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WD 2007/ 127196PC T/ US2007/ 009925 5DI ALKYLPHENYL
COVPOUNDS RAVI NG 132 ADRENERG C RECEPTOR AGONI ST AND
MUSCARENI C RECEPTOR ANTAGONI ST ACTI VI TY BACKGROUND OF
THE | NVENTION 10 Field of the Invention The present
WHPEHITBA rel ates to novel dial kyl phenyl coRpHURAE7/009925
having 132 adrenergi c receptor agoni st and
muscari ni ¢ receptor antagoni st activity. This
invention also relates to pharmaceutical conpositions
conpri sing such conpounds, processes and

i nternmedi ates for preparing such conpounds and

nmet hods of using such conpounds, for 15 exanple, to
treat pul nonary disorders. State of the Art

Pul nonary di sorders, such as asthma and chronic
obstructive pul nonary di sease (COPD), are commonly
treated with bronchodilators. One type of
bronchodi | ator used to 20 treat B | ronary di sorders

consi sts of [er AIAIJFERBHENYE POUNBSr enocept or)

agoni sts, BAVINGS,APRENEHGIE R‘E@ﬁlﬁf@iﬁ AReNIST
sal net er ol These conpoundsTare ﬁener

adm ni 4N MPSCARINL @AQQN@%ﬂCTﬂHTY

bronchodi | at or consi sts of nuscarinic receptor
ant agoni sts ( [ ounds such as
ipratropiun1aﬁgkfﬁ€¢$9@ﬁbﬁﬁﬁ% HHHS are al so
Field/pfl thaIdventirhmi ni st er ed by |nhalat|on
25P. ! t|o ing a ]
corbre B bispitloni g 3h byl iR came oo evine
B2 @m@eagimqam ayopist El:ﬂhpttsn:anﬂﬂ ragpwt Stita@ih&‘t kcrtﬁz\ws} il‘ﬁlstlﬁkﬁ;nnon

uInD ar orders.
alsg sl sl b SR is P gt Srocpgos and
mtms!iateé ferirersEng m oommnmdswdmdds ofigsinpsich icodp@unds, for

emﬁ@ﬁ@@ghgﬁ$uﬁ@£1 &mogggagonlst such as tiotropium
brom de, and a Jrenerglc receptor agonist, such
~as fornoterol furrar at e. Addi tionally,
smﬁgﬂmmunﬂs having both 132 adrenergic receptor agoni st
q? carinic receptor antagonist activity are known
‘ﬂ’]imaw dispylerss sugh e @sthrgagnd phypaigobsgictive pulmonary disease

(COPI)), are commonly treated with bronchodilators. One type of bronchodilator used to

treat puimonary disorders consists of B adrenergic receptor (adrenoceptor) agonists, such
as albuterol, formoterol and salmeterol. These compounds are generally administered by
inhalation. Another type of bronchodilator consists of muscarinic receptor antagonists
(anticholinergic compounds), such as ipratropium and tiotropinm. These compounds are
also typically administered by inhalation.

Pharmaceutical compositions containing a combination of a B2 adrenergic receptor
agorist and a muscarinic receptor antagonist are known in the art for use in treating
pulmonary disorders. For example, U.S. Patent No. 6,433,027, issued August 13, 2002,
discloses medicament compositions containing a muscarinic receptor antagonist, such as

tiotropium bromide, and a 3, adrenergic receptor agonist, such as formoterol fumarate.
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7,141,671, issued Novenber 28, 2006, discloses

bi phenyl conpounds havi ng both 132 adrenergic

receptor agoni st and rnuscarini c receptor antagoni st

activity. Conpounds 5 possessing both 132 adrenergic

receptor agoni st and nusearinic receptor antagoni st

activity are highly desirable since such conpounds

pr vilifienilho mmqm%thaﬁwgthﬁ?ﬁbﬁﬁgqﬁh‘i‘\%l? e St idtes

of . action while having. si |
musm%&e&tgﬁ,ﬁéjlta[gggl_s? actlv%y awlnlglno%{r{ﬁg éﬁ:#& elg%rl er)rcoaxﬁlg}e),/ U.S. Patent No
7.149l65Prid&kS NobEmbs: 782DDIE; WisTdsys Bipkingl cdntpqmdy haléng both B>
““‘ther’apeutic agents that have a |ong duration of
adrea@ticanceptareigenist ahdrmauscannio tecgptor aB{3gonat GO VIg4 (F%]?(gl’nds

when 10 admi ni st ered i nhal at,i on .sQ. ' .
posey s i e e APt g bRy i
are }g My %Esﬂa]%ﬁéméé%hc@ bbmBsialds BEdvidibreNpaLkis: Hicmgh osed

iously In the art possess this desirable, .
indepérmieet hydes of action whilohaiingsipgle smalecaly Rharmecokinstichoy el
conpounds .havi.ng both 132 adre [ i :
an PaPUPEBt BT Lo oty R RN gl hpeutic
agefOMACRNed lb%q'%lgﬁé@bf #fioR]1.Act dueatichofahkast about 24 hours, when
admnistered to a patient by inhalation. S&g RY The ¢
admprigsed by dilséitionuse éhasipetienieenly soed togiampyiep R ihgrapeutic agen
conpounds havi bot h : O RGN
onoSRARVHIES, o Rkt PARERTE el BoTRbR0 J e

ﬂﬁsﬁéﬁﬁ@kﬁﬁoﬁﬁgperties, a conpound of this disclosure
has been

ound to possess a long duratio f action, ;
i . eceomlingly,atticen catsdor pevek corapingds bayipg @,Bzﬂﬁ@ﬂefgw receptor

- administered to a mamml . i t ' action
oo Rl SR PRTR by e AR s Aoy gngicr
whedS@fiisiend tad pantageantslamnt her apeuti c agents for

treating pul nonary disorders. According to a first
aspect, there is provided a conpound of formrula I
wherein Rl is net§¢%iﬁﬁg hyl ;- R2 is nethyl or
ethyl; or a pharnmaceutically aggiptable salt or
solRtReRnt dit@oe0é prvites hhvedl difikylphenyl compoupgds aving both
second aspect, there is provided aéﬁharnace%t%caknmn other
B> advamprsis recemoagopist anhBusCanHECRY AIERRYF) JPUVILY- &
accept abl e cafrrd. er '&gglmgaﬁonof
Propariies, ﬁ?‘%‘a"%“? pgeﬂc N d?%g)rsgmﬁ{s&gg?%{/@ﬁwgﬁ%?} ar maceuti cal
acti6RTRO S duk AdnGI AP ehstiabgut 24 hours, when administered to a mammal by

inhalation. Accordingly, the compounds of this invention are expected to be useful and
advantagcous as therapeutic agents for treating pulmonary disorders.

According to a first aspect, there is provided a compound of formula I:

@]
Iz
Iz O
T
=
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(a) a compound as defined above; (b) a steroida
anti-inflanmatory agent; and (c) a pharmaceutically
acceptable carrier. 10ln a fourth aspect, there is
provi ded a conbi nati on of therapeutic agents,
conprising: (a) a conmpound as defined above; and (b)
a steroidal anti-inflammtory agent. In a fifth
aspewhgreivhere is provided a kit conprising: 15(a) a

fir S%b ﬁgﬁ%ﬂﬁg@%ﬁ%g@ al% %’QPh%ﬁ i0¥ Ietglg}% I%? g?fl;lrﬁ{aggutﬁa]ly acceptable salt

conp ove -and

oW PG EdrbGi8dthyr tREeePt abl e carrier; and (b) a second
phar maceuti cal conposition conprising a steroidal

ant i In isecaneapestythatrein Providedaa BREBHECHIGRK sRERROGIIOR gMprising 2
EEERLARLIR, SALULAL coltUPLE] B cdfonlulsS beiith SBGENd
( | ons ar Separate
20phay saedukpeslth@o ipmsiided n pharmaceutical congpasitionteomprising:

aspect, there is provided the use of a conpound as
defi ned a(c?é@é"%?“%%@%%ﬁﬁéé‘&qvﬁie of a medi cament for

treating ghrQni6QbshHAkhERYLIBRAEY di sease or
ast hma. !ﬁng_seven?ﬁ153pect,(?ﬁgggﬁ1s provi ded a
3r?nch8d|gﬂhmh?nﬁmadumﬂmgmammhmcmmma conpound as
efined_above for use in the product.ion.of )
br on E’nfbg’l Gy's Tl 2 1WHW&F& a f%‘iﬂﬁmﬁ : O%?%ﬁ?ﬁpglgﬁ:eaﬁe?ts’
cdffi§nd:S provided a conpound as defined above for use
I N antagoni zi ng a nuscarinic receptor and agonizing a

132adr enefgjircompoept oy ddfined abesenand
(b) a steroidal anti-inflammatory agent.

In a fifth aspect, there is provided a kit comprising:

(a) a first phaﬁnaéeutical composition comprising a compound as defined
above and a first pharmaceutically acceptable carrier; and
(b) a second pharmaceutical composition comprising a steroidal anti-

" inflammatory agent and a second pharmaceutically acceptable carrier;
wherein the first and second pharmaceutical compositions are separate
pharmaceutical compositions.

In a sixth aspect, there is provided the use of a compound as defined above for the
manufacture of a medicament for treating chronic obstructive pulmonary disease or asthma.

In a seventh aspect, there is provided a bronchodilation-producing amount of a
compound as defined above for use in the production of bronchodilation in a mammal.

In an eighth aspect, there is provided a compound as defined above for use in
antagonizing a muscarinic receptor and agonizing a P adrenergic receptor in a mammal.

In a ninth aspect, there is provided a method of using a compound as defined above
as an in vitro tesearch tool, the method comprising conducting an in vitre biological assay
using a compound as defined above.

In a tenth aspect, there is provided a method of evaluating a test compound in an in
vitro biological assay, the method comprising:

(a) conducting an in vitro biological assay with a test compound to provide a

first assay value;
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In a ninth aspect, there is provided a nethod of

usi ng a conpound as defned above as an in vitro

research tool, the method conprising conducting an in
vitro biol ogical assay using a conpound as defined

above. 30In a tenth aspect, there is provided a

nmet hod of evaluating a test conpound in an in vitro

bi ol ogi cakblaswaygtingtfee fetiiro @1Cti©$rp¢ha§-‘iaﬁgv1ﬂ( G?OmPOUHd as defined
conducting anp in vitr i ol ogi cal- 2

conpound to Od}éIOX\%F 2PSTRSERY a‘]l heretrbﬁtgp (5% conducted

conducti ng téiﬁlef Bef¥id iRerir ebRgireatly assayepibl;nad
conmpound as defi ned above to provi de a second assay

val ue; whépetompswiap theajrsi assworaluc frem s (abwith dcoregond assay
after or concurr I h step (b); and
(c) conparlng¥?%§° rgwkissay value fromstep (a)
W t h I Beclseanhdsprsts ﬁi;éréSM raigddd Dprosise pf (Jbs)Jaring the comippund of
an_el eventh aspect, there js provided a %ﬁs of.

thy isbasoag, e @K@@WS@@ depeoteqtingp cagw@@e of fegnula 6:

process conprising deprotecting a conpound of fornula

6: OHO NH 11 wherein Pl is a
hydr oxyl - protecting group, to pr yi de a conpoy
formula |I. In a twelfth aspect, here |s pro

process of preparing the c npou
aspect, the process conpri |ng ep otegt|no a

compoung._of for?jii:J

wherein P! is a hydroxyl-protecting group, to provide a compound of formula L.

In a twelfth aspect, there is provided a process of preparing the compound of the

first aspect, the process comprising deprotecting a compound of formula 6a:

O N
H c
/\)I\ O. ./R
) N N S
X ke

6a

wherein R?, R® and R are independently selected from C; 4 alkyl, phenyl, -C;
alkyl-(phenyl), or one of R% R® and R® is ~O-(C 1 alkyl); to provide a compound of

formula L

—-32--



6a 30wherein Ra, Rb and It" are independently

sel ected from Cl4 al kyl, phenyl, -Cl4 al kyl-(phenyl),
or one of Ra, Rb and 12_ is -0-(Cl4 alkyl); to
provide a conpound of foimula I. 1In a thirteenth
aspect, there is provided a process of preparing the
conpound of the first aspect, .the process conprisin

(a) rI@g@cﬂlingnté\ aé@‘??f)él&ﬁﬁ is(ﬂroy]gf;% pEpegss of preparipg ine com und of
ths HIR %gﬂe%t, ?lfle Igrggégg lc@mﬁﬁsi&éﬁ

(a) reacting a compound of formula 4:

R® 0
O H
0 N/A\V/H\N
O 7w
N 0 _
H
S
with a compound of formula 5:
OH
o
HN N/U\H
H
O<pt 5

wherein P’ is a hydroxyl-protecting group, in the presence of a reducing agent to provide

a compound of formula 6:

I=

RZ
0
Q - N/A\V/H\N P!
M bR
no° 6
(b) deprotecting the compound of formula 6 to provide a compound of

formula L.
In a fourteenth aspect, there is provided a process of preparing a pharmaceutically
acceptable salt of the compound of the first aspect, the process comprising contacting a

compound of formula I in free base form with a pharmaceutically acceptable acid.

—-3b--
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5 wherein Pl is a hydroxyl-protecting group, in the
presence of a reducing agent to provide a conpound of
formul a 6: and (b)deprotecting the conmpound of

formula 6 to provide a conmpound of 30 fornula I. In a
fourteenth aspect, there is provided a process of
preparing a pharmaceutically acceptable salt of the
conpdondiftgknthhiepddt,rtbere aspevided ehatgnedessioc prpriisg agompound

SREHS RS et the i metifle ot & ppartidet Tomaga e O

In a fifteenth aspect, there is provided gg
internmedi ate for preparing a conpound as definegd
above, wherein the intermediate is @ co of
formula Il1: R2

0 N/\)LN
DB VSR

N
H

‘ . i
wherein

Y is selected from —CHO, -CN, -CH,OH, -CH(OR**OR™, -C(O)OH, -C(O)OR™,

- bromo and iodo, where R* and R*" are selected independently from C,_¢ alkyl, or R* and

R* are joined to form C,_ 4 alkylene, R3¢ is selected from C.6 alkyl;

R' is methyl or ethyl;

R? is methyl or ethyl;

or a salt or stercoisomer thereof.

In a sixteenth aspect, there is provided a compound as defined above for use in
therapy.

In a seventeenth aspect, there is provided the use of @ compound as defined above
for the manufacture of a medicament for treating a pulmonary disorder..

In a particular embodiment of this disclosure, the compound of formula I is a

compound having formula II:

I

wherein R! and R? are as defined herein (including any specific or preferred

embodiments); or a pharmaceutically acceptable salt or solvate thereof.

--3C-
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10 wherein Y1l is selected from-CHO -CN,

- CH2OH, - CH(OR3a) OR3b, -C(0)0H, -C(0)O0R3c, bronmp and
i odo, where R3a and R3" are sel ected independently
fromCl 6 alkyl, or R3a and R3b are joined to form
C2..6 alkylene, R3e is selected fromCl1-6 al kyl; 15R

' t hyl hyl : R2 i _ .
or Senesorier comesagn smbodmen, dis bt ErleBs .
pll{a%g{i eu’tit?al)‘/%ﬁ’llz’)ggﬁgn @oﬁeﬁﬁﬁé‘ﬁlﬂhzﬁfﬁlagﬁftﬂcﬂﬁﬁ adlepiBlcfcafriddagd a

herap n a seventeenth aspect, there is
cpigind e fdrivalaise of a compound as defined above for

pul rbqar e espaputes o e Serakaisdort ERLEE Brlicrel
cinihHon Vﬁﬁ?%@ﬁﬂ%ﬁpeﬁt{&gﬁ?@m@ﬂ @s 9ktefRddNahA-ihfldrSmatory agent.

conpound having fornmula11: i wherein Rl and
ARDrdinglyas abeflien otlitheorapasitianrrshadimentaibis disstospregelgies to a

Bl SR TR 0 ARDBEBSEHE ks n 0 3 sond
therapeutic agent. In yet another of its composition embodiments, this disclosure relates
to pharmaceutical composition comprising (a) a compound of formula I; (b) a second
therapeutic agent; and (c) a pharmaceutically acceptable carrier.

In still another of its composition embodiments, this disclosure relates to a
combination of therapeutic agents, the combination comprising (a) a compound of
formula I; and (b) a second therapeutic agent. In another of its composition
embodiments, thié disclosure relates to a combination of pharmaceutical compositions,
the combination comprising (a) a first pharmaceutical composition comprising a
compound of formula I and a first pharmaceutically acceptable carrier; and (b} a second
pharmaceutical composition comprising a.second therapeutic agent and a second
pharmaceutically acceptable carrier. This disclosure also relates to a kit containing such

pharmaceutical compositions.

--3d—
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In another of its conposition enbodinents, this

di scl osure relates to a pharnaceutical conposition
.conprising a pharmaceutically acceptable carrier and

a compound of forrmula I. If desired, the conpounds of
waeoopigsent di scl osure can be adm ni stered POT/BS2007/009925
conbi nation with other therapeutic agents, such as a
steroidal anti-inflamatory agent. Accordingly, in

anot her of its conposition enbodi nents, this

di scl osure relates to a pharmaceutical conposition
conprising (a) a conpound of fonnula I; and (b) a

secqnd t herapeutic aother of
o oSt B el Pocsehlooif e ASAIEE Lotk Sronist activiy
ang masoainduter gadr antgpaist detivity. cAerprdisginghy @:)m}amn@nftfqmdﬂa Tare

explged o ifediox Rdra BB GG 0085 BREHIG AR oM
as@mmﬂnéphmmwbstrwmpslmqnew gdi nents, this
di 39310951165 e Coﬁ% £oF itseih é&@%@ﬂv&fhohqaﬁﬁ?%m&hod for

agents, I nation conprising (a) a conmpound

tr%lampldmpnmmd@ﬁom; the Metbef gompasagprdministesigs ft 2 pa}tﬁnt in need of
n'eﬁﬁx%h £theBipehd c%llg AR kiR int ARG nEBRdSof forthuSa I This invention

di scl osure relates to a combi natj on of pharrraceutlﬂcm
al0SHpEE [ ¢ BA%ed PEireatRs CHRABICRRFTETIVE BRIt ftisopey or gsthms, the
méﬂldcﬁdouﬁja@m?&ﬁ@mgtsﬁg 1o aaehtlal tﬁﬁa@ﬁﬁ&llﬁdﬂ&&n& amount of a

cof gt hpata f RenBon prspolset i IO A o1 Eipotion

relatefosintthod of giapiidisg hgnaaodﬁmninhlmmﬂuﬂxb meﬂgﬂrcbmansing

-second phar mac t| c acceptabhl e c
M G R N R
forpivdg helles me:aioncabam}mbtes tcomsthod Vhntagonizing a muscarinic receptor and

ag&%%é%%% n P oscées S&g%gé]no%%%%igﬂ r’e n er g‘ihgﬁ rg%g ?‘?ﬁ %leg{eﬁng o

theggamingt 2 eguporind pf fordulmIscadi ne recept or ant agoni st

act yiob éo?g&%xgé gg&g ]¥V€n‘ﬁg goanands, Aferl é"%égé}tcl: aBbist

expecte erapeutl c agents
activilyanil mysparinioresepfortinéagolist activiy chelagompouhdseare algo useful as

resEAHER ok, gﬁ% gﬂ%* H@l@?ﬁﬁﬁtﬂh&ﬁ&?& L GROE x—ezates toa

In one o aspects, IS | nventl on re

method of yaipg 8 gomppundr ceféﬁmga éamteﬁmtyoldﬂ@@n@md corrmsmg

cofRbith 6B daPAdis), RSB NEGhSind 91 kPmataRat i ent in need
of treat msnt a therapeutically effective anount of 6 a

conpBuFRIRAUNALehtisduyention pan ?I?R/*éerHSF%FP eyrlugte g pbemical,

corapdteﬁh 08l cirdibhE1§Rinl ARBHENS OB 16eBEG dspbidts, itM€ ifvehiitTakis to a
Il Si

i th t .
el SR R i 19 IR ¢ O IO BtH Lpfhgd comprising:
(a) eéﬂ@chng/ebmlﬁgmﬂ ahy with G tesd ngpopowchdad pfosidesl firstlassay value;
| | t '
(b) Wg&tz&%ﬁierﬁéﬁﬂ 1gal %Fé%&% ? %1 ulg# %‘PHE grglél?ﬁ goe 3r0§ideta|}£:§md
assgy vied odicten stop (a) s ram#mtn@exther hefome whesor coneprrentlyngith step (b);

andA@ L dHhSdAa A Drids PRI of SEFJQQ)C‘DH‘E’&E QbdoR afLP V4GE BOm step
anbunt™ of "a corrpound of fornu . This invention

(®al so rel ates to method of antagoni zing a nuscadi ne
r ecnﬂ& Hvedtich ﬁgpﬁla%és&s pPocksiés ﬁﬂf:ﬁﬁ@hﬁhﬁn&ﬁ&t@ﬂs@ﬁﬂ £d? pReparing

ma ,.1he method r|3|n adm nistering to th
co WF&?HE% ofat'o% SUAEEH 1 er of its method aspgcts this ?nvent?on

relates to a process of preparing a compound of formula I, the process cormprising

deprotecting a compound of formula 6 (as defined herein) to provide a compound of

formmla L
.
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Si nce conpounds of this invention possess both f:12
adrenergi c receptor agonist activity and nmuscarinic
receptor antagoni st activity, such conpounds are al so
useful as research tools. Accordingly, in yet another
Wb 2d782791®E hod aspects, this invention rel at @gri®2087/009925
met hod of using a conpound of fornula | as a research
tool, the method conprising 20 conducting a
bi ol ogi cal assay using a conpound of fornula I
The conpounds of this invention can also be used to
eval uate new chem cal conpounds. Accordingly in
anOtIH%ﬁ tﬁér d)f tit? x4 aqfélo g})%?]sgﬁ]g ! m{d& lﬁtgs\lj tﬁygltﬂrgc%gsr o prepa.rmg a
C%immgoﬁ;fahmas é@e Prohess wenbiengs d@pﬁaognm g cofpdund of formula 4 with

pr ov Hﬁé bfﬂ?ﬁ’?lg st ass éﬁ en%s&admc%t%)a%%%ﬁ% cting %ﬁlgo'ml of
fomngﬁ 59““3@6@) %?@S‘E?Wtwﬁt‘%e eorenorpd ohteronla Sie mevidela cpmpound of

foRhY ¥;ehefe SRFIORHdAE SPId\AI 8 dEE RdbinSt ep (@) is
conduct ed_ ei t her berre after or concurrentl W th

st ep? ¢ Btictlarenbgdimentnf thin gvention; the sompaundy of darpala I are
Pl'éﬂaf&mw&pr&@hng\'a bbmbb@cﬁﬁ%ﬂﬂ% Saerefipihe %y&{oﬁ?i‘-ﬁbﬁ&mg group

Thi s | ntion also relates to processes and
is %8‘3»’8 BTG, ASFEEinghadn Yetanother ot FrediodrarRegtsaBIIBTRIG om edates to
a pbcebosfiptarihg a A6RPOEIAGH Hrmild], ARGIrb&Es @mpristheRpRORting a

iSe invention relates to a process of
cuﬁ?@%@ﬁéﬁ%§HUIcuﬁpound of fornmula I, the process
conprising deprotecting a conpqynd of for 3
defined herein) to provide a cgnpound of
WO 2007/127196PCT/USZOO?h@OQQ
its met hod aspect nve n rBl atgs tgcaH
prooflj( r|n of formulzsi(,, the
pro (a) reactlmg a conpdﬁnd B
f or mulla 4Hmntﬂ a conmpound of forrmula 5 in the
pce of a reduci ng @ggent to provide a conpound of
6; and (b) deprotecting the conmpound of
6 to provide a conmpound of 5 fornula |
wher e conpounds 4,5 and 6 are as defined herein.

| BBty al Sbod Ity of, LILE eR R Lo
alkglelphenytl onénefcf Iy IRA® afid RWiB—F(BJf(Gl | dyl); to prov:lde a compound of

forM@roxyl - protecting group is a silyl group.
ccordingly, in yet another of its nethod aspects,

t hi & atirer embpdimentsl, tiegsodessea dprotbeiteraih fipthepeomiyiye the step of
forﬁ&@%%@ﬂn&teutﬁ&h%l:@ep’tablé 4f B %81%3%%%%&111%&1”19 In other

depr ot ectl ng

~ embodiments, this mvenuon relates to the other processes descnhed hergin; and to the

product prepared by any of the processes described herein,

. In a particular embodiment, this invention relates to 2 compound of formula IIT:

ol N’”“v”ﬁ‘w/[:]’l:j/y1
Q H/lj\d/o "R
O 111

Bem
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10 conpound of fornula 6a: wherein le, Rb
and RC are independently selected from CH al kyl,

phenyl, -Cl14 20 al kyl - (phenyl), or one of Rh, R b and
R1' is -0-(C14 alkyl); to provide a conmpound of
wonoath#rids | n ot her enbodi nents, the proces®esus2007/1009925
descri bed herein further conprise the step of formng
a pharmaceutically acceptable salt of a conmpound of
formula L In other enbodi nents, this invention
relates to the other processes described herein; and
to the 25 product prepared by any of the processes

orddesgﬁr % ggrgmgglfﬁj tﬂere{)in Wﬂel%ﬁ{ {"olg % ?;F?S}Qd 1?@ rtggzO}L

fon re

-&@ozémﬁz u@emimﬂgz@aﬁ @@md indogwherp R ‘%ﬁmd R* are selected

{ - B Y 3
maéggfé&&h&%ﬂwoé R’W&'ﬁfﬁ* Rre Fd%mte{e? t@ﬁl)nggzgg% : ggas s

selspigrrormeh-4 ed; a%f'er@ atrf*amieﬁsqi heﬁ‘?"é (@@P@eséﬂyspwﬁc or
prefe&ecp?ﬁsi&ﬁht flaﬂfs)f mcz mh%l oaltdsma useful RAteaneliiiadin préfring
oined tqg form al I cyl epe i s g pm
coppoRSas ol i T2 PAHT RS T SO s FOFRAR T R PR K e metyl
h(ahnﬁtﬁéﬂ{ﬁrtﬁﬂh 128 BYib S @iaehf dffofhuld nnne‘f;e rcmg eI thobiRE firticular
i.C 0 e mediates in

e"éq}gﬁté‘?’ﬁ A ﬁlﬁgﬁﬁ%‘s“ﬁi%?mﬁ SaChart i cul ar

enmb Attiisevdntioh also relukediol thé nseRIf aa:nnhpﬁiﬁldaife‘omﬂhyfor tHerapy.

t artl LH ar o i ment o

AGRYRE, BERIAEIROME AR e ool Sl frolhbia 1ok the
minyfavtira of dBediRimentdoiBe apeémmttdfylpumamdlsc@ﬂl@; anfhfoghe use of a
co}ng’ ‘%ﬂ#’ o;?f)atl greg%)as&%gl (zﬁ(jl ti the [ n%en]thlu%n
inyeafign arg disglop¢shesgia. of a conpound of f or mula | for the

manuf acture of a medi canent for the treatnent of a
pul nonary disorder; and to the use of a co %d‘ of

formul a | RETAHLEDRESFRIFIIONOEIHE
enb egl biesttifs cBhpbkitidn hdpwas,thi ndhfortictedsAs a6vdl €68pdinds of

formula I. The compounds of fgn'nula I contain one or more chiral centers and therefore,

this invention is directed to racemic mixtures; pure stereoisomers (i.e., enantiomers or

diastereomers); stereoisomer-enriched mixtures and the like uniess otherwise indicated.
When a particular stereoisomer is shown or named herein, it will be understood by those
skilled in the art that minor amounts of other sterecisomers may be present in the
compositions of this invention unless otherwise indicated, provided that the utility of the
commposition as a whole is not eliminated by the presence of such other isomers.

In particular, compounds of formula I contain a chiral center at the carbon atom

indicated by the symbol * in the following partial formula:

l"\ g * ﬁ H
OH
In a particular embodiment of this invention, the carbon atom identified by the
symbol * has the (R) configuration. In this embodiment, the compounds of formula I have
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15DETAI LED DESCRI PTI ON OF THE | NVENTI ON In one
of its conposition aspects, this invention relates to
novel conpounds of fornula |I. The conpounds of
fOmula | contain one or nore chiral centers
WREPEIBI%, this invention is directed to rggérmsaoumossvzs
m xtures; pure stereoisorners (i.e., enantioners or
di astereoners); stereoisoner-enriched m xtures and
the |ike unless otherw se indicated. 20 Wen a
particul ar stereoi soner is shown or naned herein, it
w Il be understood by those skilled in the art that
the{ R} spnfignpativnsat tife cgthion mtom Wepibiiebimeths symlyol Beor precaziphed in a

Sté(g{&%ngggq&g%% ca%)ﬂé (ﬂﬁoggﬁegmﬁtgd tﬂre uti Plst y of the
c on&8 icempepnds oﬁfqmslaé ajsg capiaineieverahasisrenps(®ig-, amino groups)

and u%mem@%oﬁgsm@bh RFrmiBATRA $xist & tAAFrLd Gt BF in various salt
O%HDOﬁn s of forpula | contain a chiral center at the

Bonsush dorrscars waludsd wibigyhe srope 9hibe inventign Fythermore,
sofvﬁﬂek 6f\ddpoRadd éffbrhilh It @lts thRof are included within the scope of this
inv ;)7/ 127196PCT/ 0S2007/ 009925 the (R) configuration at

tHe°tar bon atomidentified by the symbol * or are
enr iAchedingly, thast ekited sxihearnt evill ﬁfcﬁglﬁm/ﬂhﬁg'efeh@cé l@ a compound
' 0 The co
he]%ﬂ?%rgz%n?lbie féf&éncengc&ﬁéver aq%tf%as la L'or com dnc‘iudes

also contain s grou

refgrenertogelit g starprisaoies arddsobyatesiad oo ngroprad uufesa‘ aherwiise

indic#@) exi st as the free base or in various salt 5
forms. Al such forns are included W|th|n the scop

of Aidisiopalls 38 pesd. hersin, thesingsiar forms st oo™ and atbq’vbg@n@psﬂw
coﬂéspﬁﬁ’dlﬁ%l bRirdt fHmsSlds$ tHeRShERS o8 cl'eﬁ‘l")l' Eigﬁg:s Wieftkile, t he

his invention. Accordingly, those skilled

S Cco
o ke nam?n%qwe Yser BRgRiR S@ nitRg thecamppeardsef figs igvention and
mtéiﬁ[@iﬂﬁsﬁdhé’i@dﬂia@ geﬁdﬂ:illy@é@ﬁfﬂé&vedh@ R Enthércan ¢ ovapapad

Ao i VBl N ety ol 851 Hiatetoyorttggnds of ormula 1

havoyspo nadediad wiparidih-de whiseddriveiicatofdiphenyl-2-y! carbamic acid.
Addi ti onal ly, as used herein, the singular forns "a,"
"an" and ' The" include the corresponding plural forns
Reprgsentative Fmbodiments of use clearly dictates the(w se.
The 100 RS A thSitSRL altYhied olPinftlE: foliforiBE RO E

this invention and
examples of various aspects and embodiments of this invention. These representative

values are intended to further define and illustrate such aspects and embodiments and are
not intended to exclude other embodiments or to limit the scope of this invention. In this
regard, the representation that a particular value or substituent is preferred is not intended
in any way to exclude other values or substituents from this invention unless specifically
indicated.

In one embodiment, R' is methyl and R? is methyl.

In another embodiment, R! is ethyl and R? is ethyl,

In another embodiment, R‘l is methyl and RZ is ethyl.

In another embodiment, R' is ethyl and R? is methyl.

Thus, in one of its composition aspects, the present invention relates to compounds

of formula I selected from:

.
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15 internedi ates thereof has generally been derived
using the commercially avail abl e Aut oNom sof t war e

(MDL, San Leandro, California). Typically, conpounds

of fornmula | have been naned as piperidin-4-¥1 est er
RN/ 1 0es of bi phenyl - 2-y1 carbanic aci d. PCT/US2007/009925
Represent ati ve Enbodi nents 20The fol |l ow ng
substituents and val ues are intended to provide
representative exanples of various aspects and

enbodi nents of this invention. These representative
values are intended to further define and illustrate

s uc biphspd -gearhamisrastsidl -FRe 6t H (A2 (faemybimingn-bydedypbenyl)-2-

hy?iﬁ{i&é&ﬂﬁaﬂd&%etﬁ@ Qgﬁ-aﬁmxﬁ;engg&%?%étﬁﬁy%ﬁ%}{l ester

IS invention. " I'nthis regar t he prese
(comeaund Us¥r ti cul ar val ue or substituent is preferred
IS BhehMeNdR8adR dcfll B[N (AMEYR 2. (2RI Ui Aok are Rl piRayT)-2-

r supstituents fromijihrs invention unless .
b gSaSHRT e ek ot S B e BB AP eRin sy eter
(comyidupd IIBRRd R2 is nethyl. I n another enbodinent, Rl is

et hyl .an .2, 18, et n 0 enpodi nent, RL.is
TR e AR R A VR LG NE R
hyfwxpdthylhmboiindhPl} i 2smatkyh§lethylphenylcarbineyl)ethyljpiperidih-4-yl ester

odh opRpsi tion aspects, the present invention
¢ réﬁgges ’0 conpounds of formula | selected from WO

200 Pivhornl oRGTbUISRGOIM LIPOEG2 H (AP ife formyBmiteddhiydoryphenyl)-2-
hy@ekGethylami hyl}-2-ethyl-5- N
grii 1@?‘?&]‘?%%&;%%% A os & Ry dF BRyISREHp g4 1 ester
(campaBk thyl ami nol t net hyl ) - 2, 5- di met hyl phenyl car banoy

f | ebhyplpinpeRutitdRr bedptatdS b théseofrpound ha) ;

bi phenyl- 2-yl carbam c aci d

142- (4-{[ (R) - 2- (3-f or nyl am no- 4- hycl r oxyphenyl)-2- 5
Ddﬁm&mxyethylanino]nethyl}-2,5-diethy:phenylcarbanDyDe

erhwe}%%} }%_%%'_ i ﬁ%}ﬁ%g&mﬁj‘?}’t‘@% icé&gggggng?me{hgglé and processes of this

inventon; the(fpYdying tdrdwbavenhk dstiovingd nyaingxyiae Bitiwide indicated.

e R R T SRR B0y o
lingay ot banehetl- Rinjdse atbiontise defimed.duch alkyl groups typically contain from 1 to
10 486 fodk( R)sﬁlgée!n%{tfvg Eﬁaﬁ mﬂﬁn&uﬁg,%wwléﬁﬂethyl, ethyl,
n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, n-pentyl, fz-hexyl, n-heptyl, n-
octyl, n-nonyl, n-decyl and the like.

When a specific number of carbon atoms is intended for a particular term used
herein, the number of carbon atoms is shown preceding the term. For example, the term
"Cis alkyl" means an alkyl group having from I to 3 carbon atoms wherein the carbon
atoms are in any chernically-acceptable configuration.

The term “alkylenc™ means a divalent saturated hydrocarbon group that may be
linear or branched. Unless otherwise defined, such alkylene groups typically contain from
1 to 10 carbon atoms. Representative alkylene groups include, by way of example,
methylene, ethane-1,2-diyl (“ethylene’ﬁ, propane-1,2-diyl, propane-1,3-diyl, butane-1,4-
diyl, pentane-1,5-diyl and the like.

The term “amino-protecting group™ means a protecting group suitable for

preventing undesired reactions at an amino group. Representative amino-protecting groups

—8--
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hydr oxyet hyl ar ni no] met hy1} - 2- et hyl - 5- net hyl phenyl carb
anoyfl et hyl i pi peridin-4-yl ester (conpound |lid); or a
pharmaceutically acceptable salt thereof. 15
Definitions When descri bing the comla)ounds
OMBEE ¥ ons, nethods and processes of thisPCHUS2007/609925
invention, the follow ng terns have the foll ow ng

nmeani ngs unl ess ot herw se i ndi cated. The term
"al kyl" nmeans a nonoval ent saturated hydrocarbon

group which may be linear or branched. Unless

ot herwi se defined, such al kyl groups typically

inclwiet it aref rop Hmited o, mtubﬁosmathmnym@@, triRd{TOsemzgbicwoarbonyl

(cﬁé)#y Pu&%ﬁ?ﬁﬁ%tho{&é gl 'gélnq‘%’%e q’;éﬁﬁ%gtg%ne%{l% (TMS), rer-

buw%weﬂlylsﬂylt(@%), land e, hkﬁ— pentyl, n-hexyl, n-heptyl,
NoCtid tenﬁ“%ﬂéé&yt—prﬁfe@ﬁ %émﬁﬁ‘%‘sgﬁ ér&‘t@ctmﬁ fope suW&ﬁQ fift

SpeCIfIC nunb carnon at ons
pPreyetinepdegired feaPﬁ‘PnSL?‘E agahaxepreup.t Reprasenttive wb@arrmewnng

groaps)mmuds b Mopﬁﬁﬁeditm Bstérl %uEl?ﬁsmletEﬂr @Y Ewi-ﬁutylt Ge%zyl (Bn),
grou aV|ng

Yg Cé’&’ﬁB neans an al ky
pocthotsgonat SHorGn e (Fre. SR ] GMInfee | 1
buftahwrnethﬁmmFBs} ﬂﬁﬂﬁﬂﬁlﬂi&ﬂ@l @b@ﬁfﬂyﬂ;ﬁl ADPM and the like. The
er | gyl en v, sat N
hyd? dﬂac 2% Bo %Ff"él&&"?ﬁﬁtmw% con epmRp 0%69% @r “compound
of fonhelkd"cis herdtiessin detinibd spevifidd cﬂhipydnﬁﬂﬁ (@ h@hﬁlmaceutlcally
acc% Bl%@lﬂk s%mteac&rrg er% esomer‘i‘.l%reoq unﬁssi Otg sbe m%%}e

presen SRIVE Al kyTena grshpd ise
exam @fmgmlwbmhwsmm ehleam dromeandi ipdo.( " et hyl ene”)

Pr opReent ?'lé/d%:wl-pr&éﬁ reégcru}a" Fedhyd pro&#ﬁﬁg ?rov![?ng‘uitagieyfjof

pent ane- and t
Pre”a}ﬂnﬁ&“ﬁffsa‘@'ée F‘?aﬁ@mgfraé apydivgrgowp. r#wwfﬁw hyiderxpyl-protecting
grofipd fndkbe bluPire gﬂeﬂtﬁﬂéd {69?1 Wadesibs ﬁfélﬂaﬁﬁ% @1 sﬁﬁ groups
m no epresent ati ve am
sucigs SE A ST Do ST et Heb rmst g IAFES
like; iesFbrs @byl Group ﬁﬁdlmihg)&ygakmm brotps3 8ah, astibintyy | ackt)l and the
benﬁé'tﬁ car borDé 9-fl uorenyl t net hoxycarbonyl
like; 8‘ 1%)1’%W§ﬂ°§ lreg;.'zy ((ﬁ! y 9~ ﬂuorenylmethyl
(FM)Edﬂbmly/ﬂIdath}ﬂt(hwmbfdhwl IZ(PI\EEB)nd taetkd, hedditideelly, m Hy@ioy! groups

e R Sl LR e R BaP PRI il ot

Y@athwﬂgab@@e, R@ibraé@eﬁom i ve carboxy-protecting .
01 ORI SAiGy %Jau{,» Afefins Whnkil b @9.[15 gp Gt okt bttt oA

. as nethy ert-butyl,
mslﬁ“r"’ﬂé’ﬁ’ﬁﬁ%bﬁféﬁ%%“&%‘)‘l’ OLAtBINIR aemmnwc@much asa

nuclebpﬁliﬁb BsEiutivh rdathi). . Bil Walﬁf 1) Eﬁﬂnﬂ'ﬂé@ %@ﬁgﬂa 1?%(—135.&%@11

ol e o ol (RSN RE

as vhesyiatd, tosilatepbros waDmisnte and tl;e like; and acyloxy groups, such as acetoxy,
trifluoroacetoxy and the like.

The term “mass median diameter” or “MMD” when used to refer to particles means
the diameter such that half the mass of the particles is contained in particles with larger
diameter and half is contained in particles with smaller diameter.

The term “micronized” or “in micronized form” means particles in which at least
about 90 percent of the particles have a diameter of less than about 10 pm unless otherwise

indicated,

-0
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10 of fornula I1" as used herein neans the specified
conpound(s) or a pharmaceutically acceptable salt or
sol vate or stereoi soner thereof unless otherw se

i ndicated. The term "hal 0" neans fluor, chitin)

Y YU124HE | odo. The term "hydroxyl - prot ect i BGTA B29074009925
means a protecting group suitable for preventing
undesirabl e reactions at a hydroxyl group.
Representati ve hydroxyl -protecting 15 groups incl ude,
but are not limted to, silyl groups including tri(C
_6 alkyl)silyl groups, such as trinethylsilyl (TM)
tri é’thhwrmi ‘10yhpbﬁii$)>¢uﬂcem3t adoeptyblel slnatsolvati drptereoBBBpr thereof”

as ﬁEEQl ﬂe Ilﬁt@ﬂdﬂﬂ%& UC%.E& r]:g&tg#(ﬂﬁ)()f %Eﬁ'&l é&%ﬁ% tﬂ.ﬁ& BﬁeéEISOmfﬂ'S,

kano rou S acet yi
sug]r SaREN {v[a y ag)?xmeutgqgﬂh aq@pgg]ﬁ@yﬁ ofa g/teremsomer ofa compound of
fore® 1.P- nEthoxybenzyI (PMB), 9-fluorenylnmethyl (Fm,

di ph >t hyl (benzhydryl and the |ike.
Addlﬁ?gﬁ’i'é‘l esptale égkssm%s & Mt hptkis apreptable for
adpiétetibs e ﬁﬁatﬁﬁt @Ldtﬁié'al Iﬂﬁﬁﬁalgié U RaltsHaGhg@8ceptable mammalian

I ne, for r exanple, by reaction wth
skt Sten o e omssensitve Pherphgeicply sqosmighin gt
mcgucwplts ofixaetic, ascbmmeﬁmhsmﬁupbmmmaaip@mmﬁaic &ft,

B D, Kool T A e
hY@@bmlc,Mmth&osﬂtblnmcﬂycmjac&ﬂnm mplledg, malic, mandelic,
me&}?a%s%%ﬂﬂz%hééﬁ Aaﬁﬁﬂ’lhﬁgesﬁf&ig }aﬁﬁt&hl@&é i‘g-edlsu%%;l feshfiRlene2,6-

l[imted t rono
disglferie, niabigiss nitdy OFPtiss pareip mn@thmmyh@phondos@syﬁcamdﬁmc

tarRI8 Y -RlRn8Rohid Gnll kit@ifoi@Rdd, 36M X kedr OUPS, such as
ace x%gﬁtrlfluoroacetoxy and_the [1ke. The term

“gRotested Asriyptives thereglmegisa fegizativerof thespegified

co:ﬁﬁklilinld(ih @GHidKRAB 51 more fuhbfordl HORHELSE 1B3IEInPdRal aﬁ%r&te&t&?or
les.is contained in partlcles W th

t
blﬂ@%défé?m shiedh bifes it reReions et copTp AP blpckHEEreiPes
Funmtbhalmpls @fat daft e pedtected include, b_ﬂ'iﬁayt &Teﬂhmﬂle,cd’aﬂﬂix?%ﬂmps

[ neans i cles
st sbbbarh b ERpe S mim s Rant pERBLenHpe ke Site
proghcting E@IUPS)for hmhdftalﬂabﬁou{is a]:é)wﬁll kndiah @StHogRtdl dedmﬁ'ﬁ skill in
ipdi 07
e o e R iR Py progns
Gragy \7’&96’3@?‘? @Wéﬁe@éd ‘BlorbEditina r'¥déy, New 'ﬂ@&dl%@r md‘refesences cited
thetgtf.ended to i nclude all pernutations of salts,
sol¥ates and stereoi soners, such as a solvate of a

phat hrateen{ jakidhergofs eceps a prapevydifored wvhendhelidsensa of 8 acid is

repRic@DiPD etidn Ofuch Qs Seetal baticnldi@nlopgMc dARas ARCEY tik& anl the present
neans, a salt that IS acceptable for

eptable salt"
invEniion ﬁalgf?%% EpicHly compaispehprotaRtat famn of hepmpoung ef frmula L,
i.e. sdiletesorieaw noge aﬁmgrﬁhiselaﬁﬁg‘lﬁﬁéﬂ ﬂﬁtonﬁt&ﬂ By ¥n EQA. Pre@irMaf the

a t
R N Y T R
mte@@n@em@gmpom that bermoo intgnded fiptrdsudittoation to & pitidnt,
et hﬁﬁﬁéllﬂkll f‘éa a&" xﬁ&hﬂ bﬂ%B egc%p %érﬁ%at&%%&c? i)y one or more

9|UCOHIC gl ucoronic,
molecules of a solute, i.e. a compound of formula Tora pharmaceutwally acceptable salt

(

thereof, and one or more molecules of a solvent. Such solvates arc typically crystalline

solids having a substantially fixed molar ratio of solute and solvent, Representative

--10--
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10 hydrobrom c, hydrochloric, isethionic, lactic,

| act obi onic, maleic, malic, mandelic,

nmet hanesul foni ¢, muci c, napht hal enesul f oni c,

napht hal ene-1, 5-di sul foni e, napht hal ene- 2, 6-

Y 7466 c, nicotinic, nitric, erotic, parmF’ET"USZO“'”“"9925

pant ot heni ¢, phosphori c, succinic, sulfurlc

tartaric, p-toluenesulfonic and xinafoic acid, and

the like. The term"protected derivatives thereof’

means a derivative of the specified 15 conpound in

whi ch one or nore functional groups of the conpound
sobvests }&rubidepﬁ}edamf dthpleedrafer emthmxdla edanslgisoprdesiol, @cktic acid

£ t r.ot e ock .
ﬁgh%gl ke, oWl nghregoﬁfex& %‘Ev f:e tﬂcq%09vat (illsgl g%ltltﬁ de, by
way chtb tmdﬂ;ﬂr@eumaﬂb @ﬂ:‘yctgreompgm ”amm@a:gamqp‘g sufficient to effect

trsg%gs.r t.hi groups and
t he nl9 ée @w t %ﬁd B ?"81{'%%? #ﬁgedgor%%@%{or such

fi i deitomateginglies “famlnmtr’ s mmq@nﬁmﬁe trfating or treatment of
a @@t G i¥edilsl édnditﬁn%ammﬁ CYED aﬁas@ﬁ.\y}\azm h basfeslt, BYch 3@ mammal

t eachi ngs in.T. W Geene and Protecting
(rfienlpdy # huresy et imclidasthesis, Third Edition, WI ey,
#kra]w@jor K preir&aﬁg tRddisdatf 6F RBLIeS Bhdiféh &blgro?bﬁﬁn%, 1&1
e term"s ans g conpoun or me en
t he hydrB‘é’@’ 8‘?“02{? g‘&?"(ﬁ ?gp?té Ptaced by a cation, such
as dbet ahekahtirgthedisease ©F geedical @adition, @n@hhﬁﬂuhg kecausing
In the present 2

nvention th tion typkc
conpris ege%esﬁl%? gtllila BG5S Fﬁlegfca?co 8dh ﬂ}l’g? 1"?or mul a
I, Kede. wipprasiop érectisensy @ mediond copditins i.6aslowipg e emesting the

pr ot onat

phar mac eg?‘f E%Fﬁ)gt g@é‘gd?g{f %%Fic& coﬁ{ﬂlﬁougﬁ u%sl@fné

not (Pequplwvipting rth%‘-’annwé.om of the dispasg prmedicairaondition in Ehmhent
ar € AiPdtndritBRISE fR&in %‘Eg%%a&f A HaP0tHeR AdiRAY ?%r@%e gad

term"sol vate" neans_a conpl ex or ag}gregate
undgrgtogy by e Fpripryskile '—"B‘T arh tagwhigh fhey perdain.g conpound
of formula | or a pharnmaceutically acceptable salt
Get hereof., and one or nore nol ecul es of a solvent. Such
—&%ﬁiﬁlﬂ&—“ﬁ%&%ﬁ@%ﬁ%m ly crystalline solids having a
Subdhapbmpdunygs i tkBdnvenkidh cibbd prepdred Rbmireadiif@vailable starting
e esentativ
el Y B S B B G5t e mesures SEPYHERS B
infofmatioanrpdddy awatable to pekhemoby ﬂw@bhafrmﬂma:ryswplr iplarvot. , Although
taeAB b fpdfd b Rl o &M%ﬁx%&%o&me}@%t st Y Ehresent

e s ate torned
inveptien, finse ke llnyheea# Eft]! re@egramtbﬂt otheresmbedimentsms gfnects of the

pre%bﬁtf'ﬁﬁnﬁﬁﬁ caﬁl%eg:frélﬁﬁéd dstii2ah M\‘l@:ﬂﬂﬁ%&tﬂécﬁt& B? @lsﬁl@ oﬁer

a%?t'e in of tretrrent 5Theterm treating
methods. feagepis an §tﬂ{5§1§dn‘4#@?9é$ knovanieshess slilled in the grt.oft il also be

apﬁré@%mt whére 8ypiéas Qﬁﬁﬁf@fedlﬁﬁﬂeﬁs%o#ﬁﬂﬁds tileQ Bea(;ﬁw;ﬁn@émnnes,
I ent SucC as

n“’fffaff’?le E?ﬂ""ﬁ PF ire %ta’i’fﬁﬂfﬁh‘%n HRIESURE} Tt & g(%?}‘p?%?éﬁ?‘ieﬁfgc"ndm"m
carf ¥leo bk ged salegy othediseatatad While optithwe reasteucdnditipns will typically

vany d%pend@x{go&nyalngﬁé fegcti nep%s'eggglérs sth as% }egggﬂts solvents and

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

conditions using routine optimization procedures.
Additionally, as will be apparent to those skilled in the art, conventional protecting

groups may be necessary or desired to prevent certain functional groups from undergoing

el
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10(b) armel i orating the disease or nedical condition,
i.e., elimnating or causing regression of the
disease or nedical condition in a patient; (c)
8&}e33|ng t he di sease or nedical condition,
ng 1%r arresting the devel opnent of thePHT@@%@Emmgm
or ned|cal condition in a patient; or (d) alleviating
the synptons of the disease or nedical condition in a
patient. 15All other ternms used herein are intended
to have their ordinary nmeani ng as understood by those
of ordinary skill in the art to which they pertain.
un@ssired sdaciBynst Abe ciwidkr daeditatds pithestiog mamp ialsa ektidulbr §anctional
\/ id
A O SR oA ERA Rkl IR Pl FUR e Sion ofsuch
funetippa] (EO@ﬁ drepydelegumdn therarh \Proterting mtmrothqnﬂ@nrﬂmr: Ditustrated

in fh%%‘f’éée&{m@é’ @ésl:ﬁlpéd%e}e@n Rhy BQ QM H‘Bﬁef se of ordinary
In the art. Although owi ng procedur es

rray 1‘F pre rphodiraent, thapampaynds O%ﬁ?ﬁé'd]ﬁﬁéﬁt sypthesizadens illustrated in

Schdpge present invention, those skilled in the art wll
recogni ze that other embodi ments or aspects of the
present invention can be d using the sane or
simlar nethods or by using other 25 nmghogsp>

reagents _and starti naterlals known tjo t hose .
skill ed heﬁ%\ Will also fe Ci 2@’ t hat
wher e typrcarn rred pr ions (i.e.

reaction -npﬁratures tinmes, nole watilgs of
react ant

oIveqts pressures, ejc.) &e gi ven,
ot her proee

s condi ti ons{ can also be used unl ess
ot herwi se stated. Wil e pptinmmreacki orp-géhdi ti ons

wi Il typically vary depending on varlousl reagtion
paraneters such as the react an ij.m nt &4nd 30
gquantities , kil 1 in the art

S0
can readil @ er e sw abI e réelactton conditions
usi ng routi N¢ o-;| on procedures.
Addi ti onal

as wll be apparent to those skilled in
the art, ctiongl protecting groups may be
necessary oredesired to prevent certain functiona
groups from under goi ng Jgo RR2 o

2007/ 127196PCT/ US2007/ 00®925 undesi rled

choi ce of a suitable protect|n

eactions. The
orHa

particul ar ctignal sui tabl e

condi tions repgent s fjor protecthn and
depr ot ecti o of"NSutdr™ Twict i onal groﬁbs are well known
in the art 'roFectlng groups ot her

: t ban bhose
@ t he procegdures descrl erfin may be
used, if desired. .5In gne enpRETHE Hpounds

of formula | are synthe i zed as i

D

O

Compound of Formula {
—12--
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Schenme |: Schene | Conpound of Formula | --12-- WO
2007/ 127196PCT/ US2007/ 009925 wherein Pl is a
hydr oxyl - protecting group; and R3 and R3b are
sel ected i ndependently from Cl.6 al kyl, or R3 and R3b
VP WOT/H7HEd to form C2.6 al kyl ene. As shown PRT/US2007/009925
Schene!, conpound 1 can be reacted with about 0.95 to
about 1.05 nol ar equi val ents of conpound 2 to provide
conpound 3. This Mchael reaction is 5 typically
conducted at a tenperature ranging fromabout 0 Cto
about 75 C, typically about 40 C to about 45 C, for

abourthegein B istaduytiraal -potrcsng proupt dod R°hand RY etd selected
gﬁﬁ Ca‘.?fgﬁ reacl,pn.is
%%Educt ed ina t at??ea&d?#uent &gﬁ%ﬂi‘o?m@ 6 a'ﬂéy?

di cHisEhown i Pehwaedy compaund dsawpbe thacil witbmbodtHRS taabbut 1.05
méBt &aRelenRor 8AANRl 2 RModiflEcdrtfind ]p%smgt 1 déagigonolg

taiﬁ reaction, the product iIs typica usi n

Wenpdusies)at 8 (rrppeseatnrresing ﬁa@mbaet 3G toabowtdid,°C, typwally
abbﬁemystt@hlbdlﬁ at PO for SO BB AR H0RE Or &iliR tle! tKRotion is
S“@?-PS atlv éc{; eaction mxture contalnl@?

) plREn lie fi gation i eRdyckRd 1n @ ghitabledilugnt, such as
dmlﬂmomythhﬂeaﬁ'lrmxuféuﬁfohﬂmbr&nbﬁaﬁm th&B&io Br é!ﬂ:ztﬂ%l and the like.
ze.the acet
URASERNRRT b el T Bt o o e P foraminet
pr‘mémreg‘ @echias etcttacgmnen:mtysmnmmson niotraiaagaphl yindveiy 1k,
A YL ARD Bl B g odin 3 R Pt g o most
stepjok the symiBesis/dr ol ysis reaction is typically conducted

at @o&?m PlsUhi& fa08d &%;5&%@9@& to @ﬁr&g% A Qgéetﬁ Qi and

|ca about 20C to about 2
Byfotrepasnd dn iy spiteble @caépmw ¢replavisiin s feattion

mcammg BY Gray GEBRmAIL M:ydi&hl%nr; %éiat éu@ﬁlnb %.cla OIHQM&Ie‘s’ﬁfdnﬁh &id,

e.dil s. nmet hanol , _et hanol
PRISICid S e e T BN RebER SrRtoT ey smduetat a
tergredatirh eadgiﬂge&omlﬁbdlﬁlltmmb leb?negoof: tybﬁanﬁmtt oM3C Ioha%out 25 °C,

ca ol at ed usi conventi onal
M A I
reagligroisatiyctp iy 2 amithblddvehk snchGe Iimsﬂmildl 6thkaﬁoll is@topanol,
dichfoRSh @bhn¥et ?lb QMltorti1e ad AnE RRY Ly Upon complghon of the reaction, the

eq ui val ent's
product 1s typically isolated using conventional procedures, such as extraction,

recrystallization, chromatography and the like.

Compound 4 is then reacted with about 0.95 to about 1.5 molar equivalents of
pompound 5 in the presence of a reducing agent to afford compound 6. Any suitable
reducing agent may be used in this reaction including, by way of illustration, 3 metal’
hydride reagent, such as sodium borohydride, sodium triacetoxyborohydride, sodium
cyanoborohydride and the like, or hydrogen and a metal catalyst, such as palladivm on,
carbon, and the like. This reductive alkylation reaction is typically conducted at a
temperature ranging from about —20 °C to about 30 °C, typically about 0 °C to about 5 °C,
for about 1 to about 6 hours or until the reaction is substantially complete. Generally, this
reaction is conducted in 2 suitable diluent and a protic solvent, such as dichloroethane and

methanol, and the like. Upon completion of the reaction, the product is typically isolated
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compound 5 in the presence of a reducing agent to

af ford conpound 6. Any suitable 25 reduci ng agent may
be used in this reaction including, by way of
illustration, a netal hydride reagent, such as sodi um
VO2B8H{1HPHe, sodi um triacet oxyborohydride, sBdi/Uf07/009925
cyanobor ohydride and the |ike, or hydrogen and a

netal catalyst, such as pall adiumon carbon, and the
l'ike. This reductive alkylation reaction is typically
conducted at a tenperature ranging fromabout -20 C

to about 30 C, typically about 0 Cto about 5 C, 30
usipg cosiyeRtional nrecegistsat sueh venteictieon, serrystallization. shuiniaverinhy and
tewrst antial ly conplete. Generally, this reaction is
condécted i.n a sui table diluent and a protic sol vent,

sucht9& i fhsB dRErRieCiEido REvierglompaped etfermylrE, The
péﬂﬂﬁﬂaﬁd@ﬁﬂ&heﬁd 188d B ddpdtedt RBEHL@ 6 HEddPeRISC el Byﬁ)gt%célgg group

B JL i solated WD 2007/ 127196PCT/ US2007/
e’ﬂﬁ H?jia d%\?’é*}wrr% eﬂ;}’r dr 2 efbr ewtecting grovp (8%« % srmppayAd of formula
64 m:defmtamhéébmﬁtﬂtmﬁms t@ﬂfbﬁmﬂ@wﬂw aﬁﬂbﬁtbﬁlﬂhbﬁﬁsﬂyl
I, S
cERAR R D BN SEA i PiftherdiffapTine T, o

dgpepedionaeactionisdyyidally wnﬂhctdblpbectdlta@ﬁng b@npmmtl Gatwiﬂlga source of
ﬂigcfrﬁféﬁorlls ﬁ%aﬁ%ﬁgﬂ (:E’x%gmmp'@ljw SOuWig%@ ﬂ}lm}l Siﬁﬁ sst;al tﬁylgglme

trggm ect i ng "group . oun
, ‘f‘ﬁoﬂé@l‘#'e r@h‘ﬁ)ﬁm@de povaeestod fluotidg iph ahcﬂmk:hwzbutyjdmmo

kS bbBtXésﬁhpﬂﬁﬂMle %{hy i &crg{rvﬂt@ ﬂ%‘éggg%ﬂ%ll]oziﬁlla%ﬂs)qdqe hgdré)ﬂuonda

di -t en- buylnet hyl silyl, ten-b

andiBe kg eThis wactiondp bptcelly comluredet # tampembyry pﬁngmgl fyom about 0 °C

to%ﬁﬁiﬂi“@ﬁtybtﬁaﬂyoﬁﬁ(ﬁl@ﬁﬂ RO 1 STROEEL, §8r bl 420 3BT 18irs or until
fluo§|de i .0 tlcular enbodlnent t he source

thg Fespliep sty Eorkitri R5FPerThdbis geactiomis gpeductig i suitable
diltietne buchisis H&bloeoﬁlmﬂa @fd teflike]l WpbhdempRAok BEMhY 88ction, the product

is %gaiicga‘fﬁg s?n%}qcl?lﬁg?gt#oﬁgl&rp%?’gup 8{;?1%13 %%u%]trfal:tlilo%, re%rystallgzatlon
chhgmatggdapimandehem the like. This reaction is

oot MR Gbe By bETRSCHafod U AEmp Il avpiabte
startjme mptgrialglsadireagants m@mbmwrmromm@ See, fiort dxhmpleeU.S, Patent
Aﬁ}ﬁﬁﬁ&d»rpﬂlﬂlﬁatﬁﬂ% ansi flolsyo16918% &LFﬂd l?gﬂgfﬂa%lay A, Prarm.

is conducted in a suit ent, suc
B G OTASS SRI A RES By pYRs af PReETplefsompoLMbL ot sfprefared as
inhdRatddgaGthapin 11t he product is typically isolated using
conventi onal procedures, such as extraction,
recrystallization, chroma y and the I|ike.
Conpound 1 is known in the,art or can be prepared
ercial ly ai@% stagti ng materi gt and
usi ng knowni_pr oced S?ﬂb for ekanpl e,
A0 AP I on PURY at’l 00 ~"U. S
al., Chem PBharum 1
6(%) 1286- 1294 (1998
1-can be prepared a

By way, of exanpl e,
|ustrated in Schene

As shown in Scheme II, biphenyl-2-isocyanate (7) is reacted with an N-protected 4-
hydroxypiperidine 8, where P2 is an amino-protecting group such as benzyl, to provide
carbamate intermediate 9. This reaction js typically conducted at a temperature ranging
from about 20 °C to about 100 °C, typically about 60 °C to about 80 °C, for about 6 to
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30As shown in Schene |1, biphenyl-2-isocyanate (2) is
reacted with an N protected 4- hydroxypiperidine 8

where P2 is an am no-protecting group such as benzyl,

to provide carbamate internediate 9. This reaction is
YQHOERIY conducted at a tenperature rangi n§CTUSH7/009925

about 20 C to about 100 C, typically about 60 Cto

about 80 C, for about 6 to WO

2007/ 127196PCT/ US2007/ 009925 about 24 hours or until

the reaction is substantially conplete. If desired,

this reaction can be conducted in a suitable diluent,
abewt@4 hegrsdir chiildhorattwne suustﬂndelﬂbeccﬁmﬂetéh&”dekﬂ@a thls reaction can

t, this reactiqgn pan ucted he

b Shh IR Y Slitprd ot 88 en afet Pl fiiein o e
Altegw@w!anthmtrh@ttpn oafuist cc@ducged inphe abiskncel falditbad. Wbl gompletion

of HRIERLE Q:H@f)roﬁﬁcg 954 %ﬁ:ﬁ%?sﬁ&@ecﬂ%m °%§${nﬁé}lﬁh i%ﬁdec:adures, such as

recrystallizati of,
exw‘iﬁeflﬁswwﬂlyahoph@m@ategtaahy 1119 fikse.c AHemitiviehg the reaction

mi KRFPEAREhiRg bcﬁnﬂ)biﬁg 9% ﬁs%ﬁtdhﬁécﬂlﬁmttﬂcenéﬁye? Sk fak s%hésnse

syntnesl s Re ant, no- pr otectin oup,

t he Pé‘ﬁﬂ\?elﬂmﬁ?fmﬁ B & Lirfd tTen enpigpd errwmnéausmg
coxpreﬁﬁﬁ[hﬁ)pﬁﬁedzﬂes&ﬁ fafoft aiRakd . FofabnPAtBbLEr? M88n2 sroup,

enz 0 und 9 can be deprotected
et ¥ ?585‘%?{ SlsPlod FRBR FUFORB MmO N g, 4% A pEssene of
a c@hlyi@ Sla:hwahab&aahummteiysfaﬁﬁr@aﬂﬂhﬂﬁ ddmlfsﬁ xﬂi'.lﬁéd; by way of

RGO s BB = e o
aﬁ%?’éﬁ’lﬂ@llwnomtﬁdm athpeheudeirkezinglfom abﬁﬂ@t)l“(llﬂo hlsout 50 °C,
typic\éﬁy Qﬁédtnoeéf}gy 0%96 E&O ot $4R ?ypﬁ%gf:#‘ feil R 1A %rs%g%?nhally

about abou
corapiggt Q“r‘n{’féﬂ?&ﬂb‘are@mfh@Gpsd@teduntalstntztbﬂmdlt@at;wchms irgthanol,

ethﬁttbb Sltsé}ﬁb}baﬁu dGRORLE tT_@ponQ%ﬁﬁﬁéiolnBG’f e osbtb ac%ﬁdgﬁﬂrrd Ic'lfs

ﬂ f in a suitab [ uent, such as

ERHA RSt ‘gﬁlﬁrcaﬁwwa& moqeﬁwemsn@a as\gEtIACtionisF s Ebimatim,

chrbﬂnetoge@ﬁjrmﬁmleﬁﬁapound 1 is typically isolated using
con ent| on pro}c]:rle ure such_as extraction,

rec ysP%‘F’I P ?gn B 5 A% OnFfR herprenarqdgiom
con@oenoidlp dsaibblefsonting ﬁatﬂnals an& ARYkhts iﬂmﬁé’lﬁm&&i prédediRB. B9 way

£ilh LY, @&vall ab tar |

° Imﬁégﬁgﬁgrnégﬁl F g’agen saa"ius%lng F KRR e‘é'ﬂﬁﬂg‘g’.em&’nway
20 of illustration, conmpounds of for nul a 2 can be
prepared as shown in Schepg.ldf Schene 111

R? R? R
X' X' CHO
e aad A—————
HzN PPN P —n
10 12

H_

]
rR' 10 r_i,ab R 11 p* R
2 —paa
R O—R RZ O-R® o
R
O—R o0—R™ N @
PN i 2
I 13 H N =
p®* R R 14 5
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WO 2007/ 127196PCT/ US2007/ 009925 As shown in
Scheme I1l1, an aniline conpound of fornmula 10, where
i s brono or iodo, is first protected at the am no

‘%iOUﬂ to provide a conpound of fornula L1L, where 13
2081122 no- prot ecting group and P31' is hyHFygé%‘?"'{ﬂ?“”ﬁ

an am no-protecting group. Any suitable

am no-protecting group may be used, such as benzyl,

4- met hoxybenzyl, 5 trifluoroacetyl and the |ike. For
exanpl e, a conpound of formula 10 can be reacted with
about 2 or nore nolar equivalents, preferably about

2. 5 Assherboin Shee #i3) Dw andlipneicoaipemdsof fofmala tne,nvztyare X! is bromo or

iocﬂ)aisi fﬁ&pr%g&gd Q%@%ﬂi@ﬂl &J}l 19 bg&ﬁde d?%%iﬂo%gd %‘llaq? where P>

conpoun ar e
ﬁ?eﬂﬁlyP-PmF@ﬂt@g SEIRtang Fa’ | 18 hydrpgenads ap mm@nm@nagroap Any

smmmo@mawme&t @p %hﬁ% 088 AbO UhciPSs ﬂeﬁzﬂb@.&ﬂ eﬂé%%enﬂl

pi cal | abou for about 18 to about
ety the Wi g srquaple; socsmasmnd af foatnla 18gapbereacted with

abdut R aidréfmotah EquiVR&RS, pRTedablyGBORUCE Rfhbolk R0 Sl @Q{L@&lents of

such as nmethanol, éthanal i sopropanol and

a "F‘i‘%éij filids, suely 83 henzy) chlqrdesbromids ordpdife, to perd comporddd where
P*jand Pilearpbets baws].ofhia r&dhérﬁia lt@pibaABRon&udtdd A% t&ﬂﬂe@a‘i@ﬂe YiHging

et BB BB o R bRt e g ey o

uﬂﬁlébﬁk m@@nusasuhgtacmﬂyecmnpdmal Gpuapaityg ti eﬁe,aciﬂmdb‘l cd@ftlucted in a

suifil A Ofbon LERUTRA! AR 0beorhBo L ORRE QO ARy AR

epr esen onpounds of
fea%)w 1F| also eensiupted inthiepyesenderfmishisahiebase, swh aspitasdiem carbonate,

sodZurk ot Rkl e 1iRH OBh M édrﬁiﬁ%non of the rfactlog cognpound 11 is typically

ﬁ@g dj et hyl -4-i odoani |i ne - et
iso W!ﬂ&ﬁpﬂ%ﬂﬂ%pacmrmsv% ezﬁa@mnyﬂemualhﬁ@tm :

chrémbﬁogﬁphﬁm’él-iﬂbngg hyl ani | i ne, 4-brono-2,5-
h Ian| i ne, bro - 2-ethyl - 5-rnet hyl ani |.i ne,

Y%ﬁﬂmpz’ wmylp L0 thak rep befeaployed ip ghis wagtipn
mcmdqpmmﬂ]smgmmmmne i268- Eh}étl-@ﬂ-al-lbdﬂﬂnﬂlrkf %ﬂ@}émoej-

me&&ﬁ&ﬁbég re p’ér € r o’r%eg']é’#ﬂﬂ?]& g’?’f‘i’"‘%’g | ‘f ’ﬁ‘ﬁ'ry“éflaE{hEF’t"r'i’Fgmf"z S-

dwﬁhmlaeﬂma,l ‘sbramy-2-ethgk frns:thpdadiline dibrandiSonmyl-2omemeeiilias and the
keCHR h about
o og etpeiral S el AR f e Do 20 ot
Lma?dﬁnbul\’&llllpwmmwmntbe Prepatedyfrdm porumercidlly dvaildbie dtarting

mat2falé 8hd RERANNG ARV oA pifleafhe X t group has
bee excha d or I|th|urﬁ hls reaction is

r 18vten %?i‘t”éitﬁ"daw%ﬁw atiphout A mplargativalamts of an

alk}&ﬂ)ﬂiiﬁm*re?&eﬁ 512haB AWut i Bpi‘egﬁﬁdt%ﬂhﬁ@lﬁﬂtto Yodhfe fOF
hour _or_ unti the reaction is

0. 25
corRRbingiarin g BT e e SO0k T Pl fo8 ity TH roacion

is txpmalim coelicied aba tortiplesnbre ralighnpefdm aboeh7@9C 10dbURITC, typically
30The, res,

of,ur and t h | t
abo o ol LS T L P s o Bt Gt sptplote
Genggallly, thisredctipn mémtmf inNd, shiitalbleeilhent,fsoch aotoiudge, klene,

tgtraﬂ:lry@(,lﬁg& oupd 12. Generally, about 2 to about 4
nmol ar equi vaI ents of N, N-di net hyl formam de are used.

Thilde resgliog dithiim anjgsi is apt isolatetdmt isadacied i stre mitb nabalieexcess
ofmﬁa%agylfdr&m@&%tpmv?& éan&&.uﬁ@ Q9! GEndratry, %0563/t ¥bout 4 molar

;ka)l 1%0 t 0, about
equivalents of g Enethylfonnamlde are used. This reaction is typically conducted at a

temperature ranging from about -70 °C to about 0 °C, typically about -20 °C to about 0 °C,
—~16--
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-16- WD 2007/ 127196PCT/ US2007/ 009925 for about 0.5

to about 2 hours or until the reaction is

substantially conplete. Upon conpletion of the

reacti on, conpound 12 is typically isolated using
YOHIER1%nNnal procedures, such as extracti onPCT/US2007/009925
recrystallization, chromatography and the |ike. The

al dehyde group of compound 12 is then protected as an
acetal by reacting 5 conpound 12 with an al cohol or a
diol in the presence of an acid catal yst. Any

sui tabl e al cohol or diol can be used in this

forrabaettd.Htv. ableor 2 mmﬁm wntil umpemeﬂ ﬁﬁlbyt&ntﬂdllg‘r@:ﬁmb&teﬁwﬂon
t t
coﬂ?@lﬁ J)Pt%e i‘le%g 611‘; ""'2 mgjnﬂ 19 ?}’T’%‘:ﬁgy rso%ée% 1%%&)3? X azne

yco propyle cok"an
pragpduges, em@ssxméctmhmatfst@&@htlm cldbwhtography apd thy mde in

t hi

b T RREy Brodiod bhARIG B0 Hon Srd S el Abacrine
compourdil withhan alreﬂho or 7 diel injthepreseos afan ami @ttalrsmeAny snitable
alcambahml Bﬁﬁ;&ﬁse@hﬁiﬂs\fgacﬁeh dp&ad ﬁ%ﬁé Eegi&éﬂt&% é%ﬁol‘é@ﬂd diols

p-t ol uenesul foni c nzenesul
?IWBL Gty 7-eropane. ¢hyendglysaliqgopylene gtycph @nd the lke
Geﬂﬁﬁl@j laQitolinSexcys i0€ SHel ¥cohONsiUB 186k dhplBydESHRGS ?éaHﬁcﬁ‘x preferably
5““%28 qngronmabout 50 C to about 100 C, typicall y
A Gl £ABYAIeBE ¢ for about 12 to about 24
houAgy suitablet dcid chﬁalj;rdﬂ mape,amt;mn thi$ réalicd ﬁrﬁmmatewommon of the
| ction.is conducted i
ace?aq n?le;gfegengﬁlgg g‘ﬁ cat mc u({ e "O‘gﬁ% of g éﬂ]&e)ilqsl omc acid,
bequq@ulfqry@p@@ hwmchhac laegl(and ¢ like. con d ucted in a

e o cl Fploafy oot cRIAHGE S e tfort SR 56 c to
aboyh 1 QL alrpu@nllwb@ut 6056 o el B8 £C.oor dfout h2:tor abaut 24ckmurs or until
the@éﬁ&ﬁ@xy{&@uﬂéaﬂtﬁn%)éﬁhﬁlé ¢l BehSAMAURL Sk s QNSRS Er.p@%tgble

rocedures, such as extractloﬁ recrystalli zatl on

dilent. SirbasSelupney <daee adbe ike . Tymicallynihe repetign iscrducted in a
mamﬁ:a Qi DML IGWY i at6:GibdicBl ROLERIRIM) GudiastF h-Bfr ) REHstillation
or 1 +§cthypwa u%ﬁsneétﬁigep of %he synthesj s. i
Ar TR PoTUIIeT o St o dpopcompletionsod therearbiopy compornd 13 is
typm@lﬁmmuhttdiﬁmgs:oﬁi&ﬂn&tee gfce;édurss @@hﬁs&ﬂﬂﬁﬁﬂnh@é@@cﬁﬂﬁaﬂm

cm&ﬂﬁo%ggﬂb%{gqgr like, £ Zérf%tfv% uenrg%cgg%ﬂ R eié%%ﬁl};ﬁ%réompound 13
can deypest drecly ingdie ngxtts;aprcrjgmwsyaﬂxésm cat aI yst, such as a

25 .@@ér'fﬁﬂﬁdﬁ%h%@h%fa}é&h ﬂﬁezﬁ)ﬁlﬁg’ %P)I‘ilgt I 4&im Cat g&_ﬁ eprotected using

i ncl ude exanp
standand) ra%aeat«ﬁaﬁ? eiareﬁmm t9 fprgmqymun@\m memnpb 1fPﬁﬁ ad P are

T DS it L TS,

st Repreggpigtiveseptatysts melugpd way ch:xamm palladmm on

carHanmeﬂiadiumlIi}tdlrdm&fh@l w&ﬁ:t, h@c[‘tuefhké U@ﬁiséébtchéﬁ Is Ically conducted
Cthﬂ i s conduc I N

e. (enera
ot o SRR e to™ Sh7OAC EPTELTGIC, Spieabiousss °C to sbout
30 °@t fma:abd’dt dithybowad @ hatws oninttillthe feasitsh i bﬁastdn{ialy éémant?
oun 4 is i C
Con AP 8B, 1 A5 S RO TRMI B L
ethapgifqthyd erdate me@rgsgné Khei Lt iLipon complitinh ofjthapeuttion dofpemnd 14

is tybich@y isolated using conventional procedures, such as extraction, recrystallization,

chromatography and the like.
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WO 2007/ 127196PCT/ US2007/ 009925 Compound 14 is
then reacted with an acryloyl halide 15 where X2 is

chl oro, bromp or iodo, to formconpound 2. This
reaction is typically conducted at a tenperature
WHHETREG!% r om about -20 C to about 25 C, typFPeHPpAPT09925
about 0 Cto about 5 C, for about 0.5 to about 6

hours or until the reaction is substantially

conplete. Cenerally, this reaction is conducted 5 in

a suitable diluent, such as dichloronmethane and the
like, in the presence of a suitable base, such as

di i Compomyd Etik yliearrbaw;d Wwith &1 deyylayii mﬁd@ witag: X1 #s ehloro, bromo

O sl 3 | g v

@tﬂhovfa{Z@ RE tmbomh%5 Hagepically aboeid ‘K?htotahpu 5 €afariabeut 0.5 to about

6 hUQz@ dr m&teh&fbnqg s&ﬂgﬁmﬂﬁgp te. C@g%%i!}ﬂ t}f'%s eﬁchon is conducted
onven a ace

|ca yISO ated usin tiron

in %ﬂ’éhb'ﬁslﬂé%%tsr ek P%ﬁchlpm%ﬂwa g thetlikerin ﬂm:resence ofa suitable
base|¥uehBd &%ﬁﬂ)ﬁ}‘leﬁﬂ@mﬁlﬁ@ tﬁétﬁﬁmmne and t]ﬁoﬁ%o \Srafif, agout 1to 1.2

éﬁornula are known in the art or can prepare

F SHT YR PLihe pesylox) des@pé alqud L tp ﬁ'@a%mlﬂrm‘lﬁl"alﬁ@ of the

base@fOe6d & MkiragtikA 0%0\9 E@ﬁ EHGESE thYealBoh, Qlflmpound 2is typmal]y
formul a. 5 can be prepared

| 1 {
1soigted§:ﬁ1&%% %woian gglﬁ'ag es, sucé@f@xtracufg, rggrystalhzatmnAs
dnmmMMSumhyemdmmhﬁehene IV, conmpounds of formula 5 can

b d f, f |a.16 wh P4

C hFRALRY ot LRGBS gPaﬁfbﬁl ot et
corprgergiafly gv4ihflegtasting meteoihls asd chiertoysitg krmmrprocaddms By way
of {RSRALA dSnbud BIPtb, 8Py ééggeé%%d 3 13’&15&911 B Senelry.: v:

exanpl e, U’S. Patent I'ssue
31,2001; and It Heft et

Scheme IV
- ) /Ik e ’YQ JL
H
is
op’
0
— X, —
Bnl—m ﬂ H
op'
18

As illustrated in Scheme IV, compounds of formula 5 can be prepared from,
compounds of formula 16, where P* is a hydroxyl-protecting group, such as benzyl, and X*
is a leaving group, such as chiloro, bromo or iodo. Compounds of formula 16 are known in
the art. For example, U.S. Patent No. 6,268,533 B1, issued July 31, 2001; and R. Hett et
al., Organic Process Research & Development 1998, 2, 96-99; describe the preparation of
N-[2-benzyloxy-5-((R)-2-bromo-1-hydroxyethyl)phenyl] formamide (i.e., the (R)
enantiomer of compound 16, where P* is benzyl and X is bromeo) starting from 2-bromo-

4’-benzyloxy-3’-nitroacetophenone, the synthesis of which is described in K. Murase et al.,
—~18--
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30 at, Organic Process Research & Devel opnent 1998,
2, 96-99; describe the preparation of
N42- benzyl oxy-5- ((R) - 2- br onp- 1- hydr oxyet hyl ) phenyl |
formarnide (i.e., the (R) enantioner of conpound 16,
WhEWEIPWS| s benzyl and X3 is bromp) starti EBCT’PWWO”ZS
2-brono4' - benzyl oxy-3' -ni troacet ophenone, the
synthesis of which is described in K Mirase et aL,
-18-- WO 2007/ 127196PCT/ US2007/ 009925 Chem Pharm
Balt, 25(6) 1368-1377 (1977). If desired, the racemc
form of conmpound 16 can be prepared by using a

Chapn Phliint. Bhullr, 2 (6T | PEE- mer(u 97'2911 Hldeaﬁetb @edtdetnic form of compound
to. red

_fa%ng‘te ﬁ% lp%.lécll %%Hsn)l/% ngn— i-aH Ir?c}ugg%,r @tg%hsélﬁ% ﬁ.‘réboraﬁ.? dimethylselfide
compixpotoykduge @tbpomtb—%-bﬂptyluxd' ﬂﬁnt&cﬁbpmmn@ d using

compouni T FARSALESRD s AT el e
ﬂnql rﬁaaerﬁ&Mnr@‘a fieporepayod iLdewhere Phez aﬂwdmxyypmpnctm&gmmgm a
pafic14P ehBoBmSht! the h?ﬁx@k?l%rb{égtl% %’dﬁp s ﬁ% ecﬁmg group, such as

di met hyl i sopr opyi S | di e ropy
dna;thﬂqqmoﬁglﬁx}yl 1pt§ayl1sop§}pglsgu1 g}ratpt\a@ﬁmsglm 9qﬂ—buty1d1methylsﬂyl

zert-eﬁmbpﬂeﬁjzﬁw rtﬁ?ﬂdnﬂnlléfﬁylsxﬁ}l Bhemeire! Py édah%sie, m&m 16 can

b 5651 YO Ob D oo 2 OV TR A DY ety ISty choride
in the ipresbde\olf dboti t ITytb abdut!1 . ThbRF bglGvaléhté @fﬁrﬂ&z@k&& PRvRIe

COI%H?I%I%CHW: he{él'Plt i aF gégglmtgﬁgﬁ %}é%gl c&nits ?}gncally conducted at a
tenpprdtutg randingy ﬂrmmhhtyjtsﬂl WCytb abditis® °Ce@rpiclald)jnatl r6oth Yenedting, for

ab&ﬁ’ Qg lﬂ& g&%&% hcﬁ:rg gﬂ%ﬁirl eurE:z?ctlo u%gta_ltl 8mp#% Q%eglgra?ly, this

about typi ca room:
reagtion; is capdngted 482 h@tﬂbk djheuh stdh asméNfdsa@itiy](ﬁwnnawdc and the like,

Upak Q%ﬁf&ﬁblﬂ)ﬂ' the FABR:E I:gmpﬁaqr’ﬂL %icahg ks%lalie%ql% rfg%rcllﬂie?monal

conducted in a suitab

Progeqyre. iy PricHAB AERmatpgrapleandi the like, 5Bw®:nof further
ﬂmamﬂr@tne@ﬁlmémtmvr{%@ﬁgymy&m@m}gmm dté-t.t ypl cal l'y

ed, us onventi onal procedures, such
oy R Ry, RSP BE AR o i eserbed in Byamiglg 26f U.S. Patent
PulflicatitreNoi US 0604/a248085 All hputBiihdd B &detnbed 9, 2004.

O el S o

corixamg |18, Rheyé B E anRasubstitlBdHenedltgramp dld&,suhﬁtuted benzyl group

L L mp———

frop; Cig, alk}Bm CiHkoxyp w@pmmﬂmmw Benizylairgne, 3,4-
dmﬂ:ﬁhdak%éﬂ%?l‘ahﬁdét @qnémgase R, Am @th%?ﬁﬂa&ﬁih@%ﬂﬁ@ i, This

havi ng 3 Subsfituents on 't rrn ‘
reagffonih tyDisaHy 9?%?@9 BY§8FTQE‘%@0°W§B%MWI&W¢ el 4 molar
equittaltofits G thd BehzaAl daTnY at ﬁ@ﬁiﬁ&% ﬁinlﬁil% R awdut am@ &Sabout 100 °C,

wrle e BB e 4 3o ki

R ;?F%& RZ9 PReHE ﬁé hgvFa of i the
readtiongs subisiastidly coeatdte.oGencally [Hiie dabyorie e@haﬁb@d nba/ suitable

{ und boyt, 2.t o0 _about nol a
ik b e AP E ol b M et B ongpelion SF e
Ieaqfwngqmgmﬁm@ﬂﬁ soppicalidicokedabimgtcod Gatithal pypbdabd, yochraam

ot 5 to about 24

exu%g%ﬂs c%?mﬁ.&n?%pﬁ? %&?’%glclzlg %‘Iﬁl J|néi Qg%ﬁke( antially

conpreeval ofthe bengy] group.rBr!, melitising cosvaptinehl prosedires and
rea ek tst tAEH A do@tHound HC M 8% AbBFRERYA: Bt R¥h A d ﬁ%@benzyl groups

(NM?) and the Iike. Upon conpl etion o

reaction, conmpound 18 is typ?<€ally |solated u3|ng

convent i onal procedures, such as extraction,

chromat ogr aphy, recrystallization and the I|ike.

Renoval of the benzyl group, Bni, and P4 using

conventional procedures and reagents then affords

conmpound 5. In one enbodi nent, both Bill and P4 are

benzyl groups --19--
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WD 20071127196PCM S2007/ 009925 that are renoved in

the sane reaction mxture. Typically, this reaction

is conducted by contacting conpound 5 with hydrogen

in the presence of a catalyst, such as a palladi um
W“ﬁ?’%f% Representative catal ysts include BaFPEIAN925

hydr oxi de on carbon, palladium on carbon, and the

i ke. CGenerally, this debenzyl ati on reaction is

conducted in the presence of 5 an acid, such as

acetic acid, formc acid and the like. This reaction

IS typlcally conducted at a tenperature ranglng from
thag Bsuremeveddnttes sbwUtacEon Gixmyepi T}@ﬁda;ly,a:ms Irmmm is conducted by
coﬁt@&ﬁl%rc@f-dt]&_()@nd % Qkith g rpmtt Efl el #{ %/f)illadmm

reac |on_|s Su ntla con'p
catalysls Reprrsentative @tﬂéﬁﬁd&étﬂiﬂi’ﬂ dwnshydrmﬂeomarmmpaﬂadmm on

car%kiﬁ‘ hma$hdMich ANBkmi§lthd H%en%?ﬁtn&ﬁ‘?eaé deﬁs cém&ed in tPF %/yresence of

npl eti on of the reactjon, npoun

an ] syela g Freh geidohyBiseridtat ﬂ!FOhlffr a@escr@acé@n %mlﬁalh&sconducted
at aevehrpaﬁtms Pang Gy fediR hingi M”’W tcﬁélﬁ)ui 9@‘@ itfifieallyat foom tem erature,

i ment |s I sol ated as
T 0 gy L dPp oF vl B TR s bty raipet Geperall, this
reattien ia condiicted in @ Goigablezdiluehin tudhhe nmmeu efsndlfand @kttt aUpon

0 be re ared ti.c rocedures
coraplSdh 88 xR, EBRP o R Rl ot Rpmonal
Progodirese tmql,a agteeip@han,e:hmmﬁw aeinhbike Hangeadicalar embodiment,
corﬁ#&fn@rsei@ﬁsola@éd%{s'ﬁéjéc@ﬁ@z?‘cl&?Iﬁ%be 15 enployed. By way of

| ustTation ounds o ormula I'l1: where vyl
| s Thage of ordmapsiil in theeytorl reeagnize tha therethpastidsgf formula I

rblSHiéH b)pﬁtﬁ&eé}Hﬁgt%c @:Bgedlﬁésg 813 §x2&1‘;3é| trtife Oéagﬁ?citﬂar order in

eh .e., Where IS -
‘15'3{*} %?3@8%@%%}@ cenietsd capbe elamse ondqﬁer&mclnmne iates can be
emploged. BP&EE olfHubGatioh ibRpouAddofiibimah @@hol can then be
oxi di zed using standard procedures and reagents to
provi de al dehyde 4 (i.e., where Yl is Jf}K»
| f desired, pharmaceutically accegtable Es of the
compounds of formula I can be pre are contacting
the free basg' & maj a okrlla | with a
30 pharnmaceu 3 Ith_ ta Ie acr R’ Furt her
details regardfng ﬁpeé? reactlon condi ti ons and
ot her proceduyges_for preparing representative
conmpounds of 5 i nventionIBr internediates thereof
are descri bed the Exanples set forth below. WO

OQJ %7196PCT/ US2007/ 009925
where N, -C(O)OH or -C(O)OR™ can be reduced using conventional procedures

and reagents to provide aldehyde 4 (i.e., where Y' is —-CHO). Additionally, such
compounds can be reduced to the alcohol, i.e., where Y' is -CH>OH, and the alcohol can
then be oxidized using standard procedures and reagents to provide aldehyde 4 (i.e., where
Y is -CHO).

If desired, pharmaceutically acceptable salts of the compounds of formula T can be
prepared by contacting the free base form of a compound of formula I with a
pharmaceutically acceptable acid.

Further details regarding specific reaction conditions and other procedures for
preparing representative compounds of this invention or intermediates thereof are

described in the Examples set forth below.
w20
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Phar maceuti cal Conpositions Conbi nati ons and
For nul ati ons The conpounds of this invention

are typically admnistered to a patient in the form
conmposi tion or formulation. Such

har maceut i cal
%@PHQ’EE’GU cal conpositions may be admi ni st 8FEY53047/009925
the patient by any acceptable route of adm nistration
including, but not 5 1limted to, inhaled, oral,
nasal, topical (including transdermal) and parenteral
nodes of adm nistration. It wll be underst ood t hat

any form of a corrpound of this invention, (i.e., free
& B0 2 b Femaditions SO vat e,

it : Ascutiv i
i Wl AR i SBRIRE Bl e

of g ghyaareutioplsotiposition etiforenlelion. Nwbehatinmgkytical compositiods may

be |a81§11ﬁ?@é¥9@§ thé PRRnREPEG) accceﬁtgﬂlé rdu%vmtdinqﬁsﬁ&ioﬂtlfcimﬁ&g, But not

0 pharmaceut]cal conposjtion conpri

lmﬁ 74 tordidetnd; egl, |H§S%e@m1&wp@d@5rt¢amexmm) ewtpqm;ml mordes of
ad@irEARoN NH will bé Qhd8#t8od-thelinyIHR b¥a cothidimd ﬁf this invention, (i.e.,

ar ceuti cal osi.tions may cont ai n ot
frep ﬁ g%@ﬁ'f‘?‘i?“ﬁﬁ’&]#&f’ P el TRt GienttBatiis sufigkle ferge particutar
mofkef phainivastui dabdle vealMabd fhaeRscctficdl Bbmpbdii@Rdisofksed herein.

typ ] ont ai_n t herapeutical ]y effective anount

of P LERistef ol Ghe'or B hPRORIOn: pis i epeR e Bk
phagidat BHIIEal_rcempgntlm corymiuingeds phahhﬂieuﬁcdﬂ?&bwh ¢a8@dr or excipient

an at e apeut i cal .

o BB SR L S et Bt 5] RS il o
other@prapeutisendioe frringleting agdnbei desiedamount , | . e.

| ndirid ﬂiéﬁhaééﬂh&alq 1@&%'0@ ﬁﬁﬂm@g{uoﬁﬂ ﬂy con?a%

ective

adm pistration to ac I eve a therapeut

thezapauficelly fientiva pmpuniafe comapvricedi formeds L c'shqmmlcm the art will
recbs\gddze, BOREEE, it G RaARR kR %nﬁ&;tﬁ:ﬁ% c%ﬁtagpmgfaer t?
the}é% *ﬁ%@t of. the ther apeuti c ‘agent; incl rom
BHHaRY Bfectiye amouRt 50- Bk ETRROSEIPIHEr 4t ihag goherppeutically
efféuhombmﬂ,tl o). iddividaailitosdseBighsil nlYiphe hdHihnisBhtidd8 achieve
aﬂ_Iepdg’ %Aﬂ elc%g,ent . Any conventional carrier or
Dl ent BEMIE® i n t he pharmaceuti cal
co n“ﬁnmaﬂlymhs pbémtahelmcammqbsmﬁn wiilh eorﬁliiﬁ e Sfouf.01 to about 95

perBRE bl Gl Al oSAL Eﬂe?zlé) ?tgc g%\.ﬂ Fﬂcgfhtnie% nﬁleg ﬂtk?oal%s ]atoJO percent

carriers or exi
by Weighta F‘sthaatﬁl‘oahaﬁwt Ag1 25aheub to peercetnt @aweeghp af thie thekapeutic agent.

pat A@PéonQbntiohRE aPfier B Qk&%lentqﬂ%%é 128 iPhhe %h%ggﬁ%* ical

state. In this regard aration o

oS i CBen iR 5RS Wisie of 6 padicplar eiset arexsipitat, o
congdiatiohs b o@hﬁ@@oﬂ ScipfiBhtb, Willldapéhat J¥ans £RBE ??idnhm&&lo%fbemg

wsedtd ag \g/arglk'lll i.n the pharmaceutical ar

¢ 5 ek p barhipular patispbortups péapedicn! ponsitimegndiscassstase | In this
rogardrthopicpiration aff 2 dultiable Ipﬂmbelﬁﬁaﬁd’oﬁlfﬁ'ﬁiﬁﬁﬁ &"&4 aqialr%ular mode of
dnﬁl\ﬁg& tﬁ)pn se lll:%th%g( ﬁﬁn,gclmgﬁ ? ose “ al il th93 Q\Wnﬁ?euﬁcal arts.

pur chased trom
f urkhgeprriets Qxﬁtmaiqnmused: nhe pharmaedunﬁﬂrdm:dpaimm of this invention

aro SAAERBLANS v ALB1M ok LHOND g& HigRgs Ié% L BleBfl¥a 2k digma

LN t art as exe | n S
(5t HﬁsngIf%ﬂ By pray @avéhﬂs elhahrauqmr, genvientiorpd fopmatatinn sechufiGods are

WeIlEﬂio%QG thoké de)rﬁﬁﬁH sk i t'h@ﬁﬁ a&eﬂﬁﬁﬁ ed Blthd tahfngs in

d (2000); and H C.  Ansel et
%/'he?g’é a gl of s Pﬁﬁ”mﬂ@l% Edm;m, Lippincott Williams &
Whi%) @Al bt d, M RGN WEADY/ HAID25Ansel et al., Pharmaceutical Dosage Forms

21
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and Drug Delivery Systens, 7th Edition, Lippincott
Wlliams & Wiite, Baltinore, Maryland (1999).
Representati ve exanpl es of materials which can serve
as pharnaceutically acceptable carriers include, but
WO WOUB i mited to, the fol lowing: (1) sugaPST/U§1Rp0992s
as lactose, 5 glucose and sucrose; (2) starches, such
as corn starch and potato starch; (3) ceIIquse, and
its derivatives, such as sodi um carboxynet hyl
cel l ul ose, ethyl ceIIquse and cel lul ose acetate; (4)
powdered tragacanth;, (5) malt; (6) gelatin; (7) talc;
an'(l SrugRelivsredistemss (i¢ Rddion doppincditWilliama ﬁd\a@up,mﬁmmey
M#%R$(1968). oils, such as peanut oil, cottonseed oi
safflomer oil, sesane oil, olive 0|I cent oil and
soy Bepnsssatative examples ‘gfémtgnahswbwh 480 39T esApI nbpragbytiselly
acdb@taﬁﬁbl:ﬁrr&@sl Mélh&e bﬁﬂ&@ n@ﬁluﬁitéfcﬁ%r 8 fol Wit ((9) sughB! r%lblﬁ 2 lactose,

and et hy e esters, such as e
glusﬂsgtaglg gﬁ ﬁ.’; tafcg:&x gt,l@l aS(oPg) starg]a pod ]eq\_‘,at)) staate Q},cﬁéﬂose and
its dgbwatises, suvhhs &ﬁilﬂﬁ@%‘ékﬂﬁbiﬁyméﬂﬁlloﬁ@ e@prealiutbt BidRiulose

d d 16) f
g Oy St pf O pelai P huetEioiees syen o
coqod Q)Ittfe‘tdngl supplositing wax ¢ (9) qilknsiph as geabill ik EotfoRketdi oM Sufflower
o T B TE LB AP Ao 3 1) BEPbaen ssmromgpe oo
(11 polyols: sweh anglpearing sqrbminwammzll endspmwnylemglm (¢9)esters, such
as étﬂylmiém%my'l féﬂkatgqmcﬂg%i é P@?)uffﬁtmsg agent h%clé 2s magnesium

ar maceuti cal COprOSl tl
hypie A §omsiammeige: (Horelaih wda@a) pyrobamiied yater; (17)

isothici sABne (18) FPEb1R &R TR QlEoﬁ&f‘(zb ﬁa@@bd’ﬁ'e;' gkflﬁ‘tlons
21Pharna%5&t|c% ¥ acceptabl’e carrier an opt1 ona
(219 ryPRrgTsad popeljqn ﬁ@&%ﬁ?ﬁ g5 Slorgflugrpesgbons H@d wdroflegrpggrbons;

andL(EE)‘ atherdnonhiba6 dadparibid M:fb@taﬁ@a@ eﬁugﬁfj'e&lb Fll %ﬁﬁgﬁ%}l\g{% ?%mposxtlons

into tablets a
c a?ﬂl R gesace'étfcﬁ‘L‘é‘Hg%‘fsé dg‘ﬁ gt ﬁ“l‘%‘nV‘?rlPQn s tyigically prepared by
thorwoghyand oriatatgy mi:ﬁdg beEBleAdidg eqwupmtofthe mventlfoh mﬁ@rhe
arnac utic i of this .
phaf RSB ococh M1 RORAIARE Kb) Stiont DB Ricisy LencSpsstsy o desired,
the Sighitiak paifprivdy higoded nbdirecamhes bt kieipsd bofoadddialoasblets, capsules,

u@@%&%ﬁtéaﬁlﬁd Q. W ' the.form o
P aerosol” of agpo {:J.-ns é %a%c}xrrcﬁ%%n :ggrrl}vsenﬁ‘é“aéprcrcedmes and
cquipgitet-al | y adn1n|stered usi ng wel | -known delivery

deVih 86 embotiRe@Sthd pPReRNH &Rl éd?ﬂ%sﬁirons t?ﬁtﬁ%@ﬂoﬁj QréSuitable

VDI wd hal
for @]ﬂ& ‘IE trp @}. 3818 ed§1arr§a[cenlltr1]cala pqeqagpsgwgg foriighaled

adnmn'fhlmﬁoﬁeml tyficalIibe ih MeEBin OPan Ad6soPBEd FBARY! 58 compositions
rapeutl C agent is

i tion . conpr.ising.the th
are GERoRY aptbonis( SRy Bring e gf‘?’awn@ﬁﬁﬁy dovicthnich aF PAplizey inbaler,
a mﬁmﬁ-@e@@alzﬂmsw depdvidet ﬁ)&bley(mmdxthﬁﬁnﬂaﬁ&élﬁ&m cféfnce
| caus ar ceuti ca
O R e g L e b
°°ma§51&g ﬁies!:ber@mtw pgent iy adnadlstemdcbﬁ inkalgtivin w@iile’ asnebulizer inhaler.

cht &
S ug?&lh%é?a ﬁ%bgt??ésn @%ha er aﬁ‘e t P‘?ﬁoéﬁ |5a{%%§nlfsef
phaqmageyticn) emposition Gergpiising thedherapsiutio emnt joeaprayoasfaomist that is
carris@liritb i¥batiOhth @Espahio¥Pir¥ot. k'&@orhﬁ%fya%léﬁ SRR o PR 108

bq: Cr.o |zegla§d conbined wt
nebulizer inhaler, the therapeufic agent is typlcally dlssolved in a suitable carmrier to form a

solution. Alternatively, the therapeutic agent can be micronized and combined with a

22
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WO 2007/ 127196PCTT11S2007/ 009925 suitable carrier to
forma suspension of mcronized particles. Nebulizer
devi ces suitable for adm ni stering therapeutic agents

by i nhal ation are well known to those of ordinar
‘gi%"f"fmi"ﬁﬁthe art or such devices are conmer EfHPFE)07/009925

avai | abl e. For exanple, representative nebulizer

devi ces or products include the Respiraat Softm st

I nhal al er (Boehringer 5 Ingelheim; the AERX

Pul nonary Delivery System (Aradigna Corp.); the PART

LC Plus Reusable Nebulizer (Pan i GrbH); and the
suifgbjcecartieriie firmsemspansion of magrariged parieles. d¥spbsdrtdevinesfsuitable
forlbAfhihiBtefn SBRMbEAR 2ok B BlhaGRBR WicSFst I@f&g)ngg rtlﬂ)@!i ﬁfi_ordjnary skill
. aqueous solution conprising from about O. pg to
in the gjtor such deyiges #g commsreiglyayadain dF esfexpoplia tepresentatiye

nelflilieereliRE: 5BptbduciBbiude SRR BEPm AL PifaQfer dhBRAM:
In4 to a&ou 0. I n. anot her specific enbodi nen

5thepm); fﬁ‘&ﬁ%’ﬁ??‘&?ﬂnﬂ’{yr%el‘dﬁ’a’r%mﬁ dstie PRI LC Plus
RecableNebuligeri(Pai GRdIDpedithelidgent i1 s adm nistered by

i nhal ation ing a dry. powder .i.nhaler., Such dry.

o aabiefhtss Bl s rtafioR O iDL s e s el el
compéset aaKomnic @@edusGuiurion panpiding fad abf:;utcdi.meg/@lg,do abowd

ient's air-str.eam [ inspiration. In qrder, to

10 BB SoRbburlar o o P ibocftheot tvet Apiiqrenes S pH of
aboagdine abast 6ypi cal |y fornmulated with a suitable

S)e(;{n?%lgg%er %%%Siﬁc}i‘r%h: o@ﬁﬁaegl? gf t{tnﬁi%}rrt%:n%bn,r@é g%atrr%!aéeutical composition
comBiyamibe Heapcntigiarobs dmini 6Py enhabitind insiag & drgpowder inhaler.
Sudth®y $6kadiRhAab tpicati) Sahhe ﬁ:ﬁt%é'h’le& @%ﬁ:rggeﬁtsas 2 free-flowing

d conb th a lp a

g
m croni zed and. I hed W sulrtabl e carrier to
POV ¢s thah inflisnsered in ¢ BRicEt'S eir-strepmasiwitednspinatien rigiondsir o adhipve a

fre®@f8wRIERHOMIAIE Me tbrapdific 2BMRMN fyBikall} REmERMRRHEL, Qitable excipient
in nmcronized form 20A representative

orpula | i .20 : _
sucl s Rl S PRBBHI P B PP focts 691 P loupy a6 isero-elycolide
(PLiGHJadreombiiationssthsredll. VTypidal19,0ht 8k@e@icHdentTs SH@BhiZ&0and

icles a CO upd of fornmula I, .- . Such a .
corfiihid SR s lapfl RIS Row i b1k fiaBle orphalstiony Apeonginely, in
onecﬁmttg)ﬂh dirhey of the ilentias ehedoniponhe ome%anqué i'ncigliagﬁul Med aufsreh

t he . nenLs. tern | ve N
oo ko AR o TR ARGRE B o hac Tty Py deg ifinater
comgirispiofiy raifled legiopt amt mifieizsidgraninteui§izcainp@ind of formula L.
co intd b@erltheia [ iLnto "
onlalord Poder iR Gt b g S L O1) ibllining the lactose
Wlﬂgﬁlﬁémr&w% pespé andybem dey blendingthe spmpenienise Altertatively, if desired,
the BleyapBOVEIRleni (1A de Gorntl@Atbd RIH AN & Gpicat! | TIPS Bbutical

euti c agents by inhalation are

dni.ni stering. t ] _
°°“{?68FTPQ1'% ?Fo@%"' %‘%ﬁg@gﬁ?ﬁ migy 3yiliy poyrdendispenses, eriptophalation

_cartgidgds cilewpsuies faTuse GOMREITG bawliyr Vidbdyablige. For exanpl e,

re Hﬂr@% Qrtdgrt iinﬁgerdééfivgrg'vgg\er{cesi Qu% I%rfordaedl.n'ixir\gi%tre}/ing teh\t/a;ita%ggﬁc agenis
by inhalation are well known to those of ordinary skill in the art or such devices are
commercially available. For example, representative dry powder inhaler delivery devices
or products include Aeolizer (Novartis); Airmax (IVAX); ClickHaler (Innovata Biomed);
Diskhaler (GlaxoSmithKline); Diskus/Accuhaler (GlaxoSmitbKline); Easyhaler {Orion
Pharma); Eclipse (Aventis); FlowCaps (Hovione); Handihaler (Boehringer Ingelheim);
Pulvinal (Chiesi); Rotahaler (GlaxoSmithKline); SkyeHaler/Certihaler (SkyePharma);
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30 or products include Aeolizer (Novartis); Airmx
(I'VAX); dicicHaler (lrnovata Bioned); D skhaler
(d axoSmi t hKl i ne); Di skus/ Accuhal er

‘(A axoSm thl Ui ne); Easyhaler (Oion Pharma); Eclipse
WPEHIAEYF:  Fl owCaps (Hovi one); Handi hal er (QSQHP‘?OﬁE@P”s
I ngel heim; Pulvinal (Chiesi); Rotahaler
(daxoSmittiKline); SkyeHal er/Certilialer
(SkyePharma); --23-- WD 2007/127196PCT/ U52007/ 009925

Twi st hal er (Schering-Pl ough); Turbuhal er

(AstraZeneca); U trahaler (Aventis); and the like. In
Twighalgr{Seemssensh); Turaphalss (AetraZeotcal; Ailgahaler §AVentiy); and the
Jikkhe pharmaceutical conposition conprising the

therapeutic agent is adm nistered by inhalation using

a 5t eptherFpecitic prbpdimentqfdhs penfion thepharmasaaical s

coﬁlﬁcﬁﬂiﬁ‘ﬁi do{rp;ﬂisﬁ@h]@e{ ﬂ&a@eﬁﬁ%@&t@a&%}ég&e@éy ﬁa{ielﬁatic%n using a
er apeuti ¢ agent using, a conpressed propellant gas,
me&%&%%? ¢ ﬂ?ﬂ?fi’- SH% gy g@ﬁ&wwm@cbﬁw&%@ﬁw%mm
of Gsithgagutiesgneskinios @mm?be brdptynaixﬁ ghd. yzt\@efmﬁg'lﬁ,?h@n aceutical
g . sSpensi on e Lnerapeutl. Cc agen I N a,
coriflttin? AqRlei SHSP RHRE & hefced el Rl tap B Re & Sbtion or
suspersiral ¢fAhe thmapelsis agenginy diduéfied| propelignt. Any suitable liquefied
[ nd 10

prop et SRS néﬁﬂﬁﬁ@}&éﬂ%%ﬁ%m Shoh % CCLF, and
hydgofuerogikanss (A Aeosusaieh A dl.2 Htafingwathasn@FA 134a) and
1,1;11521,3,3,32he%ta31u§mhﬁ.?£@%ég QUBA 2B, Oﬁa@&,mﬁéé{@g vort ) - Due

to_concerns about chlorof| uorocarbons affecting the
chigpgharoraryens atfesting ihs crenedayesriosmpRiepsiqpRtsinagFF As are generally
pregendl AldditioRaldplibhA ComPektintd GNAEA BRtHuRRBhs HLRROBS S ISents, such
aS%% ExA fo;nulatlo S |nclgg$ co-sol vents, such as .
PRABT PBI vt SHECtafy Sudhassetbaiip Sloleaip plei acid Agsithign and
glytarimo|l eate, oleic acid, lecithin, and 15 glycerin.
Ar n [ V& phar eutical. c osjtion fqr. use
ARl BRI PO ma B BE s v et dpse
compyisghBom dFosthyl Web ghtut 5% &ycaigaona cafipfrekad famula 1; from
. .9 weight. £t hanol - ,and .
sbopt O EABNE D b S 88 that, ALK UH AN B e 5 o woien
suciREtEmt it thesemisinder baiug yHEA iBofMapt opel | ant . 20Such
COMMARBIchinPBS G Gurd %/rBicQﬁJ/ bﬁépﬁlree ggfg&ggg}émﬁ%lt)ﬂ;%?%miiéded

suri zed hr of | uor oa a sul

or re . ¢
hy OpaYERRe (bR PuiiaRlerentaer eorErinpEthe hempenic 2genthehasiol (if

predenf) apd ﬂﬁﬁiﬁf&ctﬁxﬁdiﬂp‘?&eﬁty{]f@tﬁﬁe%ﬂie d Qu%pagﬁi%ﬁ,ecﬂ% therabButic agent is

. prepare .a suspensi.on e rapeutic agent _is .
i Bue SR e i Propataty At RGP 9 i oadeddnto an
aerdsot canisédr) which forids @rpottiactdd rétbed aksERbaSOdeviaN St er,

ot st e5iRe PR beRs Qi Br S SE T hrome st by
inhadetirorarg well knepa trethepeftordinayskilkinitye drndrednal dofcea tr
conﬁﬁég{:qiaﬁ e%gélgé ?gpé&nﬁﬁe, %p%s@ﬁ‘t%&vé&&el’ed‘-fosé Pn% 3 &ev?cres or
products include AeroBid Inhaler System (Forest Pharmaceuticals); Atrovent Inhalation
Aerosol (Boehringer Ingelheim); Flovent (GlaxoSmithKline); Maxair Inhaler (3M);
Proventil Inhaler (Schering); Serevent Inhalation Aerosol (GlaxoSmithKline); and the like.

In another embodiment, the pharmaceutical compositions of this invention are

suitable for oral administration. Suitable pharmaceutical compositions for oral

administration may be in the form of capsules, tablets, pills, lozenges, cachets, dragees,
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commercially avail able. For exanple, representative
nmet er ed- dose i nhal er devices or products include
AeroBi d I nhal er System (Forest Pharnmaceutical s);
Atrovent |nhal ati on Aerosol (73oehringer |ngel heim;

WO WOBERI196A axoSmi t hKl i ne); Maxair Inhaler ( BM’USZBW’0°9925
Proventil Inhaler (Schering); Serevent I|Inhalation
Aerosol (d axoSmithKline); and the |ike. In
anot her enbodi nent, the pharnaceutical conpositions
of this invention are suitable for oral
adm ni stration. Suitable pharmaceutical conpositions

potvders,(uraduleaslof asiasblhudibh oNa BEspelior if shlgudons Bt @in-aqueous liquid; or

== GEPE I 9Ptes v BB Rt b BESEB ap SR S Pt B e
eachogtaguhgié pedctomminedsaspan st oeompovad of the@oesentdnvention as an

mxggqnéggggps I|qU|d or as an oil-in-water or
in-oil liquid enmulsion; or as an elixir or

Syr B‘Elenamndeﬁéorl rilendministatonrin aisvlihépsagpload €t @,rancmwles,
tab®D) Pifs f 1d BRTRUNNREchig gé}tgﬁ%‘i‘éoﬂs %?ﬁﬂzf P58 vl typically

active i ngredi ent. 5Wen I nt

COTRRAiCI COMRRLTGA thpPresart iveniiRss e pebivmingredient apd one or more

phaaseiitieslly io’&&itﬂil& carﬁbﬂs | $hcRBélsddign kit or didARium pho hate.
this invention

haraceyti cal tions of
OPF B e%‘ffﬁbi@ E%ngﬁgoraas HAYRIS9 OuEHse: (f) iers or
extamemtsmmsaardhbg 1msevwcro@gr@djoemnaaﬁﬂolpﬁﬁv&rsﬂm@1d 2)

‘ blnﬂg'?,r %Jéaxg lgnﬁytﬁygcr%ﬁglh "'lltfnb ﬁ%ﬁ%&?y yrro?ﬂi)rliler,nsucmse

anddgrt @ﬁﬂ&tﬁ?’)/hhcht@m bu@@ls Igwcdmdsa(gjadlﬁmtemtlﬁg)igéﬂtﬁ Such as agar-

t
agag%% egarb aCt Lat 8%aes ‘2%( ag%g% acld & ﬁga%n ﬁaﬁcagﬁba}ng!or
sodiy parbenatesi(a) so@m)ontwtn@mwgestacﬂmchss paraffin (6) absorption
acc@ﬁfé@&%ydﬁﬁﬁ By &aflrhd 9o b&:ﬁﬁ(ﬁﬁﬁds Q?j \?&uﬂ%e%% Y %/chBAL cetyl

yrrol i done, “sucrose and/ or acacl a;

ale§ol pmajer Y yeemmosteartcy (Bjahsesbenis. swh s denlinsanddordRniauite clay;

©) agﬂicax&lg,ébﬂmh §ble] cHIGASRANAS, PragROidh SteQfatel &ﬂid%?yethylene
certaln silicates

t h. d
T M S R e A R
hﬂﬁmmgagaﬁéln (6) absorption 15 accelerators, such as
t t
LR el Vs s B e dpe) P B o P el
per{u@)ing bgantsh presgyatdgs ndmntioadlants camalsobe b&ﬁﬁmm the phdraceutical
COTI(P%)ﬂﬁIDHQEfﬂ:J&%‘%nU&V Cﬁx@p%ﬁaétg:iha&?%%{mcgh g %8? Fﬁ% antioxidants

gneS|un1stearate ene
inclagefi(Lhivptgupauble amtfoam@nmamn@s moy@weé, ctybteine by dro¢iGide,

sodR BichiRge as@@iﬂ?nﬁnetﬁ@l%lfaléaodﬂﬂﬁ Eﬁﬁkéﬁd%ﬂ@ﬂ%% %9%%&11%?89' e

? nts, ttlng a ents, coatlng f eni ng,
antip 5 %?é\ﬁ asnﬁc?fé}’ RiniEe.dybrieed hyjrexenisale BRER ) abuiylated
hydesitytatudrdqBHT), Q&Hﬂﬂ{ PEOPIL A28 iphaltdbophsiol, and the like; and (3)
metQP&eEz'Ricng agen(is such as citric acid, ethylenediamine tetraacetic acid (EDTA),

sorbitol, tartaric acid, phosphoric acid, and the like. Coating agents for tablets, capsules,

pills and like, include those used for enteric coatings, such as cellulose acetate phthalate
(CAP), polyvinyl acetate phthalate (PVAP), hydroxypropyl methylcellulose phthalate,
methacrylic acid!methacrylic acid ester copolymers, cellulose acetate trimellitate (CAT),
carboxymethyl sthyl cellulose (CMEC), hydroxypropyl methyl cellulose acetate succinate
(HPMCAS), and the like.
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conpositions of this invention. Exanples of
phar maceutical ly acceptabl e anti oxi dants include: (1)
mater sol ubl e anti oxi dants, such as ascorbic acid,
st ei ne hydrochl oride, sodium bisulfate, sodi um
%O%Pé‘l?lﬁf ate sodiumsulfite and the |ike; PgJ/U52007/009925
oi | -solubl e 25 anti oxi dants, such as ascor byl
pal mtate, butyl ated hydroxyanisole (BHA), butyl ated
hydr oxyt ol uene (BHT), lecithin, propyl gallate,
al pha-tocopherol, and the like; and (3)
net al - chel ati ng agents, such as citric acid,
et hyfl desiewi, ﬁ;l_wipﬂ;errnmmaatmmnbsﬂt@n@l of Eaﬁﬁ)seﬁt mrebihchﬁhay also be
nd_ the |i Coat,in
forAh o pridd o 0 SIS kot A0 fod Angr B o R of

ag ents ets caps U
ex%nﬁdg dwydeagipropyl Ieﬁhbqueﬂulomn ivatying mropdrtiess; oebthed méener

mafifedl %%Ss&ﬁgsréﬁ%}ﬁngi‘gﬂfh pol yvi nyl acetate
pht hal at e ( PVAP Ir ox propyl met hyl cel | ul ose

pht h]aﬂdétt@ns %@h&@rwwt@alef@rrmom@pmfitw prgsent inyerticmgnay

optﬁﬁlﬁﬂi/ YorRAiR op&ﬁfylmﬂ z%%ﬁt A6eLAY Be tf‘érhﬂiﬁ{téd 2 th Qease the active
rbox nmet h et hyl cel | ul oSe r oxypr opyl

ingy Xe?ﬁ ?fsasé%l&@era% %er@ubmrﬁaq @f ﬂmatesuaﬂamphe

optidnkléy in H‘ﬂbﬁ@ﬂi?ﬁai%l9ﬁfﬁiﬂlé$w&@ﬁ§ d8mpositions I“fhzch can be used
har maceuti c osltlons of the

inch8 pEfEfiert U TR o€ AN R af Do i i aro-
ﬁncsmwatm fooonitf ppdrbpdate. olidase omfmdrh ef the hbm'dea@ﬂﬁd leRdIpients.

e b Bho PRI R TARLER YT st
phaggaqeutieally acvmmmulams, oricIPERisionp vehations, Shspensions, syrups
andadlistirk.| Sibn G Mk@é@ﬁﬁﬁy%fc@i%e 95 tfx% 0% écPent and an inert

resent invention may contaln p
dilugpt sich agfar prapnie, Wasenag e epluents, Nelubiliniag agmteasleemmaﬁers

such@$ éti§l dleB6E @HoﬁPd ?r!)ﬂtzfyhci QlinyR e &h645E tehi?ﬂ La/e«taté %eﬁ'zyl alcohol,

bm@&talnqportl g}aStTOI ntestln
B Prony s Btyep i dchor TR Yool i rses cofonseed, groundur,
corg igoraldilive, ewpP atd ids@hs oﬂﬂ)l glﬁce@ﬁnteﬁﬁn)}dﬁ&ﬂrﬂ Qﬁbmepolyethylene

bst an xs eatlvelnrelent
glyt%génﬁfglﬁé%y %Cééll %ﬁﬁngcgm 3l mﬁfs gl vsppnqlqns in addition to
the agtiyr dpgrediers, may t:dmtmnsu@rend?ﬁg ege@.ts Subk a8 6N akt BRC Eth B hted

dosage .forns
1503%1 Qia ili]n&% S | ncqa‘gg:e an% gor\\xg@q %g.? rzrg |n-|uﬁ@{;1|:y5tlaﬁ161ﬁ cellulose,
%ﬁmm@vﬂr@aidbybmx agbt-agoeand Bhgwsnth, and mixtures thereof, -
m Wﬁﬁfﬁi&eﬁﬂé&‘ﬁr 01?3@ Iagthgéﬁsﬂ%tmr? ﬁ){%ﬁ)&ﬁncﬁﬁ Y54 gmt?orl]lg S?g this

. elixirs. Such I'ca
invenlign may by eawlﬁ:fg%m it %@geafnnnn dhe temll"umn ﬂpsagmﬁinmameans a

phy§iellyRNAERE Gnit WalBle 0F d&%:%ec[ a‘iféhb/ ot éachiﬁlt %Pﬁdafﬁ.ﬁg

Imp% nt s .and enul.sifiers 5 such as eth
PreCCEERISH a2t ghattive et raleulpisg F%P’@du@t ¢ flesired therapeutic effect

eithdzle!ﬂmiplor ot aﬁiﬂﬁhatldaﬁﬂilb/bnet&ﬁﬂ&ahﬁdm&ﬁﬂ RiE Nor Bk MEQL  such unit

col (es ot t onseed,
dosaér oun nn¥u yeb ogﬂ}iesg éﬁl‘i’he? ﬁ}s doﬂc"‘%{%%r and sesame
0|Hb?Gm@pyudsofﬂn&m&mﬂhydmmﬁhmyba@hﬁmmﬁ%dummdmnmnyumng

id est rs of
m‘g’g %ﬁd%ﬁ leé‘%ﬁy ueﬁ%sa&tgh &y ée'%&s gﬁ%rp é‘ﬁ’élp nd °°1T’1i’1°“nd of this
invenfinn eands afgixedevigicpimeationgpnbelicery, sufmw pnmsrleae Elycol

poly%tﬂﬂ%ﬁ@ gihog Iﬁ&%ﬂlﬁ'ﬁl@ Qcﬁ:fba]lﬁag . ?c% %t eo?‘a ed into
i sostearyl al coho oxyet ene soT%lt6fn% J
a Pa@a PHFERKT ddivarsesystam: r%@@@%ﬁwwte siclugingsge]ling agents,
emuiiflepd MURHER, alay be Média sultPRiRBbrhRl AR itRA8 ir RAMkA.
tragacanth, and m xtures thereof When | nt ended
for oral admnistration, t#&—pharnaceutica
conpositions of this i nvent i on may be packaged in a
unit dosage form The term"unit dosage fornt neans a
physically discrete unit suitable for dosing a
patient, i.e., each unit containing a
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25 predeterm ned quantity of active agent cal cul ated

to produce the desired therapeutic effect either

al one or in conmbination with one or nore additiona
units. For exanple, such unit dosage forns may be
WQHEUIEYS tablets, pills, and the like. ThePEHNPYOHNEI2S
of this invention can al so be adm ni stered
transdennal | y usi ng known transdennal delivery

systens and excipents. For exanple, a conpound of

this 30 invention can be adm xed with perneation
enhancers, such as propyl ene glycol, polyethylene

gl yedditivoaldy, thercatmpountsaiyltl iivbitiircdn 08 @émibiktertd\farenterally,

- ol t.ed e
oty AR br LRl dol o Bpigiation.
cOIgmlmdn@ forpain 5is typieallyidisselved birecabifriaeceptabivafipr paarentsret

B B8 OB BT vaBEUB bl ot SRR, myoRyof

il Tushtione ApBirALEIoBns campasitiompemieallyrronwrisise setite Aqustey ml;htlon ofa
coRPERAR ER A T, ivhBrein thB E&lﬁﬂ&{‘ﬂé% inHOEH t F@BP&%& ¥ toUbout 7.

i nt scul arf For parenteral adm nis
n{}ﬁ FeFdo ePB‘F‘Rﬁ‘F‘HJ‘SIUf fhis Wﬁﬂt@almvhﬂ@mlﬁte@dmccanbmauon

wﬂhaahé befnoRGIRR tiRRhRulio bedd®y, TAUES AhbAAMER 8 LA of this
il e water vegetabl e oil and the

.as. . ste i ne,
B o R B B R R e S oL el o sposition
trt:cnqngl $othi agents;yqrieact dtgencxa @iff]{sbxﬁeﬁ scpatitend| cﬁstﬁﬂt»kﬁﬁiiﬁh sitions
20 or mu in the
Whgglailﬁ I on ﬁ%&"%atgghﬂ%) eﬁwsém PERgRUs bforzfﬁ%'ﬁﬁn%ﬁ& o about 7.
| f Bersixpmple, 4 ¢renpomg of fosubfI dahibe combinad Mxh smd Iﬂ&rapeunc

A e g G
congpauid phfenplad gnil ¢ se¢oni dhergrieytic esol. yAddisiehlly thh therpeutic
agefishdy BJE%BI%%HMH% @ﬂ%a&e%hgeﬁ ﬁc@e g%ﬁ@%éﬂ 19 BortrCa

cont ai_ni.ng both agents; or each I'S present in

phagmacentical composgtion qwsmmm%@f farreln I,ar sscond therapentic
ageﬁ(imdl’ii ﬂﬁﬁﬁ@@uﬁd&ll&'&@c@%l&ﬁfn&' mlihisaé?ﬁﬂd%éht,%e components of

r}é é’ﬁ or exa a compound of
e af% lcaaya%f %%ﬁ ahwfé*.la%me dhe physical
mlmg‘e i thers adnginistenactinta tﬁ&&beﬂﬁbﬂ@eﬁ%ﬁﬁe aRcure ﬁé{h? Hi%ﬂ&f th® routes

d &,ﬁﬂp onposition conprising a conpound of formnula
o nd a R segncond therapeutic agent. Additionally, the

t h e‘ﬂéﬁp@ﬂl:wb/, 8 thgaprugic apaptdvay enibinegatie Mdaistinet before
adnRRSEIRRY Eﬂegﬁ*lleﬂ‘c %ﬁﬁ@éﬁp&fmgﬁr ﬁa' %{er%)%ut];g L ath nés are not physically .

phar maceut | I on conp
mixed fqpaihgr heforg aé@er@ﬁaatnon dubge atlmmﬂgreqh Emmlidn@usly or sequentially

as sﬁiﬁt@a&ﬁﬁﬁsitﬁﬁk | ¥oPEGRPIAREm @ﬁrfd' Rorrchdla § QinSe admlmstered by

nt, the conponents. o he conposi tion ar

c"éﬁ’ AR PToratmE A ith @@P@"é&l@a@uﬁﬁ pEGE awng an
mhaiat:bohlﬂiaﬁverj}' devighthat &aplofd sebita® dosaphi@Bna d1L. mlﬁﬁﬁﬁﬂs)' 1Br each

therapech ag%)g é S al l &gft];é$%qiv§at§)g?#£}be%%#g%ﬁé%%ygmg sepappde
delivere dejesst i.c, cmgel&hseryﬂyvxbeﬂ‘meac}ﬂﬁaapa&ﬁ aged. didafionaly, the
trerBRh00 el TaRnp LEM Gl Beklif PRI hamlbobBS Lo onc by

era
mha*atWP%é@IﬂIemh}wr%@ﬁmresta@innm stration but are

ad M‘ﬁér@ﬂeﬁgc §é§éﬂt‘ l:&ﬁﬂzﬁﬁ)gé‘krﬁh Qle c%?%ldgl% Fileor resgnt 1Pvent10n may

separ at e conposl tions a conp
be upesimpabinatem v la‘amqmpsmeri%dn@;pamcular cxmbodiment, the second

therapeutic agent is one that is effectively administered by inhalation. By way of
27—
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25 inhal ation sinultaneously or sequentially wth

anot her therapeutic agent using an inhal ation

del i very devi ce that enpl oys separate conpartnents
“se. g | i ster packs) for each therapeutic agent.

A 2087 REYPvel y, the conbination may be adm nFSTEPEEF/009925

usi ng separate delivery devices, i.e., one delivery

device for each therapeutic agent. Additionally, the

t herapeutic agents can be delivered by different

routes of adm nistration, i.e., one by 30 inhalation

and the other by oral adm nistration. Any therapeutic
ilhstyatidn, mpmaltaﬂweetywstdﬁtﬂd@eummuﬁdsat@faytbhasw\eﬁleﬂie

coxhgglﬁﬁg 09 {i.]usrfﬁﬂyentl?i i1} 'ﬂ:l?b e ,ulﬁ.g %108@ It %at t% ﬁ:{, -hrgf Cact)% agents, such

unds
as ﬁﬁ@r%%m@amg@mry asmtﬁ(@wﬂmg vcs’ne:fsfeemls and| gjucocorticoids), non-
steAdE Bk %ug ¢ W,
2007/ 127196PCT&68§007%0992% Ut at‘a’osrfb"‘”Dl dilators, such

as PIaE; wdiiifors pdegosippazmedulpiry @6&3 pdreneygfe meosptohagoniatsy
antﬂﬁfeblﬁﬁchg‘éhtts Rkl 8s GRIEPAMINGR: Rtiblolks driNREIRE ahidGbiideana

but are not limted to, anti-inflammtory agents,

antgyiehagsatss b amincs REqtSash mhaiors effgronigueniers fash peBk Agpnists

ancbﬁmﬁ'dlﬂﬂﬁh&fdﬁladﬁs ;2R d n@lstlEREOFb et A SaoniRe (St Rb Rh &8k agents).
o :e?f | @en?%ff; s S Nx%?ggai elgﬁg?d o art, Suitable doses
for |ﬂm~ntb¢rttba_=rsgeuad egmnty aieniRibtermdn Ic&:hbi_h_ﬁh@’tMtH 3 2ompound of the
invBRUENEL ol SERE RlncB BPIGRE 6105 ey B S50 46 R0
ant Mﬂ partiqudar eairbd'dmt of thix| inegéint,st compbivd of famnde §j ;s
adiinRiEatH cbﬂllﬂhﬁhsﬁ’ a%{efr&ﬁﬁgh&x Bl AGKALSD resniative

agoni sts and neuro CI nikn no a ors; W nuscarinic

examplesisit steroidnl sptdintananitenyagents S1at pa bty wedipaorbination with the
cortpSTBADMNSHE Wﬁ@l@ irfefuds l{ga? ek ﬂf?ﬁ% {eC @lﬁ’{ﬁﬂ A a(_)st@{ﬁ@dlﬂfdp onate;

nown in.the art. Suita doses
%%ep Btixacon geamienaies) %%1@4 ?‘érrﬂblitﬂliee?hﬁ(ﬁlsx)l 6% Iidifinoao-11p-
hydmfypm,m@nemﬁymﬁtgmdammmeﬁrs &Eee(mw@hi ci!crés&ﬁ@e range

of bout 0 about . 500
F@F a&ﬁg%ﬁgisﬁg i‘é -yl qﬂ%&?éﬂ@%ﬁrl){%hzqfﬁw&%meﬂm-
3- omfmﬁmsmn J-dlenkg 7&&%&@&& bed &ﬂh&@ﬁ&hﬂfwep BoWat dft@oro-11p-

st eroi dal fl t nt presentative
by g et bad Broadho il Hiafe RS Rabompoagen P cpiReia-1.4-
dlextﬁal’ﬂ ﬁb@rhmiadxcl amd:&ﬂ’ﬁdnﬂﬁiet}@r[l eétbﬁ, Ba B@-@Jfﬂlﬁr&i)mlﬁyﬂigﬁy Oa-methyl-

% ?- clug but Jlmtgﬂ

he g Shece e 3ed GHxocor t
oxotﬂt@pyrbn@t@,-BS-yl) ester ﬂumsohde ﬂuticasone propionate; methyl prednisolone;
X oro-11Ph

mora?t%(oll@?m%&? %@ﬁt&%{dlh ? Gglr élg ég omﬁg,aS’lﬁ gé %1amcmo]loney
acet()gpg_ gy lilye, OE‘P}@I’@S@‘WG@]Y atesnrtie sedlts dreesof.  Such steroidal anti-

mﬂzﬁﬂmﬂ@r)détgehﬁ%@cé&ﬁemmlly avaﬂable o Jﬁl‘) 23 prlegared u5113I ??vgr)l(%onal

‘gr&gf uranyl car bonypoxy] -
Proqggiss fa rrageniyy divs em@eea? B@Phﬁata%alulcusa of steroidal anti-
infldmihhtdBF %&Wﬂea@ﬁﬁeﬂm Iﬁ@ el N, 895021083 35suéPrune 15, 2004;

us RGN 759758 BE ntned Sy 6 2008 1 astsny Moot 538 e

Margh 15,22008] U 8nBatémtOesdiciidn iubilicatadi o. 33§ 200210083 7RYA 1, published

FEbrgg[tyg{f é"?% lﬁj%? Befirfﬁceﬁ cﬁ?dot%ﬁref%a nmet hyl 3- oxo- 17a- pr opi o
ny Ivﬂmmwathm sttraldal pet-dvlSnmatolyoddahiais typamllﬂ administered in
an a\(ng)mt(tgat IQ&%% 4 ﬁJEYa‘BEanéAﬁ?Be c)é&'zz %% tv%r cO- a&lanJmS ? lre:c‘f.j with

fluticasone propi onate; predni sol one;
nonet asone fitroate; pr edrTr%?O“I one; predni sone;

rof | eponi de; ST-126; triantinol one
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25 acetonide; and the like, or pharmaceutically

acceptabl e salts thereof. Such steroida

anti-inflammatory agents are conunercially avail abl e

or can be prepared using conventional procedures and
WORUGERIYS For exanple, the preparation and BSEU8H007/009925

steroidal anti-inflanmatory agents is described in

U S. Patent No. 6,750,210 B2, issued June 15, 2004,

U S. Patent No. 6,759,398 B2, issued July 6, 2004;

U. S. Patent No. 6,537,983, issued 30 March 25, 2003;

U.S. Patent Application Publication No. US
coRPEHIGT 183 Genfibn. Pyiibalphed stediasani-idfammR B8R agemdvill be

3 e ' therein. . en e} egs e
st B REE085H, SRR i e SOy B S0 e
doggdmi ni stered in an anount that produces a
t he o i6hal . . -
o TRERALE o bkl s st pompoidons o
the preseplopventiowo25 conpound of the invention. Typically,
the steroidal anti-inflammtory agent will be

E adnkgistered in an anount sufficient to provide from
xaWBlftA0. 05 jig to about 500 jig per dose.

Dryirewted Coipogtiexanpl es il lustrate representative

phqgnaceuti al cqgﬁp%itLons_of 5 the present . . :
i nveRtPSHZCELARRPEd AL Bie inysntian (1Q83RpS plendgd with milled lactose
(25/%) &g bwiozeith velticlp oote0dr thdherboBVEt boihe pARRIeFHAvel 5SMMD of

' illed | actoge 5 e.g., lactose
sttt 8L thdull off s B 1 e B J v it et by AEMEAARE foss
thend§ el VhiNblmitiedbiitiredd igaldade@bes indBRnANMb s B4 peelable
bﬁé§sscthan 15@6oﬁ§ﬁhe particles have a MAID of |ess
R EACKLE 3p Ao Jultiqend fo prgvide aboirtd Oing te pbeptiS8A uaof et o
compuaind bfitha invehtict @srosd. FhetoflcaR|o? tRIUIBicR ard 8fikinlsBr& using a

. syfficient to provide about 10 jig to about
&y%ggggﬁﬁég?uthe conpound of the invention per

dose. The contents of the blisters are adthinistered
ExdiShid® @ 15 dry powder inhaler. Exanple B Dry Powder
Conposition A mcronized conpound of the invention (1

Drbgy’ow#rﬂ?@nﬂ@éﬁw th mlled | actose
A micronized compound of the invention (1 g) is blended with milled lactose

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

dose.

Example C
Dry Powder Composition

A micronized compound of the invention (100 mg) and a micronized steroidal anti-
inflammatory agent (500 mg) are blended with milled lactose (30 g). This blended mixture
is then loaded into individual blisters of a peclable blister pack in an amount sufficient to
provide about 10 g to about 500 pg of the compound of the invention per dose. The

contents of the blisters are administered using a dry powder inhaler.
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20 (200 g) to forma bul k conposition having a wei ght

rati o of conmpound to mlled | actose of 1:200. The

bl ended conposition is packed into a drY powder

i nhal ation device capable of delivering between about
WMHUPTH about 500 jig of the conpound of FPREUS2007/009925

i nvention per dose. 25 Exanple C Dry Powder

Conposi tion A m croni zed conpound of the

invention (100 ng) and a m croni zed steroidal

anti-inflammatory agent (500 ng) are blended with

mlled lactose (30 g). This blended mxture is then
ExagydeR i nto individual blisters of a peel abl e blister
Ma@{:ga_b&quhg,gpggk Hifu%hc' ent to 30 provide about 10

jig to, about é’a t he conpound of the invention

per Adéscéomziﬂlﬁké’o@@ﬂmfsthfbmvmtt@nkﬂl@ B} s dispemsed in a solution prepared

by AHEHIRInG L&
¢ a%{a% d(lfgﬁglc(?' 52007/ orc?g‘g%g@ Etiﬂa(ab?hﬁ‘r% %‘%Igs Njng guspension is
SPIY AL PG IRy iTenigd to form a micromigrkmReitien GeropmUngyparticles

hatih@a ineue ﬂiam@fbr lcl*.Qtlﬂil absutdisSpar 186 rrilé}oﬁz@tpédtﬁﬂogﬁon is then
loae%red% S8 lving |ecithin (0.2 @),
g ‘”?126’6 mm%@@ﬁ%%ﬁﬂﬁé 2-
tetsflsgecthamrinias aﬁogﬂfsﬁﬁﬁdi’éﬂt eflpreide LHAR 107510 Etbctﬁle Q?d Rg of the
croni.ze c ising particles
con B P MRk ErrePal e bR oube ool phdosy fater
m croni zed conposition is then |oaded into

Exﬂﬁgﬁarﬁd dose inhaler cartridges containing
ssurized 1,1,1,2- tetrafl uoroethane in an anount

Neg‘eﬁifehﬂﬂemosmnprow de about 10 ng to about 500 ng of

t he A%g}geﬁ&ﬂﬁoﬂﬂc o6t AEH 59 %o i E)lv‘éﬁ ﬁqecﬁéﬁa‘te %ﬂg? 4G5 D

adm ni_stered by the netere I'n
isotenigespling @25 mEgnBbe mixtere instmedyod mdniofted trailithr/emigoond is

disdoBdMhe ipBI SHHSSQHMRA ik Bheekdd Q‘Ideadﬁﬂfeﬁ,ei'f ﬁgce(sﬁﬂz, o) pH 5 by slowly

adding aqueous 1N sodium hydroxide. The solution is administered using a nebulizer
device that provides about 10 pg to about 500 pg of the compound of the invention per

dose.

Example F
Hard Gelatin Capsules

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

Example G

Oral Suspension
The following ingredients are thoroughly mixed to form a suspension for oral
administration:

—30--



isotonic saline (125 nL). The mxture is stirred and
soni cated until the conmpound is 15 dissolved. The pH
of the solution is checked and adjusted, if

necessary, to pH 5 by slowy addi ng agueous 1N sodi um
VY%%PPBW%%. The solution is adm nistered usi RETHS2007/009925
nebul i zer device that provides about 10 jig to about
500 ug of the conpound of the invention per dose. 20
Exanple F Hard Gel atin Capsul es A conpound of the

i nvention (50 g), spray-dried |actose (440 g) and
magnesi um stearate (10 g) are thoroughly bl ended. The
r eslfar¢digpteonposi tion is | oaded into areumd gel atin
capstute—{t560—g—of—coerpoestton-per—ecapsu-e)-~t-hat are
adm nistered orally. 25 Exanple G Oral Suspensi on

The CeBIpe ofghe ingretifivent s are t hor ought.§ gni xed to

f or Paassisensi on for oral adm ni strat(;_g)%;m WO

200 /%1}27196P,CT/ US2007/ 009925 | ngredi ents unt

Corrg‘& % BforidRe i nventionl.0 g Finnan %@&d0.5 g

Methyl paraben 0.15g
Propyl paraben 0.05¢g
Granulated sugar 255g
Sorbitol (70% solutiomn) 1285 g
VEEGUM® K (magnesium aluminum silicate) 1.0g
Flavoring 0.035 mL
Coloring 0.5 mg
Distilled water q.s. to 100 mL

The resulting suspension contains 100 mg of active ingredient per 10 mL of

suspension. The suspension is administered orally.

Example H
Injectable Composition

A compound of the invention (0.2 g) is blended with 0.4 M sodium acetate buffer
solution (2.0 mL). The pH of the resulting solution is adjusted to pH 4 using 0.5 N
aqueous hydrochloric acid or 0.5 N aqueous sodium hydroxide, as necessary, and then
sufficient water for injection is added to provide a total volume of 20 mL. The mixture is
then filtered through a sterile filter (0.22 micron) to provide a sterile solution suitable for
administration by injection.
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5Sodi um chl oride2.0 g Methyl paraben0.15 g Propyl
paraben0.05 g G anul ated sugar25.5 g Sorbitol (70%
solution)12.85 g 10VEEGTIMr) K (magnesi um al um num

silicate)1.0 FI avori ng0. 035 i nL Col ori ngoO.

M VESEELE vvatgrq s. to s%OO nL 15The result|1%5“‘[}15:’;’90'“'['09925
suspensi on contains 100 ng of active ingredient per
10 nL of suspension. The suspension is adm nistered
oral ly. Exanple H Injectable Conposition 20A conpound
of the invention (0.2 g) is blended with 0.4 M sodi um
acetate buffer solution (2.0 rnL). The pH of the

Utiliggul ting solution is adjusted to pH 4 using 0.5 N

egus so
ag u ?gglé ﬁ&%g& ﬁf; tgfglsl’fsf%e?lﬁbg gg%esgh %th"!} uengrglecnriece\:ﬁaqr éftlgomst and
S eAiniGy eemqr@ntagsmmmty mcmlwfam saclt whglounds auerexpetied to be
use%ﬁ)l dgithermﬁg%%hﬁrfgr t')ré?atuhg %Qedgéa éo%dl%% gg{e %%H bPrLEitgl (glﬁh‘l..rgm

filter ovide a's €S0
Te%nfpfsalslmélwmm%cmmmesm@m norbmqmjﬂmt tie@meliorated by treatment

with a B, adrenergic receptor agomnist or a muscarinic receptor antagonist. Such medical
conditions are well known to those of ordinary skill in the art as exemplified by the
teachings of Eglen et al., Muscarinic Receptor Subtypes: Pharmacology and Therapuetic
Potential, DN&P 10(8), 462-469 (1997); Emilien et al., Current Therapeutic Uses and
Potential of beta-Adrenoceptor Agonists and Antagonists, European J. Clinical Pharm.,
53(6), 389-404 (1998); and references cited therein. Such medical conditions include, by
way of example, pulmonary disorders or diseases associated with reversible airway
obstruction, such as chronic obstructive pulmonary disease (e.g., chronic and wheezy
bronchitis and emphysema), asthma, pulmonary fibrosis and the like. Other conditions
incinde premature labor, depression, congestive heart failure, skin diseases {e.g.,
inflammatory, allergic, psoriatic and proliferative skin diseases), conditions where
lowering peptic acidity is desirable (e.g., peptic and gastric ulceration) and muscle wasting
disease,

Accordingly, in one embodiment, this invention relates to 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 formula I. When used to treat a
pulmonary disorder, the compounds of this invention will typically be administered by
inhalation in multiple doses per day, in a single dose per tlay or a single dose per week.
Generally, the dose for treating a pulmonary disorder will range from about 10 pg/day to
about 500 pg/day,

In one of its method aspects, this invention relates to a method of treating chronic
obstructive pulmenary disease or asthma, the method comprising administering to a patient
a therapeutically effective amount of a compound of formula I. Generally, the dose for
treating COPD or asthma will range from about 10 pg/day to about 500 pg/day. The term
“COPD?” is understood by those of ordinary skill in the art to include a variety of
respiratory conditions, including chronic obstructive bronchitis and emphysema, as
exemplified by the teachings of Barnes, Chronic Obstructive Pulmonary Disease, N. Engl.

J. Med., 2000: 343:269-78, and references cited therein.
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WD 2007/ 127196PCT/ US2007/ 009925 Utility The
conpounds of this invention possess both 132

adrenergi c receptor agoni st and nuscarini c receptor

ant agoni st activity and therefore, such conpounds are
WOPEEI2EHet 0 be usefiil as therapeutic agent SCTYP2007/009925
treating nedical conditions nediated by P2 adrenergic

5 receptors or rnuscarinic receptors, i.e., nedica
conditions that are aneliorated by treatnent with a
132 adrenergic receptor agoni st or a muscarinic
receptor antagoni st. Such nedical conditions are well

k noWihencadirfiaisiered foydntchlatianyths chﬂnbodﬂds bhisdihtentidn typically have

the,eé&?éép&f er%@br&{ﬂc%o&ﬂ?%p g\%%or%gﬁa)gl ol %Bsé of %snla;cthod aspects, this

Muscarini c
m"ﬁ?ﬁ?@fﬁl@?ﬁ fe amﬂ@qﬂ Qf@rodum&Fbrm@%iSMaMﬁm 4 6@miria® 39 method

cmﬁBhéﬁ? Edlﬁﬁu&@énng 15 Haﬁﬁﬁal E@Sﬂg&ﬁdn%nﬁcgﬁlg%g q'ml)gnt ofa

Pot en bet a- Adr enocept or Agoni i
Gf’lﬂﬁ?'g@cﬂf %%ﬂa Eurensely, the dosafor arodpeiag hroncisai{iation will range from
ab&ﬁﬁ%@fﬂaﬂ&mt 5@1@@&@; erences cited therein. Such - .

w@W cqultﬁons I ncl ude, by way of exanple,
pul NOFEMe SRapet Aefits bs SRR of i VaiR are optionally
adminieersd b @n&nﬁa&ﬁn witlfbihd£ iﬂeﬁ@eut&i’é}génﬁ aB&HiQ o articular, by
awﬁcﬁ&éﬁft ?ﬁ# nqﬁ%ldlsease chroni c_and

wheezy e of o fisdmymper wil a Sé??‘ﬁﬂé‘““ﬁ%ﬂaﬁ%‘ﬁ%\tf’v agent,
triffle L‘IEWIYSI almbaﬂfbﬁeﬂgidﬁecep@r@bmemﬁbﬂ Qﬁi&ca&ﬁud RE¢pistSntagonist

e or essi o tive heart

ac “%ﬁ?é" ey ai’gé%‘ % &2y be a‘i?‘hfg’ﬁ‘iw phly twa fhegapgitic agents.
Sings thwtlaaicbompokmﬁm (aﬁd V(&nblhmib:ﬂ) é‘cﬂ%ﬂﬁé two therapeutic agents
a.re%gélw é%gi%r W}g 01' aur n.re1 s eerr g?mg?{fé gy I > d rs)lgsr cao?lltalnlng

pept i ¢ o gas ur'e
tbf??a@ﬁaﬁ@“@laﬁ@ﬁs @Chﬂ@mommgﬁ}t composmensemm& ar@ptificithnévantage

ovér%&ﬁﬁ&&ﬁ&hsﬁ:%hﬁlr&?g ti]&te%é&%élﬁg Eé]fts tz&&%&ﬁr@y % %%amcular

ul.nonary di sorder rrsin
emboftimRnts thembAmnacertisal romponttiops CrEbiations and arclsnde ofihis

invbRemapRbdriceiplive £l Xtﬁl-ﬁ{ﬁﬂﬂ'ﬂﬁat&{y n§6&°”p°“”d of
na

forgula | . en used to treat a ry disorder,
t heSREREBRRTadyef thisiayeptigrpessess bmm 82 advepbxgid dgpniskactivity and
muﬁﬁﬁhi&lrs&e@fo@ Gnt*agoﬂn&t&@dlﬁﬁ‘ Qtﬂ:h' d&dﬁéhﬁdspirgalg@ﬁs%ﬁﬂ Q?{*es%ﬁé'h tools .

si.ngl e dose e a single dose per wee

for &"ﬁ%‘i‘gﬁ‘PP%"f TR IR %@%%gmaplpmhmzwdmnm@@pepwrs
or rmudchnﬂila Bgeptbf0 mmﬁﬂﬁﬁj} Quit SrEhntP 2ré As O bscral %ﬁng assays to

dis % %¥ In one qQf its nethod aspects,
TON e A3t SAMPIS BRVE CorpRPUR IR virsbeth By pdrandraig aw-‘ampfevxty and
mushdiic edehioe aﬂ:ﬂﬁdﬁi’sﬁ! aﬁti/wﬁf' ok BicMzichd Eﬁs‘i@xs Jrrégmﬂﬁé Hﬁ&i comprise

B gmnpr|5|n%%adn1 sterlng to a patient
2 PR R RITE PRI (2 </aF TaRaeripic rﬁ‘f?BEm"‘r’ HRY au@bwﬁac@fsystm or

sarrfply liﬂs}'ir% ﬂz adfeRBRiAdddYor dRearflfs feck 5rstrﬁ£ﬁ$e' 1SS H D Qeh studies
from about 1Oﬂ_ g/ day to about 500
aﬁa:s,an’g§ teﬁ&?cﬁ?r in vitro or in vivo epresenta.twe biological systems or

samples suitable for such studies include, but are not lmited to, cells, cellular extracts,

plasma membranes, tissne samples, mammals (such as mice, rats, guinea pigs, rabbits,
dogs, pigs, eic.), and the like,

When used as a research tool, a biological system or sample comprising a
B2 ad:renergic; receptor and/or a muscarinic receptor is typically contact;ad with a B2
adrenergic receptor-agonizing or muscarinic receptor-amtagonizing amount of a compound

of this invention. The effects on the biclogical system or sample caused by the compound
33—
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30 "COP])" is understood by those of ordinary skil
inthe art to include a variety of respiratory
condi tions, including chronic obstructive bronchitis
and enph sema, as exenplified by the teachings
VLA 19g:hronl c Obstructive Pul monary Di sea8 gT’UWOW"O”ZS
Engl. T. Med., 2000: 343:269-78, and references cited
therein. --32-- WD 2007/ 127196PCT/ US2007/ 009925
When admi ni stered by inhal ation, the conpounds of
this invention typically have the effect of
produci ng bronchodil ati on. Accordingly, in another of
arg then de¢rhinkdas peetwed uhng canvetivinabproteeiusds @Ad tquipment, such as by

Fi sl ng
ﬁﬂlﬁﬂ@lﬁf& h@@y beby deicypriviig dhamgnamb qﬁtromfhoarc&ouowpmmd&d by the

001§1851{Hd| on@ﬁ ﬂ:lst:n%ﬂ asgﬂﬂn ?1? qu[r R l%g%u%tﬂg /hgand-{nedlated

broncho at| om abou
chapggy i agygct}qng]/ aéaa}y include 11gand\y§@qqhqjgb@haggesan uu@pdpéamcydlc

ad@RenE momﬂmgam@@&m)p ilgetdal-tﬁedlﬂt}é@ eﬁangég lara@mqa,tmm%dz

adg; y%t ere in conbi'nation wt anof her ther apeut |1 C i
adeny by yeipse {ybich synthesizss cAMEN %&aﬂdﬁvdﬁ?ﬁ Hhaggesip H@OTPH@'HUE of
gumm@ihe ﬂﬂ@&ﬂﬁtﬁ)ﬁiﬂhs@pﬂaﬁb\/@ﬁﬂm 9y ihild isolatb@ fRhenes via receptor

co b BT RE k0 e PR B b oot

ca[plguepn&‘ﬂm@ma@dm &ta;@d)et, MMhta)ﬂta;micai&E-ﬂmk&f ARty reader or
& acnl.ev two, t eutlc

I:Lﬁ;ﬂe nf%qgm%l %%231. eavrwr‘rgflclgu d caI egg{r?pg'dgﬁ ‘%i‘ﬂ RS 8itich arc

6XR99W5 tnagontre Sy cosn taatmmtmg of ar\bz idmtea@e b&cbptoﬁgﬂrmgaime or
ni st

| d
de%%%% glr%e géfvagi%ﬁ Ig‘? Cl)ltgl Ocnrgc mat & %mcflﬁ?ain as st.welfsgerﬁlgﬁﬁl% orin
a@éﬁtas"rlfméﬂ!@hMmemm Qf@hlp umenmmnmlmypmme:@sed in these
stu&tlezgﬂ' fdoﬁ@éllﬁraﬂgjy %‘gﬂl%%ro]’é atQ) £h. l%gﬂ&gﬁlﬁt fooaﬂéutci%ﬂtngﬁo%cﬁgr

three therapeutic agents Accor
par fdditiprallyeths sampevnds of Hés wﬁ%mm@eubﬁ caﬂld a8 resoaxch tools for

evahQBRE Sihbt dfnical eBRbHRIdS, Oﬁwsthﬁrhg?tpé? Bmg ?m%fm&rh L 2ompound of

mvg}ntlon further co ri se a eroid

fortgilil 1 ief 4p a3 dyBhessay to allow osnmsqw%ﬁwﬁaéts gbtained with
2 testofnpofi®Md 188 cPRPSERIS G hnILR r&%ﬁﬁﬁﬁgl {5, aﬁ%@fgﬁ:treceptor

ctivity .and rnuscarinic recept or antagoni st

andrimgsegrnic waaHorRigE date (aprdetamingd, fog pxamnle byds wioc h
radio(hg:hﬁl cﬁﬂ)l:io@mehﬂ’}aée@is) S2kitdfcHipdiind @Y b REhuBio? tRBEmBounds is
comr% | rrﬁho[%a?%np es ha\él ng ,132 adrenergi c receptors _or
FEedde e TP OTEP %%P%ﬂr SHararipic wehenioripgibg fate for 2
congroend) eﬁfou'hu]iaﬂ tﬁ Fdeﬁﬁfyl th@scasss AyBipduddel HREBMRdesifBle binding, i.e.
kg G S R B et ag&wla Lifany.
Altmatmm for esamplebbmhd@'pmd:cnsy sfferis corbesterapingd i ytest
conﬁn%gpc{s' 28 al% gﬁr?cpgf ﬁ ulag ?El%gléh S;//S ron%s%?%rblgm % and

receptors. ogl ca
thisglgtgsoapheed |t<i>1 8&8@/ taﬂ cempewyids pravikdiog abnns equal of superior

broﬁc@.@ﬁrme@.ﬁ% Mtsb erE RO tHeNnwdd®ibn ?&cﬂﬁe? Ss s%a‘fg]e ents,
b t%on ducted either in vitro or in vi
°“R§b & gEfrattomad cpmppidyndlale (asias mpmopglaw%ss)gad fihe
analfysik oStB&hes‘SBétQ tceﬁlehtm@tegiieomp&{nd%?mw&stl imted to,

ceI cellul a gc%ct S, nmbr anes, tissue

P BESPeqic AP GL P St i SoulBREGS Of i G b Frgonstrated

usugafbboﬂsstz vitagsd zplvg& asgys wkll kﬁﬂ@ln tdiobd dfrd iBAVRRIN ik SRhrt.
as a research tool, a biological systemor sanple

conprising a

| méle nQ i i l%i&loﬂ'ﬁ&loﬁg i n Sl?éadsls,%.,}%toltr %ga&d;%lﬁﬁgn%mgngeg igea .
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P2 adrenergic receptor and/or a mnuscarinic receptor
is typically contacted with a [32 adrenergic
recept or-agoni zi ng or rmuscarinic
recept or - ant agoni zi ng anount of a conpound of this
W%@Sﬂﬂ"b"ﬁ The effects on the biol ogical Sygpgw@pmﬂsms
sanpl e caused by the conpound --33-- WO
2007/ 127196PCT/ US2007/ 009925 are then determ ned or
measur ed usi ng conventional procedures and equi prent,
such as by measuring binding in a radioligand binding
assays or |igand-mecliated changes in a functiona
F oamgpl@ retiygsenietiey agsaisrage ddseritsmin fitrthef detail in the following
faghoprotection provi ded by the conpound in a
bronchoprotection assay in a mammal . Representative
I i gand-nedi ated 5 changes in a functional assay
i ncl ude |igand-nedi ated gn intracellular
cycljc_adenosi ne mpnophosphat e (CAWP);
| i gdhefoening Rrgpaptisny@ad Examples giepyovidedith dlustaty pecific

mdemehwana ¥§lears afﬂMinQEhtﬁﬁ‘zn tTRE Bl ARSI/ ¥Rhecific embodiments and
i at ed chan? n |ncorporat|on of guanosi ne

nmed
as"’gc%a*("t“f%f) EACH RS Fe gt Sapgjcengotdis inyeption iy agy aery unless
ﬁmwéhbmameamuﬂa recept or catalyzed exchange of [35S] GTP

g.%o d- medi h f
|ntrace n? : gﬁg i g8ﬁgaq§§%§E?gﬁ%gﬁawngﬁaﬁﬂ&§wme
pusghaspd fof qsrm‘velmplwrm kech hsvABiriol, Riled Sigheaaathdlike) and
woldl B bl S B Bh uFRM SR8 widMfailae 210 L1 11 K

qgﬁh s Tnvention are. expec to agoni ze
or %@”&mwmﬁso}mbcmﬂmdmnwmuaﬂy cemiapted usiagan

Agdétit iAZi8, i
cgrecempt o g‘j’;ﬁ‘z‘“sﬁﬁéﬁf‘%ﬁg RSP BTS2 o Yofiom

{a Q14 ¢pdumne havinga 3.5 mpictongrtisle gitd. s
Deﬂecwcﬁmascl:rjr W kbsdirbiddics al 304 B8 NRBHe bitast RES Gral 8 o5 L&@d&@le, 97.9

o ation ran from about 0.1 nanono
o e D Rk 3P A0 ety phested TR MGGt

acety!mtum 50 Vwsat bah0.ea3p ub&;dﬂ&&éhta&cld‘ @a@a)” qtm;]w el @76)Qfata were
In IS asp ect

th
one e RSB TOR P btpabile s st ovc s
G-amue perihal I:CPLﬁ (ars Saléstawete)otﬂh:hmwvaﬂ B 2R bIRL5 filBninute of 5%

oo ol 1 Bt oo it dip PGl e g were

oun
'ég Bttt flow rata of 815 mlvseanien ¢0%dc 8p¥anotilenttiastoB gatint over a
{dﬁﬁhﬁ@&ﬁrnlned for exanple, by in vitro radioligand

ig gegpnt assays) for a test conpound or a group
SHBtEHISY mast sprstipetry LEME) da2tymihalin st abtained

wit. ecApiled mméuams rm&&&m::w CA)NEERI APTR5GEK ﬂ&nﬂ&%ﬁt T@us 10-

identify those test
90 d%taC\QegE 8 tgmteﬁ Rt fp"‘{ o &ééé },o) Dnbae B}'lm iBhgjadipnteovey @ § gminute period.

Cco @p@dlmtsle mmuﬁwagmhs neingpiabiopéondGited udiig S1HRBY }SHE)? Pref
rnatiyvely, for

f
Wolk RN Sl o WBRIR0 bioiaREY TaEpeblatent vel e
contp@;ng(bgi% aehpoensdic agid (v endowhile piasé GlB’ﬂwb@adetdnihﬂt

cont@'nﬁ&(ﬁ"@ﬂ% @Hfﬁf&éa%@h@éﬁfi‘gv/%ﬁ For TROFEL [gf:so@ %gto gb N&

ngared to 1dentif conpoun
r““c"%‘%f fargple gigpethe é?ﬂ%mﬁ ehufiotsoret ppicellf estds 20Thi/sin flow

rate; asriﬂﬁxtgrﬂﬁeﬁtMCﬂ dVER 280 itk PHAE SR Qﬁu:ﬁ]f Rah 3 fieron d:»artlcles

bot h the enerati on conpari s
(Theazg{) gijeﬁlg{f h%y{stﬂzée é?rfélla - Hewlggesy sammdes((i. gg) giepfer than about

100 mg crude sample), the following cond1t1ons were typically used: 60 mL/min flow rate;
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30 analysis of the test data to identify test

conpounds of interest. The properties and utility of
the conpounds of this invention can be denonstrated
using various in vitro and in vivo assays wel | known
W%z‘){“%b:'géq %of ordinary skill in the art. WO PCT/US2007/609925

2007/ 127196PCT/ US2007/ 009925 For exanpl e,
representative assays are described in further detai
in the foll ow ng Exanpl es. EXAVMPLES 5The fol | owi ng
Preparations and Exanples are provided to illustrate
speci fic enbodi ments and aspects of this invention.
30a gradieystand eidd rt iofn > PHLinfd MiczedoddBDS rb Bt speddren

paltiRl8 Yirian| Pald Alitol Blgnded to limt the scope of this
invention in any way unl ess specifically indicated.

Al'l reagents, starting materials and solvents used in

Exhh@id ol | owi ng exanpl es were 10 purchased from
ommercial suppliers (such as Aldrich, Flulca, Sigm

Bipheyyl-pr3loarhamic Agid Rinesidincdyl Bisteout f ur t her
pur Bigheaylizisodyah£s ©708 Besinsgiol) Bal SRV &xy-1 -benzylpl,p&dme (105

e fo exa | es,, HPLC anal ysiS was ty

& $3arBD P h SR MR Rkt SRRSOV st hoated

tog&ﬂ;t@ﬂatl?ﬂS’Crfbﬂmﬂ]ﬁ dM‘lgﬁ vx%ﬁﬁhtt&xe B@Eﬁb&%él?&l af llgipKen?Qzﬁ&H%:bamm acid
) e col ym avin

PR T AR sy modlose by ntRis dleiraiomE et then

coodt@lstorﬂlwﬁcmld athmgilét é mgmyltamad@mmmae%&tydmfalﬁloa&m (%91 ml) was

e o wat e o,trifluoroacetic
< THARY) T fecuaha i Ve P Sep odo aphienp spesgire anc
mmemmﬁonmte (98].$)g %b.5ttnel) waanddéll dhd%ittdgeh lgOw AAGBbIA through

the 3ihflor Yieklolidy 500l Bafiflin 87 80K ?%ga%&%dagtvélﬁ*%grbon)

| ow r a
(20 B) grea thee ﬁddedv Gihegeagtion nuttarepeds eaked HRLOCT for 35)1 aﬂdﬂ&n filtered

te of
T 55305PCRA0 hd ok Al ol on Bl B T Béiomng v
hydpuhiasis; aclair(do P @36 20dS0p timtradevesiduo b aliue Hydbkide m ON) was
therd 4444 k4 Gu? Eheq&?toni'%/ ni‘lﬂ:%ﬁe&fs léljg/ %k ex%t%c/eegguﬂhl B%I&R ace%aﬁe 2x

B gra |ent over a b-

150 dgg Weﬁagggsuéfﬁ%tqng ﬁ]y[nrﬂ}e (q@ngyvam‘fed under reduced

predsyRite glvkbiphehd -0 ﬁlbﬁhﬁfé (I %’(ﬁ)ﬂ&ﬂ%?t&%ﬁg??)’ﬁb é\S/EHPLC

e
(10787R2R 50 ioniibe E T0heaieHder QutTWNROTE% 1 FOmARH8: | o
phase B gradi ent over a 5-mnute period.

E scal'e purifications were typically conducted
xﬁ%ﬁ%& an APl 150EX Prep Workstation system from

3- HA@plﬂi-@dl-gryb@ybamnﬂoxﬂ)bmenmhnueymhammcémwas wat er
co inf | cet aci d
o T e g S REH R ey @b ot
in d{cﬂom e I@Létflaﬂ addeAvaprylieerid{ 03 msramm mmoa)a ithitresulting
mixiBrd Vadikatld 2890 *E€ GRYE L ER-SRIPE goucti é:?c? n}il_]fﬁ he s?]f\)rent W N8mnoved.

ions were typical use
Met anoij(é(){) mL}) was adde p and this lexture was heated at 75 °C for 2 hours and then

cooled to room temperature to form a thick slurry. The solid was collected by filtration,
washed with methanol (50 mL) and air dried to afford 3-[4-(biphenyl-2-
ylcarbamoyloxy)piperidin-1-yljpropionic acid (61g, 6% purity) as white powder.
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rate; 15 min gradients and a 20 mm x 50 nm Prism RP
columm with 5 mcron particles (Therno

Hypersi | - Keystone, Bellefonte, PA). For |arger

anples (i.e., greater than about 100 ng crude

"%(b?PBT’bB“%t he follow ng conditions were typi E&FU§2007/009925

used: 60 nL/mn flow rate; --35-- WO

2007/ 127196PCT/ US2007/ 009925 30 min gradients and a

41.4 mm x 250 mm M crosorb BDS colum with 10 micron

particles (Varian, Palo Alto, CA). Example 1 5

Bi phenyl - 2-yl carbam ¢ Acid Piperidin-4-yl Ester
Ex@npiiedyl - 2- isocyanate (97.5 g, 521 nunol) and

A b bRAER AR B Rt iRy S 2 ik
f“‘vvf}mmwehea@aiﬁalbget her at 70 C for 12 h, during

T e e T
bepestexyphpmyl} aeamm m xture was then 10 cool ed to 50C
an d mtahm QAT fhird) nebRS1 ﬁqﬂ&t@oﬁ&ﬁs{i %ﬁ%@ WhdRi - 98 BL&&ic&y_s_

d%@ _I)vaas added sl ow e reaction mxtu
HOPRer €86 E‘dl‘ftl’ae'é‘bf{ﬁ}l@Htlm%yé‘#bﬂhwﬁwlbfoan@méﬁﬁmﬂgaﬁiS mmol)
an(f NrEthe-A-Hdrdlidgne B300GRIIP |Ben%&nm5§i4§ﬂ_d 6% h‘fo‘f)gﬁd% ad@&d and

was .bubhl ed thr h,the solutio orousl for
theB RS AR ¥ (HO ps gy, Dhicadton fixies vy togn heated to

90 8@ ahdstirre( Tor @bzm&hoﬁrhe’mhﬁﬁdﬁdm ﬂixwxé ﬁl};ﬁ_@ﬂltbﬁ) Bodléd(t‘g%&n
renfif Bt BhE ol (P B aeta B0 s ers ot Efe e v
sepgrathsk and sl mygehip osswiasowashed Mnhlwmhrcﬁm m@l),@ laCintktfrd Of water
and"s’ea}ur%& bﬁﬁjéj dokft. Ifh? %&ng%n &g%cﬂ'l D p%%qgéﬂi%ﬂy ?Iklgexérgaemc layer

vvas t en ad to adj
Wa%lti'ﬁ’é giied pygy anbydaensanasnes waguifpte Hfiltaréd dud gonteatrated @nder reduced

pregéiﬂs ﬁtp}omrdaé ﬁd{sg[mﬁlﬁéﬁﬂ)iﬁnﬁ%g%e@) bt ] Qlahgﬁ)xy)eﬂxyl]n

soI ent renove nder reduce ress
e“f FIERPBRE 100 ge PR Pdbr ok RuTtY) @wearal(gﬂa@@wn
ﬂua};mnoo% HPLC 20 (10-70) Rt = 2.52; MS mz: [M+111
calc'd for C1L3H20N202 297.15; found 297.3. Exanple 2
344- ( Bi phenyl- 2-yl car banoyl oxy) pi peri di n-1-yl ] prOpi On
Step @ AN t5- r(m-armimu-amafumunhaaymﬂanmm@mﬂmq,ﬁw@phenyu-

fo,.g,{ Eﬁ{iégkgm G Sgter (50 g, 67.6 mmol) 25 in

ororret ane (500 nL) was added acrylic acid
( 15¢1@8e Ht {5-[LBB2-henmddryino Th@gerr-bsiyl o yiailadylixg) et g)-2-
e d..t
benB 8k o) BT 00 £btind 5 BN BRI 1 Gua

acefpdd (A5aplr 29 1 iamoRe The trsalting mw@wa@mmmam nithegen and
then palladium hydroxide on carbon (20 g, 20 wt. %, about 50% water) was added.

Hydrogen was bubbled through the reaction mixture with stirring at room temperature for

about 10 hours. The mixture was then purged with dry nitrogen and the mixture was
filtered through Celite. The filtrate was concentrated on a rotary evaporator and ethyl
acetate (600 mL) was added to the residue. This mixture was stirred for about 2 hours at
which time a thick yellow shurry had developed: The slurry was filtered and the precipitate
was air dried to provide N-{5-[(R)-2-amino- 1-(tert-butyldimethylsilanyloxy)ethyl]-2-
hydroxyphenyl} formamide acetic acid salt (48 g, 98% purity) as a yellow-white solid.
LCMS (10-70) R,=3.62; [M + H'] found 311.3.
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cooled to roomtenperature to forma thick slurry.
The solid was collected by filtration, washed with
met hanol (50 nth) and air dried to afford

344- % henyl-2- 30
W0 W8T B2 yI oxy) pi peridin-1-ylinropionic aci 8CTEYR7/009925

96% purity) as white powder. WO
2007/ 127196PCT/ US2007/ 009925 Exanple 3
N-{54(R)-2- Ami no- 1- (tert-butyl di met hyl sil anyl oxy) et hy
11- 2- hydr oxyphenyl1}- formam de Acetic Acid Salt
Step A -
ExpmpB-4 (R) - 2- Benzyl ami no- 1- (tert - butyl di met hyl sil anyl o

DR ¥ lchr it AL L RRER G AR Al s amithafon >
hyﬂoe:getbﬂq@p@m]&d}-z S-dlmethylphenylcarbamoy!)ethyl]p1per1dm-4-yl Ester

step(AR Methy fg@_ﬂmg{hg,gk ,H&%glé oqRt hy!l si l anyl oxy) et hyl i ph

enyl%formam V|tr|ol) and

4 B T SpioD o BB i ol iy 450 069, dmmol) in dry
meihihol (ﬁé&amut b cvAgdaRe diteh WSadRARlibRN cﬂib%ﬁhélgoeﬁm 7.38

fbuslgjgd vvll nitrogen. Theé reaction mXture wa
R 0 TEYURE TR At plloried te arm fo s femBeTiwEs and stifred for
aboneAbturanAdiisitagl ehivas ghiﬁﬁﬁe qpmcem Q*a& S93H bETRETIAL Wae
an y t at e wer e

wnﬁﬁ%dg“@‘ ‘ﬁ%ﬂ?&#‘i‘e Wé?falgil&p SROLYILNES &eﬁ*@vacl wrder geduced
pregsuxpeand Wagsresiduhwes disdolveddn ethy] f@fitari Phis sohitich whsXtadh@® with

) t ot,al d t.hen
sab ol b B AT Bl e e Sy bl on it iy o1,
COHB‘TWEPdWé?T radiiepd pressrrertigeside metiyll £ Atdimethiyl-t-aftetemdeete (573
meX @GR JotbRloHAIAPLERYNIBIR D 4RI FHEMAR Id0RRY HScr) 5257

(3HP\E){%6 | (31U BHh shi? 88-(1H( 9e7 84 6LH.\8Ldi net hyl si | anylo
xy)ethyl)- 2-beawyl oxyphenyl}formarnide (100 g, 90%

el 80% purit as an orange-brown thick oil.
Ste eplgl'gthy? 4-Amgne)—2,5 x)nethylbenzoate J

N- %4 stiied Boltibm 6f rhetfii/ B2, s-ﬂhu&ﬂiym Rt bk A8 Igéyz) £hbhol) in
a9: él’rlzxdtgr hafdme%))(a\flgp an%yx!valnc)cerz(gs mq{ {crnate{B z(ljt% °'(A\ZC»$§SI a(c:ldéA\cf :Iargmomum chloride
(401Nng 57§ (RyolR - Hieo bR 25aniholtvetstadbed pdrdd;ﬂmtftaﬂd&hé fb@mbﬂg

- g vph 1Q0
e R SR Pt T2 TP st i Y ered
thro%glsc?h(te andthe Geliteaiayl wa‘fheaSh@is'uitlx methanolx tThe diltvas wasir ged

cond&h&ﬁte@i{n\’dei‘ E'é(ﬁi@ e&.ﬁ{% inla &%1&8&%@% gi)s(;éo 7 éﬁg 8thy1

car hon out er)  was ¥
acetajg. g FB‘@‘EPP wa%ww@é meal qamr@te@ pauehes godivet biomrbomats, dried over

anhy&rdd@ s6diuhal sultfie Ahd EOHRBhE AP BARL: %ﬁc@ﬂr&&gﬁ% gﬂoqé%gﬂ%tﬁyel 4-

re was then purged wt dr nltro
amik 2t @‘8 e‘fﬁf’ﬁ‘iﬂéf‘%%mgmsg%mllowlh @Y Sll\ﬂﬂat@%bﬁ 2.14

(3H,(smri?cf‘£3rlt3Hat;)ed 8OM3H, 9)03.85 Y218\ R batsq L1ag)dly, @ﬁ b, spcet ate
(600 m.) was added to the residue. This nixture was
stirred for about 2 hours at which tine a thick

Stepyfat-Methzl 4i{3-4-(Bigh eeple-vipaxbamkiytoxg)pipérydinas il tered
i’onﬁr'ilﬁn | air dried to provide

”P% i%gﬁ ﬁalh%&%‘%‘?n%?&but yl di nmet hyl si | anyl oxy) et h

y 1 Q Esmﬁ‘iﬁbﬁoémgﬂphéﬁyﬂ%(bmhmhﬂ—ﬂearhmﬂbyloxﬁmp eridial1tyl{péSpionic
acid 570 OIEBZrﬂntn}ﬁ afld i 4! 10~

% 918g/ o ?)+ 3 4tli6§4 a@gﬁég’?f‘ %m%ﬁlﬂb%nzda%gé 1% 29% ramon
in dic/ oromeﬂlane 6 mL) and dnsopropylethylaxmne (0.413 mL) was added O-(7-
azabenzotriazol-1-y1)-1,1,3,3-tetramethyluronium hexafluorophosphate (HATU) (829 mg,
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WO 2007/ 127196PCT/ US2007/ 009925 Exanple 4
Bi phenyl - 2-yl ear bam e Aci d
1.42-(4-{[ (R -2-(3-Fornyl am no4- hydr oxypheny) . 2-
dr oxyet hyl am nol net hyl1- 2, 5-di net hyl phenyl ear bano
V@WT’% 1%eridin-4-yl Ester Step A - Methyl PCIUS2007 boons
, 5-Di met hy1-4-ni trobenzoate 5To a stirred sol ution
of 2, 5-di met hyl-4-nitrobenzoic acid (480 ng, 2.4
ranol) in dry nethanol (8.2 nL) at OC under dry
nitrogen was added thionyl chloride (0.538 nL, 7.38
nanol ). The resulting m xture as allowed to warmto
2.18comp D e Khereatlting nﬂﬂdrestrésrsn&dd ﬁmbomhauﬁerin&wdﬂeﬁn ght. The
st r%iﬁsﬁﬂa{v\ggﬂgg%%n %%Lua Q&%’%r oour?\S W‘B‘engrﬂ %\%rgvarné’t 3 "ﬂ?"g"ﬁt
anlysdeous spdigmsuifets, filksved and aondentrateddudededi@eppessinr. cltmndsidue

wak B&aﬁ&@d}%ﬁ'ﬁca@?cﬂbﬁﬁ@ﬁ H}é g%lu r% th BEhhSnand gioﬁtammg from

sol uti on was washed aqueous so

3% de S msthard to gravide IWBYI %{mwmnﬂoﬁmmbmbﬂampmddm-l-
yl]p:@ﬁibﬁmafrﬂhﬁdz _wadﬁéth{rl%s}%@c@ 53891%%}59% iB1dy’ Eté 10800 = 4.55;

+eﬁ4]c %yl -ni trobenzoate as a
I d+ HPLC (10-70) Rt = 4. 61 11-1 NI\/R (300

MHz, CDC13) 82.57 (3H, s), 2.61 (3H, s), 3.94 (311,
- Met hyl

. 1 7.87 (111 . 15 St
sty BipfepvEL ot bl A9 gaac B droxymetybesr  eq
dif@'tﬂlﬂphmlmbmbhyéthﬁl]ﬁlpdhﬁ‘ﬁi-hyllﬂéteﬁ [ t r o benzoate (523

(358 3ol 2R ol o AR R AP T 2 a2

mued) at P °G wrsaHdled Eethgl 1-13%(tgph@51-mymagbammloamndm-1-
yl]ﬁ@ﬁlbhﬁﬁm‘ln%?-ﬁqgmﬁ lﬁézfﬁyzlltg gﬁﬁ Igg dH6} &Lﬁ'{ was St tlgli«[; guxture

roomtenp erature over ni hé reac fon mx

Waﬁ/\ﬁ’é'refl {ER °¢ qu SQrmaiptten pad tien @dt i mixtem of { Menq@eduistsedipmchydroxide

(5 MBFaniasRads \fﬁli)hvﬁl’ddh@cﬂé}ld stﬂi‘%?g $hd dnth 2 hours
DmﬁE’ entrated under reduced pressure an e resul ting
IB??@W&?@% Mddle prgagic fgyer afewm@tedwﬂsi ayet s9divem sulfate

andwis sobasih ﬂﬁm\%& bn&e&trwlﬁlz&ﬁe@dﬁbkﬁoﬂﬁ reQ@dAMs purified by silica gel
ver anhydrous sodi um suI fa and

chrdRhiS 2L 00Ngt & fé E, E 0
COncemnt 1’a bﬂ%}ﬁ’é PlezRRdhascukiRe 3% %?WPH’@ Pl"i‘é‘tl‘llﬁ/ I
blphbnyﬁzrymmnnczacﬁd di[pEd-hyddepaenie2,6 40Qetilbh I@aéﬁiolygw

cenflpioprity + s ¥ o hf e Ds G it ﬁ“éf;%un%%qeef( .

s) 7.72 (111, s). Step C- I\/Ethyl o
T R h R P
dlﬂ@fqyﬁglg&ygarhﬁm@ﬂ)e@hyl]plper1dm-4-yl Ester
To Bebut(0nl AT BEIYAyI 2-YoEBRRRRIA LIRhREb I dRsk-2yd.| Propi on
dlmet%ylphenylcarbamoyl)ethyl]plpendm—tl -yl ester (151 mg, 0.3 mmol) in
dichloromethane (3 mL) at 0 °C was added dimethy] sulfoxide (128 pL, 1.8 mmol) and
diisopropylelfhylmmne (157 pL, 0.9 mmol). After 15 minutes, sulfur trioxide pyridine
complex (143 mg, 0.9 mmol) was added and stirring at 0 °C was continued for 1 hour.
Water was added to quench the reaction and the layers were separated, The organic layer
was dried over anhydrous sodium sulfate, filtered and the solvent removed under reduced
pressure to give biphenyl-2-ylcarbamic acid 1-[2-(4-formyl-2,5-
dimethylphenylcarbamoyl)ethyl] piperidin-4-yl ester (150 mg, 100% yield), which was
used without further purification. [M + H'] found 500.4.
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acid (670 ng, 1.82 nunol) and net hyl
4- am no- 2, 5- dhnet hyl benzoate (390 ng, 2.18 mmol) in
di chl oronmet hane (3.6 nL) and dii sopropyl et hyl am ne

véé) 413 nl) was added 047-
HWEHZBEri azol - hyl ) -1, 1, 3, 3-t et r anet hyl ur oRFI{UF2007/009925

hexaf | uor ophosphat e (HATU) (829 ng, -38- WO

2007/ 127196PCT/ US2007/ 009925 2. 18 nanol ) . The
resulting mxture was stirred at roomtenperature
overni ght. The m xture was then washed wi th saturated
aqueous sodi um bi carbonate, dried over anhydrous

sodi um sul fat e, fi |tered and concentrated under

Ly N TP
G- Mﬂ?'ﬁiw-ﬁr‘éﬂﬁxﬂpmﬂ@%mmhaﬁbyl}{m-pr ovi de net hyl

dirkethylphenylcarb thyl -4~
ST SRR SRS i 11 pr i or
A é&-@%’

iﬂ%?mbewlﬂrﬂﬁ%bmmwewz og8g-Af; 59% yi'el d).
mmﬁsﬁp&emeMhmR&Dahﬂ]p'iﬁm&M %1 'éﬁtér (fl %’H&% €38 nffnol) and N-{5-[(R)-

St.e 3i car bandc
2-apis 1([( %\g}ﬁﬁg 15{A AS ipxy)othyd)-2- hydroxyphenyl} formamide (112 mg,
0.3dimmb i phe mﬁkﬁ:?er Aiqaﬂana%himia%@ hﬁtﬁﬁlbﬁhliiblﬁ R inLEt%E was stirred at

ol.ution I thium al um num ri
roo@te%q%&ah gaz 3 m lite% Zs?éty%tﬁﬁcemxywmdﬁ&%dn%&%won was
added and the resulting m1xture was stirred at room temperature overnight. Acetic acid
wak o OLRRBNML xZick b REP AT 1Y) L REEL A L BLORL O cocue

to gxebphayl-Liviggrhanie a¢1é 1\1535(485[ﬁﬁ)ﬂe@er&bu@kﬁnéthﬂSMyloxy)—z ~(3-

R 898 e a8, 12 L AN SR
eth?é’ﬁ?ﬂ’?‘i%“w&?t%foﬂ@ m uﬁ@# wghcms drrther Pisifidation NECMESH@0-70) Ry =

4.5%@p1 adpeebuangol Be organic | ayer was separated, dried
over sodium sul fate and the sol vent renoved under

reduced pressure. The residue was purified by silica

Step b —SigloRL-DYIaPRYmR Adil n@[zvml{itﬁ-lzc@ﬁh%{ﬁ&xﬂﬁﬁ%-

v BRI DS DR il enis )25
dmmlpldedryxarmmmdnyﬂ}[ﬁp&qdmn@ymét@.h enyl car bamoy1) - 20

To QEI%E&EEHI]E)?EH% ﬁg@? él%ar% aéui' %ﬁ] %lf@fg-g o C;r g érgn4;;

butﬂéqngpﬂqul@nﬂoﬂdﬁf@lfozm@lammo-4-hydroxyphenyl)ethylammo]methyl} -2,5-
g e PG, DAL BATRYERHINL) BLBEOLELTL. (¥ bl & TO

a sol ut i on of "bi
dlCHIOIPELe@&D%@d}MFF@F Aydedzrighylaine trihydrofluoride (147 ].tL 0.90 mmeol}.

ThidRia a8 B G3GATEMAELIN DB Lt i e R S

é@g in di or onet hane
con, afﬁa &%‘&Br affq\lé%messslm f By reeidye wes pirified bg prﬂpribﬂ’ ﬁmm

(gradichs aps 6% |aetbiihak Mt Ratet $2% 059 OFR).F T GIblg ZH elfilctid were
coll f@*’? %ulfur h}loxlde pyridi ne c_o npl ex TA%
TG TV R s 203 beabilizer divs bingead-2otsamestic anid Lrldéer {[(R)-

2~(3f®rmﬂlamomr4-h%bﬂphw)-ad@a&xy&hmmj]mgm91}rp_eg.ct i on
ers d., The_or ic layer 30
dim @ Ao S SIS R P ERER I i e Saicryacediesalt SR
97% veitwe IDPEL (2rarBved. 'Zﬁnﬂar+ﬁé]ctamﬁﬂﬁanxsessure to give
bi phenyl - 2-yl carbam ¢ acid 142-(4-fornyl-2, 5-

T,
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di met hyl phenyl car banoyDet hyl | pi peri di n-4-y1l ester
(150 ng, 100%yield), which was used w thout further
purification. [M+ H found 500.4. --39-- WO
2007/ 127196PCT/ US2007/ 009925 Step F
PCT/US2007/009925

Y HNER1982- yI car bami ¢ Aci d
1-p.44-11(R)-2- (tert-Butyl di net hyl si 1anyl oxy) - 2-

(3-fornyl am no- 4- hydr oxyphenyBet hyl am nol et by1}- 2, 5-
di met hyl phenyl car banoyBet hyl i pi peridin-4-yl Ester 5 A
sol uti on of biphenyl-2-ylcarbam c acid

142-(4-fornyl- 2, 5-
Exgimpd¢ Byl phenyl car barmypet hyl i pi peridin-4-y1l ester

mipit iR B Sl Brisipticon 2-

hYﬂmmmy&emp !llmefhg‘}d@-cﬁldﬂwlphmylmrbamoﬂ)ahm piperidif-4-y1 Ester
suéf AL ORI LAl Fufgil Lo al) v
m nutes. Sodi um

stirred at room t enper at
t+9 2¢d F%%MWWﬂ dlesk aopipned With @ qvirdied stireT, tempatatoct:

cmﬁftﬂ ahd)8n AR fuhk] WaX hilded ARI6DL4- g‘%ﬁé’%"d’g&g@o 0 g, 0.405 mol)

erature overnj ght. Acetic aCl

<f“aﬂ B SREFT2 Fp Lk Fica MUUBHEY: (ER Fienok 19 end srifdetassfum
cartoles (160 ¢1IC.260 RoBSHIE Bdded alll MRnieRRIN bhsihs A4BaN, G 170

o aded imgpe porion, b treyltias AREYPIYRS s 85d0 g ghout 13

hoifrg ain?rlnam:ma }nlﬂt?/dio@»s)gpémwm)it S*&’%&Bhfw&lsie Z'bﬁldl&lﬁ(%;ré walk fen
ar.barn est e

o ¥ B RO BT e ‘%’gfﬁaﬁé s e mggssinred for 15

miquies apg fhepfiltereditbroggh B papevifitted tof reninded7DEdS andShe B1téd cake was

washBl RA&ME  args gidéﬁﬁ%g Tjﬁ?ég }&oevilporator, the volume of the filtrate was

42 (4 {KR?%
redpgrd te 2baym @dwyme@mdhyﬂmnhlnubmﬁ@ﬂ@Lﬁw& added The

renﬁiﬂ?ﬁg iﬁlutdﬁhﬁrg?/ ng%ﬁ‘ mb{ ﬁ%@)ﬁ' r])ﬁ'ef?a?b agérn Ttk r%gulgng feSidue was
addg bran berape {%‘5& yly apd 89% mtwea’rwesﬂﬁy@ £qr|ahw;t|3@xzy)mtzs {Ovliich time a
ﬁemﬂb\aiﬁg@mrﬁ-ﬂéﬁd‘érﬁiéﬁp ITeB YR8k W TRl MR W Hier Raky was Washed
rreth 28@11@5 car.hapoyl keth%:{l | pi peridin-4-yl est
Wm?é 4 forpreyidn fibremk(4driade- ?(%d@nthemlémme
hydasd:dihmdb (llestgq;ﬁamsﬁelﬂ,egvts%twﬁt)gfag u%fdeﬂﬁh Géltﬂiedééﬁd t 0.90
re enper at ur e

over ni lé%}t? (‘il ﬁ\&‘ e\ﬁ/\%ﬁ?ﬁ Bﬁ%g’% rapsfgred toa 3 L
flask mwmeed ﬂbé}jmpir}ab"sagueousﬁoémﬂehydﬂm&da\asl,)wm fadlc%d e
re 0% acetonitr .

water wth g%%@%& Iﬁé%%bfig P PRCEE IFeé’&%afe ngl ﬁﬁﬁfﬂ’é'mc

laycg giar swehed veifiudibimbrine0RndL) | and v sohzetwisoregbvel by

B hte ’
rotoBVApaah t ?ﬁgkr;lf&ﬁ gﬁ%ﬁ},ﬁ é;ﬂ—gl))( &-34 % Qm#fﬂl%{pﬁg%/rl)g&n)% m a emi-
SOI]% Hé%'ﬂ}r) tcgaatlvely, chchloromethane can be used in place of toluene in this

s e
tepli TEENIVE pHuenyiis; ambwazé)se;téwialfgtspgr1'9§3ﬁg§bo pugﬁé g{ 63 (1H,

. TREE bt Y B B MM Y rrgaai o0, 6 VO

20071127196PC T/ US2007/ 009925 Exan”pl e 5

|
seerthy et ok 3 R 2 8 e I alastgdypshloride) - 2.
To aniyHiep R ypetitvd Irouridriwitivetet ki quﬁplﬁhdﬁﬂtﬂlaﬁ Pheryl siard empiature

contf)l Qgé}] lztxs!llﬂ?tidrpfu.gne‘i 5&% %? tdecil gﬁgﬁ )?B%% %1methylphenyl)amme (15

g3 mmol) Toluene (300 mL) was added and the resulting mixture was stirred for about
15 minutes, The reaction flask was purged with dry nitrogen and cooled to about —20 °C

4]
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5To a 2-liter round-bottoned flask equi pped with an
overhead stirrer, tenperature control and an addition
funnel was added 4-iodo-2, 5-di nethylaniline (10030 g,
O 405 nmol) (from Spectra Goup Limted, Inc
VR PP OH). Ethanol (1 L) and solid pot agg}ng?ﬁommowzs
carbonat e (160 g, 1.159 nol) were added and then neat
benzyl brom de (140 ni, 1.179 nol) was added in one
portion. The resulting m xture was stirred at 30C for
about 18 10 hours at which tinme HPLC shows greater
than 98 % conversion. The m xture was then cooled to
and I @OV - SUEE e ﬁlehmdesr(ex a11e $3 (imdl) wae ndded dagaiscTtia the

t f 15 Ut
ol s STt A oo s hER steve
maifizink¢ beiowkéowas Wieestealadditidn \hsmn@betf( FgOrealting risitprg was
shrJe&) a%\é %ab%r 5%&1\(&' W ﬂﬁ:!ntnﬁ@ Sl 29 mmpl) was

uce to abou L én con entrated oc loric
thezmﬁdad (@0wise whilg snziefdieing tihintersal reaetiph tﬂﬁgﬂesa@mrv aelew s The

res tke}gkafxﬁﬂp Vv@g’tﬂéﬁ sB@ePat’2b € YRH AL FrUbout NOhdub e A Rsub 1 i1

ue was ded hexanes (500 nmL) and this m xture

hydyogBloxie japid £20G r@L) wpHihen sddediovet 23 mHRutGAFEY and the rgsuliing

mixblr&Rad HRWATEr B Mid¥eshate ﬁé%r&fﬁ&ﬁ’ere e s§éa&ﬁtéd’ anli@Se organic layer
filtered and the filte e was washed tﬁlehexargngydmus

was(vzaéheqfﬂ) gﬂge Bppfégopén 8@31110 layer was then d over
sodidi et fikdred QEDME sbivelit m&hdmeldmh&wbdm peessure to provide 4-

dibeS;%@lr ocnl pLi de?téél%Snﬁgldggzc% SleBoriad (78 RWobl Yik1a2§598 purity)

as tlicloeih that SC(llﬁaﬁmidxpoﬁ sBadingt 'ﬁb!de pﬂoduy Ic)ammnné about 3 to 5 % of the des-

iod%‘éfaﬁgl%ﬁﬁ&o'iﬁwgo ﬂ%fk; ? éig%;é z‘s £ 01 jﬁz c?b%% g?”ﬂzs (48, 5,
6.82d He sk dd€¢7.30TH 8H; wd.ul-62 ﬂéi ) iﬂdﬁéiﬂa@ ilpMEE ‘1 30.3.

hour and then the | ayers were separated. The organic

gyer was washed with dilute brine (500 nmL) and the
Step 6] vEhb.3Rexdangvwid,Himeshphedamineon to provi de

di enzsdo rmﬂqjo%boﬁredlﬂm& Wi mmemxnﬁ%‘enﬁﬁm@&@-m- as a
senm - 25 solid th

k. oi| t I

i E bl bT e P e (L35 11 BRSO gty snd the
resultiigSmBaP was dthtrdd\R ] a%(lbai\l’t/bﬁm BE@QJA%)V&&Z Thb re(7aBﬂdn, f;&)c was
thcn( q_udg_efi(w% ﬂry_f}nZ%geP%gf Ut%)E[tRﬁinﬁl cfol Eﬁn.%g M9Qg%§gand P
toluenefulbhiie nay (0 mg-62; ﬁmdlllmmhyaﬂtb@lmdlthbm«deng mixture was heated
at PYELP W@f& Qﬁcaﬁ 9o FBuf. b biblodial t%%;hﬁgx?wea%vag [5RFBSbut 40
mingsAtat éD °ﬁ nd aaﬂtaad@rapm@wrf Winlvene (148 ndeas added to the residue and
the Qil%@ &ML feggﬂ'eg sI% | feiolr] RNERW @'mtpﬂf‘atc(rl Thil provess was

. uene was added and fhe resultin
repqﬁefétqﬁ% awat&ers%lﬁqwe?f f?‘&ﬁﬂ%{é 80 mLozndfhe pixtire yagevaporated to

dmfe@@ Fﬂﬂg?{hcfadaﬁs(i{ S50VeY) RHA S 6kawdaquebiuy BNt QG oARE (100 mL) were
ol e 0 a

add fefh%fs%ﬁé%%ﬁﬁ%@w%v?% BN R YA AR M
brink (SRR BRBhed dritdibver aohyimls)sodiam siiEedsideredend @acantrated

h ddi ti
wna o R bR 100 e B 530Sk Pl U8 gt
phen@jantiee (18d del ow - 10 C. Wien the additi on was

congl t t
13 Shie it AR Y2 RS PR v
dissglred iR} miggrsof seanchansevater Géwtom Fud theqemelipmmgure
waslpfeeki i8] &8 hitf RBR FrF mirRRe Paliddi8n bR lcOWoh (53 g Tiewt. %
resulting mxture was then stirred at -20 Cto 0 C
for about 1 hour. Aqueous -#*2 hydrochl oric acid (200
nm.) was then added over a 5 mnute period and the
resulting mxture was stirred for 15 m nutes. The
| ayers were then separated and the organic | ayer was
washed with dilute brine (100 nL). The organic |ayer
was then dried over anhydrous 10 sodi um sul fate,
filtered and the sol vent renoved under reduced

...
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15 Step C -

441, 31Di oxol an- 2-y1- 2, 5-di net hyl phenyl am ne To

a 500 niL round-bottoned flask was added

4- di benzyl am no- 2, 5- di net hyl benzal dehyde
WRWPEEA%ride (11.5 g, 31.4 mol) and t ol ueREeTU§AP7/009925

m.) and the resulting mxture was stirred until the

salt conpletely dissolved. The reaction flask was 20

then purged with dry nitrogen for 5 m nutes. Ethylene

gl ycol (5.25 nL, 94.2 nunol) and ptol uenesul fonic

acid (760 ng, 6.2 mmpl) were added and the resulting
comfpiningrbowtcEovheatts @kn&bolﬁ&oﬁiﬁnﬁbﬁﬁ‘b&aﬁ:@(l @E)Okére 38ded and the

: resh@ﬂ% %lﬁ%&%ﬁ%&l}' & nten V‘é@ a%o%tnl d@[gfgr{/%tég E" ;(:g 50 °C for about

8 hyyysy She miatee wﬂé)ﬂiqna@ltq@ttj@cbugh Ctehm and shedfilerat@vehstehcentrated on
ardt \é%ﬂ;on’ﬁ@xsto 15.‘6: 5&&&? EFV\E Z’igl- a{? dgn ylaheny aide (5.6 g,

evaporat or.

2%yl des aathlpla%t |@@szmmmys)ewo& a1, m, 2UAI(EH, 5), 3.7-
3.9\@H, Ry,3p5 @hes, §89 @f%rbssmz &y, 7%053&?&138;( rilﬂr?o m) and
saturated aqueous sodi Um bi car bonat € ( ) were

added to the residue and the layers were separated.

" Stepe— OFGIRITLIDIca¥RIn-1RE2 $ashethyphddyladfntiaf i nL) and

h d dr | fil d
a2 BroE LR R Ao errstebirade b Sldipngiaou-e.-
dimethytidheoylaming (5.6 (429 u&yﬂmﬁihwiox%ﬁﬂﬁiueh ge gityehdyl - 30
e .cru
dusgP%g% Z %/]S’mw%l&? l(g‘ibx 5P B yrihczre%‘ﬂg‘i‘%’é‘fe’ﬁwe YR SiERed 4 rpom

temperatyme wtil seghgredichts diss@lvad andhti ﬂm@:ﬁm&ﬁ‘&?ﬁﬁ)&ooaﬂdo 0 °C.
t xt
ey e h gy el e AR i L o

purged w dry nitro
Thergaqtion rr(l?tuga Yjas s]g@rewtat 86 113 °C for\Ahour and then water (50 mL) was

add2D k2 RRCHhHS2Q0%) HR2936 ﬁlﬁésadt Q 5& rﬁﬂf’ﬁﬁe 2B had

£ V\%[deé? and solid sodi um bi carbonat
oy e R was Bhepd Fwﬂw%@ﬁ@l%ghﬁw%géﬁ@tfémamm then
sepaied hnd.thafo[’gaﬁfc 18y ng @Bncdhtrded fnde? redfdedd ﬂr@gsw%qg 'dfyngss

Dicliinin? () s 2ol e et i Eepredrys sired wat
freecfloayiog siioy dewel@redy flde shufry e s ﬁltered (usm the same ﬁmnel used to
coué'c‘% Jme%ﬂe' g;i&’! R atd L Ritdl'c g %RBSII&%()W mL)

and Qﬂid tsvaoretsin (éﬁ[l 32d1@@31@81 J}d-w)-dmﬁﬂﬂdphanﬁ)a(céﬁhmlﬂels 1g 97%

urt a o oW 111, 6.72 (1H,
P §~)%§ %&ét §f}' h%eé&é A s), ( s),

- NIy ﬁﬁtia %@W@kevéawaszﬂxyq e pSEadito Chyleptedyatanp) Girle) was
addetiGo @RS dnd- Wﬁ@(ﬁ@&tﬁﬁ%f&@%& 1 ﬁtgﬁ 51&131% gre(:gntgte was

1di oxol an- - 10 dineth
colle te]dé:gl ﬂ.ﬁﬁ ()n W&?I‘teﬂ”ﬁf%ﬂlﬁl&ﬂés (r@g@nqi gmf,g togwp a second crop of N-
A4 m ]dﬁnpraamjjzla ﬁﬁhﬂéﬂlﬁﬁhé@l}ﬁcﬁhmd@’(@ W30 I}unJiW !?a NMR (300

vt RO 18 SHLT 2Bt Bt S o T b 0, rah 6.59

(1Hsxd. Tcﬁa(dIHed) FE3QIK s)Acryl oyl chloride (2.35 ni, 29
rnnol ) was then added dropwi se over a 5 m nute
eriod. The reaction mxture was stirred at 0 Cto 5

Stepd: - &tiphenyb@rylcambamfromciddtBr(4(Bmyll2,5%as 15 added and
1 c - t which
dim o Lo s L Bl AT BB RIS 1 o e

tl ITE fine so
t 01@ 3P & roppdbetem dlask wheadded dinhenyl-2-Hoarbikicraaidepiperidin-4-

vl esitB (€2 ENE04 mmol) and N-(4-[1,3]dioxolan-2-y1-2,5-dimethylphenyl)acrylamide
L
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separated and the organic |ayer was concentrated
under reduced pressure to dryness. Dichl oronet hane
(50 m.) was added to the residue and this m xture was

stlrred until a free-flowing slurry devel oped. The
WHPREs filtered (using the sane ftunel Bg@@spgmygns

coIIect the fine solids above) and the filter cake
was washed with dichloronethane (10 nL) and dried to

provi de
N-(4-[1, 3] di oxol an-2-y1-2, 54i met hylphenyl) acrylam de

3.1 9, 97% purity) as a mhlte to off-white solid.
(1.915e4-04 mmcd). eEthami Hoolpandadiclilemethanp O]r()ahEplwére added to form a

slusthyy'! ’Tﬁé %a@ﬂﬁ: BB DAL néAd s a3 36?(2 f!%m'r‘ﬁ Iﬁgntogg apd then

résid m xture was stirre
coqlpdie ropm *ﬁﬁ%ﬂ‘fm@t dravequssiM Bydroichlort edd )0 1h.) wasddded and the

resVRHB exihd \ba.d%'lléa Q r(‘l.élyrﬂa 93 ﬂéﬁr@ dD;c%g)%Mgth&e (10 mL) was

cond crop of 1, ]dloxm
adcfﬁﬁ © s i sl f@galgmg 5 nggq{@qg Uktietlgers were then
sepﬁﬂaiéﬂ\ﬂd(tﬁ@&gﬁﬂﬁ lay&Ba Aried ofed dhhlydrbls sollum gulga% (ﬁﬁyed and

5-4, 5.60-6.40 (311
corlc?illbi € c)m a rlojfzf% e‘(?ﬁrat%%to pgovg%e c(rgqlq: bi l)wuygé- acld 1-[2-(4-
for@;ybh,éFtyinemyymhe:aﬂdmﬂmrﬁ)yﬂ@tlﬁl]jbﬂﬁnﬂlﬁ—fﬂre%éﬂ-h)?dr&hlonde (199). 'H

o o) 8 Tp e b (o B, m. 2.0

(3thHéeBStfﬁHhﬁén% H1-2.50| (GEy o B. 5 2376|(E[Hpmpar31d4 a¢ 4, ), 7.10-7.35
(9%?% 55 78 5775 (1 BRSh B 9,82 (140 0, 098 AR ) 5 M + 1)

found 3802 \\p 2007/127196PCT/U82007/009925 (1.0 g, 4.04
nunol ). Ethanol (10 rtiL) and dichl oronmethane (10 L)

Swms;e added to form a slurréﬁ The reaction m xture was
R &t Biphepylidylcarhpmip dojd)1-[2H6trdHRL2-(tentButyblivethybilanyloxy)-2-

(3~ibambzmﬂrnxh0-4rwbiﬁmﬁi lélmm SN wmmﬁ@leﬁy-o
ded and the resul'ting mxtufe
cargamogls‘fjtgﬂifﬂ ?f)‘ﬁ'ﬂ“g&ﬁg % or about 3 hours.
Di (P 22 Memﬁﬂiwotwﬂ&km%ﬁd?ﬁpﬁeh - .?fau} bhainacid 1-
) S stirre ny
L8 P i A Bt e o
70 mxpel) and Wy - [ﬂﬁﬂ-@Odnm-ﬂn(&mﬂ-lﬁl&ylﬂ;méthj(lﬁlﬁﬁlﬁﬁaxﬁﬁdlyl]-2-

hydﬁﬁs}sﬁéﬁ&[}%rﬁﬁrrg% %3{19%33 ¥a1?&?%°2%}ﬁ°r 58 Bl Sefiamid800 mr)

d
aﬂdf‘%ﬁ“ﬁg‘?y@o% ) vesegdde egé:/ thearutingpidiry e gardddit foofn y 1
empP&h & e o
:} i éi/g %F;d ;T): ¥ &l‘fﬂﬁiﬁ% ﬁ?or(ai:ogt Egﬁ urg' 1’1‘]:4 i%ﬁ_}%g?%ﬁm_ézw?s then cooled to
SP% iodnﬁ'.)m tnaz:etfgyllcg‘o](lqueﬁét 5 2. B8 B9} was pdded in
portidnd bvér. 50 rﬁﬂahke pefibd. Phdredetlon taikhire vms slo ﬁarﬁneﬁ °C to
7.55 (1H,

roorglq%m(a]ﬂqe ovs:r a éer.g:g ?ﬁl‘mt g)houg; zglg ﬂ?eixlcfoleg fo R@. Fj}:jied
aquenty dodiru hitaB@Batd (500 rSmechmmBrd@mwla (GOMhEAL BB RE8d, This
mlxt?gé \gas]s%gr'egi 45(51’&1‘&3} ﬁzrfd(&l éae? sl \gé:rgggp a¥a|1téc’dl l'lahrg:%rgoﬁc) lay?ﬁar was
washed wigh brjale AP oL dried m:yquhgmpaeewm mﬂlﬁﬁé ﬂﬂlfefb)d:bi;d 2, 5-
o E t

ncdhiﬂ&&cwﬂdép RIMESRBR %P%LJ% air% g}{énﬁ i‘a s S gdé&[z (4

To a 2 three necke

R feambutyigimathayle lﬁﬁmosy)a&(&fqnnylmmo-4~

hydrbﬁy;(tlénﬁ}ﬁélg%%nﬁoﬁ%érig o” W&ﬁ%&%gﬂg pgab Jﬁg&%ﬁlh%ﬂ

eﬂm@ESg(%éégug eflidput y| di met hyl si | anyl oxy) et hyl

.Y
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20 hydroxyphertyl }formam de acetic acid salt (33.6 g,
91 mmol ). Dichl oronethane (500 nL) and net hanol (500
nth) were added and the resulting m xture was stirred

at roomtenperature under dry nitrogen for about 3
WOWPEI27Me reaction m xture was then cool ed PEHUBET/R08P25
5 C and solid sodiumtriacetoxyborohydride (44.5 g,

381 Mol ) was added in portions over a 10 minute

peri od. The reaction mxture was slowy warnmed fromO
Cto 25 roomtenperature over a period of about 2
hours and then cooled to 0 C. Saturated aqueous
sodThewieprodon 1 ®g) H80litsolvied &ndlcﬂlbﬁimhemaﬁﬁebﬂtﬁﬂﬁ @890

m e 01‘@ miﬁcg%ﬁ gng ?&Saﬁacgcrxﬁétg éléllrg 1acra 1‘3&’ ﬁr%é%gfgggﬁfo Ea%%ggrépacked
and/ﬁsnlwba@ih@wwwﬁﬂmmwbar@ﬁ@@tmg 2%rebaroy end G5fueinaditum
hycﬁ@ﬁldé‘ n’!’ﬁé&ln{)@ﬁc% wab bl 884 ﬁﬂ%?@%ﬁeé;cﬁ Weggp%%orﬁta&mng 2%

red Uce pressure to give CrU
methapef apd 0:5% mnsg{upﬁ}ydzomde( tidex dbhlﬂ’tgm@ihmtchlyﬂammg 4% methanol
and @M' a@rﬁnbﬂurﬁhyﬂl%xrdfe(@{ ﬂy meﬂof’omeﬂtbﬁl cgl?(talylﬂlg 585 ¥kthanol and

di net h
0. sg:raﬁéﬁgg;ﬁr&yﬂfh 95 (@i & 45 Frastns (00 eih) st epleggbiond those
m7 ?@fazlr;gi'ﬁplmty gkdamﬁflgggagvggfé@ombmed and concer(njtrated unéier rteduced
he crude produc
re{sglff “)"I‘MZQH% {S 'é(gcaftﬁ’"ﬁi? Eﬂﬁér[al’fﬁt{i\@ﬁ gt ai ni ng 2%
butyidinkeindsilah§Bay2-(3-airly)antnisl 4 yasagpRmly DetyRinkiofetdh -2,5-

o o B A B S 2o

soligy MSA i+’ fomndr Bdicde. The product was el ided from
t he col umm usi ng di chl or onet hane contai ning 2% 5

hangl and 0. 5% anmoni um hydroxide (1 L);
Step GnPirtsrEt fralrarizamic Aud 2446 HE-AdATorayihnging b

hy@mﬂm_}zw@&ﬁﬁaﬂﬂmﬁolﬁ%@fghﬂ%ﬁ u%l{%ﬂgeom de

e N 5%, et hanol and 0
r'?%{B‘z?ﬁi wﬁ" E’)‘p“ﬂ'ﬁc“(‘l"@q’%ﬂ(lﬂﬂéfﬁﬂ_@%ﬁeltcol l'ected and

t hcfwen f Lae.tﬂdqnﬁtohaﬂasﬁgva@ aaawd Blyhegl&ﬁﬁtyfcfarﬂahﬁ@aé’&) G2RL9R)-
2+ (t&? 'EH{YP ungt%&ﬁg %F(g f Mﬁ?%?n:g L g}qdli'g)?y%helgy%sefhl;r{aimtm]methyl}-
2 5‘ﬂ“@@)@mf@éIR)imayiQétEﬂ}plﬂdi}ldlmél«yl ester (21 3 g, 27 1 mmol) and
dlchlfl)é%&ﬁ[lkm 2 L;ﬁr) rre%?% S?IM‘% & ;céu‘e wasn%u'rae at room tg%ggrgégepgn i

the @BW?@FHV Ijgﬁq@lqum iﬂ;arntyy:ﬂ)y-laemhy iihgidpertuodiie (M&i&ial.ﬁﬁzfnmol)

addodGin thIesnfith
T ETAL T ound. 194 6. ﬂ%&bﬁé&%&ﬂﬁ&# i %’*’y# i hon T4 shivent
was jemayed on ont@@r ?vamgrator to provide a thick paste. Dichloromethane (100 mL)

and bl mmtﬂ'(ﬁm'ﬂﬁf) %rei’é’ ﬂfd@& Y&inh ﬁhﬁghﬁ}pﬁﬁés%g hxrarc ARk Bred

| phe rba Il pi peridin
for Y RAGRY S0¢ RATRXP Fty wab s Tyt s dnmitsoswom the Ftor
cakefWaskashabwalld e hixpire 8y icBloydbahbtng edfl shetaftPdbo mr. total),

dnec{ r mttrog folr c?] hﬁglisﬁi}ii §ff‘°1n MF 8%%1 vgcltugl pwgﬁpmldg h
biph @xyglgmbmylpemldw @Z(Hl-ﬁ()‘f)me(%ﬁ)h}nylammo 4—hydroxyphenyi) 2-

B R i B e 51 s s o

hvdrq%l@qdéws {25y 9ﬁa9>dt mrr@ymmcb wias pddrdatlay- hhemouenm B HIE]

foundB80.8. t he ingredi ents dissolved and then
triethylam ne trihydrofluoride (8.85 nL, 54.2 nmol)
was added and the resulting m xture was stirred at 25
C for about 48 hours. The solvent was renpoved on a
rotary evaporator to provide a thick paste.
Di chl or onet hane (100 ni) =afh¥-ethyl acetate (200 nl)
were added to the paste and the resulting m xture was
stirred 25 for 30 mnutes. The resulting slurry was
slowmy filtered under dry nitrogen and the filter
cake was washed with a 1:2 mixture of dichloronethane
and ethyl acetate (100 mi, total), dried under
nitrogen for 2 hours and then dried under vacuum
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WD 2007/ 127196PCT1US2007/ 009925 Step H
Bi phenyl - 2-yl ear bam ¢ Aci d
142- (4-{[ (R) - 2- ( 3- For nyl am no- 4-
dr oxypheny1l) - 2- hydr oxyet hyl am nol net hyl ) -2, 5- di met h
“ﬂ ﬁ’éféar banpby1) - et hyl ] pi peridin-4-y1 ESPGTm52°°7’“°9925
Bi phenyl - 2-yl car bam ¢ aci d
142- (4-{[(R) - 2- (3-for nyl am no- 4- hydr oxyphenyl)-2- 5
hydr oxyet hyl am noi net hy1} - 2, 5- di et hyl phenyl car banoyD
et hyl | pi peridin-4-y1 ester hydrotluoride salt (25 g)
was purified on a 6-inch reverse-phase col um
Stey Hl - Bysiomlgl-2-ylcadbphizsteid i A2-(#{H&)-Beddforbyinieg-dasi ng

hydam’ﬂ%'hg nﬁg lﬁ 23’%5}/'%’& or oai: et gf} aci ghh&ﬁ?'h'ﬁ %“E@Lﬁbamﬂﬂ)‘

ethxl]mg@xdlﬁf‘faﬂtlilms with greater than 99% purity were
CO@? g}-ﬁ%aldaﬁﬁc de& y {?@4-‘%’[&5125{@-%&9}1%0@’-119@96 henyl)-2-

trn was cool ed

hydww%wwb@mﬁr?eswﬁﬁgﬂbﬂa@@ym%hmwﬁéthwﬂvlbﬁfﬂ%éﬂl ester

hydefP&BH&@s-Al\ﬁﬁs ghaw p‘xﬁlfﬁdtcﬂ a6-fhch %{réﬂ;dﬂpﬁﬂa@bﬁlmﬁn AésOFb solid
white slurry devel o The sl ?%c\t/i@s stlrredfor

Pha%e@ ihibipregual hd h%w&ar H éﬁeéo A X Qpetaufrde fowater
cont&&ﬁﬁ@m\mﬂﬁbrmﬁﬁ adi8 @9t inlobilaiphasdr (Feabtibny witll gretiterithan 99%

o%%r%ﬁg% 216:5 )ﬂl% g}eg gﬂ’r‘%g gdcl"i%g)lfll% rpo&\lln%roryvga%r tIge': pécl?l\{lhg S:uxture
wasmale@m 0 PC B)E R1id3ofimnmbibarhonats Wasndded syt eyl pf the miigture

T

stirrgd S F0-mpinytss and thae fiftered Bhe Bltcriakerppe Weshed with water (500 mL),

oie G5 ope 3%2 xﬂ"“ﬁé dﬁﬁ%rzaa‘a“m O raighi o rovide iptgnyL
ylcqﬁwlewétlr[ InSriepaylapine-drhydorynhsAdgt ear banoyH
hydﬁ:lxm!t'hﬁrﬁhﬂﬁﬂinﬁm?r}é]z yihuﬁ&hﬁbhoﬂyﬁl@afeamoyl)ethyl}plpendm-4-y1 ester (12
yl carbam ¢

& 9f+?’29m ) 8 %fwt%n%gﬁbafes

di net hyl phenyl car banoypet hyl | pi peri di n-4-yl Ester

To a 500 nL round-bottom fl ask was added

IHﬁgnyl 2-yl carbarnic acid piperidind-yl ester (17.0

Bxpgen}ﬂ&-ﬂmthla)mandld 1-[2-(4-{[(R)-2-(3-Formylamino-4-hydroxyphenyf)-2-

hyaStpiybalion g2 he kb ol SRR H AT scer

SteplAct BirhenylHansaxbiasgic dcjd wi?2-€4-hudidioxada-3ryd2d-sl urry.
aima LRSS e A ullb S ABGIR AL kil 50 C Lo 55 C for

hour s cooled to roomtenperature.

Vb Sk B0 RE rewiddationyBaskmangded inhenyl-gwigagpamic acid piperidin-
4-y1E%EP @rved £r'58 thdsllahd ng(4ép1 :qdnbmlﬁlls.zs}uzrfr-aimeﬁtylmﬂﬁ)acmmde

13 5o 55 B Ebert sk Lend g s Ll Wtk e g o

a shghe 'Hiwlreﬁdmﬁ nﬁﬁﬁk@dvasﬂ:@vddw 50 °(3®o £ HUlTdr abpme Qathume and then

* ool SR e o7 S vk Gt b s it

resuftinphiemythicR siphya Btsannl (ce@emtcgrddiﬂ wad 4dded 1ol f@m tatad golume of

lo,
sbolk 2t SIS B - Rl gy
OO\ AT m@mﬂ"ﬁlﬂSﬁ?@b Wode 99‘215’ V&S@te@d’ washed with ethanol (20
L)Bitﬁm}ilm 33&(1{1&145 ?ﬁﬂh@e lﬁﬁl‘ie‘ﬁyl 2-ylcarbam1c actd 1-[2-(4-1, 3]d10xolan~2—
142- benX %ar bam))éBet hyl lé’
¥1-2f3- ql]mgpﬂg,gplEgylégrbamoyl)ethyl]plpendm- -y1 ester (23 bout 98% punty) asa
white solid.

T
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To a 500 nL round-bottom fl ask was added

bi phenyl - 2-yl earbam ¢ acid 142-(4-

[ 1, 3] di oxol an-2-y1-2, 5-di net hyl phenyl ear banoypet hyl ] p

v%{gerldln 4-y1 ester (15 g, 27.6 5 nunol) and

WERPPile (150 mL) to forma slurry. AqHEHYE2097/4(P225

hydrochloric acid (75 nL) was added and the resulting

m xture was stirred at 30C for 1 hour. The m xture

was then cooled to roomtenperature and ethyl acetate

(150 inL) was added. Aqueous 2 M sodi um hydroxide (75

nm.) was added, the pH was checked and then additiona
Ste@ BM BipliebyD 2ayidaxbaniie Awhis] -2k Horingl-1,5-dieehiipbknyine

t nge of 9 to 10. The 10 layers
carﬁ?@@i@ﬁ%ﬁgnﬁﬁ%g rgr gani ¢ | ayer was washed with

di 1Mot @sD0mL m@m(dﬂﬁmam ﬂa,s& ws iaddgdibptenyl-2-glcedbdminasid 1-[2-(4-
1 3}9&%{&9& 1_§%dan Jﬂeﬁu@ﬁ@éﬁ@m L@'E&éé?@sc}f‘ 286

evap Ora or tO |V ear mC acCl
mmgland Aectead 5050 ARG AR LI Y 2
mL} Hhddhed InERE Msultihd- nﬁx&re @Qspéﬂneggg/ 3P fdr M hout. fThe mixture was

desired, the purity of this internmediate can

ther} gpojedfe EePob {FIMSFHIS G4 ethyl Acetpts 15 miy mes afdeds %P%H?é’sM
soditin 1@}@&&&& 075 n@ Raaldaeg tﬁJ\;fH sﬁay EldtkéDarGfen etk

[ ow d I
sodfut xdity g vaegded et s BRI 59 ER & b6 g (P9 19 10. The
layeldRedebefat{tE) andt i @FzaBiet iyt mmmeammmmme{'fs ml; 1:1
brin_g%fa&%ﬁ,%i:eg En‘é%%ﬂﬁ% dr o El:%rpsuef Baﬁeltdtme so%en?rc?\mr?t\fﬁé( A ;dtéry

o s VIl pi per |
evatgier to give biphéyl-8- ﬂEﬁ@bammtz aﬂdLlF[d-(lédthZf,ﬁ émmenyl'

oS URB  SE B, si sepo

ﬂns1ntg@pe§1pat( tran]_begncrgaseg by Mn}g aplgrrywith ethanol volumes cof e%anol),
heaéx‘égzdhé 158b BE; alid(tﬁé?[ Jooﬁlgge Abeiy bt %@%@M %Bﬁﬁikg by

ydroxyphenyl for mam acetic acid salt
filtrgiipts ol ). Met hanol (100 nL) was added to forn1a
slurry .and this 25 n1xture was stirred at 45 Cto 50
C under nitrogen for 1 hou e mxture s th
SteR Gor BipneBv Lo Ttpie AR A il ta b s flanyloxy) 2
(s-mﬁdﬁdnﬂmduﬂyer@q}p\neﬁmmnmmmesﬂy?m ;dimnéthyly
at o enpef.at.ur, tangi ng rom35 Cto 45 C
Phe'l%f%%ﬁ bﬁaﬁ'ﬂ '5%5 ‘Mayé? ¥ the residue and the
o) Immso/mk rmamawubm Bashrvoss iaddeddhi plivepiy 2-yRaytagas ad 42-(4-
rn?)fl (% 3%%&( e?hcngbctarﬁagmxgetﬁylpp1}:;?ndm-4_ Pl/gt'ar (’7 13g f1 2 mxrlolr)nand N-
{5-108)-2Z-amBup- 1—(tert—butyldnnemyls1lany}oxy)ethyl}-z- ydroxyphenyl}forma:mde
acamﬁ@ﬁm R RSk Hh‘nbg ﬂ@]ﬂﬁ@ﬁ)f‘{}’l@b nﬁ)%&'aﬁ@&i tﬁ)ﬂnﬁhﬁﬁlﬂrﬂ? @nd this

r banoypet Bl éerl in-4-yl ester é
mixfg rfvawe%% 656t 50 °C ws‘ez B%?‘P/E?ﬁ"}.' ép@rmemﬁlﬂn
coofeli @Prdom Bhipbenid add Wheas PSUIﬂLP wﬁﬁhdilied and the solvent was removed

14244-{KR)-2-4tert - Butt | di S LOXY) - 2-

on FSFBY PYPPLET A ST CRAFTHORG D S0rp s ror AHBRYR (O g was

addedliolvb¢ fegidpa emy theas vanDydsetmyyddob paividh bigheplyl-Eytoarbaihdc acid 1-

2 8 BB BTl S g 2 v carbam

hyd(qxephenbueiwhmﬂ@ﬂmyﬂhsl} Fafryingstiyylplisng Rafbamey ) ethyimpetidin 4y

By | met hyl } -

GMB56§M§|EE¥%% phenf% yanoy Cet hyl | pi peri di n-4-y1 ester
(4.6 g) and 2- nethyltetrahydrofuran (50 nmL). The
resulting mxture was stirred until the solid
di ssol ved (about 5 min ) and then the m xture was
purged with nitrogen. Plati#itm on carbon (920 ny, 5
Ww. 9% support activated carbon) was added and the
m xture was hydrogenated at 50
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10 psi (Parr shaker) for 6 hours. The m xture was

then filtered through Celite and the Celite was

washed with 2-nmethyltetrahyrofuran (10 ni). To the
filtrate was added a thiopropylnodified silica

WO 1%%ei ght of solution, Silicycle) and FRTY Siroeseas
m xture was stirred at 25 Cto 30C for 3 hours. The

m xture was then filtered through Celite and
concentrated to renove the solvent. The residue was

di ssolved in nmethanol (5 nit per gram of residue) 15
and then the resulting solution was added slowy to a

Step Qeﬂbphélwl—atyltarbdmic Acidi IXM49{[®~$@&#mftﬂduﬁ&Hﬁmkﬁnyloxy) 2-

a I’g{?‘e]@ %ﬁ ﬂ TEtELII} %eﬁ('ﬁg?ﬁag}lgi'?"rﬂ ed

calﬂxamoz'@)etwnmpegdmw Eeterfl I tered The f| I ter cake was
Wainrsq h%:bﬁeﬁél%@hasﬁ%@as%dg ‘}L r%’l‘-?gl &13{2% Hi&)-2-

dried in vacuuma

(t-'era\Pgbﬂqhgmhy%sampﬂmﬂeﬁbﬁ’oghw—wctraxmmmlmﬂmethﬂ}-

2,51dlZre -yl o8
Mlpilﬁt(}ﬁ%)arb%lﬂé thy l])g/%end 4 ?lortrer}i'/p?ﬁg f hydr oxyph

ﬁw ag:(y thyIS|Ia I OX
me §;¥t}- i‘lh p; regu]gmg mixture was st1rred until the solid dissolved
(abditreiabny) amhezseyll tﬁ@fnbmwlas%hbgédl Wit S b g Pﬁt&&meo%t &fbon (920
0, ECOVE ut . 96% purijt ) Step
gB§ WI{ /ﬁyﬁu %org%/c@g%ﬁg ﬁ?.rgo CVap adde and the lmxture was hydrogenated at 50
psi [Ekﬁr akdr) (Rp-hDuls3 T&ﬁﬂxhﬂﬂwﬁ@ﬁﬁn filtered tl:trough Celite and the Celite

waé‘&%@é?&ﬁ&l%&% f}b %ﬁydplpg}é "Pod{@?%t;% was %q,d%ld e ropyl-

moql_lﬁqr@ pthgg@ (32% of welght of s'bdut@nZSlﬂlcjmlé) and Wﬂ&mt%smed at

id WGy H
%> {[t?SF%9 2- tert % %I net hy SI any ﬂg:glltpgp%?ngﬁ?&ated
to rergove: 9 LSy pﬁ@qgsp@ph Wag fsgrdFed in mefhanol {5 mL per gram of resmue)

andmasmaes‘zmﬁ% mgmmwm% Iﬁ@ﬁpmg&wg@ Lk Rer | Sl of

tuﬁg CI?St er .8 nun ;@z
SalpRe %‘F@‘H SQHVHI YeurbPanpte mt;r (4¢mL persamin iofitpsidius)t (e
resuliig tﬁfwﬁtedluﬁ? Wl @i LIRS0 iMLRs A4 HEY fiiter[e&] e’ﬁhe filter cake was

soI ed (about 15 ruin.
W“I‘Q‘gwftﬁ g"ffﬁ s:g’y"d?é‘??dlfBF?&emF en“bﬁl)eﬁﬂnedslwﬂeummmom
temmgmmemxgndo ﬁﬂz@xr?e&ﬁpﬂehymymaﬁaﬂﬁ@ad@&[@t:ti{[cﬂjizgkﬁ.
urs m

outyidneliB SR 2R el b B oMty emabeth) -25-
dlmﬁhﬂphm@mlﬁ(aﬁ@wﬁttﬁyﬁmdeﬁdlm ﬁ}dstee tﬂoahisedﬁﬁry;raaﬁut 98P hurity),

the resulting m xture was -

2007/ 127196PCT/ US2007/ 009925 stl rred until the solid
StepyE sBiphenyl-¢odearbrmic Aridaby iR (4-HR)-FiE Foapdaminede

hyd hadyar2-apard r th brine
b S U B BT
o mR Y H&I’Rf“@b‘hé‘éﬂﬁsﬁrédTéﬁ“aferSﬂ"ary evaporator. The
r eFbAPe0 w5 rotthd-H6toa dlasE wds a&&%ﬁ'béﬂhfeﬁﬁfﬁfﬁl)é%%wa@gl {-PRxa-

I dd
RS T e P e R Htis 2 da i s o g Dgbgminol-
methyr-2 5gimgmyl@hambatﬂsmyﬂ)emye]mﬁnﬁﬁmwg@teﬁ (3.8 8 4.9 BRE1) and 2-

metb{ErdtloBid At P SR 0GR et eas stisset tpom femprgture
until éhmmﬁﬁd@atsahseokye@ (Abouhtiemin pad thert ety itketrihydrofluoride

O T e e 2 P yag o5 B

24 h$’%§n %FWH‘W‘? wais gdded a 1:1 mixture of saturated aqueous sodium
bicartbriabe iyl RBEAY mQanh Qniﬁwﬁ?it&yzlhgﬁ’ﬂo %Q‘lﬁhé ol hﬁ% rrﬁ%tuf was

L-tartaric acid salt (3 purity
Bi phenyl - 2-yl car bam ¢ Aci &48—-
1-12-(4-{[ (R - 2-0- For nyl am no- 4-

hydr oxyphenyO- 2- hydr oxyet hyl am nol net hyl } - 2, S- di net hy
| phenyl car banoyO- et hyl | pi peridin-4-yl1 Ester
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15To a 250 nL round-bottom fl ask was added

bi phenyl - 2-yl carbam ¢ acid 14244-
{[(R)-2-(3-fornyl am no- 4- hydr oxypheny1l) - 2- hydr oxyet hy

| am no] net hy1} -2, 5-
Vet Wt Ry1%phenyl car banoypet hyl ] pi peri di n- 4- y1PeEP&4007/009925
L-tartaric acid salt (3.5 g) and nethanol (35 rol)

and the resulting m xture was stirred for 15 mn. A
1:1 m xture of saturated aqueous sodi um bi car bonate
and water (70 nL) was added over a 5 min. period 20
and stirring was continued for 2 hours. The resulting

stiroddf untih ﬂ'te&olitll dfsf@lvddf(ﬁolﬁmdﬂ s eBo By Thelafdrb vere s’éﬁﬁf&eﬂ\&ﬁl the

or%éﬁ’ E%%r i ed | n cbllﬁlﬂﬁ1 @@F‘i‘l EB’I"Fgr I edafj’;%‘%'f"g‘bsg fo s ate,
filtgriesh p@ct]wﬂc@:t;dt@mmwacy acdpdrator. The residue was dissolved in 2- g
e ST LM S g
reslélpﬁg, MWS@WBQaW ‘€spfh "CAoBl §houasard then filtered through filter
parst ﬂrh&ﬁue%tcalzé W&Gx;ish&?whﬂ%etg??emhydm% (o 1:?15 08 opanct (10

L?l) NVR spectra wer e obtai ne or a s
m f%’éwv stely| b Islen Y Rcues tg Provideibiphenyl-2-ylcarbamic acid 1-[2-(4-

(LR ok kit oy B0y ARG U $ Y
Wﬁ%ﬁ%"é’ ﬁ?@&%ﬂ}d"é‘t‘meﬁﬁ? bdtagichciglsplt (22 geTI7 %
puritd2. 2 ng in about 0.75 nL of DMSO d6) at anbient
tenperature using a JEOL ECX-400 NWVR spectroneter:
30111 NWMR (400 MHz, DMSO-d6), mmjor isoner, 5 9.64
Step ¥ BipHenylo2-Siaxtzmis AciH)-[2-¢-4RRE-2+(3-FoymyBn@ro-ds,

hyd}kkyph% ?ﬁ Zﬁyéir%%?cfthﬁﬂg%ognﬁwy(l}sz %—fﬁﬁnelhgnlgvgn{réarbajnogl)_

ethg]mpeng-ti-yllﬂgter 6.79 (d, J = 1H), 5.15 (br, 1H),
4. 5%, § 86 mE rdurd-bbo ﬂegsi(]%as ﬁdéﬂ%:{; il'fl)yﬁcag%n}\; 3. 12.¢a-
0 (AB 211
{I®: 24% : M%*PI@&WW-@%@O@WP%]@@W 2544
dxm(aiﬂi&l;ihen}lcm-_bﬁ@l)e%ﬂ}hpegdl%& glsasteg 1,-]1)31'&\11czacild7 <a?1 Izﬁ 5D 3nd

311 ,
m‘g@l%(%%f#}) e %wlw wmaéqusrﬁlmwx 13 ghigiure of
satudatGllacuibous sbdilin bearB&la&Sarth'ﬁratmgUa @:ﬂ()hﬁasdlddeh ovei‘ 4 5%nin. period

and %a%ggg?&aﬁ gz?t!mubé %of))z hom}s gﬂﬁer}“asuq%rﬁcﬁ’-wha;e g}yn'erérvas fi :]_tfl)ed and the

filter gak@wvasrvehshekdviith woteDB0(rel), air dEie8 £&,2 Houls antikflan drfedS82a

vaclflﬁh m?‘egmg,% tgv kéc)wde%lﬂ‘l’?efgll?-ylé%gém? ﬁ?lﬂfé%ﬁi(%})z (5 fglgn)gammo-
~hy@m:qyphggy]))-2-h2drwe@bﬂammo]}nﬂhﬂ}@ 5-@irhethsyPplRByI8arb Bhdyl)-

ethy%]%}rpkﬁdﬁl?i_-yl:egsteg @21% ?1% IR cr%l:glime ﬂ'ee7l;)ﬁsé. br, 211), 144

'H and BC NMR spectra were obtained for a sample of biphenyl-2-ylcarbamic acid
1-[2-(4-{[{B) —2-(3~formylamino—4—hydmxyphenyl)-2~hydroxyethy1amino]meﬂ1yl}-2,5-
dimethylphenylcarbamoyl)-ethyl|piperidin-4-y1 ester (22.2 mg in about 0.75 mL of
DIMSO-de) at ambient temperature using a JEOL BECX-400 NMR. speciromster;

'H NMR (400 MHz, DMSO-dg), major isomer, & 9.64 (br, 1H), 9.54 (br s, 1H),
9.43 (s, 1H), 8.67 (s, 1H), 8.26 (s, 1H), 8.03 (d, J = 1.9, 1H), 7.25-7.45 (m, 9H), ~7.3 (nd,
1H), 7.07 (s, 1), 6.88 (dd, Y= 8.2, 1.9, 1H), 6.79 (d, J = 8.2, 1H), 5.15 (br, 1K), 4.53 (dd,
¥=17.3,4.7, 1H), 4.47 (m, 1H), ~3.65 and ~3.60 (AB pair, 2H), 2.68 (br m, 2H), ~2.59 (nd,

49—
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13C NWR (100 MHz, DMBO-d6), mmjor isomer, 8 170.0,
159.9, 153.9, 145.5, 10 139.3, 137.6, 135.2, 135.0,
134.8, 133.4, 133.4, 130.2, 130.2, 128.6, 128. 2
127.8, 127.4, 127.2, 127.0, 126.1, 125.7, 125
WOHHTWEg 6 114.5, 71.4, 70.0, 57.4, 53. 9PC§’§53§"7’°°9925
50.1, 33.7, 30.7, 18.2, 17.5. 13CNI\/R(100l\/Hz
DVSO-d6), m nor isonmer, 8 170.0, 163.4, 153.9, 147.8,
139.3, 137,6, 135.7, 135.2, 135.0, 134.8, 133.4,
133.4, 130.2, 130.2, 128.6, 128.2, 127.8, 15127.4,
127.2, 127.0, 126.1, 125.7, 123.0, 119.6, 115.6,
4fD714‘0(br?,OI 9655703 2.2835, BH) 5. BT (B @0, H)3B14(s, 38), 7,73 18 21,
1.4 @ Iyne 11-1 and 13C NWR spectra showed the
egence oT maj or isomer (about 82 nole ercentL@
dHANMR($00 MG Qv mins ivashas, HROE &t Y8143 &y B, 9.26

(br& q —bﬁr 6, &g})k 8’6“&! 1H§C§T§U r &eJSJJL*i 'onﬁ-lir&%lﬂ 21080, ~7.3 (nd,

rotation out H bond

hen roup
1ED| 205, -t D085 0 5 IehBRiAD Gl GBs T 5-15 (o

1H)ti1@7 &Heﬁg) L5, @ﬁ%ﬁd a@éombairmﬁj%g sm(ﬁ% IBPNBEO (nd, 2H), 2.44

(br ] rf%n?ﬂ)z? @a?"o'ﬁﬁizém@if&s %_Hbz(l& ¢ [3(-% 133 by, 2H), 1.44 (br g, T =
~9.0;0rmy | am no- 4- hydr oxypbenyl ) - 2- hydr oxyet hyl am | | ol

§ . - -
i bt OIS L Vi, MR 19 omoT g iLAP: 131 1840455
1398e[13?.6;r133§12a|1$5 masbjzapmwllsuylmi Hafi2c 128:6,028.2, 127.8, 1274,
127 BT RN AT R ot S TR T8 0030

33.hy0@hENYl 7.5 ar bat noyDet hyl i pi peri di n- 4- y1 est er (500

t
B o
1393 £31.9:i 13§ Tl 3@ 2r185W0a 83 % 1138 del 1 33.4.96025139.2.9288, Fddh427.8,

127%”9'2’1 i‘euﬁ%s Whé.1,N@50 Y54, @'1'19%61@5611@?70\0@7 1 sBloaked, 50.1,
tratlonto prowde crysta i ne

3370¥ Bield#-19-3| car bami ¢ aci d
1421‘11(3 Apx{dnf R)c RMBsieatta y}ioamdrme Prebinde 6Xy pARA iéﬂn)m:r (about 82

hydr ox Iam nol 5-di .ba
molg Y R BBV PO (TPl 2 R © e orais
isomerray ﬂatsﬁ]lnhg fent Mﬁ&rhmmnmabdattm MOV bhwad, €Tiee phenyl group is
-di f.ferenti.al . . N
vetBl 5 bE BB e ERBu D SristSln o o oy i o g omer
that exhi bit a peak in endot herm c heat flow at about

to about 150C;, and a powder x-ray difEraction
pattern having significant diffraction geaks

See Fﬁmg}abtﬂﬁ Eoripdd jof Bighengh2-ylcarkeaymisiAcid &2- (4l (Rb243-
Forﬁ%daﬁﬂm%—at-ﬁ?d:%Qy&haa%-zzﬁy&okgetﬁylaﬂhhani‘e“th(ﬁi-élsl-l ne free

base formis desjgnated orm | Addi t1 onal
dimethyiphenylcapbamoylethyl] piperidin-d-yl Ester
Semi-crystalline biphenyl-2-ylcarbamic acid 1-[2—(4~{[(R)-Z-(3-formylamin0—4-.

hydroxyphenyl)-2-hydroxyethylamino]methyli}-2,5-dimethyiphenyl-
carbamoyl)ethyl]piperidin-4-yl ester (500 mg) was dissolved in methanol (50 mL) and
water was added until the cloud point was reached. The resulting mixture was stirred at
25 °C for 3 hours and the resulting crystalline material was isolated by filtration to provide
crystalline biphenyl-2-ylcarbamic acid 1-[2-(4-{[(R)-2-(3-formylamino-4-hydroxyphenyl)-
2-hydroxyethylamino]methyl}-2,5-dimethylphenylcarbamoyl)ethyl]piperidin-4-yl ester
(420 mg). This crystalline free base was determined to have a differential scanning
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5 on FormIll and other crystalline free base forns of
this conmpound is disclosed in commonl y-assi gned U. S.
Application No., filed on even date herewith
“(Attorne Docket No. P-222-US 1) and U.S. Provisional
YOI TEA¥Pon No. 60/ 794, 709, filed April 25, PSHEEN0V4R925
di scl osures of which are incorporated herein by
reference in their entirety. 10 Exanple 8
Crystallization of Formll of Biphenyl-2-ylcarbamc
acid 142444 KR)-2-(3-
For nyl am no- 4- hydr oxyphenyl ) - 2- hydr oxyet hyl am nopnet |
calpxinktr@ (BSC)trave thny qudiihinylpﬁak(rj mammﬁﬁﬁﬁyhéapﬂgﬁ][ar: ot $4/4C to
cke as \ )
o P ol PR T R A bR g etelitiou aifaction
pe%cémrmqﬂg odred] perdidl ztﬂ%rvaﬁmmuﬁtbouam 'am:tem 6+0.3, 22.5+0,3 and

ﬂé&é%@é Fahlh{é alnl%%gegp ﬁs %a&%‘%‘-‘?g %}é}tmlépﬁynatmn

on i’ng fethey px)ystalhne free base forms of this compound is dlsclosed in

| t hyl
°°‘§m5ﬂﬂla@§%%%$?ﬁ§¥ﬂﬁ%§ By D= ot Bt el ey
Dogket Blgrel’ﬁs?ﬂsdh anth¥.. Revisionsl mghaiﬁonmoeﬁolqgﬂmﬁrﬁ)edml 25,

2008 R il RWeY ot hich &Jlﬁccﬁ#&ﬁgd FeTRa ba)y\]@ger%_ﬁ% gxg&%u' er%t(;i‘r%g/

crystal s of biphenyl carbamc
[2-(4-{KR)-2-(3- forrryl arrbao 4- hydr oxyphenyl) - 2- hydr ox

Exymaple\d ar ni nol net hyI ).
| Thi di 1 est
n%or mﬁq%“pqla}%n@)ﬁ %g’r%afe b‘l’h'g%:clg’sir&'(% (fiﬂi?;{ii: e
Fomgamtnor-4~eg|duuyﬁﬁﬁyﬂpz-gggmwmymamﬁ%ﬁ&n 12&@0 )
a ter was
dmm 'c)jf"i grapgarﬁgﬁﬁntﬁﬂr%pﬁré Jﬂy'g'ﬁﬂ ®% he resul ting
m xkug @ nm@egwkadedurmebmwmsmecgmpedmm 4 ovetihéd Wl fer,

temp&Qi8fhrd écln‘ﬁ%f &fd dﬁﬁglohhﬁnﬁeﬁ %(}cfégggm;(m-@rgrst%@ﬂ\l@ PBF]‘H’I‘\[Q‘FP@?PII’MC

acidyl- i"’éﬁﬂ %&HUMﬂOﬁdmmmatajhseir«bmtlﬁ&nhnm]mthﬂ}-
2,5-4DnqIEAVhA9IcEibYHbIHEth PGP AV eded1 4 35 R ALGa25 Fa 1),

4
Wa %\kﬁzsﬁé I3 waseffedin 6 Partiopare MFpireniional yaty (2Q0apE) yd alded
slowly motilntbé biphd p]iiuﬁwas reached. Seedl crystals of lalph Z1:1-2 fdcarbarmc acid 1-
_ en car | perl I N- ester
[2 (? IS Bééﬂh NG ﬁvﬁgxwﬁ?@ PRy ol 2.5~
dlmgtéy]ehmyﬂrgg'bmuoﬁ};ﬂﬁd}pipddduﬁﬂ-yl Wer Form 11 (50 mg) were added and the
resugﬁ%%;g%é%g :ICEH' Hbsag 99 Z(é 9(}}&% rH)ch time a free-flowing slurry had

arni c

devequ:d( 4% ﬁ@‘r(ﬁ?‘iﬂ@) Svad iaddsdmpepin éﬁyﬂmcae padimyDatthy tekptipelixture

. was dmﬂi*ed‘]at)ﬁ *EkEnicPk. eﬁ’heﬁmxtu]l-e was th tered and,the filter cake was

S- di naet hyl am ne
Was}f‘dé’“g} WRER(OA M, #E d’(‘%@l‘ ah®y 2th¢m| a)ld itrenatritd bnddrvhenue at

roomdfemperature for 48 hours to provide crystalline biphenyl-2-ylcarbamic acid 1- -[2-(4-
{[(R)—Z—(3—fonnylamino—4—hydroxyphenyl)—Z—hydroxyethylamino]methyl}-2,5 -
dimethylphenylcarbamoyl)ethylIpiperidin-4-y] ester (12.5 g, 99.6% purity). This

crystalline salt was determined to be Form 1L
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di chl or onet hane and net hanol (400 nlL) was added
sodi um bi carbonate (20.8g, 250 rnnol) and
t et ramet hyl anr noni um di chl om odate(1) (44.7g, 165
nunoliz. The resulting m xture was stirred at _room
WHPERAPlre for 1 hour and then water was aBGEHSSHY?92S
m.). The organic | ayer was renoved and washed with 5%
aqueous sodiumthiosul fate (500 nL) 10 and brine (500
xnL). The organic layer was then dried over anhydrous
magnesi um sul fate, filtered and concentrated under
vacuumto provide 4-iodo-2, 5-di nmet hyl phenyl am ne
Exapgfle6 g, 98% yield). The product was used w thout

iphRofdgfifste S 20 A TS St tnetiyiglemlpyames Dot
pipaddivid-grEsodr 4 i odo- 2, 5- d| nmet hyl phenyl amne (37.2 g,
2L Lhne ane (500 nL) was added
Stel!%od %rin&gl %’)g?db'%ﬁgi?’gu&w Eﬁﬁ? 302 mol ). The resulting
mi o wlukies of 5HEme la@ﬂ@e&mg ae? w%lhlﬂ@rﬂ brigwrecf2 3

dicHibromb®dn BRI hethBil @Qﬁ%@L)SJdeMe@ yﬁﬁmﬁl bﬁﬁﬂ:’oﬁz&'e f0. 85250

m nutes. The resulting m xtu rred at_room

mmpl) Fp W@YHWW@H@G&W*PH@F@ ﬁ“f*ﬁér 163 - The rvtting
mixftfre WREstirtddtak fdotn Mefaﬁﬂbl &'&d. Hor &ﬂmltbn 2RteY\Wasrhdden ¢S0D mL).

The i oy AP BAE 4 dasee fo i SO R 500 mD)
and béin@ {J00mal )N-Thé-olr gaskin- 12y dy-vetis Itﬁnhiderl beaydnhpdoyd magwetsium sulfate,
ﬁlte&edz %8(:%)%1%68 O/e$ c{leg%&cu%m % 9 l—mdo@Sﬁ[r%%H%}ﬂ@Q@ﬁamme (39.6

er purlflca on
£ 98Vophedy | THR-pyddimt Wasnised Adihgut further purification.
112- (4-1o0do- 2, 5-di net hyl phertyl car bai noy0- 25
et hyl | pi perldln 4-y1 Ester To a solution of
SteNB(-4Vi($ded@ 2 S-dimetiphpybagydamideani de (32.2 g, 107

m’“gﬂc) 2 dolutRnQf 11—18&6/ 2 'S“ &i&%@@&ﬁbﬁb@ '(5'75:! Byl §1 Qihﬁ@lﬁ‘iﬂj e

[ sopro ano n.) was ad heny
dickjorgmethapy nﬁé.w&ﬂﬁ@rfm}w hm?rl’o'é@? ‘t%éoé ool 5he

resulHY Nhixh6 wae 8d81dd WM W aiﬂd%ﬁmm&hﬁﬁaé @Q LG hekl)2dbs
hours. and then at_80C for 24 ho react.i ggmoom

addef SO VRER PTG PIZG migBieE g Theyrep Bﬂ% {“EF’;B‘&“&’F& B
temﬁammreaﬁgﬁ add eeh Alacidu nme“ﬁbm:ﬂeasﬂmhﬂmsmmrméd/wbout

IOOL\;}Y cﬁhl 290 ate?oa n)e/egg ]ol‘hﬁljrempdta{ ﬁ? | t I S Waﬁ}eﬁ%&e\gater (1

eou orrc aCI
L) 268 mnmn)ea apain freaff0 O/ foio ﬁo@;ﬁdmmmmqam@ (42.98g, 95%

punf}gyer% Qr‘jd%t &H&eﬁ%ﬂﬁﬁp&tﬂ%ﬁw@q LOrganic

drl e over anhydrous ‘magnesi um sul f at e
--52-- V\D 2007/ 127196PCT/ USZOO?/ 009925 and filtered.

Step-chaBfph eﬁﬁmymbms. AT fodde srtﬂﬁuihtyumnmcﬁw@ynu
was concentrated under vacuumto a vol une of about
ethyllpdperidin-Lyl K§8ch tine a precipitate had fomaed. The

p I e epddh&ioﬁ M(&ﬂoh&@rseainaﬂ@mﬁenﬁ@bcmmafdé mzﬂz g, 107 mmol) in a
6:1 &) biL erﬁ% Bﬁgﬁx{/ %g{d% 1? b‘i"é‘é’??‘bﬂq Z'mi) 1911) Wa§ g;ied biphenyl-
2—y1(:&9axﬁg: aciiiperidin-dyy] et@&UBG3ed, d23 m‘nﬂozl) The[rbdutiirbimikture was
heat&d tC é%) JCO for % ?1'51%% ]anl\g 91311 a? §O A@for ZQlllmu.rs %%e Téaction mixture was then
cooled to room temperature and concentrated under vacuum. The residue was dissolved in
dichloromethane (1 L) and this solition was washed with 1N aqueous hydrochloric acid
(500 mL), water {500 mL), brine (500 mL) and saturated aqueons sodium bicarbonate
solution (500 mL). The organic layer was then dried over anhydrous magnesium sulfate
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Step O -

4-{344- (Bi phenyl - 2-yl car banoyl oxy) pi peridin-1-yl]prop

i onyl am no}-2, 5- di met hyl benzoic Acid Methyl Ester To

a solution of biphenyl-2-ylearbarnic acid

WQ P9T12A1% odo- 2, 5- 10 PCT/US2007/009925

di met hylphenyl car banoyeet hyl | pi peridi n-4-y1l ester (56

g, 94 mol) in a 5:1 v/v mxture of

N, N- di net hyl f or mam de and net hanol (600 ni) were

added diispropyl ethylam ne (49 a, 281 nmol),

1, 3- bi s(di phenyl phosphi no) propane (3.9 g, 9.4 mmol)
and @@ BriRebLE@(d L) aeebada a@a iHle @sulfnghminminde was Thecentrated

resultin n1xtur wa rged carbon d
endbf Bt A 7 Berer AR 0L 6 Hhiph R R AR 6 e
prsmmawd;eﬁmramammied t6 beibidddpheh§l- :pybemne:) acidlh§2- (4~10d.o-2 5-

g AR RS B BBt e

Ddﬁﬂiﬂcmhdﬁmﬁbﬁﬁﬂ%&oméSSﬁ%é@nnﬂiﬂ&ﬂw 1IN aqueous
hydrochloric acid (500 nL), water (500 mi) and then
brine (500 nL). The organic |ayer was then dried over

Step By fidild- Ohiabpredi vk siiamayloxy)piperdiadl-yiier op sy lamino}-2,5-

dinfe AL RLAG N ﬁﬁ}mggpunw The residue was mxed with
et Hanol (about 5:1 v/w ethapol to reS|due) and the 20

mi xkf ©hyties o dipheaylhyicrbamic ackl 1-2-ftodri2a)-
dxm@ﬂﬁﬁﬁbﬂﬁ@hrb%y&)e&@h]pweﬂmnmﬁ ater sieg] B RnBoIPIM ¥/5:C ot mixture

of I{’,gfd{\%galtfﬁ & rl& %ajréite rpgtﬁaqoi P@O;rgﬁﬂ%%e%gggd’ cﬁmpl%pylaﬁ&l Witte 49

mL{ 281(thinpheny- btsi’dlvhmtﬂhasmlyﬂoowmeﬂw & P#-mhol) and palladium(IL)

ot €5 95 A D By 6t o

therg stired ofvom:gbs at1’101°:§5m:8@5’05@@er&3caﬂﬁmmnm ajmosphersi(giiopn
Phgny d id
pregeyh A néﬁ%gif&%%%%@% GorfBlyfhed urder vacuus and theresiduc was

phen
disseipef! pﬁl picklow Gemt) %S ams%rw g@ d with 1N aqiieous
hydfochRadedeldsohemny, 1wa%ery 5@@5419 @EHEI {Hex BHRE pﬁbln@kgw “The ore anic layer
yl ] propi onyl am no) - di met hyl benzaqi c

]
WaSeté%ﬁlnidwﬂsﬂgwd@gs glagﬂ?fﬁﬁ’“ sl iy Alsterian %ﬁﬁ?ﬁﬁﬁ%ﬁbaﬂdﬁf
vaciibnh, w&sre@mab ads hixAIGvinethhrdl (dbsat Sl il Bﬂhmﬁlﬁdfdsﬁﬁe) and the

misge s e el ol ESd el Bt FpiaS Rt doflp bl oy

cool tvanomatmepergtify. ahdnky remdtingaphisteighitate ot ds dsvbdeddyy filldation to afford 4-

A8 9 B A o VA
acidimethiyhester {47.3 er ¥4 pifility, 92% Field\ae/z: [M +H'] caled for Can35N305
5302830 &uhd 6394 PCT/ US2007/ 009925 organic |ayer was

concentrated under vacuum and the residue was m xed
wth ethyl acetate (about 5:1 v/w ethyl acetate to

Stef; Qﬁl ﬂqﬁ])enyﬂilyﬁameiﬁ;u iaeg2ieatyeitoxhthéthyld, 5-didethgR! i d
rial dissolved and then the solution was all owed

Phel"éflcebllﬁm?y&eflﬁﬂm“i"’éh‘ﬂ% raYlfster The resul ting
pr erd mcnai@ a@as{:-f i4-(eptetdylanglcamamd yloay)pigeadio-1-

e

tetratgidrofdeal (2 sh By whPehobedgp OE?S%rqddxthmyx alurﬁma% lgmdaﬂdgw 7 g, 281.7

o BoR lypp 30 3 BEcd  poeos

therp@ates(10.7 mL) was added, followed by 1N aqueous sodium hydrox:de (10.7 mL)
and additional water {32.1 mY.). This mixtare was stirred overnight and then fittered. The
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Step F - Bi pbenyl-2-yl carbam c Acid
142- (4-Formyl-2,5- 10
di met hyl phenyl car banoyBet hyl | pi peri di n-4-yl Ester To a
sol uti on of biphenyl-2-ylcarbam c acid
WY RRIRGdr oxyr net hyl- 2, 5- PCT/US2007/009925
di met hyl phenyl car banoypet hyl ] pi peri di n-4-y1l ester
(5.0 g, 10 nmol) in dichloronmethane (200 nL) was
added diisopropylethylamne (8.7 m,, 50 mml) and
di met hyl sul foxi de (5.6 nL, 100 mmol ). The resulting
m xture was cooled to O C and sul fur trioxide
orgfNd iaﬂéﬂi&skﬁn@ﬁﬁ‘@dﬂé undeB vBovym & thesiduemss mdkckddvitlifiay! acetate

t
3 S 8030 Tl ol o83t
materdaieissclved md/mmd selirtidn wasialboped do sodi yelrovahemppietuge j he

rest}%ﬁ;%gp gl‘l%) t%@@a? f-litél‘ glgp Biddlto l!ffofﬁhﬁ%ﬁhgﬁﬂ ?ﬁa{bﬁﬁﬂ aclPb.[2-(4-

over rous nesi ate and o
hydfaxymethati2, ﬂh@emmylmbwmeﬂwﬂpm@ﬁ@arwwgm (24.6 g, 95%

e%)y JI‘EQ 'ixpﬁéﬂafwﬁé:héid without further purification. m/z: [M +H')
>- di met hy| phenyl car banoypet hyl ] pi Per i

cak‘dlfﬂtE@ﬂS%?i 5@%6% o> ded wit hout furt her
purlflcatlon [M + H4] calcd for C30H33N304 500. 60;

nd. 500. 4 | e ture and
Stew&m&“ﬂr%&?mﬁ 1mptﬁ ?g" @%ﬂ%sa ng Human ML,
dindeRiy n&ﬁ:gﬂl?ﬁnl Ml&k%ﬂ];ﬂpeﬁﬂm—ﬁmmor S CHO cel |
oned. h
EF ol R W Bapatd L Mo 06
dzmmmhgmmbmmm)@myupmummwstem (2 g5t (Fna@l)yip dichloromethane

(20%‘:&8' iy &e%ddl%ﬂrg%%mgtf{?lﬁﬁﬁw (%gosd&%@s}) aﬁﬁ'aﬁhétﬁgﬂanfomde

S were ncubat or” and
(5.6 L. ¥ wynoh). IthElIﬂiAnilhtuEﬁPB@ copisdte 036 aad s@lfyrdiexdde pyridine

X f £ MR NS Ah L OB LAtk nfiRBrwb sti@Rd Gl Rour 2t 0°C

ts were ei'ther stored frozen at-SO EC or

mdmﬁﬁ’é@ﬂmlé w5 @gdade J e prpaaticAlerqryvas srmened anggrashed with IN

aquBGRiEH ARRKIREE RAERBAOAL) &R briRABOGHT) WEhE oS S3eNWakhen dried
in lysis buffer and honpgeni ron

t .
ovepbyFRIS FraSR e Fglraaﬁoft& Kbt T SO SSRAHRE
bipEenPLL2 SEbanfit ke 147 dme@qmﬂenﬁugbainaﬂ)et@}pipendm-

4*?%]1?%%%5 /u% g 1%€P%82 07} g %9 572(24&101‘%’;)8{1%&8{ Caoti33N304

500r68s Bapdsded. wi t h re- suspensi on buffer and honogeni zed
again with the Polytron tissue disrupter. The protein
concentration of the nmenbrane suspensi on was

Exxgepledffi ned by the nethod described in Lowmy et al.

Cell-Satturd HiH gﬁln}ﬂ}fatﬁé ?Pﬂ!iﬁ%ﬁ&lf ¥ront T21is %@Eresﬁhﬁ HEA mﬁﬁz, M3

were store ozen
and My Muscarinic Receptors

CHO cell lines stably expressing cloned human hM;, hMs, hM; and hM, miuscarinic

receptor subtypes, respectively, were grown to near confluency in Hams F-12 media
supplemented with 10% FBS and 250 ug/ml Geneticin. The cells were grown ina 5%
CO,, 37 °C incubator and lifted with 2 mM EDTA in dPBS. Cells were collecied by 3
minute centrifugation at 650 x g, and cell pellets were either stored frozen at &80 EC or
membranes were prepared immediately for use. For membrane preparation, cell pellets
were resuspended in Iysis buffer and homogenized with a Polytron PT-2100 tissue
distupter (Kinematica AG; 20 seconds x 2 bursts). Crude membranes were centrifuged at
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- Exqgp

5 in aliquots at-SO C or used imedi ately. Aliquots

of prepared hMoreceptor nenbranes were purchased

directly from PerkinEl mer, Inc. (Wellesley, MA) and

stored at -80 C until use. Exanple 11 10 Radi ol i gand
Vil WeI R 9Assay for Muscarinic Receptors PCT/US2007/009925

Radi ol i gand bi ndi ng assays for cloned nmuscarinic

receptors were performed in 96-well mcrotiter plates

in a total assay volunme of 100 uL. CHO cell nenbranes

stably expressing either the hM, hi\42, hM3, hl\44

or hMbnuscarinic subtype were diluted in assay buffer
40,000 k laefoff Iﬂ ﬂnimtersglt 8§ PEC ITh Scinbfage belli §a8 tHen resuspended with re-

sus?gl%?cﬁﬁ g%mg gg%ﬁ%?cli Fg\%n W‘%B%‘%d; gﬂx n Mssmgsrﬁgﬁé 5T1%gprotem
COI!P@ntl@og g>f thermérhirabosugpdnsion was deteﬁmgaabﬁ tHeGidthod dEB@ibed in
IWugnJ}r {‘ %B‘JCXB]DI? 9' 276% Alif %ga Fol %/r%%tgred frozen

tlssue i stup secomnds) “priof
in aligyptsiabrB0 §8H‘~’UJIS91 immediitelti Adiquots of pepdred hlﬁatrmmfunagbranes

weltPuYlablRStiRbuY REm Mk f g‘iﬁ 9
1N—nethyf31 scopolan1%gﬁﬁgtﬁﬁFﬁaﬂﬁ%P&é ?%%E?QNMB €
U PR666, 84.0 G /nunol, Anmersham 20 Pharmaci a

Bi ot ech, Bucklnghanshlre,.England) at concentrations

rangigg from0.001 nMto 20 nM Di spl acenent assays
détermination of Ki val ues of test conmpounds were

RagiolifatdBohdiig Asshy Iﬂﬁh’fﬂkéﬂrﬁu@i{eﬂeﬂmw and el even
dlfﬁ&ﬁ&@an%ESt cong E éentraxlons The test
conpotnaeRPen YEFTRY FIPES SBERASIG 15CEPIQIS EE REFIRTmeshin

96-wkll dﬁéi'otlteMa]ates dhi b tdtalcz\@sablirﬁﬁm{e NGO YL ITESO chiRhedibranes stably

buf r to fina
oxrfisith Sthetly ?%‘ngﬁfg% HVicREnis Subtee ke dified in assay
lﬂdﬁﬂdHMEGMREmngwpaﬂﬁinmqu&&&mhmm&ﬁﬁmﬁ&ﬁﬁygﬁﬂéﬂf¥@ﬁQQB?NML

10-BE e Rt 1808 T PR o BEG oot et o o

similarcsighmtsdprid rTlﬁﬁnmﬂmh&awaE bﬁgﬂ@orﬁbg&ﬂiz@@ ubif} %E Pb@%n tissue
'ass

st 10D or Y ol Bt ey SSimos bisins ke iy
detgrpining EsAaluEa ¢itthe rqufiligesd \nme@erfoﬂmﬂzsiﬂyle-gmmdm with
f d
mﬁ%@s&?ﬁ*@*fﬂ#ﬂw PSR TERIRY 40O Kmpratage
Phatacs Biofreh, Birckinghpinghired England)iat bertceamations) raniglng from 0.001 nM
to 20 RB{ @i@ﬁa&@ﬁent Lﬁ@.yg fo%ét@mﬁggtfoq Otef?k& QE% com o ds were

tes re then counted In opc
pertPr b PRI 4§ GW £k shesen oot tsrEemropountinencpriations. The
test erﬂpbumgs dﬁ@ffﬁxﬂﬁ@ﬂ? 2isVN @08 4/ bRl hAGHSH aﬂ%ﬂ% ﬁiﬂﬁﬁﬁ buffer and
ysis Wit

ana nonj i.near re reSS|on ana
then é?%?}ﬁﬁgg“#/ TGt i ntin kit coroenipiions rdsing feme 10 PM to
100 pm: Thfﬁ&ﬂlﬂan&iﬂﬂhr dallvolhficd & thB Gsa) ﬁl’a?ést\@erg%?& *VE 123
ca

| ues for test COI’TB)OUH wer e ate
d

cadiqheg Aot ST Eostropmotioh 526 80 fbcnEronseu ARy rlites were

incubaed ﬁ:lrIGO‘i‘lﬂﬂutU§htrE971'gd; ?%E%{ ﬁgxfsn%ér‘e uuta'te(?iri)a‘ %ﬁ%atmn

soff. VH
°"ﬂr202§’§§f“§ &oer 111@ng at?wem@ér VRS kpre-tieated ire t6(RS 4] Kilter plates

werandiseé shréOtidled Rl wach bikgerQEPARE HEPERF &) reMdYe Aolnd
interval s. - These sumar statistics were

rad.lqaﬁgwtyc gﬂ‘?é’rl PERIVER R Fr-feted apd 0914 icrgepin-20djsid sciwillation
fluidl(RedkdhiEmans $Ry) werela0WRT to Khcnsabiy eI‘I'L 5@@'&/@1% th ouH%E ina
e

»-.1.2

.Perk}rné%zlés %Fuélglgaladsﬁpﬁﬁi@ﬁg}}e r%l?nlv? %@%Q%HEL;%P Ilélte .dBioI{diI}g data were

1-12-(4-{[(R-2-(3- 10 X

f or myl am no- 4- hydr oxypheny$§—2- hydr oxyet hyl ar ni nol net
hyl | -2, 5- di net hyl phenyl car banoypet hyl i pi peri di n-4-y1
ester (compound ha) was found to have a IC, val ue of

| ess than 10 riMfor the M, M2, M3, M and Mb

muscari ni ¢ receptor subtypes.
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Exanple 12 15 Cell Culture and Menbrane Preparation

From Cel I s Expressing Human PlI, 132 or Ps Adrenergic

Receptors Human enbryoni c ki dney (HEK-293)

cell lines stably expressing cloned human pi and 132
YU HE P receptors or Chinese hanster ovaPfHHS0eR825

cell lines stably expressing cloned human 03

adrenergic receptors were grown to near continency in

DMVELIVI or Hams 20 F-12 nmedia with 10% FBS in the

presence of 500 pg/nL Geneticin. The cell nonol ayer

was |ifted with 2 inMEDTA in PBS. Cells were
anglptdddiyewnlineac eagtesiibo gﬁlyﬁmw?h tHe, @Q@hﬂaﬂsmgs%{%fﬁﬂiré package

ther.stor rozen at .- or

(GREhPE Sottiid 1. S Rbe A RaF L vcoppetiopotel X
valgeefos tast ¢ompoghdsigera nalcdi3Rd fienegisorveé X0y, @slibngnd the Kp valie of
thd VB - Al ; nded i lys|

byt e?ﬂ“f I R R T e A S O
Biqefrergicel BeiPt 82(23): 309 %1 48).g Kt valies tiengedbyemaio giassues fo
detBONE &l geBettid tnchh B4 959 RRadRe int@{ark. "PrdlD %rlgrﬁ%lﬁuarnséagisﬁcs

Er tease-sec@)smlve 113 receptor expressing

WeEETT™ P PEtCaRE FRK s doraatadrepertingsi s buffer (10 inM

Tr i B thiSThssaph [owd} K5 wilpd RIARALS thaVikklesp &?m%ﬁ&h s £ igher binding
i bitor Cocktail Tablets wth 2

. te Proteas n
afﬁ‘r’in%qgﬁ Teosptor teied, ]%’{PEH&W@PC?(T‘PEBEH acifdrlgdgt heD-2-G-
forgybatinmi-datioxyphedyB2apadgethyMnindheygnpgenat e was
i ' 000. X nd the r tin
iR R E By SR 491 g2 dogomif Ty s Pound to have o
K; Y@u%qfép@ﬁ@ndﬁ M dortben V| Magleis,i MpargisMabav@rinidYecdptor @ibtypes.
pell et was then re-suspended in ice-cold binding

assay buffer (75 mM Tris/HCL pH 7.4, 12.5 nM MyC12, 1
Exapped?a) . The protein concentration of the menbrane

Cel$ CHRARS it videsh ol hods .descri bed j.n
I56-- WO 2oo7/%%%@3%%%5&6‘8?f@ggéﬁﬁe”‘ﬂﬁﬁ‘v‘“& B, bior Bs
Adrgnergiq Bsqcptorsur nal  of Bi ol ogi cal Chemistry, 193, 265;
andnBa a0, AR | R ] 1976, 7
248-54. A onic Rty 95k 2339 CAEMS Hally ckpresing ?2‘8%'3&”&’“3“ B1
and fi, adyenezsisirecsptogs pritiidessthetmyter Svdtiea(PHO) £l Raskiseiblygapebssing
lorBu Mg pASEaYer iR" I d3. . and 133 Adrenergjc
S Rece pt or erb r%(‘{éﬁ%&lg %‘i"’é ol F‘recoﬁ‘gﬁ“?‘?ﬁyﬁ’é ?B%M or Hams
F-129pedialwithi @ GBS tie thegiredenss o508 [ghhBIGeasidy, VR ¢dEn@olayer

-\ 5 | nbr a rotein . containjn
was H0a Wit il RO 1 Qo I B i cRnbieaton 1.0 rpm,
and gelk gellefs jyera either Storedvirdrenst HEEL°Q bt TembateDEer€ prepared

immnieai , . % BSA) . Saturation
bkl S I ok o BF il £ ootk crepBiethafthp ffrancs, cet

pellets, weyq rpgaqp&n@ﬁgrie Typdsenfies i WMIEEJH@‘IQt@aﬂ\@ EBTA, oFH 7.4 at 4
©) ot 00 985 P TN b AT on e

For nc., Boston,

FEOPF P50leaseseRas iR Gp ravapicd exnredeing 188qbrars, @ll/pelictoivere
homBgénistedith BBz bbbt 9GhIN BN G 7.
“Colllpy%%fggst,cpn%entrationgﬂ?§%7?ﬁ%&ﬁg%ﬁggﬁgﬁ&ﬁ%%ﬁg%ﬁOf
BHCtS Weicied PR e errktab Tahjats with BARDeraid oh boffer
(Rodie Mialbata Bibohesdals; IEMHAPEIS:, WY, €he g | i
20 0{,3;%%3- dj pydr olg%gr éﬂ%l ol gt 1H?M and&ﬁ?ggnta{% was cenmfugefi ot
0PG5 3t eelfipe P S AGFAS e Bt lysiqlnetx by ee-preparsion and

cen?ffugateqn@mabmmn Cehetfiral pelles wak thep ?‘g.s@ %g lick- 3B Hifking assay
buffde (P AR - ific §|n ing _was .

G erm EQ% i p%‘ﬁéﬂ’pl\ﬁrzé%%;hc gf%‘qﬁz,f bid &WPWP’E
concaEation of e anqmhrairaguepeiiivn washioterminkd By tHe, metholstdesdtibed in
bi ndi ng reactions were terfibrated by rapid filtration
over G-/B for the 11, and 132 receptors 20 or G-/ C

glass fiber filter plates for the 133 receptors
(Packard Bi oSci ence Co., Meriden,
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CT) presoaked in 0.3% pol yethyleneimne. Filter

pl ates were washed three tines with filtration buffer
(75 MM Tris/HCL pH 7.4 at 4 C, 12.5 tnlVvl Mgd 2, 1

tri M EDTA) to renove unbound radi oactivity. The
YO HWOERTWere then dried and 50 FL of Mkrosci RET/PER007/009925
l[iquid scintillation fluid (Packard Bi oSci ence Co.,

Meri den, CT) was added and plates were 25 counted in

a Packard Topcount liquid scintillation counter
(Packard Bi oSci ence Co., Meriden, CT). Binding data
wer e anal yzed by nonlinear regression analysis with

Lotving eﬁlapﬁﬁ@daﬂh&ﬁdﬂBﬁﬂ&ézMT@epﬂﬂﬁé% 6633048 Baghford, dnalytical
the 3- par anet er

n usi ng
B"’%% r978=n? 84§S 2, @M@W‘Eﬁ% werg, 80k Xpaethin FAURE Fir0 °C
Orﬁﬂesiemmedlatéhﬁ val ue for nonspecific binding, as
determined in the presence of 10 MM propranol ol . Kr
val ues for 30 test conmpounds were cal cul ated from
Exgmplalfed | C50 val ues and the Kd val ue of the

Ra@ff’i%%‘a“ ERDfny G P B, BB T Bt ocontors.

Biming3ngys m@ perfov@ed BTG~ VIl hOGREE lhlazﬁ)ﬁﬂd 1069 93y volume

22,
val ue. i.ndi gat es at. a test
of icdgl n%ﬂ;bﬁg%ﬁ;léy cﬁ'l ‘%g%’b pﬁra c opfaint ﬂgﬁvthfl&angmpgor b; adrenergic
TeceRipis in pyway buffes 75 EMWQF{HCIW ¢ at 25600 i1 2.5 aeNIMgCl, 1 mM
EDi‘Al tdratiol bi

A S s O A
ﬂd‘rﬁ’&ﬁg{ were daneaing i Hﬂréﬁyﬂm&m;ﬁyﬁmzppl (9eCiirinn, PeskinElmer
Llf@S&l&Eceéﬁﬁméﬁﬂ )foﬁ’ﬂé gzrtegplp (ﬁcﬁllj gl val ue

e 11 ener gi e( e

of Iessthan 10’ anor t pt or
iodogygnemmdalol (VEX- &%8%%?1’% H@@@Emrﬁeﬁe &cteaceasgnc.anabton, MA)

at 1033 1 AdIfRRET: Gbkceh@ERAL PdnEin
Igﬁ scar | n i c Rece pto %%Ju%f’mﬁétsassays

S of ismfor
for @%ﬁ}g\ég%tip %% 2, 8q<%fm t s?mgg’lgﬁlp Seerqvioe athd mhnixpalpmnolol at
1 DMfandAWﬁ]-Mémymopﬁnﬂolbnaﬁdlf BVEHS &Y or Ih&ft@féﬁ%dn@&ﬁl’aﬁms of

of .a test,.c d_as an antagoni st for th
“"“Qg‘k}ﬁg‘? CENERE GO B 00 i oo ﬁ@g@%@ﬁgﬂa Tras f&mﬂnmeﬂmthe
preseﬁcetdfemtmtprqmmun gtsﬁa@;s Rl eBE the MR BAPh& ST Bf"ft': t2x!nh g
orskol i n-nedj ated cAMP accunul ation In

bmr_p g Tegctécg{lﬁ W&%ﬁeﬂﬂmﬁ‘ﬁ% bﬁ remzqi g}’tg&og over GiVE fatstgaﬁs ambﬁgs'eceptors
or qmcfgmsnﬁderl mteapraedd |f&| M‘F?&% S8 a‘bic&‘ifatmﬁ léi%'e tbﬂ&lden,

ase Activatlion

FI as
%(?A(d I{ﬁéﬂem @ltwewla@wrmas@dft@ee times with
ﬁlu@mneme@s (75naM TrB@HCDpH 7MAIt 4 &C §05 NI E @, LNGM 1 EDTA) to

rem q#lfb ct rg #1 éﬁuﬁlons Cel s were rinsed once
Wt AR 395 Wt s driedymd 34wk pf Mcroscint-20
hqm@cscms%ﬁmyma (Pdkid BIdSFERIEAICAMERRE! CPPFad didbd &uﬁﬁues were

mbr ane .Pre ation section above.
coufttd o ol TR B SRRl g unier Gesiord Biagaionss Ca
Merigsp OD- >Blgdmg dath iweee aviabyuzbe by ntnibariegrettRRtnakBR witd the

GTaﬂBPILth g*’&‘ﬁ?@ cou ega%l@gﬁ)g'g %gﬁfjﬁ‘g%rg‘fgpgggf BE§?1$§] ing the
3-payagisier @podebios leperpitCminesition FThe an‘mm;mﬁ&jn wikixed @b 1 value
for ngﬁagy%mﬁ@ Biddifdl 98 dradahdy 1ﬁtthe6]§r%sencg of & pMJ p\zl'gpranfm%ﬂ R, values for
test compounds were calculated from observed ICsy values and the Ky value of the
radjoligand using the Cheng-Prusoff equation (Cheng Y, and Prusoff WH., Biochemical

Pharmacology, 1973, 22, 23, 3099-1 08}.
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re-suspended in stinulation buffer to an assay
concentration of 1.6 x 106 to 2.8 x 106 cells/nL.
25The test compound was initially dissolved to a
concentration of 400 nMin dilution buffer (dPBS
VOB EAEAted with 1 ng/ L BSA (0.1%), and PREHS2007/009925
serially diluted with dilution buffer to final nolar
concentrations ranging from100 gMto 0.1 n. M
Oxotrenorine was diluted in a simlar manner. To
measure oxotrenorine inhibition of adenylyl cyclase
activity, 25 AL forskolin 30 (251.1Mfinal
Cora et by, anoeed Kitwathe indickPBShat a2bstwbmgdimdttad a higher binding
OXO0Lrenmrin [ A b St
Pkl B or R, Mpllny EEY SRR ATEUE A P00
foroyapowrihydokipbehylpR dtydonpethyleminefmptoyd . &deny| yl
. s Pl sl O o0 have a
i B Rl OB s G5B AR EbRRo b
X, valuvaif leso thae A0 md Faoes Pradepensid spe¢pyor adil Ky valdesy greatapign 1000
| ] nd, and 50 AL cells were
o Aol Shheh el CORRM

g ‘assay wells. Reactions were
incubated for 10 minutes at 37 C and stopped by
E ﬁggbtmon of 100 p.L ice-cold detection buffer. Plates
e e seal ed, incubated overnight at roomb5

Fugctigpak Assayeolaintagenismnder Mscardnic Reseriphgukfppes

AssEngL BidcitRde JORERHAIMEAHAInEMifbA bt SAMPK GAMAATon
(Per ki.nEbner_ | nc. anount, of Sgﬁ)l\r/%le

. . Wellesley, MA). Th .
RS fof el RErEay A 2.k oI 35 S e
hME fedéitsr WisReier@thei 0y rhddeursfhb amliane thd\vit dtuboeal td block:

: s descrihed in.the manufactur.er.s user .anu t

onof ORGSR e FR B ARY SRR RectiBaufPh B Bhro-KR bébs

exprdseingyteiMiacdcdptdrs CABOT ssagysevpapsrfigeed Gr apididgimunoassay format
. I . . 2

usirgl P At PO Uil Aol Bl W T ccapp

SWQ@M@@B&m@s bii¥ Seigoeesilon, Bwston, é/é‘d} aeropding iel the manfacturer’s

instﬁlcﬁoné:l i v&t'ejPeemg_%g oﬁ&e M%ﬁ d?ﬁgtafﬁ ﬁ?ﬁ% {8h T rypsin-EDTA solution

concentration-response curve and oxotTrenorine
(0058 aypsingtre 2 M FD oW agglepanibed ip tha el Gultorespd deryrans
Prepdiafidil ScisiSAYve. AThOURIChEL B 1s\Wadrs fratiRd itk RE 8§ chitatughih at 650
test conmpound has a higher functionagl activi rtf%/ at Qﬂfi
* g fI gyt e i WL gEBRe 2‘91? sl pellel was thep regypsgendefl 50 {0
dPHY, G thz'c_éﬁs wére counted with a Coulter Z1 Dual Particle Counter (Beckman
oy P BT 25 SRS e B IV W RS BRD, ana
re-stlffendédhinlspahyiba Antiano yp esday kbpicpeatio af-145 % 10%¢e 28rx 10°
cell% (}Jr:rpound I1a) was found to have a KObs val ue of |ess

an about 10 ri M for bl ockade of o
ox G hred e compemndhv s indtielly dissdlvedste @l conermtitadreaf 49AMM in dilution

bufie £ e%%%@&aﬁ%d%&fﬁg&ﬁ B ASHDI05 I dWrialy dituted with
ditufign hiier-thifdrlaneldr §SESHETPASBEmdifmgn 100 tM to O 1| s
Oth}é%'i-ﬁlggﬁgdﬁﬁt%é‘Yn a bififital HAGHdOnal potency of a test

conpound as "an. antagoni st of the hM2 receptor was )
det¥r measert dptremagne inhipitidrecfademylyhcyolase dedivitp P pL forskolin

o SRR .8 i DSEH IS 50 | P01 TS 5. o

were added to agonist assay wells. To measure the ability of a test compound to block

oxotremorine-inhibited adenylyl cyclase activity, 25 plL forskolin and oxotremorine (25
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receptor. 25At the tine of use, frozen nenbranes were
thawed and then diluted in assay buffer with a final
target tissue concentration of 5 to 10 jig protein
er well. The nenbranes were briefly honogeni zed
Y10l yt ron PT-2100 tissue disrupter aRETVORIT009925
added to the assay plates. The ECO0 value (effective
concentration for 90% nmaxi mal response) for
stimulation 30 of [35S] GIP7S bi ndi ng by the agoni st
oxotrenorine was determ ned in each experinment. To
determne the ability of a test conpound to inhibit

pMO%at § GNDfiskdd Coreiiationt,@espbabBlRRAS i MS)igzs D @ituted test
foll Wa:@?s ein’gdedt each wel | of 96 we pl at es:
comggotd, angiSO s | SPETRODREIRONOEDS a5say
buf REzEcché Wele 3RDBEERYS 10G0ihaM at ﬁ&eq&ld‘%ftopped by addmon of
é»égt,re iH;1:§§]1C90 and GDP (3u. I\Q of diluted
107 plosg og oy tfor; PA@&%%E#I m*b%taﬁ e%er@lsbfraéS@Mg
tenifeatiiYnd 865RRIIGhe ndli rddSing ¥n RIPRHGSEINRS ?oﬁ@tﬁﬁt 11%1]1(1 scintillation

C for 60 mnutes. The assa
“‘b%‘ffzp T’fﬁ“ﬁ@?@'&n‘bvgﬁﬂiﬁiﬁgé&b r%r%@@@%ﬂ@?@r@moyweﬂ}

waslgdlidatad Biaed bn Blerminid Gbyldd fB;aihE QEhSks ar P RIaRELEs, as
buffer for 3 x 3

dedlBr & i.nsed th i.ce-cold %/a

bR '{me AYren§ Fseg mapy YRpdpspRylifear segression

anadysiswith thatGraphPlai Muisal E{olﬁﬁt(rjapé_])acm (@ﬁﬁ?a& I?Rﬂﬁ‘d@ &l Ban Diego,
al e oacti Vi

CAYMnE B ol AL BRaTf oot Bhia Sl i o

equaton Wﬁ%@ﬁed teepledsie diw Iécma lusing theliiQ@shof the oﬁm’mﬁhﬂ chidestmtion-

resﬁﬁlfs& VR Pk ﬂ%&ﬁ%ﬁﬁ@&?f o VB Gt as'hE Kg a?(gft}ge%gechvely.

CA)_using the non-Ti1near fregression, one-
confpdbis FFS@% 2lgweg Kat Vene i ivetes:ﬁezn thebest serhpovad bas a bigher

ﬁmw@ﬁmumdmp at 68 kepidt Rsiell eBkﬁ?x%:?yld@lbﬂ‘garhﬁeadd@gz-{@ [082-(3-
fo of, t he %?1 %ent rat1 on-response curve
oY AR G DY S ErR PR 2peIBR R8N i n t he

dmaﬂ@ameagmbanmeaﬁd]pipknamJ Dbt (e&lﬁifo%ﬁ& 18} wd¥ound to have a

t.hi.s as a | ower Kgs val ue

| T attleesg %%‘aﬁbo’t‘%]eo ‘El\ésgf? T WBH3EE A DW“QHH?“ ition of forskolin-
medl@lnd tAdFadccmptiativn in CHOLKE celzeapicding &;&&M receptor.

Bi phenyl - 2-yl carbantic acid 14244 {[(R-2-(3- 15
f or nyl am no- 4- hydr oxyphenyl) - 2- hydr oxyet hyl am no] nmet h
Asspy B2BRckaiandt Agoitteviydioceal] B?&Bhiqing)erl din-4-y1
est Kobs ,val ue
of Tieds PR et Hho MR R POl qf 36t ot 6 af Sntagonie
of thsdyly mtpma%deit@mmdéw hSESiEhE Sbimm thejteBtreo@iHOudlto block
&Ebidn !
orogehl R i S RS S, A PG e e

Bl ockade of Agon |um
TecopforPR Assays In this functional assay, the

f unatihonak opﬁgeeﬁ'gﬁlen%erﬂblraﬁétw&@ HROMA Qn@ﬁleﬁ Iallutcd in assay buffer
antg@aonl st of and ch\b receptor
AR disHip %ﬁ@!ﬁailwgﬂf hee Hoig PlPSﬂlID]ﬁertWﬂél t'JEls@tmembranes

Wer@W&dnJg‘éniz&hhﬁhﬁ a PERALA PTRGLALAR d;&ﬁﬁt@x%@%hénrhdded to the

liracel | ul ar cal ci um
assayp ate

The ECqg value (effective concentration for 90% maximal response) for stimulation
of [*S|GTPYS binding by the agonist oxotremorine was determined in each experiment.

To determine the ability of a test compound to inhibit oxotremorine-stimulated
[**SIGTPyS binding, the following was added to each well of 96 well plates: 25 pL of

w50
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CHO cells stably expressing the receptors were seeded

into 96-well FLIPR plates 25 the night before the

assay was done. Seeded cells were washed twice with

FLI PR buffer (10 mM HEPES, pH 7.4, 2 raM cal ci um
VN8 1285 2.5 i nM probenecid in Hank' s Buf f BFEHS2047/409925

Solution (1B3SS) w thout cal cium and nagnesi um using

Cel | wash (MIX Labsystens, Inc.) to renove growth

medi a. After washing, each well contained 50 pl. of

FLI PR buffer. The cells were then incubated with 50

gliwell of 4 gM FLUO 4AM (a 2X sol ution was 30 nade)
asshpbu @ withHiSecTRYS i4R1), Eﬁ/cp&aﬁ"bmréﬁh&ﬁe(ngofﬂd'm 2171

ncubati on _period, cells were washed

25 f‘P“s‘?ﬁ gﬁu‘i‘xﬂ st qerinorng and &0 1L CHOiosl mentrnes ewpwg Tyt hM

rechflor. . THe dsshy@hetéls W lthen iN@bated at 37 °C for 60 minutes. The assay plates
28@7/ 127196PCT/ US2007/ 009925 The
we SR LrTtS A PresPIee CEWB ters peing seierinBimor g geell harvester.

Thc plheaserd :@rse@x»@htxemmu RAsHBETR 84T 118 BRAn&LarldNBen 4ih\& vacuum
w rr$l 28 %#Fld be measured agai nst oxotrenorine
FUPPE tepdigniddAt vk Wat F‘B’ﬁd tocgach gvelleqnd each plate
wasi scaketl ahd AdRALEE YUt ORROLEMdoitdrYPERMERHED EData Werd Shatyzed
s .added. An EC% val ue

Ut es and. t hen, oxot.r rin
oy e B i SRl S e PR it So TG Pegae GorapiPad
Softwrb,dde.gdgdnddiegsl GCA) m@ the BRRIINER 5¢pr&8A] ordite dakBetition

L L T R —

0 tb%?fﬁ@mtfaapnﬁwpolﬂse@uxvﬂ@ﬁhm@t poremamnd dnd theSkbmth@ineon
nBéritafon fE
corBaRon o akap s B8 KR (LR MR EPbLiRfl rpopsetvaly.
pl dP&Ys asspy adaw%berguwéwam@that the t5L ¢oRmpamed bas a higher

fun C 2l h -(3-
a:ieme%tﬁft} ag% il%t g[%tfzgtr?ét\;\eg Sgﬁigﬁ%a 2 ﬁ?ﬁ;@@ aé‘dfzegg&- 823

WN’&‘W@E@!{ W Md%@ethﬂﬁms&@@qhm@ s
dmﬂﬁ&bﬁmyk@bdﬂmymﬁﬁdﬂbw&ﬁdﬁthﬁy%&? @Rnipduhd HEY $RCBREELo have a
K, f%? o‘:{%}se%&gg{s’ rior to addition of oxotrenorine. 35

PEST1RM T P 3y} forchl ??’F&ﬁ%\?f%ﬁ‘?mlpﬁ’énﬁwted[ S]GTPyS
bindiegini @mousl yelReaptEaa: thhanchangerof fl uorescence

every 0.5 to 1 second for 1.5 mnutes to capture the

maxi mum f | uor escence change. 15The change of
Assfy Gm@bebamfmummaﬁs&d Gl cirBXR eXetive fvid BB Qﬁﬁﬁs

m e nee r_each )

da?gﬁnv\i% ﬁ‘gélda yzeo&J gﬂealélns h%o??m:é & altef\%ﬁ’?odl?p"ﬂlggf’s an antagonist
of hiy iy end ‘&\énl@emtmat‘n% rietgymined by neasuring gieasbilitg of the test

com}ﬁbthfd AR AL Rt InSdii e A iﬁth%E&g i grgrylﬁgxfm- ol San

using the In no or siI gnoi dal
dog'gloq @éAé RO, eXRiSEigE ﬁb@srtecqnéms WEd sagedpdiinto @6ckes e IiPRedates

the iyht %fosmhu 96929 weRRI0AX 08 dcABDEAIR %ve?é%Qsh\éé luyfce FnFI PR Suffer
|

0 norjne EC9Q for the
o g B8 F%-alftefi ey ralcin Forfe Zéﬁwrpkwerﬂfm Haulss Byffered
Salt 5@13'1@ (BB EB)usitdidut 051917133 and magnesmlhﬂugﬂiﬁ RS SRYMTX Labsystems,
al u n i cat s that the test conmpound ha

T S PR o B Y PPy S Y Rooptbisg QL USRI butfer
The &rl]s Ivmng/theﬁ ﬂkhﬁaé@ﬁaﬁtﬁlm el 3)14@ F]{J{I()@Ala (£ 3X solution was

el A SR, SIS A LT

cellsearewathed npo tnes HAMR)FIBR Huekn @lsabﬁlgfam FolliRe o¥ 86 HE iPbach
) ess than about 10 nM for bl ockade of
agonl st-nediated calciumrelease in CHO cells stably

expressing the KWhM3 and cMb receptors.
-G
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WD 2007/ 127196PCT/ US2007/ 009925 Exanpl e 15 Wol e-cel |
CAMP Fl ashpl ate Assay in HEK-293 and CHO Cel | Lines
Het er ol ogousl y Expressing Human 131, 132 or 133

Adr energi ¢ Receptors cAMP assays were perfornmed in a
WaHnEIaHMnoassay format using the Fl ashpl at BCHUS2007/009925
Adenylyl Cycl ase Activation Assay Systemwth

[ 1251] - cAMP ( NEN SMP004, Perki nEl nmer Life Sciences
Inc., Boston, MA), according to the manufacturers
instructions. For the determ nation of p, and 132
receptor agoni st potency (EC50), HEK-293 cell |ines
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100 uMto. 1
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Antegmﬁm 0| vﬁl&és whe d%ﬁ:ﬁﬁin%& b s AR SH ARG Hﬂ%"ﬁ%a? 5 value as the

r|b in t cturer's user manua
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yl) -2, 5-di met hyl phenyl car banoyBet hyl j pi peri di n-4-yl1
ester (compound Ila) was found to have an ECso val ue
| ess WD 2007/ 127196PCT/ US2007/ 009925 t han about 10
nlYl for the 132 adrenergic receptor; an ECso val ue
of about 30 tilvf for the pi adrenergic receptor; and
an Ben value greater than 700 nMfor the (33

adrenergi c receptor.
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Exanple 16 5 Wol e-cell cAWP Fl ashplate Assay Wth a
Lung Epithelial Cell Line Endogenously Expressing
Human 132 Adrenergi c Receptor In this assay,
t he agoni st potency and intrinsic activity of a test
YOHIEIATEHPOwer e determined using a cell |ine BXBEAET/HH§S
endogenous | evels of the f32 adrenergic receptor.
Cells froma human lung epithelial cell Iine
( SEAS- 2B) (ATCC CRL-9609, Anerican 10 Type Culture
Col | ection, Manassas, VA) (January B, et al., British
Jour nal of Pharmacol ogy, 1998, 123, 4, 70141) were
Exayilﬁmsto 75-90% continency in conplete, serumfree

R DM S 213, RS et
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in Qoohwmnﬂ@summ eclisosdrepelleted heceasifagatian afl 1,0¢)} fphrearsiye-suspended
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wer@ Héé‘d% th@h&&ﬁ Sré!ﬁéﬁnﬁcﬁah?ﬁo hNCHIRUSH) Q¥R difttdthtoainst
C and count ed next norni n‘g In a Topcount

contgying O YoB$ 4 i Bsﬁw&rmema’éﬂ&i? aip] t5sied éwcléh%@ent concenirations

rang¥s BERAM00GNM to THEL RERHDhs YlerLitbibaRaGeIERindR 37 afd stopped
reacti on was cal cul ated based on tge count s observed

by adgined QRpieaf caldoictestipn Befipreantainingls  HecAMP BN SMP

PerldRBM{ R € & 7SR enSesUBESton TRl am & 81 YRIVE p’i‘&ﬁieﬁ@ﬁn&?})ﬁreﬂ)
nonl i near regression analysis with the GaphPad Prjsm

wasgafotiptidebapralandle cretephtpaad SIrthasiw!os e oA Vet gs
desc(ﬁ%)ad U 1ha GndnificArH A 1REBhSfuaODeln WedE arfil b ay dadlinear regression

2007/ 127196P 07, 992 .
a8 5SRO rad MiesR S o el Lo AT 21 L 1518 Dieeo
CAYeih thecigntidd shastioa. ThaemefRrnadit equatiom{itheng ¥y amdt Privkoeff

a%& te%lréca‘i ?lsugr%gaco}g g39 qgt}g ! 222 2¥ ! £09b? q%gj \%aﬁ% &i to éx?c%f&te the ECso
valug®r nmy| anmi no- 4- hydr oxypheny1) - 2- hydr oxyet hyl am noi net h

Y1 ¥ i asq r%%%% t,mlu@ Ouﬁ%&ﬁ%&%ﬁg&&ﬁ%éw@w

ester have an
funcgipnal ac:tlwty at the receptor tested Biphenyl-2-ylcarbamic acid 1-[2-(4-{[(R)-2-(3-

formylamino-4-hydroxyphenyl)-2-hydroxyethylamino]methyl}-2,5-dimethylphenyl-
carbamoyDethyl]piperidin-4-yl ester (compound Ifa) was found fo have an ECsp value less
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5 less than 10 nMwith intrinsic activity val ue of
greater than 0.3 conpared with a full 132 agoni st

i soproterenol (1.0). Exanple 17 Ei nthoven Assay for

Det er mi ni ng Dronchoprotective Efficacy and Duration
WIDIR7/12A196 assay, the bronchoprotective effi BEEYSHPHO09925
duration of test conpounds were determ ned using

gui nea pigs. This assay was derived fromthe
procedures described in Ei nthoven (1892) Pfugers

Arch. 51: 367- 445; and Mohanmmed et al. (2000) Pulm
Phar macol Ther. 13(6):287-92. In this assay, changes

thaﬂ oME1Y i3 AP ﬂp&ﬁé&é:'él@ r&eﬁ%ﬁ BT, Filhd SOAbE: IADS Wrahe B,
al rway resi st ance. omnn 7§re treatnent with a

adrmc TeCApOLIA] mlECmsbla :gréme@ thent780 oM Br tsdhadepergiggeceptor.
det erm ned usi ng bronchoconstrictor dose-response
curves to intravenous nethacholine in the presence of
Examw@ipt@nol ol . Similarly, p, agonist bronchoprotective

WhBRLENCAMPFIHA8hRIETABRE Wih ramm ﬁmdmal CEbmbig®stiogenously
bronchoprotective potency was term ned usi ng

Expravsingcdiempn &2 AremasieRechpier of pr opranol ol . The assay

o S, g ol e o g
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sol ut,i on i £xpose .
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Integ:[ag}ﬂgﬁb/@eﬁ%ﬁhﬂ)b A3 18 a B e %15@%3&5? ﬁﬁ%‘h%ﬁ vk Wrfldhed to

=
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Crelie SOHERIORAPSIY SIS LA GASH Ry%q%ﬁj Ekinfimeiit
Sclﬁlc.({; Bﬁ?ﬂ;Bﬁst&ﬁ NMAH, &ﬁb&&lf%gtgth% ﬂ?%mléyﬂs &li'sltrf alc(nat 5 ;
ceg mazl ne nenaa QEgnﬂd

thibe 45 OF b6 Acai, GoHB DT TART P i DR R Eetaping Wi

EDRA I BBS] #ideduated.n eehhedere'ﬁhhetpdjg;a bmmﬁagﬁtfmam d,008 rot Ak re-
arte [ .

SUSRERfly c{% ﬁfgl tlgn %Bﬁ%reqrﬁ ené‘flgzban:tJJ h%tf er sm%img%nrcgrrméaﬁl op of 600,000
cells/md.. Bﬂlﬁﬂgremgpwm bqncemeqﬂqnmf 109,600 tosl@f, 008 geliskwell in this
assdyPrest I&ﬁ%&a{dgue SR RO RRRED frkﬁs ANPTASEE BH 7.4 at

transducer to a e neasurenent o

ood pressure
25 °é1a 426 M Mgl 1 MJ)\DEM@"WOM E@Pmﬁm#e@%g%% Test
conip‘éqws%eﬂ ?és&d(fﬁpﬁlé!séay%ﬁ HERSerk bnderdtiing Ghi 2 £bm 10 M to

her methacholine or histam ne. The trachea was
10 nMe Regfitions weredneyhated fon! Gmithat 34 Ecpndistopped iydditioegfd 00 pL

of 16209 RdidotionRbfer. RIS weM S%QTed Llﬁlﬁ%ted Rolér nig@e4 ¥O8nd counted
car nmu atlons were comnp | et e, ul nea I S wer e

the peimoraipa i 4 IPRreuat ﬁcagﬂliaf*‘a%? qvg%eék figheg £10¢ Meriden,
)Amraaiouﬁt ofchQ\«f[P pM%c&f;seraﬁL afl%hcftmﬁ&véé%ldﬁﬁteﬂfba&d on the

cougiﬁ gbserv 100 %Y;g?s afg ! %sg)r’gsc geesgrllge% ?he manu?ac%xref’s user

manual. Data were analyzed by nonlinear regression analysis with the GraphPad Prism

Software package (GraphPad Software, Inc., San Diego, CA) using the 4-parameter model

for sigmoidal dose-response.
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mnute. Ventilation pressure (VP) was neasured in the
tracheal cannul a using a Biopac transducer connected
to a Biopac (TSD 137C) pre-anplifier. Body

tenperature was nai ntained at 37C using a heating
WEHRROT/B7I%r to initiating data collection, PCI/US2007/009925
pent obarbital (25 ng/kg) was adm ni stered
intraperitoneally (I1P) to suppress spontaneous
breat hi ng and 10 obtain a stabl e baseline. The

changes in VP were recorded on a Bi opac Wndows data
collection interface. Baseline values were collected

f Ol &fis 48A% b 1GvdFETH €8ine Ridicates bt s tést BEmPRnd &as Phigher

hal | d 1V - ti ith 2-
e rR Pt SRS PR ss py 12 2-6-
forrfyTRhinachBydrewyphenyti- 5 badibrpthy b mebyi ol fodinvhyiwsnyl-
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c.ortgountd. Tﬂgoﬁropranol ol was adm ni stered 30 m nutes
ag("l‘blﬁtl1 PREEOS fuct i on of the dose-response curve to

met hachol i ne or histam ne. Changes in VP were

r ed using the Acknow edge Data Col | ecti on
Exagﬁl?\%gre (Santa Barbara, CA). After the conpletion of
Einthoyey AssaydfonBeternining Bronchapapieriivy Eifisagyand Pusatiops

e a3 WiEksh ) tfe BrOhcNOBiRlotivEDARAS, 4nd VRG0S B £3L@inpounds were
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10 constrained to O. At 1.5 hours post-dos;
bi phenyl - 2-yl carbam e acid 142-(4-{[(R)-2-(3-
for rryl ani no- 4- hydr oxypheny1) - 2- hydr oxyet hyl ani no] rret h

vélg 5- di met hyl phenyl car banoypet hyl i pi peri di n- 4-
1471098a) was found to have an | D50 of | eBST/UAM fiosszs

about 50 p. WL for both nethacholi ne-induced
bronchoconstriction and hi stam ne- 15 i nduced broncho
constriction. Additionally, this conmpound produced
significant bronchopntection for up to about 72 hours
when adm ni stered as a single sub-maxi mal dose (100

_]uglﬂ%‘/dﬁn) canhyla Wak Gsed SSEIV infedtion bﬁwlgier (nthp@{oﬂihé m]g ldste@ihe, The

rene rec t or iSt | e [

e F R B DR P ot gL L Sl Py P

Mza(nl Qalogs/ L) Qreve mhmanulahmmme pimple2Otha ghiagopigs tere ventilated
o 98 A AR, DS AP L kOl o

lm%@@g bédyr w@elatéqunnm me@mﬂ:ﬁa’é{‘&lm@,lavé atp apecef d 0 amkes per

mmaér AchfBtidr) %@a@heagﬁgd Rrao &Q@ﬂﬁl@aﬁtﬁﬁé ¥$ing a Biopac

effi cacy an of test conmp ounds was
tranér&c@‘r qeppested te |ar%}%acdﬁ SRS 76? grea%%lgﬁﬁr Feoipsmpsragraues
maifiding® & “@ﬁusﬁ@’d"ﬂ&ﬁnﬁ'@i& | 1830r k&5 kRem e Bth cbiBddiaR, pentobarbital
Madi son, W) . wei ghi ng betvvee 50 and 350
(25 mgdse) van awstea%cﬁwm%ﬁow ¥ B i syppiess SfﬂPfg{aﬁwa Breathipg and
obtast hlﬁi:ﬁlgle @aselmd_:r srmanso gdslinwedwére eﬁssdeu@nfaandpmmanuawe data
Itum 1 (040 oun re VI
conShonimearai, Bhseding SRS TR OGPl stei, Bdffs fagh hich tme
guirgto pigs gvecéldmiatged RESohbince]atiSaly vadgr 2-6old incAgmentdi doses of the
brofd AR FRAL UL EOALLANARS When billacfiing HeB3a 3
brorfchosnnatricton ngeaalt, anamlfa wietk pr&eated withgrsonenradol ¢k pragked IV oo

1&9 RS OAkcahic® FRES of AR QfndVPHd ahABTas ad@finistered
o 5667 123719§'PCT£QJ§EU§SZOO7[§EOE85&99155 od/PhY frofi o actrnistee
30 minutes prior to construction of the dose-response curve to methacholine or histamine.

Changes in VP were recorded using the Acknowledge Data Collection Software (Santa
Barbara, CA). After the completion of study, the animals were euthanized.

Change in VP was measured in cm of water. Change in VP (cm H;0) = peak
pressure (after bronchaconstrictor challengé) - peak baseline pressure. The dose-response
curve to methacholine or histarnine was fitted to a four parameter logistic equation using
GraphPad Prism, version 3.00 for Windows (GraphPad Software, San Diego, California).

The following equation was used:
Y = Min + (Max—Min)/(1 -+ 10 (008 [DS0-X)* Hillslope)

where X is the logarithm of dose, Y is the response. Y starts at Min and approaches
asymptotically to Max with a sigmoidal shape.

The percent inhibition of the bronchoconstrictor response to a submaximal dose of
methacholine or histamine was calculated at each dose of the test compound using the
following equation: % Inhibition of response = 100-((peak pressure (after
bronchoconstrictor challenge, treated) - peak baseline pressure (treated) *100% / (peak

pressure (after bronchoconstrictor challenge, water) - peak baseline pressure (water) X

55 mm
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The aerosols were generated from aqueous sol utions

using an LC Star Nebulizer Set (Mdel 22E51, PART

Respiratory Equi pnent, Inc. Mdlothian, VA driven by

a mxture of gases (C2 = 5% 02= 21%and N2 = 740@

Vi 29877 88sure of 22 psi. The gas flow t hr ou§RTARRI07/009925

nebul i zer at this operating pressure was

approximately 3 L per mnute. The generated 5

aerosols were driven into the chanbers by positive

pressure. No dilution air was used during the

delivery of aerosolized solutions. During the 10
1000 hihitétioradunes at¢ Hited Wiy thx fomaipataynefer ®rgiatic eqiation from
Grapfpaitd ar"é’aipnof;ﬁgée'récgﬁredm‘h%d}ﬂgé At gﬁ?bi{}&?éf{ﬁ@d

ravimetricart y ‘conparing pre-an
bropdetonstristiriresponsehaeEmnt gnafimphiphibitionpwercclagl estipated wherever
Fonchoprotective effects of test conpounds

app;{%%aﬁf stered via inhalation were 10 eval uated using

wh olhe masmituds aftongachoippotestign aftdifforsnt thue-agntg gferiphalgipngf the
testrégﬁlbo HR6Gas vEQ %Eﬁn‘iﬁtﬁ@ﬁ%ﬁ&&%zﬁﬁm%ﬁlﬂlﬂ@@ /). PD Tinwas

he pulnnnar eval uati on, each gul nea pi1 g
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mal nt al ne di tional intranuscul ar injections of
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brofiABEElAb: %6 24 PR Fliysbiih OF L) BB roccptor

antajgppeist) e@hbﬂ@rﬁlgriﬁqanamndmpwmgaﬂemﬂb@u T2hewnnul a
(PE- 160, Becton Dickinson, Sparks, MD) was inserted
to neasure 25 pul nonary dri vi ng pressure. The teflon

Examppie h8al tube was attached to the opening of the

Pnembmnbgﬁﬁa Ghudinéh Pig ﬂshﬁmﬁﬂﬁeﬂmmpd&hbﬁmmcﬁ% Bfficacy and

b ﬁom air fromoutside the chanber. The chanber was
UAHER seal ed. A heating | anp was used to maintain body

t ermp &ﬁaasuas}e &wwoﬁdmep@w&cﬁeaemcgcﬁaﬂdtﬂw&mwaesi dtinlpatiedk was
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Ka@asp@ftﬁynala@)mtmpxgmG!Dma:ahﬂﬁtrtlet}'r[ﬁstibznelbmﬂnﬂmys 30
Madf'f m&q@ gyé,g ﬁagotamasé 2%9@ iRk audh 1&%81111':'1%1% | e cards.

nnna eva
Thrmomrm $tadye dmafaisewe@@ﬂewnd AGaTEs nohfamd mmwm Hpitue Jest

com) s%&@é&&ﬁ%ﬁcﬁﬁg ?nlﬁfatlgﬁ 0‘78‘ @ lﬁm(nt.eg ubﬁ’ Ghote! rﬁo&% g:gposure

npl I ance and he ran

dOSleﬁFw'ebeﬁ R&FMelds, %’Eé@ﬁlassf%?*) i oping @'eamwwszr@@ﬂanged so
that Bh hEPOER Fas BRABIMKEIMI delivéréd to 6 individual chambers from a central

manifold. Guinea pigs were exposed to an aerosol of a test compound or vehicle (WFI),
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WO 2007/ 127196PCT/ US2007/ 009925 conputer pro gam was
used for the collection and derivation of pul nonary
val ues. Starting the programinitiated the

protocol and data collection. The

experi ment al
“@@ﬁ'{j’égwﬁn vol ume over tinme that occurred wWPEHPRROPHEINS

pl et hysnograph with each breath were neasured via a
BUXCO pressure transducer. By integrating this signal
over time, a 5 nmeasurenent of flow was cal cul ated for
each breth. This signal and the pul nonary driving
pressure changes, collected using a Sensyrn pressure
ThelabrBSId Weay geﬁxérﬁ%m aqusBtiesohRivhe atifg ay LE marm%anzee BIX

onofer b SRR ep S oo Pk o ftbirtih] e B st of

gase@(€0g ersoy, &bl =f zmmdme 7890) at @ pitkAre dﬂ&@él T}l’ﬁ%as allowe:hrough

ected.for 2
the {50 e iR orcdr PR L B Pl By (oS ilepermes
aeroeols fiest dzmenento Wwecrhambais batposigive presswos Ao diliton air was used
dunﬁng %ﬂb§ MG DePlonftidn S hufif %&%q%qm ageqlean&hﬁén, (5

| grra rich oul s
app@amla’f?ls’tl

ofsolmlmwe%nﬁbﬂh%ﬂd {Tyiscyaliel weasqreagiph sravimetrically
y Bhh é{%aha gost%ﬁﬁlﬂaﬁm{waéﬁts(o?mwﬁ'&ﬁﬂ% St.

was | nfused i ntravenous|y for

T R B haRSTAE S5 ot SISV AR g ihalation were

evalRhe€ h§h® WhbRILEY PRMyEmo frashy at338, 2% 04 BandFl2)hodts ﬁobtedose
doses antffpgtet}s]crlbed tines fromthe. start

F"“éf%"teﬁ‘ém%‘%b@‘f‘?rﬁﬁ e s F GFRRATE VAo, eah; suinca §1g8“’as
anegthegized with an &tuaﬁﬁlsdliﬂiﬂdﬁﬁ&;oﬂoﬂicetahgﬁm% %mgkg)lfaylazme
I_Nut 15.0 ji L, nut e at m nut
8 s R, PP 7 b e s
withi]0%e rleakdlved g 2 th Bencholiine ireitionel thé vattabaspbctiohiticmeslt was
adQO ﬂ@g%qla%@aﬁm%%ﬁ@d Add daBEnACE W&%@Qbﬁé‘ﬁyﬁ}%lwﬂgﬂ&

out pretreatnent wth propano

caﬂle%(ﬂﬁaﬁ‘?,rﬂfcméhﬁlsasm Bearkss. §fe) toedlopnior magtmlpg& infusions of

acet fcﬁ&ﬁle% Qfstz{nlﬁﬁe rE2lin€ ofmaoli‘aﬁ:ﬁea thst&léﬁrﬁﬁfecfeagﬁde Iafd Blrinhlated
Wlm%%&n& Al drich, St. Louls, was | nfused

{7élee Be# B 014, Mti’é‘“ﬁ’r el Ledses, G Moeayirgd: apprghesia
was ﬁl;;dlﬂuﬁmwgy aﬂﬁ@@a@ﬁﬂgﬁgmlﬂe&@b aﬁﬁlefaﬁ@mehh Qnﬁﬁlfékf gl‘he depth
of the ex ertmst: . nut e, at nutes, 0.
oF aSSSRR A B O] o skt B Pepogl Sanepe ipBings s paw or
1ftharemp|iramnrawavqslggéamrmmﬂmmraﬂlsmeﬂﬂﬁm&e 7.5 jigl m nut e

%&ﬁatlorrllg W]é?elcl 1e e %Ina O m n %l S[
re3| S ance or conp ancep | Basel i ne
plethyamoegmsph (#53. Yi3 lrmt Esxcbcﬂlbmnng, Ieac Ehamt(;fl‘)calnd leit pEopbageal

pros i LATLIAPHDR: LIS, B0 R, W) s Hified B b
pultagneryévingpressyLs- r?ar?atp@oxp@aw&ﬁdtt@beswwmédo thecipariag of the
pletﬁ)@ﬁi@?‘aﬁh kMW 8RUANEY p{dib @At B8k o Adth 8diside the chamber. The
nce ( n%] E@@ 30 cm H20) and pul npn&%r}é
charges e e gofle S IATP W8 UsBOSRRINEMIREY tqppgrature and the
guinpalpIFRNEdLE w‘rdfra Bﬂlateﬂﬂluﬁe ﬁﬁdé& eﬁmnﬁxﬁLw &R u@ﬁg'ﬁhetrﬁdczﬂibratmn
. 0
syeifbo Wt 20 ri alote RaPePhoC ot e U e Ris Ty B gy sirveays
had mtrcbﬁapseld and dhet 1&5 pimyoaﬂ didi roin suﬂ'dr drodabypenentlatval uat ed
in TRE Suﬂon%ev%%ﬁbn wa561§ut1ated after determining that baseline values were
within the range of 0.3 to 0.9 mL per em H;O for compliance and within the range of 0.1 to

0.199 cm H,0 per mL per second for resistance. A Buxco pulmonary measurement
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WD 2007/ 127196PCT/ US2007/ 009925 (a) Puhnonary
resistance (R L) (cml1-120 per nlL per second) was
calculated fromthe ratio of change in pressure to
the change in flow The RL response to acetylcholine
WEHEIZG i n, 111) was conputed for the vehi %FE’U%‘?W’O"””S
the test conpound. The nean acetyl choline response in
vehicle-treated aninmals, at each pre-treatnent tine,
was 5 cal cul ated and used to conpute percent
i nhi bition of acetylcholine response, at the
corresponding pre-treatnent tinme, at each test

commtep ptd:rgdmdm ased fah ttei dolledtio asé dexe@paﬂ GEpMmbuay vhloes. Starting

ar
e gt B P e eg bGP Rlec J8, 3hp fpanges n
volwachensme Gre pb@ad:d Scftimteplet8amopraph syithGalbh. Bmm iveere t o

mea§ ﬁ‘%h gﬁ: 61?1%&;8 E?Jé%% %%‘r?{dhhéée %ﬂteé%ﬁﬁ%lﬁsesg&lai B6krlithe, a
mea@mm@m dlost wisctalayintedefop oarbdrisl). ShiggsignTiandited prdmpragy driving
pres@ﬁlé%}lér%@s \@@ﬁecye?ﬁgmg)? Se r&/%'lﬂ pTeth%)&aﬁsMhbé})(’i‘f{ﬁtlf{)(ﬁOWem

wher e arithm of dose, VIS

conpggecdyviap B Wﬁﬁ) I?l'ﬁﬁmblilfiqr a data gellscion WigcfAe- 15
(SFT54H0GRE SEeE 83 All dihdlphimonasy %ﬁlﬁe@tﬁ oM deried from these two

. approaches asynptotically to X Wth a signoidal
PR ape. (b) The quantity PD2, which is defined

as BdiginRales wofe catiedtyd frGlmintten afit whishkine thegadesh (igs were

e S T D Bt DRSS S g o
antagesisisiffens ef ¥ édstiesnptenid vigdpdnobin(i ng/K4, dm (Siptha-Alrich, St. Louis,
OE Las MS‘P&:\{%{ fxmrﬂﬂ&%r%g toolthaﬂgr?gte%*' F}QV\A ofifie. Acetylcholine

I stam ne enges "usi ng t equa 1 on
(Sighyehlsdnichve. Trmis, M@) (& breanl oy figed mﬁetpnp@slﬁ firdgnigpie from

a syﬁﬁg(gpm §§lﬁﬁsﬁf&ﬁqqeé1ﬂorﬁﬁﬁﬁ{xﬁ%s Thor @&a&tasm gitie following

l'ines for methacholine and exercise chall

dosgsgwd iprrgeribeddignes fgm theptasinfthepperimsrie 1%68/“2’@‘698 gﬁre&nutes
3.8 FQ&&%@ X 10(:&;9;%&5/7 L3 V\%ﬂiﬁﬂu@@aﬁ 2680inutiR1 ) 5., Q%E%u@;ﬁ 20 Rhutes,

- Cl = concentration
30 %*@ffweaﬁ 3 F!ﬁ%utS% atrﬁ o} P OIS calternatively,

broreh6pdGetitd didcBbithe RaRbipoltd wWiktasOdssddl if i dceRicholine challenge
st a -E’Lo' d 30i ncrease in

fm%’g?v%%'ﬁ: gehieggr?et&gh@é’r?%ﬁ? o = Baseline R, value =

R Whanodvamatidg the BCadrenergic receptor agonist effects of the test compound,
histamine (25 pg/mL) (Sigma-Aldrich, St. Louis, MO) was infused intravenously for
1 minute from a syringe pump at the following doses and prescribed times from the start of

W.-.

the experiment: 0.5 pg/minute at'5 minutes, 0.9 pg/minute at 10 minutes, 1.9 pg/minute at
15 minutes, 3.8 pg/minute at 20 minuies, 7.5 pg/minute at 25 minutes and 15 pg/minute at
30 minutes. If resistance or compliance did not returned to baseline values at 3 minutes
following each acetylcholine or histamine dose, the guinea pig’s lungs were inflated

3 times with 4 mL of air from a 10 mL calibration syringe. The pulmonary parameters
recorded included respiration frequency (breaths per minute), compliance (mL per

cm H>O) and pulmonary resistance (cm HaO per mL per second). Once the pulmonary
function measurements were completed at minute 35 of this protocol, the guinea pig was
removed from the plethysmograph and euthanized by carbon dioxide asphyxiation.

The data were evatuated in one of two ways:

L.



10

15

20

25

30

WD 2007/ 127196PCT/ US2007/ 009925 R2= Rt. value after
c2 Statistical analysis of the data was
performed using a two tailed Students t-test. A
P-val ue <0.05 was consi dered significant. Conpound 50
VEEHRTI2B®E in U S. Patent Publication No. USPCT/US2007/009925
2004/ 0167167A1, 5 published August 24, 2004, was
tested in this assay. The chem cal structure of
conpound 50 is as foll ows: 15Thi s conpound | acks
the al kyl groups present on phenyl ring of the
conpounds of the present invention. In this assay,

COROUNgyRRnERGWREaR (Rm@ah{mafa&r o, PAGRERIYvastdl@ilated
o %124 hours pQst-dose doses Q%E from3 g/nL
ont e gi5is I PREHOIRE Gatee B PO COnPTTRRr 80t 24

acetﬂehmme\(@m ﬁg/&luﬂ”lrlli—lé’lﬁvaﬁ ecl,ﬁlmgwﬁﬁlﬂed ﬁhic\lﬁxﬁgl)ée %ﬁt@dﬁlpoiuﬁﬂ The
ay, Sa net er.qQ P adr ener gl c
meap Gt RIL SERPEE T BINTIE e BB A APl e statmont Hime, was
calcliard ahd) ﬂ:fddtte edrh@ite patemtinthivition oﬂﬁehm.lbﬁne fegfbnse, at the
t1ot MuUSC ar e
corcispBdiSR bietPealri e 06y Vot ek STHRAA P1e8, ERERRe osp resgonse
curvepfor éRL’I vefas fitig&lwilo a feur parameter\Wgibtee etqhmqnnmmlﬁraphPad Prism,

vl AP ST SEATGE, W 5 CHRONE) i
bronghetwetsttined Dsy/(doseaseuinhl to indiibitithy aswllchcéme |(6ﬂ M{sma)r t

brodbR@onstriction response by 50%). The following equation was used:
Y = Min + (Max—Min)/(1 + 10 (08 7D50-X)* Hillslopc)y

where X is the logarithun of dose, Y is the response (percent inhibition of acetylcholine-
induced increase in Ry). Y starts at Min and approaches asymptotically to Max with a
sigmoidal shape.

(b) The quantity PDy, which is defined as the amount of acetylcholing or
histamine needed to cause a doubling of the baseline pulmonary resistance, was calculated
using the pulmonary resistance values derived from the flow and the pressure over a range
of acetylcholine or histamine challenges using the following equation (which was derived
from an equation used to calculate PCy values described in American Thoracic Society.
Guidelines for methacholine and exercise challenge testing - 1999, 4m J Respir Crit Care
Med. 2000; 161: 309-329):

(log C;~log C(2Ro - Ry)
R;-Ry

PD, = antilog [ tog Ci+

where:

C1 = conceniration of acetylcholine or histamine preceding C,

C, = concentration of acetylcholine or histamine resulting in at least a 2-fold
increase in pulmonary reststance (R, )

R, = Baseline R, value

R, =Ry value after C,
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25 various changes can be nmade or equival ents can be
substituted without departing fromthe true spirit
and scope of the invention. Additionally, to the
extent permtted by applicable patent statutes and
WRHFA1¥ns, all publications, patents and F&F&RE007/009925
applications cited herein are hereby incorporated by
reference in their entirety to the sanme extent as if
each docunment had been individually incorporated by
reference herein. 30 WD 2007/127196PCT/ US2007/ 009925
CLAIVS: |.A conmpound of formula |I: 5ri20H wher ei n
Rl Rs=Rpwhiyt atsr @t.hyl; 15R2 is methyl or ethyl; or a
pharmaceutical |l y_acceptabl e salt  or sol vate .or
st eVRETiSHpplyYin Bf Bgdate e pefrmad using afppgfied Grudept fifest.
A PZaes<0mes Wyd camsidetelglonifid@mr a phar maceutical ly

accEpLabl & 3 ALrbOP A0S Patent Publication No. US 2004/0167167A1,
published August 24, 2004, was tested in this assay. The chemical structure of compound

. OH
OH
N
H

50 is as follows:

s¥Ve
.

This compound lacks the alkyl groups present on phenyl ting of the compounds of

Comparative Compound 50

the present invention. In this assay, compound 50 showed no significant
bronchoprotection at 24 hours post-dose for doses ranging from 3 pg/mL to 300 pg/mL.
The PD2x valves for compound 50 at 24 hours were similar to the vehicle {water) group.

In this assay, salmeterol (100 pg/mLY (a P, adrepergic receptor agonist) exhibited
significant bronchoprotection for at least 24 hours; and tiotropium (10 pg/mL) (a
muscarinic receptor antagonist) exhibited significant bronchoprotection for at least 24
hours,

While the present invention has been described with reference to specific aspects or
embodiments thereof, it will be understood by those of ordinary skilled in the art that
various changes can be made or equivalents can be substituted without departing from the
true spirit and scope of the invention. Additionally, to the extent permitted by applicable
patent statutes and regulations, all publications, patents and patent applications cited herein
are hereby incorporated by reference in their entirety to the same extent as if each

document had been individually incorporated by reference herein.
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WO 2007/ 127196PCT/ US2007/ 009925 3. A conmpound of C aim
1 having fornmula ha: 10 4. A conpound of
Claim1, wherein the conpound is a pharmaceutically
acceptable salt of a conpound of fornula Ha:
wo 2d7/Phddsmaceut i cal conposition conpri sing BCT/US2007/009925
phar maceutically acceptable carrier and a conpound of
any one of Claims 1 to 4. 256. A pharnaceuti cal
conposition conprising: (a). a conpound of any one of
Claims | to 4; (b) a steroidal anti-inflammtory
agent; and (c) a pharmaceutically acceptable carrier.
307. A conbi nati on of therapeutic agents, conprising:
CLARYISa conpound of any one of Clains Ito 4; and (b) a
steroidal anti-inflanmatory agent.

1. A compound of formula I
: OH
R? o
O N N/U\H
: H H

O j\ J:\_/‘ | R

(&) : :
g ;

wherein

R! is methy! or ethyl;

R? is methyl or ethyl;

ora pharmaceuticéily acceptable salt or solvate or stereoisomer thereof.

2. A compound of Claim 1 having formula IT:

wherein

R! is methyl or ethyl;

R? is methyl or ethyl;

or a pharmaceutically acceptable salt thereof.
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8. A kit
conposi
C ains

carrier;

conpri si ng: (a) a first pharmaceutica
tion conprising a conpound of any one of

1 to 4 and a first pharmaceutically acceptable
and (b) a second pharmnaceuti cal

WODROsiTidson conpri sing a steroidal anti-i nf PERHEOGY0PIOLS

5 agent

carrier;

and a second pharmaceutically acceptable
wherein the first and second

pharmaceuti cal conpositions are separate
phar maceuti cal conpositions. 9.Use of a conpound of
any one of Clains 1 to 4 for the manufacture of a 10

medj canent f or

i shase ArorSenal Ch] R EmBPEY Tl Caleing

anount
use in
1511. A

in ant agom Zi ng a szcarl

f 32ad

bioIo@

Quergic re -Ei;i : OH 12. A
@ ugp ng !a c?irrpound Hf 48
an Search tool "M he met hod conpri sing

of a conpound of any one of Claims 1 to 4, for
the production of bronchHgdilation if qna l.
conmpound of any one of uge

.ny one of Clains 1 to

|ng1an invitro b|olng|cal assay using a

20 of any one of Clains 1 to 4. 13. A
evaluating a test conpound in an in vitro
cal assay, the method conpri sing:

(a)conducting an in vitro biological assay with a
test conpound to provide a first 25 assay value; 30

4,

A compound of Claim 1, wherein the compound is a pharmaceuncally

acceptable salt of a compound of formula Ila:

5.

' A pharmaceutical composition comprising 2 pharmaceutically acceptable

carrier and a compound of any one of Claims 1 to 4.

A phatmacentical composition commprising:
_(a) a compound of any one of Claims 1 to 4;

(b) a steroidal anti-inflammatory agent; and

(c) a pharmaceutically acceptable carrier.

A combination of therapeutic agents, comprising:
{2) a compound of any one of Claims 1 to 4; and

(b) a steroidal anti-inflammatory agent.

L
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(b) conducting the in vitro biological assay with a
conpound of any one of Clains 1 to 4 to provide a
second assay val ue; wherein step (a) is conducted
either before, after or concurrently with step (b);
and (c) comparing the first assay value from
step (a) wth the second assay value 5 fromstep (b).
14gThe nBLihQphpfsingt @i m 13, wherein the in vitro

bi ol ogi cal assay i's a nuscarinc receptor bindi

aséay oe fialt phamagudingl CgmpoTaefrBrsHE ﬁ&P‘i‘?@O‘ﬁg§gg‘T‘y one of

cm@%ﬁo ARI Qﬁl%?@.ﬁ&a&hﬁm DG 1B GerPeHad of O aim 1,
ep npri 5

rocess c sing deprotecting a conpound of
f ofbyul aaGecond pROmavhitradicompysitia camipyising yieropdabersnflaggmatory

agenggr%'l P éecgn% &Br%\]/e{cg&ticaalbc/: 8«5988%6‘19 cgtfﬁeI; ormula . 25 30
wherein the first and second pharmaceutical compositions are separate pharmaceutical

compositions.

9. Use of a compound of any one of Claims 1 to 4 for the manufacture of a

medicament for treating chronic obstructive pulmonary disease or asthma.

10. A bronchodilation~pr6dﬁcing amount of a compound of any one of Claims 1 to

4 for use in the production of bronchodilation in a mammal.

1. A compound of any one of Claims 1 to 4 for use in antagonizing a muscarinic

receptorand agonizing a B adrenergic receptor in a mammal.

12. A method of using a compound of any one of Claims 1 to 4 as an in vitro
research tool, the method comprising conducting an in vitro biological assay using a compound

of any one of Claims 1 to 4.

3. A method of evaluating a test compound in an in vitro biological assay, the

method comprising:
(a) conducting an in vitro biolbgical assay with a test compound to provide a first

assay value;
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16. A process of preparing the conpound of Claim1,
t he process conprising deprotecting a conpound of
formul a 6a: wherein Ra, Rb and Rb are independently
sel ected from C14 al kyl, phenyl, -Cl14 al kyl-(phenyl),
or one of Ra, Ro and It' is -0-(Cl4 alkyl); to
provi de a conpound of formula |I. 1517. A process of
prgpRari @RPof any one of
o s Pobehiling BERAUI ULl Dby e (DpERRRofany s
Clai@rneino Plovide Bsdeynd assyy valngtvdetrdingtep(@up conducted gither before,
presence of a_reducing .agent to provide a conmpound of
afterfos cppguaregtly vWathostan Yﬁ@protecting t he conpound of
fopul a ; ' af KA tBe kecond assay value
1 A P o R A L ey 1™ =
fromaqefd.abl e salt of the conmpound of Claim1l, the
process conprising contacting a conmpound of fornula I
in free base foini 15 with a pharnmaceutically
acgept alhenRfidd of Claim 13 Whefdin kit iR piRsbialegidabassay is a
preparing a conpound of any one of Clains 1 to 4,
mussidnat eéceptoh bindiigassedont B, ddenergio mseptat bivfingassax a
[ ‘

15. A process of preparing the compound of Claim 1, the process comprising

deprotecting a compound of formula 6:

[]

wherein P! is a hydroxyl-protecting group, to provide a compound of formula L.

T4



wher ei n Y1 is selected from-CHO -CN, -CH2CH,
-CH(0123a) OR3b, -C(0)0OH, -C(0)0e, bronp and i odo,

where R3a and | eb are sel ected i ndependently from

Cl.6 al kyl, or Fea and 30 1231) are joined to form

C2.6 al kylene, R3c is selected fromCl.6 alkyl; Rl is
methyl or ethyl; R2 is nethyl or ethyl; or a salt or

st erlgoi s& @ﬁfce:tshﬁ‘lpe@farmg the compound Gflaimhd, thopipsesEoBIPrising
daim 19, WherelrfjﬁP a d R2 are nethyl. 21. The

depEQieRIBEHFOBPORIce erein YL is -010. 5 22. The
conpound of Caim 19, wherein Yl is -CHG d_RDHand

R2 are methyl. 23. A cbnpound of d 4, O

14244- { N ) H
5 [(R)-2-(3-fornyl .NM?\'{ enyl) - ZNyQIRoxyet hyl

am et iyl 3 - NP

2,5 pet h h | ~car banDyHet Ryl Thi perﬁjl n-%- yl

ester[L-thrt&ic acid salt. 24. A conpound of

any one o Clains 1 to 4 for use in therapy. 1525. Use

pound of any one of Clains 1 to 4 for the
many ure of a nmedi cament dgaor treating a pul nonary
0 di sorder. _

wherein R%, R? and R® are independently selected from Cy4 alkyl, phenyl, -Ci4
alkyl-(phenyl), or one of R, R® and R®is -0-(Ci4 alkyl) to provide a compound of
formula L. '

15 - 17. A process of preparing the compound of Claim 1, the process comprising:

(a)  reactinga compound of formula 4:

| R 0
o R

e

25 with a compound of formula 3:

30 wherein P! is a hydroxyl-protecting group, in the presence of a reducing agent to provxde a

compound of formula 6:

T5en
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and
' (b) deprotecting the compound of formula 6 to provide a compound of

formula 1.

18. A process of preparing a pharmaceutically acceptable salt of the compound
of Claim 1, the process cdmprising contacting a compound of formula I in free base form

with a pharmaceutically acc'eptable acid.

19. An intermediate for preparing a compound of any one of Claims 1 to 4,

wherein the intermediate is a compound of formula III:

R2
o ; | y
0
o) N/\/U\N ,
JS R
NT O
H

O HI
wherein

vl is selected from —CHO, -CN, -CH,OH, -CH(OR*OR™, -C(0)OH, -C(O)OR*,
bromo and iodo, where R® a and R?® are selected independently from Ci.6 alkjl, or R** and
R are joined to form Cz.6 alkylene, R is selected from Cy alkyl;

R! is methyl or ethyl;

R? is methyl or ethyl;

or a salt or stereoisomer thereof.
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20.  The compound of Claim 19, wherein R' and R* are methyl.
21.  The compound of Claim 19, wherein Y'is—CHO.

22, The compound of Claim 19, wherein Y' is -CHO; and R' and R” are
methyl. -

23. A compound of Claim 4, wherein the compound is biphenyl-2-ylcarbamic
acid 1-[2-(4-{ [(R)—Z-—(B-formylamino-4-hydr0xyphenyl)~2-hydr0-xyethy1am'm0]methyl} -
2,5 -dimethylphenyl-'carbamoyl)efhyl]p‘iperidin—éi—yl ester L-tartaric acid salt.

24. A compound of any one of Claims 1 to 4 for use in therapy. -

25.  Useofa compound of any one of Claims 1 to 4 for the manufacture of a

medicament for treating a pulmonary disorder.
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