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PURE AND STABLE TIOTROPIUM BROMIDE

CROSS~REFERENCE TO RELATED APPLICA‘I‘IONS

[0001]  This application claims the benefit of the filing date
of . United States Provisional Patent 2Application 1\1_6. 60/836,037
filed August 7, 2006; United States ProvisiOnal Patent
Application No.. 60/835,200 filed August. 3, 2006; "United States
Provisional Patent Application No. 60/835,201 filed August 3,
2006; United States Provisiénai Patent Application No. 60/752,672
filed December 19, ' 2005; United Stétes Provisional Patent
Application No. 60/754,530 filed December 27, 2065; United States
Provisional Patent.Application No. 60/761,437 filed January 23,
2006; United States Provisional Patent Application No. 60/774,051
filed on February 15, ‘2006; United States Provisioﬁal Patent
'Application.INo. 60/780,310 filed March 7, 2006; United@ States
Provisional Patent Application No. 60/830,231 filed July 10,
2006; United States ProvisionallPatent Application No. 60/832,189
filed July 20, 2006; United States Provisional Patent Applicatioﬁ
No. 60/851,223 filed October 12, 2006; ‘and United States
?rovisional Patent Appliéation No. 60/852,740 filed October 18,
2006, the disclosures of which are hereby inCorpdrated herein by
reference.

FIELD OF THE INVENTION

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

BACKGROUND OF THE INVENTION

[0003] Tiotropium (bromide, (1a,26,45}5a,7ﬁ)—7*[fhydfoxydi—2—
thienylacetyl)oxyl-9, 9-dimethyl-3-oxa-9-~ .
azoniatricyclo[3.3.1.0lnonane bromide or 6f,7p-epoxy-3p-hydroxy-
8~methyl;1aH,SaH—tropanium'bromide, di-2-thienylglycolate havihg.

the following chemical structure:



WO 2007/075838 PCT/US2006/048690

2
Me Me
AN
N
0
Br
(@]
H
S O
W™
7 g

Tiotropium bromide
Ci9H22N04S,Br
MW: 472.4
is- an anticholinergic drug with specificity for 'muscarinic
receptors.'As a bronchodilator it provides therabeutiq benefit in
the‘treatmént of asthma or chronic obstructive pulmonary disease

(COPD) . This pharmaceutical ingredient is administered by

inhalation, and is available commercially as SPIRIVA®
HandiHaler®. o
[ooo4] -The preparation. and crystallization of Tiotropium

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

{00053 - It is reported in “Summary Basié of Approval”‘pf the
FDA (NDA 21-395) that Tiotropium bromide is subject to - non-
enzymatic hydrolysis to N-methyl scopine and 2,2-dithienyl

'~ glycolic acid, as illustrated by the following scheme.

O, OH l Bre.
OH ~a@ '
SO TR
XS : ' OH
TIOTROPIUM dithieny! glycolic acid N-methyl scopine
BROMIDE .
[0006] Degradation of the Tiotropium bromide APT in capsules

which were removed from their protective package and exposed to
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air and humidity were reported in the early chemistry review of
NDA 21-395. The le&el_of'one,degradant was‘rebofted to be lower:
than 1.0% (HPLC). . | . ' )

[0007] ‘ Aé a result, marketed tiotropium brpmide is‘pécked in &
moisture-resistant foil blister, and‘it is recommended to reﬁove
the capéule -froﬁ the ;package only immeaiately' before use, as
exposure to moiéture in the air. can céuse.decompoéition. .
(00081 ‘Like .any Synthetic compoundq Tiotropium bromide can
contain éxt;aneoushcompouhdé 6r impurities that can ‘come from
many Ssources.  Some of these extraneouévcompounds or impurities
may be unreacted starting materials, by—producté of the reaction
- including the prbdudts .of side reactions, or - degradation
products;  Whergin. 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 extremeicéSes, might even be harmful to a -

patient being tréated.with.a doéagé form containiﬁg the API.

[0009] - Therefore, there 1s a need in the art for stable
Tiotropium bromide, and also for pure TidtrOpium bromide
solvates. '

SUMMARY OF INVENTION
{0010] -Ih'accordance with one aspect, the present invention

provides a Tiotropium bromide solvate of the following. formulas:

Br

H " . Solvent

having a purity of at least 99% area by HPLC. ‘
[0011] In another aspect, the Hpresent invention provides a
Tiotropium bromide solvate, with less than about 0.15% area by

HPLC of 2,2-dithienyl glycolic acid of the following formula-.
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,f0012] In. yet another aspect, the present invention providese
Tiotropium bromlde solvate with a purity of at least 99% area as
measured by . HPLC and with less than about 0.15% area as measured
by HPLC of 2 2-dithienyl glycollc acid _

[0013] In one aspect, the present invention pro';rides stable
Tiotropium bromide solvate. ’ ‘ .
[0014] in another aspect, the present .1nventlon provides
stable Tiotropium bromide solvate Wlth a: purlty of at least 99%
area as measured by HPLC, and with less than about O 15% area by
HPLC of 2,2-dithienyl glycolic acid. ‘ . .

[0015] .in yvet another aspect, the present invention provides
an HPLC method for‘determining the pﬁrity of Tiotrobium bromide
solvate; and the amount of 2, 2—dithieny1 glycolic “acid- in
Tlotroplum bromide. ' The method comprises: . ' .

(a) comblnlng Tiotropium bromlde sample with a mixture of
acetonitrile:acetic acid in water in a ratio. of about
0.1%:99.9%, to obtaln a solution;

(b) 1n3ect1ng the solutlon into a 250X4 6 mm XO. 5 -pm CPS

' Hyper511 (or similar) column; ' "

(c) elutlng the sample from the column at about 3.63 min
u51ng a mixture of perchlorlc acid:water in a ratio of
7:3 (referred to as eluent A) and acetonitrile (referred .
to as .eluent B) as an eluent; and

(d) measaring the 2,2-dithienyl glycolic acid content in

. the relevant sample with a UV detector -

- [0016] In one aspect, the present‘lnventlon provides a process
for preparing stable Tlotroplum bromide solvate having a purlty
of at least 99% area by HPLC and with less than “about . O 15% area
of 2,2-dithienyl glycolic ac1d_§n; measured knﬁ HPLC, comprlses

‘crystallizing Tiotropium bromide from a solvent system comprising
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an organic-acid wherein the ratio of Tiotropium bromide to the
solvent system is of at least about 1 to abont 5, respectively.
Organic .acids whichfzmay' be utilized as part of the present
invention include, but are not limited to, acetictacidf pPropanoic
acid, oxalic acid, malei¢ acid, fumaric acid, and tartaric acid;
In a preferred embodiment the organlc acid is acetic acid. '
{0017] In another aspect the present 1nvent10n prov1des
process for preparing stable Tlotroplum bromide sclvate having a
purity of at least 99% area by HPLC and with Jless: than about
0. 05% area of 2,2- -dithienyl glycolic .acid as measured by HPLC,
comprlses crystalllzlng Tlotroplum bromlde from a solvent system
comprising an organic acid wherein tne ratio of Tiotropium
bromide to'the,solvent system is of at least about 1 to about 10, °
respectively; Organic acids which may be utilized as part of
‘the present invention‘include, but are not limited to, 'acetic
acid, propanoic ac1d oxalic acid, maleic acid, fumaric acid, and-
tartarlc acid. In a preferred embodiment, the organlc acid is:
acetic acid. _ A ' '
foois] In'yet another aspect, the present 1nventlon 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‘of 2,2—dithienyl glycolic acid as measured by HPLC,.
comprises crystallizing Tiotropium bromide 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 20,
respectively: Organic_acids which may‘be utilized as part of the -
present invention include, but are not limited to,. acéticlacid,
propanoic acid, oxalic .acid, maleic acid, fumaric acid, and
tartaric'acid. -In a preferred embodiment, the organic acid is -
acetic acid. ' '
. [0019] In one aspect, the present invention pro&ides a process -
for preparing stable Tiotropium bromide solvate naving a purity |
of at least 99% area by HPLC and with less than about 0.01% area
of 2,2—ditnieny1 glycolic acid as measured.ibyﬂlﬁPLC, comprises
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crystailizing Tidtropium bromide from a sdlvent system compfising
an organic acid wherein the ratlo of Tlotroplum bromlde to the
solvent system is of at least about 1 to. about 30, respectlyely.
Organic acids which may be utilized as -part of the present
.invention include, but are not limited to, acetic aeid,fpropanoic.
acid, oxalic aeid, maleic acid, fumaric acid, and tartaric.acid.
In a preferred embodiment, the organic acid is acetic acid: .
[0020] ~In another aspect the jpresent inventioh. provides a .
pharmaceutical composition comprising stable Tlotroplum bromide
solvate with a purity of at least 99% area as measured by HPLC,
and with less than about 0.15% area as measured by HPLC of 2,2-
dithienyl glyco;;c acid, and - pharmaceut;cally acceptable
excipients. - ' ' ‘ . '

foo21] In vet - another aspect, the present inveﬁtibn provides a
process for ﬁreparing pharmadeutical ‘compositiOn comprising
stable Tiotropium bromide solvate with'a purity of at least 99%
afea as.measured by HPLC, and with less than about 0.15% area as
measured by - HPLC of 2,2-dithienyl glycolic acid, ‘and
pharmaeeutically acceptable excipients. _ ‘
[0022] In one aspect, the present invention pfovides the use
of the stable Tiotropium brqmide solvate with a -purity of at
least 99% area as measured by- HPLC, and with less thanaabout
0.15% area by HPLC of 2,2-dithienyl glycolic acid,sof the pﬁesent

invention for the manufacture of a pharmaceutical. composition.-

~ [0023] In vet another embodiment, the present -invention

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 ' ‘ 4
{(a) ‘obtaining one or more samples of one or more Tibtrpium .
bromideibatches; | .
(b) measuring the level of 2,2;dithienyl glycolic acid in

each of the samples of (a);
‘{c) . selecting the Tlotroplum bromlde batch that comprises -‘a

level of 2,2-dithienyl glycolic ac1d Qf less than about
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0.15% . area by HPLC, based on the measurement or
measurements conduéted‘ in step (b); and' ' ‘
(d) using. the 'bgtch selected in step (c) to prépare said

any Tiotropium bromide comprising less than 'aioout 0.15%

area by HPLC of 2',2—dithieriyl glycolic acid._"'.
DETAILEIj DESCRIPTION OF THE iNVENTION .
t0024] An  analysis . of Spirix}a.m . capsules; containing
monthdrate tiotropium bromide,: support;.s the hydrolysis theory of
Tiotropiuin bromide. degradatién -by demons‘tratihg. that the level of
dithienyl glyéolic ~acid in Tiotropium bromidé moﬁthdrate is
above 0.7% area by HPLC. In éontra'st, the p.res'ent invention
succeeds to prov'ide' substantially j_oﬁre. Tiotropium bromide
solvate..The. p_i;esent invention also provides stable :Tiot.ropium.
bromide 'solvat'e i.ie., Tiotropium Dbromide solvate that is
significantly less prorie to  hydrolysis upon storage. According to
general ICH gu‘idelines, 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
ébout 0.15% area as measﬁred by HPLC. Thus, providing such pure
Tiotropium bromidé solvate, which is also less prone to
decompositi.o‘n- upon storage, is preferable considering  that
prolonged shelf life.is an advantage for industrial manﬁfacturing
and safety of patients.: ' .
[0025] The present invention pro’videé Tiotropium bromide
solvate of the followi_ng formulas

Br

H - Solvent
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having a purity of at least 99% area by HPLQ; Emeferablj; the
above Tiotropium bromide has purity ranging from about 99% area
toe abéut 100% area as measured by H?LC,;moré preferably ranging
from about 99.5% area to about 100% area as measured by HPLc; and
most preferably ranging. from.about 99.7% area~to'aboutf100%'area..
as measured by HPLC. One skilled in the art would recognize that
the solvate:may'contain any number of solvent molecules. .
[00261] ~Typically, the. term “soivate"‘as used herein, refers to .
a substance that includes ahy solvent other than water at 1evels.
of more than 1%. Preferably, the solvate form of Tiotropium
bromide is selected from a group consisting of an alcoholate and
an acetic acid solvate. preferably, the alqoholaté is a Ci-g
alcoholate, more preferably a Ci-g alcoholate, ‘eVen,Amore'"
preferably a C;-s alcoholate, and most preferably é'cbglalcoholate;
Preferably, the C;.4 alcoholate is selected . from the. group
consisting of methanolate, ethanoléte, isopropanolate, n-"
pfopanolate and n-butanolate. Most preferably, the Ci-4 alcoholate
is methanolate; ethanolate or n-propanolate. )
[0027]‘- ‘The present invention also_provides Tiopropium bromide’
solvate containing less than about 0.15% area of 2,2-dithienyl
glycolic acid as measured Dby ‘HPLC. Preferably, the’ saidA
Tiotropium bromidé‘ is with about 0.15% area by HPLC to.-the.
detection limit of an HPLC method of 2,2-dithienyl glycoliqﬂacid.
[0028] The terms "detection limit" or "detection limit Of an
' HPLC method” refer to any. H?LC method used 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. Prefefably, the detection limit is the detection limit
of the HPLC method used in the présent invention, or of anyjother
equivalent ﬁethod. ‘ . N
[0029] Preferably, Tiotropium bromide solvate 1s containing
less than about,0.0S% area as measured by HPLC of 2,2;dithienyl'

glycolic .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- dlthlenyl glycollc acid. ' .

[0030] . Preferably, . Tiotropium bromide solvate is contalnlng
less than about 0.02% area as medsured 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 llmlt of an HPLC
method of 2,2- dlthlenyl glycolic ac1d. ) ’
[0031] Preferably, Tiotropium bromlde solvate. is containing
less than about 0.01% area as.measured by HPLC of 2,2-dithienyl
glycolic acid, more preferably, the said Tiotropium~br0mide is
with about 0.01% area by HPLC to the detection limit-of an HPLC
method, of 2,2—dithienyl glycolic acid.

[0032] The present invention further - proﬁides _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- dlthlenyl glycolic ac1d .

[0033] The present 1nventlon also provides stable Tiotropium
bromide solvate. As used herein, the term “stable,” in reference
to Tiotropiun 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 specifidallyL
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 measuredlby HPLC,.when maintained at a temperature ranglng:

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

[0034] The present invention provides stable Tiotropinm

bromide solvate with a purity of at least 99% area as measured by
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HPLC, and containing less than about-O.lS%.drea as measuféd by
HPLC of 2,2-dithienyl glycolic acid. | |
[0035] The stabilityf and.gpurity'.of Tiotfopiunttbromide ‘were
‘"tested. Data -indicated that when stdring Tiotropium bromide

mbnohydrate"at a Eemperature ébové 42C, an increasé in’ the'
content of the 2,2-dithienyl glycolic acid - was" detected.

However,"whén Tiotropium Dbromide solvate, such as hemi;

ethanolate, was stofed at a temperature ébove 49Cr~the presence

of 2,2-dithienyl glycolic acid was detected only -after ~two.
months, and even theén, the level was significantly lower than .the

level detected in the monohydrate product.

[0036] The purity of Tiotropium bromide, as well as the amount

of 2,2-dithienyl glycolic acid in Tiotropium- bromidej i

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‘sémple from the column ét about 3.63 min.
using an eluent mixture of perchloric acid:water in a
ratio of,7{3 (referred to as eluent A) and acetpnitrile

'(rgferred to as eluent B) as an elﬁent; and '

(d) lmeasurihg the 2,2-dithienyl glycolic -acid conténf in
‘the relevant sample with ‘a UV detector.

[0037] The eluent used may be a mixture of eluent A and eluent
'B, wherein .the ratio of them varies over the time, "i.e. a
.gfadient eluent. At the time 0 minutes, the elﬁent'contains 70%

of eluent'A.an@ 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 A 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 mlnutes, the eluent contains 70% of eluent A
and 30% of eluent B. . - _ | ‘_

[0038] , Preferably,:the 2,2-dithienyl glycolic acid content is
measured‘atla wave length of 240 nm. :

[0039] such ‘pure and stable Tiotropium bromlde solvates can be
prepared by a process comprlses crystalllzlng Tlotroplum brom1de~
from a sultable 'solvent system; whereln the solvent system
comprlses acetic acid. '

[0040] ' The process for preparlng stable TlOtrOplUHl bromide
solvate,hav1ng a purity of at least 99% area by HPLC and with
less than about 0.15% area of 2,2-dithienyl glycolic acid as
measured by HPLC, comprises crystalliziﬁo Tiotropium bromide from
a solvent system comprising acetic acid; wherein the ratio of
Tiotropium bromide to the solvent system is of at least about 1
to about 5, respectlvely

fooal]. The process for preparlng 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 EPLC, comprises crystallizing Tiotropium bromide from
a solvent system comprising an organic acid wherein tﬁe ratio of
Tiotropium bromlde to the solvent system is of at. least about. 1 .
to about lO, respectlvely Organic acids which may be utlllzed as
part of the present .invention include, but are not limited to,
acetic acid,'propanoic~scid, oxalic ‘acid, maleic ac1d fumaric
acid, snd,tartaric acid. In a preferred embodlment the .organic:
acid is acetic acid. o .

[0042] The process for preparing (stéble 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 glycollc acid as
measured by HPLC, comprises crystallizing Tlotroplum bromlde from
a solventosystem comprlslng an organic ac1d~where1n the ratio of
Tiotropium bromide to the solvent system is of at‘least about 1
to about 20, respectlvely . Organic acids which may be utilized

as part of the present invention include, but are;not limited to,
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acetic acid, propanoic acid, oxalic -acid, mabeic-acid; fﬁmaric'
' aeid, and tarbaric acid. In a preferred embediment,‘the organic
acid is acetic acid. - . |
"[00431 The process for preparing stable Tiotropium bromide
solvate having a pufity of at least 99% area by HPLCfand'Withb-
less than..aboub 0.01% area of 2,2-dithienyl glycolicl acid as
measured~by:ﬁPLC, comprises crystallizing Tiotropium;bromidetfroﬁ
a-solvent system comprising an ofganic’asid wherein the ratio of
Tiotrepium bromide to the selvent system. is of at least about 1
to about 30, respectively. Organic acids which may be utilized as
part of the present invention include, but are not limited. to, -
acetic acid, piopanoic acid, oxalic acid, maleic aeid, fumaric
acid, and tartaric acid. In a preferred embodiment,.the.organic
acid.is.acetic acid. L -
[0044] ?referably, the crystallizabion. pfocess .comprises
,prov1d1ng a solution of tiotropium bromlde in the solvent system’
comprising organic acid, and cooling to obtain a‘ suspen51on
Preferably,'the o6rganic .acid is acetlc.ac1d._- '
[0045]" In yet' another embodiment, the present invention-
encompasses a process -for preparing Tiotropium'bromide.with less - .
than about 0.15% area by HPLC of 2,2-dithienyl glycolie acid
comprising the steps of ' ‘ o
| (ay obtaining one or more samples of one or'more'Tiotrpium
bromlde batches, . ]
(b) measuring the level of 2,2-dithienyl- glycolic" ac1d in
each of the samples of (a); ' '
(c) selecting the Tiotropium bromide batch that comprises'a'
" level of 2,2-dithienyl glycolic acid of 1ess than abodt
0.15%. area by HPLC, based on~ the measuremeﬁt or
measurements conducted in step (b), and . ~
(d) wusing the batch selected in .step (c) to prepare said-
any Tlotroplum bromlde comprlslng less than about 0.15%

. area by HPLC of 2,2'd1th1eny1 glycolic a01d.
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(00461 .Typically, the Tiotrpium bromide of step (a) comprises
a.sufficiently low ievel'of 2,2-dithienyl glycoiicfacid. More
preferably, the Tlotrplum bromide of step (a) comprlses less than
about 0.15% area by HPLC of 2,2- dithienyl glycollc ac1d

[0047] When the sample of Tiotrpium bromide of formula IT of
step (af comprlses more than about 0.15% area by HPLC of 2, 2—
dithienyl glycollc ac1d according to the neasurement in step
(b), the sample may be purlfled prior to performing step (c).
[0048] Typlcally, the purlfed Tlotroplum bromide - comprlses a
lower level of 2,2-dithienyl glycolic acid than the level present
before purification; Preferably, the tiliotrpium bromide sample of
step (a) obtained efter purification, comprises less than -about
0.15% area'by HPLC of 2,2-dithienyl glycolic- acid.- _
[0049] Unless speoified 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 bromlde ’

[0050] The Tiotropium bromide used as.a starting material for
the crystalllzatlon processes may be prepared for -ekample,
accordlng' to -the process disclosed in Co-pending appllcatlon
No. 60/83_5,201 entltled ‘PROCESS FOR THE PREPARATION OF~
TRIOTROPIUM BROMIDE filed in the U.S. Patent and Trademark Office
on August 3, 2006, .according to the process disclosed. in Co;
pending applicastion No. 60/830,231 entitled PROCESS FOR THE
PREPARATION -OF TIOTROPIUM BROMIDE filed in the 'U.S.' Patent and:
Trademark Office on July,10,~2oos, or by any other process known
to one skilled in the art. ' - |

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

organic solvent, and scopine salt of formula II-s,
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~e *x°
'9) Oh:)eH NH
H )
SV
OH
Y

) , IX-8
containing about. 0.5% to about 40% of salts;'héating;.récovefing;'

and adding an organic solvent.

[00521 " The process may be peerrmed.according to the following'
scheme:. ‘ '
NG xe .
NH
H
o-
O~ -OMe OH"
QHS SCOPINE saits l-s -~ MeBr
=— —_—
s Uy KzCO3, DMF - . Acetonitrile
ME\;SYL'DTlg-THIENYL)
GLYCOLA \ . .
o N-DEMEFHYLTIOTROPIUM ~ 1OTROPIUIBROMIDE
[0053] The glycolate of formula I may be prepared by combining.

2-bromo-thiophene of the following formula;,

er

Mg, and an ethereal solvent; combining with dimethyloxalate ’of"‘
the following formula, . |
: o ‘ o
OMe
MeO™ .
0o
and quenching. .
- [00541] Comblnlng 2 bromo tlophene, Mg, and an ethereal solvent
provides a Grlgnard reagent that can be prepared for eQample,
" according to the process dlsclosed in Nyberg, K. Acté Chemicé
Scandinavica, 24,.1970, :1590-1596. | '
[00551 Meﬁhyl’ di-{(2-thienyl)glycolate of formula I may be

.purifiéd‘ by’ .crystallizatign from a- mixture. of ethanol and
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heptané, absolute -ethanol and heptane{ isoprdpanol and-hebtane,
’ of from toluéﬁe.and heptane. . '

[0056]1 Preferably, the scopine .salt' of formula ' II-s is
suspended in -a polar organic solvent. Preferably, the polar
drganic solvent is selected ~from a group consiSting~ Qf:
dimethylformamide, N-methyl-z—pyrrolidone,' dimethYlécetamidey
dimethylsulféxide, acetonitrile, sulfolane, and mixtures thereof;
More p;eﬁefably, the polar organic solyeht is dimethylformamide,
Preferably, the salt is an HBr salt. |

[0057] Preferably, the inorganic Dbase and methyl-di-(2-
thienyl)-glycolate of formula I are added to the suspension. More
preferably, the ‘ inorganib base 1is 'anhydrous. | Even mqré
preferably, the inorganic base has a pKa of.abouﬁ 6 to about 12,
more prefefably of about 9 to about 10. Yet even‘more.preferably,
the inorganic base is selected4from a grbup consisting -of: KCOj3;
NaHCOs;, NapCOs, Li,CO;, Cs2COs, KO'Bu, aﬁq LiO®Bu. Most preferably,
tﬁe inofganic base is K,;CO3;. The inorganic base is added in an
amount of 0.45 to 2.5 mole equivalent per mole equivalent, more
preferaﬁly; 2 to 2.5 mole equivalent per mole equivalent of
scopine salt. '

[00581 Preferably, methyl—di—(2—thienyl)—glycolate'<xE formula
I is added in the form of a' solution in thé polar qréanic
solvent. Preferably, the inorganic Dbase “and methjlfdi—(z—
thienyl)—glycolaﬁe of formula I are addéd atc a tempefatufe of
about 25°C to about 65°C, moré preferably at about 602C to about
65¢eC. | ’

' [0059] Preferably, the suspension containing all the above
substances is heated to a temperature of below 702C, ﬁére
preferably to a temperature ranging from about 252C to- about
65eC, even ﬁore preferably at a temperatﬁre ranging f£rom about
602C to about 652C, and most preferabiy at a temperature ranging
from about 632C to ab9u£ 652C. Preferably, heating is,ddne under
reduced pressure. Preferably, the pressure ié of about 70 to

"about 100 milibar. Preferably, nitrogen is bubbled 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/mln, 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,. aesists int.
evaporating methanol, which is formed during the reaction. As
such, the reaction shifts towards the formation of  the product;‘
Preferably, heating is done for a time ranglng from about 17 to
about 24 hours, more preferably for about.1l8 to about 20 hours. .
[00601] N-demethyl-tiotropium of formula III may be recovered
by a) cooling the suspension; b) adding an acid; c¢) extracting
the agqueous phase; d) addhu; a base to' the aqueous phase; ei
filtering; and f) washing and drying. Preierabiy, the acid is
HBr. Preferably, the suspension is cooled to a.temperature of
about 109C.to about -1092C, more preferably to about 52C to about
0e¢C. Preferably, the addition of the acid provides a pH of about
3; Preferably, the aqueocus phase is extracted with ‘toluene,
Preferably, the base is added at a temperature of about 0°C to
about 52C. More preferably, the base is K;COs;. Preferably, the
addition of the base causes precipitation of N-demethyl-
tiotropium of formula III. Ereferably, the precipitate is washed
with water to obtain a pH of about 7. .A
[0061]  Optionally, scopine base may be used When scoﬁine'base
is used, preferably a smaller amount of the inorganic . base is
used. ?referably, about .1 to 1.5 mole eqgquivalent of 1norgan1c
base per mole eguivalent of scopine base may be used.’

' [0062] After N-demethyl-tiotropium of formula III is obtained,
it is converted to Tiotropiam- bromide by Areacting with
methylbromide in an organic solvent. Preferably, the organic
solvent 1is selected: from a group consistiné of: Czq mitrile, Cs-g
linear or cyclic ether, mixtures of Cz.s-mitrile and Cg-g linear er
cyclic ether, mixtu;es of Cy.g aromatic hydtocarbon ‘and Co-a
nitrile, .and mixtures of Cz-¢ nitrile and Ci.io ketone. Preferably,

the Ca-z nitrile is acetonitrile. A preferred Cyg linear or cyclic
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ether is tetrahydrofuran. Preferably, a mixture of:C;i4 nitrile
and C4.g linear or cyclic ether is that of acetonitrile: and
tetrahydrofuran. A preferred mixture of Cy.g aromatic hydrocarbon
and C,.4 nitrile is that of toluene and ‘acetonitrile. Preferably,
a mixture of Ca.4 nitrile and C;-1p ketone is that ofxacetone and
acetonitrile, and heating is conducted to a temperatﬂre'of abéut
20°C to about 40%=C. Pfeferably, the - solvent is. acetonitrile.
Preferably, heating is done to a temperature of about 202C to
.about 259CL.More,.preferably,.heating is dome for about. 12 to
about 64 hours, even more preferably, for abou; 18 to about 22
hours.

[0063] Initially, 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,S0, and acetic acid.. Preferably the organic acid is acetic

acid.

[0064] Preferably, the solvent system comprises- acetic acid,
Ci-g alcohol and acetic acid, Ci_g alcohol, acetic acid and acetone
or Ci;.g alcohol, acetic acid and water. - Preferablyy-~the

alcoholatevis a Ci.g alcohol, more preferably a Cig alcohol, even

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

Preferably, the Ci-4 alcohol is selected from the group consisting
of methanolate, ethanolate, isopropanolate, n-propandlate and n-
butanolate. Most preferably,'the Ci-4 alcoholate is'methanolate,
ethanolate or n-propanolate. . | 4

[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 65eC to about
78=Cc, most preferably from about 652C to about 75?6. .
[0066] Preferably, the solution is then cooled to a

temperature ranging from about 252C to about OQC;'more preferably
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from about 25?C to about 5=2C, and moSt“preferably-from aboot 5eC
to about 0°C, to induce p;ecipitation~bof the crystallized
produot. Preferably, cooling .is done over a beriodjof about 4 to
about 10 hours, more‘preferably from about 6 to about 9 hours,‘
most preferably of about 8 to about 9 hours.

[0067] Typlcally, the suspension is maintained to 1ncrease the
vield of’thé precipitated crystalllzed product. Preferably, the
suspension is maintained for a time period ranging from at least
about 3 hours to about 2l'hours, more preferably from about 6'
hours to about 12 hours, and,moét preferably from about 13 hours
to about 18 hours.

[0068] The orystallization Drocess ﬁay fgrther .comprise a
recovery step. The precipitate~may be recoVered by.any method
known to é skilled artisan. Preferably, the recover comprises
filtering the 'suspension, washing tbe. filtered product, and
drying. . '

[0069] The present invention also provides a pharmaceutical
comp051tlon comprlslng a stable Tlotroplum bromide solvate hav1ng
a purity of at least 99% area as measured by HPLC, anhd with less'
than about 0.15% area by HPLC of 2,2—dithieny1 glycolic acid, and
pharmaceuticaily acceptable excipients. The present invention
also provides a,pharmaceubical composition comprising a -stable
Tiotropium,bromide solvate having a puritonf at least 9913%‘area
as measured by HPLC, and with less.than about 0.15% areé.by:HPLC
of 2,2—di£hieny1'g1ycolic acid,_and pharmaceutically accebtable
excipients. The present invention also provides a pharmaceuticél
compos1tlon comprlslng a. stable Tiotropium bromide solvate having ‘
a purity of at least 99.5% area as measured by HPLC and with . -
less than about 0.15% area by HPLC of 2 2-dithienyl glycollc
acid, and pharmaceutlcally acceptable exc1p1ents ’
[0070] The present 1nventlon further provides a proceéss for'
preparing pharmaceutlcal composition comprising stable. Tlotroplum'-
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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dithienyl -glycolic acid, and pharmaceutically .- acceptable
excipients. The puﬁe and stable Tiotropiqm bromide can be-
micronized to . prepaxe material suitable  for fofmulation.
Typically, the term “suitable for formulation” in reference'to
micronized Tiotropium bromide corresponds to Tiotrbpium bromide
having ét least 90% of thé particles below 20 gdcrons. The
micronization process can, optionallf,.be followéd‘by a process
comprising exposing the mlcronlzed form' to a suitable solvent to
restore the. 1n1t1al content of solvent in the solvate. Usually,

the term vsuitable solvent” corresponds to the klnd of solvent in
the original solvated form.

[0071] The presént invention further provides a method of
treating.aSthma'or chromic pulmonary disease by:administration of
an effective-amount.éf a pharmaceutical composition comprising
'stable Tiotropium bromide solvate having a purity of at least 99%
area as measured by HPLC,- and COntainiﬁg leSs than about 0.15%
area as measurea by -HPLC of ‘2,2'—dithienyl glyéoli'c racid, and
pharmaceutical éxcipients.‘

[0072]1 .. The present 1nventlon prov1des the use of the stable
Tiotropium bromide solvate with a purity of at least 99% area as
measured.by HPLC, and.contalnlng less than about 0.15% area as
measured{by'HPLC.of 2,2—dithieny1 glycolic acid, of the present
invention. for the manufacture of a pharmaceutical composition. ‘

{00731 . Methods of - administration® of a . pharmaceutical
compoéition of the present invention caﬁ be adﬁihistered in
various preparatlons dependlng on the age, .sex, and symptoms of‘
the patient. The pharmaceutlcal : compositions can -be
administered, for example, as tablets, pills, powders,iliquids,

suspensiéns, emulsions, granules, capsules, . suppositories,

injectidn preparations (solutions and suspensions), and the like.
[0074] Phérmaceutical compositions of the ;présent invention
can optionélly be mixed with other forms of~TioEropium bromide
solvate and/or other active ingredients such-as HMG- :CoA reductase

inhibitors. In addition, pharmaceutical comp051tlons of “the
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present invention  can contain .inactive ingredients - such as-

diluents, ca:riers, - fillers, V bulking’ agents, binders,
disintegrants, disintegration inhibitors, " absorption
accelerators, -wetting agents, lubricants, glidants, surface

_active agents, flavoring agents, and the like. '
[0075] Diluents increase the bulk of a solid pharmaceutical
composition:énd'can make a pharmaceutical dosage form containing

the composition easier for the patient.aﬁd care givér to handle.

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

calcium sulfaté, _sugar, dextrates, dextrin, .dextrose, dibasic
calcium phosphate dihydrate, tribasic calcium phésphate, kaolin,
magnes;um carbonate, magnesium oxide, maltodextrin, mannitol,
polymethacfylatés (e.g., Eudragit®), potassium chloride, powdered
cellulose, sodium chloride, sorbitol, or talc.

[6076] Carriers for use in the pharmaceutical compositions may
inglude} but are not limited to, laétose,‘white sugar, sodium
~chloridé, glucose, urea, starch, calcium carbonate, kaolin,
crystalline cellulose,  or silicic acid. ..

[0077] Binders help bind the active ingredient' and 'otherl
excipients togethér after compression. . Binderé for éolid'
bharmaééutical-éompositions include for example aéacia,'alginic:
acid, carbomer '(e.g. carbopol), carboxymethylcellulosex sodium,

" dextrin, .ethyl fcellulose, Qelatin, guar gum, - hydrogénated
vegetable oil, hydroxyethyll cellulose, hydroxypropyl cellulose
’(é.g. Klucel®), hydroxypropyl methyl cellulose (e.g. Methocel®),
liquid glucose, magnesium aluminum silicatehylmaltodextrin,
methylcellulose( polymethacrylates, povidone"(e.gu Koilidon@,

Plasdone®); pregelatinized starch, sodium alginaté, or 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, microcryetalline cellulose, -
polacrilin potassium, powdered cellul:ovse, preéelatinized starch,
sodium alginate, sodium starch  glycolate (e.g.. Expletab®) and
starch. ‘ :

[00.79] . Disintegration inhibitors may ‘include, but are not -
limited to, white sugar., stearin, coconut butter;' hydrogenatéd
oils, and the iike.Absorpti'on accelerators may inclnde, but are
not limiit‘ed_. to, qnaternary.amxﬁoninm base, sodium laurylsulfate,
and the like. ‘
foogol Wetting. agents may include, but are .-not limited to,
glycerin, starch, and ‘the like. Adsorbn.ng agents used include,
but are not llmlted to, starch, lactose, kaolln, benten:.te,_
colloidal 3111c1c a01d and the like. |

‘r0081) A ;ubricant can be added to the compositien to reduce -
adhesion -and ease release of the product from a punch or dye
during tableting. - Lubricante include for example magnesium
stearate, calcium s_tearate, glyceryl .monostearate, glyceryi
palmitostearate,' hydrogenated castor 'oil, hydrogenated vegetable
0il, mineral oil, polyethylene glycol, sodium benzoate, sodium
lauryl sulfaf:e, sodium stearyl fumarate, stearic acid, talc and
zinc 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 :inclu:de “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 pharmaceutical products that can be 1ncluded

Sin the comp051tlon of the present. invention 1nclude for example

maltol, vanillin, ethyl vanillin, menthol, c1tr1c acid, fumar1c- -

acid, ethyl maltol, and tartaric acid.
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[00841 Tablets 'can be further coated with commonly known
coating matéfials such as sugar coated - tablets, gelatin film
coatedi tablets, tablets coated mnth. enteric coatings, fablets
’céated with films, double layered tablets, and multl—layered
,Eablets. Capsules can be coated‘with shell made, foriexample,-
from gelatin 'and ’optionally contain a plasticizer .such as
glycerin~andusorbitol and an opacifying agent or colorant. .
[0035] - solid and liquid compositions can also be dyved using .
o any pharmaceutlcally acceptable colorant to 1mprove thelr'
appearance and/or facilitate patient identification of .the
product and unit dosage level. '

[0086] In 11qu1d pharmaceutlcal compOSLtlons of "the present
invention, the Tiotropium bromide solvate forms descrlbed hereln
and any other solid ingredients are dissolved or suspended in a
liguid qérrier, such as water, vegetable o0il, - alcohol,
polyethylene glycol, propylene glycol oi_glycerin;

[6087] Ligquid pharmaceutical. compositions - 'can contain
emulsifying agents to disperse uniformly throughout the
composifion an active ingredient or other excipient 'that is not’
soluble in the liquid carrier. - Emulsifying agents that can be
useful in ligquid compositions of the present invention include,
for example, gelatin, egg vyolk, casein, cholesterol, acécia,
tragacanth, chondrus, pectin, methyl’ celluloée, éarbomer,
Cetostearyl alcohol and cetyl alcohol.

.,Liquid phérmaceutical,composifions 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 gaStrointestina1'
tfact. such agents include for example acacia( 'alginic‘ éCid
bentonite, carbomer, carboxymethylcellulose calcium or sodium,
cetostearyl. alcohol, methyl -cellulose, eﬁhylceilulose, gelatin -
guar gum, hydroxyethyl cellulosei.’hydroxypropyl cellulose,
‘hydroxypropyl methyl cellulosé, maltodextrin, polyvinyl alcochol,

povidone, propylene carbonate, propylene glycol alginateée,  sodium



WO 2007/075838 PCT/US2006/048690
23

alginate,_sodiam starch glycolate, starch - - tragacanth and xanthan
gum. ' | '

[0088] Sweetening agents such as sorb1tol saccharin, sodium
saccharin, sucrose, aspartame, .fructose, mann1tol and invert
sugar can be added to 1mprove the taste.

[0089] Preservatives and chelating agents such as alcqhel,
sodium benzoate, butylated. hydroxy toluene, butylated
hydroxyanisole and ethylenedlamlne tetraacetlc acid can be added
at safe levels to 1mprove storage stabll:l.ty.

[0090] @ A llquld composition according to the present invention
carn alsp contain a buffer such as gluconic acid, lactic acid,
citric acid or acetic acid, sodium. gluconate, sodium lactate,
sodium c1trate or sodlum acetate. _
[0091] Selection of exc1p1ents and the amounts to use -can be
.readily' determined.-by'~an. experienced formulation s01entlst in
view of standard procedures and reference works known in the art.

[0092] A compbsition for tableting or capsule filing can- be

prepared by wet granulation. In wet granulation some or all of °°

the active ihgredients and excipients in powder form are blended
and‘then further mixed in.the'presence of a liquid; typically
water, which'causee the powders to clump up intoAgranules. The
granulate: ie screened ahd/or milled, dried and then screened
and/or milled to the desired particle size. The graﬁulate can
then be tabletéed or other excipients can be added prior to
tableting, such as a glidant and/or a lubricant. -

[0093]}] A tabletlng composition can be prepared conventlonally
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 direct compression techniques- Direct compression

produces a more'uniform tablet without granules.-'Excipients that
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are particularly ‘well-suited to direct compression tableting
include microcrystélline‘ ‘cellulose,  spray dried lactose,
dicalcium phosphate dihydrate ;nd colloidal silica. The proper
use of these and other excipients in direct compression tableting

is  known to those in the art with experience and skill in

pa:ticulér( formulation cﬁallenges of  direct ' compression
tableting. ' ‘ _
{00951 A capsule filling of the present invention can comprise

any of the aforementioned blends and granulgtesl~that were
described with reference to tableting, only they are not
subjected to a final tableting step.’ |

[0096] When shaﬁing'the pharmaceutical composition into pill
form, any commonly known excipient used in the . art can be used.
For example,-cdrriers’include, but are not limited to; lactose,
étarch, coconut butter, hardened Vegetable oils,- kaolin, talc,
and' the like. .Binders used include, but are not limited to, gum
arabic. powder, Eragacanth,gum bowder, gelatin, ethancl, and the
like. Disintegrating agents used include, but are not limited
to, agar, laminalia, and the like.

[00971 For the purpbse of shaping the pharmaceutical
composition in .the form of suppositories, any='commonly' known
excipient~ﬁsed in the art can be used. For example,:excipiénts
include, but are not limited to, polyethylene glycols, coconut
butter, higher alcohols, esters of higher alcohols, gelatin,
semisYnfhesized‘glycerides,'and the like. ' o '
[0098] Whén preparing injectable pharmaceutical pompqsitions,'
soluﬁions and suspensions are steriliied'and are preferably made
isotonic to Dblood. Injection preparations may use carriers
commonly known in the art. For example, carriers for injectable
preparatibns include, but.- are not limited to, watér, etth
alcohol, 'propylene glycol, ethoxylated isostéaryl' alcohol,
polyoxylated isostearyl alcohol, and fatty acid esters of
polyoxyéthylene sorbitan. One of ordinary.skill in the art can

easily determine with little or no experimentatiqﬁ 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,‘and other medicines mey elso'
be ‘added to the desired preparations - during the treatment of -
schizophrenia. _ : .
[0099]’ The  amourit of Tiotropium bromide solvate or
pharmacentically ~acceptable salt thereof contained in. a
phermaceutical composition for reducing cholestercl according to
the present invention 1is not spec;flcally restrlcted however,
the dose should be suff1c1ent to treat, ameliorate, or reduce the
condition. For example, Tlotroplun1 bromide 'sclvete .mey' be
present in an amount of about 1% to about 70%. ' h . '
[0100] The dosage of a pharmaceutical compositicn for reducing
cholesterol according to the present invention will depend'on the
method of uee, the age,'sex{ weight and;condition of the patient.
Typicaliy, about 1 mg to 200 mg of Tiotropium bromide:solvate may
" be contained.in an administration unit form, preferably a 10 mg,:
tablet. ' -

[0101] Having described the invention with reference to
certain preferred embodiments, cther embodiments will Dbecome
apparent to one skilled in the art fronl consideration of the
specification. The invention 1s further defined by reference to
the following examples descrlblng in detail the _process - and -
‘compos'iti.ons of the invention. It will 'be apparent to those
skilled in the art that many modifications;_both to materials and
methods, may be practiced without departing from the scope of the

invention.

EXAMPLES
Column: ' CPS Hypersil; S5Sum.; 250 x 4.6 mm.

Mobile phase: Eluent A: 3 mL Perchlorlc acid 70%w/v in 1000
: : ' mL of water S
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Eluent B: Aceﬁonitrile

- Gradient : Time (min) ‘ Mobile Phase & (%)
Mobile Phase B (%) L
0 70
30 ,
23 55
45
30 5C
50
35 5C
50 )
40 3¢
65
41 7C
.30 :

Flow: : 1.8 ml/min

Run time: 40 min.

Column temperature: 25°C.

Detector: . Uv at 240nm.

. Injection volume: 5 ul. . ‘ :

Sample preparation: Tiotropium bromide (lmg/mL in mobile phase)

Diluent: Acetonitrile 0.1% V/V; acetic acid in water

' . (50:50 V/V) '

Post time: .5 min .

-In these conditions: _ )

Retention time tiotropium bromide: about 3.63 min

Retention time-dithienylglycolic acid: about 5.4 min
Detection 1imit: 0.005%. ‘

Stability tests of Tiotropium bromide

[0102]  TABLE 1: Tiotropium Ethanolate dry: stability at 4°C
Time Ipithienylglycolic acid
111 days |-
20 days |-
1 month |-
2 months)0.04%
3 months|-
[0103] TABLE 2: Tiotropium Ethanolate dry: stability at r.t.
Time Dithienylglycolic acid ‘
11 days -
20 days -
1 month -
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|2 months 10.04%
3 month -

[0104]" TABLE 3: Tiotropium monohydrate micronized: étability
at 4°c. o ' ' . ' ‘

" | Time Dithienylglycolic acid
0.49% . '
11 days |0.49%

20 days ;0.63%

1 month .|0.7%

2 months j0.82%

3 months |0.5%

[01OSj TABLE 4: Tiotropium monohydrate micronizéd: stability:
at 25=C. ' ‘

Time Dlthlenylglycollc acld
10.49%
111 -days {0.73%
120 days 0.58%
11 month {0.65%
2 months . 10.72%
3 months 0.58%

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

{ Time Dithienylglycolic acid

2 months| -
3 months|-

Example 1l: ‘Analysis of ;he SPIRIVA® HandiHaler®. capsules

[0107] " The capsule that were analyzed were part of Lot 408966,
expiry date May 2005. . .

[0108] 50 mg of sample was dlssolved in 50 ml of dlluent The
solution was injected, into the chromatographic system equipped
with a suitable .injection device -as blank (as _ﬁiiuent)' The
analy51s showed that Tlotroplum bromide had a purity .of 98. 94%'
area by HPLC, and a content of 0.77% of dlthlenylglycollc ac1d.

Example 2: Preparation of crude Tiotropium bromide
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[0109] 0.52 g . of N-demethyl tiotropium (1?39 mmol) was
. suspended in 5. 23 mL of CH3CN under nltrogen .
[0110] 1.35 g of CH;Br 50% w/w Solutlon 1n.CHhCN (0.0071 mol)
were l'oaded,,' and the suspension was left under stirring at 22°C
for 12 hours. The product was fn.ltered and washed w1th 1ml of .
CH5CN.

[6111] 572 mg of wet Tlotroplum bromlde were obtained (HPLC
‘purity 99.89%, dithienylglycolic acid not detected) .

Example 3: Preparation of Tlotroplum brom:l.de

[oiiaj- 4.96g of N- demethyl tiotropium (13.2 mmol) were loaded

in a flask under nitrogen with 49.6émL of CH;CN. A suspension wa_s‘
obtained. 12.61g of CH;Br 50% w/w ~CH;CN solution~ (0.066 mol)
weré loaded. ' -

[0113] The suspens:Lon was left under st:.rrlng at 22°C for 64
“hours. 'I‘he product was filtered and washed with 2mL of CH;CN.

[0114] 6.93g of wet Tio.tropimn were obtained, and dried under
vacuum ‘at 45°C for 22h (residual pressure 4 mbar) 5. 9g of dfy
product (purlty 99.8%, dlthlenylglycollc ac1d—not detected) were

: obtained.

.Example 4: Crystallization of Tiotropium bromide from absolute
ethanol

[0115]1 ° Tiotropium bremide (1.00 g) was dissolve‘d in ab’sol'ut‘e'
ethanol (65 ml) at 78°C. The solution . was heated to 78°C for
"about- 30 min, and then was cooled to 22°C in" at least 6 hours. .~
The obtained suspension was maintained at 22-°C f.o'r' at 1east 3
hours, and then was flltered on a s:Lntered glass -funnel, ‘and' the
solid was washed two times with absolute ethanol €2 x 1.0 ml)..‘
The solid was dr:uedv for 30 min. at 22°C under N, flow, and: then
for 9 hours vat. 60°C under reduced pressure '(17 mbar). 0.66 g'of.
Tiotropium bromide(purity 99.68%, dithienylglycolic acid-0.01%)
were obtained. .

Example 5: Crystallization of Tioti:opium bromide. from a mixture

of ethanpl and acetic acid
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[0116] - Crude Tiotropium bromide <(18.6 g) was susbended in
ethanol ‘96%/CH3COOH: 98/2 (558 ml)'. The suspen51on was heated to
65/70°C until a ‘'solution .was obtained, and then was cooled to
5§5°C ‘in at. least 3 -hours. and at 0%5°C" in at least 3 hours. The
obtained suspension was maintained at biS;’C .for at least 6 hours,
and then was filtered on a sintered glass funnel, and the solid.
was washed two times w:.th ethanol 96%/CH3;COOH 98/2 . (3 _x.l(_).o 'm15 .
The SOlld was dried for 20 min. at 45°C under reduced pressu-re (4
mbar) . 16. 04 g of Tiotropium bromide was obta:.ned (purlty 99 9%
dlthlenylglycollc acid -not detected).

Example 6: Crystallization of 'I':Lotroplum bromide . from a . mlxture

of ethanol and acetic acid

[0117]) - Crude Tiotropium bromide '(10'g) is suspended in '.ethanol
96%/CH;COCH 98/2 (50 ml). The suspension is heate‘d ‘t.o ' 65/70°C
until a solution is obtained, and then it cooled to 55°C in at
least 3 hours and at 0£5°C in at’ least 3 hours. The obtained:
suspension. is malntan.ned at 0x5°C for at least -6 hours, ahd then
it is filtered on-a s:.ntered glass funnel and the sol:.d is -
-washed two times with ethanol 96%/CH3;COOH 98/2 (3 x 5 ml). The
solid is dried for 20 min. at 45°C under reduced. pressure (4.
mbar). 8 g of Tn.otroplum bromlde rsobtalned. (purlty 99.8%,
dlthlenylglycollc acid 0.13%). '

Example 7: Crystall:_zatlon of Tiotropium bromide from a m:.xture

of ethanol and.acetic a01d

[oi18] Crude - Tiotropium bromlde (10 g) is. suspended 1n ethanol~
96%/CH3COOH 98/2 (100 ml). The suspension. is heated to 65/70°C
. until a solutlon is obtained, and then it :LS cooled to 55°C in at
least 3 hours and at 0x5°C in at least 3 hours. The obtalned
suspen51on is maintained at 0*5°C for at least 6 hours, .and then
it 1s flltered on a sintered glass funnel, . and. .the soln.d _1s
washed two times with ethanol 96%/CH;COOH 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:.otroplum bromide is obtalned (purlty 89.9%,
dlthlenylglycollc acid 0.03%). '



WO 2007/075838 PCT/US2006/048690
30

Example 8: Crystallization of Tiotropium bromide - from a mixture

- of ethanol and acetic acid

' [0119] Crude Tlotrop:mm brom:Lde (10 g) is suspended in ethanol
-96%/CH3COOH 98/2 (200 ml). The suspenslon. is heated to 65/70°C
until a.solution Ais obtained, and t:hen it is cooled to 55‘A°C in at-
1east 3- hours ‘and at 0x5°C 'in at least 3 hours. The obtained
suspension is malntalned at 0:t5°C for at least 6 hours, and then
it is filtered on a sintered glass funnel, and the solid is:
washed two times with'ethanol‘ 96%/CH3COOH 98/2- (3 x 5 ml) . The -
solid ‘is dried for’ 26 min. at 45°C under reduced pressure- (4
mbar): 8.2 g of Tiotropium bromide is obtained (purity 99.9%,
dlthlenylglycollc acn.d 0.02%) . .

Example 9: Crystalllzatlon of Tlotroplum bromide from a mlxture

of methanol and acetic acid.

- [0120] Crude Tiotropium bromide {10 g) is suspended in
methanol 96%/CH3;COOH 98/2 (200 ml). " The suspension - 1s 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 1least 3 hours. The
obtained s.uspen'sion, is maintained at 0%5°C for at least 6 hours,
-and then it 'is filtered on a. sintered glass funnel, and the ‘solid..
is washed two times with methanol 96%/CH3COOH 98/2 (3 x 5 ml)
The solid is dried for 20 mJ.n. at 45°C under reduced pressure {4
mbar) 8.2 g of 'I‘J.otroplum bromlde ‘is - obta:.ned (purity 99.9%,
"dlthlenylglycol:.c acid 0.02%). '

Example 10: Crystallization of Tlotroplum bromlde from a mixture

of methanol, acetone and acetic ‘acid

[0121] = Crude Tiotropium bromide (10 g) is suspended in mixture’
of met:hanol/acetone/CH3COOH 73.5/24.5/2- (50 'ml) : The suspens;ion
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 0%5°C in at least 3
hours. The obtained suspension is maintained at 0+5°C 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



WO 2007/075838 PCT/US2006/048690
31

45°C under reduced pressure' (4 mbar) . .8.2 g of Tlotroplum bromlde
is obtained (purlty 99.9%, dlthlenylglycollc acid 0.05%).

‘Example 11: Crystalllzatlon of Tiotropium bromide from a mixﬁure

of methanol, acetone and acetic acid.

[0122] Crude T:Lotropn.um bromlde (10 g) is suspended in m:.xture
of methanol/acetone/CHg,COOH' 24.5/73.5/2- (50 ‘ml). 'I‘he suspens:.on
is heated to 60/65°C until a solution is obtained, -and then it 1s'
cooled to 45°C in at least 3 hours “and at . 0+55C in at 1east 3
hours'; The obtained suspension ‘is malnta:x.ned at ox5°C for at
least 6 hours, and then it is filtered .on a s:.ntered glass
funnel, and the solid is washed two times Wlth 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° ¢ of 'I‘:.otroplum bromlde is

obtained (purity 99.9%, dlthlenylglycollc ‘acid 0. 05%)

Example 12: Crystalllzatlon of 'I‘:Lotroplum brom:Lde from a mixture

of methanol,. acetone and acetic .acid

[0123] Crude ‘I':Lotroplum bromlde (10 g) is suspended :Ln mlxt:ure
of methanol/acetone/CH;COOH 24.5/73.5/2 (100 ml) . The suspension .
T is heated to 60/65°C until a solution 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 obtained suspension is me;ntalned at QiSQC for at
;Leasi; .6 hours, end then it is‘ filtered on a sintered glass
funnel, and the. solid is washed two times with methanol
96%/CH;COOH 98/2 (3 x 5 ml). The solid is dried for 20 min. at
45°C under reduced pressure. 7.7 g of Tlotrop:.um bromide is-

obtained {(purity 99.9%, dithienylglycolic a01d 0.03%).

Example 13: Crystallization of Tiotropium brom_:.de from a mixture

of methanol, acetone and acetic acid

‘[01241] . Crude Tiotropium bromide (10 g)’ is suSpended in mixﬁure
of methanol/acetone/CH;COOH 24.5/73.5/2° (300 ml). -The ‘suspension
is heated to 60/65.?C until a solution is obtained, and then it is
cooled to- 459C in at least 3 hours and at 0+5°C in .ag: least 3
hours. The obtained suspension is maintained at .<O,t5°é for at

1east 6 hours, and then -it is filtered on a sintered glass -
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funnel, and the solid . is .washed two times with 'me;handl
' 96%/CH;COOH 98/2 (3 x 5 ml). The solid is dried fo: 20 min. at
450°C under reduced.‘pressure 5.1 g of Tiotropiuﬂx'bromide is
-obtained (purlty 99.9%, dithienylglycolic acid not detectable)

_Examgle.l4. Crystalllzatlon of Tlotroplum bromide from a mlxture‘

of n-propanol, water and acetic acid

{01251 Crude Tiotropium bromide (10 g) is suspended in n-
‘propanol 93/ water 5/ CH;COOH 2 (200 ml). The suspension is
heated to.60/65°C untll 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 suepension.‘is mainﬁained. at 0+56C for 'aﬁ~
least 6 hours, and ehen it is filtered on a 51ntered. glass
funﬁel, and the solid isA washed two times with n—propanol
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 Tiotropium bromide is
obtained (purity 99.9%, dlthlenylglycollc acid 0.02%). .

Example 15: Crystallization. of Tiotropium bromide from a m1xture

of n-prOpanol and acetic acid.

[0126]_ Wet crude Tiotropium bromlde (10 g) is suspended in n-
propanol- 98/ &HhCOOH 2 (8500 ml). The suspension 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 0£5°C in at least 3 hours. _The
obtalned'suspen51on is malntalned at . 0+5°C for at least 6 hours,

“and then it is filtered on a sintered glass funnel, and the solid-
is washed two times withAn—prqpanol 96%ﬂﬂﬁCOOH 98/2.(3 x 5 ml).
The solid is dried for 20 min. at 45°C undef reduced pressﬁreﬂ.
4.2 g ‘of Tlotroplum bromide is obtained (pﬁrity 99.9%,
dlthlenylglycollc acid not -detectable).

Example 16: Crystalllzatlon of Tlotroplum bromlde from a mixture .

"of n-propanol and acetic acid

[0127] Wet crude Tiotropium bromide (10 g) is suspended in n-
propanol 98/ CHz;COOH 2 (50 ml). The suspension 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 0+5°C  in at least 3 hours. The
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obtained suspens1on is malntalned at 0x5°C for at least 6 hours,
and then it 1s filtered on a sintered glass funnel .and the solid
is washed two times with n—propanol 96%ﬂﬂhCOOH 98/2 (3 . x 5 ml)
The solid .is dried for 20 min. at a59C under reduced pressure.
8.2 g of Tlotroplum bromlde is .obtalned {purlty 99 .9%,
dlthlenylglycollc acid 0 08). '

Example 17: Crystalllzatlon of Tiotropium bromlde from a - mlxture

of n- propanol and acetic acid

[0128] - Wet crude Tiotrépium bromide (10 g).is.suspended in n-
propanol 98/ CH3.COOH_ 2 (100 ml). The .susloensioh -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 Oi5°c in at ‘least 3 hours. The |
obtalned suspension is malntalned at 0+5°C for at least -6 hours,
and then it is filtered on'a sintered glass funnel and the solld,s
1s washed two tlmes W1th n- propanol 96%/C&hCOOH 98/2 (3 x5 ml)
The solid is dried for 20 min.. at 45°C under reduced pressure.
4.2 g of Tiotropium "bromide is obtained - (puritQ.‘99.9%,
dithienylglycolic acid 0.03;. o ' ’

" Example 18: Preparation of Tiotropium bromide fromfAcoH/MeOH/n—
' Heptan 7/2/2.3 - | '

[0129] Tiotropium bromide (1.00 g) was dissolved at 45°C with
a mixture 7/2  (V/V) of -acetic acid/methanol (11 ml), the
solution was heated to 45°C. for 1.5 hours and n-héptane (2.75 ml)
was then added drop-wise in at least’ 20 min.. The obtained
solution was heated to 45°C .for one hour - (no solid formai;ion~
observed); was cooled to 23 50C " in at least 3 hours and the
'suspen51on was malntalned at .23.5°C for at 1east 3 ‘hours.. After.
flltratlon on a sintered glass funnel, the solid was washed three
times with 3.0 mL of n-heptane. Drying for 16 hours at 60°C under
reducéd pressure (18 mbar), yielded 0.67 g of .Tiotropium bromide
(puriuy 99.9%, dithienylglyoolic acid 0.03). | .

Example 19: Micronization process

{01301 Tiotropium ‘Bromide was microniéed to .obtain P.S.D

target of:
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" Min. 80%<5.84um

Mln 70% between 0.6 and 10 microns ,. _

The 'mlcronlzer in use was a Jet-mill MC 50. (maide by Micr-o—
Macj:inazi.dn.nve‘)h . 32°05’ angle nozzles were installed. .

'Nitrog.en.was used as .the micronization gas.

‘Micronizatiori air Pressure 'waé 10' bars.

'Feed rate was 0.2 kg/hr . ‘

The micronized 'I':Lotroplum bromlde obtained by _thef . above

- process has.a PSD value: ‘

80%<5. 84um- '

93.76% between 0.6 and 10 microns.
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What ig claimed: _
1. Tlotroplum bromlde solvate of the follow1ng formula.
- Solvent
2. The Tiotropium bromide solvate of claim 1, wherein the

Tiotropium~bromide has a purity ranging'from about 99% to about
100%. o | | |

3. The Tiotropium bromide solvate of claim 2, wherein the
Tiotropium bromide has a purity raﬁging from abogt 99.5% to about
100%. ) ' o
‘ 4., . The Tiotropium btomide of solvate claim 3, wherein the
Tiotropium bromide baé a purity ranging from about 39.7% to about
100%. ' ' |
5. The Tiotropium bromide solvate as defined in any of
clalms 1 to 4, whereln the Tiotropium bromide 1ncludes less than
about 0.15% of 2, 2 —-dithienyl glycolic aCld . )

6. A Tlotroplum bromide solvate w1th less than about 0.15%
of 2,2-dithienyl glycollc a01d .

7. The Tlotroplum bromlde solvate of claim 6, wherein the
Tiotropium bromide cohtains‘ from about 0.15% to- the iﬂetection
limit of an HPLC method of 2,2-dithienyl glycolic acid.

8. ' The Tiotropium bromide solvate of claim 7, wherein the
Tiotropium " bromide contains lass than - about - 0.05% of
2,2~ dlthlenyl glycolic acid. .

9. The Tlotroplum bromide solvate of claim 8, wherein the
Tiotropium bromide contains from about 0.05% to the . detection

limit of an HPLC method of 2,2-dithienyl glycolic acid.
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10. The.Tidtropium bromide solvate éf.ciaim~6,'whereih the
Tiotropium bromide contains ‘less‘ than 'ébput 0.02% of 2,2-
dithiényl glycolic acid. ' | - 4

11. The Tiotropium bromide solvate of -claim 10, wherein.the_
Tiotropium bromide contains from about 0.02% to the .detection .
limit of an HPLC meﬁhdd 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 glycoiic acid. ‘ . '

13. The Tiotropium bromide'solvate of cléim 12, wherein -the
Tiotropium bromide contains from about 0.01% to the.detection
limit of an HPﬁC method of 2,2—dithienyl glycolic‘acid.. '

14. A stable Tiotropium bromide solvate. ;

15. fhe stable Tiotropium bromide solvate of claim 14,
wherein the 1level. of 2,2—di£hienyl: glycolic‘ acid ‘does not
increase to more than 0.15%, when maintained at a témperature
ranging from about 4°2C to about 30°C, for at 1least about two
months.f ' ' .

16. 'The Tiotropium bromide solvate as defined in any of
claihs 1 to 13, wherein the Tiotropium bromide solvate is stable.

17. The Tiotropium bromide solvate as defined in any of ’
claims 1 to 15,“wherein the Tiotropium broﬁide solvate’ ié
selected from the group consisting of an acetic acid’sol&aﬁe and
an alcohol solvate. .

1s8. 'The solvate of claim’l7, wherein the alcohol solvate is
a C;-g alcoholate. ‘ A .

' 19. The. solvate of claim 18, wherein the Cj_g alcoholateiis
Ciﬁ alcoholate. . A ‘

20. The sqlﬁate of claim 19, wherein the Ci alcoholate is
Ci.5 alcoholate. .

21. The solvate of claim 20, wherein the C;.s alcoholate is

Ci.4 alcoholate.
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22. The soivate of claim 21, whereln the Ci-a alcoholate is
selected from the gromp con51st1ng of methanolate, ethanolate,
.1soprqpanolate, n—propanolate.and n—butanolate. ' .

23. The solvate of .claim 22 wherein the Ci-a alcoholate'is.
selected from the group consisting of methanolate, ethaholate or .
- propanolate [

24 . Ar HPLC method comprlslng'

(a) comblnlng a Tiotropium bromide sample with a
mixture of acetonitrile:acetic acid - -in water in a ratlo of.

. about 0.1%:99. 9% to obtain a solution;

(b) 1nject1ng the solution into a column;
(c) eluting the sample from the column at about 3. 63
min using an eluent mixture comprised of a flrst eluent and

a  second eluent, the first eluent ‘comprieing_ perchloric

acid:water in a ratio of 7:3 and the second eluent

comprising acetonitrile; and .

(d) measuring the 2,2- dlthlenyl glycolic a01d content
in ‘the relevant sample with a UV detector.

25. 'The HPLC method of claim 24, wherein the column is a
250X4 6 mm X0.5 um CPS Hypersil (or similar)'column

26. The method of claim 24 wherein the ratio of the first
and second eluents varies over tlme .

27. The method of claim 26, wherein at the tlme 0 mlnutes,.
the eluent contalns 70% of the first eluent and 300% of the
. second eluent. ) ‘

. 28. The method of claim 26, wherein at the 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 the first~e1uent'and 50% of the second
eluent. ) ‘ )

30. The method of claim 26, wherein at the.time 35 minutes,
the 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-dithienyl
glycolic acid content is meésu:ed at a wave length of 240 nm.

34. A. process for . preparing stable Tiotropiuﬁ bromide
solvate having.a purity of at least 929% and con;aining less than
about 0.15% of -2,2—dithienyl 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%_and with less than about
0.05% of 2;2—dithieny1 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 hafiﬁg 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 pomprising an organic
acid, wherein the ratio of Tiotropium bromide to .the éolvent
system is 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 2,2-dithienyl glycolic acid,’ comprising crystallizing
Tiotropium bromide from a éolvent system comprising-an organié
acid, whefein. 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 acid, propionié‘acid,
oxalic acid, p-toluen sulphonic adid, ﬁethén sulphonic acid and
. acetic acid. '
39. The process of.claim 38, wherein the organic acid’is.
.écetic acid.’ | . ‘
40. The proceés 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 process of claim 41, wherein the alcohol is a Ci-g
alcohol.
43. The brocess of claim 42,.wherein the.CLp alcohol is Cj-¢
alcohol. ‘ ' ' |
44 . $he process of claim 43, wherein the C;-¢ aicohol is Ci-s
alcohol. ' A ‘ .
45, The process of claim 44, wherein the C;.s alcohol is Ci-g
alcohol. '
.46. The process of claim 45, wherein the Ci-; alcohol is
selected from the group consisting of methanol, ethanol,
isopropanol, n-propanol and n—butanol. C
47. The process of claim 46, wherein the Ci.4 aléohola;e'is
selected from the'group consisting of methanol, ethanol -and n-
propandl.: ' . . -
48. The prbcess as defined in any of claims 34. to 47,
. further cﬁmprising heating the'combination of Tiotropium bromide
and the solvent system. .
' 49. The. process of claim 48, wherein the heating is to a'
'témperature ranging from about 602C to about 78§Cﬂ .
50. ‘The process of claim 40, whergin ;he.soiution is cooled
to a temperaturé ranging from about 25¢C to about 02C.
51. The process of claim 50, wherein the cooling is do;;ie
over a period of about 4 to about 10 hours.
'52. . The process of claim 40, wherein the process further

‘comprises recovering the crystallized product.



WO 2007/075838 PCT/US2006/048690
40

53. A pharmaceutical compositibﬁ comprising"a tiotidpium
bromide solvatsé as defined in any of claims 1 to 23, and at least
one pharmaceutlcally acceptable exc1p1ent ‘

54. Use of a tiotropium bromide solvate as defined in any
df claims 1 to 23 for the manufacture of a'comp051tlon for"thei
treatment of asthma ‘or chronic obstructive pulmonary . disease.

55. - The triotropium bromlde solvate as defined in any of
claims 1 to 23, wherein the tlotrqplum bromide solvate ' is
micronized. ' o . ‘

56. A process for preparlng Tiotropium bromlde 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 Tlotrplum"

bromlde batches; .

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

each of the samples by HPLC;

(c) selecting the Tlotroplum bromlde ‘batch that comprlses a

level ‘of 2,2-dithienyl glycolic .acid of 1ess‘ than _about

O.iS% area by.HPLC; and

'(d) using the selected Dbatch to prebare a TiQtropium

bromide comprising less thaﬁ about 0.15% area by HPLC of

2,2-dithienyl glycolic acid. . .,

57. The process of claim 56, further cpmprising Qurifying

the samples priof to measurement.
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