WO 2009/035542PCT/US2008/010431 GUANIDINE-CONTAINING COMPOUNDS USEFUL AS
S5MUSCARINIC RECEPTOR ANTAGONISTS BACKGROUND OF THE INVENTION FIELD OF THE
INVENTION wihespsasent invention relates to guanidine-containing compeghRashaying4nuscarinic
receptor antagonist or anticholinergic activity. The invention also relates to 10 pharmaceutical
compositions comprising these compounds, processes for preparing them and methods of use to treat
pulmonary disorders. STATE OF THE ART Pulmonary or respiratory disorders, such as chronic
obstructive pulmonary disease (COPD) and asthma, afflict many millions of people worldwide and
such disorders are a 15 leading cause of morbidity and mortality. Muscarinic receptor antagonists
are known to provide bronchoprotective effects and therefore, such compounds are useful for treating
respiratory disorders, such as COPD and asthma. When used to treat such disorders, muscarinic
receptor antagonists areSHACHBINECQNEAIMNG COMBOUNDS USELL)]

l--l-iuinl b

BT R ehefiwiten administered by
inhalation, a 20 significant amauusCARINICSRETRPIEOSD AN BAIGOMISTIS often absorbed into the
systemic circulation resulting in systemic si %hlﬁif ,I%ch, mydriasis and
cardiovascular side effects. Aﬁd‘ﬁ%ﬁﬂ?ﬁ‘n@%ﬁ%ﬁ% mus‘géféytrinlc receptor antagonists have a
relatively short duration of action requiring iz dxeyHbéagninidered several times per day. Such a 25
multiple-dally dosiig (e, gl Rl REanKeaisibY AlsasciRgiendaidalicanhisk of nadequate
treatment due to patient non-compliance with tfie required frequent dosing schedule. Accordingly,
a need existsyeansie recatoiit gonishratichgbinmeic etaiicThe InwseBanalsasddtenhifscarinic
receptqroa“%?&'ﬁméﬂ%Mif?@ﬁ@%ﬁxﬂﬁ%@%&%&ﬂfﬁ&ﬁ&?ﬁ@c%&%%%@%ﬁaﬁ@l@tﬁbﬁered by

inhalation, and a long duration of action therebéallowing or once-daily or even once-weekly dosing. In
addition, a rieddnskheds R YsrScaFRtiE eI ESREYGhists having high affinity for the receptor and a
long receptor half life. Such compounds are@xpecieddp Aeparticularly effective for treating .
pulmonary disorders, such as COPD and asthma, while reducing or eliminating side effects, such as
dry-mouth and co ‘E?IS%RW SURTRIRERY (ﬁsaﬁ%sprsél éﬁ‘f’ 8%8 oggtl?rges %?é%? epsur?g% FseiR
guanidine-c¢DGHin gnaorshoianalichiohnlyaudlinus ofipenp keeeptbridatagomich disardichetinergic activity.

Among,Qther properties, com s8f this disclosure have been found to possess improved binding
affinity }gr rﬁ\ﬁg&a{%dp %ﬁ%oﬁnoﬁﬁﬁﬁ C re‘ig}io%tré btypes, have longer receptor half-lives, have a larger

therapeutic windowWiescheivis irestor potesmjstorrplnenncermededonisdantscaivcortny,
compounds pfithe. RIBAEL HSDARIYE A RERIEHIAbAHEF b ARG IWHHRGE QUBHAS hompeutic |

agents for treating pulmonary disorders. One embaodiment of the present disclosure relates to
compound sFE\AH myyiben used to treat such disorders, muscarinic receptor antagonists are

typically administered by inhalation. However, even when administered by inhalation, a
20  significant amount of the muscarinic receptor antagonist is often absorbed into the systemic
circulation resulting in systemic side effects, such as dry mouth, mydriasis and
cardiovascular side effects.
Additionally, many inhaled muscarinic receptor antagonists have a relatively short
duration of action requiring that they be administered several times per day. Sucha
25 multiple-daily dosing regime is not only inconvenient but also creates a significant risk of
inadequate treatment due to patient non-compliance with the reqguired frequent dosing
schedule.
Accordingly, a need exists for new muscarinic receptor aﬁtagonists. In p‘articula.r, a
need exists for muscarinic receptor antagonists having high potency, reduced systemic side
30 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
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wherein: R'is selected from -Cl.6alkyl, -C2_6alkenyl, -C3,9cycloalkyl, and heteroaryl; R2 is
selected from aryl and heteroaryl; R3 is selected from H and -00.1alkylene-OH, or R3 forms a double

bond W'thcahd&yun% ReRpencine (A aimR ldumulcr R AuRSIR Aiaseiec Ak daga bond. -0+

-S-, -CH2 and R4 is sele ed from H, halo, -O

-Ci_salkyF's &3(99591?65%/3“ g, |‘§f}§éﬁ?é“8ﬁéﬁlf’r%r‘?f”§188ﬁt?ﬁ% SR PR SISl AR AT %%ond Yis
-CH2-, Y'dsd Nepsmehiydris -CH2-; and when X is -0- or -0-CH2-, Y'is -CH-, Y is a bond and Y" is -CH2-
or (CH2)2 orYis -CH2-and Y"is -CH2-; Fgﬁqulmhg@ged from fluoro and -Ci_alkyl; and a is 0 or an
integer of from R6.and R7 are independently selected from H and -Cma urther
wherein one of Ao g BEONFP o ok G R R e A o iRy IHE o, and
-NH-001 adiikyke meaQariyiie wm@wmmn@@?@mdwm?@ﬁyl agiiici thieténoang et ripopgenally
substitute@bmﬁb@a@ JREG ARSINGenRnderty seladtes mmﬂpz@drﬁalbyﬂmggé’fﬁufﬁgef&%, cyano,
-00. Zalky eIUf COSIEIBRS(ISC:LIZS]E-! to bt €S, % VE:(It pgo ?ﬁ‘ \cf)éSR 6V%rfli R8p are
independen Fy selec and < 8 5aﬂ<y¥p hereiny D are optlo’na ly’su S&tituted with 1
to 5 Re g@%@@ﬁaép@ﬁaéﬁﬁy s@]eéfé’(? frefppLerL mﬁw&* GQW@W(@ﬁyItQC?WMyrﬁﬂmMnééycloalkyI
cyano, halged¥ligel@(QPoutR", oS0} 2i3end (A)RRsted O)NReRdcridd tNibe ; wathl Rinds

independ r g lir ( cloalkyl; each Re and Rd is
:ndependgﬁﬂ%ﬁ g@gggrtgﬂage &2&%@{{%?&)/ e &%ﬁgebn}gm BCI%W4%%I%§§%¥ and és _6¢ycloalkyl; |

wherein each al ea‘lﬁ’éﬁﬂ“%?ﬁy%ltﬁ&l?{ﬁéﬁé dsplosyEfgAIRITGO BRI AMBL RIS IRABT I dptionally
substituted with 1 to 5 fluoro atoms; wherein eéBH yclo Lk?f in Ra-d is optionally substituted with 1 to
3 substituents independently selected frony-Ci_L (3:24alkenyl -C24alkynyl, cyano, halo, -0(C
i_alkyl), -S(C1.4alkyl), -S(0)(C1- 4alk§ )‘Z(C I? KIH2, -NH(C1.4alkyl), and -N(Ci_4alky1)2,
wherein each alkyl, alkenyl and alkyRy lgoup is ofitionally=8ubstituted with 1 to 5 fluoro substituents;
and the alkylene group in Z is optionally Substituted with 1 or 2(8ubstituents independently selected
from -C,_2alkdignd -OH; or a pharmaceutically acceptable salt thereof According to an aspect, there

is provided a Corﬁp%ugle ectgg #x'naw'cg( 6a \17 %a fllenylln -Cs.geycloalkyl, and heteroaryl; R? is

selected from aryl and heteroaryl; R? is selected from H and -Cq; alkvlene-OH, or R®

forms a double bond with R'; or -CR'R*R? together form a group of formula;
R4

X

Z A

where A is selected from a bond, -O-, -S-, -CH,-, -CH=CH-, -CH,CH,-, -NH-, and
-N(CH3)-; and R* is selected from H, halo, -OH, -C_galkyl, and -C;_galkoxy;

X 1s selected from a bond, -O-, and -O-CH,-; when X is abond, Y is -CH,-, Y'is
-N-, and Y" is -CHs-; and when X is -O- or -O-CHs-, Y' is -CH-, Y is a bond and Y" is
-CHj- or -(CHs)2-, or Y is -CHz- and Y" is -CHp-;

R’ is selected from fluoro and -C4alkyl; and ais 0 or an integer of from 1 to 3;

R® and R’ are independently selected from H and -C;4alkyl, and further wherein
one of R® or R’ may be -NHj;

Z is selected from H, -C|alkyl, -Cysalkylene-Q, and -NH-Cy_jalkylene-Q; Q is
selected from -Cj_scycloalkyl, aryl, and heteroaryl; and Q is optionally substituted with 1-
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Rl is selected from -C1.6alkyl, -C2.6alkenyl, -C3_9cycloalkyl, and heteroaryl; R2 is selected from aryl
and heteroaryl; .R3 is selected from H and -00_1alkylene-OH, or R3 forms a double bond with RI; or

-CRIR2RR togeshps fortemeadenyofsiosmeda:ronheield iscelanter from,aibonsk-©H, -SyarfoH?2-,
-CH=CH-, -CH2CH2-, -NH-, and -N(CH3)-; R4 is selected from H, halo, -OH, -Cj_sallgyl, and
-Ci_salkok??‘%@iﬁ({%ﬁg&ﬂ’-C@é@@-ﬁﬂgnd \'ﬁi?lﬁcﬁﬁ’i R8GO Rand
Aalkyl; andNgzis @oranditelgeneldiram,aitel3; and RE200R7 rie indepéhdgatly:seiesieehfrpm H and
-C14alkylé%r31d further wher i%on o{.R6 or R7 may be -NH2; ©  Z is selected from -CI 3alkylene-Q,
and -NH- ffﬁ% egd,“é”l 14818¢ted from -C3. 2cycloalkyl, aryl, and heteroaryl; and Q is optionally
substituted with #RS Rbups iddependentiselestrdiéomihalor CiRalahpCrdiafiedenaiPH, cyano,
-00_2alkylene-COOH, -C(0)Q-C1.4alkyl, -CONR8aR8b, -N-di-Ci.4alkyl, and -W(0)0; R8a. and R8b are
independéﬂ%ﬁtg(élg@fgd" bi‘%?ig?'qan@é&(%&fiw 2“4*%/\4@' if ‘68%ﬂa%é(£ecgﬁfbn}é‘ﬁ%50%§tituted with 1

to 5 Rahgtlmms(jmi’emﬁest@m,eﬁad;jm&@))ﬁﬁigﬂﬁ, %ﬁa.%k%(ﬁgle%ﬁﬂﬁp&kgmdpcﬁ%mcloalkyl,
cyano, halo, -0le, -C Rh, SRL,-S(0)Rh, -S(0 ,.-=C(O)NR" and -NR'Rd; each le is
independ&ﬂﬁ%*%‘f%&?fég‘)’gé#fﬁ%ﬁf&‘i.'Z(é)%rk%ﬁ,“? ».4?{?@%??‘ 2% |R§ﬁyﬁyalﬂf1@3&§é Balfdfl: each R
and Rd isRfdependepshiseiactecdtom Hrom2 Halkenyhic?_4alkymbngnd -C3a86ysialkiyl

wherein each allél?/l,l%,enyl, alkynyl, alkylene, and cycloalkyl group in le-d, R4-8, and Z, is optionally
substituted $itH Tt 5 fluoro atoms; wherein each cycloalkyl in Ra-d is optionally substituted with 1 to
3 substituents indapendently selgctedefromiichdllkalkyerdalkanylckéalgaticgayl icrariorrdlo,
-0(C1.4alkyl,;S(0)(Cl4alkyl),.-S(0)2(Chalkyl), -NH2, -NH(Ci_4alkyl), and -N(C1_4alky wherein
e alky e PRGNS AP SPOR by AR EAD Bt 615 Sabehtehes, and the
alkylene gsaspiimallis eptonaly substituied svititifuent? sideptiiRAts indepradently-sslegted from
-Ci_2alkyl and -OH;.or a pharmaceutically accept salt there ong the compounds of
formula l,” Gﬁﬁ%w&s “%&ﬁ%ﬁ@r ﬁ%’i’gst%ﬁé”th@& hﬁ%‘ﬂg)aﬁ %ﬁl‘h‘i‘ﬁ@fw is"i@é(t%n‘%%ﬁ tant (K,) for
binding to-$ii€ MG redepior-sibtypeHiless thbn edeqid, toa k80 N M i gartssadlkbdyisigen i, less than
or equal to %0 M: more Barticulatrj%/ h vin% alC, less tt}larkor ?guﬁl to 1%&?% and even more
particularf’ a?ﬂﬁﬁ‘% KE'TEdS tha o Iba(;}'aﬁ BB Vi AdSter @80 élﬁlf%'ﬁhé“@e nt
disclosureligihies ooplparmacedticaiccaiipeshinnstedmptisinga phameaaruticallj-peaepiable carrier
and a compound of the present disclgsure. Such compositions may aptionally coptain other
therapeut‘f’(‘:g géggttgmslﬂ6?‘6\%‘%@%@&%%%3%5’%%?8?3{; té@%f%?ﬁ.?@Sﬁ%]ﬁ%r%qgs), P2 adrenergic
receptor agonista.cptiaksphasiesiepase #drhibiiarsidedd eompiatiorsitheidai Accordingly, in yet
another embodiment of the present disclosure, a pharmaceytical composition comprises a compound
of the present disclosure, a second active agerq':[{, nd a,ghﬁrmaceutically acceptable carrier. Another
embodiment of the present disclosure relates to )a’immg@ation of active agents, comprising a
compound of the present disclosure gn dhd achive aﬁ“‘é@lt. The compound of the present
disclosure can be formulated togeth@r oL separatély from ®le additional agent(s). When formulated
separately, a phaunaceutically acceptable carrier may be inclufféd with the additional agent(s). Thus,
yet anothgmershodiment of the present disclosure relates to a combination of pharmaceutical
compositions, the,combjnation. comprising:.a first pharmaceutical composition comprising a compound
of the present diScISSaPESRt T hhe a\tég%ié%hﬁnﬁbcé%%ﬁﬁf@%ﬂhﬁgrf‘ﬁ%d*%leg@@é’ﬁd%h}irmaceuticaI
compositigecrhtisingyd Seconeaoti/RAgent anell drseciinghphasmacdtiically, accentahle carrier.

In an asp &t;’b‘h%[)%és P _‘{{de? %ﬁhﬁjﬂ% 8eé{EglglLot§nmp%sitiogf%omg[is_ing a compound as defined
above and a pﬁamlaceu |ch|(§/ acceptablecarrier and farther op(%lnaﬁy comprising a second

therapeutic agent, said second therapeutic agent.p/eferably being selected from 32 adrenergic
receptor agonists, steroidal anti-inflammat phosphodiesterase-4 inhibitors, and
Iso r

combinations thereof. This disclosure kit containing such pharmaceutical
compositions, for example where the first and"setcond 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 treatedby blocking the muscarinic receptor. Thus, one
embodiment of the present disclosure relates to a method of producing bronchodilation in a patient,
comprising administering to the patient a bronchodilationproducing 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 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 relates to a method of using a



compound of the present disclosure as a research tool, the method comprising conducting a biological
assay using a compound of the present disclosure. Compounds of the present disclosure can also be

used to evaluata newlehedmioal eamppuods.SThastanather@mbacdinent-ofie, priesanicdisglosure

relates to a method of eyaluating. a tes ound.in a,biglogical assay, comprising: (a) conducting a
biological’@Ss ﬁ\ﬁ‘%he%t%éz{"é% plézﬂﬂ’d b(?%r:gpl 1 a@ 54y Vatle; (b) conducting the biological
assay with a compeuriead, tiiepeEentdiscldsurel i6"pseCiHe-a second assay value; wherein step (a) is

conducted either,before, after or concurrently with step.(b); and (c) compaying the first assay value
from step (a) Witﬁﬁétﬁesg%%%n aglsalio\l;%l“lljngfroﬁaﬁ%% ?@?Fﬁieﬁrﬁ‘b%é‘%ﬁ%%ﬁgafc%%@’yg include a
muscarinic recetontsiriingg andensadordysrdertd frotedtions asasliinl sandafurthal, Gtiteinotieer
embodimgpkef,the pigsgntdisclosure relates to a method of studying a biological system or sample

comprising a muscarinic receptor, the method comprising: (a) contacting the biological system or

sample with a cOrifpltavEea it pfeselivtieidsard: it Yoy tbrdinsitinQ tie dertedstiomnste by the
compounctandhgypiolegicahaystesansameq is thoniesertislisalesureiis alsp direglagio

processes and i terﬁ[r;eﬁg!ates seful for preparing com oinds of the present djsclosure. Accordingly,
0

another efBo4 A S SO PR IO st Yo Kt b A o e S BPSre barity CRHOUATS of the
present diSEIO¥HE; eoipprising-(a).adypling-sainpakvid (1)@oiRSRBoUNdNE) O@ler antide,

o TSR e O M SRR (O Lo coupin o

transesterificatiori' of tdmpoun and compoun an protecting the pro ucttd 1orm compound
(5); (b) reacting sdwipiouRd 8§ & comppiimiLS) withisespeiind (8) SoRbgreepnipdevdd@iand ()
reacting cipRolngl£) and aempoend.(81e, Previde a.comeountgligimula.l, whgkein sgmpounds (1)
through (9) are as defi ed heréin. In an aspect, there is provided a process for preparing a

compound-49 ¥BinedRbovEO B mpHEHR (2 EOUMNRAR’ carthodRAR(1 car Rortpaderergyithder amide

bondfonnipg.qenditiang and deanotectingdha nradugsia fosm comppupdicl): QREIR R R3s>"
'OHHNN-P / R3 él) 2) OF%;SJ NNH RN/ (3) where P is an amino-protecting group; (b)reacting

compound{SPRAREES G ?"fﬁlff%ﬁ“tg’fé UbihpGant eyl ke re BN

-Csgeycloalkyl;

wherein each alkyl, alkenyl, alkyﬁyl, alkylene, and cycloalkyl group in R*4 RS,
and Z, is optionally substituted with 1 to 5 fluoro atoms; wherein each cycloalkyl in R*¢
is optionally substituted with 1 to 3 substituents independently selected from -C;4alkyl,
-Cosalkenyl, -Csealkynyl, cyano, balo, -O(Ciaalkyl), -S(C,.4alkyl), -S(O)C;4alkyl),
-S(O)(Cy_galkyl), -NH,, -NH(C1_4éikyI), and -N(C;4alkyl)., wherein each alkyl, alkenyl
and alkynyl group is optionally substituted with 1 to 5 fluoro substituents; and the
alkylene group in Z is optionally substituted with 1 or 2 substituents independently
selected from -C| salkyl and -OH;

or a pharmaceutically acceptable salt thereof.

Among the compounds of formula I, compounds of particular interest are those
having an inhibition dissociation constant (K;) for binding to the Ms receptor subtype of
less than or equal to 100 nM; in particular having a K, less than or equal to 30 nM; 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.
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101 iy\ NNYENN (3)i\R N=NNN R3 (7) and (9)reacting compound (7) and compound (8) to provide a
compound of formula 1: (7) -1-Z-NH2 (8) (R5)aNzR6 0Y\ 1 Ny-N-Z Y' R2\y"S147 R3 (1)

Another embodiment of the present disclosure relates to pharmaceutical
compositions comprising a pharmaceutically acceptable carrier and a compound of the
present disclosure. Such compositions may optionally contain other therapeutic 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 pharmaceutically
acceptable carrier.  Another embodiment of the present disclosure relates 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
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In other embodiments, the present disclosure relates to products prepared by any of the processes
described herein. Yet another embodiment of the present disclosure relates to the use of a
com poungbpérﬁielﬁrespm:diseminﬁijoacth@mhleu&nﬁafemﬂﬁ meﬁlidadwnwmpheiaﬂyﬁﬁmﬁie

manufacture icament use | for trea ulmanar dISO for ant izing a muscarinic
Bty Al e S e G o B L

therapy. condbiggiathenfisgect ioenedds! provigedithayseof aowcmmmd asngjefiieg abofiesin the
preparatlo% of a med&fﬁment far.treating chronic obstruccé Imonar%((g ase or a th%'ua or for

producing BHBPRSBALSATPOEHE SABAT B b SAMRH SNBSS ASloatre 1

osure fetated %o the use of
a compoyhdrafitepredent.dizsginbiye asddesearth ztocﬂecﬁaﬂnlerﬁmhmhmmm ot:theppréisent disclosure
are disclosed herein. DETAﬁi”‘ D DESCRIPTION OF THE INV ION In ope. a%%ect this invention

relates to 88?888%&%2&, ga?gﬁﬁu ¥ ﬁ,??%eﬁo pha@i@(‘l Calgp?lcelp maceuti aﬁify acceptable salt
thereof This forniwlamaspatso therdepichedvad:d RD)ghRG:bbclitidat Neposition comprising a

compound as defined above and a pharmaceutically acceptable carrier and further
optionally comprising a second therapeutic agent, said second therapeutic agent
preferably being selected from f, adrenergic receptor agonists, steroidal anti-
inflammatory agents, phosphodiesterase-4 inhibitors, and combinations thereof.

This 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 freating patients
suffering from a disease or disorder that is treated by blocking the muscarinic receptor.
Thus, one embodiment of the present disclosure relates 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 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 relates to a method of using a



17 R3 As used herein, the term "compound of the invention" includes all compounds encompassed
by formula | such as the species embodied in formulas 1I-VIII. In addition, when the compound of the

invention idi aming.or carhoxyl gro the.com can exist as
a free bas%% eﬁ g%é%?%r%%%%dgﬁ%l%s&s%#%orms res%w%é%?%:%%gﬁé Eﬁ%%g}ﬁ%%% Pguch salt
forms aredReAABEANAITIY HEER SRR MRS A APt BFESARIHRHRGH < tHovmRwmsls f the RIRsEIN recognize
that refereieddms: campalsadbeersinl for exalpte, neferanerital aceapipadnd ofHue invethton" or a
“compoung.af fopmpla.F tﬁ&%@&%@&?&b@ﬁ%ﬁ@éﬂ%'&éﬁ%d"’@f‘e@%}ﬁ@éﬁ?%@é{t@ %&ﬁﬁ?ptab'e

salts of tha’;ﬂ\%mround unless otherwise 5 indicated. Furthermore, solvates of compounds of formula |

are includ@ PEIRY a5%Pe WIRRESHERARbRONAURE %Qfﬁ&ﬁﬁ?ﬂisaﬁa@h@’ﬁmm?éﬁ%’éﬂ?%tam one or
more chiréd peritals afissassapy dxist(n aodmiverzchsteidosomhesia formits a\ihepsudnoitikal centers
are presepfedhis myﬁﬂé'l% E%'@P%%]ER: r@%%ﬁ@é%&@/’%ld&“ R@h%%'iﬁ%‘é‘ﬁ &Y %s('c@nd%@%‘&“&'iﬁ@fs or 10

reoisomer- enr hed mixtur e like unless, otherwise indi

diastereo ated. When a
chemical E??c%urae Fsr&eplc?g‘(ﬂvq ﬁ’tng?ﬁtg?efgb ?{gnfgtﬁ? ﬂpgﬁ“ﬁdé’re SRV AP a‘f%lt?

stereoisomierd arev sh donspesbaskiy suthestiemtaien @u@ﬁ@ﬁé%ﬁ@@oﬁ!@atm}@ombm of formula
I" is intengaddarinrludesplopasaihle sierepisainesroh theppomariingsseimilasimwhenia pasticular
stereoisomer, |srsgrgx6vo Lor QxﬁmF%herg'Qnt'td‘{‘é'cl:h?s%r%S Qtoelgrt%tgode [ Ihose, S (liqlled n})thl% art Ehat minor
amounts o?ot}her stereoisomers mgy be presentin tlhe compos IONS of this Mvention unless otherwise
indicated SEFERAHER tHAEPE LIMPEFRE CoMmPesHiBitascasnittle Renstdhninstseppying fidsence of
such othesdstinierg thediithat @ngriamers:mply be obtained by numerous methods that are well
known in the art, including chiral chromatography using a suitable chiral stationary phase 20 or
support, or by chemically converting them into diastereomers, separating the diastereomers by
conventional means such as chromatography or recrystallization, then regenerating the original
enantiomers. Additionally, where applicable, all cis-trans or E/Z isomers (geometric isomers),
tautomeric forms and topoisomeric forms of the compounds of this invention are included within the
scope of this invention unless otherwise specified. 25In particular, the compounds of formula | contain
a chiral center at the carbon atom indicated by the symbol * in the following partial formula (shown
without optional substituents for clarity), illustrated with the RI C5.9cycloallcyl moiety being cyclopentyl,
the R2 aryl moiety being phenyl, and R3 being -OH: WO 2009/035542PCT/US2008/010431 In one
embodiment of this invention, the carbon atom identified by the symbol * has the (R) configuration. In
this embodiment, compounds of formula | have the (R) configuration at the carbon atom identified by
the symbol * or are enriched in a stereoisomeric form having the (R) configuration at this carbon atom.
In another embodiment, the carbon atom 5 identified by the symbol * has the (S) configuration. In this
embodiment, compounds of formula | 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. The
compounds of the invention, as well as those compounds used in their

da



synthesis, may also include isotopically-labeled compounds, te., where one or more atoms 10 have
been enriched with atoms having an atomic mass different from the atomic mass predominately found
in nature. Examples of isotopes that may be incorporated into the compounds of formula I, for
example, include, but are not limited to, 2H, 3H, '3C, 14C, 15N, 180 and 120. The compounds of the
invention have been found to possess muscarinic receptor 15 antagonist activity. Among other
properties, compounds of the jnvention have been fouég }%ﬁ possess mprgﬁ)}ed blnd&%éaﬁlnlty for hM2

and hM3 itk 4rFARPRERD R BEBRTEEY HsRles ISR ERk P AR HS SRR 48 gPR P hotency
compared torgieted cothpbimdgicahy sieexpenteld.to be useful as therapeutic agents for treating

[l)lulmonacriyzdoisor?]q*fﬁé ;Tﬂaaei?pﬂw_aiy % aqgadiﬁséglg@ to @?s&%ﬁ%ﬁ@&%@&ﬁst%my%tﬁon is
illustrate In the Example Ot?rﬁln. eﬁt?ﬁ%l% gtuj&% ? % g{ﬁV? I}ﬁ%ﬁ% of the

commermalﬁg/ ai\llgllﬁag?énﬁuto om software an Lean ifornia). REPRESENTATIVE
EMBODIMERFPR! SHRIGBISWAHCS B StRtiefsts ANETFRRTES SAMPREALRAI I R5vaR! T lsuFfative
examples ebuanisugaspects@ing embpaiments eidhenpentibn? Theke represbordtiven2Byalues are

intended to.futhendafineandiusiate fﬁ%@%@%&%ﬁmﬁ@%@q'@%tﬁiﬁ%aﬁﬁ balintended to

exclude othr efglgg 1|0m1ci=:(§1ts 9r to limit t ?}jco e o;‘nthe c?igﬂllon th'?ec?‘ﬂ the r up{e,[sentatlon that
a particular vafue or SUbSttUent s pre?er dis not imende to e>§:lu3epo(% er values or

subsmuent@ﬁaﬁpfﬁ@omm@rﬁ%@gg%é@wmﬁa}dat@aﬂ@@mqﬂé Bithecampeuyi61¢2_6alkenyl,
-C3_9cycldakky| @miyetesdaiy); grodigdh atastingsebstitutet 6 sathistitueduaith(8) toSpergdeups, le is
ndependeniiseiselefiomazdakentbanaly oAl SXangelo, ORb, COIOR"
-SRb, S(O)Rl ﬁé?%% -C(O)Nlele, an fld. Each Rb IS iInde endentI% l_@:Cte ftm"giH e
2009/035542PC i ‘%Iifé’l‘k COPSREAN EPY LIRS FBEYcIdElkyl. Each le
and Rd gro@h@‘i’g,uﬁ@@wéﬁdm(y)sé@@elmfﬁ@mnqw;lz@lal@éﬁwor@w{@hymd%man@g Beyétoalkyl. In
one embodisigiig Rbigitcd:Aeyclieplisydr i anatberidmboe dime nbnp3ibdydpalkyl, i.e., cyclopropyl,
cyclobutyl, cyclopentyl or cyclohexyl; and in'y i nother embodimest RI i )3-05cycloalkyl, ie.,
cycloperityl. In one embqdimeqt, Rl is a -C 1Ky1 group sugh as-C H(CH3)2. In another
embodiment, Rl is a -C2,6 @group ghch'ag-GH2CHCIR2-11 ond embédiment, Rl is
unsubstituted. In another embodiment, RI |§—a—ﬁeteroaryl such & thiophrenyl (including thiophen-2-y1
and thiophen-3-y1). Each alkyjsyalkenyl, alkypyl, alkylene, and cycloglkyl group in R.3, R.b, Rd, and
Rd, 10 may be substituted with 1 to 5 fluoro atoms. In addition, each cycloalkyl in 12 may be
substituted with 1 to 3 substituents independently selected from -Cl:alkyl, -C24allcenyl, -C2.4alkynyl,
cyano, haloyhe(ECP iaalkyiineSfeoitalkyldrénf))2(C1.4alkyl), -NH2, NH(Ci _alkyl) and -N(C1:4alky1)2,

wherein each alkyl,alkeqyl and alkyyl QreyR3PRiapAN TR R fIH Wil i@ prjluoro substituents.
15R2 may be an )grglallgroup that is unsg ﬁ)”uted or sm?t(?sltltuts(g% with 13%\ Rd [ger?o7l§1ps,,

Q *\sQ >HL YW;NNQ

N==N

and
(c) reacting compound (7) and compound (8) to provide a compound of

formula I:



which are defined above. In one embodiment, R2 is phenyl. In another embodiment, R2 is
unsubstituted phenyl. In another embodiment, R2 is a heteroaryl, such as thiophenyl (including
thiophen-2-y1 and thiophen-3-y1). R3 may be H or l%%lalkyleneg@H or may form a double
bond with RI, which can 20 be depicted as: R2 or In ong parti %he bodlment 123is-OH. In
addition, -CRIR2R3 together may form a group ofsformla. o is a bond, -0-, -S-, -CH2-,
-CH=CH-, -CH2CH2-, -NH3, ot -N@CH8J;, anmdRdis sefetied from/M, hdip,~OH, -Ci.salkyl, and
-Ct_salkoxy. The alkyl group in Rd may be substitutggd With l1to5 quorc?atoms In one particular
embodiment, -CRIR2123 together form. WO 2009/035542PC)US2008/010431 In this embodiment,
A'is -0- and 1(4 Is bithas ahbudinlanonelerphsdiméntidisarband, € {golldR-pMpsrellHhyaaayY" is -CH2-,

which ca%pﬁgc?%ggggegaemd §é}léhllv In another embodiment, when X is -0- or -0-CH2-, Y' is -CH-,

Y is a bond and Y" Is -CH2- resp ectlveéy In another embodlmentiwhenxls -0-or - -CH2 Y'is
-CH-, and both Y 0 &miheF e bedimenf ithraPbediplissiraye relates to the use of a

compound of the present disclosure for the manufacture of a medicament, especially for
the manufacture of a medicament useful for treating a pulmonary disorder or for
antagonizing a muscarinic receptor in a mammal.

In an aspect, there 1s provided a compound as defined above for use in therapy.

In another aspect, there is provided the use of a compound as defined above in the
preparation of a medicament for treating chronic obstructive pulmonary disease or
asthma, or for producing bronchodilation.

Still another embodiment of the present disclosure relates 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

In one aspect, this invention relates to compounds having formula I:
5
(RY), N,Rfs

O Y I
B Ny
R L X Y"_/ Y
(D

or a pharmaceutically acceptable salt thereof. This formula may also be depicted as:
5]
(R, R

As used herein, the term "compound of the invention” includes all compounds
encompassed by formula I such as the species embodied in formulas II-VHI. In addition,
when the compound of the invention contain a basic or acidic group (e.g., amino or
carboxyl groups), the compound can exist as a free base, free acid, or in various salt
forms.

5a



o(Fe). R5 is selected from fluoro and -C14alkyl. The value for a is O or an integer of from 1 to 3. In one
particular embodiment, a is 0. The alkyl group in R.5 may be substituted with 1 to 5 fluor atoms. 15R6
and R7 are indepemdenitly selected from H and -Cl.Lialkyl. In addition, onB@ERBU§ERP4iay be -NH2.
In one particular embodiment, R.6 is hydrogen or -CiAalkyl. In another embodiment, R7 is hydrogen. In
yet another particular embodiment, both 126 and 127 are hydrogen. The alkyl group in R6 and R7 may

be substitutgf] with SuorAlUMSIEREXANRIE tHZB RO L anibe. @bb%ﬁ&i\g&@llta&eCFHZ, -CF2H
or -CF3. 20Z is selected from hydrogen,-C1.3alkylene-Q, and -NH-Co. IarrP)éene

embodimertiHed inshpar vl Zrrasire i dalrmaie ?i@c?é'ﬂ%‘)‘ﬁ TRAP LRSS % re er ifent, Z is
-(CH2)3-Q. tmasw&@p@&heromb@ﬁhmh%ﬁwm@odﬂm ﬁifmlkieﬂ'em&iudﬂmenu@mmﬁldfCHz Q. In
another embodiment, n or -Ci..6alk thyl, propyl,
butyl, and p%ﬁﬁﬂr?al%’é; 3’?3};%.92} of %’6@% E‘é ﬁ?isz%%gfé ﬂ@%%éﬂg%ﬁg}g%ﬁ Z may be
substituted inithatetb Filtienenatenssivatatéothpalidylefitogrolp liarZ irdyded withstithesganith 1 or 2
substituents | ﬁlepe tIy selected from -C1.2alkyl and -OH. For example, in one embodiment, Z is
-CH(CH3)-. gz cycloalkyl aryl, or heteroarylgroup. Exemplary -C3.7cycloallcyl groups 5
include cyclopropﬂh@y@mhemsaﬁ@éyémﬁéptymmﬁﬂ&ry@rw Grotrhird cereshar FARhaphthy!l.

In one embadiment, Q.is g - EXRmPIR oRSIeroa sheHRRiCWsRRYIFOMedenidazolyl, thiazolyl,
oxazolyl, furanyl, thlophenyl triazolyl, pyrazolyl, |soxazolyl |soth|az%%€ﬁ§/ndlnyl pyrazinyl, pyridazinyl,

pyrimidinyl, BYERHAR TFRIEHIC FRSSFEFRIR A BePs SO BsF Hific B8P oimidazolyl,
benZOt'[@aZQibdstéa%ﬁé}ZP@t@?@ﬁébiﬁbﬂf&lﬁbhﬁDﬂﬂm@éﬂ, ﬂmuaaazm:reymmmmam@nmﬁ@mps Of

particular mterest are thiazoly azol- 1an thla oI4 1), fyran I 1,gnd
furan3-y1), tHisHH é ’ﬂ’r’i‘étﬁf% - a[bf/}?ﬁa;{o Ipé L{p?@/%agzxg} 3-y1),

pyridinyl (e. gosﬁyrahmzeyﬁo)nmd@tyl e(mgmljdsbmmmylstmmmdoIlmyf@:mmindbqimn
benzofurany| é ﬁgn uraqaﬁ.yl%)mpeqr%%ttlyolpﬁ&&yh(&g d}gﬁ;@g{g{,@]ﬁgg}g&g%ﬁﬁg and 15

benzo[b]thlop 1d BénzodioxolyT (e g., benzo 0x1-5-y1) groups. = Q may be
substituted mﬂmmttmdB Sl&gadwpwhqd@p@m@éﬁmwmﬁéﬂlﬁdﬁﬁh%@(@ Ganegdhrer, et (e.g.,

-CH3), 1 ?24345%&5‘&@%{1%& kBEL N eheGHARHhifyRRR1R dalkHaNReteItherC AP Hel4alkyl (e.g.,
-C(0)0-CH3), -0-C14alkyl (e.g., -OCH3), -S-C14alkyl (e.g., -S-CH3), -CONR8aR8

-NH-C(0)-CPmafjimfhe EBmNQF(‘@)%‘S\HﬁéPé nyaiiop! ﬁ%‘?%‘\?f&%ﬁéjﬁﬁaéﬁ%?&éw%%&‘ﬁ%ﬁ?H and

-Cl4allcyl. %ﬁﬁ@@kﬂ%@ﬂmtm@awuﬂxme%mlﬁmmsawmmmm&ﬁmmatoms For
example, R8 can be a fluor substituted C14 uch as -CF3 or.a élu&rq %Qégﬁuted

-0-C14alky! §PBE s R BEUY R RIS I@m’bo 1 SUbSHtited with one 178 group selected
from halo, Zﬁxc@héaikylaﬁoﬁﬁdaﬂmgdarﬁ)Idbroylaa’(ogr@(@')ﬁs@g%&kyh@@mall@}/&‘ilan@n@l!ﬁiﬁ%aRSb

where gach altl?<1 \R?) R‘gr'b optiona ab{ys&b% [_g%déups (], o RS I hARaEgE embodiment, Q IS, |

substituted wi ups S that are hich'may be the Ssame or different). In one

em bodumenﬂx@t@eammmnméam@!mmmwﬁ gheerpalpeERh B RIDEEMTERE 285 0 i Bhsubstituted
aryl group. Ip.anather embodimentnthihARaIVASGsRMp Naviang ansiRb el aurisalestast fiam halo,
-C1.4alkyl, cyano, -00.2alkylene-COOH,
' isomers (geometric isomers), tautomeric forms and topoisomeric forms of the compounds
of this invention are included within the scope of this invention unless otherwise specified.
25 In particular, the compounds of formula I contain a chiral center at the carbon atom
indicated by the symbol * in the following partial formula (shown without optional
substituents for clarity), illustrated with the R' Cs.ocycloalkyl moiety being cyclopentyl, the

R? aryl moiety being phenyl, and R’ being -OH:



-C(0)0-C1.4alkyl,-CONR Sae, where each alkyl group is optionally substituted with 1 to 3 fluoro atoms.
In yet another embodiment, Q is an aryl group having two R8 groups that are halo groups. In one
embodimentyvQ isoan3si@ WO 2009/035542PCT/US2008/010431 unsubBtitiitedepEeetédryl group. In
another embodiment, Q is a heteroaryl group having one R8 group that is a -C14alkyl group. In
one embodiment, the invention relates to compounds having formula I, where Rl is isobutyl,

c¥<f:|0per;tymli%@%mm%_l Ij:ﬁ%ficwl Mlhﬁbﬁbiﬁeh@iwh Ranisidattified KYRIR2R®DGI thyettibe form a group
of formula: ais O; is Hor -Cl. 4alkyl; R.7isH; Zis H, - 6al -C1 3alkylenex .

o I SRBE S Ry DS TS g Ay Do iy B ) 08 fon
betr;zc_)thioghqnﬁlngﬂr@nydomMytifmﬂambé,spmmbxthmmtwmd thiepteesniso@dsid Goptionally
substituted with 1-2 12 .8 graups jindependent eq.fr I : Vi | e-OH,
cyano, -C(dﬁﬁlﬁﬁﬁ%éﬁﬁg—@lﬁﬁ%ﬂlﬁ? glnsdC a@’gﬁ\%&l‘%ﬁ 'a?\lgi %ﬁg@%%ﬁ%% Iel%lgo é\%%%% IE{Qiigﬁl?glly

substitued iathifietbtty theosprahohishan tha 6 eprfgpestionen this skativereraew 8fpound
having fornlgihs RV (mNOlobiE 4B e @R MeReRIcAINC A GaRLAYRISAIL besroh, where

R1-3, R6-7, and Z are as defined for formula I. In one particular embodiment, the invention relates to
compoundseiebefhina sternsrmici LRy HOp RSt AR AN A Bphenyl: R3 is -OH:
R6 is H or -C1.2aky(k Rihjssiiidé & delinbatkivh -tslvdaliotiene-Qnifolits Gedaligiene-Q; Q is
oyrazolyt, PR FIEE AR B BIag LR BT e R P G i
indeperglently spleatedifinm walpardivirdkitg-S0datkidenss Qi foyanfpaCi®) 6t@nicaaley|,
ot SCtlL R COMIE I ST SRR s
compounds of formula §, for example, include, but are not limited to, 2H, °H, "°C, °C, PN,
0 and ''0.
The compounds of the invention have been found to possess muscarinic receptor
15 antagonist activity. Among other properties, compounds of the invention have been found
to possess improved binding affinity for hM; and hM; muscarinic receptor subtypes, have
longer receptor half-lives, and have greater potency compared to related compounds, and
are expected to be useful as therapeutic agents for treating pulmonary disorders.
The nomenclature used herein to name the compounds of the invention is illustraied
20  in the Examples herein. This nomenclature has been derived using the commercially-
available AutoNom software (MDL, San Leandro, California).
REPRESENTATIVE EMBODIMENTS
' The following substituents and values are intended to provide representative
examples of various aspects and embodiments of the invention. These representative
25  values are intended to further define and illustrate such aspects and embodiments and are
not intended to exclude other embodiments or to limit the scope of the invention. In this
regard, the representation that a particular value or substituent is preferred is not intended
in any way to exclude other values or substituents from the invention unless specifically
indicated.
30 R! may be a -Cy.alkyl, -Cpalkenyl, ~Cs gcycloalkyl or heteroaryl group that is
unsubstituted or substituted with 1 to 5 R* groups. R® is independently selected from
-C1.4alkyl, -Cs4alkenyl, -Casalkynyl, -Ciscycloalkyl, cyano, halo, -OR®, -C(O)OR®, -SR",
_S(O)R®, -S(O);R®, -C(OINR°R, and -NR°R’. Each R” is independently selected from H,
-



25 (Ha) WO 2009/035542PCT/US2008/010431 or a pharmaceutically acceptable salt thereof, where .
R6 and Z are as defined for formula I. In one particular embodiment, the invention relates to
compounds WifeeraEE3a, where: R6 is H or -C1.2alkyl; Z is -C1.6alkyl, -E4T/SSIREERELD), or
-NH-00.1alkylene-Q; Q is cyclohexyl, cycloheptyl, phenyl, benzodioxolyl, benzofuranyl,
benzothiophenyl, furanyl, 5 indolyl, pyrazolyl, pyridinyl, thiazolyl, or thiophenyl; Q is optionally
substituted yvith, fied, RS, gh0MRS1INdS RARGRATINRElES gl iaBack Rfadii R Ogéapadene-OH, cyano,
-C(0)0-Cidalkyl,-S-C1.4alkyl, and -CONH2; and the alkyl groups in R8 are optionally sybstituted with 1
to 5 fluor aﬁf%@.eﬁﬁpgﬁémefsggﬂ%f tﬁé’ﬁ?‘ﬁ?@iﬁ% 'to éﬁ?ﬂwglc@ ﬁé@/ﬁf&yfco}/‘r)m ug' Jib: 1101 0
10(Ilb) or ajphaeeateidiically REceplanecaitithbiachoineren@ddiasntefingdyfdodiryhula.l. In one

particular embodiment, the inyention relates to ¢ ounds of ' : O Iseyelohexyl,
RoPYeAseR >?%oi>?|?"%° o Torese °eﬁ’%?fh?8§ﬁﬁﬁ,%%r?§|%£§§%§gz%y|, pyridinyl,
thiazolys, or-Ciopheiivy],Qds opliaraity sibstititstedinant REiRS-Ghoafe taeypsiudidy selected from

nelo, -CLéally, By Ienc: At PRGNS M Rl dAsliodoaned-eaNbRand he alky

groups in R8 are optioially substituted with 1 to 5 fluor atoms. In anot er embodiment, the invention

relates to conpeERRoSTeRBlais Bnwheitlerdis i Papiics crRogHaRRE: Btilp 2iStRErE it of the

invention relgigs GRS SAYIEIRH addanioPHINMMN-C, ,alkylene-Q VH OH 20(11c)
Each alkyl, alkenyl, alkynyl, alkylene, and cycloalkyl group in R*, R*, R, and R,

n
cycloheptyl% 6

10 may be substituted with 1 to 5 fluoro atoms. In addition, each cycloalkyl in R™9 may be
substituted with 1 to 3 substituents independently selected from -C;qalkyl, -Cyaalkenyl,
-Caqalkynyl, cyano, hale, -O(C4alkyl), -S(Ciaalkyl), -S(O)(Ci.4alkyl), -S(0)2(Crsalkyl),
-NH,, -NH(C\.qalkyl) and -N(C,_4alkyl),, wherein each alkyl, alkeny! and alkynyl group is
optionally substituted with 1 to 5 fluoro substituents.

15 R? may be an aryl group that is unsubstituted or substituted with 1 to 5 R® groups,
which are defined above. In one embodiment, R is phenyl. In another embodiment, R?is
unsubstituted phenyl. In another embodiment, R? is a heteroaryl, such as thiophenyl
'(including thiophen-2-y! and thiophen-3-yl).

R® may be H or -Cy.1alkylene-OH, or may form a double bond with R', which can

Rl
N
\}2’; :
R or R

In one particular embodiment, R?is -OH. In addition, -CR'R?R? together may form a

20  be depicted as:

grotp of formula:

4

25  where A is a bond, -O-, -S-, -CHs-, -CH=CH-, -CH,CH;-, -NH-, or -N{CH3)-, and Ris
selected from H, halo, -OH, -Cigalkyl, and -Cy_galkoxy. The alkyl group in R* may be
substituted with 1 to 5 fluoro atoms. In one particular embodiment, -CR'R?R together

form:



or a pharmaceutically acceptable salt thereof, where Z is as defined for formula I. In one particular
embodiment, the invention relates to compounds of formula lic, where: Q is phenyl, furanyl, or
thiophenyl; and 1tbe/pismyl in Q is optionally substituted with 1-2 R8 groupsiitigdsesntliendly selected
from halo and -00.4alkylene-OH. 25In yet another embodiment, the invention relates to a compound
having formula I11l1: WO 2009/035542PCT/US2008/010431 Re NN-Z 1, R (llu) or a pharmaceutically
acceptable salt thereof, where R1-3, R6-2, and Z afe as defined for formula I. In one particular
embodiment, the invention relates to compo [l where: Rl is cyclopentyl; R2 is phenyl;
R3is -OH; R6 and le are H; Z is -Ci_3alkyle enyl, benzothranyl, furanyl, pyridinyl, or
thiophenyl; and the phenyl in Q is optionally s gted"With 1-2 R8 groups independently selected

from halo and.-004alkylene-OH, In.still ther.e idiment, the invention relates to a c'ompound
RFORIEEILS £ ()10 o & S

having for or a pharmaceutically acceptable salt thereof, where R4,
R6-2, and Z are ahaefiretbholifomhu¥as alhande Hasti€illan &nibobimaak Xhis nfdnidiird 568s to
compounds%gfg EIE%H%JV where: Rl is'isobutyl or cyclopentyl; R2 is phenyl; R3 is -OH; R6 and le are
H; Zis -C1. aﬂ&/ or -Ci_3alkylene-Q; Q is phenyl, furanyl, pyridinyl, or thiophenyl; Q is optionally
substituted with 1-2 R8 groups independently s@lectedfrém halo, -Cmalkyl, 15 -00.4alkylene-OH, and
-0-C1.4alkyl; and the alkyl groups in R8 are agtin@qu ggtituted with 1 to 5 fluor atoms. A
particular group of compounds of formula | aré those disctosed in U.S. Provisional Application No.

60/967,@14, filed on September 7, 2007. This group includes compounds of formula (1):
In another embodiment, when X is -O- or -O-CH;-, Y'is -CH-, Y is a bond and Y™15 -CH,-

or -{CH,)z-, which can be depicted as:

9 5 | 9] 5
SO % TN G . SENG A,
N O N
N O N
o/@ /\Q ,\;U\ o ,@ + /@ +
(R, (R, ) or ,
respectively. In another embodiment, when X is -O- or -O-CH3-, Y' is -CH-, and both Y

10 and Y" are -CH;,-, which can be depicted as:
(R,

LB Ao

R’ is selected from fluoro and -Cy.qalkyl. The value for a is O or an integer of from
1 to 3. In one particular embodiment, a is 0. The alkyl group in R® may be substituted
with 1 to 5 fluoro atoms. .

15 R® and R7 are independently selected from H and -C 4alkyl. In addition, one of R®
or R” may be -NH,. In one particular embodiment, R® is hydrogen or -Cysatkyl. In
another embodiment, R’ is hydrogen. In yet another particular embodiment, both R® and
R’ are hydrogen. The alkyl group in R® and R7 may be substituted with fluoro atoms. For
example, R® and/or R’ can be -CH; as well as -CFH;, -CF2H or -CFa.

20 Z is selected from hydrogen, -Ci.salkyl, -C,.;alkylene-Q, and -NH-Cy. alkylene-Q.
In one embodiment, Z is -CH3-Q. In another embodiment, Z is -(CH)>-Q. In still another t
embodiment, Z is -(CH2)s-Q. In still another embodiment, Z is -NH-Q. In yet another
embodiment, Z is -NH-CH;-Q. In another embodiment, Z is hydrogen or -Cy_salkyl.
Exemplary -C, salkyl groups include methyl, propyl, butyl, and pentyl. The alkyl and

0.



,R6 Y A"N NZ j17 20 wherein: RI is selected from -C1.6alkyl, -C2_6alkenyl, and -C3.9cycloalkyl; R2 is
aryl; R3 is selected from H and -Co.ialkylene-OH; or forms a double bond with RI; or -CRIR212.3
together forwa prempssiformula: WO 2009/035542PCT/1J52008/0104 3RCEATSAOMGé#e3A is a bond,
-0-, -S-, -CH2-, -CH-CH-, -CH2CH2-, -NH-, or -N(CH3)-; and where R4 is selected from H, halo, -OH,
-Ci.salkyl, and -Ci.oalkoxy; X is a bond, -0- or when X is a bond, Y is -CH2-, Y"is.-N-, and Y" is -CH2-;
when X'is D Olen@-grbldrs %' my@umﬂﬁu\’eiﬁ\aﬁb@mamw oiatefitd 2 FarthgGHIR) 2k pleiteis -CH2- and
Y"is -CH2-; Rs is selected from fluorp and -C14 l. and a. | O or nnteger 1to 3; 116 and
12.7 are m@é P RA% SRR énai ﬁﬁ?ﬁ%hh astu &t uenalﬁljr erwh tell el‘r%%cﬁ%éﬁgﬁ% or R7 may be
-NH2; Z is sel,e;al&ylltmﬁn{l}[i Clooadkydple in ¢ W@m@ma NI Rdkylene-Q, where Q is selected

from -C3 7cyc|oa LY lf( ﬁg{ é}%@gﬁﬁ %105’11'9&@1[% Reliee Vb a3 %%4&86%8,51 igependently

selected from hal ne-OH, ¢ o -00__2alkylene-CO

-C(0)0- @14@&@@@@8&%@%&%6@(@?@3% oPtyk- @mn&m&&h@@%ﬂmﬁb‘dﬁ/ﬁmyﬁ% and

R81" are indepandenlly Slscieshiomfdd %M« Ky g raip RtpsHR 2@ ORldanRlly substituted
with 1 to 5 Ra groupsvselected from -C1.4 r\% -C§4alkeny -C2_4alk nyI -C3. ycloallcyl cyano,

halo, 15 -ORBrelyloyD Rz RAaeybjRasim) RNy inptismy b e "{'ﬂ\fﬁaﬁ‘i ‘tl; where each Rb is
Independenﬁyxagdﬂﬁtqgoﬁﬁﬁdryr%éaﬂ«e@ykaz@%%wmlam pﬁaﬁamaﬂmanmm 12.6 and R8

is independently selected from H, alkenyl, -C2.4 6cycloalkyl, wherein each alkyl,
alkenyl, alk§FSFOSHdR é’eﬁ?ﬂi’%éﬁ’ OBﬁen?gag r%ﬂ){m%zln ﬁﬁbgnl\és cg)hp oré{ Iy substituted with 1
to 3 suIIStItlﬂ»@ﬁlﬁ&dfvi@n&miﬁﬂﬂwsﬁeqt&nbfmrqumazd@@l Lk qminox@iidyl|gyens c yAiRriendar
-0(Ci_4alkyl 14 le 0 14a I .

(Ci yé W&? gy Ii( ) kde?’nl(f S‘%&ﬁ% Vikarll g@ég'\“f&%‘ié‘@'&&v&la%an

-N(C|4alkyl)1 efein 64c enyI a group s optionally substituted with 1 to 5 fluoro

substituent$;- Eihdhhwmkyléng g%@phm@ﬁ%h&@%ﬁiht@ﬂ%ﬂh’ﬂ@fgz WpamrareidyD:
independently 3k Selgeep fiam-Srh2allvhand s Ot R phIMassHisely, pesentalimsal thereof
yl), benzofuranyl (e.g., benzofuran-5-yl), benzothiophenyl (e.g., benzo[b]thiophen-2-yl and

15 benzo[blthiophen-5-yl), and benzodioxolyl. {e.g., benzé[l,i’a}dioxol-s-yl) groups.

Q may be substituted with 1 to 5 R® groups independently selected from halo (e.g.,
Cl and F), -C4alkyl (e.g., -CH;), -Cosalkylene-OH (e.g., -OH and -CH,OH), cyano,
-Cy.palkylene-COOH, -C(0)O-C,.4alkyl (e.g., -C(0)O-CH;), -O-Cy4alkyl (e.g., -OCHs),
-S-C,alkyl (e.g., -S-CHy), -CONR¥R®, -NH-C(0)-C;4alkyl, -N-di-Cyqalkyl, and

20 -N*(0)O, where R® and R®® are independently selected from H and -C1_4all§yl. Each alkyl
and alkjlene group in R® may be substituted with 1 to 5 fluoro atoms. For example, R® can

be a fluoro substituted -C_salkyl group such as -CF; or a fluoro substituted -0-Caalkyl
group such as -OCF3.

In one embodiment, Q is substituted with one R® group selected from halo,

25  -Cialkyl, -Co.alkylene-OH, cyano, -C(O)O-Cj4alkyl, -O-Calkyl, -S-Cy4alkyl, and
-CONR¥R® where each alky! group is optionally substituted with 1 to 3 fluoro atoms. In
another embodiment, Q is substituted with two Rr® groups that are halo groups (which may
be the same or different). In one embodiment, Q is an unsubstituted -Cs.scycloalkyl group.
[n one embodiment, Q is an unsubstituted ary] group. In another embodiment, Q is an aryl

30 group having one R® group selected from halo, -C;alkyl, cyano, -Co.zalkylene-COOH,
-C(0)O-Cealkyl, -0-Cyalkyl, -5-Cyealkyl, -CONR¥R™, where each alkyl group is
optionally substituted with 1 to 3 fluoro atoms. In yet another embodiment, Q is an aryl

group having two R® groups that are halo groups. In one embodiment, Q is an
=10-



In addition, particular compounds of the invention that are of interest include those set forth in the
Examples below, as well as the pharmaceutically acceptable salts thereof. DEFINITIONS When
describing theccasssids, compositions, methods and processes of the BOlivetFdid4be following
terms have the following meanings unless otherwise indicated. Additionally, as used herein, the
singular forms "a," "an" and "the" include the -14- WO 2009/035542PCI/US2008/010431
correspondingstal frms s s Sihe Contepiuserelgatbndictateseihenibgrolipieings
"comprising”, "ingluding,” and "having" are intended to be inclusive and mean that there may be
additional efS¥BnEBRARAHAR the-11RLER™ ents. All numbers expressing quantities of ingredients,
properties such asimgleenipsdiaight e antior orditiens anbsoiddains othetei whertoRie
understood .as being modified in all instances by the.term " unless Qtherwise. rgli :
AccordingIyl,s’tH“;glgi}l1t 5 Fs°£8{‘%%?rtﬂrr€%‘r°e“.n‘°“3?’z’ 2%5?8)%%1%8?1%%%&6@9%2%@&%% ﬁ%ﬁ\dthe
desired propegtiber Souy htgw e diitaineld:by the present invention. At least, and not as an attempt to
limit the application of the doctrine of equivalents to,the scope of the claims, each nuMber should at
least be construed 10 in light of the reported sigqifics ts and by applying ordinary rounding

techniques. The term "alkyl" means a mdnovg ated hydrocarbon group which may be
linear or branched. Unless otherwise defined, Stch@llcyfFgroups typically contain from 1 to 10 carbon
atoms and include, for example -C1.2alkyl, -C1.4alkyl, and -C1.6alky]. Representative alkyl groups
include, by \%ﬁpé)fzgk%%ﬁfe“, b gtlﬁlﬁm%r‘ﬁﬁ]l: mia¥lor ;3M%"§%é’fbutyl, isobutyl, tert-butyl,
n-pentyl, n-hRxpCHAIRPR_RA O QiYL dvdlohstyh -cletyhandl fpedie, benzWdimmiyispeatidunampber of carbon

atoms is intended, for rticular ter ed herein, the. number of carb is shown preceding
the term as %rggcg’?fﬁgweiﬁar?nnﬁf &, r@%@élpr?{r azeﬂélg%}ﬁhl}ﬁnaéagﬁgz grg%llg?/%?; upﬁ#gi/i § from 1 to 4
carbon Htonuptianal12Gthstiterer Wi b\Riaatkyls méepradenyviadtioptd foup kioing el to 9 carbon
atoms, Wher%t“h%l%qg oafomsared W@%%ﬂb@-é?ﬂﬂ%@tgﬁ@t _4a1k)-%-it‘§n@[@f)ﬁﬂ‘{¥!%§" means a

divalent saturate ydrocarbon group that may be linear or branched. Unless otherwise defined, such

alkylene grotipsligpigumpeiniiarsontionely subsHsendGhd 4nd fratRialoms-example, -Co_ialkylene-,
-00.2alkylene-, 25 ;0Q, AabkyienRnmGe; Blliengor idalygrempGindakentrmoRdalkylene-, and
-C3.6alkylene-. Representative alkylene groups include, by way of example, methylene,
ethane-1,2-diyl ("ethylene”), propane-1,2-diyl, propanegt;3-diyl, butane-1,4- diyl, pentane-1,5-diyl and
the like. It is understood that when the alkylefie termiindludes zero carbons such as -Co., alkylene- or
-00.5alkylene-, such terms are intended tp gluﬂ@_gj()“the ﬁpgence of carbon atoms, that is, the
alkylene group is not present except for cdvalent bond dttacifliy the groups separated by the
alkylene term. The term "alkenyl' means a monovalent4ins p which may
Do et o BrARCRERERA R i e A p DA R B g AR Pio

formula I. In one particular embodiment, the invention relates to compounds of formula II, -

where: R' is cyclopentyl or thiopheny]; R? is phenyl or thiophenyl; R%is-OH; R®is H or
-Cyalkyl: R' is H; Z is -Cysalkyl, -Cy_salkylene-Q, or -NH-Co.ialkylene-Q; Q is _
cyclohexyl, cycloheptyl, phenyl, benzodioxolyl, ‘benzofuranyl, benzothiophenyl, furanyl,

20  indolyl, pyrazolyl, pyridinyl, thiazolyl, or thiophenyl; Q is optionally substituted with 1-2
R® groups independently selected from halo, -C)4alkyl, -Co.salkylene-OH, cyano,
-C{0)O-Cy4alkyl, -O-Cyalkyl, -S-Cysalkyl, and -CONH,; and the alkyl groups in R® are
optionally substituted with 1 to 5 fluoro atoms,

Yet another aspect of the invention relates to compounds having formula Ifa:

RB
o) Nl'
N N/kﬁv-z
oH
25 (Ila)
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WO 2009/035542PCT/US2008/010431 double bonds. Unless otherwise defined, such allcenyl groups
typically contain from 2 to 10 carbon atoms and include, for example, -C24alkenyl and -C2.6alkenyl.
Representative ailkemasdgtoups include, by way of example, ethenyl, n-prd§&iyR2E8HoHENyl,
n-but-2-enyl, n-hex-3-enyl and the like. The term "alkenylene" means a divalent alkenyl group, and 5
exemplary alkenylene groups include -C2.3alkenylene-. The term "alkoxy" means a monovalent group
of the formiya,-Pratiodcauhesn pierbissat detineddoerainere Ribasddthesuisdsfetid o, Suctualkylene
groups typically contain from 1 tg 10 carbon atoms and include, for example, -Cl.dalk and
-Ci_galkox;l?‘IQE?)P%%@@Q%W&%%@Yﬁ@fﬁ%e{%ﬁ%@C(Sme %ur%% eo,@qr{r%e %%yl,fl%t‘ﬁ@%ejn-propoxy,
10 isopropQyisrHhntaxy, sed:iioxg, istbiteRy dthylbutaRy caniEhEdikedk et ilicynyl” means a
monovalent unsaturated hydrocaron gr ' a [ ¢ i as at least
one, and tya’é}sﬁ i 3,(?20&0 ,gg%bﬁ-ggﬂgggﬁ%ﬂ%%%g%%&%gg%g?v%%ﬁ%%%}?g&’?ﬂ%%?kynyl groups
typicallyscoimeiivisayrZobyl@yrdind. shineed dner héonhenybrQisenprnaltysubationst st -£2 salkynyl.
Representae, ba AL AR LOfiER s O ARl CollinYentRIRDE ol DLt 2-y Y

yl an

n-hex-3- yn dthelike. — The term "aryl" means a monovalent aromatic hydrocarbgn having a
single ring (X OYP&hyBlsYiuSEE raleli S-Giaphirlatsfef- Ohids ot BRaEE dARY SO cA Gyl groups

typically cor&iﬁ;gl{m MRl P-aarRan Hhe At include, for example, -C6.10aryl. 20
Representative aryl gr

oups include, hy way of example, phenyl and naphthalene-I: aphthalene-2-yl,

and the like.  Th¥! W*W&B%%?fymgé%vse}&t%ﬁe&gfe?ﬁtcgﬁg%lpe‘%f%%‘r%%%/%clﬁ%ﬁ%%carbon group.
Unless otherwise defined, such cycle ky groups typjcally contain from 3 to 10 carbon atoms and
include, for example, -C3.6cycloal §_7oyetoalkyl, and 25 -05.9cycloalkyl. Representative
cycloalkyl groups include, by way pré, cyMopriipy,.fistetalyl, cyclopentyl, cyclohexyl and the
like. The term "divalent hydrd @toup™ means a divalent hydrocarbon group which is
compo§8d primarily of carbon and.bydrogen atoms and which option&il%contains one or more
heteroatoms. Such divalent hydrocarbon groups may be branched or unbranched, 30 saturated or

unsaturatedyracylhicrocoytial nlipteptib ter safoireatief, orheserRiisasslesinsdrisiomangiva Bhe# drocarbon
group can O}tpat}ﬁﬁﬂgy %ﬂéﬂ%@ﬂ%@%ﬁi@%@@%%@ﬁ@ﬂf&%m'ﬂ@i@r@f@%ssubStituentS
ydrocar

attached to the on chain. The term "halo" means fluoro, chloro, bromo an iodo, -16-
cyclohexyl, cycloheptyl, phenyl, benzodioxolyl, benzofuranyl, benzothiophenyl, ranyl,

3

indolyl, pyrazolyl, pyridinyl, thiazolyl, or thiophenyl; Q is optionally substituted with 1-2

15 R® groups independently selected from halo, -Ci.salkyl, -Cosalkylene-OH, cyano,
-C(0)0-Calkyl, -O-Cy.qalkyl, -S-C;_salkyl, and -CONHz; and the alkyl groups in R® are
optionally substituted with 1 to 5 fluoro atoms. In another embodiment, the invention
relates to compounds of formula IIb, where Q is furany! or thiophenyl.

Still another aspect of the invention relates to compounds having formula Iec:

~ ) 0 NH
S N N/U\ﬁ—Q_aalkylene-Q
— OH
x-S .
20 (flc)

or a pharmaceutically acceptable salt thercof, where Z is as defined for formula I. In one
particular embodiment, the invention relates to compounds of formula llc, where: Qis
phenyl, furanyl, or thiophenyl; and the phenyl in Q is optionally substituted with 1-2 R®
groups independently selected from halo and -Co.salkylene-OH.

25 In yet another embodiment, the invention relates to a compound baving formula III:



WO 2009/035542PCT/U52008/010431 As used herein, the phrase "having the formula" or "having
the structure" is not intended to be limiting and is used in the same way that the term "comprising" is
commonly usecoTHesse+m "heteroaryl” means a monovalent aromatic gré@F/Hapgjea0dgle ring or 5
two fused rings and containing in the ring at least one heteroatom (typically | 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 exagiple, -C2.9heteroaryl. Representative
heteroaryl groups include, by way of exam le, pyrrolyl,Nmidazolyl, thiazolyl, oxazolyl, furanyl,
thiophenyl, triazolyl, pyrazolyl, isoxazo%& is@ Rry_r'gjinyl, pyrazinyl, pyridazinyl, pyrimidinyl,
triazinyl, indolyl, benzofuranyl, benzoﬁyra;q?yl,% zoghiophgnyl, benzoimidazolyl, benzothiazolyl,
benzodioxolyl, quinolyl, isoquinolyl, quinazolinyl, quinoxalf?}yl dBdthe like, where the point of

attachme”%'&saaﬁmﬂxa%ga{i@m? AR Difragen Enehafom:-T e teriy pRfionadrpubstituted” means

that group in question may bé 15 unsubstituted or it may be substituted one or several times, such as

1 to 3 timedasmula & thmese patieulamprbodiment the duyrasen iwss sh sttt afdar A o 5 fluoro
atoms, mayResNeURMIRRNBRIRNRYpESNAIRLis 2081, R il RiQEaIDITSs -C, JdlieiensQ; Q

"pharmaceutically acceptable” refers to a material that is not _iologggall Or‘flhémisetijo%% ceptable
when uSed i PHEYhRSRTOI Ehi A T R R DSBS AYIA ARE, %ﬁéegg EbtabieRarier refers to a
material thatsambedineorpa &b drintes andepepasitigneadaitinim stereshto-Gpatiehmeithidut causing

unacceptable biolpgical effects or.interacting in an ynacceptable with oth 0 f the
composition. Suc#%f@r?ﬁlg%éeﬂtﬁ%lﬁ?/%%g%ta I]"emr,ﬁéilé)ﬁé s%ﬁy%ic%ﬁf %rgggurﬁ;]%%ﬁe%e%%%@c% standards of
toxicologicdvand manufacturing testing, and include those materials identified as suitable 25 inactive
ingredients by the U.S. Food and Drug Administration. geThe term "pharmaceutically acceptable salt"
means a salt prepared from a base or an a@id which ispecceptable for administration to a patient, such
as a mammal (e.g., salts having accep ma Iig_tﬂ\safety for a given dosage regime). However, it
is understood that the salts covered byt inentiorare r”bﬁequired to be pharmaceutically 30
acceptable salts, such as salts of intermediate compound%%hqt‘aye not intended for administration to a
patient. Pharmaceutically. acceptable salts be derived.from_ phar eutically.acceptable inorganic
or orgafiic 1§48 W?F@S%{hc ﬁ?éﬁ‘f‘fgggﬁt%ﬁﬁ@?gg %opﬁgglngn%rgg}%ic barnng?gfaarrﬁcaéaég s?ﬁ%eigadition, when a
compound éfifouin dlalh cantenicul-eMOIR0 0085 G4 2RE5TY S2608/0atncnde tf fbuasle Hoiety and
an acidic mojei. RVLSIRIRRLHAJAUNGUEN BHE ORI Uataicaalt s used herein
Salts derived from pﬁarmacgutlca ly acceptable inorganic bases include ammonium, calcium, copper,

ferric, ferrodS;-tiabimher réagakksians; Qi iephenimairanbuyriindcnn ek Qitreienelits, and the
like. Salts dgfivga{1@W:m RDAIPRcGWICAlKRcERRIRNIS QigaHERARRS Lgldeysalts of primary,

secondary and tertiary amines, including substituted amines, cyclig amines, ngtur‘?ﬂﬁ/ﬁoctc rring amines
and thé%keﬁ@d&ﬂ‘%‘&’f@ﬁn@}%@a%é?g‘éﬁﬁﬁg,t%ﬁlllﬁafé,gﬁ?}m’-stﬁ)gnf\ﬁe‘fﬁg}fgﬁ iSRS thylamine,
2-diethylamjagethasofiuddimethylaminoethanol, ethanolamine, ethylenediamine, N-ethylmorpholine,

\-ethylpiperidine, glucamine glucosaming Jalisudne, oydiaheming Jrogioppgine, lysine,
methylglucamine, %?%hc Bl erazmer piperadine, pozfyamlne resins, procaine, purines,
theobrominBrdvietbwih iméic atiorey| 61065, ks ind am Prepterobse th200Re Bhid eneuplkdiacBdfs derived
from pharm S&ﬁ! @é)@ inorganic acids include salts of boric, carbonic, hydrohalic
(hydrobrom<|§j'({:§,%{ﬁ);(/g rogﬁ%%gc%%%/ r ﬁ'uoric or hydroiogic), nitric, phosphoric, sulfamic and 15 sulfuric
acids. Salts derived from pharmaceutically accegtahle or%arﬁﬁ acids include salts of aliphatic hydroxyl
acids (e.g., citric, gluconic, glycolic, lactic, la obiopi rnalic, and tartaric acids), aliphatic
monocarboxylic acids (e.g., acetic, but)}jl o propionidiard trifluoroacetic acids), amino acids
(e.g., aspaxtic and glutamic acids), ardMmatig carboXytic acids (e.q., benzoic, p-chlorobenzoic,
diphemdflacetic, gentisic, hippuric, and tripﬁénylacetic 20 acids), &r matic hydroxyl acids (e.g.,

o-hydroxybefizei, RhYaRANENIS- &N NCARNENAR-CRIRMIBEN is aryl; R is
3-hydroxynaphthalene-2-carboxylic acids), ascorbic, dicarboxylic acids (e.g., fumayi aleic, oxalic
and succiniE&i§d) e dbasdicCoalalans-iders ﬁﬁ%ﬁiﬁiﬁ?ﬁ%i&?’ﬁ%ﬁg}% pgﬁfcg(geiﬁg,n sulfonic acids
(e.q., benzepgaubprigncagankosiftanicl.edisylic, ethanesulfonic, isethionic, methanesulfonic,
naphthalenesulfonic, ’

-13-



25 naphthalene-1,5-disulfonic, naphthalene-2,6-disulfonic and p-toluenesulfonic acids), xinafoic acid,
and the like. The term "therapeutically effective amount” means an amount sufficient to effect
treatment whanzagimasigtered to a patient in need of treatment, i.e., the afeUREE EGheeded to
obtain the desired therapeutic effect. For example, a therapeutically effective 30 amount for treating
chronic obstructive pulmonary disease (COPD) is an amount of compound needed to, for example,
reduce, suppress, eliminate or prevent, the symptgmg*of (COPD), or to treat the underlying cause of
(COPD). On the other hand, an "effective" ameynt4 mount needed to obtain a desired result,
which may not necessarily be a -18- WO 20 /US2008/010431 therapeutically effective
- amount. For example, when studying a systehs AIg for antagonizing a muscarinic receptor, an

"effective amount” may:be the amount needed to ant ize the receptc term JHeating” or
"treatment""?a}%‘?{fsédsﬁéﬂﬂ‘?’rﬁ%éﬁ 'fhgﬁé'agﬁ@ﬁ@éém%’Sa i‘s(é‘?agg(gﬁ édical ckondition (such
as COPD) R‘aspatientl Sioeh Astalyafihaljpatkipl k-6 huakeext); tds mbhide sO(ay pretdhting the
disease or medical condition,from.qccyyring, .e, phylagfic. ggatment o4 a,payanti,(byameliorating
the disease%errhsgdfc%goc%ér?(%}iiosnrﬁ%,’e ir%gi%gtfnaéi%ﬁgjs%gzr’egression of the diseasze or medical

conditio in-Elbatiedty (5)aspprendiNy heCHlscorsd Glrhedied] Eokdiioand & Wolkhtig & afresting the
developmeQ&%}[éaf&&Qﬁg%&gr@&qm{.%@jt{g@ 1R A Rakeek Jreehalley Rt dardymptoms of the

disease or medical condition in a patient: For example, the term "treating CQP quld include

preventing Odperdetyselsstan Gomd g dobend ispes vy euPs° ﬁg}%ﬂ vidihgthe

symptoms offP R sEhedermohatient; ismierdedligiae.deathiaeridmaliy suetQashern@ns, that are
in need of treatment or disease prevl%r(ltion, that are 15 resentlg/1 bei {r

eated for disgase prevention
or treatment SPELHERR dfeesyElot kb At LoRERISA kCRIAAL Y SY sﬂ%%gtgﬁ%vgﬁc compounds of

the invemtiograugshedegeaiattigted cordieingiiada, T atkyhy-Foradigdmpet®sn @rmal model. All other
terms used herein are | d heir ordine iRgAs I those of ordinary skill
in the art to ﬁ%@ﬁ%ﬁ%@?ﬁf. “géglﬁﬁﬁ%%ﬁﬁ@%ﬁ ’P%RgOb;ED %%%&&%pdunds of the
invention calNHe(itBpareafrbmNehdlyalkyilahié Naig: wheaRs anhb thusondtarmgdgeieral
methods, the procedures S64 Qs in e mample SR SR bey Biethedsd ragentss and starting

materials that are known to those of ordinary skill in the art. Although the f Ilowi%%ﬁ%r cedures may

illustrate a pEEPHESRleHAB Samh cht- sk tHezirleridn Gr1a ke sloo Yhlse e ents of the
inventign cagRe SR DISRArET oS- e BRI MRIEC nathbUSRY; bshusieachtRBismethods,
reagents and starting materials_known to (SE:OFE%Y?: diqﬁe% killin tlﬁg arli. Ién\é/i_l IsCoCQQa reciated
that where SASRRSPIPHTERSIRSIFD AoRBsE g s"g:l.'%;‘.?r o EMmparatiTes, TitHes, molé ratios of
reactants, spidents, RteadRes; siteparéegilyeselattedimmpddsLaantivlorS calkeist Hewdéd3d unless

paramerers L A I R s e e i the
art can readi§ dB{Srmide ststemionaictartotatitos h@@%ﬂ@%ﬁﬂﬁ%ﬁ%ﬁ%é@ﬂ%l
20  in R™is optionally substituted with 1 to 3 substituents independently selected from
-Ciaalkyl, -Caalkenyl, -Caalkynyl, cyano, halo, -O(Cialkyl), -S(Cyaalkyl),
~S{O}C;.4atkyl), -S{0):(Cisalkyl), -NHz, -NH(C\.salkyl) and -N(C).4alkyl),, wherein each

alkyl, alkenyl and alkynyl group is optionally substituted with 1 to 5 fluoro substituents;

and the alkylene group in Z is optionally substituted with 1 or 2 substituents independently
25  selected from -C).;alkyl and -OH; or a pharmaceutically acceptable salt thereof.
In addition, particular compounds of the invention that are of interest include those
set forth in the Examples below, as well as the pharmaceutically acceptable salts thereof.
DEFINITIONS
When describing the compounds, compositions, methods and processes of the
30 invention, the following terms have the following meanings unless otherwise indicated.

Additionally, as used herein, the singular forms "a,” "an" and "the" include the
-14- ’



WO 2009/035542PCT/US2008/010431 Additionally, as will be apparent to those skilled in the art,
conventional protecting groups may be necessary or desired to prevent certain functional groups from
undergoing Wridlzist@asFéactions. The choice of a suitable protecting groug4ariaasididal functional

group as well as suitable conditions and reagents for protection and deprotection of such 5 functional
groups are well-known in the art. Functional groups that may be protected so as to prevent undesired

reagtionis i%@@ohgiﬁ%ayllgaems)m@m gfb@}uﬁﬁhaew : miﬂsxmr?ngi@éomb@tmhgrpugs,
carbonyl groups and the, like. Representative garbaxyprotecting groups include, but are not limited to,
esters, such* 38 rHEMS: éﬂ‘fg\‘ Tt ,%e‘ﬁ‘%‘g}fléﬁ)r? 6‘\%%9%&9&%%‘&“{%&2@? ﬁ&?o%ﬁ%ﬁne%gt)hyl (Fm),
trimethylsilyh4F MS)difcabliiddienetosisiyh{F BS)listiphenylentthy {vemaisrd sipfmE and the like;
amides and hydrazides. Representative.h - ' ' liggited to, silyl
groups inclﬁ%i&él]git%ﬁsccﬁg‘ﬁy %eﬁlfi Brr% epl:%sf eg}s/t%g:%%é% %%%ﬁ#%%ﬁé?%&?ho ?g%tyﬁﬁ(?ls’% &
tert-butgldifeethysidyh¢TisSira trth aniesteators taing grsiped iﬁ@ﬁdﬁﬁ@a@fﬁéﬁbﬁ%roups, such as

formyl, acety anditha Jike: ANIMEIGIRHP S QU AR PR MLk Keimme hexyhaezyl (PMB),
9-f|uorenylmethyl"‘(Fm), diphenyhnethyl (benzhydryl, DPM) and the like; and ethers. Representative

protecting GRAGPSTIITSRFGHRY THEN AP TABREHHNIRE IFTed BIeP BEG SQLIR Re SR thg groups

for Carbor%(?EH&B&&@ENQ&@@@&@'%&I@%KQ@&&rﬁaﬁt&ﬂ@rgp@up‘ﬁrﬁw&retk@liéhﬁsﬁ sfageribed herein
may be used, if desired. For examg}l;, numerous grotectin %lrouggr, Sehré)qllt ggﬁégg[%%uctiogu %Hd removal,

are describ&AFIHBSPTeRIVEIFRENE BT PR L MG PPt SR TR SIS I S OFGARIE SYhthests. Third
Edition.oWileyli fhewf Yeripd2od sapiiieferéintascidey tptwing Midiaasp eifidally t¢thaigiiesving
abbreviations ?”dfﬁé‘%%?ltﬁa@{el-us%%ﬁé‘at%%? NS RIESEARHRRAon ordug SRIRASRLS 89 _
amino-protecting group," a tetm that Is used herein to mean & protecting group suitablé for preventing
undesired riaetiandananedniiiegsotherisr dpfinsd meelvallayhBonprotanarlygienips femddCbut are

not limited tg, {- I )i b carbapyi (&hz): 9-flwgrenylmethoxycarbonyl
(Fmoc), forr@yﬁ#ﬁﬁﬁ&gy s%)ly (%ﬁ&%—%%t%e?hﬁiyﬂ%éﬁﬂ%fﬁﬁd thzgclﬁ?e. gta dard deprotection

techniques Beeressaiptiy safksl sreve Frghiiso b srelmpamie srsteliGiPsh the™RPBO C group can use a
reagentssughyasobl® l Muy! HBEbutyil dotliaxane3NsHitapebases éar ) senitptileseosghemes include,

by way of illustration and not Jimitation, potassium carbonate, calcium carbonate, sodium carbonate,
triethylamin® "AiaRE Y 2aR I clo-[5.4.0Jumdec-7-ene (DBU), /V,N-diisopropylethylamine
(DWEA), sodium hydsaxidpedqifitassinimnr hfdrakideatpotassinentidalioxideartndanetah 264 WO

cchemes i, B TS5 T ot it (Vlech),
toluene, NeNrdieethy omiatidd DAy Hiy s ettande (DBD), Idie HisraraBRHaRS. @EM), 5
chlorofggm, garbpn tetachigsideiCHCHR) Lytiaxangefathang xethanelowates argni)e like.
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
0 to 10 carbon atoms and include, for example, -Cq.jalkylene-, -Cg.zalkylene-,
25  -Coaalkylene-, -Cy.salkylene-, -Cyqalkylene-, -Coalkylene-, -Cz4alkylene-, ~-Cy.salkylene-,
and -Ci_alkylene-, 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-1,5-diyl and the like. It is understood that when the alkylene term includes
zero carbons such as -Cg.alkylene- or -Cg.salkylene-, such terms are intended to include
30 the absence of carbon atoms, that is, the alkylene group is not present except for a covalent
bond attaching the groups separated by the alkylene term.

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
-15-



Suitable carboxylic acid/amine coupling reagents include 1-hydroxybenzotriazole hydrate (HOBL),
benzotriazol-1-yloxytris(dimethylarnino)phosphonium hexafluorophosphate (PyBOP),
0-(7-azabenyddrtaguistsyd-1V,IV,N', AP tetramethyluronium 10 hexafluoroBRégpiaate (HATU),
dicyclohexylcarbodiimide (DCC), N-(3- dimethylaminopropy1)-Ncethylcarbodiimide (EDCI),
carbonyldiimidazole (CDI), and the like. Coupling reactions are conducted in an inert diluent in the

presence ofja RSk IR BEE:REsiREMact UBdRECenvR AliNg groide henckligrooingindiuditizns. All
reactions are typically conducted at ar(em erature \ithi ra of ﬁ(l%g t ]ée-78 C tq.loo C, for

th
example at F3SADBHAREPSANE PANSEAIRF FEARRShS ard Fit6red By oiss Of thin Tayer & romatography
(TLC), highapesiormenpeiticuitbchyomaiofeephylé- i@yl amgtopenel Bamepourhplétit?-Rehctions
may be complete,in minutes, or. may,take hquys, typical WSy HR-49.48:purs. Upon
completion,”f Sﬁﬁifp&:fe%%éek?ékﬁrt %er E?’ggté?ﬁ%ng%lgr %%%%n t 21(3desirg(-:;?%%ﬁ)rgrdugf. For example, the
mixture 20 manpersuiiesidehtceonpoindiote dtklfoiddiag procedures; stripping or partitioning (e.g.,

between ethy! aceigie,aaiRlst orhehy st AL J0 alid e alair AL asRAoHRAcid):
extraction (e.g., with ethyl acetate, CHC13, DCM, KOH/chloroform); washing (e.g., with saturated

aqueous Nagzs, dsfind fsaeia oS dhoreendefingd crenapier BIRURSHIPERING TR over MgSO4

or Na SO4);sa{vent 16@RNEH (oths ihyasialefilaringmphbaingacongemeaierl ikox in vacua); and/or
purification (e.g., silica gel chromatography, flash chromatography, or reverse phase-HPLC). By
way of illustREBET RS RRY cﬁ?&ﬁﬁmﬁl‘f‘iﬁaﬁ%gﬁg & 3895 ’Jﬁ/%ﬂb?xr%’o?é%’fym'g%?r%%%g exemplary
processgs. Ebgrépaciantsuaseyalecamoeyciadyusaatabte andtorasdntedileadily synthesized by

techniques that arg,lavz\izll kn,%\ﬁ/(n int];he art. WO 200194(%35’1%%%5/ YA gﬁ%{,&#l{a{m@m of the
| 0

Head Group wher “aBSnd™ SFem%ao?nn%%oJﬁoF is formed By coupling'tompounds (I) and (2)
under convésatiorat anbidecheddstbwhinl soritrossotollsudeamsetivbpistedtienpraseRamples of

compound (1, E@%&&f&ﬂ%ﬂa&%&'&%@ﬂ%@%ﬁ%@&%ﬁ%ﬁ aeihRliscaMs'onaaty5Ra istehenyl and R3
e

is hydroxy). Examples of compound (2) include t-butyl 1-piperazinecarboxylate (a is 0,1)1 is BOC).
Formation mmbgqmsmgpcwgy@xwle, -Cj.qalkynyl and -C, galkynyl.” Representativeé

15 alkynyl groups include, by way of example, ethynyl, n-propynyl, #-but-2-ynyl, n-hex-3-
ynyl and the like. ‘

The term "aryl" means a monovalent aromatic hydrocarbon having a single ring
(i.e., phenyl) or fused rings (i.e., naphthaléne). Unless otherwise defined, such aryl groups
typically contain from 6 to 10 carbon ring atoms and include, for example, -Cg.j0aryl.

20 Representative aryl groups include, by way of example, phenyl and naphthalene-1-yl,
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.scycloatkyl, -Cyscycloalkyl, and ‘

25 -Csscycloalkyl. 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
is composed primarily of carbon and hydrogen atoms and which optionally contains one or
more heteroatoms. Such divalent hydrocarbon groups may be branched or unbranched,

30 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.
-16-



10Compound (5) is formed by a Mitsunobu coupling reaction (Mitsunobu and Yamada (1967) M Bull.
Chem. Soc. JPN. 40:2380-2382). Compound (1) and compound (4) are reacted in the presence of a
phosphine csttalysisgusshias triphenylphospine and an azodicarboxylate sRETASTEHAYI431
azodicarboxylate or diisopropyl azodicarboxylate, followed by a deprotection step to yield compound
(5). Compound (5) can also be prepared 15 by transesterification. Examples of compound (1)

include (R)-cyclopgatylbydepaivphreii-acetitadeig €RIfdsausiopentyliRetis phacykand 3 is hydroxy).

Examples of compound gf)*iinclude (R)-3- hydroxypyrrolidine-l-carboxylic acid t-Qutyl ester (a is O, Pi is
BOC, Y is dignifdyeibe bipiting andsdised 18 Srosamg gay dise Mf ™ - COBBYSEatid t-butyl ester (a is
0, P1is 20 Bfafmotilisufelti2-, Y' is -CH-, and Y" is -CH2-) or (R)-3-hydroxypiperidine- 1-carboxylic acid

oo o Head BT SRR B ALV R P IR G
AX\ 8" Ny fusRBrifd¢ Andveang 08 BE4aROT les2008010daerD(REkaliabiéed to compound (3)
or Compour]ge&?))é%gg)%@%r&% '%B%nsﬁiééggén, oxygen or sulfur. Unless otherwise defined, such

heteroaryl groups typically contain from 5 to 10 total ring atoms and include, for example,

-Cy.oheteroaryl. Representative heteroaryl groups include, by way of example, pyrrolyl,

imidazolyl, thiazolyl, oxazolyl, furanyl, thiophenyl, triazolyl, pyrazolyl, isoxazolyl,

10 isothiazolyl, pyridinyl, pyrazinyl, pyridazinyl, pyn'niidinyl, triazinyl, indolyl, benzofuranyl,
benzopyranyl, benzothiophenyl, benzoimidazolyl, benzothiazolyl, benzodioxolyl, quinolyl,
isoquinolyt, qﬁinazolinyl, quinoxalinyl and the like, where the point of attachment is at any
available carbon or nitrogen ring atom.

The term "optionally substituted” means that group in question may be

15 unsubstituted or it may be substituted one or several times, such as 1 to 3 timesor 1 to 5
times. For example, an alkyl group that is "optionally substituted” with 1 to 5 fluoro
atoms, may be unsubstituted, or it may contain 1, 2, 3, 4, or 5 fluoro atoms.

The term "pharmaceutically acceptable” refers to a material that is not biologically
or otherwise unacceptable when used in the invention. For example, the term

20 "pharmaceutically acceptable carrier” refers to a material that can be incorporated into a
composition and administered to a patient without causing unacceptable biological effects
or interacting in an unacceptable with other components of the composition. Such
pharmaceutically acceptable materials typically have met the required standards of
toxicological and manufacturing testing, and include those materials identified as suitable

25  inactive ingredients by the U.S, Food and Drug Administration.

The term "pharmaceutically acceptable salt” means a salt prepared from a base or
an acid which is acceptable for administration to a patient, such as 2 mammal (e.g., salts
having acceptable mammalian safety for a given dosage regime). However, it is
understood that the salts covered by the invention are not required to be pharmaceutically

30  acceptable salts, such as salts of intermediate compounds that are not intended for
administration to a patient. Pharmaceutically acceptable salts can be derived from
pharmaceutically acceptable inorganic or organic bases and from pharmaceutically

acceptable inorganic or organic acids. In addition, when a compound of formulal contains
-17-



Compound (6), the guanidinylating agent, is then added and the reaction stirred at room temperature
until completion, typically from 30 minutes to several hours, to yield compound (7), which is used
directly in thavoexstsps«Zompound (6) is readily prepared by the methodrdagisivestaridatritzky et al.
(2000) f. Org. Chem. 65(23):8080-8082. An example of compound (6) is
C-(bis-benzotriazol-1-yOmethylene amine (R6 is H). Substituted Guanidine Formation (Formation of

Tri- or TetrassbsttsiethGHUIUNNS) i lRGRIRPURR K LithafdobidaaspadartShanddhe mixture is
maintained at room temperature or heated (-60 C) until compIeEion, typica%( about 14-24 hours. The

reaction is tHERRSASETD HdmabriplRstaie, HAlEdFEded feTHhE R AFeR18R'® rude material is
then purifiehtagairBaaceamRRioidanm lelcitampee deotmpotnd, (Bhinolmeghdsimphenemethy|

amine, 4-hydroxybenzyl amine, and benzylamine. 15Further details,regardi pecific.r gion
conditions éﬂ"&?%gﬁ‘é’r %ﬁ&ﬁ?gs%?%%gﬁlaﬁ%%}lfrgpFlé%ezril?ecttf\%t%g?ndéggrg(% 'os %11% ?%\r/g)f%%o?f_ﬁ%or
intermediatehdinerentimnd! vlesoivaddntiimiE hasplosledt folthSenmwatyTiesmdatrndduHey of the

invention pogsgss m@%jf(géﬁgsgﬁéggunqggg%ga;@m%, R0 e0m SR aRiReR #hganomolar

potencies. In one em of the invention are sélective for inhibition of M3
muscarinic Fseptoh ssiptgianacticizinevesfamanesdingnit Nodibrpr dehiylsacamiag: In another
embodiment; SOMRRIKECS. 8f-the1iRYSRLisnRIe Selreliva deriabikitien ohihdantl2 muscarinic receptor

subtype activity over MI, M4, and M5 muscarinic receptor subtype activity, Additionally, compounds of

the inventiofafenadiamipe daetBrmoseline AsrhylaiRtHdin, SRt RUESramEHS, in another

specifig @mediment hebaxentiqsoriasionep miasndsthayingantisationiallael pipgredte| than
about 24 hours. Moreover, compounds of the invention areb%lso e%c ecrjto. ossess reduced side
by

effects, suchRE M BRSPS ARSI RIS G L SUITEH AT ISARE: et}l’ﬁ aration compared to other
known museoatisisyieseptotripntagbmists. acmisisiered &yd30¢ihkalatidts @Guored§totropium). WO

200910355426 C LS008/ 0404 . 1, U5 ST SLINS AT 2 SORRRUIGRINR S receptr

subtype is the inhibition drsSGeation constant r binding to the receptor. Compounds of the

invention aréirdgobreaticdhidnasidads. faydiedlnasiseedytpindinypalos | e5ePhatior if?1$0 nM, as
determined .for gxapale. faadp i adadipisanc dishlpCaBeRtRs YR CRIMPMINIE ehparticular

interest include those having a IC; less than or equal to 50 nM, and.in_another embodiment, the

compoundsHaliete rvdromd 15tz 90 HRFORIt FyseblatHer BB AR fie®8mpounds

have a Kr leggtHanadgoupiait SadcLsnpaundssqbeven sioruatitc fdaninferepidnizludé those
having a K.; less than or equal to 500 pM, and in another odiment, the compounds haye a Kr less
than or equ gp "4‘66‘:8?\% *ﬁ% Sh&Bge a%ds &:.g., as;m%c anaE gﬂaam;c acids), aromatic cargoxy%c

acids (e.g., benzoic, p-chlorobenzoic, diphenylacetic, gentisic, hippuric, and triphenylacetic

20  acids), aromatic hydroxyl acids (e.g., o-hydroxybenzoic, p-hydroxybenzoic, 1-hydroxy-
naphthalene-2-carboxylic and 3-hydroxynaphthalene-2-carboxylic acids), ascorbic,
dicarboxylic acids (e.g., fumaric, maleic, oxalic and succinic acids), glucoronic, mandelic,
mugcic, nicotinic, orotic, pamoic, pantothenic, sulfonic acids (e.g., benzenesulfonic,
camphosulfonic, edisylic, ethanesuifonic, isethionic, methanesulionic, naphthalenesulfonic,

25 naphthalene-1,5-disulfonic, naphthalene-2,6-disulfonic and p-toluenesulfonic acids),
xinafoic acid, and the like.

The term "therapeutically effective amount" means an amount sufficient to effect
treatment when administered to a patient in need of treatment, i.e., the amount of drug
needed to obtain the desired therapeutic effect. For example, a therapeutically effective

30 amount for treating chronic obstructive pulmonary disease (COPD) is an amount of
compound needed to, for example, reduce, suppress, eliminate or prevent, the symptoms of
(COPD), or to treat the underlying cause of (COPD). On the other hand, an "effective”

amount is that amount needed to obtain a desired result, which may not necessarily be a
-18-



10 that in some cases, compounds of the invention may possess weak muscarinic receptor antagonist
activity. In such cases, those of skill in the art will recognize that these compounds still have utility as
research tooka) 2009/08dse of particular interest are those compounds havii§&ahs2B0&Bless than or
equal to 100 ug/mL at 24 hours post dosing, more particularly those compounds having an 11)30 15 of
less than or equal to 30 pg/mL at 24 hours post dosing. Exemplary assays to determine properties

of compoungs of:the Anyericnysurtbas: e MusaaInic reaaBiayARIAgpRbENG Agiidyg fve described in
the Examples and include by way of iIIustratio‘rr:egpd not limitatjon, az%%ﬁs that measyre hMi, hM2,

hM3, hM4, HHEEARIATHR GIREFRTATRS CERTBIORI AR BEHE AR, Jiaydshp 8RR ESET™T) “Useful
functional 2H@gsaivs thedetepRine the muscarinic receptor antagonizing activity of compounds of the
invention include hy way of illustragion,and not limitation, assays that.m ' jated
changes in intracgﬁﬁé?@cﬁg aaadj&gé‘ir'?éefan“gﬁ%épﬁgsuﬁ (ggémi%lﬂ T?iggn%%n%%%%a%gﬁgc agg{gstﬁn activity
of the efizyméiadenyiyhedickisefditich(sysithe SR AMP atiganshehadiamsanenahqestieriadsrporation
of guanosine, 5'-0-(V:hio)tri (nta isolat ' otor

& Z%?&&g%@fgy?gﬁ%ﬁ%}g@%&&@ dPiRdSRAEshHIRmaIBRESHARE SIS

n [ . :
catalyzed e§<cHang ligand-mediated changes in free intracellular calcium

ions (measarephylacéx Mensraciiioh apations dbe ArtlipresagMegingsms medire! ePTAOR {5 rom
Molecular QEKIGES DG c ANhINR PE&sEX SMRIANLASMSHAIE S SeHlRRMISpaYeR:; Compounds of this

invention are expectéd to antagonize or decrease the activation of muscadine rerggﬁéors in any of the

30 assays [(S)EHPREBHE Soihg SR8 PSR RO ah B ¥ Pec X B B e G S T e SR Bt ies at a
concentatignangéagséonRRdl Sohdl@shnaagmiar; i} atheiafarethestinplethassalys are useful in

determining_ the therapeuytic utility,.for.example, the bronchodilating agtivit Qu of the
invention. \W52B8bB¥EEASS 1%’5@0@5&’84%% rex %"r tlp%o%%nﬁie%egér{ltclzgutiiltles &%%%pounds of
the inventiomdadelpecseniagH@R fisingocarigs amelicrading HORR, aspeipssinelCkH¥vang those skilled
in the art. Fgr example, the in, vivo 0%]89“ s.ofthe Invantion;:aan fegagasured in an
animal moqgeqesvﬁ%hn st, %seygl ttn(‘)lf'/égr%}qrino el. %e y, the ronchod%ator actiivity of a compound is 5

evaluated inEmancstictybunmimiathe Eingrdveiinsaent ovklissase Prveripaiditiitssure as a

surroggte meashire Gt AIDYA%ERSISIARee sSey iRt PR HFIRINTYaR (489 Al Ridgersrbiets]
51:367-445; and Mohanimed et al. (2000) Pulm Pharmacol Ther.13(6):287 -92é as well as Assay 3

which deschbeditiorapEItHGTdRhsEBISEt b HEER ANSRAEIE of B HBE TP AR RIS S ministered
at a dose of100msliml i thessay, Einthevandnadelaxhibiisel0 greater than or equal to 35% inhibition of
the bronchoconstrictor response at 24 haurs, and i other embodiment exhibits greater than or
equal to 70 % inhib} 85[‘5{% Sb‘lﬂsf%‘fg\?{gltﬁélfeulgé u ?%?ﬂ\t}loa ‘é%%%}rigrt %mrgﬁéenat%rﬁ gaogue assay (for
example, aséssibddyntAssayf didiGomngolina shefatheimdechitenrssipected to be useful as

therap%tic agents for 15 treating me@hqt ?Aﬁqw%{mgwmcarinic receptors. Thus itis
expected that patients suffering from™a disease or disorder that is treated by blocking the muscarinic

receptor can be tréswadbindsipditieionaerianardarisearsd drsescrtdmdtebrsiHtig&arinic receptor
antagonist %&%&W&ﬂﬁg%&%@ﬁ&?@&&%@%j@M@cwu%aﬁd@ff&mm% BrimpRayrdisorders
W

or diseases including those associated with reversible airwag]tzo obst%%(?:tion, s§ch as chronic

obstructive BYFBSAPE Sa1Ead e 12 4eR R AR s B B SRR TP B SHYS&R ) 5 S a,
pulmonary fiRinsisitalletgia BRI, tHRinashang prutéberikenL) thiesraadiqairtonditionsdhiatesin be
treated with muscarinic. receptor antagonists are genitourinary tract disorders, su ctive
bladde?\%r a"gt] e, L LA ga?ﬂrg% gﬁ@i@%&%’fﬁ%@?&%&?&%@s iha t\?g%qt% J?&%Pd%grgﬁslg}c{ﬁggs irritable
bowel syndemperbuding thieskanciseaselznohsladpogastromgastieranaisdaiottieptaiattders and
diarhea; calfiat M ARSHE b AR bE RN AdipRddRSan s liaRass spaniiedisarders

such as Alzheim iIsease; dismenorrhea; and the like. The amount of active agent administered

per dose or Wismotapisphou ariannd RIeseY pRrdiigImAy pECpTHORIEHARENSitiMey BRIG&E A ined on

an individua} patiaahRasisbyS pialdngdnie gansidesation aymaysdaeionss tielutiagdheedature and
severity of the patient's condition, the, condition bein%treate . the %ﬁﬁ Weig and &ene{f‘l ?tlealth of

t
the patitht, HEETSRIMETEL S PR e SRR ER AR HER AL HE BT O %’d%?ﬁﬁ%io?ﬁeﬂ m
pharmacologicadtansieeitadioparaneleastor achviparafitacyaptaatmscokietiog guratigss

used, those of ordinary skill in the art can readily determine suitable reaction conditions

using routine optimization procedures.
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WO 2009/035542PCT/US2008/010431 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 (soeh 2W@EED) can begin with a predetermined dosage or a d8sag&desértded by the
treating physician, and will continue for a period of time necessary to prevent, ameliorate, suppress, 5
or alleviate the symptoms of the disease or medical condition. Patients undergoing such treatment will

typically be monitaieslmaQutingibesipiadatestive hiel idatineaassoivintiany pFreeaigmple, in
treating COPD, significant improvement in, forced expir j[d%(ly vo(! ime (megssu%%gnin one g%%ond) may be
used to detBPHRTSHEDSREERVERESE SFrEd AR R I (HaSHS et R HEaTReT (isemseerand

conditions eegeridddaetein. afbawdibicaoia mm&¢MGE@Wmnﬁeranmmf¥é§éﬁEﬂbvaiIable to
the trealing poySiaGamaLs meniiadaa e dbe IR A MlLIR BfiBt R RRfEhamount of

active age ministere any given time, as well as facilitating the determination of the
duratiors of fraatioreigThgs isovpHrkivotar raliearhSHnssicnsd aroung Smsary By UeHRY 40ATinistered,

as their selgction, dosage; and.dusation.ol e IARY PaY HsAFRI ie Adjusbue adidbigdipyay, the

treatment regimen and dosing schedule can be adjusted over the course of therapy so that the lowest

amount of dotivexaheionsatiiehBREAhE AR ZERe M ke o Benrrst By 8 KA Rer, that
administratignis ¢anired felME) hnarasds BRES I stersuarasalliveaitive, disagbe or medical
condition. Accordingly, in one embodiment, com oundslof t}?é;, irip/e?t'{%wng{g %?FE‘HE{SS%O treating
smooth muSeeyiSradrapna¥hAY ﬁw‘éiﬁgﬂﬁ?ﬁ%&i hEm eompanton animaid le.g., dogs,
cats etgq). SuahysmaethyRdqERIpdiigamiialatiy] tenchyd/illiEtdliond dveliketivaidieacider, chronic
obstructive pulmanary disease and itritable bowel syndrome, -Tvpical | oLfreating
smooth muggfgﬁl S?Utge 5?58%%?"&&8%%}{ PFREO th%glc? éﬁ’#{%ﬁ%ﬁﬁiﬁ% %%i%t?%ﬁ&?@?ﬁéé %‘}%gm about
0.14 ug/kg/dame iabodin2SiCng/fgidayl @fme‘ag@ﬁﬁﬁm@diﬁgﬂrb ottty &y to about
> malkglday, & SLAMANGIRAR (0 KBSy At diReraie QRoN B SRl MBI PeiRaRo abOUt S0 Mg

per day of active agent. In"a specific embodiment, compoun the invention are_useful for treating

pulmonary erqesspiuehias dsovderscsi b itpraineh &R sHih APHEIGRY 30 humans, by

administeringfa:a-Ratiaha (erspeuticalbnofieative @my Wit eomineunthyGenaD@y) the dose for
treating a pulmonary disorder will range from about 10-1500 194%61 . The t%rlrgiu"(% I?[%‘t'hlgrunderstood
by those of %]ﬁ‘ﬁrmml}ﬁrﬁﬂé‘ﬁﬂr?éeﬁf@fb‘ffepﬁoﬁﬂgﬁ/%??@yggra oﬂi/ Ml

onditions. inc uamg chronic
obstructive branebisisean Remphyaetiva pGciMORO08/MB55ARRA I HR008/0d0a3aksagemplified by
the teachings of Barnes (2000) N. . J. Med, 343:269-78, and refarences gedthereig, When used
to treat a pl?fﬁ%%fﬁ‘a%o ?éz(t)r&e%r cC rﬁgglgﬁgléa%%gt Seeiélf\:/sgﬁ%on a?e pgrtllsog,\%\glly administéred in combination
with other therapsetivageris ButtciszgtopadndibrcaveiusgonistdaupeEbse /Cabs8 Msteroidal

anti-inflgmmatary agent. g HCRMNRRLIoNS Ahareot, When.Adrinisissdbynnalatisideampounds of
the-invention typically have the effect %producin_ bronchodilation: A'ccordin%la, # }jno_ther of its
e.
b‘ge i

method aspBGisy+hETnVertolPPrad tefersrrsheitet thisiti cMg B iR Ptient,
comprising agpivisternade R4paHe s anEhadiklendredueing aslouwnt of a compound of the

P represents an "amino-protecting group," a term that is used herein to mean a
protecting group suitable for preventing undesired reactions at an amino group.

25 Representative amino-protecting groups include, but are not limited to, t-butoxycarbonyl
(BOQ), trityl (Tr), benzyloxycarbonyl (Cbz), 9-fluorenylmethoxycarbonyl (Fmoc), formyl,
trimethylsilyl (TMS), ¢-butyldimethylsilyl (TBDMS), and the like. Standard deprotection
techniques are used to remove the P' group. For example, deprotection of the N-BOC
group can use a reagent such as HCl or 4M HCl in 1,4-dioxane.

30 Suitable bases for use in these schemes include, by way of illustration and not
limitation, potassium carbonate, calcium carbonate, sodium carbonate, triethylamine,
pyridine, 1,8-diazabicyclo-[5.4.0Jundec-7-ene (DBU), N, N-diisopropylethylamine
(DIPEA), sodium hydroxide, potassium hydroxide, potassium ¢-butoxide, and metal
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10 invention. Generally, the therapeutically effective dose for producing bronchodilation will range from
about 10-1500 p.g/day. In another embodiment, compounds of the invention are used to treat
overactive b¥adider/W¥iieh used to treat overactive bladder, a typical doseP@&llFaHE&Frnd about 1.0-
500 mg/day. In yet another embodiment, compounds of the invention are used to treat 15 irritable
bowel syndrome. When used to treat irritable bowel syndrome, compounds of the invention will
typically be}@qmgstered orally or rectally, and a typical dose will range from about 1.0-500 mg/day.
Since compounds of this invention possess muscarinic, receptor anta onig{[d%c%iviwa sgf:h compounds
ys

are also useful asYERF RS GIPRHES N SSHFM P bP& Ty Sﬁsa%a X

ms-or samples having

muscarinic lageRtas aAnyos litakie diplagibatisySiam(OES) apktohavileg IMEC N) 20 11482 M4 and/or M5

muscarinic receptor be em in.su tudies whi ' N Vitro or in
Tivo. Repr e e S Ao A S e ot
limited ®, cetllsrafotimlaradxirdetsyghlasite(AdMklahés]itssue sathpies, ¢duaebdveigansd fi&ammals

(such as migg, rats, guinea 25 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 manSniideaarhguriizcasiBirmingiprsrlingr e BrOLCRTE S d Bt aPtasRIFAAE amount of a

compound gl iheAMeHION SrtipRends Rihe e nion Sah YsRoBeHdaREAS research tools by
conducting blo[?c))q%lcal assays using such compounds. 30When usedg)csgftresear h.tool,.a biological
d

system or shrpiECERASRIME gﬁ%@@é’riQfé7r'é‘EElb?B?9§WﬁléélK}“%P{t SRS e enHR
receptqrantagemistagsau of AITompeuchek ide:ibveintiod: EFECIha-Belogical system or sample is
exposed to the compaound, the effects of antagonizi muscarinic. receptor e ined using
WO 20 PO LG b RO LI NG e A Lo B e
measuring bilediipimlingadiciigan drbindidgctsbayancnti andanidditite pehenrges irbastuatidhal assay or
by determiniig e AU ot raRGARIAISEURA PEGNIdEd i, gempound in a bronchoprotection

. rﬁﬁ 1111 .
assay in a mammal. Exposure encompasses contacting cells or tissue with the compound, 5

administering the ddhprstindsiara typisaHiatoshustesrabidynesatrg viddminstnasaf 2B¥iso forth. This
determ{ging siei MAHEOM DS SAGBRLUINGRA BShRIaRrE € T RMBYIIRIMR AN SiSitdRabgomprise an

‘observation, i.e., a qualitative analysis. Measuring a response inyolves, for examgl , determining the

effects of theseSHBBLIRYH RHMBISRERE) Sy<tanigh SSHOTAIRSH S FEAVEITBAREEB & dures and
equipment, gueh@s dadinligend hinsliograsstys. 1 epbdonerayirg dgandanediatedschanggs in
functional assays. The assay resul n be used to rmine the activity Jevel,as the amount
of compounﬁiﬁell:oég%’atﬁ’t%a@é |8%t%?eg8'érsﬁ% s ?’ glfgﬂuéémugggr?%%{lga’o%%ﬁé%hr%ﬁunt.
Typically, theaxciefinihirgrasegalvilbideoivebieiertiminiegrtideomdscarkie eseaptorthgandimediated

effectszﬁddfig%,nsle"xélg%%a@ngqﬁn&?e%t thevenlon AR ek Sed AR EsARIEhd el Al aluating other

chemical compoun us are also useful In screenlrr)(g assays to discover, forexample, new
jv)
ot

compounds(havihettirgacaiyliacesels et wrianey Bewaer MeREiasHer 20eiaeBtnd of the invention is
used as a stapdaigp AufssavalalieConpaiBenaline (S3alls DURINEGWIthia-istagmpound and

binding, 120 BB A AEIEN RPN BCAo AT L 2 DA Ao AmiGle, by
vitro radioligand.disp]deeme. g seays) g @ tesNacippwotl antagroup! ¢ testroampoufitisrisg;
25 being concentrated (e.g., in vacuo), and/or purification {e.g., silica gel chromatography,
flash chromatography, or reverse phase-HPLC).
By way of illustration, compounds of formula I can be prepared by one or more of
the following exemplary processes. The reactants are all commercially available and/or

can be readily synthesized by techniques that are well known in the art.
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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 COAIPHEFIABT the invention, if any. Alternatively, for 25 examifid/HrifigRgPitective 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 equal or superior
bronchoprotective effects. Thisaspassbtie iRventhoipcudesyds sdparate embodiments, both the
generation of comparison data (using the appropriate assays) and the analysis of the tgst data to
identify 30 test comp&lnds of inter t).aThus, a test cgmpoufftlican be evaluatifig in Biblogical assay,
by a method co@ istrygthe, S10) 1;\1@,) _c:_g;;du«'ﬁ1 g 4 bi ical assay V\fft C und to
provide a first s ava'lue;fb conddcting the Isi ical“qfiqv\“/\ﬁtﬁ‘é’cdﬁnp ynd of the invention to
provide a second assgy value; wglziearein step (a) is Bonducted -28- WO R :
2009/035542PCT/US2008/01043T either before, after or concurrently with step(:ﬂ)); and (c) comparing
the first assay valgefgousiep) (@)furited e seaplitdgasayovatis flamds@putelerexereplaryabiological
assays include muscglgnic_reczpt%?bindiﬁ assggs.aP%éle_aM%gnEslgICAL COMPOSITIONS AND
FORMULA%&@% { ?HBB'%C LGP invention are ypica f'y adninistered to a patient in the form of a
pharmageutical cainpmsiiien fafopmudtibniSuoterRirpeopenivi ybmobicay]seaty dseddBministered to
the patient by, any, acoapiable Jauts el ARmIDINGALeY) neldipes Betapkimiiebianiieloduarel. nasal.
topical (mcludpng tFansdermal) an parenteral modés of administration. Further, the compounds of the
invention miypiperacinseatierataiddn &@Mple BOGally, in multiple doses per day, in a single daily dose
or a single weekly dose. It will bg ynderst tglg@gglgfgap Whihe xgmpounds of the invention, (i.e.,
free base, pharmaceutically acceptable salt, solvate, etc.) that is suitable for the particular mode of
administration can pe @sed in the pp ceutical compositio&g)discussed herein. Af®ardingly, in one
embodiment, the if%jfo&relggggﬁo a\jphgrmaceutigal 15wghnpositiokgo pris{ﬂnﬁ harmaceutically
acceptable carriefand a compounétnof/the-'rﬁveﬁ 102 N '@%rg/pesiitio y @:Unt@lrlphmer therapeutic
and/or formulating agegfs if desired.(f)\ "compdtind.of the ifv&ntior™may &flso he referred to herein as
the "active agent." The pharmaceutical compositions of this invention typically contain a 20
therapédtically effétivpcambiiiiofarmetipoulviteitbeupveptingirerpdee @tifsmayadrt will recognize,
however, thal,a BIATBSSEHIGR)CRMDASKIAN BRY AOPIRELIDESR BMadhRIappaticaliysiiaetive amount,

i.e., bulk compositiohs, or less than a therapeutically effective amount, i.e., individual unit doses

designed fofdheikiptaciadrinihanigenss athrRiRsRRG FAETT CHAY BB YRRSSAPS h@embodiment,

the composifiga;ith 6N i A2 AL BRdxSo Wikte o) Aiitepragenizédetacingytiem about 0.01-30

wt%, such as from about 0.01- 10 wt%, with the actual urzgtﬁ(;ln%g)en n@ Lcjgrcl)g ggglformulat&on itself,
forth. |

the route of RUMREREAIPIAETHORREFRP FHOSATPS KO REY S dirTert, &

composgionsuitatleteifichriation, for example, comprises from about 0.01-30 wt% or active agent =~

cartir or excipten A I b I e X oice of
particular casachpexoibihis phavhwidRiondutexiie Bremekes siberamomrddpbig Baai® tode of
administratiqn heing Wahio. tieahBRIMICMRT PAISILAELYPR of Madisgleonditipponn disease state. In
this -29- -CH- and Y" is -CH3-), 4-hydroxypiperidine-1-carboxylic acid ¢#-butyl ester (ais 0, Plis
20 BOC, Y is -CHp-, Y' is -CH-, and Y" is -CH,-} or (R)-3-hydroxypiperidine-1-carboxylic
acid 7-butyl ester (a is 0, P'is BOC, Y is a bond, Y' is -CH- and Y" is ~(CHz),-.
Addition of the Guanidine Moiety to the Head Group -

Displacement of 1" Benzotriazole Moiety

. R° ﬁ)a N/RG
N
QN)LNQ « R AL
— AN \
(3yor(sy + N::i\ll }\J:N R* 1. X' Nt
®) (M
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WO 2009/035542PCT/US2008/010431 regard, the preparation of a suitable composition for a
particular mode of administration is well within the scope of those skilled in the pharmaceutical arts.
Additionally warriessigrsexcipients used in such compositions are commeP€IEIF20sIfamd1 By way of
further illustration, conventional formulation techniques are described in Remington: The Science 5
and Practice of Pharmacy, 20th Edition, Lippincott Williams & White, Baltimore, Maryland (2000); and

H. C. Ansel et al., BRACRIIIGR) RARRGEE@8YS- BRIk DX lineny ysipmse divedition, Lippincott

Williams & White, Baltimore, Maryland (1999). Representative examples,of materials which can serve
as pharmadetieanyH@eibesretidindinsagent; ubepdlont e ds e TsiBma ©9G4rs, such as
lactose, 10 gligostAehauEsagR:EalChsisa By ChAasICaTimiRich sivdrpblatosstargizltellulose, such as
microcrystalline cellylgse, its deriyatives, sych as spdium carboxyinethyl I yl cellulose
and ceIIqu§8‘§B@'ﬁHi&§b\7ﬁé€émFS g}{gﬁ ;%kaiﬂ?; rbeé(ltas[gﬁ?‘ta 8;mé)>?é’|u|cl)f\(e slsgﬁg Hfﬁ 1(a:%ﬁcact)e‘;}%!pbutter and
supposiorybwaxesiedits] dexchitzsl ieknttolly cottbii2ee) dilOsaffemr 63(25aB#EHIB%libe oil, corn oil
and soybean oil; glycols, such ropylent 1 halyplsasigh a5 glGRAR, §8rbitol, mannitol and
polyethylen%XSPy%o ;C' %eog?gr}g?g{ljdc?ﬁ%%soe@h gf%?’e%%e&gr%%t?%%ra@g; agar; buﬁ;kemriiﬁgﬁggents, such as
magnesium hydroxide and aluminumSysiosiceCargirdeadiernpgieten-free water; isotonic saline;

Ringer's solution; ethyl alcoh%&mq%eﬁg@r@m%ﬁgggg@%gm}opellant gases, such as
chlorofluorocarbons and hydrofluorocarbons; and other non-toxic compatiple substances 20 employed

in pharmaceutical compositions. Pharmaceutical composit#ins ar(-;:\ltr;}f)ically prepared by thoroughly
and intimately mixing or blending the active agent with a harrr/rake\uti ally acceptable carrier and one
or more optional ingredien_t%,)Th_p resulfing uniiprmlf%;itg(q\mixture m en be shaped or loaded
into tablets, capsules, pills, canisters, cattridges, dipensers and e likeRlsing 25 conventional
procedures and equipment. In one gmbodiment, tHe pharmageutical compositions are suitable for
inhaled administration. Suitaﬁe_co %%sitions for ir&h@:d milrﬁisg%ggqn r\r/lva{ﬂl%%igﬁllyrggrhn the form of
an aerdfol or a polrdBPOEILL SRS RRS YEh Bhil ddRNSTETed being well-known delivery
devices, sutimasanaiiizenddiiaterd@)dmtib complelitmakypiclly setsrét23douse Tikakractsramples of
which are describedbelow; a2 shesfic.embadimentiaf e Rieaion.aRAMPASKRLOMPrising the
active agenf IS adminis ered)%y inhalation using a nébulizer inhaler. Such nebulizer devices typically

produce a stretsriebisiiiign putifesdteirfliond esonmewnd ebfapesltdn ¥suppiss 85 cormmung &)

2009/035542RCT/YSA00RAIAARH Mishinatis SauiRdinie analjentveaspisaian tract. Accordingly,
when formulated for use in a nebulizer inhaler, the activeég%g}ggggicall dissoéved if?%a suitable
[

carrier 18 form a sdibHbEr. q@ﬁfé}ﬁw&ﬁ@e&ﬁ?@eﬁ@%‘m% RO EREEBHbIed witha
~ suitable cargeiptaif repicSuaRans mpbinids ofizrdipafitiasoinespidibtessizecwiherdeniciomized is

in the Examples set forth below.
UTiLiTy
Compounds of the invention possess muscarinic receptor antagonist activity, and in’

20 one embodiment, at nanomolar potencies. In one embodiment, compounds of the

invention are selective for inhibition of M3 muscarinic receptor subtype activity over Ma

muscarinic receptor subtype activity. In another embodiment, compounds of the invention

are selective for inhibition of M; and M, muscarinic receptor subtype activity over My, My,

and Ms muscarinic receptor subtype activity. Additionally, compounds of the invention are
25 expected to possess a desirable duration of action. Accordingly, in another specific

embodiment, the invention relates to compounds having a duration of action greater than

about 24 hours. Moreover, compounds of the invention are also expected to possess

reduced side effects, such as dry mouth, at efficacious doses when administered by

inhalation compared to other known muscarinic receptor antagonists gdmﬁﬁstered by

30 inhalation (such as tiotropiumy).
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5 typically defined as having particles in which at least about 90 percent of the particles have a mass
median diameter of less than about 10 Lim. The term "mass median diameter" means the diameter
such that hal¥ohmamessaf the particles is contained in particles with largetGharmosrsanghalf is
contained in particles with smaller diameter. Suitable nebulizer devices include the Respimat(r) Soft
MistTm Inhaler (Boelu-inger 10 Ingelheim), the AERXx(r) Pulmonary Delivery System (Aradigm Corp.),
and the PAR' LC BlusiRauseiie dNebulizer (Pasohiptibidfof hexemplanoesmbpasiioméor use in a

nebulizer inhaler comprises an isotonic aq)ueous solution comprising from abc%Jtﬂg.§5 1.1g/mL to about

10 mg/mL SHERBBAREBERGIBReRE RITERIEH) (PONBERSIB A SR NP TREY & pH of about 4-6.
15In anothgfepaeiiar-eeeisdantal thekniattion areppesillapeanpssiharnbe agtiy eoddont is

administered by inhalation using a dry. powder.inhaler (DPI). Such DPIs typically administer the active
agent as a‘?}\éegﬁ&ﬁ‘iﬁanﬁﬁﬁé’f %glgz’ﬁear%é%"i’r% %%%%j%%ngi%ss??%%er% é'{ﬁr?rslsgaalhspiration. In order to
achieves a fzexowidy pipucén thdmetiveiagedt ibdypleaipdeihitasstavion eqstiitadie eikipiént such as
lactose, starch mannitol. dextros fic acidepelylactide-co-alycolideapnd,g jnations
thereof. Tybl}c%?%g?ﬁgng%?f\ggl gﬁé&%ﬁf %ﬁ?%r%%e%a%g Ig?%%ined V\ﬁ(‘l;?%an excipient to form a blend
suitable foramtheattorhotiooenditgycompsvadshporinteltssitiae arauabl, e uHaHads in

micronized Jprm. FE {AMRIAL A FRRESSRIAHY SHE0MRORICIKOfUSMIR 8: Rt enHUtsem divdactose

having a particle size between about 1 jim and about 1001.tm (e.g., 25 dry_milled Iactose% nd

" micronizedipanfites enhadismaniethe ermrsyRAs DS HEwEsH R RisawH A BEMades At ekample, by
combining {astesaonith-Hiesassivie Agap bang iemdnn blepding dheveamprrentiaickespatively, if
desired, the active agent can be foymulated withqut neé{:ipi nt.ﬁl’he comg)%%%ﬁneé% then typically
loaded intoX PASPISTARYS ¥ hATRTIEH SA%¢H 8§eo°r?5 HesF8r 08e With&OPT DPIS are well known to
those of 30coraprandskillihihewniiitpadrmanyisteeiisdevices are commercially available, with
representative devjces ipcluding Aetolizer(r) (N ] ir iG] vata -
Biomed), Diskhale‘é‘??c)0 [axo lrlr%{h%‘?ﬁee? %st%é%gs%%gﬁg R%{ég%%a?g}rhé%g(@%r% %Eé}(éﬁ'r?é%{%ggs%%gler(r)
(Orion Phami&pOmeipdeatdd Averstix)stosirGaps(ig Paticnlpcdybosygssmapprds haywecndier0431

(Hoviope), gﬁggg'qﬁgﬁrg;)eﬁﬁgp{yig@ﬁggggegpgrﬁ)m%w@@h(ghiesi), Rotahaler(r) (GlaxoSmithICline),
SkyeHalerTM or Certihaleirm (SkyePhanna), Twisthaler Schering-PIou&érﬁl), Turbuhaler

. ! r)
(AstraZeneca), UIFSRRRIAR t25A IR flelpranine meecTHES &f SRBtRRIs &l é?ﬁ’ﬁﬂmesﬁff%?ffhe
invention, te. GRMPASIHIORCPRRISIAG:RI heastive pgen i isatiedisthedtkbyrintindatanctiglag a
metered-daose inhaler, (MDI), Such MDJs typically discharge a me e t e active agent
using compré<4aY P&%@“ﬁgﬁ?‘bﬁgg K}Pétjé?é%%ﬂ%%ea?%a Vo %wﬁas,lﬂg}/fﬁglﬁ;%?ﬁ’pnsé’ g%%lution or
suspensionhdiimeuaciive cgenttor ailidiefigd propeiants sestrissdicMorafllbrébmibbimeltimals CC13F
or a hygroflugroalkane (HFA).such as 1 - r £
1, 1,1,2% ,3,%5-?1%’ Bt%f u%?%—rﬁl}ﬁ) r@ﬁﬁ%gfﬁ%ic%%{éﬁ%ﬁ% h?fg%%agﬁgl gye%%e%rgﬁl)? ?Jg[ex%‘lgr?e(tjh aue to
concerns aboientivintludedeantores ditstitigniiedaeninipienassmerropaanEr ds#Hnents of HFA

fOVmU'ation%E!ﬁBéQ@c%gf%@Lvﬁn%Mm@? ARSI PREIRBR AL HHEACAMP) SHigknas sorbitan
trioleate, oleic acid, lecithin, and glycerin. See, for example, U.S. Patent No. 5,225,18%) ig Purewal et
6

al., EP 0717a8ialed phAnerssBackiimadbe cTs st ifyc BEnipRH surlsies

(Minnesota MiniagRamkMesiacying SoesoRaiy) o Aciepteaantalive ahioprphiaplieeuse in an MD1
comprises fram t Q.01-5 wit% of actjve agent; from about 0-20 wit% ethanols bout 0-5
Wt% suttac ntg]%%ﬁ'ﬁ% TRERSR %tgffgle? £ I\L—'ﬁrﬁ?emtg gﬁ%%%%eégﬁnasggﬁ%ﬂs%ﬁ]%a ly prepared
by adding aGihRlcitzandresiiaridethimghofiuibeo dttcel tda sulitiisiei contaiersuissh fRINAGNINE20 active
agent, ethagvgl

{1 Bssean.andithe sHastant (oniasent) FompkenRiEA Risanasionlee acllye agentis

micronized and then com e propellant. The formulation is then loaded into an aerosol

canister, whith st iteca Berimiasy aseaNapre NmYseed Ao oMRBWRds 06 biR iyt the art, and

many such deviceg s femmesGalikavalable,sithiapseseniativaceyigrsriielusingr ArroBid Inhaler
System (Forest o ) ) _ _

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

assays are useful in determining the therapeutic utility, for example, the bronchodilating

activity, of compounds of the invention.
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25 Pharmaceuticals), Atrovent Inhalation Aerosol (Boehringer Ingelheim), Flovent(r)
(GlaxoSmith.Kline), Maxair Inhaler (3M), Proventil(r) Inhaler (Schering), Serevent(r) Inhalation Aerosol
(GlaxoSmithkdredsasstshe like. Alternatively, a suspension formulation cB@Tsespéegiiediby spray
drying a coating of surfactant on micronized particles of the active agent. See, for example, WO
99/53901 (Glaxo Group Ltd.) and WO 30 00/61108 (Glaxo Group Ltd.). Additional examples of
processes of prepgfipg grsRirabI e RPGItES andbissidlienthant eridaeasbddbisciamabalation dosing
are described in U.S. Patent Nos, 5,874,063 to %'gg%er et al,, 5,9%? Q t%]Tra()r[a?é)lﬁ,221,398 to
Jakupovie SSIEE; GBI BRWISANEYIERETEEY. e ST I EES & 4l.: 6,475,524 to
Bisrat et al ¢:amneh6,643 20 0oRAPELT conlpoandthdtpmitoddifentaitie prasmadéutioancoripositions
are sultable fot 9L AATIRIKRNON S Wiehie samRosiions [anailAdNistAlPR Ry dRdndhe form of
capsules, tAHIELS, pills; lozéenges, cachers, drageeg, powders, granules; solutions or’5.suspensions in
an aqueousariwrdeiangaraussticptidebinimaldthe BitaresnimmoiidiyitishgesorstidbsBEFaps; and
the like; eagh &%%%%QJ&%%@M%%&M@&0§$@?@F9¥&ﬁﬂé{'ﬁinthm\’ééhi§@2§@%§@'r@f oral

administration ina s osage form (l.e., as capsules, tablets, pills and the like), the composition will
typically cortnstiss1t36 TadhTeand dviebamarepiel 8l LRI i PhacsateL Rt e UPAsE 2uters, such as
sodium citrgjg; ol HsIGHY R Rbaie SOl Hasage-forpadnan alro-atspgirisei fllesspoexdenders,

* such as starches, microcrystalline cellulose, lactose, sucr set lucqse, mannitol zindflog.%ilicic acid,
binders, su€hths RARGLPALIISENEILE 2052k L0 SR IBR AR f'b@?%ﬁ?drgﬁg, stcrose and/or
acacia] flunesiaptaas uekas oy cemlidisintiegpting rorthscentiasr agaoasest Zalkgium, 26dcarbonate,
potato or tapioca starch, alginic acid, certain silicates, and/qr sQqli sarbonate, ion retarding
agents, suctt 489 erra?ﬁh;Oégrg&r"ﬁt%ﬁr’mlgésc%fgzrléetro{rﬁsf}nsarcﬁ%%{gﬂztgeK’rﬂ%@rﬁﬁ?ﬁo%%hﬁ%%}r%pqunds; wetting
agents, suchmsheetydedidchohanthay ghibenat pntivodtgasateasby dfiberrensicisderadmtand/or
bentonite ccliﬁ 'alstgsicants, such as talc, calcium stearate, magnesium stearate, solid polyethylene
glycols, sodium-lauryl sulfate, 20 and/or mixtures thereof; coloring agents; and buffering agents.
Release agents, weatimyperysrns homysntiagenesoameatiting ,“ﬁﬁ@%ﬁﬁ&lﬁ’f?&%‘@ﬁ@ﬁﬁﬂé f\gg:ients,
preseryatives and antipxidania:mm ﬁlé@ia@doalﬁsﬁﬁaca}im@ Rbaswaceriicak cosmpesiipmat Exemplary
coating agents for tablets, capsules, pills and like, include those used for enltéeric coatings, such as
cellulose adetuea!d FHHERRE, fﬁ%@iﬂgﬁeaﬁ%?ét%‘%ﬂﬁafgf’é,‘Sz%%%i&;}’d?&ﬁ%ﬁ ASYEETUTOSe phthalate,
methacrylicagigtsaethass visrdd eaiaraBpeline Beeplulost neéiativirimellitatef £anboaymethy| ethyl
cellulose, hydroxypropyl methyl cellulose acetate sucginate, and the like, E
pharmaceug %%Xgég%%%ﬁé %\gl 1GXI0an %Oﬁisﬁjucle-n\}veégg??sco u ’rltéogﬁt%clg%gh}té %ﬁfﬁlﬁ{ grggcl)?bic acid,
cysteine hygricilons e sudasobibsdtats, isddiling thesalsiswitiaedvathre wuripdeaaviye like; oil- 30
soluble,gnigyidanta, st aaraIRARAREIRLS Ao anisalen UM algeaydroxytoluene,
e

-teeithin, propyl gallate, alpha-tocopherol, and the like; and-metalchelating agents, such as citric acid;,

ethylenediabimshisisaadearerioreaorssmapn e, BhosihaHergsshiis Hunphea, 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,
| 25 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 like.
The amount of active agent administered per dose or the fotal amount administered
_ per day may be predetermined or it may be determined on an individual patient basis by
30 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
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WO 2009/035542PCTPUS2008/010431 Compositions may also be formulated to provide slow or
controlled release of the active agent using, by way of example, hydroxypropyl methyl cellulose in
varying propdfi2is/erssther polymer matrices, liposomes and/or microspReYESINEAHIIN, the
pharmaceutical compositions of the invention may contain opacifying agents and may be 5 formulated
so that they release the active agent only, or preferentially, in a certain portion of the gastrointestinal

tract, optiongliy.dib2&/4etaedJnarnerivexasplas ahesreading gempesitignamihisterednané used
include polymeric substances and waxes. '{he aﬁive agent can als 'bﬁ[icn { ro- ncg%ssulated form, if
appropriate Wit O e MEHecs P PRHSH LI HBEHS E?ﬁgn%.“%w SR iUic’ dosage forms for
oral adminisp@biDndachigen bytivayel dastiatio dogiperonacinstigaliet@onentd bietbertrdgiangs, :
ot T SRERRE 4 PENBE e s LR dasae damsrivpicaiisamorise the

. Lan,. an (A
active agenfJ Hid Snvinert diluent, such as Ffor example, water solvents, solubilizing agents and

emulsifiérs, sudkdstethysaiophotsisbivodistaicoholedita)coamdit prtd Aipn/s Jodrige eIl alcohol,
benzyl 15 beRzaals RIRRUEIA I Rlork e BB ANE Bl Bekriiinnsaed.Giensidiut, corn,

germ, olive, castor an ame olls), glycerol, tetrahydrofuryl alcohol, E_olyethylene,gl cols and fatty

acid esters SfesanpitEar sxpmpliscin dsaHpESSPTR SHERERIRS AT emETh BJeFSAGRITEE N ts such as,
for exampIev&m{a?e({ﬁésﬁﬂé@%%{yk@é@ﬁ@ﬂﬁap@wg@mﬁla&é&m@m@bﬁ@@ti&@ﬁbmmm.

microcrystalline cellulose, aluminium metahydroxide, 20 pentgnite, agar-agar and Ia]%?cantth, and

ne cel [ r-a
mixtures ther&wHar INdAHARs fofha o dBed strRh RTINS, %ﬁ)‘ﬁ%‘?&?ﬁ%@%‘ﬁ@ﬁ E6mpoEitions of the
inventiqin menshespaieldds ekkifrg A heoaada famnlabtettetmn teaitnggsagicfarmCoefensts a physically
discrete unit suitable for dosing a patient,.i.e., each unit containin rmi tity of the
active agen%‘g\gﬂﬁgi%g%g‘ﬁr%lgﬁé%%gl {elsnl?léfc? fﬁ%?é%eoﬁlﬁnﬂaéﬁ%%@eeﬁﬁgﬁ Fgl%ogn Qgrqivrfli ié‘l?)‘?nbination with
one or moreadaidfifiverati ahitsy Ebreeximephs, weit hsUhit otiagahodetsrminptien cdphe s atiamiefs, pills, and

the like. ~_SmiHneiz Ol BENRNNAY AA0 B1RA be AUy SIRIRA DR B (erdinSiedbCutanCOUS,

intravenous, intramuscular, or intraperitoneal injection). For such administration, the active agent is
provided in asshsiaciesttivnriosasperd shraioaniiBrmm o e E RSB plBiEng such

fOfmU'aIB?nSvJHf,'B%Wﬁ%ﬁéﬁﬁé'gi%@%&%%@%ﬁé{&&%ﬂmﬁmama& pHORYIRRETteRlpy
polyethylene glycol, oils, gelatin, fatty acid esters such as ethyl qleate, and the like. A typical
parenteral féﬂﬁgﬂhﬂ’ﬁﬂqg’%f&&}ﬂ%ﬂg&?ﬁ%ﬁﬁ%@ﬁg’% tﬁf%/ﬁgeé&?\(/‘egﬁﬁgﬁf?&gﬁe}%teraI formulations
may also cogdaimieRe-aRMRI0RrtB4&; MCAIA0RLAINH RCITHNGEAN8/040aE solsbdizesarystabilizers,
preservatives, wet%&%%%g%{é %mulsifiers %nd disg(%%cgﬂg agents. These formulations may be

use o e

rendered stéﬁf@%@ rlllséezllﬁ?ecgtgﬁel?ﬁlec lum, a sterilizing agent, filtration, irradiation, or heat.

Compounds of the Arverdingly.dn aiscipbalimintsterepowads dethaatyansion KAswrits fpansdermal
deliven, gy StEsAUhEXFRIALS. ERbAKAMPIR.MBA0TRANIH AL cckm iRt wiinargeation

enhancers, such &s-propylene glycol, polyethylene glycol monolaurate, azacycloalkan-2-ones and the
like, and incerporlaéantPaspaatt et siSTer Henolrnesde disudaniBiriiddpiEatCheluding gelling

agents, emulgifigtsiandRuHiars: B1axdee Hsediobuehdian g GNpasitiars: i tekiresydIf desired,

the compounds of this invention m_a){) be administered in com inatiop )
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
25 7 mg/kg/day of active agent; including from about 0.15 pg/kg/day to about 5 mg/kg/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
30 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
pg/day. The term "COPD" is understood by those of ordinary skill in the art to include 2

variety of respiratory conditions, including chronic obstructive bronchitis and emphysema,
.26-



with one or more other therapeutic agents. Thus, in one embodiment, compositions of the invention
may optionally contain other drugs that are co-administered with a compound of the invention. For
example, thavepmpasifen may further comprise one or more drugs (also PETEWEM ¥ EE84¥econdary
agents(s)") selected from the group of other bronchodilators (e.g., 15 PDES3 inhibitors, adenosine 2b
modulators and 132 adrenergic receptor agonists); anti-inflammatory agents (e.g., steroidal
anti-inflammgteprRUERELS YR REcERTHE O BIRiss @00DYNCaRRItLQifs], 13aA:368r0k)ahdnti-inflammatory
agents (NSALDs); and PDE4 inhibitors); og1er musca@r%ilc recegtor\}iant% onis{t&1 !s'%i’ ggtichlolinergic
agents); anthfEEaGR A58 ety NErANSE O ST e L AR PR R g At astiBiBtice: 2hd Antiviral agents);
antihistamingsn2dpaeiepdernnivhitninisferd it biodkersde. gitiDAaychistpeatid agantoleinhnas
modulators); and,combinations thereof. A i re well
known in th%@?ﬁdé%la reeﬁ?artﬁ)ﬁla Oglrse{’ge%%ﬁ%%i%%ﬁ%@%@%gﬁﬁgﬁ %@c?r%g}c%%d of h%{:sir{ﬁ/ention with a
secondary agehipgoulsitithe@py can be achieved, i.e., muscarinic receptor antagonist activity and
activity associatedawith the, segendasy agentith GoRpatlan it 27 EESRRHRANYIRRVdIIROME cases

by administering two compositions and in some cases by administering a single compasition
containing thi&cakcetaredysnabianrosiaBeriafcafaine X cEbRNERT ShiPshethawseisettcor the
invention, a;phakpasauisab GomHRsition famEHsesR oLt ok heainventinpigmecond active
agent, and a ha_rma_ceutically‘accegtable cb[rier. Thigg‘, fourth etc. active a gnt%f nﬁxealso be included
in the 30 co‘ﬁ%b%‘ﬁ%ﬂ‘.‘ﬁ?r%m’ﬁlé, 5038%5? SRR BB BNSERA SHATSEURG Bt the fhvention: a
secondary agentiseleGtedrfiiomiotiengiariidiy k3R atkedergiorposhtongdomstedilation will
phosphodiestera%e-4.ighi i;%[fs%ld gcég[gnbinations thereof; and a pharmaceutically acceptable carrier.
Ina specificr%'r%eb x|rrlnaer(1’t‘ft e comﬁit itigh comprises a compound of -35- WO _ '
2009/035542PCT g S2066/01baedimtrs, inventiond stS Racchipvrafific peeBpro tajonisyariiidtsteroidal
anti-inflammgataey, agent, In. combinatian MaraPnaie TP heampRLAd R dasiRysRtiop that is

administered, as well as the amount of secondary agents, may be less than the amount typically

administere@0hmediothBr gt amihe mRasm s ReTmeERts Al mertipr ARSI fixed with the
second, actiyg;ae RN IR EHRENPRSLIORscO Ratai GrReth cBants s hdasit agenionads be taesent in
separate and distinct compositions which are &dm' istered t1 the atgent s{rgultaan)%%lgeor
sequentiallyPFEH R P S ARHTBFERESRTR RIS 2R e%’o&ﬁb' B with 2'deddnd active agent
using convemsanabptadedopas gad,equipment to form a combination of active 10 agents comprising a
compound of the igvention and g second active nt. Additionally, [ ents, maype
combined with a p%%lrc%g%%lﬁﬂgg%%ggésp‘t%ﬁ%\{%}gﬁ%Srstegsfg}‘rlr%%}gggEr%lgagggﬁ%%[%%mposi'tiofqgcomprising
a compoundwhthenipventions alsevsrfiilastivecarsiripelsda vasisatiogrmatiybiespialigicdrrier. In this
embodient, (he coMpANGNIs Afi 1S ARIPANIRRLAISLY PIGA iNRObRblsadackio sraiarpRNysical

mixture. The physical 15 mixture is then-administered in a therapeutically effective amognt using-any

of the route$¥8a% MbedhdYbiVs andeM s RUEGATTRIS SRIFPIOR R A ST S 8 AR9Hd distinct
before admigigtiRtioy iR thehatiantiteihis.erhadiment, tRepagentsaiatchibd ploysiselbmmbied together
before administration but are administered simultaneously or at separate ti as 20 separate
compositior 2 U EERISISRiBHE éﬁi‘?‘ﬁé B4 gt%'(lf é&ep%‘%/&?gﬁ}tsa }gagl%ﬁe% 6%;[21@?9%)‘ §§Séther in a kit.
When administetethahbepriatsdimeanties seobnethoysage nhwithtsisicaibh be métninittegoihéess than 24
hours r administration of the compound of the invention, In,ot hodim ISetimed
relatiofljs ip?égfé%%%h%?hgtﬁ%ﬁg%g ’aaﬁl%i?o%#g?\sl’e%?t gr? gel’ikc%tr%%eSs th%%%&gc?grs, less than 3
hours, less trrtictinoptelests thanapariionirmboginestsohilig teYFRtian RBUKSEIBRPSNfute, or
immediate'yaqﬁmqmr}iﬁ&@méaf69%9;3@%%9&%:%@@ Thisds.alinsafesresia ésa

of the invention ca

sequential administration. Thus, a compound n be administered by irgalaﬁ?n
at

simultaneo NP BPEEtRISAE AVERAPRa fAMEC AR 8T Be HE G SAT AN K5I LR AP S0ItRe
employs sepgradedRmRAieeNtal(eseh alisRERackshiasRads. active agent, where sequential may 30

mean being admin{ﬁ%ered immediatel ﬁfter adgltiriistratlon f the com@%%nd of.the invention or at some
r

predetelthined time {AERrREDPS SHESRBGP 02 BPIRIRE Rothe Tateh SHNBIM STV ElY The combination may
be administetestarbingreepasaie elnadty devices] with ansiselirdey chepics-fotagasiziagamondditionally,

the agents % atc);gng}%iu\ﬁe 5 tgg %E%%rt?ﬁ.'%%er the biological system or sample is exposed to the

compound, the effects of antagonizing the muscarinic receptor are determined using
27-



WO 2009/035542PCT/US2008/010431 routes of administration, i.e., one by inhalation and the other
by oral administration. In one embodiment, the kit comprises a first dosage form comprising a
compound o¥thalinwasrien and at least one additional dosage form compisSiHé¥W&/Bfmbre of the
secondary agents set forth herein, in quantities sufficient to carry out the methods of the 5 invention.
The first dosage form and the second (or third, etc,) dosage form together comprise a therapeutically

effective aguhabRatheRaaRISfrr shefeaimanhas piereatiomeiindisgdse exdiotigical condition in a

patient. Secondary agent(s), when included, are present in a therapeutically. effectiye amount. i.e.,
are typicall?%%‘ﬁrﬁ%ﬁ%ﬁrihgéﬁdémﬁiﬁ% aﬁ%&ﬁ%é?ﬁ?ﬁ@?&g%ﬁﬁgﬁy ¥(51I %?gﬁ%{ icic %%ect when
co-adminisigsegnnii beoseivpruadiat trevidedritjohe Thaseoshida pragentpartivmatiseiérd of a
pharmaceutically acceptable salt, solvate, opticall e i th. Thus, secondary
agents listel oa\?\'/ a%‘r3 en Iéadflcl)%séﬁdbeo ﬁ?%ué%c%rﬁg%rﬁéé gﬁﬂ cqoﬁ.rcﬁ%ngg?g%ﬁ?/dhyailable or can be
preparedl usingimisteviagtionebprstedurcsmamdmahdenes 2nitbyd -t oresFadnEEsBHiRm Agent are
Wypically in (3e310%,6L 13 R0H0 B IBILPIARROU AR HgHIRYponscln & ARgUsakRiRbOdmen, &
0 e

compound of the invention is administered in combination with a P2 adrenergic, receptor agonist.
Representaiaysis DTaupe ve e Fe CE RCRGNR LS SnAGHRT Y 8 AR ¥ iV T ISR Bitolterol,

fenoterol, formaitotoindasairl Aktisaathasing denalbuterel congiapiateranebipidpider sfssalatamol,
salmefamol, 20 safmeterol, terbutaline, and the lijke. Other 132 adrenc{-:‘r iC 1 cep gsonists that can

{
be used in CHRRAMHSHERC AR RATAALRIIAEIBFGH AT GaMRBH N THER 2h [ é?%l%ag%llrhé{agtao,sﬁﬁ4[6-

a(2R)-2ehydrpredddriny dignne-néaydedgmeathy - fenylethybagmiibp hesayliesylts can be

butyl)benzenesulfgnamide and .. .

3-(-3-{[74{(2‘??)3-iﬂ%f&%’)?ﬁ‘?%‘f—ﬁ%‘%&;}%ﬂﬁ%‘rlggyar%te%y Sﬁgtn?/ Ig?ﬁl I(-)gnrrﬁii[;llgt):ﬁsesf)l{)}/’l]tgxy)-propyl)benze
nesulfonamideianrdirelEed @ EadmpoundsisistiosetirEWRitR 066422 Tarksd Gibeip Ltd.); 34344-
([6-([(2R)-2- hydroxy-244- ooy cYicaT ' ' wlaxyikuériehenyl]
imidazolidindee'-gl,-i1-]l(l']'|‘)c()lﬁeﬁt g%?‘?é?g% é%%oundsgﬁﬁgﬁﬁrﬁg \%\f/}(}é)l) 2{/%19 A%Qg{ gGIaxo Group Ltd.); 3-(4-
f[6-( {(2R)-2[3-(forfdtinmdivAchymapisiod fya Inverjer sRpdmyrethamtppcarch tools for

hﬁXV"%f%"*;léwd Pﬁﬁ%ﬂﬁ&%&%ﬁ@&bﬁ@%ﬁ%ﬂ@&m&ﬁmmﬁmm):&éwﬂgc»xs i ; Zyga@o
phenyl]-2-hydroxyethyllaming)hexyl]loxy}butyl)henzenesulfonamide, 3-(4- ([6- RIS)-
243-(formyIQ’r?ﬁ%‘iréi%ﬁf%&%hﬂﬁvfﬁ?‘-‘?ﬂ}%&&ﬂ&ﬂﬁm&flﬁg&@&]éﬁgﬁéé%%ﬁg)s'uﬂlonamide,
N-(t-butyl)-34 thiSéH{ ARy ISutid hiamnine)idhy dredyphenyid-?d hyanasyetiyRmino)hexylloxyl
butyl)benzenesulfonamide, N-(t:buty])-3 -(4-.{16-({(25)-2- -37- A0 S2008/010431
[3-(forrnyIaﬁ?ﬁ&%ﬂ§ﬂ§é’rot§%ﬁsér1§1t¥%ﬁl§ r‘gi%ez}&%% g’rﬁfﬁ% 3% ox@%ﬁ%& égﬁgﬁgﬁgnamde,
N-(t-butyl)-3sen(6d ti ARIGYPHBs tashytampionids thychays phrarerpal onrsasthidiagito)

oo pais; ' iRNR:AR/R76933 (Glaxo
B e L el

oxy]ethoxyImigzy Beinligend tsrirsstR2YRYaFAF SATPRISRY RSt rRIsfdertetmRsuRas Sisclosed

in WO 03/02443%£&1XReGlosdarldl Yebrd S R daydiferdy vdmpound of the invention to
phenylethylamino)phenyllethyll-(R)-2-hydroxy-2-(3-formamido-4:hydrox PQenMgb%gglﬁ%me and
related com|SGBRRLRASE fssepmPOiad st Rekeo g S8 ?Bﬁﬁlgéﬁ-%fﬁﬁﬁ K2 &
(244-(3-pheniylidsmisshosphenyliperinaphayiptoyd bR hrigionyiDa(8- hadhargti vy, for
2(LH)-guinofinony WeHammine Anc (Rlaled, corRaUnas ASCIAREA L in EALERL A g 323 to
Moran &t al fi; appar lcular embodimen , ezglradrenoreceptor agonist Is a crystalline
monohydrocifitedeveationfiN { BroniRp@ihsiiroxgsaysharyrtmeh Ak d)is data compared to

phenyllethydd-(Ra: 2 0Neligny 23 0umanidosdraydsoxy s} stbylaspntedmicatbudhenis

32-adrenoreceptor agonist will be administered in ‘an amount sufficient to provide from 5 about

0.05-50014 $epeiegdhe invpniopdrriudsas. astearate A e LBRTBE Rat fiA STACRERBPIs administered in
combinatiommﬁ%ﬁ@@@l@%ﬁﬁﬂiﬁﬂ@ﬂ%%@%ﬁé agept) Represenibivecsidkoiealdantitintiantifyatory
agents include, but are not limited toé@leclomethasone d'prél)ﬂiit)n%t%g)#rgeﬁlog]{ggfob}g%%&g
propiomite; FEFEABROYHE PH I TN BEt ok SR E L GRS I 152 & & ’

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
28



20 hydroxy-1713-(methylthio)androsta-4-en-3-one (RPR-106541); ciclesonide; dexamethasone; .
6a,9a-difluoro-17a
-[(2-furanylcanbdommpisssdz1113-hydroxy-16a-methyl3-oxoandrosta-1,4-dieHer A1 @ aH S thioic acid
S-fluoromethyl ester; 6a,9a-difluoro-1113hydroxy-16a-methyl-17a
-[(4-methyl-1,3-thiazole-5-carbonypoxy]-3-oxoandrosta-1,4- diene-1713-carbothioic acid
S-fluoromethylestes:£a83-6iearariehipnvanexierl G9; methiy)-cdmparing the first assay value
3-o0x0-17a-propionyloxyandrosta-1,4-diene-1713-carbothigic acid (5)-(2- oxotetrahydrofuran-3S-y1)
ester; qunis%ﬂ’i’&e‘,“fﬁﬁﬁ?a‘g%éhﬁ?gﬁ?(?ﬂﬁ?mé&l %?é’ﬂﬁ%%?]‘e%%n%g ?eaé(s%ﬂ)ié) %?%ﬁlaa%‘;;a rednisolone:
prednisoneineiiepenida ST 2gittidmadinglenayacetonide; and the like. Typically, the steroidal

anti-inflammatory agent W”k’%i adm)j i%tl &%ddgﬁ%g,%gggt ?&Hff‘ﬂ%% EAW&N&“ from about 0.05-500 ug
per dose. 30An exemplary CWT%MHE%THS’E’CUHTDUD TN invention co-administered with
salmeterol as the @ murersryfithecaptticagonishianty idteiaisrredimprrir Hsthsdumedidal

anti-inflamm gent: CRPINGLANL 15 2-GOMBOMHRERH HaRi RGREPD
co-adminisPégre W%%%ag%r%Ilgféﬁné?r?ogﬁ%ochlorigg&satof N- (2444(R)- -hydlrox -2?-388- e

2009/0355449PE s Oniropatient by any acceptable route of administration’including, but not

phenylethylamingshemyfiletyilr (Rl hygianyide(dafarnamigiendd) welmptehemyihoatidamine as the
132-adrenoreceptor agonist, and 6a,9a—difluoroél]f7a-[,(2-furanylcar%g

nyl)- .
oxy]-11P-harSRSTEIOM HHINE U6 SABFSLIALE 9L e A ST IO 86 é%llsateé?ﬂufoorro%Wﬁester as
the stergidajramvi-inflaampal dosagraidhOmerssilakel g dodinaticiglactucdy fdesexdpllk bother

anti-inflammatory agents, e.g,, NSAIDs (such as.sodiym.cromoglycate; n romil sodium;

ahosphod e LA TEPR AT (o o Ry R O o Do | bE 3 PDEA

inhibitors); gwkotsiensaitegoajssditeselt, stdvitletikadhptisibitsrs 6shkpriendasypriesis; INOS

nhibitors: PARISARGIDAIPLALSHE A AR ApchelaTiaspIRbjnischela dalgorin 10 antagoniss
0

and adenosine receptor agonists or antagonists (e.g., adenosine 2a agonists); cytolcine antagonists

(e.g., chemokine dwegrenisly, suensanhndieabiisEFmERHIERIE Wi/ cally, an alL-4
therapy s an @l h3;ther appAtia Lo panaiandbano b Hriplikiinie ahawekingsuatbesis. In a particular

embodiment, a'compound of the invention is administered in 15 compbi tionlv¥ith a .
phosphodig&tsration, TheeaReHians ooy fsae ﬁ@?éfﬁf?@ﬂ"ﬁ‘fh?ﬁﬂ% ARE RS BDE4 or
mixed PDE3&RREA Jhibitgisutartifdes hiveatnomiyikd be, referred to herein as the "active
4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexan-1-earboxylic acid,
2-carbometff® -4-cyano-4-(3-cyclopropylmethoxy-4-difluoromethoxyphenyl)cyclohexan-I-one;
cis[4-cyano-4-(3-cjbloprepydineibd aphmifitiorométhBrpyaoiph by ksiésia |-ol);
C'5'4'%”Oééﬁgé%ag?%ﬁéaiﬂyéﬂamﬂPme%Mﬁ%@Wﬁﬂ%ahsﬂrbﬂwé@sﬁmé@mn@a&l ke, or
a

pharmaceutically acceptable salts-thereof. Other representative PDE4 or mixed PDE4/PDES3 inhibitors
include AWBiiZeoganizsphame e S8 PPINDETRNICH cAMPOTE AR B¥0ISAEE RIS Hdy-Plough);
CI-1018 or RRrR8 %A1 Plizanbemeadioxelerspmpainidisc laseckitilyQ38é4peatidilyowa Hakko);
25 K-34 (Kyowa Haldco); V-1 1294A (Napp); roflumilast (By, -Guf'eT%; thal%%rigoorhetggrﬂ%%nds
disclosed in%@@?mtﬂﬁ&@m&éﬁl%g?é?ﬁ AT YR R S ANAR A CArSRtiine
(Almirall-PredesfasenayaN Vi bl h\ibam Gy el atis :riFbddBoeharthb ecBaiysiiow) velidc Firg85ithanabe
Seiyaky). In ticular embodiment, a compound of:the invention isAdmini ' bination
with a uscaagr?ﬁs:{)agnﬂ%?ggo‘?{tgf) figea c SRS gﬁnlépﬁg?c lgééfﬁﬁfnﬁ%cﬁ%gégﬂtgtlve mh%:tﬁa{r?r%éﬂg%%g%sts
include, but®fd-ndt ¥mitesito tatropinbamtropidepsuite Yoo Pin fooxideti prdtssibisirehRfate,

homatropi”%&y%mgaﬂ, RRSEYAIRA (LD, IHdrebramide, scaralaminaimdiohromide, ipratropium
bromide, oxitropium bromide, i
composition suitable for inhalation, for example, comprises from about 0.01-30 wt% or

active agent with yet another embodiment comprises from about 0.01-10 wt% active agent.
30 Any conventional carrier or excipient may be used in the pharmaceutical

compositions of the invention. The choice of a particular carrier or excipient, or

combinations of carriers or exaipieﬁts, will depend on the mode of administration being

used to treat a particular patient or type of medical condition or disease state. In this
20,



-39- WO 2009/035542PCT/US2008/010431 tiotropium bromide, methantheline, propantheline
bromide, anisotropine methyl bromide, clidinium bromide, copyrrolate (Robinul), isopropamide iodide,
mepenzolatsvioremmidasisidinexethyl chloride (Pathilone), hexocyclium metiigiitgtg/og¢yElbpentolate
hydrochloride, tropicamide, trihexyphenidyl hydrochloride, pirenzepine, telenzepine, AF- 5 DX 116 and
methoctramine and the like. In a particular embodiment, a compound of the invention is

adminiSter@%&%@r%@&wﬁtbmﬁmmﬂamﬁa@iﬂ&- £ larpasRinsrantag ofistinRppresentative
antihistamines include, but are not limited t ,_ethanﬁlamines,_ﬁ,%ch asdtﬁ%%tiimﬁmir&e rgrglerate,
clemastine iR ﬂ]ﬁﬁ%‘?ﬂﬁ@&?ﬁ?ﬁiﬂ%qﬁadfbmé? FARA HiHERRy EM5%myiehediamines,
such as pyelaipiesansteniesithetenpatnine hystonhieridel b tilpelenBawimedifratesralkylamines,
such as chlgrpheniramine and agrivastine; piperazines, such as.hydroxyzi d '
hydroxyzinéY[E)%\tﬁ‘%3%’1’9(!:,C 8%13%???3 ?ifa%%%‘ﬂ g{,ﬁ%yéﬂgﬁe ggt?t%r?brﬁélcpﬁg%é;% %Q%cﬁg?c%%%d cetirizine
hydrocHlorides PipetidingPisuviias 28Tehdizol, livivata SHHE s SHibitd Balbragstiine or its

descarboetpanplogs. tndelfenadion and. 'pifsnadineDyBiebloRde.asrfastine hydrochioride,

and the like. ormulations illustrate representative pharmaceutical co}rgegositions of the
invention. Exe/fnpialyconspbsBsiion dimuniriicialism s S BaltaesmmMiadithe Tvention (0.2
mg) is micronizedmgngdhanhlendamhyihdpsiasa A0 VAR Mah s hlopkies mbtitslis then loaded into

a gelatin inhalation cartridge, The caontents of the cartridge are agministered usin PI, for example.
hadals el

A microniz@8EBRPS TS e ATeS Higyee i iRl (i RE (S 9 te.g., lactose in

which net gsariak thansabout Sl ishadpdictea haws add ideaf st 66lplosty sbbas 90 pm and not
less than 15% of the particles have a MMD af less 25 then 15 pm). This blen i is then
loaded into%&ﬁ%&ﬁsatfﬁﬁfﬁg@% EpEHABEBlisteY Pad¥than %drir)%% ﬁfa%t?ﬁ?’(ier%%gc@?\% %’ about 10 lag
to about 50&tgtcefitheseampoilinibet deetamgmtioiesdrtdgseaThemdiitesiatinf @ie BhewEIKie
administered using a. DRI, Alternat Jnicronized compoynd of the invention (d.q)is blended with
milled 30 Ia%%((%gsé%%%ﬂlﬁ%rm a%ﬂ%%ﬁﬁ%%%dno %in\}ing a WI_%ight ratio of compodnd to milled
lactose of 1528 WFheiblesidatt ednwivsindnderpatkent snvbaa Pilcalysple sStdetBRy BR%ween about

10 pg tgab%wcéﬁ 9 NREINAOMR SherinventinmbPerdissEMiamateion sisrorizathsompound
of the invention (100 mg) and a micronized 132 WO 2009/035542PCT/US2 0?#010431 drenergic
receptor agBMEtSaEs ARG sl IRurRIEREATH TP R RESRE- B R S FRReRTSITR B HSkiAe #%hen loaded

into individughhlisteiholaxaelabimblisizy paalgin-dreamasntisotonic saline; Ringer's solution;
ethyl alcohol; phosphate buffer solutions; compressed propellant gases, such as
chlorofluorocarbons and hydrofluorocarbons; and other non-toxic compatible substances
20  employed in pharmaceutical compositions. -

Pharmaceutical compositions are typically prepared by thoroughly and intimately
mixing or blending the active agent with a pharmaceutically acceptable carrier and one or
more optional ingredients. The resulting uniformly blended mixture may then be shaped or
loaded into tablets, capsules, pills, canisters, cartridges, dispensers and the like using

25 conventional procedures and equipment.

In one embodiment, the pharmaceutical compositions are suitable for inhaled
administration. Suitable compositions for inhaled administration will typically be in the
form of an aerosol or a powder. Such compositions are generally administered using well-
known delivery devices, such as a nebulizer inhaler, a dry powder inhaler, or a metered-

30 dose inhaler, examples of which are described below.

In a specific embodiment of the invention, a composition comprising the active

agent is administered by inhalation using a nebulizer inhaler. Such nebulizer devices

typically produce a stream of high velocity air that causes the composition to spray as a
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sufficient to provide about 10 mg to about 500 jig of the compound of the invention per dose. The
contents of the blisters are administered using a DPI. 5Exemplary Compositions For Use In An MDI

A micronizedveoWiPaaRe bf the invention (10 g) is dispersed in a solution BrepeFed%Y1tdsolving
lecithin (0.2 g) in demineralized water (200 mL) The resulting suspension is spray dried and then
micronized to foil," a micronized composition comprising particles having a mean diameter less than
about 1.5 upmist {hetiicronéaddtcarppasitio reipitaeml fdcadect ontiniy ] ehetrithges ot dning
pressurized 1,1,1 2-tetraflugroethane.in an amount sufficient to provide. ut 10 jig t out 500 jig of
the compodfid 6F Hgﬁﬁr\}gﬁﬁgff Et)kéer%olgg f5eha Ii?la}sf?f/e%ésc?%yﬂt%%znl\aﬂE)Wl.%g%i?%enr%g?e?f% éjuspension
containing SohtSorconipauativeliitibdrventioge Saistridcithiired addcsmiived shdl asaugfepared by

dispersing 5 g of - Ie j icronized parfi Ni Brsigseless than 10
um in a coll6y a?r%ﬁ%ggfg%’gé#%ﬁ%%%ﬁ%%g %‘r%%o. I%Qg%fée%%ﬁ}%{g?g}lved in 100 mL of

deminefaliZogivalitedefinedasdpmsirgariig ey iy which allgegie RETFRR PR IR Ra¥ELo

particles haying.a meam diameis Jersdham hnadimo Lhe Ralticlas armloadeshiniveanisters with
pressurized 1,1,1,2-tetrafluoroethane. 20Exemplary Compaosition For Use In A Ne%lizer Inhaler A

compound BFHS HeSHRBFIDE RGN bakor e SibaeBlrs s PRBIL SROMUESH e 25 mL). The
mixture is stipgg ancheepicaiedipiRtidheisempqanttissdidsobes et laeapisiat the solution is checked and

adjusted, if necessary,,t 5 by slowly addin ueous.IN [ hyegxide, T olution is
administered usin%a‘g)(ﬁ%%ﬁ%&h %é%‘\ﬂ%es fﬁgkugfg\gﬁjes@%%ﬁ% 1 Oﬁ%%bgé%) g%b%)(%?ﬁggc%mpound
of the ?rﬂ/enmlheindp&e.mﬁ’mamlbtm@ Belintiry Sapsuie@\rdigdr&londinanditetiBRI LCA compound
of the inveryjon (0. ahsRiaisdriaciess. (YOG andmagneshimy sisRialad ) ke therouhly

blended. The resulting composition Is then into hard 30 gelatin capsules (500 mg of
compositiorinpetecapmpnjeExeimplans Suspansigntivorcoralkiaifrstahont 0.05nrerdl sahgut

ingredients gy 9o, ULR SHEREASIAN ANAINNG A0 O EAMRRHAL AR I frsuspension.
WO 2009/035542PCT/US2008/010431 IngredientsAmount Compound of the invention1.0 g
of about 4-6.

15 In another specific embodiment of the invention, a composition comprising the
active agent is administered by inhalation using a dry powder inhaler (DPI). Such DPIs
typically administer the active agent as a free-flowing powder that is dispersed in a
patient's air-siream during inspiration. In order to achieve a free flowing powder, the
active agent is typically formulated with a suitable excipient such as lactose, starch,

20  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 pm and about 100 pm (e.g,,

25  dry milled lactose) and micronized particles of the active agent. Such a dry powder
formulation can be made, for example, by combining lactose with the active agent and then
dry blending the components. Alternatively, if desired, the active agent can be formulated
without an excipient. The composition is then typically loaded into a DPI, or mto
inhalation cartridges or capsules for use with a DPI. DPIs are well known to those of

30 ordinary skill in the art, and many such devices are commercially available, with
representative devices including Aerolizer® (Novartis), airmax " (IVAX), ClickHaler®
(Innovata Biomed), Diskhaler® (GlaxoSmithKline), Diskus® or Accuhaler

{GlaxoSmithKline), Easyhaler® (Orion Pharma), Eclipse ™ (Aventis), FlowCaps®
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Fumaric acid0.5 g Sodium chloride2.0 g Methyl paraben0.15 g Propyl paraben0.05 g Granulated
sugar25,5 g Sorbitol (70% solution)12.85 g Veegurn(r) K (magnesium aluminum silicate)1.0 g
Flavoring0.088 292/0856#8rings0.5 mg Distilled waterqg.s. to 100 mL ExempBfaKiafeettisid Formulation
For Administration By injection A compound of the invention (0.2 g) is blended with 0.4 M sodium
acetate buffer solution (2.0 inL). The pH of the resulting solution is adjusted to pH 4 using 0.5 N 5

aqueous hygiagbieicrsid IS Boaksepudradism)) Fileinds, @histe Skt then sufficient

water for injection,is. ed to proyjde aiotal.volumef 20 mL. The mixt is th j d th h
sterile filter{@l."?‘f é&g%%)ﬁ&%gggrsteﬂ zéé‘fgfﬁﬁ% su%ei’ %8%%%%’%5 @%ﬁ% i-on.roug :
EXAMELE$i&@@h£ﬁ@@ﬁ@%ﬁﬁmﬁ&m¢s}ghﬂ@k&h&é@mip}mndéhistblﬁﬁustrate specific
embodiments of “ﬂﬁ Bvenie sggaﬁﬁ sResific.rbedinen AN A SRk iHsRERG G limit the

scope of the invention in any way unless specifically indicated. The following abbreviations have the

following mésnistiys atesis edreinidissed Ukinbaletoantinny strershineyiah § ARDHSHER and not
defined ha\ﬁﬁi&l&ﬁ*@ﬂ%&&%g@emmwga%w%mlagg@%@@wﬂggswm@&admin CAMP3'-5'

cyclic adenosine monophosphate CHOChinese hamster ovary X )
propellant gas. Metered-dose formulations thus typically comprise a solution or

suspension of the active agent in a liquefied propellant, such as a chlorofluorocarbon such
as CCI3F or a hydrofluoroalkane (HFA) such as 1,1,1,2—tetraﬂuoroéthmle (HFA 134a) and

10 1,1,1,2,3,3,3-heptafluoro-n-propane (HFA 227), although HF As are generally preferred
due to concerns about chlorofluorocarbons affecting the ozone layer, Additional optional
components of HFA formulations include co-solvents, such as ethanol or pentane, and
surfactants, such as sorbitan trioleate, oleic acid, lecithin, and glycerin. See, for example,
U.S. Patent No. 5,225,183 to Purewal et al., EP 0717987 A2 (Minnesota Mining and

15 Manufacturing Company), and WO 92/22286 (Minnesota Mining and Manufacturing
Company). A representative composition for use in an MDI comprises from about 0.01-5
wt% of active agent; from about 0-20 wt% ethanol; and from about 0-5 wt% surfactant;
with the remainder being an HFA propellant. Such compositions are typically prepared by
adding a chilled or pressurized hydrofluoroalkane to a suitable container containing the

20  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

25 Pharmaceuticals), Atrovent Inhalation Aerosol (Boehringer Ingelheim), Flovent®
(GlaxoSmithKline), Maxair Inhaler (3M), Proventil® Inhaler (Schering), Serevent®
Inhalation Aerosol (GlaxoSmithKline), and the like. Alternatively, a suspension
formulation can be prepared by spray drying a coating of surfactant on micronized particles
of the active agent. See, for example, WO 99/53901 (Glaxo Group Ltd.) and WO

30 00/61108 (Glaxo Group Ltd.).

Additional examples of processes of preparing respirable particles, and

formulations and devices suitable for inhalation dosing are described in U.S. Patent Nos.

5,874,063 to Briggner et al.; 5,983,956 to Trofast; 6,221,398 to Jakupovic et al.; 6,268,533
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20cM5cloned chimpanzee M5 receptor DCMdichloromethane (i.e., methylene chloride)
D1PEA/V,N-diisopropylethylamine dPBSDulbecco's phosphate buffered saline
DN1F/V,N-dmtetmgfssnamide 25EDCIN-(3-dimethylaminopropyl)-N'-eth¥AcaHsBHaE WO
2009/035542PCT/1iS2008/010431 EDTAethylenediamine tetraacetic acid EtOAcethyl acetate FRSfetal
bovine serum FLIPRfluorometric imaging plate reader 5SHBSSHank's Buffered Salt Solution

HEPES4-(2shyslsexycinyzi -pinesazinaethanesuifopiraod edwgpduman M1 receptor hM2cloned
human M2 receptor hM3cloned human M3 Eceptor 10hM4cloned human eRLok hM5cloned

human M5 receptB He5B R H R DE RIS} %Cﬁgfé?%}tg %Ssmtrhs ?rﬁo?wa%l\ﬁe%ﬁ—?methanol

15TFAtriflugieasietiatiaid Suitable compositions for oral administration may be in the form of
capsules, tablets, pills, lozenges, cachets, dragees, powders, granules; solutions or
5 suspensions in an aqueous or non-aqueous liquid; oil-in-water or water-in-oil 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, pills and the like), the composition will typically comprise the active agent and one

10  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, gélatin, polyvinyl pyrrolidone, sucrose and/or
acacia; humectants, such as glycerol; disintegrating agents, such as agar-agar, calcium

15 carbonate, potato or tapioca starch, alginic acid, certain silicates, and/or sodium carbonate;
solution retarding agents, such as paraffin; absorption accelerators, such as quatermary I"
ammonium compounds; wetting agents, such as cetyl alcohol and/or glycerol
monostearate; absorbents, such as kaolin and/or bentonite clay; lubricants, such as talc,
calcium stearate, magnesium stearate, solid polyethylene glycols, sodium lauryl sulfate,

20 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,

25  hydroxypropyl methylcellulose phthalate, methacrylic acid-methacrylic acid ester
copolymers, cellulose acetate trimellitate, carboxymethyl ethyl cellulose, hydroxypropyl
methyl cellulose acetate succinate, and the like. Examples of pharmaceutically acceptable
antioxidants include: water-soluble antioxidants, such as ascorbic acid, cysteine
hydrochloride, sodium bisulfate, sodium metabisulfate sodium sulfite :?md the like; oil-

30 soluble antioxidants, such as ascorbyl palmitate, butylated hydroxyanisole, butylated
hydroxytoluene, lecithin, propyl gallate, aipha-tocopherol, and the like; and metal-
chelating agents, such as citric acid, ethylenediamine tetraacetic acid, sorbitol, tartaric acid,

phosphoric acid, and the like.
33~



THFtetrahydrofuran Any other abbreviations used herein but not defined have their standard,
generally accepted meaning. Unless noted otherwise, all materials, such as reagents, starting .

- materials arnsiGolenssavere purchased from commercial suppliers (suce%/Sig¥ittkich, 20 Fluka
Riedel-de Haan, and the like) and were used without further purification. Reactions were run under
nitrogen atmosphere, unless noted otherwise. Progress of reaction mixtures was monitored by thin

layer chromatogrgRipmtbidels nahdisabbighnpademapeas lip b ehipmatagiapfyeaaal tiPL C), and
mass spectrometry, the details of which are given below and s r%gly in 1srf)eciflc examples of
reactions. REBERSTHHINTREXVERY HoritPln E&%@‘Eﬂ%@é’ﬁfﬂ&ﬁ@%@‘é ol

ally’in gg@ﬁnr%action; commonly
they were pusifietlday exiaetipslainer otheicpsiifisatornastiots sueiphatenipedsitie, iad

Ivent-d dent crystallizati d ipitation. In addition, cH i tinel
Durfed by PTAB R S DO IO BN O ATy g ey ey
(R)-cyclopeitytiiatkd xv e iyt Yedtasobidl act{ oRagstRonly. By tyrefepsmdialiv 1 1B apekaB RUEHe (la):
(R)-Mandelig ﬁ%i @g%f%fﬂggs&éﬁ W?Qp‘ﬁéﬁaﬁ?%H'X%@iH%MQBQHSMQ% @@%@a@i&é moft.

Pivaldehyde mmol) was added followed y trifluoromethanesulfonic acid (488 pL, 5.4

mmoft. Thecosmstirwsaehationadberref incidser el iRt RTYESS AR IMESTothE 21 Mixture was
allowed to goQlaFOALR %%&W&@%’Q{ﬁt@&ff&ﬂlwﬁﬁbﬁ%m&%ﬁ SneSoriNakIET@ solution for 10
e

minutes. Excess pentane was removed by rotary evaporation. The solids 10 were collected by filtration
and rinsed (2O RS HRES FRFRE der vacuum filtration. The solids were dried overnight under high
vacuumyto yield irgeimadiateid ayagarsniketsobich( 23:8:gsB&%rinttyde, by way of illustration,

(2R,55)-2-t-Butyl-5-(1-hydroxycyclopenty0-5-phenyl-1,3-dioxolan-4-one_(Ik). Lihi '
hexamethy ﬁé%‘fﬁ t’(ﬁ%" g'i‘f"z)lé.’?){%if% }%i %g Ic])’flcl}/.?f%flfﬁlﬁnes'k%lé% Was e%gg‘gsé%’?grgg%ydrous THE
(5.3 mL, 6Samiaiiiat Fguid fiosege doimtetfizy {890ampriscaim Ay sresam wd ankpdrdlscmIF was
added 1o the, S0LUH AIGRMESAS A IMIPLIRSATShEhIAY BS RLClRpeRAtanesdadhay, 51 mimol

was added é‘ropv\/’lse over less than | minute. After 2 hours, 0.8 mL of saturated agueous Na2HPO4

was added stintialseheliisopsani eltehab shvicribenaterathol soatitreenzrhalsahal et added to 8 mL

saturaied aguieans 20AMmeniLchiarisayEhe agusousslp/e! vrpuRsheg (2x&UMiom0AC), and the
organic layers were combined, dried over Na2S0O4, filtered and conce trate(il.f}%(;1 crudle&rigduct (780
mg) was pu#igel ‘By’ﬁﬁﬁt%%%%?[ﬁé?ﬁ&%)(ﬁig%réfﬁtﬁ@ﬁ%#‘éﬁf 8\7811%% AEHESSATA

WItR héXanes) to
yield intermagigie ( id(@fRt2f 2drRtay ladd cydlapenthtresty| Sipeasivint Aayioxotain-4-one (1c): 25

Intermediats?ug}:?e)n&?gg argne%‘tszé&c 2159 %%%nq;ﬁg? elz\{ﬁchgfrﬁ?e'g %Q*L‘te%?ﬁygcr:%ﬁ&g: lf!gl)?cggréﬁ%lene
' sorbitol and sorbitan esters, microcrystalline cellulose, aluminium metahydroxide,
20 bentonite, agar-agar and tragacanth, and mixtures thereof.

‘When intended for oral administration, the pharmaceutical compositions of the
invention may be packaged in a unit dosage form. The term “unit dosage form" refers to a
physically discrete unit suitable for dosing a patient, i.e., each unit containing a
predetermined quantity of the active agent calculated to produce the desired therapeutic

25  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 parenterally {e.g., by
subcutaneous, intravenous, intramuscular, or intraperitoneal injection). For such
administration, the active agent is provided in a sterile solution, suspension, or emulsion.

30 Exemplary solvents for preparing such formulations include water, saline, low molecular
weight alcohols such as propylene glycol, polyethylene glycol, oils, gelatin, fatty acid
esters such as ethyl oleate, and the like. A typical parenteral formulation is a sterile pH 4-7

aqueous solution of the active agent. Parenteral formulations may also contain one or more
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solution was cooled to 0 C. Thionyl chloride (436 pL, 6 nunoft was added dropwise, followed by the
addition of pyridine (777 pL, 9.6 mmol) The mixture was stirred at O C for 1 hour. Saturated aqueous
ammonium BhiadeeogiamL) was added and the mixture was stirred for ST HHAE varming to
room temperature. The layers were separated, 30 and the aqueous layer was washed (2x100 mL
EtOAc.). The organic layers were WO 2009/035542PCT/US2008/010431 combined, dried over

Na2d304hf95%89i9a9, gsagﬁ%%@%esw@f{égmme@m@péﬁamaﬂig;m milgwéﬁﬂs(ﬁérh@mlﬁ, which vgjas
used in the next step without further purification S)-Cyc nt-l-enyl-hydroxyphenylacetic aci
(Id): IntermBefstATEM¢BURIATY2Y &5 H%Beéggrdli%g’glg%gdo%aﬁ%% @lf‘;%%gﬂ?é’f%n%{r?m%l). Water (1.84
mL, 102 mgpet)iviag &raddat-Aotawesdintite addition of KOH (1.1 g, 18.8 mmol) The reaction was
refluxed at 130 C for 3 hours. The mixture was diluted ' g RR&IMM chloride,
then washed (2x Eﬁiuﬁeigg;gé Vgnré%}é:ﬁn%ggéﬁg%ﬁ%%%%%aﬁ%%>_<2SQmL EtOAC).
The EtGAC taysdsrmet dadionpisstimoshibekitteBonios sxarapidl Ggroswendean §aedved Na2s04,

filtered an%%%gsé@gsﬁ% E%P(iﬁ&éél@!&ﬁ%@ig%@;ﬁﬁ@%@g@céﬂﬁf 2_5'3'%1@&%!9%15%&%%%9)-

Intermediate mg, 1 3 nunol) was dissolved in"MeO mL, 61,7 mmoe and the reaction

flask was fieassadlegiiunireneshaibelle, mif drawmeRBo RS BRiER AT THEISHPEY 7 Rixture was

stired at rogaq;iRRARsAeWHef bl dvdEoaenEnals freacliansyeernenigreddsy HPLC until the
starting material was 15 consumed (-24 hours). The reaction vessel was flushed with nitrogen, then

the mixtureSWASRREIEAHERGPOSEIRBSAAESTHERd with MeOH. The filtrate was concentrated under
vacuumg to obtain the:-tiledsorpompouad soslinhtiyyeiton sad8nmipteRrepaatibmaion
(R)-2-Cyclopenty1-2-hydroxy-2-ohenvl-1-pinerazipg-1-ylethan . ' in of
(R)-cyclopevg%‘l}%}é/}alporxryg/{gﬁee?\%‘leggle s ae&tl (%%jla){sgl%glﬁf 1rﬁr'%o )%ﬁ% .HI\I/F&IO% m %@gfsgggqu t-butyl
1-piperazinacanboxyize (BB TR WS:dntaimothandougsaretaed sa-plminigtser DitEACEEPHE ©6.3.6 mmol),

FOBH (10.4¢3, 68 HUP AR AN 050 FDGHA0.i 3 APl o0 Aicd adaporn 25

temperature for ours. The mixture was then washéd with I N NaOH (300 mL), 1IN HC1 (300 mL)
then saturateidrafiecss NeadanTEeRIsS hackigahiEamy b Wrun R PHshBRAshaRlaI e &F-frgS04 and

then filtgrechJE1e SAMRIE WASKRME Y8 dHsadar serkGrp, RIBSRYER: AcPiuiapaistdYediEA/DCM was

added to the crude material, and the resulting mixture was stirred for 2 hours.at rtoonhtear;ln erature The
solvent wasHetRBUEaTREERFda koatispriled - T HRRAPIHAFT JHE A GXY SR IRE Hikture was
washed withjsaitsaiosi&ndisishicadbonaiean IMEIRMOSY Q364 TREAIDS2 80BRIBABNibitors);

other muscarinic receptor antagonists (i.e., antichlolinergic agents); antiinfective agents
(e.g., Gram positive and Gram negative antibiotics, and antiviral agents); antihistamines;

20 protease inhibitors; afferent blockers (e.g., D2 agonists and neurokinin modulators); and _
combinations thereof. Numerous examples of such therapeutic agents are well known in
the art, and examples are described below. By combining a compound of the invention
with a secondary agent, double therapy can be achieved, i.e., muscarinic receptor
antagonist activity and activity associated with the secondary agent (e.8., B1 adrenergic

25  receptor agonist), in some cases by administering two compositions and in some cases by
administering a single composition containing the active agent and the secondary agent.
Accordingly, in yet another aspect of the invention, a pharmaceutical composition
comprises a compound of the invention, a second active agent, and a pharmaceutically
acceptable carrier. Third, fourth etc. active agents may also be included in the

30 composition. For example, a composition may comprise a compound of the invention; a
secondary agent selected from corticosteroids, f; adrenergic receptor agonists;
phosphodiesterase-4 inhibitors, and combinations thereof; and a pharmaceutically

acceptable carrier, In a specific embodiment, the composition comprises a compound of
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(300 mL). The organic layer was then removed, dried over MgSO4 and filtered. The crude material
was purified via silica gel chromatography (10% MeOH/DCM w/ 1% NH3 (aq)) to afford the title
compound aB20iRitessevder (9.0 g, 31.2 mmol) EXAMPLE 1 - PCT/US2008/010431
544(R)-2-Cvelopentyl-2-hydroxy-2-phenvlacetyl) -N-thiophen-2-ylmethylpiperazine-1-carboxamidine
NH N/N/1ILN OHH  To a stirred solution of

(R)-2-cyclopentyinddiy dreyatramhienycpripagaaist) vedogened (B M- flamnuotyiagexivIF{200 mL)
was added DIPEA (4.8 mL, 27

- 3 mmol), 10 and then C-(bis-benzotriazpl-1-yl)methyl amine (3.6 g,
13.7 mmolfORHEIEHeD Sty - o%ﬂ?’fg‘ gPéﬂ?roeu?gr%(S%r%llﬁﬁ (Ielé,o Pok‘%ﬂdwlesda %Iyr}l %ﬁ:ﬁ%ﬂ%n of
C-thiophens2iyin eibylacuineof2& mia3 S ntsnoi}y Dedensithang washeatérpiaBy C for - 14 hours. The

reaction wag n(%ooI?d t iEO%@nE‘?H%Per ture and the solvent removed by reduced pressure. The crude

material waS phnr}ﬁlglﬁ? y reverse pEH) jée-HI?LC to afford the title.'compqund as al5TFA salt (0.7 g, 1.3
mmol) MS in/z: [MA-hoalsdhdrt 18HIGIMv0 28 by sitheralivsicetty mixeebyrithdbsgrrpedis  DLPEA

(-8 mL, 4%, 80umelNATAHP IR AR UCIRRRAIK LA wElasy oF dlogRYndmdp BERFRERRhanone
(6.0 g, 20.8 mmolj dissolved in ethanol (90 mL, 2 mol). C- blsbenzotrlaz_ol-1-y1)-methyl§yn§ram|ne (6.0

g, 22.9 mmieharia addbsirirameramiions whick Maesn st ed i bRRaHs b BN IR

C-Thiophegsgnshimeihyiaspinadd R, & dhfonnal waseemieshaad thesrikitied wak sseceddvernight at
55 C. The mixture was condensed and the produc%é&urifie&égﬂP;C to aféorglitgg 0titlg com ound as a
TFA salt (7288 CHESR IS CMNETHIANRINTANSS F5H 6T B3 OHPIRATRR SoF Y Ex AMPLE
2 254((R)- 24y 6l epaiptysing hydmpyuRdaffehyasetyie and a second active agent. Additionally,

T
prepared aptdeserfgitih Prepzrgtorda)pnisingR @ommnhobthe dcatome A0SR e60.7 mmol)
f‘e“rg ggre;‘tﬁg é?rt'gxgé‘n%i EEL%@%%%QE%UM&Q&@E&%&%% 21%@%9,@9 &}ﬁa&ﬁﬂfggﬂ“ at room
the composition are typically mixed or blended to create a physical mixture. The physical
15 mixture is then administered in a therapeutically effective amount using any of the routes
described herein.
Alternatively, the active agents may remain separate and distinct before
administration to the patient. In this embodiment, the agents are not physically mixed
together before administration but are administered simultaneously or at separate times as
20  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 minuteg,
25 less than ten miﬁutes, less than one minute, or immediately after administration of the
compound of the invention. This is also referred to as sequential administration. Thus, a
compound of the invention can be administered by inhalation simultaneously or
sequentially with another active agent using an inhalation delivery device that employs
separate compartments (e.g. blister packs) for each active agent, where sequential may
30 mean being administered immediately after administration of the compound of the
invention or at some predetermined time later (e.g., one hour later or three hours later).
Alternatively, the combination may be administered using separate delivery devices, ie.,

one delivery device for each agent. Additionally, the agents can be delivered by different
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5 by the addition of 4-hydroxybenzyl amine (12.0 g mL, 97 mmol). The mixture was heated at 60 C for
- 14 hours. The reaction was cooled to room temperature and the solvent removed by reduced
pressure. THE@ g 2rial was purified by reverse phase-HPLC to affdtd¥R&ie/e¥dmdpound as a
TFA salt (1.7 g, 3.1 mmol). MS m/z: [M+H]calcd for C25H32N403, 437.25; found 437.2. 10EXAMPLE
3 44(R)-2-Cyclopenty1-2-hydroxy-2-phenylacety1)-N-furan-2-ylmethylpip_erazine-1- carboxamidine
(R)-2-Cyclopaniydfadiyiiesytidnp henyhelb P inkibzion aié hanoine 62.0rgl &lHhimistcl)idd and

C-(bis-benzotriazql-1-yl)methyleneaming. (2.0 g,.76 mmo]) were added to ethanal (40.0.inl, 685

mmol), followed b ﬂgea%xg?ﬁ Hﬂgpb?%%&t @Tﬂnnﬁ?sﬁ%Sr!n%)%ﬁﬁgﬁgr}ggmﬁﬂalﬁ?té%nex?asm{-%tirred at

room tempeifattierénfenanoatd dduasuoti addsidios deved MWmMOﬁnnh@ﬂmerﬁ@ﬁﬁme. _

FuuYIameS Sl %%%ev%ﬂgh@@?gﬁ MR FRACHPH WIXYRYAS SlFds3RC until the
about .20

reaction was comp%t % ours urification by preparative HPLC yielded the title
compound ventien Tatt iz dosrged@mmnd s asmng UptyhmgS i 2ogors-TealdagePer23H30N403,

411.23; foupd 4142, BXAMBLEGIY crrectRIRMGNG: Eie:RE0caELIRSISIOSE hashiRihe: previgusexamples,

and substituting the appropriate starting materials and reagents, compounds 4-1 to 4-52, having the
following, 285@eiEeatE @ HIHIRIF ARIFIOR DfB2UCEY 7 Q 4-1 -CH(CH3)-Q phenyl

Secondary agent(s), when included, are present in a therapeutically effective
amount. i.e., are typically administered in an amount that produces a therapeutically

10  beneficial effect when co-administered with a compound of the invention. The secondary
agent can be in the form of a pharmaceutically acceptable salt, solvate, optically pure
stereoisomer, and so forth. Thus, secondary agents listed below are intended to include all

" such forms, and arc commercially available or can be prepared using conventional
procedures and reagents. Suitable doses for a secondary agent are typically in the range of

15 about 0.05 png/day to about 500 mg/day.

In a particular embodiment, a compound of the invention is administered in
combination with a B, adrenergic receptor agonist. Representative B; adrenergic receptor
agonists include, but are not limited to, albuterol, bitolterol, fenoterol, formoterol,
indacaterol, isoetharine, levalbuterol, metaproterenol, pirbuterol, salbutamol, salmefamol,

20 salmeterol, terbutaline, and the like. Other B, adrenergic receptor agonists that can be used
in combination with compounds of the invention include, but are not limited to, 3-(4-{[6~
({PR )~2-hydroxy—2-[4-hydroxy—3-(hydroxymethy1)~phenyi]ethyl} amino)-hexylloxy}-
butyl}benzenesulfonamide and 3-(-3-{[7-({(2R)-2-hydroxy-2-[4-hydroxy-3-(hydroxy-
methyphenyl]ethyl}-amino)heptylJoxy} -propybenzenesulfonamide and related

25 compouﬂds disclosed in WO 02/066422 (Glaxo Group Ltd.); 3-[3-(4-{[6-([(2R)-2-
hydroxy-2-[4-hydroxy-3-(hydroxymethyl)phenyljethyl} amino)hexylloxy}butyl)phenyl]
imidazolidine-2,4-dione and related compounds disclosed in WO 02/070490 (Glaxo Group
Ltd.); 3-(4-{[6-({{2R)-2-[3-(formylamino)-4-hydroxyphenyl]-2-hydroxyethyl} amino)-
he;:yi] oxy}butyl}benzenesulfonamide, 3-(4-{[6-({(25)-2-{3-(formylamino}-4-hydroxy-

30  phenyl}-2-hydroxyethyl}amino)hexyl]oxy}butyl)benzenesulfonamide, 3-(4- {[6-({{2R/S)-
2-[3-(formylamino)-4-hydroxyphenyl]-2-hydroxyethyl} aminojhexyljoxy} butyl)benzene-
sulfonamide, N-(¢-butyl)-3-(4- {[6-({(2R)-2-[3-(formylamino)-4-hydroxyphenyl]-2-
hydroxyethyl}amino)hexyljoxy} butyl)benzenesulfonamide, N-(z-butyl)-3-(4-{[6-({ (28)-2-
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4-2 -CH2-Q 3,4-difluorophenyl 4-methoxyphenyl thiophen-3-y1 4-3 -CH2-Q 4-4 -CH2-Q 4-5-CH2-Q
phenyl 3-fluorophenyl 4-6 -CH2-Q 4-7 -(CH2)2-Q phenyl pridin-2-y1
WO 2009/035542 PCT/US2008/010431

[3-(formylamino)-4-hydroxyphenyl]-2-hydroxyethyl} amino)hexylJoxy} butyl)benzene-
sulfonamide, N-(t-butyl)-3-(4- {[6-({(2R/S)-2-[3-(formylamino)-4-hydroxyphenyl]-2-
hydroxyethyl} amino) hexyl]oxy}butyl)benzenesulfonamide and related compounds
disclosed in WO 02/076933 (Glaxo Group Ltd.); 4-{(1’R)-2-[(6~ {2-1(2,6-dichlorobenzyl)-
5 oxylethoxy}hexyljamino]-1-hydroxyethyl}-2-(hydroxymethyl)pheno! and related
compounds disclosed in WO 03/024439 (Glaxo Group Ltd.); N-{2-[4-((R)-2-hydroxy-2-
phenylethylamino)phenyllethyl}-(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-methoxyphenyl)aminophenyl]ethyl}-(R)-2-hydroxy-2-(8-hydroxy-
10 2(1H)-quinolinon-5-yl)ethylamine and related compounds disclosed in U.S. Patent No.
6,653;323 to Moran et al. In a particular embodiment, the Bz—adrenoreceptdr agonist is a
crystalline monohydrochloride salt of N-{2-[4-((R)-2-hydroxy-2-phenylethylamino)-
phenyl]ethyl}-(R)-2-hydroxy-2-(3-formamido-4-hydroxyphenyl) ethylamine. Typically,
the Py-adrenoreceptor agonist will be administered in an amount sufficient to provide from
15 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-16¢,170-[butylidenebis(oxy)}-60,9a-difluoro-11p-

20 hydroxy-17p-(methylthio)androsta-4-en-3-one (RPR-1 (6541); ciclesonide;
dexamethasone; 6a,9a-difluoro-17e -[(2-furanylcarbonyl)oxy]-11B-hydroxy-16a-methyl-
3-oxoandrosta-1,4-diene-17B-carbothioic acid S-fluoromethyl ester; 60.,9a-difluoro-114-
hydroxy-16a-methyl-17a -[(4-methyl-1,3-thiazole-5-carbonyl)oxy]-3-oxoandrosta-1,4-
diene-17p-carbothioic acid S-fluoromethy! ester; 6at,9a-difluore-11B-hydroxy-16a-methyl-

25 3-oxo-17a¢-propionyloxyandrosta-1,4-diene-17p-carbothioic acid (S)-(2-
oxotetrahydrofuran-35-yl) ester; flunisolide; fluticasone propionate; methyl prednisolone;
mometasone furoate; prednisolone; prednisone; rofleponide; ST-126; triamcinolone
acetonide; and the like. Typically, the steroidal anti-inflammatory agent will be
administered in an amount sufficient to provide from about 0.05-500 pg per dose.

30 An exemplary combination is a compound of the invention co-administered with
salmeterol as the B, adrenergic receptor agonist, and fluticasone propionate as the steroidal
anti-inflammatory agent. Another exemplary combination is a compound of the invention

co-administered with a crystalline monohydrochloride salt of N-{2-[4-((R)-2-hydroxy-2-
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4-8 -CH2-Q 4-9 -CH2-Q 3-hydroxyphenyl 4-10 -CH2-Q 4-fluorophenyl 4-11 -CH2-Q 2-fluorophenyl
4-12 -CH2-Q cyclohexyl 4-13 -CH2-Q 3-methoxyphenyl 3,5-difluorophenyl thiazol-2-y1 4-14 -CH2-Q
WO 2009/035542 PCT/US2008/010431

"phenylethylamino)phenyljethyl}-(R)-2-hydroxy-2-(3 -formamido-4-hydroxyphenyl)-
ethylamine as the B,-adrenoreceptor agonist, and 60,90-diflucro-17a-[(2-furanylcarbonyl)-
oxy]-11B-hydroxy-16a-methyl-3-oxoandrosta-1,4-diene-1 7p-carbothioic acid S-fluoro-
methy! ester as the steroidal anti-inflammatory agent.

5 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; iINOS
inhibitors; protease inhibitors, such as tryptase and elastase inhibitors; beta-2 integrin

10  antagonists and adenosine receptor agonists or antagonists (e.g., adenosine 2a agonists);
cytokine antagonists (e.g., chemokine antagonists such as, an interleukin antibody (all
antibody), specifically, an alL-4 therapy, an aiL-13 therapy, or a combination thereof); or
inhibitors of cytokine synthesis.

In a particular embodiment, a compound of the invention is administered in

15 combination with a phosphodiesterase-4 (PDE4) inhibitors or mixed PDE3/PDE4
inhibitors. Representative PDE4 or mixed PDE3/PDE4 inhibitors 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-difluoromethoxy-
phenyl)cyclohexah- 1-one; cis-[4-cyano-4-(3-cyclopropylmethoxy-4-difluoromethoxy-

20  phenyl)cyclohexan-1-ol]; cz's~4—cyano-4-[3-(cyc]opemx}ﬁy)~4~methoxypheny1]-
cyclohexane-1-carboxylic acid and the like, or phannaceuﬁcally acceptable salts thereof.
Other representative PDE4 or mixed PDE4/PDE3 inhibitors include AWD-12-281
(elbion); NCS-613 (INSERM); D-4418 (Chiroscience and Schering-Plough); CI-1018 or
PD-168787 (Pfizer); benzodioxole compc)unds disclosed in WO99/16766 (Kyowa Hakko);

25 K-34 (Kyowa Hakko); V-11294A (Napp); roflumilast (Byk-Gulden); pthalazinone
compounds disclosed in W099/47505 (Byk-Gulden); Pumafentrine (Byk-Gulden, now
Altana); arofylline (Almirall-Prodesfarma); VM554/UMS565 (Vernalis); T-440 (Tanabe
Seiyaku); and T2585 (Tanabe Seiyaku).

In a particular embodiment, a compound of the invention is administered in

30 combination with a muscarinic antagonist (i.., anticholinergic agent). Representative
muscarinic antagonists include, but are not limited to, atropine, atropine sulfate, atropine
oxide, methylatropine nitrate, homatropine hydrobromide, hyoscyamine {(d, )

hydrobromide, scopolamine hydrobromide, ipratropium bromide, oxitropium bromide,
-39.



4-15 .-CH2-Q 4-16 -CH2-Q 1H-pyrazol-3-y1 phenyl 4-17 -NH-Q 4-18 -CH2-Q furan-3-y1 4-19
-CH2-Q 2-methyl-thiazol-4-y1 propyl 4-20 -CH2-Q 4-21
WO 2009/035542 PCT/US2008/010431

tiotropium bromide, methantheline, propantheline bromide, anisotropine methyl bromide,

‘clidinium bromide, copyrrolate (Robinul), isopropamide iodide, mepenzolate bromide,

tridihexethyl chloride (Pathilone), hexocyclium methylsulfate, cyclopentolate

hydrochloride, tropicamide, trihexyphenidyl hydrochloride, pirenzepine, telenzepine, AF-
5 DX 116 and methoctramine and the like.

In a particular embodiment, a compound of the invention is administered in
combination with an antihistamine (i.e., Hy-receptor antagonist). Representative
antihistamines include, but are not limited to, ethanolamines, such as carbinoxamine
maleate, clemastine fumarate, diphénylhydramine hydrochloride and dimenhydrinate;

10 ethylenediamines, such as pyrilamine amleate, tripelennamine hydrochloride and
tripelennamine citrate; alkylamines, such as chlorpheniramine and acrivastine; piperazines,
such as hydroxyzine hydrochloride, hydroxyzine pamoate, cyclizine hydrochloride,
cyclizine lactate, meclizihe hydrochloride and cetirizine hydrochloride; piperidines, such as
astemizole, levocabastine hydrochloride, loratadine or its descarboethoxy analogue,

15 terfenadine and fexofenadine hydrochloride; azelastine hyda‘ochlbrid.e; and the like.

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 then blended with lactose

20 (25 mg). This blended mixture is then loaded into a gelatin inhalation cartridge. The
contents of the cartridge are administered using a DPI, for example. )

- A micronized compound of the invention (100 mg) is blended with milled lactose
(25 g) (e.g., lactose in which not greater than about 85% of the particles have a MMD of
about 60 pm to about 90 um and not less than 15% of the particles have a MMD of less

25 then 15 pum). This blended mixture is then loaded into individual blisters of a peelable
blister pack in an amount sufficient to provide about 10 pg to about 500 pg of the
compound of the invention per dose. The contents of the blisters are administered using a
DPL _

Alternately, a micronized compound of the invention (1 g) is blended with milled

30 lactose (200 g) to form a bulk composition having a weight ratio of compound to milled
lactose of 1:200. The blended composition is packed into a DPI capable of delivering
between about 10 pg to about 500 pg of the compound of the invention per dose.

Alternately, a micronized compound of the invention (100 mg) and a micronized Bz
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-CH2-Q butyl 4-22 -CH2-Q pentyl 4-23 -NH-Q 2-fluorophenyl 4-24 -NH-Q 2-chlorophenyl
3-fluorophenyl 4-25 -NH-Q 4-26 -NI-1-Q 3-chlorophenyl 4-methylphenyl 4-27 -NH-Q

10

I35

20

25

30

WO 2009/035542 PCT/ES2008/010431

adrenergic receptor agonist (500 mg) are blended with milled lactose (30 g). The blended

‘mixture is then loaded into individual blisters of a peelable blister pack in an amount

sufficient to provide about 10 g to about 500 pg of the compound of the invention per
dose. The contents of the blisters are administered using a DP1L.
Exemplary Compositions For Use In 4n MDI
A micronized compound of the invention (10 g) is dispersed in a solution prepared
by dissolving lecithin (0.2 g) in demineralized water (200 mL). The resulting suspension is
spray dried and then micronized to form a micronized composition comprising particles
having a mean diameter less than about 1.5 pm. The micronized composition is then

loaded into MDI cartridges containing pressurized 1,1,1,2-tetrafluoroethane m an amount

_ sufficient to provide about 10 ug to about 500 pg of the compound of the invention per

dose when administered by the MDL

Alternately, a suspension containing 5 wt% compound of the invention, 0.5 wt%a
lecithin, and 0.5 wt% trehalose is prepared by dispersing 5 g of a compound of the
invention as micronized particles with mean size less than 10 pm ina colloidal solution
formed from 0.5 g of trehalosc and 0.5 g of lecithin dissolved in 100 mL of demineralized
water. The suspension is spray dried and the resulting material is micronized to patticles
having a mean diameter less than 1.5 pm. The particles are loaded into canisters with
pressurized 1,1,1,2-tetraﬂuomethane. A

Exemplary Composition For Use In A Nebulizer Inhaler

A 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 necessary, to pH 5 by slowly
adding aqueous 1N sodium hydroxide. The solution is administered using a nebulizer
device that provides about 10 pg to about 500 pg of the compound of the invention per
dose.

Exemplary Hard Gelatin Capsules For Oral Administration

A compound of the invention (50 g), spray-dried lactose (440 g) and magnesium
stearate (10 g) are thoroughly blended. The resulting composition is then loaded into hard
gelatin capsules (500 mg of composition per capsule).

Exemplary Suspension For Oral Administration
The following ingredients are mixed to form a suspension containing 100 mg of

compound per 10 mL of suspension:
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4-28 -NH-Q 4-fluorophenyl 4-29 -N1-1-Q 4-chlorophenyl 4-30 -NH-Q 4-methoxyphenyl 4-benzoic acid
methyl ester 4-31 -CH2-Q 4-32 -C112- Il 1H-indo1-2- 1 4-33 -CH2-Q cycloheptyl 4-34 -CH2-Q

2-hydroxyph&miustiiiaetomethoxyphenyl PCT/US2008/010431
Ingredients Amount
Compound of the invention 10g
Fumaric acid 05¢g
Sodium chloride 20¢g
Methyl paraben 0.15¢
Propyl paraben 0.05¢g
Granulated sugar 255¢
Sorbitol (70% solution) 1285¢
Veegum® K (magnesium aluminum silicate) 10g
Flavoring 0.035 mL
Colorings 0.5 mg
Distilled water q.s. to 100 mL

10

15

20

25

Exemplary Injectable Formulation For Administration By Injection

A compound of the invention (0.2 g) is blended with 0.4 M sodium acetate buffer
solution (2.0 mL). The pH of the resulting solution is adjusted to pH 4 using 0.5 N
aqueous hydrochloric acid or 0.5 N aqueous 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 (0.22 micron) to provide a sterile solution suitable for
administration by injection.

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.

The following abbreviations have the following meanings unless otherwise

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

meaning:
AC adenylyl cyclase
BSA bovine serum albumin
cAMP 3'-5' ¢cyclic adenosine monophosphate
CHO Chinese hamster ovary
cM; cloned chimpanzee M5 receptor
DCM dichloromethane (i.e., methylene chloride)
DIPEA N, N-diisopropylethiylamine
dPBS - Dulbecco’s phosphate buffered saline
DMF N, N-dimethylformamide
EDCI N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide
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4-ami_dopheny| 4-hydroxymethyl hen 1 4-35 -CH2-Q 4-36 -CH2-Q 4-37 -CH2-Q 4-38 -CI-12-Q
11-1-indol-5-y1 4-39 -CH2-Q benzofuran-5-y1 4-40 -CH2-Q 4-methylphenyl 4-41 -CH2-Q

WO 2009/035542 PCT/US2008/010431
EDTA ethylenediamine tetraacetic acid
EtOAc ethyl acetate
FBS fetal bovine serum
FLIPR fluorometric imaging plate reader
5 HBSS Hank's Buffered Salt Solution

HEPES 4-(2-hydroxyethy!)-1-piperazineethanesulfonic acid
hM, cloned human M, receptor
hM, cloned human M receptor
hM; cloned human M; receptor

10 hMs4 cloned human M, receptor
hMs ~ cloned human Ms receptor
HOBt 1-hydroxybenzotriazole hydrate
MCh methylcholine
MeCH methanol

15 TFA trifluoroacetic acid
THF tetrahydrofuran

Any other abbreviations used herein but not defined have their standard, generally
accepted meaning. Unless noted otherwise, all materials, such as reagents, starting
materials and solvents, were purchased from commercial suppliers (such as Sigma-Aldrich,

20  Fluka Riedel-de Haén, and the like) and were used without further purification. Reactions
were run under nitrogen atmosphere, unless noted otherwise. ngéés 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. Reactmn mixtores were worked up

25  as described specifically in each reaction; commonly they were punﬁed 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.
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4-methylsulfanylphenyl 4-42 -CH2-Q 3-cyanophenyl 4-43 -CH2-Q 3-amidophenyl 4-44 -CH2-Q
2-methylphenyl 4-45 -CH2-Q 3-methylphenyl 4-46 -CH2-Q 1H-indol-4-yl WO
2009/03551 %R HIYUE2808/010131 Ex. Z Q 4-47 PCT/US2008/010431

Preparation 1

{(R)-cyclopentylhydroxyphenyl Acetic Acid

GoH

OH
O

(2R, 5R)-2-t-Butyl-5-phenyl-1,3-dioxolan-4-one (1a): (R)-Mandelic acid (20 g,

5 130 mmol) was dissolved in anhydrous pentane (200 mL, 1.7 mol). Pivaldehyde (13.6 g,
153 mamol) was added followed by trifluoromethanesulfonic acid (488 pL, 5.4 mmol). The
reaction was allowed to reflux at 36 °C under nitrogen. After 5.5 hours, the mixture was
allowed to cool to room temperature before stirring with 200 mL of an 8 wt% NaHCO;
solution for 10 minutes. Excess pentane was removed by rotary evaporation. The solids

10 were collected by filtration and rinsed (100 mL water) while under vacuum filtration. The
solids were dried overnight under high vacuum to yield intermediate (1a) as a white solid
(23.8 g, 88% purity).

(2R, 55)-2-t-Butyl-5-(1-hydroxycyclopentyl)-5-phenyl-1,3-dioxolan-4-one (1b):
Lithium hexamefhyldisiiazide (0.8 g, 4.7 mmol; 4.7 mL of 1.0 M in hexanes) was added to

15  anhydrous THF (5.3 mL, 65 mmol) at -78 °C, Intermediate (1a) (800 mg, 3.6 mmol) in

5.3 mL anhydrous THF was added to the solution dropwise over 15 minutes. After 30
- minutes cyclopentanone (451 pL, 5.1 mmol) was added dropwise over less than 1 minute.
room temperature for 5 minutes, The mixture was added to 8 mL saturated aqueous

20 ammonium chloride. The agueous layer was washed (2x80 mL EtOAc), and the organic
layers were combined, dried over Na2SQy, filtered and concentrated. The crude product
(780 mg) was purified by flash chromatography (5-15% EtOAc gradient over 30 minutes
with hexanes) to yield intermediate (1b).

(2R, 55)-2-¢-Butyl-5-cyclopent-1-enyl-5-phenyl-1,3-dioxolan-4-one (1¢):

25 Intermediate (1b) (650 mg, 2.1 mmol) was dissolved in 6.8 mL anhydrous THF and the
solution was cooled to 0 °C. Thiony! chloride (436 pL, 6 mmol) was added dropwise,
followed by the addition of pyridine (777 pL, 9.6 mmol). The mixture was stirred at 6 °C
for 1 hour. Saturated aqueous ammonium chloride (14 mL) was added and the mixture
was stirred for 5 minutes while warming to room temperature, The layers were separated,

30 and the aqueous layer was washed (2x100 mL EtOAc.). The organic layers were
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-CH2-Q 3-methylsulfanylphenyl benzo[b]thiophen-5-y1 4-48 -CH2-Q 4-49 -CH2-Q b enzor 1,3
Elioxol-5-y1 4-50 -CH2-Q benzo[bithiophen-2-yl 4-51 -CH2-Q 1-methyl-1H-pyrazol-3-y1 cyclopentyl
4-52 -CH2-Qvo(zuayyasg242yclopentyl1-2-hydroxy-2-phenylacety1)-N-VR) P& ipheaftétyipiperazine-
1-carboxamidine. MS m/z: [M+Hrcalcd for C26H34N402, 435.27; found 435.2.

combined, dried over Na,SOs, filtered and concentrated to yield intermediate (1c) as a light

yellow oil (540 mg), which was used in the next step without further purification.

($)-Cyclopent-1-enyl-hydroxyphenylacetic acid (1d): Intermediate (1c) (540 mg,
1.9 mmol) was dissolved in MeOH (927 pl, 22.9 mmol). Water (1.84 mL, 102 mmol) was
5 added, followed by the addition of KOH (1.1 g, 18.8 mmol). The reaction was refluxed at

130 °C for 3 hours. The mixture was diluted to 250 mL with saturated ammonium

chloride, then washed (2x 100mL hexane).. The remaining aqueous emulsion was washed

(2x250mL EtOAc). The EtOAc layers were combined, washed with 50mL saturated

aqueous NaCl, dried over Na;SOs, filtered and concentrated to yield intermediate (1d) as a

10 brownish-yellow solid (290 mg).
Intermediate (1d) (280 mg, 1.3 mmol) was dissolved in MeOH (2.50 mL,

61.7 mmol) and the reaction flask was flushed with nitrogen before 28 mg of 10% Pd/C

was added to the mixture. The mixture was stirred at room temperature under 1 atm

hydrogen and the reaction was monitored by HPLC until the starting material was

15 consumed (~24 hours). The reaction vessel was flushed with nitrogen, then the mixture
was filtered through celite and rinsed with MeOH. The filtrate was concentrated under
vacuum to obtain the title compound as a slightly yellow solid (284 mg).
Preparation 2

(R)-2-Cveclopentyl-2-hvdroxy-2-phenvi-1-piperazin-1-ylethanone
G. PR

N NH
— N/
o

To a stirred solution of (R)-cyclopentylhydroxyphenyl acetic acid (10.0 g,
45.4 mmo?) in DCM (200 mL) was added r-butyl 1-piperazinecarboxylate (8.5 g,
45.4 mmol). Into the reaction was added DIPEA (23.7 mL, 13.6 mmol), HOBt (10.4 g,
68.1 mmol), and then EDCI (10.4 g, 54.5 mmol). The mixture was stirred at room
25 temperature for 12 hours. The mixture was then washed with 1N NaOH (300 mL), IN HCI

20

(300 mL) then saturated aqueous NaCl (300 mL). The organic layer was then removed,

dried over MgSO, and then filtered. The solvent was removed under reduced pressure. A
solution of 20% TFA/DCM was added to the crude material, and the resulting mixture was
stirred for 2 hours at room temperature. The solvent was removed under reduced pressure.

30 DCM (300 mL) was added and the mixture was washed with saturated sodium bicarbonate |
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(4-2)4-(2-cyclopentyl-2-hydroxy-2-phenylacety1)-N-(3,4-difluorobenzyppiperazine- 5 1-carboxamidine.
MS m/z: [M+H]calcd for C251130F2N402, 457.23; found 457.2.
(4-3)4-(2-cydhspaityiBs24aydroxy-2-phenylacety1)-N-(4-methoxybenzyl) PibefdAad O ddoxamidine.
MS m/z: [M+H]calcd for C26H34h1403, 451.26; found 451.2.
(4-4)44(R)-2-cyclopenty1-2-hydroxy-2-phenylacety1)-N-thiophen-3-ylmethyl-
piperazine-LogoxarnisliigaitS apéz w[M-titicedard for, QR34 30840280420 Ziltefedn T HOchRR4.
(4-5)N-benzy1-44(R)-2-cyclopentyl-2-hydroxy-2-phenyla )Ri ing-1- idine. MS |n/z:
M+ HloalocHBFTASH P ERADS, F2Eh A a2 ooty (10% MEGHAILT R SR
(4-6)44(R)-2-ayodpkatytle 2dnyplony <&-p varitd postgd) (N 3 filct amably ) PiPerazine- 1-carboxamidine.
MS m/z: [M+Hrcalcd for C251-131FN402, 43%M £#39.2. 15
(4-7)44(R)-2-cyclopenty1-2-hydroxy-2-phenylacety1)-N-PhenethylpiPerazine-1- carboxamidine. MS
m/z: [M&H]calcd for C261134M40%)-245volppentivic? Angroxy-2-phenylacetyl)
(4-8)44(R)-2-cyclopenty1-2-hygs Nepysiginzdsyirmeioe
piperazine-1-carboxamidine. or C24H31N502, 422.25; found 422.2.

C

(4-9)44(R)-2-cyclopentyl-2-hydroxy- enylat % -(B-hydroxybenzyl) 20
piperazine-1-carboxarnidine. MS m/z i calgd fo , 437.25; found 437.2.
(4-10)44(R)-2-cyc|openty1-2-hydroxy el @WIaéefyi)-N-(Z-flu@ enzyl)PiPerazine- 1-carboxamidine.
MS m/z: [M+Hrcalcd for C25H31FN4 9.24; found 439.2.
(4-11)44(R)-2—cyc|openty1-2-hydroxy-2-phenylacetyl)-N-(Z-fIuorobenzyl)lPiP_erazine- 1-carboxamidine.
MS m/z: [M+HrcalBel doticebsedam a6 2R 13e vel opstiyd 2 iy dropy 2-phenyl-1-piperazin-1-
(4-12)N-CY?%@%@&@V&z%ﬁ%)ﬁ%ﬁxﬁ@m%%%xhngé%a@Mﬂ@@ﬁl}nu 27.3 mmol),

piperazine-I-carboxamidine. MS m/z; £M+H]calcd for C25H3 1\140% 427.30Q; found 427.2
10  and then C-(bis-benzotriazol-1-yl)methylene amine (3.6'g, 13.7 mmol). Thiswas s rred at

room temperature for 30 minutes, followed by the addition of C-thiophen-2-yl-

[e]]

methylamine (2.8 mL, 27.3 mmol). The mixture was heated at 60 °C for ~ 14 hours. The
reaction was cooled to room temperature and the solvent removed by reduced pressure.
The crude material was purified by reverse phase-HPLC to afford the title compound as a
15 TFAsalt (0.7 g, 1.3 mmol). MS m/z. [M-+HT caled for C23H3oN4O,S, 427.21; found 427.2.
Alternate Synthesis
DIPEA (7.3 mL, 41.6 mmol) was added to (R)-2-cyclopentyl-2-hydroxy-2-phenyl-
I-piperazin-1-ylethanone (6.0 g, 20.8 mmol) dissolved in ethanol (90 mL, 2 mol). C-(bis-
benzotriazol~l-yi)-mefhylenearnine (6.0 g, 22.9' mmol) was added and the mixture stirred at
20 room temperature for 30 minutes. C-Thiophen-2-yl-methylamine (4.9 g, 41.6 mmol) was
added and the mixture was stirred overnight at 55 °C. The mixture was condensed and the
product purified by HPLC to afford the title compound as a TFA salt (7.3 g, 98% purity).
MS m/z: [M+H] caled for Co3HzoN404S, 427.21; found 427 4.
EXAMPLE 2
25 _ 4-((R)-2-Cvclopentyl-2-hydroxy-2-phenylacetyl)-

N-{(4-hvdroxybenzylpiperazine-1-carboxamidine

~46-



(4-13)44(R)-2-cyclopentyl-2-hydroxy-2-Phenylacetyl)-N-(3-methoxybenzyl)
piperazine-1-carboxamidine. MS m/z: [M+Hrcalcd for C26H34N403, 451.26; found 451.2. WO
2009/03554RCTHIS2808/010431 PCT/US2008/010431
(4-14)4((R)-2-cyclopentyl1-2-hydroxy-2-phenylacety1)-N-(3,5-difluorobenzyl)-
piperazine-1-carboxamidine. MS m/z: [M+Hrcalcd for C25H30F2N402, 457.23; found 457.2.
(4-15)44(R)-2-cygﬁ@@@ﬁéyé&zomslcdf%w-[@epmewlﬂ%@fﬁtynizz-ifﬂythi:a@wéﬁighw;hyipﬁazin-1- ,
piperazine-1-carboxamidjne. in/z;, [M+Hrcalcd for L129N5 .20, 4 :
(4-16)44(R}'-]2§]&W8ﬁ§i8¢1521-%%m91: -bﬁ?&h‘iﬁ&é&?ﬁfﬁﬁﬁiﬁ%ﬂ Srz%i%‘ﬁr%%ﬁ%%go i)
piperazine-vaadddxaidie (M mikz, ¢MF Hroal}dfo e ZHEONGOZotlar@ 4 - idhimg th ¥ lEre.
(4-17)44(R)-2:C Nty 1-2-hydroxys2- ty1)-N- ' i ne-
carboxamic%'lrrl;”e]r.1 ‘Ergﬁ)gz '+1i£ﬁﬁccétllc'd)j%olrsna:pé%1 1 1%%%%%2@%@%%%%32@%’%lwwd
(4-18)48(R)b2:thecidpigiony 0 £ A-hydroxybengibaminedh210-setls - suppib et ies beatiboxamidine.

MS m/z: [My el for G 23R30N 0 3. £ #id 7R aiQdBR dHolrdom temperature and the solvent
(4-19)44(R)-2-cyclopenty1-2-hydroxy-2-phenylacety1)-N-(2-methylthiazol-4-
ylmethy Dp EraYFHch TEAVBAETATATRE. WRS FRASTRRLAIIELYGE RO EI58 P et RSB PRSI APEE s found

442.2. (4-2QiNrh kv tidd (RangonyielapentyA-2ahydrokys2- pheoyyasesyh)pperadnaldd farboxamidine.
MS m/z: [M+Hrcalcd for C22H 41%3%72 387.27; found 387.2.

(4-21)4((R)g253§?é%15@nﬁ?f-'§§ ' ﬁhenylacetyl)-N-pentyIPiperazine-l- carboxa dine. MS m/z:
[M+H]ealcd for C23H36171402, 401.28; founcEADIVIRIID 3

(4-22)4((R) _Z_CX—C(J %%@%a%bhéé%%l’ﬁ%' ré‘;‘?ﬁ%'-%%%%%é[c\lﬁﬁﬂ mffgﬂﬁéafvmin erazine-1-

carboxamidine

(R)-2-Cyclopentyl-2-hydroxy-2-phenyl-1 -piperazin-1-ylethanone (2.0 g, 6.9 mmol)
15 and C-(bis-benzotriazol-1-yl)methyleneamine (2.0 g, 7.6 mmol) were added to ethanol
(40.0 mL, 685 mfnoi), followed by the addition of DIPEA (2.4 mL, 13.9 mmol). The
resulting mixture was stirred at room temperature for about 1 hour until ali solids were
dissolved, to form the intermediate. Furfurylamine (1.2 ral,, 13.9 mmol) was added and
the reaction mixture was stirred at 35 °C until the reaction was complete (about 22 hours).
20  Purification by preparative HPLC yielded the title compound as a TFA salt (329 mg, 6.9
mmol, 97.5% purity). MS m/z: [M+H] calcd for Cp3H30N4O3, 411.23; found 411.2.
EXAMPLE 4
Following the procedures described in the previous examples, and substituting the
appropriaté starting materials and reagents, compounds 4-1 to 4-52, having the following,

25 were also prepared as TFA salts:
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carboxamidine. MS m/z: [M+Hrcalcd for C241138N402, 415.30; found 415.2.
(4-23)4((R)-2-cyclopentyl-2-hydroxy-2-phenylacety1)-N-(2-fluoroPhenyl)PiPerazine- 1-carboxamidine.

MS m/z: [MPHICARDIZHE 241130FN502, 440.24; found 440.2.

PCT/US2008/010431

(4-24)44(R)-2-cyclopenty1-2-hydroxy-2-phenylacetyl1)-N-(2-chloroPhenyl)PiPerazine- 25
1-carboxamidine. MS m/z: [M+Hrcalcd for C241130C1N502, 456.21; found 456.2.

b- 1-carboxarnidine.

b- 1-carboxamidine.

e-1-carboxamidine.

- 1-carboxamidine.

e-

152.2. 5

71-134N404,

(4-25)44(R)-2-cyclopentyI{Z2-hydroxy-2-phenylacgty1)-N-(3-fluoroghenyl)piperazing
MS m/z: [M+H]calcdifar-C24H30 A49.24, found 440.2. phenyl
(4-26)44(R)-2-cyclopenty1{2-hydroxyt-ghenylacety 1)-N- (3 ¢tdidhepbpiwa)diperazin
MS m/z: [M+H]calcd!for.£241130CINEOQ, 456.21); found 46metiB88yphenyl
(4-27)4((R)-2-cyclopentyl -P-hydroxg:gsphenylacety1)-N-(4-nistpigkényll) piperazin
MS m/z: [M+H]calcd|for-€25H33N5021,436.26; found 436.2.  phenyl
(4-28)4((R)-2-cyclopentysl -2-hydroxyR,phenylacety1)-N-(4-Bufinoplydreupbiperazine
MS m/z: [M+H]calcd;fot-€24H30FNGHR),430.24; found 440.2. -GihertlO
2009/035542PCT/U$20881010431.CH,-Q pyridin-2-yl
(4-29)44(R)-2-cyclopentyl2-hydrox@i2~ghenylacaty1)-N-(43dipdroBipbayPiPerazin
1-carboxamidine. M$ #alz:. [M+HrcalcH{ap C24H30C1N502, 4568:2dplhonyld 456.2.
(4-30)44(R)-2-cyclopestyil 2-hydrox@i2rghenylacety1)-N-(4-28 teoopitnghy1)-
piperazineThcarboxamidine. MS m/ZHM@Hrcalcd {for C25H338y583e4%P.26:; found
(4-31)4-(([4((R)-2-cyc Bepemty 1-2-hy@Hux( 2-phenylacety ) Bipwthzinglienyl
carboximidoyllamino}raaiy) benzokCabiddmethyl ester. MShidifissanteaied for C2]
479.26; found 479.2[ 4-15| .  -CH,-Q thiazol-2-yl

4-16 -CH,-Q 1H-pyrazol-3-yl

4-17 -NH-Q phenyl

4-18 -CH;-Q furan-3-yl

4-19 -CH,-Q 2-methyl-thiazol-4-y]

4-20 -CHy-Q propyl

4.21 ~-CH,-Q butyl

4-22 -CH,-Q pentyl

4.23 -NH-Q 2-fluorophenyl

4-24 -NH-Q - 2-chlorophenyl

4-25 -NH-Q 3-fluorophenyl

4-26 -NH-Q 3-chlorophenyl

4-27 -NH-Q 4-methylphenyl

4-28 -NH-Q 4-fluorophenyl

4-29 -NH-Q 4-chlorophenyl

4-30 -NH-Q 4-methoxyphenyl

4-31 -CH,-Q 4-benzoic acid methyl ester

4-32 -CH,-Q 1H-indol-2-yl

4-33 ~CH,-Q cycloheptyl

4-34 -CH,-Q 2-hydroxyphenyl

4-35 -CH,-Q 4-trifluoromethoxyphenyl

4-36 -CH;-Q 4-amidophenyl

4-37 -CH»-Q 4-hydroxymethylphenyl

4-38 -CH,-Q 1H-iridol-5-yl

4-39 -CH,-Q benzofuran-5-yt

4-40) -CH>-Q 4-methylphenyl

4-41 -CH,-Q 4-methylsulfanylphenyl

4-42 -CH,-Q 3-cyanophenyl

4-43 -CH»-Q 3-amidophenyl

4-44 -CH,-Q 2-methylphenyl

4-45 -CH,-Q 3-methylphenyl

4-46 -CH>-Q 1H-indol-4-vi
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(4-32)44(R)-2-cyclopenty1-2-hydroxy-2-phenylacety1)-N-( 1H-indol-2-ylmethyl)
piperazine-I-carboxamidine. MS m/z: [M+Hrcalcd for C27H33N502, 460.26; found 460.2. 10
(4-33)N-cyceleepigitiety 1-44(R)-2-cyclopenty1-2-hydroxy-2-Phenylacet§y T/US2008/010431
piperazine-l-carboxamidine. MS m/z: [M+Hrcalcd for C26H40N402, 441.32; found 441.2.
(4-34)44(R)-2-cyclopenty1-2-hydroxy-2-phenylacety1)-N-(2-hydroxybenzyl)
piperazine-I-carboxafnmknel MS m/z: [M+Hrcalcd for C25H32N408) 437.25; found 437.2.
(4-35)44(R)-2-cyclogeniyi-2-hydroxgib-Hahenylacety 1)-N-hdtiffisidmetbimagienzyl) 15
piperazine-l-carboxajmidige] MS m/zcHvktH]calcd for C263k3dF3iNAphebd6y24; found 505.2.
(4-36)4-({[44(R)-2-cyclppenty1-2-hydrpxgr2-phenylacety pgipefd Adpdidxol-5-y1
carboximidoyliaminofmeiyDbenzamgdeQVS in/z:{[M+Hrseied[iGoient 33N503, 464.26; found
464.2. 20 (4-37)44(R)£LxytlopentylzEhpdroxy-2-{phentdacshyl tN-pdrhazalrdxyimethylbenzy1)-
piperazine-1-carboxamiginé. MS mizHMaH]calcdi{for C26H34d8ery1.26; found 451.2.
(4-38)4-((R)-2-cyclopenty1-2-hydroxy-2-phenylacetyl)-N-(1H-indol-5-yImethyl)- .
piperazine- lfmnboxami@m@dwﬁemﬁ-zmwrﬁwadpﬂm@amﬁmz)4@1@@@@@@@@@%-
(4-39)N-benzo ran -5- 1me 1- o oXy 25
piperazine-I- C%l SX%IFH d{r“le %é"%z%ﬁﬁ%a%%o }2%1%%4 3§ gg?%&%ou%%)%l 2.

(4- 40)44(R)@3-zyc|opehm:—@hpdnw&ﬂ%meny@détyummwlm@ft@Haérfkwx}zbenzyi)plperazm

piperazi C e / 4 Q?,nglzndqgn@ 435.2.
(4-41)4 (R)JIZ %{}%’%%uerﬁ%llg 2%%%@%%#&?&%&%%% foﬂuan el

piperazine- I%%}boxaﬁ@nﬁécml}ﬁ’ﬂzzWWQWMY@%YIM ZFBE%‘O’& AGak7 2.
(4-42)N-(3-4anaheRawt)-#M72- aveieneniyd- m%mwﬁa@hmymwx)ﬁlmazme-

(4-4) 4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-N-thiophen-3-ylmethyl-
piperazine-1-carboxamidine. MS m/z: [M+H] calcd for C23H3oN402S, 427.21; found

10 4274
(4-5) N-benzyl-4-((R)-2 ~cyciopen£yl-i-hydrox y-2-phenylacetyl)piperazine-1-
carboxamidine. MS m/z: [M+H] calcd for CosH3aN4Oz, 421.25; found 421.2.

(4-6) 4~((R)—2—cyclopentyl»2—hydroxy~2-phenylacetyl)~N»(3-ﬂuorobenzyi)piperazine~
1-carboxamidine. MS m/z: [M+H] caled for CysHsi FN4O3, 439.24; found 439.2.

15 (4-7) 4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-N-phenethylpiperazine-1-
carboxarﬁidine." MS m/z: [M+H] caled for CagH3aN4O2, 435.27; found 435.2.

(4-8y 4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-N-pyridin-2-ylmethyl-
piperazine-1-carboxamidine. MS m/z: [M+H] caled for Ca24H31Ns0,, 422.25; found 422.2.
(4-9) 4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl}-N-(3-hydroxybenzyl)

20 piperazine-1-carboxamidine. MS m/z: [M+H]"caled for CasH3,N.2O3, 437.25; found 437.2.
(4-10) 4-((R )-2—cyc10pe‘ntyl—%hydroxy—2-phenylacetyi)—N‘(4nﬁuorobenzyl)piperazine*
1-carboxamidine. MS m/z: [M+H] caled for CpsH31FN4Oz, 439.24; found 439.2.

(4-11) 4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-N- -(2-fluorobenzyl)piperazine~
1-carboxamidine. MS m/z: [M+H] caled for CpsHai FN4Oz, 439.24; found 439.2.

25 (4-12) N—cyclohexylmethybzi*((R)—2-cyclopentyl—2-hydroxy«Z-phenylacetyl)
piperazine-1-carboxamidine. MS m/z: [M+H] calcd for CasH3sN4O,, 427.30; found 427.2.
(4-13) 4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-N-(3 -methoxybenzyl)
piperazine-1-carboxamidine. MS m/z: [M+HT caled for CpgH3aN405, 451.26; found 451.2.
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I-carboxamidine. MS m/z: [M+H]calcd for C261431N502, 446.25; found 446.2.
(4-43)3-({[4((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-pipera2ine-1- -51- WO
2009/03554 N E2808/010431 earboximidoyllaminolmethypbenzami@€TNMS 801N+ Hrealcd for
C26H33N503, 464.26; found 464.2.
(4-44)44(R)-2-cyclopenty1-2-hydroxy-2-phenylacety1)-N-(2-methylbenzy1)-
piperazine-saanpoxasmigine-MadpéatiMtiealed fomendtiidd 1) Mo s4BRudfobenn)434.2. 5
(4-45)44(R)-2-eyelopenty1-2-hydroxy-2- hen)ﬁ%ﬁ al é{\l(s‘g t%?'élﬂ 1)- )
piperazine-PREAFHG AT VISR . Miiife Ja%%ﬁ) 5% %% t%%gﬁﬁ‘sf%& kv
(4-46)44(Ru27¢yclopentyl-2-hydroxy-2-phenylacety1)-N-( IH-indol-4-ylmethyl)-
piperazine-1-carboxa #%lq ‘MS m/z: [N+ é] aled for C27% Eﬁ?ﬁ%iégpg 1 JQHRG.460.2.
(4-47)44(R)%JZ'-li_\g;’)/eIopg1 y eé%adprg%l} -pr{iI| %?é‘&tﬁ?‘?ﬁf %e ethylsul anylbgnzyl - 10
piperazihe-piarborarhicidsusidme: M3 Hredbt Ty QRE1faI2nldoNs046 #2426 (ornd67.2.
(4-48)N-be%%[g]thiophen-S-ylinethy1-44R)-2-cyc|opentyl-2-hydroxy-2-pheny|-
aeptyppiperazineThearboxarnidine. MS m/z: [M+Hrcaled for C27H321\1402S 477.22'hf0und 477.2. 15
(4-49)N-berdol) 3]clid{ B2 yirsiapgat:d-2 dyisonydophsmnRoehflfbky B ymaag)i3-yimethyl)
acetyppipergzing; hcabaxamiciat Mz [NeHiTalesfer C2011 374 04 ¥DH Phidountl 2165.2.
(4-50)N-benzo[b]thiophen-2-yimethy1-44(R)-2-eyelopenty. -2-%6” -2- i . —
phenylacetyfipipbrazifdRleAfssienttihie- MERK-{himydase 6{}9 éé“ﬁﬂ%‘if?f‘&’é%‘g?%‘ﬁ%.zz; found
477.2. (8-5 DB§RIndciye] apsiy:-AMwITtoc2 P eylhaNtys) 402, 25mistind 422 2 pyrazol-3-
YImety g ne- S A ST 2 Ay WY RIS 5 AP HR AN pnpiclafid- 4252
1-carboxamidine. MS m/z: [M+H] caled for CpyH3oN403, 411.23; found 411.2.
(4-19) 4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-N-(2-methylthiazol-4-
ylmethyl)piperazine-1-carboxamidine. MS m/z: [M+H] caled for Cp3H31Ns0,8, 442.22;
15 found 442.2.
(4-20) N-butyl-4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-piperazine-1-
carboxamidine. MS m/z: [M+H] caled for C2H3¢N,0,, 387.27; found 387.2,
(4-21) 4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-N-pentylpiperazine-1-
carboxamidine. MS m/z: [M+H] caled for Cz3H3sN4Oz, 401.28; found 401.2.
20 (4-22) 4~((R)-2-cycIopentyl-_;_fl}yquxy-2-phenylacetyl)—N-hexylpiperazine-1-
carboxamidine. MS m/z: {M+I—I]+calcd for CssHigN40;, 415.30; found 415.2.
(4-23) 4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-N-(2-fluorophenylpiperazine-
1-carboxamidine. MS m/z: [M+H] caled for Ca4H3gFNsOs, 440.24; found 440.2.
(4-24) 4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-N-(2-chlorophenyl)piperazine-
25 1-carboxamidine. MS m/z: [M+H] caled for CpsH30CINsOz, 456.21; found 456.2.
(4-25) 4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-N-(3-fluorophenyl)piperazine-
1-carboxamidine. MS m/z: [M+H] caled for CpaH3cFN;sO2, 440.24; found 440.2.
(4-26) 4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl}-N-(3-chlorophenyl)piperazine-
1-carboxamidine. MS m/z: [M+H]+calcd for CyaHzoCINsO;,, 456.21; found 456.2.
30 (4-27) 4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-N-(4-methylphenyl)
piperazine-1-carboxamidine. MS m/z: [M+H]"caled for Cp5Ha3N503, 436.26; found 436.2.
(4-28) 4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-N-(4-fluorophenyl)piperazine-
1-carboxamidine. MS m/z: [M+H] caled for CpqH3oFN;sOz, 440.24; found 440.2. |
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(3-52)4-(M)-2-eyelopentyl-2-hydroxy-2-phenylacety1)-N-cyclopentylmethyl- 25
piperazine-I-carboxamidine. MS m/z: [M+Hrcalcd for C24H35N402, 413.28; found 413.2. EXAMPLE 5
Following th&pra$edéfe described in the previous examples, and subst®R&HAG A Bpriate starting
materials and reagents, compounds 5-1 and 5-2, having the following, were also prepared as 1F A
salts: WO 2009/035542PCT/US200 /010431

(5-1)N-benzyl2éf(R)-2(grsiDRotyeryNEiigdysR hehyint ety iN-iHethidropipardimestuacboxamidine
(R9 = -CH3). MS ,n/z: [M+H]rgalcd far C. 4N40 5.27;1qu . 2.5
(5-2)N-benz)y"i§;m2[m'§?cl n %y rgéfg-ﬁfﬁ%ﬁ”‘y g’é@{ﬁﬁ\lﬁéhgy}?b%ggfi%%? 1 -carboxamidine
(R6 = -CH2@H88). MS4ni(E;) {Mesidiomtoty Tor IGATI SENACR y ltb 9t 28: Noldrir atiex 2l sration 3
(R)'34(R)"§T§>§%¥9'Oﬂl%UfYc]a}%é}(%ﬂ{&ffP(é?&‘s’/ﬁeH)’z'?ﬁ@l@f}”)callgﬁwpﬁdiﬁ?ﬂli satboliciagit ubply! ester

ICa

At room terhpera ure, diisopropyl azo rboxylate (980 1.11, 5 mmo ) was slowly added to a mixture
of (R)-cyiclofedtylhydfosdipHeRy Rrertioranar(2- hysirexpraraherdpest IRIRSI3ATFrétidine-1-carboxylic acid
t-butyl ester (10 .9 R:8yHmako AR BBeMdiclRinhashbing:tk SsHmmeb- Qe @i TI-IF. The

reaction mixture was then stirred at room temperature overnight. The solvent was removed and
100 ml of EGnE kO adiel o {R8igtiidiayer was washed with a sodium bicarbonate solution (50 ml

x 3), then satusaied aqugens-Nakheapiligttover sodiymcuifial Iibisobianyinashydmoved,
e e Lasrbasam e Sas'vo2 B tc D EXiRnIGie) AeRudity hegane) to veld
i0  (4-33) N-cycloheptylmethyl-4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)
piperazine-1-carboxamidine. MS m/z: [M~+H] calcd for CasHaeN4Oz, 441.32; found 441.2.
(4-34) 4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-N-(2-hydroxybenzyl) )
piperazine-1-carboxamidine. MS m/z: [M+H] caled for Cy5H3;N403, 437.25; found 437.2.
(4-35) 4-.((R)-2-cyclopenty1—2~hydroxy—2-phenyiacety1)~Na(4~t1iﬂuoromethoxybenzyl)

15  piperazine-1-carboxamidine. MS m/z: [M+H] caled for CysHi F3N4O;, 505.24; found
505.2.

(4-36) 4-({[4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)piperazine-1-
carboximidoyl]amino}methyl)benzamide. MS m/z: [M+H}+calcd for Ca6H33Ns03, 464.26;
found 464.2.

20 (4-37) 4-((R)-2—cyclopentyl—z-hydroxy&-phenyl_gp_@y}}M(&hydmxymethbeenzyl)—
piperaiéﬁc—:ii;carboxamidine. MS m/z: [M+H] caled for C26H34N403, 451.26; found 451.2.
(4-38)  4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-N-(1H-indol-5-ylmethyl)-
piperazine-1-carboxamidine. MS m/z: [M-+H] caled for C7H33N50,, 460.26; found 460.2.
{4-39) N-benzofuran-5-yimethyl-4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-

25 piperazine-1-carboxamidine. MS m/z: [M+H] caled for C27HapNOs, 461.25; found 461.2.
(4-40) 4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-N-(4-methylbenzyl)-
piperazine-1-carboxamidine. MS m/z: [M+H] calcd for C2sH34N4Oy, 435.27; found 435.2.
(4-41) 4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-N-(4-methylsulfanylbenzyl)-
piperazine-1-carboxamidine. MS m/z: (M+H] caled for CosH3aN4O28, 467.24;

30 found 467.2.

(4-42) N-(3-cyanobenzyl)-4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)piperazine-
1-carboxarnidine. MS m/z: [M+H] calcd for Cy6HaiNsO2, 446.25; found 446.2.
(4-43) 3-({[4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-piperazine-1-
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WO 2009/035542PCT/US2008/010431 Preparation 4 (R)-Cyclopentvlhydroxyrthenylacetic acid

(R) pyrrolidin-3-y1 ester

(R)-3-((R)- Z‘wgl’gffgw 2-hydroxy-2-phenylacetoxy)pyrrolidine-1- carbogylléugzg(c}:%) {gﬁu]tyl ester (1.3
g) in 8 ml 1,4-dioxane was added to 4 ml of 4M HCL1 in 1,4-dioxane and stirred at room temperature
overnight to yield the title compound as an HC1 salt (1 g). EXAMPLE 6

(R)-Cyclopegibyinisomhenyisieatio pididnta@)de. (VB enzy [o4bHMikid GunPyiieNi03 404 2éter 10
(R)-34(R)-2- g%/néoéjée y1-2-hydroxy-2-phenylacetoxy)Pyrrolidine-l-carboxylic acid t-butyl ester (97.5
mg, 0.3 mmol of DMF was added to D1PEA (130 ul, 750 umol), followed by the addition of
C-(bis-benzétritdiol-1-yyRhethytdomatying i8Iz 23800 aotty DHE- (2 antibhilhenatite was stirred at

room temperaiure for. 2 NS INIANCARY 12. th@ﬁ@ﬁ%@éﬂ%Pé@ mwe 4399}, A ymaly The

reaction mixture was the stirred at room temperature overnight e solvent was removed and the

solute pdrifiédtH3 revéﬁéﬁjr?agéc&?@ﬁﬂt%(ﬁ%ﬁyﬂéﬂ@ﬁﬁﬁéeﬁﬂ% YorAperthdRREPEA salt (78.2 mg,

99.5% pU”"W&iﬁ@Zl Mﬁbﬁfﬁﬁmn@rﬁ'@%¥M4ﬁ@3aﬁa%&@{&mﬁ4@24%5%%|d5§520%||0W|n9
the procedures described in the preV|ous example, and substltuaﬂyg E\Ii\ng ro ??t ting materials
and reagenté-88podhd&r 1o Hprest X‘?a')«imﬁl’t?i’@'farﬂ?ﬁﬂ'}@afﬁ Tta; \Were' S0 B :S &d as TFA salts:

piperazine-1-carboxamidine. MS m/z: [M+H] caled for Co7H33Ns0,, 460.26; found 460.2.
(4-47) 4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-N-(3-methylsulfanylbenzyl)-

10 piperazine-1-carboxamidine. MS m/z: [M+H]+calcd for C6H14N4O,S, 467.24; found
467.2.

(4-48) N-benzo[blthiophen-5-ylmethyl-4-((R)-2-cyclopentyl-2-hydroxy-2-phenyl-
acetyl)piperazine- 1-carboxamidine. MS m/z: [M+H] caled for Ca7H3,N40,8, 477.22;
found 477.2.

15 (4-49) N-benzo[1,3]dioxol-5-ylmethyl-4-{(R)-2-cyclopentyl-2-hydroxy-2-phenyl-
acetyl)piperazine-1-carboxamidine. MS m/z: [M+H] caled for CosH3N4Qs, 465.24; found
465.2.

(4-50) N-benzo[b]thiophen-2-ylmethyl-4-((R)-2-cyclopentyl-2-hydroxy-2-
phenylacetyl)piperazine- 1-carboxamidine. MS m/z: [M+H] caled for Ca7H3,N40,S,

20 477.22; found 477.2. -
(3-51)  4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-N-(1-methyl-1H-pyrazol-3-
ylmethyl)piperazine-1-carboxamidine. MS m/z: [M+H] " caled for Cz3H3NsO,, 425.26;
found 425.2.
(3-52) 4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-N-cyclopentylmethyl-

25 piperazine-1-carboxamidine. MS m/z: [M+H] calcd for CpqH3eNaOo, 413.28; found 413.2.

EXAMPLE 5
Following the procedures described in the previous examples, and substituting the

approi)riate starting materials and reagents, compounds 5-1 and 5-2, having the following,

were also prepared as TFA salts:
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Ex. Q 7-1 phenyl 7-2 thiophen-2-y1 7-3 2-hydroxyphenyl 7-4 3-hydroxyphenyl 7-5 4-hydroxyphenyl 7-6
furan-2-y1 7-7 furan-3-y1 7-8 2- quorophenyI 7-9 3-fluorophenyl 7-10

10

135

20

WO 2009/035542 PCT/US2008/010431

(5-1) N-benzyl-4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-N'-methyl-
piperazine-1-carboxamidine (R® = -CH,). MS m/z: [M+H] caled for Cz6H3aN,O;, 435.27;
found 435.2.

(5-2) N-benzyl-4-({R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-N'-ethylpiperazine-
1-carboxamidine (R® = -CH,CH;). MS m/z: [M+H] caled for C27H36N4Oz, 449.28; found
4492,
Preparation 3
(R)-3-((R)-2-Cyclopentyl-2-hvdroxy-2-phenylacetoxy)

pyrrolidine-1-carboxvlic acid ¢-buty] ester

O ™ & 1
T < & "

_ At roofn temperature, diisopropyl azodicarboxylate (980 pl, 5 mmol) was slowly
added to a mixture of (R)—cyc1opentylhydroxyp}}gpﬂgcetic acid (1.1 g, S mmol), (R)-3-
hydroxypyrrolidine-1-carboxylic acid z-butyl ester (1.0 g, 5.5 mmol), and triphenyl-
phosphine (1.3 g, 5 mmol) in 10 ml of THF. The reaction mixture was then stirred at room

temperature overnight.

The solvent was removed and 100 m! of EtOAc was added. The organic layer was
washed with a sodium bicarbonate solution (50 m! x 3), then saturated aqueous NaCl, and
dried over sodium sulfate. The solvent was removed, providing 4 g of crude product,
which was purified by flash chromatography (EtOAc/hexane) to yield the title compound
(1.5 g, 99% purity).
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4-fluorophenyl 7-11 2,6-difluorophenyl 7-12 3,4-difluorophenyl 7-13 3,5-difluorophenyl 7-14
4-trifluoroethylphenyl 7-15 5-methylfuran-2-y1 7-16 pyridin-2-y1 7-17 -(CH2)2-phenyl 7-18
-CH2-phenyw@2ayR¥pagclopentylhydroxyphenylacetic acid 1-(N-benzylcBEBarMikieng1}1
PYrrolidin-3-y1 ester. MS m/z: [M+Hrcalcd for C25H311\1303, 422.24; found 422.4.
(7-2)(R)-cyclopentylhydroxyphenylacetic acid (R)-1-(N-thiophen-2-yImethyl- 5
carbamimidoyppyrrolidin-3-y1 ester. MS m/z: Ppitseialed for C23H29N303S, 428.19; found 428.4.

(R)-Cvclopentylhvdroxyphenylacetic acid (R)-pyrrolidin-3-yl ester

OH

0-C/NH

¢
(R)-3-((R)-2-Cyclopentyl-2-hydroxy-2-phenylacetoxy)pyrrolidine-1-carboxylic
5 acid s-butyl ester (1.3 g) in 8 ml 1,4-dioxane was added to 4 ml of 4M HCl in 1,4-dioxane
and stirred at room temperature overnight to yield the title compound as an HC salt (1 g).

EXAMPLE 6
(R)-Cveclopentyihydroxvphenylacetic acid

(R)-1-(N-benzylcarbamimidovl)pyrrolidin-3-vi ester

OH NH
Y
H
0
(R)-3-((R)-2-Cyclopentyl-2-hydroxy-2-phenylacetoxyjpyrrolidine-1-carboxylic

acid r-butyl ester (97.5 mg, 0.3 mmol) in 3 ml of DMF was added to DIPEA (130 pl,
750 pwmol), followed by the addition of C-(bis-benzotriazol-1-yl)-methyleneamine ( 87 mg,

10

330 pmol). The reaction mixture was stirred at room temperature for 2 hours, followed by
15 the addition of benzylamine (39 pl, 360 pmol). The reaction mixture was the stirred at
room femperature overnight. The solvent was removed and the solute purified by reverse
phase chromatography to yield the title compound as a TFA salt (78.2 mg, 99.5% purity).
MS m/z: [M+H] caled for CosH3 N3O;, 422.24; found 422.2.
EXAMPLE 7
20 Following the procedures described in the previous example, and substituting the
appropriate starting materials and reagents, compounds 7-1 to 7-18, having the following

formula, were also prepared as TFA salts:

O
- \C/N/U\N/\Q
is! H
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(7-3)(R)-cyclopentylhydroxyphenylacetic acid (R)-14N-(2-hydroxybenzyl)-
carbaminnd03/11pyrrolidin-3-y1 ester. MS m/z: [M+H]ealcd for C23H3114304, 438.23; found 438.5. 10
(7-4)(R)-cyclopentyihssdroxyphenylacetic acid (R)-14N-(3-hydroxybenzy1 RCT/US2808/010431
carbamimidoylipyrrolidin-3-y1 ester. MS m/z: [M+Hrcalcd for C2514311\1.304, 438.23; found 438.5.
(7-5)(R)-cyclopentylhydroxyphenylacetic acid (R)-14N-(4-hydroxybenzyl)-
carbamimidoyllpyrrolidin-3-y1 estef, MS in/z [M+H]Calgd Tor - 304, 438.23; 15 found 438.3.
(7-6)(R)-cyclopentylhydroxyphenyjacefic acid (R)-I-Nedpan-2-ylimetnyl- carbambnidayOpyrrolidin-3-y1
ester. MS m/z: [M+Hrcaled for ¢Z32129N304, 4122 2ndalng1412 2
(7-7)(R)-cyclopentylhydroxyphenyjagefic acid (R)#lydPh:fsaenstyimetnyly 20
carbamimidoyflpyrrolidin-3-y1 estert4MS m/z: [VsthijdfalgshtanL231-129N304, 412.22; -55- WO
2009/035542PCT/US2008/01043%5oynd 412.2 4{i{yhéRyprerapentylhydroxyphenylacetic acid
(R)-11N-(2-fluoro-benzy1l)- carbamugidoyl]pyrrolidinnegmst-gster MS m/z: [M+Hrcalcd for
C231130FN303, 440.23; found #4073.15 (7-9)(R)-cystapsnyyIhydroxyphenylacetic acid
(R)-14N-(3-fluoro-benzy1)- carbarmigidoyllpyrroligifudryptestar. MS m/zi [M+Hrcalcd for
C23H30FN303, 440.23; found 449.4. (7-10)(R)-cyglapepbdhydroxyphenylacetic acid
(R)-14N-(4-fluorobenzyl)- carbamupgdoY 11pyrrolidigodophepster. MS m/z: [M+H]calcd for

C23H30FN303, 440.23; 10 found7440.4. 2,6-difluorophenyl
7-12 3 4-difluorophenyl
7-13 3,5-difluorophenyl
7-14 4-trifluoromethylphenyl
7-15 5-methylfuran-2-yl
7-16 pyridin-2-yl
7-17 -(CH;);-phenyl
7-18 -CH,-phenyl

(7-1) (R)-cyclopentythydroxyphenylacetic acid 1-(N-benzylcarbamimidoyl)-
pyrrolidin-3-yl ester. MS m/z: [M+H]+calcd for CysHaN30,, 422.24; found 422 4.
(7-2) (R)-cyclopentythydroxyphenylacetic acid (R)-1-(N-thiophen-2-ylmethyl-
5 carbamimidoyl)pyrrolidin-3-yl ester. MS m/z: [M+H] caled for C23HaoN303S, 428.19;
found 428.4.
(7-3) - (R)-cyclopentylhydroxyphenylacetic acid (R)-1-[N-(2-hydroxybenzyl)-
ca:rbamimidoyl]pyrrolidin—B-yl ester. MS m/z: [M+H] caled for CysH3iN30,4, 438.23;
found 438.5. :
10 (7-4) (R)-cyclopentylhydroxyphenylacetic acid (R}-1-[N-(3-hydroxybenzyl)-
carbamimidoyl]pyrrolidin;?;—yl ester. MS m/z: [M+H] caled for CpsHz N304, 438.23;
found 438.5. |
7-5 (R)-cyclopentylhydroxyphenylacetic acid (R)-1-[N-(4-hydroxybenzyl)- |
carbamimidoyl]pyrrolidin-3-y1 ester. MS m/z: [M+H] caled for CpsHzN3O4, 438.23;
15 found 438.3.
(7-6) (R)-cyclopentylhydroxyphenylacetic acid (R)-1-(N-furan-2-ylmethyl-
cé.rbamimidoyl)pyrrolidin-3-yl ester. MS m/z: [M+H] caled for Cp3H20N304, 412.22;
found 412.2.
{(7-7) (R)-cyciopentylhydroxyphenylacétic acid (R)-1-(N-furan-3-ylmethyl-

20 carbamimidoyl)pyrrolidin-3-yl ester. MS m/z: {M+H}*"calcd for CosoN30,4, 412.22;
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(7-11)(R)-cyclopentylhydroxyphenylacetic acid (R)-11N-(2,6-difluorobenzyl)-
carbamirindoylipyrrolidin-3-y1 ester. MS m/z: [M+Hrcalcd for C23H26F2N303, 458.22; found 458.2.
(7-12)(R)-cy¥GpuasifdRoxyphenylacetic acid (R)-14N-(3,4-difluorobenzf§)y/4$r008/010431
carbamimidoyl]pyrrolidin-3-y1 ester. MS in/z: [M+Hrcalcd for C23H29F2N303, 458.22; found 458.2.
(7-13)(R)-cyclopentylhydroxyphenylacetic acid (R)-14N-(3,5-difluorobenzyl)-
carbarnimidgiagmrrdidin-3-y1 ester. MS m/z: [M+Hrcalcd for C251129F2N303, 458.22; found 458.2.

20 (7-14)(R)-¢cyclopentylhydroxyphenylacetic acid (R)-14N-(4-trif ethoxybenzyl)- -
carbamimidg)i]%?)yrrolié%ﬁ:gg-'c %é%é/rﬁ.l %;éﬂm%e[ﬂf rg?gl%cjé#(fﬁ)égmgg%?d%rgé@éz; found 506.2.
(7-15)(R)-cyeitpentyltiydipymohidnyhebtisgac R 2 AN(B wetbd) i kR FN: 03, 440.23;

yImethyI)ca(%g igﬂggyl]pyntlidin-:%-yl ester. MS m/z: [M+Hrcalcd for C24113 1N304, 25 426.23; found
426.2. (7-1 -cyclopentylhydroxyphenylacetic acid (R)-lééN-p ridin-2-ylmethyl-
carbamifid¥Ppyrrolidieysiereststhyds nphepylaraiansiiieicodt oluo®-agnsdd: found 423.2.

(7-17)(R)-cyclansntylpydrgyvtanyaceticacid iRl N mhe i pse 0y bk 3N, 0,, 440.23;
carbamimidoyllp rrolidir% -yl ester. MSPSq3 m/z: [M+H]ca4lic1:’lélI for C22H33N3033, 455.237; found 450.2.

(7-18)(R)-cy€5’| W}ﬁydroxyphenylacetic acid (R)-1-(N-phenethylcarbamimidoyl)- PYrrolidin-3-y1
ester. MS fegr. i+ Hroaled jeropoablidainaaphdmfl acotibaient A3 -EV-66ibkobenzy)-
2OO9l03554§£§a¥i%§§(9y?]8p/)91%91§ 1%—3—y} ester. MS m/z: [M+H] calcd for C2sH30FN30;, 440.23;
10 found 440.4. _
(7-11) (R)-cyclopentylhydroxyphenylacetic acid (R)-1-[N-(2,6-difluorobenzyl)-
carbamimidoyl}pyrrolidin-3-y1 ester. MS m/z: [M+H]+ca1cd for CosH,oFaN1035, 458.22;
found 458.2.
(7-12) (R)-cyclopentylhydroxyphenylacetic acid (R)-1-[N-(3,4-difluorobenzyl)-
15 carbamimidoyllpyrrolidin-3-yl ester. MS m/z: [M+HT caled for CysHaoF2N30;3, 458.22;
found 458.2.
{(7-13) (R)-cyclopentylhydroxyphenylacetic acid (R)-1-[N-(3,5-diflnorobenzyl)-
 carbamimidoyljpyrrolidin-3-yl ester. MS m/z: [M+H] caled for CpsHzoFoN304, 458.22;
found 458.2. _ . . '
20 (7-14) (R )—cyciopentylhydroxyp_henylﬁ@ti_p_EE:_'IEI (R)-1-[N-(4-trifluoromethoxybenzyl}-
ca;bamimidoyl]pyrrolidin&—yl ester. MS m/z: [M+H] caled for CagHaoF3N3Q4, 506.22;
found 506.2.
(7-15) (R)-cyclopentylhydroxyphenylacetic acid (R)-1-[N-(5-methyl-furan-2-
ylmethyl)carbamimidoyl}pyrrolidin%-ﬁ ester. MS m/z: [M+H] caled for CaqHyNaOs,
25 426.23; found 426.2.
(7-16) (R)-cyclopentylhydroxyphenylacetic acid (R)-1-(N-pyridin-2-ylmethyl-
carbamimidoyl)pyrrolidin-3-yl ester. MS m/z: [M+H] caled for CpqH3oN4O3, 423.23;
found 423.2.
7-17) (R)-cyclopentylhydroxyphenylacetic acid (R)-1-[N-(3-phenylpropyl)-
30 carbamimidoyl]pyrrolidiﬁ-.%-yI ester. MS m/z: [M+H] caled for Cy7HasN1O3, 450.27;
found 450.2.
(7-18) (R)-cyclopentylhydroxyphenylacetic acid (R)-1-(N-phenethylcarbamimidoyl)-
pyrrolidin-3-yl ester. MS m/z: [M+H] calcd for CpsH33N3203, 436.25; found 436.2.
-56-



EXAMPLE 8

8-5 2-hydroxyphenyl 8-6 3-hydroxyphenyl 8-7 4-hydroxyphenyl 8-8

10

i5

20

EXAMPLE 8

Following the procedures described in the previous example, and substituting the

* appropriate starting materials and reagents, compounds 8-1 to 8-13, having the following

formula, were also prepared as TFA salts:

oH NH
o~
O N
Q

Ex.
81 phenyl
8-2 thiophen-2-yl
8-3 furan-2-vyl
8-4 furan-3-yl
8-5 2-hydroxyphenyl
8-6 3-hydroxyphenyl
8-7 " 4-hydroxyphenyl
8-8 3-methoxyphenyl
8-9 2-fluorophenyl
8-10 3-fluorophenyl
8-11 4-fluorophenyl
§-12 pyridin-2-yl
8-13 benzofuran-5-yl

(8-1) (R)-cyclopentylhydroxyphenylacetic acid 1-(N-benzylcarbamimidoyl)piperidin-
4-yl ester. MS m/z: [Mf!-H]+calcd for CysH1:N303, 436.25; found 436.5.
(8-2) (R)-cyclopentylhydroxyphenylacetic acid 1-(N-thiophen-2-ylmethyl-
carbamimidoyl)piperidin-4-yl ester. MS m/z: [M+H] calcd for C24H31N3058, 442.21;
found 442.4,
(8-3) (R)-cyclopentylhydroxyphenylacetic acid 1-(N-furan-2-ylmethyl-
carbamimidoyl)piperidin-4-yi ester. MS m/z: [M+H}+calcd for CouHz N304, 426.23; found
426.2.
(8-4) (R)-cyclopentylhydroxyphenylacetic acid 1-(N-furan-3-ylmethyl-
carbamimidoyl)piperidin-4-yl ester. MS m/z: [M+H] calcd for C24H3; N304, 426.23; found
426.2.
(8-5) (R)-cyclopentylhydroxyphenylacetic acid 1-[N-(2-hydroxybenzyi)-
carbamimidoyl]piperidin-4-yl ester. MS m/z: [M+H]"caled for CoH33N30q, 452.25; found
452.2.
(8-6) (R)-cyclopentylhydroxyphenylacetic acid 1-[N-(3-hydroxybenzyl)-
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Following the procedures described in the previous example, and substituting the
appropriate starting materials and reagents, compounds 8-1 to 8-13, having the following formula,
were also prefazed/assTEA salts: 5 Ex. Q 8-1 phenyl 8-2 thiophen-2-y1 B(INF2HSALEB-4 furan-3-y1



3-methoxyphenyl 2-fluorophenyl 8-9 8-10 3-fluorophenyl 8-11 4-fluorophenyl 8-12 pyridin-2-y1 8-13
benzofuran-5-y1 (8-1)(R)-cyclopentylhydroxyphenylacetic acid 1-(N-benzylcarbamimidoyl)piperidin-
4-y1 ester. WD pag/[dRircalcd for C26H33N303, 436.25; found 436.5. PCT/US2008/010431
(8-2)(R)-cyclopentylhydroxyphenylacetic acid 1-(N-thiophen-2-ylmethyl- 10

~ carbamimidoyDpiperidin-4-y1 ester. MS m/z: [M+H]calcd for C241-131N303S, 442.21; found 442.4.

(8-3)(R)-cyglopanivinsmiyphenylaoptiaacid 4M-fiarHg “yinee thyl Cogthbaninidsypirfeiein-4-y1
ester. MS m/z: [M+Hrcalcd for C241-131N304, 426.23; found 426.2. 15

(8-4)(R)-cyé ntylhydroxyphenylacetic acid 1-(N-furan-3-ylmethyl- carbamimicloyl)piperidin-4-y1
. ester. MS nq¥zn)[M+H@adedcfop&RihsiBaNBhdnaG:23adalhd M26- Rydroxybenzyl)-

(8-5)(R)-cyglopenty oy PRGN IACRIG Cihd 40N (RrRKEe B BV E)ir,N;0, 452.25; found
5 4522,
(8-8) (R)-cyclopentylhydroxyphenylacetic acid 1-[N-(3-methoxybenzyl)-
carbamimidoyl]piperidin-4-y} ester. MS m/z: [M+H] calcd for C27HisN3O4, 466.26; found
466.2. '
(8-9) (R)-cyclopentylhydroxyphenylacetic acid 1-[N-(2-fluorobenzyl)-

10 carbamimidoylipiperidin-4-yl ester. MS m/z: {M+H]+calcd for CysH3,FN304, 454.24;
found 454.2.

(8-10) (R)-cyclopentylhydroxyphenylacetic acid 1-[N-(3-fluorobenzyl)-
carbamimidoyl]piperidin-4-yl ester. MS m/z: [M+H]"calcd for CosH3FN303, 454.24;
found 454.2.

15 (8-11) (R)-cyclopentylhydroxyphenylacetic acid 1-[N-(4-fluorobenzyl)-
carbamimidoylpiperidin-4-yl ester. MS m/z: [M+H] caled for Co6HiFN3O;, 454.24;
found 454.2.

(8-12) (R)-cyclopentylhydroxyphenylacetic acid 1-(N-pyridin-2-ylmethyl-
carbamimidoyl)piperidin-4-yl ester. MS m/z: [M+H] caled for CpsH3N4Os, 437.25; found
(8-13) (R)-cyclopentylhydroxyphenylacetic acid 1-(N-benzofuran-S-ylmethyl-
carbamimidoyl)piperidin-4-yl ester. MS m/z: [M+H] caled for CpgH33N304, 476.25; found
476.4.

EXAMPLE 9

25 Following the procedures described in the previous example, and substituting the
appropriate starting materials and reagents, (R}-cyclopentylhydroxyphenylacetic acid
(R)-1-(N-benzylcarbamimidoyl)piperidin-3-yl ester was also prepared as a TFA salt:

OH j‘ﬂ
o
N
0

MS m/z: [M+H] caled for CzsHysN; 03, 436.25; found 436.5.



carbainimidoylipiperidin-4-y1 ester. MS m/z: [M+Hrcalcd for C26113314304, 452.25; found 20 452.2.
(8-6)(R)-cyclopentylhydroxyphenylacetic acid 14N-(3-hydroxybenzyl)- WO
2009/035542RCH1052208/010431 carbamimidoyl]piperidin-4-y1 ester. MET/UR 244 HIS4alcd for
C24-133N304, 452.25; found 452.2. (8-7)(R)-cyclopentylhydroxyphenylacetic acid
1-[N-(4-hydroxybenzyl)- carbamimidoyl]piperidin-4-y1 ester. MS m/z: [M+H]calcd for C26H33N304,
452.25; found 5 452.2. (8-8)(R)- cyclopentylhmwl@ymcetic acid 14N-(3-methoxybenzyl)-
carbamimidoyllpiperidin-4-y1 ester. MS m 4 a%l Hrc cd for C271- 13%N30 Ab%?: @ﬁ nd 466.2.
(8-9)(R)-cyclopenBAH§RiBRyP ﬁ@Fﬂﬂﬁ%‘étﬁé & ﬁﬂlnfé USFOBER AR 5 cAbamimidoyTipiperidin-4-y|
ester.MS m@r{iwﬂtérﬁahﬁléahﬁ&(ﬁaﬁé&ﬁ&%@&tﬁ(kﬂ@d@paﬂﬂﬁﬂoxypmnylacetxc acid 1-{N-

8-10)(R)-cygl Ihd 14 o
R DM A RS (uabeng s caehamirideylThipericin-4-y

(8-11)(R)-cyc|opentylhydroxypheny tlg,amd 14AN-( Iuorobenzyl) earbamimidoyflpiperidin-4-y1
ester. MS m/z: [M+H]4calcd for C2 2

(8-12)(R)-cyclopentylhydroxyphenylaeefic A NI- pyr'iﬁm 2-yl I-
carbamimidoyDpiperidin-4-y1 ester.% n/z [M+H]calcd for C25H32N403, 437.25; found 20 437.2.
(8- 13)(RS)-cycIopentthydroxyphenylacetlc acid 1-(N-benzofuran-5-ylmethyl-
carbamimideifDpipdNtifiopicd fe C WS MO pMe4-28afeddA€281133N304, 476.25; found 476.4.
EXAMPLE 9 25Following the procedures desgrbedi theiprevious example, and substituting the

Following the procedures described in the previous example, and substituting the
appropriate starting materials and reagents, compounds 11-1 and 11-2, having the

10 following formula, were also prepared as TFA salts: -
OH A
~C
J
0

{11-1) (R)-cyctopentylhydroxyphenylacetic acid (R)-1-(N-methylcarbamimidoyl)-
pyrrolidin-3-yl ester (Z = -CH3). MS m/z: [M+H]+calcd for CoH27N303, 346.21; found
3462. |
15 (11-2) (R)-cyclopentylhydroxyphenylacetic acid (R)-1-(N-butylcarbamimidoyl)-
pyrrolidin-3-yl ester (Z = -(CH):CH3). MS m/z: [M+H]+calcd for CpH33N30;, 388.25;
_ found 388.2.
EXAMPLE 12
Following the procedures described in the previous example, and substituting the
20  appropriate starting materials and reagents, (R)-cyclopentylhydroxyphenylacetic acid 1-

carbamimidoyl—p'ipeﬁdin-tl-yi ester was also prepared as a TFA salt:

NH
OH
o~ )
8]

MS m/z: [M+H] caled for CioHz2aN3 03, 346.21; found 346.1.
EXAMPLE 13

25 Following the procedures described in the previous examples, and substituting the
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appropriate starting materials and reagents, (R)-cyclopentylhydroxyphenylacetic acid
(R)-1-(N-benzylcarbamimidoyDpiperidin-3-y1 ester was also prepared as a TFA salt: MS m/z:
[M+H]tcalcdvsy BEBBEBBN303, 436.25; found 436.5. WO 2009/035542PETNIEPE08IH10431
EXAMPLE 10  Following the procedures described in the previous example, and substituting the
appropriate starting materials and reagents, (R)-cyclopentylhydroxyphenylacetic acid 14N-
(3-phenylpr, mmgqy&@MQdiﬁﬂeygeﬁﬁt%wpaﬁb@lﬁFenarBﬁ:aslaviﬁi@Msa%ﬂﬁwm m/z:
[M+Hrcalcd for C281-137N303, 464. S'éou%ﬂ 464.4. EXAMPLE 11 Following the procedures
described ||fPfHé"|5ré’(ﬁ8h%lsé’>%§ﬁFﬁfé’ Gb ﬁjtlng the appropriate starting materials and reagents,
compounds 11-1 and 11-2, having the O fQllowing formu were also prepared as TFA salts:

(11-1)(R)-cyclopentylhydroxyphenylacgticagcid (12)- hyl%arbamlmldoyl) PYrrolidin-3-y1 ester
(Z = -CH3). MS m/z: [M+H] calcd for C1aH22W303,134 21 found 346.2. 15

(11-2)(R)-cyc|opentylhydroxyphenylac i@ (R)-1-(N-butylcarbamimidoyl)- PYrrolidin-3-y1 ester (Z

= -(CH2)3CH3). MS in/z: [M+Hrcalcd fol-€22H33N303, 388.25; found 388.2. EXAMPLE 12
Followmg tfeesprpcedgr@ﬁdet@@cabﬁ@thwlaqaaéaylpuﬁmmie (amd gDbbtimtitgrthenidgd)opriate

saning mate”%'ﬁgﬁ%ﬁ RPN f; pa Sestigsitiag lﬁ;ﬁiz%os, 410.24; found
- 410.2.
(13-2) 2-hydroxy-4-methyl-2-phenylpentanoic acid (R)-1 -[N-(4-hydroxybenzyl)-
carbamimidoyl]pyrrolidin-3-y! ester (Q = 4-hydroxyphenyl). MS m/z: [M+H] caled for
CoH31 N304, 426.23; found 426.2.
10 EXAMPLE 14

Following the procedures described in the previous examples, and substituting

the appropriate starting materials and reagents, compounds 14-1 to 14-4, having the

following formula, were also preparcd as TFA salts:
Q NH

S QG Wawt
s N N7 ON-z
=" oH \—/ H
NS '
Ex. Q
14-1 phenyl
14-2 thiophen-2-yl
14-3 4-hydroxyphenyl
14-4 furan-2-yl

15
(14-1) N-benzyl-4-(2-hydroxy-2,2-di-thiophen-2-ylacetyl)-piperazine-1-

carboxamidine. MS m/z: [M+H] calcd for CyHp4N;0,8, 441.13; found 441.0.
(14-2) 4-(2-hydroxy-2 ,2-di-thiophen-2-ylacetyl)-N-thiophen-2-ylmethyl-piperazine-1-
carboxamidine. MS m/z: [M+H}+caicd for CaH2oN402S3, 447.09, found 447.0.

20 (14-3)  N-(4-hydroxybenzyl)-4-(2-hydroxy-2,2-di-thiophen-2-yl-acetyl)-piperazine-1-
carboxamidine. MS m/z: [M+H]+calcd for CynH124N403S,, 457.13; found 457.0.
(14-4) N-furan-2-ylmethyl-4-(2-hydroxy-2,2-di-thiophen-2-yi-acetyl)-piperazine-1-
carboxamidine. MS m/z: [M+H] calcd for CpH22N4038;, 431.11; found 431.0.
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NH N'ANH2 MS m/z: [M+H]1calcd for C19H22N303, 346.21; found 346.1. EXAMPLE 13 25Following
the procedures described in the previous examples, and substituting the -59- WO

2009/03554 SBEPAYEPH8/010431 appropriate starting materials and reafeMES 838t ds 13-1 to
13-2, having the following formula, were also prepared as TEA salts:
(13-1)2-hydroxy-4-methyl-2-phenylpentanoic acid (R)-1-(N-benzylcarbamimidoyl)- 5 pyrrolidin-3-y1
ester (Q = phenyl). MS m/z [M+Hrcalcd for CRAABIAYB03, 410.24; found 410.2.

(13-2)2-hydroxy-4, he” | JaR (RN vdrxyhenzyd bubstimting the
carbamlmldoyl]pyré’(r)1 Qf a%%(yp%%% l‘\1& MS m/z: ¥'M+Hrcalcd for C§4 31N304,

426.23; foumﬂmaﬁlmemmmmeaaimand remmmméédu%é esbfiriag 'i‘ilﬁtﬁéfﬁ%%us

examples, ?“ﬁnﬁﬁ?%&%'@@ot gegﬁgmrmgggmg materials and reagents, compounds 14-1 to 14-4,
having the i ng formula, were also prepared as TEA salts: ONH\I N OH \ Ex. Q

Q{O%——
;

(15-1) 9H-xantheﬁe-9-carboxylic acid 1-[N-(3-phenylpropyl)carbamimidoyl]piperidin-

4-yl ester (Z = -(CHa)s-phenyl). MS m/z: [M+H] caled for CosF3iN30s, 470.24; found

470.4.

(15-2) 9H—xanthene-9—carboxylic acid (R)-1-(N-benzylcarbamimidoyl)pyrrolidin-3-yl
10 ester (Z = -CHj-phenyl). MS m/z: [M+H}+calcd for CagHzsN303, 428.19; found 428.5.

EXAMPLE 16
Following the procedures described in the previous examples, and substituting the
appropriate starting materials and reagents, 9H-xanthene-9-carboxylic acid (i§)-1-

carbamimidoylpiperidin-3-ylmethy! ester was also prepared as a TFA salt:

MS m/z: [M+H]"caled for C31H23N303, 366.17; found 366.2.
EXAMPLE 17
Following the procedures described in the previous examples, and substituting the

appropriate starting materials and reagents, 9H-xanthene-9-carboxylic acid (R)-1-

20 carbamimidoylpyrrolidin-3-ylmethyl ester was also prepared as a TFA salt:

: 0 "
PN

o 0/\C/N NH,

W,

MS m/z: [M+HT caled for CaoHnN3Os, 352.16; found 352.2.
EXAMPLE 18

Following the procedures described in the previous examples, and substituting the
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14-1 phenyl 14-2 thiophen-2-y1 14-3 4-hydroxyphenyl furan-2-y1 14-4 15
(14-1)N-benzyl-4-(2-hydroxy-2,2-di-thiophen-2-ylacetyl)-PiPerazine4- carboxamidine. MS m/z:
[M+Hrcalcd 8PQ@RMBA221402S2, 441.13; found 441.0. PCT/US2608/010431
(14-2)4-(2-hydroxy-2,2-di-thiophen-2-ylacety1)-N-thiophen-2-ylmethyl-PiPerazine-I- carboxamidine.
MS m/z: [M+H]calcd for C201-122N402S3, 447,09; found 447.0. 20

(14-3)N-(4-hyprom Q@@M}rﬁrﬁ&éﬂﬂﬁwi’e&géﬂg}|9ﬁh&lﬂfﬁeﬁb&eiyﬂd>@lﬂmaﬂme 1- carboxamidine.

MS m/z: [M+H ca 22H24 7 13; found 457.0

(14-4)N-fur&ft? APF? 63? d?ﬁlﬁfo‘ﬁf’e%sﬁ eyl cedtf/l_SL) plperazme -1- carboxainidine. MS
m/z: [M+H]ca|cd for C201122N4038 .11dound 431.0. WO 2009/035542PCT/US2008/010431
EXAMPLE 15

N
\g'!z

MS m/z: [M+H] caled for C2Hz3N303, 366.17 found 366.2.
s - Assayl
Radioligand Binding Assay
Membrane Preparation from Cells Expressing
hM;, kM), kM3 and hMy Muscarinic Receptor Subtypes
CHO cell lines stably expressing cloned human hM;, hMz, hM; and hM,4 HIUSCATInIC

10  receptor subtypes, respectively, were grown to near confluency in medium consisting of
HAM's F-12 supplemented with 10% FBS and 250 pg/mL Geneticin. The cells were
grown in a 5% CO,, 37°C incubator and lifted with 2 mM EDTA in dPBS. Cells were
collected by 5 minute centrifugation at 650 x g, and cell pellets were either stored frozen at
-80 °C or membranes were prepared immediately. For membrane preparation, cell pellets

15  were resuspended in lysis buffer and homogenized with a Polytron PT-2100 tissue
disrupter (Kinematica AG; 20 seconds x 2 bursts). Crude membranes were centrifuged at
40,000 x g for 15 minutes at 4°C. The membrane pellet was then resuspended with
resuspension buffer and homogenized again with the Polytron tissue disrupter. The protein
concentration of the membrane suspension was determined by the method described in

20 Lowry, O. et al,, Journal of Biochemistry 193:265 (1951). All membranes were stored
frozen in aliquots at -80°C or used immediately. Aliquots of prepared hM;s receptor
membranes were purchased directly from Perkin Elmer and stofed at -80°C until use.

Radioligand Binding Assay on Muscarinic Receptor
Subtypes hMy, hMo, hM3, hM; and hMs

25 Radioligand binding assays were performed in 96-well microtiter plates in a total
assay volume of 1000 pL. CHO cell membranes stably expressing either the hM;, hM,
hM;, hM4 or hM; muscarinic subtype were diluted in assay buffer to the following specific
target protein concentrations (pg/well): 10 pg for hM;, 10-15 pg for hMy, 10-20 ug for
hM;, 10-20 pg for hMg, and 10-12 pg for hMs. The membranes were briefly homogenized
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Following the procedures described in the previous examples, and substituting the appropriate starting
materials and reagents, compounds 15-1 to 15-2, having the following formula, were also prepared as
TFA salts: 5Sw{lBkD)@skanthene-9-carboxylic acid 14N-(3-phenylpropyl) *&rbaRdiNtidesdIpiperidin- 4-y1
ester (Z = -(CH2)3-pheny1). MS m/z: [M+H]tcalcd for C291-131N303, 470.24; found 470.4.
(15-2)9H-xanthene-9-carboxylic acid (R)-1-(N-benzylcarbamimidoyppyrrolidin-3-34 10 ester (Z =
;:C||'||2'Phenﬁ&n@§ﬂ@dfﬁkwgﬁmﬂo%@H%3%rﬁ8&&sWﬂeﬁlﬁﬁiﬁioﬁxmm.?.)ﬂ6

ollowing the procedyres described in t revious examples, and substituting.the ropriate startin
materials aRtt %&%é?%ﬁgggh%ﬁ%%- 5%‘29( iQ éc%%?ﬁ%%%?ﬁﬁﬁéﬁ%%‘r%ﬁﬁ%l ethyl ester )
was also prepangd AcopslAnsat mdhyMSlomide (HHNBISH (BRE GGG 23R 308nmeb. Amdrslan 366.2.
EXAMPLE Bmab 810108 15,LOASENER ABELRGE B 1S AURMRUS:SHAMRIaR AU ARG the

star r ic aci

appropriate Ing materiafs and reagents, 9 -xanthene-9-carboxyl (R)-I- 20
carbamimidopyivblidlisigaphmetiyiseaie fandstermonptiopablaaics PAteH I LONRS RS oF€Hrcalcd for

C20H211"4303,, 358 16 /PIchRTR 2 FAMAMRLdR4éh Reaine:themipsaslicenciasaribag in the

previous examples, and substituting the -61- ' ) e s
The test compounds were initially dissolved to a concentration of 40 pM in dilution buffer

and then serially diluted 5x with dilution buffer to final concentrations ranging from
400 fM to 4 pM. The addition order and volumes to the assay plates were as follows: 825

10 uL assay buffer with 0.1% BSA, 25 uL radioligand, 100 pL diluted test compound, and 50
uL membranes. Assay plates were incubated for 6 hours at 37°C. Binding reactions were
terminated by rapid filtration over GF/B glass fiber filter plates (Perkin Elmer Inc.,
Wellesley, MA) pre-treated in 0.3% polyethyleneimine (PEI). Filter plates were rinsed
three times with wash buffer (10 mM HEPES) to remove unbound radioactivity. Plates

15 were then air dried, and 50 uL Microscint-20 liquid scintillation fluid (PerkinElmer Inc.,
Wellesley, MA) was added to each well. The plates were then counted in a PerkinEimer
Topcount liquid scintillation counter (PerkinElmer Inc., Wellesley, MA). Binding data
were analyzed by nonlinear regression analysis with the GraphPad Prism Software package
(GraphPad Software, Inc., San Diego, CA) using the one-site competition model. K;

20  values for test compounds were calculated from observed ICs; values and the Kp value of
the radioligand using the Cheng-Prusoff equation (Cheng Y; Prusoff W.H. Biochemical
Pharmacology 22(23):3099-108 (1973)). K, values were converted to pK; values to
determine the geometric mean and 95% confidence intervals. These summary statistics
were then converted back to K, values for data reporting.

25 In this assay, a lower K, value indicates that the test compound has a higher binding
affinity for the receptor tested. Exemplary compounds of the invention that were tested in
this assay, were found to have a K, value of less than about 100 nM for the M3 muscarinic
receptor subtype in this assay. More typically, these compounds were found to have K,
values of less than about 50 nM, with some compounds having K values of less than about

30 10 oM or less than about 1.0 nM.
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WO 2009/035542PCT/US2008/010431 appropriate starting materials and reagents,
9H-xanthene-9-carboxylic acid 1- carbamimidoyl-piperidin-4-ylmethyl ester was also prepared as a
TFA salt: 0 W& anfzofhds+Hrcalcd for C211-123N303, 366.17 found 366.2 PSASEE)0$/0R4éioligand
Binding Assay Membrane Preparation from Cells Expressing hM2, hM3 and hM4Muscarinic Receptor
Subtypes CHO cell lines stably expressing cloned human hMi, hM2, hM3 and hM4muscarinic 10
receptor subtypes, respectively, were grown to pgasycpnfluency in medium consisting of HAM's F-12

supplemented with 10% FBS and 250 p.g/mL Geneticin. The cells were grown in a 5% CO2, 37C
& s

incubator and lifted with 2 ml\/}\@lﬁ‘;ﬁﬂ pRlogEHashere o(ffee%fg Sf’/ag minute centrifugation at 650 x

g, and cell pellets weresrithadstgtéghiidzdfedta:ad hobitenaraidés Mevenpietiened immediately. For
membrane prepajation, cell pellets 15 were res i s RYFaLARLRAMQARRIzeSwith a
Polytron PT-210§?is§agsa?§’ft}%?er ?éﬁ’élr%ft?geanﬁégﬁzpogeggggrn%?xg bursts). 1Cr.udgq{’ln;_embra\%les were
centrifugedtat bHiO00E Ky fost tHmpiewtdscehlack qiagrenentibeainbipisina ofdereskelinraslipAded with

resuspensionper ANd N goerieet ACAI0 IR L PAVNN syRisrupter. The protein

concentration of the membrane suspension was determined by the method described in 20 Lowry, 0.
et al., Journal of BASHT#H3HS 2roBYismedon 7 AdiimmBPIEE i atdruneis ElrthRlatuots at -80C

or used imm&&i?(ljﬁ%yé\imqaﬁfaﬁ&pﬁé@%fs%’iéﬁpmﬁmmrqmwmmbased directly from

Perkin Elmer and stored at -80C until use. Radjoligand Binding Assay on.Muscarinic Receptor
Subtypes HgHkiRieR e ﬁmw&?ﬁj‘m?2%%&%%&?8%8%%@&%{?&%%@‘5&% (51r$r%1nelc i 96-well

microtigr plates igeltatal Ansayonok wiehafBIOGh| i fBid Gice TrppsibEadES sthllyreipidssing either the
e B S TSR SR ey sectc
for hM4, andnitofigationfer 6is: J fre fnembratrssmidhebyidhB horfsoali asteiisthen re-
2009/03553‘1%5%5@&%@?8 Aﬁ!‘%ﬁé, and the cells are counted with a Coulter Z1 Dual Particle
Counter (Beckman Coulter, Fullerton, CA). The cells are centrifuged again at 650 x g for
15 five minutes and re-suspended in stimulation buffer to an assay concentration of 1.6 X 10 -
2.8 x 10° cells/mL.
The test compound is initially dissolved to a concentration of 400 uM in dilution
buffer (dPBS supplemented with 1 mg/mL BSA (0.1%)), and then serially diluted with
dilution buffer to final molar concentrations ranging from 100 M to 0.1 nM.
20 Oxotremorine is diluted in a similar manner.
” To measure oxotremorine inhibition of AC activity, 25 uL forskolin (25 uM final
concentration diluted in dPBS), 25 uL diluted oxotremorine, and 50 pL cells are added to
agonist assay wells. To measure the ability of a test compound to block oxotremorine-
inhibited AC activity;\ 25 uL forskolin and oxotremorine (25 pM and 5 p,M final
25  concentrations, respectively, diluted in dPBS) 25 uL diluted test compound, and 50 pL
cells are added to remaining assay wells.
Reactions are incubated for 10 minutes at 37°C and stopped by addition of 100 pL
| ice-cold detection buffer. Plates are sealed, incubated overnight at room temperature’and
counted the next moming on a PerkinElmer TopCount liquid scintillation counter
30 (PerkinElmer Inc., Wellesley, MA). The amount of cAMP produced (pmol/well) is
calculated based on the counts observed for the samples and cAMP standards, as described
in the manufacturer's user manual, Data are analyzed by nonlinear regression analysis with

the GraphPad Prism Software package (GraphPad Software, Inc., San Diego, CA) using
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using a Polytron tissue disruptor (10 seconds) prior to assay plate addition. Saturation binding studies
for determining KD values of the radioligand were performed using L-[Nmethy1-3H]scopolamine
methyl chloridie gB81e33MMS) (TRK666, 84.0 Ci/mmol, Amersham PharmE€EE B 0431
Buckinghamshire, England) at concentrations ranging from 0.001 nM 5 to 20 nM. Displacement
assays for determination of K1 values of test compounds were performed with [31-1]-NMS at 1 nM and

eleven diffepentdgstampaindsoBaeniratonpefiientest atmp dhedshaerdmitidllyqissohied to a

concentration qof 40 in dilution buffe then.serially diluted 5x with diluti ffer to final '
concentratié‘ﬁ%drté?r@%'\glﬁS%?e G‘fﬁ}ln%tﬁ%%% %Jé{}éeood?ﬁgﬁr%?ggﬁ &RAVO uarﬁéé%%%%%ggscs&géplates were
as follows: 82546 ploasssyinafiesayithroshita BB ras2Bedloradidigaraspecd gy dibecl tedueompound,
a0 50 oL rierIbianes, A ARIER eI IS 0L BN TS NG e giorare

terminated S?Fé’ﬁi‘éf iftration ‘Qvgar ass fiber filter plates (Perkin Elmer Inc., Wellesley, MA)
pre-treafed TheSsupolysigtisticiainshgmEnnwited brake Kot uasEer dredmriéd8yith wash buffer (10

mM HEPES) to remoye wahoundsadioasiiubinBlates i wRrsheshbaiieskansi @ oL Microscint-20

liquid scintillation fluid (PerkinElmer Inc., Wellesley, MA) was added to each.well. The,glates were then

counted in UReRIMERTBAY G S FreRBiTat ettt Zhe estrliErtsem BPIRE IR S MmA).

Binding dataweseakalized Rynanisersd eghesbinn Bagisowtifbthede tiphPachriam Software

package (GraphPad Software, Inc.,.San Diego, CA) using the.Qne-site competition m I 20 values

for test comPBBIMRAAERTRED AT ORE AT é&%éfﬁeésﬁ g‘%ﬁ?ﬁbi‘/ asglggt%%%oligand

using the Ch&wsgrdrrusoff equation (Cheng Y; Prusoff W.H. Biochemical Pharmacology

22(23):3099-108 (1973)). K, values yver A%gg}g jj{,?ght(%g)zw Juasig dajarmine the geometric mean and
2 .

95% confidence intervals. These summar statistics were then converted back to K1 values for data
reporting. 25In thidrassesorat onvesimhaskay.ifitidanet appltnpienes O HRITRPERE M $¥er binding

affinity for the recentastestad, FXemplay CAIRLOISRLING iDwation haimaiRdssiadirthis assay,

were found t ﬁave a K, value lElf)l?ess than about 100 nM for the M3 muscarinic receptor subtype in

this assay. MoTKodPBiShpdingde cHRAPolLAads erectsimadie My &ors&iues of less than about 50 nM,

with some compouytdadayingfitdevaas af dessdhanaline30 4 méotiless! hanaboutft0 nM. WO
2009/035542PCT/US2008/010431 Assay 2 M inic Receptor Functional Potenc ays
Blockade of RithiUtal ek S NaHBRTSH &Rﬁi@éﬁrﬁﬂ%ﬁi{g or Weﬂ?n?ﬁ?s%%@a?ﬂ%ﬁﬁnctional
potency of ebteslydasnpauiidds aeteraibdrloy Rieas00itissbettisrabiityaof theneddedapbeatsal block
oxotremorinel-eilpet;ibition of forskolin-mediated cAMP accumulation in CHO-KI cells expressing the
hM2recepto?. "cAMP assays are performed in a radioimmunoassay format using the Flashplate

Adenylyl Cyclase AtwRiienAusdsfBytusraonment2iiond neax snberpanse PenRaHEMMORife

Sciences Ing; BHPFp M b AGEUIRG é%otxtﬁ?t ARG SdasMEaNS: RS eliscaadinsed once with
dPBS and lifted with-Trypsin-EDTA solution (0.05% = "~

To détermine the ability of a test compound to inhibit oxotremorine-stimulated
[**SIGTPyS binding, the following is added to each well of 96 well plates: 25 pL of assay
buffer with [**S]JGTPYS (0.4nM), 25 uL of oxotremorine (ECs) and GDP (3 pM), 25 pL of
diluted test compound and 25 pL. CHO cell membranes expressing the hM; receptor. The
25 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 uL) is added to each well, and each plate is sealed
and radioactivity counted on a topcounter (PerkinElmer). Data are analyzed by nonlinear
30 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 ICsp values of the

concentration-response curve for the test compound and the oxotremorine concentration in
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trypsin/0.53 nilvl EDTA) as described in Assay 1. The detached cells are washed twice by
centrifitgation at 650 x g for five minutes in 50mLs dPBS. The cell pellet is then resuspended in 10 mL
dPBS, and thenceiisiasieounted with a Coulter Z1 Dual Particle Counter fBadksaa/@otiter, Fullerton,
CA). The cells are centrifuged again at 650 x g for 15 five minutes and re-suspended in stimulation
buffer to an assay concentration of 1.6 x 106 - 2.8 x 106 cells/rnL. The test compound is initially

dissolved tqa caRgaRtiatien Qfdgm, md4dn diksionhusicrdgRBSaypplemented with 1 mg/mL BSA
(0.1%)), and then serially diluted with dilution buffer to final molar concenjrations.r glf)ing from 100 pM
tbégg [

to 0.1 1iM. 20 OxotPehidATAY 2T hva L iRl e the o5 SOMBRMINE 8RS ne inhibition of
AC activity,f@ecRbfrskeliny abtheveiinabeanaenttion diiplétbihcd PB&)n@54! diletedensiorernorine, and

50 gr., cells are added to aggnist assay wells. T. ure, the ability of Ind to block
oxotremoriff&miii F%?iq}f@ ﬁ%% ‘l’t%/ﬁ}lig %%/Esfsors%loﬁ%g%%%g%c%é% n%c@%ce %5)% %I\E/)I%z)&l%?égg% final 25
concentatistisylesddtBI6TPH bieding dPEEDZS | Kalitumepr tesing S pddntecaPigrs0 [IL cells are added
to remaining assay Weﬁ'?ockagﬁ iéfﬂ?ﬁ%d%&'@@tﬁgi&% AQRiptesayBE (4. apgk stopped by addition

of 100 jiL ice-cold detection buffer."Plates are sealed, incubated overmglht at room temperature and

counted the next AvbrsaiisTeciokmBhmss MpAdurrdidlidesememaidRicB SAuNat @erkinElmer Inc.,
Wellesley, '}4&%&&&1%&%9%%@%@%@%?%%@19 ipepipdaiadhangdemhieapuis

observed for the samples and cCAMP standards, as described in the mﬁ?uf@%er's user manual. Data

are analyzefiSATRBHiREAYated RGibrEakRrs SRotRMY EesinbLRoRRTe ¥ package (GraphPad
Softwayg, IRkacFan e AB) aifiRfofirna i RO 3hSHARE T SR BRA/(H Q43 getieaten-linear

regression, one-site competition equation. The Cheng-Prusoff equation is used 1o ate the Ki,
using the EELHERHS eﬁsfdﬁpé%lgﬁﬁ%&dﬁ%é g SRR AnRe e calcl

tores, 1.e.. ¢ d%% asmic ard:?ﬁ
é‘n(frs?ién-resp Se curve and the oxotremorine assay
concentratiamaBtHRK Malach[hi DespestBwinyTile, KAy atoasaretdirnsaratiitopreagalites to determine
the geometsic meAmaNd SRk coNlSRICEIDiGH alas G JRRe PHRTARE SdistenApRolien converted
back to K, values for data reporting. n this assay, a lower K, value indicates that the test
compound FagahiGRotiandtioraresctiop Beeraiceaptindesidis finererenspMentdompURds of the

inventigy arg, exnecied JaiavePrK wilyeldrsadhramabav bR e LrbipekadgoMyer of

oxotremorineinhibition of forskolin-mediated cAMP. accumulation in CHO-KI cells expressing the hM2

10 receptor*BloElexge withfpmit Meansdp 88 tEimpgazeiMnTgeortany £ SREEHRSES al assay, the

functional peigmeyietiashepBynaLaBEisasfhataesriminethhipinepsivingadietabilityafthéncompounds to
block oxotremorin@ tirpl%lflated [35S]GTP7S binding in CHO-Kt cells expressing the hM2 receptor. 15At

the time of G¥&34F &Branes are thawed and then diluted in assay buffer with a final target
tissue concentraticiooFBHR gityiproteimplktivrelssiiis Gt belinswbedspatyinothogdbizedusing a

PolyromPT RN SsE lstiolera0d Ren aundaihe aseip s st pmug e dsfocive

——goncentration for % maximal response)-for stimulation 20 of [35S}GTR1S binding by the agonist
oxotremorinSersletbeshnined dahed dries barfraliesh (MTX Labsystems, Inc.) with FLIPR buffer

(10 mM HEPES, pH 7.4, 2 mM calcium chloride, 2.5 mM probenecid in HBSS without
calcium and magnesium) to remove growth media and leaving 50 pL/well of FLIPR
buffer. The cells are then incubated with 50 uL/well of 4 uM FLUO-4AM (a 2X solution
25 was made) for 40 minutes at 37°C, 5% carbon dioxide. Following the dye incubation
period, cells are washed two times with FLIPR buffer, ieaving a final volume of 50
uL/well. |
To determine antagonist potency, the dose-dependent stimulation of intracellular
Ca®* release for oxotremorine is first determined so that antagonist potency can later be
30 measured against oxotremorine stimulation at an ECy concentration. Cells are first
incubated with compound dilution buffer for 20 minutes, followed by agonist addition, .
which is performed by the FLIPR. An ECg value for oxotremorine is generated according

to the method detailed in the FLIPR measurement and data reduction section below, in
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To determine the ability of a test compound to inhibit oxotremorine-stimulated [35S]GTP1S binding,
the following is added to each well of 96 well plates: 25 pit of assay buffer with [35SJGTP7S (0.4nM),
25 p.iL of ox®emarines¢ECoo) and GDP (3 pM), 25 pL of diluted test congdustmpd125pil CHO cell
membranes expressing the hM2 receptor. The 25 assay plates are then incubated at 37C for 60
minutes. The assay plates are filtered over 1% BSA-pretreated GF/B filters using a PerkinElmer

96-well harygster thiewialas aetinsedyithoecpold wash-ouffer famdbxckrepeeds and then air or
vacuum dried. Microscint-20 scintillation liquid (50 !.LL) is added to %ach \2@&6 and each Plate is.sealed

and radioactRARFRERIIAR A oh b EotTRRar PR RITEHALS RIaes SYERIRAIDSL By FERIRERF S0 regression
analysis withithesesapHRan Riikd & efhavelpacikageattecsaphPaihBotiwars; phassSan Diego, CA) using

the non-linear regression, one-site tit] r}ﬁguat.ion. The Cheng-Rrusoff equation is used to
calculate the Ko ué&%egptzﬁénﬁ% %ﬁ%ﬁ%ﬁ?&g‘congé%t% |8Srmu-rreeseﬁlgﬁggfcﬂﬁls’ee oﬁ%ﬁ’e%segt compound and
the oxotfemurinetcafiOehtratinrinitdion WO 20I0ERB42RC THd 820880 Yougletgthadsay as the KD

and [L], Iiga@?o%ﬂ?;%@ﬁﬁ%%ﬁ%%}%ﬁ%@%m B8 Bt Nkl valiendisaes dyal the test

compound has a er functional activity"at the receptor tested. The exemplified compounds of the
invention argrisxseedsitionedvacairty TallawvitgesenishsiapdatanohediiERotsekageusboxotremorine- 5

stimulated [3padT BYIRIRLING MubERsidcalls erpressing dhe MR secrptes «Blapkadaref

Agonist-Mediated Calcium Release via FLIPR Assays  Muscarinic receptor subtypes (M1, M3 and
M5 receptor&fimieh BRIptecRs P i8Eeins, activate the phospholipase C (PLC) pathway upon agonist
bindingtp the recepiothAsge sESlbractinasdd Rpfisydielyraphashhntytinositimiphesfihate (PIP2)

to 10 diacylglycerol (DAG) and sphatidy1-1,4.5-triphosphate (IP3), which in fuyn generates calcium
release fro ﬁ?ffé&%’%ﬁﬁ%?%‘f%?%é’? %Z@ﬁ&%%l At &% yszg?(:%%allgg{mgxg )rlg %R"r-nn.o'?]ﬁaéungPR (Molecular
Devices, SusnyeatetiGi\hassalincapitaizesoorwithsGrapeRabRrismi(SoepbRaddSodwardyngsifgna calcium

sensitive dyg (Fluos lecul lPr : 3 c _ j binds.
This fuores i S e G R

fluorescencédtesminedionBiisye nohediie etoremine Bhmarmvraa e 13 aad dheikgsmaE M5 receptors.
Antagofust pRIeNGY G Pndelerninaddyateakiits haoiragmistsder Rikibagenisieediated

increases in intracellular calcium. For FLIPR calcium stimulation assays, CHO cells stably expressing
the his.41, HSY6 A tms receptors are seeded into 96-well FLIPR plates the night before the assay
is done. Seeded cellshal aswasBechiniRE Wils eliveabs (b ht ad3sysiapianthhay wikkghéd PR buffer (10

mM HEPES, pH.7.4, 2 in.M calcium chloride, 2. M probenpecid in HB ithout calcium and
M R e e G e A R S G
incubated wittp&fedlithelof K. thluf oOSss1Abh @ aX mmm@w@mmf@gmmmm@s at 37C, 5%
carbonﬂljom Qi lk%Yéf gsi%b%lqéec@ﬁust?ﬂ@%%%%%gcﬁléshﬁ??@@eﬂ?&d two times with FLIPR buffer,

leaving a finalvolume o To determine antagonist-potency, the dose-dependent stimulation of
intracellular Ca2+ release for oxotremorine is firsé8&gfmined so that antagonist potency can later be

Rat Einthoven Assay
This in vive assay is used to assess the bronchoprotective effects of test compounds
exhibiting muscarinic receptor antagonist activity.

25 All test compounds are diluted in sterile water and are dosed via the inhalation
route (IH). The rats (Sprague-Dawley, male, 250-350 g) are exposed to the aerosol
generated from an LC Star Nebulizer Set and driven by a mixture of gases (5% CO2/95%
atmospheric air). Each test compound solution is nebulized over a 10 minute time period
in a pie shaped dosiﬁg chamber capable of holding six rats. At predetermined time points

30 after inhalation of compound, the Einthoven assay is performed.

Thirty minutes prior to the start of pulmonary evaluation, the animals are
anesthetized with inactin (thiobutabarbital, 120 mg/kg IP). The jugular vein is catheterized

with saline filled polyethylene catheters (PE-50) and used to infuse MCh. The trachea is
57



30 measured against oxotremorine stimulation at an EC90 concentration. Cells are first incubated with
compound dilution buffer for 20 minutes, followed by agonist addition, which is performed by the
FLIPR. An BE90Qmsadsasiar oxotremorine is generated according to the m@Gb@étaifatii the FLEPR
measurement and data reduction section below, in -66- WO 2009/035542PCT/US2008/010431
conjunction with the formula ECF = ((F/100-F)"I/H) * EC50 . An oxotremorine concentration of 3 x ECF

is preparedipstiryé@atioarlalaasued Wiah an LCQdeneanisalitn aftoxatimtwariderisgadded to each
well in the antagonist inhibitjon aé%?\ lates., The ?rameterseusgl .{gtrectlh%iFLEPFé{grrle: exposure
length of 0. BYEREARS ANEF8Ms HSA %?SIWé{?ﬁ’, S TR SREW Ve IRRGth o488 i, and emission

wavelengthredpiatonset Baselike iohetersfihed/bYngdasiyring ghiebehaoige: dadilieg st enlce for 10
- seconds prior,to adgnig%rtlaolfa%gg ql(lowin% {gist stimulation, the FLTPR continuously measures

ist. F
the changevé)f1 fUGréscénte every%‘%r %1 Bécond for 1.5 minutes to capture the maximum

fluorescence charitfe. d0Tkes oharegeurs fhabpssuewid kreprexibageanarrmehuRrriBie¥elite minus
baseline flugresgence: 'y, eaghveld AhgrawdaiadsAlalvier.eaanstihsuleaasinw el da

concentration by nonlinear regression with GraphPad Prism ( hPad Software, Inc,, San Diego,

CA) using th@@mnnﬁqima@%%@ﬁ%ﬁ%ﬂ%gé%%}%M@hAﬁtéé%%ﬁsﬁRif\S‘aﬁﬂé%P@d&‘éﬁmined by

Prism usingviee, xeifaorine. ERRAaIremSs Heikde andfhcavsaiemonng dmmCabéor the ligand
concentration according to the Cheng-Prusoff eg}tj ti(()gn ;géheng & Prusoff, 1973). In this assay, a lower

IG value indfERtaY A I RS ERAP SOME RHAY ttional activity at the receptor tested. The
exemplified compaadgeefithentiehtioprateexpeciedinhaated doivallseef depetbahaaliout 100 nM for
blockade of. ist-mﬁ% ed 20 calciym release, in,CH Il Ixexprassing she, avig: sgeeptor.
Assay 3 Ré@%lgﬁr{ foven esflsraeﬁponsqﬁgatllﬁlsit\?ocggtsrgilaf%n@g?e% tﬁéﬁggess)’?ﬁe b%sr%?:hg)protecltive effects of
test compouwnatis exhitién tha tscrsniorgreptbhasrmdgombepiclivttiy 2F e te ExeBBBUNdS are diluted in

sterile watet 4d A IaFRd MR RRIANOR RN thic Rl R FRISERSHERAIR:pRIR4250 350

&
g) are expo ) the aerosol generated from an LC Star Nebulizer Set and bé/oa mixture of
gases (5% OORIIBYEEatsH et airhibiioR (eePe AR ERRt IR GER R SERIR- B {8%a 10 minute
time pgrod imaRisshapeshdosingshamber samsiblaaihaldingosixirkisithinpredetermined time points
30 after inhalation of compound, the Einthovenﬁss is(%%rfqrmed. Thirty minutes prior to the start
of pulmonary evaluation, the animals are! an¥sthstiZ G ARAHE i (thiobutabarbital, 120 mg/kg IP).
The jugular vein isstatieie rizrchviitia satinediladeolyetiiyleabicdbects KitREv50 asay Uiselito infuse
MCh. The trpao%t[]? b&e. The order of potency (IDsgs) for the five standards tested was determined to be:
ipratropium (4.4 pg/ml)> tiotropium (6 pg/mly> des-methyl-tiotropium (12 pg/ml) > |
20  glycopyrrolate (15 pg/ml) > LAS-34237 (24 pg/ml). The potency of th? E?i?ompound is
similarly determined at 1.5 hrs post-dose. _
6 and 24 hr IDsy Determination
Standards tiotropium and ipratropinm 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
25 potent 6-hr post-dose compared to its 1.5 hr potency. The observed loss of activity at this
time point (6 hr) is consisterit 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 pbtent compared to its 1.5 hr potency. The onset of
30 action of the test compound, as well as the 6 and 24 hr potency values, is similarly

determined.
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-67- WO 2009/035542PCT/US2008/010431 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 pistevorespmatseset at a stroke volume of 1 m1/100 g body weigRCBiS108%404¥ding 2.5 ml
volume, and at a rate of 90 strokes per minute. 5The changes in pressure that occur with each breath
are measured. Baseline values are collected for at least 2.5 minutes then rats are challenged
non-cumulatively with 2-fold incremental increasggs@y #he bronchoconstrictor MCh (5, 10, 20, 40 and
80 ug/m1). The MCh is infused for 2.5 minutes from a syringe pump at a rate of 2 mL/kg/min. The
animals are euthanized upon completio%S?ﬁ%l?ﬁiggé’ ié’gﬁag]ges in ventilation pressure (cm H20) in

treated animals af&@@fﬁ%gﬁ&@&%wmm&%gf%@@ HPSRRNSE inkRthwitedcantwhanimeds. In this
assay, a higher % inhibition value indicates that the test compo has a bronchogrotective effect.

: 3 n
Exemplary ¥diissisa {Brane e Al Sreds it aHReE Ja RPTRTS LEH #0100 UG/m1 are
expectey tqgxbikihgrenteshine &bap-nbiiicheniteta txpbitadicvaxhidispeatdr phan 70% 15
inhibition, and some are expected to exhibit greater than 90% inhibition. 1.5 o Determination
Standard nf(RgaF Ef'”é?ﬁé’dg i ARG e a?&é%?s post -dose. The

AR SRR U LB iR T Yaf Binthoven assay
order of potgheyfilddFBE).Mr(thedie, standarisitistecdwSslvaterodnesd hioeg i auopiein (4.4 jig/m1)>
tiotropium (6 ['gi des-methyl-tiotropi Jj > I ol -34237 (24
jig/m1). Th %Lc%%ﬂl%?/ %f?ﬁ%s%’ergg o%g‘{,%%*ﬁ%*}ﬁéﬂé&%g%ﬁ%ﬁ%‘??ﬁ%@%ﬁ?ﬁ‘éﬁfm 24 hr
ID50 DeteramidafionPSt&hd Anisiabneopnernltasts ipaerarssadms e Mebsiefrdi iR and/or 6 hr post-
dose ip ghe Lt FINHAyaR ASs@kalpratropium (10 and 30 pg/m1) was about 3-fold less 25 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 duratfo# 8ot PRI *ABtropium showed a slow onset of

effect with peak brapchepreieatieBReingAohiR\RY ddpepostagsesyischitrapdsid hnpotency values
P potoncy AU BRBE YR ARER U bt gBtra T A ad Rk A 37 ¢ Holency valus,
similarly detetmined in\HQ 2008/a855 2RCI UEROOI00 B btvapsay as found to be most
15 potent at inhibiting pilocarpine-induced salivation 6 hrs post dose. This finding is
consistent with the peak effects observed in the Einthoven assay.
This model is a modified version of the procedure described in Rechter,
"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
20  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 IDs, value less than 30 ug/ml, some less than 20 pg/ml, and some
25  less than 15 pg/ml.
The ratio of the anti-sialagogue IDsg to bronchoprotective IDso 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
30 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
-£9-



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 5
placed on theipdorsatsite at a 200 incline with their head in a downwardBIgPes220patwieighed 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 post-P1LO is measured gravimetrically by

determininggeyesighicefibatgauzadad el ehandaiieryRb Q. sintsalagegueeatiects are expressed

as % inhibition of saii?\%gt'on 10 elé;ai%/!ﬁ tq control %gtl als. 1 d 24 hr ID50 Determination The rat

, 6
antisialago 06 AT 25 A o JE95TY HEf%S?ﬁ%%uFéeiarﬁd calculate the lung selectivity
index (LSI) of test compounds. The standard, tiotropium, was evaluated in this model at 1, 6, and 24 hr
post-dose. Tiotropium was found to be most 15 potent at inhibiting pilocarpine-induced salivation 6 Ins
post dose. This finding is consistent with the peak effects observed in the Einthoven assay. This
model is a modified version of the procedure described in Rechter, "Estimation of anticholinergic drug
effects in mice by antagonism against pilocarpineinduced salivation” Ala Pharmacol Toxicol
24:243-254 (1996). The mean weight of saliva 20 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 ID50 values less than 100 ug/m1 (measured at 24 hours), with some compounds expected
to exhibit an ID50 value less than 30 ptg/ml, some less than 20 ug/ml, and some 25 less than 15
pig/ml. The ratio of the anti-sialagogue ID50 to bronchoprotective 1D50 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 30 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 -69- are hereby
incorporated by reference in their entirety to the same extent as if' each document had been
individually incorporated by reference herein.



WHAT IS CLAIMED IS: 1.A compound of formula 5wherein: IC is selected from -Ci_oalkyl,
-C26alkenyl, -C3_9cycloalkyl, and heteroaryl; R2 is selected from aryl and heteroaryl; R3 is selected
from H and -Co_ialkylene-OH, or R3 forms a double bond with RI; or -CRIR2R3 together form a group
of formula: A 10where A is selected from a bond, -0-, -S-, -CH2-, -CH=CH-, -CH2CFI2-, -NH-, and
-N(C113)-; and R4 is selected from H, halo, -OH, -Chsalkyl, and -C1_8alkoxy; X is a bond, Y is -CH2-,
Y'is -N- andv\\,(H ‘f 7\% selected from fluoro and -Cidalkyl; and a is O or an integer of from 1 to
3; R6 an are independently selected from H and -CiAalkyl, and further wherein 150ne of
R6 or R7 may.be -Ni-¢@npouwkl gl defested:from -C1,3alkylene-Q, and -NH-Co_ialkylene-Q; Q is
selected from -C3_7cycloalkyl, aryl, and heteroa F)(# and Q is_eptionally substituted with 1-5 R8 groups
independently selected from halo, -Cmalkyl, -Co al‘lsg\e , cyano, -0032alkylene-COOH,
-C(0)0-Cmalkyl,-CONR86R8b, 20-NH- Q(O)- I4a|k I gll A IkyI and -NH(0)0; I-ea and R8b are
independently selected from H and - X Wher in and R2 are optionally substituted with Ito
5 IC groups independently selected from 3malkyl C24a|k5nyl 2,4alkynyl,cyano, halo, -ORD,
-C(0)ORDb, -SR", -S(0)Rh, -S(0)2Rb, -C(0)NR6Rd, and -WW1; ea<(: Rb is independently 25selected
from H,-€24alkeryyh, -C24alkynyl, and -C3.6cycloalkyl; each IC and Rd is independently selected from

H, -CiAalkyl, -C24alﬁegyslefecé‘%ﬁ?%¥nnydi 6B9y -C,alkenyl, -C.ocycloalkyl, and heteroaryl; R is

selected from aryl and heteroaryl; R* is selected from H and -Cy.jalkylene-OH, or R’

forms a double bond with R'; or -CR'R*R” together form a group of formula:

10  where A is selected from a bond, -O-, -S-, -CHs-, -CH=CH-, -CH,CH;-, -NH-, and
-N{CHs)-; and R* is selected from H, halo, -OH, -C,salkyl, and -C;.galkoxy;

Xisabond, Y is -CHs-, Y'is -N-, and Y" is -CH;-;

R® is selected from fluoro and -C;salkyl; and a is 0 or an integer of from 1 to 3;

R® and R’ are independently selected from H and -Cy4alkyl, and further whetein

15 one of R® or R’ may be -NHa;

7 is selected from -C_salkylene-Q, and -NH-Cq. alkylene-Q; Q is selected from
-Caseycloalkyl, aryl, and heteroaryl; and Q is optionally substituted with 1-5 R® groups
independently selected from halo, -C.4alkyl, -Co.salkylene-OH, cyano,
~Cpoalkylene-COOH, -C(0)0-C 4alkyl, -O-C; 4alkyl, -S-C,alkyl, -CONR¥R®,

20 -NH-C(0)-Calkyl, -N-di-C _salkyl, and -N*(0)O; R% and R® are independently
selected from H and -Cy salkyl;

wherein R! and R? are optionally substituted with 1 to 5 R* groups independently
selected from -Cysalkyl, -Cyqalkenyl, -Coaalkynyl, ~Cigeycloalkyl, cyano, halo, -OR®,
-C(O)OR", -SR®, -S(O)RP, -S(0O),R®, -C(OINRRY, and -NR°R?; each R” is independently

25 selected from H, -Cyalkyl, -Csalkenyl, -Casalkynyl, and -Cyscycloalkyl; each R and
RYis independently selected from H, -Cy.salkyl, -Cs4alkenyl, -Cyqalkynyl, and

30
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30 -C3_6cycloalkyl, wherein each alkyl, alkenyl, alkynyl, alkylene, and cycloalkyl group in led,
R48, and Z, is optionally substituted with Ito 5 fluor atoms; wherein each cycloalkyl in Ra-d is optionally
substituted with 1 to 3 substituents independently selected from 5-C24alkenyl, -C24alkynyl, cyano,
halo, -0(C1_4alkyl), -S(Ci_aalkyl), -S(0)(Cidalkyl), -S(0)2(Cidalkyl), -NH2, -NH(C1_4alkyl), and
-N(C1.4alky1)2; wehelsikkgach aIkyI alkenyl and alkynyl group is optionally substituted with 1 to 5

fl bstit t d th t tit t

|nudoergesnudesnltl;esr(]eEec?g%ﬁrogmgg gg(glg (‘im O%—FY ﬁgér a %g%%%%%g}%ca%@l Jgr% ble ssa:’tutﬁgri:of 2.

The compourd’ 6f2@¢hﬂnlipmmr@15{h®&mbw@/wvdﬁddpén®dpm attﬂoxshmem t‘mél cpehprakmd of Claim

1, where R2 RIR2R3
where R2 ig ph g cﬁi&&% St d%?%aﬁnw 0“@9&3&8 @@#‘ﬁ%ﬁ@%&%ﬁe&% Clal?

together form: In 15 e compoun ereals oun m 1, where R6
is H or -G1.4afkyladnt R2.islkknyl, Tﬁe@ﬁm@ﬁunﬂaeﬁmaﬁm 1OWherdk@! Is-SyElohdxyll. cycloheptyl,

henyl, b | f h Iyl
Frioprenyi. 208 T B G e e R e
independentlyasélelbtdd flomshaled aOdyddlkybhwOs a @&M}d@ﬁ@l@ﬂ%@ﬂ@lth@(m@m@kyl -S-C1.4alkyl,
and -CONElg, %tﬁhgzlé%”i&?(?gl_l Hlﬁé%égéoéu *}?%ﬁ&ﬁi&%‘?ﬁ Y lnEUER, ﬁe@% ppfAiophenyl; R2 is

phenyl or thlop eny or-C toget orm group of formula: ais 0; R6is H or
-C1_4alkyl; mﬂjwﬂﬂer@slmémﬁéww ssicibe htyh phemik Bemzodiblkolyl, benzofuranyl,

benzothigphenyl, fur AX LRPE Qél Qﬂl@gl Imggé%lyl or thiophenyl; Q is optionally substituted
with 1- 9 8 groups w?criy% enty sele edaf‘?(m haf! -C,_4alkyl,
2.

The compound of Claim 1, where R’ is isobutyl, cyclopentyl, or thiophenyl.
3. The compound of Claim 1, where R? is phenyl or thiophenyl.
4. The compound of Claim 1, where R’ is -OH or -CR'R*R? together form:

Deb
e o
15 5. The compound of Claim 1, where a is 0.

0. The compound of Claim 1, where R® is H or -C.salkyl; and R’ is H.

7. The compound of Claim 1, where Q is cyclohexyl, cycloheptyl, phenyl,
benzodioxolyl, benzofuranyl, benzothiophenyl, furanyl, indelyl, pyrazolyl, pyridinyl,
thiazolyl, or thiophenyl.

20 8. The compound of Claim 1, where Q is optionally substituted with 1-2 R®
groups independently selected from halo, -C;.4alkyl, -Coalkylene-OH, cyano,
~C(OO-Cy4alkyl, ~O-Cy_salkyl, -S-Cy.4alkyl, and -CONH,.

9. The compound of Claim 1, where R' is isobutyl, cyclopentyl, or thiophenyl;
R? is phenyl or thiophenyl; R’ is -OH; or -CR'R*R? together form a group of formula:

~ N

25 } - 0 I o :
ais 0; R® is H or -Cyalkyl; R” is H; Q is eyclohexyl, eycloheptyl, phenyt,
benzodioxolyl, benzofuranyl, benzothiophenyl, furanyl, indolyl, pyrazolyl, pyridinyl,
thiazolyl, or thiophenyl; Q is optionally substituted with 1-2 R® groups independently

sclected from halo, -C)4alkyl,

-T2 -



-Co_alkylene-OH, cyano,-S-CiAalkyl, and -CONH2; and the alkyl groups in R8 are optionally
substituted with 1 to 5 fluor atoms. 10.The compound of Claim I, having the formula: 0 N N)LN-Z Ri V/
R7 (m. 511.The compound of Claim 10, where RI is cyclopentyl or thiophenyl; R2 is phenyl or
thiophenyl; R3 is -OH; R6 is H or -Chalky% R7 is H; Q is cyclohexyl, cycloheptyl, phenyl,
benzodioxolyl{ bedkplereiyl bennothioEhemn; futbply L Matolyilkyyra3 el Pisitiayd, 1Giladiyl, or

thiophenyi; Q is,optiopally substituted with 1-2 R8 groups ir _ yyselected front halo, -Cmalkyl,
-Co_alkylen%%ﬁ?%ﬁg ggi%u@(&ggg%%ﬁ@%o%ﬁg rgnugﬁti@ té?ﬁ%?ﬁy?fpgr@ 8@(5115%% and the alkyl
groups in R8 dre oplibnathysubstitefiédanitt 1hto S tior @omd2:12.The compound of Claim 10, having
the formula: (Ha). 13.The compound of Claim 12, where is El or -C12alkyl; Q is cyclohexyl, 15
cycloheptyl, phenyl, benzodioxolyl, benzofurgnyl, benzgthiophenyl, furanyl, indolyt, pyrazolyl, pyridinyl,
thiazolyl, or thiophenyl; Q is optionally swu\ted“vwmkz R8 groups independently selected from
halo, -Co_alkylene-OH, cyano, -C(0)0-C lgyl,'fzﬁ;gﬁalkyl?];éﬁd -CONH2; and the alkyl groups in R8
are optionally substituted with 1 to 5 flubr afdms. 2014.Th8 copound of Claim 10, having the formula:

15.The comppund of.claim 14, whe'e 35 GYSIANeXR: QEInSRNl PORIN Y #Rny1: RZ is
phenyl or thiophenyi; R%is -OH; R®is H or -Caalkyl; R’ is H: Q is cyclohexyl,
cycloheptyl, phenyl, benzodioxolyl, benzofuranyl, benzothiophenyl, furanyl, indolyl,
pyrazolyl, pyridinyl, thiazolyl, or thiophenyl; Q is optionally substituted with 1-2 R?
groups independently selected from halo, -Cj.salkyl, ~Cysalkylene-OH, cyano,
10 -C(OYO-Cygalkyl, -O-C; 4alkyl, -S-Cy4alkyl, and ~-CONH,; and the alkyl groups n R
are optionally substituted with 1 to 5 fluoro atoms.

12.  The compound of Claim 10, having the formula:

6

o) — j\lLFe
N\WM/!\% ﬁ—Z
CH
(Tla).
13, The compound of Claim 12, where R%is Hor -Ciaalkyl; Q is cyclohexyl,

15 cycloheptyl, phenyl, benzodioxolyl, benzofuranyl, benzothiophenyi, furanyl, indolyl.
pyrazolyl, pyridinyl, thiazolyl, or thiophenyl; Q is optionally substituted with 1-2 R
groups independently selected from halo, -C.salkyl, -Cq.salkylene-OH, cyano,
-C(O)O-Cy4alkyl, -O-C4alkyl, -S-Cy _4alkyl, and -CONH;; and the alkyl groups in R
are optionally substituted with 1 to 5 fluoro atoms.

20 14, The compound of Claim 10, having the formula:

0 NH
I
N N ﬁ—cﬁ_salkylene-Q
OH
{ITb).

15, The compound of Claim 14, where Q is cyclohexyl, cycloheptyl, phenyl,

25
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benzodioxolyt, benzofuranyl, benzothiophenyl, furanyl, indolyl, pyrazolyl, pyridinyl, thiazolyl, or
thiophenyb Q is optionally substituted with 1-2 R8 groups independently selected from halo, -Ci
-CoAalkylene-OH, cyano, -C(0)O-CiAalkyl, -S-CiAalkyl, and -CONH2; and the alkyl groups in R8 are
optionally 5substituted with | to 5 fluoro atoms. 16. The compound of Claim 15, where Q is furanyl or
thiophenyl. 1PeEdiosmpobeatrofTiaih berzleepdgifrbriuranyl, indolyl, pyrazolyl, pyridinyl,

4-(q)-2-cyclopanivi P valiomaAsRhe Ny lacebrhiiNslyan e VImgiviniperazipe  aeaehgeamidine; and
1044(R)-2-cyclopenty1-2-hydroxy-2-phenylacety1)-N-thiophen-2-yimethyl- piperazine-I-carboxamidine.
18. A processdfetisreianinie cémpdiing ¢fanikplraobdlainisa. t697)edmprisirly: (a)coupling
compound (1)-ape ound ( der arpj ng-farning. 1 consliti . ting the
product to for)rcn§l ggi{%g%}uphdgzglf%}g’é %ﬁ)ﬂ?h%%ﬁo %ﬁ%ﬁgﬁ%nﬁﬁro&ﬁ%g?ﬁﬁ %%tﬁf)g{rﬁggcting
compou#d (@W@Qﬁwﬁhrﬁdﬁ(@ fospratesmpound (7): ,R6 (6) and (c)reacting compound (7) and
compound (SM.O pf%@%&ﬁ%ﬁ&?@%é@f&?[@l%&é@ & éiﬁlh@ &g)(ﬁi%phenyl.

17.  The compound of Claim 16, selected from:

4-((Rj-2-cyclopentyl-2-hydroxy-2-phenylacetyl}-N-furan-2-
ylmethylpiperazine-1-carboxamidine; and
10 4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl - N-thiophen-2-ylmethyl-

piperazine-1-carboxamidine.

18. A process for preparing a compound of any one of Claims 1 to 17, comprising:
{a) coupling compound (1) and compound (2) under amide bond-forming

15 conditions and deprotecting the product to form compound (3):

20
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(I) 1019.A pharmaceutical composition comprising a compound of any one of Claims 1to 17 and a
pharmaceutically acceptable carrier and further optionally comprising a second therapeutic agent, said
second therapeutic agent preferably being selected from (32 adrenergic receptor agonists, steroidal
anti-inflammatory agents, phosphodiesterase-4 inhibitors, and combinations thereof. 15 20.The
pharmaceutical composition of Claim 19, wherein the composition comprlsgs a2025 P2 adrenerglc
receptor agonist and a steroidal anti- mfla%gent 21 A compoufdof any one of Claims 1 to

17 for use in therapy. 22. Use of a comp of any one ofRclaints 1/£0] 17 in the preparation of a

medicament for treatlngzc bstructive pu ary-eise r asthma, ¥t for 5producing
bronchodilation. N/ R®

(1} (2) (3)

where P is an amino-protecting group;
5 {(b) reacting compound (3) with compound (6) to form compound (7):
5) _R

6
N,R R N
Q\ /“\ /@ ! 7 /Y /&
R¥L g

N N Y N N

i \ —_— 2 XN "__/ \
Took=n NN R Y
(7}

{6)
and

(c) reacting compound (7) and compound (8} to provide a compound of formula I:

(R } /Rs

N—Z
7y + Z"-NH — \ ; )
(7} )H’J\ e

(8}

10 19, A pharmaceutical composition comprising a compound of any one of Claims ! 1o 17 and
a pharmaceutically acceptable carrier and further optionally comprising a second therapeutic
agent, said second therapeutic agent preferably being selected from [, adrenergic receptor

agonists, steroidal anti-inflammatory agents, phosphodiesterase-4 inhibitors, and combinations

thereof.
15 .

20. The pharmaceutical composition of Claim 19, wherein the composition comprises a
20
25
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B, adrenergic receptor agonist and a steroidal anti-inflammatory agent.

21. A compound of any one of Claims 1 to 17 for use in therapy.

22, Use of a compound of any one of claims 1 to 17 in the preparation of a
medicament for treating chronic obstructive pulmonary discase or asthma, or for

producing bronchodilation,
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