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V/0 2008/119754PCT/EP2008/053713 PROCESSES FOR MAKING
ZILPATEROL AND SALTS THEREOF CROSS-REFERENCE TO

RELATED PATENT APPLICATIONS HIThis patent claims primity to US
Patent Appl. No. 60/920,885 (filed March 5 31, 2007); US Patent Appl.

N B0809:611 (filed April 2, 2007); and EP Patent Appl. No.scrmr2068/053711
EP07105551.1 (filed April 3, 2007). The entire text of each of these patent

applicatipps isiaeptanied Ayraierense iatp ime@mg%%%;w

INVENTION 10121This invention generally relates to processes
making ziIEateroI and salts thereof, as well asﬁgrocesses for making

intermediates thats rtek ek imldy BE ds el maRS Zib RIS AR S4ts
thlereofz fl'his’jrm/s—l:-gmim aﬂ&@@a&aﬁ@?wm%p&g@é}memmms5 (fited March
t alts prepare rdance with this invention to increase_
Sl sod sl pepmed AgeacE Wl N enion B e
T4 esssin 1iv@ktookr il Spdiiltty, Bimndefish: BACKGROWNBQftdH Byplications is
M’éb&-ﬂé&%%%&é‘&&tg{&' g@%}%%\{vn adrenergic 11-2 agonist having the
llowi 3C '

following structure: 20 -NH 1) OH The IUPAC name for

zilpateroi is 4,5,6,7-tetrahydro-7-1iydroxy-6- (isopropylamino)imidazo[4,5, |
iik]-Whenzazepin-2(113)-one; Fhe-GhemicalAbsiraets name for zilpaterol

is 4,5, I7-tetra ydro-7-hydroxy-6-[(1-methyl-ethyl) amino]-imidazo f
[4,5, 14 Ri[loer 25 B THIReTAN D BRSO RS TR Np atbtoRro) and salis
ariolsz ipatesol seryative sy anetb Vaikiadsdiates that, mrer alia, may be used to
make zilpaterol and salts thereof. This invention also relates to methods of treatment
using zilpaterol and salts prepared in accordance with this invention to increase the rate of

weight gain, improve feed efficiency, and/or increase carcass leanness in Hivestock,

pouliry, and fish,

BACKGROUND OF THE INVENTION

(31 Zilpaterol is a known adrenergic B2 agonist having the following structure:

//}“i“
P Hj\/

—

H,C N]E\;{ OH
The TUPAC name for zilpatero! is 4,5,6,7-tetrahydro-7-hydroxy-6-
(isopropylaminojimidazo[4,5,1-jk}-[1]benzazepin-2¢ IH)-one. The Chemical Absiracts
name for zilpaterol is 4,5,6,7-tetrahydro-7-hydroxy-6-[( 1 -methyl-ethyl) amino]-imidazo
[4,5,1-ik]{[1]benzazepin-2(1 F)-one.

[4] tis well known that zilpaterol, various zilpaterol derivatives, and various
pharmaccutically acceptable acid addition saits of zilpaterol and its derivatives may, for
exampie, be used to increase the rate of weight gain, improve feed efficiency (J.e.,
deerease the amount of feed per amount of weight gain), and/or increase carcass leanncss

(i.e., increase protein content in carcass soft tissuc) in livestock, poultry, and/or fish, Tn

I



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
COHtENBIR Edrcass soft tissue) in livestock, poultry, and/or fishptre M¥@os/os3711
2008/119754PCT/EP2008/053711 ES. Patent 4,900,735, for example,
Grméamsgﬁﬁ%‘gq’éz‘?@@@ﬁf&[‘@ﬁglﬂﬁfﬁﬁpégé@ﬂﬁe@z&@%%ﬂ%ﬂ@%%gcgﬁtg)ns of

zll f:at.iecrgl and.éal[ts ?ﬁ)h%rﬁ?of th%g may be used to increase the weigl
méat quality of weith BloBted Sritaa! e ie e atiaopigs fareepbukmy mea:
Arrditty) 8 vRatehiodipl -Fubls Us2000/0284380:deseribas-ysa of 8 patent Appl,

| ide/zilpaterol dosing.regimen to Sincrease beef .
B A S SrS aiaicais rezimen o

redibRE ircitetecestohlivehabsoebmincatiié: [hiMethadsfor PAeKIBBon, and

dinaterehateknamn in the.ait;Forgxample, in U.S. Patent 4,585,770,
Frechet et al, describe compounds encompassed by a genus

characterized e finBuRgdibgicacb Bk tetahyafosimid Fzo Rk Eiik]in U.S.
enaczepine L02EkHkane daduelives,aacaharmansulisally apgeptanle

cid %jditign salts thereof The derivatives correspond in structire to the
%c\) Q}?Vlﬁbz? UM R reY B B e G Aot Eigstnidime 4antithid navyazepin-
linél imdickiethatthebpndsitodhe: 8y acaPiReIAAck LAk HgrouRs fhave they .

figuration,; Thi: nus enc asses raccmic 15trans ziipaterol
%%2%%%?5&?5%‘% 08§§1I Ffé%%?énren%tﬁ%e S PRSI TS, Patent 4,585,770

use 4,5-dihydro- imidazo[4,5,1-jkillTheRzazepin-2,6,7[1H14rione-6-oxime
as an intermediate. This compounéiigorresponds in structure to the

. 2
following fomrula: OI1 N >-0 .

10-4

SN
P

(-
i

Here, R can be various substituents, and the wavy [ines indicate that the bonds to the 6-
amino and 7-OH groups have the mans configuration. This genus encornpasses racemic
trans zilpaterol when R is isopropyl.

f61 The methods reported in 17.8. Patent 4,585,770 use 4,5-dihydro-
imidazo[ﬁi,S,i-jk}{}}benzazepin~2,ﬁ,7[1H}~trione—6n0xime as an mtermediate, This
compound corresponds in structure to the following formula;
O

Ve
N

W

Sy N
| =0
N
H .
As indicated in U.S. Patent 4,585,770, 4,5 ‘dihydm-imidazo[4,5,i~jk}[1}bax}zazepin»
2,6,7[ 1H]-trione-6-oxime may be formed from starting materials that have been long
known in the art. U.S. Patent 4,585,770 illusirates the use of two such starting materials.

In both examples, the starting materials are used to form 5,6-dirydro-imidazof4,5,1-
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20As indicated in U.S. Patent 4,585,770, 4,5-dihydro-imidazo[4,5,1-jK][ 1
benzazepin- 2,6,7[11Thttione-6-oxime may be formed from starting

materials that have been long known in the art. U.S. Patent 4,585,770
illustrates the use of two such starting materials. In both examples, the
SHaranpiiatétials are used to form 5,6-dihydro-imiclazo[4,5, L On@pz008/053711
2008/119754PCT/EP2008/053711 jk][1]benzazepin-2,741H,4M-dione,

wdjﬁcpamwép:mayipgmgi&%ﬁea&ﬁm h, in turn, may be used to make 4,5-dihydro-

th I|h 4dm,|n;|(|ﬁ] 0[4,5, 1 k]%z{tg nzazepin- 2 6, 7PHI-trione-6-oxime. [7]In

ne of he X % ey feh I EaEe 765 e starting material is 1,3-

dihydrd71-(1- m@wmmw@ﬁb@e@mm@@bzmwmg@gﬁ%@%%gal is 13-
P k|n 198 -12CC

T TR i e U1 Hadiprbegdursron. soe

ﬁﬁi’(@é{eé t?f’ak@%%l}hydro .1-(1-methyletheny1)-2H-benzimidazol-2- one

may be reacted with an alkyl 4-halobutyrate RA-(CH2)3-COORP (wherein

RA is Cl, Br, or and R8 is Cr-Céatkyl)+$ ch as methyl or ethyl

4-bromobutyrate) and a base ategl metal) to form a butanoate,

which, in turn may be hydroly ith-ah acid (e.g., 1-12S al) in an alkanol

(e.g., methanol or ethanol) to removet e methylethenyl substituent. The

hydrolysis product then may be subjecte saponification by reacting it

with a base (e.g., NaOH or KOH) ifi an alkandl to form a carboxylic acid.

Subsequentlyf,,ﬂq@mb@xytlma@tdmmmﬁgeﬂmﬂﬁa@ﬁ@@aﬁ@ﬂé@%&ycllzed

f 0[4 The zaz p|n -2,741H,4M-dione
g));) fég?&?ﬁg tg?legbox ilic” aC| ?h%[tl#ggn 8??8 %6185165 I A chrOATRIdaz01-2-
sdthe hetreatind witd @hhimﬁe%vhmmuem{aetd?@(@ﬂﬁmmmﬁ chierdeR” is

%@O%';/%%a?%% %@W@@t @&&WF@%%@Q? n%g’t %’rj &B}q %h&o ofl%% ze) \Q{?a base
(e.g., an alkali metal) to form a butanoate, which, in turn may be hydrolyzed with an acid

(e.g., H,504) in an alkanol {e.g., methano! or ethanol) to remove the methylethenyl
substituent. The hydrolysis product then may be subjected to saponification by reacting it
with & base {(e.g., NaOH or KOH) in an alkanol to form a carboxyhc acid. Subscquently,
the carboxylic-acid-terminated side chain may be cyclized to form 53,6-dihydro-
imidazol4,5,1-ik][ 1 Jbenzazepin-2,7-1 1 H,4H]-dione by reacting the carboxylic acid with
thiony! chloride to obtain a chloride, and then treating the chloride with a Lewis acid {e.g.,

aluminum chioride) in an organic solvent (e.g., methylene chioride or dichloroethane):;



PCMP2008/053711 0 H2CCH3 H.20ClI3 acid alkanol base & aIkanQI
-ellgr.cecameoroziltsamazeman thionyl chloride 2. Lewis acid & organic .
solvent  dihydro-imid a zo [4,5,1-3k] benzazepia-2,7-9111,4Hklione See
U.S. Patent 4,585,770, cat, 4, line 3 to cot. 5, hue 14; and Example 14,

COP F988iHET - 68. PCT/EP2008/053711

H
SN X SN
@\/ == RA(CH,)y-COORP & bese | P =0

N T By
H.C CH, H,C CH,
acid &
alkanc!
O )

B
base & LS J k,a/\\
Ho))\/\) atkanol O ]

1. thionyi chioride
2. Lewis acid & organic solvent

O
@
| P %\F<>

dibydro-imidazof4,5,1-jk][1]
benzazepin-2,7-01 H 4H]-disne

See U.S, Patent 4,583,770, col, 4, line 3 to col, 5, line 14; and Exampie i4, col. 12, Hnes 1~
68.

[8] In another example in U.S, Patent 4,585,770, the starting material is 1,3~

5 diliydro-1-benzyl-2H-benzimidazol-2-one, which is described in Helv,, Vol 44, p, 1278
(1961
H
NN,
| =0

N

% S

/

i,3-dihydre-1-benzyi-2H-benzimidazol-2-one
LS. Patent 4,585,770 indicates that the 1,3-dihydro-i-benzyl-2H-benzimidazo}-2-one
may be reacted with ethyl 4-bromobutyrate and sodium hydride to form 1,3-dihydro-2-
10 oxo-3-benzyl-1H-benzimidazol- I-butanoate, which, in turn may be subjected w0

saponification by reacting it with methanoiic NaOH to form 1,3-di hydro-2-oxe-3-benzyl-

4
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18)In another example in U.S, Patent 4,585,770, the starting material is

1,3- dihydro-I-benzy1-2H-benzimidazol-2-one, which is described in fielv.,

Vol 44, p 278 (1961): ihydro-1-benzylL-211-belzirn Olazol-2-one U.S.
Patent 4,585,770 indicates that the

5 didi8 7 benzy1-2H-benzimida7ol-2-01c may be reacted ®vithEtivgt/o53711
4-bromobutyratc and sodium hydride to form 1,3-dihydro-2-
ﬂ@bioenahbeinwéﬁbﬂﬁbﬁfm UDigIaZBl- IR ROAR, MY ERa D HAHRAY DBy clized by

a on fication reac with mothanolic NaOH to form
?gé)éﬁ%/g'ro- oxc;/ enzyl-” | L%&S%ﬁ%ﬂf&%i@%ﬁd%@mh thionyl
@bi@ﬂ\@ﬁd%@w@ldeﬁhhai@ﬁmagy ﬂihm:ﬂaetmgoﬁzegﬁ lay:deagtin@dhtnum chioride in

eIl -2- mldazoll npic acid with thio
gh%%%%%%%%t?r% a§ @&ondé %%&P‘thenﬁtirlé%}ﬁ b(ffh1 i Qisriee wits 1 ﬁ%ﬂ‘nm acid

ehidisael it diemSrocthade- -Mhéaggtlized b}{ddiﬁmtzampmrﬁ Byt |-dions, See
Iuydrcpaféﬁxdawmgv@,nf@%ﬁh, KiC imphangl;

5,6- d| ro- |m|C|azo[4 5,1- j)klll ﬁ%gn%gge%?n % 1;% (?EITPA? C%ll7d%é%ee3“8ee

u.s. P nt A58 FOTEREMR IR T IEpY A-Botesl 4659ina78056-d8ly Fofine
8bidaz i"{‘fﬁuﬁm@]ﬁmﬂ?@@gf [?}3‘1@ ﬂe@ﬁb%%@%@maé@éﬁ%?ﬂ B alicyl nitrite
? {m}{db rrll‘ljlﬁdi zo[4 Lﬁ |n -2,741H,41-1J-dione may be
eéCt an afqﬂl i r lﬂft‘i‘ é’lgﬁ‘?gﬁ%ﬂﬁﬁl bRf afitkeg., HCD, to
ﬁl@@én%éibf@cbase%m&cﬁj {&lyl) ﬂl&h@i#ﬁﬁ@lmmmﬂ%ﬁ ione-6-oxime. The 4,5-

: Z0 n 6 7[1f1]4rione-6-oxime. The
éﬂ? dﬁfé%r%%%ggzo ’ﬁ}%?j %Jz gnré:é; 131 }?%ﬁ(fhrlo TGRS Soed via

iy ﬂ@ﬂh@%@%ﬂﬁfb&ﬁ@ti@im@nMW{wm thorpessmple | hydsdgendin
eﬁaﬁwﬁe@ﬁmﬁ&t paladitm-an ﬁﬁ@?meg{;?é%%f@ Dosahvdride to farm, .,

raczﬁ C tra 6-amino-7-hydrox

45,6
RCiiE Sz opals l; ﬂ“ﬁ@?ﬁ”?&k@bﬁﬁhﬂm ‘one: OH

N alloyl nitrite &
[ 0 base ar acid
£ / _ N e
H
3,6-dihydro-imidazel4,5,1-ik] 1] 4,5-dihydro-imidazof4,5,1-fki[ 1]
benzazepin-2,7-{ 1 H 4H]-dione henzazepin-2,6,7[1H|-trione-G-oxine

catalytic hydrogenation
andfor sodiam borohydride

racemic frans 6-amino-7-hiydroxy-4,5,6,7-tetrabydro-
imidazo[4,5,1-jk]{1]-benzazepin-2{1 H]-one

In the illustrative example in U.S, Patent 4,585,770, the 4,5- dihydro-imidazo[4,5 )

k][ Ibenzazepin-2,6,7[ 1H}-trione-6-0xime is converted info racemic frans 6-amino-7-
hydroxy«4,536,7~teirahydr0wimidazo[fi.,S,E~jk}[1}—benzazepiﬂ—E{IH}«one in two steps: the
4,5-dihydro-imidazo[4,5 1-jk][ | Jhenzazepin-2,6,7 1 Hl-trione-6-oxime is first reacted with



5,6-cl hyd ro-imidazo[4,5,1-j1i1 f henznzep Fl 4,5-0-imidazo[4,5,1-41t][1]
benzazei2,6,7 [MI-triune-6 -oxi me eati/ilytie hydrogenation and/or sodium
borohydric e i-12N racemic owns
6-atnino-7-ilydroxy-4,5,6,7-tetrahydro15intidazo14,5,1-jkltil-benzazepia-21
1HI-one In the illustrative example in U.S. Patent 4,585,770, the

Ao ARl el RN RS AL PGSR Soductis
conyerted into racemic trans 6-amino-7-

TR B A0 BT RETPAHEIS- invieraY oba Bkt £1B8 T Razeit-BieH foreci. 4, line

2; b BIORSIENE Steps E & F, col. 7, line 38 to col. 8, iine 3.

4.5-di droﬁ,rg_i&azo 4 5A%7Xé1]henzazepin-2,6,7[1ft-trione-6-oxinge is first
reactath with' B2 THIha-prasencatoF Bdfgh EarbBH, HHECHHER: T F-amino-7-
RS Palent 4955 770, ool 2. Int 1510 co 4 e 2 o Pl

See US Patent 4 585, col. 2 line 15 to col. 4, line 2; and Example 1,
i S e P ey ) e Llnp neatorro
cyFepersiindnesudnes stainuisymBtsobiG-amdifios form racemic irans zilpaterol:

hydroxy-4,5,6,7-tetrahydro-imidazo[4,5,1 -jk][l}-benzazepm-CZ[lH)-one

may be alkylated with acetone in the presence of a reducing t{e.g.,
‘pyrohydride or cyanoboroRydride, such as sgdium
cyanoborohydride)-te fowl racemic trans gilpaterol: racemic transracemic
trans inpateroI-amir)o-?-bydroxy-41:5, “7-temahydro- -
imidazo[4,5,1-jick|)-benzazopin-2f LT HKESke U.S. Pate
col. 2, line 46I. 4}1#'92 and Example 13, col..11, ling

B N
TACEIBIC froms

G-nming-7-ydroxy-4,5,6,7 tetrabovaro-
imidazefd,5, 1K1 -benzazepin- 2{1H -one

racomic frens ziipaterol

See U.S. Patent 4,585,770, col. 2, line 46 to col. 4; line 2; and Exampie 13, col.11, lines
41-68. - |

[11]  In view of the importance of zilpatero! and its salts in animal production,
there continues to be a need for cost-effective, high-vield processes for making zilpaterol

and its salts. The foliowing disclosure addresses this need.

SUMMARY
[12]  This disclosure relates to processes for making zilpaterol and salts thereof.
Such processes inciude processes for making zilpatero! and the salts theraselves, as well &s
processes for making compounds that, inter alic, may be used as intermediates for making
zlipaterol and salts thereof.

[13] Briefly, this disclosure is directed, in part, to a process for making zilpaterol or a salt thereof (e. g, 8
pharmaceutically acceptable salt). In a first aspect, the process for making zilpaterol or salt thereof comprises making
chlore 2,3-dihydro-2-ox0-1H-benzimidazol- 1 -butanoate (or 4 salt thereof) by a process
comprising reacting 4-(2-oxo-2,3-dihydrobenzimidazol-1-yl)butyric acid (or a salt thereof)
with at lcast one chicrinating agent, such as oxatyl chloride, phosgene, and/or triphosgens
Alternatively (or additionally), the process comprises making 4,5-dilrydro-imidazo[4,5,1-

jk][1benzazepin-2,6,7{ 1 H}-trione-6-oxime (or 2 salt thereof) by a process comprising



fillln view of the importance of zilpaterol and its salts in animal production,

there continues to be a need for cost-effective, high-yield processes for

making zilpaterol and its salts. The following disclosure addresses this

need. SUMMARY [121This disclosure relates to processes for making

zilpaterol and salts thereof Such processes include processes for making

zilpaterq| and the mselves, as well as processes for makin .
regg?xnnéié%ih E’ﬁ%?,'ln v ag;aﬁéé% P LR b BrEHRRe b A ARl R ereot) with
ary iparemst attdts 4ig thereofs {d18)sBeiefly Maig@isclosure is directed, in part,

19,3 PragessaLRaling Zdipe%@éiog OLA st hersat (€9, & :

affnaceuticall acceptable salt). fgr‘?ré ﬁétsgg%négt:?,ggﬁge{’5?oac%§§$3f%§ﬁ%ﬂg chloro

2.3 arErerorSal triverebr darapiideeneatd g cHibiibercof, wherein the process comprises
rebo e X0ty BeRaIRLol L ANORIE O R LD N o

process comprising feacting 4-(2-oxo-2;3-dihydrobenzimiciazol-
e DR C BB R RC8hIFYRR ASSTRNIhcalqa dst Bimsushiorindfingrizgentesuch

asl bﬁ@alyl"ﬁﬁmmﬂmﬁg@ﬂmﬁﬁeﬁ@ﬁﬁrmh%%@c&ﬁmﬁmﬁg (08-dihydro-
s comprises making 4,5-dihydro-imiclazo[4,5,1-

2‘(fakc]j’[%}]z ?ﬁ%@%@%&%@%ﬁgﬁmﬁﬁ EIGRHTE foreh GatierEbl Ppeeproeamsises
mekimpeising Toaiiting 8 Dbyt ot Flide Da-sliazrhener [ DAZHISES 1y »

-d .a salt thereaf).with an.jnorganig nitrite_(e.g., a nitrite salt, such
P oS s VhmBCHBH R part PSS o« s
therseéow b & [prstess dhionvaking aguorosuch as oxalyl chloride, phosgene, or
i N - 2eiash G RBIIdAz el HRMIan0alE o A veY Ngtsaf wherein

the process comprises reactin
bepzisez0Y ,%%ﬁ%?@fb@ﬁfiﬁﬁ'@%&ﬂﬁyﬂﬁmﬁmﬁtwiﬁegsdw%reof) with
H_fg_ltmIe:}[:lmstao‘triwledchIorinaté\gEn agent, such as oxaly1 chloride, phosgene, and/or
triphosge,ne, FBIThiS AfsoRiraksis G iBametéd, Frisas, 16-4prdtesEiigh-2.9e-
digrpbiceayieaditepdrb 6 2kl dr 2 Q- dlinzah ernzotading pionad Hreienesor a

It thereof...This.process co ises maki hloro
S 2 S o S Mo BUTARCERL (O SeBaR et fPbyaereo by 2
prpcosessnypmsgsmgereacling-oxo-2.3-dihvdrobenzimidazol-1-yDbutyric acid (or a
-(2-0x0-2,3:dihycirobenzimidazol-1-y1)butyrjc acid.(or a salt thereof) with
D e SO B8 85 e o S SoRisne of
oxgiphdsigede, Mesiditiogih aplosesseomprises reacting chloro

-dihydro-2-0x0:1Hbenzimidazol-1-butanoate (or a salt thereof) with a
re 2 e T P G, AR IRkl eof)
wihecbswipagiiaking 8,9-dihydro-2 7 2,9adiazabenzo[cd]azulene-1,6-dione

or a sail thereof, wherein the process comprises: making chloro
2,3-dihydro-2-ox0-111-benzimidn7o01-1-butanoate (or a salt thereof) by a
process comprising reacting 4-(2-oxo-2.3-dihydrobenzimidazol-1-vpburyric
acid (or a salt thereof) with at least one chlorinating agent selected from
the group consisting. of oxalyl chloride, phosgene, and triphosgene; and
reacting chloro 2.3-dihydro-2-oxo-1H-benzimidazol-1-butanoate (or a salt
thereof) with a Lewis acid. [16] This disclosure also is directed, in
part, to a process for making
4,5-dihydroitnidazo[41,5,1-k][1jbenzazepin-2,6,7[1113-trione-5-oxime or a
salt thereof. This process comprises reacting
8,9-dihydro-21-1,71-1-2,9n-diazabenzolcillanlene-1,6-4iione (or a salt
thereof) with art inorganic nitrite. [17] This disclosure also is directed,
in part, to a method of feeding an animal. This method comprises feeding
to an animal (e.g., a bovine animal, a swin animal, or a bird) zilpatcrol or a
salt thereof 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. [18] This disclosure also is directed, in part, to a use of
zilpaterol or a sal thereof, made by a process of this disclosure, to make a
medicament. Uses for such a 7



medicament include increasing an animal's rate of weight gain, improving
an animal's feed efficiency, ancUor increasing an animal's carcass
leanness. [19] Further benefits of the disclosure will be apparent to
one skilled in the art from reading this specification. DETAILED
IP ON OF PREFERRED EMBODIMENTS [20] This detailed
rlrﬁlon P STaTIOTER B Bolifsists i mitedorresany for awhingdt odirdro-

:mﬁqﬂaﬁ in Il]@}ﬁl}ljéﬁﬂiiépﬂll%mﬁ B{}\L%%h?é%&%&ﬂ@@ﬂ%’%}ﬂﬂ&é@fp ‘ﬂ%@%@kcass

%%)Ilcat!&on SO t,?t;gt Qth rs killed in the art may adapt and appl
O SRR Wé adnsgrrsprdasierieied %ﬂﬁﬁéﬂ (or a salt

thmeqf)mmﬁemtmf@:paﬁnﬁﬂmr use. This WO
2008/119754PCT/EP2008/053711 detailed description and its specific
examiples, WS HERERAS TP SRErrid cmbBbitn e me brdivkirmdmatior el

Thipntantied @Qﬂmﬁ%%m@tmmmmm@ Thiscnvertions theseiaeesisNot or
j ref ents dq_scrlb din thls S ec ification, and
buHm%t@o@ﬁ B &1‘?%@%&5& 5% TOCE 1 By H%n'lxﬁ%?glﬁ’f

may be varlous%)modl fiesis of Zilpateror -
meRp AP RHAPEHS f%rﬂ&@miammsz mmabemmmz@ht biachioateve

thel 2 some: embadimentsiohe.Alnaterel tsalt Ssynthesis pggins by or

includes preparing chloro
2,3-0IBYdrorRiodestpguispénimidazd|-lRutanoatese ehifip@terc! or a salt thereof,

mads Bydipysteas rfixeuldnkdRenzinlichizalal-huiauoatedp seme such

megl boql(n qts j%cexamgle the c?loro

R RS B T B AT AT R, SIF B R B siEhs 3B papetpTiBmEn animal’s

Ietsd-qﬁigxoe:z 3agifydrotresinimid azok=l-yl autyddceasickand at least one
chlorinating agent, In some such embodiments, the chlorinating agent

compfibes Byagr dsnsiigeo! the (disshasnpeaediidylapparent to one skilled in the art

from reading this specification.

DETAILED DESCRIFTION OF PREFERRED EMBODIMENTS
120}  This detailed deseription of preferred embodiments is intended only to
acquaint others skilied in the art with Applicants’ invention, its principles, and s practical
application so that others skilled in the art may adapt and apply the invention in its

numercus forms, as they may be best suited to the requirements of a particuiar use, This

7a



dihydrobeuziroidazol-1-yObutyric acidchloride 15 ehloro

2,3-dihydro-2-oxo- 111-benzimiclazol-1-Initanoate In other embodiments,

the chlorinating agent alternatively or additionally comprises, for example,

phosgene or triphosgene: 0CI 0 CI--Cl C1/1\CICIA 00'Cl

p‘KBs%é‘Hé't??ﬁﬁosgene WO 2008/119754PCT/EP2008/0537 1 1F[221Fhaens/ns3711

4-(2-o0x0-2,3-ciihydrobenzimidazol-I-yObutyric acid reagent (also known as

;®@wﬁﬁd$@@*@(ﬁaﬂﬁﬂbe??mﬁﬁzﬂﬂﬂgmﬁm Qﬂ%ﬁ%%ﬁ@ﬁ%&?@%ﬁmen& of
- cial,ve o the extent any exist), or prepared from

R L o r R, HtRbaS Koo,

fhe Brtitad indieatstrabbverindtecbBackgivundh of ithe doviation, SEEURAY be

sush nethgdssinclude those described in U.S. Patent 4,585,770 (the full

text of U.S. Patent 4,585,770 is incorporated by reference into this patent).

[231The amount of chlorinating agent may vary. In general, it is preferable

to use an excess of chigrinating agent,in-.some smbodiments, for
examp}gj,t amount of #?chlorinating agent (ec;%, oxaly1chloride)

chargéd ‘to th& fe4R1Er 96 HERY doo it 85 ool a5 wlivalidnis (oware
from abbut 1 B5stenakattolikbequialeniss:er 3%@99%55%&%3 by or includes

preparing chloro 2,3-dikydro-2-oxo-1H-benzimidazol-1-butancate:
{
f‘/ s
-N
\N%
H

ehlore 2,3-dihydro-2-ox0-
10 1H-benzimidazoi-1-butanoate

O

In some such embodiments, for example, the chloro 2,3-dibydro-2-oxo- 1 H-benzimidazol-
I-butanoaie is prepared from 4-(Z-0x0-2,3-dihydrobenzimidazo -1-yDbutyric acid and at
least one chlorinating agent. In some such embodiments, the chlorinating agent comprises

oxalyl chloride:

O
Cl

/ o

/a Q Cl J °
SN + >\ < e Sy N/_
‘ _ §>: © Ci \o O:N:}“—&O

) ‘4-(.2-0x0~253~ axalyl
15 dibydrobenzimidazol-1-yDbutyrie acid elloride

chloro 2,3-dilydio-2-oxo-
1H-henximidazol-1-hutapoate

In other embodiments, the chlorinating agent alternatively or additionally comprises, for

example, phosgene or triphosgene:

€ 0 &
A CE7K )k /jf .

1 Cl 04} O Q Cl

phosgene triphosgene
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about 1.10 equivalents), based on moles of
4-(2-0x0-2,3-dihydrobenzimiciazoi-I-yObutyric acid. Although it is
contemplated that smaller amounts than the above ranges may be used,
such amounts may coincide with reduced conversion. And, although it is

e dhtEhiplated that greater amounts than the above ranges FAaYEBE08/453711
used, such amounts may 'coincide with production of undesirable

byprodizats, The [24]-bhisTgadtionsypicaydiakes Rigse dhgipesance.al

1 catalyst..Qnge, such suita atalyst comprises N,N-dimethylformamide

R T T ALt o SO ARSI B DR s BRA B G o
ﬁ@am@rgiml somderémbodintenitspttieiatountah2@Divik eharged dbitheilsble
(RACIALIR (gm ABPULO0R.19.800H 05791 TR APRUE QAR B D4
equivalents, based on | olés 0

Bagkgsurg stdimyarsberriviteroluthyiiisthydiciadicicTbdudtratécihisdfife Patent
embotinensIng.ameun ehlYMEHS AhoHtR-L 1, equiyRIenta, Aol

is contemplated that smaller amounts than the above ranges may be
E%té?il,)such amounts may coincide with reduced conversion. And,

althougts|it isTeenteniplaiechibahAbgreaier AMOUAS hanribeaRW Erefarabic to
azsaéldgr(‘egxma C}lillslejgglhsuch?amo nts ma %oin_cide with production of
tndesirabie byprodUcte s déﬂ’ﬁzsli“'lgﬁ%er TERSIT ANl SSAEshe et of
mé}meéeg@ge@f Gne, oradrehBolventSaigromeembadim ents, dheisoent about
COTBYIRGRANE O MRS NAN-PAIL SIS, Q8 HE. SIAbIE SO ¢,

comprises dichloromethane. In some embodiments, the amount 300f

st fecqy dismsroresthan&)dsfror-Gboue 6.0- thhali o8z ke from-yh butyric

AROURER IR1aROUE S8 k) REH KIAGTAM O s monts than the above ranges may be

4-(2-ox0-2,3-dih.ydrobenzimidazolj-yObutyric acid), To illustrate, in _sor‘?me

Wit S BRI S AR TOUR OF SO eriisanaBY 750 pbrtitgiatehdt 4-

{@oxapRi3ddiny grebenzimidaz dlab-yohutyHe agiek may bd 46T NSHEARNAR may

.Crg%éige‘%{gdy&%}legiove%a ide an%§ of temperatures. In some

embodiments for eXampie; e readiigiieEonducted at a temperature of

from aBéut 5Tbiabeul @6Cy fraihy @boup2O:to abopit:25C; fiomabiott X0htosuch
2 . 5 t 20C . Although.it is contemplated

AR R i e

FERAGET AHoPER bl WSincideraitH sibwer rsactionraesmimtimalthotighitisnt of

senemplated thatgreater IemRerRiues thanihe.aboye £FaNeRSMaY B, atou:

used, such temperafures may coincide with undesirable losses of solvent,
(paritianyWhert e Yorelit & dishigrermetatobenfomrvsis heAdmeric acid.

Toaydeeacgridustedundeinatiousatmasphenesiinsome d0emhodimegts,
farex m{p}aset;tggcg{ie?cg:tti(?rgbist conducted under an inert atmosphere. In N
general,'an "Rert Atmosphera A ARG pRBIETHELTS FOSTERANE Witr: such
atheuréagents; protiuett; emyetherringsédientsdnatiiereadtiondnixiusR @l that
T1e Vel lod 1 i e reaction.is conducted. One. such
R SR e e
PEYNGERR Sra BBRistesTIUP éeaists essentially of) N2. 15[28]This reaction

may hesgondugiedover %:M@ﬁ;fm&i‘c&f&%?H{gﬁl‘é!&&!&@i{}%ﬁér&%ﬁl’-&eﬁC
_pressure, less than atmospheric pressure, and greater than atmospheric
SYrE8burd e RCal e fedo HEWSoaH ts SRt reatctiBliap [vents
Caboutiatmiesphesiedresstiitses dichloromethane, In some embodiments, the amount
of solvent (e.g., dichloromethane) is from about 6.0 to about 9 L {or from about 6.8 to
about 7.6 L) per kilogiam of 4-(2-0x0-2,3-dihydrobenzimidazol-1-yibutyric acid). To
illustrate, in some embodiments, the amount of solvent is about 7.2 L per kilogram of 4-

{(2-ox0-2,3-dibydrobenzimidazol-1-yDbutyric acid.
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[29]This reaction may be conducted with various reactor types. In some
20embodiments, for example, the reactor is a stirred-tank reactor. Glass

and glass-lined reactors are often preferred, although any composition

%big vajhiegn g'xposed to the reaction mixture may be used. The agitation

(€.97, s%ﬁingﬁ of the reaction mixture preferably is maintained Bt &F&f8o#ier3711
minimizes (or, more preferably, essentially or completely avoids) any
crustingff thé is(Zaskio: @iy drothenaimidazolidyQhutysicitasigraagent
SinibeRRUAlEAL P (eAEIRL M SRS TNENo N ong 8 e A0 sbon

reactor, the stirring rate before an e the chlorinating”a ISC

iSRIB0aF falStive b abryktifiaghate HHer fverctiorinlimghgemPBasibéem about
chargeduiThecstining rate:dytingthe charging ok Lh %&2@5@9&&@% e AT

however, %refer%qbly |§ not so slow as to adversely affect conversion or
VAN ag B G HE S SVo IHEnC IBrAH] THE réeirtiois e forahisind,
wmginin&awdmﬁ@ﬁﬁi@?mrg@aﬁ;eﬁ%tﬁp?rmﬁlﬁgfﬁ% foe iﬁé@@ﬁlﬁgé@%&a}/ i%e used,
cti erature, characteristics of the solvent, relative amounts o

R TS 0% Bt raban e when te
fezenon fividcdsgetierally at least about 1 minute, typically at least about 5
minutgs; andmone typically about 1 .hour. In some embodiments,

for exZ?nSle,“the reaction tirjr?e} fils% %?%!?nb%{ﬁ%{%ei DUt AR S Sda(;‘s‘?oé?"
%%H‘%‘BB‘EFFQ% BB T HEuraC T iihustrdts sbmeembodiments ptivestotal
deaciio Bnﬂ*ﬂlﬁﬁ_ﬁaﬁﬁ@éﬂhﬂr@% I atmogﬁﬂrlﬁl@tﬁ%engmf%gg&vee ':;'fliﬁimg reagents

re ctlgn time jncludes an extended period over which the chlorinating '
FAgentTs aéﬁa(%%‘éa}i‘@fﬁﬂéciﬁ%%?? TP 4oRIT8 R BrADBEIFeHes ofor dxample] in
shesichborinatiing agmnﬁisi}f@har@ﬁ;ﬂ simargﬁ:zﬁa@gwe%g@re%a%%ig%%ggg&q@o%

15 minytes ; out 10 hours, from about 1 to about 3 hours, or from
R sl i ind ERBH AT SHERGY
periodg¥hanTthie whoierrangbs maylbedsed; such-imgperiodsmay inchiding

26Qigide:wi id olution,which, in turn, may cause an X
O e R o B
PEFERIBTOMEthEHEY [ DAFAraithowstei fs corternplatedcthat graataraimepheric
pRge@ds than the above ranges may be used, such periods may coincide
with Uﬁg si:ﬁale decomposition of the ehloro 2,3- _
dihydf6-2-oxd T BRI o RIRASA GALE PrBEccsonBbes inefficient
em@ecb@eqﬁipfnﬁ@m@qumamﬁsha stz'ﬂr{j@lalﬁc some:e r%lpcgdg im@_@gssﬁmed
) rein the chlorinatin ent is charged over an extended period, the
TR At o gt AGEang Afs reacton
HElNY Bgitatedstd. gl strpsdliofofean, additignaf periesktknsem@re preferably is
rambodiments, the additi periad is. from abput 45 minutes to about 31
L L o Bt L ety wvoids
R ER O atditlor s pehddtis ehpbkicied disirig thibisaymie re@ctiegent on the
wenditionscted:, @%ﬁ@ﬁﬁ%dﬂ%ﬁ%@iﬂ%@%@&é&%ﬂlgx_re%tc%raﬁzg%{ilxr}%m’%te
e gl%ha%gqu,loféhejchlprln,atlng agent. The c_qn‘dltlor]s, hQW(.arvér, also_méy
B GIHRS SR TSR AR S St eripsdie ey theckhiorimating Hgeat ise
afchaigediatientemperatuee ofaboutdbaCrandithen the MixieiS.a9e6at.r ke
ol %%t“% % él; %%Qﬁrlg.iﬂ% nt%Enplated tgﬁt shorter time periods than the
‘above ranges‘may be uSed: Such'tiftié Perivts may eoiciia Withraaedep or
digashyoarsiorushindelathougiviti®contemplated that greater time periods
than a r - e.used, such periods may coincide with
, prngitﬁonbg%{ ﬁhﬁggﬁgkﬁ%ﬁ%&rﬁé%&%é Hgg frﬁ)ao}r}ﬁntrﬁg%‘éaég}ﬁﬁsp 3&ifi5h of
NERERIdRS SXauiicy dhe ioagken Tribrneimid szolkclehstianofterproduct yeasive
anwellrasinefficientiuse af equinme BRABROWES 1ya¢or, [3adinger the.
i above cqnﬁiiitions, the Moro Z,Sg-gdi%&/g.lr}gf]g??ggll%g bt ARG Edion
el SRR Bt AboHe Brodifetie iGateraliser Sulutidminuiss, and more
typdoriteripilated ibat thisi30preduetmaydeprecipitated aRdRUfied Qe is
isolated using, for example, various methods
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known in the art. In general, however, the product is used in the next step
without precipitating, purifying, or isolating it. In some such embodiments,
the product mixture is used within 31 days, within 24 days, or within 9

clays. Use of older product mixtures may coincide with undesirable chloro

XS U YYD -ox0-1H-benzimidazok I-butanoate decompositRSHE/RF2008/053711
addition, these time ranges assume that the product mixture is not
éxposeditd temperrelekyepdifgabout6Tio kodheredent the MREWE! i

ixture i 0sed. 1o temperatures greater than about 6C (and
E)Bﬁt%céuﬁllgﬁé téé%rgl%’e%é%t%?%? g %ﬁ%@r{%W%sa%gﬁ¥ %%amu ndesirable product

decomigdsitidn #hay oobuf Soumerhs wati®reparatidniof an extended period over
SidihvdranghhdH:2.90;diazabenaelcdd ?Meir}sbﬁﬁglg%}? em}}%ggr%%zlzrt]% for
some embodiments, the synthesis of zilpaterol or a salt thereof begins By
GrmRlGdbe %ﬁaﬁ% agent 1s charged to the veactor over & period of from about 15

Bi2alibyds0o2HI R Sncdiazahenzolosgazulens: 1.6:4ione.8.P1slihyd: -

- - - cli aza bettzoted blzulenc-1,6-d mane 10in some
9L 7%1112%’%19&1 Cc:en emp a‘teﬁ th.at shorter time periods than the above ranges may be

hours, C{U
embodimen
@,@i—,cﬁhgldtmabbﬂddi{ﬁ@&{ﬁﬁﬁk;&bﬁﬂﬁ@@di@éﬂ|@mﬂt&hﬁzﬁiﬂﬁ@h@i§@zﬂﬁqw Cause
asemHNArndazolt oAt enzarePgiZ, i EEHAN NS tonc).
prepared by, for example, reacting ¢hioro _ o
@z@&ﬁﬂw@Mm@mémfzﬁﬁmw%umcm@mwa tiewiscaeid:nigsartuyobe
ugaciogs e fiiedehalaliaearion ADd G 8 AuHI AVBIsk R o) bawis
1. :teat2. acid acid cliloro 2,3-(liltydro-2-ox0-8,9- hygro-21.1,7 1-2,9a-
GBSz ety midrea echazapen zondiaz i erril sensfaent use of
chpiphtiheehlameg-dinydro-2-oxo-1H-beazimidazokl-butanoate used in
the ab%\ﬂa relaction may be obtained from a commercial vendor (to the

y

extentatly eXist) ™ praPAYal ULy L5 CeS REREL a8 d HBb Vet SeL AR 70
cAkddor prejoes ¢ usinigpa different prﬁm&:x@&gﬂ}ﬁm?ﬁiﬁ%ﬁ;{;@%e ally
ST a2 S A AR5 .
additional period 1s from about 45 minutes to about 31 days, from about | to about 4
hours, or from about 1 to about 2 hours, Often, this additional period is conducied using
the same reaction conditions (e.g., temperature, pressure, and/or stirring rate) as during the
charging of the chlorinating agent. The conditions, however, also may be different. To
illustrate, in some embodiments, the chlorinating agent is charged at a temperature of
about 15°C, and then the mixture is aged at about 20°C, Although it is contemplated that
shorter time periods than the above ranges may be used, such time periods may coincide
with reduced conversion. And, although it is contemplated that greater time periods than
the above ranges may be used, such periods may coincide with production of undesirable
impurities (such as from the decomposition of the chioro 2,3-dihydro-2-oxo-1H-
benzimidazol-1-butanoate product), as well as inefficient use of equipment and manpower,

133]  Under the above conditions, the chlore 2,3~-dihydro-2-oxo-1H-
benzimidazol-1-butanoate product is generally in solution. H is contemplated that this
product may be precipitated and purified or isolated using, for cxample, various methods
known in the art. In general, however, the product is used in the next step without
precipitating, purifying, or isolating it. In some such embodiments, the product mixture is
used within 31 days, within 24 days, or within ¢ days. Use of oider product mixtures may

cotneide with undesirable chioro 2,3-dibydro-2-0xo-1H-benzimidazol- | ~butanoate

11
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20uses thionyl chloride as the chlorinating agent to convert the

4-(2-0x0-2,3- ciihydrobenzimidazol-1 -yObutyric acid to chimp

2,3-dillyciro-2-oxo-1H-benzimidazOl- | - hutanoate. In other embodiments,

g§ %El[gwp 27,,Ct’>g-dihydro-2-oxo-lii-benzimidazol- butanoate is prepared using
XGRS chlorinating agent to convert the 4-(2-oxo-2,3- PCT/EP2008/653711

dihydrobenzimidazol-1-yObutyric acid to chloro

é%%&’@#m-ém@ﬂme ﬁhﬁaﬁ@mt&tgeﬂamaﬁe.tlm&ﬁmﬁﬁmﬁfﬂﬁ{&@km is not

@éﬁ@%@i‘ ents, dhe.el! g;;(ae%tﬁﬁg' ngﬁ%zcoxfg ](t:!%ng Zl rg%ligeaZQ ;

-butanoate is prepared using a process an ofinating éoentfé} eSS
EEEEdA SERREH AL, Liecsting Ehlerinating bt disrusspd inSegtianc: than
Adu(partisuiadysaxaly b-ealeridel dnsisad,of1ar exampls, thionyl chioride
or PCI5, tends to coincide with fewer difficult-to-remove impurities. Use of
thionyl chloride, for example, tends to produce sulfur impurities. And PC15
tends!t@ pPoghuce:phogithouis;impurities- Remaval Rb sy BRLILeS, %,
turn, ten t(é feduce th e&él%ltgln f th%e desired product. [36]Although itis
contemplated that various Lewis a ST s HHATGHY Sorardesieardesins by
Yuinabiécsar thivireab fiefl e L2l S agith platatabs isaimnum chipride
(4'AlIC13"). The amount of Lewijs acig-eharged to the reactor may vary. I.n
general, it is preferable to use an&xcess af the Lewis acid, In some
embodiments, for example, the amount of/Lewis acid (e.g., AICI3)
charged to the reactor is from af 2.8t about 4.0 equivalents (or from
about 3.0 to about 3.6 equivale ased gnoles of chloro 2,3-
15dihydro-2-oxo-1H-benzimidazol4<butamoate. To illustrate, in some
embodiments, the amount of Lewis acid charged to the reactor is about
3.3 equivalents, based on motdsddfyéiiam 71-2,9a-
2,3-dihydro-2-oxo-1H-benAttbaselidbredteditisome embodiments
]whemiméuhecidmlmrm, Zlﬁ-myﬁfpdaamﬂ%fbﬁnﬁm@@{Z@Jffl’(ﬁh‘&@[&@l%éﬁdi@ge (also
in ac Nce Wi c -1, the amqunt of Lewis acid use
e OB a bt Aot Cheungered
DiodtF o abéut Seits sbisue 3.6-diuivalénis)- basetomitte shalestefoats with 4
14742 Q¥@-Ric3adi i LoD ie acid used jn the Sectjon .
A-l. reaction. ;‘gﬁﬁﬁgﬁ?ﬁf %%?f%%ﬁ%%%%e?ﬁ?éﬁ%}é‘glmglﬁﬁtao y@é?/\lﬁgis} '
acid charged to th { reactor is about 3,3 equivalents, based on the moles
of 4-(2-ox0-2,8- drobenzimidazol-yObutyric acid used ign the
A-1. reactier! Althotigh it is contemplated that 25 smaller a nts o
min/ggé chloride than the.ahove 1gage
jmay ointjde with redutedconTarsior
s. And, although it is contemplated that greater ow iof
aluminum, chloride may be used, such amounts may coinci ith Thsses

infhrouahpytduring the subsequent hydrolysis. [37]The Friedel-Crafts
l?éa@timni%c-%uyzi&@onducted in the presence of one g{ﬁ@’gﬁﬁf&%ﬁi@bﬁih one

In some, embodiments, for example, the solvent comprises one or more
non-é%? r?(?@eeﬁ@?l%%Sé'f%’gglﬁ‘ﬁ%ﬁ’rmé%%?@fﬁ}fﬁé Ivftignoate used in the
528 dihyidro-Raoxe thibienziMmidaz ot-ddeitanoaleire agent isarenared:in)

eSERRRgE I Seclon A, i solvantjs fhe same as the solvont oo

in Section A-I- One such suitable Solvent cohipris&s HiRRISHorEha HE At

.Prs\ﬂﬂ%elaié@%ﬁ@b@éﬂ@w;fméosamml@ezgg aichiofomstidne} used:in- WO
b%@%&@@%@%ﬁf@gﬁ@é@g% ihe frie 'g%f@é%ﬁﬁ%‘%ﬁ‘%ﬂ&?%é’%pm fhat

removed before, during, and/or after the hydrolysis via, Tor example,

usgh RO IPRIGE htep AoBRTbBEIATERtS frersuiventHasadaiing point
dithatoseauitatile:don sushuremava. ¢38iThe 1otakpmaunt of this solvent lsed,

or this r.

action may vary. In some
butaneate. ﬁl otther em%gdlmglnts, tﬁe chlore 2,3-dihydro-2-ox0-1H-benzimidazol-] -

butanoate is prepared using PCls as the chlorinating agent to convert the 4-{2-0x0-2,3-
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5embodiments, the amount of solvent (e.g., dichloromethane) is about

11.1 L per kilogram of chloro

2,3-dihydro-2-oxo-1H-benzimidazol-I-butanoate. In some embodiments

when the chloro 2,3-dihydro-2-oxo-llI-benzimida7ol-I-butanoate reagent is

Bregar&d 1 ¥ccordance with Section A-1, the final product msEEHRE#053711

Section A-1 (including any solvent, e.g., dichloromethane) is used in the

FiligdwlbOraits deradtion) bntsome siore10enbibdinyenis)-the tokabamouidt afl. | -

the.aplventuzeein the Eiiedel Al eaction dncluging he solvent from

tﬁe Section A- reglction. plus any sollv‘;e’nlt?eza\[:'ci%'aei({irl ?g% t%@%h%%e%&%%s

P@g@ﬁ?@ﬁ%gfgbéﬁﬁ?}@tf IS PEPRIRSGYaiNE ®process and chlorinating agents discussed

Arb-oxBesFualinydrobrpzimidazali-ARntyric acid used in fhe Seation A-1

é%ac,tlop._ In ot eéggj%b embodiments, the additional amount of solvent
AFGEE TS DB YESER Ol i # RSP CHAR e detion Gh addRtsiT fo-erends to

solvét $athatischititgadaspastolihr:SeetiamAol RIOdNChDIAU @S ampie,

from about 0.53 to about 0.91 (or fr bout 0.60 to about 0.71) times.the

Lo B RS S Ao et iwtigien mmpomices

Beabodiméntsh forexdnsple tthe soiditionatierduntiisdadiiit @6Rdimesithe

amountused dp;the.Section A-1 reactian.in, enThodiments when the

chimpqz,fdihydro- -oxo-lH-\bé#Zi%%%%%ﬁf?% %%8‘3%%?%3%@6&%#&8%?5%

ihprscloreatrie Witk dbiceetiamALE ke aqiis referahithie BriedekCraftside

reaction. isrﬁé@%oan@bmmaaé&m%e%fr%Qﬁéﬂ@%&@mﬁé%%Hﬁ tﬂ?fg%%'zﬁﬁ it is

shirty charged to the reactor is from about 3.7 to about 5.3 L (or from

%B%_ @A%cwt%’gmf@?fslﬁfﬁléer %ﬂg@}éﬁﬁdofﬁ} some embodiments, for example, the .

An(Ruaxd-Re3-dinyidrehenzimigazatedy Rbutyriecasic used indhe $e6teRy: 4 0

A-1 reaction, Jo illustr In some,such er bo imentr , the amount of

e S o B S A S g

PEydhutprie-atid et itithie ISectiomi- 1TredbtonecAtthoughdhis diments, the

Lonigmplated.thal %9!1\@!3 %%%Qgﬂifgm?'g{%(ﬁt@99%%&5%”%?3&%%2%@ Sroles of

used, such amounts maﬁlepoch‘le le[h production of undesira
Biprotdcdd 1o I THE FhictRrritierehitsmoaty besconductediovetsavhersin

tHIdRIsAN0S Qi iomPeraliies 1 somaemhogiments, EHedelGrafts ordance

reﬁglog |s§§ndéjcted at a temperature 300f greatgr jthan_ali)ogt 40C. In

VUG SIRB S AT ST At ArF NSO M d6outdsHoraibireste infom

abome Suchiembotlimentisihe temparaivreds romalbouw & ie.ARaY1BRG on
e temperature. is from about 50, to about

t L bodi ts, tyr .
ApaTeaeniesngns s npavie plon S naR,

TeRftHoug R dtitsorite mplared thandesses tém peratureSithan thilahaye:d to the
rEANGES MAy:be; gva%é'fﬁg B%@gg%?mg%o%gﬁfcﬂ@%%g—%tg é?llyo(%yoebrenzimidamb

reaction rates and/or roduction of undesirable byproducts due to
Iitdnhalsctdrside teacBeraonad! sboghiivovehiemplated:thetgtaater
stemperaiies thanthieahene /RBIes MRLRELSELSUCH ﬁ%@&f?&ﬂélﬁﬁmmamg

may coincide with undesirable solvent loss, particularly when the solvent
T I GHH R AHE S AOHH SO BoRFLFIE e PR GRBRRS. And
alteangion misiurerisidedrbasedatienibetesirad:cRnMersion RasQocUiRed. such
SR A Stk R S A e

[37]  The Friedel-Crafts reaction typically is conducted in the presence of one ot

morc solvents, fn some embodiments, for example, the solvent comprises one or more
non-polar solvents, In some embodiments wherein the chioro 2,3-dilwydro-2-oxo-1H-
benzimidazol-1-butanoate reagent is prepared i accordance with Section A-1, the solvent
is the same as the solvent used in Section A-1. One such suitable solvent comprises

dichlotomethane. As will be discussed below, the solvent (e.g., dichloyomethane) used in
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[41]The Friedel-Crafts reaction may be conducted over a wide range of
pressures. In some embodiments, the pressure (absolute) is greater than
atmospheric 10pressure. in some such embodiments, the pressure

({azbsolute) is from about 10 to about 3.0 bar, or from about 2.6 to about 2.8

AP F5idstrate, in some embodiments, the pressure (absoluis)ligabioens37:1
2.7 bar. Although it is contemplated that greater pressures than these
randeisdnagibis m;csumaz,p:nessmmh m&rega&k&@gmr%@%%&ﬂé&% Msis via,
designedito sftectively handle such pressures. And, although itis . , .
contem 9Iated that lesser 15 p?gglseugr?reng)?a%”’ tSe‘s%‘or %Eéﬁéig f@@‘h@%é?mt that
sutH presKirRsimagesihcide with undesirable solvent loss, particularly

when theysolvant ds.di ressyres also may coincidi

WitF pr,g? fction of undﬁ%ﬁﬁé%%ﬁgéﬁgg%g{Z%#éﬁre%ﬁfg% }irllr%/"/evf%r? the" SOme
EHSGEPEYSHE G S5KE6H Thas) Hab el shchisens thaors moluding, Toper kifogram
exaimhple? heisdetiorsiemperivie characiristss of theSoVEM: diments when

20relative,amaunts of the ingredients, and the desired conversion. In a
é:t?ﬁ?‘?é%%%ﬁﬁﬁéﬁ?é%é 5 %?ﬂ’ee%}”&ﬁ@@#ré TREEHTS TRegENol Rgerrsrily

stdeslstebout Bemimutel-iypieallyableastahouib MIRLRSHANA D e juding any

gggjgg{l)é_ reatek ahout.l Hour. in sgme embodiments, for example,

the reactlgo"n timgﬁ%@g y iésdtgi?%}gﬁserelé% i%%é??%?ﬁ%%%t%ﬂ%%@ﬁt

FPRGRST By Fhorie Bbvuete Gbeuts howsd Totilkustiate]-frstmeaction (inchuding

Zoenhadiments.the.reaction ipe | 4hurs. [43linsome. . .
embodiments, thee reaction time inocklz}(%gg %ﬁ%é?%}énosgf%ﬁ%ﬁ%eg%ﬁ%& vafts

AN 9N xo- ERBeRksiRa2S K Brapcateddnditbwis miidzate -yl butyric

combink. it SRR LMDOMMENS 105 EXAMBIE NS FRIAR the additional amount
i-benzimidazol-1- butanoate is c ed to a reactor

-dihydro-2-oxo- fi-benzimide - har X
R TS L 57 R aten e oveh ook erion o sobven
tharis aboet@4opabauttiOdeotios. 40 SprvaemMbegieNts: thisRRAEE o about

6¢ r ri ro 3 to about 6 hours. In other .
OO S [ NS S IO B aon
IgRetiteL TH ifese atshingeieenth doliments]dhdchiditonal amount is about §.67

dn3sditysRdraxe Lk henzimidazol-I; ogfe s charged to a reactor, .
CP St injng the Lewisl;cigdg%gﬁgé?%%r%)é%)%&%%e%vesrosfgeo?}}é%%glf)%{ﬁ})sdvb Apggphloro
4 KOS mrrBtgHitie e orterplatdinnatcrasgstimesioss thapcthésee with

Srmgasmayhbeu@ﬁoacwﬁhﬂ;@a&%é@?&%&@ﬁ‘%%&ﬁ%&?ﬁé&%@ﬁ agrount of

undesirable byprodu ue to intermalecular side reactions. And,
S e B b e R A S RBHGT R A gt 5.3

Litrayfvenuded; 4. Ssuchaharge fimesimayeaineide withloss of ughput o1 -
e T AU A gt
e rERuMplEsHEIs anéasbriditions: 619z tenofidréturesand/ oinpressieinidazo). 1 -
yihilgrRaloa acitpieeh{e et Ao A RN PRSI TR RS otvent
amounts DA&fSide the above ranges may be used, such amounts may coincide with
production of undesirable byproducts.

{39]  The Friedel-Crafts reaction may be conducted over a wide range of
temperatures. In some embodiments, Friedel-Crafts reaction is conducted at a temperature
of greater than about 40°C. In some embodiments, the temperature is from about 45 o
about 65°C. In some such embodiments, the temperature is from about 55 o about 62°C.
In other such embodiments, the temperature 1s from about 50 to about 60°C. To ilhustrate,
m some embodiments, the temperature is about 60°C, Although it is contemplated that

lesser temperatures than the above ranges may be used, such temperatures may coincide

14



10

20

25

30

amount of time is horn about 30 minutes to about 2 hours, or from about

45 to about 75 minutes. To illustrate, in some embodiments, the reaction
mixture is maintained for an 10additional hour following the charge.

Although it is contemplated that lesser aging periods than these ranges

M BEHEES they may coincide with reduced conversion and §ReRP 206853711
although it is contemplated that greater aging periods may be used, they
ity doineidesiith greaterprodudidiecarh pesiiorbanshinefficiedhuse of

Wi ( r, 1544110 initiate the hydrolysjs reaction, the
T T R L T
[ Arhuys ferssonterhplaet thelt various acidsdorconibinationsdesirable

seﬁr&@fm%aﬁmﬁg m&ﬁqﬂ%ys%@%m%@gl&%%s%aﬁgﬁ%ab'y is a strong

acid. In some embodiments, for example, the acid is HCI. 20[46]The
amourlf'8t acld WA Gat g the tedbtdr syl o Tihg erfstiain imisipre fisrddsieased
ifie1sheaR exeess ofraiecid Ll same-eMhadimenis, (aLEXAMRIR LG AMENAL the
of acid &e. ., HO) ch r_geﬁg tog&g reactor is about 1.05 equivalents, based
tg’ﬁn elocitesfeofg c%f’ring ,%— %P 2%xo- I H-benzimidazol- -butanoate. In
some éhhbodifhefitsuehéneiins thection GMerg: conducted over 2 wide range of
-diydro-2-0x0-1H-benzimidazol-l-butanoate is prepared in accordance
B B i, hh e st
Ho5eEy uivarenisiubh sed ahmgiesnivtagofure (absolute) is from about 2.0 to about
Ael@oxs-gohcibuerohanzinidazdld:-YhBuRiG AEtused Infhe,Reslion A1
reaction. [47&'2q eneral, the acid preferably is prepared in the form of an
PEGtRaE L so gfﬁdﬁ}%f%ﬂebﬁéir@fé@ﬁ%iﬁéa Wit iNdash drirgratientssefres

ke reasctianzdn seme suah eembodiments, theumassalinef MGLI9e
is from about 0.034 to about 0.142, or from

ter in the. acid soluti ] rom
5070 B34 T ABBLIE 061 oGSt ate, RS BB REPHE s desser
matipiissabeuti@B44ngeaiboy 0048, Althoughiitis:eontemplatedithatmassic

j tarel the above ratios may be used, such ratios m
A Do SRR S o

caltairghiiitisredntempiatad thiztidsyroducts.

[42}  The reaction time for the Friedel-Crafts reaction may depend on various

factors including, for example, the reaction temperature, characteristics of the solvent,
relative amounts of the ingredients, and the desived conversion. In 2 batch reactor, the
reaction time o1 the Friedel-Crafis reaction is generally at least about | minute, typically
at least about 5 minutes, and more typically greater than about 1 hour. In some
embodiments, for example, the reaction time for the Friedel-Crafts reaction is from about
2.5 to about 12 hours, or from about 2 {o about 6 hours. To illustrate, in some
embodiments, the reaction time is about 4 hours.

{431 Insome embodiments, the reaction time inchudes a period over which the
chloro Z,3-dihydro-2-oxo-1H-benzimidazo - 1-butanoate and Lewis acid are combined. In
some embodiments, for example, the chlore 2,3-dinydro-2-oxo-~1 H-benzimidazol- ] -
butanoate is charged to a reactor containing the Lewis acid {e.g., AICk) or vice versa over
a period of from about 2 to about 10 howrs. In some embodiments, this charge occurs over
a period of from about 3 to about 6 hours. In other embodiments, the charpe occurs over a
period of from about 2 to about 5 howrs. To illustrate, in some embodiments, the chloro
2,3-dihydro-2-0x0-1H-benzimidazol- I-butanoate is charged to a rcactor containing the

Lewis acid {e.g., AlCk) or vice versa over a period of about 4 hours. Although it is
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ratios that are greater than the above ratios may be used, such ratios may
coincide with yield loss. [483 The amount of water used for the hydrolysis
reaction may vary. In some embodiments, for example, the total amount of
g{i)%t%rgis; from about 73 to about 245 equivalents (or from about 147 to

otds’ ésduivalents), based on the amount of Mom PCT/EP2008/053711
2,3-dihydro-2-ox0-11-1-benzimidazol-lI-butanoate used. In some
ernisoaitieAtwhenginihechimphan these ranges may be used, such charge times may

-2-0X0=1 H- itni -|-butanoate is prepared in.accaordance
e R e B tions
8% AkotEhZaE seiRarses hrifedaiabbut g PaerdboutitO6reauivatents) used,

hasedpthamales efifeld-oxes HO2.3dibvdrabengimisiazel-4 'VLQP%X“;C rod
acid used in the Section A-1 reaction, To illustrate, in some embodi ehts
%eel%%éff)&%‘ﬂﬁ‘iedﬁ water sethiraura hyaronisiass icarad’] beaivalditispal

&bmd ml?ti'ghe md&&ﬁ%f@%ﬁb@'@h&ﬁﬁﬁ mgﬁ;&%@az’é’ Qlwg{:essure}
R S e ol R e A A L
lesSer Amoants of Gater than tha SBKVE B HaPhe agsde-dhistpdditional
anueins i comeidewift angreater 1bcancestiglionsefyrsiesirable salt: 7+
be conducted over

' rities. i Ji 491 The hydrolysis ma
e oo ol e b REHE St iereicpe o
it ganekany frkreire e herapeldtbreifitie cemctignamixtureiasdhesing
ﬂ@_&ﬁﬂ:&ﬁaﬂ rRQEe $H8 s | SOOI &N t}ﬂg\mﬁ?téomd%l Wiy E@Q@éﬁ%onversio and
Frllgd%I-%ra&s reaction is added ( refgerably over time, e.g., portion-wise
5'an AKLSSHEE04ER FHkERRItE Gth g Weaiic exipmpis e arteiperatiréigf may
caboiit0Gtatacrate;that codaesHheilRMPeI IS IR N8 MaiNtaIned At from
n?a?%%{y %‘to about 38C, from about 0 to about 20C, from about 10 to about
, or from about 10 to about 15C, To illustrate, in some embodiments,

the adéiélousiacidimixtbreiisicligrgecatianrate thatcausesthe temperaiyre
+19:-08-maintpingd.al ahqut 12G..Once the charge is complete, the reaction
mixture preferably 251s maintained at a temperature of from about O to
aboutl65C uhtihansfor ésseiaalyest) i wolventbids eetraistilleehofficvo?)
n89He eEbRdinents, the; teraps Jsifrom al 10 gbout 40C..In,.
fo‘ther emb dimegts t%fiempe%%tﬁ%ﬁgg{gg ggg’ﬁéé)ctig anoSL?tﬁlo'CO%P(,l glm‘emg’
Dlhﬁg?ﬁﬁjg%’i%‘%S%%%HGBdiments, the temperature is about 38C. Although it

is corfisinplatedithatiiepipelaiiesdessandne ahave-rangesmay i is
m%?@%ﬁ%'% %g u&sﬁeqi such 303? Peratures may coincide with ice formation
Pand o 6F GaTaed Rt r%ﬁ%@&ﬁ&f@ﬁ%ﬁ@fﬁ Hos s s RaHEof

and reduce
a@idater Mperagaes thanthecaboveiahges:-guay genetaly e useds s9ehior
articularly when

2 IempRIAes may. oing ith foaming, solvent los cularly v
the solvent is dichlgrorgﬁ%?r%l%ef; gﬁ&/ﬁ%ﬁo%ﬁ%?r&%gf)%p%‘gfﬁ%ﬁ.“ })lleszsg;]e
chiorg hyaidlydis Taybé tonudated-over nidetrange:pfiprassuresddnce with
S@sbmeﬁm,hﬂgI&‘B@;’&tﬁ,é}“%ﬁﬁ/&f&lx&'ﬁzésh%[}ﬁ%geﬁ ﬁ%}%’[s PEE‘%W}?\%&QA} ncbascd on
thlEres ure. Such a sub-_,atmpsphe%ressure may be advanﬂ;lgeoussfor
Bt Shlfirtg Sitcie sHivERp e g miermSThHHaRES) Agisbshd thaho Section A-1
redatiedel-Crafts reaction and cooling of the strongly exothermic hydrolysis.
This increase throughput and decrease energy consumption. In some
embgg}iﬂwer? R %i%hg%"sﬁ?%yé%{B%CéI‘g’?’ef)’?é’WQﬁﬁ%HB&*E?L@W?O%%@&’EL‘GG@
so i, birtome Abiogtc200ite:dlbotit 900 irbaryexifeam #hayt 040 aQutA %

~hba r dim he pressure (ahsolute) is from apout 300
© mbaﬁ%ﬂff@%ﬁg‘%ﬁ%g@p gﬁgéée}%gﬁ%ee% ol u‘gscf?afg,gtﬁggolﬁﬁ &GS
abeg hddsairépabaenitd) 43 Slvninsn0 hba d DSsichipressue ¢angesaies, the

mAparigularhysuitable fordistiling 9fff9éﬁa'3k9§#?£? &l Qgﬁ]t%n%g ifar. 2What mass ratios that

are less than the above ratios may be used, such ratios may coincide with a greater

concentration of salt impurities in the product. And, although it is contemplated that mass
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about 10 to about 40C. In general, such pressure ranges may be used

white the shiny from the Friedel-Crafts reaction is being transferred to the

acid mixture (or vice versa); as well as during the remaining portion of the

reaction. This allows the distillation of the solvent to occur in parallel to the

FAh&eeH HidPteaction. in some embodiments, the 15pressure REFERSBESAEH3711

during the hydrolysis. In some such embodiments, for example, the

hyerolysisisdnitiatethatiepiessuteitabaol tie) ot ahout:300: mbatcangthen
loyved. to increase up about atmospheric pressure. Although it is

contemplated that pressures less than the above ranges may be used,

such pr&8suréierimyonintite withedroutiddsirablgsiate-ofisolventiass, in some

aadieuaily. wheadhe Relvenbi dishiaramethans 20SHThe, 1eaction, tme

for the h%/drolé%;% may depend on various factors including, for example;

(e é*%%.?fﬁfré‘,pé FrathietéAdfice ot e solbert relaliveramuuritshloro
fthaagredisotsrprensiriaand dissaiution. of RIWMINYILAYAEXIOR: whercin tac
£8{£{-‘e9 Q%ﬂ% thg hg'rr%i/] is. In some embodiments, the reaction ‘
conditions ‘are maintai et tioR S IRE S BIEREH SR accordance with
FarisdelClafts reactionfsvessentally {or tedaly:completebou: 7O2HL59ME;s
iments,.the distil is recycled. Under the above reaction
%@%@g”ﬁ%‘" |s&iﬁfgltgel'}ﬁ{e‘$1t 5 %%oir%%ﬁ ”élvs% Vst 38 WP AL s (8 §r(2-oxo-
Qa%&ﬁﬂgh/'@I{W?\Y@(@@%Eﬁﬁﬂ@'ébh@éhﬂfisdﬁoﬂm@aﬁ(esg&2; reaction, To illustrate,
iedioremeinaue), he sar-palaksoNeALANARIGLID e, diatlale can he
separated by, for example, pumping the distillate t roug1h coalescer.
QiR s o RSsE e haysdca 8E 418 produsel ibinhsoransbirent- Whving & acid
naaten 30 serientofine-greates ansfar 8xmRle,BRAUNLA- 23R VAN 10 water
tgﬁgmg@er&bv%dgnents, qc{gjtlongl water is removed using, for example,
Molecular SIAVES T, HaTRoISLEHA"SEUES S drEE WERpeietSolvent
cmaryive feu sédritethe peceéssb3iBoth dhermiepekiGrafts reaction and

hydrolygis ma onducted under various atmospheres. In some .
embog%%intgf)[‘?gls’ & %ﬁé?%cﬁﬁ e “ﬁ%‘éf%%erﬁ?a{ﬁ%%ﬁﬁéﬁésjfm

00d| i are conducted
TERRIEH MayBecdifferant, beteprefordbiyane yesame, Gnespehtre of the

ralmeskhersciar example.comprises N@sdﬁlé%m&%ﬁ%%g%gh%{ggﬁ SR

atmosphere consists of (or consists essentially O N . .
FeEnduareia e rbap s AdRE mrieidisaray B condnetderwithe btanioagicous

a0eBEIREYPRS. N SHPReMDod Menis frexamPIB R % eactanIs Rar causes the
stirre eactor, ss-lined reactoys are often preferred,

; d-tank re Glass and glass- ] .
SLGH ahy - BHBIESHON <CRBIC NG E5oNbl1o e reabtr et 20°C,
fimaybaiubed Borexdiidple; turingdheioydralysis) the reactor:eampongnts

In contact.wi  reaction mixture may comprise, for example,a
T S N
bagiaaoeontitions | Becduse HO dassisiprodyted, duringdhe: mixture preferably
ishigdekCrafts 1eaption.the: f@&t%&ﬁ%d«%&mg é@%ﬁﬁ&ﬁghg ééa%%%ﬁg?a‘iﬂ%ﬂg

preferably comprises a mechanism to safely allow the H
GBI he st e i BresamaEhafiBienso thp it ah Ve fvpesstmet 10
fovenuAlEe;, duringeherchargingsolifbeskewisacia (R AIGI3) andhihe soec. 1o

remaini.n%later Stglggs of the Friedel-Crafts reaction, the reaction mixture
e embodiments, the temperaturce 1s about 38°C. Althongh it 1

" préferably e
contemplated that temperatures less than the above ranges may generally be used, such
femperatures may coincide with ice formation and reduced or delayed hydrolysis. And,
although it is contemplated that greater temperatures than the above ranges may generally
be used, such temperatures may coincide with foaming, solvent foss {pasticularly when the

solvent is dichloromethane), and/or product decomposition.
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15agitated (e.qg., stifled) at a rate that is sufficiently fast to minimize
intermolecular side reactions and production of undesirable byproducts,
while also being sufficiently slow to minimize crusting of the Lewis acid on
the reactor wall. [551It is contemplated that the product of this hydrolysis
,ﬁ%wgsgggmn the next step without further purification or iSOREHDRPHS/053711
general, however, the product 20preferably is isolated and purified. This
may bel&hieliéd iydvapissssg paratichantovashingideshni@sesest@es. In some
[ rature of the t mixture may be decreased to a
s e G S
SIGTARYERS I FESTHZOY. Bieathtse rzotodifr e hediBldipné rodictin Gome
ami@a@mm@mﬂshge@m9@5%4Egeeeiérﬁfpif-@éﬂéei%@featgg%ﬁ agg%%% 04

a OLFI -5 to abo %C,

temperature of from about -5 to about 20C, from 2
SFHORTAB GUTS 16 Sb ot SN Atierigh Hoephtenipisroerthat teemmeratureson.
lessthanthesensanges mayhe usedhsuch RNPAAtLIeS {B%&Qiﬂ%‘é%}a&; from

ith ater c ntration of undesirable impurities in the product, And,
e P D et Gpua G RS Tainges
Aralcberesdisuchstemiebatines maycalreideowitva yielddessmospheric
o] ing.the t ture adjustment, solid , )
g%[é@lg H%VYI'HQHQE E%r&pr%aem egmlxexi}s ]t%c '€SS'Ll_i£ &%ﬁ%lﬁ‘ée)rﬁ%&bﬂ@t 300 mbar.

,9-dihydro-2I-1,7H-2,9a- diazabenzo[cd]azulene
SEfaPAte G ZIE aquetseixuiteblsng disritiug e&ptcationrtethnigues;m
sseh ag,rct%@eﬁamﬁ&e,zﬁeg&%%tﬁeﬂ pfééﬁﬁ‘%l %ﬂu&@%l%%oé%ulgeg r\%%]e{g Qalg sllsim'y

ashed using water one or more times. In some embodiments, for
gS%HM e R broatt TacHIs et R vatar ol tinds aTideamiouriboinaterss), as
wsiddining shavashingmaydaivrinsemeismbegimnents, o gxample. Ipg..
amount. of water u§_pl%llr<)£ a wash g. from about 0.9 to about 1.8 kg (or from
about 12 16 Ab60T T 7 KS) Per ’grant sravids n some embodiments, the
E3sdilvydiocRoxd-dHketzimidaiokd -iutaneatedeagentiused, k,some ple, the

jlefelef rein the chlorc , _ .
o e A0S SN ey Lt 10 bk elowed o
BECERAAICE With 'SettisniArisshecamdine of ivateousetince washrisstremicss
tBR0OH] dvaboui-2 kAP framyabout ah 9) per kilogram.of .
%—(%—oxo-2,3- Agﬁ%;drg%penz?gn%%g{z%%- fﬁ%ﬁ%ﬁgﬁ%ﬁ%&%@%&% t%legggeeé’tlfg‘fﬁie rate
OASPIERRIGT: FroPuEtata R Ssneleribisdiisiptermgtbaamount of water

used if5 8 Waf_ShleISeavﬁQiﬂ_tln_’é kg pes Kﬂ&%@éﬁ Q{a@'depend_on various factors
; &%ES&&%’Z}3'<d'hi};rgr?eb‘?ﬁz'm'daZOI'.l'beUt-Y”C agld used in the Section A-l
reaction. TOANOUGh Tt IS CORE RDISTEG that 18965 i5HiS Whi& otk tiative
atheuabovisirangesimaty, becused, esum@mmmis)mamr?m@i@ggimm@fgmd
ter. rati impurities remaining in the product. And, . ‘
et S B O kA e v
dipiaintive abtvesehingesosutticaimduntssmaytiooincidewith yielddoss, [57Hplcic.

Some{gﬁ?bo@l@&ﬂ@@ﬁ%@m@dﬁttﬁ@gﬁﬁIYX%S@.?QCV\QIQCIP QL Qﬁrengr%a‘g?izgtion
solvents. In some such embodiments, the product is washed with Scetone

“YHEETMAre fithdalalrethds errbsimTehte e prddustisiashedonith%

(istipeopanaborie: a6 MatasiBesJR.Serpe Seeh.embadiments nfa%ﬁfa@r%?!@em

asneproduct is washed, Wgh iso#(op nol. one time. The amount of -
ISopropanol Used Gl SSWERHHEPYaly: fiicurite Bpaietistiflie through

2 esalmipte, thelamauitsofisapropasel uspddng wWash;is Hom abeut 0. O water
aut 4. ) rom about 1.4 to a 7 er kilogram of cthloro
cc%%%lﬁ% ﬁ)r%c{sgéﬁ%gﬁ,_ g, xampllé, a80u?8.‘i‘%.1(m‘fﬂ)08. In sogrm embodiments,
additional water is removed using, for example, molecular sieves (e.g., 4A molecular
sieves). The dried non-polar solvent may be veused in the process.
[53]  Both the Friedel-Crafts reaction and hydro tysis may be conducted under

various atmospheres. In some embodiments, for example, both are conducted under fnert
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benizimidazol-1-butanoate reagent used. in some embodiments wherein

the Moro 2,3- dihydro-2-oxo-1H-benzimidazol-i-butanoate is prepared in
accordance with Section A-1, the amount of isopropanoi used in a wash is
from about 1.0 to about 4.5 kg (or from about 1.5 to about 1.8 kg) per

KNG 61744 (2-0x0-2,3-dihydrobenzimidazol-1-yObutyric acilCISERASEsIPs3 711
the Section A-1 reaction. To illustrate, in some embodiments, the amount
efiissphopanehissedeinta difisheis, dbqutdiGHkdypes Kilogras Qine such atmosphere,

45(2:0%0:2.3; ?X Qﬁen imidazal-1-yObutyrie acjd used in the Section .
A(\J-l [)%?g%%io’n.% h(%]rg it @%é%%e?ﬁ%fa%%ﬁ%% Ié%sﬁ%?ﬁ%?fﬁ?f fgreonsisis of {or
RBSreparsPtiadH 2hieNabove ranges may be used, such amounts may

coincidg.yith graates ﬁ?&?@@%@&é’%&fo%r&%ﬂh%}b@%@éi%%Pﬁ%@ cofNng N, ;.

the 30product. And, although it is contemplated that greater amounts of
EBPYEPEATY. M be' §e8q v fHecaBo (Y ranget:. SO Fraeist ihtssiiey-tark
eaitieidecmith yelddossnfadlzach Washing e the pradustonithwrgaRiGion

solvent (e.q., isopropanol) preferably is conducted at a temperature of
O A0S AL 200 o BB 0 i 16t o i AB 0%

bpout 56, thithough iviscarteniplateddhalttempestivesniessthan tbeseise, for
Lsed, h at ‘coincide with a greater . e
L R R LG s

eoitplaté ke gfdawr itanperatldes tha thesérdhgs mayide tisedictor
suehiiemperatusesmay:coingidewithyyield loss, pRo1RNNG of the safely allow

washed product (particularly complete drying) generally is not necessa
Perole 6L BPIMEPrOEUCER tHe HE Rt PRI AN SRS an
erebodimenisntha washed preduct is-aot-driedheforadts.usedrihe. next.
step. Tbﬁ Prpvtides, f ol egamgo%%?vings in energy and time. [60] in some
"Smbodiménts Wher&in IamiRtin EIBFAE 18 detr B HRE: PR e oR 1s
thicareriddel;Grafts reaction; lalumintin hydréxide isireeoxerad:-fromcthe side

I t that is praduced when the .soli . .
e B B G R SR A R ity v

gEpaiated fors eléhrbetitrmprbeiutomixttmesrilsuch embodiments, the
aqueows supery @éﬁ%ﬁ@ﬁ)(eJQEﬁ’%ﬁ@]&?@%u@?oﬁ*ﬁ*ﬁ‘ﬁ%&%‘&ﬂﬁsb@%? %_It]}{sgel & %|1|¥he

a strong base, such as sodium hydroxide) and carbon dioxide.

TE0SES TEARHNIRGRT HydEsiden o ek Pratenwpieklineviey e aiieroduct
pecovered USingVanous:seRaration iechnidues, sUeh as:dor SXBMRIS. and
“gé%ntlnfu%ctlog. _Userof. Eh(‘etphlorlnatln. a}fﬁpnts qlscussgd above in Section

R AR oX Ayl RISt BT ik, Yol SRAMBIS TP E S, Ttk
dRtisdeldGraftsmpaction terdsdd be particuiarly heneficialin mbadiments 7.
whereinaluminun Q%g_gﬁlé:!%.ls rec.oger{—:'d[. PClg, incantrast, tendsto

produce phpstghg%s' éimpu%%aieC that can make ﬁﬁ%bg ﬁ%ﬁﬁﬁhﬁﬁ%@o@%&m of
theggaiaplefsivtneprdiseisd o a temperature of from about -5 to about 20°C, from
about -5 {o about 5°C, or from about 0 to about 5°C. Although it is contemplated that
temperatures less than these ranges may be used, such temperatures may coincide with a
greater concentration of undesirable impurities in the product., And, although it is
contemplated that temperatures greater than these ranges may be used, such temperatures
may coincide with a yield loss.

[56] Following the temperature adjustment, solid 8,9-dilydro-2H,78H-2,9a~
diazabenzo[cd]azulene-1,6-dione may be separated from the aquesus mixture using
various separation techniques, such as, for exampie, centrifugation. Aficrward, the
product preferably is washed using water one or more times. In some embodiments, for

example, the product is washed with waier 4 times, The amount of water used during 2
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A-3. Preparation of 4,5-dihydro-iin lazo[4,5,1-jkl _
Mbenzazepin-2,6,71147-trion 6-oxime [61]In some embodiments, the.
synthesis of zilpaterol or a salt thereof begins by 250r includes preparing

dro-imidazo[4,5,1-jk][1]benzazepin-2,6,7[11-1]4rione-6- oxime:
30%% 08/115754PCT/EP2008/053711 In some embodimentBCHBr2008/653711

4,5-dihydro-imidazo[41,5,1-jK]rlibenzazepin-2,6,7[11-3]41.ione6-oxime is
REPERAY, VTR dramplecmbadinens Jatiyainpl2 Bk 98- of water uscd in a

mgqp%pmmme%m 9@9@ Wita.an i @8{;%@3 JUBiE Vig e foliowing  or

oximatig reaction; O HO- N morg%énlcamd nitrite

B G lify HPHE 7 P10 [k-bspipisany bibuirreensap@idiont i some

cmbodiments wherein the cliloro 2,3-dihydro-2-oxo0-1 H-benzimidazol-1-butanoate is
prepared in accordance with Section A-1, the amount of water used in & wash is fom
about 1 to about 2 kg {or from about 1.3 1o about 1.8 kg) per kilogram of 4-{2-ox0-2,3-
dirydrobenzimidarol-1-ybutyric acid used in the Section A-1 reaction. To iflustrate, in
some embodiments, the amount of water used in a wash is about 1.5 kg per kilogram of 4-
{(Z-ox0-2,3-dihydrobenzimidazol- 1-yDbutyric acid used in the Section A-1 reaction.
Although it is contemplated that lesser amounts of water than the above ranges may be
used, such amounts may coincide with a greater concentration of salt mmpurities remaining
in the product. And, although it is contemplated that greater amounts of water may be
used than the above ranges, such amounts may coincide with yield loss.

[57] Insome embodiments, the product also is washed with one or more organic
solvents. In some such embodiments, the product is washed with acetone one or more
times. In other embodiments, the product is washed with isopropanol one or more times.
In some such embodiments, for example, the product is washed with 150propano! one time.
The amount of isopropanc] used during a wash may vary. la some embodiments, for
example, the amount of isopropanc! used in a wash is from about 0.9 1o about 4.2 kg (or
from about 1.4 to about 1.7 kg) per kilogram of chloro 2,3-dihydro-2-0x0-1I1-
benzimidazol-1-butanoate reagent used. In some embodiments whereis the chioro 2,3~
dihydro-2-ox0-1H-benzimidazol- 1 -butanoate is prepared in accordance with Seetion A-1,
the amount of isopropanc! used in a wash is from about 1.0 to about 4.5 kg {or from sbhout
1.5 to about 1.8 kgj per kilogram of 4-(2-0x0-2,3-dihydrobenzimidazol-] ~yDbutyric acid
used in fhe Seetion A-1 reaction, To illustrate, in some embodiments, the amount of
isopropano! used in a wash is about 1.6 kg per kilogram of 4-(2-0x0-2,3-
dihydrobenzimidazol-1-yDbutyric acid used in the Section A-1 reaction, Although it is
contemplated that lesser amounts of isopropanol than the above ranges may be used, such
amounts may coinoide with greater concentrations of organic impurities remaining in the
product. And, although it is éontcmplatcd that greater amounts of isopropanol may be
used than the above ranges, such amounts may coincide with yield loss.

[58]  Each washing of the product with organic solvent (e.g., 18opropanol)
preferably is conducted at a temperature of from about -5 to about 20°C, from about 0 o

about 10°C, or from about 0 o about 5°C. Although it is contemplated that temperatures
p
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/0 4,5-dihydro4midazo 4,5,1-pc] [1 enzazepin-2,6,7111-0 -t rionc-6-oxime
[62] The 8,9-dihydro-2F1,7H-2,9a-diazabenzo[cdlazulene-1,6-clione used
in the above reaction may be obtained from a commercial vendor (to the

e%(te:?t éan exist), prepared using a process discussed above in Section
K3 26884 ed using a different process. In some embodimBREERENs/053711

8,9-dihydro-211,71-1-2,93-dia7abenzo|cdjazidene-1,6- 10dione is
Brephradhipscaspeseesyy deseribetidh hPeRatentd$86iT%EGk Wisomeeater
e RS ERining n he ot At pikough s somaalye
(i iprdepre tises Ssad s vanpsoaetibn w2, such [68hThbinorganicincide
pittiteipnay;yaly. In some embodiments, the inorganic nitrite comprises
nitrosyjﬁig Ifate: Q0 15110 nitrosyl sulfate In other embodiments, the .
inorgahic nitrite E8nThifeE K fdaErane Mrtsdarty svsn st satenslly is
he sefected fromevatiodsisalisdiaisome embagiments, the:nitrita salt

1] sodium nitrite (1\laNft"). 20[64]The amount of inorganic nitrite
e IR ol BABIE bR i abior
H‘H}dd@él@bmm&muivadémmeh@ﬁ@ndemwm embodiments, the amount is

hom afsat 146 daaaul 420 cARISTIR (or lom shout L 20 Jo dbout .
1.22 gggﬁslalents), based on tﬁle motes of 8, géﬁﬁyc }8?2% 1‘? ﬁéiffgaé-gﬁ hewis acid
il dnerEbctiES (arH Bl dxgeridmioterembbdimentsg theus
APRLLS fent 2Rakest ikl in-ahautdlaldisquivalents.hased on the

Jnotes Qfﬁ, -dihydro-2H,7H-2,9a- diazabenzo[cdjazulene-1,6-dione
rlé‘%%ecﬁ]ﬁo ItHB Gt 1sCcORRS MsIAtEL HisP Iasa fiamdbinteatian tegect mixiure
Eram@hgmagﬁ. ‘ bﬁlﬂSEﬂiﬁ?@ﬁboﬁﬁ@pﬁfﬁ/iaﬁﬁ%@}ﬂﬁjﬂ&Wﬂﬁléﬁﬁﬁﬂedhwith a base
CORVErSIoN, WQ 2008/119754PCT/EP2Q 305 711 And, although it is
@ﬁmyéﬁpﬁa‘“’%’ ’ﬁqaﬁs‘ar%‘%gféﬁsa%%%‘&n rton 5598 S o 2k ieh
AEGUISdy-coireide vtk production ofrundesicablebyprodictsarions
sippdIdeiasitmay BeseeRIeA oM ARu ARIS: B E e MRSTME Y S
discussed above in Section A-1 (particularly oxafyl chioride) rather than, for example,
PCls, in the Pricdel-Crafts reaction tends to be particularly beneficial in embodiments
wherein aluminum hydroxide is recovered. PCls, in contrast, tends to produce phosphorus

jimpurities that can make the aluminum hydroxide tess viable for other uses.

A-3. Preparation of
4. 5-dilydro-imidazof4,5,1-jk][ 1] benzazepin-2,6, 71 H]-trione-6-oxime
(61} In some embodiments, the synthesis of zilpaterol or 2 salt thereof beging by

or includes preparing 4,5-dihydro-imidazo[4,5, 1-jk][1 {benzazepm-2,6,7[ Hil -trione-6-

oxime;
HO=
[or \\
N/
: O
N
H

4,5-gihydro-imidaze]d,5,1-fk]{1]
benzazepin-2,6,7[ 1H]-trione-6-oxime
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acid comprises a strong acid. Preferred acids include HCI. The amount of
acid may vary. 5In general, an excess of acid is used, relative to the

amount of 8,9-dihydro-21-1,7H-2,9a- diazabenzo[cd]azulene-1,6-d one
reRgsRkJigspme embodiments, for example, the amount is from about

1.24 to about 1.75 equivalents (or from about 1.52 to about 1.88T/EP2008/053711
gquivalents), based on the moles of

1@%@?@%@%&@% diztibrdinzoftientd Jériefi)[6]dioneds agen i TH -trione-
ilustiateisipraome embadiments, ;Q&@E%o&l@jdﬁi%%gé,tgﬁ_gguivalents. 10

>

'?r%@%‘%h ;felg corlgﬁmﬂate_d that lesser amounts of aqld’ ar these ranges
My ba (USa A H R amETRETIAS egifaes wakituce dednbersignoimdion
atthioogh it is contemplated that greater amounts than these ranges may

be used, such amounts may coincide with a greater concentration of
impurities in the product. Greater acid concentrations alsé'a f\coincide

with egactdrcoyrosion, depending on the composition of the re
S

151661 This reagtion typically is conducted in the presence 6f one ormore
solventsiin e embodimemﬁ&'ggﬂ(,solv@ciﬁcoprises 1
dime ylﬁ amide. |n some emibadiménts: the&mount ofSoivenrtis\from
about.15 al out 25.6 L (or fro'm about 17.4 to about 21.0 /L/ r frgr’rr—O
about 18.2 to about 18.3 L) per kilogram of ¥
8,9agibygliet fhl-2 Qa-diazabenzo[cdjazulenc-1,6-dippe.reagent. | ,

5 Aibughdirndontefmitated that 20smaller amount&:ﬁh’méﬂ%‘e;@ﬁsﬁg}gﬁé" gl
may bgssisedpsugh an 1 coincide with reduced dissolution and/or
producﬂtiiofr‘s] of ungés(’i%r{gw@%lkefzI %}ljo u%tés? }ﬁé?\%lﬁ%[fé]ﬁaﬁ‘ﬁ@%ﬁt@ﬁfﬁ%ééled in the
tPRltgrastEn amB e ird i above tangss maylbe used csueh ANSURLS
ma-e0iaside. Wibavisldss d67ilisome 6,m Rodiments, this reaction is
initiated by first combining the 255§I.\/er§tg g?&%,%i?h%fﬁﬁ}ﬁ%ﬁ%iﬁ??&@)? difrerent
Hh{}g@%n ¢ ﬁ{?mf:ecf{?mgjﬁi%(ﬁl’lg,%Fﬁ?ﬁ‘ﬁﬁl"zﬁjﬁfﬂ%9a~d‘ia2abcnzo[Cd}azulene—1,6~

10 mm?&%@admamea@@[@%@zwerﬂﬂm-%@&ﬁ-4',@5%?%@,ef@%%)d'”}?e'};gi.ed
JAis s ‘ﬁa{{éegﬁo t?ggé%'[gm%ﬁ{]atu_re _ot from about 40 to about 65C, or from
about 40 16 alSout 508 o ltustrare i seibe efisdtiints, tiiis damiathred
VS &t cersperatusedoftabeit 85€ioAlthough it is contemplated that lesser
tempefaturesthan the above ranges may be used, 30such temperatures
may,ggi%ricigz%a?#rl §&l§en Mﬁgsﬁ% tioh ant/SH T SO G O u Hifebramtaic nitrite
CHYBroat BtEoRfdulitisough it is contemplated that greater temperatures
than the above ranges may be usgd, such temperatures may coincide
with decomposition of the 8,9- \Sff _
i5 dihydro-214,71—I-2,9a—diazabemmﬁﬂ&gmgﬁ%l,6-dione reagent. WO
2008/119754PCT/EP2008/053711 [68€In some embodiments, the
resulting mixture is pre-heated BEfE BRI addition. In some such

Inertitso dinterits\cios, ekamplesthenmixtuwenis: pre-hepieddo fipmabautd i

2oyl H3G, @k f ut 48 to about 55C, To illustrate, in some
memboéir%%}n('?s% {ﬁ{g&if(%%eq e\é%tlé%utso‘q%s'o "SHEC KTHOGERR s Ssmistiprated

COMAT RS SeF iEmppsiEtu B i the above ranges may be used, such
20 tempgglurasmay.eaingidewithseduced conversion, And, although itis
. %onggmglated that greater temperatures than the abovac-YARGEE LY Be
QISELR %ﬁ”ﬁ@fﬂbé?gwéélﬁﬁﬁ éicre it progiction:of undesitable
enfiypiiodinetsiht Gajaften preheating: theasid e GacdG i ds.charged tothe |
reactar.,ln som ! .
to 5§ ugq .ZJZn equwaﬁcms), based on the moles of 8,9-diliydro-2H,7H-2.9a-
diazabenzolcdazuiene-1,6-dione reagent. In other embadiments, the amount is from
25 about 1.10 to about 1.20 equivalents, based on the noles of §,9-diydro-2H,7H-2,9a- |
diazabenzofcdJazulene-1,6-dione reagent. Although it is contemplated that lesser amounts |

than these ranges may be used, such amounis may comcide with reduced conversion.
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10embodiments, the charged acid is in the form of an aqueous solution.
When, for example, the acid is RC, the HCI concentration in the solution is
typically not greater than about 50%, not greater than about 48%, from
%lpé)%{% /{?ﬁ%out 40%, or from about 32 to about 33% (massivol). |
25e0Us HEY (100%) may, for example, he used as well [70FHEFF053711
reaction time for this reaction may depend on various factors 15including,
forcerihopi thie rerichunatediper atertsr eharausctistickesf thagsotvente used, such
selative ameunieial thernasediants, andithe.drsitad copyersion. [71]The

reaction time typically includes an extended period over which the acid

solutiol? 18 comlbiftd Tith RRESTEEEHFHE FaHENsACEmPbFRtS I asbiprits, the

stichembeimentscferiexampieeihriacitds.aharaediovena pered.9f fiomvary
bout 1(3 minutes to, 20about 2 h_(cgurs, from about 30 minutes to about |

ot B nh SEOLY 3515 BBt A5 URESC ATISBTIGM i s oHtEtmpiaa 2 0

tivee shonérdjmelperindsithan thgeabovescangesmdnbea s sad:aughdime amount

Reafis Ry oS W ORUIEALEL B0 IncieRes i e e ptye (e

G
reaction is exothermic) and production undesirable byproducts.

EIEHEURHSIE @W@ﬁiﬁlﬁt@@thé_ﬁ Gredredd rﬁé@éﬂ’j@)@&tﬁm‘ftb@%éﬁ@ﬂenewl 6
IRNESSMAY. bR USRMy3UGH RRRIOS MY, With regdueads, o uffazems.

conversion, as well as inefficient use of equipment and manpower. 172]As
YidKehetiasevErmattdiipe rattre tpekIgtinet isadaring s enabging 4.
ebtheaeitduestodhe exotiteraicpatse-otihe reastignJiBoMecontemplated
tgr?b%dgim%nts, tkget;lem erature increases to a temperature of from about

4 10 Aot F3C roh ABSUFBETSY Sobtt 7€ KRB HbBLY 660 'Ry 468t 2
gro@; onfromiabou b6 Ortprabiout 66 € pitaillustiatecimnsdres embatiments, may
APRIRTPRIALIBINCIEASES AR T oNAN I I3 coptemplated that

lesser temperature increases than the above ranges may Qe suclia'ble,
such tErhberatiibesasitg edirsideiivignfadisdad donversionsAnd, @lthough

gcsﬂ@egentﬁ{@@%ﬁ&%&t@ﬁﬂ&%ﬁ%&é&%&Qé%%é‘h%%ﬁé@?&%@ﬁ@%?ﬁ%hﬂf Lore

temperature increases than the above ranges may be ‘suitable, suc
BRI IR AT UG EiR ith DIt ARBI df uridedivable By pralies about
[73Jonoeiel acid hesdpeereharged, dha.raaction mixtie:isthither dinydro-
intained, (or ‘'aged"), typjcall ile being agitated (e,g., stirred), for an
e LT R QB (S 8 m B pen Tt YR ha
sabOet ABominutes: thabiowk24chours;sflenscd, sach amounts may coincide with

reduced dissolution and/or production of undesirable byproducts. And, although it is

contemplated that greater amounts than the above ranges may be used, such amounts may
coincide with yield loss.

[67]  In some embodiments, this reaction is initiated by first combining the
solvent (e.g., dimethylformamidoe), inorganic nitrite (e.g., NaNO,), and § 9-diliydro-
2H,7H-2,9a-diavabenzo[cdazulene-1,6-dione. In some embodiments, this is carried out at
a temperature of from about 40 to about 65°C, or from about 40 to about 50°C. To
illustrate, in some embodiments, this is carried out at a temperature of about 45°C.
Although it is contemplated that lesser temperatures than the above ranges may be used,
such temperaiures may coincide with reduced dissolution and/or production of undesirable
byproducts. And, although it is contemplated that greater temperatures than the above
ranges may be used, such temperatures may coincide with decomposition of the 8,9-

dihydro-2H,7H-2 9a-diazabenzo[cd]azulene-1,6-dione reagent.
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about 15 minutes to about 10 hours, from about 15 minutes to about 2

hours, or from about 25 to about 40 minutes. To illustrate, in some
embodiments, the additional period is about 30 minutes. Although it is -
%gteénglated that shorter time periods than the above ranges may be

usecﬁ Ltk tithe periods may coincide with reduced conversioh CAREZ008/¢53711
although it 10is contemplated that greater time periods than the above
ranges!ifidy bl seed esufitipariod shmeyuttincidenithipsaduation fore the acid
uRaEsHale. BRI g alsa AT WEll A5 p g;ggég% Hae ot eduipmer te%tn% Lo from about

manpower. 1741The reaction conditions ., lemperature; press
AR dFot Sttt reite it theeiginppeive niby Besmatiniaismdeatrthe diments, the
samercanslitiansas:duing ﬁm%&ée@%m& Q@nﬁﬂﬂgdt%ﬂgtsl’ehs%\fyt%ve ratures
Iso tma% be different. In some embodiments, the temperature urlngr{ﬁls
A HBHAT PENBLERS o HIBGT 55 EBBEETOE Wenrabsifessiorabout
685G coidromiahaithb:toiabeuh B2 aT@ HSHAIRNSHBE:ERDAIIMEN Sy ve
- thetemp @et%r% dssagoyt 60C. Although it is contemplated that lesser

- LA i SLehi i el: SR A edpeiseble

ten%perat res thah the
Ryayodsitiside with reduced conversion. 20And, although it is contemplated

that gr rtem Yres: Je.above es may he u ed(,a such
temperﬁﬁﬁes mg})‘?5 ﬁ?gﬁﬁé@m %%@dbﬁéib%@?ﬂsn%%%%% %}‘76?’8&*8&5@ Some
PP isshe nsbarfeatd iwatér iBeharfgecktpiehes macton folldwingitheampe,
agingdenad. M.some.srmbedimeants:Hhe, s 2.9f the reaction

%ture is adjusted before the water addiitio%%%? %%%%gtﬁr% %?fglé%oe}n&é%éﬁto U
gat&é’%&{e& EURBAP AN 35 R abstt 2520026 srraBent 38t Boutbou:
3Be (withoudh itissconteruplateddhatiessestemperaiures thanthese
range %;ray q%eu;%‘?%sé@ﬁ? itlet@rper gﬁt lries{ may coincide with dlfflc_ultles in
filtration of the product &nd igid 983! XK CHRA StphCterdoiterpiatdactors
itihedreater Twmperativesathian theerangeshmaychie:usediistiefivent, relative
dRpRLaTRS MAYLAINCIAE Wi redustion g undesirable byproducts. In

some embodiments, the temperature adjustment 30before the water
additidhts cdmretrativsveraiveizidhded perod ofttnded ippsodessuehich the acid
sembadimentsiior sxanpie.dhs IsMRLIAISisadisted.yer a period of

_fr%mdabout 30 minutes to about 5 days, from. about 1 to about 6 hours,
HrOH EBEU 30 BT HEGRS bt FratacaEat 2 e ot Rotre Alioinghes to
aibasiconternflatecitbat sherterdime periodsdhantiese [Bn09es Mayhe 45
n‘fiﬁﬁ%ss'ﬁ% Ht}ilrin? _ﬁ(:{gigdst ma g:oi‘ cid&with difficulties in filtration of the
product. nd,%it ough it ?%pc%ﬁ?ert}’f% S THEPGRESRIS R PeriGasetrmges may
bihiesse rang ésmay vdused csirchitemiperatiyres: mray: coMmeidevith temperature
REOdHGHan; ot undesirabl iE1s .1, general, the adiusted "
(temperatu e is maintgﬁl}e?(lj@é L{f?ri%gclﬂé%l?eoagtggcﬁ%?%%Yngégjr[%é“s%%tiél’l?%‘fﬁ}blf 15
CPHiCRRIRF AbiditRe ST 7BT P edde bmbbdishentspitesadiditimetdvatelr periods
nRGCRONEn AR RdeRded g periRd. f10l.8XamPIS IH&@%mce ﬁamnt%&t igg}%nts,
ou

. the water is added over a period of from about 30 minutes t
H807S From about Ito about 4 hours, or from about 2 to about 3 hours.
Althotigh it is cobtemplateovthatsharerdime periods than. these | &E%mgng

oi‘?ﬁé’a@% %ﬁg% §Jch ti{ﬂ%[%eriods may coincide with difficulties in filiration o

the product and yialdh TOIGSs ARG CAtbLgR P Lbrtar prabedithattyréater

tetlimerperidde then thesernangasnodyibe wsesd, BUCH RMPBIAIURRS MR 55 o

ab%Qlitnﬁi}d@, W&%%}%&%S L& %&%%a(tj? (E]r %‘foilrI? Q&Qﬂe@% i{(l} EH)%&%@&%?LTO itiustrate, in
some embodiments, the temperature increases io about 63°C. Although it is contempiated
that lesser temperature increases than the above ranges may be suitable, such temperatures

may coincide with reduced conversion. And, although i is contemplated that preater
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[77] The amount of water may vary. In some embodiments, for example,
the amount is from about 33 to about 88 equivalents (or from about 45 to
about 67 .15equivalents, or from about 54 to about 55 equivalents), based

on the moles of 8,9-dihydro-

M4 713423784 - diazabenzo[cdjazulene-1,6-dione reagent. AltHSUTGBROS/053711
contemplated that amounts outside these ranges may be used, such
Hmpeistsmayesiticide Withehogreatee congentratiehl ofimpusities-imthemay

psaduet and }iggiqclgﬁDkﬁﬁﬁ&@m%%p&ﬂ@@ents, the temperature of the

reaction mixture is adjusted 20to promote precipitation of the product. In

embodifiéntSiRfteie datehis gnetngng iempersinreidjusimnier maintained
asnegally, ogeuaatian the-watesiaddition. In;semessuch LMRGIMENtS: foF (i me
exgngle, thet temperature Ls__de,creased to a temperature of from about -10
TS BB TOC o ABRRE s 4hBor Aoy Romratisde Pestadiroeom
#Althougmihisccontamplateehthatilessesdemperaturesdhap e se:andesom about
e us h t ratures.25may cqincide with formation of ice
R T M e RobS AN AR oou
38 sonterniplatiddubiait greatertemizel dtmesthanithe gerrahgsimiay bee ranges

Msed. Such lemReratHIaS MaY, Saingide with l%agc%@/éé%w%g%%h an ,xlglg'ugh it
_|OSS. In some embo |mer_1ts, the temperature a Justmen IS calried ou
IByER TRk BN Hed BereuBItpsEoM Sembsakivenibatiments; for@xamplesiods

ithe tempRIEAIe isatiusiesovat a-pariadpidem 30akaul 1 ioaboyt 10 ¢

hours, from about 2 to about 6 hours, from about 2 to about 5 hours, or

HHSRIABO AP TE4B3U 4 hours. Although it is contemplated that shorter
time pBrgds Thancthese cangas:maychedigedssushiine perians Bdlug rate)
incide with less crystallization, and vield loss. .[79] In some ,
e e R e LTS s qptidirlan g i
ageodeict precipidtions. thesteraperatuneyidmaifitainedwithin thealiowets, the
AR @ pREA oMme-IrRAmE SHER SMbodinents, NG IEMRSIAS s «,
is maintained within such ranges foor a period of not grea%er han abou ifl
ahaysOFronPRbBO Aty UGt RO GErS; froni abetic 30 Brminatebotbraboutiz:
tQOpES AITTOMAN@UES ANRKHES 10 AR NS ANQUABIIS 2 tures than the
rgggte_mplqted that shorter time p§r|OQS than these ranges may be used,
“SUCH fifeE p8Fibds %%3; BN EEE With 8%y StamgaieH APy g ieprygasion.
A80) afhis:pactiormayhe comdugiedey naesy atiousAIMOSPROFe Skl may be
ferably is conducted under. an inert atmosphere. One such
e R R ST le enenisy ve
conduéfdd olermwidebraifigenst, pressisrelsyrimcludihg atnrosfifieriang the aging

p@fﬁasqr&&%&%%&d&%}%@ﬁ{p&(%&ﬁ@E!? E%%%Hﬁsn(%%?ﬁﬁ%t%) : -ﬂ%ﬁd before

_greater than atmospheric pressure (absolute). It is typically preferred,
UKo 45 eara iR rea S ar disotf AtrAbeBHEric. fressurent 35 to about
4(abselutel abou82] T hissteastion mavhe sondyctad it varqus Jeactor

,{_6% es., llun some %mbodim(‘e.nts, for example, the reactor is a stirred-tank
FRBEON BIHEE ARGSYHESIIRGY PEAETsrS Mk BRER HHERs frsd, attHof T iy
di¢omiitsitioristehle whenexpaseddeitie isaction ninrenmay bewWsethicd that
gl[gffg?%ﬂ‘ié%g&%%%@?!ﬁ‘%%‘éﬁ&%&%&&@ G e DS en Y B8 43S it
production of undesirable byproducts. In some embodiments, the temperature adpstment
before the water addition is carried out over an extended period of time. Tn some such
embodiments, for example, the temperature is adjusted over a period of from about 30
minutes {o about 5 days, from about 1 fo about 10 hours, from about 3 to about 5 hours, or
from about 2 to about 4 hours. Although it is contemplated that shorter time periods than

these ranges may be used, such time periods may coincide with difficulties in filtration of
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20reagent without further isolation or purification, Normally, however, the
4,5-dihydro- imidazo[4,5,Hkribenzazeuin-2,6,7[11411-trione-6-oxime
product is first separated from the product mixture, and then purified. In

diments, this is achieved using, for example, various methods
Eﬁg]vg%%@%%es art. [84] In some embodiments, solid PCT/EP2008/053711

4,5-dihydro-imidazo[4,5,1-k][[]oeazazepin- 252,6,7[114]-trione-6-oxime in
ﬂ&@lﬁf bt Fms&a#éw@abémmﬂmddemima&usmg ploloexamplcse ranges
M{%@r&s@?&!&%%&ﬁm&% %mﬁeiﬁkev\ﬁglv?ﬁ&&?ﬁ%ﬁ 0 zzndes'x:ﬁblgt})éﬁrcmums.

dimethylformarnide) is recycled from the mother liquor by rectific
Sh5B e Rt AHErai TS v & e lict eohtivrises bstiswatstiamdor essentially
ditnethiyfermamigdenfor example, the water may be removed, 30followed

by dis'ﬂj ionlof dimethylformamide. [86]Following separation, the product
prefer tjg%j is WaSHE TEIRY MAtS GRaBr A tirffes ofstspmie: an cxtended time
embodiments;foieiample ctheoiiodue! isowasbed Withavate 23t from

' nount of water used during a washing may vary, in some
e ot ALt Dt U g 2 0 o
WeRHgs s dremitboariampletabiut ks (anfromiabatibidcie abow HE; be

kBl KHOHRMAE s may coinei ith difficulties in filirati . :
8,9-dihydro-2r191 711-2.9adiazabenzo cld!llé“zlufg‘?]giEig-ﬁllglﬁé}frtehaffdjéﬁ%%él&d yield

5ihé BgntHBRIEh Soitid erResh e 1or Skammptéydhehtottlamougtsahay be

wetesishaboytedrks perkiaaran 9ft B d0audrQsH fhls . of impurities in the

21- %%-Cq|azabenzo[cd]azuIene-1,6-d|one reagent used in the sythess.

&i .ough it is contemplated that lesser amounts of water than the above
ranges$’lay beuseasuthvamapls/may BAipeide Vi BHRAIBT cxample, the
congentr impurities remaining jn the product. And, although it is
“contemp a%ggaﬁw g?g]%égt&ogﬁgo%ueﬁ%l 0 1%13%5?%%@% d f\ﬂé‘ﬁ‘ﬁgﬂe &bove
SrangEsnsuehfamolnts fdy eointidecqiifajels))das.Sapakation:obte-dinydro-
Aater Sromathe Ry g&lj%)%g& P}@fﬁ%\ﬁ%‘?e‘és%” g ff%hen)%%@ tlle’ contemnlated that

centrifugation. 10[871 In some embodiments, the prodtct also
HRHGhEET IR hes brarave BBTehtscih sehmsrewols smbodimehtsyithe greater

cproeluetisashpd:with AGRIGNE QARE:QR MOKE iges. in some such
for example, the product is washed with acetone one time.

embo&}@entls, ) / ( ‘ > time
The ahhdunt BrEREEHRERA Gy SRR sy Parntamienmedture is adjusted
tcemmmdtmmspfﬁefﬁ@xamm@b rthiadntal abﬁﬂwml@ﬁl ?Qﬁ;@ﬁ,\i&&q%g@&%&?
| (ar from about 2.8 to 15about 4.4 L) per kilogram o

té@%%é?%%@ﬁ%‘ﬁ L?bz%%%%%%%afﬁ% Jvéﬁé-aagﬁmanﬂnré%@@ ftdlsed in
cpHwdipthissior rrsone tmbodiments, ifaicexample, thetptad @roounioaf abou:

- RCRIARSIS: BROUL 32 LboRer K ot from ahout 23 o At (90 i ’
_ 8,9-dihyzjro-_2H,711-2!?8%?-dﬁg%5§1$§%a?5§u SPY dfidR &Rk Jer Gadpygh i
SRS A Rb G T RsTe Brts gttt atdes ey dmosis ofiacetpneturcs
mithed the RDOVE %an@es MAY e MSe . SHEAMQUDIS MG o%q%r)?{%ﬁlgyslgg dthc

’ . & ) !

%B%a%erVZ%COEFent{atlo‘ns of |mpu_n|t|es and water remaining in the product.
PRAS atHSugh s thitmiprrei bty eitaramonrmestaten e mmpe may
bused thar theyabave:rangesyisuch anoLRisAMaY ERINSIIBWIMSIdI08S o me

' f the acetone from the product may be

erﬁ%%%@il&q b %mpera ure adjustment 1s car%cd outyover an extended period of time.
In some such embodiments, for example, the temperature is adjusted over a period of from
about 1 to about 10 hours, from about 2 to about 6 hours, from about 2 to about 5 howrs, or
from about 2 to about 4 hours. Although it ig contemplated that shorter time periods than
these ranges may be used, such time periods may coincide with loss crystallization and

yield loss.
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achieved using, for example, centrifugation. [881in some embodiments,
the washed 4,5-dihydro-iniidazo[4,5,1-
25jK][1]benzazepin-2,6,7[IFILtrione-6-oxime product is dried. In. some

bog[') nts, this is achieved by heating the solid at a temperature of
%g&m‘z% é?)gl%gé to about 80C, or from about 20 to about 75C, & RIGERAAEI53711

in some Such embodiments, the product is heated to a temperature of
65C. Alffbughitisiesntberptatas that besememperdiur ésdhad ibe o emore

FROGRS MAY-RE: HReH. SUchdemPerailues, may ﬁ%{l‘l’? iglg it loss Of for o neriod
throughput. And, 30although it is contemplated that greater temperatures
ﬁfé%e SR E BHE s e casHr Ridb memRiyedoirititeswitivanges for

prasuat decompasition: eemesnbadimants, the heating jﬁ)m@ﬁ%ﬁw&%m 30

o

for less than a%out 3 days, or from about 5 to about 10 hours. Although'i
(BTt IAEIAL BelioHS ToRUB fidh hevsBARevanbbbowidyibe

IS contemp
ersediseick {brighoparions paaydcainaide withess:oktBEauenNuh ASME Lriods

ﬁlﬁﬂ%mﬁigé‘%@%a% gligimz%%t %glgrr%%ri]g?wer. In some embodiments, this

drying occurs under vacuum. para?l%h of zlipaterot 5[89]Zilpaterol
may b&Blepdfdrfrstiramyepitheoprodisdisriiony SeotionaArbeAs, 2u0pR& ably
HRGIVANOUSRIAGEESE S rmosp k20 FOF EXAMRIE, he progduct of Section 4-3
Lcan be used to produce zﬁlﬁé‘?&m by d?rectﬁg &%ﬁ%g&?fte%’é glrg}é%ne} Finthe 5es
Iff)%ocess illustrated by Example 5 below. The product of Section 4-2 can be

used tmakezipaieriohbys for examples bsing if,a8 ad0reagent lo.make .
roduct of Secti 3 according to Section 4-3, followed by using the

the n4-
ag%‘ BE Bt Satton AOK AL TS5y FREAIRG S IS Ao B e
thaAwichthghprisduetsofeSenticnd- Licanybe alseskte:make AIBHErR) ndek the

-@é‘&%ﬂ’%ﬁ’ %8"%%%1 g.reagent to ! ke the product of Section 4-2
1accordinga touSecuScl)gﬁ fléc ﬁ)?fg\lf\}g qb)slo(jlé%fﬁ(g] the product of Section 4-2 to

make Ith€ pradifctestiBection 2 3adooreding toBectiore#u3r kitalloweskhy
e'flrﬁiﬂgiﬁk@ﬁ@,r %%B{p%?%pféé%f&%aas{%%g%ﬁﬁ Pé? &S !gsst%%%dlegxu ined
Example 5. Such processes are further illustrate %efow inthe'e ampjle
ISR G AS TSR BT REhs Y coumsitiMatiehdt albormayobel matlercaction
ritomrtheapreduats of Sections A-1, 4-2, and 4-3 by, for example,
combi[%iﬂg th.teach' patent with other processes known in
rt.

20the'a Totiffu%(i?é?gl?’%%%ﬁg%ﬁ%‘f BIOSBUIBHULS B4 B tRRETHly Be vsed as a
reggigentitoopréguee isolation or purification, Normally, however, the 4,5-dihydro-
imidazo{4,5,1-jk}[ 1 Jbenzazepin-2,6,71 | H]-trione-6-oxime product is first separated from
the product mixiure, and then purified. In some embodiments, this is achieved using, for
exampie, various methods known in the art.

[84]  In some embodiments, solid 4,5-dihydro-imidazo[4,5 J-ik]i 1 focnzazepin-
2,6,7] 1H]-trione-6-oxime in the product mixture is seperated from the mixture using, for
example, filtration,

f85]  Insome embodiments, the solvent (e.g., dimethylformarmide) is recycled
from the mother liquor by rectification. In embodiments wherein the mother Hquor
comprises both water and dimethylformamide, for cxample, the water may be removed,
followed by distillation of dimethylformamide.

[66]  Following separation, the product preferably is washed using water one or
more times. In some embodiments, for example, the product is washed with water 2, 3, or
4 times. The amount of water used during a washing may vary. Jn some cmbodiments,

for cxample, the total amount of water used during the washings 1s frorm about 4.4 to about
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zilpaterol with the synthesis techniques discussed in, for example, U.S.
Patent 4,585,770. The product of Section 4-2 can be used to make
zitpatcrot by, for example, using it as a reagent to make the product of

' - cording to Section 4-3, followed using the product of
gi&gg&/izg’%g a reagent with the synthesis techniques discusBe#/ ¥ 2f8#/053711

25example, U.S. Patent 4,585,770. And the product of Section 4-1 can be
dbl terfiareakipaleddr byoter éxalmptesiissingnivas, o diagentio, TRakihe
Rresuchaf Sestiond:-2 accord 1919, SREHAN ﬁlfﬁzs‘;yfwf(z]t!&ll%\qus? dy bgé)lilgme(;nt%%mems, for

product of Section 4-2 as a reagent to make the’product o ection
SEUBRITn gt SR AL S, feiBve sy isihl the preatat of Sedilonid-3 A H-

a seagenbuitotiB.synihesis-lehnignes discusser My forexample VS,
30Patent 4,5 5,?70. See, e.g., U.S. Patent 4,585,770 col. 2, line 33to col.
e 266 .tgﬁnﬁsé%l B108E AL CYF {1 iRes he VA S st 0ssing ed, such

, COl
exemplifging-thecpre patatigreatadydroxyasine iﬁ%@&%m@g{@%g in mfé product.
' imi 4.5 1-ik enzazepin-2,6,7 Mt,rmlonc?-_ -oxime, an _
szl il e TiNore s ote e T
WISCE ReGh slestat Cortemplate dvRe actio loSchemes:{92 bFhie veAti the
SRARMAIAIES AMYRIAGRSRETINALISH ANY,{ fi%{;%agbove reactions. In some

- i O1L. .
embodiments, the process will comprise only one of the above reactions.

In othef EmbbHitERET IR ProtedBamiiPOukse mote:thantone of ther: organic
abavesreaclionssuheialaningSaheme d.genarcally lustrates a scenario.

Wherejn all the a over actions are used Scheme | chlorinating a cot
t eSS 1L SOUI5 Suek e Sﬁfﬁﬁﬁﬁzfﬁrﬁﬁ?mﬁef the product is washed with acetone one

time, The amount of acetone used during a wash may vary. In some embodiments, for
example, the total amount of acetone is from aboui 2.2 to about 8.6 L {or from about 2.8 to
about 4.4 L) per kilogram of 8,9-dihydro-2H,7H-2 9a-diazabenzo[cd]azulenc-1,6-dione
reagent used in the synthesis. In some embodiments, for cxample, the total amount of
acetone is about 3.2 L per kilogram of 8,9-dihydro-2H,7H-2,%a-diezabenzolcdjazulene-
I, 6-dione reagent used in the synthesis. Although it is contemplated that lesser amounts of
acetone than the above ranges may be used, such amounts may coincide with greater
concentrations of impuritics and water remaining in the product. And, although it is
contemplated that greater amounts of acetone may be used than the above ranges, such
amounts may coincide with yield loss. Separation of the acetone from the product may be
achieved using, for example, centrifugation. |

[88]  In some embodiments, the washed 4,5-dihydro-imidazol4,5,1-
jkli 1 Jbenzazepin-2,6,7] 1H]-trione-6-oxime product is dried. In some embodiments, this is
achieved by heating the solid at & temperature of from about 20 {o about 80°C, or from
about 20 to about 75°C, To illustrate, in some such embodiments, the product is heated to
a temperature of 65°C. Although it is contemplated that lesser temperatures than the
above ranges may be used, such temperatures may coincide with loss of throughput. And,
although it is conternpiated that greater temperatares may be used than the above ranges,
such amounts may coincide with product decomposition. In some embodiments, the
heating is maintained for less than about 3 days, or from sbout 5 to about 10 hours.

Although it is contemplated that drying periods longer than the above ranges may be used,

28



10

[ )

20

25

07;t2=--=0 base 2. H2, catalystCH; hCIHT3 acetone, acid :22-0 H2,
catalyst C113 AcOH2N >'CH3 7 > N base, alcohol -tee- Cris UN Chis

WO 2008/119734 PCT/EP2068/653711

such longer periods may coincide with loss of throughput, as well as inefficient use of

equipment and manpower. In some embodiments, this drying occurs under vacuum,

A-4. Preparation of zilpaterol

[8%1  Zilpateroi may be prepared from any of the products from Sections A-1, A-
2, or A-3 using various processes.

[90]  For example, the product of Section A-3 can be used 1o produce zilpaterol
by directly using if as a reagent in the process illustrated by Example 5 below. The
product of Section A-2 can be used to make zilpatero! by, for sxample, using it as a
reagent to make the product of Section A-3 according to Section A-3, followed by using
the product of Section A-3 as 4 reagent in the process illustrated by Example 5. And the
product of Section A-1 can be used to make zilpaterol by, for example, using it as a
reagent to make the product of Section A-2 according to Section A-2, followed by using
the product of Section A-2 to make the product of Section A-3 according to Section A-J,
followed by using the product of Section A-3 as a reagent i the process illustrated by
itxample 5. Such processes are further illustrated below in the example generic schemes
m Section A-5,

[91]  Zilpaterol also may be meade from the products of Sections A-1, A-2, and
A-3 by, for example, combining the teachings of this patent with other processes knows in
the art. To illustrate, the product of Section A-3 can be used as a reagent to produce
zilpaterol with the synthesis techniques discussed in, for cxample, U.S. Patent 4,585,770,
The product of Section A-2 can be used to make zilpaterol by, for example, using it as a
reagent to make the product of Section A-3 according to Section A-3, followed using the
product of Section A-3 as a reagent with the synthesis technigues discussed in, for
example, U.S, Patent 4,585,770, And the product of Section A-I can be used to make
zilpaterol by, for example, using it as a reagent to make the product of Section A-2
according to Section A~2, followed by using the product of Section A-2 as a reagent to
make the product of Section A-3 according to Section A-3, followed by using the product
of Section A-3 as a reagent with the synthiesis techniques discussed in, for sxample, U.S,
Patent 4,585,770. See, e.g., U.S. Patent 4,585,770 col. 2, tine 33 to col. 4, line 2: col. 7,
lines 51-68; and col. 11, lines 41-48 (discussing and excmphifying the preparation of a
hydroxyamine compound from 4,5-dihydro-imidazo[4,5, [-ik][ | oenzazepin-2,6,7] 1HI-
trione-0-oxime, and then the preparation of zilpaterol-HCI from the hydroxyamine

compound),
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HOb,2 72-0 WO 2008/119754PCT/EP2008/053711 [93]The following
Scheme Il generically illustrates the above scenario wherein the
chlorinating agent comprises oxalyl chloride; the Lewis acid comprises
ﬁ]g% ? I%/‘grolyss acid following the Friedel-Crafts reaction comprises

e Inorganic nitrite comprises NaNO2; the acid used in #§&/EP2008/853711
oximation comprises EWA,; water is added to the xitnation product
mixture to foster isolation of the oxime product; the base used to fo the

oxim.e salt comprises l‘x@)}"}plﬁi‘%@ﬁ)ﬁbf%}hﬁ eft f?’ /drogenation

compr f palladium on carbon; the acid used in formation of the
isopro&% denediinG €6 ﬁBﬁW@%WM@é@@%@ﬁ@Sébﬁﬂ utecatdist forthe
@ac@m hidsogenation comprisesRIAIRWN IR, SAHQN, ﬁng,@c% basg,and

aloe 1hol u neglﬁt&for iIi'le Z”ﬁ {&Erol free base comprise NaOH and

T0ethanol. respective RS g&ltt§([§mll°fs§ﬁ%i’}}’ﬂ%§ir‘ét§tf@ﬁ’fm0ve

itiatithis |vﬁix@mmmmed.@mmﬂﬁmbﬁﬁhwmbﬁéﬂﬂ%%&@ﬁ O the above
Mere,0f the reagents and/or products in the above synthesis 5 reactions
may be in the form of a salt. This is particularly true for the zfipaterol
product, Which may, for example, Belinttiael form of One or more acid
addition. salts, such as an HEI salt. Salts may be, for example, base or
acid addition salts, In general, an acid addition salt can be pregared using
various inorganic or orgém&mdsnb nq a base addition salt/ca \ge
prepared usm/g\varl us inorganic oaﬂgamc base§\buoh salts can
typically be orm%/ i, for example, mixing freébase compound with
an acid or mpqa¢ ee aC|d compound Wlth a s,e»usly@, or example,
various methods kribwn in the art. A salt prdy be advaritageous due to one
or more of its chemical or physical prorg|e§e“§yagg ag,stability in differing
temperatures and humidities, or aarab‘&emlublllty in water, oil, or other
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solvent. In some instances, a salt of a compound also may be used as an

aid in the 15isolation or purification of the compound. In some

embodiments (particularly where the salt is intended for administration to
g}bazn!)ré}%lg or i; a reagent for use in mak_ing a compour]d or salt intended )

or administration to an animal), the salt is pharmaceutically déceptapetsirii
The term "pharmaceutically acceptable” is used to characterize the salt as
being dBPropHitéofbrvise frebepltaingaceitichl phothacts thegénetakcaario wherein

phammaseutical.2Q3 ! N§,0F MOTE, s ihat, ..
outweigh angdéleterig%z%f%fgftat Na%@%@él%ﬁ%%é&&%%@% iﬁfr‘?]p Eecsl’b)%he
TS GI aﬁ/o@%ﬁ%{fiﬁ%ﬁi@ﬁ@%ﬁ%g@w@f@ﬂwm@sé&a@@n gatganic nitrite

inelpgle-hydrooharic.dwy drelianic o RygrgiRdis,fitrc, LRHOONIG, w&ﬁ% to the

5 gnd.gthos%h%ric acid. Exarg1p|e§_ of organic acids inclgde, for example,
2 HipHANE PELy e BHiphadR [AremsRie S aishat Mo srdegtIies Capparglic fom
. ndsuitonit clagsessaf Oiganiccatigs: Speaaifie examples shargapisisalts
ingl rhate, laurate, acetate, trifluoroacctate, formate, . _
R e TR o RS e gamoound
tartariecaeig(aned shivatlvbsitherdofiemy dikergoyitartrate)yciteaiaginum on
, : e, pyry .aspartate, . ,
e e e o DB AR Whagi o and
10 ﬁ%—"ﬁ%‘r&?ﬁ}ﬁéﬁi%te, .phenylacetate, triandelate (and derivatives thereof),
cmbonate (parnoate), ethanesuiforgig;;hefszenesullonate, pantothenate,
2-hydroxyethanesulfonate, sulfanilate, cyclohexylaminostitfonate, algenic
acid, P-hydroxybutyric acid, dlactarate, galacturonate, adipﬁlte, alginate,
butyrate, camphorate, cafnphgrstdfonatc, cyclopentanepfopignate,
dociecylsulfate,/g_\lycobl}{eptanoatemi vefQ hogpg\at) heptanoate,
hexanoate, niqptirﬁlt/e, -paphthalesullonate, dﬂuala e;;@[poate, pectinate,
3-phenylpropionaté;-picrate, pivalate, thiocyanate; tosylate, and
undecanoate. [96]Ex§mples of base addition salts may include, for
example, metallic salts 5and organic galts; Méetalliet salts, for example,
include alkali metal (group la) saltg; alkaline’&arth metal (group ha) salts,
and other physiologically acceptable metal saltg,Sych salts may be made
from aluminum, calcium, lithium, magnesium, potassium, sodium, and
zinc. For exampPéT‘“@ free acid coRPOurimay ﬁéé\rﬁf@q with NaOH to
form such a base additign salt. é%‘ézgfﬂrrmﬁts mayigeﬂngade from amines,
such as 10trimethylaming~diethylamine, N,N-dibenz]ylet)a;ekenediaminc,
chloroprocaine, efheﬁit{émine, diethartolamin ,é‘ﬂﬁ?lé‘rﬁbchamine,
meglumine (N-methylglucaminc), and progaine. Basic nitrogen-containing
groups may be quaternizect with agep#s suehtas C]-Coalkyl halides (e.qg.,
methyl, ethyl, propyl, and butyl chjefides, brEmitles, andibdides), dialkyL
sulfates (e.g., dimeghyl, diethyl, dibuytl, and diamyl sguétg,%), long chain
halides 15(e.qg.gecyt-lauryL, myristyl, and steag)é: chiarides, bromides,
and iodides), mylalkyl halides (e.g.cdehzy! and pheriethyt bromides), and
5 A /

others. N N N
e LT o
- Ii\iv- ) \\\//WM_N

Cﬂ_; fCHJ
ACOHZE\{/\CH_; | N CH,
HOn HOm

h\‘! \/ NaDE, IO%N;/ >
/\\\/‘N ethansl N /j:\\‘\\r lllllll N
| =0 l )

e s
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H i

31



10

15

20

25

30

C. Uses of zilpaterol and salts thereof prepared in accordance with this

inVel [97] Compositions containing zilpaterol or a salt prepared in
accordance with 20this invention may generally be used, for example, to

[ ate of weight gain, improve feed efficiency, and/or increase
(?ﬁ%as%&%%%éess in livestock, poultry, and/or fish. [98] TYSEAIRPOMHRESIT1L
zilpaterot or salt composition is administered orally. In some

embodiments, the composition is added to the intended recipient animal's
drinking water. In other embodimentsg, thg; zilpaterol or salt is added to the
intend ;eci ient's feed; either 25directly or as part of a premix. Suitable

Sge FORMLTHdGdECTeh Bsciii & s licr i athorrmre(angastablets,

oral dosa
?mﬁd)dimmfh @&r&&ﬂﬁﬁn@b&fﬁhﬂﬁ@a p&w@&@%@%ﬁd&@%ﬁ%ﬁ ufd Q{;tl 'ﬁlﬁ_@h' 00508 nesis
G ... solutions, suspensions, emulsions, syrups, etc.). These -~
e b G oo
Bxéthients Generailydnaiudehddpexatiple psweeiening RUeMSfRVRIAG:s a» Lo
agenis;sol riggﬂg S, Rreservative.30agents, inert diluents (e.g., . .
calcium carggonate, %ﬁ%’?&%ﬁéﬁ%&lﬁ%&ﬁ Elkid hEShEEpHEacid addition
%%’d‘i?ﬁ’mbﬁ ﬁEf‘sﬁFF‘éftéS}éig REBHH, igmﬂb}tm‘@a}mid i&iiﬁeg&rzatim@aa_g et ke galt can
@9@6@&%@fﬂl@ﬁé@k@ﬁ@ﬂ%%@@@r@&ﬁ@%@sg'S glatin. aga %gi’cg_l.y' be formed
gar quégnrggyl cellulose), and lubricating agents (e.g., magnesium .

e BVate  URGIR EH? Sfabes e (SRfuRe RibfE géregal i comirise
@splvent withe sabeantpraterablpis sullicientCRMILALPIORRVHRS ANy may
pelgt: tit¥ atoc(lﬁ%eglglg glillgaterol or ﬁalt solubilized at temperatures at the

nal storage temparatard 6 tha BB T Eahiaapeiiatesush s stability

norma
iméibend dsimable fos thel Comploisitionsatdes DA ISE QN PHMME:, oil, or other
PIesarvatives. Hhe piesenge of a preservative may, for example, allow for
the compositj%;\s_to be’store oQ/é'grgngFeﬁé%r‘s am t?ﬁt%??iﬁ‘? W8 B5me
IabsaitentEi s pisahsrepopeitislinstmecfonthaipanticles-adiered g the

salipparkuktihr Huturkdaded (o dbeintended %eféEé%Httﬁ%? ima %hTha%{ing a

sgg)p%}rtﬁdﬁzagaterol or salt may be incorporated into the intende
PGSR BT ISRHET ity 6P B BRIO ST pramixt t onte mplatadceutically
asuppdrts inatudes fosaxample; dNses SYRRIESSUeh RS HASRIEIMD the sait as

r shelf flour, talc, soybean hulls, soybean

rbonate, Limestone, oyster . .
o L T i G RGBSty
apreiiidornligememealnoorhglefientstarei;SpciseiAne: 16108 et that the salt
n@gq;’gg;él.arly contemplated supports include corn cob supports, such as the

support discussed in U.S. Patent 5,731,028. In some embodiments
empldyihg aFE8rPEsIP Slispentieie dizéatihadippont is frav aliout 36Q to

adBabeowi 8O0 E}F@lf@cfﬁi@u@,tﬂﬁézgB%trﬁ[&tlf?d§§i_l(§(Hg,rﬂaﬁcs Eh%o%'i% sulfuric, and
adhered to,the support have a particle size that is less than the size o]ff} €’

PIIBBSHE Hitrs o Ehep I Sirsotrs eivtiedinfents ampiniehithaiisupport is

cfvtr b, 306nta aheuliB0RiHMetheparticles@r At IaastaRom. 25%.Qf ¢

t rticles) are.ess than about 250 p.m. In. some embodiments, the size
O Rt o o s AP G TSt AR A T i 200 T vt

the m.ajofri ﬁcé?%he pa
iriﬁ@gg}f@p&{injﬁmwhe}pmmgtﬂ!ﬁmwtjﬁt&d%ﬂ@ﬁtﬁmét@! &altidbiSie, iactate,
mRraiered o aye QI{’&S&%@Q vatives thereof, e.g., dibenzoyltartrate), citrate, ascorbate,
glucuronate, maleate, fumarate, pyvuvate, aspartate, glutamate, benzoate, anthranilic acid,
miesylate, stearate, salicylate, p-hydroxybenzoate, phenyiacetate, mandelate {and
derivatives thereof), embonate (pamoate), cthanesnifonate, benzencsuifonate,
pantothenate, 2-hydroxyethanesulfonate, sulfanilate, cyclohexylaminosulfonate, algenic
acid, B-hydroxybutyric acid, galactarate, galacturonate, adipate, alginate, butyrate,

camphorate, camphorsulfonate, cyclopentanepronionate, dodecylsulfate, glycoheptanoate,
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extremely small zilpaterol or salt particles. In some embodiments, for
example, the zilpaterol or salt particle size distribution is such that less
than about 5% of the zilpaterol or salt particles have a particle size of less
él@%{a]%%gfﬁg ,um. The methods discussed in, for example, U.S. Patent
731, incorporated by reference into this patent) for makifd/BE¥08/153711

specific size distribution of crystalline zlipaterot may generally be applied

BHIPRAGARE BRI PRIvINg this aib oviecti stri Beth gize tistibutionsalate,
E0ADE iheieie e, CORBABIIRD RANEOOIRIRC IR IER, R 680
mixture will vary depending on, for example, the type (e:g., speciés and
Braet’Ye, weight, activity, and condition of the intended recipient. For
bovinejesid swngvarigusieedsiars AQwallknownin dhe.art, ARA.0REN. sais
ngg{)({’ﬂgg;_r_iﬁtsﬂec‘f(:k,\%resaIﬁ{'I su .ar§;§r§ins; arachidic, tournsole, and soybean

Aaike iurd BF BRI oHo A SIth Hs'hen Hbok: mih e aeiade Hitkeral

press-cake, 1iours o

shitnyitanhins;tanoxiddhtssaste aini gereraly theilpaterl-oneslt metal salts.
that is available and used

0 ition i rated into any fe ’
R A N N T e e
a0 IsCoRte fiplaearimetiiecAipaterobonsalttegphpositionvitiay4ss] to form
adminalereiia nen- LIRSS SRR AsTgialy B Tfalayan (0.0, vi

a mist or aerosol), transdermally (e.qg:, via a transdermal patch), or
e ek D S et e d
dftrachusoidatiifiectiamiimpianiesdrvice, Ratially RIMPIARIRH JEVIEs £I1C
In some. a%gn%l[g%r g}g}b?dlments,. the com;egsﬂmn is administered via an
HmpIant, such s & eubRUAREE TP ILAY. ol B R S 8660viRe 45rC1-Co-
Syine: beimialg, focexamiple, thepebrapositigncmaydes, adminisiered inihe),

f ).l t behind t.he ear.,. 02],In. general, the zilpateral or .
o e L G e B e s
(effedivyl aliBuhtoritielzipheirovbeaiiThisispdnculilyitias wheat the

haiaterol orsaltis the Rabiactvsnargdientdn the composition. To the

extent the zilpatcrol or salt is administered with another active
ingredient(s), the dosage preferably comprises an amount of the zilpaterol

or saltithat cfogethen) vith hesamadmyedoiheractive needients); /mvenron

constiij:y.}cis gn effective amount, In the context of the zilpaterol 15or salt, .

an "effeCtive AMBUNE IS &1 AmMOUNT SO SHE A SR th S raterBhRsi gHED

tgainyiriprovesfegdiefibiénoycdniifoninarease parcass leannessindherain,

. _ ipient (typically: live k. poultry, and/or fish). 03] When_

ipreceenenl sl esles seviny o el LD
daily t58age! t¥Ai THEpRRereel totzdldailydoseohithdziMaterdloor saltissome

CMGW@QQEQ%@@Q@H@@Q Wti0:0 jf()rﬁg;[lﬁ&&rc?ed %@g'&@l%&frﬁ;p@&?ﬁﬁ& aii water,
) sailt er kilogram bo‘dykwel%h_t) particularly for bovine and swine animals.

49 85T RATRTE D SRS the” dially trsiisdd drdmintsatciodisaldordoither
diregrkgyfenmaatdut B0 sbietd 6:medgs dramabest8:0R1Q.abQuL Zoli
dcrﬁ'%k%%% eabo{g{[ﬁ(e)ﬁl Eg %bgqut g.t or from about 0.1 to about 0.2 mg/kg. To

il frate. in Some embodimants. 8 HoSeTE BStite s gl pastes, and
liquid dosage forms (e.g., solutions, suspensions, emulsions, syrups, eic.}, 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., caleium carbonate, sodium carbonate, lactose, caleium
phosphate, sodium phosphate, or kaolin), granulating and disintegrating agents (e.g., com
starch or alginic acid), binding agents (e.g., gelatin, acacia, or carboxymethy! cellulose),
and hubricating agents (e.g., magnesium stearate, steatic acid, or talc). Liguid

compositions will generally comprise a solvent. The solvent preferably has sufficient
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25[1041 In some embodiments where the zilpaterol or salt is administered
in the recipient animal's feed, th.e concentration of the zilpaterol or salt in
the feed (on a 90% thy matter basis) is at least about 0.01 ppm (by

(Brgﬂj {F%r bovine animals, the zfipaterol or salt concentration is
prefé %y no greater than about 75 ppm (by weight). In someFPCT/EP2008/053711
embodiments, for example, the zitpaterol or salt concentration is no
GREEiSk LRERP AtSEIEBE BOP I 1drberraibontifebtol abeut Mmeérm@@%hlres
3t ahouh 8 Q@%H@%ﬁ@a@@ 34, 6%%098&%31}5 PRt ms%]g no- £
swine anlmals the zilpaterol or salt concentration is pre erably o gn%&té’F
frafaRboli A ﬁBFﬁ@é&i%ﬁé%f)OW%Wfs%m@mmW@nwﬁfo’f“@@mpie;: of
m%eﬁmmﬂﬁﬁwmiseﬁwa&ﬁbw% @Q%%%BB%?&H& ahout 9,210 EC’HG}I
about %m from about 2 to about 5 ppm, or from about 2.2 to ab
5P, waelght) WO 2008/119754PCT/EP2008/053711 [1051

Aglthouwismgiemmé dﬁﬂwcﬁﬁ&ﬁ;@aﬂ&tﬁﬂﬁwﬁmﬁe&gﬂ@du%fﬁ}@éﬁt@ lated

1 roas pbet nd ses can pe use epe ng on,
e B T R tefo G e The Supported
cbpitenapritedt thay éﬁmmwrmseé mwltﬁaradmmstergﬁdm@ﬁmmilmﬁét Iy ot

B R R e s

day may, in some instances, b to increase 1 al'oral

splaapead O““le%ﬂeﬁ%noé@i%ﬁi@élféwwaﬂaﬁubbmheﬁuswl}ﬁanmﬁtm
m;efearh %B@t@b@@ﬁé’rdﬁﬁﬁ o thezilnaterchor sall !ﬁr@%p%@ﬂ%@aﬁtg : thalg]ﬂ meal,

ou 0.05m ram of ziMateral or salt per kilogram body

illi
RN T e e e e
w@inboginrentssthe dai lylﬁjﬁlﬁe dsfiomrabout) :igabout Q6 mg!&ge [1071
: zilpatcrol rsalt comp ition is adminjster dparenter via an
e P o 5 CEIb e oot 300
Wraterabiyis Susfielidny 1o prolicetieded pmtthesamumaumﬁmtm@ support

@U&OW‘&QH@Q%Q%%%Q nsaltin Yo J)?”@x% Ega;t}(l)% a ugt? T EX 88&)&% AR SPRC

%érenteral administration. As with oral d|n an 15injec
€

Rt thoHe e Uy retiougAitisibont8Atplateththat tiolcs (or at
lshouer R ngerRaHs LehMerEdRse RIS 6 PE usRd: 4&1%%&11310}1% the

Fact S, affectln zb Egreferred dgsage regimen may include, for examp
Sthe ty S (R S i R BTels Ay RGOk %@%I”e%{}%ﬁw)? aiepic
geondiiiondoftiveintentieg [ee@pm;mnﬁamﬂ ad mml%taag%wz%%q({%&m using

f V|a rgnlgl ate subcutanequs implant, other
cRiRhH el o tc; e rtn%gc% glca 1 SBRSUBPHBRI SO Be e

parentéral rout etc ; pha
?%i’@i@/ %fﬁ@éwﬁ fpﬁﬁﬂiﬁa@i@aﬁeﬁmm dudxiceldey ﬂrsofl}@at@fﬁmﬁ)paﬁlgujﬁ&cm 1

O B e By

administered as part of a combination of active mgredlents

s rareilg Amb it af the it éreroperresdn velrysandpthéraforesntafor making
a geaddte ﬁﬁﬂlﬁ&%ﬁ%ﬁiﬁ@f@@?ﬁﬂ%é% ferh, P};{Q%l %eﬁﬁ%%t%{ﬂi%ﬂgds N 8611 mai\mt‘

m%{%%g}? vm]g,ufchc: X nts is generally within the skill of -those in the art us

ove-described size distributions,
[108] To the extent the composition is imcorporaied inte fecd, the feed mixture
will vary depending on, for example, the type (e.g.. species and breed), age, weight,
activity, and condition of the intended recipicnt. For bovine and swine, various feeds are
well known in the art, and often comprise cereals; sugars; grains; arachidic, towrnsale, and
soybean press cake; flours of animal origin, such as fish flour; amino acids; mineral salts;
vitamins; antioxidanis; etc. In general, the zilpaterol or salt composition can be

incotporated into any fecd that is available and used for the intended recipient animal.
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conventional means. [1091 It is contemplated that the zilpaterol or salt
composition may be administered to the intended recipient a single time.
In general, however, the composition is administered over time. In some

%U}Po%i ents where the animal recipient is a Livestock 30anim{§1I, for o
exar%ﬁplgg?‘}t%[é‘ngipaterol or salt is administered daily for at least ab&tieg8/053711

days, more typically daily for from aboqt 10 to about 60 days, and stil!
more typitdlly Hailydoicthminted borit 20zidpaisoutod Gadtaysnpnsédmenpatiicular

emhadiments. the compasition.is administered ,ﬁ%iéyati??&lf@m %?&y%%%féé‘“
10 to about the last 60 days of the finishing period, or fro Gbout the Tast
3H P A BEPIHETHATAS Bays srTRESHrishimg peres TRt er (WO subcutaneous

2008144 97b4RENERZOOR(0BZ L1 sEinishing.neriad ieters 4o.1he |atet,
stage of tge rowing period for an animal. During this period, livestock _
RIS S b ly oA heA e eRIBR T EEm A e R e B ored
the divespbok.animnal issathovineyanimslk this pesios lasts far tdeQé@vﬁQ%ﬂ_s%%le

- 2 , and depends on, far example, the starting body wei
O R, S SRR A Sy e S5
ﬁ?f@*ﬁﬁ@%@r"}od in which no zilpaterol or salt thereof is administered. The

length agtyis withcrawal period.may.depend §8§ i?é%n%%%’e}?ﬁé}lg%osage

it
e.g., species and breed), age, weight, activity, é\n condition of th ,
é@&bﬁ‘éﬁ%ﬁﬁ?&ﬁ%ﬁi,@s@fiﬁéﬁl&%w%@é i Beceptabieredidinés particularty true
ehacantalipidn the meatal heyanimalinb EXAMRLES mpo i@l T8he exient

Example drBreparationof:8G-Whyithe2di-d; $a1 B9aogether with the amount of
sspmeageimeanien qUps Sy glen.
7 Sl tHy P Fspiex@mount” is an amount sufficient to increase the rate of weight gain,
improve feed efficiency, and/or increase carcass leanness in the intended recipient
(typically iivestock, pouliry, and/or fish).

[103] When the composition is orally administered, it is typically preferred to use
a daily dosage form. The preferred total daily dose of the zitpaterol or salt is typically
greater than about 0.01 mg/kg (V.e., milligram of zilpaterof or salt 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/keg, from about
0.05 to about 2 mg/kg, from about 0.1 to about 1, or from about 0.1 to sbout 0.2 mg/kg.
To illustrate, in some embodiments, the dose is about 0.15 mg/ke,

[104] In some embodiments where the zilpaterol or salt is administered iy the
recipient animal’s feed, the concentration of the zilpatero! or salt in the feed {on & 90% dry
matter basis) is at least about 0.01 ppm (by weight). For bovine animals, the zilpaterol or
salt concentration is preferably no greater than about 75 ppm (by weight}). Insome
embodiments, for example, the zilpaterol or salt concentration is no greafer than about 38
ppm, from about 0.5 to about 20 ppm, from about 3 to about & ppm, or from about 3.7 to
about 7.5 ppm {by weight). For swine animals, the zilpatero! or salt concentration is
preferably no greater than about 45 ppm (by weight). In some snch embodiments, for

example, the concentration is no greater than about 23 ppm, from about 0.5 to about 20

" pprm, from about 2 fo about 5 ppm, or from about 2.2 to about 4.5 ppm (by weight).
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aIihydrobenzimidazol-l-ylibutyl1-1-bett7imida_7o|47bljtallonte
204-(2-0x0-2,3-diliycirobenzimidazoi-1-yi)butyric acid (50 g; 0.227 mol),

N,N- dimethylformamide (1.84 g; 0.025 mot 0.11 c;o), and dichloromethanc
(@80,8: mol; 24.89 cc) were charged to a stirred-tank reactor. Oxalyl
chloﬁ ési 112 g; 0.2415 mol; 1.08 eq) was then dosed at 1020 GRB&53711

1-hour period while stirring. The resulting mixture was then stirred at
10-200 ¥67 lan'dididieinenelswrahdeihbedabove stepsaltere 2aean duteshtemplated

hexdi2a108esPPateds VR, 2AORIIATIARCTIER2008/05371L -\
Ellnij P;Efzé. g%ga?ﬁonsofS,ﬁf%dro-%lﬁé%%?% “fiazabenzGiggmr'e 1

SRR LB IHHGHE™ O ehibrdizselifty s digkgontemplated that smaller doses may

bd ddbenziniictazot-d- butanaate SOy dinidd ifddeg, 98 AINARRENZS spen

[celiazttiene-1 6-(9 tone The reaction product mixture f_roﬁm Part A was N

agjé%ﬁooé&cssli}rjﬁi/ OF alGrHiRLIATChIBHARCS: AOuser! &9 Tervense tBezrag) wrel daily

thehlérdmitidane (320 g; 3.768 mol; 16.59 ez) over 2-5 hours at 60C and a
in a stirred-tank reactor that allowed HO

pressurgBf 2y:har,(@hsaldie) N a, stirrec ADCOUS D tlﬁ?‘?g%?é?ﬁf@\l%al daily

as to escape through an overpressure vert.
Qitred Wi & %‘éﬁﬁi@hﬁli%L%'Imi@%tﬂmgtememwmﬁm%e@jﬁg%%détgﬁiﬁ%gm of
Hr ; .water (800,0..44.407 mot; . eq,c‘ .
o acate 32500 L (Lol LD el e i S S e e St 1
S%@%ﬁ?%“hﬁ%‘ﬁﬁﬁ‘%ﬁﬂ?&%&? dB8letPls OCandtpe fdsirtheticaidspaar was
evacugted tor 300 mbartahsalutek eI H@%z#@&@?{) 51%?1%9&2;‘%%?& an

; i ture
e P S ioh Srdloctore e fernes by
éBeior wassrisedwithsadditionatdichloremethang(25:0 024 Mk b & salt in
aexg))iu\ﬁ’li@ a0 W@ﬁc@%ﬂﬁg ?&dp'é?e% &3 eagprr?%gg%%%%%r' r}%%ﬁﬂ g%%?{%??{gzgg?an

dichloromethane was then‘completed a a
injection dosage form may be administered once per day, although it is contemplated that
shorter or longer periods between doses also could be used.

[108] Factors affecting the preferred dosage regimen may include, for example,
the type (e.g., species and breed), age, size, sex, diet, activity, and condition of tiie
intended recipient; the type of administration: used (e.g., oval via feed, oral via drinking
water, subcutancous implent, other parenteral route, etc.); pharmacological considerations,
such as the activity, efficacy, pharmacokinetic, and toxicology profiles of the particular
composition administered; and whether the zilpaterol or salt is being administered as part
of & combination of active ingredients. T hus, the preferred amount of the zilpaterol or salt
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 using
conventional means,

[109] It is contemplated that the zilpaterol or sult compaosition may be
administered to the intended recipient a single time. In general, however, the composition
is administered over time. In some embodiments where fhe animal recipient is a livestock
animal, for example, the zilpaterol or salt is administered daily for at least about 2 days,
more typically daily for from about 10 to about 60 days, and stili more typically daily for
from about 20 to about 40 days. In some particular embodiments, the composition is
administered daily for from about the last 10 to about the last 60 days of the finishing

period, or from about the fast 20 o about the last 40 days of'the finishing period. The term
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pressure (absolute) and 12-40C. The resulting suspension was cooled to

Oct The solid was filtered off; and washed 4 times with water (29.1.25 g

each time; 64.668 rriol total; 284.83 eq. total) and once with isopropanol

(:.%8 90 1.331 mol; 1.331 eq) at OC. All the above steps were conducted

Shada NS %“tmosphere 20 [1143 Example 2. Preparatiofi-GfEP2008/053711
4,5-cluipl imidazo[4, Pc] [ l]benzazepin-2,6,7[11-]-trione-6-oxime.
Sioiginainesiod 117w 0hg i@snﬂbgemﬁ@ategdamupem@cﬁm tieahitgl. During this

yero-Hie A [fhiondr 3&1@- flone-6- O%Qg%%ﬁfﬁs/whem

1]
8,9- le%/dro -21-1,7H-2,9a- |aza enzo c azu ene %Gidlone
Ht&rt %@% ﬁr@B@f@H ﬁﬁ%o%aﬁ@@qﬁutmh@pfmdbmamammezzﬁ

daypsidrieg aid mnmﬁ%ﬂg&om@@@n@g @egy?’\gmglﬁ%%*zgﬁgieq%@ﬁqs
Water 3 01 ;.0.167 mol; :})10;3 eq) (in alternative e é)erlments and

BradCti ‘Baaiﬁ%‘?%ﬂé PEYG AT B RSERATAZ(ERAO »el@ﬁém@l or salt

mmm«mﬂe@mn@ewﬁgﬂaemmmﬂuaeahma@amlwymaﬁem&%a%

élfsk%% O%?%%%p % ad ﬁmata:glbwndogtgghgféaig %tlégcrt]n%]‘:}\'l,v aarttgrc%}qgﬁmn of the
BOpHipreBIHaTY B@Eagahmazzzabemm{@dbaﬁdemf@ﬁ} dionena@iscomiingeh: of
with.sedium nitrite (19.05 g at 99.3% purity; 0.274 mot; 1.2 eq) and
N,N-dimethylformarnide (800 g; 10.945 mot; 47.9 eq) in a stirred-tank
reactor. The 10mixture was heated to 50C, and then 32% HO (41.65 g;
0.366 mai HC1,; 1.6 eq Fic) was agddad@yers 30 minute period. Toward

the en Ict)wg i ddltlon (i.e., after greater than 1 eq HCI had been
aololeon‘;1 ‘Pﬁg‘;é YivE GO e RS st o boT 7t e AREbarime e s
iaduiednthednbdtiireiivgsstircad-ati60E domandadaiianah 3ymigutes. The
mixture then was cooled to 35C over a 2- hour period. Next, water (224.71
0; 12.473 mai; 54.6 15eq) was added over a 2-hour period. The resulting
mixturd s Eﬁéﬁ*péﬁolec?t@z@(i&ﬁmwrd 2 notinpeniad] apdxpaintained at
daaebeprperaturaitaed olinseAfterward, the solid 4,5-

dinydidJihicB2B{4: 5 HLRaRT T RAINDlE HURP ticho:6-0Xirhenpatisc]-1 -
RiGEtPatRoved by filtration and washed 4 times with water (70.1 ml each
time; 15.566 mol total; 63.13 eq total) and once with acetone (115.9 g;
99.9% purity; 1.99 . 8.73 eq). All the above 20steps were conduc;ed {
under a N2 at

N
\\/ ¥ \
l © o A >——‘:O
/ N
H N
A4-{2-0%0-2,3~ Tior i Ty
dihydrobenzimidazollyDbuéyric acid ;_ﬁ_ﬁgf,igf;ﬁdg?{f?%fﬁf{‘é’;ge

4-(2-Oxo0-2,3-dihydrobenzimidazol-1-ylYbutyric acid {50 g; 6.227 mol), N,N-
dimethylformamide (1.84 g; 0.025 mo}; 0.11 eq), and dichloromethane (480 g; 5,652 mol;
24.89 eq) were charged to a stirved-tank reactor. Oxalyl chloride (31.12 g; 0.245 mol;
1.08 eq) was then dosed at 10-20°C over a t-hour period while stirring. The resulting
mixture was then stirred at 10-20°C for an additional hour. All the above steps were

conducted under a N, atmosphere.
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[115] Example 3. Scale-up Preparation of
8,9-cithydre-21-1,71-1-2,9adiazabenzo|ctliazulene-1,6-dione 1116] Part A.
Preparation of chloro 25butaimate. 4-(2-0xo-2,3-chaqro

-Cli ﬂrQ] -ox0- 11:1-ben7inn(lazol-1-butanoate chhlorom_ethane

I{va then 4-(2-oxo-2,3-dihydrobenzimidazol.4-Abutyrit¢déig (89453711

kg 2.4 kmol) were charged to a stirred-tank reactor, followed by
N Ndm{é%ﬁylféﬁhhﬁm%m pYioTihe febsulifivg midiliSivaSsdbieth e A0
ﬁ\ﬁ@%ﬁ}d hERt WO 2008/119754PCT/EP2008/053711 chloride (326.8
kg)) was dosed at 10 15C over 2-3 hours while stirring. The resultlng

mixture was then at 15-20C for an additional 1-3 hour the
above steps ted under a N2 atmosphere. Conyérsion\was
checked by | -process control ("1PC"). [117] Part B. Prepa ation o

' 5 ,711-2,9a- diazahgnzo[cetazuen oriexgl—-hloro

O11I benzinthlazol-1- 1mtanoate
8,9-tliydro-211,711-2,9a- diazabenzo[ed]azulene-1,6-dione~Altudinum
chlorlde (1050 kg) and dichloromethane (2403 L) at 10-20C were Eharged

dredetor; followed by additional dichlorem@éthane {142:1,9-
at ?6? ?%%Tgi?fﬁfsé HRE M tor, The reactor was therpreeamnliv bt e pattone

To2iZabasi(ahsaltite) and ReA@HIOA wes added to a shurry of aluminum chloride
(100 g; 0.75 mol, 3.3 eq) in dichioromethane (320 g; 3.768 mol: 16.59 eq) over 2-5 hours
at 60°C and a pressure of 2.7 bar (absolute) in a stirred-tank reactor that aliowed HC gas
to escape through an overpressure vent. The resulting shuirry was stirred for an additional
hour at that temperature, and then cooled to 12°C. Tna separate stirred-tank reacior, water
(800 g; 44,407 mol; 195.59 eq.) and agueous 32.5% HC! (118 g; 1.052 mol HCE; 4.63 eq.
HCl were mixed. This mixture was cooled to 0°C, and the gas in the headspace was
evacuated w0 300 mbar (absolute). The shurry from the first reactor was then added
portion-wise to the second reactor, whereby the temperature increased to 10-15°C under
distillation of dichioromethane, The first reacior was rinsed with additional
dichloromethane (25 g; 0.294 mol; 1.3 eq), which was then added to the second reactor,
Distiliation of the dichloromethane was then completed at 300 mbar to atrospheric
pressure (absotute) and 12-40°C. The resulting suspension was cooled to 0°C. The solid
was filiered off, and washed 4 times with water (291,25 g each time; 64.668 mol total;
284.83 eq. total) and once with isopropanol (80 g; 1.331 mol; 1,331 eqy at 0°C. All the

above steps were conducted under a N, atmosphere,

{114} Example 2. Preparation of 4,5-dihydro-imidazo[4,5 S
jkl{flbenzazepin-2,6,7[1 Hl-trione-6-oxime.

EIO%“N
N -+ NaNOZ IR - 9 ‘\\_’/ 'E\i
)= P f‘o
Iﬁ{? H
8,9-dihydro-2H,7H-2,9a- 4,5-diinydro-imidazold,5,1-jkj[1]
dinzabenzoled)azulene-1,6-dione ben?'wepinmz,ﬁ 7[1H]-trione-b-oxime
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1058-60C. Next, the product mixture from Part A was added over 2-5

hours. The resulting slurry was stirred for an additional 1-2 hours, and

then cooled to 10-20C. Afterward, the pressure was released. In a second
stirred-tank reactor at 5C, water (3675 L) was charged, followed by

Aq0aBITE B384 Hel (452 L). This mixture was cooled to 0C, arfFH{ERGa 53711
the headspacc was evacuated to 270-470 mbar (absolute). About half the
Sehidiy 15 P Hiedfirdtirehotes wdis-atided! 16- the:sevo ARt onatyironms
ﬁi@l@?re Q@MW&H&@&@@?%@@%c%tdﬁpe?no Xfaor Prelz ?%9{38{]}? %gégn%xed with
minutes. In Earallel to and following the transter, distillation o

G Biethan & dbéamet tTecnnandainen (3 the awb! faotord Wasgirsed

with-diehiesgrrathane (B0, mh.The resuliingrinse apd;the contents in the
econd reactor :%ere transferred to a third sfirred-tank reactor. The

ARV IMETAESR (e OB BETEL AR AR ESR T Wi AT aviEtnExample 1
waten(200d:)d Thisfinseyalse waschakgeehio thesthird reqciarWater

3675 L and 33% HO (452 L) were dded to the second

L T e e S B S e e
Headspacewzseset it bativeen RTOLAT.05. mbadyabsplute). (TR sesond balfind
Qhthe comtant fram; thediyst r : ihep added to the second reactor

O e e S0t T by
BEHGERUesCDaraierte Had fffoWing et frans st distiltition.okq HCY) was

&i@&ﬂ%@!ﬁ@@lﬁﬁﬁa@&?&gﬁ%@l: iﬂ%&%%&%@f‘kﬁ@%&ﬁ%@%ﬁ?ﬁ%91—*{8%%%'{%- than
Wasgéﬁsed with dichlgromethane (150 m1). The resulting rinse and the

BRI ffssEte HakiBPHars tanerbHBa st RS Getdierisl the

H@h%;d?g)b@&w&endmfwﬁ@ﬁ@&mg{l‘?ﬂrﬂ)ﬁéﬁ%ﬁdﬁ[ﬁﬂé\!% ib%}ﬁi@@fdé%tﬁmm
ater L). . Thisrinse was charged to the third reactor. In the thir

S R i AR Hirher OGRS o0 G Tungdr mot: 4.6

catmasplideic prasstmmMendhd H@Sid‘iahmg wihs:cormpiate; tieostspeltsioner a

AR CPBIR 0 B ANRANE eI e S SRl e sl 5

resulting cakes was washed with four times water or each'w.
dinefl e dira e propabrizoB iy 4 © 76 G TANthe GboiecstepBivverss removed

ppomeusiathundeseN2 almosphelae: (744181 BXAMRBIE 45 S6RGHRLN; 65.13 o
reparation of 4,5-tlihydro- r,nldazol4d 1- , ‘
ti%ﬁf PES -2 81T Hhirion b exitta BB mol; 8.73 eq). All the above

589 alitydronaitiéd hdBa= Mdinzabasn{cdlantleue-1,6-dione
4,5-dillyclro-inilciazo[4,5,1111 benzazepin-2,6,7[1111-trione-0-oxime

{118] Example3. Scaie-up Preparation of 8,9-dihydro-2H,7H-2,9a-
diazabenzofcdjazulene-1,6-dione
[116] Part A. Preparatien of chloro 2,3-dihydro-2-o0xo0-1H-benzimidazol-1-

butancate,
OH i

A\
- ’N/“ ....... | + C}> g s N N/—/ﬂ&(}
(L~ N (=

13 %\g
4-{2-gx0-2,3- chloro 2,3-dihvdro-2-ox0-
dihydrobenzimidazol-lyDbuiyric acid 1thmin’,ma‘zé“ffif_%mf;fgm

Dichloromethane (3772 L) and then 4-(2-ox0-2,3-dihydrobenzimidazol-1-yYbutyric acid
(525 kg; 2.4 kol were charged to a stirred-tank reactor, followed by N,N-

dimethylformamide (21 L), The resulting mixture was cooled o 16°C. Afterward, oxalyl
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At 20C, N,N-dimethylformamide (7068 L) was charged to a stirred-tank
reactor, followed by
8,9-dihydro-211,711-2,9a-ciiazabenzo[cd]azulene-1,6-dione (450 kg total

wet material, approximately 405 kg pure) prepared in accordance with the
&8@&%?@9 ?rﬁl,”‘Example 3. The addition funnel was rinsed with PCT/EP2008/053711
N,N-dimethylformamide 005 IL), and the rinse was 15charged to the
phlsetor.(Fhatrésiiiting dnixtline WalssHeated a8 456G until lalktihend, STty t0ng
S gaadiagabanzolsdipruienerl, GarliBn W% RO IPR S 850 were

used to check the amount of pure }
PodafsdreeH4-Eoeseiararerrslstiastie ek 6l diprrerimtes mikture( TPC™).
arid, framyihatspeasuementiiaaether witithe; mass obwet

8:L-dibyels 0@z dkl?:9adiazabenzoicdjazulene-1,6-dione and
N,N-climethylfoonamide), the exact amount of 8,9-

20dihydro-2H,7H-2,98-diazaben7o[edjazulene-1,6-dione was calculated;
which, in turn, was used to calculate the amounts of ©
N,N-dimethylforrnamide (17.3 kg/kg), sodium nitrite (0.412|kg/kg) and HO

339 kg/kg). For the duration of the 1PC, the mixt as.gooled to
20C. Next, soghuma nitrite (167 %&%ased on 405 kg
8,9=di 1-1,71-1-2,9adiazabenzo[cd]azidene-1,6-d

O
;dded,

The additiod'funnel was rinsed with N,NT- 25dimethylformamide {105 L),

and the.sinsenmascharged to the reactor. The tempergggﬁga%%gzgy’gg_zﬁgan
incréasedno#ba-i8ubsequently, additional N,N-dimethyloipaamide: Wasione

B AR TG SRR SRR bR N RS ke o
sErectigd o7 fbikvadinzabienzolCdiazotenetd:60i0ne) ) Nexs, e 1o rinse
(HESLUURY MPYLIEE, WAS W 19.48C, and then 33% EICI (353 kg, based

on the batch size) \%Z‘;YX %%%%?ﬁﬁc?\sﬁglr ]%%%%%h caﬂts?r?g tﬁé’%mﬁﬁeurt ﬁu?@@gcated to
Sereasd W bthe BBy itni g Spthd additions Tdsdmixture WasitheTihe resulting

sBiiFrted-at6ACifer anether3Q minuies Nexthe mixe Y@éo“@.o'ﬁ%é{%v%?c&he

over 1-2 hours. The resulting mixture was transferred into a secon
PSS 1S fiPSE te detot SRRIK! SHBSEeRntRF FiRS AP VHvater (3675 1) was
chiNedieihy o snamide { 30% RMETE) rinse was chargedJodhe,seeond; 1.
r..Water (2000 L) was t hour period at 38C. The

reactor. en.added over a 2-
o e MDD 25 e it B e pie
friemipe fatsiredoanotheld248chburs:cAfterward, theomista avag centrifugeds
. s in was washed with three times with water. (810
oBE N R I ML e el 30
tryadtiadisidlintice abéivbleteps!roeasept tor thiec W, bwirecoohductedandervas
rigediZatmosRResetid9 Example b Pepate iggsgfaﬁﬂggéep@{te”f&]th%%Etcond

_A. Formation of aminualcohol potassium salt from ketooxime
TeRRiTe K EARSH el it eier s s irtoN L hretioeelr tigh hsressarsq(3
schaiid abgaluite y anehiowp rﬂﬁ&ﬂé ev{th hakeabsol Q@E}?ff?]fs %Ifgzé'@ inutes.e %%(Q')ged 1o
T of absglute) was established. Water (790
R R AR Tl ) b 1) e e e
seitppdresantidaZéfsdTing m2anepin:?, 6o3[dd 4] hionerG-oximest2abike)e

heREERaLed. 200 accardance,with Fxamele 4, The seactor contents were
theg%eate 410 40 Next %Etégm ?&%sohlei}. '&%e secong h %[?I o% the content
from the first reactor was then added to the second reactor at 5-20°C. This mixture was

niaintained at 16-30°C for an additional 30-90 minutes. In parallel to and following the
transfer, distillation of dichioromethane occurred. The line between the first and second
reactors was rinsed with dichloromethane (150 ml). The resulting rinse and the contents in

the second reactor were transferred to the third reactor, The transfer Hne between the
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(15% KOH (214 kg) was continuously charged to the reactor, causi_ng
4,5-diitydro- imidazo[4,5,1-jk][l]benzazepin-2,6,7[11-11-tr|one-6-ox!me to
form the corresponding potassium salt, which, in turn, dissolved (.thIS
could be visually verified). The reactor was then charged with active
gﬁ%t}é’g%fgﬁ“.kg). The resulting mixture was then stirred for 3G 2BP2008/053711
minutes at 40C. The resulting mixture was filtered through a filter loop for
srreiburidishmovetheactive chertoalh ﬁh@aﬂ{ﬁﬁﬂﬂ@%ﬁiibﬁﬁ&?}@é@ﬂé&ed to
A S%.palladi i talyst (25.5 kg, Johnson-Matthey) was
T B A Rt b -0
ReJerrHEvarRlfting e Whendhedictdiaiers stivreanidr 2; Gidaspsatd0G:s
andea {d2}m‘e:b}%%.Eﬁﬁ%‘n%&%}}ﬁéc@B§Rl}ét53_n”tft%£‘é£?‘5‘? ﬂ%@ CLeRct Oéczls_f%sis_‘&as

30vented over 30 minutes, and the reaction was analyzed usi

FROCOREN SRR W& B 60E) 1157 SABCrbbRBDSI05 37t iso Tt €F6E L) at

tnsedfiltedlldep:bor OO pinuias.ctiadilier cake was:washed.with water (50
L), and removed to recover palladium. The filtered solution was analyzed

via F1 to.confirm complete conversion, and then used in the next
sop 15Tk ig?gfg%‘ﬁ et é?rggz@fa%Mﬁ—éﬁ@mmmm,s,x-
%ﬁéHZI\TH 3 1 Acetic: e o b &c-nnane, PUCHOpP/
0,,....--S,.,,r_...,-Af. - - r--N1tTi"......,,,—--

4+ NaNQ, s

8,8-dily dro-2H, 7H-2,9a- 4,5-dihydro-imidaze [4,5,.1-3k]{1}
diazabenvo[edlarulene-1,6-digne benzazepin-2,6,711 Hj~trione-6-oxhme

At 20°C, N,N-dimethylformamide (7068 L) was charged to & stirred-tank reactor, followed
by 8,9-dihydro-2H,7H-2,9a-diazabenzo{cdJazulene-1,6-dione (450 kg total wet material,
approximately 405 kg pure) prepared in accordance with the procedure in Kxampie 3,
The addition funnel was rinsed with N,N-dimethylformamide (105 L), and the rinse was
charged to the reactor. The resulting mixture was heated at 45°C until all the 8,9-dihydro-
2H,7H-2,9a-diazabenzo[cd}azulene-1,6-dione was in solution. IPC was used to check the
amount of pure 8,9-dihydro-2H,7H-2,9a-diazabenzo[ cdjazulone- | ,6-dione in the mixtare,
and, from that measurement (together with the mass of wet 8 9-dihydro-21,7H-2,9a-
diazabenzo[cdlazulene-1,6-dione and N,N-dimethylformamide), the exact amount of 8,0-
dihydro-2H, 7H-2,9a-diazabenzo[cdazulene- 1 $-dione was calculated, which, in turn, was
used to calculate the amounts of N\N-dimethylformamide (17.3 kg/kg), sodium. nitrite
(0.412 kg/legy and HCI 33% (0.873 kg/ke). Forthe duration of the IPC, the mixture was
cooled to 20°C. Next, sodium nitrite (167 kg, based on 405 kg 8 9-dihydro-2H,711-2,9a-
diazabcnzo[cd}az(ﬂen&1,6~di0ne} was added. The addition furmel was rinsed with N,N-
dimethylformamide (105 L), and the rinse was charged to the reactor. The temperature
was then increased to 45°C. Subsequently, additional N,N-dimethylformamide was
charged in the amount calculated earlier (97 L, based on having a total of 7375 L DMF for
405 kg of 8,Q—dihyd;'0~2H,7Hm2,9a—diazabeﬂm{cd]azulenc~},6~dior;e). Next, the resulting

mixture was warmed to 48°C, and then 33% HCI (353 kg, based on the batch size) was
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+ C 11.14 The solution from Part A was cooled to 30C. Acetone (625 L)
was then charged to the reactor. Acetic acid was added to adju_st the_ pH
to 7.5 (a pH of from about 7 to about 8 is preferred). The resulting mixture
Was tfn]%q g9 Jed to 15C. Next, a 5% platinum-on- 10carbon catalyst (2.1.3
KQ, Beguésa was charged to the reactor, followed by water (3¢ Ky 808/053711
rinse the reactor. The head space was purged 3 times with H2 between a
RigRdressliiowt sabeingdbs stute)randddow pressure-obiday tabseallite)ifor
&@m&iﬂt@%@ﬁ%&%hﬁ% %191}/ Q{Q&ﬁ%@é@ﬁé%? ga%i%}%ﬁ%%%%g lu , é;;rg?rth(i mixtyre
hydrogenation) was established. The mixture was heated to 70C over
HERFIATR BemG Stiffetr2ant e ismtiiretatitar 1Stemperatune darapond
additionahhas whilebeing siisadsTih @iﬁ@&ﬁ@i&%@}ﬁ%ﬁﬂeﬁ%ﬁ%{%%@g{@ 05 L),
he(gglsp.ace was purged with N2. The reaction was analyzed using H -
RéetiC 581G @'@ég%fgfﬁé COREPRLCHS e MEREISRORAd i peBentitrlsied over a 2-
mixtoreivdas &&°@Iedl“ﬁ®c3aﬁltM@rﬁﬁﬁ%iarMM%&@griﬁgf& ar;lj q%&ég%td then

8.8, 1T, (xture was then transferred through a filter loop for 1 hour
o %%g‘}%Q%%%%%giﬁ*egf%{t%18@?%5%’86% AR oA JOASh SR e
Hdlieotrs dbetksdltie (7L )T vefliteredts dhutionwas/ranaferred 6o, cach time),

another sliedstank seactorio he ysed inthe next step, WO 2008/119754
‘1122;]' Sart Csalg%ation%f %ﬁ%atgfgi%&egea gggéigﬁf?i@hﬁﬁééha ove sieps,

BRI dbiscrarisreadiifte. e T/E R 2008053711 CH3

[LIN Example 5. Preparation of zilpaterol,
[120] Part A. Formation of aminoalcohol potassium salt from kefooxime,

HO~N HO-M
) \
O O
XKo" \>
R G S
N NN
N ‘ /}\ N
— =)
L

A stirred-tank reactor was purged 3 times with N, between high pressure (3 bar, absolute)
and low pressure (1 bar, absolute) for 10 minutes each. Then a pressure of 0.9 bar
(absolute) was established. Water (700 kg) was then charged to the reactor, followed by
4,5-dihydro-imidazo{4,5, 1-ik]] | oenzazepin-2,6,7 [ 1H]-trione-6-oxime (255 kg) prepared
in accordance with Example 4. The reactor contents were then heated to 40°C. Next,
45% KOH (214 kg} was continnously charged to the reacios, causing 4,5-dihydro-
imidazo[4,5,1-jk[ 1 Toenzazepin-2,6,7[ 1 H]-trione-6-oxime to form the corresponding
potassium salt, which, in turn, dissolved (this could be visually verified). The reactor was
then charged with active charcoa! (13 kg). The resulting mixture was then stirred for 30
minutes at 40°C. The resulting mixture was filtered through a filter loop for one hour to
remeve the active charcoal. The mixture was then cooled 10 15°C. A 5% paliadium-on-
carbon catalyst (25.5 kg, Johnson-Matthey) was then charged to the reactor. The reactor
was then rinsed with water (50 kg). The resulting mixture in the reactor was stirred for 7-
6 hours at 40°C and a Hy pressure of 5-10 bar (absolute). Afterward, the reactor was

vented over 30 minutes, and the reaction was analyzed using HPLC. The contents were
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-0 The irred-tank reactor containing the product from Part B was purged 3
times wi2 5between high pressure (2 bar, absolute) and low pressure (1
bar, absolute) for 10 minutes each. Then a pressure of 0.9 bar (absolute)

s established, Next, the mixture was concentrated by distillation to
%%%{lﬁg‘éconcentrated mixture was cooled to 65C. Ethanbt {83R40p/053711
was charged to the reactor, and the resulting mixture was cooled to 50C,
tfisa plprde dofiistddom 100 Wsing2890 NaOiler This causedzipateral ftee 50 1),

base:A.10preciaiiate dine iempelatiie was decreased 1o 0C,to facijitate.
the precipitation, and maintained at that temperature for an additional
ﬁ%ﬁﬁ‘%ﬁ@%ﬁ%%}éfﬁé‘sr%@di G arddWashedawitionater (700 1_,). [123]
Examplez 6, SynthesisqianibiClsalhefihe zilpaterol. 15[1241 The free

base of zilpaterol is dissolved in ethanol. Subsequently, ethyl acetate
saturated with .EICI is added. The resultirigs mixture is vacuum-filtered to:,
obtaima crude product containing they\gggalt of the zilpaterol. The cryde
product.is dissolved in hot methanol. hyl%%etate is then adggtglﬁz d th&ts
e is filtered to eftain the final H® salt product.:20 [125) Exarnple 7.
Firstiillustration of a#ttntemplated.syitabledosage fiarm.  1a26) -
taptets ared contaming 2.5 or
arjd sufficien ipient of lactose at A
st “tateyand magnesium stearate for a%weight of 100 mg. 2 >—:—o
[127] Example 8. Second illustration gfa-c templated. suitabl N
form, 28] Granules are prepared coitaining 12.5 or 25 of the FIG H
BaltohExarhpie 6:in sach: daiidessoof grapuies. ((129)) BamplecRabaird, e

illustration of a contemplated suitable dosage form. [1301 The 1-1CTsalt
e L BT S RO o e ecauis ae
a1 0R8Hor ivraking oriystedling theemicictians Fiipateral. d 85 than:b%f
dbSoncaiale Havaa 926 ALISHRNAN 42 R AL AH R 210 OTHS: (50 ke)

crystals have a size of less
to rinse the reactor. The head space was purged 3 times with H; between a high pressure

of 5 bar (absolute) and a low pressure of 1 bar {abgoluie) for 15 mimutes cach. Then a
irydrogen pressure of 9.0 bar {absolute, for hydrogenation) was established. The mixture
was heated to 70°C over | hour while being stirred, and then majatained at that
temperature for an additional hour while being stirred. The reactor was then vented, and
the headspace was purged with Na, The reaction was analyzed using HPLC, Acetic acid
{8 kg) was then charged to the reactor, and the resulting mixture was cooled to 30°C.
More acetic acid was added to adjust the pH 0 6.8, The mixture was then transferred
through a filter Joop for 1 hour while being maintained at 30°C. The resulting cake was
washed with 7% aqueous acetic acid (75 L). The filtered solution was transferred to

another stirred-fank reactor to be used in the next stop.
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than 250 pm. A premix of the crystalline FIC1 salt secured to a 300-800
p.m corn cob support is then obtained using the methodology discussed in
European Patent 0197188 (incorporated by reference into this patent).
The concentration of the 1-1Cl salt in the premix is 3% (by weight). 10
TASPIHREWArds "comprise,” "comprises,” and "comprising” irthis:pmtentss711
(including the claims) are to be interpreted inclusively rather than
exclusiyElg] This interptatianisiigndeshiohe thg.same as the
interpretation that these words are given under United States patent law.
15[132] The words "proc gs" and "method" are used interghangeably in
this patent. [133] A @Eences cited in this patent aye incorporated
by reference intecthisrpaten [134] The above d ed dé&scription of
preferred embodiments is intended Qnly.to acqualnt others skilled in the
art with the invegtan;its p nC|pIes aﬂg&ts 20application so that
others skilled in thejart o Z10]4])) the invéntion in its numerous
fonns, as they m artlcular use.

This invention, t ferefor is pot.limited to the aboy ents, and
may be variousl ted,/WE CLAIM: A proces fE)ateroI or
a salt thereof,wherein the Brocess comprises making M o

yane! r ol-1- (or salt thereof) by a
e e it Lo
g%%e@f Iégéléﬂ’ﬁﬁ‘éﬁrééfz) it bt bast awdeah lorisating: dgentseleete@:fianminutes

dhen group. 69Rsisting,oh o@ly L.chlar nd_triphosgene.
102. The (}_ﬂ ﬁ@ﬁaccord t(a)a clal%{l%%Whé)a@%ﬁ%?lg%rﬁgxgggo?nmmﬁG Was

congénia HR RISt 2871 - e R ephd- 26 W[ feas opelBL oxiThY..
I@draacéaﬂﬁhéba@@s byaBcpliaeass &@Bﬂﬂr 'ﬁﬁgiﬁg%‘ﬂﬁﬂn mixture was ceolea o 50°C,
us&}(?]{-lo % 9}a—ji di enzo%:d zulene-1 6 dione (o %r a salt
thelpem%c With-an inorg anig Hﬁ &é&é%%e%ééﬁ%ﬁ‘r‘i‘é Chiivh 10 or
mewmm'?metmpwgs ¢mmefccmq@risee‘rea@mg [andsapReylidensaihg
rﬂ&rﬁmqgﬁ %Jﬁp%%{‘l !},-eﬁé? f})1 \{\HCP HHony Beiu hgrgg e(q)fwaezrg:yid l?g%%noafg%rzld

catalyst, and
washed with water (700 L).

123} Example 6. Synthesis of an HCI salt of the rilpaterol

[124] The free base of zilpaterol is dissolved in ethanol. Subsequently, ethyl
acctate saturated with HCI is added. The resulting mixture is vacuum-filtered to obtain g
crude product containing the HCI sali of the zilpaterol. The crude product is dissolved in
kot methanol. Etliyl acstate is then added, and the mixture ig filtered to obtain the final

HCH sait product.

[125} Example 7. First illustration of a contemplated suitable dosage form.
[126] A tablet is prepared containing 2.5 or 5 mg of the HCI salt of Examnle 6,
and sufficient excipient of lactose, wheat starch, treated starch, rice starch, talc, and

magnesium stearate for a final weight of 100 mg.

[127] Example 8. Second fllustration of a contemplated suitable dosage
form.
[128] Granules are prepared containing 12.5 or 25 of the HC salt of Example 6 in

each daily dose of granules.
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the isopropylideneamino compound corresponds in structure to Formula
(W0-1): CH3 \0 (WO-1). 4. The process according to claim 3, wherein:

at least a portion of the isopropylideneamino compound reacted with H2 is
made by a process comprising combining an aminoalcohol salt with

Jte & dhtgacetic acid, the arninoalcohol salt corresponds iR GHBELAM&EEs 711
Formula (WO-2): H2N (WO-2), and Z is a cation. 5. A process for

making chloro 2,3-dihydro-2-oxo-111-benzimidazol-I-butanoate or a 10salt

thereoﬂiﬁﬂierEhanoﬁodEE’sztﬁmmisamrea@tm%@ﬁmi%zﬁtab)e dosage form,
d|hydr?p%12|%g%9 ‘*a‘)/l}tf#o r:gti}(‘iagld org%&:;lze r%%e%rig%f with ;[)é% 83% Pé)é]lgcu ssed

chlorlnatlné agent selecte e gro p consis

Phodtesis Satid ﬁ%h@s@éﬁ@ﬂ@@ﬁﬁl@mmmﬁomm@ﬂgatma::i. Less than 5% of the
8rind DY, 11149 @g&!%ﬁ%%&’d%ﬂ%ﬂ'@%‘%ﬁﬁg'91%82 have a size of less

than 250 um. A premix of the crystaltine HCI salt secured to a 300-800 wm corn cob
support is then obtained using the methodology discussed in Furopean Patent 0197188
{incorporated by reference into this patent). The concentration of the HCY salt in the
premix is 3% (by weight).

T od ok R E ok ok

[131] 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

[132] The words "process” and "method” are used interchangeably in this patent.

[133] All references cited in this patent are incorporated by reference into this
patent,

[134] The above detailed deseription of preferred embodiments is intended only
to acquaint others skilled in the art with the invention, its principles, and its practical
application se that others skilled in the art may adapt and apply the invention in its
nurierous forms, as they may be best suited to the requirements of & particular use, This
invention, thercfore, is not limited to the above embodiments, and may be variously

modified,
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a salt thereof, wherein the process comprises: making chloro
2,3-dihydro-2-oxo-1H-benzimidazol-lI-butanoate (or a salt thereof) by a
process comprising reacting
4-(2-oxo-2,3-dihydrobenzimidazol-1-yObutyric acid (or a salt thereof) with
At keast’dhé chlorinating agent selected from the group consisting of
700xalyl chloride, phosgene, and triphosgene; and reacting chloro
2.3-dihydro-2-oxo-1H-benzimidazol-1-butanoate (or a salt thereof) with a
Lewis acid Pratrespiocessiageohsingdboeiaimibihshemintbe hanis Azt
g&m{@g; AIC13. 25 8. The process according to claim 6, wherein the
process comprises: making chloro

2,3 dihyoir i aong-1 iditheinzifridazoi-bduiandaie (o asaltthergol)by fhereol)

aC mprising reacting. o~ 4o o L
B 2 e 3 Ay OB TSSO e e T a daetrisrddiywith acid
oxaypbiloridel) widkingd agprotudtimixtuiecamprisitgted from the group
& 9:dihyd ay digzabenzo[cd]az Ien(e-1,6-dione (or a salt
the?eoﬁ‘)‘bg)/q;g%gyggé%loar% risir Egngbm%ir%}f%h%ﬁfﬁ%‘
2,3-dihydro-2-oxo-1H-benzimidazol-1- butanoate (or a salt thereof) with
AIC13, and-h ini resulting mixture with an acid; separating .
8,_9-qihydro;Z%%%%&ggca%ﬁ%?ﬁggﬁzo]fgd azuiend %-BfSﬁ%S?rBWéges making
brodiedmiitorészant 5. | Sbpdiating:AHQH) B fTpriatieast & portioncefthe:
femainng p L bty rocess c Hisir mhining at least a
Lgortio? o?thE()e(?{Ejjé:-l:ér(r%t?a[izrlm{ﬁi)Irflltlg;%5 {3%(1) %%ﬁ?ﬁ?eﬁ%ﬁ%%%nggs%ﬁg e process

agvheivg ts byl ore Llaidient (2 8 sdli Baed()antiSawhergific nitrite,
4-(2-0x02.3-dihydrobenzimidazol-1-yDbutyric acid (or a salt thereof) is
ﬂreacted with the chlorinating agent in the presence of dichloromethane. 15
%10. The préobessassordiegdoany dasrclaim3, 1yi2rdind, 5, 6, 7" and 9,
whereln 4-£2:10%0-2 3-di imidazol-1-yObutyric acid (or a salt _
the?eof)%grea%a%%v%kﬁﬂ%%ﬁ%%%a%go gen %{n&) 8%?%%%@%“&%&%!%3“
thFieRin Gt it ethitarrnsamid el 2011 F e piocessaacaosding to any one

RIS 213 thamifo 7(5631;)%@?{(11961'\1"\/@@55%@5 e ructure to Formula (WO-1):;
CH,

ol

CH;
N4 :

46



16

15

chlorinating agent comprises oxalyl chloride. 12. The process according
to claim 2, wherein the inorganic nitrite comprises a nitrite salt. 25 13. The
process according to claim 12, wherein the nitrite salt comprises NaNO2.

4. The process according to claim 3, wherein:
at least a portion of the isopropylideneamino compound reacted with H, is made bva
process comprising combining an aminoalcohol salt with acetone and acetic acid,

the aminoaloohol salt corresponds in structure to Formula (WO-2):

HyN

HO

2 is a cation,

5. A process for making chioro 2.3-dihydro-2-oxo-1H-benzimidazol-1-butanoate or a
salt thereof, wherein the process comprises reacting 4-(2-0x%0-2,3-
dihydrobenzimidazo!l-1-yl)butyric acid (or a salt thereof) with at least one chlorinating
agent selected from the group consisting of oxalyl chloride, phosgene. and

triphosgene.

6. A process for making 8,9-dihydro-2H,7H-2 9a-diazabenzo[cd]azulene-1,6-dione or
a salt thereof, wherein the process comprises:

making chloro 2.3-dihydro-2-oxo-1H-benzimidazol-1-butanoate (or a salt thereof) by a
process comprising reacting 4-(2-ox0-2,3-dihydrobenzimidazol-1-yhbutyric acid (or a
salt thereof) with at least one chiorinating agent selected from the group consisting of
oxalyl chloride, phosgene, and triphosgene; and

reacting chloro 2,3-dihydro-2-oxo0-1H-benzimidazol-1-butanoate (or a salt thereof)

with a Lewis acid.
7. The process according to claim 6, wherein the Lewis acid comprises AlCIs.

8. The process according to claim 6, wherein the process comprises:
making chloro 2,3-dihydro-2-0xo-1H-benzimidazol-1-butanoate (or a salt thereof) by a
process comprising reacting 4-(2-oxo0-2,3-dihydrobenzimidazol-1-yl)butyric acid {ora

salt thereof) with oxalyl chloride;
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making a product mixture comprising 8,9-dihydro-2H,7H-2,9a-
diazabenzo|cdlazulene-1,6-dione (or a sait thereof) by a process comprising:
combining chioro 2,3-dihydro-2-ox0-1H-benzimidazol-1-
butanoate (or a salt thereof) with AICk;, and
combining the resulting mixture with an acid;
separating 8,9-dihydro-2H,7H-2,9a-diazabenzo{cdlazulene-1,6-dione from the product
mixture; and
separating AI(OH); from at least a portion of the remaining product mixture by a

process comprising combining at least a portion of the remaining product mixture with

a base.

9. The process according to any one claims 1, 2, 3, 4, 5, 6, 7, and 8, wherein 4-(2-0x0-
2.3-dihydrobenzimidazol-1-yDbutyric acid (or a salt thereof) is reacted with the

chlorinating agent in the presence of dichloromethane.
10. The process according to any one claims 1, 2, 3,4, 5,6, 7, , and 9, wherein 4-(2-
oxo0-2,3-dthydrobenzimidazol-1-yDbutyric acid (or a salt thereof) 1s reacted with the

chlorinating agent in the presence of a catalytic amount of dimethylformamide.

11. The process according to any one claims 1,2, 3,4, 5,6,7,, 9, and 10, wherein the

chlorinating agent comprises oxalyl chloride.

12. The process according to claim 2, wherein the inorganic nitrite comprises a nitrite

salt.

13. The process according to claim 12, wherein the nitrite salt comprises NaNOo.
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