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QUATERNARY AMMONIUM DIPHENYLMETHYL COMPOUNDS
USEFUL AS MUSCARINIC RECEPTOR ANTAGONISTS BACKGROUND
OF THE INVENTION FIELD OF THE INVENTION 5The present invention
Wi gsifig4@eiaternary ammonium compounds having muscaripd reSapsom 2321
antagonist or anticholinergic activity. The invention also relates to
pharmaceutlcal composmons comprlsmg these compounds processes for
prefatind BRMAIR DT OB
OF THE @5% ol JoF I jory raers, sUch as « hronic
obstructive u rsaad P4 -atfHetHa illions
of people worldmdém@mdﬁsm‘é Mﬁm@mﬂuse of morbidity
and mortality. Muscarlﬁﬁgg%epé%%[}v%%qp&ls are known to provide
bronchoprotective effects ounds are useful for
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and @&Eﬁlﬁbﬁb%@@%Qd@%@a@%ﬁﬂé%@%‘é%&’éﬁé'on resulting in systemic side
effects, such as dry mouth, mydriasis and cardiovascular side effects.
20Additionally, many inhaled #HdséaeiriéFeebhtor antagonists have a

releftme{wﬁap drdusptianef actefreauising @lﬁbﬁﬁ@%&%@&fﬂ%ﬁ%@gay disease
(CO?’ gyera t| Eﬁl g Such a multlple daily dosing regime is not onl
) AN TR Y R i eane sk B it dratitardpts are @
leadm@cmxm’ténbmmr@mn@hﬁmcelwth the required frequent dosing schedule.
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particular, a nee E‘XIS S ?gl’ muscarlnlc rec%p%?g

and gtsfioy, seducethsystdmicesidefeffiectseatieg rainistericbhyeishalatian COPD
and QQ%'O%% @sgg%otfr Qaqd%\@ﬁ%gg%gu% ] O{C()I'ggce al%‘l%r SI\{IS S are

once-weekly dosing. In addition, a need exists Tor MUSCAHAIC cepto
tyPiiin abmisistpredihy mbﬁaéfﬂn4tmwmerre@epwhan@ldaﬂmgeredeptoﬂiaaifmn a
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treating pulmonary disorders, such as COPD and asthma, while reducing
S YSRGS RS SRS IEHE AsS YRR S S R efiesiith A asistpatig mydriasis and
cardﬁwgu\lﬂ}a&\{de efféla@ present disclosure provides novel quaternary

nlum ound ch have muscarinic receptor antagonist or
At HARERE B PAI A SPGB e R MBI BE B Fapeduhor
duradmchfsmtmh asqubeentfautditbpedsesssinpiavec Hindiag wffigity. faubMz
uscarlnlc receptor subt /pes, have longer receptor half-
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madqteiatedr@@mp@tmwomrdmgiymmpﬂmmd&ﬁftﬁﬂﬂ[&ﬁe@wmsmﬁaag
Scheggﬁgected to be useful and advantageous as therapeutic agents for

a-eating pulmonary disorders. One embodiment of the present disclosure

re|&<§§@@§mm§}q§mﬁgﬁgﬁmm$caﬂmc receptor antagonists. In particular, a
need exists for muscarinic receptor antagonists having high potency, reduced systemic side

effects when administered by inhalation, and a long duration of action thereby allowing for
once-daily or even once-weekly dosing, In addition, a need exists for muscarinic receptor
antagonists having high affinity for the receptor and a long receptor half life. Such
compounds are expected to be particularly effective for treating pulmonary disorders, such
as COPD and asthma, while reducing or eliminating side effects, such as dry-mouth and

constipation.



R3) (R) in salt or zwitterionic form, wherein: a and b are independently 0
or an integer of from 1 to 5; each Rl and R2 is indepéndently selected
from -C3_4allcy4, -C24alkenyl, -C2.4alkynYI, -C3.6cycloallcyl, cyan, halo,
-0le, -CH20H, -000E1,-C(0)NRbRe,  -S(0)V, -S(0)2Ra, and -NRERE;
where each V is independently selected from hydrogen,
-C1_4alityl,-C2_4alkynyl and -C2_6cycloalkyl; each Rb and V is
independently selected from hydrggen, -C14allcyl,-C2_4alicyny1 or

-C3_6cycloalkyl; or le & PRETYEther with the nitrogen atom to which

they are attached form a C3.6heferorysles: Q- mAdiacenRborogpsicrh have

two aﬁﬁgé%ﬁeﬁgl‘é?oﬁgse re }omed togé{ether to fo r%m -C3dalkylene.... compounds of the
muC24alkylermoOmntrzais PAATFRNBDSRE 1% MEET flom ’
pm %Q)m%%éhav%@pf&&éaﬁ@wssmmd@hmmf@m foHPNH2; R3'

R3b are independently selected from hydrogen, -C.1=@alkyh.ave » larger
MW@%“W&IW éa Oﬁ argg/%%cé bbeterocycle, and

méé%éﬁ}b%&%% where-R8eisssiented émnpa@éimsl@é%@gn@mun
10aryl, -C2_9heteroaryl, an

3 eheterocygley 8 RIZ AN R 3Mvantageon
Awwéthéwmmmé‘ﬁﬁ@é%pﬁﬁ‘?ﬂt %lé‘ﬁetﬁe E éggiﬁgacﬁge%%orm% antageons as

e dowedsatlitional heteroatom selected
rom nitrogen, oxy e” S“'f”r '§§%18£1§£‘#&£?&%Q&HQJIMEQ!%Mﬁ ehRfa 1
is inde MRy SIS of (gres’i% eyl d is 1 or 2, and = depicts e:ng
optional double bond; R5is sgfected frorﬁ -Cl 1k3{31

-CH2-C2_6alkenyl, -CH2< ,}gpd -CH2CP®Rb5a; where R52 is
selected from -OH, 6¢¥ ' ‘ 5%7and R5b and R5” are
independently selected fro 0 C| @’@Ikyl Qis

~-00.5alkylene-Q-Co_lalkylenes rein Q is selected from CH2-
-CH=CH-, (R, )

in salt or zwitterionic form, wherein:

» and b are independently 0 or an integer of from 1 to 3;

each R’ and R? is independently selected from -Cr4alkyl, -Cyqalkenyl, -Co.salkynyl,
-Cs.scycloalkyl, cyano, halo, -OR’, -CH,0H, COO0H, -C(0)0-Cs.aalkyl, —C(O)NR"RC
_SR®, -S(O)R?, -S(O)R*, and -NRPR®; where each R® is independently selected from
hydrogen, -C;.4alkyl, -Cysatkenyl, ~Ca.aalkynyl and -Cagcycloalkyl; each R® and R® is
independently selected from hydrogen, -Ciaalkyl, -Cy4alkenyl, ~Cyualkynyl or
-Cageycloalkyl; or R® and R° together with the nitrogen atom to which they are attached

2 ¢l
form a Ca.gheterocycle; or two adiagsntfR groups of two adjacent R” groups are joined

together to form -Cicalkylene, -Ca.4alkylene~O- or -0-C,.4alkylene-O-;

RY s selected from ~C(OYNRYR™, -C(0)0-C;4alkyl, -CN, -OH, -CH,OH, and
*CH;NHZ;

R gnd R are independently selected from hydrogen, -C;.salkyl, -Co.salkenyl,
-Cs.salkynyl, -Caecycloatkyl, -Cg 10aryl, -Cz.oheteroaryl, -Cs.éheterocyele, and
~{CH2} 2-R*, where R* is selected from ~OH, ~0-C;.¢alkyl, -Ca.scycloalkyi, ~Cs.roaryl,

-, shetercaryl, and -Cy¢heterocycle; or R and R*® together with the nitrogen atom to
ining one addifonal

which they are attached form a Cs.gheterocycle optionally contal
heteroatom selected from nitrogen, OXygen OT sulfur,

cis 0 or an integer of Fom 1 to 3;

2



-CC-, -0-, -S-,-S02-N01-, -N01-S02-, -C(0)-, -0C(0)-, -C(0)0-, -NRQ1C(0)-,

-C(0)NO1-, -NO2-C(0)-NRQ3-, -NO2-C(S)-1\103-, -C=N-0-, -S-5-,

where 01 is hydrogen or -C1.4allcyl, 02 and RQ3 are independently

selected from hydrogen, -C14allcyl, and -C3_6cycloalkyl, or RQ2 and

RQ3 are taken together to form -C2_4allcylene or -C2_3alkenylene, and

04 is -Cl4alkyl or benzyl; e is 0 or an integer of from 1 to 5; each R6 is

independently selected from halo, -C1.4alicyl, -03_4alkylene-OH, cyano,

00. 22l L Rneds@OktE @yore erothatyiNH-C(0)-C14alky,

N(Cjdallcy1)2, and,-N &Qﬁrﬁp akyh; alkenyl, alkylene, allcynyl

arfd’g c?ggkﬁcgroﬁgp%@i%& 1232r§%@£§%45, a%ﬁ{g b is optionally
 subStituteetwittiarto-5 fludrsl atbis Cupksba @r‘?aﬁi‘éfé&?ﬁw ,agnd% .
cH % yl %E%%’ ﬁ)}%@z R5,is ontionally ssbstitutedswit lata 2MkbsttuentsR ™ and R
“~“Independently selected from -0-C1.6allcyl, -OH and phenyl; each
are icheploalkyt)avyletetefioapiiangd h@téf%}&}léle group in R1-2, R3'3", and 13,-b

is %gq@gwﬁm@@ Witk Jidae3 substine)ts sepshionty $stected—CH-

from -Cidalky1, -C2 4a|?<eny cyajno, I@,(;SO-ClaJ&§ -S ;4_651@{93_
-C=CS(0R266 PRy Sk - SR a‘rk;%%hn“ R?(C“ 5 gli’cyl  wherein”_
“m{ﬁ%{bgg?&ﬁjﬁ? La’nngach Cﬁrémfﬁlr}f—bﬁl%@f@ﬁﬁs Qﬁt@:ﬁ:@&ﬁ;&m
andm@(ﬁNﬁ%&?éinsu‘éh%q%’ﬁeﬁéﬁ&é’ﬁﬁﬁf’%g‘l%b é‘daflf%uriﬁ % ggglky&, Otiand

se1eclHOER: 0T adRb@smace siallysadoehiatieisalttherdd!, Avédrditgtsbeftrigecte

aspect of the invention, there is prov cem d.afderppula 1: in salt
to fopn AninelSHRaor T gf%‘fﬁﬁ%‘ dnag\%qgrﬁé %ndelﬁen ently O o?Ban integer of

fromslpte:SinEaetkfltbRRlisdidependently selected from -Cl4alkyl,
-C24allcenyl, -C2 4alkynyl, -C3 yl 1,h8l0,a1R¥2ae-OH, cyano,
-CRsbR, l&’@%??ﬁ%%%%i‘%ﬁﬁﬁ%%%ﬁﬁ%ﬁ%R', -%f%?éz%e -
o ,BUPNBR U NBIROWherACKRG: i e peraetiy beldordd A+ <
hydrogen, - Iégjéégkenyl, -C2_4allcynyl and -C3.6cycloalkyl; each Rh
NGt R penderitly selected from hydrogen, -C -C%f(/?lken l'in Ri3 RI
-Cav ety rytiorlcs, etyerdamiylerRALHY REPGCGERRENIE The nirogeén.
atom,tq.which i ched fam a68 thheseroays|eerdncadiadork
R“,ﬂ%p%(&ﬁ%%ﬁé@é%@é% groups are joined t%%}&eg 19 é"{{}ﬂasﬁments
alken@i3a6 H8yamy eroup I RicHEREBAEY D lgf%/ ene-0-; R3is selected
0 deal%g% ANR 38R CON0-GIRVRIKGIF @i, piiH 0 pathandioeiqgl wrYh2;

36 and R3h are indepgndenily. selecied . DNi098Bstituted with 1 to
heteraylgmpdyaierey “HaReny) ,‘f;’%z_ﬁa Icyﬁ?ﬁ8-§3_é%?/§%ga¥ kyl, *C6.10ar CW

3 subGRhateraashaGBheterat yoe dridelhdie Reaabseibotbe AURTLONY 2"
ot Qe Oalkyl €300y GloAY 5B 10N, -S(0)(Crsalicy), -NFlz, NE(Crsally)

and -N(C;salkyl);, wherein each alkyl, alkenyl and alkynyl group is optionally substituted
with 1 1o 5 fluoro substitnents; and each -CHy- group in Q is optionally substituted wi_'th 1

or 7 substituents independently selected from -C;alkyl, -OH and fluoro;

or a pharmaceutically acceptable salt thereof.

According to a first aspect of the invention, there is provided a compound of formula L.
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-C2.0heteroaryl, and -C3.6heterocycle; or R36 and R3h together with the
nitrogen atom to which they are attached form a C3_6heterocycle
optionally containing one additional heteroatom selected from nitrogen,
oxygen or stilfur; c is 0 or an integer of from Ito 3; each R4 is

. independently. fluor() or -&g.h@allcyl;_d is 1 or 2, and = depicts an optional
m S%]b?ib?é"%ﬁ‘d’?{ﬁg ci’é'[g‘f(évi’g}éted from ;Cl,6a||@c]?yl, -CH2-G2_6alkenyl,
-CH 22, ek aybeaddnbHRE @RS RB6 i stlected from -OH,

-0-C1_6alkyl, -NR5bR5¢: anchRs'@realhglepEndaityyl, -Coaalkynyl,
-selé%%&flr ?ﬂlﬁ ﬂ%f%%%ﬁgf %e%%%o 5aLk>é|E e-(%- 0.1alkyl QPR
CoYREAN sl TR SHEDEHLERLT dgesen’ 3’-:@%5 ’
-S02-NR-, -NRQ1-S02- .-G (@), 2:HOKO)R-inde (@ de@@)RQAd, Torm
RS BT fenen et
hyd ﬁg_@@@j@hﬂg@hwgk@@g@ﬂ?ﬂ%"ﬁﬁﬂ re i epgn ently
selected from hydrogen,and -C3.¢ eyl and Qalimeyaken
md%@&ﬁ@?&é%ﬂﬁéﬁ%%@%e%%o@%ﬁ% Icer%laeﬁr%% and {&(Ecig €l ﬂg,?g%chéd
_C3%5W§1§d5@bmhdrﬁhmh@ﬂw@%ﬁlﬁé‘%?%%ﬁt%'ig?ﬁ SPendently o
selected from hﬁ?j%g, -C1 Aal &T@Ogéﬁgfy@n@v@ﬁd}a@nmﬁoggmmwﬁd

for-cHabP P HKy T SIE N(Ci_2alky1)2, and -Nt(0)0; wherein each
o B ,t@@g@ﬂym@l@ueﬂenmk(}mym&%%émy%%uﬁ%%%&ms‘, N. n

4-6, and Ra-Re.is opti titutedyyith dto, B ifior GlarE aPlraind -CHoNHz;
eacﬁ%ﬁﬁﬁlﬁ%%?ﬁ?%n%?g;%nyl grobp@igogw is; tionally, ub?t\i[ut“%d Wigh Ayt
whiDeZSubsliRENEindpenderily siieed ANy -‘é%fi’aé(isic{g? CoHEnd
phenyl; each cycloallcy], aryl, heterparylandieierosybiagroyplinRa2,
—Cﬂ@@?ﬂaﬁ%ﬂ‘é@k%géﬁ#bﬁgﬁ%ﬁ%st%?gd Witlfi? ‘@i substituents 1 ¢ aryl
u(dﬁgﬁB%ﬁ%ﬁﬂé&mdﬂmﬁ@P@Ik@,ﬁzc@;@éi %ﬁ:éﬁﬁ%?%a?@?’ RS

-0-C-S-C-S(0)(C -4 alleyl), - 3NELG INHGdaticythrtbe nitrogen atom to
"Cm%iﬁcﬁg}f,%ﬁ&}é%#%%%q)ﬁéﬁ, alkenyl.rgr% al

kynyl S e
whRiengh substiistetbwiths C1oBifRs SUBRHRTENES e g Sk gg ditional

group in Q is optionally. substity with L gra.substituents independently
he@éﬂ’éﬁ‘téﬁsﬁ']&ﬁf{e-%%o?a%éﬁ?- 141113 ang%%ﬂuoro; or a pharmaceutically

‘acceptablesaltithegeotfiftrereliavhien said compound is in salt font, said
Comggggg{,&gr%c[é%ee%g@nﬁ?iﬁﬁo% aRharmasautically acceptable acid.
dis 1 or 2, and = depicts an optional double bond;,
R’ is selected from -Crsalkyl, CH,-Cyealkenyl, -CHa-Cogalkynyt, and . S
- Sbyy 5¢, ¢
-CH,COR’® where R* is selected from -OH. -0-C; qalkyl, and -NR*R™; and R™ and R
are independently selected from H and »Cl-églkyi; .
Qis-Cy @kylem—Q'—Com;alkylene—, wherein Q' is selected from -CH,-, -CH=CH-~, -

| ' -C(O)-, - -, ~C(0)0-,
C=C-, -0-, -S-, -3(O)-, -SO02-, 50, NRY-, NR?'-80y-, -C(O)-, ~0C(O)-, -C(O)

NRQC(O)-, -C(ONR?-, NRE-C(O)-NRF-, NRZ-C(S)-NR-, -C=N—-(')—, -S-§-,
and—C(SN-O-RQ“)g where R is hydrogen or -Cy_salkyl, R and R are independently
seiecf:ed from hydrogen, -Ci.alkyl, and -Cx.gcycloalkyl, or R?? and R® are taken together to
form -Cs.4alkylene or -Cy.salkenylene, and R ig -C;4alkyl or benzyl,

e ig 0 or an integer of from 110 5;

each R®is indépendentiy selected from halo, -Calkyl, -Cualkylene-OH, cyano,
~Cooalkylene-COOH, -C(0)0-Caalkyl, -O-C;4alkyl, -S-Csalkyl, NH-C(0)-C.qalkyl,
N(C14alkyl); and NHOHYO;
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One embodiment of the present disclosure relates to quaternary
ammonium compounds having formula It: or a pharmaceutically
acceptable salt thereof, where X- is an anion of a pharmaceutically
acceptable acid; and R1-6, a-c, and Q are as defined above. Another
embodiment of the present disclosure relates to quaternary ammonium
compounds having formula la: NR3aR36 Rs ( N or a pharmaceutically

acceptable salt thereof, where R1-2, R3a-3h, R6-6, a, an aBey; 3a-3¢
e dtinacratroulin e BRI GG ERE SF PG PR R R
R+, ARG Ri.0ehes emBodimethoktheqpresevtdisciosirelkyl,
felates to qu ternary_amgn_onium compounds havin fprmglgg e ]
dkemmmmmwd@&aﬁéggﬂwgﬁ#f%ﬂg? ﬁg%e, G aRd X Bre as i
., _defined abov rh Qpg patticularembodime ef foreautadis|Qlisyl, aryl, heteroary
mde?e‘f&%lﬁﬁyé?ﬁ(g%'-. Apéﬁgg%mbodig_}gnt of,t%&;: res nt..%il%c osure;relates
and letepoatetnargamimBnium conPbunds BN ?‘hﬂ%sflc: or &
armaceuti lersadh theregfyvhere, Rile2y RI3L5IREY agiire, halo,
Subs@&ﬁﬁ%%ﬁé%%%%%%%%%ove. Ir?acl)arlle t;}:ﬂt’i ular e bqg#{rer}tﬁf {frrgﬂ{l}gl) and
»»-Ouﬂ?ﬁal@ls&ggaalkyienﬁﬁ@(ciﬂﬂﬁigngst@mlﬁmfs"b BIThUIAT .
0 nds of particulanintesast-are.ihose-having:apinbihiteally substituted wi
”N(Cgl‘%%g@l |(§N§l%%2§téééngtﬁ(ak[i})wfdr bing?ng to thejﬁlfl\}/lg";Z recept ESU%B&PQ%VS% 1or?
| to thamos edslte LRy BN pAeUEICHRVING & TEY é]é ¥haor egual to

NV, .more partisularly hayingra JQ;lessthandreduakteci0 nM; and
Subsg\glg%wﬁn%ée%%g%ulgﬂy having a Ki Iegs than_or e(?ual tohl.O Iag/l. Accordi@gs i salt

to amphm@asg@é@%ifﬁﬁé%ﬁ’féﬁ%ﬁﬁ}?ﬁé?é&%fp%\? T BB Rarmacautical
composition isi campaung gsdefined aligvecanstable acid.
mepﬁ%%&?e%‘%@%@%éggﬁ% carrier. Another embodi?hNent of the present
disgjesure-ralates: tor phasroasce dicab compbsitions CBMpHZ AT mEn ™
pharmaceuticall alchthabIe carrier and a compound of the present
CO‘“W@?@lﬁlﬁ%&oampositions may optionally contain other therapeutic
agents such as steroidal anti-inflammatory agents (e.g.,
corticosteroids),adrenergic rec%ator agonists, phasphodiesterase-4
inhibitors, and combinations thereof, Agcdrding ®banother
embodiment of themnegentgisglosyre, a pharmaceutical composition
comprises a compoundQfthepresentdisclosure, a second active agent,
and a pharmaceutically acceptable carriér. Another embodiment of the
present disclosure pertaing#/acombination of active agefis, comprising
a compound of the present disclosure and a second active agent. The
compound of the present disclosure can be formulated together or
separately from the additional agent(s). When formulated separately, a
pharmaceutically acceptable carrier may be included with the additional
agent(s). Thus, yet another embodiment of the present disclosure relates
to a combination of pharmaceutical compositions, the combination
comprising: a first pharmaceutical composition comprising a compound of
the present disclosure and a first pharmaceutically acceptable carrier; and
a second pharmaceutical composition comprising a second active agent
and a second pharmaceutically acceptable carrier. This present disclosure
also relates to a kit containing such pharmaceutical compositions, for
example where the first and second pharmaceutical compositions are
separate pharmaceutical compositions. Compounds of the present
disclosure possess muscarinic receptor antagonist activity, and are
therefore expected to be useful as therapeutic agents for treating patients
suffering from a disease or disorder that is treated by blocking the
muscarinic receptor. Thus, one emboai#?é"nt of the present disclosure is
directed to a method of producing bronchodilation in a patient, comprising
administering to the patient a bronchodilation-producing amount of a
compound of the present disclosure. The present disclosure is also
directed to method of treating a pulmonary disorder such as chronic
obstructive pulmonary disease or asthma, comprising administering to a
patient a therapeutically effective amount of a compound of the present

disclosure. Another embodiment of the present disclosure relates to a
mathod for antanonizinAa 2 Miiccarinice racentor in 2 MmMammal comnricina




embodiment of the present disclosure relates to a method of evaluating a
test compound in a biological assay, comprising: (a) conducting a
biological assay with a test compound to provide a first assay value; (b) .
- or 2 peTdactinGodlky ictopeblesxlbihrala WhrHH St Bt ARECHesarbarEassigally
accelRLRYQVIEE, RSe0e Qde??ﬁ'?@b valug; wheteinstep @liseonassdadaitheme present

before, after or concurrently with step (b); and (¢) comparing the first
disclesisayelaRI ORI STARY (A RRAIINR SBUsA LR al BE Wb Step (b).

Exemplary biological assays ingjg@g®a muscarinic receptor binding assay

and a bronchoprotection assdy in a mqﬁhaqother embodiment of

the present disclasurg iSwdirected fo ..‘0 stlidying a biological
system or sample cotmprigi : usgarinic recéptor, the method

comprising: (a) contacting ological system or sample with a
compound of the present gdiselosure; and (b) determining the effects
caused by the compourﬁ bn the biological system or sdiaple. The present
isclosure.is also directed ta processes and,imtermesliates useful f ax
ora }%Tﬁ‘éaf‘fﬁﬁt%cgg%%%cﬁ gaé’?efﬁgl t&%%gﬁﬁd%lg gs%re.’ ccotdingly; a’no’t?é?ﬂ e
as demigbstimentiafdhe pesehdisdiodireretdtbs toite pladess dipralgng Q-
.., compounds qf the present disclosure, comprising. ( reag ing.a, :
Sall %’6%%&%7‘}8%%%5 a? ﬁﬂ\c}“‘vffﬁe%eggrgﬁ%cg% eo%or%h% aHlto pr duce. gmum
compeaniomnd:f fonmellally, and reacting the compound of formula IV with an
organic substrate containing an 55 group; or (b) reacting a compound of

‘%.b
M f

formula VIII; and recove
provide a compound of formula’l or f; wherein compounds of formula
I-VM are as defined hef®iK. According to a third agpegt of the
invention, there is provided a process for preparing the compound as
or a phernae el asormBimE (dresdingesecdmpdR ARK BFRAASIiaP aye: Inone

paﬁi&@@@&%@@iﬁfzf@@fﬂ%ﬂﬂﬂh rheyesl-trenkerents)a leawdggioipdient of the present
produce a compound of faunula IV: Rs (R(:%. l(t\z{v an Igt%a]ctifng the
d .

formula V with a

)

disclogyrR 5B E?r%??ﬁmawwm%ﬁ“arﬁ’é’?ﬁ@%u Fatescontaint

aining an R5 group;
Or R | |

Ie) |
or a pharmaceutically acceptable salt thereof, where R'Z R*® R, 2,b,e, Qand X are
as defined above. In one particular embodiment of formula T'c, Q is -Cysalkylene-Q'-.
Among the compounds of formula I, compounds of particular interest are those

having an inhibition dissociation constant (K,) for binding to the M; receptor subtype of
less than or equal to 100 nM; in particular having a K; less than or equal to 50 oM; more
particularly having a K, less than or equal to 10 nM; and even more particularly having a
K, less than or equal to 1.0 nM.

According to a second aspect of the invention, there is provided a pharmaceutical
composition comprising the compound as defined above and a pharmaceutically acceptable carrier.

Another embodiment of the present disclosure relates to pharmaceutical compositions

comprising



(b) reacting a compound of formula V: (v) with a compound of formula
LII; or (c) reacting a compound of formula V with a compound of formula
VI: L2' (CE12)0.5(VI) where L2 represents a leaving group, to produce a
compound of formula VII: and reacting the compound of formula VII with

ARAMBANGLA! RUNS YRR PRI SN RRIFAREIS 8300
group, and Q',’A B are defined as:
compositions may Optlonaﬂy contain other thcrapeunc agents such as steroidal anti-inflammatory

agents (e.g., corticosteroids), B, adrenergic receptor agonists, phosphodiesterase-4 inhibitors, and
combinations thereof. Accordingly, in yet another embodiment of the present disclosure, a
pharmaceutical composition comprises a compound of the present disclosure, a second active
agent, and a pharmaceuticatly acceptable carrier. Another embodiment of the present disclosure
pertains to a combination of active agents, comprising a compound of the present disclosure and a
second active agent. The compound of the present disclosure can be formulated together or
separately from the additional agent(s). When formulated separately, a pharmaceutically
acceptable carrier may be included with the additional agent(s). Thus, yet another embodiment of
the present disclosure relates to a combination of pharmaceutical compositions, the combination
comprising: a first pharmaceutical composition comprising a compound of the present disclosure
and a first pharmaceutically acceptable carrier; and a second pharmaceutical composition
comprising a second active agent and a second pharmaceutically acceptable carrier. This present
disclosure also relates to a kit containing such pharmaceutical compositions, for example where the
first and second pharmaceutical compositions are separate pharmaceutical compositions.

Compounds of the present disclosure possess muscarinic receptor antagonist activity, and
are therefore expected to be useful as therapeutic agents for treating patients suffering from a
disease or disorder that is treated by blocking the muscarinic receptor. Thus, one embodiment of
the present disclosure is directed to a method of producing bronchodilation in a patient, comprising
administering to the patient a bronchodilation-producing amount of a compound of the present
disclosure. The present disclosure is aiso directed to method of treating a pulmonary disorder such
as chronic obstructive pulmonary disease or asthma, comprising administering to a patient a
therapeutically effective amount of a compound of the present disclosure. Another embodiment of
the present disclosure relates to a method for antagonizing a muscarinic receptor in a mammal
comprising administering to the mammal, a muscarinic receptor-antagonizing amount of a
compound of the present disclosure.

Since compounds of the present disclosure possess muscarinic receptor antagonist activity, such
compounds are also useful as research tools. Accordingly, one embodiment of the present disclosure
pertains to a method of using a compound of the present disclosure as a research tocl, the method
comprising conducting a biological assay using a compound of the present disclosure. Compounds of the

present disclosure can also be used to evaluate new chemical compounds. Thus ancther



-CH2--CH3L3-alkylene- -CHH-HL3-alkenylene- --C-HL3-alkynylene -
-0--L3HO- -S--L3HS- S02-NR(21--S02-011 or -S02C1RQIHN-
-NRQI-S02--NEW?'HOO2S- 00(0)--OHHO(0)C- -C(0)0--C(0)0OH or
-0(0)01HO- -NRQIC(0)--NHRQIHO(0)0- or C (0)C-
-NRQ2-C(0)-NRQ3--N----C-0H2N- where RQ2 and RQ3 are H
-NR(32-C(S)-NRQ3--N---S=0H2N- where RC22 and rew are H

embodiment of the present disclosure relates to a method of evaluating a test compound in a biological

assay, comprising: {a) conducting a biological assay with a test compound to provide a first
assay value; (b) conducting the biological assay with a compound of the present disclosure to
provide a second assay value; wherein step (a) is conducted either before, afier or
concurrently with step (b); and (c) cornparing the first assay value from step (a) with the

second assay value from step (b). Exemplary biological assays inchude a muscarinic
receptor binding assay and a bronchoprotection assay in a mammal. 5till another embodiment of the

present disclosure is directed to 2 method of studying a biological system or sample comprising

a muscarinic receptor, the method comprising: (a) contacting the biclogical syster or
sample with a compound of the present disclosure; and (b) determining the effects caused by the
compound on the biological system or sample.

The present disclosure is also directed to processes and intermediates useful for preparing compounds of the

present disclosure. Accordingly, another embodiment of the present disclosure relates to a process of preparing
compounds of the present disclosure, comprising: (a) reacting a compound of
formula IT with a compound of formula III to produce a compound of formula IV, and
 reacting the compound of formula IV with an organic substrate containing an R* group; or
{(b) reacting a éompound of formula V with a compound of formula III; or (¢) reacting a
compound of formula V with a compound of formula VI to produce a compoung of
formula VII, and reacting the compound of formula VII with 2 compound of formula VI
and recovering the product in salt or zwitterionic form, to provide a compound of formula I
or I', wherein compounds of formula H-VIIT are as defined herein, |

According to a third aspect of the invention, there is provided a process for preparing
the compound as defined above, comprising:

(a)  reacting a compound of formula II:

with a compound of formula Il




-C=N-0--CHOH2NO- -5-5--SHHS- and recovering the product in salt or
zwitterionic form_ In other embodiments, the present disclosure is
directed to products prepared by any of the processes described herein.
According to a fourth aspect of the invention, there is provided a

comﬁ)ound prepared by the process as defined above. According to a
wheifeHLa spriceof eHel anyengi srouhete PO pHs v b bitiod fsmpbund as
defined above for the manufacte of a medicamgnt. Yet another

embodiment of theg

resen{ dis¢losyrelis direc
compound of the presgnt di '

gfacture of a medicament,
";I.: medicament useful for treating a
pulmonary disorder or for antagoriizing @ muscarinic receptor in a
mammal. Still another em@iment of the present disclo pertains to
the use of a compound of the present disclosure as a research tool. Other
andgRsptEbnesBrim dretinrmitios it ame seliesHRerditDETAIRED R
arolESCRIPTION OF THE INVENTION The invention is directed to
compounds having formula I:  in salt or zwitterionic form, or a
phaifacedtreane sceempmiadal #atebr Xiore specifically, the invention is
directed to quaternary ammonitm compounds having formula R5 RI X-
it(R6), NN (R4), (R2)b 5{F))5¢ rmaceutically acceptable salt thereof,
ceytitally acceptable acid. The term
: }9 a compound that is derived
from ammonium hydro gg ;ammoypum salt, wherein all four
hydrogen atoms of the NI-T4esrhaverb &hﬁeplaced by organic groups.
10As used herein, the term "compo‘tﬁznﬁ of the inverion" is intended to
include compounds of formula | as well as the species embodied in
Witﬁogr&%ase ﬁh&laof}/ol%n{ﬁl al'ﬁi.a&d I'e. The compounds of the inver)tion are
quaternary ammonium salts and may be convened between different salt

fornie) usinytate efabrpetndeh elotodics, wohexarmptentbspigdierula VL
exchange chromatography. Also, the campounds can be obtained in the
form of solvates, 15 and such solvg s, are included within the scope of
this invention. Accordingly, those skilfed in thE7&H will recognize that

whdifefaneteis CompaHpdheigit ios@xanaplerederdndddamixompound
of the invention" includes reference to a compound of formula | as well as
to any pharmaceutically acceptable salt forms and pharmaceutically
acceptable solvates of that compundAirdggs othérwise indicated. 20The
compounds of the inventionaygontai dne GiHarare chiral centers and
so may exist in a nuniBer amefig forms. When such chiral
centers are present, this inv irected to racemic mixtures, pure
stereoisomers (i.e., enantiomeyge

o (VID

and reacting the compound of formula VII with a compound of formula VIIL:

(R%),
B
\(CH/Q

zjo-z (VIH)

wherein L represents 2 leaving group, and O, A and B are defined as:

-Hg=-



diastereomers), stereoisomer-enriched mixtures, and the like unless
otherwise indicated. When a chemical structure is depicted without any
stereochemistry, it is understood that all 25 possible stereocisomers are
encompassed by such structure. Thus, for example, the term "compound
A, is intended to include all Qgssible stereoisomers of t@

----- Laal A =Xy e r I
e . . o . . =g Ene-
erein, it will be understood by those skilled in the art that m%‘ior amounts

dfBe{di sterecisomers maytbe present in the compositib% nyliene-
i&%gtion unless otherwise iﬁdicated, provided that the ﬂillﬁ%ﬁﬁ%ﬁ ;
composition as a whole is not eliminated by the presence of such other 5
ibmers. Individual enantiorders may be obtained by nif§erous methods
;ggt are well known in the agﬁzincluding chiral chromatogkaphy using a
suitable chiral stationary phase or support, or by chemic%ll converting
tBemNRO diastereomers, sep&tatiy #ieeéibreomersibyEnventional
_mam_%@gph as chromatograghy; € recrystallization, thepyggenerating the
original enantiomers. Additionally, where applicable, all cis-trans or E/Z 10
' (geometric isomers}?%utomeric forms and to gertic forms of
,@@@mpounds of this inveq@mmg ipelugeshwithin thepggope of this
inv%@tion unless otherwise specified. In particular, \g{%g&)d is 1&1%
K {4 of formula I contii chiral center at the carBsn &tdth “HO¥C
-datahbyth&symbol * inghedfetiowing partial formulg{shown without
optiafadysabStitgntsSfor clarity): 15 In one embodiment of this invention,
the eagldon atom identified by the symbol * has the (R) configuration. In
-MiRépprdimretit, compounds=effarmula | have the (R)Eg¥figuration at the
carbeheatmPidemtf&d by the symbol * or are enriched in a stereoisomeric
formehaling the (1?) configuration at this carbon atom. In another
-Epidtliment, the carbon atefiiZD identified by the symbol¥Chas the (S)
aggg]_figuration. In this emboq‘gﬁent, compounds of formuylg | have the (S)
configuration at the carbon atom identified by the symbol * or are enriched
in a stereoisomeric form having the (S) configuration at this carbon atom.
and rytey gorspba rvedicthinipRie AT GV IHEAEICaS IidSse compounds used in
their synthesis, may also include isotopically-labeled compounds, i.e.,

whEPE G HBrataInE 28 A6 RER R AMTERE WiRFedroMmR FRaviAguany of
the praigmicimagsedifferaent from the atomic mass predominately found in

nagure. Exampl smgéilisoto es that may. be incorporated infa t d ab
corr?ﬁ%rlﬁn I%fi f%)rmu gsﬁef%rc%i%ﬁ%igﬁﬁ&t}gef but are ﬁot Iir%% %u?o,pfal-ﬂm ¥

the pratqssiB@efiaed 2poe- 180 and 170. The compounds of the invention
have.hiae: RUNGAR POSSESSIBUSRMIRIC 1RSRNENHSM BRlagaigastifittnd as
Among other properties, cgm o%nds of the invention have been found

define) A3036 Ao E DBEBEHIG SSDBEIHTERPT to possess improved binding

affiRityfan M2 BNt hMS MLsasipic dRCRPIE Bubitypestdivedonfetompound of the
receptor half-lives, and have greater. potenc

A . compared to
present 15886%’8 o1t 8 manu acturfi eo% ?tt g]g(é(%}ﬂé xgpt cleaﬁ)g/a l%r T}}e B?Agﬁ%%mre ofa

comp S, and are expec ) usetul a I peutIC agentS_ for i
medicirpating gul fronanyidisordbronTiva! HOWRRE QLB NG RIAVES Ak Eofgator in
mamrFAMeRURdsiL thernventiopas diustaiesciosure pertains to the use of a compound of the

present disclosure as a research tool. Other embodiments of the present disclosure are disclosed

herein.

DETAILED DESCRIPTION OF THE INVENTION

The invention is directed to compounds having formula I:

-6b-
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5 in the Examples herein. This nomenclature has been derived using the
commercially-available AutoNom software (MDL, San Leandro,
California). REPRESENTATIVE EMBODIMENTS The following

w %Hgﬁ%ggﬁand values are intended to provide representative examples
o?various aspects and embodiments of the invention. These T¢1/US2008/002321

" representative 10 values are intended to further define and illustrate such
aspects and embodiments and are not intended to exclude other _
embodiments or to limit the scdpe of }he jﬁve o, In tShis regard, the
representation thata' pa gt preferred is not
intended in any way to‘excl aths :
invention unless specifically indicgtedr%5The values for a and b are
independently O, 1, 2, 3, 4,04, 7
even more particularly 0 or 17 In one embodiment, a is O(fr 1. In another

in &l ' ' n ' b are 0. | ther
O bodmane 8 e and b Bb nen e At e e =
speificslly, the ingpipp dnidircetomhto ahelwn 20 amgainhichitisatiadhethg formula
I+ Each R'and R2 is independently selected from -C1.4alkyl, -C24alkynyl,
-C3.6cycloalkyl, cyano, halo, -ORa, -CHZQH, -COOH, -C(0)-0-
-C(O)NRbW, -SR% -S(0)1e, -StD)2R% aﬁd -NRbRb. Each Ra is
independently selggted oW by ‘éHN*CM aidalkenyl,
-C2_01kynyl and -CBE ; randtb is independently
selected from hydrogen, -C

-C3.6cycloalkyl. Alternati\é'gJ
to which they are attached f6rm a C3.6heterocycle. In afigther

or 29MRRAIBEN, Vg Adiacet B gr twa,adjacent R2 groups are .
joined togelthaetiyto fo!% -CB%%%I%%IF%;W ef.e;ai?lg‘élgﬁéa%?no?gap armaceuticaily
accepiable amdieRecdern ' atetemisydimment iRl omRRard indfepandenitypound that is

derielestad from I - isopropyl),fluor,
- chloro, -ORa (39%@%%%?%8‘3%@% %ﬁ;‘%ﬁ% é:%%gjﬂlr hydrogen
atompohihs. tHaIigH (81 brepiseieess brnarammpREesg., NH2). In another

specifisambedinestides issalesied Fom iBbealkuh a0 theOlled o ikach of

the aforementioned alkyl, alkenyl, alkylene, alkynyl and cycloalkyl groups
‘“’n’l‘li‘r?%‘i’?f}I T %H%lﬁﬁagh%épgaﬁgmmmymfa@w@% Ao Iicof d, and
T'e. EhamplpoRidosREe WQROOBIZARA2ERET MB3MORLONRI2E 621 BE converted
l, and 2,2,2-trifluoroethyl,

- | suc difluoromethyl, trifluorometh i
bem&%ﬁﬁ% %yﬁsgéﬁs&&%%r‘hséw%%‘rgt?ﬁﬁﬁrmm{%ﬁﬂ%ﬁiaﬁﬁ&{%&W&aﬁa&gﬂn
exchangaphiroRyR2aRty, | o h2 comaybelstlstitSBthivid ib tBeFSHsHsMEs,

i rom -G2 4dalkenyl, -C294alkynyl, cyano, halo,
e e S e B VA ol ey i tose
skilledjictheaarhy)2 revhenéze dbht of fiteses atky b athenyldanaaiyoy kgious esBrence

to a ‘B8 HDSHWEHMIL IR SRR SUPSIHYENIS 1, o R3S SElegted fro
-C(0)NR3aRib.-CN, -OH, -CH20H, an§ g“to a compouncl o??ormugll as well as
to any pharmaceutically acceptable salt forms and pharmaceutically acceptable solvates of

that compound unless otherwise indicated.

The compounds of the invention may contain one or more chiral centers and so
may exist in a number of stereoisomeric forms, When such chiral centers are present, this
invention is directed to racemic mixtures, pure stereoisomers (i.e., enantiomers or
diastereomers), stereoisomer-enriched mixtures, and the like unless otherwise indicated.
When a chemical structure is depicted without any stereochemistry, it is understood that all
possible stereoisomers are encompassed by such structure. Thus, for example, the term

“compound of formula I" is intended to include all possible sterecisomers of the
7. ‘
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-CH2NI-12. Ria and R3b are independently selected from hydrogen,
-C1_6alkyl, -C2_6alkenyl, -C2_6alkynyl, -C3_6cycloalkyl, -C6_ioaryl,
-C2_9heteroaryl, -C3_6heterocycle, and 10-(C112)1.2-R3c. R3' is
“§§Ieﬂcted from -OH, -0-ClI_6allcyl, -C3_6cycloalkyl, -C6_10aryl,
Y82V Saryl, and -C3_6heterocycle. In one embodiment, F3/#52008/002321
-C(0)NR3aR3b. In one embodiment, Ria and Rib are independently
hydrogen or -Ci_alkyl. In another embodiment Rh and Rib are
COW@ﬁgn SERIN YT EEB A BRIECE D SIRVECRFERCAS FIStY| afbetihermipeit will be
undpaiensbadiongnts BiawangRib: aenbeinlydroge s Altanatiely . Rid 1y be

and 15 Rib together with the nitrogen atom to which they are attached
PreRG L RO BHRESHGRY RS BRtiGMAy eBntalfThE B wa ditrmiphorersideshinat the
utiliglectad deorpdiirogen oxMeRN PEsWiur Renresentative-heteroqyslisHngs

. __include, but are not limited to, pyrrolidin-I-yl, piperidin-I-yl,
o D, SPP BT y D RSO RSTER P iscR RS eare well

knosforiententioriedalkyg, dikehyhraligmgl asic osthoalloy growphital R@iaREry phase

3a-3 may be substituted with 1 to 5 fluoro, atoms. For example, R3 can
or e e O R RS s R BE o
diagjeowpirsR8es8ivaayone! substitutel withittor3 sghstityentedndepEndent)Yhen

e -C2 4al l, cyano, halo, .. .
%egéﬁg%ﬁgﬁgﬁ%?%@%ﬁiﬁﬁ © @?S‘Zfé‘éﬁ%gxﬁ‘,’lﬁeﬁﬂ‘i’é‘f%ﬁ i Chaigror B2
isoragd (ATt aliepm)er sivimreweadh Bfrthesaddigyti slkenyl fmoaddthylcompounds
of tAOHPS SRR %%%H&ﬁHEﬂtﬁﬂt}ﬂmﬂé%ﬁé §f SUPSUYEIS unicel REVAMS TOLC e

is 0, 1, 2, or 3; particularly 0, 1 or 2; and even more partlcuﬁaﬂy 8 or L.
ondeRipdeHRBITheNSIos In BicwapewSs airfemtuliakhootan b enditcenter at the
carb@PERSE R RaMheN R a iS1PAGRERdaDIY. SRIRG! (9;
-Ct_alkyl. When more 3 tha?r%3 o%%%%%ﬂbstituen%%ﬁi%ﬁ% ﬁgl.{,;kggs%ﬁg?m
optignafanbis GRS A28 ©4HWY on the same or on different carbon atoms.
Exemplary R4 groups include, but,ate not limited to, methyl, ethyl, and
fluoro. The alkyl group in R4 may tituted with 1 to 5 fluoro atoms.
For example, R4 can be difluorome or triftleromethyl. -10- WO
2008/103426PCT/US2008/00232 he-value fordis 1 or 2, and -
depicts an optional double bond. b elmbodiment, d is 1 and the
double bond is absent, i.e., when thé'ring defined by "d" is a pyrrolidine
In osingmbodinesenatididinieninthe slereateni etk tierdpastiomotiiedol * has the

idine ring (i.e.. the carbon atom beayi .
O L O e BVt s e psn

- at thggertbrest aterbadaméintdthistbtersobehtesitms thedR)stenctekeimsteyidiform

: i ' iS.present, i.e.. when the.rin
e A e o A T S Mo

identifisdguiehe sprizC2bealttentl) coMizaatiealkin i srmib@iaGORGapinds of

formBPMe Ambed) : ' _ Q
T oC 6a|l?§lé,j @g%ﬁ bagﬂgﬁ’/ ﬁﬁ%@%ﬂ%ﬁﬁé&%ﬁﬁ% p?é%ﬁégr%’f} orate

enrichefb e ot aRdc ErB ARy D g e brpEaasion REhis @beamgrsuch

as Tt @b fultRGHBicanddi i Maricinn e MEQAMERt e ds st dkeach of
the aforementjoned alkyl, alkenyl, and alkynyl groups in R5 may be
syntisse et RitRC1URS B At caidriebelsk SomRpIRIRE- a i BE e GRBOEREFF Gfoms

havetheemtonérhedticittect athy halieryd, Aoshialkynyl Greyes iIRIRDIRRAYASO R8s
15.substituted, with 1 to 2 -0-C1.6alkyl, -OH and phenyl groups. Qis
e e bt lnee i o o e e

comp@udSeForpaiel, FS02-MiRe; Qe ) BY0)re () Brited RO (OE, 1 °C, 1, 1N,
1863 #@(OIWNRQI-, -NRQ2-C(0)-NRQ3-, -NRQ2-C(S)-NRQ3-, -C=N-0-, -S-S-,
The compounds of the invention have been found te possess muscarinic receptor

antagonist activity. Among other properties, compounds of the invention have been found
8-
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and-C(=N-0-04)-. el is hydrogen orin one particular embodiment, RQI is
20 hydrogen. RQ2 and 03 are independently selected from hydrogen,
-C,4allcyl, and -C3.6cycloalkyl, or they can be taken together to form

wi& Zohalkylene or -C2.3alkenylene. In one particular embodiment/RGHi&ea2321
and RQ3 are both hydrogen: RQ4 is -C14alkyl or benzyl. In one
embodiment, RQ4 is -C1_4alkyl such as -CH3. In one particular

to p%ggp&%ﬁg%egdb ﬁd?l?%%yéi %8? rtﬁl&wmﬁ%@ﬁwre é%cﬁ(%')l?&g‘%%s have

------ C(0)0-, -‘NR
iong@‘(tmm@hﬁ&h@@@@h@?@@atem@@msynmzﬂ whiled Cerp@IREy, and
are B&g&%‘a%%%&%@%&m&%ﬂ%&&lhg@ng RRlRCRE from A v it and

The linker connecting Q' to the N+ atom -00_5alkylene-, may

be B% RETO G HE LfETHeYo Haleme the SOmGHBISAHER ﬁﬁ?ﬁ%ﬁmlﬁ)ﬁ@smi@d
in tRAFIGHA QMBRFIMERL Hals dnkeris 305 Seéballensidd ArAb@mercially-

particular embodiment, -Ci_3alkylene-; and_in yet another embodiment
avatlgblg Aahempsg W%t‘fﬁ%‘ﬁ?@ It5p 53 = linker may be

substituted with 1 or 2 substiftienisindapendenibnselected from -C1.2

alk and fluoyo. In one | ular embodiment, the linker is -(CH2
o AL e B AR s et e

exan@ﬁ%xﬁlﬂ@@d:ﬁ)r%&&s and éfﬁimﬂnheﬁt@mfmmtm@m tihephemtetngative

Valuecsz%.rgli( ten edt ?@)ﬁ% r%&o g rts)fggte? tocr;?xsgspg avgéﬁa%b%?nfaégt@ IH are
one particular em iment, er iSa’bond."Eac group in

not fmmdamsdemam«hkﬂhmambmsnbsmméd laith hos@pubstitnentsBion. In thzs

A 00 Sy ar e ol T RS ndes

in anfCHR) B, @(@W@)@h@(m@mrqmwts(@my@q uGHLYR-OHEsC hpocifically

indislGH2)2-C-a-C-, -(CH2)2-0-CH2-, -(CH2)3-0-, -CH2-CH(OH)-CH2-0-,
“(CH2)3-0-CH2-, -(CH2)3-S-, -(CH2)3-5(0)-, -(CH2)3-502-, -(CH2)3-C(0)-,
(Cy2esofr (@D 2reojercrdenting. ¢8)6-Grap S; particularly

indefSlid QAR RICE0 I a CHA-GONRRIGHR. 0 4CH AR N BRAEINMNRRF or 1.
-CH2-C=N-0-, -(CH2)2-S-S-, and ~(CH2)3-C(=N-0- O4)>hwhere RQ1, RQ2

In appiReR esRbAARSRIrGgeN: &ﬂ&%&ikﬂd@n@myp& Bab M 2L FBREE is
emb@d&n&lﬁafﬁpr Badm eng embodiment, e is 0, 1 or 2. When present,

?}?ﬁég%ip%% t%ﬁ)ei%zgcted[h al 3Cg(é%lé]§%wn of the phenyl
ringml éﬂha](;(ylsaﬂacilcbdlmée(ﬂm dndtﬁ%xp&tﬂmdngi)mnﬁjae;dm&ﬂtﬁ&ﬁ €0 Lalkyl,
: cted from.halo a
o R AR R Ak SR S crabais GOQEhs COr0-
Cmiﬁb}d s@éﬁ)m&)r &ﬂh?or&(@)ﬁ%r&ﬁﬁbzm arpiarhi&ﬁ’lér diaboBime ntdspsntiently
sclod08 RIS Juin. ot ehloiyin anothegmbodiment, At 2 L PARA. Euch &
ho chloro

groups ar qu 6 groups are r'one R6 group is flloro

and Rhip mé@méiep@e/gﬁéﬁq@eré fpnolardreapmttaretibodimerters.isCoalamyl or
-Cs BYER AR CH AR ARRIGTOOGHMR Lo RS 10 1R R EROAUIMELRA ey are

halkylene-OH. In one embodiment, R6 is cyano. In one emhodiment,

attachest; LoD DanRIFOQEIE HS Hep T TOesInIAlohe ehiBetTenE RE SO
adjacéH0x0 Qbﬁgﬂé)d@%fﬁ@ﬁto%é@)@rg'fgr&ﬂ 95'@43!}“1@@@“0@%1%@& 0-G4.alkyl

H3 h di t, R6.is -S-Cialkyl 3.1
0l R e REIESE) k) iR RACC [y CRE TG
am%mergembﬁ@lmml %ﬁnwp%GMW)sﬂﬁhre&ng@H&Ra 2. %?exydroxy
embodiment + ou m ituge
methﬁo% u8?(8' )atom I‘fﬂ\‘ é%gn%leeggé%fb‘*eﬁ%n,:@ & ?é%% |sfI a%ﬁgﬂl
(e.g.ANIdY.ofmaphtrmsraificaiytadteptabR’ #cidcThd fesm “Gnilief and -OR®,
phﬁﬁ%@%ﬂ%&%‘%ﬁ?%‘? fable AQiA B SR IR ASIR! 1B, A IS SRU G 98ups

inR', R.‘2 R* R® and R® may be substituted with 1 to 5 fluoro atoms. For example, R! or R?
9.
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pharmaceutically acceptable acid. Examples of pharmaceutically
acceptable inorganic acids include, by way of illustration and not limitation,
boric, carbonic, hydrohalic -12- WO 2008/103426PCT/US2008/002321
WgtiEbtottic, hydrochloric, hydrofluoric or hydroiodic), nitric, BSHOERHSRE02321
sulfamic and sulfuric acids, and hydroxide. Examples of pharmaceutically
acceptable organic acids include, by way of illustration and not limitation,
can a&pﬁaﬂalhybkrmyhamme@i;ﬂCtrgluamﬁfatgiycgi@ 2lacties RGeRIgNIC o -OR?,

(% tartarlc ac hatic car xyllc 5acids (e cetic,
Whebeaﬁgnié’ (?orl'rlngl"rco%?oh on|ci:'l:?rlﬁjn%ﬁ|ﬁ1 glgac%{ iy, %cck‘rﬁg‘l"%i%ﬁf %3 nR/,
R?, R&BE fodgR’ berzbicsybeiticeabendico diphlenidaceiit estisinipplted from

I id
R e L e b S s,
—S{%qﬁi&y})a@ﬁ%@h@aﬁcyﬁrb&{d;em@uaikyi} and -N(C;4alkyl)s, where each of
zhesemz%m@&hyﬁf@&@ﬁz%ag@g@gm%ﬁ%%@ﬁ&{%&%ﬂhﬁ’ﬂ%%‘ﬁ% ACIAS (Siknes.

ic, 10 maleic, oxa cinic acl ucoronic, mandelic,

muﬁl%ﬁ%@ﬁ%ﬁé %l@@ﬁ{&cﬁpanﬁzﬁ@éﬂr&“ 1s@fohic@Bidt.gGH,0H, and
-CHoeRzenesuiianie; m&i@éﬁﬁeﬁ? &eisylie sethaneshlignics 'Sgiieﬁ“'ﬁg salkenyl,

methanesulfonic, naphthalenesulfonic, naphthaléne-I,5- disulf onic,

“Co- oA riesy Jodikotie afp-folbresAfshiackiisraaveivientid, and
-(CHER Jike”, IrRém ssmoadiment -the, pbarmageytically aceeniableacidis:

c electe acetic, 15 benzenesulfonlc benzoic, butyric S
" 2 2Ri8 r’r% 3&%’?@%@?‘?@1%@&?&%?@%%%Bﬁoﬁ:ﬁ@)ﬁ%r&moﬁ‘k‘me
cmbh#dmﬂudiéah&dtﬂ’ aﬁgan@ebyﬁkﬁﬁmpwam@eﬁﬁwldmwb?nzxgiemllnhylﬁro
t gar rox tha - carboxylic, lactjc,

smbo §ﬂ?n%Ielc 8nlwg‘(;thanes oﬁ%cmﬁ?r?&y Bl%rl ﬁ% cRifiRy! and
efhyéulfumt ametheicemtibboateRd antiRrb mmd&chymagwls Arhtam@th@rly, R and
35 [ I ccepta le acid.is selected from
R R Ces R R or b
Opti%aiémq@@%@@@@&makécmmmwﬁma@pmm oromédeyr sulfur.

Repﬂasgm%%@f&@cﬁ&mﬁga@a&t%&& fliphenylageiaigaiormate,

fluoride, o-hydroxybenzaate, p-hyd roxybenzoate,
plpeﬁ%dréﬁeﬁiﬁ%ﬂ%’léﬁé 4- @@Wrazm-l yl, morphohn—4 -yl and
thmﬁohyﬁimfgwgphthalene -2-carboxylate, iodide, lactate, 25 malate, maleate,

ne te, nitrate, hosphate propionate, succinate, sulfate,
oA SR A BB A1 KPR A DAL Eroups in R and

R*® %nuopummm@mm issolscied ﬁt@mdaremle‘gaﬁgﬂmahagx be -CFy. In
frflugroace ne embo |m R3 is -C(O)NR3aR3h, cis 0 and d
addmmi “hus. ﬁ%/oearll%%h IS'E18ATY |rec 5%&8 %&W Hrimonitiay be

subsigoinpoutids hailm@ibmmta RacpYie 200 8¢ 1LBAP G BYGE T, LSR@Q8@9&32@hyi
-Co MU RNERRATIATE RN BRSRPIERE SRS B, S ORI,
-INH;, NH(CMaikyl) and -IN(C4alkyl}s, where each of these alkyl, atkenyl and alkynyl
groups can be substituted with 1 to 5 fluoro substituents.
The value forcis 0, 1, 2, or 3; particularly 0, 1 or 2; and even more particularly 0
or . In one embodiment, ¢ is 0. In another embodiment, each of a, b and ¢ represents 0.
When present, each R* is independently selected fluoro or -Craalkyl. When more
than one R substituent is present, i.e., ¢ is 2 or 3, the substituents can be on the same or on
different carbon atoms. Exemplary R* groups include, but are not limited to, methyl, ethyi,
and fluoro. The alkyl group in R may be substituted with 1 to 5 fluoro atoms. For

example, R* can be difluoromethyl or trifluoromethyl.
10
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as defined for formula I. In another embodiment, R3 is -C(0)NH2, R5 is

-CH3, a, b and c are 0 and d is I. Thus, the invention is also directed to

guaternary ammonium compounds 5 having formula Pb: R5 x(R6), (R
WpHYElB4Marmaceutically acceptable salt thereof; where R& @ /QBaHE/X02321

are as defined for formula I. In another embodiment, R3 is -C(0)NE2, R5

is -CH3, a, b and c are 0 and d is 2. Thus, the invention is also directed to

qua?fémm;uammmGmrdgmmbtfnt@ihm/hng)fﬂimlalaiaﬁﬂe bead) Gr ane
emﬂ%'&ﬁﬁélﬁcggé'ﬁaﬂ}’d%%%%t% eogac{ 15 8 gorgkrvyger%h%l t%é: R3a, g tﬁ g Ei)é} 15 a
and X- are as ined for formula ? he invention |s $6 direc
pmqbdmn"arg ammordaThodompouhd stheaingifermiule Bopokifioe) dithe pyrrohdine

in rmac, I Ithereo r
g&%%pﬂ%ﬁ(%nqﬁlﬂgf o %E%?%w%%qz%%%/lo%ﬁz%%g &g‘goog T

sterqeolignpty; Wheretheismarogent. Gris Sefeetstifidmns tEHR)gereChizydsiry. In

one ¥aldfhen{ (HAPand GE AR (GHA % egﬁl'e (%@%ﬁggn deﬁned by "d" is
-(CI 12)2- O CF12-, -(C1-12)3-0-, -CH2-CH(OH)-CH2-0-, -(CH%S 0-CH2-

a telrpb Y9 gidine ity 3-5(0)-, -(CH2)3-S02-, (CH2)3-C(0)-, -(CH2)2- 00(0)

-(CRIZ)Z: 160084, &&H@é@ﬂ%ﬁf@%@t@)%@l@ﬁ{@« ,ﬁélk vl, and
(CH2)2-NRQ2-C(0)-NROZ: -(CH2)2 7585 and

(0)NRQI-CH2,
“CHQ(%?#%Q %é‘i‘l}‘ﬁeﬁﬁ? dihRare %d‘ia)ﬁéé‘ 4R 3 el gom diiRQ4
-O-(5. sﬁks,al kyd QFRERZS wenissR T on@REagh Baaapaﬁwl@mw;ﬁlwyd%tﬁohnd

lo, -C1. 004alk cyano ) -4 ‘ .

Cregie Y EA AR kg}{ﬂfiﬂ% i k%@%ﬂd‘-‘ Rﬁt?@)é‘%‘é" f?o*%f?é%’ﬁﬁ?} B
partmptwmaﬂwﬂﬁmnbﬁftnﬂe@ms dstrilfed farfdmmmiadn ahainlpniépaitiattbslkynyt
groufTRIMES Al R m9RToRE b Hbstued W'%f'ugﬁo Ak,

one 2 group in Q is optionally subs?%sted With
Each of the aforementioned aIkyi alkenyl, and alkynyl groups in R® may also be

substituted with 1 to 2 -O-Cy.ealkyl, -OH and pheny! groups.

Q 15 -Cosatkylene-Q'-Co ralkylene-. Q' is selected from -CH,-, -CH=CH-, -C=C-,
-C-, -8-, -8(0)-, -S04z, -S0,-NR?'-, -NRU-80»-, -C(O)-, -OC(0)-, -C(O)O-,

-NRY'C(O)-, -C(ONRI-, NRZ-C(O)-NRP-, -NRZ-C(8)-NRP., -C=N-0-, -§-S-,
and—C(=N~O~RQ4)-. R s hydrogen or -Cj4alkyl. In one particular embodiment, R is
hydrogen. R and R are independently selected from hydrogen, -C;.4alkvl, and
-Cs.gcycloalkyl, or they can be taken together to form -Cyaalkylene or -Cy.aalkenylene. In
one particular embodiment, R¥ and R? are both hydrogen. R is -Ciaalkyl or benzyl. In
one embodiment, R¥ s -Cisalkyl such as -CHj. In one particular embodiment, R% s
benzyl. In one particular embodiment, Q' is selected from -CHy-, -O-, -S-, -S(0)-, -C(O)-,
-0C(0)-, -C(0Y0~, -NRY'C(0)-, -C(OINRY'-, -NR-C(0)-NR., .NRC(5)-NR.,
and-C(=N-0-R%%-. In another particular embodiment, Q' is selected from -O-, -S-, -C(Q)-,
and -OC(C)-.

The linker connecting Q' to the N™ atom, -Cp_salkylene-, may be a bond (0 carbon
atoms} or have 1, 2, 3, 4, or 5 carbon atoms. In one particular embodiment, this linker is
-Cs-salkylene-; in another particular embodiment, -C, salkylene-; and in yet another
embediment -Csalkylene-. Each -CH,- group in the -Cy.salkylene- linker may be
substituted with 1 or 2 substituents independently selected from -C,.; alkyl, -OH and

fluoro. In one particular embodiment, the linker is -(CHy);- and one -CH,- group is
-1~
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In another embodiment, the invention is directed to quaternary ammonium

compounds having formula Ire: 15(Pe) or a pharmaceutically acceptable

salt thereof; where ais 0 or 1; R1 is -OR", where Ra is hydrogen; Q is

WOHAF #6m: -(CH2)4-, -(CH2)2-CH=CH-, -(CH2)2-C--=C-, BQOHEB10402321

-(CH2)3-S-, -(CH2)3-C(0)-, and -(CH2)2-0C(0)-; e is 0, 1 or 2; each R6 is

independently selected from halo, -C1 alkyl, -OH, and -S-Cl4alkyl. While
subsgifusédhel theldtie Smaying 120pHEHEFIBLGEtuted as described for

for 1 ' [ ; the go is n tionall

i Eed bR e S R
carbgnafemargrammdniarhcoripou i sTrapendcio ameeb pdirnept, Ifeisdimikdr iMGond.
Eack0OB/1 03420 RGHT{ US2008/Q0R 3% o0 A RRArmagRKtically: acorpIaRIe $alhes

thereof, where Xl is an anion of a pharmaceutically acceptable acid. In

indegrrdpathicirler shBoament akalintahavA {'aiected to compounds of

fQrlﬁﬂé@éﬁﬁi@éﬁ%@ﬂiﬁiﬁﬁ@@ﬂ@&?&&?@%@b@éﬂ@f@ﬁ@%%ﬁ@ﬁm@sf@iiowing:
..(c}g'SCIO d in U.S, Provisional Application No. 60/903,110, filed on

Sraany 23, 2807 hid Gt intitalss c6ripoetde St Form b $HGn
O teger of o 11010 5 et R 3 K2 s Indopendeny aeloeiad 16
e I 0 5; ‘an ' is independently selected from
(IR i, SR o oy Yo Rt -r,
-CH,SKOS(0JRB 1, {6(8) BRER UMHON R Gl dchmRe’ is independently
) leGleat | mgep, :Cidialkyl, -C2 _4alkepy1l, - K 4
(Cﬁé%ﬁcyclog@ﬁwéﬂacﬁ’ R%Hafﬁ?%gf%’iﬁ%ge% fi eﬁ{yﬂ-@%ﬁ;ﬁéﬁﬁ%@ﬁ%ﬁ&h
whercRAaRyT. sGRRTAkemykir@2nAaidyR LiorCCa:l Bpyotdatiey].or Rb' and Re'
to i ni t ich_they are attached form a
C??%%%%gggégé%@o&{’?\%?}a%jggﬁ RE%'%{EO%%E%%{%}\% té\gj%%cén ﬁ%roups
areiFrR B ts R A bR orrindRendkleAlecRd Matkpidne-O0: gikyl,
-CMQI%WR”@Y&%,R@oi%ﬁ?}?eq@-@fﬁ@ﬂ;w ¢ -I%%Bﬁﬁc,:@h%ﬂiﬂyl,

-CH20H, and -CH2NH2; where R3er an are independently

-S-Coarlietba Wi iptifogHc e TV ekl ehnds i) Oc drsamepiticular
embofihbey GO adkedlcdted Moantats; 2Cohatenoants, 2963 -Chefereqysie, and

OGRS g S Ty E o A Bl (HbtedBse: o
emb@&abanmmmam@meamthmnlﬂmm@o whighihey arensStachedt e is
ARSIl BRI e Sl e, .,
or bogla B RavisimtegpéontentipriBl o0t Mamtioyhrd iselotre? Ringd tegtibtso. In
a.notlj%g &gﬂggﬁég%ﬁ;ﬁ?%&aﬁ@i '&.@E |§sczég{£.rofpx 6%&%—&%%'3‘8@2311%; RSis -OH. Inone
embodiment, K is »C1_4ai’kylene-OH. In one embodiment, R® is cyano. In one
embodiment, R® is -Co.zalkylene-COOH such as -COOH. In one embodiment, R®is
-C(O)O-Cisalkyl such as -C(O)O-CH;. In one embodiment, R® is -0-C,4alkyl such as
-O-CH;. In one embodiment, RS is -S-Cialkyl such as -8-CHj. In one embodiment, R® is
-NH-C(O)-Cy salkyl such as -NH-C(O)-CHj3. In yet another embodiment, R® is
-N(C.4alkyl)s such as -N(CHs);, In one embodiment, R® is -N(0)O. The alkyl group in
R® may be substituted with 1 to 5 fluoro atoms. For example, R® can be -CF; or -OCFs,

X 1s an anion of a pharmaceutically acceptable acid. The term "anion of a
pharmaceutically acceptable acid” is used to refer to an anionic counterion of a

pharmaceutically acceptable acid. Examples of pharmaceutically acceptable inorganic

acids include, by way of illustration and not limitation, boric, carbonic, hydrohalic
-12-
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WO 2008/103426PCT/US2008/002321 -CH2-C2.ealkynyl, and

-CH2CORb5a'; where R5' is selected from -OH, -0-C1.6alkyl, and

-NR5birec% and R5b' and R5™ are independently selected from H and

WIDAMBER3A Q' is selected from -CH2-, -0-, -S-, -5(0)-, -502-, -BORASREEI042321

-NR"-S02-, -C(0)-, -0C(0)-, -C(0)0-, -NRQIC(0)-, -C(0)INTRQL,

NRQ2LC(0)-NRQ31-, -NR(221-C(S)-NRQ31-, -CH(OH)-, 5
(hydanbe@(xd\b@dR4 Y iouh dnal RQIYIS: ly draiyer dicyCiatky) p@ﬂsﬁmh@;%éxafemzc and
sl I 0 B b SO Bl

3"are taken together to for yiene

mcludrd 4 wWey-chidlkgiraidery e lisdiaicemn ah;é'g@uc @Bﬁmyﬂt@cﬁim Rt
giud@@?@%&%lﬁﬁg%ﬁ%ﬁgwg%hcc lalkyke s Q8. Y0, h%x_'_ l?z'nonocarboxyim

Clalkyl, -C1 4alkoxy, 10 -NI-I- -C(0)-Chalkyl, and 0)0; wherein
amdéé%lﬁ aﬂ@?ﬁ%lé%%ﬁkﬁéﬁe@fﬁw 47 ORGP PTI, Rmagauc carboxylic
acidR@2d.; 3 chiz B4 G- AN FRRFGLRS, QQBQ&%MC%%QS%EH@Q&VMM%@ iareisteMdacetic

wherein each alkyl, alkenyl, and alk ynyl group in R5' is op tlonall

scids), BEtittRea dae o %S@%&ﬁaéﬁég%@pﬁ%@navga%wfw a@:‘ﬁél%&y

o- hmmmgwhﬁﬁ@nmgﬂw @a}obﬁmxlm@%@@yﬁwqup in
RI1-21, R3al-3!, and Ra'" is o ona 15 subsguted with Ito 3

g BRI S rcre S BABRHS SCMEORHONS - ERATRY e AR 512 RS
mai@ya@mlh:aind -ﬂf@ﬁﬂﬂ(@d;ﬁﬁj@ﬁ(ﬁiﬁbt&kﬂ)ﬂﬂﬁ(ﬁ)ﬁ(ﬁﬂﬁdi@dhlcbthhﬁ; orotic, pamoic,
H Chal and lalky1)2, wh e|n each alk d alkynyl

P antol:%ép s op a?@ Iﬁ |ttljét)éen vﬁﬁu 8 ficior ;gSBXI{%Ié gggﬁﬁ Feach

ethan@ Mo i thio(BH 2e@thBrdsubiption allp isihbbtitededonith daphtBalene-1,5-

aisuSURRhABANEOPRIGI SRcGed TNt Rl il ShaRt WA i e
a pharmaceutically acceptab & salt thereof 1n addition p r?cu ar

like.chape el oitenh il pﬁﬁamaitéwﬁmiiemﬁ@hld acthbisedettfutthiom tmstic,
benZeXAIRISS ORI BSHY ?hésp”&ﬁﬁ}&ﬂ{éﬂ%%uyﬁﬁuy&ﬁﬁ%‘?}%‘&é%@reOf

DEFINITIONS When descri bing the compounds, compositions, methods

hydrﬁﬁﬁ’ﬁ?éc%%@%}@f’ﬁfé bylRjRRTSND IRV EFRY PRIVfhe following

p-hy@ERMBRES] eS5 afbepmsarinticated Addiianalin asdisgdinarsithdhe
singul rforms 'a," "an" and "the" include the corresponding plural forms
corb i es e eGP BRURE EREHHY RS GtHER RIS P feprpionic, suceinic,

sulﬁu&qrmmiagmﬂmwwc anﬂtrijmﬁyga@te: intendad ahadnetisidnand the

h meantthaltlthere ddltl nal ts other tha ellsﬁed
Pargmente. 36118 err%a%ayﬁ Smeans% RNV 53?’%%%‘?’ SR rbon
triflugroapetihiciimay bedisan dintnsntiredhibinlesslethenfrise sefimed, such
ben Bl AR 5%9%% ¥ %ﬁgﬁ?éé] Lo %{g gﬁﬁﬁq OB AT BN IAC e

examp e-Cl.2 presentative al y groUps

diphpnlagietatsy mmmgre meksémwomt@ refyidedAbanate,
I- hyg@%ﬂ&ﬁﬂéﬁ&gy!ééggp}%éqg%sg}dﬁQWtHﬁlQHéyi’ §£%(Q‘%ﬁ '%89!‘& lactate,
tert-buty

[, n-pentyl, n-hexyl, n-heptyl, n-octyl, nnonyl, n-d nd the i
mai%@ﬁ@%@&ﬂf@ﬁ%ﬁ%@%ﬁ RifFsh BROWRDRaRERRIREA6r savﬁfam&lwlfét@n

tartr 806 DESRIACNRNBMBRY Bl 9NN BIANISTIS SAAWORILEHINGHARRHDASon i
Seiecﬁ%{; cript. For 5 example, the term "-Ci.talkyl" means an alkyl group

‘@“fr%‘??fll‘i& EGiShBALIIOTATERIhe carbon atoms are in any
acteptatimbodifiguraions -C(O)NR**R™, ¢ is 0 and d is 1. Thus, the invention is

also directed to quaternary ammonium compounds having formula I'a:

-13-
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The term "alkylene" means a divalent saturated hydrocarbon group that
may be linear or branched. Unless otherwise defined, such alkylene
groups typically contain from Ito 10 carbon atoms and include, for
eampieoialkylene, Co_salkylene, 10 C2_4alkylene, C2.53/kyleRg,@Rd,325
C3.6alkylene. Representative alkylene groups include, by way of example,
methylene, ethane-1,2-diyl ("ethylene"), propane-1,2-diyl, propane-1,3-
diyl, butane-1,4-diyl, pentane-1,5diydsand the like. It is understood that
when the alkylene term includg zero carjz‘i'bns streh as Co_ialkylene or
Co_salkylene, sugh'jefinsS\gre finteridegto g (8ingle bond. 15The
telin "alkenyl" means & 2
may be linear or branched
3, carbon-carbon double heyids:
groups typically contain froni 2 to 10 carbon atoms and iejude, for
or a@ﬁﬁﬂﬂi@eu%@lg@éﬂ(ﬁ%@éﬁ:g@@@é&%ﬁérgﬁm%mat%eéalk%nél rou(%%_ are
in Iu%e, by way of example, ethenyl, h-propenyl; |soprbpen’¥3f,’ n-Butt 2 Eng,
as dﬁfic]??- @-é%%&?ﬁé%ﬂ@r%Q@W%ﬂ?@rﬁyléﬁ@m&nﬁ adiGilent, b and ¢
are Alkenyligloupnanhexerepiasy AlkrBMERagroyRs iRl atx%%gal'ke”f%l?n%%unds
havi'llflh%%rla?%oxy means a mqnovalent group qf the fq mula - yl,
Where Al yI 1S as defined herein. Unless otherwise defined, such alkylene

groups typically contain froMJl 1Q4L0 carlon atoms and include, for
example, -0-C1.4alkyl an R ntative alkoxy groups
include, by way aR&xamphe ,Nﬁl‘féx répaxy, isopropoxy,
n-butoxy, sec-butoxyNseh -butaxy and the like. The term
"alkynyl" means a monoval saturated hydrocarbon group which may
be linear or branched and y ' has at least one, and typically 1, 2 or 3,
carbon-carbon triple bonds. Unless otherwise defined, Siith alkynyl

or a ghartpactypically aepi EQAaN 2HQ Y, %@@R@D%W%qsﬁ&%& for
fom%i(aafn%e -gi er@”%%l and -C;2_.6alk¥l‘r)1 l. Representative alkynyl groups '

inclide, %‘)1/ way FRBTE, BtH§nbL l{ﬁip%ﬁ -But-2-yapd pavestand d is 2.
Thusy ity arvdrthenlilsenlThéitestad allymyiena’ meansaudivalapb almb 8o W ula
re: and exemplary alkynylene groups include -C2_3alkenylene. -18- WO

2008/103426PCT/1JS2008/002321 The term "amino-protecting group”
means a protecting group suitabijgtfor préventing undesired reactions at

prﬁte v grOYps include, but are
not limited to, tertrbutoxysarbonyh(B@T), v benzyloxycarbonyl
(Cbz), 9-f|uorerel‘gg/mﬂ f@ carbanyl (Fmoé:), formyl, trimethylsilyl (TMS),
ten- 5 butyldimethylsilyl (T83),and the like. The term "aryl" means a
monovalent aromatic hy(getb arbon having a single ring (i.e., phenyl) or
fused rings (i.e., naphthalene). Unless otherwise definddcsuch aryl groups
or a phypicaliyceaibindembiosi crren wﬂ@r@@m}%ﬁdblf}@m?a , 1;9& & ‘are
as defGol aryl, Re[Pgelsentative aryl groups include, i)y way of example; phenyl
and nap tﬂ%]llene‘-l-yl, 10 naphthalene-2-yl, and the like. The term
"cybloalkgitimeandsa dionoxbierusaiuraieshoateecishysasahone formula
rd: group. Unless otherwise defined, such cycloalkyl groups typically contain
from 3 to 10 carbon atoms and include, for example, -C3.6cycloalkyl.

may be branched or unk =, ed, saturated or unsaturated, acyclic or
cyclic, aliphatic or aromatic, or combinations thereof. i divalent

or a piiateEatisol yroowp tlteaplichatiyy Eonbaie: hetatoaterm daperpekaied JAto. cach
the 20 hydrocarbon chain or as substituents attached to the hydrocarbon
chain. -14-
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The term "halo" means fluor, chloro, bromo and iodo. The term

"heteroaryl" means a monovalent aromatic group having a single ring or

two fused rings and containing in the ring at least one heteroatom
WyIBalR#426 3 heteroatoms) selected from nitrogen, oxygen GCEMER008/002321

Unless otherwise defined, such 25 heteroaryl groups typically contain from

5 to 10 total ring atoms and include, for example, -C2_9heteroaryl.

R méprosemBtiveltietdtd aryhgrogps; idkisdediydfayrof-6XHmple{ 1o oval 6L, )a-,

N ecie yrrolesimigazole,. thi: , 0X320le nAthiephene, triazole,

O s R, T e P A Al

"C%§i%§ﬁh€éia%ﬁh}m@%ptﬂiﬁﬁieﬁg,-ﬁéﬁzbhﬁ@zo{@ﬂz)a-302=,

(cibsozinigzolesfynelne isoquingling 36 aunazelias dleinoxaiba andie c o).
like, where the point of attacggnent is at any available carbon or nitrogen

-CHag GibTR. ThéE terth HaadVBey e OorReterdelieticMrédms 8 Fhimdvialemd

(CIatugtad orpsatipied(@on- e gmele) Srospinain%LASIIYEIRY Qlicyl or
multiple condensed rings and -19- WO

benaing)i Gk o6 BB IS IBHRIBRR ST by kR TR ThEA Mg Gr1aketone
-Co.héftotontamni(ypigallyOto oheterorioms) selented fom pitkggen, oxygen or

Ifur. Unless ot ise defined terocyclic groups typically
N I 0 Gt CatbaN Aokls AP THERAS, T el
subsiC@ehatdrscyitlel Refiresentdfivediateroyclicigioupsdaciuele, by wiayiah RS is

. eX I onavalent species, of Spyrrolidine, imidazolidine, pyrazolidine,
op s R St R S G T P B Gie
subsgifiathevlike Ghere the point of attachment is at any available carbon or

RO R0 AR iment M BIVRLIERAUDG ALQUP SN A LAGIR0AL GroUP

or an atom that can be dlsplacedp y another functional group or atomin a
compopRftimon et Sach as a 10 nucleophilic substitution reaction. By

way of example, representative lgaving groups include, but are not limited
to, chloro, bromo and iodo grups;zsulfgnic esteggroups, such as
mesylate, tosylatgy pr@Sytatestresyla anﬁ[t(ﬁ‘a}ad acyloxy groups,
such as acetoxy, triffd toxy ‘and/thetikeFhe term "optionally
substituted” means that grg guestion may be 15 unsubstituted or it
may be substituted one or séwvefal times, such as 1 to 3jtijnes or 1 to 5
times. For example, an alkyl group that is "optionally supstituted” with 1 to
or 2 gharmpceisel g i St tgteet sriermaysdyptdin®y, is -8R, wherafors
hydragam_sgiT@@rﬁm'ﬁb;?mm%caa'dza%%@g&tmet@}%t}aﬁ@ﬁﬁtet@iﬂiaﬂs,

t hio y or.otheryi ndesirable. For example, the term
(CH b aiealy Bot e e b At AN T m—
seledteddipordted, i alkenidEifianiaddadatiyistévadidalaqraientsidtiaubhay be

- causing undesirable biological effects qr interacting in a dejeterious |
o s smii S e che B L oSS L e BRAr T ity
compmisehtaibié entitaridls Wypitaiiiehave met the required standards of

toxi I ri ' i t ials .
e MO RS R A o
compywilsibpgngformula ["a, I'b, I"c, or I"d:

1
(R, s R

2
(R Y (Iub)
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The term "solvate" means a complex or aggregate formed by one or more
molecules of a solute, e.g., a compound of formula | or a pharmaceutically
acceptable salt thereof, and one or more molecules of a solvent. Such
WEOIlted34te typically crystalline solids having a substantially HXEH ¥t R0 2321
ratio of solute and solvent. Representative 30 solvents include, by way of
exgmple, water, methanol, ethanol, isop{opanol, acetic acid and the like.
¥ien the splvent is yvater, the solvatekmed is @ hydratess he term

ically-€ ectw fmgmaunt ﬁ)\i‘iéi%t@eﬁ
whe Mmipisteré w treatment~a
"effegctive” -20 L T/13$2008/002321

|5 that amount needed to obtain th?R gstred result, and a .
"therapeutically effective" amountisthat amotint needed to obtain the d"D

or 2 GRsies-theapeulicgffant &orBxanpienios antaganizing & MYssificutically
"effective amount” is a muscarjnic-receptorantagonizing

tor,
accergeég O.glgaimﬂé’ﬁ’f’/,pﬁl?ﬁ%f émﬁ’é%ﬁl%?ﬁegﬂﬁ@%ﬁf}ﬁﬁﬁcf’r”ﬁé EREIRDg's of

formabistrtictive pulmonary disease (COPD) is that amount that will achieve the

desjred therapeutic result, which may be disgase prevention, ameliqration,

o B P B T e GRS (P B
Prohegreial hppiirs the tleatif@ 0, fredtinentoof Rediseastlo (i dital condipidn: ludes
com%%@&?f%?ﬁa% En.:a patient, such as a mammal (particularly 10 a human)

hat includes: (a) preventing the disease or medical condition from

occurring, i.e., prophylactic treatmflﬁt of a patient; (b) ameliorating the

disease or medical condion, i(.%.ﬂelimin ing or cgusing Ffe’gression of the

disease or medical-sgnditior(in a patient; (¢).suppRessihg the disease or

medical contitig : cngeIopment of the

Nel

L rrég |F‘2@fthe
disease or medicahteo atient; or (d) alleviating the symptoms
of the disease 15 ordrﬁgf eal condition in a patient. For example, the term
d ikcl

“treating COPD" wo ude preventing COPD from occuKiitig,

in sa%%%%&@%@%rﬁ%&,%&@ﬁ%mgn QR 5 J %fg‘@ DESYMRGDE Al 1

gi
11
e term "patient” Is intended to inc ose animals, stich as

i
to 5:1aaaibRs, ahRars indseeddsntie athsetsddraiseGs e frdyeftionkehut afesalkynyl,
-C5.RIRRSNMY: beinghreatedderd L%@@%@(@Yi@‘“ﬂ%‘a@ﬁﬁe,aiﬁéﬁ'}ﬁﬁ'ﬁ“ﬁ%%ﬁ& each R™

disease or medical condition, as well as 20 test 'Subjects in whic

is indenapdims eeatliffvantisfrasebelng dhludted drmoingCusatmyd aaday,
-C, J8fcRxaARIPIe2R RAimal piodehdepefdbaitiakietins ssarharsinareiniended

tq have their grdinary meaning as understood by those of ordinary skill in
AR LY A R S PRATR PR PR OB Ritgaen stom
to wRbE drapatis:cidbédnventiogheandagdepered idmdearlilyza@iakieyo

. starting materials. using the followi ener ethods, th ocedures set
i B o e e ooV S
-O-Catiényidsetiiat &réiknelver¢o fhiose OfOITRIAR EKHTIONR Gl At HQE,
-cufeieuing eiessdren ey ilustraiea pariaular emROdMEt ot eh drozen,

invention, it is understood that other embodiments of tﬁe invention can be

-Ci-sglinilarfy 38lprepared asing theSarie bebimil € anethdd€ ostisyensing.other

mcs-ﬁﬁé%m%ié,eé@ei@@ﬁg%@ﬁi0&&@1@*&@&5@%9 f thoss:0f @reinasy kil
in the art. It will also be appreciated that where typical or preferred,
-Ca-epyptaadetondiidid: (2 sheiensiiempefatdrelsroriels; ﬁfo%e rand RO together
with @3 GHRRIS:SAIVENIS 1R ESHESSir8 thihake OIVEN 2Qt SL REPEERS CORGItaNS

can also beé.js,ed -21- WO 20081103426PCT/US2008/002321 .
containing one additional hetercatom selected from nitrogen, oxygen or sulfur; ¢' is 0 or an
integer of from 1 to 3; each R™is independently fluoro or -Crsalkyl; d'is 1 or 2, and =

depicts an optional doubie bond; R” is selected from -Cigalkyl, -CH3-Ca.alkenyl,
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unless otherwise stated. While optimum reaction conditions will typically
vary depending on various reaction parameters such as the particular
reactants, solvents and quantities used, those of ordinary skill in the art
WeZA¥EHd#determine suitable reaction conditions using routf{et/US2008/002321
optimization procedures. 5Additionally, as will be apparent to those skilled
in the art, conventional protecting groups may be necessary or desired to
-CHprewenk veytamduftistaRGTowpsirdir inseigoiddramdéitedrdactivi, and

NrEsehglge:eh a siable pofecling dioup [f.3 RANIGHIALfuRctional gipyp

as well as suitable conditions and reagents for protectlon and’ deprotéction

selegipd ferituRElionad gréunS € wePknoteiATthe anNﬁunoﬁ@nm 6#6tips BHatO)-»

-{:((ﬁ?@y bﬁ}@%@@?d 39 @$ENQ RrVENEUD W@' rg@ﬁﬂ@r@ clugesby wasor-,
examp » carboxy Qups, amino gro roxyl gro §t thlol groups
and-CArdryiky ohp&’%{ﬁ”a%ﬁ RSy ROSFEI Iéélrb%xyﬁf& tingr g iBtgRendently

seledé%&h{@iﬁ?bﬂﬁ%gdﬂOt@mﬁﬂgrlthir%g@r;S@c%ﬁ%m%m?Wi @;ﬁ?&&?ﬁ;@@%ﬁ t;i glethar
en Bn), p-methoxybenz uroenylmethyl (Fm trlmet ylsily

fo & §(y fgﬁ%gwﬁﬁ ? )a"él&erf%ﬂ:éﬂ?ylf FR7C BN o
mteg’eﬁdfkﬁemnmdes &a&ﬂsﬁhydﬁaemaﬁpse&emammmdmgmpm[

oups inc es. has ert utoxy I) and

-G ‘éﬁl{g @%éﬁre%’erﬁ@% %53% r“b""} gtlh {;‘?oups ﬁé %%?are not
“NHIif@ o, iyl gmmffﬁ'*m}@d m@&reme@awisyylagkeuﬁs alindbrasalkynyl and

cycl arf’i}(ﬁ:' gl%ger;ﬁzda Eheihy e TE%"“&% %IS%}%%G(@[TB@ ?to 5 fluoro

cyl groups) in¢éluding Ci o ano groups suc

atorfsiliyicrste tpchradkaiedikendryindethiyingicapep sudi zgmlmms@m)mted with
1toB éﬂﬁéﬁ%%fﬁ?ﬂ&%ﬁ%h&é‘tée@mgﬁ?t@'@H&&}d'ﬂﬁﬁw NGB, each

(benzhydryl, DPM) and the like; and ethers Regresentatlve protectlng

cyclgrlupsaor th%?rgﬁéxﬂp@méﬁm@%mﬁ@w H#h thioBsters sRé Brosentatianally

subsﬂmi@&t\lﬂ%QVWP%\IQ§E%EQ%‘M&B&HB&H9|§5ﬂ§c&%ﬁ%§1a@%‘ﬁﬂ@ls-—cmalkenyi
Protectlng groups other than those described herein may b

-Co-g8oinet. FEPRLRpIE urfdkats Proteeting g%%@aﬁﬁﬁ(iﬂ?elﬁﬁ%&‘a ctdkYD:
-NHanN 2B emmya) aa&ﬁesc;waghy@ wndfeizreeneiant Sy WatdSalkynyl group is

ting G O t Third Edit iley, N
opticgs AR IETEd S B P oy A S Ao BB i
ommfatkbymmﬂatitmﬁ bwpﬂeqnamdmm&etmmﬁqrmdémlﬁg telaah grexerOplatityl, -OH

%E;gsgleﬁ %%mgﬁtm%&qlcom 't’aﬁaq E?(ﬁ%réaf” with a compound of

ormu’la | ere Li represents a eaving group, to produce a
corhp@lﬁhﬁogt fomtnelbat Vo RBo Ay A dmedectitiyptheccompengaic of  foleibdae set

forth Yo WA, QEAANE SUP S le CONAU AL AR GEOHP - Ol A I AGH G Rorco .

compound of formulaV:
DEFINITIONS

When describing the compounds, compositions, methods and processes of the
mvention, the following terms have the following meanings unless otherwise indicated.
Additionally, as used herein, the singular forms "a,” Yan" and "the" include the
corresponding plural forms unless the context of use clearly dictates otherwise. The terms

"comprising"”, "including," and "having" are intended to be inclusive and mean that there
may be additional elements other than the Iiéted elements.

The term "alkyl" means a monovalent saturated hydrocarbon group which may be
linear or branched. Unless otherwise defined, such alkyl groups typically contain from 1 to
10 carbon atoms and include, for example -Calkyl, -Cy.4alkyl, and -C galkyl.

Representative alkyl groups include, by way of example, methyl, ethyl, n-propyl,
17
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10 with a compound of formula Ill; or (c)reacting a compound of formula

V with a compound of formula VI: L2A (VI) where L2 represents a leaving

group and A is defined below, to produce a compound of formula VII: 15

WRATPSHA# Péacting the compound of formula VII with a compdlidUsp08/602321

formula VIII: (R5e (CF12)", (VIIl) wherein L3 represents a leaving group,

and Q', A and B are defined as set forth in the following table: Q" A
isopiGH2-#HIBH 3ratkyltyle: saBiiyC Hrhtelke prayt +éaC A b-Satiyinyleost -
nonj}g'ﬁl-‘géé@'an%fﬁgh@i S02-NRQ1 --S02-0H or -S02C1el HN-

When a specific number of carbon atoms is intended for a particular term used
herein, the number of carbon atoms is shown preceding the term as subscript. For
example, the term "-C; salkyl" means an alkyl group having from 1 to 6 carbon atoms,
where the carbon atoms are in any acceptable configuration.

The term "alkylene” means a divalent saturated hydrocarbon group that may be
linear or branched. Unless otherwise defined, such alkylene groups typically contain from
1 to 10 carbon atoms and include, for example, Cp.jalkylene, Cosalkylene, C)4alkylene,
Co4alkylene, Cosalkylene, and Cs.salkylene. Representative alkylene groups include, by
way of example, methylene, ethane-1,2-diyl ("ethylene™), propane-1,2-divl, propane-1,3-
diyl, butane-1,4-diyl, pentane-1,5-diyl and the like. It is understood that when the alkylene
term inchude zero carbons such as Cy.alkylene or Cp salkylene, such terms are intended to
include a single bond.

The term "alkenyl" means a monovalent unsaturated hydrocarbon group which may.
be linear or branched and which has at least one, and typically 1, 2 or 3, carbon-carbon
double bonds. Unless otherwise defined, such alkenyl groups typically contain from 2 to
106 carbon atoms and include, for example, -C4alkenyl and -Cj calkenyl. Representative
alkenyl groups include, by way of example, ethenyl, n-propenyl, isopropenyl, #-but-2-enyl,
n-hex-3-enyl and the like. The term "alkenylene” means a divalent alkenyl group, and
exemplary alkenylene groups include -C; ;alkenylene.

The term "alkoxy" means a monovalent group of the formula -O-alkyl, where alkyl
is as defined herein. Unless otherwise defined, such alkylene groups typically contain
from 1 to 10 carbon atoms and include, for example, -0-C.salkyl and -0-C, galkyl.
Representative alkoxy groups include, by way of example, methoxy, ethoxy, n-propoxy,
iSOpropoxy, r-butoxy, sec-butoxy, isobutoxy, rert-butoxy and the like.

The term "alkynyl" means a monovalent unsaturated hydrocarben group which may
be linear or branched and which has at least one, and typically 1, 2 or 3, carbon-carbon
triple bonds. Unless otherwise defined, such alkynyl groups typically contain from 2 to 10
carbon atoms and include, for example, -C;4alkynyl and -Cy.salkynyl. Representative
alkynyl groups include, by way of example, ethynyl, n-propynyl, n-but-2-ynyl, n-hex-3-
ynyi and the like. The term "alkynylene” means a divalent alkynyl group, and exemplary

alkynylene groups include -C, jalkenylene.
-18.
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-NRQI-S02--NH{Q1HOO2S- -0C(0)--OHHO0(0)C- -C(0)0--C(0)0H or
-C(0)C1HO- NRQ1C(0)--NHAQIHO(0)C- or C1(0)C-
NRQ2-C(0)-NRQ3--N=C=0H2N- where AQ2 and RQ3 are H
WNRBZISB)-NRQ3--N=S=-0H2N- where RQ2 and RQ3 are PICT/US2008/062321
-C=N-0--CHOH2NO- -S-S--SHHS- 5 and recovering the product in salt or
zwincrionic form. The resulting reaction product, a compound of
forfibitat dpis ‘@mitaterrasyidpmoniunments postottcvhichrispeadiyic for
rystallized in suitable solyents, such as are well knovvp in the art. Such
prevc ¥ %CSH‘@& q 118 a\{ gﬁ

S'are quatermary ammoniuf RAITESE T HBRL HEpiehtivg o s

c?r;}srtlgls are quatemary ammonium SAfteP1
inclugortherparidutdresuostitvemeppesent; dn@ O orgyd (Gt ctingzgiauparbonyl
] [ re used,t removed
B S B T A R

butybtiseeisy eyl HASoeard #)s tHe reaction between the compounds of
formppladhand.i the.h? lsaving geay QrB%Piﬁé%@[:ﬁgc%V}‘bé}gx EANAE Whgte ring

example, halo, such as chloro, bromo or iodo, -24-

(e oy o fvepiciny<sboesipddsdme). Uniess otherwise defined, such aryl groups

typically contain from 6 to 10 carbon ring atoms and include, for example, -Cg.iparyl.
Representative aryl groups include, by way of example, pheny! and naphthalene-1-v1,
naphthalene-2-yl, and the like.

The term "cycloalkyl" means a monovalent saturated carbocyclic hydrocarbon
group. Unless otherwise defined, such cycloalkyl groups typically contain from 3 to 10
carbon atoms and include, for example, -Cs.scycloalkyl. Representative cycloalkyl groups
include, by way of example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the like.

The term "divalent hydrocarbon group" means a divalent hydrocarbon group which
1s composed primarily of carbon and hydrogen atoms and which optionally contains one or
more heteroatoms. Such divalent hydrocarbon groups may be branched or unbranched,
saturated or unsaturated, acyclic or cyclic, aliphatic or aromatic, or combinations thereof.
The divalent hydrocarbon group can optionally contain heteroatoms incorporated into the
hydrocarbon chain or as substituents attached to the hydrocarbon chain.

The term "halo" means fluoro, chloro, bromo and iodo.

The term "heteroaryl" means a monovalent aromatic group having a single ring or
two fused rings and containing in the ring at least one heteroatom (typically 1 to 3
heteroatoms) selected from nitrogen, oxygen or sulfur. Unless otherwise defined, such
heteroaryl groups typically contain from 5 to 10 total ring atoms and include, for example,
-Caoheteroaryl. Representative heteroaryl groups include, by way of example, monovalent
species of pyrrole, imidazole, thiazole, oxazole, furan, thiophene, triazole, pyrazole,
isoxazole, isothiazole, pyridine, pyrazine, pyridazine, pyrimidine, triazine, indole,
benzofuran, benzothiophene, benzoimidazole, benzthiazole, quinoline, isoquinoline,
quinazoline, quinoxaline and the like, where the point of attachment is at any available
carbon or nitrogen ring atom.

The term "heterocycle” or "heterocyclic™ means a monovalent saturated or

unsaturated (non-aromatic) group having a single ring or multiple condensed rings and
-19-
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or a sulfonic ester group, such as mesylate or tosylate. In one
embodiment, LI is bromo. The reaction is conveniently performed in the
presence of a base, for example, a tertiary amine such as
Wgiigprgpidethylamine. Convenient solvents include nitriles, StECHEE2008/662321
acetonitrile, dimethylfonnamide (DMF), and dimethylacetamide (DMA).
The reaction is 5 conveniently conducted at a temperature in the range of
conﬂmﬁm@(ﬁ the1QCat Thsreactiotepraduciis ity isatatcat estagpan) velkianiafrom
. roce such S tractlo recr |za ion matograph the
m‘tr n Oq(gfr%eoéglr%ﬁ)uﬁ} of formuia 1 (% nﬁeesgté%% SF%C%% geglréﬂj ally
contpmd’mn isdfssohlathm Wmaﬁimsdnémmctheh Jontactedwith asargaricie.

RepPtRRIERIR: IRXSIIRIARY é%ﬁ ﬁef&ag%ﬂg fgggg%%gp%%%%%%@;@%f

organic substrate is typlca y a pharm

pmah%amﬂédﬁaﬁhemhmmwme aoptaitisan Ralgrowms, forekahisie,
thlong:%ﬁ\@ B&%@Y?EM&E%@&@%@: SHeare.atoms B‘FQJQEM{%& is at

alk |, -OH and phenyl groups, and a leaving group, examples of
any Wfﬁ’éﬁbﬂﬁ&%f(?@%%lagﬁ%ﬁﬁﬁlﬁg #&efitte or bromide. Exemplary substrates

incinglermattidhindidesnethytAn Rremidenstybigdiden Riopyiadide ve

dis E@% | bromide and benzyl iodide. In some situations, process (a) can
15p

&988%%}‘ £pEstign FEERSH SR S HIREIEHPRSFRP IS GF Ul
nuciho@bﬂ@@mmzmmmeds wjaweyca f@mﬁ{@k,@ép@%ﬁﬁ% l&ma@,dg&)ps
i 8 n% a comg oun off I where -S-, and s g;{j ecting such "
inc EoMmpouhato 4 %D%dgfi Pég O 3@883%8 His. sue
as mEHNE RO 130 san e maglde: hyidahmliig: paadrapdong @bfxpﬁnwahl as acetoxy,

r (g) nd subjecting such compound to an imine formation
triﬁ%%ﬁ%ﬁ%ﬁw% Ts4-0- 12Q4. Compounds of formula Il are generally

kndWa terhéopromabars s prapdt ecfiontheb grover tiadhestailabls starting
unsu%%&@d%@ﬂ%{méﬁﬁééﬁm&%ﬁlé BP%QrQFB%’?&U E‘ﬁéh a&’ﬁ eXamples Y s

be prepared as described in U.S. Patent No. 5,096,890 to Cross et

timeéﬂ O GRETdiSe 5 aHYO RN R isconsionakdy wé\séiww refdbehte jriligro

atonﬁnﬁ{%t}be%:ﬁﬂ?@{i‘t@% QQH!QH&J}“Q&@HP[W@ Ik cGanshe,preRayed by
deprotecting a compound of formula 1: %ln ‘which PI represents an

amits-[5te BRAT RN caliz s R A Erd i BeiA Rl psoafeiologically

or othenvRBienibskepIeVed Dy tadieinn, t&ﬂrﬁ"@ﬂfﬁh@ﬂﬁcé@dﬁﬂl@ RyekP@8: Qbrrier”

f at daG VIII tal cata h
SRR s s CouR el ey s

paueatrw;thucmassfngnmamrhbamettd@m hﬁdmbbnﬁe&@ﬁi@yﬁmﬁi@ma@nﬁma
|ke s of for 1 |n wh

with%g%tr G aC|§ egasn & he COmP0518 Bnaced 10 & maf réals
- prepare ) reactln a car oxy aCI ormu
typicgR O (et <Re) hiuie(Pytandards of toxicological and manufachmng testing, and
include those materials identified as suitable inactive ingredients by the U.S. Food and
Drug administration,

The term "solvate" means a complex or aggregate formed by one or more
molecules of a solute, e.g., a compound of formula I or a pharmaceutically acceptable salt
thereof, and one or more molecules of a solvent. Such solvates are typically crystalline
solids having a substantially fixed molar ratio of solute and solvent. Representative
solvents include, by way of example, water, methanol, ethanol, isopropanol, acetic acid
and the like. When the solvent is water, the solvate formed is a hydrate.

The term "therapeutically effective amount" means an amount sufficient to effect

treatment when administered to a patient in need of treatment. In particular, an "effective"”
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with an amine of formula HNR3aR3b under amide bond forming
conditions, where compounds of formula 2 may be prepared by
hydrolyzing a compound of fommla 3 using an aqueous solution of a acid,
Wrghegrablyzhydrochloric acid, hydrobromic acid or sulfuric 10a&eicii(330es/602321
Compounds of formula 3 can be prepared as described in U.S. Patent No.
5,096,890 to Cross et al. Compounds of formula 1 in which R3 is
amoi@(0)0hEi4alkyhcateiedprepbiced thy d&snedctingiaaarhOXybepaidally effective”
form with a C1_dalkyl alcohol in the presence of a catalytic amount of
o oS (e SR R B %
anta@uripagndseffomeute dpinmwhiclefesiis «@NwEh be preparsdasceptor-
anta 8&&5@%&&8 Sﬁﬂ%ﬁlwg t r?)@ﬂ%%gl e?f&%&g%%&&@&%%%%%’}mm

ormula 'l in which R3 is~OH can be prepared by reacting an ester ©
obstigpinfardi e ey iiktatphifer sourcafastemyl tha oh hedoeyh &y tiiskiedn

zherggaan@@&@ﬁ@%ﬁ@i%ﬁﬁ@@i%&ﬁfééeﬁ'ﬁaﬁj (RARAGTIRBLSOf or
folLilula 1 in which R3'is -CH20H can be prepared by reacting a WO

allevpBH03426PCT/US2008/002321 carboxylic acid of formula 2 with a
redyEingragenisiieh a5 sediinB-posehvslidesdithikenAluRiBLN YsrideRhent of

.borane. . Compounds of formula 1 in which R3 is -CH2NH2 can be
2 diS5PRB QTSR PSRRI RRRD 8F forhthhia wiigfediiidiny agurtgatpadicularly
a hulithiynhalinindsn (Widiide-atigisabutytbabimissmn hyshidgon from occurring, i.e.,

mpouynds of formula lll are, generally known Qr can be prepared from .
propf P AU Rl T R IS TR AP ST LGB i
elimProvese: (ulingrogesssity), dhéicehotion detwdanithenciiopaundsdént; (c)
formula.V and Il can be.1Q conducted using known procedures for

s A e £ N BESRIRS ¥ ctopment of
the digsisally oonidierdteehiitton @Wﬂﬁ@dl\@‘r{ﬁhﬁﬁﬁémp@&ta eyinptiersarfgkeafiscase
or m@%ﬂ%ﬁ@&% '285%1&}9@0%4&3{%&&1{%%%93% O(ij gm%?dﬂ'eggude

to 80C..Suitable organic solvents include acetonitrile, dimethylsu

PrevERRRHyIMCR HRTRIECRITES shTarAcEtEng. (SR SRRk wite ROV and i i iating
the spfepRIgd dhrepdingeanRPyndRA fionmladed With.aD |YeAIGmals, such as

substrate containin%an R5 group as described in process (a). Process (c)

humgns, (habae (R)P¢RE FEUEABRCH RERISFS DBIREEH IR RIpoRRTa Y foring eated

for d¥eMk prevention or treatment of a specific disease or medical condition, as well as
test subjects in which compounds of the invention are being evaluated or being used in a
assay, for example an animal model. |
All other terms used herein are intended to have their ordinary meaning as
untderstood by those of ordinary skill in the art to which they pertain,
GENERAL SYNTHETIC PROCEDURES

Compounds of the invention can be prepared from readily available starting
matenals using the following general methods, the procedures set forth in the Examples, or
by using other methods, reagents, and starting materials that are known to those of erdinary
skill in the art. Although the following procedures may illustrate a particular embodiment
of the invention, it is understood that other embodiments of the invention can be similarly
prepared using the same or similar methods or by using other methods, reagents and
starting materials known to those of ordinary skill in the art. It will also be appreciated that
where typical or preferred process conditions (i.e., reaction temperatures, times, mole ratios

of reactants, solvents, pressures, efc.} are given, other process conditions can also be used
-2i-
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and VIl will vary depending upon the respective A and B groups. The

leaving group  represented by L3 can be, for example, a halo, typically

bromo. Compounds of formula VI 20 and VIII are generally known or can

Whegeparéel from readily available starting materials using we{l4gH&%A8/002321

synthetic methods. Some reactions in process (c) are coupling reactions,

for example, when Q is C(0)-. In those reactions, the acidic
unlasscidhyretntainiag cohpoumtinmayrbe-tivthefeiitoef svikagtivelteruatipending
on VBRLEXARIE (1 SRLRUIGACIAL b, RANAISE 0L A0 MRl Biiries

orming an anhydride or carboxylic acid halide, Suchas a carboxylic aci
usegHlodde! Phisahyekdlbosydieracid: chidid itcamipactivetienivativencfonditions
usin%%ﬁ?%b@@p%%‘?zﬁ'&%@%%%\%e@e carboxylic acid can be activated using

conventional carboxylic acid/amine coupling reagents, such
carBadiiiaidly, 03 MialZemarnotih o os-siled R Nietattasnauoplipopiprg tecting
grofp@saliigrophesnhats (HALY) AP the ke e srionic @f@%?%ﬁ@ i(ﬁl%g‘goin g

acid moieties can be similarly derivatized. The reactions are conducted
undeRTEE T e Ao CHER R Sy SReABtE b RSy falgR RSt gnctional
growgaEbenyldimidagRlecdiie saaatigndssbmicabbeansustiagdnitie psesenee Rkn

solveg]ts such as trifluoroacetic acid and dichloromethane, and

funclSHICRIGHRS TENRIEEE SE NN FErat HECHPEHE SRS BRHBIRY Tperogsiefgo as
to piR6f} uhliesiedaiBingeations ypragessieraie, alipiatiparteaeliensnddfroups,
example, when Q' is-O-. The reactions are conducted under conventjonal
by e Tl BB BT LR By O AL sty
protesndugtechaim tednperatueain theitahge Stoffreomiraomddivipetiafliretobutyl,

addition c)illustrates formation compound
beng . e B S DU R RS L SRRIRIOP (P, e
butytdmpbuialy RS dilyheone pida it (b enrhpduids ¥formdudac Tilvh ereiR@and

hydrARHQr @%%@éﬁ@&ﬁ#&éc%gmc@mm%%Rypsoiﬁl@f@d%{;a&m@&ﬁch

to form an alkylene or alkenylene linkage. 10Further details regarding

as tegfiapife ek aRH CHHbRENS andeamseirbte Aus o propeiiitgeroups include,

but ZRRIESERLMIY B COMPRIGS fdbeiyantipn Ry issipetiates tee of Aty isilyl
(T M%escribed in the EII?(amples set _fo;t%]g/ below. &A%AC UTICAL R

OPBSTHONERNE FORIUL KRS (EBFH 560 ihs Brehestrvdatghsroups)

inchayiedypigalkuasin E%iﬁiipﬁeﬁ.lt@;. agRient | @d&t?lf@imlt@é HikS RHBHNBGEMIGRHS, such

compasition or formulation. rmaceutic mposjtiQns may be
e R e s
(benioldidinditiv} nod lieitdctanihbikiad, Ralrarasaltitepestettisfugiogps for thiol

S H and parenteral modes of administration.. Further, th

B R A oS o carpony
groumumﬁlél@@cs@glpemﬂh%aihs-a&M@@@MDS@@EH@Q@MM@@Q@%m may
be il B @0:AdRERBRM AL A 5T RLIRE SOMROHIIS AL Iﬁsﬂgwt?@&u?&m and

(i.e., free base, pharmaceutically acCeptablesalt, Solvate, etc.) that is

remayikaBedeicied drtloutdr wisere Rd dmitisiation cate e g Sewirttie Organic

Syn: PR MAGRUEIEA] FOMARSITINRS, diseliS$ebherair rACeEdingly, QR
embodiment, the invention is directed to a pharmaceutical composition

compridng A biHARetRrRRm Al ab B Bk figh BRaTaReBFAZULARE oF mere of

the following exemplary processes:

(a) reacting a compound of formula IT:

o



25 invention. The compositions may contain other therapeutic and/or
formulating agents if desired. A "compound of the invention" may also be
referred to herein as the "active agent.” The pharmaceutical
WeoHisasiHEns of this invention typically contain a therapeutic&HyT &ffaovs/e02321
amount of a compound of the invention. Those skilled in the art 30 will
recognize, however, that a pharmaceutical composition may contain more
than a therapeutically effective amount, i.e., bulk compositions, or less
than a therapeutically effelfive? nt, i.e., individual unit doses designed

herapeutically effective amount. In

in from -28- WO
2008/103426PCT/US200843 01-95 wt% of active agent,
including, from about 0.01-30 wt% ngla& from about 0.01- 10 wt%, with
the actual amount depending upon th&'s iniulagon itself, the route of

withaadEEirﬂi 3{@}&0& ﬁk}%ﬁﬁfﬁfncy o_f dosing, _and so forth. In another _
embodiment, a composition suitable for inhalation, for example, comprises
from about 0.01-30 wt% or,5 active agen! {mith yet another embodiment
comprises from about 0.04-10 W% Active agent. Any conventional
carrier or excipient may be used in the p armdéditical compositions of the

whelBVENURRsEhe £ice okanarticulancasies OrexGIRiIBNfARERMpINations
of carriers or excipients, will depend on the mode of administration being
used to treat a particular_patiet r type of & Iﬁ ndition or disease
state. In this 10 regas [ati QNQf a.-5Uita I(e mposition for a
particular mode of admjpig WA 4II Within the scope of those skilled in
the pharmaceutical arts. Ag ' ¢arriers or excipients used in such
compositions are comm@g@aib y available. By way of further illustration,
conventional formulation techniques are described in Fﬁgﬁiington: The

and feiehgeiancbRmasticeoaibirammacywaathkaiion: Lippingotoliamsak r°
White, Baltimore, 15 Maryland (2000); and H. C. Ansel et al.,

BB rmacedutical Dosage Forms and Drug Delivery Systems, 7111 Edition,
Lipfhihcottrd¥illiaps &ivighited Bélfimangs Maryland (1999). Representative
examples of materials which can serve as pharmaceutically acceptable

ed to, the following: sugars, such as

arches, such as corn starch and potato

starch; cellulose, such as 20 micrggrystalline cellulose, and its derivatives,
such as sodium carboxyme{ ‘se(\)e;tp{yl cellulose and cellulose
acetate; powdered tragﬁée’a th; pralt; gelaiq; falc; excipients, such as
cocoa butter and suppository waxé’’pils, sfich a anut oil, cottonseed
oil, safflower oil, sesame oil, olive oil, corn oil and soybean oil; glycols,

10 withg ceimpowrd syiEragigédk Polyols, such as glycerin, sorbitol, mannitol and

15

polysthylene-GhCOk BaiRImSHE R3S @R thutiplealnpnshathylawateyr:

agar; buffering agents, such as magngsium hydroxide and aluminum
hydroxide; alginic acid; pyrobén;free/water; isotonic saline; Ringer's
solution; ethyl alcohol; phosphaté er soliions; compressed propellant
s, such as chlorofluorocarbons and.hydrofluorocarbgns; and other

e e R 26800 of

formpdamipldsitions. 30Pharmaceutical compositions are typically prepared by
thoroughly and intimately mixing or blendigg the active agent with a
pharmaceutically acceptable cagsier ang qne or more optional ingredients.
The resulting uniformly blended jmix may thén be shaped or loaded
into tablets, capsuleﬁpi gnisfersy.aa Erid&&@?ﬂispensers and the like
using @ (R,

(R (VID)



10

15

-29- WO 20081103426PCT1US20081002321 conventional procedures
and equipment. In one embodiment, the pharmaceutical compositions
are suitable for inhaled administration. Suitable compositions for inhaled
wadnisistreaion will typically be in the form of an aerosol or a powderoSueits2i
compositions are generally administered using well - 5 known delivery
devices, such as a nebulizer inhaler, a dry powder inhaler, or a
and reetaredidoserpbalero £kamples/of which anesieseribed el I a
specific embodiment of the invention, a composition comprising the active
agent is administered by jnhalation ¢ ebulizer inhaler. Such
nebulizer devices typicalﬁ/\pf 2 3 am of high velocity air that
causes the composition to spray as a 10 mist tHats carried into a patient's
whereispiratosycteacs. /Neeohdinglyupyhen ormulaierl far ageid asnebdlizinin the
P inhaler She active agent is typically dissolved in a suitable carrier to form a
onﬁs%iln i(%ar? %\Iternatively, the active agent can be micronized and combined
with a suit@ble carrier to form a suspetnsion of micronized particiés of
rE8hirable size, where micriiized is typically defined S laylageparticles in
gflﬂc_%ﬁt_least about 90 petecent of the particles have %SWangngsls median

diaméter of less than about 10 p.m. The term "mass e ian diameter”

1f&8ns the diameter such tat half the mass of the pakiicisiybostained in
Rauticles with larger diameter and half is contained in ggyticles with smaller
diameter. Suitable nebuli32er devices include the Respimat(r) Soft
MistTM Inhaler (Boehringetingelheim), the AERX(r) Ftifmonary Delivery
SystemAradigm Corp.), arehihei ARKEHHAO Plus Reusakje Nebulizer
Paefi GmbH). An exemplar cog;position for use in a nebulizer inhaler
COMpPISES an isotonic aqueé olution comprising froM@sout 0.05
Kiglpa-to about 10 mg/mL.gffa compound of the inveptipm; kp-one
odiment, such a solutio pH bout 4-6. In another specific
zfrﬁg)o iment of the inventiéﬁt@%&% oéé@] omprisiﬁégthe 25 active
2agMIgdministered by inh@iatBn using a dry powdétdntaer (PEORLICh
LRe ypicallyadminister the aclive agent as a free-floyyng powder that is
Ispers g%pagl iﬁni's air-stream during inspiration. rforder to achieve a
free Wing powder, the active agent is typically formulated with a suitable
m@@ﬁmi@ag%@@a‘s lactose, %ﬁ@@@mannitol, dextrose,ﬁ)%ylactic acid,
polylagiiderco-glycetitle, and combinations thereof 30 'Izypically, the active
agent.isgmicronized and combined with an excipient to form a blend
suitabie for inhalation. Accarglipgly, in one embodimept Rfghe invention,
the active agent is in micronized form. For example, a representative
'§6ﬁiposition foruse in a Dlﬁ%omprises dry lactose héiﬁhg a particle size
between about 1 um and about 100 um (e.g., -30- WO
and R00B#1034RERCAUILITR 00BM0RZ L yimilad lactose) and micronized

particles of the active agent. Such a dr wgder formulation can be made,
For B iRy o5 TG B s TR A oV A e B G
ammishendingthe oo pdidnis résdEmnativeedyliibdésivedhiihesabtivgs ag et Gamdell
r t ithout a ipient, The caompasition is,then typically loaded
knox{'ﬁtgggljl% gﬁ ;glf%%;érysﬁa% %1@ quatemgry %mt%onmm sai%s.
In these reactions, depending upon the particular substituents present, one or more

protecting groups may be emploved. If such protecting groups are used, they are removed
using conventional procedures to provide the compound of formula .
Process (a)
In process (a), the reaction between the compounds of formula IT and 111, the

leaving group represented by L' can be, for example, halo, such as chioro, bromo or iodo,

7
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5 inhalation cartridges or capsules for use with a DPI. DPIs are well

known to those of ordinary skill in the art, and many such devices are

commercially available, with representative devices including Aerolizer(r)
w{Novas) zairmaxTm (IVAX), ClickHaler(r) (Innovata Biomed}¢ Diskhateso2321

(GlaxoSmithKline), Diskus or Accuhaler (GlaxoSmithlCline), Easyhaler(r)

(Orion Nutria), EclipseFlowCaps(r) 10 (Hovione), Handihaler(r)

or a(BOBhINGesrBarRNeilR) Rulviealin (FhissikilRatabalertthodiment, L' is bromo.
(GlaxoSmithiCline), SkyeHalerTm or CertihalerTM (SkyePharma),

) ) :
The TG AR 5 B IS UG R e URdlR AT 1A St & Paffe dB) cotiraienargytiary
amifAvertis),dnRdghe ikehylamindyet anethrmspetifigeinbodimant &f hen as

invention, the camposition rising the actjve agent i inistered by .
oo S N B TG A AN PRSP S Ry tfpehon i
condisthéigeradugad uted ament:of ithehactivgsageintuSiig ohdPFESSEe reaction

ropellant gas. Metered-dose formulations thus typically comprise a o
prod S R R e Rpgsacon
chreamate gtiphpfimdrdeaibon such as CCI3F or a hydrofluoroalkane (HFA) such

as b, L Aeiallugrasthan 4 i i
111233, 3-heptaf|uoro-n:qéfgg{aén%g@g%% ;%171? %{tﬁigudge ﬁiﬁﬁﬁrsog%t’ '
dissejapdiaIRsprafds sol pordder s wopesrs idbantoemoiofiubroesrbBrenplary
solvahiechingd dbenzareaval; Addiioratoptienalsameansnis of Hhbeiy a

formulations include co-solvents, such as ethanol or pentane, and ~ S
phargpesetisatly Lrantablesritanchistemer siaie helideicdrpirhbaaigyeaats an R
grouD R OrEXARPIE, S Ratent Ney B2ah483ta Ruewal @b #efns and/or 1 1o
5 _OOl%l?;}%? AZ (Minnesota Mining and Manufacturing Company), and WO
95153586 (MinABLGEFRITERG B Ml A #G S5 Biaplany). Which include
halidepwedenddtivricontpositidn BxrainplimesnbiDieompliges:feamiabgidt Ok

wt% tiv. ent; fram.about 0-2Q wt% ethanol; and.from about 0-5
bront e S TP o fAeY RGP BTGP Suoh

cormpasittonsiaertygicadsspfepare d hifoHddied)tey ehitleshdrgrassutizertid a

y | itahle cont ining,the acti t
dlffe?é/rﬂ@i!r‘f{%%%ﬁ??%%ﬁéi itahle ﬁﬁ?gﬁ!té‘(%r%?rx?giﬁl{g‘éggé%ﬁeggaﬁs’see-aﬁ@ﬁf‘dr -S0;-

ethanol (if present) and the surfac

can kg BHEAIBAOB0 e sotveoane af ISTRitlohivbdrand) itheh cohbitéet tirithstnd
compP5eREHaah Jhadesmriatiamisihaniaadechinio Alieeroal GaRISQLWRGR.

orms a portion of the MDI. MDIs are well known to those of ordinary skill

can bg wrdafy dpanerR csrrHBdie b LB Bohrhere A abAfablendvibiecting such

comfephasentativendevicen:hchiding AReBid inmafer*System (Forest -31- WO
8/10342(§S§CT/U82008/002321 Pharmaceuticals), Atrovent Inhalation

20
AetEEBP B EHHGEPHA RS EIBUE AT b S ARk AR e MigRafed from
comiidraiell {3Vl fe\entie) hnhalend SehesinghtSeserenti inbataian ARiesOlFor

laxoSmithKline), and the like. Alternatively, a suspension_formulation
e S o R SR am SR R g ot o
the dpamtticles &f ofithd activepgentdIes;ifob exdimpies\WOO163901 AGtaxaiively,
comiiRH Lot A W RVUOIANE L B9 BHonR Hg-&-c.o YRR s 1
examples of processes of preparing re plrabfe artic e%, and formulations
and devices suitable for EﬁhBaI fordosing are described in U.S. Patent
Nos. 5,874,063 to Briggner'&t.g ,98%956 to Trofast; 6,221,398 to
Gaget al.; 6,475,524 to Bisrat et al.; and
_ ef embag \qlgment, the pharmaceutical
compositions are suitablezfp nistratieh. Suitable compositions for
oral administration may be in the OrfR*Q capsules, tablets, pills, lozenges,
cachets, dragees, powders, granules; solutions dp suspensions in an
in widlohiPOUS,afsBRR-AHROUS Hrbudiial-IRoNEIehaf WalekRyIkHaYWd B8nzy] groups
emulsionrs; elixirs qr syrups; and the like; each containjng a predetermjned
are CINSTIRPOY §7 SREOQ MBI VO G PRIt 16, G BaF AI<HRRSH T
solid dosage form (i.e., as capsules;4ablets, pills and the like), the
composition will typically comprise the active agent and one or more
pharmaceutically acceptable carriers, such as sodium citrate or dicalcium
20 phosphate. Solid dosage forms may also comprise: fillers or extenders,

such as starches, microcrystalline cellulose, lactose, sucrose, glucose,
mannitol and/ar <iliciec acid: hindere <irich ac carbovvmethvilecalhiilnece
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20

25 solution retarding agents, such as paraffin; absorption accelerators,

such as quaternary ammonium compounds; wetting agents, such as cetyl

alcohol and/or glycerol monostearate; absorbents, such as kaolin and/or

Waaals& tay; lubricants, such as talc, calcium stearate, maBA&gitnos/002321

stearate, solid polyethylene glycols, sodium lauryl sulfate, and/or mixtures

thereof; coloring agents; and buffering agents. 30Release agents, wetting
fornBge ats, LOAtING AU AistS\weaelen|ngclaveeiigduns perfuorngyaganisaction is
condlicte E‘ﬂﬁ%e%ea”x‘%c%%tf%‘%éﬁtss& Y ais0he i entin thephaimageutical,

compositions."Exemplary coating agents for ta ets" capsu es) pﬂs and ’

hydiibepinel adel thoSeruseddenétiterdieoatings, such as cellulose acetate

ph ! t halaje, -3 3ap, 3 ) :
oG TS B s Ay e e g by reseing
a caphisthidiatecidneiiercnyie dcid-methacrylic acid ester copolymers, cellulose
acetate trimellitate, carboxyrnethy| ethyl cellulose, hydroxypropyl methyl
cellulose acetate succina®)ard the like. Examples of pharmaceutically
acceptable antioxidants includeswaterssotuble antioxidants, such as
ascorbic acid, cysteine 5 hydrochloritte, sodium bisulfate, sodium
metabisulfate sodium sulfg [ e, &ﬂdmsqluble antioxidants, such as
ascorbyl palmitate, butyléte Xy % %utylated hydroxytoluene,
lecithin, propyl gallate, alpha-tocophé&tat, and thgj}ke; and metalchelating
... agents, such as citric acig, gthylenediarnine tetraacetic acid, sorbitol,
withy 3 ang G B HBLBHONE aBid, STt ik CRIC BIBBEIERRLHRAY HBE e
comfRithdlotedder-pravide:slewmesantrolad deleasa of therpelive a0RRHUSH using
by way of example, hydroxypropyl methyl cellulose in varying proportions. .
o oo HOME e L e SO e RS AE dor
acidpharmaceutical compositions of the invention may contain opacifying
agents and may be formulated sq that they release the active agent only,
15 of the gastrointestinal tract,
optionally, in a delayed mannet ptes of embedding compositions
which can be used include polymerje<ssubstances and waxes. The active
' &d fom, jf appropriate, with one or
more of the above-descrifeld dxcigients, stitable liquid dosage forms for
oral administration include, by way dfRflllistration,20 pharmaceutically
acceptable emulsions, microemulsions, solutions, suspensions, syrups
CO“@HB@M@"%‘&@%%B%H&?ﬁ?@ﬁé@wréﬁﬁﬁﬁ%ﬁhg%@%ﬁé{%é Cabidn
Croshgrkdiluent, such as, for example, water or other solvents, solubilizing
agents and emulsifiers, such as ethyl alcohol, isopropyl alcahol, ethyl
caftYRARER KeBtEte | BB ALY A ﬁ%r%@%%%éﬁ%é@“ﬁ%mﬁ@d by
reacigiyCobaib3xpuity lenie ofysah0dS (@it 2001RMsRedc SIOLRCIRY I RREAC25f a

live, castor.gnd ils), l, furyl algohol, . .
G e M e
acid.tl(émemfo&&dsm&’rfekamﬁme&ya cdnithiR Sissgdndingtegentasdcts dsgfn’bed inU.S.
pate%%&‘B',%98‘§7§’6<¥$3£‘%9s'558§£??@’&%g ‘&'?u?ﬁé%%’&[%‘i“}’ée\%‘ﬁi %95?'%%'-61%' can be

sorbit ify aﬁy r

an esters, microcrystalline cellulose, aluminium me oxide,
prepyeftonmecgaraagarcand rgubahimithadweikeredidromeot QWM such as
phenGRAES W&{@!_ﬁ%’%@&@ﬂpgﬂpﬁgharmawutical compositions of the
invention may be packaged in a unit dosage form. The term "unit dosage
form" refers to a physically disckete yi, suitable for dosing a patient, i.e.,
each unit containing a predetepmingd q\ nfffy of the active agent
calculated to produce the desired therapeutic -33- WO
2008/103426PCDUS2008/002321 e (4

Compounds of formula 1 in which R? is -CH,OH can be prepared by reacting a

-26-
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effect either alone or in combination with one or more additional units. For
example, such unit dosage forms may be capsules, tablets, pills, and the
like. Compounds of the invention can also be administered
wparesteralty (e.g., by subcutaneous, intravenous, intramuscutar;y@&2008/662321
intraperitoneal injection). For such 5 administration, the active agent is
provided in a sterile solution, suspension, or emulsion. Exemplary
carba&blrm&;zifpapgmilaghwim J@éﬁuﬂﬂm %@@M%Wé}i@fmlﬁaélﬁﬁlhmd'e, Iit?ium
molec weight alcohols such as propylene glycol, polyethylene glycol,
alm%%%ﬁlﬁlﬁ\gﬁggﬁ@(gﬁbeesters such as ethyl oleate, and the like. A typical
parEptepabforudlationis & steriiecpiR “is7- QEuBOUS S0 preftisactveing a
.._agent. Parenteral formulations may also contain one or mare,, . ..
it s LB e e Ao VAN LB diguey
alurglisperkingidgents. These formulations may be rendered sterile by use of a

Ste@&ﬁ%@g%&b %%M&Ex?&?@é@?ﬁ %%%%'Bﬁaé'é’x{‘gé”%d'%?é’d‘fzﬁf heaky

Compounds of the invention can also be administere transderma y using

avaijghdowiarars deiersd delivesyslistomsasiddrtipontsofor example, the
compound can be admixed 15 Wiﬁgogggmgytion enhancers, such as
propylene glycol, polyethylene glycol monolaurate, azacycloalkan-2-ones

andtRECkReS dndikcshsErndeTTts ntbatemersimnal famely Syseh can be
condhaeilionmaxciRiens nekding ORING-ageRls | 8 MLIsiiers.ansthuie S MY nds.
be used.in such transdermal compositions if desired. If desired, the
The EeARRRURIEBEHIS SRUENEIGH WA BsaimiRIvRIc i eBREATAOR 95 Wiee of
fronDEk 0T T0a6el othe, herapaiitis Bgants rhhus oinBoe: eROMREN o 30°C.
S .tcbgm ositions of the.irge tion maggpti ,nal%ﬁont in other drugs that are
S G R G AR S IR B R Tt P X giiBidagRigmide, ether,
and gompesitiommaydudiiésaampliseiobe prepapes Byugaciiisasaipsrdio ffhmula
secondary agents(s)") selected from the group of other bronchodilators
I R B S R e i
receptor agonists); anti- 25 inflafineatory@gents (e.g., steroidal
anti r S: COrti roj lUCOCOrCOIdS;
o A S A BBy v
and ¥ihbWHiuges darerdaaptprantegemsaifice’ andiChishtiesgidheglearing group
repre3BHIBABSHYE AURRESHR Bk o AR POFHIVE, AR G IRAMRAC ABIME ARIRION Sy s VI
and antiviral agents); antihistamines; protease inhibitors; atferent blockers

and Yl arp) sensmiie gy 98 Gros RIS IdTera) a3 atrhinimiarbing materials

usinghesaafNumevatis examplegsof such therapeutic agents are well known in
theSart, and examples are described below. By compining a compound of

the HUE AT EH BPESR B d &y K o BTRH R S BB ErcHS e, 15
NRYE(@uspatiniscreseitars aniagadistacivibcandiattyiyasseadaies viththe

secondary agent (e.q., 0, adrenergic,-34- WO.. . )
form S SR s Sl R B P i mashsesthmgty
exana;im bﬁsﬁ@ﬂﬁgﬁm @ﬁm@éﬁmﬁmmisam lodshs by hdsinisteringaacid
chloYIG GARROSItion cARtAINing fheRclvE 29a0L and fhe e&%&?@&ﬁﬁ%&a

Accordingly, in yet another aspect of the invention, a pharmaceutic
Altepghisbsitishcedimpride sadem pourst vedesing aanreraieadordbantitie
acid/B98RH R0gA Pharpaceutiaally B Receriable earsish JLBig AU v v v

active agents may also be included in the composition. For example, a )
tetrangiRpEO g ddvapt i pbaies fddnd B riktin/diftiohha wearrias)d and thio
acid agenlsalecrdfremicodicosiareldsTha2adisnetgicarrRIoN a80Ristsiventional
ndghosphodlester se-4 inhibitors, and %?amblnatlons‘thereof' and a .
O RS e A - B B 1 2 G R e nd e action s
typicebmpositicaconiprisesa confpolng:afdiththe tiflestircdacld2daskEnergic
dichltEﬁS%%E%r a&%@&s%o%ggn?eﬁﬁ%%’r? %@%‘"Q{'Q@Qﬁt?z&ﬁ[ﬂ %%éga%%&“bf‘%%“oqwc
erapy, the-amount of compound ot the invention that is admiistered, as
well as the amount of secondary agents, may be less than the amount
typically administered in monotherapy. A compound of the invention may
be either physically mixed with the second 15 active agent to form a
composition containing both agents; or each agent may be present in

separate and distinct compositions which are administered to the patient
cimiiltananiichhs or cearientiallhyy Ear evamnle a combpoiind nof the invventinn
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20 the active agents may be combined with a pharmaceutically acceptable

carrier to form a pharmaceutical composition comprising a compound of

the invention, a second active agent and a pharmaceutically acceptable

WeaktiefLlUH 2his embodiment, the components of the compositidiTaré2668/602321

typically mixed or blended to create a physical mixture. The physical

mixture is then administered in a therapeutically effective amount using
to 188RCof the routes 25 described herein. Alternatively, the active agents

ma rgr%aminigie arratc%ica)'zgsq idiszt“icg]ccetsst? fg Peen 101 react

this emBocﬁlmer%,ef e agen?éjare no hysmaP(y mixe atoig%nﬁ'ier erory’
Q' imBmiriser aticfidut are aaininisteretbsimultatieoasbhp odidbse paitat e timiss

itiops 1DOSIt n ;

o oy e e R RS hrs i e
of figepErate ttmpaathee se dORd4ry agent will typically be administered less

thap, 2443eus llesadminisliation 8HINE: GoMmPAYNCLAL NEIBVEINIoRNHs . 1he RO

other.embodiments this timed relationship is less than 12 hours, less than
and/gHbUrEES AR ORI I E B TR 3t BreisHias! tessmmannds
of fkMeMI 1 lRsSRRRICAIIAES 5397, Q) or Cy.scyeloalkyl moiety, or are taken
2008/103426PCMJS2008/002321 less than ten minutes, less than one
togeff delorRiATrtaisRayP AR AYSIRILER%n of the compound of the
inveatihe: ddislisalaaliefesred e assespentiabadpunistalion: JJaus:a for
comé)ound oftthe inventionganéjﬁ administered bg/ inhalation .
PP N aItEReoUSHy SF SRHERAARy With BNSHSF SEVE HENERS Ry R | are described
in thimRatatipiesceliversh deidee that employs 5 separate compartments (e.g.
blister pack r_each activ ent, where sequential may mean being
administere?l%%éﬂg%c oM S R A O of the
inveatiswwidatadched predete anirepitalie ddiemistgred edouicttar the threeof a

pharH{%Uéﬁtﬁ&?&éﬁé{}&ﬂ%@@%@&&%@@r@ﬁ% RS A6 .iﬁ?éggtlijosr-ﬁggnay be

separate elivery devices, i.e., one deliv evice for each agent.

admigifireshIhanalgéhtsewarnercaieiNered by fdifeiaitrt podneinding, but not
limiRERINALL D rhE n R0 BpiEhaialionARd-he Athel Y ahackinisiaig s

In_.one_ embodiment, the kit comprises a first dosage form comprisin

a
adm AL B (O thEr e FRR iRy P fdBs e tRRitiande s i Tor example
orallgOM prisifgONe: €y e Rfithe seoenary REe IS Seh M th QRI0IBedB. It will be

antities sufficient to carry out the methods of the invention, The first
und R U VAR (ORIl B SR fofm F5CHEr 15
pharcomptiselly therppduticalty effectivaambatit efiastiveraodpisator e mode of
treatment or prevention,of a disease, or medical conditjon in a patient.
admigREANGH o Bt e shecptal pomntslians tharaeienyr
efféstivedarplount.ane. carteotiipicat|ytadministenad diresrteimoaphtirataceutical
aluges Adherpeuticaliu henels o9 agminisiered i
?om;cs:%mpou nd gf thlz%?n\?ention. Tkﬁlg %@S?éﬁ%gf%bggiﬁ% %%ﬁr? %gﬁpti%a\g)é?n@éﬁ
invenfigharkhg cetmrasiionsceprasiataiy behdirsapptitatipdion dostevdasisprgants if
desireldd 80d0RbBoThHSs 8RCONAANLA0RALS distad betowearg intended i inglude
all such forms, and are commercially available or can be prepared using
28Nt onventional procedures and reagents. Suitable doses for a secondary
agERt prarivpicaliyAn dbesanaeaf tait BLQa ol day ta1abei: 5% ma/day.
h 25In agart' ular embodiment, a compound of the invention is )
T A e FE T E RIS R ARRTECYSS S SHERGR Re plapssgbHige in the art
will iRepnesertative &3hadiehergiscaczplabagorisisinclydenbiih ateradan a

limited,to, albuterol, bitolterol, fenoterol, forrnotero inq cate gl
tl { ] . ] .1 J ﬁ) y .
ma})s%lelt%aéf nﬁe?,fl gtg\l}\é?bad{]é)%f,t m gt’eéfolﬁo e":?:'en%(f,S lé}‘i%]ﬁté)rrcl)] Salbit 4 §fapeutically

Hr;%:stration to thef g)atient. fQ when

albutamol,
effecEsmanfamol] salinéitarbiaterbtitaline deridnitehkenOtipdr 8Rmoiwngrgido achieve
) b g i th c

R L R LR AR STURRS rom
R2R)-2-hydroxy-214-hydroxy-3-(hycftix ymethyl)-phenyljethyllamino)-
hexylloxylbutyl)benzenesulfonamide and 3-(-3-
f[74{(2R)-2-hydroxy-244-hydroxy-3-
(hydroxymethyl)phenylJethyl}-amino)heptyl]oxy}-propypbenzenesulfonami
de and related -36-
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WO 2008/103426PCT/US2008/002321 compounds disclosed in WO
02/066422 (Glaxo Group Ltd.); 343-(4-{[6-([(2R)-2-
hydroxy-2[4-hydroxy-3-(hydrox ymeth yl)phenyl] ethyl } ami no)hexyfloxy }
wbutyd/ye3phenyllimidazolidine-2,4-dione and related compoumds displesests21
in WO 02/070490 (Glaxo Group Ltd.); 3-(4-
([64{(2R)-243-(formylamino)-4-hydroxypheny1]-2- 5
aboiny@faxyethyharhnaesdioxidtutib & énze nbsulfonamipetd, such as from about

oo Z{IRHER I3 (arYamner EVOURIENLZ ORI o of

amino oxy Ba Shzen

adn@(@ﬁ@@{(ﬁﬁ/@)’@@@(}f@ﬁdiﬂangna)Mshfdmbxﬂpmwﬁﬁrkmmdimwhyl)
{ 0

o R e e T
actnmag;gﬂm{@mém@hgggﬁ@@épmg@t comprises from about 0.01-10 wt% active agent.

N- (I%S/[BHM%&&ﬂa{[@é{‘(grsé%% HTY Wgﬁleﬁm the pharmaceutical

hydroxypheny11-2-hydrox ethyl amlno) hexylloxy}
comBBWB%H%%%%%I erﬂWblﬁﬁlwlﬂla{ peugier or excipient, or
comﬂ%@ﬁ&ﬂ@tﬁﬂ{@i‘y'@f@m%éﬂw dpoxviRbenyd A B ey el HARNDN being

‘{k% yl]- oxy}butyll)€é enzenesulfonamide and related compounds disclosed in
use 1688 PaG A mgz&(g&gp&&%mcdwal condition or disease state. In this

re gaﬁi{@xRﬁsﬁ;{iﬁrﬁar{@' a-dinhlorchenzyposyleinoxyhexmanisel baddnistration is

B e e

excip&pﬁsersylhﬁlnyi&ﬁnmm)phmmwﬂxs are commercially available. By way of further

R ido-4-hydr lamine
IHuS?%I é%écézr‘{%gun s dIS #ose %“g at%nt%s\é%%@ég%%fog\for %ﬂgt‘% anee
and qu@@WWMQ%mW@Mmhﬁbﬁ@m]&tWte Baltimore,

MargBlZdoR PO o ainain poprA0ieiiamine And.

related compounds disclosed In'U.S. Patent kioran

Deliyary Peggeuial eﬁ%@@m@@@ﬂf@ﬁ@@ﬁéﬁm(ﬁ@ﬁ%t@r%bmgﬁshémm I(h899).

morghyskachiaride st Mmaterials which can serve as hamnaceutlcally
{2444(R)-2-hydroxy-2- phenylethylammo)phenyl]ethyll % 2-hy dr oxy

accepéak’?fb%%% RO IO FIMRE A Fhﬁm@ﬂwﬁr&wlaﬁé Fagh s Actose,
gluced BROERERRIOKAGONIS Wihhe a&mmbﬁwmlmﬁt@gﬂ%ﬂt suifficientdeeh as
rOV|d from blé)Ut 25 é) .05-5Q0 fig per dose. In a particular
o TE A 4 S5 BT STHEUN e G 18 SRR GRS e bR HiAs
ethybwith dcstesoitled | bitsinflarnimatary dgedtrRepiese ataliyg«stergidad; excipients,
Suchant(ixi)ggg glrt% ents {ncluvggxéasu% gre noltlllmlted t(t) tiecl%meth Os qe
prop onae buéie GRiC e%r?ﬁtlxocor’t prdﬁfﬁcnaSpeam otl, cottonsced o1

safﬂ@@ﬁ Qﬁﬁ&sﬁmmykﬂﬂ’ﬁebls(mm)@iﬁa}ﬁa@ﬁw @il;18v38s, such as propylene
glye&ygﬁ%ﬁy Z&C?h({g%}E}Xgltﬂp)g)@g{&‘Et%%ﬁ&g?gQﬂ%Q%yeBly%%%%};fco1 esters, such as

ciclesonide; dexarmethasone; 6a,9a

ethyL{(@ﬁﬁ@rWRﬁ%Wp@x%m [Buipeiiesgersia. mistingd magnesium hydroxide and
Tum1 fsta; hididiens:d.7 YethiqicRE

. u‘m6r:lggfgﬁgﬁgfuoro 1 Iép1 drloxﬁgg%ﬁ ethyl 17a%§J¥g§§%ﬁﬂﬁ%}umn

ethyl gleahom s aé@&&@éﬁ&ﬁégfmwowr%ﬁ@ﬁérqmﬂeawésﬁs@ﬁ%@

chlorSfﬂid}%@Eﬁ@éhybﬁ&tﬁydﬁﬁ”l%@r@tfﬂﬂ%ﬁsl&th}\fﬂé@iiﬁnjtomc compatible substances
I3-0x0-17a-propionyloxyandrosta-1,4-diene-1713-carbothioic

eth
emp]‘%ﬁ? S GArBRIAICE3-y 1) ester: flunisolide; fluticasone

pr@ﬂimnaismmmatmdmp@dﬁm@bm tmﬁamﬂﬁﬁ@p&-wrsﬁmopi&gmﬁ@}mmtimately
mixi rg)llsng %Ie;g)(%nldg ST 1 ; tri mmggloﬁne aceto&ﬁﬁ and.the like.
DAl Hie SEaT oS RNt n?a ory sgentwill & Hthihigtersu AR 2 *

morem@@mﬁlsu@c@emtso Elmndslfmm labﬁlmﬂ}(lﬂ@ﬂ@di@xmandmey then/we shaped or
loadXFBRIRMACOMNALO A 2. 6ATBRDE RIS 1o %“59& Administered,
with salmeterol as the P2 adrenergic receptof agonist and qutlcasone
propionate as the steroidal anti-inflaAfmatory agent. Another exemplary
combination is a compound of the invention 10 co-administered with a
crystalline monohydrochloride salt of N-12444(R)-2-hydroxy-2-
phenylethylamino)phenyllethyll-(R)-2-hydroxy-2-(3 -formamido-4-
hydroxyphenypethylamine as thefl2-adrenoreceptor agonist, and
Aa Oa-difliinro-17a-I(2- fiiranvicarbhonvyDNovwyv1-1 1
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cytokine antagonists (e.g., chemokine antagonists such as, an interleukin

antibody (alL antibody), specifically, an alL-4 therapy, an alL-13 therapy,

or a combination thereof); or inhibitors of cytokine synthesis. In a
Woartigdarembodiment, a compound of the invention is admifiSEEsaGe 62321

combination with a phosphodiesterase-4 (PDE4) inhibitors or mixed

PDE3/PDE4 inhibitors. Representative PDE4 or mixed PDE3/PDE4

conirhidt@SRCdleeOut AEguIBkbRited to, cis
4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexan-I-carboxylic
o R ARy S G A (S ST Bt G abtc o7 ndted

admdiflsroroometBaxyphanyheydithexand-08ed administration will typically be in the
Cisz4-cyano-4-(3-cyclopropylmethoxy-4- 30 difluoromethox . . :

o bRk 1oE I L S RB IRS (Ly IBRANcggpascred sng well-

knowrethdixpgph éaviieyclohkxansctulbacbobdleracidrapdstdedikdabir, or a metered-

rmaceuti I ts 1, ther representative PDE4 or

dgs%%e%é 5 35%4‘?@[%%%%%%?%?{%% ?r%é%é%%%%%z-zm (elbion); NCS-613
(INSERWcIDUa1Bo@nirosefdheérandBoheringr@8ionomedsing the active

agenit 3RS GLVBRONMA0 S AE10Ug, (k- 4018 AL P& LO8 (80, ’%(&i%é?flicgsa

_benzodioxole compounds disclosed in W099/16/66 (Kyowa Ha
YPIERN WA HHARCR Y0001 AZOA NPy Ao faeesB iR mBesijion to spray as a
misPNAIRZIAENR CAMRRUNES disclasad i tvy&9%éc%§&&§/§§'}{&rﬁ%&&'@&@ﬂmazed for use
, Pumafentrlneéggk-Gul,den, now Altana); arofylline (Almirall-Prodesfarma);
in 2 BIRABER IR }(%?Hgﬁsy%emaw&b@@@iya%m;%%@sswaﬁaﬁgm a
solubetyakiprinte paitiaylaitrmbediments eampEHTkef edbyRtONHS: suitable

administered in combig'gtion Withgtmuscarini antagonist (i.e.

carrign {0 O & IEREGRI0n R BB AR RA T TS AR SR g BTs e it daier Btied s
typi@%é}ﬂhtﬂifﬂdi@d itay'ﬁﬂg(pphﬁ'ﬂleﬂtm M&Bmﬁf&t&stﬂﬂ_i@pﬁrﬁ?@ @Xidaaﬂbéthylpﬁmﬁi B€have
a‘mgystrr%% Q‘?g] trgp Irneflﬂéfv,%[t g{xoa (I%%’i@/os? rgge%x(iq'lga%&gg 1ra%b£{.) mlgg "
scopolamine y(?ro romide, |pratrop|uﬁ1 romiae, oxitropium roml%né,
meafipthgplianebosnidicha bl firith elirss, qirdp aattielirse orontide; doimipattopinevith

eraPEAHERUOI O M IR EOPYRLE (RaPI sopropamide

iodide, mepenzolate bromide, tridihexethyl Qride Pat ?Lllwone), _
hexdeipelle Reiegsy dearises iaghiepdrmdiaseimairoteioNte, trépieeenidechringer
Ingelfibexy Rhe AR EEaaBINHES JBHRPRZ SR INEL e DIBRING o D) AP 1B ER T LC

and methagctramine and the like. In a particular embodiment, a

Plus Kussbiimt Srvesibantiomid i din Rieraden cOmpRIatRshiRitsain a nebulizer
inhaRRAERISHBBALISeidikd GGARIAS SORAIONIZHL FRRRIESRMAING. PO UISIBMINGS about

include, but are not limited to, ethanolamines, such as carbinoxamine
10 mgmlapd atarmeRtr SlaraEnHiphel Mg ERbRAETRRIrBH GrRRlusea has 2 pH
of atdimanhydrinate; 20 ethylenediamines, such as pyrilamine amleate,
tri%%]enn&mine ?/ rochloride and tripelennamine citrate; alkylamines,

such 49 BHioiBREAI SR I SR it P st iieR gmprising the
activieygrontyz iméntiydechd orideh diydrexyine oam pated yiekzise (Myrino chveh depts

R D T T e
patiegt jtsiteseanbdethedpwimideuelPbrizrfenachiny andriexidenagipevder, the
ac%iv@%%réﬁ?i?éqggﬁ'af’};'mmgtgﬁl Wﬁﬁglggﬂﬁlggggé?eﬁlﬁuch as lactose, starch,
mannitol, dextrose, polylactic acid, polylactide-co-glycolide, and combinations thereof.
Typically, the active agent is micronized and combined with an excipient to form a blend
suitable for inhalation. Accordingly, in one embodiment of the invention, the active agent
is in micronized form. For example, a representative composition for use in a DPI

comprises dry lactose having a particle size between about 1 um and about 100 um {(e.g.,
230
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The following formulations illustrate representative pharmaceutical
compositions of the invention. Exemplary Compositions For Administration
By a DPI A compound of the invention (0.2 mg) is micronized and
WihetPleatiéd with lactose 30 (25 mg). This blended mixture iBERAF 1oKEd321
into a gelatin inhalation cartridge. The contents of the cartridge are
administered using a DPI, for example. A micronized compound of the

dry mmemm&@pamgmmkmaegmimdmﬂtaﬂéaet@ﬁea@&tg)S@sﬁ a lﬂ@t@&@&r

f W% (%}% eater.th n about g o of th artl les have a MD.of -3 dth
SRRB"50 Oﬁ?n“f‘ &i‘f"%eu%%e&ﬁa“ then
dry hizplisg thanolﬂg%xmhthe@hetmas&ig,ve" deMMD ibk:leasvéhgnnt bauby Mheulated
wiaignded mixtute i nen.loaded,inta,indiviclial biisters;of 8 esiable blster

out 10 ] 5f

ac N an amount SU cient to provi U'[ Ig o he compound
mhaézitmé wv@dﬁ@ﬁcgaan@é@s M@mmeimtsib?ih@msmmmm&m of

ordzﬂéwgkﬁlplﬁ'th@%ﬁefaﬂﬁtﬁ%ﬁﬂﬁﬁrﬁé\% selpAlsiely ,wmeauayﬁ% R4$h9) i

blended with milléd lactosé (200 g).to form a bulk composition having a

rePTRETAE YA G tovilating theriliear TARIo¥er o BUDAT i bR lick Haler®

(InnSOMPOSHINNIS PARKEHPiGARRILGapahle Osielivering helyaen about
10-500 jig of the compoynd of the invention per dose. Alternately, a
i ST hBEUF! (T BHEGHAL661 ) ard i EtoPiod k210

Hoadiehergicdiasrptqmagpnist«50Qmaiarehipnged with-mjlledacinse (30
)..The blendeg mixture jg,then loaded,ipto_individual bllsters of a Eeelable

(Gl PSR BAdRGY Ak sOfffcRERBEIproditie Shiimed iy ieth
Pioughyhé‘mmmmﬁc{mﬂazawxmmwé%eﬂém@pramtseqmbe blisters

a inis red usu%?% PId Exem ﬁ% Com ositions For Use In An .
O S o Y RS o o ressea pngrising
the @@mlegeptepadedrbstmstb}wngalﬁnmhlns@ﬁgZaghaﬂed@hﬂnmaﬂzﬁdrv(/M@ﬂxzeﬁch
Jsa?gd&%ew% SUSRENSION I8 SPIRY 5} ] and then micronized 10 Towl a
onizéd comp smon comprising particles avm& a meaﬁ 8|an?e%er‘3less

propﬁibﬁﬂwéutM%emﬁrdpﬁ@ tavisrdpiiey Gormpagitdly mthprsoadeldiion DI
suspSAEHAYeSHEoRIAIDINGL R ?r?ﬁq{%%%éd%%fﬁ%@fﬁeﬁoﬁtg%ﬂ%%%mgh such

20 suff|C|ent to provide about 10 jig to about 500 jig of the compound of

as Clrafvertishpbroaekann S Ethtardel b%ﬁ@imoroewérﬁ%ﬁé’tyl a) and
1 1,@gme%@t@ﬁwmgrépm&éqmmdaﬁm%mmme Qe iih IpeilRinea

and 0.5 wt.% trehalose is prepared by dispersing 5 g of a compound of

due t@ CORGARTGRAL ?meraﬂ&%facaa?ﬁ% &H%é%ogf%ée@é@rmml@%i ippAional
oempoﬂimmsﬁmom&tafmmmm@c%@@@mbalwea@@ﬂa@f@g)@b@@a&h&pand

dISS Ived 100 mlner lized water. The syspension |s spra
sur B PO LR A (AT BRI HavINE el
U.s. d%atra:retﬁplefswﬁalﬂﬁ threFhbepaltj@PEE $3ade? (Rtmsanisti@fenivighand

MaangcscﬁbHE}é ot 1&% te%%@fﬂ?ié% (%é%}ne%&ay 1\%%@ &ijan otractunng

A Ne er In
Company). A representative composition for use in an MDI comprises from about 0.01-5

wi% of active agent; from about 0-20 wt% ethanol; and from about 0-5 wt% surfactant;
with the remainder being an HF A propellant. Such compositions are typically prepared by
adding a chilled or pressurized hydrofluoroalkane to a suitable container containing the
active agent, ethanol (if present) and the surfactant (if present). To prepare a suspension,
the active agent is micronized and then combined with the propellant. The formulation is
then loaded into an aerosol canister, which forms a portion of the MDIL. MDIs are well
known to those of ordinary skill in the art, and many such devices are commercially

available, with representative devices including AeroBid Inhaler System (Forest
231
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30A compound of the invention (25 mg) is dissolved in citrate buffered (pH
5) isotonic saline (125 mL). The mixture is stirred and sonicated until the
compound is dissolved. The pH of the solution is checked and adjusted, if
WHeOEE$aH2%0 pH 5 by slowly adding aqueous IN sodium hydroRiteziFes2321
solution is administered using a nebulizer device that provides about 10
pg to about 500 jig of the compound of the invention per dose. Exemplary
PhattauckGieldtly) Eapstiefshohialidsinistatiompd: torppeuny Bidhen®

' ti 50.0), -dried lact 440 i arate (40
O B A e S B e el oS o
InhfAsirdrgakatipot 405 eSrBOW g phodmipdsitonypercapsiye). saxemglary

' inistrati .Th llowing ingredients are. ..
T b T o g B S AL R I B B s

of tgt Hiibisetision: TagredientsMicod o EUAI6UHE bithEinvehtidh 20l gVO

o0/ dT4manACId8-e.9 BrEUM chloride2.0 g Methyl paraben0.15 g Propy!
paraben0.05 g Granulated sugar25.5 g Sorbitol (70% solution)12.85 g

VedtfliHiipni FragrlesRinTaRassriLes Hifeatea Tosgirblroriid o380eL
fornte @AY sR1Me: B stitied walerars 190H060, Bk Exe MRl Nig¢tabl@stent Nos.

Formulation For Administration By Injection compound of the invention

5.8 §JISreHEF fith 078 WP LB Heskdie BUAEP SOHATORR 0%l Pmed 8,533
to Gabl @hihe sy Ring s elidionis pdjuated; 1 pbi74dIsinepe:d N

In another embodiment, the pharmaceutical compositions are suitable for oral
administration. Suitable compositions for oral administration may be in the form of
capsules, tablets, pills, lozenges, cachets, dragees, powders, granules; solutions or
suspensions in an agqueous or non-aqueous liquid; oil-in-water or water-in-o0il liquid
emulsions; elixirs or syrups; and the like; each containing a predetermined amount of the
active agent.

When intended for oral administration in a solid dosage form (i.e., as capsules,
tablets, pilis and the like}, the composition will typicaily comprise the active agent and one
or more pharmaceutically acceptable carriers, such as sodium citrate or dicalcium
phosphate. Solid dosage forms may also comprise: fillers or extenders, such as starches,
microcrystalline cellulose, lactose, sucrose, glucose, mannitol, and/or silicic acid; binders,
such as carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose and/or
acacia; humectants, such as glycerol; disintegrating agents, such as agar-agar, calcium
carbonate, potato or tapioca starch, alginic acid, certain silicates, and/or sodium carbonate;
solution retarding agents, such as paraffin; absorption accelerators, such as quaternary
ammonium compounds; wetting agents, such as cetyl alcohol and/or glycerol
monaostearate; absorbents, such as kaolin and/or bentonite clay; lubricants, such as talc,
calcium stearate, magnesium stearate, solid polyethylene glycols, sodium lauryl sulfate,
and/or mixtures thereof; coloring agents; and buffering agents.

Release agents, wetting agents, coating agents, sweetening, flavoring and
perfuming agents, preservatives and antioxidants may also be present in the pharmaceutical
compositions. Exemplary coating agents for tablets, capsules, pills and like, include those

used for enteric coatings, such as cellulose acetate phthalate, polyvinyl acetate phthalate,
-32.
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15 aqueous hydrochloric acid or 0.5 N agueous sodium hydroxide, as
necessary, and then sufficient water for injection is added to provide a
total volume of 20 mL The mixture is then filtered through a sterile filter

W0 228mié+dn) to provide a sterile solution suitable for administratioszbys/oo2321
injection. UTILITY 20Compounds of the invention possess muscarinic
receptor antagonist activity, and in one embodiment, at nanomolar

hydpatgnoied. iione-embodinenilcorapennssinf sbrlimeEntionare seleetive

for inhibition of M3 muscarinic. receptor subtype activity over M
cog N TREB A DA Sty B o SHRHGy BB gaisabe
metbfthelinvention acessalactivesfor inhitidor ofivi3sand Marmascaiialty acceptable
amié%‘;&%&%ri&éit%yg?%%&%g)’é%%‘feeran'\é'g'ox'\z"d‘é}l%%%” M3 fuscannie receptor
subtype activity. Additionally, compounds of the invention -41-
hyd2e08/108426 RETIHSSZ08/00232 inard-exfettaddiypossfssaaditsiiueoil-

s01uﬂ%%ﬂﬁ@x‘?&ﬂx@?&cﬁ%ﬁ%@@gg‘i’é%%r']t%g%ﬁae?%g!fh? iRodImEnt, & 1ated
invention is directed to compoduhds havmg uration of Action g’reat%r
hydepraricdiena, 2er oo prvotanbte colpfpoionohsr theai/thetidee aredateesal-
chelB¥RBSIRA L0 RRBSESSHRINCRI SR RHRGR RN 2348y MANW B0l tartaric acid,

efficacious doses when administered by 5 inhalation compared to other
phosglsinih #rids@aARiE i8eeptor antagonists administered by inhalation (such

as REQRIHMRs maP BRMRASH R ektheAinitot R cUPROUR o e M3 £ the

. receptor subtype is the inhibition dissociation constant SKO for binding to
aCUYR SFUISTEE; B o ahAE B e OEtE oY BigRctea! i orsE KAy iR
profifeidds secapiopaubiype atiess hasateedualdoQPobPHaMs. a addition, the

determined, for example an in vitro radioligand displacement assay.
P 0P GEU R R PN B CRRAHAOHS BAC BESE R ey be

forredatat to Sah Mewpntldmariother emigodiment, dhprefimpoundsihave @ik, portion
| egual to 10 riM, and in vet another embodiment, t .
of thgo%%swggt(%tﬁgy %ac%{o tlonﬁjﬁa/h in a%e}aéﬁeg mapngn %xam les ((})}e en%beddmg

pounds have a K, fess or equal to ompounds of even
compasreopantibithcimdrestad chrdeithogdemavinybskinessaitibnoresqliak w600
RVt 12 1 anoibenembadinent-ing & 1S K 1555 0AR O
e equal to 200 pM. Itis noét%d that in some § sgig#gkgfnvgl?gggag %ﬁ‘ﬁge% ng
aboVEAsHtIE helF{bddiEss weak muscarinic receptor antagonist activity. In

sudheasesidhrsecel akibimine Astavilirecegnize thatiinRs e RAPOH IS tration,

still haye ultility as research tools. | Also of particular interest are those
PhargaeAGGAE HESRTE0AR IBEO T FBi QREN 810882 BORS LR AR A E DA DS
and fimwhmaudomglgm%c&i@a@afpmﬂnﬁ;dﬁ@m@&m@%gwggaavm an iﬁé’z‘»pdl Aient,

ess.than or equal to mL.at 24 hours post dosing. Exemplary
such ZE OIS HRlEn e Sropek iéélés%snﬁ%ﬁﬁﬁg@%ﬁ BRI BR Bicfaguch =5
ethythéohosdasiniepdcdpibp Brtagbniiogaactiiiy] acetglestebed acthe!, benzyl

mples.and inclu y.way of illustration and not limitation, assays that

b e S TS e B e Do
gem(;r@&i@mm,m d@mgi@edsm ﬁssapﬂ)ﬁwmdﬁngfithasmmyiene glycols
and fRPIRNNGR BpSEAHDIC e RRICLAVAGRREI NG, aalhdly. 8T camBRHARS Of

the invention include by way of illustration and not limitation, ‘assays that

SUSPFREHE FECRGaTI E8lidte S mamigeehnntrinbirnseepdikcabieBosmigoxyethylene
sorbi%@@%%%ﬂ@ﬁ%f&é,%lr@&%@@@ﬁ%@i@éﬁ@l&f@&%ﬁimlﬁﬁtﬁ@ dRSide,

enzyme adenylyl cyclase (which synthesizes cAMP), 30 ligand-mediated
bentoniit, SR TASHCE P Sragrs B h iRt & B9~ 8hio)triphosphate

([355ka TIRAR)I forisplateRAMBIACE Y iR ERRION G ANMZSH SXChaRT .
. of BSSI%TP S for %DP, ligand-medjated changes in free intracellular
e Y B (SRS 1B HOH GICAAREIE Wi 4 AR SRR TSGR ©
physpldie deader onklsIRRE) ronidvialeeylaiddeviegsathohit43ntAiig a

6PCT/LUS2008/002321 and.the like. Exemplary assays are .

P B S B SR (B

antagonize or decrease the activatioffof muscarinic receptors in any of

the assays listed above, or assays of a similar nature, and will typically be

used in these studies at a concentration ranging from about 0,1-100

nanomolar. Thus, the aforementioned
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5 assays are useful in determining the therapeutic utility, for example, the
bronchodilating activity, of compounds of the invention. Other
properties and utilities of compounds of the invention can be
WaeMirgdidted using various in vitro and in vivo assays well-KHou#segs/002321
those skilled in the art. For example, the in vivo potency of compounds of
the invention can be measured in an animal 10 model such as the
effeisitheowelvimacdéh Budityathe: brohcheditateraetdityoah buetm pound ésnple, such
wnit 43R0 o anesihetized spimal the Eiathoyen mode). which uses
ventffation pressure as a sufroga%e easure of airway resistance. See, for
exdraplepBidsho\iba (1892)p P lugersArechdb18687rdd Samntbiioh &npmbd et
suvha(ROR0) R Eharmacel [Rard. 3(0KRR192, 3 wslas Assay 3 which
describes a rat Einthoven mo eﬁ n one émbodiment, a co pounél1 15 of
admikistislientiBir aehivinkaeret are Bsdant $60 sgiritiimntiasperEptheremnulsion.
ExeMA98) S0 Lreatenibanoue il iodnne inhikiion el t8ine, jow molecular

bronchoconstrictor response at 24 hours, and in another embodiment

weigly RIsRBASSHESr AhArPBY 6Bt 8NP obFiRbRTIsHekicoh Rt SelAWB Y acid

esterdSORY IR VNG 3ssAY, isthe Fatiantisialagooyerassay HOLRXAMRAIR ASterile pH 4-7
described in Assay 4). 20The quatemary. corg%ounds of the invention also

y
aquegHsViaR SeRgHSPE0vaARGEs ‘e 1Al dBraLisERARMTY HHsg GamARRpS of more
solublip@eundsiias-nanitesiady oy Quaimp ekt RIeMetkin, UtiO ROIeRRE Algents.
improved jn vivo potency, at 24 haurs post-dosing.. Far example, hoth
B b L A S R R R W
steri 3| Ry el e tedtinh, mm&ﬁdﬂ}/bﬁh&gsured at 6 hours), respectively, while
?;)_ 8%’2%%3%?w§}%&%%ﬁ%02eﬁ?§_ %@g & a%gnas%red transdermally using known

transgrsthyl-delB39sherstenisanyl propyihpierr dlidieram(Extm plepamd| (R)E8-admixed

-wim(géfm@mgxl9&@3@@4@s&@y'Aggmgyyﬁégg%ggggégg}%gg{%g%@%@'ﬂ&?&%,

m (Example 5-11): WO 2008/103426 ) 1"and exhibit a
azachpikanyaioecs plesSrthide 0aphinermemseteatareHel ) simila dalpystinagstem.
AdaRidhg Bvention Ma.RxReciedde hevselyl asiierapawigrae P&%‘% used in

treating medical conditions mediated by muscarinic receptors. Thus it is
suchdtansdtonshspwnnsiidene LlreiRe from a disease or disorder that is

tr(ejﬁtaésbﬁct}|Q@@Eﬁ:§&%x€ﬂblSﬁ?ﬁ@%ﬁlﬂ%ﬁﬁ@%@?&@@cﬁ&ﬁﬁiﬁ@r@& in combination
... administering a therapeutically effective amount of a muscarinic receptor
it S T T8 TARREA: SR modiEar b OREIHOHE TR By g O of e
inveskanmply, quimatigryotiatr deisrairdisabses inaluding{hosedasstciatadpwithd of

-reyersible.airway obstruction, such as chronic obstructive pulmonar

e e R B SRS RS arues e

refergthores, satorshayefibro€is, pidngied Hnitighainonhets thadtthediel Biber(e.¢.,
i iti i rini eptar. . :
P e e M B e

inflagygrdeiystichiferactiliapislatianeindlammaion; egastioimdstinedtiigesteroids and
clucOHSRrESKS; %@9&@%&{&&@%%@@1@9{%@&@%@ diS@asSE, inhibitors);
|

achalasia, gastrointestinal hypermotility disorders and diarrhea; 15 cardiac
other RS AMAIA SRR KO BrdiyoiRiaP I HnarEb A RISk A58 InisgitRAgents
(e.g. ABQEQES: SUE Braslzh eipael S.0isE8sRi disme narea; avskdinelikBistamines;
The,amaunt of active agent administered per dose or the total amount
ProtegNILLREY POFIEA) THEFBS (rEddle SRS RIS ERR IR g nd
comlananichviduatpatienieasis bystakieg iftadonsitemiionpemeraus JAtessm in

including the nature and.severjty of the 20 patient's conditio. e . :
the e S RS S R ek e of s e
with theetolslamce ofti e patichtirpthean ttives bigead, ilve, rouseaoinadredeigtmation,

- ical considerati the activity, efficacy, .

e S e TR T, oy e

secondary agents being administeretf-and the like. Treatment of a patient

suffering from a disease or medical condition (such as 25 COPD) can

begin with a predetermined dosage or a dosage determined by the

treating physician, and will continue for a period of time necessary to

prevent, ameliorate, suppress, or alleviate the symptoms of the disease or
meaedical conditinn Patiante 1inderanina <rich treatment will iv/nicallyvy he
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WO 2008/103426PCT/US2008/002321 volume (measured in one second)

may be used to determine the effectiveness of treatment. Similar

indicators for the other diseases and conditions described herein, are

WielokAsHEtto those skilled in the art, and are readily availabRCHGHRRUS/002321

treating physician. Continuous monitoring by the physician will insure that

the optimal amount of active agent will be 5 administered at any given
recetitne paenivtll insdauilitasisgp thedtetesteimation chthpadiratioandfitreamsaates by
adm] RS PATHIGY A AU WD EN BERNARD,AQE0 1 a8 AORE N ndary agent.

administered, as their selection, dosage, and duration of therapy may also
Accragngigty atjstriegihaneamiechvalyihthe tredrn eh PREgInTe pudinal @egipgsition
com%?ﬂ@é’& '&ﬁ%%@jﬁg%%ﬁ&ﬁhg &Loufse,of therapy, %é@ﬁ@ﬁﬂ%@%aﬁy

amount of active agent that exhibits the desired effectiveness is 10

accepiphiRistEiet diddRHER HraradrsiARIRBR IS EoMmisd ey ong as
comiSoRRRESSPSY 4Q:shnees sy dkendingadiserse: & medicakeandititNinvention; a

Accordingly, in one embodiment, compounds of the invention are useful
sec BBHY SHRSHHH Hma CRrreset s r s R S BRI ROT s and
photpeidtampasionmiinals {adcca0gs:wals Bitge Suah sptesthatruscidly

ditsgtgders inclﬁde,ﬁ%/ Wtag/ of 15dillustra ion, overactive bladder, chronic dof
ACCe AT Buth AT s EE ARG b i BENA S BRE STy und ©
the switatide: Jofpsifentreatinggmoativnitisatd diserdetsl antthdiadismdeysagent. In

ediated by muscarinic receptors will range from about 0.14 pig/kg/day. t
com e A e SRRl SRS AT AR Y B R &
wellzisdbe Brmegikgytisarorderye autrage T Dkigdsuihaarththisoweul dyaredint to

2 3AOUEHC M9, BEL Sla, g,.about 500 mg 20 per day of active agent. In a
specific embodiment, compounds of the invention are useful for treating

pulrfb AAFPERRESPiFaRGHY eserIBIY, Bacihes toPerlly aywahayith the second
actimﬁgém%?M%@Hmc@%ﬁgmmr%ﬁ%%P@H@@Eﬁeﬂt may be present in
y

therapeutically effective amount of the compound. Generally, the dose for
sepafAle ARG HIRthermRPEidora il fanaeiBisipd it Y5 PabENoETYltasously or
sequER@AlSFNFEZ ORPIpis, unidenstned by thoss afisnaryskilhipithe aftia: second

. include a variety of resp ratorydconditio,ns, including chronic obstructive .
ac“‘@r%%%‘ﬁiﬁé‘%%&%%%’ﬁ&ém, GBS ARRASHBY RS T Ly SO B HRR of active
ager(2Q0MNdangh chibedn3431R6 97 8nand aeferences] citeddherain. Adiginally,

the 24954 1o deat 3 pUIMONAtY Aisarder .ﬁ&%@%ﬁ’%‘%%ﬁi e dnveion.ALe , form a
optionally administered in combination with other therapeutic agents suc

Phara@@l@cmB@aa@l@itMBprrisigmimgm&oﬁt@mﬁm@ﬁm@_t@@délactive
agerﬁ"&ﬂdQﬂ?r(&%%%%@&%‘&cgéﬁgﬂﬂ?%?HQPSIHE%%%R% ft%rgle%‘? IRISISLEG Y s of

inhalation, compounds of the invention typically have the effect of ‘
the qorpBREiiRBYSEPicaliatBIk A cadrgndad ircerssteplofsierhipiniveca s ysical

mixthe (¢ Re@BZR0RLA3426RGT/LIRA0BIAAZ3R1T VSRR IR AIRCIZG{OButes

method of producing bronchodilation in a patient, comprising
descHiR%iMiRing to a patient a bronchodilation-producing amount of a

comperthaff ihenvantion: Lenaglbenibn hipmRpeulitpliseitedberdose
g ronnoclaion il guge o abou 101500 . 3.
togetve tediveadministration but are administered simultaneously or at separate times as
separate compositions. Such compositions can be packaged separately or may be packaged
together in a kit. When administered at separate times, the secondary agent will typically
be administered less than 24 hours after administration of the compound of the invention.
In other embodiments this timed relationship is less than 12 hours, less than 8 hours, less

than 6 hours, less than 4 hours, less than 3 hours, less than 1 hour, less than thirty minutes,
235,
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bladder. When used to treat overactive bladder, a typical dose will range
from about 1.0- 500 mg/day. In yet another embodiment, compounds of
the invention are used to treat irritable bowel syndrome. When used to
Witeatwtitakde bowel syndrome, compounds of the invention wilt typicatlydaeszi
administered orally or rectally, and a typical dose will range 10 from about
1.0-500 mg/day. Since compounds of this invention possess
lessiuscasinidreeeias dniageanistiactiyity iswebiconmpenprsdaimisaidaalithe

as research tools for inyestigating or. studying biological systems or
con e e S Sl A o e A DA B i o hus. 2
congm@boﬁﬁ}ddg\fMﬂiM&:aMB(; Mﬁrﬂmidteneﬁﬁﬁyﬁﬂﬁﬂaﬁhsﬂcsfm@&m@tﬁlﬁhﬁmbg
seq&?éﬂ&gque\gi{g %&ﬂﬁ%tg% %e]f Sc}la\l/th:}ggl maarlyixg‘?afa%%du&:tﬁgeeltag{flcne ﬁg\. e%;%?oys
vivo. Representative %lolog%ca Systéms or samples SUrtalIe fSF siie
sepaiidiexipeltident e ard ndtiipsithd) thr cellb, actihslapextrabis gplasrmatial may
e . . _ I - mi
e B e o A DT B0 AR
mV%ﬂﬁWﬁrﬁé@lﬁ’éﬁé@‘éﬂmﬁmﬁ haterés . wombopartatular Gnsddimelteod.

ATtdhRIRVENERN R MMRSARNIG IS ERRIANI SRR MRAMINALIS- AR RIRNIACE: DN es, i ..,

administering a muscarinic receptor-antagonizing amount of a compound

one Seths i eSO CHIHpamts AAtHEgRYENTIBRA BermiEIsende dsliveagd by different

routt@SEIER NS OBJURENG RiNaicR ASSAVSHEING PUEH SORMPAUAGS,
Whgen used Egg research tool, a biological %stem or sample comprising a
mu

SRR BRI s Ry Tt R U RER feth 3t s39h Jetafefaprising a compound
of tietepintiarniagonizing ameotdtidbHia wempennch affhaiaveRtianmOftasr the

the biological system or sample is exposed to the compound, the effects
oo AN TG IS IS R BB A A Qg methods of the
inveptioverkionbisprocedufesandiatuiprment (suthrdsdy resst g ingdiben

& ioli indj or ligand:zmediated changes in a functional .
con S PAGAO T ARSRE 2 AT LTS D AR enn

of aé&ﬁ%m@?ﬁ&ﬁrm&pmgﬂmiwsay in a 30 mammal. Exposure
CNATRRESFS LA Ungcelsidissye é@&b&%"cﬂ@%@h‘éﬁcﬁﬁ?&%&%@g
b ministr

the compoundto a mammal, for example by 1.p. or I.v. ad ation, and

amoggtidrth AihixRIetimitg srphiayeamprsdhwiausdrees a feppasiécally,
bendTi SR BLRYVE SN Bl AIMAR N SRS AR ARREEYRHO thi i ShAURIERUYShdary

analysis, Measuring a response -46- WO )
SEon) G R BT P RTO S LTS PBlotlim it Pt
stereeftects0biliescdoMPOUTELO s aerdglogicak SYStedbelosAmP iR EaNg to include all
suctS Ogrvnesngg aléjéocedure nd%i%g ment, S%:Ch as radioligand binding

ASSAYs ANd THE SR AG R E AT A A fE § Ehah B e H R RS RPN EEL 82 he
procadsay resultspean b8uistdetdudeteimine:thadaetivigydeus) apivalleas the range of

gé%ogggg&%agtﬁgéaﬁ%to 5 achieve the desired result, i.e., a

abo R HO4L _ > :
: musca# Ic-antagonizing a . Typically, the determining step will
invBherdeteniairimyedanouis cadmipoend pitthiganchivedintdthefistetsd in

comBilditionatly, acsme%@sﬂgﬁ@;eté@égysg&g@tpmr@%ﬁgag@ geg&%g%?&tgg&epm

for evaluating other chémical compounds, a SO use
agonizisdBRlngralebie Ry bisadigd iotor axiermplbitpliovadofepmsarsdsthremirigrol,
indaPAKSERSHRGER! RS RIBIRE, ACHUIBA B INIS MARIST, & GmMRHNd R dhe o1

invention is used as a standard in an assay to allow comparison of the
salmeleroh SBRIEE At B ddicc SHBELRPAESRER ESRIBUABRI B SRat can be used
in cdﬁi‘hﬁ?did'tﬁmbtﬂi'tﬂ%ﬂ?éhﬁ&@dSﬁi&M&iiﬂwﬁdﬁdﬂﬂkh&yﬁa@@w 5%3*@“3’ 3-(?4 [6-

rioy binding, if any. For example, muscarinic receptor hinding data (as
({(2%?3%45%}8{?@% éé%%ﬁ%i‘é’f%‘ﬁﬁ%ﬁ%’?é%ﬁ&ghﬁnéf ?%ﬁ%éﬁ%‘ﬁf’%i’ssays) for
hexyéeast coryijimundesd Dreunp df a8t OO0 R Dosampared4dithigoxy-3-
iniG.rec binding data for.a ¢ ound. of the invention.

o e R DR R R T qugpetared

compounds having binding about eqéfal or superior to a compound of the

invention, if any. Alternatively, for example, bronchoprotective effects can
be determined for test compounds and a compound
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of the invention in a bronchoprotection assay in a mammal and this data
compared to 20 identify test compounds providing about equal or superior
bronchoprotective effects. This aspect of the invention includes, as
WwWeoeparats-embodiments, both the generation of comparison deda {usieigtheszi
appropriate assays) and the analysis of the test data to identify test
compounds of interest. Thus, a test compound can be evaluating in a

corripimlogicdibalssay i Waoriathee 2o iprisin Gtbepsteps; aﬁisaoaeqmgamga

hychk%l épag ﬁrl]hgaﬁéyg:/éllt Cas;22§%3v Oun?]i'n%l [ wdole |rst ilss?bntn ll')e (b)

phemrﬂvméa‘a%hm@&s@ww&lﬁee@at@remwm@)dgdomw@mmowo
f f

e Mo aiah () a1 o e )

hydl@%éﬁ%%}rwamai a§§éiy§t}ﬁhbm@¢ﬁ@%éa@nﬁm@épfér{%ﬁﬁE%Shésays

(fon%gﬁﬁﬁwfﬁ%mxfﬁh@ﬂﬁgw@grg ﬁ@@ﬁﬁlﬁ‘;‘?ﬁeﬁfe pies@jig. provided

to illustrate specific embodiments o the invention. These specific

benzgnisatrHamEchowb e @FéRHS? |%Tghﬂ£€%1ﬁﬁ%ipﬂ3e4‘s}56i5@%ﬁﬁélﬂ] -2-
hyddewention ammmwmmgnp@é@%mm&e% (tert-b Q?fglmvmg
|

(R BP0 LBt HEVEN A6 BAFEN KAV Mindard
oxy Iﬁﬁ'@mm@ifﬁﬁ%@dﬂ’ﬁiwﬂiﬁﬁc'%@m@eiqﬂ% e«ﬁ%@@vmq@ﬁmﬁaﬂwm
R e R SR T 2.
bufy%@*éfﬁe(éfﬂ&iﬁbﬁﬂﬂRmmmmwmmm ARBAERpakyl smino)
e T T ———
(Glapg Sfetl btsvinéd-<eiBm2-[(6-{2-[(2,6- dzchlorobenzyi)oxy]ethoxy}hexy yaminoj-1-
hydroxyethyl}-2-(hydroxymethyl}phenol and related compounds disclosed in WO
03/024439 (Glaxo Group Ltd.}; N-{2-[4-((R)-2-hydroxy-2-phenylethylamino)phenyl]
ethyl}-(R)-2-hydroxy-2-(3-formamido-4-hydroxyphenyl)ethylamine and related
compounds disclosed in U.S. Patent No. 6,576,793 to Moran et al.; N-{2-[4-(3-phenyl-4-
methoxyphenylaminophenyl]ethyl} -(R)-2-hydroxy-2-(8-hydroxy-2(1 H)-quinolinon-5-
yhethylamine and related compounds disclosed in U.S. Patent Ne. 6,653,323 to Moran et
al. In a particular embodiment, the §,-adrenoreceptor agonist is a crystalline
monchydrochloride salt of N-{2-[4-((R)-2-hydroxy-2-phenylethylamino)phenyl]ethyl} -(R)-
2-hydroxy-2-(3-formamido-4-hydroxyphenyl) ethylamine. Typically, the B,-
adrenoreceptor agonist will be administered in an amount sufficient to provide from about
0.05-500 pg per dose.

In a particular embodiment, a compound of the invention is administered in
combination with a steroidal anti-inflammatory agent. Representative steroidal anti-
inflammatory agents include, but are not limited to, beclomethasone dipropionate;
budesonide; butixocort propionate; 20R-16a,17a-[butylidenebis(oxy)]-6a,Sa-difluoro-11B-
hydroxy-17B-(methylthio)androsta-4-en-3-one (RPR-106541); ciclesonide;
dexamethasone; 6a,9a-difluoro-17a -f(2-furanylcarbonylyoxy]-11B-hydroxy-16a-methyl-
3-oxocandrosta-1,4-diene-17B-carbothioic acid S-fluoromethyl ester; 6,9a-difluoro-11B-

hydroxy-16a-methyl-17¢ -[(4-methyl-1,3-thiazole-5-carbonyl)oxy]-3-oxoandrosta-1,4-
237
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FL1PRfluorometric imaging plate reader HBSSHank's Buffered Salt
Solution 20HEPES4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
cloned human M1 receptor hM2cloned human M2 receptor hM3cloned
WHIHNEH N3%eceptor hM4cloned human M4 receptor 25hMscRirEHRifRAR2321
M5 receptor IPAcisopropyl acetate MChmethylcholine MeOHmethanol
MTBEmethyl t-butyl ether 30TFAtrifluoroacetic acid TFA
diengalitBfrscroBtetansisalt Trrenteamiorefur &6 Auyl Gtherioabl dwidtiorysGsehethyl-
_odderein ' eitheirstandar, 1y 3480 WG
T 2 CBD0 305 L ardasta e U0ieBe noted
oxoGtEnNRE B AatER SR e [l e idagais asearpIg HtatdaaEnd BEIdBIRE one;

morVefSoRYIEhased-Ham cIBNSTiahBURR] RIS SH6RAS BigraarAldiichs Ilkka
Riedel-de Haen, and the like) and were used without further purification.

acepRRdEATBIS Wt e un THERIPhiE R dfHahEr a2 mass nbted StHbRfise.
admM¥egressoieaaiion mudwies b ‘ﬁﬁ:‘iliﬁ@ﬂﬁ?ﬁ%m m@{ﬂ@%@hg per dose.
chrogmatography (TLC), analytical hi rformance liqui .. )
e EHGTHRERY CIREI o Co AR St Bl e gy vic
salmadaicth @rehg_i&ﬁmitmlea\gian&q&paagt&i;sinaanqahﬁicmmep@ima@tmas::eroidaz
anti REASHON Mixtures were worked up as described specifically in.e

AUDAtory agen EF €Xei 11 0 und or the imvention
reaction; c %onlyt ey were p I’I?.ngdcgy ex racﬂon anofnc?t er purirication

co-afethiodscduehitas aaipBraturendiydrsolvenitdepie ntléh( 21ystaliz 2tiony amg 2 -
e
hydroxyphenyljethylamine as the p,-adrenoreceptor agonist, and 6a,9a-difluoro-170-[(2-
furanylcarbonyljoxy]-11p-hydroxy-1 6a-methyl-3-oxoandrosta-1,4-diene-17B-carbothioic
acid S-fluoromethyl ester as the steroidal anti-inflammatory agent.

Other suitable combinations include, for example, other anti-inflammatory agents,
e.g., NSAIDs (such as sodium cromoglycate; nedocromil sodium, phosphodiesterase
(PDE) inhibitors (e.g., theophylline, PDE4 inhibitors or mixed PDE3/PDE4 inhibitors);
leukotriene antagonists (e.g., monteleukast); inhibitors of leukotriene synthesis; iNOS
inhibitors; protease inhibitors, such as tryptase and elastase inhibitors; beta-2 integrin
antagonists and adenosine receptor agonists or antagonists (e.g., adenosine 2a agonists);
cytokine antagonists {e.g., chemokine antagonists such as, an interleukin antibody (aIL
antibody), specifically, an alL-4 therapy, an all-13 therapy, or a combination thereof); or
mhibitors of cytokine synthesis.

In a particular embodiment, a compound of the invention is administered in
cembination with a phosphodiesterase-4 (PDE4) inhibitors or mixed PDE3/PDE4
inhibitors. Representative PDE4 or mixed PDE3/PDE4 mhibitors include, but are not
limited to, cis 4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexan-1-carboxylic
acid, 2-carbomethoxy-4-cyano-4-(3-cyclopropylmethoxy-4-
diflucromethoxyphenyl)cyclohexan-1-one; cis-[4-cyano-4-(3-cyclopropylmethoxy-4-
difluoromethoxyphenyl)eyclohexan-1-ol]; cis-4-cyano-4-[3-(cyclopentyloxy)-4-
methoxyphenyllcyclohexane-1-carboxylic acid and the like, or pharmaceutically
acceptabie salfs thereof. C);fher representative PDE4 or mixed PDE4/PDE3 inhibitors

include AWD-12-281 (elbion}), NCS-613 (INSERM); D-4418 (Chiroscience and Schering-
.38
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2,2-Dipheny1-2-(5)-pyrrolidin-3-ylacetamide
(S)-1-Benzyl-3-(p-toluenesulfonyloxy)pyrrolidine (la): To a stirred solution
of (S)- 151-benzy1-3-pyrrolidinol (44.3 g, 025 mol) and

WO, Asehdeadi€yclo[2.2.2]oetane (33.7g. 0.3 mol) in 250 mL of MTBEumear2321
nitrogen at 0C, was added p-toluenesulfonyl chloride (52.4 g, 0.275 mol)
portion-wise over 20 minutes. The mixture was stirred at O C for 1 hour.

Plouki®, ICE [Tath ware apned Bfigk thenbiixdd [exwhscstirodatsanrbiesld in

O AR S BALE 0 o BUABAFIS SN BRI G e

(BykeSulting) mpiktireinas: stitredatdibidntde mperatite 160 4 (Bolr Gid:1gyers

were se e d the organic layer washed wi turated aqueous
Fumels ﬁtjnrﬁ %%gr wf{g}ﬁ%a%g%&ﬁ%%?%’éi%ﬁ rgfgeﬂ.I %&q‘%ﬁ%ﬁﬁﬁﬁ% solution
VM 2B saturan s aGuébl §MNedE Stliybn X 260 L3 aliththbn Seigakoyer

sodi f : di t fi 0 W\ Wwith

o e e R R T
comipifeyiigs diate A liuaensni o infagraisolics (Guviohieliar £P G aihalepssagative
musegl%u%%%ﬁjﬂ% %Xl%,@@c% G808 QQ, 'ﬁ%;ﬁggﬂ H%Eb%?oé' r%%r%f%l'e?i 'eQ(:mp ine

_micron particle size. Detection was by UV absorbance at 22 .
oXiGp BRIk YAULEE e By ctPHe O BEAIEIPIpE N tRgE DY UBIE TR ) A:
hydMig@Ea@ter pERi bY@ dsanadB; MeRbhnaiesdmfiéd0L10/ik YoiRgR,
. flow rate of 30 4.0 mL/min of 0 to 100% B In A over 5 minutes, this ,
Hotr R BEREN v AR e RIS IS T ReL . PO Bty Y Gt ine methyl bromide,

clidiBind-Benzyd- ddgyevane (Rdbdiphe nmesa)deyigelidinacdie)-T ae sttrede,
. ,.solution af diphepylacetonitrile (12.18 g, 61,8 ol) in anhydrous THF
i BRI SPREE ABLET AN i B THOreE 0L & ARG S acded
hydrovBlobidr|nroplermikey rawagphstidwichat QCHbrilld) pirenE epihe, mixtg a0
added intermediate (I 48 g, 61.3 mmol) in one portion. The
AF_]c:gg{v afh' %vrggt?g)r%%%l S (ﬁqkégzhgl&et'ure was stirred for 5-10 minutes at
whI@ﬂrﬁmwéiqh@mmmimadtbegma@rowmbmg'mmé@@éismigimdme
comﬂgﬁgﬁéﬁ was ihenhaetadiat fﬁ‘?e?%%"-%@ (205 0,0 Sk L& Dipstre

(bright yellow suspension) was allowed to cool to ambient temperature

antilyiRsPangs enpty dratdlt @S O Thi Ghie st GREeAT I ES s T rEpHaeRine
mal 4REUIANG R AGAANH ) Mias1agdREh T D& JaYSIRINYRIE SeRartad ARd the

organic layer was washed with saturated aqueous NH4C1 solution (150
ethyleigdiagticheti by NAGT SB1ASH EBOI TR URe HER dreddsed
tripes@dibitsdiata 501G 1athigcs oflitin s uliaiewas iltered-aff:andsashedpsitRines,

LPAc (20 mL) and the solyent was removed in vacua ta give 23. . of
s RO ALK P B G (LB A 8% S R v
cycloéienminet] to-bbwie ahydritytob18/aldartaizina et rogindyival b @xedases, such as

diphenylacetonitrile) using the HPLC method described ahove.

st L e e e R e S iy

terfedigﬁoh/@diifﬁmﬂﬁm(éippmmmwiﬂtg/mmma@ddm@mm&lm&ed
WithNESRANOIME AN AU IEE%JESE&%W%M%!&%¥%§M’ ElGpositions
separated andthe aqueous layer 20 was extracted with an equal volume

of thgfig@ARiorhe organic layers were combined, dried over sodium sulfate and
filtered. The EQ&%%&W)@@J:% %S”P%%%Qz_ém%@ﬂd DPI _
benzyl-3-(1-cyano-1,1-diphenylmethyppyn-olidine hydrochloride as a light
yeIf%WfBﬁW‘gBﬁ g}ep@‘écgﬂ%g(l)s%mﬁgﬁ gpicronized and then blended with lactose

(25 r{@)ﬁlibﬁ@&élnfe&]nﬁ)i(aﬁ@il ,tkaiw@@iad;m&w@?wgﬁﬁﬁﬁ&fyﬂ whiag’%e*me
8,55 g, 21.98 mmol) in MeQH (44 mL) was ed palladium on carbon 25

conti 3 QR AFRGFR PRI EE (B D50, ST e mitre was
heatesk tebREdwiimptittidg fahSiheersof REOMrs biasdedolath toxidistbledtbse

s o B A bt e R Rl M Y o

was collected and most of the MeOH%as removed in vacuo. The residue
was mixed with IPAc (100 mL) and 10% aqueous sodium carbonate (50
mL). 30 The resulting layers were separated and the aqueous layer was
extracted with LPAc (50 mL). The organic layers were combined and dried

over sodium sulfate (20 g). The sodium sulfate was filtered off and
wached with | PAec (20 ml ) The ecnlvvent wae remonved in \vaciin
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to afford 5.75 g of intermediate (1c) as a light yellow oil (99.7% vyield, 71%
purity by -50- WO 2008/103426PCD1JS2008/002321 HPLC).
2,2-Diphenyl-2-(S)-pyrrolidin-3-ylacetamide: A 200 mL flask with a
Wehagfiafiésatir bar and a nitrogen inlet was charged with interégitsan(sa)i23z1
(2.51 g) and 80% H2S04 (19.2 mL; pre-prepared with 16 mL of 96%
H2S04 and 3.2 mL of H20). The mixture was then 5 heated at 90 C for 24

abolOs0 sier tiRbbinestaningdnetasal as consmed-aaisleioaied DyIMPLE Tess
The mixture was allowed to cool to ambient temperature and then poured

thengitaiee (SppROAIEAENSEME BEr IR iR S8y Sabblidlaeesg peclable

bliseehionnas.added slondietoths-mbdure with alsing Lyehandasball bptile
the pH was about 12. DCM %go ngﬁJ\%(as added and mixed with the

invegtiga HEE Wkt SR AEMIER GhibesBiiT anrte Frstprhisiis @@ and was
filtered@tficTe filiatewas collgsted angddhaJayers Wers isenaiaied ifihe:ied

agueous layer was extracted with DCM (100 mL) and the organic layers,
G RN S BT TR U %”Lﬂ‘%?ﬂér%‘aﬁfﬁé’% milled
lactudtate: ws filteretbadbandwashtech wthaEXedifiOmDI dheiselveativasing

remoyed in vacuo to give the crude product as a light yellow foamy solid
betE 9991, 4oy iAB) By PERS S PhE U BRLRE: Y88 dissolved in

EtOk ilBamaly) withistiring dedhissobitian was-aidded@ wasnrsalutitnefized 8,

L-tartaric acid (1.8 ) in £tOH (14 mL) and resulting mixtur stirred
S L P A L I B At ARy m e
mixtorgivehan oHdeh e s ol (chiaBiRig e 08 mprelity b Bk GlcMi@Gid §hboml)

was.added tq this solid and the r ing sl was stirred at 70C .
s R B B L S e R T e Lhfiienon per
dosdeifiperatteatantchethitesaid ¢d2i6igleradisipgrtp By HPLC) was

obtained after filtration, To this solid was,added EtO cqg%mL) and 1 N
aqueous NaOH (%enﬁj)?%r?gm‘igfﬁfgnv{/ggj ’Eﬁfg?ﬂ?ﬁ;ﬁ two distinct layers
fordeeientizié senwiayersiiler ensepacatd an dstisprysmbuss | sylstinmprepared

by d%’égﬁ%ﬁq@%fﬁg@é 20 Bl Lhg g %@J?Z@M%fwmgﬁg%%emion is

ried over sodium sulfate (10 g). The sodium sulfate 25 was remove
spray; et And Beih B iERE A VA S EVa B SREEEHEC SOUPRS BB EP BB 6 PgTECles

havifitl® aemPentas RE.afawhiss kopsyRolith{S8%¥igidY compiRldeARalysis

was conducted using an Inertsil OCD-2 C18 column. Detection was by

loadpdpg S B P S BRI R R RSB P abd SRR DY REPGRARSAE fEiRFRRM!

suffipeicRntasadyy.yelume)i AoMes /soatay TF AhéAODbdddaTdR invention per
p MeOH/water/TFA 30 (95/5/0.1). Using a flow rate of 1.0 mL/min of O to
0561‘6%%?0 BTHRSETES b MTUERS, this compound was determined to have a

putititeeh 9% sWERRAINBLLABARHE G BIYS 20060232 Ry eparalion 2.5 wt%
. .2-1(S);143-Phenoxypronyfrnyrrolidin-3-yll-2, 2-diphenylacetamid 0a
e A S0 D DM ah B e By BRI S e SR .15
nvestmslmirepared patidserbediirPrepatatiotd) Bhdm in a colloidal solution
0 .llinAC mL) and . .
o o 4 e ol Tre el T R V) B Kperaties
watep\fiehosenfigfionhe sprar ioiedeni cbe keguio reom erabsratgrerarr (o particles

havig@ReROHAE, S08 e was.chremalographed of, reyerss Aiase HELE
(gradient elution, 10-50% ACN/H20) to afford 49.0 mg (92% purity) of the

presyiizedmpdntrBeuryesis a

Exemplary Composition For Use In A Nebulizer Inhaler
A compound of the invention (25 mg) is dissolved in citrate buffered (pH 35)
isotonic saline (125 ml). The mixture is stirred and sonicated until the compound is

dissolved. The pH of the solution is checked and adjusted, if necessary, to pH 5 by slowly

-40-
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10 trifluoroacetate salt. MS m/z: [M + Ht] calcd for C27H30N202, 415.23;
found 415.2. EXAMPLE 1 (S)-3-(Carbarnoyldiphenylmethyl)- |
-methy1-1-(3-phenoxypropyl pyrrolidinium Into a vial was added
WoA®F19¢82phenoxypropyppyrrolidin-3-y11-2,2- 15 diphenyla@€taintigess/ 602321
(79mg, 0.1.5mmol; prepared as described in Preparation 2) in DMA (I mL)
and methyl iodide (0.093 mL, 1.5 mmol) and the mixture was stirred for
addiﬁ@mq:&@lﬁﬂ&mﬂ[hﬁﬁ@dmgimmMMGdﬁadm&mmmpﬂ’atgjﬁma)ﬂdizer

B T T L el L e

dosditle compound (36% yield) as a TFA salt. MS ,n/z: 20 calcd for

C281-133 29. |\/|HZ) 5
(ppm): 2.2 Iéz fr %5%50 ‘m aé’éa%f—}ass %@84 m‘s r@%"? (2H, m),
3.58 @me@dgﬁ (hb iy 406 (291 2}) sBroB- 42kt 5);16:9 (4#) ghprir. 28 gibkium
a
sesffl (18 0 LS RO R o B s composiion g hen oadet g o
gelafy grsedtsdd0R PecparatimediiomeorE{80ial) and then formaldehyde (2
mL, 30% in watef, 24,6, el with,5teing,Ihe solian was then purged

with nltrogen and then with hydrogen. The mixture was stirred overnight

unddEHYHRSHBE BRI FECIHE 4R 6 TRBre SUFReRIIPICpRIGIBFEdfd mg of

comBONEeptRIacHN YpshdiNgshtaken up in H20/ACN (1:1 mixture, Ig
SO|ICU20 mL solvent mlxture) The mixture 10 was stirred overnight at

he.mi o was filtered dHGTHBH 3 nx-n_n
to aff (ﬁ“?pf"g'ﬂ @?ﬂ%"@BH?ﬁ’ound as an off-white!i#y solid (96.4%

yield). +calcd for CI9H22N20, 294.39; fbarfd 295.0. 11-1 NMR
(CDC j (ppm) 1.73 (1H, 5), 1.97 (2H? 227 (3H, 5), 2.42
(1H ﬁf 2.67 (1M, 1), 2.75 (1H, m), 3.4 1%, m), 5.63 (LH, br

41 (2H, m). 15EXAMPLE 2
(5) 3- al 3[& Mi/aﬁs) g\g%l ethyl) -1-methyl-1-(3- ph?ggéjglfanylpropyl)pyrro

I|d|n|u
2-((. S):]la ﬁﬁ Nrr ggh 3 yl Euc'iﬂp#é%aﬁf cetawgaé;(ﬂo mg, 1.0

mmol,:}gﬂggﬁggd as described in Preparation 3) in 0 mL) and 3- 20

chloropiapydgulfapylbenzene (200 mg, 1.0 mmol). %gd%r@dg%e (30 mg,
0.2 mmol) was added to the mixture. The mixture was degassed under

nitrogen and then was heated to 90 C overnlﬁz@t The mixture was then

concertr B LN RS SGrApHEH Bhi i d Rwiprasia Pl drgedaient
e|UH@ﬂn,prn'§Q%t%W%@ﬂt@OaﬁgIds4ﬁeQdB@ 9220 puntdphihecttlge buffer

und.as TFﬁ ‘é (z. [M+ calcd for C28H33N20S: 445.23;
solu VARG 5 PRGBS SRS S L8 ()20
aqueQlis] hyml)g&h?&u(c%b[gi&)r 2. BN(Mﬁshs&&ﬁl(ﬁthﬁ}ﬂﬁzae(hH nBEksSady (A thdn
3.5 3.89.(2H, m %34 Sé'] (% 3 (1H,.d) 5.94
fl
su ﬁ?}ﬁgﬁ (é?_'ectl%n?% ?f&&l? W totglovglume) 0? 2% n& T?le mixture is
then ﬁ@@gﬂd@@n@g}@@m@@z@b@/mzzmlﬁmpammmmde a sterile solution suitable for
administration by injection.
UTILITY
Compounds of the invention possess muscarinic receptor antagonist activity, and in
one embodiment, at nanomolar potencies. In one embodiment, compounds of the
invention are selective for inhibition of M; muscarinic receptor subtype activity over M
muscarinic receptor subtype activity, In another embodiment, compounds of the invention
are selective for inhibition of M; and M, muscarinic receptor subtype activity over M,;, My,

and Ms muscarinic receptor subtype activity. Additionally, compounds of the invention
41
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IS)-1-(3-Bromoprony1)-3-(carbamoyldiphenylmethyl)-1-methylpyrrolidiniu
m Bromide To a round-bottom flask was dissolved
2,2-dipheny1-2-(S)-pyrrolidin-3-ylacetamide 5 (2.8 g, 10 mmol; prepared
WESHSSH b in Preparation 1) and | ,3-dibromopropane (6.8 F§L/Bwe08/002321
mmol) in DMA (30 mL) The mixture was stirred and placed in an oil bath
at 80 C for 2 hours. The mixture was cooled to room temperature and
are gtpgiethierieoosmlievistde dethiithodtiting:. IAnvediate! o im aticth ofsypditéc
embBEIBHR IR OerMTESh &Qﬁr@:%ﬁ"ﬁ ol %ﬂﬁ&gﬁ%ﬁ{g'@ Qhr&g]c)ell\g?ltetéog Fgater
precipitate was filtered and dried in a Vacuum dessicator to 10 afford 6.6 g

thanghpd gt esrhpiiiierastasapire welie it drey 9B5) Sy zx [Mtjecaie g doress

redt@&?kﬂ@@éﬁé&g%cﬂ]a@- ; MQ?%&%@'&MJ&Q%@% Q’&QEMH&)eé b%l-l
mhaiggm): 1.86 (31-1, s), 2.20 (2H, m), 2.40 (1H, m), 2.73 (1H, m), 2.78 (1H,

YA fOP BT R BRI, TRTF PAOSSTRROS'S BhIiTEs I hedhy

inhafe82n(lddclnas)iotcadiAiH, m). Eil(pf\lMPle’E (35) i )

15(8)-3-(Carb Idiphenylmethvfl-I -43-(3,5-difluorophenoxy )

prcg(?i\%/i A fi?%r ﬁ%% yerr!* ﬁ&‘ﬁ? & compaund S5t dtedit RISk Wg%ﬂbféée
inhi{Bjet-{BdomntiopropyigsB (K} for binding to the recepgor. Comp;ugds of t2h€2:
- Idiph methyl)-1-methylpyrrolidinium bromide mg, 2.
e R R L T ST AT R OO FB e 100
nM, gsixieireinedadded Sipidiflyerophenol (%BIig.gichﬁspmﬁz)aéﬁiI@wejfi by )

i . al), which stirred vigorously.
o e e S e A PRI 0l ana
in angdhrernrdimsnt bie omatomdphed orivdves SesphaseuaiRb Cghdietin yet
anotﬁéyg%oh%?{%w&%%@ afford, ?@Qé@‘&%ﬁ%‘ﬁﬁ%g@ d? ]Iiétrtqﬁipt@ompounds

compound (6% 25 yield) as a TFA salt. MS m/z:
of even 81952 paNicdor WAT ol inelig: thets: 2avingm K (eB ¥R, GUBMHE2) B0 pM, and

in ankRPER kbt ShetedRfeh ® hdB 7 ([@Hes%)t}%ﬁgr(égﬂraﬂo W@pM It is noted
2008/103426PCT/US2008/002321 3.25 (31-1, s), 3.53 (11-1, t), 3.67 (2H,

that if) SoTeCesER. SOMPEYTERPILieABIEREPN 125 BRFtaNs RiemesaRnifieEBer

antagdiistdi-tRiepalatiothz 4s43-Beagepsepyvisuliannlyd sedifluorobenzeng 5
Toa roun -botto 1.flask was aﬁlge 3,5-difluorobenzenethiol (4.9 g, 33.8

Comprﬁ%igﬁ in Ve(g Iﬂﬁssr?é%%oﬁ?%%panol (4.7 g, 34.0 mmol) and
potsissiofiprarbimaite (Gt gredbommothpeneiaddethsanding Fidremas: cqual

o 10§tE%EQF%@&&@B&&?&@HQ%%@QQ %E%i;rﬁgﬂy those compounds having an [Ds,
of less than or equal to 30 pg/mL at 24 hours post dosing.

Exemplary assays to determine properties of compounds of the invention, such as
the muscarinic receptor antagonizing activity, are described in the Examples and include
by way of illustration and not limitation, assays that measure hM;, hM,, hM3, hM,, and
hM;s muscarinic receptor binding (for example, as described in Assay 1). Useful functional
assays to determine the muscarinic receptor antagonizing activity of compounds of the
invention include by way of illustration and not limitation, assays that measure ligand-
mediated changes in intracellular cyclic adenosine monophosphate (cAMP), Hgand-
mediated changes in activity of the enzyme adenylyl cyclase (which synthesizes cAMP),
ligand-mediated changes in incorporation of guanosine 5%-0O-(y-thio)triphosphate
([**S]GTPyS) into isolated membranes via receptor catalyzed exchange of [**S]JGTPYS for
GDP, ligand-mediated changes in free intracellular calcium jons (measured, for example,

with a fluorescence-linked imaging plate reader or FLIPR® from Molecular Devices, Inc.),
42
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mixture was then filtered through a pad of Celite(r) and the solvent was

removed under 10 reduced pressure. The crude material was then

dissolved in anhydrous DCM (100 mL). Triphenylphosphine dibromide (25
Wg, BRHHEH was added to the mixture, which was then stirre8dorEHosS 2321

The solvent was removed under reduced pressure. The residue was

suspended in EtOAc (200 mL), stirred for 1 hour, and filtered to remove

and Shdi ke T T diliateywesa Gontenisatataind aksed uceThpipsstde o BN aikkdeton are
in ;(3]8% Etg)Ac/hexangs %;200 5 mlg), and filtered thraugh a pad of CeIitc—A
P ERE MR GET S SOMHITH WS HENESRE R TS rati &y any ot te
assayrdsstdiatoafforditheytide companndiibeSag)t EXAMRIZH beIRed in these studies
-3-(Carbamoyldiphenylmethyl)-1- .
T - o0 wemes T i cagmontioned
assayapip ey 2eSppyingidioBeyiacetamide {36 gri@ S mthohpreparkbiing
acti@%éjS?EHHl d.infrenaration, 1) in DMA (33 mL) was combined with DIPEA
(3:

mL, 20 mmol), followed by the addition o f

1-(32Brormeprpgistirariilfiss Bintuarebsl &by 3189108 dambrolemonstrated
usinBrERMEY RS describerin Srengtalion. BloTRe S euuas shried.for #4;

hours 25 at room temperature. Methyl iodide (3.1 mL, 50 mmol) was .
exarifet! & e e RTSALTS WASSRABEIACT 'CIICDEIE PRERHRtne Wag animal

modbleRQORCenRtFAtRELIReYasYE:] T e tasultiRe, RIQEIGEH WRS R-mbilEg 9L8mpound is
dias ereomersbﬁt the quatemary amine center. The -55- diasteregmers

evalifire CLihPRSH ByAE BB RSB B LN K e S CHNTRI P ssure
as a S0 SAE M 2O Ui rhA Y dsosatic asititovais minutesntolaffordfigers

: the title ound as a Tg@ &IE&JIXS /z:réM+ lcd for .-
ol SISt TEASHMS B L) B 55
wellproéeshyrésidestdbetinthe prEidus exampbds landesethbtitliting tthecompound
of tﬁ%RB{}%R{@e sfariing mptetials ang 5@6%%?%1 &%??Pawxstéélé? @ﬁ%%i exhibits

aving the tollowing formula were also prepared as salts: ,
greater than or equal to 35% inhibition of the bronchoconstrictor response at 24 hours, and
in another embodiment exhibits greater than or equal to 70 % inhibition at 24 hours.
Another useful in vivo assay is the rat antisialagogue assay (for example, as described in
Assay 4).

The quaternary compounds of the invention also provide surprising advantages

over the corresponding non-quaternary compounds, as manifested, for example, in

improved in vitro potency or improved in vivo potency at 24 hours post-dosing. For

example, both enantiomers of the non-quaternary compound:

exhibit a hMj K value of 1.5 and 2.9 nM (measured at 6 hours), respectively, while
quaternary compounds of the invention, such as (8)-3-(carbamoyidiphenyimethyl)-1-
methyl-1-{3-phenylsuifanylpropyl)pyrrolidinium (Example 2) and (R)-3-
{carbamoyldiphenylmethyl)-1-methyl-1-(3-phenylsulfanylpropyl)pyrrolidinium (Example
5-11): '

_43.
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10 (5-1) (5-1)3-(carbamo yld iphenylmethyl)-1 -methyl- | -phenethylpyrro d
ilium. MS m/z: calcd for C2714311\120, 399.24; found 399.0.
(5-2)3-(carbamoyldiphenylmethyl)-1-methy1-1 -(3-phenyl propyl)pyrrolid
WihEWH 1 M84m/z: [M+] calcd for C28H33N20, 413.26; found 48 0US2068/002321
(5-3)3-(carbarnoyldiphenylmethyl)- | -methyl -1-(6-phenylhexyl)pyrrolidini
um. MS 15 m/z: [M4l calcd for C31H39N20, 455.31; found 455.4. (5-4)3
Hamoy/ld iphenylmeth y1)- | - methylp) Madidin-1 -y1 kpropionic
nyl estesy'MS in/z; §M+] calcd for CHIT;[\IZ@ W@d

nnnnnn

N

3-5)2H(%)=4-(2-benzyloxyeth eth oligt=3-Y1]-2,24iphenyl
mide. M 3 [WI calcd for C281-133N20Z, 42 3 found 429.2. 20
(5-6)N- {2-](S)-3-(carbamoyldiphenydrethyl)-1-meéthylpyrrolidin- | - yllethyl}

exniBEAAMIGE - Moo Bl [MAL cajad for @%ﬁﬂﬁ@&\'ﬁ%&ﬁ%&?& found 442.2.
-56- WO2(108/103426PCT/US2008/002321 (5-7)2-|(S)- 1 -methyl- 1
-(4‘priepghndraibyrivlienticon yig-ipediphényauetiithidehwentio fRmpts for

treatGRIGH O G 20RAaNA04414128 bIPHRA 44 hie teefibrNZaic agid exFected that
. 2-[(S)-3-(carbamo yldiphenylmethyl)-1-methylpyrrolidin-1- yllethyl ester.
Patiqis TG foel feicess o RS Uasis Seriehaysigcking the muscarinic

recefrOYdR b3 {earhamoyddiphenyimativb-l-mathyl-dsid-pheayhuty ppywalidhrinic
nium. MS m/z: {%ﬁg calcd for C29H35N20, 427.28; found 427.2.

R B (PR3 T ar BBy RSP ny R RS BBy 1S e AR Byl ox amele:
puln¥srglitlinitders MS éasdMtctadbaef dide? 8332 A2 H429%:28b fouday

obstf‘&% 1'0211', such as chronic obstructive pulmonary disease (e.g., chronic and wheezy
bronchitis and emphysema), asthma, pulmonary fibrosis, allergic rhinitis, rhinorrhea, and
the like. Other medical conditions that can be treated with muscarinic receptor antagonists
are genitourinary tract disorders, such as overactive bladder or detrusor hyperactivity and
their symptoms; gastrointestinal tract disorders, such as irritable bowel syndrome,
diverticular disease, achalasia, gastrointestinal hypermotility disorders and diarrhea;
cardiac arrhythmias, such as sinus bradycardia; Parkinson's disease; cognitive disorders,
such as Alzheimer's disease; dismenorrhea; and the Hke.

The amount of active agent administered per dose or the total amount administered
per day may be predeterrined or it may be determined on an individual patient basis by
taking into consideration numerous factors, including the nature and severity of the
patient's condition, the condition being treated, the age, weight, and general health of the
patient, the tolerance of the patient to the active agent, the route of administration,
pharmacological considerations such as the activity, efficacy, pharmacokinetics and
toxicology profiles of the active agent and any secondary agents being administered, and
the like. Treatment of a patient suffering from a disease or medical condition (such as
COPD) can begin with a predetermined dosage or a dosage determined by the treating
physician, and will continue for a period of time necessary to prevent, ameliorate, suppress,
or alleviate the symptoms of the disease or medical condition. Patients undergoing such
treatment will typically be monitored on a routine basis to determine the effectiveness of

therapy. For example, in treating COPD, significant improvement in forced expiratory

A
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(5-11)(R)-3-(carbamoyldiphenylmethyl)-1-methy1-1-(3-phenylsulfanylprop
yl) 10 pyrrolidinium. MS m/z: [Mt] calcd for C2g1-133N20S, 445.23; found
445.2. (5-12)(R)-1-(2-benzoyloxyethy1)-3-(carbamoyldiphenylmethyl)-1-
Wehattiiigyeelidinium. MS m/z: [Mt] calcd for C281-131N203, 443/28240%(h321
443.2. (5-13)(S)-3-(carbamoyldiphenylmethyl)- 1 -m ethyl-
1-(4-oxo-4-phenylbutyl) PYrrolidinium. MS in/z: [Mt] calcd for
volhBRAHB3N2AP e ie 26¢dodint A 15 to determine the effectiveness of treatment.

. (5-14)4S):3- Idiphenyl D-1-methyl-1-(5- Ipentyl
oG T
thos(sliEEk3kcarbambyidishdily mmetlaple ©-thethyhind 243sphienyContinuous

T T

admifisheRgI Bthigiven oe metigibyrsriittng Nsdeiamniveicaled dor duration of

treatr@BHSANS0% rAZ R RIAOMIS:AG A cccondary agents are also being administered,
(5-17)(S)-1-benzyloxycarbonylmethy1-3-(carbamoyldiphenylmethyl)-1-
as eie AARGALIAFAGR RISIHAOVRE Eeepiomep slss et P adivanneat. idn Hais

wayAdh3d.@eatment regimen and dosing schedule can be adjusted over the course of therapy

5-18)2-((S)-1-{4-[(E)-methoxyimino]-4-phenylbuty1)-1-methylpyrrolidin-3-
50 ﬂﬁ(?i)t]f‘f,)é-‘%‘?ﬁzrﬁw SHE, WIS R RiSICAT6rese FHENSess 1

admhlQe28] fodN AR 213D Al S)2ri(S)r ik cdﬂt{ﬁ@t?@tﬂ?y%@x?lng a? is necessdary to
iminpJ-4-phenylbutyll -1 -methylpyrra lidin-3- y1)-2,2- diphenylacetamide.
Succ%/%@ﬂmg]z?rﬁ%ﬁ%cea (W%? E’fé@@ﬁ@%&ﬁ%ﬂ%sx found 546.4.

(5-20y2:{{&8]3 S bimethyddin(&:phemdsutfanylptepiyl ppysrolidinsdyl fe2, 2-
treatg{%%g%g%%%}g ’s:glz/lé §ins)_/irir1:e\[[|}\‘|/la)%1?féxllcsgi};% u%%?g %%Va%g%hé %"Lsélzr%;ogoiggzgon
animgB-phengesfsatd ptopy Bpgyeolidih-8ust]d2sadediphelnytadatamjde. MS
1llusﬂy§or£W&§!&g/£q;lgg1%H%ﬁ%%%o’t%ﬁ}éxgt%n{ %‘tgtlﬂ?/ %Ir)yzdis ase )a/ﬂ% Lijniti%b_le bowel

(5-22)(FS)-3-(carbamoyIdiphen Imethyl)-1 -1 =(4-phen
syndrome. Typically, suitable doses for treating smooth muscle disorders or other

disorders mediated by muscarinic receptors will range from about 0.14 pg/kg/day to about
7 mg/kg/day of active agent; inctuding from about 0.15 pg/kg/day to about 5 mg/ke/day.
For an average 70 kg human, this would amount to about 10 pg per day to about 500 mg
per day of active agent.

In a specific embodiment, compounds of the invention are useful for treating
pulmonary or respiratory disorders, such as COPD or asthma, in mammals including
humans, by administering to a patient a therapeutically effective amount of the compound.
Generally, the dose for treating a pulmonary disorder will range from about 10-1500
ug/day. The term "COPD" is understood by those of ordinary skill in the art to include a
variety of respiratory conditions, including chronic obstructive bronchitis and emphysema,
as exemplified by the teachings of Barnes (2000) V. Engl. J. Med. 343:269-78, and
references cited therein. When used to treat a pulmonary disorder, compounds of the
invention are opticnally administered in combination with other therapeutic agents such as
a Pz-adrenoreceptor agonist; a corticosteroid, a non-steroidal anti-inflammatery agent, or
combinations thereof,

When administered by inhalation, compounds of the invention typically have the

effect of producing bronchodilation. Accordingly, in another of its method aspects, the
w5
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ynyppyrrolidinium. MS m/z: [Mt] calcd for C29H3 | N20, 423.24; found
423.2. (5-23)(S)-3-(carbamo yldiphenylmethyl)- 1 -methyl- 1
-VE)-4-phenyl-but-3 - -57- enyppyrrolidinium. MS m/z: [M+] calcd for
WE201938N20, 425.26; found 425.2. PCT/US2608/002321
(5-24)(S)-3-(carbamoyldiphenylmethyl)-1-methyl-1-(2-phenoxyiminoethyl)
PYrrolidinium. MS in/z: [M1 calcd for C271-130N302, 429.23; found 428.2.
invefBionh)§ F)r8c(edtbamoyldiphd pytnietmg)btenviethjik 43 ixpahetigalistomprising

: 2Yrolidini .m/z;_[M+].cal r C281-133N2 ,
e R Y AR R S B e
invepiie previclly eleripiescatcebybdiitating dhecdppropliste staxingodilation will

rangD@iRHASHANHIe388MSGeMPouNnds 6-1 to 6-30, haying the following
formula were also prepared as TFA salts: NH, 10 Ex. Q R6 6-1 -(CH2)2-
6_211}(@14%_@11}35 jment, compounds of the invention are used to treat overactive

bladder. When used to treat overactive bladder, a typical dose will range from about 1.0-
500 mg/day. In yet another embodiment, compounds of the invention are used to treat
irritable bowel syndrome. When used to treat irritable bowel syndrome, compounds of the
invention will typically be administered orally or rectally, and a typical dose will range
from about 1.0-500 mg/day.

Since compounds of this invention possess muscarinic receptor antagonist activity,
such compounds are also useful as research tools for investigating or studying biological
systems or samples having muscarinic receptors. Any suitable biological system or sample
having My, My, M3, My and/or Ms muscarinic receptors may be employed in such studies
which may be conducted either in vitro or in vivo. Representative biological systems or
samples suitable for such studies include, but are not limited to, cells, cellular extracts,
plasma membranes, tissue samples, isolated organs, mammals (such as mice, rats, guinea
pigs, rabbits, dogs, pigs, humans, and so forth), and the like, with mammals being of
particular interest. In one particular embodiment of the invention a muscarinic receptor in
a manmal is antagonized by administering a muscarinic receptor-antagonizing amount of a
compound of the invention. Compounds of the invention can also be used as research tools
by conducting biological assays using such compounds.

When used as a research tool, a biological system or sample comprising a
muscarinic receptor is typically contacted with a muscarinic receptor-antagonizing amount
of a compound of the invention. After the biological systern or sample is exposed to the
compound, the effects of antagonizing the muscarinic receptor are determined using
conventional procedures and equipment, such as by measuring binding in a rédioligand
binding assays or ligand-mediated changes in a functional assay or by determining the
amount of bronchoprotection provided by the compound in a broncheprotection assay in a
mammal, Exposure encompasses contacting cells or tissue with the compound,
administering the compound to a marnmal, for example by i.p. or i.v. administration, and
so forth. This determining step may comprise measuring a response, i.e., a quantitative

analysis or may comprise an observation, i.e., a qualitative analysis. Measuring a response
46-
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-(CH2)2- -OH 6-4 -(CH2)2-0C(0)- -0CF3 6-5 -(CH2)2-NHC(0)- -OCH3 6-6
-(CH2)2-0C(0)- -N(CH3)2 6-7 -(CH2)2-0C(0)- -OCH3 6-8 -(CH2)4- -OCH3
6-9 -(CH2)3-0- -CH3 6-10 -(CI-12)3-0- -C(0)0CH3

WO 2008/103426 PCT/US2008/602321

involves, for example, determining the effects of the compound on the biolégic&l system or
sample using conventional procedures and equipment, such as radioligand binding assays
and measuring ligand-mediated changes in functional assays. The assay results can be
used to determine the activity level as well as the amount of compound necessary to
achieve the desired result, i.e., a muscarinic-antagonizing amount. Typically, the
determining step will involve determining the muscarinic receptor ligand-mediated effects.

Additionally, compounds of the invention can be used as research tools for
evaluating other chemical compounds, and thus are also useful in screening assays to
discover, for example, new compounds having muscarinic receptor binding activity. In
this manner, a compound of the invention is used as a standard in an assay to allow
comparison of the results obtained with a test compound and with compounds of the
invention to identify those test compounds that have about equal or superior binding, if
any. For example, muscarinic receptor binding data {as determined, for example, by in
vitro radioligand displacement assays) for a test compound or a group of test compounds is
compared to the muscarinic receptor binding data for a compound of the invention to
identify those test compounds that have the desired properties, e.g., test compounds having
binding about equal or superior to a compound of the invention, if any. Alternatively, for
example, bronchoprotective effects can be determined for test compounds and a compound
of the invention in a bronchoprotection assay in a mammal and this data compared to
identify test compounds providing about egual or superior bronchoprotective effects. This
aspect of the invention includes, as separate embodiments, both the generation of
comparison data (using the appropriate assays) and the analysis of the test data to identify
test compounds of interest. Thus, a test compound can be evaluating in a biological assay,
by a method comprising the steps of: (a) conducting a biological assay with a test
compound to provide a first assay value; (b) conducting the biological assay with a
compound of the invention to provide a second assay value; wherein step (a) is conducted
cither before, after or concurrently with step (b); and (c) comparing the first assay value
from step (2} with the second assay value from step {b). Exemplary biological assays
include muscarinic receptor binding assays.

EXAMPLES

The following Preparations and Examples are provided to illustrate specific

embodiments of the invention. These specific embodiments, however, are not intended to

limit the scope of the invention in any way unless specifically indicated.
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6-11 -CH2-CH(OH)-CH2-0- F 6-12 -(CH2)3-0- -OH 6-13 - CH2 3-0- -Cl
6-14 -(CH2)3-S- -Br 6-15 -(CH2)3-S- -Cl 6-16 -(CH2)3-S- -OCH3 6-17
-(CH2)3-C(0)- -Br 6-18 -(CH2)3-0-

WO 20608/103426

PCT/USZ608/062321

The following abbreviations have the following meanings unless otherwise

indicated and any other abbreviations used herein and not defined have their standard

meaning:
AC
ACN
BSA
cAMP
CHO
chMs
DCM
DIPEA
dPBS
DMA
EDTA
EtOAc
EtOH
FBS
FLIPR
HBSS
HEPES
hM,
hM»
hMs
hM,
hMs
IPAc
MCh
MeGCH
MTBE
TFA
TFA salt
THF

adenylyl cyclase

acetonitrile

bovine serum albumin

3'-5" cyclic adenosine menophosphate
Chinese hamster ovary

cloned chimpanzee M; receptor
dichloromethane (i.e., methylene chloride)
N, N-diisopropylethylamine
Dulbecco's phosphate buffered saline
N N-dimethylacetamide
ethylenediamine tetraacetic acid
ethyl acetate

ethanol

fetal bovine serum

fluorometric imaging plate reader
Hank's Buffered Salt Solution
4-(2-hydroxyethyl}-1-piperazineethanesulfonic acid
cloned human M, receptor

cloned human M, receptor

cloned human M; receptor

cloned human M, receptor

cloned human M; receptor

isopropy! acetate

methylcholine

methanol

methyl #-butyl ether

trifluoroacetic acid

triflucroacetate salt

tetrahydrofuran

Any other abbreviations used herein but not defined have their standard, generally

48



10

15

20

25

30

6-19 -(CH2)3-0- -OCH3 6-20 -(CH2)3-C(0)- -F 6-21 -(CH2)3-C(0)- -OH
6-22 -(CH2)3-C(0)- -OCH3 6-23 -(CH2)3-C(0)- -CH3 6-24 -(CH2)3-S-

-NHC(0)CH3 -S-CH3 6-25 -(CH2)3-S-
WO 2008/103426 POT/USZO08/002321

accepted meaning. Unless noted otherwise, all materials, such as reagents, starting
materials and solvents, were purchased from commercial suppliers {such as Sigma-Aldrich,
Fluka Riedel-de Hagén, and the like) and were used without further purification. Reactions
were run under nitrogen afimosphere, unless noted otherwise. Progress of reaction mixtures
was monitored by thin layer chromatography (TLC), analytical high performance liquid
chromatography (anal. HPLC), and mass spectrometry, the details of which are given
below and separately in specific examples of reactions. Reaction mixtures were worked up
as described specifically in each reaction; comumonty they were purified by extraction and
other purification methods such as temperature-, and solvent-dependent crystallization, and
precipitation. In addition, reaction mixtures were routinely purified by preparative HPLC,
Preparation 1

2.2-Diphenyl-2-(S)}-pyrrolidin-3-viacetamide

{(S)-1-Benzyl-3-(p-toluenesulfonyloxy)pyrrolidine (1a): To a stirred solution of (S)-
1-benzyl-3-pyrrolidinol (44.3 g, 0.25 mol) and 1,4-dtazabicycio[2.2.2Joctane (33.7 g, 0.3
mol) in 250 mL of MTBE under nitrogen at 0°C, was added p-toluenesulfonyl chloride
(52.4 g, 0.275 mol) portion-wise over 20 minutes. The mixture was stirred at 0 °C for 1
hour. The ice bath was removed and the mixture was stirred at ambient temperature
overnight (205 hours). EtOAc (100 mL) was added, followed by saturated agueous
sodium bicarbonate solution (250 mL). The resulting mixture was stirred at ambient
temperature for 1 hour. The layers were separated and the organic layer was washed with
saturated agueous sodium bicarbonate solution (250 mL); saturated aqueous NH,Cl
solution (250 mL); saturated aquecus NaCl solution (250 mL); and then dried over sodium
sulfate (80 g). The sodium sulfate was filtered off and washed with EtOAc (20 mL) and
the solvent was removed in vacuo to give 78.2 g of intermediate (1a) as an off-white solid
(94% yield). HPLC analysis was conducted using a YMC ODSA C18 4.6 x 50 mm
column, having a 5.0 micron particle size. Detection was by UV absorbance at 220 nm.
‘The mobile phases employed were as follows (percentage by volume): A:
MeOH/water/TFA (10/90/0.1; and B: MeOH/water/TFA (50/10/0.1). Using a flow rate of

4.0 mL/min of 0 to 100% B in A over 5 minutes, this intermediate was determined to have
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6-26 -(CH2)3-S- -F 6-27 -(CH2)3-S- -CH3 WO

2008/103426PCTRJS2008/002321 Ex. Q R6 6-28 -(CH2)3-0- -S-CH3

6-29 -(CH2)3-C(0)- -Cl 6-30 -(CH2)3-S- -OH (6-1)3-(carbamo
wWoldipkeddmethyl)- 1-methyl- 1- [2-(4-nitrophenyl)ethyl] pyrrolidimiustoddSo2321

m/z: [Mt] calcd for C27H30N303, 444.23; found 444.0.

a purity of 95%.

(5)-1-Benzyl-3-(1-cyano-1,1-diphenylmethyl)-pyrrolidine (Ib): To a stirred
solution of diphenylacetonitrile (12.18 g, 61.8 mmel) in anhydrous THF (120 mL) at 0°C,
potassium fert-butoxide (10.60 g, 94.6 mmol) was added over 5 min. The mixture was
stirred at § °C for | hour. To the mixture at 0 °C was added intermediate (1a) (20.48 g,
61.3 mmol) in one portion. The cold bath was removed and the mixture was stirred for
5-10 minutes at which time the mixture had become a brown homogeneous solution. The
mixture was then heated at 40 °C overnight (2045 hours). The mixture (bright yellow
suspension} was allowed to cool to ambient temperature before adding water (150 mL).
Most of the THF was then removed in vacuo and [PAc (200 mL) was added. The layers
were separated and the organic layer was washed with saturated aqueous NHCl solution
(150 mL); saturated aqueous WaCl solution (150 mL); and then dried over sodium suifate
(50 g). The sodium sulfate was filtered off and washed with IPAc (20 mL) and the solvent
was removed i1 vacuo to give 23.88 g of intermediate (1b) as a light brown oil (>99%
yield). Intermediate (1b) was determined to have a purity of 75% (contaminated mainly
with excess diphenylacetonitrile) using the HPLC method described above.

(5)-3-(1-Cyano-1,1 -diphenylmethyl)pyrrolidine (1c): Intermediate (1b) was
dissolved in IPAc (approximately 1 g/10 mL}) and the solution was mixed with an equal
volume of IN aqueous HCl. The resulting layers were separated and the aqueous layer
was extracted with an equal volume of IPAc. The organic layers were combined, dried
over sodium sulfate and filtered. The solvent was removed in vacuo to afford (8)-1-
benzyl-3-(1-cyano-1,1-diphenylmethyl)pysrolidine hydrochloride as a light yeliow foamy
solid. To a stirred solution of (8)-1-benzyl-3-(1-cyano-1,1-diphenylmethyl)pyrrolidine
hydrochloride (8.55 g, 21.98 mmol) in MeOH (44 m1) was added palladium on carbon
(1.71 g) and ammonium formate (6.93 g, 109.9 mmel). The mixture was heated to 50 °C
with stirring for 3 hours. The mixture was cooled to ambient temperature and water (20
mL) was added. The resulting mixture was filtered through a pad of Celite®, washing with
MeOH (20 mL). The filirate was collected and most of the MeOH was removed in vacuo.
The residue was mixed with IPAc (100 mL) and 10% agueous sodium carbonate (50 mL).
The resulting layers were separated and the agueous layer was extracted with IPAc (50
mL). The organic layers were combined and dried over sodiam sulfate (20 g). The sodium
sulfate was filtered off and washed with IPAc (20 mL). The solvent was removed in vacuo

to afford 5.75 g of intermediate {1c} as a light yellow oil (99.7% vyield, 71% purity by
=50 '
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(6-2)3-(carbamoyldiphenylmethyl)-143-(4-fluorophenoxy)propyl1]-1- 5
methylpyrrolidinium. MS m/z: [Mt] calcd for C28H32FN202, 447.24; found
447.0. lI-l NMR (CDCI3, 300 MHz) 5 (ppm): 2.20 (3H, m), 2.73 (4H, d),
WD.9@¢kb4ma), 3.35 (5H, s), 3.53 (1I-1, 0, 3.68 (2H, t) 4.29 (114 1)p428ds/062321
(1H, t), 5.74 (1H, s), 6.15 (1H, d), 6.77 (21-1, in) 6.79 (2H, in) 7.26 (11H,
m). (6-3)3-(carbamoyldiphenylmethyl)- | -[2-(4-hydrox yphenyeethyl]- 1-
gri@methylpyrrolidinium. MS nilz: [Mt] calcd for C27H31N202, 415.24;

fou 5,0. (6-4)4-trifluorgmethoxybenzoic acid : o
o S L R TBHER g e e oy O gt i
bar M8 anfitr¢hit} caladar E2d30RENZAQRAART) tound B2V a2d(8e%)NE,SO, (19.2

{2-[(S)-3-(carb Idjph m -1 - Ipyrrolidin-l-yllethyl | -4- 15
SRS Mo T Sl ot At Aanaat, 2 9B FS R e
heat4q 2125 6cb¥d: dibriethnd amincbénzomtagidnaterial was consumed as indicated by

e o R g R b oo e
(oo RIkTAGXybén ) 2SS Hpheymetiy e dBiowly (o

the m%%ﬁyéW{ﬁpmmﬂgH&M RlpLM i alod fat Ez%%%ﬁ&\'é%mxrg was
473.24; found 473.1 (6-8)2- ((8)-1 44-(4-methoxyphenyObuty1]-1-methy

addssgdimisegryi heqppenylaebians ae Mishhire nmdiealcyifare precipitated out

and G3OHRBINPOR: 456 29irbound AR 14z ted @R (R)els WED Y E - 100X qucous
ypropyl)pyrrol|d|n-BEgglll/-&Zf2-d|phenylacetam|de. 5 MS m/z: [M1 calcd for

layet‘ﬁgq_@@ﬁ%é’ VY LRE 243 gnd the organic layers were combined and dried

with(6v£0}4 di3H S0 Brices arnomddishany bety b-ds methdryeralidingdsyd with DCM
ester. MS in/z: [M+] calcd for C301-135N204,

b i id th :
00 B R GEN s BT B 5 LA AEERERGHE) FarhbieT o
foanyprofigcd.- M2 h\BpYirelidinBy-HPI30 2,2-diphenylacetamide. MS ,n/z:
M Icd C281-132EN203, 463.24. d 463.2 0. : )
o SR i byt £ ¥ fn Siring. To tis solution

was added a warm solution of L-tartaric acid (1.8 g) in EtOH (14 mL)} and the resulting

mixture was stirred overnight (15+5 hours). The resulting precipitate was isolated by
filtration to give an off-white solid (ca. 3.2 g, >95% purity by HPLC). MeOH (15 mL) was
added 1o this solid and the resulting slurry was stirred at 70 °C overnight (15 hours). The
slurry was allowed to cool to ambient temperature and a white solid (~ 2.6 g, >99% purity
by HPLC) was obtained after filtration. To this solid was added EtOAc (30 mL) and I N
aqueous NaOH (25 mL). This mixture was mixed until two distinct layers formed and then
the layers were separated and the aqueous layer was extracted with EtOAc (20 mL). The
organic layers were combined and dried over sodium sulfate (10 g). The sodium sulfate
was removed by filtration and the solvent was evaporated in vacuo to afford 1.55 g of the
title compound as an off-white foamy solid (58% yield).

HPLC analysis was conducted using an Inertsil OCD-2 C18 column. Detection
was by UV absorbance at 254 nm. The mobile phases employed were as follows
(percentage by volume): A: MeOH/water/TFA (5/95/0.1); and B: MeOH/water/TFA
(95/5/0.1). Using a flow rate of 1.0 mL/min of 0 to 100% B in A over 15 minutes, this

compound was determined to have a purity of >99%.
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(6-12)2- {(8)-143-(4-hydroxyphenoxy)propy1]-1-methylpyrrolidin-3-y1}

-2,2- diphenylacetamide. MS m/z: [M+] calcd for C28H33N203, 445.25;
found 445.2. (6-13) 2- { (8)-1 -[3-(4-chlorophenoxy)propyl]- 1-methylpyrro
wozsdiptenylacetamide. MS m/z: [Mt] calcd for C281-1320NZ02{ 36852R2321
found 463.2. 5(6-14)2- ((8)-1 -[3-(4-bromophenylsulfanyl)propy1]- 1 -m

ethylpyrrolidin-3-y1) -2,2- diphenylacetamide. MS m/z: [Mt] calcd for
C28H3213rN208 523.14; found)&%arztnﬁﬁ 15)2 {(8)- 1

found 479.2. (6 16)2 {

(S)-1-[3-(4-methoxypherylsi Ig,gropyl] -1-methylpyrrolidin-3-y1} -2,2-

10 diphenylacetamide. MS i, [Mt] ‘calcd for C29H35N202S, 475.24;

found 475.2. (6-17)2- {1 | @

44-(4-bromopheny1)-4- - Tr{e\th?Ipyr In-3-y1} -2,2-

dip cetami [z: IMt for C 13rN202,.

oL M0 B A BN 23 e F IR n e TorR a0 mes 015
mmmmwthémMaMMmM$mﬁmmmmnwﬁﬂ&2ﬂmmuL 0.15

T2 e el W o o e 070 °C

over@2bH 3@&@@38&59@6&1&3@3@%@@5 cooled to room temperatum and concentrated.
The (rﬁi%g}@;éé (rRshamoyl MWX?&A&% ffpﬂ%g@ﬁ'a%y BlatxqluiyL
- methylpyrrolidiniuni. MS m/z: [M4] calcd for C29H32FN202, 459.24;
ACNGif) Az ffords45 1 s5- A karbERbipmEHg IFoEtRgHRd (56% yield) as a
miffudatdchvdsoxynbenyd) MQXPPJJBéﬂdlfo@@WEENWﬂQ'@'@BU%umﬁf?é
[M+] calcd for C29H33 203, 457.25; found 457.2. (6-22)(S)-3-(carb
amoyldiphenylm eth y1)- 144-( W}Sﬁpﬁenyl) 4-oxobutylk 1 -
Lfgﬁftgtwm@@m%&ﬁﬂahwth caladfon C30h=13aNA08y A hmdbidiaung
(6-2.3).(8)-3-(carbamoyl ]
pyrrolidinium. MS ,n/z:
25 (6-24)(8)-

Into a vial was added 2-[(§)-1-(3-phenoxypropylpyrrolidin-3-vyi]-2,2-
diphenylacetamide (79mg, 0.15mmol; prepared as described in Preparation 2) in DMA (1
mL} and methyl iodide (6.093 mL, 1.5 mmol} and the mixture was stirred for Zhours at 80
°C. The mixture was then cooled to room temperature and concenirated. The mixture was
chromatographed on reverse-phase HPLC (gradient elution, 10-50% ACN/H,O) to afford
35.0 mg (85% purity) of the title compound (36% yield) as a TFA salt. MS m/z: [M']
caled for CagHisN,0,, 429.25; found 429.6. "H NMR (CDCls, 300 MHz) 8 (ppm): 2.29
(2H, m), 2.68 (14, s), 2.90 (5H, s}, 2.98 (5H, s), 3.37 (2H, m), 3.59 (2H, m)3.95 (H, m),
4.06 (2H, t), 5.93 (ZH, 5), 6.9 (4H, m), 7.28 (7TH, m).
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1-methylpyrrolidinium. MS m/z: [W] calcd for C30H36N302S, 502.25;

found 502.2. (6-25)(S)-3 -(carbamo yld iphenylmethyl)- 1 -methyl- 1 -[3

-(4-methylsulfanylphen yl sulfanyl)propyl]pyrrolidinium. MS m/z: [Mt] calcd
WiHRBPIRBBN20S2, 491.22; found 491.2. PCT/US2008/062321

(6-26)(S)-3-(carbarnoyldiphenylmethyl)- 1 43-(4-fluorophenylsu

Ifanyl)propyl] - 1- 30 methylpyrrolidinium MS m/z: [M4] calcd for

C28H32FN20S, 463.22; found 463p@ration 3

(6'27)(S)'3'(E§§('§§:’I‘R\XQ;§“F en¥lq}§tqu-i-_22t_h 1
) pyrrolidiniunT: Z. ‘ N20S, 45972%
(6-28)(S)-3-(carbamoyldiphenylm _yg- 1 -methyl- 1 -[3-(4-m ethylsul

fanylphenoxy) -60- propyl]pyrrotidifium.-MsS ,n/z: [Me] calcd for
C29H35N202S, 475.24; found 475.2X

hlorophenyl)-4-oxobutyl]-1-
methylpyrrolidinium. MS in/z: [ or'C29H32C1N202, 475.22;
fouind #/iga-K8r30) ERkiSeatbrmoyisliphenyiinetiy)sl a3 (4 avdio camia
yphenylsulfanyppropy1]-1- 5 methylpyr%ﬁdinigpm. % nilz: [N1C cg%%efgrrm ©
(2.8 @B NP0 crer 2 35 faspdbed 1l EReANIPE £y MeOFd| gl then

forrQERekIes desarbechinihe previgus axamplas, #Rd substituting the then

appropriate startinﬂg materials and reagents, compounds 7-1 to 7-8, havirg;
PUrEfieY GTBARGIRWerd BIRE B pArdd ag PN S Aifs: sied prespigyiRinder
hydrégen(CM2)3i0anC M3siten filtered through a pad of Celite®, concentrated in vacuo,

then taken up in H,O/ACN (1:1 mixture, 1g solid/20 mL solvent mixture). The mixture

was stirred overnight at room temperature. Finally the mixture was filtered and then

allowed to dry to afford 2.7 g of the title compound as an off-white foamy solid (96.4%

vield). MS m/z: [M + H*} caled for C1oHnN>O, 294.39; found 295.0. '"H NMR (CDCls,

300 MHz) § (ppm): 1.73 (1H, s), 1.97 (2H, m), 2.27 (3H, 5), 2.42 (1H, q), 2.55 (1H, m),

2.67 (1H, ), 2.75 (1H, m), 3.46 (1H, m), 5.63 (1H, br s), 7.26 (8H, m), 7.41 (2H, m).
EXAMPLE 2

into a vial was added 2-((S}-1-methylpyrrolidin-3-y1}-2,2-diphenylacetamide (300
mg, 1.0 mmol; prepared as described in Preparation 3) in DMA (10 mL) and 3-
chloropropylsulfanylbenzene (200 mg, 1.0 mmol). Sodium iodide (30 mg, 0.2 mmol) was
added to the mixture. The mixture was degassed under nitregen and then was heated to
90 °C overnight. The mixture was then concentrated and chromatographed on reverse-
phase HPLC (gradient elution, 10-50% ACN/H,0) to afford 49.0 mg (92% purity) of the
title compound as a TFA sait. MS m/z: [M'] caled for CogH33N208: 445.23; found: 445.1.
"H NMR (CDCls, 300 MHz) & {(ppm): 1.97 (1H, m), 2.20 (15, m), 2.70 ( 2H, s), 2.88 (2H,
s}, 2.93 (2ZH, s}, 3.3 (1H, m), 3.4 (1H, m), 3.52 (1H, m), 3.89 (2H, m), 4.03 ( ZH, m), 4.30
(1H, 1), 5.63 (1H, d) 5.94 {1}{, s) 7.20 (2H, m), 7.35 (13H, m).

“53.



10

15

20

25

"-(CH2)3-0- -Br 7-3 -(CH2)3-0- -F 7-4 -(CH2)3-S- -F 7-5 -(CH2)3-S- -Cl 7-6
-(CH2)3-C(0)- -CI 7-7 -(CH2)3-0- -OH 7-8 -(CH2)3-S- -OH
(7-1)2-[(S)-1-methy1-1-(3-o-tolyioxypropyi)-pyrrolidin-3-y1]-2,2-diphenylac

WEamida a8 tn/z: [Me] calcd for C29H35N1202, 443.27; foun8UWBS2008/002321

Preparation 4

(5}-1-{3-Bromopropvl-3-{carbamovidiphenvimethv])- 1 -methvipvrrolidinium Bromide

To a round-bottom flask was dissolved 2,2-diphenyl-2-(S)-pyrrolidin-3-vlacetamide
(2.8 g, 10 mmol; prepared as described in Preparation 1) and 1,3-dibromopropane (6.8 mL,
50 mmol) in DMA (30 mL). The mixture was stirred and placed in an oil bath at 80 °C for
2 hours. The mixture was cooled to room temperature and ethy! ether (200 mL) was
added with stirring. Immediate formation of white precipitate occwrred. The mixture was
stirred overnight. The white precipitate was filtered and dried in a vacuum dessicator to
afford 6.6 g of the title compound as a white solid (Yield = 95%). MS m/z: [M"] caled for
CaoHyeBriN, Oy, 415.14; found 417.2. "H NMR (CBCls, 300 MHz) 8 (ppm}: 1.86 (3H, s),
2.20 (ZH, m), 2.40 (1H, m), 2.73 (1H, m), 2.78 (1H, s), 3.49 (6H, m), 3.89 (1H, m), 4.06
(2H, m), 4.38 (1H, 1), 5.80 (1H, br d), 6.32 (1}, br s), 7.34 (10H, m).

EXAMPLE 3
{S)-3-(Carbamovldiphenyimethvl}-1-[3-(3.5-difluorophenoxv)

propvll-1-methyl-pvrrolidinium

To a round-bottom flask was added (5)-1-(3-bromopropyl)-3-
(carbamoyldiphenylmethyl)- 1-methylpyrrolidinium bromide (900 mg, 2.2 mmol; prepared
as described in Preparation 4) in DMA (10 mL). To the mixture was added 3,5-
difluorophenol (288 mg, 2.2mmol), followed by potassium carbonate (0.5 g, 3.6 mmol),
which was stirred vigorously. The mixture was stirred overnight at room temperature. The
mixture was then concentrated and chromatographed on reverse-phase HPLC (gradient
elution, 10-50% ACN/H,0) to afford 75.0 mg (99% purity} of the title compound (6%
vield) as a TFA salt. MS m/z: [M'] caled for CoaHay FolNLOy: 465.24; found: 465.2. 'H
NMR (CDCls, 300 MHz) 6 (ppm): 2.10 (1H, s), 2.19 (2H, s), 2.67 (3H, s), 2.80 (1H, s),
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(7-2)2-{(S)-1-[3-(2-bromophertox y)propyl] -1 -m ethylp yrro li di n-3- yl)
-2,2- 15 diphenylacetamide. MS rn/z: [Me] caled for C23H32BrN202,
507.16; found 507.2. (7-3)2- {(S)-1 43-(2-fluorophenox y)propyl]-
Wikpeettyhsgsrolidin-3 -y1} -2,2- diphenylacetamide. MS m/z: [¥e] caloddoo2321

C28H32FN202, 447.24; found 447.2.
(7-4)(S)-3-(carbamoyldiphenylmethyl)-1-[3-(2-fluorophenylsulfanyl)propy1]

3. 25x3m:j@§hylwr(rm1dmlgre7 WS mizapin calcd)for G29HH325 ¥2031 A68.2280 (11, 4),

463.2

6. 3%‘? (%ﬁggn@yldlphenylmethyl) 1-[3-(2-chlorophenylsulfanyl)propyl
]-1- methylpyrrolldlnlum MS m/@zﬂﬁ@}aﬁaipﬂ for C28H32C1N20S, 479.19;
found 479.2.

(7-6)(S)-3- (carb B oSt Al Ssdilporobrazene ))-4-oxobuty1]-
1- methylpyrrolidinium. MSE’W§ E9H32C1N202 475.22;
found 475.2.

(7-7)(S)-3-(carbamoyldiphenylmethyl)-143>(2-hydroxyphenoxy)propy1]-1-
methylpyrrolidinium MS m/z: [Nr] calcd forrC28H33N203, 445.25; found

7 et faslk was added 4.5-difuarekenzenatiial (49 423 A in
ACN 1301w ethylpynrolitimiupand $4ri/z; Wlﬂ} catod fenCRBHIANPO25pAGE. @34 g,
a6 U096 2 RXANPLE A SERlwng desmiosedutes deseribed i fhe 1

previous examples, and's stltutmg e appropriate Ing materia
mixfaggesnheofilpoehdsgidhte sd pfKalirg g fblioninepforasuienwerd afster

reduREBRALSHAS TR SIS IR % -QRE dissolved in anhydrous DCM (100 mL).
Triphenylphosphine dibromide (25 g, 59 mmol) was added to the mixture, which was then
stirred for 2 hours. The solvent was removed under reduced pressure. The residue was
suspended in EtOAc (200 mL), stirred for 1 hour, and filtered to remove solids. The
filtrate was concentrated under reduced pressure, then diluted in 50% EtOAc/hexanes (200
mL), and filtered through a pad of Celite® and silica gel. The solution was then
concentrated under reduced pressure to afford the title compound (5.8 g).
EXAMPLE 4
(1R, 35)-3-(Carbamoyvldiphenylmethyl)- -

{3-(3.5-difluorophenvisulfanyDoropyvll-1-methvipyrrolidinium

2,2-Diphenyl-2-(§)-pyrrolidin-3-ylacetamide (3.5 g, 12.5 mrmol; prepared as
described in Preparation 1) in DMA (33 mL) was combined with DIPEA (3.5 mL, 20
mmol), followed by the addition o f 1-(3-bromopropylsulfanyl)-3,5-difluorobenzene (3.5 g,
13.1 mmol; prepared as described in Preparation 5). The mixture was stirred for 14 hours
at room temperature. Methyl iodide (3.1 mL, 50 mmol) was added and the mixture was
stirred at 70 °C for 2 hours. The mixture was then concentrated in vacuo. The resulting

product was a mixture of 2 diastereomers at the guaternary amine center. The
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8-1 -(CH2)3-0--CH3 8-2 -(CH2)3-0- -Cl 8-3 -(CH2)3-0- -CN 8-4
-(CH2)3-S- -Cl 8-5 -(CH2)3-S- -F 8-6 -(CH2)3-S- -CF3 8-7 -(CH2)3-S-
-OCF3 8-8 -CH2-C(0)NH-CH2-

WO 2008/10342¢6 PCT/US2608/002328

diastereomers were separated by reverse phase HPLC on a LUNA C-18 Column using a
37% (ACN/H»0/0.1% TFA) isocratic gradient over 45 minutes, to afford 1.5 g of the title
compound as a TFA salt. MS m/z: [M'] caled for CagHs FoN,08, 481.21; found 481.2.
EXAMPLE 5
Following the procedures described in the previous examples, and substituting the
appropriate starting materials and reagents, compounds 5-1 to 5-23, having the following

formula were also prepared as TFA salts:

Ex. Q Ex. Q

5.1 (CH,),- 5-14 (CH,)s-

5.2 ACH,)a- 5-15 | ~(CH,),-NHC{O)NH-
5-3 -(CHa)e- 5-16 -CH,-C(OYNH-CH,-
5.4 -(CH,),-C(O)O- 5-17 -CH,-C(Q)O-CH.-
5.5 -(CH,),-O-CH,- 5-18 | -(CHp)3-C(N-O-CHz)-
5-6 -(CH,),-NHC(O)- 5-19 | -(CH,)s-C(N-O-benzyl)-
5-7 -(CHy)4- 5-20 -(CH3)3-8-

5-8 «(CH,),-OC(O)- 5-21 -(CHp)s-S-

5.9 ~(CHy)a- 5.22 «(CH,),-C=C-
5-10 -(CH)3-O- 5.23 -(CH,),-CH=CH-
5-11 "(Cﬁz)g-s— 5-24 -CHz*CmN—O"
512 ~(CH33-OC(O)- 5-25 «(CH2)2-S-8-
5-13 {(CHy)3-C(O)-

10 (5-1) 3~(carbamoyldiphenylmethyl)- 1-methyl-1-phenethylpyrrolidinium. MS m/z:

15

20

[M™] caled for Cy7H5 N30, 399.24; found 399.0.
(5-2) 3~(carbamoyldiphenylmethyl)-1-methyl-1-(3-phenylpropylpyrrolidinium. MS
m/z: [M'] caled for CagHisN-0, 413.26; found 413.0.
(5-3) 3-{carbamoyldiphenylmethyl)-1-methyl-1-(6-phenylhexyl)pyrrolidinium. MS
m/z: [M'] caled for C3,HaoN,0, 455.31; found 455.4.
(5-4) 3-[(5)-3-(carbamoyldiphenylmethyl)- 1 -methylpyrrolidin-1-yl]-propionic acid
phenyl ester. MS m/z: [M] caled for CagHa N,Os, 443.23; found 443.2,
(5-5) 2-[(8)-1-(2-benzyloxyethyl)-1-methylpyrrolidin-3-y1]-2,2-diphenylacetamide.
MS m/z: [M"] caled for CogHasN, Oy, 429.25; found 429.2.
(5-6) N-{2-[¢(8)-3-(carbamoyldiphenylmethyl)-1-methylpyrrolidin-1 -
yllethyi}benzamide. MS m/z: [M'] caled for CagHiy,N30,, 442.25; found 442.2.
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-F 8-9 -(CH2)3-0- -OCH3 8-10 -(CH2)3-0- -F 8-11 -(CH2)3-S- -CH3 8-12
-(CH2)3-C(0)- -OCH3 8-13 -(CH2)3-0- -OH 8-14 -(CH2)2-0C(0)- -F 8-15

-(CH2)3-S- -OH 8-16
WO 2008/103426 PCT/OS2608/602321

(5-7) 2-[(5)-1-methyl-1-(4-phenylbutylpyrrolidin-3-y1]-2,2-diphenylacetamide. MS
miz [M+} caled for CyoHasN.O, 427.28; found 427.2.

(5-8} benzoic acid 2-[(5)-3-(carbamoyldiphenylmethyl)-1-methylpyrrolidin-1-
yl]ethy! ester. MS m/z: [M'] caled for CasHa N0, 443,23; found 443.2.

{5-9} (R)-3-(carbamoyldiphenylmethy)- 1 -methyl-1-(4-phenylbutyDpyrrolidinium.
MS m/z: [M] caled for CosHisN2O, 427.28; found 427.2.

{5-10) (R)-3-(carbamoyldiphenylmethyl)-1-methyl-1-(3-phenoxypropyl)
pyrrolidinium, MS m/z: [M"] caled for CosHi3N204, 429.25; found 429.2.

(5-11} (R)-3-(carbamoyldiphenylmethyl)-1-methyl-1-(3-phenylsulfanvipropyl)
pyrrolidinium. MS m/z: [M] caled for CagHi3N208, 445.23; found 445.2.

(5-12) (R}-1-(2-benzoyloxyethyl)-3-(carbamoyldiphenylmethyl)-1-
methylpyrrolidinium. MS m/z: {W] caled for CagHy1N2Os, 443.23; found 443 2,

(5-13} (S)-3-(carbamoyldiphenylmethyl)-1-methyl-1-(4-oxo-4-phenylbutyl)
pyrrolidiniurn. MS m/z: [M] caled for CagHasMNoOs, 441.25; found 441.2.

(5-14) (S)-3-(carbamoyldiphenylmethyl)-1-methyl-1-(5-phenylpentyl) pyrrolidinium.
MS m/z: [M'] caled for CagH37N,0, 441.29; found 441.2.

(5-15) (§)-3-(carbamoyldiphenylmethyl)-1-methyl-1-[2-(3-phenylureido)ethyl]
pyrrolidinium. MS m/z: [M'] caled for CagHa3N4On, 457.26; found 457.2.

(5-16) (5)-1-(benzylcarbamoylmethyl)-3-(carbamoyldiphenylmethyi)-1-
methylpyrrolidinium. MS m/z: [M'] caled for CpsHs,N30,, 442.25; found 442.2.

(5-17) (5)-1-benzyloxycarbonyimethyl-3-(carbamoyldiphenylmethyl)-1-
methylpyrrolidinium. MS m/z: [M+] caled for Coela N205, 443.23; found 443.2.

(5-18} 2-((5)-1-{4-[(E)-methoxyimino]}-4-phenylbutyl}-1-methylpyrrolidin-3-y1}-2,2-
diphenylacetamide. MS m/z: [M'] caled for CioHasN3O,, 470.28; found 470.2.

(5-19) 2-((5)-1-{4-[(E)-benzyloxyimino]-4-phenylbutyl}- 1 -methylpyrrolidin-3-y1)-2,2-
diphenylacetamide, MS m/z: {M‘j caled for CigHaoN:05, 546.31; found 546.4.

(5-20) 2-[{18,35)-1-methyl-1-(3-phenylsulfanylpropyl)-pyrrolidin-3-y1}-2,2-
diphenylacetamide. MS m/z: [M'] caled for CogHaaN,OS, 445.23; found 445.2.

(5-21) 2-[(1R,38)-1-methyl-1-(3-phenylsulfanylpropyl)-pyrrolidin-3-vi]-2,2-
diphenylacetamide. MS m/z: {M+] caled for CogHa3sIN20S, 445.23; found 4452,

(5-22) (5)-3-(carbamoyldiphenylmethyl)-1-methyl-1-(4-phenyl-bui-3-
ynyl)pytrolidinium. MS m/z: [M'] caled for CaoHy N, 0, 423.24; found 423.2.

(5-23} (5)-3-(carbamoyldiphenylmethyl)-1-methyl-1-((£)-4-phenyl-but-3-
-57.
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-(CH2)3-0- -F 8-17 -(CH2)2-CC- -F 10
(8-1)2-[(S)-1-methy1-1-(3-m-tolyloxypropy
)pyrrolidin-3-y11-2,2-diphenylacetamide. MS m/z: [M+] calcd for
WwC280436N202, 443.27; found 443.2. (8-2)2- PCT/US2008/002321
{(S)-1-[3-(3-chlorophenoxy)propy1]-1-methylpyrrolidin-3-y1}-2,2-
diphenylacetamide. MS M/z: [M4] calcd for C28H32CIN202, 463.22; found
eny$pBabl8rdd. {(4) 148- (RiCy anlophenoxpnapy1dab-mee taylpiyrelimin-3-yl
52 giRhenyacstamds; WS, s MEL Gl fpr £20032N30,
pyrit5)idns: (thlerapheriyisiddaioy Joropyd 1ol riEiipipsrsatding3zy 1} -2,2-
(5»zs(;)ﬂzﬁ”ﬁ’%%g_&??’gﬁ_%%o%i&% bSR3 A3 A AR A 9 )
pyr(@) BucarbEhofidishényleddtinyl): 33 M0Ad hheniisulfafifspropyl]-1-
methylpyrrolidinium. MS m/z: [NE.&#&?%@&ZSHIBZFNZOS, 463.22; found
463.2. 11-1 NMR (CDC13, 300 MHz) 8 (ppm): 1.90 (2H, m), 2.05 (1H, m),
21489091 ibe MR Precedsres SEserddan thy, 802 exmp B2 d Isthgjngigg the
app@?ﬁaﬁ’s?&ﬁﬁxé%t&déssﬁq&% QQZM&&&Q ’6318% (32% @Vﬁ'&ﬁn%llowing
m), 5.87 (1H, d), 6.35 (1H, s), 7.0 (4H, m), 7.3 (10H, m). (8-6)
fornpep 3vees ANRES IS A SRYIFE 831 1-methy 1-113-(3-trifluoromethylphenyl
sulfanyl)propyllpyrrolidinium. S ga/z: [Mt] calcd for C29H32F3N205,
513.22; found 513.2. : R
(8-7)(S)-3-(carbamoyldipheh
enyl 10 sulfanyl)propyl]pyeeeligini
C29H32F3N2025, 529.21; fa 2.
(8-8)(S)-3-(carbamoyldiphenylmethyl)-1-[(3-fluorobenzylcarbamoyHmethyl

1\me 0 43-(3-trifluoromethoxyph
NS ¥/z: [Mt] calcd for

]-1- methylpgxtolidinium. MS m/zp[M+] calcd for €281-138FN302, 460.24;
found 46p.2-1 ~(CHy),- N(0)O
(8-9)(S)-3-(sazbalnoyldiphenytiehy)-143-(3-methoxyphenoxy)propy11-1
- 15 methylgysrolidinium. MS (@&, jMt] calcd for €29H35NR03, 459.26;
found 45D.2%-4 -(CH,)-OC(O)- -OCF,
(8-10)(S)-3<¢emrbamoyldighenylmatiayiyL-[3-(3-fluoropheasky) propyl]-1-

6-6 -(CH,),-OC(O)- -N(CHjs)»

6-7 -(CH2),-OC(O)- -OCH;

6-8 -(CHz)4- -OCH;,

6-9 ~(CH,)3-O- -CH;

6-10 -(CH3):-0O- -C(OYOCH;

6-11 -CH,-CH(OH}-CH;-0- E

6-12 -(CH)1-0O- -OH

6-13 -(CH;)-0O- -Cl

6-14 -(CHz)g,-S- -Br

6-15 «(CH,)3-S- -C]

6-16 -(CH3),-S- -OCH,

6-17 -(CH;):-C(O)- -Br

6-18 -(CH3)3-O- -N'(O)YO

6-19 -(CHy)3-O- -OCH,

6-20 ~(CH,)3-C(O)- -F

6-21 -(CH,)3-C(O)- -OH

6-22 -(CH2)3-C(O)- - -OCH;,

6-23 «(CHa)3-C(O)- -CH;

6-24 -(CH>)5-S- -NHC(O)CH3;

6-25 -(CH,)5-8- -S-CHj

6-26 -(CH;);3-8- -F

6-27 -(CHy)3-S- -CH;
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methylpyrrolidinium. MS m/z: [Mt] calcd for C28H32FN202, 447.24; found
447.2. 111 NMR (CDC13, 300 MHz) 8 (ppm): 2.06 (IN, s), 2.18 (2H, s),
2.67 (2H, s), 2.79 (1H, s), 3.26 (311, s), 3.38 (IH, s), 3.53 (1H, 1), 3.68 (1H,
W) 28188082H, ), 4.03 (2H, t), 4.16 (1H, 20 m), 5.82 (1H, d), 6.8(BMSENY$/002321
6.51 (1H, s), 7.18 (1H, m), 7.3 (10H, m).
(8-11)(5',)-3-(carbamoyldiphenylmethyl)-1-methyl-1-(3-m-tolylsulfanylprop
yl) PYrrolidiZim. MS m/z: [Mt] cafgd for C29H35N20S, 458°25: fouhd
459.2. 6-28 {CH;)5-O- -S-CH;
(8-12)(S)r34€&rbamoyldipherijimefiigl)-144-(3-methoxyphgny1)-4ioxobuty
]-1- methylgyi@olidinium. MS{fike; ) iMY calcd for C30H35N203, 471.26;
found 471.2. 25 (8-13)
(6-11S)-3-(édrbermoyldiphbmyhinettiyi)) I-{Bx(BxrytiioxybhemephmyDpyiAl -
oy TSR MS VA B SRICS B, CARIBNRNR 447251 found

445.2.(8-14)
(6- 215) 3- (%éeeﬁm@yndrémbﬁwﬁmﬁw)}t1M@(@=ﬁhm%moy}dmm}yl~] 1-

epiimaralidinivg. MS i M calre-for GRRlol 30PNR03, 4614320 '

found 461.2. (8-15)

NMESR darhd W?&Wﬁ&%ﬂﬁﬁ@%ﬁ%ﬁér%pﬁbﬁﬁ@lﬂféﬁ;ﬁt}br@éﬂﬁ@ s,
3. SBQ@IEnd@)ng’f%’{MIQW (M 0z Y dieplgdFonGRaH33N2028: 461237 (211, m)

n
6. 79(%&%65@2')’ %ﬁ@aﬁr%ambyldlphenylmethyl) 143-(3-fluorophenoxy)propy1]-1-
(6-3methylipyaliditiyiiphsynzityviil catcdifar &38R NRARyH48.24; found
mah(ﬁpf%(@?% ?(E%r%%nz/ dB‘Y{eh%ﬁ%ﬁ?wFa? }Ffiifﬁzﬁﬁro%ﬁ 1é n?ﬁ)’rﬂ"ﬂft‘t"‘15l %/ﬁyl] 1-
(6-4)}63- rﬁeriﬂfdpyomhﬂlnnmrmsa nizd M alog i GRIHGORN20 44228,
P t r in the

methé?\ E%ﬁi&aw egﬂygens Lubdtit] mgi %ﬁﬁ%ﬁéﬁ%@?ﬁ%@%ﬁﬁ% f?fﬁld
527 Feagents, compounds 9-1 to 9-10, having the following 5 formula were

(6-57Is0 preparpd;as TEASASiafKe R Ridnd1R ((GERIHGON ety -a-

methoxybenzamide, MS m/z: [M'] caled for Cagt3aN3Os, 472.26; found 472.2.

{6-6) 4-dimethylaminobenzoic acid 2-[($)-3-(carbamoyldiphenylmethyl)-1-
methylpyrrolidin-1-yl]ethyl ester. MS m/z: [M'] caled for CagHagN:Os, 486.28; found
486.2.

(6-7) 4-methoxybenzoic acid 2-{(S)-3-(carbamoyldiphenylmethyl)-1-
methylpyrrolidin-1-yl] ethyl ester. MS m/z: [M'] caled for CogFl33Na04, 473.24; found
4732,

(6-8) 2-{(5)-1-[4-(4-methoxyphenyDbutyl]-1-methylpyrrolidin-3-yi}-2,2-
diphenylacetamide. MS m/z: [M"] caled for C40H 47 N,O,, 457.29; found 457.4.

{6-9) 2-[(5)-1-methyl-1-(3-p-tolyloxypropyl)pyrrolidin-3-yl]-2,2-diphenylacetamide.
MS m/z: [M'] caled for CaoH3sN2O,, 443.27; found 4432,

(6-10) 4- {3—[(S)—3-(carbamoy}diphenyimethyly {-methylpyrrolidin-1-yi]
propoxy}benzoic acid methyl ester. MS m/z: [M'] caled for C30HasN»Os, 487.26; found
487.2.

(6-11) 2-{(8)-1-[(§}-3-(4-fluorophenoxy)-2-hydroxypropyl]-1-methylpyrrolidin-3-y1} -
2,2-diphenylacetamide. MS m/z: [M'] caled for CogH32FN2 05, 463.24; found 463.2.

-59.



10

15

20

25

30

9-3 -CH2-C(0)0-CH2- 9-4 -(CH2)3-0-CH2- 9-5 9-6 -(CH2)3-S02- 9-7 9-8
9-99-9 9-10 (9-1)(S)-3 -(carbamoyldiphenylmethyl)-143-(3,5-d
ifluorophenylsulfanyl)propyl] -1 - methylpyrrolidinium. MS m/z: [M--] calcd
WEHEETEREPF2N205, 481.21; found 481.2. 111 10 NMR (CDEEZ/30@s/ 662321
MHz) 6 (ppm). 2.02 (3H, m), 2.63 (s, 3H), 2.78 (1H, s), 2.88 (1H, s), 3.05
(1H, m), 3.24 (1H, s), 3.34 (IH, s), 3.48 (1H, s), 3.61 (1H, s), 3.72 (1H, s),
(6-13)86 (2H{ )] 4344 yi180o6Rbh rdpy8.- 220ty ) y 8 BRI 1B ) ; 5279

dgph@{i’iag%a?ﬁé @, ARy S hamexidiohenameting)ads

24343,5-di fluorophenyOureido]ethyl) -1- methylpyrrolidinium. MS m/z:
(6-1pMt] cadct$orl d2drrhimoNroex a8y Fdumgthgp prolidin-3-y1}-2,2-

diphenylacetamide. MS m/z: {M*] caled for CopHanCIN Oy, 463.22; found 463 2.

(6-14) 2-{(5)-1-[3-(4-bromophenylsulfanyl)propyl}-1-methylpyrrolidin-3-y1}-2,2-
diphenylacetamide. MS m/z: [M'] caled for CosHanBriN,0S, 523.14; found 523.2,
(6-15) 2-{(5)~1-[3-(4-chlorophenylsulfanyDpropyl}-1-methylpyrrolidin-3-yi}-2,2-
diphenylacetarnide. M8 m/z: {M"L] calcd for CygHaCIN,OS, 479.19; found 479.2,

(6-16) 2-{¢5)-1-[3-(4-methoxyphenyisulfanylipropyl}- 1 -methylpyrrolidin-3-vi}-2,2-
diphenylacetamide. MS m/z: [M'] caled for CpeHisNo0,8, 475.24; found 475.2.

(6-17) 2-{1-{4-(4-bromophenyl)-4-oxo-butyl}-1 -methylpyrrolidin-3-yl}-2,2-
diphenylacetamide. MS m/z: [M'] caled for CyoH3nBrN,O,, 519.16; found 519.2.

(6-18) 2-{1-methyl-1-{3-(4-nitrophenoxy)propyl]pyrrolidin-3-yl}-2,2-
diphenylacetamide. MS m/z: [M'] caled for CogHaaNaQ4, 474.24; found 474.2.

(6-19) 2-{1-[3-(4-methoxyphenoxy)propyl]-1-methylpyrrolidin-3-yi}-2,2-
diphenylacetamide. MS m/z: [M+} caled for CpgHysMN O, 459.26; found 459.2.

(6-20) (S)-3-(carbamoyldiphenyimethyl)-1-[4-(4-fluorophenyl)-4-oxobutyi]-1-
methylpyrrolidinium. MS m/z: [M'] caled for CaoH3FN2Os, 459.24; found 459.2.
(6-21) (5)-3-(carbamoyldiphenylmethyl)- 1-[4-(4-hvdroxyphenyl}-4-oxobutyl]-1-
methylpyrrolidinium. MS m/z: [M+} caled for CroH13N20s, 457.25; found 457.2.

(6-22) (3)-3-(carbamoyldiphenylmethyi)-1-[4-(4-methoxyphenyl)-4-oxobutyl]-1-
methylpyrrolidinium. MS m/z: [M'] caled for CagH3sN2Os, 471.26; found 471.2.

{6-23) (S}-3-(carbamoyldiphenylmethyl)-1-methyl-1-(4-oxo-4-p-tolylbutyl)
pyrrolidinium. MS m/z: [M"] calcd for C3pH35N,0,, 455.27; found 455.2.

(6-24) (5)-1-[3-(4-acetylaminophenylsulfanyl)propyl]-3-(carbamoyldipheny! methyl)-
I-methylpyrrolidinium. MS m/z: [M'] caled for CioHigN1:0,8, 502.25; found 502.2.
{6-25) (§)-3-(carbamoyldiphenylmethyl)-1-methyl-1-[ 3-(4-methylsulfanyiphenyl

sulfanyl)propyl]pyrrolidinium. MS m/z: {M+] caled for CagHisN 085, 491.22; found 491.2,

(6-26) (8)-3-(carbamoyldiphenylmethyl)-1-[3-(4-fluorophenylsulfanyl)propyl]-1-

methylpyrrolidinium, MS m/z: [M'] caled for CasH3,FN,OS, 463.22; found 463.6.

(6-27) (S)-3-(carbamoyldiphenylmethyl}-1-methyl-1-(3-p-tolylsulfanylpropyl)

pyrrolidinium. MS m/z: [M'] caled for CagHisN,08, 459.25; found 459.2,

(6-28) (5)-3-(carbamoyldiphenylmethyl}-1-methyl-1-[ 3-(4-methylsulfanylphenoxy)
-50-
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(9-3)(S)-3-(earbamoyldiphenylmethyl)-1-(3,5- d|fluorobenzyloxycarbonylme
thyl)-1- methylpyrrolidinium. MS m/z: [Mt] calcd for C28H29F2N203,
WHS@BNternd 479.2. PCT/US2008/002321
(9-4)(S)-3-(carbarnoyldiphenylmethyl)-1-[3-(3,5-difluorobenzyloxy)propyl].
| - methylpyrrolidinium. MS m/z: [Mt] calcd for C29H33F2N202, 479.25;
profolpd$iQidium. MS m/z: M+] caled for CooH3sN0,8S, 475. 24 found 475.2.

B e

meEWQB&ﬁMOE’E ADT M]f@uhd BT 2H 1, CIN, O, 475 22; found 475.2.

NG e s e R e SN R
metigigy?®fduhus 189 nzM{ﬁWD@@@@maﬁﬁN@TﬁJ92@)@&0@23@@62 2.

(9-7)(./S,3S)-3-(carbamoyldiphemAmeatifyh-143-(3,5-difluorophenylsulfanyl

) prop 1]-1-methylpyrrolidinium. MS m/z: [M+] calcd for C281131F2N20S,
48FoHevonphagpogedures described in the previous examples, and subshtutmg the

app @Aﬁd&&ﬁhgrﬁ%@éﬁﬁmm HMeybahds43, %diﬂgi%aﬂ%@maﬁmxg
-1- 5methylpyrroI|d|n|um m/z: [M.] calcd for C28H3 | F2N202
ﬂésrggg as TFA salts:

found 459.2. (9- 10)(R) ;
fluorophenoxy)prop yli =

1- (Ch|0l’0phe,||y lculyl) 3=metho yuancu (oo Oz in DCM (100
mL) was co0 cu7ui T llllda_gj @I cyafige (3.5_%5 20 i"ﬁn [) was
added to the;—— (CHy)5.0- Br

7-3 «(CH,)y-O- -F

7-4 (CH,)3-S- F

7.5 +(CHa)3-S- Cl

7-6 | -(CHy)s-C(O)- -Cl

7-7 {(CH,);-0- -OH

7-8 «(CH,)»-S- “OH

{(7-1) 2-[(§)-1-methyl-1-(3-o-tolyloxypropyi)-pyrrolidin-3-yi}-2,2-diphenylacetamide.
MS m/z: [M"] caled for CagH3sN,0O2, 443.27; found 443.2.

(7-2} 2-{($)-1-[3-(2-bromophenox y)propyl]l-1-methyipyrrolidin-3-y1}-2,2-
diphenylacetamide. MS m/z: [M'] caled for CasH3pBrN,O,, 507.16: found 507.2.
(7-3) 2-{(5)-1-I3-(2-fluorophenoxy)propyl]-1-methylpyrrolidin-3-y1}-2,2-
diphenylacetamide. MS m/z: [M"] caled for CagHinFNoOo, 447.24; found 4472,

{(7-4) (5)-3-(cartbamoyldiphenylmethyl)-1-{3-(2-flusrophenylsulfanylypropyl]-1-
methylpyrrolidinium. MS m/z: [M'] caled for CygHanFIN,OS, 463.22; found 463.2.
(7-5} (§)-3-(carbamoyldiphenylmethyl)-1-[3-(2-chlorophenylsulfanylpropyl]-1-
methylpyrrolidinium. MS m/z: [M'] caled for CogHa,CIN,OS, 475.19; found 479.2.
(7-6) (5)-3-(carbamoyldiphenylmethyl)-1 -[4-(2-chlorophenyl)-4-oxcbutyl]-1-
methylpyrrolidinium. MS m/z: [M"] caled for CaoH3CIN,Os, 475.22; found 475.2.

(7-7) (S)-3-(carbamoyldiphenylmethy!)-1-[3-(2-hydroxyphenoxy)propyi]-1-
61-
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15 stirred solution. 1.0 M of tin tetrachloride in heptane (0.75 mL, 75
mrnol) was then added. The solution was stirred for 2 hours, then
guenched with MeOH (50 mL) The solvent was removed under reduced
Wordd$h&+Tthe crude material was then purified via silica gel PCT/US2008/062321
chromatography to obtain the title compound (2.2 g, 10 mmol) Preparation
7 20((S)-1 -B enzylp VITO lidin-3-v1)(3-methoxyphenyl )phenvlacetonitrile
metﬁsd;arsﬁitémismuﬂdﬁ WiSEM&haMM@@HMWGﬂMI&@&@SQB

mol; 8¢ d in Pre THF
- 8quded OF ?%’ -4-su é %h&g)t y yr&"i}gxnyg gssqe}lrﬂz#@mp;yé
metiinptyofoliowed M&W@%tﬂﬁlﬂbﬁﬁbf@@lp@tﬁésﬁﬁ&tﬁék@% (410ndhy 486.2.
rrunol). The mixture was heatetjﬁgggm&f@r 1 hour, then allowed to cool
and H20 (10 mL) was added. The mixture was filtered through a pad of
-65F ol entas thedinirdweviisavhshdd kg dansrateupoticodsphatinting the
appr%ﬁl@é@@ﬂgggrmﬂ)tﬁ{@stg@d%%%so BasHWRASERNRILSy AURSHOVRE following
S04, and filtered. The solvént was removed under reduced pressure.
““'Plgevﬁ?ﬂ%lélsrﬂgféﬁgle\%% Pifitfddia silica gel chromatography to afford the
title compound (6.2 g, 17 mml).r\MS m/z: (M H+] calcd 5 for C26H26N20,
382.5; found 383.4. Preparatidn 8 :
2-(3-Hydroxyphenyl) @ , Froacetamlde Toa
stirred solution of ((S)>1-bs ayrealidin® ~8y1)-(B-mé&thoxyphenyl) 10
[ l; prepared as described in Preparation
vds added KOH (35 g, 620 mmol) The
reaction ia?’i&wa equ.ppcu a.u. areflux-condenserardritrogen-nlet and
AL JZWaY-% nn ‘\JVYC_C}EI-i::\:LL:’A' +h
tempera Il-.g._ﬁva l:'l. (LZu CH)Z al_ _‘CI.II!:'I \ FOU1TT) WC-IC}.GUUCU to-tne
mixture. - vasthen-separatec-andifie-atueous phase
was 15 xtlglmlqte 2-times t\’(t rether (10“ 1=
were cor'rbrgr%o ried OVeE .30%4 then-filtered—Fhe-Soivent-wastemoved
under re Jutg;‘gl pressure 1€, |uuc Téa
9

stirred atjt4; for-t4da I “% nixture-ywas-at

(250 mL cugu7bu otedto Uml 8 gllb stirre

boron tril JIUgllgub' i hlﬁ.;ﬁl_@@ NIH .@Hnuru. i,).j,l.nld,Jtl»,l,\ ijA..u.,ieA wal S irred at
OCfor9 i lguu: s—TheT &j:_ib cévaa then-added-to Bfirred sotatipn of

0 . o an-filter s P el
30% am Illgl ﬁl)ol-. 260 Ice CH Ilty(l.wc Wwas-thef-tet mrougn pad of

(o
Celite(r),[trermrwashedwi aturated-agueous-Na otatton<260 mL).
8211 tﬁﬁﬁ a L L CH

MaSO4 filteye Nt was
t ﬁillleselw_

The orggmg” phASE WaSEHET PVl MgSO ther

y I
removed upuer T drrced s uu—: crpde-materialwas-them-sybjected
to normat l@/jl4u endux(g}‘gﬁ) s to-obtatn-the-titt _“mpound... 1S
m/z:{M + rgrjls,al dforCls 2:71 202,-296-36; fu'uh"‘d_O £-6--25This
d-of-Example-10-3—EXAMPLE

material V%blgbtu to plcﬁgﬁﬁé bUIII}JUL

10 FJ"S“’Y"?IQ the pllﬂEﬁJTIh@_lécbbllu d i

1
substitutinmg-tme-appropriate-starting natetials-and-reagents;compounds

(8- 1)10 ltg v\ﬁ@j?’l I?r?e\f Eh fg!l ngxo%%%(#ég%%gl%%of ?]03 I}?%lgﬁeny acetamide.

salts: 2008/1 426PCT
MS m/z: [M'] caled for CoHysN2Os, 443.27; found 443.2.

(8-2) 2-{(5)-1-[3-(3-chlorophenoxy)propyl}-1-methylpyrrolidin-3-y1}-2,2-
diphenylacetamide. MS iz [M™] caled for CagH32CIN, Oy, 463.22; found 463.2.
(8-3) 2-{(5)-1-[3-(3-cyanophenoxy)propyl}-1-methylpyrrolidin-3-y1}-2,2-
diphenylacetamide. MS m/z: [M"] caled for CaoHN30,, 454.25; found 454.2.

(8-4} 2-{(5)-1-[3-(3-chlorophenylsulfanyl)propyl]-1-methylpyrrolidin-3-y1}-2,2-
diphenylacetamide. MS m/z: [M"] caled for CagHaCIN,OS, 479.19; found 479.2.

thep pn-;\ijuua examples, and

-62-
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Ex. a R1 b R2 10-1 1 4-hydroxy | 4-hydroxy - 10-2 1 4-hydroxy 0 10-3 1
3-hydroxy O -

WO 2008/103426 PCT/US2008/002321

(8-5)  (S)-3-(carbamoyldiphenylmethyl}-1-{3-(3-fluoro-phenylsulfanylpropyl}-1-
methylpyrrolidinium. MS m/z: [M'] caled for CosHzoFN,OS, 463.22; found 463.2. 'H
NMR (CDCls, 300 MHz) & (ppm): 1.90 (2H, m), 2.05 (1H, m), 2.14 (2H, br m), 2.62 (3H,
s), 2.86 (ZH, 1}, 3.02 (ZH, m), 3.22 (1H, s), 3.33 (1H, s), 3.45 (1H, t}, 3.59 (1H, d), 3.70
(1H, ), 3.87 (2H, m), 4.18 (1H, m), 5.87 (1}, d), 6.35 (1H, 5), 7.0 (4H, m), 7.3 (10H, m).
(8-6) (5)-3-(carbamoyldiphenylmethyl)-1-methyl-1-{3-(3-trifluoromethylphenyl
sulfanyl)propyllpyrrolidinium, MS m/z: [M'] caled for CaoH3,FaN,08, 513.22; found
513.2.
8-7 (S}-3-(carbamoyldiphenylmethyl)-t-methyl-1-{3-(3-trifluoromethox yphenyl
sulfanylpropyl]pyrrolidinium. MS m/z: [M'] caled for CaoHsFaN,0,8, 529.21; found
529.2.
(8-8) (8)-3-(carbamoyldiphenylmethyl)-1-[(3-fluorobenzylcarbamoylymethyi] -1-
methylpyrrolidinium. MS m/z: [M'] caled for CogHa FN3O,, 460.24; found 460.2.
(8-9) (8)-3-(carbamoyldiphenylmethyi)-1-{3-(3-methoxyphenoxy)propyl]-1-
methylpyrrolidinium. MS m/z: [W} caled for CyoH1sN204, 459.26; found 459.2.
(8-10) {(§)-3-(carbamoyldiphenylmethyl}-1-[3-(3-fluorophenoxy)propyl]-1-
methylpyrrolidinium. MS m/z: [M'] caled for CogH3FN2Os, 447.24; found 447.2. 'H
NMR (CDCl3, 300 MHz) 3 (ppm): 2.06 (1H, ), 2.18 (ZH, 8), 2.67 (2H, 5), 2.79 (1H, s),
3.26 (3H, s), 3.38 (1H, s), 3.53 (1H, 1), 3.68 (1H, 5), 3.88 (2H, 1), 4.03 (2H, 1), 4.16 (1H,
m), 5.82 (1H, d), 6.6 (3H, m), 6.51 (1H, 5), 7.18 (1H, m), 7.3 (10H, m).
(8-11) {5)-3-(carbamoyldiphenylmethyl)-1-methyl-1-(3-m-tolylsulfanylpropyl)
pyrrolidinium. MS m/z: [M"] caled for CaoHisN,0OS, 459.25; found 459.2.
(8-12) (3)-3-(carbamoyldiphenylmethyl}-1-[4-(3-methoxyphenyl)-4-oxobutyl]-1-
methylpyrrolidinium. MS m/z: [M'] calcd for CaogH3sN; 03, 471.26; found 471.2.
(8-13) (§)-3-(carbamoyldiphenylmethyl)-1-[3-(3-hydroxyphenoxy)propyl}-1-
methylpyrrolidinium. MS m/z: [M+] caled for CygH33N2Os, 445.25; found 445.2.
(8-14) ($)-3-(carbamoyldiphenyimethy!)-1-[2-(3-fluorobenzoyloxy)ethyl]-1-
methylpyrrolidinium. MS m/z: [M'] caled for CasH3oFN,O4, 461.22; found 461.2.
(8-15) (5)-3-(carbamoyldiphenylmethyl)-1-[3-(3-hydroxyphenylsulfanylpropyl]-1-
methylpyrrolidinium. MS m/z: [M'] caled for CypgH33N20,8, 461.23; found 461.2.
(8-16) (R)-3-{carbamoyldiphenylmethyl)-1-[ 3-(3-fluorophenoxy)propyl]-1-
methylpyrrolidinium. MS m/z: [M'] caled for CagH3,FN2O,, 448.24; found 447.2.
(8-17) (5)}-3-(carbamoyldiphenylmethyl)-1-[4-(3-flucrophenyl)but-3-ynyl]-1-

_63-



(10-1)(5)-3-[carbamoyl-bis-(4-hydroxyphenyl)methyll-113-(3,5-
difluorophenylsulfanyl)propyll-1-rnethylpyrrolidinium. MS m/z; [M+] calcd
for 5 C28H31F2N203S, 514.20; found 513.2.
WOLBUS83435[(S)-carbamoy1-(4-hydroxyphenyl)phenylmethy 1 PARB 31 83/002321
difluorophenylsulfanyl)propyl]-1-methylpyrrolidinium. MS m/z:calcd for
C28H3IF2N202S, 498.21; found 497.2.
metil O @M8)d3{earbamioy k(B droxy phe 0y} phenynattyis 17638 E+110
difIuorophenylsuIfanyl)propyl]-l-&%g lidinium. MS m/z: [M+] calcd
for C281-131F2N202S, 498.21; foun .2. EXAMPLE 11 Following
the pdeedy ds=gesceibedsiddheipedviotis gxamplesxandisubstitatingitheng the
ropr | nd re -1; - .
P ahang TE Tnrac T i Sk e arad o T ke ey ine

5 fornpdaReh dse preskE) 3sSEE sgEH3 11-2 -(CH2)3-0- -F

Ex. Q

9-1 -(CHa)3-5-

92 | «(CH,),-NHC(O)NH-
9.3 “CH,-C(O)O-CH,-
8.4 ~(CH2)3—O-CH7_—'
9-5 ~(CH,)3-S(0)-
9.6 _(CH,)3-8O0-
9-7 ~-(CH3)3-5-
9.8 (CH,);-O-
9-9 -(CH;),-C=C-
910 (CH2)»-O-

(9-1} (S)-3-{carbamoyldiphenylmethyl)-1-[3-(3,5-difluorophenylsulfanylpropyl]-1-
methylpyrrolidinium. MS m/z: [M'] caled for CpgHay FoN,0S, 481.21; found 481.2. 'H

10 NMR (CDCly, 300 MHz) & (ppm): 2.02 (3H, m), 2.63 (s, 3H), 2.78 (1H, s), 2.88 (11, s),
3.05 (1H, m}, 3.24 (1H, s), 3.34 (1H, s), 3.48 (1H, s}, 3.61 (1H, s}, 3.72 (1H, s), 3.86 (2H,
m}, 4.14 (1H, m), 5.80 (2H, d), 6.22 (1H, s), 6.62 (1H, q), 6.79 (2H, dd), 7.35 (10H, m).
{9-2) {S)-3-(carbamoyldiphenylmethyl}-1-{2-[3-(3,5-difluorophenylureido]ethyl}-1-
methylpyrrolidiniom. MS m/z: [M+] caled for Cyld31FaN4O», 493.24; found 493.2.

15 (9-3) (8)-3-(carbamoyldiphenylmethyl)-1-(3,5-difluorobenzyloxycarbonylmethyl)-1-
methylpyrrolidinium. MS m/z: [M"] caled for CogHaoFoN,Os, 479.21; found 479.2.
(9-4) (5)-3-(carbamoyldiphenylmethyl)-1-{3-(3,5-difluorobenzyloxy)propyl]-1-
methylpyrrolidinium. MS m/z: [M"] caled for Caol13FaN;O,, 479.25; found 479.2.
(9-5) (§)-3-(Carbamoyldiphenylmethyl)-1-[3-(3,5-difluorobenzenesulfinyl)propyl]-1-

20 methylpyrrolidinium. MS m/z: [M'] caled for CogHa FaNo0,S, 497.21; found 497.2.
(9-6) ($)-3-(Carbamoyldiphenylmethyl}-1-[3-(3,5-difluorobenzenesulfonylpropyl]-
1-methyl-pyrrolidinium. MS m/z: [M"] caled for CagHs FaN2058, 513.20; found 513.2.

G
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-F 11-3 -(CH2)3-S- -F -F (11-1)(S)-3-(carbamoyldiphenylmethyl)-
143-(3-fluoro-4-methoxyphenylsulfanyl) propy11-1-methylpyrrolidinium.

MS m/z:calcd for C29H34FN202S, 493.23; found 20 493.2. WO
WOgue103426PCT/US2008/002321 PCT/US2008/002321
(11-2)(S)-3-(carbarnoyldiphenylmethyl)-143-(3,4-difluorophenoxy)propyll-1
- methylpyrrolidinium. MS m/z: [Mt] calcd for C28H31E2N202, 465.24;
(9-Tound 465 3%)-3-(carbamoyldiphenylmethyl)-1-{3-(3,5-difluorophenylsulfanyl)

L e e T T T
482481 21; found 481.2. BEXAMPLE 12 Following the procedures

(o-giescrihed inthe PIRVIONS RXABRISS-ANG)Subs! ijkﬂﬁﬁ&é‘ﬁn%?%%}pyuqu

starting materials and reagents, compounds'1 “1to 12-2, havin

methyfRiTRg TorHial e 818 preplafel s TRA AN E6G 41 found 465.2.

(9-9) (5)-3-(carbamoyldiphenylmethyl)-1-[4-(3,5-diflucrophenyl)but-3-ynylj-1-

methylpyrrolidinium. MS m/z: [M'] caled for CaoHaoFoN,O, 460.22; found 459.2.

(9-10) (R)-3-(carbamoyldiphenylmethyl}-1-{3-(3,5-difluorophenoxy)propyl]-1-

methylpyrrolidinium, MS m/z: [M+] caled for CygHa FalN2 Oy, 466.24; found 465.2,
Preparation &

{(3-MethoxvphenyDiphenvlacetonitrile

N
It

O

A solution of 1-(chlorophenylmethyl)-3-methoxybenzene (5.5 g, 24 mmol) in DCM
(100 mL) was cooled to 0 °C. Trimethylsilyl cyanide (3.5 mL, 26 mmol) was added to the
stirred solution. 1.0 M of tin tetrachloride in heptane (0.75 mL, .75 mmol) was then added.
The solution was stirred for 2 hours, then quenched with MeOH (50 mL). The solvent was
removed under reduced pressure. The crude material was then purified via silica gel
chromatography to obtain the title compound (2.2 g, 10 mmol).
Preparation 7

((&}-1-Benzylpvrrolidin-3-yI3-methoxvphenyDphenviacetonitrile

o

To a stirred solution of (3-methoxyphenyl)phenylacetonitrile (5.2 g, 23 mmol;
prepared as described in Preparation 6) in THF (100 mL) was added toluene-4-sulfonic
acid ($)-1-benzylpyrrolidin-3-yl ester (7.2 g, 22 mmol), followed by the addition of
potassium #butoxide (4.0 g, 36 mmol). The mixture was heated to 80 °C for 1 hour, then

allowed to cool and HO (10 mL) was added. The mixture was filtered through a pad of
65
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12-2 10 (12-1)(S)-3-(carbamoy dipheny
methyl)-143-(2,3-difluorophenoxy)propy1]-1- methylpyrrolidinium. MS m/z:
[M] calcd for C28143 IF2N202, 465.24; found 465.2.
WOL298)18)43¢(carbamoyldiphenylmethyl)-1-[2-(2,3-difluoroben Z&iai8z et ipe321
]-1- methylpyrrolidinium. MS m/z: [M4] calcd for C28H29E2N203, 479.21;
found 479.2. 15EXAMPLE 13 Following the procedures described in
Celith®. praviousiexanyplesshailsith sttsming dh ecqappro it stAnting (Hteraland
reagents, compou 3-11t0 13- vin téh following formula were
the G R R MR T R T R o
rem@y8d1) (@ 3ebarthpesAdiphdhyl nredeyyalef Bl &4 giflubed phe pidicg) prbpyl]- 1
chre BRI M S5 MRS 52T LRV 455 2 carca
oun 2.
for C%H%NZO, 3825, found 383 .4,
Preparation 8

2-(3-HvydroxyohenyD-2-phenvl-2-(5)-pyrrolidin-3-vl-acetamide

To a stirred solution of ((§)-1-benzylpyrrolidin-3-y1}-(3-methoxyphenyl)
phenylacetonitrile (6.2 g, 16 mmol; prepared as described in Preparation 7} in 7-butyl
alcohol (150 mL) was added KOH (35 g, 620 mmol). The reaction flask was equipped
with a reflux condenser and nitrogen inlet and stirred at 110 °C for 14 days. The mixture
was allowed to cool to room temperature. Water (120 mL) and ether (100 mL) were added
to the mixture. The organic phase was then separated, and the aqueous phase was
extracted 2 times with ether (100 mL each). The organic layers were combined, dried over
MgSQy, then filtered. The solvent was removed under reduced pressure and the crude
material was then taken in DCM (250 ml) and cooled to 0 °C. To this stirred solution was
added 1.0 M of boron tribromide in DCM (30 mL, 30 mmol) and the mixture was stirred at
0 °C for 90 minutes. The mixture was then added to a stirred sclution of 30% ammonia &
ice. The mixture was then filtered through a pad of Celite®, then washed with a saturated
agueous NaCl solution (200 mL). The organic phase was dried over MgSQy, then filtered.
The solvent was removed under reduced pressure. The crude material was then subjected
to normal hydrogenation conditions to obtain the title compound. MS m/z: {M + H'] calcd
for CigHoN20n, 296.36; found 297.6.

This material was used to prepare the compound of Example 10-3.

EXAMPLE 10

Following the procedures described in the previous examples, and substituting the

appropriate starting materials and reagents, compounds 10-1 to 10-3, having the following

formula were also prepared as TFA salts:

66-



WO 20081103426PCT/US2008/002321
(13-2)(S)-3-(carbamoyldiphenylmethyl)-143-(2,4-difluorophenylsulfanyl)pr
opyl]-1- methylpyrrolidinium. MS ,n/z: [Nr] calcd for C28F131F2N20S,
Wikgpp1i%dtind 481.2. EXAMPLE 14 Following the proceBUFégs2008/002321
described in the previous examples, and substituting the 5 appropriate
starting materials and reagents, compound 14, having the following
formula was also preparef as - FA salt:
(S)-3-(carbamoy!l he yImthyI) _ 437(2 6- dlfluorophenoxy)propyl] -1-
methylpyrrolidinium 727 | FLE2N202, 465,24,
found 465.2. 10EXAN ' ures described in
the previous examples, a dstltutlng the appropkidte starting materials
and reagents, compound 15; lE;Eya)ng the following farmula was also
prepared as a TEA salt:
15(S)-B-(EarbdmoyldiphenylmethyR*1-[2-(2,5-difluorobenzoyl@xy)ethyl]-1-
methy|pyigalidinium. MS m/z: [Middated for C28H29F2N208ydrt%2 1
found 4782 EXAMPLE 16 | 4-Hydlewwing the pocedures described|in
the previoug exampléas, and|subsiitiiing the appeopriate starting materials
and reagents, compounds 16-1 to 16-3, having the following 20 formula

(10-Were a[gpm[eap‘hﬂﬁdmbbTE@iS@ltBoxyphenyl)mathyi] 1-[3-(3,5-
A TR P S RYEC o i %@%ﬁﬁﬁh@ "ir 20
5  CxuHolA#E.2Z 11699 W®Q6®8ﬂ03426PCT/U82008/002321
(10-2) (5)-3-1(S)-carbamoyl-(4-hydroxyphenyl}phenylmethyi]-1-[3-(3,5-
difluorophenylsulfanylypropyl]-1-methylpyrrolidinium. MS m/z: [M'] caled for
CaeH31FoN> 058, 498.21; found 497.2.
{10-3) (5)-3-[carbamoyl-(3-hydrox yphenyl)phenylmethyl]-1-{3-(3,5-
10 difluorophenylsulfanyl)propyll-1-methylpyrrolidinium. MS m/z: [M"] caled for
CogHy FolNo (0,8, 498.21; found 497.2.
EXAMPLE 11

Following the procedures described in the previous examples, and substituting the
appropriate starting materials and reagents, compounds 11-1 to 11-3, having the following

15 formula were also prepared as TFA salts:

Rsa
o NH, / =
N'&-
~
Sl

Ex. Q R R
11-1 -(CHQ)}*S-“ -F -QOCH;
11-2 -(CH,);3-O- -F -F
11-3 (CH,)3-S- -F -F

(11-1} (5)-3-(carbamoyldiphenylmethyl)-1-[3-(3-fluoro-4-methox yphenylsulfanyl)
propyl]-1-methylpyrrolidinium. MS m/z: [M"] caled for CaoHasFN2OsS, 493.23; found
20 49372,
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(16-2)(S)-3-(carbamoylphenyl-p-tolylmethyl)-1-methy1-1-(4-phenylbutyl)
pyrrolidinium (121=4-methyl). MS nilz: [Mt] calcd for C39H37N20, 441.29;
found 441.2. (16-3)(S)-3-[carb amo yl (4-hydroxyphenyl)phenyl m ethyl]
WOBHRYE4244- phenylbutyOpyrrolidinium (R1=4-hydroxy). MSPfifZ §heag/002321
calcd for C29H35N202,-443.27; 5 found 443.2. Assay 1 Radioligand
Binding Assay Membrane Preparation from Cells Expressing hM2, hM3
(11-ahd hMEhdsedrnicyRéckptynSuhypéd 3H0CH betklipesistabpropyl]-1-
met@aggss%i@&%ﬁmwwwwkah&\é%om\f'%ﬂ?nwmwaﬂn I6IRE9BICE

S respectlve y, were'grown to near'co ency in meaium

(11-¢pnsisting ofcrrkame Rdipkeprestiediet i4id 4056 FBSpasay B0y lintopyll-1-
@@iy@m@m& celis w&rgmwm Aol EOR, Rr&sinapubajorand liled,
with 2 niM EDTA in dPBS. Cells were coﬁected by 5 minute centrifugation
at 650 x g, and cell pellets weré SitHEP§red frozen at 15 -80 C or

MeRYANRS WR'SrereRatadiinimediatele barRenbiang BieRal aliofieals the
pellets were resuspended.in lysis buffer and hoénégﬁenlzed with a Polytron

appfﬂﬁ“ﬁ%%%&@é?ﬁ%&é?@%ﬁ?&?ﬁfm@%@o%% ths X Zifrstey tesdefowing

formiemizianés wereednisiTredat40,000 x g for 15 minutes at 4C. The
membrane pellet was then resuspended with resyspensmn buffer and
homogenized again with the Pglytren tISSUGFdISI‘ pter. The protein 20
concentration of the membrane suspepsiop was determined by the
method described in Lo 0 ; Joprnal of Bigchemistry 193:265
(1951). All membranes Wwete freZen th aliquots at -80C or used
immediately. Aliquots of pPrepare _Mb5receptor membranes were
purchased directly from Perkin Blmer and stored at -80C until use.
Radioligand Binding AS$gy of MuscarinigReceptor 25Subtypes hM,,
hM2, hM3, hM4 and Mg_lﬁamougaanwere perfor',led in
96-well microtiter plafesg 30,2 {otal agsay )y Qig,of 1000 u.L. CHO cell
membranes stably eXpressing either the niNAT, hivi2, hM3, hivl4 or hMs

17-TRUSCaFnic. ; ific

o ot congeratons (MaD) 16,101 b L0-15 10 o 2,

e BHED 11810050 RPN RG 2 1 1 12wt

(12-membrgnssdradiedly oeganizpd-Usiiy RROMFOR HesHe LIS gioN -

0 seco lat. ng?n ion ﬁéndln studle for
e RSN EID ACE o e IRt e e el 7.2
L-[Nmethy1-3H]scopolamine nigtniaHidrite ([31-1]-NMS) (TRK666, 84.0
Ci :E%H‘o%i@gf WL %?gggdures described in the previous examples, and substituting the

appropriate starting materials and reagents, compounds 13-1 to 13-2, having the following

formula were also prepared as TFA salts:

Ex. Q
13-1 -(CH)3-O-
13-2 -(CHy)-8-

(13-1) (5)-3-(carbamoyldiphenylmethyl)-1-[3-(2,4-difluorophenoxy)propyl]-1-
methylpyrrolidinium. MS mi/z: [M*’} caled for CogH31 FoNL Oy, 465.24; found 465.2.

-68-
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WO 2008/103426PCPUS2008/002321 Pharmacia Biotech,

Buckinghamshire, England) at concentrations ranging from 0.001 nM to

20 nM. Displacement assays for deteimination of K, values of test
Wesisddsts were performed with [31-11-NMS at 1 nM and el@¢digriesdnes2i

test compound concentrations. The test compounds were initially

dissolved to a concentration of 40 pM in dilution buffer 5 and then serially

(13-diuted/Bk IiaadraoAdeirayis il cérideFfubdohieorantmmy nd fnadmien vil-1-

meth918R-Midl8AIUHOD O dRr R vOIMes i0 Reassay PIAIeSUEIe AS 2.
follows: 825 giL assay buffer with 0.1% BSA, 25 HI radioligand, 100 !'AL
diluted test compound, and 50 Eﬁﬁéﬁ%ﬁr@ﬁ& Assay plates were

incuatesd fgrBehoursRl &/&-Binding: ipagions weraterminated By rapith g the
filtration over GF/B fiber filter plates (Perkin Elmer Inc., 10

glass . ,
PPRAPEITAE G A SFartreRY THPE85% SBTRR Aditm e k) (i dpagule
was wieteprinseditiy acTiifealwith wash buffer (10 inM HEPES) to remove

unbound radioactivity. Plates were then air dried, and 50 p.L Microscint-20
liquid scintillation fluid (PerkwmEIner Inc., Wellesley, MA) was added to
each well. The plates-wa(e then cou r\}ed ina Pgrlci Elmer Topcount liquid
scintillation counter { InElmey In [, Wellestey; Binding data 15
were analyzed by nonfifeat regiression analysis ;@e GraphPad Prism

xd Boftware, Inc., San Diego, CA) using the
one-site competition model. K1 values for test compounds were calculated

(9)-Trswrspeeridahastnaiugs bhtt the Kiivererbenthapaciolitdnd using the
metyigResFILSel eqrtion g@hfeskﬁ fOLUSQIE \¥e I, BIOGBEMICEbund 465 2.
Pharmacology 22(23):3099-108 élQ?S}?ﬁg, values were converted to pK,
values to 20 determine the ge kand 95% confidence intervals.
ThesasuMBEpsiabsiRs wekeithancanvaned baskdalids valdasiordatd: the
reporting. . In this assay, a lower K, value indicates that the test
PP UAE k4 AT P R A PRSP e B 06 e
was gsmpepacs af th€hnverntion that were tested in this assay, were found to
have a K1 value of less thgn about 120 nM for the M3 muscarinic 25
receptor subtype in this assgy. More typically, these.compounds were
Nalb’out 50 M, with some compounds
s4hay about 1.0 nlvi.
ECE ays 30Blockade of
Agonist-Mediated Inhibitiohgf-CAMP Accumulation In this assay, the
functional potency of a test compound is determined by measuring the

(S)- Py ahthedest-eompaund 1tqp@95~@9fﬁ£5@@&eﬁﬂgd&tﬁb@éﬁ9ﬁpf-

T GG e T

are performed in a radioimmuregasdp i@ mat using the Flashplate

A lyl Cyclase Activation Assay, System with 1251-cAMP o
o e L L S RV BT, Seatbmptire e
appropieasertafanturetyisstodtionsaCe s arenndetiboh ee 16ith HPRBS: andbifted/ing
formfi TYRRIDEDTA sglutien (9,05% 5 trypsin/0.58 raM EDTA) as
C'm’ldescribed inE%s ay l. The %etac%ed cells are washed twice by
centrifugation at 650 x g f8 MadHminutes in 50mLs dPBS. The cell pellet is
then resuspended iff1Q mL |dPB nﬂ the cells are ¢

cells are centrifuged age
stimulation buffer to an as X
cells/mL. The test compound is initially dissolved to a concentration of

(16~12}08 fLm)mmmﬁ@mtTyﬁﬁee@ﬁBSﬁo&wm?mmeﬁaﬂm L. gk BSdy(9.1%)),
then seri iluted with diluti ffer to fin r ngratigns
P R SO0V oV K. AT 1 BMRCE  ifged 21 2

manner. 15To measure oxotremorine inhibition of AC activity, 25 4,

forskolin (25 itM final. concentration diluted in dPBS), 25 )1L diluted
oxotremorine, and 50 pi., cells are added to -
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agonist assay wells. To measure the ability of a test compound to block

oxotremorineinhibited AC activity, 25 !IL forskolin and oxotremorine (25

p.M and 5 ftM final concentrations, respectively, diluted in dPBS) 25 ftL
WHiRHEE S compound, and 50 J..iL 20 cells are added to rerfi&ihintpisdps2i

wells. Reactions are incubated for 10 minutes at 37C and stopped by

addition of 100 R, ice-cold detection buffer. Plates are sealed, incubated

(16-akernight at rothemeriperarive tahdreetined thietheki rifontierny bl

pyrrBIREKInEIperlopcaunt 'mwgim@m&%g}gﬁﬁ? MEIMeIINGy g 441.2,
Wellesley, MA). The amount of cAMP produced (pmoUwell) is 25
(16-Bhicu A SO ESTISBBEEH By e HES vl AP

pherSiRREAIISas dascribecn tha:manufactiurer suseemanyalcDataiye,, 443.27;
analyzed by nonlinear regression analysis with the GraphPad Prism

foung \%gre package (GraphPad Software, Inc., San Diego, CA) using the
non-linear regression, one-site compefition equation The Cheng-Prusoff
equation is used to calcu tﬁ‘t%e K" lﬁin .the EC50 of the oxotremorine
concentration-response cutve 382 RAHREB& StEMorine assay
concentration asitfae:Kranetfph espetivwe YeThEdracalugs are converted
to plc values termine the tric mean,and 95% confidence
intervals. Théﬁ%&i’n@%&%ﬁ%@gﬁc ré?ﬁl%g%\c/e r?ce”a%% 5 Ki values
forddfad rel drtisgitahlthis mrsssiygarlonesr iBnwakid indidatbbithatdhddostscarinic

rece@%m%lﬂﬁ%g?‘és?egitgvréqg/,'@%fe%@%O%%%Qﬁé&%@r% %&9@@[9&%% isiifng of
unctional activity at thé receptor tested. The exemplified compounds o
HANhehinvestineaiengsgrited (eHave and 2alueorieSsnhnasimbbhe coldsrngre

growWREPIPSkpde ohaxetiemprneinhiniion QfiferskolnenedialedrstMEells were
accumulation in CHO-K1 cells ex&ressmg the hM2 receptor. Blockade of

collegigd higtanmamte 1 asEes oy 8 B and qellapsHeisriveraéticnaloasd dipzen at
-80 ‘DR fuRstionAlRIeRCYroh 1est cRARANRES qan he delernBeshNion, cell pellets

measuring the ability of the compounds to block oxotremorine-stimulated

werersasuspergrSh i e Ard hemasreiggrai&iad e M B TedRdissae the
disnipiee @fiHeRafroz amembianesaresthawedrnsk the diuecieassavifuged at

ffer 10 with a final target tissue concentratjon of 5-10 jig protein per,
40.000L EHE MERHEA RS Ao b %ﬁy’ﬁs}%@smﬂ%} PO I BTS00
resustﬂm@ﬂ M%t%ﬂﬁ@ﬂmﬂdd&dé@iﬁh@iﬂsﬁ&yﬂb@te@l ﬂim&ﬁﬁﬁptawé[‘ he protein
conc%%Ef@%%g%{%%tﬁ%?%i%g}%grg/é)iég}a&(flary H&%%%Q&%g‘i{?%{e cl)%tlé)erégr{bﬁd in

ing agonist oxotremorine is’determined i eac
Lowexgerimnent/a5T el détBionine ihera b2 6f 6] st caripoemdtméahilsite stored

SR AR SIGTEI N e oyl

memigyapghy cpssirchroxbtheprBrntopE EoljmRireDRd Siprid) 228 IC ofndil utesd
test compoung angh2al- R, cell MeMPIANeS SRR SSIEFhe

hM2receptor. The assay plates are then incubated at 37C for 60 minutes.

The assay plates ar‘é‘ﬁfﬁ@i@&‘é’@feﬂ%’lWBéM%@%Méd GF/B filters
usimgia Peidnkine: W welhasesteiml e P eies A1 elinset yiiearcoldtal

Wz?ﬁh buﬁggé r3x3s on%s and then air or vacuum dried, Microscint-20
A S 5635?L et dRey R RaLHARBICGase e Thl e SehMe
hM;,d0d radiodgtivity atnistechopaiepeditnted (Raskinbinien) datafaiiewing specific

lyzed b li [ is. wit Graph Pri
e S SV I 38 SR Db e i e
M, riéh2inesfoeghés sioh | Orie sigefeonipetifibn equdationT her€henfsProsofgenized
usingeﬁ"gfﬁ%}f’_tfﬁﬁg &%r(f%l%flﬁﬁ gggoﬁﬂsg?Qgrt%ealsg%pﬁé%%%éﬁg (%Qe Saturation

concentration-response curve for t est compo € oxotremorine

bindiggrtedinafioripemanissdyrasitesbtbnerflidligehe comesforagerising L-[N-
methp@smgéwﬁdymmn@ﬁ%ﬁ§%@éﬁwfﬁ$m (MHRRIES 186 BeH8SL1, Amersham

compound has a higher 0
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30 functional activity at the receptor tested. The exemplified compounds of

the invention are expected to have a Ki value of less than about 100 nM

for blockade of oxotremorinestimulated [35SiGTP7S binding in CHO-KI

Weagsgtéssing the h.M2 receptor. WO PCT/US2008/002321

2008/103426PCT/US2008/002321 Blockade of Agonist-Mediated Calcium

Release via FLIPR Assays Muscarinic receptor subtypes (M1, M3
Phamprd i BisdedptBrsy waliemduop|Bnpl Gd)proteirs naetivats thging from 0.001 nM
o z@mﬁpﬁ@mm@%&&%@wm&m&%@'ﬁf QA&Q&@%MRJ&%WS HBrcc

a result, ac?vated PLC hydrolyzes phosphatyl inositol diphosphate (PIP2)

perfggmed |‘é(6§4é Wé%M@Wﬁﬁ@@@&ﬂ@ﬁ@@pﬁ@@wwmoﬂs
The WRICRMPBHNHIGRSEAIRE LAIGILTL FRIRRSE oM intracslluiarosines: difition buffer

endoplasmic and sarcoplasmic reticulum. The FLIPR (Molecular Devices,

and g ﬁwa l BN edovng i ttiss ianio iRenl £08SFriRtHass Fang eaiBRF
400 By1 esingv calgiunsens tivizoyel (FuandA  (Molegil Il RroRess ELGeRes: 825

OR) that fluoresces when free calcium binds. This fluorescence event is

KL %—?%é&é’&f FoHHGAET ey ik reiabiganni P ddetiteiidd shpgegHnd, and 50
uL dielareseer lC&sﬁ@%%t@%%@@Mz@ﬁ%' |ﬁ>£@ﬁ§§rwmm@gﬁi%@n§@ga54%%s were
an recept taganist potency can be determined by
tm&ﬁ@%%ﬁfﬁ@ﬁiﬁ@&&ﬁ&%*’?& ?’Fﬁﬁ%@ R R Thergada &ipper Inc
Welieﬁr@qéumapﬁat@md o0 Bl pRyed glenaistim{zian &Bﬁaygia@‘dd@@eli&isad
ressi n d cM5 receptors are seeded.into
e R S B L e s T e iRt B e
weranbghaid dwich m;,dﬁmLv&a&ho(swlsmm@mdmsmma)mmﬁﬂ|mhmﬁ¢mm
Wci@s&% 5 add 'Qa(\,/}lz %éﬂu%%hl%@gsew%rg{ en b(eneCIdI;
without calcium an magne5|um) {0 Femove grow%h an’é1 Feavmg e
TOPW/WéIhWFT |sFPRRi Beiffet CW@%mnrlhwbﬁfeﬂemh, MMD/WBEhdﬁlg dma

carbon dioxide. Following the dye mcubatlon period, cells are washed t

(Graphfad wadhrarsviebubr Lisgang A MsHe 8iamecofi soampefition nredel. Ks

valuSletar i eoania gRmSh Reteneyidia ﬁ@ﬁ?o@@&%@%&ﬂ%@%ﬁ& ok KD value of
ceIIuIar Ca2+ release for oxotremorine js first determined so that

the r%?ﬂ BRSO (RS O s R (b i Xk TR S nfib fiechemical
Pharstiroslagiop2at arcBeSo00sonconationGrlis.aie Brstineibate® witlies to

compound dllu ion buffer for m|n fo]lowed by onist addition, . .
et O PO RSP oR RS IO For RS SHRGAAES st
weregbereratedot bedin g 8t veethodadetepledi g the PUPA measurement

an %tsa iQn+helq tion with the f ula

(F1100-) A1 HiE fy‘"’%&% aﬁ“@x‘?ﬁ%&%ﬁ@:&g c%r?tcénrtng?on ot3 é)fﬂ’mdmg
affinjiydpathbe iecsHtnuiation &a@‘szﬁaﬁhm@mﬁmmmmntmdﬁmﬁew tested in

this RYAIBRIRG.S addad oeachwel Bthe.aniagani %Q@Pfﬂ%@ﬁ?ﬁu carinic

plates. The parameters used for the FLIPR are’ exposure length

receri@rSIEP tigehitRsagth bios vt e demstienmavetsigtredeusdia rha\emﬁ
vaiue%mﬁémﬂaﬁ\éetﬁn@t@m > khitn\Weh2 0080342 BRGNLI 94008 190434 an about

0 rim. Baseline is determined by measuring the change in fluorescence

10 “%Pik??e‘@&ﬂ&%’%’rfc}rq@%dltlon of agonist. Following agonist stimulation,
the FL1PR continuously measureg.éhg,change of fluorescence every 0.5
to 1 second forl\';I 5 minutes to ca tigre the %xmum fluorescence change.

uscarinic Receptor Functional Potency Assays
Blockade of Agonist-Mediated Inhibition of cAMP Accumulation
In this assay, the functional potency of a test compound is determined by measuring
the ability of the test compound to biock oxotremorine-inhibition of forskolin-mediated

cAMP accumulation in CHO-K1 cells expressing the hM; receptor,
71-
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5The change of fluorescence is expressed as maximum fluorescence

minus baseline fluorescence for each well. The raw data is analyzed

against the logarithm of drug concentration by nonlinear regression with
W PattPrism (GraphPad Software, Inc., San Diego, CA) Risligfaqgs/002321

built-in model for sigmoidal dose-response. Antagonist Ki values are

determined by Prism using the oxotremorine EC50 value as the KD and

thec&RGH épsayirscloeHOI0folt hedigainguoreemralionmeictvrdithy @aﬂmm‘te

AdeWW&%‘ﬁ:ﬁ%ﬁ%&?%é&g@kgst@nﬂ}&iﬁ?ﬁﬁlgm}) (NER SIS AERaY

lower K1 value indicates that the test compound has a higher functlonal

Perkidtisr ati e riseepidp fediedionndéne ApRIEIC Bnipo IaY 18F terRveTitisfions.
arerexpeciachiehave aki yalve phiessdhanabayit08miifer hiagkad 95%

of agonist-mediated 15 calcium release in CHO cells stably expressm%W
d twice by

ryPHRS + M GIP A4 SeREPRINthOTEN Assdif detaphrdtinelR arasasis
cemzuﬁ%dﬁemﬁ@ef&rmm@a@cm@om" Bstem@@mpp&mﬂsmhlibwgg

ar C antagonist.activity. 20All test ¢ ou are dilute
s P ot IR TSRO B P Lt ice
CoufSpaguksRawWleyitendie)2B0:35y) ate emmmk:mﬁﬁﬁ;gﬁimirgﬁr@meg for
five %%ggﬁ%ﬁl& a%?lé&éppeh &Jecliz §§etu F?{? drf)V%]mb oa mlxtu i Ofc.%aﬁfaicgﬁ 0r1.6 x

eric air st compound Soltfion e he
2.8 xol&religmiinute time period in a pie shaped dosmg chamber capable of

ho'ﬁﬁ@%%?‘c%%?oﬁﬁc?f?ﬂ%ﬂ@ﬁ%@o 0@:% R a”é&?c%rﬂfT m';ﬂ%%t?gﬁ in dilution

compound, the Einthoven assay is performed irty minutées prior to

buffen BRb pplavmonedyaiaiuseom L1FS Aritnbie hrendibetfetizdy dilgted with
dilutiBAGHANG PutARA iAo 420 Malke 12, H%effugyi%m {5 Gathggerized

with saline filled polyethylene catheters (PE-50) and used to infuse MCh.
Oxotigraapineria gyt disgeitEdrantrEannulated with a 140 needle and used

forrahyentitatia e O RUBNARASY KYAdUaURN, £3N0e RHELERY @s pM final.
lete ats are ven%ated usj ga plston resplrator set at a stroke

com
concgpen i 59 O G B &M%a Pl RoreRasingd sl brimmreadded o
agonat ascatevod180 Fwakessper thunbidtylbtachangespisupiesshie haldeetsrine-

red. Baseline vaJue /5 W
i UG DR Pard CEtEs oM 155 84 s
concthntrans, aespehailelyy dduieh iouihbRtive lylwith2dalcsinorepoentaland 50 pL
cells |&gr§&§&§t8fré%%§gﬁgg5%gg%p%ﬁ%ctor MCh (5, 10, 20,40 and 80 pg/ml). The
r2 r

MCh is infused fo utes from a syringe pump at a rate of 2

miFRegHIRS Tiecmipatld ErelOntanizeet dpYR eoimienen bf Hidisiengs! 00 pL
ice-cofdRRNYBSALYBRHISIQNPLeS SR CTRAL N FeRleH BRIMAS Rffperature and

expressed as % inhibition of MCh response relative to control animals. In

Counfﬁﬁsf%fsgsv RURIHE P9A RSSO @Hﬁéﬁfé§ﬂﬁ‘éﬁ%%§t%¢ﬁ%@ﬁd

(Perih@siadronchepinigetyaeffecthE xaivplenr amnopds QitheByaRtinns
hat e tested in this assay at a o%ose of 100 ug/ml are e gﬁﬂted to

caloula} a?ggﬂéﬁ%ﬂ”%%‘?ﬁ%‘?ﬁ T iannles dnd catosatimty rantgsoribed

in thdhmni&%urer s user manual. Data are analyzed by nonlinear regression analysis with
the GraphPad Prism Software package (GraphPad Software, Inc., San Diege, CA) using
the non-linear regression, one-site competition equation. The Cheng-Prusoff equation is
used to calculate the K, using the ECsg of the oxotremorine concentration-response curve
and the oxotremorine assay concentration as the K and [L], respectively. The K;values
are converted to pK, values to determine the geometric mean and 95% confidence intervals.
These summary statistics are then converted back to K; values for data reporting.

In this assay, a lower K; value indicates that the test compound has a higher
Py
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10 inhibition, and some are expected to exhibit greater than 90%
inhibition. 1.5 hr ID50 Determination Standard muscarinic antagonists
were evaluated in the rat Einthoven assay 1.5 hrs post -dose. The order of
WHEABREYB50s) for the five standards tested was determine® €3 /HE2068/602321
ipratropium (4.4 ug/ml)> tiotropitun (6 pg/m1)> des-methyl-tiotropium (12
pg/m1)> 15 glycopyrrolate (15 pg/m1) > LAS-34237 (24 pg/ml). The
funchgrshegtofithettdsticoempounst 4d.sifaripdptifindinetpt i 8shibthostsdosen are

exp@RIGAMN IROQRRIIMIGON HB0ARHSNPHSRINARE JPIRLAO R ne-
. .were also evaluated 24 hr and/or 6 hr post- dose In the rat Einthoven
mhiigom o el iumedie ahe/dd D grernweatioans G dkd leeds zopoteieatisrh M,
recep@st-dose compared to its 1.5 hr potency. The observed loss of activity at
this time point (6 hr) is caonsistent with its re@ti\g% short duration of action
f

in the clinic. TiIBIF6FTMEHERIBE S s Adt e Ritfipeak
branchepmiectinnibeingReh] ?N@ﬁxﬁ.d%bﬁ&%tﬁ%%%« @t&ﬁé&ﬁﬁo&ﬂ%ﬁ%aﬂ be
otency values were not significantly different from each other and were
et AL oA Lk P TR T R PR B ebreeted
[ SExTipyBdfithintest CorOpRURG)aswyelisas ghadthantadfopotency values, is
simjlarly determined. Assay 4 Rat Antisialagogue Agsay Rats, . _
S e BB TR T SRR e sy e
withcafiml|sted 3G as descriiedifor K$sa) Bg Atgeadptemihe dimecpdiniscant

o ANEL SULaeT I | [ ir dorsal side at a 20 incline wi
bmt eﬁiéhe%% i%eﬁgﬁagégyﬁggﬁ A@gr@?\}%ﬁg{%el rézggﬁzremﬁagﬁ ani%%aé?geta Tii—
platehe animal's mouth and the muscarinic agonist pilocarpine (PILO) (3

MOfkg, i), IS Qﬁ@f@gcéﬂé\fﬁrﬁqgg%f@@}ém&gaw&&ﬂ@ﬁé_ B élt\{é:r lation
008/103426PCT/US2008/002321 post-PILO Is measured gravimetrically

of Pl GbTeihrhiinAin ey Wis gispBisi g Herl berrenine dnepr ceperiment.

Antisialagaare @HesisarsrapreesathasnpdnhikitianalsalivalienrsiaiMes
{3 5S}tC(%)T(i%%t%oilnginnig ?ﬂglf%ilgu?igg i234agcrk«l([i) tooegce};[ %;gllilrﬁté%nweu plates: 25 uL of assay
buffer with [*S]JGTPyS (0.4nM), 25 L of oxotremorine (ECsg) and GDP (3 M), 25 L of
diluted test compound and 25 pl. CHO cell membranes expressing the hM; receptor. The
assay plates are then incubated at 37°C for 60 minutes. The assay plates are filtered over
1% BSA-pretreated GF/B filters using a PerkinElmer 96-well harvester. The plates are
rinsed with ice-cold wash buffer for 3 x 3 seconds and then air or vacuum dried.
Microscint-20 scintillation liquid (50 pL) is added io each well, and each plate is sealed
and radioactivity counted on a topcounter (PerkinElmer). Data are analyzed by nonlinear
regression analysis with the GraphPad Prism Software package (GraphPad Software, Inc.,
San Diego, CA) using the non-linear regression, one-site competition equation. The
Cheng-Prusoff equation is used to calculate the K;, using the ICso values of the
concentration-response curve for the test compound and the oxotremorine concentration in
the assay as the Kp and [L], ligand concentration, respectively.

In this assay, a lower K; value indicates that the test compound has a higher

functional activity at the receptor tested. The exemplified compounds of the invention are
expected to have a K value of less than about 100 nM for blockade of oxotremorine-

stimulated [*°S]GTPYS binding in CHO-K1 cells expressing the hM, receptor.
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5The rat antisialagogue assay was developed to assess systemic

exposure and calculate the lung selectivity index (LSI) of test compounds.

The standard, tiotropium, was evaluated in this model at 1, 6, and 24 hr
WEOSHEE Tiotropium was found to be most potent at inhibitiRgT/Us2008/002321

pilocarpine-induced salivation 6 hrs post dose. This finding is consistent

with the peak effects observed in the Einthoven assay. 10This model is a

modified?lersida gitberprodédlivrecddsoribed fa/Reehier FIHERatiary of

ant ice 0

o e, AR 30 s sewmleda o
prote, pfdRiaindig ﬁb@ﬁ-ﬁwlmm Veliitle) retitadyarmmuigoatokding to the receptor.
As Prestieaimentimecs calonated ARdnisad 10 GeMRHS Hninb ﬁ%@ &f

salivation, at the correspondlnﬁg Pre -treatment time, at each
&

diacybghyecinbiny: B0 FbRRRETBFIHY Ve ATERNP /e &E’gﬁe&dﬁ%@ HuScgPapERies

ca}cﬁMQQQ%é%@miﬂiémamam%Aeﬁé thanoOR:ded mda (raswadiatddtulum.
The T ﬁ with some compounds expected to exhibit an 11)50 value less than

MelineaeEeitas %%ﬁm Sl GRTAYIS8RIRLFF 8iliimfnorease in
iniréﬁhﬂlﬂaﬂ@a@ﬁﬂﬂ@@nﬁsﬁt@@.@@g&kﬁﬂ@é&mr@mbqupﬂgg{w%&g&lﬁmdg

com are t lung sel CtIVIt f the test compound,
Eu%@eh@%ly, co rlﬁ%rou ecis Vi eaﬁa c%l Xg?% é?(ﬁ?ﬁﬁ%%&vﬁpééﬁé?eawmd
in refidmediouthd Aldiiefelnield d¥ihite iﬂtﬁécbmgemﬁ [ﬁlﬂ&ﬂh@ﬁlbﬁﬁ'&meﬂmomlayer of

1] th ref nce,t specf aspects rembo iments, there
e S P Bl 4 T e S gty petomey
can phdngozivan ibxethtradzeiﬁy efantatenistcanibkisulbgtitusedndihtdt idepastng

Aromithe 25 trye spirit and scope of the invention. Additionally, to the
extent£en lined by applicable patent statues and regulations, all

pubifEatioR S pelfens deubEtentsipicAitisdites s reinrareshg diyhM,, kM,
and BMGOrROUAISH By 5%&%@%%%0'@6&@&1@@@&&%&@@&%@8%@&%@&9ls done.

document had been individually incorporated by reference herein.

Seeded AENFIHRTIE IR VESIES S AN SohRE rer G LR DIE puffer

(10 /v sEliraTS7WHtQTIDieOran svhereondand b ana ME&%&Q&H{M@% @khout
teger of from,| to 5; each R1 and R2 is mdependengqselecte

|n
cale NAZIREHGY 18 ARG AR B DL aRshIREY IRy A0 ST L PR
buffeQi%@l*,éils 500k re(RRClifaly Lt HONRIRE 15IS0S(BNRE 2X solution

g 2¥V and NRbRe where each Ra is independently selected from
was ma ¢) for 40 minutes at 37°C, 5% carbon dioxide. Following the dye incubation

intr:

pericd, cells are washed two times with FLIPR buffer, leaving a final volume of 50
pL/well,

To dstermine antagonist potency, the dose-dependent stimulation of intracellular
Ca’* release for oxotremorine is first determined so that antagonist potency can later be
measured against oxotremorine stimulation at an ECqg concentration. Cells are first
incubated with compound dilution buffer for 20 minutes, followed by agonist addition,
which is performed by the FLIPR. An ECqq value for oxotremorine is generated according
to the method detailed in the FLIPR measurement and data reduction section below, in
conjunction with the formula ECp = ((F/100-F)*1/H) * ECsg. An oxotremorine
concentration of 3 x ECr is prepared in stimulation plates such that an ECg concentration
of oxotremorine is added to each well in the antagonist inhibition assay plates.

The parameters used for the FLIPR are: exposure length of 0.4 seconds, laser

strength of 0.5 watts, excitation wavelength of 488 nm, and emission wavelength of
24
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10 hydrogen, -Ci_alkyl,-C2_4alkynyl and -C3_6cycloalkyl; each Rb and
Re is independently selected from hydrogen, -C1.4alkyl, -C24alkenyl,
-C2.4alkynyl or -C3,6cycloalkyl; or le and Re together with the nitrogen
Wg@ﬁ?@%}ﬁ%’ch they are attached form a C3,6heterocycle; or #d Xdpe&H2321
R1 groups or two adjacent R2 groups are joined together to form
-C3_6alkylene, -C2.4alkylene-0- or -0-C 14alkylene-0-; 15R3 is selected
550 ﬂ%mﬁe“f&%ﬂmdﬁ@ﬁm@ yeaaamys Uenhaossio Ausrsecsersioul seconds
prioWhemRii3aAngd R0 Frsipdenensaniy:selerieshiroR IYMRERA inuously
-C1 _6alkyl, -C2_6alkenyt, -C2_6alkynyl, -C3_6cycloalkyl, -CEfrioaryl,

measEsSaHe RS L LB EIEIDEYEIR, o IP-{CRETE SRR e fegaRyure the
maxBelecteddramenQiintige6cycloalkyl, -C610aryl, -C2.9heteroaryl, and

-C?i, 6h%teroc¥§_:lﬁ; or R3'and R3b to 3ther with theﬁitro en atom.to 20 in
which theV'are attaciied 10rm & s bheterocy e op ié‘ﬁé?ﬁf%%“neté‘ilﬁ‘i‘r‘ﬁ‘a one ¢
fluoredition &l hetdr eath mlelectedatromanitrogens mxygehedp satftimncisdugr an

integer of from J.t0 3; each R4 is.j endently. flu o] @ Ikyl: d is | qQr
con e R N O Sy B . sn
Diegec B2 aBi6alikeriyilt-BHRG2 Ralkigwtidr doSHR2OOREa AntrgenREB iyalues are
deteﬁx?ilﬁé:&% oM, Qéfhg’ O MUY AT =1 qid\sl RRARSGE @0 Q(B %Q@@z% g}?{:;naerﬁozim
Ikyl; Qis

independently selected from ft and -C1_6alkyl;
ECqo G Bwliligarbroncmiziigie Aecoydet dinty (digetelisepficmiatpip{Cheng &
Pruso@l36ty. - CC-, -0-, -S-, -5(0)-, -SO2-, -S02-NRM-, -NRQI-S02-, -C(0)-,
-0C(0)-, -C(0)0-, NR C(0)-, -C(0)NR1121-, NRQ2-C(0)-NRQ3-,
-NRO2CBIN Régzer Eefplye insli -Eﬂéﬁ%ﬂﬁmﬁf-e‘ﬂﬁ?%ﬁ& aRefigher
ﬂmcﬁb’%@ﬁﬂﬂ@j} éﬁtg%@%dépi?@%ﬁm Rg@?%glgﬁggé@ﬁﬁmk |Sﬁ¥ﬁ€] f60BAtion are
rogen,and - cycloalkyl, or n are taken together to
exPeRh B AR B €5 ARSI COAN RCHG e GroP BErRied
calcib® xRk an (HeEpesi Bfdrony biprbssing grdiMRedseindependently selected
from halo, -C14alkyl, -OO_4a1kerReS-g)§, cyano, -00_2alkylene-COOH,
-C(0)0-C malkyl, -0-C 4alkyl, -S-Ct— yl, N(C1l4alkyl.)2, and -NH(0)O0;
wherein each alkyl, alkenyl, Rdkyleriboedkyhsdaand cycloalkyl group in

A0S DRI ST B

oty €l ‘ an roup in RS Is optiona
exhilgpstiediaiin 'EaePos abeitiat stHdEpendently selected from

-0-& 1 Salkl s QHRNERNRNYE fAGEAYGlaalkyh Aavd DRIRroaIYhaNthalation
heterocycle group in R1-2, R3a-3, and Fe'is %S)%gnally substituted with 1

routeqglH s BatifaEEATEEpdrelsy Belsctad RomeicyuamkREeLs Biniasrio!

generfiéd AalkyRy L CYRRONEBINIZED SOt Ghdidainrh vS-CMitiod, oiSEMEE (b9atky)io5%
-S(0)2(C ',alkyl), -NH2, -NH(C [..4alkyl) and N(Cmalky1)2, wherein each
atmogpRAIG Al nﬁyaghaeawﬁmmﬁ SILIBRRSHARY LGS RYERA WSS [ eriod
in a [HubBbjedanis;iapdieacherCib2brod honiQdsiaptanally subsithidestwiimé Srints
Iitue?ts inde e&“?ﬁg‘ﬂ}’ %slected from -Ci 1%[lléyl, -01-1 and fluoro;

2su
after aailono compound, VER 2552V IS Re .
or a pharmaceutica yaccep% %salﬁ%gre Jwheréein when said

cofipoymdiis iessalb2® fdunst saicf compound cainprises eneaanitisafra
anesﬁ@@%@&a&%{tmﬂé{n@‘{%ﬁ%%@8%%1%%91, 120 mg/kg IP). The jugular vein is cathetenized
with saline filled polyethylene catheters (PE-50) and used to infuse MCh. The trachea is
then dissected and cannulated with a 14G needle and used for rat ventilation during
pulmonary evaluation. Once surgery is complete, rats are ventilated using a piston
respirator set at a stroke volume of 1 mi/100 g body weight but not exceeding 2.5 ml
volume, and at a rate of 90 strokes per minute.

The changes in pressure that occur with each breath are measured. Baseline values
-75-
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2. The compound of Claim 1, wherein a is 0 or 1. 3. The compound of
Claim 1, wherein b is O. 4. The compound of Claim 1, wherein R3 is
-C(0O)NR3aR3b. 5. The compound of Claim 4, wherein R3a and R311
WaditdbHéhdently selected from 25 hydrogen and -Cidalkyl. PCTEUS24@8/602321
compound of Claim 5, wherein lea and R3b are hydrogen. 7. The
compound of Claim 1, wherein c is O. 8. The compound of Claim 7,
are oafhegisih aragidegsare Oninus Thes cain proutid bkl moT; outiaretiv el jswi thrid fold

mcr@ﬂéﬂ@aﬁgcg'&;@g%F%B%ﬂ&%@%épMﬁﬁr nl(é '§(§' @@Qn%‘@dj&g)@#i‘) The

bond is absent. 11. The compound of Claim _Whéreind is 2 and

MO BB TTS - f rEsBHES 20T RS KORRSURP G e of, WHBFEAIRIB [Ehe
aninthis B8k 3, e 6P RAMREN! Saimsd;wherein RS is -CH3. 14. The

com ound of Claim 1, wherein -0035alkylene-Q-Co_ialkylene- is .
C1 SR e B e RRyRsHEe (98 Frtd o BREh PPTGHEdSh %
imlbﬁﬁﬁaﬂmeﬁec@r&@c iaflsener dsntialkienesCii-Gea dadkyl |%rl§gher §/§mhibztlon

om of Claim 1, wherein elected from -CH2-, -0-, -S
el B b e e RSB AR a7
comph@@eﬁ(&)im@&n dnd aierethe eommmsmy@t @k&l@& 36] Othegoin Qesxpected

drogen 18. The compound.o CIa
o e RSB T R N (S5t T Rl9ge
inhitahonR@Z mm&apeﬁwt@gembimmﬂhﬁlmﬁ{p%unhiﬂmh@kalm 16,
Whereln Q IS C( N- O R47) %%B?ﬁé@?%iﬂdﬁt)ﬁ

Standard muscarinic antagonists were evaluated in the rat Einthoven assay 1.5 hrs
post -dose. The order of potency (IDsgs) for the five standards tested was determined to be:
ipratropium (4.4 pg/mib)> tiotropium (6 pg/ml)> des-methyl-tiotropium (12 pg/ml) >
glycopyrrolate (15 pg/ml) > LAS-34237 (24 pg/ml). The potency of the test compound is
similarly determined at 1.5 hrs post-dose.

6 and 24 hr IDsp Determination

Standards tiotropium and ipratropium were also evaluated 24 hr and/or 6 hr post-
dose in the rat Einthoven assay. Ipratropium (10 and 30 pg/ml) was about 3-fold less
potent 6-hr post-dose compared to its 1.5 hr potency. The observed loss of activity at this
time point (6 hr) is consistent with its relatively short duration of action in the clinic.
Tiotropium showed a slow onset of effect with peak bronchoprotection being achieved 6-hr
post-dose. Its 6 hr and 24 hr potency values were not significantly different from each
other and were about 2-fold more potent compared to its 1.5 hr potency. The onset of
action of the test compound, as well as the 6 and 24 hr potency values, is similarly
determined.

Assay 4
Rat Antisialagogue Assay

Rats (Sprague-Dawley, male, 250-350 g) are dosed, anesthetized and cannulated
as described for Assay 3. At predetermined time points and after surgery, animals are
placed on their dorsal side at a 20° incline with their head in a downward slope. A pre-
weighed gauze pad is inserted in the animal's mouth and the muscarinic agonist

pilocarpine (PILO) (3 mg/kg, iv.) is administered. Saliva produced during 10 minutes
TG



10

15

20

25

benzyl. 20.The compound of Claim 16, wherein Q' is selected from -0-,
-S-, -C(0)-, and 0C(0)-. 21.The compound of Claim 1, wherein
-Co.salkylene-g-Co_lalkylene- is selected from 15 -(Cl-12)2-, -(CH2)3-,
WHQHP)43926(CH2)5-, -(CH2)6-, -(CH2)2-CH=CH-, -(CH2)2-CE<C{[S2408/662321
-(CI-12)2-0-CH2-, -(CH2)3-0-, -CH2-CH(OH)-CH2-0-, -(CH2)3-0-CH2-,
-(CH2)3-S-, -(C1-12)3-S(0)-, -(CH2)3-S02-, -(CH2)3-C(0)-,
post-FOH2 ) 106 d @@h2)R46(0) B b GH2G B0 2w el(BHR) Zrb RIS {R)E before

-CH2:C(QNRQLGH2, H2)2-NR22-C(0)-NRQ3-, -CH2-C=N-0-
ona RS R s S B OR i b e A g
relatéive hydroydraramdiRC14 is -C alkyl or benzyl. 22. The compound of Claim
[, wherein -Co_salkyleﬂ%%w%yyﬁn%geg%m%&ompound of Claim 1,

wherein e is O. 24. The compound of Blaim |, wherein e is 1. 25 25.The
compbifidaiCIkige 26, htereinsReviel erdd de e srs s HEfsL T plieyl -

calcO¥ANBe D) Qégéﬁgi@]m@é'ﬁyiléﬁggﬁéﬁl kyhipH§riatkyine «adal: @8 opium, was

26.The compound of Claim erein e is 2, one R6 is halo and the

cvalugied iy (Ri5 Teskleridd%ai RAIBraRgt-0ocsalkjr o s Empduke Bpst
potekilaimAmhaingitederaiadsed (i WRBFEOhIS APLAIRE Ofas finding is

pharmaceutically acceptable acid. 28. The compound of Claim 27,

t . A
Cen%&f?@tte‘fﬁ%(%}%eé’éq%& FONP SRR Bz BRRYHbASAY benzoate, bromide,
butynédeneldbiiderpdifilal obanzo afaheifiate; dirhenylacetaic fonrate,

"Estimation of anticholinergic drug effects in mice by antagonism against pilocarpine-
induced salivation" Ata Pharmacol Toxicol 24:243-254 (1996). The mean weight of saliva
in vehicle-treated animals, at each pre-treatment time, is calculated and used to compute %
inhibition of salivation, at the corresponding pre-treatment time, at each dose.

Exemplary compounds of the invention that are tested in this assay are expected to
exhibit IDsg values less than 100 pg/ml (measured at 24 hours), with some compounds
expected to exhibit an IDsq value less than 30 pg/ml, some less than 20 pg/ml, and some
less than 15 pg/ml.

The ratio of the anti-sialagogue 1Ds; to bronchoprotective IDsg is used to compute
the apparent lung selectivity index of the test compound. Generally, compounds having
an apparent lung selectivity index greater than about 5 are preferred.

While the present invention has been described with reference to specific aspects or
embodiments thereof, it will be understood by those of ordinary skilled in the art that
various changes can be made or equivalents can be substituted without departing from the
true spirit and scope of the invention. Additionally, to the extent permitted by applicable
patent statues and regulations, all publications, patents and patent applications cited herein
are hereby incorporated by reference in their entirety to the same extent as if each

document had been individually incorporated by reference herein.

-77-
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5 fluoride, o-hydroxybenzoate, p-hydroxybenzoate,
1-hydroxynaphthalene-2-carboxylate, 3-
hydroxynaplithalene-2-carboxylate, iodide, lactate, malate, maleate,
methanesulfonate, nitrate, phosphate, propionate, succinate, sulfate,
tartrate, trifluoroacetate, and triphenylacetate. 29. The compound of
Claim 28, wherein X is selected from bromide, iodide and
10trifluoroacetate. 30. The compourid/diaim 27, having the formula Pa:
-Q 31.The compound of Claim 30, having the formula Pb:
WWQR%SEE H2)2 -CH=CH-, -(CH2)2-CC-, -(CH2)2-0-CH2-,
: (CHE)@G@pG@MZ@ﬁfEI(@HﬁCHZ 0-, (CH2)3-0-CH2-, -(CH2)3-S-,
-(CH2)3-S(0)-, -(CH2)3-S02-, -(Cg—|2)3 C(O%—:-. (CH2)2-0C(0)-,
-(CH2)2-C(0)0-, -CH2-C(0)0-CH2- -(Ql)—|2)2 N (é%-?
-CH2-C(0)NRQI-CHR\{CH2)2-NRQ2- 2-C=N-0-,
-(CH2)2-S-S-, and 5 4CN2) ] 04)- W ere Re’, RQZ and RQ3 are
hydrogen, and RQ4 1S Cl4a
independently selected fror@ ' -C14alkyl 0034alkylene -OH, cyano,
-C(0)0-Cmalleyl, -NH-C(0)- Cr‘halkyl -N(C1_4alky1)2, anoﬁDM(O)o 33.
- Iﬁ@&g@ﬁ&g{&@%%@ﬂﬁerem the alkyl in R6 is optionally
substituted with 3 10 fluor atoms; and one -CH2- group in Q is optionally
substifiitéd eRHndypendenly &ﬁé%bﬁﬂﬁ@@rﬁf oraiaine 32, haylng the

form 1 ¢R er, nvl - yl,
e MRCE SR Do B SR ol

-Cycrdyaliar. qomo) badn, @ﬁ&zﬁlfz@i -aitts (GR2Y2- @O(@)Cﬂe i@x(@)N%rRL
-9% e@gﬂ)ﬁﬁ |§d@§2qpe QH&W%@*EGIE&J@B]W% lﬂ:d@ﬁéﬁﬁkn@} L1884 from

hydrogen C[ salkyl, -Caaalkenyl, -Coalkynyl and -Cygeycloalkyl; each R"and R is

independently selected from hydrogen, -Cj4alkyl, ~Csgalkenyl, ~Coqalkynyl or
-Csgeyceloalkyl; or R and R® together with the nitrogen atom to which they are attached
form a Cagheterocycle; or two adjacent R' groups or two adjacent R groups are joined
together to form -Cs_galkylene, -Co.4alkylene-O- or -O-C4alkylene-O-;

R? is selected from -C(O)NR¥R?, -C(0)0O-Calkyl, -CN, -CH,OH, and -CH,NH,;
where R*® and R*® are independently selected from hydrogen, -Csalkyl, -Cygalkenyl,
-Co_gatkynyl, -Cygcycloalkyl, -Cq jparyl, -Crgheteroaryl, -Cigheterocycle, and
«(CH,);2-R*, where R* is selected from -0H, -0-C 1-salkyl, -Csgeycloalkyl, -Ce.joaryl,
-Caosheteroaryl, and -C;sheterocycle; or R* and R*" 10 gether with the nitrogen atom to
which they are attached form a Ci_gheterocycle optionally containing one additional
heteroatom selected from nitrogen, oxygen or sulfur;

¢ 18 0 or an integer of from 1 to 3;

each R*is independently fluoro or -Cj.salkyl,

dis 1 or 2, and = depicts an optional double bond;

R* is selected from -Cygalkyl, -CH»-Cygalkenyl, -CH;-Cagalkynyl, and
-CH>COR™: where R* is selected from -OH, -0-Cgalkyl, and -NR*°R’; and R*® and R*
are independently selected from H and -Cy ¢alkyl;

Q is -Cy.salkylene-Q'-Cyp.jalkylene-, Wherein () 1s selected from -CHy-, -CH=CH-, -
C=C-, -0-, -S-, -8(0)-, -SO,-, -SO,-NRY-, -NRY-80,-, -C(O)-, -OC(0)-, -C(O)O-,

“78-
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35. The compound of Claim 34, which is not optionally substituted. 36.
The compound of Claim 27, having the formula Pc: 20 37.The
compound of Claim 1, having the formula ra: ( Pa) where r is an anion of
a pharmaceutically acceptable acid. -82- WO

08/103426P S / . armaceutical c iti

“ng‘g}%}éﬁ%-m" Wé%%én%ﬁ%?b&gég@ﬁ&éﬁn%g%ﬁ(gﬁg?éﬁcgﬁiéé@%@pf Ble
an@axﬁier@?a?ﬂjnezv@@mgdﬁitmyaf@aimr?»&;.wﬁneygimﬁ%@ﬁamﬁbmdﬂadpendenﬂy

micronized form. 40, The composijtion of Claim 38, further rising a
s G ST S A EOMR SO P CIal 5, MIRe P gether o
forsecond itherapeitic, ageahissselesied fom- B2 alkdnergioreteptor

agonists, steraidal anti-inflammatory agents, phosphodiesterase-4

inhiitd ?5?1‘&118%%]%#@@&}{8 of. 42.The composition of Claim 38,

furthgriemhprising aR2ddienergicirecepir, agonishand g slerdidalCH, cyano,

SR SR 10 s B g e ComPONDE .
N(Cy.4alkyl) and -N(O)O; '

| wherein each alkyl, alkenyl, alkyiene, alkynyl and cycloalkyl group in R, R*,
R*°, and R*R® is optionally substituted with 1 fo 5 fluoro atoms; wherein each alkyl,
alkenyl, and alkynyl group in R® is optionally substituted with 1 to 2 substituents
independently selectedﬁ'om -0-C | galkyl, -OH and phenyl; each cycloalkyl, aryl, heteroaryl
and heteroeycle group in R'?, R?*3 and R** is optionally substituted with 1 to 3
substituents independently selected from -Cjqalkyl, -Cs.4alkenyl, -Cosalkynyl, cyano, halo,
-0-C4alkyl, -S-Cgalkyl, -S(O}C 4alkyl), -S(O)(Cr.salkyl), -NH;, -NH(Csalkyl) and
N(C.4alkyl),, wherein each aikyl, alkenyl and alkynyl group is optionally substituted with
1 to 5 fluoro substituents; and each "CHT group in Q 18 optionally substituted with 1 or 2
substituents independently selected from -Ciaalkyl, -OH and fluoro;

or a pharmaceutically acceptable salt thereof, wherein when said compound is in salt

form, said compound comprises an anion of a pharmaceutically acceptable acid.
2. The compound of Claim 1, wherein ais 0 or 1.
3 The compound of Claim 1, wherein b is 0.
4. The compound of Claim 1, wherein R’ is ~C(O)I\}R33R3b.
5 The compound of Claim 4, wherein R* and R™ are independently selected from

hydrogen and -C_salkyl.

6. The compound of Claim 5, wherein R** and R™ are hydrogen.

7. The compound of Claim 1, wherein ¢ is 0.

8. The compound of Claim 7, wherein a and b are 0.

9. The compound of Claim 7, wherein ais 1 and bis 0.

10.  The compound of Claim 1, wherein d is 1 and the double bond 1s absent.
11.  The compound of Claim 1, wherein d is 2 and the double bond is present.

12. The compound of Claim 1, wherein R’ is -C1galkyl.
13. The compound of Claim 12, wherein R is -CH;j.

14, The compound of Claim 1, wherein -Cy.salkylene-Q'-Cy.jalkylene- is
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with a compound of formula 11I: (Ill) 15 where LI represents a leaving
group, to produce a compound of formula IV: If and reacting the
compound of formula IV with an organic substrate containing an R5 group;

wQ 4MEsastiyg a compound ofula V: 20 (V) with a compoundgeffermisastiiaz:
or (c)reacting a compound of formula V with a compound of formula VI:

L.2N"s., (CF12),.5 (VI) where L2 represents a leaving group, to produce a
- %&mgﬁwé% 5529 gV IN..".+/A -(C1-12),5 (R4),a (R )h
15.  The compound of Claim 14, wherein -Co.salkylene-Q'-Cy_jalkylene- is
-Cialkylene-Q'-Co.jalkylene-.
16.  The compound of Claim 1, wherein Q' is selected from -CHy-, ~O-, -S-, -8(0}-,
-C(O)-, -0OC(O)-, -C(O)O-, -NRY'C(O)-, -NRL-C(O)-NRP-, -NRY-C(S)-NRY., and
-C(=N-0-R¥H-,
17.  The compound of Claim 16, wherein Q'is ~NRQ1C(O)~ and RY' is hydrogen.
18. The compound of Claim 16, wherein Q' is selected from NRP-C(0)-NRP- and

CNRAC(S)-NRP., and RY and R are hydrogen.

19.  The compound of Claim 16, wherein Q'1s -C(=N-O-R%"- and R% is -CHj or
benzyl.

20.  The compound of Claim 16, wherein Q' is selected from -O-, -8-, -C{0)-, and
-OC(O)-.

21.  The compound of Claim 1, wherein -Cq.salkylene-Q'-Cq.jalkylene- is selected from
-{CHy)a-, -(CH2)3~, (CH2)4-, (CHa)s-, «(CH2)e~, «(CH2);-CH=CH-, -(CH;),-C=C-,
-(CH,);-0-CH;-, <(CHy)3-0-, ~-CH,-CH(OH)}-CH;-0-, -(CH2)3-C-CH;-, -(CH3)3-S-,
-(CH3)3-8(0)-, (CH1)3-802-, -(CH2)3-C(O)-, -(CHz)2-0C(0)-, -(CH2)2-C(O)0-,
~CHy-C(0YO-CHy-, (CHy)p-NRYC(O)-, -CHo-C(O)NRV-CHy,
-(CH,),-NRP-C(O)-NRY-, -CH;-C=N-0-, -(CHy)3-S-5-, and -(CH,)3-C(=N-0-R¥)-,
where R?, R and R are hydrogen, and R® is -C; alkyl or benzyl.

22.  The compound of Claim 1, wherein -Cgy_salkylene-Q'-Cg.1alkylene- is
-Cb.saikylene—Q'—.

23. The compound of Claim 1, wherein e 1s 0.

24.  The compound of Claim 1, wherein e is 1.

25, The compound of Claim 24, wherein R is selected from halo, -Cialkyl, -OH,
cyano, ~-C(0)0O-Caalkyl, ~-O-Ci4alkyl, -5-C) 4alkyl, -NH-C(O)-C, salkyl, -N(C,4alkyl)s,
and -N"(0)O.

26. The compound of Claim 1, wherein ¢ is 2, one R% is halo and the second R® is
selected from halo and -O-C, 4alkyl.

27.  The compound of Claim 1, having the formula I".



5(VIl) and reacting the compound of formula VII with a compound of
formula VIII: (R6), (VIII) wherein L3 represents a leaving group, and QI, A
and B are defined as: Q' A -CH2--CH3L3-alkylene-
wirtlalisH3-alkenylene- -C=-C-L3-alkynylene - -0-HO- -S-4Si#s2008/002321
-S02-NRQI --S02-0H or -S02C1RQ11-1N- -NRQI-S02--NERQIHOO2S-
-0C(0)--OHHO(0)C- -C(0)0--C(0)0OH or -C(0)C1HO- -NR'
C(0)--NHRQI110(0)0- or 01(0)Q- -NRQ2-(3(0)-NRQ3--N=C=0OH2N- where
R(32 and RQ3 are H - NRQZ (S) Qf—-li@j{élﬂ\)l- where RQ2 and

RQ3 are H -CHOK#Z

®y @
where X is an anion of a pharmaceutically acceptable acid.
28. The compound of Claim 27, wherein X is selected from acetate, benzenesulfonate,
benzoate, bromide, butyrate, chloride, p-chlorobenzoate, citrate, dipheayiacetate, formate,

5 ‘ﬂuoride, o-hydroxybenzoate, p-hydroxybenzoate, 1-hydroxynaphthalene-2-carboxylate, 3-

hydroxynaphthalene-2-carboxylate, iodide, lactate, malate, maleate, methanesulfonate,
nitrate, phosphate, propionate, succinate, sulfate, tartrate, trifluoroacetate, and
triphenylacetate.
29, The compound of Claim 28, wherein X is selected from bromide, iodide and

10 tnifluoroacetate.

30.  The compound of Claim 27, having the formula ['a:

R T'a).
31.  The compound of Claim 30, having the formula I'b:
O NH /Rs
. &
(R1)a Nt\ X@(R Yo
Q
(R, : ab).

15 32,  The compound of Claim 31, having the formula I'd:

2
(R I'd)
wherein a and b are independently 0 or 1, each R' and R? is -OR?, where R® is hydrogen;

Q is selected from: -(CHa)p-, -{CHz2)s-, ~(CHa)s-, -(CHz)s-, ~(CHz)s-,
81



10 and recovering the product in salt or zwitterionic form. 44. A
compound prepared by the process of Claim 43. 45. Use of the compound
of Claim 1 for the manufacture of a medicament. 46. The use of Claim 45,

wNgheihihg medicament is useful for treating a pulmonary disgiggsds/co2321
47.The use of Claim 46, wherein the pulmonary disorder is chronic

obstructive pulmonary disease or asthma. 48. The use of Claim 45,
(Cﬁlﬂé tise 6 ?gﬁ%mwﬁgrseﬁ%%%%(? cli:?ame tis useful%lﬁ?tiggonlilng? )
(Cﬁﬁ)}ﬁ@lﬁﬁﬁm@@&zhﬁﬁerﬁfﬁm&ﬁ@hl. «(CHz)3-S02-, (CH2}:-C(O)-,
«(CHy)2-0C(0)-, (CH,)2-C(0)O-, ~CHp-C(O)0-CH,-, -(CHy)»-NRY'C(O)-,
ACHy-C(ONRA-CH,, (CHy)p-NRA-C(O)-NRY., -CH,-C=N-0-, -(CHy),-5-5~, and

5 (CHy)3-C=N-0-RY)-, where RY, RY and R are hydrogen, and R¥ is -Cyealkyl or
benzyl; eis 0, 1 or 2; each Réis independently selected from halo, -C;.calkyl,
-Cyualicylene-OH, cyano, -C(0)O-Cisalkyl, -O-Cjsalkyl, -8-Ciualkyl,
NEH-C(O)-C1aalkyl, -N(Caalkyl)y, and -NY(O)O.

33.  The compound of Claim 32 wherein the alkyl in RS is optionally substituted with 3
10 fluoro atoms; and one -CHy- group in Q is optionally substituted with -OH.
34.  The compound of Claim 32, having the formula I'e:

(I'e)
wherein a is 0 or 1; R’ is -OR?, where R® is hydrogen; Q is selected from: -(CHy)s-,
-(CH;),-CH=CH-, -(CH,);-C=C-, ~(CH2)3-0-, -{CH;)3-8-, (CH2)3-C(0O)-, and

15  «(CHy)-OC(O)-; e is 0, 1 or 2; each R® is independently selected from halo, -C;.4alkyl,
~OH, and -8-C) 4alkyl. _
35. The compound of Claim 34, which is not optionally substituted.
36. The compound of Claim 27, having the formula T'e:

(I'c).
20 37.

2
R (')

where X is an anion of a pharmaceutically acceptable acid.
-27.
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38. A pharmaceutical composition comprising the compound of Claim 1 and a
pharmaceutically acceptable carrier.

39.  The composition of Claim 38, wherein the compound is in micronized form.

40.  The composition of Claim 38, further comprising & second therapeutic agent.

41.  The composition of Claim 40, wherein the second therapeutic agent is selected
from P adrenergic receptor agonists, steroidal anti-inflammatory agents,
phosphodiesterase-4 inhibitors, and combinations thereof,

42.  The composition of Claim 38, further compﬁsing a B, adrenergic receptor agonist
and a steroidal anti-inflammatory agent.

43. A process for preparing the compound of Claim 1, comprising:

(a) reacting a compound of formula II:

with a'compound of formula III:

B
61y

where L' represents a leaving group, to produce a compound of formula IV:

[y
[l

L

! |

2
(R (V)

and reacting the compound of formula IV with an organic substrate containing an R’

group; or
{(b) reaeting a compound of formula V:

v)
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with a compound of formula IIT; or
(¢} reacting a compound of formula V with a compound of formula VI:
L2 /A
(Cos (v

where L° represents a leaving group, to produce a compound of formula VII:

(VID

and reacting the compound of formula VII with a compound of formula VIIL:

Vs
B
~(CH

&

2)0-2 (VHD
wherein L’ represents a leaving group, and Q', A and B are defined as:
Q' A B

-CH,- -CH; L -alkylene-
-CH=CH- H L*-alkenylene-
L=C- H L’-alkynylenec -
-O- L3 HO-
-S- -L? HS-
-S0,-NR¥- -80,-0OH or -SO,Cl RYHN-
“NRY-S0,- NHRY HOO,S-
-OC(O)- -OH HO(C)C-
-C(0)O- -C(C)OH or -C(O)CL HO-
NRQC(0)- -NHRY HO(O)C- or CHO)C-
NRE-C(O)-NR®. N=C=0 H,N-

where R% and R

are H
NR.C(S)-NR®- N=§=0 H,N-

where R%? and R®

are H
-C=N-0- -CHO H;NO-
.8.§- -SH HS-

10 and recovering the product in salt or zwitterionic form.

R4
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44. A compound prepared by the process of Claim 43.

45, Use of the compound of Claim 1 for the manufacture of a medicament.

46.  The use of Claim 45, wherein the medicament is useful for ireating a pulmonary
disorder.

47.  The use of Claim 46, wherein the pulmonary disorder is chronic obstructive

pulmonary disease or asthma.

48 The use of Claim 45, wherein the medicament is useful for producing
bronchodilation.
49 The use of Claim 45, wherein the medicament is useful for antagonizing a

muscarinic receptor in a mammal.
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