METHOD FOR PRODUCI NG THE ANTI CHOLI NERG C AGENT TI OTROPI UM BROM DE Abstract
The invention relates to a novel nethod for producing (1(err), o3(&9obhs -
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(54) Bézeichnung: VERFAHREN ZUR HERSTELLUNG DES ANTICHOLINERGIKUMS TIOTROFIUMBROMID

€ {57) Abstract: The invention relates to a novel method for producing {1¢, 2B, 4B, 5¢, 78)-7-[(hydroxydi- 2 -thienylacetyhoxy]-9,9-
dimethyl-3-oxa-9-azoniatricyclo[3.3.1.0%*] nonane bromide.
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(57) Zusammenfassung: Die Erfindung betrifft ein neues Verfahren zur Herstellung von (1, 2B, 4B, 5o, 75)-7-[(hydroxydi-2-
thienylacetyljoxy]-9,9-dimethyl-3-oxa-9-azoniatricyclo[3.3.1.0%*] nonanbromid.



of the forrmulation to be used, and on the other hand it is particularly
necessary to develop an industrial process for synthesising tigfhOfigdm
broni de which ensures that 30 the product is prepared not only in a good
yield but also with exceptional purity, 9 June 2005 2 European Patent
Application EP 418 716 Al discl oses a rret hod of synthesising tiotropium

1 de. It ra,mmtlcally shown in D agram1. -
lt\)/rreo% eN' O %%W tdﬁ' Eﬁﬂrﬂe %h?, rs{'Plé)ge(ntlthterrm brom@ie (1V)
M-N S OH Oor SOO—I(I) S5 Dagraml: In a first step, scopine

(II) is reacted with methyl di-(2-thienyl)-glycolate-(111) to form
-(2-thienyl)-glycolic aC|d SCOpI ne ester (1V), which is then quaternl sed
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described in EP 418 716 Al. This al ternatlve and 'surprisingly nore
advant ageous method is di agr papRGLGANY tid Invehigied in Diagram2. Me Me

N ON ﬁ1e compound (1a,28,48,5a,78)- —[(hydroxyd|—2—th|enylacetyl)oxy] 9, 9- -dimethyl-3-
10 oxa-9-azoniatricyclo[3.3.1.0**nonane- bromide is known from European Patent
Application EP 418 716 A1 and has the following chemical structure:

0

The 'compound'has valuable pharmacological properties and is known by the name

15 tiotropium bromide (BA679). 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 inhalable

20 powders packed into appropriate capsules (inhalettes) may be used, which are
administered using corresponding powder inhalers, Alternatively, it may be
administered by the use of suitable inhalable aerosols. These also include powdered
inhalable aerosols which contain, for example HFA134a, HFA227 or mixtures
thereof as propellant gas. o7

25 _
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 production
of the formulation to be used and on the other hand it is particularly necessary to
develop an industrial process for synthesising tiotropium bromide which ensures that

30 the product is prepared not only in a good yield but also wrth exceptional purity,
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(V) known in the art and reacting W|th di -(2-thienyl)-glycolic acid
derivatives (VlI), first the tropenol (2-thienyl)-glycolate (VI1) is
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5 Diagram 1; | |
In a first step, scopine (il) is reacted with methyl di-(2-thienyl)-glycolate-(1ll) to form
di-(2-thienyl)-glycolic acid scopine ester (IV), which is then quaternised to form
tiotropium bromide.

10 Detailed description 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
diagrammatically illustrated in Diagram 2.
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VII) is epoxidised to formthe scopine ester of formula (IV) M N
SHO a ? 0 )CH Sp(IV) which is then quaternised with nethyl Breufgsto
formtiotropiumbronde (I). 15 Because of the central |nportance of the
tropenol ester of fornmula (VI1) according to the invention in a second
aspect, the present invention provides use of tropenol ester of fornula
(VI1) o Diggsamads 3a M NH OS O OH S (V1) optlonallylntheform
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Prep acid derjvatives 8P I), first the tropenol di-(2-thienyl)-glycolate (VII) is formed. This is

converted into the corresponding scopine ester (IV} by epoxidation of the olefinic
5 double bond.

* Accordingly, a first aspect of the present invention provides a process for
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which is then quaternised with methy} bromide to form tiotropium bromide (1).
15 - :

Because of the central importance of the tropenol ester of formula (VIi) according to

. the invention in a second aspect, the present invention prowdes a use of tropeno!
" ester of formula (VIi)



HBr OO OH Sto One enbodinment may relate to 9 June 2005 i 4 the use
of the tropenol ester (VI |), optionally in the formof the ac'qm%ﬁgbgion
salts thereof, for preparing the scopine ester of fornula (IV?. en
tropenol ester (VIl1) is used in the formof an acid addition salt for
preparing the scopine.ester (1V), thP8 acid addition salt is preferably
sel ected from anong 5-hydrochl ori de, hydrobrom de, hydrogen phosphat e,

hydr ogen sul phate, tetrafl uorobora® and hexaf| uor ophosphate; the

hydr ochl ori de and hydr obrom de ar particularly preferred. According to
anot her enbodi nent there may be prpy-eed a process for preparing 90
tiotropiumbrom de of formula (1) My OOHBr SOM™ S
characterised in that in a first step tropenol of formula (V), Me NH OH
V optionally in the formof thesaci dition salts thereof, may be reacted
with an ester of formula (VI V1)

(Vi
optionally in the form of the acid addition salts thereof, as a starting material for -
5 the preparation of tiotropium bromide of formula (1).
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wherein R denotes a group selected from anong hydroxy, net hoxy,' et hoxy,

O- N succini mde, O Nphthalinmde, phenyloxy, nitrophenyloxy, g neo2005

fl uorophenyl oxy, pentafl uorophenyl oxy, vinyloxy, -S-nmethyl, -S-ethyl and
-S-phenyl, to formthe 20 tropenol ester of formula (VIl) 9 June 2005 5 Me
N H OSO OH (V) which can then b epoxidised in a second step to
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particuiarly prefetred.

~ According to another embodiment there may be provided a process for preparing

70 tiotropium bromide of formula (1)
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characterised in that in a first step tropenol of formula (V),

Me
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H

OH (V)

] optlonally in the form of the acid addition salts thereof, may be reacted with an

15 ester of formula (Vi)

(V) . ,
wherein R denotes a group selected from among hydroxy, methoxy, ethoxy, O-N-
succinimide, O-N-phthalimide, phenyloxy, nitrophenyloxy, fluorophenyloxy,

_ pentafluorophenyloxy, vinyloxy, -S-methyl, -S-ethyl and -S- -phenyl, to form the
20 tropenoi ester of formula (VII)



M- M N OH OBr O~ [/ OH S 9 June 2005 5a To prepare the tropenol

ester (VIl), tropenol, optionally in the formof an acid addltb One Skt
t her eof sel ected fron1anDng t he hydrochl ori de, hydrobrom de, drogen
phosphat e, hydrogen sul phate, tetrafl uoroborate and hexafluorophosphate,
preferably in the formof the hydrochl oride or hydrobroni de, nost
preferably in the formof the hydMechloride, is taken up in a suitable
organic solvent, preferably in aNsolvent selected from anong tol uene,
benzene, n-butylacetate, dichlorol ne, THF, dioxane, dinethyl acetam de,
DMF and N-net hyl pyrrolidi none, pr bly selected from anong tol uene,
benzene, THF, di oxane, dinethyl acegamjde, DMF and N-nethyl pyrrolidinone,
nmost preferably toluene or be zene, | uene being nost particularly
preferred as the solvent. Acgor the invention, 0.5 - 31, preferably
0.75 - 2.5 1, nost preferabl 1.25 and 1.75 | of organic sol vent
are used per nol of tropenol ZpE in. 9 June 2005 6 If tropenol is
used in the formof an acid addit\ sal t tﬁgreof a base is added to the
resul ting mxture to liberate the tropeno ui tabl e bases according to the
i nveri¥iieh cag tieen heegaridisastinar geotind dtepas forn danscosine ReferlsFiffnula

part% larly preferred. Organic am nes which nmay be used incl ude
trletﬁblanlne di i sopropyl et hyl am g, pyridine, 5 di nethylam nopyridine,

N- net hyl pyrrolidi ne, N-nethyl norpfioli ne or amonia, the use of
triethylamne, diisopropylethyla e, pyridine or anmoni a being
particularly preferred, whil eo i S nost particularly preferred . At
|l east 1 nol, preferably 1.25t E H nost preferably 1.5 to 2 nmol of
am ne are added, per nol of tropenyl salt used. The am ne nay be added at

tenperatures of between 0 an C 90’ preferably 15 to 50 C, nost
preferably 20 to 30C. After i & has been added,
‘ / S
(V)
.5

‘and this may then be quaternised in a third step using methylbromide to obtain
! tiotropium bromide (I). |

Because of the central impdrtahce of the tropenol (V) as a starting material for -

3 preparlng tiotropium bromlde (f) a third aspect of the present invention further

provndes a the use of tropenol of formula (V),

v
“optionally in the form of the acid addltion salts thereof, as a startlng matena! for

_the preparatlon of tiotropium bromide of formula (n
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t he suspension obtained is stirred at constant tenperature for between 0.1

to 5 h, preferably between 0.5 to 2.5 h, nost preferably bet\/\@%[]nooz,g_and
1.5 h. The ammonium salt thus obtained is filtered off and optiona‘ﬁy
washed with the organic solvent nentioned above. Between 0.1 and 1.5 1,
preferably 0.3 - 1.0 1 of 15 solvent are used per nol of tropenol (V) put
in. Some of the solvent is distilled off in vacuo at elevated tenperature,
preferably at 30 - 80C, nost preferably at 40 to 60C. The distillation
tenperature naturally depends on the choice of solvent used. Depending on
the choice of solvent, the vacuumis 20 adjusted so that distillation takes

i Z‘?Zrtf‘ﬁli’*éﬂ%?%mﬁf?ééﬁéﬁ?*%ﬂ%Qﬁﬁsé’?'éf"@ﬂgﬁf?fﬁ’%‘@an5!??*%@?% SRk o
(V) pud@ itﬁ.er%ftS@}eqt%f@ﬂbemmedhgrlwdmcfmrlciﬂ;|hy@lmbrhaud¢:e‘mdr@m1i |l ed of f,

the rpragphate, $9UHideasiipheROt&eafiRrab i 8had hekanligtoBRoSihdttom 0 - 50C,
preferab}e¥ tlo.?f%ﬁf%c nd t he C‘I -.&Z-IEI n I%’%l colic acid derivative (V)
is add&geraply (3 I Q%@‘P)q@'l@%‘m PRcaor ygfé%r {8, SOt rstelRblE N 18 be used
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car bo i - ,4-1riazol icycl xyl C diii mde or -
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(V)  ane aisepepet (\WWoputaf. tropenol (V) put in. Preferably, 1 - 1.5 35 nmol of
(VI) are used, and nost preferably stoichionmetric anounts of (VI) conpared
with (V) are used according to the invention. The reaction m xture obtained
~may optionally be heated to forma solution. A tenperature in the range
from30 - 80C, - preferably from40 - 60C, nost preferably about 45-55C is
chosén. 9 June 2005 7 The solution thus obtained is then added to another
solution or mxture of an inorganic or organic base in one of the
abovenentioned sol vents, preferably in the solvent which is used to
prepare the m xture of (V) and (VI). Between 0.2 and 2.0 |, preferably 0.4
- 1.5 1, nost preferably 0.5 to 1.0 | of solvent are used per nol of 5
tropenol (V) put in, in order to prepare the solution or m xture containing
a base.




Were R equal s methoxy, ethoxy, vinyloxy, phenyloxy, -S-nethyl, -S-ethyl

or- S-phenyl the reaction is carried out in the presence of angquganbg or

i norgani c base. The organic bases used are preferably organic am nes, nost
preferably diisopropyl ethyl am nes, trlgt hyl am nes, cyclic am nes such as
DBU or plyrl dine. 1o Suitable inorganic bases are the alkali metal or
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equi l | brorgani@fscﬂmtwmtdr@@ ANl Q%M@@q bmomqls ;L %?éf%rarﬁlyb'é - 1U@(i1§f these
reactlon(f itions, Ssone Is also distilled of f After the

di sti’Pl a6 |3§eé‘8ﬁﬁ|l°§{8“('é366f&n°e§°fd§% -, the quantity of solvent

distilled off 30 can be added to the reactlon sol ution |f desired. In any

cgan roomedtihe salbAlis defRAPE ROt ied TRBb I oigaffy of o6
pr ef er abl80°Ep most preferghly ¢ A0dp i68°GcThe |Chstéiahw’dtetmpeﬂatl$rernamtaﬂg @pemdast ant
t enper atgf gieRficdof BvRdiRd. ® ehﬁln%; &h 1R éﬁcﬁé?‘@# ¥0IQ t th& vBelum

o 2255 Blesteftve el ricorickeBle aresReratie ranaeé%eéﬁu%‘é%%%?;hf’f
concent rBdtaeehy2dantar |, preferably 8694 106 SSDécMe?htl a"re\métm@dlcﬁf pédhedof Beh \gfen
L2 TN e bR aioh b S e 1,
kg, nos tregctmmeolgt)@s is cooled to a temperature range of from O 50°C, preferably to 15 -
35°C, and the di~(2-thienyl)glycolic acid derivative (VI) is added. Di~(2-
25 thienyl)glycolic acid derivatives (VI) which may be used according to the invention
are those compounds wherein R denotes hydroxy, methoxy, ethoxy, O-N-
succinimide, O-N-phthalimide, phenyloxy, nitrophenyloxy, fluorophenyloxy,
pentafluorophenyloxy, vinyloxy, -S-methyl, -S-ethyt or -S-phenyl. It is particularly
preferred to use the compound (V) wherein R denotes hydroxy, methoxy or ethoxy ,
30 most preferably methoxy or hydroxy. If the compound wherein-R-is hydroxy is used
as the compound-(VI1), the reaction may be carried out in the presence of coupling
reagents such as carbonyldiimidazole, carbonyldi-1,2,4-triazole,
dicyclohexylcarbodiimide or ethyl-dimethylaminopropylcarbodiimide. Between 1 and
2 mol of compound (VI) are used per mol of tropenoal (V) put in. Preferably, 1 — 1.5
35 mol of (Vl) are used, and most preferably stoichiometric amounts of (VI) 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. '



8 preferably 0.15 - 0.25 kg of 36% aqueous hydrochl oric aci d d| ssol ved in

10 - 20 litres, preferably in 12 - 17 litres of water are addgg,Reggsol of
tropenol (V). Aft er everyt hi ng has been added and the m xture has been
thoroughly stirred the 5 aqueous phase,is separated off. It is then washed
with a suitable water-inmm scible organic solvent. The preferred solvent is
a wat er -fheselgtion thusodhtainedsisitben added é@ranaﬂr@ngormmnwrmmtmmoas ahde and
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ranges speci ove are endent on oi ce of solvent used,
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0.5 to 1.5 h. If an ester in which R denotes methoxy or ethoxy is used as the
compound (VI), for example, 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
1560 to 500 mbar, most preferably at 200 - 350 mbar, particularly preferabl'y 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 distilled 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. .- :
In any case, once distiilation is complete, the solution obtained is cooled down again
to a temperature range of below 40°C, preferably 0 - 35°C, most preferably 10 -
25°C. Hydrochloric acid is added to this mixture at constant temperature over a
period of 0.2 to 2 h, preferabily 0.4 - 0.6 h. The hydrochloric acid may be added
35 either in the form of aqueous solutions or as a gas; the addition of aqueous solutions
is preferred. Preferably, concentrated hydrochloric acid (36%) dissolved in water is
‘added. Between 1 and 4 mal, preferably 1.5 - 3 mol, most preferably 2.0 to 2.5 mol
HC! are preferably added per mol of tropenol (V) used. Preferably, 0.1 - 0.4 kg, most



ranges defined above, the maximumdistillation tenperature will naturally
be the boiling point of the solvent in question. 9 June 2005 ggw_'lll' 05
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0.7 to 0.8 L of water per mol of tropenoal (V} used.

25 After thorough mixing of the reaction mixture obtained, the aqueous phase is
separated off and extracted one or more times with the water-mmiscible solvent
mentioned earlier. Atotal of 1 -8, preferabiy 2 -6 |, most preferably 3 - 51 of the
abovementioned water-immiscible solvent are used to extract the aqueous phase
per mol of tropenol (V) ariginally used. Theé combined organic phases are

30 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

35 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 question.



1.5 - 4 h, preferably 2 - 3 h at a tenperature of 30 - 70C, preferably 40
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resulting mxture i s conbin S
from?20 | added to the solvent WhICh has been heated as descnbed above and the resulting

- mixture is stirred at constant tem perature until a clear solution is obtained.

.3

An 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

256 preferably vanadium pentoxide mixed with H2O2, most preferably an HoOo-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 - 1.01, preferably 0.15 - 0.7 |, most preferably 0.2-0.4 |

30 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 (VII) used. After
everything has been added, the mixture is stirred for a period of 1 - 6 h, preferably
1.5 - 4 h, preferably 2 - 3 h at a temperature of 30 - 70°C, preferably 40 -60°C, most
preferably 45 -55°C.

35
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 hydrochloric
acid. The hydrochloric acid may be added either in the form of aqueous solutions or
as a gas, the addition of aqueous solutions being preferred. Preferably, concentrated



the alkali metal or alkaline earth metal carbonates of |ithium sodium
potassiumor calcium such as, for exanple, sodium carbonate, 9IJ| L Opgn
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being particularly preferred, and adjygted to a pH of 8 to 11, preferably
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mentioned above. Preferably, 1 -5 1, preferably 2 - 4 I, most preferably 2.5 - 3.5 of
the water-immiscible solvent are used per mol of tropenol ester (VII) originally put in.

25 The resuiting 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, lithium carbonate, potassium
carbonate or calcium carbonate, sodium carbonate being particuiarly preferred, and
adjusted to a pH of 8to 11, preferably 9 to 10.5. The inorganic base is preferably

30 added in the form of aqueous solutions. For example and according to the invention,
most preferably, 0.05 to 0.4 kg, preferably 0.15 to 0.3 kg of sodium carbonate
dissolved in 0.25 to 2 |, preferably in 0.75 to 1.25 | are added per mol of ester (VII)
used.

35 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 - 4 | of the abovementioned water-
immiscible solvent are used to extract the aqueous phase per mol of tropenol ester
(V) originally used. The combined organic phases are subsequently freed from



solutions or as a gas; it is preferably added as an aqueous sol ution.
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0.5 kg, preferably 0.075 - 1. 25kg of 36% hydrochloric acid, dissolved in 5 - 151,
preferably 8 - 12 | of water (per mol of (Vi) used ) are used per mol of compound
25 (V1) 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 - 4 |, most preferably 2.5 - 3.5 of

30 the water-immiscible solvent are used per mol of tropenal ester (VII) originally put in.
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, lithium carbonate, potassium
carbonate or calcium carbonate, sodium carbonate being particularly preferred, and

35 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 according to the invention,
most preferably, 0.05 to 0.4 kg, preferably 0.1 to 0.2 kg of sodium carbonate
dissolved in 0.25 to 2 |, preferably in 0.7 to 1.2 | are added per mol of ester (Vi)
used.
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are s‘?gpé{sae e reo':?l?’ 'Bﬁ&e PERETED Withoytagy W@@'améft%nt%ﬂﬂdlqgas, o

uncbgen. Th duct thus obtained may optionally be converte

P:lte];eir?mpr?oiydgg?e. Tg g(r)o gcthi s, ‘the follow ng nmethod may be used. In a

reaction vessel of suitable size the solvent is mxed with tiotropium
br omi de In @rder togrepsrectiotrepismdpraniige (1),anethyl biagideds intprdeced alioythabout 0. 8

Fasuly | g e etae selufion oBiNAIS REGrRRy (e ARG PBLARk HerdRBRrarg
most 2 r@? éﬁ%ﬁ@it%‘aﬁsﬁ%@mﬁé\%é Aprie Solotiam ef soepinemstardi\irie uskeiddn thian be
used i s stagt withoukanpinddserdmehi sighe9idld opthd b;%ce%g%tefsl,stﬁ@ qifartgbyent .
Pref er alhx.kB8 HaIgW Yo&td & {Eeeat}c%jer;[o?egterr?\r}ﬁ)eor?éingﬂi pgtc%'n. At least 1 mol of
methylbromide is used per mol of scopine ester (IV). 0.1 - 0.2 kg, preferably 0.11 -
0.15 kg of methylbromide are preferably used according to the invention per mol of
25 tropenol ester (VII) used. After all the methylbromide has been added the mixture is.
stirred at 15-35°C for 1-3 days, preferably for 48 - 72 hours. Then the sclvent
dimethylformamide 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 [, preferably 1.0-1.75 | of
30 solvent are distilled off per mol of tropenol ester (ViI) 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.

- 35 The product may be further purified by crystallisation from methanol. About 2 -81,
preferably 3 - 7 I, most preferably 4 - 5 | of methanol are used per 1 mol of tiotropium
bromide () and the mixture thus obtained is refluxed until the product dissolves. It is
then cooled to 0-15°C, preferably 3-7°C and the product crystallises with stirring.



Activated charcoal, dry or noistened with water, is added to this solution.

Preferably, 10 to 50 g, nost preferably 15 to 35 g, particul aplyyne 2005
preferably 25 g of activated 15 charcoal are used per nol of tiotropium
brom de put in. If desired, the actlvat%d charcoal may be suspended in

wat er be re be|n added to the sol ution containing tlotropl um brom de. 70

to 200 %Frfei tHllisalipn, ha gbystpls mpe sepreated alfiapddinally drigs at@0os0 et er

are Usedjrﬂﬁréﬁ)ineﬂfgég p’r@f@mmymmr de put in, in order to suspend the
activated charcoal. If the activat ed charcoal is suspended in water before

bei ng 20 added to the solution containing tiotropiumbromde, it is
advi sabl Bne praduss ghusi oittairied mapoptianaliynbe cbnvertet intSits nmomhyidsateos idoued

for bet fg’ltﬁemgﬁpqnmémg&m eehg%@bly between 10 and 30 m nutes, nobst
y ab tes

pref era cons ant tenperature after the addition of
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% same amount of water.

Stirrihg 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 ¢ of water per mol of |
tiotropium bromide used.
The filtrate is then slowly cooled, preferably to a temperature of 20-25°C. Cooling is
préferably carried out at a cooling rate of 1 to 10°C per 10 to 30 minutes, preferably

30 210 8°C per 10 to 30 minutes, most preferably 3 to 5°C per 10 to 20 minutes,
particularly preferably 3 to 5°C per 20 minutes approximately. If desired, the cooling
to 20 to 25°C may be followed by further cooling to below 20°C, most preferably to
10 to 15°C. After the cooling has taken place, the mixture is stirred for between 20
minutes and 3 hours, preferably between 40 minutes and 2 hours, most preferably

35 about one hour, in order to complete the crystallisation.
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. 0.1 to 1.0 |, preferably 0.2 to
0.5 |, most preferably about 0.3 I of solvent may be used per mol of tiotropium



The Exanples which follow serve to illustrate some nethods of synthesis
carriedngut by way of exanple in order to prepare.tlotroplunlQP&QhQQS_They
are intended to be taken as possible nethods provided by way of exanpl e,
without Iimting the invention to theiy,content. 10 Preparation of the
| i 14 added 1o 10.9 kg of tropenol
tropenol,  ester (VII) Ammonia (1.8 kg) iS"ad ed to : g _ pe _ g
hydr ochl Braraide; ypedjnesder toogagh tmtiommﬁemmn&hﬁ@a@@bﬂlswg Is stirre
y

: . T, i um hydrochl ori de forned
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i n vacuocomentof 2664 4100%t 0 about 25C, 15.8 kg of nethyl .
di - (2-4 hienyl)glycolate is added and the resulting mxture is heated to
S50C to dissolve it. Toluene (40 1) is placed in another apparatus and
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vi ou . et C,0 e { .
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heat ed t'8*9BESROSERRBEINRH paMided by walymitexarmpte) veithwiut indting tHenaverfi
nmet hanolto theirwedtgrg, di stilled off. The m xture remaini ng is c_ool ed and
added to a m xture of water (958 I) and 36 % hydrochloric acid (13.2 kg).

The aqueous phase is then separated off and washed with methyl ene chloride
(56 1). Pveparation ofdbe traperd! estep(\ more net hyl ene chloride (198 1) the

' | N lust H=9 wth repared soda sol ution
(96" ko ‘e HOMILRERGS & 2oPRUIB o kg R ingerioiinboufipatd indonsmeson et
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formed is distilled off. The mixture remaining is cooled and added to a mixture of
water (968 Iy and 36 % hydrochloric acid (13.2 kg). The aqueous phase is then
separated off and washed with methyiene chloride (56 I). After the addition of some
25 more methylene chloride (198 i) 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 methylene chloride phase is evaporated down to the residue at 65°C.
The residue is taken up in toluene (166 [} and heated to 95°C. The toluene solution
30 s cooled to 0°C. The crystals obtained are separated off, washed with toluene (33 1)
and dried at about 50°C for a maximum of 24 hours in a nitrogen current.

Yield: 18.6 kg (83%); melting point: about 160°C (measured by DSC at a heating
rate of 10K/min);

35 Preparation of the scopine ester (IV)
260 | DMF are placed in a suitable reaction apparatus and heated to 50°C. Then
16.2 kg of tropenol ester (VIi) 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 1) and vanadium-(V)-oxide (0.7 kg) are added successively and in




15 batches and the contents of the apparatus are. heated to about 50C.

After 2 - 3 h stirring at constant tenperature the mxture isqoggolfesto
about 20C. The reaction mixture obtained is adjusted to a pH of about 4.0
wi th hydrochloric acid (36 9. Prepar gr% sodi um bi sul phite solution (2.4 kg
in 24 1 of water) is added. At an inter 5 tenperature of 35C the sol vent
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90 I) i vacuu - '
gl'hen 21. p% llqﬁ%‘lpﬁlé (af{i]'ﬁsa}ﬁéi ?sd ‘?’%@e‘?{ eﬁﬁ’aacf]ﬂﬁp Wgﬁﬁﬁﬁ’{ﬂ pRitHoN Ehé
chl ori dekd chtmmbnci aoif 3B1% strengthein 460C.watee) atQDTCe The MbtHyfeheappar at us
I r t e
br ﬁmCSE (R B SRRIAGH o idGarde® TREATEREPESelc biadBad Bl i ng
to tHe ?%@d\%@'@&%(33)%”@&!?)0@”@('812@@1110%@ (tOdi)dntesidet! ardea pplpafr1.0s are
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total ofis washed tWelwith miitisylehé ahieride (9Dt ahd®3.1).IThe fethylene chioride
phases are combined and some of the methylene chloride (90 1) is distilled off in a
25 slight vacuum at a temperature of 30 - 40°C. Then dimethylformamide (114 kg) is
added and the remaining methylene chloride is distilled off in vacuo at 40°C. The
contents of the apparatus are cooled to 20°C.

Preparation of the tiotropium bromide (i)

30 Methyl bromide (5.1 kg) is added to the scopine ester solution obtained according o
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 | of DMF are distilled off in vacuo. The solution
is transferred into a smaller apparatus. It is rinsed with DMF (10 1). More DMF is 7
distilled off at 50°C in vacuo until a total of about 100 | of distillate is obtained. It is

35 cooled to 15°C and stirred for another 2 hours at this temperature. The product is
isolated using suction dryers, then washed with cold DMF (10 1) at 15°C and cold
acetone (25 1) at 15°C. lt is dried at a maximum temperature of 50°C for not more

- than 36 hours in a nitrogen current. '




35 cooled to 15C and stirred for another 2 hours at this tenperature. The
product is isolated using suction dryers, then washed with colgqjugvgooglo 1)
at 15C and cold acetone (25 1) at 15C It is dried at a maxi num
tenmperature of 50C for not nore than 3{5 hours in a nitrogen current. 9
June 2005, 16 Yield: 13.2 kg (88 %9; ne i ng point: 200-230C (dependi ng on
the puri ¥ieldi13-R&kaciB8L), mebiogqojnt: Iﬁ@-ZSDﬁﬁe(depmlﬂmg onltie pkitRbNeR drife3

kg) is agerflictie methanol (66 1). The mixture 5 is refluxed to dissolve it.
The solution is cooled to 7C and stirred for 1.5 h at this tenperature.
The product is isolated using suction dryers, washed with cold nethanol

(11 1) aTh@Crudulprduetittue obstamedIq0!s 1§%@dbd59%étﬂgﬁgﬂb%é%9‘f-{é :‘E'H{]u,%”t
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wat er |r\g1 Cf:g)néﬁ reaction vesse
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Act i vat etDKingoal (0.8 kg), noistened with water, is suspended in.4.4 kg
of wafer, this mxture is added to the solution containing tiotropium
brom (fe and rinsed with 4.3 kg of water. The mi xture thus obtained is
stirred If desieed,Itbaprodifct thus abtafsdOsh batohbenad uﬂqtb%@@rﬁsfi'élmh a heat ed

filter 'fﬂbﬁowqra?eogﬂcﬁ%ﬁum%& tsﬂlbggg %r ecﬁl)c(raa%tl\ggé ani outer tenperature

of 70C. 61 OWfhe contents of the
appar at us>-8K8 Fdifreaiure baoth@r%ddﬁtbtooZS Z&QZﬂ’Giatbr n aahﬁal@lfe réabfforper 20
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cr yst1g !ﬂrh'tgéarrﬁgﬁ?ggdé’%%f’ ioat (G | Qi Heoistaplest with wrafmt & slurry
i 5" washetispendedin 4af ke of wats! Biis (rﬂ;auﬂeB@ac%a toQhéd RN rkdiflintp©) . The 25

gLBr/f;ﬁlt ?loﬁgf)ﬁlnr?%%rﬁ@%ll k%?§§&§ i O%% over %ﬁ?@mﬁjﬁhﬁ%bﬁae@%% rogen
t heory) StiEedifagableast 15 pB0@t @Béﬂé’ﬂmmntmebyﬂ[%é‘d atroighenhéaedriate irth ak0
Kimin) . appdidtas 4Hich had been preheated to an outer temperature of 70°C. The filter is
20 rinsed with 8.6 kg of water. The contents of the apparatus are cooled to a
temperature of 20-25°C at a rate of 3-5°C per 20 minutes. The apparatus is further
cooled 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 1 of cold water (1 0-15°C) and cold acetone (10-15°C). The
25 crystals obtained are dried at about 25°C over about 2 hours in a nitrogen current.
Yield : 13.4 kg of tiotropium bromide monohydrate (86 % of theory)
Meilting point: 230°C (determined by DSC at a heating rate of 10 K/min).



Patent Clains 1) Process for preparing tiotropiumbromde of fornmula (1)

M NM OHBr OSO OH s 5 characterised in that the trop@r]gé seker of
formula (M) M NH OSSO OH S (VII) is epoxidised to form Gie
scopi ne ester of formula (I1V) Me NO H SO OH S (IV) which is then
quaternised wth nmethyl bromde to forr41tiotropi um bromde (1). 10 2)
Process according to claim1, charRBateetiGlabmsn that a m xture of vanadi um
pent oxi de wi th hydrogen peroxi de is used as the epoxidising agent for
epoxidising (M) to form,( . 15 3% Process according to claim1l1 or 2,
char act eb)i sdgorpss fﬁtprﬁﬁ@'%m‘if@l&'ﬂﬂb rognideaf fgrmula (Horm (1V) is carried out
in a solvent which is selected hrgmi‘d?mng wat er,

OF

5 characterised in that the tropenol ester of formula (VIi)
' Me
s
|/
(vin

is epoxidised to form the scopine ester of formula (IV)
‘ Me
s
W
(IV)

which is then quaternlsed with methyl bromide to form tiotropium bromide (1).
10 |
2) Process according to claim 1, characterised in that a mixture of vanadium
pentoxide with hydrogen peroxide is used as the epoxidising agent for
epoxidising (VIl) to form (1V).

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



di met hyl f ormam de, acetonitrile, dinethylacetam de and
N-met hyl pyrrolidinone. 9 June 2005 18 4) Process according tog %28({)5
claims 1, 2 or 3, characterised in that the quateérnisation of ?'P\/) to form
(1) is carried out using nethyl brom de,ykn a solvent which is selected from
anong wat er, dinethylformam de, dinethylacetam de, N nethylpyrrolidinone
and di cHi)or Girecermaccasding thrarsesiclaiotot.d ay3t chasaeteosediimthad thet o 4,
characteri S%alé?nfsa%ntolﬁ‘?l QHW&‘M‘ |s°c‘§arf:819 '6% ﬁlﬁglrhéth%ﬁ:romldé'ﬁn Qs?l\vlseﬁtv )

is obtained Qy reactin penol
optional |y Mghis ffed%g-ef rqrﬁ@nmgjwakﬁm dimsihyidrinamide, digtethylacetagid@st er of

formula (VN-riéthgpRralidivdne andwhdHidrothdtiage.gr oup which is selected from
anong_hydr oxy, methoxy, ethoxy, 15 O N-succininm de, O N phthalim de,

pheny?oxy, ni t rophenyl oxy, fluorophenyl oxy, pentafl uorophenyl oxy,
vi nyl oxyp) - BroeessyaccordingtthydnesoftclaiBisphéms}) chapcteriseddrs thead dioe dompotiodcl ai m

S5, charact e t the tropenol (V) is used in the formof an acid
addi ti on sal F@ﬁ"&@&\”ﬁm ch is selectgd fromanong the 20 hydrochl ori de,

hydrobrom de, hydrogen phosphate, hydrogen sul phate, tetrafluoroborate and
hexaf | uor ophosphate. 9 June 2005 :

S
|/
: / S
(vn)

is obtained by react:ng tropenol of formula

I

10 OH (v) |
optionally in the form of the acid addition salts thereof, with an ester of formula -
(VI
S
|/
= (Vl)
in which R is a group which is selected from among hydroxy, methoxy, ethoxy,
15 O-N-succinimide, O-N-phthalimide, phenyloxy, nitrophenyloxy, fluorophenyloxy,

pentafluorophenyloxy, vinyloxy, -S-methyl, -S-ethyl and_—S—phenyI.

6) Process according to claim 5, characterised in that the tropenol (V) is used in
the form of an acid addition salt thereof which is selected from among the
20 hydrochloride, hydrobromide, hydrogen phosphate, hydrogen sulphate,
tetrafluoroborate and hexafluorophosphate.



E

19 7) Process according to one of clains 5 or 6, characterised in that the
reaction of (V) to form(VII) is carried out in a suitable orgapiconos
solvent, preferably in a solvent which is selected from anong tol uene,
benzene, n-butyl acetate, dichloronethanpe, THF, dioxane, dinethyl acetam de,
DVF and 5 N-net hyl pyrrolidinone. 8) ProCess according to one of clains 5, 6
or 7, ché}tacPeoesedccardingto one of skeins bror G fchargctedsdabinthaMiie) reastiarant i ed

out in the pneIsm&sn PUIIRR QE8MbE A émP{]tﬂ@BP%anié’@é%nP[%‘?éﬁfﬂ%n{a“ the

presence of a base s.ebect ed Hdgfm anong the organic am nes, S
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cal cium ding to one of clains 5, 6 or 7, characterised
in that, if R denotes hydroxy in the conpound of fornula (VI), the
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15 9) Process according to one of claims 5, 6 or 7, characterised in that , if R denotes
hydroxy in the compound of formula (V1), the reaction of (V—) to form (VII) is
carried out in the presence of coupling reagents which are preferably selected
from among carbonyldiimidazole, carbonyldi-1,2,4-triazole,
dicyclohexylcarbodiimide and ethyl-dimethylaminopropylcarbodiimide.
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~10) Use of tropenol of formula (V),

Me
N

H

| OH (V)
optionally in the form of the acid addition salts thereof, as a starting material for
the preparation of tiotropium bromide of formula (1) '

+ Me
Me---N -

Q
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Os O OH s (VII) optionally in the formof the acid additiog Saligs
thereof, as a starting material for the 5 preparation of tiotropium
bronmide of fornula (1) M M-N $:H Bpg 10 : '

11) Use of tropenol ester of formula (VI1)
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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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