WO 2005/ 003090 PCT/ US2004/ 018813
1- ( ALKYLAM NOALKYL- PYROLI DI N-/ PI PERI DI NYL) - 2, 2- DI PHENY
wo 2@EN#OE DERI VATI VES AS MJUSCARI NI C RECEPTQRCT/US2004/018813

ANTAGONI STS 5 BACKGROUND OF THE | NVENTION Field of
the I nvention 10 This invention is directed to
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effects and therefore, such compounds are useful for treating respiratory disorders,
such as COPD and asthma. When used to treat such disorders, muscarinic receptor
antagonists are typically administered by inhalation. However, even when
administered by inhalation, a significant amount of the muscarinic receptor antagonist
25  is often absorbed into the systemic circulation resulting in systemic side effects, such
as dry mouth, urinary retention, mydriasis and cardiovascular side effects.
Additionally, many inhaled muscarinic receptor antagonists have a relatively

short duration of action requiring that they be administered several times per day.
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Accordingly, a need exists for new nuscarinic receptor
antagonists. In 5 particular, a need exists for new

wOorEsaeiom c recept or antagoni sts havi ng hi gh pp€EOS2004/018813
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and reduced system c side effects when adm nistered by
inhalation Additionally, a need exists for inhaled
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have been found to have surprising and unexpected Iung select1v1ty when
administered by inhalation thereby resulting in reduced systemic side effects.
Moreover, compounds of this invention have been found to possess a surprising and
unexpectedly duration of bronchoprotection when administered by inhalation.
Accordingly, in one of its composition aspects, this invention provides a

compound of formula I:

@)
(R")4 N(R%),
d
O N_(CHz)e_H— R® 1

(R?), (R%),



al kyl ene, - (C2-4 alkylene)- O or - O (Cl-4
al kyl ene)- O; each R3 is independently selected from

w@1604/0edokeyyl and fluoro; each R4 is independentP@I/US2004/018813
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sel ected from hydrogen, Cl-6 al kyl, C2-6 al kenyl, C2-6
al kynyl, C3-6 cycloal kyl, C6-10 aryl, C2_9 heteroaryl,
C3-6 heterocyclic, - CH2- R6 and 10 - CH2CH2-R7; or
both R4 groups are joined together with the nitrogen
atom tpMainch they are attached to form C3-6
heterocyclic; R5 is selected fromCl-6 al kyl

- 6
al kenydach B2and BF isjingependsantly selpsted d1owy ;.4 alkd Cas dkpuyl,

; erein each .al kyl I n [} a |
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from C3-6 cycr]oal kyl | -10 aryl, C2-9 heteroaryl and
Clk et t-€C poaticylens) - Qach 10— (Cs. Pidilspen@rit | y sel ect ed

c6 reb ol et tedtion £, SRS) st Rgpee Y

cycl oal ek IRV is nd6¥éadedB @actad from hiiiGger Qg ikyha,y khlkenyl, Cyq
S(C1-6 alkyl), - S(O(Cl-6 alkyl), - S(O) 2(Cl-

6
by, Cr, cS6103Kg], 20,09k Ga hejerpaiyl, G Bpigresyeic, ~CH,-R® and

| oal kyl), - 2(C3-6. cycloal kvl ) .- .
e
g%hg%% NELEIAAB TN C, ; hetbiob{@; 9 heteroaryl) and -

C2-9 heteroaryl); each R8 is independentl %
sel ect Rélisfselonte@3totn €y chllspl Kyt alkeand, 10, sallpinyl, €2, gycloalkyl, and

het er oay yl. and - eterocycli.c: 25 eac ' :
bR ethergn eaftenledor Erginy ik spd e R sy supggtnged
al aen) i@BstsC3- 6 cycl oal kyl; each Rb
a%ﬁR@}?é’pﬁﬁgS@hﬁ%ﬁ} selsect ed from hydrogen, Cl-4

al kyl , e@2-RF is irldependentiyOselected kgmyds sapelo@BylgCeio aryl, Cro

cycl oal kyl ; or. Rb and. RC are joined together with the
n%?‘ie@@@ﬁa%@GM?‘ﬁeﬁ%Y ¥ they are attached to form C3-6

het er Oy R ; it R Belbdit£H6I ¢ @t18alkyl, 8 ,, dbyl] €, AN
i nt ege‘réy r%?nsgﬁftéga}geﬁt}g WO 2005/ 0033;508% alkgl, & ;, doyli 6, 2

PG3kIRA08, (E8Bdclic, - GHanOlGedel), iR ocxclpaliyle ~(4Cauo aryD),
OL FE, , atromyD: ~S(Cyg alkyl), ~S(0)(Cg alkyl), ~S(O)(Cy alkyD), ~S(Csq
cycloalkyl), -S(O)(Cs ¢ cycloalkyl), - S(0),(Cy. cycloalkyl), - S(Cq o aryl), =S(O)(Cs.
10 aryl), =S(0),(Cq.yo aryl), ~S(C, heteroaryl), -S(O)(C,y heteroaryl) and - S(0),(Cy,
heteroaryl);
each R® is independently selected from C, 4 cycloalkyl, Cg o aryl, Cog
heteroaryl and C, ¢ heterocyclic;
each R? is independently selected from hydrogen, C,, alkyl, C,, alkenyl, C,_,
alkynyl and C, ; cycloalkyl;
each R? and R® is independently selected from hydrogen, C,, alkyl, C,,4
alkenyl, C, , alkynyl and C, 4 cycloalkyl; or R® and R° are joined together with the
nitrogen atom to which they are attached to form C, 4 heterocyclic;

a is an integer from O to 3;

b is an integer from O to 3;



wherei n each al kyl, al kyl ene, al kenyl, al kynyl and
cycloal kyl group in Rl, R2, 5 R3, R4, R7, Ra, Ro and R

w0 2008p00300mal |y substituted with 1 to 5 fl uoro PCT/US2004/018813
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substituents; each aryl, cycloal kyl, heteroaryl and
heterocyclic group in R, R2, R4, R5, R6' R7, R8, Ra,
Ro and. R i.s optd onally substituted with 1 to 3
subst iﬁﬁ@ﬁﬂ%teg%&iéoﬂéﬂa%ﬁt ly selected from Cl14 al kyl,
C2_4 ajkeanyda: C2_4 al kynyl, cyano, halo, -Q(Cl_4

al kyl), -S(Ci4 alkyl), - S(O(C1_4 alkyl), -

S( O 2(&ib-8ordl;kyl ), -NH2, -NH(CO _4 al kyl) and -N(CL. 4

al kyl)2, 10 erei ach alkyl 1 p2

2l lmyr hgFases ks Saer b el iH S e Bl Mpup DR’
f kL,' Q*O0RE B SEY A QLS optastEllLe 8ktitutédirith arto G(fluorno substituents; each
(CH2)e- "is optional I'y substituted with 1

r
satigh tidloakylshéterderye aﬂdiehﬁttlyciéféilcﬁ‘?‘&dinfﬁfloﬁp@% %éﬁé’& R}, R, R’

OH and.  f]. ; . h thcally-
b Sl PG R RS o
L, SRSk SRR ko, IVEIOL oy 55

CHZE)((E H RS 11
WAB(@K(@, FBkynd SCOR(E, ,adksdlet NHed NEfGiarplkydyangd ~N(Cy, alkyl),,

g {?V %I‘rég}cgaghi@ﬁ(?f[, hﬁ{yi‘egl%,e ﬁf(?ap%/i gjﬁ(g?alg%neyl %godl%als é?i%lér[]ﬂgagﬁ sstituted with
oy 'Sﬁgfbt s%bsﬁtﬁélﬁs;: AAMRBEH OCHL, S gﬂitu?(in di(CEOL etk dptionally

conpo s of formula Il wherei e stereochem stry at
t bbsBtupabwith dror Bfsubdtieuentsindenendenily seleqtpdiepsm Chealkpd) - OH and
caonfiguration; and conpounds of fornmula Il wherein the
stlP®ocheni stry at the 3-position of the pyrrolidine
ring hﬂ?ahﬂﬁnﬁa&utﬁ@l@-h&iéﬁﬁble%lt 08 Solk e @R SERBIsofier tHegeof.
conmposi tion aspects,” this invention provides a
phar ma&eatdtiealof its oompesitiorozspeesmhisdnyegtign provides a compound of
pharmaceutical |l y-acceptable carrier and a
t fgpiellti cally” -4 WD 2005/ 003090 PCT/ US2004/ 018813
effective anmount of a conmpound of formula I, or a
phar maceutical | y-acceptable salt or solvate or
st er eoi somer eofQ_ Such pharnmaceuti cal conpositions
b N9t her therapeutic agents.

ment, this invention is
directed to such a phagmmaseutical conposgjtion wherein
t he conposition/fFar\{ her 5 Nﬁﬁﬁpf§E§" “tRerapeutically
effective anou a stefoidal anti-inflamuatdfy
agent,

wherein R® and e are as defined herein; or a pharmaceutically-acceptable salt
or solvate or stereoisomer thereof.

In separate and distinct embodiments, this invention is also directed to
compounds of formula I wherein the stereochemistry at the 3-position of the
pyrrolidine ring has the (R) configuration; and compounds of formula I wherein the
stereochemistry at the 3-position of the pyrrolidine ring has the () configuration.

In another of its composition aspects, this invention provides a pharmaceutical

composition comprising a pharmaceutically-acceptable carrier and a therapeutically



such as a corticosteroid; a (3Z adrenergic receptor
agoni st; a phosphodi esterase-4 inhibitor; or a
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are muscarinic receptor antagonists. Accordingly, in
one of its nethod aspects, this invention provides a

mefhad for 10 treatin I V] '
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admnistering to the manmal a therapeutically . . .
eddnéin pther therapantiodgeatsc drpsotdiBlnfin PBe ﬁmbadlmené thig invention 1s

phar maceuti.cally- acceptabl e sa . v '
CErlst Gt el o ReBeEh ke 10 Ehpoffion further

o a Hitr S DYARTRBLRS AR ST 8 sEERJiidl Anti dnflir@atoryggent,
15 a pul nonary di sorder, the nmethod conprisin

asiwhras s tcerticnsfertodd; & (hadresargi¢ chtéeﬁa@nist;tarr&@ﬁﬂ%ﬁﬁe%ﬂase*4
t herapeuti cal | ffective anount of a conpound of
fB%?’H% 0% qr,ac8pl%“a lﬁﬂgl?eﬁ% eutical | y-acceptable salt or
sol vat €050 &InA9 bEMEInvERNGSE mubdurined redepabiiu@kagohistst S
met hod aspects, this invention provides a nethod of

pAochrdingly, br arectfitsithethodaspiesis.dhsdnyeation pravadsesaipeshod for

conprising adm ni.steri 0 i nhal at Qp: -
TRt AT £ R g oA Rkt etment with o
Cﬁfﬁ@@iﬂﬁ?c REeft& A Rnist, tAI mdthod comprising administering to the mammal
pharmaceuti cal |l y-acceptabl e salt or solvate or

st ¢ieeariesticadly cffeetiendmount of & compounsofifermiygp Liar e nhatpasqutically-

aspect this invention provides nmet hod f or

t ﬁ@&maﬁ’@ S@R O FRALE BL FFLFR e gﬁ‘ﬁ?%n ary di sease or

ast hmay, §Nen RO theBiMPish&td) this aflRhiibBpokidega etieod for treating
patient 1n need of treatnent--a therapeutically

ehfpelrhonaey disondat, thef methad cemppsing administering fo4 Natight in need of
phar maceut i cal |l y-acceptabl e salt_.o | vat
e e B A5 RSBl b BRI it ors

| BRI ARicARTESD U AR o BbR 2l R SRIisoRlt ABARITSL
activity, such conpounds are al so useful as research

L ool s foyetzhothyt ojtsyhethod pepmbts, hissinsention prevadgs aamgethod of
aving. a_muscarinjc . t f dyi .

n Bredieg tEpheprdosdh aRan L Bt SRRl sripe by
' rfnﬁé?z[&ioﬁ@& Eﬂﬁg{aﬁig%t df %r?n%ﬁh@@o@ﬁlﬁﬁﬁéiﬁg ainbBhist oflaégipbutdiof

provi des a using a conpound of formula I or
a fpinarlah oe atphembdeyuticaBy WOk Gli3Pgolvate or stereoisomer thereof.

PCT/ US2004/ 018813 ..accept abl e saJt .or sol vate, or

st er eoild 8l pnqthesaf 4i néegﬁoéf‘arsg g%%t?d&]ﬁ 1’?"638?10]? BIOVEes & ﬁTiler'%%Odafor
biu%hf?&% biiS BBLEBHOE pRRIMaB) didasé OF astiris INSHleMed ReMYprisi
chem<¢ ﬁﬂd%npouﬁg?'hgvingaﬁ%dSégrin?c rece totrhlg i
anidageiseshg wcd patieny/in need of treatment a therapeutically effective amount ofa

compound of formula I or a pharmaceutically-acceptable salt or solvate or
stereoisomer thereof.

Since compounds of this invention possess muscarinic receptor antagonist
activity, such compounds are also useful as research tools for studying biological
systems or samples having a muscarinic receptor or for studying the activity of other
chemical compounds. Accordingly, in yet another of its method aspects, this

invention provides a method for using a compound of formula I or a pharmaceutically



10

15

20

25

30

This invention is also directed to processes and novel
i nternmedi ates useful for 5 preparing conpounds of

wo 005100390 or a salt or sol vate or stereoi SOnePCT/US2004/018813

thereof. Accordingly, in another of its nethod
aspects this invention provides a process of

e az;bgg taor?sgggjf ungs{q%%cijgogﬁ%gh%rg%fna ar}g e?.{C?lCESﬁ?leO]I‘ ftlldying a
V’Bl%liag % aggllﬁt%}@aﬁglef Bf 8¢ ldaschéring netvihepiics enapowids daving
|

reacting a conpound of fornula
\tmmchhmarwp’;mmantdg@ﬂstfa@’rlmm?a VI in the presence of a

reduci nge nt%p 1% flsp 61:15 acﬁteg@ ]Q;aocgs%g})a(ngl)rh%vgf 1nfe?1'h%lat%s Ydful for

with a reac

CRERRHBE oRip ol BH S bhla §a1s&ra@warwbrcsferémmrahéfb¢ﬂ

15 ‘and"then (e) renoving any protecting groups to
pAooordiagly, incmptenolf Mmﬁt%pdramcts s inyeniignipre videsciprocess of
wherejn the co or nul ae | [11-VIIl are
a%re%*qgr‘?ect?n}?é’% Pponinﬁpaolnéw@ﬁ%coea? ?Péﬁ?nsq?%e above

procesg)f UrIﬁQ&{n SCUREIoRRE of REmALHITT Wit 8 ombendddf formula IV in
form n% armaceut i cal | y-acceptable salt of a
mmapﬁmmdw@ﬁaﬁ@dmungagmﬁ 20 In another of its nethod

aspect this invention oces
p r gp ar g areﬁqg}%@é%ﬂqueg p?}j) iaegtvﬁgt} aeconzlﬁu%dfof formula VIin
%Q&e%ffarg&{m{gaaéem t he process conpri sing

con acting a compound of formula IX: \ Q25 (RI)

N( R4) 2(cpa - rehbt{n@HR)ceounief fonnu@x&;lbvwlmy@nmrf@mwla v;
R -R5 and a-e are as defined herein; and Pa is an

a®l d-| abil e amino- -6 WD 2005/ 003090 PCT/ US2004/ 018813

pr ot ecgd)ng %%%a WrhFbrd R 88 REL U igah bompasRinifabingila VIIL;
acid to’forma arnaceutlcally acceptable salt of a -
compthend of forrmula |I. In other enbodi nents, this
invention is directed to the other

descri féd hEMOVIS %qycprf)@ctetr,gegrﬁ}l%sdtg é{\?g ﬁ%g 8?1880 >§1 oaf nformula Ior
of, I B RLRGARSER tHESEYRREs of formulae I and II-VII are as defined herein.

In one embodiment, the above process further comprises the additional step of
forming a pharmaceutically-acceptable salt of a compound of formula I.

Tn another of its method aspects, this invention provides a process for
preparing a pharmaceutically-acceptable salt of a compound of formula I, the process

comprising contacting a compound of formula IX:

wherein R'-R° and a-¢ are as defined herein; and P? is an acid-labile amino-
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5 herein. In another of its conposition aspects, this
i nvention provides a conpound of fornmula XX O 10

W@ RIop/00IR4) 2 P N-(CH2)e N R5 X (R2 )b (R3) cPC1/BS2004/018813

wherein R -R5 and a-e are as defined herein; and P is
an am no-protecting group; or a salt or solvate or

{ i t. f - ) . \ . -
G588 A B e AAEOTR gty
CRERASILE s ofas@@gdond bhfgmutyient i on provi des a

conpound of 20 fornmula XI: P / XI G (CH2)e- NRs 25
wher eiln o smppodiments, Hus Baentipnds dgpgpd, to tpe ptheg grocesses

am nq- pr,otect | r QUD; [ adeHbe
ittt B Rugblotity sif pERkT et pEuehta
inpgdgpendently C1_6 al kyl or both Rf groups are joined
to formC2_6 alkylene; and L is a  |eaying g_roug; or a ¢
salt on asp@eeof isorespositionasirects; s ipyenten pvides a compound o
i nter iate for 30 preparing conpounds of fornula I

g9 that when L is chloro, P is not
et hoxycarbonyl (i.e., CH3CH2OC(O-). 7. WD
2005/ 003090 PCT/ US2004/018813 1In additional separate
and di stinct aspec tdpi s i nvention provides: a

compound of 4

phar maceut i c{aFlgPay aN(sRa}zt or solwyate or

st er eoi soner t hereof, S i N therag{; a_conpound
of formula I, or a pha¢nadeut Neal(Chblcdspt BBl e sal t _or

solvate or 5 steri 0
medi canent; a conpound of
phar maceut i cal I(@-)accept abl(

her eof , for use as a
rmula |, or a
salt or solvate or

wherein RI-R°® and a-e are as defined herein; and P is an amino-protecting
group; or a salt or solvate or stereoisomer thereof; for use as an intermediate for
preparing compounds of formula I.

In another of its composition aspects, this invention provides a compound of

formula XI:

P

|
G—(CH)=N—R° Xl

wherein R® and e are as defined herein; P is an amino-protecting group; and G
is selected from —CHO, —CH(ORY),, ~CH,OH and —CH,-L, wherein each R'is
independently C, alkyl or both R groups are joined to form C, ¢ alkylene; and Lisa
leaving group; or a salt or stereoisomer thereof; for use as an intermediate for
preparing compounds of formula I; provided that when L is chloro, P is not

ethoxycarbonyl (i.e., CH;CH,0C(O)-).



stereoi soner thereof, for use in treating a puhonary
di sorder, including chronic obstructive pul nonary

waele@sasmwoand ast hma; a nedi cament contai ni ng aPCDORI0H 8813

10

15

20

25

30

of formula I, or a pharmaceutically- 10 acceptable
salt or solvate or stereoisonmer thereof; use of a

conmpound .of. faornmul a | f..a Lo . f Toae
phar ng[%?@ﬂ&iueﬁ‘{ﬂl sgpaggtg apt ggltIECtsagP?Ctso fhis fnyjention proyides:
st er eqj SHFRSuntl BEF@Afula 1, 8F 2 bhaB{abBNicalf-aéceptablnaiioy solvate or
di sorder, ‘including chronic obstructive pul nonary

diterecisamariberasft, fioratse isbewbya conpound of formula |, or

a pharmaceutical |l y-acceptable salt .ohr

st ereo P§8‘i‘?€?m}‘ﬁ%tjrf§’5’?“,ﬁa z’sorél W%Cgﬁ%%tuyf aéc?e;ftﬁdéé’ Q&l@orcgolvate o
t i GRLIOBAL: 1BEredr, Bt U¥RARE YnedtHaiRhgler , i ncl uding chronic
obstructive pulnonary di sease and asthma; use of a

c onpoumncbngouind ofitidranulg I, or a aharmaceutically-acceptable salt or solvate or

e BB RePhdraor 1 Pt vaeby SR8, fielfliog shropic
nua?veﬂsulﬁoﬁm%m Afl @kl a |, or a

pharmaceuticall y-acceptable salt or 20 solvate or |
st er eca sBiermehtaatining a compewfdafiformaulaf, o anbarmpacsatigally-
for treatmment ul nonar disgrder, i ncl udi ng

f
cacaptrlle sHi5 o% Yart%l%r %ﬁﬁe?’r’ﬁ?fg? h§elhase and ast hma.
DETAI LEQ o@é%%%ﬂl@k fmii, éM@Nﬁh&%uﬂibﬂgr-é@mﬁlﬂb edlt or

provi des novel "substituted pyrrolidine and rel ated

cariymel origeredisomer therent)|far trgatment of a pulmonary disorder, including
phar maceutical | y-accept.abl e salt.s or sol vates or
sthEPRIgcoEHS Ve Pﬁ]é?%fyé Seﬁﬁ%@%(?%s%%%u nds may contain

one or . e dfigodthd 6EMRLR 126 {)Hﬂﬂﬁﬁcéﬁﬁ@ﬁll}ﬂa&hptﬁﬁlle salt or

center or centers are present, this invention is
didlest etstteoisamentheraot,as amessticamant for ghetrestingarasagpulmonary
i.e., indiyvidual

(i.e., i A enanti oners. or di ast ereomner.s).;. and

S tspider dmalin gpriEnBa A e arsgongt RtRe REg b

unl ess,of &%ré&rgﬁ)u.h&‘ df etk 1, YWhephAmBaditically-adcepble salt or
stereolsoner is shown, it will be understood by those

s kdlivhte dr ktarebisemear thetdodit fornnavufactaraefint meditanaeriicnd
stereoi somers may he_pres in the co itian f

hi s | HA SR AETOIG basbBb Bar Ueabh SR galt o

u?&l@%@ oP LR WA tHAM 7B L HranPfaOviteih hb@barh&if foH trdatrhdnt of a
of 'the conposition as a whole is not elimnated b%ﬂhm
andygsthma.

t belnpresediserdaf iviicingttrenic obsimestise pTinonenigisiasd
this invention also contain several basic groups
(e.g., amno groups) and therefore, the conpounds of

Lor 5 | Ak pESCRiEtoNOp s e o

scope Qhistihvéntionypesstidemovel substituted pyrrolidine and related compounds
of formula I, or pharmaceutically-acceptable salts or solvates or stereoisomers thereof.
These compounds may contain one or more chiral centers and, when such a chiral
center or centers are present, this invention is directed to racemic mixtures; pure
stereoisomers (i.e., individual enantiomers or diastereomers); and stereoisomer-
enriched mixtures of such isomers, unless otherwise indicated. When a particular

stereoisomer is shown, it will be understood by those skilled in the art that minor

amounts of other stereoisomers may be present in the compositions of this invention



Al'so included within the scope of this invention are
phar maceuti cal | y-acceptabl e sol vates of the conpounds

w@Rookoeemd a | or the salts thereof. Additional PgT/USIVEs/€18813

10

15

20

25

30

applicable, all cis-trans or E/Z isoners (geonetric
i soners), tautonmeric forns and topoi soneric forns of

h ds of formula | poi sor or m |
e e e g o e e
;r%ﬁ NRTRRG B e Predsfd JTRh&H ShbOssrasm. the conmpounds of

s tnvention i's illustrated in the Exanples herein.
Gener aThe/gontpuusdnofitbisdheention alkasob@inseyetal Yasie 21Qepn§-2-»

h ' - gvai | abl
e comeitl o b val ol A ptpm el AR oy 01
T&%&ghé O 36 S URAhH RS aRNHcIVaéd R BhidltRe sddpeBdeds indention.

provide representative exanples and enbodi nents of

vatsodndudeipeithia tief scope sf fhisvignerition. araTplgmaceutically-acceptable
representative valu are intended .to further define
stRivRiesqydhe <o ﬁﬁgg’!rﬁ?é‘ﬁtfsoréﬁeds _tF éheﬁ%qu'JZO i nt ended
to ex P!A\H@fﬁoﬁ&lg? %vlh%{si)%?lim&,%u%-}mw bt B/A8scve@P Bzebnetric

n S

this invention. regard, the representation
hibgiets),tthetbmarip fortisand sopoismimezicdprneLdfghe eenapauridg of formula I are

Vel DAL IE S s TR ORI TR FE R e

speci f ‘r&ﬁh&ﬁ%ﬁ@&h&%@&*m&ﬂl 18 AR hd EdinSiRasbNMBR invéstion is
or R2, en present, are iIndependently selected 25

f floRirakd iredhsBxambles beein. cGbmarallys tids nor@seclatwiedras beenedgstyed
al kyl group is gptiaq I bstitute tth 1.t0 .3

f Peibg Qlescemfffﬁalé}ﬁ%%lpag# %ﬁfeﬁﬁa} softyvs WLe E%%&F%Qﬁ%,

e .yvand R2 is Cl-2 al kyl or fluoro.

Rgéir}feogéﬁ}'ative R1 and R2 groups include, but are not

‘limted to, nethyl, ethyl, n-propyl, isopropyl,

di fl uoronmethyl, ftrifluoronethyl, 2,2, 2-

t Wk&l@%ﬁo, chl oro, nethoxy, ethoxy,

di fluo ' i Fanfl Ve RIEO B AR ded th @'&@@Pfd‘sé&aﬁve

enbodi @%@@éﬁ%%:ﬂﬁ%ﬁ{esnahgygsem, 1i S iendeg)énéent y )

sekaapledand GnbIiRORS bOOINAB aRESTLUF20IS 4 @181 3Thdse senresentative

Cl 2 alkyl and fluaoro; wherejn each gl kyl gro [

opeluenateiipteadadde futhes deing WC& aﬁl?:?ctsﬁngleﬁﬁégnen%pa“ds are not
ubstid J3im fifHeRE Scopk 8f BEEMOBtion. In this

¢ NESASEH8 Bhetydf ey i FinGHOgF JpHRE FecBE SRR CRTBNIon. In i

Regres ehd @picdentRBbndieneip shdt aghartibelar valne ar substtuehi igpraferred is

t o’ - - . 3
not intended in any way to exclude other values or substituents from this invention

unless specifically indicated.

In a specific embodiment, R! or R?, when present, are independently selected
from C,, alkyl, fluoro, chloro and - OR"; wherein each alkyl group is optionally
substituted with 1 to 3 fluoro substituents. In another specific embodiment, each R!
and R?is C,, alkyl or fluoro. Representative R' and R groups include, but are not
limited to, methyl, ethyl, n-propyl, isopropyl, difluoromethyl, trifluoromethyl, 2,2,2-
trifluoroethyl, fluoro, chloro, methoxy, ethoxy, difluoromethoxy and

trifluoromethoxy.

In a specific embodiment, each R®, when present, is independently selected



met hyl, ethyl, difluoronethyl, trifluoromethyl and
fluoro. 5 In specific enbodi nents, each R4 is

w0 pabepegent | y hydrogen or Cl_4 al kyl; or eacPCTRUS1084/018813
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i ndependently hydrogen or Cl1_2 alkyl; or each R4 is
hydrogen. Representative R4 groups include, but are

ot ljmted to, hydrogen, t.hwl d. . .
A Cnaeboyt Tiort a7 e oY e I Bp by suogtted i 1 e
& QRS sAbRitheat. "When RS RE Bgistiehty drdprofirt rthgecancieaim the same or
whi ch they are attached to form aC3_5 heterocyclic. 10

rdiferenitarmmedtoms.cBeprasentatiye & arearmd itGledeabutiise Betdapigsd to,

sel ecte r ni troge 0X or r.

F@éﬁﬁ@s E‘g‘V];fi} r%?tﬁ%o@Hor%H?ecﬁ%lgagdﬁwgwude’ but are not
limt eﬂ_sﬁébiﬁ@&%@dihﬁhﬁ' eabh R is RidBSdnideily Hydydgen or Cy, alkyl; or
pi perazih-1-yl, norpholin-4-yl and thio r phol i n-4-yl .
Ierac]sRé'kihidepeadeihyémgsl;l ORG;.ik glkyd) oneasgh Ry [is hygrogey. j s

Cl 4 alkyl; or R5 is,.Cl 3. a .. .or .R5 i X
et e Rapepps it Mooy Sdub TRl g e
- OH oK jdrhivelst 3n andthdtQpeeifis BEbbdikRAL, HothRRDEres drajdinel

R5 groups I n this enmbodinent include, but are not i
| fopethedvitlothemstrdgen atan by which-thepcare gijachiag o form a Cy 5 heterocyclic

2,2,2-trifluoroethyl, n-propyl, isopropyl .

g e ST ol AR s, oxveen
e ki ol RLREHAS BECArS ht limited to, pyrrolidin-
m%%%%?@%%ahﬁg%‘%&%% oggllkyl O RS s
cygl, pipekidin-1-yiyipépeeizin- hé, mgmphokin-Kyyl and ipmprpholin-4-yl.

optionally substitute iLth.,- or 1o, 3 1 .
subst i IPREEC eﬁéﬁ&‘é‘%eé‘ﬂ% gts Fs\/%l-ﬁ%}la’r%r S |%r*r4 ?1;(?112 BER KL, alloy
eghedisFent ’ fidrAIE @Gbsti@ated with - OH or 1t
c%ﬁ%ﬁw{wg{% obb}?ﬁk}gﬁgm%%ﬁgéent_ §I . Ilr_1 1:gmgtl her e
spélobfa substithards. RefreseRBtive R’ gHaupR) thisnemeadimpg ingudg; but are
defined _  herein, | n separate.a .of thi .
cromm o, ey et SRR AL b Blrb b, sipromy isgpropst
5_gyg! ' - infen€ WCliOaleil.) ;
AT a0 st R bputagycionk)
subst i Tribther spietific emBbidinrents, RO is3C§J ayoloalkylilos R isfentoyeloalkyl;

é?vggliﬁir}c’gll% éﬁélgg}%&yglr)?ﬁp ggﬁgﬁla(qﬁé]ségé%rr}gﬁ %\5}&1{ —20 NS 1RB8Wloro
L
alichite®(&)cxéIGAropya L iotdbutylvnd cgcleparitylal kyl group is
TGN b LA i
S o285 Wt e o AT s o

- 10 WO()005/-QB0 00, ;RGTlobIBIT) et OTBSAE., QMéh Eshe}’em the
ﬁcﬁéﬁﬁﬁgﬁ&%{s paé9@]tﬂ% sbuergtzeg IW’ith ~OH or 1 to 3 fluoro substituents;

(b) - CH,~- (phenyl), i.e., benzyl, wherein the phenyl group is optionally

substituted with 1 to 3 substituents independently selected from C, , alkyl, cyano,
fluoro, chloro, - O(C,, alkyl), - S(C,, alkyl) and -S(0),(C,, alkyl); where each alkyl
group is optionally substituted with 1 to 3 fluoro substituent.

Representative R® groups in this embodiment include, but are not limited to,

cyclopropylmethyl, cyclobutylmethyl and cyclopentylmethyl; and benzyl, 4-

-10-



fl uorobenzyl and 4-fl uorobenzyl. In a specific
enbodi nent, each R6 is independently phenyl; wherein

we@2wh/o0jphenyl group is optionally substituted RMT/OSH0L/018813
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3 substituents independently selected 5 fromCl 4
al kyl, cyan, fluoro, chloro, -Q(Cl_4 alkyl), -S(Cl_4

e e e T
5idnbi@Ning 4-fiibr8bRoEi fi ¢ embodi ment, each R7 is

i ndependently sel ected fromphenyl, - OH and - (Cl_2
al kyl )In avpecift embadimeal, legth §$ isupgqmn@mlw@hawlywherﬂn cach
bstituted w.th to 3, fl bst j. .
SheryA s oprionpis Briliiey WS Ciotd ARBbRE inceBhag friccted
: - f
SHES G, L AR SyhiRd BRERAERblY BRCoPAIR. SO G ahdkyB(O)(C.

cyano, , chloro, - Cl 4 alk

l ! .
adllyl); Sy @¢Ch alkya iopip)is opthreraby e@hstitléq:&\yith driedglyoo su szmlent.
o RS S0 4 8L s -0
| : f iyl to 3
g@%ﬁ%{%g ﬁf]éyghﬁﬁlﬂ%ﬁ{ &dn L IMiong iPGRdnad subishituedak Ky Il to

en Cl_2 al kyl'; "wherein each al kyl group
i uaptsilostiaidny, ah8 esctbgitenyigrewp isi optionaltyosubstitpigdgth 1 to 3

e L SO
gbl%&r];,o—tr S&Qﬂ %\)é‘#rlg g{lib?k@ﬁ(@%ﬁ@b}k wRB@ each alkyl group is optionally

I'n 'specCi'fic enbodi nents, each Rb
antbsRukel witld & ped deantd spbstébedt ed from hydr ogen and
C1_3 al kyl ;. or hydrogen and Cl1.2 al kyl . erelp. e
al kyl B}%ﬁfwnﬁ’@g@ﬁ%ﬁ% ag @H&?&PP’%%PQ&%%A %O‘i“gg@mgen and
f uo s%}' e Sfcdih ¥EhRRIKGN & Pipsiall
i?&ﬁ {‘}g}él,’ t&%#g%%gtﬁfﬁl;lﬁ?tﬁed to,  met hy?,ggt ylc?]wlla ’
nsybstipydd witls 0 ps 8 fiporo slibtituemto Repregbntative RY grawpsonelp g (but are

and 2,2,2-trifluoroethyl. t ivel ' h

S peldiitid tenBeUR DS TEFORRGISRO Y- TRkt Bye P A romethyl and
i i t t which th tt hed t
}A%;Q%_[ér[}@%&]ﬁ@gen atomto whic ey are attached to

eterocyclic ring 25 optionally
cont ai hi f@ciicendadirhémsahchRt arddAt is mdseewtenty slecied from
ni trogen, oxygen or sulfur. pr ntative .
hay&eseyald eradllagoryerasse ,amgﬁn-z ajligl WELFIBF} sch iyl group 1s
PYLE S i B drit tRIREM Hlidts dadstitucht. PREREAtativy R? and R® groups
né?%‘fg%a:u?ﬁgbﬁnﬁté%ﬁw tlﬁlsgrr%ur p?lo]ili nl-uA?- yl . pI’iln espec:_i fic gronp
e idaditic[1Biittass neét lirsitdd, to,lmethyD ethyt, napropylQisopropyl, diflugrqmacthyl,
0. In specjfic ean%inen S, bis O, 1or 2, or bis O
oftrifluorgmethy} apd2.2,240 P?ffog'%‘&i fic enmbodi ments, ¢ is O,
1 or 2; ol : iffe drSbdimMieRr® ghd ¢ dke jdin®d together
when t r%%ﬁaﬁlébﬁe%ag‘égéﬁi}%@sé@ pi/nrﬂr olidine ri ﬁJg t _her%
| RvifBe nitfolken atom to which they are attached to form a C; ; heterocyclic ring

optionally containing one additional heteroatom selected from nitrogen, oxygen or
sulfur. Representative heterocyclic rings include, but are not limited to, pyrrolidin-1-
yl, piperidin-1-yl, piperazin-1-yl, morpholin-4-yl and thiomorpholin-4-yl.

In specific embodiments, ais 0, 1 or 2; oreis O or 1; ora is 0.

In specific embodiments, bis 0, 1 or 2; or b is 0 or 1; or bis 0.

In specific embodiments, ¢ is 0, 1 or 2; or ¢ is 0 or 1;0rcis 0.

When d is 1, i.e., when the ring defined by d is a pyrrolidine ring, then in one

-11-



WO 2005/ 003090 PCT/ US2004/018813 enbodi nent, the
stereocenter at the 3-position of the pyrrolidine ring

W@ 200&/0930pthe car bon atom bearing the PCT/US2004/018813
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1- car banoyl -1, 1- di phenyl net hyl group) has the (S)
stereochem stry. | n another enbodinent, this

SRS E: B Do s SLRURSERERE bRt e gon
Pﬁsﬁaib%hﬁglgg the ﬁ%%ﬂ-lﬁf-%H@aymh%? olMES te(S) sterrochemistry.

conpoun of formula I erein both R4 groups are
hincinothenembgditnentn thisstereecehterdhap heR) stefegcigenygpiry:  and

R5 is Cl1 3 alkyl; or. C1.2 alkyl; .or. .

phar na@é@?ieg’gpé%%féﬁ by 8nc§§¥rten6brod§r§?rg,a% 5 %r

st er eoh $QARN1ar bRSb&RIent HNBE PRsseRantdrtioh afe eipRUndEsf formula I
of the present invention are conpounds of 10 fornula I, .
whkéreinrbatioRhgiRapgare iydrogen, dapdnd gene 0id isd; g er ra@d®R’ is C

dis 1; eis 8 or 9; and.. i S 5 I X .

ol 861ty e WA Rset e g B By uBegjromer
Ofheredp! Vate or stereoi somer thereof. Yet another

parlfl cul ar enbodi ment of the present invention are
conpoundsthef parfiardamdnzbodimengrod tre REsent inyamtipy are gergpeunds of
R2, R3, R4, a, h,_ £, d, an are ag _defin .
nGireRi T wperein pAdi Redratis SRPYSoREE app afif s B3P 15 ¢s 8 or9; and
sgb € [ 6PCS OfRI0alier # AfpharddeBficatlyaetdpiable salt or
er%oiésg%ﬁec élgﬁgfl’tﬁe“pér%soeanl{wi nvepnti on ar eaﬂgonpédunds of

f gglmatk ar stbi@oisdir the®@of- (CH2)e N - R5 Ila wherein R5

and e are as defined in Table |,.or a . . .

phar ma&&tnoghsr P?ﬂ]&l%]d@é WQB&@%&??% present inysptjgn are compounds of
t her eof sl | 240, RRR3ER* k1, b1, #hd B&teds defined

- @%%‘gﬁggﬁgq{ ISOE!%‘%%CI-B 812" WD 2005/ 003090

PeI1S300 gharBeddicalixacqebabNalt REsalvate or stereoisomer thereof.

Other specific embodiments of the present invention are compounds of

formula Ia:

a

wherein R® and e are as defined in Table I, or a pharmaceutically-acceptable salt or

solvate thereof.

Table I
Example No. R’ e
1 -CH, 8
2 -CH(CH,), 8
3 h CHZCH20H3 8

-12-
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4 - cycl opropyl
7 -CH2CH3 8 5 8

W@ Rsiosoper 8 10 -

8 5 - cyclobutyl 8 6 - cyclopentyl 8
- CH2CH20H 8 9 - CH(CH3) CH20H

(S)-isomer 8 12 -CH2CF3 8 10 13 - CH2Pht 8
9 15 - CH(CH3)2 9 16 - CH2CH2CH3 9 17 - cy

9 15 18

CH(CH3) CH2CH 8 11 - CH( CH3p@HESIH04/018813

14 - CH3

(R -is

cl opropyl

eyetobpty—9—39——cyctopentyt—9—20—

CH2CHY Bkangile NoOH2OHROH 9 22 B’ CH(OHB) OripaH| e
Omer_ 9 20 23 - CH(CH3) CHZOH 9 24 - CH(CH3) CH2CH

(S)-iqoner 9 25| -cyypmpBylo’ 26 - CHePh 9t |Ph
PRl e e o (L g
WO 2005/ 003990 P(Z'[/Cyc‘ig]g)&@plSSlS \' O/ NH2 )

7 -CH,CH, 8

8 -CH,CH,0H 8

9 -CH(CH;)CH,0H (R)-isomer 8

10 -CH(CH,)CH,0H 8

11 - CH(CH,)CH,OH (S)-isomer 8

12 -CH,CF, 8

13 ~CH,Ph! 8

14 -CH, 9

15 -CH(CH,), 9

16 -CH,CH,CH, 9

17 -cyclopropyl 9

18 -cyclobutyl 9

19 -cyclopentyl 9

20 -CH,CH, 9

21 -CH,CH,0H 9

22 -CH(CH;)CH,0OH (R)-isomer 9

23 - CH(CH,)CH,0OH 9

24 - CH(CH;)CH,OH (S)-isomer 9

25 -CH,CF, 9

26 -CH,Ph 9

t Ph = phenyl.

Still other specific embodiments of the present invention are compounds of

formula ITb:

-13-
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HR5 IIb 5 wherein R5 and e are as defined in Table
I'l, or a pharmaceutically-acceptable salt or solvate

wWa bh@seafoso 10 Table Il Exanple No. RS e 27 - CHCBUSD84/018813

CH(CH3)2 8 29 - CH2CH2CH3 8 15 30 - cyclopropyl 8 31

-cycl obutyl 8 32 - cyclopentyl 8 33 - CH2CH3 8 34 -
CH2CH2OH 8 20 35 -CH(CH3) CH2OH (R)-i soner 8 36

- CH( CH3) CH2 - CH(CH3) CH2CH (S)-i soner 8 38
-CH2CF3 8 3 Rt 8 25 40 - CH3 9 41 - CH(CH3) 2
9 42 - CH2Q NH, cycl opropyl 9 44 -

cycl obut yl 200 / 003090 PCT/ US2004/ 018813

Exanple No. R5 e 7‘ -'¢yc pegglzl 9__|66_ 5CI—|2CH3 9 g7

||qomsr

wherein R’ and e are as defined in Table II, or a pharmaceutically-acceptable salt or

solvate thereof.
Table I
Example No. R’ e
27 ~-CH, 8
28 -CH(CH,), 8
29 -CH,CH,CH, 8
30 -cyclopropyl 8
31 -cyclobutyl 8
32 -cyclopentyl 8
33 - CH,CH, 8
34 -CH,CH,0OH 8
35 -CH(CH,)CH,0OH (R)-isomer 8
36 - CH(CH,)CH,OH 8
37 -CH(CH,)CH,OH (S)-isomer 8
38 -CH,CF, 8
39 -CH,Ph' 8
40 -CH, 9
41 - CH(CH,), 9
42 - CH,CH,CH, 9
43 - cyclopropyl 9
44 ~cyclobutyl 9

-14-
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5 49 -
51 -

CH(CH3) CH20H 9 50 -

are conpounds of

L4 (CH2)eN-H R5 Xl |

CH2CF3 9 52 -CH2Ph 9 Ph
w@ehsnompeci fi ¢ enbodi nents of the present

ONH2 15
wherein R5 and e are as defined

formul a Xl

CH(CH3) CH2OH (S) -1 somer 9

10 Still
i NVREI/J82004/018813

phenyl .

i n Tabte—+4+—ofTa—pharraceuttca-ty-—acceptabife satt O]
20 sol vEtenglbdoedf . Table |11 Bka Sle 53 -
CH3 8 = - -
cycl opr opy¥58 57 -cyelgpemiflutyl 8 -15 WD 2005/ 003090
PCT/ US20047 018811 Cﬁ@@al e No. R5 e 58 -cycl cpentQ/I 8
59 -CHecH3 48 60|~ P0H 8 61 - CH(CHR) CHROH
(R)-islomer 8 5 6% - £HR) CH2OH 8 63 - CH(QH3 OH
(S)-isnm:rd’g ﬁA-C@& ( )CQ-IZ

48 ~-CH(CH,)CH,OH (R)-isorner 9

49 - CH(CH,)CH,OH 9

50 - CH(CH,)CH,OH (S)-isomer 9

51 -CH,CF, 9

52 -CH,Ph 9

f Ph = phenyl.

Still other specific embodiments of the present invention are compounds of

formula XII:

wherein R’ and e are as defined in Table III, or a pharmaceutically-acceptable salt or

solvate thereof.

Table I
Example No. R’ e
53 -CH, 8
54 -CH(CH,), 8
55 -CH,CH,CH, 8
56 - cyclopropyl 8
57 -cyclobutyl 8

-15-
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65 - CH2Pht 8 66 - CH3 9 10 67 - CH(CH3)2 9 68 -
CH2CH2CH3 9 69 - cyclopropyl 9 70 - cyclobutyl 9 71
wo 2@poddpentyl 9 15 72 - CH2CH3 9 73 - CH2CH2EET/8S20841018813
- CH(CH3)CH2OH (R)-isonmer 9 75 - CH(CH3)CH2OH 9 76 -
CH(CH3)CH2(]—| (S)-lsorrer 9 20 77 - CH2CF3 9 78 - CH2Ph
9 Rh—=——phefytT—the bUIIpUUIIUb of —formotr3as X—and

XI, P |i Bxaatpladon®- pr ot ect i n bu In_25 one ¢
enbodi|fENT, P rs|an acl abiTe am no- pr ot ect|i ng 8grou3
(Pa). |In ad8t her | -6HgeRAM®ENt, P is selected flrom
benzyl|, 4-net hoxy b 2, 4- di met hoxybenzyl , 8
di phenyl net’yl ., fr | et hyl , et hoxycarbdoyl
et hoxylcar b Byl, terdH(ﬂp ycar bonyl , g
benzylloxycarbhonyl Zn‘el—E?(‘x-y-bem"' exyearbomH—9—16
WO 2005/ 003990 P(*Udﬁ.ﬁt@@f@ﬁ;t&&l@a )-isomer 8
f | uor epy-rethexygar-boryt—Formy——acetyt;
trinmethyl sieyl and GH(CGHMOHYOMI nethylsilyl. |in a8
parti clotar—embodifment;, P 15 Lert-putoxycarponyl. In
the colmpouréds of |Fé¥HEHE)GE,O0H (Ssisamebavi ng droup® I n
one enfodi nent, L éfi [oro, brono or iodo. [In
anot helr _ent¥di nent’ s net hanesul f onyl oxy (m:qvﬁg at e)
5 or p-tol nesullf XY (tosyl ate). Inaprtlclar
enbodi Lés%L is %ﬁﬂ tenesul f onyl oxy. ln—ot i
enmbodi rrent 66RE 1S J@fqhyl or et hyI I'n anot her 9
enbodi pent—boeth g'cu'po ar-e—othet—to—form=—(CH2)2
-(GH2) 3 67 Partl{@ﬂ{@lH;)prounds of formula [X of9

I nt er ept—ar-e:

69 -cyclopropyl 9

70 ~cyclobutyl 9

71 ~cyclopentyl 9

72 _CHch3 9

73 -CH,CH,OH 9

74 -CH(CH,)CH,0H (R)-isomer 9

75 - CH(CH;)CH,OH 9

76 - CH(CH;)CH,OH (S)-isomer 9

77 -CH,CF, 9

78 -CH,Ph 9

t Ph = phenyl.

In the compounds of formulas X and XI, P is an amino-protecting group. In

one embodiment, P is an acid labile amino-protecting group (P*). In another

embodiment, P is selected from benzyl, 4-methoxybenzyl, 2,4-dimethoxybenzyl,

diphenylmethyl, triphenylmethyl, methoxycarbonyl, ethoxycarbonyl, zerz-

butoxycarbonyl, benzyloxycarbonyl, p-methoxybenzyloxycarbonyl, 9-

-16-
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wo 2602/0@309@i phenyl acet anm de; and 2- PCT/US2004/018813
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{(S)-1-[8-(N-tart-Butoxycarbonyl - N-met hyl am no) oct y] py
rrolidin-3-yl} -2, 2- diphenylacetanide. Parti cul ar

88‘?%)%’31%;@8;}@3 W{Z ?’%rﬁqyrll oe)ceteél, télﬁﬁl%ﬁ%{}sﬂgfleénd téé—butyldimethylsﬂyl.

81\ Gt aru iR M IP Byrubddybytbangino) oct an-1 - ol ;  and
t ol uene-4-sul fonic acid

8- (N- tarthe mmy@apsmulm inpileavinengpat i onespbodiment, L
&b@%(%,ltbi?(gtﬁg %(r) }‘P@h Ela e%l e%l%bo%u}laﬁ I 9@%%ulfonyloxy (mesylate)

ocesses of
'&V mlﬁ&lesulfdﬂ§1o&9l(io@ym§1 ey prtihaxenitedihelt] Did ng
ni ngs unl eSs otherwi se indicated. The term "al kyl "
rrpmiserwswnhﬁowkadyent sat urat ed hydrocarbon group which

may b n hed. .Unl ' f
such a . egrlt b&ﬁxge *%;%nlg g}eeﬁgyl 82%?12? ik Q@h&%ﬁnb Eﬂ’te oth R
\Ag{oﬁgé‘a@ﬁ&{l@d toeRh e$En})at bﬁchﬂzjgyl groups i ncl ude by

y exanpl e, nmethyl; ethyl, n-propyl, isopropyl,

n- but yPartlselartnmmuﬁdsgbfmmy aXpénﬁerﬁsjtayq n-pentyl, n-

hexyl , 9 he
i ke. %‘E@t%@rﬁ%ﬁn@r’g st H@%WJWQ‘I% ‘{‘@ﬁf%}rzat ed
hy &, Jﬁngg%g which may be |inear or branched.
therwi'se defined, such al kyl ene groups
t ypi calZJf{‘(S)3D[8: 6t ai-Butoxyrrbonyd-N-cegafasainolachfipyrolidin-3-yl}-2,2-
Repres}gnt atl e al kyl ene groups include, by way of
acelIAS| ene, et hane-1,2-diyl ("ethyl ene"),
propang %raijb o&fd@B@RﬁnﬁlaﬁXIoﬂiﬁte‘l@t&Q%/ 003090
PCT/US 01881 diyl, butane-1,4-diyl,
pent an@- (Nlﬁendylerm”thlamelol)wdt@-l'Dhe term"al kenyl

nmeans a noval ent rat Q poup which
maébf: ) eIF"lBFO’S’P ﬂwﬁfw ?13 gt ﬂIaggst one,

and typiigaley difn%;&fd% Mt@ftb&!?o Abbayl-Mewdsh@arhmoittyl est
Unl ess ﬁ{rwsseo def |1nec$ such a)iy‘f(aenyilé)ﬂgroupsﬁa1 prety] oster
}Qypl caIIy contain 5 from2 to 10 carbon atons.

epresentative al kenyl groups include, by way of
eigﬁﬁﬂéEQethenyl n- propenyl, isopropenyl,

n- but - 2gLgy (!lescﬁblﬁg ﬁle?tzo?rﬁ%lun@s!1 %ﬁlﬁ@sﬂléﬂéemeth];ﬁ@ afipridtesses of this
"al kynyl ™ means a” nonoval ent "unsat ur at ed hydr ocar bon

g hoxentivhithé foitpyties {eimehavedhe Follomdhgoheanidzsiless oHwswise

| east one, and typicall )
indicated. ypically 1, 2 or 3, carbon

The term “alky]l” means a monovalent saturated hydrocarbon group which may
be linear or branched. Unless otherwise defined, such alkyl groups typically contain
from 1 to 10 carbon atoms. Representative alkyl groups include, by way of example,
methyl, ethyl, n-propyl, isopropyl, #-butyl, sec-butyl, isobutyl, tert-butyl, n-pentyl, n-
hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl and the like.

The term “alkylene” means a divalent saturated hydrocarbon group which may
be linear or branched. Unless otherwise defined, such alkylene groups typically
contain from 1 to 10 carbon atoms. Representative alkylene groups include, by way

of example, methylene, ethane-1,2-diyl (“ethylene™), propane-1,2-diyl, propane-1,3-
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carbon triple bonds. Unless otherw se defined, such
al kynyl groups typically contain 10 from2 to 10

W@ 2006008094 ons. Representative al kynyl groups iPCI/usmp4/018813

by way of exanple, ethynyl, n-propynyl, n-but-2-ynyl,
n- hex-3-ynyl and the like. The term"aryl" nmeans a

al ent aromatic hydr ¥Vving a single ring
E‘@?]Z?él,ltaﬁ?]- oy iyt Bermt?rbes}é’g d?ﬁ%?% ﬁge napht hal ene) . '
Unl essTid fa@h Mhikenydeiienath mstievalen nysatgated hgdioypbaomioyp which

contain from6 to 10 carbon ring atons. Representatjve
amgy ba Bnggr oupren¢hed|and avhigiyhageay 1eapt (gl)@a@ﬁg '@plcgﬁéﬁ% or, garbon-

ht hal -1-yl hal. -2-\l i . .
PR B AL TR T e i
CREBACH A0 GriN AEREAT DG ReseBiaEiu alkbhy] @Bcups tilduded, B way of

defined, such cycl oal Kyl groups t{ i cal I%/blecont ai nJro ;
3extaoiplg, Gthsaylbumpreneoiis isommpeaderrbut 2 waYle yirsaray| and the like.

groups.j ncl ude, by, way of ex I hich
cyc|obE%?FPnc§¥V$%eHF%P%a%&Eﬁgﬁé§§P§§ﬁﬁ%@ﬁ§&F?E§5ng%ﬁ?‘”‘°
t Bh{Tbe (AR or BRAPEe dndariach BEY BNeast diepami Bpidailpti® orThearbon-
term "heteroaryl” means a nonoval ent aromatic gggup .
ically contain

hearborgtriplshongs.e Untashgtherwisqudefingd eich iafyaylagiaups

RO Tkt Pl S8R BB AR by way of

25 such hetéroaryl” groups typically contain from5 to,
10 t ot @he termd'anl omsansRepe n pjopatic hydwearapy haypg a sisle

i ncl ude, b of . exanpl e neval e '

e A e AP B PhiSPEpLSTadletne. su
t Elz? E&%ﬁ@typfcraﬂ? Ei8in FROAN 8281 € carlbSAXiAZ @loRs. Representative aryl

i sot Al azol'e, pyridine, pyrazine, pyridazine,

pgraups tichele, by Way o fexamiphéd ohenyl ped aarhtiradene-1-yl, naphthalene-2-yl,
beqﬁg{qjophene, benzi m dazol e, benzt hi azol e,

qB8PhECi'NE, i soqui nol i ne, quinazoline, 30 quinoxaline

and t hepl kdiR) <cPh1641Ry I MifeaR® h Mon@Y alehi satuiaredtarbscyalic Aydrocarbon
avai |l abl e carbon or” nitrogen ring atom -18 WO

2 @00 ABN@S oPETWissdefumdp 8B 3clogiiyl grorpa typiselby ernjan jiom 3 to

" h ljc" ) | ent .
O SEPREGIR HERSPORAT] SF O E Ay B ey &f erample
Oty U b, &SRS ot SyaDRexyF it demkag 1N the

g at dst orie heteroatom (typically 1 to 3
het er odhensin ‘$elc¥aneds fpwarchlora, byumg aaldpden or

3 lrJ loL g; 'T@gtrt]%}‘&s‘glg‘?e{r%?%l\gﬁ%pg ggli}ogﬁ?f%lel?tga%gm%g% %rpgﬁ Ii{%glhg a single
a g%];c W6 E{s@? gﬁé@&ﬂd\/@onth@ﬁiﬁg e rinG 8 abtitshe hefRedaisie (tybically 1

way ~of exanp nonoval ent “speci es of Fyrrolidine, ]
i o Adazetdatims selected from nitrogen, oxygen or sulfur. Unless otherwise defined,

such heteroaryl groups typically contain from 5 to 10 total ring atoms. Representative
heteroaryl groups include, by way of example, monovalent species of pyrrole,
imidazole, thiazole, oxazole, furan, thiophene, triazole, pyrazole, isoxazole,
isothiazole, pyridine, pyrazine, pyridazine, pyrimidine, triazine, indole, benzofuran,
benzothiophene, benzimidazole, benzthiazole, quinoline, isoquinoline, quinazoline,
quinoxaline and the like, where the point of attachment is at any available carbon or

nitrogen ring atom.
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pyrazol i di ne, piperidine, 1,4-dioxane, norpholine,
t hi oi nor phol i ne, piperazine, 3- pyrroline and the
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avai | abl e carbon or nitrogen ring atom 10 The term
"pharmaceuti cal | y-acceptable salt” nmeans a salt which

is accegptable, for monistrati on.to '
R
S@fsetuYatf Pnod- LML) GespARvIiRH sildle ritd ohnfidigls coralnded rings and
derived from pharmaceutically-acceptabl e inorganic or

ocegéainiog rathesingrad Idastome historopierm (typisally y o 3 detepraigms selected
i porgani c or organi ¢c.acids. Salts. derd ve I .
oo o6 R A0L R s SR Bl b 8 onypigoves
aRBRAi1Y Bnt&ig Font Mo § ARBEing 4t6ME. RepredntAli® heterddyelivTgroups
nesi um mangani ¢, manganous, potassium sodium,
zinolmdayty wineofl exiampleParonpalbrtspecied Qfs)}’ﬂpllﬁlﬁlﬁelﬁéé%zaifi’élea

e pRertiEF, L Ea RO BRIt By ks Basriies
? Falire BB RStk hdans BbihBoCditaBlir BRI at any QAN darteoiror

rtiary amnes, including substituted amnes, cyclic
anitrogen ringttonal |y 20 occurring am nes and the |ike,
such as, argi nj

di benszrP%f I F{g %@}ag%}tﬁigﬁ%a?%?%feian n g}ceggslz ail 08¢ whtelVis acceptable
é{cﬂ%ﬂ{ﬁ%ﬁﬂtf&ﬂ@% haaR! suck s iRy (881, Raltsaaiptlcceptable

m ne, ethyl enedi am ne, N-ethyl norpholine, N
ﬁtﬂgymgmmrsaﬂmer a given slosage regjing); oSt salés can b degivad from
ydrabam ne, isopropylam ne, 1ysine, methylglucam
TBHG FHE 5P EPAB e B BB SN Dot pneher PR aty
fré(l; né%ﬁﬁ' iREreaidt ol BRAniclibRGD KA ARiveli Fogt PhdrMBtdically-acceptable

yl'am™ne, tripropylamne, tronetham ne and the
| idoeganfisbdsss nhehide echnfonamm phaénivmcewpes &ty oo lithme,

acids .include acetic, ascorbi.c, benzenesul f oni G. .
1B RO Gy PIBRTOUS FOLFR, S il dBe G ike. Particular
ed] i Grerck henonfirk G Em, ©h lingtas@litlaAtis6dium salts.
hlg%%drqngt,ere ﬁ%g?fgg}oom C, h)lldr och%%?{ug?l?i saét hi oni c, _

| 8alts derived dtombpleminaceutinhliy-acceptablicorzanimbrses nclugg salts of primary,

h | f oni i 201 Cotic ami
gg‘ﬁtmapagﬁ’gﬁé ?e%grgag}lfé%f%ﬂﬁgg sblgét?tﬂi% l'éle?e%', gYChc amines, naturally-

n T leSiklel QR liRE, ibRiatne, BAMEIAE chHIBBDNON’-
pgg%%{lﬁ%%:ﬂ%egp %@Sﬁ%gre ; Mo s sl Tt Sl ©
PATcu5A0BSeAdR e, dinthylaniive, 2sdibthyliinoetianph 2t ¢,

NG ST CICH TENT ENAE W TR

SRR SR, Pk RN, S

C Oygdey, Rebtifydslneanink enorphelidey pipegeimeppiperadine, polyamine resins,
procaine, purines, theobromine, triethylamine, trimethylamine, tripropylamine,
tromethamine and the like. Salts derived from pharmaceutically-acceptable acids
include acetic, ascorbic, benzenesulfonic, benzoic, camphosulfonic, citric,
ethanesulfonic, edisylic, fumaric, gluconic, glucoronic, glutamic, hippuric,
hydrobromic, hydrochloric, isethionic, lactic, lactobionic, maleic, malic, mandelic,

methanesulfonic, mucic, naphthalenesulfonic, naphthalene-1,5-disulfonic,

naphthalene-2,6-disulfonic, nicotinic, nitric, pamoic, pantothenic, phosphoric,
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or an organic cation and the like. Preferably, the
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this is not required for salts of internediate
conmpounds which are not intended for admnistration to

a patient..The term"solvate' neans. a X .

GBI Py HEG oty Hiogic, TraRe M RN, pRioutar sals of
Sﬁ'téf&s@ ard ciffic, BydtOHIBRN) thy@ochiefiBlikéhionf! mAleic, phosphoric, sulfuric
phar maceuti call y-acceptable salt thereof, and one or
nordetartaiiceaudses of a sol vent. Such sol vates are

typic crystallinge | ids havi j

(7 ed et st il Beispt SPdiea Grbous Gufied MRhE bilhgén of an
al §8id Bphdesy £LAA! HcRSs a niistd] ediiAocdradrndt estioni 4nld the like.
wat er. Representative solvents include, by wa

of
eRafigrhlsly, thatat is arphptmaavsiiticadlytaseepitable gzd‘p pﬁl@cmg@t, is appatirequired
acid and..the 15 |i ke. Wen .t.he sol vent . t.er.. .
< B oai g THE cmRgMRa e Rpl Finded 1 Hlnistifon to o

! Pgtgs%hopr otection" or "bronchoprotective" neans
preventing, aneliorating, suppressing or alleviating

t he symht tenm “sélvate’ emphy ata@nyledos eggsegats foraipd by gee or more
oHENeoB o MR RSpfl sty ceepant
a&fH YEGBPha8nd BORMERANBIONENICIGT dnt.CSh ol vatdis@eitypically
unl'ess otherw se 20 indicated. The term _
" tiystaline sdlidshdvinged Substaintialyafiredrmolarsgin of apluteramdsplvent. This

HENEICENTE R .
) Er{cﬁ?fﬁénw{;vg}l Qge o RER& MeRBANS cthhol! kERbb&D], Aoetic acid and the

trea I sease or nedical condition (such as
CGRE) Wherathi Bolpnt in watepatht eolvate f@Bneslic h bgidrate. manmal
(particularly_ a human, or. g, cogpanion anj.na) which ..

i ncl udd§e tqre) “DEenchapiofSTloR K %r@hg%mqulﬁ%o%saﬁs preventing,
capdiik, f A6 AR Giatihe e fR W Aekpifatory disease or
t%g%{l%ﬁ?g’gp &gpe%at entll:&gl(ak;)gaﬁgw{gr ating th% dcin%[,ezl:\seaelse .
OilisoRidr.CRbr mumpskes bHdsterimining tied duritiert offyorchopredessionghe guinea
regression of the disease_or di cal .condition in .
bt BAge! oA ecqushlingpRRESH e e B SR et fjepsgtorwise
c?ﬁﬁ%&té}&)n, i.e., slowng or arresting the devel opnent

0 e di sease or nedical condition in a patient; or_

- 20 WOT2Q 0&hORGaFeuRCTIUSRRE4¢ Grb88dt3 meady ambmewntauifiegent to

the synptons of the disease or . nedical nditionin a
D @{ﬁe@%ggtment when administered to a patient in need of Heatment,

The term “treating” or “treatment” as used herein means the treating or
treatment of a disease or medical condition (such as COPD or asthma) in a patient,
such as a mammal (particularly a human or a companion animal) which includes:

(a) preventing the disease or medical condition from occurring, 1e.,

prophylactic treatment of a patient;

(b) ameliorating the disease or medical condition, i.e., eliminating or

causing regression of the disease or medical condition in a patient;

() suppressing the disease or medical condition, i.e., slowing or arresting

the development of the disease or medical condition in a patient; or
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The term "l eavi ng group” neans a functional group or
at om whi ch can be displaced by another functional
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nucl eophilic substitution reaction. By way of exanple,
representative |eaving groups include chloro, brono

oyl des, " ReEping the SRplySs fhe AEYRLy o Fhgionja.

and acylox&)gagups such as acetoxy, trlfluoroacetoxy
and the liKe. The term"protected derivatives thereof'
means ‘Bhectemi (zaving gofupt’ neeagpe firfctierpl gl@lpdlir?’bﬁ%l wepighypan be

S5 PO 8 U g RO
pﬁ&i%ghih@%uﬁ’s&m&idﬁ%édﬂﬁng BURay cﬁ‘&ﬁinbwl f’épr@éﬁdﬁ@e lewking lgroups

protected include, "by way of exanple,
Cmt:]lude( vhibm, xingd grdoiogs groas;rrulfonicssiss Sroups rsgggws mesylate,

t hi. ol d
%é%fulgéelﬁff’%)lf b i R o HOTP B e Bl it
c&giﬁg@t@lgﬁﬁg as ap- net hoxybenzyl 15 ester),
s

and azi des; for am no groups, carbanates
( s uc h Ehe teent prohmt&dx@euaabmyhf)re@fﬁ aneans dégnvatwp of the specified

SATSRAH A Wi i o BEF L FE PG b Shgle <GPl PhStected
a6l ¢ 5%?1@hs3w1tﬁ Bréib&idg d‘i‘%loolﬁli{g%gfo@p OFlﬁf‘chbﬂzg groups

groups are we known to those ski in the art and
awhictlesayrbeqediectbd inchadeabpvey of pxampleycarthosztie acih gragps,mino
Wits, Protectin

quoglp% @ydwyleg}ogmeW1§i&r%ﬁpgi% oar{]y:}l ﬁ@su}/pm h(f tinﬁ i%(g 2 %egll%gén%twe
E&'tlpg ﬁyﬁg i’cﬁ"rcg}boﬁ c‘f‘&:l@g BERAL bRers YERHRAS a FRABBoRybenzyl
ot ec roup sui

ab e for preventing undesired
r &aen) | apidesednddydenmidesy for ammo fReyrsesarbamatps/uch as tert-

TR N NECHELAT AR
bﬁg&%fﬁ&g&gcgﬂﬁ%%&s €§5R23bonhr FBLRO%YRAE Zd RtNSAdrAaRY hke Such

uor ényl met hoxycar bonyl (Fnoc), formy
apwitatting terdupe ey all-kydwif TvBpse skemetd-mtﬂm a1t alichase ldysrognbp@q for
(TBS), and the I|k

aﬁﬁ(éﬁ)@p eriBtla Y ﬁ]jlp(.tll eM]t.fg\éH% gﬂtegwizgn glrwstzré Q{‘?LH%C Synthesis,
(R Foflth, Ui SRR S d90° BIITRkbed i
|nc exanp

I'ng, a mneral acid or an organic
acid, gue herﬁS‘ aﬁum&phxbeoyllng(gr@,qf aneans a psaedtingigtoupaspitable for

e 2 S e M50 B SR AL SR proctin

e e s

PEEAyERE04bOHB80Bz), p-methoxybenzyloxycarbonyl (Moz), 9-
fluorenylmethoxycarbonyl (Fmoc), formyl, acetyl, trimethylsilyl (T MS), tert-
butyldimethylsilyl (TBS), and the like. The term “acid labile amino-protecting group”
means an amino-protecting group that is removed by treatment with an acid including,
for example, a mineral acid or an organic acid, such as a carboxylic acid or a sulfonic
acid. Representative acid labile amino-protecting groups include, but are not limited

to, carbamates such as fert-butoxycarbonyl (BOC), p-methoxybenzyloxycarbonyl
(Moz) and the like.
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The term "car boxy-protecting group” neans a protecting
group suitable for preventing undesired reactions at a
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groups include, but are not limted to, esters, such
as methyl, ethyl, tent-butyl, benzyl (Bn),

p- met ben; PMB flur 2 :
B RN B ACRTAAPL s oo oo
Al BRGmE RE&YEd thenaiyd Et)éhrbo&)? Mou@ﬂ d{ebf&eﬂltmkx&z cafuxy-protecting
term"optionally substituted" neans that the speci fie

gerouys iocludweibat gre not limited &0, gaters figh agmeriiyl, g nigre-tyit ugenzyl

o ctia LA B> e
n%l%ﬁﬂétﬁﬁsﬂ‘l?TBSP Sl HeH{ 181N (Iﬁdhhhyﬂrplemm) dndllthd tikb.

ounds” of” this invention can be prepared from
r eadl | Pheatean “eptieraly avhstiniediamens ahal thesinsgified group or moiety,

oW n ner al t.hod
oot o RS CABbai Rt v e BkEnE AT S hsfuted
SQRYWh gegﬁg%ggﬁggﬁgwh@ t he Schenmes bel ow, those Skl Il ed
recogni ze that 15 all enbodi nents or

aspects of the present invention can be prepared using

t he neghods gescaibed herein or by using other
starting materials known to
t h ose mghé LR dkdn Ml%haﬁie anlitrelell cobsMnde@ P ieehtdrecin be
ere typical or preferredﬁgrocess condi tions

( prepared lﬁeaactaadlrhy senipele atagiizgsmatert gisingghefollg Wplt%ge@pral methods

' ;@fgt@ggé A{l}/}gﬂéﬁ egﬁn u r e et e E éf e %f@%é%%ﬂvenﬂgﬂ ﬁ{ay be

Eﬁtﬁ&%ﬁcge a%@cfd%? theTsthﬁeﬁles bé[HW 1R8CEiNEY BmanE it o SecoBtyize that
vary w-t articular reactants or sol vent used,

ball eﬁmomnmmbnaspms afahe presens diehijon eanchapraRatchysInghe

Adshads dsitrpos nels oty il il RSl BlFRENE fverias
t REodh to th%Q@ékZl‘i‘éd ﬂ'lriﬁé art. PIt Wi GlsoMS HpRUPEIEM Witre typlcal or

necessary or desired to prevent certain functional
gpedfased @bedss oonditiaiesr(goi regctu,mdt@mpp@@ﬂﬁ% simesgngle 1gties of

h f t abl tecti
O oL ok SOk ) SE L, P Red e bl e
P %9%@@@{1{:& RRRgise SeRIIO e dpRhuaf reabiidh donaRidne aly vgfyowms the

are known in the art. Protecting groups other
t paniculao B@ctahistmisolablﬁdlsedl buh w@mn@@an@@m@@dlbr&;temmed by
her ei n or, exanpl e, nunerous

pIoBE élélllgi él g 6{'}3’%’ 10 Q@&l?ﬁ}oﬂtﬂrgﬁﬁl&eﬁ on and renoval ,
are 30 Agc{%ﬁt(ﬁ%a gdas'vﬂll-B aPparhias @ﬁos@@ﬁﬂl@d the\élal:t Sonventional

Protecting s in nic Synthesis, Third

Eghiréteeing g\fﬁh@ynammemsk:y drglesireddngrevshteasiateimetioneligroups

t herOrrg Iugderéoznzlg undesired reactions. The choice of a suitable protecting group for a
particular functional group as well as suitable conditions for protection and
deprotection of such functional groups are well known in the art. Protecting groups
other than those illustrated in the procedures described herein may be used, if desired.
For example, numerous protecting groups, and their introduction and removal, are
described in T. W. Greene and G. M. Wuts, Protecting Groups in Organic Synthesis,

Third Edition, Wiley, New York, 1999, and references cited therein.
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WD 2005/ 003090 PCT/ US2004/ 018813 The conpounds of
formula | or salts thereof can be prepared by a

WELe@SMO8®90 conpri sing: (a) reacting a conmpound PET/US2004/018813

formula Il1l: 50 (RL)a/ NR4)2 d N(CHe-i 111
(R )b (R3)c 10 with a conpound of formula I'V: PL N_R5

the prESeitrandsSioghuls? RYBpae) G5 vedouhat i o bibcess

&ym%of formula Vi O 20 N(R4)2 d N\HV (R2) b
(R3)c 25 with a conpound of fornula VI: OP2 1 VI

( CH2) e@) - NRSa¢tingzocompavail of frniuda Bl ani no- prot ecti ng
group, in the presence of a reducing agent; -23

0
(RY); O N(R),
’ 0
O N—(CH -

(R2), (R®),

with a compound of formula IV:

wherein P! is an amino-protecting group, in the presence of a reducing agent;

(b)  reacting a compound of formula V:

0
(R); O N(R#,

d

N V

(R?), (R3),

with a compound of formula VI:

PZ

{ | VI
W CH)er —N—R
H

wherein P? is an amino-protecting group, in the presence of a reducing agent;
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| eavi ng group, with a conmpound of fornmula IV; or (d)
reacting a conmpound of formula V with a conpound of

f I o : [
o a1 Bhi segPR et PO L o o ng”

group; and then (e) renoving protecting group P, P2
or P3 to provide a conpound of formula | or a salt
thereof; wherein R1"5 and a-e are as defined herein.
Optionally, a p ac&Utical |l y-acceptabl e salt of the
conpound qR)-ei QRen be prepared directly in
step (e) or, epar ate additional step, fromthe

product of step(e). ¥ oce a),, Pl can be_any
sui t abl e am no- pyetactiing g ng,?biﬂ—y as benzyVIl and
the like. The re&d aggent can be any suitable

reduci ng ageik) {l}% metal hydride reducing
agents, such a$ sodi um ?Cacet oxyborohydri de, sodi um
25 cyanoborohydride and the |ike. Upon conpletion of
the reaction, the am no-protecting group, P, can be

renmoved usi ng conventiapal procedur.es_ and~reagents.

F?Yggré’ : Fé,lgdvﬁilgb%ﬂ%lmﬁ}%fcgremlﬁl 05?%%111%% Qge r enoved

by hydr(ggenféawﬂgsa bdnpiRdRF Esante VolitiRa cépakndsdf, fosuudh VII:
as pallrdum 1n process (b), P2 can be any suitable

am no-protecting group, such as benzyl, 30
tert-but oxycarbonyl, benzyl Gy car bonyl ,
9-fl uor enyl met hoxycar bonyl , fert- but yl di net hyl si |yl

and the like. The redysing_agep® can be any suivigbl e
reducing -24 WO 26’05/ E@gggO PCT/ US2004/ 018813 :
wherein 1? is a leaving group and P? is an amino-protecting group; and then

(e) removing protecting group P!, P? or P* to provide a compound of
formula I or a salt thereof; wherein R'” and a-e are as defined herein.

Optionally, a pharmaceutically-acceptable salt of the compound of formula I
can be prepared directly in step (€) or, as a separate additional step, from the product
of step (e).

In process (a), P! can be any suitable amino-protecting group, such as benzyl
and the like. The reducing agent can be any suitable reducing agent, including metal
hydride reducing agents, such as sodium triacetoxyborohydride, sodium
cyanoborohydride and the like. Upon completion of the reaction, the amino-protecting
group, P!, can be removed using conventional procedures and reagents. For example,
a benzyl protecting group can be removed by hydrogenolysis in the presence ofa
catalyst, such as pallidum.

In process (b), P? can be any suitable amino-protecting group, such as benzyl,
tert-butoxycarbonyl, benzyloxycarbonyl, 9-fluorenylmethoxycarbonyl, zert-
butyldimethylsilyl and the like. The reducing agent can be any suitable reducing
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agent, including metal hydride reducing agents, such
as sodium triacetoxyborohydride, sodium

weyasomorohydri de and the i ke. Upon conpl eti oPCDUS2004€18813
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reaction, the am no-protecting group, P2, can be
renmoved using conventional procedures and reagents.

F
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t ﬁ h&b %;%bﬁ@is nf ’cﬁer ﬁr@ééﬁ&%ﬂ Aeutd10e, subhl aPpAItiess; 4 Lyi-bitoxwarbonyl
e any suitab | eavi ng group |nclud|ng but not

| guoirp esh bdﬂ:ntqyeﬂu by treatsneohwith agidl sch, as ﬂib’@li‘?ﬁhlﬁflc peidor- or

ul fon t
o ingtionice iR R S R AEEALE eroup R bEldmoved by
( g%atmlcﬁt \Qﬁ‘l@ a@@u@@ ¥f SudriRabes, %@cﬁlVdsrtﬁe Rdfind ﬂﬂl@l&d&@ﬂﬁ@ﬂde

not limted to, halo, such as ch oro, bronb o

[ od 0, brpracess I(cﬁ)ohi @négtagy sg]rtahhq)leagl@g age:ys)) 1ﬁ@1gg,1|ng,tl§1t not limited

RS sh e i ebe St asianE St S B meoyiate

t ?d%sﬁd’a&%ﬁ é’ﬁﬁ@ QRY b} iskeZRh&rNganbonyl
uor eny nethoxycarbony , tert- butyldlnethyIS|

and t hin ﬂ)ﬂokess (DhE caemmnyg;uagdnieazgm g@@lralﬁyluémgt bltﬂn@t limited

e HEL0; Sty CBLSHS SETRPY P e A1 8l dapgsytate
C Yc% Mnﬁqﬁﬂ likdlename 46 ddykitatiip @ﬂnﬁ‘@g}b‘t@hhg) arovb, suchas

rea t1on e am no- protecting grou can

{:bﬁ@yﬁ deimutwywmf@ﬂubeomdbxmrhonmb acthm@yan@thewg@ﬁﬂxh tert-
or exa

sy Gl i iee ke PRE BrbuBRaghg i S By AR LA R e
23 &ﬁ" h&@&ﬁﬁg rRethIg ngh?éyl;etaﬁmg@ QY lsuctOisoBivgan be

r eat W aci d, such as hydrochloric
am&i:ztoﬁybctrohythniessddimm nyambord)hadmdet dnd the like. Upon completion of

: el%‘;qeg%%[ %etr;%l% lgafﬁli%lgg%% I p Bo rCFtla Eg Fe&ﬁ%ve\cli gﬁl@ﬁ%ggventlonal
. %&%Me?%& Bl khangrel Qg%nz%ﬁpﬂofbcgﬁg Btouplcah be removed by

I ments o processes (b} (d) nd P3 are a
t etirogndlgeiymahdpreyéncg ob apatalyst budhsas mﬂmugu alger z—butoxycarbonyl

treatment with a pharmaceut.ically- e. aci

G EFRIDLE be P Y AR AR e P SUepraTs S e o

t f a . r b
R <l S b Bt v
C arptnsid svithfa sodfefod finmtide lonk,ssush esvinictlyylaBoine mhy/irc(ﬂwaﬁé

t he substituent bl hown
Schenedn REVTIOR R BRSO REErSy Nda s B wpd B agdde

Otbtﬂl?orx\ﬂy'caﬁgoﬁﬁ %&cﬁﬁtﬁﬁuh is removed by treatment with a pharmaceutically-

acceptable acid to generate in situ a pharmaceutically-acceptable salt of the compound

of formula I.

By way of further illustration, the preparation of representative compounds of
formula I is shown in Scheme A (where the substituents and variables shown in the

following Schemes have the definitions provided herein unless otherwise indicated).
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-25 WD 2005/ 003090 PCT/ US2004/ 018813 Scheme A T NH2
NH2 L3--(CH2)e OHNH 2 NN( CH2)e-OH O 7 NH2 / 110
woR@SHe0 i L H 4 RS HS5 ONHR RS N {CHA- NeCBUSX0DIAR18813
KIITN--(CH2)e-HR5 7 As shown in Schene A, a conpound
of formula 1 is first reacted with alcohol 2, where
L3 is a suitable | eaving ggou uch as chloro, brono,
i odo, tosyl, nesyl and 5 tgrghﬁ%?ﬁﬂ% to provide
intermediate 3. Typically, this reaction is conducted
by contacting -26 WO 2005/003090 PCT/ US2004/018813 1
with at |east one equivalent, preferabl y with about
afput 1.1 equival ents, of ehoD 2 in an
o+ d tYye-NMiHke. This

reas 'S generall A @ﬂ? ct Qre e of excess
base; efeya N &/t p?yeeséﬁce t o about

. of NH base Such as a triakkyl gni né—(CH,),~OH
et hyl am ne%

As shown in Scheme A, a compound of formula 1 is first reacted with alcohol
2, where L? is a suitable leaving group, such as chloro, bromo, iodo, tosyl, mesyl and

5 the like, to provide intermediate 3. Typically, this reaction is conducted by contacting
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5 Typically, this reaction is conducted at a
tenperature ranging fromabout 0 Cto about 80 C

w@e@bmoa y about 40 Cto 50 C, for about 1 toPQEHUS2004/018813
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hours, or until the reaction is substantially
conplete. If desired, the resulting internediate 3 is

dj | ified b . _
el g ok ol B RRRY SRS OTF o ti) Appgtens,of
gﬁht 121 83 Qh fehfdifBhtTMcR 22 absieliriln ahd i 1keadhisreadion is

er conmercially available or can be prepared from
cgmenillyicahductesvinipresbies ofteagess hasenrestply sindhgpresence of about 2

RN ORI T
g’r%dr'i!éagg?}}ﬁs Radtnal cotueltliQk 8 tdmpaanthnging from about 0 °C to

! -octanol, 9- brono-1-nonanol,
8aliomt] 86 PE ot ferablly at®ut 4018C Ito A Rentor abew Litad4 oy, orpntil the

The hydr oxyl £ i is t | di .
T e BB SEAT SN o S
gp%ifﬁdsoj &ﬁﬁ%{ﬂ}o&eﬁu}éﬁfé&ﬁlak xm%m%%ealﬁ@, RyryeRIlizagsh Bgl the

~dn excess anmount of a suitable oxidizing agent.
Ah&eOX|d|2|nglggent capabl e of oxidizing a hydroxyl
group to an al dehyde be.used in.this reactiaon_ .
i ncl udithgaloehily %WE@“F&&@@% wwactinndiS glicea iy
CO QLG G de gg‘@d oM & FhREMTR Ay &ML Q6 MRt &ials and
pyridrniumdichromate and the [iKke; and activated
digatdiy bsisgiveDinden prewdens.s Reswesdntaivalajdohols of formula 2 include,
chloride/ DMSO, sulfur_trio ige yri di ne
cbyipiaE of EXASE 1. S-BlR%Pr iRfiAROla -&hﬁnﬁ%lrl}oﬂi‘%‘?"lﬁ@?"é‘?cﬁﬂﬂoﬁ‘fa“oh >
t Bll'o%l(;-g-%%hél%@, g-lgbdsplng&&foq,%—ﬂﬁig-nﬂn@rﬁn@(&ﬁﬁﬁe ke sul fur
trioxi de pyridine conplex and dinmethyl sulfoxide in
the pr anengdoRfl gody dfihieythadinted, is shentoxidizedd the corresponding
triethylamne, diisopropylethylamne and the Lik

Tyﬁiﬁh ;lty pravidesintesmedipsrd. | Bhis BReaien Jéd]ymg,al dﬁ‘?flglé‘it‘?e%%y %ontacting
wi,t h about 2.5 to out. 5 i yval.ent f ;

e P R SEE M TR, S s co
P Yiidikn LRy ek B t8fan dideydehay Berbdedin des teactidreincluding
presence of ‘an excess, preferably about 5 eﬁéivalents,

ofchrogitivsdpoisgsents yucnssepyridingrhrerim Gy D qane, Paidinugs

di chl or onet hane... Thi s,. react.i [ ) ; . -
OB AT G e R, BRPRESHN o qwroice
aboisntd, Sch oRA1ST M GRlYDRISGReMr tridRidEpyadiabout - 20 C,

for about 0.25 to about 2 hours, or until the -27 WO

2 eomp NS OFrkykedog pnd g dike. r eaction is

subst anti al lete.. Opti I i ..

e Bl RS- AR g oL b onice
Sg)?ﬂéﬁ% doRpR&EAY 8B ethFILsIfoREl e G fHRPREse g Egiytrialkylamine, such as
reCrystallization and

triethylamine, diisopropylethylamine and the like. Typically, this reaction is

=

conducted by contacting 3 with about 2.5 to about 3.5 equivalents of sulfur trioxide
pyridine complex and an excess, preferably about 10 equivalents, of dimethyl
sulfoxide in the presence of an excess, preferably about 5 equivalents, of
diisopropylethylamine in an inert diluent, such as dichloromethane. This reaction is
generally conducted at a temperature ranging from about -30 °C to about 0 °C,

preferably at about -10 °C to about -20 °C, for about 0.25 to about 2 hours, or until the
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the like. Alternatively, aldehyde internediate 4 can
be prepared by first reacting wwth 5 a conpound of

WO besfeosul a: L4- (CH2) e-2 CH(ORd)2 or 10 L5- (BHRY82004/018813
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- CHCH2 or O~~-(CH2)1-2 CH(ORd)2 H wherein L4 and
L5 are suitable | eavi ng groups, such as chloro, brono,

2581 S PR, b B4

DAL p RS & RuRSstaddard 151’0L‘J@Iﬂu‘éspsdchraﬂb@)nfat@grkgﬁyemerystalhzatlon and
Subsequent hydrol ysis of the 20 acetal (i.e., using

ahabbes acid) or ozonolysis of the olefin (i.e., using

¢ educt DoRgev. RO Ly R OFRRL Y ety L it

syg&hﬂﬁmaQQﬂkngnhm&e) then affords al dehyde 4.
Al dehyde internediate 4 is then coupled with amne 5

to afford a conmpound of fornula 6. Typically, this

reaction is conducted ont al dehyde 4 with an
25 excess, such as'aboﬁ?H 1’0 ?ﬁﬁgg% 1.2 equival ents,

of 5 in the presence of an excess, preferably about
1.2 to about 1.5 equivalent, of a suitable reducing
agent in an inert diluent9rsuch as dichl oronethane.
Sui t abl e reduci ng agents include, by way of
illustration, sodiumtriacetoxyborohydride, sodium
cyanobor ohydri de abh8—+k@H,). ke CHP@flgr ably, the
reduci ng agent is sodiumtriacetoxyborohydride.
Generally, this 30 reaction is conducted at a
tenperature ranging fromabout 0 Cto about 30 C for
about 6 to about 24 hours, %br until the reaction is
substantially conplete. The -28 WD 2005/ 003090

PCT(U82004/018813 res R@ggﬁ ggag&%@of formula 6 is

typically purified u edures, such as
chr omat ogr aphy, recry talllzatlon and the like.
Renoval of the benzyl group from 6 using conventiona

r eagentg,ARdy F GRCLY Ysuitable leaving groups, such as chloro, bromo, iodo,
tosyl, mesyl and the like, e is as defined herein, and each RYis independently C, ¢
alkyl or both R? groups are joined to form C, ¢ alkylene. Subsequent, hydrolysis of the
acetal (i.e., using aqueous acid) or ozonolysis of the olefin (i.e., using O,, followed by
decomposition of the ozonide with a reducing agent, such as trimethyl phosphite,
dimethyl sulfide and the like) then affords aldehyde 4.

Aldehyde intermediate 4 is then coupled with amine 5 to afford a compound of
formula 6. Typically, this reaction is conducted by contacting aldehyde 4 with an
excess, such as about 1.0 to about 1.2 equivalents, of 5 in the presence of an excess,
preferably about 1.2 to about 1.5 equivalent, of a suitable reducing agent in an inert
diluent, such as dichloromethane. Suitable reducing agents include, by way of
illustration, sodium triacetoxyborohydride, sodium cyanoborohydride and the like.
Preferably, the reducing agent is sodium triacetoxyborohydride. Generally, this
reaction is conducted at a temperature ranging from about 0 °C to about 30 °C for

about 6 to about 24 hours, or until the reaction is substantially complete. The
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conditions then affords 7. 2For exanpl e,
hydr ogenol ysis of 6 using a catal yst, such as 5

w@ado5@aeiosm on car bon and/ or pal | adi um hydr oxi dBCT/US2004/018813
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readily renoves the benzyl group to provide 7.
Typi cal |y, this reaction i s conducted by contacting 6

vvlthhdro at re r.anaqi. .

aTC?é n GOIB ci)uq ftfﬁ%mgpg ﬁ/gécagy pgnp gq &ﬁﬁ%t%ﬁ%\% P]r%ge&lﬂes, such
%gfaﬁﬂ} QBcrfRAIASRionddShé BR&t i on i s general |y

con uct e an inert diluent, such as ethanol or

i sopr OBamoval oditheshrpizgrarouefrperusingodnyentignglircagenty gnd reaction

120 h | th b
ngmﬁltg:tjr%% &Ry 4f] @rfisaz s <tér: ei;(alt*ngfed éﬁ gtgél}%:fp{s&@gsﬁéé@%tﬁ&étysuch as
al[a%ﬁﬁltl 8‘% e¥\‘b o@ﬁ'ﬁlﬁﬁnﬁf h§d}8x1d %ﬁ@iﬁeﬁ@v%e byt group to

£
I's as ereln to afford conpound
dpfcﬁfi‘dd x. Typi\dx]ihyl 11hmrrahdt1,o,n i$ t:omﬂtasiled byl contatiang 6 w1th hydrogen at a
am no- prot ecting rou be used. in place_.o
baressHre gingig from b Ot BB 6 AGEADS, such as

S lf{) ﬁ e?&l?ad Ut off B PH Il“ﬂﬁ rFEﬁ:ﬁBﬁ 0, e&ﬁ§‘é5ﬁcﬁﬁf€dﬁﬁraﬁ iferedifient,

commercilally available of can”be prepared from
C QiEHRIs @itainbordya@prbmdbl as trabiehnigmpemture ifer aboatnkd to 120 hours, or
reagents using well-known p ocedures Representati ve
amlwetheset@p@%wéub%rﬂa%}géomﬁ f%de, but are not Iinited

to, {e%ltlv ﬁ{f@t&d@ Eﬂt@t%ﬁedﬁ\kt@ 5 IEXIll be Nabel Windii #fine of the

nethyl nlne - propyl am ne,
| FORTOPRI-ATHI]) thel?e Rishy déﬁm}dd‘telngdh,amalﬁﬁerd compound 7 7 directly.

DL- 2- am no-| - propanol R -(-)-2-amno-|-pro
( @dd(tyc)naﬂy, 1§ﬁ¢gﬁgg,pthgragég()pr@§ote):ctmg groups may Ha 1Ps crl] 1n place of the

tr|qu roeth | am ne, benzyl am ne,
c;@#@@ﬁ%’ ﬁ]% ‘xcyclobutylan1ne cycl opent yl.ani ne

and t hqhblahﬁ‘ne m@pcﬁmﬂp QbR fof udedinhg madtlcmsrribsryibdd herein are
the reactions described herein are readily pr %@
byeithérecopmasseielly e@aﬂableugtcmab@ BrepATed i eomersialy gyallabde starting

Nmaéﬁn / 0 090 @QIQ%M ﬁflo%edlﬁgy eﬁ?prgée%’t\fvé' atnfhe? suitable

for use include, but are not limited to, N-methyl-N-benzylamine, N—ethyl-
N-benzylamine, methylamine, ethylamine, #-propylamine, isopropylamine, 2-
hydroxyethylamine, DL-2-amino-1-propanol, (R)-(-)-2-amino-1-propanol, (S)-(+)-2-
amino-1-propanol, 2,2,2-trifluoroethylamine, benzylamine, cyclopropylamine,
cyclobutylamine, cyclopentylamine and the like.

The compounds of formula 1 employed in the reactions described herein are

readily prepared by the procedures illustrated in Scheme B.
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10/ NP4 CN-P4 \ / 10 13 15 C// NH2 CNH NH 20 11
12 As illustrated in Schenme B, diphenylacetonitrile 8

wWo go05e0p®ed With internediate 9, where L6 i s BCT/US2004/018813
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suitabl e | eaving group, such as chloro, brono, iodo,
tosyl, nmesyl and 25 the like, and P4 is an

am no-protecting group, su enzyl ,

4- et hoxybenzyl , 4- nitrobég%éﬁgg%thoxycarbonyl,
phenyl carbonyl and the |like, to provide internedi ate
10. Typically, this reaction is conducted by first
form ng ani on of conpound 8 by contacting 8 with

excess, ¢rably_gpout .4 tq; about 1.6 equival ents,

of a st haseCZuch as potlass ert-butoxide, in
an inert such as tetrahydrof ¥NanP%t a 30
tenperature rangi ng from about -1 to about 10 C for

about 0.5 to 2.0 hours, The resulting anion is
then react&d tu with apbut 0.95 to about 1.05
-30 WD 2005/ 063090 PCT/ US2004/ 018813 equival ents of 9

for a 10 tQ about 448 hours, or untitythegreaction

IS sup ialty conplete. Conpounds of \CI

wher e s aGul fonate ester |eaving g 2

readi | ed fromthe correspondi ng 2 usi ng
conventi onal es_and_reagents. 2 '

(S)- 5 P dinol s readi | \ o P
(S)-1-b ol uenesul f onyl oxy) pyr

treatne bout 1.1 equival ents of p-

t ol uenesul f onyf—chl ori de and about 1.2 equival ents of
1, 4-di azabicyclo [2.2.2] octane (DABCO. O her
conpounds gf formula 9 can be prepared by simlar
procedures | using commercially available stafting
materials and reagents. 10 Conpound 10 is thén
depr ot ect ed usi ng conventional proceduressandQy eagents
to af forox¢onpomd 11. For exanple, if \

i zyl cprot ecti ng

As illustrated in Scheme B, diphenylacetonitrile 8 is reacted with intermediate
9. where L is a suitable leaving group, such as chloro, bromo, iodo, tosyl, mesyl and
the like, and P* is an amino-protecting group, such as benzyl, 4-methoxybenzyl, 4-
nitrobenzyl, ethoxycarbonyl, phenylcarbonyl and the like, to provide intermediate 10.
Typically, this reaction is conducted by first forming the anion of compound 8 by
contacting 8 with excess, preferably about 1.4 to about 1.6 equivalents, of a strong
base, such as potassium terz-butoxide, in an inert diluent, such as tetrahydrofuran, at a
temperature ranging from about -10 °C to about 10 °C for about 0.5 to about 2.0

hours. The resulting anion is then reacted in situ with about 0.95 to about 1.05
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group, the benzyl group is readily renmoved by transfer
hydr ogenol ysi s using a hydrogen source, such as
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carbon. Preferably, this reaction is conducted using
t he hydrochl ori de or 15 hydrobrom de salt of conpound

10 or int rese f id, [
A S B B8P e D g Rk o
PO £8 B&irs or RnfiPtht e G6M fseib&antdtlydomples.i Copouhds of

oxali1c acid and the like. This hydrogenolysis reaction
c formalas®) wWhere 'on disolfentaissterdedvyel ggup antradily prepprpd from the

PrrtatpoRe g3 oaine coehliuneT Biteaiifer TRHRESts 14 Brgmple, ©)-
R o e & Py B Bonding. i de. (1.

; gwmfgbxvmbuﬁa by treouentiwish abotrhil equivalenthphkp-
cieses ot M ol B B oS LA g Folcdane
D B e e B T about o

hasing corametoidllyl avhatisble stadtiniganatesals alpbteagental | y 25
conplete. As shown in_Schene B,.

\ hydr ol ysi

ni tri| Eogpaupd 1is;then gqﬂrggctegﬁsm%¥g%v%5ﬁg%z p?ogzle%}grgs and reagents
bef or.e .r Qf eG4k 1 - .
ot e SRR B, A BRRBIEFE ACAEANRA I i behi pting
| Erod@sihe ®enzyll Bfoupiis fdaliity gmeoved bl tansfohyitogeolysis usingan
be hydrolyzed to the corresponding car boxylic aci.d,.
g hz@r.oge;n SOBEHucliss AFIMArRm dXaRAY. @00 2 GHe Esgﬁmslﬂﬂla%m on

oxi ge ~c [ 9%k
B o B e e
CAYoBEbniiQe Y bdsnphd £6 of In the proteiReNtfian whidy sicRes hgdrochloric
as’ -31 WD 2005/ 003090 PCT/ US2004/018813 .def.ined .
heeidi ydrelyomax #aid foamicepidesnl Bmceid, Bg‘i’stﬁ’go% pqid, a5 ppnesulfonic
procedur.es .and F. tS. Sl Nt i
o gﬂ&ia?c? ¢ Bcélap?%@g%gx naﬁlé t]ilerc]ﬂgg) Oﬂﬁgg}oc?égélr{a?y%m' rBYc&idh 'chiE‘ %180 be

€ proce ustrated

ﬁ%ﬁg&igte?ausﬁllggl@ﬂﬁi@n @nd RoatBysiNnlthe fiehkitice oCkh btidHOS ¢iRR)example,
U.S. Patent No. 6.005,119, issued December 21, 1999 to N. Mori et al.

The nitrile group of compound 11 is then hydrolyzed to the corresponding
amide (i.e., - C(O)NH,) to provide a compound of formula 10. This reaction is
typically conducted by contacting 11 with aqueous sulfuric acid, preferably 80%
sulfuric acid, at a temperature ranging from about 70 °C to about 100 °C, preferably
about 90 °C, for about 12 to about 36 hours, or until the reaction is substantially
complete. As shown in Scheme B, hydrolysis of the nitrile group to the amide can
also be performed before removal of the protecting group to afford 13, which can then
be deprotected to provide compound 12.

If desired, the nitrile group of compound 10 or 11 can be hydrolyzed to the
corresponding carboxylic acid (i.e., ~COOH) using, for example, aqueous sodium
hydroxide containing about 6 to about 12 % hydrogen peroxide.. The resulting

carboxylic acid can then be coupled to various amines (i.e., R°R°NH, where R°is as
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OR5 -(CH2)e | 6 NH15 15 As shown in Schenme C,
al cohol 2, where L' is a suitable |eaving group, such
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be reacted with benzylamne 5 to provide internediate
14. Typically, this reaction is conducted by

c actin | coho WLt h j

R e T o3t s RN S PRAEAIAPAER and seagents
20 bengyh@pudi of thifirdentidiesdn diid heeprtparsdisnthaprocedure illustrated
acetonitrile and the Iike. This reaction is generally
cordhbemed.i n presence of excess base; preferably, in

the presence of about 2 to about 4 equivalent of a

base, such as a trial kylam ne, preferably

triethylamne. Typically, Schesexeaction i s conducted

at a tenperature ranging fromabout O Cto about 80

C, preferably about 40 Cto 60C, for about 1 to 24

hours, or untilthe 25 reaction is subst anti alRYy

conplete, NTESI red, Lth€hlasuOH ng i nternediate 14
pur Hf i ed by-standare—preoeeddOe{CHsgchNas

chr o@tegr aphy, recrystallgzation and the |ike. The

hydroxyl group of internediate 14 is en oxidizgd to

the correspondi ng al dehyde to previde internedirate

if.. This reaction is typical conducted by 30
contacting 14 with an exce anount of a suitable

oxi di zi ng agent. y oxjgizing agqnt capabl e of

oxi di zi a hydroxyl gfoup {fo an_aldehyde gﬁy be used
in this -gg 05/ 003090 PCT/ US2004/ 018513

reacti [ CP ' ng rom~dam (VI) reagents, such as

di pyridine chygpm um (VI) oxide, pyridinium
chl orochromat™; - pyridi niumdi-chromate and the |ike;
and activated di nethyl sulfoxide reagents, such oxalyl

chl ori de/ O. | fur.triagxide ri-eine_ . .

conpl e%‘slﬁﬁg%ltn_? gg‘TW g’rﬁlﬁ@oggﬁwﬁ%gy iasuigbig leaving & Py such
thy %1116{39%}dn961 ibdd, R0 s PIthndShe Bk B1EKE Rabte@ withbehylamine 5 to
trioxidé pyridine conplex and di methyl sul foxide in

t beoideimenmediafe 1a. tTyipadaKy thisi rna;:,tio_g us¢pngycted by cgntactmg alcohol 2
%%fi%ﬁé%%%sﬁqggv:a@g%%ﬁ%k tvrs}%lll gbngurﬁ.oatgdabggtel.i IG(ll(lEValentS, of

benzylamine 5 in an inert diluent, such as acetonitrile and the like. This reaction is

generally conducted in presence of excess base; preferably, in the presence of about 2
to about 4 equivalent of a base, such as a trialkylamine, preferably triethylamine.
Typically, this reaction is conducted at a temperature ranging from about 0 °C to
about 80 °C, preferably about 40 °C to 60°C, for about 1 to 24 hours, or until the
reaction is substantially complete. If desired, the resulting intermediate 14 is readily
purified by standard procedures, such as chromatography, recrystallization and the
like.

The hydroxyl group of intermediate 14 is then oxidized to the corresponding
aldehyde to provide intermediate 15. This reaction is typically conducted by
contacting 14 with an excess amount of a suitable oxidizing agent. Any oxidizing

agent capable of oxidizing a hydroxyl group to an aldehyde may be used in this
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conducted by contacting 14 with about 2.5 to about 3.5
equi val ents of sulfur trioxide pyridine conplex and

w@nooenewss, preferably about 10 equival ents, 0PCT/US2004/018813
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di met hyl 10 sulfoxide in the presence of an excess,
preferably about 5 equivalents, of

diiso et hyl am n ¢ : . :

dieEsiBr B Ao S Pl arbh Sid & ciEithnq SHERAS (VD gride,

%ﬁyrﬁlﬁﬁfﬁ%!&w{rsmat@ nlgmﬂmﬁﬁmrtmbﬁute emaah@lm aﬁdb ad:ttva&:d
preferably at about -10 C to about -20

achgwthytb s@foxtide rahgents, sudhowely] cllorideONSQparlfuy w@wdéne
subst.a | e pall'y, the resulting
dV@@ﬂ?ch&%b%?%gggg% Engg% ?S then purified using

st andapgd g afidetion Mbn@ﬁct@@ ﬁﬁg?hﬁ) ax@phyf sulfur trioxide
recrystalllzatlon and the |ike dehyde |nterned|ate

]}ﬁynchnet ¢raupleoarpl dichettiyl pulfoxide @fth@p@s%pcg ofp Gk kylgnine, such as
0 [ h
# r{g’ & dgdy g@c g @gtnwln?s ?pc{e @C th;kggg 1c % ﬂﬁg I'e%gtl&y is

d\d@éeg Bg cQIfltaétlﬂngtxk)ﬁh BEAS 218 aBbuteds eéflﬁeﬁsms of sulfur trioxide
era about 1.2 to 20 about 1.5 equivalent, of a

splyridaimé eomygleixi amchgl agesw, piefierablyishewtt1 Ogiquivalenis, ol dimethyl

di chl th bl d
mfw otde PR SPE A AL P S 8P O e R G5,
gé g%@m&gﬁa&ehﬂ% 28 @Rdnt Behl dsliechiRbebernakl Yhis tduetion is

i's sodi umtriacet oxyborohydri de.
Ggmabd qondndnectatraetampemhm yngmgc&am abouta30 ¢C to about 0 °C,

;g%gﬁgzﬁgg@&g nult%l %ﬁt &rln% QBQ’? agﬂ‘ft(ﬁ ?f X Pléta6c ?%?f ar until the
S y&%ﬁ@?ﬁ éﬁtgtyntﬁﬁggblﬁ fete. Td?}?ucfrﬁﬁ&‘ | the f&uﬁﬁ@ﬂﬂéﬁ?ddlﬁtermedlate 15

'y purified using standard

piscetpiirtled wingstaslanhproosiuogs syshys chrogwmteas eyl fezmsiabization

and the_like. The benzyl group can then be renoved
f pehibs ltks- afford 7 as di scussed above. Additionally,

it wll Al 86 AR RE1 Ps@RerPdoubRASFiS Kid AftstdiarohipBund of
“Nett c

art th synt steps illustrated in Schenes
AforBadag, @y}@ladillyb ¢chis kit i donducteddiyf domtasting alddrde jrmth at
t hat shown, b u5|ng di fferent rea ents f gi ase
dé@mb@eaonmu ekl frhide Presgndge :@9@ PBIBYETably about 1.2 to

e)% ﬂ}bg' gcﬁﬁ@a?[en% (110% afs%ﬂglﬂg ﬁj&ﬂl%m%taﬁ ox;ﬁ difiRht, such as

¢ oxi1 di Z1 ng ar oup of
| b drRR A Se. 3Slﬁfabﬂe4re&1§b1@gla@1ntbahyldée, btthmfwmugm sodium

b
oot vioes reapreduseis il B2 P 2
?gg %?rfg:%gp gvci)cﬁm%etﬁaceto%}go{ Elg&ﬁdeo %@{e?ﬂlgﬂglli cthBeis conducted

group I's n read ace
Wigt Bt eiftute rfigihg) refnabaua eC lo tisowaBO GCcfot:ahmOJ’Zl trolat®ut 24 hours,

or until the reaction is substantially complete. The resulting compound of formula 6

is typically purified using standard procedures, such as chromatography,
recrystallization and the like. The benzyl group can then be removed from 6 to afford
7 as discussed above.

Additionally, it will also be appreciated by those skilled in the art that the
synthetic steps illustrated in Schemes A, B and C can be conducted in a different order

from that shown, or by using different reagents from those described, to produce the
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By way of further exanple, representative conpounds of
formula | can be prepared as illustrated in Schene D:
w@eivenesod R RS - | - HO(CH 2) N O CH3 HO ( Gr2)/8SN04/018813
Y-CH3 14 16 OCH3 R5 L$ (CH2)e NOCHs Y CH3 17 O
CH31 ONHR2 R5 N (CH2)e NOCH3 7 Y CH3 - 18 OCH3

10 As sh in S D, the i Na- i
ROSRBHS SEBHRG. 14T cCum B R Enes bt B e RIEEH B of
AinteRibaRi PNV RAHRARYdhidE, AR hErBLli gheu@icati Pe cobiertgd into a

conventional "procedures and reagents (i.e., _ _
higalving erompysich as @ chionm\beomnpdofde mespylateser Nylatoosngeopgmtional

PCT/ US2004/ 018813 d di-tert-but [
e R R LB TP p g s g e f ofi 008/ ©
5 ggg@%&@@h{imﬂﬁ% SRR YdiatgnayReefd GpRmemMad. 16 is then

erted into a | eaving group, such as a chloro,

br ono, B edy of fiether axane, repsyinddte comipaandsoffermylohean be

reagents and 5 reagtion procedures to provide a
cPRpYGHas B S?%?F%Hé‘&‘f .erg'or exanpl e, the hydroxyl
group is converted to a tosylate | eaving group by
reaction with tosyl chloride (p- toluenesulfonyl
chloride) in the presence dchemsll t abl e base i ncl udi ng
tertiary am nes,

5
RS 'T
| _ . CH
HO-(CH,);—N HO-(CH,); N\H/O\‘éC:i
3
0 CH,

16

1

10
As shown in Scheme D, the benzyl amino-protecting group of compound 14
can be removed and replaced with a terz-butoxycarbonyl amino-protecting group

using conventional procedures and reagents (i.e., hydrogenolysis to remove the benzyl
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such as 1, 4-di azabi cycl o[ 2. 2. 2] octane. This reaction
is typically conducted in an inert diluent, such as

woredolpb3opert - butyl ether, at a tenperature ranpnysSionomssi3
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about 0 Cto 10 about 30 Cfor 0.5 to 6 hours, or
until the reaction is substantially conplete. The

| gaut g, S 02 OISR Hed B DRl SELAGRA Mt provide

f a8 This reaction is typically conducted by
contacti Ag 17 with about 0.95 to about 1.1 nolar

equi vaTkahgirafyl grdup dfltempreskheis thef canvered inger 4/leaning group,
such as djisopropyl ethyl am ne.. The reaction i.s

GBIE BRI} 101, DERFAR e esHIaL of (RS iR e gl rgagents and
a itri | I B@yle, thdSydroxyl
ée?%t?%é%éd%e&%?)gﬁ%ﬂn%dﬁhﬁ off 8eiuNo17. NP R B ydroxy.

out™ 2 to about T2 hours, or
Upilolup 1§ diBiveredictoiacosyilate leauvhmstgrony by fepctimnmpitle tasyl chheride (p-
tert-butoxycarbonyl am no-protecti roup .of. ¢ ound .
1@lyeneony] shéorsiee i %ipﬁﬁeﬁ%ﬂf@rﬁwg@sgaﬁﬁéﬁﬁaﬂ% Yeihggy Anines,
F SRRt qrh?&ig%li&cfyfflb o0 hiPreaATIRAN BPi@ily c8Rducted in an inert
fOrmira’ 7 ofr a-salt thereof. For exanple, the
t @ilien e yCasihghytt-tanyl rtheprad b éatipeargtugy @oging drenbabout 0 °C to
readilﬁorenoved b¥_treatnent with an a% d,.ﬁfch as
hgleirus R 1°6rfPe0-ade § houss, o ynid fheeagtion 15 3ybgtantially complete.

p-tol u ! . id 1 i i mpound of

2 bt TRE BRI GaR et P R ar i o

Wigdrhuta 1 RGOS 8tbingalind offoeapldlsl dhiciedction ig gipiradly eorducted
pharmaceuti cal | y-acceptable salt of 25 conpoynd 1

d by eonthstingi ¥7rwith abosib D&5ite bt 1t Iv@ojar gguikalsRls Ogé gn the presence

T

1 cendlictd!if QR irfert ARiest, S@dh asQletopititiepatd témpdibiuse rapgimigifoom about
is typically conducted by contacting 18 with about 1

t 8586d0ebaitd§0 1 Cdbreatont 2 suahpuad2 howgermtis egeadhon is
nagﬁﬁgﬁ]ﬁne-l 5-disulfonic acid in an inert diluent,
sd L EHPRISEhol . I n one enmbodi ment, isopropanol 30
cont ai AipEgABRkycarbchyRBRiHo-Fitc¥iby groap vitompdieid 1i8ss then
enpl oyed as the diluent to provide a crystalline

nagho Vel usine-cbpgentional reegeints aadireacsign conditignsipyatiord a compound of
2005/ Q03090 PCT/ US2004/ 018813 .. Fur t.her ' . -
20, 08000 TSR BRI b DRt Rkl gt
pr, &8 rE A1y RERHRI O dRRERSER & ANE seeROaeschidric acid,
tﬁ?g&ﬁﬁéengionyor internediates thereto are described

i nriflheofoetinptidsp-sduerfesulfinibadidwnd thepikgr naceut i cal

o eng pripr i e i B Ehfl 1Fis 2BtatiEh Bl
pharmaceutically-acceptable acid to generate a pharmaceutically-acceptable salt of
compound 7 directly without isolation of the free-base. For example, 18 can be
contacted with naphthalene-1,5-disulfonic acid to form the naphthalene-1,5-disulfonic
acid salt of compound 7. This reaction is typically conducted by contacting 18 with
about 1 to about 3 equivalents, such as 2 equivalents, of naphthalene-1,5-disulfonic
acid in an inert diluent, such as isopropanol. In one embodiment, isopropanol
containing about 2 to about10 % by volume water is employed as the diluent to

provide a crystalline naphthalene-1,5-disulfonic acid salt.
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typically admnistered to a patient in the formof a
phar maceuti cal conposition. Such pharmaceuti cal

W@ 00p063oPé ons may be administered to the pati ePCT/Dy20841918813
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acceptable route of admi nistration including, but not

limted to, oral, inhaled, nasal, topical 10

(including transdermnmal ) an ar ent er al... nnd

R ﬁegafa?ﬂ) SPB%*E& ReASHEY § 1?%n3t“g§1r?§1fe¥ Byogg dyyres for

t eﬁ“ﬁfg}g tftfve Chind ol & tHhi® hvehiioror intehmedatleg fiRreto are
gl?ma eﬁg%%y?accggt able salt, or solvate) that is

sddstditdden ftlor Exdneplegost fartibbedownode of admini stration

can be used in the pharnmaceutical conpositions

di scussed herein. 15 Accordingly, in one of its

cOMRRSEdRRSC flons this invention is directed to a

ph utl cal conposition conprising a o _

phar nethesubsttuted-ryoobginabhé rdated | compermdseoddhis iesrentiom are

? ;y%{}%{lg ggnl{%ﬁs%?r:acll ¥cbz$ ﬁ%ﬁ%b{p‘éﬁﬁgﬁﬂﬁ ac]gg{apga}acgeglggag?;g%‘lpgéition. Such
S@&aﬁ%@i@ﬁfm%yﬁ@@nhy be 2BhiNERE BRGBYhii&RIby any acceptable

cOnpos ons contain other therapeutic and/or )

f eibaid fdintigisageont inclnfingelmit metllimied Wh eradhiahsted easdlcigpical
conmpositions of this invention typically contain a

t Gerludiag tiapsderyal) p WPWE”LWB ﬁ%gfqu“ﬁmé%?‘}bo&und of the
present 1901004 t1fut aRPRSABSANE bsiApdurda 6 LR iabétion, (ie.,
salt t&glg§%%§gﬁocallﬁyfﬁéuch phar n(gglgut i cal

C AEPbse] plommavdutibalyertceptable samoabolyatedthet issvitate fr thhs o,

by weight of the active agent; ln%ug%%%{ frO{n abou}tions
opaticelsr mgde et afoimisirates eamcoe usgd i ths PRASFRCEHIGH CGReE
tgisg&s?cpﬁ&g- 10% by wei ght of the active agent. Any
cONVentt onal carrier or exci pi ent may be used in the

phar mageuéidagly, i onpeitstdoan®sitibns hipsctisthisrinyantion Thdirected to a
choice of a particular carrier _ or excjpient ¢ .
cehmwa@ut@ﬁkcwp%mC@P’Qﬂélﬂlgé@?ﬁ%ﬁ?t‘é&bﬁ*epg%’é%ﬁa&“‘arn°r

t DeciPRAPyOf s RO AL RAHALEORve AlolE: 49RGnifduhd 8Rforfula Lor I, or a
parttcular patient or type of nedical condition or
dipseasecasicallg acceptaBR shhitlerecy Qiptionslhe spehaparmadegticadf a

sui t abl e pharmaceuti cal conposition for a.particular.
eerPRTitiofF A cania PHIST hSTaReErHc Y Wi fﬁ“’f‘ﬂétﬂggc%%&%d% Bsired.

those skil . | AtRI, typically contain a

2005/ o%gﬁ‘%@f%&%ﬁ%ﬁ%@%%gﬁ?@eﬁgﬁﬁ | ona}ll ly, the

| Mg QsbueedlB dffeeti v o bp@sompomsl afithe present invention or a

conmer ci al I y-avai |l abl e fror? for ﬁxarrgllbe r\aﬂ?{% 1P. @]
Bokarmpsggically-acqeptable salirthesaaly & ypespllych phy jea

il lustr.ation., C 0 | Al ' AdcBive
acaBpbiR i GRINEREROAE 6 BLI R O N Y
Phasitpilud2@ fomdibbitoM01 td #piun3dktbyWdightasrehas Wit ghout 0.01 to

about 10% by weight of the active agent.

=

Any conventional carrier or excipient may be used in the pharmaceutical
compositions of this 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 regard, the preparation of a suitable pharmaceutical composition for a particular

mode of administration is well within the scope of those skilled in the pharmaceutical
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5 Baltinore, Maryland (2000); and H C. Ansel et al.
Phar maceuti cal Dosage Forns and Drug Delivery
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Bal tinmore, Maryland (1999). Representative exanples
of materials which can serve as pharmaceutically

R
OhSRORS cRAHHpISUSIERREP. O BoxSIU808, B2 SLowis|MOaES 1€8r By stagof further

and potato starch; (3) cellulose, and its derivatives
siliobirai®ns cntiventiowl Fomyksion jechariups s describef i Remingion: The

cel.l ul os and cel ) ul ose e (:4). .
CSeigiee oA RIS, O LRt Al s o White
el 28 MaryRué [ 60D),caaaaCh hinke fet @il PamppasiicarNosage Forms
waxes; (9) oils, such as peanut oil cottonseed oi

. C .,
saiid DougePeliiery, Syséapesna” BilitionpLippincgit Wilkgps&o\VpitgfRaltimore,
spybean, qi |.. (10) 15 glycols, such as propyl ene
gﬁé@ﬁ@?iﬁfég)polyols, such as glycerin, sorbitol,
manni t RkpregdithiieloxShpih nMatkiMRavhick dad) sebrd Brharnsacetiically
as ethyl  oleate and ethyl laurate; (13) agar;

14
b adcbpiibsgatisesinslude ot ssenatagred for e lootnE A gas, such as

al um num hydr oxi de; | gi ni id:

o be i RE el 0F jor Bt afltCes Xt palchppg potato stareh;
RLE 888 seSarkiOtLeri9Btivds 18ikh a8 béuhmalafiohethlyPEupisesqind cellulose
buffer solutions; (21) conpressed propellant gases,

s ar(ljxhceghzllczss acttiter @) bowdercd bgaventhin ) myadt 69) sebtoe &) BaH<(®)

and (., ot her non-toxic t.i bl :
cpHitise T gharpacalit B ogRReSl FrisSuBI S Sah as peanut i
PRESTRE&I, GafoRRIBRSIebdr8il, Alive Bilscdrh vanint gBytaas oil; (10)
typically prepared by throughly and intinmately m Xing,
oglyeblsngichgs propylepoglydolof11) mely0¥ww asiglygetip, sqrbitol, mannitol

pharmaceutj cal ] y- t.abl j d

054 BRAF ey Earang2) Srprepsefids eELpBRE RSPl BRI (1) sear
r %%%ﬂgﬂgg Q%Jn%{ moh Riensedumintieican dhamubehrihaned (15)
or ‘loaded” 1nto tablets, capsules, pills, canisters

c atdinit dgjds(16) pgoeerséres wated, (fl Reispiokis sggmﬁélS) Ringer's sofution; (19)

e B e COpBRsRa ERER P OTE Do 88 Brovpfang gases, such
| Ry ?gﬁg%&ﬁo carbond! Eﬁcﬁf?}cﬁoﬁﬁm&d%@k?%@?m Bihs# fidi-io@ft. compatible

Suli e pharmaceuti cal conpositions for inhaled 30

adubstirsts ahplogediin ghatrygicuti¢al gompositionshe f orm of an
2SS SR SR AL AR e
g7 FIASL SRR RO LAt
i phatnedceqidRlly-aoceptablsianiéranddak oy groye dptidnekingredients. If
necessary or desired, the resulting uniformly blended mixture can then be shaped or
loaded into tablets, capsules, pills, canisters, cartridges, dispensers and the like using
conventional procedures and equipment.
Tn one embodiment, the pharmaceutical compositions of this invention are
suitable for inhaled administration. Suitable pharmaceutical compositions for inhaled

administration will typically be in the form of an aerosol or a powder. Such

compositions are generally administered using well-known delivery devices, such as a
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In a specific enbodi mrent of this invention, the
phar maceuti cal conposition conprising the active

W@®an03og0 adni ni stered by inhal ati on usi ng a neOUUS264/018813
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inhal er. 5 Such nebulizer devices typically produce a
stream of high velocity air that causes the

phar maceutical c iti.on.c NS j
R e i R S RS
r §aRiaf @Rk ddvagt - Accordingly, when formulated for

use in a nebulizer inhaler, the active agent is ..
typi calnl ayspetisis smbedinient af thig ingpntione hembarmacguic gpmposition

solution. Alternatively, .the acti . o
RO e At e Tl By R Rpis e hePier jpaler
f Q4R RbaSR AR yPically sroahézLelraant dfilableselodity air that causes the

respirable size, where micronized is typically | )
dptiarmeckusisallanipesitiah compgeingghsractive agesf 1o wEayaera st thet 1s

ith a dj er, of | h bout i .
netied s Ui dgricss oopis e bie a2 lnedl ofllep Rk 8 for use in o
eﬁgd‘@&& iAaIBARE b hdeat RN ipRBsIN; disIvean a s@idbde carrier to form a
nepul I

zer devices are disclosed, for exanple, in US.
Padletidn. NalterBath@by, G6sactive agdt 07 howgronizel gnd combined with a

representati har maceuti cal. cor i L f s [
BRSBTSl Revnere
> @gﬁ@ﬁifg@iﬁg hieR R 8 Hé}vilfég S5BuBbO YS oPmBFe fihd particles with a

of a conpound of formula | or a
pHnerefitdss thah pbawddtmb Suitelle nelpizerdgviass aregrovided

t i t her eof,. di , o
© Rramet e riearp e b ARE PSSR, oy bPt peputizes
f‘?%%ﬁae b BsRfdrickbihple, B SIPARAL No 1d)i 23,063 @EsWa D112687.

optional fy buffered using citrate buffer to a
pH of abepteséntative phanthimentisp ecnppsitiemtos aberiara nebplige jighaler
i nvention, .the pharmaceytical . conposi.tian c LSEN
t GRMAESGS\A8 1SRYRIHE aqUueoyy FﬁlfWi%P 184 C%Pﬁlﬁﬂ%%gm %’ﬁ%@.ﬁﬁ @‘%/énL to
dr | bbb 8Ely-acceptable salt
AR Y G DB ccpable sl o
f kekrafel 0@ Wier®ispawd eerdédfain ose etisqimsseigtherpHaofihisi conposition is in
air-streamduring inspiration. In 25 order t chi eve .. .
5 the @egs PR EOPERPONR B ebotme R pRposition s

L:%%g?rléaﬁlg/ﬁ)%ﬁ%etdmsﬁl cRtidtk BREE: tg)&;ﬂ}i) bEfoupsich as | actose

representative pharmaceutical conposition
f or usén bRotRerdpycifiosmibodintenabethis invenionsths paynacewicek e
having a particle size between about 1 m and_ about.100
mcompasiiPe FORPEERE Peretivg agsnbrs Fﬁﬁ%‘fﬁ%’ lg?al?atb‘inﬂﬁﬂ% adry
Lol BB a ' i l@ngbier BE aSVe/aleRt
oPO2Egk 1@%}5‘13%@?0?%5%%%%{3% @gaéﬁ% g}%g‘tfa??p?m/\der tor r?u_ I at_ggn e
C afbebowins fowli@rthaiadpparsediyn aomtishts aigsttdasm dwrB@ igiration. In

2005/ OOSOgg PCT/ US2004/ 018813 ) . . .
order to achieve a free flowing powder, the active agent is typically formulated with a

suitable excipient such as lactose or starch.

A representative pharmaceutical composition for use in a dry powder inhaler
comprises dry lactose having a particle size between about 1 pm and about 100 pm
and micronized particles of a compound of formula I, or a pharmaceutically-
acceptable salt or solvate or stereoisomer thereof.

Such a dry powder formulation can be made, for example, by combining the
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| actose with the active agent and then dry bl endi ng
the conponents. Alternatively, if desired, the active

wW@e®snowam be formul ated without an exci pi ent . PdTES2004/018813
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pharmaceutical conposition is then typically | oaded
into a dry powder dispenser, or into inhalation

cartrid or ..capsul es. for u i - e : :
CBbboR TR Tach S B R SR R SR ey i
dedsi e riie SN @8onticAE bl Bl akhaitRout ahCkeipiebni Thdphanaaceutical

Research Triangle Park, NC) (see, e.g., U S. Patent )
Neompdsitisss #87)typicilykoaded dnigeaBirPeWRES Heenpe e, Into 1ghalation

US.P 6,378,519, T : Z ,
Voridaet B Cappils 108 R Wil § ary Pyt DRlifdey Libe azeneca
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o(GlaxoSmithiEliBRR estanibc BiangtesPartksNE) (68 o &, USsPatent Moyt

- ofes A te D g hSPRR L (Fep R AR ER MR sr7E 1o

eFhadhaRNtABhzERMCE, WINBRGbRDEY (36e, RRATUISCRAtbAND. 4,524,769);
conposi t1on COI’Tprl_SI ng the active agent I S
adnd RoshaleeGlipyoSmiddlate) eeusgny-S Paiest Npehi33H3@5). Further

i nhal er. Suc red- dose .i nhal er [

aPSERaFy e SR T S5 58 ROEOE WS BeERY S5
a5PRINHIBCHILY £33l 41Y-A8 GeRERABE iRl hertiner eof using
conpressed propellant gas. Accordingly, pharmaceutica

conpos i yansothdnipecisic embadinent afthis muerticned the pharmaceutical

B T
S Uik @by -Bodd ifhaLs &ficRhRRebd-abie iNBMeReyRoallyali®tiarge a measured
i ncludi ng chl orofl uorocarbons, such as CC13F, and

hydhioofil efdheadtivangsnt OHE Ab)rmasewticalip-agesptable salt thereof usingr
1,1,1, 2-tetraf] uor oet.hane. (HFA, 134a) .an oo ..
Toginpiessed RIORIIHOO AP GO B SPBBAEL A pespposiips apipistered
t %sﬁg '&Cfﬁét&%d-%'%gélﬁqhﬂl@} 8pRbY e&ﬁ?ﬁgé)@mwﬁm‘ &Ghigtgsibhef the active

ozong& | ayer, ornul at'i ons” contai ning HFAs are
gepartah biqpefeddgrogdiantobiny suitable lispefiehpriopeltaimes aegployed

of HFA formul ati ons incl ude - sol vent,s,~.suc
cinaine odomrevonn gt FLF i R R g, sveb
L1k qlzleﬂﬁﬁetrﬂu%f&gﬁﬁé BFA QB N, 1,802,333 CléptdTluoiea-propane,

.ﬁL s X
for 25 ’exanple, U S. Patent No. 5,225, 183, EP 0717987
AZHFAN? WODR2 A @R B6ms Abowphlsefnaodareonstibiestingdhe peeye layer,

conposition for ,use in a netered-dose, i .er .

C R aian P BT AD 518 BE Y ZEaRTeds SRS opignaby

a c%ﬁ@ﬁé{ﬁ of’lfi]ﬁ{%%fﬂﬂlétidns iRfludéBco-solvents, such as ethanol or pentane, and
phar nmace

uticall'y-acceptable salt or solvate or
stsarfectustemach hherksich; tribleats, alsmacid) legthing arbglyeerzo Sgepbipr

e ampIcat St Nans 2250 T gt B B B2 n

E;oggld : ‘%gépé%%g‘é&@?%g‘?%i“ﬁ?ﬁ?g{é% WBRIESAlsE Yn P hRPREERHose inhaler
comprises from about 0.01 % to about 5 % by weight of a compound of formula I, or
a pharmaceutically-acceptable salt or solvate or stereoisomer thereof;, from about 0 %
to about 20 % by weight ethanol; and from about 0 % to about 5 % by weight
surfactant; with the remainder being an HFA propellant.

Such compositions are typically prepared by adding chilled or pressurized
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hydr of | uor oal kane to a suitabl e container containing
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surfactant (if present). To prepare a suspension, the
active agent is mcronized and then conbined with the

propel | a e fornul ation ' .

a]@fdg%tﬁﬂ %WB%P %ﬁorF%P% c%g{alﬂﬁ g I}f%aagﬁ?e a%e% Qtialol if
%n%danQ%@sdrﬂQﬁhﬁﬁf Hevdnee. To?rEpfz&H‘ws&@eﬁilon the actlve agent is
teréed-dose i nhal er devices devel oped specjf.i cal

fmcromeedmrtdrthummlpn@bmthahﬁ ropeliang " Bl sy afon ghén loaded

Pat ent Nos 6, 74 nd 6

sHpehren i OB @ BT 8 b el e Ble M deve
apLARMEDSE AbteRALdRE itialer @Bviced @V@lﬁpé@@beﬁiﬂcﬁﬂﬁ foe $13®W1th HFA

the active agent. See, for exa 53901 and

OpYopalL08: aré providedan d].8i Ratent Nos %p@g%mdp@ 1432%h SAgcpmatwely,

preparin espjr.abl e partic
b shpeaidh Frablato7 s PaRkb R By sBAL i RL LEo g0 fufltint on
'\lecronigec? i8S of the By nt Fel./fbr @ﬁﬁnpl@W(ﬁQQBﬂQ(ﬂ%d
and WO 997 55319 and WO 00/ 30614. In anot her
eMbo @@ h08. t he pharmaceuti cal conpositions of this

t 5 it f al i ni '
Sui t abFe! LRSI O oGRsee Of ire by oLt pifeies and
?c[ﬂnﬁ'l&fohé‘ ﬂllcf&ww st@atldfdr 'ikﬁuaie@fomd@ﬁmg 385U Patent Nos.
ta | ozenges, cachets, gees omde

g6208)583; 5 983,966, 4,896/068 and 60221a39§u91yb 8 5Pl %
g}\lljeou&oo non- aqueous liquid; or as an oil-in- vvater
6l oi | liquid errulsion or as an elixir or
Syrup; h@?&%tﬁ&%ﬂﬁohﬁmeﬁ agd Hzﬁﬁia@éﬁicﬁ]]‘ébo@hﬂbrsﬂféﬁé ef thisi@dention are
anount o compound of tRe 20 present inventjon as an
astitabde fongrad dilmntistrafieen Shitatde pleatmiesutisplgompositions for oral

adg@gﬁl%g A et ahepﬁlp}ngfg?%% e for §e§1113 lagefifes, cachets,
t y plggg{ ?%H&él W%i‘ Eé Q Wuﬁgn (BIIH @Spéﬁémtlh QR aqmédus Oor non-

conp I se a conpound of the present invention
aaqhdoas alqtuldyer asmglrceblmewateamdwatohm-@i lighgidl @mulsion; or as an elixir or

"231;15?51%& b S B R Y oF 8 oSRFbH of the
'in%reﬂtq}l{féﬁ%l %as?ﬂﬁfhv%q{lgﬁdféﬁﬁage forms may al so

nprlse ers or extenders, such as starches,
I act os éNhﬁumtamﬂed fcglom:l(adm,lnlsim’imtmla sohdhdewee f@m (g3 @s capsules,

alghiacls sybhatks), BEhyRRic ool g 8 Gadon vin
Rg;élg{llgac%ﬂgdr@e aQ:?i Bﬁﬁ[?&fttﬁé‘ﬁl%serﬁ G EnBEn 8¢ theQE@Ve infrélient and

Bnt's, such as agar - agar, cal cium
C b @A aloge pmtnatcmtloall}t -apepieblestaierdy sud agi sndmna@ltrgte or dicalcium

phosphate. Optionally or alternatively, such solid dosage forms may also comprise:

(1) fillers or extenders, such as starches, lactose, sucrose, glucose, mannitol, and/or
silicic acid; (2) binders, such as carboxymethylcellulose, alginates, gelatin, polyvinyl
pyrrolidone, sucrose and/or acacia; (3) humectants, such as glycerol; (4) disintegrating
agents, such as agar-agar, calcium carbonate, potato or tapioca starch, alginic acid,
certain silicates, and/or sodium carbonate; (5) solution retarding agents, such as

paraffin; (6) absorption accelerators, such as quaternary ammonium compounds; (7)

—-40-



30 certain silicates, and/or sodium carbonate; (5)
solution retardi ng agents, such as paraffin; (6)

wabmsomopon accel erators, such as quaternary apemDOB2003/018813

10

15

20

25

30

conpounds; (7) -40 WD 2005/003090 PCT/ US2004/ 018813
wetting agents, such as cetyl al cohol and/or gl ycer ol

nonost earate; (8 h k
b%‘?ﬁl@% PERIIL SUGH 2 o C@jytf A5 cares EhEED es P @l Hafpent
?‘k?ol %%hﬂéﬂlt§ LB r?s ﬁxbn%ﬁ{ts Q&u&@hé/t@lch yAlG0m stearate,
ium lauryl sulfate, and/or m xtures

t ﬂmegma@fu;m ét&ﬂ)ltepmlxdrpoﬂbgaﬂggmet gycoﬁq doct1g_111)law} fudfiaten gnd/or mixtures
ents ease agent.s nt coating
%@ rg}garggn f?%}wﬁbf%mg g@ Pfumi ng agent s,
preser %@l‘ebs\éeageﬂg %&ﬂhg 026nfla B Hine WBerth, S BRnRIgE A &rinigAnd

t he armaceut 1 cal conpositions of t’his invention.
praﬂ:phlag agéntqg IpaesEBRE VS wdlahyGdemd@ pam@ﬁcebfamesw At s
i ncl ude: wat er - SOlﬁtgll e an dant

aBléaé?’B?eéltlﬁ@| Cﬂmpoélgf,lgfl%? Sy F{ﬁlagfés ggﬁar%ageutlcally-
@by S S cbffic aci
15&%%@1%%?3@9%1(@% {15 Watcat 8111%%%%@%6 i dueh apescbiic acid,

| e”anti oxi dant s, such as

asyeiiyhydoedhioride mdlmmuh?aedsdwmn mﬂ}dnﬂéfﬂ@Od(lBHﬂl}lﬁte and the
butyl ated hyd t al HT :

ok AE Lo e s B EOGHER GFET st PRt Blfaeg pydroxyanisole
”f]%ﬁ{\%cotﬁ 1264 B gdrt@e Blutne ”h) fithint E)fo%BP%llﬁte al ha—tocopherol

I am n ra a ti'c acid sorlto
t afid altelhkemdots) rﬂ&m-pheiamng apentd, suehas titde acn&,eethﬂmwdlaﬁgne tetra

ts f t abl |
£ %eeé]@sae@g(émi@ Sbite} Brips eoBhon ity dud. 250 tog Gy LdBtine
a%%é;)% for Eﬂ) d& %s%legs Iﬂ)s an Hi(é/ \{ﬁcﬂﬁfde @& Rke fattEnficabstings, such
ropy y

cel I ul ose phthal at e,
mag bakiloske iacetateiptithatmd (’%P)j polyviwyl abetae plnthaletmeM?%er s,

g%@g%ﬁ;&ﬁﬁ%@ Se(léi;%c_sg‘)%lhl}ﬁipaqt. %@Bﬁ < fé ‘i{e{geryl{y acid ester
c % S}%)ol’lglﬁér% %‘flﬁicﬁg Gcatdte %Iﬂ@ﬁl@até g@&@b‘gﬁrboﬁﬁﬁeﬂlﬂeﬁﬂlﬁ kelulbée

arnmaceut 1 cal nmposi tions of
IOT(GMEUI) hyitexpirepy] weeshyd bslmlosib&cbtata‘manhta(HBM(b‘XS) and the like.
provide sl ow or control | ed rel ease

he
i ngr ed ,I%c}ﬁsug(},,thegphqggpac%a &Pn@‘eéﬂ&ap%of tﬁ:@ 8?68996?‘66&}?“ may also
rr%t I%gﬂmu"iﬁ!ecltl t }ngg%de I NAEYdoRGoRELRALE 9% aiveahBRBient using, by

posones and/or m crospheres. In

adﬁﬂytdf @Rample ehyﬂﬁ@:typamb triettll celbrigresn vy prbpartiens; or other
present |nvent|on may optlonalkgﬁcontaln opaci fyi ng

a@Qh’@@rmﬁ”Wﬁy ippsomst AR/ G BIPTRBIERSt t hey rel ease the
25 actiyy "
certai §%¢ Igllio,ﬁtg% ?ﬁ%rﬁegéé%fg%l?gl toglglt%flﬁ gf fh@ ?ﬁééent iflvédtion may

O Rfptiofalyl dontaiopectipingwgentsramheiay bEiQm‘pilaied of theimbeﬂthlwge the
conposi tions which can be used include, po

s sk YGineedicah anixasigye o ali (7 ¢ 6oHHY pagicB e HEsgpsGpigpstina

tract, optionally, in a delayed manner. Examples of embedding compositions which
can be used include polymeric substances and waxes. The active ingredient can also
be in micro-encapsulated form, if appropriate, with one or more of the above-
described excipients.

Suitable liquid dosage forms for oral administration include, by way of

illustration, pharmaceutically-acceptable emulsions, microemulsions, solutions,
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i nclude, by way of illustration,
phar maceuti cal | y-accept abl e enul si ons, m croenul si ons,

QLS. it L0 2908 083000, RCHLUBRAPAROLAS L dmprse i

f Qe 1@&1&@'&&1& aft Wtrdlﬁﬁni Bech @¢for éarhplgf \@dbﬁdjlt othﬂdoha&nts
i nert 'uent, such as, for exanple wat er or

swilwehtisg agcsm anigl drmzlmﬁgrSag@htag etiryhalephnlsisonrepd, al%oif}e]h ethyl

e‘?ﬁﬁﬁn% eftf&eRus R AR AR, P oR i by R AR -

&f?ﬁé BEcdl 6’1(1350desp %&toﬂs&ﬁt Mogidhulll cpeflgerm) dlise( @stor and
nsééd, groundnut, corn rm olive, castor and
sesame oté) Sycerg) Jatain Efﬂroﬁxrﬁltal@&glphrp@b@ﬂwllenﬁlgb@ﬁkﬂ and Tatty acid

IOoI et g%’#f ,g%dgﬁ ])%?)lﬂrﬁreeg eﬁf‘é e§¥s§%a§8%§1§ %%(%1’@019 |t0nthe active
Sg%*édllém th& dnGriRGhdp¥iding BEHURRbs, foPka8PM, @ildxylated isostearyl

endi ng "agents such as, for exarrpl e, et hoxyI at ed
i sloehcéa pplyoxpetby b @;rblpdla;aé sqrbithy peere, WisrasTysiHlingepllulose,

Zgr E%Ier = }(glx]g om Zh?%lrﬁg?re %eclr gﬁca%%ﬁ ’ané%axtures thereof.

tr agacWﬁeﬁ'm@H@ed%i(Bﬁ[ %ninli‘.ﬁlraﬁ@ﬁ -the W@ﬂlabéiﬁleﬂl%dlﬁomlhons of
oral admnistration, the phar naceut I cal raposn tions

ofhis hivemmnmreptelfﬂmbla peclmged m@mlyd@agkﬁg@d he t@mu it dosage
dgsage form _ The te

fﬁ;g} é]éqap§/ a Bp}é%qaé]yélrlqgmt? u1§1u F?l%?egf%f 8?81181%% P&E FAS.e2 each unit

Pabii&Rine d prédeterfffdl {ilintity FQRER ﬁgeﬁﬂce@cﬂﬁt%‘ﬁi ﬁbﬂhdé&ﬁe desired
quantl ol% active agent "calculated to produce the

d ﬁmrapedud Effdchh ert]arp: eldneor af ccanbln@tmlh‘@ﬁh ahopiemere gdditional units.

conbi nati.on ne of nore d| t| ni t
e ksheiagpl 1S dush it 69 e LTS PG P it bfts, e tike
tabl et gy, héund@%@ t&@ﬁﬁehﬂf&m caﬁrh@soc&' H@lﬁﬁﬂl@&réﬁf tratrﬂ@d@*mally using

i nvention cah also be adm nistered transdernmally using
k fkowwn trlamdsﬂmlntehvmfglsyswny amy@tcmmnta nBoreskempies mcgmpwéﬂd of this
exanpl e, conp i nvention can be a
vm“%‘f?nﬁ%‘? ﬁaé]attq Sh i arEhaigh AT HROpGh an 8 ogP L ER oL
2 OHGRLATRAR SR REE2- d the like, and
g’a yg%(' P 5ugnglnes and tﬁ%y ke, anoéleS |arr11c:or por at ed
i Rilc@rporpiad atto apath i kiailad elbh\my yystapns.t éddltlAddl QXPJ@WS 1n°1ud1ng

excj pients incl udi ent Slf ers

i @g%e%mémg sang Bersritey S Biedin Rt Binsdgd) Siifpositions
ff jed. The pharnmaceuti cal corrp03| ti ons of th| s

|nven 'on may al so contain other 25 therapeutic

agent s Theahamicutivahchmpositians ed this trventiaomppalsel ceritain other

formula |, or
therapeutic agents that are co-administered with a compound of formula I, or

-

pharmaceutically-acceptable salt or solvate or stereoisomer thereof. For example, the
pharmaceutical compositions of this invention may further comprise one or more
therapeutic agents selected from B, adrenergic receptor agonists, anti-inflammatory
agents (e.g. corticosteroids and non-steroidal anti-inflammatory agents (N SAIDs),
other muscarinic receptor antagonists (i.e., anticholinergic agents), antiinfective

agents (e.g. antibiotics or antivirals) and antihistamines. The other therapeutic agents

—-42-



pharmaceutical l y-acceptable salt or solvate or
stereoi soner thereof. For exanple, the pharnmaceutical

W@ o09p0eiod ons of this invention may further coP@F/US®04/018813

10

15

20 B

25

30

one or nore therapeutic agents selected from1l 2
adrenergi c receptor agonists, anti- |nflannatory
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a!pdb]iSh@d Qn{é{u'guqtp@z -[3-(4-{[6- ([( 2-hydroxy-2-[4- hydroxy—

AP B R DRI .o

I gh@t&steg 05mPsRAS dﬁbﬁ)@é@ﬁﬁﬂO 02/ 492/ HHIGRR] September 12, 2002;
publ i shed on August 29, 200

3 35(3-{[ﬂ-({@@gfzf[éz(ﬂ)mwlmmpwgllmrompw&]o&y 3-

R T ST RS D poenemltopamide, 3G L6 (@2 1>

1 W g3 2cdivaed s 1163 ]
APl et somaunds Jpgshoseyjun LRI R)

[ %Meﬁlﬁ@lfoﬂm@me( 3-6HA-6HERG) ABh@f@tﬁl@sl%we)rf}ﬂqyd@Xyphenyll -2-
rgroo}i?%th?% ?J%gbnb %,Q XL RNb LY RERRRRERYLS-LRATH Sew- ([6-
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hexy ]oxy}butyl) benzenesul f onam
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Nwdmmyetwl}yﬂn)noahml]{qm bytyDisnzengspifenastidy prdeksgd epmpounds

AT R M 3 PEbE S POER R QstabsanAoga: (B2 2106
dichlorobenzyl)oxylethoxy} hexyl)amino}-l-hydroxyethyl}-2-(hydroxymethyl)phenol
and related compounds disclosed in WO 03/024439, published on March 27, 2003;
N-{2-[4~((R)-2-hydroxy-2-phenylethylamino)phenyl]ethyl} -(R)-2-hydroxy-2-(3-
formamido-4-hydroxyphenyl)ethylamine and related compounds disclosed in U.S.
Patent No. 6,576,793 B1, issued on June 10, 2003; N-{2-[4-(3-phenyl-4-
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and rel ated conpounds disclosed in WD 02/ 076933,
publ i shed on October 3, 2002; 4-{(1R)-2-[(6-{2-[(2, 6-

B ST e ——
gﬁly@g@gﬁﬁg@@&%g’%téﬁ %%ﬁ%%ﬁ& 18I VRd0R1 02 46t NoubJobspesi B2,
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R 0 S Asi riyo TAL R, iy SIS0 80 s
20009 630 86 pREF i3 arhb0dis8ifient to provide from about 0.05 g to about
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e e R
therapeutical | ' TV th a
SR Sl I B AR UL 681 e 173
a%‘ﬂeﬁﬁﬁ%éihgiﬁm%&ethpr Q¥er 6t D enmadreutl pthydboxg- 16er-methyl-3-

about 500 g per dose. Representative corticosteroids
t baé-10amrogionedy-iandostabi, hdidner 7@ qarbatiieic asthirGiaye-tegrahydro-
this invention include, but are n

t imted. t h
- preani3Sorlbeter, beptprpetBarane BTiem é?-g-otg% : ?%@‘@ﬁ“e?s’ief%?w 17,21-

; {ﬁlgﬁg&ﬁ@?ﬁﬁg gst 10‘?{6%}]%%1 Pgﬁnﬁ&%é? om4Bnd dderk (é’:g. the furoate

car bon ydr oxy- 16a- net hyl - 3- oxo- and
r @8teH); thiatrctliotsiR-abétdnidecmilopdtideiclasonide.Sutixacerbpropioybte, RPR-
git@%&ﬂe %%b%&ma dngl R%gl;eyo _o:rL %ha@rnggggtigéﬂy—Lc?c%p‘ggfehs%{ts t:?lereof. When
andr ost g- - g = 17 5 [We¥ i ; ition in a
SHE el the BBt il A Rnb P phhocudcal composition e
bekdraretibaBaTRcEss ansurte Typictlhg the7stpronial antaindlagmnateryggent will
the 17,21 15 di propi onate ester) bugeﬁg(%ﬂe, 500
f Ibgpresent inan apowat B¥Bsientde Pepvadq ong abpyd)-¢3 g &g ghout S00 pg per
esdt er), trianctinol one acetoni de, rofl eponide,
ci’®%soni de, butixocort propionate, RPR 106541,
ST- 126 3w sultebleick@bimtiophiachee, et éxxaipls,-otier epti-diflaenmatory

salts thereof. When enployed, the cortj cost.(fr 0j.d will
beagpntesesit NBATRhsuphay mmpx%glwﬁaéqcmw Fofigm
t herapeutical | s ' o ;
utonaieEfer ] SEHEG, QTR HRbpn iRy FRp4lankfs or mixed
| (PISWS/RIVPY HhhiBbik); Céukotrichne aptagotiste (4.¢. anvmtblouktast); dbibgtors of
to about 500 g per dose. e

leukotriene synthesis; iNOS inhibitors; protease inhibitors, such as tryptase and

clastase inhibitors; beta-2 integrin antagonists and adenosine receptor agonists or
antagonists (e.g. adenosine 2a agonists); cytokine antagonists (e.g. chemokine
antagonists such as, an interleukin antibody («IL antibody), specifically, an ollL-4
therapy, an oIL-13 therapy, or a combination thereof); or inhibitors of cytokine

synthesis.

-44-



O her suitabl e conbinations include, for exanple,
other anti-inflanmatory agents, e.g., NSAIDs (such as

W@ e@s0m0er onogl ycat e; nedocrom | sodi um PCT/US2004/018813
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phosphodi est erase (PDE) inhibitors (e.g. theophylline,
PDE4 i nhi bi tors or m xed 25 PDE3/PDE4 i nhibitors);

| eukot i ene ant agoni st u

i nhi bi %rr%xa@ﬁ’ %ﬂ?&%‘iﬁf‘éégh&%ﬁgégé& 5@‘24) Aphiitors or mixed
PPPESAGSE4 Aitofsahst cafi Behis@bintdondidsienavith the bampausels of this
inhibitors; beta-2 integrin antagoni sts and adenosi ne

r wenincm inelydeibst areaot linvited doeis dtayapedy3-caelapentyingy-4a

e e T e iy
R ot B oy

or
i oyldpropyimetibxyytdRiroromethoryplessiyd cycloiwxwlzvébsvo%me -4-[3-

g@r’/ gﬁ%‘g}g@%}%‘? zliogméﬁﬁfrﬁﬂlhéxg 2 -rcS %?gll‘;flné éc\fc? and the like, or

P 11 a%whl‘i‘ﬁh@ebﬁ'ﬁ& shii@fhefRA Othed &ﬁiﬂesﬂeﬂtaﬁ%’fPDEéltok afixed
(h t he conmpounds of this invention include, but _are

n@DE4VREE?emhﬂutoms inclide YaND-12-281 (ofhipo) ISy INSERM); D-4418

g?@%?ci% hen%’;glzéc%gl Ohﬁ’ga%h% é‘,CIB kfgxe/rl ﬁ]f-1§§’?éj7 ' (Pfizer); benzodioxole
Cxésﬂn BERBY é&ﬁké@ﬁyw@)@vfd%@mwwﬂ)&wm)emzt) @ yohalTeRdoy; V-

1-on ci s-[ 4-cyano- 4- ( 3-

cmw GYiaripierb Fomilast-(Byk-Crddeshathadsgipmsrpmpeyedsofiestesed in

( WQL% S dent. PR P i Reaan & o s
hﬂﬁ'élﬂ Pﬂﬂ@?ﬁl@%)' VKB 540585 2V BRERY) TaAb|(Yakbe seiyablh)e and

ts t hereof . her representative PDE4 or nixed
PDEéBPD‘:éElabmﬂmmktms i ncl ude AWD-12-281 (el bion);

NCS- 613 I NSER D-4418 1 r.osc . and

S 013 AT n R 20, G020 S1681 0 e s cante
' be1E6 lud

Ha%Ei(P@ c%ﬁ@%ﬁatl(o%&gﬁmg H%Elkagi)dﬁﬁ\r}f’@ ‘i%g cﬁr&ﬁ\?&l\gg irfvéitoorsinclude,

r &fut aneinoaRinitedyds -a@xlblde,ra)tl;opptefsalfatz; atmpgnec@qqé)m isdleylatropine

((jlggs,h?gétg;heog@:trgp% y Opé?{gl)% (l'g%g(f}gﬁllg%@ ) hyHrn%;gnH]fdgl é?:gpolamme
(qﬁgﬁhﬁ’%@g? ; gﬁd%)%{) omiYRRA: DrdnyRieN@dtiopiim brotdide,

and 15 72585 (Tanabe Seiyaku).
Remtﬁaﬁhﬁlﬂlb; p&ep;mﬂmimelbmmldamragxbmpmegne(thyléoromlde clidinium

anti chol t hat b
c e Hes OO KRR PORERPEER GHORige TR D s IR
t *{hﬁlh}e&‘é{ﬂit be?ld.'e Kﬁé’tﬂfiﬁe& }Q%Bcﬁhﬁmrlﬁéthﬂll'sﬂl'fa{tg Q:y&l@pentolate
atrop te atropl ne oxi d
lTEHyﬂ};dcﬁIdhﬂB; tl’tﬂncmrmda,ttﬁhe)lwhatldylﬂlyd@cthg,mlWQj@ne telenzepine,

YR8 (B/ 9 r1nl (? gn rglethloctramlglre %gcrl ohrg like, or a I%)annaceutlcally-acceptable salt

thereof; or, for those compounds listed as a salt, alternate pharmaceutically-acceptable
salt thereof.

Representative antihistamines (i.e., H;-receptor antagonists) that can be used
in combination with the compounds of this invention include, but are not limited to,
ethanolamines, such as carbinoxamine maleate, clemastine fumarate,

diphenylhydramine hydrochloride and dimenhydrinate; ethylenediamines, such as
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20 hydrobrom de, ipratropium brom de, oxitropium
brom de, tiotropium brom de, nethantheline,

w@e@pasobel i ne broni de, ani sotropi ne nmethyl brpem/tig004/018813
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clidinium brom de, copyrrolate (Robinul),
I sopropam de i odi de, nepenzol ate brom de,
tridi hexethyl chlaride.(Pathil.gne), xocycliu . .
MRXHYINEG| Alpate, %9@?%}5‘&}%‘5@ 8013?1‘9%% %@ﬁ%@%&@m‘% citrate;

t | ).d ' iyl i€azines, such
PRGBS pine s

neydrogyzimtydeochiutide heydroskyeinegramewate, cyclizine hydrochloride, cyclizine
phar maceut.ical |l y-acceptabl e .salt hereof.: or,.for

P oot Eliotn PR IRt el spiaginp hyaepBpRdp fperidifls, such as
PRALIBGRUI SRILRHGRRIBR Be, BAkddind @ iRUescarboethoxy analogue,
Representative antihistamnes (1.e., H-receptor )
arirfRgatihs iix) fekbizhadimmbysrochderitle; hrelastin hydrofldarids; tand thedike, or

o B o S B 5 b
| ' | hydr ani
£t§ Pg%%g&gt%égﬁﬁ-.aé %ﬁ &t tairpbyeny! hydr ani ne

hydroc di me I nate; ethyl enedi am nes, =
such aSuitaktsddes 2GR OhaNderapamic BR06400irEge®d in combination

pyrilam ne aml eate, tripel ennam ne hydrochlori n

{ Wifhed comnanneef BieuneIEon am IRYhAR ST BoBE0S e Ry B Sbout 100

chl heni ram ne and acrivastine; piperazines, such as

h?&gi yzi ne hydrochl ori de, hydroxyzine panpate,

cycl i ziTne fosiag Mrafldons dystriziragesdnttiva pbarnmeaitical ne

hydrochl ori de and cetirizine hydrochl oride;

picpappsitionssf the pgsens Iy eRdE N zol e, | evocabasti ne

hydrochl ori de, |oratadine or its descarboet hoxy

anal ogue, terfenadi ne and fexofenadi ne hydrochl ori de;

azel astine hydrochl ori gemmgnbrt Pearhpled, or a

phar maceuti cal | y-acceptabl e salt thereof; or, f?r )

t hose &bwpeelaidscapseles frasal pdgrnistration argpregptgd as follows:

pharmaceutical |l y-acceptabl e salt thereof. Suitable

doses for the other therapeutic agents admnistered in

conbi nahyeMentt0 W th a conpound of the invembumn are

in the range of about 0 05 g/day to about—100—mg/day.

The f olCompoupd bbthmihedntions il ustrate repriddengati ve

phar ma [ C sitions of the presenigoigwenti on:
L3 Rpray IR "

15 Formu e A Hard gel atin caps IOerrs1 for
oral adAiglesPY P88 Car e prepared as follows™ ™8
I ngredi ents Amount 20 Conpound of the invention 250

ng

Representative Procedure: The ingredients are throughly blended and then

loaded into a hard gelatine capsule (460 mg of composition per capsule).
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wao koosiaggoby bl ended and t hen

Lact ose (spray-dried) 200 ng Magnesium stearate 10 ngy
25 Representative Procedure: The ingredients are

gel ati ne capsul e (460 ng of conposition per capsule).
30 -46 WO 2005/ 003090 PCT/ US2004/018813 Fornul ation

Exanple B Hard gel atin_,ca ltll e f_dorrnleOéal

adm ni stration are prg%éil@m ows: | ngredients
AmoUNt 11 SRR Pgll@sf fot bRl haMRINta€on 22 preparsd & follo8e
ny M crocryst aI ine cellulose 89 ng 10 Magnesi um

stearate 2 ngy Representative Procedure: The

i ngr ed#ent re t hroughly bl ended and thelAgin sed
t hr ougt'etf $ 45 mesh U.S. sieve and | oadé 0 a
hard g U ng of conposit doer
capsulg I%E)Tgnq:& BgF'Hatlttg)ﬁrPExarrpl e C - psaggls for oral
adm ni §'taf<ﬁ1t| on are prepared as foll ows: g Jeedi ent s
Amount Mig@cienanaugrdllobsd he i nvention 100 Bfmg

Eg%g?@&%&i‘ﬁ%@%@ tan nonool eate 50 ny 2%% ch

ingredients are throughly bl ended and then |oaded

eI at |n C eigg f Congﬁrﬁaglggﬂp%ﬂédandthen

n. q,os ul

passed through a No. 45 mesh U.S. sieve and loaded into a hard gelatin

capsule (200 mg of composition per capsule).

Formulation Example C

Capsules for oral administration are prepared as follows:

Ingredients Amount
Compound of the invention 100 mg
Polyoxyethylene sorbitan monooleate 50 mg
Starch powder 250 mg

Representative Procedure; The ingredients are throughly blended and then

loaded into a gelatin capsule (300 mg of composition per capsule).
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Formul ati on Exanple D Tablets for oral adm nistration
are prepared as follows: Ingredients Amount 5

w@ogpoesogh of the invention 10 ng Starch 45 ngPCT/US2004/018813
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M crocrystalline cellulose 35 nmy Polyvinyl pyrrolidone
(10 wt. %in water) 4 ng 10 Sodi um car boxynet hyl

starch 4.5 ng Magnesium st ear mg Talc 1 15
Representati ve Proced#ﬂ%%ﬁ%@lueﬁ% of the ™

I nvent Telets $rrgihdafisistriedn 4tk pfepatdas fsiksead t hrough a
No. 45 mesh U S. sieve and m Xed throughly. The

sol ution of polyvinylpyrrolidone is mxed with the

resul thjrégedﬁ%\{\der s, and thi S m xture ist lﬁgssed

t hr oug 14 mesh U.S. sieve. The granules so

pr oducE&E}%E&d}&ftﬁglﬁ%é%Goc and passed thadgh a No.

sieve e sodi um car boxy I
st ar chStadlgnesi um stearate and talc (pr evrg%@{

passedMitootygfallimeNellul6g: mesh U. S. si eve) aB%Htghen

added by LG AFBAKES10 vA dah ket N9, the mixdure s

corrpress ine to afford a

vei ghi Redivmoaghpxymsthyd Ftﬁ{ﬂ%atl on Exanple E jTgkslil%t s for
oral apmMgnésimatearae are prepared as fol | ows0.5 mg

I ngredipents Amount 30 Conpound of the mvenjh;gn 250

I ng Mrrnrr\/ctnllnnn cellul ose-400 g Si

di oxi de fumed 10 ng Stearic acid 5 rrg 35 o

Representati ve, Procedure:.. The in n
throug&ﬁ?ﬁéﬁ?%éz—gﬁg%gh 318% %the{n%%c{)o%mﬂt propyand s

(665 MyeiaflocAPRskid BRoufla N@kisahdsh U48sieve and mixed throughly.

The solution of polyvinylpyrrolidone is mixed with the resulting powders, and

this mixture is then passed through a No. 14 mesh U.S. sieve. The granules so -
produced are dried at 50-60°C and passed through a No. 18 mesh U.S. sieve.
The sodium carboxymethyl starch, magnesium stearate and talc (previously
passed through a No. 60 mesh U.S. sieve) are then added to the granules.

After mixing, the mixture is compressed on a tablet machine to afford a tablet

weighing 100 mg.

Formulation Example E

Tablets for oral administration are prepared as follows:

Ingredients Amount
Compound of the invention 250 mg
Microcrystalline cellulose 400 mg
Silicon dioxide fumed 10 mg
Stearic acid S5mg

Representative Procedure: The ingredients are throughly blended and then

compressed to form tablets (665 mg of composition per tablet).
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WO 2005/ 003090 PCT/ US2004/018813 Formul ati on Exanpl e
F Single-scored tablets for oral administration are

wpe@paemwoh as follows: 5 Ingredients Arount (eepUs2ed4/018813

of the invention 400 ng Cornstarch 50 ny
Croscarnel | ose sodium 25 ng Lactose 120 ng 10

Magnesi um stearate 5 Repr esent atlé'lye Procedure: The
i ngredients are throu%@z&@#{%w conpressed to
form a%iﬁgfégéc@feﬁqgcﬂ&g féahieddn{ifiRRatich @& pepard sk foloves:
per tablet). Formulation Exanple G A suspension for

or al aﬁm’ |H.esnjrati on is prepared as foll owgy, s

I ngred - Fpotd—ef—the—tnvertT o107
Funar | omependoishginvegditim chl ori de 2.0 gAg(g%t hyl
par abeQofhstebchy Propyl paraben 0.05 g G abligt ed

sugar [ (70% sol ution) 12.8 Veegum
k (Vangg?sg?@}eug%ﬁr%gd&% g 30 Flavoring O. O%%Sgrrng

Col ori h@o%. 5 ny Distilled water g.s. to 4D88L 35
Repr es®nigatdive steantedure: The ingredients ab@&gn xed to
form a suspersTom_comntar i ng 100 g ol active

i ngredi ent per 10 nlL of suspension. -49 WD 2005/ 003090

PCT/ USRQEHLGAREProdeatrs Tat inppediasmleghidughlg bjendedwiet
for admnistration by inhalation is grepared as . .
f ol | owsompressed to form a single-scored tablet (600 mg of compositions per tablet).

Formulation Example G

A suspension for oral administration is prepared as follows:

Ingredients Amount
Compound of the invention 10g
Fumaric acid 05g
Sodium chloride 20¢g
Methyl paraben 015¢g
Propyl paraben 005¢g
Granulated sugar 255¢g
Sorbitol (70% solution) 1285¢
Veegum k (Vanderbilt Co.) 10g
Flavoring 0.035 mL
Colorings 0.5 mg
Distilled water g.s. to 100 mL

Representative Procedure: The ingredients are mixed to form a suspension

containing 100 mg of active ingredient per 10 mL of suspension.
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5 I ngredi ents Amount Conpound of the invention 0.2 ng
Lactose 25 ng 10 Representative Procedure: The

w@ oovpoesegh of the invention is mcronized and PEENS2004/018813
bl ended with | actose. This blended m xture is then
| oaded into a gelatin inhalation cartridge. The
contents of the cartridge e m nﬁsﬁered using a
powder inhaler. 15 For | A dry powder

formul Qtdrg gmfv@ér ﬂdﬁ&‘dmhﬁls@raﬂbﬂ bP aRERkioh INBbpdred s Btvivee
is prepared as follows: Representative Procedure: A

5 phar ma eutlc | composition is prepared hay a- 20
bul k f i
i nvent Fempeend eidhegwention - 200.  The conpoﬁi%ff‘%n is
packedLidibe a dry powder inhal ati on devi c@Sexpabl e of
del i ver rmg—betweermabout— 10 and apout 100 g of the
compound of the invention per dose. Formul ation
10 Exanpl RegregGidivéPro@auee ITHe@ondd iAo Sthe drventiois micronized and
inhal ation in a netered dose inhaler is @W qareg
ailogd 1nto a gelatin

fol | om@enﬁdpm@gmlalamée PFlye blsuded m}xitgli?slﬁ

cont ai ni 2%, of QR ARG

0.1 ae rgghige Spiee 18 ERARE 2 e Ghrltpe e ERaARthe 2

t he cogp@gaqnh@&;the i nvention as n1cron|zed particles

Wi th nean size less than 10 min a solution 30 forned
15 fromO0.2 g of lecithin dissolved in 200 nL of

dem neralized water. T ifs spray dried

and the resulting mate = ﬁﬁﬁgﬁ?%%u?%zed to particles

havi ng AdryHRaRciormBlafibn f@sse ihadrylpdwder inbiaktipadevics Bs

are loaded into cartridges with pressurized

1 pfiepared-as doltaafs: uor oet hane. -50 WO 2005/ 003090

PCT/ US2004/ 018813, For mul at v
phar mé@gﬁ_@ﬁ_ﬁm o‘% p?l a?égt{%&ng%r&réé%tmn i8 plaagared having a

20 | B0 ﬁfm{lﬁu&{ PR T hiBPnida bbﬁpﬁmcﬁoﬂﬁ@rrﬁsﬁuiﬁmumose of 1 :200.
Procedure: A suspension containing 5 % conpound of
The composition is packed into a dry powder inhalation device capable of dehvenng

between about 10 and about 100 pg of the compound of the invention per dose.

Formulation Example J

25 A dry powder for administration by inhalation in a metered dose inhaler is

prepared as follows:

Representative Procedure: A suspension containing 5 wt. % of a compound

of the invention and 0.1 wt. % lecithin is prepared by dispersing 10 g of the compound

of the invention as micronized particles with mean size less than 10 pim in a solution
30  formed from 0.2 g of lecithin dissolved in 200 mL of demineralized water. The
suspension is spray dried and the resulting material is micronized to particles having a
mean diameter less than 1.5 pm. The particles are loaded into cartridges with

pressurized 1,1,1,2-tetrafluoroethane.
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invention, 0.5 %lecithin, and 0.5 %trehalose is
prepared by dispersing 5 g of active ingredient as

worR@soedoged particles with nmean size | ess t hanPdDUR2004018813

a colloidal solution forned fromO0.5 g of trehal ose

and 0.5 g of lecithin dissolved in 100 nL of

dem neralized water. The suspension is spray dried and

the resulting material is 10 mcronized to particles
havi ng a nean di anet erpgr@gktibh&rathpe KN The particles

are |oaded into canisters wth pressurized 1, 1,

1, 2- t eAphédmaopgisahenapositomor B o mStgieg desq injaler is prepared as
%%ﬁrnqceutical conmposition for use in a nebulizer

i ¥nEP&r is prepared as 15 follows: Representative

Pr oCedpiE, B escAR1id8 PRRESuBE MO RpersnMBshRinidn 5 V6 copeuridrofahe
nebul iZzer 1Ts prepared by dissolving 0.1 ng _of the )
cionpeiond0.61% ldvithing wech.5 9h tichalese is prappred by, dispggssegi? g 9f active
chloride solution acjdified with. citri.c id .Th .
SRR IO Pk ectc|op WO S U e it  F Sgloidal

i | ' i l it5ialdsb®8d i151@PmL of
a%?ﬁ%ﬂg@ﬂ%%i%o@gfﬁgogﬁgggéﬁfngk%iéfﬁgﬁgﬁgﬁ addi tion_of
Naéhinerafiosdmhtat. i Tire snxgemploa idkpiay ingdatdtbe eestibbinguhateriad s

is prepared as follows: 25 |n redggnts

RO (Pt isdes Ty B TFATDLOTGIET St gl auia e Batticlys are
| ytij 0.4 2. . 1 0.5
o foatéd it fefistord b ofedthmiedd i P23t Riopde, (0-5 1

mL Representative Procedure: The above ingredients
are blended and the pHis 35 adjusted to 4::L 0.5
using 0.5 N HC1 or 0. 5FemnNgation Examnlo005/ 003090
PCT/ US20Q4/ 018813 L L ti A ik HiRSred as
and re%ﬁggﬂn%gﬁé%ﬁﬁé%m8$uﬁgﬁg%¥%§%%%#%ﬁgg}e usé%gfﬁ as
MesikAfst Ni C receptor antagoni sts and therefore, such
compounds are useful for treating nmedical condjtions
medi at Rdpissentativedrogednre: cppiuspys agrosol forppudatiogyfor use n a
I
o‘r11

condi.ftions 5 i,ch,.are. ' i .
B
c gpgliotd BREdiuACHIsRle BYutvaachifiexeitciric sddpiThatixtyre is stirred

tract disorders, such as = = . L
and sonicated until the active ingredient is dissolved. The pH of the solution is

adjusted to a value of about 5 by the slow addition of NaOH.

Formulation Example M

An injectable formulation is prepared as follows:

Ingredients Amount
Compound of the invention 02g
Sodium acetate buffer solution (0.4 M) 2.0 mL
HCI (0.5 N) or NaOH (0.5 N) q.s. topH 4
Water (distilled, sterile) g.s. to 20 mL

Representative Procedure: The above ingredients are blended and the pH is

adjusted to 4 = 0.5 using 0.5 N HCl or 0.5 N NaOH.
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chroni c obstructive pul nonary di sease, asthma,
pul nonary fibrosis, allergic rhinitis, rhinorrhea;

w@eesnaerd nary tract di sorders, such as over acCTES2004/018813
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bl adder or detrusor hyperactivity and their synptons;
gastrointestinal tract disorders, such as irritable 10
S@ﬁfﬁ%syndrone, di verticul ar di sease, achal asi a,

intestinal hypernotility disorders and
di ar r hegs subBfiitadGyarolibitk ARi adlated Uompamds iofitiis invention are useful
bradycardi a; Parkinson's disease; cognitive
disonsberisic reeeptpr aBtagpiple e thesefanes giehcompruns #8s pirdy.,for

d the like In. - , Heror Firea,” ™
?ﬁ%wgﬁ%?dlgﬁ 8013@%?%%1?6&3%{8? ng{ﬁ:s%aéﬁﬁcglﬁg%é{ﬁg;ﬂ%%ﬁg&caﬂ RbSditions
divBRNGES SmblibrARABR S atmieAE With iartgusuiiEo Secapidr titegenist. Such

conpani on animals 15 (e.g., dogs, cats etc.), S&JCh
smedichl eenditioss dicsieder way ptexaawe, Bespiralprptract disorders, such as

illustration, overactiye Dbl , ' r V2RO
iR Dty RUEARY difeett AN, piALCAASL Rt fhinitis
URehrtiRal f&AbuSARY tictBiIss i s, Bublp hdlevedadtive bladder or detrusor
conditions nediated by nmuscarinic receptors, t

he . .
c bygroastiotity ehd theirsyinptoses; isasiroptestingl {5act dispydegs such as irritable

adm nistered .20 orally, rectall.y, ; -
AR e S e e
P@isofiRYs anfBarfERUCH:diaE adefthmeisddrRAtas SiE0s biadyerdia, Rxekinson’s
dose or the total ampunt administered per day will

t yistasa) bognisiveditondans, such ayAlzheimsaisidiseeses dismpaornesn anththe like.

wi | epend on.such.factors as . .
severi ?“}/g%q‘ erphodiment; e mé’8ﬁ%‘fstolfic§%§ 11?%%1{{&2 %1% 31 ??flu%or treatmg
beiRgmt ke lEHsorifg iRaRnAs, SeHediag hiveahd Amdaheit b@npanion animals
patient, the tolerance of the 25 patient to the active :

ageat dogsheats eiat)e Suth srieathingiselgdisprdesninciude, by way of illustration,

e s B R R S e

receRbaes W ll range from about 0.14 g/kg/day to
about 7 ng/ kg/ day of active agent; including from .
about OVH& el ¢u ten smoothipouscladisergetegr athpr cquglitions mediated by

average .70 kg hupan, this d.anmount t . .
pdrgayric SyeRgaltBPras iR g aay ot " pRPRHY beHinistered
.' Brdlly? &%@iﬂﬁa/l Sar&HDQALy BEBY inhbAfok TP GBKHall dbde & in multiple doses
i nvention are useful for -52 W) 2005/003090

P@E 52 O/ MIBB1 8f active agint gdmirdgened pex osdios Hredeiabamount
such  as D Qr asfhnm, .. i | s.ingludi.ng.. h . .
3560 S S SR e ARG S OB Y AAVORR v
ggfé?«%lf@;?gsrugg RS ad MEGRLIrOMnd é{@vl:ﬂlity_to\f%&pﬂﬂeﬁts Rendition, the

y tnhalation in nultiple doses per day,
i roadisibnykingdahley, thel ogearsk geacral heplth afslespajienip e tolerance of the

ﬁpgg;qaflégl; ¥He a}c’rclnefe gg:r)e%% tltlé) Toute o atdlmqgisf’%atgoensﬁ{drtﬁet: fite/

Typically, suitable doses for treating smooth muscle disorders or other

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

In a specific embodiment, the compounds of this invention are useful for
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5 wll range fromabout 10 pg/day to about 200 g/ day.
When used to treat a respiratory disorder, the

w@eogpowgs of this invention are optionally PCT/US2004/018813
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adm ni stered in conbination with other therapeutic
agents such as a 132- adrenoreceptor agonist; a

cortjcosteroid, a .non-steroj antd - i |_ar ‘ .

S Ges T T n iAo o g of Sboiy T RN ietuding
efRsHsMBthen 4438 (& RBREPSALRY disbidSrsi theé@Birpotindarof this éthention
to treat overactive bladder. Wen used to treat

owelt typtdaily bbhdmiihastered by injwintion el s10dple Hpses PPdaYni 2ingle daily
wi ll typicall e .adm i stere | LN: ' .
dg?qefrég%?%wgﬁkﬁy Aoset i graﬁ&,otglggg% etlpy gg{kn%pafﬂgag#aa%ry >c/11sorder

' Gvil@raigg%ﬁl ARt Y0 Qg/ﬂ@?r to%ﬁiu@ﬁ@b%tg/daihe dose for

treati ' range from about 1.0

overactive bl adder wil ut, )
ny/ day Wienabedito t500a mgpitatpry disorder, fhetcosmepnds of this invention are

enbodi ment, . the conpounds.of thig i ti
Cepsanally soministespraemnnsre gy Wb sl i BB fE g b
: %«?/ﬂgfrl@?%eﬁ)tﬁ% | isB ¥ REFRBReroid] @ nopoaRedaArS oM lafintitory agent, or

typically be adm nistered orally or
r eahbinhyjonsrthereofsi ngl e daily dose or in nultiple doses

Povel - Sy ptaamenp ok e S Remdhoh £ eigp gl ] b B

aBouL tRAG 1 AHeF W her Hsed 1D GRaCARERRURE Bladler! tHeTohipyaimds oFhis
are nuscarini ¢ receptor antagonists, such conpounds

ateveatisowilbgbitklipbe pémiasternd brblydn b singlededlytdogrer ingngtiple
st.udyi ng_bi ol Qqgical. syste r s es . havi .
miSREEPPRIAY; PedEptiy i by Gat MBI L Tl f for weating
S QURa85ve H@ﬁe?@ﬁpfdngg ¥ a¥Rt 1.9Bng/ iy RNBOAI 50Eme/day.

muscarinic receptorsS. Any suitable ‘biological system

or sanih gethavihagembedimentile cospeptds of thigynisatienpieaipedito treat
in such 25 studies i ch e conducted .either i
ekelopoys PgBmeRdLraE 1t o SERaTEpred e e

or ' 119 bl QhBRidt6d Beisly dp kot
ng?&?p%ﬁg?gﬁ#gﬁggﬁigm@glfélléiufar ext rlacts, pP,asm: I}iﬁna
neirtaduly,dosé ssinamstipieldeses peadmnl Brefesahin the deseder treating

rats, ui nea pigs, rabbits, dogs,, pi tC. d

t Aeititlg Bowe ey pdroearidarsrdntm 280 oY B §‘933‘F &0 e/ day.
sanpl e S‘f]‘gffm:roh%'oﬁﬂdsaofmﬁ GRenfbE are3RudcBSHB &eplo® antagonists, such
contacted Wi th a nuscarinic receptor-antagonizing =
aretipbuefs ate sleopsafulchs refeatchiteols fordnndstgatingtes selyiagbiological

of antagoni zi ng the nuscarinic receptor, .are then -53
WOYSIg0S PO TIENE e RBSeRrS TesRs TS quia o heis pigs or samples

CORNTAIEPAECAN S 0N ERIBIN e, 20y v
Susidlofidalabtemalr sampryimvingchusterihic geoeptonenrpbe emplogedjwssuch
studies which may be conducted either in vitro or in vivo. Representative biological
systems or samples suitable for such studies include, but are not limited to, cells,
cellular extracts, plasma membranes, tissue samples, mammals (such as mice, rats,
guinea pigs, rabbits, dogs, pigs, etc.), and the like.
In this embodiment, a biological system or sample comprising a muscarinic

receptor is contacted with a muscarinic receptor-antagonizing amount of a compound

of this invention. The effects of antagonizing the muscarinic receptor are then
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| i gand- nedi ated 5 changes in incorporation of
guanosine 5 -O (y-thio)tri phosphate ([35S] GITPyS) into

i sol at.ed nenbranes. via recept or .cat al ' . 1
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wth a uorescencCe-| i nked i magi ng pl ate reader or

Finl iRR§ae)lufar oynlivademsinermowphespdatel (R4 ME), lagandunertigfad clnges in
TERETTIEN IR R —
f H@ﬁ%&ﬁﬂ%wﬁoﬁﬁﬁl bft 186k RDOUG.(y-BlioAFHRYShaA ([ﬁsycm@ finto

nat ufe.

scarinit receptor-antagoni zi ng anount of
ajseRIAIaHAaERfed ik Secepioe tithlgpedrdxichangeyofi LG EPySnyeDP, ligand-
from about 0.1 nanonol ar to about 100 nanojml ar.

Adilinbedrehinges in frec Bvipelimircalsrum pms (MFged: &of XAPP]§, With a
;J ﬁﬁgregc}{}créee-ﬁu aeﬁ%ﬁlagﬁlglp?atg adelb TTIPRE HAth DRLERIPRVRES Inc.). A

scari receptor antagonist activity. In
t Bbfipoukid oS diveafién willsgtagdniietorrdeciepdecthe bitivation offauscarinic
(for exanple, as determined by in vitro radkgli%gﬂd A
diespptatsaneny ofihe yrctiopalraseays dsted abeise GhFSeYS o agiBLy wfure-
test compounds | Jl il
PR G e iR i e p BRGNS i f S06R 2

| edallly Yarldd @R bigsilt OdORARGHRUS t6 bisdut haY eaminelar. equal  or
superi or nmuscarinic receptor _binding, if any.

aspect Adlitionally, iheeampmings ef tirdgveniiongcap e Hf%l aSTr-QSi'engh tools for
di t both 2 i ' .
(e gs?:ﬂ%e%% élsegpoﬁ?rgag ! 9 08 9E Rl A r%g@{e%éptgﬁgﬁ%sdn%@ Beiflaty In th1s

Irate assays is of -

t Reibb&stent ddschrdnit deBptof Bindast datofmotxadplebs detbmmiasd by in vitro
Anmong ot her [)agoperti es, conpounds of this invention .
haadioligaed displasemens assayS)ior st FHRPBINAGK & E5pupyi test compounds is

muscarinic.receptor. activity. .. AC ' j AN
i AP SSR ABRLE bl SR iiion o
ofiadr@ify b ge testtRMIPIEn @/ thabhdve Ab&ittehedl odsesepior Atuscarinic receptor
constant for the MB receptor subtype of |ess than or

e dpiraling, of any0 T his\ispent off gpgnqun@pch&fgaqs SEPArE(§ eﬁﬁ;‘odgpents, both

| ess than or .equal .t0 10 n m i :
T8 2R S 0 DA R LG P s o
C QRPRLINS: ©fidédtity tdshoeRiduads bemeretso been found to
possess a surprising and unexpected duration

: f

br onc hdmongetherpropdraes, sompainsisof s iyenigon l?ﬁYﬁl%S?Ii fownd to be
Accordingl.y, i not her .speci fic. .enpodi | :
i rﬂ%‘?’i’f }nglﬂsl% S %nl}dg TUSGATIILC Peg toroaltjcl‘;ﬁg&ogc{%?%}fém' si)emﬂc:
hayiyddirReiy 1at fRRnGén RrapRERARS 8dBEMIndR offoemuRT Halving an
about 24 -54 WD 2005/ 003090 PCT/ US2004/018813

inhibition dissociation constant for the M, receptor subtype of less than or equal to

100 nM; or less than or equal to 50 nM; or less than or equal to 10 nM (as determined

by in vitro radioligand displacement assays).

Additionally, compounds of this invention have also been found to possess a
surprising and unexpected duration of bronchoprotection when administered by

inhalation. Accordingly, in another specific embodiment, this invention is directed to

compounds of formula I having a duration of bronchoprotection greater than about 24
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hours, including about 24 hours to about 72 hours,
when adm ni stered by inhalation. The term "duration
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conmpound provides a bronchoprotective effect in the

gui nea pig nodel of acetyl choline-induced

by onchoconstrjcti,gn. 5 Mye I 0 . S .
DB StR ShS o on PS8 2 tou B TREK AR Bt paaon

UREXREG @brakiA 81 BRhekdpratedtibrivitding ¥ 1engh of titheliyat a compound
i nhal ati on. Accordlng%%, in another specific
§cH

eplovifiesebronchbprotective in the geinea pienoded of asphdehpiipedpduced

formula | .having an apparent |ung-selectivity index
ggﬁg&gﬁopﬁgﬂu%b at either 1.5 hours or 24 hours

post - dRRIrOG el ¥olpBRhdldfehis iRt hike LreR &w@ltto possess surprising
| ung-selectivity'index" neans 10 either (a) the ratio

ofind reexpatted Binglselgdiyiy WiDBOdpHBisteraddyiinhdaliony Asperdingly, in

! padte ow s i
AP RS e bRSEE 3 2R RO cd b o o
?g%h%{% GR Qb aRET IHIUGRL i bit P1HEBR GRAR Hiaat 100 efiier S08Aouroor 24

e ratio of the antl- depressor | D50 (dose . .,
r taois pest-dosinigrityiibhalatinet Hshom fpparedtibag-saleelielydadexy means
mean rterial pressure by 50%9tq the . TNV .
P RREIBPB B tES TUbUSpERRE (P acfdPieaaoyitsd e pfacaripine-
ﬁ‘_ﬁg@é&& DAl LAGT s pe the BRABRSGRBBE LD pobyreg@¥8d to inhibit

properties, as well as the utllitgbof t he .
c acqiglohalmedindudetl dronvhesrtmswiciion Ay S0%9; ardhbitie ratin @fdhe anti-

RS i o o e AR
ir %ﬁt&ﬁa;l%?%sgﬁe\ﬁ? 5855 the Bf&cﬂ@%‘%febﬁ@@'\g—sggoﬂé tdaeireditiahibit

oW ng "Exanpl es. EXA The foll ow ng
s yadthleholineainduded braghoainseictinpbg$0%ne of fered to

illustrate this . invention ang. arg.not to b

' any Tege BEDFA 6 HELaR DR OO AT bfyeiton, can
I A D8-ofaal P eNkabwR RSthose skilled
P R B L e o hos

i nditpatre dfor Aklimple] @picsersatinetasshyk iareedbsréedvin fizrther detail in the
general |y accepted neani ng. AC = adenylyl cyclase ACN
:fé@éY@Hixﬂmpgﬂso BSA = bovine serum al bunin BOC =
tert-but oxycarbonyl cAMP = cyclic adenosi ne

nonophosphat e
EXAMPLES

The following synthetic and biological examples are offered to illustrate this
invention and are not to be construed in any way as limiting the scope of this
invention. In the examples below, the following abbreviations have the following
meanings unless otherwise indicated. Abbreviations not defined below have their

generally accepted meaning,.

AC = adenylyl cyclase

ACN = acetonitrile

BSA = bovine serum albumin

BOC = tert-butoxycarbonyl

cAMP = cyclic adenosine monophosphate
CHO = Chinese hamster ovary
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CHO = Chi nese hanster ovary -55 WD 2005/ 003090
PCT/ US2004/ 018813 cpm = counts per mnute DCM =

walc@blamosnet hane DI PEA = dii sopropyl et hyl am neCT/DE£8047018813

et hyl ene gl ycol dinethyl ether 5 DWF =
N, &:}Iibrret hyI foLmam'hde DMSO = di net hyl sul f oxi de dPBS
= ecco' s phosphate buffer W t hout CaCl2
and MM EDC = 1-(3-di %rPesf%%?%%yn 3- 10
et hyl cBFDbdi ni de hydrochl o ]IC
et hyl eREHAn net et raaTet i c W’éppyﬁt@%‘nmeet hyl acetate
FBS = PMREl bovi ne serum GBhylengglypellimsthyl et ef

- di ppdeiphat e 15 HEPES = N,N-dimethylformamide

4-(2- hpaisexyet hyl ) - 1- gi per dimstleylstilfatidsul fonic acid
hM = hpiggn nuscarini & recepiyREcsy phospRatd baivered shiimean
muscarinic receptor subtypg,ﬂgoutr@&l— @muscarl nic
receptgbgsubtype 3 20 hMi;z 3receptor
subtyp = human nusca | f(si ﬁéf e

dr oxy- 7- azabenz8 lém % ﬁ
perforﬁ@ﬂ%% li quid chfomat 8 am}ae e‘traﬁ‘fﬁji’l
di ssocE#dAen const ant =25 Mef 3:’1‘#‘& ¢ spect r onet ry MTBE
= met hBSt ent - but yl ether [@#]igviBe=sefunt N- net hy|
3H scopmram ne met hyl =chl ogiat®sin@I5Sdiphosphate
oxot r epmupipge- i nduced sal i vat@dydroxyethyl)-1-piperazine-ethanesulfonic

acid
hM, = human muscarinic receptor subtype 1
hM, = human muscarinic receptor subtype 2
hM, = human muscarinic receptor subtype 3
hM, = human muscarinic receptor subtype 4
hM;, = human muscarinic receptor subtype 5
HOAT = 1-hydroxy-7-azabenzotriazole
HPLC = high performance liquid chromatography
K = inhibition dissociation constant
MS = mass spectrometry
MTBE = methyl fert-butyl ether
[PHINMS = I-[N-methyl-*H]scopolamine methyl chloride
OIS = oxotremorine-induced salivation
PMB = p-methoxybenzyl
PyBOP = benzotriazol-1-yloxytripyrrolidino-
phosphonium hexafluorophosphate
THF = tetrahydrofuran
TLC = thin layer chromatography
TFA = trifluoroacetic acid

All temperatures reported in the following examples are in degrees Celsius
(°C) unless otherwise indicated. Also, unless noted otherwise, reagents, starting
materials and solvents were purchased from commercial suppliers (such as Aldrich,

Fluka, Sigma and the like) and were used without further purification.
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TFA = trifluoroacetic acid 35 All tenperatures
reported in the foll ow ng exanples are in degrees
Celsius (O unless otherw se indicated. Al so, unless
not ed ot herwi se, reagents, starting materials and

sol vents were purchased frgﬁmgpnner0|al suppliers
(such as Aldrich, Fluka, lgg?a and the like) and, were

used wit hbmpatamm@rz,wlpm 2 @r-pynuplidi3yyipcetamide
2005/ 0 3090 e BNidi
of 2, 2% pﬁﬁe : ine

- Prepapalstingd e&uﬁ@ bf 1-benz 13- rolidinol (44.3 g, 0.25 mol) and 1,4-
Benzyl - 3-(p-tol uenesulg‘S())ny oxy)pg}r)rrrol i di rge 5g )

sthazahidycin[BJZtZ]mtal@f (3898, 0-Imahyn 230 gyl ofdpiduhd ?ne(dg;d efper under

0.
Oin GRS 0 S PP TR R s
ag (?7 Pﬁ&h@n HisdWek 09 @finAtrhe ré&ctu\ﬁﬁﬁnxture was stirred at 0 °C for 1
edp-tol uenesul fonyl chloride (52.4 ¢ 0. 275 nol)

par (he iectiatiewasremazed i the Thisture aes Smechibambient jgmaperature

* Rueriaet (065 ks £ Fresste (U0 Gt Rl Bt 6B i aqueous
0¥§(F 943 Larb AR dlutids d(by(b nAYEAb GesutH niburv@as stdetlat ambient

y sat urat ed aquedus sodi um bi carbonate
s edriperatnre(fA6 0 hnﬂ)ac 1a15ms wers sbparatgd midthg osganigslayeriwasaypshed with

t anb
R A 5 i, B0 LG4 s
%ﬂ% cﬁﬂ> §§1uﬁ9ﬁj {50 R RERARGE ﬁlué@&slidodﬂﬁh 612151%6 solution

sat ur at e aqueous anmoni um chl ori de sol ution (250
mM(}50 Si&d;Land e (kqadwalsscsmdn snifeh (&) 2)d dhsspdinmopylfateswas filtered

25
grwégfgng%’%h?tgmfil n ar aﬁﬂ F% ({j %npfs Igrﬁ%tfv\?\atlaserﬁ&ggecg%v vacuo to
et d 728 LRk t{tl%qnt'a-rhecﬁ&k@ ab B o SOk MBSO 110A84 9,6 H8:ET5 % Burity by

cuo to~ give /8.2 g of the title internmediate as an

‘ ofHPIy@l).te solid (94% yield; 95% purity by HPLC).

Step B — Preparation of (S)-1-Benzyl-3-(1-cyano-1.1-diphenylmethyl)-

pyrrolidine

To a stirred solution of diphenylacetonitrile (12.18 g, 61.8 mmol) in anhydrous
THF (120 mL) at 0 °C, potassium fert-butoxide (10.60 g, 94.6 mmol) was added over
5 min. The reaction mixture was stirred at 0°C for 1 h. To the reaction mixture at
0 °C was added (S)-1-benzyl-3-(p-toluenesulfonyloxy)-pyrrolidine (20.48 g, 61.3
mmol) in one portion. The cold bath was removed and the reaction mixture was
stirred for 5 to 10 min at which time the reaction mixture had become a brown
homogeneous solution. The reaction mixture was then heated at 40 °C overnight
(2045 h). The reaction mixture (bright yellow suspension) was allowed to cool to
room temperature before adding water (150 mL). Most of the THF was then removed

in vacuo and isopropyl acetate (200 mL) was added. The layers were separated and
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anhydrous THE (120 nL) at 0 C, potassium
tert-butoxide (10.60 g, 94.6 mmvl) was added over 5
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The reacti on xture (bright’yellow suspensi on) was
ahllaﬁﬂ\ﬁdqth@xmokhphemaﬁ:etamimld)errper ature before addi ng
water (150 nmL). Most of the THE was then renpbved in
vacuo and isopropyl acetate (200 nL) was added. The
| ayer sepere - Z20RSHL0BRIOT) lidi
PCT/ USE%@ASE Oiﬁg%ﬁk)ﬁggasgfbggmégw%er was vvashe(%l) errvlotlhme
sat ur a{®d -Beugbag 1 ayanni dadighdnymetby Bpyioliding W figgolved in

m.); saturated aqueous. sodium chl oride .so an
iSpprORKACEIRSCeri At ls@% 360 a8 e Zuscy Wb g ol Qotume of
sed | WarhRfarwd H'&nd th
I Bl RINRE i T R T e e e

I iy ioedtaced weth2 «ﬁﬁabvaiﬁmb béISDpltolpgl apefatg. e’Fhmn‘ggtl@Iayers

0 0
234"??%'?141"%2;1@2 rdl(')l\égp%lfr;;o 1>1{9n?]sA) > ﬁlte?e{f pﬂlre StOYVCItR/ was rerrioved in

t}z%nc%l %g@ﬁ'ltﬂ h%ﬁ%ja %ﬁ%}%ﬂf)q’ r-dipheRAMBtHyDPyedlidine

mét hyl pyrrolidine
( by drdctBeriady hs SHiglit-yelew Godinyl sadidp H{Riote: bisthydjgehloride |S@1t pas also
was di ssolved in 10 isop op&j3 acetate (ca.l1l g/ 10 nL)
ahe prapared suping die WRLk-uh ¥h an equal volume of 1IN
aqueou q. do0gd1] ayers were
separ aﬁegly&ﬁ%‘a%hglﬁgﬁag b%ﬁgle% %ﬁggg é))[(mtzr acted wth an

e ‘dqﬁﬂenﬁﬂﬁieu{ﬁ)pyfro]n(ﬁﬁ@h}ahyd:hlmﬁ @55 g, Phd3ongahiie meghpgpk(44 mL)
wer e comnbi ned, dried ov(e1 d| m suI fat anq %M 1%99

TH@s %M%rml adim ?rze%%u
h@gl{}% hFo? Ire%t}u&y 0 vhs‘ﬂe&t{% ow b@Wlﬁps)fﬁ*ﬁlgé fo‘iEl '3rh'3 ’ﬂ& reaction

e as oany s oli
TRias cbyldd e i&hbiren@lten@eﬂamre amd whteo 2theLpwep ad@d di lhp msgltmg

. the vvork-ugltof Step B). Toastlrr%ld solutl

( g}ix@r@;gfﬁg ergd (t}ggogglhﬁgaq of1Cel1te washing with me cﬂf(20 mL). The
Ifﬁg%” §)Pé/cltgcpz¥ drn%gt ng ?1% IH%‘EE@? a0 b\ eli8n PRcud: The residue

hano
was mixed with isopropyl acetate (100 mL) and 10% aqueous sodium carbonate (50

mL). The resulting layers were separated and the aqueous layer was extracted with

isopropyl acetate (50 mL). The organic layers were combined and dried over sodium
sulfate (20 g). The sodium sulfate was filtered off and washed with isopropyl acetate
(20 mL). The solvent was removed in vacuo to afford 5.75 g of the title intermediate

as a light yellow oil (99.7% yield, 71% purity by HPLC).

—-58-



was added pal | adium on carbon (1.71 g) and ammoni um
formate (6.93 g, 109.9 20 mmol ). The reaction m xture

wor®sheaved to 50 Cwith stirring for 3 h. ThePCEHS1000018813
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{A@?%t@ g%fﬁwn{% ﬂgtte Ip%ec%ij[a{edbo%tc afid vdvag filtkeh 3¢ nfﬂe'}ilﬁgte was

( a)l'lgb’ce(d]a'n‘a)tﬁ@ra%erl i vk de tTHE AqR¥GUs Qhyerlinae eXtZachet] with
and 80% H2SO4 (19.2 nlL; pre-prepared with 16 nL o

. f
9 @hk2 SR4thanei( 190 I andfthe-prgpmic Tayesrs were cpwiinetlapd dged with over

th 90.C f 24 h i i
R Sbn LU e ST e S Sty T g AL WA
I SahidrBfetatd (r:llr()ernE@ST 1® doPBEwhOrdnRled iPvd@OMD give the crude
d then poured onto ice (ca. 50 nlL by

v o) as 2Aig0 Yelhow domsy sodidi (a2 gr&h deriy My HEIdR)- was

dded slowy, to the nixt i th st
ot uripierdisgroteeads disttived i haBbL i Bt fiihe, 5 i
%E%ﬁ%ﬁ wAddeddanda ¥a6i &FL&M@%@;{;M.E dg)@h bl (84 mL) and

ich tine sodiumsulfate precipit out and was
f ithe eswdng ffixtufthead stirtedatvernighy (15 h)e dihe desafingmiecipitate was

SR gt g i St St N A A G o)
‘Q@ﬁalﬁ%gdfgi 5"&?';%]%9 afddaad ik bEYPMRT the SRditnd siilth Wisstited at 70 °C

odiumsulfate was filtered off and washed _
Widvlrnighit ¢h8 by, cFtetshamewgd dllavied. to Thel te @mbpéent teneperatuiernd @ white

in vacug to give the c 15 product .as l.i gh . .
ol By ettty Rty s PhRGHRar e lyblipie mislid ves
cr ))Sﬁ] | ' 3@ hyddckide-25 Wi Thi
Staildgg(li %ﬂd*‘?g&%en@gnﬁm gtl?qg%qi\l/\é/abggggged a War1 m sol ut)i onIS
ofmixtira maa riikedawitd t§d dBtigyt layerefomeed bnd then #he lagers were separated

and the aqueous layer was extracted with ethyl acetate (20 mL). The organic layers

were combined and dried over sodium sulfate (10 g). The sodium sulfate was
removed by filtration and the solvent was evaporated in vacuo to afford 1.55 g of the

title intermediate as an off-white foamy solid (58% yield; >99% purity by HPLC).
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the resulting m xture. was stirred overnight (155 h).
The resulting precipitate was isolated by filtration
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tenperature and a white solid (- 2.6 g, >99% purity
by HPLC) was obtai ned aft ergxfahiple ation. To this solid
was added ethyl acetate (30 ni) and 1 N aqueous

sodi um hydr oxi de (25 nl). Sbmthesm&ft ure was m xed unti |

t d f.

Sopar ot T M PRb NNl EN 2.4 Blchy M mide
ethyl QeptALerépiPatitn)of STINEBEAGRN- ﬁlefha{l@’ﬁﬁo)omﬁnd 01

conbi ned and dried over sodiumsul fate éﬁijﬂﬂd

sodi umSsBriofnet k-ogiarol (2& gnb@&myloi)um @?eé?ma‘ﬂe was added to a
S RUYST Lot SAERBLA} AR HBHE ARl 5258 B s s

( Blthidoy) iR¥cdibki@lle (2 HPm W a2B0%!. ODROBAoti
P%%%U%%gkm/ Ol%gs% Exalr?pll ec Synter(1e5| s of 2- o

[ @rﬁ)ctuie WSS lhbn kyirethatr3d€L i ¥ pyandshémi¢qelesl to |a3mb1ent temperature. The

8 p(o}q_s %%Sg% ﬁl’rgizﬁdrﬂsxfl?%? §Hraie Fsr ERAL A u¥er reduced
gggsgﬁ[:@ |T119 %ﬁ@ dsid e Svad diskd Rl MBI IBE (H0BGEL P4t the bfanic phase

was added to a stirred sol ution of
I\hztaswwhed\wnhmydr,dmm@ndd&edgvg mms@mﬁﬂlfg‘[e) Napgthyl-2-

g?p&?r %1%11{2' }Vgsa %cggg?lﬁ%heéplxglge as fﬂ%cepggtg? Iu%)mrllérl}edu Fd Pressure to
n_%mB{;Ee&c%sW 85y RV- ﬁ@th?lafnﬁfle 7MT%"(1100H1€E9 w&aldded tid the

ent -tenperature. Thé 10 potassi um carbonate was
f idrgeamicephaaeidas WaslfeldIW1ﬂaWetewdosmcmnde§m€d@N ergmegngsiym sulfate,

uced _pressure. e crud resid o

i Erylend chegena ngspatin e s J8R (L B Geee as an
r106%,icBBvadgndri ed over magnesi um sul fate.

Nwéx hy Of pyrrafldone was added and the m xture was
concentAmdigitaliDeter M®ouc2W. pMEEUre to renobve excess
N-benzyl - N-net hyl am ne. MIBE (400 ni) was added and
the 15 organic phase was washed with water, brine, and
dried gl{ BESOESh A StH- f]@-tB%nzvlfNJrﬁeﬁmﬁnﬁBﬂ)ctanal
concentrat ed under reduced pressure to afford the
title |m1hmthmm11ﬁ)kmea@237ﬂ mbj 32Qmaet)end sheneditsopiepylethylamine

AR i N5 L 250, 3 M 20 SR B o

A (20 g, 80 mmol) in dichloromethane (200 mL) at -10 °C. The reaction mixture was

stirred at -10 °C for 30 min, then sulfur trioxide pyridine complex (38 g, 240 mmol)
was added portionwise. The reaction mixture was stirred for an additional 1 h at
-10 °C and then water (200 mL) was added. The organic layer was separated and
washed with water (200 mL), brine (30 mL), dried over magnesium sulfate and then
concentrated under reduced pressure. Toluene (100 mL) was added and removed

under reduced pressure to afford the title intermediate as oil (~100% conversion).
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Di et hyl sul foxide (22.71 nmL, 320 nmol) and then
di i sopropyl ethylamne (55.74 nL, 320 mmol) were added

W@ 2008/083090 r ed sol uti on of the internedi ate froPCBUSO4/#I8813
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(20 g, 80 nmml) in dichloronethane (200 nL) at -10 C
The reaction m xture was stlrred at -10 C for 30 mn,

then s r|OX|de D
25 masgéﬁg%a%-e oPY]

T XU UT
sti rregl_\,ﬁozz_@gb@gqhédtmb 1 h at -10 C and then wat er
(200 ni) was added. The organic | ayer was seoarated

and wAsobdioniof theiateemedizedron tepds (S &3 HinpD) 4 2ey

dihenn ST eupitin a3yickeRtiat ER o SORTERLE B Ehi¥RRhane (250
! ﬁilg\(n%g cobIBE&F 0MCeHICEic R FESEIMEiR. Sodikd ﬁ?fadetbhﬁ)otcbliyﬂﬁde (84g,
intérnmediate as oil (-100% conversi (2192 30 -60 WO

1

286 513029 adied/PUBROYE 0L 88 (3andshe praction i eS| g AL room

%te[élgp%)?atgegprb% B&”é_ﬁl gﬁﬂﬁtggk gg%i {]et oa%tﬁl%h% g%%ﬁle lphgée%vas washed
di pﬁew ?ﬂ;&@m B orfe(Bx9Aried o4 niiRkuandifRs and

S)-pyrro |d|n3ylacetamde(74 26. 4
moorcenirated ivnt boeduret peassure 2 5be caidaip odmtwe%@mé‘wdé«ty

?g d ch’r%tl’tor girr; o %*@F)N} a&gemgbg-gl ?(?/ %)r@ng gélog fgi'é’ gtgé ?xﬁermediate

rgﬁgﬁ%@% ﬁe@e was stirred at room tenperature for

t hane was added and the organi c phase
was waghatyticaliDdta:shl min 2caiMdhat e (2x), brine (Ix),
dried over magnesium sul fate and concentrated under
reduced pressure. The crude product was purified by
flash %@epl? QQ{G?GMBQ- $-Mi& S din-3tvd]-2.2-
give 9 g0 Itle intermediate as an oll (75%
yi el d)ﬂnﬁ@mm MS mz 512.8 (MH+). Step D -
Prepar ati on, of

8 Met h)T O § Wi?ééf’]}‘l é9 Iof %e 1ﬂtieﬁn%d1§,t|e f@néSteR §1 (9 g, 17.6 mmol) in acetic
diphenyd ﬁﬁ?tuﬁ?%rdaemEQg& a?ﬁlbgﬂﬁf-é W éﬂd’e@ Balpddiiien carbon (10 wt.%,
i At ermedr a romsS

mol ) in acetic

a@0d nfg) a8d Iphl)adlmﬂ aydmxrdetmagémna(fzémp%ewet #H6 mgddEhe reaction

T S Ry i
r %@ﬁﬁin@%b%&éﬁ 6.3 &\%3 at fdéﬁh?eﬁl WdinlreNiThe %h@ﬁoﬁ ﬁhﬁ)ﬁ@re was filtered

under a hydrogen 20 containin
bahﬁooglm Ctlite, \’&aadm@wah acasioracide ppdthatsalvent Wirsremezed r reduced

m xture was filtered
pressure. The resultlng res1due was purified by prep HPLC to afford 4.02 g of the title

compound as its bis-trifluoroacetic acid salt, which as an oil (35% yield).

Analytical Data: MS m/z 422.2 (MH").

Alternatively, the title compound was prepared as follows:
Step A — Preparation of 8-(N-Benzyl-N-methylamino octan-1-ol

From 8-Bromooctan-1-0l: To a 250 mL flask was charged N-benzyl-N-

methylamine (24.3 g, 200 mmol), potassium carbonate (28 g, 200 mmol), 8-
bromooctan-1-0l (14 g, 67mmol) and acetonitrile (150 mL). This reaction mixture
was stirred at 35-40 °C for 5 h. The solid material was then filtered and the filtrate
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t hrough Celite, washing with acetic acid, and the
sol vent was renoved under reduced pressure. The

WO e®aloiony resi due was purified by prep HPLC tPCHUSINH018813
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4.02 g of the title compound as its
bis-trifluoroacetic acid salt, which as an oil (35%

yi el . al yti.cal A )
R b PR e BTG B P gumeiaine
f 9hd QURIue Rha8 RiséolveCERAAL 0@ MTHBE and washed with 15% ammonium

8- (N-Benzyl - N- et hyl am no) oct an- 1- ol From

Selpxdmsditam-(2 %ol 00 THb), 21108 01 ApmE ), slsied weth 20 gplyedium sulfate,
3 24.3
CiPata SpolBL LR To( 5 % B ERENETRlhni LR iy o

g(796/j§gggj)) and acetonitrile (150 nL). This reaction
m xt u was stirred at 35-40 C for 5 h. The solid

mat er i M@&mﬂr do2-Anfpsk hasichpged péth begaylpgshylamine

2??872)@, 8%3 gé—é]#%f 00,61%}1%%@%2)& 2@% xrgolf‘ tsbélhl%qoalﬁe %f‘l Pgl 0.074

Ne @D éléhro%dw&daymzm 41074 11615 afi @ SiefiRrNeE 000 349 v thd resulting
150 ‘L of MIBE and washed Wi th 15% anmmoni um chloride

S elsptnsion ¢as stirdedGut BQ)’C f@rZQﬂéO 1.1@be maptionymidareyasithey g

Sg@f’%ﬁ{r#g& Equz{,xféo yme of aﬁ %bﬁ gnl??r?q \gl t%}%{égp me u;{%)[‘(‘i%rt-buall methyl
1 #6d and washed with
A SIS o i

melajer (Safdnlyn Clar MABH sal(ltlcﬁﬂwg concagratgsi by, dlgtd&ﬁtlgﬁqunder vacuum

did 11. hl t
DL 8 1 B L LTS48 i
S YSRRIP10IEMIRS elesd E&Qﬁﬂeﬂ%@arﬁ‘mfeo V- &@th%llzfpyrr?b'h@one (300 mL) was

reaction mxture was then I0 concentrated to a volune -
ofthentndded B0Be ndmanidgwiltasd tifis solution censantrased by distiilation under

thyl ether (1000 o added. Th
* FAap s o B VAR GG i v et A0 | SOV Bt the
ML EG 1 R] WididA vva@jva%,ﬁ&ﬁ%ﬁh k@ q2 ansodlnﬁ)l bHaé (50 %eo mglefied with

vacuum- to provi an oil and the oil was then further
c godiant subfbed 10 gl ifiéterdd| antliconcentraied biiidigtillatier tpafford the title

@%Eﬁxgﬁmﬁ é@oﬁé%%%mn%%’ BELYY5 then added to

the remaining oil and this solution concentrated by
distillation under high vacuum t 0 pr OVI de an oil. The
oi | wasSteh Bsdreem Aoidrid(Y-Benzyesul ti ng
sol ution vvaswahedsfvl vvater (2x500 m), brlne
(500 mimeth msul fate (100 g), filtered

and congcerd Lt @i RVasShisbd WahitRDink QnRbfa8y Borh/Beed Al(l@g),
DABCO (6.72 g), and MTBE (100 ml). The reaction mixture was cooled to <10 °C

and a solution of toluenesulfonic chloride (9.2 g) in 60 mL of MTBE was added at <

15 °C. This reaction mixture was stirred at room temperature for 2 h and then heptane
(40 mL) was added and the mixture was filtered. The filtrate was distilled under

vacuum to give 16 g of the title intermediate as an oil (99% yield ).
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compound as an oil (178 g, 96%yield, >95% purity). 20
Step B - Preparation of Toluenesulfonic Acid

wW@2@oslo@Bemryl - N- i net hyl am no)octan-| -yl Ester PCRBS2004/018813
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flask was charged with the internmediate fromStep A
(10 g), DABCO (6.72 g), and MIBE (100 m). The

Cor ut | Sivedt PGBl o 22l Rty Bogg ipyrolidin:

of MIBE. es)agsiRdvidtetsmile C. This reaction m xture was
Sti rre‘d"at roomtenperature for 2 h and then heptane

(40 LA 1096 ik it aieogsnvlat wasefsracd i g nreediato from
B (16, ey B Lo AP RoB T S LB 507 62

BSOSO o momemtaon:

3stirtedat25eti (lefoy IZQdmndrth@eaqath adodnide (2 gkwasyddgd gand the mixture
glﬁt%%g(gﬁ(nrgétggger%pera 5%%8:(5\’“ tér?—ﬂutﬁ mer%ltlﬁ ﬂ%g kﬁfo%i)’ B water

(200%19 i |adae<{ A B MPBE diydr dny bppataiindevdshed gith water (2 x
di'i sopropyl et hyl am ne (10.3 'g) and acetonitrile (200

mip0 milh)end et INHCH kk dFe m/Ie)s Thetenvgond layer was spaatgdand

20 T S AP
t ‘ﬁ?&ro? )égluﬁg% lﬂcy% refhe r1"h@ %QQC H&\)eoﬂé‘ thyved gy thelﬁ éaﬁmféd)wﬂh

e MIBE | ayer was separated and washed
WM TBB&ZR 200 2n1¥) and5he MI)BFaIadelt\h@rwaSNed-I@llth(Vlat&f (280 1)) brine

H&%@a@af )%gl%é l@\af%/rﬁs;odﬁ%g 515 QIQe {% Ig%gﬁi %r?w ﬁﬁ]&%&% glvehl6 5 g of the
a'fii‘i‘%@hﬂéﬁmed“&f@' RO 811‘13 /16 S0k Yl BN IF @osibll, ¥id realfin BaSbLconducted in

aqueous [ ayer was t en éxtracted with MIBE (2 x 200 :

gw nwmylpyreoliunsﬁ&as ﬁlyeolvmms Adiitiellyi piessameearp@Bee ofLspdium
rine (200 nl) er sodi msulfat

f.cwfb@rl@a cgihbe Hﬁeétm Plaéa of 1YY Séalam&an? ﬂétzoqa?l jsgdium iodide

d@&&@gr&%%&{m}(@g% yield). If desired, this

rea tion can conducted in 15 N-nethyl pyrrolidone as

the solvent. Additionally, potassium carbonate or

sodi um_ carbonate can be

di i sopr¥eR/Pet Bigparationobal(s)

; A"h_ ROOCEYHIDYITG
may be g@%ﬁ@#&aﬁl{@ reacti on m xture. Step D -
Pr epar

2- [ (S) -A 26@niVefldsy|veasicharged Withphe meéringidiat3frgm|Step € (24 g),

palladium on carbon (10% palladium on carbon with 50% water, 5.3 g)), isopropanol

(160 mL) and 3 M HCl solution (30 mL). The reaction mixture was degassed with
nitrogen and then was hydrogenated (45-50 psi) at room temperature for 16 h. The
mixture was then filtered though a Celite pad and the filtrate was distilled to a volume
of about 50 mL. The residue was dissolved in 1 N HCI (100 mL) and washed with
dichloromethane (2 x 100 mL). The aqueous layer was adjusted to pH > 12 by adding
ammonium hydroxide and then extracted using MTBE (2 x 150 mL). The MTBE
solution was then washed with water (100 mL), brine (100 mL), dried over sodium
sulfate (30 g), filtered and distilled to oil which was dried under high vacuum to give
16.5 g of the title compound (91% yield).
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20 di phenyl acetani de A 250 nL flask was charged with
the internediate from Step C (24 g), palladiumon

W@ 2008008000.0% pal | adi um on carbon w th 50% wat ePCT/BSB04/018813
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g))., isopropanol (160 nL) and 3 MHCl sol ution (30
m.). The reaction m xture was degassed Wi th nitrogen

SRRLAI NI e (R

t enper e Was {1 en filtered

t houghga,Gel ipk&aPakn 3R, dbﬁnéth&igoataﬁalwas distilled to

a vol urre of "about 50 nlL. The resi due was di ssolved in

1 N HCA [ LOBskivps dradgadas’hbdcﬁ@m (50 831 @mh@n@r{%i%@ﬁé apd x

18@pw§3mg%@gwdd&9¥%gag r ofut 1815|at> szCker 8 h.

pr‘@ﬁe&?suﬁoﬁ@ Qcﬂt(?jn%; ¥ae %Ededszﬁiduthé %ﬁtct@@ﬁmﬁi‘c@ﬂé Wﬁsshﬁdd at

wat er brine (100 nL), dried over sodium
30762 fatteh. ( Sedig, b1¢ar1b¢ret@e(d0&h svad themi adfediandghe reactipn pixture

S DAL A 0 s

PG4 25208 ﬁ{egla%%%ﬁ m&hﬁ@m@&twﬂ 8 rodh Gerfipdrht@reCOAPO W) drhe solid
was prepare Step A - Preparation of

8118 Mhdhftrined yas ﬁitmaﬂ and filtraté was kvapagatethigrayle dlhe oil was dissolved

gi)lllgqli}glglg%}?gqe %038(%%5[%15 an&gs}%‘%ﬁ? S)BS% 1%18arb01i1ate tschlu‘uon 2x
S %d}dﬁa N8k dic g.g)?odﬁq%ar%e Biutich wa Meneset senisediasi it (50 g),

t hen a and the reaction mxture was stirred
atﬁlteﬁea afid ftilled tn gi®ed.drp dfithatiboimeracdiate as)angak(7d Heyield).
added and the reaction mxture stirred for an
additional 2 h at -60 C. Finally, dinethyl sulfite (56

g) was g?eg;dﬁd PbparatRR oF 28109)-1 L OxeB6t1)EYIrdTidNi-aLyE]-2aS

stirre rrpera ure tor . The soli t hat

hald f_(la_;c]lrtmérylaeetémﬂdber ed and filtrate was evapor at ed to

Oi e oil s. di ss e chl

) and 1w B e AR BT O B T Y ectamide

(2 é%? %)dlmggl% 2({) 49 g?ffgj QO gscﬁfdréhhbﬂ&ﬁné’\@ﬁ hiDedhd this mixture

dri'ed®’over so filtered an
divedsistitred at oo t’empéi@tlﬁe ijprdfh t $rslivrtttiaceiaxybonebyrrided3 4§ g) was
an oil (71 %yi.eld) Preparati on, of

3.3{1(1@55 and.thg r@mlpyfws&gprrad AL 900 liemferzftturi for 14h. A solution
i
og Ig%né/dhenyl ﬁ:glb?)g?‘épy s v&fag BRl A0S &{@thgﬁﬁilx‘fdré Btlrred for 0.5

idin-3-ylacetamde (2.8 @),
8 Buh MHehopyoet@naparit2d indhe agnebudilayiet vras ﬁﬂettd@mdem(l?o

m.) and this mxture was Sti omt nperat ur e
{ Shchiommetisag (46 TE-oB SRy BFLs MR RS s PR s tbfeentrated
to a volume of about 20 mL, filtered through a silica gel pad (10 g) and washed with

10% methanol in dichloromethane (100 mL). The product solution was concentrated
to an oil and the oil was dissolved in 50 mL of acetonitrile and stirred with 1% HCI
(30 mL) for 16 hours. The mixture was made basic to approximately pH >12 by
adding 28% ammonium hydroxide solution and then extracted with MTBE (2x100
mL). The MTBE layer was washed with brine (100 mL), dried over sodium sulfate
(10 g), filtered and concentrated under vacuum to give 3.8 g of the title intermediate

as an oil (93% yield).
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added and the reaction mxture was stirred at room
tenperature for 14 h. A solution 20 of 5% sodi um

wheanmonat e (350 nl) was then added and thi s PERUS2004/018813
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stirred for 0.5 hours. The | ayers were separated and
t he aqueous | ayer was extracted with dichl oronet hane

(20 iy, F0e peoublnGds o 19(80%4?19{21%%?&%' QholRS pyrrolidin-

d VOr Uarre Ol ITered

throug§4@1§gkﬁﬂﬁmga&ﬁ@g e( 10 g) and mashed with 10%
met hanol’ 1 n di chl oronet hane (100 ni). The product

sol ut i MQQagLé]@ﬁtWﬁh@aﬂfé@gezsnlﬁbWa%d@WedaW theantgipedjpjg from

di tr

59 558,y b T oy B o i i
t ghiRiRS Wi slﬁ@ﬂe&'ay rdbﬁl %ﬁi})emf.‘urea?ﬁidl hgSadYeraranbxyiorohydride (3.18
hydr oxi de solution and then extracted with MIBE (

1@pwasiadded Thé thvru‘sgtﬂoay@?mmyawgr@oﬁwqrﬁ t%ﬁlw%@u{%‘é’al“ h. The

dried,o di
Bt v W Sherhed BThRHRE 55 fr oS ot ablr el fhixre
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A A s of‘&é‘g%&%%??%ﬂ%hfl kst i

2 waslﬁ)d Vit @cmgenqtgxaller@ﬁmlﬁy Theiaapess Jassy Pied pdisted to pH >13

d
P Aien ST BR A BHaPaR R il MM TR opy, The
S"c&lﬁbﬁe& RIRE sdhuhenank wkeatwiyl Biheyd 00 Zal}, dgled avith sodium sulfate
di chl oronet hane (20 nL) and this 5 mixture

was
s (10 gledltated aod mncen’@@tpétmglﬁe 28rg af the titlp intermediate as an oil (75%

riacetox hydri d 1

e e U APy R AP A s

1%0HvenEh%to&ﬁ@tﬁléMnm§dt hen quenched by addi ng 50 "
% HC and the resulting m xture was stirred for -

0.5 hours. The | ayers were separated and the aqueous

|
iy eous s Sabedie oPbg e AT FEPRRE 0 A5 st e L 55
p%&%ﬁi&%ﬂvﬂn%in ehSfflloRXig peb&tira t h lvrrBE (2 x 100

conbi ne _MTBE sol ut| on vvas vvashed with brine
(100 rriSﬁep A q ea amipe)egtan-1-ol

It or okt o B SYageh aa%ra?fe éoﬁa(t%rl%ﬁ ; ?&ml 1%)‘3%11-1 -0l (49 g, 0.20
PrOsS 3L, ? sC@bb et )i @N%Rf@o@ m@m&loﬁcmcﬁi (100 dIyREd abtvated

was con ed into the title conmpound 15

Alcaﬁjonaﬁ |gyBLARC@)detth¢ teeul@ugpwme wasstisradfar 3Qmumutes, clhe

napht hal

f 6&){8“? WEQ g}eaiEéSEﬁdgtlo Sféﬂlé\?e hé a8 1vage c%lrl:t)onuasﬁldqg tl%ehf?ltrate was added
palladium on carbon (5 g, 10% dry weight). The resulting mixture was degassed three

Rydpaxé

times with nitrogen and then twice with hydrogen; and then the mixture was
hydrogenated on a Parr shaker at 20-30 psi hydrogen for 12-24 hours. The mixture
was then filtered through a 20 g pad of Celite and concentrated by distillation to a
volume of about 100 mL. Isopropanol (200 mL) was added and this solution was
again concentrated by distillation under vacuum to a volume of about 100 mL. This
procedure was repeated two more times to give a solution containing 8-
methylaminooctan-1-ol hydrochloride.

A 1-L flask was charged with the 8-methylaminooctanol hydrochloride
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Step A-Preparation of
8- (N-t ent - But oxycar bonyl - N- et hyl am no) octan-1-ol A
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8- (benzyl met hyl am no) octan-1-ol (49 g, 0.20 20 nol),
i sopropanol (400 nL), 2 N aqueous hydrochloric acid
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-65 WO,28 A31R2 lggg{ U82004/ 018813 |sopr opanol
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-, Preparat| on of, Tol uene-4-sulfonic Acid
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a 250 nL flask, a solution of the product from Step A
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3 : per at ur e

of the eaaqurﬂﬂ ﬂ&%%é@d«%ﬁ tﬁ &dﬁét ﬁcﬁﬁ Step-@‘(fﬂ 68 g, 43 mmol), the

resul ting solution was t Pirred at room
t en@dicafromePrégaratibonl (124, dB8 anGI) dilsppreaglethylamine (16.55g, 128

mmol) and acetonitrile (100 mL). The resulting mixture was stirred at 60 °C to 65 °C

for 5 to 7 hours and then cooled to room temperature. The solvent was reduced in
vacuo and isopropyl acetate (100 mL) was added to dissolve the residue. The
resulting solution was washed with water (100 mL), saturated NaHCO; solution (100
mL), brine (100 mL), dried over MgSO, (5g) and filtered to afford an orange solution.
A silica gel (115 g, 280-400 mesh) pad was pre-treated with 400 mL of
isopropyl acetate containing 1% triethylamine, following by 250 mL of isopropyl
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added and the m xture was stirred for 15 mnutes. The
organi c | ayer was separated, washed with water (100

workgos/omopne (100 nmL) and then concentrated by PCT/US2004/018813
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25

distillation to give the title conpound as an oil. 20
Step C -Preparation of

ok ey o5E b oSN GRS batk ol 02 g peieho
“‘ghé hﬁ,l%'fe #6 aﬁw@@b&!&q SR UE Vol fufneived Eﬂd&l c!IlileZtlﬁ Sn’@ the pre-

product from Preparation 1 (12

nredtdd s1Hca pzdmndmyuted withasviprepyl 26186 (H001RB) 21! th%mtha?ﬁc@

acetonitrile (100

S Eppoamdn Fabiepyl gk i0i i3 The BTl e combined
COY EHcbfir A QO A FP Bl 3t B mpdtied SPANVEINTI VIS, T Yicdd] 9700
vacuo and i sopropyl acetate (100 nL) was added to
dpastg).ve the residue. The resulting solution was

washed with water (100 M.), saturated NaHCO3 sol ution
(100 nL) brine (100 nL), dried over MgSO4 (5g) and

fi | ter gebylry ahd pitdlioRrb rOLRNO0E (S0t iyl afinodEyoatdlideasge)).0-
(115 g, B UU TESh) pad was pre treated MAth 400 nL

of i sdiphomy i gtbateng-hid 0 2

peT] 8%“58%4%%«%2@% M %egivé?gﬁgo@ﬁoé 985hmon,
a?%“@apﬁthﬁle%%?ﬁlf&h@%& Birafl g&a@*zw 159 103 @n&B1) ahdiedgbpanol

trate from above 150 nmL in volune) was
| cauteitting 3% otater (wﬁ mL). h@h:p maxum was bepted 10 85 CoaE3 i@ hours,

glﬁ%esfgl’&j ylga gf) rqo Cg)@ﬁ?ﬁ%%ﬁ OVe A 4? Q?Lg) gan% %en#ﬁgd at room

fhgRoBAG Q%%féﬂtahawa@hém th
%‘g&g&m{iﬁfl t c%%%ugggg?ﬂgn g%lol (1a7 169, 77% 1

y h@lpﬂ:xpaﬁﬂl%ontamng %o wBticly wlum@(@(}jhmm pashdmagd under vacuum for 10
S) - 1- (8- Met hyl Li di

CibhShgia Eiosh WPRABHE FLP GRS Grgtiops A & oupflifespie

19 Tgbgf*gp?5M¥“bF?ﬁ&“*9§ added the product from Step

napht hal enedi sul foni c aci d
t et r ahyfidesired,(thi3 s69 cay be3Birthmmpurifeeddyi tho fllopamgprocedure:

f 055 Gorgyl b gk engsied bR g BbSr P el RG22
g%%ﬁ?ﬁ%t&‘mf&\é%%ﬁpéﬁeﬁpy fstcﬁﬁﬂfo% &ﬁwsatn;x%m 453,30 nqﬂmat) and

enper at ur hour s e resulting
s a$dpgopams dankdising d%awatemay heldmai(637 13.) Sbpraspliingislurry was
0
3;21&3‘;1721; Qn{? qS A)r\gaﬁo?lgs atr)%c/l tﬁgrl skiowly coo?edrp_)roonq gempereﬁgreuarr]lg%hen

stirred at room temperature for 12 hours. The resulting crystalline salt was filtrated,

washed with isopropanol (600 mL) and then dried under vacuum and nitrogen for 16
hours at room temperature to give the title compound as a white, crystalline solid

(20.4g, 96% yield).
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to 15 hours at roomtenperature to give the title
conpound as a crystalline solid (12.59 g, 95%yvyield,

wo 2B3mmerd ty). |If desired, this salt can be furP€TE82004/018813
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30

purified by the follow ng procedure: To an 1 L flask
was added

2-1(S)-1-(8-inethyl am noocty!l ryolidin-3-yl]-2,2- 20
di phenyl acet am de naphthalg%g&ﬁxgzdisulfonic acid salt
(21.4 g, 30.1 nmol) and IS?@ﬂmQﬁaﬂO| containing 3@6

wat er by volume (637 niL) he resultln? slurry

sti r r2ef(Sel- (%s«prbpylammmtsl)maowmrﬁ ¥l &M Qllélsay'@eetaeﬂde
roon1t ra&pre %nd tB )

for i St

SRR ) Wa
f||tragﬁgﬁmﬂm@§gﬁqemnth |sopropanol (600 nL) and then
dried undéer vacuum and nitrogen for 16 25 hours at

room t 8fBremat toegand (FiSV g, 1heneal) incaceioriisleddo é@L)aV as added to a

Do bERNY BerDesse e (e AL s fo HhoD and
EA}] rilnn(e §1b398r, @I@%ﬁ\m R A6y (00MLF 403y Thezreaembn

eny acet'am de Preparation of 2- g(S)
1{r(18tui-Wasolxeateﬁl APy PCdbr to hagd tm;mngolgd 50 ambient temperature. The

di phenyl acet am de ct anol

Ol e e eBoy S0 Foee SRR o e g Fresilffe WP tssolved
S Qfe (100 mL) and th anic phase was washed with saturated aqueous
%%#’pﬂﬁgnye (- mS)apralyr reocl)rlgdl np3 yl acetam de (2.8 10
nnndl)lmdllchrbanatee(ﬁﬁyhh);ﬂned ()xqerzmmsm@@u}fhfg] filtgred an concentrated
acetonlérlle Tere

waderasduegd presEE n%%gpn@%pﬁﬁgﬁdwgﬂ% §8§Wqﬁs c%%#%ﬁgﬁ?hy
r Z% ?QM’MJ@E/ Ly, BP=VaNd/ 1 YRSgivOeR o SMRY ffle Uitéitiediate as oil

pressure THe crude Tesidue was dissolved in -
etk véeddt at e (100 nlL) and the organi c phase was
washed with saturated aqueous sodium bi carbonate (50
m.), dried over magnesium sulfate, filtered and
concent d J L 1 idiR-BG7]-2.2-
productsreéag p]Eurfb'll\ﬁ [ Iie0 y aé ggﬁ(?)g%at ography (eluent:
DCM / Metiptenileddditnide0/ 9/ 1) to give 1.8 g of the title

' j! 4 ' :
LP;S;?Edllma?hgfggﬁfo ide (1. 5? ngL 4550 ¢ eIo%? folISotw%H b%/ diisopropylethylamine

diate from Step A
D 2% N RS e g o S

m ([D 3l g, 4.4 mob)\vie dlcﬂn}]/ordme'eham OPythB) &ty i Hlee reaction mixture was
stirred at -10°C for 15 min and then sulfur trioxide pyridine complex (2.1 g, 13.2

mmol) was added. The reaction mixture was stirred for a further 2 hat-10 °C. Water
(50 mL) and DCM(50ml) were added and the organic layer was separated and washed
with saturated aqueous sodium bicarbonate (2 x 30 mL), saturated aqueous copper 1D
sulfate solution (2 x 15 mL) and brine (30 mL). The organic layer was then dried over
magnesium sulfate and concentrated under reduced pressure to afford 1.5 g of the title

intermediate as oil (84% yield).
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20 (3.85 nL, 22.1 mmol) was added to a stirred
solution of the internediate fromStep A (1.8 g, 4.4

worewbpodono di chl or onet hane (44 L) at 0 C. The PEHUS$10041018813
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20

m xture was stirred at -10C for 15 mn and then
sul fur trioxide pyridine conplex (2 1g, 13 2 nnDI)
was ad ed Th .

furt hept G~ &fepa

D -. ) [ )
wer e a@@ﬁg“@ﬁgmhh@eorganlc Iayer was separated and
washed 25 W th saturated agueous sodi um bi carbonate (2

x 30 mnilhe irgmqueﬂomcﬁjqbﬁ 4¢.6 ppse - l(qnmol) ang|isoprepylamine (10.2

FIEACARERAT AR AR o AT

¢ trAdlh fasladded. Thefreacti
AR AR BUE SO ARl B o i Opgfesction

ZBQWMMM&EM hieB #i3sol ®ne paCremaved padertrp@we@f

gPEﬁS@H?I Sberanbasat Ren i B HEBtab oEprd e BE 6X§pg%?%s its bis-
F%ﬁl@of&a&ggﬁ%lg qapng isopropylanine (10.2 L, 0.12 nmol)

oroethane (1 nm.) were stirred at room
t enper analyeichlddatd: MS f&/za450.3 H )sodi um
tri acet oxyborohydride (35.1 ng, 1.5 mmol) was added.
The reaction mxture was stirred for 16 h and then
the sol JEgTe ST &tartii®materials,
rosi dud S Rop AR el bR AT B pRpAMIeR e
C@M@aﬂmﬁnmasﬂm&mhngkbkimHWﬂmmmqm&wlc acid salt.
Anal ytical Data: Ms nmfz 450.3 (MH). 10 Using the
procedures descri bed herein and the appropriate
starting materials, the conrpgngs shown in Table IV

-were prepared: Table IV 15 Ex. Conpound [__MS51 3

2-1(S)-1-(8-Prop-1-ylam nooctyl)pyrrolidin-3-yl]-2,2-

4502 1 di phenyT acet am de 4 1
2l Exs)l 1. (8- Cyel opronyl SHPHRAAd IV pyur ol i gl in 3 L MS,
) %48 32 [&5 rfttgri‘\fopa ?%ﬁaﬁ’mnggctyl)pynolld1n- 3-yl]-2,2- 450.2
diphenylacetamide
4 2-[(S)-1-(8-Cyclopropylaminooctyl)pyrrolidin-3-yl]-2,2- 448.3
diphenylacetamide
5 2-[(S)-1-(8-Cyclobutylaminooctyl)pyrrolidin-3-y1]-2,2- 462.2
diphenylacetamide
6 2-[(S)-1-(8-Cyclopentylaminooctyl)pyrrolidin-3-yl]-2,2- 476.3
diphenylacetamide
7 2-[(S)-1-(8-Ethylaminooctyl)pyrrolidin-3-y1]-2,2- 436.2
diphenylacetamide
8 2-{(S)-1-[8-(2-Hydroxyethyl)aminooctyljpyrrolidin-3-yl}-2,2- 452.2
diphenylacetamide
9 2-{(S)-1-[8-(R)-(1-Hydroxyprop-2-yl)aminooctyl]pyrrolidin- | 466.3
3-y1}-2,2-diphenylacetamide
10 | 2-{(S)-1-[8-(1-Hydroxyprop-2-yl)aminooctyl]pyrrolidin-3- 466.3
y1}-2,2-diphenylacetamide
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2-1(S)-1-(8-Cycl obutyl am nooctyl)pyrrolidin-3-yl]-2,2-

W@ gmsAa03000 phenyl acet am de 20 6 PCT/US2004/018813
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2-[(S)-1-(8-Cycl opentyl am nooctyl)pyrrolidin-3-yl]-2,2
- 476.3 di phenyl acetam de 7
FHS——(8—Fthytanrnoectypyrrotdrm=3=yti=272- )
3Bx.2| di phenyl acet am d€ogpound MS
9] - 1-1 8- ( 2- Hydr oxXyet hyT ) am noqQct yl rrol.idin-3-yl
i El,( 2] 24{55).- E&g-ﬂg)wpfﬂ elﬁxfivra%saﬂ%é@%r?wé)ammoo%t}l pimrofidin- | 4662
- { (S) 33852 dphdrylddgidmadsy pr op- 2- yl ) ami nooct yl ] pyrrol i
460, 3 _3-yl 1 -2, 2-di phenyl acet de 10
T o 22iPa1 {l dr Bidepb s A P PRI ¢ ol[i4907:
466 yB-2,9tdiphepylacetpideny| acet ani de - 69 WO
05/ 903090 PCI7 US720047 018813 _EX. . L ound M5
BEES 2;[(@81'(85}391(‘_21}’-W&P%‘B@i}]g?%'f?-hgﬁw)}'g%}’ ooct yl ] py %l%
n- 4@&henylacejamide? 2. di phenyl acet ani de 12 2-
S)-1-198:-.(2, -Trifluorqgethyl.)am n I'] pyrrolli\@hn-
- 1419( @ff@@ww&wﬁfw&éﬁﬁ% iiloerd S
BY.

[(S pR§3d8mi nooctyl ) pyrrolidin-3-yl]-2

D8, 2 I I t.am de 1

- ?? S) -zgﬂ(gg?%@F%W‘H}?Sﬁé’?’%%l%d&??a}( 52311 2, 2-| V&
phen fipitcaylassteBids o7

2-[(R) - 1- (8- Met hyl am nooctyl)pyrrolidin-3-yl]-2,2-

422. 4 1di phamsk Spedtameats: 'm “Bpectrometry: mz

(Md). Not available. 10 Additionally, using the
procedlir es M0$eyailsble- herein and the appropriate
starting materials, the conpounds in Table V can be
prepared: Table V 15 Ex. Conpound

Additionally, using the procedures described herein and the appropriate

-

ONDBNWHONNWNONYNDN

starting materials, the compounds in Table V can be prepared:

Table V

Ex. Compound

15 | 2-[(S)-1-(9-Isopropylaminononyl)pyrrolidin-3-y1]-2,2-
diphenylacetamide

16 | 2-[(S)-1-(9-Prop-1 -ylaminononyl)pyrrolidin-3-y1]-2,2-
diphenylacetamide

17 | 2-[(S)-1-(9-Cyclopropylaminononyl)pyrrolidin-3-yl]-2,2-
diphenylacetamide

18 | 2-[(5)-1 -(9-Cyclobutylaminononyl)pyrrolidin-3 -yl]-2,2-
diphenylacetamide

19 | 2-[(S)-1-(9-Cyclopentylaminononyl)pyrrolidin-3-yl]-2,2-
diphenylacetamide

20 | 2-[(S)-1-(9-Ethylaminononyl)pyrrolidin-3-yl]-2,2-diphenylacetamide

21 | 2-{(S)-1-[9-(2-Hydroxyethyl)aminononyl]pyrrolidin-3-yl}-2,2-
diphenylacetamide
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2-1(S)-1-(9-1sopropyl am nononyl ) pyrrolidin-3-yl]-2,2-

2-[(5)-1-(9-Prop-I -yl am nononyl ) pyrrolidin-3-yl]-2,2-
di phenyl acet arri de 17

N

ok
dj phe
2r[(5 212-419h@}5ﬂ2106@ﬁﬂﬂ@| am nononyl )pyrrolidin-3-yl]-2,2

2
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1S
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"NONONDNISINONWNN !
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na
T

art-refory - pyrrotdrm=S=yti—=

Bxphenyl acet am de 18 Compound

23S

yl ace

=1-({9- Cycl obut yI_am nononyl ) pyrrol |
4 {a(é')eté%(@)s(lzﬁyd.@xypmp 2-yl)am1nonony1]pyrrohdm— -

engu acel am oe ZU
(S 1494 FOREYE inonewylpygolifin-3y
AL e byl 42 e

D29 -
CT/ U9

- -(Z- d t hyl
LD AOe s oyob o B boisBgro i 331
b20bdipbaradacstanide Conpound 22 2-{(S)-1-[9-(R-(1

B

{(5)

%&r D ﬁ)ig é%,é?%a’glléﬁgcgrgQt%yﬂ)%{nroglonyﬂpyrrohéﬁnh—yl} -2,2-
dlpl{egyleqﬁtw@eoxyprop 2-yl)ami nononyl ] pyrrolidin-

f

%ﬁ%f'&@%en Y AR dl 3,4141%2”% phoplaetamide

s

ﬁ .1 M 88& 1513 2,2 o

(R

%Sﬁﬁa

%(fiﬁ %@ -qwlaﬁﬂlesaw)mamliﬁ-giym@,zyI ]-2,2-diph
P

y]l?icet

Qpr nn\/l annooct \/I \ 2\VA rolidin. 2 vl ] 2 2

|l

php

Y gReh agiclrl 1 Dpymolidin3-yl]-2.2-
T 1) 2,2

1B(R)

ﬂ[(@%%@ﬁgé@wh@moeawpw&mm Bollj-22n- 3-yl]-2, 2

di phepylashtas

32 | 2-[(R)-1-(8-Cyclopentylaminooctyl)pyrrolidin-3-y1]-2,2-
diphenylacetamide

33 | 2-[(R)-1-(8-Ethylaminooctyl)pyrrolidin-3-yl] -2,2-diphenylacetamide

34 | 2-{(R)-1-[8-(2-Hydroxyethyl)aminooctyl]pyrrolidin-3-y1}-2,2-
diphenylacetamide

35 | 2-{(R)-1-[8-(R)-(1-Hydroxyprop-2-yl)aminooctyl]pyrrolidin-3-yl}-
2,2-diphenylacetamide

36 | 2-{(R)-1-[8-(1-Hydroxyprop-2-yl)aminooctyl|pyrrolidin-3-yl}-2,2-
diphenylacetamide

37 | 2-{(R)-1-[8-(S)~(1-Hydroxyprop-2-yl)aminooctyl]pyrrolidin-3-y1}-2,2-
diphenylacetamide

38 | 2-{(R)-1-[8-(2,2,2-Trifluoroethyl)aminooctyljpyrrolidin-3-y1}-2,2-
diphenylacetamide

39 | 2-[(R)-1-(8-Benzylaminooctyl)pyrrolidin-3-yl]-2,2-diphenylacetamide

40 | 2-[(R)-1-(9-Methylaminononyl)pyrrolidin-3-yl]-2,2-

diphenylacetamide
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vERcet am de 34 Compound
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1?}'&2 @@p}ﬁpyj@ce’cmlde %W‘&W’a. 524917 - 2, 2- di ph

Iﬂ S)r E&é%‘g/ﬁi@é O%g]’itg %%%‘53’ Bt Eﬁlbm?ooi/ 8-18813

(. CqriiigRylaceiamide

R) #g&i—g SR AR AL AYI A2 Sipndiglhdetnide

ol -k @liy
:r~<]\

E ﬁy&b@&mﬁﬁﬁﬂéﬁoaynﬁﬁdlﬂmsgwm 2, 2-
i%&yét\% nr#nnvlmnon*l_)_pwg%%_%
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ay
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Qf%pr %Lz m@ _Hydllroxyprop-2-yl)aminonony l]cioyrrohdm- -yl}
\/ ac

%ﬁéam nononyl’) pyrrolidin-3-yl]-

. LL_() R)|-2l 10B9dtbyYREH-RoARRMhr T pyrtdidin-3-W}-222, 2
di pheg &9&‘1 aFhflR

50 | 2-{(R)-1-[9-(S)-(1-Hydroxyprop-2-yl)aminononylJpyrrolidin-3 -yl}-
2,2-diphenylacetamide

51 | 2-{(R)-1-[9~(2,2,2-Trifluoroethyl)aminononyl]pyrrolidin-3 -yl}-2,2-
diphenylacetamide

52 | 2-[(R)-1-(9-Benzylaminononyl)pyrrolidin-3-yl]-2,2-
diphenylacetamide

53 | 2-[1-(8-Methylaminooctyl)pyrrolidin-3-yl] -2,2-diphenylacetamide

54 | 2-[1-(8-Isopropylaminooctyl)piperidin-4-yl] -2,2-diphenylacetamide

55 | 2-[1-(8-Prop-1-ylaminooctyl)piperidin-4-yl] -2,2-diphenylacetamide

56 | 2-[1-(8-Cyclopropylaminooctyl)piperidin-4-yl] -2,2-diphenylacetamide

57 | 2-[1-(8-Cyclobutylaminooctyl)piperidin-4-yl] -2,2-diphenylacetamide

58 | 2-[1-(8-Cyclopentylaminooctyl)piperidin-4-yl] -2,2-diphenylacetamide

59 | 2-[1-(8-Ethylaminooctyl)piperidin-4-yl]-2,2-diphenylacetamide

60 | 2-{1-[8-(2-Hydroxyethyl)aminooctyl]piperidin-4-yl}-2,2-

diphenylacetamide
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mae 592

{ 68- BtZld- eﬂﬂm@@ﬁppﬂmmp@pnﬂbmpmd,mﬁ =¥]-2:2di phenyl acet a
| de 2011ﬁ1ﬁbn21ac¢tam1de v

or oXyer nyl )am nooct yilnpi per 4-
&lee@ty}wnwozﬂam @é‘o‘ﬂ r%@%ﬁi?ﬁﬁff%’é‘i%
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ICAEE)
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Co 1 2-
~tydr O%B]r @dc q\? i‘%‘éﬁ‘ﬂ%&wl pé?eﬁlél%l?'éi'yn]fi’-zy| } 2,2
dilphen
21495 g%-g;}g*éﬁgmﬁw@@awemw NORSE Y biphbRRSctlinad- ! )
21174 [ Engz ﬂﬁ?l)&ﬁrr%nb!ﬁ&lﬂﬁ@dﬂﬂ%ﬁ%ﬂ}] pjoperi di n- 4
-yl}- 2 etamd
74 | 2- {1-[9—(R)-(1-Hydroxyprop-2-yl)aminononyl]piperidin—4-yl} -2,2-
diphenylacetamide
75 | 2-{1-[9-(1-Hydroxyprop-2-yl)aminononyl]piperidin-4-yl}-2,2-
diphenylacetamide
76 | 2-{1-[9-(S)-(1-Hydroxyprop-2-yl)aminononyl]piperidin-4-yl}-2,2-
diphenylacetamide
77 | 2-{1-[9-(2,2,2-Trifluoroethyl)aminononyl]piperidin-4-yl}-2,2-
diphenylacetamide
78 | 2-[1-(9-Benzylaminononyl)piperidin-4-y1]-2,2-diphenylacetamide
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-[8-(2,2,2-Trifluoroethyl)am nooetyl]piperidin-4-yll

WO 2903/003pphenyl acet am de 5 65 PCT/US2004/018813
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2-[1-(8-Benzyl am nooctyl) pi peridi n-4-yl]-2,2-di phenyl a
cetamde 66 2-]

1- (9- Met hyl am nononyl ) pi peri di n-4-yl ] -2, 2- di phenyl acet
am de 67

2-[1-(9-1sopropyl am n@kﬁﬂ%drit@e@iﬁ leAd-yl ] -2, 2-di phen
ylacetam de 68 2-[ 1-(9-Prop- | e P
-yl ami nononyl ) pi peri di n- 4-Synthegisofdi phenyl acet ani de

gigpﬁéﬁLﬁl’%i%?%gl?ﬁ8%%@}{']%@99&“&8&%%&9—&‘i’p‘ﬁéﬂgflllée%m%ide
ﬂég 2; %@(@Qﬁ% gi_u?arbeﬂma)sp wRe chatkat with 2]2-ZipRergil-phEhy

éPYIﬁelﬂjlrﬁqﬂ?etayrgéﬁzg)@ga&ﬂJlﬂi mpaol)cing chlogofprmp (20 mL), and then

| e acetam . =1 .

1P SN DI S N WS}%{F’%‘EP‘? (3R M Jr§71 grpol) was addyd folloyred by
n}l%%(r%gxix@@ addifton of 1,8-dibromooctane (131 pL, 0.714 mmol). The reaction

_ dr oxyet hyl’) am nononyl ] pi peridi n-4-yll -2, 2-
dinpikereytactenteditd 60 7@ apdfstirred for approximately 60 hours. The yellow

;' ilér%_g ée%f_)‘és#@ﬁ%%rg%g:hg%g %ig#g@ﬂp%?a?&%lakg LRELEH Vit 0 M

Zgéldebhgmﬂcﬁo SRR AR -WasWAIPRhIHeA KAt fhddhRBbrélofin 4 Tylthe acidic
-2, 2- diphenyl acetam de 76 2-11-[9-(S)- (| ) .

s ppmoe e st TR eis b 1 3
1PN Esabeons i Ryai Thari ARG SRS R e A ppted with

- %?%fi 182.11@ X#e@aﬁ@ Sﬁmﬁ%ﬂﬁ The combined organic layers were then washed
2- ? - Benzyl am-nononyl )'pi peri di n-4-y%] -2, 2-di phenyl a -

c etitrsatieate® BquedBs WOiR0BloBId80BBdRETY 9D spifaedipred and
Conpar at | ve .Exanpl e, A Synt hesi s_of .

2 S et (eeirs MECRAC AR BbO LT SBYY PBICHE (G200 s pugificd by
Pﬁ?épé} tETiEgnd Bophifiledo f‘i"?é’thé auBdompbimsgfitsask was
charged th 2,2-diphenyl-2-(9)

ppis(ivifiudiaacGaty) satiptvuihdegas 2@Diteryyeroscenie sahidl ) and

chl oroform (2
o 2 ) RSP 4569 O, N, O+ % cale'd 436.3.

Comparative Example B
Synthesis of
2—[(S)-l-(9-Dimethylaminon0nyl)pyrrolidin-3—yl]-2,2-diphenylacetamide
Using the procedures described herein and the appropriate starting materials,
the title compound was prepared as its bis(trifluoroacetate) salt, which was a white
hygroscopic solid.
Analytical Data: MS m/z 450.4 (CyH,;3N;O+H) *, calc'd 450.3.
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m xture was heated to 50 C and stirred for

approxi mately 60 hours. The yell ow 10 honpbgeneous

m xture was cooled to and extracted
with 1.0 M aqueous hyé&go%gégﬁt C oarlrgéeet hat was then
washed with fresh chl or of ®yithekis dfhe acidic aqueous

| ayer was added et hyl acetate and the m xture V\&% rraﬂe
basiZe{Eb1d8tN-2-Fydroxyethyd)-M-methedaminogenphip vy ahdier 3rli-2,2-
The basi ¢ aqueous | ayer acted with

addi tional ethyl acetat gml%nirﬁ%gtaﬁﬁgl.é The conbi ned

or gani gsin@ Yk Srov@Tugestdesdtibvdsieathn ardbtheiapproprtte saitag materials,
aqueous sodi um chloride, dried over sodium sugf gt e, )
f thettleeemprund wappicated as Bs his(ie flperoacstaglesaliy Whighaspghite
crude produ (223.0 ng) was purified by preparatory
Fh%oii’ﬁalclsﬁﬁé'hi lized to give the title conpound as its
bi s(triAhhNAEQTSRL: NS )n/5880.2; IMIThROMAS a white
hygroscopic solid. Analytical Data: Ms nfz 436.4
(C23HA1IN3O+H) " ; calc'd 436.3. 20 Conparative Exanple

B Synthesis of 2- .

[(S)-1-(9-Di met hyl am ro¥BRYPIVS P¥amRIS D 3. yi - 2, 2- di ph
enyl acetanmi de Using the ®ymkelivefs described herein
and the appropriate starting materials, 25 the title

conpound2-iR-1pBepminepcsd) nyrEolidinGryil- 212 diph g ppggtamide
Salt,\gg?‘@\ﬁp e - BYyOros i e.o.i‘.l i
Data: NEPt 7 2SR FHaNSO )+, carcd 450. 3.~ - 12
VO 20031 eAfRtdRsdE US2004/ 018813 Conpar ati ve Exanple

C Synthesis of o _
2- { ( S) To-4 ®lutiopf APddiphgrsiAy(S)-rxrekdingrdasstamiga(l # g 0.004

lidi.n-3-yl1l-2 2-. dj I ' Usi :
oot B e | B PP AIE, Lt PRl of
Sbadtbhd$hd BVET (20 hil,) wishRded 1 Salisomeetiane (8P pLePa0S thol). The
as Its bis(trifluoroacetate) salt, which was a white

hygirtse wps beatasl tod0 *Gniar ive bawrs pad thengenggnirated o dryness and
¢ e(,llilg:lte(a vﬁ‘ﬁlodig'hloromethane (20 mL). The resulting mixture was washed with

saturated sodium bicarbonate (2 x 20 mL), brine (1 x 20 mL), dried over magnesium

sulfate, filtered and concentrated. The residue was purified by silica gel
chromatography, eluting with 5% methanol/dichloromethane, to provide 315 mg of
the title intermediate as a white solid (15% yield).

Analytical Data: MS m/z 472.5 (MH"); calc'd 472.2.

-1-(8-Di-tert-BOC-aminooctyl

Step B — Preparation of 2-
2.2-diphenylacetamide
To a solution of di-zert-butyliminodicarboxylate (61 mg, 0.28 mmol) in 5 mL

of DMF at -10 °C as added sodium hydride (11 mg, 0.28 mmol; 60% in mineral oil).
The solution was allowed to slowly warm to room temperature and after stirring for 2

hours the intermediate from Step A (0.095 mg, 0.20 mol) in dimethyl formamide (5
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(8-Bronmoooctyl)pyrrolidin-3-yll-2,2- di phenyl acet am de
15 To a solution of

2. 2-di ph - 2-(S) - -
b reE A 2 e B Bt i O ARG S5 gbofs Hppegature
M knikht hdkhdn i WaV borBefrate@uder vacingkiussddviBVED (nl(bf

m.) was added 1,8 di bronpoctane (0.99 nL, 0.005 nol
Tétiehlorimnxethare and hik eramds vas weshed fwﬂh siwyeet é@ﬂa’émmrbonate @x

d r(gml@ﬂgﬁﬁ gﬁel%?i}%)o 0 eesl'cﬁ%a csiy t%u}n%t%g{lﬁ\%r@&] and concentrated

V\@;Sd}sﬁdwmdﬂ ?%Q)f?cﬁ’é Mﬂl@ﬁa@eqnﬁ@ﬁtm abikigs 0Idal99% ﬁebd) 20

, brine , dried over nesium sulfate,
f| I terAdalah@hl&aMeMSﬂwéQS STNH‘IBE@IQ}bgO%S purified by
silica gel chromatography, eluting with 5%

met hanol / di chl oromet hane, to provide 315 ng of the

title spbher e a@ioﬁ%f@— llt- -Aalihébe i
Anal yti cal Data: (MH); calc'd 472. 2.

St ep B_kp_éi!}égm_d_@n of 2- {(S) 1-

g ? d|t g,nt B(I: a tré{-g)ceg)yfé 8%{1?1[%, ? Mmllol) was added a mixture of

dtnﬂd?ﬁ&ac@ﬁ'é Xél& m @@ﬂﬁzﬂ BRXMr@h&h i 020 r@l_,)%hdl’tmfe)acmdn mixture
as added sodi um h¥dr ide (11
i

0was stmnaai at r&ﬁl%ta:mpmtn@rfat fagir hpurs. Jhe Tepstign eV

SemReR e bt 51211?%&1*@ e B RE b AR ity
S PR SR Mea TR Dy AR ronstoTa qele(&gamgﬁy&@s

4/ 018813 nl) was added. The
r egpatdtethami washeéwwassatumicd sidiwwbirarynstei (2 xak0 1bb ﬂWlne (1x110

t g’ﬁge r@%ﬁ{}{e?ﬁ{n%\ég{sn l&ﬁ? ﬂil%ﬁecﬂrforbqemﬁ?tgﬁ ogﬁ ts{dﬁé ﬁgs purified
:Bg g}‘%'afau% (?to"ﬁﬁmf@? Mhd Bt1S adHpRindths $t0 Bis-iifluoroacetic

onat e rine (1 x 110 nL), dried
o‘aaﬂsah,gmlﬂshwasswmmtsehdﬂItered and concentrated 5

to provide 12 | the ti iwnter, Late as a white
sol i d. 09'19%?'{3-) R/ISAW% %Q%r"fcéﬁﬁdafgl? g%gg% z 608. 8
(MR); calc'd 608.5. Step C - Preparation of
2=)(S)-1-(8-Am nooctyl)pyrrolidin-3-yll-2, 2-

Assay 1

25

Radioligand Binding Assay
A. Membrane Preparation from Cells Expressing hM,, hM,, hM,; and hM,

Muscarinic Receptor Subtypes

CHO (Chinese hamster ovary) cell lines stably expressing cloned human hM,,
hM,, hM, and hM, muscarinic receptor subtypes, respectively, were grown to near
confluency in medium consisting of HAM’s F-12 supplemented with 10% FBS (Fetal
Bovine Serum) and 250 p.g/mlL Geneticin. The cells were grown in a 5% CO,, 37 °C
incubator and lifted with 2 mm EDTA in dPBS. Cells were collected by 5 minute
centrifugation at 650 x g, and cell pellets were either stored frozen at —80 °C or

membranes were prepared immediately. For membrane preparation, cell pellets were
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(0.720 nL) and the reaction mxture was stirred at
roon1tenperature for four hours. The reaction nixture

was then co ted o _dryne nd
R BT paand bemies e PR Ba A Ao Bruprer
inBfid6d, RGO Yedenld X 2 Mhksigachedd thémbrifes Wé@&@nmfuged at
ayer as 15 Separ at ed and washed with saturated sodi um
bicaobenafoe1] hinutdDatrl)C. 'Eila membrang pell@ wagithen rggyspepded with
over magnesiumsulfate, fi]tered, ntrated. .The
- EasnensESIaR Bu{lerand heosayizest agpit With e YBreOT GSUF Fispptey, The

rogémtcplﬁcehv\#lcﬁh&ﬁﬁp% ghe shgﬁ(an?i'oﬁ Wakldblenamea %%gh§method
was a white solid. Analytical
Nﬁe%becﬂﬁﬂy(ﬁxf@w&t al.c 2951, dok@8l & Biod@migray 93, 265. All

Radi ol i gand Bi ndi ng Assay A. Menbrane Prepar
qrrgorg;@,gw@gesq;tg@d zen M1qu|q‘p§31t ke ﬂ,gﬁusqgﬁ qciqu{&é( A?lquots of

Recept pes 2

SRR T SRR n Mgl
a@grgy\g[mgg@@rdnmﬁser_ eceptor subtypes, respectively,

were grown to near confluency in medium consisting of

gAM%F 13 suppl emented with 10% FBS (Fet aI Bovi ne
erum _and 25Q. 9/ ni.
a 5% &, 37 ;
dPBS. Cellsh“@rﬁwp eg&gﬂw y 5 n1nute 30
centrlfugatlon at 650 X g, gnd cell pellets were

ei t her Mmhgdnc{ binding assays 8@rapesformad fro9Grvel nyeroditer plates in a

B8 % IR AL ., Bl BSTALRRc SUBE gt Shkr v,

r R Ge4 GrlllMg'n%sQéﬁflrﬁ@ Eulﬁﬂ% ReeRgadse dssal bhffer to the
Pol'yt’ron 'PT-2100 tissue disrupter (Kinematica AG

s goltowlisg xp&ificitasges protén wdecentrathons (s g/ Wel el (blegquruhi\@g é@i'15 He

Stefplr éi%za%g?&q %@f%@@ﬁiﬁ?ﬂd&fe Wﬁa ‘m.dg@ E%@%EE EE/E%U Fpembranes

e D BHDEE Hél_rﬁggsn%ﬁ hRinWat B 1t tRehy 8isRMtdri($6 s&onds) prior to assay

d| srupter-. e 5 protein concentration of the menbrane

Eqﬂzp;e a&déﬁm V\&alunhab? biridivegistindics foe detetrhiving Kesdnessddhe n
oW et

zggdloh‘gqnd were %erforme%Su]émg otl rr]ﬂaelthﬁf3 slcggo aelrrnnlnset I{’lgthyl c%%drlde

([*H]-NMS) (TRK666, 84.0 Ci/mmol, Amersham Pharmacia Biotech,

Buckinghamshire, England) at concentrations ranging from 0.001 nM to 20 nM.
Displacement assays for determination of K; values of test compounds were
performed with [*H]-NMS at 1 nM and eleven different test compound
concentrations. The test compounds were initially dissolved to a concentration of 400
pM in dilution buffer and then serially diluted 5x with dilution buffer to final
concentrations ranging from 10 pM to 100 pM. The addition order and volumes to
the assay plates were as follows: 25 pL radioligand, 25 pL diluted test compound, and
50 L membranes. Assay plates were incubated for 60 minutes at 37°C. Binding
reactions were terminated by rapid filtration over GF/B glass fiber filter plates

(PerkinElmer Inc., Wellesley, MA) pre-treated in 1% BSA. Filter plates were rinsed
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used i medi ately. Aliquots of prepared hMb receptor
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and stored at -80 C until use. 10 B. Radi ol igand
Bi ndi ng Assay on Miscarinic Receptor Subt ypes hM .

h&%ﬁ’zeot?rﬂwgédvvﬁ“/%%{] BfiVR) R PUEE p? R egz‘elrﬁ%bguﬁﬁiaaé&m}'e&{v%y.

apRA Wed tHER aRfdrib@0anld. 5 Oqtpl\/ﬁeﬂokmﬁﬁmr@némmtlﬁhim ﬂIlld
expressing either the hM 15 hM2, hM3, hW4

m(RecleinEmiar TsubWHeslese MA VAL adsded it cachiaus)L b’llheﬂ%?tei Welf%taen

e AL A 0 B8 A EOR BRB o

h Mgellegigy A2 AY 9B Aind WHa w@f%n&@zé@b}lﬁoﬁlﬁfeaﬂwgressﬂﬁe ana1y51s with

nbranes were briefly hono &enl zed using a PoI ytron

t tl@iﬂmphﬂ%lrmmSoﬁW@e@@@l@gg §§raphPest Selswargslag.» quggqgo CA)

?%%é Irlf?g)gle g?zﬁ@}a%&r&'&?@ql gaﬁé}ugse fr%g tesp&}nq&)tu gyhvg%e%lculated
LB SRER¥E 18 ';ﬂv%@p&{@ﬂﬁb IS, vaRichofl th@fakiwhlgdm us(uﬁg?&l]eawsg
( TRK666, 84. 0 C , Ameér sham Phar naci a Bi ot ech,

Bﬂ?uisoffg:lqaats:lml (Cé@nﬂngmsdljf\MH CIO & ieakeréngd Pharmeacalpey,

aeto RN BN K valted s sohispleRdE PR R 1Y el the seometi
pﬁ{efaﬁ LHEY5 c'bﬁﬁt[iéﬂé']a iMMBaR! ThetMuaitflarglsRvisticsdidré efedtbnverted

test conmpound 25 concentrations. The test conpounds
wbacsldori(,tva]abst fordetegeporbuig.t o a concentrati on of 400 M

in dil |onbuffra t hen erla

di | uti OHIBIATEP aﬁ%w?ﬁ% ‘1&‘? b‘ﬁf? g"ﬁ %&?ﬁg%égﬁhﬂ
1QiRA 19199 fMihel; ﬁ@epﬁ&dﬂeﬁtb@ nTﬁ’é Q(ﬁﬁp(ﬂﬁlﬂ OY%M’LE‘&SI as fouhé to have
assay at es were as follows: 25 L radioli gand 25 L

dial Kstvehietof sbout Orfisovidor thn M3 1B0scarimereains subtaaamyhis assay.

pl ates were incubated fo ut es, at 37
30 ; ea&eﬁtowng%ahaama Sl eyl BT R e iy P g A0 gpinding
ﬁ?ﬁlefrﬁ Sridit bdc@ptoP! Bh&Sompdt@ak b muertid@. which were
pre-treated in 1% BSA. Filter (gl at es

meseedmnmeassaynzdm 28106 f@1A00EnEAT fospdpwt 9AGelYRo less than 1

Lgé/ifm%llcg dqa{\lg\n&l%g e ou%l %@P@t%agﬁsngh%iﬁl@a algc&) 'a E{?V%}ﬂg for hM,
%EIIQ%EPM a%B%ﬂjOrﬁM%QIésé Hiéhq N @bicbﬂ}'z‘fdn@ﬁlgfﬂdﬂm dbout 50 nM to

nmer Inc., Wellesley, MA) "was added to each
V\Héds +thabhienll. awsxwmple, thh eompewdstod Expmples bellk L hR6BY, and 39

rg@gg% tvalluleq“orI hde C% lggsl tlhI agb b, i rét Som ol?l%ﬁg of t%1s Hilention were

found to bind potently to the hM, and hM; receptor subtypes in this assay.
Additionally, the binding affinity for compounds of the formula:
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5 Wllesley, MA). Binding data were anal yzed by
nonlinear regression analysis with the G aphPad Prism

w®odosmedoeo package (G aphPad Software, Inc., SaPCTDUSIP04/018813

CA) using the one-site conpetition nodel. KZ val ues
for test conpounds were cal culated from observed |IC50

val ues and..the val ueof the radjeli (g the
CHEA QW%PHS%PH? Ve@’&‘ﬁf"’u X &H‘iﬁ&re@%ddﬁﬂl}%%?’fwv '1973)
Bi ochem cal Pharmacol ogy, 10 22(23):3099-108). K;

val ues were converted to pK; values to determ ne the
geonetric nean and 95% confidence intervals. These
summary statistics were theq, g]%\yerted back to K;

val ues for data reporting. MR s assay, a |lower K,

val ue indicates that a test conpound has a higher
inding affinity for the receptor tested The conpound

f | Wwas found tq have 1p &4 kvl ue of u
QE%HQ%’ o(r1 tlhe MB rnuscar|i ni ¢ recgeptlor szuttype inﬁltgﬁis

ssayx. Rest conpouRds hayi ngR& | ojer| @Mydl ud' i n ds | AT
WﬁWﬁﬁn arfinitly for |the
scafixal ¢ re or. The c%ﬁ‘pound;gof 3-Bi 9 i nvent PSR

Nich were tlesied 1n thils say had a. K |val f 2.6
VCERdiFd frortiabout 240 M t o gstlﬁ %%7%‘5 x

/RLSEL, 0T A9 Trom aflouy 100 P oishegss Bhar] 1y x 52
ess ghany 1 nNZLCf:IXPi cal | ylfngngi Eg \ _abut Eo nildg60

Vi aes] of E)\allp: IS
1¢omp4Ex.2S, | 2CH, and 39 flox MWVE 025 | x37
O vl rnus, C IS rjnventijon

br e Hxofnd t o- GHpdH et t K t 8 hve3and hve | 5.1
SCEPTOr_subtypes. 1n this assay. Addjtiondl |y, tlhe

ndomp. B G nj r @B npourls  of %he 188L311i’(:516"3 oslhed *14
RX N .(CH2)e N- R5, 30 -78.WD 2005/ 003090 . .
PCT/ US2004/ é@%&%mié@n% ﬁ%ﬁ%tyifﬂa%‘éebéc’eco{}“l’(’%de?feth&é?veﬁ’e“on'
and e are as defined in Table V): Table V 5 Conpound

hMv hM3 Ex. No. R R e (nM At (nM O ] )
The data in Table V demonstrate that substitution of the terminal amino group

SO0 O00T

2}
CARATATTMT LAY

OSSRk "0 ~I<s

with an additional alkyl group, such as methyl, significantly decreases binding affinity
at the hM, and hM, receptor subtypes. Additionally, the data in Table V demonstrate
that removal of an alkyl group, such as methyl, from the terminal amino group

significantly decreases binding affinity at the hM, and hM; receptor subtypes.

Assay 2
Muscarinic Receptor Functional Potency Assays
A. Blockade of Agonist-Mediated Inhibition of cAMP Accumulation
In this assay, the functional potency of a test compound was determined by
measuring the ability of the test compound to block oxotremorine-inhibition of
forskolin-mediated cAMP accumulation in CHO-K1 cells expressing the hM,
receptor.

cAMP assays were performed in a radioimmunoassay format using the
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- CH3 -CH3 8 18 x

H 8 150 x 39 50 x52
Ex. B - CH - EH/8S280018813
x 70 25 x37 Ex. 8 - CH2CH2OH -H 8 13 5.1 Conmp. Ex. C

- CH2CH20H -CH3 8 83 x .6.3 73 x 14 15t Change in

hlieitie el e Mol GitEAGRTBIMAE i AN VBN
syREobLB! PRRINEImETETd SeiAdRaInca BostngMAN acostdihg anthe

addi tional alkyl group, such as nmethyl, significantly
deenefastorrisiingdiuggorst finity at the hM2 and hM3

recept ar..subt ypes, Addi L. I . i -

deno nsgf’%st Were3seq, 8‘?06%1&}%@%% 8%‘( d gﬁl&g E@ fﬁﬁéﬁéﬁﬁsﬁs (S:%;quon
ag. 6% yhsinfor i ED DA 3k BadcriBad H0thg Cell [Citfugarid Mambtaye
decreasés binding affinity at the hM and hM3 receptor .

s Bixpyratien sechion above. Mihsatetachedcalis vegse Bashiedriwiqedngentrifugation at

Pot enc says 25 .A..Blo f i St - ' .
PR OR S aoBSSH A AU e in 1
f URCAPIDN Blnd RRE QNS Wetd cambcRSKitlc @ ToaUAT MBaaldRitleCoetter

by neasuring the ability of the test conpound to

b(Bekmar dloukep Fithertam KA (Thewelds weresenikidhged-agaigiahpejx g for

SRS e BB R LT s bR o1
r a6 ob RNPRsEenIf or mat using the -79 WO 2005/ 003090

PCT/ US2004/ 018813 Fl ashpl ate Adenylyl Cycl ase .
Act i vaflhe teshesagouByisrasrinifipty dissdvedinpeonsertiospbiihph n

Per ki, nE] ife Sci _ -
¢ BUEHE DU T shrreraerisy G A B (2 6 Bl By
g'agg;egﬂ%xfiﬁl ARBSH BAted iof fREmuldrRofdenBaiidsERM S absit 100ruM to

% trypsin/0.53 nm EDDA) as described in the :
Cél 1 nMu IQxatremanide Masdiluied in Peisplar Man0er- sect i on above.

The detached cel|s were washed t i ! .
T oA et B AR \LHRR s .
?Hs%élin"@g 1N #fhal &mesisReidH Aluied id @PBRY; 28 RBNihastlotdi@morine,

Y
ce were counted with a Coulter Z1 Dual Particle
Cand 5@m.L cells were added to agonist assay wells. To measure the ability of a test

Ex.1 -CH3 -H 8 3.8 0.96 Conp.
4.7 2.5 x 2.6 10 Conp. Ex.

compound to block oxotremorine-inhibited AC activity, 25 pL forskolin and
oxotremorine (25 pM and 5 pM final concentrations, respectively, diluted in dPBS)
25 pL diluted test compound, and 50 pL cells were added to remaining assay wells.
Reactions were incubated for 10 minutes at 37 °C and stopped by addition of
100 pL ice-cold detection buffer. Plates were 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) was calculated based on the counts observed for the samples
and cAMP standards, as described in the manufacturer’s user manual. Data were
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 was used to calculate the K, using

the EC,, of the oxotremorine concentration-response curve and the oxotremorine assay
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(Beckman Coulter, Fullerton, CA). The cells were
centrifuged again at 650 x g for 10 five m nutes and
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concentration of 1.6 x 106 - 2.8 x 106 cells/nL. The
test conmpound was initially dissolved to a
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g etitio equat| on. The Cheng- Prusoff equation was
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oxotrenorine assay - 80 WD 2005/003090
PEImUBE00 4f [ISIGTPYS binvdesby theiagpnisloxoremrpng as fgtprmined in
respecti vel The K; values were converted to pkK;
v&P @W&}m&ﬁ erm ne the geonetric mean and 95%
conf i deRCRtdriQ thahBility RsRstdorpRiNd & hibéitdxogemerife-stimulated
then converted back to K, values for data rq{gortl agﬁ§
rﬂ3SS](E’EPﬁslﬁacjdng,athé follewing washddedite dichavdbof davelhplagest 25 uL of
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receptor. The assay plates were then incubated at 37 °C for 60 minutes. The assay

plates were filtered over 1% BSA-pretreated GF/B filters using a PerkinElmer 96-well
harvester. The plates were rinsed with ice-cold wash buffer for 3 x 3 seconds and
then air or vacuum dried. Microscint-20 scintillation liquid (50 puL) was added to
each well, and each plate was sealed and radioactivity counted on a topcounter
(PerkinElmer). Data were analyzed by nonlinear regression analysis with the

GraphPad Prism Software package (GraphPad Software, Inc., San Diego, CA) using
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forskolin-nmedi ated cAVP accunul ation in CHO K1 cells
expressing the hM2 receptor. 10 B. Bl ockade of
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functional assay, the functional potency of a test
conpound is determ ned by neasuring the ability of
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The Cheng-Prusoff equation, wa
K: 'l:hisuﬂucﬁgsqeﬁ@e gvesigs %gag}ggd g}regs ime %9 tﬁeoFLc[g{{?\lilv fcl:hede%etgi% the
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e oxotrenorine concentration In the assay as t

KRhanghnzbd M, rédepngd Aaaganstpatdnonis detsméeddibyethy abilityl of
this assay, a _|ower K, value indicates that a {est
c mﬁggmtsﬁg%blhaw-medlated increases 1n intracellular calcium.

For FLIPR calcium stimulation assays, CHO cells stable expressing the hM,

(
2

hM, and cM; receptors were seeded into 96-well FLIPR plates the night before the
assay was done. Seeded cells were washed twice by Cellwash (MTX Labsystems,
Inc.) with FLIPR buffer (10 mm HEPES, pH 7.4, 2 mm calcium chloride, 2.5 mm
probenecid in Hank’s Buffered Salt Solution (HBSS) without calcium and
magnesium) to remove growth media and leave 50 pL/well of FLIPR buffer. The
cells were then incubated with 50 uL/well of 4 uM FLUO-4AM (a 2X solution was

made) for 40 minutes at 37 °C, 5% carbon dioxide. Following the dye incubation
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functional activity at the receptor tested. The
conpound of Exanple 1 was found to have a K; val ue of
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on at
the K, and the oxotremorlne EC,, for the ligand concentration according to the

Cheng-Prusoff equation (Cheng & Prusoff, 1973).

In this assay, a lower K; value indicates that a test compound has a higher
functional activity at the receptor tested. The compound of formula I was found to
have a K, value of less than 5 nM for blockade of agonist-mediated calcium release in

CHO cells stable expressing the hM, receptor.
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concentration. Cells were first incubated with
conpound dilution buffer for 20 mnutes, followed by
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ECO90 value for oxotrenorine was generated according
to the nethod detailed in the FLIPR neasurenent and
data reduction section bel ow, in3conj unction with the
formula ECF = 10 ((F/lOO-F)XXf)s% * EC50 . An

oxot renori ne [§QpGRMLIIBH 0? DuRhticn $f BEénchoprateaiar ed in
stimul ation plates such that an ECO0 concentrati on of
oxot r e imGuireaRig Modid of dcetyidiolingdnilu¢ed Bronchogongiiigtion

i nhibitjon assay plates., Th t

FLI PR ke a2 ﬁg%'igr"gasﬁlg?f’g‘iot?%%ﬁ%gg‘%ﬁ%‘i@%ﬁ%’i‘?%%l"égfef‘?&pgfteSt
SE&ﬁg&hﬁs efnilitmg WRiskSrini€ ¥éckp it hiBooaytabevigh h of 488

nm and em ssion wavel ength of 15 550 nm Baseline

was deGeoupisroddixipalmgaingn pizg (Phacaphdargey (MsdPoeddddaime

f 10 d [ di ti ni.st 4 F '
e, S ReeabepRb R P iroeS0 et ARRIEIgL LR coee
a@grdg.h'?ﬂt%ﬁélﬂfut A BSHBAGIE vRYEETowbdnackess to fRARd wWaddr ad

m nutés to capture the maxi num fl uorescence
clvdinge. The change of fluorescence was expressed as

Tor eadhi Sl pomAmBd iy iaisGerd Wenargraer sy BapaLfg ine
| %%Eé-BJHy exg{)stllgé &ilg%&faﬁmef At & SMEMs,'BARIEALBICA). The dosing

4
regressi on G aphPad Prism (G aphPad Software,
| chambBawei apoged3h) thasimapresob whs sintultapeawskyalelifered to

G B Al By oRrS e A g SR h CWnb pife R EiR e o
a3 erokblG iR E&n@&ﬁl@d&%ﬁ%@{\}?{gﬁé FEOQ defysolshiere F@iﬁa@ﬁed from

concentration -according to 5 Cheng- Prusof
e quadaus sol(finenging #AriE Stdr Nebgligy Set Moddl 22E5ks RP\RIRespiratory

l ower K; val ue. indjcat t.hat t est
g (G By £ ALY s HER s g (o5 ey O:=21%
T df\fg@ﬁﬁd@datgf $sQhig10ra2 lnsivedhef QW P wi roudA VIR @eblilizer at this
val ue “of SS tp ﬁ f

. an 5 nM for bl ockade o
a@pbiatihg pEditﬁé eds gpiroxinmtele Bdasgith TIGHDnerkddsaerasals| veere
expressing the hM3 receptor. 30 - .2005/ 00309 .
= R0 B IABOSS bXGOSPaPisstp A AT OF B8/t tine the
o . " . ) o )
Rl RUEEBSRIPES 00, SUIBANE Ondle b, ol

vilv®mdssfaylutias was adbilizeds $hmsvashecasned ghrypmetrieally becomparing
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The bronchoprotective effects of a test compound administered via inhalation
were evaluated using whole body plethysmography at 1.5, 24, 48 and 72 hours post-
dose.

Forty-five minutes prior to the start of the pulmonary evaluation, each guinea
pig was anesthetized with an intramuscular injection of ketamine (43.75 mg/kg),
xylazine (3.50 mg/kg) and acepromazine (1.05 mg/kg). After the surgical site was
shaved and cleaned with 70% alcohol, a 2-3 cm midline incision of the veniral aspect
of the neck was made. Then, the jugular vein was isolated and cannulated with a

saline-filled polyethylene catheter (PE-50, Becton Dickinson, Sparks, MD) to allow

-84~



5 conpounds exhi biting nuscarinic receptor antagoni st
activity. Goups of six male guinea pigs

W@ DwaoesvHart | ey (HsdPoc: DH) Harl an, Madi son, PO/¥/1US2004/018813

10

15

20

25

30

wei ghi ng between 250 and 350 g were individually
identified by cage cards. Throughout the study

api mal s were I |

e 5 Rl DB B TR oA S LSl stine.
' halatted Va0 ViRh diettbd db8nd SanRuladackieh B oA telqoabs GNE-
dosi ng chanmber (R&S Ml ds, San Carlos, CA). The dosing

c h)énfb%nsll Rerte Miamahglkss, Eb). t I sequirad.aegfesia wagmaintained by

TR S o e B

a@é}ﬁﬁ 9&‘ atdsttRsit Gl nfiBRANAd Al R Ehe afidfdl Yyespdidgiao pinching of
aerosols were generated from 15 aqueous sol utions

uii paw anifii: Sspiratielateivwasrgreer thapb¥) bregthgminutpART

R Equ
AT TR LN
p Pﬁsﬁﬁ}éﬁl%gﬁgh %;%)Lpﬁ3114Thﬁx@ﬁ§1e&k&ﬁé§ !n{co lmllarcﬁlhem@lmmn &@phageal

erating pressure was approxi mately 3
messme eannifitee(PFelté), Beeidn Ricliswing Swgk@ MRB) e Hsprdtotprasure

gy o e Brestreiarou ohe ipBeshiR felorasihed o the
E{iﬁ%r?lg% %f]tﬁlt []p%tﬁ?sﬁfé%{%pﬁ%@ Hflév? atd pea%ﬁ@ foResrBé edom ait iHm
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ect on ckin Sparks, MD) to allow -
V\@uﬁﬁ&faﬁbﬁﬁﬁéﬁ) PCT/ US2004/ 018813 for intravenous

S 0olRe S IOl D, L) SO o e concton.

anﬁe%ﬂg&éls A GG ude bl etichd Biat 8Edu? Withtbhe Gi¥smograph with each
breath were measured via a Buxco pressure transducer. By integrating this signal over
time, a measurement of flow was calculated for each breath. This signal, together
with the pulmonary driving pressure changes, which were collected using a Sensym
pressure transducer (#TRD4100), was connected via a Buxco (MAX 227 0)
preamplifier to a data collection interface (#'s SFT3400 and SFT3813). All other
pulmonary parameters were derived from these two inputs.

Baseline values were collected for 5 minutes, after which time the guinea pigs

were challenged with Ach. Ach (Sigma-Aldrich, St. Louis, MO) (0.1 mg/mL) was
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follows:
Y =Min + (Max-Min)/(1 + 10 ((og IDS0-3)* Hilllope)

where X is the logarithm of dose, Y is the response (% Inhibition of ACh
induced increase in R;). Y starts at Min and approaches asymptotically to Max with a

sigmoidal shape.
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was conputed for the vehicle and the test conpound
groups. The mean ACh response in vehicle-treated

ani mal svheat: each pre-treat rrent time, was cal cul ated

and used to co 0, response, at

t he coﬁes‘i?élﬁ %OBPgAPE m‘fPrr?ﬁéFh]%‘%Ceach t est

conmpou e hgi%oh BRiARH to!r At AABE rdsEHIRG S 8t 1645t ¥ @Sfoldihcrease
"RL' were fitted wmth a four paranmeter |logistic -

equati on usumgul@cmai‘yﬁasﬁs@nces(rﬂl)ver& on 3.00 for

W ndows (&G aphPad Software, San Diego, California) to
esti nat%%?%’*ﬁ PoBr 588Eti ve | D50 (dose required to

i nhi bi tp t %%"aﬁé}(t ghni n) bronchoconstrictor
responsé The equation used was as follows:
25 Y =R +vz(1mxﬁdvl(1’p/(1+10((log | Dso- x)*

H|IIsIo where X is the |ogarithm of

the r e aqions dyise wias definasrasacipse thay h@é‘&g Fl}’?ctrfe%‘é’é?quﬂwmn
sa&s-m;ﬁi%oy&%g@mp%? SEACRRELHIGR B oy
PCTLYSRRQBH015813
Statistical analysis of the data was performed using a two-tailed Students t-
test. A P-value <0.05 was considered significant.
Generally, a test compound having a PD,, less than about 200 pg/mL for
ACh-induced bronchoconstriction at 1.5 hours post-dose in this assay is preferred.
The compound of formula I was found to have a PD, s, less than about 200 pg/mL for

ACh-induced bronchoconstriction at 1.5 hours post-dose.
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(b) The quantity PD2, which is defined as the anmpunt
of Ach or histam ne needed to cause a doubling of the

wha®elooeo pul nonary resi stance, was cal cul at edPCEUSZP04/018813
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the pul nonary resistance val ues derived fromthe flaw
and the pressure over a range of Ach or histam ne
chal | enges using the follow ng equation (which is
derived fromb5 an equation used to cal cul ate PC20

val ues described in Ameri camgifogaci c Society.

Gui del i nes for nethacholi ne and exerci se chall enge
testing - 1999. WhalkrtespGuinenRig Sayatiogdssay000;

161:309-329). P2 = antilog.[]lo + 1~ -

1) zro g pies e g TPpprebrcdi ) el 2207250 Wyere
Aﬁﬂzlﬁ’ﬁa’cﬁ! BHBMORRE 86@REL PG BRorGForatdeRES Ahysabiloningfarrival. Test
Ach or histamne resulting in at |least a 2-fold

i nempasel or ¥shicke werk dosedryia inbelagipa (ED ovRLY 1Gmiante time period in a

Basel i ne RL. = I f =

VR SR AT Sap s ST S G e g fgns were
d‘&?s@aggéfn did ATk Watkr bRE dBRRGh eSS hétalizefilledOvitieS 0aus f dosing
to a g/ mL dose of Ach to a doubling of the baseline

p Ebl{mﬁm (ri Guinee pigs mn?ms(rﬁmc( Bothy inhatagioh shambar fand{ pégudes.

0 t. . . | -t ai .

¢ Duggdh s, GBHLP 20 M08 TRLCEg e FhERas. R PIAERT16sq. om.
Sg%ﬁé}%%%wafa&eﬁ egce GRTROMFhalY e fFPeeRDRdpolilioh Bftnselves and

r 25 ACh-induced bronchoconstriction
atalldwFohgrooming folldwieg 2hmithites efsselymationg geines pigg were exposed

The conpound of f la_l f h

T oS e i e 85 s s ARl ARy R PR

br . ¢ j i . - hout, )

A g i o e e
Gyisih €ldpdti @nfdétionadfinehulimsiay, Winagagyvers cyahaied ekl.S, 6, 12, 24,

Ri ver, WI m ngton, MA) wei ghing 200-350 g were 5
adS) pivkd g afts’ HIRMEH- house gui nea pig col ony for at

least  HRYSpikOERWNBIn&IA ¥ab hoth@stfore testing with an intramuscular
(IM) injection of a mixture of ketamine 43.75 mg/kg, xylazine 3.5 mg/kg, and
acepromazine 1.05 mg/kg at an 0.88 mL/kg volume. Animals were placed ventral
side up on a heated (37°C) blanket at a 20 degree incline with their head na
downward slope. A 4-ply 2 x 2 inch gauze pad (Nu-Gauze General-use sponges,
Johnson and Johnson, Arlington, TX) was inserted in the guinea pig's mouth. Five
minutes later, the muscarinic agonist pilocarpine (3.0 mg/kg, s.c.) was administered
and the gauze pad was immediately discarded and replaced by a new pre-weighed
gauze pad. Saliva was collected for 10 minutes, at which point the gauze pad was
weighed and the difference in weight recorded to determine the amount of
accumulated saliva (in mg). The mean amount of saliva collected for animals
receiving the vehicle and each dose of test compound was calculated. The vehicle
group mean was considered to be 100% salivation. Results were calculated using
result means (n = 3 or greater). Confidence intervals (95%) were calculated for each

dose at each time point using two-way ANOVA. This model is a modified version of
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conpound or vehicle were dosed via inhalation (IH)
over a 10 mnute tine period in a pie shaped dosing

W@ b@sedooq R+S Mol ds, San Carlos, CA). Test sol BCT/U8204/018813
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were dissolved in sterile water and delivered using a
nebulizer filled with 5.0 nL of dosing solution.

. AR OF pos: . _
Y eSS R o ed O ALl SRRt
[ f3dd yedftbohRnPAbattsE il arpdi st ctbdatil Micht Ofs Bhammacol Toxicol,

Thi s space was adequate for the animals to turn
f 1994, P4:2484264i t i on t hensel ves, and allow for

' ng. Fol | owi.ng. 20. i f acclimmti -
o1 5. waHersRB BGiEa Of SR ot ds egB aplalRy of Pushthd-ffment
Stitte Wg?&{l&uﬁﬁéd a5 %sfeg’?ﬂ BbmBHE Y% InhitIAGH of RS MidE bDthy

Equi prent, Inc. M ian, VA) driven by house air at
acprepsnding pfe-Ptmentiie, aUpash dosnpl Tt inbibitism dose-response data
nebul j,zat i on, _gqui nea pigs.were eval uat afo Ll 6,
Tt g i sl el <Gl Gl e ersion

I hawstd 8 JaeWard) 8he DRedog Ehiifoenit folestimate anti-
ﬁt@aﬁ%u@ @?%?L\ 4) inj gfzti on ofg(_)g m xt u?’e of .
k eiabugb g BB, (Aosenphitged toyihbibitr$e¥RoBpilngatpine-ayoled salivation). The
aceprorazipe 1.0 /kg at an 0.88 nl/kg vol une.
Aﬁﬂ'i"?é’log‘-\m‘f@aﬁ%%gg%?rentral 20 side up on a heated
(37C) bl anket at a 20 degree incline with their head
in a dowward slope. A 4-ply 2 x 2 ing}@mlgrauze pad
(Nu- Gauze GafreMin-u@dassPinges+ 10 SBHREEN"8AE ) Johnson,
Arlington, TX) was inserted in the guinea pig s nouth.
Five mnutes later, the rnuscarinic agoni st
pi | ocarpipex( thgwg(riﬁﬂn $ d6se) YR thAERoRES 1% itbition df
t he galﬁg »paggwas rmedioat e?y di scar ded aend» repl aced
bsalévatien). if anteitdiimchnd Bppaaciesspaymptstitallygo Whax with a sigmoidal
collected for 10 mi nutes, at which point the gauze pad
wdBaPenei ghed and the difference in weight recorded to
det erm i i-s2f @&é:m"u{o% 8AchSBIdidctive D, FEhk used to
The nez;[n%%gér%ﬁ%ftgtﬁg sgl iag col I’ect erd fo? ani mal s>
r @egipvietbe tifperane hing seleativityeindbx dbthe test carapeundo kgsoaially,
was cal cul ated. The vehicle roup an was, consi der ed
 GompOTOHARY IS PP IRES S Pl AR OGPl 1
3 t g burfl SEbRhd1a 168N Eh S§eeht lung-selectivit
i%tréefrg{c/tg 'sm?g%%gsa Wchgg‘Pc'fngt ed fo?t each ose at geach Y
t ip@exp@bdttr thsi sigout Bo- way ANOVA. This nodel is a
nodi fied version of _88 WD 2005/ 003090
PCT/ US2004/ 018813 the procedure described in Rechter,
"Estimation of anticholiner gA§‘S_a§;Igug effects in mce

by ant agoni sm agai nst pil ocarpine-induced salivation"
At a Phasthaaadineladucal DepreSas R&poksts il Eonscious Guinea Pigs

Healthy, adult, male Sprague-Dawley guinea pigs (Harlan, Indianapolis, IN),

weighing between 200 and 300 g were used in these studies. Under isoflurane
anesthesia (to effect), animals were instrumented with common carotid artery and
jugular vein catheters (PE-50 tubing). The catheters were exteriorized utilizing a
subcutaneous tunnel to the subscapular area. All surgical incisions were sutured with
4-0 Ethicon Silk and the catheters locked with heparin (1000 units/mL). Each animal

was administered saline (3 mL, SC) at the end of surgery as well as buprenorphine
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The mean wei ght of saliva in vehicle-treated ani mal s,
at each pre-treatnent 5 tinme, was cal cul ated and used

W 200800300¢ € % i nhi bition of salivation, at thePCT/US2004/018813
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corresponding pre-treatnent tinme, at each dose. The
i nhibition dose-response data were fitted to a a four

p | Q&N Skl [ ' P ' )
S Ehs B PR APl B FRNEI BN letore veing
Di g8neddalthdiphéldig rbemest i mate anti - si al agogue | D50
(dose required to inhibit 50% of pilocarpi ne-evoked .
sal i vat fApprpxingiely 18do &9 hawns dpllereiag sykgsryatherapimelqaverapveighed
M n. + - + ( . *
B B B e P P08 Bl g
| nigcdridingQitetih] pkBssafd. | Atdriad Blessufe atdhidat rate WAsteestded using a
aﬁﬁ_roaches asynptotically to Max with a signoi dal
shaispac Y100 hp@rigition Rpstemt Andmals a¢pse aldowqdsg ac¢limate and
br oncho y s used to conpute the

&%@rlg%]f fo?taﬁ)%}lo&/ ?f %(B?x\gn 1as

app g Sele ﬂ%y i ndex of the test conpound.

Gener al Eych an&RiIRe4stHs]dhped RGthaRetBPRRSIBRIMCH)J0.3 mg/kg, iv)
selectivity index greater than about 5 are 20

pr adnainistey thrppgh thie sugida sgnousHinecwdtles eradiorasculenigsaonse was

had an appar.ent. | ung-sel ect i vi I ndex e :
andof R RROE i BT RE R K e T bidWRay dosing
Regpaibes SvHith #aNSEinestsd ok MeauliRbdoninihie elettbyt com@olid or

mal e Sprague- Dawl ey gui nea pigs (Harlan, |ndianapolis,

| Nyshicloeelytiom gl on vageanlizeddor Y0 manwes isens 4 gas mixture of

t hese, st.udi es nder isofl.urapne sanesthesia (tQg .
o FRRPO a2 Syt AR Sl ABP TR AT 3wtk e o enimls
ar 6fefth@@moalvb@Bba th §ihbleddfehehber(dRB16@ried bd f@ir. resebtive
catheters were exteriorized utilizing a subcutaneous

t uenges. Abl.6laad 2hbeaipdising, decamimpals WesuregtheHengerovidh M (0.3
were sutured w.th 30 4-.0 Ethicon Silk an e .
R SRS a8 P s T iBfreaisy fhe animals
anyy B8Rl euthiBized dithtodiue! SshtStakhing (159 ng/kg,SIQ). at the end

of surgery as well as buprenorphine -89 WO )
2005/ 0 1PAReL8200448 18 813N arterid PresgikgMARNand decrease in

berara PGy Ry thea el SERerr RBp RGP tacpressor

APFRE SIS 8 s YnchQurb@ fof RabIONIGh £k (Befosdariedfiér I ABsing). The

animals were weighed and the carotid artery catheter
onbredydtardieeifedts wers nod nsedcforeahalysissingedhesguesponses were not robust

and reproducible. The effects of treatment on the MCh responses are expressed as %

inhibition (mean +/- SEM) of the control depressor responses. Two-way ANOVA
with the appropriate post-hoc test was used to test the effects of treatment and pre-
treatment time. The depressor responses to MCh- were relatively unchanged at 1.5
and 24 h after inhalation dosing with vehicle.

The ratio of the anti-depressor ID,, to bronchoprotective ID, was used to
compute apparent lung-selectivity of the test compound. Generally, compounds
having an apparent lung-selectivity index greater than 5 are preferred. In this assay,
the compound of Example 1 had an apparent lung-selectivity index greater than 5.

While the present invention has been described with reference to specific
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5 recording arterial pressure. Arterial pressure and

heart rate was recorded using a Biopac MP-100
wa\e@aiosiopd on System Aninmals were all owed to arPCl/UsmD€018813

and stabilize for a period of 20 m nutes. Each ani na

was chal | enged with nethylcholine (NCh) (0.3 no/ kg,

d t i I
| ¥beeta prrboieni st s Wi bhaBitlond B e b B A siilled in
it be §ubstitobed veithout
8 ALl SO a3 i i

némm@ﬁrommlm taneipint andescopesef thomyentian. ohddijenlly) to the extent

sol ut.i o | ut,i on, was bul i;zed f t
Bl G R AT A e o
tqa? i £ 1frebd ihbdrpbatodibyute uamth tirety
Q%ﬁ pH%%@g@gﬁ%% ggﬁgved ?§3h1gﬁe whol e bgﬁ; chaﬁgg?l

aathGMneaﬂﬁmnm1fmmhdomesgﬁ&@db@ﬁnﬁdbﬁh@ﬁyHﬁpﬂ%ﬁgf%hﬂ
24 h post-dosing, the animals were re-challenged with
GF53 oerely kg, iv) and the henmodynamic response was
determ ned. Thereafter, the animals were euthanized
with sodiun1pentobarbital (150 ng/ kg, V). MCh
produces a decrease in nean arterial pressure (NMAP)
and decrease in heart rate (bradycardia). The peak
decrease, from baseline, in MAP (depressor 20
responses) was neasured for each Mch chal |l enge (before
and after IH dosing). The bradycardic effects were
not used for analysis since these responses were not
robust and reproduci ble. The effects of treatnent on
the MCh responses are expressed as % inhibition (nean
+/- SEM) of the control depressor responses. Two-way
ANOVA w th the appropriate post-hoc test was used to
test the effects of treatnment and pre 25 treatnent
time. The depressor responses to MCh were relatively
unchanged at 1.5 and 24 h after inhalation dosing
with vehicle. The ratio of the anti-depressor ID50 to
bronchoprotective 1 D50 was used to conpute apparent
| ung-sel ectivity of the test conpound. Cenerally,
conmpounds havi ng an apparent |ung-selectivity index
greater than 5 are preferred. In this assay, 30 the
conpound of Exanple 1 had an apparent |ung-selectivity
i ndex greater than 5. While the present invention has
been described with reference to specific 90 WO
2005/ 003090 PCT/ US2004/ 018813 aspects or enbodi nents
thereof, it will be understood by those of ordinary
skilled in the art that various changes can be made
or equivalents can be substituted w thout
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departing fromthe true spirit and scope of the
invention. Additionally, to the extent permtted by

wa@ppsioeal e patent statues and regul ati ons, alPCT/US2004/018813
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publications, patents and 5 patent applications cited

herein are hereby incorporated by reference in their

entiret to_the same extent as if each docunment had

b&HAiTnlvﬁ GLAJAED T gncor porated by reference herein.

-91 WO 2005/ 003090 PCT/ US2004/018813 WHAT IS CLAI MED

IS 1. A conpound of fornmula l: 5 O (Rl)a N(R4)2 d

N (CH2)Ye H ARsompdeidd oRByroul0l: wherein each R1 and R2

is independently selected fromCl 4 alkyl, C2_4

al kenyl, C2_4 alkynyl, C3_6 cycloal kyl, cyano, hal o,

- ORE, - SRa - S Rap- S(O2Ra and -NRbR, or two

adj acent @{1 t ﬁg %cent R2 groups are

joined to fo (C2-4 al kylene)-O

or -O(C1_4 al kyI ene) - G~ e R3 i s independently

sel ected from Cl-4 &k : drﬂ1—u(ﬁ|dp,)e_ “h TR 4.3

i ndependently sel e A-hydr ogen, _6 alkyl, C2_6

al kenyl , C2-6 F?J Ca?&:cycl oal kyl , C610 aryI

C2. 9 heteroary )tCS 6 het yclic, - CH2 R6 and

- CH2CH2- R7; or both R4 groups are joined together with

t he nitrogen atomto which 20 they are attached to

form " terocyclic; R5 is selected fromCl-6

al kyl , ~b al kenyl, C2-6 al kynyl, C3_6 cycl oal kyl,

and - GtR' R R éidtpendeatip selbdtyd froml Kepslkyla@dl, alkenyl, C, ,
roup i s optionally sybs OH or

ilaﬁ%’%l ﬂ? bl 6}‘(‘&09&1965%’2‘{1%&%0 ~Oen- ?8}% e pé&@elﬁ “NRR;
S eI %% e a{;én? i %ﬁ% 8%;&{/ i 5eh ch'oﬁgc%%é&mecg% i%rm 48 alkylene,

{ &Y oar and cyc

I M@Qﬁﬁ]ﬁ?l@hé)yoseére@e@jlf hmyieﬁs)_—ﬁ)f:,ycl oal kyl , C6-10
aryl , 9

each R? is independently selected from C,, alkyl and fluoro;
each R? is independently selected from hydrogen, C, alkyl, C, ¢ alkenyl, C,¢
alkynyl, C, ¢ cycloalkyl, Cq o aryl, C,, heteroaryl, C, ¢ heterocyclic, - CH,- RS and
- CH,CH,-R; or both R* groups are joined together with the nitrogen atom to which
they are attached to form C, ¢ heterocyclic; '

R’ is selected from C, alkyl, C, ¢ alkenyl, C, ¢ alkynyl, C, 4 cycloalkyl, and
- CH,~R?; wherein each alkyl, alkenyl and alkynyl group is optionally substituted
with —OH or 1 to 5 fluoro substituent;

each R° is independently selected from C, cycloalkyl, Cy, aryl, Cpg
heteroaryl and C, ; heterocyclic;

each R is independently selected from C, 4 cycloalkyl, Cg 4 aryl, Cy,
heteroaryl, C, ; heterocyclic, - OH, -O(C, alkyl), - O(C; 4 cycloalkyl), ~O(Cq.1o
aryl), —-O(C,., heteroaryl), - S(C, ¢ alkyl), - S(O)(C, alkyl), -S(0),(C, ¢ alkyD),
-S(C, 4 cycloalkyl), -S(O)(C, 4 cycloalkyl), ~S(0),(Cs.4 cycloalkyl), —S(Cg,o aryl),
-S(0)(Cy.10 aryl), ~S(0),(Cq.1o aryl), -S(C, heteroaryl), -S(O)(C,, heteroaryl) and
-S(0),(C, 4 heteroaryl);

~92-



heteroaryl, C3-6 heterocyclic, - OH - O Cl1_6 alkyl),
- (C3_6 cycloalkyl), - O(C6-10 aryl), -Q(C2.9

whedosnamryl ), -S(CL_6 al kyl), -S(O (Cl-6 al kyl PCT/US2004/018813
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-S(O2(C1_6 alkyl), - S(C3-6 cycloalkyl), - S(O (C3_6
cycloal kyl), - S(O2(C3-6 cycloal kyl), - S(C6-10
aryl), -. S(O -10 aryl - (0.2 - ar -
S( &2, oewbiirs b tatidioledtiom, G ShE I G o
het &L8a4 -92 WD 2005/ 003090
Pgr?) %‘3‘1‘?81%86%3 eiealgiw R$ is i ndependently sel ected
f r om CBacﬂ‘n RAis irslapdngentlyosslactedafrgh, hydpogen, et dkdabyl alkenyl, Co.
(ii cycl %ﬁ 1each Wi s independent| y seI ect ed
égeﬁy‘ﬂ kvly “al kyl, C2_4 alkenyl, C2-

al kyn.\/ %a&ﬂ@ 4 18 Mﬁbﬁaidléﬂﬂy sclecBRCHo g{i@eﬁ C§ alkyl, c24

i ndependently sel ected from hydrogen,

abkenyl| C, Cakyhyhbid/By| cyahalieh & REyofl Bikieipined :togaﬁxeawathrizhe
are joined together wt Qatomit o whi ch
tF?gEPgﬁ?é o 'ioa‘g]ﬁ‘ ﬁ}eg afeo‘g cggd @Tﬂg{l g-’g@gf/ GO s an

i nteger, if LOMiQet RoRr0tdB;1 S an integer from0O to 3, 10
C|san|ntegerfrom0 to 4, dis 1 or 2; eis8or9;
wher ei b ieac ntegek fiom @&td3sl ene, al kenyl, al kynyl and

cycl oal kyl grou ind?l, R2, R3, R4, R7, Ra, Rb and W
is optu%ﬁéle&‘ng? i4®%d with 1 to 5 fluoro
substltdq§?t0 each 15 aryl, cycloal kyl, heteroaryl and
heterocyclic group in Rl, R2, R4, R5, R6 R7, R8, Ra,
Rb aneifBios9pptional |y substltut ed with 1 to 3

cubsllLients | AUGRINIENLLY el oLkt T S kit

R7 i b
[{jﬂ{? R 1\%@ aﬁlci_lgcijé_ydﬁlgfu%’ys.ﬁ%t%tg%d R’I?gi;_y to % Ifltkl%@@lgﬁ% each

wheyledyoloatioh hetekydryl amkllhy:temuyphcagﬂoepyng , Bf Wn&? R’, R%, R?, R®

oL OE% {1&?@%{%&1&1%%1 lé Tél?ﬁu bvg mttqeﬁtzs 1n%@§|§51€é1t -sgl%cted from
2
L A s g R

or- SO, BRGBLIE SO (CY 7 alicgDpiNGD) e NEHCY , lkyb ohd aNECar Al

\?\;yg‘qr:egt%q Sé%gnF a[llgtflga'elqu?lg%q, @ﬁqeny]\%%g::a@gﬁyf A gulggsk(mtlon% éél|b Btstted with
is a’lb QR fthi)cﬂg tsﬁﬁ/stlﬁ{éﬁﬁ Ghi Wi&d Aal-Ngroufh O[CH,)!-CisDplibfyQubstituted

uen
with 1 or 2 substituents independently selected from C, alkyl,- OH and fluoro;

or a pharmaceutically-acceptable salt or solvate or stereoisomer thereof.

2. The compound of Claim 1, wherein R’ is C, 5 alkyl, wherein the alkyl
group is optionally substituted with - OH or 1 to 3 fluoro substituents.

3. The compound of Claim 2, wherein R’ is C, ; alkyl, wherein the alkyl
group is optionally substituted with ~OH or 1 to 3 fluoro substituents.

4. The compound of Claim 2, wherein R’ is selected from methyl, ethyl,
2-hydroxyethyl, 2,2,2-trifluoroethyl, n-propyl, isopropyl, 1-hydroxyprop-2-yl, n-butyl
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3. The conmpound of Caim2, wherein R5 is C1_3 al kyl,
wherein the alkyl group is optionally substituted

WORa0s/00308H or 1 to 3 fluoro substituents. 30 4PCTE82004/018813
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conmpound of Caim2, wherein R5 is selected from

nmet hyl , ethyl, 2-hydroxyethyl, 2,2,2-trifluoroethyl,

\r}\é&;og%l, i sopropyl, 1-hydroxyprop-2-yl, n-butyl -93
BO8HH03000 PCT/ US2004/ 018813  and i sobutyl. 5. The

conpound of Claim4, wherein RS is nmethyl. 5 6. The

conpound of Claim1l, wherein RS is C3_5 cycloal kyl,

wher ei B. t he The yompeuridydf Grioup, WhereiptR gaatethyl.

substituted with - OHor 1 to 3 fluoro substituents.

7. The conpound of Claim®6, wherein R5 is selected

from c¥c! oPIARYbmpoiid by I, WAGHiENE!ioRENEloalldf Bherein the

The conpound of CFal m 1, wherein R5 is selected from

( aycledl-grupBis Sptigmlllyaibstityted whithr-<OH or A do 8yiosasubgtituents.

group is optionally substituted with - OHor 1 to 3

fluoro substituents; and (b) - CH2- (phenyl), wherein

the phenyl  gf,@uBmbsuRPdf @B ts{wﬁéi@ﬁltwtiygagctécﬁﬁmtazcmpmpyl,

to 3 substituents i ndependently selected fromCl_

aklalbhutghemd@yclbpendylo, chloro, -Q(Cl 4 alkyl), -S(Cl 4

al kyl) and -S(O 2(C1_4 al kyl); where each al kyl group

is optionally substituted with 1 to 3 fluoro

subst | fguent 11,3 ot BEukPARORA LOFhELA R 1§ sclsbisd fbf RS 15

sel ected from 20 cycl opropyl net hyl, cycl obutyl net hyl,

cycl opéd)y metdiy-(Chayelphlkyl); whemutiba zydloalRyl group is optionally

nmet hyl benzyl, 4-neth enzyl . . .

459'?%%%%%@1%99ié%%?\@f SUOSTYPYBAIy | and 4-

f1 uor obgnzyl_~10 : 0GR §bsiltuted

to o, Wibr oi 1 a e PIRREHTH BlerdlironfS Qobhey

cevifiolitu3 efbsttmynts ielepéndehtly seledted om0 C, willsylepyang, flgpro, chloro,

0 Q6 heber (LG o an SRl Bl th I P

Ofopltb I shbdtRuttd with1efo® fudtolsibstituent. 94

9. The compound of Claim 8, wherein R’ is selected from
cyclopropylmethyl, cyclobutylmethyl, cyclopentylmethyl, benzyl, 4-cyanobenzyl, 3-
methylbenzyl, 4-methylbenzyl, 4-trifluoromethoxybenzyl, 3-fluorobenzyl and 4-

fluorobenzyl.

10.  The compound of any one of Claims 1 to 9, wherein each R*is

hydrogen.
11.  The compound of any one of Claims 1 to 10, wherein a, b and ¢ are 0.
12.  The compound of any one of Claims 1 to 11, wherein d is 1.

13.  The compound of any one of Claim 1 to 11, wherein d is 2.
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WO 2005/ 003090 PCT/ US2004/018813 14. The conpound of
any one of Clains 1 to 13, wherein e is 8. 15. The

w@ooopoesgh of any one of Clains 1 to 13, wherei PCEUS®0H018813
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5 16. A conpound of fornmula Il: NH2 Il N (CH2)e H
R5 10 mherein R5 is selected fromCl_6 al kyl, C2_6

alkenyl al k al nd 15 .
cHe- R8:! vvne ﬁ°@§8‘¥“‘fa‘? A Onﬁﬁgﬁaﬁ“ ﬁﬁ%lg YRS e4F Sup
is optionally substituted wth - or 1 to5 fluoro
substituent; each R8 is |ndependently sel ected from
C3_6 cyél oaITlhyIcpm@GurmbofamyloneO:EC@lmhétt@ﬂésaWb@felar?dS@3 6
heterocyclic; e is 8 or 9; 20 wherein each aryl,
cycl oal kyl, heteroaryl and heterocyclic group in R5
and R$gi s 9@&&%&ﬁhh%f%ﬁgﬁﬂéﬁut6d wth1lto 3
substituents I ndependently selected fromCl-4 alkyl,
C2_4 al kenyl, C2_4 al kynyl, cyano, halo, -Q(Cl-4

al kyl ), -S(Cl 4 aIkyI) -S(C»(Cn_ 4 al kyl), -

S(O) 2(C1_4 al kyl rﬁDAHCL4Mkw)am-NM1A
al kyl) 2, wherei K, , al kyl ene, al kenyl and
al kynyl group is regal |y substituted with 1 to 5

fluoro 25 substituent yd~ e - CH2- gr qup i Al -
(CH2)e- is optionadTy su —t—e@"f:v@xtzhﬂl g:% 2
substituents i nde elected fromCl 2

al kyl ,-OH and fl uoroe;¥or a pharnmaceutically-acceptable
salt or solvate or stereoi somer thereof. 17. The
conpound of Claim 16, wherein the stereochem stry at

the 3- 30 position of the pyrrolidine ring is (S). -

95 WD 591803090 PCT/ US2004/ 018813 18 The conpound

of d aigm %’g&? n t er earhf Gl lakyadll, thecy@ioalkyl, and
posi ti on o%ﬂe ﬁ@?rg h%?ﬁe ti'ng I’'s (R). g (é%oa 5

C OGEALHRY; Whelé‘ina&arm alkyhnlkeByl and efleingl ﬁﬁup 5 c(plloﬁalb{ skljostltuted

V\,her e| n_the ﬁl kyl gr oup is optionally substituted

- OBprgl torS Hepr8 sEisifidts ubst i t uent s.
each R® is independently selected from C, 4 cycloalkyl, Cy aryl, C,,

heteroaryl and C, ; heterocyclic;

eis8or9;

wherein each aryl, cycloalkyl, heteroaryl and heterocyclic group in R’ and R®
is optionally substituted with 1 to 3 substituents independently selected from C, ,
alkyl, C,, alkenyl, C, , alkynyl, cyano, halo, -O(C, 4 alkyl), -S(C, 4 alkyl), -S(O)(C,.
, alkyl), - S(0),(C,, alkyl),- NH,, ~NH(C,_, alkyl) and -N(C, , alkyl),, wherein each
alkyl, alkylene, alkenyl and alkynyl group is optionally substituted with 1 to 5 fluoro
substituent; and each - CH,- group in ~(CH,),- is optionally substituted with 1 or 2
substituents independently selected from C,, alkyl,- OH and fluoro;

or a pharmaceutically-acceptable salt or solvate or stereoisomer thereof.

17.  The compound of Claim 16, wherein the stereochemistry at the 3-

position of the pyrrolidine ring is ().
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20. The conpound of Claim 17 or 18, wherein R5 is
methyl . 21. A conpound selected from 10
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eny

R) 214581 I3l aperixyp@pi R adahinbdeyipatdlidim3 342 p- 2, 2
henyl acet am de
R) %pkeaylé@ﬁwm nooctyl ) pyrrolidin-3-yl]-2, 2-di phe

t
(R - 1 B SR PR RS F PP i Iy
-2, 2- ﬁlﬂhempﬁe@thmﬁeg am de;
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- di
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diphenylacetamide;
2-[(S)-1-(8-benzylaminooctyl)pyrrolidin-3-y1]-2,2-diphenylacetamide;
2-[(R)-1-(8-methylaminooctyl)pyrrolidin-3-y1]-2,2-diphenylacetamide;
2-[(R)-1-(8-isopropylaminooctyl)pyrrolidin-3-yl]-2,2-diphenylacetamide;
2-[(R)-1-(8-prop-1-ylaminooctyl)pyrrolidin-3-yl]-2,2-diphenylacetamide;
2-[(R)-1-(8-cyclopropylaminooctyl)pyrrolidin-3-yl]-2,2-diphenylacetamide;
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2- { (R)-1-] _ o
8- (R) - (1- hydroxyprop-2-yl)am nooctyl]pyrrolidin-3 -yl
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{(R)-1-[8-(1-hydroxyprop-2- yl)am nooctyl]pyrrolldln 3-
yl} 2 2- di phenyl acetam de 10 2
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hen yliplcaykipstaaidey -

zL?@ Rl@%ngxgﬁenyﬁg@@r@olﬁéﬂ @nggp@ DY hdnPIE &Y,
BSK-1(ynebtioptyrpinopodyl yyretitimed 91)ya,3-fiphemflactiamide;

di phenyl acet am de;
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I1 % Bt S><9v@miaé&wwlﬁml}%3nﬂ}r8r?thpbw agetaggide;
1 % B(%{ i (3 %ﬁ&i{l g‘?%&g}ﬁgﬁ?%ﬁn‘ﬂﬂ énol 3%2] dlghen e*cetiaxr{lme
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US2004/ 018813
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/( S) -2 LSy 1 @y grbwyissrecnany bpyrddidind lls2 grdiphenylaggtygide;

| a

l( ?@(fﬁ% tcp{ylpgent%lgrrl]%rho%o?%g}aryrrcﬁhdgl -y}s] %]dlpélegylacet%mlde
e

- di
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di
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(S)-
3-y
(S)- 1
} -
(S)-
3-
(S

acel ?(B’) Ug9-ethylaminononyl)pyrrolidin-3-y1]-2,2-diphenylacetamide;
9-i sg&ropyl am nononyl ) pyrroli.di n- 3- yI£ 2,2-d

nyl %rc{ dnfi9
diphenylacetamide;

2-{(S)-1-[9-(R)~(1 -hydroxyprop-2-yl)aminononyl]pyrrolidin-3-y1}-2,2-

2-
2-
di
2-
2.
ny
am
di
{(

n-
{(

yl
{(

n-
{(

3-
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2-
en
2-
en
2-
[

yl}
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[
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[
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ph

hydroxyethyl)amiriononyl]pyrrolidin-3-yl}-2

diphenylacetamide;
2-{(S)-1-[9~(1-hydroxyprop-2-yl)aminononyl]pyrrolidin-3-yl}-2,2-
diphenylacetamide;
2-{(8)-1-[9-(S)-(1-hydroxyprop-2-yl)aminononyl]pyrrolidin-3-yl}-2,2-
diphenylacetamide;
2-{(S)-1-[9-(2,2,2-trifluoroethyl)aminononyl]pyrrolidin-3-yl}-2,2~
diphenylacetamide;
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2-[ (R -1-(9-prop-1-ylam nononyl ) pyrrolidin-3-yl]-2,2-d
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-di phenyl acet am de;
2-[(R) -1-(9-cycl obutyl am nononyl ) pyrrolidin-3-yl]-2,2-
di phenyl
2 T (R Sulfsl-Ebremmiyonsm Newentinis Ay Rrdipersiogpipmies
- di phe -3- d
(R - 1 GREF AR amBonon Doymofidin 122 iphenylacctamide,
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acet am de;
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(9 benzyl ani nononyl ) pyrrolidin-3-yl]-2,2-di phenyl acet
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L (8- e D ATONG0R1 kb st Bpfelcafiany) 2ge
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| acet am-d@)-1-[®-(S)-(1-hydroxyprop-2- yl)ammononyl]pyrrohdm- -yl}-2,2-
1- (8-cycl obutyl am nooctyl ) pi peridin-4-yl]-2,2-di phenyl
acet am dhenykycetamide;

1-(8-c¢ n z -2 22q16ophen

1 (8-oyp é@ﬁﬂ @valz% RoR¥h Pl RERLAIR bl diR 3251 diopheny
1 (8 etdipheaplanaiamidet ) pi peri di n-4-yl]-2, 2-di phenyl acet a
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35 S AETSA e bt
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1-[ 8- (1- hydr oxyprop- 2- yI am nogct vyl rldl
-2,2- & B%@‘hmoacleylgmrg@c yhoweud riacetg{nl}de

T{ 6 (LR fresebrineding c-‘(l% % dlg*é?l}yoﬁcmd?

} -2, 2-2-[1-(8-cyclobutylaminooctyl)piperidin-4-yl]-2,2-diphenylacetamide;

2-[1-(8-cyclopentylaminooctyl)piperidin-4-y1]-2,2-diphenylacetamide;
2-[1-(8-ethylaminooctyl)piperidin-4-yl]-2,2-diphenylacetamide;
2-{1-[8-(2-hydroxyethyl)aminooctyl]piperidin-4-yl}-2,2-diphenylacetamide;
2-{1-[8~(R)-(1-hydroxyprop-2-yl)aminooctyl]piperidin-4-yl}-2,2-
diphenylacetamide;
2-{1-[8-(1-hydroxyprop-2-yl)aminooctyl]piperidin-4-yl}-2,2-
diphenylacetamide;
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1- (8- benzyl am nooctyl ) pi peri di n-4-yl ]
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-2,2 A
(o (2hy %‘%’Eﬁ{@é o APt 22 ighenjaclaide

2,2- - ph@ngthﬁmatrmmndﬂ)pﬁendﬁﬂA }ﬂ:BQ,QS)lp](dnylacetamMe
;jlh)rl)ﬂ;g;(ay g gﬁh%ilé‘) )?g@%g{]m%{l]r){cl)r!o%fﬁpm!egclh -4 yl),( ; 2- d1phenylacetamide;
1-[

2, g ( g}hiqn;lf)l (fl:let a%mﬂa%g@?%%ﬂﬂ prbdfefih-diyir-450v1 }

1-(9- beﬁlzhdngmtmmmnyl ) pi peridin-4-yl]-2,2-di phenyl ace

tam de; or a pharmaceuti aI l.y- accept abl.e r
sol vat - ihé‘)rélogydrgrsyngp 2-yamifononyljpiperidin- 915 2.5

2-1(9) (ﬁ.%ﬁe%afggétg%&m nooctyl ) pyrrolidin-3-yl]-2,2-diph

enyl ace or a pharmaceutical |l y-acceptabl e salt
or sol\va{B[9- hSF(edfydrcﬂc&pro%-Z fHyminononyl]piperidin-4-yl}-2,2-

- (8- Met hyI am nooctyl)pyrrolidin-3-yl]-2,2-di phenyl acet
am de &P eély F‘ﬁ‘tf{eeutl call y-acceptabl e salt or

sol vat e,_ K _ Si.tion
conpri ?I?; ‘f%%%%%rtﬁglgéréﬁh?gﬁlpﬁfo H{}% 2(1)1(1)5 3090
PCT/ USZdlﬂéanIw&aﬁmeaaﬁ&‘pt able carrier and a

therapeutically effective ampunt of a an
one o? 2-[1-(9- benéylammononyl)plpend1n—4 yl}-2,2- glp{;repny&l cetam1d y

or a pharmaceutically-acceptable salt or solvate thereof.

22, 2-[(S)-1-(8-Methylaminooctyl)pyrrolidin-3-yl]-2,2-diphenylacetamide

or a pharmaceutically-acceptable salt or solvate thereof.

23.  2-[(R)-1-(8-Methylaminooctyl)pyrrolidin-3-yl]-2,2-diphenylacetamide

or a pharmaceutically-acceptable salt or solvate thereof.

24. A pharmaceutical composition comprising a pharmaceutically-
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Cains 1 to 23. 25. The pharmaceuti cal conposition of
Claim24, wherein the 5 conposition is suitable for

wW@eos/0®pr at i on by inhal ation. 26. The phar maceClt/Uszi04/018813

10

15

20

25

30

conposition of Claim24 or 25, wherein the
conposition further conprises a therapeutically

e TR e o RO S 25330 Ay ano of
Clahifi 144 280 26, wherein the conposition further

conprises a therapeutically effective anmount of a
steroidal anti-inflammtory agent. 15 28. The

b L T e
t REAABGHbA Edultib18 FreRtd NSy AT inRilatfon.

phosphodi esterase-4 inhibitor. 29. A nethod for
treating a mammal having a medi cal condition

al I evi at ed 0 treatnment with a qpscarjni g. r.ecept or
ant ago%ﬁst, ﬁ’ﬁé’%‘é’ﬂaﬁS 1 Fr?fPP%Sﬂthodm@ﬁﬁ%%%g?’r@e{%n%e
t 5[5194, APk | atdiRcdttesavaumuinit ofh
clgrgrglggn o;ﬁﬁﬂfgﬂ?one %)Ifaq%érgl?/e#s 1% 23. 30. A rretﬁ%od

f adrenoeatptogagentil nronary di sorder, the nethod
conprising 25 admnistering to a patient in need of
treatnment a therapeutically effective anount of a
conpoung of i34 BbiBosk 183t hado 96,
pr oduc ?ﬁg b r%%?ﬁ%gﬁcgﬁl% Q?Igﬁ%ﬁéil??fé% 0%% ﬁgemst hod

C ovipréis itegcoathositios therthar gotmyprisesraatheapanically effestivarmennt of a
a bronchodi,| ati on- produci ng 30 anount of a conpound
ofsteapigalmii-igilamaiqrg agenty 23, - 100 WO 2005/ 003090

PCT/ US2004/ 018813 32. A nethod for treating chronic
obstructive pul nonary- di sease or asthma, the nethod
conpri $i8ng dtheiphashaeiticpl tampogiten efdnyione o€ Ethims 24 to 27,

treatment a therapeutically effective, upnt .of a
c ORRFERIA dhsotomnop SR dUIERer €PIPHESS rapaticglIysticckViafiogpt of a

of 1S jRR R RiiAhiBELCAl system or sanple conprising a
miScar 1 ni ¢ receptor, the nmethod conprising: (a)
contacting the biological systemor sanple with a

f : . :
compou n2d9. ° Aa nmyethod for treating a mammal having a medical condition alleviated

by treatment with a muscarinic receptor antagonist, the method comprising
administering to the mammal a therapeutically effective amount of a compound of

any one of Claims 1 to 23.

30. A method for treating a pulmonary disorder, the method comprising
administering to a patient in need of treatment a therapeutically effective amount of a

compound of any one of Claims 1 to 23.
31. A method of producing bronchodilation in a patient, the method

comprising administering by inhalation to the patient a bronchodilation-producing

amount of a compound of any one of Claims 1 to 23.
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one of Clainms 1 to 23; and (b) determining the effects
caused by the conpound on the biological 10 system or

W@ 2009/0830984. A process for preparing a conmpounpCDS2004/018813
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formulal: O- (RI). N(R4)2 15 d N-(CHA H R5 (R2)
(R3)c 20 wherein each R1L and R2 is independently

sel ect frgmC al kyl. . al,ken I
C3_6 c§21 oa&wf}mg)f%rn%’%ét%%%‘jmp ﬁi%?%ive% %“g%"g%“

- asthfdh 2{Re ndticbd SRR sir adiniRisReina 6@ batitht &f R¢ADT eatinent a
adj acent R2 groups are joined to form C3_6 al kyl ene

_ tieEmeaticdlyyditenye anmung of a compewal of aay lep? efclamel o 3%
each R3 is independently selected fromCl_4 al kyl and
fluoro; each R4 is independently selected from
hydrogen, Cla fieflol ¥ studing adidlB k] sy§iémbor sainisleripinprising a
C3_6 cycloal kyl, C6.10 aryl, C2_9 heteroaryl, C3_6
hetwscamic féceptor, GZmpihod nomprigi@CH2- R ; or both R4
groups ,are joined t ther. with the nitroggn

whi ch (Ehey cangcine B8 Risistietsurlem & sthpls MR Siofob8 ogeny
Rnk of 8BliBS 19628 400 CL_6 al kyl, C2 6 alkenyl, C2_6

al kynyl, C3_6 cycl oal kyl, and -CH2-R8; wherein each .
al kyl , (b) kengtermimingihk whpéts grusap by shexpmnsuad py the biological
substituted . -101 WD 2005/ 003090 PCT/ US2004/ 018813
WiSYHiem OBSRBPIeY {6 5 fluoro substituent; each R6 is

i ndependently selected from C3-6 cycloal kyl, C6_10

aryl, C2-9 heteroaryl and C3-6 heterocyclic; each R7

i s i ndédendehplogesdbeprepatinfe aeang®uad of éroallaly| | C6- 10
aryl, C 9 5 heteroaryl, C3_6 heterocyclic, - OH -
Q(Cl-6 al kyl), Q(C3_6 cycloal kyl), - O C6-10 aryl),

- O(C2_9 hetero O s(c1-6 alkyl), - S(O(Cl-6

al kyl), - S(®))3 2y tIN(RY, S(C3-6 cycl oal kyl ),

S(O (C3_6 cycl oal™ d2(C3_6 cycl oal kyl'), -

S( CB_].O ar yl ) , N__(CHZ)e—M——- R5 I

wherein

each R! and R? is independently selected from C,, alkyl, C,, alkenyl, C,,
alkynyl, C, , cycloalkyl, cyano, halo, -OR?, -SR?, -S(O)R?, ~S(0),R" and ~NR°RS;
or two adjacent R! groups or two adjacent R groups are joined to form C, ¢ alkylene,
-(C,, alkylene)-O- or -O-(C,, alkylene)-O-;

each R? is independently selected from C,, alkyl and fluoro;

each R* is independently selected from hydrogen, C, alkyl, C, ¢ alkenyl, C,
alkynyl, C, 4 cycloalkyl, Cq, aryl, C,, heteroaryl, C, ¢ heterocyclic, ~-CH,-R® and
- CH,CH,-R’; or both R* groups are joined together with the nitrogen atom to which
they are attached to form C, 4 heterocyclic;

R’ is selected from C, 4 alkyl, C, ¢ alkenyl, C, ¢ alkynyl, C; 4 cycloalkyl, and
- CH,-R®; wherein each alkyl, alkenyl and alkynyl group is optionally substituted
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- S(O(C6-10 aryl), - S(O2(C6-10 aryl), - S(C2_9
heteroaryl), - S(O(C2-9 heteroaryl) and - S(0O2(C2-9

whedosnamryl ); 10 each R$ is independently sel er€BUSTDOMSS13

10
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20

25

30

C3-6 cycloal kyl, C6-10 aryl, C2-9 heteroaryl and C3_6
het erocyclic; each Ra is independently selected from

hydrogen, Cl1-4 alkyl, C2 4 alkenyl, C2.4 alkynyl and
Cyih “@EI%&I"R@@%‘%&‘H’SW’%d R is independently

sel ect ggl4fgquy ohly sGilordt b, . SR1dhIoA T a) kend
C2_ 4 alg %@‘ﬁ%ﬁ%ﬂ%@% }é)S/%coal kyl; %"?%b ar% 'Ogt?e i
j beterdntl agéhehetedoticliche nitrogen atomto which they

are attached to for het er ocycli c; i S.an

i nt egelea(f}%%ﬂﬁé)‘%dc%?m{%&}s’ggﬁ 64 ﬁ?’?—i‘g p-6 $45 Li(1gayL (g

an J e f 0 Aoy 2 i Q X i L
SHMBACE, AR i 20U b oy frleBipioie

SISl Braoml S ko SO, ) o st
51 4 DE R Bac ROy ot ar R Cne ETGYN: o0 D,
SSRGS ) I, S S B SO gy e
s ulss0),{Cgtickeroaidigpendent | y sel ected from Cl-4 al kyl,

a1 oy ) caeh 8 i indpapdptly sected BPTCE: acuMafio, Con L Cas

- k - . -NH(C1_4 alkyl) and -N(Cl1_4
alﬁ&%%%ﬁan\%ﬁéfé%t)ﬁmggl?ﬁc’al kyl, al kyl ene, al kenyl and

al kynyleagit RUi3 ihdependencnatlested tibat hydiveeh, W, 1, hlkyll G, palRenyl, C,,
fluoro substituent; and each - CH2- group in - (CH2)e-

i ellopyl adblapyelapkdht uted 30 with 1 or 2 substituents

i ndepe%gagfr{t gé(ln@gc} ]-g%(feseﬁ Ay (ededfrim! h?%r%rf;i‘@?.ﬁalkyl, Coa

fluoro; or “solvate or stereo er eof !

- J02n\WPC2 0 0IELHA 388 T, PEH ¢B2A 6 RFLAE TS ar joénedrtogatiss with the

conprising: (a) reacting a conmpound_of formula I11: \
orgtrpq gqn)ag)gm tcg\l(v whiheypre gttached g)p form C, 4 heterocr;f]éjhc;

a is an integer from O to 3;

b is an integer from 0O to 3;

c is an integer from O to 4;

dis1or2;

eis8or9;

wherein each alkyl, alkylene, alkenyl, alkynyl and cycloalkyl group in R, R?%,
R® R* R7, R? R® and R°® is optionally substituted with 1 to 5 fluoro substituent; each
aryl, cycloalkyl, heteroaryl and heterocyclic group in R', R%, R%, R°, R R", R%, R, R
and R® is optionally substituted with 1 to 3 substituents independently selected from
C,, alkyl, C,, alkenyl, C,, alkynyl, cyano, halo, ~O(C,, alkyl), -S(C,, alkyl),
-S(0)(C,, alkyl), - S(0),(C,, alkyl),~NH,, -NH(C,4 alkyl) and -N(C,, alkyl),,
wherein each alkyl, alkylene, alkenyl and alkynyl group is optionally substituted with
1 to 5 fluoro substituent; and each - CH,- group in -(CH,),~ is optionally substituted
with 1 or 2 substituents independently selected from C,, alkyl,- OH and fluoro;

or a salt or solvate or stereoisomer thereof;
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W@ 008003090t ect i ng group,
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N(CH2)e-1 HEIl (R2 )b (R3)c 10 with a conpound of
formula IV: 15 P HR5 1V wherein P* is an

agent; (b) reacting a conpound of fornmula V: 20 O
(R)a/ NR4)z dNHV (R)b (R3)e 25 with a
conmpound of fornmula.Vl: P2 O 30(CH2)e-1-NR5 VI H
- 103 WHTBKT50 63HB0S BET/ US2004/ 018813 wherein P2 is
an am pg- pr Qéa%ﬁh%ﬂgoﬁb%&ﬂ?goﬂfﬁnhﬂﬁm{f esence of a
reduci ng agent; (c) reacting a conpound of fornula
VIl: O 5 (Rl)a N(R4)2 d NN(CHA-LI VI (R2)b (R3)c
10 wherein L' is a leaving group, with a conmpound of
formula IV, or ( eacpi ng a conpound of fornmula V

with a con'p?ﬁﬂad I %(Mh)lzl :
O
d
N——(CH )e- JL
2/e-1 H I
(R2), (R%).
with a compound of formula IV:
PL-N—R®
H v

wherein P! is an amino-protecting group, in the presence of a reducing agent;

(b)  reacting a compound of formula V:

with a compound of formula VI:

2

i
(CHp)eq —N—R® VI

\fO

-103-
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P3 15 L2 (CH2)e NNR5 VIII wherein L2 is a |eaving
group and P3 is an am no-protecting group; and then

W@ edospoedwi ng protecting group P, P2 or P3 torP@r/osiode018813

10

15

20

25

a conmpound of 20 formula | or a salt thereof. 35. The
process of Cl aim 34, wherein the process further

ri.s the .step . of. formn .

B LIS BPripoREessimrainy 4y fhegreserie g adiring aent

for mul qc)l r&gun%%o}ﬁpog&p@@gg@gq/fa / US2004/ 018813
36. A priocess for preparing a
phar maceutical | y-acceptabl e salt of a conpound of
formulal: 50 (R), NNR4)2 a N(CH)e H R5 I
(R2)b (R3)c 10 whegeinQeach RL and R2 is
independentk 1) d firo |§:5l)-4 al kyl, C2-4 al kenyl,
C2-4 al kynyl ,® & I’2 cyano, halo, - ORE, -
SRa, - S(O Ra, 0) 2\andtNy VW or two adj acent R1

groups or two adj agent rd\hps(@iﬂﬁej—oll.hed to\f,

C3-6 al kyl ene, * yl ene) - or ]gC 1-4
al kyl ene) - 0-; " RE i s i ndependent I y sel ect ed from
Cl. 4 al kyl andR ? uoro; eafRP)R4 is independently

sel ected from hydrogen, Cl-6 al kyl, C2-6 al kenyl, C2-6
al kynyl, C3-6 cycloal kyl, C6-10 aryl, C2-9 heteroaryl,
C3-6 heterocyclic, - CH2- R6 and -CH2CH2-R7; or both

R t t t
SO EHI 8 5y GHEL gt byt g ot om

het er oqygl i %aoﬁ'ﬁgla&oﬁ@b&ﬂd efifofmoln \C#ith aadompoundaf Rrmula VIII:
al kenyl, C2-6 al kynyl, C3-6 cycloal kyl, and - CH2-

R8; wherein each al kyl, al kenyl and al kynyl group is
optional |y substituted wth - g—lor 1to 5 fluoro
substi-tuent;

ViII
L2—(CH,);—N—R’

wherein 1.2 is a leaving group and P* is an amino-protecting group; and then
()  removing protecting group P', P? or P* to provide a compound of

formula I or a salt thereof.

35.  The process of Claim 34, wherein the process further comprises the

step of forming a pharmaceutically-acceptable salt of the compound of formula L.
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each R6 is independently selected from C3-6
cycl oal kyl, C6-10 aryl, C2-9 25 heteroaryl and C3-6

whedosnadyec| i c; each R7 is independently sel ectedI/i/$1903/018813
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C3-6 cycl oal kyl, C6-10 aryl, C2-9 heteroaryl, C3-6
het erocyclic, - OH - (XC16aIkyI) - (C3-6
cycl oaI kyl)

h | -
S( C1- 634 kyAPTO%Sg Qg)p(r@ia y@Wp}lac @3 5%%%&&@@ Wofa

%é ofgg Icycl oal kyl), -S(O (C3-6 cycl oal kyl),
g otgonme oaI kyl), -S(C6-10 aryl), 30 -

S(O)(CG 10 aryl), - S(O2(C6-10 aryl), - S(C2-9
heteroaryl), - S(O(C2_9 heteroaryl) and - S(O 2(C2-9
heteroaryl); -105 WO 2005/003090 PCT/ US2004/ 018813
each R8 is indeperdetd|y selected from C3_6

cycl oal kyl (R g.I {R9), heteroaryl and C3_6

het er ocyclic; es [ dependent ly selected from

h 1.4 al kyl / Q-
YO0 o iyl Y Bhteibs s aReal vy and

C3-6 cycl oal kyl ;
sel ected fromh 4 al kyl, C2-4 al kenyl,
d)oal kyl; or Rb and Rc are

C2_4 al kynyl ] 6

j oi ned toget er’wth the fi trogen atomto which they
are attached to form C3_6 heterocyclic; a is an
integer'fromO to 3; bis aninteger fromO to 3; 10
cis anginteger fromO to 4; dis 1 or 2; eis8or9;
wherei n each al kyl, al kyl ene, al kenyl, al kynyl and

cycl oalekyl RamiiR® nsmd%j)end%ﬁtly sﬂeqtecRﬂ:me@“ #RyIRE, asllier®y], C,,

|Ss opt | onglﬁ;’c){@gﬁs%&g:e W@% Ii({)higa S&Mﬁ%‘&‘ww

h
P e e

Suet ) dluglehe)- md@pendmlglamb@ed from Cl1-4 alkyl,
C2-4 al ken _4 al kyny] ,

al kyl ) ,eac L@_lgdeéqege;,qn)ﬂy selee é)%r(o@i C44§1k|¥§,1u)d%uom

10 g s g ..
al dﬂy}ﬁhyl Qg oylodlkylp@y |, endl G% Istebetryl Y @hbtWOCYDIIZQ‘ @H;-oR Band

fluoro subetltuent and each

| RGTEnd Bk ERUPLHe JEh CBoEr PR PEG gk 1o which
ﬂﬁ%ﬁ%ﬁq{%@&eé{ (SRRt el ML 2 al kyl, - OH and

R’ is selected from C, alkyl, C, alkenyl, C, ¢ alkynyl, C; 4 cycloalkyl, and
~CH,-R® wherein each alkyl, alkenyl and alkynyl group is optionally substituted
with -OH or 1 to 5 fluoro substituent;

each RS is independently selected from C, ¢ cycloalkyl, Cy 4 aryl, C,
heteroaryl and C, ; heterocyclic;

each R’ is independently selected from C, 4 cycloalkyl, C¢ 4 aryl, C,
heteroaryl, C,¢ heterocyclic, -OH, —O(C, alkyl), - O(C, 4 cycloalkyl), -O(Cg,,
aryl), —O‘(Cz_9 heteroaryl), - S(C, alkyl), - S(O)(C, alkyl), - S(0),(C, ¢ alkyl),

- S(C, ¢ cycloalkyl), -S(0)(Cy4 cycloalkyl), - S(0),(C; 4 cycloalkyl), - S(Ce.yo aryl),
~S(0)(Cg.1p aryl), = S(0),(Cs 1 aryl), - S(C,., heteroaryl), —S(O)(C, heteroaryl) and
-S(0),(C, , heteroaryl);
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or a solvate or stereoisoner thereof; the process
conprising contacting a conpound of formula I XX 25 O

W@ RDF@0J09N( R4) 2 pa N-(CH2)e N RS I X (R2 )b (IR3)/USB04/018813
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-106 WO 2005/ 003090 PCT/ US2004/018813 wherein Pa is
an acid-|labil e am no-protecti ng group; with a

phar maceutical | tale ofo a

phar e R mdrosdeaty speed o s I o B9 Cos
?étgwa?yland% %ftefgtanzclgroduct prepared by the process

of "any one o 34, 35 and 36. 38. A conpound of

f or mul @ack R® ﬁﬁllc@péi(d'émli sdlectet] flonChizjregax; CRbalkyl, 05, iRyl C,.,
wher ei i s an ami no-protecting group; each
Rfﬁ%(mﬂqu@qascy ﬂ%@ﬂdently sel ected from Cl1_4 al kyl,

C24 al | ¢
ool %&a&&g m%géa%%eﬁépé?b%selgeéf%%\ivﬁﬁg@ﬁ CURP, C .,
t wikeadl] ageaikyri?l agd Gypsyodna]ltylsmrddj mdﬁmml@d@mh&a Meth the

joined to form C3 6 al kyl ene 4 al k o
oitrogen aporm towhichyhey7ss att"’@lqed E’afeﬂ"(‘% Pgt%ifor? @%Q%em ly

?ﬁlﬂggénge%{l ?{{ég?‘ect ecfl % ??)(rjn L;g%gen?ag_?a: iyl , C2_6
al kenylp,is 6312nﬁege25roai Mm&, , C3 6 cycloalkyl, C8-10
aryl, %215 gn I;n?ég%; %%;n Ui & C3 6 heterocyclic, -CH2-R6 and
dis1or2;
eis 8 or9;
wherein each alkyl, alkylene, alkenyl, alkynyl and cycloalkyl group in R!, R?,
R3, R* R7, R%, R® and R® is optionally substituted with 1 to 5 fluoro substituent; each
aryl, cycloalkyl, heteroaryl and heterocyclic group in R', R? R, R>, R* R/, R% R® R
and R® is optionally substituted with 1 to 3 substituents independently selected from
C,, alkyl, C, , alkenyl, C,, alkynyl, cyano, halo, - O(C,, alkyl), -S(C,, alkyl),
-S(0)(C,, alkyl), -S(0),(C,, alkyl),-NH,, ~-NH(C,, alkyl) and -N(C,, alkyl),,
wherein each alkyl, alkylene, alkenyl and alkynyl group is optionally substituted with
1 to 5 fluoro substituent; and each - CH,- group in -(CH,),- is optionally substituted
with 1 or 2 substituents independently selected from C,, alkyl,-OH and fluoro;

or a solvate or stereoisomer thereof;

the process comprising contacting a compound of formula IX:

@)
RY; N(RY), a
p
d 5
O N—(CH,);— N R X

(R2), (R%),
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- CH2CH2-R7; or both R4 groups are joined together
wWth the nitrogen atomto which they are attached to

WO 008106896 heterocyclic; R5 is selected from QICBUS2004/018813
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al kyl, C2_6 al kenyl, C2_6 al kynyl, C3_6 cycl oal kyl,
and -CH2-R8; wherein each al kyl, al kenyl and al kynyl

group is,optignally. stituted .,30. with - oh 1 to ..

21 bor SneBbIP Y e S i ot ol stohpi iy PhafmbRutically-

s el gehigtle héidTd Grnfa %Ye%ﬁ@édfﬂéhll 5 RepabRIsYh of £eoBpountibl

WO 2005/ 003090 PCT/US2004/ 018813 eteroaryl and C3_6

hefoemolaylcl i c; each R is independently selected from

C3 6 cycloal kyl, C6_10 aryl, C2-9 heteroaryl, C3_6

heterocyclic, - OH - O C1L 6 alkyl), - O(C3.6

cycl oal ¥y1 ), The 688t Foepafddly) the P%Qs_o?aﬁgbﬁé 88CMinhs 34, 35 and

-S(CL_6 alkyl), -S(O(CL_6 alkyl), -S(O?2(C1-6 al kyl),

5 36.5(C3_6 cycloalkyl), - S(O(C3_6 cycloal kyl), -

S(O 2(C3_6 cycloal kyl), - S(C6-10 aryl), - S(O(Ce6-10

aryl), - S(O2(C6-10 aryl), - S(C2_9 heteroaryl), -

S(O) (C28 hehgbaRbhd offdfinuta 38( O 2(C2_9 heteroaryl);

each R$ 1s independently selected fromC3_6

cycl oal kyl, C6-10 aryl, C2-9 heteroaryl and C3_6

het erocyclic; 10 each Ra is independently sel ected

from hydrogen, Cl 4 _al kyl, C2_4 al kenyl, C2-4 al kynyl

and C3_6 cycl oal kf 2h Rb and R is independently

sel ected frofRBydroge +MN(Rfdkyl , C2-4 al kenyl,

C2_4 al kynyl and T3*6 ty kyl; or RoPand R are

joined together with t it[\p_g_@ ?oﬂNt_oRmichthe&
- 6 lhgterocycl’i®c; 15 a is an

i nt egerfronDto3; an i/jnteger fromO to 3; cis

an integer frofRd to—=4 dRPg 1 or 2; eis8or9;, 20

wherei n each alkyr, al kyl ene, al kenyl, al kynyl and

cycloal kyl group in Rl, R2, R3, R4, R7, Ra, Rb and R

is optionally substituted with 1 to 5 fluoro

substi tyent: each aryl, cycloal kyl, heteroaryl and

heterocyclic group in Rl, R2, R4, R5, R6' R7, R8, Ra,

kb andP i arsaminbipootetting solyst i tuted with 1 to 3

i i I I f
substit gaec tR% alng ?{g Qseﬂlgg;etndgntfyese 6%%63%0112 0(524 alkyl, C,, alkenyl, C,

alkynyl, C, ; cycloalkyl, cyano, halo, -OR?, -SR? - S(O)R?, -S(O),R* and -NR"R";

or two adjacent R! groups or two adjacent R* groups are joined to form C, ¢ alkylene,
-(C,, alkylene)-O- or -O-(C,_, alkylene)-O-;

each R’ is independently selected from C,, alkyl and fluoro;

each R* is independently selected from hydrogen, C, ¢ alkyl, C,; alkenyl, C, ¢
alkynyl, C,¢ cycloalkyl, Cq, aryl, C, , heteroaryl, C, ; heterocyclic, - CH,-R® and
-CH,CH,-R’; or both R* groups are joined together with the nitrogen atom to which
they are attached to form C, ¢ heterocyclic;

R’ is selected from C, alkyl, C, ¢ alkenyl, C, ¢ alkynyl, C, ¢ cycloalkyl, and
- CH,-R®; wherein each alkyl, alkenyl and alkynyl group is optionally substituted
with —OH or 1 to 5 fluoro substituent;

each RS is independently selected from C, ¢ cycloalkyl, Cy, aryl, Cy
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Cl-4 al kyl, C2_4 al kenyl, C2_4 al kynyl, cyano, hal o,
-Q(C1l_4 al kyI) -S(Cl_4 al kyl), 25 S(O)(C1_4 al kyl ),

WO J(9pe3sL_4 al kyl ), -NH2, -NH(CL.4 al kyl) and PEX/032044/018813
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al kyl' )2, wherein each al kyl, al kyl ene, al kenyl and
al kynyl group is optionally substituted wth 1 to 5

fIHé)[r Qﬁ@glﬁég)& c)%lﬁ?,eeach. - CH2- group in - (CH2)e-

is op d with 1 or 2 substituents

I ndepené@mws frlbpaideatly sedstrddlran %Mdyclo@ﬂyﬁ@i 1JahryIloCQ,

or a salt or solvate or stereoisoner thereof

2 hetgparyl,(§-s ReRegrzglic, N—Qﬁt?@(%maﬂwaer(})@mﬁryp@lauﬂl)n @((96 10
5/ 0 0 88

d. pwgnyps% ety Qe D s QO AL Z80p G pliop.
%r&s/clwkwmw@x ey BoATRY A ST O, cycloalkyl, ~S(Co aryD,

oct yrroI idin eny acet am de or

ser OHGr 061D, 54D Chrembouiohetprenil. « SKONC phéteroarst) and

%:gb)zeceél\l-l?sl 10 wherein P is an
am ho-"pr 6? Stteroﬁa'group, Gis selected from-CHQ

- CH(OR) éach thefﬂdeﬁéiﬂent@‘?eléeted/ﬁ’&he@ﬂ &BAIkyRIC i, Saryl, C,
i ndependent|ly C1-6 al kyl or both groups are | ol ned

t ohstenoprytandCqf heféreerslicand L 15 |s a | eavi ng group;

' 8. f al keay!
glsk;iylsgac ; roé’gf"i‘?f Se?e&ﬁ%i ﬁorgﬁ’é"%ﬁ%g i %]i‘ﬁz%b"}%kenyl Coy

al kg %,nyle&hgepyby@(mkﬁl kynyl group is optionally
subs tutedbvm - or 1 to 5 fluoro substituent;
each R$edch R w@éﬁemﬁ@d@peyldgmlme@tﬁdfﬁmm hydragen, Cy, alkyl, C,

f%i% l(];{;()éq 49 &kyngll 1521'1(9(}1 X (i %r%rd%%ag Poget%%r—wnh the
Cy{iim@gbﬂ( Yom tﬁ%lﬁélpﬁfey kAR 8 Oy G% %&t%@&tﬂlc* n | RS

and is optionally substituted w lto
subst i t aesarsinfegdeemd:iotl;y sel ected from Cl4

b is an integer from 0 to 3;

¢ is an integer from 0 to 4,

dis1or2;

eis8or9;

wherein each alkyl, alkylene, alkenyl, alkynyl and cycloalkyl group in R!, R?,
R3, R* R7, R RP and R°® is optionally substituted with 1 to 5 fluoro substituent; each
aryl, cycloalkyl, heteroaryl and heterocyclic group in R!, R?, R*, R5, R® R7, R} R* RP
and R° is optionally substituted with 1 to 3 substituents independently selected from
C,, alkyl, C, , alkenyl, C, , alkynyl, cyano, halo, - O(C,, alkyl), -S(C,_, alkyl),
-S(0)(C,, alkyl), -S(0),(C,, alkyl),-NH,, ~-NH(C,_, alkyl) and -N(C, 4 alkyl),,
wherein each alkyl, alkylene, alkenyl and alkynyl group is optionally substituted with
1 to 5 fluoro substituent; and each - CH,- group in -(CH,),~ is optionally substituted
with 1 or 2 substituents independently selected from C, , alkyl,- OH and fluoro;

or a salt or solvate or stereoisomer thereof.

39.  2-[(S)-1-(8-N-Benzyl-N-methylaminooctyl)pyrrolidin-3-yl]-2,2-
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al kyl, C24 al kenyl, C24 al kynyl, cyano, halo, - Q(Cl_4
alkyl), - S(Cl_4 alkyl), - S(O(Cl_ 25 4 alkyl), -

W®LOpA00 4 al kyl ), -NH2, -NH(C1.4 al kyl) and -NTZUS2004/018813
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al kyl')2, wherein each alkyl, alkylene, alkenyl and
?:kynyl grgup is optionally substituted with 1 to 5
yqoro - substituent: and_.each - CH2- group in -
( Gipheaylaptamgideiop A splt hesiist i t ut ed wi th 1002
substituents independently selected from Cl-2
al kyl,-OH and fluoro; or a salt or stereoisoner
t her eof40. 30 2p{( )l 8 M At Bwtbeyvatboingl-Nihethglamind)ectylpyrrolidin-3-

et hoxycarponyl . -109 WO 2005/,003090 PCT/ US2004/018813
42&*@§Cﬂp F@W@$ﬁﬁﬁﬁﬁag ABYoctan-1-ol or a salt

t hereof. 43.

8- (N-t ent - But oxycar bonyl - N- net hyl am no) octan- | -ol.

5 44. Tdl uenkedmpanifdorfifornada XI:
8i(§-tent-butoxycarbonyl-N— met hyl am no) octyl ester.
-11

|
G—(CH)=N—R’ XI

wherein

P is an amino-protecting group;

G is selected from —CHO, -CH(ORY),, -CH,OH and —CH,-L, wherein each
Rfis independently C,, alkyl or both R groups are joined to form C, ¢ alkylene; and L
is a leaving group; | 7

R’ is selected from C, 4 alkyl, C, ¢ alkenyl, C, ¢ alkynyl, C, ¢ cycloalkyl, and
- CH,-R®; wherein each alkyl, alkenyl and alkynyl group is optionally substituted
with ~OH or 1 to 5 fluoro substituent;

each R?® is independently selected from C, 4 cycloalkyl, Cg 4 aryl, Cy
heteroaryl and C, ¢ heterocyclic;

eis8or9;

wherein each aryl, cycloalkyl, heteroaryl and heterocyclic group in R® and R®
is optionally substituted with 1 to 3 substituents independently selected from C,,
alkyl, C,, alkenyl, C, , alkynyl, cyano, halo, - O(C,, alkyl), -S(C,, alkyl), -S(O)(C,.
, alkyl), -S(0),(C,, alkyl),-NH,, ~-NH(C,_, alkyl) and -N(C,,, alkyl),, wherein each
alkyl, alkylene, alkenyl and alkynyl group is optionally substituted with 1 to 5 fluoro
substituent; and each - CH,- group in -(CH,),- is optionally substituted with 1 or 2
substituents independently selected from C,, alkyl,- OH and fluoro;

or a salt or stereoisomer thereof;

provided that when L is chloro, P is not ethoxycarbonyl.
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42.  8-(N-Benzyl-N-methylamino)octan-1-ol or a salt thereof.

43. 8-(IN-tert-Butoxycarbonyl-N-methylamino)octan-1-ol.

5 44.  Toluene-4-sulfonic acid 8-(N-tert-butoxycarbonyl-N-

methylamino)octyl ester.
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