9 June 2005 . Method for produci' ng the anticholinergic agent tiotropium
brom de 5. The invention relates to a new process for preparigng.d doos
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Patent Application EP 418 716 Al and has the follow ng chemical structure:
+ M MeN Br (1) The conpound has val uabl e pharnacol ogi cal properties and
is known by-the nane 5 tiotropiumbrom de (BA679). Tiotropiumbromde is a
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The compound has valuable pharmacological properties and is known by the name

5 tiotropium bromide (BAS?Q); Tiotropium bromide is a highly effective anticholinergic
and can therefore provide therapeutic benefit in the treatment of asthma or COPD
(chronic obstructive pulmonary disease). '

‘Tiotropium bromide is preferably administered by inhalation. Suitable inhatable
0 powders packed into appropriate capsules (inhalettes) may be used, which are
administered using corresponding powder inhalers, Altematively, it may be
administered by the use of suitable inhalable aerosols. These also include powdered -
inhalable aerosols which contain, for exarﬁpie, HFA134a, HFA227 or mixtures
thereof as propellant gas. ' e
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In view of its great efficacy, tiotropium bromide can be used in low therapeutic doses.

On the one hand this imposes particular demands on the pharmaceutical pro_dUctidn

of the formulation to be used, and on the other hand it is p’é_rtic‘,ularly necessary to

develop an industrial process for synthesising tiotropium bramide which ensures that
) the product is preparednot only in a good yield but also with exceptional purity,



tiotropiumbromde. It corresponds to the nethod di agrammatically shown in
Diagram 1. NMe OH+ Br 5 Diagram 1. In a first step, scopingjile2oas S
reacted with nethyl di-(2-thienyl)-glycolate-(Ill) to form

i -(2-thienyl)-glycolic acid scopine gster (1V), which is then' quaternised
to form tiotropiumbromde. to Detaifed description of the invention It
has bEéHOPeaﬂc?atﬁa&Ap@@ﬁpanﬁmgn@ 716 A1 dogolaseshy mestited 688y Besibihgi ned in
much tip furh ®rdmiide | [ th d from that
descri ggpl n EP 4lla8\9 ilfc%dr?e T qu, tA ?@%&Hg q’ligecjr&hﬁpastﬁgﬁy EPWBI'S} nor e

advant 43968 et hod is  di agranmatlcal ly illustrated in Diagram2_ Me M5
OH Me + ~M11Me (1) Br 9June 2005, 3 Diagram2: Starting frm the tropenol
(V) knowty in the art and rea&ing W|th di - (2-thienyl)-gNycolic acid

derivati VI), first I -(2-thienyl)-gly e (M1) is -
for med® { S cgnverie +f he co respondi ng sc =Y (1v) by
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5 Diagram 1:
In a first step, scopine (11} is reacted w;th methyl d:—(2—thienyl)—giycolate—(lIl) to form
| di-(2-thienyl)-glycolic acid scopine ester (IV), which is then quaternised to form
tiotropium bromide.

1o . Detailed descrlptlon of the invention
It has been found that, surprisingly, tiotropium bromide can be obtained in much
purer form if it is synthesised by a different method from that described in EP 418
716 A1. ThIS alternative and surprisingly more advantageous method is
dlagrammatlcally illustrated in Diagram 2.




Accordingly, a first aspect of the present invention provides a process for
preparing tiotropiumbromde of formula (1) MewN, Me Br (1), ¢ une2005-
characterised in that the tropenol ester of fornmula (VMII) Me (VII) is
epoxi dised to formthe. scopine ester,of formula (IV) M N (I1V) whichis
then Euaterni sed with nethyl brom de To formtiotropiumbromde (1).

"Beca the central inportance of the tropenol ester of formula (VII)
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the tropeno eéter (vil), optlonally in the formof the acid addition salts

! Accordingly, a first aspect of the present invention provides a process for

prepanng tlotroplum bromide of formula (1)
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0 characterased in that the tropenol ester of formula (VII)
Me

: ‘ (Vi)
is epox:dlsed to form the scoplne ester of formula (V)

- {Iv)
which _isrthen quaternis‘ed with methyl bromide to form tiotropi-um bromide (l’).

X

Because of the central importance of the tropenol ester of formula (Vl I} according to

the invention in a second aspect, the present mventlon prowdes a use of tropenol
| ester of formufa (vin) ‘



~{¢VI1)-. which can then be epoxi

!
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thereof, for preparing the scopine ester of formula (1V). Wen tropenol

ester (VI1) is used in the formof an acid addition salt forgpuepaiosng the

scopine ester (1V), this acid addition salt is preferably selected from

anong 5 hydrochl ori de, hydr obr om de,_ hydrogen . phosphate; hydrogen

sul-phate, tetrafluoroborate and hexafl uorophosphate; the hydrochl ori de and

hydr obrom de are -particularly 1.‘I\j)ereferred. According to anot her enbodi nent
0

there may be provided a processyfor preparing 10 tiotropium brom de of
formula (1) Mew ,Me N Br (1),

aracterised in' that in a first step
tropenol of formula (V), Me N optionally in the formof the acid
addition salts thereof, may be AiwWwth an 19 ester of formula (VI) O
(V) wherein R denotes a grou ected from anong hydroxy, methoxy,
et hoxy, O N succini m de, A imde, phenyl oxy, nitrophenyl oxy,
fl uor ophenyl oxy, pentaflu bexy, vi-nyloxy, -S-nmethyl, -S-ethyl and
-STphenyl, to formthe o -trope 5 ester of formula (VI1) 9 June 2005 Me
ispd in a second step to formthe scopine
ester of fornmula (I1V) (vin

optionally in the form of the acid addition salts thereof, as a starting material for -

the preparation of tiotropium bromide of formula (f).
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One embodiment may telate to



N Me and this may then be quaternised in a third step using nethyl brom de
to obtain tiotropiumbromde (1). Because of the central inpaukapwe of the
tropenol (V) as a starting material for preparing tiotropiumbromde (1);
a third aspect of the present inventipn further 10..; provides a: use of
tropenol of fornula (V), OH . on optibnally in the formof the acid

addi t thshusapof the epend! ester AVIB; aptioniynmties farkn bothd AeidRiRpRsRLAIIRN Of
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trope é %r I Qpenol opt| the formof an acid addition
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in.the fformof, the h droch or.i de or
prgerg@%hl E’di h§ ydyobramiste. fyydr Bhoirirataet ytil@gtaak&‘éﬂpfa@ie: N a suitable
or ganiatraflotovahmiratepand beasiiyorbphaspreate vt hmbeﬁm@efémmggoﬁ,méj%e
benze, gmcmaog,rﬁfg%% di chl or onet hane, THF, di oxane,

~-ai- met yI acet and N-net hyl pyrrol i di none, preferably selected from

anongﬂt o%{;lene benzene, THF, di oxane, dinethyl acetam de, DWF and

N- et Age ngatq mmtheeemhmsiimenﬂhefélm BObHSge é"’?'f}?e bei ng
@t tl@%tl C é ferred as the 3)% veEt Actg%r%@%@?grtpﬁlgol nventi on,

0. piu fPé'P' B13f fﬁ"—’i‘ﬁm 2.5 1, nost preferably between 1.25 and 1.75

| of organi c sol vent are useqydé r""errol of tropenol (V) put in. 9 June 2005

6 If tropenol is used in the fojymof an acid addition salt thereof, a base

is added to the -

(l)
characterssed in that in a first step tropenol of formuta (V),
Me

L\' Q H
OH (V)

i optlona!!y in the form of the acid addition salts thereof, may be reacted with an
ester of formuia (1)

(W) _ :
wherein R denotes a group selected from among hydroxy, methoxy, ethoxy, O-N-
succinimide, O-N—phthahmlde ‘phenyloxy, nitrophenyloxy, ﬂuoropheny!oxy,

pentafluorophenyloxy, vinyioxy, -S-methyl, -S-ethyl and —S—-phenyl to form the
o -tropenol ester of formula (Vll)



resulting mxture to liberate the tropenol. Suitable bases according to the
invention are inorganic or organic bases, organic am nes bei ngJune 2005
-particularly preferred. Organic am nes which nay be used incl ude
triethylam ne, diisopropylethylamng, pyridine, 5 dinethylam nopyridine,
._N-net hyl pyrrolidine, N nethyl norphotiine or ammoni a, the use of -
triethylam ne, diisoprapylethyl ax\r;ﬁ'”}‘i’e, pyridine or anmoni a bei ng
particularly preferred, while a nia is nost particularly preferred. At
| east 1 not,, preferably 1.25 tol nmol, nost preferably 1.5 to 2 nol of
am ne are added, per nol of trop, |t used. The am ne nmay be added at

preferably 20 to 30C. After
obtained is stirred at constfla
preferably between 0.5 to 2.57h,

@ has. been added, the suspension

grature for between 0.1 to 5 h,

st preferably between 0.75 and 1.5 h.
The ammoni um salt thus obtained ¢s Filtered of f and optionally washed with
~t-he--organi c sol vent -nenti oned abéve. Betyggn 0.1 and 1.5 1, preferably 0:3
-1. 051 0f splvent: are .used per nol of tropenol (V) put in. Sone of the
sol g”é‘ﬁh I &'Fes'l EB'T’ FR*giSed iR 5\/%%&5’ ptep) f@vfafr@dﬁe srpeingt aster opfosfredabl y at 30
--8Q0Q) nost preferably at 40 to 60C. The distillation tenperature naturally
depends on the choice of sol ventMased. Depending on. the choice of
sol vent, the vacuumis ?o0 adjustled so that distillation takes place in the
tenperature range specified abovey__Between 0.25 and 2 |, preferably 0.5
--1.5 1 of solvent are distil@*;;- \\Pg/ mol of tropenol (V) put in. After
t he specified anpbunt of solvent“lmas heen distilled off, the reaction
isolution is cooled to a te at ubhe-ggange of fromO - 50C, preferably to 15
- 35C, and the di-(2-thienyf) : k&; acid derivative (VI) is added. Di-(2
"5 thienyl)glycolic acid deri¥atijves” (VI) which may be used according to
the invention are those conpougdsswherein R denotes hydroxy, nethoxy,
et hoxy, O-N succinimde, ONp Iinid@v.phenyloxy, ni t rophenyl oxy,
4 l.uorophenyl oxy, pentafl uorophenyl oxy, i%yloxy, -S-nmethyl, -S-ethyl. or

* - Sapidehisl may thers bpapuatemised iy pihirdestep dising HRthyiBonGaenewathinV! ) wherein R
de%@ﬁS&uﬂ¥9&%ﬁ@e t hoxy or ethoxy, ro nost preferably nethoxy or hydroxy.
I f The“conpou erein,Ris hydroxy is used as the conpound.(Vl), the

. rqgction n?%ibe_car[ied out in the presence of coupling reagents such as
car BERTUPS Bederdral impartspnag lofithe frapénet (\aaohestarting material for -

preparing tiotropium bromide (I); a third aspect of the present invention furthel;

10. . . , : o
~ provides a use of tropenol of formula (V),

» OH nny |
- optionally in the form of the acid addition salts thereof, as a starting material for
the preparation of tiotropium bromide of formula 0 o
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-di cycl ohexyl carbodi i m de or ethyl-di methyl am nopropyl carbodii m de. Between
| and 2 nol of conpound (VI) are used per nol of tropenol (¥Y)jusdtookn.
Preferably, I - 1.5 15 nol of (VI) are used, and nost preferably
stoichionetric anmobunts of (VI) conpared wth (V) are used according to the
invention. The reaction m xture obtained may . optionally be heated to form
.a solution. A tenperature in the rgage from30 -- 80C, preferably from
40 - 60C, nost preferably about 45-55C is chosen. 9 June 2005 7 The
solution thus obtained is then added to another solution or m xture of an

i norganic or organi c base in one of the abovenentioned solvents, preferably
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cargied out .in the presence I C or |nbrgan ~The organic
badaun s de Mgfﬂﬁg@?'&%w {akanydRiin asHitable ogssic sHleerdy Risferably in a
di i shperimediattoy ifam aatond (01@éhHy | BERARSS, n®U ) IhEciB NRshistRef®anBBU or -
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cars h-Gi C i ri p ssiuym hydride, cal cium
my AnFipyfRAIneRe AleXE BRE Grofi 1biEhe b tlendBns FOL R BRbO M. or
potRRsHeYlATIe PRefRiTgs. avhet slventerAstardingie thadnypraion, Pdse3 15presamdblys one of
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pr SP@ PEPPERA LY HPHE™ 0 the i nvention- At |east stoichionetric amounts of
base are used per nol of tropenol (V). Preferably, 1 - 3 nol, nost
preferably 1.25 - 2.5 nol, even nore preferably 1.5 to 2 nol of base are
used per nol of tropenol (V). 20 The solution of (V) and (VI) is conbined
with the base-containing solution or m xture described above, preferably
over a period of 0.2 - 2.0 h, preferably over . a period of



.0.5to 1.5 h. If an ester in which R denotes nethoxy or ethoxy is used. as
the conmpound (Vl), for exanple, it may be necessary to distid ;pEbodshe
resulting al cohol at z5 40-90C, preferably at 50 to 80C, nost preferably at
60- 75C in vacuo, preferably at 150 {0 500 nbar, nost preferably at 200 -
350 ar, particularly preferably at 250 - 300nbar This procedure. shifts
the ellidnssnol rissd ’ﬂﬁéerf@%ﬂf 8n acshadditon selt thenpeh a baesleeadc@elstl to thfe]ynder
| t [

theserdswtﬁ'tdq mmtam@ nbeaafa th@QfBbéPifol élﬁta%ﬂi, M&Os ééccﬂfliﬁ@tt% Rkl ihl %ﬂogx ¥

Afte ete (abou guan

sol veﬁ|Ie '&Pﬁﬁ"}’? QEIOEQEP”'C é@s‘éﬁtﬁ'%m& iHes &?eiqﬂap?'é'&élqﬂdrpr@fﬁr(ﬁq &rgefiicdesi r ed
| n angmingewhisharay bstuddditicimie tnstmmhet@usddﬁ@pﬁ@l Arfimed yﬁdmed I s.

oo e%‘r"%‘“?'aﬁfﬁ%%'&'H%Qt"q%ﬁkﬁhﬁl'@'f‘fgiﬂﬁﬁeﬁ‘f Slbugors Pmoti didr o o

const@§e of lam diigepr @qui!@y!a@we;fpyodmet@" anmora ebavppanicOladly- 0.6 h.
The- f‘b’r@fé]‘?@&l akhife %‘nﬁ’orﬂﬁﬁ)ﬁ]cﬁgﬂﬁﬂlcﬁ%@' ﬁr@?&rer{)éudsq gﬂgﬁeéﬁﬁnh%fl ;ﬂ'gfé(?gllf'ﬂgr fed.

: t
Bret ol Zhito Y. B SRR bestrorarly SHoor M) 8t A S 88 SeHeda@ranol o enanol -
addeosaieeserw:érhe amire: thaytbe apded at Rphpyerdtbes oBb@ﬁdleerETIlJ%nc%@’f(?ram y 2.0 to
eno
210 Pesortbly 74 6 B SLeraRlep aligs o 1BL. Bhel [RPSRG b4 bagtdidgess vq of
36% éﬁ&éﬁﬂﬁ@eﬁwndmia@eﬂds &brred it §Qb$t‘aetitamrparature2‘6r betweas). 1pioed By ably in
12 - pﬂréfér‘abﬁet%e% S0 ¥ & hafded i%?érdiﬁ%} rﬂ??@%ncﬁy)s After everything

has en added an xt ur e has been t or ou st rre the 5 aqueous
phase |%aEHB%'F'HFbBe|E)pP‘S @Qfa|f@dtlﬁﬁhewés¢féanwomoaa weghed wikhttbe- i i sci bl e

or garirgasi sawnt réetiqrieaf aboad Bfemlrvlé@ﬁg) i ang 1\/\@1l|)Ep;rezl"éFHth§/(Iz hl_eq %q:‘derQL|
selze r Wi ori.de and n-butyl acetate, prefe y
rrgt hy Oqe?\g%gtcﬁ% (%'rslgggﬁg rﬁgl (Q‘tgoep%gg?ﬂ{)% tf I'rst. organi ¢ phase used to extract

t he aqueous phase is discarded and the extraction process is repeated once

mor e.Séife BIRhaQHRRHE !soaiéﬁufed St eaald At é%§£5d9§ﬁ§e9&%#¥ S&%&é}g NAgd W th

\C/)mnte hOIEiFSe %A‘P‘g? %\45 Ibf %EF‘@ ‘émﬁﬁtqe/r@nltT ngﬂs*gtlf"éhaﬁ |t91ﬂperatsrqnaw@ﬂse¢@$§di2n?r 2 1,
nost g eectadity oRsdlvenBused. Bépending on the choice of solvent, the vacuum is
20 adjusted so that distillation takes place in the temperature range specified above.
Between 0.25and 2|, preferably 0.5 — 1.5 | of solvent are distilled off per mol of
tropenol (V) put in. After the specified amount of solvent has been distilled off, the
reaction solution is cooled to a temperature range of from 0 - 50°C, preferably to 15 -
35°C, and the di-(2-thienyl)glycolic acid derivative (VI) is added. Di-(2-
15 tﬁienyl)glyCOlic acid derivatives (V1) which may be used according to the invention
. are those compounds wherein R denotes hydroxy, methoxy, ethoxy, O-N-
-succinimide, O—N-phthahmlde phenyloxy, nitrophenyloxy, fluorophenyloxy, -
pentafluorophenyloxy, vinyloxy, -S-methyl, -S-ethyl or -S-phenyl. it is particularly
preferred to use the compound (V1) wheréin R denotes hydroxy, methoxy or ethoxy ,
10 most preferably methoxy or hydroxy. If the compound wherein R-is hydroxy is used
as the compound-(VI), the reaction may be carried out in the presence of coupling
reagents such as carbonyldiimidazole, carbonyldi-1,2,4-triazole,
-dicyclo‘héxylcarbodiimide or ethyl-dimethylaminopropylcarbodiimide. Between 1 and
2 mol of compound (V1) are used per mol of tropenol (V) put in. Preferably, 1 —1.5
15 mol of (VI) are used, and most preferably stoichiometric amounts of (V) compared
with (V) are used according to the invention. The reaction mixture obtained may
optionally be heated to form a solution. A temperature in the range from 30-80°C,
' _preferably from 40 - 60°C, most preferably about 45- 55°C is chosen.



t he water-inmm scible solvent are used per nol of tropenol (V) originally
put in. The '5 m xture thus obtained is conbined with an i nogggysobase,
preferably selected from the alkali metal or alkaline earth netal
carbonates of lithium sodium potassium calciumsuch as, for exanple,
sodi um carbonate, lithium carbonate, potassium carbonate or cal cium
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react peserably 1.5 tb,2 RIBbebase ¥ird uSed pér hol@f%ﬁbﬁei )2 - 3 15 of solvent
ar g used to dissolve the residue per npl of tr openol (V) origi nal |y used
The solution of (V) and (V1) is combined with the base-containing solution or mixture
described above, preferably over a period of 0.2 - 2.0 h, preferably overa period of
0.51t0 1.5 h. If an ester in which R denotes methoxy or ethoxy is used as the
~compound {VI), for -exémple, it may be necessary to distil off the résu[ting alcohol at
25 40-90°C, preferably at 50 to 80°C, most preferably at 60-75°C in vacuo, preferably at
150 to 500 mbar, most preferably at 200 - 350 mbar, particularly pr‘eferablly at 250 -
+ 300mbar. This procedure shifts the equilibrium of the reaction towards the tropenol
ester (VII). Under these reaction conditions, some of the solvent is also distifled off.
After the distillation is complete {about 5 to 10 h), the quantlty of solvent distilled off
30 can be added to the reaction solution if desired. e :
In any case, once distillation is complete, the solution obtained .is.'coo!ed down again
to a temperature range of below 40°C, preferably 0 - 35°C, most preferab!y 10 -
25°C. Hydrochloric acid is added to this mixiure at constant temperature overa -
period of 0.2 ta 2 h, preferably 0.4 - 0.6 h. The hydrochloric acid may be added
35 either in the form of a_qUebus_ solutions or as a gas; the addition of aqueous solutions
is preferred. Prefe—rabl_y, concentrated hydroChlofic acid (36%} dissolved in water is
added. Between 1 and 4 mol, preferébly 1.5 - 3 mal, most preferably 2.0 to 2.5 mol
HCI a_re preferably added per mol of tropenol (V) used. Preferably, 0.1 - 0.4 kg, most



The solution thus obtained is heated, to not nore than the boiling
. tenperature of the solvent, preferably to a range of from 50 JuddfiG5 nost
preferably 80 - 95C. The heated solution is slowy cooled to a tenperature
in the range from--10C to 20C, prefgerably 0 - 10C. The tropenol ester
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pr ef emabhy niethylediel chodride hud mtbaty aceted, p@feﬂmlyhmbtﬁwwg@lmsaéh EL (Vlbl)
= d. t t he ven | as, been
g e
consttﬁﬁtexfré‘%@ﬁMQ@%SSUﬁthPededlme mofeyt i on i-s obtai ned. An epoxi di sing
agent is then added batchwise to this solution at a tenperature in the
range. from20 - 50C7 prefe abhé{ at 35 - 45C. The preferred e oxi di si ng
agent! &394 pla %%ﬁﬁ“k?&ﬁ Y ARRT penaiyBeinggashigd withipoe ofdbet pref erabl y
~an H%@vemt:oneummemmmmmermﬁwam mmxéam@emr@?ﬂmm@ﬁzat&r ef erably,
the (of0) ent.o
£ oliaBR, SRLoN, Prorel®p 7L, BOBRPNAr et MO PRSNIEaT 03B 160, 5 g,
pr ef é‘ﬁ%mﬁsﬁelﬁlﬂlﬂﬂl%ltﬁe@l%@t afe hydd @gemolmm@pedet(w)emg«mﬂplmx inOTHe - 1. 01
rief 4
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of viﬁ%éﬂiﬂ#%gﬁ 852? 'QP aifenetad camkanases of bifie) sqdiviay potassiumsed. After
ever yaltiug sk dxedor adategle, sbdium shtonats, IBhiURT €8tbbAstea paeésmﬂof 176(:6 h,
r ef er a of
Br ef (;E%g%}ﬁ/atﬁ# f%é‘lféﬁ“rbasrﬁg’ﬁé‘?eg‘%’%m ljﬂgnag%éeingg)q Cyla 3( H@?fe[if&& 8di o a
t enpépug gq&lj@sterd tane pHhah & Sitpdirh, p@eferaﬂQZB tor 3. ditebingrdamid Base is
0 preferably added in the form of aqueous solutions. For example, according to the
inVention it is particularly preferable to add 0.05 to 0.4 kg, preferably 0.1 to 0.2 kg of
morgamc base dissolved in 0.25 to 1.5 |, preferably in 0.5 to 1 |, most preferably in

0.7 to 0.8 L of water per mol of tropenol (V) used.

15 After thorough mixing of the reaction mixture obtained, the aqueous phase is’
'se_parated off and extracted one or more times with the water-immiscible solvent
mentioned earlier. A total of 1-81, preferébly 2 -6 I, most preferably 3 - 5 | of the
abovementioned water-immiscible solvent are used to extract the aqueous phase
per mol of tropenol (V) originally used. Thé combined o-rgénic phases are

0 subsequently freed from solvent by distillation at elevated temperature, preferably at
30 - 90°C, most preferably at 50 - 70°C. The temperature ranges specified above are
highly dependent on the choice of solvent used, as will be apparent to anyone skilled
in the art. If desired, a vacuum may also be applied for this distillative elimination of
the solvent so as to keep the temperature within the temperature ranges defined

5 hereinbefore. With solvents which are distilled off below the maximum temperature
ranges defined above, the maximum distillation temperature will naturally be the -
boiling point of the solvent in duestion.



25C and adjusted to a pHof 2:5 - 5.5 preferably a pH of 3.5 - 4 5wth
hydrochloric acid.. The hydrochloric acid may be added eit hgryidpdihe form
.of aqueous. solutions or as a gas, the addition of aqueous sol utions being
preferred. Preferably, concentrated %June 2005 10 hydrochloric acid (36%
di ssol ved in water is added. After tHorough mxing, an inorganic salt is
added I"Bresidugyenaiviap aitenistiigtion iutgkentup inEm srgamipselenaitys saidat i n
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obt aliﬁ@dgasﬁ aﬁﬂeﬂm@atlm@lfrom BORAO"Q. ext racted one, two or three times with
a suitable, water-inmm scible solvent. Preferably, a water-imm scible

sol v el ected  from among net hyl ene chloride and n-butyl acetate,
pr ef %f?pﬁ@f’hﬁtéﬁé\”@ﬁhﬁ? ined 1s theedepopidised garde(SCphaddreremaﬂet  extract
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after previous shing with
one o‘%&%ﬁ’\,\@ib\i ’3¥'mﬂ%~ﬁ?§’ egﬁ‘gg@\é Ulgnpgng'hﬁ%f:ﬂﬂ{é'ﬂe Kb g Preferably, 1 - 5
1, preedwiminolilinenss nigst posferably fdimatiyyfofn Smided .is placeld h@smtﬂé-l nmi sci bl e

I I Il I in. ?5 The
r25ﬁ???;%aﬁfﬁf’%“??"??ea@éd If QRERPLrABRE I ditirehg Rl 3P 0B ' Ser ecred
f r omPreferably 40 - 60°C 10|, preferably 3-8, preferably4 71 most preferablys

- 6 1 of solvent are used per moi of tropenol ester (VII) used. The tropenol ester (V)
0 is added to the solvent which-has been heated as. described above and the resulting
. mixture is stirred at constant temperature until a clear solution is obtalned

fAn epoxidising agent is then added batchwise to this solution at a temperature in the

. range from 20 - 50°C, preferably at 35 - 45°C. The preferred epoxidising agent is

'5  preferably vanadium pentoxide mixed with H202, most preferably an HyOg-urea
complex in combination with vanadium pentoxide. Preferably, the hydrogen peroxide
urea complex and vanadium pentoxide are added batchwise alternately, most
preferably water is also added. 0.1-0.5 kg, preferably 0.15 - 0.3 kg of hydrogen
‘peroxide-urea complex, 0.1 - 1.0, preferably 0.15 - 0.7 |, most preferabily 0.2-0.4 1

0 water as well as 0.001 - 0.1 kg, preferably 0.005 - 0.05 kg, most preferably 0.01 - -
0.025 kg of vanadium pentoxide are used per mol of tropenol ester (VIl) used. After
everything has been added, the mixture is stirred for a period of 1 - 6 h, preferably
1.5-4 h, preférably 2-3 h at a temperature of 30 - 70°C preferably 40 -60°C, most
preferably 45 -55°C.

It is then cooled to a temperature in the range from 10 ~ 30°C, preferably to 15 -

25°C and adjusted to a pH of 2.5 - 5.5, preferably a pH of 3.5 - 4.5 with bydrochloric

‘acid.. The hydrochloric acid may be added either in the form of aqueous eolutions or
_asagas, the addition of aqueous solutions being preferred. Preferably, concentrated



the alkali netal or alkaline earth netal carbonates of l|ithium sodium
potassiumor calcium such as, for exanple, sodium carbonat %Jml]é i(msum
carbonat e, potassium car bonate or cal ci um car bonat e, sodiu

carbonate. being. particularly preferrgd, and adjusted to a pH of 8 to 11,
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| t ndylbwedbl y be necessary to elimnate inpurities in the form of _
segondary amnes at this point. This is done, according to the invention,
anic carboxylic acid halides, preferably acid chlorides
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The aqueous phase is mixed once again with the‘water—immiscibie solvent,
optlonally after prewous washing with cne of the water-immiscible solvents
~-mentioned above. Preferably, 1-51, preferably 2 - 4 |, most preferably 2.5 -3.5 1 of
the water-immiscible solvent are used per mol of fropenol ester (VIt} ariginally put in.
25 The resulting mixture is combined with an inorganic base, preferably selected from
the alkali metal or alkaline earth metal carbonates of lithium, sodium, potassium or
calcium, such as, for example sodium carbonate, fithium carbonate, potassium
carbonate or calcium carbonate, sodium carbonate being particularly preferred, and
- adjusted to a pH of 8to 11, preferably 9 to 10.5. The inorganic base is preferably
10 added in the form of aqueous solutions. For example and accerding to the invention,
most preferabiy, 0.05 to 0.4 kg, preferably 0.15 to 0.3 kg of sodlum carbonate

dissolved in 0. 25 to 21, preferably in 0.75 {0 1.25 | are added per mol of ester (Vi)
used.

15 After thorough mixing of the reaction mixture obtained, the aqueous phase is
- separated off and extracted one or more times with the water-immiscible solvent
mentioned earlier. A total of 1 -5 |, preferably 2 - 41 of the abovementioned water-
immiiscible solvent are used to extract the aqueous phase per mol of fropenol ester
VI ongmally used. The combined organic phases are subsequently freed from



45 m nutes at constant tenperature. Then the m xture is brought to a
tenperature in the range from10 - 30C, preferably to 15 - 2Je 2854
adjusted to a pHof 1 - 3, preferably a pHof 1.5 - 2.5 with !lo
hydrochloric acid. The hydrochloric ag¢id may be added either in the form of

aqueou S.0or as as; it is preferably added as an aqueous
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abov ermEmin R8s dt wehStant BBHhp g,tat@&,,% solvent are used to extract the aqueous
phas ter iginally used, The conbi ned
or ga?ﬁh@fﬁtﬁggagf%s[bgaﬁg@d%f rGberobus b PR st T 0% pERPbh ot
pr ef o dbl\2%%, -arkD&fjustest to a pH of 1 - 3, preferably a pH of 1.5 - 2.5 with
20 hydrochloric acid. The hydrochloric acid may be added' either in the form of aqueoué;
. solutions or as @ gas; it is preferably added as an aqueous solution. Preferably,
concentrated hydrochioric acid (36%) dissolved in water is added. Preferably, 0.05 -
0.5 kg, preferably 0.075 - 1.2_5kg: of 36% hydrochloric acid, dissolvedin 5- 151,
preferably 8 - 12 | of water (per mol of {VII) used ) are used per mol of compound
5 (V) put in. The organic phase is separated off and discarded.

The aqueous phase is mixed once again with the water-immiscible solvent, -
- optionally after previous washing with one of the water-immiscible solvents _
mentioned above. Preferably, 1 -5 |, preférably 2 - 41, most preferably 2.5 - 3.5 | of
10 the water-immiscible solvent are used per mol of tropenol ester (V1) originally put in.
The resutting mixture is combined with an inorganic base, preferably selected from
the alkali metal or alkaline earth metal carbonates of lithiurn, sodium, potassium or
caleium, such as, for example, sodium carbonate, lithium carbonate, potassium
carbonate or calcium carbonate, sodium carbonate being particularly preferred, and
15 adjusted to a pH of 8 to 11, preferably 9 to 10.5. The inorganic base is preferably
added in the form of aqueous solutions. For example and abcording to the invention,
most preferably, 0.05 to 0.4 kg, preferably 0.1 to 0.2 kg of sodium carbonate
-dlssolved in 0.25 to 2 |, preferably in 0.7 to 1.2 are added per mol of ester (VII)
“used.



referably at 30 - 40C (about 1-3 I, preferably 1.5 - 2.5 1 of solvent are
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et hane, pref erably 10 di et hyl f or rrarri1?e, Is then added. Between | and 5 kg,
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t hi setoé’i‘l'b%‘r‘ -ure, the mxture is stl rred until the crude product has fully
crystalli sed and the crystals precipitated are separated off gndfd“tﬁceir at
o S CTo pUSHaLe AORapRiaR braraReI: meion br T“e.spét?géfégdr?}y dicrably 3 - 7
pur i £ SGIB . pirpase Plapiugy PRrgide b metat brapista is o y
, mssppipreeéstealsbiution-otiaihable aﬁ’ﬁtbh??g't% g‘é@:dg,ﬁrﬁgtlcﬂﬁéx provitRad ﬁérﬁr’\l?éfﬁpééhgr
o Shiges GHICIRRl A BEel B § ol opmiisnabicesd by oduc
cr ystS R witbeuhany regasuremgnt of the yield of the preceding step, the quantities
specified below relate to the tropenol ester (VIi) originally put in. At least 1 mol of
methylbromide is used per mol of scopine ester (V). 0. 1-0.2 kg, preferably 011 -
-0.15 kg of methylbromide are preferably used according to the invention per mol of
5 tropenol ester (VII} used. After all the methylbromide has been added the mlxture is
stirred at 15-35°C for 1-3 days, preferably for 48 - 72 hours. Then the solvent
dimethyiformamide is partly distilled off in vacuo at 30 - 60 °C, preferably at 45 -
55°C. The vacuum is selected so that the solvent is distilled off within the
temperature ranges mentioned above. About 0.5 - 2.0 1, preferably 1.0-1.75 | of
2 solvent are distilled off per mol of tropenol ester (VIl) used-and-then cooled to about
| 5-20°C, preferably 10-15°C. At this temperature, the mixture is stirred until the crude
product has fully crystallised and the crystals precipitated are separated off and dried
~at 30-50°C under inert gas, preferably nitrogen.

~

The product may be further purified by crystallisation from methanol. About 2 -8 L
preferably 3 - 7 |, most preferably 4 - 5 | of methanol are used per 1 mol of tlotroplum
bromide () and the mixture thus obtained is refiuxed until the product dissolves. It is
then cooled to 0-15°C, preferably 3-7°C and the product crystalhses wnth stirring.



9 June 2005 13 After total crystallisation, the crystals are separated off
and finally dried at 30-50C wunder an inert gas, preferably aiideagen. The
product thus obtained nmay optionally be converted into its nonohydrate_To
do 5 this, the follow ng method mayipe used. in a reaction vessel of

suita ed wth tiotr br o Lo 1.5 kg,
prefer?%f 6‘%'3%]3’?%"%8{@5?%8&? f %@aﬁﬁ%ﬁr@ﬁaﬁf?gmgPﬂaﬁbg}’ﬁgﬁégoé%QJsed as
sol veunderean ingrt 9és, tireferalpy uitrdgemi de used. The resulting mixture is heated
with stirring, preferably to nore than 50C, nost preferably to nore than
60C. The 10 maxi mnum tenperature which can be used is determ ned by the
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heag eth;é Qh@f@[mag@,ﬁetﬁad%)@bégsbaat ed charcoal, dry or npoistened with
water, s a 50. g, ,noSt preferably
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water. Stirring is cont| nued for between 5 and 60 m nutes preferably
bet nst ant
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m xt ut@ g §01g, M@t@cﬂeﬂeaatéy 1ﬁltﬂé1569.t leslaalgtprerfarﬁw 26h@otaalivatdde filter is
t hen. éndresd éﬂ"etd”ée\&%e@rmol-ﬂ?'tﬂﬁo?mﬁﬁW?Hﬁdé‘gugﬁolftdes‘?gg tk a&iv%ftgd ably 200 to

320 nost erably about ropr um brom de
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activated charcoal. If the activated charcoal is suspended in water before being
20 added to the solution containing tiotropium bromide, it is advisable to rinse with the
same amount of water.
‘Stirring is continued for between 5 and 60 minutes, preferably between 10 and 30
minutes, most preferably about 15 minutes at constant temperature after the addition
of the activated charcoal and the resulting mixture is filtered to eliminate the
25 activated charcoal. The filter is then rinsed with water. This is done using 140 to 400
g, preferably 200 to 320 g, most preferably about 270 g of water per mol of
+ tiotropium bromide used. ‘ .
The filtrate is then slowly cooled preferably to a temperature of 20-25°C. Cooling is ~
preferably carried out at a cooling rate of1 to 10°C per 10 to 30 minutes, preferably
30 2 to 8°C per 10 to 30 minutes, most preferably 3 to 5°C per 10.tc 20 minutes,
particularly preferably 3 to 5°C per 20 minutes approximately. If desired, the cooling
o 20 to 25°C may be followed by further cooling to below 20°C, most preferably to
- 10 t0 15°C. Aiter the cooling has taken place, the mixture is stirred for between-20
minutes and 3 hours, preferably between 40 minutes and 2 hours, most preferabiy
35 about one hour, in order to complete the crysta!llsatlon
- Finally, the crystals formed are isolated by filtering or suction filtering of the solvent.
If it proves necessary to subject the crystals obtained to another washing step, it is
| advisable to use water or acetone as washing solvent. 0.1t0 1.0 4, preferably 0210
0.5 I, most preferably about 0.3 | of solvent:may be used per mol of tiotropium



particularly preferably 3 to 5C per 20 m nutes approximtely. If desired,
the cooling to 20 to 25C nay be foll owed. by further cooli ng i 464 ow 20C,
nost preferably to 10 to 15C. After the cooling has taken place, the

m xture is stirred for bet ween . 20 nutes and 3 hours, preferably between
40 m nut es, and nost IEreferably 35 about one hour in order to
conpl ROMidRdISg Etoé ?t B)aweehf EtigHppipm brmmdeynomrsydratermsm i sol ated by

filteobtagnedif deritdd)thd Wdspiir ggte@;fmb?%e%@ Mﬁ%fd it proves necessary to
t o anot her was step -it is advisable to
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0 5 ICOHfQQtOpr &f-efldbV¥y about 0.3 1 of solvent-may be used per nti of
tigtropium9 June 2005 14 bronide used in order to wash the tiotropium

brom_ﬁé%EDnoh drate ccéstal s obtained. If desired, the washing step may be
repea *FRPIPT whirh fodpwaserve to dlustiatzisomevaethodsof syhirgstd Efibatdgag hot

air thy wahior eRampleieordd 9 RBkard tfr@trcfptu Blofid, %h@gga%p{?@w ich follow
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takertoetbeqwsstdﬂte met hods provi ded by way of exanple, without limting the
|rment|on to their content. to Preparation of the tropenol ester (VII)
Ammonja (1.8 kg) i s added to 10.9 kg of tropenol hydrochloride in toluene

(95 | ratiew of the MEMM| ned is stirred at constant tenperature
for aohﬁutorﬂa 3 f|| red of f and
10 A M SR B e B R b JPene B3R Soc some

ri ns%g.) w toISuene a
of t ol IERLISPERDg @edi ig siirred aticenstant tempesadienedior Abbat 1¢odhieng t o
aboultanﬂﬁ@nthS hgdro@hrﬁndémfdﬂmedds ‘tﬁ%n ltrgae@ydfb 2hy sipkal %wirﬁtgh@é%%ear dagt e
L T Gl o 5 3 il P b e
aboutn vaguo. Aftas C@@llug itormboub 2600 s I §. 80k phnesth{ rdiRithiRPeT)glycars is
met hyddeh el tﬁbfre'séltlﬁgqﬁﬁture is heated to 50°C fo dissolve it. Toluene (40 i) is
placed in another apparatus and sodium hydride (2.7 kg) is added thereto at about
| 25°C. The solution previously prepared from tropenot and methyl glycolate is added
0 to this solution within 1 hour at 30°C. After it has all been added the mixture is
heated to 75°C at reduced pressure for about 7 hours with stirring. The methanol
formed is distilied off. The mixture remaining is cooled and added to a mixture of
water (958 1) and 36 % hydrochloric acid (13.2 kg). The aqueous phase is then
'separated off and washed with methylene chioride (56 I). After the addition of some
5 more methylene chloride (198 ) the mixture thus obtained is adjusted to pH = 9 with
prepared soda solution (9.6 kg of soda in 45 | of water). The methylene chloride
phase is separated off and the aqueous phase is stirred with methylene chloride.
(262 L). The methyiene chioride phase is evaporated down to the residue at 65°C.
The residue is taken up in toluene (166 I} and heated to 95°C. The toluene solution
0 iscooledto 0°C. The crystals obtained are separated off, washed-with toluene (331
and dried at about 50°C for a maximum of 24 hours in a nitrogen current.
YreId 18.6 kg (83%); melting pomt about 160°C (measured by DSC at a heatmg
rate of 10K/min};

o

" Preparation of the scopine ester (1V)
260 DMF are placed in a suitable reaction apparatus and heated to 50°C. Then -
16.2 kg of tropenol ester (VIl) are added and the mixture'is stirred until a clear
“solution is obtained. After cooling to 40°C, hydrogen peroxide-urea complex (10 2
kg), water (13 ) and vanadium-(V)-oxide (0 7 kg) are added successively and in




‘o to this solution within 1 hour at 30C. After it has all been added the
mxture is heated to 75C at reduced pressure for about 7 hoy NS 059
stirring. The nethanol forned is distilled off. The mxture remsu nrng is
cool ed and added to a. mixture of water (958 |) and 36 % hydrochloric acid
(13.2 kg). The aqueous phase is then155epar ated of f and washed with
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(soviarpact THE Witis A0 8 jlfn preped fyrtahieriopoe seldiams (471 t or ed
and degmfatmdmc!umfm aci, (Bl Wnstrergith o1 46@ { (afer) bt 2The. TRE vétapRnehl ori de phase
is d'éfﬁfd@ﬂwaé@%éﬁ?ﬁte@éf? bh&lidckiSed. The aqueous phase is washed with
0 methylene chloride (39 1). Then methylene chloride (130 1) is added and a pH of 10.0
is obtained with a pre;‘iared soda solution (7.8 kg of soda in 38 | water) at 20°C. _
After 15 minutes* stirring the organic phase is separated off and the“aqueous phase
is washed twice with meﬁhyléne chloride (97 | and-65 1). The methylene chloride
- phases are combined and some of the methylene chloride (90 |) is distilled off in a
15 slight vacuum at a temperature of 30 - 40°C. Then dimethylformamide (114 kg) is
added and the rémainihg methylene chloride is distilled off in vacuo at 40°C. The
contents of the apparatus are cooled to 20°C. '

Preparatiqn of the tiotropium bromide ()]

10 Methyl bromide (5.1 kg) is added to the scopine ester solutiori‘obtained according fo
the procedure described above at 20°C. The contents of the apparatus are stirred at
30°C for about 2.5 days. At 50°C, 70 1 of DMF are distifled off in vacuo. The solution
is transferred into a smaller apparatus. 1t is rinsed with DMF (101). More DMF is
distilled off at 50°C in vacuo until a total of about 100 | of distillate is obtained. It is

5 cooled to15°C and stirred for another 2 hours at this temperature. The product is
isolated using suct|on dryers, then washed with cold DMF (10 1} at 15°C and cold
acetone (25 1) at 15°C. ltis dried at a maximum temperature of 50°C for not more |

~ than 36 hours in a nitrogen current. |




) is again added to the aqueous phase and a pH of about 10.0 is obtained
using a prepared soda solution (11.0 kg in 51 1 of water). dhg,d®mbhyl ene
chl oride phase is separated off and the aqueous phase is extracted with
met hyl ene chloride (136 1) _ thhyleas chloride (about 175 1) is distilled
off fromthe conbi ned nethyl ene chlorrde phases in a slight vacuum (600 -
700 Bl 13- 240d881He weRingrainb200H3Afihataptensingaoe tis®pLisE dfahdQfudacet vl
chl orpeigicgpout 0.5 kg) is added and the mixture is stirred for about 40
m nutes at 20C. The reaction solution is transferred into a second
apparatus. The pHis adjusted to 2.0 with a prepared hydrochloric acid
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conbi T mainy some of . the. methyl ene chloride (90 1) is distilled off ina !5
sljoght vacuum at a tenperature of 30 - 40C. Then dinethyl fornmam de (114 kg)
is added and the remmining nethylene chloride is distilled off in vacuo at
40C. lirdesiredrthemredisst the obfrined tas beatanventidsitd ha2@GstdiRpar ation of the

ti ot rABhEM A= bEotrdoi QM .1 kg). |,s added to the scopine
estenﬁiﬁlﬂ¥ion'- _tg%ﬂé@{%%%@?%i?GEE%HF?%§OB?5%QBMW55deScribed above at
20C. kgfitiolopiyn bramidg pea added to 855t kg pbwaer in 20€Liitdde redioh 2. 5 days.
At 50@ss@D Thef mRireds tieditad td BeDHRES ar .? g ' I, Ly ansferred
i nto ??%rgs% | er ap}gar atg{a. At Qs ri n%ﬁ%ﬂﬁa‘%ﬁg %Bﬁg éﬁt“k%%wj t5|§
di 8t i9 dytfor, i REReH AGAI8d chareoal (9. 5tw). moispoed Withowatessisdi stillate is
obt aisepended is4-45kg obwatirt G5 Gigtigle $¢ haaed té aie 3HALHS rco?\té”i'r‘ﬁh\gs at this
t enNpPgiLaly ; duet LS50k &t Si ction dryers, then washed with
cold EWFB?%Bb g?gﬁﬁ%ﬁhﬁ%ag%.dkgdgg?ﬁW@&%ziﬁ?”&FR{%éguﬁpr%ﬂQ#F%d at a
maxi FUFPAdRDaF &agt &5 1insd B0FYR°Grendben filtetahthBéudtoarteadted flter ntogan
cur r epparatud wisici? A8 bben preheated to an outer temperature of 70°C. The filter is
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temperature of 20-25°C at a rate of 3-5°C per 20 minutes. The apparatus is further
| caaled to 10-15°C using cold water and the crystallisation is completed by stirring for
at least one hour. The crystals are isolated using a suction drier, the isolated crystal
Slurry is washed with 9 | of cold water (10-15°C) and cold acetone (10-15°C). The
5 crystals obtained are dried at about 25°C over about 2 hours in a nitrogenlcu'rrent.
Yield_: 13.4 kg of tiotropium bromide. monohydrate (86 % of theory)
Melting point: 230°C (determined by DSC at a heating rate of 10 Kimin).



rinsed with 4.3 kg of water.

I
r

Yield: 13.2 kg (88 %; nelting point: 200-230"C (depending on the purity of

the crude product); The crude product thus obtained (10.3 Kkg),lSgaglded to
met hanol (66 1). The mxture 5 is refluxed to dissolve it. The solution is
cooled to 7C and stirred for 1.5 h at-this tenperature. The product is

i sol ated using suction dryers, washed with cold nethanol .(11 1) at 7C and
dried for max. 36 h at about 508atentChimsgen current. Yield: 9.9 kg (96
% ; nmelting point: 228C (determ ned by DSC at a heating rate of 10K/ nmin).
10 If desli,red, he product. thus obtai ned can be converted into the ' o
cryst Bl | iHoceRs &PQ('BQéptﬁpﬁmﬁPW%Pﬁfﬁf@é‘?a {thi s can be done as
follows. 15.0 kg of tiotropiymBrotfi de are added to 25.7 kg of water in a
sui tabl e reaction vessel. The ture is heated to 80-90C and stirred at
constant tenperature until a r solution is formed. Activated
charcoal (0.8 kg), noistened ery 1.8 suspended in 4.4 kg of water,
this mxture is added to the sol ugj onfcontdai ning tiotropium bromn de and
ture thus obtained is stirred for at-
gred through a heated filter into an
to an outer tenperature of 70C. The

ter. The contents of the, apparatus are
at a rat;i of 3.5C per 20 m nutes. The

| east 15 m n at 80-90C and
apparatus whi ch has been pre
filter is v rinsed wwth 8.6 kg
cooled to a tenperature of 20-2
apparatus jis further cooled to 1'0-15C using cold water and the
cr§st°iﬁr?%1§f'§%‘g’r? Q‘aéélﬁ%l?ré’Péﬂot?s@fPFquHQJ'?&V )'at feast one hour. The
crystals are.isolated using a sucti™h drier, the isolated crystal slurry
is washed with 9 1 of cold water 0-15C) and cold acetone (10-15C). The 5
crystals obtained are dried at ab 5C over about 2 hours in a nitrogen
current. Yield : 13.4 kg of tiotry brom de. nonohydrate (86 % of
theory) Melting point: 230C (determ ned. by DSC at a heating rate of 10
K/mn). 9 June 2005 17 Paten ai @®rocess for preparing tiotropium

broni de of formula (1) | OH
' Z
(Vi)
is epoxidised to form the scopine ester of formuta (IV
. ) Me .
N(
: o
, H
o]
s 0
amn
2
= (V)

which is then quaternised with methyl bromide to form tiotropium bromide (1).
10 S o
~ 2)  Process according to claim 1, chéracterised in that a mixture of vanadium
pentoxide with hydrogen peroxide is used as the epoxidising agent for
~epoxidising (Vil) to form (IV).

15 3) Process according to claim 1 or 2, characterised in that the epoxidation of (V1)
~ toform (IV).is carried out in a solvent which is selected from among water,
“dimethylformamide, acetonitrile, dimethylacetamide and N-methylpyrrolidinone.



M N M (I), 5 characterised in that the tropenol ester of fornmula (VII) M
N (VIl1) is epoxidised to formthe scopine ester of fornmula (dYneMaB (I1V)
which is then quaternised with methyl brom de to formtiotropi um brom de
(). fo 2) Process according to claiyg 1, characterised in that a m xture of
vanadj um_ pent oxi de wi th hydrogen pergoxide is used as the epoxidising agent
for “Bpoki'BFEPhceding t%O%%PFOTg'@mg} 2913, chagciarseditdhat Hig to claim 1 or
2, char acjuatérsishtion ¢f{iY) tolferrmgiis dairicenowtfusing hethyibrdreida itlaelvest carri ed

out in a ' ' | r n r,..dinethyl formam de,
acet oni ¢ e FopelElsH ol b RE G, RELEUROMRIE meBiB it 2005 16
4) Procedbmatbyipyimetidinonemadadicilordmstiane2 or 3, characterised in that the
qugternisation of (1V) to form (1) is carried out using nethylbromde in a
solvent which is selected from armng( wat er, di et hyl f or mam de, :
di metBy| SEEERHT BECOrdNchit PRE B FiriNs ditAch eharastenisasl Bribabitsempeyngr ocess
accordi ng@ffernaua (Vclainms 1 to 4, characterised in that the conpound of
~formula (VI1) (VIl) is obtained byueeacting tropenol of formula (V), M N

N
H
;go §/ _
s o}
| )—f~on
2
_ . = (vin
is obtained by reacting tropenal of formula (V),
‘Me '
N
H
0 . OH (V) _
optionatly in the form of the acid addition salts thereof, with an ester of formula -
(1) - |
- )
in which R is a group which is selected from among hydroxy, methoxy, ethoxy,
'5 O-N-succinimide, O-N-phthalimide, phenyloxy, nitrophenyloxy, fluorophenyloxy,

pentafluorophenyloxy, vinyloxy, -S-methyl, -S-ethyi and -S-phenyl.

6) Process ac.cdrding to claim 5, characterised in that the trapenol (V) is used in
the form of an acid addition salt thereof which is selected from among the '
0 . hydrochlaride, hydrobromide, hydrogen phosphate, hydrogen sulphate,
tetrafluoroborate and hexafluorophosphate.



|

H'"0O OH (V) optionally in the formof the acid addition salts thereof, with

an ester of formula NO (VI) in which Ris a group which is gglfchesl from
anong hydroxy, methoxy, ethoxy, O N-succinimde, O N phthalimde,

phenyl oxy, nitrophenyloxy, fl uor oph | oxy, » pentafl uorophenyl oxy,

vi nyl oxy, -S-ne -S-ethyl and -S-phenyl. Process according to claimb5,
char abht er PEsEsp @Oﬁﬁﬁi‘n@ keope %@WS(EWF 6. schasacterined i ghatdhenredctam afci d

addi ti on (Altd fbierenf iswaindd bétﬁﬁé@ﬁ%&ﬂefd@éﬂl@@%ﬂ%fﬁ NerefdaBiogh ori de.
roprom rogen su at e etrari uoroporate an
h)exaf I uor%‘gn%r%tﬂ'f\{u@f;@gs §el§’8'rp‘?ép gﬁ@@?@@xgﬂ 8?’?%&@?‘9&’@06r@4tﬁﬁlcﬁtﬁt@ne of clains
5 or 6, cﬂhainlacmreeﬂ“sm@ ThiR, kikdxdriee direeitl/iaeetahideVDNIP drer m (VI1) is carried

out; in a 2[ § solvent, preferably in a solvent which is
sel ect ed rom r??ﬁ'% [taﬁab%ne benzene n- butyl acetate, dichl oronet hane,

THF, di oxane, di nmethyl acetam de, DVMF and 5 N-nethyl pyrrolidinone. Process
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hydroxy in the corrpound of orm (VII)
is carriCFET in the presence of coupling reagents which are preferably
sel ected

'5 9) - Process according to one of claims 5, 6 or 7, characterised in that , if R denotes
hydroxy in the compound of formula (Vi), the reaction of (V) to form (V1) is
carried out in the presence of couphng reagents which are preferably selected
from among carbonyldiimidazole, carbonyldi-1,2,4-triazole,
dicyclohexylcarbodiimide and ethyi-dimethylaminopropylcarbodiimide.

10) Use of tropenol of formula (V),
. S Me
N

H

OH (V) 7
optionally in the form of the acid addition salts thereof, as a startmg materlai fer
the preparation of tiotropium bromide of formula (l)

+ Me
ME\N -

(1)



from anong carbonyl di i m dazol e, carbonyldi-1,2,4-triazole,

di cycl ohexyl car bodi i m de and et hyl -di met hyl am nopr opyl car bod%i m de, 5' 0 10)
Use of tropenol of fornmula (V), Me OH (V) optionally in the t he
acid. addition salts thereof, as a sp@rting material for the preparation

of ti rom ) M+ M NS 59 June 2005 20 11)

Use oﬁ)tﬂg ﬁtﬁo@%‘? ‘F"‘P'gfomfﬁ \bkl) N Me optionally in the formof the

acid addltlon salts thereof as a "artlng material for the 5 preparation
of tiotropium brom de of forrrulaf‘) M+ ,M NBrro
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optionally in the form of the acid addition salts thereof, as a starting material for the
5 preparation of tiotropium bromide of formula (1) '
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