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WD 2009/ 035542 PCT/ US2008/ 010431 GUANI DI NE- CONTAI NI NG
COVPOUNDS USEFUL AS 5 MUSCARI NI C RECEPTOR ANTAGONI STS
WOBARKBRAUND OF THE | NVENTION  FI ELD OF THE | NPERVES2s(8/010431
The present invention relates to guani di ne-cont ai ni ng

conpounds having nuscarinic receptor antagonist or
anticholinergic activity. The invention also rel ates
to 10 pharmaceutical conpositions conprising these
conmpounds, processes for preparing them and net hods of
use to treat pulnonary disorders. STATE OF THE ART
Pul nonary or respiratory disorders, such as chronic

obst I UG UXRIDINFR RO NTAINESESCOMPBONBS UG DTS

afflictTmany mIT11ons ol peopl e worl dwm de and such

di sorders aMUSCARINICSREGKF REQRANTAGONISTSy and

nortality. Mis are known

to provide br oﬁ?ﬁt}g@@é@&ﬁ&eﬁiﬁwﬁ(@gﬁt her ef or e,

such compounds are ugefmbibr igE INVEREGIONg respiratory

di sorders, such as COPD and asthma.  When used fo

t r $he PEcseIH imNens P eelates i gwamiding-coMARER CIMPOVNAY BAIRS s

r a

muscahrl ic %@t&ra%}ty%ogwer elzﬁ% yﬁﬁ% % %@ng tth Q'B/egmé}ﬁ%f EJI; ge{j{arl]tes to
pharﬂlﬁwmicanfozﬁﬁbeltmns camprising ftiesse pbmpomﬁsagmnessbs fos podpiaing them

absorbed into the system.c circulation resulting in

and @9@€ﬁ?€us§ltﬂgeétﬂ?‘%@9§ary§iioﬁ g8 dry nouth, nydriasis
and cardiovascul ar S|g¥%¢g5#%g§¥uuAddltlonalIy, many
i nhal ed nmuscarinic receptor antagoni sts have a
r ePalmomatyorsiespitatoryuhisarders, smfch as; thronicrabgmietivegpuimenary disease

ered s ver S
cobilf e atcl Bler g Fieg At o SRl G BBl ave =
leadiff lcadeSHT nEdrBRfiSSnd npdr@lity.i cant risk of inadequate
treatnment due fo patient non-conpliance with the
r eyDiseaseni¢ r@qn@n@nt@s@mﬁig areslgtoaduiorovide bramcheprotecgve effects
S r S
and @gl%?ar X sué:fx l%grrn%ouf?oes\r’]%gg?egﬁf g P kr%?ﬂxfgcr%‘génpag?%g&?%é eslut%h as COPD
and @tﬁrﬁgom&h&saﬁw tAght bucgfmpmﬁa@pmusdaadmeebpsqxsarmgomm ate
30 effects V\/neningdm ni st er ed al at i on V‘!"‘B{;
typically gamstered Dt i ﬂaftlmrféeve‘éqrf 6‘</an on, a
s1gn1?"é§ﬁl 6t WERK!NudQghidFecebibrafltis Bhl@f‘bs oftefl ﬁﬁﬂ)rﬁéﬁ HitSthe systemic
muscari ni c receptor antagonlsts havi ng hi
circuddtianmesultifipm gylstenrie sklptediectanmich ab drlsgmpethepwdrlam&mﬁd
d] ife. Sugih é WD 2009/ 035542 PCT/ US2008/ 010431
cardioxAHIAR §Ee £ Sx pect ed to be particularly effective

f ol dHItRARI Gnddty) INRMBA Yokt &atiél edcepto Htgorists GV Aitalively short
asthma, while reducing or elimnating side effects

duragore pf @fglo@rrquﬁgg that they l@oqqlmlnxfg@pe;dowveral times per day. Such a

multiple-daily dosing regime is not only inconvenient but also creates a significant risk of

inadequate treatment due to patient non-compliance with the required frequent dosing
schedule.

Accordingly, a need exists for new muscarinic receptor antagonists. In particular, a
need exists for muscarinic receptor antagonists having high potency, reduced systemic side
effects when administered by inhalation, and a long duration of action thereby allowing for
once-daily or even once-weekly dosing. In addition, a need exists for muscarnnic receptor

antagonists having high affinity for the receptor and a long receptor half life. Such
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SUMVARY OF THE | NVENTI ON 5 The present invention

provi des novel guani di ne-contai ni ng conpounds whi ch
WORAWH3STscari ni ¢ receptor antagoni st or PCT/US2008/010431

anticholinergic activity. Anbong ot her properties,

conmpounds of this invention have been found to possess
compdlinds %{.I%nggé{}g& [bqbéa];%{i&ul!ir)fy Eﬁ%ctwgpfor & inEW rdisBM'\ers, such

eceptor subtypes,” have longér receptor “halt-T1ves,
as CORDeand dsthinge while hedwreidr edinwhatilgysi doeffémsy sudr satrgrmouth and

gotency conpared to rel ated conpounds. 10 Accordi ngly,
consgpiilunds of the invention are expected to be useful

and advant ageou§~>mA§qrr@pqq{E INGeRAIHN or treating

pul nonary di sorders. One aspect of the invention .
r eTh¢ peséro imenpon pawideaviong guanidineacdntainin@spmpiuies which have

g b on S o2 g e,
compSend? ¥ Hi Lk kitlon 12RE bB&E RfuBakY possB ihfprovedltrdifS affiv@iy for hM,
aryl and heteroaryl; R3 is selected fromH and

and hidp mustarinieresei@pr subtyn=s, faye dengearateptor balfdives, havha Rrger

or -CRIR2R3 together, forma aro f | a: CAI
thergBoyfcPORE of BafE Bher EleD s ectog Rt Ry
Accm@rl@@ﬂcomg@uﬂ@‘d? the mMehtionadrél exptdtedNo Geldkeful andlad¥niageous as
selected fromH, halo, -OH, -Cl-8alkyl, and

therapeytigageris,dpr trsating ppdmeparydlisordsis-a bond, -0-, and
- Sn oSt Y. o Shn N ed N, and
v O Saneeb Ot o RGP o gy i e £

CH,

Yis a bond and Y' is -CkY or -(RH2)2-, or Y is
-CH2- and Y" is -CH2-; oR5 i§¥§§| cted fromfluoro and
-Cl-4alkyl; and a R§ O or \an iN r,of froml to 3;

25 R6 and R7 are i e denﬁLx/seIECted fromH and

- Cl-4al kyl, and furtlker wherein d&he ?I{) R6 or R7 may

be -NH2; Z is selected fromH, -Cl-6alKyl,
wherefat_3al kyl ene-Q and - NH Co- lal kylene-Q Qs

sel ected from - C3-7cycl oal k]él , aryl, and heteroaryl; 5.
anB © setectpdtiramaCi-pliadb€histlifemd, Kswopyclogkyl, andpgteroaryl; R” is

35542 P A i
L e e e
a dogblabond witbR '2at JOR '®IR? (agetter f6shid QoGp odifdeyriula:

-OCL. al kyl, -S-C1 al kyl, - CC{?\ARSaRSb,

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 is selected from a bond, -O-, and -O-CH,-; when X is abond, Y is -CH,-, Y" is
-N-, and Y" is -CH,-; and when X is -O- or -O-CH,-, Y' is -CH-, Y is a bond and Y" is
-CH;- or -(CH;);-, or Y is -CH,- and Y" is -CH,-;

R’ is selected from fluoro and -C, 4alkyl; and a is O 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;_galkyl, -C, salkylene-Q, and -NH-Cy.alkylene-Q; Q is
selected from -Cs_scycloalkyl, aryl, and heteroaryl; and Q is optionally substituted with 1-5
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-NH-C(O-C alkyl, -Ndi-Cl alkyl, and -N+(O O R8a

and R8b are independently selected fromH and -G
WORDENA35548 wherein RL and R2 are optional |y suB6T{US3008¢10431

with 1 to 5 Ra groups independently selected from-Cl

al kyl, -C24al kenyl, -C24al kynyl, -C3-6cycl oal kyl,

hal ;0
R’ coé?no adegﬂﬂﬁ%ﬁ%ﬁ eacali?gg‘f %gllhdceop éf FIOﬁ(C?)aaBb
-Co. z&ﬂdyﬁﬁﬁelﬂib(bHQ rc(rd))é} Cua«n%tqub C14£I2y14€S @ﬁadléyl %01;383118"
a and - cyc eac an
NH GO el - -G cetiahs atoh @), &R are msaimdehly selected
ﬁom]]g?% ?aékﬂ%ﬂ(é}l’y and 10 - C3- 6c:ycl oal kyl ; wherei n each
nyl

al kynyl , al kyl ene, and cycl oal kyl
ar whprelmRF’mdiR bt oﬁbnonﬂt}dsub,stmumdoptth dnab IR} gsmtpstmdautadiently

quro at ons erej n_eac oal k
seleqe gomsclﬁagk &Vegﬂbs%?’ﬂiyaaf L oflsSh e5and) halo; -OR”,

- tl € ‘ﬂd e d f a
C((ﬁ%zhi ISE%D 'S'(@)R S’(@f’) o) t Cyanko%ﬁaﬁgcR- &a@JrR I15!‘1‘:‘1ha=,pendently

select fpm4d)|- %alk?'h sm)aumyéu a(tmugynyltand scg)czclo:akahlekwhg and RY
NH N
is indgRenderty g R T 2RO S £ tBRATE hd"2C

-Cgérhh@ilk&l'dt ed with 1 to 5 fluoro substituents; and t he
| ene group in Zis optionally substltuted wth 1

exsirhenchtalles alkenybefomybralkyense ped excdoalkyraroup in R, R™,
a- d
s 0.8 S ., ETGEAL L, BEF R
optishaltpeubsstisuted withrlt ﬂoCinLibEtlﬂuBlﬁte irdepemdently Relseted ZOnha¥iatkyl,

B RET A e el AN
b C | en
SOOMC N0, N DBtk O, St

and iyl granplie optwnaikydsubsmmedtm&l bar $ rf]uqtoeﬂouytlthants,mgldathe alkylene
ess t ha

B1oup iy €. PRAPPLY SRR RS i hch e s ds g Sleotedrom

-C, zﬁ&rypaﬁcﬁim 0 %pwawumawidcegdabw s@RQl@é%(ﬁm e carrier
a conpoun the i nvention Such CcO ositions

na;%nmg thee@mpownsls h formada b compepagsrerftnagticydas intgrestang those
havu?%éfuf rfglgbg 1%?%)132&?5&0{@%%%}?%# gﬁgizt%%ttég Ng; rgcr:]epé(gr subtype of

less thian op behl &5 1 @Y ﬂM@nﬂparnbthlbt havisg a Kpikss drahion atma:lms 50 nM more
t hereof. Accordingly, et anot her aspect of

he .
partipylgey iavipg ak: ;5??3rﬂh9é’c‘&ﬁqi“é 103 o¥1% $6R MY APRTISElary having a
K, le§§3 Hldpg% B td h%rﬁ\@ i nvention, a second active agent,
rmaceuti cal | y acceptable carrier. Another
as {A@Otheoﬁspk?h@f the amen@wn refitet tophiaumacentedlicnmipositions comprising

actlv ent s a.com of t i nveption
o phffipes RicBfy e AR Bt < ST LB, Such
compi¥tedHs @4y GRidnARy cérﬁﬁﬁﬁtﬁér&ﬂerﬁ%ﬂkb?ént@ sudepat@briay anti-

romthe addi ti onal agentﬁgzaggg ormul ated -3 WO
inflappaipry3meats (RETLUSRosBIMd)ARadrenspeie A3cspipr agonists,
f I

phos%ﬁﬁgﬁﬁg%é% 1#)13(()(}{2, %@g:gg'ﬁ)lufatx;fﬁg fma%ofn%c&%l éf% it qrgfjanother
aspeatsqfehd in@éntid‘te aiphusiddentical ebmpesitibw cmpﬂxﬂslan;@m;mundbf the

invention, a second active agent, and a pharmaceutically acceptable carrier. Another
aspect of the invention relates to a combination of active agents, comprising a compound
of the invention and a second active agent. The compound of the invention can be

formulated together or separately from the additional agent(s). When formulated
-3-
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pharmaceutical conpositions, the conbination

conprising: a first pharmaceutical conposition
WOoBHEBP¥Eng a conpound of the invention and aPfTSE008/010431

pharmaceutically 5 acceptable carrier; and a second

phar maceut i cal conp03|t|on conprising a second active

nd a_se har ceuticall
sepaPAY 4 Pmar SRR ARPEROT B or it e P8 S aaditiona
agen®@) L BhuY] &t ahttidr wpaémwtdv@ﬁhormm@ﬁbtm dfthindtidh of
exanpl e where the first and second . pharnmaceuti ca
phargeppBisk qommpsitions sbp sombaliomeerapRng chlirst phasareutisak

t r
com AR ind o UBLL [0, USRS AR PRRL bt SRR
acceprablesaafridr; &gl 4 k&bﬁ@phﬁn@cag&m Sorhpusitioretmprisinpa saenhd; active
suffering from a disease or disordef, that i.s treate

agenhgnhp 5RaRNA ghimmeac YidReptable etieT T, ifyveniiopalse ﬁfé%th to akit
a

cont%ﬁr Orf# kﬁ P?@ﬂ%gﬁfcﬁpgﬁp@ﬁf%ﬁ}s fo?%%%??lgﬁ%}ae% AUEShd second

pharacioguticsl @mipugittoms ateeseparaieepitarmaceutical compositions

br chodi | at i on- produci ng anount .aof a
n CemoUROS B FRGRAG biver S TRyt r b B e R sty and
are tﬁér@ﬂ)tré BhedteRUb BRI &Y therap&iticsagehts ¥or @@atﬁl%rpaﬁb&s suffering from
obstructive pul nonary di sease or asthnma, conprising
a disgalei anidssoeder rﬁlgattl@tr@at by blecking thm@ww@mq tegentyr. Thus, one aspect
of th/eg\ﬁlasfe ¢ 1'0%1/ g g% %P %Fleihﬁ)% ot} n@(ﬁlﬁ%ngo ) orrl%qlo%%lht%/ et a&ﬂfe{xh campnsmg

admfr@ﬁe@{g RYRApatichy a drafehedildtivnpro@usiyy anhourt of arampelnd of the
conprising adm nistering to the mammal, a nuscarinjc
inveptieie pk s i mamtw@dﬁ plsp ﬁgeﬁﬁé immetodgt treatips s ARlmnapydisorder such
as clirBYi& %&)Etﬁﬂmv@g disQIRYY Qg@mﬁf cdfifridifl % g&hir@ﬁemng to a patient
pOSSess nusc r|n eceptor antagonist activity, such
a therapquﬁuzrltisef&ceva bmounlsrﬁTaLdonmuné 9@ tiredhvéersions Another aspect of the

T AR
com ﬁ§ﬁ§ ﬁ&rlﬂlrﬁéiglmg fohtBe ARMIPAL, a GREPATingd f&e]ﬁt@ﬂgﬁkﬁgélﬂﬂmg amount of a

i ol 0gi cal assay using a conpound of the invention
Comm@nMﬁhl@,anQﬂthrhe i nvention can al so be used to

as gén%t%tcgpp{)% (ﬁrﬂé {nivelﬁu(gpef uan% %slcq:%f?r}%g t%ctegﬁ)r faﬁégonjst activity,

such&soaipoahﬂme alsb&fséﬁﬂ: aseetich toolsa Aipkdigggabne aspseyof the invention
onprisin conducting_a bhiol ogical assay with a

relatggigta 1@6%@3 ] asms asppppRd af thedayentign a5y essRigB;toqlpthe method

compfmﬂ% Ebidid &QS pRIQ é gﬂ'ag?zl Ui cthpdurfd ANesiee éo}ﬁpounds
Avent: on £o prov ecormd assay val ue; wherein

of thetm'pentlam cars also bd usddeta e&ahzh@rneb»eﬂmmpala:btwpunds Thus another

aspe]eli 9 €r3 é@@%@wﬁla}}% t?)fzdﬁ?tixf)é Bf \gﬂuq&]&gﬁl tggtg:%%@roggé g biological
assa?so%%bdéﬁlgu €2)fcoRMEnER HiblbgicEKRRBY Hith altb&lcoftipeahd ﬂﬁﬁr@yﬁie a first

i nclude a nuscarini C receptor binding assay and
assaj valveh(bp cendueting thedhelagicahassayrithal congraund 0§ﬂ@tln‘é¢ntlon to
ect 0O he ve 18
oro BEE s by S TP PR, s
condieaay wWithGtdpa®Rindr(c) ddﬁﬁ)dﬂ‘ihghﬂdﬁfw agsal s/almg frodm@jtep (a) with the
contacting the biaqglogical systemor sanp a WO .
secop@ asyap yake Sranrsteriéol %ﬁ?eemmivw Iggical aéso@ﬁ%‘a 12 Brus¢aqinic

rece{) Y Bl nz;%na %f%d(ngroﬂ%ﬁ %&Qasﬁi}ﬁme; Gl C QHﬁ &fof¥r aspect of

e Co on the b|o ogl cal system or sanple.
the invention 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
4.
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The invention is also directed to processes and
i nternmedi ates useful for preparing conmpounds of the
WO 2808436548n. Accordi ngly, another aspect of th&CT/US2008/010431
invention relates to a 5 process of preparing
conpounds of the invention, conprising: (a) coupling
.. conmound . .CO| | '
with GERRRTA Do i BATRE S ¢ Gl Mo BILAE pouscd by the compound
on tHeiolbgich SeRADOKAn(pY)., or M tsunobu coupling or
transesterifjcatign of conmpound (1) and . conpound (4 )
andhe|ayestiacisialg dircstedto IREssEd awi mﬁ%ﬁf%@fﬁ@eﬁ% ??f Rf)manng
bPthe§ d i E0f the IveROSTPRINAE t
comp L BT bt SRTRE Mol N R cRATP NS 5 2
procésé)of araparingpampour(d)ofttiee jnventice campusipg(apicaipling comipaund (1)
| ; wher.ein conpoupds t hrough. (9 re as defjined
and SRR PrEeR B et o oniaht P daEeE (g Product to
formﬁéo?t% @hé \((3)?6ﬁpﬁfsﬁ§oﬂiﬁ’ccﬁlﬁﬁn§f)r iR eRERGOARBDS @Sﬁl?bhﬂﬁ@l) and
e

erein. anot her aspect of the invention relates to
compdvmdy(4parsk depretectinathe pofduchie formgempperd €0y (b) Fracting compound

manuf act of a_nedi nt. _especi faor .
® ahgpaE oL i S p iR et OBE i ¢ &lifpstipe pompound
(7) apd compaiing @) sOpdeideQs confouadof Gerfiuda NGvleeréit SoMpouhds (1)
recegtor in_a mmmal. Still another aspect of the

throygi@hetecs deBned kgeine Ip wEhedepests, the ipvmyon Aelaiss tq products
prephﬂ% %gtaﬁ %{ e ﬁo%%%s%e%ﬁﬁeﬁﬁlereig her aspects and
empodi nent s e

I nvention are discl osed herein.
DEYAt artdthdplaSpdst Bithehwntidhirelhisy/Ed\fHe sk 80a tompowend of the

T 1 b B AL R STV At
med{Z3mBnidskfi Yoﬁréfig?%ugﬁ)gﬁﬁngﬁﬁ? lalsbr s e RiraktRofsldg a ?I%%ca;inic

thereof. This y al so be depicted as:
receploRn Rmadmal. Stillayothkl aspeetDf ti2inRgntionyrelates tRIhewsepfad

her ei the term "compound of ~the i nventi,on' N
compfirdiht et cbs o RS0l QI atrR Ak Bbol RS SPine
invetiitirediidaedhadin. n fornmulas I1-VIII. In addition,

when t he cg);pound of the invention contain a basic or

aci di ¢ gr ol TALLED DESCGRIPEIONQF BEEINVENIHSN, t he
P S A bt
R6

PCT/ US2008/ 010431 R%),

e

R Y

or a pharmaceutically acceptable salt thereof. This formula may also be depicted as:

R, R

1 Q /YSV\ ){
R YU NT+N—Z
Rz x Yn __/ I 7
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-VIIL. In addition,
when the compound of the invention contain a basic or acidic group (€.g., amino or

carboxyl groups), the compound can exist as a free base, free acid, or in various salt forms.

-5
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Al'l such salt forns are included within the scope of

the invention. Accordingly, those skilled in the art
WOR9Y03sH2ogni ze that reference to a conpound RETESA008/010431

for exanple, reference to a "conpound of the

I nvention" or a "conpound of fornula " includes a

A SEBBSbe GTHA9ihe A ERERSE s

skilled ki te b Bhvill fredolgh e Rt eefeﬁshbyai emmﬁomnmﬁ dﬁn efcample reference
formula | are included within the scope

to a {cpnpatndaf theirvestian oef cogtpound of fRranila bﬁnﬂﬁgle%?ﬂ%mrmd of

I
o8 PSR R55p 300 s Tk S fph s otvrvie
indicagxd! @usthamsorp) sebeitds, oﬁcb@oundwcﬁfrtbrmrmladakamehldbcb within the scope

racem.c m xtures, pure stereoisoners (i.
Ofthérfé‘r?m‘%‘?rers or 10 di astereoners),
ﬁﬁ@ 961ﬁgrﬂﬁfds oF EHeCrH%ilti'Eh)htuW EnitaidBe bPfiokd Kfrd1BERSS and so may
ot herw se 1 ndi cated When "a chem cal structure is
existdn rairmmb@r of asthneutsomeync $ererse Whemsuwhrohiral ¢entegs am:dvec@nb dlais
. that al possi.bl e stereoi soner.s are enco ssed
inverid el FERRGHIC FISGIS: Byt BRAHIRINETE (s SPRFORER M gund

diastefeofnRfd)Wtérebisomsr-entiod aflxtubes) Ad ﬂl@ﬂlk@'dnld@@ SthebVRe indicated.
stereoi soners of the corrpound Simlarly, when

Whepmpmmaéstnsqterree@ depieted Withoyhaarstereodhemiging étrléruﬁgerrstpod that all
poss}’Mleh s(,)t?r%§1 11%& Saq'g %ﬁé&?ﬁ?&r‘q‘?ggﬁtg@hﬁ%ﬁ é%ﬁnéet{r%eedl‘ﬂdg fotlj %xﬁ{l le t{ﬁ@tterm

"compduhd ef ERmuGsItis ifiéndet té ctuderiliepissidle srmieerssmetsluﬂtm se
i ndi cat ed, prow ded that the _utiljty of the
comp3ido Simlary.axhen werlel PsStEFPISRIERIS FAPWR op Pamnfd herein, it will be
unddPSHESERY §ho8E skclﬁ&hlb D&t thét%ﬁ’i f Smonits b¥ bhfltereoisomers may be
enantroners na obt al ned by nunerous nethods that
presatt én ﬂeldomﬂombmns phthisievention vindess mhemglsc tmdiedted, provided that the

chr.gmat ogr aph [ a. tabl.e .c tationar
ity A s 5 r PR E i<t R ey e sbiars PRRER qther
isomleft AndivARLEERANBMSrs ASPBE Sbtafied bYeuntbrasiBEBOaEhat ¥ well
conventional means such as chronat ograp

h
knoww by ths et inchgingothiral pramatasgenhyrusingdy Sltlwgledrhlrgi stationary phase
or sugEs n,t c'grgnrrgcrho }m%‘i@ ctone%rr% ¥he % 8i a@f%pédngeg%esgg?%ﬁg the

diastefisirePESY Corfventitnat ﬁdaahs)mhfﬁ@ ﬁﬁfdn@attf)gﬁm of retfyatallization, then
conmpounds _ of this i nventﬁrﬁan are i ncl ude t hi

th
rege%%fas% b origingl prRpdiRMesh AddiEeRally HEFTH g g 1] GigrTansor E/Z
1son'JeF1h @%&Et‘ﬁ%llﬂme&ﬁﬁ] f Riisis Ghd tHoRnferic BRAS Qf t‘ﬂe %ompounds

center at arbon at om | ndi cated by t
of t}mmbcntloh arcurtcheieﬂ@htmmvthwgscg)m of this ihventignainiesk @W@rwwe specified.

| f
1| ISt R Smngibdrol RSl qeBlRgrhirel eppr gbih garbon atom

indicay<d 3P@BEYmbol N thB?olPJv)ih Rl YorBRiIlHGheWE WithoutostidRal
bei ng - 0 OH -6 WO 2009/ 035542 PCT/U82008/010431‘

subsfivenidonetse.illnstrased with &hq RvEneayslealkyhmoiety bsingsyelepentyl, the
s the (R) configuration.
aﬂg{&rﬁtglbgglg%ieﬁgh@ygg%% gg of forrmula | have the

(R) configuration at th arbon atomidentified by
the synbol * or are enri ing stereoi sonmeric form
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having the (R) configuration at this carbon atom In

anot her enbodi nent, the carbon atom5 identified by
WOH®/361B8ol * has the (S) configuration. |n tRCI/US2008/010431

enbodi nent, conpounds of fornula | have the (9S)

configuration at the carbon atomidentified by the

In or%ye%%dlql?]nq (‘ g; i§ 1nv%ﬁ{1br? qaéjca{rﬁor??t%['rhf gfﬂﬁﬁ fhe sgx‘ﬁ'b * has the

Irguratron a I'S ca n at
(R) c@ﬁﬁmuﬁ&s mfthtsmenbdmv:ﬁaxttg compamdeef foramld hese th@(mwonﬂguranon
used in their nt hesi s eﬂg%al SO i

ude : :
at thg casbeipater 1|d§nt|lf }é@eém are; engc}?e%@rséersﬂéora?nc form
havug)l'h%(ﬂ} éuié'ﬂ#ogaa\( Bhib @ oft Holnf NEChnWiHel e AbOARN AR IS SarBEn atom

cC nas er ent omt e atom Cc Nass
1denmﬁ@ﬂmuha aymbyl ¥ basdiei(§) amﬂﬁlgumnoﬁ.x hnﬂilsa@nbrﬁdlmsot opmpounds of

o by S BARR 5 ek Ao BT EEof o
ennch@d 1r125'|ste1%’6|isoi1:f%§c fornf fraving &Y (S) d&igupstioh’d thid B&bon atom.

n‘g;unds of the inventi on have been found to possess
edmpaunde Qé]?heonVGHI@naﬁit welbas shpsmqmmwvs umidnghelr

synt#e%ﬁfga?%g%%c@g € 1so r{:riigvg%)eéﬁ%fc un?%’ ent ' &7¢ atoms

havedeen BiEchad S e atams haemgmh@tmﬁwbﬁasp elisfferblﬂ\mom Itmm‘;emlc mass
receptor half-lives, and have greater potency conpa

prederginataly fasad i ppEm déxamiples obiselopssibatBay b6 MSbTHRGHPR mio the
com@ﬁmhbgf ?o%ﬂiﬂf fc?rge‘?(%i) d. MerddeS b dg[}g nBUEARERLY 21, *H, 1°C, C, N,
| sorders. & nonen

éture used herein to nane the
80 mdriipounds of the invention |s |IIustrated 20 in the

TG RO R e Y SOPAAE A ot FORBF S SR Eae receptor
antadoWid acrSAR,. LEARHE BiheLpldrkRIcS] @hmpdtRBESERYTARLYEn have been fourd

S The fol |l owi ng substltuents and val ues are
to passese fripdved bipding afénrtg fordddnanst hMe mvéstm tesepfpr subtypes, have

cts a enbodi nents_of th
tongd b IRt KR RO Ry Rhrip e (XSRS Wrmpopnds, and
are efpédidtttodrtisefull Us tHepdpRutit 6 fents foe trestify b AR A dmﬁtiersand
are not intended to exclude other enbodi nents or

| i Fhe nemencletsfsaussdl hefrn foasha the isompRURGS of the @gﬁ%on e flustrated
in thé %&&%@EQ §8lel dﬁ’ V0 AbmRnPaukd g&&' t¥en B W& @sﬁngéfﬁ@%hlﬁ%@&tally- -

erred’'is not Infended 1n any excl ude
avallablheﬁtuthbmwﬁWars(Mmu Sae ﬂihmcfro,cﬂaltfbmxa)nv ention unl ess

specifically indjicated. 30 R_ may be a -Cl-6al kyl,
- C2_6al kenyl , - @@%@E@M@é@ﬁaryl group t hat
| STheII1RARS Eﬁﬁsﬁﬂleﬁfs dBaek WESitaidbdtolproide rgiﬂ‘es(enltatlve

groups. Ra is independently selected from-Cl y
examples ofaiakiens pspects2and gmbpdynents Qfgthg w@pggm kyhesegmﬂsﬁmaﬁve

valuese(rar}\ﬁb%g 'to g‘%}@f %@e ar%%lﬁ'stf&te ‘sslé??asge%% ‘%S dcg %ﬁgdlments and are

not ifiRh&&t ©kxtudsother emBoHﬂéh@@&/ 10 3mbié theRCdpd 55260 &i\&ilﬁéﬁi 1In this
- Cl- 4al kyl, -C2-4al keny - C2- 4al kynyl , .and
regaﬂgglegég,r@p%tm thatgawlgélara UGRF %bétlyﬁgelptés preferred is not intended

in an'yga_e)ﬁtglréggﬁy}e %tl&%ﬁ%fzf S ny Elat 'ﬂ%ﬂ glg{}%ﬂrent OE ulnless specifically

indicated. enbodl ment , IS -C3 _9cycl oal kyl ; in another
enBQ may a -G 6511% C& O6a1k yl, -&3-gcycloalkyl or heteroaryl group that is
unsubstituted or substituted with 1 to 5 R* groups. R® is independently selected from
-C14alkyl, -C;4alkenyl, -C,.4alkynyl, -C;_¢cycloalkyl, cyano, halo, -ORb, -C(O)ORb, —SRb,
-S(O)R®, -S(O),R®, -C(O)NR°RY, and -NR‘R®. Each R” is independently selected from H,
-
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cycl opropyl, cyclobutyl, cyclopentyl or cycl ohexyl;
and in yet another enbodinent R is 5 -Cbcycl oal kyl,
WO;209/035%Kc| opentyl . In one enbodi ment, Rl is &CT/US2008/010431

- Cl . 6al kyl group such as -CH2CH(CH3) 2. In anot her
enmbodi nent Is a -C2_6al kenyl group such as

-Cuaﬁcé%:rﬂalﬂ onof W e Caul, PSR L8 Y

indepdiideminesstdctdd REmUdl n:gAHaprgau@yﬂ @dl{ilkynyl and -C;.scycloalkyl.
t hi ophen-3-y|). Each al k al keny al ky

In ong q@hqgﬁ@enta dlscggpqyglqu{ ){,glp@ggthieh erRhodlmg:nt 1@3 seyelogtlyl, i.e.,

cycu;bgwy%t&?ob%gﬁ @Aﬁ%ﬁ& @49 Mhe 1§nﬁ In‘f'%)t%@{hggélinb{)%i{ne ntR' is

—Cscwlbzﬁk)}l i.0, Syclofemtylt uea:ﬁéemh@tﬁmﬂdaﬁhé ¥y -Geatiof gd)ubrsonhas
-1 al - C24al ken

-CH 7_(@@ klwapotheg@@bg%m} )R 1s g(é}(gélaenxcyayp fucrin as -CHZCHCHZ.
In one cs%l(rgntakk}él unsubsti W%?'kyl @}er%{riﬁﬁh)méﬂ?ck Na%tteroaryl, such

wher ei n eac , kenyl and al kynyl group
as thl@hemmt(lmhahdgythmpbsmmyltaad thippleni34yd. 5 fl uoro

Lt 5 I t hat i c
o nEaoLi e By Kl Hirtend b oG Borp ARG R R:, and R
mayvs’elsmnﬁ&@d Aehined ARRY Atorhd) @&adﬁmoéadﬁwuoaﬁ?ﬂ irSR*9 may be
subspn&% I n anot her enbodi nent, R2 unsubsti t ut ed

ith [ o 3sebstisrenéivdepandpntly meq“t@.d gomeCeralliylytCoualkenyl,

RGOSR 5,090 o g o

NHHBMH(QTJHH@WMN(@MIW isheRRin eatfhi atkiylc slkenyd @nd@lkynyl group is
cg\qrﬁl(:te (.)., R~ IRZZ or or In one particular
opti kﬁé‘t‘t?‘?élﬁﬂtted wh; lstoﬁcﬁl%‘OTP subsiienton, - CRIR2R 3 toget her

rrzr{;;‘%g@g% agﬁ%li&gp fhaf W&tl%&%s%ed%nm €56 RA groups,

whichrare &i(fitd@)Jabpvankh dRé eintbodimérgcR &t fheoyh Hp ahather emliibdllment R’ is

B e R S S R R

(inc1B@nk tsEpIRn gb en3GH.R2R 3 together form -8 WO
2009/ 03 542 CT/ US2008/ 010431 cxc In this enbodi ment

A R3S maybedhar 1 iakylene 2Hsoronpy farm adeutdebont WithR', which can
é)nd Yis -CH2-, Yis -N-, and Y" is -CH2-, which
€ depicted as: , 0 (RS~a

s

e
2 2
R™ or

R

be d%palcr:]tgd g

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

group of formula:

4

where A is a bond, -O-, -S-, -CH,-, -CH=CH-, -CH,CH,-, -NH-, or -N(CH3)-, and R* is
selected from H, halo, -OH, -C;_galkyl, and -C,_galkoxy. The alkyl group in R* may be
substituted with 1 to 5 fluoro atoms. In one particular embodiment, -CR'R’R’ together

form:
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)z N-/f~"N 5 In another enbodi ment, when X is -O- or
-0-CH2-, Y is -CH, Yis a bond and Y" is -CH2-
WO20043532  whi ch can be depicted as: O OO @ﬁ@)@2®3/010431
(R N ONF NONS55ZO0O~R)a (R)a or respectively.
I n anot her enbodi nent, when Xis -0- or -OCH2-, Yis
~-CH, and both Y 10 and Y" are -CH2-, which can be
depicted as: 0 (R5)a (RLa OO Nk- N+ or R5 s
sel ected fromfluoro a : Ryl . The value for a
is 0 or an integer of OpF 3. I n one particular
enbodi nent, a is 0. The al kﬁ group in R5 may be
In thisWhfHoldt érﬁdA lwq)harildmsihfdslgﬁwnatons 15 R6 and R7
are in ependent y selected fromH and C14alkyl In
adHhi driecmbagiireent XR6 2 bond Y isre§HbeY " iNH:, apd Yorie - -CH;-, which can
articular enbodi nent, R6 is hydrogen or -Cl alkyl. In
bed%’h ‘#1%%‘ enbodi nent , R7 is hydrogen. I n yet another
particul ar enbodlnent,ﬁgﬁih Ror&Nd R7 are hydrogen.
an

The al kyl group in R6 y be substituted with
fluoro atons. For exa N [or R7 can be -CH3
as well as -CFH2, CF2H or \CEB ZOZis selectedfrom

R D T

is -(CH2)3-Q In st|II another

&jrbodi nent , -NH-Q In yet another nmbogi ment ,
)EELU ot her enboab rrent fBlas hy rogen or ( )
ST e
net h propyl but yl nd p | kyl and -

2009/ 0@5)542 PCT/ uszooé?‘oa10431 aI ne gsroups i n z

may be substituted with 1 to 5 fluoro atons. Furt

respectizrely) |Ly|ae¢fber grbrdiment, #heayX iseOs 9psQiGHr ¥’ i @H ,1an6rb°th Y
andg g&bw El?cér{‘ﬁleﬁ’e%n&@&‘%y sel ected from -Cl1_2alkyl

r exanp e, I n one enbodinent, Zis

2

- CH( CH3) - i - C3_7cy), 0al kyl , aryl (Ri);
heteroaryl gr Exe ry -C3 7cpycl yl groups 5
i ncl ude cycl o cyc hp.gexy cyc eptyl.
Exenpl ary aryl?® gr oups | %q

R’ is selected from fluoro and -C4alkyl. 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.

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

Z is selected from hydrogen, -Cy.salkyl, -C;_salkylene-Q, and -NH-Cy.;alkylene-Q.
In one embodiment, Z is -CH,-Q. In another embodiment, Z is -(CH)>-Q. In still another
embodiment, Z is -(CH3)3;-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 -C,.salkyl.
Exemplary -C,.salkyl groups include methyl, propyl, butyl, and pentyl. The alkyl and

9.
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and naphthyl. In one enbodi nent, Qis phenyl.
Exenpl ary heteroaryl groups include pyrrolyl,

WO B3D2y| , thiazolyl, oxazolyl, furanyl, thiP&FHSAYN8/010431
triazolyl, pyrazolyl, isoxazolyl, isothiazolyl,
pyrldlnyl pyrazi nyl , yrlda2|nyl pyri m di nyl,

alky eﬁé op% lnga&odey ubstltﬁﬁﬂ ?J‘? Iﬂugxtbe:ﬂél‘ﬂﬁy Fﬁﬂ?@r the alkylene

enzoil m aZO enzot hli azo
groubémzoﬂa}o}xméu)bhtltu(ﬁdl with ¥ lor 2|ssbs111|uem_bd mkisapemdemh)z sﬂlecmgd from

-Cualhohd| Y, Bogtranie b gne smbdent e acHCHET) . ™ ©

f |
(EQSEE‘X C%ffcglg}oalkfy!J ra?fl grn%ét?ﬁlﬁ]%pl) U n‘Ex%n-bbllQpr%ggtc?@lBﬁlkyl groups

include cgclppﬂopryydngyg apld cyclopgptyldi Evgﬁmp(l@ygaryl groups 1nc1ude phenyl

and Rl ool A 2 Bndn. PRy bGrigee) rovps nptuce

pyrr&191) z@fdamgr anxi&m BReO hfueam Miiophényd, triazolyl, pyrazolyl
benzo en-2-yl and 15 benzo[b]thlophen

b yl
1soxagetylpe ! 1@@@1)]0( myyqdu(yé mulmdnmdnglp’g ipyxBldinyl, |t1)laz1n)21 indolyl,

o ST B0, BT S, 9, Bl
benzofibxéBA, kgyiknol d, Qoquin@lylﬁ)qmnzaaﬁlﬁmlﬂkaﬁdeql&nﬁdhﬁgl groups. @f particular
al kyl ene-

interg% @G;a!é@q_&éq g;;ahrl]%@l &_yl angilripsl d-g), fura@yt@ & aftgn-2-yl and furan-
3 yl)( enﬁ%'ég)thlop%? %%%1 F{éi),ﬁ)}(eﬁ ﬁyg pﬁaﬁl‘? (e g., 1H pyrazol 3-yl),

pyridihifl(©eQpyvidiar-2-yBgindahd (&8 1Hmdohmypemﬂemow )d@hédHemdol -5-

91, BenSReana (o BT a0 e et fa Eobp B e e 2 v and

benz8 KR fhen 3By 1§,a1Ad Héﬁzcﬂh&dlf’lf(@ 2Sweakd[l th]&iaxolcslygagrdmﬁs

gr oup ‘such as - oro substitute

- OQanayb¢ kl;bstlwgfpcbwphslu@ ) Ea”lsjgrow:adepqndgmé' solesérd fremthalo (e.g.,

g} Gl i P OB o5 S0P GO Ry
-Co. zamy@he{a(b®ﬂ, rC({S{ﬁﬂ;{lﬁillkyll(e gand(O)@@dB&aR@)ﬁMal\hd r(e gealdbH3),
al kyl groug"és optional ky substjitute

5. paitrdd s o R RREY RSt ke MG ety st

| N*(U%@hwh&% R% %e H?S@berﬁfeﬁtl éélectsa %HﬁH(a%'Q@ma'W Baéh alkyl

e same or fere I n one enbodi nen o
and alkylt&bsglroulptneﬂ 1@ becpbstatedywittyt oup fluotaatome. For example, R” can

e RREMPE 50 B PO Yok ol ]

group@uél el ected from hal o, -Cl-4al kyl, cyan,
- C0_2al kyl ene- COOH, - C(O) O Cl4al kyl , _ O Claal kyl,
shmmmmdlmem arsthintah sith angdh Srpwy belpgted Fomdalo,

H(M opa %l]ll}éfléﬁje H gned &@)‘b@: a‘hé)?lyré rougf et 1#1111?/1 and

COR&gmshuﬂﬁaré bah a’ﬂt}ﬂ gﬁ@lpol @btividly dubstﬁm&demtiodltdsrﬁ Iﬂupr@toms In
is an -10 WD 2009/ 035542 PCT/ U§2008/ 010431
anothgremhodiment@ inetbshibied Vith FHOR eroppsABatfE; halgigernpsdyhich may

be tHe éﬁ’g%ﬁ?ﬁﬁéﬂzr W ?&l’ é?ﬁﬁbdi‘lﬂ%tnl@msgﬂ S sHRstP-¢,Nefc1éalksA group.

gro n one enbodi , the iInvention
In orteeetmltcghmhm Qdspo unsiﬂ)shamdwgyf gnonpu in inothrendodimeritsQ is an aryl

obutyl, gycl t or .t o
srouphatipg g R et ectsq g Nl G ceva Tk ikps o0,
-C(®OE R, Byl f G-ty fky), -S-C)_salkyl, -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-
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| oais 0, REBis Hor -Cl-4alkyl; R7T is H Zis H,

-Cl 6al kyl, -Cl1_3al kyl ene-Q or -NH Co_lal kyl ene- % Cﬂ
WO2009003343hexy| , cycl oheptyl, phenyl, benZzodi o%6T{iS2008/010431

benzof ur anyl , benzothiophenyl, furanyl i ndol ylI ,

pyrazol yl , pyri di nyl, thiazolyl, or thi ophenyl ; Q 'S

uns DR YRS LMo 3 98 B rou v

oneRtgroﬁgltlkath@meclqulkycgﬂjm -C( O O Cl- 4al kyl ,
- O Cl-4al kyl,, -S-C,. alkyl, and - CONH2; and the al k

gr Bugrse STbGSHe tl@gwﬁﬁl&mryla@a%ﬁ?mmws \navlﬁgfowls¥ where R’
t 253
s s R BB, I GPRLIER ISR oyl RESSIOR0r GIR'R

togeﬂder form d\ioidp oRPOIARUB:R7 (11) 15 or a phar maceutl cally
acceptabl e salt thereof, V\,here Rl 3, R6 7, and Z are
as defined for fornula one particul ar

enbodi ment, the i nvent reI to conmpounds of
formula I'l, where: oo- tyl or thiophenyl;
R2 is phenyl or thi ophenyl |s sOH R6 is Hor
.~ Cle.2a) kyl+ | §7H; (;Z-1.S y | ene- Q
als erC[gé ‘Nﬁ?%qlé%r RNE BZHHs %lé?@iyi gkf/‘ingl boﬁlépt yl
NHFU%elﬁudylenE&%Z(Q(iB &etdhgkyl, BeABpeyIapNdnyl, kb@ﬁzmﬁ&xdmhwbﬁuanyl

furanyl i ndol yl, pyrazaolyl, pyridin t hi azol
benzeﬁhl@nhee Ph&rgnyl, 0dplyl,gyrazehds pw@mﬂsﬂm%ze{‘/éwrmoah ﬁ Qis

optlcﬁ%_ll}g Z%ﬁtb&%qng &%Xu{@?@%‘eﬁ&nﬁ%‘%@e@@h %rom halo, -Ciaalkyl,
-Co. 43%’@)1@@1 ahby-C(O)Q-Cilakal, kD-C;_zalleyC1-54@] Jajity], amdd CONH,; and

[ t he al kyl grou 3 are tionally
aélgg\' qpae%ﬁ fiaptipnglly ﬁlhsrlﬁ%%wgﬁ 5 Bipord aigther
as Hﬁ‘&&ot}%‘r ehﬁa%dhﬂé&ﬁ nthé %eﬁﬁbﬂ&&teé 20 &&m&u&q%abﬁ%' fﬂﬂnula II:

formul a : 5 (lla

2009/ 035542 PCT/ U82008/ 010431 ofR a phar rraceut [ cal I y
acceptabl e salt thereoP ere R6 and Z are as defined
for formula I. In 8ye n—enbodi nent, the

invention relates tgp rrpmm,ds o%forrmla Ila, where:
R6 is Hor -Cl.2alkyl; Z is -Cl_bal

ora pﬂm%@édﬁéhﬁy géc@ptagfe s'aN'_th&Qef, @Jhlé}{é lgm? R@7, thi 2 are as defined for

formula I. In one particular embodiment, the invention relates to compounds of formula II,
where: R' is cyclopentyl or thiophenyl; R? is phenyl or thiophenyl; R? is -OH; R®is H or
-Croalkyl; R7 isH; Z is -Cy.¢alkyl, -C;_salkylene-Q, or -NH-Cy_jalkylene-Q; Q is
cyclohexyl, cycloheptyl, phenyl, benzodioxolyl, ‘benzofuranyl, benzothiophenyl, ﬁrmyl,
indolyl, pyrazolyl, pyridinyl, thiazolyl, or thiophenyl; Q is optionally substituted with 1-2
R® groups independently selected from halo, -C, 4alkyl, -Cosalkylene-OH, cyano,
-C(0)0O-Cy4alkyl, -O-Cy4alkyl, -S-C, 4alkyl, and -CONHj; 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 Ila:

RB
o) NI’
N N/l\”*z
OH _/
(I1a)

-11-
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cycl ohexyl, cycl oheptyl, phenyl, benzodi oxol yl,

benzof uranyl, benzot hi ophenyl, furanyl, 5 indolyl,
WORB8I4| , pyridinyl, thiazolyl, or thiophenPCI/U32008$/010431

optionally substituted with 1-2 R8 groups

i ndependently sel ected from hal o, -C|-4alkyl

o A DRI B ot g ot

In or@ pautisilareniddahent, mtihmabh yelateb &i d:dm;tc&xﬂlds\lbf forﬂlulaollﬁ where:
ST Sl TSR M LB
cycl&liegé t@g{)}@@p@ﬂ }Qt pﬂeé?ocﬁ&!o@l b&hoﬁu%ﬁ%@&@ﬂ'ﬁdﬂﬁh&l}’furmy]

acc ere wheré Qis as defined f
mdofyd),rpyudz@lyl pyridinylethigzahilj @uthephenihdd |ls1wttqnatllvi gubstltuted with 1-2

| wh
R® grgupS MAehEdshi 5Fiocted EPBH Ry L - engti s IS EP:
-C(AO0E Lfalhydng- ClmolﬁlC?_PﬂWlﬂnd JconAyand tho gk Vﬁroups in R® are

pyrazol ylI’, pyridinyl, thiazolyl, or t'hi ophenyl; Q1is
Optmqaﬂyemiwtllhye@wmbth touft Bebraviatms- 2 15 RS gr oups

Igg? ﬁg{qg 28 ?1% %gf%g?lzlﬁgnt{o%m% %égx%éﬁ'{i(‘rll aving formula IIb:
- O C1- 4al kyl , - %nd - CONH2; and the al kyl
[ 2 substituted with 1 to 5
er -r(en§|ky|etnb.@ i nvention
relates to coppduads,of\férnulth I'1b, where Qis
furanyl or thenyl . Still another aspect of the
invention relatés to corrpounds havi ng formlu,ba IIc
/ 0 NH S N~N-C, 3a|k|ene@Qlr (llc
or a phaamagegisically a¢qeptabtecsebtth@|e ydiere Qh%@%@ﬁﬁnedﬁ@rr f@ﬂzulasl In one
pmlélﬁn%ld %Iﬂ)&? ?141? Ehe]c 191(/59{ . 1JeIatés {;tglgo@ﬁf tdf %Illnﬂﬁ% b¥vhere. Qis

I nvention re oun )
cyclélxyy bﬂclbh@tyl\[\:bbdfr@l Honzadioxdigl) bénzoﬂ’uramylybenzothiophenyl, furanyl,

t hi oph | nd th h [ | . .
indolySFPOR R IR SHarPR CrgbioweRy s S BRI puaivued i 1-2
R® gfd'ngmdﬂ%g&d%ﬂﬁ g&g@l@é ohERAo Qdmﬁﬁyll [C(%%Iky?é?fét(bﬁr cyano,

i nvention rel ates onpound havi ng

-C(Q)OxGrudadkyll] 40- CmaIlEylV\(S MkﬂS&BﬂZ@W&L&U@ShE@@@WS RER® are

optlonaﬁy substl%ted w1t% 1t gqﬁu(}rg alt:s) S. ]!n)another embodiment, the invention

fl uoro atons.

relates to compounds of formula ITb, where Q is furanyl or thiophenyl.

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

/’/ 0 NH
S { ) —
N N H C,.salkylene-Q
— OH
S

(IIc)
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 Ilc, where: Q is
phenyl, furanyl, or thiophenyl; and the phenyl in Q is optionally substituted with 1-2 R®
groups independently selected from halo and -Cy.4alkylene-OH.

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

-12-
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or a pharmaceutically acceptable salt thereof, where

R1"3, R6"7, and Z are as defined for formula |I. In
WORA®/38342i cul ar enbodi ment, the invention rel RCETRYS/010431
conmpounds of fornula Ill1 where: Rl is cyclopentyl; R2

Is phenyl; R3is -OH R6 and R7 are H Z is
-Cl"3al kylene-Q@ Q5 |s phenyl , Benzofuranyl furanyl,

pyridinyl, or thi ophe I; and t € phenyl in Q i's
optional l'y subst i R d R8 groups

i ndependent |y sel o~nard - Codal kyl ene- OH.
In still another errdelme the 7nv ion relates to
a compound havi ng fornmul a IV: R6 Y R R 30

ora ﬁﬁMceﬁchl}Ra \A}\{t)a ﬂegaﬁ &h&e&ﬂ“%@ﬁ%‘m RS2l I @&%%E’td@ﬁhé‘%i for

salt thereof, and Z are as defi ned
formiuber L Ih@nnphlalcular meodnmqmartm myleatnoremmw toeompotipds of formula III

wheiet KPR o E0ptEyF s bwber o B ahd ki) £ sl afiyiene-0; @

is phelg"lI b%oﬂﬁﬁlﬁﬁuﬁ{n 1 'fl»ynauiyﬂi ortltdpReiykYdnd ke phenyl in Q 1s optionally
1 3al kyl eng-Q i S phenyl, furanyl pyridi nyl,

substIW DR} 2 R ogpwémn 7 st ot ond ﬁoﬁealityme OH,
gggnuﬁ 1 ekn I engrn%aﬁ éﬁé, tﬁ&?r&}fg ?rkﬁ?%& an %%mep%;npaﬁ%ng f&énula

IV: groups in R8 are optionally substituted with 1 to 5
fluoro atonms. A particular group of conpounds of
fornula | are those djscl osed i nRU. S. Provisional

Application No. 60K96 ,914, d on Septenber 7,
2007. This group |n %ndézof formul a (I')'
(R5)a INII"IR6 RR* ,¥~ X, Y'J 7 R(I)

20 R wherein: Rl is selected froﬁl QIvpal kyl ,

- C2. 6al k . and - C3! | k ,
or a W BRTRAICHI AR B SABAIEP et PR B arfic e 23 delined for

foerlfhulbllﬁ olﬂe?grtiﬁ’hfap eﬁ%odi%en’t %%554%%#?8§2 gl%sl%ffglimum v
whengazfﬁ 15 1sobut)(/)1rorpéy<z:ilopéntyl R’ is phenyl; R’ is -OH; R® and RQ are H; Z is
-Cy.salkyl or -C;_jalkylene-Q; Q is phenyl, furanyl, pyridinyl, or thiophenyl; Q is optionally
substituted with 1-2 R® groups independently selected from halo, -C,salkyl,
-Coalkylene-OH, and -O-C) 4alkyl; and the alkyl groups in R® are optionally substituted
with 1 to 5 fluoro atoms.

A particular group of compounds of formula I are those disclosed in U.S.
Provisional Application No. 60/967,914, filed on September 7, 2007. This group includes

compounds of formula (I'):

5
(R), N/R6

R M
wherein: R! is selected from -C,_galkyl, -Cy¢alkenyl, and -Cs gcycloalkyl; R%is aryl; R? is
selected from H and -Cy.;alkylene-OH; or forms a double bond with Rl; or -CR'R?R?

together form a group of formula:

-13-



10

15

20

25

30

/| A Db where Ais a bond, -0-, -S, -CH2-, -CH=CH,
-CH2CH2-, -NH, or -N(CH3)-; and where R4 is selected
WORPMA3E§42hal o, - OH, - Cl- 8al kyl , and - Cl- 8al koR¢T/U%2008/040431

bond, -0- or -O CH2- mhen Xis a bond, Yis -CH2-,
Yis -N, and Y" is CH2 when Xis -0- or -O-CH2-, Y
is5-CH, and Yis a bond angk Y' is -CH2- or
-(CH2)2-, or Yis -CH2- and is -CH2-; R5is
selected fromfluoro agd™>Cl 4alRyl; and a is 0 or an
integer of from1l to 31 _Rg are independently
sel ected fromH and -Cl1 al ky’i, and further wherein one

of , R6. or R7 ct .
where 4 15 HWi O_mg%_ '§III?(yI enecé }f% ﬁ{ ﬂoﬁ/@é{ﬁ%—’ & d where
R* isdaricd Gonh 1, Bilog COH-C,alkyt, Gﬁd YCV@lUGﬁIyL(XI is adoyd,,-Osror -O-CH,-;
heteroar&l optionally substituted with 1-5 R8 10 .
Wherngaa opdhd¥ ettt Yyis shh@df o i roHehahgn X 81050k CHe-, Y'is

CH G s Bpof nGt i€ YOS or (T X ViR Y is -CHo-s R s

selectéK]kEﬂaR&bo and NH-467(1@) -agd a4aD loy lan mthged iof ﬁlomil ke B; Rbardl R are

RS 8b t. g
indepengily salRHE M H 31 -GriaPah AR TRl VSRR o BT RenhRy gnay be
-NHS %ﬁ%bﬂeg&& t?from H)- élkgaﬁ(ﬁ g &uaﬂeﬁuoa &ed agHas). algfene-Q, where Q
is selemdﬁwrc%,a;lckrylbalkyy ansdﬁ orthetesparyh Optmlally sebetjtarRd wittsRg R°

sroupp Ok Oe TR, SRR FPY L0 cEt T A e R

-Co. za%la](mﬂ c@%abkmwl, @-@4alk:§ﬂ ES‘»YE4QR$/1K}/¢ONR51’R38"
each R and Rd I s independen sel ecteg fromH -Cl
-NHZF ()t C1-sakksyh aNk@ngHalky@'LanAa SLK)Q and R* are 1ndependent1y

selectﬁffr? enelaﬁ)&‘l &y lalkﬂﬂgl?félﬁ lﬁ%ﬁ Kﬂl ehé( l)&a&gxlﬁ?&%tsélt@deg W]%J }to SR?

and ¢ roup
groups se:lmted)ﬁraﬂnl L1 salkgl l-(tszHaH(d:nw t-(DM]all{ymyB -C}.soyclvalktybmyano, halo,

RS BGIARE St HR St -RE G BB ot i gach RV i
1nde§<§1d%ﬁttl}egeléd't&ﬂfroﬁ]ﬁ4@ KMkPll é? ﬂ&lngﬁ D@Jk4alk}@%d 4ab kg nydycloalkyl;

cyano, -Q(CG

and e@b@ (a@d a$ k;dlepende@(ly);@gmd ﬁ'bmyﬂ-l) CMNHQ? -C;.4alkenyl, -C,.4alkynyl,

y and
and LS R o kbt T AR effiiflo growp in
R*VR*®Nand £ds opfibniyGubsthfed gt fo 5 flaoed dtblﬁs ak'l(@thmrﬁch cycloalkyl
gfoup in Z1s op tlonall%/qsubstltuted with 1 or

in R'syis optienpdhysybstitiegerithehte § substisientsdpdepepdeniy. 581602%91 frgm

I a
Cr k< St iny EIHIRRORLJa6S Hilo, JEECLLANNE - SC Ly,
-S(O)(GraalkyDn-S(Oa( Casatkydf, NHzBﬂﬁi@CMﬂkb/Ddlﬁdt—N(ﬁaallgé);z wherein each
alky b Rlkenddaloapt s bpcepraely sape e i 05 fluoro substituents;

and %F VIR SuY R i dGR by BibstiiRe SRIRQWPSsubstituents independently
onposi tions, nethods and processes of the 30

seleqtcdjénml -@n¢alkh@nﬁoﬂfbwr Aghasnansutically acheptaldk sdhihegeof.
%I ‘E(gﬁ%rr %la f’cﬁéa? g:lgﬁlrgml X fQﬁl ﬁl%tzr?tgdn th'%daq’le tok’ gﬂaje%]Mnclﬁae those

set fbﬂl@ inigle Bxampiebbelthl,20 Q»Qa/ll%fiﬁér?hzﬁ’ﬁﬁémaﬂﬂéx&b@%ﬂe salts thereof.
correspondi ng plural forms unless the context of use

clearly dictates otherw REFINIHANS e s
When describing the compounds, compositions, methods and processes of the

invention, the following terms have the following meanings unless otherwise indicated.

Additionally, as used herein, the singular forms "a," "an" and "the" include the
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"“conprising”, "including,” and "having" are intended

to be inclusive and nean that there may be additiona
WO0BAI3 ot her than the listed el enents. Al PREHNP0S/010431

expressing quantities of ingredients, properties such

as nol ecul ar m5|ght, reaction conditions, and so 5

S e
corr%%n({l]n%al%rall}e Sy ns gl'rl]% cgosr}?%(t %?é ?l%gr?fdféﬁabg c{t ser él‘shéa terms
"con?ﬁ—ﬁﬁfg\/\d 'SeclididpCahe dhav@ﬁgi'@[ré Iu[tg:hded td be imulndies andsatan that there

th herein are pproxi mati ons that nmay var

may e gdditirra) clisesnts Wée an thedistedglementss Aé'orug;mer grRgessing
quanﬁ'ﬂgéabﬂﬁgx{ dﬁ%tst pf:op@ftﬁ% %Géméma&hﬁpwe ’o &tﬁhg B8R tiBRL, and so

as an a mt the applicati
forthdmedl henein z(ré t@tqex unddraood ag beitg mosld’oq@encall 1nttmcmls hiy ties, term
nunber shaul. d at | east,. b nstr

"abog Msssr%%ws&dnéﬁcaﬁéf ACE g LR R gt ppR pPiRE o

appro¥ifiaBahy th%%ﬁ&i WS deBERMhGUBSN the H3SirdEproperfik ¥dughtRARSobtained
a nonoval ent Satudrated hydrocarbon group which may be

by theipnesant ipversican chiddast,amldars aparattempido distit theappkeatian of the

P T TN NN LY MRS —

in li %ﬂﬁ df tlﬁlelﬁﬂ{dﬂﬁl gmﬁ&@l@ HE%@ rahdtbwgf)@hﬂg/ rdﬁfa.@jdﬂfundﬁ@ twl@uques
of exanp et hy pr opy

i s$b¢ t?mu "alkgyl’ braf«@ns a @eeowlﬁry |samra§fesiowdﬂ>carlm grobna iich may be
linea? opgﬁ‘h%flll gl{lgéyéthir@lgé\f‘ﬁee%lle% sggggfk%(r grouﬂ nﬁ@ cggtrabn from 1 to
10 catﬁomtogg anﬂtl?ﬂddﬁj éémmpmam:mamﬁzar ~-Ci mllnylugﬁﬂcllaﬁlkg]

the nu r. or car natons 1Is, sno I ing the t
Repragené%swgaﬁy fheroypginc wé%@aﬁﬁs vy qfigxamg efis, e&%ﬁk@ sopyl,
1sopr'$§gp§ tﬁ‘i’)ﬁla&é& ué?r ﬁHﬂutgPVé%uf}fl Hpdnty O nthekdH, Iﬂ%p%ll Oﬁ'fﬁctyl

20 t cyc oal’kyl ¥ neans a” cycl oal
n- nogyloumehzal\andghé higen 5 to 9 carbon at ons, Wwhere the

C PR e DR g aﬂé‘”%ba“eﬁsﬁ P AR e

hereﬂlr fHemhuat of@é&b&@ atolisfi§ siover ibbédiﬁgﬂié tetdh€&bscript. For
ot herwi se defined, such al ky gprgroups ty |caI

|
exangp)pythe termyofm etk bmeansoarr HisH ereBprBaving foRt a%ev atoms, and

o GBS G n e ton s

where@he e 2arbéiy htens-are tﬁﬂﬁdokwtebieconﬁgiﬁaﬁai kyl ene-, and

~ 6a| ky:s@yx%v 8%%;; t | ve al k }Ig%goec r oug_gup that may be
lined P ﬁﬂﬁcﬂedz [9'1'11¥$s ((th&wyé cfé?ﬁleb sueh QH@[\%‘C qy[IYIL:ally co;lltaln from

propane- 1, , butane-1,4- diyl, pentane
0 to &M darbbre alomsandllncluée doierstba dCh Indkylmfen Gohelkaleklyi, ene

. ST SRR iSRSl S o S

and 1YQakYEABC R redeatabion aBlytii®, gréliitintlade, byava) Wxﬁﬂlple
group is notéfresent except for a coval ent

metla/ﬂqnacﬁhmﬁ LR glr(o@fbxlegéfaa?rapw by-dire PEIPRYS- éﬁedlb'le bifane-1,4-
dlyl,yagtahs f1f§bdf3,i Kdle” AR #gcyi&eg,gmﬁ WneHMHARIRAE geém includes

rocaf group I'I'near or
zerowhnbchs hab aat-Ch edisylemenor -Gnéehlitylqries aducly tekms 2romtéhded to include
ar bon-carbon -15 WD 2009/ 035542 PCT/ US2008/ 01043
the a3eISF @ GRAR atonky thabis, eaiylene gronp Hpt PLgeRt %C&%%Tacovalem

bondAtRRR g NP EORbY Yepafddby e Y1 énd t@rm.
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-
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10 carbon atons and include, for exanple, -C2 al kenyl
and - C2-6al kenyl. Representative al kenyl groups

WO¢Y 0382 by way of exanple, ethenyl, n-propeR§l/US2008/010431
i sopropenyl, n-but-2-enyl, n-hex-3-enyl and the |ike.
The term "al kenyl ene" neans a dival ent al kenyl group,

n e I | kenyl e r
doubzilecg r%lgl E):E%F glé}l}éer\gls?ﬁeﬁ% ed;?ﬁx& aﬁg&%l gfbmlgy ?P?lcall%cr?gs% gﬁ{n 2to
10 c&b6n profis ah éndlade)fbreexatpid, k@i4alkdn9r :m(BJGQ)ghlkem)El Representative

defined herein. Unl ess otherw se defined, .such
alkergyl vgwtma inclydsy py veayaf extmplecehenyl-PrapsaYla isopropsndlap by 2-enyl,

-hei?—té- e Rk U fe tdrtf "a‘ﬁéﬁ & miektls £A@iVEREY alﬁé}gll oup, and
- Cl- 8a 1? by

oXy. Representati oxy groups i ncl'ude,
exenviyryalkeaykenp Igsqupmdmmdey-czgalkengglenm pr opoxy, 10

t o The G Ao aTERRS 4 miRaovaHti  Bin 1Y KRN -Grallp shere alky
is as '&@ﬁﬁ’é@e‘i"&h ek YRR e X HAQL @ﬁélpé’lkﬁl'éﬁél Brotps %ldﬁﬂj/ coRRin

l'i near or branched and whi ch has at | east one, and
fromt lytoi iadaktyonlatords end Biclusigy fosexamplsorCi @lkiOpV endh pcglkoxy.

ReppsRaRe RO S troli 2y B St e Eingey. n-propoxy,
isoprop6x @ebut:6/, s@caﬁﬂ@kf,,xsotfa?m@l k&ﬂbhtoﬁ?dnd B2 | lﬁ@J ky nyI

Representative 15 al kynyl groups include
exdhpteam "alkpypily means g,n@)cmm?]ent qlpsgwlratgd p)@:pcarﬁoh g;p_u@ which may

be llé{% Ior ?ﬁq lgé?igmd' \}51% ttlg.?[s%nca g){ﬂ?&zl‘lr}sl 3 d(}%n eX%8b&Rhrbon

focarb aving a &R
triplp by Urﬂ)erss btieewise Idﬁﬁﬁed, Isuth alkyayp lerdupls ey;ﬁ¢allyUrdnens from 2 to 10

et B R ST i S L S BR BhSE 5 SRR

alkyﬁ%%?@laﬁ’m 1%%9%6&5%&%9111 FeOfe%%&i @Lpfbﬁyﬁ«ﬁyh-bﬂf-gwl n-hex-3-

y way of exanple, phenyl and naphthal éné-
ynyllang the likgapht hal ene- 2-yl , and the |ike. The term

"oyl oal i heane 8 Tioual e soLGLEL CRURBEYELAR ring

(i.e., phehARbK ke DFAEG. el YBpHBAIEYe)C Qs rmﬁewme%eﬁaed, @uch aryl groups
carbon atonms and i ncl ude, for exanp

typicathy caupia femi6yto, 10.cabongyrg Bamg¢nd lrzfﬂfedez@r example, -Cg.joaryl.

Repi LAy o6 SEEPL A AN B M 11,

naphflycx_]:ér&ﬁByLyhd tlmyldteohexyl and" the like. The term
R on S e Syl A e rcaton

grougar[ﬁﬂ)é%s ALK EUBHRY, §ﬁ&f@yc%ﬂ(%&ﬁ)s ‘Pﬁhbzﬁ@aédrﬁ’am from 3 to 10

ont al ns one or I’TDT e het'eroat'ons. Such di'val ent
carbiny atoosant dwcledep figrsexanpledy eC hscanlonkkl, of s- myb}oaﬂo'h@@d 30
unsgt ur

{ [ i, t
-Cs IR h PresgR By RET I U RE naPefe Dok of SlabBfe' ' ©
cycléptepAC &y dﬂr@yu@o;feﬁfyw@clmaw ahdaRetiRé.n het er oat ons

incorporated into the hydrocarbon chain or as
subbe farme divalent hudiesarben Srawe” RIS @ A1 Yent Bxdiogarbep group which

ol R b TR AT BT OBV 8 ol ocer

morPhétaseatoitsa\Suoly divatent aydrokabon graupamayget trencted oc unbnai’lched
saturlafc’ed o?tunsaturated 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.
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intended to be limting and is used in the sane way
that the term"conprising” is commonly used. The term
WONEYBEYAryl " nmeans a nonoval ent aromati c gr oRpTHDIN§H10431
a single ring or 5 two fused rings and containing in
the ring at | east one heteroatom (typically 1 to 3
] d [ Iy ul
n S8 00TEh, 8 oA R RAET or VRN b s ot
inteddw kB livnitordral i8 ubgdoim tfo §ame Gay ctiad thertefng "aimpmsmg‘l'ds
i nclude, for exanple, -C2_9heteroaryl. Representative
commpgf r‘%ﬁaﬁiy groups include, by way of exanple,
Py " ¥
B nelef £ 00 Rk BB BloM] aroRAAC Ik p e\ Mg Sihgle ring or
two fised tHihgzaidydontaiying trh thelringat deast ond hetcprpauoda(zym%l],y 1to3

e S e oS oo SRS BA e dtn,sch

hete®8AA $tdUp@ ER)i¥d1ly dORRAP BoRr®to/10 totidlir Adms anBR@1IdE oy Example
qui'nazol'i nyl, qui noxalinyl and the I'ike, where t he

-Ca.opefierparydf Ra:pteacrttn@vﬂ hdteroattyl gropps mmeaby way &f igsemple, pyrrolyl,

imiaRl O BF el RO L o) AT YRSt e

lsoth@éfzolﬂ pYRMiDE, @Hﬁﬁyﬂ yi'ﬁ&hzﬂi}@ Pringiditsi, &hailhmi‘ﬁmdo@tll dhsnasﬁlranyl

1to 3 tines or tinmes. For ex an al k ){
benzgpyapyl hmzorfgow@ﬁvli bﬁlaqquyldemlyb |blem<ébl32%yl kenzodipxslyl, quinolyl,
isoq 1&181%‘,‘2%1 rﬁ%&[{%rrl, (gﬁ%f ’B‘%’ng%}ldgﬁ% 'hickf,hgﬁere ?{e pintBPAGARhEH: s at any
avalla‘bhaf’afm;txemirﬁte@gehyn@mﬁpt abl e" refers to a materi al

is not .bigJogjcally, or otherw se unacceptahle
wnahe 5 Sprioealy o Bty Rieeng LR HB R G T P Heo0
unsub&hﬁfeﬁ%? SUhhyed g%sﬁﬁﬁ&?&&%&e@&ﬁf fifibs, sh& z?s* Btot Ptifes or 1 to 5

material that can be Incorporate |nto a np03|t|on
timeanHoraakaimples ap aby! grup thattis coptionatiy suhstlua@dé'nwgh 1 to 5 fluoro

oSS SRLARN S 2, LBl GHIE e D P OB T, o1

Sughe tepMmApRBGRILEL G llyYacasptané Rl s i ﬁfate&ﬂa‘ﬁ tﬁamlmbioyoglcany
have net the required standards of _toxicological and

or othgmisenagesnighle @éxf:n weed 1adhe inventere Forsxample, die tgma
"phabg%&tubgélgp gpt M r?}]" ﬁa?esﬂts ?% ?r%aﬁ&q#ﬁ% 99& ﬁ@ﬁl%oﬂ%rét&?into a
compc}iﬂi\tﬁmrmﬁield&mﬂatdrgd acceicabwiheut dalising anaz:captab]letblolo gical effects

aredfromabse or _an acid whi IS acceptahl e
or infess g A SERCAEPBR e Rt PAROIeB e CorRARRY. Sueh
pharfrfac&hticaifhd eptaBRiihGrids Qﬁﬂ&ﬁﬁl RavERRRTahd RQuited Sthddr® oft
gi ven dosage reginme). However’, it is understood that

tox1ctdhglseélané neovacedingytesting, anlvientide thase enaterialy idguti fietas witable
har.maceut | ¢ vy 30, a t apl e. s such as salts
maCtéYe ‘?‘ﬁ{eélﬁ’?‘g%? DAL i gn%%%%@cﬁﬁ‘%&irpguﬁﬁat&mpm ended for
admhe t&har'@)hh@lﬁhc%@tuﬂﬂ]@aicb?ﬁible Phlennsasuidait Prépared from a base or
acceptabl e salts can be derived from pharmaceutically

an agid edyeints ascapiahile fniadmeniseatipanio® natisBs Seahcpstapammal (e.g., Ysaits
1
o BRRTBFIS o SECRLPRLR A nf), BROLE s
undetsioddrthasthe JletsV@vszal%)Ot‘BE HhnROI AtdSRO 08 uirtd 43 be pbattaceutically
[ aci dic noi et jtterions

acceg%ﬁe%a ts, Egétgil%sna?tﬁ @E H’&@t&pedlate compgundzsvt\flat are not 1nteH?é’d g?

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 formula I contains
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within the term"salt" as used herein. Salts derived
from pharmaceutically acceptabl e inorganic bases

WO 28¢Y 38 2amoni um cal ci um copper, ferric, f&ETG($3008/010431
l'ithium nagnesium mangani ¢, nanganous, potassium
sodium and zinc salts, and the I|ke Salts deri ved
from ar nac

bOthiar?%Fl]ﬁg%&g% a%uatc ﬁ@#ﬂo?e}}?%&é@% 18 v an d ?Qﬁ&ﬁre included

withithe egm 'isale! awlmsag heteig t Sdltstdedvahfrbﬁﬁphmad:duucﬂm m&;eptable
natural |l y-occurring am nes and the [ike, 2
inorgapts; haseeinclide amugoni way ¢aleIpnm, comsri frwIc, ferrous it ium, magnesium,
Y| AlitR€like. Salts derived fr
man%'kn% % 3’??‘?%1 hg&)ﬁ%ano{ﬁoﬂ%?&#&z flestaam nog]ttﬁil T alts derived from
phammtmxumhlaymarwptabktdrgMQ bakica mdlmle Mtebﬁmmrw bcdonnday and tertiary

amn}e@ é{x? ﬁfiﬁg {Wdl tggam II}%C%{ %%;Egosa y-qcx(iw amines and the

like, @E@H‘% é}éﬁﬁﬁfé'%&ﬁlnenyf&lﬁ% bﬂﬁlnepNW[(ﬁgérﬁﬁleth)ﬂér&@[ﬁﬂhE‘e
m ne resins, procalne, purines eobr oni ne

ol ya
dletllyiarmnh,yz dmhwéamlmcuhmlh%dmthylammmﬂaaépyle&mnn@mme
tha ndth alts deri.ved f
ety gh e i ripretio Afw bR e 468t Whsasnaive.
histigiak tlfyd@efbaﬁﬂﬁé GsopEcyydahing, lybive bligtucatting fn&b‘bﬁkﬂir&, piperazine,
hydrochl oric, hydrofluoric or hydroiodic), njtric,
plpe@ﬁwpmiw@mesrmmmr@camﬁdpqlzm@uthml?roen% itdethylagyine

wimBOLEE, (O ARG hy AL REAARD A QGRS 0o

pharmlatdfutmallg heteptable, mgig\;mml acﬁis iheladé saltslofibbndicarbionjc, hydrohahc

(hyd%r%tglc( gy(g(ocltﬂggtg{ yélro grélygfod&ﬂp mtﬁp,c;g] box | Ifa(%nic and

sulfutrfc afc{déorsgﬁg Qéﬁ&éd%dlﬁ%am@i&@t%a@l 'a@e?ep@ﬁ)lg orgaﬁﬁ:%[ds' ificlude salts
glutam c acids), aromatic carboxyli aci d

g.
of altpéaatz@hydropykmlldsr(olgemmpnglumrph@hydOéIGelact@C, lgémlpmpcmallc and

tartaﬂgl §$ g%, Fifl;g%rglg gxtxcEréjD ér% l ?cﬁ%ct&é O()%Zgg,ea%%% Sn)utync nrlrar{w Cprop10n1c and
trifludrdieefi O ¥ BN ZAIn®, acidsTE @, pr/am@ afdh gmdnela Qcids); ardmvatid dagboxylic
and 3- hydr oxynapht hal ene- 2- car boxyl i ¢ aci ds),

acidgiethr Bnzoic, pichlprehsrgpiccdighenydacetic ggenth;lg,r}gpplénc @ad giphenylacetic
ac1ds§uﬁjoh%t1§ﬂgdst%.lﬁﬁfécnﬂs%eg djﬁ}drog% 91951‘3”#1 (ﬁgﬁ;&gggﬂz'oﬁr 1-hydroxy-

naphshilérerl-carbok glic 4rel i}hydxbgytmhﬁ&ldnfemcarboxyhc acids), ascorbic,
dica%@??.lgq?%g%; g%g;lm @meagllia;%@kg] Qgé%ggp%ldsa gqltlgolrgrl}llc Cmandehc
mucﬁaﬁQBﬁﬁlce&%tlé pamfHis, lﬂaﬁ%éﬁw RAIREE ﬁblﬁg‘?e g, ﬁer@eﬁéﬁuﬁf@ﬁicc

and p-tol uenesul fonic acids), xinafoic acid, and
camplidselfortibeedisyliny etharmsalfenit.i leqhioywenfe@wcsxéfm uaphthalenesulfomc

napliioter G oot Beppbsier 2 ortndlnatoma Rl ot glas,

xmafd}%@mtmetmglr ug needed t 0 obt al n the desir ed
therapeutic effect. For exanple, a therapeutically
ef The forye'thaapgusigally edective SEIOURY reANS AP AMSMEE f‘lf@ﬂe%to effect
treatfﬁléhmgé{ Xdrgffn%%}é(? tc‘ g:?aj t h?néae'a ﬁ'ﬁ%ﬁﬁﬁen‘?fl €., ﬁgaﬂﬁdﬂﬁit of drug
heed or exa reduce, suppress, I'm nate or
needpd evebthin thé desax;eﬂphaapem‘c ef(e(‘?():ﬂﬁr examptepa thezgieutibally effective
under ! yin ause of (COPD e ot nd, an
amougippirtatipe Frafie aRtricavs AUmeRABLAEcas CODR LD MheRpwrtet
compSd RAdEELRUFdre Efeh réfaYe %ﬁfipﬁ&sc eRAMdté ¥r ﬁ@véﬁ the sy¥ptoms of
009/'035642" PCTT US2008] 010 t her apeutical ly )
(CORD),extto treatdhounderlyfng caanp(@COPRhe@n shaefiehiand, ay Saftaetive
amoux%n?{hﬁ' gurfltonreeded to obtain a desired result, which may not necessarily be a
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ant agoni zing a nuscarinic receptor, an "effective
anount” may be the anpbunt needed to antagoni ze the

WO 280382. The term "treating" or "treatnent" P&I/U$3@N§/010431
herein neans the treating or treatnent of 5 a disease
or nedical condition (such as COPD) in a patient, such

u e
i R RS e AR« SR 50t o
anta@siGzihg b Muscariic receplopny lefettive drmaaitmay betheamatrit@aeded to
(b), aneliorating the disease or nedical condition,
antagorigze the gGepioRat i ng or causing regression of the
di §¢ é‘?e‘?mortregﬁxsge C(%'"tr@%@ni" Riskd h@reﬁﬂhb%{% the {rGQtlng or treatment of
suppressing t i sease or nedical condition, i.
a dissdsewir mgedoral esrrddSdn (sgch hﬁC@@@lmpmﬂmm dGhef atnimnmal (particularly

i sease. or .nedi.cal conditi
a huBeRRRanF GRS W O YRIRBRSI T ShE of plegisaCer i Hpdfth geourming i,
propﬁf’l Aekid ir&fmbhk G aﬁ?attleﬁﬂ'”(b) A8l RXHPhE diskhR dr@fiddical condition, i.e.,
reati ng COPD' woul i nclude preventing COPD from
ehmm@tmg of craglsmarmgnewm of@e acrme qupml@asls;p jtiQDRTR patifdt;
| evi at

© e R e e i Enpuonar ol e 8 Bk fiRisyetopment

of tht ddfeast & hédic? @ondition i@ baGdmE; &r(dﬁalma&mgpn@mmmm of the
that are 15 presently being treated for diseas

dlse%P@Vé?@lC@thiﬂlttWe@taﬁﬁﬁlenbf o expaples ﬂ@ tema eta%aéms (COPD" would
Ao O 0 o AR, BRSPS i,

alled@ﬁingghel sytptomsfLGRIY., Theterax'gafibet" éninsemdadito imobidE those
ot her terns_ used here:é} are intended to have t

amn@.lSd Sy 3 hgrs.fhatage inpesdiad trsatmeny of Ggaese@rw&fla%ép? are
pres%@ﬁ]_lﬂl_leél%héﬁgd ﬂﬁtdlstegse"ig}b%tlhﬁ%y tr@@ﬁﬁé\'t Bf a §cifeNERAe or medical

Conpounds of the invention can be
conqjmi@p as wetllfas dost sldachtsk in whnhlcameusdsarﬂthm tventiqreare peing evaluated

t.ne foll gener al. s, the procedures
Orbeélég SripR 355 ﬁoé l‘:‘%&‘ﬁ%a@s QUSl ng ot her nethods,
I e AgEsthén teiflusetl detdin Qreﬁﬁteﬁﬂd:(ﬁﬂoshabb dicipsdidafpiRatiag as
those of ordinary skill in the art. Although the

undergppdbly Hipsp pﬁe@mnnegklnap tha rtt Which theypperieie ul ar

enmbodi nent 25 of d ‘S?ﬁtthHcPhbct der st ood t hat

ot her enbodi nent e simlarly

pr aoafp@dndmﬁtge itvensSairearose sieparked frometdadidy available steting

other ms d I eagent and, starting materials known
materigls ysiagt 82 Liwing Wgﬁmmh()flﬁ theprogpdures get fgrfh m&F% Bxgaples, or
by uSiBp gﬁfé'r ﬁ{e?rg)dts hl%ﬁgen\w ahé& sfaﬁﬂigcﬁhteﬁﬁlsﬁﬁ;ﬁfa% k&ﬂvrpfoqﬁgﬁof ordinary

condi ti ons .e., reactlon tenperatures tInES nol e
skillnmtheomt. Afthm@adhafnlkvwmg pmndwes ms@m@ a earccyla)aﬁrebodlment

of thg ﬁ%{\geglgog,t 1E 15 %ogt%izp I t I bIB?Iil ﬁﬁhﬁp égvetnlv%g can ge similarly

prep&fed disinpgQRE sathd br §1Mﬁlllaf3ﬂiembd§ af Yy dsing belien ﬁletlﬁfdsvﬁﬁg@lﬂ§and
reaction paraneters such as the particul ar_ react ant

startigyg| mpatpkials knewn tathose peerdinase gkillin deeearb It ayiliaksarhy apraciated that
whefer}xéilgsl H'prefeRBd hﬁ)%gég andRIoRs W Qereﬁéﬂ&natQJn? ﬁggg kiRifks, mgle ratios
condi tions USI ni oce

routi ne op zat1 on P ures.
of reaRi9DHIERES éébsﬁiﬁ;&'d ldﬁ‘2))ﬁ8/g0ﬂeﬁi48ther prodessicondikibys casalso be used

unle%bg?ﬂ@%ﬁ%ar © [gccmttlﬂlgfn? I‘galéltll)l!l ggnciltlons w11]atyplcally vary depending

on various reaction parameters such as the particular reactants, solvents and quantities

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

using routine optimization procedures.
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groups may be necessary or desired to prevent certain
functional groups from undergoing undesired
WO 28%4339s. The choi ce of a suitabl e protecti R§ETES3U§/010431
for a particular functional group as well as suitable
conditions and reagents for protection and
de J . .
Bfigﬁl%ﬁél}lf s %h%g %P}Ea?'e X nclﬁdsg @Qlllleg Ergﬁlgzart? E@nventlonab grotectmg
groups Magde Qéceé%@arﬁ%r dediredne paaveniuetiaii fuadtisrahgtaups £rom undergoing

I ncl ude, way . of exanpl car box u
undegx,r%lﬁgctloqqy dibg )@91)106 phy g;glta chprerecepé g?gd fga? Bsx?%;}l&r functional
groug POURE a8 Qﬁlltzlm@c&dlf@onsaﬁﬁ "r@a%%ﬂfs%f MSteeAbR Y deprotection of such

rotecting groups I nclude ut are not limted to,
funcsriad gmups ashweld-knewhyi theeirth yunctionalgydups the may be(Batected so as

o BSR4 TR, il Bonprgine v,

hydrgkﬁfg‘%&)ﬂs"ﬁﬁd‘l ol(ﬂ%eé&h&%g!r upRi e ieke heeplrésleﬁtanaabﬁesxy-

hydr azi Represent ati ve hydroxyl -protecti g
protegtlog geouupa oiqlmae bbfiare aptehrnmed td, gtersasuch as spathyl, ethylo frputyl,

benzypfé{ﬂ ?;%élﬁqr){y elzzyw,“ i &p?ﬂlﬁ&?y]i% t?ﬁnethylsﬂyl (TMS),

t-bu RmhetlhytsnWQIIHS)h&I:paeﬂywnewB&)en@mkylh BPM kaid the like;amides and

i ncludi ng C1. 6al kanoyl such

acyl groups rou
hydrﬁ%}ﬂ@ﬁyllgepa@éngﬁtl"%hﬂdrphﬂ Irrpt@@tm&ggﬂ%trwglr 5%% notligHed to, sily!

srouf AR iRty iy PSS SUKRAHIeuh TR (M), ietyisityl (TES),
tert-ﬁ)RMdlraétﬂylsﬂyE('ﬂB%et%ld aredlilet; I&satbs (atzd @@g?hgmtuwhlng Ci. ?]alkanoyl

t ect t t t
grough oS SOU e Mk A Bl B B D)
p-maRERBeNLy 18?191%989%6}&1&%11&5%@&1% &pHenyab 15(benzhydry1 DPM) and

Prot’ecti’ng groups othér than those descri herein
the ld@yarbbethged RepresetdativeaqtoteFong groupsrfirdhioh gxm;ps) inslude thioethers

I [ roups, and . their intr
and 15 5 o s e et B Yy AR 5Bk and
ketal3! Pt&6dtinpGr&igiiqber thaihgaddescByed h@sindmaybe nsedEifidesiosd. For
W1l ey, New York, 1999, and references cited therein
example custRseRs Preteciipg sromes. e el mgrodusinmeandaemgnal. aiglescribed in
I u [ t
v RO L ol SRS DA S L oo,
Wildys Bldwheski h99% amia&rfemncqsromtleémarelg @}dm;spwﬁtaikyl theffotlowing
g undesired r.eactions at an am no group. 25

reven a
sbbrREH TS AEEFBTSHH REPC SRtTPGE Brogies PASrade. - but
?r ® BftesdntdBd %lﬁ@apréteﬁﬁi(g%ﬁﬁﬁ" BQEH thaf BUstd héreir t6lmean a

Tr), benzyl oxycar bonyl
protéuting wwtﬁ’elerfgs(maerbmwnd@mnﬂdyactms myam amino group.

th th B
Repigiiii g rob it it B IR e iiledig b ibycarbonyl
(BO@? &ﬂt}tl Ql"i)eml‘iﬂdxb@arﬁ’ >gr(gup)5 9Enroramﬁedhexy@e¢u@u @gahoonformyl,

N- BOC use a reagent sugh

tnmatiwlﬁm/l (TMS), &baiY&liawélylsskvl EUBbAEY eanthibedikeq Staa@éfdl deprotection
tech.fu:arﬁngsteagg ﬁQ%Sre BEL HiLep! . orqafx;n‘glg?éJ ﬁgéntﬁécﬁgn 3PtheRIBOC

assi um ar onat e, car bonat e,
group@dh use € eeragemtaheh a$ HCRohyMaHCh ey 1,4plioxabiene,
di bi cycl o-[.5..4. 0] yndec
1516 Boteg 551 e i e s emimshiLs: b S ilyiaan ad not

limiﬁﬁbﬁ‘,%téémum’é’dﬁ&a@@ caRAIA S&ibYAALE - JddiudX c ABona8drieBilyRimine,
- 20 2009/ 035542 'PCT/ US2008/ 010431 hydri des.
pyridine, 1,8-diazabicyclo-[5.4.0Jundec-7-ene (DBU), N,N-diisopropylethylamine

(DIPEA), sodium hydroxide, potassium hydroxide, potassium z-butoxide, and metal
-20-
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Suitable inert diluents or solvents for use in these
schenes include, by way of illustration and not
WO 200838342 0n, tetrahydrofuran (THF), acetoni triPC&/US2008/010431
(MeCN), toluene, N, Ndinethylformam de (DWVF),
di met hyl sul foxi de (DVMBO), dichl oronethane (DCM, 5
chloroform carbon tetrachloride (CHCL3), 1, 4-dioxane,
fhanol , ethanol, water, and the like. Suitable

c asbmé {ertaiiuehts Bk e@vsmy Bbri uRE i BREESEIHSmes alclshz, by way of
- hydr oxybenzotri azol e drat

lllusmtrpzmndnmbnn@ngm ds’(tyzmdsq %@ﬁ?ﬁsﬁﬁem%@é%ﬂ? (jphuene,
NV EHEhSHERNGE MBS, kTR xR YUY, dichiopomethane DCM),

chlod@orn€ xaftod aéteqohivside FCEIQIIAT W) dioxane, methanol, ethanol water, and the
di cycl ohexyl carbodiim de (DCC), N-(3-
like.dj net hyl ani nopropyl ) - N - et hyl car bodi i ni de (EDCl),
ca I C i
CoSRAL SRSl Pt b P L B b oo
hydrpﬂee{H@BiQ behzatribadd,; ylanyitna(chmemtaimnqh)diospmmun
onve naI d-formn [ ti AL .
hexaf RatopPoma @ BE Y e maperett G- 4 B Frpmetpyiuronium
hexa\ﬂ‘uHUpﬁosiﬂBﬁter@DﬁgFUPthc%@%%xﬁl@arbg&lrﬁdeqm §.(3tor

exanpl e at roomtenperature. Typically, reactlons ar e
dlmmmmwM)-N u@byloarbpﬁnmld%( R eshaayishimidagple (1Y), and the
like. %IE %trr];gcrtlén%?‘%ﬁ% cltolngﬁjcl:t (Ii-?lea olrﬁg}ﬁg%pm%qé the((:gllpé'ﬁ%% of"ggééy and are

perféfiddtu@8er éWnvemyonal ahﬁidm&&bnhmglc@ﬁﬂlkﬁbni rom1-2 hour S
and up to 48 hours. Upon conpletion, the, mxture

be Aliergiions ereapisally porsuged at 8 t%wawr% Wishinglbe Fagige of about
278 R RARfoC lf&r exa :Lteroox%lqﬁxingéfé{lﬂé eT rORiSHOAE Hhftored by

to one or the W ng pr res: stripping

use afrthmalayertchnnnatggra()hy GLCh highqmnfoemhlyde ligped elrematgraphy

(HPI;Q@}3 ﬂ/éf L%i&%epat;l]l c%(ga HE | r%etch nqgr%%)? atg%ng{lgeyll%xl\rﬂninutes, or may

take %6§&aiy§1ca%%%1 1 2@urdsd fo‘lfg)ﬁ&frmU oNBStpREoH, Rh&mixture
saturat ed aqueous Nad , saturat ed NaHdUS, Na2CO3

may(o@%u’th@}t@g@d iporder ¢o oNaibHhe desissdrmgodustgFor examploisomixture

mayg)ﬂs{rl}%,?f%ﬁ%ld 59l Vlllelﬁrtg Cﬁﬁo}é‘o&f{o“é?%groee&&es %Fr#%%&or ogartltlomng

(e.g.absHveén eyl defadd arilwhter Br betSiebn 6% THEF i b«hg»mtewc amrhllM
f1 ash chr omat ogr aphy, .or reverse phase-HPLC) .

phosghoRg ALk CAFRGHRN 3 @nﬁﬂt}hﬁgyloﬁce%er (el DENR lenlSréform);
waslgﬁggéaéggfétﬁ&}%gﬁ?(gg%dmﬁ§mbl S glﬁtg(ﬁ\]la%(ﬂgla\? Y 5‘% Y CHCIl;, HCI1

tants are conmer Cl _
or NaQ#&l)] drying (arpdl/over MO e Na$0i)l yolsgmirbrasva delghyn vacuo); filtering;
t echni that are well, kno [

t
being GRS £6-Bt LRIEN EE/S PIR DM B &S icgreel Fromaiggraphy;
ﬂasl@lﬂ%a@%ﬁﬁﬁz?%ﬁe@er@@%s@-}ﬁ’ﬁ).0 ~)a0(RSO~)a R
OH + HN\\ 3 RN P Rz N\ NH

By way of illustration, compounds of formula I can be prepared by one or more of

hyd

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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~/ 3VRRs R (1) (2) (3) Conpound (3) is forned by
coupl i ng conpounds (1) and (2) under conventi onal
WO2M°@5Hénd- f or mi ng condi tions, followed by aPCT/US2008/010431

deprotection step. 5 Exanpl es of conmpound (1) include
(R) -cycl opent yl hydr oxyphenyl acetic acid (Rl is

cycl opentyl Fﬁr%%atjic?]ncffk}gg ﬁteaﬁ%g‘o{;}? wihgrelygraoégi)d Exanpl es

of conpound

1 pi Rer azi necar fpdxyl ate (a is O, P 5|s BOC). Forymti o ),
Headg_ﬁz wher e XIS- OY(RF)1a( S)
‘ﬁ NEHR- Y. N- f/ 7\
30 R RzO- \Y1¥~ -' R2-Bk §rﬂ4')" 3(5
ynd (5) formed by a'ﬂ\/ltsunobu coupl | n?

reactl on (Mts‘g)nobu and Yamada (1967) M Bull.

S e T R e S

amide dbad-Yainisglconditions; fyilveved byhodgpiretectamostem
glz Owdl Calég l ate agf)gggfylpgl{g)-cyoﬁqﬂaeso | AL Do )érll}?lta%et% acid (R1
. ept it I _
s o SPEAHERY | ERAR WASHE SPTBULB abgRtte ty
-plmnmbabomflawdmmrlﬂ ig Bp@)n cl ude

(R) -cycl opent rox ceti

cycl opentyl , ﬂyﬁ’ﬁ%%ﬂo@ W?'eﬁ%df)él Exarrpl es
of copgpound (4) |@g)l ude (R)-3-

h pyrrol i dv-de-T-carboxylic aci@f-butyl gstery R
iMle #BAE, W+s a pond, v Yrh\ - CH Randl Y" sz
%—ER) 4+hydr owyPi pert di -eé{b Ac d tom;;u/

- b
ester (ha is O, P‘]),lszoB Viy-= CHZ=" Y' RS o

and Y" |s-CH2) or

( REompbislt @ Yspfoﬁ%ﬂ Gy Iaeviitsmbi@ Q¥ling reaction mltsuhw,u and
ester Y is a bond, Yis -CH

Yampda cl@@%)zMQBull Gl 1So6r . 4055 RN Remmpred 91)taadt°wélp0und
(s e P LSRN B4 i nd
azodiRRrbx yMIhichas NiethiabbdrBarbstylate @) d{isgpre@yd azodicarboxylate,
followed by a deprotection step to yield compound (5). Compound (5) can also be prepared
by transesterification.

Examples of compound (1) include (R)-cyclopentylhydroxyphenyl acetic acid R
is cyclopentyl, R? is phenyl and R? is hydroxy). Examples of compound (4) include (R)-3-
hydroxypyrrolidine-1-carboxylic acid z-butyl ester (a is 0, P' is BOC, Y is abond, Y'is
_CH- and Y" is -CH,-), 4-hydroxypiperidine-1-carboxylic acid z-butyl ester (a is 0, P' is
BOC, Y is -CH,-, Y'is -CH-, and Y" is -CH,-) or (R)-3-hydroxypiperidine-1-carboxylic
acid z-butyl ester (a is O, 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

N/RS Rs)a N/Rs
QLD AL
N7 N Y N~ N
(3)or(5) + - r\g }\l - - R2>|3/U\X‘ \Y" _/ \
©) R %

N=N
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WD 2009/ 035542 PCT/ US2008/ 010431 DIPEA is added to

conpound (3) or conpound (5) in an appropriate
WO289%BAY42 Conpound (6), the guanidinyl ati ng ad€RfUS290§/010431

then added and the reaction stirred at room

tenperature until conpletion, typically from 30

' . | h i el
BB G G o ot TPt
Coﬂg&uﬁc_ﬁ(ﬁjj thy ghi@RyREnE abant] Rehdrbidded aflé ferreiidnistirred at room
a

trltzk_z/) et al. (20 OL”(J. O g. . Chem )
tempgsytEs ungbemusieton, typicalby o) 30 minuis i seiedal beyrs, to yield

comyn 7} PGP R Breck i AERCH LR R )i ey propared
by thEahéthed dbstibédiinekiattyi caiah €2000) R5Pag. NI/, 63(23):R08GS082. An

AN 72 (7)), + Z Ry R2 X Y\ Y. -1 R. R
exargplg of compet (Bt i pertgiand N umesae A TR AhED:

the mxture is megalahe0GREnGA0 ForhEABET at ure or

heated (-'60 C) until conpletion, typically about

14- 24 hour s(FofnetiorcgfcTri-omr Tarm-substitueasoGraenidivel oom

tenperature, if needed, and the solvent remyed. The

crude material is then purified to a’{sfaordNaf%onpound

of forrmula |I. Exanples of conpound ( i ncl ude

2-thi ophengmet hy%_ mne, _4- xdr behzylyammez and

benzyl am he. ts uEt her det r égahdirg specific

reaction conditionS and ot her grocedures for

preparing represer®htive conpounds of W he invention or

| nt%hiﬁ%ﬂh@gﬁ% AR08 toRbButtP& ah® 8 mixturt REmBEHAIREES room

set forth bélow UTILITY Conpounds of the invention .
tempseaterss haatsd &rathiQ@ unsid epmpletigny tapisaily ebaakt d #Zdthpurs nkhe reaction
.o Ln 0, one enbodi nment ,..a no '
R S L e e i e
matdrial isi thdt Pirifiedrto affolBa Bompaiindbffofmcladl Bxasiphdsyfeompound (8)

activity over M2 nuscarinic receptor subtype

incluger2-thiqppengmet i AnNEe, EhydaknRsmey! ERRsANTReIgYlapine.
| NEEAR YdtailR rr@geaﬁﬁhg Qéé e FRESNEURYd R o8 pRRAdMRs for
muscarini c receptor subtype activity over M, M4, and
prephingnepoaentaiive ceumpinds of thetippentiao tor viteynediwel thexsnfiateydescribed
. hc?%‘gourds 0 bhe I nvention are 25 expected to possess
in thg Examples spfopfi PA1O%n of action. Accordingly, in
anot her specific enbodi mentphe i nvention relates to
co&ounds having a duration of action greater than )
ab6gmppundrnfitbe INVintéQypessesSoNYSEAMRIS Tefepids antagorift acgiyity, and in

one grglgocﬂ}n%gt, GERESHS artp%tgn%isess?ﬁ one embodiment, compounds of the

invention are selective for inhibition of M3 muscarinic receptor subtype activity over M,
muscarinic receptor subtype activity. In another embodiment, compounds of the invention
are selective for inhibition of M3 and M, muscarinic receptor subtype activity over M, My,
and Ms muscarinic receptor subtype activity. Additionally, compounds of the invention are
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 administered by

inhalation (such as tiotropium).
-23.
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reduced side effects, such as dry nouth, at

ef fi caci ous doses when adm ni stered by inhalation
WOREMHIRPEA t o ot her known nuscarini c receptor PCT/US2008/010431

ant agoni sts adm ni stered by 30 inhal ation (such as

ti otrop| um. -23 WO 2009/035542 PCT/ U82008/ 010431 One

sur e of t a
" ePRb et ey hle PomPu B M. BeehBF siftvpe i he
1nhlbmdsksala§ticm(t16h)coﬁ§tantl(moﬂaufdmgttbehé RLEFHAI Co annmsrmhe
of the invention are ex ected to have a Ki

inventiaieqse sxpastasttp haver K darshe Marreenptargihiype of deso thaﬁMr eagal to 100
|
M, SEAERINRES, for BlanfIB TR Byt AR dgbhd URpLEMRBAAEN,
Comipnaﬂxdsdﬂ‘ pahieatar Imaereetgmalukie thoss hatihgn Kyress gheal ortequadiCtorsinM, and

. and i not her enbodi nent e, conpounds
in anofhes epadimsint b Sempepngs Mg a s Relsst aPor cGulas RRAM: and in yet
anotl%mﬁﬂioﬁﬁﬂént ﬂl@ Cofn Hﬁ’ﬁﬂé‘?ﬁ% BaY §esd tiin dr&3alitBaro AL gir‘—’(gxzf[)ounds

nM "~ Conpouhd even nore particular int
of eV|en a:mcud eantholsae nttamsmgcladda(tholse bavingak:dess thamadr equal30600 pM, and

. P and .in ther e i men compou

in ey E8odieBhat. g6 SRS hatice fdest i O AP 200 Pl is noted

that in"soffR @s&a%ﬁpo&ﬂ%@ RABvetiohiBay POs8EHsivRIAK YSRGS @é&ﬁtor
weak nuscarinic-receptor antagonist activity. In suc

antagoaés gctivifp sla sueh gases,|these aflskillipthepnt Wil secognize hat flase
éFS utility as research tools.
com %gStflﬁgg%%gg?g?%sﬁ%%ﬁgét ‘are those conpounds havi ng

anAllda&Ef paftidués $ntefesnare thexgeampotudsIHHVirgy 41 IDR} oPkesdithidh 1 equal
ost 03|n%» nore particularly those conpounds havi ng
to 109 pne/mE it 24 fogys postdosing, mase paidighlarky dhesg cgmpounds lzazvmg an IDso
ofle&otﬂﬁéop&gﬁl%oﬁh'ﬂ mI: cﬁfré’ StH6yg L O determ ne
roperties of conpounds of t e I nvention, such as the
rruExanphar)cassaaxsetptd@termmGagomrnemqf mxﬁpcmml;/pf theenvention, such as
descri.bed in the ncl u b
the AP SO AMAERRIE B Y o eSS0, SR B s gpg inctude

by wilof ilN&atidiMihd AdMimiedtidn, ARy HSGAEASRFChVIEAARS, BM;, hM,, and
bi nding (for exanple, as described jn_ Assay 1). Usef ul

hM; mpsearing edceptor hmﬁa;gs(f%e@mpéq @ described iudesayi i & seﬁll functional
assa¥set8 %@Ee?&m%rﬁlg ?(Rxgl:eﬁ'gpg re%%t]o? hﬁt%g %1ﬁg %?Mﬂﬂé (#Olalﬁds of the

nventi on 1 nc t1ron an
inventich ihalude by uaﬁé‘oﬁyﬁusttlhtﬁbn BRA 8O0 @nitatgan dssapethatineasure ligand-

medﬁgﬁégﬁ&%ﬂlairga@ i 'Ey'q%rpgé%&'siq%égglg i (G AMP ), ligand-
mec B8k ot s aLSRIHTRIANE o GRS W Sfinsizes cAMP),

synt zes cA anges
liganidrmedipted ahanges o lrgummalqmsaf@ua@s@ge ¥ #(D@—lthm)jhpmbhate

T e o R s s R
GDP, ulgamm@aﬁteat&l@lngé%aﬁm ihthace€@r w&mpﬁhb hadsufed, Edrexample,
ions (freasured or exanple, wt

with | fineressenasdinker imeging paje Fepdpt m@mgacférm MolegylaPevices, Inc.),
t
and t&x(ﬁ& l'\/g%@rﬁgfa%g ?/%g%?r é(;rg glgsscclr:fr%:é %AF%Q%S Sg()?/mé&% of th1s 1 ventlon are
expedfed ttdn hiftagdnieb1 decraase theaxtiedionth firausentinig @atepeoro [n any of the
decr eas@ the activation_of nuscarinic re @F)%or s .i.n_any

assaysy I HeAbET SRS OF 8 SIS, 206 WLdpigaly beusedrip (Bgs¢ studics
at a CbHtEatioRA Pshothd FrohyAoneb 1Y1 0ehaneRd1drN ThE SRe sforcth&fioned

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

activity, of compounds of the invention.
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at a concentration ranging from about 0.1-100
nanonol ar. Thus, the aforenentioned assays are useful
WO 2009B88%2 i ni ng the therapeutic utility, for &AM WS/010431
the bronchodilating activity, of conmpounds of the
i nvention. -24 WD 2009/ 035542 PCT/ US2008/ 010431 O her
pr %ﬁe&ﬁaé@%ﬂ?&d&nﬂﬂx‘n dhgé gisco%[\)/omﬁp 8f‘@1gsfn\9:fn{159 Cad BY ﬁé}ﬁb&@rated
ate and In

usmg’vaﬁblﬁSﬁ aeo el - vkﬂb@&@a}tsmélhbﬁ@vﬁ ko thbsdskilted ineheadt.. For
For exanple, the in vivo Q Fncy of .co ounds of

example.dhE ror{ve BRfeRY hecestnougds af iR ayerHaR © ihcg animal
modEll'k%clEhmﬂ@ ﬁt‘ﬂo@fjﬁlodelBrBrfécﬂ)y the ﬂ?@n@i’oﬁﬂ%f;’g&lﬁ{ty@f a compound is
activity of a compound 1's eval uated I n an

evahmmkmhe\tarmstﬂemdmaim:ﬂt(ﬂe Eﬁnﬁmhctvmdnb,d\em):h updsi wehtilagies pressure

ventil ation ssure as, a S ate neasure of ai
as a ST EaleREAS I ecof AT Y, TERIS AR, eSCoRT R KBVRIY: Friecyen b $8 Prugers
Arch5 £1367-2145 3he Midhamaied i Szmmlpalm Pharh D Pher18(6):287-92, as
Phar macol Ther. 13(6): 287- wel | as Assay 3 which
well de dssdybwhichrdgscrities et Binthayee modleh Iornae ertbodimentit a canpound
t.he nt | dm n s f
of thi blbrq)eag?wdrpﬁuitggd Iag? nr}D H’e eg%hﬁgtht%v&ggl%dgl exhibits
grea@f GRLT efid o 85 %Qﬁhh@ﬁtldncbﬁﬁa/d)tdmbhdmohsmlatdiifresipbﬁse at 24 hours, and
bronchoconstrictor r es&onse at 24 hour

in angther g@bodintsay PR gseatepthag ogegualde 70 r{ar%bltlea 3524 heyrs.
Ao SR S0 RSl B g NELEy i libpbtadd i i
Assajreﬂe)cr ibed in Assay 4). Conpounds of the invention are

ect ed useful as thera t| C or. 15

©r ESRiPRG et Bl eelien P SHESHEb s ecoB) ahiGesk s gents for
treatﬁl%%éﬁl&ﬂ $ondifis mkdiafedbyRBas@EnIcateptdat TRAS # is expected that

fering froma diseasé or disorder that is treated

patldnys DiffoRg figm hdisnasscadisorder th&t csepscftted b:ahldsbmgrth@wacwlc

oo RN R R PP PR B BTl AR oPfyarinc

receptolatagorif o@ tHd i@hentionc |Sﬂ1@B mé@h’ca\l\/@(yndiﬁor@ﬁﬁémﬂﬁ by way of example,
pul nonary di sorders _or diseases including those

pulmenaneqiserders i disepsss drcdnding thase chdo‘ﬁ%lﬁ fqyefSiﬂaﬁ aryagn

r
orsBESEII0, & SRR ok UTRORY 38355, Chofe
bronp]mt1nsra11xiiemphystenm$,| &Sthnad, Ipahgoxmry fibrasts, sllergivi thoritid) elamorahdl and

the lbﬁet tdthggegﬁzqq jcengig, glg% C ondi t%ﬁ?cixtvgﬁ %éisgﬁar[l]mg ?ecte}r)t%r tant(zjlgomsts

ﬁﬁbﬁrﬁﬁﬁl Raédidor@&t, s@bﬁ s Q%ﬁ@tl\%‘lﬁﬂi&? oPUQRAGE hyfferactivity and
| adder or detrusor’ hyperactivity and their synptomns;

thelrgsafm@nm tgesirointebtingl foct diperderdesush ag irgitabde bowel sryaérloew
25 diverticular dis
aivert@UFy RN Rt gt R e bB AR ARt o bmnse
cardiaad raﬂihﬁthnﬁﬁsf Bivdthal sisus Krbdytasdia;SPankissdi'adiyene;bognitive disorders,
Par ki nson' s di sease; cognitive disorders, such as

suchgs Azheimer'sdigeasedismengrehganand edikeand the | i ke. The
a”?HPEmB{mtacﬁ{ac ?Edrﬂg'ﬁgtgxleﬁ f&&jseﬂ)‘?r'[%egf&ﬁﬁ affouh§iministered

t ot al "anount a tere per ay may

- per qalyemhgﬂmpmm&rmned br iteyaytie ctm:ranmdwdammdwidmai patiérd basis by

at t 30 t Ki d {
s s e epion ALmercis P Rg e 1 P P AP LR DL

patletnh@condltlon, the condmon 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
-25-
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patient's condition, the condition being treated, the

age, weight, and general health of the patient, the
WOtZg‘PS’éF’%ﬁ‘I%e of the patient to the active agent PCTR§2008/010431

route of adm nistration, pharnmacol ogica

consi derations such as the activity, efficacy,

.phar macoki net.i cs..and - 25 2009/ 93554 . .
i BB PB 53¢ ey By sty alénus being adminigigred, and
the 18@€ MreAMEnEoHA Sedieanddfeying ot § dixehsedragkicul sdrdition (saokl as

the like. Treatnent of a patient suffering.froma )
CORR)sanbegisrviffed predrteasingr doeage s adosags detommyedcinihs dgating
o URTAUSHRAE 0P pEa7 G0 B0 SR, TR suporcs,
or alpevidte theGiyniptores ofthe :d'ﬁsaaé/: drandaiel eonditicuePatemes wndergoing such

suppress, .5 or alleviate the synptons. of the disgase
treatgienpl] BRICAUBRATIGBRICHRN § EVKIGE Bhtie RyRtsriag (F clieciiveness of
BB 4B G Rl 86 e e
voluged(nEagyred in ¢rreesgtomi) nGORR, ussd gmdétenuint thengffastivenass of weatment.

. _for.ced expirator vol une (neasured.in.one second
Simyr RGO gon e i discasrs an FaRdinoms deerited herg He el known to
thosSkilb@In th8 dHCAd0Are réadily aRSil MR the e @@feshydthn. Continuous
conditions described herein, are well-known to 10 .
monithBeg by, kel thysician willdnsyre thag the eptienal am@untofachive agens wild be
h i ol . ) y .
admlSereh SEA i Y o0t TP BB TR 51080 Phhe Wifasion of
treat@ht. VEhia gesttpaniidullarb@lueaditenvesdrtaeyl agdntodry ato\being ddmmnistered,
as well as facilitating éﬂﬁ det ermi nati on, of the .
as thapisalerépn. dpsage, @k dspion qifherapy mgy glsgreawist adiugmegle In this
way e BAEERT AR R AT I RAAE CHE DY RUAPA D3 B Ebhurse BFtherapy
so that the lowestianmuatipfimtive agent kit ekhibitd thewkegired effedtivendsaant

[ ' hedul. ! j ust . th
o B e e e R by o
succB@@llly trdd thetdifabé bSmediRai@nlitRM. ef f ectiveness is

adm ni stered and, further, that adm nistration is

codccordaglprin png embedignent compauedssefdhg invgntion are useful for

C | vyt e di . ' Lt .
treat s%x?d}?l{x] g{uﬁgle ith%gé]eéé gl n%glglﬁnﬁae?s‘;‘] fnc?%%ﬁ%g{drﬁg}gs %?ﬂtﬂh% cgﬁllpamon
aninaly/@Ud. | dugsadats ¢te.yf SlicH ghootR Ghustiealisarders imvbide, byusalyef
... disorders in manmal s, i.nc]udi ng humans ag,d their ., .
illusraigra RVeracti v addes, qheonje obsfpsiive puimongry diseasg ga irritable bowel
synct?ﬁlgts ??'glﬁl‘f}ll, SuitibiOHOKS For tgfaitilgg gmogﬁhfﬁﬁycﬂ@ﬁisorders or other

I o, overactive r, chronic obstructive
disopiersmoadiated by swassarinindedeptdrs adill eanigeieim alsym dr ldng/kg/day to about

Typi.cally,. suitabl f t [ th I
7 mel¥ et gk e emendioron ot h s BRI el S greray
For AIESRPARI7D) W hmdr2 MGS wouRnamb@ittto bdidt 10/ leded Ay tPai@ 800 mg
25 7 mg/ kg/ day of active agent; including from about

per dpy1d aghvgageay t o about 5 ng/ kg/day. For an average 70
kg =t hi t .
<Ry S SRS ORI e BELERY ftin

pulnsstapdénesgiratar riaides, sath b €OPIvemndsttona,dn enansedls indluding
treating, .pul.nonary or respi rat,orY di.sor ders, such as

humggspBy GAMANRTRS 1o mPFHEHA REraRulERIDhe oV ameHRt ofgye compound.
N - J
Gengqn%g?é iede tBQUEﬁlr{%OaSI%gJ.n%%r)ﬁd&d}ﬁéﬂpﬁ%hg@frbﬁl Aohier1960

the co
pg/day. The term "COPD" is understood by those of ordinary skill in the art to include a

variety of respiratory conditions, including chronic obstructive bronchitis and emphysema,
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Generally, the dose for treating a pul nonary di sorder
wi Il range from about 10-1500 gg/day. The term " COPD"
WO 2809/8882st ood by those of ordinary skill in PRE/GH08{0g0431
include a variety of respiratory conditions,
i ncluding chronic obstructive bronchitis and

w STy IR B LRI 0 g
referdncebleited i 6 Whed usadith treae hpubnowsy disbatdr.tdoarpeunds of the

Ve F AR S BB 1A ST B eAlRREe agents such as

a Bz-%&@mn@@égt&rhg%fsh aQoREEostAGIn AP A b rAgARhE-iAflsHmAfory 8gent, or
32- adrenor eceptor agonist; a corticosteroid, a
combioatigséhaeofal anti-inflammatory agent, or 5

coNpi Rt Rl RS FoRPpb B T o e DR e he
offec? b BFoAULIAE BebrlehOTiRA! | obfling!ACGhiHRBLYits inbtkaD abfies, the

~of 1ts nmethod aspects, the invention relates to a, .
invemtianrghitestto grmasihed atpriodueing beincheditationsn g pphgnte¢amprising

conprising. . ..adm,n sterdn [
s A PR BB ok BB hF ot compoyngf e
invedttbn. "v&itd1BA the@RErap@lticylly effectiveeioap eurtpredicing wbheipidilugon will
dose for producing bronchodilation will range from
range, it abpyt E@‘@éo%%’%&}'- I n anot her enbodi nent, conmpounds
of ' ' r ' i
o AR YEERER Qo) o AR UERARAE g e
bladderpiVladn wbed ¢ wedtlovemiotjee bladderah typiical dGse wd0range fray. ablont 1.0-

500 YEldgT 01 ¥icmpIOPE-mPPRanl S BRRAPIS A BEn s EL feat

irritab® BovRAkyndrbmba W erdReg o B¥AARRABE bﬁﬁfﬁp%hhﬂﬂﬁn@,fcohﬁbﬁunds of the
typically be adm nistered orally or

invention wll
inventéast wiill typicalivbe adpiriistatcd woally oW reptalyimd a typish dase will range

1.0- / day. Since conmpounds of this invention
ﬂompagggggg'%%gﬁ%i C receptor antagonist activity, such

COBfRH bekapauirRlsf $iiis usehtibn pSssegIRAdcakinicaedeptdr@ntagonist activity,

[ nvestgc?ati n% or studying biological . 20 syst egs, or . )
suchsmprards g plsg usefsbas fepraEch @@bbtgbrlyestwng 9F stgyiag biological -

. Q. V . 1 1

ool YRR R4 ETRIP 2 A0 il Bt Wbt o s
havisg Mij &, MahMg hndray Myenescadoictreckpéirs ey beremyiloyed insu¢hnstudies

.Yivo. Representative biological stens .or. .sanmples
which L GOPCOF o GACTSE YT EST Prid i ReP BRIy DiRIT B bs Ay aigaps or
samp16s sut@bleSor RhlsHdds iBUAE VS are Mt HRTRATE, M8 R ular extracts,

ti ssue sanples, isolated organs, mammals (such as )
plasmp owmbranes, tisgue saaples iptlefed orgaphi memmalsfsuchysggice, rats, guinea

. h Sy.and. so forth), .an e like:.. Wt b Sy
piesy PR v Bigh b, RLPek g Sl AR ocin of

partietaoitdresit 106nd peatibulxesthbadim@niohairvehton &arpBtarini¢ feceptor in
a mammal i s antagonized by admi nistering a nuscarinic
a mapEp ¢ BRtagOTIZRGIM SANHGISIRTEIE R MYsCaRNICISHRIRmENtREON4ikg amount of 2
com &Mﬁrgf'tﬁ)eninvgptfﬂ?ll(?"@@@ Snds g?tﬂeﬂﬁgaﬁfoﬂ'laﬁ Ao PeHRed8s 18&8Hch tools
S research tools ?/ conducti ng biol ogical assays
by carsiunting biol gicapssapdesing udhempesads.as a research tool

2 QrndRed & o USSR, SR gcal SyEh 3t Mnfle comprising a

muscarinic receptor is typically contacted with a muscarinic receptor-antagonizing amount

of a compound of the invention. After the biological system or sample is exposed to the

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



10

15

20

25

30

muscarinic receptor is typically contacted with a

muscari ni ¢ receptor-antagoni zi ng anount of a conpound
WOgP0YH&SH2nventi on. After the biol ogical syste®CdUS2008/010431

sanple is exposed to the conpound, the effects of

ant agoni zi ng the nuscarinic receptor are determnm ned

usi ng, - 2 2000/ 035542 Lo40 o i~
com BBl pRARAeLR BB aR ST s B el ihing o g adictigand
bindiassHyk 36 1iparitdine@iated chan@diinhif@geotidnalissai dsrg)yaimammcng the

| i gand- nedi ated changes in a functional assay or

amofiof PransheRyoteon afﬂymﬂd byrthe cormpeyKsk ‘BtaéEPP‘HWPB?tSQHO&@(ﬁsaY ina
mam?ﬁ[alt %?p&%xposur aQse§l HAAGRORIL LR RiftS @Yzo oﬁ’nd

eénconpasseEs COﬂt acti ng ce

admimmug the bdirnpdslﬁlchtorﬁpnmmm Sondwmplsbpi. pncg 1tvh admunﬂmmnd and
a_ manmal ,. for exanp

50 Tl FSARAFHIBHE SR AL o PR IAPHILE ALFDPRTEn frg® GhEtative

analmoxcrﬁﬁ?Eérﬁﬁﬁ%sdﬂsbﬁgn&l @S RQRaRtative nalydls. Measuring a response
quantitafive analysis or may conprise an observation,

mvolvee, fpr axampeit |demmmangtml affcts. ofmfampmgld?}nrtbs bishegical system or
i.nval ves, ermnin e effects

samplf 0k RSO R PR at5e ot coPRPient st upplbd gt assays

and MEARGERNE 11@AR-nRURERIIHaRBesAR d‘uxﬂﬁiéh@l%ﬁﬁys Slllh@f&ss’h? results can be
radi ol rgand bi ndi ng assays 10 and neasurlng

used|tp gatirmme dharasiyitytevehas weH a6 thecameyma of awa«wd npgessary to

achn%fcé%ﬁ%( désgr%\%le %ﬁ%ltc ga gqugéﬁ%ﬁlg tcn?t]ag&{lg L8 afs uhgc Sgﬂrﬁ# ¥

detegining\seept Wil idesive eldtehﬁﬁuﬂlg thelm&carnac receptor ligand- medlated effects.
muscarj ni ¢c- ant agoni Z|Intﬁ?larmunt Typi ca

[y, the
det\dAtionalhy comppunds ¢ wev%owan&qﬁ%%ﬂﬁér%sﬁ%wh tools for
I
eval GUEE NG cfiph RAERfbouriO A IRRCUE hRY Ve PR Rrocping assays to
d1sc<aecr rfes eangile,trewl confiprund$ hmag ualscargn@tdweptoc bidingadctivity. In
ounds s. are.also creen

this GUREToE R s B it R Saeil ¢ Haddhed AR tions

compaiealolf feCresiBERIBtRhedOwiiR iaRest asﬁlbylhﬂd/andl With tSinPourRIRRE the
a_compound of the invention is used as a _standard jn

inveptioratosdentify thase éret coppernds dkat have ehput egual of supsborPIding, if
oy i SR P AR SRS o, O ol b i

vztroa’ﬁdmhgﬁqimkpl@crenﬁm assagd) fbi adisnghmpdund®drarproug-of test compounds is
exa , huscar.ini c receptor bi nd| ng data (as . .
coma%rﬁgfm&ﬁ SYISCRIHRIC ESCSAISN @mdbtgs daie fogia GognoNg E;? thydRyention to
de Qr 1k h
dnfE By R, A A28y PSS B BBUAIRD b
bmdmgredblongeqixat er s‘uperlar toenpopeaing fof tlhaanvm@m ifenyt dlternatively, for

ds tha the desir
exanyfig Tappchobroieiye ShienS RAR B DS eriben 401 e coBpelids i ggmpound
of theGikntiBh msét‘ Bﬁi’n‘c@éprbfécﬁoﬁ? 84¥RY UDA nainrhd1&nl e Ahia@dmpafed to
any. Alternatively, for 25 exanple, bronchoprotective

identifif tegtcompanndseprauidingaheuticqusd of @menebhmamotﬁﬁfdveaeffects This
aspegt Jﬁ?ﬁé‘ H’nqrent(i)c(n fngﬁlld Q\ég rs]%ﬂna%}e g&tbgdilg%e?flp@sg :ng{ t@% %Qﬁé&

compzﬁﬁsbn @@ﬁiﬂﬁsﬁﬂ g shepappvopit atgasd ) tané chesdnabysissa] pbd! tesir data to 1dent1fy
bronchaoprotective effects. This, K aspect of

test gapRanlp AL frapsid dus, ades cpapaped ?‘f?M@g 3 biplegigel assay,
by agx?&ﬁécﬁgdrgéhds@ﬁ%thgg 'bf @ c R %@bﬁ% 04 28RRAR 4 RE

assa e analysis’ of thetest data to’identify
comﬁ@utdetemrmodqam indi sssafy viahtee () sonduktting thebiobagicat asspy vvith a
compound ef e\:/ 1anvgr?tt1(|>nnt% prov18e ta{lsgcoo a' a%sfaaly VAT ue; Iherein step (a) is conducted
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by a nethod conprising the steps of. (a) conducting a

bi ol ogi cal assay with a test conpound to provide a
WOR09%435%3say val ue; (b) conducting the bi ol ogiP€AIUSFASAY0431

with a conpound of the invention to provide a second

assay val ue; wherein step (a) is conducted -28 WO

SRR, TR AR B P R By 5t

frond stépSta) Ksthake ¥erbh@ assaty Galustiafn 6@p (W. tExentiary diclogicalsseays
~ value fromste i)_b) . Exenpl ary biol ogi cal assays
inclydg EnusaRIG ECSP1OR PEIdIES58%r  bi ndi ng assays.
PHARMACE VR NS AN SRR
Conpoundg%ﬁe—rnﬁhao 3 i Onl stered
t oCampatmdsrdf therinvbstidroarmtgfically guimainiseereditol apgdtient in the form of a

conposi tion or. fornul ation. Such pharnaceytical ..
PhargRRBOGFL BT ORI SRR EREC 4 SPTERtitigys may be
admi¥erd§ fCk ggﬁtt?nt ‘59%%12 a@éeéﬁﬁg% i;l%lﬁé 584 drFRistrafdy HicRBingd) Bt not

not |imt o, “inhal ed, , hasal, topical
limited t; linkhlevly otal aresaletopeda) (inclddingrtemsdarmialrand @grepferal modes of

adm ni stration., Further, t conpounds of the.
sdmitiafoR ohois e Hmmoinds B BPO LR B atifigrist fr example
orallyNinThtib Rl ®sekos@ dapah aCbik)’%le dailpdsdenlasinhié Weeld9g0srIt ill be
Single weekly dose. It wll be understood that any

undetgiped Bt atyefors o thmepsnpsiundp ef theyayantign, (1.¢j fiee bage; ee

. Ph ti.ga C .
58yl B TBEB GGk 8SRERHEL LS, ABU LB Sptr o o
admiiktiafibs tibé adeddathdyshamdackutivalt doenpoiAion® dButdsediherein.

conposi tions discussed herein. Accordin in one.

ly,
enbSeRHRLY; 17 are srbedimesh thenyeriion rslatesinambaraspeptical
o SATRARL A, ORS00 S Xomponndo v
inveiitien. cBirpmmipdsitions meay ootdimpthenthempentieaalienforroulatiog egents if

aesitl B B0 B St bR ik B PR Pl e e
agent.2Ctive agent." The pharmaceutical conpositions of

this invention typically contain a 20 therapeutically
ef The pharmagersinat COnpesittenssd Wi inifentipr typisANICPOBIRIN Those

ther%qé{n!iéa?lg/ eif{%c&@ Cafibint o\‘f"!aI c!omr ohGRd Qf al%’in%%%}{.e Th %er@(‘ille% in the art
araceutr cal conposi ti o may contal n nore Phan a
will tdregripe Homeatr, yhat b fphatnhaceudead ¢oinposition malyiebkitain more than a

conpositions, or less th a t herapeutj call .
thergpepiical yeteghip apount, e, byIR aPPPATIHPRL AT lesaiifale therapgtically

ffedtRe afi¥uht, PkS i RAWdRAS dei‘désggﬁéa%ﬁfﬁﬁlt le administration to achieve
© etﬁ’grapeuti calufbg eP%ectﬁ/es anount. [n on ee?rbolcrjlilsm_gr%?r,l O_a
a therdpeuticathoffectivnampliht. dornaiembbdiomnt,2be atropesiorowilpeontain from

ol S S, S o SR OCD i g abou
0.01200 Wids, A8ReRE AdtGaliRiunt BEpenainEtipdhithé\foringRition ifsBIE, the route of

route of admnistration, the frequency of dosing, and
admiggstragipntthe freqeensy lod dosing.oidrierfortha In s smbogdiment, a

P B B i TBARES 0 o
activeragest wighn{etaothiet embodihem adrapitised.fidin ABoumdd1abd % active agent.

32 zgltyi clqggq)éio)éﬂcaqamo i g{gltq?(gigkenct: glrarylb%rusgci inet)lslg ngzlslr?r?;ce&?(}gl be

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

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

used to treat a particular patient or type of medical condition or disease state. In this
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conpositions of the invention. The choice of a
particul ar carrier or excipient, or conbinations of
WORHP¥138%3 or excipients, will depend on the nB&d/{HR008/010431
adm ni stration being used to treat a particular
patient or type of nmedical condition or disease state.
RCT/ : .
regaidh e lrBpain 4 e BT b e RRc HACABde of RMRRuraton i
well pdthiin thel saepad@ttiosd skilthd initkd plainnaceutisal assl IAdAilthdflialﬂyI dugriers or
scope of those skilled in the harnaceutlc arts
exCipigR{s BFSSHAISHGN CQIBPIsitions ase coras@emlkvrﬁvgl aleq Byway ifurther
111uséf}8fgf1|2 §6r§\}eﬁfi?‘naﬂrf§mﬁﬁm febili ﬁ’es%’@ﬂ‘%s@%ﬂ)@d i er)lYﬁg‘togf The Science
urther stration, conventiona ornu ation
and Pechoe qﬂElsarafaey,dléﬁ‘cEdlhemi LiippiReott Wtlams &hiSs, iBaliteoss,

t Ph Oth Edit L t
Margipid (250 8GR (G ATREI & o B i SO P
Deznfen( 8%%&% e/t“ L&iltmn Ii?éﬂlﬁ@&?\#lnfaﬂ{s LVPRGS E%mrﬁ’éreamrﬂmwww)

i'very Systens, Editi on, Lippi ncot t I'1ians
VMR@Hesmttwermamplmf plakerthly wb&g)can FIYE @8 Emrmap@élcally

es of
sccefuB Rl lnelRte Bl e BB TS i pusges suchosdpgose
glucéyetantlisitrogs sta@che& fb@tcﬁ ab bornistgch snbpdtato staich odfulose, such as
| act ose, 10 glucose and sucrose; starches, such

as
micregsysallingcehulasry ab@)ﬂ&@@“&%"é{%ﬁu%éﬂ sagdiyy garbey ety cellulose,
v gLyl

ethyf@e‘flﬁﬁ%%:éﬁ(}i g&!élr 5‘3)% a(rc‘%g.]taL PQ g?fégécraﬁt t?r%{l %El ﬁﬁstla U@plents
suchas doce Butiep smd sup@batcey vmmj&nle;:hubh agpeant bﬂ crmﬂonseed oil,
52 bl G Bl 0 S SR 450 ERRp s Spyene
glyc&lofaélglﬁﬁeﬁﬁh% |g1yceﬁﬁ‘f§‘oh9‘ﬂﬁrm9ﬂuhtol ke ﬁBEIeﬁh'ylene %‘lch)P Rieks, such as

rn ol l Soybean oil; glycols, such K ene
ethyllcse@b ym«b bthybkauym agas buffering giaptse suah assroagnesmm ydroxide and
alumé?lﬂg} by%qogbc{éealgm S?layﬁ’yerfn’gﬁ %%%watgﬁ :1?&%%%:5?@ ué: Iihggers solution;
eth 1&9@61{& @Uﬁﬂht@ﬁuﬂi@&ﬁﬁﬁioﬁm d@nq;’ré@sedipro@enant@hwm mm%

drOX| de g@?l nic acid; pyrogen-free water; isqQtonic

chlov@élupmarhamﬁ hydreBperoparhons; and pthes nepsestic compaiiiie sebstances
ERFSB ed propell ant gases, such as
empfé’)#% %%?%éggi?%ocﬁs an{ﬁﬁﬁidr of | uorocar bons; and ot her
n othirmalceutmm:mhpdshtﬁ)rs wbs typivallg preparesip) mpamgﬂy and intimately
har utical conposit.ions. Pharnmaceuti cal
mixifig o BEnting (45 6t4C BRI L § DRATHAF HIFADY apsraiBlRATTiorang one or
moréd wtidﬁﬁf ﬁl@/edléﬁ'tg(' THE ﬁﬁulﬁhg DRIy BEred nYiRuAORAY théntte shaped or
pharmaceutically acceptable carfier and one or™ nore
loadeshintwtzblets, ngvsgbhsemﬂs, calfsters, sauitidgesgdignerisorsrang the bkeiesing
be.shaped or |oaded into tablets,

convggﬁ%rm'iggoce%lfrﬁ %“d%qé‘l’ﬁ‘"g? s, cartridges, dispensers and

thi J)rid‘&nlbkﬁinﬁ@ntz&eﬁﬂﬂﬁﬁﬁﬁduﬁaﬂcoﬁip@&ﬁéﬂi &% safisble for inhaled
equi prment. I n one enbodi nent, the pharnmaceutica

admigéstigien+ Suiblaeempesitions| fer mbpled AR aratian i fypwaltly B#in the
form%f' aﬂlaal%h%of:@?ﬁ? elho @ﬁ?ﬁ %mg?gqﬁ)&fsda:@gg%ﬁ%lg‘ Acthinfe % hémg well-

typrcally orm an aer r a po
knovduddliveoyiodcids] arch aanmeelizer ditajer paldrypoider enhales) mga metered-
wel | - kno ge}lve )éfd Vi ces uch as a nebuli zer

dosejipfpalere anng’ © fi?ﬁ%li’eéffbé%‘f" a metered 30 dose
| N}ip) §feci RX@ARY B ofhE GlVedtiéh, dQDGIPOBRINRBIPHsing 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
-30-
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In a specific enbodi nent of the invention, a

conposition conprising the active agent is
WOR8MMPBer ed by i nhal ati on using a nebul i zer PCAASR8/010431

Such nebulizer devices typically produce a stream of

high velocity -air that causes the conposition to spray

0 R4 '

mlst%’?at %sa?a?gee%ﬂtg?gg{l&%é?% 1{1}@{' tllgétp ?gjg rrﬁg’,r\gﬁcgn.sforﬁlnﬂed for use
ina ﬁ\ﬂﬁﬂmdi inhalyr, tlvd‘t&:l’lvé apentlistypitaflpdisssiwed ima suitabbedardarto form a

i.nhal er, the active agent is typically dissolved in a.
soluiel} ( Alipraatusly. ths Aty eragent can beamigtanied s camAea ity a Suitable

carrit!'® t@ﬁ‘fl a‘éﬁg%??@h o?'?ﬁlc}?)?uzmi gﬁﬁf&'le%%f @%ﬂaﬁl@ EPieNG el ntliiércﬁnzed is

sui t rier to forma suspensi m croni zed
typlqaﬂvtdﬁﬁh‘ﬂtasdiavn@mmeib* i whizb at lehstrabont A pancent df th@ p@rticles have

ally defi | particles i,n which
a mas el dlartSion StTess B Mol T B TS Ermemose iédiaf diameter”
meafiPHe At @ RER thab half BRSMbRBT ¢ iclb8istBntali ihPaficles with
"mass nedi an dianeter"” nmeans the di ameter such that

larger sligmetpreangeadl i@tomuameéém pargiclss vsnth seltendiagetern

pa es With | ar di
| né\rl)lgla len buhzer eﬁn 1%(? a@gg{e ng?lg{]ﬁbg El\glbf?gclﬁlg IQIJI hrmger
IngeliRith); ﬂ& AERIXQ @erhﬂxﬁr?@)?dmvéi@rt&}fs)ensg&ﬁadfér@ Corp.))lanad eie PARI LC
Boehrin er, 10 | hei rr) the AERx(r) .Pul nonary

Plus Bepsapds elaylizertR mATGRSIPlary SampRE e for Ysein pgkulizer
o A SE g RO HT 0l o s

10 rriy‘mL?dﬂaQﬁh@oaﬁdl opthe iftdrtionOMn 66¢TEhbadifi@ni, sa¢h @bslution has a pH
T{’(gg/ m. to about 10 ng/nmL of a conpound of the
Ofahor‘f\t/é ion. In one enbodi ment, such a solution has a pH
Of nPRRiter4p&eifid embBdANN: BF{heSIR\?éﬁ'thC e Eon? risidethe
i nvention, ™ a conposition conprising t active agent
activiesagemtrrs admtmsteu&dby ihidiaticat usog ajdryrxgavaleﬂ nr;hatnm@?[) Such DPIs
hal.er .(DP] Such DPI s ca a I St
eypically Agntyer e iU pestlat Gy pomiieR st dlepéid ina
paticht'$ Bielshe4n dlriAg ilBira@ed.” B Héri6labRidve & Wek MBwing powder, the
inspiration. In order to achieve a free fl ow ng
activgageftris tmllyefennwletedg’elﬂt a pujtableéxsinient Sfldr aﬁﬂlaaﬁow stareth
manmtcﬁudeixgﬁ%sg a)e {cearc]:tlc%jf?lo %I'fac%%e c%g%tlg i"fﬁde o'rhbn%glons thereof.

rose

Typipslly, ltigcidtide agentds yicbohized avdcorabifibil Mathi e cipieit @@form a blend
a@chall the active agent is nmicronized and conbi ned
suitape; for mha{a%enp ﬁ@ﬁ?rdertslwn o embedncns af (haBpeenign, the active agent
is in 'rllﬁt?l%ln?zteh rm ARGOL Srre ﬂ%sé?l@ﬁn%%ﬂﬂio%@h £6f usteriﬁ a DPI
invention, the active’'agent Is in mcronized form
compigses elx;alaptoecr having prpeseni¢ size betweempbamittlijom afdrbarg d 0D mwna(e.g.,

dry e EOReh G miCtniz i PRBELSS o) B agAvE BEgt SigSa fifypowder
formldtioR&ah BE h%@) fot eféarﬁbrér Wt&ﬁﬁhnﬁ?g’ 15&@!;@&1&%4 8ivaahéMand then

agent. Such a dry wder ~ formrul ati on can be nmade, for
dry lémdmg the doynpooenss. nM@maékYP]dsé depirad, theeactive pgent sgehe formulated
t hen ry. bl endi th 0 nt r
w8t $p S0k e TARORY e GIgeL Yl

mhall&hbﬁl Qattridies QX CafBuRRfor URREyiOAPPI) DPIariesvdlhiaidwn to those of
pically loaded into a DPlI, or into inhalation
ordne,aay skifldpdie #t, apd Jaanysych é?we@earW?wr‘mily a%ﬂﬁéleaw&h

repré@@{)jt]a wgé’chts%ch&ﬁg Ao eb Nty ?th‘n ava @ﬁlEkHaler

many such devi €es are comrerci’a
(Innovata Biomed), Diskhaler® (GlaxoSmithKline), DlSkllS or Accuhaler

(GlaxoSmithKline), Easyhaler (Orion Pharma), Echpse (Aventis), FlowCaps®
-31-



10

15

20

25

30

representative devices including Aerolizer(r)
(Novartis), airmaxTM (I VAX), dickHaler(r) (Innovata

WOBOMB8I42 Di skhal er(r) (d axoSnithKline), Di sPGI((Sp0§010431
Accuhaler (daxoSmth. Kiine), Easyhaler(r) (Oion

Phar rra) Ecl i pse (Aventis), FlowCaps(r) -31 WO

e

(Glaﬁ@ggmh%e){@k%ﬁﬂ@i‘f b)P ﬁeﬁiﬂa&x@'_sr(ﬂldyblf?lallrﬂﬁ) TS\ﬁlﬁﬂﬁ}dal(Sadh'ENhg-

or rtihalgr erna W st hal er cherin

Plough)@ffglfhuhalm"fm&équa l{%@? &7 dedenys). ud ?&‘Sﬂ%ﬂjer ( ?)
ﬁ‘g‘ﬁgét lafidthe lgfe&eerﬁﬂdﬁﬂneﬁtrbﬂﬁim@&%d?ﬁ Ehes& dsitfon comprising

ment o i'nvention e conp05|t|
the arcnvqoagest isgudnbinisteecdant inhelatige nsing 8 nmimemd@senﬂadlebyl\/IDI). Such

nhal n.using a netere i nhal er . Such
o4y et i e ER AT DL D1 48V i £ cpRgTessed

prop@ﬂiﬂt \88s. AR Rredi@bRIoAPNRA SFHHEEs ty?fc‘ﬁﬂ? |cbﬁ‘15hs8@§olutlon or

Met ered-dose formul ations thus typically conprise a

suspeusian ¢ithe activesagsplansi lsneied pmeg@m; s;@hag arshlareflgprocarbon such

uefi.e ell ant ch .as | uorgca
as Ol = Gt SRS A o T8 Dok ReR R BGRE AT 1542) and
1 1,112 3 B ﬁhé;ﬁiﬂ@frwaeg&wﬂv( bEA, lﬁﬂﬂbgh&ﬂdl\d&eigenérally preferred
3 3- hept af | uor o- n- propane (HFA 227iawalthou gh

due ﬂmcm%alwﬁ ehlarqf})lomw@ns@(ﬁfecmth@@ze@m nsAdhpnal optional
comﬁﬁl&:ﬁ scgf l {]1%5 %Jl&&% %3;&%&&?? %éﬁg\% étﬁr-\(rfq"l %rggne, and

surfacnmks,l slx&hczs SSlemamtlslﬁatsu@]hlcamcEﬂétahﬁi and glyemhmnﬂee dorcexample,

Bt 20 B BB AR b e

Manhﬁctu%n%&rﬂ@ﬁ ,Gnf WV@V@Q?}%E{MlméBtaQ\]IMggan\g/lanufactunng
(M nnesota M n| 'ng and 15 Manufacturing Conpany), and

Conmgzl&ﬁ@wenwlmmp@slmrnfmgsamoanl\MMfcampmsc om about 0.01-5

o SRR e RV ARy b S
withfthOfenidhiér being@nMEFA pidjRNeht. SuaH Cf)ﬁl@fﬁlﬂbﬂdﬂre @ypficaMy’prepared by

surfactant; wth the remi nder bei ngq an HFA

addipg ahilled ot Presuiized didodiuprostiang tea sy bé%ﬁwalp?refmﬁ%ng the
actl\{l?%algglﬂggth Z(‘lf‘i)'?ése{ltzgn&) Eheosru?ﬁtcfféfﬂ ﬁf;&t E%Q’VZ oS t %lakﬁgﬁenswn,

I*e “cont ai ner cont ai ni
the aafjensgenetshaivednifddfandrtbaecdmbiaed whthethsprobaﬂﬁrﬂn fThé |fd5rmu1ation is

eGSR BB RIS R NP we

knoxiﬁ'i‘ﬁ) thesdt &Hinﬁﬂr ék?ll i (e rﬂirtI Ql?djﬁl%y Bhch d’é%c’é@ Ira{=?§&immerc1ally
cani ster, whi forns aportlon of the | s are

availgblel WIth mqwmsemtatltvh dsecef mohxdmmAerBkd Inhalem So'ht@me(;Fpresand

Pharf RSB RS Rl B ARk oy ineBeae ity pfSvehe

(GlaRySth BRK [ifr)! pfakal.?.mnar(memdv@ﬂh@)lnha%ﬂ(sumﬁng) Serevent®
I nhal ati on Aerosol (Boehri n%%r I ngel heim, Flovent(r)

Inhafatipn Aol fRlaxeamithKdine), and tediker Aflmatlwly@@émnepﬁlpy

f°m’z@?l% e bFRRFR Pl spely (AL 4 doting BF Bcyl] offFhieRHhzed partictes
of the astpensenty Sdepfonekamplen V@INUSSIPT ¢Ghuxe Groyp Spd. pgnd WO
' oat i of surfactant on mcronized particles
00/6gwét@§a’a% Ig‘aé See, for exanple, WO 99/53901
(L ?g@;ﬂﬁio%%nlptl& of pméséw 0 Brépatifig 1EBirk bl 4RI SEO MR
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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Addi ti onal exanples of processes of preparing

respirable particles, and fornulations and devices
WO209%®BBT4@ for inhal ati on dosing are descri bedPCA/UJ2€98/010431

Patent Nos. 5,874,063 to Briggner et al.; 5,983,956

to Trofast; 6,221,398 to Jakupovic et al.; 6,268,533

o GG OSSP EP R S A S Bl 0 2L
| nInedietiee em®oBidskntRAé phirhracpltahesepdsitivils acosyiabletfonoml

are suitable for oral adm nj stration. Suitab
admigistratien-t Swible enmpasitions dos mh%%ﬂsgﬁtlﬂwawé’e In thefgrm of

capsvfélrg%gléﬁgét’s, pﬁﬂ Heiges tc%ﬂe&tégraggé% hﬁwdér@z 8s; sGREBARS &r

ers, granu tions r 5 suspensi ons
susper3ions iR Gt eQUESUS DT NARAGQEIED hqulldL ojilirekwatsir lor watenan-oil lgquid

wat er-jin-oil |iqui emul s elixirs or syrups; and
emulp S SREs O EHPE gL Shenhie; Sachcaniplpiog A edFterise arp it of the
activeRgentact i ve agent. Wen intended for oral
admnistration in a solid dosage form (i.e., as
camhwpndetdatbr era$ adipinisteatiandn eiselid desage ferme(i.e., as capsules,

GO 00! b B R, RGeS0 an e

or m6RIphaffifceufislly RSeittsle ¢hrrierd, kadteas¥odiling aitrateon dlcalcwm
phosphate. Solid dosage for ms may al so conmpri s

phosphatp ebalibdosage &rasrmay alse pomprisg: Aillersy extenders, such as starches,
mlcrg&rﬁgtgﬁlnF{ %El‘ﬂlh%é’] fac‘l:o%l |4l -058, C;lg@&% or%gnmtcblf CdndRdr: sﬂgzluygé?& Sinders,

or si 1C|c al such
such&abbx(bbxmiéﬂhy]ceﬂlhlbb& @fygnated, gb]aah,qmly‘gﬁquiylrmhdpmé )ﬁucmyé and/or
yrrol i done, sucrose Fnd/or acaci at§l§e1|;?lsct ant s,

acacigy hkgr%@rta suchyps glyeergh siyingemagan ager 3AEARA, %me
carb&?altéj ?U&‘td"&: GFfRL 5t a %ﬂﬁé‘%&do&r{aﬁp&lﬁé’aﬁess W@hsodlum carbonate;

Ic acid, certalhn I'i cates, and/or sodium
solutgar Ibtmduhg agemalsuch espareffar, dbsogptacgemcslerasmrsuah as quaternary

am3 R b B oURCe Seat g Ayt b Re B GpI

mon@&dtéRhre) ab%Bﬂfeﬁfs glcnGekablin Bﬁﬂ@ﬁﬁ@@drﬂte&ﬂaya mﬂﬁi’ohﬁllﬁl such as talc
such as kaolin and/or bentonite clay; Iubrlcants su

calcigm stedrete, magfiesiughsterrates selid patuefhElene glyselsasosdium laygy) S&lfate
and/@roﬁlk&ures g%g%fgéog&@@%r%dmmwg ;ﬁ?ﬂ {sf ate, 20 and/or

Ing a bufferlng
agRelease dgehrawettingagtms, cvating agentgewesteningaflavoging and

agents, sweetening, avoring and perfunin en .
perﬁw@gég%tﬁ,. Rr%sgr‘ém'demﬂl s Hay 2lsp be PEFée‘% B g‘éﬁﬂhﬁfwaceutwal
com %l&ﬁa?gr@ﬁ?l‘hﬁ E@Atm bt ﬂa@l&% c@éﬁl@l F1Y afPhkd, n1§J<:lude those

gents ets, psules i ke, include
usedtthnsmenmamﬁngm rsuénamalkulaso awtnfgs)htMR mémeﬂ'lla@bt@@a’hthalate

nyasp B3 shely e R Pt Beu ARl R af gl WPl Casigeper

copolihélsNERIINREE Ybdiste A MEIIRAE SbarbSIRVBYTRAS] cel@llbsd, Bgdroxypropyl

acetate trinellitate, carboxynethyl ethyl cellul ose
methyy gelBlgssraspipte susginpip] anduihe ik s Examplesoé Phumacsniically apeeptable

i By PR IBOTBGE 58 o icait Wl
hydra&xlaﬁ@@ Ebdmnﬁﬁ'sxdfaté;)ssﬁﬁnnmetab;sdtfatefsbdnmdmlﬁ&cmhduhﬂ: like; oil-
ot S Scoaun et abi sl s Sdlhm soL1LE and e
hydrB&tBiueRE, Gecittitl, Yrépy3 GalE] AXNARCSPhFol, Bid HealkRfand metal-

chelating agents, such as citric acid, ethylenediamine tetraacetic acid, sorbitol, tartaric acid,

phosphoric acid, and the like.
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hydr oxyt ol uene, lecithin, propyl gallate,

al pha-tocopherol, and the |ike; and netal - chel ati ng
WORHWA38542such as citric acid, ethyl enedi ami nePCT/US2008/010431

tetraacetic acid, sorbitol, tartaric acid, phosphoric

acid, and the like. -33 WD 2009/ 035542

PCL/ US2008/ 010431 0si.LLoNs A sqQ_be r

CcCBPBOT Han gt Ay oE APRHFLE ol B Br Cilo M ¥ BS Sr e
active @gélit usizigBy way ofayandle SisRINGH yprop N ehiedbiyl ReDplpbe itBtafyihg

cellulose in varying proportions or other polymer .
propevions eeether polpasiiatrigas Iposomes Birdnissospheren gl addyipn, the
phari e BT ABESHohe BF e ARAToh bR oBlaid S U HACHE B nay be
formutagdd sohteat they mhase theactied agemt aglynor prefeyentmily, in a certain portion

preferentjally, in a gertain portion of_the .
of th getTouTiFBal fricls OrtioRaly. ib StoaY Manner Exailes afgmbedding
com;@ﬂ%ﬁﬁﬁ% whret AR lfegus@{l ifRTRRYH eri € ABRARLLS £1ASy e CHThé 8dtive

e used i nclude polyneric substances and waxes. The

agenhican ale beaigenicre-ancapbidatet) dorny ifrapproprate,apishubre edmprsrafthe
b i f §z;gﬂ)rgpri.ate with one or nore of the
aboveleva1ogd SXFIPISBL exci pi ents. 10 Suitable |iquid dosage

f ogiablOliqad AbsadE TormsSlor 8fdl QBministr4¢id@, inéMdady wdy of illustration,

illustration, lphar maceutically acceptabl e emul si ons,
pharmpequbieaill adcepiablespiuliipah snicrogaisixisosRIUtIQNF; SHSRCNSIONS, SYrups

I X L qui . for i.cal C ' t -

and i, Lapiropel (HRAHRE) Eimbotfl B8 oL SRR bl it ituent
suchaxaopexamplatvedtensr chdrablveatsy solubilizeglagbnts aad egubifors,such as

and emul sifiers, such as al cohol ,. i so

et hyl ropyl
ethyl-aleqhioh 1sopsemy) plcokpl sthyi earbenats cthyd apelpts, b%@af%}fsmoh benzyl
_ p n |
benafE AGbvIRERS U, 3 RAEREEB oL APIC £ GHBEGR, groundnut, com,
germy pbue) @astor arslogename gas)nglyotrol; detrahydiadnryhaltobels polyethylene glycols
i.1s)., gl ycerol,,. tetrahydrofuryl alcohol ol yet hyl ene

and Gty el Dot snd TR Hetear” SGmsiont Tiglortans
suspEdit g RatstSNeh 88)ffor ARRAE THHVXS1418Yis6Q284r i dlcolils PERxHEhylene

.aglent s such as, for exanple, ethoxylated isostearyl
sorbijgl @p 6pDitap gstgrsxiearpsrystabdine sl plos jaluamigivgp mstahydroxide,

e ] [ al um ni um

bentﬁﬁe{ea%%?ag?(ﬁc%@?&éi%g@edﬁt%ﬁirglz(!ulrggggl??egg ar and tragacanth,

anWhehxitefidedl foheragadminiNigitionthe pHetahdoettical abmpositions of the
. admnistration, the pharmaceutical conpositions of th
inveRtiagAey bnpaRkperbinaekbeRsae? Fora- uHie (B s uyyb dpssrforfhgeters to a
physleEIT UG P SEUBICRT Bogieaghtonil & cliNBlOtinga
predgtehinedvantion o fiiheiangveaagept edetlatedito prbdyoatheideyiredt thetapeutic

ctive agent cal cul ated.to produce desi red

effec] et it i ECtapiRafior withibob of e o p BT BIE: Rk pgmple, such
unit ¥saBe RHsHayBY Eapasles, ka8 pill§lidnd thé ke €Xanpl e, such

uni t dosage forns may be capsules, tablets, pills, and

t heompRrendsos trpimventias cantadso bpadministeredinargnisealiyde.g., by
subc%&ﬂs?i%ﬁ%&&oﬂ?riﬁ@ﬁrﬁﬁsach:léf éremgaper{fgneafHﬁ%:clﬁ{oﬁgel%fss’uch

Intravenous; I ntranmusculat, of 1 ntraperrtone
adminidtratién, @Ry activeragentd proasiiiedrin atsteiile solutidhsugsinsioa, aGrgemilsion.

is provided in a sterile solution, ﬁ@spensionﬂ

or
Exergifaiysiobtentsor psepppasirhdprmpelations 5eluge aai fignguey molecular
weighPSIEMoH §RA%s PRSPy MR polsdhylBRe ghyBYY, BRY, GeIkial 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
-34-
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wei ght al cohol s such as propyl ene glycol, polyethylene

glycol, oils, gelatin, fatty acid esters such as
WO0M35Heat e, and the |ike. A typical parent &&(US2008/010431

formulation is a sterile pH 4-7 aqueous solution of

the active agent Parenteral fornulations may al so

solu%%%%gg%%ﬁé ﬁirvag VPln algS gllﬁers and dispersing agents.

ThesB f&SaMadns W&, berehddrod st@ﬁ&l’ﬁﬁuseeﬁw sﬁdrﬂe ﬁ’fjéctal:ﬂél ¢hedium, a
di spersing agents. . These fornulations may be rendered
steriléizipg pgeat. fijtratien, fradiatiqne OF heatj nj ect abl e medi um a
st 1RARing kn
i L
transﬁemm deliveay Isyste:ms agl &ipiants 5For aaagde, itad ccdapc'mndrqan be admixed

it G S B i R A S o Hhrate,
azacIGMARDSnS! ¥Phhe LiRE) éﬁ%tlﬁé’érﬁ&%tﬁl iHd pdTBNS! @iHi1aE Gelivery system.
azacycl oal kan-2-ones’ and the |ike, and I ncor porat ed

Additinnd eacipantshincludsigrgellarg aiehtsy emylsifiess @ buffetsiim4yobeatsed in
h xci pients includi Eﬁdﬁgelélng agents, emulsifiers and
such irapsqsraal GRIPQSHICHS H®%such transdermal conpositions

' fIfQi%&kéde the cbhpoundesf thedinvédiRnGRAPEIAEHin®tertd irBcombination

i nvention may be adm nistered in conbination wth one
with gpe ﬁbmrmthgqthpmplgp:quepﬁ ddwatia onggmbodimengfempositions of the
9 h dof
mver%g}t?ll rqwlﬁgdngglg contd o(%tﬂé}fdrg% ﬁxg??:ﬁ a?‘ﬁ%ﬂhh@&éﬁ%t a compound o
the iv@n& 0] Ebﬁé)ﬁhﬁﬂie \the dfbrﬁpcisdqummnyl fiother térapiise/aret dranorefdougs (also
exanpl e, conposition may further conpris

refeq;ﬁgirt@ agy sdegfe,nc{aéy agents(sX ' beglecied fomgthe grqup 29|ﬂ§Fr ronchodilators (e.g,
POEEABELS iy SO BB SRR LA soniy o
inﬂaﬁimamdwlgemts (s8a ntdrcﬁaal adtignBaginatary eggitosuchge wogiogyteroids and

shueGRricold pafir ur safenh etz ageo A AR prf BREgpiviors)

othe&hﬂ%ﬁﬁfctrb StSantdpRAisE @69 bAidhl Aitergit AEéASI AR TEctive agents
( n({gaents (NS%?ths i\ggd PDE4 i nhi_bi torgs) . ot her
€8

. AR POl e ne@ﬁygg@tﬁhlgu@, end @nt1v1ra1 agents); antihistamines;
Ld. '
proteagéa r%ﬁg%%f%’ iggfél%'n? gﬁg E%g Eatgt‘ilhgylg\tu%ﬁﬁ% ﬁlog{lﬁit&s) and
combsinitiots thdre @ Qﬂmﬁérouﬁébtadiplest aﬂ’sunﬂ sherdfufit apansare well known in
i nhi bitors; afferent block (e.g., D2 agonlsts

the aeERbRIAINESBEAFETPS Polotn Y ’ embiing 4 crrasamd e avention
with lé.'%@@d’n‘aﬁz} %&E{Tﬂl}&@le Qﬁer%%é@ant DL ARRHE |G, 3860 AnR rr@céﬁ@dr

known | e art xanpl es ar€ déscri bed bel ow.
antagdnist aotivityi agl atiedypoonctadf with thei sev@miaroagentve &, Bu adrenerglc

seconda ent doubl f hera can be achi ev
receploiaEanSHY in ?@&f‘eﬁss% % %r?gy B GARRFIGHS aa@ {1 %ﬂne?/cases by

admﬁ%@&ﬁig@{ &l 1¥icbRpbiifos @&ﬂﬁﬁﬁﬁ@&h@ggtﬁ‘ste 4g@nfand thd secondary agent.
adrenergic 25 receptor agoni st), in sone cases by

Acccadmgb«, st mtuangthempcctrqfdhq: tnvgmtsoxa n@hannmrmcai ag@powon
3 cont.ai nj

comiet gsomgate afthE e Gakanaary sduseom Rl rdriRgeutioqty

accept@ble@dBAidNE Thtd PRGith @fc. hbtevd Ap¢aRIhANals@bHRMITRE Sl tHeC al
conposition conprises _a conpound of the inventijon,

compQsitad Fa%w%plag@mmpm@oranwapmzsém P@I&ppwd of the mventlon a

secoﬁc?a?? Qé e&é‘& Fofil d’l@ésj’t%ﬂlds%r%:dger%} c { hioY ‘ég@rﬂ?t@l S

e I nc ude

phosphmmsdtaasem mbﬂpuﬁs tand mommamxonpmemf,mMmmmmmdcamhcalﬂbe

i nvention;
acceptable camoer In a specific embodiment, the composition comprises a compound of

-35-
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secondary agent selected fromcorticosteroids, (32
adrenergi c receptor agonists; phosphodi esterase-4

WO 240/ 835348r s, and conbi nati ons thereof; and a PCT/US2008/010431
pharmaceutically acceptable carrier. In a specific
enbodi nent, the conposition conprises a conpound of

035542 P /USZO 8/ 3
the 1?\??t181a,rae@eaaéeingrglc‘é§g onls % s4t 1datl té rll‘%) agrﬂfﬁtgpy a@ent In

comBifihtior thktapineae @.ﬁlbuﬂtgﬁl’ﬁomﬁoﬁnd @otﬁel 1ﬁ6érit©ﬁ thd16¢ adiyinistdred, as
amount of conpound of the invention that IS

well gg| therimauaf atisecqrdaryagents gnayrke IssioifiaR theramauss Hapigally
ss than the anmount typically
admﬁ%?&&?é lg% gralbﬁonot herapy. 5 A conpound of the
i nvArbipoundyf the ivention npiyytei cithkt yhysicalg mikeédwithehe second
second _active &gnt to forma conposition contain

activg GEANLA ENTS COMPEAUMN SUUHIINGHRPThRS BB QB FACT) %gen‘sfawébag@sem mn

sepaat@ﬂaﬂtt Gbt¢borh Hé?f?&dstdvﬁieﬁ ath i drlinRfReARYHB) P%&ﬁ 8fndiRneously or
he patlent Sl taneously or sequentla

seque)tmtdpl &or axaunpipmlminpﬁunﬁh)éthmmemtlmaodn dombmﬂdbmleal second

a second act ent ng _conyeptional
activg BB SR LA R S G0N PR Gpation of actve
agenBComiRisiy AERMpund QTR il &tioh dmaARuol &ftiveAgent. Additionally,
i nvention and a second active agent. Additionally,
the agtiee agentsyaaybreersbined Wik ahwpnaceatigalihacgeptable carrier to form a
pharfRELIRECUHERI oK AEGHRNAN orfRbh B eyl BBha secong active

agent el 4 penfac@nicaly smpmdleacmtmaie In @igie Binbadignent, the components of
pharmgceutically acceptable carrier. In this

the CBFPGRITABALS typially lendse to pyeatecigplysiat s JThe physical

mlxthﬁéﬂk fiithl4 1§€: d3h akq't@r?g 1059 eftéalve &%Yﬁélﬁ%hny of the routes
m xt ure. physi ca mxt re 1s then admhni stered

descnhechhdrhtar apeutl cally effective anmount using any of the

.d scC | bed herej Al t er nat he
STy Dt sl day SR P T PG Belore
adm@@fﬂaﬂbﬁ td @k ipafleritO It s élﬁbd)(ﬁﬂient ke Adents REROAIHTBIRAIY Hied
agents are not physi cal m xed toget her before
togethgnbeipreradminigiration btetraee @%mnmt@pé pisenltanpensl e sepapatg times as
separ%e éoer‘}g;?({sﬁooﬁlgt SH@E’ E)(%ﬁ% cgngg&gft gar aa{é@{i’ §é§ar5‘tﬁ§/ or %llla%e packaged

togetmaf:iﬁaglad Whef) gdinﬁlﬁﬁteteﬂ a'asé;iatate Whes, the ﬁedunam@r@dnmlu typlcally
separate_ tines, the secondary agzent will typicall

be adaaﬂm%tﬁrgft @ﬁ@ﬂlapé’éml%ﬁeza e @pt@hea%nﬁlmvg@%ﬁeowvemwn
In otﬁ%1 gtlﬁlfedtrﬁﬁtlb&‘ﬁ 1108 a{xpl ?ﬁ&ﬁg lgégtiﬂzgt FROLS, less

|st|rre atlonS|p|s esst an 12 hours, |ess
than bHwors3 ldssthas 4 hass lest ilzam Bhdnosirlsss thas & hotwatesd tltwuhn;ty minutes,
| ess than .l hour an thirt '

less 13 TrruBiteas Epnibah PRE RV PP Oh iTreaiately o8 pliosfalon oY the

comﬁﬂtﬁut&,th@thvéﬂﬂﬁd|l§ﬁ§is)éls%f&%i're€dma§‘k eAfidl Qdn@histritdon. Thus, a
conmpound of the invention. This is also referred to as

compad o theainventianman beadmonisteradihy, inhalaiempioutignesushyer
sequérﬂ}/a?l&tvblﬂ{]an% er%@tu‘?ed 'ﬂt ﬁglﬁé gﬁ xﬁ%ldtl?ﬂ%eﬁ{f Yevice that employs
Sinmu

taneously or que ano er active

sepaREimpiSintitafe. d. blistepadks) fd;eleweaoxwd agétewhéretsequgplialmay
separate conpartnments (e.g. blister packs) for CP
mearaEtlp%é myetiered Wraiediatdy a@ﬁt adppinipiratian obths r?OHQOH@(? the

inveftfiH &Iatgt%g B{A€Wt&h%tde Bidr & 288t RbSt LAY bPhr&f hduhSlater).

conpound o . '
Alternatively, the combination may be administered using separate delivery devices, i.€.,

one delivery device for each agent. Additionally, the agents can be delivered by different
-36-
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invention or at sone predetermined tine |ater (e.g.,
one hour later or three hours later). Alternatively,
WOH®/BdMBi nati on may be admi ni stered usi ng sef&TdiS@008/010431
delivery devices, i.e., one delivery device for each
agent. Additionally, the agents can be delivered by
i fof
route% of gﬁ%ﬂgtr%tl%g Ve glgeol% Qligﬁflign Egg hr%ﬁﬁ?%?{yo Qﬁa%gj'n P‘{?&%&?
ot heaindx)mhn’@ﬂneﬁtd theﬂhﬁ(i(ﬁﬂ;ﬁﬂl@l a ﬂrft dossgecfihndompritingtan®mpound

kit caonprises a first, dosage form conprisin
of the énysatipr andit ledrt opey additioerl dasagedom EaipTisg Oanar Topnef the
h
scoO5FREGLAYERTREE) 008 IRERy 0 5 B o
invewtamny. {Tho dirsttdosageebtodad tie stehends(qr mhmh tetogrdosTgeefonnrtggether
dosa for second dosa .
compIaser PggBr A €BREH VoAt REpotE AEF s Fpyfht pERRRTD g prevention
of a 83448 or fedréal éd&ﬁht@&?ﬁtaspzfti‘éht the treatnent or
prevention of a disease or nedical condition in a
pabecomdarySgenitialawherijsinded) arewesanti in@l theraputigeldy effective

amofeEE e Py AR B i i b PR Bpraiaty

beneﬁciaheffecnemeh@alddymmtda&mfth@loalnp@ﬁﬁ@afthwmntwn The secondary
co-adm nistered wwth a conpound of the invention. The
ageng garobriiarthe forgefia Rharmpeeutivaliy acoeptaliegpltgsolvate, optically pure

stereg{l}?lérgﬁca?ﬁtsb ?&Itﬂ yTﬂ&sC §&:§>ﬁﬁ£r§’ g@'lllt% 1is Elb\éﬁ)"\xearqu%h&&{ JOchlude all

er eol somer, secondary
sucha’gﬁm and a&tmhrhaicmhtyawaﬂame encarthbd mrepared usieg abhvensiondl

and are rcial avai |l abl e or ca
prociiuaini iy SOMVE asBh = UL B AR ff iEdlyciythe ranee of
abou?‘U'dS&}fé/@ayqe%S&tfﬁO digRggondary agent are typically in
the rangé of 15 about 05 g/ day to about 500 ny/day.

| nlrea particileu babodinisotiiaempouad oﬁth@onmltmﬁ is pdministered 1n
com lgPté%Wb(F 8 ﬁlsz 8 gg%r(%“csrgggﬁf)r %gonﬁg gbgrgﬁﬁ lVC 263?ne1(glc receptor
agondslé RIBRIAY] Wut heCRR hite G Hlb&tesol| lbhfdlte@kﬁ fdﬂblter@’rl[ form@terol,
limted to, al buterol, bitolterol, fenoterm

indagaserab daegiarine, Invributerl onetapeiaenalr pigaitenob salbytamal otaimefamol,

salmgf:é?d?lp{eer o ﬁ{%?lél}cb@ft rlfyé:] Sjtﬂérr%ﬁﬁtegg{g?tg}yce}&ﬁﬁég&g?mat canbe used

in coathipat@mgvith ca@npmimls oftaninségidnhatludgrbubereuse timited to 3-(4-{[6-

({(Zé)umaré)txl on[ﬁ%wﬂpgﬁg‘? gglgiyﬁnfe{l{ygepﬂeg\)llﬁet%yﬁgmllr?os hexyI oxXy}-
butyf)ﬁér&@les%lfgﬂ'ﬂflf&}éna '3[-(?3 hyly Q@R) § l{yﬁi/d;d'y%ﬂ[ﬁ&m%k} Sp(hgﬂiﬂxy-

hyl ) am no) - hexyl ] oxy} ) benzenesul f on
mettazﬂ-bph@;)(l}eﬁ;yl} -amino)heptyl]oxy} -propyl)benzenesulfonam1de and related

oV BN e DLy o2

hydroRy-2¥lhyldedadenesydrbopnsth dgplangl]e@lyBt mnaﬁle@samqqrbd@l)phenyl]
di scl osed in 02/ 066422 (d.axo G oup 3
imidazqliglines2,41dsone qrpielaged compounds disclosed 1n WO 02/070490 (Glaxo Group

Ltd. )lg?’hctﬁo";fﬁ éi@ﬁ‘"{gz fgﬁf@%] rﬁégx;ﬁ@w?}ﬂmh;}lﬁ) Had Blef} dmino)-

hexyl]ﬁkylﬂﬂmjll)lthnnmegulfemhrmﬂe Bt {[lee({d2 9 2 -Botfponyldmino)-4-hydroxy-

phengl by g yq Pk o BRI ey R e (0 2R/S)-
2- [3&%?%5 4 038939) nr??‘ﬂh]y@?&kbethyl} amino)hexyl]oxy}butyl)benzene-

benZenesul f Ona

sulfcDa(de) ol CURTE-(2- {6289 ek omeylamine drasdyorphens) 2
hydn W{}W%%rﬂ% dr 9 2%1% rgn%eor%e lﬁf%é}n??%}é\%tsgutyl) 3-(4-{[6-({(28)-2-
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2-[3-(fornyl am no) - 4- hydr oxyphenyl ] - 2- hydr oxyet hyl }
am no) hexyl ] oxy) butyl ) benzene- sul f onam de,
WOROPYWBHRY| ) - 3- (4-{[ 6- ({(2R) - 2-[ 3- (f or nyl am n&LTAIRY§0d0431
xyphenyl ]-2- hydroxyet hyl }' am no) hexyl ] oxy}
but yl ) benzenesul f onam de,

[3- (f%}l@@%?l@%ﬁé}ﬂe@yl DiRloGetyl AEnSRA193336dty)benzene-
sulfO[namﬁdGOWJWW1P3X44{@Yﬂ’ﬂmmﬁnﬁbbﬂﬂﬂimmwmwenyl] -2-

am no) hexyl ] o butyl ) benzene- sulf
hydrg,g)(qth}g}ﬁtyz%yi lgé()%/y ox?}b%t})ll ben%enesulforlljam1 e an re?ated compounds

dlsclﬁéegrlg{)ygé%ﬁ??i%%k ﬁ(t%ﬁ)ﬁ;e #@%8? 24 S-fsy PIgD¥ldicorobenzyl)-

oxy]bﬂhbw}mbﬁyizamaehﬂ ﬂxydmnydmyh}na(hmaxmethgwmnugnd related

comii0h B OB RGN, L8 2 a2

phen%vﬂy%h%)ﬁﬂéﬁméth ?1(112942 ~HyddE-2(¥ b Adrhdd=4- Hy&\f;%&méﬂ& -
henol "and rel a conpounds di scl osed in
ethykagmmamhgla(e{q ca)mpo@ndmglsc_lp@pd) in §S. Patent No. 6,576,793 to Moran et al.;

LBy S LS S ATORBREENL ogros

2(1}9@)/&@%&5 ﬁp&ihﬂe{ha{e@dxdqeﬁwamdq)oﬁmsstax@ae@w in UUS Patent No.
. 6,576,793 to Moran et al

6 65?{ QZ% gp Mg;raﬁ;qrfé@| Inza mlﬁgﬂgﬁwmgm%my}qrecgpmpgomst isa
o ok S 2 Ingroar e isaminn)

phengﬂ]sldnlyt}s(éd 2- nydﬂo£y-2F(atfenﬁa1hEﬂo 4- ﬁyﬁﬁiyﬂ&&yt)@tﬂﬁammeeﬂ‘ ypically,
articul ar._.enbqdi.nent,, .t he norece tar
the B siranareepRoL SEq Y Sl R B SRt B A AT U TERT BgpoyWe from

about 6'0%45'd0( pesdByer oxy- 2- phenyl et hyl am no)
phenyl ] et yI} (R) - 2- hydr oxy- 2- ( 3-f or mam do- 4- hydr ox

enin § pmmtsylhlaq:mh@dlmfyp acaippund phihe[igyentign e‘h@k@@@mr

comli) ggtgc%nz\% déméx kerr%lﬁ? dm 12161%1%1?1{ odré%&gzgto I@en?esFﬁtagi\éee gteﬁ%ﬁgal? tantl-
inflap@idtbryHgaiits @BdAdY, BB dre ndt Emit@@wj @eﬂf)niehﬁwﬂb\/cﬁﬁiolpﬁﬁlate@
admi_ni stered in _ conbinat.i

budegenife; hutixasAThPrOPiPalse APR- 1ﬁ@ﬁﬂeibmyafiw@l%?@f)bﬁa&n -difluoro-11p-
[ a imted
hydrB-1 70 RE TR} Ao R0t bRE U1 068 1) DeiEL B!
dexahi¢thaxom) bb %Fmﬁumat'& -[(2- furanylcarbonyl)oxy] -11B-hydroxy-16a-methyl-
20R-16a, 17a- buté/l i denebi s Oa%é - 6a, 9a-di fl uor o- (Jf]ﬂl
B ifluoro-11p-

3- Oxggqu%@ é)ﬁ‘ydlil?‘( 37 lbﬁghl‘?lﬁ |3‘E:If1 @@p};tlyl Eter 08
hydrggyf’gg(}g,g;@ggg? L BERYL1 9. niaISHEATELBBRAScy)-3-0x0androsta-1,4-

diene-{l (B-clbbehioit @aida flubroareytlyl kder; Bpcdoodifludfial Whigroxy-16a-methyl-
3- oxoandrost a- 1, 4-di ene-1713- car bot hi.oi c ag,) ?
3-oxe: lf/ prpsPRinBYIRYYandsasts- I detiens | Hi-parhethioie aqid (5)-(2-

oxotgf%{zﬂﬁ}ﬁ%ﬁaﬁ”ﬁg QMEI %]gﬁgTsohde ﬂutlgaso )p yj)nate methyl prednisolone;

e-5-car oxoandr ost a
momelasdne fliremte-ptddi8sadomdy (ptdﬁnmooe,aoﬂdptsudd: - b2 tthigrncinolone

. . Ga,9a-diflu 11] 3-. d 16 thyl 25
acetofids gid 8 1B iRt SN Ln D RGPy PeSIIRS:
admiistera® irflard aphodd sufficMn® td %WQIeCﬁdiﬁ&Bo&% 4- B?@ ag @Es dose.

fluni solide; fluticasone propionate; nmethy
pr Adrekgwbline comhpgbemEoMAuSd O thejinuentofigiogiministered with

salmPlef q% ﬁ?g% adfe f Hﬁ@ 9&{&;2!& a@l;us"lzf%dl ith'it ﬂg&de;k?bﬁ Bﬁzge as the steroidal

ac e
anti- ﬁﬂlannmaléﬂya@’ﬁﬁﬂ: %gbtﬁ@mxbnwdry cbmbmldn‘n i $t@npalindrofaie invention

co-aBauRersd Wil EoranipllaR g s BRe ca Bt MR B2

i nventi on co-adm ni stered wi3gh
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salmeterol as the (32 adrenergic receptor agonist, and
fluti casone propionate as the steroidal

WOZAPYBSHE| anmat ory agent. Anot her exenpl ary c&&BG$3008¢M0431
is a conpound of the invention co-adnministered with a
crystal line nonohydrochl oride salt of N

o SRS G EAEEES e spn

ethyla(rﬁl)e & thy @s-adigndrecépior dgonisnind Goboagidluoroy pre (2Huranylcarbonyl)-
yl am ne_as the 532 adr enor egept or gom S

oxylsldﬁéwda?’m- L rettd3pqroandiogiagh. ¢4 )caﬂzﬁt{»fﬂqafld §-fluoro-
metl-grl Byl oﬁ)i?f §tt:r01dal ti-inflammatory agent.

oxoan rosta 1, 4-diéne-17[i-carbothioic
ac D@eﬁsﬁﬂtab@c combiattiyts 1eslué¢ faseytahqnlstoehanladahnﬂarnmatory agents,

e.2. FRATRsdsucP G i FEmoglisale: BFOFIT PaTHIEE Do PRBURT Ece

(PDE) lahlblt kI3s theophbume, BOEY wms&&%ghﬁ%mm@m RHibitors);
sodium p ospho i esterase (PDE) inhibitors DF_'«%
leuk‘l’m@@ﬂ}lhgqm%s (eRpEmontehiubpst) rlshlbnonswi iankpinieng PpRhesis; iNOS

rs). | eukot nta
inhit: B fisR kphonFitesish oS R ARe RREDATAR o Bor: hegintesin
antagMidts andddeRbiifg FecepoPhLatists bNiithidnivts e. gu&‘dbnaﬁne 2a agomsts)
tryptase and el astase 1 nhibitors; beta-2 integrin_10

cytolsin anieaPEsts (agel Chrraelans MriagEEp Fesh aég?ahm&ftrkeulsm antibody (aIL
antlb%la%)?‘gg&1ﬁ<%a§ly§ & Gie-4 ﬁﬁeg%a LA%I24 3%9%%? fot ks cogﬁ)Y é?i‘&hgﬁereot), or

i ne anfagonists su
1nh1b1mr£dsﬂ@,m¢<kme a,mthésa;dy (alL antibody), specifi caI ly, an

4 thera al L- 13 t her conbi )
© nbt EBACuF b aimsnt areomaeued bb{ene SRt RoaFeinited in

comﬂiﬁﬁﬁdrpmtﬁ% RO R R ased @@mliﬁlﬁbﬁ&stolﬂ hikéy FDEBH‘DEAS
admnisteréd in 15 conbihation with a

inhitptees pReptesestativa POEY ¢rrDR4Y POHES/BPES ishibitorsiinadede, but are not

imitef, B PR b1 PSP i B o B e L gt

acid C2-8arbomethoxy-4-cyano-4-(3-cyclopropylmethoxy-4- dlﬂuoromethoxy-
4- cyano- 4- (3- cycl opent yl oxy- 4- net hoxyphenyl ) %plohexan
phenybcyelphrxep lrene; g@rlﬁ cyano -4-(3- cyclopropylmethoxy—4 -difluoromethoxy-

pher%l)‘&?r%{?lg oxy rloeg ecéﬁ/ %/c? gig%éi%) one, 8999' mm%ﬂe@lf 'y

cycloibxayahaarbok$lic agidlangd tlchyltelmt plearinadeutichlly eccepableosaits Rgreof.
phen

cycl an- ] - ; s :
o remisebiiis PR ruel SHENEPER p b AR 2281
(elbleﬂj: Mﬁ&@?@dsﬂéﬂ?%ﬂhug(@&k&sc%@e mﬁs&ﬁéfﬁg maugh) CI-1018 or
harmaceutical |y acceptable salts thereof

PD- k@ﬁﬁ%@mm iberzdabEloeompounds BBEWSEDIRWIONY lﬁ7t6§r(Kyowa Hakko);

K-34 QYW ARV T KPPk g g o

comp&imt6 878 ioséPrn W%4mm9kmh&)09ﬁm%ﬁdﬁle({8§'kl©lﬂddl now
In W99/ 16766 ( 1yowa HakkQ) ; K- 34 % owa 2
Altana); arpéviling fblgpisall-Prodesfarmals M é* rnahs) T 440 (Tanabe

a %@g 8%&1 di scl osed in W)99/ 47505
Sely%k%’r en)e(; &uma entr 'ne (Byk-Gul den, now Altana);

ar of g{bimtmela( éhbodialeht, Arcotgmhad whihe iidnbidh ihadbinistered in

Vernall T- 440, (Tanabe Sei aku). and T258 ana
combiBaTcyy AT ARl ISR G AHR LIS RS0 dHPraPniatve

muséRid M%ﬁ&@lrﬂcﬁldédﬁﬂt%§ﬁ&rlﬁﬁl1téd‘to3 QtrGIQH@ laf@pine RuMhiehatfopine
nuscari nic antagoni st (i.e., anticholinergic agent).

oxidRapetbyglatroping wirate, homatropme hydrobromide, hyoscyamine (d, /)

hydrobromide, scopolamine hydrobromide, ipratropium bromide, oxitropium bromide,
-39.
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muscari ni ¢ antagoni sts include, but are not l[imted

to, atropine, atropine sulfate, atropine oxide,
WOREYINASHEr opi ne nitrate, homatropi ne hydr obr oRCAE&]S2008/010431

hyoscyami ne (d, 1) hydrobroni de, scopol am ne

hydrobronide ipratropiun1bron1de oxi tropi um brom de,
tiotrcé?rloe’ d’OII‘ll ﬁg%"% a?ﬁie}me T %?a%@%z’l/n %ﬁl%ig %hé)ottfogﬂie%thyl bromide,

clidiffuhsBlohfigé, Repyred]hte! (Rbbﬂiﬂil)d Boproqbbm(ﬁdd’hlodmebmemrdelate bromide,
cop rolate &Boblnul , 1sopropani de jodide
tridibasgiiyy Sh aride tadiane). HexpaahinaBethylsulinefyclpentolate

o R
DX hw:rxmnhéuhbctchamnplandaﬁmelmme t el enzepi ne, AF 5 DX 116
an methoctrarrgl and the ik In.a parti.c

YPAFplar gmp h@ cganngg ohthsdpystionds aAmlmstered in

com@lﬂgﬂl(ﬁi witfaf gnhl‘ﬁstaﬁﬁﬂ@il RAMH 0R c¥tbNaribRikt). R §résthAbive
(i.e., H -receptor antagonist). Representative

antilasterntries inohideebutiane hotdémitedito, gthenelamingspfuchds carbinoxamine

ol ami n ar.bi nox I ea
malc3leu FSORRS TR G PO SRR AVHRE RIS dRS Simeppyganate;
ethyRAEHi 8RB WEh b pirelamifk &hlddlceifpdlcihmate, hyﬁik’&dhlc&&ie and
yrilam ne anl eate, tripel ennam ne hydrochl ori de and

tripefanpp@ineaiiaaH; r@kxdmmmseauch|ak9hlamh¢@§ammd@§nvastme piperazines,

I
suchZBHROARSALE BRAEHRRTe A HiRH Il Sl arodbite,
cyclirel lacztate;embgdwimltydrmﬂﬂmde andodetizizine Hydedchtoeidenpipktidines; such as
hydr ochl ori de and cetirizine hydrochlori
asteraval@p leyprRbast ting Jpragh! réé% iﬂhﬂ fgane or P%&S%ﬂ&&fh% analogue,
terfeHX(ﬁflé’le RikbRGadih® ﬁzﬁﬁghl'aﬁd@razbfﬁtlﬁeeﬁﬁﬁ{)m&tﬂp A¥d the like.
anal ogue, 15 terfenadi ne and fexof enadi ne
hyd@he &ﬂotwmgi €ormartas] cans tilumerateyrdpresénitati Ved@iarmactutipg cojripesitions
£ Theeﬁgl | ow ng fornmulations illustrate representative
of thspayeRle® it i cal conpositions of the invention.

Exenpl ary E@@Hﬁ% Conposiiohs Aamammzftmﬂ@mﬁy DPIDPI A
compound of the invention (0.2 ng) is mcronized and

t hércaspavad @f fetipveniiond9e mgblsmsrqngaed apfjtherphlepded vith lactose
t e
@5 rgg tﬁlgalee_%défﬂlg& Con?ztgetnslgécfequQ) A gél%tﬂ) ié]!ﬂ!iﬁ i6h EQidge. The
contattsioNihsteartddgdiat agminiBidted Usaig aE}Z)MI;[beexa@np’re Cr oni z ed

conpound .of , the invention b] ended
m B eRRTPousg ogyh e(l@Véﬂtwm B ousd i5 bkt ed tactose
5 %L(g%t Ghcrddan m&yﬁot%e/ﬁtg thhiDSb R %B%CJ)ﬁﬁe Pﬁ’ﬁ%le@ h%@a 8IMD of

60 pmto about” 90 pm and not |ess than 15%
about IGG p;natd aboue30 havendandvigss dfianl ESs o? mdﬂaempl&sshav)e a MMB of less
ended m xture is then | oaded into |nd|V|d

thent}ﬁm)e rBugplepdgemixpreds thenleded ipladR luvrfiuahblasfﬁfa Af a peelable
f
ik S S QSRR BB bG5B 00 1 e

comPuridst the invetich Rt @losél T sdreéraslofithic rbﬁ)st%rs doPhdministered using a
Al'ternately, a mcronized conpound of the invention (1
DPLg) is blended with nmilled 30 lactose (200 g) to form

?Og:fnﬂeﬁagegﬂpa%ictrérﬁgedq%ﬂgmﬁ oMb Sitlvetidid @ His GRARAIAN milled

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 B,
-40-
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| act ose of 1:200. The bl ended conposition is packed

into a DPlI capable of delivering between about 10 g
WO280944832 500 g of the conmpound of the invent iP&R/[$2p08/010431

dose. Alternately, a mcronized conpound of the

invention (100 ng) and a mcronized (32 -40 WO

/ QO8/ r

adrer?qulg rQ%fsfoffééE&% (ls’ar ) %lag%glgg&ed @ﬂfx ﬁﬂﬁfcglge orsg fﬁgg%)o (’%hg blended
mlxtgr)e is THea 164deddmtd indilvidual Blisters bfie pedlatdd blistenpark in an amount

i ndividual blisters of a peelable blister acg in an
suffigigpffaiprodde abqut dAtiaty ab?‘éf\ﬁ‘)@diga%l]? CaIPRH Btventien per

g jdose. The
dose] g ShEnS TR plc Ml IXRR MIMEPDPLINS: g 2 O
5 Exenpl ary (E)d@p@mrylau»@oEmronkJﬁer Ue AnANBDYDA
m ¢roni zed corrpoung ?f t.he inv i on
tO

di Syicuzed-romnayndof i lavaslgpéab g dimesiiin ; fgolution prepared
by dis?(ﬂbiﬁl?'l&lt(hgl @ %) inHAGAEARER WABFH(20BWET). (’ﬂQQ‘emﬂlﬁmg Ji@ension is
resul Uing su sion is spray dried and th
sprayrilgedaridztban tmcrbmzmi o fnrnrmqeldzccbmmsmmmmmspm‘gcles
articl havi n ame .ess. t
hevifi S pitgn Al B0 ARRLA O O 15° PHER M COmBRBt PR Ren
loaddPintE RIDT dafteid §eCRM A PPestii@sdW, 1,7 2%etkafldoroethane in an amount
1,2-tetrafl uoroethane in an anount sufficient to

, sufﬁpueotvuodneoub@ arout 0 Ogugt to abbwif005000fthe fomheunshefiibe Hiyveption per

i nventjo e e when admi nistered by the M.
dosem’qfeé‘r "é’lsﬁ‘fre%a {lfﬁﬁ\gﬁil on containing 5 w % conmpound of
t halteMaRIN, i a0fispdhston¥orainifg Btvh”mcorﬂp&uﬂ df thé fvention, 0. 5 wt%
trehal ose is prepared by dispersing of a cog}j)oun

lecithin, mdeO im?/mtv@mqsgns prepavied rbdrﬁilszpétﬁlli!ﬂaff g.Oé RESMEOR
I I
1nve$f}(ﬁo‘1 éﬂsontl&?ﬂl {Vﬂh% k%égsg hs 01 dé%’;“tqﬁ. nJoﬂB{zﬁpsolutlon

ose an

form@dt ot 0 G(k d)ﬁtrelﬁlbsman@f) Sdeof eeittah idzssdlvedvid 800 mThef demmeralized
suspension . is, spray_ dried and the resulting. mt.er

watep.s The &trsaﬁmsz@uwtsarayef%rtqdanééhe TeavitRg mateRad iS iy %4 to particles

havihéé ﬁletaﬂ ﬂﬂm;eté‘ 183s th e 183/h] The ﬁaﬁl'éfes lafadgded MtPcanisters with

nisters wt pressuri zed , 2-tetrafl uoroet hane.
pres@izEd éripl, a-rtqtrdﬂmpmthmeon For Use In A Nebul i zer

I nhal er A _conpound of the | nv Lon 5

di ssol vedEF RD; ?’QP‘Eﬁﬁﬁ’?’b & f‘f) f\&%'fdé%?é'ﬁ}f? 'sal i ne
( 1A8copound BE tHY ik eHtRNI (25 Bid)fis @idsAnell mraabateted(pH 5)
the conpound is dissolved. Thgng of the solution is

isotomfresaking (B29dnbdij The adxtureis saed and soniqagedypntd ﬂEFyC%FEﬂMnQ
dlssoqgéjd Nh W%?Hl%sslormtﬁo%% Eﬁgcﬁl&g ér?d(écgﬁs&e&— q?néc%%] y, y slowly

dm ni stler ed v vice t

addlﬂ@ agiieotd 1y sbdluﬁbbjutlroﬁiﬂ@ e odlutibe 1s<:alinmm$mi}ed)ﬁsmg1 e nebuhzer
invention per dose. Exenplary Hard Cel atin Capsul es

deviemyhacpraidas bt 404 P GO mmgfrfae sPmpawnd 48R sHLOn per

dose(50 g), spray-dried |actose (440 g) and nagnesi um
Stearate (10 g) are thoroughly bl ended. The resulting
conposi t Exemplaytierd Gaade Capsitles Rar Qral Mingeisatition

¢ apsclgrr?psouglg 09 the 1n8£ntfo%r?§8 Sgg,tsi)gar;/-gned 1%&8&“{4% '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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Exenpl ary Suspension For Oral Adm nistration The

follow ng ingredients are mxed to form a suspensi on
WOR8HYEPH2ng 100 ng of conpound per 10 nl of PCT/US2008/010431

suspensi on: -41 WO 2009/ 035542 PCT/ US2008/ 010431

I ngredi ents Anount Conpound of the invention 1.0 g

BunfVEt hyl

suga-Coposng oFESARYIION 7004 5ol Ut i on) l?l
avic @idragnesi um al umi num si i cat€)® 1.0 g

Fl avepivgp &londe i Colorings 0.5 ng BPKilled water

q. s. Mahylgaraben Exenpl ary | nj ectabl e Fédig ati on For

Adni Prrepiyl paiaben By | nj ection A conpound0.86 gt he

i nvediramuiate@sigay) is bl ended with 0.4 34.8@gdi um acet ate

buf f Sorbie®|(10% e6lufign)0 nL). The pH of th&E8sgsulting

sol utyeBuhS keghdmestnt Juihn bisica) 0. 510 H aqueous

hydr PhbC acid or 0.5 N aqueous sodpass kydr oxi de,

as nece fsy, and then sufficient watgig f0r injection

S a%&% QN?F rovi de a total volune of gg t‘Bg\'O

rrixturelg en filtered through a steéri ePi er

(0.22 micron) to provide a sterile solution suitable

for  adehplust mpdctdWle PYriniinB6hk FOR AdRBANPAISR BLBjddwen

follow ng Preparations and Exanples are provided to

i | Apommennd epieiinyention (B3 iebleades with 8.4 Misediuny Acetate buffer

The Cif ] G ' it s, . [
soluffC HRF rhe PSR hTERE so RR Ao ALE il 4 BEIESR.
aqueﬁ@@l@j'cfrir)]aﬂdf)ﬂicly 'Tldidh ot 0.3t dquebhne sédilhhﬂvjdn@;]id@hs aecastirgemd then

ave the follow ng neani ngs .ynl ess ot herw . )
suffigigpl Waleetpr Apiectian s afdret ogBeyidep &pbYRlume 86 2 atle Fhemiture is

. : . . for

nen 9k 5 AEF YR I 2 AR i P RRENE Bl e £
admimysttaiion hg@ygedione nonophosphate CHO Chi nese hanst er

ovary 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 Ms receptor
DCM dichloromethane (i.e., methylene chloride)
DIPEA N,N-diisopropyletliylamine
dPBS - Dulbecco's phosphate buffered saline
DMF N,N-dimethylformamide
EDCI N-(3-dimethylaminopropyl)-N"-ethylcarbodiimide

-42-
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20 cMb cl oned chi npanzee Mb receptor DCM

di chl oronet hane (i.e., nethylene chloride) DI PEA
WORRRI3SHBpr opyl et hyl ami ne dPBS Dul becco' s pho®pRaiSa008/010431

buffered saline DM N, N-dinethylformam de 25 EDCI

N- ( 3-di net hyl am nopropyl )-N -et hyl carbodii mde -42 WO

20 35542 P . A et hyl enedi am ne

teg;ﬂggxceti c ggﬁyfggﬁ%%gﬂegee%%cjegggggt e FBS fetal bovine

SeEtMAELI PR kthybacwmeri c i magi ng plate reader 5 HBSS

Hank' s Buffered Salt Sol uti on HEPES

4- FBShydr oxy &stehhovine s§T¥er azi neet hanesul f oni ¢ aci d

h WLﬁwnedh%ﬁ?fbﬁ%ﬁE %%hgbg%agépned human M2

recept or receptor 10 hM4 cl oned
huHBRSSVA r ec énk's Buffered SaleSolotiomn Mo receptor  HOBt

1- ybenzotri azol e hydrate Mch nethyl chol i ne MeOH
e 5 AR oreaB bl Pt TR e s dcid

t ehighydr of ULRReARYmah MEf reBbRbEVi at i ons used herein

but not defined have their standard, generally

acbbht ed neaslongd humlan34; rgeemsar ot her wi se, al |
na ials, sugoh @l?l reagent s, grt arting mterials and
soents, werEUSU R8s F¥rfiPcomercial suppliers

(SHR as Si gekned duineh M2RcEjtoka Ri edel -de Haen, and
the like) and were used without further purification.
ReMsi ons  welasied inmapdds reaeRtPogen at nosphere, unl ess

noh%%b ot herw ion mxtures was
noni otr ed by l?ﬁfdﬁg*}g)%{e}?&@%&g?rfﬁ%gg%aphy (TLO),

anM@ti cal hinghhyelidlorenrance |i quid chromat ography
(apal .. HPLC), and nmass spectronetry, the details of
whM8PRr e gi \’i‘é?ﬁgar!?él ow and separately in specific

exgfpl es of reacdbalsic aRgaction m xtures were wor ked
up 25 as described specifically in each reaction;

coffitidnl y t heyetvabydrofumanf i ed by extraction and ot her

puri ficati nmet.hods ch.a e a e-,..an

C PR B NE L Py f Dt g5 P fapdipdgoneraly
acce’gféd 36khinirig0 NUn1e @At DBthBIWEe) lal SnateYidls,'sQ bl heayers|rstdriingl

y preparative HPLC. . . . .

materials and solvents, were purchased from commercial suppliers (such as Sigma-Aldrich,
Fluka Riedel-de Haén, 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 chromatography (TLC), analytical high performance liquid
chromatography (anal. HPLC), and mass spectrometry, the details of which are given
below and separately in specific examples of reactions. Reaction mixtures were worked up
as described specifically in each reaction; commonly they were purified by extraction and

other purification methods such as temperature-, and solvent-dependent crystallization, and

precipitation. In addition, reaction mixtures were routinely purified by preparative HPLC.
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-43 WD 2009/ 035542 PCT/ US2008/ 010431 Preparation 1
(R -c clopentyl h dY roxyphenyl Acetic Acid OH OH O
WO2OR/BR§422- t - But yl - 5- phenyl - 1, 3- di oxol an- 4- on@C{IGHpo08/010431
(R -Mandelic acid (20 g, 5 130 nmol) was dissolved in
anhydrous pentane (200 nL, 1.7 nol). Pival dehyde (13.6
g, 153 mmol) was added oI I ovved by
trifluoromethanesul foni ¢ 8¢ O(4]88 L, 5.4 mmol). The
reacti on was aRJ-¥&ehendylhedrbivpirhyBAcdticungl@r nitrogen.
After 5.5 hours, the mxture was allowed to cool to
roomtenperature before rrlng with 200 nL of an 8
wt % NaHCO3 sol ution for . pPAut es. Excess pent ane
was renoved by rotary evapgorati-on. The solids 10 were
collected by filtration @ ré nsed (100 nL water)
whil e under vacuum filtratfon. The solids were dried

OV‘(J}fmr.‘%.é-lﬁ;\gﬁrsdph%yé\igscélo g@%' el ; r&ef %‘éef’ &il'Ba g,
130 @ol Pwhs Bdialveddin ahhharduoperixed @06 %N' 1.7 AroP emyaldén e@l3 6g,

oxol an-4-one (1b): " Lit h| um hexanet hyI di si |l azi de

153 gmal) wasrdsied fallowed by triflucgomethaneseléanie ayid 488 ulded rmol) The
react|10§} \??Jr}yelfj [ aetli]lsto B:_[ﬁ;)‘ %é%odetmc?eg Eﬂ%‘% éher g 3 h urs the mixture was

allovedthtp dooLtd rébin temperaddetefote stireing otith Iammﬂrodpmsset%NaHCOg.

15 mnutes. After 30 minutes cycl opentanone I( 451
solutsom for}Bmyinyss, Hycrss PeRtaRsvaRresed PaRtary ¥Rpetalion The solids
werdghBEred LT Rion il fsc@ (| (AL PG ATNE: Al fudfion. The
solids sver&driedhotesighfimeerhighuvasuwago gikde thi¢rmediate (Ishasia sthitd solid

s 20 anmmoni um chl ori de. The aqueous | ayer was
(23. %ﬁé%’?’i&o mL Et OAc), and the organic |ayers were
| -+ Bt RS- ALY drbREHb eﬁﬂyi)tﬁg)ﬁéh}@-ﬁd_’) -dioxolan-4-one (1b):

concentrat ed.” The crude product was purified

Lithigyn hexastethofidisitazidsol0fotiyt ( meled Etr@\@f @ i iahex#igs) wapadded to

oA 64 FETRRSD) By T 40, g
5.3 oL aﬁhy‘ﬁr@lﬁlfl‘ KE&yas adbed tof the seldtiah dropwige ¢va&bQ s ﬁmnut’és 1 After 30

mmol ) was di ssolved in 6.8 _nL anhydrous THE and the
minugey wlqyﬁnwa@n%(ééﬂ e, 5l mmel) was idpd dzonvisiss a&erﬁﬁﬁgéh@ 1 ginute.

Aﬁewm) SV‘@§ (@gg?%ng%%gv&@o?lss Iﬁ%%h’@‘ﬁga@éﬁd%@ Snd ¢ ﬁﬁ)&greg{tlrred at

pyr| M xture was stirre
roonOteﬁlpefalmlre]fth) minutSat Thamedusquaadsied tord ml satatatedraqdeous

ded and. th t ] for.5 .
iyt BoRAr ThGERIPG D E v Metied 2t STl b, $rsbg greanic
1ayewe@e e6mBInRl ecﬁjed?&eamzs@ﬁ FAHGHRCHT doRY&iraVdlS TMRSHEEE product

(2x100 nL EtOAc.). The organic |layers were -44
(780 mg) was purified by flash chromato graphy (5-15% EtOAc gradient over 30 minutes

with hexanes) to yield intermediate (1b).

(2R, 58)-2-t-Butyl-5-cyclopent-1-enyl-5-phenyl-1,3-dioxolan-4-one (1c):
Intermediate (1b) (650 mg, 2.1 mmol) was dissolved in 6.8 mL anhydrous THF and the
solution was cooled to 0 °C. Thionyl chloride (436 uL, 6 mmol) was added dropwise,
followed by the addition of pyridine (777 pL, 9.6 mmol). The mixture was stirred at 0 °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,

and the aqueous layer was washed (2x100 mL EtOAc.). The organic layers were
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WO 2009/ 035542 PCT/ US2008/ 010431 conbi ned, dried over
Na2SO4, filtered and concentrated to yield

WO 209%B3%3di ate (1c) as a light yellow oil (54GCEF)S2008/010431
whi ch was used in the next step w thout further
purification. (S)-Cyclopent- |

comlz ﬁ@c{ dpgﬁgcwgzg?thﬁ&%{l%ﬁ @&icg{ltg%t(eﬁ l‘:fatlﬁ"\e/ggqlﬁi?fgeg(%c)Las a light
yello?@cln:l)(mmhg) wnmma% dse84n tﬁefneiﬂﬁepﬁmﬂl))uv\ﬁnstgelgptaﬁ'dadpn. '
K . 18.
T esianetn | ek pabgdac i st 00 I () 6540 me,
1.9 nﬁPﬁég a‘§ H&sval ivhVROH @92%@& b, 9’\ln§ijl§5 anAEeﬁ”(ﬁm MWO02 Yhnol) was

t hen washed OOnL hexane) .
added sfiolowed gy M@mﬂ{@ﬂc@ sl Svihmined). les(@wm was refluxed at

130 B et e Bt M S 5PTRL OB RRREL S
chlofidid, tt%esgasﬁedj (BOTURA hatAe). t Phe/teflathihg h@ﬁd@iﬁﬁi eduBsidd s washed
as a 10 brownish-yellow solid (290 n‘gnqd I nternediate
vé

(2x26®n:1L KtQ8@).nghe EIQAentrylels wiers cgmbmdv Wb saqyrated

el 3, P P05l B AR gl B G e

browmghtymlews'ﬂma(wah@e vvas stirred at roomtenperature
under 1 atm_hydrogen, and the react on.was non d
459 AL et

byIntpsmediaig (1d) (3RO Bgal-f myyolhaas disse Vﬁgsn%‘:

61.7 harf 3&8&' f)reacHdf -8R Glaks ?ﬂs}‘{éﬁséﬁlk Wf’&geﬁ bugheds ‘Mg;(‘ff 10% Pd/C
ntr ﬁ the m xture F ered throug

was axkieidtte tlmndmtmras é‘ttie mmhlra/b'@klstlﬁétbatfrobmrtanpemase under 1 atm

hydrg Son A ﬁ g %Fggfég@%% mq\rllga;g S a%yf;%’]g ta gztrwlbgt ln%terlal was

cons{:fﬁl%@ @—[ﬁ h&Ws)2 The R}ac%b%és@p@% ﬂhsh%dh%@{ ﬁ’i’&ibg@n then the mixture
phenyl -1 - pi perazi n-1-yl et hanone OH O \' NH

was (Diered HNe&glAcﬁl@ &Iild ringedTwittaMeQH.r Ehe §Hr: aﬁ@ waR C@Iicentrated under

vl RIS Bl b o

1- pi per azi necar boxyl at e Krépdpatthn 25. 4 nmol ). Into the
reaction was added Dl PEA (23.7 ni, 13.6 mol), HOBt
(10 4 5 "2"CI PR 'h QLoe ANRIHETIY I P1pE _l" 3 'L“ L}
mol ). The m xture was stlrred at room 2 tenperature
for 1@urs The m xture_was then wasf |

O
(300 RHHC (WtK sat ur atedAquedus\Nacl
(300 . oPrgamnc | ayero ther r enpred \df_,'r'JgIg
over nd then Ntfered. The sol wds renoved
under uced pressure. A solution of ~20% TFA/ DCM was

added to the crude material, and the resulting n xture

wado astimed eelution of (Rﬂm@p&ntyﬂb@mxmw@pm%w%@ 0 g,
n
45433 PERE ARG a0 SR E PRt SRRl
45 49ahon algd tméaumrhwmdaen AIBEA-?5.7 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
temperature for 12 hours. The mixture was then washed with 1IN NaOH (300 mL), IN HCl

(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.

DCM (300 mL) was added and the mixture was washed with saturated sodium bicarbonate
-45.
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WO 2009/ 035542 PCT/ US2008/ 010431 (300 mL). The
organi c |l ayer was then renoved, dried over MgSO4 and

WOR09%®BpHd. The crude material was purified viP&TASRPI8R10431
gel chromatography (10% MOH DCMwW 1% NH3 (aq)) to
afford the title conpound as a white powder (9.0 g,

(300 Fél)lj?y g;rg)% % E%?M[D \lv% &1eg ré‘in&&éﬁ) dﬁeﬂ%r%ﬁ@b}/ !an(izﬁﬁergﬁ The crude

materibl whK mhﬁaml da ylﬂlﬂsghlydhmmetbgwphy(lo% MeOHDROMIWHEYS NH3 (aq))
0o a stirred S&)‘ﬁtl on_of

NHNNH/ OH
to afforg ﬂlz-tgiﬂcqoé‘}j@Hf‘;PS 8 WipgmeNAen (P 83l -2 mpelrer azi n- 1-

yl et hanone (3.9 13.7 Pk PMF (200 L) was added
Dl PEA (4.8 i, 27 3 mml 10 and then
C- (bi s- benzdt((Rja2-&! Iy g d

roomte erature.for 30
piperazine-lzcagbaxamidine - 5\ |
fi T opftien Yy

2703 mmol )NH The m xture was

14l hours rm/ﬂ'\e reacti on was
N; /@nt removed by
reduced pressure. mat eri al-Was purified by

reverse phase- HPL 0 afford the title conpound as a
15 TFA salt (0.7 g, 1.3 nmmol). M5 mz: [MH +cal cd for
C2B613QhHO@ Soluddry on(JR) J-oyiopehyl-2hydrék y-2rphengl- Spipeesn-4 -

yletapgn 3(&% T3 3gmgD in R f(%gg,m;) 28 e dae DIPEA (4.8 mL, 27.3 mmol),
and the® CD(%Esagédiot}laﬂ)lef @gﬂﬁ'ﬂﬁlé& :Qniﬂe (32@-g8 1878hhof! IR WeFstirred at

I n et hanol
roonbenpetatire zfoxt 301mmu)tes;r€¢1m@lrmamfs aédl(len of §-thiogphen-dnyjt )

metht%gF gg ng gg Ijj ! exgﬁc’gtlllrrervgads heatec21 at 6096 for ~ 14 hours. The

reactionRhPRIod t%‘rMJ)mr’@th’ﬂaﬂﬁ‘b aed {ié s81v@nt reindvedBp |rédm6 pressure
added and the mi xture was stirred overnight at

The qmde majarial wagasri Beshbe raemeahase HELCp sdiged ﬂ}ﬁd}ﬂ@f@éﬂ)%yd asa

B WS S e

427. 21, found 427. 4. @(A&MﬁttE S2nidbsis

N PIBRS 4T Sybeting arprh alia 2nard 5 RA 2 o men b by Rhenyl-
1-pigdrdin- 1y1Ethindde 0 g, é@.s%%@ﬁ&é&?@"a‘kﬁ Rahb D3R8/ DARH3 1C-(bis-

benzotriazol-1-yl)-methyleneamine (6.0 g, 22.9 mmol) was added and the mixture stirred at

mol ). Thi s, w i
m nutes, f
nmet hyl am ne (2.8 /M
heated at 60 C f
cooled to roomtenpe

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 Cy3H3oN40,S, 427.21; found 427.4.
EXAMPLE 2
4-((R)-2-Cyclopentyl-2-hydroxy-2-phenylacetyl)-

N-(4-hydroxybenzyl)piperazine-1-carboxamidine

-46-
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To a stirred sol ution of

(R) - 2-cycl opentyl - 2- hydr oxy- 2- phenyl - | - pi per azi n- |
WOROKYRaHEne (5.00 g 17.3 nmol ; prepared as deZ3EATUSEEPS{040431

Preparation 1) in DMF (200 nL) was added DI PEA (10.6

nL 60.7 mmol ) and then

BRSNS FEE L A R ox 2T (21 Bz 1

yletlﬁﬂor[ﬁ Bu0es17.8 @hrhOM\lpfprIddyastdbﬁbrﬂﬂd i Pmpaﬂiftlon 1) in DMF (200 mL)
e T T S B [
amm"eefﬁl &O 50.445m6 0 RN dsrtﬂfég] at FOERR teh P S @r BO Sninutes, followed

r enov y re pressure The crude
by theaatlémoal of Adsydmxybbnad atryner @1\26} sellp Basnembl?L tht onixpiré wasg heated

und as a
ot Gp o for AMEJCIER| CUF e TorC s oV roaia e dberan, R s polyent
remo]de B¥ARIeEd Brefsur®) TRe Gk MEH:M hyad phirified by reverse phase-HPLC to
dr oxy- 2- phenyl acet yl ) - N-f ur an- 2-yl net hyl pi per azi ne- 1-

affordah@@&tammpqud asHd galt \\.7 g,]3 Hnpmol). MS m/z [M+H] *caled for

co gt SRSOR R O 1L el et 11

C (bis- benzotrlazol 1- yiIpxwMPEeheanine (2.0 g, 7.6
mml) wer e added to ethanol (40 0 rrL 685 rm}tl)I) )

The resultlng n1xture o %MB £d at roon1tenperature
for about 1 hour until &t s S were dissolved, to
formthe internedi . Furfurylam’ne(lZm_ 13.9
mol ) was added ar@t hg reacti omi m xture was stirred
at 3 5 Cuntil the re W om conpl ete (about 22
hours). 20 Purifi N pr pan \ve, HPLC yi el ded
the title conpoun TFA salt (3 , 6.9 mol,
97.5% purity). M TN¥z: [MH +cal cd fow” C23H30N403,
411.23; found 411. EXAMPLE 4 Fol | owi n

t
pr QQe%@é‘@Pd@é’b?ﬂWéthinﬁ‘Ph@Ybﬂ emp%raéme&a??ﬂ}aégne &ry8, 6.9 mmol)
{ t4h
o S4B o R ARSL 2rLd TP 51
(40, Qﬁmes:emd)q fpllmpai bﬁtl&&dﬂﬁl@n&ﬁlﬂ]@EAN{% 4 1O, /13\9 mtan)N-'IZle

-47 WD 200 035542 PCT/ US2Q08/ 0104§ 1% q
result@gm@f @ab at room temperature for about 1 hour unt11 all sofids were

dissolved, to form the intermediate. Furfurylamine (1.2 mL, 13.9 mmol) was added and

the reaction mixture was stirred at 35 °C until the reaction was complete (about 22 hours).
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
appropriafe starting materials and reagents, compounds 4-1 to 4-52, having the following,

were also prepared as TFA salts:

47-



4-2 -CH2-Q 3, 4-di fl uorophenyl 4-3 -CH2-Q
4- met hoxyphenyl 4-4 -CH2-Q thi ophen-3-yl 4-5 -CH2-Q
WORHAAFS424- 6 - CH2-Q 3-fl uoro hen | - ( CH2 PET(S2008/010431

phenyl 4-8 -CH2-Q pyridin-2-yl 4-9 -CH2-Q
3- hydroxyphenyl 4-10 -CH2-Q 4-fl uorophenyl 4-11
- CH2F tooro—hen— ‘ﬁ 12—=CH=Q Lybgjnexyl 413
- CH2 ret-hex H—CHZ2-0O-3-5—ct-Ftuor upTlcny|
4- 15| - ,tr) Q-tht HJ)VJQA A 16 op PIWhor ool 3\
4- 17| A%+ ) pheny¢H:0 18 - clp- q 1 u3AiBugrephenyla . il @
2- et HyB - L hi azotCH:RQ  4-20 - CH2- &pethpyyphenybl - ol Q
butyl 4-4- 22 - CHXCE,H6knt vl 4 23 - NHhi@pRer-Bydr ophenyl
4- 24| -M6- D 2- chloHeGhenyl  [4-25 - NH QRenfyl uor opheny!
4-26 -6t Q 3- chlgppehenyl  [4-27 - NBEffdofopiihipl 1 henyl
21- gg ENA 4= n@qg@@fnyl A2 N chﬁrr&porophenyl .
+ 3 _}gl; m:r IIBLQH)\ EILIEII)S U:rl ?é ", %&f% S;EIIZULf,hdi d
cycl -9 2. W drox I-3 &Yffi'ox T”;Ey cH2-O
4-t r 19 amet hoSZHzﬁQanvl 4-36 - (‘H§ fi‘)‘ozlo bﬂrmhpﬁ\/

4-11 -CH»-Q 2-fluorophenyl

4-12 -CH»-Q cyclohexyl

4-13 -CH,-Q 3-methoxyphenyl

4-14 -CH,-Q 3,5-difluorophenyl

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-yl

4-20 -CH,-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-indol-5-yl

4-39 -CH»-Q benzofuran-5-yl

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-yl

-48-
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4-37 -CH2-Q 4-hydroxynet hyl henyl 4-38 -CH2-Q
IHiridol-5- | 4-39 -CH2-Q benzofuran-5-yl 4-40
WO2044036543- net hyl henyl 4-41 -CH2-Q PCT/US2008/010431
4- et hyl sul f anyl phenyl 4-42 - CH2- Q 3- cyanophenyl
4-43 -CH2-Q 3-am dophenyl 4-44 Q 2 met hyl phenyl
I

4- AS5—CH2rQ-3=nethyt——phenytr—4=46—=CH2- Q1T ndot=4-
-48 MW Xah N9/ 03554 RCFHUS20081-64

ool Q\lu ;.;:;r:gﬁﬂl ST oOoZyuor U F | aw‘[’phenyl
benzpPtA% hi ophenCHed ™ 4. 49 - mﬂze(r»ZO[bithmpﬁen-S-yl

benzbf493] di oxoFCHaRQ  4- 50 - CH2benzpHn3ldigxol-fivh
hen- P4y40 | 4-51 -CHz-(® 1- netlh | - Thdnzgibdthadphsn-2yl 4- 52
- CH2r @ 71y £l opentgH,{@- 1) 1-methyl-1H-pyrazol-3-yl

4- (27 gyl pPent YLe, leydr 0xy{2- phenyl agefopkdtyN ((R) - 1-
enyl ethyt)yprperazine- I-car boxam CII ne IVb nz.

Vi-H] + 4 -
(4- 1}4 (2- %— -F)écg%etn ﬂl%ﬁ):{'ﬁ J(\ggﬁihfﬁ%)% 61}%?’(%%?‘”3’ ;fe?razme
1-catbox@iediay | MSi per pM+HE ca&dropefsblemmzdnmn I\fBumd 435.2.

M+H] +cal cd for C25H30F2N4Q2, 457.23; ounﬁl 2.
(4-2Y 4- 3)4 -(2-cyclopentyl-2-hydroxy-2-phenylacetyl)-N-(3,4-di uorobenzyl)p1peraz1ne-

1 caﬁﬁ)g(gm? ;ipolpl%%)él hﬁ+ﬁ¥%ﬁ%%%%ﬁém i\ﬁ@?/s%b)BNf&lﬂldm%H?ox

enzy I perazi car boxa

(4- SI M+-H] 4I-(:Zibyn:lo;ia’mtyl@B&ﬁék\km@heﬂﬁ]ﬁc@ﬁt)'fv-ﬁ{rmtlﬂﬁi}{bany@)mp@azme-1-
| tyl) N1 hi

o R o o AR A B, o

(4- 4;( M"H] 4 @) 9 J Wp BB INNHOES?2 - phérlylddetylh- M fophtR-3Himethyl-

plpemb@ﬂbyarbdxz(r(l@nez M§ er/opdti] calcd forrCoakl DuPuSriA72de faund

427, ),pi perazi ne-1- carboxam dine. MS mlz: [ MtH| +cal cd for
¢25H32N402, 421.25; found 421.2. (4-6)

(4-58- (( Ry@ngpicd- Q@WtwciﬁeﬂwﬂﬂmﬁmﬁWﬁWw}ﬁlpMﬁe-ﬂL

uorobenzyl p| erazine- 1-car boxam di ne.

carbpyampidineai M BN oAl R 2sH 8O 4%&%@%@9“2& 2.15

4- 644( (7)4)1 ((é{) c@{cloﬁ) yl -2- l}ydﬁo%); 2 )?)I/]e%y%% %l))/—]\/a- 36%]§?robenzgl)g}]petera21ne-
1 catliwdaﬂndme axiSva/z: [M+H] a:ahxdﬁarrC@kiPhé“NNﬁ A3%.24;[ fowid 43%2cd
@750 ( ( %?W%Ngﬁ %ﬂpaﬂzéiqﬁ%* o é%l ﬁﬁ%ﬁ@f}%&w ylRiperaring 1-
carbbRarfidfhe TAIRY/2: [M+H] calcd for CogH34N4O;, 435.27; found 435.2.

(4-8) 4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-N-pyridin-2-ylmethyl-
piperazine-1-carboxamidine. MS m/z: [M+H]+calcd for C,4H31N50,, 422.25; found 422.2.
(4-9) 4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-N-(3-hydroxybenzyl)
piperazine-1-carboxamidine. MS m/z: [M+H]"calcd for CasH3,N403, 437.25; found 437.2.
(4-10) 4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-N-(4-fluorobenzyl)piperazine-
1-carboxamidine. MS m/z: [M+H] calcd for CysH3 FN4O,, 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] calcd for C,5H3 FN,4O,, 439.24; found 439.2.

(4-12) N-cyclohexylmethyl-4-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)
piperazine-1-carboxamidine. MS m/z: [M+H]"caled for C25sH;33N40;, 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+H]"caled for CgH34N403, 451.26; found 451.2.

-49.
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pi perazi ne-1-carboxam dine. M5 mlz: [MH] +cal cd for
C24H31N502, 422.25; found 422.2. (4-9)

WOLYRF342- cycl opent yl - 2- hydr oxy- 2- phenyl acet yPLTNIS2HS(§0431
droxybenzyl) 20 pi perazi ne-1-carboxanm dine. M niz:
[ MtH] +cal cd for C25H32N403, 437.25; found 437. 2.

4-10
@14 T BB) 2seaplopentyl 2-hydroxy: 2 phenylacetyl)-Ne(3 s difluorgbenzyl)-
pipetagine Heca by amipiica NS or/z: M e P ol edriodiqyeH 3 WN40,2457.23; found
457, £ M+H] +cal cd for C25H31FN4A02i 439. 24; found 439. 2.

4-11)

|
(4- 1%‘)05 ggi)e q&g/?yﬁk%g | gel?yd@&gla?éﬁe 1&’%%)3\%?&81 dynéthyt
pipefakitk] +cabadniidme CABSRVENMTH ] da€d ot CoflbiyNdOLR @22.202%und
4-12)
428.

cycl ohexyl net hyl -4- ((R) - 2-cycl opent yl - 2- hydr oxy- 2- ph
nyl .
R Dy A (M ffesal-3-yimethy)
piperaaingJ)-carboxamidine. MS m/z: [M+H calcd for C2H3gNgO3, 411.24; found 411.2.
cI ent 2--hydr L
@1 D o R BB 2 ST SR SRR NEBRy poplp Paine-1-

carbhtilithe NS /0 TVSAGF A 52 C ABIN20;, 420286 fotind 422.2: 49
WD 2009/ 035542 PCT/'US2008/ 010431

(@180 ( ( Ay UBL-2y-or opemsyR-rpdrgt Sppern! w@ﬂwa@arw»}vlmmlp@erazme-

L LR R AR R

(4-194- 15)-((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-N-(2-methylthiazol-4-

PR AT BT Al R S G

founl Mirlb+tcal cd for C22H29N502S, 428. 20; found 428. 2.
4-16
(4-20)- (( Rybatywe(l(@bémylopQnthyaﬂvﬂwxz-%hb@xwﬂmmmlpewmﬂ-p

carofpedSinc S £ SNy S GG N GA  RG e L 2.
(4- 2()4 174)-((R) 2- cyclopentyl 2—hydrox -2- phenylacetyl)-N—pentylf)lperazine-1-

4- ((R) - 2-cycl open r ox hen Iacety )-N-(phen
cubrRing) eIV cates Ko oot 0 4012
4- 2%)2{{" T]S +(:(§ ) 'idcyffcfb'i)er(;t%rf m&gyif}l)ﬂgnﬁécet)tlﬁwjlq“%grazine- 1-
carbdafr{ifne2 MY ol/0 QMﬂHI] eeﬂed]ftﬂl(bxﬁgg&Ghelﬂﬁ 138¢ ﬁtlmﬂ)4—1 BEf ur an
(42 P L R e BRSPS S BREDARE N G ophenyDpiperazine-

1ca{b6xérﬁbdme MS m/z: [M+H]* salod for CagHyoFN<Oy, 440.24; found 440.2.
R) - 2- cycl opent yl - 2- hydr oxy- 2 phenyl acet’yl ) - N- (2- e

(4- 24.‘)hy| t“l‘l((ﬁi—@l—cydibpymrybﬂH;M@wypémhzmﬂeceﬁylh%@m&ﬂmophq:refl)pmrazme-

| 1 Car?ﬂﬁalﬁl[dl?% l\fg)m Z: [Mgfl] cal%d I\E ﬁSoCINA'é %%6 211?0un8%§g 2.

(4-23¥ bUt#{(Rﬂ-Z(((yRDOpEn@Y-QLIQﬂ%HWﬁ pBerﬁWﬁHeO}i)Li\fz(3pﬂ@cﬁ’¢bH&@l))biﬂera21ne

- pi perazi ne-| - boxam di ne d for

-ca@zzmwm 3@’7 W*Hﬂ ‘saled f%@%ﬂsom@z 251‘30 2'_!1 found 4405

B S e i e
- cmﬁasmﬂwzwslzm [ZM+H1] (culcd o 61008 VS04 BB, found 456.2.
@2f); AR TR e L PR AR ) e P hergh

plpe@ﬂ)'(éﬁSMQ&anﬂAQe?’%S fn%" ‘M-ﬁiﬁczﬁed fcﬂ"(%@IgaNsoz I436 .26: founld 436.2.

R) - 2- cycl opent yl hy roxy- 2- phenyl acetyl)-N-(2-f
(4-28)or ophER)2)qyclopentyl-Berydroxy-2-phenylacetyl)-N-(4-fluorophenyl)piperazine-

1-carboxamidine. MS m/z: [M+H] *caled for Cp4H30FN50,, 440.24; found 440.2.
-50-
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1-carboxam dine. M5 niz: [M+H] +cal cd for C24H30FN502,
440. 24; found 440. 2. (4 24)
WO2009(0§342_ cycl opent yl - 2- hydr oxy- 2- phenyl acet y PFTISEeI8 Q431
| or ophenyl ) pi perazi ne- 25 1-carboxam dine. M5 m z:
[ MtH] +cal cd for C24H30CLN502, 456.21; found 456. 2.

4- 25
2 B rrlsRen P By sy Yy PRy pierecine
1 catbbkﬁmhﬁ‘lﬁall MSiper @diHg caltd dorr (DQH@dﬁleﬁg 45E’Blnfozmd 456.2.

+cal cd for C24H30EN502, 440. 24;
4- 3&)4 2665‘((R) -2-cyclopentyl-2-hydroxy-2- phenylaceiyl)- -pl-methoxyphenyl)

plpeﬁz&ggﬁcﬁb%ﬂlﬁﬁ%nwﬁ iz Ii[ ﬁ?mmﬁﬁgO%;%Z% ( Bunl 452.2.

or ophenyl’) pi per azi ne- oxam di ne

(4-3DM+ H]%C{@#{ﬁd{)fbcymm%ﬂmhﬁﬁﬁxy-ﬂﬁﬂleﬁﬂacétyl)pu@emzﬁcﬂ.- 30
4- 2 . o .
carb xl(n(l@ﬂ}zneg}%}u%%Mlgﬂnzglcwwrfaﬁgl}ybe%ﬂe AP ae RN e

Cy7H; ({gﬂgh@mt@ foRhdPETRZI ne- | - car boxam di ne. M5 ni z:
[ ‘cal cd for C25H33N502, 436.26; found 436. 2.
(4-32)4- 28%((R)-2-cyclopentyl-2- hydroxy—2-phenylacetyl)-N-(1H -indol-2-ylmethyl)

plpe{%{n%@j% 9«5{ Cllg E\X% én%'z E[X@g}?ﬁg%g%fo&%r‘%ﬂ{ %6%4)60%6( floufnld 460.2.

(4-3H)M+-H readleBepta Ene%‘ﬂﬁ NI Q/clof 6ﬁlyll&1hyﬁmﬂ}d2-ﬁﬁ&1y2acetyﬂp
WD 20097 035542 / US2008/ 019431

piperpzingry carbexamidipen S roz ik galed %&W@%Wl“)‘”m( fovge 441.2.

S U e R S R el

pipefain@O}-carboxamidine. MS m/z: [M+H] calcd for CsH3,N4Os, 437 25; found 437.2.

33, SIS RBEnL 2 D 2R\ M e ey

pipei(a%ﬂglll;i%i)&garﬁl@fne%WJ:\E[%HF%C@ﬁ)r d,o40 ¢85, 805.28, found
505.2- ({[4-((R) - 2- cycl opentyl - 2- hydr oxy- 2- phenyl acet yl ) pi p

O R T ey A A

carbéﬁiﬁn&@d]airﬁh@}inéﬁﬁ)%nzéxﬁrd%Z)MS m/z: [M+H]"calcd for Co6H33Ns03, 464.26;

d‘%g‘R 2-cycl opentyl - 2- hydr oxy- 2- phenyl acetyl ) - N- (1H-1i
found 4§p 27 - yI nmethyl ) pi perazine-1-carboxanidine. M5 ni z:

(4- 3{7)'\’“H] 6R) 9%y Rp el T 23N RE- 25800 A%t 12 WG - Ao Ame R Pibenzyl)-
plpemzmell cdrbptaphidinieh Ms 401/( ([RI+H} caled GqrelysbibNaOR)AN 6y fnd 451.2.

3P R OB S e bR bt -2 phensa ey Bk pinioh 5-yimethy)-

plpeﬁaém%‘h) carboxamidine. MS m/z [M+H] caled for CorHuNsO,, 460,26 found 460.2.
(R) - 2-cycl opent yl - 2- hydr oxy- 2- phenyl acet yl

(4- 3%Dr oxyM@mz;;d@ranﬁ plm@hylrﬂe((ﬁ)@mmmy&ﬂdydrw %nphenylacetyl)
plpe%i&lngs}) carl)g)gamlamecﬁls_@n%l\%%%ﬂﬁ lcg ?dr 29H gl 63 6% :25; found 461.2.

4- 46‘) ((R- ((?%)Qy@cﬁi?’%ﬁiyl’b lfydw %Meﬁyl@éb@ﬂyil\ﬂﬁﬁinﬂh)ﬁ%&ﬁlﬁ r
i f]1 uor onet hoxybenzyl ) E Eqr azi ne-| - car boxam di

piperEingy oa bR eSS PisF: (DD GAATS OBl 1 AThgound 435.2.

05. 3 - 1)-N-(4-methylsulfanylb 1)-
A R e g5 mha e J ey by
pipeezaet lnearbexatmdbﬁx NS dd;fl [Mrl‘ﬁlﬁoal}:drﬁir@lsb{b@h@a‘fn%é 2405

[ MtH] +cal cd for C26H33N503, 464.26; found 464. 2.

foungié%?i 37)
(4-4%y (13§ Mfdb@&%ng Y- ﬁ%%l@ﬁ&nﬁ-ﬁh?&%&?@eﬁh@ rahb’\}gﬁpmérazme-

roxymat hyl i'perazi ne-1- car boxam di ne

1-carpoxamidihe] McSan/cd[beHE) caeHifanNG B MOy, 440.25;dawer 4412.2.
4-
a3 PR G RIS oRnty: HSRy 2P RUHSTADRGTARE ik

ndoI 5-yl net hyl) -
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pi per azi ne-1- car boxam di ne. M5 nl z: [I\/H-|] +cal cd for
C27H33N502, 460. 26; found 460.2. (4-39)

WO 0R_E2E ur an- 5- yl met hyl -4- ((R) - 2-cycl opentyIPCZT/H%P%W‘m
- 2-phenyl acetyl ) 25 pi perazine-|-carboxam di ne. M
m z: [ MtH] +cal cd for C27H32N403, 461.25; found 461. 2.

carbl e gyt reamidsa M s (YRR Pl GOt 26

foundfehizenzyl ) - pi perazi ne-1-car boxam di ne. M5 m z:

M+H] +cal cd for C26H34N402, 435.27; found 435. 2.
(4-441- 418- -((R)-2-cyclopentyl-2-hydroxy-2-phenylacetyl)-N- (2—methy1benzy1)

plpelfaﬁglx{e h&Y: 1991%”}1\3& ng’égwﬁq ¥al PA}@ %a ﬂ]bg,l4)3'e5§7( U 434.2.

anyl benzy eraz
(4-41?23 ; : 24 (\(?ezqzzcgalcqxanfm WM&&@M@G}M) 24(3-@m6thiythengyl)-
pipefgzing: %%h@&é%ééme) MS ("(/a)ﬂ\éﬂél?e@s% i S aNeQartiRy2 7> fomg 435.2.
(4- 46‘)\” a%{(ﬁ()zpéyféﬁf ﬁ! fﬂa}&gr @%ﬂﬁ@l@lgée@}q) legmgdol -4-ylmethyl)-

[[M+H] +cal cd fo 46.725; 446
pipefaging3l)-carboxamidine. MS m/z: [M+H] calcd for C7H33N50,, 460.26; found 460.2.

T A PRS2 S0 B RAE RCR B

plpefa@mwccﬁb@lmxhn@mms)n@bmrbﬁw Gi?(—)l l\:gogs 267. 24 found

467%M+H] +cal cd for C26H33N503, 464. 26; 464. 2
4-44
oy MR A Bl .

acetizlbﬁkj)‘ﬂr;mﬁé-ﬁ d:afblfxaﬁ«i&ih@ﬂ\m&/z ﬂlel@l-ﬂ’kalcfddbﬂ G, ABINL,S, 877.22;
4- 45
found 477 R) - 2- cycl opent yl - 2- hydr oxy- 2- phenyl acetyl ) - N- (3- e

o, Ol DS TG PR P -2 prns

acetXl)plpkﬁ')zme 1-carboxamidine. MS m/z: [M+H] caled for Cp6H3,N404, 465.24; found
455# ((R) -2-cycl opentyl - 2- hydr oxy- 2- phenyl acetyl )-N- (1Hi
‘fidol - 4-yl met hyl ) - pi perazi ne-I|-carboxam di ne. M niz:

(4-5dz)z/l*Z']7N-‘5€ﬁﬁfﬂb]ﬁlﬂbpl%7ﬂ§§h5tﬁﬁ-4-‘&ﬁgﬁﬁ@cléﬁéﬁﬂﬂ-ﬁﬁﬁlrgxy-}
phenafla(cqu;)pipewwobembyxarzmw (MRyn/2- PAEHY calcd fogl §27Na B8,
b ) 10 pi ine-1| - b i di ne. M5

bl oyl benayl) 10 i peraz ne- | car boxar di ne
(3-5867. A-((R4248xlopentyl-2-hydroxy-2- [phenylacetyl)-N-(l-methyl 1H- pyrazol -3-

henzo[ b] t hi ophen- 5-yl net hy tycI opentyl -
ylme} 13&@#%%%9&%&@@19?) M%@(@EMﬁ ]fﬁlf‘é‘r Bzt sefNe{ee; 4%26
foun@1435 o[ MtH] +cal cd for C27H32N402S, 477.22; found

A77.27. 15 (4-49) N benzo

(3-52), 3] i-@Rp2- @c;dpmuybyLhyﬂrc(:(yl?;—pﬁewweqp)ahmycldpehwnemy}-

pipeieRibey Fetb etk CoRa R bl HEde @ﬁnx?ﬁ"&%ﬁ& O 355 Tound 413.2.

(4-50) EXAMPLE
I\I-benzo[ b] t hi ophen-2-yl net hyl - 4- ((R) 2-cycl opentyl -2-h
ydFeligwing tlpmrnwcw@q dasyibaskindl¢ previougs gxaroRlgsn adidisubstivling the

appr%%ﬁigtg/x%g]gg%%gﬂs 1recé\%er|1_r§3 Zc’g‘rlnc%)%%ms g q a‘r11c7175 g%iavIngUtﬂe following,
wereal{o( fippated ycTPAGALY| - 2- hydr oxy- 2- phenyl acet yl ) - N- (1- e ‘
t hyl -1 H pyrazol - 3-
yl met hyl ) pi perazi ne-| -carboxam di ne. M5 m z:
[ MtH] +cal cd for C23H32N602, 425. 26;

-52-
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found 425.2. (3-52)
- 2- cycl opentyl - 2- hydr oxy- 2- phenyl acet yl

‘Voﬁgﬁé thyI 25 pi perazi ne-| - car boxam di ne. /H§§%W0“”31
[ MtH] +cal cd for C24H36N402, 413.28; found 413. 2.
EXAMPLE 5 Fol | ow ng the procedures described in the
previ ous exanpl es, and substituti the appropriate
starting materia and reagent s, ~€onmpounds 5-1 and
5-2, having the qung Lglgalso prepared as TFA
salts: -52 WO 206¢€ 1 / RB N
OHNNH 00 (5-1)
N- benzyl -4- ((R) - epentyl-z-hydrox - phenyl acet yl
)-N -nethyl - pi Rerggi ne- 1-carboxam dine (R6 = - CH3).
M5 mlz: [ MtH] +caled for C26H34N402, 435.27; found

35. 2 \
G- bR - PSP PR BN Ty
plpe}a-zhﬁe-B-biﬁ’bbﬂarﬂﬁira:Z(I e -CH-H AvISomaniMi-HE c4icl for CLH2BHB), 435.27;
NE m z: [ MiH +cal cd for C27H36N402, 449.28; found
foundA$52. preparation 3

R)-3 S
5240 oy SR T2 R A B bppacn
-cafWhhmﬁné}R €CHETH). CMS m/z QMAHT oadod f@l‘@l@HﬁNd@g 449.28; found
4492| i sopropyl azodi carboxylate (980 |, 5 nmol) was
fowly added to a m xture of

(R - cyclopentylhydroxyphgeyh@@ﬁ{gc acid (1.1 g, 5
mmol ), (R)-3- hydroxypyrro i di ne-1- carboxyllc acid
t-butyl edRe Atyih?n dro 2 heatgiy) 15

phosphi ne (1. 3 a! ! ]ml i n ﬁ f QHF The
reaction m xtu I 3 box; d ggbu tenperature

overni ght. The sol vent was renoved d 100 m q$ Et OAC
was aﬁ%gd The Bogm I ayer was he:dq W th sodi um
r at@lsol uti the ;;%«

bi ca
aque%iijkégLOHah
] % 0

At room temperature, diisopropyl azodicarbbxylate (980 pl, 5 mmol) was slowly

added to a mixture of (R)-cyclopentylhydroxyphenylacetic acid (1.1 g, S mmol), (R)-3-
hydroxypyrrolidine-1-carboxylic acid ¢-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 ml of EtOAc was added. The organic layer was
washed with a sodium bicarbonate solution (50 ml 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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wcid s sos (4 3n$) 015 DV o ares ddsiiorml of
and e kb B erdd e byl Pl ik sompaungt e g HCLgals 01

dri ed over sodiumsulfate. The sol vent was renoved,
providing 4 g of crude product, 20 which was purified

WOR)O¥Q35% chr omat ogr aphy ( Et QAc/ hexane) to yi ECA/USA8/010431

title conpound (1.5 g, 99% purity). -53 WO

2009/ 035542 PCT/ US2008/ 010431 Preparation 4

(R) - Cycl opent yl hydr oxyp etyc acid

(R) -pyrrolidin-3-yl est[e}?ay %OACNH 0]

(R) - 3{RI-Byeldp&ytelhgimixtypherdidegtic acig (R)-phresiydinSeylesier pyr
rolidine- | -carboxylic 5 acid t-butyl ester (1.3 Q)
in 8 M 1,4-dioxane added to 4 m of 4AMHOA in

1, 4-di oxane and stirred{atoH oom t enperature over ni ght
to yield the title conpouxd 2 salt (1 g).
EXAMPLE 6 (R)-Cyclop tlr ox nyl acetic acid

(R -1 _(N-benzyl carba doy®) pyrrolidin-3-yl ester OH
NHO-NH 10 (R -3

- ( @8)3—?(7&2%9&8{6&&1‘ zzhp&@s(y)gypr%npmea&sk @PRﬁhBMLéa@ﬂ)d)@hc
i ne- - car box aci - but est erﬂ? n%
pﬁgM H( lm5b4 dioxane

.tnol). The reactlon m OSBXABPREES6 Stirred at room
tenperature fomR ycetﬂ;f?actche addi tion
of benzyl am ne . }
was the st {R)-M w;-n; 2r20) 3 lgister The

phase chromat ogr § to yieldt title conpound as a

TFA salt (78.2 B ty nm z: [ MtH] +cal cd
for C25H31N303, 24 ?o nd M22N2. LE 7 20
Following the p dur gs de I bed i previ ous

exanpl e, and sub tutPng the appropriate starting

RO b3 g O ok By SRE S heoylopr ppuTOHdineacarbikyic

acid $-8LifyP estGHoMd m@ 6.3 AndRin $ml of DMF was added to DIPEA (130 pl,

750 umol), followed by the addition of C-(bis-benzotriazol-1-yl)-methyleneamine ( 87 mg,
330 umol). The reaction mixture was stirred at room temperature for 2 hours, followed by
the addition of benzylamine (39 pl, 360 pmol). The reaction mixture was the stirred at
room temperature 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]+ca1cd for C;5H31N303, 422.24; found 422.2.

EXAMPLE 7

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:

OH NH

-O\C/NJ\NAQ
5 H
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-54 WO 2009/ 035542 PCT/ US2008/ 010431 Ex. Q 7-1 phenyl
7-2 thiophen-2-yl 7-3 2-hydroxyphenyl 7-4

WOR08p Ry phenyl  7-5 4-h drox henyl 7-6 fur Z&RTAISYP08/010431
7-7 furan-3-yl 7-8 2-fluorophenyl 7-9 3-fluorophenyl
7-10 4-fluorophenyl 7-11 2,6-difluorophenyl 7-12

3,4-difluoro 'h'EHyI 7133 5=disfworohenyty 7-14
4-trifl uor ongtgyi—hemy—715 Q—Fre(—h»y-l—f—&r—&ﬁ-z-yl 7-16
oyridin-2-yl 7247 - (Cp)y 2. pBBERM 7718 ap” phenyl
(7-1) (R) -cydLdpert vl hydr othyemheRd-seet i ¢_ac d
N- benzy! cdr Bsdi|m doyl )2-hpgmokyphevh- 3-y| éster. MS

1-(

m z: [ MtH] +cal @t flor C25HBhhORypERR] 24; found 422. 4.
(7-2) (R -cygl ggerjtyl hydroxygoeppieaget i ¢ acid

(R) - 1- (N-t hi dphen-1Z-yT et Nylyan-2-yi

car bam m doyl{y riotrdim=3 rar-
[ MtH] +cal cd fugy;r 3H2 """‘"”‘mﬂﬁ% }9 cH 428. 4.

7-3 R) - cvcH At uum,.—qr zfﬂumg hﬁng%et e—aed d
g R) - ?I_- f |\2 ( 2}/[‘\/#:9 pn7\/| \3 ﬂuoropﬁeny
car bani m doy!|]f¥Prlol i di n- #fuoregkeawl Ms 7
[ MrH] +cal cd f|dF-1C25H31N3@H-didleerapBenylf ound #38.5. 10
(7-4) (R -cyqlbpentyl hydagikgiflerophaeyt i ¢ aci d
(R)-1-[ N-(3- hydn®xybenzyh)s- ~difluorophenyl
car bam m doylTRYZ |0l T Ol #ntorfeth flbhe m Z
[ M-H| +cal cd oy 152 mllﬁg%etﬁﬂ%rﬁﬁJZ Vil ound—#438. 5.

(7-5) (R -cy I,’J!f&ll_y"l Rry-eH u%dcn% Tuctl—c acid
R) - 1-[ N- (4- e xybem"' )

(R) [ v i rlol i din- ?(Q/HZ)thmyl MS 1z
F18d5H31N304 -CHaghomyl 15 fouhd 438. 3.

(7-1) (R)-cyclopentylhydroxyphenylacetic acid 1-(N-benzylcarbamimidoyl)-
pyrrolidin-3-yl ester. MS m/z: [M+H]+calcd for Cy5H31N305, 422.24; found 422.4.
(7-2) (R)-cyclopentylhydroxyphenylacetic acid (R)-1-(N-thiophen-2-ylmethyl-
carbamimidoyl)pyrrolidin-3-yl ester. MS m/z: [M+H]+calcd for C3H0N30;8S, 428.19;
found 428.4.

(7-3) - (R)-cyclopentylhydroxyphenylacetic acid (R)-1-[N-(2-hydroxybenzyl)-
carbamimidoyl]pyrrolidin-3-yl ester. MS m/z: [M+H]+calcd for C,sH31N30,, 438.23;
found 438.5.

(7-4) (R)-cyclopentylhydroxyphenylacetic acid (R)-1-[N-(3-hydroxybenzyl)-
carbamimidoyl]pyrrolidin-3-yl ester. MS m/z: [M+H] calcd for C,sH3 N3Oy, 438.23;
found 438.5.

(7-5) (R)-cyclopentylhydroxyphenylacetic acid (R)-1-[N-(4-hydroxybenzyl)-
carbamimidoyl]pyrrolidin-3-yl ester. MS m/z: [M+H] calcd for C,sH3N30,, 438.23;
found 438.3.

(7-6) (R)-cyclopentylhydroxyphenylacetic acid (R)-1-(N-furan-2-ylmethyl-
carbamimidoyl)pyrrolidin-3-yl ester. MS m/z: [M+H] calcd for Cp3HzoN304, 412.22;
found 412.2.

(7-7) (R)-cyclopentylhydroxyphenylacétic acid (R)-1-(N-furan-3-ylmethyl-
carbamimidoyl)pyrrolidin-3-yl ester. MS m/z: [M+H] calcd for Cp3Hz0N304, 412.22;

'S

car bam m doyl i
[ MtH] +cal cd flo
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(7- 6) (R) cycl opent yl hydr oxyphenyl aceti c acid
EH? (N-furan-2-yl met hyl -
WO U R doyl )pyrrolidin-3-yl ester. M5 nfz: PCT/US2008/010431
[ MtH] +cal cd for C23H29N304, 412.22; found 412. 2.
(7-7) (R -cycl opentyl hydr oxyphenyl acetic acid
(N-furan 3-ylmethyl 20
foung?rl%am m doyl ) pyrrolidin-3-yl ester. M niz:
(7-8] MtH| (Rg-lycldpémyhgdizphgdacetdd acid ZR)-1-{ N92Vildoro-benzyl)-
2009/ 035542 PCT/ US2008/ 010431 foun
carbﬁrmmléyxﬁ%&hdwﬁyﬂﬁé% Per/rddEtite aj(—‘ﬁi tlp GemlofiB),, 44023,
founBup3- [ N- (2-f I uor o- benzyl') -

carbam m doyl ] pyrrolidin-3-yl ester M5 m z:
(7-9] M+H| Ri-alycldpérdyhgdronIpRai3t@ cticl d46d ZR) 1- [Ne(afﬁimdf{bﬁezylls

carbé.rérrgn)iiof/]ﬁg)(rﬁﬁ Ial-g ﬂt%{?ﬂ g/{%) myzp B&[{llv-f] ca cd fgr %&LﬂoFN3O3, 440.23;

founga;mba;m m doyl ] pyrrolidin-3-yl ester. M5 niz:
[ MtH] +cal cd for C25H30FN303, 440. 23 found 440. 4.

(7-1Q)7- 1Gyi)(cmlopwyﬂiyémxypmwm%y@h@ﬁfR,h&:éNr(é fugirebenzyl)-
N

founBMztd¢cal cd for C25H30FN303 440. 23; 10 found 440. 4.
(R)-cycl opent yl hydroxgl/pheny acetic a

(7- 1§)R) ]XR{)mqlgpgltmhyﬁmme ¢ acid (R)-1-[N-(2,6- d1ﬂ?10robenzy1)

carbm El]%%lﬁﬂ% d]n?-‘é eg%'gffg F%mél [@igﬁ;c'éﬂch E2H T FaNA0s, 458.22;

foun(i?!~5$2) (R - cycl opent yl hydroxyphenyl acetic acid

(-1000 b R oy BB Gesfic B34 40)-1 A GpdiTuorobenzy)-

carbﬁrM'fﬁ{hésﬂ?‘k k-3 GARERR FRINHA, M5ﬁ]’%31cd %9@%@12&@&3@)3, 458.22;
(7-13) cyclopentylhydroxypheny acetic aci

found®RP8L. [ N- ( 3, 5- di f | uor obenzyl ) -

190 PR Tyt P Bhdliioklic 58 78151 YR G e pprpbsnzyly

carbélﬁnﬁ,ﬂbqu@rr&mﬂ;@pﬁrmef hvis mxy meplyToamtfprgﬂngzN3o3, 458.22;
ét?é 1-[N-(4-trifluoromethoxybenzyl) -
found 458 ni doyl | pyrrolidin-3-yl ester. MS niz:

01N 06 2L Arn CARIARINAR i OB R 104 QU fRdinonsbenay

carbgiR)mitlo 1 rbol ikt -Byyl-ebter. aMS2m/z: [M+H] caled for Cy6H30F3N304, 506.22;
p I hyl ) car bam m doyl ] pyrrolidin-3-yl ester. M5 mz:
O‘m? +cal cd for C24H31N304, 25 426.23; found 426. 2.
(7- 1§); 1@’)&)-&?& bﬁé&ﬁ&fh@z #M@l&éﬂ@ﬁ@@(kﬁ@%ﬁ\ﬂ(@ -B6thY1-furan-2-

-1- din-2-y
ylmaﬂaylhamammm})lmmochﬂm%yl 351911 NS e [MBThtaled for CoHyN;Os,
426%\/@—% d:g\i()cgl for C24H30N403, 423.23; found 423. 2.

(7-16) (R)-cyclopentythydroxyphenylacetic acid (R)-1-(N-pyridin-2-ylmethyl-
carbamimidoyl)pyrrolidin-3-yl ester. MS m/z: [M+H] calcd for Cp4H30N403, 423.23;
found 423.2.
(7-17) (R)-cyclopentylhydroxyphenylacetic acid (R)-1-[N-(3-phenylpropyl)-
carbamimidoyl]pyrrolidin-3-yl ester. MS m/z: [M+H] caled for C7;H35N303, 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 Cy6H33N303, 436.25; found 436.2.
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(7-17) (R -cycl opentyl hydroxyphenyl acetic acid
(R -1-[ N-(3-phenyl propyl) 30

WORAYIRAIHE doyl ] pyrrolidin-3-yl ester. M5 mf z: PCT/US2008/010431
[ MtH] +cal cd for C27H35N303, 450.27; found 450. 2.
(7-18) (R)-cycl opentyl hydroxyphenyl acetic acid
(R) - 1- (N-phenet hyl car ba pyrrolidin-3-yl
ester. M5 mz: [MH] +cal W%GI—BSI\BO:% 436. 25;
f oBENbwhAB tHs ﬁ)ro5&iu\‘@ J3096 458 S pRGDULSRAR Oé%bstltutmg the
EXAVPLE | owi ng the procedures described in th

approjEale @iagmém%rﬁm@s %tﬁagemg,tqonmungs $Hdo 8alshhaying éheefollowmg

Iy agents, conpounds 8-1 to

form@fa gﬁehﬁa Jrﬁlfeﬁéﬂeﬁ‘ o%li gg formula, were al so
prepared as TFAsaIt OHNH ONL~1 NQ H 5 OEx. Q
8-1 phenyl 82th| n-2-vyl 83Nquran2yl 8-4
furan-3-yl 8-5 xGhbhe 3- hydr oxyphenyl
8-7 4-hydroxyphe t hox yra 8-9
2-f 1 uor ophenyl i or nyl H8-11
4-f| uorophenyl 8-12 py in-2-yl -8-13
benzof uran- 5-yEx( §-1) Q
(R) - cycl opentlyBhydr oxypheny| aaeiylc acid
1- (N- benzyl car gam|m doyl') pitp&iHed! Nyl 4-yT ester. M
m z: [ MrH| +catgg fjor uomsm}ﬁgz A36. 257 found 436. 5.
(8-2) (R)-CyLIgHFrFY1HyUIUX£PhE%yqdbELFU aci d
1- (N-t hi ophen A reth
car bam m doyl
[ MtH] +cal cd flaf- J a3 1NaoRRYdwXyPhEnyl £ g 442, 4.
(8-3) (R)-cydl8fertyl hydréhydroaygheaybt i ¢ aci d

1- (N-furan-2-yBsetlhyl -  3-methoxyphenyl
8-9 2-fluorophenyl
8-10 3-fluorophenyl
8-11 4-fluorophenyl
8-12 pyridin-2-yl
8-13 benzofuran-5-yl

(8-1) (R)-cyclopentylhydroxyphenylacetic acid 1-(N-benzylcarbamimidoyl)piperidin-
4-yl ester. MS m/z: [M+H]+calcd for Cy6H33N303, 436.25; found 436.5.
(8-2) (R)-cyclopentylhydroxyphenylacetic acid 1-(N-thiophen-2-ylmethyl-
carbamimidoyl)piperidin-4-y1 ester. MS m/z: [M+H]+calcd for Cp4H3 1 N3OS, 442.21;
found 442.4.
8&-3) (R)-cyclopentylhydroxyphenylacetic acid 1-(N-furan-2-ylmethyl-
carbamimidoyl)piperidin-4-yl ester. MS m/z: [M+H]+calcd for Cy4H3 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 Cp4H31 N304, 426.23; found
426.2.
(8-5) (R)-cyclopentylhydroxyphenylacetic acid 1-[N-(2-hydroxybenzyl)-
carbamimidoyl]piperidin-4-yl ester. MS m/z: [M+H] calcd for C»6H33N304, 452.25; found
452.2.
(8-6) (R)-cyclopentylhydroxyphenylacetic acid 1-[N-(3-hydroxybenzyl)-
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car bam m doyl ) pi peridin-4-yl ester. M5 m z:

[ MtH] +cal cd for C24H31N304, 426.23; found 426.2. 15
WO280903534R) - cycl opent yl hydr oxyphenyl aceti ¢ aci #CT/US2008/010431

1- (N-furan-3-yl nmet hyl - carbam m doyl ) pi peri di n-4-yl

ester. M5 mz: [MH] +cal cd for C24H31N304, 426.23;

f ) . (85 R . y a hE.
cmb%@%giylﬁgﬁs?@%% ¥loe3§§/ege§/125§;?ﬁ?)_. ?ﬁg@f] Jai]éﬁdfrop é&ﬁ-ﬂ?ﬁ 4 ﬁ?ﬁ.bg, found
452. zar bam m doyl ] pi peridin-4-yl ester. M5 ml z:

ch for C26H33N304, 452.25; found 2
(8- 7)( 8- 6)(R( -RyclepentyBudroy ypReay Bestimasid | ANa@r ey daex enzyl)

A R e
452. erlgzm Z: [SM;H] +cal cd fOf C26|‘|ﬁ3|\|303 452. 25; e{ Iognd
G TR L A S R SRk A SR

carb'ﬁﬁfnﬁﬁoyl 4&5112&15 i %ﬂge{'qéa;.cﬁ'is:ﬁl/zf. ‘PM-@I%W%Q@WH%?@g@ﬁ 466 26; found

found
4662R) cycl opent yl hydr oxyphenyl acetic acid

9Lt TSR WGP SRR

carbdrBidfidoyl 'fer?dm(zﬁyl&»)ste(r RMS yed: @M]Ydaﬂcddlb@&ym]@mj@gq @54.04;
acid 1- (2-fluorobenzyl) 10

found 46$3mi mi doyl ] pi peri di n-4-yl ester. MS i z:

P SRR T g
carbdminiNd ¢ R]pip ertdinbieyizaster - MSamita I[MﬂHj c]chﬁop EniHLFN My H54.24;

ster. M5 miz: [ MH] +cal cd for C26H32FN303, 454. 24,
f°‘m§6§§8 454.2. 15 (8-11)

(8-1 fl)R) C(X? 'c?l 6P o%lhyf&%ge SILERCEGA §-[ WCMdﬂuorobenzyZ

enz car bam m doy i perid
carb@mrmrloylﬂxspmctm -4 Mﬁd}e*c ME /A W@&a&zﬁﬂ% @SqHsdEDizQ;él 454-24;
f fggng 454.2. (8-12) (R)-cycl opentyl hydroxyphenyl aceti c
ound 25421 " (N- pyri di n- 2-yl net hyl -

(8- 1xaar bqrmn}r@ieyédtﬂhp&rompw}ayén@@d@r1 -(NMByridig-2- ylmethyl-
cd for C25H32N403, 437.25; found 20 4

2.
carbveumsyylémere%t%ﬂeﬁﬁteyl MR1ré MrERysaledetor Ezé&zl&ox 437.25; found
4374 (N-benzof uran-5-yl met hyl -

‘car bam m doyl ) pi peridin-4-yl ester. M5 m z:
(8-13)M+H|(Re-aycldpérylhg@dkigRiathcetde £&cid 3 ; (M loemadfurdi 6- ylmethyl-

carba%h{g%)ﬁ)p%peridinA-yl ester. MS m/z: [M+H]+calcd for Cp3H33N304, 476.25; found
476.4.
EXAMPLE 9
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:

MS m/z: [M+H] caled for C26H33N303, 436.25; found 436.5.
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25 Fol l owi ng the procedures described in the previous
exanpl e, and substituting the appropriate starting

WORAPMBFHPs and reagents, PCT/US2008/010431
(R) - cycl opent yl hydr oxyphenyl aceti c acid
(R) -1- (N-benzyl car bam m doyl ) pi peri di n 3- yI ester was
al so prepared as aTFA I )-, ONNO
HMS mz: [ MH +cal cd fowghgsl%O 436 25; found
436olowingiBe PoceRe d3bhvet MEhé bﬁ&ﬁﬁﬁ/e@ﬂxﬁé&lan@ﬁh&ﬂuﬁng the

10 . Fol | om ng the procedures described in the Vi Qus
appraRiFpFiErtgHAlsTiEs and (RASRESL #é—cya'ﬁa?fgﬁﬁygf%ygl?%ﬁ%ﬁ@c acid 1-{N-

- idin-4-yl est 1 d as a TFA salt:
R Bl P st sty
(3- phenyl pr opyl ' m doyl Npi peridin-4-yl ester was

NI o~z JNH O H
Sl f%f\é@sos, 464. 28;
found 464. 4. E011 Fol | owi ng t heNprocedur es
descri bed in theYprevi ous exanple, and substituting
the __ appropr.i at rtin eria d reagents,
MS wé £a _f%r §hﬂ§£3%’_h > gﬁgg%n{?u’f‘ %65&18 fol | owi ng
formula, were al so prepasedvi@sgElRA salts: NH OH -z
~I " jo (11-1) (R -cyclopentyl hydroxyphenyl acetic
acFdll¢wng1h¢ progedings descbed mi té@pre)qu@;mmp{edmd gibgtituting the

apprgﬂ%z‘iati i&%fn&m%%li énlvg _reafgnt(sigéfn% tﬁﬁg b ij- 1f a4 19129, 'ﬂ%zf}l%%’re

followRhg EEubs &by hisy gf@&tﬁdh@ﬂlwﬁaﬁeﬂtsk c acid
(R) 1- (N-butyl car ammdoyl) pyrrolldln 3-yl ester (Z

- (CH2) 3CH3). MB MHH] +cal cd For C22H33N303,

388.25;  found 388 W\Cz
/

(11-1) (R)-cyclopentylhydroxyphenylacetic acid (R)-1-(N-methylcarbamimidoyl)-
pyrrolidin-3-yl ester (Z = -CH3). MS m/z: [M+H]+calcd for C,oH7N303, 346.21; found
346.2.

(11-2) (R)-cyclopentylhydroxyphenylacetic acid (R)-1-(N-butylcarbamimidoyl)-
pyrrolidin-3-yl ester (Z = -(CH,);CH3). MS m/z: [M+H]"caled for C,;H33N303, 388.25;
found 388.2.

EXAMPLE 12
Following the procedures described in the previous example, and substituting the
appropriate starting materials and reagents, (R)-cyclopentylhydroxyphenylacetic acid 1-

carbamimidoyl-piperidin-4-yl ester was also prepared as a TFA salt:

NH
o L
O—CN NH
o

MS m/z: [M+H]+calcd for C10H27N303, 346.21; found 346.1.
EXAMPLE 13

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

-59.



10

15

20

Fol  owi ng the procedures described in the previous

exanpl e, and substituting the 20 appropriate starting
WORAVBFHRs and reagents, PCT/US2008/010431

(R) - cycl opentyl hydr oxyphenyl acetic acid 1-

carbaninidoyl pi peridin-4-yl ester was al so prepared

oy BRIty e b5 g 4B e i

formadsAWRLEa1dBpiépared lak QWANGltshe procedures described in
the previous exanples, and substituting the -59 WO
2009/ 035542 PCT/ US20084010431 a opriate starting
materials and rea c to 13-2, having
the following for Ner e\ alfSo piepared as TFA
salts: OHNH O'- - 1~-Q 13-1)
2- hydr oxy- 4- nethyl henyl pent anoi ¢ acid

13- bE) RSP o P L ot o

pyrr&lﬂc@n%éyl eseH(Q = Ijhkﬁ Z MS.372]M+H]"caled for C,4H31N303, 410.24; found

droxy- 4- net hyl - 2- phenyl pent anoi ¢ aci d
410%R) 1 [N-(4 hydroxybenzyl)

0348 PR BRE RS R fpringeadh &P 3 ramegpa

carbzih?iﬁmaayl pyetolidlin-36: 2sted (Q EXAMRIrbx fighefrpl)| M8 nigz: {Me-H] caled for
I_grocedures descri bed in the previous exanples, and
CaeHy Nl £20-2fount@%or opriate starting materials and

reagents, conpounds 14- gxtovpfed4 having the
follow ng fornmula, were also prepared-as TFA salts: O

NH Follozidg themr®edires describéd In freqmgvious examples, and substituting
the atpg}o%ggteenstazrtlt\{g ma%ena:l)’s an(fj Pégée%)fy %Q%BXunds 14-1 to 14-4, having the

following formula, were also prepared as TFA salts:

0 NH
/S \ N N I N—Z
— oH / H
N
Ex. Q
14-1 phenyl
14-2 thiophen-2-yl
14-3 4-hydroxyphenyl
14-4 furan-2-yl

(14-1) N-benzyl-4-(2-hydroxy-2,2-di-thiophen-2-ylacetyl)-piperazine-1-
carboxamidine. MS m/z: [M+H]+ca1cd for C,,H24N40,S,, 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]+calcd for C50H2oN40,S3, 447.09; found 447.0.

(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 C5,H24N403S;, 457.13; found 457.0.

(14-4) N-furan-2-ylmethyl-4-(2-hydroxy-2,2-di-thiophen-2-yl-acetyl)-piperazine-1-
carboxamidine. MS m/z: [M+H]"calcd for Cy0H2,N403S;, 431.11; found 431.0.
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14-4 furan-2-yl 15 (14-1)

N- benzyl - 4- (2- hydr oxy- 2, 2-di -t hi ophen- 2-yl acetyl) - pi pe
WOF%{’?Wﬂ@y& carboxami di ne. M5 miz: [ M+H] +cal ch?'EP)SZO%S/EIO‘m

C22H24NA02S2, 441.13; found 441.0. (14-2)

4- (2- hydroxy- 2, 2-di -t hi ophen- 2-yl acetyl ) - N-t hi ophen- 2-

yl met hyl - pi perazi ne- 1- %gﬁw | ne

[ MtH] +cal cd for C20H22I\ﬁ g found 447.0. 20

( 1BolBwing the procedures described in the prev1ous examples, and substituting the

4- hydr oxybe [ )-4-(2-hydrox y2-di -thiophen-2-yl - .

appr%&wgmﬁgg@ Wb ccaterin SempPiRdets- s b2, BRVE iefolowing
formE\%ﬂZ S—négggocﬂe}gﬁgdgg@ﬁgagmgssz 457. 13; found 457.0. :

N-furan-2-yl net hyl 2- hydr oxy- 2 2 di -t hi ophen-2-yl -

cetyl) - pi perazi ne- & boxani di n MS nlz:

[ MtH] +cal cd for C20FP w. -4 ound 431.0. -60

WO 2009/ 035542 PCT US2008 EXAVPLE 15 Fol | owi ng

the procedures de ed |n the previ ous exanpl es, and
substituting the ppfopriate starting materials and
reagents, conpounds ‘15-1 to 15-2, having the foll ow ng

(15- lf)or mﬂ}hxamheme %taboypylepanid d- - [As(3Thanzipranyl) carbamim@oglpiperidin-

451 19 (gﬁé}l? VS T S8R T et Bs 4744 found

470.8st er (Z (CH2) 3- phenyl ). M rriz [I\/H—|] +cal cd for
C29H31N3(O3, 470.24; found 470.4. L
(15-DH- x &t h@ﬁber@-%am‘bexylnq gl R)dl-(V- benZylcar amimidoyl)pyrrolidin-3-yl

e PRI TN AP R bR b ot e
428.19; found 428 5. ERRMRUFLEAG6Fol | ow ng the
procedures descrjbed in _the previous exanpl es,

suBeliowipg theprosgdures isserihqdin dhe preyions gxaraples-iaaf §&a§ﬁiauting the
r J d (S)-1-
spprd e Mhilmg B S BRE Rede AP hENDS chreeRldpeld -
carbgmmpdo@dipaddm-F-Fnethyt esté\rN/aB aliel prapai!ed MNZTFASaNS ni z:
[ MtH] +cal cd for C21H23N303, 366.17; found 366. 2.
EXAMPLE 17 Fol | ow c@ oprocedur@s described in the

previ ous exanpl es, apEsybst) tE:;gJigNHt he appropriate
R) - 1

starting material s &d
9H xant hene- 9- car boxy

MS m/z: [M+H]+calcd for C71H,3N305, 366.17; found 366.2.
EXAMPLE 17
Following the procedures described in the previous exampies, and substituting the
appropriate starting materials and reagents, 9H-xanthene-9-carboxylic acid (R)-1-

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

ooy

MS m/z: [M+H] caled for C2oH N303, 352.16; found 352.2.
EXAMPLE 18

Following the procedures described in the previous examples, and substituting the
-61-
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20 carbam m doyl pyrrolidin-3-ylnmethyl ester was al so
prepared as a TFA salt: / NH ONH 2 O~/Nk V |i M
WOR9/03F¥#H| +cal cd for C20H21N303, 352. 16; f ouR§TE52008/010431
EXAVMPLE 18 Fol | owi ng the procedures described in the

previ ous exan‘pl es, and substituti ng the -61 WO

apprgﬁl?a% Qéﬁs ana réelggé%?esd/ggé% xa_r)ftal é)_g_r car gg ?‘{lgllggl d

carbdmingido Playip exiidiayd-ylm atleyl iedienwas y]smptdmtedeestaeTFM/aslt al so
prepared as a TFA salt: OO N,~NH O NHZ M5 niz:

[ MtH] +cal cd for TR 3| H 366. 17 found 366.2. 5
Assay 1 Radiolig ay\ Menbrane
Preparation fromUTglls ExpreSS| ng N2, hMB and
hMdMuscari ni ¢ Recepj or JSubt ypes [l lines stably

expressi ng cl oned hunj , hMe, hl\/BN'apd hivi
nmuscarinic 10 recept ot subtypes, respectively, were
grown to near confluency in medium consisting of

MS HAMSI-HH] 1R1cubpCalBiN DL, 966.07 IQkdRES.2and 250 g/ L
Ceneticin. The cells were grown in a 5% C02, 37C
i ncubator and lifted withZSS8%AEDTA in dPBS. Cells
were collected by [ tion at 650 x g,
and cell pellets mggﬁgl%aﬁgg% Ad#g?}?ozen at -80 C
or nenbranes Mmlafape Bpe;mwkmn‘yﬁ'eml@etllallixprﬁomgnenbr ane

t d |
Lt o and Mot g R i RGBTSRt | Saue
d' @Hﬂ%&[ 1ihd§ Wﬁlﬁ'@ssﬁ% c18ReSRGRAIEVY, VD UN ﬁhhngscmnic

Crude nenbranes were centrifuged at 40, 000 Xx g for
recepton sibsypess red@etively, weretgrawsa t® eear@pnﬂza@lcvh@ medlum consisting of

N S R R

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
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
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 pr_epared hM; receptor
membranes were purchased directly from Perkin Elmer and stored at -80°C until use.
Radioligand Binding Assay on Muscarinic Receptor
Subtypes kM, hM,, hM3, hMy4 and hMs
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 hMs muscarinic subtype were diluted in assay buffer to the following specific
target protein concentrations (ug/well): 10 ug for hM;, 10-15 pg for hM,, 10-20 pg for
hM;3, 10-20 pg for hM,, and 10-12 pg for hMs. The membranes were briefly homogenized
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concentration of the menbrane suspension was

determ ned by the nethod described in 20 Lowy, 0. et
WOZ009/033%3r nal of Bi ochenistry 193: 265 (1951). PAT(US2008/010431

menbranes were stored frozen in aliquots at -80C or

used i medi ately. Aliquots of prepared hI\/B receptor

R CE T L e e

_ bindAgsauianfoMiaeaniniigck Reakps of thSmdlﬁwlp)mthre phthl;mdtﬂl\tE,mg L-[N-

e e S P AL 2 RRRA 4 apo, Amersha
PharARSAYB ¥R By Ringhdf@hire, ﬁéﬁﬁhd cdﬁéémfa%ﬁ%r # ffom 0.001 nM

expressing either the
to 20mMc dhspiawnmmbagqagas ﬁmdetedminmtled of K. adgwomgitfcemppundmere

f ol I,owm,n centr at,i ons
perfie RSPl b HTROLY % § s oy Gy FEfBRbGBlosgierygions.
The MBsordfbuals Q'efeoiﬁutba dlé%ﬁpl/ea% & Sotceh@htidHVGE 40Tfi! in dilution buffer
menbranes were briefly honogeni zed -62 WO 2009/ 035542
and m@rm@m@wmﬂoﬁm@h lsisliuhgn hufibes tg finghcaricaritations sngingpolom

400 g\;&Qo 295 n%g a&ﬁﬁl?ﬁ Prcgeeﬁéé @Xlu%e@&%.lj@%g% y epq ? @@ﬁeua[s%h%s 825

gstud es rm ning

uL akagivalfetand onerBRerfsoimedislsdand, L00[Y diluted test compound and 50
nmet hyl - 3H] scopol am ne net hyl chloride (

3H] -
uL menRess, Assayopletes nvase incnheted ferf hawiaatdCla lhnémgéﬁactwns were

L

Well@ﬂbﬁ,rNﬂA!) ptd-geated irk).3¥apslesthglenéiatie GtBI))OElmﬂSplamsavere rinsed
erforned wt nM and el even di fferent

threq ges WORpOEh B EBHIBRVGHEBES) fo rPeve SEpo g FAUaRTY e Blates
were! C}H 1 hig l(il'l)f%%?%@l Q'Le d&%ﬁanf:%‘ ﬁ&ﬂh rseltnhﬂﬂtl&f 16 (Max‘ldihElmer Inc.,

en serrally diluted 5x wt
Welkdslb)a,tMAI) vstaefaﬁée,'d tooaaﬁh Mﬂl (Tdnmatesr weiedhen camtgdig afl?fmhnnElmer

4 Th d
Topiguat 4t SeiaiTeiroouBier shyBinEmgsloe” el Ly ERu, Brindhe dat
were¥nalyz8d by %@)ﬁ%ar ?e'_gréﬂsxoh&ﬁ{b@lsisgﬁﬂﬁthe @Qﬁ)ﬁl’dﬂl Prinedofiwsite package

compound; and 50 L nenbranes. Assa ates were

(GraphRagdosafiwere.dnc s Sh@ Diegoa CAAmsingRhe @mrgltq eqmpstision meded K,
valu‘% n'{ee:g%qenggo%d caléllé%:treﬁtﬁlo o@se?{fg%aﬁﬁ&sa%&)th?ﬁg value of

the r@dlehngrﬂaisﬁ@ the Gheﬁg@mﬁoy&édwh@m&‘:ﬁangéf (Fedoff WEHL. Bedchemical
S were ri tines with wash guff @Slo
€

Phagepioae 83035 30808 (LB Plss Sises pUPEgied 1 BROg IS0
deterffih€ t}{ef?eﬂm%h{c féill'éhx? d 95% c’égﬁﬁénchlﬁEﬂl%ﬁ' nlthegé)sdrhﬂ'dbﬁstatlstlcs

scintilTation (Perki nE Inc Wl | esl ey,
werevthen ectdeded bacdatotK,mldes faitdatptepbeimguer e t hen count ed

n. a.Per ki nEl nmer co . scintillati . s
ol asp i A Es Kevdie Hatoalgs HhisShips Kampodiyt B yicher binding
affi 9tf@r thBRER é@a A syere Exlinp1a doRPREndLEtRS frivefitieiiBlay Wef tested in
with the aphPad Prism Software pack ]%Qr@&Gra hPad

this &sey, weare found ¢o hawan Kpvalye of [&ay thas jaheutt dorstne M3 muscarinic

St
recoii S Be Y B Mforsseut b Hres Sorbiles SURRI Sy pove .
valussadfuessahan dboait SadM)Wigassindisompounde hariag &; Palusobdf less than about
equati on (Cheng Y;. Prusoff WH. Biochem cal
10 nMor lgescthanarw 2 (DM 3099- 108 (1973)). K, val ues were
converted to pKi values to
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determ ne the geonetric nmean and 95% confi dence
intervals. These summary statistics were then
WO BAY8d back to K; values for data reporti R§T/GS30084910431

this assay, a lower K, value indicates that the test
conpound has a higher binding affinity for the

receptor tested. Exenpl ary & ounds of the invention
that were tested in this , were found to have a

K, val ue of MasarihitaRecepouFudéiibnallPdtchor Atdags M3

Tyt Soblladt GEongrp et hiBove et i syt
Aol ), SRS e O s i TR AORRLONY s
the ablley ofitheuest toponid todGodMdRARAIGBESURIbition of forskolin-mediated
CAME SR In PbC LK IAEUR PR 0% Rt RGEAGON ot - Nedl at ed
| NBARIH ARy sOfre HERIMAYIGH Wh&%irﬁﬂluﬁ@asﬁg‘ forMat@¥ng theFlashplate
functional” potency of a test caoppound is determ ned by

AdempylsCydlasg Agivatien Alssdyi Syptent withe AR NEDUFMPOMBI ock
penRESRE It SORA A TR Pk dn ) PR TR b S stuctions

r ecend & rins&MbhceSeidly aPBS and ¢iffe@ WigdTtypsia-EDTA solution (0.05%
radi oi munoassay format using the Flashplate Adenylyl .
trypsiy/B1534eMaABR THd 85 describedhin Apsaydm Thetdetached cellanee prgligd twice by
: . ST . | e ]
con PR B QTIPS S0 E0508S] MecoBehas e
suspeddedrin 16 @ APBS, atdtthe déiBSirancurted twith aCoditef Zy I3uah Phiditle

Counge{fpckmat fioulien B, Bl Theselashagntilped fgin o 650 g for

five ffEited {HadRIsuQRndEq ROQirfuIStidPbuffrME allafidl @8nddtradbit-81 1.6 x 10° -
dPBS. The cell pellet is then re- suspended in 10 niL

2.8)UFFE$§11$indJ.the cells are counted with a Coulter Z1 Dual

Fnih fosfeonm N i R ATRRLRM, WXoneditalSh bPRoo Y in djiytion

bufféri (APBS Sufplémefed UWSHENARINL BSA (096}, aad tHeufsbaslly dilaed with
assay _concentration of 1.6 x 106 - 2.8 x 106 cells/nL.

dilutignebuftes to Gpaparlatcansentytiong ranging g 94 Mdo 4.1 nM.

iony - 0f ' ilution buffer (dPBS
0"0*;?%*&%%2‘%%2# LR tar?ﬁggarl%(]fl?r@legSA (0.1%), and then
sefTb atdayurdiolkutredoting thitdiibudf AC dutifvitgr25 . forsledlinn@b quM final
concSIEER AL Aok DG (A0, B LD, Ok BV 2 e s o
agonist %?éé&%ve‘l’%.o%WshﬁQhé Bbiniey &f PlesOorfernflid Blokk ox8Relbrine-
_forskolin (25 Mfinal coricentration diluted in dPBS),
inhiti®dIACadtirieyd 25 rbtfowiolin ard osetters@ine (@&811M and & 1aMidioal t o

i St ll.s. T ilit f t
conc i Csenr S Bt PalFED et B eshedtelund oS0 e
cells2pd added $& pdrhAiniaRdis@xovsIgori ne (25 gM and 5 gM fi nal
25 _concentrati ons, resgeqt [ veléﬂodl luted i n dPBS)

25 L
di Reacdigns @@tln@mﬁﬁdjﬁg’l HYputsga C and stopped by addition of 100 puL
ice-cold detection buffer. Plates are sealed, incubated overnight at room temperature and

counted the next morning on a PerkinElmer TopCount liquid scintillation counter
(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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cells are added to remai ning assay wells. Reactions

are incubated for 10 mnutes at 37C and stopped by
WO4/435P3 of 100 L ice-cold detection buffer PCHEERNS/010431

are seal ed, incubated overnight at roomtenperature

and counted the next norning on a PerKi nEI mer

T .G CJ: Nt | e
R 4 00 AU n s
used(tg ﬁﬁ)lc{llagd t]!q)a Kl,,S.lhsmgahe ﬂﬂle_i,& @ﬁihg asatbmnﬁd‘tgmcgummn response curve

observed for the sanples and c ar ds S
and Qg xPITEBAFING #5SPYEOFRTALA AR 1Bg é«g» 0QoF R v oaThe Ky palues
are c&ﬂ@ér% g pRY vAIRH ﬂo%?é’mﬁ%@%@érﬁ&n@@ﬁéaﬁ%% 9404 Bonfidefice intervals.

Pad Pr [ cKage

sm Sof t ware pa (G aphPad Software,
Thesleﬂ;umm?ﬁyi stabitergare Bah cosvargd-badk WK 2Geys0a68at2 reportmg

S2008/ 01043
ol $550h AdeNE: Koreloeranalra i e S Priuae e piht
funcH&R ab@vibPAtaRE AlcBptbNRstél, TUE ieRemphBedddrRpdiinds bEthe invention are

oxotrenorine concentrati on-response curve and the

expegiedite ava 2 Kevalue a?leesﬁn@@ abeuitliogmM sorttheckade afaxgtrgmorine-
G EPREE RS AN A a RO Bcsing e v

receptonf i dence |nterval s. 5 These summary statistics are
then converted back to Ki values for data reporting.

In this ass%ZVCkaéIel%MPmKi Mgdiated [l Cave a8 t he
teqf o6 est egﬁﬁfﬁ éxeeﬁlflct;dﬂa%étegg ofagdt! c\thtplSu@Js dabi%e

receptor I ed ounds of "th
deteinmivied by areasureng thx pbiditye df the chaypeuadsko b\]m:lklm(oubmloess-stlmulated

t hout 10 or . bl ockade of otr rine-

[3ss]icﬁﬁ:{17§a‘%‘i"ﬁﬂg8?&@/gldﬁe? Ih exRrassingthe é’&fﬂie g‘grnul ation in
CH®: e ©RL beufX Po8SSindhbtdiRs BFhaved AT @ieh AfluteBliR a4sad ®uffer
of Agoni st - Medi ated [ 35S] GTPyS Binding In a second

withfa ffitre ﬁayggthwam:,«aylcentr@ommfc (g progein @m;yeléf The gtembranes are
bne@s? oggeg% 6{13H1?¥§a }t’gly{gs O?l{nﬁq} q}ésﬁgacﬁ§ &e'?gna I{}Fenaﬁg;sd o'the assay

t renori n -stinmu
platds35S] GTPyS bi nding in CHO K1 cells expressing the hM

receptor. 15 At _the tine of use, frozen nenbranes_are
t hAhe ECanvale éerffeatlmewemﬁat%fay Oty rABFimafSROBSe) fot gfimulation

of [?@Eﬁq"@tﬂuﬁﬁff MS?U( rl e(i i égetgnﬂfngh% Badh&xperiment.

ane are onogeni zed using a
Po lIy)tdemmnBiE:— tﬁe aBility o5 test cbnqumtleo irdoiloit bhetrenaattieestinpulated
he assa The EC9

”Sm%@rhm pgﬁhe f@lsovgegfaw%@ﬁ ge (ﬁ%fre%6° Wsﬁ plates: 25 pL of assay
w0, 5096y 5L B o, 55 L
dilutdétcfst pompouridendP5| it CHEY cell mestbraespopmssingthedMeceptor. The

assay B REren SnSHBE o o Gl Qhabinvise B Ry Ppfds it fltgigd over
1% BSA- ﬁfetr@a‘-‘t&ﬂ@F/ﬁ’ wftbRrusi g‘J‘Pérﬁﬁ@hﬁ-&Fy@w@ﬂ HaPMster.2hé phites are

oxotrenori ne (ECO0) an 25 L of diluted

rinsadewith mrr;@bhwaslabﬂeffeza‘orf} e H3ccords dharedieer wigpnEsdiady
iR O PRSP By g g
and fddidaeti€ity €eked on a topcounter (PerkmElmer) Data are analyzed by nonlinear
regression analysis with the GraphPad Prism Software package (GraphPad Software, Inc.,
San Diego, CA) using the non-linear regression, one-site competition equation. The
Cheng-Prusoff equation is used to calculate the K, using the ICs values of the

concentration-response curve for the test compound and the oxotremorine concentration in
-65-



10

15

20

25

30

1% BSA-pretreated G-/ B filters using a PerkinEl nmer
96-wel |l harvester. The plates are rinsed with
WO 2800/83834d wash buffer for 3 x 3 seconds and t RER/EERP8HL0431
vacuum dried. Mcroscint-20 scintillation liquid (50
is added to each well, and each plate is seal ed

d
the af%g agelille?re%rl(; YL] %&g\&é@%ﬁa 10?1 13:9%9:91 &(I i near 30
I e @ESdssuy, aﬂ@be&ﬂ(ﬁva\l\ad 1hdich&s ﬂlaa ﬂthad cBrripsmEhds akigher

ckage (G aphPad Software, Inc. San
funclianah @gft‘ﬁ'é! 3 A Tepenian testedr £he prsmplifipd. @mp@uggwgﬁﬁ fvgption are
expe@@s &Wﬁ a KNGl lllgc&qgga R §1?|th 1&% f&%ld&a@é@f:’oﬁd@remonne-

ate t he usi ng t val ues of the
st1mmiated éﬁﬂ]@TPxﬂlbmémgom SHQK Vveclk@xptessng dsthMpregeptod and

th t t 35542
T/ USDeIERE SbAG e el i Rl Mk AT A and
C ONRREYHTAL #RBptof SbRGASLI(VE! M5 ahB MJ‘ﬂe@e]:ﬂér%?thlﬁl LUy 10KG,

val ue i ndi cat es that the test conpound has a hi gher
protefing, eetivateathe abosphotipasetC (MeC) patlepeonpaneagoaist bipding to the receptor.

RN
dlacﬁg@@&ﬁﬂ@&f}) @H@bh@s@iﬁﬁﬂld}& 14, Sithﬁh}ds@hﬂé (IP3) SiHaaPthSurn generates

binding in CHO- Kl cells expressing the hM2 receptor.

CalmB!”d@l@ﬁ%feff@flA@%%ﬁthdaﬁ/é‘@F%t B emoeiaﬁmlmde%@msanmtwum
The I«Aﬁﬁ"ﬁ’ G S’X?ﬁﬁﬁg%@%g 2 Suniy a?% & SX%E&P (tMlzes MR (R qlm!yg%se in

recep activat
1ntra@é1bﬁ¢rlwlchtnﬁ$9 uﬁnglaL@)mmtsbmyvmm(Fa}gsnAM MoledilagPtobes,

Eug%%ﬁ@%ﬁgp%up%%qéfvg}aen&? sul Wgﬁ)ém%/sptﬁ;g LC n géeoé%%l? 1Ss measured
in reS’i‘ tﬁﬁé’ i)? IeoaeR, (VRRR de@&‘?s ﬂ@%ﬁ%’g@tlhqmbrescence from a monolayer of

ri phosphate (1P3), which in turn generates
cellsccéincd wttlrlmrwle fand i, rrmd ahlmnauZ@rMs reseptors. | Agtagonist potency

can l{ee’r\]ggq? s gi}é:y Ei@{/% %%c’gr;rlﬂ ‘eh’ 1tI a%?gl);t glfgllat@d mgreases in

intra@émﬂd}lcalchﬁﬁrease in intracel I ul ar cal ci um by usi ng a
cal cium sensitive dye. (Fl uo- 4A§Q Mol ecul ar Probes

EuBenkLIPRryaleinmistimulgionsissaysnh D sellsstably exnipssiigthe hMi, hMs
t
s 1 b E2REAE8 Y OB P ELRAEA g SR BRebe done

Seeded oslisarevnchaiericoby Celwhsh ((M’ﬁXeIchbﬁysttdtmk}lIna)]wﬂm RUIBER buffer

(10 %%Hﬁggée&'é ?prff' ﬁzee GPleing ivras 7 oRMEARRg R SRUTRSY without
calcﬁl 'rﬁa gwi 8 Sﬁ?ﬁ 1édVing 56 llEFv?éli SEETIPR

Cl um PR cal% um st ati on assays,
buffcﬁe ITthe censah’eyh@mncmmlth 156 1Ml lol/B uN2 (FI&IQM{AM (a 2X solution
receptors are seeded into 96-well FLIPR plate

the .
was Fi‘iaéﬁtfobé@ grgutehd HSSay70jcarbaphioxid Segﬂlé%]"”@élth%‘iéf'r ipcubation

UYL R S EPR AR LA St

puL/vedil.ori de, 2.5 nmM probenecid in HBSS w t hout cal ci um

and nagne3|u to, renove gromh nmedia and | eaving 50
1/ Heidp SgnineianiagonistpalgRcy. Hrecaseidependeat sHHaport bgitace lular
Ca2+%lgla"s$ %? orﬂlfe i £i: A AEARANS6 fh A g b ikt ﬁﬁ?e&@ AR ater be

m nutes at 37C, 5% carbon~di oxl d
meadaodd a:gmnsgoxdtmrmrmel sticubatiaroat an ECq concentration. Cells are first

incubated with compound dilution buffer for 20 minutes, followed by agonist addition, .
which is performed by the FLIPR. An ECy value for oxotremorine is generated according

to the method detailed in the FLIPR measurement and data reduction section below, in
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period, cells are washed two tines with FLIPR buffer,

| eaving a final volunme of 50 L/well. To determ ne
WORAP3M2st pot ency, the dose-dependent sti nmulP&T{USA00§{010431

intracel lular Ca2+ release for oxotrenorine is first

determ ned so that ant agoni st potency can later be 30

[ 0

cony JFEABH it 3 Miha BERU@FRDOIT: P Tt G Slarhanie |
concentration@T 3RUECe s ﬁr@para@lmtﬁmﬁleﬁon platek euettthbtyareBOsi cohcentration

addition, which is performed by the FLI PR An EC90
of oxpieporing is idsd r“éﬁ%ﬁhl"h@l ingthey éﬁfég%ﬁlétdnlé‘é’tt&“oqsﬁ@’ platsst he

I R &f‘%ﬂcl

reg ??rgﬁ%g%:'?%g F;Fvl\iﬁllkn% SEPRBrOlE 03554%%ﬁlds faser

stren@(ﬁTdﬂ!BSl @@&s Gkoudion wmqlemgﬁt ob¢8 8w antdremifsiomwazelEqEh of

550 . Gase ineps ferelpigpl PR SEAITEAY (B LGS JRaTSETER Y (hgponds

priord aggi%gn @9 Qg&ﬁw Fol18WingdgoR P biRNMAfibA&hE FLAE S&tirﬁ’,tously
each well in the antagonist inhibition assay plates.

measwn@ tb«arcmp of flugrsseente evarbid. ol IPrRcand fordxpouuites fogaptuiie the
maxi (ﬂA 1 econds, laser 5 strength of 0.5 watts,
é’%? 4P1 8?1 ARGS9t h of 488 nm and enissi on

wayet etitaigh 00 flublebecnte isBapedshdtieasihaxigtued flusresteRye minus baseline
nmeasuring the change in fluorescence for 10 seconds

fluorgsqenge 105 cagidwell.ohheravadyaisanalyzsd pasinsighe ipgaritm of dru

I
o ) B S AL GO oy 40 e, s
Diegpj GAY) asing theclmyiit«in enddiebfor m@mdmuhdfohe}mspemn abmta:gnmm &; values are

10 The change, of quorescen ress
detemrlaﬁfr b BasTe dsing b oxefisararine EG o yafisds S DPB the.guptremorine
EC90VY3¥ {he hElaﬁd EGWeHBhifor &c@f&ﬁ‘ﬁg’ t%etﬁe 292hf Prusb e quaEsH (Gﬂéﬂg &
concentration by nonlinear regression with
PruS@f,akﬂ?%d Prism (GraphPad Software, Inc., San Diego,

doleRaBn 8 oWt e evghih BRRes Y (RS Bourd b nkishs,

funcfina$ Betitsiyng tﬁéh%c@t@xt teSteBr THE ekdehplificll dgnpouni§ief ﬂﬁglmtlon are
the oxotrenorine 15 EC90 for the |igand concentration

expegied 49 Baveg KovalmeoOsesiharabris PO @%&rubéwl@éh ehggogist-mediated
) ower val ue
Calmﬁﬁlg% fc%%%eelsl ]C?I—Egtce I%ga{ﬂg‘ ‘it%pg%?rlgéun i\&e ﬁl ‘gher
functional activity at thésssc®kptor tested. The
exenplified conpounds of _.the inyention are expected
to have a K, val ue of RMERUOKEHASISUt 100 nM f or
bl PR 34101 9Tas YD Lsd-tBRM RS Bd bAchBBbotabTvE FR&S 8f te@t &l?ﬁbounds
cell's stably éxpressing the hM3 receptor. Assay 3
exhﬂahng nwmrmsmypwmmagqmslwbvmsay is used to assess

h t f
o A RRPRERISHRY i ftef b SR, Pited i oef QPRRNE hreiphatasion
routeodIH).t Thé ra@@(!%@é%‘jﬂl@ﬂ)a’:lﬁl@ dﬂnhlé! 23D-B50 §) AEiekPosyali€ thedeeosol
are dosed via t i nhal ati on

generated from an LC Star Nebulizer Set and driven by a mixture of gases (5% CO,/95%
atmospheric air). Each test compound solution is nebulized over a 10 minute time period
in a pie shaped dosing chamber capable of holding six rats. At predetermined time points
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
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route (IH). The rats (Sprague-Daw ey, nmale, 250-350 @)
are exposed to the aerosol generated froman LC Star
WORBHNSHr . Set and driven by a mixture of gas®ET(U59408/010431
C02/ 95% at nospheric air). Each test conmpound sol ution
IS nebulized over a 10 mnute tine period in a pie
1
then SBFL A0 VAR o 1363 e Bnd PPl durhe
pulmmeapoevathatibine Obce burgemgris asmpletd, satperehHentiiated usimg 4 piston

mnutes priqgr to the_start of pul mnary eval uatj.on
respifaigr AR e R H@%liOQ@ob%ytvrﬁelgbf&%% Pt exceedﬂ_’g 2.5 ml
voluﬁltehéxﬂpé%taq'gl@ro%b%krﬁkés%%r'ﬁﬁﬁ{f&. IP). The jugular vein is

catheterized "with saline filled polyethylene .
caThetkangeq MpreBG)rethdt eerwith eactf rcathMoh meTsiwed. r Batedine values

i -67.-WO 20 35542 PCT/ US2008/ 010431 then,. .. .
ore lledel {5t GAY 2 ARNHIAR BT AR R ed Qg e tghvith 2-fold
incrén®ntd fhcr¥R64 bf Ak beshcHYEIR St NVITANS] 10, 2040/@d 80 pg/aNlF.€The

surgery is conplete, rats are ventilated_ usi r}]gg/a.
MClpisdniyped foe 25 munss feun agyringspwmR at ¥ eAteipk2 BIL/Ke/min.1 @be

. [ t C ' 5 mM volune, and at

mn%1$a§?éut§%hg%f %é)o?lo(f?%gsg lf)tzar% %ﬁﬁh?%d?eg The changes in

pr €hsnyes in YaitilaitiUsressuid(canlHb0)lin e@hted annaleasexprbssed as %
. ..Baseline values are collected for at least 2.5 0r g ities
inhibfipm P M Ghrigspanag laive teranireigémaliomn bintay augher i ifpibition

i § ive effect. Exempl

s B P R P4 §rRhbrOfive ofMecy Expmplary
comfdumds MCtheiisventibo slead af otestad $n thinassasatfa dose @f 300 palel are expected

at a.rate, of 2.m/kg/mn. The  ani ar

o ofifiheristunf Sis b SIeare erecied SPREDT ghroie dirgeld%
inhitliflorY, @R8 kbRt hRXPE&ed ¥ SxHibiMaFARY tham J0ve atlesitisnl mal s

are expressed as % inhibition of MCh response

rel ative to control {amimidlss Defanmingtionassay, a hi gher %

i nRhj_bi.ti.on l. i ndi.cat h

Sl dsolll Al dgusd e OBLabO hEG HATRAUNGLRF. 5
posttdidel MiebidedBf pdtahcyafIDsdsp firahke five standardsiestyd atas dedanmed to be:

of .100 gg/m are expected  t xhi bi t great.er 0@

ipratani B U § ML S AP gS SesBaiy bp e e A eral

glycg&%o]rgle '(ﬁ%%hgj(f’ @A%9Q2§P&a 1A)e )(I@l%‘"r{o%‘glg& 8f gt Ricbmpound is |

eat er % 1 nhibrtion. ~ 1.5 hr
simiPey eletermatel @ah 1 Sthasdastelaseiscar i ni ¢ ant agoni sts were

eval uated in the rat FEj ve ssay 1.5 hrs post

-dose. The order 5?‘"’3?{%@5 ﬁﬁ%ﬁ@j’y“%f’ the five

st ghdasrds tib@spiash MISp futh Reek 410 BRiluatédPAhf S1/648 hr post-
(4.4 gg/m)>tiotropium (6 ¢

dosedm therat Bipthavien s &ma(rmnmgg%%@%cg/@wwmm%?i@@ less
> - 3 . . .
porf e BT BB K3 YL ISR Py a i

time[po#it(6hdds cénsiunehit dthhits teldbiyeDedhertrdunsticnat aStiemitathe $linic.

. tiotropiumand ipratropiumwere al so eval uated 24 hr .
Tiotrontymy phayvadra %%‘wm%f&f@%eﬁt Vi p?aéiabrep?hom}sﬁl%ﬂ%%% achieved 6-hr
lBs Atk op) (Mﬁgﬂ Rlerdast GBAHEandty! @fferehfSmach
poStpo’t ent %bﬁ{ﬁdpost - og@g'corrpar eeé to ??g 1.5 yLr pgt ency. ¢
othefTirel wirs abuw®@-fodd mavé paent einpared tatiks b5 hr potency. The onset of

action of the test compound, as well as the 6 and 24 hr potency values, is similarly

determined.
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time point (6 hr) is consistent wwth its relatively

short duration of action in the clinic. Tiotropium
WOHMABE 43 sl ow onset of effect with peak PCT/US2008/010431

bronchoprotecti on being achi eved 6-hr post-dose. Its

6 hr and 24 hr potency values were not significantly

di fferent fromeach other wer e about 2-fold nore

potent conpared to its 1. otency. The onset of 30

action of the test Ranpatisidlagaguenkidayas the 6 and 24

hr potency values, is simlarly determned. -68 WO

20B8ts (Spragec-PawleySacds 200849 12) arsdasgd Anpgthetized and cannulated

Ant.i si al qgqo say Rat.s rague- , -
o dS PG AIE AL et RIS BB miRel agimg are
placéiEsitihel &drdaDsidSasaY0Cinc e Wit ddicidadigd doiwivapbslops A pre-
and after surgery, animals are 5 placed on their

weighed ganzegiad ds wseriedoip theyanimaks wiouth anddhe mysearini¢agenist

. | . - i ; i i P e
pitocRIE S SRRy 1 F achhINEel, DSUIRE pRAfhictd ALTENO ffinuces
post@ﬂ}@dﬁﬁﬁhﬂged Qigkz?)etﬁé’all’gﬁ)k@eteﬂnvim)ngi tBe av@dighn b thergadze pad before

Sal i va_produce uring 10 m nutes st-PILOis .. .
and gfies Qe AJHIAIZEERS BHF4ty WXB@S%S% ﬁl&ugﬂ@nwé Fyhatign
relatfv?%o g5MAS Radhibefore and after PILO  Antisial agogue

effects are expressed as % inhibition of salivation 10

rel ative to cont rob aadi2ddlrdDsdDeermindtiagn hr | D50

Determ nati.on The rat antisiala ue ass was

devht BanitgeesEes iy Rt PR it e SR atmiC mgpye and
calcd1i8 thd Rdg 36kaSHHMhEdx (ITHIRS {ebtonPunl€ SThe qaRRwd dfotropium, was

The standard, tiotropium was evaluated in this npdel

evalgatediin this nagri¢l 21,1y and 234 hripew-dow. ol iobepingm was fqusdiig be sost
e i nt _at i nhi bigi.n ' roi j - .

pote FRHTbii3R pBONFee ShglcqBshi g Sty BES AL TR RS o
cons{30ns i&:&ﬂl&ﬁé leddrffetctsEbu@e@Iecé elif}emiﬁthebgeasseyl in the f

Ei nt hoven assay.. This nodel is a nodified version o

t h&hismaeded iy amadifichiverien of the prcgrure deptheta At
"Estidlitiof @ hhi&loBher Mg%?%@t@tiﬁ n{ia?ﬁ’}"%ﬁag&g,iﬁﬁta@ﬁﬁﬂ'pﬁﬁbarpine-

agal nst pilocarpl ne-"induced salivation” Ata Pharnacol )
indudaixiativatidtyl: 424 Bhabradol Josiro! 2eh243v25h (M6 hThomesmweight of saliva

. O.in vehicle-treated animals, .at eac re:treatent o
in vefeigsFredied i, F e et MRt feo peaTgd P RsiTEY bompute %
inhitffiors 8f datidhtiH) at Bk chREspoRBIBSRE Mdafhten? tifnd, heaicHEBse.

time, at each dose. Exenplary conpounds of the

i nEeemplery edmapounds of thetimentignithat arexiestgd imhis asspwaresgpected to

t.o—exhibit.| I /
exhibP 0yl oot R BT LEESutcaR 2R A0uRY, Wi LIRE S Bnas
expeafed ltdbthivRlat €DLeadud lessthad 30 gigrthl, ssmetdess dlem 20h@agni2 Oihd some
.cg/m, and some 25 less than 15 pg/m . The ratio of
less thap 1amg/mkj al agogue 1 D50 to bronchoprotective 1D50 is
us . T > ute
of 1T o TR R st BRI ploHORTSlcEel M I Wt comp
the apparent lung selectivity index of the test compound. Generally, compounds having an

apparent lung selectivity index greater than about 5 are preferred.

While the present invention has been described with reference to specific aspects or
embodiments thereof, it will be understood by those of ordinary skilled in the art that
various changes can be made or equivalents can be substituted without departing from the
true spirit and scope of the invention. Additionally, to the extent permitted by applicable

patent statues and regulations, all publications, patents and patent applications cited herein
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apparent lung selectivity index greater than about 5
are preferred. While the present invention has been

WO BHEd with reference to specific aspectsP&I/US3¢N8/010431

enbodi nents thereof, it wll be understood by those of
ordinary skilled in the art that various changes can
orc bR TR B HRLRIES L ARIMAPATE e AR M cacn
docuntenehdd lesen iddistidunliy &lcoyporated bieeferchenherpex mi tt ed by
appl i cable patent statues and regul ations, al
publications, patents and patent applications cited
herein -69 WD 2009/ 035542 PCT/ US2008/ 010431 are
hereby incorporated by reference in their entirety to
the same extent as if each docunent had been
i ndividually incorporated by reference herein. -70 WO
2009/ 035542 PCT/ US2008/ 010431 CLAIMS WHAT IS CLAI MED
IS: 1. A conmpound of fornmula I: 6 (R5)a NIIl R 0OY
JY NNZ R, \, ] RBYR (n 5 wherein: RLis
sel ected from-Cl_6al kyl, -C2.6al kenyl,
-C3_9cycl oal kyl, and heteroaryl; R2 is selected from
aryl and heteroaryl; R3 is selected fromH and -CO,
al kyl ene-OH, or R3 fornms a double bond with R1; or
-CR1R2R3 together forma group of formula: R/ A b 10
where A is selected froma bond, -0-, -5-, -CH2-,
-CH=CH, -CH2CH2-, -NH, and -N(CH3)-; and R4 is
selected fromH, halo, -OH -Cl_8alkyl, and
-Cl_8al koxy; X is selected froma bond, -0-, and
-O-CH2-; when X is a bond, Yis -CH2-, Y is -N, and
Y' is -CH2-; and when X is -0- or -OCH2-, Yis -CH, Y
is a bond and Y" is -CH2- or -(CH2)2-, or Y is -CH2-
and Y" is -CH2-; 15 R5 is selected fromfluoro and
-Cld4al kyl; and a is O or an integer of from1l to 3;
R6 and R7 are independently selected fromH and
-C -4al kyl, and further wherein
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one of R6 or R7 may be -NH2; Z is selected fromH,

-Cl 6al kyl, -C1_3al kyl ene- Q and - NH Co- | al kyl ene-Q
WO; 28097098548t ed from - C3 _7cycl oal kyl, aryl, andPCT/US2008/010431

heteroaryl; and Qis optionally substitut ed with 1-5

20 R8 groups independently selected from hal o,

- Cl- 4al kyl, -Co. 4al kyl ene QP fs?/ano,

- CO_2al kyl ene- COOH, -C(O)((w)g_| al kyl, -0-Cl1 al kyl,
WHMSSC]LAMEWIIS - CONR8aR8b, -NH-C(O-C 1 -4alkyl,

-N-di - al apnd -WO0)0; RBa and R8b are

i née‘i?é‘?ﬂ?é‘ﬁ Pﬁ%@“é"c{ ed fromH and -C 1 4al kyl ;

wherein R1L and R2 are optl aIIy sHbstltuted with 1to

5 Ra groups mdependenbl y g seNécted from-Cl al kyl,
- C24al kenyl , -C24a kyn c¥cl oal kyl, cyano,

hal o, -ORb, -C(O RJ‘S( R, ~S(0) 2Rb,
-C(O NRRd, and -N eachY i s R’ndependent | y
selected fromH, - Cl 4al kyl , -C24al kefd)l , - C24al kynyl ,

wherand - C3. 6cycl oal kyl ; each Rand Rd is |ndependently
€t ected from H - CI 4al kyl , -C24al kenyl, -C2-4al kynyl,

ang! 1637s'b1é|6@d|3899/ O3, @—Eéluﬁgﬁoﬁfﬁlﬁﬁ@éﬂkylkand heteroaryl; R* is
- - bCyCl Oa ein each al ,
selecafrd&ww arylaanriwet@ﬁ@arylaﬁ@ i jelecsed frgm Iénaadj i wllq;zlf’dle @Y. gr R’ forms

s do@flbfna 30! bPRALRPRS R HFl WD of ! | VO o

erein eac optionally
substituted with 1 to 3 substRtuents mdependently

sel ected from - Cl4al kyl alkenyl, -C24al kynyl ,
cyano, hal o, -Q(Cl4alk @

-S(O) (Cl-4al kyl), -S(O2fH dank

- NH( C1- 4al kyl ), and -N(Cl al ky )2 vvher ei n each al kyl,
whemlkmlectearfﬂbmlalbpngt -Qy1 B4p-CH,-pyiiH-e0H} | -CHs CHis4, i-NHE- ,en:hd

Nrapnd B i velectigt Fomdhrgles 108k r el AT gkon

S URSE k18884 Bol AR ION Y - @)eéﬁ?t Gheh Wﬁla boga ‘%QL kol,-, Y' is

and -OH 10 or a pharnaceuti cal accept abl e sal't .
N-, ik Y& i -CH-; aﬂdevlmamrﬁé@.uf@@f OeCHszL 1s ﬁféf & iRe bond and Y" 15

i sob C ophenyl. 3. The conpound
'CH’oforC&ﬁzhﬁ &he@%ﬂﬁfﬁe t>or thiophenyl. 4. R3 is
- ORP @y setcdelRdRRIRS fluegeidteC, f,81ky1; ané aQs @ or B irfegef BEfrom 1 to 3;
corrpound7of Caiml1l, where a is 0. The conpaound of
F Apd R ppedndeprpdenslyselscteddiom & R‘}fl -CigatkyRRang urther wherein
Caim1l, where Qis cyclohexyl,
one %ycl oheptw g{]ﬁ% yI benzod| oxol yl, benzof ur anyl

beAZosdicaghioml H, Uﬂéﬂk}’] Ci-natlioflstle; ngmh—NHI-ﬂ]o lalkylene -Q; Qis
RN RTINS S T S
R® gupflindegerdBnt®) S48SRed from halo, -C;.salkyl, -Co.salkylene-OH, cyano,
-Co.zalkylene-COOH, -C(0)O-C; 4alkyl, -O-C;alkyl, -S-C;alkyl, -CONR¥*R®,
-NH-C(0)-C) 4alkyl, -N-di-C)_salkyl, and -N*(0)O; R*® and R® are independently selected
from H and -C, 4alkyl,
wherein R' and R? are optionally substituted with 1 to 5 R* groups independently

selected from -C;_4alkyl, -C,.4alkenyl, -C;4alkynyl, -C3_¢cycloalkyl, cyano, halo, -ORb,
-C(O)OR®, -SR®, -S(O)R?, -S(0),R®, -C(O)NRRY, and -NR°R?; each R is independently
selected from H, -C4alkyl, -C;, 4alkenyl, -C,_4alkynyl, and -C;_¢cycloalkyl; each R and R¢
is independently selected from H, -C,4alkyl, -C;_4alkenyl, -C;_salkynyl, and
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i ndependently sel ected from hal o, -Cl4al kyl,
- CO 4al kyl ene-OH, cyano, -C(O O C1l al kyl,
WO 200998531 kyl , -S-Cl.4al kyl, and - CONH2. 9. TRET/US2008/010431
conpound of Claim1l, where R is isobutyl,
cycl opentyl, or thiophenyl; R2 is phenyl or
_Cthl gn R3 is -OH or -CRIRZR3 together forma
36§¥oup ]f formula: 25 iiiiii5iiiii . ais 0; R6 is Hor
- C%afdiryéachmkyl Salld:nyZ aIISyﬂjl a-ll@ilcxﬁaahkd/bycloalkyl group in R*®, R*?®,
- C1- 3l 1 kyl ene t%l -1 alkylene-Q . Qi ad 5
and Zyis ogHendlly subst f@ﬁ@\af}yl to f)ﬂéﬂ'&i’l atornén%?iﬁlafaw?ycloalkﬂ inR
optlcgﬁng ‘ﬁﬁé’(!l w1th§ %Eﬁﬁ@ﬁgﬂ ep Eﬁ{{eﬂﬂ lseled t@&lﬁlo)ﬁ -'CMalkyl
pyri di nyl Irazol yl, I ophenyl
-szmenﬁnafﬂi4yll<5/nblsty¢rmt hmlowO(ExlalRymSQ@wmd) S(O)(CMalkyl)

SObereds b 5ol by BN st efeh A heny

and al%g@l}_gr&}) id %b{‘i&llally s@bﬁltﬂt%h k¥ith 1 105 ﬁ&oﬁiﬂu'ﬁyt'xtueﬂﬁdand the alkylene

and the alkyl groups in R8 are optionall
group i Ztis pptienallyistbstituted withf | oro? substitests indeperndently tgd drom

, having the formula: R6 O R NNNZ R2
-Ci z@@(y%na({q 5 11. The conpound of Cl aim 10, where R
ISOﬁaEh@ﬁﬁe&micany a m@lbemtlthereafi s phenyl or

t hi ophenyl X ih,s Hor -Cl 2alkyl; R7 is H
2. 7 The camp@mdgfi Claing{, “SB?II@;R df @o@tybrc.‘/‘lopentyl or thiophenyl.

3 henﬂgl:? r}lgenzo |oxg%leVh gtri%zzg% %ﬁy})ﬂhq ﬁltg:ohenyl

4. fuRéanOHbm(CRSRZR3mgeﬂmolfq¢m Wd d| nyl , th| azol yl, or
t hi ophenyl; Qis optionally substituted with 1-2 R8
groups i ndependent ly sel ectedd fromhal o, -d -4al kyl,
10 - CO 4al kyl ene- OH, cy Q- C - 4al kyl ,

-0 d 4al kyl, -S-Ci1-4al and- CONH2; and the al kyl
groups in R8 are opti ona Iy%ubstltuted with 1 to 5
d of daim 10, having the
5. 1 od8E PotbfRs ijélammevvﬁ&%myag \- H(Ila). 13. The
6. cobeeumipmfndCdfa@lmrﬂI whireRS iRBl ¢rs-Crlaalkyl; @1d BAISH ; Z
Cl 6al 15 - C, ; 3al

7. Nbegorar afhtn 1 vhe RS 1 SR byriehsmid; Bhenst

benZ8BRAY¥yl, benzofuranyl, benzothiophenyl, furanyl, indolyl, pyrazolyl, pyridinyl,

thiazolyl, or thiophenyl.

8. The compound of Claim 1, where Q is optionally substituted with 1-2 R® groups
independently selected from halo, -C;4alkyl, -Cosalkylene-OH, cyano, -C(O)O-C,alkyl,
-0O-C,salkyl, -S-C, salkyl, 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:

OO,

ais0; R%is H or -C,4alkyl; R’ is H; Z is H, -C;_6alkyl, -C;.salkylene-Q, or

-NH-Cy.jalkylene-Q; 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, -C;4alkyl,
-72-
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benzodi oxol yl, benzofuranyl, benzothi ophenyl, furanyl,
i ndol yl, pyrazolyl, pyridinyl, thiazolyl, or
WOHIMEAEAYl ; Q is optionally substituted withPCTUSRHS/010431
groups i ndependently selected from halo, -d -4alkyl,
- CO 4al kyl ene-OH, cyano, -C(O O G al kyl,

-Coﬁﬁ%g%gg% (Fy-s@h %r g?gg’ucgrfﬁ?kﬁy éng%“’taﬁ&gt edC WQW ) tabw-ﬂ 2 and

the aBiy1 fekdips on R erssoptibfall T Aisbsttuigapuinl 10d 5@wiranatbehs. havi ng
the formula: N NN-C,_3al kylene-Q. -"0 NHH (lIlb). 15.
10. Théhe eompeid AClamil avmg Wﬁé@@‘@?l s cycl ohexyl,

cycl oheptyl, phenyl, -73 WO 20Q8/ 035542

PCT/ US2008/ 010431 ben@odioxol , benzof ur anyl ,

benzot hi ophenyl , fuh , /Tdol! pyrazolyl
pyridinyl, thiazol N thﬂophﬁn ; Qis optionally

substituted with 1 H% groups | Rde (ﬂdent ly selected
from hal o, -Cl-4alkyl, - Co4a| kyl ene- cyano, 5.
11. - Oy GapowickyfiGlaingl Q:lwhkab Ry lis cycl@e@tm ar Hyopheawﬂd R” is phenyl or

thlopgﬁcf@% R T LS o R DL 28 Gaalktene-, or

-NHAO/ Ry e XD, @myaoh&xymle%l%?tylspﬁwyarb)ehzdmoxolyl , benzofuranyl,
th| ophenyl 17." The co of Claim 16, selected
benzpthgephenyl, furanyl, indolyl, pyrazolyl pyridinyl, thiazolyl, or thiophenyl; Q is

optioh 1& E&bs%%u%¥ pl’v?tﬁelnﬁ ﬁg é? lﬂ%qﬁ@%\é%d?enﬂﬁﬁgﬁékt%ﬁ %(Xlll }I?L%L fd“'l rafikyl,

I'perazin oxa and
-Co.Aty(ee- @{Ccmhop@(wo @lmu@i owfezzramtsém%c@ﬂw,)aﬂ& -COONH,; and
hen- 2-yl et byl - pi pera di ne. 18. The

the aflgr gEripg R exf‘eﬁnﬂoa_lallhaihsﬂaﬂ%whdrt&é 1010 GROMSR O NRz
S Qnﬁf Cla|W118 where R1
12 |sﬁag§c1§”é‘lédr#td)?fé%§n?2qbaﬁ9¥? e M R 15 and R
are H Z is -Cl. 3al ky ene Q leRphenyI
benzof ur anyl , fura ridi ny[“|, or thi ophenyl ; and
the phenyl in Qis uw qiiz ut ed with 1-2 R8
groups i ndepende y
- Codal kyl ene- CH.
the formula: /R B

(I1a).

13. The compound of Claim 12, where R®is H or -Ci.2alkyl; Z is -C_galkyl,
-C\.;alkylene-Q, or -NH-Cy.jalkylene-Q; 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, -Csalkyl, -Cy.4alkylene-OH, cyano, -C(0)O-C,4alkyl, -O-C4alkyl,
-S-C4alkyl, and -CONH3; and the alkyl groups in R® are optionally substituted with 1 to 5
fluoro atoms.

14.  The compound of Claim 10, having the formula:

o] NH

W.S

N N ”—C,_aalkylene-Q
OH

(Ib).

15. The compound of Claim 14, where Q is cyclohexyl, cycloheptyl, phenyl,
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R Rz LL3ONNZ R7R(IV). 20 21. The conpound of

Claim 20, where R1L is isobutyl or cyclopentyl; R2 is
WOPNIAPS2R3 is -OH R6 and R7 are H Z is - CPCEAINRYA8/010431

or -Cl-3al kylene-Q Q is phenyl, furanyl, pyridinyl,

or thiophenyl; Qis optionally substituted with 1-2

benzbho 8 BenddtERST SeotifoBRRrSE il BaEpatolyl, pyridipyl

thiazalytydr thiopheryl;i @ iRptivmelly eyfistiarted Wwithsud & igrarpe dndepedently

sled Pouih GraIL - sen B R88 ORI T et

-s-cwanlgxﬂum -t@mg%amak?ﬁgrea%s #Neeire 3P SAINRABstit@edvAth 1 to 5
condi tions and deprotectihg

ec he product to form
fluoroatusind (3): -74 WD 2009/ 035542 PCT/ US2008/ 010431 R

16. o Gy Gl uiigF ) Wt S Ehey | car on

17. of TResRApsthd(cb)Claint 16,0eReteddrdd) and deprotecting the
product to formconpound (5): O (R» (R 5)a R+ R

10
Y- 4-((R)ezcyslapeptyl 2-hydrpx R2-rhexylacaty D+ fyegn-2- ylmethylpipgrpzine-1-

. ..o, where P is an am no-protecting group; (b)
Carbé)é%lggﬁl)ﬁga%donpound (3) or conpound (5) with conpound

( 63-(LR)-I-oydopeneyliohiydiok y-R-pheRplat ety VRS thiophd-RPImdthyl-
CAWX YN =~V (3) or (5) +1 YNN NNN=NRs (6)
plpel(ayyle-laﬁ:pdpoxamMme.

18.  The compound of Claim 1, having the formula:

RG
0 N
R\ |
R |7

R @m.

19.  The compound of Claim 18, where R' is cyclopentyl; R? is phenyl; R? is -OH; RS
and R’ are H; Z is -Csalkylene-Q; Q is phenyl, benzofuranyl, furanyl, pyridinyl, or
thiophenyl; and the phenyl in Q is optionally substituted with 1-2 R® groups independently
selected from halo and -Cysalkylene-OH.

20.  The compound of Claim 1, having the formula:

R
A ~ X
R2><US\O N N—Z
R l'?7
(Iv)

21.  The compound of Claim 20, where R' is isobutyl or cyclopentyl; R? is phenyl; R’ is
-OH; R® and R7 are H; Z is -Csalkyl or -C;_jalkylene-Q; Q is phenyl, furanyl, pyridinyl, or
thiophenyl; Q is optionally substituted with 1-2 R® groups independently selected from
halo, -C,.salkyl, -Cy.4alkylene-OH, and -O-C@alkyl; and the alkyl groups in R® are
optionally substituted with 1 to 5 fluoro atoms.
22. A process for preparing of any one of Claims 1 to 21, comprising;:

(a) coupling compound (1) and compound (2) under amide bond-forming

conditions and deprotecting the product to form compound (3):

-74-
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10 (c) reacting conpound (7) and conpound (8) to

provide a conpound of forrmula I: (R5)a NI'lIl s R (7)
WOR000/06P42X ~ 4:11 ' Y,INR7 Z (8) R3 0) 23. PAT/US2008/010431

conmpound prepared by the process of Caim?22. 24. A

phar maceut i cal conposition conprising of any one of

Cainms 1 to 21 and a Epar maceutical ly acc ﬁaabl e
carrier. 25 OThe phar nac %d cal conpgsitfon o aim
24, furtRer onpr i si ng econd the Néjgsﬁpt.
26. The rna@éutlcﬂnggﬁbdtirrUn & ai m 25/

wherei n thg®second the eutic agent Rs selected from
(32 adrenergiig receptor @gonists, steroid&)
anti-inflammatory agents, 20 phosphodlesterase 4°
or Mitgtdbutcouplin@odragedherifidation of coapeatd (13 4nd dbrapound (4) and
phar maceuti cal conposition_of C aim 26, wherein the

depf@*@ﬁ%&ﬁhﬁ pERfushipferme gempound )Xo 2009/ 035542
PCT/ US2008/ 010431 (32 adr e-,ner gi c receptor ago(ﬂﬁ)st and
a steroi gal nti-infl an%a }ay agent. 2% Use(
NI

compound,0 b ope, of v/ 1 to‘}%é(l‘lbr t/he NH

manuf act'ﬁ sof a pﬁr"edl @nrﬁ us@ oty ai m 28,
wherein the di canment |s useful for Rreati ng chronic
5 obstructive pul nonary @l sease or asthma®30. The use

he@fp SaftiafiaS or the nedicanment is useful for
v epr oglum né roncL%(ﬁq?aihl on. -76
(b) reacting compound (3) or compound (5) with compound (6) to form

compound (7):

5 RG
Q /Q i l\ Q
N N
@)or(s) + N’ %)k APRVAR

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

formula I:

(R)
7 + Z—NH, —= _:ﬁ/ﬂ\ 172

23. A compound prepared by the process of Claim 22.

24. A pharmaceutical composition comprising of any one of Claims 1 to 21 and a
pharmaceutically acceptable carrier.

25.  The pharmaceutical composition of Claim 24, further comprising a second
therapeutic agent.

26. The pharmaceutical composition of Claim 25, wherein the second therapeutic agent
is selected from B, adrenergic receptor agonists, steroidal anti-inflammatory agents,
phosphodiesterase-4 inhibitors, and combinations thereof.

27.  The pharmaceutical composition of Claim 26, wherein the composition comprises a
-75-
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B, adrenergic receptor agonist and a steroidal anti-inflammatory agent.
28.  Use of a compound of any one of Claims 1 to 21 for the manufacture of a

medicament.

29.  The use of Claim 28, wherein the medicament is useful for treating chronic
obstructive pulmonary disease or asthma.

30.  The use of Claim 28, wherein the medicament is useful for producing

bronchodilation.
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