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MJUSCARI NI C ACETYLCHCLI NE RECEPTOR ANTAGONI STS FI ELD OF
THE | NVENTION This invention relates to the olefinic

walersweByes of 8-azoni abi cycl of 3. 2. 1] oct anesPCT/US2004/022947

phar maceuti cal conp05|t| ons, and use thereof in

I NVENTI ON Acet yI thEIUDWGFT”EHEaIMCENTmNChoI i ner g| c

neurons in the peripheral and central nervous systens
affects many different biological processes through

| nt e‘rﬁﬁtih%ti%}é?atém 1B Rfink éféﬁ%&%ve%f @%E&ML&EBQJM B9.1]
receptors - the nicotinic and the nuscari
oammSyﬂ)}tdnmhéemecz{leoﬂmbmnens Mubesrthereaf 1a¢1&aty:hg:imukaanmc

re ors t he superfam |y of
T Ree DD PEa i A SRRy S8k
transrrerrbrane domai ns. There are five subtypes of

MAChRs, terned M -Mb, and each S the product of a
di stinct geneBAEKG d INMEOEN  di spl ays

ASE RN I
uni que pharmacol ogi cal properti es. Muscari ni ¢
acetyl choline receptors are widely distributed in
ver t aBégichoRicdRased s chdldérdie dbabes iahy p&iphtR@and éenlkral
functions. Miscarinic receptors can nedi ate both
nerNPRIYSISMY abinets eveny diffeent birlogislroqesies diangh iateragiion with
RRAIR o[RURE WP oI R rfddfioPl L HEYReord, IPACRESUESRRY ©
contrac r esponses. revi ew, p ease see
adeayltHaliak de((eﬂaﬁﬁs? Mhbsvariaie. acdilgkholimeSre8diiors g AGhRs) belong to
| un Ch have been | ocalized to snooth nuscle in
theriaP e %@ﬁaotsm&ﬁeﬂﬁ feccﬁ%t%i}gﬁd%% 5§V ep AR mbIARe
d&rh%n?ﬂ“ﬁé% BRALELbLEp %ﬂhh@hRM&éﬁﬁéd &Q\dge&ﬁ%&{ is the

density 1s greatest | n parasynpatheti nglia and
piddast dtedifimsesene N EdeSH thasefﬂ\emubhpeﬁdiwmuegl ands
to tracheal and then bronchial snpoth nuscle.
pharmeeglpeicel nrersatiso Musgrinip aeatylphelbsapeeptard aterwidely

df%lr‘{a%géd' in ve vgl%brétg‘é e%ﬂ’e ekl rye?&g{egﬁ%’go tﬁ‘é‘?ﬁi%g@&kmn‘?é‘

MRg&4rinic faceﬁto@&me niddihteltafdl mhitdtor andexicitdtobPictionfir Ber
subt ypes of mMAChRs have pbeen ideptified as imnportant
exgmRlfdn smagd mygele foppd inhe Wwﬁcmsmﬁ%é{s PRedigkg FpRiractile

relsggnasgse. oorr}e\%\gv\/\qgase see {'Jaulﬁgl%%&% Pharmac. Ther. 58:319-79).

In the lungs, mAChRs have been localized to smooth muscle in the trachea

and bronchi, the submucosal glands, and the parasympathetic ganglia. Muscarinic
receptor density is greatest in parasympathetic ganglia and then decreases in density
from the submucosal glands to tracheal and then bronchial smooth muscle.
Muscarinic receptors are nearly absent from the alveoli. For review of mAChR
expression and function in the lungs, please see Fryer and Jacoby (1998 Am J Respir
Crit Care Med 158(5, pt 3) S 154-60).

Three subtypes of mAChRs have been identified as important in the lungs,
M;, M; and M3 mAChRs. The M3 mAChRs, located on airway smooth muscle,
mediate muscle contraction. Stimulation of M3 mAChRs activates the enzyme
phospholipase C via binding of the stimulatory G protein Gq/11 (Gs), leading to
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nmedi ate nuscle contraction. Stinulation of M3 mMAChRs
activates the enzyne phospholipase C via binding of

wWo b@ssod4aul atory G protein Gg/ 11 (Gs), | eadi ngPCT/US2004/022947

toliberation of phosphati dyl
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UGB Bl SRR b PINbAT Sl P o
abﬁifhcfllblmdteﬁfs py Inrm@ms/are lelhmfmﬁﬁi&in pllmoasy sShmmdsaltdlamns.
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SERYEALOpR!T tip popitaiiog %Maem hRs sesyits HEHEEYP SSEEROY, of
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nuscl es. recise function Is
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Gekmis PR TNB FE oo B B ol mpith muscle via

ROSbiHENOf & AViPG RS ASY. TRELBRIM, MQ&@& aré%@%d Ber nal
physi ol ogi ¢ condi ti ons, neuronal ChRs provide

po@mngbommetasmpab@tqnml Rhléelrlmrmalsehyfsmglc conditions,

ras C ner.ye | nhi ve al so

BRUA AR ATHER A Bonn st e et e iR IR o
phrasanfatisdieGlefRs. TihasiRdry MﬁﬁA@hRs hiV¥ d)4d bee ldemsast@ited on
nor adr enal i ne, thus decreasing qgathetlc input to

sHBPatheiiganeryes imher magsof some gmlqsn A%S TECAPEA gnchg,blt release of
USAIANIIRL S Ecdang) LIBIE JAEK JUERAPT | p onreee

neur o cepto ave —al so been
| ocal ivhatlAChRS hee fpeiid inhtee philnonagy ppeasgmphtheotic gdnglie wdicre they

helrfuntlonlnthe aren i S unknown. .
bﬁsﬁea? it aneREP LRI @OPeﬁ‘EéeaFcea%ﬁr %&WS&P% lqclized to
kHeNEsiphéal 1RRE ParBRiHS thal Ho@e%@[ﬂeﬁlfﬁnélfonthtﬁe%a?&fch¥m%s

pat hophyS| ol og| cal "states. In particular, in as
ankhoo¥i oni ¢ obstructive pul rmnary d| sease (COPD),

i nfl d,t hi .
s camRp e ARDANRP Rere B gt uadR i lasr bk Bfeh dfed in
BIhasty 6P dtffé@éﬂt PatiBplyyeiol GHEHD |stéte@91ntd&ﬁ1d&wr iR R8hyhaSeid @hfbnic
muscl e, causing increased acetyl choline rel ease

pbﬂtn@umgulmgw direpsed CORIM indlaimgpatenyropaditiens kgpd torlgssof
eS u ?}ZM ﬁ]iugcgnzpc aée gl'chél@e a%u][- € ey%@g&t%%ﬁl%atsﬂlﬁigathenc

erreac
[
il g@%@ﬁ@“?‘ﬁus PR R e R SRS R
aak¢aag Gollosting wagal verve stuaelhmm dsyerreenla pBA LyfsStn 164t(6g'3 449-
%%ﬁsmbﬁk%sgngneo%sr%suﬁ{sqltl gfcl"Way hyperreactivity and

hyperresponsiveness mediated by increased stimulation of M3 mAChRs. Thus the

identification of potent mAChR antagonists would be useful as therapeutics in these
mAChR-mediated disease states.

COPD is an imprecise term that encompasses a variety of progressive health
problems including chronic bronchitis, chronic bronchiolitis and emphysema, and it
is a major cause of mortality and morbidity in the world. Smoking is the major risk
factor for the development of COPD; nearly 50 million people in the U.S. alone
smoke cigarettes, and an estimated 3,000 people take up the habit daily. As a result,
COPD is expected to rank among the top five as a world-wide health burden by the
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COPD is an inprecise termthat enconpasses a variety
of progressive health problens including chronic
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it is a mjor cause of nortality and norbi dity in the
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peopl e take up the habit daily. As a result, COPD is
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ul nonary | |cat|o
shaaiefgic ﬂdaklgﬁ.tedl for t}Jrel tteatingsit af aswa}} lyretreapive chisBasesi Waile this
At rovent (c)! and. Combiven comhi nati.on wit
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P‘BH?‘é‘rddF ppgenb%m @quaynm%g’&)n rtys THORACHRE. 4Al fthus must be
GO HifEed a§ miaRy KSR tiffE dﬁl[}ﬁmtcfrgé}ttgﬁmwdéfreﬁétf f¥Fthe COPD
hyperreactive di seases. Wi his Conpound is a
patientt InalBuroperatAsiasthe lcawg@wtmg amtl cholilergie Titopiven Beavgide
t hus st be adm nistered as nmany as four tinmes dail
(PPigy el Waorepsrhyi approved, I@fwervefrthtsrmowg cyEERtbhROt available in
B PRE Lt (hIE Cafille Z6eod 18 AVl R TE tre capable
lobvanging HidukadpatanChRE svhixhrare uinig yctiig arghwan bba katlmlmstextetle
Uni tg% ?éatl% Thus, .t.here renmai ns need for no
OBrRsTRINSr thedtcatment REARKMEPEITEAINE AiFeRTER SYCAAS 28 Faa and
whi ch are | ong acting and can be adm ni stered

once-daily for the treatment of airway hyperreactive
di seaSese smtﬁh&sarasmmm dastribuG@Pibroughewt dherpadyRtheabdity to

Sy i Seteer B G aar by VIR PE R S 4R ity

%@%Hg@b@ ¥s it hdald élﬁmﬂﬁﬂdv%ﬂd%éés)bf@lﬁé\kﬂﬁg ageOutsizeas it
woul d all ow for | ower doses of the dr ug@to be

furthermere, tratilify todesgn tonisaby petiveyinegs t &agﬁlmg&utaéllowf
t
%&E cf{n%mtulpaq F?éé&‘mla&’&ﬂ}egu{ t%giré)c@%e of, ep ggr by

are retalne er a
fah@w |thb”t9101dmt:lé 6f unwanted side effects that may be seen with systemlc anti-

cholinergic use.

SUMMARY OF THE INVENTION

This invention provides for a method of treating a muscarinic acetylcholine
receptor (mAChR) mediated disease, wherein acetylcholine binds to an mAChR and
which method comprises administering an effective amount of a compound of

Formula (I) or a pharmaceutically acceptable salt thereof.
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be seen with system c anti cholinergic use. SUVWARY OF

WA BBSIOMMENTI ON Thi s i nvention provides for a neChod2008/022947

treating a nuscarinic acetyl choline receptor (mMChR)
medi a di se. ' | ¢hgl.ii. [ : n
T AR o PRSP A U e PR
atdtglcholine tai® vieptofs ia aanamaahid neéd ferosl hidhl onptises
pharnmaceutically acceptable salt _thereof. This.
PARERTIFIE t91adseingntianss magmalanehisati vy amepat f 2 ForgPeuRd of
%Hﬂlhlggl)."f acetylcholine to its receptors in a manmal
i n need’t hereof which conprises adm nistering to
af or effbapreserd dnveatiomblsa proyides ¢or the navad compainda of Formula (1),
conmpound of, Fornmul a (1). The.present inventio SO
RO ec e mesyand R DI CRoaf AL ity .chng
@Hﬁrﬁfﬁ%&ﬁi&i&a@x‘ier%@lﬂﬁ&t“ ons conprising a conpound of
ormula (1), and a pharmaceutical carrier or diluent.
The cdhpeompeunsls eerogding ta his invention\hawe thestrhetyre shpwn by
%rucltklr_e shown by Forrmula (1): (D in which the
r P %‘d orientation of the alkyl chain attached to
the tropane ring is endo. R2 and R3 are,
i ndependently, selected fromthe group consisting of
strai ght or branched chain kowerxal kyl groups having
preferably from1l to 6 capon atons, cycloal kyl groups
having from5 to 6 carbon , cycl oal kyl - al kyl
having 6 to 10 carbon a \2+ hienyl, 2-pyridyl,
phenyl , phenyl substituted wiYh an al kyl group havi ng
not in excess of 4 carbon ato d phenyl substituted
with an al koxy group having not!ljn excess of 4 carbon
atons. X represents an ani on associated with the
sitive charge of the N atom X nay be but is not

l'imted to chloride, bromde, iodide, sulfate, benzene
sul f oitawhich ghapreisingd puerfatignefzhe alkyl chain attached to the tropane

ring is endo.

R2 and R3 are, independently, selected from the group consisting of straight
or branched chain lower alkyl groups having preferably from 1 to 6 carbon atoms,
cycloalkyl groups having from 5 to 6 carbon atoms, cycloalkyl-alkyl having 6 to 10
carbon atoms, 2-thienyl, 2-pyridyl, phenyl, phenyl substituted with an alkyl group
having not in excess of 4 carbon atoms and phenyl substituted with an alkoxy group
having not in excess of 4 carbon atoms.

X" represents an anion associated with the positive charge of the N atom. X
may be but is not limited to chloride, bromide, iodide, sulfate, benzene sulfonate,
and toluene sulfonate.

Illustrative examples of this invention include
(3-endo)-3-(2,2-di-2-thienylethenyl)-8,8-dimethyl-8-azoniabicyclo[3.2.1]octane
bromide;
(3-endo)-3-(2,2-diphenylethenyl)-8,8-dimethyl-8-azoniabicyclo[3.2.1}octane

bromide;
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wonicabeyge! of 3. 2. 1] oct ane br om de;

[I'lustrative exanples of this invention include
(3-e"/0)-3-(2,2-di -2-thienyl ethenyl)-8, 8-di nethyl -8-az

(3-e"Jo)-3-(2, 2-di phenyl et henyl ) - 8, 8- di net hyl - 8- azoni a
§3-eydd)cd-R, 2 diphesyladeny)-8 8L digiethyl-8-azoniabicyclo[3.2. lgoctane 4-
(3-enfo)-3-(2,2-di phenyl et henyl) -8, 8-di net hyl - 8-azoni a

R nzepesylfonateine 4- met hyl benzenesul f onat e;
< ® GBI IV c137.b - -2-(2-4 hi enyl ) et henyl
(S e TR e i and
@Zeradbifye)o[8.28-|citamt Brgmid; hd phenyl - 2- (2- pyri di nyl ) et he
] - 8- oni ahicyclo[3,2. |]actane brom de. METHODS
rgzelﬂﬁ&é&e\ Wﬁﬁé-&%bﬁﬁ&@%#wﬁeﬁw&]-%1) may be
QRS ABISRIAYY 2aRR it Boydat heti ¢ procedures wel | known

in the art as described in the patent US2800482,
incorporated herein in its entirety by reference.
SYNTHETI C EXAMPL [he j xanpl es in
this invention a.E?E. € Qﬁggwgﬂﬁﬂ;‘{ﬁé& | es
described in the patent US2800482, incorporated herein
inits entirety by reference. BI OLOGd CAL EXAMPLES The
i nhi biTh%Fsmmw@&ng@mtd@ﬁbwmdvs obtairted by MBplyx@eRntfetit he

Broesits WY BRAP 1 ié M?h&%ﬁkgagglatgg Pétgﬁ anlf;%g:(@xgggg in

ro and in vivo tunctl oha
Inchipoidtecblrereif: ilRits etirety Aaiefera@iceon by Cal ci um
Mobi | i zation: Stimulation of mMAChRs expressed on CHO
cells were anal yzed by nonitoring receptor-activated

cal ci um nobi | i zat i G/ qp i cribed (H

M Sarau et al, 1999 H&r CExa ﬂﬁ 6, 657-663). CHO
cells stably expressing M3 mMAChRs were plated in 96

wel | ack wal | {clear bottom.plates. After 18 to 24
hour sjﬂlef'rfébd)lvg Swéetéfsm?eédn g}r‘lgmt"%?ﬂo&c?é?jr renceddothe of
&0ahlaedtsaiteEMEMe Wateht US2800482, incorporated herein in its entirety by

reference.

BIOLOGICAL EXAMPLES

The inhibitory effects of compounds at the M3 mAChR of the present

invention are determined by the following in vitro and in vivo functional assays:

Analysis of Inhibition of Receptor Activation by Calcium Mobilization:
Stimulation of mAChRs expressed on CHO cells were analyzed by
monitoring receptor-activated calcium mobilization as previously described (H.
M.Sarau et al, 1999. Mol. Pharmacol. 56, 657-663). CHO cells stably expressing
M3 mAChRs were plated in 96 well black wall/clear bottom plates. After 18 to 24

hours, media was aspirated and replaced with 100 pl of load media (EMEM with
Earl's salts, 0.1% RIA-grade BSA (Sigma, St. Louis MO), and 4 uM Fluo-3-

acetoxymethyl ester fluorescent indicator dye (Fluo-3 AM, Molecular Probes,
-5-
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Earl's salts, 0.1% RI A-grade BSA (Sigma, St. Louis
MD), and 4 mM Fl uo- 3- acetoxynethyl ester fluorescent

wo pasoed4ey dye (Fl uo-3 AM Mol ecul ar Probes, EUBETYES200R)22947

and i ncubated 1 hr at 37 C. The dye-containing nedi a

t h i d | ith fresh media. (wthout
ERenes ORpnt irbaied 1 57 RPs T b rectrriagning iaic B
%pif;ted@eéalfce&%ﬁ ttdag &Mm@ogtf F1u8BsA i) arddnendatRdnéWated

mnutes at 37 Cin 1 assay buffer (0.1%
dierl ik thimugeSiagy ) C. Celisrvendizn washgd Aninkesland imavbatep fprdd |

25 mv o ank:10.-mM 2 1L 2

SO A T3 a0 s ey DRt 0afs il R 17dn M hegs 46
‘mM KCIL X In5ivh Ponabs M Nagl @952y 0 mMAdslad ani Mg, 11
plates were intubated for 10 nin. at 37 C. Plates wefe

j f ' ' HA1Y _plyaphe
B A R e

mbl in theisayypaadded andetke plates ivane Incgbdted 880 maih. 8t B3GHCa
watt argon | aser. I1s were activated by addi 50

Byt S r&fsﬁ ihe a(g‘ﬁl.o_rﬁsw (bt iRignyity e b PR

Ml&&ﬂar%%e@,? WhBQ the dyé BRfed Rlls FefePdxPodd 18 exdlatiss ﬁglllt_ (488

Cal ci um nobi fi zation,” nonitored as change in cytosolic
aal) dionms 6 ovattemgomalasern Cella wereemsivated bpaddihghg el pHacgécholine

em ion_intensjty. The change jn_en ssion
R Jinpld, RyeRa ﬂy}mffgr Seniainig 04%&%%3 gaif of ofhp/sec.
| : it r . .
CEUE o bEza b, rhérfoko R BRARNAC S OME Bcioud SoHEEhrAide was
Datasurpd astlmnge m 566! rine emésdioaieteysitye At dharligeiis enhddsmn\iatensity

then plotting and anal yzed, usi ng. G aphPad PRI SM
Srsely €65t GPPIRE CHERBDIURIS RABF IR RO eRah Gom all 96
'[ev%ﬂﬂ/ssmgﬁqfeglshﬁﬁ%e@ﬁsﬁghﬁﬂ% ?\I EW&@@CW&aﬁ’&rg- ﬁatﬁ?{bints are

H - N-nmet hyl scopol am ne M5) in a SPA format is
gskestadevarysissendoilhisi datp wis thers plattingi and analygrshussnesGraphRad

gg/%%sl\/?t arl\m and Mb muscarinic acetyl choline
F SFY% 2 96-wel | plate, the SPA beads are
pre-incubated with receptor-containing nenbrane for 30

mn at 40C. Then 50 nM HEPES and the test conpound are
MiareariniccReqeptiyRadioligand Bindingdsspyt ur e (shaki ng) for

S HO Ry S48 R PR (PSR i
(NMS) in a SPA format is used to assess binding of muscarinic antagonists to M;,
M,, M3, M4 and Ms muscarinic acetylcholine receptors. In a 96-well plate, the SPA
beads are pre-incubated with receptor-containing membrane for 30 min at 4°C.

Then 50 mM HEPES and the test compound are added and incubated at room
temperature (shaking) for 2 hours. The beads are then spun down and counted using

a scintillation counter.

Evaluation of potency and duration of action in isolated guinea pig trachea
Tracheae were removed from adult male Hartely guinea pigs (Charles River,

Raleigh, NC; 400-600 grams) and placed into modified Krebs-Henseleit solution.

Composition of the solution was (mM): NaCl 113.0, KC1 4.8, CaClj 2.5, KHyoPOy4
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Eval uation of potency and duration of action in
i sol ated guinea pig trachea Tracheae were renoved from

w@eowsnosrsd e Hartely guinea pigs (Charl es R verPCT/US2004/022947

Ral ei gh, NC; 400-600 grans) and placed into nodified

'ﬁewnﬁ R GR8 20 f aeRERAT A 80 e QBB 5% 0
nﬁlﬂﬁ%@e%ﬂ% 7°C aﬁzgth géao\???s didard Y\Qd}fepen‘{vﬁ%ue and

gasse mai Nt &l neq
ERGId UERelI V‘E}[ﬁt}&llﬁﬁ% reﬁloaéuﬁ@y wlytm%H?tlﬁﬁﬁimﬁﬁ?E\ﬁf’ace
Iengt hWI se. hel i um was renoved by gentTy rubbing

with a anﬁippghamg&towlndwdu@kﬁtmmm ope dplzrppllrrw&l}' arcartllage

F T BepE BBl ranBE Y e MRt Bhar

V& t8innpdCleBs-BRn@IGEdd I RRINHd CoMteRtcditd Grids FID30gvRel €i t
sol uti on and connected to Grass FT03C

flisplasementranedusers. Mesghadend psponsep Bisemiceeied isepstisaly by

R R R EARTBM Al on i M BROPACRM B0 o

WA . bio@aaeompmnh olnuxpmeGAmph@uﬁﬁs Cﬁrmmtstswerél' b@uhbmwdemder
wer e eqwllbrat ed under a resting tegsn on of

B EFSEPEITSIPnOf | pes: Slptermined iR bfr eRIHEH-by ﬂ&ﬂbwné\?awuslpm and
ARchoMRSIER res! tI—tEnE%l&IP §olﬁ? 15 RRAULS BRoRVESY. ATter 316

m nutes for one hour eeU|I|brat|on perio
palihbmatioy periglmdimonay dssen wemomtawed withd Ouw canbb@hﬂh ohtil

til hi f
EBhipa ARG POieR i 6t KPP et iod Todi i e rissues

WeRstBeh AXSIdEvES 15 MIHURS oOYET hdurR@H] redéHing bAseREdYoRE. The
baseline tone. The preparations were then left for at

Peeastatigus e thandets &t deashid minates before the stathefthereneriment.
Conce F:%B@e%‘tr%%x{ FeSPAHYE Bufyds %Jgéeho\ﬁiiﬁewa?#@ﬁgagye f4dition of

curmul ati ve a car pacno

cmwmmmnwgnndaaﬁsmmvm&smﬁ( £963, Wn¢h. IiRPlidrmaostym.,
299), .injtiated at 1 M Each concentrati on. was

ﬂ‘é% 29D ningtintedattl nYl: Faeheonsemtppiion vas hefhim qontachwith the
Eﬁeggl‘éggxz H}?ﬂll@%?%%ﬁ%()?ﬁfa%aﬁe& bé&rordgd deg{‘ox%fdﬂag §ubse%uent

concentration. Paired tissues
vebachek posentrdtionmiainéd tsstegwere skpasodpomAdhoantygsnist | e

for 30 m n hefore arb | ative

LS af YOS L IR e coathe! GuNdAt e cPnoapifatiga -

¥ @S AR ne AR i Herls A MBAkerfor ke
n being the nunber of difterent animls. For

sepe (£ ami)omith( o belag tlemundbeaof dibfejens tnidiabss, the tissues
nere g 8rnstulpgr oslfgn e{iuratlon of action) studies, the tissues were continuously
superfused with Krebs-Henseleit solution at 2 ml/min for the duration of the
experiment. Stock solutions of agonist and antagonist were infused (0.02 ml/min)
via 22-guage needle inserted into the superfusion tubing. Mechanical responses
were recorded isometrically using a commercially-available data acquisition system
(MP100WS/Acknowledge; BIOPAC Systems, Goleta, CA, www.biopac.com)
interfaced with a Macintosh G4 computer (Apple, Cupertino, CA www.apple.com).
The tissues were suspended under an optimal resting tension of 1.5 g. After a 60

min equilibration period, the tissues were contracted with carbachol (1 uM) for the
-7-
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superfused with Krebs-Henseleit solution at 2 m/mn
for the duration of the experinent. Stock solutions of

wagesiost43and ant agoni st were i nfused (0.02 mM /PCTVUS2008022947

22-guage needl e inserted into the superfusion tubing.
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R e e e
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' S r L tdl
PLOTHER A R A AR PR AR . oo,
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SOOI SBFR FIOVES RS- 0BT el Diotarie Aol Uosd dension was
adewed oliedrdr.to maximal ly relax the tissue, and this

change served as a reference. |soproterenol exposure
was hdhe édloaving paremeterhaetdetermugd &t daeinsonsantzdtionwdd

e Pl bR T £ Bl B PPN LTl B Bhion

behelcadhchoMihdiickd eshtrRGoRivhaeeebsed A $@680 BN theWefBrence
then renoved and, once again, the carbachol-induced

tsRess isRreteasniobland thetime sesired torfeack ena-Ralf eigthis relaxation
S8 BUBLGEP O rAER5S oAk ERGpE Rl ORGRBH P
codpmindueds determmiried.as wak ithe timoreqafred toereach one-half of the

car bachol -j nduced c raction s, expressed as a

P ERHE el ERaoB r@gﬁ%%@ e‘\tdbsa&gr@ﬁ SHBWES §itetng

tdifoval BEhE %Hﬂd%&ﬁéi thOrehR@Ghg RVEr dFahiiibffon s YelefhA¥aLh@N
was neasured (onset of response). The tension recovery

topresed apa pearentaf thefisepreternalrelenehopas det er mi ned as

was the . tine required to reach one-half of .the, maxi mum
Hensi G4eRRSL Aoy BT PuaferaR g s ooafed by By
HaRithA Selatddh daRM®Vas0 &d 18temanfoleRtipSintddofist RBHAKVAD
| evel of inhibition was determ ned and expressed as a

Bee@vsnt, tesmed iskift, 3iap cdledpted Slom e artinefethe Amiagabision curve
tnation: . ai ned:
OB 2 A AR PPE AT Sl Y sy

180149 iIL sl owi ng antagoni st wi thdrawal . Recovery,
termed shift, was calculated fromthe ratio of the
0- m nHiaHhimes far onsat and effbe€s0 respohst vere plottedivs. abiresponding

i el di imlar 1Si On recov
&on er?tlflapt%nyans tl‘lje dia Sere fit with ngngﬂgea? re gre?scs:lgn.e l’1')[1esaetva?u%s were
extrapolated at the IC5( (determined from the inhibition concentration-response
curve) and designated Otg (time required, at the IC5() concentration, to reach half

of the onset response) and Rt50 (time required, at the IC5( concentration, to reach

half of the recovery response).

Methacholine-induced bronchoconstriction — potency and duration of action
Airway responsiveness to methacholine was determined in awake,
unrestrained Balb C mice (n = 6 each group). Barometric plethysmography was

used to measure enhanced pause (Penh), a unitless measure that has been shown to
-8-



10

15

20

25

30

and 180 m nutes. Halftinmes for onset and offset of
response were plotted vs. correspondi ng concentration

wapwsobr3data were fit with non-1inear regressPONUS2004/022947

These val ues were extrapolated at the 1C50 (determ ned

gé@%{ﬁgﬁéﬂ d@‘g géx}g'(:? R}Eﬁéﬁ:ﬁ%i%%é%&ﬂatro%gﬁoﬁé%%n\éﬁ al 8flenge

edtharethachibdling(2). tmldeamb pi'mﬂréat@f wtth] 60 puhsEEoni@8ndi8.803- 1 0
and Rt50 (time requi he 1 C50 concentration,

pgg@wsp,hmeOd;pl of Néhlp]@&bQ,éWS@é poregasally (i.n.) and were then placed

AR D4R VBRI B D pgasney o

AadhliaahRobh (B Mas— dehRr Farpttnc i dateakiatioH) hQiobd Rpabe to a
Balb C mice (n =6 each group). Baronetric

BIVER [y ey wﬂymwé@nd@ﬂdnqaéurﬁ@agta meeretgkem t 2 mip fallowing in.

]
HEE ki Sk 150 SRR U St et BAallGR I SR hents were faken
aoywiierel fiomnkp xbrrabc%i}mlurscibﬁbwgtggm dtdglndn’embmhml ine(2).

M . - t i.th 50 f d (0, 003-10
o/ o9 i e shimkerire pifs WP aér?fwgsl N e ieiain Yefore
kil o bAABKNRR hORHeRleACRHE s'riinkile MIcE WAYSIHRACRRged with

er a given anmount of time follow ng d
anlp¢mba tof atqtl@nhcﬂm@ (19 mg/mYgohd mimdes. Bgmleweyrecorded

e P Pha oy R aL P BRERTe (P MelfREne g 430, and

f:@itir@ﬂgn@r b nilnuté$ afgeradi. Das foRtdcBinose vt ifirily-e8 afd plotted
action determ nation, nmeasurenents were taken anywhere

by gping SraptPad FRIGMrolimerd. ol his ks menhallagys fhe determination of
, r, the mce were

g?ﬁ%gh gf %cEHVh of h?gd:ag}lhlgtfewaec @gmﬁfbef ore taking a

bas el The pfserh CHR@SW(B rEisefid Ifor&rdiihﬁglh@&netbﬂo@f Eﬂd\t@tlens

n_chal | en th an aer osoI of net l'ine i
ﬁrﬁn}g pginopt tﬁﬁoe@splmpi -tipgsdiserders g fr%a'eﬁéquytwe
t %ﬁﬂﬁ
ili-llltrg d?seﬁ%en 3 Ir?tgﬁ%eﬁrr %%g? > ?:ont [ néw ngP{toryb%Strrnu Crﬁll? T %ulmonary
ﬁbtosrsvmmldlonmateanp?memehd albergie himites. anal yzed and
plotted by using G aphPad PRI SM software. This
experiment allows the determ nation of duration of
activity of the FRMBSLATIONADMINSTRATIONESEN!
conpounds are usefu or treating a varirety of
i ndications, including but not limted to
ggzﬂ l/}g{,(lbr\rcﬁ’eﬁgiyr, prgsegp ggntfc'onsfﬁﬁﬁer p%oﬁlci]ersoanf)hannaceutwal
formulation comprising a compound of formula (I), or a pharmaceutically acceptable

salt, solvate, or physiologically functional derivative (e.g., salts and esters) thereof,
and a pharmaceutically acceptable carrier or excipient, and optionally one or more
other therapeutic ingredients.

Hereinafter, the term “active ingredient” means a compound of formula (1),
or a pharmaceutically acceptable salt, solvate, or physiologically functional
derivative thereof.

Compounds of formula (I) will be administered via inhalation via the mouth

Or nose¢.
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| ung di sease, chronic bronchitis, asthma, chronic
respiratory obstruction, pulnonary fibrosis, pul nonary

wepphypersn, and allergic rhinitis. PCT/US2004/022947

FORMULATI ON- ADM NI STRATI ON Accordi ngly, the present

| Nventyrp Bowdérd daipoBitioHs ﬂ)@%;ﬁca@ﬁ@l‘i\r@f%b @@Hg by 1nhalat10n may,
formul ati on conprising a conpound formulTa (1),

@r@(ﬂm@l@ubfﬁ p@|s¢ryechmc@pw¢§l apdsatttidges of ﬁateetampte ge atme or

si ol |caII func deri.vati ve
BN 20t ciale e iR R ¥ it REb} s o
@’ai}vﬁéﬁﬂelﬁf foex@lafby ienellfl cORbintSIwder &1L féH inkaitionaifhies
therapeutic ingredients. Hereinafter, the term"actjve

compeidaiithe myariionand sriyisehle pewderdapg (carrieriiluent/excipient

I
gﬂ%ﬁﬁg? gsg%’llé gﬂn X? unct%ngig Lfic d&ﬁhh %? e,\{?(%gse e Tstarch) organic or
Gomgeninshits 0¢. Oz{laiuhﬁc}ﬂ(br)de\/\bdlélub@}ﬁdpham &tsedith shleride),

nhal ati.on via the nouth or se. Dr owder
G%JBQ U &> MBRNIEQL) OF BYXtYEes it q%Fé“r%f %l%ﬂfaﬂgelwm&l w or more
h&&labﬁ%ﬂ nQifer{HRY quhOJddﬁmmcﬁde@ﬁl 1% %?e%ﬁtf&%dl id St 3 ER’S’F

and cartridges of for exa e gel atl ne,

t:hmnlealamlloe physial atabdlt)abwnrfurmamcfemf lthe founulasen ias dssqussed
i nha uf f Powd d, f | at

e & s Rigrona LB ablaFoRT e rruftech R P BIC sppgdee
efyRRHAL P Eorit4if beMRARDRE- 18AG o titdonfiduad BOMIRIuINBS €

(carrier/diluent/excipient substance) such as nono-,
dptiomatly potgmbinattdrawite esothes. tbﬁrapduacalbsa;twc lr@r@chcxh)

or.. i nor gani lts (e.q.., calciumchl.ori
AR AR 151 ok SR RPE ot tnTsrtinthuns SRR, ERgpients
OEm@y be @R M0 )partlesiBoripHikiag the@nSdund JptidhAIR dthed Y

with one or nore additional materials, such additives
th?&muwllmctlwemme@nl@ angrexgipiant materils, suehey by chegcipifation
? Fj physi cal stability or performance of the

oF rul &t i on, as discussed below, or mixtures thereof.
Use oBuitstty, alscemieslcmheﬂteﬁgpedser st tszpm&tlﬂc&:dcﬂrorﬁ alid groalg e

y eneral |y contain hetween t he .
@??b%‘ﬂ&& pfesepPeHAnE PeYserdphal r{gﬂrlgj), |aﬁan'gBrﬂ9§?131tY| Roydgr fnaler
gl{}i@e P hnd i e?é?@&'ﬁésQQﬁﬁaYerSMPIze i ngredi ent .

rnatlv e conpound oOf the invention may be
pres eBtyecBewdnmhutpomdeli i;nhdnlt @R DRy itrismyleam af an induller hhwing a

lE')eascraltvlolfil gr?n lgacl)c SUltgblg gor co?11p(r:1(s)1rrr1?g(r)rllJ tiple %’ t-irn%?earlclecl Xoses)ho‘?~r
medicament in dry powder form and including means for metering medicament dose
from the reservoir to a delivery position. The metering means may for example
comprise a metering cup or perforated plate, which is movable from a first position
where the cup may be filled with medicament from the reservoir to a second position
where the metered medicament dose is made available to the patient for inhalation.
By multi-dose dry powder inhaler (MDPI) is meant an inhaler suitable for
dispensing medicament in dry powder form, wherein the medicament is comprised
within a multi-dose pack containing (or otherwise carrying) multiple, define doses
(or parts thereof) of medicament. In a preferred aspect, the carrier has a blister pack

form, but it could also, for example, comprise a capsule-based pack form or a carrier
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therapeutically active materials, and exci pi ent
materials, such as by co-precipitation or coating.

woensadsgy t he nedi canent di spenser is of a tyPeT/US2004/022947

sel ected fromthe group consisting of a reservoir dry

?chﬁ gﬁg’ic%e&t@?l{)é %axﬁgg t(aﬁlﬁy%rgce\ég rleuge 6ﬁlﬁlng,

daiyltipg)miHacuﬁﬂnaiceluSleDPI) |t is meant as an inhaler

havi n a res rvoir forn1 ack suitable for co
mul t | gh %@Pé?’ééea sieregicgapnddisk sseo nﬁ B or

mé'ﬂgfer s€d G‘E%@S?W |2‘1'§9699 AB2169Fd3) of BleREAd M use (eg asin
medi carrent dose

romthe reservoir 'to a delivery
posgiuhalen secTER 691'élfer lAugexamaltSDfmayntf-dn‘se dmn@isd{mdmml(m GB

erfo at ed e ich is
BodFE) ¢ Tk B BuChnighon et o s Srip T 2
pRdissedBaling raqmrﬁh@ df@&%ﬁs%@bﬂacé@al@né /S RAGHOARI A lidPéheet
where the netéred nmedi canent dose iS nadé available to

hﬁ@qﬁaﬂbelmt pﬁdﬂblwmhdtchthemﬁo toslefing latpluralityof @ogtam@mdeqch
mﬁngg ha(v hg:d'em able gormu Qj erCOISI'[;J'ilntlria ba se%né?ound Otf Igormula

dPspensing.

(I gict@rasiptcombired Wath lae{dseWI Hrbfefhb?y thd dtiip GosEfigiaaly flexible to
containing (or otherw se carrying) nultiple, define

Be wieunq Bito azelt sThaig et angrbapgghee wﬂmreferafbbahwéf@rmge@d
ggﬁ%g; w cﬂ%re?ﬁft sEﬁEd &a&leaanmhhsérﬁrat ﬁ’éaaggorf q{f@l%as elgh(thn% end

or exanple, conprise a capsu
bmtinmmis cangtaucteaddgo bn waahhd tha wrdiicgameats. l7dso lpe@farably the

an uit abl e ess |n | udi tin
REPtctiE fer hehern M Brdo it B ABER oxiedbs girdfeil Mhye sifitn, Ihe
RA @héé?hﬁ&%?eféx%gl zdeele@fr%vﬁle baREshEE iR 446doithdfial direction
D skhal er, see 178965, 2129691 and 2169265) or

fromes Bt el ofthe ﬁaé@bwshthurbuhal er, see EP 69715). An
exanple of a

5 oaaaitg asfectiht ARt Pt el i mipre

Bliqag drecodtdinriert OF fRdickinei i dBasEvEdh €6tim. Teibligtes are
Blurallty of recesses spaced along its length and a

pirally eepngedriperguias fashian for ense phrslsase ebmedicement dhesefrem.
defing, (?}h cﬁ'lthé ¥l La{}%ylﬁiepg ﬁﬁxl ﬂe&@o 'bﬂﬁg:rs arranged

havi ng I'manin on X aini
aogapetatist cﬁf:ulfmfaﬁmbﬂ ofy h ) dighrfofm Ibhb:biypabknhi amethemiﬁact the multi-

| act Pr ef er abl y trip |s sufficient|y
AP 1Ttk PRck 1plopgeRin f%rpofoa eATPIE campriFing SRR A4ARE-

base sheghbi tht nifi€lassesver PaMEIs BB LR BL two members
peelably secured to one another. US Patents Nos. 5,860,419, 5,873,360 and
5,590,645 describe medicament packs of this general type. In this aspect, the device
is usually provided with an opening station comprising peeling means for peeling
the members apart to access each medicament dose. Suitably, the device is adapted
for use where the peelable members are elongate sheets which define a plurality of
medicament containers spaced along the length thereof, the device being provided
with indexing means for indexing each container in turn. More preferably, the
device is adapted for use where one of the sheets is a base sheet having a plurality of

pockets therein, and the other of the sheets is a lid sheet, each pocket and the
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portions which are not sealed to one another and at
| east one of the said | eading end portions is

we@onsneast ed to be attached to a wi ndi ng meansPCEUSIN4/022947

preferably the hernetic seal between the base and Iid

B DL At M gl B e

komgtidibgifivhg ghdage for palling alma léd $Heesindeade SHeet dpartwait
base sheet. In one aspect, the nulti-dose pack is a
BPSREFARIk conpr i si ng nultlple blisters for

cont aB?rﬁ?é?é Qidg%leig}éfl?lnﬁ\gl?lg ifis G pé)}{’igglc?rglgﬁt'ﬁl é)%—ﬁﬁr S table

bliste are ange I'n regu
éarskspefisinghedcemeiit inaekiosal rfemi, whmmfthdmbdlbammas comprlsed in

aspect, the nulti-dose blister conprjses plural
Q@P%}lgorgamaha%@bfj 1o OLEANATINE § P oRedaniahased &ipsgh msficgment

%rﬁiﬁlzﬁi‘%h rml&l de36 L1 c&ﬁﬁl‘ler i [}Ip?c@lﬁs' RRIVi@SIPGRE a n{elib?mg valve, for
mul t1 dose blister pack is "élongate in form for

exanpt e Shdmmlvs |f<mgreka®tcrf the aarosel fmpsnedic@ﬁ@n é@mulattmeto the

o
Bk 8 ool DtyBing? 35 el Rt B R BN T Ao IR dose
of B6ficdnhéht upoB éxh3eRialibd b nfedhs Stthe UaSE, rwﬁaaq cEtheCapERed

packs of this general t% pe. In this aspect, the device

Fisheg b deprpssinsoiic qetyewrhils tqcaptringrighald atafigpary ORBY deprpgsing
G{% LAt RANS ﬂ{eo\; ] e@'hlél'&gstaft%ﬁ rrber s apart to access
ea gl cane daose lb

"the device is adapted

f or uspramempoilhmmet@Mabdmebabsh@luﬁg dly ditgiddtion sheyefos
V\,hl c EIgefl ne aﬂgl urality of nedi canent contai ner

& FOsmylateras agueRYs SPh’é‘P%%?f SUBRRISIQRY P3RS %QSHE delivered

&Vﬁrg§9n¥3d:#&ck§‘ diet A9 ABRRA doS inhAELWiHAhEREI LS a suitable
container In tufn. Mre preferably, the device is

Hgugiied ¢prdpstlants e enpeot eommltmnsshm%@eu@ala@oa cmb@ either a

ey on 10 QigBard Beberi s LR Srinaih® pbrorBBf
bﬁlﬂﬁﬂll?ﬁ?éﬂmtﬂﬁﬁﬁoxﬁ@ﬁﬁ BothdrdhrhRatic4lRf dciive thepedient and a

spective one of the contai ners, the device
wg}q pppeilant sugh aga fearesarben ophydrpgrg-eanéaining sheet and

L e BT
ﬂ%hb&tﬂlﬂuéromeﬂiaﬁ@Qﬂ&ilﬂl@ﬂﬁ&@hﬁéﬂfm&tdm}ﬂox@&ﬁﬁsmloréahme
wherej n_the medi cament is conprised in an aerosol

EeEial P el L2 StEERaTorthane, drk b sihirhaptaenserneiepansLéd
?{s?{ttgieglhergﬁd }?ﬁ%\r}ﬁ%{{ gé Mtﬁér asg{rar%bth;e- ?5‘5 rﬂg}; 6’ l)e ﬁ%gﬁa"é" Rpellant.
The aerosol composition may be excipient free or may optlonally contain additional
formulation excipients well known in the art such as surfactants eg oleic acid or
lecithin and cosolvents eg ethanol. Pressurised formulations will generally be
retained in a canister (eg an aluminium canister) closed with a valve (eg a metering

valve) and fitted into an actuator provided with a mouthpiece.

Medicaments for administration by inhalation desirably have a controlled
particle size. The optimum aerodynamic particle size for inhalation into the

bronchial system for localized delivery to the lung is usually 1-10um, preferably 2-
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exanple a slide valve, for release of the aerosol form
medi canent fornulation to the patient. The aerosol

wa@oeonsadesy i s generally designed to deliver a PCT/US2004/022947

predet erm ned dose of medi canment upon each actuation

gém:rg gésl ?%t?&l*ll{}?hd%ro\é? :Q{F | %"ﬁ)r a?a?%ﬁ G[‘rﬂo ?III;]J z{l%olszegion

he con ai ner
%r%h@ﬂﬁx@)éyﬁémtbydeﬁe&was sherlgng Repprimates. ssfsfu&l Eprefegably 1-3
valve is held stationary. Spray conpositions for

wopiPedicleddiaving ay atrodyhranic §izg abyve 0pan anei gsneraly tofodarge when

exanmpl e be fornul ated as ,aqueous sol ut.i ons.

SRhelee Rl Ui omal BiyayE o AL RS PTRRETS BRI RGIS A Ps e
PétattPatioR Hedy rﬁéasﬁreﬂqgefcﬁ@xé{ﬁ € chtid Rhpachbit. NAVR8gIS@nidtric
a suitable’liquefi propel ant Aerosol conpositions
paitickisizs rhay be mhesuead, tor esamplodydaseh érffractmsmmgl WPANSY

For mulld “CRAGAEPORA PRyl Ro B AEIT S S A h ikipent o

phsiuedqeuby B@blwreﬂﬁeéd@ ¢dﬁgérﬁmnalnhem@ga>y&uh&alh14de
|l ant such as a fluorocarbon or

prope
ﬁ?’é&i&éﬁ% SricEniRien ennagpwilling rihedepsed Gactionpayrhegseparated
I
SR olaRFfebloH bl BlokRE BRI Foctnay be directy
ﬂradlubm Girexamaplel hyopest diging, coagpHimigahd spray drying parameters to
1,1, 2-te I uoy oet

geq?rate Qa@cfsss %zfqdﬂ%%eoraﬁgeprPaﬁ%r?é’%rtheaqu%?wél be

EH@faﬁﬁi‘e alRNBR %@Whgﬁla@ha%}d‘fﬁls@ Hé EABloSed: %eﬁ%ésﬂﬁb?@
bé used as propell'ant. The aer'osol conpoSition may be

é?khﬂnmnmtzlpfmesmras dm‘yosc L5 m}viayetdy gerpmalbyi, theautiicle sinapf the

COOPERALIOR B RLRE Ba Beip AR i i B Bl

aeflidin 9&dh thitrthe Sevatsee dartier wbalrbpablel Whef eired@ipicnt e
retained in a canister (eg _an al um ni um cani st er)

Hctose # Widlttypigallyhopreseatasamified dactosg, whfrrm)noamref then 8% of

s BEhuRfeh Vit Bl PIORS ool RS B8 1 it e
MeMD oF 16RO Juel  Raditive htetiakan aﬁhﬁg&ﬁ&érfﬂl@ﬂd in addition to
aerodynam c particle size for inhalation into the

Breaauter snayhesithen fespirables fé.i aezadyhemicadlyyless shanhld) hignapsj ot

e Ssoitatle-d Sy ApeRERat AR 2 Sr i 40 BEe R o ¢ he

al veokaitabl€sdditive hteASID mvdhr}ﬁa)SUéSérﬁmo?ediﬁlhlu\dS hﬁnﬂdkeﬁd&e
lung i s approximately .5- n‘giu@ referabl 1-3
i

Fughtas deusine waten solable g6 i“@t?j? natyuray @bmtmﬁﬁvré@céants
9&&% ‘i‘é&ﬁ%@% : s@&&l%c‘gfgi‘ﬁgadcfﬁ%ﬂh %&{J ﬁpg %&SE‘ get %?laﬁﬁ@lplalmltlc,

aer am'c par
and stearic acids) and derlvatlves thereof (such as salts and esters);

phosphatidylcholines; sugar esters. Additive materials may also include colorants,
taste masking agents (e.g., saccharine), anti-static-agents, lubricants (see, for
example, Published PCT Patent Appl. No. WO 87/905213, the teachings of which
are incorporated by reference herein), chemical stabilizers, buffers, preservatives,
absorption enhancers, and other materials known to those of ordinary skill.
Sustained release coating materials (e.g., stearic acid or polymers, e.g.
polyvinyl pyrolidone, polylactic acid) may also be employed on active material or
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formul ati on may neasured by, for exanple cascade
i npaction. Average geonetric particle size may be

wore@snowsy for exanple by laser diffraction, optT/U81004/022947

means. To achieve a desired particle size, the

BAEVY filiBaI 2 %Hﬁ‘n i (09 16 Ao A PaRAPADE RS 1BY4 592, 6B
sl ze re vent| naI means eg by contro

d12301087) GB all;38d;872nihc teachings OOWhigh area'ncxvrbbﬂa'tddg)y r¢feeence

g sired fraction my be separated out by air

FEUi fi cati on. Al ternatively, particles of the

desi r gdranhde sprays ity e ftmiulafedw R BgRAus bOforLaREBhsS diicles
spray drying, controlllng the spray d@zlng par anet ers
wathgbnaddition @faaglentslse@ wsfthickenieagentsd befiforsaltaonpasid or alkali to

arnticles be crystalline,

AERE R e BT 2 Fests ok PG o8B el oyed wher e

deSI r 86luGions/¥oe Mnhamhtiox 6 Fﬁbﬁﬂﬁtl(ﬁ“ﬁlﬂy B fdridala@sEwitls an aqueous

npl oyed, generallf‘(ﬁl853 particle size of the
é‘ﬁ‘(@F’ﬁlV@ﬂ’t thapdditippo ntsgn@lh@Se%CK% oreeakal buffersgltadsotonicity

r t
TR M MU0 PR el B SOR R B Bkl
BB altaclhos er ptesetéd as g/nmdmaémly pbo:dupf esent as nilled
| act ose not . nore .t han % of |.actose

wh 5
par t | BredeT AT bt RN G: S8 SAmATEGD Sfgiverdosh a5
iiéré‘invﬁelf(l)re '?@c‘ﬂ%d %r%pﬁopkl%?ratcfi&pth%w of Al vy %g[r%delent.

materials" in a dry powder blend in addition to
carri @ hronlgbouj éheesp[ehlépatlca'sqmdrthebtlel,rna which follow, unless the context
n 10
RO QAR AR e w8 ot and APy s spmprises, o
rPaoBipR1Rg’ Svillltb@binﬁe@d)dd ttd MEplyeHeaintlabidn Wk SfatedBitep& or step or
enpl oye include am no acids, such as | eucine; water
gepet élt@gcrwt@pt forthe Pxabusion fzanyoaher dirtegsy or BEP oF group of

ﬁﬂée é such as lecithin (e.g., soya |lecithin)
state fatty acids (e.qg., Iauric, pal mtic,

an d s tA(H&}fubhcz&Iblnd,S)lcladlldg der ot didited o pienteahd patettapplications,

salts and es s); phosphatidyl cholines; sugar esters.

e inichia Shectisatian grerh&f/enar@emOﬁaé%@ére&fP@ﬁeaaﬁﬂ%each indihedual
k@aﬁ&n @gl%%gémﬁ%l%rrandgiﬁrﬁqaﬁﬁl'l}nﬁ%fcaé té% b iftbifor AAPEY S

rlcants exa at ent
ﬁquiencel\lkrrelm Bioh D 521y Set fokth t eachi ngs of V\,hl ch are

<t abi TS rSe lrpbpE Ml adoa R i Tising prefened

BBGAIERAS thaddt: M&ﬁﬁcmh@aﬁ@i@rkmﬁmh@&%odaﬁlems
ordinary skill. Sustained rel ease coating materials

srecylically d@glpsqgi hexgin arer withih yheescope ef e following claims. Without

further elaboration, it is believed that one skilled in the art can, using the preceding
description, utilize the present invention to its fullest extent. Therefore the
Examples herein are to be construed as merely illustrative and not a limitation of the
scope of the present invention in any way. The embodiments of the invention in

which an exclusive property or privilege is claimed are defined as follows.

-14 -



10

15

20

25

pol yvi nyl pyrolidone, polylactic acid) may al so be
enpl oyed on active material oractive nmateri al

wa@oeonsadaBng particles (see, for exanpl e, PatenpPCNUS200L82947

3,634,582, GB 1,230,087, GB 1,381,872, the teachings
of which are incorporated by reference herein).
I ntranasal sprays may be fornul ated with aqueous or
Vot aelsigied ivehi cl es with the addition of agents such
as thickening agents, bﬁffer aagts,or acid or al kal
do adfueampoyad geeordiag tQkeaula (1 hergipbeley: agent s or
anti-oxidants. Solutions for_ inhalation by nebul ation
may be formulated with am aqueou$ vehicle with the
addi tion of agents such ag\acid or al kali, buffer
salts, isotonicity adj usii gents or antimcrobials.
They may be sterilised by fi tion or heating in an
aut ocl ave, or presented as a ,gp-égerile product .
Preferred unit dosage formul atighs are those
contai ning an effective dose, assherein before
recited, or an appropriate fraction thereof, of the
active ingredient. Throughoul) t he specification and
gﬁﬁr.,ains whi ch follow, unless the context requires
otherw se, the word 'conprise', and variations such as
'RQQilmﬁ R3s#s, inm]wnddmiljrpsgeﬂ@'tddgrom ‘gtiel drofyecamideng bbachight or
i mp the, inclusion of a stated_integer or step or
afaéla%edochlamm@%%lkylbgwumdba‘flag preerahly toen bip G fan g atoms),
r .
R TSI GRinE HER, Tl LPp Al S g (R o

afdatpan ermsygpthicrat, i2omsidyt iphey i phenyil sbstjsute withen abky]
PR BaRo b PRt O douioh 8 Feai Piegy SHesfed withan alkoxy

Efﬂﬁb}ﬂadiﬁglnlo}/irﬂ e fadafon R aRd por at ed by reference
erein as though fully set forth. The above

de Jepriepanisoan 4nifrl asseftiated withdhe psitivechatee of thed bigdiing
referr e L nent her eof di fications and
fglﬁ%rtg%tetfﬁ}gej%‘%ngpoo dﬁlél “2“.%‘%6“ [ gar%% fsol\r%peci fically disclosed
herein are within the scope of the follow ng clains.

Wthout further elaboration, it is _beljieved that one

ki | | éccampound aggordipg i claig hyvhersin the @gigatation of the alkyl chain

i bt 4 Mol o > present invention to its

?ﬁ%%%%?hégggﬁtg esgégfe the Exanples herein are to

be construed as nerely illustrative and not a

|3! mt ?\t (I:o%]po%];d teul:qc%rding to claim 2 selected from the group consisting of:

(3-endo)-3-(2,2-di-2-thienylethenyl)-8,8-dimethyl-8-azoniabicyclo[3.2.1]octane

bromide;
(3-endo)-3-(2,2-diphenylethenyl)-8,8-dimethyl-8-azoniabicyclo[3.2.1]octane
bromide;
(3-endo)-3-(2,2-diphenylethenyl)-8,8-dimethyl-8-azoniabicyclo[3.2.1]octane 4-
methylbenzenesulfonate;
(3-endo)-8,8-dimethyl-3-[2-phenyl-2-(2-thienyl)ethenyl]-8-

azoniabicyclo[3.2.1]octane bromide; and
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scope of the present invention in any way. The
enbodi nents of the invention in which an excl usive

w@r@pndy9 or privilege is clained are defi ned BST/US2004/022947

fol | ows. V%at is clainmed is: 1. A conpound according to

R e R e e
amiﬁalﬁ&ycm3af1]§dtﬁrwlghmlder branched chain | ower al kyl

groups (having preferably from1 to 6 carbon atons),
dycl ol ¢ophpagind apsording o dgirri B ovhefein &~ & shctedriran Gresgroup

l.oal k I Vin 10, car bon ons
Sttt chidrift i e, e, fulrafi B PERS S RRE L g
ANfHaky! group having not |n excess of 4 carbon atons,

and phenyl substituted with an al koxy group havi ng not
in excess of 4 carbon atons; and X represents an ani on

ssociat.ed with the ye char ge t he at o .
3oon: eriirmhis et ISmRARLt 1 AdRaior e Mibvighotine
PecePITP ai¢aTRteACd: Washs RO mipdisial Al cBinpoufbiRblind ¥ claim 1 and a
orientation of the alkyl chain attached to the tropane

pharpaceuticaliy accsptaﬂe@éﬁ}% thssefccording to claim 2

sel ected fromthe group consisting of:
(3-e"Jo)-3-(2,2-di-2-thienylethenyl)-8,8-dinethyl-8-az
oni abiAcyethofl 8f thiljitimg tha dirklirgnoefceetylcholine to its receptors ina

g?a&e}eglg% geezl(tﬁj:raeg %Pﬁlépe AN henl%tez'mg a satce:I Piy ctive a?nzo%?llt gf a

6§mﬁ&hx{doa)cc&d 18 cﬁﬁrﬁh‘?nw et henyl ) - 8, 8-di net hyl - 8-azoni
abi cycl o[ 3. octane 4- net hyl benzenesul f onat e;

(3-enfo)-8, 8 di met hyl - 3-[ 2- phenyl - 2- (24hi enyl ) et henyl ]
8- i abi o] 3. 2. t.ane

Tna( 370008y ¥ ein T RANE e BT Focopior oadinpd osase
tWefeyh dceBylcholine binds to said receptor, comprising administering a safe and

effective amount of a compound according to claim 1.

8. A method according to claim 7 wherein the disease is selected from the
group consisting of chronic obstructive lung disease, chronic bronchitis, asthma,
chronic respiratory obstruction, pulmonary fibrosis, pulmonary emphysema and

allergic rhinitis.

9. A method according to claim 7 wherein administration is via inhalation via

the mouth or nose.

10. A method according to claim 7 wherein administration is via a medicament
dispenser selected from a reservoir dry powder inhaler, a multi-dose dry powder

inhaler or a metered dose inhaler.

11. A method according to claim 7 wherein the compound is administered to a

human and has a duration of action of 12 hours or more for a 1 mg dose.
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azoni abi cycl o[ 3. 2. 1] oct ane bromi de. 4. A conpound
according to claim3 wherein X is selected fromthe
w@e@dpowensi sting of chloride, brom de, iodi dePCT/US2004/022947
sul fate, benzene sul fonate and tol uene sulfonate. 5. A
phar maceuti cal conposition for the treatnent of
muscarini ¢ acetyl choline receptor nedi ated di seases
¢oNPr iASinBBod acdidiag fdclaiee 01 dihagir the compsund 18 d daration of
pharmaceutically acceptable carrier thereof. 6. A
e 20thouArBN9TENg t he bi nding of acetylcholine to
its receptors in a manmal in need thereof conprising
adm nistering a safe and effective anount of a
dBnpountiethod acwirdigg taoclainai 2rwhereih thé compwad ek atduesion od
a muscarini c acetylcholine receptor nediated di sease,
fFtanet 6§E%H%Hﬁﬁ¥5¥1ne bi nds to gaid receptor,
conprising adm nistering a safe and effective anount
of a conpound according to claim1. 8. A nethod
according to claim7 wherein the disease is selected
fromthe group consisting of chronic obstructive |ung
di sease, chronic bronchitis, asthma, chronic
respiratory obstruction, pulnonary fibrosis, pulnmonary
enphysema and allergic rhinitis. 9. A nethod according
to claim7 wherein adm nistration is via inhalation
via the nouth or nose. 10. A nmethod according to claim
7 wherein adm nistration is via a nedi canent di spenser
sel ected froma reservoir dry powder inhaler, a
mul ti-dose dry powder inhaler or a netered dose
inhaler. 11. A method according to claim?7 wherein the.
conmpound is adm nistered to a human and has a duration
of action of 12 hours or nore for a 1ng dose.12. A
nmet hod according to claim 11 wherein the conpound has
a duration of action of 24 hours or nore. 13. A nethod
according to claim12 wherein the conpound has a
duration of action of 36 hours or nore.
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