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the anticholinergic tiotropiumbromde 5 The invention relates to a new
process for preparing (1
a,2[3,4[3,5a,7[i)-7-[ (hydroxydi 2-t hi enyl acetyl ) oxy] -9, 9-di net hyl - 3- oxa- 9- az
oni at ri cyel70RpcB208 O2' 4] nonane- brom de. Background to the invention The
conpound g . :

(1a, 2[i, 4] 3, ba, WfthPT (%%Fo&uycdngﬁh?kﬁné'ﬁy Oggg{?lllc)t(')?(t{/?glé‘,rg-bé?%gﬁyI -3~0
oxa-9-azoni atricycl o[ 3. 3. 1. 02' 4] nonane-brom de i s known from Eur opean
Pat ent Application EP 418 716 Al and has the foll ow ng chem cal structure:
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ef fecti v@-mmwa@étyn@z@mgaﬁmem3td)@:@faabnianimld[m 3thetppenane-bremedd.t i n
the treatnment of asthma or COPD (chronic obstructive pul nonary di sease).
Tiotropiumbromde is preferably adm ni stered by inhalation. Suitable

i nhal abl e 20 powders packed i rBackgroumbtd Hteeinvanmtion es (i nhal ettes) may be
d. whi 2
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aer osdPs .oxmé@@omaﬁrdpucm{wdbOpdmﬂ@r@jbfqmlaea@ kaowa fiesn EerﬁamPatam ain, for

exanpl e, Afiikafion EﬂFMQerAﬂbKQWag&néh@rowﬁg@ﬁemme{rha@ﬁegas 25 In view
of its great efficacy, tiotropium bgogirde can be used in | ow therapeutic

doses. On the one hand this inpodes-njarticul ar demands on t
it " AR

phar maceutical production of the forflul ation to be used
hand it is particularly necessaryo o] i ndus

synt hesi si ng ti ot ropi um broni de whi s Brhat ao the pr odu%of’mfs
prepared not only in a good vyi el dgbut o wth exceptional purity, 2

Eur opean Patent Application EP 71¢ Al di scl oses a nethod of

synt hesi sing tiotropi um broni de. cbresponds to the rret hod

di agrammatically shown in D agram 1. N OSQOw O+ | wﬂmmm 1)
(rery + e M~N, O_ HBr OSOI / ~S H (I 5 Di agr ,Hm ,rrst
step, scopine (11) is reacted with rrethyl di - ( 2- tthi enyl ) - glyco.llﬁ] ) t
formdi-(2-thienyl)-glycolic acid scopine ester (IV), WhICh ist
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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).

(0]

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.

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 with exceptional purity,



LIt 'has been found that, surprisingly, tiotropiumbrom de can be obtained in

much purer formif it is synthesised by a different nmethod fromthat
described in EP 418 716 Al. This alternative and surprisingly nore
advant ageous nethod is diagrammatically 2 llustrated in Diagram2. Me N OH M
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acid derq:ngé}ayﬁq (VI), first the tropenol di-(2-thienyl)-glycolate (VIl) is
|

f or med. I'S converted into the correspondi ng scopi ne es 2r (V) by
epoxi dation ¢gflethe olefinic 5 dpubl e bond. Accordingly, the present
i nvention r atestoaprocesss r eparing tiotropiumbregide (1) M, ,M
NOHBr__O OH/ ~S (I ~0 Lfharacterised in that the f nol ester of
formula ( N O\ , ' /| ~S——— 5 H
CH S o}
a 0, . Mo | on W
M . .
°N 7> s
o - —
— A H g
S o)
| p) o O
2
5 Diagram 1.

In a first step, scopine (ll) is reacted with methyl di-(2-thienyl)-glycolate-(lll) 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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(M) is oxidised to formthe scopine ester of formula (I1V) M NOHOSO
OH/ ~S (1V) which is then quaternised with nethyl brom de to form
tiotropiumbromde (l1). 75 Because of the central inportance of the
tropenol ester of formula (VIlI) accordi@g to the invention, in another
aspect, the Brese invention relates generally to the use of the tropenol
ester (Vb—?g—%éionally inthe formof the acid addition salts thereof, for
pr epar i n§tartiog fiapn time tropemnale\) kKnowhrin dine aiteandaspeting Mthedtﬂﬁebenymglycmhtl on

rel ates ; (0! form
of the atge'éj deﬁ-ﬁ?ek’?\?l&%rgﬁ {}ﬂeer eo?r‘?(n?JJ f%&ﬁ Ii‘b/'t)(% ahé)%'II ogﬁér)\ﬁeiterggsf
fornul a cpRyertathisto thepeiiespending scaping asﬁerdwobu epcm@atm of the olefiniei d

addi ti gnggable héd.prepari ng the scopine ester (1V), this acid addition salt
is preferably selected fromanong 5 hydrochl oride, hydrobrom de, hydrogen
phosphat e, hydrogen sul phate, tetrafluoroborate and hexaf| uorophosphat e;

t he hydr achbafinglg, thedreyeniihventisrerskites to.atprooéss foy ppepdritg tistropgmor di ng to
anot her ﬁiﬁg)@f&e’ | he present invention relates to a process for preparing ~o
tiotropi n‘ e of formula (1) n~§q‘? ,M HBr_ (lI), characterised in
that in a first step tropenol ofmégy la (V), M N\\ H~oH (V) optionally
in the formof the acid addition sal s thereof, is reacted wth an ester of
15 formula (M) 0 SR/ OH/ ~S V) rein R denotes a group sel ected
from anong hydroxy, nethoxy, etho ci gim de, O N-phthalim de,

phenyl oxy, nitrophenyl oxy, quorophe | oxy, pentafl uorophenyl oxy, vinyl oxy,
-S-nmethyl, -S-ethyl and -S-phe & mthe 20 tropenol ester of fornmula
(V1) 5 M NH

(),

10 characterised in that the tropenol ester of formula (VII)
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which is then quaternised with methyl bromide to form tiotropium bromide (1).

15
Because of the central importance of the tropenol ester of formula (VII) according to
the invention, in another aspect, the present invention relates generally to the use of
the tropenol ester (VII), optionally in the form of the acid addition salts thereof, for
preparing tiotropium bromide (1). In another aspect, the present invention relates to



- (Vrl) which is then epoxidised in a second step to formthe scopine ester

of formula (I1V) M NOHOSOM/ ~S(IV) 5 and this is then quaternised
in athird step using nethyl brom de to obtain tiotropiumbromde (1).
Because of the central inportance of theg tropenol (V) as a starting

mat eri al for ti ot m br.om nother ect t

present ﬁ%fbg {']? fel of e Ig,t%%trqngﬂy Hﬁr{esfgrrgfo 4?%6‘8%@5\}3“ S%IB? ional l'y
in the fﬂ'remeof fomrm‘e@arldgaldelrst:oprnemltersaftfhremmef (IV)as a starting material for
preparin t )

[ openol “Magr? rbREhoHRate A s Lred if ool erl Ak bAER a3t Blorafbbltne, o

from am)ﬁgolt)lﬁ@ Wr@lb‘éh ithip iagéd aﬁ?'tj@m%ﬁrlﬁ ﬂl@feﬂﬁpb’r rjecteddrgsh@spng e, hydr ogen

o {he hiachf ety E"‘“b*"ﬁ“'d’é“b?‘oy@@%@ S ef"?‘%‘ P Y mof the

oy or peni Helratiibrotbraia ho REXER SBhSsantle &reMrec ofide Apd hWAetEPEIA afe

sol vent pertestianty preferredrong t ol uene, benzene, n-butyl acetate,

di chl oronet hane, THF, di oxane, di nmet hyl acetam de, DMF and

N- et hyl pyrrol i di none, preferably 20 sel ected from anong tol uene, benzene,

THF, di omcording teangihet @spactiéhe pseahinvsihtien relategrto@ prdicassgr preparing

prefer b ol uene being nost particularly preferred as
he s3?vgéybabﬁ€gﬁgﬁﬁgqﬁgaﬁﬂﬁa(ive tihpn, 0.5 - 3 1, preferably 0.75 - 2.5

I, nost preferably between 1.25 MﬂdN .75 1 of organic sol vent are used per

nmol of tropenol (V) put in. 25 6\\f tropenol is used in the formof an

acid addition salt thereof, a ba i ded to the resulting mxture to

| i berate the tropenol. Suitable b digg to the invention are

i norgani ¢ or organic bases, organic i nes being particularly preferred.

Organi ¢ am nes which may be use ncl 4de triethyl am ne,

di i sopropyl et hyl am ne, pyri di nel hyl am nopyri di ne,

N- net hyl pyrrolidi ne, N-rmethyl norphol} g or anmoni a, the use of

triethylam ne, diisopropylethylamng&, pyridine or ammoni a bei ng

particularly preferred, while ammonia Is nost pdbticularly preferred . At

| east 1 rably 1.5 to 2 nol of

am ne ar rea)lgdadagﬁéég{e?ﬂhé ﬂ“r%ﬁﬁt%t%) ?H@rlrelt used‘H wé am ne may be added at

tenperatures of between 0 and GOC No preferably 15 to 50 C, nost

preferably 20 to 30C. After the am has been added, the suspension

obtained is stirred at constant te ure for betmeen 0.1 to 5 h,
preferably between 0.5 to 2.5 h, no phgflrably between 0.75 and 1.5 h.
The amonium salt thus obtained is filte of f and optionally washed with
t he organi c solvent nentioned above. Bet weekVd. 1 and 1.5 I, preferably 0.3

- 1.0 prtroﬁaﬁpln/metfonﬁe:fm@dcmddmﬂn Sdltd thepsdfols réua\,temwh an esterepfof the
sol vent_ i di off in vacuo at el evated tenperature, preferably at 30

8OC15n38Fn %ék@%ably at 40 to 60C. The distillation tenperature naturally
depends on the choice of sol vent used xpendi ng on the choice of solvent,
the vacuumis 20 adjusted so that on takes place in the
tenperature range specified above. (| Bg oHO. 25 and 2 |, preferably 0.5
-1.5 1 of solvent are distilled off per npl of tropenol (V) put in. After
the specified anpunt of solvent has beiﬂ!?rstrlled of f, the reaction
solution is cooled to a tenperature range of (MomO - 50C preferably to 15

35C, and el R(deridibeadrbab werloley feiClrlgné ¥gtivs ﬁw\ét%mgtz oAl o-fL- (2 25

thienyl)glycolic acid derivatives use |ng to the

i nvent i orsUgcimidss O-db ﬁH@@W@V'@XR WHHBF%@WE’W}H BieyoPhan y, ethoxy,
O Nsucci rtbéﬁtdfhior@phblﬁﬁbhﬁwlmldﬁ/ -ShﬁéWyDXSrethylténwiS%pMenwy to form the

fluoro hen Io§¥ egﬁe q@ nyl oxy, vinyloxy, -S-nmethyl, -S-ethyl or

- S pheafly| roRgn ?SEE N ??9 greferred to use the compound (VI) wherein R
denot es hydroxy, nethoxy or ethoxy , 30 nost preferably nethoxy or hydroxy.
I f the conpound wherein Ris hydroxy is used as the conpound (VI), the
reaction may be carried out in the presence of coupling reagents such as
car bonyl di i m dazol e, carbonyldi-1,2,4-triazole, dicyclohexylcarbodiimde or
et hyl - di met hyl am nopr opyl car bodi i m de. Between 1 and 2 nol of conpound (VI)
are used per nol of tropenol (V) put in. Preferably, 1 -1.5 35 nol of (V)
are used, and nost preferably stoichionetric amounts of (VI) conpared with
(V) are used according to the invention. The reaction m xture obtai ned may
optionally be heated to forma solution. A tenperature in the range from 30
- 80C, preferably from40 - 60C, nost preferably about 45-55C is chosen.




S 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 I, preferably58.4 - 1.5 1, nost preferably 0.5 to
1.0 I of solvent are used per nool of Metropenol (V) put in, in order to
prepare the solution or m xture cont&jning a base. Were R equal s net hoxy,
et hoxy, vinyloxy, phenyloxy, -S-neth -S-ethyl or S-phenyl the reaction
is carried out in the presence of an or inorganic base. The organic
bases used are preferably organic am st preferably

di i sopropyl et hyl am nes, triethyl angnes; clic am nes such as DBU or
pyridine. 1o Suitable inorganic Basges are the alkali netal or alkaline
earth netal carbonates, the al koxigés laftt! hydri des of lithium sodium

pot assi um cal ci um such as sodi um car te, lithium carbonate, potassium
carbonate, cal cium carbonate, sodium ride, tassi um hydri de, cal cium
hydri de, sodi um net hoxi de, sodi um et hoxi de, p@ﬂﬁssiun1nethoxide or

pot assi umtith imdhen.epdxidisqd if 2 sabdryd stepaoifomn e scogins esfs afsethula (M)e of

t he abovenenti oned hydrides or al koxi des, preferably one of the

abovenenti oned hydrides, the use of soﬂiunlhydride being particularly
preferred according to the invention | east stoichionmetric anounts of
base are used per nol of tropenol (V) Preferably) 1 - 3 nol, nost
preferably 1.25 - 2.5 nol, even nope rably 1.5 to 2 nol of base are
used per nol of tropenol (V). 20 Th of (V) and (VI) is conbined
wi th the base-containing solution or re described above, preferably
over a period of 0.2 - 2.0 h, pr Bver a period of 0.5 to 1.5 h. If
an ester in which R denotes neth &y/ thoxy is used as the compound (VI),
for exanmple, it may be necessary to distil off the resulting alcohol at 25
40-90C, preferably at 50 to 80C, nost\preferably at 60-75C in vacuo,
preferably at 150 to 500 nmbar, nost pre erabljh@t 200 - 350 nbar,
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wi th an inorganic base, preferably selected fromthe alkali netal or

al kal i earth metal carbonates of |ithium sodium potassium calcium such
as, for exanple, sodiumcarbonate, |ithium carbonate, potassium carbonate
or cal cium carbonate, sodium carbonate being particularly preferred, and
thus adjusted to a pHof 7.5 to 11, preferably 8 to 10. The inorganic base
is 20 preferably added in the form of aqueous solutions. For exanple,
according to the invention, it is particularly preferable to add 0.05 to
0.4 kg, preferably 0.1 to 0.2 kg of inorganic base dissolved in 0.25 to 1.5
|, preferably in 0 5 to 1 |, nost preferably |n 0 7 to 0 8 L of mater per
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' ‘~olcrystals whi ch are separated off and dried. Drying is preferably carried

out under inert gas at tenperatures from 30 - 50C. The tropenol ester (VII)
thus obtained is then epoxidised as described hereinafter to formthe
scopi ne ester (1V). A suitable solvent, 6preferably sel ected from anong ~5
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and extracted one or nore tinmes with the water-inm scible solvent nentioned



' .20'hydrochl oric acid. The hydrochloric acid may be added either in the form

of aqueous solutions or as a gas; it is preferably added as an aqueous
solution. Preferably, concentrated hydrochloric acid (36% dissolved in
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m xture is cooled to about 20C. The reaction m xture obtained is adjusted
to a pH of about 4.0 with hydrochloric acid (36 % . Prepared sodi um
bi sul phite solution (2.4 kg in 24 | of water) is added. At an internal 5
tenperature of 35C the solvent is partly distilled off in vacuo (about 210
). The mxture is cooled to about 20C again and Clarcel (3.2 kg) is added.
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.apparatus. The pHis adjusted to 2.0 with a prepared hydrochloric acid
solution (4.7 kg of hydrochloric acid, 36 %strength in 460 | water) at
20C. The nethyl ene chloride phase is separated off and discarded. The
aqueous phase is washed with 20 nethyle®e chloride (39 I). Then nethyl ene
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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 agueous solutions being preferred. Preferably, concentrated



.Me (1V) which is then quaternised with nmethyl bromde to formtiotropium
bromde (1). ~0o 2) Process according to claiml, characterised in that a
m xture of vanadi um pentoxi de with hydrogen peroxide is used as the
epoxi di si ng agent for epoxidising (VI1)1@o form (1V). 15 3) Process

accor di ”HyQ};&cﬁch’E&dgﬁde‘%ZdQ%va%t ﬁ{wafe?' %da{@w é}qp %égqﬁro At (M)

to form ( 'anong
wat er, dinesganicisaitiaadded, preferahlytsadium rwﬂmery&d@amrﬁmﬁal%w&ferably

N- et hy| BYHEQ I me.nfaam of aidjeb%s%mrdmemsaﬁﬁé?é@ Zoaﬂmg Prefelablymol. 2 or

out vt nBO GG Btaaa 40 BodhPl BRrSaiiy el ASsobeg o fffanpréﬁ%ﬁbfyvésr o

glh mﬁlt hy | Dof hefrivalier (ichi eagfh;dacmranolcta‘ chapm]r‘tM\M)ruseU) drenaddediper mol of
Ichioro I

char act egFBgBQBFes@%Qn s%%ﬁ%%pnﬁeﬁﬁﬁtrhgf orrru HE Q)}%q ?h%égﬁl &\em?-l "OS OH/
~S (V1) tempenrattarer@‘oeoayw‘&cnrefegablvw Gof Abgutraw& I( refermbiynd \ 6, l1af toe OOH
(V) opti e ﬁ,lehv‘slél?hstéo%év @bl 6%@%%@@ ih! Rﬂeﬁ@éélﬁx ttB%b%QﬁﬂSxa]é e an

ester of fornu ROH/ ~ r
ol et od GHATGRT (eRNg) yasidBein HBMALR! ok ARBLA0 ~EhRs, R ety 80 per °
O N phy hﬂidl@f@@mpﬁmﬂw\ﬁwmut M)t Bpabamwéduwg hiybreehipieeanid (bﬂéferably dllute

taf | h

SR e e dimlCrab ey v e )

used i n tlBe 30y, preferably 46 -R2&ddif 868nhydiochlohieramid, didgsotted in Sell&dt ed from
th

sul phat e?’r?’f@{%%?P‘Jéﬁoﬁé"r@?*ef?ﬂ”ﬂ@&gﬂa&wﬁr)g K RSP e eer H 57 e Ae

accordi né bussfk of clains 5 or 6, characterised in that the reaction of
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a base selsedt ¢deforganiambages heedteaxiract the aqueous phase are discarded.
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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 - 51, preferably 2 - 4 |, most preferably 2.5 - 3.5 | of
the water-immiscible solvent are used per mol of tropenol ester (VII) originally put in.
25 The resulting mixture is combined with an inorganic base, preferably selected from
the alkali metal or alkaline earth metal carbonates of lithium, sodium, potassium or
calcium, such as, for example, sodium carbonate, lithium carbonate, potassium
carbonate or calcium carbonate, sodium carbonate being particularly preferred, and
adjusted to a pH of 8 to 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 agueous phase per mol of tropenol ester
(V1) originally used. The combined organic phases are subsequently freed from



.10 am nes, nost preferably diisopropyl ethylamne, triethylam ne, DBU or
pyridine) or fromanong the inorganic bases, conprising the alkali netal or
al kaline earth netal carbonates, al koxides and hydrides of l|ithium sodium
potassium and calcium 15 9) Process actprding to one of clains 5, 6 or 7,
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Then the mixture is brought to a temperature in the range from 10 - 30°C, preferably
to 15 - 25°C, and adjusted to a pH of 1 - 3, preferably a pH of 1.5 - 2.5 with

20 hydrochloric acid. The hydrochloric acid may be added either in the form of aqueous
solutions or as a gas; it is preferably added as an aqueous solution. Preferably,
concentrated hydrochloric acid (36%) dissolved in water is added. Preferably, 0.05 -
0.5 kg, preferably 0.075 - 1.25kg of 36% hydrochloric acid, dissolved in 5 -151,
preferably 8 - 12 | of water (per mol of (V1) used ) are used per mol of compound

25 (VII) 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 |, preferably 2 - 4 |, most preferably 2.5 - 3.5 | of

30 the water-immiscible solvent are used per mol of tropenol ester (Vi) 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 (VII)
used.
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30 solvent are distilled off per mol of tropenol ester (VIl) used and then cooled to about

5-20°C, preferably 10-15°C. At this temperature, the mixture is stirred until the crude

product has fully crystallised and the crystals precipitated are separated off and dried

at 30-50°C under inert gas, preferably nitrogen.

35 The product may be further purified by crystallisation from methanol. About 2 - 8 |,
preferably 3 - 7 I, most preferably 4 - 5 | of methanol are used per 1 mol of tiotropium
bromide (1) 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.



10% U& ()-# 10% U& ()-10% U& ()-f10% U& ()-1zX6! f MB1O%& ()-'f MB10% U
U& ()-1S 10%& ()- !'S 10%U& ()- 3ml0% U& ()-!Y$10% U U& ()-g<{7}[<1 10 °/
9%40% & ()-!8/ Y0%UE ()--S 10% U& ()-SI0 " $10%&' ()-,! ' $10% & ()-,$10%
U& ()-* 8 NV hF 10 1y@o0% & ()-!y@o9sX X& ()- y@ov& ()-"!10%
1 - O 1 -
ue (-1 Fi\ %r/qtoqg‘l él)ystallisation, the crystals are separated off and finally dried at 30-50°C
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The product thus obtained may optionally be converted into its monohydrate. To do
5 this, the following method may be used.

In a reaction vessel of suitable size the solvent is mixed with tiotropium bromide. 0.4
to 1.5 kg, preferably 0.6 to 1 kg, most preferably about 0.8 kg of water are used as
solvent per mol of tiotropium bromide used. The resulting mixture is heated with
stirring, preferably to more than 50°C, most preferably to more than 60°C. The

10 maximum temperature which can be used is determined by the boiling point of the
water used as solvent. Preferably the mixture is heated to a range of 80-90°C.

Activated charcoal, dry or moistened with water, is added to this solution. Preferably,
10 to 50 g, most preferably 15 to 35 g, particularly preferably 25 g of activated

15 charcoal are used per mol of tiotropium bromide put in. If desired, the activated
charcoal may be suspended in water before being added to the solution containing
tiotropium bromide. 70 to 200 g, preferably 100 to 160 g, most preferably about 135
g of water are used per mol of tiotropium bromide put in, in order to suspend the
activated charcoal. If the activated charcoal is suspended in water before being

20 added to the solution containing tiotropium bromide, it is advisable to rinse with the
same amount of water.
Stirring is continued for between 5 and 60 minutes, preferably between 10 and 30
minutes, most preferably about 15 minutes at constant temperature after the addition
of the activated charcoal and the resulting mixture is filtered to eliminate the

25 activated charcoal. The filter is then rinsed with water. This is done using 140 to 400
g, preferably 200 to 320 g, most preferably about 270 g of water per mol of
tiotropium bromide used.
The filtrate is then slowly cooled, preferably to a temperature of 20-25°C. Cooling is
preferably carried out at a cooling rate of 1 to 10°C per 10 to 30 minutes, preferably

30 2to 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 | of solvent may be used per mol of tiotropium
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obtained. If desired, the washing step may be repeated.

The product obtained is dried in vacuo or using circulating hot air to achieve a water
content of 2.5 - 4.0 %.

The Examples which follow serve to illustrate some methods of synthesis carried out
by way of example in order to prepare tiotropium bromide. They are intended to be
taken as possible methods provided by way of example, without limiting the invention
to their content.
10
Preparation of the tropenol ester (VIl)
Ammonia (1.8 kg) is added to 10.9 kg of tropenol hydrochloride in toluene (95 |) at
25°C. The suspension obtained is stirred at constant temperature for about 1 h. The
ammonium hydrochloride formed is then filtered off and rinsed with toluene (26 ). At
15 an external temperature of about 50°C some of the toluene (about 60 1) is distilled off
in vacuo. After cooling to about 25°C, 15.8 kg of methyl di-(2-thienyl)glycolate is
added and the resulting mixture is heated to 50°C to dissolve it. Toluene (40 |) is
placed in another apparatus and sodium hydride (2.7 kg) is added thereto at about
25°C. The solution previously prepared from tropenol and methyl glycolate is added
20 to this solution within 1 hour at 30°C. After it has all been added the mixture is
heated to 75°C at reduced pressure for about 7 hours with stirring. The methanol
formed is distilled off. The mixture remaining is cooled and added to a mixture of
water (958 1) and 36 % hydrochloric acid (13.2 kg). The agueous phase is then
separated off and washed with methylene chloride (56 ). After the addition of some
25 more methylene chloride (198 |) the mixture thus obtained is adjusted to pH = 9 with
prepared soda solution (9.6 kg of soda in 45 | of water). The methylene chloride
phase is separated off and the aqueous phase is stirred with methylene chloride
(262 L). The 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 is cooled to 0°C. The crystals obtained are separated off, washed with toluene (33 I)
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 (V)
260 | DMF are placed in a suitable reaction apparatus and heated to 50°C. Then
16.2 kg of tropenol ester (VIl) are added and the mixture is stirred until a clear
solution is obtained. After cooling to 40°C, hydrogen peroxide-urea complex (10.2
kg), water (13 1) and vanadium-(V)-oxide (0.7 kg) are added successively and in
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batches and the contents of the apparatus are heated to about 50°C. After2-3 h
stirring at constant temperature the mixture is cooled to about 20°C. The reaction
mixture obtained is adjusted to a pH of about 4.0 with hydrochloric acid (36 %).
Prepared sodium bisulphite solution (2.4 kg in 24 | of water) is added. At an internal
5 temperature of 35°C the solvent is partly distilled off in vacuo (about 210 1). The
mixture is cooled to about 20°C again and Clarcel (3.2 kg) is added. The resulting
mixture is adjusted to a pH of about 2.0 with dilute hydrochloric acid (36%, 0.8 kg in
about 440 | of water). The solution obtained is filtered and extracted with methylene
chloride (58 ). The methylene chloride phase is discarded. Methylene chloride (130
10 1) is again added to the aqueous phase and a pH of about 10.0 is obtained using a
prepared soda solution (11.0 kg in 51 | of water). The methylene chloride phase is
separated off and the aqueous phase is extracted with methylene chloride (136 I).
Methylene chloride (about 175 1) is distilled off from the combined methylene chloride
phases in a slight vacuum (600 - 700 mbar) at 40°C. The contents of the apparatus
15 are cooled to 20°C, acetyl chloride (about 0.5 kg) is added and the mixture is stirred
for about 40 minutes at 20°C. The reaction solution is transferred into a second
apparatus. The pH is adjusted to 2.0 with a prepared hydrochloric acid solution (4.7
kg of hydrochloric acid, 36 % strength in 460 | water) at 20°C. The methylene
chloride phase is separated off and discarded. The aqueous phase is washed with
20 methylene chloride (39 I). Then methylene chiloride (130 |) is added and a pH of 10.0
is obtained with a prepared soda solution (7.8 kg of soda in 38 | water) at 20°C.
After 15 minutes’ stirring the organic phase is separated off and the aqueous phase
is washed twice with methylene chloride (97 | and 65 1). The methylene chloride
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 (1)

30 Methyl bromide (5.1 kg) is added to the scopine ester solution obtained according to
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
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 |) 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.
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temperature. The product is isolated using suction dryers, washed with cold
methanol (11 1) at 7°C and dried for max. 36 h at about 50°C in a nitrogen current.
Yield: 9.9 kg (96 %); melting point: 228°C (determined by DSC at a heating rate of
10K/min).
10
If desired, the product thus obtained can be converted into the crystalline
monohydrate of tiotropium bromide. This can be done as follows.
15.0 kg of tiotropium bromide are added to 25.7 kg of water in a suitable reaction
vessel. The mixture is heated to 80-90°C and stirred at constant temperature until a
15 clear solution is formed. Activated charcoal (0.8 kg), moistened with water, is
suspended in 4.4 kg of water, this mixture is added to the solution containing
tiotropium bromide and rinsed with 4.3 kg of water. The mixture thus obtained is
stirred for at least 15 min at 80-80°C and then filtered through a heated filter into an
apparatus which has 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 | of cold water (10-15°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)
Melting point: 230°C (determined by DSC at a heating rate of 10 K/min).
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5 characterised in that the tropenol ester of formula (Vi
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is epoxidised to form the scopine ester of formula (V)
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which is then quaternised 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 (VI1) to form (IV).

15 3) Process according to claim 1 or 2, characterised in that the epoxidation of (VII)
to form (IV) is carried out in a solvent which is selected from among water,
dimethylformamide, acetonitrile, dimethylacetamide and N-methylpyrrolidinone.
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optionally in the form of the acid addition salts thereof, with an ester of formula
(V1)
o
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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-phenyl.

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.
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h& ()- 10% h&abe - BiebisaBYRNAN Présdncéldi’a base selected from among the organic
10 amines, most preferably diisopropylethylamine, triethylamine, DBU or pyridine,
or from among the inorganic bases, comprising the alkali metal or alkaline earth
metal carbonates, alkoxides and hydrides of lithium, sodium, potassium and
calcium.

15 9) Process according to one of claims 5, 6 or 7, characterised in that , if R denotes
hydroxy in the compound of formula (VI), the reaction of (V) to form (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 (I)

+ Me
Me\N

25 (1.
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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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