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| NOVEL METHOD FOR PRODUCING TIOTROPIUM SALTS The
invention relates to a new process for preparing tiotropium salts of general
formulal Me Me-N' OH O X H g- wherein O 5 X may have the
meanings given in the claims and in the specification. Background to the
invention Anticholinergics may be used to advantage to treat a number of
diseases. Particular 10 mentlon may be made for example of the
treatment oNEXYRIMET RO BREEETS '
Anticholinergics which have a scoplne tropenol or troplne baS|c structure

am le by WO 02/03289 for the treatment of these
o 0 AT ) B IOLERr e formula 1
prior art as a highly potent anticholinergic. Tiotropium bromide is known
for example from EP 418 716 15;}6.&[F Waddition to the methods of
synthesis for preparing scopine este dlsclosed in the prior art
mentioned above, a process for pyep esters of scopine is disclosed
particularly in W003/057694. 20 present invention is to
provide an improved industrial metho nthesis which enables the
compounds of general formul be/Synthesised more easily, in a
manner which is an improveménton theQtior art. 25 2 SUMMARY
According to a first aspect, there is iled a process for preparing
tiotropium salts of {

wherein X “may have the meanings given in the claims and in the specification.

Background to the invention

Anticholinergics may be used to advantaﬂc to treat a number of diseases. Particular
mention may be made for examplc of the tieatment of asthma or COPD {chronic
obstructive pulmonary disease). Anticholinergics which have a scopine, tropenol or
tropine basic structure are proposed for example by WO 02/03289 for the treatment of
these diseases. Moreover, tiotropium bromide is particulariy disclosed in the prior art as a
highly potent anticholinergic. Tiotropium bromide is known for example from EP 418 716
Al

In addition to the methods of synthesis for preparing scopine esters, disclosed in the prior
art mentioned above, a process for preparing esters of scopine is disclosed particularly in
WO03/057694.

The aim of the present invention is to provide an improved industrial method of synthesis
which enables the compounds of general formula 1 to be synthesised more easily, in a
manner which is an improvement on the prior art.



formulal Me -IN'Me OH O X O OH S wherein X- may represent an
anion with a single negative charge, characterised in that a compound of
formula 2 Me'N'Me H'Y OH wherein Y' may represent a lipophilic anion
with a single negative, charge which ig different from r, preferably an
anion selected from among the hexafluorophosphate, tetrafluoroborate,
tetraphenylborate and saccharinate, particularly preferably

. sthexallgarophosphate or tetraphenylborate is reacted in one step with a
compound of formula 3 R OH 3 wherein 2a R denotes a group selected
from amongmethoxy, effioxy.7opoxy,-Isopitypoxy, isopropcnyloxy, butoxy,

AdolNigdaein et Bsdectirpbmyiexyidditroplessd gy prasiopheoyeyim salts of

‘o lng&gﬂgoropnenyloxy, vinyloxy, 2-allyloxy, -S- methyl, -S-ethyl and

"8%h nyi, in a suitable solvent with the addition of catalyst selected from
among zeoiites, alkoxides, lipases and tertiary amines to obtain a

compound of formula 4 Me:N Me
o
H
X
1
‘Wwherein
X7 mayrepresent an anion with a single negative charge,
characterised in that a compound of formula 2
+ he
Me—y
G H _
| Y
oH 2

wherein

Y™ mayrepresent a lipophilic anion Wlth a'8ingle negaiive charge which is different
from X, preferably an anion selected from among the hexafluorophosphate,
tetrafluoroborate, tetraphenylborate and saccharinate, particularty preferably
hexafluorophesphate or tetraphenyiborate

isreacted in one step with a compound of formuta 3

O
S \—R
| —t~on
an
- 3

wherein



-Me.N ,Me N 9\~ Y-S 4 whereinthe groupt mayhavethemeanings given
above, and vithout being isolated the corn otmd of-brmuia4 is converted
into the compound of fozmulal by rea&tion with a salt caf X, wherein cat
denotes a cation selected from among the Lim, Na’, r-. Mg, Ca2"™. and
E)rga@oﬁmgwmmmwﬁgwﬁwmmmfopmdsmoxm
telragiouamEBeRI ARy XOmax i iR @b@&nﬁoxy,

Accogdingdo a.second as %@\%ﬁ dShdsmiaSiony, -5-
Me DH Wi I% O%Q%%hlhcam hasmgle neg W %ny,

JFq ative
charge p efera an an|on seletted from among the

hexaflmqroplposp N tet aﬂuoro Ja tel'trat%pg O%Ilgt%roatg ang‘ xides
sacc arlnate be ccor ing toat ird-aspect, there'is proméB use of)
Bayep cuh ESTf fommesio ptrafiensep el ersmirtinhg compounds for

preparing compounds of formula 1.. According to a fourth aspect, there is
provided a process for preparing gorn ndignds of formula 1, characterised

in that a compound of formula 2 as d&fj

dfined above us is used as a starting
compound for preparing compou ' mula 1. According to a fifth

aspect, there is provided compounidgef formuylé 4 Me + hlieN OHY
OH Y
5 i8]
l 5 OH
-

Wwherein the group Y may heve the meanings given above, and without being isolated the
compormd of formmuia 4 s converted into the compound of formuts 3 by reaction with &
salt m’T wherein o denotes & cation selecied from among the LI, Ne™, K7, Mg™,

Ce”", and orgsnic cations with guatemary N (s.g. N N-ma]lcj.fmd&zozm
tmﬁlkylammomum} and X may bave the meanings given gbhove.,

According to a second aspect, there is provided compounds of formula 2

-+ e
M“--N
. \_—_ ;
N \Q H v
| ‘

Ty -
wherein '
v-

denotes a lipophilic anion Wzth 2 smgle hegative charge, preferabiy an anion

selected from among thc he:xaﬂuorophaspnates, tch:aﬂuoroborate ten*aphcnylberate
and saccharinate.



4 wwhe7ein Y denotes a lipophilic anion with a. sirigie negative charge,
preferably an anion selected from among the hexafhiorcaphosphates,
teiraftuoroborate, tetraphenylborate 1zabnad sacchmnate. According to a
sixth aspect, there is provided use ot compounds of formula 4 as defined
aboye as starting compounds for preparing compounds of formula 1.

AKBEURENG 0L TERh Wepelt ARatd sd Brondsarappiide &€ foFprEparigiefined

abooenpotintis Ofofapound: focharmelesisehinthat aCempaund of formula 2
as defined above is used as a starting compound for preparing

compounds of formula 1. 2c Detailed description of the invention The
Apresient ioveritiortbrekptes theprécessyivksreparingstdivopienasattsanpounds of
foMM'ﬁ‘ J:hMgct&l}égd% 915 a%?)(m (Qn/xé) H‘ f{)ﬁm%wgsr?i'éh%éd above us is used as a

mayrepresentan anion with a single negative charge, prefterably an anion
StERE fOTNITPERT AR BrRPEHBLHISHYENBoPhi@ETBMIde, sulphate, phosphate,

methanesulphonate, nitrate, maleate, acetate, citrate, fumarate, tartrate,

oxalate, succinate, benzoate, p- toluenesulphonate and
AGRRFERS et HHER I oRATR IS0y SHARSL ORI HRAL PR Tound of

formula2 MetMe _.N O + Nie

Me-_N'

DUR

Vo H

s Nd Y
_@\S
—

——

whersn

Y denotss & lipophilic anion with & sinxgle negative chargs, preferably an anion
selected from among the hexafimorophosphates, wewafiuoroporate, tetraphenyiborate
and saechzrnate,

According 1o a sixth aspect, there is provided use of compounds of formula 4 as defined

above as starting compounds for preparing compounds of formula 1.

According to a seventh aspect, there is provided a process for preparing compounds of
formula 1, characterised in that a compound of formula 2 as defined above is used as 2

starting compound for preparing compounds of formula 1.
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HY OH 2 wherein is Y- denotes a lipophilic anion with a single negative
charge, preferably an anion selected from.among the '
hexafluorophosphate, tetrafluoroborate, tetraphenylborate and
saccharinate, particularly preferably hexafluorophosbhate or
tetraphenyiborate is reacted |n one step W|th a compound of formula 3 z0
Hotess IRESE IYEERIBmong methoxy,
efhepreseopoxynisopapexyo awmwﬁwfpv%ﬂmgmn@phhﬁmﬁwﬁfdﬁwal
O-N-phthalimide, phenyloxy, nitrophenyloxy, fluorophenyloxy,
pentafluorophenyloxy, vinyloxy, 2-allylexy, -S- 5 methyl, -S-ethyl and
-S-phenyl, in a suitable solvent vMﬂ’i‘lhe addition of a suitable base to form

by reaction with a

‘wherein

X~ ayrepresent an anion with a single negative charge, preferably an anion selected
from among the chloride, bromide, iodide, suiphate, phosphate, methanesulphonate,
Titrate, maleate, acetate, citrate, fumarate, tartrate, oxalate, succinate, benzoate, -
toluenesulphonate and trifluoromethanesulphonate,

characterised in that a compound of formmla2

+ :Me
Me"‘-N . ,-

2

wherein

Y™  denotes a lipophilic anion with a single negative charge, preferably an anion
selected from among the hexaflucrophosphate, tetrafiuoroborate, tetraphenylboraie
and saccharinate, particularly preferably hexafluorophosphate or tetraphenyiboraie

isreacted in one step with a compound of formula 3
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salt cat+X-, wherein cat+ denotes a cation selected from among the Li+,
Na+, K+, Mgz Ca'+, organic cations with quaternary N (e.g.
N,N-dialkylimidazolium, 15 tetraalkylammonium) and X- may have the
meanings given above. Preferably the present invention relates to a
process for preparing tiotropium salts of formula 1, wherein X - may
represent an anion with a single negative charge selected from among the
2Qichlggide, bromide, iodide, methanesulphonate, p-toluenesulphonate

aﬁd trggljlogomethanesilph ate, preferably chloride, bromide, iodide,
methanesufphonatd 5 {f ﬁ’&ﬂgéﬁ%ﬁ%’ﬁé@{hﬁé}’tiéiﬂaﬂ%@@?@F&BR}%
chloridéoPEIBARIdExs: htekzreSiitpimanate]deadiaNlatshplieferalidoraoxde.

25 A partigtHanylerefenies 5842 . ; o ] — .
chara%%[%g_gé&%%‘% _g%gggqﬁ}fggﬁ%?%’lfpﬁﬁﬁfghpﬁéy&z allyloxy, -S

formula 3, Wherein enotées a%roup selected from among methoxy,

ethoxy, propoxy, isopropoxy, isopropenyloxy, butoxy, O-N-succinimide,

@2 N qiititatiitienphemyloxyddnisapianyieanicRERMBAYIOMmpound of formula 4
pentafluorophenyloxy, vinyloxy and 2-allyloxy. 4 A particularly preferred -
process according to the invention i chgracterised in that the reaction is

carried out with a compound of fdfmmnla 3, wherein R denotes a group

selected from among methoxy, etho ropoxy, isopropoxy, 5

isopropenyloxy, butoxy, O-N-suc€ipi -N-phthalimide, vinyloxy and
2-allyloxy, preferably selected from¥mgthoXy, ethq{xy, propoxy, and

butoxy, particularly preferably methoxysercethoxy. A particularly preferred
process according to the invenfioni cterised in that 10 the reaction

is carried out with a compoun ormudla 2, wherein Y may represent an

anion with a single negative charge §€legted from among the
hexafluorophosphate, tetrafiuoroborateand tetraphepylborate, preferably
hexafluorophosphate. 15 A particularly preferred process according to the
irplleergltiop is cr:har eriseg in that the final reaction of the compound of

YR S S8R ih tha% WD RS Gl R i_beusriad Suthwithisalatiea the
rarsardabtiommiedr cemvigted|antethéreomanorigE Foriatt -byMgidtion with a
QRUIYaniRRAIRRE Wi Y aleaNk Neea. AbN-Aialkyimidazolmy - pg>*,

Ca™, organic cations with quaternary N (e.g. N,N-djalkylimidazolium,

tetraalkylammonium) and X" may have the meanings given above.

Preferably the present invention relates to a process for preparing tiotropium salts of

formula 1, wherein o

X~ may represent an anion with a single negative charge selected from among the
chioride, bromide, iodide, methanesulphonate, p-toluenesulphonate and
trifluoromethanesulphonate, preferably chloride, bromide, iodide,
methanesulphonate or trifluoromethanesulphonate, particularly preferably chloride,
bromide or methanesulphonate, particularty preferably bromide.

A particularly preferred process according to the invention is characterised in that the

reaction is carried out with a compound of formula 3, wherein

R denotes a group selected from among methoxy, ethoxy, propoxy, isopropoxy,
isopropenyloxy, butoxy, O-N-succinimide, O-N-phthalimide, phenyloxy,
nitrophenyloxy, fluorophenyloxy, pentafluorophenyloxy, vinyloxy and 2-allyloxy.
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tetraalkylammonium) and wherein X- may have the meanings given
above. 20 The term alkyl groupsy including-those which are part of other
groups, refers to branched and unbranched alkyl groups with | to 4
carbon atoms. Examples include: methyl, ethyl, propyl, butyl. Unless
otherwise stated, the terms propyl and butyl used above include all the
possible isomeric forms thereof. For example the term propyl includes the

two 25 isomeric groups n propyl and iso -propyl, while the term butyl
ert.-butyl. is The term alkox

mcluQ[e%lrQlr Sec. B ({% or
ééf@ﬁoxy grou B)é re?erspt %ese%r%ﬁg RN LR PRSI ES G thg the
AcRglinB s sumrdwHick dre thTkeerpg aﬁfmyg@réawmrﬁmamples include:
gtgoﬁfﬁ&gw@zﬁpﬁ@?ﬁw gfﬁhglﬁ?ﬁioeﬁé ﬁﬁ%ﬁ@i?eg‘i’rﬁn%){sfﬁé?}@fo xSh‘?sopropoxy,
ter(rgugp nﬂ%etﬁ? ar;édﬁch% g ;dégn?c\)?t %gf]a rlff:fgvsin H al}%g) -allyloxy,
BriStbkeac f?ﬁéfﬁm 81@5?@9/ Ao mé Breomeidedy preferably
(oethaxymetetlargyara), while para- or 35 meta-substitution are of particular
interest. 5 The term cycloalkyl groups refers to cycloalkyl groups with 3 -

carbo oms for ample cyclopropyl, cyclobutyl, cyclopentyl or
T RIS SO i 0 E SRIFRIRS th It

téwg:@q@fengw@m@hmmhb akipidwhos @ Statiun 202, patassium salts have a
yolubimmwaﬁl@sreﬁfgara&g&plvﬁﬂt@ﬁh@@ ﬁégem%&f@ﬁ? 95@9&3&%9& allnml% the

wt.-%.,T Rroces: iny ntlo JI chara

in thatillte éa ugroga?rsl ?c'ia dit}p Om |ve(i)?lﬁ }5%%\5 (%WEE'
the soiﬂﬁﬁﬁﬂpeﬁﬂ@%ﬁﬁﬁg compounds of formula 2 and the
intermediates of formula 4. This allows the reaction to be carrled out

f t
s Db b

BBl LiaR of thecsmaeeiicirh farmgid t9.@mainshpr¢@rrw@96m6fqmula Lis
woredaundsithf thermdiel 2 vaithcan, componnas of ferrotaffola prefapably, Na¥, K,

M%?ﬂq@a%to@aﬁ@@m&%%ﬁﬁ%&%alyﬁpwfeege'i@wcimﬁ"%héblz BRI,

or solvent,
r%alT( Clammomum) and wherein X- may have the meanings given above.

The term alkyl groups, including those which are part of other groups, refers to branched
and unbranched alkyl groups with 1 to 4 carbon atoms. Examples include: methyl, ethyl,
propyl, butyl. Unless otherwise stated, the terms propyl and butyl used above include all
the possible isomeric forms thereof. For example the term propyl includes the two
isomeric groups n-propyl and iso-propyl, while the term butyl includes n-butyl, iso-butyl,
sec. Butyl and tert.-butyl.
The term alkoxy or alkyloxy groups refers to branched and unbranched alkyl groups with 1
to 4 carbon atoms which are linked by an oxygen atom. Examples include: methoxy,
ethoxy, propoxy, butoxy. Unless otherwise stated, the above-mentioned terms include all

the possible isomeric forms.

The terms phenyl-methyl and phenyl-NO; denote ‘phenyl rings which are substituted by
methyl or NO,. All the possible isomers are included (ortho, meta or para), while para- or
meta-substitution are of particular interest.
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Particularly preferred solvents which may_be used according to the
invention are acetone, pyridine, acetonitrile and methylethylketone, of
which acetone, acetonitrile and pyridine 20 are preferably used.
Particularly preferably the reaction is carried out in a solvent selected
from among acetone and acetonitrile,'whilé the use of acetone is
particularly preferred according to the invention. It may optionally be
advantageous to activate the reaction of the compound of formula 2 25
ith 3 by the addition of a catalyst. Particularly gentle activation is made

poSSIBIR AELSHIHRE R Riverit s adgalkel sae e cutdiistd serbereataromfor

arrrong) ¢acieplited, ipelsbsiylarychmpined, suphiaséoylexample
N,N-dialkylamino-pyridine, 1,4- diazabicyclo[2,2,2]octane (DABCO) and

lisopropylethylamine and alkaxides, such as, for example, [sic] while the
S%‘é:g z*g%ﬂ? qs%?ﬁ&‘ﬂaﬂﬁaﬁ%?ﬁ DeoMithE %‘Hlﬁ%&é@i[ﬁﬁ?@?ﬁ mfep R Adeng of the

i cvhapy rkinarretipatesiaingalts the travenitibilitp antimiardy garsbersbants such as

ealites] aradoRlecylar sigyeg selected from among the molecular sieves
of a basic nature consisting of sodium-or potassium-containing

aluminosilicates, preferably molecular sieves of the empirical formula

NHA PIPRTEDY T oSOz fo shs mmotionine srdculaslyohransterise laviba ieatybe carried
(ndicatiag \alyorensiotaofdl Angs o nijtise paticdanp pisTermad asamgingiounds of
}txh?e%gg]g%ot%%% Oz];rried out
{l%g‘gula 4 may be carried out at elevat&d temperature gepen INng on e

y

. f&’ﬁ&%ﬁﬁi@%ﬁﬁ @ﬂﬁgﬁ%ﬁwﬁé FEXRHSAGS Rt Gmpreceiparastipnpsarried out
BoGgismidaramy e folubiysiviharadgichionti ArtpRACsHtT helcompequadsy a higher
gkfermula 3 may be obtained by. methods known from the prior art.

Mention may be made for example of W003/057694, which is hereby

incorporated by reference. The compounds of formula 2 are of central
Thpeitaher qétgfecpm@gsia@&ﬁmmga@ thsh hénvenpomdaeddidingly Jifs preferably
andtdernaspestiioy esai iveniaNeRIEs PR AROMNAS 2 IRuauaRivent.
Mﬁi’xl}léri} éré"e\{relc'fgofvents which may be used according to the invention are acetone,
pyridine, acetonitrile and methylethylketone, of which acetone, acetonitrile and pyridine
are preferably used. Particularly preferably the reaction is carried out in a solvent selected
from among acetone and acetonitrile, while the use of acetone is particularly preferred

according to the invention.

It may optionally be advantageous to activate the reaction of the compound of formula 2
with 3 by the addition of a catalyst. Particularly gentle activation is made possible
according to the invention by the use of catalysts selected from among the zeolites, lipases,
tert. amines, such as for example N,N-dialkylamino-pyridine, 1,4-
diazabicyclof2,2,2]octane (DABCO) and diisopropylethylamine and alkoxides, such as, for
example, [sic] while the use of zeolites and particularly zeolites and potassium-tert.-
butoxide is particularly preferred according to the invention. Particularly preferred zeolites
are molecular sieves selected from among the molecular sieves of a basic nature consisting
of sodium-or potassium-containing aluminosilicates, preferably molecular sieves of the
empirical formula Najp[(AlO2)12(Si02)12] x HaO, while the use of molecular sieve type 4A
(indicating a pore size of 4 Angstrém) is particularly preferred according to the invention.
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OH 2 as such, wherein Y - denotes a lipgphilic anion with la single
negative charge, preferably an anion 15 selected from among the
hexafluorophosphates, tetrafluoroborate, tetraphenylborate and
saccharinate, particularly preferably hexafluorophosphates or
tetraphenylborate The following method may be used to prepare the
compounds of formula 2. 20 Preferably a scopine salt of formula 5, Me

aN; - rein Z -.denotes an.anion wi single negatiye
e ) T L BB S
ﬁ#%f’g}s%@;’mpgﬁ%ﬁdﬁ%ﬂwﬁ% g Prensthisly itrefepdlioiersaction is carried
seledtedefrpraramonf 30 \WataiCihelh prdtr etitpnothprapaa aloss 0 to 30°C.
isopropanol. According to the invention water and methanol are preferred
fﬁléhce solve% vr\f]é'le water is of exceptional importance according to the
invention. 7 Pati ora R EHIAG o Rpda S Ter Breparihg e art.
dderpen MRy bfomaitdar axentplose BORFALTTED6f danivtula iratheiraiorgSrated by
defbates:an anion with a single negative charge, preferably an anion
selected from 5 among the chloride, bromide, iodide, sulphate,

hosphate, methanesulphonate, nitrate, maleate, acetate, citrate,

srectardsabfomtag, e efirensabisnmutaecand the wioese solphdingte the
At poefefretabriBtingeaipasas oy preaRar g dheFORIBRYME Qfmpounds of
formulag2 are those 10 compounds of formula 5, wherein Z" may
represent an anion with a single ngggfive charge selected from among
chloride, bromide, 4-toluenesuifsheyiate and methanesulphonate,
preferably bromide. 15

O H .
Y
OH 5
as such, wherein ‘ B
Y™ denotes a lipophilic anion witha single negative charge, preferably an anion

selected from among the hexaﬂtiorophosphates, tetrafluoroborate, tetraphenylborate
and saccharinate, particularly preferably hexafluorophosphates or
tetraphenylborate

The following method may be used to prepare the compounds of formula 2.
Preferably a scopine salt of formula §,

+ Me
Me‘--N

0O H _
b

OH 5

wherein Z * denotes an anion with a single negative charge which is different from Y, is
dissolved in a suitable solvent, preferably in a polar solvent, particularly preferably in a
solvent selected from among the witer, methanol, ethano, propanol or isoprbpanol.
According to the invention water and methanol are preferred as the solvent, while water is
of exceptional importance according to the invention.
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The solution thus obtained is mixed with a salt cat'y. Y here denotes one
of the above- mentioned anions wherein cat' denotes a cation which is
preferably selected from among protons (H), alkali or alkaline earth metal
cations, ammonium, preferably protons or alkali metal cations, particularly
preferably Lit, Na+- and K+ ions. 20 Preferably according to the invention
1 mol, preferably 1- 1.5 mol, optionally 2-5 mol of the salt cat'yY is used

per mol of the compound of formula 5 used. It is clear to the skilled man
of the salt cat'yY, but that this

that it is possikle to use smaller amaounts

e R AP PUAAO B oA CoBTORRAL s 2 re
rbssnipInseRasPifemmda Sintbeireaction is complete. The work may be

d’:jne aticabtanabigmbtem ﬂeaadia@e(af@gw\g%@%@e, f'@&%ﬂ}’y%%%;%&@m&ed from
elevateg }ggg re.in the. range -50C. After addition is

complete, a g%%&ﬁé& axien féﬁli%rfﬁ({%]ésuga%ﬁ% a%s%ltéﬁ??’tﬁée eﬁBlPﬁ’&Eates

of formUiiae cRAledfifs @ Siiter Hi So Ui T h R aLetelabh s aimapeifzoate and

necessatyreguhifeddsy. recrystallisation from one of the above-

mentioned solvents. The crystals obtained are isolated and dried. in

vaeuo. < 0 Indanother aspect the present invention relates to the use of
Compodids orISHRUTE £ 3LPSih P LB Ha O foromrepthe! dBRptuAdse those
epuurenols of farandatiervdmpeiot the present invention relates to the use of
compounds of formula 2 as starting compounds for preparing compounds

f for 4. In another aspect the present invention relates to the use of
gomp?ﬁédgegﬁsoernrgu 8" 18’§¥€§%tFn%%£%B3§BHH%? ?rﬁPesp%?ﬁﬁ b oHs
of 8 forhRItde brsmaittsufefclaprastinbopateand medrtcsulphatesi¢opteferasy
of compomdis of formula 5 as starting compounds for preparing
compounds of formula 4. In another aspect the present invention relates

,L.l?] %ﬁg{ocess for preparing compounds of 5 formula 1, characterised in that
ESiHBBOMENBE Aiine Bimirsdaad a M eompesnienfseprapafithe above-
wentioaddsichforhentinleahdenotten espactihiclpiepaati G HIRIQIAI8E among

PRAIRIAFSSHIAN RICARING CAMPRNDATAIJRE MR 4 characterised n that  iean
a %imé)tound of .formg}lla 2 Ilqg used as a starti g;qmpourfop or preB(a?mg
"BEMSURGY BIFSTRIEHY BIGHPREbidr-dipech& piéent invention relates
Res terghdy @ssotoing ep drinig oo igo Unosl ofreBridiyn d 2, wdraptienatg M5 mol of
tHeakR eAMTISWBShIoRBHI ﬁléScHﬁﬁ&%ﬁi%Fﬁ%mﬁﬂanjﬂh%%?isfS{em to the skilled
n%?%r%qgigocr)n%rnpsuof forr;gflla 2.1n ano rt1er asgeé’gt e present.
inventon refates 1o 3 procoss FBrPIRNERG Bsspibtrids Bpt that this may then lead
to only partial reaction of the compound of formula 5.
The resulting solution is stirred until the reaction is complete. The work may be done at
ambient temperature (about 23°C) or optionally also at slightly elevated temperature in the
range from 25-50°C. After the addition is complete, and to some extent during the
addition as well, the compounds of formula 2 crystallise out of the solution. The products
obtained may, if necessary, be purified by recrystallisation from one of the above-
mentioned solvents. The crystals obtained are isolated and dried in vacuo.
In another aspect the present invention relates to the use of compounds of formula 2 as
starting compounds for preparing compounds of formula 1. In another aspect the present
invention relates to the use of compounds of formula 2 as starting compounds for
preparing compounds of formula 4. In another aspect the present invention relates to the

use of compounds of formula 5 as starting compounds for preparing compounds of
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formula 4, characterised in that a compo%nd of formula 5 is used as a
starting compound for preparing compounds of formula 4. 15 The
compounds of formula 4 are of central importance to the process
according to the invention. Accordingly, in another aspect, the present
invention relates to compounds of formula 4 Me, Me N OH 0Y-SO
OH S 4 20 per se, wherein the group Y may have the meanings given

G6RY81IA. améﬂ&&&%%%&%‘%ﬁegﬁ%:%&ﬂtdﬂ)é%ﬂﬂm ﬁf%%et R0 com(;aougds of

pds of formula 4 as rting com oun preparing com
of p{)?augaai W%‘fﬂ@lpggﬂg% ‘fﬁgrﬁi’@%ﬁl‘:‘?%ﬁ%‘ﬁ pEfEaYs 4 process
for preparing compounds of formula 1, characterised in that a compound
mﬁfﬁmaﬁp&uwﬁ%@ﬂﬂ%%&%%@@@J%@é@é&%?‘ﬂr@%‘?ﬁ% ﬂ%g%nas of
gnt)%%ui %hla a&e %gcrln%qﬁnds of n]iogr‘r; é ffge 0 tgdned hereinbef : pound
g escribed within the scope of TRERIHRELL IesHRind TYSHE fvetitgHEgsomp
?é&é?ﬂ%&%?ﬁﬁwﬁaéscfff&mm@ 1.aln ishercuipeesthnittviretihénsenppenatlates to a
theqesodesprapaongdiogripdiedinversianion NERAtRg s%dqsam@wa%@t)und of

S R A,

does not have t ted.

Eg ri%ﬂ%ﬁ%&%%%‘fh@%ﬂ%‘&%ﬁ?%é‘é@%@éﬂ@GTQWWWWWWmeounds of
ey kg, dhivecterstiiedhonly asmpossibid foathosls dasexdbrdiamay 66mpound

ﬁ)ﬁﬁ&ﬂ&wgth&%@%mg)%wyentlon to their contents. Example 1:

m_hexafluorophosphate
] ano M%%Sé’cp He present ive tpon elates to a process for preparing compounds of

formula 4, characterised in that a compound of formula S 15 used as a starting compound

for preparing compounds of formula 4.

The compounds of formula 4 are of central importance to the process according to the
invention. Accordingly, in another aspect, the present invention relates to compounds of
formula 4

+ Me
Me'---N

]

per se, wherein the group Y~ may have the meanmgs given above.

In another aspect the present mventwn relates {0 the use of compounds of formula 4 as
starting compounds for preparing compounds of formula 1. In another aspect the present
invention relates to a process for preparing compounds of formula 1, characterised in that a
compound of formula 4 is used as a starting compound for preparing compounds of

formula 1.

The compounds of formula 4 are obtained as hereinbefore described within the scope of
the process according to the invention for preparing compounds of formula 1 as
intermediates. Within the scope of the process according to the invention for preparing
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F F\IP-F FNF OV 10 OH N-methylsgopinium bromide is dissolved in
water and combined with an equimolar or molar excess of a water-soluble
hexafluorophosphate (sodium or potassium salt). (Aqueous
hexafluorophosphoric acid also leads to precipitation). 15 The
N-methylscopinium hexafluorophosphate is precipitated / crystallised as a
white, water-insoluble product, it is isolated, optionally washed with
r&%ﬁg@ﬂ]ﬁhéeﬁfﬁ?ﬁﬁﬁﬂe%ﬁé BRAUL-E9 Crlp e Ry DS RURRARES, MXR(’ ound of
65 g meltin Oggat jon);" H=NMR: in acetonitrile- él?} a(ppm):
esé‘%" 3H), 3.29 (s,3H), 20 3.95(dd, 4H), 3.85
(s IH) Example 2: T|otrop|um bromide 1.6 g (5mmol) methylscopinium
hexafluorophosphate (Example 1) and 2.0 g (7.8 mmol) methyl

gﬂé’ %II% f refluxe u0 gn% acetone ?E?d in SR,}H fesence of O‘%b
molec ar S|eve A'T6F56- d osur'?lse 1 Feaction mixture s fitareg e °y way
fbreteneleo rbRiIovatheconse orl. 3spoTsibbr iethodad ercatonb ey of
stilmpleadtieshiNandtyls chpiniwmbiom e fhanesystallises out is

separated off by filtration. After the addition of another 0.6 g LiBr

dissolved in acetone) tiotropium bromlde IS precipitated in an isolated
Lxampde ds Nrmethylscopinivmy hexaflnorophosnhate o | used). 10

Example 3: T|otrop|um hexafluorophosphate f_l()tl’oplum
hexafluorophosphate is not isolated within thé’se@pe of the reaction
according to Example 2 but further reacted dlr‘ectly to obtain the

tiotropium bromide. 5 For the purposlds of characterising tiotropium

hexafluorophosphate this compOund pecifically prepared and
isolated. The following characterisgie’data~were obtained.
OH

e orh e
P Lok

N-methylscopinium bromide is dissolved in water and combined with an equimolar or
molar excess of a water-soluble hexafluorophosphate (sodium or potassium salt). (Aqueous |
hexafluorophosphoric acid also leads to precipitation).

The N-methylscopinium hexafluorophosphate is precipitated / crystallised as a white,
water-insoluble product, it is isolated, optionally washed with methanol and then dried at

~about 40°C in the drying cupboard.

M.p.: 265-267°C (melting with discoloration);
H-NMR: in acetonitrile-d3 o(ppm): 1.9 (dd, 2H) , 2.55( dd, 2H), 2.9 (5,3H), 3.29 (s,3H),
3.95(dd, 4H), 3.85 (s, 1H).

Example 2: Tiotropium bromide
1.6 g (Smmol) methylscopinium hexafluorophosphate (Example 1) and 2.0 g (7.8 mmol)
methyl dithienylglycolate are refluxed in 50 ml acetone and in the presence of 10g

molecular sieve 4A for 50-70 hours

The reaction mixture is fiitered, the ﬁltrate is comhlned with a solution of 0.3 g of LiBr in
10 ml acetone. The still unreacted N-méthylscopzmum bromide that crystallises out is
separated off by filiration. After the addition of another 0.6 g LiBr (dissolved in acetone)
tiotropium bromide is precipitated in an isolated yield of 30% (based on the compound of
Example 1 used).
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M.p.: 233-236C (melting with discoloration) H-NMR: in acetone-d6:

a(ppm): 2.08 (dd, 2H) , 2.23( dd, 2H), 3.32 (s, 3H), 3.50 (s, 3H), 10

3.62(s,2H), 4.28(m, 2H), 5.39(m, 1H) .6.25 (s), 7.02(m,2H),

7.027.22(m,2H), 7.46(m,2H), P-NMR: in acetone-d6: a(ppm): -143.04,

heptet, J =4.37. Example 4: Tiotropium bromide 31.5 g (I00mmol)
methylscopinium hexafluorophosphate (Example 1) and 25.4 g (100 15

mmol) methyl dithienylglycolate are refluxed in 400 ml acetone and in the
presence of 40 of powdered molecular S|eve 4A (Fluka) and DMAP

& HH: e BrHe=molecular sieve was replaced
f&Qmamh@qﬂabmﬁmmhatEMamﬂaw@mdﬂue {befittersdy ivhs hed tvithaccording

AN L mﬁﬂéﬁ@%t@i ml o%EQHW&%@tW%;ﬁ&H'H%@J 964

iBr(110mmo acetgn still unyeact

K SRR Ao %&0% s T R i ggyrpound wes
Wﬂfmltﬁa&m&@@%mmt@hy foHevoms ehidragtaosiicwere itksrebitatfed.
ang. deetl Tére qaiopesition i dbstofhaistigns was determined by thin layer

chromatography. Tiotropium bromide in an isolated yield of 16.6g (35%)
based on the compound according to Example 1 used). Purlt HPLC>
By SeB g FPPIG: b A EH Ak oh 2 SEI IS0 (5, 31D,
561(@,12&);@@81!’@;@1’6}3 1. BG5Sl me Srethylezappiiin 7.027.22(m,2H),
Pexafiugionneaniats (eBmRiR 1haRMdd-2p8 G mmel. meihy)

- dithienylglycolate are stirred in 50 ml acetone and in thé presence of 2g

powdered molecular S|eve 4A (Fluka) and 6mg potassium-tert.-butoxide
2 e gnixture is filtered, washed with 20m1

ﬁcstgr@ Om%m%!ﬁ)?ﬁrlﬁﬂl ﬁéﬁ@ﬂﬁ%%‘o\‘yﬁ@%ﬁﬁ?él&m?rﬁél‘é YI%A% ? g (100

on e unrteac ra at Cr |ISes out IS
AR S o5 SRS T et théﬁ (i aeigce of 40g
%@@d?&é@ﬁ@%ﬁ@ﬁmrm Athd b&%ﬁt%ﬂlﬁé%@ﬁ@ﬂym@mopwmne) for 24h.
(dm@ﬂmﬂ@eﬁi@ﬁiéhmday%;ﬂmmagmwwﬂ B@Hp&&ﬁ@m bromide
ﬂ%clté%ﬁo\ﬂ%l? ﬁﬁ%hg?ilfétlit%ae Waﬁfxan éﬂdrﬁg Orf]:,ethe B3 %lkls éned

water, washe with acet oné an - |e ase

st e soheing o EQanhaRs ildQEH)’ dﬁébﬂﬁﬁ# BF@PﬁMe %Stlﬂ unreacted
Nsolatied deofits wsayrdrnid P G519 8i 880 oliLie semntib lef L b aimitioifractionated

precipitation). The crystal fractions were filtered off and dried. The composition of the
fractions was determined by thin layer chromatography. Tiotropium bromide in an
isolated yield of 16.6g (35%) (based on the compound according to Example 1 used).
Purity HPLC> 99%. Purity according to TLC: no detectable contamination.

Example S: Tiotropium bromide

1.6 g (5 mmol) methylscopinium hexafluorophosphate (Example 1) and 1.25 g (5 mmol)
methyl dithienylgiycolate are stirred in 50 ml acetone and in the presence of 2g powdered
molecular sieve 4A (Fluka) and 6mg potassium-tert.-butoxide at 0°C for 4 h.

The reaction mixture is filtered, washed with 20ml acetone, the filtrate is combined
stepwise with a solution of 0.7 g LiBr (13mmol) in 11 ml acetone. The unreacted material
that crystallises out is separated off By filtFationf (fractionated precipitation). The crystal
fractions were filtered off and dried. The composition of the fractions was determined by
thin layer chromatography. The tiotropium bromide fractions were suction filtered,
washed with acetone, recrystallised from water, washed with acetone and dried. 1.2g (48%
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5 Example 6: Tiotropium bromide 31.5g (9.1 mol) methylscopinium
hexafluorophosphate (Example 1) and 30.5g (0.10mol) 2,2'- methyl
dithienylglycolate are:dissolved in 400 ml acetone and stirred in the
presence of 90g of zeolite of type 4A (Nal2A112Si12043 x n H20) and
0.2g (Immol) potassium-tert.- butoxide over a period of 20-24 hours at OC.
10 The reaction mixture is filtered, the filtrate is combined with a solution

Ofi & d i delBb{ né cﬂrgﬂogﬁﬁcélc% Y Beaione) fharpradues thak bromxde was

s\é?t Ilj allises, 0 out is separated off by filtration, washed with acetone and

i dried. ‘Ei% (87 7%) yield i |s obtained, with a conversion level of
éb%‘y HP EQafifhder TRGreahwielspioitamizatigshenviborate 20g (80 mmol)
methylscoplnlum bromide are dissolved in 500 ml of methanol. 27.38

(§ ?4)65 ' ]tlraq)herﬁ)[ljgorate dissolved in 150 ml of methanol, are
tained is stirred for 10 min at ambient

féh?é’eﬁ%t‘u‘ﬂ@QHH%WF@HPW%&?%&P@@%%&@%W@WA%@éQAﬁm(O 10mol)
Bmhﬂmfhmbﬁhhmﬂy@gkﬂﬂed ard i#€o 39 gD Y ayéadd); Mdxtined @ (A& presence

EI@M? &01;{9%? QMWWQ ﬁ”@?éé&? Q-04% f)@égﬁﬁoﬂ‘%ﬁ )rr?ax%l) ggta’ssmm-tcr’c -

ora e xamp e

m coplnlum e
ure‘fr%l}l/és Wy i él%Bfé@ r&-dissolved in 25 ml acetone and
?ﬁm@anﬁz@mnm@sem’éimqmlgez‘éume iofctypdidéd (sl 2AREHPFAS X LiBr (8.7
2 @)an0is 109 1@1 Q@g@ﬁﬁiym tert.-butoxide over a period of 20-30 hours

0 d| PLC 7 % of the Idlthle
reac%m(? ar'etlicl:%n PSR Sﬁ‘fﬁ%t?z% Pgﬁhgﬁ%%so é% acctone and
Sibiisstated y|eld 43%) 30 The reactlons ment|oned by way of example

fake placg withividuadynadormatiaraihysiproduetsfbiggs, desired that
the reactions should take place without total reaction of the starting

materlals the N- methylscoplnlum bromlde isolated in the first step of
Examr raeting pi U i@emateeaction according to

E)@(g&@)terﬂxplhemhylmgpiﬂnmﬂbyoﬁﬁmmea&mg\the itosaloyiel & Svitbinathe.
BLORGRIOHSGHAR RBReRyIborate, dissolved in 150 ml of methanol, are metered
in. The suspension obtained is stirred for 10 min at ambient temperature and filtered.
The crystals separated off are washed with 50 ml of methanol and dried.

Yield: 39.1g (91.73% yield); M.p.: 261°C. -

o (L R UTI

Example 8: Tiotropium tetraphenviborate

0.245 g ( 0.5 mmol ) methylscopinium tetraphenylborate (Example 7), and 0.154 g ( 0.6
mmol ) 2,2-methyl dithienylglycolate are dissolved in 25 m! acetone and stirred in the
presence of 1.0 g zeolite of type 4A (Naj2AlpSi1204 x n H;0) and 5 mg of potassium
tert.-butoxide over a period of 20-30 hours at 0°C.

According to HPLC 79% of the 2,2-methyl dithienylglycolate reacted are converted after
26 h into tiotropium tetraphenylborate. (Non-isolated yield: 43%).

The reactions mentioned by way of example take place with virtually no formation of by-
products. Ifitis desired that the reactions should take place without total reaction of the
starting materials, the N-methylscopinium bromide isolated in the first step of working up
may therefore be recycled into the reaction according to Example 1, thereby significantly
increasing the total yield within the scope ofa production process.

i 1
£ ‘



12 Patent Claims 1) Process for preparilr?g tiotropium salts of formula 1
Me-N,MeOH OX-SOOH /S51 wherein X- may represent an anion
with a single negative charge, characterised in that a compound of
formula2 10 + Me Me,,.N'OHY OH 2 wherein Y may represent a
lipophilic anion with a single negative charge which is different from X-,
preferably an anion selected from among the hexafluorophosphate, 15
tetrafluoroborate, tetraphenylborat® 4 ¢4 rinate, particularly
preferably hexafluorophosphate or tetraphenylborate is reacted in one

Step with&mRkashahformai3nQuR K RindS1

+ Me
Me— N
O
H
<"
1
wherein
). may represent an anion with a single negative charge,
characterised in that a compound of formula 2
+ Me
Me\N
o) H _
' Y
OH 5
wherein
Y™ may represent a lipophilic anion with a'single negative charge which is different

from X', preferably an anion se’Iécfed from among the hexafluorophosphate,
tetrafluoroborate, tetraphenylborate and saccharinate, particularly preferably
hexafluorophosphate or tetraphenylborate

1s reacted in one step with a compound of formula 3

wherein
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20 wherein 13 R denotes a group selected from among methoxy, ethoxy,
propoxy, isopropoxy, isopropenyloxy, butoxy, O-N-succinimide,
O-N-phthalimide, phenyloxy, nitrophenyloxy, fluorophenyloxy,
penta.uorophenyloxy, vinyloxy, 2-allyjgxy, -S- methyl, -S-ethyl and
-S-phenyl, 5 in a suitable solvent with the addition of catalyst selected
from among zeolites, alkoxides, lipases and tertiary amines to obtain a
compound of formula 4 + Me Me,N,9H 0Y-0 OH4 10 wherein the
group Y- may have the meanings given above, and without being isolated
the compound of formula 4 is converted into the compound of formula 1

RY r%%ﬁ%&@ X@J&% salgat Hehaiem aaitheepotenagiiopessidstetoony,

among the Li Kt,. M e i [ ary -
N (TR s i%%ﬁ'%%t%ﬁﬁ%ﬁ%ﬁ%w%m% ) i H e
the BiEARIHEYGREEH 3@51?9%’(%3 acgg%g%n 0 g im I, W%rein ’

mayfﬁéﬁrﬂse%[egi‘?hﬂi’élﬁ%\mheﬁ@rngle negative charge selected from
among the chloride, bromide, iodide, m%{'h

anesulphonate, . :
ph RS OAE aAR B GO SREHEUTBRARALE, preferaly e

- righlerida dromideinssmesbanesulpiponate; foartidutarly preferably bromide.

3) Process according to claim | or 2, wherein the reaction is carried out
with a compound of formula 3 wherei25 R maybe a group selected from
among methoxy, ethoxy, prOpoXﬁT propoxy, isopropenyloxy, butoxy,
O-N-succinimide, O -N-phthalimi{gle, loxy, :

4

wherein the group Y™ may have the meanings given above, and without being isolated the
compound of formula 4 is converted into the compound of formula 1 by reaction wiﬂf &
salt cat™X", wherein cat” denotes a cation selected from among the Li*, Na', KT, Mg,
Ca®*, and organic cations with quatemary N (e.g. N,N-dialkylimidazolium,
tetraalkylarnmonium) and X may have the meaningg given above,

2)  Process according to claim 1, wherein

X  mayrepresent an anjon with & single negative charge selected from among the
6h10ride, bromide, iodide, methanesulphonate, p-toluenesulphonate and
trifluoromethanesulphonate, preferably chiorids, bromide or methanesulphonate,
particularly preferably bromide.

3) Process according to claim 1 of 2, wherein the reaction is carried out with a

compound of formula 3 wherain '

R may be a group selected from among methoxy, ethoxy, propoxy, 1IsOpropoxy,
isopropenyloxy, butoxy, O-N-guecinimide, O-N-phthalimide, pbenyloxy,
nitrophenyloxy, fluorophenyloxy, pentaflvorophenyloxy, vinyloxy and 2-allyloxy.

4) Process according to claim 1, 2 or 3, wherein the reaction is carried out with 2
compound of formuia 2 wherein



nitrophenyloxy, fluorophenyloxy, pentafluorophenyloxy, vinyloxy and
2-allyloxy, 4) Process according to claim 1, 2 or 3, wherein the reaction is
carried out with a 30 compound of formula? wherein 14 Y - may be an
anion with a single negative chargb4selected from among the
hexafluorophosphates, tetrafluoroborate, tetraphenylborate and
saccharinate. 5) Process according to one of claims | to 4, characterised
~in that the final reaction of the compound of formula 4 to obtain the
compound of formula 1 is carried out with the aid , Ca, organic cations of

Y' a sglhe %@%nvxhﬁf@mmnslﬁg1emgmﬁnmtm@ﬁgiﬁﬁﬁq\ﬁaqm@%@@ t+ with

iigéﬁ‘?ﬁk% ﬂ{)e %TN S%MUH}WW fBirigpfiamyilybamenond saoptanthate.

e meanings given above. 10 6) Compoundsof |

_ formula 2 + Me Me-N H Y. OH 2 wherein Y - denotes a IlpoF :I#(;ﬁgion o of
5 Withpa,sisaledegative chargelziresrabfy shraitshsedimotbe S HAGRG " ©

10

20

the hexaflupro t | brades fesiaplienyiboaated b8t veti the aid
¢ e%@&?ﬁ?naﬁ fo %@g% %%%{EI %%l{l%fgf forﬂ:ulﬁlq%aﬁeoigjﬂlglg i@ Qni’c,scanons
of @dﬁﬂ?@%dﬁﬁiﬁ@&lsﬁoﬁdﬁ%ﬁﬁ?@ EBiounds of formulad. 1. l% ess. .
witfS RISRAFNY cap pyNAdinls fomdake Humh EetERdRR M %uﬁ’&“

0 ula 9%1 Q:glt&g{;gm 6 is used as a starting compound for
ma Lgparlnegr%%rlﬁp% s of formula 1. 15 9) Compounds of formula 4

0) Compounds of formula 2
&
-
2
wherein ‘
Y~ denotes a lipophilic anion Wlth a smgle negative charge, preferably an anion

selected from among the hexaﬂuorophosphates tetrafluoroborate, tetraphenylborate

and saccharinate.
T Use of cdmpo&nds of formula 2 according to claim 6 as starting compounds for

preparing compounds of formula L.

8) Process for preparing compounds of formuia 1, characterised in that 2 compound of

férmuia 2 according to claim 6 15 used as a starting compound for preparing compounds of

formula 1.
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Mew .Me N OH 0Y-S O OH 4 Wherein - Y' denotes a lipophilic anion
with a single negative charge, preferably an anion 5 selected from among
the hexafluorophosphates, tetrafluoroborate, tetraphenylborate and
saccharinate. 10) Use of compoundsdf formula 4 according to claim 9 as
starting compounds for preparing compounds of formula 1. 10 11)
Process for preparing compounds of formula 1, characterised in that a
compound of formula 2 according to claim 9 is used as a starting
compound for preparing compounds of formula 1.

9) Compounds of formula 4
' M + Me
EMN
© H
0 v -
5 O
| Vi OH
A
= 4
wherein
Y"  denotes alipophilic anion with 2 single negative charge, preferably an anion
selected from among the hexafluorophosphates, tetrafluoroborate, tetraphenylborate
and saccharinate.

10) Use of compounds of formula 4 according to claim 9 as starting compounds for

preparihg compounds of formula 1.

1D Process for preparing compounds of formula 1, characterised in that a compound of
“formula 2 according to claim 9 is used as a starting compound for preparing compounds

of formula |



