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ANTI MUSCARI NI C DRUG FI ELD OF THE | NVENTI ON The invention relates to a
dry powdewof0orimébaabi on suitable for the inhal atory adm picstepadiiossshy neans
of a dry powder inhaler, conprising an antinuscarinic drug as active
ingredient. 5The invention also relates to the process for the preparation
of the fornulation and to its use in the prevention and/or treatnment of a
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10 di seases including ast AN EEM ARINKRd) ive pul nonary di sease
(COPD). Events leading to airway obstruction include oedema of airway

wal I s, increased nucous production and inflammati on. Drugs for

treating respiratory diseases such as asthma and COPD are currently
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t he above conp {51 ive 1 ngre imally said formul ati on shal |l
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i ngredi ent and a qua ec nd “physi ca ab|I|ty I'n e devi ce
before US€urrently administered through inhalation. One of the advantages of the

15 inhalatory route over the systemic one is the possibility of delivering the drug
directly at site of action, avoiding any systemic side-effects, thus providing a
more rapid clinical response and a higher therapeutic ratio.

An important class of therapeutic agents used as bronchodilators is
represented by the muscarinic receptor antagonist inhibitors belonging to the

20 class of the quaternary ammonium salts, and in particular by the selective M3
receptor antagonists (hereinafter M3 antagonists).

For examples, M3 antagonists have been disclosed in WO 02/051841,
WO 03/053966 and W0O2008/012290.
Additional M3 receptor antagonists having high potency and long

25 duration of action, that, once adsorbed, are degraded to inactive compounds



It shall also give rise to a good respirable fraction as well as deliver an
accurate therapeutically active dose of the active ingredient. SUVWARY OF
THE | NVENYOGM12@092@ i nvention relates to a dry powder f ecmradiiossssdlit abl e
for the inhalatory adm nistration by neans of a dry powder inhaler,
conprising an am noester derivative of formula (1), acting as muscarinic
recept or antagonist, The inventiqgn also relates to the process. for
the prepatdtithnagr dapsivedr mfl ahyosysteBlirt sidgs effasty nappgadv &ht NBIscarialcor
treatment of a wi de range of 25 conditjons including rés?i ratory disorders,
such as cﬁnmoasll%bs@%@gi% Hub nerRePdings aaRECqtEwPH). Bhd %E%W%%(?éoﬁéma
packages conpri Si ngL an .inhal able dry powder formnulation and a dry powder

i nhal er. R4OTPE1EPd SGUIDMITIEPESELE/ 058804 3 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON The. conpositions of the inyention are pharnmaceuti
formul ations i W tRACICHIH ePhhAFEHI LOHPYURGIBFIC G i i ,paégcaﬁatr Ye

e USRS 2Tt 8 ) 1
or an integer omfl to 4; P is absent Of. i s, sel ected Lro .1 he

group consi sti %‘66? O Sﬁldéé,mwdﬁm&ﬁopfé@& s1gnifigants et PO t he

group consisting of H. aryl and heteroaryl erein,aryl an eroaryl are
oLt onal 19 hpodetirely B eeaE s amstidtlah atuBier@aC iR TR oup
consi sti ng ,of. h?Io n ato OH, SH, NO2, CN, COCH and NH2; 20A- represents
a physi ol gﬂfn&]élls egg’é'e'&iﬁ’ﬁﬁ%o%ni on; and particles of a physiologically

scceptabl ¢ PhacTneah g8 o5t Dl aB s EF U Fipiryen Bk B BOSPH r  ne
chlor 5(51 €, irll3 E[}?emfcglr%q %?ddriyopdoi\{/]gera‘})}(? MReans of suitable inhalers known as dry powder
inhalers (DPIs).
The aim of the present invention is to provide an inhalable dry powder
composition that comprises the above compounds as active ingredients.
Optimally said formulation shall exhibit good flowability, good
15 uniformity of distribution of the active ingredient and adequate chemical and
physical stability in the device before use.
It shall also give rise to a good respirable fraction as well as deliver an
accurate therapeutically active dose of the active ingredient.
SUMMARY OF THE INVENTION
20 The invention relates to a dry powder formulation suitable for the
inhalatory administration by means of a dry powder inhaler, comprising an
aminoester derivative of formula (I), acting as muscarinic receptor antagonist.
The invention also relates to the process for the preparation of the
formulation, to its use in the prevention and/or treatment of a wide range of
25 conditions including respiratory disorders, such as chronic obstructive

pulmonary disease (COPD) and asthma, to packages comprising an inhalable

dry powder formulation and a dry powder inhaler.



WO 2011/ 160920PCT/ EP2011/ 058804 4 The expression "aryl" refers to
nmono-, bi- or tri-cyclic ring systens which have 6 to 20 ring atons,

pr ef er ablwof20nmebo2bo 15 and wherein at Ieast one ring i ecampow@tiiosssodhe
expression "heteroaryl" refers to nono- -cyclic ring systems 5 with 5
to 20 ring atons, preferably from5 to iS |n which at least one ring is
aromatic and in which at | east one ri n&F)atomis a_het eroat om or

het er oar omat i C%BMI@@EWWT@HY THE IN@BIHQ@ of sui tabl e aryl

or heteroaryl rrﬁ)]gocycl ic systenms include, for jnstance, h| oph benzene,
pyrrol e, pyrazdlig, COHPARFSNS, Oﬁgﬁxaﬂmn@ono%@zah@rmm%@ amgn thn«ﬁakoie

pyridine, .im.dazol.i ran r dicals and the |ike, 0
sui tabl e 018 Ofhé dléar ‘éifvij prw P> COBYRIHRE, Ahastide SN @ri%romzecf

bi phenyl ene, . puri pt eri dj ben tri qui nol i ne, i soquinoli ne,

i ndol e, i 8aftides & ﬁédin&%?%ndaﬂgg?ﬁ%ra ‘?]éog\}gnt ageously, the

physi 0$ ogi cally acceptable anion A- i s sel ected 15 fromthe group

consi sting of chloride, brom de~4odide, trifluoroacetate, fornate,

sul fat e, phosphate, nethanesul nitrate, naleate, acetate, citrate,
fumarate, tartrate, oxal ate, skgcihate, benzoate and p-tol uenesul fonate. In
a first preferred enbodinent, p i’s 1N|‘ib is absent and Wis H In a second

preferred embodinent, p is 1, P igCQ andOW|s phenyl or 20 thiophenyl. In
a third preferred enbodinent, pis 1 s Wis phenyl. In a fourth

preferred enbodinent, pis 3, P WIS nyl. The terns "active
drug", "active ingredient", "act 1 "achiyé substance", "active
conmpound” and "t herapeuti c agent’ e use as 5 synonym)us The terns
"muscarini c receptor antagonists", "a scarﬁ’mi ¢ drugs" and

"anticholinergic drugs" are used as sy onyrmus The term "substantially
pure" neans a %ﬁ%@ jglgd havi ng an optical WO 2011/ 160920PCT/ EP2011/ 058804 5
purity higher t % based on the wei ght of said conpound, advantageously

hi gher tan 95WW1@’ap§1§h§[@ﬁ°fo¥pMI?K?:) than 98% w w, nore preferably higher

t han 99% w/ si ngle erapeutically effective dose" it is nmeant
the quantity of 5 active i ngredient adm nistered at one tinme by inhalation
upon actuation of the inhaler. Said dose may be delivered in one or
nor e tuations, preferably one acg¢ ______ hgt) of the inhaler.

"Actuation" refers to the rel ease |ve |ngred|ent fromthe device by
10a single activation (e.g. nechanical«@ breath). One aspect of the
invention provides a pharmaceuti cal fo? lation, in the formof inhalable
dry powder, co drsigng one or nore conpounds of fornula (1) as active

i ngredi ents, particles of a physiologically acceptable

phar macol ogi cabl X0 BELL 11§t%gbfjﬁ‘b%'i rlit%r4,
P is absent or is selected from the group consisting of O, S, SO, SO,
15 and CO;

W is selected from the group consisting of H, aryl and heteroaryl,
wherein aryl and heteroaryl are optionally substituted by one or more
substituents selected from the group consisting of halogen atoms, OH, SH,
NO,, CN, COOH and NHa;

20 A’ represents a physiologically acceptable anion;

and particles of a physiologically acceptable pharmacologically-inert
solid carrier.

In the present description, unless otherwise stated, the term “halogen”

includes fluorine, chlorine, bromine and iodine atoms.



15The invention provides a dry powder inhaler conprising the inhalable dry
powder of the invention. The invention also relates to the use of the
i nhal abl ewdryi1pewster fornul ati on of the invention as a FediEPaOEOESSOA
further aspect of the invention refers 30 the use of the inhalable dry 20
powder of the invention for the prevention and/or treatnent of an

i nfl ammatory or_obstructive airways di sease such as asthma or chronic
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i nhal at i oRNE1HN!SA P8 IGe amount of the inhal abl e dry powder of the
invention. Finally the present inventigon is directed to a.package
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In a first preferred embodiment, p is 1, P is absent and W is H.
In a second preferred embodiment, p is 1, P is CO and W is phenyl or
20  thiophenyl.
In a third preferred embodiment, p is 2, P is O and W is phenyl.
In a fourth preferred embodiment, p is 3, P is O and W is phenyl.
The terms “active drug”, “active ingredient”, “active” and “active
substance”, “active compound” and “therapeutic agent” are used as
25  synonymous.
The terms “muscarinic receptor antagonists”, “antimuscarinic drugs”

and “anticholinergic drugs” are used as synonymous.

The term “substantially pure” means a compound having an optical



formul ati on wherein the active particles do not substantially segregate
and/ or detach fromthe surface of the carrier particles during fabrication
of the dryopovwgos2and i n the delivery device before usepcThr2i@nssocy to
segregate can be eval uated according tocStaniforth et 5 al. J. Pharm

Phar macol . 34, 700-706, 1982 and it is c%n5| dered acceptable if the
distribution of the active ingredient in the powler fornulation after the
test, exppégléaéalglgerrthﬂat%ve basemhanrthe qeiht PH ﬁa@mpow%saW@ptWHgb
S|gn|f|cantly with respect t that of the fornulation before the test. The
expr essi of1ghEBN eV iy Mretesablyr Bigbes thap gﬁwﬁﬁé‘% gpre REfErti¥ higher 10 of
active parti cg(g Wzl ch woul d reach the deep lungs in a patient. The
respi rabl than @iW also terned fine particle fraction, is eval uated using

a suitable in yjtro a ata suc ltis eCascadeI actor or I ti
Stage Liquid | i @élg?ﬁ? ﬁ@ape%%@ba.erf tyep Aodeath bssn?e@a& e A R
Phar macopoei.as. 15It is cal cul ated b%l/ t he llnﬁ%éi)et ween the deli vefeﬁ:l dose
and the fﬁﬁ%"‘f)é?%lieéllf‘éﬁ m(l$t8F‘f‘rPg?i9 ¢ itivee par A1gpeRyn actuatiop,el the

del i vered. C{Wﬂe is calculated fromthe cunul ative deposition in the
appar at us™##hfl-e the fine particle mass is calculated fromthe deposition

on Stages 3 (S filter (A correspondl n articles <4 cron
20A respi r abl o ﬁaﬁpﬁ%ﬁnw&ﬁ? AL ER AT i ch
per f or man SI on "accurate therapeutically active dose of
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formula (I) as active ingredients, and particles of a physiologically acceptable
pharmacologically-inert solid carrier.
15 The invention provides a dry powder inhaler comprising the inhalable
dry powder of the invention.
The invention also relates to the use of the inhalable dry powder
formulation of the invention as a medicament.
A further aspect of the invention refers to the use of the inhalable dry
20 powder of the invention for the prevention and/or treatment of an
inflammatory or obstructive airways disease such as asthma or chronic
obstructive pulmonary disease (COPD).
A still further aspect of the present invention refers to a method of
preventing and/or treating an inflammatory or obstructive airways disease
25 such as asthma or chronic obstructive pulmonary disease (COPD), which
comprises administration by inhalation of an effective amount of the inhalable
dry powder of the invention.

Finally the present invention is directed to a package comprising an



00 C2 (R)-1-(2-o0x0-2-(thiophen-2-yl)ethyl)-3-(2-phenyl -

(phenyl am no) acet oxy) - 1- azoni a- bi cycl o[ 2. 2. 2] octane trifl uoroacetate
1. 10 TFA W8 20R)16d9203- phenoxypr opyl) - 3- ( 2- pheny1- 2- ( phenpcarsro@)i asssHoxy) - 1-
azoni a-bicycl o[ 2. 2. 2] octane trifluoroacgtate | NH 10 Il O TFA10 C4
(R) - 1- et hyl- 3- (2- phenyl- 2- (phenyl am no?acet oxy) - 1-azoni abi cycl o[ 2. 2. 2] octa

ne trifluoroacetate 1401 NHlelQ", -,-- TFA- WD
2011/ 1609 20pdah lerhy pgwegsimmylation of the invention and a dry powder inhaler.
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In general terms, the particle size of particles is quantified by measuring
a characteristic equivalent sphere diameter, known as volume diameter, by
laser diffraction.

The particle size can also be quantified by measuring the mass diameter
by means of suitable known instruments such as, for instance the sieve
analyser.

The volume diameter (VD) is related to the mass diameter (MD) by the
density of the particles (assuming a size independent density for the particles).

In the following description, the particle size is expressed in terms of
mass diameter (MD) and the particle size distribution is expressed in terms of:
1) the mass median diameter (MMD) which corresponds to the diameter of 50
percent by weight or volume respectively, of the particles, and i1) the MD in
micron of 10% and 90% of the particles, respectively.

The terms MMD and mean particle size are used as synonymous.

The term “good flowability” refers to a formulation that is easily
handled during the manufacturing process and is able to ensure an accurate
and reproducible delivering of the therapeutically effective dose.

Flow characteristics can be evaluated by measuring the Carr’s index; a
Carr’s index of less than 25 is usually taken to indicate good flow
characteristics.

The expression “good homogeneity” refers to a formulation wherein,
upon mixing, the content uniformity of the active ingredient, expressed as
relative standard deviation (RSD), is less than 5%.

The expression “chemically stable” refers to a formulation that meets
the requirements of the ICH Guideline Q1A referring to “Stability Testing of
new Active Substances (and Medicinal Products)”.

The expression “physically stable in the device before use” refers to a

el

NH



G5 (R - 1-(2-oxo-2-phenyl et hyl)-3-(2-phenyl-2-
(phenyl am no) acet oxy) - 1- azoni a- bi cycl o[ 2. 2. 2] octane chloride 1101 NHill o
c, Sl wo 20heieseopounds of general formula (1) show atclra®sdiiiosssochi r al
centers that are represented by the carzon atons quoted with asterisks.
5Therefore, the fornmula (1) al so enconpasses any of the optical
stereoi soners,_ diastereqisoners, and m xtures thereof, in any proportion.
The for nuf@imelation WRerginBatacsycaiaitislassde ngd substasialy| segyegaje sand/or
uniformty of distribution of the actjve ingredient, and adequate chem cal
and physi 8glachtEpm iths sprfagaofdd exTieRATEClpseduring fagrigatign sﬁwi d& to a
good respirab) e fract'bon gnd it is able of delivering an accurate
t her apeut PEX¥Idey andin e glsbiyery deniceRaPIRUSGgr edi ent The fornul ation
of the inventi conprises the active ingredjent_ in an. anmou such _t hat,
Upon adr ni st r APFORTBYITHARISSEIGHRS g P Ran bRied pROTRS éﬁgéf@iﬂ &rihyet
effective si e dose (hereinafter inhgl e dose) is.15 advant ageously
conpriéedaﬁef?é@{ns Phaymaie!2 6530.“%5]&@@&&%93 gﬂfﬂﬁ@@@@ﬁs@w%i%lf ig
and 2000 Lig,,.preferably between 15 apd 1000, |i g, r referably between
20 and 808§ KiATBYLANNBY AN AETAF ABEYHER AN PO 6By THYatPReA S I dose
w Il depend,on the ki.nd and, the severity of.the di e . WO
2011/ 1600 SOPCIERSHEY (S3A0HITS artiaie daNHTondC At SIS 38k, CBEHse of
the patient apd shall. be adnj nister one or, nmore tines a day, preferably
once or ¢ aiesangadiy Wit FesBRt et oddef Pert g TR LB i Ehe vent s on
thereto, the pharnaceutical. for at.ion nm Qnprise._an of th
conpounds O L0 18 erasiqioy FieDrPHEFiag Dol Frfifa ko ad Todry of e Bhroeiiaes e
adm ni stered single.dase .i.s, conpri sed between, 10 and 600 |ig, preferably
pet ol 267 dravEgaritas Sicn SRR REeh B AR Lhs AP RE e’ s gl 6 dose
may be conpris bet ween, 20 _and. 50, | i i e in_other enmhodi nents be
Conpr 1 sed bet wadi BOPADkntroRBn s pisoofrpiRuals Retk e Egoy LB en
100 and 300. 11iq, t we 10 n 0Q 4814 n.even [
part cul st i dar e ATRD il dotuthay Mlngpagy SHGEROITBR sy a0 or
200 or SO%ﬁftQ'Stage Liquid Impinger (MLSI) according to procedures reported in
common Pharmacopoeias.
15 It is calculated by the ratio between the delivered dose and the fine
particle mass (formerly fine particle dose).
The delivered dose is calculated from the cumulative deposition in the
apparatus, while the fine particle mass is calculated from the deposition on
Stages 3 (S3) to filter (AF) corresponding to particles < 4.7 microns.
20 A respirable fraction higher than 30% is an index of good inhalatory
performances.
The expression “accurate therapeutically active dose of the active
ingredient” refers to a formulation wherein the variation between the mean
delivered daily dose and the mean emitted dose is equal to or less than 15%,
25  preferably less than 10%.

According to specific embodiments of the invention, specific examples

of compounds of formula (I), are reported in Table 1.
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(R)-1-(3-phenoxypropyl)-3-(2-phenyl-2-(phenylamino)acetoxy)-1-
azonia-bicyclo[2.2.2]octane trifluoroacetate
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bicyclo[2.2.2]octane trifluoroacetate
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(continued)



25ur ea, polysaccharides,for exanpl estarch and itsderivatives;
ol i gosacchari des, for exanple cyclodextrins and dextrins.
Advant agewoby/i6bd2e carrier particles are nmade of a crysgtaldrbma/osssgar, for
exanpl e, a nonosacchari de such as gluco§e or arabi nose, or a disaccharide
WO 2011/ 160920PCT/ EP2011/ 058804 12 such”as maltose, saccharose, dextrose or
| act ose. Pr ef| @ gl (2-oxdie-pianklcehylpad-{1-phesylaze made of | actose,| nore
preferably of a-1acigwayRRelytctd&)-1-826018-18PA6[ BN odthe CRNERRIC ON |t he
powder forjmul ati on mray—be—+n—5Fforth u‘: aggtonerated—spherontzed—parttcl es,

al so known as soft |pellets, wherein particles of a conpound of general
formula (If) and theg particles of the NH er are both in a finely diVided
form i.e.| thegig ngss nedi an dianeter isl geperally |less than 10 m cran,
preferably from1 tjo 6 mcron. ai@i?ﬂnd of formul ati ons ngy be
prepared dccording [to known 10 net hods. GBnerally he process conprilses
the steps [of: i) mjicroni zing together the ébtiM?Jiggredient and t he
carrier; ili) subjedting the resulting co-mcroniized m xture to

aggl oner ati-on—and-spheronisation—15Aternatively,—the process conprises
the foll ow ng eps;: i I Croeni sin eparatel y the active ingredient and
the carrier: i iyeramhgeideoheisn SERELREE et 3 It o CREE oMerg "t ne
resul ting m.xture to l.oner at i on_and spheroni sation.. 201 n anot her

erbodi mendbrrt peiene BN Bhie HuBPa AR SRS AT h8BusEhar se part cl es of

a carrier together wwth the drug in the finely divided form a type of

formul ati on known as ordered m xture. Advant ageously, said carrier
coarse particles have a nmass di gfieher (MD) of at |east 50 micron, nore
advant ageously greater that 80 n on 25 Preferably, the MDis conprised
bet ween 90 m cron and 500 m cron. NH In certain enbodi nents of the

i nvention, the MD may be conpri sedy weeh 90..and 150 m cron. In other
enbodi mrents, the MD may be conpris befween/ 150 and WO

2011/ 160920PCT/ EP2011/ 058804 o) N
|
A_
o T
5 Therefore, the formula (I) also encompasses any of the optical

stereoisomers, diastereoisomers and mixtures thereof, in any proportion.

The formulation of the invention exhibits a good flowability, good
uniformity of distribution of the active ingredient, and adequate chemical and
physical stability in the device before use.

10 It also gives rise to a good respirable fraction and it is able of delivering
an accurate therapeutically active dose of the active ingredient

The formulation of the invention comprises the active ingredient in an
amount such that, upon administration by inhalation from inhalers, the
therapeutically effective single dose (hereinafter the single dose) is

15 advantageously comprised between 5 pug and 2500 pug, more advantageously
between 10 pug and 2000 pg, preferably between 15 and 1000 pg, more
preferably between 20 and 800 ng, even more preferably between 25 and
600 ng.

The single dose will depend on the kind and the severity of the disease



13 400 mcron, with a MVMD preferably greater than 175 mcron, and nore
preferably the MD may be conprised between 210 and 355 m cron. The
desired peotoclwosoze may be obtained by sieving accor dipog/Hpeoltnsss04

met hods. 5When their MD is conprised be1 ween 150 and 400 micron, the
carrier coarse particles have preferably a relatively highly fissured
surface, that is, on which there are clefts and vall eys and ot her recessed
regi ons, PBAdhe conditions Gvaighsy F%tqgﬁ‘él%f the Patiedyirangl shﬁllabwanaltmsﬁére;d

hi ghly fi ssured” coarse particl can be defined in terms 10 of fissure

i ndex or pae&g.mg)r%w.ac BhiPTE L TABLCONGSRr IWION® B3Y-78695 and WO 01/ 78693,
i ncorporated h reference, and they can _be char actergﬁed accardi ng

to the descri pt%IIBIIO‘#theF%?tﬁCP@Both@d scope © ofgathe c Y§UIOTE 0 4R&E I Har | es
may al so be characte n.ternms of tapped denS|t or total intpysion

vol ume neaﬁa%ace&glqaifarm@ HO 1BAYABOBT Gy One of the coappandiebdi oy of
the carri | es.i s advant ageo ss than /c

pr ef erabl ?550 e aV@l%glgﬁ@ﬁesatlts Lt R d e B oA GR 8 i 5 of
at least 0.8 crrB fer abl [ VWhen .t he f | ati on of
the i nventd BWHPEISPEI’PB‘I’W%#IIt SFER gndrate i orues e ot SHCHer: ' vy

dvant I dit t ble t te t I f
The act Pve. par 1ot BarTGul eRBodHnE T s le Bl il o st BehEeding) or

devi bl h b f h ddi

RN T T ol e Obﬁlphﬁssﬁaﬁba%ﬁowﬁo?fs%gq@awﬂr R
t | f di,f f f h t

Revant neoBttngd g ot MehFEED SO GE SGng BOBROSTE00 o R %I%E?aﬁw%eéw ect ed

from sting of |eucine, isol eum ne | ysi ne, valine, WO
2011/ I@ogggg /dEﬁggkgl 058804 14 net hi oni ne, phenyl al ani ne. The additive may
be a salt of ahcltleer %Matbve 8}‘,[ ag anl no damed t [ ex (InO% asp rtarrf @ror
acesul fame K I'ROGh B ERIOH ﬁ%]rli’ ot IlIige fvER Fhlg (I)(ﬁf) \%
particl es,gons st | euci ne, advantageously L- | euci ne.

253 br L0032 %"é‘? EI% -

S5Al ternatively, may i nclude or consist of one or nore

ater solubl e fHthaier 3l YEILET | MeSnlRl BXAMBlodecol Bl nal fppld oul ar

soya | ecithin. nvention,

addi tive mg{eh@h&gg Ia%é}gﬁt &ﬁ ﬂfeeg&h'&%r %n one or nore |ubricant selected

fromthe group consi &Y aric acid and salts thereof such as

t d I I t t
Ctearyt Al conal TCSUATS s'ed"%n%BraI‘Iﬂ?’st B har G T 1 LRGPl i

G oxi do. Slﬁ%f"qle&*ﬁaﬁ?a%e e I%%‘I"%QP??‘JI’%?%W BeSleatg
parti oo pal BpaT0bR B ahf E%%&I@%%Q?P B e L AR YO @%Ynﬂ?vﬁo?e”?ﬁéln
II gemcI:lIa(r)ﬁncal C(I:)IIrSICI)iEI%tIIﬂIcIIIdIa Bp ICI%%III;IIEI W@I@Egaﬁdﬂé I éé r?gt% gl’ﬁIBa
administration.
20 In another preferred embodiment, the daily dose may be reached by a

single administration and delivered in one actuation of the inhaler.

In another preferred embodiment, the daily dose may be reached by a
single administration and delivered in more actuations of the inhaler,
preferably two.

25 In another preferred embodiment, the daily dose may be reached by a
double administration and delivered in one actuation of the inhaler.

In another preferred embodiment, the daily dose may be reached by a

double administration and delivered in more actuations of the inhaler,



In general, the anbunt of additive shall be not nore than 10% by 20 wei ght,
based on the total weight of the formulation. However, it is thought
t hat for wobi1adoi2ni ves the anount of additive material pemamrbei1osssoot nore
than 5% preferably not nore than 2% or,,even not nore than 1% by wei ght or
not nore than 0.5% based on the total \/\%i ght of the fornulation. In
general, the anmpunt of additive material is of at |east 25 0.01% by wei ght
based on PHICtAIKItWRei ght of the fornul ation. In one of the preferred
enbodi nent of the invention, the additive material, i gnesi um st ear at e.
The amount of AB§NRATIGHSSPESr apBPPENgeRfe %ﬂnll‘ﬂflacggﬁiﬂi ﬁ@g?%@%%téﬁnm the
2011/ 160920PCT/ EP2011/ 058804 15 0. 01 and 2%. preferably between 0. 02 and
1% nore H?\éﬁfﬂélf%mu%egﬁegh ao.]fM&néwed@%(wcwéﬂgﬁ@) Bjﬁé@d igh tHdr t19ee

wei ght of the fornul atign. | n, sone enbodi ment s, magnesi um st.earate may
coat the SidiaR I@ﬁe%qses%@él#ﬁiig@mﬁ?ﬁm DE| iy 30 ks they | SRhaureterabBict ent
of the m)lleculqar surface 5 cg%tjﬁzgg is at least of 5% (Ppreferably nore than
10% nor e PPNan St RRTE RIFLTA8 505 0PERCdDCEV T A 4P 1 2qual to or nore

t han and 25% For very. high extents of surface .cpat.ing, i..e... hi.gher
L han 0% “the LbSETRE supolinat Subs ipmornbereselos uedens sl Y b
co- pendi nm@&licati on EP 10158951. 3. 10The extent of nol ecul ar surface
coating, WK IGHIFRUIRECH e percentage of the total surface of the carrier

par 11 o Cout o8, D BREDERL D POB3 a8 ST AR IR g

the magnesiyum stearate coats the surface of the 15| actose particles can
al so be det®elfined by scanning el ectron mcroscopy (SEM, versatile

analvig e R QS SO B PURRAEL v ERE LS GARY BB

h d i I 0 i f , f I
NG CR P, G M SeGAEL O BB B BT ol 5, A
cet on, L 1 Sifj DL, ol TRETgS!WINSISSHRNE sy be AL ol

spectroscopy (;Ipr determ ning the extent of coating, according to known
pr ocedur es. A6t her anal ytical technique that can advantageously be used is

X 13y 25 Photoghecidon SRRGEASHIDM NFRhucelhy Wk SlslkalatybReg ORIP! © Lo

cal cul ate both exten e magnesi um

t ' | ac [ S .. XP t .t ak

w th comsrary LS e B ERS ST oBs Sl Fnoh o DG e R B et <
such as A&%ﬁ#&ﬁc&ﬁida? rggrent from Kratos Anal ytical (Mnchester UK),
typically using nonochromated Al Ka radiation according to known

procedures.  Thg LoEIGUBRE|A! ELLINRRE! SN0 MSERERAL OECshdlc
Po or T os St ARA el e, R I akrl | Sl Rame oot EIE MM v
inhalatory use.
20 For example, the carrier particles may be composed of one or more
materials selected from sugar alcohols; polyols, for example sorbitol, mannitol
and xylitol, and crystalline sugars, including monosaccharides and
disaccharides; inorganic salts such as sodium chloride and calcium carbonate;
organic salts such as sodium lactate; and other organic compounds such as
25 urea, polysaccharides, for example starch and its derivatives;
oligosaccharides, for example cyclodextrins and dextrins.

Advantageously, the carrier particles are made of a crystalline sugar, for

example, a monosaccharide such as glucose or arabinose, or a disaccharide



The percentage of fine particles of physiologically acceptable
phar macol ogi cally-inert material is advantageously conprised between 10 0.1

and 40% olotoa/teed2al armount of the fornul ation. Pr eCersebdiy/osdshe coarse
particles and the fine particles are cqrstituted of the sanme
physi ol ogi cal | y accept abl e pharnmacol ogi'Cally- inert material. In a

preferred enbodi nent of the invention, in particular when the single dose
of the actp¢as mpliasicesrcoharesfuslexitgseor|lawes¢-han 300 1ig, preferably
15equal to or |less than 200 Iig, the fornmulation is in formof hard-pellets
accordi ng to tRECeEINi Hip edTiRD RpftielsoTe made of dasionas Newe rpéﬁt;eé%dn%f i ses:
i) particles of a co oand of general formula (I) in a mcronized form
20i i) a fPafCiew BON/I¥EE&rticl es constituted of a mixture composed of

particles of physiologically acceptabl e pharnmacol ogically-ijnert terial
and particles &f Qif § e nnxpntiah enmwéslgrfmreu l%mwg%s WD

equal to ar less than 10 mi.cron; and jii) .a fraction of particles of a
physi of ogi ¢ar| 9fa%ﬁ£9’£n§6’f‘t€d2§ %ﬁ"ﬁéﬁd db{rt%&qsy-"ﬁﬁ%r gt ef? a?OflﬁaH?lﬁ:%fsa

T oron and Herein 9 RATEFLR, Ol EPEPaBNY Waigiee BodRGUS HEFGReIes of
Advant agegusly the fraction of mero icles i,s conmposed  of 90 to WD
2011 1600 55ped ieBa6e DG $B04 Mo 5 VBl R ght TSR RS PG Lo EaIEaT 1y
accept abl e pharmacol ggi cal | y-i nert terial and 0.5.to 10% by wei ght of the
Bdd L1 ve. gaper e eos Al b st nselStaBl faa™Triadi PRt i of opar t1 ¢l o5 and
the fraction of, cparse particles.is conprised between 1:99. and 40: 60% by
e gt - pr of er 301 Bitwadn eiofulhos ! 7B RFFRRG Mol ey 4SS

pr ef er abl g tween 10: 90 and 20: 80% by wei ght. Preferably the

physi Woghe F?é\ﬁaccept able inert material is a-lactose nonohydrate and the

additi ve materj-al is1 g nesiumstearate...ln.a nDf.e preferred enbodi nent,
the {racti on OF%Q#E% DraRE PEPEes; SOy RSB HEP DT 98 t o 99% by wei ght o
"ot o betwean the PHGRidnt shRa e MEiE It AR T GHIR: ot Scoarse

bar ti cl es made; gf arl;act;ns &, HONQINATALS. e i APD MR Blay ol ERBRGHVE! Y-

The amount of gnesi‘um sfeara nal fornmu

advant ageously co ' 0.01 and 1.0% by wei ght, preferably
bet ween 0.05 and O: A;ﬁﬁgelj\%gﬁyﬁ@% nore preferably between 0.1 and 0. 4% by

wei ghison the q{eqhaef@élghFthéé{n{(%ci%?%tzfiflﬁﬂs%%!tﬂ@followti)rég-r bgbormulation in form

of ordered m xture accordin e venti on nay pared according to

known et hods . ; 20Sgiis, JTRGHAUS pEOBKI B8 diS eShERALnrhad R LagRENer the

carrier coarse ‘parti e optl ine carrier particles ahd the

additive parti I)esmi%ﬂ% frlenatd ¥ n pAdi &Qn}é&?eﬁtis;nﬁ{d’ di vi ded pharmaceutically
active conpound’to the“resulting mxture.
iii) subjecting the resulting mixture to agglomeration and
spheronisation.

20 In another embodiment of the invention, the formulation comprises
coarse particles of a carrier together with the drug in the finely divided form, a
type of formulation known as ordered mixture.

Advantageously, said carrier coarse particles have a mass diameter
(MD) of at least 50 micron, more advantageously greater that 80 micron

25  Preferably, the MD is comprised between 90 micron and 500 micron.

In certain embodiments of the invention, the MD may be comprised

between 90 and 150 micron.

In other embodiments, the MD may be comprised between 150 and



The particularly preferred fornulation according to the invention may 25 be
prepared according to the nethods reported in WO 01/ 78693. Anong t he
met hods tweneimmeoescri bed, the fornul ation is preferabl pcpreppanesssaccor di ng
to a process which conprises the foll O\éi/i3ng steps: a) preparing

m croparticles constituted of a m xture conposed of WO

2011/ 16092QPCT/ EP2011/ 058804 18 particl es nmade of ph);si ol ogi cal |

accept abl 80BhaYekdel Wiihc &I MM\ rreferabby igipatendthaar d Vel @@cwrn,tfméy 486N i ve,
the inert material and the additive being first-m xed together and then
co- mi cr onP&grably the Mpxmﬁéjatt%‘éf)fﬁ?&lls hetvedned1Qandtey BWYCHAN h coar se
particles of a_bphysi.ol ogical]y acceptahl e pharmacol ogi cally-i nept nateri al
Such that i cr SPar Hrered RUHels St6 MWy St Rdes PheSIE¥HIG dCpRIHNG| ¥ c)
addi ng by. m xi ng the active particles in the mcronized formto the

particl esKBpWa Bsthads. The co-micronization step may be carried out

by k th h.1 .th ted in VWO 02/00197. )
Advant §gegﬁs| 3%%? iy %éﬁsg e&ﬁﬁr%?gg{ﬁt\evwﬁﬂ#ﬁq ﬂlﬁé ,4%310%0%@? &BIYehy

ing ajet mll acgcording ta t conditions.reported in 01/ 78693.
oS oot Ehay e el E bR Satbiely Db P Mt S d FuplBec: hah ‘myn

i i t.i i ted,t diti i t di t
condi 1 ond Mgl BEFoLeR §RISHEE o abENs; A AIBFT dETRUESCloRBOBARTSY 1o
Advant ageglusl.é, ﬂgrﬁnglthe .steE a) the additive nmay be enbedded in the
formed mi OFBPREOIECHECYGSS HPYWFfatively, in the case of a Iubricant such as

i o th ddi t.i . h f f th rri

e o R D A SR R L
% 20 . 14 Q9% 5 15%

o B 8 BB L A TG R 5067 0 Ry L 1%

S T R T TS

dditi I d. ] 1l i cl be d d

21 Ve TRk FTREAESS o] TR By BBl oL 25,y oo detected

coupl ed o i CearAlaLiIP se parti et BELCANL BLY A5 C[SRAN B @RAYCor the

extent of nole ar surface coati ng nm etermn viat er contac

angl e nea n eport [ 01 2 011/0 19:. WO
00/ 53157 ?)érﬂrge?eo?%@ting\an t?%‘cl)l snmtr\(}gl(ﬁl Thygwg‘r?rmqﬁa S{UEEQ (])afjs t%z)%?tfle\(/len " on
may fykt heyocomBkL6s ot her therapeutic agents useful for the prevention

and/ or trea?mant %g? a respiratory disease, e.g. beta2-agonists such as

sal neterol , m W@ttﬁgﬁéd ﬁ@ﬂ?ﬁ( lo?%@%?*ﬁeéc%ﬁ?%?%?ﬁél@ﬁ 34 QEV%M%EG@'&SI% less

fluti casone propionate or oat e, uni s nmonet ason r oat

oF | Shom S50 SRR EUR F3E RS G POEE) bl tors s as
The total intrusion volume is of at least 0.8 cm’, preferably at least
0.9 cn’.

20 When the formulation of the invention is in form of the aforementioned
ordered mixture, it may advantageously comprise an additive material able to
promote the release of the active particles from the carrier particles on
actuation of the inhaler device, and hence able of improving the respirable
fraction.

25 The additive material, which is preferably bound to the surface of the
carrier coarse particles, is of a different material from the carrier particles.

Advantageously, the additive material is an amino acid, preferably

selected from the group consisting of leucine, isoleucine, lysine, valine,



The dry powder formul ati on herein described, may be used in all customary
dry powder inhalers such as unit dose or nultidose inhalers. 10 For

exanpl e, wobeofwrsmazhati on of the invention may be fill edpicn/erasdogsbat i ne
capsules, in turn loaded in a unit dose , nhaler such as the AerolizerTM
Alternatively, the formulation as a powder may be filled in a nultidose

i nhal er conprising a powder reservoir as described in WO 2004/012801

Adni ni st r HGTBIPIERC. nhemdalrﬁﬂua@ i bhe grdditige imyeme driakagf Bedemyitited 64 dor 15
prophyl acti ¢ purposes or nptomatic relief for a wi de range of

condi t | on§mlﬂela€ﬂf rf@rreé%mg%@mﬁwg@ff@@w £%r8ﬁ Kss chronic obstructive

pul nonary di sease (CCP nd ast of. all .typ her res iratory
di sorders for %FII@PP'[% taoif oHie dnveMion n&@n?%ﬂl‘fﬁaﬁ’aﬁ Clﬁéné@?%ﬁ’al are

t hose char cterlz gﬁ ohstruction of tl Ed%erl heral airways as a result of
i nf | ammat £9 St%ﬁalg}’é’ RS0 SYAHRLIANS Y e P UL hr oni ¢ obstructi ve

bronchl olitis, ,chronj.c bro e ma, acu | ung injur ALl
cystic>fi brosi é(i ARty ¢l ¢ rﬂffdéﬁﬁ?tmng s%‘?‘?’altn&ﬁ%ﬂedi%tqoé?és s?\;%

( ARDS) . I n addi eforrrulatlon of the inventi ueful in
Lr eati ng SRR S TR ubige St ROt SRl RACYATR e Aes iRt aﬂﬁlqlﬁ%ﬁ tabl e
bowel y g?rf skin di seases such as psoriasis; hyperhydrosis and

si al orrheé0 o @E@t rointestinal ulcers. The invention is better

(1 st ot byt Coll it om SatpL o Y5 AL ASERANECT oot pesps

has the- cul Oﬁocrfené%ﬁﬁ‘%ﬂ ﬁl%sﬁ}l‘@”ﬁatt%%@?@eé%r&%%@ﬁéé’ﬁo@hi%ﬁﬁﬁ% per

shot ?6 t s't&pr% ear01(§ 'l lg fereP s{){%h as m(e:tlgnesmm stearate, sodium lauryl
sulphate, sodium stearyl fumarate, stearyl alcohol, sucrose monopalmitate.

Other possible additive materials include talc, titanium dioxide,
aluminium dioxide, and silicon dioxide.

Advantageously, the additive particles have a starting mean particle size

15  of less than 35 micron. Preferably they have a mean particle size of not more
than 15 micron, more preferably of not more than 10 micron.

The optimum amount of additive material shall depend on the chemical
composition and other properties of the additive material.

In general, the amount of additive shall be not more than 10% by

20  weight, based on the total weight of the formulation.

However, it is thought that for most additives the amount of additive
material should be not more than 5%, preferably not more than 2% or even not
more than 1% by weight or not more than 0.5% based on the total weight of
the formulation. In general, the amount of additive material is of at least

25  0.01% by weight based on the total weight of the formulation.

In one of the preferred embodiment of the invention, the additive

material is magnesium stearate.

The amount of magnesium stearate is generally comprised between



0.2 1.0 200 Al pha-Ilactose nonohydrate 212-355 pm 17.82 89.1 Co-m cronised
particles 1.98 9.9 Total wei ght 20 Cl is mcronized by known

met hods, wo 2prieese t he active substance in the form of ppampre@hesssoavi ng a
typical particle size suitable for i nha}I ation. 10 The co-m cronised
particles are constituted of a m xture gf a- |l act ose nonohydrate and
magnesi um stearate in the ratio 98:2 ww an((:)l are obtained by co-m|| I(i) ng in
a jet mlP-Qappd & espisferablnbebrechBibhyad dt/e mave pgeiarapidgueend. &%si ze
of less than 250 m cron and magnesi um stearate particles having a nean
particle dhgd-ofc PeeIERAATSS O Hroiiarserehtal e TPBRHIAAN on s filled in
hard gel ati ne capsul es and.l oaded in the AerolizerTM i nhal er. The

aer osol perfor Fasers @.ngogvamfés SRPIPSSHYN StRAIPLS H@tya@%atﬁ%abﬁ%f%ﬁp%&&
(MSLI') according to .the procedure descri bqfl in Euroipean Phlar rriacog)o?i a 2nd
edition, $9GieT %qt%clqls_ gngsuch gaway 2135_‘[1137t_t e extent of the molecular Surface

5 coating is at least of 5%, preferably more than 10%, more preferably more
than 15%, even more preferably equal to or more than and 25%.

For very high extents of surface coating, i.e. higher than 60%, the
coating may be achieved using the process described in the co-pending
application EP 10158951.3.

10 The extent of molecular surface coating, which indicates the percentage
of the total surface of the carrier particles coated by magnesium stearate, may
be determined by water contact angle measurement as reported in
WO 00/53157.

The extent to which the magnesium stearate coats the surface of the

15 lactose particles can also be determined by scanning electron microscopy
(SEM), versatile analytical technique well known in the art.

Such microscopy may be equipped with an EDX analyzer (an Electron
Dispersive X- ray analyzer), that can produce an image selective to certain
types of atoms, for example magnesium atoms. In this manner it is possible to

20 obtain a clear data set on the distribution of magnesium stearate on the surface
of carrier particles.

SEM may alternatively combined with IR or Raman spectroscopy for
determining the extent of coating, according to known procedures.

Another analytical technique that can advantageously be used is X-ray

25 photoelectron spectroscopy (XPS), by which it has been possible to calculate
both the extent of coating and the depth of the magnesium stearate film around
the lactose particles.

XPS measurements may be taken with commercially available



WO 2011/ 160920PCT/ EP2011/ 058804 21 Exanple 2 - Inhal able dry powder
formul ation conprising C2 (formulation 2) A powder formulation with
a siml arwoasposidoon of that of Exanple 1, but using CecrirP2pnepsned. 5The
conposition is reported in Table 3. Takil e 3 Conmponents Ampunts Per shot of
the inhaler Single dose nmg %ilg C2 0.9 1.0 200

Al pha-1| act osenonohydr at e212-355 11111 17.82 89.1 Co-m cronised particles
mstruments” such as Axis-Ultra instrument from Kratos Analytical

(Manchester UK), typically using monochromated Al Ko radiation according
to known procedures.
The formulations of the invention in the form of ordered mixture may
5 also comprise fine particles of a physiologically acceptable
pharmacologically- inert material with a mass median diameter (MMD) equal
to or less than 15 micron, preferably equal to or less than 10 micron.
The percentage of fine particles of physiologically acceptable
pharmacologically-inert material is advantageously comprised between

10 0.1 and 40% of the total amount of the formulation.

Preferably, the coarse particles and the fine particles are constituted of
the same physiologically acceptable pharmacologically- inert material.

In a preferred embodiment of the invention, in particular when the
single dose of the active ingredient is equal to or less than 300 g, preferably

15 equal to or less than 200 pg, the formulation is in form of hard-pellets

according to the teaching of WO 01/78693.
Said formulation hence comprises:
1)  particles of a compound of general formula (I) in a micronized
form;

20 1) a fraction of microparticles constituted of a mixture composed of
particles of physiologically acceptable pharmacologically-inert
material and particles of an additive material, said microparticles
having a MMD equal to or less than 10 micron; and

111) a fraction of particles of a physiologically acceptable

25 pharmacologically-inert material having a highly fissured surface
and a mass diameter (MD) comprised between 150 micron and
400 micron, preferably between 212 and 355 micron.

Advantageously the fraction of microparticles is composed of 90 to



1.98 9.9 Total weight 20 The formulation is filled in hard
gel ati ne capsules and | oaded in the AerolizerTMinhal er. 10The aerosol

per f or manweoarwoeet erm ned as reported in Exanple 1. PpCT/HRZ@TPEBB -

| nhal abl e dry powder formul ation conpri %i ng C3 (fornulation 3) A
further powder formulation according tc} the invention is prepared with the
conpositiqgn reported. in Table 4. 15 WD 2011/ 160920PCT/ EP2011/ 058804 22
Tabl e 4 COfponehy swalghines theghysiegialiyhacesmabler phanppeolggically-inert

material and 0.5 to 10% by weight of the additive material, and the ratio
between the fraction of microparticles and the fraction of coarse particles is
comprised between 1:99 and 40:60% by weight, preferably between 5:95 and
5 30:70% by weight, even more preferably between 10:90 and 20:80% by
weight.
Preferably the physiologically acceptable inert material is o-lactose
monohydrate and the additive material is magnesium stearate.
In a more preferred embodiment, the fraction of microparticles is

10 composed of 98 to 99% by weight of a-lactose monohydrate and 1 to 2% by
weight of magnesium stearate and the ratio between the fraction of
microparticles and the fraction of coarse particles made of o-lactose
monohydrate is 10:90% by weight, respectively.

The amount of magnesium stearate in the final formulation is

15 advantageously comprised between 0.01 and 1.0% by weight, preferably
between 0.05 and 0.5% by weight, more preferably between 0.1 and 0.4% by
weight on the total weight of the formulation.

The formulation in form of ordered mixture according to the invention
may be prepared according to known methods.

20 Sais methods comprise the step of mixing together the carrier coarse
particles, the optional fine carrier particles and the additive particles, and
finally adding the finely divided pharmaceutically active compound to the
resulting mixture.

The particularly preferred formulation according to the invention may

25  be prepared according to the methods reported in WO 01/78693.

Among the methods therein described, the formulation is preferably
prepared according to a process which comprises the following steps:

a) preparing microparticles constituted of a mixture composed of



ng %ilg C3 0.100 1.0 100 Al pha-Iactose nonohydrate 90-150 il m 8.91 89.1

magnesi um stearate 0.99 9.9 Total weight 10 The formul ation
is fill edwbnotimsosml ti dose dry powder inhal er descri bedpcmrtgy1208880912801.
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particles made of physiologically acceptable pharmacologically-inert
material and particles of the additive, the inert material and the
additive being first-mixed together and then co-micronised;

b) mixing the microparticles of step a) with coarse particles of a

5 physiologically acceptable pharmacologically-inert material such
that microparticles adhere to the surface of the coarse particles;

¢) adding by mixing the active particles in the micronized form to the

particles of step b).
The co-micronization step may be carried out by known methods such
10  as those reported in WO 02/00197.

Advantageously, said step is carrier out by milling, more preferably by
using a jet mill according to the conditions reported in WO 01/78693.

In a preferred embodiment, the microparticles of step a) obtained by co-
micronization, are subjected to a conditioning step according to conditions

15 disclosed in the co-pending application EP 10160565.7.

Advantageously, during the step a) the additive may be embedded in the
formed microparticles, or alternatively, in the case of a lubricant such as
magnesium stearate, the additive may coat the surface of the carrier particles
in such a way as that the extent of molecular surface coating is at least of 5%,

20 preferably more than 10%, more preferably more than 15%, even more
preferably more than and 35%.

The extent of molecular surface coating indicates the percentage of the
total surface of the carrier particles coated by magnesium stearate.

The presence of the additive material embedded in the microparticles

25 may be detected according to known methods, for instance, by electron
scanning microscope coupled to microcalorimetry.

On the contrary, as reported above, the extent of molecular surface

coating may be determined by water contact angle measurement as reported in



5Exanple 4 - Inhalable dry powder fornulation conprising ¢G4 (fornulation
4) A further powder fornulation according to the invention is

pr epar ed wibt2h1iseo200nposi ti on reported in Tabl e 5. Tabl ech/rPfoiTosgzonent s
Amounts Per shot of the inhaler Singl g dose ng %ilg C4 0.200 2.0 200
Al pha- | act osenonohydr at e90- 150 11111 8. 32 97.90 magnesium stearate 0.98

0. 10 WO 00/53157 or by other known tools.

The formulations of the invention may further comprise other
therapeutic agents useful for the prevention and/or treatment of a respiratory
disease, e.g. betap-agonists such as salmeterol, milveterol and vilanterol;

5 corticosteroids such as fluticasone propionate or furoate, flunisolide,
mometasone furoate, rofleponide and ciclesonide; phosphodiesterase-4
(PDE4) inhibitors such as roflumilast and combinations thereof.

The dry powder formulation herein described, may be used in all
customary dry powder inhalers such as unit dose or multidose inhalers.

10 For example, the formulation of the invention may be filled in hard
gelatine capsules, in turn loaded in a unit dose inhaler such as the Aerolizer ™.
Alternatively, the formulation as a powder may be filled in a multidose inhaler
comprising a powder reservoir as described in WO 2004/012801.

Administration of the formulation of the invention may be indicated for

15 prophylactic purposes or for symptomatic relief for a wide range of conditions
including respiratory disorders such as chronic obstructive pulmonary disease
(COPD) and asthma of all types. Other respiratory disorders for which the
formulations of the invention may be beneficial are those characterized by
obstruction of the peripheral airways as a result of inflammation and presence

20 of mucus, such as chronic obstructive bronchiolitis, chronic bronchitis,
emphysema, acute lung injury (ALI), cystic fibrosis, rhinitis, and adult or
respiratory distress syndrome (ARDS).

In addition, the formulation of the invention may be useful in treating
smooth muscle disorders such as urinary incontinence and irritable bowel

25 syndrome; skin diseases such as psoriasis; hyperhydrosis and sialorrhea; and
gastrointestinal ulcers.

The invention is better illustrated by the following examples.



Total wei ght 10 The fornmulation is filled in the nmultidose dry
powder inhal er described in WO 2004/012801. WD

2011/ 160980RCH/R2011/ 058804 23 Exarrpl e 5 - I nhal alplce/mbryi1psssder
formul ati on conprising C5 (fornmul atio? A powder fornul ation
according to the invention was prepare as described in Exanple 1. 5Its
conmposi tion repgrted |n Tabl e 6: Table 6 Conponents Anpbunts Per shot of
t he inhal er %@(

Example 1 - Inhalable dry powder formulation comprising C1

(formulation 1)

A powder formulation according to the invention has the composition

5 reported in Table 2:

Table 2
Components Amounts
Per shot of the Single dose
inhaler
mg %o ne
C1 0.2 1.0 200
Alpha-lactose monohydrate 212-355 um 17.82 89.1
Co-micronised particles 1.98 9.9
Total weight 20

C1 is micronized by known methods, to prepare the active substance in
the form of particles having a typical particle size suitable for inhalation.

10 The co-micronised particles are constituted of a mixture of o—lactose
monohydrate and magnesium stearate in the ratio 98:2 w/w and are obtained
by co-milling in a jet mill particles of a-lactose monohydrate having a mean
particle size of less than 250 micron and magnesium stearate particles having
a mean particle size of less than 35 micron.

15 The final formulation is filled in hard gelatine capsules and loaded in
the Aerolizer'™ inhaler.

The aerosol performances are evaluated using a Multi Stage Liquid
Impinger (MSLI) according to the procedure described in European

Pharmacopoeia 2™ edition, 1995, part V.5.9.1, pages 15-17.



%ilg C5 0.2 1.0 200 Al pha-| actose nonohydrate 212-355 pm 17.82 89.1

Co-m cronised particles 1.98 9.9 Total wei ght 20 The fi nal

f or mul at iwo 2em$1609201 ed i n hard gel ati ne capsul es and | opdedpen1iobs304
AerolizerTMinhal er. 10The aerosol rmances were eval uated as reported
i n Exanple 1. The results, as a m,g n of two determi nations, in terns

of delivered dose (DD), fine partlcle mass (FPM, fine particle.fraction
(FPF) and nassExample odiphalable jdryepawderndonmulation ceomparising €2 ¢ 7,

(formulation 2)

A powder formulation with a similar composition of that of Example 1,

but using C2, is prepared.

5 The composition is reported in Table 3.
Table 3
Components Amounts
Per shot of the inhaler | Single dose

mg o ug

C2 0.2 1.0 200

Alpha-lactose monohydrate 212-355 17.82 89.1

pm

Co-micronised particles 1.98 9.9

Total weight 20

The formulation is filled in hard gelatine capsules and loaded in the
Aerolizer™ inhaler.
10 The aerosol performances are determined as reported in Example 1.

Example 3 - Inhalable drv powder formulation comprising C3

(formulation 3)

A further powder formulation according to the invention is prepared
with the composition reported in Table 4.

15

20



15 WD 2011/ 160920PCT/ EP2011/ 058804 24 Table 7 DD FPM FPF MVAD lig lig %
Inn 61.1 39.8 65.0 2.2 The FPF turned out to be excellent, indicating
t hat sai dwbi2ot/@he2bor mul ati on is capable of providi ng gecd/reesiassdsos

per formances. 5Exanple 6 - Further inh?I abl e dry powder formulations
conprising C5 Powder fornulatio 3 with a simlar conposition of that
of Exanple 5 are prepared using different strengths of C5 and different

per cent ages of Tablettcr oni zed particles. 10The conpositions are reported in

Table 8 and 9. Table 8 Strenght

5 Example 4 - Inhalable dry powder formulation comprising C4
(formulation 4)
A further powder formulation according to the invention is prepared
with the composition reported in Table 5.
Table 5
10
Components Amounts
Per shot of the inhaler | Single dose
mg o ug
C4 0.200 2.0 200
Alpha-lactose monohydrate 90-150 8.82 97.90
um
magnesium stearate 0.98 0.10
Total weight 10

Components Amounts
Per shot of the inhaler | Single dose
mg o ug
C3 0.100 1.0 100
Alpha-lactose monohydrate 90-150 8.91 89.1
pm
magnesium stearate 0.99 9.9
Total weight 10

The formulation is filled in the multidose dry powder inhaler described

in WO 2004/012801.

The formulation is filled in the multidose dry powder inhaler described

in WO 2004/012801.




10 Iig/ 10 ng 10 lig/ 10 ng 100 lig/ 10 ng 200 lig/ 10 ng cc-I| actose
nonohydrate 212-355 um (ng) 8.991 8.4915 8.415 8.82 a-| act ose nonohydrate
212- 355 uwo(%91/%86928 84.9 84.0 88.0 Co-micronized parti clpes/mpowi/ 0888999
1.4985 1.485 0.98 Co-m croni zed particlzc%s (%9 10 15

Example 5 - Inhalable dryv powder formulation comprising C5

(formulation 5)

A powder formulation according to the invention was prepared as

described in Example 1.

5 Its composition reported in Table 6:
Table 6
Components Amounts
Per shot of the Single dose
inhaler
mg %0 ne
C5 0.2 1.0 200
Alpha-lactose monohydrate 212-355 um 17.82 89.1
Co-micronised particles 1.98 9.9
Total weight 20

The final formulation was filled in hard gelatine capsules and loaded in
the Aerolizer'™ inhaler.
10 The aerosol performances were evaluated as reported in Example 1.
The results, as a mean of two determinations, in terms of delivered dose
(DD), fine particle mass (FPM), fine particle fraction (FPF) and mass median

aerodynamic diameter (MMAD), are reported in Table 7.

15



15 10 C5 (mgy) 0.010 0.010 0.100 0.200 C5 (% 0.1 0.1 1 2.0 Total 10 ng 10
my 10 ng 10 ng WD 2011/ 160920PCT/ EP2011/ 058804 25 in WO 2004/ 012801. Tabl e

9 Strenghb 280/16020 20 ngy PCT/EP2011/058804
24
Table 7
DD FPM FPF MMAD
ug Hg % (m
61.1 39.8 65.0 2.2

The FPF turned out to be excellent, indicating that said kind of
formulation is capable of providing good aerosol performances.

5 Example 6 — Further inhalable dry powder formulations comprising

Powder formulations with a similar composition of that of Example 5
are prepared using different strengths of C5 and different percentages of co-

micronized particles.

10 The compositions are reported in Table 8 and 9.
Table 8
Strenght 10 pg/ 10 pg/ 100 pug/ 1200 pg/
10 mg 10 mg 10 mg 10 mg
o-lactose monohydrate 212-355 pm (mg) | 8.991 8.4915 8.415 8.82
0-lactose monohydrate 212-355 um (%) 89.9 84.9 84.0 88.0
Co-micronized particles (mg) 0.999 1.4985 1.485 0.98
Co-micronized particles (%) 10 15 15 10
[CS (mg) 0.010 0.010 0.100 0.200
[C5 (%) 0.1 0.1 1 2.0
Total 10 mg 10 mg 10 mg 10 mg

The formulation is filled in the multidose dry powder inhaler described



20 lig/ 20 nmg 200 lig/ 20 ng a-lactose nonohydrate 212-355 pm (ng) 17.982
16. 803 16. 83 a-| actose nonohydrate 212-355 pm (% 89.9 84.9 84.0

Co- mi cr onwaediipaod2ocl es (ng) 1.998 2.997 2. 97 Co- m cr onipzedprpanosssbes (%
10 15 15 C5 (ng) 0.020 0.020 0.200 G5 (20 0.1

in WO 2004/012801.
Table 9

Strenght 20 ug/ |20 png/ 200 pg/

20 mg |20 mg | 20 mg

o-lactose monohydrate 212-355 um (mg) |17.982]116.803| 16.83

o-lactose monohydrate 212-355 um (%) | 89.9 | 84.9 | 84.0

Co-micronized particles (mg) 1.998 | 2.997 | 2.97
Co-micronized particles (%) 10 15 15
[CS (mg) 0.020 1 0.020 | 0.200
ICS (%) 0.1 0.1 1.0
Total 20 mg [20 mg | 20 mg

The formulation is filled in hard gelatine capsules and loaded in the
5  Aerolizer ™ inhaler.

Example 7 - Assessment of the bronchodilation activity of the

compounds of the invention

Airway reactivity is measured using barometric plethysmography
(Buxco, USA). Male guinea pigs (500-600 g) are individually placed in
10  plexiglass chambers. After an acclimatisation period, animals are exposed to
nebulised saline for 1 min to obtain airway baseline reading. This is followed
by a 1 min challenge with nebulised acetylcholine (Ach) -2.5 mg/mL.
After 60 min, 5 min nebulisation of vehicle or the preferred compounds
of the invention in the range 0.1 -1 mM are applied and Ach challenge is then
15 repeated after 2, 5, 24, 48 and 72 hours (h). Recording of pressure fluctuations

in the chambers are taken for 5 min after each nebulisation and analysed to



0.1 1.0 Total 20 ng 20 ng 20 ny The formulation is filled in hard

gel ati ne capsul es and | oaded in the 5AerolizerTM i nhal er. Exanple 7 -
Assessnmenvoaebitiiseo2br onchodi | ation activity of the conpegmde2@fi/osdses

i nvention Airway reactivity is ?gasured usi ng baronetric

pl et hysnography (Buxco, USA). Male guinea pigs (500-600 g) are individually

pl aced in 10011]5;!1 exi gl ass chanbers. After an acclimatisation_ period, aninals
are exposéal tﬁ&dﬁmngéé Faaise hBeply) Alryay reactopituilhcxpiosgd Baperqonsage
reading. This is followed by 1 m.n challenge with nebulised acetylcholine
(Ach) - 2. 5nGfgpsA in Penh compaged sathhanh saes f%@@uqhiesrb&hugﬁaapn@émegn@eor t he
preferred compgunds of the inventjon in the range 0.1 -1 nM.are appljed and
Ach chal | enge Tavq hewrs g &pe @e@ldapgé}e@f‘lsat,lom, %@éﬁ&i%eﬁoﬁ%e%@) in
Recordi ng of pressure fluyctyations in the chanbers are taken for 5._mn
after cackeRBHEIdSErdchAREH R ﬁ%ﬁdi by theososmardsossspenmentah FEgs804 26
cal cul ate Enhanceg Pﬁﬁse (Penh). Airway reactivity is expressed as

per cent ag@t PHMK58Mn Penh conpared with Penh val ues from the nebul i sation
of vehicle. quo hg.urs after(hﬁ he end of .gebul i satjon, the .Ach-induced

i ncrease in Pefts 08 HoddrepuREetk I GLHFHtHPAIE FUYPRHASHIMB ARIESTSASIE a
maxi mal effect 5 gt aroun As for the time-course of the effect,

g}l ml .

sai d compJHFTCEABAFEAN WHER BYLFRYNEIO8F1 on of action with increasing dose.
Af t i nhal ati f.Q.1 mM of id t h f.fect i st ed.

S on i cant 1y antordiataTon 8% SR S ES pomiRy Rty Blcs BFSR! digfsted

conpounds achj.eved af tter nﬁbul i sation of a dose endowed wi th a submaxi nal
br onchodi PHOHHE YW’t? 4t 2 h after treatnent reveals that the their

retai ned dose i the.target organ is less than,5 rig/ka. If .an
extrabbl ation ahct AeuRa BT, of s A Ry daT pridy 8O EREHYs sodlEked  #180n be
predi ot ed L0 P8, 008 ERBoa Wit 8 BTk i AorbRROMAG S RTE 5EN 20
2 h after treatment reveals that the their retained dose in the target organ is
less than 5 pg/kg. If an extrapolation of these results from guinea pig to

human is made, it can be predicted that in patients the daily dose might be

15 comprised between 20 and 500 pg.



WO 2011/ 160920PCT/ EP2011/ 058804 27 CLAIMS 1. An inhal able dry powder

formul ati on conprising, as active ingredient, mcronized particles of a
conmpound wb 2gameo’b formula (1) wherein: Rl is a groepTar2610n058s808 (Y)
---(CH2) p---P---W(Y) wherein pis 0 or ~an integer from1l to 4; P
is absent or is selected fromthe groupz consisting of 0, S, SO SO 15 and
CO Wis selected fromthe group consisting of H aryl and
heteroaryQLﬁEMéi n aryl and heteroaryl are optionally substituted by one
or nore substituents selected fromthe group consisting of hal ogen atons,
OH, SH, NO2, CN, COCH and NH2; 20A- represents a physiologically acceptable

ani on; and particles of a physiologically acceptable. . )
phar macol dgi ca?&rrylﬁwéables@w powser if@]qugi%Pﬂi’ec?Wﬁé]IS&}ﬂaeasp%%éﬁéf‘r ingledicditng to

claim11l, wherei.n the physiaqlogically agcceptable anjon A- is selected from
the gr ouanSF%rP%‘?‘a REEAICE AF Sracb oI AT gl SN O 450020PCT] EP2011/ 058304
28 iodbde, trifluoroacetate, formate, sulfate, phosphate, nethanesul fonate,

nitrate, naleate, acetate, citr fumarate, tartrate, oxal ate, succinate,
benzoate and p-tol uenesul f onat 3. The inhal abl e powder according to
claiml1l or 2, wherein the acti 'S?redi ent is admnistered at a single
dose conprised between 5 |ig and 2500Nhhg.
H O
I 15)
N
A
() H
wherein:
R, is a group of formula (Y)
10 ---(CHy)p---P---W
(Y)

wherein

p is 0 or an integer from 1 to 4;

P is absent or is selected from the group consisting of O, S, SO, SO,

15 and CO;

W is selected from the group consisting of H, aryl and heteroaryl,
wherein aryl and heteroaryl are optionally substituted by one or more
substituents selected from the group consisting of halogen atoms, OH, SH,
NO,, CN, COOH and NHa;

20 A’ represents a physiologically acceptable anion;

and particles of a physiologically acceptable pharmacologically-inert
solid carrier.

2. The inhalable powder according to claim 1, wherein the physiologically

acceptable anion A" is selected from the group consisting of chloride, bromide,



4. The inhal abl e powder according to claim3, wherein the single dose is
conpri sed between 10 lig and 2000 I|ig. 5. The inhal abl e powder

accor di ngvoaool@byrm4, wherein the single dose is 10 conmpciraedoihessseen 15
lig and 1000 Iig. 6. The inhal able powder according to claimb5, wherein
the single dose is conprised between 20°1ig and 800 |lig. 7. The inhal able
powder according‘to claim6, wherein the single dose_ is conprised, between
25 and 60609idg. riBugropgetataniorawie sydkder Phedhats. fgcthengsylfomeeonitiatai ns 1
to 7, wherein the carrier conprises a crystalline sugar selected fromthe
group condidedtsy a@f?ta@¢,uelégaé?,nﬁﬂlaﬁra%@s@rtr@m,t Pxdates pCRHIR e Desate ¥l and

| act ose or a polya‘cohol sel ected fromthe group consisting of mannitol,
mal titol, Prigdusnesilignatesorbitol . 9. The inhal abl e powder according to

claim 8, erein th ar is 20l actose. 10, .The inhal apl e.poywder .
accor di ng\gl?o claim ,a?%ﬁér%?‘ﬁd%écg Pite glaimcd o%%gr’ro‘ﬁgﬁﬂ%ﬁér‘g.acmell.
The i nhal abl e .powder gccording to an ne_of clains o 10, erein fhe
carriet i &§iRd %Fn%sofagmlﬂﬁ'lt‘ifeai g cfe&}l‘b‘ﬁi?tii‘é?eeé’oﬁ%{vilfr&li’ i\’eﬁé{%"sn dHé&rf
di anet er g%/%)) equal to or of less than 10 micron. 12. The inhal able
powder ac i _

nm cron.

iM¥g to any one of the clains 1 to 10, wherein the carrier is
in form of coarse particles having a,mass dj aneter .of .at_|east,. 5

W02011/ 160920PEREEPOB DD SRIGIET A4 CO 4N Erite it bl SOV BE ARG ¢ o
claim12, wher eiH t he mas® di arrg:ﬁ)r is conprised between 150 and 400
mcron. 4MPHHE ibr?ﬁ‘XFSBI_ bo it _Q@olbg'di ng to any one of clains 1 to 10,
i anster 8- comprr @B A8 aRi REo e BB T aNBRR R B B i
particles with. a equal: to arn |less than 10 mcron. 15. The inhal able
powdeﬂ)ac%%%ﬁdw@?\gﬁyngéé%ﬁngl169:6?5“%‘1 to 14, further conprising one or
nor e addi ti ve terli ai sel ect ed forénth L.OMP COoRsi st Qf am,no. aci ds,
wat o sol {ibl e duFr RLARKE RoF A el dingos Elarpics o Mietiindli, dhefodelerfi

i nhal abl e r.,accor.di l,ad , Wherein the additive material is a
| ubri cant 989%%6‘?%’&%}9'8%%:}%&% a%%m& ccording to claim 16, wherein the

addi tive mater gl fn%?f%qv\gg)?)e rsgtcg:%'f@iitn 'tolglas '6T%e.}émaﬂh%b§iﬁ%¥%o¥\ﬁ§% }]s

according to clarm I'n nagnesi &m earate 1s prese

anount co i 0 i,ght based on the total weight of the
formul ati gﬁﬁfﬁ%gqeaﬁ?ée%%g%a% éoggl\%er according to claim 18, wherein the

f i i i 92 Yo W W iy 20.
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muscarini € receptor is required. e 1 nh e powder "according to
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0. The inhalable powder according to claim 8, wherein the sugar is

20 lactose.
10.  The inhalable powder according to claim 9, wherein the sugar is
o-lactose monohydrate.
11.  The inhalable powder according to any one of claims 1 to 10, wherein
the carrier is in form of finely divided particles having a mass median

25 diameter (MMD) equal to or of less than 10 micron.
12. The inhalable powder according to any one of the claims 1 to 10,

wherein the carrier is in form of coarse particles having a mass diameter of at

least 50 micron.



23. A package conprising an inhal able dry powder fornulation according to
any one of clains 1 to 19 and a dry powder inhaler.
WO 2011/160920 PCT/EP2011/058804

29

13.  The inhalable powder according to claim 12, wherein the mass diameter
1s comprised between 150 and 400 micron.
14.  The inhalable powder according to any one of claims 1 to 10, wherein
the carrier comprises a mixture of coarse particles having a mass diameter
5 comprised between 150 and 400 micron and finely divided particles with a
MMD equal to or less than 10 micron.
15.  The inhalable powder according to any one of claims 11 to 14, further
comprising one or more additive materials selected form the group consisting
of amino acids, water soluble surface active agents, lubricants and glidants.
10 16. The inhalable powder according to claim 15, wherein the additive
material is a lubricant.
17. The inhalable powder according to claim 16, wherein the additive
material is magnesium stearate.
18. The inhalable powder according to claim 17, wherein magnesium
15 stearate is present in an amount comprised 0.01 and 2% by weight based on
the total weight of the formulation.
19.  The inhalable powder according to claim 18, wherein the amount of
magnesium stearate is comprised between 0.02 and 1% w/w.
20. A dry powder inhaler comprising an inhalable dry powder formulation
20 according to any one of claims 1 to 19.
21.  The inhalable dry powder formulation according to any one of claims 1
to 19, for use for the prevention and/or treatment of any disease wherein
inhibition of the muscarinic receptor is required.
22.  The inhalable powder according to claim 21, wherein the disease is
25  respiratory disease such as asthma and chronic obstructive pulmonary disease
(COPD).
23. A package comprising an inhalable dry powder formulation according

to any one of claims 1 to 19 and a dry powder inhaler.



