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MUSCARI NI C ACETYLCHOLI NE RECEPTOR ANTAGONI STS FI ELD OF
THE I NVENTION This invention relates to tertiary

wa@b@shaizezleri vati ves of 8-azoni abi cycl o [ 3. 2. | pOC/USII88023041

their pharmaceutical conpositions, and uses thereof in

treat VABAARERICG ﬁ@ﬁﬁtﬁ@ﬂmm @&éﬁ?@@}@k%{% oNggdTS

di sedSes ratory

| NVENTI ON AcetylchETFbB(IEHEH&ENVTﬁﬁﬁKHﬁoI|nerg|c
neurons in the peripheral and central nervous systens
affects many different biological processes through

i nt er aptis BReMfidn velat® t6Br@dry GlcBRSIRRriOhtivE OF Blgb8hbibRe1o
receﬁtors - the nicotinic and the nmuscari nic

déét Mpethussi their phamprcoutical eampositions,aind sisesytherhof inrwgating
f
SRR ST PRI Oe SR L2 b et

transrrerrbrane domai ns. There are five subtypes .

of MChRs, ternmed M-M, and each is the product of a
di stinct gene. 3é&&ﬁﬂ@ggﬁﬂiﬂiiﬂﬂlﬂﬁﬂﬁﬂigﬁbisplays

uni que pharmacol ogi cal properties. Miscarinic

acetyl choline receptors are widely distributed in
vertebﬁaﬁﬁchﬂ@mmd@mhéﬁmntMmMnmgﬂhaMsnmnmﬂwqﬁﬂpmﬂﬂumﬂ&hﬁnﬂ

functi ons carinic r n medi a
e BT B E{F AL BiD| e DregFosEs BrAHied tprqction with
StRQhd) oM gbEofl REFhblnd Jésep%mrs WaHS mcl&@mmﬁ@ﬂﬁ HRIhaie

contractile responses. For revi ew, p ease see
@@aﬂyiqheh@r: (emgs@rsph&rsn@muc Wegylchdie zchpms) (mAChRs) belong to

Asorpor ated re er ence
ha(\a/ & een 11P’oc a cyupi?e?o gﬁpt%ga ga‘fens “THe P%p%lgﬁ@gme
afvehdinis0 NitRte ark Iﬂi@e S&lh?p&@ﬁ &l A CHRY) eimed Ml -MYE and each is the
nglia

par asynpat heti c ga Muscarini c receptor density
isodyrce af 2distingt gpeg. ASachpdtitest fice gatyes disalagys tihigne

d creases.i ensjty fromthe s cosal Iands
%%EP’EOIRSW%r B’f\‘é?ﬁ“&?c %Cﬁgg‘tqﬂ IH’EJE‘??P@ IS Riehi ¢

rcﬁﬁﬁ@ﬁt@& 1 ArRbREAGIonARRES §he§/ LMD fag) YeRel Vitafﬁ’lhctlons
revi ew of mMAChR expression and function in the |ungs,

emn@eeceptcymanan@ﬂlatabomnblbgwmgmwomf aCtions. Car e
Med 158(5 3 54-60),. Th
R0 i Rt PhetTa U ¥ st A A EAR: p E Soacie

responses. For review, please see Caulfield (1993 Pharmac. Ther. 58:319-79),

incorporated herein by reference.

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 mAChRSs have been identified as important in the lungs,
Mj, M, and M3 mAChRs. The M3 mAChRs, located on airway smooth muscle,
mediate muscle contraction. Stimulation of M3 mAChRs activates the enzyme
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M , M2 and MB mAChRs. The M3 mAChRs, | ocated on
ai rway snooth nuscle, nediate nuscle contraction.

w@eiosndessi on of M3 MAChRs acti vates the PCT/US2004/023041

enzynmephosphol i pase C via binding of the stinmulatory G

H:lh@ﬁlﬁioﬁp@é/d*lla(b%mg bietﬁéi stitguladry Gbﬁbﬁlﬂ ay/ IQf(Gs) leadlng to
phosphat i déq i nosi tol -4, 5-bi sphosphate, resulting
5P

drh%q@ﬁ@ o p batlcb'fl llt%ﬁ@lr‘hé‘ﬂ?isﬂf’ oq@h@peneﬁdtmgvm plmﬂmylan@ of
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3p s B RO, REGRCTRY s EHAER St A0SRy bl ! L
St hticnnof thid pﬂﬁéﬂhﬁﬁa ofie mACERNEQRisTRbRlcHs SdreBofo of
t he chollner i c receptor population on airway snooth

nusc| é4 unpeapm@éméfélwiﬂw&% &h theschelingrpic receptor
| F)ﬂﬁi’i@n oh Q {E’déﬁn&@fesc RLﬁ‘éﬂgﬂ%ﬁe%r%m fﬁ%ﬁ&ﬁ '

way sm)o via I nhiblticon
gmikadswah,i they: 1nhﬁmrc!atmholhﬁumﬁgih Rdaxatien bb gk efsraeoth muscle via

7L R VLG e e NEHBIR GNP A R RS G 32'

pﬂogﬁﬁnél%fc" Prasyinpafeliy hahed. 'I@JﬁeE Rb2as %lr}’?k C%%IC conditio s,

ar asynpat heti ¢ nerves. Inhibitory M have a
werondlehvff@ ns%@laRsapromrdeslghmnﬁret dicacatyloheling relaabefrbmn gs

sone ec es i,nhi rel ase
B RPEHBR e B e ST 5 i st pect s e on
tshmphthegSneribs itk RhoobBsolmebpeied) THESe RiekBRAANbIt release of
parasy athetic ganglia where they function to enhance

RS ressdesteasing éﬁ@patb@@pﬂmtéo Hhedengst so been

thor 1 '“?h%&%*ﬁ?%? FhUE B Tnchofity PaAFRTANTR. AR Rlere they

I\fuﬁc:tamito bﬂhamcehwroﬂmisnﬂmdne Clﬁﬁﬁd)fecéht&fs tered alsnbech 1bdatized to
ngs. has been noted in a var of djfferent
?% 1 Binggagsaeh sg%l%.ﬂﬂegvewrﬁ ?V‘WFE%H Lythe parencypigds
aﬂ,?f&‘pﬁ.om c obstructive pul m)nary di sease (COPD),
[ ammatory conditions lead to loss of inhibitory M
mus c ariVinscarinic acstycholineareceptiralysinept@r inftislbngomasdren noted in

R Gk SRR 0 ok R B Bl e
flstr@inive @u}t@&ﬁky 88E46 (COPDY liafldrRRato U&fdnﬁins #dad td PR of
Life Sci 64 (6-7) 449- 55). This mAChR dysfunction

ripkibitory Nip rrmsgamyc agﬁpéqahoéxa@ altptecoptanhfinction on parasympathetm

hyperresponsi veness nedi ated by_increased sti nmul at
drries Svﬂigiﬁ OpHE spPaethsclea eSS RCTBR A Aget pae

q@ké&%llé&ﬁg%ﬁh%ﬁ% HifiHlondBryePEr APRIIH 168 Scl64 (50P49-
55). This mAChR dysfunction results in airway 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,
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bronchiolitis and enphysema, and it is a major cause

ofOPDYik Bkpd:dedan shrltiiin itﬁé’toh vk B a W ddwide MR i Eiriiéh by the
the major risk factor tor the devel opment of COPD,
nesar 29205 inhaidd| antirchpbingstie therapyhis cuirSitlyadonsidersriieegold

e Ry A R0} CORERRIRICR PACAR 487 i B

a0RRAEN263:9p54-1¥B)as a worl d-wi de health burden by
the year 2020. Inhaled anti-cholinergic therapy is

cur r enfP¢spite hedpigebedy phevidese supposiingihe useef anfircbplingraie

t f . . i C.
CHFREP for B et B By i e B0
odhotinérdRnoeppupddrt bviglabledorisse io theatinic foh plilnv@kgi ifdications.
therapy for the treatnent of airway hyperreactjve
dViseaspesificallyl, it Uniséd/Statew IaratiopicioBraneidg ( AtrocmSiads

are avai lable for use in the clinic for pul nonary

i Fembixenton & covpipatinretitls albufera)) is ECHerlﬁlb‘t thel omlydnleaded anti-
CRBNSER I R E e GO SIS sy s R Y il

| solagdoadd & pmﬁalahﬁemgsicaxixﬁaagmt,éﬁvﬁfs}m aﬁmgt ﬁlﬁhﬂlﬁﬁmgstdfe

ai rway hyperreactive di seases. ile thi s conpound_j

PARYRiEieredATIManh A Car NS cﬁﬁ@m order toy lgoglﬁw%%egg%rﬁ?g?b%
R i L i s o

| (SpELa6Y) Gvad ReteASY Bpprdd, heRGreatlid padadttié chakly A6t Slablable in
Ti ot ropi um Brom de (Spiri va(c%‘% was recently agapr oved,
Heabaied Stetes. Bhusdthete temaing ameed fof nayel cavwonads) thatiage ¢apable

b et of B Phith AR TBLLR. R UG o S adiiRlered
noAchRailywirahe @egmeaing ao/al hgparedctivandibasadithasisemnedand

S(Eég-dai ly for the treatnent of airway hyperreactive
+QERses such as asthma and COPD. Since mAChRs are

wi del yg; 'esﬁ,rgi i 1t

apply Salﬁ% I C oCIkl%lR tﬁ??eg‘fv{:%%ﬁg%gh&ﬁa g}ﬁg r %%% :%ggﬁl%é %&omlyhg

repphi andit-chojinengas lodally pad/br opically to thd vespiratgsotuact isgmrti¢ularly

uld all ow for | r doses of the.dr to,be,..

RS ey TEREVaoRasE 9 6 deied of Siligideal 1 y

AirinéAn6ke UAs abiliey totRY@n k@ichlIgukavd dg®fhat have long duration of
action, and in particular, are retained either at the receptor or by the lung, would
allow the avoidance of unwanted side effects that may be seen with systemic anti-

cholinergic use.

SUMMARY OF THE INVENTION

This invention provides for a method of treating a muscarinic acetylcholine
receptor (mnAChR) 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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receptor or by the lung, would allow the avoi dance of

waewanesed si de ef fects that may be seen w th SPGI/ENI004/023041

antichol i nergi ¢ use. SUMVARYOF THE | NVENTI ON This

i nventTiis inveadogso febitesdto aBhdibst & inhibRid 'tﬁ’egblﬁdl
nmuscar i n| c acetylcholine receptor (mMChR) nedi a

dicsbihelmeodisareepiere {14 BBl & Byeddhereqf \@mclnmmpnm d
WnG AR, ?HLB ctive
ano uﬁltS o#ig g(g%tgn'p oul lﬁ%&%ﬁfﬁ or rru%&? C)W% ?ngﬁﬁt ot compound of
phammc@ut i cal |y acceptable salt thereof. This
i nventjon also relates to a met hod of inhibitin
bi ndi n%hed%resgew_\y?r&m RPoYPdes for theaeelsomponnds qgfvaﬁmula @,
[
oo oo BB S » SR, (PR, and o
d@ﬁpnmmdU@ﬂCﬁvﬁnmhﬁhﬁmD. The present invention also
providgs for the nov conpounds . of Fornula (1 and
phar na LﬁOF’@QFn E}ntgi g ﬁgs DyRposhayg the %%P“G‘fby
AaridlaqI): 1), and a pharnaceutlcal carrier or dlluent.
The conpounds according to this invention have the
structure shown by Fornula,{l) Xk x R3 2 (I) wherein
the preferred orientati 6mMNQf the al kyl chain attached
to the tropane ring is en and R3 are,
i ndependent |y, selected Hgr oup consi sting of
strai ght or branched chain | ower al kyl groups having
preferably from1l to 6 carbon t ok, cycl oal kyl groups
having from5 to 6 carbon atons|>gycl oal kyl - al kyl
having 6 to 10 carbon atons, 2-Rhienyl, 2-pyridyl,
Rgenyl phenyl substituted with an al kyl group having
in excess of 4 carbon atons and phenyl substituted

Wi th afhetdik @¥e\préfeted orientation of the 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 pheny! 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 not limited to chloride, bromide, iodide, sulfate, benzene sulfonate,
toluene sulfonate.

Hlustrative examples of this invention include:
(3-endo)-3-(2-Hydroxy-2,2-di-2-thienylethyl)-8,8-dimethyl-8-
azoniabicyclo[3.2.1]octane bromide;
(3-endo)-3-(2-Hydroxy-2,2-diphenylethyl)-8,8-dimethyl-8-
azoniabicyclo[3.2.1]octane bromide;
-4.
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havi ng not in excess of 4 carbon atons. X represents
an ani on associated with the positive charge of the N

w@et@so9genay be but not limted to chloride, bPORUS®)4/023041

i odi de, sulfate, benzene sul fonate, toluene sulfonate.
I(B#awdb) M[I-\I'brdm@bb&yofz (Ehlilﬁnyl}iéﬂ@ﬂ} B @tulhﬁﬂiyuge

(3-en 3;. 3- (%Zibli—lydrox - -2-thi enyl et hyl )-8, 8-di net
HFPigbicklgls 4 blogtzae B{O:‘}uée 1] oct ane brom de;

(et B X ol SRRORAL L dinufa 41 o P!

- azonlab
(&Zomabloycle[B[Zl]ldgtan@hgonﬁdqghenyI 2-(2- t hi enyl )ethyl]-8,8

b' lof 3, 2. | t b (3-
e S BN Kt Ry B A HgiesB Bs. di met
| Joct ane brom de;
Eh%brélgblc %I(@Hbg%ﬁ%ﬁ%%l?%z ]hydl oxy- 2- phenyl pi Cpyl )-8
X8-=eqtil B&Hyéroxaz%phml-a@mmmﬁ)eﬂayl@{sg&dmdnm;dm de;

/ X nyl - 2- (2- pyridinyl)ethyl]-
§%%88&ﬁ)2‘%1%§2[é0a§ ﬁﬁ é’éﬁ%ec 0[3 2.1] oct ane bromi de;
BQndo -3-(2-H drox -2,2-diphenylethyl)-8,8-dimethyl-8-
?3 e" J)o ( - ydrox;})- y d?,%heny | et hyI) 8, 8-di et hyl -

81201&§‘2iﬁ¥°é<ﬂn3 HP@}F@e %m@}ladbe&lﬁ@lesulfonate

4- et hyl benzenesul fonate. METHODS OF PREPARATI ON The
conpounds of Fornula (1) nay be obtai ned by applying
synt heti c proceduVETHODS GFPREPARATION t as
described in the patent US280048 1, 1 ncor porated
herein in its entirety by reference. SYNTHETIC

EXAMP .

[ nvenﬁgﬁgg?gﬁ?g\bgfgﬁgggﬁ?h&yhe exalllr?%génapg’gh@% c?tlf:n
tpmpeémpewpll kso80 b ge artias desqmbeéiretdie peteai [IS280048 1:‘,

E
I g %th Rgrelrnei];l? s efire irety by re e(rxe%cce:AL EXAVPLES

SYNTHETIC EXAMPLES

The above synthetic examples in this invention are referenced to the

examples described in the patent US2800481, 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
-5-



10

15

20

25

30

The inhibitory effects of conpounds at the M3 mAChR of
the present invention are determ ned by the foll ow ng

WO poogi009362 and in vivo functional assays: Anal yBCEHUSH004/023041

I nhibition of Receptor Activation by Cal cium

NehirhACERS oere [Batednid @6 wolh bhkk WARRS: BXER pRES. AfelCH o 24
cells were anal yzed by nonitoring receptor-activated

chues, mﬁdrmmsl dspuiated nnchspkapei/wﬁhsmg utleSload hedia((BMEM with
&qlﬁraai 1993 Phar macol .. 56, 657-663). CHO
Ll 311 tamrads BYRIS ehoRg o MO sV 13-

Heeloxbmeh1 %@@E@%@@% BRAGRI A i1 P2AY ot riess

IExgéner@R)am(dEh&MaWﬂtlhuEaB’Vd G. srﬁé t -c&)télﬂﬁh@rﬁecﬂd @Q@th@f%
and 4 mM Fl uo- 3- acet oxynet hyl

ea§Plgﬁ‘te‘i 16k ?@éd’é‘ﬁ% frrﬁlildnida% orithepsF kuprml\@ ad, cellp Mstuingwbated
RoP Peminfeag nee C el18%rd tﬂﬁe%&feq 3L fls dﬁltd iR bgtedggrev\}q h

dye-contal ning nedi a was n aspira Pace
fmisgtes aedll °C (i Q0hdutf abday buFer (o) 1,% geldtie eﬂlgﬁla)l\& 2@ mM NaCl, 4.6

in 10 m nutes_at 37 Cells were then
VB RAL S K Bl PY st Al CPar 1 aoviGReling. hinhd MeSloni 1
100 q1 of assa buffer 0.1% geI atin (Sigm), 120 nV
guwse?m )FEil ofxm 180811 110 0rvM

i f“h%%SSW% 8%%%%#} P pnf U B

tHateawemythenvplaced daed fﬁnﬁest:ﬂﬁ lighBin@sisiteplatel rosieb At RS or

. Plates were then placed into a
2[‘8%18?@%%%380 MRt the demlonpdsd gella wvere expasad to Fx¢itaRon light (488
Mah)aredth @l v?d’tpﬁg@ﬂ 1488 Cf?:llg %re?%@ggtggg§ gdcﬁﬁ,{g 55 ét\fvef geetylcholine

exposed to excitation

40.gel A Sienl), gepdred Mﬁﬁﬁ’feﬁeéﬂtéﬁﬂtnfgcb % Bidiang 20 oﬂto r;ef/sec
acetylchaline (0.1-10 nMfinal), prepared in buff

oliammahilietions mwriioreg asehapgedn sioseliatalgen. cointtion, was
IRk 8l LRl HPﬂ’Hé&ﬁ &dl; & ?%8 iy Snsgi% 5 Iﬁlgxg ¢ ?(:%{1%% g}lé Ier?;m%%'n%ﬁtlérq;ny

concentra was neasu

éndissily melaﬂatl ecns)rcbsohc thleivghRR@e. The eMitRdifRBrdstdmRB Flohyall 96
i s.direct Ip%‘/?érel ted to cytosolic calciumlevels. The

SYRUS i3S eusf BRGT Fodes! G aamera. Rate ppisds are
%bl‘l’é&ltédaé%%@}{’se%kyn@ ThiXdaf &&gh&%lﬁgagga?g%ﬁmégzet %ﬁlg%rapflﬁad

are col every secon
FRIBMi sefwared anal yzed usi ng GraphPad PRI SM sof t war e.
Muscari ni ¢ Receptor Radioligand Bi ndi ng Assays
Muscarinic Receptor Radioligand Binding Assays

Radioligand binding studies using 0.5 nM [3H]-N-methy1 scopolamine
(NMS) in a SPA format is used to assess binding of muscarinic antagonists to My,
M:, M3, M4 and M5 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.
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Radi ol i gand bi ndi ng studies using 0.5 nM [ 3H] - N- net hyl
scopolamne (NVMS) in a SPA format is used to assess

whredioegenf nuscarinic antagonists to M, M, PaBURND04/023041

and Mb nuscarinic acetylcholine receptors. In a

IBvalehtiopbLy @en dyem dSRA-akie A BE aclich mleolb&@%@gngﬂ%d&hea
en

recept cont ai ni n rane for mn at 40
50 mr\)/l ﬁeﬁi@ge HNeEe Eeﬁg’vgiggmc@h‘ﬁ%ﬁ%@ Hartely gapinea pigsd Charles River,
| t K .
G e R A P S s T Sfion.
s@wmpcpsnﬂlcal ofghe mdwmaﬂwﬂwmaﬁaﬂirllafo Kot ér&;fﬂa@l’gdz 5, KHrPOy
duration of action in isolated guinea pig trachea
T 3834 ek NaH&ip 240 and)dwa@aq: { 1.fawkickiavas ghssed with®a% O-:
/g&_‘CSQCharI es River, Raleigh, NC 400-600 grans) and
PI7AL& Ak maiptsineriat 4796 @@gh P%@ém@splegmdnf adherent tissue and

o n.of the solution was . NaCl 113.0, Kd
‘% 5 wises E Pﬂﬁép@ws Qenwgfsa bx gfntﬂzy rubbiog the bmninal sadace

S‘ﬁféﬁ P iniRd Pl RRARE S bl CIF Srbo iy Foarilage
attigs iewidth, @dwesmndecbpe nﬂ:]d sutenegn thlavat&ajatltwéd Mgambah hs

ved tly ru b'. elum surface with a
SRR R Hasteh sdRbpPaid Grorif eem bE el ur,
aRRIIAEIEBL @ArkdwcesA Vb RAGR AT le§bRisds ik géc'&rdeﬁ@%metrécally by
sus ended via silk suture in 10-m water-jackete

PO WatArknewledae data gcqm%h@l %EWQEE(EEIQPA@SYHWD@ Guleta, CA,

tTans géﬁag CB&) %{aﬁgﬁp g F eg%p Lﬁ S %s%\%ﬁ%suF LWgFfayilibrated under

|msmigrtblmd>ﬂ of by gl\ﬂ%lté@ﬂi{dﬁﬁ e opli@duBcRhathaekkidrSdvial@fion, and
Systens, Coleta, CA ww. bi opac. con

%ﬁaﬁ”wxﬁ I OE?C sensslepsobition everx 16 inaigwies farone hour. Afier the
ee%'diﬂb!ra@foﬁg)%ﬂo&‘ Giffon Qr})' t?s?ﬁéb Wgﬁré E%ta%{éd%ﬂ}l&ulgl arbachol until

determ ne e optI'na ensi on eva

an@h!mﬂﬁdaug\mﬂ)hm@ee@d-ablamstéfeﬁcé camﬂaumlﬁfmr dyiarnyalyss. Tlssues
i nut.es for, one Afterllgllé atlon peri od

n Igg
SR PSed Serld T oRhing bt eR oo e
padgakatioBR GRS e lcAl BAM e WNBE ﬁnﬁﬁés@o@%h@stﬁﬁ Bﬁ{h% '3 Feriment.

contraction for data analysis. Tissues were

rinse @@vmtwtlmﬁreﬁpnmeemr‘w @verdolbt@mﬁd hym ichmuolkéivd addjtion of
ions t for_ at

o S g A R

QdBen), fritiated at ESPD Meh @Meéﬁ@atmr@asqbﬁ #t BRI Witk the
cumul ati ve .addition of carbachol in half-1og

iDERNaEAReR Latik the sesrersspiteaned beforg the addigipn oﬁﬁmsnbs@qm

carbachol concentration. Paired tissues were exposed to mAChR antagonist
compounds or vehicle for 30 min before carbachol cumulative concentration-
response curves were generated. All data is given as mean = standard error of the

mean (s.e.m.) with n being the number of different animals.

For superfusion (duration 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
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143:299), initiated at 1 nM Each concentrati on was
left in contact with the preparation until the

w0 e®poese2 pl at eaued before the additi on of thePCT/US2004/023041

subsequent carbachol concentration. Paired tissues

vmxe révopdesleishr @ritaNSRirR H QgRAESiall¢ AVRIBIIgatDhcqu@Mici $stem

for 30 mn before carbachol cunul ati ve

cORRINNY 2rickrovelspess SEOE Mo Bistantss Bolpén &ratverw.biariac gamd

[

LS8 s PR3 G003l 012 LSRR ity o
smnems‘sum vadre Gulpeadedamdef anauptineih )esﬁhgltﬂnaSn of he gt usﬁmo
were cqnti nuous) uPerf used with Krebs-Hense
BRI HpratonDeRP iR 154PS YRS Canfraeie Wtbf:ar{oﬂ@ol (1 u) for the

t
ST e SHRRKE 0L 900 O ol 1
i ld\é)swa@@ﬂmmmmd]@ majimally silanthe tmlss;uagandl\thxsrchmmgeederved as a

CERRRRET TPl e T Ur e A oo i ffeed tension
DB ko shagan PcEhe @@g&m itk i

wWww. bi opac. conm) interfaced with a Macintosh

coRprrtiation peydissye Wi esvstaioed t@ﬂ&e]\mﬁ\mlabwloe (G n‘ytalnath elhe
tl
(R WAL fhed YORSNGHa B G eaN, RBER BRIl EltDBhension wos

tdillevxteda‘xsreesmmre contracted with car bachol (1 ul\/p for

t he duﬁ@ﬂ;ﬁn of the experinent. Upon reachln
sust ai SYing Parasies ¥ datapingg) for ea mceﬂgguon of
HHoBS, G Eh: QB B bl on L8 B4/ 18Pn bl iy oIS Mnfibition
change served as a r erence. |soproterenol exposure
v«ﬁéhm@ﬂrb@:holamducteﬂ@onmdm:l vais ekpreissed ds b pasémtrof zblhel efeechce

to recover c .recept.or, ant agoni us d at
R CSiiERGL ad A G oy e 8 Rt one B g g RErelon
| veasaheaRfirel] 'GJSHS@! Gﬂ 186poV&y. Thé SR rechREryTBNIRHB (ileﬁ‘l@\%l of the
then renoved and, once again, the carbachol-induced
twmoumd was d%tcmruwéhasnizsaSr ¢ nerequited t6 latloapabalf of the

Ko f f
AR ARER el o A7) B e e BN U SR

ireiloval & e aﬁhl‘:ugﬁﬁﬂsﬁthe ké’iiiﬁlbingllml of inhidetion was determmed and
car bachol -i nduced, contraction was expressed as a
FEPrested asf pereent fiths ispRieterenobsAYENGE: sopr ot er enol ) and

the ti n
g SRR T
frodxioml relpxattorndedd atd, 60 hed d:&(mmm ftdlomg ﬂ&i@mmt nédasval.

\%@%O\t/er}j?, tEall*me slinefg lélfars ecglcal%tedef‘raom t}%nrgtlg] g% the %-mm inhibition curve

IC5( and the concentration of compound yielding a similar tension recovery at 60

and 180 minutes.

Halftimes for onset and offset of response were plotted vs. corresponding
concentration and the data were fit with non-linear regression. These values were
extrapolated at the IC5() (determined from the inhibition concentration-response
curve) and designated Ots) (time required, at the IC5(q concentration, to reach half

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

half of the recovery response).
-8-
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expressed as a percent of the isoproterenol reference.
Ant agoni st concentrati on-response curves were obtai ned
by plotting the naxinmal relaxation data at 0, 60 and
1@@1%@0%—1%% brenchaepnstrictignhpeteney anRdurationyof action

t er ned ' ratiq.of e

0 PR RO R ile R b
caongstaitetd Hadth Gintige & s breattagrobpn Baomeecleliysnatgrfy and
180 m nut es. Fhlftineivépr onset. and of fset _of

r e hitigaspes enhgnesdinsgse/Eeniyop paidlstsacasgredhsden beearsheyn to

angrel et é’fﬁflgesfih birh{ Fesli@ficd {H&?ﬁrfecu]\: %%{1)1?%9 ofifhial chal(ljenge

These val ues were extrapol ated at t eterm ne

f wshmtethechaline(d)t Mine eereqeereated ovithr ¥sydaf sempommnde(0. G 6l 0

desi gnated Qx50 (tinme required, at the | C50

CHBEHES & PO H! of ehicdedRVnRMS Qrinkrpraselhs@n.)ead pisrestpn placed
' ' . CO ration, to

?igg%%ﬂﬁ%ﬁﬁ%é}g?%&}%gg% gi?;%n Eﬁguﬂt%%%n%e oﬁg\f\]f}ng%frug

ramﬁnisaa)oﬂc\j(eg meia hald H)ebeflﬁcbtemd/ detamiimion) ¥wddsk @ésponse-to a

pat en an ration of action Al rway respansjveness .

t BVIRTHE 28 PPRIGds anfealbmpssHEsIRanEs Wi kakenn maigiphewiag in.

Eiﬁh? 28GR FodhRAK HfeHM detgﬂ{iﬁgﬁ)&r ﬁlEas(]jlrements were taken

pl et hysnography was used to neasure anced pause
(Powmihre foomu b lie ¢ Sorbags falowhiag i.hakugpadmingshration.t o

late .with.the changes in air resi.stance .t hat
occur ORI RPEBERT 4 THRa P1oCh LAt A <A R GF 1A S pefore
Makigg Wohs:1ik Peill faheertédt FormiHutddf M@ PaE fkbn(halfded Yith
ng/ mouse) in 50 mM of vehicle (10% DVSO) intranasally

(@0 agrgsobefomeigrcholine 0l Opnglediifor 2 minutep| Renh yemsepozdsdy
A 1 3y SRl oo AR B 5 acrool, an

deienhg &ri oMinues AGB AV A& PN §& chch Mobieeére dhalgzetiadhd plotted
perforned, and all neasurenents were taken 15 m

mn
1031 usyig GgrhPad PRISHM seftarai dhisgxpeiment gHoyws therdetssmigration of

j By ' : ﬁﬁdﬂ" wer e taken anywhere
1@%%%5&%&%@05%%‘% %(gﬂlrn gg? %%ﬁ 0 ngai .n. drug
adm niBierméseotconfpomeds are befulcfoatrbating d vaeiety aféndiesttons,
al l.owed.to equilibrate for 10 nmin before takin, )
R bt e s 7t sl weh o negructive
tihgndicerat | AradbnERtis, asthma, chronic respiratory obstruction, pulmonary

fibrosis, pulmonary emphysema, and allergic rhinitis.

FORMULATION-ADMINISTRATION

Accordingly, the present invention further provides a pharmaceutical
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.
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an aerosol of nethacholine (10 ng/m ) for 2 m nutes.
Penh was recorded continuously for 7 mn starting at

wo b@spoosept i on of the met hachol i ne aerosol, anBCT/US2004/023041

continuing for 5 mnutes afterward. Data for each

nouse Meekaaagthezeth ardvelmiddechtbinests I @nigoadd Batbrmula (1),
PRI SM software. This experinent allows the

R meHber graceRpiabls . gvagetarphysiolegicalie functional
glil%t &LL£gs conpound. The present conpounds are
for treating a variety of indications,
i ncl udCergpdumids nHforinitad (Dewlilitbe adedpisteaddosny inhaRtibn via the mouth
di sorders such as chronic obstructive |ung disease,
cHi8ff-c bronchitis, asthma, chronic respiratory

obst r ugky QRvdeP U&Hﬁﬁﬁf&ﬁs ffénbcE) %élsdelo\%fk erﬂ@n may,

and allérgic rhinitis. LATI
Aot exadiple | bg preshated urewamles mderartridpest erfblfmangﬂ@gﬁlaiﬁ&, ar

RIRET St et BeTheP B RE R s B BRI g fasufflator.
STeviek Blen@ Forafiionk ?&e@éﬂy' dbn{a&m%bwalm&%f ¥BALLNEN of the
(e.g., salts and esters) thereof, and

(eaenBe of ihe inveption-ensty suitable pariderbase (caemr{ dbiuenttexcipimnt

ti
L0031 RO PREH, oo gr g o
neergania saltsr(pxglumdlcﬁfrrll tldotitd, aaléiu%]n plwslpHat@bﬁfdlal&ﬁﬁ dhlogidt), y
t t or S| Ol OglI Ca
A DLS (o BT aR o (T BB b D BRI et Vit prupramore
(datitinh1 me@nﬁg ryuaa sdBied 1Ydifadanh alealid R Folth fn!;lve

fi
or nose. Dry powder conpositil onsai or topi cﬁ‘lla %?
tehemkral inddor iy sicaltsédbiity onpenfiymahor ofthe fqﬂmalatlba as dlscussed

RS B RREL B P el et i S TP e
évf\bndgeﬁh'e#hﬂ‘yfc@htlam He@weéﬁ%ugmo%g éfﬁﬁ@bcﬁﬁ Rindior gt 15”
bl end fornul ati ons generally cont ain a po

mpmonai]ry inrchabatatiom with andthecthepperttaldy adtive ingrediat o n

a.su owd ase carrle/dllue / exci pi ent
20k a&w&% B sOrPRL e nvgptioray, Weéfaﬁiﬂffg} P BSiplents,
(di? nhy, bel fBEh QBRI arSdl ey &Mpnsﬁfggﬁ@ b&nﬁdunﬁnéﬁtﬂﬁﬁllf ot%@f ts

g., calciumchloride, "cal ci um phosph ate or sodi um

éhfrré@qumf}ﬂy 456y Brateniabl and excipient materials kych asbyrroxtreripitation
to?%z?cﬂlfg. alternatively with one or nore

Suitably, the medicament dispenser is of a type selected from the group
consisting of a reservoir dry powder inhaler (RDPI), a multi-dose dry powder inhaler
(MDPI), and a metered dose inhaler (MDI).

By reservoir dry powder inhaler (RDPI) it is meant as an inhaler having a
reservoir form pack suitable for comprising multiple (un-metered doses) of
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.
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addi tional materials, such additives included in the
bl end formulation to i nprove chem cal and/or physica

wae@biohdssy or perfornmance of the fornmul ati on, B&T/US2004/023041

di scussed bel ow, or m xtures thereof. Use of |actose

i s prédepmubttdodeatrh pmﬂadhleal?f(kﬁ}ﬂm is et g’ﬂ)’r%lﬁfwﬂ @ﬁi@dlbllé/for
cant ai.n between 20ny-10 of the caonmpound_ o ormul a
(P5PeBiPe SiediRyen IR B0 o Bl hepe1a e Hesficament is comprised
h . . ARG ; . _ vl
ARSI e R AU o o
eet ppstsghersol) of medicaipentf br mpefarrtiaspat, thetasedaspmiisiengack

a PTG, A 4 i
CotPWaichRhdd@dantnt Ris %@ﬁ‘hﬂ)}lﬂﬂzd b§Lé!n§' 3able %ﬂ%@eﬂ%@l&cﬁﬁ@ﬁﬁnﬁng,

di spenser is of a type selectéd fromthe group

dwigingtang yagfunnogedesemyoi r dry powder inhaler (RDPI), a

dose | AT HB A PP BB e e DisBitare PRgEr 4 o
(INERHa)er] deciGB DEZ8Y65 25129691 Mhtbd 1€699269)\0r Rktdted BS@EVEL &s in

for p?ck suitable for conprising nultiple (un-netered
dﬁgg@)a bt Sered ehhtAR Fragnle pbivat-dessrdevisads Refehalel (sge GB
: Q1 | j reserv
CYOAfOF ThEPists italbRch BRTECLoriIngs b OAAE F P from o
ehesnyileet lmoingyrd geratitynef recdssey spared atongédtsilargl et plidtlecet

ich.i b f first iti wh the c
HhepSgicely Psrelabistenigt Resisro e OFime:n RIRGH RS opismers, Soch
SOHQNRr H&ﬁﬁ%ﬂl@f&iﬂ\@@ﬁﬁafaﬁﬁ,fﬁﬁﬁlﬁétﬁgl %Bﬁxﬁdgﬁgg? gﬁm gﬁfd dfFormula

nmade available to the patient for .
) preferpblyecagrbingsowidle FaciastaPrefer{NDRhy strip isrmefitieatly flexible to

[ ler,.suitapl e for dispensin di.canent. .in dry ..
SRR B Bl e P s B ISE e BBy Pattbacing end
Wokthing véhidhuré hotheskRd R6te AR bid MdedsPbnObMNBE Wid Reading end
carrying) nultiple, define doses (or parts thereof) of

PSE A Apypmstrugiechiodieatiaghed do g syinding nieaes. cAlsp, mcfefaévéy the

(! It I f .ex e,
HemfiscR el b bl Vi SR o0 o b YRER i, The
\lidi shbet mexyi refieesbly basechaeffora i baselshagt ianylosgiddakl direction

G581 Gl e POAREISIFDn can be pre.met ered (eg as
., O B8 988, 1210203650 L SHABL D 385 P
iblisters for containment of medicament in dry powder form. The blisters are
typically arranged in regular fashion for ease of release of medicament therefrom.
In one aspect, the multi-dose blister pack comprises plural blisters arranged
in generally circular fashion on a disk-form blister pack. In another aspect, the multi-
dose blister pack is elongate in form, for example comprising a strip or a tape.
Preferably, the multi-dose blister pack is defined between 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

-17 -



10

15

20

25

30

Tur buhal er, see EP 69715). An exanple of a unit-dose
device is Rotahaler (see GB 2064336). The D skus

WO nivalesson devi ce conpri ses an el ongate stri ppEDUN®A4/023041

froma base sheet having a plurality of recesses

shaaedviadro i@ petbbleenghberang etorgh@ sEbeivhics deBhd &iﬁlukéhty of
but peel ably sealed thereto to define a plurality of

dBedicampat sontainens spansd alangthhlsnethgharpely tieenise beinapemyided
AL SN R PRI Bhub OV bl o
sdelvmp is sda@tdiffbx:mserw}leye brecofithd sheb® ibe baweshebt hatiag a plurality of
FERtF Bt g R i OL PR RGeS e 1 ehdsrcaduaqebe w6 e
MBI af‘trlﬂ‘ tid 11& gref demhtn o re &%tﬁ@bnﬁe Jaﬁﬁg l:(ﬂﬂalﬁ&g the device

portlons is constructed to e attac to aw

rr@mmxsmgl dsiyingomering farppulling the hid shext and basalshére bparest thdn e

base. angl Jid sheets extends over their whole w dth.
PENIE §@R%et may preferably be peel ed fromthe base

sheet Byim@iekddtibisé haea (MBI 6 ot bR Anleht Sitppsd stftable
t he said base sheet. In one aspect, the nulti-dose

pfab ﬂlsp@smgtsmdsqa@wnpmca@r@@hmmswhgemhc md@ambmss ecpmpnsed in
r i npe

i acfeR0f ADTERR Su LI T LSRN, d SHoRilanPRYKS bt Gl Prcal dent

dasrulafion, EIhe a&lesdfcoﬁﬁdiefgfm?pibaﬂyhﬁbﬁlﬁé@Wuth|arin<§161¢1|1g valxlle for

aspect, e nult e | ster pac conprises plura
%Ptérassthélﬁ F’é‘n’f@e‘JBf ¥ezea@% Alths espsel;iprp medicpeen formeatien to the

qiaﬁgntf PhddPbdod E(ﬁ{tmﬁé}qg eﬂe?alﬁ)o@sn %ﬁéd RSy 2 fn?gertermmed dose

nmul t1 dose blister pack™Is e eln orm
el amlicameohyponsiaclyacuaionity meana of theevalviey whieh abi e opdned

Pibéy SFbCestng By YebRanie e ot is hela Eoutnige by Gepressing
5}1@&9)’[5111& wﬁle&ﬁ@v;ﬁ@@ls%fh RatWrf45 descri be medi canment

packs of this general type. In'this aspect, the device
is us lﬁeﬂm}ycqmmm@e@ fopiterricad debwé}ﬁ tcn@e ém@tbyanhalatmmsy frg

ea%bﬁ%g:}?%ﬂeﬁ%t g eu%lo‘lgﬂ%thtégq%& %ﬁ%gér%sf c%p 2%%1? %e?oso Sdelivered
detmp pesdeisediskuhatieas dmepes] @3t thARIBSItISthafuSe 6f PAGALR
jheet s, which define a plurality_ of medi canment

isMetigdiaprel %ﬁﬁhoéé%mﬂl@ﬁ@ppﬁ@owﬁgﬁw forankadgtioniasn be sithera
h
R gsiBh BV s mhggpgﬁg# gglggﬁggpe;?&mﬁag WX ANLEf

tainer in turn evice i1s
agtiptaly ih combsetiomwith anotheﬂherhpmtmhld’}ea@ve $n@ediagtand a

St BRveiE: Sibet aThiordbaftog s pBEket and

AR rofluorocarbon or mixtures thereof, particularly hydrofluoroalkanes, e.g.

dichlorodifluoromethane, trichlorofluoromethane, dichlorotetra-fluoroethane,
especially 1,1,1,2-tetrafluoroethane, 1,1,1,2,3,3,3-heptafluoro-n-propane or a
mixture thereof. Carbon dioxide or other suitable gas may also be used as propellant.
The aerosol composition may be excipient free or may optionally 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
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adj acent part of the Iid sheet defining a respective
one of the containers, the device conprising driving

woreaa®od36r pulling the lid sheet and base sheePCHPS2004/023041

at the opening station. By netered dose inhaler (M)

| tetaigedrir anhnistengianai@ninih 6280&S tlosel wWithh&alfR(eg a metering
di nsi medi canent in aerosol for wherein t%]
r?@z'i’es ﬁgeql wte ghprtraeiprrdad Witk egaenthpieer: ai ner

suitable for containing a propell ant-based aeroso

medi canent fornul ati on. The aerosol container is

t ypi caMegicaments thechdmiintibtraionblyenhabgionalevieabl§ hiveexampbRed

a slide v for rel ase of the aeroso] form

oIS b T SIAER FSROPEmE el riador bt e
CRBE i1y stéd S84k Heﬁjvgﬂéﬂﬂﬁg 1o 1§jﬁ§da}’lg - ﬂ)gt : é)treferably 2-

predet erm ned dose of anent pon ea

bumER R poitnunhgervdnamic patticl sizaforiahalpeoieiateint BRkolay region
depressing the valve while the container is held

s@&ﬁ%%mg/sywbsf delsretesthe ngh%am@mlmatﬁéy Swh i prefierably 1-3

opi Bl %ﬁ%g yr‘?r@%f%ﬁr\% Bt Rt %ﬁ%gfs?éﬁﬁ% farge when
SXBATRY B refchi thE SMhRbRFaPS W@%%%roﬂ?h%icgﬂﬁlc@é size of a

suspensi ons or as aerosols deliveréd from pressurised
paskelatienmay a@aalrwbbse etexdowte ¢as¢rale empaqmnh Avierga geométric

P B2 Py b b B B oA ot TR e S BRRGH T

a sol uti on and generally contain the conpound of
formula (I) optiagnally_ in conbination with another

t her apkLashiexp pylesiead regtisle size dhepartielpyiotihe agtiveripgredient as
ﬁfr@éﬂﬁ:le gr A bRYER 8fucBd Hr U&{\% GALRP Hleg% tgf contro led
ydr oge oro r

ontaining c uoroca ures
t#ﬂﬁtﬂbiatlopamidrmﬂsmhy)r hmmbrmﬂingomaﬂésaae fr,actﬁ)rgmay be separated

A8 R e Slasni o SRR ieh PaESIAS o 449 GPoimcd S may be direcly
iprédﬁlee@ ﬂ)f-‘éiaﬁfﬂlé‘ﬁ’}‘ §5hya8Rng, controlling the spray dryln% parameters to

7,3 3- hept afI uoro-n-propane or- a mx
tg¢e¢r@t¢fpaﬂ(m8bxfmhﬁjdasx¢@ sizorang¢.hBrefagpahly bt partjakes maly bal so

ST AR BB Gy st B o SR A Vo o

fWhWﬁrﬁéXcQﬁerﬂ%ﬁélP&sﬂﬁét@seViﬁ Employediehéralll@h@pdrtisld Glye d% the
surfactants eg oleic acid or lecithin and cosol vents

Egcipinang] be Pheh gighics @@nﬂ]@ﬁr inhaled medisament wigdn dreapresent
[er.
OFAEATAIEM Wl D00l Shnt e A0 LU SPGTRL By

iladtesedtiwiltypiabidy bopevind asl nmhlddhaaomumb&hem more than 85% of
lactose particles will have a MMD of 60-90um and not less than 15% will have a

MMD of less than 15pum. Additive materials in a dry powder blend in addition to
the carrier may be either respirable, i.e., acrodynamically less than 10 microns, or
non-respirable, i.e., aerodynamically greater than 10 microns.

Suitable additive materials which may be employed include amino acids,
such as leucine; water soluble or water insoluble, natural or synthetic surfactants,
such as lecithin (e.g., soya lecithin) and solid state fatty acids (e.g., lauric, palmitic,
and stearic acids) and derivatives thereof (such as salts and esters);
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bronchi al systemfor l|ocalized delivery to the lung is

ushoaphayi d¥chednes; il Steadd| AdditivenBteridRenaPdliomblude colorants,
aerodynam c particle size for_ inhalation into the

dlpste Hlagking @gerinh(Crgor SagERTIBY)} ARfL-8iple-aganes, fubricgs (see.dof he

| ung i [ AD- I - .
40001s PAPRRE PRk e WO RS oo o i
gEa écalpoyatedby tedergrcedteesin), nhahieal stabilizeas buffére, mashtatives,
ai. rways. Average gerodynanjc particle size of a .
SR F@?@nﬁ%r% QT Ertesials Hngnz Shise of exlrany il

imoacts&fmneawereas@%olgg@%@a{eﬁsls@ag{,% b Sdid 6r PRYmBS, c.g.

measured, for exanp aser raction, optica
nayranyl hyrdclene\pelydadie sicide thay atsoi beleenpgoyed  ontaetive material or

ticles. of the ive i di ent
CR5 Reftieblod el e 8 B LER B B SR s 3%, o
C1,¥30,887, (GZa1 BONS72THIEd 1 AdhSisi 0P Whkh 28 RREIJordtedby i&ence

desired fraction may be separated out by air
chesgiB)-fi cation. Alternatively, particles of the

desir ' ir far I

oy R SRy GNP LIRGEh R o IATRLE et
twitly dredditen pdagdntd ®@sh af tHidkenihg3iceds wiffeesdlivgecid or alkali to
Preferably, the particles wll be cr.gstalline,

AR HGPTR AT dRsBE PEIHERANE $UIHES- enpl oyed wher e
desir aéﬂl@tion%&‘lnﬁﬂaﬁ?@ﬁe%maﬁﬁﬂ Fr{eéy%.% fbﬁ‘g%l&t%ﬁ g)iﬁ an aqueous

enpl oyed, generally, partic si ze
evehiqhd with thei ddditlve ofagéntgsushtas acitl lva alkahebhiffeh sdlsdisotonicity

i cament wi thi.n.th resent invenpti.on,. such.that, the .
P BE Bekous triaBimiroFaR. TEGh e SEriRBHEY Pt phserive n
| o dudSel R Eorl Presdhilel] ab ¥ RbRAlchiYe RBdRItesent as milled
| act ose, wherein not nore than 85% of | actose

par t i direferngdl unit Hesage Sorpvbitions 66-thowponthingan ¢féactive Aegs, as
- W f | { 5 di t :
o g P SRS AR oA Sppacien

carrier may be either respirable, i.e.,

aerodynam cally less_than 10 m crons,  or
non- r epPyeEhemithe spesificaion ardthe sladms Wuichrfallew  unless theygpntext

318 ifé@%gleﬁwis{a, é@voﬁqulbﬁllg}’ige’%de\;airi%{iéns L Bs %}ﬁppﬁ%s’ and
enpl oyed i ncl’'ude am no aci ds, such as Teuci ne; “wat er
s'obmptigng’y withbeundensaddublimplynht inchisicr ofsystitébinteger or step or
surfact.ants, .such ag lecithin_.(e.g,, soya lecithin

At e pREotaf Ty Sehgi0n 0Eog Shprifieber orsin arierqu of

integers or steps.

All publications, including but not limited to patents and patent applications,
cited in this specification are herein incorporated by reference as if each individual
publication were specifically and individually indicated to be incorporated by
reference herein as though fully set forth.

The above description fully discloses the invention including preferred
embodiments thereof. Modifications and improvements of the embodiments

specifically disclosed herein are within the scope of the following claims. Without
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and stearic acids) and derivatives thereof (such as
salts and esters); phosphatidyl cholines; sugar esters.
w@dasnioose2 mat eri al s may al so i ncl ude col or ant SPCT/ES1004/023041
maski ng agents (e.g., saccharine), anti-static-agents,
| ftbthérCediHosatioReR is BedievaXMnR, skifellih SlRee i3k usRal ®Bhreceding
6&@ No. WD 87/905213, the t eachi ngs of ich are
erimionattdizetie present Erventionsiodisrllest preptc diherefore the

1%?1}?1(%321%&%1’1 ra]%l'{f) fbg c8nst1%t%g 3§ fg%%ﬁ}kﬂﬁlgﬁatﬁr%sa?lﬁ g@é g ggutatlon of the

cers eri nown

osrcdpm@frthe preksérlt mx%uﬁbrahmg wesh. él&fé&nﬂﬂdtthéi@s oBhe iﬂvahtson in
, stearic acid or yners, yvin

p\yhléh P ¥RUSIYFOPEY PRIt @rdDrafelueafj 18&&6,%511 35 %@n@w 8Wson

active material or active material containing
particles (see, for exanple, PatentNos. US 3, 634,582,
@B 1, 230,087, B 1,381,872, the teachings of which are
i ncorporated by reference herein). Intranasal sprays
may be fornmul ated with aqueous or non-aqueous vehicl es
with the addition of agents such as thickening agents,
buffer salts or acid or alkali to adjust the pH

i sotonicity adjusting agents or anti-oxidants.
Solutions for inhalation by nebul ati on may be

formul ated with an aqueous vehicle with the addition
of agents such as acid or alkali, buffer salts,
isotonicity adjusting agents or antimcrobials. They
may be sterilised by filtration or heating in an
autocl ave, or presented as a non-sterile product.
Preferred unit dosage formul ations are those

contai ning an effective dose, as herein before
recited, or an appropriate fraction thereof, of the
active ingredient. Throughout the specification and
the clains which follow, unless the context requires
ot herwi se, the word 'conprise', and variations such as
"conprises' and 'conprising', will be understood to
inply the inclusion of a stated integer or step or
group of integers but not to the exclusion of any
other integer or step or group of integers or steps.
Al'l publications, including but not limted to patents
and patent applications, cited in this specification
are herein incorporated by reference as if each

i ndi vi dual publication were specifically and
individually indicated to be incorporated by
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reference herein as though fully set forth. The above
description fully discloses the invention including

w@e@soorerl enbodi nents thereof. Modificati ons BOTUS2004/023041

10

15

20

25

i nprovenents of the enbodi ments specifically disclosed
herein are within the scope of the follow ng cl ai ns.
Wt houtfurther elaboration, it is believed that one
sWhIa'Ué&lﬁlfﬁedﬁe art can, using the pr ecedi ng

descri t n ntoits
fﬁl | es fﬁ ?nepn%a%%é%élfbgﬁe&{nﬁge@xg gslt érein are to
be construed as nerely illustragive and not a
limtation of the scope ofy'the present invention in
any way. The enbodi nments o i nvention in which an
excl usive property or pri s clainmed are defined
as follows.What is clainméd is The conpounds shown
by Formula (1), hereinbelow k\x ®R2 (1) wherein: R2
and R3 are, independently, seledted fromthe group
consi sting of straight or branc @ESChain | ower al kyl
groups (having preferably from1l to 6 carbon atons),
cycl oal kyl groups (having frdn5 to 6 carbon atons),
qx@%]%lkyl al kyl (having 6 to 10 carbon atons),

renyl, 2-pyridyl, phenyl, phenyl substituted with

aR2 ahdkRB a@r ﬁidlﬁpéiﬁ%ht[};g s€ledted fromxBe Sfoudfcoflsi @RI BirALRIGY
E group havi ng not

nd phen substituted with an al
randped géalmowraa% 8FUR Qi InEAReroRDRLEE ddn Grathonateon,
STERALGL B g SRS 6 KLGRRICAR) Ry by Mgl Whving 6 to
ckﬂ”qmdwmohtms)ozfﬂlmawli Z}pgzhdlylgph]eny\h ghemyh subisttuoad eith ani alkpl

f ot h | kyl .chai tot tr ne.r
GEREIP foy nelot i BERsRIO L 0P s am p%anaﬁ%bé@u‘@@%&f’w Jhoxy
tdy Gulgﬁz{i}x‘r% KRS badek 6 PlarbdrBatbims; an
c?0) Hydr oxy- 2, 2-di - 2- thlenylethyl) 8, 8-di nmet hyl -

g wpmﬁmb R giion PSSOQlateIdJ voitht thn positivmildiege of the N atom;

such that the compound is a quaternary salt.

2. A compound according to claim 1 wherein the orientation of the alkyl chain

attached to the tropane ring is endo.

3. A compound according to claim 2 selected from the group consisting of:
(3-endo)-3-(2-Hydroxy-2,2-di-2-thienylethyl)-8,8-dimethyl-8-
azoniabicyclo[3.2.1]octane bromide;
(3-endo)-3-(2-Hydroxy-2,2-diphenylethyl)-8,8-dimethyl-8-
azoniabicyclo[3.2.1]octane bromide;
(3-endo)-3-[2-Hydroxy-2-phenyl-2-(2-thienyl)ethyl]-8,8-dimethyl-8-
azoniabicyclo[3.2.1]octane bromide;
(3-endo)-3-(2-Cyclohexyl-2-hydroxy-2-phenylethyl)-8,8-dimethyl-8-

azoniabicyclo[3.2.1]octane bromide;
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(3-erad)- 3-(2-Hydroxy-2, 2-di phenyl et hyl ) -8, 8-di net hyl -
8- azoni abicyclo[3.2. |joctane brom de;

W@ 3008/064936) - 3- [ 2- Hydr oxy- 2- phenyl - 2- ( 2-t hi enyl ) rCTry53008023041

10

15

20

25

30

8- di met hyl - 8- azoni abi cycl o[ 3. 2. 1] oct ane bromi de; (3-

7@’)en§’bf Z:(SAGLRAX 3M12 ﬁycﬂbﬁ%’ Q@Mel?yl%ggglg@_aﬂﬁ&hﬁ ,88- di met

- azon| abi cycl o | j oct’ane
(&Oeiabr@)/elﬁﬁalbytah@h@nylﬂe,z hydr oxy- 2- phenyl propyl )-8, 8

(g'e G ‘?'[%Zi}y ?ZOQ%'B p@&’%{fﬁ “2’1)8‘%‘@%@% ?‘e*% hyl]-8
&ogjaglﬁgzmsg, ﬁi]oafag?gitm_uaycdna[ 3.2. 1] octane bronide; and

523-éndq)g3?1§2rléfdryw-2@ -@pbenyiathiy))-8 §-dimethyl-8-
a&z%ﬁ{a%}%xg%g > lgm?anle %ét Serfgeﬁgshﬂ*éh%\kgnzenesu' fonate.

ccor erein Xis
selected fromthe gr oup consi sting of chloride,
brom de, i odi de, sul fate, benzene sul fonate and tol uene
s4il f onAtcempbundracobilimpioeleinclavheremposis sélosted fromtthe group

R E e Lo BBt 3% Bl 0 ol g e

Cdomntd. and a pharnmaceutically acceptable carrier
thereof. 6. A nethod of inhibiting the binding of
acetylcholine to its receptors in a mammal in need

thereo ' .
AL ACC AT R sondl i AL ESEL KR
ofecé;rt@r&hedigeadmae«nrﬁp@smg:etmhpdamldi aoeortigapthim 1 and a
medi at ed .di sease, wherein acetylcholine binds to said

r BhegpeesiticallyAseeriabie cardips BespPbr i ng a safe and

effecti ve anount of a conmpound according to claim1.

8. A nethod according to claim7 wherein the disease

| 6. sel Actaibd ofdnhiblimgghobipdingrd hedtylnigplik te kis oweptors in a
obstructive |l ung di sease, chronic bro Chl .ast

CRAGHIAL 1 et ) MR Stk Al Bner st onard cFiegPE gt ofa

PEHARAAE YeTBhY 8Sominand al | ergic rhini t i's.

7. A method of treating a muscarinic acetylcholine receptor mediated disease,
wherein acetylcholine 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.
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9. A nethod according to claim7 wherein
adm nistration is via inhalation via the nouth or

woows/0dB62 A met hod according to claim7 wherei PCT/US2004/023041

adm nistration is via a nmedi canent di spenser sel ected
fooom Vel ol Ler. . e
e PREE R Saffoto AN AR it fedtohid A len
atispenstir ngletted fbai areferwbie dsi povidee intatepoLmdlti-ose dry powder
3gginistered a%Pa,h qgn'and has a duration of action

o o Gupeters #%or a 1ng dose. 12. A nethod
according to claim 11l wherein the duration of action
is 24 hours or longer. 13. A nethod according to claim
12. whek siethadrecardingttp olinnf7 veletréio thd eng®uhd iy sindnistered to a

Ihon fi'and has a duration of action of 12 hours or longer for a 1 mg dose.

12. A method according to claim 11 wherein the duration of action is 24 hours or

longer.

13. A method according to claim 12 wherein the duration of action is 36 hours or

longer.
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