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Figure 1t Powder Xoray diffraction {XRD) patfern of Fesoterodine mandelate

(57) Abstract: Provided herein is a novel raantlelate sail of fesoterodine, process for the preparation, pharmaceutics!! composi-
tions, and method of treating thereof. Provided also herein are solid state forms of fesoterodine mandelate, process for the prepara-
tion, pharmaceutical compositions, and method of treating thereof. The raandelate salt of fesoterodine is useful for preparing fes-
oterodine free base or a pharmaceutically acceptable salt thereof; particularly fesoterodine fumaraie, in high purity.
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NOVEL MANDELATE SALT OF FESOTERCDINE

LROSS REFERENCE TO RELATED APPLICATION

This application claims the benefit of priority to Indian provisional application No.
RO2/CHEZ008, filed on April 4, 2008, which is incorporated herein by reference i its
cntirety,

FIELD OF THE DISCLOSURE

The present disclosure relates to novel salts of fesoterodine, process for preparation,

pharmaceutical compositions, and method of treating thereof.

BACKGROUND

LR, Putent No. $,713,4584 discloses a variety of 3,3-diphenyipropvlamine derivatives,

processes for their preparation, pharmaceutical compositions comprising them, and method of
ase thereol  These compounds are anti-muscarinic agents with superior pharmacokinetic
properties compared to existing drugs such as oxybutynin and telterodine and useful in the
treatinent of winary incontinence, gastrointestinal hyperactivity {irritable bowel syndrome)
and other smooth wmuscle contractile conditions.  Among them, Fesoterodine, 2-{{1R}-3-
[bis{ L-methvlethyl unino -1 -phenylpropyl}-4-hydroxymethylphenyl isobutyrate, is a new,
potent gnd conpetitive muscarinic antagorist and usefol in the potential treatment of urinary

incoptinence, Fesoteroding is represented by the following structural formula It
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Processes for the preparation of fesoterodine and its related compouonds, and thew
pharmacentically scceptable salts are disclosed in U.S. Patent Nos. 6,713,464 and 6,858,650,
118, Patent Applivation No, 2006/0270738 and PCT Publication No. W3 2007/1 38440,

Avcording io the U.S. Patent No. §,713,464 B (berein after referred to as the ‘464
patent}, fesoterodine is prepared by the reaction of (£)-6-brome-4-phenylchroman-2-one with
benzyt chloride in the presence of sodiam iodide and anhydrous potassium carbonate in

methapo!l and acetone to produce {(#)-3-(2-benzyloxy-S-bromopheny!}-3-phenvipropionic
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actd metind ester as a hght vellow ol This prodoct is reduced with lithiom aluminium
hydride i tetrabydroturan at room temperature (regetion time: 18 hours) to produce {(3-3-(2~
bhenzyloxy-3-bromophenyl}-3-phenylpropan-1-0l,  which i3 then freated with p-
toluenesulphonyt ciloride in the presence of pyridine i dichloromethane to afford (£
tolucne~4d-sulphonic  acld  3-(-benzyloxy-S-bromophenyl)-3-phenylpropyl  ester. Thia
product 13 then reacted with N N-diisopropylamine in acetontirile al reflux temperatare {ie.,
73807 for 97 hows to produce (E){3-(2-benzyloxy-3-bromophenyi)-3-phenvipropyli-
dusopropylamine ax a brown and viscons syrup. This product 18 resolved to produce (R)-{3-
{2-bensyloxy-3-bromopheny-3-phenyipropyl -diisopropylamine, which is then subjected {o
Cirignard reaction with ethylbromide and magnestum in the presence of solid earbon dioxide
in  tewshydroforan to produce  (R)-4-benzyloxy-3-(3-diisopropylamino-i-phenyipropyt)-
benzoic soid hydrochloride, followed by esterification with mothanol in the presence of
suiphanie acid  produce (R)-4-benzyloxy-3-(3-diisopropylamino- i -phenylpropyti-benzoie
aeid methyl ester. This product is reduced with lithinm alumimium hydeide {reaction tmer 1¥
hoursy  to  produce (Ry{4-benzyloxy-3-(3-diisopropylamine--phenylpropyl}-phenyti-
methanol, which is then subjected to deprotection with Raney-Nickel to produce (R3-2-(3-
ditsopropylamino- I-phenyipropyl)-4-hydroxvmethylphenol, followed by condensation with
wsebotyry chlonide i an mert solvent in the presence of a base to produce fesoterodine,

While the “464 patent mentions that some of the disclosed compounds which can
form g sall with physiologically accepiable organic and inorganic acids such as hiydrochloride
and hydrobromide, only the hydrochioride salts of the disclosed compounds have been
prepared.

LS, Patent No. 6,838,650 (herein after referred fo as the “6530 patent) describes
various acid addition salts of 3 3-diphenylpropylamine derivatives such gs hydrochioric acid,
hydrobromic acld, phosphoric acid, sulphuric acid, aitnic acid, acetic acid, propionic acd,
palmitic acid, stearie acid, malele acid, fumarie acid, oxalic acid, suceinic actd, Di-malic
acid, L~{~}-malbie actd, D-{+pmalic acid, DiL-tattaric acid, L-{+)-tartaric acid, D-{-}-fartaric
acid, citrie acid, L-aspartic aaid, L-(+)-ascorbic acid, D-(+ )-ghucuronic acid, 2-oxoproplonic
avid {pyruvic acid), furan-2-carboxylic acid (mucic acid), benzoie acid, 4-hydroxybenzoic
acid, saliovelic acid, vanillic acid, 4-hydroxycinamunic aecid, gallic acid, lippuric acid,
aceturic acid, phloretinic acid, phthalic acid, methanesulfonic acid or orotic acid.  Although
the ‘650 patent teaches several physiologically compatible acid addition salts, only hydrogen
fumarate and hydrochloride hydrate salis of the disclosed compounds have been prepared.

Thore remaing a need for new addition salis of fesoterodine.

3
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SUMMARY

The mandselate salt of fesoterodine has not been reported, isolated, or characterized in
the literature. The present inventors have surprisingly and unexpectedly found that mandelate
salt  of  2JORM3Ibis{ T-methylethyDamino]-1-phenylpropyi]-$-hydroxymethyviphenyi
isobutyrate, Lo, fusoterodine mandelate, can be isolated in a pure solid state form,

I has alse been foand that the solid state form of fesoterodine mandelaty 13 useful
mtermuediate i the preparation of fesoterodine free base, or a pharmaccutically acceplable
salt thereof, preferably fesoterodine fumarate, in high purity.  The mandelate salt of
fesoterodine has good flow properties and 18 far more stable than the prior art salts at roowm
terperatare, enhanced temperature, af relative high humidities, 1n agueous media. The novel
mandelate salt ix suitable for formulating fesoterodine,

In one aspect, a novel mandelate salt of fesoterodine s provided.  In another sspect,
fesnterodine mandelate 1o a solid state form is provided.

I another aspect, the solid state form of fesotereding mandelate exisis in an
amorphous form or a crystalline form.  In yet another aspect, the solid state form of
fosotorodine mandelate exists in an anhydrous and/or solvent-free form or as a hydrate and/or
a solvate for

In another aspect, encompassed herein is a process for preparing the fesoterodine
mandelate sali comprising contacting fesoteredine free base with mandelic acid in g suitable
sotvent under suitable conditions, and isolating the fesoterodine mandelate as a sohd.

in another aspect, encompassed herein is a process for preparing substantially pure
fesoterodine free base or a pharmaceutically acceptable salt thereof by using the solid state
form of fesoterndine mandelate salt disclosed herein.

In another aspect, provided herein is a method for treating a pattent suffering from
discases caunsed by urinary incontinence, pastrointestinal hyperactivity {irritable bowel
syidrome) and other smooth muscle contractile conditions, comprising admimistering the
seelid state form of fosoteroding mandslate, or a pharmaceutical composition that comprises
the solid state form of fesoterodine mandelate along with pharmaceutically acceptable
excipionts,

In another aspect, provided herein is a pharmaceutical composition comprising solid
state form of fosoterodine mandelate, and one or more pharmaceutically acceplable

ExCipicnts,
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In still another aspect, provided herein is a pharmacentical composition comprising
solid state form of fesoterodine mandelate made by the process disclosed heren, and one or
nore pharmaceutically acceptable excipients.

In still further aspect, encompassed is a process for preparing @ pharmaceutical
formulation comprising combining a solid state form of fesoteroding mandelate with one or
more pharmaceutically acceptable excipients.

in another aspect, the sold state form of fesoterodine mandelate disclosed herein for
ase in the pharmaceutical compositions has a 90 volume-percent of the particles (I} having
a size of less than or equal to abont 500 microns, specifically less than or egual to about 300
microns, more specifically less than or equal to about 100 microns, still more specitically less
than or equal to sbout 60 microns, and most specifically less than or equal to about 15

MLCTOnS.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a characteristic powder Xeray diffraction (XRD) pattern of fesolerodine
mandslate.

Figure 2 is g chavacteristic differential scanning calorimetric (OSC) thermogram of
fesoterodine mandelate,

Figure 3 is a characterisiic infra red (IR} spectrum of {esoterodine mandelate.

DETAILED DESCRIPTION

Disclosed herein is the unexpected discovery that fesoterodine mandelate can be
obtaimed as a sohid

In the fornolation of drug compositions, it is important tor the sctive pharmaceutical
ingredient to be in a form in which it can be conveniently handled and processed.
Convenient handling is important not only from the perspective of obtaining a commercially
vighle manufacturing process, but alse from the perspective of subsequent manufacture of
pharmaceutical formulations {e.g., oral dosage forms such as tablets) comprising the active
pharmaceutical ingredient,

Chemical sability, solid state stability, and “shelf life” of the active pharmaceutical
ingredient are important properties for a pharmaceutically active compound,  The active
oharmaceutical ingredient, and compositions containing it, should be capable of being

effectively stored over appreciable periods of time, without exhibiting & significant change in

the physico-chemical characteristics of the active pharmaceutical ingredient, e.g., its chemical



ooy
o
o)

V4]

ey

24

)
I

36

WO 2009/122303 PCT/IB2009/005679

composiiion, density, hygroscopicity and solubility.  Thus, in the muawifacture of
conmmercially viable and pharmaceutically acceptable drug compositions, it is important,
wherever possible, {o provide the active pharmaceutical ingredient in a stable fonm.

New salt forms of a pharmacentical agent can further the development of ormulations
for the weatment of illnesses,  For instance, solid forms of a compound are known in the
pharmaceutical arts o affect, for example, the solubility, dissolution rate, bioavailability,
chemdeal and  physical  stability, fowability, fractability, aml compressibility of the

compoeund, ag well as the safety and efficacy of drug produocts based on the compound.

The discovery of novel salts in solid state forms, including amorphous and crystalling
forms, of pharmaceutically useful compound provides 8 new opportumity to improve the
performance characteristics of g pharmaceutical product. It also adds value to the material
that & formulation scientist can use the same for designing, for cxample, & pharmaceutical
dosage form of a drug with a targeted release profile or other desired characteristic.

A novel mandelate salt of fesoterodine and its solid state forms have now been
discovered.

The mandelate salt of fesoterodine has the following advantages when compared to
thar famarste salts

i} during filtration, the fumarate salt absorbs meisture, while mandelate does not

absorh wmoistare; and

i} isolation of the mandelate salt is very casy and it takes a shorter time pentod;

alcoholic solvends can be used for isolation, whereas the isolation of fumarate salt

Pl

involves the use of a solvent mixture containing alcohol and diisopropyl ether, amd during
wsolation, the fumarate salt mitlally separates as a sticky mass and then slowly becomes
solid over a pertod.
According o one aspect, provided herein is a novel mandelate salt of 2-{(IR}-3-
{his{ Lamethylethyljamino - L-phenyvipropyl}-4-hydrox ymethylphenyl wobutyrate, IR
fesoterodine mandelate.
According to another gspect, there is provided a novel and stable solid state form of
fesoterodine mandelate,
in ong embodiment, the solid staie form of fesoterodine mandelate 13 an amorphous
form or & erystalline form,
I another embodiment, the solid state form of fesoterodine mandelate exists w an
anhydrous andfor solveni-free form or as a hydeate and/or a solvate form. Such solvated or

hydrated forms may be present as hemi-, mone-, sesqui-, di~ or fri- solvates or hydrates.

W
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Soivates and hvdrates may be formed as a result of solvents used during the formation of the
fesoteroding mandelate bocoming imbedded in the solid lattice structure.  Becaose formation
of the solvates awmd hydrates occurs during the preparation of foseteroding mandelate,
formation of g particular solvated or hydrated form depends greatly on the condittons and
method used to prepare the salt. Solvents should be pharmaceutically acceptable.

According to another aspect, the solid state form of fesoterodine mandelate 1s
charactenzed by ol least one, or more, of the following properties:

1} a powder X-ray diffraction pattern substantially in accordunce with Figure 1,

1) & pm’{k’ Keray diffraction pattern having peaks at about 4,98, 10.0, 14.28, 1946

2 degrees 2-theta substantially as depicted i Figure 1;
i1} a powdser Xevay diffraction pattern baving additional peaks g about 9.49, 103
11.03, 13,10, 13,47, 1504, 17.36, 20,51, 2092, 21.40, 22.09 and 28.37 & 0.2 degrees 2-
thets substantially as depicted in Figure 1
vy a DSC thenmogram having an endotherm peak at about 144°C substantially as
depioted o Figure 2;
vy an iR spectrien substatially in accordance with Figure 31 and/or
viy an IR spectrum having absorption bands at about 3361, 2983, 2972, 2399, 1753,
1616, 1498, 1388, 1328, 1195, 1188, 1134, 1119, 1056, 1027, 929, D18, 733, 743 and 705
52 e
The solid fesoterodine mandelate 18 stable, consistently reproducible, and s
particularly snitable for bulk preparation and handling. Moreover, the solid state form of
fesoteroding mandelate is a asefud intermediate in the preparation of fesoterodine free buse or
a pharmaceutically acceptable salt thereof, preferably fesoterodine fumarate, inngh purily.
The solid sfate form of fesolerndine mandelate has good flow properties and i3 far
maore stable than the prior art salts at room temperature, enhanced temperature, at velative
high homidities, and in agqueous media. The novsl solid state form of fescteredine mandelate
is suttable for formulating fesoteradine.
According to another aspect, there is provided a process for the preparation of
fesoterodine mandelate salf, comprising:
a) providing a Hrst solotion of fesoterodine free base in an organic solvent;
M combining the first solution with mandelic acid to produce a second solution containing
fosoterodine mandelate, and

¢y iselating sold state form of fesoterodine mandelate from the second solation.
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The fesotercdine mandelate obtained by the process disclosed herein is optionally
converted into fesoterodine free base or a pharmaceutically acceptable salt therenf

The provess can produce solid state form of fesoterodine mandelate in substantially
pure form

The term “substantially pure solid state form of fesoterodine mandelate” refers to the
solid state form of fesoterodine mandelate having a purity of greater than aboul 98 wits,

pecifically greater than about 99.5 wit%, more specifically greater than about 998 wit%, and

W

still more specifically greater than abowt 99.9 wit%. The purity is preferably measured by
High Performance Liguid Chromatography (HPLC). For example, the purity of solid state
form of fesoterodine mandelate obtained by the process disclosed herein can be about 89% to
abonit 99.95%%, or about 99.5% to about 99.99%, as measured by HPLC,

In one embodiment, the process diselosed herein provides stable crystalline form of
fesoterodine nmundelate.  The term “stable crystalline form™ refers to stability of the
crystalline form under the standard femperatore and humidity conditions ot testing of
pharmacentical products, wherein the stability is indicated by preservation of the original
polymorphic form.

Exemplary orgardc solvents ased in step-(a) include, but are not Hmited to, aleohols,
ketones, chlorivated hydrocarbons, esters, nitriles, polar aprotic selvents, and mixiures
thereof, The term solvert also Includes mixtures of solvents.

in one ewbodiment, the organic solvent is selected from the group consisting of
methanol, ethanol, wpropanol, isopropyl alecobol, isobutanol, n-butancl, tert-butanol, amyl
aleohol, iscamyl alcohol, hexanol, acetone, methyl ethyl ketone, methyl isobutyl ketone,
methyvl tori-butyl ketone, acctonitrile, othyl acetate, methyl acetate, isopropyl avetate, tert-
butyl methyl acetate, sothyl formate, methylene chloride, ethylene dichloride, chlorotorm,
\,,=»dn‘mm§§mm3 anide, N, N-dimethylacetamide, dimethylsulfoxide, and mixiures thereof)
more specifically the solvent is selecied from the group consisting of methanol, ethanol,
isopropy! aleohel, scetone, and mixtures thereof, and most specifically {he solvent s
isopropyl alcohol.

Step-{a} of providing a first solution of fesoterodine free base inclndes dissolving
fesotoroding free base In the organic solvent, or obtaining an existing soluticn from &
Previous processing step.

In one embodiment, the fesoterodine free base is dissolved in the organic solvent at a
temperature of below boiling temperature of the solvent ased, specifically at about 30°C 1o

about 11O, and more specifically at about 40°C to about §0°C.
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in guother amboediment, the first solution in step~-(a} is prepared by reacting {R}-2-(3-
ditsopropylamino--phenylpropyh-4-hydroxymethylphenol  with  isobutyryl chlonide m a
reaction inert sodvent under suttable conditions {0 produce a reaction mass contaiming crude
fesoterodine free base, followed by usual work up such as washings, extractions,
evaporations, efe.  In one embodiment, the work-up includes dissolving or extracting the
resulting fesoteredine free base residue in the organie solvent af a temperatiwe of below
botling tomperature of the solvent used, specifically at about 30°C to about 110°C, and more
spectiivally st about 40°C 1o about RO°C.

Exemplary reaction inert solvents suitable for facilitating the reaction between (R)-2-
{3-ditsopropylamine-T-phenvipropyli-é-hyvdroxymethylphenol  and  sobutyeyt chloride
mehade, but are not himited to, water, alcohols, ketones, cyclic ethers, aliphatie ethers,
hvdrocarbons, chiormated hydrocarbons, nitriles, esters, polar gprotic solvents, ansd the like,
and muxtures thereof. In one embodiment, the solvent i selecled from the group consisting
of water, methano!, cthanol, n-propanol, isopropanoi, n-butanocl, isobutansl, tert-butanol,
syl aleohol, hexanol, acetone, methyl ethyl ketone, methyl isobutyl ketone, methyl tert
butyl ketong, acctonitnde, vthyl acctate, methyl acetate, isopropyl acetate, fert-butyl methyl
acelate, ethyl formate, methylene chlonde, dichloroethane, chloroform, carbon {etrachloride,
tetrahydrofuran, dioxane, diethy! ether, ditsopropyl ether, monoghvine, diglyme, n-pentane, n-
hexane, wheplane,  oyelohexane, toluene,  xylene, N N-dimethylformamide, DMN-
diunethylacetamide, dimethylsulfoxide, and mixtures thereof A specific reaction inert
solvent 18 methylene chlonde.

Alternatively, the first solution 1o step-(a) is prepared by treating an acid addition salt
of fesoterodine with a base to liberate fesoterodine free base, followed by extracting or
dissolving the fesoterodine free base in the organic selvent at a temperature of below botling
temperature of the solvent wsed, specifically at abouwt 30°C to about 11°C, and more
specttivally at about 40°C o about 80°C.

In another embodiment, the acid addition salt of {fesoterodine 18 derived from a
therapeutically aceeptable acid sach as hydrochlorie acid, hydrobromic actd, acetic acid,
propienie ackd, sulfurie acid, nitric acid, phospheric acid, succmnic acid, maleie acid, fumaric
acid, citric actd, glolaric acid, cilraconic acid, glutaconic acid, tartaric acid, malic acid, and
ascorbic acid., A specific seid addition sall 1s fesoterodine fumarate.

The treatment of an acid addition salt with a base is carried out in a solvent. A wide
variety of solvents such ay chlorinated solvents, alcohols, ketones, hydrocarbon solvents,

esters, ether solvents gte., can be used.
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in one envhodiment, the base is an organic or inorgamc base. Spectfic organic bases
are triethyl anuune, dimethyl amine and fert-butyl amine.

In another embodiment, the base is an inorganic base, Exemplary inorganic bases
include, but are not Boited to, agueous ammonia; hydroxides, carbonates and bicarbonates of
alkali or alkaline carth metals,  Specific inorganic bases are agqueous ammoma, sodium
hydroxide, calciom hydroxide, magnesiom  hydroxide, potassinm  hydroxide, lithium
hydrogide, sodium carbonate, potassiwm carbonate, lithium carbonate, sodium teri-butoxide,
sodiom isopropoxide and potassiom tert-butexide, and more specifically sedium hydroxide,
potassium hydroxide, sodium carbonate and potassun carbonate.

The first solution oblained in step-(a) i3 optionally stirred at a temperature of about
3C o the reflux tomperatore of the solvent used for at least 20 minutes, and specifically at a
temperature of about 40°C to the reflux temperature of the solvent used for about 30 minates
to aboat HY hours,

The first solution obtained in step-(a) is optionally subjected to carbor treatment or
sifica gel breatment. The carbon treatment or silica gel treatment 18 carried out by methods
known in the wt, for example, by stirring the sclution with finely powdered carbon or silica
gel at a temperature of below abouat 70°C for at least 15 minutes, specifically at a temperature
of about 40°C {0 sbowt 70°C for at least 30 minuotes; and filtering the resulting mixture
through hyflo to obtain a filtrate containing fesoterodine free base by removing charcoal or
sifica gel. Preferably, finely powdered carbon is an active carbon, A specific mesh size of

silica we

P

#-4

¢ A0-500 maesh, and move specifically 60-120 mesh.

inn one embodiment, the mandelic acid used in step-(h} s an optically active mandelic
actd, e, L-{+pmandelic acid or D-{~}-mandelic acid. A specific optically active mandelic
acid iy L-{+y-mandelic acid.

In another erbodiment, the mandelic acid wsed 11 step-(b) 1 the molar ratio of abont
(L85 1o 1.2 moles, speaifically about 0.95 10 1.05 moles, per mole of fesoterodine free base

Combining of the Hrst solution with mandelic acid in step-{b) is done in a sutable
order, tor example, the first solution is added lo the mandelic acid, or alternatively, the
mandelic acid is added 1o the first solution. The addition 1s, for example, carried out drop
wise or in one portion or in mors than one portion. The addition is specifically carried out at
a temperature of about 30°C o about 100°C, more specifically at about 40°C to abowt 90°C,
and most specifically at about 40°C to about 80°C under stirring.  After completion of

sddition process, the resulting mass is stured at a temperature of about 30°C to about 100°C

Q
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for at least 10 minutes and specifically at a temperatare of about 40°C to about 80°C for abowt
30 nrinutes to aboul § hours o produce a second solution,

The second solution obtained 1w step~(b) is optionally subjected to carbon treatment or
silica gol treatment. The carbon treatment or silica gel treatment is carried out by methods
known in the art, {or example, by stirring the solution with finely powdered carbon or silica
gol at a temperature of below abont 70°C for at least 15 minuies, specifically at a temperature
of about 40°C o abouwt 70°C for at jeast 30 munutes; and fillening the resulting mixture
through hyflo t obtain a filtrate containing fesotercdine mandelate by removing charcoal or
sitica gel. Prefersbly, fincly powdered carbon iy an active carbon. A specific mesh size of
siliva gel 13 40-33 mesh, and more specifically 60-120 mesh.

The second solution obtained n step-(b) is optionally conled at a termaperature of about
20°C to about 40°C, and specifically at a temperature of about 25°C to about 30°0 while
stirring. In one cmwbodimeny, the stirving 18 performed for at least about 30 munutes, and
spectfically for sbout 30 mmates to about 10 howrs.

The isolation of pure fesoterodine mandelate m step-(c} is carried out by forcible or
spontanecus orystallization.

Spontaneous orystaliization refers to crystallization without the help of an external awd
such as seeding, conling ete., and forcible crystallization refers to erystallization with the help
of an external and,

Foreible orystallization may be inttiated by & method asually known in the art such as
cooling, seeding, partial removal of the solvent from the sohution, by adding an anti-solvent
{0 the solation, or a combination thereofl

In one onbodiment, the crystallization is carried out by cooling the sololion at

temperatire of below 2000 for at least 15 minutes, specifically at about (°C to about 20°C for
abowt 30 minutes to about 20 hours, and more specifically at about §°C to about 15°C for
gbont | howr to about § hours.

The substantially pure solid state form of fesoterodine mandelate obtained in step-{¢)

may be recovernd by mothods such as filtration, filtraion under vacuuwm, decantation,

centrifugation, or a combination thereof, In one embodiment, solid state form of fesoteroding

mandelate i ivolated by filtration employing a filtration media of, for example, s silica gel or

The pure solid state form of fesoterodine mandelate obtained by above process may

he further dried i, for example, a Vacuom Tray Dryer, Rotocon Vacuuam Dryer, a Vacuum

Paddle Dryer or a pilot plant Rota vapor, to further lower residual solvents. Drying can be

1
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carricd out under reduced pressure until the residual solvent content reduces fo the desired
amound such as an amoont that is within the linnts given by the Intemational Conference on
Harmonization of Technical Reguirements for Registration of Pharmaceuticals for Human
Lise (ICHTY goidehines,

in one embodiment, the drying is carried out at atmospheric pressure or reduced
pressures, such as below about 200 wam Hg, or below about 530 mum Hg, af temperatures such
ay about 35°C to about 70°C. The drying can be carried out for any desired time pertod that
achieves the desired vesalt, such as about 1 to 20 hows. Drying may also be carried out for
shorter or longer porieds of time depending on the product specifications. Temperatures and
pressures will be chosen based on the velatility of the solvent being used and the foregoing
shonld be considered as only a general guidance. Drying can be suitably carried out in a tray
dryer, vacuum oven, sir oven, or using a fluidized bed deier, spin flash deyver, flash dryer and
the fike. Drying equipment selection is well within the ordinary skill in the art.

The purity of the fesoterodine mandelate obtained by the process disclosed herein is
greater than about B9, specifically greater than about 99.5%, mwore spectfically greater than
about ¥.9%, and most specifically greater than about 99.95% as measured by HPLO, For
example, the purity of the fesoterodine mandelate can be about ¥9%% to about 99.95%, or
abomt B9.8% o about $9.99%,

Fesoteroding and pharmaceutically acceptable salts of fesoterodine can be prepared in
high purily by using the substantially pare fesoterodine mandelate obtained according to the
process disclosed herew.

Aceording to another aspect, there s provided a process for preparing substantially
pure fesoterodine free base or a pharmaceutically acceptable salt thereof, comprising:

a} contacting fesoferodine mandelate with a base anddor ap acid in a solvent to

provide a reaction mass containing fesoterodine free base or a pharmaceutically

aceepiable salt thereof] and
b} jsolating highly pure fesoterodine free base or @ pharmaceutically acceptable

aalt thereo! freen the reaction mass,

Hxemplary solvents used in step~(a) inclode, but are not limited to, water, alcohols,
ketones, chiorinated hydrocarbons, hydrocarbong, nitriles, esters, ethers, polar aprotic
solvents, and mixtures thereot. The term solvent includes mixtures of solvents.

In one cmbodiment, the solvent i3 selected from the group consisting of water,
methanol, ethanol, n-propanod, isopropy!l alcohol, n-butanol, isobutanol, tert-butanol, amyl

sleohol, hexanol, tone, methyl ethyl ketone, methy! isobutyl ketone, methyl tert-butyl

H
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ketone, acetoniirile, ethyl acetate, methyl acetate, isopropyl acetate, tert-butyl methyl acetate,
ethyl formate, methylene chloride, ethylene dichlonide, chioroform, carbon tetrachloride,
tetrahydrofuran, dioxane, diethyl ether, ditsopropyl ether, monoglyme, diglyme, n-pentane, n-
hexane, a-heptane, ovclohexane, toluene, xylene, N,N-dimethyHformamide, KN N-
dimethylacetamide, dimethylsulfoxide, and mixtares thereof, wore specifically the solvent is
selected from the group consisting of water, methanol, ethanol, isopropyl alcohol, acetone,
methyl ethyl kelone, methyl isobutyl ketone, methyvlene chloride, n-pentane, n-hexane, n-
heptane, eyelohexans, twluene, diethyl ether, ditsopropyl ether and mixtures theveof and most
specifically the solvent is selected from the group consisting of water, methanol, ethanol,
wopropyl aleohol, acetone, methyl ethyl ketone, cyclohexane, difsopropyl ether, and mixtares
thereaf,

in one ombodiment, the base used in step-{a) i3 an organic or inorganic base.
Hxemplary organic bases mwclude, but are not limited to, triethyl amine, dimethy! amine and
fert-butyl ammoe.

In another cmbodiment, the base is an norgapic base. Fxemplary inorganic bases
wchade, but are not hmiled to, aqueous ammonig; hydroxides, carbonates and bicarbonates of
alkalt or alkaline sarth metals.  Specific morganic bases are agueous amunonia, sodiam
hydroxide, caleimm hydroxide, magnesium  hydroxide, potassivm  hydroxide, lithium
hydroxide, sodium carbenate, potassium carbonate, lithium carbonate, sodium tert-butoxide,
sodiom isopropoxide and potassinm tert-butoxide, and more specifically sodnma hydroxade,
potassium hydroxide, sodium carbonate and potasstum carbonate.

If the regction in step-(a) s carried out in the presence of a base, the product obtamned
iy fesoterodine base, which can be converted in-situ into a pharmaceutically acceptable actd
addition salt of fesoterodine using a suitable acid in a suitable solveni. In one embodirpent,
the pharmaceutically aceeptable acid addition salts of fesoterodine can be obtained directly in
step-{a} by carrying out the reaction in the presence of a suitable acid.

Exemplary actds used in step-(a) include, but are not limited to, organic and inorganie
avids, for example, hydrochlorie acid, hydrobromic acid, hydrotodic acid, acelic acid, oxalic
actd, fumaric scid, malaie acid, tartaric acid, di-p-toluoyl-L-{+3-tartaric acid, succinic acid,
benzenesulfonic acid, toluenesulfonic acid and methanesulfonic acid; and more preferable
actds are hydrochloric acid and fomaric acid.

The reaction in step-{a) i3 carried out at a temperature of -25°C to the reflux

teruperature of the solvent used, specifically at a temperature of 0°C to the reflux temperature
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of the solvent used, more speaifically at a temperatare of 257°C to the reflux temperature of
the solvent used, and most speeifically at the refhux temperature of the sobvent used.

As used herein, “reflux temperature” means the temperature at which the solvent or
solvent systen reflnxes or boils at atmospheric pressure.

The reachion mass containing the pure fesoterodine or a phasmaceutically accepiable
salt thereo! may be subjected 1o usnal work up such as washings, extractions, evaporations
cie., followed by isolation from a suitable organic solvent by methods known in the art

The tsolation of highly pure fesoteroding or a pharmaceuntically acceptable salt thereot
i step-(b) 1z carvied out by forcible or spontancous crystallization.

in one embodiment, the crystallization is carried out by cooling the solution at a
femperature of below 30°C for at least 15 minutes, specifically at about 0°C to about 36°C for
about 30 minutes t© about 20 hours, and more specifically at about 0°C 1o about 25°C for
about T hours to about 3 hours.

The pure fesoterodine or a pharmaceutically acceptable salt thereof obtained by above
process is recovered and optionally farther dried as deseribed above.

Excmiplary pharmaceutically acceplable salts of fesoterodine include hydrochlonide,
hydrobromide, sulfale, fumarate and tartarate, and more preferably fumarate.

The purity of the fesoteredine or a pharmaceutically aceeptable salf thereo! obtained
by the process disclosed herein 33 of greater than about 99%, specifically greater than about
Q8 5%, more specifically greater than about 99.9%, and most specificstly greater than about
90.63% as measared by HPLC,  For example, the purtty of the fesoterodine or a
pharmaceutivally sceeptable salt thereof can be about 99% to about 99.93%, or about 99.5%
10 about 89,90%;

Further encompassed herein is the use of the solid state form of fesoterodine
mandelate  for the wafactore of a pharmaceutical composition  together with a
pharmacentically accoptable carrier.

A specific pharmacentical composition of the solid state form of fesoterodine
mandelate s selecied from a solid dosage form and an oral suspension,

In one embodiment, the solid state form of fesoterodine mandelate hias a Dog particle
size of less than or gqual to about 500 microns, specifically less than or equal {o about 300
microns, more specifically less than or equal to about 100 microns, stil more spocifically less
thag or equal 1o about 60 microns, and most specifically less than or equal to about 18

microns.
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In another embodiment, the pasticle sizes of the solid state form of fesoterodine
mandelate are produced by a mechanical process of reducing the size of particles which
inchades any one ov wore of cutting, chipping, crushing, nulling, grinding, mucromzing,
frituration or other particle size reduction methods known in the art, to bring the sohd state
form to the desured particle size vange.

According o another aspect, there 8 provided pharmaccutical compositions
comprising sobid state form of fesoterodine mandelate salt and one or wore pharmacentically
acceptable excipients,

According 1o apother aspect, there i3 provided pharmaceutical compositions
comprising the solid state form of fesoterodine mandelate prepared according o processes
disclosed hereln and one or more pharmaceutically acceptable excipients.

According  to apother aspect, there 18 provided a process for preparing a
pharmaccntical formulation comprising combining the solid state form of fesoterodine
mandelate  prepared  according 1o processes  disclosed  herein, with one or more
pharmaceutically acceptable exvipients,

According o ancther aspect, there is provided a method for treating & patient
suffering  from discases caused by urinary incontinence, gastromntestinal hyperactivity
(rritable bowel syadromed and other smooth muscle contractile conditions, comprising
adminisiering the solid state form of fesoferodine mandelate, or a pharmaceutical
composition that comprizes the solid state form of fesoterodine mandelate along with
pharmaceuticaliy accoptable excipients,

Yet in another embodiment, pharmaceutical compositions comprise at least a
therapeutically effective amount of solid state form of fesoterodine mandelate.  Such
pharmaceutical compositions mway be administered to 8 mammalian patient in a dosage form,
&2, solsd, hguid, powder, elixir, acrosol, syrups, hyectable solution, ete. Dosage forms may
be adapted for administration to the patient by oral, buceal, parenteral, ophthalmic, rectal and
transdermal routes or any other acceptable route of administration.  Oval dosage forms
mohude, but are not Hmited to, tablets, pills, capsules; syrup, troches, sachets, suspensions,
powders, lozenges, olixirs and the like. The solid state form of fesoterodine mandelate may
alzo be admanistered ag suppositories, ophthalmic ointments and suspensions, and parenteral
suspensions, which are administered by other routes.

The pharmacentical compositions forther contain one or more pharmacountically

accepiable excipionts, Suitable excipients and the amounis to use may be readily determined

by the formulation scientist based upon experience and consideration of standard procedures

14



LR

tanad
4

24

WO 2009/122303 PCT/IB2009/005679

and reference works in the field, c.g., the buffering agents, sweetening agents, binders,
diluents, fillers, ubricants, wetting agents and disintegrants described hereingbove,

In one embodiment, capsale dosage forms contain solid state forma of fesoterodine
mandelate within a capsale which may be coated with gelatin, Tablets and powders may also
be coated with an enteric coaling.  Suitable enteric coating include phthalic acid cellulose
acetate, hydroxypropyvimethy! cellulose phthalate, polyviny! aleohol phthalate, carboxy
methyl ethyl cellulose, a copolymer of styrene and maleic acid, a copolyvmer of methacryhic
actd and methy! wethacrylate, and ke materials, and if desired, the coating agenis may be
emploved with suitable plasticizers and/or extending agents. A coated capsude or tablet may
have a coating on the surface thereof or may be a capsule or tablet comprising a powder or
grannies with an enteric-coating.

Tableting compositions may have few or many components depending upon the
tableting method wused, the release rate desired and other factors. For example, the
compositions desentbed herein may contain diluents such as cellplose-derived materials ke
powdered cellolose, microerystathne cellulose, microfine cellulose, methyl cellulose, ethyl
celfniose, hvdroxyethyl cellulose, hydroxypropyl cellulose, hydrexypropyimethyl cellulose,
carboxymethy! celludose salts and other substituted and uvnsubstituted cellodoses; starch;
pregelatinized starch; inorganic diluents such calcium carbonate and caleinm diphosphate and
other diluents known {o one of ordinary skall in the art. Yet other suitable difuents wclude
waxes, sugars {e.g lactose) and sugar aleohols such as manntiol and sorbitol, acrylate
pobvmers and copolymers, as well as pectin, dextrin and gelatin,

Other exeipients include binders, such as acacia gum, pregelatinized starch, sodium
alginate, gluocose ad other binders used in wet and dry granolation and direct compression
tableting processes; disintegrants such as sodium starch glycolste, crospovidene, low-
substituted hydroxypropyl cellulose and others; lobricants like magnesium and caloium
steavate and sodium stearyl fumarate; Havorings; sweetengrs; preservatives; pharmaceutically

acceptable dyes and glidanis such as silicon dioxide.

INSTRUMENTAL DETAILS:

X-Rav Powder itfraction (P-XRD):

The X-Ray powder ditfraction was measared by an Xeray powder Diffractometer equipped

with CuKo-radiations (40kVY, 40 mA) in wide-angle Xeray Diffractometer of BRUKER axs,

m
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DY ADVANCE. The sample was analyzed using the following instrument paramoters:

measuring ranges 3-45% 2-theta; step width=0,01379%; and measoring time per step=0.11 sec.

Differential Scapuing Calorimetry {BSCH:

DRC (Differential Scanning Calorimetry) measurements were performed with a Inferential
Seanning Calorimeter (Diamond DSC, Perkin-Himer) at a scan rate of 3°C per minnte. The
witrogen gas purgs was ab 40 mi/min. The instrument was calibrated for temperature and heat
fow using indium as standards. The samples were encapsulated in to closed alummnium pans
withowt hole subseguently erimped to ensure a tight seal. Data acquisition and analysis were

performed nsing pyris software,

infra-Red Speetroscopv {FT-1R):

FT-IR spectroscopy was earried out with a Perkin Elmer Spectrum 100 series spectrometer.
For the production of the KBr compacts approximately 2 mg of sample was powdered with
200 mg of KBr. The speetra were recorded 1o transmussion mode ranging from 3800 to 650
e

The following cxamples are given for the purpose of illustrating the present disclosure
and showuld not be considered as Hmitation on the scope or apirit of the disclosure,

IXAMPLES
Exampie 1

Preparation of Fesolerodine Mandelate
{R}-2-{3-Duisopropylamine- -phenvipropy! kd-hyvdroxymethyiphenol (100 g3 was added to
methylene chloride (1200 md) ot 25 - 30°C vnder stirring and the resulting mass was cooled to
SHOPC, A solution of sobutyryl chloride (33 g} in methylene chlovide (800 mb) was added
drop wise 1o the above mass at ~10°C to -5°C over a periad of T howr and the resulting mass
was stirred for 30 minutes at the same temperature. The temperature of the mass was raised
to 0°C foilowed by the addition of water (400 ml). The resulting mass was stirred for 5
minutes,  The organic laver was separated followed by the addition of agqueous sodium
bicarbonate solution (285 g in 400 ml water) and then stirred for 15 minutes. The resulting
organic fayer was separated and washed with water (300 mi). The organic layer was distilled
completely under vacuum followed by the addition of isopropyl aleohol (300 mi}. The
temperatire of the resulting mass was raised to 535°C followed by the addition of L-(+)-
mandelic acid {42.3 g} and stirred for 30 minues at the same temperature, The resulling

mass was cooled to 25-30°C and then stirred for 6 hours at the same temperature,  The
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resulting muass was further cooled 10-15°C and stirred for 1 hour. The precipitated solid was
filtered, washed with chilled isopropyl alcobol (100 ml) and then dned the product under

vacan at 30°C o produce 835 g of fesoterodine mandelate. (Purity by HPLC: 88.72%).

Exampie 2

Preparation of Fesoterodine Famarate

Fesoterndine mandelate (100 g, obtained according to example 1) was added to methylene

chioride (300 mdy at 35-30°C, The resulting mixture was stirred for 10 minutes and then
washed with 10% sodiam hydroxide solution (200 ml}. The resulting layers were separated
and the organie laver was washed with water (200 ml). The organic layver was separated and
dried over sodiwmn sulfate (10 g) followed by distillation of methylene chloride under vacuum
o produce fesoteradine as ofly mass. This oily mass was followed by the addition of methyl
cthyt ketone (170 mi} at 25-30°C, stirred for 10 minutes and then heated to 80°C. Fumaric
scid (215 g) was added to the resulting mass, stirred for 1 hoar at 80°C followed by the drop
wise addition of cycichexane (70 mi) at 80°C and stirred for § hour, The resulting mass was
slowly cooled 1o 253-30°C and stirred for 12 hours at the same temperature.  The resulling
mass was then covled to 0-5°C and stirred for 12 hours at 0-5°C. The separated sobid was
filfered, washed with the wmixture of cyvclohexane (135 mi) and methyl ethyl ketone (15 mib),
and then dried under vacunm at 45-530°C to prodace 80 g of fesoterodine fumarate (Furity by

HPLC: 99.76%)

Exampie 3

Preparation of Fesoteredine Fumarate

Fesoterodine mandelate (100 g, obtained according to example 1} was added o methylene
chlovide {500 mly at 25-30°C. The resulting mixture was stirred for 10 minnfes and then
washed with agueous sodium carbonate solution (28 g in 506 mi of water). The resulting
favers were separated and the organic layer was washed with water (200 mi). The organic
layer was separated and dried over sedium sulfate (10 ) followed by distilation of
methylene chloride under vacuum to produce fesoterodine as oily mass. This oily muss was
followed by the addition of isopropyl aleohol (250 ml) at 25-30°C, stirred for 10 numutes and
then heated to 33-60°C. Fumaric acid (20.6 g) was added to the resalting mass and stirred for
30 mimutes at 33-80°C. The resulting mass was cooled to 23-30°C followed by the dropwise
addition of dilsopropyl ether (906 ml) at 25-30°C and then stirred for 12 hours gt the same

tomperature.  The scparated solid was filtered, washed with diisopropy! ether (300 ml} and
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then dried under vacuum at 45-50°C to produce 84 g of fesoterodine fomarate {(Purity by

HPLOC 99 80%)

Exampie 4
Stability of Solid state form of Fesoterodine mandelate

Fesoterodine mandelate was prepared according to the process exemplified in
HExample T oand was packed in a selftscaling low-density polyethylene (LDPE) bag. The
material was stored for 3 months under normal atmospheric conditions at room temperature
and checked for polymorphic stability.

The material was found to retain its polymorphic form after three months of holding,
as indicated by maintenance of the original P~XRD pattern.

Unlosy otherwise indicated, the following definitions are set forth to illustrate and
define the meaning and scope of the various terms used to describe the invention herein

The term “fesoterodine mandelate”, as used herein, means a salt comprised of
fesoterodine cations and mandelate anions.  For mstance, solid as well as dissolved forms are
included, and so gre coystalline and amorphous forms, Fesoterodine mandelate may exist in
an anhydrous andfor solvent-free form or as a hydrate and/or a solvate.

Forther, the term  “fosoterodine mandelate™, as used herein,  encompasses
sioichiometric as well as non-stoichiometrie ratios of fesoterodine caltons and mandelate
antong. In a particular embodiment, fesoterodine mandelate 1s formed as a salt having a Ul
melar ratio botween fosoterodine cation and mandelate aon oven when an excess of
fesoterodine or an excess of mandelic acid s used in the salt formation,

The term “solid form of fesoterodine mandelate discloged herein™ includes crystatline
forms, amoerphous forns, hydrated, and solvated forms of fesoterodine mandelate.

The twom “crysialline polymorph” refers to a crystal modification that can be
characterizod by analvtical methods such as Xeray powder diffraction, IR-speciroscopy,
differential scanmng calorimetry {DSCY or by its melting point.

The torm “pharmaceutically acceptable” means that which is useful 1 preparing a
pharmaceutical composition that 18 generally non-oxic and iz not biologicaily undesirable
and includes that which i3 acceptable for veterinary use and/or human pharmaceutical use.

The term “pharmaccutical composition”™ is intended to encompass a drug product
including the active ingredient(s}, pharmmaceutically acceptable excipients that make up the
carrigr, as well as any product which results, directly or indirectly, from combination,

coraplexation or aggregation of any two or more of the ingredients.  Accordingly, the
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pharmaceutical composifions encompass any composition made by admizing the aclive
ingredient, active ingredient dispersion or composile, additional active ingredient{s), and
pharmaceutically acceplable excipients.

The term “therapentically effective amount™ as used herein means the amount of a
compound that, when administered to a mamimal for treating a state, disorder or condition, is
sutficient to effect such treatment.  The “therapeutically effective amount™ will vary
depending on the compound, the discase and its severity and the age, weight, physical
condition and responsiveness of the mammal to be treated.

The term “delivering” as used herein means providing a therapeutically etfective
amount of an active ingredient to a particular location within a host causing a therapeutically
effective blood concentration of the active ingredient at the particnlar location, This can be
accomplished, ¢.g., by topical, local or by systemic adnimstration of the active wgredient o
the host,

The term “buffermg sgent™ ag used herain is intended to mean a compound used to
vesist a change wu pH upon dilution or addition of acid of alkali. Such compounds include, by
way of cxample and without Hmitation, potassium metaphosphate, potasstum phosphate,
monebasic sodium acetate and sodium citrate anhydrous and dehydrate and other such
material known to those of ordinary skill in the art.

The term “sweelening agent” as used herein is intended to mean a compound used 1
mnpart swestness 1o a formulation. Such compounds include, by way of example and without
Hmitalion, aspartame, dexirose, glycerin, mannitol, saccharin sodium, sorbitol, sucrose,
fructose and other such nraterials known to those of ordinary skill in the art,

The term “binders” as used herein is intended to mean substapces used 10 cause
adhesion of powder particles in granniations, Such compoundds melude, by way of example
and without lmitation, acacia, alginic acid, tragacanth, carboxvmethyicellulose sodiun,
polyvinvipyrrolidone, compressible sugar {e.g, NuTab), ecthyleelhulose, gelatin, Hguid
glacose, methyvleeltulose, pregelatinized starch, starch, polyethylene sglyeel, guar gum,
polysaccharide, bentomites, sugars, invert sugars, poloxamers (PLURONIC(™)  Fes,
PLURONIC(™) F127), collagen, albamin, celluloses in non-aquecus solvents, polypropylene
glyeol, polvoxyethyvlene-polypropylene copolymer, polyethylene ester, polvethylene sorbitan
ester, polvethylene oxide, microcrystaliine cellulose, combinations thercot and other material
known 1o those of ordinary skall in the art.

The tenm Vdiluent” or “filler” as used berein is intended to mean inert substances ased

as fillers to create the desired bulk, flow properties, and compression charactesistics in the
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preparation of sclid dosage fornmulations. Such compounds include, by way of example and
without hmudation, dibasic calenun phosphate, kaolin, sucrose, mannitol, microcrystalline
celluloge, powdered cellulose, precipitated calcium carbonate, sorbitol, starch, combmations
thereot and othor sech materials known {o those of ordinary skill in the art.

The torm “ghidant” as used herein is intended {0 mean agents used in solid dosage
formmlations to wnprove flow-properties during tablet compression gnd to produce an anti-

caking effect. Such compounds include, by way of example and without Hmitation, colloidal
sifiza, calctnm silicate, magnestum silicate, silicon hydrogel, cornstarch, tale, combmations
thereot and other sach maderials kpown to those of ordinary skiil in the art.

The tenm “habricant™ as used herein i3 ntended to mean substances vsed in solid
dosage formulations 1o reduce friction during compression of the selid dosage. Such
compounds imclude, by way of example and without limiitation, calcium stearate, magnesium
stearate, mineral oil, stearic acid, zine stearate, combinations thoreof and other sach matersals
kopown 1 those of ordinary skill in the art.

The term “disinteprant™ as used herein s intended to mean a compound used in solid
dosage formudations (o promote the distuption of the solid mass into smaller particles which
are more readily dispersed or dissolved. Exemplary disintegrants inclode, by way of example
and without Hmttation, starches such as corn starch, potato starch, pregelatinized, sweeteners,

M

clays, soch as bentonite, muicrocrystalline cellulose {e.g., Avicel{ ™), carsium {e.g.,
f\m‘w;hw ‘, alginates, sodium starch glycolate, goms such as agar, guar, locust bean,
karaya, peciin, tragacanth, combinations thereof and other such materials known to those of
ordinary skitl in the art.

The term “wetting agent” as used herein {8 intended to mean & compound used to aid
1 attaining infimate contact between solid particles and liquids. Exemplary welting agents
include, by way of example and without Hmitation, gelatin, casein, lecithin {phosphatides),
gwn acacis, cholesterol, tragacanth, stearic ackd, benzalkontom chloride, calchwm stearate,
glveerol monostearate, cetostearyl aleohol, cetomacrogol emmlsifving wax, sorbilan esters,
polyoxyethylene alkyl cthers (e, macrogol ethers such as cetomacrogol 1000},
polvoxvethylene castor odl derivatives, polyoxyethylene sorbitan fatty acid esters, {e.g.,
TWEEN{™ ), polvethvlene glycols, polyoxyethylene stearates colloidal silicon dioxide,
phosphates, sodium dodecylsultate, carboxymethyleelulose caletum, carboxymethyiceliulose
sodium, methyvicetiulose, hydroxyethyleellulose, hydroxyl propyiceliolose,
hydroxypropyhmethyicellolose phthalate, noncrystalline cellulose, magnestum  alominem

sificate, tricthanoiamine, polyvinyl alcohol, and polyvinyipyrrolidone (PVP). Tyloxapol (a
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nonionie hgquid polymer of the alkyl aryl polyether alcohol type) is another useful wetling
agent, combinations thereof and other such materials known to those of ordinary skill in the
art

The term “mcronization”™ used herein means a process or method by which the sixe of
a popudation of particles 13 reduced.

Asg used herein, the term “micron™ or “um” both are same refors o “micrometer”™
which #s 1x10°° meter.

As wsed herom, “orystalline particles” means any combination of single crystals,

L)

aggrogaies and agglomerates,

As used herein, “Particle Size Distribution {P.S.I3})" means the cuwnulative volume
size distribution of equivalent sphenical diameters as determined by laser diffraction m
Matvern Master Sizer 2000 equipment or its equivalent.

As used horem, Dy means that X percent of the particles have s diameter less than a
specified diameter D, Thuyg, a Dyg or d(0.9) of less than 300 microns means that 90 volume-
percent of the particles i a composition have a diameter less than 300 nucrons.

The use of the ferms “a” and “an” and “the” and similar referents 1 the context of
describing the vention {especially in the context of the following clamms) are to be
construed to cover both the singaler and the plural, wnless otherwise indicated herein or
clearly contradicted by context.  The terms “comprising,” “having,” “inclading,” and

meaning “inchuding, but not

¥

“eomtaining” are to be construed as open-ended terms (e,
Huited 10,7} unless otherwise poted.  Recifation of ranges of values heremn are merely
imtended o serve as a shorthand method of referring individually {0 cach separate value
falling within the range, unless otherwise indicated herein, and each separate value is
incorporatied nio the specification as if it were individually recited herein. The term wi%
refers to pereent by weight. Al methods described herein can be performed 1w any suitable
order unless otherwise indicated herein or otherwise clearly contradicted by context. The ase
of any and all examples, or exemplary language {e.g., “such as”} provided herein, is infended
murely 10 better iHhuminate the invention and does not pose a Hmitation on the svope of the
invention unless otherwise claimed. No language in the specification should be construed as
mdicating any non-claimed clement as essential to the practice of the invention.

Preforred embediments of this invention are described herein, including the best mode
known to the ipvestors for carrying out the invention.  Variations of those preferred
embodiments may become apparent to those of ordinary skill in the art opon reading the

foregoing description. The inventors expect skilled artisans to employ such variations as
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appropriate, and the inventors intend for the invention to be practiced otherwise than as
specifically desoribed herein,  Accordingly, this invention includes all modifications and
sgpitvalents of the subiect matter yecited in the claims appended hereto as pernmited by
applicable law, Moreover, any combination of the above-described elements 1n all possible
varfations thereot 3 encompassed by the vention unless otherwise indicated herein or

otherwise clearly contradicted by context.

]
(o]



(4]

,....
v 4

2

WO 2009/122303 PCT/IB2009/005679

We clatim:

et

3

[

9.

A wmamdelate salt of 2{IR¥3-{bis{1-methylethyljamine -1 -phenylpropyl}-4-bydrogy
methviphenyl isobutyrate
A solid state forns of fesoterodine mandelate salt.,
The solid fesoterodine mandelate salt of claim 2, wherein the solid state form 15 a
crystalline form or an amorphoss form.
The solid fesoterodine mandelate salt of claim 2, which is in 2 erystalline form.
The solid {esoterodine mandelate salt of claim 2, wherein the solid state form i
nhyvdrous and/or xelvent-frec form or as a hydrate and/or a solvate
The fesoteroding mandelate salt of any one of claims 1 to 5, characterized by at least one,
or move, of the followmg propertis:
1} apowder Xeray diffraction pattern substantially in accordanee with Figure 1
) a powder Xeray diffraction pattern having peaks at about 4.98, 10,0, 14259, 19.46 and
25.22 £ 0.2 degrees 2-thets substantially as depicted in Figare 1
i) a powder Xeray diffraction paltern having additional peaks at asbount 949, 1033,
11.03, 13,10, 1347, 15.04, 17.56, 20.51, 20,92, 21.40, 22.09 and 28.37 + 0.2 degrees
2-theta substantially as depicted in Figure 13
) a D8O themogram having an endotherm peak at about 144°C sobstantially as
depieted in Figore 2;

vy an IR spectrum substantially in accordance with Figure 31 aud

vi} an IR spectrum having sbsorption bands at about 3361, 2985, 2972, 2399, 1753, 1616,
1495, 1388, 1328, 1195, 1188, 1134, 1119, 1056, 1027, 929, 918, 733, 743 and 708 &

Zem’t
A progess for the preparation of fesoterodine mandelate salt of any one of clauns 1 and 2,
COMPTisng’
ay providing a first solution of fesoterodine free base in an organic solvent;
b} combining the first solution with mandelic acid to produce a second solution
containing fesoteradine mandelate; and
¢} isolating 1 solid state forny of fesoterodine mandelate from the secomd solution.
The process of claim 7, wherein the organic solvent used in step-(a) is selected from the
group consisting of aleohols, ketones, chlorinated hydrocarbons, esters, nitries, polar
aprotic sodvents, and mixtures thereof,
The process of claim 8, wherein the organic solvent 1s selected from the group consisting

of methanol, cthanol, n-propanol, isopropyl slechol, 1sobutanel, n-butancl, tert-butanol,

2
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amyl alcohol, iscamyl alcohol, hexanol, acetone, methyl ethyl ketone, methy! isobutyl
ketone, methyl tert-butyl ketone, acetonitrile, ethyl acetate, methyl acetate, isopropyl
acetate, tert-butyl methy! acetate, ethyl formate, methylene chloride, cthylene dichlonde,
chioroform, W, N-dimethylformamide, N N-dimethyvlacetamide, dimethyisalfoxide, and
mixtures thereofl

1 The process of claim 9, wherein the organic solvent is selected from the group consisting
of wethanod, ethanol, 1sopropyl aleohol, acetone, and mxtures thereofl

11, The process of claim 7, wherein the first selution in step-{a} is prepared by dissolving
fesoterodine free base in the organic solvent at g temperature below a boiling temperature
of the organie solvent,

12 The process of claim 11, wherein the fesoteroding free base is dissolved m the organic
sotvent at a {femperature of about 30°C to about 110°C,

13, The provess of claim 7, wherein the first solution in step-(a) 13 prepared by reacting {R)}-2-
{3-dusopropylamino--phenyipropyl-d-hydroxymethylphenol with sobutyeyl chlonide o
a reaction inert solvent o produce 2 reaction masy containing crude fosoterodine free
hase; subywcting the reaction mass to washings, extractions or evaporations; and
dissolving or extracting the fesoterodine free base residue in the orpanic solvent at a
teraperature of below borling femperature of the organic solvent.

14, The process of clamm 7, wherein the first solotion in step-{a) s prepared by treating sn
actd addition salt of fesoterodine with a base to produce fesoterodine free base; and
extracting or dissolving the fesoterodine free base in the organic solvent at & temperature

below a boiling temperature of the orgaric sotvent.

LA

. The process of daim 7, wherein the first solution obtained in step-{a) 18 optionally stirred
at a temperature of about 30°C o a botling temperatare of the organic solvent for at least
20 mimies,

10, The process of clatn 15, wherein the solution is stured at 2 temperature of about 40°C to

a refhux temperature of the organic selvent for about 30 minutes to about 10 howrs,

17, The process of claim 7, wherein the first solution oblained in step~{(a} i3 optionally

subjected (o catbon treatment or silica gel treatment.

1R, The process of claim 7, wherein the mandelic acid used in step-(b) is L-{+}-mandehie and

or D-{-}mandelic atd.

19, The process of claim 1R, wherein the mandelic acid is L-(+)}-mandelic acid.

20, The process of claim 7, wherein the mandelic acid in step-(b) is used in a molar ratio of

about 11.85 to 1.2 moles per mole of fesoteroding free base.
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1. The process of claim 20, wherein the mandelic acid is used in a molar ratio of about 8.85

o 1.0% moles per mole of fesoterodine free base.

>

. The process of claim 7, wherein the combintng in step-(b) is accomplished by adding the

first solution {¢ the mandelic acid or by adding the mandelic acid to the first solution.

CThe process of claim 22, wherein the addition is carried out at a fomperature of about

3C o about 1X°C,
3 ; reney e d o % g B fents 3
22, wherein the reaction mass obtained after completion of the
addition process is stirred at a temperature of about 30°C to about 100°C for at least 10

mimges,

CThe process of claim 24, wherein the reaction mass obtained after completion of the

addition process s stirred at a temperature of about 30°C to about 100°C for at least 10
mitnutes o prodoce the second solution.
The process of claim 25, wherein the reaction mass i3 stirred at a temperatore of about

$0°C to about 8UC for about 30 minutes to about 8 hours.

27, The process of olgim 7, wherein the second solution obtained in step~(b} i3 optionally

subjected to carbon treatment or silica gel treatment.

ey

 The process of elaim 7, wherein the second solution obtained in step-(b} i optionally

cooled at a tempergfure of about 20°C to about 40°C for about 30 minutes & about 10

hours.

v

. The provess of claim 7, wherein isolating i step-(c) 18 carrted out by foreible or

spontaneous crystailization

3 The process of claim 29, wherein the foraible crystallization s ntiated by cooling,

seeding, partial removal of the solvent from the solution, by adding an anti-solvent to the

sohition, or a combination thereof.

. The process of claim 30, wherein the crystallization is carried out by cooling the solution

at a lemperature of below 20°C for at least 15 minutes.

. The process of claim 31, wherein the crystallization is carried out by cooling the solution

at about O°C to abowt 20°C for about 30 minutes to about 20 hours,

-~

. The process of olaim 32, wherein the crystallization s carried out by coaling the solution

at about 3% o gbout 153°C for about 1 hour to about 8 hours.

. The process of claim 7, wherein the solid obtained in step-(¢} is recovered by filtration,

filtration under vacuwm, decantation, centrifugation, filtration employing a filtration

media of a silica gel or celite, or a combination thereof.

2
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b

The process of clatm 7, wherein the substantially pure sohid state form of fesolerodine
mandelate obtaned in step-(c) is further dried under vacuum or af atmospheric pressure,

at a temperature of about 35°C to about 70°C.

CThe process of clatm 7, wherein the solid state form of fesoterodine mandelate obtained

i step-{¢) hag a purity of about 99% to aboot 99.95% ay measored by HPLC,

. Use of the solid state form of fesoterodine mandelate m the process for preparation of

fesoteroding or g pharmaceutically acceptable salt thereof

Use of the fesoterodine mandelate, produced according to the process of clamm 7, in the

process for preparation of fesoterodine or a pharmaceutically acceptable salt thereof,

A process for preparing substantially pure fesoterodine or a pharmaceutically acceptable

salt thereod, comprising:

a} eonfacting fesoterodine mandelate with a base and/or an acid in a solvent to provide a
reaction mass containing fesoterodine free base or a pharmaceutically scceptable salt
thereof; and

b} isolating highly pure fesotercdine free dase or g pharmacentically acceptable salt
thereot frora the reaction mass.

The process of claim 39, wherein the solvent used in step-(a} is selected from the group

consisting of water, alcohols, ketones, chlorinated hydrocarbons, hydrocarbons, nitrifes,

esters, sthers, polar aprotic solvents, and mixtures thereof.

. The process of claim 40, wherein the solvent s selected from the group consisting of

water, methanel, cthanol, p-propanol, isopropyl alcohel, n-buntanol, isobutanel, tert-
butannl, amyl aleohel, hexanol, acetone, methyl ethyl ketone, methyl isobutyl ketone,
methy! tert-butyl ketone, acetonitrile, ethyl acetate, methyl acetaie, isopropyl acetate, tert-
butyl methy! acelate, ethyl formate, methylene chloride, ethyvlene dichionide, chloroform,
garbon  tetrachloride, tetrahiydrofuran, dioxane, dicthyl ecther, disopropyt  ether,
monoghyme, diglyme, n-pentane, n-hexane, n-heptane, cyclobexane, toluene, xylene,
N N-dimethyiformamide, N N-dimethylacetamide, dimethylsulfoxide, and  mixtures

therenf

. The process of claim 41, wherein the solvent is selected frem the group consisting of

water, methanol, ethanel, isopropyl alcohol, acetone, methyl ethyl ketone, cyelohexane,

ditsopropyt ether, and nuixtures thereof,

. The process of claim 39, wherein the base used in step-(a) 1s an organic or inorganic base.

4,

The process of claim 43, wherein the organic hase is selected from the group consisting of

tricthyl amine, dimethyl amine and tert-butyl amine.

20
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CThe process of claim 43, wherein the inorganic base s selected from the group consisting

of aqueous ammonia, sodiumm hydroxide, ealetum hydroxide, magnesium hydroxide,
poiagsiwy hydroxide, Hithnan hydroxide, sodivm carbonate, potassiom carbonate, hthiom
carbonate, sedium tert-butoxide, sodiom isopropoxide and potassium tert-butoxide.

The process of claim 39, wherein the acid used in step<(a) is an organic or morganic acid.

CThe process of claim 46, wherein the aaid 1 selected from the group consisting of

hydrochlione scid, bydrobromic acid, hydrotodic acid, acetic acid, oxalic acid, fumaric
acid, maleie acid, tararic acid, di-p-toluovi-L-(H-tartaric acid,  succinic acid,
benzenesulfomie actd, toluenesulfonic acid and methanesulforie acid,

The process of claim 47, wherein the acd is hydrochloric actd or fumaric acid.

. The process of olaim 39, wherein the reaction in step-(a) is carried out at & temperatare of

<25°C 1o the reflux tomperature of the solvent.

. The process of claim 39, wherein isolating in step-(b) is carried ool by foreible or

apoptaneous orystathization

31 A pharmaceutical composition comprising solid state form of fesoterodine mandelate and

one or mers pharmaceutically acceptable excipients.

. The pharmaceutical composition of clanm 51, wherein the pharmaceutical composition i

a solid dosage form, an oral suspension, a hguid, a powder, an elixir, an acrosol, syrups or

an mjectable solution.

. The pharmacentical composition of claim 51, wherein the solid state forny of {esoterodine

mandelate has & Dyg particle size of less than or equal to abount 500 microns.

4. The pharmacestival composition of claim 53, wheremn the 90 volume-% of the particles

{Dop} have g size of less than or cqual to about 300 mucrons; less than or equal to about
100 norony; less than or equal to about 60 microns; or less than or equal to aboat 15

WMECHNS:

A methed of treating a patient suffering from diseases caused by urinary incontinence,

pastrotntesting]l hyperactivity (frritable bowel syndrome) and other smooth muscle
contractile conditions, comprising administering the solid state form of fesoterodine
mandelate, or a pharmaceutical composition that comprises the solid state form of

fesoferodine mandelate along with pharmaceutically acceptable excipients.

2
-3



WO 2009/122303 PCT/IB2009/005679

Ny

Figure 13 Powder X-ray diffraction (XRD) pattern of Fesoterodine mandelate
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Figure 22 DSC thermogram of Fesoterodine mandelate
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Figure 3: Infra red (IR) spectram of Fesoterodine mandelate.
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