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PURE AND STABLE TIOTROPIUM BROMIDE

CROSS—~-REFERENCE TO RELATED APPLICATIONS

[0001]  This application claims the benefit of the f:iling date
of United States Provisional Patent Application Né. 60/836,037
filed August 7, 2006; United States ProvisiOnal Patent
Application No.. 60/835,200 filed August. 3, 2006; "United States
Provisional Patent Applicati__on No. 60/835,201 filed 2aAugust 3,
2006; United States Provisibnai Patent Application No. 60/752,;672
filed December 19, - 2005; United Sté.'tes Provisional Patent
Application No. 60/754,530 filed Decembexr 27, 2065; United States
Provisional Patent | Application No. 60/"7.61,437 filed January 23,
2006; United States Provisional Patent Application No. 60/774,051
filed on February 1,5, .2006; United States Provisioﬁal Patent
Application NO. 60/780,310 filed March 7, 2006; United States
Provisional Patent Applicatioﬁ' No. 60/830,231 filed July 10,
2006; United States Provisionalﬁ Patent 2Application No. 60/832,189
filed July 20, 2006; United States Provisional Patent Application
No. 60/851,223 filed October 12, 2006; and United States
Provisional Patent Appliéation No. 60/852,740 filed October 18,
2006, the disclosures of which are hereby incorporated herein by
reference.

FIELD OF THE 1INVENTION

[0002] The present invention is directed to pure and stable
Tiotropium bromide. |

BACKGROUND OF THE INVENTION

[0003] Tiotropium 'bromide, (1&,2&,45}5a,73)-7*[fhyd£oxydi—2—
thienylacetyl)oxy]-9, 9-dimethyl-3-oxa-9- |
azoniatricyclol[3.3.1.0lnonane bromide or 6f,7p-epoxy-3 B‘—hydroxy-
8~methyl;-1ogH,SaH—tropanium bromide, di-2-thienylglvcolate having |

the folloWing c;hemical structure:
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Tiotropium bromide
C19H22N0O4S>Bx
MW 472 .4
is- an anticholinergic drug with specificity for omuscarinic
receptors. As a bronchodilator it provides theraﬁeutic; benefit in
the 'tréatm‘ent of asthma or chronic obstructive pulmonary disease

(COPD). This pharmaceutical ingredient is administered by

inhalation, and 1S avallable commercially as SPIRIVA®
HandiHaler®.
[0004] .The preparation. and crystallization of Tiotropium

bromide from a mixture of acetone and methanol are disclosed in
US patent no. 5,610,163. | |

[000B5] - It is reported in “Summary Basié of Approval” pf the
FDA (NDA 21-395) that Tiotropium bromide is subject 'to; Nnon-
enzymatic hydrolysis to N-methyl scopine and 2,2-—dithienyl

"glycolic acid, as illustrated by the following scheme.

O OH ! Bre. |
OH \Ne '
Xy T
N ; SR VN
TIOTROPIUM dithieny! glycolic acid N-methyl scopine
BROMIDE
[0006] Degradation 0of the Tiotropium bromide API in capsules

which were removed from theilr protective package and exposed to
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air and h‘u.midi.‘;y were reported in the early chemistry review of
NﬁA 21-385. The 1e\}§al of one, degradant wé.s' rebofted to bé lower -
than 1.0% (HPLC). | | ;

[0007] Aé a result, marketed tiotropium brprﬁide 1S ’p:acked in a
moisture-resistant foil blister, and ‘it 18 reconunen_aed to remove
the capéul.e -frofn the packaée only immedia.tely before use, as
exposure to moié.tﬁre in Ehe air. can cause decompos"i.tion. |

['0008]‘ | Like .any ’synthetic compound, Tiotropium bromide can
contain éxt,'raneous. comp’oui:dé or impurities that can come from
many sources. "Some 0of these extraneoué" compounds oOr impurities
méy be unreacted starting materials, by-product'é of the reaction
including the préduc’ts .of side reactions, or - degradation
products ;" wherein the degradation products are related to .the;
stability -of. tﬁe APi during storage. -Impurities in Tiotropium
'brqmide or any active pharmaceutical ingredient‘ (APT) are
undesirable aﬁd, in extreme. céSes, might even be harmful to a -

patient being treated with a doéag’e form containing the API.

{00089] - Therefore, there 1s a need 1in the art for stable
Tiotropipm bromide, and also for ©pure | Tidtrdpium bromide
solvates. |

SUMMARY OF INVENTION
[0010] ' In accordance with one aspect, the present invention

provides a Tiotropium bromide solvate of the following. formulas:

having a purity of at least 99% area by HPLC.
10011] In another aspect, the .present invention provides a
Tiotropium bromide solvate, with less than about 0.15% area by

HPLC of 2,2-dithienvyl glyvcolic acid of the following formula.
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| |f0012] In' vet another aspect, the present invention provide‘S",
Tiotropium bromide solvate with a purity of at least 99% area as
measured-byxﬁPLé, and with less than about 0.15% area as measured
by HPLC of 2,2-dithienyl 'glycolic-acid | |

[0013] In one aspec.t, the present invention pre{rides stable
Tiotropium bromide solvate. |

[0014] in another aspect, the present . 1nventlon provides
stable Tlotroplum bromide solvate w:.th a- pur::.ty of at least 99%
area as measured by HPLC, and with less than about 0. 15% area by
HPLC of 2,2—d1th1enyl glycolic acid. |

[0015] in vet another aspect, the present J.nvent:lon provides
an HPLC method for determlnlng the purlty of T:Lotroplum bromide
solvate, and the amount of 2,2-dithienyl glycolic acid- in
Ti.otropi'um bromide. ' The method comprises:

(a'-) acomb_ining Tiotropium bromi.de sample with a mixture of
acetonitrile:acetic acid in water in a ":rat:io . 0f about
0.1%:99.9%, to obtain a solution; | |

(b) injecting the solution into a 250X4.6 mm X0.5 pm CPS

' Hypers.ll (or similar) column; | |

(C) elutlng the sample from the column at about 3 63 min
us:t.ng a mixture of perchlorlc acid:water in a-ratio of
7:3 (referred to as eluent A) and acetonitri;Le q(referred
to as eluent B) as an eluent; and

(d) measuring the 2,2- dlth:t.enyl glycol:.c ac:.d content in

| the releyant sample with a UV detector.

[0016] In one aspect, the ‘present. invention provides a process
for preparing stable T:Lotroplum bromide solvate hav:t.ng a purlty
of at least 99% area by HPLC and with less than ‘about . O 15% area
of 2,2-dithienyl glycolic acid as measured by. HPLQ, conprlses

‘crystallizing Tiotropium bromide from a solvent system comprising
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arn organi_c -acid wherein the ratio of Tiotropium bromide to the
solvent system is of at leest about 1 to aboet 5, .:r:espectively.
Organic .acids which may be utilized as part of the present
invention include, but are not limited to, acetic acid, -: propanoicf:
acid, oxalic acid, malei¢ acid, fumaric acid and tartarlc aC1d

In a preferred embodiment, the organic acid is acetic acid.

[0017] In another aepect, the present 1nvent.10n prov1des
proces's for preparing stable TiotrOpiuﬁl bromide sclvate having a
purity of at least 90% ai:ee 'by HPLC and with less than about
0. 05% area of 2,2- -dithienyl glycolic .acid as measured by HPLC,

comprlses crystalllzlng T:Lotroplum bromlde from a solvent. system
comprising an organic acid wherein the ratio of Tiotropium
bromide to the ‘,'solvent system is of at least about' 1 to about 10, °
respectively.- Orgeziic acids which may be utilized as part of
‘the present invention 'include, but are not limited to, 'acetic
acid, propanoic acid, oxalic. acid, maleic acid, fumaric acid, and:
tartaric acid. ‘In a preferred  embodiment, the brganic acid is
acetic acid. |
[0018] In. vet another aspect, the present 1nvent10n provides a°
process for preparing stable Tiotropium bromlde solvate having a
purity of at least. 99% area by HPLC and with ‘less than about
0.02% area' ef 2,2—-dithie1ﬁyl glycolic acid as measured by HPLC,
comprises crystallizing Tiotroplium bromide from a solvent system
comprising an orgahi_o acid wherein the ‘ratio. of Tiotropium
bromide to the solvent system 1s of at leasi: about 1'" to about 20,
‘respectively.- Organic .acids which may be utilized as pan;t of the
present invention include, but are no.t limited to, acetic '.eci'd,
.. propanoic acid, oxalic acid, maleic acid, fumaric acid, and
tarteric,a acid. -In a preferred embodiment, the organic acid is .
acetic acid.
- [0019] n one aspect, the present invention pro{rides a process -
for preparing stable Tiotropium bromide solvate having a purity .
of at least 99% area by HPLC and with less than about -0.01% area
of 2,2—ditﬁien3}1 glvcolic acid as measured by~.'I-IPLC, comﬁi'ises
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crystéilizing Tidtropium bromide from-a sdlveﬁt system compér’ising
an organic acui wherein the rat:l.o of Tlotroplum bromlde to the
solvent system 1is of at least about l to. about 30, respectlvely.
Organic acids which may be utilized as part of the present

. invention include, but are not limited to, acetic acid, .’prOpanoic |
acid, oxalic ac.id, maleic acid,. finnaric_: acid, and -tagr.*ta'ric .acid.
In a preferréd embodiment, the organic acid is acetic acid: |
[0020] In another aspect, thé pres‘en‘t inventiori provides a .
pharmaceutical composition .Comprising stable Tiotrbpimn bromide
solvate with a purity of at least 99% area agi measured by I-IPLC",

and with less than about 0.15% area as measured by HPLC of 2,2-

dithienyl glybo_lic acid, and ' pharmaceutically acceptab‘lé
excipients. | |
[0021] | In vet  another aspect, the present invention provides a

process for preparing pharmédeutica'l compositibn comprising
stable T:Lotroplmn bromide solvate with a purity of at least 99%
areada as measured by HPLC, and with less than about 0. 15% area as
measured by - HPLC of 2,2-dithienyl glycolic acid,  and
pharmaé;ﬁeutically acceptable ekcipients. |
[0022] In one aspecti , the present inventi‘on piovides the use
of the stable Tiotropium brqmidé solvate with a -purity of at
least 99% area as measured by HPLC, and with less than .ébout
0.15% area by HPLC of 2,2-dithienyl glycolic acid,-.of the; pﬁesent
invention ’for thé. manufacture of a pharmaceutical. . composition.'
[0023] 'In vet another embodiment, the present o-inv.ention
encompasses a process for preparing Tiotropium bromide with less
' than about .0.15% area by ‘HPLC of 2,2-dithienyl glycolic acid’
comprising the steps of | |
(&) obtalnn.ng one or more sam;ﬂes of one or more Tlotrplum |
bromide batches; |
(b) measur:.ng the level of 2,2- dlthn.enyl glycolic acid in
each of the sa.mples of (a) ;
-{c) selecting the TlotrOp:Lu_m bromlde batch that comprises ‘a

level of 2,2-dithienyl glycolic acid Qf less than about
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0.15% . area by HPLC, based on the measurement oOr
measurements‘conduéted.in.step (b); and. |
(d) using. the 'bgtch selected 1n step (é) to prépare said

any Tiotropium bromide comprising less than ’about 0.15%

area by HPLC of 2}2—dithieﬁy1 glycolic acid.f.
DETAILED DESCRIPTION OF THE INVENTION |
t0024] Ann  analysis | of Spirix}a’?“ . capsules, containing
monohydrate tiotropidm,bromide,'supporﬁs the hyvdrolysis theory of
Tiotropiuhbromide‘degradatién‘by demons;ratihg.that the level of
dithienyl glycolic acid in Tiotropium bromidé mon:ohydrai:e 1s
above Q.7% area by HPLC. In éont'raSt, the present invention
succeeds to prov'ide' substantially pﬁre. Tiotropium bromide
solvate. | 'I‘hef pi;esent invention alsc provides stable :'I‘iot'ropium.
bromide ;solvat’e i.Qe. , | Tiotropium Dbromide solvate that is
significantly less proﬁe to  hydrolysis upon storage. According to
general ICH guidelines, acceptable purities of drug products for
human treatment '° are generally ‘gréater than 99.0% area by HPLC,
and preferably greater than 99.55% area as measured by‘ HPLc;
where the content of each single impufity is.preférably'less than
Eibout 0.15% area as measﬁred by HPLC. Thus, providiné such pure
Tiotropium bromidé solvate, which is also less prone to
decompositioh' upon storage, is preferable considering  that
prolonged.shelf life.1s an advantage for industrial manﬁfacturing

and safety of patients.:

[0025] The present invention provides Tiotrop:ium bromide

solvate of the following formulas

Br

H . Solvent
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having a purity of at least 99% area by HPILC".' Preferab];y;; the

above Tiotropium bromide has purity rahgincj from _abgut 99% area

to abc;iut 100% area as nieasur,ed by Hi?LC, -,moré pr’eferably ra:;ging

from about 99.5% area to about 100% area as measured by HPLC, and

most preferably ranging. from.about 99.7% area to -about .’lOO% area ‘.
as measured by HPLC. One skilled in the art would regioghii:e that
the solvate ::rfnay contain any number of solvent molecules. |
[0026] - Typically, the. term “soivate”’ as used herein,’ refers to .
a substance that includes ariy solvent other than water at levels
of more than 1%. Preferably, the solvate form of Tiotropium

bromide is selected from a group consisting of an alcoholate and

an acetic acid sﬁolvate. Preferab.ly, the al;oholaté _is a Ci-g
alcoholate, more preferably a Ci-¢ alcoholate, ‘even more -
preferably a Ci-s alcoholate, and most preferably é 'Cl_'4‘alcoholat_:'e.-.

Preferably, the C;.4 alcoholate 1is seﬂlected . from the. group

consisting of methanolate, ethanoléte, 1sopropandlate, n-*
pfoPanolate and n-butanolate. Most preferably, the Ci_p, alcoholate
1S methanolaqte,' ethanolate or n-propanolate.

[0027] ] ‘The present invention also provides Tiotropium bromide
solvate containing less than about 0.15% area of 2,2-dithienyl .
glycolic acid as measured Dby HPLC. Preferably, the sa..id‘
Tiotropium bromide'. is with about 0.15% area by HPLC l‘_,o. ‘the.
detection limit of an HPLC method of 2,2-dithienyl 'glycoloico-’ acid.

[0028] ‘The terms "detection limit" or ."detection 1im'it of an
- HPLC method" refer to any . Hf’LC method wused to determiﬁe the
purity of Tiotropium bromide, and in particular, to determine the
amount of 2.2-dithienyl glycolic acid in any Tiotropium bromide
sémple. Prefei‘ably, the detection limit is the .de.t:ection 1imit
of the HPLC method used in the présent invention, or of any*q other
equivalent rﬁethod. | |

[0029] Preferably, Tiotroplium brom“ide solvate 1s containing
less than about .0'.05% area as measured by HPLC of 2,2;dithienyl'

glyvcolic acid, more preferably, the said Tiotropium bromide is
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with about 0.05% area by HPLC to the detection limit of an HPLC
method of 2,2—dithienyl gl}'[c'olic acid.

[0030] . Preferably,  Tiotropium bromide solvate is oontaining
less than a]oout 0.02% area as measured by HPLC of 2,'2:-dithienyl
glycolic acid, more preferably, the said Tiotropium bromide ie
with about 0. 02% area by HPLC to the detectlon 11m1t of an HPLC
method of 2,2- dlthlenyl glycolic ac:Ld |
[0031] Preferably, Tiotropium bromide solvate. 1s containing
less than about 0.01% area as .meas‘.ured by HPLC of 2,2-~dithienyl
glycolic 'acid,° more preferably, the said 'I‘iot:r:opium° bromide 1is
wi.th about 0.01% area by HPLC to the detection limit' of an HPLC
method, of 2,2—dithﬁienyi glvcolic acid. |

100321 The ,present invention further - provides OT:i..ot.ropium
bromide solvate with .'.a purity of at least 99% area as measured by
'HPLC, and containing less than about 0.15% area as measured by
HPLC of 2,2- dlthlenyl glycolic a01d

[0033] The present :anentlon also provides stable Tiotropium
bromide solvate. As used herein, the term “stable,” in r‘eference
to Tiotropiufp bromide, means Tiotropium bromide wherein the level
of a specific impurity does not’ increase to more than‘ a specific
limit, when maintained at a specific relative humidity and
temperature .for a specific period of time. More specific‘ally’,,
the term "stable'" means Tiotropium bromide wherein the ‘level of
the 2,2-dithienyl glycolic acid, shown below, does not increase
.. to more than 0.15% of the total amount of tiotropium.bromide area
as measured .by HPLC, .when maintained at a temperature ranglng"

from about 42°C to about 302C, for at least about two months.

[0034] The  present invention provides stable Tiotropiljm

bromide solvate with a purity of at least 99% area as measured by
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HPLC, and containing less than about 0.15%. érea as measuféd by
HéLC of 2,2~dithieﬁy1 glycolic.acid. | | | |
[0035] The stability and purity of ‘I‘iotx.‘c)pi‘um “bromide were
"tested. Data -indicated that when stdring Tiotropium bromide

mbnohydrate at a Eemperature abové 42C, an increasé_ in the
content of the 2,2-dithienyl glycolic acid © was detected.
However, ‘wh.'en Tiotropium bromide solvate, such as hemi-
ethanolate, was stof:ed at a temperature ébove 49C,.0 the presence
of 2,2-—dithieny'l glycolic acid was detected only -after -two.
months, and even then, the level was significazitly lower than .the
level detected i1in the monohydrate product. |

[00361] The pturoity of Tioi:ropium ‘bromide, as well as the amount
of 2,2-dithienyl glycolic acid in Tiotropium- bromide,' :i'.‘s--‘
determined 'by an -HPLC method comprising:

(a) . combining. Tiotropium 'bromide'_ sample with a mixture of
acetonitrile:acetic acid in water in a ratio of about
b.l%:99.9%, to obtain a solution; |

(b’_)' inﬁecting the solution into-a 250X4.6 mm X0.5 um CPS
Hypersil (or similar) column; | |

(c) eluting the ‘s.am@Le from the column .at about 3.63 min |
using an eluent mixture of perchloric acid:water in a
ratio of ’7{3 (referred to as eluent A) and acet’on,itrile

| '(rgferreci to as eluent B) as an elﬁent : andg

(d) .measur'ihg the 2,2-dithienyl- glycolic acid conté;nﬁ in
the relevant sample with 'a UV detector.

{0037] The eluent used may be a mixture of eluent A and eluen"t:
'B,' wherein .the ratio of them varies over the time, i.e. a
_g:;:adient eluent. At the time 0 minutes, the el.ue.nt' contains 70%
of eluent A and 300% of eluent B. At 23 minutes, the eluent
contains 55% of eluent A and 45% of eluent B. At. 30 .minutes, the
eluent contains 50% of eluent A and -50% of eluent B. At 35
minutes, the 'elﬁent contains - 50% of eluent 2 and 50% of éluent B.

At 40 ‘minutes, the eluent cbntains .35% of eluent A. and  65% of
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eluent B, . and. at 41 minﬁtes, the eluent contains 70% of eluent A
and 30% of eluent B. . | | o | |

[0038] . Preferably, the 2,2-dithienyl glycolic acid coz‘.ontent' 18
measured at Oa wave length of 240 nm. |

[0039] such ‘pure and stable Tiotropium brom:.de solvates can be

prepared by a process comprz.ses crystalllzlng Tlotroplum bromlde -
from a sultable | solvent system; whereln the solvent system
comprlses acetlc acid.

[0040] The process for ‘preparlng stable 'I‘:l.otrOp:Lum bromide
solvate hav:.ng a purity of at least 99% area by HPLC and with
1ess than about 0.15% area of 2,2- dlth:r.enyl glycolic acid as
measured by HPLC, comprlses crystalllzlng Tiotropium bromide from
a soli;eni: 'syst,em~ comprising acetic acid; wherein the ratio of
Tiotropium bromide ta the solvent system is of at least about 1
to about 5, respectivel'y.

[o041]. The process for prepar:.ng stable Tiotropium bromide
solvate having a purity of at least 99% area by HPLC and with
less than about 0.05% area of 2,2-dithienyl glycolic acid as
measured by HPLC, COMPri1ses crystallizing Tiotropium bromide from
a solvent system comprising an organic acid wherein the ratio of
Tiotropium bromlde to the solvent system is of at. least about. 1
to about lO, reSpect:Lvely Organic acids which. may be utlllzed as
part of the present .invention include, but are not. limited to,
acetic acid, propanoic: acid, oxalic ‘acid, maleic ac:Ld fumaric
acid, and,tartaric aclid. In a preferred embodlment the .organic:
acid is acetic acid. - |

[0042] The precess for preparing 'stable Tiotropium bromide
solvate having a purity of at least 99% area by HPLC and with
less than about: 0.02% area of 2,2-dithienyl glycol:.c: acid as
measured by HPLC, comprises crystallizing Tlotroplum bromlde from
a solvent.system comprising an organic acid wherein the ratio of
Tiotropium bromide to the solvent system is of aﬁ' least about 1
to about 20, respectlvely - Qrganic acids which may be utilized

as part ot t:he present invention include, but are not l:x.mlted to,
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acetic acid, propano:r.c acid, oxalic -acid, maleic- acid, fumaric |
| aC1d, and tartarlc acid. In 2 preferred embodlment the organie
acid is acetic acid.

- [0043] The process for preparing stable Tiotropium bromide
solvate having a purity of at least 99% area: by HP.Lp':and 'mith‘ =
less than .about 0.01% area of 2,2-dithienyl glycol‘ic:‘. acid as
measured ‘by :QPLC, comprises crystallizing Tiotropium bromide: from
a-solvent system comprising an otganic'aeid wherein the ratio of
Tiotrqpium bromide to the solvent system. 1s of at 1e'ast about 1
to about 30, resp.ectively. Organic acids which may b'e utilized as
part of the present invention include, but are not limited. to, -
acetic acid, ptopanoic acid, oxalic acia, maleic acid, fumaric
acid, and tartaric acid. In a preferred embodiment, the .organic
acid.is.acetic acid. o

[0044] freferably, the crystallization pfocess .comprises
. provn.d:.ng a solution of tiotropium bromide in the solvent system

comprising organic acid, and cooling to obtain a- suspensn.on.
Preferably,'the organic .acid 1is acetlc.ac1d._-
[0045] ] In yet ~ another embodiment, the present invention:
encompasses a process -for preparing TiotrOpi'um. bromide with less
than about 0.15% area by HPLC ef 2,2-dithienyl glycoli¢ acid
comprising the steps of | |
‘ (a) obtaining one or more samples of one or more 'fiot'rpium
b:rom:.de batches, |
(b) measuring the level of 2,2-dithienyl- glycolic" ac:l.d in
each of the samples of (a) ; | |
(c) selectlng the Tiotropium bromide batch that comprlses a
" level of 2,2- -dithienyl glycolic acid of less than about
0@.1.5% . area by HPLC, based on~ the measurement. orxr
measurements conducted in step (b) ; | and | |
(d) using the batch selected in .step (c) to prepare said-
any 'I‘;Lotroplum bromlde comprlslng less than about 0.15%

. area by HPLC of 2,27d1th1enyl glycoeolic a01d.
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[0046] ‘Typic.all'y, the Tiotrpium bromide of step (a) comprises
a | sufficiently low .level 'of 2,2-dithienyl gl?coiic -’ acid. More
preferably, the T:Lotrplum bromide of step (a) compr:x.ses ‘less than |
about 0.15% area by HPLC of 2,2- dithienyl glycollc ac::Ld

[0047] | When the sample of Tiotrpium bromlde of formula ITI of
step (a)‘ comprlses more than about 0.15% area by HPLC of 2, 2—
dithienyl glycollc ac1d according to the measur.ement in step
(b), the sample may be purlf:x.ed prior to performing step (c).
[0048] Typlcally, the pur:i_fed Tlotrop::_um bromlde - comprlses a
lower level of 2,2-dithienyl glycolic acid than the level present
before purification . Preferably, the tiotrpium promide sample of
step (a) obtained after purification, comprises less than -about
0.15% area by HPLC of 2,2-dithienyl glycolic acid. |

[00491 Unless speca.fn.ed otherwise, the tiotropium bromide of
’step (d) of the above process may be any form tlotroplum bromide,
including, for example, crystalline forms and amorphous form of

tiotropium brom:.de

[0050] The Tiotropium bromide used as .a starting material for
the crystalllzatlon processes may be prepared for -example,
accordlng to ‘the process disclosed in Co-pending appllcat::.on
NO. 60/835,201 entltled 'PROCESS FOR THE PREPARATION - OF"
‘I‘RIOTROPIUM EROMIDE filed in the U.S. Patent and Tradeinark Office
on August 3, 2006, .according to the process disc'losed in Co:—
pending application No. 60/830,231 entitled PROCESS FOR THE
PREPARATION .OF TIOTROPIUM BROMIDE filed in the U.S. Patent and
Trademark Office on Jl’.}ly, 10, 2006, or by any other process know:rr
to ohe skilled in the art. | |

. [0051] .- The . process disclosed in Co-pending application
Nos . 60/830 231 .and 60/835,201 disclose combining methyl ~3di-(2-
thienyl)~glycolate of formula I, an inorganic¢ base, a polar

organic solvent, and scopine salt of formula II-s,
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containing about. 0.5% to about 40% of salts; heating; recovering; |

and adding an organic solvent.

[0052]) ' The process may be performed acc;ording to the following
scheme:.
@ xe .
NH
H
o-
OH -
SCOPINE saits ll-s
——— e
KQCO:«). DMF -
METHYL'DTIg.-TmENYL)
Y | .
SLYEOR M N-DEMETHYL TIOTFIOPIUM | T‘OTROP'U'(":V?ROMPE
() '
[00531] The glycolate of formula I may be prepared by combining

2-bromo-thiophene of the following formula,

O
.S-:

Mg, and an ethereal solvent; combining with dimethyioxalét;e ,of"
the following formula, 3
| O

OMe
MeQO

O
and quenching. |
[0054] Comblnlng 2 bromo tlophene, Mg, and an ethereal g‘olvent
provides a Grlgnard reagent that can be prepared for ‘examp.le.,
according to the process dlsclosed in Nyberg, K. Actg Chemica
Scandinavica, 24, 1970, :1590-1596. |
[0055] Meﬁhyl’ di-(2-thienyl)glycolate of formula I may be

purifiéd' by crystallization £from a mixture of ethanol and
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heptane, absolute -ethanol and heptan'e,' iseropanol' and- he}otane,
| o:t Erom toluer.leo and heptane. | | |
[0056]: Preferably, the scopine | salt - of formula II--e 1S
suspended in -a polar organic solvent. Preferably, the polar
organic solvent 1is selected from a group consisting  of ..
dimethyvlformami gie , N-methyl-2-pyrrol idone, | dimethyl acetami de,
dimethylsulfoxide, acetonitrile, sulfolane, and mixtures thereof‘
More preferably, the polar organ:Lc solvent is dlmethylformamlde
Preferably, the salt is an HBr salt.

[0057] Preferably, the inorganic base and methyl-di-(2-
thienvyl)-glycolate of formula I are added to the suspensio'n. More
preferably, the | inorgani‘c base: 1s anhydrous Even more
preferably, the inorganic base has a pKa of about 6 to about 12
more prefefably of about 9 to about 10. Yet even more preferably,
the inorganic base is selected‘from a group consisting -of: K2COjs.
NaHCO3, NaZCO‘;;, 1.1,CO3, Cs2C03, KO’;Bu, ano LiO"*Bu. Most preferably,
tﬁe inotganic base is X,C0O3. The inorganic base 1s added in an
amount of 0.45 to 2.5 mole equivalent per mole equivalent, more
preferably, 2 to 2.5 mole equivalent per mole equivalent of
scoplne salt.

[0058] Preferably, methyl- ~d1i- (2 th:l.enyl) glycolate of formula
I is added in the form of a solution 1in the polar organic
solvent. Preferably, the inorganic base and methyl—-dl—(z—-
thienyl) glycolate of formula I are added at a temperature of
about 25°C to about 65°C, more preferably at about 602C to about
652C. |

' [0059] Preferably, the suspension containing all the above
substances is heated to a temperature of below 70¢C, more
preferably to a temperature ranging from about 252C to  about
65¢C, even more preferably at a tempera'tﬁre ranging from about
602C to about 652C, and most preferabiy- at a temperature ranging
from about 63°C to abou.t 652C. Preferably, heating is done under
reduced pressure. Preferably, the pressure ie of about 70 to

"about 100 milibar. Preferably, nitrogen is Dbubbled during the
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reaction, through a second inlet. More preferably; nitroéen is
- bubbled in a rate of about 1 8 to about 2.6 L/min, even more
preferably of about 2.0 to about 2 4 L/ma.n, and yet even more
preferably of - about 2.2 to about 2.4 L/min. Heating under
pressure, while bubbllng nitrogen from a second inlet, assist‘s in .
evaporating methanol, which is formed during the re'aetion. As
such, the reaction shifts towards the formation of  the product.. |
Preferably, heating is done for a time rang::.ng from about 17 to .
about 24 hours, more preferably for about .18 to about 20 hours.
[0060] N—-demet,hyl-—-tiotrop.l,um of formula III may be recovered
by a) cooling the suSpension- b) addlng an acid; c) extracting
the aqueous ph‘ase.; d) add:mg a base to  the ‘aqueous Phase; .e)‘
filtering; and £) washing and drying. Preferably, the acid 1s
HBr. Preferably, the suspension 1s cooled to a 'temperature of
about 109C. to about -109C, more preferably to about 52C to about
0°C. Preferably, the addition of the ac:ld provides a pH of about
3. Preferably, the aqgqueous phase 1is extracted with .toluene,.
Preferably, the base is added at a temperature of about 0°C to
about 52C. More preferably, the base is KjyCOs. Preferably, the
addition of the base causes precipitation of N-demethyl-
tiotropium of formula III Preferably, the precipitate is washed
with water to obta:l.n a pH of about 7. |
[0061] Optlonally, scopine base may be used When scobine base
is used, preferably a smaller amount of the inorganic . base 1S
used. Preferably, about .1 to 1.5 mole equivalent of ‘inorganic
base per mole equivalent of scopine base may be used.. |
| [6062] After N-demethyl-tiotropium of formula III is obtairled,
it is converted to Tiotr0pim- bromide by reacting with
methylbromide i;‘l an organic solvent. Preferably, the organic
solvent is selected- from a group cons:lsting of: 62_4,nitrile, Ca-g
linear or cyclic ether, mixtures of Cz.4 nitrile and Cs-g linear er
cyclic ether, mixtures of Cy-g aromatic hydrecarbon and Ca-s
nitrile, .and mixtures of Cz-.s nitrile and Cj;.i0o ketone. Preferably,

the C,.s nitrile is acetonitrile. A preferred Cy.g linear or cyclic
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ether is tetrahydrofuran. Preferably, a mixture of: Cyz4 nitrile
and Cj-g linear or cyclic ether is that of acetonitrile: and
tetrahydrofuran. A preferred mixture of Cy.g aromatic hydrocarbon
and C,.s nitrile is that of toluene and ‘acetonitrile. Preferably,
a mixture of Cs4 nitrile and Ciz-1p ketone is that of, acetone and
acetonitrile, and heating is conducted to a temperature "of - abéut
202C to about 40¢C. P:t"eferably, the - solvent 1is. acetonit'rile'.
Preferably, heating is done to a temperature of about 202C to
about 25°2C. .More, preferably, ‘heating 1s done for about. 12 to
about 64 hours, even more preferably, for about 18 to about 22
hours.

[0063] Tnitially, crude Tiotropium bromide is dissolved in the
solvent system which is comprised of an organic acid.Examples of
such organic acids include, but - are not limited to,
trifluoroacetic acid, tartaric acid, maleic acid, propionic acid,
oxalic. acid, p-toluen sulphonic acid, methan sulphonic acid, HC1,
HBr, H,S50, and acetic acid. Preferably the organic acid is acetic
acid.

[0064) Preferably, the solvent system comprises - acetic acid,
C,-.g alcohol and acetic acid, Ci-g alcohol, acetic acid and acetone
or Cj;.g alcohol, acetic acid and water. ‘ Preferably-‘,‘~ -the

alcoholate .is a Ci.g alcohol, more preferably a C;.s alcohol, even

more preferably a Ci-s alcohol, and most preferably a.Ci-q alcohol. -+

Preferably, the C;-4 alcohol is selected from the group consisting
of methanolate, ethanolate, isopropanolate, n—propandlate and n-
butanolate. Most prefe_arably, " the C;-4 alcoholate is. methanolate,
ethanolate or n-propanoclate. . | |

[0065] Typically, the dissolution is achieved by heating the
combination of Tiotropium bromide and -the solvent system.
Preferably, the heating is to a temperature ranging from about
60°C to about 782C, more preferably from to abouﬁ 652C to about
78¢C, most preferably from about 652C to about '75‘%'(:. |
[0066] Preferably, the solution 1S then cooled to  a

temperature ranging from about 25°2C to about 02C, more preferably
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from about ZS?C to about 5=C, and mos’t"'prefer"ably -from aboﬁt 5e2C
to about 0°C, to induce p;ecipitation"oﬁ the c:ystallized
produdt. Preferably, cooling .is done over a period of aboUt_4 to
about 10 hours, more preferably from about 6 to about 29 hoﬁré, |
most preferably of about 8 to aboﬁt 9 hours. -

[0067] Typicallj: the suspension is maintained to incfeése thg
vield of- th’e: precipitated crystallized product. Preferably, the
suspensiqn.is maintained for a time peridd ranging from at least .
about 3 hours to about 21 'hours, more preferably from about 6'
hours to about 12 hours, and. moét preferably from about 13 hours
to about 18 hours.

[0068] The érystallization. process ﬁay fprther .comprise a
recovery step. The precipitate .may be recovered by .'any method
known to é skilled artisan. Preferably, the recover comprises
filtering the.'suspansion, washing the filtered product, and
drying. | |

[0069] The present invention also provides a pharmaceutical
composiﬁion bomprising a stable Tiotrobium.bramide solvate having
a purity of at least 99% area as measured by HPLC, and with less
than.about 0.15% area by HPLC of 2}2~dithienYl glycolic acid, and
pharmaceuticaolly acceptable excipients. The present invex;ti;on
also provides a pharmaceutical., composition comprising a -stable
Tiotropium,bromide solvate having. a purity of at least 99 3%'area
as measuréd by HPLC, and with less. than about 0.15% areé.by HPLC
of 2,2¥dii:hieny1 ‘:glycolic acici, and pharmaceutically acceptable
excipients. The present invention also provides a pharmaceuticél
composition comprising a.stable Tiotropium bromide solvate having
a purity of at least 99.5% area as measured Dby 'Hl.'éLC, and with . .
less than about 0.15% area by HPLC of 2,2-dithienyl gi'ycolic
acid, and pharmaceutically acceptable excipiénts.

[0070] The present in'.vention further provides a process’ fc}r-'
preparing pharmécéutiqal compdsitionqomprising Stable.Tiotropium‘-
bromide solvate with a purity of at least 99% area by HPLC, ' and

containing less than .about 0.15% area as measured by HPLC of 2,2-
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dithienvl -glycolic acid, and pharmaceutically - acceptable
exciplients. The pu'z;e and stable Tiotropium bromide can be"

micronized to . prepa.:re material sultable . for formulation.
Typically, the term “suitable for formulation” in r’eference “to
micronized Tiotropium bromide corresponds toO Tiotr:dpium bromide
having at least 90% of thé particles Dbelow 20 ‘microns. 'fhe
micronization process can, optionall?,. be followéd‘ by a process
comprising exposing the mlcronlzed form' to a suitable solvent to
restore the :.nn.t::.al content of solvent in the solvate Usually,
the term sguitable solvent” corresponds 1;0 the klIld of solvent in
the origina;l. solvated form.

[0071)] The presént invention further provides a method of
treating .as'tl;ma' or chromic pulmonary disease Dby ..adm:.'.ni'strat;l.on of
an effective- amount | of a pharmaceutical composition comprising
ostable Tiotroplium bromide solvate having a purity of at least 99%
area as measured by HPLC, and containing less than about 0.15%
area as measure;i by -HPLC ot 'Z,Z—dithienyl glyéolit: ‘acid, and
pharmaceutical excilipients.

[0072] .. The present 1nventlon prov:Ldes the use of the stable
Tiotropium bromide solvate with a purity of at least 99% area as
measured .by HPLC, and containing less than about 0.15% area as
measured ‘by ‘HPLC.,of 2,2—aithieny1 .glycolic acid, ot {;he present
invention for the manufacture of a pharmaceutical composition. |
[0073]  Methods of - administration- of a . pharmaceutical
compo;siotion of the present invention caﬁ be admihistered in
various preparatlons dependn.ng on the age, .sex, and symptoms of’
the patient. The pharmaceut:lcal - compositions can -be

administered, for example, as tablets, pills, powders, ‘1iquids,

suspens ions , emulsions, granules, capsules, . suppoOsitories,
injection preparations (solutions and suspensions), and the like.
[0074] Phérmaceut ical compositions of the present invention

can optionally be mixed with other forms of Tiotropium bromide
solvate and/or other active ingredients such-as HMG-CoA reductase

inhibitors. In addition, pharmaceutical Compos:Lt:Lons of ' the
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present invention: can contain .inac¢tive ingredients - such as-

diluents, carriers, - fillers, bulking agents, binders,
disintegrants, disintegration inhibitors, " absorption
accelerators, -wetting agents, lubricants, glidants, surface

| éétive agents, flavoi:ing agents, and the like.
[0075] Diluents increase the bulk of a solid pharrﬁaceutical
composition émd can make a pharmaceutical dosage form containing

the composi'tion easier for the patierit.an'd care givér te handle.

Diluents for solid compositions include, for . example,
microcrystalline cellulose (e.g., Avicel®), microfi;he cellulose,
lactose, staxrch, pregelitinized starch, calcium carbonate,

calcium sulfaté, sugar, dextrates, dextrin, ~dextrose, dibasic
calcium phosphate dihydrate, tribasic calcium phésphai:e, kaolin,
magnesi'um "carbonate, magnesium oxide, maltodextrin, mannitol,
polyinethac;w:ylat'es (e.g., Eudragit®). po.tassium éhloride, powdered
cellulose, sodium chloride, sorbitol, or talc.

[6076] Carriers for use in the pharmaceutical compositions may
inplude,‘ but are not limited to, laétose,’ white sugar, sodium
°chloridé, - glucose, urea, starch, calcium carbona‘te, kadlin,'
crystalline cellulose,  or silicic acid. ..

[0077] Binders help bind the active ingredient and 'other‘
exciplents toge‘thé‘r aftér compression. - Binderé for éoli‘d'
.pharma(:éutical. compositions include for example a'cacia,‘ al-ginic ~
acid, carbomer -(e.g. carbopol), carboxymethylcellulose', sodium,
 dextrin, | ethyl ' cellulose, Qelatin, guay gum, hydrogénated
vegetable o01il, hydroxyet‘hyl‘ cellulose, hydroxypropyl cellulose

| (é.g. Klucel®), hyvdroxypropyl methyl cellulose (e.g. Methocel?) , |
liquid glucose, magnesium aluminum silicate, maltodextrin,
methylcellulose, polymethacrylates, povidone (eé.g. Kollidon®,

Plasdone®), pregelatinized starch, sodium alginate, oxr starch.

[0078] Disintegrants can -increase dissolution.. Disintegrants
~include, for | ekample, alginic acid, carboxymethyléellulose
calcium, carboxymethylcellulose - sodium (e.g. Ac-Di-Sol®,

Primellose®), colloidal silicon dioxide, croscarmellose sodium, -
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crospovidone ,(e.g.' Kollidon®, Polyplasdone®) , guar gum, magnesium
aiuminum silicate, rhethyl °cellulose, microcrystalline cellulose, -
polacrilin potassium, powdered cellul:ose, preéelatinized starch,
sodium alginate, "sodium starch glycolate (e.g.. Expflctab®) and
starch. | | |
[000'79] | Disintegration inhibitors may ‘include, but are not -
iimited to, white sugar, stearin, ccconut‘ buttér; hydrogenatea
olls, and the llke Absorptlon accelerators may :anlude, but are
not 11m:..ted,_ to, quaternary ammonlnm base, sodium laurylsul fate,
and the like.

(00801} Wetting. agents may :anlude, but are --not limited to,
glycerin, starch, and the like. Adsorbn.ng agents used include,
but are not 11m1ted to, starch, lactose, kaolin, bent‘on:.te,.
colloidal s:.ln.cn.c ac:.d and the like. |

.['0081] A ;Lubricant can be added to the compositicn to reduce
adhesion -and ease release of the product from a punch or dye
during tabletiné. - Lubri,cants include for example magnesium
stearate, calcium stearate, glyceryl . monostearate, glyceryi
palmitostearate,' hydrogenated castor oil, hydrogenated vegetable
oil, mineral oil, polyet'hylene glycol, sodium benzoate, sodium
laurvl sulfa‘ce, sodium stearyl fumarate, stearic acid, talc and

21nc stearate

[0082] Glidants can be added to improve the flowablllty of

non-compacted solid composition and improve the accuracy of -
dosing. Excipients that can function as glidants :include for
example colloidal silicon - dioxide, magnesium trisilicate,

powdered cellulose, starch,. talc and tribasic calcium phosphate.

. [0083] . Flavoring agents and flavor enhancers make the dosage
form more palatable to-the patient. Common flavoring agents and -
flavor enhancers for pharmaceutlcal products that can be :anluded

- in the composa.tlon of the present. invention :anlude for example

nialt:ol, vanillin, ethyl vanillin, menthol, c:Ltr:Lc acid, Ifumaric.-’

acid, ethyl altol and tartaric acid.
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[0084]' Tablets 'can be further coated wit;h conunonly'-known
coating matéfials such as sugar coated - tablets, gelatin film
coated tablets, tablets coated with enterié coatings, Eablets
"coated with films, double layered tablets, and multi-layered
, tablets . Capsules can be coated with shell made, forl example, |
from gelatin - and 'obtionally contain a plasticizer .such as
glycerin 'and:‘sorbitol, and an opacifying agent or colorant. |
[0085] - solid and liquid compositions can also be dyed using .
S any pharmaceutically acceptable colorant to ifﬁbrove their’
appearance and/or facilitate patient identification of .the
product and unit dosage level.

[0086] In 1iquj.d pharmaéeuticai' compositio;ns of the presenﬁ
invention, the Tiotropium bromide solvate forms «desca:ibed herein
and any other solid ingredients are dissolved or suspended 1in a
ligquid qérrie:f:, such as water, vegetable o0il, - alcohol,
polyethylene glycol, propylene glycol oxr glycerin.

[0.08'7] Liguid pharmaceutical compositions - ‘can contain
emulsifyving agents to disperse uniformly throughout  the
composi:t:ion an ac@:ive ingredient or other excipient "that is not
soluble in the 1ligquid carrier. - Emulsifying agents that can be
useful in ligquid compositions of the present invention include,
for example, gela"’g:in, eqgg volk, casein, cholesterol, acécia,
tragacanth, chondrus, pectin, methyl’ celluloée, c.a:r;bomer,
Cetostearyl alcohol and cetyl alcohol.

. Liquaid phérmaceutical ,composit'ions of the present invention can
also contain viscosity enhanéing agents to improve the mouth-feél
"of the product and/or coat the lining of 'the gastrointestinal |
ti:act. Ssuch agents include for example acacia{ 'alginoic. acid
bentonite, carbomer, carboxymethylcellulose calcium or sodium,
cetostearyl | alcohol, methyl cellulose, et",hylcel.lulose, gelatin -
guar  gum, hvdroxyethyl cellulose,; ) hydroxypropyl cellulose,
‘hydroxypropyl m'e.thyl cellulosé, maltodextrin, polyvinyl alcchol,

povidone, propylene carbonate, propylene glycol alginate,  sodium
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alginai;e, ‘ sodinm starch glycolate, starch: tragacanth and xanthan
gdm. | . . .

[0088] Sweetening agents such as sorbitol, saccharin sodium
saccharin, sucrose, aspartame, .fructose, mann:!_tol and invert
sugar can be added to :merove the taste.

[0089] | Preservatlves and chelatlng agents sudh as alcqhel,
sodium benzoate, butylated. hydroxy toluene, buty'lated
hydroxyanisole and ethylenediamine tetraacetic acid can be added
at safe levels to improve eﬁorage stability. | |

[0090) A licj_uid composition according to the present invention
can also contain a ‘buffer such as gluconic acid, lactic acid,
citric acid or aceti'c acid, sodium . gluconate, sodium lactate,
sodium citrate or sodium acetate. | |
[0091] Selec‘eion ef exc,ipients and the amounts to use  can be
'readily determined by an experienced formulation ecientist An
view of standai:d procedures and reference works known in the art.

[0092] A comﬁosition for tableting oxr capsnle' filing can- be

prepared by wet granulation In wet granulation some or all of -

the active 1ngred1ents and excipients 1n powder form are blended
and then further mixed in. the presence o0f a llquld tyvpically
water, which causes the powders to clump up into granules. The
granulate: is screened and/or milled, dried and then screened
and/or milled to the desired particle size. The granulate can
then be tableted or other excipients can be added prior to
tableting, such as a glidant and/or a lubrieant. o

[0093] A tabletlng composition can be prepared Convent::.onally
by dry blending. For instance, the blended composition of the
. actives and excipients can be compacted into a slug or a sheet
and then comminuted into compacted granules. The eompacted'
granules can be compressed subsequently into a tablet. |

[0094] As an alternative to .dry granulation, - -a blended
composition can be compressed .directly into a compacted dosage
form using dlrec:t compression techn:.ques Direct compression

produces a more uniform tablet W1thout: granules. - Excipilentsg that
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are partlcularly ‘well-suited to direct compress:Lon tableting
:anlude mlcrocrystalllne .cellulose, sp:;ay dr:l..ed lactose,
dicalcium phosphate dj.hydrate and colloidal silica. The proper
use of these and other excipients in direct corﬁpressiOn' table"ting

is . known to those 1n the art with experlence and skill in

pa:tlcular‘ formulation challenges of  direct 'compress1on
tableting. |
[0095] A capsule filling. of the present invention can comprise

any of i:hs aforementioned blends and granulates.: that were
described with reference to tableting, only they are not
subjected to a final tablet;ing step. |

[0096] When shaéin'g' the pharmaceutical composition into pill
form, any commonly known excipient used in the art can Dbe . used.
For example, ca.rriers' include, but are not limited to, lactose,
starchﬁ, coconut butter, hardened Vegetable oils,- kaolin, talc,
and' the like. | Binders used include, but are not limited to, gum
arablc. powder, t"ragacanth gum bow'der, gelatin, ethanol, and the
like. Disintegrating agents used include, Dbut are not lim.ited
to, agar, 1amina1ia, and the like.

['0097] For the purp.ose of shaping the phai‘maceutical
composition in | the form of suppositories, any: commonly known
excipilient: used in the art can be used. For example, '.excipiénts,
include, but are' not limited to, polvethylene glycols, coconut
butter, higher alcohols, esters of higher alcohols, gelatin,
semis‘yn‘thesized,glycerides, and the like. | o

[0098] Whén preparing injectable pharmaceutical sompqsitions,'
solufions and suspensions are ste:r:ilised and are preferably made
isotonic to blood. - Injection preparations may use carriers
commonly' known in the art. For example, carriers for ipjectable
preparatibns include, but- are not limited to, watsr, ethyl
alcohol, 'propylene glycol, ethoxvylated isostéaryl' alcohol,
::jolyoxylated isostearyl alcohol, and fatty acid esters of
polyoxyethylene sorbitan. One of ordinary. skill in the art can

easily determine with little or no experlmentatlon the amount of
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sodium ‘chloride, glucose, or glycerin necessary to make ' the
injectable pfeparation isotonic. Additional ingredients, such as
dissolving agents, buffer agents, and analgesic agents may. be
added. If necessary, coloring agents, preservatives, perfumes,
seasoning agents, sweetening egents,‘ahd other medicines mey elso.
be ‘added to the desired preparations during the treatment of .
schizophrenia. |

[0099]' The amount of Tiotropium bromide solﬁete or
pharmaceﬁtically ~acceptable salt thereotf contained in, a
phermaceutical composition for reducing cholesterel according to
the present invention 1is not specifically restricted; however,
the dose should.be suff1C1ent to treat, ameliorate, or reduce the
condition. For example, Tlotr0p1u1n bromide 'sdlvete may Dbe
present in an amount of about 1% to about 70%. - | |
[0100] The dosage  -of a pharmaceutical compositien for reducing
cholesterol according to the present invention will aepend;on the
method of uee, the age,'sex{'weight andiconaitioh of phe patient.
Typicaliy, about 1 mg to 200 mg of Tiotropium.bromide.solvate:may
" be contained.in an administration unit form, preferably a ;I:O ng
tablet.

[0101] Having described the invention with reference to
certain preferred embodiments, ether embodiments will Dbecome
apparent to one skilled in the art from consideration of the
specification. The invention 1s further deflned by reference to
the following examples descrlblng in detail the process - and
| compositions of the invention. It will ‘be apparent to those
skilled in the art that~many:modifications;_beth to materials and
methods, may be practiced without departing from the scope of ;he

invention.

EXAMPLES
Column: | CPS Hypersil; Sum.; 250 x 4.6 mm.

Mobile phase: Eluent A: 3 mL Perc:hlorlc acid 70%w/v in 1000
- ' | mlL, of water
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Eluent B: Acetonitrile

Time |
Mobile Phase B (%)

0

30
23
45
30
50
35
50
40

65

41

.30

Flow:

Run time:

Column temperature:
Detector:

- Injection volume:
Sample preparation:
Diluent:

Post time:
-In these conditions:

Retention time tiotropium bromide:
Retention time-dithienylglycolic acid:
Detection limit: 0.005%. C

(min)

| Mobile Phase A (%)

70

55

5C

5C

7C

1.8 ml/miﬁ
40 min.

25°C.

Uv at 240nm.

5 nl.

Tiotropium bromide (lmg/mL in mobile phase)

Acetonitrile 0.1% V/V;

acetic acid in water

(50:50 V/V)

.5 min.

about 3.863 min
about 5.4 min

Stability tests of Tiotropium promide

[0102]

[0103]

Time
.
|11 days -
20 days .
1 month
2 months.
3 _months.

-
‘ .
a

TABLE 1: Tiotropium Ethanolate dry: stability at 4°C

L
4

Dithienylglycolic acid
0.04% |

TABLE 2: Tiotropium Ethanolate dry: stability at r.t.

Time |
11 days |-

Dithienylglycolic acid
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[01041 TABLE 3: Tiotropium monohydrate micronized: stability
at 4°c. | | | |

-.
|20 days J0.63%
[2 months |0.828

[0105] TABLE 4: Tiotropium monohydrate micronized: stability:
at 25=C. |

. Dithienylglycolic acid
. 10.49% | '
[i1 days |0.73%

20 days 10.58%

|1 month j0.65% |

2 months . ]0.72% |

|
-
L 4
“
]
*
. ’
L 4
»
4
-~ L 4
[ L ]
L ]
[ ]

- [0106] TABLE 5: Tiotropium ethanolate micronized: stability at

- 4°C

Example 1: Analysis of the SPIRIVA® HandiHaler®. cabéuleé

[0107] ' The capsule that Qvere analyzed were pa:r:'t of Lot 4089‘6'6,

expiry date May 2005. |

[0108] 50 mg of sample was dissolved in 50 ml of diluent. The

solution was injected, into the chromatographic system equipped
with a suitable injection device -as ~‘blank (as _,ﬁiiuent)'. The
analyé.is showed that Tiotropium bromide had a purity of 98.94% |
area by HPLC, and a content of 0.77% of dithiehylglycoiic acid.

Example 2: Preparation of crude Tiotropium bromide
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[0109] 0.52 g . of N- demetihyl° tiotrOpium (1..39 mmol)'. was
suspended in 5 23 mL of CH3C'N under na.trogen |
[0110] 1.35 g of CH3Br 50% w/w solutlon 1n CH3CN (0.0071 mol)
were l-oaded,.' and the suspension was left under stirring at 22°C
for 12 hours. 'I‘he product was fa.ltered and washed Wlth lml of.
CH;CN. |

.[6111]. 572 mg of .wet Tiotropium bromide ‘were obtained (HPLC
purity 99.89%, dithienylglycol:i;d acid not detected) .

Example 3: Preparation of TlotrOp:Lum brom:x.de

[0112] - 4.96qg of N—demethyl tiotropium (13.2 mmol) were loaded
in a flask under nitrogen with 49.6émL of CH;CN. A suspension ;va_s’
obtained. 12‘0.§1g of CH:Br 50% w/w —CI.-I3(.3N. solution~ (0.066 mol)
ﬁerealeaded, | .
[0113]  The suspension was left under stirring at 22°C for 64
“hours. 'I‘ne produc't was filtered and washed with 2mL .of CH5CN.
[0114] 6.93g of v}et Ti.o.tropium were obtained, and dried under
vacuum at 45°C for 22h (residual pressure 4 mbar) 5 'Q'g of dfy
prodﬁct (puzfits:( 99.8%, dlthlenylglycollc ac:1d—not detected) were
obtained. |

.Examle 4: Cr?étallization of Tiotropium bromide from absolute
ethanol | | | |

[0115] - Tiotropium bromide (1.00 g) was dieeolved in absolute
ethanol (65 ml) at 78°cC. The eoluti'on was heated to 78°C for
about: 30 min, and then was cooled to 22°C in- at least 6 hours. .
The obta:u.ned suspens:Lon was maintained at 22°C for at 1east 3
hours, and then was fllte:r:ed on a sn.ntered glass funnel, and the
.8011(3. was washed two times with absolute ethanol {2 x 1.0 ml) ..
The solid was drled for 30 min. at 22¢°C under N, flow, and- then
for 9 hours at 60°C- under reduced pressure (17 mbar). 0.66 g. of
Tlotroplmn bromlde(purlty 99.68%, dithienylglycolic acid-0.0l%) |
were obtalined.

Example 5: Crys'tallizetion of Tioti'opium bromide. from a 'mixt:ur.e

of ethancl and acetic acid
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[0116] - Crude 'I‘iotrOpium° bromide (18.6 g) was susbended in
ethanol '96%/CI—I3COOH: 98/2 (558 ml). The suspens:.on Was heated to
65/70°C until a 'solution .was obtained, .and then was cooled to
SSOC -in at. least 3 -hours. and at OiS°C: ih at least 3 hqurs. The
obtained suspension was maintained at 0:t5°C 'for at least 6 hours,
and then was filtered on a sintered glass funnel, and the s‘oli-d .
was washed two times w:.th ethanol 96%/CH3;COOH 98/2 . ('3 .x’lta).o 'mli .
The SOlld was dried for 20 min. at 45°C under reduced .pfessu-re. (4
mbar) . 16. 04 g of Tiotropium bromide was obta:.ned .(’purity 99'..9%,
dlthlenylglycollc ac.ld -not detected). | |
Example 6: Crystallization of Tiotropium bromide .:fforh.a mixture |
of ethanol and acetic acid | | |
[0117] - Crude Tiotropium bromide :(10*9) is suspended in ..ethanql
96%/CH3COOH 98/2 (50 ml). The suspension is heated .te '65/070,°C,
until a solut:.on is obtalned and then it cooled to 55°C in at
least 3 hours and at 0x5°C 1n at least 3 hours. 'The obtained
suspension. is malntalned at 0+5°C for at least -6 hours ahd then
it 1s filtered on. a s:Lntered glass funnel and the SOlld 1S
- washed two times with ethanol 96%/CH3COOH 98/2 (3 X 5 ml). ‘I‘he
solid is dried for 20 min. at 45°C under reduced. pressure (4 |
mbar) 8 g of Tlotropn.um b:r:omlde 1‘sobta:|.ned. (purlty 00 .8%,
dlthlenylglycollc ac:Ld 0.13%) . |
Example 7: Crystall:_zatlon of Tiotropium bromide from a mixture

of ethanol and . acetic ac:Ld

[0118] Crude - Tiotropium bromlde (10 g) 1is. suspended in ethanol .
9'6%/CH3COOH 98/2 (100 ml). The suspension . is heated to 65/70°C
| until a solut:Lon is obtained, and then it .‘LS cooled to 55°C in at
1east 3 hours and at 0*5°C in at least 3 hours. The obtalned
suspen51on is maintained at 0+x5°C for at:least 6 hours, .and then
it is -filtered. on a sintered glass fﬁunnel, . and. .the sol'id‘ :LS
washed two times Wlth ethanol 96%/CH3COOH 98/2 (3 | X 5 ml). The
solid is .dried for 20 min. at 45°C under reduced pressure (4
mbar). 8.5 g of T:Lotroplum bromide 1is obtalned (purlty 899.9%,
dithienylglycolic acid 0.03%) . |
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Example 8: Crystallization of‘ Tic')t'ropium bromide - from a mi:;cture
- of ethanol and acetic acid

| [0119] Crude T:Lotropn.um bromlde (10 g) 1S suspended in et:hanol
-96%/CH3COOH 98/2 (200 ml). The suspenslon. is heated to 65/70°C
until a.solutn.on q.s obtained, and then it is cooled to 55°°C ih at‘:*
least 3 hours and at 0%5°C 'in et. least 3 hours. The obtained
,sﬁspension is :maintained at O:;S?C for .a't least 6 hours, and then
it is filtered on a sintered glass funnel, and the solid is:
washed two times with .ethanel. 96%/CH3COOH 98/2 (3 X 5 ml) . The -
solid '1s dried for 26 min. at 45°C under reduced pressure- (4
mbar). 8.2 g of Tiotropium bromide is. .qbtained {(purity 99.’9%,’
dlthlenylglycollc ac1d 0.02%). |

Example 9: Crystalllzatlon of 'I‘:LotrOplum bromide from a mlxture

of methanol and acetic ‘acid.

- [{0120] Crude Tiotropim;n bromide (10 g) 1S suspended in'
methanol 96%/CH3;COOH 98/2 (200 ml). | The suspension ‘is he.at.ed. to
60/65°C until a solution is obtained, and then it is eooled 1';0
A5°C in at least 3 hours and .at 0x5°C in at least 3 hoﬁrs. The
obtained s.uspen'sion-, is maintained at 0x5°C for at least 6 hours,
and then it is filtéred on a. sihtered glass funnel, and the: so'lid..
is washed two times with methanol 96%/CH3COOH 98/2 (3 x 5 ml)
The solid is dried for 20 mln. at 45°C under reduced pressure {4
.mbar) 8 2 g of 'I'J.otrop:;.um bromlde is obta:.ned (purity 99.9%,
h dlthlenylglycollc acid 0.02%). | :
Example 10: Crystallization of 'I'::.otroplum bromlde from a mixture
of methanol, acetone and acetic ‘acid | | |
[0121] = Crude Tiotropium bromide (10 g) is suspended :Ln mixture
of methanol/acetone/CchOOH 73.5/24.5/2- (50 'ml) . The suspens;on
is heated to 60(65°C until a solution ‘is obtained, and then it,is:
cooled to 45°C in at least 3 hours and at 0x5°C in at least 3 |
hours. The obtained suspension 1s maintained at biSOC for at -
least 6 hours, and then it 1is filtered on a sintered glass '
funnel, and the solid is washed t‘wo. times with methanol

96%/CH;COOH 98/2 (3 x 5 ml). The solid is dried for 20 min. at
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45°C . under reduced pressure. (4 mbar). 8.2 g of Tlotroplum bromlde
is obtained (purlty 99.9%, dn.thlenylglycoln.c acid O. 05%)

' Example 11: Crystalllzatlon of Tiotropium bromide from a mix_tug:e

of methanol, acetone and acetic acid

[0122] Crude Tlotropn.um bromlde (10 g) 1s suspended in m:.xture
of methanol/acetone/CchOOH 24 .5/773. 5/2 (50 ml) The suspens:.on
is heated to 60/65°C until a solutlon i1s obtained, and then 1t 1s‘
cooled to 45°C in at least 3 hours and at O+5°C in at least 3
houx‘s". The obtained suspension ‘is malntalned at 0x5°C for at
least 6 hours, and then it 1s filtered on a sa.ntered glass
funmel, and the solid is washed - two times w:.th methanol
96%/CH;COOH 98/2 (3 x 5 ml). The solid is dried for 20 min. at
45°C under reduced‘ pressure. 8.2 g of Tz.otro;num bromn.de is
obtained {(purity 99.9%, dn.thlenylglycollc acid 0. 05%)

Example 12 Crystall:.zatlon of 'I‘:Lotroplum bromlde from a ‘mixture

of methanol,. acetone and acetic .acid

[0123] Crude Tlotroplum bromlde (10 g) is suspended :tn mlxture
of methanol/acetone/CH;COOH 24.5/73.5/2 (100 ml) . 'I‘he suspension |
- heated to 60/65°C until a solution is obtained, and then 1t 1s:

cooled to 45°C in at least 3 hours and at 0+5°C in at least 3

hours. The obtalned suspension is me;ntalned at Q..-%:S‘?C for at
;Least . 6 hours, apd then 1t is‘ filtered on a sintered glass
funnel, and the. solid 1is washed | two times with methanol
96%/CH3COOﬂ 98/2 (3 x 5 ml’) . The solid is dried for 20 min. at
45°C under reduced pressure. | 7.7 g of 'I':Lotrop:.um bromide 1is-

obtained {(purity 99.9%, dithienylglycolic ac:.d 0.03%).

Example 13: Crystallization of Tiotropium brom:;.de from a mixture
of methanol, acetone and acetic acild o |

[0124] | Crude Tiotropium bromide (10 g) 1S sd’spended in mixture
of methanol/acetone/CH;COOH 24.5/73.5/2° (300 ml). -The ‘suspension
1s heated to 60/65‘?(2 until a solution is obtained, and then it is
cooled to 45°C in at least 3 hours and at 0+5°C in .at leas.t 3
hours. The obtained .suspension 1S maintaiqed at .*0¢5°¢ for at

least 6 hours, and then . it is filtered on a sintered glass -
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funnel, and the so0lid . is .washed two times with | metj_.hano'l
- 96%/CH3COOH 98/2 (3 x 5 ml}. The. ,solid 1s dried .fo.r 20 min. at
45°C under reduced pressure. 5.1 g of Tiotropium bromide is
obtained (purlty 99.9%, dithienylglycolic acid not detec:table)
Example .14: Crystalllzatlon of Tlotroplum bromide from a mlxture'

of n-propanol, water and acetic acid

[0125] Crude Tiotropium bromlde (L0 g) is suspended in n-
propanol 93/ water 5/ CH;COOH 2 (200 ml). The ‘suspension  is;
heated to . 60/65°C unt:.l a solution is obtalned and then it is
cooled to 45°C in at least 3 hours and at 0%5°C in at least 3
hours. The obtained sﬁspénsion 1S maineained at 0+S<5C for 'at"
least 6 hours, and t‘:'hen it is filtered on a s:.ntered glass
funuel, and the solid is* washed "two times with n—propanol
96%/CH3COOH 98/2 (3 x 5 ml).. The solid is dried for 20 min. at
45°C under reduced pressure. 8.2 g of Tiotropium bromide is
obtained (purity 99.9%, dithienvlglycolic acid 0.02%). |

Example 15: Crystallization of Tiotropium bromide from a mixt__ur_g

of n-pr0panol and. acetic acid.

[0126] . Wet crude Tiotropium bromide (10 g) is suspended in n-
propanol - 98/ .C‘ﬁg(:OOH 2 (8500 ,rﬁl) . The suspension .fi.s heated to -
60/65°C until a solution is obtained, and then it is .cooled to
45°C in at least 3 hours .and at 0+5°C in at least 3 hours 'I‘he
obta:l.ned suspens::.on 1s ma:x.nta:.ned at 0x5°C for at least 6 hours,
" and then it is filtered on a sintered glass funnel, énd the s}plid\
is washed two times with n-—propanol 906%/ CH3COOH 98/2 (3 x 5 ml).
The so0lid is dried for 20 min. at 45°C under reduced pressure
4.2 g 'of T:Lotropn.um bromide is obtained (pur;ty 99.9%,
dlthlenylglycollc acid not -detectable).

Example 16: Crystallization of 'I‘lotrgpg.um bromide from a mixture .

'of n-propanol and acetic acid

[0127] Wet crude Tiotropium bromide (10 g) is suspended in n-
propanol 98/ CH3COOH 2 (50 ml). The suspension 1is heated to
60/65°C until a soiution is obtained, and then it 1s cooled to

45°C in at least -3 hours and at 0+5°C  in at least 3 hours. The
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obtained suspens:Lon 18 malntalned at 0x5°C for at least 6 hours,
and then it 1s flltered.on a sintered glass funnel ‘and the solid
is washed two times with n-—prOpanol 96%/CH3COOH 98/2 (3 x 5 ml)
The solid .is dried ‘for 20 min. at 459C under reduced pressure.
8.2 g of T:Lotropn.um bromide is | obtained (purity 99.9%,
dlthlenylglycollc acid 0 08) . |

Example 17: Crystalllzatlon of Tiotropium brom::.de from a mlxture
of n- prOpanol and acetic aC1d | |

[0128] - Wet crude Tiotropium bromide (10 g) is 'sospended in n-
propanol 98/ CH;;.COOH‘, 2 (100 ml). The .susoensioﬁ -is heated ‘to
60/65°C until a solution 1is obtained and then it 1s .cooled to
45°C in at least 3 hours and at O:J:SOC in at ‘least 3 hours. The
obta:.ned suspension 1S malntalned at 0+5°C for at least -6 hours,
and then it is filtered on’'a sintered glass funnel, and the solmd,s
is washed two times wi.th' n—pr0pahol 96%/CH3C003 '980/ 2 (3’ x 5 mi)ﬁ
The solid 1is dr;*i.ed for 20 min. at 45°C under'. i:edu:ced pressure.
4.2 g of Tiotropium bromide is obtained : (puritj 99.9%,
dithienylglyoolioacid 0.03). o o

- Example .18: :E’reﬁaration of Tiotropium bromide from‘; AcOH/MeOH/n-
'.Heptao 7/2/2.3 | . |
10129] Tiotropium bromide (1.00 g) was dissolved at 45°C with
a mlxture 7/2 (V/V) of ‘acetic acid/methanol (L1 ml), the
solution was heated to 45°C. for 1.5 hours and nsheptane (2.75 ml)
was then added drop-wise in at least’ 20 min.. The .obtalned
solution was heated to 45°C .for one hour - (no | solid formation -
observed) ',. was cooled to 2.3..50(3 "in at least 3 hours and the
| suspension was ma;i.ntained at . 23.5°C for at 1esst 3 hours.. After.
filtratioh.on a sintered glass funnel, the solid'ﬂas washed.fhree
times with 3.0 mL of n-heptane. Drying for 16 hours at 60°C under
reducod pressure (18 mbar), yvielded 0.67 gfof.Tiotropium'bromide
(puriﬁy 09.9%, dithienylglyoolic acid 0.03). °

Exampie 19: Micronization proces's

[0130] Tiotropium Bromide was micronized to .obtain P.S.D

target of:
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" Min. 80%<5.84um

Min. 70% between 0.6 and 10 microns | |

'i‘he micronizer in use was a Jet-mill MC 50 (made by Micro-
Maci:inaziénon’e‘). . 32°05' angle nozzles were installed. |

'Nitrogoen.was used as -the microniz.ation gas. |

‘Micronization air Pressure was 10 bars.

' Feed rate wés 0.2 kg/hr. | | |

'I‘he. micronized 'I'.iotropium bromide obtained by .the,' . above

" process has.a PSD value: -

80%<5 . 84um- |

93.76% between 0,.6 and 10 miér,ons.
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What i1s claimed:

1. T:LotrOp:Lum bromlde solvate of the follow::.ng formulas:

Br

H - Solvent

2.  The Tiotropium bromide solvgate of claim 1, whereln the
Tiotropium bromide has a purity ranging' from about 99% to about
100%. - |

3. The Tiotropium bromide solvate of claim 2, wherein the
Tiotropium bromide has a purity raﬁging from aboqt 99.5% to about
100%. |

| 4. . The Tiotropium b:fomide of solvate cla"im .3, wherein the
Tiotropium bromide haé a purity ranging from about 99.7% to about
100%. | |
5. The Tiotropium bromide solvate as defined in any of
clalms 1l to 4, whereln the Tiotropium bromide includes less than
about 0.15% of 2, 2 —dithienyl glycolic a01d |

6. A Tiotropium bromide solvate W1th less t;han about 0.15%
of 2,2-dithienyl glycdlic acid. | |

7. The Tioﬁropium bfomide solvate of claim 6, wherein the
Tiotropium bromide co'ntains’ from about 0.15% to: the °<':'b:—‘3tt=a.¢t.ion
limit of an HPLC method of 2,2-dithienyl glycolic acid.

8. The Tiotropium bromide solvate of claim 7, wherein the
Tiotropium | bromide contains léss than - about - 0.05% of
2,2~ dlthlenyl glyvcolic acid.

9. The ’I‘:Lotroplum bromide solvate of claim 8, wherein the
Tiotropium bromide contains from about 0.05% to the detection

1imit of an HPLC method of 2,2-dithienyl glycolic acid.
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10. The TidtrOpium bromide solvate of .ciaim 6, whereih the
TiotrOpium bromide contains ‘lessﬁ .thén | ébput 0.02% of 2,2-
dithieényl glycolic acid.

11. The Tiotropium bromide solvate of .claim 10, wherein .'t'he_
'fiotropium bromide contains from about 0.02% to the . detection .
limit of an HPLC met:ho.d of 2,2-dithienyl glycolic acid: | |

12. - Thé Tiotropium bromide solvate of claim 6,. wherein the
Tiotropium  bromide  contains less than. about 0.01% of 2,2-
dithienyl glycolOic acid. | |

13. The Tiotropium bromide' solvate ot cl_élim 12, wherein -the
Tiotropium bromide contains from abou't 0.01% to tl;e. detection
limit of an HP]'.;C method of 2,2-dithienyl glycolic ‘aci‘d. | |

14. A stable Tiotropium bromide solvate. -

15. '_I;he stable Tiotropium bromidg solvate. o.f, claim 14,
wherein the level. of 2,2-di£hienyl: glycolicq acid ‘does not
increase to ‘more than 0.15%, when maintained at a temperature
ranging from about 42C to about 30°C, for at least about two
mo_rlths._"

16. ‘The Tiotropium bromide solvate as defined in any of
clairﬁs 1 to 13, wherein the Tiotropium bromide solvate 1s stable.

17. The Tiotropium bromide solvate as defined in any of
claims 1 to 15, wherein the Tiotropium bromide solvate’ is
selected from the group consisting of an acetic acid solvaﬁ‘e and
an alcohol solvate. |

18. .The solvate of claim'17, wherein the alcohol solvate 1is
a Ci-g alcoholate. | |

| 19. The. solvate of claim 18, wherein the Cj_g alcohoiate’l 1S
Ci..(,- alcoholate. |

20. "I‘he sqlx:;ate of claim 19, wherein_ the Ci_¢ alcohoiate 1S
C,-5 alcoholate.

21. The solvate of claim 20, wherein the Cy;.5 alcoholate is

Ci-a alcoholate.
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22 . The.sol’.vate of claim 21, wherein th‘e_ Cqi-4 ‘alcoholate is
selected from the group consistiné' .of. methanolate, ethanolate,
.isoprdpanolate, nrpropaﬁolatefandfn—butanolate.

23. The solvate'of‘claim.zz, wherein the quialCOholaté'is.
selected from the group consisting of methanolate, ethaholaﬁe or -
n-propanolate. . | -
| 24 . An;HPLC method coﬁprising:

(é) combining' a Tiotropium bromide sample with a
mixture of acetonitrile:acetic acid -in water i.n' a ratio of
. about O.l%:99.9%, to obtain a solution; |
(b) 'injecting’thé solution into a column;
(c¢) eluting the sample from the column at about 3.63
min using an eluent mixture ¢omprised of a first.eluent and
a second eluent, the first eluent; qcompris:ing. perchloric
“acid:water in a ratio of 7:3° and the second eluent
comprising acetonitrile; and |
(d) measuring the 2,2-dithienyl glvcolic acid content
°in:the relevant sample with a UV aetector. |

25. 'The HPLC method of claim 24, wherein the column is a

250X4.6 mm X0.5 ym CPS Hypersil (ox similar)icolumn,
26. The method of claim 24, wherein the ratio of the first

and second eluents varies over time. | |
27; The méfhod of claim 26, wherein at the time O‘minutes,.
the eluent contéins 70% of the first eluent and 300% of' the
. second eluent. . |
| 28. The method of claim 26, wherein at thé time 23 minutes,
the eluent contains 55% of the first eluent and 45% of the second
eluent; |
29. The method of claim 26, wherein at the‘time 30 minutes,
the eluent contains 50% of thefirst'eluent'and 50% of the second
eluent. | h
30. Thé'metﬁod of claim 26, wherein at the.time 35 minutes,
thé eluent contains 50% of the first eluent and 50% of the second

eluent.
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31. The .method of claim 26, wherein at the time 40 minutes,
the eluent contains‘35% of the first eluent and 65% of the second
eluent.

32. The method of claim 26, wherein at the time 41 minutes,
the eluent contains 70% of the first eluent and 30%:bf the second-
eluent. | | | |

33. The method of claim 24,‘ wherein. the 2,2-dithienvyl
glycolic acid content is:meésured.at a wave length of 240 nm.

34. A. process for . preparing stable Tiotropiuﬁ bromide
solvate having.a purity of at least 99% and containing less than
about 0.15% of '2,2—dithieny1 glycolic acid, - comprising
crystallizing Tiotropium bromide from a solvent system comprising
an organic | acid, wherein the ratio of Tiotropium bromide to the
solvent system is at.ieast about 1 to about 5.

35. A process for preparing stable Tiotropium bromide
solvate having a purity of at least 99%0and with less than about
0.05% of 2;2—dithienyl glycolic' acid as measured by HPLC,
comprising crystallizing Tiotropium bromide from a solvent systeﬁ
comprising an organic acid, wherein the ratio' of Tiotropium
Bromide to the solvent system is at least about 1 to about 10.

36. A process for preparing stable TioﬁrOpium bromide
solvate hafihg a purity of at least 99% and with less than about
0.02% of 2,2-dithienyl glycolic. acid, comprising crystallizing
Tiotropium bromide from a solvent system .gomprising an organic
acid, wherein the ratio of Tiotropium bromide to .the éolvent
system 1is of.at least about 1 to about 20.

37. A process for preparing stable; Tiotropium bromide
solvate having a purity of at least 99% and with less than about
0.01% of 2q,2—dithienyl‘ glycolic acid,  comprising crystallizing
Tiotropium bromide from a .solvent system corhpr'isingn an organié
acid, whezfein the ratio of Tiotropium bromide ﬁo the solvent
system.is of at least about 1 to about 30.

38. The process as defined in any of claims 34 to 37,

wherein the organic acid is selected from the group consisting of
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trifluoroacetic acid, tartaric acid, maleic ;ac'i.‘d, propionié acid,
oxalic acid, p-toluen sulphonic ac‘id, 'metha.an. sulphonic acid and
- acetic¢ acid. |
39. The process of . claim 38, wherein the organic acid is |
acetic acid. ‘ | ‘

~ 40. The procéss as defined in any of claims 34 to 37,
further comp?ising cooling the solution to obtain a suspension.

41 . The proceés of claim 40, wherein the solvent system

further comprisés an alcohoi.

42 . The proéeés of claim 41, wherein the alcohol is a -Ci_g

alcohol. |

43. The ﬁroqess of claim 42, wherein the C;-g alcohol is'Cyé
alcohol. |

44 . $he process of claim 43, wherein the C;-¢ aicohol is Ci-5
alcohol. |

45. The process of claim 44, wherein the Ci-5 alcohol is Cji-a
alcohol.

-46_.." The process of claim 45, Wherein the Ci-4 alcohol is
selected from the group consisting of methanol, ethanol,
isopropanol, n-propanol and n—butanol. |

47. The process of claim 46, wherein the Cj.4 alboholate.is'
selected from the | group consist.ing of methanol, ethanol and n-
propanbl.: | | |

48. The prbceSs as- defined in any of. claims 34. to 47,
. further cémprising heating tl‘le' combination of Tiotropium bromide
and the solvent systemn. |

| 49. The. process of claim 48, wherein the heating 1is to a |
'témperature ranging from about 60?C~to about 78?Cﬂ |

50. ‘The process of claim 40, wherpin ;he.soiution 1s cooled
to a temperature ranging from about 25¢C to'about.OQC.

51. The process of claim 50, wherein the cooling 1is do:fie
over a period.of,ébout 4 to about 10 hours.

52. . The process of claim 40, wherein the process further

comprises recovering the crystallized product.
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53. A pharfnaceutical compositibﬁ comprii.sing - a t-iotibp_ium
bromide solvat.:é‘ as defined in any of claims '1. to 23, and at least
one pﬁarmaceutically acceptable exCiﬁient. | o

| 54. Use of a tiotropium bromide solvate as defined in any
of claims 1 to 23 for the manuféctﬁre‘ of a cOmposition for the .
treatment of asthma or chronic obstructive pulmonary'dlsease

55. - 'I‘he triotropium bromlde solvate as deflned in any of
claims 1 to 23, wherein the tlotroplum. bromide solvate ' is
micronized. o | |

o 56. A process for prep‘aring Tiotropium bromide including
less than about (0.15% area by HPLC of 2,2- dlthlenyl glycolic acid
comprising the steps of:

(a) obtaining one or more samples of one or more T:Lotrplum'

bromlde batches; | '

(b) measuring : a level of 2,2~ dlthlenyl glycollc acid in

each of the samples by HPLC; |

(c) selecting the Tiotropium.bromideﬁbatch that coﬁprises a

level of 2,2-dithienyl glycolic . acid of less than about

O.iS% area bnyPLC; and

'(d) using the selected batch to prebare a Tiqtrqpiwm

bromide comprising less thaﬁ about 0.15% area by HPLC of

2,2-dithienyl glycolic acid. |

57. 'The process of claim 56, further cpmprivsing p;ur:i;'fying

the samples prior to measurement.
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