb%%l@ents the
proQ:fessVY? LSt to ggi'e&we'lmﬁﬁ’é’ {r SRHR trans isomer (Formula (I1a)).

[29] It has been 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,l-jk][ 1]benzazepin-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
to manpower, equipment costs, solvent use, and loss of any reagent or product that may
occur during any isolation step; or avoidance of any potential epimerization of the first-
generated stercocenter while generating the second.

[30] The 4,5-dihydro-imidazo[4,5,l-jk][1]benzazepin-2,6,7[ 1H]-trione-6-oxime
reagent may be prepared from commercially available ingredients using, for example,
methods known in the art. As indicated above in the Background of the Invention section,
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).



animal 's feed efficiency, and/or increasing an

animal's carcass | eanness.[26] Further benefits of
wWoREB0gAM s' i nvention will be apparent to onePGKEP10881051206

in the art fromreading thilg specification. DETAI LED

OF PREFERRED EMBODI MENTS [27] Thi
det m] lrg\l%tla Iyt s 1y eg{%@g&(p%ﬁéﬂﬁ%lﬁp%@%‘gg% a metal

compkﬁraﬁ@@h@ﬂl [Ysah® afE 8l kD Froft ARHsTioTKIrblyS U111 Bf {HPcRbYic Table of
th Applicants' invention, its principles, and its

thqulamnt@alAltéipwh bamai cgmpidxaﬁ nenieekygnasie frared singla ligand and a
d t t
Y ARy AP S AT, B VRO

5  ligefdsanpak ticedld.ar use. This detailed description and its
speC|f|c exanpl es, while indicating preferred
b 3R 1me At 8enistalt i satplyvesmRSICS & hempernepweRrtalByt, i.c., cssentially
| n 0
al ‘fﬁfé?@?%?%a?%% s AR, 35S Yppd Sl THE Ot 30%% (g, more
preﬂaablly; fxdehst abdulni7 S%s peleast abait i90%, aeledst a’ayut 196% at leadt abyut 98%,

ention is cte art
g 3959), Je@ eMr; el Gyphewed z})ﬁ’@!"éelgl% ol e
10 dls%lv@df’ﬁrfh@@olzexﬁydr oxy-4, 5,6, 7-tetrahydro-imdazo[ 4,
JKI[T ]-benzazepin- 2[IH -one from
4 5{%B]hydim sommmhqcb{mms the licjiid jdveprras epi or-12018, lighndd] - t
ne-.6- oxi me: dazo] 4 k I
cotaRaige 5 MRy HOBMERAR) of FaRDaR BEne v epi p
2,6, 7[I H -trione-6-pxi me i mdazo[4,5, |gq K]
[I] benzazepi n- 2[tkH|\- on This is a

Eal Rhe in the
R3
3
R} K
PR jy g
R3
3 3 R!
R3
P R’
Fe R
1
R} R
(D X v
R R2
RZ R® R} R2 (B)
R! R!
(A)
Here,
Each of R', R?, R’, and R’ is independently hydrogen, C;-Cs-alkyl,
15 hydroxy, or C;-Cg-alkoxy. Any such C;-Ce-alkyl or C;-Cg-alkoxy is, in turn,

optionally substituted by one or more halogen.
Each R’ is independently hydrogen or C;-Cs-alkyl.
Each R* is independently hydrogen, C;-Cs-alkyl, or NR'R®.
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represents that the correspondi ng substituent may have
either an Ror S configuration. In other words, this

WEe@sesw24my be used to selectively nmake one oPCT/ER2008/051206
four possible stereoisonmerds 6R 7R 6S,7S trans trans

For mul a ¥ mul & (1.i b) 6S, 7 R, 7S cis.cis Fo a .

(11 e Fobie ol LN s tpbrpactly Betroget o GetGalial TR dnaively
t hi R7GRAREXbgcthBaNSh 1R RitrdRR ta MibAtth&f ar®R6mmonly attached, form a
st ereoi somer made by the process constitutes greater

t hanatgoged katetoemste typical |y greater than about 60%
?Lgﬁﬁ: altﬁ]lg Eﬁ)rgrlﬁﬁrll’lci) glﬁ%tl%}i@%&? {oecrha}ralg iz Qé)clfltsugsﬁ%en?fas being

selagted) rd épdnMaiitf¥hdotherGsuBstiteédtahyeliso for ek slagle] dch R' 4§ diddted
.(&-benzaze in-2[| H -one stereoisomers made. |t has been
magp

erdsvierfelc pthat Re.e. Br-oeds supstitummiy, prels diprefare, mgy be the same
as Ia&itffef;elﬂk ﬁ{ah%aaféfttﬂp Bﬁlmf Rf s%@%t%%ﬁﬂs,va%lvyelfsz}/srﬁlg SahLAd\E dferent
rans 1 sonmer of 6-am no-7-hydroxy-
thafh,caclBof7tht &y Rhydd 8° subsdarefs4, 5,1 -j k] [1] - benzazepi n- 2[ |
H - enbodi the pro i s used t

e. In _sone di nents,, cess 0. 5 ¢
Sel Gl v & PSR I8 ﬁ?g‘_RRt ¥ lar@rr@aﬁ@?) VRO erach NR'R
sullsHdcht is h@eﬁ&enﬂﬁ%el@@c@@ BhRC R K& pleNit ?s‘ﬁ?d% GBRNAS Wohbof the

this 1nventiaon that this doubl ehydrogenation

R* substituents, the R and R® are independently hydrogen or C;-Cs-alkyl, while in the
other R* substituent, R” and R® (together with the nitrogen to which they are commonly
attached) form a saturated heterocycle.

[36] In some embodiments, cach R’ is identical to the other R* substituents. In
some such embodiments, for example, each R is hydrogen. Here, the ligand corresponds
in structure to Formula (AA) or Formula (BB):

R6

Fe R!
Q) a ®
R! P R2

R* b Fe
R! R! R
1
R? R R®
R! 1
R (BB)
(AA)

[37] In some embodiments, cach R' is independently hydrogen or C;-Cs-alkyl
optionally substituted by one or more halogen. In some such embodiments, for example,
cach R' is independently hydrogen or methyl optionally substituted by one or more
halogen. In some such embodiments, each R' is independently hydrogen, CHs, or CFs. In

some embodiments, each R! is identical to the other R' substituents. In some such
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reacti on can be advantageously perfornmed in a one-pot
and single-step process. Specifically, when

W@ 2®8692994dr o- i m dazo[ 4, 5,1 -j k] [|] benzazepi n- 2, BCTEPHPS/051206
rione- 6-oxinme is reacted tt6 form 6-amn no-7- hydroxy-4,

ernbiipiEpbi Rl SHPR: 60 1000 - Hy GiHSEERBb S isesich Ryds CH:. And. in

stilSeF embmn{émr&gmétls op, of a ketone to forma
hydroxy, and the hydrogenatign of an oxime to forman

ani 381 Bbn bonhesbodimantsi enek Roex:mdepﬁsldﬂglﬁ lnéim@a@m(bf% alkoxy.

o GRS DS L AR SR YRS B 5Ty ome

enfbaalmemd tatheR’ap cafics v iR @thdr € stBAEidngs). mmbme @uctlp
separate hydrogenatloq conditions to initiate or

cmbemslcatsefarissampleorrsh & it Rudrogan. Ky dyethar grappdiments, for
ex&gﬁg %@H?ﬁ P&ﬁm% ansl ates into, for exanple,

saV|ngs ‘Wi th respect t o manpower, equi prment
cosm] S @h vané cubedimang, ¢aos R of 1nalapenﬂaage©i-C@4aﬂ<pt odNRIR®. In

that may occur during any isql at ste ayoi dance ,
sorge sughyCTRbdEREn sy O%ﬁiaﬁﬁ%?? 786 6%1“18?113’[] hén f§ %%r@%?f*émaméoan RYis

1nd%b@t{d%9ﬁ§ Rl Eftc PRRIRS gl%%%ﬁl%tehﬂ%dfnlf@ltss@ﬁ%ﬁ thé ﬁgind-ré?)‘f'responds to
di hydr o- |n1dazo[4 5 1-7K][1 ] enzazepin-2,6, 7[ | H-

Form(uhe(-AQ- eachrit' is adrgeen tqrthy: opteer i @plwtlgd:nf  arpome such ernbodlrnents

come C|aII a abl e ingredients using, for exanple,
for RXAMBifs © d&ﬁ’¥ﬁikhe art. As indicated above in the

Bac lfdlg oungséthe EMBodiM¢BR! d0R RSEE fn'd@ﬁbndéﬂig‘c F@EJQ 15subst1tuted by
i ncl e those described in US Patgnt 85,

on¢ gt moradhedogsh. Ussqrag embodimsats, gl R ds 1dﬂ1@t@ﬂab®rtﬁ@ e ebﬁ
LRI L ARl BTGt SRR B
substituted by one or more halogen. In other embodiments, each R’ is CFs.

[41] In some embodiments, cach R® is identical to the other R® substituent. In
some such embodiments, for example, each R® is hydrogen.

[42] In some embodiments, cach of R” and R® is independently C;-Cs-alkyl. In
some embodiments, for example, each of R and R® is methyl. In some such embodiments
wherein the ligand corresponds to Formula (A), each R” is dimethylamino (N(CHs),).

[43] In some embodiments, R’ and R®, together with the nitrogen to which they
are commonly attached, form a saturated heterocycle. The saturated heterocycle
preferably has a total of 5 to 6 ring atoms. At least one ring atom is nitrogen (i.e., the
nitrogen to which R’ and R® are commonly attached). The remaining ring atoms are
independently selected from the group consisting of carbon, oxygen, nitrogen, and sulfur.
Examples of such heterocycles include pyrrolidinyl, piperidinyl, and morpholinyl.

[44] In some embodiments wherein the ligand corresponds to Formula (A),
each R* is a saturated heterocycle.

[45]  In some embodiments, R’ and R, together with the nitrogen to which they
are commonly attached, form a pyrrolidinyl. In some such embodiments wherein the
ligand corresponds to Formula (A), cach R* is a pyrrolidinyl.

[46] In some embodiments, the ligand corresponds to Formula (A). In some

such embodiments, for example, each R' is H. In other embodiments, each R' is CHs. In
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conplex of a chiral Iigand and a netal fromtransition

group VIl of the Periodic Table of the El enents.
WO\RG0ROMYRH t he netal conplex is normally nmade fPORER2008/051206

single Iigand and a singl e1met al fron1transition group

VI ) r se add
othey 6%4%8@1 ge%afhr?btlgﬁb ][ng’éal}{erleﬁl QIIJ{B‘?%“T ea‘li }k awgliler
enbOIR &S Sach RFATOLGNEqH %t%@%ﬁbbfd&hlents Sach FESS ENtTh AkHey
all (or all) the catalyst is di ssolved. In so

en@nﬁl@mntﬁe pach, Rt N(GHsk. Abduin @locrindimaensy caghrR nflé patspydinyl.

bou 7 9 | east about 900 Iea

S50l Tl FagEplea B fberBb o EPopEHE N i tire Gobersity @3 fuce, for

exﬁﬁﬁll@ltthQ 2% cd?fesﬁtbﬂﬁig ih Qe tukyto WeIrGiulla Q£-19 (. C‘aalﬁg’ﬁh& sitherein
di ssolved i,n the sol vent. ﬁ% @fl In sone enbodi nents,

eacthn% wi(dhnerchdis OSd, earh Roris fbe chg%dgNéféHrs)ebponm ng

in structure to Formula (A) or la (B): (A Here,

Each of Rl, R2, R5, and R6 [5: endently hydr ogen,

G - Ce-al kyl, hydroxy, of:@-NC ]

-al kyl or C| C -alkoxy is, i®

substituted by one or \GRLF

i ndependent |y hydrogen @

(A-1).
This and other such ligands are discussed in, for example, US Patent Appl. Publ.
2006/0241315 (incorporated by reference into this patent).

[48]  Examples of ligands encompassed by Formula A also include, for

example, the enantiomer of Formula (A-1). That enantiomer corresponds to Formula

(A-1B):
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Each R4 is independently hydrogen, G -C -al kyl, or

NR7R8. Each of R7 and R8 is independently hydrogen or
w@Ro0g092ekyl . Alternatively, R7 and R8, toget heCT/HP1008/051206

the nitrogen to which they1are comonly attached, form

a saturated heterocycle. [3 k:The term "i ndependent!|y"

is used to characterize each sgybstituent as being

sel ected i ndependent of other, substituents. Thus,

for exanple, each Rl is sel gCtwd i ndependent of the

other Rl, R2, R5, mand RB; su ueptis, and, therefore,

may be the same as orNdifferét h of the other

Rl substituents X s or different
than each of t , R5, |and bstituents. [35] In
i nstances wher ei oth R4's in Forpyla (A are NR7RS,

each NR7R8 substituent i$eindependenily sel ect ed.
Thus, for exanple, it is|possiblg that in one of the
R4 substituents, the R7 i ndependent |y
hydrogen or G - &&al kyliBhi | 40 4 he ot her R4
substituent, R7 a
whi ch t hey arefco yratta , forma saturated
het er ocycl e 36] e éibodi nents, each R3 is
i dentical to th&the substituents. In sonme such
enbodi nents, for ey ampy égh R i s hydrogen. Here,
the ligand corresponids iin structure to Formula (AA) or
Formul a (BB): (AA SN

CH; (A-1B).

[49] Examples of ligands encompassed by Formula (A) also include, for
example, the ligand corresponding in structure to Formula (A-2) (i.e., a ligand wherein
cach R' is H, each R* is H, each R’ is H, and each R* is N(CH3),) or the enantiomer
thereof:

(A-2).
The ligand of Formula (A-2) and other such ligands are discussed in, for example, US
Patent 6,348,620 (incorporated by reference into this patent).

[S0] Examples of ligands encompassed by Formula A also include, for
example, the ligand corresponding in structure to Formula (A-3) (i.e., a ligand wherein
cach R' is CF3, each R” is H, each R’ is H, and each R* is N(CH3),) or the enantiomer
thereof:



[37] In some enbodi ments, each Rl is independently

hydrogen or C -C -al kyl optionally substituted by one
wW@eroos0922hal ogen. I n sone such enbodi ments, f oPCI/EP2008/051206

exanpl e, each Rl is indepenglently hydrogen or nethyl

optionally substituted by one or_pore hal ogen. In sone

such enbodi nents, each Rl K%h depgndent |y hydrogen,

CH3, or CF3. In sone eHﬁbdNnen| gach Rl is identica

to the other Rl substituent o, suchenbodi nent s,

for exanple, each Rl i efrbodi nents, each

Rl is CH3. And, in stil ' gi ment s, each Rl is

CF3. [38] In some enbodi : :ac/ R2 is

i ndependent |y hydrc ' -3 X¥. | n sone

enbodi nents, ea i1 errdent |y hydrogen or
@ R2 is identical to
). R gonéfFsuch enbodi nents,

nmet hoxy. In sone

the other R2 substit

for exanple, edeh. RR~s(AYDYogen. And, in other

enbodi nents, for eyanple hR2 is nethoxy [39] In

sone enbodlnenﬂé each R4

or NR7R8. In sone sugk Fgents, for exanple an R4

is methyl. In ot frér [ gﬁ R4 is

i ndependently sel ec n sone embodi ment s

wherein the |igand cor esponds to Formula (A), each R4

is identical to the otluey R4ubstituen Bn sone such

enbodi nents, for exanple, each R4 is NR [40] In

2 Sgg%lﬁm?ghﬂgﬁg of 1SR efo rhfusédAdSPEAISRIA [V al6d infehrdd] foy |
example, the ligand correspondlng in structure to Formula (A-4) (i.e., a ligand wherein

cach R' is H, each R* is H, each R’ is H, and each R* is pyrrolidinyl) or the enantiomer
5  thereof:

(A-4).

[S2] In some embodiments, the ligand corresponds to Formula (B). In some
such embodiments, for example, each R' is CH;. In other embodiments, each R? is OCHs.
In other embodiments, cach R* is H. In other embodiments, each R* is CHs. In other
10  embodiments, each R’ is independently methyl substituted by one or more halogen. In
other embodiments, ecach R’ is CF5. And, in other embodiments, cach R® is H.

[S3] Examples of ligands encompassed by Formula (B) include, for example,

the ligand corresponding in structure to Formula (B-1) (i.e., a ligand wherein R is CHs,
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one or nore hal ogen. In sonme enbodi nents, each R5 is
identical to the other R5 substituents. In sonme such

wepiwsdivent s, for exanple, each R5 is independegi/ED2008/051206
met hyl substituted by one @0 nore hal ogen. In other

cof R il Rabi i st Aot 6B SRGTRORD ST

enSRIFR S WidieggiTbodi ment s, for exanple, each R6 is
hydrogen. [42] In sone enbodinents, each of R7 and R8

i s i ndependent IFCQ - ad%yl . In sone enbodi ments, for
exanpl e, each of R R8 is nethyl. In sone such
enbodi ment s wher ei e |igand corresponds to Fornul a
(A), each R4 is dinethylamno (N(CHs) ) . [43] In sone
enbodi ment 8;,C.R7and R8, Jdgether with the nitrogen to
whi ch they are attached, forma saturated
het er ocycl e. sat ur a ocycl e preferably has
atotal of 5top ri | eagtzone ring atom
is nitrogen (i.egp, the|nitrodem te ich R7 and R8 are
comonly attached). The renmai pi g3-gtons are
i ndependently sel ectedf¥romthe cdgﬁisting of
carbon, oxygen, nitrogen, ap Exanpl es of such
het erocycl es i ncl ude pyrrol |, pi%ridinyl, and
nmor pholinyl. [44] In ' Rent s wherein the
| i gand corresponds to For éach R4 is a
saturated heterocycle. [45] |In“sam enbodingﬁg , R7
and R8, together wth the nitrogen to which'they

[S4] A wide range of other ligands also are generally suitable for this reaction.

Such ligands include, for example, ligands (and enantiomers thereof) corresponding in

structure to the following:

C?wsg@ @91?9@

N

@) NH

0 CH, 0
H;C



are comonly attached, forma pyrrolidinyl. In sone

such enbodi nents wherein the |igand corresponds to
wWao-0081092924 A), each R4 is a pyrrolidinyl. [46] PCI/BRP2088/051206

enbodi nents, the ligand cortesponds to Fornmula (A). In

some such_genbodi nents, for exanple, each RL is H 1In

ot her efb ments, each Rl is CH3,

enbodi n each Rl is CF3. ® | mgnt s,
each R2 . I n other enbodi eag 1. $00CH3.
nmbodi ney each R3 is=H In v 0O
erfp g, eac s N( CHs) ARy, f
enbedi/ment sQ each S pyrrol i f . R
| i gands cor espond ng N structuxe=to Fg
de, /f or\ exang-e Ilgand corres{)
oPe to Folul a (i.e., aligare
g Rl is CH3, |each /s OCH3, each R3 is H,

R4 is N; : ThIS and ot her such |i gards
ssed in, for exanple, US Patent Appl. €ubl .

006/ 024131% %I ncorporated by reference into this
pat ent). Exanpl es of |igands enconpassed by
Formula A al so include, for exanple, th
For mul a Kﬁl). That enantioner corresp
(A-1B):

e enanti oner of
ormul a
rmJI a

[49]
(A als
corres,g i A ucture to For mul a '* 2) (|Ne "//
l'i gand €fw"each RL is H, eac

h R i h
H, and each RANis N(CHs) ) or th t|o ereo
/\
H,C CH;

C-7
CH,
CH,
CH,
CH,

HsC
CH,
C-9



The Iigand of Fornmula (A-2) and other such |igands are
di scussed in, for exanple, US Patent 6,348, 620
W@ pavs0992+ at ed by reference into this patent).P¢BEBP2008/051206
Exanpl es of |igands enconpagsed by Formula A also
ol L for exanple, the Ilgand correspon
reto FormJIa(A-S) (1. '

| mpngs, i
sonme such enbddinments, for exanpke S
ot her embodCralints, each R2 is OCH3. In otherg
enbodi nents, each R3 is H In other enbodi ne
R4 is CH3. In other enbodinents, each R, 5 i3
i ndependent|y nethyl substituted by one or ny
hal ogen. In other enbodi nents, each R5 is CF3: '@
ot her enbodi nents, each R6 is H [53] Exanples o\ Vi
| i gands enconpassed by Formula (B) incl ude or
exanpl e, the I|gand corresponding in structure to

Fornuh (B-1) (i.e., aligand wherein Rl i Heach
R2 is R3is H R4 is CH3, gach [ CFsH
and eae i's [H) ,the enanti oner t e}s\oﬁ\-\/}z% CH;
p—"m iy
CH; e CHy HC  CHs
CH3 C'14
P
H3C>Illuu-- CH3
H;C
C-13
P CH;

0]

apde



[54] A wide range of other ligands also are generally
suitable for this reaction. Such ligands include, for

wWe@x@aP9224 | i gands (and enanti onmers thereof) PCT/EP2008/051206
corresponding in structure2so the follow ng: C2C7
CI0C12 G 13 G 15C—%§C— 24 C28C- 29 C 31 [55]

sel ectivity of the/? ction toward a particu

st er eoi somer product can general |y be changed ar d
its enantioner pr ct by using the other ena o p
formof th ligand. [56] Metalscfromy
transition p Vi i nclude iron (Hﬁe\;')i’ copal t
("Co"), nickel ("N, rhodium("Rnh") t he
("Ru"), iridium @,d¢r"), osmum("Cs"),

("pPt" Hand Ilaéli um ("Pd"). I n sogE Bpbodi nent's, the
transftrron group VII1 netal conprises]|on e of
rhodium ruthenium and iridium [57] In W@

N
Q

enbod

ud S

C-18

Q i,
o ;;ﬂ

C-21

C-22



[58] In sonme enbodi nents wherein the netal conplex

conprises ruthenium the netal conplex conprises
wooBAYIgand( DMF) X, wherein x is a number greaPE&F/EP10881051206

zero. The acronym "DVF' cor#esponds to

[ pnd de, which also i s know
de." This conplex cah gegerally be

exangl e, mxing [R
a+“1000C for 10 ninn:
wherei p the nmetal conpl ex colpp
GHonpl ex conpri ses

enbodi mentd
rut heni um

prepar edgby, f or

wi t i€ Ngapd i n~@thanol or an eth i £
nmet SQ )} m xture at 500C for 2 hours.
ot he rrbonts wherein the netal conpleg

r ut heni um bbﬁ nmet al conpl ex conpri ses i
Thi s conpl ex Can be prepared by, for exp & :
Rh(l, 5-cycl o-oct adi ene) (2-net hyl al | yl ) 2~¢fe | | gangs
and HBr in acetone. [61] In other enbodi nert-g4wher ei
the netal conpl ex conprises ruthenium the netal
conpl ex comgyi ses Ru(ligand)(acetylaegtonate)?2 (or
"Ru(l i gandnfacac)2M . This conpl g
by, for lex {8, m Xing

[ Ru( h4- 2, A Coii B) (acet yl acet onat e)
t et ri&ygRof uran A THRY). [62] In sonme e
wher e (f, e Gilet &kCc | ex conprises ru
i gand corrpgji_fses one or nore |igan
group consisti'ng of Fornmula (C

CH;
o)
P
HyC""
| o
HiC
p
, o)
“CH,4

C-27
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1), Formula (C2), Fornmula (C-6), Formula (G 7),

Formula (C-8), Fornmula (C9), Fornmula (C11), Fornula
W@ ogd2924ormul a (G 13), Formula (G 14), For muP@I/EP2008/051206
(G16), Fornmula (C17), Foersula (C-21), Formula
(G 22), Fornula -25), Formula (C 28),. Formul a
(C29), Formul g 30), Formul a (C 31), age=the
enantioners th [63] In sone emdodifrentsy the  cH;

&s rhodium [64] 1

5 nmetal conpfex co

Here, Z is hal Bgqn.

i nclude, for Ie,O CH

ene)] 2, [Rhd ( hexaadi ene)]
"CHj,

met al conpl ex conpri si ng-8odi um

may be prepare m for exanple, [Rh-(diene)2] Y.

Here, Y is [BF aOo], [PF], or another anion that

has no Iigaﬁg?fapacity. Exanpl es of such rhodi um

compounds i nct’ude, for exanple, [Rh(norbornadiene)

, [Rh(1 ,5-cyclo-octadiene) 2]+ X4 , [Rh(1

tadi ene) 2] +BF4 (al so known as

BF4"), [Rh(1, 5-cycl o-octadi ene) 2] +PF6 ,

exadi e 3%h+C104 , [Rh(1 ,5-hexadi ene)

2] +BF4 wbhiexadi ene) 2] +PF6 |,

d }
R d

[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.

[S6] Metals from transition group VIII include iron ("Fe"), cobalt ("Co"), nickel
("Ni"), rhodium ("Rh"), ruthenium ("Ru"), iridium ("It"), osmium ("Os"), platinum ("Pt"),
and palladium ("Pd"). In some embodiments, the transition group VIII metal comprises
one or more of rhodium, ruthenium, and iridium.

[S7] In some embodiments, the metal complex comprises ruthenium.

[S8] In some embodiments wherein the metal complex comprises ruthenium, the
metal complex comprises RuCl,Ligand(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.

[S9] In other embodiments wherein the metal complex comprises ruthenium, the

metal complex comprises [Ru(ligand)(p-cymene)CI]Cl. This complex can be prepared by,
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conmpounds by, for exanple, mxing the ligand with the
rhodi um conpound at a nolar ratio of |igand-to-rhodi um

w@poogto9e4 1: 1. I n sone such enbodi nents, a sl iBEi/EP2008/051206
excess of Iigand is used. ke sone enbodinents, the

and r m co .ar ixed in the presence
forgpdaDt, gk TRE g aCRI G St B Bibin pfhatdiorBh

etlﬁﬁ@'chﬁ&ﬁB@frﬂeﬁ{hné @@l%rht(iﬁxﬁfre gi shcaporméliane) before
beln added to the reaction m xture. |In other

Ine m gthet treb¢dlglamta vdistrin Hgdneinh coompouenanpiises ritheadim, the
o7 B89 Rt ] B80! AN L SARTRRY 6256 Slmpte,
P lPIR PHIRESR (eﬁ% ent S “YHe™ Fgand) h P
mlmngtRH(E SQJyelbedoﬁwﬁheD(S Iﬂ&ﬁjﬂlamymzh the lﬁaﬁ&ltana HE’Mh%cétBné ts
pr epar ation. In sone enbaodi nents, the catal yst

combetlsedn sdher GTBE)‘?}%}@P% thsnie i) mgtalpompex epnprgtses ruthenium, the

| T i
o LR RSEEA e L LOYGATE PRS0 o
compltpIchs bs pﬂ:lpered by i exdmlga,ndsm(g)[rR@tf‘ez é&i&h@&rcstylacetonate)z]
and G BB G BORBIATH ) and Formula (8) . In some
sucheanbeg k(yfﬁ@ Elﬁboélﬁfenﬁm @ie niddfl cbh@?é}dcoﬁﬁﬂﬁ& RfRnium, the

one or nore |i1gands selected fromthe group consisting
ligaxfd ¢qrga’mdsomnmsrpdtgdndsgsetaotdé<frcnm thee grévy) ceamsuitifg phitidiamula (C-

1. g5chinta P B0 tS S 8T Formitia (B R am B S LES rpuff (-

ForMal:O(Qu P), Formiudt (92 fF ringfnAs 18 %?ﬁnﬂ% -149), Férmula (C-16
0Forrru{ )A 1), uFo(rrru 2 0- g&rnﬁ la (A-4 g)ormrjmga( )

Formuja (C-4 A FtOh@llém@rtZilblF@r@u!m@ 33), 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 rhodium.

[64] In some embodiments wherein the metal complex comprises rhodium, 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)],,
[RhCI(1,5-hexaadiene)],, and [RhCI(1,5-norbornadiene)],.

[65] Alternatively, the metal complex comprising rhodium may be prepared
from, for example, [Rh-(diene),]'Y. Here, Y is [BF,47], [ClO4], [PFs], or another anion
that has no ligand capacity. Examples of such rhodium compounds include, for example,
[Rh(norbornadiene),] 'Cl04", [Rh(1,5-cyclo-octadiene),] C1O,", [Rh(1,5-cyclo-
octadiene),] BF, (also known as "Rh(COD),BF,4"), [Rh(1,5-cyclo-octadiene),] PFy,
[Rh(1 ,5-hexadiene)2]+ClO4', [Rh(1 ,5-hexadiene)2]+BF4', [Rh(1 ,5-hexadiene)2]+PF6',
[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 thodium 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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[69] In sonme enbodi nents where the netal conplex
conprises rhodium the |ligand conprises one or nore

wo p@amne926el ected fromthe group consisting of PCT/BR200%051206
corresponding to Formula (@71), Formula (C 2), Formula

C3) ., For la (C Forrrula 10, .
reafo o T 85e5¢ PP o e i i Egfrefrably i used
wifhied Mdud3 (o QF its E%pﬁ%éltlén( C-23), Fornula (C 24),

For mul a &C—26 or mul a C—27? Formula (G 31),
t he [€Hantn @ﬂreqv smb@rbmotfs, Fw]a y¥heonpuisas Rhelt3- eycziﬂi

dig: Ii1b 2,6, 7[1 H -
oot @ MR Rty charged to the

hydieglenai k&ifie élﬁﬁ@dlﬁfenﬂi&%e\/@ﬂl)é metil@opldxopipefsey @blim, the
is no less than about 10:1. In sone enbodi nents, for
ligandagRanmsiscy pree Anpis ligand (of stgrspisamstithensed) sclggted &gy the group

oBREH T SRR For O 85 9O S et

embOdiinenes, ﬁb@uhmﬁl@ﬂth& lightidbeomfrdiet obOorlmbre ligaﬁdli seﬂ&ﬂfdﬁlfrom the

or from abo 1 to about 200:1.
LI OB laaa  correpneding ted qrgtql%(lgé) 1 ra\%‘at(B% In other

suéhoerﬁm%eﬂé Qhélh% ﬂd%}a@&l'gxafél lel 0519{)1%%06{1% o Ard hgﬁ{ds selected

about 50: 1. t her he ratio is from
ﬁoabthatgrdl@monslsmgi@ﬁilganﬂﬁmrﬂﬁsp(mdmig o edoda (A00; Hormpula A-2),

b 1 d t f
Fofmat At ttB 3 an gt SRT TR P Mol n.
d4)! Hin §6rh& &ﬁb@dl%hﬁﬁvﬂe% the hfetf @b ldxScodfMRERIbN um, the

conéucted in a solvent. Various solvents
ligand comprises one or more hgands selected from the group consisting of ligands

corresponding to Formula (C-1), Formula (C-2), Formula (C-3), Formula (C-4),
Formula (C-5), Formula (C-10), Formula (C-15), Formula (C-18), Formula (C-19),
Formula (C-20), Formula (C-23), Formula (C-24), Formula (C-26), Formula (C-27),
Formula (C-31), and the enantiomers thereof.

[70] The molar ratio of 4,5-dihydro-imidazo[4,5,l-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
least about 25:1, at least about 50:1, at least about 100:1, or at least about 200:1. In some
embodiments, the ratio is from about 50:1 to about 500:1, from about 50:1 to about 400:1,
or from about 50:1 to about 200:1. In some such embodiments, for example, the ratio is
from about 50:1 to about 150:1, from about 50:1 to about 100:1, or about 50:1. In other
embodiments, the ratio is from about 100:1 to about 200:1, or from about 100:1 to about
150:1.

[71]  The hydrogenation of 4,5-dihydro-imidazo[4,5,1-jk][1]benzazepin-
2,6,7[1H]-trione-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 isopropyl alcohol. In some such embodiments, for example, the
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may be used. The solvent preferably is non-reactive

Wi th the reagents, products, and any other ingredients
WO pooslgeoeeact i on m xture. Exanpl es of such sol RENEB2008/051206

generally include, for exanple, nethanol, water,

sol ST AP e Bia B9 P mntirB oM the S e R ant s apropy!
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when the solvent cornprlses 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 methanol 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[ 1 H]-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,l-jk][ 1]benzazepin-2,6,7[ 1H]-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-
jk][1]benzazepin-2,6,7[ 1 H]-trione-6-oxime may be, for example, from about 22 to about
23 ml/g.

[74] In some embodiments, the hydrogenation of 4,5-dihydro-imidazo[4,5,1-
jk][1]benzazepin-2,6,7[ 1H]-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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Formulp €--d), Mnulla fﬁ?-@a,z]ﬁ{rmlga [(j:k?]){Formula (C-8), Formula (C 9)
Fog}(@ﬁ%{é‘iﬁ? :rF‘(E)lrrn%g ) ﬁ(% 15% T &E 35! FEnl Y (@St4)/ Pdrmula (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[4,5,1-
jk][1]benzazepin-2,6,7[ 1 H]-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 ("H2SO4"). In other embodiments, the acid comprises one or more strong
organic acids, such as, for example, trifluoroacetic acid ("CFzCO,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][ 1]benzazepin-
2,6,7[ 1H]-trione-6-oxime (or its salt).

[78] In some embodiments wherein the hydrogenation is conducted in the
presence of a acid, the catalyst comprises ruthenium. In other embodiments wherein the
hydrogenation is conducted in the presence of a acid, the catalyst comprises rhodium.

[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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to abo g“% (P%raamgf%rwltg}nlgegatu ¢in sgrrn[cr%lrn%ogi%le%)ts 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 50 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 slower 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,l-jk][1]benzazepin-
2,6,7[ 1H]-trione-6-oxime (or a salt thereof) is generally conducted in the presence of H; or
a source of H,. In some embodiments, for example, the hydrogenation is conducted in the
presence of H, or a mixture of H, and an inert gas. The hydrogenation may be conducted
over a wide range of H; 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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Formula (G 11), Formula (G 12) , Formula (C 13),

Formula (C-14), Formula (G- 16) , Formula (C 17),
waoroamdm24 C-21) , Fornula (C 25), Fornula (G 2B)T/EP2008/051206
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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
achieved using, for example, various methods known in the art. This purified product
may, in turn, be used to selectively make a stercoisomer 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-jk][1]-
benzazepin-2[ IH]-one stereoisomer made in accordance with this invention is used to
selectively make the corresponding zilpaterol stereoisomer. The term "selective," as used
in the context of synthesizing a zilpaterol stereoisomer, means that the amount of one
zilpaterol stereoisomer constitutes greater than 50% (and more typically greater than about
60%, greater than about 75%, or greater than about 85%) of the total amount of all the

zilpaterol stereoisomers made. Given that the process is particularly suitable for
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2

wherein the wavy lines represent a specific stereo configuration of the corresponding
substituents. The reducing agent may, for example, be an alkali metal borohydride (e.g.,
sodium triacetoxyborohydride) or alkali metal cyanoborohydride (e.g., sodium
cyanoborohydride). In this instance, the reaction preferably is conducted in a solvent.
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 least 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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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 sulfonic classes of
organic acids. Specific examples of organic salts include cholate, sorbate, laurate, acetate,
trifluoroacetate, formate, propionate, succinate, glycolate, gluconate, digluconate, lactate,
malate, tartaric acid (and derivatives thereof, e.g., dibenzoyltartrate), citrate, ascorbate,
glucuronate, maleate, fumarate, pyruvate, aspartate, glutamate, benzoate, anthranilic acid,
mesylate, stearate, salicylate, p-hydroxybenzoate, phenylacetate, mandelate (and
derivatives thereof), embonate (pamoate), ethanesulfonate, benzenesulfonate,
pantothenate, 2-hydroxyethanesulfonate, sulfanilate, cyclohexylaminosulfonate, algenic
acid, B-hydroxybutyric acid, galactarate, galacturonate, adipate, alginate, butyrate,

camphorate, camphorsulfonate, cyclopentanepropionate, dodecylsulfate, glycoheptanoate,
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elit$RteinothgtiitaBisdm & hakiRB PAVWE e 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, emulsions, syrups, etc.).
These dosage forms optionally comprise one or more suitable excipients. Such excipients
generally include, for example, sweetening agents, flavoring agents, coloring agents,
preservative agents, inert diluents (e.g., calcium carbonate, sodium carbonate, lactose,
calcium phosphate, sodium phosphate, or kaolin), granulating and disintegrating agents
(e.g., corn starch or alginic acid), binding agents (e.g., gelatin, acacia, or carboxymethyl
cellulose), and lubricating agents (e.g., magnesium stearate, stearic acid, or talc). Liquid
compositions will generally comprise a solvent. The solvent preferably has sufficient
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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tetrahydro-imdazo
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steb @iRImeR FRMRIes @br Alldast MBuZIIRIF ﬁife%ker@&ﬁfrﬁ&'p%ﬁ[@és? aﬂ@igﬁ than
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supported stereoisomer, it is preferred to avoid using extremely small stereoisomer
particles. In some embodiments, for example, the stereoisomer particle size distribution is
such that less than about 5% of the stereoisomer particles have a particle size of less than
about 15 um. The methods discussed in, for example, US Patent 5,731,028 (incorporated
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
sterecoisomer having the above-described size distributions.

[94] To the extent the composition is incorporated into feed, the feed mixture
will vary depending on, for example, the type (e.g., species and breed), age, weight,
activity, and condition of the intended recipient. For bovine and swine, various feeds are
well known in the art, and often comprise cereals; sugars; grains; arachidic, tournsole, and
soybean press cake; flours of animal origin, such as fish flour; amino acids; mineral salts;
vitamins; antioxidants; etc. In general, the stereoisomer composition can be incorporated
into any feed that is available and used for the intended recipient animal.

[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 injection,
intravenous injection, intramuscular injection, implanted device, partially implanted

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



10

15

20

25

30

4,5/ 1-jk][I]-benzazepin-2[IH -one, it follows that the
process also is particularly suitable for selectively
W@ 09Ble2924i Nng the correspondi ng trans i sonmer OPCT/EP2008/051206
zilpaterol. In sonme enbodi sents, the process is used
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forZdxh R ?Iee fRl cofilpBLieih SRR AAtnidcRAIRMHMBrRREhe &hplant behind the
rotation, as neasured by a polarineter; thus, 1t also

emﬁﬁﬂmb@nreferred to as the "trans( )" stereoisoner.

h
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y k)
ek Bl e ST RN ARG B
codhpbsds-ahkh{ouht dfthe szepison2f thdf, t@ueehes twathabt smowit of@yhebective
. a%ﬁyla%ed W th ace one in the presence of a reducing
IngRRHEFRS)-FOPHHHICE A %‘F%Véé‘B%?HHi 5 155 P b e stcrcoisomet, an
”e@éc%rv@ USRI @Sarhdyrd §ﬁf'f" @feﬁfjto' iRerbAR tﬁé)}alteoéf\f ﬁ&gﬁteg"aﬁ{ i@Brove

schene: 6-am no- 7- hydroxy-4,5, 6, 7-tetrahydro-
feei dfpaitmryo hndioranewmh ®aasass leanness in the intended recipient (typically

bR RhE Sl S| Lonzazcp v 2T H - one ster ol some

conflogur 3Yh@nh®tohPésitid & @sNRNAniifistered, 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 is
from about 0.01 to about 50 mg/kg, from about 0.01 to about 10 mg/kg, from about 0.05 to
about 2 mg/kg, from about 0.05 to about 1, or from about 0.05 to about 0.2 mg/kg. In
some embodiments where the stereoisomer is administered in the recipient animal’s feed,
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 ppm, from about 0.5 to about 20
ppm, from about 3 to about 8 ppm, or from about 3.7 to about 7.5 ppm (by weight). For
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, or 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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coﬁpbﬁtlon administered; and whether the stereoisomer is belng adrmmstered 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] It is contemplated that the stereoisomer composition may be administered
to the intended recipient a single time. In general, however, the composition is
administered over time. In some embodiments where the animal recipient is a livestock
animal, for example, the stereoisomer is administered daily for at least about 2 days, more
typically daily for from about 10 to about 60 days, and still more typically daily for from
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 to about 225 days, and depends on, for example, the starting body weight of the
animal. There is typically a withdrawal period following the finishing period in which no

zilpaterol stereoisomer is administered. The length of this withdrawal period may depend
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[105] Applicants have analyzed several catalysts consisting of
Rh(COD)LigandBF, for enantioselective hydrogenation of 4,5-dihydro-imidazo[4,5,1-
jk][1]benzazepin-2,6,7[ 1 H]-trione-6-oxime.

[106] To prepare each catalyst, a ligand (0.002 mmol) and Rh(COD),BF4 (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,l-jk][ 1 Jbenzazepin-2,6,7[ 1H]-trione-6-oxime (0.1
mmol) under argon in solvent (0.5 ml). In instances when an additive (i.e., an acid or
base) was used, the additive (0.1 mmol) was added to the suspension at this point.

[108] 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 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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Exanpl es of base addition salts may include, for
exanple, netallic salts. Metallic salts, for exanple,
include alkali netal (group la) salts, alkaline earth
nmetal (group Ha) salts, and other physiologically
acceptable netal salts. Such salts may be nmade from
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salt.
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about 800 mm Preferably,

t he zil paterol

st er eoi soner

particles that are adhered to the support have a
W@2008/02d924 si ze that |
support.

whi ch the support

Thus,

S

| ess than the size of tPEI/EP2008/051206

for exanpleg2in some enbodi nents in

the stereoisoner
the stereoi soner particles) are | ess than about 250

mm | n sone enbodi ments,

is fromabout 300 to about 800 mm
particles (or at

| east about 95% of

the size of the majority of

the stereoisoner particles is fromabout 50 to about
200 mm To avoi d generating dust when nmaking the

supparted stereoiso 1t is preferred to avoid using
gextremel y |smal || stenepijsonpr| particles. In some
= enpodicmeRtis~f L |exaaphie, [dle|gfereoi soner particle
Ssijze di sfT|i"butijon”i s sUCh tHat'|ess than about 5% of
“the gterleaqi sonegr | pant|cl es| havel a particle size of
@Iess t hanp |about| L5 nm [The| meghpds di scussed in, for
Texangl e, | US| Patlent %, 31, 0P8 (i pcor porated by
greﬁerence: AL o |G s [Patlent )s|f ¢8| maki ng a specific size
&dilstrli butijop off crystallling [racem c trans zil patero
Emay dener gl |y he|appl | €d when|npking crystals of the
% hegatli vel tlr ans |st ereo[ somef_[hav| ng the above-descri bed
s §|ze @lsgfgnmtlg}§. @%§E Ter|t gl extent the conposition
Sig incorpagrated i nto feed,|the feed mixture will vary
&dependi ng jon, flor exapmple,|the fype {e.g., species and
Zbneed), made|l weight, activ|tly| and condition of the
21 ndended 6 pijgnd . |&Kps|~bop |rg~pnd swi ne, various
Z N = O | 0 N N [©o |- .
sfeedgmarge wel | [Rpown™ (Nt hE'|a&lt| and often conpri se
Sceredl s;| qugarsg; |grai ps; ardchidic, tournsole, and
o
S
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soybean press cake; flours of animal origin, such as

fish flour; amno acids; mneral salts; vitam ns;
wa@niosoxekant s; etc. I n general, the stereoi SOMRCT/EP2008/051206

conposition can be incorpodated into any feed that is

avai | e,and used for, the,inte d, recipient anjmal.

Posil ' o8 EutBNlrc i (al Curh 16 wrEhEs hie BT
cofRQ@ARTInsio? BB rdBR o AR A1V RIEE b thobal BéteRtAlon Ul ESvo

such as rectally, via inhalation {e.g., via a m st or
steggpisosiy (x 1004ns déwprdhe fragseengntiosgiegtivity equassdbe ddference between

atch)., ..or ent er al | e. g., Subcutanequs jnjection

o B ST BT P Ar et dimbrs N PR G rR 8B of the
twb Wakantedisevisqr,10p89)ti al ly i npl anted device etc.). In

some particul ar enbodi nents, the conposition is

adni ni st er ed vi &fishiepl semer] s (reponssensssyeat aneaus

| npl antSHSP “adp o7 51131 90 L9, ROYT P QLo nE O

animals, for ex?ﬁ%ﬂl e, the clnn‘Eosn% on ‘may %@

adminizgt er @duldbetddeed tBhtth®Sel@RivityBl etreelbh Relvirie Radcular

or baleen. [96] In general, the Stereoisomer '
engdiops cui ganctadlydgrehangoddewerdithe ethdogageomer by wsizg the opposite
o Hc[,a?\foi degftﬁn ae[flf gtcstﬁ V. amount of the stereoi somer. This
Pi'g parﬂlcu?grw > (r8"Wher e the stereoisoner is the

only active ingredient in the conposition. To the

extent the stereoi somer is administered w th another

act i1/81; Kyaemledt Hyydrogematign 854 S-Ghrdwr-bpdgzdd:ddr | ses
ikldHbenzazepine?,6 {7 hid strionecs-o vimeer totsekectively dermh astexgeibomereof 6-
andnodrty dobx ot ider, 7-detr alvalrprignidaliofh 5,1 gk [1E-brstazepineX 1 Hi-one
usinicfancRu€ChLigmnd(DMRB)ncdthlyscont ext of the stereoi soner,

an "effective anount” is an anount sufficient to

i ncrease the ate of wei ght gain, inpré&
0 H, HO
RuCl,Ligand(DMF),
N > N
0 0
N
H H

[114] Applicants have analyzed several catalysts consisting of

RuCl;Ligand(DMF), for enantioselective hydrogenation of 4,5-dihydro-imidazo[4,5,1-
jk][1]benzazepin-2,6,7[ 1 H]-trione-6-oxime.

[115] To prepare each catalyst, a ligand (0.002 mmol) and [Ru(CsHe)Cl,]2 (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,l-jk][ 1]benzazepin-2,6,7[ 1 H]-trione-6-oxime (0.1
mmol) under argon in solvent (0.5 ml). 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



feed efficiency, and/or increase carcass |eanness in

the intended recipient (typically livestock, poultry,
wW@e@B092984 sh) . [97] When the conposition is orBCT/EP2008/051206

adm ni st er ed, it is typical4by preferred to use a daily

0S f ref rred.total daily dose of )
ot EPRTIEEHs el o AV Feslneyingiine Bl SRR the mixture
(0. E@Alkg/aé l:olt%ctedfi‘ml Jrﬂagfs%m of stereoi somer per kil ogram
body wei ght), particularly for bovine and sw ne

ani |{r1318§ ranglorﬂea swple capporkimatetys2S meef Pgldaxangowas ddded to the

01 to about 5 about
san b N feseind shebsRitaibvad S TR Be GG RS e R oed g
su@éﬁsi(t)n @aOBltéred about déapeﬂﬁn(f diQiR ERDRLD. 5QVIQ‘5a(DH (ab@ wil), Ac&onitrile
I n sone enbodi rents where the stereoisoner |s
(0. édrrﬁ r@iﬂét"\éﬁreé(ﬂo Prink pentpippigd). Bntfommr geid). s The gesultinganixtures were

of the stereoisoner in the feed (on a
an@@&?ﬁﬁgéﬁg$§§r basis) is at |east about 0.01 ppm (by
wei ght9) . Al{atphcdms/lesled anmorlus Jighhis uSingrtEl@ ipsaxeiire. Table 2 includes
ntr tion is prefer ny no greater than. about. 75
resagrﬁ%@ ?I&ﬁt’?fcelivﬁ fslmiBe bRt defulie HRder thocagtiogonditiope
stereorsoner concentration is no greater t han about 38
ppm from about 0.5 to about 20 ppm from about 3 to
about 8 ppm or fromabout 3.7 to about 7.5 ppm (by
wei ght). For swi ne animals, the stereoisoner
concentration is preferably no greater than about 45
ppm (by weight). In some such enbodi nents, for
exanpl e, the concentration is no greater than about 23
ppm from about 0.5 to about 20 ppm fromabout 2 to
about 5 ppm or from



PAVAVEIRVIVERR LAV

about 2.2 to about 4.5 ppm (by weight). [98] Al though
single oral daily doses are typically preferred, it is

w@omsemoat ed that shorter or | onger periods bRCTERIV08/051206

TABLE 2

doses can be used, dependi gy on, for exanple, the
recipient's netabolismof the stereoisoner. It is
contenpl ated that snaller doses may be adm ni stered
two or nore times per day to achieve the desired total
daily dose. Such nmultiple doses per day may, in sone

i nstances, be used to increase the total oral daily
dose, if desired.[99] Wen adm nistered via a

su%ﬂutaweous fmplant, the pgreferred tofdl dai[ly doSg
= .
f e stler eoi|soner i's typlcally great er| t han aboutwjo
0. GB|-0lKE (i .|e|7 | | |jgrantof IPEFeoi soifer pers 2|2
kiK@EHa11body wei ght),| partficularly fof |bovine|and
smpﬁ,\a.inals. in sotre—steh—enbadirent s —thetdaity
do§§;is flrom gbout 0. 1] to gbout |0]25 np/lkg. [|100] 11
t hea)st ef.€oi somer~Lonposi tidg i s |adm ni gtler ed =
o — . 7 | — ARl 2
par@r ef@fly i"a'gn |n|j‘\-'ect|dn, tthe” concdnt rat|i'on of | 5|~
th sge'eoi sonen J n the dosage florm preflerablly|is
suffi-e+pAt—toptopi-de—t-he—desi+eaditherppeuti-galty
ef F8Q Ligoamoyntpf the st deeoi semer in.ja vollume thatle
IS BECEpt|abl e |Pyr| par et er gt adrifif st r &t [Fon. |A$Swi t h=|N
o@&F Hteedimy,—amnjectiondosagefornmay bg
= Se 3 . .
agmre |y st ered gnce| per ([day, |al thqugh it|i|s contenpl at ed
téad| shoriter ar|Longer| perijods hefween| dases |also ||
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the type (e.qg.

diet, activity,
WO 2@B092904 |

via feed, oral

I mpl ant, ot her

phar macol ogi cal

ef fi cacy,

speci es and breed),

and condition of the
the type of admi nistration used (ePQI/EP0&51206

vi a drinki ngéewat er,
par ent er al

consi derati ons,
phar macoki neti c,
the particul ar conposition adn nistered,
t he stereoi soner

IS being adm nistered as part of a

rout e,

age,

si ze,
i nt ended

SeX,

subcut aneous

etc.);

such as the activity,
and toxicol ogy profiles of
and whet her

conbi nation of active ingredients. Thus, the preferred
—afmount [of theg gterei sonmer| gaph vary,[ anfd,[ Ther[efof e,
e . .
scan deyijate fromthe typlcgJNjosagg§@_ggijrth@ bgye
. h — I T N
2 Defer miN'ng sjogH dosa§e adjuStment B2|SsEgeReEpd|Ry? (N |
gwithin|the skiiljl of |[those in the aft|. [[102] |t| is
—contemphatedjthat—therstereo-porrerconppstpt—ay be
Sadnmni stered to thelintended fecip]gnt p|singlie|t]ne;
gI rggenga&% , heyever ,wtgpe_ clymasi ti padl-s @q,rr%m, %tcgr:ed «
sover tine. In"sone ehbodlgF?f;*mher%‘iﬁéjénlﬁél
grecipient is |a|livestpck anilnal, fpr| expnple, |the
stereolsprer—i-s—admnf-stered—dai by fHot—ptfepst+apouH
Z2|days o pore typi caldy. daily-for fromlabdulyiddole |-
S apout g0 days|™|a@nd sty | | ypi cAIA| §| Y&il¥ y [For | r ofy
,:a'uuut 20toabout—A9days T tmsonergartgutra
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Saf_least) about |Lhe last 2 days of the | finisbingl i |o
£ peEi od|% |5 sofeSsuckE@rbodineliés, |3|SNIS|HEnE H Stered |2
zdaily tor froamfabout the ljagt|10 tp |abopt| the || asf 60
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period. The term "finishing period" refers to the

| ater stage of the growi ng period for an animal.
w@enosngeehi s period, |ivestock aninmals are typPCHEP2008/051206

confined in a feedlot. In gone enbodinents where the

[iv ani nal is a,bovine a this period

for TG AR o d Rap Su? Syatni o eyt BB dgiarteular
end@lonf¥ @W%&erdﬂ@%e&%@ﬁée’dﬁ&w%@ﬁe ¥WRInEBcPby ﬁsﬁﬁg ﬁ{éloﬁ;?bsue optical

There is yplca y a Wi thdrawal period follown
fOMQﬁtbhpﬁQIYQ@rllgﬂﬁdl n which no zil paterol stereoisoner

is adm ni stered. The length of this w thdrawal period

may dependon, for exanple, the type (e.g., species and

br egmdi] Mmpws g Bynthaﬁs bﬂ(dﬁ/7R§z6£hlmadz-hme9f4 3,616-

ci pi ent ani ma S Il as th naX|nun1acceptabIe

tetea oo B 1 ad UL - Berksarinad TBA OB 1o moar of ¢ he

ani mal .ofEXAMPLES [103] The fol I owi ng exanpl es are

nereIM/lllustratlve of enbodi nents of theHiMvention,

and nof limting to the remainder of this di
any way. [104] Exangléhl Hydr ogenati of

4,554 hydry- i mi dazo [ @Pﬁ%”?ﬁﬂ

[1] bd gpi n- 2, 6, 7[IF% #fbpe 6- oxi me t Ni vel y
f or# ¥ eoi sonmer—at >==o
am hy -4,5,6, 7- tetrahydro i mda 1-j

-Nzazepln 2 [IH [105] Applicants have H
anal yzed Hever al cat al ysts consi sting of

S i e G LR e A S A R
A tdiD§0Z8REBh Wa? pRopdich il -didsb R @& RX(FE2,2"bis[(S)-(N,N-
dimethylamino)(phenyl)methyl]-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][1]benzazepin-2,6,7[ 1H]-trione-6-oxime (1.15 g, 5.0 mmol) was charged into a 100 mL
autoclave and suspended in 40 mL 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 ml of methanol, was charged into the autoclave. Hydrogen
pressure (60 bar) was then applied, and the mixture was stirred at that pressure for 22 hr at
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 55°C for 10 min

and filtered. The solvents were then removed to yield the product.
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[106] To prepare each catalyst, a ligand (0.002 mmol)

and Rn(COD) 2BF4 (0.002 mmol) were dissol ved under
W@e@s929e4 di chl oronet hane (0.1 m ). The resul t PEYEP2008/051206

mxtwe\msstuwedatrom%tamaaﬂneforlOrﬁn

10 e tion. far e rqQge [ ,

S ubd 7T ReBRE R bonnssls o e I ERTET Bi BB g -tetranyaro-7-
hyéhroxydé- gx&mpyMﬂaﬁMda@otars ikdj] msazzaz@;nhmﬁﬂsiozé g'zll “thans(-)

ri one- 6-oxi ne undér argon in solvent .5
zilpaterollHCDnst ances when an additive (i.e., an aci d or

base) was used, the additive (0.1 nmol) was ed to

the suspension at this point. [108] To perform lTH,

hydr ogenatidn, the catal yst m xture was conbi ned with

t he substrat:e_suspensi on, and sb@ul.&8M)-11 Ng m KNur e

was i nHPeduCed \nt o an aut ocl awewdrlihe aut ocl ave 3

purged wit he pressure WASLOH; ust ed tHOLLQ<50

bar, and e tedperature was &8iUsted to 35-400C. Th
ten};g@ture \NEEEL&Q—E&I—EL&I ned a Qse

pressure
| evel s f@
pressure, i i
collected for analysis. [109] To analyze a sanp H
approximately 25 ng of Del oxane (r) (a netal

SERENRPBLGiIRY-7-MaEoxpaiietled-Mydriie sanpl e, and the g esulding
sump'ew@ﬁémklﬂh@nmeplpﬁklﬂl @t 500C forl0 min. A taeA?\%lva "8 HHc

PP ASGPAIRATS eSS ot BB ATET 0 W
resWﬁﬁl%rml&eréwﬁk thefi QAfrad Bhdrg iQ-dedlih@r Alfer 8¢ hiih,-sodinf
tlrlarcitsol;(y‘g)ol1r21('1}ydr1t]1d)ét(iJ Eeg? 5V6\%rn?mg B axlxlza% Za(ceigedu fullc? t el_rlrziglre 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 residue. After filtration, the filtrate was freeze-dried. The
resulting residue was then recrystallized from ethanol (10 mL). The solid was discarded,
and the filtrate was concentrated in vacuo. The resulting residue was triturated with hot
ethanol (14 mL), and the remaining solid was collected by filtration and then dried.

This desired product was obtained as a solid (802 mg, 2.7 mmol, 54%, 81%ee). m.p. 173-
174°C (dec., from ethanol); [o]p=-26° (¢ 1.0, methanol, 20°C); vma/cm™ (neat) 3403,
2979, 2802, 2711, 1699, 1598, 1477, 1394, 1268, 1150, 1096, 1030, 782, 743, 683; du
(400 MHz, CD;0D) 1.40 (d, J=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, /=7.8 Hz, 1H), 7.12 (dd, J=7.8 Hz, J=7.8 Hz, 1H), 7.33 (d, J=7.8
Hz, 1H); ¢ (100 MHz, CDs;0OD) 18.8, 20.2, 28.2, 40.5, 50.4, 61.8, 71.9, 110.5, 122.1,
122.8,122.9, 127.8, 129.9, 156.5; m/z (API-ES) 262.1 (M+H).
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[110] Applicants tested nunerous |igands using this
procedure. Table 1 includes results that applicants
w@erosevwed t o be the best results under the reakCT/BP2008/051206
conditions.u u/ .uui V #ABLE 1 Best Results from
Enanti osel ecti ve Hydrogenati on of 4,5-di hydro-im dazo
[4,5,1- k] [1] benzaze pin-2,6,7[I H -trione-6-o0xine

Usi rpﬂzsqm E%a&m LFﬁ@ﬂﬂﬁ’s:trﬁtl&%ﬁh )éﬁﬁteﬁfglat%d sMtabik 'dobhge form.

.U u i fuu/ .uui

en arhﬂ%s é ‘@bl:Gt i m@pa(fede@n)al@qg 315sorthiag @i flfeelﬂ@Ls;ag of Example 4,
an% % 81§gt %X)(/‘leq:l C nfgatc qrsea t On tflI‘Ch treatescf ar{:l%risct%%aral talc, and

nce% ration o

magh&i@RisRaR®y for XindDR¥pht JhWe, mg he trans
enanti oselectivity equals the difference between the
concentrations of the two trans stereoisoners divided

b t t. .
o et 151 BBy ROR SR sl Rlort 0 LR b BREY suitable dosage
fortni.ans |sorrer] ee trans = x 100%[f| rst trans isoner] +

[ sec i sonmer] [/112] houI not ed t hat
t hel l rwsfwr%fmpﬁfédrce%tem% ?t%wa? §th5£¥ lselapgﬁxampl“

in 814N {19 A8 FRaRgheral 1y be changed toward the ot her
enantioner by using the opposite

[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 HCI salt secured to a 300-800 um corn cob
support is then obtained using the methodology discussed in European Patent 0197188
(incorporated by reference into this patent). The concentration of the HCI salt in the

premix is 3% (by weight).

LR O

[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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optical formof the catalyst's ligand. [113] Exanple

2. Hydrogenation of 4,5-dihy dro-imdazo [4,5, 1-
WO kjoployteenzazepi n-2, 6, 7[I H -tri one- 6- oxi ne t o PCT/EP2008/051206

selectively forma stereoi soner of 6-

1 NQ; 7- hydroxy-4,5,6, 7-tetrahydro-i mdazo [4,5, 1-]

Vvegﬁgﬁ?zbenzazepin-z [IH [114] Applicants have

anal yzed several catal ysts consisting of

RuCl 2Li gand(DMF) 2 for enanti osel ecti ve hydrogenati on

of 4, 5Adpragese dorisaicatavady makingjagqreoisomer of 6-amino-7-hydroxy-

zazepin--2 6. 7L H tyione-6-o0xi.me. [115] T .

54 BSPSBRLAubu ST b0 BBt Rl wherin

[ Ru¢HGi69 ey c@n el @dactiti®h - diky deo Gin$duebMeKl- I[d fen 24 QHIR-

i n di methyl formam de &0.05 m ). The resulting mxture
2,604 $Hrigneeroximerqyaoelt tlhpreofovith H, i the presenecof @ satabyst: ed

for ity EQHBRRLT Horal oL 513k foaStGHRIRTAPRitAP oast one

prepared by su penglng
mefal Broahh tryrchit@n grog@Xoll4, 5,1 -j k] [ | ] benzazepin-2,6, 7[ | H] -t

rione-6-oxinme (0.1 mmol) under argon in solvent (0.5

m). In instances when an additive (i.e., a base) was

used, khl?fo@égg b L& ﬁ,owhéreﬁm}i% }n]ef’a‘@ﬁoﬁpt‘ﬂg @aﬁﬁti&h%roup VI

suspension at this point. [117] To perform eac
compuasesgethaniiion, t he catal yst ni xture was conbined with

the substrate suspension, and the resulting mxture

was i ntroduced into an autoclave. The autocl ave was

pur g.edA\éﬁrbEbsbiof clARE 1 PRRSSHItEe MR AhihE @dndiGor2BrofP VI
bar, and the
comprises thodium.

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

octadiene)ligandBF;.

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

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

¢ ¢
S0 O

4>\\0 4>\\NH
H:C

CH,
C-1,



tenperature was adjusted to 50-800C. The pressure and
tenperature were then mai ntai nedat those levels for 20
weoosdd9es cool i ng and rel easi ng the pressur e, PEI/EP20PS/@51206
of the mxture (0.1 m) wasicollected for anal ysis.
[118] To analyze a _sanple, approximtely 25 ng of
Del oxane(r) was agldeN\to the sanple, and the resu
suspensi on was st g at 500C for 10 m n. Afterwa
t he suspensi on was tered through pa [

pAFR 2.5 M NaCH (0. 05 m ), acetonitril/e (
(0.5 m; eortaintng 0.1% form '

i n I Xt yres wg anal yzed using HPLC. [119]
) ic.ﬁ?gq§€§ﬁed nu gds | i gan I Dt his
ocedgre. Tabl ¢’ 2 includes resul [

y e to'h best results [
&/ U ui VTABLE 2 E

osele%fiye Hydr ogenati on of

4, 5-di hydro dazo[ 4,5, -] k][l ] benzazepin-2,6,7[1 H -t
ri one-6-oxi ne Usin an RuC 2Li and DMF 2Catal st Pfl s
4 n fu y uui vv 4- "nd" neans not' determ ned. Pfl
s4nf As noted in Exanp

toward a parti cul

gerer:\ly be changedtoward th
t<€IH§9='m$aopti’
— 0

P
Q Oﬁkif @

C-5,

CH,



formof the catalyst's ligand. [121] Exanple 3.
Synt hesis of (6R, 7R)-6-am no-7-hydroxy-4,5,6, 7-

wo edosappels o-i m dazo [4,5, 1-j k] [1]-benzazepi PcREP10B§/051206
-one. 4,5-di hydro-im dazo[ 425,1-jk][I]

(6R, 7R) - 6- am no- 7- hydr oxy- 4, 5, 6, 7-t et r ahydr ogbenzazepin
- 2,6, 7THH - tryQne-6- oxi me

i m dazo[ 4, 5, | [1]-Joepzazepi n-2[ | H - one & a

sol ution was epared by di ssol ving

I
P

bis[di (3 nc H;C
oxyphenyl ) phosphi noj 6”“97,“

i dentifi®d above as Ligand [For

&nown as " Rh( COD) ")
1 m) under argon, and t
ture at roomtenperature
, &,5xdi hydro-imdazo[4,5,1]k]]|
n-2,6,d H -trione-6-oxinme (1.15 0
harged into a 100 nlL aut ocl ave &n¥l
suspend fr]TE4O mL of methanol. The autocl ave was
purged 3 tines with Hw thout stirring at 20 bar, and
3times wit&®tirring at 20 bar. Afterward, the

catal yst solution, diluted with 4 m of nethanol, was

0
d8i un( 1) tetraf | ugrabof gt e (@0. 4”




Del oxan(r) THP Il were added, and the resulting

suspension was stirred at 55C for 10 mn and filtered.
wabmssedorent s were then renoved to yield the PCT/EP2008/051206

product.[122] Exanple 4. Syathesis of the HO salt of

(6R 7R)=4.5, 6, 7-tetrahydro- 7-

hydr o i sopropyl am no)i m dazol[ 4, 5, H3¢ K]
pi n-2( gne (i.e., trans( ) zi | paterol
(6R, 7R ami no- 7- hydroxy-4,5, 6, 7-tetrahyd

Zi | pat er ol
[I']-benzaz

zo[ 4, 5, |-jk]
¢ -one Product from
'_nrretanol (6 rﬂ)_aet

and the m xture
re. After 5 hr of
urther sodiumtriacetoxyhpgohydride
) was added, and the m xture was
stlrred over t. Afterward, the volatiles were
renoved |n(\rxalc5uo and 1IN HO (6 m) and water (2 nl)
were added to the resulting residue. After filtration,
the filtrate was freeze-dried. The resulting residue
was then recrystalfized fromethanol (10 nlL) g
solid was discardéd, and the filtrate was co rated
in vacuo. The resyn| [ [ '

col |l ected [ trajion andthen drlléﬁi\frhls
product was [
54% 81%e). m pg,

C-17, C-18,
Q\P H3C\©\ Q
CH, i
CH,
H
OH »
P
::: H HaC
OH
CH,

C-19, C-20,

CH,



174C {dec, fromethanol); [a]D= -26 (c 1.0, nethanol
200C); Jcm (neat) 3403, 2979, 2802, 271 1, 1699, 1598,

wa4008/090304, 1268, 1150, 1096, 1030, 782, 743, PEBEP20d$H051206
(400 MHz, CD30D) 1.40 (d, 3#6.3 Hz, 3H), 1.45 (d,

J=6. H, 2.09-2.19 (m IH), 2.55-2.63 (m._lH),

3. d 2H) 3.87-3.95 (m I|H), 4.22-4.

| H J=8.4 Hz, IH), 7.05 (d, J=7.8 ,

7.1 "'S\HZH%]78HZ IH), 7.33 > &
00 W‘FD&@Q) 18.8, 20.2, 28. .5,

61. ' ).5,1122.1, 122.8, 122 Qu"42Z75=M79Ng

156. 5; APl - ESYHp62. 1 (MrHe) £ 129] Exanpl e 5.

Fi RQl rati on of a contenpl at\ed

form™ [ 122

ouit ble dosagg
Qlt ablet is prepared contai MEP~g
ng of the A& salt of Exanple 4, and su fICJ
exci pi ent of |actose, wheat starch, treaf ; ,

rice starch, talc, and magnesi um stearate for
wei ght of 100 ng. [125] Exanple 6. Second ill®s
of a contenplated suitable dosage form [12ﬁ1 G anul es
are prepared containing 12.5 or 25 of the HO ’'salt of
ach daily dose of granpes [127]

d illustration of a ¢ xpl at ed
sage’form._ [128] The HO NS of Exanple 4
| zed uaﬁﬂﬁHihe nmet hodol ogy di\scussed US

Patent 5,781,028 fpr making crystalline paem ¢CHi ans
zi | paterol . att5% of the
CH;

C-23,

()24,

A~ P CH;
He CHs HCoep,
C-25, N
4 \Z
N—
@P

C-26,



crystals have a size of less than 15 nm and at | east

95% of the crystals have a size of |less than 250 nm A
w@e@sioxeoof the crystalline HO salt secured t OPEI/EP2008/051206

300-800 mm corn cob supportsis then obtained using the

met hodol ogy di ssed i n European Patent 019 88

(i ncorpor reference into this paten

concentra |o e HO salt in the prem

MEIght o * * % * [129] The words ‘Tonprise,”

"conprlées " a p nprising” in thig p3

(i ncl uds th inms) are to be int

i ncl usi ve y rat hef than excl usively. \Ff
i nterpret n isY9ntended to be the sa
|nterpretat|on(ﬂbat t hese words are gi der ed
States patepty7l aw. [130] All references cjtedi S
patent are |ncorporated by reference intol this\patent.
[131] The above detailed description of prefe
enbodi nents is intended only to acquai nt pthe
skilled in the art wwth the invention, its prineples,
and its practical application so that q§2§%§ skilled
in the art nmay adapt and apply the inve ninits

nunerous forns, as they may be best suitedG-28.the
requi renents of a particular use. This invention,

therefore, is ne imted to the abov nbogﬁnents,
and may be var y }
o) CH;
& R
H
P
P 0 o) CH;
AT
F7 Y ]

C-29,




nodi fied. WE CLAIM 1. A process for selectively making
a stereoi soner of 6-am no-7-hydroxy-

W@ 28093024 et r ahydr o-i mi dazo[ 4, 5,1 -] k] [| ] - benzarepEP208$/051206
H -one or a salt thereof, Wwherein: the process

co ri ac

i PVRIPESS i SRR eRTS1my kg (1 WhSE R epi n- |
2 6ﬂ¥e[ ligdhd 'béﬂréb?ﬁn&'lﬁ)étr[f@tuférto Fortula {ARSrAYrnilh (BY |
the presence of a catal yst; and the catal yst conpri ses
a metal conplex of Rt |east one Ilganchvlth at | east
one netal from tRansi ‘

VI corrprl ses put %g aiml,
wherein the peta group VI1I
conprises r al m 3, wherein
the metal cog ’ {{adﬁene

| i gandBF4. 5. q 4,
vvhg@el n 8m |
B
RZ
R3 R R
R R?
R! R! ZQX Rl R
RZ
R2 11{3 1{3 1 R2 (B)9
R
(A)

each of R, R?, R’, and R® is independently selected from the group consisting of
hydrogen, C;-Cs-alkyl, hydroxy, and C;-Cs-alkoxy, wherein:
5 the C;-Cg-alkyl and C,-Cs-alkoxy are optionally substituted by one
or more halogen;
each R is independently selected from the group consisting of hydrogen and C;-
Ce-alkyl;
each R* is independently selected from the group consisting of hydrogen, C;-Ce-
10 alkyl, and NR'R®; and
as to each of R’ and R®:
cach of R” and R® is independently selected from the group
consisting of hydrogen and C;-Cs-alkyl, or
R’ 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).



C13,CG15,C 22, C24, C26,C28, CG29, C31.6. A
process of any one of clains 1 to 4, wherein: the

wo e@angkoeor responds in structure to Forrmul a ( AYCDEP2008/051206
Formula (B): (A) each of R§7 R2, R5, and R6 is

B e Sh A SANe G U8, RS RN, Yormuta (4-

1)wherein: the G-C -alkyl and G -C -al koxy are

optionally substituted by one or nore hal ogen; each R3
i s independently selected fgg group consi sting of
hydr ogen and C1- Ce-alkﬁk;\éac i s independently
sel ected fromthe group cons qf hydrogen, C1-C -
al kyl, and NR7R8; andgs~,0-€ of R7 and R8: each of

4 ' @R%¥1the gr oup

3

R4

R7 and R8 is independe

CH; (A-1).

1B):

(A-1B).



consi sting of hydrogen and d-C 6-al kyl, or R7 and RS,
together with the nitrogen to which they are commonly

wa@rdoaoymey form a saturated heterocycle. 7. A PCDERHS8/051206
of claim®6, wherein the |ligsand corresponds in

str reto F r.mul cess of claim
aherdi (L TPShar Lo spBhas ot BT Rne i o fermula
(Al%i 9. A process of claim7, wherein |igand

corresponds in structure to Formula (AIB): (A-1B).10.

A process of claim7, whereif#:t he=N_gand corresponds

in structure to Formul aH(Cem;é) om- enant i oner

thereof. 11. A process of cl &M%, Mherein the |igand
A-4): or the
claim6, wherein

0 Fornmula (B).13.
gand corresponds
he enanti omer

A process of claim 12, wherein
in structure to Formula (Bewl):
t her eof .

(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).
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14. A process of any one of clains 1 to 13, wherein
4,5-di hydro-imdazo[4,5,1]K][
WO biwengazepi n-2,6, 7[ I H -tri one-6-oxi ne or a saPCT/EP2008/051206
thereof is reacted with H ism the presence of a
ho eneous catalyst.in a.solvent conprisin ne or
ot &30 01 ERESS oL QPEL] SIS T b L SUPCTEAL QGG to Formula
(Bt hanol, water, tetrahydrofuran, isopropyl alcohol,

tol uene, ethyl acetate, and dinethylformam de. 15. A
process of any feh tfes 1 to 14, wherein

| ] benzazepin-2,6,7 LZtrione-6-oxine or a salt
thereof is reacted wijth Hin the presence of a base.
16. A proceg anyrone.@f; clains 1 to 14, wherein
4, 5-di hydro-i o[ 4,3, 1jK][
| ] benzazepi n- 2 [
t hereof is react
17. A process ofcany one of
4,5-di hydro-imdazo[ 4,5, jK][p 0
| ] benzazepin-2, 6, 7[| H ftri one{6- orVa salt

thereof is reacted with H2 a¥¥an H2 wressufe that is
(a) greater than atnospheri { assur é&Mand (b) no
greater than about 7 . B8 process of any one of

claims 1 to 17, wherein 4, 5c@jMydro-imdazo[4,5,1]k][
| ] benzazepin-2,6, 7[| H -tri one- &~eoti;me or a 8L
thereof is reacted with Hin the presence of "a’sol vent

or file chafdt®IRertdresfe that is (a) at | east about 200C, and
(b) no greater

nce of an acid.
to 16, wherein

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

cthyl acetate, and dimethylformamide.

15. A process of any one of claims 1 to 14, wherein 4,5-dihydro-imidazo[4,5,]-
jk][1]benzazepin-2,6,7[ 1 H]-trione-6-oxime or a salt thereof is reacted with H; in the

presence of a base.

16. A process of any one of claims 1 to 14, wherein 4,5-dihydro-imidazo[4,5,]-
jk][1]benzazepin-2,6,7[ 1 H]-trione-6-oxime or a salt thereof is reacted with H; in the

presence of an acid.

17. A process of any one of claims 1 to 16, wherein 4,5-dihydro-imidazo[4,5,]-
jk][1]benzazepin-2,6,7[ 1H]-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.
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than the boiling point of the solvent at the pressure
in which the reaction is conducted. 19. A process of
W(amqpsmmwf claims 1, 2, 3, 4, 6, 7, 12, 14, I1BCT/EB2008/051206
and 18, wherein the steoeoi soner corresponds in

str e to F rmul a rocess_f
Sl 38t ABpbRnakime R i Bhing f & it VRO s kg imjagla.5 -
Jk]plqbénzbib@hﬁ@%ﬂ[me&ne G—Ji‘ﬁrn@ro@ GQRS tHeRBTN] ®8&cd QAGIHNE the
dro-imdazo[4,5,1-jk][I|]benzazepin-
pre@em;eb[f |a+8|pl-vpnﬁ ) raéerepwﬁuneethw i fa)Ht laastt abeutp?f(b§emde(bbflo greater

thatn%flef %@ﬁﬁng pom? S t%e o a¥vl[he pressé{re%rl] %vh(i)ch tﬁle ?ela onllstcgn&'ucted.

6- an1no 7- hydroxy-4,5, 6, 7-tetrahydro-i m dazo[ 4, 5,

1-Jk%[ - benzazepln 2[I H -one or a salt thereof. 21.
A prBcdsrroess ef anmemEe! cliFias &i h 3 Heb:sh dreldh donky 17, and 18,

Ikh) 22.

W] SRR e oG i e Friy g (A P
the process further conp&ﬂses £§Puct|ve al kyl ati on of
6- am no- 7- hydr oxy-4,5, 6, 7- S2
t et rahydro-im dazo[ 4.5 k] [ \] - benzazepi n-2[ | H] - one
or a salt thereof; a i tive al kyl ation
conprises reacting t : 7- hydroxy-4, 5,6, 7-
tetrahydro-im dazo[ 4,5\ -jK][|]-benzazepin-2[| H -one
with acetone in the pr&¥ e of a reducing agent. 23.
A process of claim22, wher®in tth5 duci ng agent
conpri ses sodi umtriacet oxyborohydri

20. A process for selectively making a stereoisomer of zilpaterol or a salt thereof,
wherein the process comprises reacting 4,5-dihydro-imidazo[4,5,l-jk][1]benzazepin-
2,6,7[1H]-trione-6-oxime with H, in the presence of a catalyst in accordance with any one
of claims 1 to 19 to form 6-amino-7-hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1-jk][1]-

benzazepin-2[ IH]-one or a salt thereof.

21. A process of claim 20, wherein the stereoisomer corresponds in structure to

either Formula (I11a):

H,C
sy
HQ HN

N
i

O (I11a).
22. A process of any one of claims 21 and 22, wherein:

the process further comprises reductive alkylation of 6-amino-7-hydroxy-4,5,6,7-

tetrahydro-imidazo[4,5,1-jk][1]-benzazepin-2[ 1H]-one or a salt thereof; and



24. A process of claim 23, wherein: the netal conplex
conprises Rh(l,5-cycl o-octadiene)ligandBF 4; the

wo e@angkoeor responds in structure to Formul a (APCBEP2008/051206
4,5-di hydro-im dazo[4,5,1-jk] [| ] benzazepin-2,6, 7[ I H] -t

rione-6-oxinme is reacted wwith H: in the esenc a
ot e AT RRE RGP otue dhs G AT Go0Y- o
tet@ROMb-iARdd28[BDOYK][ HoazaRbine?] 1 H]Rhe 8t Redhe fif BEpARGIL of a
209?2 about[éo gg!?, and ?nag réactor char ged mF?h
redycmedEgpitdr o- i mi dazo[ 4,5, 1 j k] [
| ] benzazepin-2,6,7[| H -tri one-6-oxi me and honogeneous
catal yst such that the nolar ratio of the charged
5 4, 52di hystoecsk 6F laia0p 2, Wehdréik e reducing agent comprises sodium
I]benzazepin-2,6,7[I H -trione-6-oxinme to the charged
trigegtoxyharphydsidey om about 50: 1 to about 200:1.25. A
nmet hod for increasing an animal's rate of weight gain,
improving an animal's feed efficiency, and/or
I Nnc2éagi prgcan ofichinml3 svieaciaass | eanness, wherein the
met hod copprises: preparing_a zil paterol. stereoi soner
or _@%ﬁ?@@%ﬁ%@%@ﬁgs Bhbbeexo-stfdisacHiguugdh wor
10 cl aiidld tOrr&pon® structure to Formula (A-1B):

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



adm ni stering an effective anmount of the zil paterol

stereoi sonmer or salt thereof to the animal. 26. Use of
wamoshdmes i ve anmount of a zil paterol stereoi sSOPET/EPI00&051206

salt thereof to manufacture2a nedi canent for

i ncreasi ng.an.aninmal s rate of ight .gain, iL.noprovin

an a5 Ao SRR SRkt Yol b g ine 1
anidil THCISFAAERAS nd/6RNBRESng W BFiflals thGakiléRAER! Rherein the

stereoi somer or salt thereof is prepared by a process

meghagl qogprises:any of clainms 20 to 24.
preparing a zilpaterol stercoisomer or a salt thereof by a process
5 recited in any of claims 20 to 24, and
administering an effective amount of the zilpaterol stereoisomer or

salt thereof to the animal.

26. Use of an effective amount of a zilpaterol sterecoisomer or a salt thereof to
10 manufacture a medicament for increasing an animal’s rate of weight gain, improving an
animal’s feed efficiency, and/or increasing an animal’s carcass leanness, wherein the
zilpaterol sterecoisomer or salt thereof is prepared by a process recited in any of claims 20

to 24.



