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NOVEL METHOD FOR PRODUCI NG TI OTROPI UM SALTS The
invention relates to a new prodess for preparing
tiotropiumsalts of general formula 1 Me NMe OH O
X~ SOOH S51 wherein X may have the neani ngs
given in the clainms and in the specification.
Background to the invention Anticholinergics may be
used to advantage to treat a nunber of diseases.

Par ti cul NOVES, METH®D mmpﬁem@éﬁywtmtgw&ﬂi%
treatnent o as ma or _ ! ’

pul nonary di sease). Anticholinergics which have a

_ sBopinvention relfreniol a i pro¢e@Piorer % atih %t}&ﬁdﬂiﬁh Yh1es (ﬁfg‘éneral formula 1

proposed for exanple by WO O for the treatnent
of these diseases. Mreover, tiotropiumbromde is
particularly disclosed iMed @ prior art as a highly
potent anticholinergic. Tiojnropiumbromde is known
for exanple fromEP 418 416 Al. In addition to the

met hods of synthesis for g scopi ne esters,
di scl osed in the prior nyi oneg above, a process

for preparing esters o i s disclosed
particularly in WO03/p5 ~020 The ai mof the
present invention is to i.de an inproved industrial
nmet hod of synthesis which %ngbl es t he conpounds of

general formula 1 to be synffiesi sed m)Ie easily, in a
25

WBRLEN rovenen the roart .
RGeS SRR 31 Mkt udin B sepisication.
present invention relates to a process for preparing
tiotropiumsalts of frmiladio AeimvelBnN
Anticholinergics may be used to advantage to treat a number of diseases. Particular
mention may be made for example SFthe treatment 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 particularly disclosed in the prior art as a
highly potent anticholinergic. Tiotropium bromide is known for example from EP 418 716
Al |

art

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
W003/057694.

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.
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OH OX- SO0 S5 wherein X- may represent an
anion with a single negative cRarge, preferably an
ani on selected fromanong the chloride, brom de,

i odi de, sul phate, phosphate, nethanesul phonate,
nitrate, nal eate, acetate, citrate, funmarate
tartrate, oxal ate, succinate, benzoate, p-

t ol uenesul phonate and trifl uoromethanesul phonate, 10

characterised in tMmﬁd@emgﬁ&dopﬂwir%H%@ 2 Me Me
notes .a i.c anion

1 pleseltnCondb 86 o ooty sk S Sl dormata 1

sel ected from anong the hexafl uor ophosphat e,

tetrafl uoroborate, tetrﬂfhenyéborate and

saccharinate, particul aricyN referably

hexaf | uor ophosphat e or et riy enyl borate is reacted in

one step with a conpound® ! Pa 200 SR H S

3 3 wherein R denotes a ¢freup ecked from anong

met hoxy, ethoxy, propoxyg is poxy, isopropenyl oxy,

but oxy, O-N-succinimd P %ﬂthallnlde, phenyl oxy,

7 "8

1
wherein

X-  may represent an anion with a single negative charge, preferably an anion selected
from among the chloride, bromide, iodide, sulphate, phosphate, methanesulphonate,
nitrate, maleate, acetate, citrate, fumarate, tartrate, oxalate, succinate, benzoate, p-

- toluenesulphonate and trifluoromethanesulphonaite,

characterised in that a compound of formula 2

2
wherein
. Y™ denotes a lipophilic anion with a single negative charge, preferably an anion
selected from among the hexafluorophosphate, tetrafluoroborate, tetraphenylborate
and saccharinate, particularly preferably hexafluorophosphate or tetraphenylborate

is reacted in one step with a compound of formula 3




ni trophenyl oxy, fluorophenyl oxy, pentafl uorophenyl oxy,
vinyl oxy, 2-allyloxy, -S- 5 nmethyl, -S-ethyl and
-S-phenyl, in a suitable solvent with the addition of
a suitable base to forma conmpound of forrmula 4 Me:
MN OH OY SOOH S 4 10 wherein the group Y
may have the neani ngs gi ven above, and w t hout
i solation the conmpound of formula 4 is converted into
t Weergianpound of fornmula 1 by reaction with a salt
clg:; -, Wherein cat+ denotes a cation selected from
" ahon éep?]tgs # group relctedddromapiogg metlmxyyethexryy aripoxy, dsdpoem®xy,
‘Wi t h isppadpenpiaky, b, ©~N-Ehd8hﬁihﬂie!<®LNlﬁhﬁﬁﬁﬁlidc9E?é%n:}ﬁ)_x\}/f,e i

tetr I NiguU nd. X- may have the neani [
abovgl?tL rgﬁgg}gb Ifk‘}g?(oﬁgenﬁ }Oé‘é'el?ﬁn}/qfﬂwg}?ﬂ"? OXYe ViR kXyt Frallgoxy, -S-
5 proc@sthil of-ghypad FSghdnyht r opi um salts .of fornula 1,
wherein X- may represent an anion with a single
negat.i ve charge selected fromanong the 20 chloride,
P & SHitp8le sobunbiwith thetadditien of phuitabteshase to form a compound of formula 4
p-t ol uenesul phonate and trifl uoronet hanesul phonate, B
preferably chloride, bram dey.iodide,
‘met hanesul phonat e or trMewor onet hanesul phonat e,
particularly preferably chljaride, brom de or
met hanesul phonat e, parti preferably brom de. 25
A particularly preferred Hccording to the
invention is characterisgd that tMe reactionis
carried out wth a conpo ormula 3, wherein R
denotes a group sel ected/ATr nong net hoxy, ethoxy,
pr opoxy, i Sopropoxy, i sopr gnyloxy, but oxy,
O N-succi ni m de, O N phtha de, phenyl oxy,
ni trophenyl oxy, fluorophenyloxy, pentaf! uorophenyl oxy,
10 vinyl oxy and 2-allyloxy. 4. .~ 4

~ wherein the group Y" may have the meanings given above, and without isolation the
compound of formula 4 is converted into-the compound of formula 1 by reaction with a
salt cat’X", wherein cat* denotes a cation selected from among the Li*, Na*, K*, Mg**,
- Ca®, organic cations with quaternary N (e.g. N,N-dialkylimidazolium,
Is tetraalkylammonium) and X" may have the meanings given above,

Preferably the present invention relggcs t0.4 process for preparing tiotropium salts of
formula 1, wherein T
X~ may represent an anion with a single negative charge selected from among the
2.0 t?hloride, bromide, jodide, methanesulphonate, p-toluenesulphonate and
. trifluoromethanesulphonate, preferably chloride, bromide, iodide,
methanesulphonate or trifluoromethanesulphonate, particularly preferably chloride,
bromide or methanesulphonate, particularly preferably bromide.

25 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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A particularly preferred process according to the
invention is characterised in ¢that the reactionis
carried out with a compound of fornula 3, wherein R
denotes a group sel ected from anong net hoxy, ethoxy,

pr opoxy, i sopropoxy, 5 isopropenyloxy, butoxy,

O N-succinimde, O N-phthalimde, vinyloxy and

2-al lyloxy, preferably selected from nethoxy, ethoxy,

ro ox and butoxy, particularly preferably P P Y~

met hgx r e%hoxy. A particularly preferred process
a%efa’flaﬁ%rgv prsterned prasoss #esasding do thi anvgatien issberatterisaddn that the

Tenctibigisicamizdionhwits a eahpdd @Wmid 3 vhesgpOUNd Of
wher ei resent an anion with a

rmul,a Y.". may re 1
f%‘?nm de iéée?tgr%? ?ﬂe&P&éf(’é‘é%@% P CHIPEHPORRXY, 1Sopropoxy,
rroReopEndogp butsphﬁ-bl;—édc?hfmiﬂb, @Larﬁplhlhafillﬁﬁﬁe,aﬁﬂyloxyhand 2-a1iyloxy,

. exa oy ophos te.
R S BPE B o] SRR, bropl T 20 PRIORE Iy preferably
MSAORY Poeihexy. characterised in that the final reaction

of the conpound of fornula 4 to obtain the conpound of
a salt catX

&A%r la 1is carried out. with the aid of e
aitiepfarty geetorseppesss acpording iodhoitiention is sepractegised in that
th@}‘\tla_apt_i@ihtax_rﬁd ganwml' = @a&ﬂlpc?ﬁ;d\ﬁf%mﬁﬂ@l | 3 ayieRéiy N (3- 9.

; | azal i u etraa moni n
Vg\dherg{l]ﬁ} gﬁfgeﬁﬁi}a’hs’\‘%ﬂf"ﬁ% M ?W‘g@% %fﬁeaﬂ&@%ﬁw qieng the
t er mhgkadiuoreuhosphete, tetraflitbbayatetand ectraphatyltatste, paéferably

Ot hehe U RIdRSHhok rs to branched and unbranched al kyl
groups w tﬁﬁjl Otpglfa%' carbon atons. Exanpl es incl ude: ‘

methyl, ethyl, propyl, butyl. Unless otherw se
sspatiedarly frefdnl ProdessaR¥brdaRdo MY il erktidh g Pa‘é?erils@cﬂnll‘fggt

al the.possjble isomeric forns thereof For exa
t‘ﬁ%i“a! 5%1%%%!;? QTR 28 Farmm 4 4y abtin Ssrrompeung ef fosmula 1 is
cmﬁgd'ouflwviﬂamé aiics@f-afxanwix, wﬁmB' ie lcithﬁ‘. aerﬁeféutﬂ&ryb hn%)ﬁg:%ﬁ,dﬁﬁt K,

K 0- .. Sec. Bu a rt.-bu . The

E ot R R i 36 emet Y o EAENS S Bpttleliomn ang
tetraslkdamirediiaikand vgreoeip X-midythate teandantrgs lpdvenabeves

whi ch are Iinked by an oxygen atom Exanples incl ude:

met hoxy, 30 ethoxy, propoxy, butoxy. Unless otherw se
The tgma alky} grouas évdudieg thosnwhich ereyart ofuithmlraips, refdneto branched

andasbidakiged 3 ' 1 p t : '
bl s o TR PRSIl v,

prigyT, Wt Ffnless ofepwisasiated e S sipEpny] padelyLusad ebove include all

the mmmdo@tm fd_i)ms fREE Lo f[*‘op@{a?ipm tlﬂaitér_m f_;ﬁ'i?&ﬁ%eﬁ%] two

: - itution.are of particular |nterest. e

Isot%gérrr%n gi‘%% géi)rigyyl a&d &Pﬁgropg]? gﬁgle@g; tg% Bfgfwﬁldgq, %—@Bgd, 1s0-butyl,

sequiBukyl 3nd tegt. datybon at ons, for

’
LT
y A

The term alkoxy or alkyloxy groups refers to branched and unbranched alkyl groups with 1
to 4 carbon atoms which are li_nked 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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. reeanpleeiclbsopfl, R

exanpl e cycl opropyl, cyclobutyl, cycl opentyl or

cycl ohexyl. 5 The term | i pophi Fic anions according to

the invention in this case refers to anions of the

ki nd whose sodi um or potassiumsalts have a solubility

in polar organic solvents such as nmethanol or acetone

of>1 w: % The process according to the invention is

particularly characterised.in-that it can be carried

10 out in relatively non-pol ar solvents, by virtue of

the solubjility of the starting conpounds of fornula 2
terecyclorliyheenps elroto dyelenliykberaupsTwitis 3 ablcesen ntvens, for
plie [dbu8l QopertidRcyMBhskygentle

conditions, wth fewer Side reactions Conpared with

reactions carried out in highly polar aprotic

Jok vemtlipophitib ahiors ﬂ&bﬁdﬂgtelﬂgé iﬂilzérmi_?hliﬂtlﬁs’%isé reiad fto anhions of the

. er . he .reaction o e
RO ARNE R diam B Phs i, soffs B 4, 5T it AR b snlyes guch as
methapaliaseedipne ofeal wiedd. out in an aprotic organic

solvent, preferably in a slightly polar organic
Particularly preferred solvents which may be

| vent .
ﬁ@%@f OFTE BFUrHEE todhe yentinnep prigiRulare chareqterined in that it can be carried
@yt in chaverelyaoalpalirsbivbits, Byifes dpthetdnmbikist ke st%n%’legxﬁﬁounds of

refera

O RS Pl ShE BB pld o

use
under Veny gerglolconditions thtfesler sideauaivns gorapatdwith a@dtions carried out

A6 b4 - nhi ' f ne is, particul arl .
AN dofoichBlcfts Wifh f BoiRat AR s R omeaaty  higher
Yb‘ﬂ‘li-i onal 'y be advantageous to activate the reaction of

t he compound of fornmula 2. 25 with 3 by the addition
entl e activation is made

f a catalyst: Particularl
et U8 comapings b rormRIA T Bhihcseminpvadisfdawnd 3 s preferably

caraicd bytsingn aptotie fo s@;gﬂeﬂﬂ@?éfeﬂa}?@ iA @QlibhiBspoldr REARS solvent.
Pﬁ?irﬁéla{lg F@?xﬁ?ﬁ S??g‘?eﬁ??‘?s}&]‘f’}ho’é{a)e’ ?? n.gedeac_:cording to the invention are acetone,

- pytidinalaretymiindf an@methyidtlayikct¢mABOBhichadetone, acetonitrile and pyridine

Il thyl-an | koxi des. .such as  .for
arg Qg&ﬁ%@gﬁrlféécf Cf%w?%geq%bgg Iﬁléafre%czlgpi1§ %agngfaﬁt in a solvent selected
fromamong pestpye andoicetonitrilenwhijothesist ofmdetane is ftitulardy preferred

accSrdR th itk in@édtdonpPr ef erred according to the invention,
-Particularly preferred zeolites are nolecul ar sieves

sel ected from anong the nol ecul ar sieves of a basic

It may opordin He StV 4ifagedhis BURMIVIR: Bl RAURADIWE &)ﬂ‘gfoﬁ%&‘ Bﬁﬁnnula 2
| ecul ar, s]j eves of the =

Al um noSidicat es, bl , _
wifl $BY A0 o poRsb Chaedyipg e tespinyion i pest paibis
achqélnggf.t];eﬂmfinmmltien bly ahic weef eat_h})ypie séllécteﬂ Iﬁb}gﬂ ﬁﬂ&ﬂcg‘tﬁe 2edM¥é<C lipases,

i t i rhicularly .preferre
tert affin isu%h%@ hecge{%i%{/ee n’g\F glﬁl.[ky ?afgn%"p\é?ﬁléler gg‘ét ion of on

disgitgyiol2 e Upetane(ARCED apd dish potpyiahylminodbnttaikohles, such a, for
exdh@plE, [61] AHlle e use of zeolites arid 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 Na;[(A10;)12(Si02)12] x H2O, while the use of molecular sieve type 4A

35

(indicating a pore size of 4 Angstrdm) is particularly preferred according to the invention. -
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el evat ed tenperature depending on the type of

catal yst. Preferably the reactfon is carried out at a
tenperature of 30C, particularly preferably in the
range fromO to 30C. 5 The conpounds of formula 3 may
be obtai ned by nmethods known fromthe prior art.
Mention may be nade for exanple of WO03/057694, which
is hereby incorporated by reference. The conpounds of

f f

“ﬁ%ﬁ"‘@"ﬁ i 5Bk he bR AOE Bt P bR Sied
@Wﬁerﬁw&mndlh&@mtheéwqﬁicmb’st tRrefeoainbyothe deactibn is carried

fout anal temperblare MB0°M pakiditafly frtedblyan r%lzﬁjlg %eﬂ&‘ﬁroet'o%oyc

denotesallpophlllc ani on:w t h~a-si gative
charge, preferably an anion 15 sel ected from anong the

Aég adhpomdp hf)ﬁ)ﬂhﬂlaQ&na 8 stadihedtyoRehedSknown from the prior art.

DRl BF AGP e RAVE R PR STV APLA 0%, Wk sieniyrmerated by

W{@elﬂﬁlovm ng net hod may be used to prepare the

conpounds of for mJI a 2 20 Preferably a scopine salt

glféformﬂ% O4 HZ OH wherein Z -

%ﬂf?l@?ﬂ%t&f? Qaf centr [impertanse to/be phanespaacodridilg to the

lnsenlhlohf dceottlinklyQ R Mrothek Sspel tBS HleVEA lﬂ@nﬁorﬂéﬁt&t{{o ounds of
1}'1 , preferably in a polar solvent, particular §?

preferably in a 25 sol vent sel ected from anong the -

wat er, nethanol, ethang.’ ffopanol or isopropanol.

Accor di ng to the inventid wat er and nethanol are

preferred as the sol vept, e water is of

exceptional inportance tq,the invention. 7

Particularly preferred startin co%ounds for

preparing the conpound of for a2 aL;e

—

as such, wherein . PR N
Y~ denotes a lipophilic anion with'a single negative charge, preferably an anion
selected from among the hexaﬂlioroph(_)sphates, 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 5,

+ Me

O H R
Z

OH 5

wherein Z ~ denotes an anion with a single negative charge which is different from Y- , 18
dissolved in a suitable solvent, preferably in a polar solvent, particularly prcferably ina
solvent selected from among the water, methanol ethanol, propanol or xsopropanol
According to the invention water and methanol are preferred as the solvent, while water is
of exceptiona] importance according to the invention.
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t hose conpounds of fornmula 5, wherein Z denotes an
anion with a single negative charge, preferably an
ani on selected from 5 anong the chloride, brom de,
i odi de, sul phate, phosphate, nethanesul phonate,
nitrate, nal eate, acetate, citrate, funmarate
tartrate, oxal ate, succinate, benzoate and

-~ p-tol uenesul phonate. Al so preferred as starting

conmpounds for preparing the conpound of forrmula 2 are
10 conpounds of formula 5, wherein Z" may

ose
&éﬁ%‘?@ﬁ tPffg‘FfT eRtgtngrampoxnds fog P@Pﬁé%&lﬁ vgnptbmdgxf formula 2 are

tiedse corapodnd O 6T ARG 5, Whbefl de, bromi de,

t ol yenesul phonat. “and .met hanesul phonat e, preferabl
ér o 0t an ion i 4 §iasle Ptive g B ferablinan aplopiseletigd from

sal t @moengrthe vhlodde betenide,dedide ulphate) ﬁﬂlo@iﬂﬁ%e mdﬂﬁﬂbﬂlﬂ;ﬂﬁﬂ
ani on e at |
Aotlehec i PR Ao e b Slnohin. Sasipue begron and

prefera

- al kalP‘ﬁé‘J@ai“ﬂlPh%eteal cati-ons, anmoni um preferably

protons or alkali netal cati ons, particularly
efe Li +. Na+- and K+ ions. 20 Pr eferablf\(/)
88F“i§arﬁ BPSALIRE CoRRINNdS forprepsring Preepapgpnd ofiformulg 2 are those
auoipoungx dfdoaddly 5 AvRergigl of the salt cat'Y is used per
nmol of the, cornpound, of fornmula 5 used. It is clear
to the skilled man that it is possible to use snaller
Zanoumay represeneansaiion with ¥ sirpld ndghtive dHatge selytet] i hifadl
to o f r
'%hbbn@@ trbiftlde @@(ﬁﬁén%hlﬁﬁc%nlta{r%r eg%@%ﬁaniegglﬁ%orﬁa%aaek%ﬁbqy

The resulting solution rs's
i's céFPﬁ‘I“é?e The work may be done at 25 anbient

tenperature (about 23C) or optionally also at slightly
lé%qd nperaéurelnthe range from 25-50C. After
ﬁé" It thpp Abtewed ixmixed withangltcat S o Nehcesdenntes @ae phthe above-
n‘tehbonedduiums oihefein m‘l denofebig c?mm@hi_?_ﬁ% Iﬁéfefa@[ﬂgl&te% from among
i on e

aligll 8}"{1[’\ ¢ eggt]gzgl cﬂgo%?xmogambyrefgrabiy protons or alkali
mP@bﬁ@imalnanmlarb'rpréﬁembi)ohé N4 aheKabawe- nmenti oned

Pl%ﬁr dﬁ‘%&orcimgtocﬁﬁé%@bﬁonopm gfe@%? A Slr% gogﬁg?ﬁlly 2-5 mol of

drie In va

the salbeat Yo uped per aapl0h ﬂwmmgencbﬁ founplognued.oft is deantb theskilled
mﬁﬁthaﬁi‘t asr;sdsﬂgleqs E@@Hﬁ&i&r ERbuis %Ea{e sBE cARAH AL ?J may then lead

t aspect_ the present’ T nven
tOPB{yﬂagéalf??C{‘?l‘é"ﬂg’@cBmpe Jpaaulad. fornul a 2 as

Tlmtremm-mohmpemﬁsedfml mrremrohrigc ungs w@l‘rk ?ﬁ&‘ﬁ?'d%ne at
rel at es (0]

an}%henlt ﬂangﬂe‘t) tFr E,(%'ﬁ"d’g 2& O%)t og?)p | agsogaq\éﬁé}g{y @\f temperature in the
rangg isouAsS 0t G r Afkeethaniidigion cmq:nmu;ﬂdﬁ d t6 sothe bﬂﬂdhtailﬂmgklib
add@ifigh Q@ﬁwﬁ‘%ﬂ@ E&xgé&ﬁ}dg PRI PUSHE LR bR ESotdiSort e products

use ,of conmpoun
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 5 as starting conpounds for preparing
conpounds of fornmula 4. In another aspect the present
invention relates to a process -for preparing conpounds
of 5 formula 1, characterised in that a conpound of
formula 2 is used as a starting conmpound for
preparing conpounds of forrmula 1. In another aspect
the present invention relates to a process for

R6RRAM 3N a@n@fﬁ@P&é@?& t@ oer@&ﬁ%%&tfén rglg’tgg g)gthg {x'gets (gt? {:?rﬁ%ounds of

t.hat . a_ conpaund 'S use
CSHR D 86 YeaHng eompatnds fos prepativgieomefounds ofi foemula 4) n

anot her aspect the present invention relates to a
10 formula 21

BL g%s fort géelp H%’ conpounds of
{ BiRCLide Prgseul fventionglalss (o 8 Process ferireparsg compends of
1251, sharagterised ipihandcorfispund bﬁﬁﬁhﬁlhﬁ@ i€ QE@D B4l §taﬂfng compound
o) prese i nven
%co blrﬂ%]scéei}gﬁ?@?q ?% SFE’B Smeagntdlfwentlon relates to a
PYSF% %t paepaging eerap@inds eﬁfon‘mulatiathz’aacd:ermpd) imtttatod cdmpomt af
for6la QS8 dsedSs
€9 nB a‘undss of facs)r nulgtado%o%gmgp%aﬁ% o%ﬂ?é Pgl?)r?un]ﬂa 4
4ABOGFT BRef #ﬁpr?%fow%@e relates fpea mrpefesegcg raersoingicogpounds of

foimula Rnebaniciesised ﬁ&ﬁafacﬂoﬁﬂwbﬁnd offoAREh BSE ud Qf@ Qtstart'irikebompound
ornul a

nt| r.el a t o compounds of
Wﬁgﬁl X%O (9f§° rl@ S 4 20 per se, wherein the

Iny pether vispest the puesenthavansan relgiss i MROCAH N Prepafing B@hb@lnds of

' f&%ﬁ@&i &Eh%ct?ﬁfeﬁqﬂ ﬁ‘.lrdt Q}g&gb&}ﬁt Jﬁ%ﬁ}ugﬁc’ 3 tés?]%stg %ﬁ g gﬁ%}}Pg compound

oun
ing gorpernds AEEMIASr nul a 1. 1 n anot her aspect

the present invention relates to a process for

reparin nds of forrrula 11 characteri sed
Tﬁﬁc‘gﬂ%‘t“ ﬁs O%ﬁaﬂoﬁrsp seairal impontance tn deepraecss aegoading tgthe
inyemtjmow Abchralingdy, dp andther KPEPMABOPRsét irkenficH B td cotﬁi@unds of

nds of formula 4 are obtai ned as herei nbefore

fo
%%scr'r bed within the scope ﬁf
Me—eN

0

s o
WamneT
/s

. 4
per se, wherein the group Y- may have the meanmgs given above,
In another aspect the present 1nvent10n relates to 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 fonnula 1, characterised in that a
compound of formula 4 is used as a starting compound for prepanng 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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t he process according to the invention for preparing
conpounds of fornmula 1 as intérnediates. Wthin the
scope of the process according to the invention for
preparing 9 conpounds of fornmula 1 in a preferred
enbodi nent of the invention, the compound of formnula
4 does not have to be isolated. 5 The Exanpl es that

follow serve to illustrate some nmethods of synthesis
,
CBinpb&flls B For}ﬂiila"faM'n agéreﬁ&gﬁ"%é?%m@gﬁt e;f%%eﬁn(r&ﬁ% the comg9und of

gonstrued onl %ﬁ g
A dogsmmbhavetebe isplétedng t he i nvention to thel r
contents. Exanple 1. N nethyl scopinium
hexaf | uorophosphate F FBI ,F FFF F N OVI~9 10 OH
N- et hyl scopi ni um brom de is dissolved in water and
dberBkaeplesihhtfoHow eqtve ﬂDillaEtraw som Acthedcefsyntiksifcarried out by way

I hat e..(sod] t

OEERRe Ry r Y P DB A Bt R e RS iy or
?@nﬁﬂ@mtb@m sestrinting thcanvmmumﬁmh_\,cbstcmm ni um
hexaf | uor ophosphate is precipitated / crystallised as
s V\,hlte vvater-lnsoluble roduct it is isolated,

ampee 1r Nomethylscopigivm hg hahen dried at
about 40C in the dry| ng cupboaer FMp.: 265-267C
(nmelting with discoloration); H-‘I};DZR |n
acetonitrile-d3 a(ppm: 1.9 (dds” ZH) 2.55(dd, 2H),
2.9 (s,3H), 3.29 (s,3H), ™~ 3.95(dd, 4H), 3.85 (s,
1H). Exanple 2: Tiotro romde 1.6 g (Smol)
nmet hyl scopi ni um hexaf | hate (Exanple 1) and
2.0 g (7.8 mol) nethyl yl gl ycol ate are
refluxed in 50 m acetone and if,the presence of | g
25 nol ecul ar si eve 4A ff 150- 70" hours. The reaction
m xture is flltered t e f|1tr te' is conbined wth a

NSRS i Rl ot o SO IS b or
molar ckeess sEpwatzr-solublethekaflviordphosghiater(sodibmer pbtassium salt). (Aqueous
hé&ﬁh&ﬂoﬁﬂosﬂfmﬁ@ﬁi&]ﬁﬁo Pealls & ﬂrle&f;xta(tghfs olved in"acetone)

‘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 (s,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 ) R

The reaction mixture is filtered, the ﬁltrate is combmed with a solution of 0.3 g of LiBrin
10 ml acetone. The still unreacted N~méthylscop1n1um bromide that crystallises out is -
separated off by filtration. 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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tiotropiumbromde is precipitated in an isol ated
yirel d of 30% (based on the conpound of 30 Exanple 1
used). 10 Exanple 3: Tiotropi um hexafl uorophosphat e
Ti ot ropi um hexaf | uorophosphate is not isolated within
the scope of the reaction according to Exanple 2 but
further reacted directly to obtain the tiotropium
brom de. 5 For the purposes of characterising

ti otropi um hexafl uorophosphate this conmpound was

seC|f|caIIy prepared and |soI at ed. The foll ow ng
iatric hhexaffuoropbios bd. Mp.: 233-236C

([ﬁfﬁfcﬁ)hlﬂlg ht‘&’)&a‘f]ﬁox@bﬁ&gﬁﬂé @tdof)ﬁ%la{é'd in tH3 s@(%ﬁz[d}'rﬂﬁe ction according

¥ @%31& épis il %e@teslzie@ctiw ohigin émﬁot@paum Brogg@em
Fb) the pipofes)of chiar&b2disingtiotrop 1uﬂiﬂex3.ﬂﬁél’oﬁﬂwsphatg ﬂﬂ@&dﬁﬁdﬂhd was

SRl [ BB S . 5B bomiiadcsn St tsahgpiped
Mep. h%%&lﬁ(}r(mmngewﬂifdmmkmqﬁhmsphat e (Exanmple 1) and

25.4 g (100 15 mol) nethyl dithienylglycolate are

?\fll uxed in 400 nl acetone and in the presence of 40g
ENMB Eacernmgh o S(rm: 08, 2R ¢ PR3kdd, 2808 BEP3H), 3.50 (s, 3H),

1.62(4 zﬁp,rmzscml ,am, 'SOJ%B' i 6)25f(§)r 7 %éen 2H§, T szi@?mﬁ;he

‘equal _ anount

AR IR Fossbtonef ! oS Mabohie? S0

acetone, the filtrate is conbined stepwise with a
' .0 Li (I I Omol) in 110 nl acetone.
Lo R)ftm ity by N- nmet hyl scopi ni um brom de t hat

3¢ Sy ( HiOmmely methylscepisiwprhexnfuorophiosphaté (Exangtie drand 25.4 g (100
n(rﬁd?lZﬁHlﬂz‘P @Rﬁ@nﬁ%l?@dl%%ﬁﬂeﬁg}edfﬁggg gﬂ%gé‘,?lllff %%dqg#ﬁeoﬂﬁsence of 40g
of Papdstewolsauiacrea # ke pnd IMAP 4¢drdspihyisanepyaiging for 24h.
(ﬂh@hﬁl@aumlwe@msdﬁpw@a%ﬁer e%}gpj; ) s@gy mﬁblghtqf 16. 69
e,Cco N
’ﬁ% Eegyt @l&fﬁ@ wghed i %QC}“L%C&B’%& tﬁ@ ltbaterﬁeomawd
std;sma lwahlaesohmnh afipidas Lidn (1 Hﬁnrﬁﬁlaﬁl’pl B0 fnl ackiddlel b Wil unreacted
scopi ni u
el IR 508 ooy s rciom

pr ﬁ@Pﬁi}ttondl gwythbﬂrmnms/ereﬁle:red off eedidiied. SThendongoeition ef the
0 B PR a4y
lstﬂateé hasedianghe sompoungraseordingdn Edamplen used).

Pu&@ﬁﬂp@wm P aﬁédralhgtt@rm 56 a*eﬂe&@ae cOhtERMaBBa M L h
a solution of 0.7 g LiBr (I3nmmol) in 11 nl acetone.

The unreacted nmaterial that cryst allises out is
Exsegde 8t Tibtodpiud brofiidkr . al i dd- (fracti onated

I.CPé ?% inﬂh&ﬂrlealn scoglj?l? § Lgxaﬂ%orophosphate (Example 1) and 1.25 g (5 mmol)
methyl dithienylglycolate 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 EVY’-"ﬁii:fhﬁénf’(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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fractions were filtered off and dried. The conposition
of the fractions was determined by thin layer -~ -
chr omat ogr aphy. The tiotropi um brom de fractions were
suction filtered, 35 washed with acetone,

recrystallised fromwater, washed with acetone and
dried. 1.29 (48% 11 - yield based on the conpound
according to Exanple 1 used). Tiotropium bron de was

I}SQH ahfd ohfhd &h?po‘ﬁ@d’accgﬂﬁﬂg% E"ﬁ‘%ngle lggs g)t ?ngilr%u@?)gomyg was

S géerbtgont am nat 1 on
%t ¥ %81 ) net hyl scopi ni um hexaf | uor ophosphat e
(PEmmﬁPEC199 8 OTIR0: fovi§iBlekOf@ininatidn2' - net hyl:
di thi enyl glycolate areidi'ssolved in 400 m acetone
and stirred in the presence of 90g of zeolite of type
piun? B@niden H2O) and 0. 2g (| nmol)

l@tsggﬁ'l %Hlirrﬁéﬁl?'fscrﬁykﬁr%'h%?a@‘é?@h%gﬁr?ﬂ{q @g?g@e%ﬁ 830 S0 10mol)

Ion m X

212I ~tpethd dithiepglycolate ajg:dissodveddn 400 ol actiors: apdgtitre®in the presence
6890g ofZeblitd @ﬂ@be 4R (NQQA‘F‘ZS@K%E ‘%r}?ﬁ{%y)-rz!fhlﬁl ; réai@l&{g{rlr()ls Pétassium-tert.-

st.allises ar at of f
B‘Eté’ﬁlgﬁ%’ﬁrtaﬁ’e%@?%#@%ﬁ s ?‘h% dried. 41.4 g (87.7%
%felledctlm milstvee isdilierad the fAtrate vednbigsd Wiy £lsohitio 0987 glﬁrBr (8.7

bEin4 scopi nium tetraphenvl borate 20g (80
Pmtlr(rmll}hslgg&p#)um brom de are dissolved in 500 ni

73?6 H@@%ﬂ?@t orystallis® qu8 Braepdryted offi byrfiltretiors phashiey vith atetone and

tHérb@@ddved in 150 ml of nethanol, are metered in. The
n obhtained is stirred for 10 m n at anbi ent

| 4? ‘ﬁg@f’:ﬁ/o ok Eeldigohipined veth a canversiondeyed 0&198%s epar at ed

off are washed with 50 m of met hanol and dri ed.
261C. IV 0

Hapl¢ 7:N:riie ps Iorater ate 0.245 g (0.5
2ﬁgﬁso mmmi;)tmgth;lmmmummmtaeapmmdhrwnﬁseo fibsafmetand) ,

2528 (ki Rodlellendote D Birale, AV 450 1 of ustnel. appmetered

‘ I%tTl}erSé‘&Jeinﬁotl lobtaingd dsssimeed fof 1Qmin gt mdnéntt@n;mdrammdéﬂtered

et S 5O A Bl

but oxi de over

Yr&i%apd.g.ralta p0: M 361 ihe 2. 2 met hyl -
26

di thi enyl gl ycolate.r eadt-ed -are converted after
kb JigPRuR LELL ARGy e ¢ o (Mon-isolated
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 ml acetone and stirred in the
presence of 1.0 g zeolite of type 4A (NajpAl}58i;043 x n HyO) 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
1ncreasmg the total yield within the scope ofa production process.




30 The reactions nmentioned by vvay of exanpl e take
place wWith virtually no formatfon of by- products. 1f =~
it is desired that the reactions should take place

wi t hout total reaction of the starting materials, the
N- et hyl scopi ni um brom de isolated in the first step
of working up may therefore be recycled into the
reaction according to Exanple 1, thereby significantly
35 increasing the total yipgdheWiidibisn t he scope of a
production process. 12 Patent Clains 1) Process for
preparing tiotropiumsalts of formula 1 Mew M N OH
@) X- BradessHor Beparirpaiotiopiunvsaltseyforaplagsent an ani on
with a single negative charge, characterised in that
a conmpound of formula 2 10 wl\/b N OHY OH2
wherein Y may represent Ma- Ophl lic anion wth

a' single negative charge h\ch is different fromK,
preferably an anion sel ggt om anong t he

hexaf | uor ophosphate, 15 t obor at e,

t et raphenyl borate and sacchagi nate, articularly

AT € or tetraphenyl borate

5 1

wherein

X" may represent an anion with a single negative charge,

characterised in that a compound of formula 2

10
+ Me
O -
, H
OH 5
‘wherein
Y™ = mayrepresenta hpophlhc anion w1th a'single negative charge which is different
from X, preferably an anion selected from among the hexafluorophosphate,
15 tetrafluoroborate, tetraphenylborate and saccharinate, particularly preferably

hexafluorophosphate or tetraphenylborate

is reacted in one step with a compound of formula 3

20  wherein

NCER inei 48
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Is reacted in one step with a conpound of formula 3 O

R'OH S 3 20 wherein 13 R delfotes a group sel ected

from anong net hoxy, ethoxy, propoxy, isSopropoxy,

I sopropenyl oxy, butoxy, O N-succinim de,

O N-phthal i m de, phenyl oxy, nitrophenyl oxy,

f1 uorophenyl oxy, pentafl uorophenyl oxy, vinyl oxy,

2-allyloxy, -S nethyl, -S-ethyl and -S-phenyl, 5 in a

dUi t aleh@essogroembelsdtddfrim ematgidettoRy Qfthdk s;ﬁ; , SopAPRxy,
1 >

5”0 PeBlbePBALES, oy i dedpaliatly Phe

meaniippheivany, Sbavphengiody,iehtafiudrophényipxys vinglord, 2-hiéyloxy, -S-
conpaien Qb -k g &- converted into the conpound

of formila f}% reac[?}}é(l)1 1’with a salt cat+X-, wherein

cat+ denotes a cation sel ected fromanong the Li+,

hea-suitdble shert witob 5ddiBofoP4 8afbl Hadd oQYbRuilh E&npound of formula 4
quaternary N (e.g. N, N-dial kylimdazolium =
tetraal kyl ammoni un) and X- may have the earrings given

- above. 15 2) Process acfgL iM"g to claiml, wherein X -

a single negative charge
hde, brom de, i odide,
®nat e and

may represent an ani on wt
sel ected fromanong the ,c
met hanesul phonate, p-tol

1

- 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 with a

- salt cat'X, wherein cat™ denotes a cation selected from among the Li*, Na’, K*, Mg**,
Ca®, and organic cations with quaternary N (e.g. N,N-dialkylimidazolium, '
tetraalkylammonium) and X may have the ='r‘néghings given above.

2) Process according to claim 1, wherein
X" may represent an anion with a single negative charge selected from among the
. -chloride, bromide, iodide, methahesulphonate, p-toluenesulphonate and |
trifluoromethanesulphonate, preferably chloride, bromide or methanesulphonate,

particularly preferably bromide.

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

compound of formula 3 wherein

R.  may be 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.

~4) - Process according to claim 1, 2 or 3, wherein the reaction is carried out with a

compound of formula 2 wherein = * -
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trifl.uoronmethanesul phonate, preferably chloride,

brom de or net hanesul phonate, ~'20 particularly: -
preferably brom de. 3) Process according to claim1l or
2, wherein the reaction is carried out with a

conmpound of forrmula 3 wherein R may be a group

sel ected from anong net hoxy, ethoxy, propoxy,

i sopropoxy, 25 isopropenyl oxy, butoxy,

& N- s tmyibsianiavien withN- gitglé aegativel eharphetocted om among the
ni t r opRemy;

i ny! e ot oseha AP LARRGI . (PRI BRE R e
1., 2 or 3, mhereln the reaction is carried out with a

GDHDOBfUée@facéd?dz kPore (Ym:%ﬁﬁ‘s nid4 ch\ﬁract d fﬂEEhﬁ'?h@ﬁhzﬁ Deaction of

t i
HschrpaBhdthis %ﬁ%ﬁé@ge@&t & PR OF Rrwuia L 1s camicd out with the aid
vE1 saliphatiywiens et eis adldcted@ Gohamontia’, Ny, IRF, 086 SCa?*, organic cations

on 1to char act erj sed in
A kil @ (PPN ?laf&i*%lfdazglwrﬁeté%ﬂ&ﬂﬁ SR Gy hgrein X
Wafba@ﬁhamamhgg:wmbond of forimula 1 is carried out
with the aid of a salt catX, where cat' is selected

ég nDn Li +, Na+, K+, M2+, Ca2', organic cations
th dB%qS%FWﬁ@nNO(@GQfCWN Hioad,lehpmaeteriseddn thatthe reaction of the
doatpoand &fyfornie Riwie 3 ANEtvked gy theXddfiRY 0P A ¥Sakyse

meani ngs gi ven above. 10 6) Process according to one

of claimse 1 to 5, characterised in that the reaction

of t Weoceemvpmdh‘fg tofcldmarayuhaaeried n thai the @sthiyseit e6ledyd from
a8l 7). Process according to
- cl algm 6, & ﬁf;&?gig?sah gstgga%f(f]{ephar% WS cat al yst is

sel ected from anong zeolites, al koxides, |ipases and

syertmmpoaﬁasrlﬁ?mﬁl,ﬁag) Con'pounds of formila 2 M' M
OH 2 wher®&i n Y-pydenotes a |ipophilic anion

WI t h aS| ngI e negati veMﬁlwge preferably an ani on 20
sel ected from anong the hexafl uorophosphat es,

tetrafl uoroborate, tetp borate and
sacchari nate. _ H oy~
| of 2
wherein’
Y™  denotes a lipophilic anion w1th a smgle hegative charge, preferably an anion

selected from among the hexaﬂuorophosphates tetrafluoroborate, tetraphenylborate

and saccharinate,

9 Use of compounds of formula 2 according to claim 8 as starting compounds for

preparing compounds of formula 1.

10)  Process for preparing compounds of formula 1, characterised in that a compound of
formula 2 according to claim 8 is used as a starting compound for prepanng compounds of
formula 1,



9) Use of canpounds of formula 2 according to claim8
as starting conpounds for préﬁarlng conpounds of
formula 1. 25 10) Process for preparing conpounds of
formula 1, characterised in that a conpound of

formula 2 according to claim8 is used as a starting
conpound for preparing conpounds of fornmula 1. 30 15
11) Compounds of fornula 4 Mew M N OH OY- SO/
D) mhbn@bmmﬁnfﬁﬁﬂmkﬁs a lipophilic anion with a

si ngl e negative charge, P@refmgably an anion 5 sel ected
from anmong the hexafl uoMSphosphat es,

tetrafl uoroborate, tetraph | borate and
saccharinate. 12) Use of0O ds of formula 4
according to claim 11 as gti Hconpounds for
‘preparing conpounds of f a . 10 13) Process for
prepari ng conpounds of a 1, characterised in
that a conpound of fo Obccording to claiml1 1
is used as a starting conp d for preparing conpounds
of formula 1. hon .

4

‘wherein _

Y~ denotes a lipophilic anion with a single negative charge, preferably an anion
selected from among the hexafluorophosphates, tetrafluoroborate, tetraphenylborate

and saccharinate.

12)  Use of compounds of formula 4 according to claim 11 as starting compounds for

preparing compounds of formula 1.

13)  Process for preparing compounds of formula 1, characterised in that a compound of
formula 2 according to claim 11 is used as a starting compound for preparing compounds

of formula 1.



