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1-(ALKYLAMINOALKYL-PYROLIDIN-/PIPERIDINYL)-2,2-DIPHENYLACE
TAMIDE DERIVATIVES AS MUSCARINIC RECEPTOR ANTAGONISTS
BBACKBROUND OF THE INVENTION Field of the Inventi@a Tk OSEHig 618813
invention is directed to substituted pyrrolidine and related compounds
having muscarinic receptor antagonist or anticholinergie activity. This
invention is also directed to pharmaceutical compositions comprising
such compounds; methods of using such compounds to treat medical
1~ (zcondiioms Anedisterbbynmustanaiy reteptors:-andiprotesses M gng PERIVATIVES AS
MUSqpteHe diBfe8Ta8etiFfs pféparing such compounds. 15 State of the Art
Pulmonary disorders, such as chronic obstructive pulmonary disease
5 (COPD) and asthma, afflict many millions of people worldwide and such
disorders are a leading cause of morbidity and mortality. 20 Muscarinic
receptor antagonists are known to provide bronchoprotective effects and
therefore, such comp@wdxaruseiy oF reating vespiretayy disorders,
such as CQOPD and asthma When used to treat such disorders,
mu ket 2B ntagonists are typically administered by inhalation.

10 However, memémnna@mim&t&nedwaﬂhammlmﬁig aiffcantaimotipbohds
the muscarinic rece tor ntaarlg[onlst 5is en absorbe%i qto tﬂn% sl%stertnlc
cird TS PESETHG 7 SteTRinesiE statts! & SHRR S G A'Thar"

reteﬂﬁtocmrmdmagimmmﬂ:marchbm@ummdeceﬁfmﬁ&g Aﬁtﬂltmn@ﬂynmamythods

led muscarinic receptor antagonists have .a relati hort duratlon of

o AR T 0 Gt e A G R

Suahcapmmtlméfmadysd@s;ng negimealisterotsofily fmvmwmpammds.

5 creates a significant risk of inadequate treatment due to patient
non-compliance with the required frequent dosing schedule. Accordingly,

a nStadeandiits fat new muscarini.c receptor antagonists. In

Putmonary disorders, such as chronic obstructive pulmonary disease (COPD)
and asthma, afflict many millions of people worldwide and such disorders are a
leading cause of morbidity and mortality.

20 Muscarinic receptor antagonists are known to provide bronchoprotective
effects and therefore, such compounds are useful for treating respiratory disorders,
such as COPD and asthma. When used to treat such disorders, muscarinic receptor
antagonists are typically administered by inhalation. However, even when
administered by inhalation, a significant amount of the muscarinic receplor antagonist

25 is often absorbed into the systemic circulation resulting in systemic side effects, such
as dry mouth, urinary retention, mydriasis and cardiovascular side effects.

Additionally, many inhaled muscarinic receptor antagonists have a relatively

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

high potency and reduced systemic side effects when administered by
inhalation. Additionally, a need exists for inhaled muscarinic receptor
antagonists having a long duration of action thereby allowing for

ORCEL ARG SR DE SRR RO S SUch BBATIGEIAS D Era e prsaien
t%@ﬁﬂﬁﬁ%@ﬁ)ﬁﬁﬁ%@@é{@ﬁ@@é@@ﬁ&& REAMENAR-ASREASER SUER A H0the
COPD and asthma, while reducing or eliminating side effects, such as
dAPHHBEEHTSRAMATDE 69BAE. INVENTION The disclosed embodiments
provide novel:substitutad-pyrolidine and related;-corpaynds whichhave
muscarinic receptor antagonist or anticholinergic activity. 15 Among other
prEPERTEAT, thBcEE HPSiHHEs B HEWEHEe dssbouRiasts Hava HagRigh potency
found {0ipassensA-sUERIisiRg. and.ypexpecind bingd %?i%ﬂm{%ﬁ‘?ﬁm\il‘[ﬂ%ﬁgny, 2
HM; muscarinic receptor subtypes compared to related compounds.
AJERIDEEIRE ThebeHb SUHEIBRIEWIBHG SatPapTbBE nentsahave Gaepon of

fo %%o@ﬁ%fﬂfﬁ%@@?gnwﬁéﬁﬁ%?wgﬂ g ReIQCIMIy 3{\435{17 Such compounds

administered by inhal fion thereby resulting.in 20 reducéd systemic side

eff@étg?im%b%b?m@%bm@%méoarg@aé@ém@mmaﬁfrﬁ@wﬁmv@ch as
beepirynd {QRASSERS R SUmIiaing,Aad nexpecigdlsduration of. drv-mopth

. bronchoprotection when administered by inhalation. Accordingly, in cne o

pot
n

its composition aspects, this disclosure provides a compound of formula I:

25 (~)aiLj N (R4)2 N-(CEaaN Reyi @ﬁ%(ﬁ@%\yg@osmowgo

PCT/US2004/018813 where’i‘n each Rl and R2 isin épendently selected
from C,-4 AikyRighoded [Remprigot siknngs 08veE syluioaiieyl peyeanic;tradod related

s SIRCBAL D GHnS e e [0 o ST o e iy

allcytened-other poetEEalibylermpoineach RS Bstidependentlyseiected been

fro%&ﬁ%@g%sgﬁdaféﬂgﬁﬁsmg and unexpected binding affintty for hM» and hM;
muscarinic recepior subtypss compared to related compounds. Additionally, the
compounds of the disclosed embodiments have been found to have surprising and
unexpected lung selectivity when administered by inhalation thereby resulting in
reduced systemic side effects. Moreover, the compounds of the disclosed
embodiments have been found 10 possess a surprising and unexpectedly duration of
bronchoprotection when adrministered by inhalation,

Accordingly, in one of its composition aspects, this disclosure provides a

compound of formula I:



each R4 is independently selected from hydrogen, C16 6 alkyl, C2.6
alkenyl, C7_6 allcenyl, C3_6 cycloakyl, C6-10 aryl, C29 9 heteroaryl,
wa.stmiesaoyclic, - CH2-R6 and 10 -CH2CH2-R7; or both R4&RuBs 8698813
joined together with the nitrogen atom to which they are attached to form
C3.6 heterocyclic; RS is selected from C1_6 alkyl, C2_6 alkenyl, C2.6
allcynyl, C3.6 cycloalkyl, and -CH2 RI; wherein each alkyl, alkenyl and
alkynyl group is optionally substituted Wlth OH or 1 to 5 fluoro
substituert8e%each R6 is independently selected from C3_6 cycloalkyl,

independoaty scincted homC36 oyt F@%@mh@%ﬁmﬂ?ﬁ —
independently selected from cyc oalk 1 .
hetérad¥es G neveltlythevaem i c g »aiwgg‘;?’ os(l@‘% ﬁ@%ﬂﬁyﬁ?d
5'8{8“?5‘%*7@?&%&332 20 eydlonlo, SONCas oyctoslioy).
- alky cyclo oycloallcy
-S(@%‘?%@@G@/H&ﬂi} o5(&6%t6 §ﬁ9< *Sz(@%}é fg aryl), -S(0)2(CG10
aryl), S(C&ah&h@tﬁmeyﬁenﬁf@é@?e@ﬂmﬁemgamm{ﬁ(@):z(cz 9
heteroaryl); Re s |nd ntly ect rom C Ik

C6.10 aryf? a%blﬁaé%%}' ?.ﬁ % é? % Oﬁc 2 é ?R?le eny, C..
Ir}g%ﬂ@m}ﬁ rtly Sﬁiﬁﬁﬂkﬁl fﬂ%&ralktyﬂirf:;gehﬁ@lo#)dl@iﬁ Bstaaicinyt G4 R* and
a yr each Rb an Uetsmd

from ﬁ%lxld%]ge% é’i?}}l%& 4 a?lazenyf1 & ﬁn@ﬁan %ﬁ%&%ﬁﬁgwhmh

cyclbatfcyt m&b@m&mﬂeﬁmﬁwdcmgmher W|th the nitrogen atom to

which the ate a h [/ ni
Oto3; b éRan mieg%}e rom 1‘?01§c:§i_é :aﬁg{nl rom é 4%%%2*&%&3%d

;e is 8l ywhteresin whm&mmm@@eamwomm@mlwwd
grou ﬂlg %Eﬁ) . 1510R53ﬂ1%m%§1b§w§9t9nd R is optionally substituted with 1

. to 5 fluoro substituents; each .aryl, cycloalkyl, heteroaryl and heterocyclic
15group in R&acmﬁﬂuﬂmyiqngyﬁ@emd fram Cy 4 cycloalieyl, Cgyp arvl, Coy

heteroary! and C, , heterocyelic;
each R” is independently selected from C,  cycloalkyl, Cgy aryl, Cop
heteroaryl, C, . beterocyclic, ~ O, -O{C, alkyl), ~O(C,y 4 cycloalkyl), ~O(Cy .y, aryl),
-O(C,, heteroaryl), -S(C, ¢ alleyl), - S{O)(C ¢ alkyl), -S(0)(Cyq alkyD), ~S(Cs
20 cycloalkyl), ~S(O)C, ¢ cycloalkyl), - S(O),(Cs.¢ cycloalkyl), - S(Cy 4 aryl), ~S(ONCs.
10 AryD), —S(0),(Cy 4y aryl), - S(C, heteroaryl), - S(O)(C,, heteroaryl) and - S(O),(Cy
heteroarvl);
each R® is independently selected from C, ¢ cycloalkyl, Cq . arvl, Coy
heteroaryl and C, ; heterocyclic;
25 each R* is independently selected from hydrogen, C,, alkyl, C, , alkenyl, C,,
alkynyl and C, ; cycloalicyl;
sach RY and R® is independently selected from hydrogen, C, allyl, G,
alkenyl, C, , alkyny! and C, ; cycloallyl; or RY and R® are joined together with the
nitrogen atorn to which they are attached to form C, ¢ beterocyclic;
30 & is an integer from 0 to 3;

b 18 an integer from @ to 3;
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and Ris optionally substituted with 1 to 3 substituents independently
selected from C3~ aryl, C2a alkenyl, C2-4 alkynyl, cyan, halo, -O(ClI-4
alkyl),. -S(C34 alkyl), -S(O)(C1~ alkyl), -S(0)2(C,4 alkyl),-NH2, -NH(Caa
allcyl) antiSR{CTEIRFA) PG Wherein each alleyl, altylene, allenyl and
aikrynyl graupds pptionally substituted with i to 5 fluoro substituents; and
each -Ci_- group in -(CH2)E- is optionally substituted with 1 or 2
substituefits %n‘%ife%endently selected from C .2 alkyl, -OH and fluoro

wherein saig-G2 Sibelergarulisi margualentaomallc S0P HAYIAR. n &', 22
single ring.or two. fused rings and containing 1-3 heteroatoms selecte
frofn :rﬁtro%eﬁ% oxydeh br suiphoraling weadrasbwittdracydivdmaubstitients; each

mapgvalent saturated or-unsatyated group having & single, 1Rg Qs 7 s pe pe

multiple condensed rings’ and containing 1-3 heteroatoms'selected from
nitfe§en, 1oy EereBY Sutfiusr R painTace gticallipasesépiaptedaitipselected from
solyate, g stereoigamar thergpf. . 1n a rof.its epmposition aspects,.

this disclosure |Orp\gl?zi%]jes> a‘ééoméyggsfd %pf&%% %%irl%ulgﬁ?ﬁﬂ%}ﬂ’$ ﬁfﬂfpﬂl‘[—) :

ns whelEn-Rliyseletttd fronrEyls AR, CRHB(Alkerldy ChaNsy Ayl €86,
cyclaaleyl and £H.-Rswherel N alkyl, alkenyl and alkynyl.groupis . .
optionally sub%tﬁgdﬁ&%%O%ﬁ% u%%ﬂ gﬁb%%?@éﬁt?pgé(% !If‘?sS% Stitted with
independermty sebetterhiropmCrashoycidalleyhun Gyl G2 0BtiGhally substitured
hetgraan:and, . 6.belameydlise Sisaaig:.where meagh anvyeycloalicyi
r-Ieteroayyli and heterocyclic¥groﬁp ?n Rli5g¢at‘ﬁ'n\ﬁdq%)é[1 %%fﬁi%n’algﬁsé%(gﬁt‘fﬁé}q __
witvhete B salssfitudiisTemiEpe rdently \sdetisamMalin Caup hgopsingle ring or two

allcgoys, %%@gym&xﬁ%}bﬁlﬁeté%ﬂ’@lwg@téﬁ(gﬁn@u%‘gaéé (Q())(%;a &Osulphur;
alkyl), -S_(OE(C4 alkyl); N'H2, -NH(O ,~ alkyl) and -N(C14 alk 1)?, wherein |

eachdamil Catirarracvaliceityt. mapRp ais Ry IRGHEUR STopta My S it diagne @ single
withih20.# HUuRTS e S4hgHHde HRR G RAEBRIM TG RdRrd4ER) seteged from nitrogen,

optionally subﬁ ituted with 1 or 2
oxXygen or sultur;

or & pharmaceuticallyv-accepable salt or solvate or stereoisomer thereof.
In another of its composition aspects, this disclosure provides a compound of

formula 1T

wherein



substituents independently selected froasn Cl., allcvl, -OH and fluoro:
wherein said C2_9 heteroaryl is a monovalent aromatic group having a

single ripg .or_two fused ri d tal etefoatoms selected
from nltr%gen \{(\)lx%aen O sUlf hglur; a et b’&}é’ﬁnaséacycbaﬁwl and

mdaiovalentsatiater mmnwltun@tad:@r@mrﬁﬂvm&@ singlQoAY Qlibstinuted
mul ondense rln% s and. containing 1-3 heteroatoms selected from
i%jp 2 8y orSitidH S Srarmaceutically-acceptable salt or

solvate @Eﬁi@éﬂlmﬁﬁpéﬂh@m@f&l&f@ﬂ@@6@?0@1@9{3 Lidhgre ispro QP@%
. cqom ound selected from: [(S)- -(8-methyiaminooctylj yrroiidin-3-ylj-

o ﬁ&?ﬁréc éé‘”rﬁff’(‘é’“r“@ isop17 opylam nooc yijpv roiidu;- y!?-=
dlphenyla@ga@nme [(S-1-(8-prop-i ylanunooctyl)py rolidin-3-yll 2
diphenyiacetamide; 24(S)-1 8-cy opropylammoocrvljpSRroIld -3-y1'-
dlphenylé"ébtaiﬁmeém 50 2 Jrsiae e yaiBBagAshwd detympyreiigieray e B and R°

3-dliphrpvlaceiapiider J4(5)-L-(S:oyrieReplamineoepyiQilam-g:-ui2
dlphegwacetamlde 2-[(S) i- (8 ethylamnoocyl)ps'r olidin-3-yfl

Brrfide; HSTY: 89 Chy SRy SthTla HHTDCNATBY-raiid)- §A0)(C
10 -2 Zegliphenylacetamide; RadydexyrIoRi2sy)) aRAnReety IRWTONGR:3:0) 4.

diphenylacetarnide;

2- ¥ LR iRy FOp LS HYARMBD At Y PRSI G g @2 with | to 3 fluoo

di tamid efBr( S (-hydro - 00C_+ a1 5
5(%%9%5 %Hg d%fllgef{?}%a gg%grf%e%&d 0.YP BQ_R &Xﬂ%&”‘%ﬁ? dwithlor2

2 (FHRTS PRy A TRBRI N SoHOTRI YPC: . Al HeRy tadetaraide; 2-[(S?
\Hl})ilgnzylamlnooc y1)pyrroiidin-3-yP 2-diphenylacetamide; 2-[(R)-I
TP oo tRFSYPFSi iR BT S iBHERRHS SBRamfAYing & single ring o two

2 [(Rged- (Bn@@mdmﬂﬁﬂirf@@: }3|}&Y¢’f@ﬂﬁnﬂs38¥l|&t2&1dlﬂhﬁﬁﬁf@3@{a@d%n or sulphur;
2- '(aRdsa q Plet Iam| ooctyi ’21p¥\rrol dwg -3-y1]-2 2-di Iacetamldg |
-cyélopropylahunoo etyi) %i/srrou °§ayfff § s géaéc ﬁt\/glegmup aving a single
2-| (g Jo( Braigiio" boriyikantiindostyl p ypootiding 3 -3 -Bediphenysaebtanddasm nitrogen,

oxygen or sulfur;

or & pharmaceutically-acceptable salt o1 solvate or sterenisomer thersef
In one embodiment, there is provided a compound selected from:
2-[{S)-1-(&-methylaminooctyypyrrolidin- 3-v1}-2,2-diphenviacetamide;
2-[(53-1-(B-1sopropylamimoocts lipyrrolidin-3-vi}-2.2 -diphenviaceramide;
2-[(S)-1-(8-prop-1-ylaminooct s hpyrrolidin-3-y1}-2.2-diphenviacetamide;

2-H(S-1-(8-cvelopropylaminoo erylpyrrolidin- 3-v11-2.2-diphenviacetamide;

20 2-1(S-1-(8 b-cyeloburylammooztylipyrrolidin-3- VI‘ 2. Z-diphenylacetamide,
2-[(§}-1-(&-cyclopentylaminoo ctyljpyrrolidin-3-v11-2,2-diphenyiacetamide,
2-{{S)-1~(8-ethylaminooctvljpyrmrolidin. 2-y11-2, ;-—Cllp"ffl‘,’i&t&t&m(l"
2-4{(S)-1-[8-(2-hydroxvethviarninooctyljpyrrolidin-3-y1}-2.2-
diphenylacetarmide;

25 2-{ (531 - B=(R(1-hvdroxyprop-2-yhiaminooctv pymrolidin- 2-vl}-2.2-
diphenylacetamide;
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24(F)- -(8-;y3lopenryla-ninooctyi)pyrrolidin-3-yi]-2.2-diphenylacetasnide;
2-[(R}- i -(8-ethylam nooctyljpyrl'oiidin-3-yl)-2? henylacetamide;
2-{(R}-i-[8-(2-hydroayethyl}aminooc Il 3= din-3-yl}-2.2 10
diphenylacetgmides-246Rrb:348rbr-2- v aminooctyvl jpyrrolidin-3-v1 1-2.2-
)-(i- hyaroxyprop -2- yl)smnooctVI]pyrrouan -3-y1}-2.2- dlphenylacetamlde
{ (R)- | EREEHRERPISp-2-yi lawanoocnrifpyri'o11Q1n_j y1l.
diphenylacgtamides 1@-{£RJNE§0&%T&§W&%HI%JMWHM%§-Jqﬂ. 12,2~
diphenyiacetanlide: ="{(R.r_1 _i8-(i._ 2-t17T1llOroet

lyrijall 1IRGSEHIBSHEEMR -V -2 diphenviacetamide: 24(R)-1-(~i-be

ViaminOQGYp:pkl Q1= M2 slpheRZiaGtan ]”gpx%%aﬁ(ﬁklﬁ met

ylaln nonon I}Dv roMir!-3-j%1]-2 henviacetar?2ll

1-1-(g-isoPISHIEIATRBABAT pyrxolidin-3-y1:-2, -diphenylaoatamide; 2-[(S
-i-(y-plOp-I-Viarninorionvl"iT 0114ii:-3-V11-2' 2- thphenV aeetanll de

2-((S)-149«Cyclefiropyiatamiononyijpyabtl 32y -2 Z-éﬁphh@yiyaaetaﬂqu

0, 0,
2- dllg()ﬁ)er};/l( g etanu%g\%%‘aa%&%&%{gl éﬂgrgrl ]“Qil *()-...Zyclilpn envlacetarmide:

2-[(SI-i- (Q-ﬁyémp@wtymmﬂmnyl)@yrmh&ﬂtb&w -2~ dﬂph@nﬂa@:@iﬁ%@tﬁmﬁp;
-[1J°Ti_; minononvl.~??S :1:011Qill~ VI’ -n r;enVIaeetaTYer »
AN TR R e S o

dip henyIaGEEaIﬂId ;e 2 {6 Sorhwaroyprep: Wb@mm@ﬂﬂmﬂ]pﬁﬁ&!ﬂ@a%ﬂémde;

-2.2- 30 diphgnylacetamide; L
LAt ﬁ‘ala}awf?ﬂb%awhmﬁ&mrs 1jiz 2-diphenylacetamide:

dlphenylacﬁmmld@r&ﬂﬁri'ﬁ%ﬁﬁnoocw ypyrrolidin-3-y11-2 2-diphenylacstamide;
-(I- hydroxy Zgg I)anunonony%rolldm :3-vl}-2,2- dlphenV|acetam|de
2-{(S)-1-[9+(2 ﬁﬁ%rﬁ%ﬂ%ﬁa TGSy Fraidin=syppegyiacetamide;

diphenylacetamides-(2 -hydroxvethylaminooctyl jpyrrolidin- -yl 1.2 2
diphenvla"e’tamide;
2-{(B)-1-{8-(R}-(I-hydroxypron-2-yiaminooctyljpyrrolidin-3-y] }-2.2 -
dipheny;acetamme;
2-{(R)-1-[8~1-hvdroxyprop-2-vhaminooctylpyrrolidin-3-v11-2.2-
diphenyvlacetamide;

{R-1-[8-(83-(T-hydroxyprop-2-vhiaminooctylpyrrolidin- 3-v1 2.0

CLID.{}SIEV lacetamide N

{(R3-1-[8-(2.2 2-mifluorosthylaminooctyl jpyrrolidin. 3-y1 1-2.2-
diphenviacetamids;
2Ll CRY-1 - 8-henrviami 1 " .
2-[(R}-1-(6-benzylamimooctylypyrrolidin-2-vI1-2 2 -diphenyiacetamide,

2-[(Sh-1-(9-methylaminononypyrrolidin-2 -vi]-2.2-diphenviaceiamide;

2-[{5)-1«(Sasopropylaminononyhpyrrolidin-3-v1}-2.2 -diphenyiacetamide;
2-{{ 53 1-(9-prop-i-viaminononvipyrrolidin-3-v11-2.2-dinhenviacetamids;

2-[(5)-1-(8-cvclopropyiaminononyl pyrrolidin-3-v1]- 2. 2-diphenylacetanide:

2-[{S-1-(8-cyclobutylaminononylypvrrolidin-3-v1)-2.2-diphenylacetarmide;
2-[(S)-1-(5-oyclopentviaminononyl ypyvirolidin-3-y11-2.2-diphenviacetamide;

2-[(5)-1-(C-2thyvlaminononyl)pyvrrolidin-3-vil-2.2-diphenviacatamide;

2-{(8)-1-19-(2-hvdroxvethyllaminononyl jpyrrolidin-3-v1}-2.2-

-4 -



-[(S -i-(9-benzylaniinononyl)pyrrolidin-3-yP-2,2-diphenylacetanvde
2-[(R)-I-(9-methylaminononyl)pyrrolidin-3-yl}-2.2-diphenyla-etanvde;
2-[(R)-1-(9-isopropylaminononyl)pyrrolidin-3-yl]-2.2-diphenylaeetanvde;
2-[(R)-1-(9-prop-1-ylaminononyl)pyrrolidin-3-yfl-12-diphenyiacetamide
2-[(R-eycleprepyinmiaenxenyl)pyrrolidin-3-yi??-diphenylacetamide 10
2-[(R)-1-(9, e{yeloputyla(nipqnqnyl)pyrro'igin_;3-y1,]-23-dipﬂhenylggeta}miT,ge;h
2-[(R)-i-(9-CyEiopen Haminoros By otidin Bu AR o HisEyIaBetarte: -

30 2-[(R)-1-(%pipatannenantoi)pyrrolidn-3-yl]-? -yl'j-12 -dip dc;

h

H.
T

3-{(,)-i-[9-(2-rr1ydrp>§ egngl)aaninononyljpyrrolidir.-3-y[ 2
diphenylacetamida’ 13- BYER)RIONR ~(-RyEraAs pryrolidin-3-y1;-2.2-
A--ylaminenamiipsieldin=3-v1} ,2- diphenylaceiamide:
{(P)-i-[9-(1-hydroxyprop-2-yl)aminononyi]pyrolidin-3-yl)-2 -
diphenyl&e&fariide-(5)-(1 -hydroxyprop -2-yhaminononylipyrrolidin-3-y] 1-2.2-
2-{(R)-1-[9:(S)-(1-hYdroxyprop-2-v"1’)an~inononyljpyroiidh 20
diphenylgggeﬁ%ﬁ%daﬁe?%loarﬁetnYi)aminononyi]p3-ro|idii,~-=-y|}-?
dinhenyiée(a@)ﬁid@?.-Z—{IR)@%{Q@&@WE@M@MWH@QM%}~_-,2-
-3-y1]-2.Z;f%ltjjlrpgh%@ggeetamldc, -[i-(8-metirylaminoocyi)py roiid

n-3-vi]-:,§1 | nyTéaégi%?hide; 2d 2-[i-(~-isoproryla inooc yl)pine id

n-"--yil-2 2{diphefiviasetantiden deop-haminoos pinerifihs syhadide;
-diphenylacettamide; Z—L;- 8TCVC|01PY ylamjnpoqtyl?pijpgrig n-4-y13-?
2-diphenyt: éirﬁ'dgmmj‘ ononyl ypyrrolidin-3-yli-2 2-diphenylacetamide;
2(-[i-(8-|cyc:1qbﬂitwm@@?wmiﬁfﬂﬁmﬁtxjﬂ%&iﬁmkﬁpm@%ﬂ%ﬂa%e[émide;.
-(8-cyclopen’ylami oqcty,pif eridin-4-yl]-=.2-dinheny a}cﬂe:gaﬁmipe; 30
2-[1-(8-ethy %ﬁm hb%&&ﬂ‘fpBﬁéﬁa&ﬁ!&?&?ﬁﬁQ@Hﬁ’é‘rﬁ%ﬁé‘é@éﬁﬁﬁé@%ﬂyxaca’ﬁmae:
1-18-(2-hydroxyetwbansineechilpipeiichninyi-Z:drdiphenyiacelamide . ccamide:
1-[8-(P)-(l,\-é}{ég{rqucprop-z-yl)aminooctyljpiper er, -vl} 21- . .
diphenylacatdmide: TRy arERyBrRp 2 RTARE Heottlipipefitihcay lacetanmids;

2-[{R)-1-{C-cyclopentylaminon ony] ypvrrolidin- 3 -y1}-2.2-diphenvlacetamide;

ot e L

2-[(R)-1+(S-sthyiaminononylyp yrrolidin-3-y11-2,2-diphenyliacetamide;

2-{(R}-1-[5-C-hydroxyethylarminononyl jpyrrolidin-3-v11-2.2

diphenylacetamiae;

2-{(Ep1-19-(B3=(1 -hydroxyprop-2 -y Daminononyl pyrrolidin-3-vi 2,2~

diphenvlacetamide:

2= (B 1-[5~(V-hydroxyprop-2 -yl yaminononyl jpyrrolidin- 3-v1-2 2-
diphenviacetamide;

2-{(E)-1-[8-(5- -hvdroxyprop-2-vDaminononylipyrrol din-3-v1}h-2.2-

diphenviacetamide:;
2-{(Rp-1-10-02 2 2 mfiuoroethy D aminononyl jpyrrolidin. 2-y11-2.2-

diphenylacetamide;

2-[(£3-1(5-benzylaminononyl )pyrrolidin-3-y1]-2, 2 -diphenviacetamide;

2-11-(8-methylaminoocrylpyrrolidin-3-v1i-2 2-diphenviacetamide;
.
r

2-[1+(8-1sopropyiamincoctyl ypiperidin-4-v1]-2 2-diphenyiacetamide;



diphenylacetarnide; 2-{I-[8-(S~-(1-hydroxvprop-2-yl}am nooc yl]piper d n
4-Y1)-2- diphenylacetam de; d 2-?
1-[8-(2.2-2-trifluoroethyPaminooctyilpiperidin-4-yl}-? ' - diphenyiacetamide:
2-[I ~8-benzyiaminooc y1)piperi.din-4-y1-2.2-diphenvacetamide; 2-[1-(9
methylaminonenyhpinat dinidad2:7dipbeRyiaestamide: i o vlacetamide:
2-[i-(9-isopropylaminononyl)piperidin 4\y!?-?.2_;d|phe"nV|acetam|de: 10 2-[1
(9-prop-I-\RanatiisheleyperpentRracl pinstisherylacatattigaenylacetamide:
1-(9-cyclonrppae Ammine0RY Jpiperdl i d 1-2 2-diphervlacetam.dey ...
9-cycloburylam nonony)pipelidin 4 y1'? “2-diphenylacetamidc; -

2-[1-(9cyclopentytarivrssriyppeddiuoyrrZigishel ylacdiahsid sogramide:

30 1'(9'6fhyl%miP—?Q—Q@N&Qﬂﬂ%@g%ﬁﬁ}ﬂgﬁd%ﬁgf;f-gﬁ‘w?§%ﬁ5ﬂ£%§ia€ﬁ§t§mi@\%fG';

U

—
th

'2-i7vdroxV ethyllalfilllOnOP.VI<p1p=,r1QIr- G, VI~. . hipnenV;
.aCetan: |G -(i-hvidrexyprepyziyiyalrsnorplpipetdiiny-vi -2, 2-diphenylacetamide;
diphenviacetamides[9;(1:hyd op=2rvi gﬂ@g AyiiRiperidin-yly-2"
diphenylacéQni‘i%@Z% %L%%%%%Féx%p&%%mgyl)a éigyi%f%)g{iyﬁ—g{ip”"é"'r"idn
_4 v1}-2 diphenjrasiemaisigde: 2-{1-19-(2 _ 2-
rifluoroethyliaminononyijpiperidi diphenviacetamide: and _4d
2-f1-(9-benzylaminBREMoeTdiH AHmocHipheyidetashidb? 25 or a
pharmacgutieally-a¢agptable salt or solvate thereof. In another
embodiment, there is provided 2-[(S)-1-(8-Methylaminooctyl) pyrrolid n
3-vfl-2 -diphen§iacetany e BV PhariaeainesdiviispeptEbié-shlt be -
solvate theregf,ip stillanother embodiment, there is provided 2-[(R)-I
-(8-Methylaminooctyl) 30 py olidin-3-yl - =-diphenylaeetamide or a
pharmaceutiidai-decapthbleosaiy brsdlvas tipsofdin-4-yl} -2,2-

diphenviascetamides;

~ T4

2-{1-(8-benzylaminooctyl)piperidin-4-v1}-2,2-diphenviacetamide:
2-[1-{5-methyiaminononyl jpiperidin-4-y1]-2,2-diphenyiacetamide;
2-[1-(5-1sopropylaminononyl)piperidin-4-vll-2.2-diphenviacetamide:
2-{1-{8-prop-1-vlaminononylpiperidin-4-yl}-2.2-dichenviacetamide;
2-[1-{9-cyclopropyiaminonony L jpiperidin-4-yl1-2 2-diphenviacstamide;
2-{1-(S-cvclobutylaminononyl)piperidin-4-vi1-2 2-diphenylacetamide;
2-[1~(8-cyclopentylaminononyl ypiperidin-4-y11-2 2-diphenvlacetamide;
2-[1-(S-ethylaminononyljpiperidin-4-y1]-2 2-diphenviacetamide;
2-{1-[5+2-hydroxyethyDammononyl piperidin-4-v11-2 2 -diphenviacetamias;

2-{ 110 R3-(7 -hydroxyprop-2-vl) aminononylipiperidin-&-yii-2,2-
diphenyiacetamide;
2-{1-[5-(1-hydroxyprop-2-yhaminononylpiperidin-4-v1+-2.2-
diphenylacetamide;

2- (1-[9+(8~(1 -hydronyprop-2-yhaminononylpiperidin-4-y1} -2,2-
diphenylaéetanﬁ de;

2012

2.2 2-rifluerosthyliaminononyl ipiperidin-4-v] 1 -2.2-

diphenviacetamide: and



-

30

In separate and distinct embodiments, there is provided compounds of
formula li wherein the stereochemistry at the 3-position of the pyrrolidine
ring has the (R) configuration; and compounds of formula li wherein the
stereochemistry at the 3-position of the pyrrolidine ring has the (S)
configuratiin/Sthanetheiofitachmpesifioriashetts.dhisgdisslesurade:
provides a ph rmaceﬁut_ggaaé.%om‘ osition colgnrcg)“rising a. .
pharmacSUlicATy-AcCeptable Carrer and & therdpeuicaF e effective
amountighactunpaubdatiormetail s phhpaseuticaliyiagesphable salt
or Dspl\éage 9{_§J1ef§9[saomgr thqreof. .Sg_ch gharﬁmag:euti_cal 1cpmpositions _
may optionally ¢oTtai OterYHErApETHY AGaHS ACETGInyIG TARHES salt or

embddimentethie composition further comprises a therapeutically effective

amount of a.sterojdal anti-inflanmiatory.5 agent, orticosteroid;
(32 s R AT e fiirasen
combinatien thefeht.-Tha compeunds obot thediselesscembadiments-are,,
muscarinic receptor antagonists. Accordingly, in one embodiment, there

is psr%\xff’&%g‘g?‘ﬁéthod for treating a mammal having a medical condition
which is altesiatestby-tentmentanith @A musearnic FeeRIOr ANAGARISt o
the method.comprising administering to the mammal a therapeutically

effé Qe Am ot oF & EopSOHE BE FOrTiIR Y >3RS PRAraceutically-
acceptable.salt or solvate oy stereoisomer thereof. In another. . o .
o S e B D B e T e
digerder:dhemethod: corfprisigoadministering ifidiapatie itiniee aff curaton.
treatmentrcfatpReuticalialiectye.AMRNTL QA SARINAL LIOMMRuica
I, or a pharmaceutically- acceptable salt or solvate or stereoisomer _
therepbstn yet anotien e mblodimentiihely isqrovited amethod Of erapeuically
producing bronchodilation in a patient, the method comprising

administering by inhalation to the patient a bronchodilation-producing

amount of a compound of formula I, or a 20 pharmaceutically-acceptable

salt or solvate or stereoisomer thereof. In still another embodiment, there

is provided a method for treating chronic obstructive pulmonary disease

or asthma, the method comprising administering to a patient in need of
treatment a therapeutically effective amount of a compound of formula |

or a pharmaceutically-acceptable salt or solvate or stereocisomer thereof.

e



10

20

30

25 In one aspect, there is provided a use of a compound as defined above
for the manufacture of a medicament for treating a medical condition
alleviated by treatment with a muscarinic receptor antagonist. -5' 30 In
another aspect, there is provided a use of a compound as defined above

foredhe mapHactyie of . geedicamention teatin 9&%&8@@5}1@5%%3&19 salt or

yet another aspect, there'is provided a. use of a'‘compound as de
atselieidor therprasatactiveef aSurbdidzamesndeligoguheg Beoschadintionally

in.3,patient, iRmfiithen aspect sre:is.proyided mc?g%&ﬁom@%&%osﬁmn

as defined above for the manufacture of a’'medicament for treating

cHiotier sostnusgve Bumenaispbiselisetive astbmnaoBirte oo potingglafimatory
the disc ' e carini - antagonist .. }
O A lodgersses
biblbgitarsystawisbrazenphesehaving a muscarinic receptor or for

stucying e agixinal et SRSISRLEAMABHAASAC LN L cepror
another embodiment, provided there is a method tor using a compouné b
foRirakeTiGisa Pherrdgiticatye emixodizsBothese aspeptabié sajtdod for treating

salvate ar.steregisomeniheranfas .R%ﬁﬁ%f??ﬁ%%f%ﬂé%%&m with

biological system™or sample, or for discovering new chery compounds
havirgannsteemmeresagmy sntag orsidiaktvinprisiohedagpettritnete ke mammal
P rQYﬁ@?&&%ﬁWQf@pﬁ%%ﬁt %@éo&%ﬁlﬂﬁfﬂ? i%('ng!%afn%l % &Jhannaceutically-
comprising a muscarinic receptor, the method comprising: {a) contacting
thechiotelicapsyatentivetesaraisie st ctiensolind as defined above; and

(b) determiningithe HgaiRcau3R L% He SADPLUNTAR B8 PIRIY%Al monary

system or sample. '
disorder, the method comprising administering to a patient in need of treatment a

therapeutically effective amount of a compound of formula I, or a pharmaceutically-
. acceptable salt or solvate or stereoisomer thereof.

In yet another embodiment, there is provided a method of producing
bronchodilation in a patient, the method comprising administering by inhalation to the
patient a bronchodilation-producing amount of a compound of formula I, or a
pharmaceutfically-accepiable salt or solvate or stereoisomer thereof.

In still another embodiment, there is provided a method for treating chronic
obstructive pulmonary disease or asthma, the method comprising administering to a
patient in need of treatment a therapeutically effective amount of a compound of
formula I or a pharmaceutically-acceptable salt or solvate or stereoisomer thereof,

In one aspect, there 15 provided a use of a compound as defined above for the
manufacture of a medicament for freating a medical condition alleviated by treatment

with a muscarinic receptor antagonist.
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10 Disclosed herein are processes and novel intermediates useful for
preparing compounds of formula | or a salt or solvate or stereoisomer
thereof. Accordingly, in another of its method aspects, this invention

provides a process of preparing a compound of formula I, the process

comprising (BfGacting ARG e frmuiadl i L&B%)sadfehhﬁﬁiﬂ%m for
O Yd Il N-(CH2)e-AH (R2 )b (W)c with a compound of formula IV

P HpRsamt Q‘@%@?élﬁ@il@%ﬁfﬁrfﬁhméétlﬁg@%w Hrdgresence of

a reducing s g@mﬁgmg ﬁr‘é@f@&‘?ﬁ'ﬁqeoétfgréHHllﬁo¥n9a§%Qﬁled above
N R4)2 d NHV (R2)b(R3)c with. a compound of formula VI 0

HlfetpandREug FaiprtsiRRisoan g plorsheg! erpmmmxem
presence ol RHIFISH BOFR(R pedsting.aconnendatiermueaiil anove for

the manufacture of a medicament for treating chronic obstructive pulmonary disease
or asthma.

Since compounds of the disclosed embodiments possess muscarinic receptor
antagonist actiﬁty, such compounds are also useful as research tools for studying
biological systems or samples having a muscarinic receptor or for studying the
activity of other chemical compounds. Accordingly, in vet another embodiment,

provided there is a method for using a compound of formula I or a pharmaceutically
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O (R)a/N(R4)2 d N-(CH2)e-LI VIl (R2) b (R3)c 10 wherein L'is a
leaving group, with a compound of formula 1V; or (d) reacting a compound
of formula V with a compound of formula VIII; P3 L? (CH2)e N-R5 VIII 15
wherein L2 is a leaving group and P3 is an amino-protecting group; and.

therdehFeMmAaNiBEBNARI BFeEiBE SR Borbad a5 PRtepERvide R studying a
compound of formula | or a salt thereof. -6a- 20 in one embodiment, the,

bR Prat et SFRBIpPIEY thee QUehtiena SEhr BrCRlFRfRRoynds having

Pharsoacsiticaliyroaceariable saltafa compound of formula I. In another
of its method aspects, this disclosure provides a process for preparing a

pharmacé RS iRete BadiEal ST hicBiiBetad BHSHwAL L R pr ot or

5 canpsising-cRMAGRG R empeRd@f it dRpasmh(R4)z \ 1
N-(CH2)e N- R IX (R)e (R3).10 20 6b wherein Pa is an acid-labile
amino-pr(@aecu@aﬁﬁ%ﬁ%%%m%a%éﬁﬁwrﬁag&ésm%a SRIRP R defined
a pharmageutically-acceptable salt of a compound of formula I. In other
embodiments, there are provided other processes described herein, In 5

one aspéll, theP& RTBIBVIRERF ST RAUSTE DA S 159aR) BB [oRedeesal
degaribedr sample.

Disclosed herein are processes and novel intermediates useful for preparing
compounds of formula I or a salt or solvate or stereoisomer thereof. Accordingly, in
another of its method aspects, this invention provides a process of preparing a
compound of formula I, the process comprising:

(a) reacting a compound of formulia 111

0
(R"); O N(R4),
. 0
O N_(CHz)e-1JLH i

(R3), (R?),

with a compound of formula IV

wherein P’ is an amino-protecting group, in the presence of a reducing agent;
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herein. In another of its composition aspects, this disclosure provides a
compound of formula X: O (pig- N(Ra)z M X N-(OH 2 N- R3 10 (R2)b
(R3) . wherein P is an amino-protecting group; 5 each R' and R2 is
independently selected from C:~ alkyl, C34 alkenyl, Cr.4 alkynyl, C3-6
cycloallqyy cyap,fialos 1 ORpoariRék tRiRay-S(0)3Ra and -NRR’; or
two adjacent R' groups or two adjacent R2 groups are joined to form C3-6
allcylene, -(C3~ alkyltnt™?Q- or £0-(C; alkyl each R3 is independently
selected from C(lm Ay ;2K h R4 is independently selected

: .6 alkynyl, C;-6 cycloalkvL
C6-13an. C_- g heteroaryl, C-, ‘ ycllc -CH;:R6 and -CH1CH2-R’;
or both R4 groups are joipegQgethe witthe nitrogen atom to which
they are attached to form yclic; 25 R5 is selected from CI -6
alkyl, C2-6 aIkenyI, % alkyt GEg?cycloalkyl, and -CH2-R8; wherein
each alkyl, alkenyl Ean ® alkynyl gro § optionally substituted with -OH or
1 @%1% Q‘é%{%%‘ﬁ%ﬁt%?‘?&ﬁn‘aﬁacbﬁ6 is independently selected from C3.6
cycloalkyl, Cbao aryl, C2.9 5 heteroaryl and C3-6 heterocyclic; each R7 is
independently selgcted from C3-@°¢tycloalkyl, C6-10 aryl, C2-9 heteroaryl,
C3-6 heterocyclic, CI 6 alkyl), O(C3 6 cycloalkyl), -O(C6-10
aryl), -O(C2-9 het%@%ﬁ 2e(C=Batg), -S(OXE1-6 alkyl), -S(0)2(C1-6
alkyl), -S(C3-6 €ycloalkyl), -S(O)(C3-6 cycloalkyl), -S(0)2(C3.6
cycloalkyl), -S(C6-10 aiyl), 10 -S(O)(C6-10 aryl), -S(0)2(C6-10 aryl),
-S(C2-9 heteroaryl), -S(0)(C2.9 heteroaryl) and -

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

reacting a compound of formula VII

0
(R%); O N(R4),

d
N—{(CH,),—L? Vi

(R?), (R3),

wherein L' is a leaving group, with a compound of formuia TV
or

(d) reacting a compound of formula V with a compound of formula VIIT;

P

3

2
L=—(CH,); VIII

wherein L? is a leaving group and P'isan amino-protecting group;
and then

(e} removing any protecting group PL P or PP o provide a compound of
formula I or a salt thereof.

- 67 ~



-S(0)2(C2-9 heteroaryl); each R8 is independently selected from C3.6
cycloalkyl, C6-10 aryl, C2-9 heteroaryl and C3.6 heterocyclic; each R' is
independently selected from hydrogen, CI-4 alkyl, C2-4 alkenyl, C2.4 1.5
allcynyl and C3-6 cycloalkyl; each Rb and Re is independently selected
from hydfofénceacdinmd, oabaikergrces - Iaigsiandsesie: apsdivatkyl;step of
oxRband Be-a6e ipineditogetherwith the @H%%ﬁ!}g&ﬁ%%%ﬁﬁ% ey are

e ;

attached. to form C3-6 heterocyclic; a is an integer from O to is an
integer fIoATERE 1 Lsiahodrpertroi Ddiscdesis TrerdessPmessoion

wherej lene..alkenyls al and alkyl.group.inR:,
R L R R b A B U RIS LG e proces
flEFBTSTBBE RERECEAL! @pbayroalikyirheterdaryl and heterocyclic group

in R, R2, R4, R5, R6 R7, R8, Ra, Rb and R’ is optionally substituted with

| to 3 substituents independently selected from C1-4 alkyl, C24 alkenyl,

C2.4 alkynyl, cyano -OfCi_4 alkyl), -S(CI-4 alkyl), -S(O)(CI-4 alkyl),
-S(0)2(Cl-4 a(ipgyk)a, %, H2, ~;NH 1-%@&@4[}) and -N(Ci_4 alkyl)2, 30 wherein
each alkyl, alkylene ~alkeryl anid alkynyl’group is optigpally substituted

with -7a 1 to 5 fluoro substit ; each -CR2- group in -(CH?Je is
optionally substimted with=Kor 2 "§u/bstitﬂlen*t$(lﬂ'r@ép€ﬁ‘é|€nt@5seIecteg{from
Ci.2 allryl, -OH and flugro; w ereinisaid C2.9 heteroaryl is a monovalent
aromatic group havi ingle ring, or two fused rings and containing 1-3
heteroatoms sel

1 from nitrog h,) oxygen or sulphur; and said Cis
heterocyclic is a monovalent saturated or unsaturated group having a

- single ring or multiple condensed rings and containing 1-3 heteroatoms

10

fa
()

selected from nitrogen, oxygen or sulphur; or a salt or solvate or
stereoisorner thereof. In one embodiment, there is provided
2-[(S)-1-(8-N-Benzyl-N-methylaminooctyl) 5
pvrrolidin-3-y11-2.2-diphenylacetamide or a salt thereof

- 6b -
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In another embodiment, there is provided

2-{(S)-1-[8-(N-tert-Butoxycarbonyl-N- methylam no)acty]pyrroud n-3-yi}-22

-diphenylacetamide or a salt thereof. In another of its composition

aspects, this disclosure provides a compound of formula Xt: 10 15

wherein P is an ammo-protecting group; G is selected from -CTO.

-Cri(OR'- @b&@k@émmja&&i&lmbihfem'ﬁasbrﬁdﬁdﬁdﬁw@aﬂtlﬁ Shkarableyticaliy-

or both re ioined to forth. C 6 akvien is a leavin
accem%“f% i sele I%n(? f?gm ‘Ehlk %Cﬁ%‘g(?p %OléaaWI@dg‘g formua 1.

cycloallvln atigr dﬁrﬁoaﬁﬁ&m@etﬁmm&h@&yﬁ@ Ie&wl;ﬁade@éby@ééuﬁ&uﬂx@em JIn
optlonallg substituted with.-OH or 1 to 5, fluoro substityeet; each Rs is

indpetaentySe %é’fé’éf b?‘na@éo VoI GAIFR CEA A AR R0 Frstroispribed

ang:€inb heterocycllc 25 eis8or9: wherein each aryl, cycloalkyl, heteroaryl
and hete&o%c%leg ép in R an 1Rs SIS op tgpalg bstltuted ith 1 to 3 dof
substituents Independently selected from C.4° &%ffg%‘”rem}? Yy gogrgouna ©
aiyaylicyano, 'halo, -O(C;~ alkyl), -S(C) alkyl), -S(O)(C,a alkyl),
-S(O)2(Cl.a alkyl), -NH2, -NH(C 1-4 allcyl) and -N(Cj a1k5d)2, wherein

each d alkyl; alkylene, alkenyl and alkynyl group is optionally substituted
with 1 to d fluoro sugsk%int nd each -CH2- group in -(CHa)e is

optlonally su gg;uted with or\% ﬁ%gents independently selected from
C; alkyl, - _ )9 heteroaryl is a monovalent

: #jwo fused rlngs and containi g 1-3
heteroatoms selected from-njtrogen, oxy‘genmig Lphmwarii{ﬁsald Cs.
heterocyclic is a mono Saturated,or unsaturated group having a
single ring or multiple egndensed ri‘hgs and containing 1-3 heteroatoms
selected from nitrdgep, 6Xygen ok8alur; or a salt or stereocisomer thereof.
provided that when Lis chioro, P is notethoxycarbonyl.

wharain

P 15 an amino-protecting group:

each R’ and R%is independently selected from C. alkyl, Coy alkenyl, Coy
alkynyl, Cse cycloalkyl, cyane, hale, —OR?, =SR*, -=S{0)R®, ~S(O»R* and ~NRR®
or two adiacent R’ groups or two adiacent R* groups are joined to form Ci.g alicylen
~{Cr alkylene —0— or —O—(C, 4 alkylens' -0~

each B is mdependently selected from Cy4 alkyl and fluore;

each R is independentiv selected from hydﬁ‘og@ns Ciog alieyl, Cog alkenyl, Crg
alkynyl. Cie cycloalkyl, Cogo arvl, Cag heteroaryl, Cag heterocyelic, ~CH-—R" and

~CH,CH,~R": or both R* groups are joined together with the nitrogen atom to which

they are attached to form Ca heterocvelic:

.k
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In yet another embodiment, there is provided
8-(N-Benzyl-N-methylamino)octan-I- ol or a salt thereof, In yet a further
embodiment, there is provided 8-(N-tert-Butoxycarbonyl-N-
methylamino)octan-I-oi. In another embodiment, there is provided

Toluene1%*—%1&95%@%&(@'f.%kﬂ?@ﬂé%%?ﬁ?@dl% ayRAYIABIRMIARM, and

ester. 7° In additional separate and distinct embodiments, there are

probidedt & eoppoutdtotfarkiliserybradsymd asatpanypritveptabid gilted
orva%v__ - §t§?:%%%%e§u%eﬁ{t%%tfor use in therapy; a compound of

formula 1, or a pharmaceutically-acé¢eptable salt or solvate or 5
stereoisarm@r Riesendcfondsetiyssel eveditame il; aconpldyhd ef fargiuz. |,

ora t@po%%aa%%%pa@é{a&%e C}%ble salt or solvate or stereoisomer thereof,

foruse in treatlnd'%l pulmonary’disorder, including chronic obstructive
puImonawﬁiﬁasélﬁﬁﬂeaémmﬁsawtediﬁameﬁtggcmytamﬂkg’la(é@mmﬂl;@z@f
formula |, or a pharmaceutically--10 eptabl saJI_S solvate or ,
e D B PRt ~O(Ceng

phaimaceyticaliptecceptablesall ancaolvatengrsigrarispmsthaEof afeyr),

treatment of a pulmonarédisorder, including chronic obstructive
puTiSricr§aleabad) artl Qathmec XideBd) confpblira-of YsHadl); oPEe-o aryh),
phatpegeesficalyraceapigble salker 1o SOMAUR LLAPICARGRE! IRRIES:ryT) and
as a medicament for the treatment of a pulgmonary disorder, including
chr&hi2)gbstrbetaregpplimonary disease and asthma; use of a compound of

formula |, or apharmaceutically-acc (EanIes t or_solvate,o
Eachalﬁ? 14 m1da &1 e;%lllﬁ se%e(gg X Toim i a{:r%ce?o ﬁ{a?hld&lfé] g %1];5% Cag

stereoisomer thereof, for manufacture of a me nt;
cohepoom lofnfb fnulbetporcaghitarmaceutically-acceptable salt or 20

solvate or stereoisomer thereof, far manufacture,of a medic nt.for
treatment %leua pul }ﬁ@%%%}g %@¥ gqr?(fnec uding TS %b%sftﬁfacl??/% Ea lkenyl, Ca

puithonprpdiséaseyalndiizthma. DETAILED DESCRIPTION OF THE
NIRRT B .
or dblvates or stevepisoh 6rssthateolkyl; or R® and R are joined together with the
nitrogen atom to which they are attached to form Cs_ heterocyelic;
a is an integer from 0 to 3;
b is an integer from 0 to 3;
¢ 1s an integer from 0 to 4;
dislor2;
eis8or9;
wherein each alkyl, alkylene, alkenyl, alkynyl and cycloalkyl group in RY, R?,
R’ , R4, R7, R, R and R®is optionally substituted with 1 to 5 fluoro substituent; each
aryl, cycloalkyl, heteroaryl and heterocyclic group in R, RZ, Rf’, RS, R® R7, Rg, R®, R®
and R® is optionally substituted with 1 to 3 substituents independently selected from
Ci.4 alkyl, Cpy alkenyl, Ca.s alkynyl, cyano, halo, —O(Cy4 alkyl), -S(Cy.4 alkyl),
—S(O)C 1y alkyl), —S(O)(C14 alkyl), ~NH,, —-NH(C4 alkyl) and ~-N(C_4 alkyl)a,
wherein each alkyl, alkylene, alkenyi and alkynyl group is optionally substituted with

-Ta -
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These compounds may contain one or more chiral centers and, when

such a chiral center or centers are present, this invention is directed to

racemic mixtures; pure stereoisomers (i.e., individual enantiorners or
diasteréonrers)paiid sterenisemerCEnric hesLmbuESof, SUSRISOMERSsubstited
un!egs otherwise indigated. When a particular 30 stereoisomer is shown, it

will be' uldeTStooE By tHOSE Skifed imthe Srctatfriner2diounts atbihero:
stereoisomers may be present in the compositions of this invention. - 8

WO 2008/56B88' P Exr 15550504/ 01 8819 Wislless BreriAsandibatiog. @ single ring

poovidediibat theutiity eftheaamposiiiehasawhelsiss NehIMRAEd BYyeen or
ttggl@{ggear})ﬁesgf sglcl}qther isomers. The compounds of this invention also =~
contan saveralbasid§ia VC%?.QS.,& SRS AFEL R SRS tieyafaraateeroup having
comipgandszofifornitidée |cadexist asghafieshasear 15immariRussalblected from
faems, All gueh forms are included within the scope of this invention. Also
incIu&ea’wifh'fﬁnt%ésgc@puer’of this invention are

pharmaceuticatlyracteptablerselvates ofthe-compounds of formula | or
the salt thezeof. Additionally,-where applicable, all cis-trans or E/Z
isomerjfgcéﬁﬁ@ﬁ?@%%é}?ﬁf {AGTGTHERR Tolims ‘aft topeisshers formsinocty])

theveempeunds of formula$iacentQdackided within.the scope of this
inventio&ln%lgtﬁgr%%]}dg{r)\gise stp%cified. The,ﬁ?omefnclature used herein to )
name the compounds of this ifventidn & fifistrafeer inl nd esamRptesyearbonyl-N-

hetrinyGeneraliy thisnomenciaturehas been detived  using the, . .-
commerciiallﬁ/-%ail?ble AutoNom software (MDL, San Leandro, )
ia). 15" Rep

California).” d5ETHRRVE EhBIRfife rtssThe fetlowingvstgsstitaentsmd of
ang@dvaduesare intended to provide representative examples and
embodiments of various aspects of this invention. These representative
values are intended to further define such aspects and embodiments and
are not 20 intended to exclude other embodiments or limit the scope of

this invention. In this regard, the representation herein that a particular
value or substituent is préferrigzHs -net-intended in any wayito exclude

other values or substituents from this invention unless specifically

indicated.

wherein
P 15 ap amino-protecting group ;
G 1s selected from —CHO, -CH(ORY,, -CH-OF and ~CHo—L, wherein each
R" is independently Ci alicy! or both R’ groups are joined to form Co alicviens; and
L is a leaving grour:
5 lo e - I i .f.] 1 1 i
R 15 selected from Cigalkyl, Cog alkenvl, Cox alitynyl, Cs cveloallyl, and
TT 8, 3m o : 1 p—) 1 N : : H

-CH;-R; wherein each alkyl, alkenvl and kynyl group is optionally substituted
with -OH or 1 to 3 fluoro substituent;

JUBRTE 5 S L S _ T .

cach B is independently sslected from Cag cveloallevl, Ceoparvl, Cog
neteroaryl and Cs. heterocvelic,

eis 8 or O



L
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In a specific embodiment, R' or R2, when present, are independently
selected 25 from C1_4 alkyl, fluoro, chloro and -ORa; wherein each alkyl
group is optionally su s;[ithte with 1 tg 3 fluoro subgtitgents. In another ;
specific BMBodEr- a0l ﬁ%qla‘ﬁd}ﬁwgoéjf} A PG group n R and R
RepsasgmigtivedRtand Wi arevpsibeludeshut eaptlinitedtametwyic,

ethyl, n-propyl, isopropyl, difluoromethyl, trifluoromethyl, 2,2,2-
AT SIS I EHBRy Joxy il GHaie iy o RS0 -S(0)C1

tieror e speciic shod R When reset. . .
i%ﬁnﬁﬁ@%‘l?&% ?gﬁwO e PCT%?Z@%%%T‘BS\%}%%m&h
Gilkzlaplyy ane. Allom whereiiea iy Lgroue slipagrayistbstituted S fluor
WIER i 1Qe3- LT, Sy b@ﬁﬂ%&u‘é’ﬁ%?b@ﬁﬁ?’i§%%ﬂgﬂﬁg%@tf&9{@§%&htﬁeé€ 2

can be on the'same or different carbon atoms. Representative R3 groups
irlosiELpris aréopendienite ddectaddiogmeathy| abifluodmheiylntifiluoromethyl
and fluoro. 5 In specific embodiments, each R4 is independently hydrogen
Orvhdrednalkiyl (O, IRaahdrd is intlependentlyrbydregenupr GV allaylgloring or two
each R'is hydrogen. .Representative R4 groups .include, but are not )
irAiEd (AR ORI e B R Gr T LY SpeRrce” shur
eminbeiiddhit; bothoR4 iy dupsnare joinedsadugstterwithathataitrogen havime a single
(016D She AL AHERERACR IO 3mSRl Gk DR AR A itrogen,
containing one additional heteroatom selected from nitrogen, oxygen or
sulfreRepras@ntative heterocyclic rings include, but are not limited to,
pyrrolidin- 1-yl, piperidin- | -yl, piperazin- | -yl, morpholin-4-yl and
thiomorphelin:d-yk inspeciic.embegiments, R' is C1-5 alkyl; or RS is C-4
alkyl; or RS is C1.3 alkyl; or R'is CI-2 alkyl; wherein the alkyl group is
optionallPEUBSERUHE Wit ~GHBIOTle 15 24udhesimsshinmehts.
RepresentalivenRbgaRamdmsmbadnonieludaiul ate AGhIMIed oen- 1
to, methyl, ethyl, 2-hydroxyethyl, 2,2,2-trifluoroethyl, n-prépyl, isopropyl,
1-RySFox§BFORRESA, n-butyl and isobutyl. In one embodiment, RS is
methyl. Inofher speeifietnliadimenis: RpisCRdouyciaalkylionRaisnyl-N-
C3-4 cycloalkyl; wherein the cycloalkyl group is optionally substituted with
-- OFBY PRI IRGRE 20 substituents. Representative RS groups in this
embodiment incltigeshbisanenothérnite drto; Gyt Dpitepyls-cutiabiugdi asd N-ieyr-
cyclopentyl. '
butoxvearbonyl-N-methyiaminojoctyl ester,




In another specific embodiment, R' is -CH2-Rs, wherein R' is as defined
herein. In separate aspects of this embodiment, R5 (i.e., -CH,-Rs) is
selected from : (a) -CH2-(C3-5 cycloalkyl); or -CHZ (C3_4 cycloalkyl);
wherein the 25 cycloalkyl group is optionally substituted with --OH or | to 3

fluoro substifientss Qa2 BREAD & RENZYL Whergin the pheny!
§gﬁtly

group is optionally substituted with 1 to 3 substituents indepe

selected fremEned gikiproydnb, oflaplerotioroticaDCLu I sa8(@ Bl vate or
aI%k@%&&%@&%ﬁ@@@@)ﬁ}%%ﬁach alkyl group is optionally

substituted with 1 to 3 fluoro substituent. 30 Representative R’ groups in
this embotherane e vdeoibutlade ¢at fthitedeoyticyliopeopytahitisgl) or solvate or

s cvagoutyimertil ane gyclapsutyimatiyl,ghd benzyl, 4 -10 WO
2005/003090 PCT/1J52003/018813 cyanobenzyl, 3-methylhenzyl,

4-methylbenpyponngdifilirometorybareymacditicedkyemoppaatde sali or solvate or
4- - | Y .- g . - - ) X
UuroRenzylin 8, SREEUS. ?I(%lpc%‘?iﬁ%eé‘gu%% R0 E%Ht?ltﬂugtxgg%v‘iﬂf@% chy onic

phenyl; wherein each phenyl group s optionally su

subistituents prieweadediiyasestiadtBizom C1_4 alkyl, cyano, fluoro,
chloro, -Q(Gdaik A e onliding Q'@&W@ﬁ&@fh %'W'%’Lﬁéﬁ%%ﬁ%nc%g‘ﬁ*éauy-

alkyl group is optionally substitﬁted Wi luoro substituent.
10 spewsifiptelhibisdimierst vetictr Reis difdeperibersdy:selected from phenyl, - OH

and “O(Ca.o% Ay BEIPL eaai Al | dreuRais-aplanaii sHbstRA NI,
I to 3 fluoro substituent; and each phenyl group is optionally substitute
witie IVese3o1 Slggbswmentiadépentieatiyasletteet froonaCy disalikigr, dyelinding

ﬂu%?mﬁ@l%gmﬁa{%u %Qr '%f%ZseA'a?ll(&(}ﬁptﬁQQ:'S(O)Z(C1—4 alkyl);

where each alkyl group is optionally substituted with 1 to 3 fluoro

substituenteinfspeeifoemisddimants leach Pratsindepeidentyseldetedt or
15 fromydraaqn.and., & Rlor:Qn INAreaenand, G - 8lkv Whe el eagh -

alkyl group is optionally 15 substituted with I'to 3 fluoro substituent.
Represéatativefeegrioups ilitiet bepahaoneniifesdaenetyhacthyl,

n-propyl, {geRiepyl, iflunrespeliyl.iiflugr gﬁénxhéénlgic%@%;ép’e%gg?ﬁg@%{' or

In specific embodiments, each Rb and RIS indepe ently se
hy&edifén At CeigraIRy Ferchfokugematie Ol mgdesasimeancindlkyl
group IS yse of a compound of formula I, or a pharmaceutically-acceptable salt or

20 solvate or stereocisomer thereof, for manufacture of a medicament for treatment of a

pulmonary disorder, including chronic obstructive pulmonary disease and asthma.

DETAILED DESCRIPTION OF THE INVENTION
This invention provides novel substituted pyrrolidine and related compounds
25 of formula I, or pharmaceutically-acceptable salts or solvates or stereoisomers thereof.
These compounds may contain one or more chiral centers and, when such a chiral
center or centers are present, this invention is directed to racemic mixtures; pure
stereotsomers (1.e., individual enantiomers or diastereomers); and sterecisomer-
enriched mixtures of such isomers, unless otherwise indicated. When a particular
30 stereoisomer is shown, it will be understood by those skilled in the art that minor

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

- 8-



20 optionally substituted with 1 to 3 fluoro substituent. Representative Rb
gnd R™ groups include, but are not limited to, methyl, ethyl, n-propyl,
isopropyl, difluoromethyl, trifluoromethyl and 2,2,2-trifluoroethyl.
VEREMARIEY), in another specific embodiment, Rb and R ard jdifl&go4/e18813
together with the nitrogen atom. to which they are attached to form a C3.5
heterocyclic ring 25 optionally containing one additional heteroatom
seledtesldivmwinerogénahpyeridsd sitiheREF L 96 HAGOBPRISBCTACHRLSS

inclydgeRt AENALITILECD YA iRt dboRlperidin-L vl piperazin-hy
morpholin-4-yl and thiomorpholin-4-yl. In specific embodiments, a is 0, 1

or 2; or aTseempowRds i is [ s e ASSIR SRS baste 15 (Billy is
0 %n\?\’/%?ggpg) 228 1eaRedfin CPaRRAIMents, Brigla k 052605t KE Gied bate or

cis 0. W is 1, i.e., when the ring defined by d.is a pyrrolidj .rin%, .
5 the e salt fyos2abbreREumPETIEse HetEs S&?ﬁ%ﬁ?m%hrt it e
Eteﬁ_&%tﬁlﬁﬁé‘&‘ &h@ﬁ-@@f&&@@d@f thie RiEelisined iguthacetieatizrbarpatdm
earing the 1-carbamoyl-1,1-diphenylmethyl group) has the (S)
ste?@dé??éﬁﬁé‘%ﬁﬁompﬁﬂ%‘?ﬁé’f @%@8#&@?%@%&%‘% f(?enter has the (R)
Ste geochqm@mnéu}qm@amgqﬂimem,aa iS58 anolig isembo drentireis
, 5 A particular embaodiment of the present inventign are compo
e S S S e A
10 is 8ficandiRb iBcGdepe alitisonEntiaikyllass atherwise specified.
pharmaceytically-acceptable salt or solvate or stereqisom areQftion 1
Another partic ’é‘}%ﬁ% iment of {%gopﬁaé%%r%ﬁﬁeggigfon ar%fg?)%npou];gaﬂg (1)?‘
10 foneniskad mmﬁ@mh_mﬂhsmaxgmL@snareuwﬂﬁ@gemeapbtawdlesén@@%r@d
L €158 0. 9 A Bis G2 D RRIRalh 06 £ed MIPIPAtN: A,
pharm' eutically-acce table salt or solvate or stereocisomer thereof. Yet
andihéfgeiicular embodiment of the present invention are compounds of
formula | wherein R5 is methyl; and R', R2, R3, R4, a, b, ¢, d, and e are as
deflneq 15 heyein; or a pharmaceutically-acceptable salt or solvate or
oisesedt e lsafo RS pecific embodiments of the present invention

are Comp%%zﬂfwﬁﬁgﬁ%%ﬁ%ts and values are intended to provide representative

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

15

values are intended to further define such aspects and embodiments and are not
20 intended to exclude other embodiments or limit the scope of this invention. In this
regard, the representation herein 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 a specific embodiment, R' or R?, when present, are independently selected
25 from C,, alkyl, fluoro, chloro and - OR; wherein each alkyl group is optionally
substituted with 1 fo 3 fluoro substituents. In another specific embodiment, each R!
and R%is C,, alkyl or fluoro. Representative R' and R” groups include, but are not
limited to, methyl, ethyl, n-propyl, isopropyl, difluoromethyl, trifluoromethyl, 2,2,2-
trifluoroethyl, fluoro, chloro, methoxy, ethoxy, difluoromethoxy and

30 triftuoromethoxy.

In a specific embodiment, each R’, when present, is independently selected
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NH2 20 (CH2)e N- R5 lla wherein R5 and e are as defined in Table I, or

a pharmaceutically-acceptable salt or 25 solvate thereof. Table | Example
No.R5e 1CH38 302 -CH(CH3)2 8 3 -CHZCH?CH3 8 -12 WO
WORHIHYBOY0 PCT/US2004/018813 Example No. R5 e 4 -cy&bpiapyt/ 8813
- cyclobutyl 8 6 - cyclopentyl 8 7 -CH2CFI3 8 5 8 -CH2CH20H 8 9
-CH(CH3)CH20H (R)-isomer 8 10 CH(CH3)CH20H 8 11

-CJfrt(ﬁ 93) GZ@H] (BloisomrrgnEacGiliptey inopg ity phitiguted with 1 to

:jﬁ\ug uggtﬁég%ﬁ 133¢12n 165 CHAGHRGRS R drésc Y HRPIGRM DA Tt 8ame or
-cyclo uty cyclopentyl 9 20 - CH2CH3 9 21 -CH2CH2QH 9
different carbon atoms. Representative R? groups include, but are not limited to,

methyl, ethyl, difluoromethyl, trifluoromethyl and fluoro.

In specific embodiments, each R* is independently bydrogen or C,, alkyl; or
each R” is independently hydrogen or C,, alkyl; or each R* is hydrogen.
Representative R* groups include, but are not limited to, hydrogen, methyl and ethyl.

Alternatively, in another specific embodiment, both R* groups are joined
together with the nitrogen atom to which they are attached to form a C, 5 heterocyclic
ring optionally containing one additional heteroatom selected from nitrogen, oxygen
or sulfur. Representative heterocyclic rings include, but are not limited to, pyrrolidin-
1-y1, piperidin--yl, piperazin-1-yl, morpholin-4-yl and thiomorpholin-4-yl.

In specific embodiments, R” is C, ; alkyl; or R* is C,, alkyl; or R7is C, , alkyl;
orR*is C, 2 alkyl; wherein the alkyl groap is opilonally substituted with ~-OH or 1 to
3 fluoro substituents. Representative R groups in this embodiment include, but are
not limited 1o, methyl, ethyl, 2-hydroxyethyl, 2,2,2-trifluoroethyl, n-propyl, isopropyl,
1-hydroxyprop-2-yl, n-butyl and isobutyl. In one embodiment, R® is methyl.

In other specific embodiments, R’ is C, 5 eycloalkyl; or R%is C, , cycloalkyl;
wherein the cycloalkyl group is optionally substituted with - OH or 1 to 3 fluoro
substituents. Representative R® groups in this embodiment include, but are not
limited to, cyclopropyl, eyclobutyl and cyclopentyl.

In another specific embodiment, R? is - CH,-R®, wherein R® is as defined
herein. In separate aspects of this embodiment, R* (i.¢., - CH,~R°) is selected from :

(a) ~CH,~ (C, 5 cycloalkyl); or - CH,-(C, ; cycloalkyl); wherein the
cycloalkyl group is optionally substituted with ~OH or 1 to 3 fluoro substituents;

(b) - CH,- (phenyl), i.e., benzyl, wherein the phenyl group is optionally
substituted with 1 to 3 substituents independently selected from C, , alkyl, cyano,
fluoro, chloro, ~ O(C,, alkyl), - S(C,., alky!l) and ~S(0),(C,. alkyl); where each alkyl
group is optionally substituted with 1 to 3 fluoro substituent.

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

cyclopropylmethyl, cyclobutylmethyl and cyclopentylmethyl; and benzyl, 4-

— IOA



22 -CH(CH3)CH20H (R)-isomer 9 20 23 -CH(CH3)CH,OH 9 24
-CH(CH3)CH20H (S)-isomer 9 25 -CH2CF3 9 26 -CH2Ph 9 | Ph =
phenyl. 25 Still other specific embodiments of the present invention are

VEBAHBENALof formula fib: 13 WO 20051003090 PCT/US206473/ba8+414813
NH2 - R51lb C~~N-(CHZ)-N-R5 H \//5 wherein RS and e are as

defined in Table II, or a pharmaceutically-acceptable salt or solvate
theseobbifyflablesthEianpledNoctRBhsnzs, AcHBugrasoppbiayh & 29 -

CI—hZCI—?CH? %%g_ﬁgd&%@ﬁppyl 8 31 -cyclobutyl 8 32 -cyclopentyl 8

33 -CH2CH3 834 -CH2CHZOH 8 20 35 -CH(CH3)CH20H (R)-isomer 8

36 -CH(CHayedpanghodiment, each R is independently phenyl; wherein each
phenyl group is optionally substituted with 1 to 3 substituents independently selected
from C,., alkyl, cyano, fluoro, chloro, -O(C,, alkyl), -5(C,, alkyl) and - S(O0),(C,,
alky]); where each alkyl group is optionally substituted with 1 to 3 fluoro substituent.

In a specific embodiment, each R is independently selected from phenyl, -~ OH
and - O(C, , alkyl); wherein each alkyl group is optionally substituted with 1 to 3
fluoro substituent; and each phenyl group is optionally substituted with 1 to 3
substituents independently selected from C, , alkyl, cyano, fluoro, chloro, - O(C,,
alkyl), ~S(C,., alkyl) and - S(0),(C , alkyl); where each alkyl group is optionally
substituted with 1 to 3 fluoro substituent.

In specific embodiments, each R* is independently sel ected from hydrogen and
C, alkyl; or hydrogen and C,, alkyl; wherein each alkyl group is optionally
substituted with 1 to 3 fluoro substituent. Reprresréntative R? groups include, but are
not limited to, methyl, ethyl, n-propyl, isopropyl, diflucromethyl, triffuoromethyl and
2.2 2-trifluoroethyl.

In specific embodiments, each R® and R® is independently selected from
hydrogen and C, ; alkyl; or hydrogen and C, , alkyl; wherein each alkyl group is
optionally substituted with 1 to 3 fluoro substituent. Representative R® and R® groups
include, but are not limited to, methyl, ethyl, rz-propyl, isopropyl, difluoromethyl,
trifluoromethyl and 2,2,2-trifluoroethyl.

Alternatively, in another specific embodiment, R and R°® are joined together
with the nitrogen atom to which they are attached to form a Cy heterocyclic ring
optionally containing one additional heteroatom selected from nitrogen, oxygen or
sulfur. Representative heterocyclic rings inctude, but are not limited to, pyrrolidin-1-
yl, piperidin-1-yl, piperazin-1-yl, morpholin-4-yl and thiomorpholin-4-yi.

In specific embodiments, ais 0, 1 or2; ovaisOorl;ora 15 0.

In specific embodiments, #is 0, lor2; orbis 0 or 1; or bis 0.

In specific embodiments, ¢is 0, 1 or 2; orcis O or l;orcis 0.

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

WII_.
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37 -CH(CH3)CH20H (S)-isomer 8 38 CH2CF3 8 39 -CH2Pht 8 25 40
-CH39 41 - CH(CH3)29 42 -CH2CH,CH3 9 43 -cyclopropyl 9 44
-cyclobutyl 9 -14 WO 2005/003090 PC77US2004/018813 Example No.

VR 280280898 opentyl 9 46 CH2CH3 9 47 CH2CH20H 9 4g°CT/USI004/018813
-CH(CH3)CH20H (R)-isomer 9 5 49 - CH(CH3)CH20H 9 50 -
CH(CH3)CH20H (S)-isomer 9 51 - CH2CF3 9 52 -CH,Ph 9 tPh=
phanybm%ﬁtilﬁmmrtmp@m@éﬁlbédimﬁm of rerpredidinG fingricn Gfecarbon
compoynds of .f : - | ;
o B et sah o
20TsaiettetivmhadinFabl s txerppNeNgs fis ER) stereochemistry.

In one embodiment, ¢ is 8. In another embodiment, e is 9.

A particular embodiment of the present invention are compounds of formula |
wherein both R* groups are hydrogen, @, b and ¢ are 0;dis 1;eis 8 or9; and R’is C, 4
alkyl; or C, , alkyl; or a pharmaceutically-acceptable salt or solvate or stereoisomer
thereof.

Another particular embodiment of the present invention are compounds of
formula I wherein both R* groups are hydrogen, a, b and ¢ are 0; dis1;eisRor 9; and
R’ is C, , cycloalkyl; or C, , cycloalkyl; ora pharmaceutically-acceptable salt or
solvate or stereoisomer thereof,

Yet another particular embodiment of the present invention are compounds of
formula ] wherein R’ is methyl; and R', R, R%, RY, a, b, ¢, d, and e are as defined
herein; or a pharmaceuticaﬂy—acceptable salt or solvate or stereoisomer thereof.

Other specific embodiments of the present invention are compounds of

formula Ha:

Ila

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

solvate thereof,

Table I
Example No. R’ e
1 ~CH, 8
2 _CH(CH.), g
3 _CH,CH,CH, 8

~-12~
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53 -CH3 8 2554 -CH(CH3)2 8 55 -CH2CH2CH3 8 56 - cyclopropyl 8 57
-cyclobutyl 8 -15 WO 2005/003090 PCT/US2004/018813 Exam 31e No.
Rs e 58 - cyclopentyl 8 59 -CH2CH3 8 60 -CH,CH20H 8 61
WOREHEBYCH20H (R)-isomer 8 5 62 - CH(CH3)CH20H 8 6BCT/US2004/418813
-CH(CH3)CH20H (S)-isomer 8 64 -CH2CF3 8 65 -CH2Pht 8 66 -CH3.9

10 67 -CH(CH3)2 9 68 -CH2CH2CH3 9 69 -cyclopropyl 9 70 -cyclobutyl

971 -Cy:IEQ 123572 -CH2CH3 9 43 -CH2CH20H9 14 ¢
'CH(CHS%F%‘WR)- SOTeEr9=75=CH(CH3)CH20H 9 76
-CH(CH3)CH2CH (S)-isomeloprogyy7 -CH2CF3 9 78 -CH2Ph 9 §Ph -
g:wc?ungl.lrll the cgmpour@scgkgglrlrtnyylas X and Xl, P is an amipo-pregtecting
6 ~cyclopentyl 8
7 -CH,CH, 8
8 - CH,CH,0H 8
9 ~ CH(CH,)CH,OH (R)-isomer 8
10 - CH(CH,)CH,0H 8
11 - CH(CH,)CH,OH (S)-isomer 8
12 - CH,CF, 8
13 - CH,Ph! 8
14 ~CH, 9
15 ~CH(CH,), 9
16 - CH,CH,CH, 9
17 -cyclopropyl 9
18 - cyclobutyl 9
19 -cyclopentyl 9
20 ~CH,CH, 9
21 -CH,CH,O0H 9
22 ~-CH(CH,)CH,0H (R)-isomer 9
23 -~ CH(CH,)CH,0OH 9
24 - CH(CH,)CH,OH (S)-isomer 9
25 ~CH,CF, 9
26 ~CH,Ph 9

T Ph = phenyl.

Still other specific embodiments of the present invention are compounds of

formula IIh:



25 one embodiment, P is an acid labile amino-protecting group (P"). In
another embodiment, P is selected from benzyl, 4-methoxybenzyl,
2,4-dimethoxybenzyl, diphenylmethyl, triphenylmethyl, methoxycarbonyl,
Wthgydathyl, tert- butoxycarbonyl, PCT/US2004/618813
benzyloxycarbonyl,p-methoxybenzyloxycarbonyl, 9 -16 WO 2005/003090
PCT/US2004/018813 fluorenylmethoxycarbonyl, formyl, acetyl,
trimethylsilyl and tert-butyldimethylsilyl. In a particular embodiment, P is

tert-butoxycarbori ) mpounds of formula XI, L is a leaving group.
In one embodime} , ordiromo or iodo. In another embodiment, L
is methanesulfonylo ylate)\ 5 orp-toluenesulfonyloxy (tosylate). In a
particular embodime S p- ﬁoluenqseﬂfmngm NR-oRe embodiment, Rf
is methyl or ethyl. | iment, both RHgroups are joined to
> form -(CH2)2 or -(CHN Particular compounds of formula X of interest
are: 10 2-[(S)-1-(8-N-Benzyl-N-methylaminooctyl)pyr olidin-3-yl]-2,2-
dlphenylacetamlde and
2-{(S)eneys Rt 6 Ay Erd Ry TR L ¥ PP BRSSP GTiRR R s2t o
-2, 2 Hiphenylagcetamide. Particular compounds of formula XI of interest
are: 15 8-(N-benzyl-N-methylamino)octan-I-ol ;
8-(N-tert-butoxycarbonyl-N-methylamino)octan-I-ol; and
10 toluene-4-sulfonic acid 8-(N-test- butoxybmlﬁonyl N-methylalnino)octy!l

ester. Definitions-20-When-deserbing-the-compounds,compositions;
methods anitkarpiesses of this inventionRthe following termg haveé the
following rpneam[)]s unlepss iherW|se |nd|cated The term aI cyI" peang a
monovale s dracarhon aroup which-mayv—be o _
branched. Unlegg otherwae}{{ejm%d such alkyl groups typlccllly cdntain
25 from 1 fo16-carbom@toms: Representative alkyl'groups include, by
way of example,thethyl efFﬁh To'I@vI isopropyl, n-butyl, sec-butyl,
15 isobutyl, tert-buty}, n-pe 1'[;/&,@1-0})1.01)3,1 3
31 ~¢yclobutyl 8
32 ~cyclopentyl 8
33 ~CH,CH, 8
34 ~-CH,CH,0H 8
20 35 - CH{(CH,)CH,OH (R)-isomer 8
36 ~CH(CH,)CH,0H 8
37 - CH(CI,)CH,0H (S}-isomer 3
38 -CH,CF, 8
39 - CH,Ph' 8
25 40 ~CH, 9
41 - CH(CH,), 9
42 - CHECH2CH3 9
43 - gyclopropyl 9
44 -cyclobutyl 9

M14m



hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl and the like. The term "alkylene"
means a divalent saturated hydrocarbon group which may be linear or
branched. Unless otherwise defined, such alkylene groups typically 30
oWt | to 10 carbon atoms. Representative alkylene §fR{pg2004/618513

include, by way of example, methylene, ethane-1,2-diyl ("ethylene"),
propane-1,2-diyl, propane-1,3- -17 WO 2005/003090

PCT/US
The term
which m

]
9}%;%91%1%%%%.

1y be Hfear of

diyl, butane-l,4-diyj; pentane-1,5-diyl

and the like.

AU TTyurog

brankcipedtgnd which has at least ong

Aroor grou
> andtypic

Ally

1,2o0r3,
alkenyl gt

carbon- carbc
oups ﬁ?pirally

n bonds. Unless otherwise de
Ratas

efined9 sucH

i from.2.t0.10 carbon-atoms

Represer

tativegglkenyl

growpsinciide, by way of example,

ethersyl,

n-propeny

rhisopropeny

T-but:

ke. The te

N

Z-enyl n-nex-3-enyl and the'|
meang® mon ngigﬁgﬁﬁg‘a%a%&@ﬁ?&%rbon gro
or brapghed mdﬂ@ﬁs%ﬁg@agt one, and typicd

de hala + Lo 1 1
US—omesSsS-otnerwise uchimeU, SUCTI

AQHOM0E. QY daibepmtoms. Repi
by of example, ethynyl, n-propyr
133(2%1?#%3 like. The term-"and"rm

fatalal

"alkynyl"
be linear
carbon- ¢
groups ty
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monovalent arogpatic hydroggphon having a single ring (i.e., jphen§l) or
fused rinds(i7e;, maphthalene). Unless otherwise defined, such aryl
groups tyf)ically Bbritali¥#dm 6 to 10 carbon ring atoms. Representative
aryl 15 groups include, by way of example, phenyl and naphthalene-I-yl,
naphthalene-2-yl, and the like. The term "cycloalktyl" means a monovalgggf
saturated SEHHSBRIRCHGERRPEBRC YRR ieSE G ERN L e fieE Stich
cyclgalkyhargups typically contain from 3 to 10 carbon atoms.
Representative cycloalkyl groups include, by way of example, 20
cyclopropyl, cycloyo@pentyl, cyclohexyl and the like. The term
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"halo" means fluo ) quand iodo. The term. "heteroaryl"
means a monoval gformatic group having a single ring or two fused
rings and containing in thetingydt least one heteroatom (typically 1 to 3

heteroatoms) selected i ox sulfyr. Usdess otherwis@
defined, @ JQ&”H?L E’ll

wherein R® and e are as defined in Table 11, or a pharmaceutically-acceptable salt or

15

20 solvate thereol.
Table III
Exaniple No, R’ e
53 -CH, 8
25 54 - CH(CH,), 8
5 5 - CHECH2CH3 8
56 ~¢yclopropyl 8
57 -gyclobutyl 8
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5 like, such

20

25

25 such heteroaryl groups typically contain from 5 to 10 total ring atoms.
Representative heteroaryl groups include, by way of example,
monovalent species of pyrrole, imidazole, thiazole, oxazole, furan,

pyridazine, pyrimidine, triazine, indole, benzofuran, benzothiophene,
benzimidazole, benzthiazole, quinoline, isoquinoline, quinazoline, 30

winiopisensgriazole, pyrazole, isoxazole, isothiazole, pyridin@Cpyrazingiss3

qumoxal]nE and 1th&llk
......... _.-—...-.-.‘---—--.----—- ---Aw..m_—-.---—- Y D s = v o v oy f . i = o e . i AV, 13
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-CH(CH,)CH,OH (R)-isomer

75

- CH(CH,)CH,0H
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- CH(CH,)CH,OH (S)-isomer

77

~CH,CF,

78

e CHzPh

(Vo BEV- T SV T SANw T BN B o I I

Ph = phenyl.

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

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

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

diphenylniethyl, triphenylmethyl, methoxycarbonyl, ethoxycarbonyl, tert-

butoxycarbonyl, benzyloxycarbonyl, p-methoxybenzyloxycarbonyl, 9-

-16-
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ethylpiperidine, glucamine, glucosamine, histidine, hydrabamine,
isopropylamine, lysine, methylglucamine, morpholine, piperazine,
piperadine, polyamine resins, 25 procaine, purines, theobromine,
Wohetbiplaesite, trimethylamine, tripropylamine, tromethamineP&id#ieofiloass13
Salts derived from pharmaceutically-acceptable acids include acetic,
ascorbic, benzenesulfonic, benzoic, camphosulfonic, citric,
ethanesyifoniceegisyiioyifarig, ghetonicrgibobibdicydletahe dHippbmsilyl
hydrobromic, hydrochloric, isethioni i bionic, maleic, malic,
m%&&%@g%afnge%gnggﬁ 6§§S Ir?]ﬂrsg%d %g% 1tjha e%esulfonic, naphthalene-
1, 5-disulbotlic covapiithdderidonraruistifbric IeGtaiEraNRridn pafanbediment, L

pagtgﬁ?o%gi QIQSSCQI?Q&Q Iﬁ]‘lglé%gr %91%5@91%98 9, %qgﬁﬂléi%%fﬁgﬁggﬁ%nesylate)

succinic, sulfuric, tartaric, p-toluenesulfonic, xinafoic and the like.
Pastigtiiein szt lfimikestcdesiateltis, hpatsHiahsiebAJERERhibrt, isethionic,
maleig B}ikgﬁﬁwigx?ylfuric and tartaric acids. The term "salt

th reo%'l'means a compound formed when the h dro%aen of an 5 acid is

replaced Tyoaccambpdisiey, &S i mdkl Eéﬁ@ﬁﬂor%ﬁné’ e RadBr R
Iikegmlgﬁgfﬁgqgmeahg ralhis@nharmagentigally-acceptable salt, although

this is not required for salts of intermediate. compounds which are not

intended FoFHAATASPROBACPA [ EthiA & PREENH %Blvate” means a

complex orjagorggatesanned by-aeeimore/Nfymdidautsipba solute,

i.e. a compound of formula | or a pharmaceutically-acceptable salt
thetabeyisduBige-fite molecules of a solvent. Such solvates are

typically grystaline solide-Ravirgearbubstantiatlyfethoaiairatiolidisdhyie-2,2-
and solvent. This .term also includes clathrates, including clathrates with
watbPPEREERidEve solvents include, by way of example, water,

methanol pettiagial dsoprepdnof, facetic: &didfandise 46 like. When the

s folvent is é@l@? r;[g(_i biglvgrgogﬁ,{%&rpn% 15,8 hydrate. The term

bronchopr jon™ or choprotectioe” means preventing,
amelioratifigNsuppressipgudoajieiiairtbyineisymostams df andespiratory

disease 0{0}% ign%r_g,‘?srlﬁﬁgﬁ(9Q{ﬁ%ﬁ?ﬁ?gfrgﬁﬁ%ﬁjggf&ﬁ%ﬁﬁ-&ﬁ@ﬁﬁ?&ﬂfne)octyl ester.

bronchoprotection, the guinea pig model of acetylcholine-induced
bronchoconstriction is used unless otherwise 20 indicated.

Definitions

20 When describing the compounds, compositions, methods and processes of this

invention, the following terms have the following meanings unless otherwise
indicated.
The term “alkyl” means a monovalent saturated hydrocarbon group which may

be linear or branched. Unless otherwise defined, such alkyl groups typically contain

25 from 1 to 10 carbon atoms. Representative alkyl groups include, by way of example,

methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, ter-butyl, n-p entyl, n-
hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl and the like.
The term “alkylene” means a divalent saturated hydrocarbon group which may

he linear or branched. Unless otherwise defined, such alkylene groups typically

30 contain from 1 to 10 carbon atoms. Representative alkylene groups include, by way

of example, methylene, ethane-1,2-diyl (“ethylene”), propane-1,2-diyl, propane-1,3-

-17-



The term "therapeutically effective amount” means an amount sufficient to
effect treatment when administered to a patient in need of treatment. The
term "treating" or "treatment” as used herein means the treating or
Ve athaense a disease or medical condition (such as COPD K HEHmM&lyipsis
a patient, 25 such as a mammal (particularly a human or a companion
animal) which includes: (a) preventing the disease or medical condition
frodiybdotaning - diyl. popmpdelidiveend@atdica patient; (b) ameliorating

the diseafﬁqu@eggggﬁﬁo REHR0, Ln SUTURANG: BFCAHSIREEREIR S5IB Rhich
the disease or medical condition in a patient; 30 (c) suppressing the
diseagboinersdichiaoshertrnd, ¥ Richshad &ﬁt%ﬁﬁdw%%gfo% e B

the, diseass, f.hadicat fRRditaR.0i RRHRAL, MchdB WA A5G0 0 ontain
PCT/US2004/018813 (d) alleviating the symptoms of the disease or

5 mdaldenditERan Hopsta IR alsetihgiorBE sy yay of
fungtignak areuR h-aipaichpabhis) displaceshily mpettredynatibnellike.

group or atom in a substitution reaction, such as a 5 ngcﬁled%philig oun which
substitutidHF Rt G B W AP B A O RS R FA R ARG P RS
inclyglerchiaeas Hreme:-RaD-ieT@1gERLRS ABldfenine il oL, SUohr dscarbon-
mesylate, tosylate, brosylate, nosylate and the like; and acylox

S i

SUGHTBEHERIERY P4 BTSSR PR tarme prote edﬁﬂ.jypcsf’\’m&int

10 derjuatives thereebmeans Rdedvativivefakerspecifipdinthidorhpoundin
which one or more functional gro of the compound are pratected from
un&ééﬁ?@b%‘ﬁ‘éﬂéﬁhQ'Rﬁﬂl?%‘ﬁrc%ré’élﬁ%s%ﬁbi& f%qgr%luabn.({&%é%ghal groups
which mayheproteeithinstsdenbyomeynd hexastipleydacodopitazeig 2 single
groups, amino_groups, hydroxyl groups .thiol grqups. caERoRylarauRs and
theqﬁ%.(llséﬁré%%{ t%llt?i\%lese%?ont%scﬁhgg 3?%%%? or‘%arbbxsylic acidseinclu.de’ '
estergl (Sucpsagapinethoiyomzyi 5! Bstebparive emsd Repiegidicar!
aming araups, ¢ > {SHG 1 Bitoxysarhanyd. and-amidesidory:,

15 hyo‘ci%)x Sé?ﬁ%%%%fﬁ%ﬁ%%ergﬁﬁmm gro}fjps, thioet?fl]ner?and
thioestéls lifer. carbonyl groups, acetals and ketals; and the like. Such

P rOte(_:ti NO-HIOHAR aé?c%@ﬂd@%@ dheseskilad imtheark@oeyaie hydrocarbon
desgéigéﬁ%ress otherwise defined, such cycloalkyl groups typically contain from 3 to
10 carbon atoms. Representative cycloalkyl groups include, by way of example,
20 cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the like.
The term “halo” means fluoro, chloro, bromo and iodo.
The term “heteroaryl” means a monovalent aromatic group having a single
ring or two fused rings and conteining in the ring at least one heteroatom (typically 1
to 3 heteroatoms) selected from nitrogen, oxygen or sulfur. Unless otherwise defined,
25 such heteroaryl groups typically contain from 5 to 10 total ring atoms. Representative
heteroaryl groups include, by way of example, monovalent species of pyrrole,
imidazole, thiazole, oxazole, furan, thiophene, triazole, pyrazole, isoxazole,
isothiazole, pyridine, pyrazine, pyridazine, pyrimidine, triazine, indole, benzofuran,
benzothiophene, benzimidazole, benzthiazole, quinoline, isoquinoline, quinazoline,

30  quinoxaline and the like, where the point of attachment is at any available carbon or

nitrogen ring atom.
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example, in T. W. Greene and G. M. Wuts, Protecting Groups in Organic
Synthesis, 20 Third Edition, Wiley, New York, 1999, and references cited
therein. The term "amino-protecting group” means a protecting group
VeQitati@edsipreventing undesired reactions at an amino gro8pT/US2004/018813
Representative amino-protecting groups include, but are not limited to,
benzyl, tert-butoxycarbonyl (BOC), trityl (Tr), benzyloxycarbonyl
E IC:: bz),p- rfframmlnyjbmmrytmwt;a’l’m kMoo’ 2B¢ue rermpime thox yearsishyir
moc), formyl, acetyl, trimethylsilyl. rf- j il
R e B e
aminospndte clitite graLrg tht mnedreiovastoby/(theiaptiart iwidhairasiems) selected
includin ﬁ£%£§%§%l$?1asﬂw r3)AGld RN QEIMHEACH B UER AR Rlic groups
carboxylic acid or a’sulfonic acid. Representative acid labile

5 amiypeploteotiniy §ioupsarfiotd riparkrEs IR APRESEIEE ol et RSO UPs

su ent- - , ;
R A B0 R Beeatamalaaantar)
"captsgliitepingidiroubricanacapratbeting Jrotmystiedte pgerazne, 3-

pre%ﬁ%iﬂ% UREIBRITRL rRACHOMS AbRICITRAXHEEAUR dRepFaseiBliarbon or
carboxy-protecting groups include, but are not limited to, esters, such as

methyPsthi&abutyl, benzyl (Bn), p-methoxybenzyl (PMB),

10 gjflﬁroezlyh&eei@mh | (béﬁm}]ﬁ&h ; He?gm.suwc(ewa); et buity lglimethyildilid {dBHBRble

iphenylmethyl (benzhydryl, DPM) and the like, The term "aptionall

su b@ﬁﬁﬁ’é‘&“‘?ﬁé‘éﬁ%%ﬁ?ﬂ&%ﬁi@?jagrflgﬁﬁ%ﬁ‘ﬁ@rew?tssu%ﬁg S aﬁ%l/?
g hrogﬁ[rm@f ﬂ&yﬂ gﬁb@@m&nﬁ@h@xm@a@ unsoRtiSiteld sattissubstikrtect kith
the specified substituents, 10 General Synthetic Procedures The .
SR R B RS U DI B L gl
prepasedafrernseaiy @vaiahlesidstitg mdterials osingtrefoliotgnly-acceptable
general methods . and procedures. Althou rtj r iment, of

13 the IBPA&EAE e %nu(rlrefaa)l/ntgﬂeo%W(lﬂl\’/vcﬁ1 {Sirﬁggggﬁgg%d E|§1 tgéigs%lﬁgf(# es below,
thoseghiiachimthegantonitirepognizpts 18, st dimbodimendshsr ks dewdigrlar
the pAeSenLIVETIION AN BE.R ARG YSiDadhemihads dasedbetn sals.

herein or by using other met d s, reagents and starting materials known
to tifodle Gkilted frethehanmicwiticalboasecapbie srasdcthaten Hstedg ke pbprimary,

secondary and tertiary amines, including substituted amines, cyclic amines, naturally-

20 occurring amines and the like, such as arginine, betaine, catfeine, choline, N.N°-
dibenzylethylenediamine, diethylamine, 2-diethylaminoethanol, 2-
dimethylaminoethanol, ethanolamine, ethylenediamine, N-ethylmorpholine, N-
ethylpiperidine, glucamine, glucosamine, histidine, hydrabamine, isopropylaniine,
lysine, methylglucamine, morpholine, piperazine, piperadine, polyamine resins,

25  procaine, purines, theobromine, triethylamine, trimethylamine, tripropylamine,
tromethamine and the like. Salts derived from pharmaceutically-acceptable acids
inchude acetic, ascorbic, benzenesulfonic, benzoic, camphesulfonic, citric,
ethanesulfonic, edisylic, ﬁnﬁaric, gluconic, glucoronic, glutamic, hippuric,
hydrobromic, hydrochloric, isethionic, lactic, lactobionic, maleic, malic, mandelic,

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

naphthalene-2,6-disulfonic, nicotinic, nitric, pamoic, paniothenic, phosphoric,
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preferred process conditions (i.e., reaction temperatures, times, mole
ratios of reactants, solvents, pressures, etc.) are given, other process
conditions can also be 20 used unless otherwise stated. The optimum

WeaBHeBenditions may vary with the particular reactants oS3 EA#USER13

10

15

23

30

but _such conditions can be readily determined by one skilled in the art by
routine optimization procedures. Additionally, as will be apparent to those
skibigebimdhe it Canvehtipral upretelfing, gioafisaray e ikce Ssatigudsr salts of

desired to prevent certgin functional grou fr rqQQi . .
L e TR e L e P s sl
partieliatfuneatidnal group as well as suitable conditions for protection and

deprotectign, of el [nGHRRA AIRYRS ABAEH KIBHA LR hydrogen of o

Protecting groups other than those illustrated in the procedures described
hersifil inasphiecdded ihtlesiragh ForsREMIloTHRME eI SastRrgd the like.

herid g i e shenaeGTSHORE b e
G S ot aynthess. o

Edifiorsalyiéyninewdiapicorgoyndni hiserenesigieadeth Eveifoupsigpn to a
20054903090 PCT/US2004/018813 The compounds of formula | or salts
thereof can be prqpared by a process comprising: (‘a) reacting a
compound’®t fEm Rl YAt ERsat R 47N CHASETAAIA RSP IE Y00

a compenad affesmidla Vi BB ankVoHoldiwh e ngRais:ateutically-acceptable

amino-protecting group, in the presence of ' : [
acé B’f’fﬁﬂf ; gﬁ;ﬁﬁg yore mc?lecuies ofa S(%JS;Q“%'Q 1%8&%%&5(’3)6 @&%ﬂﬁ?

crystalline solids having a substantially fixed molar ratio of solute and solvent. This
term also includes clathrates, including clathrates with water. Representative solvents
include, by way of example, water, methanol, ethanol, isopropanol, acetic acid and the
like. When the solvent is water, the solvate formed is a hydrate.

The term “bronchoprotection” or “bronchoprotective” means preventing,
ameliorating, suppressing or alleviating the symptoms of a respiratory disease or
disorder, For purposes of determining the duration of bronchoprotection, the guinea
pig model of acetylcholine-induced bronchoconstriction is used unless otherwise
indicated.

The term “therapeutically effective amount” means an amount sufficient to
effect treatment when administered to a patient in need of treatment.

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

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

prophylactic treatment of a patient;

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

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

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

the development of the disease or medical condition in a patient; or

AQO__



O 20 (Rl)a/N(R4)2 d NH v (R2)b (R3)c 25 with a compound of formula
VI:0P2t5VI ~-(CHI-t-NR H 30 wherein P2 is an amino-protecting
group, in the presence of a reducing agent; -23 WO 2005/003090
WCTI8eM/018813 (c) reacting a compound of formula VRCOUS ¢RIy $813
N_(R4)2 d N-(CH2)a-LI VIl (R2 )b {R3) 10 wherein L' is a leaving group,
with a compound of formula IV; or (d) reacting a compound of formula V
with a cogapoungliefifpirmgia MitptB8slof ¢ @) N-RENGH dBiditerdirn

L2 is a leaving r%léﬁtand P3 is an amino-protecting group; and then (e)

removing prote ?ng group P', P2 or P3 to provide a compound of formula

| or a salttheteof; whereinRis ands-e freterdefiosd terem. Optloral e

A P el G RIARIP Rl A NG AP A S FRoh, such as o
nucleophilic substitution reaction. By way of example, representative leaving groups
include chloro, bromo and iedo groups; sulfonic ester groups, such as mesylate,
tosylate, brosylate, nosylate and the like; and acyloxy groups, such as acetoxy,
irifluoroacetoxy and the like.

The term “protected derivatives thereol” means a derivative of the specified
compound in which one or more functional groups of the compound are protected
from undesired reactions with a protecting or blocking group. Functional groups
which may be protected include, by way of example, carboxylic acid groups, amino
groups, hydroxy! groups, thiol groups, carbonyl groups and the like. Representative
protecting groups for carboxylic acids include esters (such as a p-methoxybenzyl
ester), amides and hydrazides; for amirio groups, carbamates (such as fert-
butoxycarbonyl) and amides; for hydroxyl groups, ethers and esters; for thiol groups,
thioethers and thioesters; for carbonyl groups, acetals and ketals; and the like. Such
protecting groups are well-known to those skilled in the art and are described, for
example, in T. W. Greene and G. M. Wuts, Protecting Groups in Organic Synthesis,
Third Edition, Wiley, New York, 1999, and references cited therein.

'The term “amino-protecting group” means a protecting group suitable for
preventing undesired reactions at an amino group. Representative amino-protecting
groups include, but are not limited to, benzyl, tert-butoxycarbonyl (BOC), trityl (Tx),
benzyloxycarbonyl (Cbz), p-methoxybenzyloxycarbonyl (Moz), 9-
fluorenylmethoxycarboryl (Fmoc), formyl, acetyl, trimethylsityl (TMS), ters-
butyldimethylsilyl (IBS), and the like. The term “acid labile amino-protecting group”
means an amino-protecting group that is removed by treatment with an acid including,
for example, a mineral acid or an organic acid, such as a carboxylic acid or a sulfonic
acid. Representative acid labile amino-protecting groups include, but are not limited
to, carbamates such as feri-butoxycarbonyl (BOC}, p-methoxybenzyloxycarbonyl
{Moz) and the like.
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20 can be prepared directly in step (e) or, as a separate additional step,

from the product of step (e). In process (a), P' can be any suitable
amino-protecting group, such as benzyl and the like. The reducing agent
warte/aig8uitable reducing agent, including metal hydridePtetitighagy /018813
agents, such as sodium triacetoxyborohydride, sodium 25

cyanohorohydride and the like. Upon completion of the reaction, the
amino-pratecting ‘grebypxyRiraartibe gemglecansingrotiviaatiseat suitable for
procedures and reagents.. For ex zyl ' ¥ ;
g R e T S e

paliidups. iinlpleckssa(b ydP Brderite, asiyraitmblesansil b cimighyrslipensyl
such as benzyl, 20 tent ygarhar | iyl (TMS), tert-
9- fﬁJgéla ﬁglrlnrﬁ o tcﬁ%’%% WL?H/}E}, &?f&%@%ﬂ»h%&éx %EWMMS Iyl (TMS), tert

e ycarbonyl, tert- butyldimethylsilyl and the like. The
5 redutindimgntsdah(58Snistsmabrectbrbmglydniney X0 asobs 656
PCT/1JS3004/018813, Agsntioskidina.maiakinaride setiaipg agenisiety,

such as sodium triacetoxyborohydride, sodium_cyangbaorohydride @d.thed
likesuthpereeafipletior orh sl @aenend dhe Bﬁm@-%@&‘ﬁ?}&é%%? S

be remoyed Ui seRvaRRtianal procedures and reagents. For example, a
benzyl protecting group can be removed by 5 hydrogenolysis in the

presence of a catalyst, such as palhdum; a tert-butoxycarbonyl group can

10 beI (ﬁgﬁ@g@lf g_mgg%pm@g&ﬁggrkacid, such aslcr;ydror(]:hllolric acid, p- ]
toluenesulfonic acid and the like; a tert-putyldimethylsily|. group can
RO R AL A

removed By BATHAT RiTRPHEBE A0S 57 GO ITE TN, Astriet Can be

S O
, Such as trie amine

trihyelofluoride Hoapiigerats):, diaarny hernyisuitaltitebiingigreeperal methods
includijng, but not limited 10t

o halp, such as chloro, bromo or.iodq. ar ,
e Ay B e R
definee hereiaschibpidsass (d)ehs taivbe those skitidol &l 8wargiiioagpenize that

including, but not limited to, halo, such as chlor [1060.:Qk &,
15 Gt RSB e ST RO BT festet e |
be anrytsuitablerimiriepiotedtingigmuhesucthads] Sassngnd starting materials

terutowycarbonyl pngyloxieatPanylSs ol mRInR GabeRyl et

butyldirnét ys{nyeI an e. The reducing agent can be any suitable
redpoifigralgenteclomlitpraéial npehive FeBDeTAy a8 RIS sSTek 5488 8fum

reactants, solvents, pressures, etc.) are given, other process conditions can also be
20  used unless otherwise stated. The optimum reaction conditions may vary with the
particular reactants or solvent used, but such conditions can be readily determined by
one skilled in the art by routine optimnization 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
25 from undergoing undesired reactions. The choice of a suitable protecting group fora
particular functional group as well as suitable conditions for protection and
deprotection of such functional groups are well known in the art. Protecting groups
other than those illustrated in the procedures described herein may be used, if desired.
For example, numerous protecting groups, and their introduction and removai, are
30 described in T. W. Greene and G. M. Wuts, Protecting Groups in Organic Synthesis,
Third Bdition, Wiley, New York, 1999, and references cited therein.

- 22_



triacetoxyborohydride, sodium cyanoborohydride and the like. Upon
completion of the reaction, the amino-protecting group, P2, can be
removed using conventional 20 procedures and reagents. For example, a
Wwengydecting group can be removed by hydrogenolysisRAEH&2004/018813
presence of a catalyst, such as pallidum;.a tent-butoxycarbonyl group can
be removed by treatment with acid, such as hydrochloric acid, p-
toluenesulfaniomapituatsc fiferfikes Adestibutiyidinfetnisipcgpoulbyapmsess
removed b1¥ treatment with a source of fluoride ions, such as triethylamine
trlhydngﬁlu fide. 25 In particular embodiments of processes (b) and (d), P2
and P3 afe)a teredstinge/carvonyi gidapwiicH is removed by treatment
with a pharmaceutically- acceptable acid to generate in situ a
pharmaceutically-acceptable salt of the compound of formula I. By way of

5 further illustration, the pre aratlo of representative compounds of 30
formula | is show }? e the substituents and variables
shown in the follcgw[jﬁ g the deflnltlo%s provided herein
unless otherwise |nd|cated) 252005100309
PCFIUS20041018813 Sgherhe AL\O NG 1KHEEN ., L3HCH2)e OHINH
2 N-(CHZ)e-OH O NHz @ ‘

(R

10

with a compound of formula IV:

Phsz v

15
wherein P' is an amino-protecting group, in the presence of a reducing agent;

(b) reacting a compound of formula V:

0
20 (RY); O N(R4),

d

N4 V

(R?), (R%),
25
with a compound of formula VI
P2
S | VI
N CHper —N—R
H

30

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

-23—
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Rs N-(CHZ)e-N 6 O NH2 N-(CHZ)e-H-Rs --C\ 7 As shown in Scheme

A, a compound of formula 1 is first reacted with alcohol 2, where L3 is a
suitable leaving group, such as chloro, bromo, iodo, tosyl, mesyl and 5 the
Mikeots/prwoide intermediate 3. Typically, this reaction is con8UEtE&2A/018813
contacting -26- WO 2005/003090 PCT/US2004/018813 1 with at least

one equivalent, preferably with about 1.0 to about 1.1 equivalents, of
alcohol 2() an irettidjueninsoohiad Aicetdailvile and the like. This reaction
is generally conducted in presence of excess base; preferably, in the
presence of about 2 to about 4 equivalent of a base, such as a
triallcylamine, preferably triethylamine. 5 Typically, this reaction is
conducted at a tempefat g@nging from about 0 C to about 80 C,
preferably abdit %0 : I @3put 1 to 24 hours, or until the
mplete ddesired, the resulting intermediate 3
procegurestig)ich gs chromatography,
recrystallization and thie . 16+H4e alcohols of formula 2 used in this
reaction are eith%q O ially zs-lvailable or can be prepared from
commercially available starting Wakerials and reagents using well-known
procedures. Representative alcohols of formula 2 include, by way of
example, 8-chloro-l-octanol, 9-chloro-I-nonanol, 8-bromo-I-octanol, 9-
brogiesRoNaRQl Beiedodeasiansl «iagenknphenehand thedike. 15 The
hydroxyl group of intermediate 3 is then oxidized to the correspandin i
aldehyde ) providelinger AEREI GO TIISPEA XisH! at%ﬁ%%?l?}‘@(?ggﬁ%{lgéa t;{/m'
contacting 3 with an excess amount of a suitable oxidizing agent. Any
oxidizing agent capable of oxidizing eblaydroxyl group to an aldehyde may
be used in this reaction including |

5
L5—(CH,);—N-R VII

wherein L2 is a leaving group and P* is an amino-protecting group; and then

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

Optionally, a pharmaceutically-acceptable salt of the compound of formula 1
can be prepared directly in step (¢) or, as a separate additional step, from the product
of step (e).

Tn process (a), P! can be any suitable amino-protecting group, such as benzyl
and the like. The reducing agent can be any suitable reducing agent, including metal

hydride reducing agents, such as sodium triacetoxyborohydride, sodium

group, P, can be removed using conventional procedures and reagents. For example,
a benzyl protecting group can be removed by hydrogenolysis in the presence ofa
catalyst, such as pallidum.

In process (b), P* can be any suitable amino-protecting group, such as benzyl,

30 tert-butoxycarbonyl, benzyloxycarbonyl, 9-fluorenylmethoxycarbonyl, tert-

butyldimethylsilyl and the like. The reducing agent can be any suitable reducing

i 7 -

cyanoborohydride and the like. Upon completion of the reaction, the amino-protecting
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chr-omi-um (V1) reagents, such as dipyridine chromium (VI) oxide,
pyr!dvllum 20 chlorochromate, pyridinium dichromate and the like; and
activated dimethyl sulfoxide reagents, such oxalyl chloride/DMSO, sulfur

wrioMiepgtdine complex/DMSOiltrialkylamine and the like. PEaTErathy/018813

this reaction is conducted using an excess of sulfur trioxide pyridine
complex and_dimethyl sulfoxide in the presence of a trialkylamine, such as
254riathideiming, diso prdpyletbylamireans tuchikesotypieally, this
reaction is conducted by contactin ' 0 :

) . ! t
T EPE A o SO A AR i BRI P cdmpietion of
abtetrdfeyitalentsicafdinvetiytreukdXidanrh eHeprEsd HEE B F Y BREEES

preferahly about [\, . il ine.l iner,
R e e by

at hydbngoeritsissrdngines tromodpoatalze. curh aboatiowes prershainsgpAbonyl

about .10, C {0 abay fraPuL 028 Q@b RiRRUISORHALHh
-2'%%%%8#003?053%&0%%369004/0%%85’13 %gactifrllhi? suﬁstanti’a?fl °

cotmplerestiptisriaiy 2t tlinirigeaidunydetarinbdise f@nhprioved by
putified Usingatandad Qf@ﬁ%ﬁﬁ@%nﬁ%@i%Qﬂ@@ﬁﬁﬁﬁf@ﬂﬂ%@l‘oﬂuoride.

recrystallization and the like. Alternatively, aldehyde intermediate 4 can .
be preparBPByHHIehchfy WW%@@&W%H%C%‘}G%I ut ot mited
éi%%%?ﬁ%é@ﬁ@%@mb&kw@ HZ)euBdakd ettt Zronp ladh(EShit)glde,
wherein L4 and L5 are suitable leaving groups, such as
chl&ﬁiﬁf&ﬁbﬁ%%?ﬁ@éw e R lﬁ%r"f’l"l?e, e is as defined herein, and
each Rd if, ipdepandenthe£l b6 aalkyliablota Re groupsnahedjom édttootdmited

C2_6 alkylene. Subsequent, hydrolysis of the 20 acetal (i.e., usi
o TR 6 ORI B T et (A DS ai O Fasncd Byt

tosylate and the like; and P? can be any suitable amino-protecting group, such as
benzyl, fert-butoxycarbonyl, benzyloxycarbonyl, 9-»ﬂuorenyimethoxycaxﬁonyl, tert-
butyldimethylsilyl and the like. The reducing agent can be any suitable reducing
agent, including metal hydride reducing agents, such as sodium
triacetoxyborohydride, sodium cyanoborohydride and the like. Upon completion of
the reaction, the amino-protecting group, P?, can be removed using conventional
procedures and reagents. For example, a benzyl protecting group can be removed by
hydrogenolysis in the presence of a catalyst, such as pallidum; a tert-butoxycarbonyl
group can be removed by treatment with acid, such as hrydrochloric acid, p-
toluenesulfonic acid and the like; a fert-butyldimethylsilyl group can be removed by
treatment with a source of fluoride ions, such as triethylamine trihydrofluoride.

In particular embodiments of processes (b) and (d), P? and P? are a tert-
butoxycarbonyl group which is removed by treatment with a pharmaceutically-
acceptable acid to generate in situ a pharmaceutically-acoeptable salt of the compound
of formula L

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

following Schemes have the definitions provided herein unless otherwise indicated).
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decomposition of the ozonide with a reducing agent, such as trimethyl
phosphite, dimethyl sulfide and the like) then affords aldehyde 4.
Aldehyde intermediate 4 is then coupled with amine 5 to afford a
veormpdardief formula 6. Typically, this reaction is conducted@¥/us2004/018813
contacting aldehyde 4 with an 25 excess, such as about 1.0 to about 1.2
equivalents, of 5 in the presence of an excess, preferably about 1.2 to
about 1.5 equivalent, of a suitable ré8drgirgiagent in an inert diluent, such
as dichloromethane. Suitable reducing agents include, by way of
illustration, sodium triacetoxyborohydride, sodium cyanoborohydride and
the like. Preferably, the reducing agent is sodium triacetoxyborohydride.
T aliy ion i 1} nging from
i the

rallyqunfiedn
Illzatlon

reagents and réaction conditions then affords 7. For exatple,
hydrogenolysis of 6 using a catalyst, such?é palladium on carbon
and/or palladium hydroxide readlly removes the benzyl group to provide
7. Typically, this reactlo andd teq{, contacting 6 with hydrogen at a
pressure ranging from af 4 to/about?60 psi in the presence of a
catalyst, such as 10% pa arbon. This reattion is generally
conducted in an inert diluent=sdch as ethar{ToE) panol, at ambient

temperature for about 12 tg rs7-or 10 until the reaction is

substantially complete. AIt tively, aldehyde intermediate 5 can be

reacted with an amine of the form la R5- NH2 whe[%% R5 is as defined
: 10 Iy’ desired, other

ing materials and reagents using

edures. Rreseﬁtatlve amings suitabte_for use include,
but are not limited to; N-rixe N-benzylaming, N-

o)
NH,
N—{CH), —N—FR®
)

5

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

the like, to provide intermediate 3. Typically, this reaction is conducted by contacting

~26-
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N-benzylamine, methylamine, ethylanine, n-propylamine, isopropylamine,

2 20 hydroxyethylamine, DL-2-amino-Il-propanol,

(R)-(-)-2-amino-I-propanol, (S)-(+)-2- amino-I-propanol,
WwORoifflgdfoethylamine, benzylamine, cyclopropylamine, PCT/US2004/018813

cyclobutylamine, cyclopentylamine and the like. The compounds of

formula 1 employed in the reactions described herein are readily

prapatedibydhepregedtules, ijusmatds witS ehevhé. Biooogb Ligawyeplents, of

20051005990 £CTIVSROQUIGEAT. SEIEme BN 1, S B N

p 154, GNNH2 CNH
20 @m@mﬂmw&mms@m oBosdibienylaEs bRt Bf?é%&%af \ﬂPﬂPt 2

mt? n13eo%|ta i equivalent of a base, such as a trialkylamine, preferably tricthylamine.
Typically, this reaction is conducted at a temperature ranging from about 0 °C to
about 80 °C, preferably about 40 °C to 50 °C, for about 1 to 24 hours, or until the
reaction is substantially complete. If desired, the resulting intermediate 3 is readily
purified by standard procedures, such as chromatography, recrystallization and the
like.

The alcohols of formula 2 used in this reaction are either commercially
available or can be prepared from commercially available starting materials and
reagents using well-known procedures. Representative alcohols of formula 2 include,
by way of example, 8-chloro-1-octanol, 9-chloro-1-~nonanol, 8-bromo-1-octanol, 9-
bromo-1-nonanol, 8-iodo-l-octanol, 9-iodo-1-nonanol and the like.

The hydroxyl group of intermediate 3 is then oxidized to the corresponding
aldehyde to provide intermediate 4. This reaction is typically conducted by contacting
3 with an excess amount of a suitable oxidizing agent. Any oxidizing agent capable
of oxidizing a hydroxyl group to an aldehyde may be used in this reaction including
chromium (V1) reagents, such as dipyridine chromium (V1) oxide, pyridinium
chlorochromate, pyridinium dichromate and the like; and activated dimethyl sulfoxide
reagents, such oxalyl chloride/DMSO, sulfur trioxide pyridine
complex/DMSO/trialkylamine and the like.

Preferably, this reaction is conducted using an excess of sulfur trioxide
pyridine complex and dimethyl sulfoxide in the presence of a irialkylamine, such as
triethylamine, diisopropylethylamine and the like. Typically, this reaction 18
conducted by contacting 3 with about 2.5 to about 3.5 equivalents of sulfor trioxide
pyridine complex and an excess, preferably about 10 equivalents, of dimethyl
sulfoxide in the presence of an excess, preferably about 5 equivalents, of
diisopropylethylamine in an inert diluent, such as dichloromethane. This reaction is
senerally conducted at a temperature ranging from about -30 °C to about 0 °C,

preferably at about -10 °C to about -20 °C, for about (.25 to about 2 hours, or until the

-7~
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20 acetal (Le., using aqueous acld) or ozonolysis o

9, where L6 is a suitable leaving group, such as chloro, bromo, iodo, tosyl,
mesyl and 25 the like, and P4 is an amino-protecting group, such as
benzyl, 4-methoxybenzyl, 4- nitrobenzyl, ethoxycarbonyl, phenylcarbonyl
VHD AOH3488Y to provide intermediate 10. Typically, this reac®6/ig52004/018813
conducted by first forming the anion of compound. 8 by contacting 8 with

excess, preferably about 1.4 to about 1.6 equivalents, of a strong base, )
suchd®potassitamtidly-butoiete, fraavibi briemitagaidgayde intermediate 4 1s
tetiplyiahuRDyAL S RTRGIAIHS, BRGNS JR6R ABRHptA0 ol ARRUIiLA and
C for about 0.5 toabout 2.0 hours. The resulting anion Is then reacted in
sitthevitkeabout 0.95 to about 1.05 -30 WO 2005/003090
PCT/1IS2004(Q4381 31 RAviNaIa RIS afif sl de gl baTgingtams 1 with
about 20 C to about 50 C for about 10 to about 48 hours, or until the
reé&%@@@é%ﬁ&ﬁt@@‘%ﬁmplete. Compounds of formula 9, where L6 is

a sulfonate ester leaving group, are readily prepared from the

corresponding alcohol using conventional procedures and reagents. For
example, (S)- 5 1-benzyl-é-W&%h’d%mgl‘gﬁw)@onverted to
(S)-1-benzyl-3-(p toluenesulfonyloxy)pyrrolidine by treatment with about

1.1 equivalents ofp- toluenesulfonyl chloride and about 1.2 equivalents of
1,4-diazabicyclo[2.2.2]octane (DABD(EO). Other compounds of formula 9

can be prepared by similar procedures using commercially available

starting materials and reggentgclf) Wuj@ﬂg is then deprotected

using conventional procedures and reagents to afford compound 11. For
example, if P4 in compound 10 is a benzyl protecting group, the benzyl
group is readily removed by transferopydrogenolysis using a hydrogen
source, such as ammonium formate, and a catalyst, such as palladium on
carbon. Preferably, this reactidn is conducted using the hydrochloride or

15 hydrobromide salt of compasndzH)or-icHiersgsence of an acid, such

as hydrochloric acid, hydrotomic acid, formic acid, sulfuric acid,

phosphoric acid,p-toluenesulfonic acid, acetic acid, oxalic acid and the

like. This hydragenalysisreacliaastanalan Recsa)sugiad dsing bydhogedo,

and a catalyst in the presence of an acid. See, for example,

N0 6005130 ekt e ot RTS8k e TR B TSR
groyp af fepauNdLidsthembyesabyeed to heleasrespangiag, apdidéysis of the
(i.e., -C(O)NH2) to provide a compound of fo%télgl%gﬁ ;J;ry? ggggt&p f.cﬁlowe dby
decomposition of the ozonide with a reducing agent, such as trimethyl phosphite,
dimethyl sulfide and the like) then affords aldehyde 4.

Aldehyde intermediate 4 is then coupled with amine § to afford 2 compound of

formula 6. Typically, this reaction is conducted by contacting aldehyde 4 with an

25 excess, such as about 1.0 to about 1.2 equivalents, of 3 in the presence of an excess,

3

preferably about 1.2 to about 1.5 equivalent, of a suitable reducing agent in an inert
diluent, such as dichloromethane. Suitable reducing agents include, by way of
illustration, sodium triacetoxyborohydride, sodum cyanoborohydride and the like.
Preferably, the reducing agent is sodium triacetoxyborohydride. Generally, this

0  reaction is conducted at a temperature ranging from about 0 °C to about 30 °C for

about 6 to about 24 hours, or until the reaction is substantially complete. The

_.28m
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typically conducted by contacting 11 with aqueous sulfuric acid, preferably
80% sulfuric acid, at a temperature ranging from about 70 C to about 100

C, preferably about 90 C, for about 12 to about 36 hours, or until the
weaisiug gubstantially 25 complete. As shown in Scheme BCH{GBRA&E3813
of the nitrile group to the amide can also be performed before removal of
the protecting group to afford 13, which can then be deprotected to
pr%‘gﬂ;@tf%ra%ﬁpmd;daf Thriesisedis tyeinaliiiegrdisp wiico spoiantpteretuds, such
can ydrolyzed to the correspondi oxylic acid (i.e., -COON

usifiy’ %@gggﬁ%%,’a}au gﬂ%%aé%ﬁﬂ%n@gi@égrbxi}ée conta(ining about 6)3 to
about 12 Rciyedrdgeinperoxitierofinfaodhitimecarsriiiod cragsas sgiestion

coupled to various.ami Le. C 18-85 ch as
0 TR8D e DR S0 O o an PP b o Bt
amjeidiadisingrvetbkneowkiqpmdbdireshadd ity el haempiss Heshsneplgtoup o
inventio IsQ be ' 3 I

5 SO £ T R e e e

1 OplleGubbrf@HZ FranNiet 1§ Msabhviif iFidenenmsceenafciforBaliteieh as

'tf] ﬁ%%ta%ﬁa Av0g IRUR, SHEl-ASRNY %eﬁémpc&a@@tgasw BEH AN,

e, tan be reacted with benzylamine 5 to provide intermediate 14.

Typioelilys ihsnebetisprromormi RS EEACTET afCORBIY: \with HOEZLE
one, gaHiNalent: prelarRRIvWi akayidd to about 1.1 equivalents, of

Alternatively, aldehyde intermediate 5 can be reacted with an amine of the
formula R’~NH,, where R? is as defined herein, to afford compound 7 direétly.
Additionally, if desired, other amino-protecting groups may be used in place of the
benzyl group in Scheme A.

The amine compounds suitable for use n the reéctions described herein are
either commercially available or can be prepared from commercially available starting
materials and reagents using well-known procedures. Representative amines suitable
for use include, but are not limited to, N-methyl-N-benzylamine, N-ethyl-
N-benzylamine, methylamine, ethylamine, n-propylamine, isopropylamine, 2-
hydroxyethylamine, DL-2-amino-1-propanol, (R)~(-)-2-amino-1-propanol, ($)-(+)-2-
amino-1-propanol, 2,2,2-trifluoroethylamine, benzylamine, cyclopropylamine,
cyclobutylamine, cyclopentylamine and the like.

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

readily prepared by the procedures illustrated in Scheme B.

—20-



20 benzylamine 5 in an inert diluent, such as acetonitrile and the like. This
reaction is generally conducted in presence of excess base; preferably, in
the presence of about 2 to about 4 equivalent of a base, such as a
wilelkyiande, preferably triethylamine. Typically, this reactidi{ IEUS2044/018813
conducted at a temperature ranging from about O C to about 80 C,
preferably about 40 C to 60C, for about 1 to 24 hours, or until the 25
reaction is substantially complete. Ifsésined? the resulting intermediate 14
is readily purified by standard procedures, such as chromatography,
recrystallization and the like. The hydroxyl group of intermediate 14 is

then oxidized e corresponding aldehyde to provide intermediate 15.
This reactiq pically conducted by SQﬁcontactlng 14 with an excess
amount of a~suitable oxMdizing agent. Any oXidizing,agent capable of

5 oxidizing a hydroxyl group to an aldehyde may bes/used in this -32 WO
2005/003090 PCT/US2004/018813 reaction including chromium (V1)

pyridine
reaction

preferably about 5 eqmvalents of diisopropylethylamine in an inert
diluent, such asjdi.chloromethane. This reaction is generally conducted at
a temperature ranging from about -30 C to about O C, preferably at about

15 -10 C to about 20 C, for about 0.25 to about 6 hours, or until the reaction
is substantially complete. Optionally, the resulting aldehyde |5termed|ate
15 15 is thetrpurified Nsmg standard procedures, sich a
chromatg ,re@rflstalllzatlon and the like. Aldter ediaté 15
is then co 1 to afford a compound of

NH
NH
20

As illustrated in Scheme B, diphenylacetonitrile 8 is reacted with intermediate

9, where L is a suitable leaving group, such as chloro, bromo, iodo, tosyl, mesyl and
25 the like, and P* is an amino-protecting group, such as benzyl, 4-methoxybenzyl, 4-

nitrobenzyl, ethoxycarbonyl, phenylcarbonyl and the like, to provide intermediate 10.

Typically, this reaction is conducted by first forming the anion of compound 8 by

contacting 8 with excess, preferably about 1.4 to about 1.6 equivalents, of a sirong

base, such as potassium ferz-butoxide, m an inert diluent, such as tetrahydrofuran, at a
30 temperature ranging from about -10 °C to about 10 °C for about 0.5 to about 2.0

hours. The resulting anion is then reacted in situ with about 6.95 to about 1.05

-30-
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formula 6. Typically, this reaction is conducted by contacting aldehyde 15
with at least about one equivalent of 1 in the presence of an excess,
preferably about 1.2 to 20 about 1.5 equivalent, of a suitable reducing
vagenisinoaitinert diluent, such as dichloromethanc. Suitable®ettgagp/ 018813
agents include, by way of illustration, sodium triacetoxyborohydride,
sodium cyanoborohydride and the like. Preferably, the reducing agent is
sodﬁﬁvﬂﬁ@ﬁﬁﬁamh@rﬂae@@mmei% ie dondaBteld fegagpout
temperains AnAnd from ARRYLOGiR ARaMtARGiioL AR 191&@ (Aot

hOUI’S or un e reaction 1s substantial Iy comp lete. The resu tlng

co mmummvfmmmas& islfypitatiyiqyeriea e stentrard pressd Sgm the
such a2 shiamalediaptnd SoREIRIlZRLIR AR Rk o LhRDENBAIRLE, (5)-

can oved from™6 to afford 7 as discussed above. Additionally,

it withatsy!Ferapplabintod tspdiipsengritrsion(fHid RE¥RATME 30 synthetic
Ste B %L&‘e%ﬁ&%a?i&ﬁﬁ%&ﬁ%@b%&%@%ﬂ%wdL&C&@%@l@n@ﬂﬁ@fﬁnt

rom that shown, or b smg different reagents from those

deé@hﬂb@@ui@pYbGW@él‘iﬁéndB‘@ 26051503890 PETIBET AR TSR gt
CORRRARES OLIREN L IorAE EXARRIE: Dsisad éf@&ﬂ%ﬁhﬁa@%@é@dres

group of intermediate 3 or 14 to an aldehyde, these hydroxyl groups can

be eSRYERBEIRY I’é’é‘\‘}#@eﬁéﬁ’&géﬂ%ﬁ%% [5F&EBromo, iodo,

mesylate gf, e ¢n %&@%@M@ﬁsﬁ@@%ﬂ@rﬁﬂﬂaﬂ@ﬂ&@ﬂreg and reagents
procedures. The resulting leaving is then readily 5 d| Iac d with,
aminaBost sqrepeiedidde TS ee pHUﬁ‘fPB’OBE}C\/j/gJ F’mecmg

exaﬁ@ﬁ tfﬁﬁf&?ﬁmﬁgﬂﬁ 1§Qéﬁ@@ﬁf3ﬁ%@&d@fﬁ1ﬂﬁsf@&@hﬁgﬂi&@§mﬁfkmg a
illustrated in Scheme D: Scheme D 5 R5 HO-(CHNOCH Ci
2): Wydeopes 10PHE HEHS ARSI (GRS ‘%?W%ﬂfﬁf‘laf éﬁ’gﬁé‘“ on

carbon. Preferably, this reaction is conducted using the hydrochloride or
hydrobromide salt of compound 1§ or in ihe presence of an acid, such as hydrochloric
acid, hydrobromic acid, formic acid, sulfuric acid, phosphoric acid, p-toluenesulfonic
acid, acetic acid, oxalic acid and the like. This hydrogenolysis reaction can also be
conducted using hydrogen and a catalyst in the presence of an acid. See, for example,

15.S. Patent No. 6.005,119, issued December 21, 1999 to N. Mori et al.

20 The nitrile group of compound 11 is then hydrolyzed to the corresponding

amide (i.e., - C(O)NH,) to provide a compound of formula 10. This reaction is
typically conducted by contacting 11 with aqueous sulfuric acid, preferably 80%
sulfuric acid, at a temperature ranging from about 70 °C to about 100 °C, preferably

about 90 °C, for about 12 to about 36 hours, or until the reaction is substantially

25 complete. As shown in Scheme B, hydrolysis of the nitrile group to the amide can

also be performed before removal of the protecting group to afford 13, which can then
be deprotected to provide compound 12.
If desired, the nitrile group of compound 10 or 11 can be hydrolyzed to the

corresponding carboxylic acid (i.e., -COOH) using, for example, aqueous sodinm

30 hydroxide containing about 6 to about 12 % hydrogen peroxide.. The resulting

carboxylic acid can then be coupled to various amines (i.e., R°R*NH, where R is as

M31_



1 2L) NHRs N-(CH2}e NO CH3 7 CH3 18 O CH3 10 As shown in
Scheme D, the benzyl amino-protecting group of compound 14 can be
removed and replaced with a tert-butoxycarbonyl amino-protecting group
WRIHYG®dWntional procedures and reagents (i.e., hydrogenBfyKigsgg04/018813
remove the benzyl - 34 WO 2005/003090 PCT/US2004/018813 group
and di-tert-butyl dicarbonate to form the tert-butoxycarbonyl group) to
praidtiecdiompoundole. stheiihyeioxyidgrosing WRPTEISHse And reagents.
converteqhinto & 18aVipg gr AR SHER AR SDIR-RPBAnIogecaRRYIRmated
or tosylate, uglng conventional reagents and 5 reaction procedures to
pravifehaneopound of formula 17. For example, the hydroxyl group is
converted to a tosylate leaving group by reaction with tosyl chloride (p-
toluenesulfonyl chloride) in the presence of a suitable base including
5 tertiary amines, such as 1,4-diazab§%}@%ﬁ%.2]octane. This reaction is
typically conducted in an inert diluent, such as methyl tert-butyl ether, at a

temperature ranging frg)m about 0 C to 10 about 30 C for 0.5 RF 6 houts;™®
OWE

| Pbstantiaﬂy@dﬁg)@e{@k! The leaving group of
7 is taen displa i ndHEr- (efmalata N <o p

contacting 17swith about 0.95 to about 1.1 mol
10 presence of a tertiary amine, such as diisopfopylethylamine. The reaction

is generally 15 conducted in an inert gittent, such as acetonitrile, at a

temperature ranging from about i Cto abouL| 100 C for about 2 to about

quivalents of f4in the

12 hours, opuntil the re%tion i8 gtantially complete. 6
(CHz)ER’”N -

H
i5

15
As shown in Scheme C, alcohol 2, where L is a suitable leaving group, such
as chloro, bromo, fodo, tosyl, mesyl and the like, can be reacted with benzylamine 5 to
provide intermediate 14. Typically, this reaction is conducted by contacting alcohol 2
with at least one equivalent, preferably with about 1.0 to about 1.1 equivalents, of
20 benzylamine 5 in an inert diluent, such as acetonitrile and the like. This reaction is
generally conducted in presence of excess base; preferably, in the presence of about 2
to about 4 equivalent of a base, such as a irialkylamine, preferably triethylamine.
Typically, this reaction is conducted at a temperature ranging from about 0 °C to
about 80 °C, preferably about 40 °C to 60°C, for about 1 to 24 hours, or until the
25 reaction is substantially complete. If desired, the resulting intermediate 14 is readily
purified by standard procedures, such as chromatography, recrystallization and the
like.
The hydroxyl group of intermediate 14 is then oxidized to the corresponding
aldehyde to provide intermediate 15. This reaction is typically conducted by
30  contacting 14 with an excess amount of a suitable oxidizing agent. Any oxidizing

agent capable of oxidizing a hydroxyl group to an aldehyde may be used in this

—-32-
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The tert-butoxycarbonyl amino-protecting group of compound 18 is then
removed using conventional reagents and reaction conditions to afford a
compound of 20 formula 7 or a salt thereof. For example, the
wehtbgitosgdarbonyl amino-protecting group can be readily réfivetdizp1ss13
treatment with an acid, such as hydrochloric acid, trifluoroacetic acid,
p-toluenesulfonic acid and the like. In one embodiment, the compound of
formudaoh8rishatingatiethvith (X Tphapnuseutbalydavodptablecagiend V) oxide,
generate.a rmaceutically-acee u j

B A e e B e A e
naphtalghed ySidtiseifomis, auith o idrhstiesi dabRdile RELT Bionddnpyidine

i\gi%\)/ ;rsﬂ%{ ggb;[gl%glgt%qgg%agm§ J&@ﬁ{&% typically conducted by contacting

out 3 equivalents, such as 2 equivalents, of
naphthaldheferissibinfoiiei aci dprdrcind HamE enesGehca s 1EBp FopEAb .

In B0 FHRREHNEN:PRIORSION R QeMAIIA BN KarslIpifie Bich o5

me water Is employed as the diluent to_provide a crystalline,
naheHulemive, Sitrerieiadinindso/g 2obgysalodes reaction 1s

PC&H;‘:&%@:Q@ ﬁ@é&@éﬂ%ﬁ@ﬂmﬁfm@@%@&ﬁ spegjiis feaedionsulfur trioxide
conditions and other procedures for preparing re res_entativef m u?ds
of PSSRSO TAHCHY RSt BHERAY A8 HELERBRAIT h SVAFADibs

Setsfgzgmﬁlﬁvghé%?étg%ﬁmﬁ%@%egépﬁmamam sybBtiluted of
pyrrolidnie and related compounds of this invention are ically, . ..
e HTRTETOHSMEFRE L 1 URETONHEBY SBR AN RUREAT EUpoLldrec on

SughnphaipacRkicRlcomARsiinRs malhp eratiministese dGadhbqatiett by

any acceptable route of administration.includin not limited to, oral, ..
TS LA TSI (RATUhcae GErmiE Sr Povemloea s o e
adminisisatiosuHiwitl 408 undpratoopibhatadigy thermsofting aidshpbuntisrofdiate 15
this_invention, (i.e.,. free base, pharmaceutically-acc ] Ol a1l ats
so|\}%{8?%’&f1&e§dﬁf8ﬁ é;? o??hgep%jé:?tlgﬂ gfr%cg} egg%gﬁ n%%%?ﬁ)%%ﬁaﬁgzmon
useghintbbéiipharmaceutical compositions discussed herein. 15

Accordingly, in one. of its co ition s invertion is di

1 5 phar AL BT CARS LT v o g kL BRUT, iRt
phafsaaceuticallyiedbe phable:caories omducted by contacting aldehyde 15 with at

Jeast about one equivalent of 1 in the presence of an excess, preferably about 1.2 (0

20 about 1.5 equivalent, of a suitable reducing agent in an inert diluent, such as

dichloromethane. Suitable reducing agents include, by way of illustration, sodium
triacetoxyborohydride, sodium cyanoborohydride and the like. Preferably, the
reducing agent is sodium triacetoxyborohydride, Generally, this reaction is conducted

at a temperature ranging from about 0 °C to about 30 °C for about 2 to about 24 hours,

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

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

7 as discussed above.

Additionally, it will also be appreciated by those skilled in the art that the

30 synthetic steps illustrated in Schemes A, B and C can be conducted in a different order

from that shown, or by using different reagents from those described, to produce the

23



excipient and a therapeutically effective amount of a compound of formula

I orll, or a pharmaceutically acceptable salt thereof. Optionally, such
pharmaceutical compositions may contain other therapeutic and/or
varmmafdagp@gents if desired. 20 The pharmaceutical compogitiahs2of4higsis
invention typically contain a therapeutically effective amount of a
compound of the present invention or a pharmaceutically-acceptable salt
theyeahotppicdlipnauti7pamsseplicaisicepsiibnisgilicdoitimi frgmmp of

about 0.01. to aboyt 95% by.weight,of the acti il '
b OUPBLHS S80I By Sy e o B Ot 1o 28 e
10%:binweiokt, shtheartvemgbrimAnydomventrinal s oraisistntional
ma oty LA RNTIAGRA! Ol SOITRAR TANS Q1B MEBHoBdife
choiceof a par icular Earrier or exclpient, or combinations of carriers or
exclpigatsd willhdepend onittemedértedt aaiiidaemenisking used to treat
a particulay patient At medi i ISRASE Stateln R
regard, th%ryp%%egga%%g? a suitabﬁ%%&h%éﬁ]ﬁ%gﬁgfn%%osition fora
pamicpkaedrrodesoriedmifishrasoRis well within the scope of those skilled
in the pharmaceutical -36 WO 20051003090 PCT/US2004/018813 arts.
Additionally, the ingredients for such compositions are
commercially-available from, for exmgma, P.O. Box 14508, St.
Louis, MO 63178. Byway of further illustration, conventional formulation
techniques are described in Remington: The Science and P%ctice of
Pharmacy, 20"b Edition £ippincott Williams & White, 5 Baltimore,
Maryland (2000);land sel et.al, Pharmaceyt
and ¥y Bidtiver)! systeins, 7 h Edition, Lippincott Williaims &
Baltimore, Maryland (1999). Representative examples,l%f matergls w
can serve as pharrdceutically acceptable carriers inctude, but are not
limited to, the following: (1) sugars, such as 10 la€tose, glucose and
sucrose; (2) starches, such as corn starch and-potato starch; (3) cellulose,
and its derivatives, such as sodium carboxy#ethyl cellulose, ethyl
cellulose and cellulose acetate; (4Rpowdered tragacanth; (5) malt; (6)
gelatin; (7) talc; (8) excign)i_e(\;ﬁ, ggqb as cgcoa I@}Mger and suppository

I, ns %II_‘ safflower oil, sesame

3

waxes; (9) oils, such aé‘pe

oil, olive oil, corn oil and soyt%(,a?an oil; %O)

CH,

Jom

@)
NH, -
i
N— (CH,);—N O —_— 7
GOy

18 O CH,

10

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

using conventional procedures and reagents (i.e., hydrogenolysis to remove the benzyl
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15a repdistadifandrethHeRt susien retgpic

15 glycols, such as propylene glycol; (11) polyols, such as glycerin,

sorbitol, marmitol and polyethylene glycol; (12) esters, such as ethyl

oleate and ethyl laurate; (13) agar; (14) buffering agents, such as
widegmgeiasnohydroxide and aluminum hydroxide; (15) algini®€&itds3aB)o18s13
pyrogen-free water; (17) isotonic saline; (18) Ringer's solution; (19) ethyl
alcohol; (20) phosphate buffer solutions; (21) compressed propellant ‘
gasesupsHehi2dasehinthiverenancdosmatid hydiolivomcrbpngoapbi¢zeyvide
other non-toxic compatible substances employed in pharmaceutical
coltfERBRdeThe pharmaceutical compositions of this invention are
typically prepayes by glorpughiyramelintibiasehemiringtrdoidnditggrang group,
compound of the invention with a .pharm ically- laple.carrienandq
oné“(‘ig A& BB ré)fl?ﬁglr%%étﬁ]tess.y}g g: %ﬁ%%i%%r@%%e‘%%%d, the resél?lting
unifexeriyh iepchdanixpre tar tenpbenshefedovabadBer irtenalsicfs hydroxyl
capsules, pills, canisters, cartrid i 15,806, Del ke WG ride (-
cor%%?ﬁig’r?é’lng?ggg u?e%scggee&a%%lér%%ﬁ{&%rﬁne embodiment, the n o .
phacinassutival Lcriypusitioribeafiiginadrtiontars hograpbdgraierarsy ammes,
adminystrafion, Suitapl ERtCAlCOMPRSIte R XD BIRMACRE in an inert
adﬁ%‘f%s??a i%r%l\%'ﬁbtl%fg%%ﬁg% the forrln of an aergéﬁél Qr% owder. Such
corpositionshareryshdrteiytatrh mhsterd @ FERGNEIRKHSIRE JopyeRput 0 °C to
devieesy 10 5 s 136 QAN NORRAHS004AAB LmpRhvlizer
inhaler, a metered-dose inhaler (MDI), a dry powder inhaler (DPI) or a

similar defihengaringaaomm afwgmﬂeﬁ%éa hearbiemienrd MiBrforRRRwRd of
pharmaceuticalcomPslioposRnuisingihesactive Aami ssagpmiaistesaducted

by inhalation using a nebulizer inhaler. 5 Such nebulizer devices t?@%i%%g%nce
|

proiueeniestiestl withighrveloditjoabenil cANSKS TARVATAMPAdel
compQSIAN-CAMRALSING heRctVRAIaNy it SREAYTAS R4nishthajdsrenyried

into the patiént's respiratory tract. Accordingé{v, when formulated for use in
i

YU T STk AgIE ™ 2P
carner fosay@ selutian: Alteinatvahyuthe active @geitl candetion is
micronized and combined with a 10 suitable carrier to form a suspension

of niEAEHYEIBEISE of respirable size, where micronized is typically
defined asphavingrakayt 20 Syouimiacepeiitiapagtiales ivitmaodidrh@ietioh

less than about 10 m. Suitable nebuliz%r devices ar(%tprzgl)sv'

de .
removed using conventional reagents and reaction conditions to a%lford a compound of

20 formula 7 or a salt thereof. For example, the feri-butoxycarbonyl amino-protecting

gronp can be readily removed by treatment with an acid, such as hydrochloric acid,
trifluoroacetic acid, p-toluenesulfonic acid and the like.
In one embodiment, the compound of formula 18 is contacted with a

pharmaceutically-acceptable acid to generate a pharmaceutically-acceptable salt of

25 compound 7 directly without isolation of the free-base. For example, 18 can be

contacted with naphthalene-1,5-disulfonic acid to form the naphthalene-1 ,5-disulfonic
acid salt of compound 7. This reaction is typically conducted by contacting 18 with
about 1 to about 3 equivalents, such as 2 equivalents, of naphthalene-1,5-disulfonic

acid in an jnert diluent, such as isopropanol. In one embodiment, isopropanol

30 containing about 2 to about10 % by volume water is employed as the diluent to

provide a crystalline naphthalene-1,5-disulfonic acid salt.
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commercially, for example by PART GmbH (Starnberg, German). Other

nebulizer devices are disclosed, for example, in U.S. Patent No.

6,123,068 and WO 97/12687. 15 A representative pharmaceutical

VO AT EIINH for use in a nebulizer inhaler comprises an isottfnl¢ g eiss13

saline solution comprising from about 0.05 g/mL to about 10 mg/mL of a

compound of formula | or a pharmaceutically-acceptable salt or solvate or

stereoisomehthdsedt tepanidersirodimentiitreqobliviaisednbodiensdyies for

the ran ge of from about 4 to ab t

e SR e R

5. #ssaribtken Spetificpimsdileréinbdbtiis invention, the pharmaceutical

composition comprising the active agent is administered by inhalation

usrng a dry powder inhaler. Such dry powder inhalers typically administer
hativeceiimnat serapdsaEdbwing powder that is dispersed in a patient's

air- Stfea%ﬂ%&%&%&ﬂdﬁ@éﬁ%ﬁé@ achigyenadeariowingnarer,

the active agent is typically formulated with a_suitable excipient such, as

Iactoeeaéirf sanenisiared i aSRERivE PedPRacd aibarRarspEsHiSrTBPER Such

PAWAEE BDARHL SABREIZRS HDLIBHNSRRAN R RABIEIRy SIS acceptable
be Ween about 1 .sm and about 100 [tin, and micronized particles of a
E%, ?Olropmal

conapELARenTBITHaten, iBsladiia PHERYUHTBLRS S YRLJPLAISY LA

SO' Male.afstereQiRamer theranSucmaddnopawteidestvaation can be
made for example, by combining the -38 WO 2005/0 30?%13 inv

PCP/US 2B basadsriaab Sty tRenetihs SGERPANG then iy Bi R gg
therrRrBRRNBRIsnAlemAllyaldfttesind dhebetbjelagantiahlbér the

formulated Wlthouta ex |ent The har utical com ostro e,
typREHsIEE SR ;ng sp(—::ur%germo&rl | cio in Fatrlgﬁ carﬁ ges

or capsules ﬁereuse Wlth adry powder delivery device. 5 Examples of dry

powder inhaler devr mclude s|d (Rl IRGec a
Researchfﬁ,wgrcg mﬁte see GPosﬁD %%%ﬁtﬁij%@(@ggﬁ@ﬂﬁe ted to

DISfiblaﬁﬁtam&imﬂmhﬁmei)o(seenmgmgl@hmmmuneaio’ 3PeBlRble carrier or

Turbuhaler atentNes
4,575 PA3 ; cm X\é %%é%r%ﬁ?@%%&?g“ %1 i Batent No. o

4 353@@593:&%&9a@@@nﬁ@réﬁmeaﬁrtéme@m}aéwé@mda%&%ed in
u. Sm'ﬁ%‘&ﬁﬁ%@?n%‘é%ﬁ Bther therapeutic and/or formulating agents if desured.

20 The pharmaceutical compositions of this invention typically contain a

therapeutically effective amount of a compound of the present invention or a
pharmaceutically-acceptable salt thereof. Typically, such pharmaceutical
compositions will contain from about 0.01 to about 95% by weight of the active

agent; including, from about 0.01 to about 30% by weight; such as from about 0.01 to

25 about 10% by weight of the active agent.

Any conventional carrier or excipient may be used in the pharmaceutical
compositions of this invention. The choice of a particular carrier or excipient, or
corbinations of carriers or excipients, will depend on the mode of administration

being used to treat a particular patient or type of medical condition or disease state. In

30 this regard, the preparation of a suitable pharmaceutical compoesition for a particular

mode of administration is well within the scope of those skilled in the pharmaceutical
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5,239,993, and 5,715,810 and references cited therein. In yet another
specific embodiment of this invention, the pharmaceutical composition
comprising the active agent is administered by inhalation using a
WReXEHLH8% e inhaler. Such metered-dose inhalers typically RigchEtye/ H 8813
measured 15 amount of the active agent or a pharmaceutically-acceptable
salt thereof using compressed propellant gas. Accordingly, . ‘
pharmasdditivakbyipositicriseid fonistdreenpeiieas e eperogtsd infedpble
Wypieally MBS &:saHoN PRRUSHRSIAN. ol AYE3 RIS By of further

liguefied propelfant. Any suitable liquefied propellant may be employed
incllietiretichimafHsorowal somsiiatien taehaigasrara AepHyRd i SreunedrEs e

(HEAS)sush 30851 Jrbratalaflogroethane (Fphdoddwlimachs & White,
1,1,1,2,3,3,3,-heptafludro-n-propane, (HFA 2272;. Due to concerns abgqut

5 chidréimereddmpracifbihgnAEldzoesrybrl o HTIEGEHE EOREIRRG o7
HFAs 255, 9engialy sralsrrer: AddiionabpptienalicompeoeiagBififnore,

formulations include co-solvents, such as ethanol or pentane, and
surretding, d8Ras sorbitan trioleate, oleic acid, lecithin, and glycerin.

See, for 2%-gxampRiavSeRuatenl Maidsi 22 BB, dak 0 L 298 hahRaantcally

WO 92/22286. A representative pharmaceutical ¢ osition.for use in
motreRHIRB G DO HCEL ROTTEGLD 05 o Al Sy s

0 t0 abo
10 Weightef, 2 cespanneuoider)laddrsasptiannasautivalyatpeptablerds|(3)

or so|vate or steregisomer thereof; from about 0 %t Oﬂ%?(s) YRV cettul
weRSHEEFa A8 ShaP O Sout LTS Ry %%ygif’@%a%ﬁt 8 sur a%tgﬁt}l ose

withribestamainderadbeity) povwideAdpropetait. Shomipidpesdiion§atelc; (8)
typically. prepared by adding.chilled or pressuri - géqg@ :
PCTiHI&505410 %gl)égcﬁ?/g;%%g?oa {g’ltgrgr‘g&gl%%sﬁl c}éﬁ%%%g contagi}r?i{r)%i’
the activecageiit sefilamet ¢if, presentilant wheibwdtteahnd spdsengibrg )
prepare a suspension, ' IS, i [ heR,aempingsko
15 wit %}Cé) 15?8%% I%Srﬁ.mm'ég;fl\gr%%%%c@r? ?sgmzcg%jog%&gd%?ﬁgt}?g%&éerosol ’ °

canistepoiyhicyidormislp OHiber et aausicte rsbvbiplsatimsl shublpgats (13) agar;

Examp| 3 Inhal icesidsveloprdisRecificalbaforivse 15
witm;%&%%%%a%%’g?ﬁ%&%%e?%& Patent Nos. 6 006,74%a£nc11 §e( :

6, 14 R7cAlid A VeI eI SR ARIOH 1otteaittiBs e Bragra ggions (19)
spray,grying,aicoaina AbaxH G UHICenizedmprisiespedthtafCes, such
20 agezra]st.cl?]greéggglgéaarg]opnlse ’anvc\i/gycgh%/ggc?lgga?bno?ns; and (22) other non-toxic compatible
substances employed in pharmaceutical compositions.
The pharmaceutical compositions of this invention are typically prepared by
throughly and intimately mixing or blending a compound of the invention with a
pharmaceutically-acceptable carrier and one or more optional ingredients. If
25  necessary or desired, the resulting uniformly blended mixture can then be shaped or
loaded into tablets, capsules, pills, canisters, cariridges, dispensers and the like using
conventional procedures and equipment.
Tn one embodiment, the pharmaceutical compositions of this invention are
suitable for inhaled administration. Suitable pharmaceutical compositions for inhaled

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

compositions are generally administered using well-known delivery devices, such as a
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WO 00/61108. 10 For additional. examples of processes of preparing
respirable particles, and formulations and devices suitable for inhalation
dosing see U.S. Patent Nos. 6,268,533, 5,983,956, 5,874,063, and
VE&R2$539819and WO 99/55319 and WO 00/30614. In anothe®eibsHitwa 313
the pharmaceutical compositions of this invention are 15 suitable for oral
administration. Suitable pharmaceutical compositions for oral
administratianateny betindhe derinlol oapsDids: tiseesdsitlibideetiyds or a

cachets, dragees, powders, granules; or as a solution or a suspension in
sugplat cg‘:[iw% ARy 9 p

an-agueous oF M- aqueous liquid; or as an oil-in-water or water-in-oil
liquid emirsiepeofiasrappdlinimdpfdhruinvenidoth dhifehaaepcabprbramposition

predetermin %%eaa@%‘&r%%‘iﬁggmﬂmeafﬂ@ SRR RIESERhINYBRNOT A4S @R er.

active ?ngre%llent. WherT intended for oral administration in a solid dosage

5 forfughectadicaptuless taisiels, pnemy drRamke) Dsd pHasHYABHREgFuSes the
gfg;gaﬁﬂmﬁ&ﬁ this.samtionwillidveiaalyc6ompsise 8 ampaundiafitheis

tinvention as the active ingredient and_one or more :
pharmisdéuocanpaiasseBrrEamdre sdarrd sl e BB Yt feis e @
25 phosphats, Lptianalieraternajyainsushcelididesagetiercasienay form a

also comprise: (1) fillers or extenders, such as starches, lactose, sucrose,

. e
QLo MBI SSHRENS BBFE £35 B BRSO s compried vith o
10 carhguymetnicaliuiass « alainatiess gelatitomabipaytichyredlidehebkusrosehere

and/or acacia; (3) humeetants, such.as glyceral, (4) disintegrating,. ent
sucRigeRigat 5 P e isiPed Asdhgtee Bg%%lﬁfoé %/E(aor)gi géesﬁfgtr%%?ﬁté%glcw ¢

acigiaQ-eeuaiasiicalesaand phsosiub rartiartbie, (S)isslutioproeidding

o GBI S8 R 0 G SO GUB e 20 G P oRD

wetlingeagartgisslicbdsocerinaitinafidloreaghiser6l IAdAOS wakAe) 98)12687.
15 e calo TSR b SR S R Hop e

sod&umpmm@wmm@mmmmmimm@mmﬁ@mmg@@ At8? agbml to

TSI LSS AP RS SOt

antioxicants garailsmbethresdniimtisembodiment, the pH of this composition is m

the range of from about 4 to about 6. In a particular embodiment, this composition is

20 optionally buffered using citrate buffer to a pH of about 5.

Tn another specific embodiment of this invention, the pharmaceutical
composition comprising the active agent is administered by inhalation vsing a dry
powder inhaler. Such dry powder inhalers typically administer the active agent as a
free-flowing powder that is dispersed in a patient's ajr-stream during inspiration. In

25 order to achieve a free flowing powder, the active agent is typically formulated with a
suitable excipient such as lactose or starch.

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

30 acceptable salt or solvate or stereoisomer thereof.

Such a dry powder formulation can be made, for example, by combining the

3R



pharmaceutical compositions of this invention. Examples of
pharmaceutically- acceptable antioxidants include: (1) water-soluble
antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium
VHikiPAtE388dium metabisulfate sodium sulfite and the 10 likBCE2YS52004/018813
oil-soluble antioxidants, such as ascorbyl palmitate, butylated
hydroxyanisole (BHA), butylated hydroxytoluene (BHT), Lecithin, propyl
gallatesaipitiastocopie agkntad thenlike; enl{B) hetamussrting digsmavely. if
sueh.as el a6 alylenediamin R, AGHCACEOR e prbitRhccutica
tartaric atid, phosphoric acid, and the like. Coating agents for tablets,

capsmipssifittsiativrike;inbiuivedebistorsdy RAVEIRdiEPEBRINYS N B EHon
ﬁ; §§l%§§?o%%@ﬁ?e@@&?ﬁ@t@/i@ﬁ‘@g{ pobadnybacsiptephthalate (PAP),

roxypropyl methylcellulose phthalate, methacrylic acid-methacrylic

5 acid estefoplrabisy semdesEhketdrd YR dnns feche LB methyl
ethyd celalaseriGM RERMdTeRmRIoPYHmRbY (£Rllulpser acetatatsuacinate
(HPMCAS), and the like. If desired, the pharmaceutical comp 'g%%_of
théﬂ%%@%ﬂh@éﬁlﬁiérﬁ%%f@gﬂ@éﬁ%%ﬁﬁﬁa@dgt@ ﬂF&“/?EE g%s\?v ¢
ﬁogﬁ{ﬁy%f&lﬁﬁﬁ%a%%@@ﬁiaﬁtmiM&M @a&g@.g@wwayammxmmlm,?@);

ydroxypropyl methyl cellulgse in varying propqrtions; or [

tes i Sl S AR A R RS A

10 corppgsiiensret #islpresEniinve atiofemghedptioralBarontin. SpESifGAg
agents and ma%/1 be formilat‘id o0 that th%\é g{ielease the 25 active

F NCrein

ingﬁe%ﬁgr?tgén?ﬁ osr’%ﬁelr Aty TS Cettain portion of the gastrointestinal
tract, optignadyaioiBedejaysi mannindxafitplesofrdimhebidiigrmaceutical
compositions which .can pe used include pol | and,
waXSEPPRE AL ERRRG TR Cc%efrﬁ3 3%66& Sea%ﬁnyrﬁ%?r%?en a%tgﬂgﬁé% form, if
apgmmmaigmtmmoSmm@@éméammsm@bﬁawm.awasured
15 Sullabie laie dosage lorins for el Admblsalion lagluds, IGUaN She
|Ilusatracf|on, pharmaceutically-acceptable emulsions, microemulsions, |
solutiansessdd ME:RO0HO03080 TN BRODR LA SRSkt pininistered
syrups and elixits: Suchiguiddrsagedarmsdyricatieemprismie detiyective
ingr%%clilllgnatqg%%ég cllr?g%t%ﬂilllﬂglln%gsuchgqs%? example, water ci;rﬁéther
solvanats insolisitfirspaehastartasiiiahie g usticr sortprirash smployed

isoRraRVAlcangloRlaYbSARRNAIe Siltt ApetatenRRnRbAICRASts DERAY), such
benzoate, propylene glycol, 1,3
20 as 1,1,1,2-tetrafluoroethane (HFA 134a) and 1,1,1,2,3,3,3,-heptafluoro-n-propane,
(HFA 227). Due to concerns about chlorofluorocarbons affecting the ozone layer,
formulations containing HFAs are generally preferred. Additional optional
components of HFA formulations include co-solvents, such as ethanol or pentane, and
surfactants, such as sorbitan trioleate, oleic acid, lecithin, and glycerin, See, for
25 example, U.S. Patent No. 5,225,183, EP 0717987 A2, and WO 92/22286.
A representative pharmaceutical composition for use in a metered-dose inhaler
comprises from about .01 % to about 5 % by weight of a compound of formula I, or
a pharmaceuticaily-acceptable salt or solvate or stereoisomer thercof: from about 0 %
to about 20 % by weight ethanol; and from about 0 % to about 5 % by weight
30  surfactant; with the remainder being an HFA propellant.

Such compositions are typically prepared by adding chilled or pressurized
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5 butylene glycol, oils (esp., cottonseed, groundnut, corn, germ, olive,
castor and sesame oils), glycerol, tetrahydrofuryl alcohol, polyethylene
glycols and fatty acid esters of sorbitan, and mixtures thereof.

VB apeAdiPs, in addition to the active ingredient, may contdh BUSHEH@ELS
agents such as, for example, ethoxylated isostearyl alcohols,
polyoxyethylene sorbitol and sorbitan esters, microcrystalline cellulose, 10
alumpdneinonetkhydioxissjabbntonibieagairtaigirethe apHgacarth egol (f
mitres ersel heR.IRafedior R RdMNISIaiaBiahe active agent is

pharmaceutical compositions of this invention are preferably packaged in

a unitaosaderdrienTieetipad it e ssgs st T HedaHEHAHRY A oaded

cisgreteunl ahie dordasing:paiRRtoh:r GRGRARIL GoRIAINING Bovice
predetermined quantity of active agent calculated to produce the desg}eﬁF A

15 Breraes pitnedteededare itiaise viree SRBIRRED FPGRtHCBHE SF A6

ad‘é%%@ﬂéﬂ%% EQLEXBmMPIS, Pueh i dosage 4orms aIess he Tapkulesvely,
tablets, pills, angthe like. The compounds of this invention.can Slsofat():%nt on

admpSRrE e FATERISHAR U R CRNEIAY SBIRIEMRE SRS, Sy Steme
ang eXGINIRASHOke¥AMP IR+ COMROWae, Ghibianipeiionoedis e@l and
admixed with permeation enhancers, such as propylene glycol, 20
poly\é@hg}%ﬁé colm monolaurate, azacycloalkan-2-ones and the like,

10 and incorpgraieriint expaiabset simitasdelferpaystamphdditiontitles, and

15

excipients including gelling.agents, emulsifiers and bu o sed
R S e R
ConpRBIHaRSSEfahissif)\seRitiptcm aydis22e GHRinndtRep 2B iherapedtic

agents tk@é %e co-administered with a compound of formula I, or

phaWrQa@ f %ﬁ]y-acceptable salt or solvate or stereoisomer thereof. For.
example, thenpiharmabediticalt chnpositersibéthisumasiiivs payifariasion are
o Sasclr re {herapeulic. agenis, seleciat HorhReARIRNSFGiG!

recéq’p]tor agonists, anti-inflammatory agents (e.g. corticosteroids and
noredtencitiationtimnflarintholyagd e NSAITN 3D Bih 4TS arfiThets:

receptor antaganists (), e1.anicRalingrais 39 ARIINfRCHYE,RE8OEF non-
(e.g;?f@ é%??%ﬂ%:géagﬁé%@gﬁlaﬁ%%%%aﬁistami_nes. he other t_hgeqrapeuticmn

ageniscon liNBLo0TE/e080eT PET/ ST PEde CAMHE IS 7 TSI o
form.of pharmacgitically aceeniable salisansabeissuidsliienalhuuil of the

appropriate, the other therapeutic agents can be used as optically pure

20 sterpisisphiaygution as an active ingredient.

When intended for oral administration in a solid dosage form (i.¢., as capsules,
tablets, pills and the like), the phanmaceutical compositions of this invention will
typically comprise a compound of the present invention as the active ingredient and

one or more pharmaceutically-acceptable carriers, such as sodium citrate or dicalcium

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

(1) fillers or extenders, such as starches, lactose, sucrose, ghucose, mannitol, and/or
silicic acid; (2) binders, such as carboxymethylcellulose, alginates, gelatin, polyvinyl
pyrrolidone, sucrose and/or acacia; (3) humectants, such as glycerol; (4) disintegrating

agents, such as agar-agar, calcium carbonate, potato or tapioca starch, alginic acid,

30  certain silicates, and/or sodium carbonate; (5) solution retarding agents, such as

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

— 40H



Representative 02 adrenergic receptor agonists that can be used in
combination with the compounds of this invention include, but are not
limited to, salmeterol, 5 salbutamol, formoterol, salmefamol, fenoterol,

WaHBLRE NS albuterol, isoetharine, metaproterenol, bitolterolPBiF3 i (018813

10

15

20

25

levalbuterol and the like, or pharmaceutically- acceptable salts thereof.
Other Q2 adrenergic receptor agonists that can be used in combination
withrdhiegopepsLruds of thigl ilvemtiomdiel ghe s mareonisalie€d) eysgbents,

(4@[1%}}({%%?% 1ﬁ%gfr§1; él% T fﬁ (g%%/( )gzefﬁwggﬁf@! %@M)ta]tg, calcium stearate,

phenyljethyltlamino)hexyljoxy nzenesulfonamide and .
3- (s ffReff(RR)atry dobspOyethjeiro Rl yerdugramy Hpim sty mixures
aqﬁﬁl&lgg Irl)(ﬁ/\%y%ﬁ pggaq@_ﬁswf@m{giggeﬁgd related compounds

r
disclosed 2/06 422_1 published on August 29, 2002; .
3-[3-(4-{[Re(aR)RReNGlHGHIITE PETYI YIS ETRIfORVRTEMPp AR
a”ﬁé@ﬂ%&'?&%&%%@@@%Q%ﬁugi@%i?sﬁaﬁ@@@ dbpandrsiatad
c IS

ompounds disclosed in WO 02/070490, published September 12{,2%)2;
3- (AHBT Ry FSORITNFTRT AN ]S4 T aRGRy phetigRes.o! pharmaceuticaly-
hy%&égﬁm'&ﬁﬁ&k&%@%ﬁﬂi@é}%y&%ﬁz@%wﬁmmm, such as ascorbic acid,
o . Sodam B, Sodh o R SHE Wk and the
benzenesuipsamiiaditAillad(ARISs 24 onpyliaitine)sdthididkyhloenytfsole
B LR YRGS RARIE W ocopherol,
({(Zzi%t))faxali)iék@ riﬁ&I@pﬂ;fi@ﬁ@h@dﬁ@gmhﬁnyﬂx&mmmmw@thmngqtmyq tetra
oxy} butyl)benzenpesulfopamide, . . L ) "
N-(f’é’ﬁi-lﬁlﬁ‘ﬁ]/ﬁ -@-I?B%Sé.iﬁf(géj’lzq.ﬁ?&(% r%‘ﬁ"ﬁa‘?%f’n%’}‘.%?" acid, and the like. Coating
hydsgeaphenyliidshydrosyethyisland like, include those used for enteric coatings, such
anino)hexyl]ox tyl)-henze fonamide, N -

S e S S A A R age eans.
hydbeutyetytiayhinehései]ioxy ubplivenzehestifonaihidectinaréiapet ester

OB R: 1519RR IR ARIOTRRSRoR SR IR QEIPBS oAlRR:

dicHiGheBehykjoxspthetyfisendivatioot-acriyisrensrorin BT Mahehkyd g ke

)phenol apdrelated CoMROUDAS HISClOSEIRINQ ABDRL439 Rrhlishesky also
on March 27, 2003; N-

(2-[he( Ry pigd o idRalyTeth RIS YR A o IngiR - 3se- bY

30 f@bﬁ?@ﬁ@%& ivraxyphepRyD siiviamiigisadinelatnd CauiReuAES or other
disclosed in U.S. Patent No. 6,576,793 BI, issued on June 10, 2003;

N-{ RETRaEGES: LDesamst R B ssFitSphenyethy!
}+(R)-2-hydroxgd8-thdippné i<guineliniitions of the present invention may

optionally contain opacifying agents and may be formulated so that they release the
active ingredient only, or preferentially, in a certain portion of the gastrointestinal
tract, optionally, in a delayed manner. Examples of embedding compositions which
can be used include polymeric substances and waxes. The active ingredient can also

be in micro-encapsulated form, if appropriate, with one or more of the above-

described excipients.

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

illustration, pharmaceutically-acceptable emulsions, microemulsions, solutions,

M4§m



5-yl)ethylamine and related compounds disclosed in U.S. Patent No.
6,653,323 B2, issued on November 25, 2003; and
pharmaceutically-acceptable salts thereof. When employed, the (32
aifremetyireceptor agonist will be present in the pharmaceUt{cBUS2004/018813
composition in a therapeutically effective amount. Typically, the [32
adrenergic receptor agonist will be present in an amount sufficient to
proxisiesfirmsabotp0a0d dixios alSoub 5Q0ifig peed bzamsRaprele ntativdse the
corticosteroids that can be dinc @P&Q%‘%@)\ﬁﬁ%f@%&%@ﬁgﬁo@&mﬁs
thisa?ﬁl\‘;gﬁ? ﬁllr%fu (é,agﬁ?%%e%%%ﬂ}m%ed td, methy prédnisolone, 10 ’
presridilizive, examsttasisésfutivesonetiprbpmhatelsopropyl alcohol, ethyl
6a,9a;diOrgsl { GLelge penzyl alcohol, benzyl benzoate, propylene glycol, 1,3-
furgfafg/ (c)gar%gég%gxy -1{_’3L’[3?ﬁ%r%f;?—fG’a—%%%yﬁS-oxo’-% rB(r)sta- ,}A-diene-l
5 7(3bwalbstbipiclacils S@umiﬁ%ﬁf’ﬁﬂ:ﬁf@ﬂdnms corn, germ, olive, castor and
6a, é%é%é%?fsg: %ﬂ;@i‘&)’%ﬁ%}{sﬁ%ﬁ?i%aﬁbﬁ 1 ARIRERPIBARNA fatty acid
an

rosta-1,4-diehe-17(3-carbothioic acid S-(2-0xo-tetrahydro- furan-3S-yl)

estestaseefsrbtisnsorbrastaTes Gegeohe SUPRSRSNBh AT S bR 3939
15 dipropighataesiamididesenideduniselides MAMaiapn) eRsigIsde igosteary!

the furoate ester), triamcinolone acetonide, rofleponide, cicleﬁonide

butideetispropioRistay iRIsrorbysband 7213 SR Rgngfe line cellulose,
10 PharmasemticabmoscsmiabiersaisdhemeokivViien-employpshdhextures thereof.

corticosteroid will be present in the pharmaceutical compasition in a ...
therapeuti%ﬁ?é‘ff@%‘ilﬁfbfgﬂh%ﬂﬁ[@ﬁ‘}%ﬁ'ggﬂﬁﬁh%e cg?’gfbaéf a%‘fﬁlr?ﬁglr%?ﬁlgt%n@()f
agemtwilk 29ibe ReesentinlAparmgub st ifidiettstegplavideT o mrabbuitGlosze
g to_ about 500 lug per dose. Other suitahl inations include, for, .
el B ST SIS M o AT L o
cromaglyeate; pedoeromitéqdintity phasivhogiasteriaski DE)rinhigitdesdesired
(o.9, theophylie, OES [IbIors o1 Mite 28 PR EARDES YA units.
Ieul%ﬁrié’ne antagonists (e.g. monteleukast); inhibitors of leukotriene .
synihesisyid@Sichibiforssprotease inhibitormssish el dypidiseaad doe like.
elastase Inﬂ{gl{t;ggg .oﬁ%ti%_%fl&ti‘g l@eﬁ&éﬁ%ﬁﬂ'%%@%&ﬂﬁf&&é@ﬁ%&%ﬂaﬂy using

agonists or antagonists (e.g. adenosine 2a agoni.sts); cytokine _
antdgomistsaisdsrokbbkine sereagons ereimis, Fn saseid e annpeylof tis

(a'Ligpémﬁye Spesificaly-anallsd 30Jheraaean alknl3 fRegaR¥e Qlaol,
combination tﬁereof); or inhibitors of cytokine synthesis. -44
20  polyethylene glycolm monolaurate, azacycloalkan-2-ones and the like, and

15

incorporated into a patch or similar delivery system. Additional excipients including
gelling agents, emulsifiers and buffers, may be used in such transdermal compositions
if desired.
The pharmaceutical compositions of this invention may also contain other

25 therapeutic agents that are co-administered with a compound of formula I, or
pharmaceutically-acceptable salt or solvate or sterecisomer thercof. For example, the
pharmaceutical compositions of this invention may further comprise one or more
therapeutic agents selected from [3, adrenergic receptor agonists, anti-inflammatory
agents (e.g. corticosteroids and non-steroidal anti-inflammatory agents (NSAIDs),

30  other muscarinic receptor antagonists (i.e., anticholinergic agents), antiinfective

agents (e.g. antibiotics or antivirals) and antihistamines. The other therapeutic agents
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WO 2005/003090 PCT/US2004/018813 For example, representative
phosphodiesterase-4 (PDE4) inhibitors or mixed PDE31PDE4 inhibitors

that can be used in combination with the compounds of this invention
WichgdEddaatiare not limited to cis 4-cyan-4-(3-cyclopentyloxyP4T/US2004/018813
methoxyphenyl)cyclohexan-1-carboxylic acid,

2-carbomethoxy-4-cyano-4-(3 5

cyQeprepide ethhxyomdifphrometoicyinenydtyelokdien-sadvaiss. Additionally,
cis-[4-cyana-4-(3- i . .

ey IS 5 B RS A S el iy pre sescoisomers.
cis-4-cyantegd@niative [, adrenergic receptor agonists that can be used in combination
(cyclopentylox %:-4- esﬂ xyphenyllcyclphexane:|- IG ACI

|ike‘f"8€ ‘Bﬁzﬁ?ﬁi‘é atitica |§f§:‘:%‘éeétlg é§§%gt@£?%%%%p%és%§ﬁﬁ%g
5 PDEdborambtefbrREE4RRIES mhibitbrsiecilidebaisibe alrgereb Bewharine,

NCS-613 (INSERM);. D-44 irosei atically-
S PR AP GV OpIAReS Ay SR A ticaly

WORQKBREE iy direaebiakikibyr IR, 3dr (Kuaveardaeiiirb peonists siod sapdsgpisyd n
roflumilast (Byk-Gulden): pthalazi ISC Wbt Bmi 3-
WO B e Rt e ied o
arofyiie-((MRiradRrose it rhajramBshndmegsctidinalis); T-440
(Tanabe Pd;g @gﬂ‘ (2982 Akt dRaRreseENtglivE (2R)-2-
10 mu nc%lr1 l%a agolrlﬁ) tse)égﬁ anticﬁ%;l?r%}eﬁrgiggéﬁents that canqggtﬁdsgin)
comwm'aﬂwﬁwhﬁthy@ﬂwMWWH@@@HD&%W?H@%VMH
inc'#]{jo AL R0MIES 1 AEORIRAIHRRINE SIHIRIRJaH piNeN0Gde22,

methylatropine nitrate, homatropine hydrobromide, hyoscyamine (d, 1)
hydpebhshsidien W#%i%@%@h%%b&éﬁﬁ@%&%ﬁﬁ%ﬁ%‘%‘éﬁ ¥
OXitfﬁ?&%ﬁﬁ@ﬂ@%hé@f}émyﬁhﬁﬁﬁﬁ)i@@yﬂﬂﬁwmﬁmﬁwﬂfmﬂaﬂmaﬁiﬂQZ,4wdione
bromide, anisotropine me,th;%bro_mide cli iniugn brlg}g}i %aﬁ?g/rr%lat?z 2002

15 (RoPMuBlass sroprige 964 %3%8%9 e SRy st T
chloside (Rathilene). herasychinmdpethysoiaseenytippentolate
hydrochloride, tropicamide, _trih nidyl hydrochloride, pirenzepine,, ra_
RS ) AP Ay W BRSNS i o Ao -1
pharmaselticaly-aaeentaplie:sali-2herofyeth firthivsghcoyhpayitdslisted
as a salt, alternate pha i acceptable there {1.9-
e N () oee i ayoypheryl)

20usedyircombitipticnatitriiesss mpdlirdsaktuidimveidoN-raltbey But-&re [6-
not limj ethanglamjn A Ine maleaiexy1l-
cle n,<gesb[tlﬁr%i%?ﬁ?a%}ﬁﬁmmow&nﬁfdrg%j‘p%@ﬁy?f.@Wﬂ% "}Q@[IL fhexyl] |

oxy}butyl)benzenesulfonamide, N-(tert-butyl)-3-(4- {{6-({(28)-2-[3-(formylamino}-4-
hydroxyphenyl]-2-hydroxyethyl} amino)hexyl] oxy}butyl)-benzenesulfonamide, N-
(tert-butyl)-3-(4-{[6-( {(2R/8)-2-[3-(formylamino)-4-hydroxyphenyl]-2-

25 hydroxyethyl }amino)hexyl]-oxy} butyl)benzenesulfonamide and related compounds
disclosed in WO 02/076933, published on October 3, 2002; 4-{(1R)-2-[(6-{2-[(2,6-
dichlorobenzyljoxy! ethoxy}hexyl)aminb}- 1-hydroxyethyl}-2-(hydroxymethyl)phenol
and related compounds disclosed in WO 03/024439, published on March 27, 2003;
N- {2-[4-((R)~2-hydroxy—2—phenylethylamino)phenyl]ethyl} -(R)-2-hydroxy-2-(3-

30 formamido-4-hydroxyphenyl}ethylamine and related compounds disclosed in U.S.
Patent No. 6,576,793 B1, issued on June 10, 2003; N-{2-[4-(3-phenyl-4-
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diphenylhydramine hydrochloride and dimenhydrinate; ethylenediamines,
such as -45 WO 2005/003090 PCT/US20041018813 pyrilamine amleate,
tripelennamine hydrochloride and tripelennamine citrate; allcylamines,
such as chlorpheniramine and acrivastine; piperazines, such as

hydroxyzine hydrochloride, hydroxyzine pamoate, cyclizine hydrochloride,
cIRe RATRA A HRH) ﬁﬁ}%Viﬁ@%@%@@%ﬁwé4&@%%*?&}5%%@0@0&
pperidingiansiueas olasietiiz@eutaydeaiasting hydraehtaritie, KEHRATER?2,
or its descarboethox logue, , terfenadine and fexofenadin
hW%ﬂHB%‘é‘{%@%éfﬁ@@%W RS HUNRECTagle Sals thereof. When
phapntaeautically Rkepgiable saltdhgsenisokifobdhoseaompeundsHistedtical
as a salt, .alternate pharmaceutically-acceptable_salt thereof. Suitable .
BB B P RBPAD GRS S et S o i R
Withepeempeund:ef theprsentionangidiestarige mftapeotiQOb@idin 0 0.05 g

about 100 _mg/da .nJhe following formulations illustrate representative
p%%%é@?dé&g 1%% PSsitions of the present invention: 15 Formulation

ExamplRépktatdigaiatitvaapsuesdotiondadminisdatieoatinaipared ds

v, reients Ao, 20 compound e N 250 R, o,

Rﬁ’@ﬁﬁﬁﬁﬁtﬁﬂé{@&mﬁa@ufﬁi &miﬂgﬁedmﬁyﬁmdmmwﬁydﬁiﬁ@@d BR2-

ARS8 R N> HOBIBER0SY BT OO TR Fadiafien 0

Exatnpld BcHatd Qelatin eapsulesdgrearad atifhioisty lphale prejparacas -3 -

O e e MR- 1 4-diene-17B-carbothioic acid S-(2-oxo-tetrahydro-
furan-3S-yl) ester, beclomethasone esters (e.g. the 17-propionate ester or the 17,21-
dipropionate ester), budesonide, flunisolide, mometasone esters (e.g. the furoate
ester), triamcinolone acetonide, rofleponide, ciclesonide, butixocort propionate, RPR-~
106541, ST-126 and the like, or pharmaceutically-acceptable salts thereof. When
employed, the corticosteroid will be present in the pharmaceutical composition in a
therapeutically effective amount. Typically, the steroidal anti-inflammatory agent will
be present in an amount sufficient to provide from about 0.05 pg to about 500 pg per
dose.

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

synthesis.
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Compound of the invention 20 mg Starch 89 mg Microcrystalline

cellulose 89 mg 10 Magnesium stearate 2 mg Representative Procedure:

The ingredients are throughly blended and then passed through a No. 45
WeehsgMieve and loaded into a hard gelatin capsule (200CHgBp04/018813

composition per capsule). 15 Formulation Example C Capsules for oral

administration are prepared as follows: Ingredients Amount 20

Compourfbiohtineritey espiere i advgh Polpdispetapred SIS Pidhis oraaised
S0 3%%6%&1 19%\911 & ﬁ}?aq 59:9(5)gﬁs@?ﬁ@&ﬁ%ﬁﬂﬁiﬁf&%&ﬂﬁ%&%ﬁﬁﬁds of this
ingredients aré y blen

NS roug ded and then loaded into a gelatin capsule
(300vmgiof awingoditivrpeeidipieky @7 4worpodsfoaspentyloxy-4-

PCT 105320041 918813. Farmulaiom ExRmpiecdiaklels:dpu ino-4-(3-

administration are’prepared as follows: Ingredients Amount 5 Compoun

of thalimveptlorhog-GRaRRmE R RUREIOI el datifoSE B gl
Po'é%‘@[é rralidane, (1 QhoderR MALehh g i Badium aarbexsayaiioyd-[ 3-
starCch 4.5 mg Magnesium stearate 0.5 mg Talclmg. . . .
(cyclopentyloxy)-A-methoxyphenyljcyclohexane-1-carboxylic acid and the like, or
pharmaceutically-acceptable salts thereof. Other representative PDE4 or mixed
PDEA/PDE3 inhibitors include AWD-12-281 (elbion); NCS-613 (INSERM); D-4418
(Chiroscience and Schering-Plough); CI-1018 or PD-168787 (Pfizer); benzodioxole
compounds disclosed in W099/16766 (Kyowa Hakko); K-34 (Kyowa Hakko); V-
11294A (Napp); roflumilast (Byk-Gulden); pthalazinone compounds disclosed in
W099/47505 (Byk-Gulden); Pumafentrine (Byk-Gulden, now Altana); arofylline
(Almirall-Prodesfarma); VM554/UM565 (Vernalis); T-440 (Tanabe Seiyaku); and
12585 (Tanabe Seiyaku).

Representative muscarinic antagonists (i.e., anticholinergic agents) that can be
used in combination with, and in addition to, the compounds of this invention include,
but are not limited to, atropine, atropine sulfate, atropine oxide, methylatropine
nitrate, homatropine hydrobromide, hyoscyamine (, 1) hydrobromide, scopolamine
hydrobromide, ipratropium bromide, oxitropium bromide, tiotropium bromide,
methantheline, propantheline bromide, anisotropine methyl bromide, clidinium
bromide, copyrrolate (Robinul), isopropamide iodide, mepenzolate bromide,
tridihexethyl chloride (Pathilone), hexocyclium methylsulfate, cyclopentolate
hydrochloride, tropicamide, trihexyphenidyl hydrochloride, pirenzepine, telenzepine,
AF-DX 116 and methoctramine and the like, or a pharmaceutically-acceptable salt
thereof; or, for those compounds listed as a salt, alternate pharmaceuiicaﬂy—acceptéble
salt thereof.

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

diphenylhydramine hydrochloride and dimenhydrinate; ethylenediamines, such as

- 45—



15 Representative Procedure: The compound of the invention, starch and
cellulose are passed through a No. 45 mesh U.S. sieve and mixed
throughly. The solution of polyvinylpyrrolidone is mixed with the resulting

povaéeiw3endd this mixture is then passed through a No. 14 MEEHENG/018813

15

20

25

30

sieve. The granules so produced are dried at 50-60C and passed through

a No. 18 mesh U.S. sieve. 20 The sodium carboxymethyl starch,
magnasiua siermieapd dalaripievinlisti padsetithipdgimanhio: 80atvesh

U.S. sieve) are then added to the granules.. Afttcfer mixin Qgs ﬁyg is

coﬁ}b?’@g@ﬂsow&htgﬁ VRS A5 YarS \}/:\)/glg ing l mg. 25
ForpuiatiomExairpiel &zidEabjéteforios ahadatnisyrdiiore aydiprbparée exlizine
follows: Ingredients 0 Com ti e
MicP6ERs ﬁ Znéeh oscglllél?(r)](.‘)? o t|F<):goéri1 g Y??E%%e%ﬁ%\rﬁﬁe% %%&I{S%grlgl “
amds&mgozsaﬁemmamdeammﬂeraﬁcbnﬁgretsué@ﬁ@ﬁ}@th%ﬁ@wgu@

ble nd th r S EARPOSIHRNR,
S S S R A N
ExamMmE@uﬁglélS@Gcenmhbl el therepd] dd fTeFS FOFNRIETIRHFE dissalt

folghs;.2 RS UIenis ATONOL, COmpaURG, o he invention 400 mg

Corns mg Croscalmel ose sodium 25 mg Lactose 120 mg 10

Magnesi uﬁlﬁl@!@@ré@é@s f@fgthR@ﬂiFé%PQﬁ%cFﬁ%?@éﬁﬁ@WﬁErﬁquéﬁﬁ@mgﬂ}gl
thr lv.Blepdad 3pd.d h.cQmpressacii forgL 3 sipsle w08Ted daplettdd100

omposmons per tablet).
mg/day

The following formulations illustrate representative pharmaceutical

compositions of the present invention:

Formulation Example A

Hard gelatin capsules for oral administration are prepared as follows:

Ingredients Amount
Compound of the invention 250 mg
Lactose (spray-dried) 200 mg
Magnesium stearate 10mg

Representative Procedure: The ingredients are throughly blended and then

loaded into a hard gelatine capsule (460 mg of composition per capsule).
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Formulation Exam IR e G A suspension for oral administration is prepared

as follows: 20 Ingredients Amount Compound of the invention 1.0 g

Fumaric acid 0.5 g Sodium chloride 2.0 g 25 Methyl paraben 0.15 g
Wgpsd/penaben 0.05 g Granulated sugar 25.5 g Sorbitol (7@¥Frdéitiidi)ss13

12.85 g Veegum k (Vanderbilt Co.) 1.0 g 30 Flavoring 0.035 mL

Colorings 0.5 mg Distilled water g.s. to 100 mL 35 Representative

Procedure: The ingredients aféomixedido Bxamplséispension containing

20051003080 B TREODIOREE s B B SR e L Sy B

for administration by inhalation is prepared as follows: 5 Ingredients

Amount Eompound of the invention 0.2 mg Lactose 254,14

5 Represen &[Elveelgtrocedure: The compound qf the invention is.micronized
and thendiepdeciwilkhiactoseickhis blended mixture isZhergloaded into a
gelatin infglgtion cartridge. The contents of the cartridge arg

administer(/ﬁgr(lfja_}(rggd Rowdar inhaler. is Formulation Exgmple | A dry
a

o gg\:‘v(igv\tg\%rgg%wgg S(ft)éal{_li% In. a dry powder inhalation d%vllﬁg Is prepared

Representative Procedure: The ingredients are throughly blended and then
passed through a No. 45 mesh U.S. sieve and loaded into a hard gelatin

capsule (200 mg of composition per capsule).

15
Formulation Example C
Capsules for oral administration are prepared as follows:
- Ingredients Amount
20
Compound of the invention 100 mg
Polyoxyethylene sorbitan monooleate 50 mg
Starch powder 250 mg
25

Representative Procedure: The ingredients are throughly blended and then

loaded into a gelatin capsule (300 mg of composition per capsule).

47—



10

15

Representative Procedure: A pharmaceutical composition is prepared
having a 20 bulk formulation ratio of micronized compound of the
invention to lactose of 1:200. The composition is packed into a dry
wowdefialtalation device capable of delivering between abdGtTIOS /618813
about 100 Itg of the compound of the invention per dose. Formulation
Example J 25 A dry powder for admlnlstratlon by inhalation in a metered
dose inhaler is prepared as fobows!aR wstiVe Procedure: A
suspensi ntainin ention and 0.1 wt.
% IeC|th|r? ?é)?p%e&pggroer bg%lisper%{fr%c%%glg %%}fgg %%)%%%%%d of the
invention as mlcronlzed particles with mean size less than 10 m in a
solution ﬁ armed from 0.2 g of lecithin dissolved in 20Q,¥af
deminer Water The suspension is spray dried and the ¢
material iSsnipranizetiite partities having a mean diaméd@fgss than 1.5
m. The pagtiglgs are loaded into cartridges with pressurizédag

1,1,1,2- t%}g%ngeeﬂ%wo 2005/003090 PCT/US@Q@1018813
Formulat:§ ggxrr?%g K dg‘n% M ‘agce/u#) ldgég?posmon for4q,ﬁ§ ina

metered r IS prep ows: 5 Represen%glve Procedure:
A suspenSRREbFAEIFRYE 1% 8 fﬁﬁ%‘ound of the invention, 0.5% lecithin,
and 0.5 %Wirehesivsesisysatpared by dispersing 5 g of active |ﬁ§redlent as
micronizetiaparticles with mean size less than 10 m in a cdligigal solution
formed from 05§ of trehalose and 0.5 g of lecithin dissolved in 100 mL of
demineralized water. The suspensmn is spray dried and the resugi

material iReBesd dibg Frammy i kR By TREE R

1.5m. Th@eﬁﬁf&%‘%%ﬁs&@%ﬁ%@ﬁﬂ@lﬁ@%@{&mE%Kﬁmdxiedﬂﬁoughiy.
1,2-tetrafluoroethane. Formulation Example L A é[: ceutlc
SRR A

compo&tﬂﬁ%?lﬂ%ﬁﬁ@ﬂ%ﬂﬁ?@?’m i&s 11‘3%%10\%130‘”66]:3 and
RepresenigiivgiRipcadues: p%ﬁhé@ﬂﬁ@h@laﬁmsohf@réﬁumﬂomme uShdgranules so

nebulizer ie prepared by oM R AL NG SOBPKREGRTNE, U sieve.

20 The sodium carboxymethyl starch, magnesium stearate and talc (previously

passed through a No. 60 mesh U.S. sieve) are then added to the granules.

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

weighing 100 mg.

25 Formulation Exanmple E

Tablets for oral administration are prepared as follows:

Ingredients Amount
30 Compound of the invention 250 mg

Microcrystalline cellulose 400 mg

Silicon dioxide fumed 10 mg

Stearic acid Smg
35

Representative Procedure: The ingredients are throughly blended and then

compressed to form tablets (665 mg of composition per tablet).
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of a 0.9 % sodium chloride solution acidified with citric acid. The mixture is
stirred and sonicated until the active ingredient is dissolved. The pH of

the solution is 20 adjusted to a value of about 5 by the slow addition of
wWadbsoeBermulation Example M An injectable formulation isyrepapectasssis
follows: 25 Ingredients Amount Compound of the invention 0.2 g Sodium
acetate buffer solution (0.4 M) 2.0 mL HCI (0.5 N) or NaOH (0.5 N) g.s. to
pH 4 30 Water (distilled, steriIe‘bﬁxﬁdiﬁcﬁﬂﬂﬁmﬁeﬁresentative Procedure:
The above ingredien eb ende His 35 ad 0.5
using 0. SSN]“ F%‘?Iffitéa%[ a T%W %%%?fb&'fdgfﬁp Rt

] PCT/U8204 018813 Ut|I| The substituted pyrrolldlne %@905‘?1'@“3(1

compoungse+H : S+ v
antagoms?é’@ﬁﬂ”ﬂﬁje‘?g ?én‘éﬂ%hoﬁompounds are useful’ or tréating
medical coAdItieT mediated by muscarinic receptors, i.e’° M&dical
condition€ tovehicieives andaliorated by treatment with a rr%’égéarlnlc
receptor aniagenist. Such medical conditions include, By @uay of example,

10 resplratormggfgsgﬁpgggfgwsuch as chronic obstructive pumgnary
disease, as

genitourinary tract disorders, such as overactive bladder or detrusor
hyperactivipanechtheie Wmaﬂumsil‘gamgyﬂdtestmbtﬂa@umtﬂ@@@%@@\ as
irritable 10 bowel s me, dIV rticulardi
~ AREt 6‘ !)Ef%'an itions per tablet).
15 gastromtes?ln%ﬁehygetﬁrﬁgw Slélgo i 3’5} S@% P arrhythn )

rders an ea; cardiac arrhythmias,

such as sinus bradycardia; Parkinson's disease; cognitive disorders, such
as Alzheimer's disease; dismeﬁ&ﬁﬁhﬁ&&ﬂﬁf&lﬁﬂ@_ In one embodiment,
the compounds of this inventiofi-are useful for treating smooth muscle
disorders ih snenensiatsfonetalcidoinisiaiierdnaraneieeshipintoh animals 15
(e.g., dogs cats etc ). Such smooth muscle dlsorders mclude by way of

irritable bd\?whpgynélrrﬂﬂn@ invention 1.0g

Fumaric actd 05¢g
Sodium chloride 2.0g

25 Methyl paraben 0.15¢g
Propyl paraben 005g
Granulated sugar 255¢
Sorbitol (70% solution) 1285¢
Veegum k (Vanderbilt Co.) 10g

30 Flavoring 0.035 mL
Colorings 0.5mg
Distilled water q.s. to 100 mL

35

Representative Procedure: The ingredients are mixed to form a suspension

containing 100 mg of active ingredient per 10 mL of suspension.
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When used to treat smooth muscle disorders or other conditions mediated
by muscarinic receptors, the compounds of this invention will typically be
administered 20 orally, rectally, parenterally or by inhalation in a single
VaRiNdae&r in multiple doses per day. The amount of activBEGErRi04/018813
administered per dose or the total amount administered per day will
typically be determined by the patient's physician and will depend on such
factors as the nature and sevéiitynatdtiengatiempieddndition, the condition
being treated, the age and,general-health [ I of
the 25 pa%\en t%om%eg%{:afvaed%ngné%%%{ 0§ ? ul{lé?l % g%gnq%n%%%é%c? nggrl?g%ike.
Typically, suitable doses for treating smooth muscle disgigges; or other
5 disorders [redtatec by tIsea T TeCEptors wittTange o gbout 0.14
g/kg/day 1o ° ‘&ﬁé&)’&&%"f active agent; including from about 0.15
g/kg/day tedi880it 5_ma/ka/ 2ikh_this would
amount to about 10 g per day 30 to about 500 mg per day of active agent.

10-1n a speciie orBadMeRl J0, FOMRARMIAB AL SAINARYAN B SRAkIOE and
ratory

-52 treating” isorders, such as COPD or asthma, in mammals_ |
including themmbleadsiMeth laséeeo Taableadnfatardsferdogred into a gelatin
compounds,of,this inveraien TilLbrisallys.adrminisared dyiinhalationdp a
multiple doses per day, in a single daily dose or a single weekly dose.
Generallypeivaleig8Bast- treating a respiratory disorder 5 will range from

15 about 10 pg/day to about 200 pg/day. When used to treat a respiratory
disorder, the compounds of this invention are opti?nally administered in
combination with other therap -a (32 adrenergic
receptor agoRistodsartisastrinid e nenrsteteidakani-nfidainaderycagent,
or combinations thereof. 10 In another embodiment, the compounds of
thisPFFPERIAT £E¥Sed to treat overactive bladder. When used to treat
overactivefyadelenathe parpounds phibisdavant oomylistyipical ydpered having a
administered orally in._a single daily, dose or i ltiple doses pe 1

20 e B AP G A B ST L o L g 1B 1:200.
ovemetivehladder wpktangnfoandapoutdeOnhgiday s dboearBdl mgllapring
15 In yet angther embodim he ¢ ounds of,thjs.in I
o ng%gﬁ%gv%f%%%'ibci 1% GPIeoRER Sl DI YRANARAfE: ed

rom en used to treat irritable bowe

syndrome, the

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

prepared as follows:

Representative Procedure: A suspension containing 5 wt. % of a compound
of the invention and 0.1 wt. % lecithin is prepared by dispersing 10 g of the cornpound
of the invention as micronized particles with mean size less than 10 gm in a solution

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

pressurized 1,1,1,2-tetrafluoroethane.
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compounds of this invention will typically be administered orally or rectally
in a single daily dose or in multiple doses per day. Preferably, the dose
for treating irritable bowel syndrome will range from about 1.0 mg/day to
Veh aditsBOBNg/day. 20 Since compounds of this invention ar@GRASCEHIEss13
receptor antagonists, such compounds are also useful as research tools
for investigating or studying biological systems or samples having
muscarinic receptors. Such biological systems or samples may comprise
M1, M2, M3, M4 and/qr M5 W&?ﬁ"ﬂ%‘&%ﬁ%‘?ﬁ fs¢Any suitable biqlogical
system or sample having mu C receptors may be employed in such
25 studies pthichanayidsbcoonusition foithes in vireiopdigspanhaler is prepared as
Re&gosﬁentative biological systems or samples suitable for such studies
include, But are not limited to, cells, cellular extracts, plasma membranes,

5 tissue sampies Riheogduich AsSHIRBSICRCORAIABS DigCraBA! gbYE,
Pigs, &16dn A0E dhe. i e SRRt RIIRAI6E SYSIRMOY Samdieve

comprising'a muscarinic 30 receptor is contacted with a muscarhtic
redeptetiantayoriKingeametisls i iontppare leriiitlentana shipidal
efieein ohaniaganizing he shspaNNicHacePIon AR NANISBINin 100 ml. of
208 b§1090 PCT/US20041078813 determined using conventional

profusvinesdiagdivenierip e saearions FaaralgEird prddhvgesrlisgoyirgal is
10 fu n&@@x%ﬁlz%ﬁ%@‘%ﬁrtﬁ%mB@%%@Hﬁ%ﬁ%ﬁ%@tg?qugﬁlﬂﬂ angdnmedinéerticles are

changes in intracellular cyclic adenosine monophosphate (CAMP),
ligdmettedaukiotani skeriyih iresativig bt the BHAMNR SYERIyI cyclase
(which synthesizes cAMP), ligand-mediated 5 changes in incorporation of

guanosine 5'-O-(y-thio)triphosphate ([3SS]GTPyS) into isolated
membranes via receptor catal&ﬁé@%@%ﬂ%&éé%@?ﬁ%SlGTPyS for GDP,
ligand- medjatad chaneasimieatioy aselldai salaiunadonn{eapuepdeiors
example, with a fluorescence-linked imaging plate reader or FLIPR(r)

15 frofPNA8Tecular Devices, Inc.). A compound of this invention will
antagonizg &% desieascribe-astiyaNanal-nisseasinictdDudasptdos iseany of
the functional assays, listed above, aor ass of a similar pature, A,. .
mUSEAHHE S EROEAAAYSHIS SrhBlA TS SomSaind TR ueh i
will lypically sadigs: frbioriabestufch neidiffad iaittocabioati @00 ramdrhvkas stirred
Additignally, the campounds of this. inventio r ch
et S S e

20 antaginrist activitjud o ihigut 5 by the slow addition of NaOH.

, P
MRV EA TS

Formulation Example M

An injectable formulation is prepared as follows:

25 Ingredients Amount
Compound of the invention 02¢g
Sodium acetate buffer solution (0.4 M) 2.0 mL
HC1 (0.5 N) or NaOH (0.5 N) g.s. topH 4

30 Water (distilled, sterile) q.s. to 20 mL

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

35 adjusted to 4 = 0.5 using 0.5 N HCl or 0.5 N NaOH.
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15 embodiment, muscarinic receptor binding data (for example, as
determined by in vitro radioligand displacement assays) for a test
compound or a group of test compounds is compared to the muscarinic

wecwpiawividing data for a compound of this invention to id&atfy$HO4018813

16

15

20

25

test compounds that have about equal or superior rnuscarinic receptor
binding, if any. This aspect of the invention includes, as separate
enb@kiyments, both 20 the generation of comparison data (using the
appropriale, 5a2ye) and N6 ANRNEI Ol 1S SRR 1 HRTHIOAESh are sl
compounds oFmterest. mong other properties, compounds of this
invantios:hiaie tseepidouraerpist PetdeTdRnibites @?wmﬁse%?rmﬁﬂ 1_*01‘

re Ct?&k%(@%%&%l AGeardingly. dn.sResific. L MRRdInepisshis, meanti8dsditions
directed to compounds of formula I having an 25 inhibition dissociatign
condtititfisramelivated Aap st S IGT IS AT STSRITRFRSRES hv gt
less, 1A LERUBLIA R EMbPWRSSHNAMATLABIAACO M @ rtersined

by in vitro radioligand displacement assays). A ditiona%, comp un.dshof i
thishrveinnbRHaUECasbIaan fHRfErtdTy88eBY ROBARHHSHRY A re!c FHIns,
unexpecied dation:efbienshnpratectiamwbencasinirisieted by &rusor

inhalation. Accordingly, in another s%eg:ific empodiment, this inventioni‘rﬁ)le

dir eSSV ES b TES BPRR S RV R S gisgiers, such as im
bropshansieciion areaienthansabolicBdiahd YWOABOSHAAROGRmotility
PCT/US2004/018813 hours, including about 24 hour%to aboan.t _73 tlourg )
wh S SRR B R AR YR R Rty B eer e Farkinions
broﬂﬁ@&ﬁéf@t@@ﬁ@ﬁﬁ (m@ﬁﬂﬁsﬂmdﬁ agMﬂf§iiﬁtﬁ’ﬁrﬁBasmﬁimm1m@\ai@§lglike.
DO o (1S SR OIS QL AGEIVED G IPHE g

bronchocdhSHICHBRE B OVEr Compounds of this invention have been
foune ot P s LRSSy nanthale kpdole: lbwy welectiligrwhopanion animals
administeted by anajaton, AGcORnAlL N, ANAINSLSREEL; SmRadiERion,
this\fi¥ehtion 18 directed to compounds o tormula | having an apparent
lungrsetettivitpitittexchredterttiantic atkbivesy Eshegrandrzdatpbpgvel
post-dg}i%% by inhalation. The term "apparent lung-selectivity index"

e

means ither (a) the ratio of the anti-sialagogue IDS, (dose required to

inhibit pilotériinesdrielteerammativrdy Bewsiers e thbrbrrKbprgtaREdiated by
| DS%&Q%&{@%gﬁtgr@ AL ResHshalivgrinduesd nrenabaceps istiantered
by 50%); or (b) the ratio of the anti- . . , )
orally, rectally, parenterally or by inhalation in a single daily dose or in multiple doses
per day. The amount of active agent administered per dose or the total amount
administered per day will typically be determined by the patient’s physician and will
depend on such factors as the nature and severity of the patients condition, the
condition being treated, the age and general health of the patient, the tolerance of the
patient to the active agent, the route of administration and the like.
Typically, suitable doses for treating smooth muscle disorders or other
disorders mediated by muscarinic receptors will range from about 0.14 pg/kg/day to

about 7 mg/kg/day of active agent; including from about 0.15 pg/kg/day to about 5
mg/ke/day. For an average 70 kg human, this would amount to about 10 pg per day

30 to about 500 mg per day of active agent.

In a specific embodiment, the compounds of this invention are useful for
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depressor ID50 (dose required to inhibit methacholine-induced decrease
in mean arterial pressure by 50%)to the bronchoprotective ID50 (dose
required to inhibit 15 acetylcholine-induced bronchoconstriction by 50%).
These properties, as well as the utility of the compounds of this invention,
can he demonstrated using various in vitro and,in vivo assays well-known

tolFFE R SRINEAIR s AHe B o usRAm bleP Fe preaithnaive megyyalg jgcluding
deseribed Hutherdstalin-thpitalaningExamples ApEXAMPHESnThRion

following, synthetic and biolo%jcal examples are offered to illustrate this

inv@higcatd brediBinbiseed S dntRatAt WAIRLS FoRrms e dB geipele daily
thip s ventiapldrvdhg eyasapleselom, thedodiowingeabhtay irtigihadiav@sorder
meanings unless atherwise indicated. Abbreviations not

the following 25
dé’frHefafwagm&%%@rug@%r%ﬂ@bae&%B?e%#é&mng. AC = adenylyl

cyclase W nsagetonitiile RpRS0:T DRVIAErSEd b APSNIR B mvention are
tert-butoxycarbonyl cAMP = cyclic adenosine mc_)nqphosphate CHQ =
CRRtSe ha RIS 508 HORBOO T LTRSS R DR a8 gnt2

= SQURESRErJipie oMt =disiererartidan @ okl &bida) anti-inflammatory agent,
diisopropylethylamine DME = ethylene glycol dimethyl ether 5 DMF =
NR-ARReRaHISR LR DMSO = dimethyl sulfoxide dPBS = Dulbecco's

phosphatg HidfereensadifieseMithRUdaaclA@NeMaGhREEon are used to treat

1-(§§zégaitrcr’;ievtg %ig((lrcliigr? p\;\(/gfllje}ﬁ){lgéd to treat overactive bladder, the compounds of this
invention will typically be administered orally in a single daily dose or in multiple
doses per day; preferably in a single daily dose. Preferably, the dose for treating
overactive bladder will range frolm about 1.0 mg/day to about 500 mg/day.

In yet another embodiment, the compounds of this invention are used to treat
irritable bowel syndrome. When used to {reat irritable bowel syndrome, the
compounds of this invention will typically be administered orally or rectally in a
single daily dose or in multiple doses per day. Preferably, the dose for treating
irritable bowel syndrome will range from about 1.0 mg/day to about 500 mg/day.

Since compounds of this invention are muscarinic receptor antagonists, such
compounds are also useful as research tools for investigating or studying biological
systems or samples having muscarinic receptors. Such biological systems or samples
may comprise My, My, M3, My and/or Ms muscarinic receptors. Any suitable
biological system or sample having muscaﬁnic receptors may be employed in such
studies which may be conducted either in vitro or in vivo. Representative biological
systems or samples suitable for such studies include, but are not limited to, cells,
cellular extracts, plasma membranes, tissue samples, mammals (such as mice, rats,
guinea pigs, rabbits, dogs, pigs, etc.), and the like.

In this embodiment, a biological system or sample comprising a muscarinic
receptor is contacted with a muscarinic receptor-antagonizing amount of a compound

of this invention. The effects of antagonizing the muscarinic receptor are then
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10_ ethylcarbodimide hydrochloride EDDA = ethylenediaminetetraacetic
acid EtOAc = ethyl acetate FBS = fetal bovine serum GDP = guanosine
5'-diphosphate 15 HEPES =

WO 20byelRYyethyl)-1.-piperazine-ethanesulfonic acid hM1 PHEASAG04/615813

10

15

20

30

muscarinic receptor subtype 1 hM2 = human musearinic receptor subtype
2 hM3 = human muscarinic receptor subtype 3 20 hM4 = human

Musqasiiic:taneniobsubtpephddSiarbumanqmpstariniecheseiibe by pading
oA SR L B
spéstromediylhHBE adretiyt tedmonhgispbiater (SHTNM Beand-mediated changes in
s esaRalamina eI CRotIde QIR s AR gddisadied
_?GH "’Itzhgﬂg':irgi ;hywiﬁwﬂm;rﬁni @mﬁ?mﬁa@m@mmmﬁ@ BhoSpHELeS) into
trifitio }%% C ﬁ:%aré%%%’qﬁ I]fet%erlr):t é e IF%ttl §I %agsg ﬁggo rte é|)r% Et%zg%cl}liggvﬁ goé gﬁb I}(iegsandﬂ
arerirdiegdedsGelsiute¢@jtunidbdotatrive dintiowrsrolishr eREgdndide
USRS SRR A Al P e,
wermmpeunwithtus fovtheepuriticatiegend or decrease the activation of muscarinic
receptors in any of the functional assays listed above, or assays of a similar nature. A
muscarinic receptor-antagonizing amount of a compound of this invention will
typically range from about 0.1 nanomolar tc about 100 nanomolar.

Additionally, the compounds of this invention can be used as research tools for
discovering new compounds that have muscarinic receptor anfagonist activity. In this
embodiment, muscarinic receptor binding data (for example, as determined by in viiro
radioligand displacement assays) for a test compound or a group of test compounds is
compared to the muscarinic receptor binding data for a compound of this invention to
identify those test compounds that have about equal or saperior muscarinic receptor
binding, if any. This aspect of the invention includes, as separate embodiments, both
the generation of comparison data (using the appropriate assays) and the analysis of
the test data to identify test compounds of interest.

Among other properties, compounds of this invention have been found to be
potent inhibitors of M, muscarinic receptor activity. Accordingly, in specific
embodiments, this invention is directed to compounds of formula I having an
inhibition dissociation constant for the M, receptor subtype of less than or equal to
100 nM; or less than or equal to 50 nM; or less than or equal to 10 nM (as determined
by in vitro radioligand displacement assays).

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

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

compounds of formula I having a duration of bronchoprotection greater than about 24
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-56 WO 20051003090 PCT/US20041018813 Example A Preparation of
2,2-Diphenyl-2-(S)-pyrrolidin-3-ylacetamide Step A - Preparation of
(S)-1-Benzyl-34 oluenesulfonyloxy)nyrrolidine 5 To a stirred solution of

NS Bienz9B-pyrrolidinol (44.3 g, 0.25 mol) and 1,4- PCT/US2004/018813
diazabicyclo[2.2.2]octane (33.7 g, 0.3 mol) in 250 mL of test-butyl methyl
ether under an atmosphere of nitrogen at 0 C, was added

p-tolnengsuliding dhiotZeHER4@ab0i2 73 heolspohtondrigdstved bpipigation.
The_reaction mixture was stirred for The |

I e S R e
Ethyleatitateh(000mtysvtivead st oo wincsypismadabef aetigsheline-induced
Z?ncgiugplcpllgc%rrlbsger@&{gngolution (250 mL). The resulting mixture was stirred at

ient temperature for 1 h. The layers were separated and the organic .
5 layer was Memshed witnpsandseé thisduestivs danshas ErgshRracserstigpsing

(25 : t WRARTEhgH 6 SRl A2 50 makdingly, in
satg?ggegﬁ%%u&%%#ﬁmride solution 15 (250 mL); and then lgﬁg

overnssiumesifitateed BErHHBis SuERH SUAlE RS HEraROBr aG ol
Wa%[ﬁ%ﬂlgvéﬁbaﬁﬂyéﬁQ%%tﬁdgaim@iﬁa&t@@&&m WA8 ERmeverhifMaaUD:
to give 78.2 g of the title intermediate as an off-white so}id 94% I}/'(l_elq.;
oSy FPE £ ISP B iR SRHSH (PR g™
10 1-dicheayim etk pyniligineshmgostiy aol selutionafidiphenyidogtonitilpine-
(12.18 g, 61.8 mmol) in anhydrous THE (120 ml‘-)iﬁt O‘é:, otass_égrp inhibit
tertiparsxitIeien Yy, Yi'e i/m&?%%',h QEF R s HhRe TR eSS

reaction
Mixtee wasisieshat G dambdndividieneaction nbirtat2s OfChwazi-
added (S)-1-benzyl-3-(p-toluenesulfonyloxy)-pyrrolidin (20.48 g, 61.3
mmOPPIRBHE Pofo FRE aﬂﬁgﬁ’bgﬁ‘sﬂtﬁeg%%g‘%ﬁen é%d“fﬁ“ga%e"é%%%ﬁ“ et
mix@e-agsestinesl fH095)to the bnindtopeichtiimEt édeaction mdxeurdihid
become a brown ho eneous solution.. The yeaction mixture was then

ifiheaf’téfffit%}f: 1&%%%%‘?%%Of]f%gcﬁﬁs%ﬁtél%gé}g}n0 Nixture (bright yellow
suspensiohwagpralierties) to woblaoiBOuddmatirperanrepeadidiggtipglon. can
water (150, 10ELMOSL oL NG LHR Was.IA9N [APANEDs IHAGHR AR hose skilled
isop??gp)? ace é%ee 588%61%§§n5}4£dd£ The layers vgére separated and

in the art. For example, representative assays are deseribed in firther detail in the

foltowing Examples.
20
EXAMPLES
The following synthetic and biological examples are offered to illustrate this
invention and are not to be construed in any way as limiting the scope of this
invention. In the examples below, the following abbreviations have the following
25 meanings unless otherwise indicated. Abbreviations not defined below have their

generally accepted meaning.

AC = adenylyl cyclase
ACN = acetoniirile
30 BSA = bovine serum albumin

BOC = fert-butoxycarbonyl
cAMP = cyclic adenosine monophosphate
CHO = Chinese hamster ovary

e



-57 WO 2005/003090 PCT/US2004/018813 the organic layer was
washed with saturated agueous ammonium chloride solution (150 mL);
saturated aqueous sodium chloride solution (150 mL); and then dried over
veOdiiviogsitate (50 g). The sodium sulfate was filtered off anBIGHASAH WAL
isopropy! acetate (20 mL) and the solvent was removed in vacuo to give
23.88 g of the title 5 intermediate as a light brown oil (>99% yield, 75%
purity by £8l.C, contaminated mainbpavitheexaessediphenylacetonitrile).
Step C - Prgparation of (S)-3<(1-Cydimbidrdrtifflienvhnethyl)pyrrolidine
(S)-I-BeniyPB41-cyano-1,1-diphenyhiseshyydstirplieiine was dissolved in
10 isopropjitEcetate (ca.l g/16 mL) eihnliehe Sohelidrmedipied with an
5 equal volihE&Fof 1N aqueous hydro¥iiotmeldidiormatadelting layers were
separatedaffelthe aqueous fayer vheiiartderidith an equal volume of
isopropyl é3%ate, The organit layef3uleae cophpmbae dnEared &3l Wsdium
sulfate and filtered. The solvent Waﬁﬁﬂ%@%\%‘%ﬁééﬂ§%> af%ord
(.S)-1-bed#-3 -(1-cyano-1,1=diphe th femePy8-Aydrochloride
10 as a light yellow foamy solid. (Note: W@ﬁ?&%@i‘ﬂﬁﬁﬂ@r agit also be
prepared BAfiy the work-up of Steﬁ@] e‘r’lﬁdéagﬂﬂ’ﬁﬁt@ﬁﬁﬁﬂfi A

(S)-1-benByP3K1-cyano-1,I- d'rbheny E)I?rolldlne hydrochloride (8.55
g, 21.98 rfifvl) in methanol (2F4 mL fla |um on carbon
(1.71 g) aR®Bmmonium formate (6.8% % ° The re ction
15 mixture wiS*RE&ted to 50 C with stlr‘?" RFeFhdre %%Z%eé% cac?g aifonic

to ambient temperature and water ( L) was a%gcer% Th(()ar (Se%%lltmg
mixture wiiltered through a pad o) %ﬁﬂéﬁmcmﬁ c‘fﬂ 2§20

scarm rece tor bu

mL). The Meate was collected and os‘(tmo]fntlhe me an asg ged in
% Cali 01‘8 @ St
[5

vacuo. Th sidue was mlxed W|th 150} ro ace a e O%
0 agueous fum carbonate (50 25 hl‘f e reerJ1 els Were . 5
%he aqueous Ia_yer Wals e>élr ggggl acetate

-glganic layers were comfin éel 91\5@&§ %rgmphy
J)-The sodium sulfate w ﬂfﬁs ggo@mema Hith
gtate (20 mL). Th_e solvent. w@%gﬁg@{ d in vacuo to afford

intermediate_as a jight,yielloy,eil (284 % yield, 71 %
0 = I-[N-methyl-"H]scopolamine methyl chloride

oxotremorine-induced salivation
p-methoxybenzyl
benzotriazol-1-yloxyiripyrrolidino-
phosphonium hexafluorophosphate
tetralyydrofuran

thin layer chromatography
trifluoroacetic acid

isopropy!
25 5.75gof t

purity by

OIS
PMB
30 PyBOP

ion

THF
TLC
TFA

ok

il

35

All temperatures reported in the following examples are in degrees Celstus
(°C) unless otherwise indicated. Also, unless noted otherwise, reagents, starting
materials and solvents were purchased from commercial suppliers (such as Aldrich,
Fluka, Sigma and the like) and were used without further puri fication.
40
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-58 WO 2005/003090 PCT/US2004/018813 Step D -- Preparation of 2
2-Diphenyl-2-(5)_pyrrolidin-3-ylacetamide A 200 mL flask with a magnetic
stir bar and a nitrogen inlet was charged with
wW9)280§43920-1,1-diphenylmethyl)pynolidine (2.51 g) and 80%1H;S06/018813
(19.2 mL; pre-prepared with 16 mL of 96% HZS04 and 3.2 ml, of H20).
The reaction mixture 5 was then heated at 90 C for 24 h or until starting
material was consumed as indicated by HPLC. The reaction mixture was
allowed to cool to room temperatureEand t{1ee poured onto ice (ca. 50 mL
by volume). A 50% aqueous sodium ﬁ%‘?om e solution was added slowly
to the mixturePvépaistitsingfayeiaphiceybatSimtidigis-fratietiantde
Dichloro t%@%f‘zg Oara }Lc)nW? qded andsmixeg Wit 6ok olidine

solution a sulfate precipitated out and was filtered
5 off. The filftatestirast sdtitoted GNd thenraydro weidiupit4td g, §:56 mol) and 1,4-

aq ucﬁgz%ﬁiiléa g [\%2%%&53%'&?33\/ g&.ggriegrﬂrﬂgmﬂ%f 199w0k) anghii@iher under

organic layers com with over sodium sulfate (5

. )
Thme@ﬁm@@ﬁ&f@iﬁr&gﬁﬂt@&%Waﬁ@ﬁ%ﬁé@%ﬁ?ﬁ"@ﬁ%ﬁb?&?ﬁ@ﬂ%ﬁg‘éﬁ

meﬁ}en’?tﬂfBVﬁdHiWé%{s%W% iR YeeHR (R Aot hxEiHOR L BiRFedUCH 88 For 1
light yellow foamy solid (ca. 2.2 g, 86% purity by HPLC). The crude

probudihwigs HEBAToRERIROEEI ARG RSV R R SHFTSE Arehie dsiupgRtre

10 Wa%@ﬁ%%ﬂi@%rﬁ).sqwﬂ@ Refakstatans acidd AR @) 1ahanel Sdurale)l agueous
and the resulting mixture was stirred overnight (155 ,h@ The re{quI%Q

preéfsitane iratbqaamielBRPHRAL D ko Hioe Sh BRETHITESONES B4
>95% iR P LCFRAMeiRnne stharmdd wastaddgshio iy selidwasited with
the resulting slurry was stirred at 70 C ov.erni%gé%é -hlﬁtTh%‘ alurre(\)/vas
Al ARTAS OB P TS DR AP W B ST F e S EcHBo
puritymyeh Rk Chwas eblains d2afientijtration: dothissokidduas caddéd solution
ethyl acetate (30 mL) and 1 N agueous.sodi ydroxide.(25 IS &1

15 it B, TSP LT S TONNED i T e P fred
werefseparaiat®wiandlinaanueds talpnwabextamtodayithnety ostate to
(20 mL)..The organic layers_were combing e ebover:spdisds), yuri
Sl L B T R e i iy by

solvemL.Was evaporated in vacua to afford 1.55 g of the title intermediate
as an off-white foamy solid (58% yield; >99% purity by HPLC). -59

t ambient
g,

20 Step B — Preparation of (8)-1-Benzyl-3-(1-cvano-1 .L-diphenylmethyl)-
pyrrolidine
To a stirred solution of diphenylacetonitrile (12.18 g, 61.8 mmol) in anhydrous
THF (120 mL) at 0 °C, potassium fert-butoxide (10.60 g, 94.6 mmol) was added over
5 min. The reaction mixture was stirred at 0°C for 1 h. To the reaction mixture at
25 0 °C was added (S)-1-benzyl-3-(p-toluenesulfonyloxy)-pyrrolidine (20.48 g, 61.3
mmol) in one portion. The cold bath was removed and the reaction mixture was
stirred for 5 to 10 min at which time the reaction mixture had become a brown
homogeneous solution. The reaction mixture was then heated at 40 °C overnight
(2045 h). The reaction mixture (bright yellow suspension) was allowed to cool to
30 room temperature before adding water (150 mL). Most of the THF was then removed

in vacuo and isopropyl acetate (200 mL) was added. The layers were separated and
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WO 2005/003090 PCT/US20041018813 Example 1 Synthesis of
2-[(S)-1-(8-Methylaminooetyl)pyrrolidin-3-yl]-2,2-diphenylacetamide 5 Step
A - Preparation of 8-(N-Benzvl-N-methylamino)octan-I-ol
vaoBpofgrgctanol (25 g, 119.6mmol) in acetonitrile (50 mL) Wa&dHEd 16813
a stirred solution ofN-benzyl-N-methylamine (43.49 g, 358.9 mmol) and
potassium carbonate (49.52 g, 358.9 mmol) in acetonitrile (250 mL) at 35

C. (hbertaartiaerixiurasiastite sstitned afi35\6 dandohiamdihenicoolibn
to ambient temperature. The otassium carhon fi

400 i SO RGP e VR Pl Ch e SR A B
dissaived sat i3 BB @00k dime HoEfoegers dipbade fhmd wastddwiiithsopropyl
water, brine and dried over magnesi I -me i

e e e oot

5 remme&iaes;&sm-ﬂbﬁniybmmﬁéﬁﬁﬂ%%ﬁﬁ.dmﬁ?m%@\& R e
the HiLa?n?r%H{% #&gssgéfﬂl‘e%?gﬁ@%w&h water, brine, and dried over

magnesium sultate, and concentrated under reduced pressure to
afford the title intermediate as an oil (--100% conversion). Analytical Data:

MS nzlz ?sﬁQ 3(MblY, 29,310 Bsy ReRayalion 9fdiphenylmethyhpyrrolidine
8-(NBenzy -Rl-me ylamino octanal Dimethylsulfoxide (22.71 mlL, 320 .
mmol) antSieRdisbBrobIeny labriehemdmrEsd Rs SRR Ed<a

10 10 3.SfiFEch Seldie 'gc%lhtﬁﬁl iniarmedigiefrmoatens AitdQ ¢i80uvnel) olume of
dichloromethane (200 mL) at -10 C. The reaction mixture wa sgrrled at
1018 RSSO RS OR PR BB S BB g A iAo
25 yas addednertionwiss: dheiresatienondprepwasaticediiongnnic layers

additional I h at -10 C and then water (200, mlL) was,added. The organic_ . .
lay St ebinh e Ry ey S ﬁt?/\fé}‘érf‘&éﬁ)‘?mg‘c SoNSHSEAE! oved in

, brine m

drieglovek NAGRESIH Mbekiate-andythen , catipkatyatethyh perebdnced
T
WO, 2pR5/R630961R G WUGRAPAOSBHTS).
To a stirred solution of {$)-1-benzyl-3~(1-cyano-1,1-
diphenylmethyDpyrrolidine hydrochloride (8.55 g, 21.98 mmol) in methano] (44 mL)
was added palladium on carbon (1.71 g) and ammeonium formate (6.93 g, 1099
20  mmot). The reaction mixture was heated to 50 °C with stirring for 3 h. The reaction
was cooled to ambient temperature and water (20 mL) was added. The resulting
mixture was filtered through a pad of Celite, washing with methanol (20 mL). The
Alirate was collected and most of the methanol was removed in vacuo. The residue
was mixed with isopropyl acetate (100 mL) and 10% aqueous sodium carbonate (50
25 mL). The resulting layers were separated and the aqueous layer was extracted with
isopropyl acetate (50 mL). The 01-gaﬁic layers were combined and dried over sodinm
sulfate (20 g). The sodium sulfate was filtered off and washed with 1sopropyl acetate
(20 mL). The solvent was removed in vacuo 10 afford 5.75 g of the title intermediate
as a light yellow oil (99.7% vield, 71% purity by IIPLC).
30
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Step C - Preparation of
2-[(S)-1-(8-N-Be2zyl-N-methylaminooctyl)pyrrolidin- 3-vI1-2
2-diphenylacetamide A solution of the intermediate from Step B (5.95 g,

W4 WATHIYEAd 2,2- diphenyl-2-(S)-pyrrolidin-3-ylaeetamide (PYL{/ 2604018813
nunol) in dichloromethane (250 5 mL) was cooled at OC and stirred for
10min. Sodium trlacetoxyborohydrlde (8 4 q, 36 mmol) was added
porﬂonw@@mﬁ]) Crpdithe 1 ] frPES Bty !
temperat r ahasel
was wastiod ! %%%ﬁmﬂb%%?ﬁ%ﬁéf%@ﬂ%%% ﬂfi“%%ﬁéé‘%@ﬁ?@ .
e e e et N e 2

8%%’ aspwifiedsavillashshd slyematwgraphy (RGN MeQEMNbCxture

give 9 g of the title intermediate_as an oil (75% yield).

Anai%&&{mjg%@dm@ﬁﬁ@ Eyxié thzgq%ﬁlggxpﬁfgﬁg}&%ﬁonsumed as indicated

oft (L t8-Meth lanainapchyk Qlidinidwet 22odbtd manw@@etmmmamm
stirréd solution of the intermediate from Step C (9 g, 17.6 n
%dgxa a%x 0X} e so utmn

aciBE?O FAI0) iehifer ArtfoBerOMmD Hh e WAL SO PR CIor TS

Car?%% %@&&\f}%}lﬁ@%ﬂﬁﬁﬁd Miﬂﬁibﬂiﬁéﬁydéﬁmdﬁdiﬁnﬁaﬁhﬁhtﬁéﬁﬂvw%about
we m e reaction mijxture fl h d with th
e R e S

ays at

10 roopniempesaimaml Higtieapiopinixive: was Jittefdered rmfﬁgm@éﬂt@te was

15

washlng with acetic acid, and the oI
preSeiFdeq A r@tfﬁ?’ﬁ&g regidue wis ;UI’I Wa%égéggg ﬁg# %)urg é{fﬁ%Z

g oEitbtﬁdiﬂmedmnmamdrﬁs) itsdoise triffaniohyeticraridcentbivediendalsiash with over
(SSNEN el DRBME 1A 425 (MRS Aleimallett e

tltle8 oun repared as follows: Step A - Preparation of
8- (NiBanyhethamétiyiaininbostareiiol BromevBlemigseaie-Eoe the @piso

mL flask was har : [
R B R DNy B e By P TR
67mmol) &g aceopiodect 150 Myiw%snr@a&mh(h%%ﬁewmgﬁ%d%ﬁns

35-40, G larab. Jha sqlidmaiesiahwes thenfitered padihedilaie-bhL) amd -

the resulting mixture was stirred overnight (155 h). The resulting precipitate was

isolated by filtration to give an off-white solid (ca. 3.2 g, »95% purity by HPLO).

20 Methanol (15 mL) was added to this solid and the resulting slarry was stirred at 70 °C

overnight (15 h). The slurry was allowed to cool to ambient temperature and a white
solid (~ 2.6 g, >99% purity by HPLC) was obtained afier filtration. To this solid was
added ethyl acetate (30 mL) and 1 N aqueous sodium hydroxide (25 mL). This

mixture was mixed until two distinct layers formed and then the layers were separated

75 and the aqueous layer was extracted with ethyl acetate (20 mL). The organic layers

were combined and dried over sodium sulfate (10 g). The sodium sulfate was
removed by filtration and the solvent was evaporated in vacuo to afford 1.55 g of the

title intermediate as an off-white foamy solid (58% vield; >99% purity by HPLC).

B



WO 20051003090 PCT/US2004/018813 was distilled to an oil under high
vacuum to remove excess N-benzyl-N-methylamine. The residue was
dissolved in 150 mL of MTBE and washed with 15% ammonium chloride
Vap enofim 100 mL), brine (100 mL), dried with 20 g of sodR§ifyBtAeate® 18813

filtered and distilled under vacuum to give 13.2 g of the title intermediate
as an oil 5 (79% yield). From 8-Chlorooctan-I-ol: A 2-L flask was charged
with benzylmethylamine (270 g, 2.23 mol), sodium carbonate (157 g, 1.48
mol), sodium iodide (11.1 g, 0.074 @%ﬁécplorooctanol (122 g, 0.74 mol)
and aeetonitrile (1000 mL) and the resulting suspension was stirred at 80
C for 20-30 h. The reaction mixtureSyrtderie®fl0 concentrated to a volume
of about p0Q.mL RtV et £ d&k98Rde
mL) Were? g néé@ﬁ?é B%%%%%%ggﬂogﬁf i“gg%%% Iz;llly;#)h%vﬂf}ghed with

5 water (Sogtmuf}w BN T E R 4N o A hywlaaninedocts 2fon under

vacuum 1o grayide. a0, aibAad the wlaatd R AR TROUSE A9 llded (o &

distillation under high vacuumto remove excess benzylmethylamine.
N eSO TR TR0 Y WA 5 e 3 PG o™

and this,selulior coneany aled i mdistitatian-ynsemhjgh 3Bauumioreaction
provide an oil. The oil was dissolved in MTBE (1000 mL) and the resulting

solaisATR e sheh Sa TRt (rd BoBdiRsnsaRlEdD S RRe T RepRiRTe: The
10 sodigmssulfate bR 0k dilered ensicRaaanitaied: bydisiitationoeaftdided

the title compound as an oil (178.g, 96%.yield, >95¢ ity)..20 Step B -
Prefyaratisn ﬁ?%ﬁ%@?@ﬁﬁﬁ’f&%&fﬁ@%ﬁl%@ﬁ%- 4@2@% I%zr%i%rgg OrGamc phase
Estenfvial-mviflaskenschaigediiththerintiamsadiate frem \Stepial(2.0
g), DABCO (6.72 g),.and MTBE (100 ml). The reaction mixture was .
cooﬁ’é’H‘TBdg‘fo‘@S?éde?f%’éMs%?ﬁ% 155 i SqRsEinned Eﬁ'%ﬁféﬁi&?? %Sefﬁ“é%‘“
ml. rehMT B svas added-atmdbyGnilins MEBIHE 01 intlyevascasideiba dic
room temperature for 2.h and then heptane

15 i G e e T T s LSRR,

trate was disti vacuum to give C
of thigttitte imtecmediate aluancoile@98 pietduye30 afford the title intermediate as an
oil (~100% conversion).

Analytical Data; MS m/z 250.3 (MH").

20 Step B — Preparation of 8-(N-Benzyl-N-methylamino)octanal

Dimethylsutfoxide (22.71 ml, 320 mmol) and then diisopropylethylamine
(55.74 mL, 320 mmol) were added to a stirred solution of the intermediate from Step
A (20 g, 80 mmol) in dichloromethane (200 mL) at -10 °C. The reaction mixture was
stirred at -10 °C for 30 min, then sulfur trioxide pyridine complex (38 g, 240 mmol)
25 was added portionwise. The reaction mixture was stirred for an additional 1 h at
-10 °C and then water (200 mL) was added. The organic layer was separated and
washed with water (200 mL), brine (30 mL), dried over magnesium sulfate and then
concentrated under reduced pressure. Toluene (100 mL) was added and removed
under reduced pressure to afford the title infermediate as oil (~100% conversion).

30
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WO 2005/003090 PCT/t1IS2004/018813 Step C-Preparation
of2-[(S)-1-(8-N-Benzyl-N-methylaminooetlpyrrolidin- 3-vll-2
2-diphenylacetamide A 1000 mL flask with a nitrogen inlet was charged

wyithethheistarmediate from Step B (16 g), PCT/US2004/018813

5

10

2,2-diphenyl-2-(S)-pyrrolidin-3-ylacetamide (10 g), 5 diisopropylethylamine

(10.3 g) and acetonitrile (200 mL). The reactlon mixture was strrred at

45-50 C fteg@h- 2ig @ ‘ A eitidenmacct

mixture stirr, %%td’o mtam era(tlure for2 hours tert Butyl methyl ether

(300 m L)%ﬁﬁmmer’f{'%ﬁg-r%m added and the MTBE layer was

se parated\amdnttasdﬁmmmtbmésznlswmﬁ Eneptaet Mrd gad 2 250
e B SRR 40 yastE IR (it 250

ma enba Wlt ammonium hydroxide solution to

pHm}L)ZwIm@bagr eta}dqea@detragférfmra@men Sﬁﬂaaeréeaﬁﬁtﬁxrhm@@?%é% &

mL) and t 3 QFJ\H@ {243 at room
B e 9qr

theteml@m'ﬂettrfﬁ@d‘idte E@@ﬁr@me@wwé&r)dflﬁééeﬁé@ PHFAIHS ‘?w"&%t“n“ﬁ‘é od

°°ﬂgttﬁ%%%tﬂé&dﬂrmﬁtte/t@ﬂrergmmmmagaamaomr% and

potassium carbonate or sodilim carbonate can be used in p gce of

diiseprespiieiasy rien Ecdrr oSy SBERTRSTRIRINCHTS BEHIFIRY (e

reag%gg gﬁ /M@ RasationciR 8 )t 8riethaminanciiéimediate
rrolidin-3- | -2 drphenylacetamrde A 250 mL flask was charged with

the %fé’rﬁtb@r%ft’eﬁﬂ%ﬁi Step C (24 g), palladium on carbon (10% palladium

on carbon Ayt &QY¥DNatenS Bap1 isogvapanol (160 mL) and 3 M HCI
solution (30 mL). The reaction mixture was degassed with nitrogen and

then was hydrogenated (45-50 psi) at room temperature for 16 h The 25

to a volume of a out 50 mL. The residue was drssolved in I N HCl (200
mL) and loromethane (2 x 100 mL). The aqueous layer )
was ad justﬁﬂat@tmlddxdiﬁthyx afldin dntammenioric oy Biroxid @ #a d teepmol) in acetic

extract 150 L %,
wasfl"rc %v%ﬁm%ter mrf)gmt}rlneg('3 ]‘%8 %@d%%%ggg E%%ﬁr%%%) U |%?é” :
(30 @OOfﬂtgrenﬁamdazﬁstmedctmmﬁmmmwﬂée Ghdeethfgl vapulhketsaction
glvemg'x SBQV%fS ‘f’ﬂ%ﬁ'&!ﬁ&%‘}ﬁ%&% @glje(gotﬁ/ﬁ%@nd then placed under a hydrogen-

20 containing balloon for 3 days at room temperature. The reaction mixture was filtered
through Celite, washing with acetic acid, and the solvent was removed under reduced
pressure. The resulting residue was purified by prep HPLC to afford 4.02 g of the title
compound as its bis-trifluoroacetic acid salt, which as an oil (35% vield).

Analytical Data: MS m/z 422.2 (MH").

25

Alternatively, the title compound was prepared as follows:

Step A — Preparation of 8-(N-Benzyl-N-methylamino)octan-1 -ol

From 8-Bromooctan-1-ol: To a 250 mL flask was charged N-benzyl-N-

methylamine (24.3 g, 200 mmol), potassium carbonate (28 g, 200 mmof), 8-

30 bromooctan-1-0l (14 g, 67mmol) and acetopitrile (150 mL). This reaction mixfure

was stirred at 35-40 °C for 5 h. The solid material was then filtered and the filtrate
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-63 WO 2005/003090 PCT1US20041018813 Alternatively, the title
compound was prepared as follows: Step A - Prenaration of 8
8-Dimethoxyoctanal A 1 L flask was charged cyclooctene (50 g), methanol
W@sQomilopamd dichloromethane (250 mL). Ozone was bubbled-intezhenissis
solution at -70C for 8 h. 5 Toluenesulfonic acid (3 g) was then added and
the reaction mixture was stirred at --70 C for 6 h. Sodium bicarbonate (20

g) Was themaddes an duihef £ gle Hatumixiv Eerrﬁiii’d‘edofﬁls ahbadzﬁiic&haﬂeﬂ}yiramne.
-60 C. Finally, dlme flt ) ed.at - e reactlo
mleﬁ'reerWﬁ%f”%ﬁl ]§§ }qa \g@% ?ﬁwlaﬁe So | ?Lato Rad St
forragierivasdittesedzan d()fﬂ)lhlﬁtyg was ¢VapoBtedial eitTHe Oifwadiun sulfate,
dissqlved 10.i hloromethane (300.m h i
pica AL L o LR A g o e e i o

5 theméﬂeﬁ@&)er sodium sulfate (50 g), filtered and distilled to give 60.3 g

f the title,int t armine
st kB gl e e e G S
flastefing, eidrged withiRrecaibpiesiy 5 (3)- bﬂﬁmaﬁh@@m&é@émm@%% 0.074
mlxturgd'é””&ﬁ%&&li@f‘a'z@gl @ranGAighoromethang d89:mbhaaehtissuling

was stirred at roonmt temperature for 1 h. Sodium

triacetosytiororaditied 389 §F g Ot Hrrrtrel peaBiion misatieevas
10 Stirrgg, at £oom IS TPAIRNTE: IHotAsto A Bl QO BH S A SQRWIB-buty] methy]

bicarbonate (350 mL) was then added and this mixture stirred for 0.5

houssher REOMYl wereaddphr e AR Frievst s teeasrariisd axdragrbed with
with, dighiesomeshang (2@ maldehenGRm @Uﬂ@@rﬁ@@@ﬁ?@@iﬂﬁﬂ@rﬁﬁﬁdﬁﬂffhcuum

was concentrated to a volume of about 20 mL, filtered thr a SI ;.lgh

padPIoyjda fsnedamt %@@%éﬁﬁ@%‘?‘?ﬁ%ﬁ?&%me H gty

The\REAHClLSRIHERNNASIIEORHAISthZ MO an;mtmatjsy,emlimas (300 ml) was
0
dissolved in 50 mL of acetonitrile %pﬁgld stir %ed with 1% HCI gtllln)afor 16

3
I5houtlerrpidshila e Waaiinae' b SBYSRIRESR ALY hader
28% R menitimoydraxide salutrm @ndsm m@muewmﬁ (\m@mz) )md the

100 mL), The MTBE layer w |th ne( ried oyers
sodATTHENRARUTEEB Bia taéSPe Evéin% fAtra gw e(% \lféeclﬁgr% to glt\%/le?e g’

g of mmﬁeuﬁmm@dlgieﬁwmn a@ih(eavatyithy)distillation to afford the tﬂ:le
compound as an oil (178 g, 96% yield, >95% purity).
20
Step B — Preparation of Toluenesulfonic Acid 8-(N-Benzyl-V-

methylamino)octan-1 -vl Ester

A 250 mL flask was charged with the intermediate from Step A (10 g),
DABCO (6.72 £), and MTBE (100 ml). The reaction mixture was cooled to <10 °C
25 and a solution of toluenesulfonic chloride (9.2 g) in 60 mL of MTBE was added at <
15 °C. This reaction mixture was stirred at room temperature for 2 h and then heptane
(40 mL) was added and the mixture was filtered. The filtrate was distilled under

vacuum to give 16 g of the title intermediate as an oil (99% yield ).

30
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- -64 WO 2005/003090 PCT/US2004/018813 Step C - Preparation of
2-J(_S)-1-(8-N-Benzvl-N-methylaminooctyl)pyrrolidin- 3- 1y 1 2
2-diphenylacetaniide A 100 mL flask with a nitrogen inlet was charged
Withwieimeermediate from Step B (3 g), N-benzyl-N-methylariirieseol/ ¢pssi3
and dichloromethane (20 mL) and this 5 mixture was stirred at room
temperature for 1 h. Sodium triacetoxyborohydride (3.18 g) was added
and the r%@ﬁm% B - O & 3 YiED] 4 Al i
reaction Wasliheg gt;enc}fedt%ﬁgding 50 mL of 5% HCI and the resulting
mixture was stitre ; . The layers were separated and the
aqueous laysivad. iashedhwithitdighicriehetirasier@2d with IRhistagoedbis from
layer w. jus H> 0 In 9 iy hydroxide and
extgtgﬁg @%M%gp(%?(ykég‘#E?@%ﬁréngrfgcr{%‘ggl\%é grsg)dlution was

5 washsdpniftylotine(IOO(ME dried withosddier2 0 mzke TIo mraiinsrewdg was
consentipleea pived . of Mg e ieesials po AR Al idE iRl mixture
Usmgniﬁe procedure described in Step D above, this intermediate was
conviénmthintothteniterdorm fouhbows. ArerRaivaretibotie CONsdufadvyeter

preg@é@ %@?&?@%ﬁ@éﬁ%@ﬁ@ﬁ@]ﬁ fapic agiskself upinehihedfaligninr (2 x

procedure: ’Step A - Preparation of 8-(Ntent-Butoxycarbonyl-N-meth
laarhifio)Botaitben AHCK sk WaIERarbRuafEPus layer was scparated and

10 8'(%5@9&‘1@{1%@%320}9%1@)(@%%& 20 R0 HRy isoprananabEea
mL), 2 N aqueous hydrochloric acid (100 mL) and activated carbon ((15 > T
DAREy i oheipasaIfHg ixthie WS SRR 475D HtE TRE'
mixiyrepnas them filleyeshtasemoye heaetyategentionant (thedijrbtiae

was added palladium on carbon, (5 g, 1Q%. dry weight). The resultin

mixfaR0 Wi dBgh SLsESRiE e %%%iﬁ%}a%ﬁ'%}g?’?ﬁg# B g0-5 g of e

hydragenianddhenihe mixius waki RS hydiege tdtadaotion Rarbshakdrestd in

20-30 psi hydrogen for 12-24 hours. The mixture was.then filter Lo
15thro{)fgﬁlaﬁ’26péfﬁ’§ BEERHE 5 "&e%n‘gg(r?trlg 'ea(;i By (éylaéshbﬁ%%ocﬁr ltﬂ)o0 %%%8{[&%%“““

of abpwbAe &k bisepidpatel(@0imipyosishytedarddistsolliiosdias iodide

?ngLaI‘r‘i]* F%'(;Qggé] fr}gtt%c{ht%yr éjajatll(l)@}}ggmwrleqler vacuum to a volume of about 100

Step D - Preparation of 2-[(S)-1-(8-Methylaminooctylipyrrolidin-3-yl]-2.2-

20 diphenylacetamide

A 250 mL flask was charged with the intermediate from Step C (24 g),

palladium on carbon (10% palladium on carbon with 50% water, 5.3 £)), isoproparnol
(160 mL) and 3 M HCl solution (30 mL). The reaction mixture was degassed. with
nitrogen and then was hydrogenated (45-50 psi) at room temperature for 16 h. The

25 mixture was then filtered though a Celite pad and the filtrate was distilled to a volume
of about 50 mL. The residue was dissolved in 1 N HCI {100 mL}) and washed with
dichloromethane (2 x 100 mL). The aqueous layer was adjusted to pH > 12 by adding
ammonium hydroxide and then extracted using MTBE (2 x 150 mL). The MTBE
solution was then washed with water (100 mL), brine (100 mL), dried over sodium

30 sulfate (30 g), filtered and distilied to oil which was dried under high vacuum to give
16.5 g of the title compound (91% yield).
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procedure was repeated two more times to give a solution containing 8 30
methylaminooctan-I-ol hydrochloride. A 1-L flask was charged with the
8-methylaminooctanol hydrochloride -65 WO 2005/003090
VRTRAIERBOBY 1018813 isopropanol solution from above andR§iEMAIHIIBS1L3
(3_0.3 g, 0.30 mol), and to this mixture was added di-tent-butyl

dicarbonate (48 g, 0.22 mol) in portions. The resulting mixture was stirred
at Iroom t?smt?@mivmg fﬁrﬁi{ﬁahanpbthﬁmtkmmp@m@' ag/&glosoncentrated to a
volume of abo mL. Wa 0 | acetate (400 5 mL
were addgt‘f% dthis HEon O%r éz&mn% mlnutes The(organlc Ia)Lyer
was thenpsemmmmwgshewmbmat@@(sbmm@n@rﬁa@(@éo L),

dried o?éP'}t'F H%%%%%Q@&%%%QB{Q%%%%HGQ%{ VAPUUR O,
affor & com oun asa light yellow oil, (40 g, 77% yield, -95%

5 purity)ud@sStEpiB actréngrasthon Télad aadahs Aespiiongefture was stirred at

8- (N ferBurg sy calbpry bl et x'@g@gsq;agteﬂeﬁ%wetﬂaadaﬁemeamlme
solution e product rom Step A (5 20 mmol) and DABCO (3 13% ¢
el a

2 8stimed foinanadgitioag ﬁnn)iﬂ/véQ c@olEﬂl%BYaﬁauﬁtM e (56§3I‘§ﬁ6 Add
OfD uengsuanvh SRIRTAS{A-2:8s 22 PmeRdehMERFA0-1b) Veas. atiebrid

while malntamlng the temperature of the reaction mixture at

ot Sy SIS ORee HSH S G BTN AR I STV
10 Waign(Ga0midmas (andad)and thamsikuig wasslimadiartidmiminoleson (2 x

The organic layer was separated, washed with water 100 b

T b AR el A ke
oil. ER-RIERE diFNBRRIRERR @@.Z-é(ﬁ)hk-trtﬁ%fﬁﬁhﬁdﬁﬁx)aemmvm\l% yield).
methylamino octylpyrrolidin-3-v11-2 2-diphenylacetamide To a 500 mL

flask was added the product from Step B (17.68 g, 43 nnnol) the product
from Prepgration Pp{dugtids slmply)-disoprapyisthytentide (Helh8¢- 128

25 mine]) ang acitonltrllg (100 mL). The resulting mlxture was stirred at
360 Cto 6 rs and then cooled to room temperature. The
solv_e nt was rédusiediisk vasubaaged iwishrapydiabenate (DO Rlidas adgetpmide
to d'&sé) Ig\s,e y}f {arr% %%yg Qanal (2.1 g), and dichloromethane (20 mL) and this mixture

was stirred at room temperature for 1 h. Sodium triacetoxyborohydride (3.18 g) was

added and the reaction mixture was stirred at room temperature for 14 h. A solution
20 of 5% sedium bicarbonate (350 mL) was then added and this mixture stirred for 0.5
hours. The layers were separated and the aqueous layer was extracted with
dichloromethane (20 mL). The combined dichloromethane solution was concentrated
to a volume of about 20 mL, filtered through a silica gel pad (10 g) and washed with
10% methano! in dichloromethane (100 mL). The product solution was concentrated
25 to an oil and the oil was dissolved in 50 mL of acetonitrile and stirred with 1% HCI
(30 mL) for 16 hours, The mixture was made basic to approximately pH =12 by
adding 28% ammonium hydroxide solution and then extracted with MTBE (2 x 100
mL). The MTBE layer was washed with brine (100 mL), dried over sodium sulfate

(10 g), filtered and concentrated under vacuum to give 3.8 g of the title intermediate

30 as an oil (93% vield).
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resulting solution was washed with water (100 mL), saturated NaHCO3
solution (100 mL), brine (100 mL), dried over MgS04 (5g) and filtered to
afford an orange solution. 30 A silica gel (115 g, 280-400 mesh) pad was
Vpterapedtetlvith 400 mL of isopropyl acetate containing 1% REi&HI80HIHES 13
following by 250 mL of isopropyl -66 WO 20051003090
PCTIUS2004/018813 acetate (th
diameter &tegl EbokehsRionpi2HOKH Bdily SR ANBIOCENONYITS

mL in volgmgzﬁgi!%%gggcg{'ggﬁﬁg onto the pre- treated silica pad and

eluted wi yl acetate nil,) and then with 20% isopropanol in
isopropyl Adéatel( fodowiih)a Tive gratilet Yrarthmsehardhdbriplisatedian dom
co tQ;¢ the, tif ByER | Bthakd VoVi€1Y and this
97% gg&ﬁgﬁg’sa‘é%f%?lpﬁanon 01% %%%ﬁgﬁ&g%\%ﬂa‘l %@ﬁlﬁm.
5 ninoGERIYYRFCHATAdSh ARSI ITBRERYIE dRidhidSadaphHARE peyporohydride (3.18

5-disWionisAeich Salt 10dR 2000 llaskwas added:iferpradyet from The
Step C (9.88 g, 19 mmoal), 1,5-naphthalenedisulfonigig}ci tetrahydrate

(13168 0B A5 e RRFRSI RO BAHBE 2 Ftbiffmy =08 WA Fa P INeE TFRiLe

MixgreWasiieaterHan8d Enforadele bdiossarihansiondyeoatecligeroom

temperature over a 4 hour period and then stirred at room t%n‘t}#e%%tur%@rlg
ik

12 tersheh o dehlovasiting $ON @ ivhs Mt A AR WES A W
10 ISORRORRRGS SONaIBIRGIAN Nyatexily selumea(0xih MifBiZed dddek). The
vacuum for 10 _to 15 haurs at roo mperatur ive the title,c .
e N EE T 5, SR R ot Ly PR Rl B
can( be ) terddusitiedhyiteédliowing Paretitketiffoiataried aiskenasoil (75%

added [%2%]1([ -methylaminooe gp reolidin-3-y1]-2,2- -
dipﬁ'éﬂéa A Cepﬁgcb%: rgle%sé:?% 1(%5%% oﬁg%a%%iﬁﬁ%g%ﬁe&%%ﬁas
nnnahaacdisgaprbpaitelcontaimihg 3% water by volume (637 mL). The
resulting slurry was stirred at 80 C for 2 hours and then slowly cooled to
room temperature and then stirred at room temperature for 12 hours. The

resulting cAistallifeckalthwag fitvateelndasheeepiterisd Propanehisoe )
and HenIeR MR ACUHPTARCAN BARR QR0 25 hours at room

temperature to give the title compound as a white, crystalline solid (20.4qg,
96% yield)Step A — Preparation of 8- N-tert-Butoxycarbonyl-N-methylamino)octan-1-ol

A 1-L flask was charged with 8~(benzylmethylamino)octan-1-01 (49 g, 0.20
20 mol), isopropanol (400 mL), 2 N aqueous hydrochleric acid (100 mL) and activated
carbon (5 g, DARCO) and the resulting mixture was stirred for 30 minutes. The
mixture was then filtered to remove the activated carbon and to the filtrate was added
palladium on carbon (5 g, 10% dry weight). The resulting mixture was degassed three
{imes with nitrogen and then twice with hydrogen; and then the mixture was
25 hydrogenated on a Parr shaker at 20-30 psi hydrogen for 12-24 hours. The mixture
was then filtered through a 20 g pad of Celite and concentrated by distillation to a
volame of about 100 mL. Isopropanol (200 mL) was added and this solution was
again concentrated by distillation under vacuum to a volume of about 100 mL. This
procedure was repeated two more times to give a solution containing 8-
30 methylaminooctan-1-ol hydrochloride.
A 1-I, flask was charged with the 8-methylaminooctanol hydrochloride
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-67 WO 2005/003090 PCT/US2004/018813 Example 2 Synthesis of
2-[(5)-1-(8-I sopropylaminooctyl)pyrrolidin-3-yl]-2,2-diphenyl acetamide
Step A - Preparation of 2-1(S)-1-(8-Hydroxvocti)pyrrolidin-3-vi1-2 2 5
VdipHerpidtstamide 8-Bromo-I-octanol (2.51 g, 12 mmol) in aRetaritfitd/ {113
mL) was added to a stirred solution of
2,2-diphenyl-2-(S)-pylrolidin-3-ylacetamide (2.8 g, 10 mmol) and
trigtbytapaing {GabmipaGimmeci)drirataybmitiie (903 ral (. 2 1Ol amhio this
reaction XA a2 NeRIG A1 286 A1 1,299 hen Raled asrmhient

temperature. solvent'was then removed under reduced pressure.
Theoriide residuewsastitisdohegniteathgiagvstie X Sdorril thamthgexture was

organic bhase was washed Wil SeHledagUaous neopinmbigrRanateo

(50 mL), dried over magnesium sulfate, filtered and concentrated under

5 redubpwereekigreanmibie o o ctiwed BudficyBystalhe organic layer was

Chrtﬂ_g% Or AR PIHERLI RGN ME RN Ok QMM L)) GiviedLog NE,SO,
the title intermediate as oil 15 (44%gggeld). a,t@er%B -Pre#)?ara ion of

2-1((8) e (Blod sex pyersITaiesd tudep verppery affatd fyatie compound asa |
Dinigtinyisulioxiae b 577k 2L 15396 Pufayipwed by |
diisopropylethylamine 20 (3.85 mL, 22.1 mmol) was added to a stirred
solution of the intermediate from Step A (1.8 g, 4.4 mmol) in
19 dichloromethane @épmiiat & Colibe-reactionmixiidre-(asrsBued atlGE1-N-
for 15 min and then sulfur trioxide pyridine complex (2.1 g, 13.2 mmol)
was addedEe re was stirred for a further 2 hat -10 C.
Water (5@ynkyand Diedd(56sidoneriiaddeduanttdmeStnyanit. layciowasol) and
separated and washed 25 it rated gqueous ium-bi Q
R At hhied SEB N C p  SRR W EL e
bring (@R ) Tiacosgaiaybyidoridas #g dfecmvkin MAFHEE0msufateadded
and concentrated under reduced ure 1o ghihg title T4
B S e

resulting solution was then stirred at room tenaperature for 2 h. Water (100 mL) was

added and the mixture was stirred for 15 minates. The organic layer was separated,
washed with water (100 mL), brine (100 mL} and then concentrated by distillation to
give the title compound as an oil.
20
Step C — Preparation of 2-{(8)-1-[8-(N-terz-Buioxycatbonyl-N-

methylamino)octylpyrrolidin-3-y1}-2.2-diphenylacetamide
To a 500 mL flask was added the product from Step B (17.68 g, 43 mmol), the

product from Preparation 1 (12 g, 43 mmol), diisopropylethylamine (16.55g, 123

25  mmol) and acetonitrile (100 mL). The resulting mixture was stitred at 60°C to 65 °C
for 5 to 7 hours and then cooled to room temperature. The solvent was reduced in
vacuo and isopropyl acetate (100 mL) was added to dissolve the residue. The
resulting solution was washed with water (100 mL), saturated NaHCO, solution (100
mL), brine (100 mL), dried over MgS8O, (5g) and filtered to afford an orange solution.

30 A silica gel (115 g, 280-400 mesh) pad was pre-treated with 400 mL of
isopropyl acetate containing 1% triethylamine, following by 250 mL of isopropyl

— 66...



WO 2005/003090 PCT/US2004/018813 Step C Preparation of 2 [(S) 1
.(8-Isopro.uylaminoocW)rn rrolidin-3-V11 2 2- diphenylacetamide The
intermediate from Step B (40.6 mg, 0.1 minol) and isopropylamine (10.2

WO RUAF0HBIBI) in 1,2-dichloroethane (1 mL) were stirred at rd&iUS2004/018813

10

15

20

25

temperature for 1 h 5 and then sodium triacetoxyborohydride (35.1 mg,
1.5 mmol) was added. The reaction mixture was stirred for 16 h and then
thexsalve thuvdEcepbpatiisidoter edured prasstaemiidresidecmas height).
purifie HRLC to affor itle g0 Its Digsdrifiuenoanglioacia-
salr#. R?]ia%yy t|eca Oﬁa%%a?ﬁ%agr?tfgﬁggsi( I\%—?gyﬂ%ﬁ%?}%?ﬁi d!iorog(:[ed u_res(a[1 %
deseribddiliesgimiand cheedppith primtemtbrerigtai4ld mis) arampBuLiie
shown,in, Table V. ywster repalertiobais. I\ nd HEd G ammuad-dSoombined
2-[{3@10-%%‘3%ropj?)lylyg}%%ooctyl)%yrrolidi?f—?;-yl]-%,2-u450.2 e
diphehytacsataniidéopiiord the title compound as an oil (17.16g, 77% yield, 97%
2_—[ - ?(_S-Cyck_)propylaminooctyl)pyrrolidin-3-y|]-2,2- 448.3
diphenylacetamide 5 2-[(S)-1-(8-Cyclobutylaminooctyl)pyrrolidin-3-yl]-2,2-
462.2 diphenylacetamide 20 6
3;[(?)-11@1 @Qﬁ%@_d £ mineoety el Zhaock olidin-3-v1]-2.2-
iphenylacetamide 7 2-[(S)-1-(8-E i idin-3-yl]-2,2-
dighen;la@@@#ﬁ@é@aml&e %\Tap thalte%%[%@!gios%%‘tg | 1&%[2?‘ Iat3 yl]-2,2- 436.2
2-{(S)-1-[&¢2r rtysiraxy ey iaaminoed insodlici k@rylc, 2 @53.2, 19 mmol),
diphenylacetamide9 = =~ . = 13 18 1 and i !
2{(%?@?@}#5%‘?4%?8&%%5PE?&%S‘Z%?F\% ct’;?l?p%irrolfafﬂ? ) i gsopropane

3-yBodi2rdipiEnylacatarsidal )0 This mixture was heated to 85 °C for 3 to 5 hours,
2-{(S)-1-[8-(1- -2- [ idin-3-
(L1 (L Hygroxypron: Zuhaminoaey Iy QiR a8 fen stirred at room

temperature for 12 to 24 hours. The resuliing solid was filtered and washed with

isopropanol containing 3% Wéter by volume (400 mL) and dried under vacuum for 10
to 15 hours at room temperature to give the title compound as a crystalline solid
(12.59 g, 95% yield, ~99% purity).

If desired, this salt can be further purified by the following procedure:

To an 1 L flask was added 2-[(S)-1-(8-methylaminooctyl)pyrrolidin-3-y1}-2,2~
diphenylacetamide naphthalene-1,5-disulfonic acid salt (21.4 g, 30.1 mmol) and
isopropano} containing 3% water by volume (637 mL). The resulting slurry was
stirred at 80 °C for 2 hours and then slowly cooled to room temperature and then
stirred at room temperature for 12 hours. The resulting crystailine salt was filtrated,
washed with isopropanol (600 mL) and then dried under vacuum and nitrogen for 16
hours at room temperature to give the title compound as a white, crystalline solid

(20.4g, 96% yield).
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yl }-2,2-diphenylacetamide -69 WO 2005/003090 PCT/US2004/018813
Ex. Compound ms, 11

2-{(S)-I-[8-(S)-(1-Hydroxyprop-2-yl)aminooctyl]pyirolidin- 466.2

VE\ALe/BdRghenylacetamide 12 PCT/US2004/018813

10

13

25

30

2-{(S)-1-[8-(2,2,2-Trifluoroethyl)aminooctyl]pyrrolidin-3- 490.2
yl}-2,2-diphenylacetamide 13
2-[(S)-1-(8-Benzylaminooctyl)pyrrolig#a@pig] 2, 2- 498.2
diphenylacetamide 14 2-[(S)-1-(9-i @gru@nonyl)pyrrolldm -3-yl]-2,2-
NAt diphenylacetamide 422.4 5 27 2-[(R

(8- |V|etM(Mr@dsqﬂ)pw‘blmin@%ﬁﬂih’?mbﬂﬁ‘éﬁy”lﬁéb%ﬁ’dgh%ﬁ%@emm'de
Spectrometry: /g MMt & eb avaiabien @ Additionaiousing the-2.2-

procedures described herein and the appropriate starting materials, the
compoundiplsirispiagidsn be prepared: Table V 15 Ex. Compound 15

2-[(S)-I- (93Igq&mpylaémﬁ&r@rml)@ymﬁm@rﬁny&c%tanidmewiﬂr)amkﬂﬂetﬁo a

2-[(5)-1-(9-Prop-I- Iamlnonon rrolidin: id
2- [@@}Tid(@’@%wg gré?)wﬁ%‘ﬁgﬁ ﬁCE %g‘%?p% ﬁa?:Be“ ?n
18 g‘i&ﬁ})ﬂmﬁg@%/ Q@ﬁﬂl}’@ﬁiﬁﬁﬂpﬂ)ﬁ%@ﬂﬁﬁhﬂﬁ(@yﬁ]ﬁz 2-40°C. The reactmn

dlpheng(@cetamlde 2019 Th
2-[ (RSBmO RS by HEM S S At e e
solvent was then removed under reduced pressure. The crude residue was dissolved

in ethyl acetate (100 mL) and the organic phase was washed with saturated aqueous
sodium bicarbonate (50 mL), dried over magnesium sulfate, filtered and concentrated
under reduced pressure. The crude product was purified by flash chromatography
(eluent: DCM /MeOH/ NH,OH= 90/9/1) to give 1.8 g of the title intermediate as oil
(44% vield). - '

Step B — Preparation of 2-[($)-1-( 8-OxooctyDpyrrolidin-3-vi]-2.2-

diphenviacetamide

Dimethylsulfoxide (1.57 mL, 22.1 mmol), followed by diisopropylethylamine
(3.85 mL, 22.1 mmot) was added to a stirred solution of the intermediate from Step A
(1.8 g, 4.4 mmol) in dichloromethane (44 mL) at 0 °C. The reaction mixture was
stirred at -10°C for 15 min and then sulfur trioxide pyridine complex (2.1 g, 13.2
mmol) was added. The reaction mixture was stirred for a further 2 h at -10 °C. Water
(50 mL) and DCM(50m]) were added and the organic layer was separated and washed
with saturated aqueous sodium bicarbonate (2 x 30 ml), saturated agueous copper (1I)
sulfate solution (2 x 15 mL) and brine (30 mL). The organic layer was then dried over
magnesium sulfate and concentrated under reduced pressure to afford 1.5 g of the title

intermediate as oil (84% yieid}.
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20 2-[(S)-1-(9-Ethylaniinononyl)pyrrolidin-3-yl]-2,2-diphenylacetamide 21

2- {(S)-1-[9-(2-Hydroxyethyl)aminononyl]pyrrolidin-3-yl}-2,2-
diphenylacetamide -70 WO 2005/003090 PCT/US2004/015813 Ex.
VEbMFone022 PCT/US2004/018813
2-{(S)-1-[9-(R)-(1-Hydroxyprop-2-yl)aminononyl]pyrrolidin-3-yl}-

2,2- dlphenylacetamlde 23 2- {(S) 1- [9 (1

-Hydroxypstep 2-yPan §

2-{(S)-I-[9S)-(1 ‘ dI’O)‘%pI‘Op - yl)alnlnonorryl]pyrrolldln 3yl} 2 2 dlph |
enyIaceta.-%r}gerlg@—%/—’—1 :

{(S)-1-[9- (@R iRtErifkdariedthyl)Steprid(ihg gy foliapebynd isopropylamine (10.2
dlp&f) jE{ fgetar’q de ?22 g chlor ethan .z 1[57 Ti/ere sti J,red af room temperature for 1 h

en mlnonony yrr0| Iphenylacetan-iide 28
2 [(&&)}ﬂaéﬁdsmpmpwaﬂmmgh)pl}'r«lcl(dﬁqlatﬂ -2 Putipheraraddedmidis mgction
R RO HE B &< litheninss e
yc opropylatninooctyl)pyrrolidin-3-yl]-2,2- diphenylacetamide
31 BréeR)d - (E@wmmgmn@g@fw WL@],Q@@MI@@H@ compound as its bis-
dip acet 2
%@%f a&c?/f?g%%%fg]yémmooctyl)pyrrol|d|n 3-yl]-2,2- diphenylacetamide
33 2-[(R)-L(@ ikl B obBiynByi BB Y1]-2, 2-diphenylacetamide 34

10 2-{(R)-1-[8-(2-Hydroxyethyl)aminooctyl]pyrrolidin-3-yl}-2,2-

15

20

diphenylacetamide 35
2-{(R)-I-[BL{RY - BrarsdypTofRehahirisbety gy sty iarting materials,

2,2:lipheRylacgi’niids R6rable IV were prepared:
2-{(R)-1-[8-(1-Hydroxyprop-2-yl)aminooctyl]pyrrolidin-3-yl}-2,2-

Table IV

Ex. Compound MS'

3 2-[(S)-1-(8-Prop-1-ylaminooctyl)pyrrolidin-3-y1]-2,2- 450.2
diphenylacetamide

4 2-[(8)-1-(8-Cyclopropylaminooctylypyrrolidin-3-y1}-2,2- 448.3
diphenylacetamide

5 2-[(S)-1-(8-Cyclobutylaminooctyl)pyrrolidin-3-y1}-2,2- 462.2
diphenylacetamide

6 2-[(S)-1-(8-Cyclopentylaminooctyl)pyrrolidin-3-y1}-2,2- 476.3
diphenylacetamide

7 2-[($)-1-(8-Ethylaminooctyl)pyrrolidin-3-yi}-2,2- 436.2
diphenylacetamide

8 2-4(S)-1-[8-(2-Hydroxyeikylyaminooctyllpyrrolidin-3-y1}-2,2- | 45 22
diphenylacetamide '

9 2-{(8)-1-[8-(R)-(1-Hydroxyprop-2-yl}aminococtylJpyrrolidin- | 466.3
3-y1}-2,2-diphenylacetamide

10 | 2-4(8)-1-[8-(1-Hydroxyprop-2-yhaminooctyl Jpyrrolidin-3- 466.3
yi}-2,2-diphenylacetamide
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diphenylacetamide 15 37
2-{(R)-1-[8-(S)-(1-Hydroxyprop-2-yl)aminooctyl]pyrrolidin-3-yl}-2,2-
diphenylacetamide 38 ‘

VRO (ROSA0B9R, 2, 2-Trifluoroethyl)aminooctyl]pyrrolidin-3-yl}-2 PCT/US2004/0 18813
diphenylacetamide 39
2-[(R)-1-(8-Benzylaminooctyl)pyrrolidin-3-yl]-2,2-diphenylacetamide 40
2- %3;1- 9-Methylaniinononyl)py#aliging3-yil-2,2- diphenylacetamidg gtl
W(: I_UC_ . \JUIII[JUUIIU. ’-l-.J.'
2-[{R)-1-(2-IgSpiojBy@mihdhanylypromiditi8niic2cyl Hiphehdiacetafité 42
2-[{R)-1-(9-Piiep:Lditdweripenamylidyrrolidin-3-yl]-2,2- diphenylacetamide 43

2-[(R)-I-{3-Cyclopro nonyl)pyrrolidin-3:-yll-2 2- diphenyla¢eiginide

] R AR e

diphenyla c}t'amftc*}lg pgacetamide

2-[{R}1-[2-GyslopemyaninanonyhhyrrediditeByili2 2- diphenylagetadilde

46 2-[(R)-dfQcbidaminanonyl)pyrrolidin-3-yl]-2,2-diphenylacetamide 47

2-{{R)-1-[9-(Z-Hydroxyethyl [ ndin-3-yl}-2,2-

T RSN 22 |

2-{{R)-1- gilﬁﬁ?ffﬁﬂwa?&%prop-z-yl)aminononyl]pyrmlidin-?-yl}-

2,2 diphenyleeriamitde dlaminooctypyrrolidin-3-yi}-2,2- 422.4

2-{{R)-1-|uidbRyhQxupigp-2-yl)aminononyl]pyrrolidin-3-yl}-2,2-

diphenytacetamme 1050

2-{(R)-1-[9r(S)-(1gjyd RoRs-yDaminegenyl]pyrrolidin-3-yl}-

2,2-diphenylacetamid(§a?% e{ﬁb{ RAHSY

2-{(R)-I-[9%(2,2,2Nwifiiaiigelhy'[)aminononyl]pyrrolidin-3-yl)-2, 2-

10 Additionally, using the procedures described herein and the appropriate

starting materials, the compounds in Table V can be prepared:

Table V

15 Ex. Compound

15 | 2-[(S)-1-(9-IsopropylaminononyDpyrrolidin-3-y1}-2,2-
diphenylacetamide

16 | 2-[(5)-1-(9-Prop-1-ylaminononylpyrrolidin-3-y1]-2,2-
diphenylacetamide

17 | 2-[(8)-1-(5-Cyclopropylaminononylpyrrolidin-3-yi}-2,2-
diphenylacetamide

18 | 2-1(S5)-1-(9-Cyclobutylaminononylypyrrolidin-3-yi]-2,2-
diphenylacetamide

20 19 | 2-[(S)-1+(9-Cyclopentylaminononyl)pyrrolidin-3-y1]-2,2-
diphenylacetamide

20 | 2-[($)-1-(9-BthylaminononyDpyrrolidin-3-y1]-2,2-diphenylacetamide

21 | 2-{(8)-1-[9-(2-Hydroxyethyl)aminononyljpyrrolidin-3-yi}-2,2-
diphenylacetamide
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WO 20898t opylaminooctyl)piperidin-4-yl]-2,2-diphenylacetdthiEs2p84858813

10

15

diphenylacetamide 52 2-[(R)-1-(9-Benzylaminononyl)pyrrolidin-3-yl]-2,2-
diphenylaeetamide 53

2-[1-(8-

2-[1-(8-

Methylaminooctyl)pyrrolidin-3-yl]-2,2-diphenylacetamide 54

Prop-l-ylaminooctyl)piperidin-4-y1]-2,2-diphenylacetamide 56

2-[1- (8 Cyclopropylam|nooetyl)plperldln -4- yI] 2,2- dlphenvlacetamlde 57

2-[18-E tawmmmtm@mmmﬁ-z QLWWMBMWH@% Bk}~2-
{1-[8-(2- -@,dpdpgleth&mmrd@etyl]plpendm -4-yl}-2,2- diphenylacetamide
-14WO /UUb/UOS 9 1US2004/018813 Ex %3_ 2.0-
2-{12[%-( z g%% %;ﬁg %E} %Xﬂfa‘r)r ino (r:)i“ﬂplpe?f%?gﬂ% P%n ZQ/ il}
diphenyl
-[8](34Hy|crongprop 2yl arminnostplpipprinmnylie Tndiptiatipagatamid
63 12-{1- [32(5}1{11hbfp5g1g@@¢yﬁﬁap-2-yl)atninooctyl]piperidin-4-yl}-2,2-
dipnenytacetamide 64 Jidin-3-y1}-2,2-
2-(148-(3 2. Crinlibfochy laRtrios CRpTRER A2 220
diphenylaéé%%?ﬂ?é@@"é@l c
2-[Ir % Be r)gyd QQ%M&%H%MM&:@MWJ Qedqmdﬂﬁlaﬁﬁamlde
2-[:_ {9 Me anylalnlllUllUl|yl)p|pcllunl A= ylj 272- ulpnenélace[amlde o/
2-[1-28-190bitRy latRirononypiiserirpyTalistiibnfkcetamide 68
2-[I-(9-Pro¢3§®h@rﬁ¢ﬁ§ﬁ@ﬁ1ﬂ)plpendm 4-yl]-2,2-diphenylacetamide 69
2-[1- o JoISlf YHg2s-diphenylacetamide 10
70 2-5[ -(9¢ £ P ?@ ony plpeeﬁggrﬁﬁ -yl]-2 Z%E)henylacetamlde 7!
2_[ ]_(Q_ \V7a nh 'hl amlnnnnnul\nupe”uhl 4 y:} 2 D
30 2 [(R) 1 (8 Cyciopropyiammooctyl)pyrro11d1n~3 “yi]-2,2-
diphenylacetamide
31 | 2-[(R)-1-(8-CyclobutylaminooctyDpyrrolidin-3-y1]-2,2-
diphenylacetamide
32 | 2-[(R)-1-(8-Cyclopentylaminooctyl)pyrrolidin-3-yl]-2,2-
diphenylacetamide
33 | 2-[(R)-1-(8-Ethylaminooctylpyrrolidin-3-yl] -2,2-diphenylacetamide
34 | 2-{(R)-1-[8-(2-Hydroxyethyl)aminooctyl [pyrrolidin-3-yl}-2,2-
diphenylacetamide
35 | 2-{(R)}-1-[8-(R)-(1 -Iydroxyprop-2-yl)aminooctyljpyrrolidin-3-yi} -
2,2-diphenylacetamide
36 | 2-{(R)-1-{8-(1-Hydroxyprop-2-yl)aminooctylJpyrrolidin-3-y1}-2,2-
diphenylacetamide
37 | 2-{(R)-1-[8-(S)-(1-Hydroxyprop-2-yl) aminooctyljpyrrolidin-3-y1}-2,2-
diphenylacetamide
38 | 2-{(R)-1-{8-(2,2,2-Trifluoroethyl)aminooctyljpyrrolidin-3-y1}-2,2-
diphenylacetamide
39 | 2-[(R)-1-(8-Benzylaminooctyl)pyrrolidin-3-yl}-2 ,2-diphenylacetamide
40 | 2-[(R)-1-(9-Methylaminononylpyrrolidin-3-yl]-2,2-
diphenylacetamide
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diphenylacetamide 72

2-[1-(9-Ethylaminononyl)piperidin-4-yl]-2,2-diphenylacetamide 73

2-{1-[9-(2-Hydroxyethyl)aminononyl]piperidin-4-yl}-2,2- diphenylacetamide
WAL PUETUPBLPR)-(1-Hydroxyprop-2-y1)aminononyl]piperidin-4-J§P1s2604/618813

diphenylacetamide 15 75 2-

{1-[9-(1-Hydroxyprop-2-y1l)aminononyllpiperidin-4-yl}-2.2-

di l}%\ylacetamide 76 Compound,
2'{;. Lu‘ iy ,) (1 } :yuu.u\yplup Z yl)allllllUHUIIyljplp-@[iunl a-yly=-2,2-
diphenylbzé@nide - Tbpropylaminononyhpyrrolidia-3-yl}-2,2-
2-{]-[9-(2, Z;Egh'ﬁmﬁﬂmtaeﬁntpl)aminononyl]piperidin-4-yl}-2 2-

gl-?lf%]yl %ﬁ@ﬁé\}? Ellf)%lﬁldl noﬂyﬂ?}grgigi%]heﬁr))laéetamld 20 -73

WQ_200% 7ﬂnA1 018813 annﬁrﬁfl\vlﬂ Exampla A

CTLATUTIIOTC 7T

Synthesis (Eimmiﬁmﬁlm‘fﬁmmbnyl)pyﬂohdm— y1}-2,2-
oo¢tyl)py rmiljngﬁy&(}d]a&lﬂalphenylacetamlde 5 A 50 mL dry round bottoin
flagkwagcharged with 2,2-di nyl -2-( § -3-ylacetamide (200
mg;, ‘@)‘.‘714%’75% 1 %@%ﬂ?ﬁﬁ? ap}ﬁ% g’l%llﬁp gb?g%ed with nitrogem.
Dirhethy b aAcetasigs | mmoh was added followed by the dropwise
5 addigen ohY il g’@ﬁ%ﬁ%ﬁ@l%%dm@ﬂ%ﬂ%mﬁﬂ-ﬂﬁmaactlon mixtur

was heauegglggegg angigiored for approximately 60 hours. The yellow 1
horpegetrfeous-mixture-was cooted to TOONT [EMperature and exiracie

1.0{M6 ad kb3 M&r@@’éﬁ%ﬁ!@ﬁ@i@’iﬁ%ﬂ%ﬁ@%ﬁ%ﬁ%@h@ﬁwaﬁ%@ﬂ“ e
chlorgor 'E)ga he _ _ﬁ &%5{ 8&@1 %ﬁaﬂgﬁﬁﬂgﬁglmﬂ tage and th
i

mixgure w 13'with 1.0.0 aqueous s ium
QC]I" Qﬂln’\n

hy oxide uvuu:o iy e was therextractedwith—additionat

ethyligcetate( (R} 15- muxlwwmm@aﬁ}mmm}@wm@me%w%hed
15 yith safltadgehegimetrsnstdium chloride, dried over sodium sulfate,

filtefed ar lve the eproduct, r t
(22,3_"6’ a@g @é dg OXyprop- *y mononyl}g}ﬁglng%pyﬁgﬂg

m
g acetarm

O W
3

U

10 50 | 2-{(R)-1-[9-(S)-(1-Hydroxyprop-2-y1) aminononyl Jpyrrolidin-3-yl}-
2,2-diphenylacetamide

51 | 2-{(R)-1-[9-(2,2,2-Trifluoroethyl)aminononyl] pyrrolidin-3-yl1}-2,2-
diphenylacetamide

52 | 2-[(R)-1-(9-Benzylaminononyljpyrrolidin-3-y1]-2,2-
diphenylacetamide

53 | 2-[1-(8-Methylaminooctyl)pyrrolidin-3-yt}-2,2-diphenylacetamide

54 2~[1—(8-Isopropylaminooctyl)piperidin~4—y1]»«2,2wdiphcnyiacetamide

15 55 | 2-[1-(8-Prop-1-ylaminooctylpiperidin-4-yl}-2,2-dipbenylacetamide

56 | 2-[1-(8-Cyclopropylaminooctyl)piperidin-4-y1]-2,2-diphenyl acctamide

57 | 2-[1-(8-Cyclobuatylaminooctyl)piperidin-4-yl}-2,2-diphenyl acetamide

58 | 2-[1-(8-Cyclopentylaminooctylypiperidin-4-yl]-2,2-diphenylacetamide

59 | 2-[1-(8-BthylaminooctyDpiperidin-4-yl]-2,2-diphenylacetamide

20 60 | 2-{1-[8-(2-Hydroxyethyl)aminooctyl jpiperidin-4-y1}-2,2-
diphenylacetamide
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VEXaimiesBoSynthesis of 2-[(S)-1-(9-Dimethylaminon

10

i5

20

preparatory HPLC and lyophilized to give the title compound as its
bis(trifluoroacetate) salt, which was a white hygroscopic solid. Analytical
Data: MS rn/z 436.4 (C28H41N30O+H)+; calc'd 436.3. 20 Comparative

onyl)pyrrolidin-3-yl]-2,2-diphenylacetamide Using the procedures
described herein and the appropriate starting materials, 25 the title

Example diSynthesismofde
2-{(S)-I-8-N-(Z-Hydroayeth g -methylaminonon %%'31/ rofidin;3-yl1-2,2;
diphenyl agé{éﬂiﬁ' & X%ﬁ%pﬁ)é ‘?‘r%ﬂe hrpeozi,é1 éle%é?f%% é%}n and the
appropri fgpg}g?ﬁ &em ?’IHIQ, the title compound was prepared-as-its—
bis(tgflugroaaetate) salkwhichowaszayititndogropipepitisald ) Arfalytica
Data: M3 aplreddtecdiagalied 480.4. 10 Comparative Example D Synthes
of 2=f(S)ri=(8-Aminouetyt)pyrrolidin-3-yi)-2;2=diphenylacetamide Step A |
SATIRER i R R
diphenyladephrmndace8 9% solution of
2,21 3phenyi2 ERypiolidin dyinspiaride- (12 o- QR dymetant
diiseprepytethytamine{(6-74-mt-0-664-mofym a I 1 (vivymixtare of
acdi6fie afd DHEbyinb)weensbinieg i dinfdmeubrisayiergemite 0.00
o S ERAOAS A A LD S e Acctamide,
restiling Pextuce-Wag-geheidonithy)piperidin-4-yl]-2,2-diphenylacetamide
69 | 2 1-(9-Cyclopropylaminononyl)piperidin-4-yl}-2,2-
diphenylacetamide
70 | 2-[149-Cyclobutylaminononyl)piperidin-4-yl] -2,2-diphenylacetamide
71 | 2-[1-(9-Cyclopentylaminononyl)piperidin-4-y1}-2,2-
diphenylacetammde
72 | 2-[1-(9-Ethylaminononyl)piperidin-4-yl]-2 ,2-diphenylacetamide
73 | 2-11-[9-(2-Hydroxyethyl)aminononyl piperidin-4-y1}-2,2-
diphenyiacetamide
74 | 2-{1-[9-(R)-(1-Hydroxyprop-2-yl)aminononylpiperidin-4-y1}-2,2-
diphenylacetamide
75 | 2-{1-[9-(1-Hydroxyprop-2-yDaminononyl[piperidin-4-yl}-2,2-
diphenylacetamide
76 | 2-{1-[9-4S)-(1 -Hydroxyprop-2-ylaminononyljpiperidin-4-yi}-2,2-
diphenylacetamide
77 | 2-41-[9-(2,2,2-Trifluoroethyl)aminononylpiperidin-4-yl}-2,2-
diphenylacetamide
78 | 2-[1-(9-Benzylaminononyl)piperidin-4-y1]-2,2-diph enylacetamide

- 73—
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20 saturated sodium bicarbonate (2 x 20 mL), brine (1 x 20 mL), dried
over magnesium sulfate, filtered and concentrated. The residue was
purified by silica gel chromatography, eluting with 5%

witethayiieichloromethane, to provide 315 rng of the title inBSrEAeTAdkE0AEH13

5

10

15

20

a white solid (15% yield). Analytical Data: MS m/z 472.5 (MHO); calc'd
472.2. 25 Step B -- Preparation of '
2-[(S)-I-(8-Di-tert-BOC-aminooctyl)pyrrolidin-3-yl1- 2.2-diphenylacetamide

To a solution of di-tert-butylingjl%giﬁﬁr E@&é@l}\mg, 0.28 mmol) in 5 ml,
of DMF at -10 C as added sodiunt hydride (11 mg, 0.28 mmol; 60% in

mineral oil). 30 The solution was aiowteesioelowly warm to room

tempef%t.g(%?g 3higicahy Lﬂ%ﬁ%%@tﬁ%?rmﬁﬁsﬁ@%?ﬁﬂmmmide

(0.095m mol) in dimethyl formamide (5 -75 WO 2005/003090
PCT/US2004yoigém3omid kesmadass winehsardiofthbduterad thin-

allqued; i@ SH AL LN 4ETRE ALIE 7 O RIRIG Al dHidesTdkWeED mL), and then
coricentrated under vacuum, diluted with 10 mL of dlchlorometha#glﬁqnd db
thispriBesFeivairnrsh drihdarinated Sbitiuh? DlcEBONAHE & SELOMES

bring(dr3phiQ MidlieFed QyeniRagnesiuey suifate, diltesetnasyl The reaction
concentrated 5 to provide 120 mg, of the title intermegiigge as a white ag)l%g
(QowENERIy 2tieaig a8 Atz St ESs P TRITHIHER o0 R8s, 'Sprs o

Preparation ef 2 Rird W8sAnaisa eciyhpyreoljdinGry 2l Bxtracted with 1.0 M

dinhenylaeetamide 10 Tgo the intermediate from St 0 0.16 : o
RS AR R B o RSt e (oo Dy 13 the acidi

dichigremethane 0 #RRIethyanctthe aphttionintixtmeswadstisssdaprbbhvith
temperature for four hours. The reaction mixture was then e .

i R e A R R
sodidditiydredigieaveasa@detbsidyly Tntioptbisaichieanidla¥ive wegihin washed

Iayeri.g? %grsé rated and Was%%%rﬂ@bdﬁ%ﬂ%%?@c%ﬂ% miRicarbonatefd x

10 M Hha (1 31105 m '31}ngr| ovefl magnesium sulfate, filtered, _
coneesyivatied 1T b ¢dlsiduedaps dunifidde sygrapacany €L oabrakem i figd by
Mo BLANS. IS GRTIEQHEY 85t Rl PIRARRUC ARSIk Wbich was a
white solid.

bis(trifluoroacetate) salt, which was a white hygroscopic solid,

Analytical Data: MS m/z 436.4 (CygH, N,O+H)™; calc'd 436.3.

Comparative Example B
Syathesis of
2-{(S)—1-(9-Dimethylaminononyl)pyrrolidiné—yl}—2,2-diphenylacetamide

Using the procedures described herein and the appropriate starting materials,

25 the title compound was prepared as its bis(trifluoroacetate) sall, which was a white

hygroscopic solid.
Analytical Data: MS m/z 450.4 (CyoH,,N;O+H)™; cale'd 450.3.
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Analytical Data: MS m/z 408.6 (MH"); cale'd 408.3. 20 Assay |
Radioligand Binding Assay A. Membrane Preparation from Cells
Expressing hMI, hM2 h3 and hM4 Muscarinic Receptor Subtypes 25 CHO
WonRiNeg3pmster ovary) cell lines stably expressing cloned HuFEA0RNI18813
hM2, hM3 and hM4muscarinic receptor subtypes, respectively, were
grown to near confluency in medium consisting of HAM's F-12
supplemented with 10% FBS (Fetat:BovikEas8Y6ik) and 250 g/ml,
Geneticin. The cells were grown in@a%.§0¢§ 37 C incubator and lifted
with 2 nun EDTA in dPBS. Cells were collected by 5 minute 30 _
centriftigéfior Bt BeR-Rydenra by e hgaminperstRsabdin i ge >
C or membranes were preparegi@m@@i@%nﬁ@r membrane preparation,
cell pellets were -76 WO 2005/003090 PCT/US2004/018813

resuspen%@%ﬂ?ﬁ?ﬁﬁé@%cﬁaﬁ%&éﬂ&@Edvgi‘ﬁ}aﬁqﬂ?ﬁ?ﬁ@rftﬁ*&glﬁﬁtmms’
tisgye SHsrRtehuitiRRRNGEpa:Ais 20 BROSMNIB ZaMISISIIt Gt was a white
membranes were centrifuged at 40,000 x g for 15 minutes at 4 C. The
memﬁ?%ﬁﬁ’@%‘éﬁ@%%as then resuspended with resuspension buffer and
homogenizgs agaimwithvisePolgom disedetsiistupter. The 5 protein
concentration of the membrane suspension was determined by the

method described in Lowry, O. et al., 1951, Journal of Biocheinistry: 193,

10 265. All membranes were stofeahisaztnditadiguiz®at -80 C or used

15

immediately. Aliquots of prepared Ql\/lllfﬂlrecgg{.or membranes were

purchased directly from Perkin Elmet and stored at -80 C until use. 10 B.
Radioli Rand-Rif)din@-AsstaportsVpsoarivin Redd3idrdphpplasdinmide
hM2hM3, BV, and gV Radiqlioand binding assays ereaeiformadin.

96-well mlcrgtlter

"yt by

muscarini%g‘glgm}@oyygﬁgﬂaﬁ%ﬂ%ﬂl}@ﬁg%y GGQ- 100 JOHAWIA(SRELTIR04
target protein concentrations (g/well): tg for hM" 10-15 ]
mol) and diisopropylethylamine (0.74 mL, 0.004 mol) in a 1:1 (v/v) mixture of

acetone and DMF (20 mL) was added 1,8 dibromooctane (0.99 m1,, 0.005 mol). The
mixture was heated to 40 °C for five hours and then concentrated to dryness and

diluted with dichloromethane (20 mL). The resulting mixture was washed with

20  saturated sodium bicarbonate (2 x 20 mL), brine (1 x 20 mL), dried over magnesium

sulfate, filtered and concentrated. The residue was purified by silica gel
chromatography, eluting with 5% methanol/dichloromethane, to provide 315 mg of
the title intermediate as a white solid (15% yield).

Analytical Data: MS m/z 472.5 (MH); calc'd 472.2.

25

Step B - Preparation of 2-[(8)-1-(8-Di-ter--BOC-aminooctylpyrrolidin-3-yl}-

2.2-diphenvlacetamide

To a solution of di-fers-butyliminoedicarboxylate (61 mg, 0.28 mmolj in 5 m[
of DMF at -10 °C as added sodium hydride (11 mg, 0.28 mmol; 60% in mineral oil).

30 The solution was allowed to slowly warm to room temperature and after stirring for 2

hours the intermediate from Step A (0.095 mg, 0.20 mo!) in dimethyl formamide (5

- TE—



for hMZ, 10-20 Itg for hM3, 10-20 pg for hM4, and 10-12 g for hM5. The
membranes were briefly homogenized using a Polytron tissue disruptor
(10 seconds) prior to assay plate addition. Saturation binding studies for
Ve KD values of the 20 radioligand were performedG&Hg2004/418813
L-[N-methyl 3H]scopolamine methyl chloride ([3H]-NMS) (TRK666, 84.0
Ci/mmol, Amersham Pharmacia Biotech, Buckinghamshire, England) at
condentraticlistalbingdrtm 01001 aNrGIZO ANYW B $p Bk TOATHISERFEHYF®
deteImInANaR ALK YaluesRELGRh ATIRRM RS el i REUOMe d0D of

[3I—?]- nM and eleven different test compound 25 concentrations.

Théitbhtromethonts! s ety ansstivetivasebriersadiom Srery i (2 X

in Cik‘HHBB‘, puferanshien senRioJitied rs M sailwilio N RyEes1a dnbntrated
concentrations ranging from 10 pM to 100 M.. The a_dd!éi‘on or_die and

5 voltrrevide 178 mesehhn e pferasias RS R IvBE PYAibIRYANE 'S L
diluted tesGRmpAURGL-ant 52 4byBeMBranes-Asssysplates were
incubated for 60 minutes at 37C. Binding 30 reactions were terminated by
rapid. filtration over GF/B glass fiber filter plates (PerkinElmer Inc.,
WellesleysiMA) preripaateshiar 4 BSAREtaiplatas)werdidisegl-2Z2\WO0
2005/003090 PCP/US2004/018813 three times with wash buffer (10 nun
HEPES) to < nd radioactivity. Plates were then air dried, and

10 50 L Micrascind-aefigedchacintiation B dido@erkin Emeolneas\Wiskd sleyixture of

MA) was added ta egch well. The plates were t ted, | : :
Pegﬂﬂﬁqméﬁ‘e%ﬁﬁﬁtﬁ?qﬁ% é%icrf‘fﬁg?fgﬁnéﬁgﬁﬁ%er ( éﬁ%%%ﬁ%e@%g .3%1 on mixfure
Wetlaslaitrdd A) rddimdimopeatare érefandiyzed Brasatiieaniagrssgpsihen
analysis with the GraphPad Prism So r
By S A S S T R
valuedifior bysttdaposrddadstevdalontd el reashiedbd e lROreSir JarEes
and the K. val ! ioli ' ' alen (1 x 110
13 R P e oy aie
22(24))30961 008) K eNesiuEs Wk BlafkcarepRaGR LB HtE AR rifed
the %ﬁf{%b%ﬁfdﬁvm?ﬂ@{bdaﬁ@% Wﬁ%dﬁqﬁ@ mf@&ﬁ{%{[ﬁlﬁﬁit‘élﬂﬁ_ﬁﬂ@lﬁorometis
statistics were then converted back to K; values for data reporting. In this
assasidadbwerish yasehHfcitBd that a test compound has a higher
binding affjmg{};jgramya{ﬁcg[};%,gemm; e pommpaung of formula | was

found to have

20
Assay 1
Radioligand Binding Assay
A, Membrane Preparation from Cells Expressing hM,, hM,. hM; and hM,
Muscarinic Receptor Subtypes
25 CHO (Chinese hamster ovary) cell lines stably expressing cloned human oM,

hM,, hM, and hM, muscarinic receptor subtypes, respectively, were grown to near
confluency in medium consisting of HAM’s F-12 supplemented with 10% FBS (Fetal
Bovine Serum) and 250 pg/mL Geneticin. The cells were grown in a 5% CO,, 37°C
incubator and lifted with 2 mm EDTA in dPBS. Cells were collected by 5 minute

30 centrifugation at 650 x g, and cell pellets were either stored frozen at —80 °C or

membranes were prepared immmedialely. For membrane preparation, cell pellets were

- 76~



15 a K, value of about 0.96 nM for the M3 muscarilic receptor subtype in
thls assay. _Test compounds having a lower K, value in this assay have a
higher binding affinity for the muscarinic receptor. The compounds of this

WO PHich were tested in this assay had a K; value forP§W2TeMdtHGS 13

5

15

20

235

30

from about 200 nM to less than | nM; typically ranging from about 100 nM

to less than | nivl; and a K, value for hM3 20 ranging from about 100 nM to

Ies&th]egbﬂdmdnwshﬂﬁmmgm@mognmﬁﬁ nRholorde S tRAPOItRme disrupter
e, the c unds

valts mﬁ § 3 &?} con O% ﬁ%h S%Qﬂ%l’e]xﬁm%ﬁ*ang @‘91% §§1thﬁgf§1|§t

éss t compounds of this invention were
fo ummammrﬁ@otémmmmemmz Fhel hidrecepeisuityhrsssurmended with

assa Add| the | [
AR e ATy A s Bl
Pcwusa@mms@qzsoﬁi@ shiownare Fatilersiquiiard remined iy eamstied

de“ ﬁ&pe%n%{?o\yﬁ -@@@a}/ @ﬁomﬂ%é MBekaNaoRSEX anM)
3-H'8380.96 Comp. Ex. A-CH3-CH3818x4.72.5
x 2lﬁemer@mmmﬁxt®edﬁrom in50iqual B0-RG2C Exused immadipjodyy Aliguots of
Com B C I CH
B S S e e
blndmgemﬁnﬂﬁfl Pelatiiétsecompound of the invention. The data in Table V
demonstrate that substitution of the terminal amino group with an

additional alkyl group, such as methyl, significantly decreases binding
affinity  B. Radioligand Binding Assay on Muscarinic Receptor Subtypes hVi,,

hM,. hM., BM, and hiM;

Radioligand binding assays were performed in 96-well microtiter plates in a
total assay volume of 100 pL. CHO cell membranes stably expressing either the hM1,
hM2, hM3, hM4 or EMS muscarinic subtype were diluted in assay buffer to the
following specific target protein concenirations (pg/well): 10 yig for hM,, 16-15 pg
for kM, 10-20 pg for hM,, 10-20 pg for hM,, and 10-12 pig for hM;. The membranes
were briefly homogenized using a Polytron tissue disruptor (10 seconds) prior to assay
plate addition. Saturation binding studies for determining K, values of the
radioligand were performed using L~ N-methyl-*H}scopolamine methyl chloride
(IPH]-NMS) (TRK666, 84.0 Ci/mumol, Amersham Pharmacia Biotech,
Buckinghamshire, England) at concentrations ranging from 0.001 nM to 20 oM.
Displacement assays for determination of K; values of test compounds were
performed with PH]-NMS at 1 nM and eleven different test compound
concentrations. The test compounds were initially dissolved to a concentration of 400
uM in dilution buffer and then serially diluted 5x with dilution buffer to final
concentrations ranging from 10 pM to 100 pM. The addition order and volumes to
the assay plates were as follows: 25 pL radioligand, 25 pL diluted test compound, and
50 uL membranes. Assay plates were incubated for 60 minutes at 37°C. Binding
reactions were terminated by rapid filtration over GF/B glass fiber filter plates

(PerkinElmer Inc., Wellesley, MA) pre-treated in 1% BSA. Filter plates were rinsed

M’}”?_



at the hM2 and hM3 receptor subtypes. Additionally, the data in Table V
demonstrate 20 that removal of an alkyl group, such as methyl, from the
terminal amino group significantly decreases binding affinity at the hiM,

Ve dMB3®8eptor subtypes. Assay 2 Muscarinic Receptor PEHCEIRA &} V18813
Potency Assays 25 A. Blockade of Agonist-Mediated Inhibition of CAMP
Accumulation In this assay, the functional potency of a test compound
wathretémmineithbyasmbaer{ig the BBiRESOfteemesecohpediadioastoar-
oxqfremorinezinhibition of forskoli ' : Talr W1
I e Tl e
pe@erhadina hauidieislasddday-eraided smepehev dho Mo Boosstsben
YCE:rc{Igl%e%ol 495384, E ﬁtﬁ%ﬁWéXirﬁl@ﬁlﬁﬁ?eMk\éﬁMﬁ@ﬁ%r e.,
System with 125I-CAMP (NEN SMPO004B, PerkinElmer Life Sciences, .

5 IncYBlbsston, W), Bisshraifiasaie bl narEHEREEHSIY Bafists with
welg S BsSHAge MR ARBR anddifie oM Ty poinvRRDAS Huli Oiefo, CA)
(0.05% trypsinl0.53 mm EDDA) as described in the Cell Cultyre and
MeHsBraRE mpeitirearsRcEenSrodBbVe: TAREEAISEE RRRTHE S aetgy e
twige by sentrifuaationals BR0:Heator five anidutesisipimbsiof BS Chies-
cell pellet was then re-suspended in 10 mlL %P S, and tzgfells were
colrisaNamraien{(Heme D ERPALE EdUntel (BEHSAN oIS o8

10 Fullerton, £549. by aglameregeriifuged agpl) all6aixdgttomil fivegeomotric

minutes and re-suspended. in stirpul ion buffer to an %?E?%C%q] entration, 4
of TR 48567> % S R S A B STHA R PP S TG Was Tnitrally

disspbiet 10, atesdentuiienati4@0 M in dilution buffer (dPBS

supplemented with 1 mg/nil, BSA, (0.1 %)), and then serially_dil [

dilution bt ] %ﬁ?%@n@lﬁl r‘é‘t‘?gc)r?)%e?arﬂr}%ﬁﬁgef%r% %(%)l‘gdl\% I%%q %g‘?i

nM bRKbiserffoniydaw s ditdedriresiesinilbe sramend 16 fowadadevas found to have
oxotremorine inhibiti f I =).activi forskali

S e e R R e
50 L cells Teteatpeuds mytrist essaywwalise Tothiressey dave sy drading

test

affinity for the muscarinic receptor. The compounds of this invention which were

tested in this assay had a K, value for kM, ranging from about 200 nM to less than 1

nM; typically ranging from about 100 nM to less than 1 nM; and a K, value for hM,

20 ranging from about 100 nM to less than 1 nM; typically ranging from about 50 nM to
less than 1 nM. For example, the compounds of Examples 1-11, 14, 26, 27, and 39
had a K, value for hM, of less than 50 oM. Thus, compounds of this invention were
found to bind potently to the hM, and hM; receptor subtypes in this assay.

Additionally, the binding affinity for compounds of the formula:
25

Fy

N~ (CH,)s—N— RS

30
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compound to block oxotremorine-inhibited AC activity, 25 L forskolin and
20 oxotremorine (25 sM and 5 M final concentrations, respectively, diluted
in dPBS) 25 L diluted test compound, and 50 L cells were added to
weraeiFiligtissay wells. Reactions were incubated for 10 miRGHEEROBOEE13
and stopped by addition of 100 L ice-cold detection buffer. Plates were
sealed, incubated overnight at room temperature and counted the next
matrisigpen i FebierE werd BHGIunt lipriiaeSigaindlintiohleonter
(PerkinElmer Inc., Wellesley, MA). The amount of cCAMP produced
(pmollwell) was calculated based on the counts observed for the samples
and cAMP standards, as described in the manufacturer's user manual.
Data were analyzed by nonlinear regrggsign analysis with the GraphPad
Prism Software package (GraphPad Software, Inc., San Diego, CA) using
the non-linear regression, one-site 30 competition equation. The
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15 frozen membran€baneranthaiiod afithityenlativede (ArBREE 9 e TS RiRR-
a final target tissue concentration of 5-10 g protein per well. The
membranes were briefly homogenized using a Polytron PT-2100 tissue

disrupter & thenindable Yolemeongsy Hritgebstitution of the terminal amino group

with an additional alkyl group, such as methyl, significantly decreases binding affinity
at the hM, and hM, receptor subtypes. Additionally, the datain Table V demonstrate
20 that removal of an alkyl group, such as methyl, from the terminal amino group

significantly decreases binding affinity at the hM, and hM; receptor subtypes.

Assay 2
Muscarinic Receptor Functional Potency Assays
A. Blockade of Agonisi-Mediated Inhibition of cAMP Accumulation

In this assay, the functional potency of a test compound was determined by

25

measuring the ability of the test compound to block oxotremorine-inhibition of
forskolin-mediated cAMP accumulation in CHO-K1 cells expressing the hM,
receptor.

30 cAMP assays were performed in a radioimmunoassay format using the
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The EC90 value (effective concentration for 90% maximal response) for
stimulation of [35S]GTPyS binding by the agonist oxotremorine was
determined in 20 each experiment. To detennine the ability of a test

VWO atpHHEECto inhibit oxotremorine-stimulated [35S]GTPyS BifA@lAgHe 18813
following was added to each well of 96 well plates: 25 L of assay buffer
with [35S]GTPyS (0.4nM), 25 L of oxotremorine(EC90) and GDP (3uM),
25Hiasffydliltt ad degiyt Oynhaenttaradios Ases Oystsimieh b nddBd4NESSing

(e, MG SESRIAN-11S ASScRlalaRaiBBRIVIEHRAlEAL A e for 60

min e assay plates were filtered over 1% BSA-pretreated GFIB
filtexsnuingrarRankinEines. 96-well harvester. The plates were rinsed with

ice-cold wagh huffer for,3,x 3 sacodssand 1Ren RiteryasHUBDdliehution

Microscint-20 scintillation liquid (50 L) was added to each well, and each

5 plafie A§%istseaial AR aoradiBALY iy dsoarbed Brae Gptburiter sod Membrane

(P%ﬂgﬁﬂﬂ&{)ﬁ@ﬁ%ﬁ@&@. analyzediy BONIRRM FRGRESSIPRARAIYAIS Mftion at
the GraphPad Prism Software packa%qge 6(}C;raphPad Software, Inc., S

n,.
DIcE6, CAPLSHIGITBIH SD08 BUSb00 IS TP 0HD Hise 5 Shionded in 10
nopslingasJegrearierionRreitesRaRaliieTequatioNDhlePeiery-Pitisoff

equation was used to calculate the K,, using the ICSQ vajues. of t
coRBTEhAUBONAEAT o s HELP CRTPTIRA S g o 0 x & o

10 OXGitemPkinescanceriigiandnithaiassayoastieikto angsshyctigamttation of 1.6 x
concentration, respectively. 5 hi this assay, a lower K, value indicates that

a td&t ccﬁf?ﬁbmoc Mhigher functional activity at the receptor tested.
The comprngdtExpenplewhsiaiifdyniistolvave adnvaitietiohle540had/on
nM for blockade otremorine-stimylated T inding. i ...
CHO R B C B I L ton 6 CP S A L dfh eraly
Aganiisi-MeitintedtBalbitter Refeaboviar EbiBRiftaysadgnschiemid 00 1M to
recepntor suhtypes (M" M3 a ~rece, which. couple to G9 '
13 proﬁgnnsf\,/%c%\é//cgfee ()él IE) gg%ﬁ%ﬂ%&é%%%ﬁ%%%ﬁ%ay upon agonist
binding tothenseveptortisariesithibicivnert adentyhyoe PhRsisIRatd Bl
inositol dj hﬁgh@é %&W&W&ﬁrﬂ@@% NGl diluted oxotremorine,
phogf)%gti% Zt %ﬁ%k%ﬁ%?%e (IP3), which in 1 )turn%enlélrgte%x_garﬁ:rint?rﬁn
releaskStrovh datlaveutddetdraesanist asanpIadini BREaSEFBp Rt a test

reti%lﬂg&uﬁ]ﬁ) BHER (MAlgRHAL DEMAES ASURANME)E2 CfY) fpsiain and

20  oxotremorine (25 pM and 5 pM final concentrations, respectively, diluted in dPBS)

25 uL diluted test compound, and 50 pl. cells were added to remaining assay wells.
Reactions were incubated for 10 minutes at 37 °C and stopped by addition of

100 pL ice-cold detection buffer. Plates were sealed, incubated overnight at room
temperature and counted the next morming on a PerkinElmer TopCount liquid

25 scintillation counter (PerkinElmer Inc., Wellesley, MA). The amount of cAMP
produced (pmol/well) was calculated based on the counts observed for the samples
and cAMP standards, as described in the manufacturer’s user manual. Data were
analyzed by nonlinear regression analysis with the GraphPad Prism Software package
(GraphPad Software, Inc., San Diego, CA) using the non-linear regression, one-site

30 competition equation. The Cheng-Prusoff equation was used to calculate the K,, using

the EC,, of the oxotremorine concentration-response curve and the oxotremorine assay
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capitalizes on this increase in intracellular calcium by using a calcium
sensitive dye (Fluo-4AM, Molecular Probes, Eugene, OR) that fluoresces
when free calcium binds. This fluorescence event is measured in real

WihreobipeMeFLIPR, which detects the 20 change in fluorescéd& g @18813

10

15

20

25

30

monolayer of cells cloned with human Mt and M3, and chimpanzee M5
receptors. Antagonist potency is determined by the ability of antagonists
to inhibittagonist-inelliated ihtressedieintribe K eatess siarn CrBfeHEdPRPE,
calcium stimulation ass ; . C¥RERSSINg e v ThM3
anc @ﬁ%%g(%g% oléeﬁgrgé%g%%%% %Igﬁ\;i\‘/}gl‘llgFLlPlR plates the night before
theu@Bnagsaytisas doretiSecded el bavkie hashes fRided &sh
(M Lasystems, Ingd i RRAHESE AR BRES kit Sgnen

calcium chloride, 2.5 mm probenecid in Hank's Buffered Salt Solution

(- TBSSnalitvsitzalcimrosprioniagied sitin peonravsl et frompisderrs Kgd o
leqye S0k Well. ofFLIPR huffer Fheiceiasadirmiigubatadinithos0
L/well of 4 M FLUO-4AM (a 2X solution was 30 made) for 40 minutes at
37T skoinansind ANE FoNsWIREME G hEdsatisreaEihe iM:
2002/903090 PCT/US2004/018813 period, cells were washed two times
with FLIPR buffer, leaving a final volume of 50 pL/well. To determine
antagonist potency, the dose-dependent stimulation of intracellular Ca21l
release fqos oxotgmarneasdiist detarmio el vy {a] Bitdigonist 5

potency can later be measured 3{1?2 oxotrerino%:le stimu at{'on at an

a _ :
D 50 s e IR TPt U S b e Aaethha i
buffiercfati2Q wimetearifelimwebby agtristagditiohowhick waspesformed

by the FLIPR, . An EC90 value for morine was gener according
o RB QU B LYo b B NS A g o
seciipm belavsinseorpstiaenviitnts eviostuladd Gnd-A6 (FHB0F)4 A puffer

EC50. An oxotremorine concentration o ECr was pre redr'n
. 1 ¥ ' u - . b :
stinftAgdH P ARES SIRH RSP SR EEED ¢ ognzg(ﬁ@ﬁ{gﬁlgﬁ%itﬁggmo{ﬁ%glﬁg anes

addesdoeanhovalbinithd astagonisyinhibilor eGsasupkitesy®hend then added
parameters used for the FLIPR were: exposure length of 0.4 seconds,

lasd? REAHGIP G 5 watts, excitation wavelength of 488 ram, and

emission Wewelengihef(FRE5E tmcBhstindwas derenimmabrppnse) for

meg‘t?l!ljlill a%égeof F%]%elm/gl B 1%1% rgrct%éc%rgenist oxotremorine was determined in

each experiment.

To determine the ability of a test compound to inhibit oxotremorine-stimulated
[S]GTPYS binding, the following was added to each well of 96 well plates: 25 L of
assay buffer with [PS]GTPYS (0.4nM), 25 pl. of oxotremorine(EC,,) and GDP (3uM),
25 uL of diluted test compound and 25 uL CHO cell membranes expressing the hM,
receptor, The assay plates were then incubated at 37 °C for 60 minutes. The assay
plates were filtered over 1% BSA-pretreated GF/B filters using a PerkinElmer 96-well
harvester. The plates were rinsed with ice-cold wash buffer for 3 x 3 seconds and
then air or vacuum dried. Microscint-20 scintillation liquid (50 pl.) was added to
each well, and each plate was sealed and radioactivity counted on a topcouinter
(PerkinFlmer). Data were analyzed by nonlinear regression analysis with the

GraphPad Prism Software package (GraphPad Software, Inc., San Diego, CA) using
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10 seconds _prior to addition of agonist. Following agonist stimulation, the
FLIPR continuously measured the change of fluorescence every 0.5 to |
second for 1.5 minutes to capture the maximum fluorescence change.

WEnBEHE0 of fluorescence was expressed as maximum fILRSFESCaHEE) 18813

10

15

20

25

mim_Js 20 baseline fluorescence for each well. The raw data was analyzed
against the logarithm of drug concentration by nonlinear regression with
GraphRadiRismBraphRad-Softwapeiiiioo. cmtidiedbe Chorasimepphiecquation
bu@&g&@gﬂ%@'ﬁgﬁg&gg L OB RPRONeRu AN DISE KRR S YRIRE curve

determined rsm usin xofremorine EC50 value as the Kr, and
thefexbiremtoinp &G0 fith Xy ton centeatisHaceo At B thirp Ko and

Ch .ggi%ﬁ%ﬁ%ﬁn%%‘t?&?dhf%@ﬁ’&%@é@f“SOff7 1973). In this assay, a lower K,
i

value’in Icates that a test compound has a higher functional activity at
the receplotitisstendy:Thewenfprahg Bijstiatib W&’é%‘i?fﬁ%%é‘&?%}ﬁ

;I’na'%ﬁﬁ%éﬁsalz%ﬂfa{‘MJ%Qé?&J‘t%Qt%@f'ﬁM%ﬁmﬁ letkaalsit MWelgassd to

ells stable expressing the hM3 receptor. 30 -83 WO
200810050 9areT less fpododsdrdlackeds SIBRAERrAIHIBI B tion of

B 0 in G : .
f‘{mgggggsxwg GeineriigModglelfnetvianalinedpeeced

Bro triction” This in vivo assay was used to assess the
bronchoprotective effects of test 5 compounds exhibiting muscarinic

receptor a@.tago@imgaamg@ma&m@cgmm igSvia FLIPR Assays
(Duncan-Hartley (HsdPoc:DH) Harlan, Madison, WI) weighing between
250 and SH0GWEISRRHNGTIE THeng bl TR PO O
ftugyomgﬁéwml ‘ .%@%&ﬁ@ﬁmﬂmﬁbﬂdgﬁﬁiﬂhﬁlﬁﬁgﬁhﬁe
est compound was administered via inhalation over 10 minutes.in a
whetésisdy 8xastiis SR SRS TSI CARO LT e
dosipg, Fhamisrslyvers apacyaddsshtiphaiiglrosslvids sinuitERgowsiph in
delivered to 6 individual chamhbers fr%m ancien_tr?l manifold..Gyi '
werd B §BSEIt S R IR AT b S T dBmpbound of veticle ?W%—Qf%?cr%gj:e
aereselpweartegenaratad fenFLIPR (Molecular Devices, Sunnyvale, CA) assay

capitalizes on this increase in intracellular calcium by using a calcium sensitive dye

(Fluo-4AM, Molecular Probes, Eugene, OR) that fluoresces when free calcium binds.
This fluorescence event is measured in real time by the FLIPR, which detects the
change in fluorescence from a menolayer of cells cloned with human M, and M, and
chimpanzee M, receptors. Antagonist potency is determined by the ability of
antagonists to inhibit agonist-mediated increases in intraceliular calcium.

For FLIPR calcium stimulation assays, CHO cells stable expressing the hM;,
hM, and cM; receptors were seeded into 96-well FLIPR plates the night before the
assay was done. Seeded cells were washed twice by Cellwash (MTX Labsystems,
Tnc.) with FLIPR buffer (10 mm HEPES, pH 7.4, 2 nun calcium chloride, 2.5 mm
probenecid in Hank’s Buffered Salt Solution (HBSS) without calcium and
magnesium) to remove growth media and leave 50 pL/well of FLIPR buffer. The
cells were then incubated with 50 pLiwell of 4 uM FLUO-4AM (a 2X solution was

30 made) for 40 minutes at 37 "C, 5% carbon dioxide. Following the dye incubation
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1.5 aqueous solutions using an LC Star Nebulizer Set (Model 22F51,
PART Respiratory Equipment, Inc. Midlothian, VA) driven by a mixture of
gases (CO2 =5%, 02 = 21% and N2 = 74%) at a pressure of 22 psi. The
Vagmepintdugh the nebulizer at this operating pressure w&§ T/US2004/018813
approximately 3 L/minute. The generated aerosols were driven into the
chambers by positive pressure. No dilution air was used during the 20
delivetydot dbresolisachsdltrivtis1 D withg TIBR buffnuiesviab aligegiopiume of 50
appr}?{):in]fltely 1.8 mL of solution was nebulized. This was measured

grak? “é?rl'cally by comparing pre-and post-nebulization weights of the

filled nebulizéeicHhinb rotgvopvigtettive, dffedtscodepeadedoiiipblatian of
administered, vidannalat (G SFHAEL RN AR DODihat antagonist
plefﬁfg(r:r‘%glragp@y at %%?ﬁ%%g%%@z hours post- 25 dose. Fo?t a-I%i\a/%o

5 mimiesqrionietthdstastwiti aginmonaipaoarnatisRveEen Yumbh pig

was lzedy iRtEaE ringclianotketaming kddef Tor 20
mgﬁ%&%gi%%%hgj(@%&n%?gggg%%g %azﬁn{i}e 1.05 mg/kg .Acfterrthe
surgioaitestdallaw edranasamriddiieie v hinh wovpafoaret W 308 EhitRidfeeCos

in C@%%J'&ﬁdﬁ%@i&%@s&%@f%{a@ SeRsakWas Radendiaatha jHIMALIPR

vein was isolated and cannulated with a saline-filled palyeth Ienef 1 EC. =
cathRIerPECEUIE dela AORCKRIS ST IO RS MY W™ ARG formuela EC: =

10 2005%303G90:RE FHS 20041 3Rdofeid BbiRRatisi BILBIORS' Ofvas prepared in
acetylcholine (Ach) (Sigma, St. Louis, MO) in saline. The trachea %%gd to cach
the AtHRSSERBPHSE 5B tah it tea RARTL 1408 RO HOBE TARES UYL

Smalki arise Miaipiliakasitiion ivagyikes. anesthesia was maintained by

additional intramuscular injections aforementioned anesthetic :
iture. THOHEBIFLEH AR WAL o SE A AL e g s
aninsgbiespared iapinehingofvitepaptoo fiatfenespichtion rate waslength of
greater than_10Q breaths/minute. Once the eanpulations : '
15the AT S S A DRGSR AP VL] sapeie o
ElectroniesdneioSherdtitiGT) s ar. e Eolbirageaepriss sirestaienuiae FLIPR
(PE-16Q, Becton Dickinsgn, rk ' u 30 1.
o O L e Lt e on b el s a1
attachieckts theaptyperiingokivepl Sthystrogapkiigallow the guinea pig to
breathe ro%%ﬁa‘ﬁ%&ﬂfﬁt@%é%& GRRTBLLsFhe chambRiAR IaRBnce minus
g

sealed. A heating lamp was used to , .
20  baseline fluorescence for each well. The raw data was analyzed against the logarithm

of drug concentration by nonlinear regression with GraphPad Prism (GraphPad
Software, Inc., San Diego, CA) using the built-in model for sigmoidal dose-response.
Antagonist K, values were determined by Prism using the oxotremorine EC, value as
the K, and the oxotremorine ECy, for the ligand concentration according to the

25 Cheng-Prusoff equation (Cheng & Prusoff, 1973).

In this assay, a lower K, value indicates that a test compound has a higher
functional activity at the receptor tested. The compound of formula I was found to
have a K, value of less than 5 nM for blockade of agonist-mediated calcium release in
CHO cells stable expressing the hM; receptor.

30
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maintain body temperature and the guinea pig's lungs were inflated 3

times with 4 nit, of air using a 10 mL calibration syringe (#5520 Series,

Hans Rudolph, 1.5 Kansas City, MO) to ensure that the lower airways did
o reel#3st and that the animal did not suffer from hypervelfilatignao4/018813

Once it was determined that baseline values were within the range 0.3 -

0.9 ML/cm H20 for compliance and within the range 0.1 - 0.199 cm

H20/mL per second for resistance, thesgylthonary evaluation was

ninated. A Buxco g0 RutanRr d BRRHH SR BESRRHISLRIGARM enabled

the collection and derivation o pulmonary values. Starting this program
initiated tHe ExperrienidbgebtdcbtemttiidineebidetishBropehoRamyesaen

volume ovgt fine BALaCcuiinAE leMuImATaR IR eask-Risal:

were measured via a Buxco pressure transducer. By integrating this signal
5 oven2timds exhibitisgrapseriiot fetwnipsearustedifsieach breath. This

signal, togefher YL the pulmRaRYAiNnGRIasaREhapgepYy ighavere

collected using a Sensyrn pressure transducer (#TRD4100), was,
corMedienn\ Tl hvBighipe eyean? ) aprebitgimaredd Hara botreetidisd by case
interface hsRmbaf@e ant SHRALRLrAliohes BulsenfydParamate s

were derived from these two inputs. 30 Baseline values were collected for
5 nififtes, after which time the guinea pigs were challenged with Ach.

10 Ach (Sigmgséeliiehmpbuk@sias Me(Rid-eagimighwlason@y VD minutes in a

2005/003090 PCT/US2004/01.8813 infused intrayenqusly fo jnute .
o AP GBSO ST BT PO M e A A [T Gosing
Sarasaidcklyat thedelowinmdosesand piesaribiechtimdy foinethé tetart

of the experiment: 1.9 g/minute at 5 minytes, 3.8 g/minute at 10 min

5 GRS G 165 PR B 20 A NS g o S
25 miristes Pt H0gminudent 3Gcai(iiss. Fesisansdsorcompltariead from
had not returned to baseli ues at 3 mi lowi :

13 o R T B o Ao LA Hh R e £ Depinatory
10 Mipcatibration SfidhakiaRE¥COrdadeplinonarirrsarbmete (S ihciutiedO, = 21%
respirgtion freguency (breaths/minute | 120020k thi
puln%%tgfy I’Z%IO gﬁ%él( Sﬁiﬁ ég%gyr:l}%%p)grh (g%g%)%ic%p %ﬁfé:%lhllg{?he pulmone::ryS
functjemtivegsesentents werexdoniplefell miminutE S BBEIRIRBREH were

driven into the chambers by positive pressure. No dilution air was used during the

20 delivery of aerosolized solutions. During the 10 minute nebulization, approximately
1.8 mL of solution was nebulized. This was measured gravimetrically by comparing
pre-and post-nebulization weights of the filled nebulizer.

The bronchoprotective effects of a test compound administered via inhalation
were evaluated using whole body plethysmography at 1.5, 24, 48 and 72 hours post-

25 dose.

Forty-five minutes prior to the start of the puimonary evaluation, each guinea
pig was anesthetized with an intramuscular injection of ketamine (43.75 mg/kg),
xylazine (3.50 mg/kg) and acepromazine (1.05 mg/kg). After the surgical site was
shaved and cleaned with 70% alcohol, a 2-3 cm midline incision of the ventral aspect

30  ofthe neck was made. Then, the jugular vein was isolated and cannulated with a

saline-filled polyethylene catheter (PE-50, Becton Dickinson, Sparks, MD} to allow
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10

15

the guinea pig was removed from the plethysmograph and euthanized by
carbon dioxide asphyxiation. The data were evaluated in one or both of

the following ways: (a) Pulmonary resistance (Rt, cm H20/mL per second)
Win2oeEetated 15 from the ratio of "change in pressure” to HAEERAME #i3
flow." The R,, response to ACh (60 g/min, IH) was computed for the

vehicle and the test compound groups. The mean ACh response in
velficlexreaten ainifrdss af ectiichebitedAphe Atigme, Svdosimdiadds ke

“Seff]é%-g&”é'ﬁ’%% oI A AGR (EFRAREE: Rihe seresRd BINE -

pre-treatment time, at each test compound dose. 20 Inhibition
dosee SpuiisRetiar sl Fies.Féde Hirea i AT A BHSHDY
eq%ﬁ&ﬁﬁﬁﬁ'ﬂ@rﬁiﬁ@ﬁf’a@%ﬁéﬁ%s ¥etslon AR RIndRME R raphRad The

Software, San Diego, California) to estimate bronchoprotective ID50 . _
(dobeveglimssthsTarnsr s 160 WNHeEF BRAREHSHRIBIGE & Bingkine of
by R0%a)y The aRualeREseAWwasas alions: 260bMismitdax Min)/(1 +

10 t0og D50-7Q= Hillslupe) ) where Xis the logarjthm of d?se, Y is the
response O SRRSABH BRI THoTRBR! He RS AR 11 PIRE T fin

an%@ﬂ%’éﬂ%@@ﬁlﬁ%mmm,aﬂﬂ@o%m&ho@, BQ. sigaroigal Bhayiemn 8@ phageal
WO 2005/003090 PCT/US2004/018813 ébﬁTh. q ti\t%/ PD2, wguich is
eTHEAE SREVHH G P At BP LSRRG BB L e PR
the haseling Rulianaeisesigiansegvathealtitatecchsingbthegsulitacnaljo the
resistance values derived from the flow, and the pressure gver a ran f
ACHBFERE A BB 1 FSTBG B4t Lol 1 Hayed
frorautsitz egudkionasathiaicatbeiatePiB20svalub s/destiilgddnn Ansariedto
Thoracic Sqciety. Guidelines far methachali | : :
oSty SRR CH A e NI A0 L o) g i
antitdgiCukineGl 1 0E9%CRriby SZRREXRAP ISATFRILRE Rylerak,

Kansas City, MO) to ensure that the lower airways did not collap-se and that the

animal did not suffer from hyperventilation.

Once it was determined that baseline values were within the range 0.3 -

0.9 mL/em H,O for compliance and within the range 0.1 - 0.199 cm H,O/mL

per second for resistance, the pulmonary evaluation was initiated. A Buxco

20 pulmonary measurenaent computer progam enabled the collection and derivation of

pulmonary values.
Starting this program initiated the experimental protocol and data coltection.
The changes in volume over time that occur within the plethysmograph with each

breath were measured vig a Buxco pressure transducer. By integrating this sigunal over

25  time, a measurement of flow was calculated for each breath. This signal, together

with the pulmonary driving pressure changes, which were collected using a Sensyim
pressure transducer (#TRD4100), was connected via a Buxco (MAX 2270)
preamplifier to a data collection interface (#'s SFT3400 and SFT3813). All other

pulmonary parameters were derived from these two nputs.

30 Bascline values were collected for 5 minutes, after which time the guinea pigs

were challenged with Ach. Ach (Sigma-Aldrich, St. Louis, MO) (0.1 mg/mL) was
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ClI = concentration of Ach or histamine preceding C2 C2 = concentration
of Ach or histamine resulting in at least a 2-fold increase 15 in. pulmonary
resistance (RL) RO = Baseline RL value RI = RL value after Ct R2 = RL
Waltie=fe$9C2 An efficacious dose was defined as a dose tHE TitfeeeH$E313
bronchorestriction 20 response to a 50 pg/mL dose of Ach to a doubling
of the baseline pulmonary resistance (PD2(50)). Statistical analysis of the
datafurd percsmediysing i titech Stutkentsurtesn2AMPw XpeldBregsion
was considered significant. all |
R e S R
houtsrpeiheesesimthis asSayzinmafery SdnimKescdhpeimiane i A grppies,
wa nd to have a P 0 L Nipdiced
bro?iéo Hyc%%l ﬁ%‘%}?cﬁglngél%%%%’(} L% ﬁ; Eé@?%o&spe%%gp\%g{%%gg {10%1%&9%&%
5 PCTIUSR06404 8818/ misedy ad 1Hmaletion Eleruarts Sanmmiingdadpot

Guinga pigs (Ghafes Bive t Wilmingtopn M welahisne 200:350 inedeid’s

acclimated to%ﬂe in-house guinea pig colony for at least 3 days following
arrivaizsTest oluee Gritmss Ve deheieddeen vitlimtsatBreie I8 a

10 mipyig Ama-Rsiied %Qrénai@rmame&@mmmeﬁaﬂ@rmmﬁa@,
Carlos, CA). Test solutions were dissolved in sterile W%Z%%nd delivered 0
usisgaPHaRAGEE AR H AR GRS (B PPFEE e OPeC

10 resyaingghihibe Anhaiation coamber fRe3Q snipLiRa o1 thiaurey dlishiipestocol,
guinea pigs were restricted to an area of %ﬁ%roxi ateéy 110 s 4Fm. 'Ii)k{])ir?
Spaids AREA BRI ETPYRE SoarPS TR REER) PARSUIIBN Herisalves,

andsigliQw {engreaming. Following 20 minutes of acclimation, guinea pigs
were exposed  to an aerosol nerated__{)ré),{ip0 g t(S) r Neb&!ﬁizse,r Set

(Model 22F%° LA A¥E Eﬁ%ﬁ‘ﬁf?ﬁi&?‘?é’ﬁlpmen%é?nc. k%gllgﬁlar{ VA) driven
by house & at arplessiiue efi22kb (i, Lipdh@ompletisrwafdealizbtidrcd

15 gu"]r’?c?'mptilges ra ﬁ)r% '\c/:ﬁleifll%gex% grte%s'gfeﬁ ’tc:)l' Zt'h%%hange in flow."

The R, response to ACh (60 pg/min, IH) was computed for the vehicle and the
test compound groups. The mean ACh response in vehicle-treated animals, at each
pre-treatment time, was calculated and used to compute % inhibition of ACh
response, at the corresponding pre-treatment time, at each test compound dose.

20  Iphibition dose-response curves for ‘R,” were fitted with a four parameter logistic
equation using GraphPad Prism, version 3.00 for Windows (GraphPad Software, San
Diego, California) to estimate bronchoprotective IDy, (dose required to inhibit the
ACh (60 pg/min) bronchoconstrictor response by 50%). The gquation used was as
follows:

25

Y = Min + (Max-—Min)/(1 -+ 10 {og D507 Hillsione}

where X is the logarithm of dose, Y is the response (% Inhibition of ACh

induced increase in R,). Y starts at Min and approaches asymptotically to Max with a

30 sigmoidal shape.
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48, or 72 hrs after treatment. Guinea pigs were anesthetized one hour
before testing with an intramuscular (IM) injection of a mixture of

ketamine 43.75 mg/kg, xylazine 3.5 mg/kg, and acepromazine 1.05
eI A8HPP0.88 mL/kg volume. Animals were placed ventrEICDUSHE (938813
on a heated (37C) blanket at a 20 degree incline with their head in a
downward slope. A 4-ply 2 x 2 inch gauze pad (Nu-Gauze General-use
sponges, (Hohngdre gnehiohPReryHdhing ik swhe dmoareef idlher histamine

guine 's mouth, Five minute inig IS RUQCARINGs
R s e B ey -

disdwdemmdye@ammxﬂhimrb@\ﬁé@ﬁb@féﬁ"g“ﬁéi@eﬁaﬁsgﬁ VR i
col lc%cﬁ&f%ﬂ i linls?amﬁ[fé%ﬁ&ia{é@mﬂlg RIS YRIZE RANAMiKEIgBas 8N Eom

the difference in weight recorded to determine the amount of ) _
accumngiation yseiv i Galerliys Pheorvdurs dRMeTtRtONAIAEIEH Chastrin Poc1ety-
anipals receivingothe Nahic/e.and £aeh éﬂﬂﬁ%r@;@t@%ﬂ@ MPOYNAMNARespir Crit
calculated. The vehicle group mean was considered to be 100%
saliatioMereS0fs Wé‘r%ogaﬁgé))ated using 30 result means (n = 3 or

greater). Confidence intervals (95%) were calculated for each dose at

each time point using two-way ANOVA. This model is a modified version

of -88 W?

005/0030pQ PCT/U 41 €.prog dure described
in Rechte ,gEEtﬁgﬁﬁfg?%%fig}g%gi% %%%Cfﬁﬁ ice by

10 antagonism against pilocarpine-induced g&livation" A ta Pharmacol

15

Toxicol, 1996, 24:243-254. The mean weight of saliva in vehicle-treated
animals, af;/gaeh pre-treatment 5 time, was calculated and used to
compute %, inhibition of.sali\éa}g Ny aﬁi%@a?mﬁx%”?&%%ﬂ%@ pre-treatment
time, at edch dOSEHHE TNbition dose-respanse data were fitted to a a
four paranggterctogistiction afidiusinis Graph Faul trisimat/sasior’-Srbbmgrease
Windows (GraphPad . Software I8gp, California) to estimate anti-
sialagogue ID50Td%%%n%lamrrgé%%?ﬁgﬁtg%O% of pilocarpine-evoked
salivation)RThé3ak@isqifgtizirased was as follows: Y = Min + (Max-Min)/(l
+10 (Px | 50_-:%)-\;'5&%54&9@&:) where X is the logarithm of dose, Y is the
response (% inhibition of 15 Salivation). Y starts at Min and approaches
asymptotidajly By Mésewter &, sigmoidal

An efficacious dose was defined as a dose that limited the bronchorestriction

20  response to a 50 pg/mL dose of Ach to a doubling of the baseline pulmonary

resistance (PDyse)-
Statistical analysis of the data was performed using a two-tailed Students t-
test. A P-value <0.05 was considered significant.

Generally, & test compound having a PD, s, less than about 200 pg/mL for

25  ACh-induced bronchoconstriction at 1.5 hours post-dose in this assay is preferred.

The compound of formula I was found to have a PDy 5, less than about 200 pg/mlL for

ACh-induced bronchoconstriction at 1.5 hours post-dose.
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shape. The ratio of the anti-sialagogue ID50 to bronchoprotective ID50
was used to compute the apparent lung selectivity index of the test
compound. Generally, compounds having an apparent lung selectivity
VR GHEAREr than about 5 are 20 preferred. In this assay, tHEEGHBHALESL3
of formula | had an apparent lung-selectivity index greater than about 5.
Assay 5 Methacholine-Induced Depressor Responses in Conscious
Guinea Pigs 25 Healthy, adult, male Sprague-Dawley guinea pigs (Harlan,
Indianapolis, IN), weighing between 200 and 300 g were used in these
studies. Under isoflurane anesthesia (to effect), animals were
instrumented with confimoratintarineaViafreliRiinBAMSAY catheters
(PE-50 tubing), The fefRRISRve evexistiapzed Niilangine Sencisanaes

tunnel to the subscapular area. AH surgical incisions were sutured with 3?
5 4-OaEhiiveaddiithera-eecamians B foraleen ok s hdandplomitarary val Test

Each, animal ovas Remieisteseds saling dR ok (BG bakthe enshaisuigasyis in a
well as buprenorphine -89 WO 20051003090 PCT1US20041018813

(0.o5erliiest dasing bR dRs SIS Ridcilier btk HESHIRI AT 0E T
be”i Bgsséﬁﬁbk![@ﬁ&éﬁl@ﬁ@ﬁt&%&lﬂ&m@ﬂmuﬁqﬁ@mﬁmgfmﬁmaﬁ Bours. of dosing
following surgery, the animals were weighed and the cayotid artery.
catRetEi®n EXEFARIE AT %@%ﬁ%ﬁﬁ?d%&ﬁ%ﬁ%ﬁ%? rregttt:?onzf1
10 artghighressuincAterial presattaantbhdad sateawas saoordedteigihglesq. cm.

Biopac MP-100 Acquisition System. Animals were allowed tq,acclimate

it BRI Y3+ S PRI OF 6 FRIRASLS Et e st Srad o gngrg E’wfhd
methdehelingodiGly) (EoBowik@liv)irmtmiristetithroogpthesjugesarere exposed
venous line and the cardiovas r se i d 0
R R LT e e T P A Bt i
chardsiawhidinuias: eanfrecidititotiz are Mz drivonbaihingethis tespressure of 22

compound or, vehicle solution The solyfion was sbulzed dar A9 sriguess,
5 si gblaugggnn%&rfl rfgt]"gfl B%g%ﬁgg% zﬁ? and 5%%%rbon dioxide with a flow
ratedsf & e isfimihatecaierdnimals were then removed from the whole

body Cha“?ﬁﬁﬁeaaflﬁ g?%%%ﬂé&ﬁ&%&%ﬁ%%ﬁ‘{%efm testing with an intramuscular
(IM) injection of a mixture of ketarnine 43,75 mg/kg, xylazine 3.5 mg/kg, and

qutes.,
ing

acepromazine 1.05 mg/kg at an 0.88 mL/kg volume. Animals were piaced ventral
20 side up o1 a heated (37°C) blanket at a 20 degree incline with their head i 2
downward slope. A 4-ply 2 x 2 inch gauze pad (Nu-Gauze General-use sponges,
Johnson and Johnson, Arlington, TX) was inserted in the guinea pig's mouth. Five
minutes later, the muscarinic agonist pilocarpine (3.0 mg/kg, s.c.) was administered
and the gauze pad was immediately discarded and replaced by anew pre-weighed
25  gauze pad. Saliva was collected for 10 minutes, at which point the gauze pad was
weighed and the difference in weight recorded to determine the amount of
accumulated saliva (in mg). The mean amount of saliva collected for animals
receiving the vehicle and each dose of test compound was calculated. The vehicle
group mean was considered to be 100% salivation. Results were calculated using
30 result means (n= 3 or greater). Confidence intervals (95%) were calculated for each

dose at each time point using two-way ANOVA. This model is a modified version of
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15 cages. At 1.5 and 24 h post-dosing, the animals were re-challenged

with MCh (0.3 mg/kg, iv) and the hemodynamic response was

determined. Thereafter, the animals were euthanized with sodium
ertwbakital (150 mg/leg, 1V). MCh produces a decrease inRi&an Aapttias13
pressure (MAP) and decrease in heart rate (bradycardia). The peak
decrease, from baseline, in MAP (depressor 20 responses) was measured
for taghoM@irchalehee itbRéoeantEaftentiva oSy Phiecigiadyeandiects in
effects were not used for analysis_ si e :
M R e T N R

expradsed:a4¥85hhibition (mean +/- SEM) of the control depressor
responses, .0 ANOMA, YA 106 RRIORUAIE PR RAG LB RS mert
used to test the effects of treatment and pre 25 treatment time. The

5 depiessorsespuhsebacdvet werantslistkrdihinbpaagetistton. #iee24 h

ohre : PSR clo . : i
a ecrokg%glﬁﬂgg%%?é%wﬂ%m& & Jh0g datio ghtherantisienressaiptasdde

bronchoprotective ID50 was used to compute apparent lung-selectivity of
the st B6rdg0dridoTanEraIncrdo Pt ARVTHBEA AP arbhiism, version

lung-5¢ l@@ﬂvﬁydm&%%?ﬁb@a thanararsprefeustdnithisass el ihar-
compound of Example 1 had an _aggllparent lung-selectivity index %eater

thaf&aeHAdRmd JsedaArirdd R HES Nk ah RIS AR SYRKCFETRTS Ao The

10 spe@dﬂgﬁ@g%é@gg)gssl*g@@g@o PCT/US2004/018813 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 withoyt-dgpartingutrovidiia true P aRt stepe of the
invention. Additionally, to the extent permitted by applicable patent
statues and regulations, all publications, patents and 5 patent applications
cited hereinlrre Xéselylineaathorafelbdvy Yefeienespmtediroentitatiortothe

e RS sl Spsamen e e Rt B
CLAHNED IS: 1. A compound of formulal: 50
The ratio of the anti-sialagogue IDy, to bronchoprotective IDy, was used to
compute the apparent lung selectivity index of the test compound. Generally,
compounds having an apparent lung selectivity index greater than about 5 are

20 - preferred. In this assay, the compound of formula [ had an apparent lung-selectivity

index greater than about 5.

Assay 5
Methacholine-Induced Depressor Responses in Conscious Guinea Pigs
25 Healthy, adult, male Sprague-Dawley guinea pigs (Harlan, Indianapolis, IN),
weighing between 200 and 300 g were used in these studies. Under isoflurane
anesthesia (to effect), animals were instrumented with common carotid artery and
jugular vein catheters (PE-50 tubing). The catheters were exteriorized utilizing a
subcutaneous tunnel to the subscapular area. All surgical incisions were sutured with
30 4-0 Ethicon Silk and the catheters locked with heparin (1000 units/mL). Each animal

was administered saline (3 mL, SC) at the end of surgery as well as buprenorphine

-89~



(R)2/N(R4)2 al N-(CH2)eH- R5 (R2)b (R3)c 10 wherein each R and

R2 is independently selected from C1 alkyl, C2_4 alkenyl, C2_4 alkynyl,
C3_6 cycloalkyl, cyano, halo, - OW, - SW, -S(O)W, - SOW and -WW, or
VR HgjeE8Ht R' groups or two adjacent R2 groups are joined & forAi@ 315813
alkylene, 15 -(C2,4 allcylene)-O- or -O-(C,, allcylene)-O-; each R3 is
independently selected from C14 4 alkyl and fluoro; each R4 is
indePetduathe.dalctddimalnvhyirbgend OFesoamiyin@regiakery bafregeing

alkynylaGea b sxelaallns <8uk0 aryl, C2_9 heteroaryl, C3_6 heterocyclic,
-CH,R6 and - CH2CH2-E€'; or both R4 groups are j oined together with the

nitrogen atORPIGRIICH D9 ihey e nfpllonasssussiy e aHaorgieresed

is selestad BB A8, AlMetG 2B AKenYIn G 26 WYk G306 svalaaleyfor
and -CH2-R8; wherein each alkyl, alkenyl and allcynyl group is optionally

5 subSHOTEREHF LR SHE 1o S i B SRt R e B LA R g ocorded using'a

indeprpdenty. selecigaifram Sardreyslanlkid vbelMianid (o2rldMute and
hetcro%jrggl and C3_6 heterocyclic; each R is independently selected from
1

c3_SiabiligalRy R PE AR 8% heteroaryl, C3_6 heterocyclic, -OH,
-O(C1_6 alkydh, o @By s eyaloaliad)wit® ohlhand), 0@(E) (0. hetgtaniy)),

SRy B S D G
10-S(Q)u8el&d dvy) 0512 CBht Qranyh) s &€ 2h& Ipdiesd ard )theS(@)ER Y dosing
e TR T e R
heteveltytlieoletich. Radsohdepenaently Betddiad frormhipdiogen; & ntixture of
alkyhr%ﬁéa@iggﬂ)gﬁ%% carbon dioxide with a flow rate of 3 liters/minute. The animals
were then removed from the whole body chamber and retwrned to their respective
15 cages. At 1.5 and 24 h post-dosing, the animals were re-challenged with MCh (0.3
mg/kg, iv) and the hemodynamic response was determined. Thereafter, the animals
were euthanized with sodivm pentobarbital (150 mg/kg, IV).

MCh produces a decrease in mean arterial pressure (MAP) and decrease in

heart rate (bradycardia). The peak decrease, from baseline, in MAP (depressor

20 responses) was measured for each MCh challenge (before and afier IFf dosing). The
bradycardic effects were not used for analysis since these responses were not robust
and reproducible. The effects of treatment on the MCh responses are expressed as %
inhibition (mean +/- SEM) of the control depressor responses. Two-way ANOVA
with the appropriate post-hoc test was used to test the effects of treatment and pre-

25 treatment time. The depressor responses to MCh were relatively unchanged at 1.5
and 24 h after inhalation dosing with vehicle.

The ratio of the anti-depressor [D, to bronchoprotective ID,, was used to
compute apparent lung-selectivity of the test compound. . Generally, compounds
having an apparent lung-selectivity index greater than 5 are preferred. In this assay,

30 the compound of Example 1 had an apparent ung-selectivity index greater than 5.

While the present invention has been described with reference to specific
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alkynyl and C3.6 cycloalkyl; each Re and R is independently selected
from hydrogen, CI-4 alkyl, C2 4 alkenyl, C24 alkynyl and C3.6 cycloalkyl;
or Ruand R are joined together with the nitrogen atom to which they are
VERraehedXydorm C3-6 heterocyclic; a is an integer from 0 to BT/ HH/H18813
integer from 0 to 3; cis an integer from O to 4; dislor2; eis 8 or 9;
wherein each alkyl, alkylene, alkenyl, alkynyl and cycloalkyl group inR',
R2;B&1 R4, eitboRacRis tiackd?, iisvoptionaificsubsiibnéiwith endBuidriged in
substituent: each aryl, cyclg , e ' HR;
R S S G Tl s
suldstituentSriod dpetmdestyiisalé stegdiefithCingeatign, Agdditiomahytaghegxtent
A R0 BRI Alles MG Lf e SN Drtcors ana
-S E: 4alkyl),-NHZ, -NH(C-4 alkyl) and -N(C-4 alkyl)2, wherein each
alkphietikytoticatioke Ayt d her ek gy R FBU PSS BETEFAIY SHHEhtGHG RS
5 flasn, substituent, andLachcGhi2r BrawRdA HGHa)els iaptipnatia by
substituted with | or 2 substituents independently selected from CT-2
alky#feomcahgrofiioro; wherein said C2_9heteroaryl is a monovalent
aromatic group having a single ring or two fused rings and containing 1-3
heteroatoms selected from nitrogen, oxygen or sulfur; and said C3.6
heterocyclic is a monovalent saturated or unsaturated group having a
single ring or multiple condensed rings and containing 1-3 heteroatoms
selected from nitrogen, oxygen or sulfur; or a
pharmaceutically-acceptable salt or solvate or stereoisomer thereof. 2.
The compound of Claim 1, wherein R5 is Cs alkyl, wherein the alkyl group
is optionally substituted with. -OH or | to 3 fluoro substituents. 3. The
compound of Claim 2, wherein R5 is Cl., alkyl, wherein the alkyl group is
optionally substituted with -OH or | to 3 fluoro substituents. 4. The
compound of Claim 2, wherein R5 is selected from methyl, ethyl, 2-
hydroxyethyl, 2,2,2-trifluoroethyl, n-propyl, isopropyl, | -hydroxyprop-2-yl,
n-butyl -93
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WO 2005/003090 PCT/US2004/018813 and isobutyl. 5. The compound
of Claim 4, wherein R5 is methyl. 5 6. The compound of Claim 1, wherein
5 s ,cycloalkyl, wherein the cycloalkyl group is optio

Ws[?ﬁ @?&%@%@vith - OH or 1 to 3 fluoro substituents. 7. The Coqr?;ﬁg)lasr%g{%/fmssw
Claim 6, wherein R5 is selected from cyclopropyl, cyclobutyl and
cyclopentyl. 10 8. The compound of Claim 1, wherein R5 is selected from:
(2) WEHST(ERCELIMERNETS, wherein the cycloalkyl group is optionally
substituted with -OH or | to 3 fluoro substituents; and (b) - CH2- (phenyl),
wherein the phenyl group is optionally substituted 15 with | to 3
substituerits indep&TaR Qérl)fé’é?é%%r%m C1-4 alkyl, cyan, fluoro, chloro,
-O(C1-4 alkyl), -S(C1.4 alkyl) and -S(0)2(C7-4 alkyl); where each alkyl
group is optionally substi ted ith 1 to 3 fluoro substituent. 9. The
compound of CIa{' | ¢in RS i gsjfzzcted from 20 cyclopropylmethyl,
cyclobutylmethyl, nenty enzyl, 4-cyanobenzyl, 3-
methylbenzyl, 4-methylbenzyl /Atiffttioromethoxybepzyl -3-fluorobenzyl
and 4- fluorobenzyl. 10. The€gmppund e (&‘ Claims 1 to 9,
wherein each R4 is 25 h - . The compound of any one of Claims
1to 10, wherein a, g 0. (E2).The compound of any one of Claims
1to 11, wherein dis 1. 30 13. The compound of any one of Claim 1 to 11,

10wherein d is 2. -94 14. The compound of any one of Claims Ito 13,

wherein e js 8...15, The compound of any one of Claims Ito 13, wherein e

is 9. 16. A compound of formula 11: NH2 Il
each R' and R? is independently selected from C, alkyl, C,, alkenyl, C,,

alkynyl, C, ., cycloalkyl, cyano, halo, —OR?, - SR, ~S{(O)R’, - S(O),R? and -NR"R%;

or two adjacent R' groups or two adjacent R? groups are jomed to form C, 4 alkylene,
15 ~(C,, alkylene)-O- or - O-(C,, alkylene)~O~;

each R? is independently selected from C, 4 alkyl and fluoro;

cach R* is independently selected from hydrogen, Cy; alkyl, Cy ¢ alkenyl, Cy 4
alloynyl, C. ¢ cycloalkyl, Cqyp aryl, C, heteroaryl, C; s heterocyelic, - CHy- R® and
- CHZCHZMRﬁ or both R* groups are joined together with the nitrogen atom to which

20 they are attached to form C, ¢ heterocyclic; ’

RS is selected from C, alkyl, G, alkenyl, C, , alkynyl, C, ¢ cycloalkyl, and
~-CH,-R®; wherein each alkyl, alkenyl and alkynyl group is optionally substituted
with -OH or 1 to 5 {luoro substituent;

each R® is independently selected from C; 4 cycloalkyl, T g aryl, Cyg

25 heteroaryt and C, heterocychic;

each R’ is independenily selected from C, 4 cycloalkyl, Cg aryl, G
heteroaryl, C, heterocyclic, - OH, ~O(C, 5 alkyl), ~O(Cy ¢ cycioalkyl), - O(Cq g
aryl), ~O(C,, heteroaryl), - S(C, alkyl), - S(OXC, alkyl), ~S(0)(C, 4 alkyl),
~$(C, eycloalkyl), -S(ONCy 4 eycloalkyl), —S{O){Cas cycloalkyl), - S(Cq 1, aryl),

30 ~S{ONCyyp 2rvD), = S(0),(Ceyp aryl), - S(Cy g heteroaryl), - S(OXC, ; heteroaryl) and
- S(0),(C,; heteroaryl);

09~



(CHZ)e H- R5 wherein RS is selected from C1-6 alkyl, C2-6 alkenyl, C2-6
alkynyl, C3-6 cycloalkyl, and -CH2-R8; wherein each alkyl, alkenyl and

alkynyl group is optionally substituted with -OH or | to 5 fluoro substituent;

each R8 i3 independently seleaied fiam,¢2:6, cyeloalion G010 A, G@earyt and
heteroary 5@% Eé%ggé%ete(?ocg;c%; eis8or §§6w¥1erei1§¥e’za3ﬁoa%/l’, s THSRRHTAR
cyEtedifk§ronetitoaryl and heterocyclic group in Rs and Rs is optionally
substituted with & ta @ substityente ddepensentyeretectar ram, @kdhalkyl.,

C2.4 alkenyl, C2.4 alkynyl, cyano, halo, -O(Cy4 alkyl), -S(Ci-4 alkyl),
-SEBB’(E%@/QWW-‘%?%&(CG)A alkyl),-NH2, -NH(C1.4 alkyl) and -N(C14

alkyl),, wherei’ eadR aikiidaikylerb, slkenyIfam haikyaeyl Groalis Co. atkenyl, Coy
Pp&mgﬁuya@* bstitufadith 2 fNRF Q. SYbSLitERLIRN PSR nfablue JERIPLo which
in -(CH,),- is optionally substituted with 1 or 2 substituents independently

selBat&RERIEISC Ak CorissHaitito; wherein said C2-gheteroaryl is a
monovaleniaroimagie Graup tadving a single ring or two fused rings and

containing 1-3 Qgttee(,rgq%gmm§ Sejected from nitrogen, oxygen or sulfur; and

said C3.6 heterocﬁeflc is @ monovalent saturated or unsaturated group

having a sitigie g iismulipte condensed rings and containing 1-3
heteroatoms selegted from nitrogen, oxygen or sulfur; or a

pharmaceuti aIIly-acceptabIe salt or solvate or stereoisomer thereof, 17.

The compeollSJ%d) bf:Claim 16, wherein the stereochemistry at the 3-position

of the pymolidimeritgie(8)s05:4.8!kene.cokopound afctrir teuwhdeiR’, R, R',

th%S}%@R@%@ﬁsﬁ@vofﬁmﬁ-ﬁ@@éﬁ&emﬁb@ RTINS FRGIS KR Oy T RGc10alkcyl,
compound of Claim 17 or 18, wherein Rs,is Cl -3 alkyl whergin the alkyl
oS B AN SR RGO Br o & ol dtbEt i -2tonalls

Theusemapediretiof GlaimbifnendSyduparéintR sidemeatiydm 21, Bhgl, Cos alkenyl, Cou

o s R S o 30 SR SR - -
~NH(C,4 alkyl) and -N(C .4 alkyl},, wherein each alkyl, alkylene, alkenyl and alkyny! group
is optionally substituted with 1 to 5 fluoro substituent; and each -CH;- group in -{CH;)e- is
optionally substituted with 1 or 2 substituents independently selected from Cy.; alkyl,-OH and
fluoro;

wherein said Cyoheteroaryl is a monovalent aromatic group having a single ring or

two fused rings and containing 1-3 heteroatoms selected from nitrogen, oxygen or sulfur; and
said Cs.s heterocyclic is a monovalent saturated or unsaturated group having a single ring or
multiple condensed rings and containing 1-3 heteroatoms selected from nitrogen, oxygen or

sulfur;

or a pharmaceutically-acceptable salt or solvate or sterecisomer thereof,

2. The comp.ound of Claim 1, wherein R” is ;.5 alkyl, wherein the alicyl group

is optionally substituted with -OH or i to 3 fluoro substituents.

3. The compound of Claim 2, wherein R’ is Cia alkyl, wherein the alkyl group

is optionally substituted with -OH or 1 to 3 fluoro substituents.

4. The compound of Claim 2, wherein R’ is selected from methyl, ethyl, 2-
hydroxyethyl, 2,2, 2-triflucroethyl, #-propyl, isopropyl, -hydroxyprop-2-yl, n-butyl
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2-[(S)-1-(8-isopropylaminooctyl)pyrrolidin-3-yl]-2,2-diphenylacetamide;
2-[(S)-1-(8-prop-I -ylaminooctyl)pyirolid.hr3-yl]-2,2-diphenylacetamide;
2-[(S)-1-(8-cyclopropylaminooctyl)pyrrolidin-3-yl]-2,2-diphenylacetamide;
g—%(@%‘ﬂ%é{!%%clobutylaminooctyl)pyrrolidin-3-yl]-2,2-diphenylégg grs’r%f;(%/;ﬂisgm
2-[(S)-1-(8-cyclopentylaminooctyl)pyrrolidin-3-yi]-2,2-diphenylacetamide;
2-[(8)-I-(8-eth1ylaminooctyl)pyrrolidin-3-y|]-2,2-diphenylacetamide; 2-
{(S)arld[isobuty .
8-(2-hydroxyethyl)aminooctyl]pyrrolidin-3-yl}-2,2-diphenylacetamide;
e Y e F BT QAR RIS/ 2 2
2-{(S)-1-[8-(1-hydroxyprop-2-yl)aminooctyl]pyrrolidin-3-yl}-2,2-diphenylace
tamide; 2-{(S)-1-hydroxyprop-2:yl)aminoogctyllpygralidin-3-yl}-2,.2- -

5 diphenyla (,éet ami f:—:fgf’l}]gounﬁ of %Qzum ?, Wﬁe\égprﬁ\ 15%25 c%lﬂo%kyi, wherein the
(S)-dy[BabhR Rrtrifiuorpeiind)amibeotyl] pyittohidif 8xyi}to 3 fluoro substituents.
-2,2-diphenylacetamide;
2-[(S)-1-(8-benzylamninooctyl)pyrrolidur3-yl]-2,2-diphenylacetamide;
2-[(R)-1-(87methylaininopotylYpyf (Clidin 3wk Biphenigeicé thpmdeclopropyl,
2-[(R)-1-(8-isopr. minopctyl)pyrrolidui-3-yl]-2,2-diphenylacetamide;
2-[(&;’3}?&&0&%{)%% r?ro%gtyl)pyrrolidin-&yl]-z,2-diphenylacetamide;

102-[(R)-1-(8-cyclopropylaminooctyl)pyrrolidin-3-yl]-2,2-diphenylacetamide;
96 WO 2005/003090 PCTIIS20PAI01BAR. cin RS s selected froms:
2-[(R)-1-(8§':ycloég%l%rrﬁ%ooctyl)pyrrolid’in-37§/?]1?2,2-1§isbahzcnfllaceltamide;
2-[(R)-1-(8{eyclopehtifaiGinsuelgtjybronbpiciyiiez mlapd iy tphtifeally
2-(Rys@eivianieneepDpyeraligin-ndlia2:dinhanylacetamide; 2-
{(R)-1-[8-(2-hydroxyethyl)aminooctyl]pyrrolidin-3-yl}-2,2 5 ,
diphenylacétamidetH:~ (phenyl), wherei the phenyl ‘group is optionaily substituted

1 2- (R [BeéR)sfdshyslraxyiopsanybiamineqstyilpyrolidingstyllyahe; fluoro, chloro,
diphenylacetamide; . - i
2-{(R)YAG8+@ kYoo Brep i athindSOefipy AGHHIN 3SR 3 aiky! group 1s
diphepylaceipemideint with 1 to 3 fluoro substituent. '
2-{(R)-1-[8-(S)-(1-hydroxyprop-2-y1l)aminooctyl]pyrrolidin3-yl}-2,2-
diphenylacetamide;

9. The compound of Claim 8, wherein R’ is selected from

20 cyclopropylmethyl, cyclobutylmethyl, cyclopentylmethyl, benzyl, 4-cyanobenzyl, 3-
methylbenzyl, 4-methylbenzyl, 4-trifluoromethoxybenzyl, 3-fluorobenzy! and 4-

fluorobenzyl.

10.  The compound of any one of Claims 1 to 9, wherein sach R*is

25 hydrogen.
11. The compound of any one of Claims 1 to 10, wherein a, b and ¢ are 0.
12.  The compound of any one of Claims 1 to 11, wherein d is 1.

30

13.  The compound of any one of Claim 1 to 11, wherein d 1s 2.
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2- {(R)-1-[8-(2,2,2-tri.fluoroethyl)aminooctyl]pyrrolidin-3-yl}-2,2-
diphenylacetamide; 2-[(R)- i '
-(8-benzylaminooctyl)pyrroli.din-3-yl]-2,2-diphenylacetamide; 15
2-[(S)-1-(9-methylaminononyl)pyrrolidin-3- -di en Iacetam

2-[(S)-1- (‘qilsopr%i)ljpyclan{3 nonxogr)%}/ﬁ1 r?%l?éac YBZJ» -yl? ggdlp eny acetamlde
2-[(S)-I -(9-prop-1 -ylaminononyl)pyrrolidin-3-yl]-2,2-diphenylacetamide;
2-[(S)-1-(&-eyclapopyiaminesenyimiatiding3 vk 2:2-diphenyiacetamide;
2-[(5)-1-(9-cyclobutylaminononyl)pyrroli din-3-yi] -2,2-diphenyiacetamide;
20
2-[(S)-1-(&cyclapenpgamiheionylpyirolidin-3-y1]-2,2-diphenylacetamide;
2-[(S)-i1-(9-ethylaminononyl)pyrrolidin-3-yl]-2,2-diphenylacetamide;
2-{(S)-1-[9-(2-hydroxyethyl)aminononyl]pyrrolidin-3-yl}-2,2-
diphenylacetamide

_ Wl)aminononyl]pyrrolidin-3-yl}-2,2- 25
2_—{(5)-1-[9-(1-hydroxpr- z mononydpyrrolldln -3- yl} 2,2- 1

onylipy#rolidin-3-y1}-2, f‘ diphenylacetamide; 30
2-{(S)-1-[9-(2,2,2-trifuordethyl)amuiononyl]pyrrolidin-3-yi}-2,2-
diphenylaeetamide; -97 WO 2005/003090 PCT/US2004/018813

- 2-[(S)-i-(9-benzylaminononyl)pyrrolidin-3-yl]-2,2-diphenylacetamide;
2-[(R)-1-(%meth\ylaminononyl)pyrrolidin -3-yl]-2,2-diphenylacetamide;
2-[(R)-1-(2-is0 inoponylpytroli 2,25 d| ylace

2-[(R)-1- g‘pro% efQX r%lﬁloriény pygﬁéllfﬂke% ﬁzﬁ aéka/%heny(lag{étoa?m%eang
2-[(RN% s@@mpmpwmh@mmm}baé&mh%qu@ FrHipREn fiRcdEigah -OH or
2-[(ﬁ))-;j,-f(gogy§;jggggglﬁminononyl)pyrrolidin -3- yI] -2,2- diphenylacetamide

R T S R L
{(Riglé{e&f@yhydroxyethyl)amlnononyl]pyrrolldln -3-yl} - 2 2
eisBor9;
wherein each aryl, cycloalkyl, heteroaryl and heterocyclic group in R’ and R® is
optionally substituted with 1 to 3 substituents independently selected from C,.4 alkyl, Co4
alkenyl, Cy.4 alkynyl, cvano, halo, -O(Cy.4 alkyl), -S(Cy.q alkyl}, -S(OYCy alkyl), -S(0)(Cy
alkyl),-NH,, -NH(C .4 alkyl) and -N(C,.4 alkyl),, wherein each alkyl, alkylene, alkenyl and
alkyny! group is optionally substituted with ! to 5 fluoro substituent; and each -CH;- group in
-(CH,).- is optionally substituted with 1 or 2 substituents independently selected from €y
alkyl,-OH and fluoro;
wherein said Cs.oheteroaryl is a monovalent aromatic group having a single ring or
two fused rings and containing 1-3 heteroatoms selected from nitrogen, oxygen or sulfur; and
said Cs.¢ heterocyelic is a monovalent saturated or unsaturated group having a single ring or
multiple condensed rings and containing 1-3 heteroatoms selected from nitrogen, oxygen or
sulfur;

or a pharmaceuticaliy-acceptable sait or solvate or stereoisomer thereof,

17. The compound of Claim 16, wherein the stereochemistry at the 3-position of
the pyrrolidine ring is (.S).
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10 diphenylacetamide;
2-{(R)-1-[9-(R)-(1-hydroxyprop-2-yl)aminononyl]pyrrolidin-3-yl}-2,2-
diphenylacetamide;

gl-é(hl?;];[é%gégg 1(%:00)%%%85{1(?!%])&2?;1? (E],o\!x’f]l glg%illrggel:lgtlg"é%- | :-}%é%:y at the 3-position of

2-{R pt{ 9B 3-{bdigdOXyprop-2-yl)aminononyl]pyrrolidin-3-yl}-2,2-
diphenylacetamide; 2-{(R)-'

1-[9-(2,2,2-trif|uoroethyl)aminononyl]p)érrolidin-3-y|}-2,g; _
diphenyld@etamiﬁ@ compound of Claim 17 or 18, whetein R° is C,_; alky! wherein the altkyl

2-[{R)In-(OcbenzylasinanaaylypyrolidinidylH2.2-diphaenglacetamide; 20
2-[1-(8-methylaminooetyl)pyrrolidin-3-yl]-2,2-diphenylacetamide;
2-[1-(8-isopropylaminooctyl)piperidin-4-yl]-2,2-diphenylaeetamde;
2-[1-(8-prafp-I-yldirsrronessipefittim 431 2 2 -vistanflaicataiide;
2-[I-(8-cyclopropylanunooctyl)piperidin-4-yl]-2,2-diphenylacetamide;
2-[1-(8-cyclobutylaminooctyl)piperidin-4-yl]-2,2-diphenylacetamide; 25
2-[1-(8-ey%ﬁoperﬁ§%ﬁ?ﬁ5’88ﬁ%fﬁ?§@fﬂiﬁ’-ig-lg‘/lﬁt S fkhenylacetamide; 2|
-(8-ethylamri@ddet§ypipeticimdoyiy BP-diphedyydestadmden2afktamide;
[S-(2-hydroxyethylami ipetidin:dnuil,-2.4rdiphapylacetamidge.
Al i I et il
diphenyla @%{i@%—?g@-l—ylamlnooctyl)pyn’ohdxn- -yi]-2.,2-diphenylacetamide;
2-{1-[8-(1shydraxygptofodryhdaminosetylsiperitinidy13-2@phenylacetamide;
diphenyla ideg; -98 2- . A A o

8 () mo Sro aSSd- pbentssianice
}_2’2_diphéﬁ%&éﬁamFd@?mm.aminooctyl)pyrroiidin—B—y]]—2,2—diphenylacetamide;

2 1B ey o o I 2 2 crhenylacerame
-[1-(8-benzylaminooctyl)piperidin-4-yl]-2,2-diphenylacetamide; L
2-[I-(9-meth Parhi%h%\w%sﬁyaﬂral?ﬁlﬁl\}ﬁlﬁ%élm%ﬁﬁ% Seimigupheny scstamide
2-[1-(9-isaptapyldmimonbhypiperidirt-44yddn2ediphemdadetamide;?-
2-[1-(9-prgﬁ)];laii¥{m%9nyl)piperidin-4-y|]-2,2-diphenylacetamide; 2
1-(9-cyclopro yaminonoriyl)piperidin-4-yl]-2,2-dipheny_|aceta]mide'_ 2-[1 .
(9-cyclobtmfBirmiHbRoRy B ERER- 1Mt Ay liatiiga2-diphenylacetamide;

2-{(8)-1-[8~(S){t-hydroxyprop-2-yaminooctyl]pyrrolidin-3-yl}-2,2-
diphenylacetamide;

2-§(S)-1-[8-(2,2,2-triflaoroethyDaminooctylpyrrolidm-3-yl} -2,2-diphenylacetamide;
2-[(8)-1-(8-benzylamincoctyl)pyrrolidin-3-yl}-2,2-diphenylacetamide;
2-[(R)-1-(8-methylaminooctylypyrrofidin-3-yi]-2,2-diphenylacetamide;
2-[(R)-1-(8-isopropylaminooctyDpyrrolidin-3-yl]-2.2-diphenylacetamide;
2-[(R)-1-(8-prop-1-ylaminooctyl)pyrrolidin-3-yl}-2,2-diphenylacetamide;
2-[(R)-1-(8-cyclopropylaminooctylypyrrolidin-3 —yl]—'2,2—diphenylacetamide;
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2-[I-(9-eyelopentylaniinononyl)piperidin-4-yl]-2,2-diphenylacetamide;

2-[1-(9-ethylaminononyl)piperidin-4-yl]-2,2-diphenylacetamide;

\gélﬁ-&?—%%@(droxyethyl)aminononyl]piperidin-4-y|}-2,2-diphe%§ﬁ%tﬁmi)g%813

- 3 -(I-hydroxyprop-2-yl)aminononyl]piperidin-4-y|

}-2,2-diphenylacetamide;

2-{1-[9-(1-hydroxyprop-2-yl)aminononyl]piperidin-4-yl}-2,2-diphenylacetam
! Sy

do; 2 1-PU T SRR SRR B g ccctamics

}-2,2-diph eﬁ[Ml@qe(%\}dl@pentyiaminooctyl)pyrrolidin~3 -yi}-2,2-diphenylacetamide;
2-{1-[9-(2,2,2-triflugroethyl)aminononyl]piperidin-4-yl}-2,2-diphenylacetami
de; and 27[1[-(@ﬂ)éﬁfﬁ’é’}ﬁwf@ﬂSﬁ?’rﬁB%g%ﬁﬁlgyﬁ]%géﬁ eél%‘f%%e ef(r%iﬁtie;
or a pharmpgerticay aepeptakibspintneelivalsythaidof 322; Tik
compound of Claim 21, selected from 2-[(S)-1-(8-
Methylamir%’g@ﬂﬂ%%%f ?r’\-3-y|I-2,2-diphenylacetamide ora
pharmacewi¢gtlytaccytable dsattypragol atm thisreofy 2@ritdiveinp bl of
Claim 21, ?I%ctegir fr?m.é-e[(R)-l-(&
MethylamittGoctyl)pyrrolidin-3-yl]-2,2-diphenylacetamide or a
pharmaceiti¢atlylaccEptatitex galtp? spdeatmtherddfyzalidfinphatmadeutical
compositio&cgr}n risi%%ladgharmaceutically- -99 acceptable carrier and a

therapeuticaﬁyee &ctive amount of a compound of any one of Claims 1 to

1(23. 25. The plfarhadébticabrdrmpmsiion-oP arimopylinheeliinieyl) -2,2-
compositiogi %ﬁﬁé@é@a@ﬁ?ﬂ@or administration by inhalation. 26. The
pharmaceutlga composition of Claim 24 or 25, wherein the composition
further confbrie®s!d $Harapetifieangdmdaniramblipyeridas adrenérgic
receptor aganish, 1Q.44midae pharmaceutical composition of any one of
Claims 24 to 26, "wherein the composition further comprises a

therapeuticallyfafiectibenarorineeraemreliraniinairisitsshattels
128. The pharpaceulicalisormpesiion obanyirae o Glams R io12 ¢ amide;

wherein the composition further comprises a thera _euticaIIX‘ effectiive
¥

amount of -PRbipRdeRSRY SsRpTEgRTolidn-3-y1-2,2-diphenylacetamide;
2-[(S)-1-(9-prop- L -ylaminononyl)pyrrolidin-3-y11-2,2-diphenylacetamide;

Ch

2-[(S)-1-(9-cyclopropylaminononyl)pyrrolidin-3-yl}-2,2-diphenylacetamide;
2-{(8)-1-(9-cyclobutylaminononylypyrrolidin-3-yl}-2,2-diphenylacetamide;
20 2-[{S)-1-(9-cyclopentylaminononyl)pyrrolidin-3-y1}-2,2-diphenylacetamide;
2-[(8)-1-(9-ethylaminononylypyrrolidin-3-yl}-2,2-diphenylacetamide;
2-{(8)-1-[9-(2-hydroxyethyl)aminononyl]pyrrolidin-3-yl}-2,2-
diphenylacetaride;
2-{(8)-1-19-(B)-(1-hydroxyprop-2-ylyaminononyl jpyrrolidin-3-y1}-2,2-
25 diphenylacetamide;
2-{(S)-1-[9-(1-hydroxyprop-2-yDaminononyl pyrrolidin-3-y1}-2,2-
diphenylacetamide;
2-1(8)-1-[9-(S)-(1 -hydroxyprop-2-yDaminonony! jpyrrolidin-3-yl}t -2,2-
diphenylacetamide;
30 2-{(5)-1-[92,2,2-trifluorcethyl)aminononyl jpyrrolidin-3-yl}-2,2-

diphenylacetamide,
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10independefp&uiss

29. Use of a compound of any one of Claims | to 23 in the manufacture of
20 a medicament for treating a medical condition alleviated by treatment

%tgogsfmﬁgarinic receptor antagonist. 30. Use of a compousiegraf amy:angs

of Claims | to 23 in the manufacture of a medicament for treating a
pulmonary disorder. 25 31. Use of a compound of any one of Claims 1 to
23 in the manuf e of . a medicament for.nradycing hranchadilationin a
patient. 3&?&5%??%%%}’ })afng%oglr%% %%%%& o)l{iwj; 6% Cl%g[i%ﬁg 1to 23.in’
the manufagtityel dpanetigtticanmentibinreatidy-Shyird chptrustiastamide;
pulmonar 1 asg,or asthma, 33 AT i St i_ngwadmgF?' ic@kamide:
system or%s lﬁpﬁe@&?ﬁgﬁ?ﬁﬁg ab n(%u[gs;l arinic recegt)gr, the method

comprising:[(&) doftacting -tentistogicAlnsyEnbifitot- ¥Hrrd phgnylacetamide;

compoun Y. ONe. ims L : g theneffestanide;
caused b)%%@éggrﬁ%%%gg %rﬁ%}? élg?é)%%%&s%%%?}rgmp!g 10%4. A

process for-plphrirgyalcbripauirrer TR Aans (RIy2 Rejgnfpostamide;
N'(CH2)e'i:HBe%‘-i@-%9&1&%&%&:&%@&%&%?&%@&&%ﬁiﬁzdgahenyxacetamide;

independently Selected from C14 alkyl, C2.4 alkenyl, C2.4 alkynyl, C3.6
cycloalkyl, e&; Ihiehrranos eay sy idin-J|| WEINARERE S two

adjacent Ri. groupsqh INRANIRERNI RN arednmed-toifarm C3_6
alkylene, (C@% a%y ene; -0- Or -0-(CI-4 alkylene)-O-; each R3 is
n Cl-4 alkyl and fluoro;

2-4(R)-1-[5-(R)~(1 “hydroxyprop-2-yl)aminononyl}pyrrolidin-3-y1}-2,2-
diphenylacetannde;
2-{{R)-1-[9-(1-hydroxyprop-2-ylyaminononylJpyrrolidin-3-yl1}-2,2-

diphenylacetamide;

i5 2-{(R)-1-{9-(5)-(1 “hydroxyprop-2-yDaminononylipyrrolidin-3-yl}-2,2-

diphenylacetamide;
2-{(R)-1 -[9-(2,2 2-trifluoroethyl)aminononyl fpyrrolidin-3-y1}-2,2-
diphenylacetamide;

2-[(R)-1-(9-benzylaminonounyl)pyrrolidin-3-yl] -2,2-diphenylacetamide;

20 2-[1-(8-methylamincoctylpyrrolidin-3-yi] -2,2-diphenylacetamide;

2-[1-(8-isopropytaminooctylypiperidin-4-ylj -2,2-diphenylacetamide;
2-{1-(8-prop-1-ylaminooctylypiperidin-4-yl]-2 ,2-diphenylacetamide;
2-{1-(§-cyclopropylaminooctyDpiperidin-4-yl}-2 2-diphenylacetamide;
2-1-(8-cyclobutylaminooctyl)piperidin-4-yl]-2 .2-diphenylacetamide;

25 2-11-(8-cyclopentylamimooctylpiperidin-4-yl] -2,2-diphenylacetamide;

2-[1-(8-ethylaminooctyl)piperidin-4-yl] -2,2-diphenylacetamide;
2-§1-[8-(2-hydroxyethyl)aminoocty}|piperidin-4-yl} -2,2-diphenylacetamide;
2-11-[8-(R)-(1-hydroxyprop-2-ylyaminooctyllpiperidin-4-y1}-2,2-
diphenylacetamide;

30 2-{1-{8-(1-hydroxyprop-2-yhaminooctyl|piperidin-4-yl }-2,2-

diphenylacetamide;,
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20 each R4 is independently selected from hydrogen, CJ-6 alkyl, C2.6
alkenyl, C2.6 alkynyl, C3.6 cycloalkyl, C6-10 aryl, C2.9 heteroaryl, C3.6
heterocyclic, -CH2-R6 and -CH2CH2-R7; or both R4 groups are joined

t09etherWEh[g]§?gﬂs(§g 1%xato é’l\s 5o %‘@ o %CJD g@j% &%‘fgetam}de

heterocycl cted 2.6 a

C3.6 cycloBIk§HAAd- tz@mp@ﬂ@mnw@#ﬂ@a%dmml Rér@ipaﬁa’?aﬂ%%%d

group is egtigraliys! dy%ﬁ%%@m%&%éﬁ% @J'y’iﬁlQ];ZI@aEh fliora-siabsgtigient;
each R6 is independently selected from C3 cloalkyl, C6-30 aryl, C,.9
heteroarytiand- ‘@ﬁ%‘%’%‘w&mp%ﬁ]dﬁ rYlE %r%é‘@@?f&”é‘?ﬁ?}f‘%‘iiécted from

C3-6 cyclqalkylis6he30l @ﬁ)ﬁhpﬁ‘anglhﬁ;befmatw 036 -tielengtyeticy OH,

S ash) SOV L S Sy SRS
-S(0)(C34 hg&mmywpyév@)q(@gémyemwyﬂé@@%ﬂa}wtmde

-S(0)(CE:X0. @mg)@1&(@%@%&@5}&@@@@@@&%@&%Qa 9
heteroaryl) and -S O)2

heter ac | epe dentl
selected from Cf:’:’é & %’é?f%yfm&%‘y C% éj hﬁ?&%g qf‘?% Reamde;
heterocyeha; (@%Wﬂa“smbemem%ﬁﬁemd@mwmém C-4 alkyl,

C.4 alker 624 RINEAARNE S Hs ol 2ach B Bt

independently selected rom hydrogen, C1-4 alkyl, C2- 4 alken

alkynyl ad G4y oM SRS AeF R S RIS gAY %&ﬁ*%ﬂylaw‘fm@e;
nitrogen at(prr[qq wihichoxieypare ?dtﬂ@hﬁﬁhm}f@ﬂﬂimyh‘?ﬁﬁeﬁymlmﬁamlde

an intege is an integer from 0 {c ) ), .
B e A
cycloallcyl-grd8pan- Wr;@gop@hﬁnmRorpxgyi]:g1Be§ﬁglﬁ-éfllg%bﬁ@ﬁwlaceimmde and

su bstltuteﬂ[w@ﬂbkﬁgymwsbwﬁﬁmgnme;aq;h ar&ipw@maélwhldlaeteroaryl
and heterocycllc grou 1, R2 3, R6.R' 318& Rband. R is

optionally”’sub&ttite W"? P4 sﬁﬁéjﬁt‘?il‘ﬁ %pené’ently selected from
Cl-4 alkyl, C24 alkenyl, C2-4

22 The compound of Claim 21, selected from 2-[{5)-1-(8-
Methylaminooctylpyrrolidin-3-y11-2,2-diphenylacetamide or a pharmaceutically-acceptable

salt or solvate thereof.

23. The compound of Claim 21, selected from 2-[(R)-1-(8-
Methylaminooctylpyrrolidin-3-y1]-2,2-diphenylacetamide or a pharmaceutically-acceptable

salt or solvate thereof.

24. A pharmaceutical composition comprising a pharmaceutically-
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alkynyl, cyano, halo, -O(C1-4 alkyl), -S(Ci4 alkyl), -S(O)(C1.4 alkyl),
-S(0)2(C.4 alkyl),-NH2, -NH(C1-4 alkyl) and N(C1.4 alkyl)2, wherein each
alkyl, alkylene, alkenyl and alkynyl group is optionally substituted with 1 to
5 fluoro substituent; and each -CH2- group in -(CH))- is optionally

slibstituied withd: ar @ Suksiiiueniaindepsndentyosaleated S fal 28y one of

-OH and fluoro; wherein said C2-9heteroaryl is a monovalent aromatic
gt’%@ﬁ%\li‘i‘?gzé-single ring or two fused rings and containing 1-3
heteroatoms selected from nitrogen, oxygen or sulfur; and said C3-6
heterocyclic is a monovalent saturated or unsaturated group having a

single rirgor mMliGFRAEDABRRRSSHRGREHPR ShialAiRY - 3hetefolpegposition

S%&%ﬁ%ﬁ@ﬂ@r%@&ﬁgﬁﬁreﬁﬂ%ﬁ iAnasutfy; or a salt or solvate or
stereoisomer thereof; -102 WO 20051003090 PCT/US2004/018813 the

process comprising: (a) reacting a compound of formula Ill: \O 5 (Rha /

N(R4)2 Qsa NAGHAGmIbE(RA)BIMAS BVt a-comBaQYnd offermiae
IV : 15 P'-H-RS fv wherein P’ is an amino-protecting group, in the

preBRRE G RIFEHGE FPHYBRE 2 (B Teting ‘& Sisptmansrel i aby adignergic
O RdbNHMiR2)~ (R)~ 25 with a compound of formula VI:

27.  The pharmaceutical composition of any one of Claims 24 to 26,
wherein the composition further comprises a therapeutically effective amount of a

steroidal anti-inflammatory agent.

28, The pharmaceutical composition of any one of Claims 24 to 27,
wherein the composition further comprises a therapeutically effective amount of a

phosphodiesterase-4 inhibitor,

29. Use of a compound of any one of Claims 1 to 23 in the manufacture of
a medicament for treating a medical condition alleviated by treatment with a

muscarinic receptor antagonist.

30. Use of a compound of any one of Claims 1 to 23 in the manufacture of

a medicament for treating a pulmonary disorder.

31. Use of a compound of any one of Claims 1 to 23 in the manufacture of

a medicament for producing bronchodilation in a patient.
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2
L

0 P2 P 30 --(CH2)e-t-N-R5 VI H -103 WO 2005/003090
PCT/US2004/018813 wherein P2 is an amino-protecting group, in the
presence of a reducing agent; (c) reacting a compound of formula VII: O
5N(R4)2 a N-(CH2).-L' VIl (R2)b (R3)0 10 wherein L' is a leaving group,
will? a corigorhd effaenadeoT vrorie oidakeinmg & sordpouhd ofuiasiiac\pf a
with A COmARYN ALIBITMA NI o ER A EHAIE N R ggein L2

is a?eavmg group and P3'is an amlno-protgctmg group; and then (e)
removing protecting group P', P2 or P3 to provide a compound of 20

formula I .o a sajt m%%%f5§§u£§1§§%?8f§§ SLE QIR MDEIRI IR prising a

S
process further comprises the rnfing a
pharmserreuticatiypiecdptaiithsdwbpirsiogmpound of formula 1. 25 -104

WO 2005/00309 ; '
pharmace ticalléﬁ%}e%%?ﬁg g%@éf?c 2} gg%%%ﬁbr% 0 o%n%%ql}ggl: % R4)?3fzmy
N(Ra) 2f\-[EH2 Y6142 R 8oid

{(b) determining the effects caused by the compound on the biological

system or sample.

34. A process for preparing a compound of formula I:

0
(RY); N(R%),
d
o) e

(R3), (R%)¢

wherein

each R' and R? is independently selected from C;.4 alkyl, Co.s alkenyl, Coy
alkynyl, Ca cycloalkyl, cyano, halo, ~-OR?, ~SR®, -S(O)R?, -S(ORR* and -NR"R";
or two adjacent R groups or two adjacent R? groups are joined to form Ca¢ alkylene,
-(Cp4 alkylene) -O- or -O-(Cy4 alkylene}-O-;

each R” is independently selected from C,. alkyl and fluoro;

each R* is independently selected from hydrogen, C; alkyl, Co4 alkenyl, Cp
alkynyl, Csg cycloaikyl, Cg-10 arvl, Co¢ heteroaryl, Ci6 heterocyclic, »CH2~R6 and
-CH,CH,-R'; or both R* groups are joined together with the nitrogen atom to which
they are attached to form Cs.¢ heterocyclic;

R’ is selected from Cig alkvl, Cy alkenyl, Cp alkynyl, Cs ¢ cycloalkyl, and

-CH,-R®; wherein each alkyl, alkeny] and alkynyl group is optionally substituted
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(R2 )b (R3)~ 10 wherein each R'and R2 is independently selected from

C,-4 alkyl, C24 allcenyl, C24 alkynyl, C35 6 cycloalkyl, cyano, halo, --OR’,
-SR', -S(O)R, S(O)2R' and -NRbR’; or two adjacent R' groups or two

adjacent R2 are | ed to form C3_6 alkylene, 15 -(C2_4
aIR&V/‘I@ng{(Sr t?s Sti 858)-0-; each R is independently selected

from C7 ahcalWI1andefhgod©n@asﬂieﬁwdl§¢ndéfpenﬂ@mly}éeqécﬁ@wfr@n heteroaryl and
hygrogg@m%m(ﬁcplkyl C2_6 allcenyl, C2-6 allcenyl, C3_6 cycloalkyl

c6_10 aryl, C2- -9 heteroaryl, C3-6 heterocyclic, -CH2-R6 a
-CH2CH2"’R}‘ Rribidereadsrsbipseredding ﬁcﬁg%ﬂ‘.%‘Witk?ﬁh@aﬁﬁr&aéHeé“t’é’Wl Cas

to M@%mﬁ@d;haﬁare(&nta@h@@ teofanmGildaikete Fﬁlﬁsl@hl@arﬁiﬁ, iDgelettecoaryl), -

frcc)ﬁ%gP%kyll r@i e4c lﬁgl[llyl éazf]’ Q;a"gy\nggg aIE é}/%%ﬁllg (L %@%&C’ s eycloalkyl)

subsiitisteds witlvaloh. ok Eto @ﬂﬁm%@lﬁ@sma@m ééféh(ﬁ@q@lyl) S(thef@mf}’*)
md@@ﬁ@gﬂb{@@i@q}%ﬁrgmﬁ@@ QM@L@@WI C6-10 aryl, C2_9 25

heteroaryl and C3. 6 heterocycli R2 in e tlys ed from
Ca6 cycrig BB IO B3 S a1 6 BT Eo Gy, L oyl ad
-O (Gl ifktatlyyy)ic;O(C36 cycloallyl), -O(C610 aryl), -O(C2.9 heteroaryl)

-S(C16 | -6 o5 ; ; Decs
vy %yéﬂyc.o?sﬁ%z R o Bl o b raioie:

-S( e848 Gryiyye e@)’é(ce 70 aryl), -S(C2.9 heteroaryl), -S(0)(C29
heteroarybaang® a&@)ﬂ&d&hﬁmﬂﬁﬁylkpt&ﬂﬁ@amdﬁ&m ifdependéentlylkenyl, Co.

seleﬁ(ted frogrbCS r@éﬁﬁoﬁlky t{b ar 9"8‘%' Q%@g é]}%rtﬁgp%r %lr&l%%?ge% atom to which

hetergc c?lc 83EH Ra Isin epen entlys elected from hydrogen, C_4 alkyl,
cz.rhealwmylac@qﬂztcafkynﬁa ahtieB6 ey cloalkyl; each Rb and R is

independentlysglesteddrpmbydrogen, C14 alkyl, C2-4 alkenyl, C2-4
alkynyl and C3.6 cyclo IkY or Rb and R are joined together with the
nitrogen abdiR AR

¢ is an integer from 0 to 4;

dis1or?2;

eis8or9,;

wherein each alkyl, alkylene, alkenyl, alkynyl and cycloalkyl group in RL,RL R RY,
R’, R* R" and R°® is optionally substituted with 1 to 5 fluore substituent; each aryl, cycloalkyl,
heteroaryl and heterocychic group in RURLRY R RE R RE R, R and RE is optionally
substituted with | to 3 substituents independently selected from Cy.4 alkyl, Co4 alkenyl, Co
alkynyi, cyano, halo, -O(Cy.4 alkyl), -S(C . aikyl), -S(ONC 14 alkyl), -5(0)(C,.4 alkyl),-NH,,
“NH(C - alkyl) and -N(C,.4 alky!),, wherein each alkyl, alkylene, alkenyl and alkynyl group
is optionally substituted with 1 to 5 fluoro substituent; and each -CHy- group in ~(CHy)e- 1s
optionally substituted with 1 or 2 substituents independently selected from C,; alkyl, -OH
and fluoro;

wherein said Cyoheteroaryl is 2 monovalent aromatic group having a single ring or
two fused rings and containing 1-3 heteroatoms selected from nitrogen, oxygen or sulfur; and
said Cs¢ heterocyclic is a monovalent saturated or unsaturated group having a single ring or
multiple condensed rings and containing 1-3 heteroatoms selected from nitrogen, oxygen or
sulfur;

or a salt or solvate or stercoisomer thereof;
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they are attached to form C3-6 heterocyclic; a is an integer from0to 3; b
is an integer from 0 to 3; cis an integer fromO0to4; dislor2;eis8or9;
“@%@%%W alkyl, alkylene, alkenyl, alkynyl and cycloalleyk,grl%l MR ss13
2, R3, R4, R7, Ra, Rb and R is optionally substituted with | to 5 fluoro
substituent; each aryl, cycloalkyl, heteroaryl and heterocyclic group in R’,
R2, R4, R5, R6 R7, R3, Ra, Rb and R is optionally substituted with 1 to 3

substituer s FRFE AHBRIN Slected from CI-4 alkyl, CI -4 alkenyl, C,-4
alkynyl, cyaino, hedotin@Chriralkyd)pfS¢@ruih dlkyl), -S(O)(Cr4 alkyl),
-S(0)2(Ci_4 alkyl),-NH2, -NH(C" alkyl) and -N(Cr_4 alkyl)2, wherein each
alkyl, alkylene, alkenyl and allcynyl group is optionally substituted with | to
5 fluoro substituent; and each -8H2- group in -(CH2)e is optionally
substituted with | qrg 2(8 itue Iits indg&endently selected from CI -2 alkyl,
-OH and fluoro{tHergin said _&Hgt oaryl is a rc’slonovalent aromatic
group having a single ring or fwaq fuséd rings and gontaining 1.-3
heteroatoms selected frorreritrogen, Ny”g‘é%‘éw)su‘lﬁgrﬁand said C3.6yy
heterocyclic is a monov ed or unsaturated group having a
single ring or multigig)gordensedrings and. containing 1-3 heteroatoms
selected from nitrogen, oxygen or sulfur; or a solvate or stereoisomer
thereof; the process comprising contacting a compound of formula IX: O
10(Rra/N(R4)2a P d N-(CH2)e N-R5 IX (R2)b (R3)c -106 WO
2005/003090 PCT/US2004/018813 wherein Pa is an acid-labile
amino-protecting group; with a pharmaceutically

with a compound of formula IV:

1
15 P

5
N—R

H W

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

(b)  reacting a compound of formula V:

20
v
25
with a compound of formula VI
0 Tz
30 »“(CHz)e-w —N—R® VI

H
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acceptable acid to form a pharmaceutically-acceptable salt of a compound
of formula I. 5 37. The product prepared by the process of any one of
i 4. 35 and 36. 38. A compound of formula X: 10 O

‘géa(’im@? ! e N- Rs x 15 (R2)d (R3)c wherein P is an ami@@g%%ﬁégm
group; each R and R2 is independently selected from C1_4 alkyl, C2_4
alkenyl, €2 20 allcynyl, C3_6 ¢ycloallcyl, cyano, halo, - OVX, -~ SW o
-S(ORFESIOR R TRHEE 81 BdoBR R GPGPS OF o 2
adjacent Rg) groups:aig joibegdantbemiGihtlakiiene, (C2_4 alkylene)-O-
or -O-(C3.4 alkylene)-O-; each R3 is independently selected from C1_4
alkyl and fluoro; each R4 is independently selected from hydrogen, C,.6
alkyl, C2_6 allcenyl, C2_§& 25 aIBenyI, C3.6 cycloalkyl, Chip aryl, C2_9
heteroaryl, C3-6 heterg T, -C Z Rf%b nd -CH2CHZ R7; or both R4
groups are joine 3@ with the N n atom to which they are
R&Giis selected from Ct_6 alkyl, C, 6
alkenyl, C2.6 allcynyl, C3/6=ycloglkyl, Mmd ((&142-R8; wherein-ggch alkyl,
alkenyl and alkynyl grou ionajty’substituted 30 with -OH or Ito 5
fluoro substituent; eagl r = ndeqﬁ ently selected from C3_6
cycloallcyl, CC-10 aryl, C, 9 --107 heteroaryl and C3-6 heterocyclic; each
R7 is independently selected from C3-6 cycloalkyl, C6-10 aryl, Cz-9
10heteroaryl, C,-6 heterocyclic, -OH, -O(C1 6 alkyl),-O(C3.6 cycloalkyl),

'O(%él%iﬁ'ﬂj)fs'gg%% Q{%ﬁﬂ?@ﬁﬂ)a gompound of formula IV; or

(&) reacting a compound of formula V with a compound of formula VI

ps
%

VI
L3 (CH,)—N—R’

15

wherein L? is a leaving group and P* is an amino-protecting group; and then
(6)  removing protecting group P’, P? or P* to provide a compound of

20 formmula T or a salt thereof.

35, The process of Claim 34, wherein the process further comprises the

step of forming a pharmaceutically-acceptable salt of the compound of formula L.

25
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S(C-6 alkyl), -S(O)(C3.6 alkyl), -S(0)2(C1-6 alkyl), -S(C3-6 cycloalkyl),
-S(O)(C3-6 cycloalkyl), -S(0)2(C3.6 cycloalkyl), -S(C6-io aryl),
-S(0)(C6-10 aryl), -S(0)2(C6-in aryl), -S(C2.9 heteroaryl), - Q[) -9 _
Wéf%(r?eo(%{??/ "And -S(0)2(C-g heteroaryl); each R$ is independ%é% {&%‘sgeof)é%{]esé B
from C3-6 cycloalkyl, C6-lo aryl, C2-9 heteroaryl and C-6 heterocyclic;
each R is independently selected from hydrogen, C1-4 alkyl, C2-4 alkenyl,
C2.4 alkyA and\@QC@?“’c%ém%%@ﬁ%%@fg?ﬂa?ﬁémﬁmﬁﬁ%ﬁ? ed
fronggyg(ggg@gffghﬂuﬁla{yl, C2.4 alkenyl, C7-4 alkynyl and C3.6 cycloalkyl;
or Rb and R are joined together with the nitrogen atom to which they are
attached to form C3-6 heterocyclic; a is an integer from 0 to 3; bis an
integer from 0 to 3; cis aninteger fromOto4; dislor2;eis8or9; R3,
R4, wherein each alkyh:alkytgne, alkenyl, alkynyl and cycloalkyl group in
>R, R2, R, R, Rizar ignallygupstituted with | to 5 fluoro
substituent; each ar ¢yl, heteroaryl and heterocyclic group in R1,
RS0 iiqr}aJJyNsutpgtituted with 1{o 3
elected from C1.4%lkil, C2.4 alkenyl, C2.4
alkynyl, cyano, halo, -O IkyI)/ -S(C-4 alkyl), -S(O)(C.4 alkyl),
-S(0)2(C-4 alkyl),{RB2, “NH(C1{®lalkyl) and -N(C1.4 allcyl)2, wherein
each alkyl, aikylene, allcenyl and alkynyl group is optionally substituted
10with 1 to 5 fluoro substituent; and each -CH2- group in -(CH2)- is
optionally svoy’g_)fsrteiigted with | or 2 substituents independently selected from
C-2 alkyl, - and fluoro: wherein said C2.9heteroaryl is a monovalent

aromatic greab RavidRaisingieends sy arlectaddipiings-aleybdntaififgyt-S:«
heteaﬂ%%?éﬁg%%@ﬁﬁw%%?%a; %w,enﬁa?u@@ﬁqd ROIEC3nE - NRRS;

hetero monovalent saturated or unsaturated group havin

_ a
singlerring stansaidpleespierizatdngsaRd Wﬁ'ﬁg@iﬂ@iﬁ%@mh%%m@kﬂm
1§elecj@g2£r%ﬁgggggn,(Qxy@e(cg_g Sifidkepr@-salt or solvate or

stereoisOmer thereof.
each R’ is independently selected from C,, alkyl and fluoro,

each R* is independently selected from hydrogen, C,, alkyl, C,; alkenyl, Cy4
dlleynyl, Cs ¢ cycloalkyl, Cq pq aryl, C, 4 heteroaryl, Cy ¢ heterocyclic, ~CH;-R® and
-CH,CH,~R’; or both R* groups are joined together with the nitrogen atom to which

20 they are attached to form C, ; heterocyclic,

R° is selected from C,, alkyl, C, ; alkenyl, C, ¢ alkynyl, C, ¢ cycloalkyl, and
~CH,-R® wherein each alkyl, alkenyl and alkynyl group is optionaltly substituted
with - OH or 1 to 5 fiuoro substituent;

each R® 1s independently selected from C, ¢ cycloalkyl, Cq i aryl, Coy

25 heteroaryl and C, ¢ heterocyclic;

each R is independently selected from C, 4 cycloalkyl, Cy ,y aryl, Cop
heteroaryl, C, , heteroeyclic, — OH, - O(C, alkyl), - O(C, ¢ cycloalloyl), ~O(Ce g
aryl), w(‘)(Cz_9 heteroaryl), - S(C, ¢ alkyl), - S(ONCy alkyl), - S(O),(C,; aliyl),
~§(C, 4 cycloatleyl), — S(ONCy ¢ cycioalkyl), - S(0),(Cy cycloalkyl), - S(C, 4, aryl),

30 - S(ONCyp Ay, = S(O)(Cy 10 aryl), - S(C, heteroaryl), —S(ONCoy heteroaryl} and
-S$(0),{C,; heteroaryl);
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39. The compound of Claim 38, selected from 2-[(S)-1-(8-N-Benzyl-N- m
ethylaminooctyl)pyrroli din-3 -yl] -2,2 -108 diphenylacetamide or a salt
thereof. 40. The compound of Claim 38, selected from 2-{(S)-I-(8-(N-tert-

ButoxycarbonyhN-met | idin3qying2diphenytaceiagigry: and
sy S et R b G A U A G
XICwHeteiprEis:an amino-protecting group selected from benzyl,

tert-butoxyeRPQnI déptieRBnEerIGasRaMrogen, Ci.y alkyl, Co alkenyl, Cyy alkynyl
p-lrafn%lgt oxgpz)ﬁ?nﬁl?xycarbonyl, 9-fluorenylmethoxycarbonyl, formyl, acetyl,

triff&thyfsiit,CAnd tert-butyldimethylsilyl; G is selected from -CHO,
-CH(ORS¥¢h BH2O R anthdeizlintivhereipddanh Reliszindeperitdntly:alignyl Co

alkylor path Hf greupsare iqingshir-farmumM alkyieneranddaisadaavingo which
group; \1/? is selected from C_6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C3.6

cyIBany PRI RS- WRETORH digeh alkyl, alkenyl and alkynyl group is
optionally:substiitsesd faith 6@H:or 1 to 5 fluoro substituent; each R8 is

independ ntl%sgtlec ed from G3-6 cycloalkyl, C6io aryl, C2-9 heteroaryl
and C3- Seterlog)%g%ic;oé}SSSré’: wherein each aryl, cycloalkyl, heteroaryl

and heteroydlit§esupm A& dhd R8 is optionally substituted with | to 3

substitueptg ingependently selected from CIA alkyl, C2.4 alkenyl, Cz_,

alkynyl, cyang, hg_lo, -O(CI-4 alkyl), -S(C1.4 alkyl), -S(O)(CI_4 alkyl),

-S(0)3(CI 4" ikyl),-NH2, -NH(C4 alkyl) and -N(CI-4 alkyl)2, wherein

each alkylylatiojieneh alkengikatede alyny). gy iewptshalkysemeiinds R R R,

withr1go peflygre %’%ﬂ%%@d&%%@%@ﬂ% I IRKRoIBub{Getbd)Selieh aryt, cycloalkyl,
e

Pl e D | o2 sibslung pepenq gt o,
aromatiegroupthawing e ginghesindependently selected from Cy4 alkyl, Coq alkenyl, Cos
alkynyl, cyano, halo, -O(Cy.4 alkyl), ~S(Cy.4 alkyl), -S(OXCy4 alkyl), -S(O)(Cy4 alkyl),-NH,,
-NH(C 4 ai.kyi)-zm:d N(C,4 alkyD),, wherein each alkyl, alkylene, alkenyl and alkynyl group
is optionally substituted with 1 to 5 fluoro substituent; and each -CH;- group in —(Cfig)e- is
optionally substituted with 1 or 2 substituents independently selected from C;; alkyl, -OH
and fluoro;
wherein said Cosheteroaryl is a monovalent aromatic group having a single ring or
two fused rings and containing 1-3 heteroatoms seiected from nitrogen, oxygen or sulfur; and
said Cy4 heterocyclic is a monovalent saturated or unsaturated group having a single ring or
multiple condensed rings and containing 1-3 heteroatoms selected from nifrogen, oxygen or
sulfur;
or a solvate or stereoisomer thereof:

the process comprising contacting a compound of formula IX:

0
R); N(R), .
QN | .
O N_(CHz)emN_ R X

(R?y (R%),
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two fused rings and containing 1-3 heteroatoms selected from nitrogen,
oxygen or sulfur; and said C_6 heterocyclic is a monovalent saturated or
YERANATAS Reteroatome selocted from nirogen. oxygen & LU RS
salt or stereoisomer thereof; provided that when L is chloro, P is not
ethoxycarbonyl. -109 42, The compound of Claim 41, selected from ;
8-(N-Benzyl KL FHdthiI ARARG) SR AP SRR LAt NP F3 R armaceutically-
coMppat Gdain 4dmselaciechiom-giiNtesBbloxicarharmytg¥and of
methylamino)octan-I-ol. 44. The compound of Claim 41, selected from
Tolué%‘-‘ﬁ?shlfonic acid 8-(N-tert- butoxycarbonyl-N-methylamino)octyl
ester. 45. The pharmaceutical composition of Claim 24, wherein the
omposition,_ further comprises a therapeutically effective amount of
5zldrenergicgr%‘ceptor%1 ré’n%t%ﬁ aém(gt{)e’r}})%glrgﬁ%%ﬁr? gﬁ%ﬁg?oor{/)%%lénﬁts fz‘”:’iz:?LSOand
36.

38, A compound of formula X:

10
O
(R"), N(R%),
7
d
O / N_‘(CHz)e__N_ R X
{R2), (R3),
15

wherein
P is an amino-protecting group;
each R' and R? is independently selected from C,, alkyl, C,, atkenyl, C, ,

20 alkynyl, C, eycloalkyl, cyano, halo, ~ OR?, - SR?, - S(O)R?, -5(0),R* and ~NR"R%;
or two adjacent R! groups or two adjacent R* groups are joined to form C, ; alkylene,
~{C,, alkylene)-O- or -0~ (C,, alkylene)-0O-;

each R® is independently selecied from C,, alkyl and fluoro;
each R* 1s independently selected from hydrogen, C, ; alkyl, C, ¢ alkenyl, C, ¢

25 alkynyl, G, cycloalkyl, Cq q aryl, C, o heteroaryl, C, ¢ heterocyclic, ~CH,-R® and
~CH,CH,-R"; or both R* groups are joined together with the nitrogen atom to which
they are attached to form C, heterocyclic;

R® is selected from C,, alkkyl, C,, alkenyl, C, ¢ alkynyl, C,; cycloalkyl, and
~(CH,~R¥; wherein each alkyl, alkenyl and alkynyl group is optionally substituted

30 with ~OH or 1 to 5 fluoro substituent;

each R® is independently selected from C, ¢ cycloalkyl, Cy ), aryl, Cog
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heteroaryl and C;.¢ heterocyclic;

each R is independently selected from Cs. cycloalkyl, Cero aryl, Co heteroaryl, Cs
heterocyclic, -OH, -O(C, ¢ alkyl}, -O(Cs.6 cycloalkyl), -O(Ce.1o aryl), -O(Cy heteroaryl), -
S(Cy alkyl), -S(OXCy alkyl), -S(O)(Cis &Ekyf), -8(Cs 4 cyeloalkyl), »S(O)(Cgﬁ(, cvcloalkyl),
-S(0)(Cs4 cycloalkyl), -S(Cauyp aryl), -S(ONCeup aryl), -S(0)ACer0 aryl), -S(Cyo heteroaryl),
-S(O)Cy.¢ heteroaryl) and -S(0)x(Ca¢ heteroaryl);

each R®is independently selected from Cs cyeloalkyl, Ce.iq aryl, Cog heteroaryl and
Cs heterocyclic;

each R? is independently selected from hydrogen, Cy.4 alkyl, Cy4 alkenyl, Coy
alkynyl and Cs cycloalkyl;

each R® and R® is independently selected from hydrogen, C,.4 alkyl, Coy alkenyl, Cy4
alkynyl and Cs cycloalkyl; or R" and R° are joined together with the nitrogen atom to which
they are attached to form Cs heterocyelic;

a1 an integer from 0 to 3;

b is an integer from 0 to 3;

¢ is an integer from 0 to 4;

dis i or2;

eis8or9;

wherein each alkyl, alkylene, alkenyl, alkynyl and cycloaikyl group in R, R* R R,
R’, R®, R® and R® is optionally substituted with 1 to 5 fluoro substituent; each aryl, cycloalkyl,
heteroaryl and heterocyclic group in R, RARY RO, R R, R RE RYand R is optionally
substitated with 1 to 3 substituents independently selected from Ci4 alkyl, Coy alkenyl, Coy
alkynyl, cyano, halo, -O(Cy.4 alkyl), -S(C - alkyl), ~S(OXCy alkyl), -S(0)oCy4 alkyl),-NHa,
NH(Cy4 alkyl) and -N(C,., alkyl),, wherein each alkyl, alkylene, alkenyl and alkynyl group
is optionally substituted with 1 to 5 fluoro substituent; and each -CHy- group in -(CHy)e~ 18
optionally substituted with 1 or 2 substituents independently selected from C;; alkyl, -OH
and fluoro;

wherein said C,.cheteroaryl is a moncvalent aromatic group having a single ring or
two fused rings and containing 1-3 heteroatoms selected from nitrogen, oxygen or sulfur; and
said Cs.¢ heterocyclic is a monovalent saturated or unsaturated group having a single ring or
multipte condensed rings and containing 1-3 heteroatoms selected from nitrogen, oxygen or
sutfur;

or a salt or solvate or stereoisomer thereof,

39, The compound of Claim 38, selected from 2-{(S)-1-(8-N-Benzyl-N-
methylaminooctyl)pyrrolidin-3-y1}-2,2-
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diphenyiacetamide or a salt thereof.

40, The compound of Claim 38, selected from 2-{(S)-1-[§-(N-tert-

Butoxycarbonyl-N-methylamino)octy]pyrrolidin-3-yi}-2,2-diphenylacetamide or a salt
thereof,

41. A compound of formula XI:

T
G—(CHy)z7—N—FR’ X1
wherein

P is an amino-protecting group selected from benzyl, tert-butoxycarbonyl, trityl,
benzyloxycarbonyl, p-methoxybenzyloxycarbonyl, 9-fluorenylmethoxycarbony!, formyl,
acetyl, trimethylsityl, and tert-butyldimethylsilyl;

G is selected from ~CHO, ~CH(OR),, ~CH,OH and ~CH;~L, wherein each R' is
independently Cy¢ alkyl or both R' groups are joined to form Ca alkylene; and L is a leaving
group;

R is selected from Ci alkyl, C; ¢ alkenyl, Co alliynyl, Cs.g cyvcloalleyl, and -CH;-
R®; wherein each alkyl, alkenyl and alkynyl group is optionally substituted with -OH or 1 to §
fluoro substituent; |

each R® is independently selected from Cs, cycloalkyl, Csip aryl, Cos heteroaryl and
Cs heterceyelic;

eis 8or9;

wherein each aryl, cycloalkyl, heteroarvl and heterocyclic group in R” and RYis
optionally substituted with | to 3 substituents independently selected from C; 4 alkyl, C,.
atkenyl, C;4 alkynyl, cvano, halo, -O(C,.4 alkyl), -8(C,.4 alkyl), -S(OXCy4 alkyl), -S{O0)(C14
alkyl),-NH,, -NH(C,4 alkyl) and -N{Cy4 alkyl},, wherein each alkyl, alkylene, alkenyl and
alkynyl group is optionally substituted with 1 to 5 fluoro substituent; and each -CH,- group in
-(CH»).- is optionally substituted with | or 2 substituents independently selected from Cy.,
alkyl, -OH and fluoro;

wherein said C,gheteroaryl is a monovalent aromatic group having a single ring or
two fused rings and containing 1-3 heteroatoms selected from nitrogen, oxygen or suifur; and
said Cy heterocycelic is a monovalent saturated or unsaturated group having a single ring or
multiple condensed rings and containing 1-3 heteroatoms selected from nitrogen, oxygen or
sulfur;

or a salt or sterecisomer thereof;

provided that when L is chloro, P 1s not ethoxycarbonyl.
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42. The compound of Claim 41, selected from 8-(N-Benzyl-N-

methylamino)octan-1-ol or a salt thereof.

43, The compound of Claim 41, selected from 8-(N-terr-Butoxycarbonyl-N-

methylamino)octan-1-ol.

44, The compound of Claim 41, selected from Toluene-4-sulfonic acid 8-(N-ferr-

butoxycarbonyl-N-methylamino)octyl ester.

45, The pharmaceutical composition of Ciaim 24, wherein the composition
further comprises a therapeutically effective amount of a p; adrenergic recepfor agonist and a

steroidal anti-inflammatory agent.
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