MUSCARI NI C ACETYLCHOLI NE RECEPTOR ANTAGONI STS FI ELD OF THE I NVENTION Thi s
invention relates to novel quinuclidines derivatives, pharnaceutical 5
conposi t i gip00fid74sse thereof in treating nuscarinic aceiydgEahdfgssszecept or
nmedi at ed di seases of the respiratory tract. - BACKGROUND OF THE | NVENTI ON
10Acet yl chol i ne rel eased from ehoI i nergic neur ons in the peripheral and
central nervous Mj ¥ AGET YRGHO] CERTOR ANEA Ses t hrough
interaction with two rraj or CIM@W'W receptors - the
nicotinic and the nuscarinic —n'e—rece'p;vrs. Muscari ni c
acetyl choline receptors (MAChRs) belong to the superfamly of G protein

coupl ed receptors,that have seven transnenhrane domains. 15 There are five
subt ypes of mACHHES inventipagelviesig nove) qusyekdipes (@qﬁJé’aBYﬁdBWT’@Fe“élC@ sti nct

gene. Each
pr opertges cs}%ﬁé%ﬁ?&h%%&g%Z@Q{exﬁglﬁfe%gﬁ?ecep?g’?dsg% &{% : hl s%&%ou‘? ed in
vertebratedwew@fm@ﬁalr:jyymm ate many of the vital functl ond. Muscarinic

receptors can nmediate both 1nhibitory and excitatory actions. For exanple,
in snmooth nmuscle found in the airways, 20 M3 mAChRs nedi ate contractile

responses. For review, pl Mﬁﬁgﬁnac Ther.
58:319-79). In the WF zed to snooth nuscle

in the trachea and bronchi, the submucosal gl ands, and the parasynpathetic
ganglia. Miscarinic receptor density is greatest in parasynpathetic gangl ia
and thdf decr eadwstileholianseleased fiom ¢hobingmicammensds & e@r@h@g} gl ¢angigheal and

thenbr onc lcAlouS URRLT, 145! Sand MHRAL Bcfod GR SRELE. BESURARLIARRAM from

t he al veoli. SSi unc e Iungs

pl ase see tib yeijoraiishsdesiuloyty (chORSe RAatplofsestht hicotihic 2Ga e Mastatin( 5, pt 3) S
4-60). Three subtypes of mAChRs have been identified as inportant in the
| ungs, M, asgyigho lanﬁemtemcmwnne agqtylrhedinrseceptrsa (ea ChRshbelorg todhe ot h

nmuscl e, meq] tes the
enzyme phog{ﬁﬁ% 1p se p\?/é)tgﬁjb éiea@eceﬁokwﬁﬁdvggf&f{norymgﬁgrgﬁ‘?lel n 11 (Gs),
| eadi ngst o ThieRedra five Bulstipes\WDn2ZAO0BR.S, A rid VY- %@G&éﬂiﬁ&ﬂ@?mhﬁawrati dyl
i nosi tol-4, 5-bi sphosphate, resulting In phosphorylation of contractile

g[ ??neJ: gf i or;méf this Egeh ?fa?lesgfn of b‘qpe:pdlls]ﬂaymmgﬂl |na&nﬂgﬁgﬂ?enm??son (Y%

MAChRS mké&%aeesﬁs%vﬁﬁ%wesmt%%%mﬁeﬁg ﬁeﬁéﬁl Yertebrale OFg9S Wheopul at i on
k

on airway il?@}@{ét eéﬁ%gﬁ%‘ﬁ £ 18 Vibg YR Hbae m&%&@fc ?%61’59&1]1& itd bdgn unknown,

t hey i nhi bi ni nergi ¢ relaxatlon 0 snDot nmuscl e via
i nhi bi ti on ixHibitaiyand ereitaaéry adtiorve Hoo exdmple, imitivbth mnscld: fovat énl therairways,

postgan lignic p rasy athetic nerves Under nor physi ol ogi ndi ti ons,
neur on& N&hﬂé@%@é eopiragiile FSPRTSET. BT raREryp ?ﬁ?l Sleﬁgalﬂ]%%kg@ég rom

par asymnpat |c n %isr#l{gwéﬁltory 10 M mAChRs have al so been denonstrated
on synpath 1ungs of some species. These receptors inhibit

rel ease of nor a‘iﬁﬁ{éﬁlhhgsemﬁtbl&i‘és Hﬁ@%@&%lo@ﬂllﬂ%%ﬂ%'xﬁuécwtthé &aéﬂéﬁahdmgs
MAChRs areé found in the pul nonary parasynpathetic ganglia where they

fupcti on t drawhytiwesubamcosal ghmds snd the, pafisyspathetie pinglia. Mnssarihis cedspten
| ocalized to the 15 i pheral arench however, hEI.I‘ function in
the par enc GRS Eifa %ﬁ ﬂ%ﬁ@@ﬁ@?ﬁ? gﬁﬂﬁi‘ %(@Bﬁe?fgasre&% Iy dipen ﬁﬁct ion in
the lungs RasmberM AMRo! 'tr@cl"i’eal/ aid @by bencE!i'af $186 SR mRafe N ARhLESAk 9efdls
states. In particular, in asthma and chronic obstructive pul nonary di sease
(COPD), i nfatfammdw@bsem tnodi the ahwsolieHdr teyiemossma{LChR expression and function in

the lungs, please see Fryer and Jacoby (1998 Am J Respir Crit Care Med 158(5, pt 3) S

154-60).

Three subtypes of mAChRs have been identified as important in the lungs, M;,
36 M, and M3 mAChRs. The M3 mAChRs, located on airway smooth muscle, mediate

muscle contraction. Stimulation of M3 mACHRs activates the enzyme phospholipase C

(54 (OO OACE

via binding of the stimulatory G protein Gg/11 (Gs), leading to liberation of
1



20 inhibitory M2 nuscarinic acetylcholine autoreceptor function on

par asynpat heti ¢ nerves supplying the pul nonary snooth muscl e, causi ng

i ncr easedwrabyi@hal i ne rel ease foll owi ng vagal nerve stgdiytshoddisdskr yer et
al. 1999 Life Sci 64 (6-7) 449-55). This mAChR dysfunction results iIn airway
hyperreactivity and hyperresponsi veness nedi ated by increased stinulation of
M3 mAChRs. phisphatiid ipekiield-i4s5-eigphasphasé, rpsuiting inzdosphonydaten efgontreetde woul d be

ful th tics~ip. th R-medi at ed. di tates, . . D i
an 1 mor aci FROEERte AC e eSS AL ARy o b PEGR L b Nimapiedonslopl o
i ncl udi ng ahis PBpElatsOBER; nt AChROFRMCinh@AS Beqbtidd. S and enphysema, and it is

a maj or cause of nortality and norbidity in the world. Snoking is the major
ri sk factor 30 szmﬁ{&l&mmekmwoma@gPﬁﬁ-Sa%mﬂtbe gleplimerdic msepiebpl e in the

us al Kk i ttes, d t.i, mat ed, 3, 000 le .t t he habit
g iy Ao popRened of Bk SdoaliBufls A 1PAE uhsng e aEnHp § RUTtolA "
wor | d- wi de tﬁ%{ijﬁnhfbitbﬂdfe@ﬁﬂlaﬁn‘inér?iﬁ 8R4t oA Q2 Qirwdy sBoth muscle via inhibition of

2005/ 104745PCT/ US2005/ 014386 hal ed anti-cholinergic therapy is currently
consi der ed oAMP ‘sousratian. dNetoodl MsmAGhRs ard loeated onpostghugliof®PD (Pauwel s et

. 2001 A R ir...Crit. Med. ,163:.1256- 1276) . ] i he |
Body of cviIERESbL IRy T temaypRisiobat onfitony neunat BRAGH h *O°
treat ment Qfo@lE Wett OURET sPREMCHBIIAK REASEFom! RirAfinfRtnétiE B¥vaNt Inhibdory
chol i nergi ¢ conpounds are avai'l able for use i'n the clinic for pul nonary

i ndi catlioonsviz mgshRsgwye falsodiety derhonstyaiet o sgmpathstic heves indpe lumgBohsomte

At t0; d nbi t in. i i it |, but | ). 1 tly th
onl y | nhal GREGR: LBeSk SePRaisgh PR 2 POt (Bl Geftesipk SuppoRge |
hyper r eact ijygutdd g@qﬁ%} While this conpound is a potent anti-nuscarinic

in

agent, it is short ac g, and thus nust be 10 administered as many as four
tinmes daily in dviceAGhRyarefdwd indhd mimboary paraspop@hetia ganglia whareftheyope and

times daily in o o doutd inlid mhmr SDopEhpar
Cocant |y afpRainBdo hinEs nripHRaRh, CTesE Ksgiot Rav Aibpibees BRAiAR3s g e
Uni t ed 15t ati@fiphdildting bBRhehyRRATRbASycE BIBEfhnt6n BAKE bark AHAUIK Smlgifn. 21 ©

capabl e of "causi ng blrockadé at mAChRs which are | ong acting and can be
adm ni stered once-daily 15 for the treatnment of airway hyperreactive

di seases such as .ast hna and oD, Si.nce nMAl ar i dely distributed
hr oughout ¢ he. DYUFERRGHRISBRIg 1eseRtp AR D S s ot Lo § Sandl or
topically t®rib fﬁﬁ&bﬁ%ﬂ%hgéiéﬁkichﬁstﬁ@i% Phhlt@giai/, iAdViBa 288 eH®nicds 1t would
all ow for | ower doses of th rugto be utifized. Furthernore, the ability
to desi gn tobpirecive pubmenare diseasgCOREY), inflemmatory cdoditivnoleadfo 126s efct i on, and
in partjcul.ayr.,.are retained either at the receptor, or by the |ung, would

al | ow tHe ABUbHSH 2 FuStREn Aesly Sholibe anioZedeBtor functioR prlrasgBnaibtth syst en
anti-chol i nergic use. RY OF THE..| NVENTI ON.25. Thi s ,i aventi on

o ovi dos. 1 QTS Subliine 25 DHERRIY SPIgOH VS PRAR BcyessbAhACoBEE ot or

(MAChR) mediRaRGoNbWRASRAgaMieVLIInAREIIVIFENR et BE 1999 0% §&4 e Hdhisgnd whi ch

nmet hod conpri ses adm ni stering an effecti've anount ot a conpound of” Formul a

(1] or a phihymad&hR dysfimctiao cequita i adrway hypetreaddiviity and hyperresponsiveness
mediated by increased stimulation of M3 mAChRs. Thus the identification of potent

25 mACHhHR antagonists would be useful as therapeutics in these mAChR-mediated disease
states.

COPD is an imprecise term that encompasses a variety of progressive health
problems including chronic bronchitis, chronic bronchiolitis and emphysema, and it isa
major cause of mortality and morbidity in the world. Smoking is the major risk factor

30  for the development of COPD; nearly 50 million people in the U.S. alone smoke
cigarettes, and an estimated 3,000 people take up the habit daily. As a result, COPD is
expected to rank among the top five as a world-wide health burden by the year 2020,
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30This invention also relates to a nmethod of inhibiting the binding of
acetylcholine to its receptors in a mammal in need thereof which conprises

adm ni st esggoseosador enenti oned nmanurial an effective anpgnysmbs/adsggmpound
of Formula (I). 3 WD 2005/104745PCT/ US20051014386 The present

invention al so provides for the novel conpounds of Formula (1), f@md_
grsbknp a

pEar maceut i b@?ed@nﬁﬂbph%@g thesapy issurmgntly eswmisistaddhef gqi? stendard( a9 o
: \ , | . I
P e o o btend Hr G OPD PaPwIsEL. 2001 . 4 JERAE W ot 2! 108:Fasklarbipe’

R1 10 wherein: (Dpspitefthe Ia&gélﬁi@%f%@id%ﬁ@&@ubb&tﬁ?Qh&uéé@f%hﬁichﬂﬂn&éicCl- 15

al kyl ,, hal osubstituted Cl-15 al kyl, Cl-15 alKk cycloal l cyl, cycloal kyl,
C2- 15 al kentetaphyer-tbg reatmest pf airway ypegreagtivg (diseases, islagivelyl fewrapti:  C1- 15 al kyl

(Crry i o ot B TSRkt ARSI Bpson: anc
(CRTRT) ONS( oA Bkl SRR AR S MG WO BB X 121 T

sel ected fromiHe grouf consis
Combivent®, in combination with albuterol) is currenily the only inhaled anti-

cholinergic marketed for the treatment of airway hyperreactive diseases. While this
compound is a potent anti-muscarinic agent, it is short acting, and thus must be
10 administered as many as four times daily in order to provide relief for the COPD

patient. In Europe and Asia, the long-acting anti-cholinergic Tiotropium Bromide

( (Spiriva©) was recently approved, however this product is currently not available in the
United States. Thus, there remains a need for novel compounds that are capable of
causing blockade at mAChRs which are long acting and can be administered once-daily

15 for the treatment of airway hyperreactive diseases such as asthma and COPD. |
Since mAChRs are widely distributed throughout the body, the ability to apply
anti-cholinergics locally and/or topically to the respiratory tract is particularly
advantageous, as it would allow for lower doses of the drug to be utilized.
Furthermore, the ability to design topically active drugs that have long duration of
20 action, and in particular, are retained either at the receptor or by the Iung, would allow

the avoidance of unwanted side effects that may be seen with systemic anti-cholinergic

use.
(
SUMMARY OF THE INVENTION
25 .

This invention provides for a method of treating a muscarinic acetylcholine
receptor (nAChR) mediated disease, wherein acetylcholine binds to an mAChR and
which method comprises administering an effective amount of a compound of Formula
(Dora pharrﬁaceutically acceptable salt thereof.

30 This invention also relates to a method of inhibiting the binding of acetylcholine

to its receptors in a mammal in need thereof which comprises administering to

aforementioned mammal an effective amount of a compound of Formula (I).
3



Re R6 20R5 R2 and R3 are independently selected fromthe group consisting
of aryl, Cl-4 alkyl aryl, heteroaryl, Cl-4 alkyl heteroaryl, heterocyclic
and a Cl- fy@bdoshodied erocyclic noiety, all of which noi et pepusRisbasss
optionally substituted; WD 2005/104745PCT/ US2005/014386 Ra is selected from
t he group consisting of hydrogen, Cl-15 al kyl, Cl-15 atkoxy, aryl, Cl-15

al kyl aryl, het eFlxapresent @ventomalky provisice farthe hoveh eompoundsiof Formmela 41)C1- 15

al kyl heterogyclic noj.e al I..of which. noieties be ional |y

SubRti t ut ccEPop bR R o RgsLAOR AR AP UBHEH of FAGRGR (yAiRdbon, CL- 15
al kyl', Cl- lshafhkQ¥lcal REirRE 0f Withdrg. and a C1-15 allcyl heterocyclic noiety,
all of which noieties nay be optionally substituted; R4 and R5 are

i ndependent | y seCeanpeahdsodifotmea ¢l esgfukiortbe preseny infentign avggepresdndgdoyethe 10
Cl-4 al kyl, aryl Cl-4 alkyl aryl, cyano, nitro, (CR7R7)pORb, (CR7R7)pNRbRD,
or R4 and %’ﬁ ther may forma 5 to 6 nmenbered saturated or unsaturated
ring; and wherein the alkyl, aryl, arylalkyl, heteroaryl, heteroalkyl,

het erocyclic, heterocyclical kyl groups may be optionally substituted; 15 R6
is selected fromthe group consisting o iiRdgen, Cl-4 alkyl; gis 0 or an
i nteger having a value of 1 to 15; n i i nteger having a value of | to
14; mis an integer having a val ue of 15;X20 1 is an integer having a
value of 1 to 4; t is 0 or an int haVing a value of Ito 5; pis O or an
integer having a value of 1 to 4; R B¢ Y, Z and Ware independently
selected fromthe group consisting of hydrogen, 0-4 25allcyl; Vis selected
fromthe group consisting of CH2, O, S,(Bnd NRb; Mis O or CH2; Rb is

sel ected fr&@@&@f group consisting of hydrogen, Cl-4 alkyl, aryl and Cl-4

al kyl aryl; 6 7 is selected fromthe group consisting of hydrogen, Cl-4
a(kyl, tal osubstituted Cl-4 al kyl, and hydroxysubstituted 0-4 al kyl;

R1 is selected from the group consisting of C1-15 alkyl, halosubstituted C1-15 alkyl,
C1-15 alkyl cycloalkyl, cycloalkyl, C2-15 alkenyl, hydroxy substituted C1-15 alkyl,
C1-15 alkyl aryl, C1-15 alkyl heteroaryl, (CR7R7)gNRaRa, (CR7TR7)qQNC(O)Ra,
(CR7RTGC(O)NRaRa, (CR7TR7)qC(O)Ra, (CR7R7)qOC (O)Ra,

15 (CR7R7)qNRaC(O)NRaRa, (CR7R7)qORc and (CR7R7)qNS(O),Ra

R1 is selected from the group consisting of:

o W
z
M O
e N
, Y, v—),
{ e X

R1 is selected from the group consisting of:

R6 R
. R4

X Mo

20 RS
R2 and R3 are independently selected from the group consisting of aryl, C1-4 alkyl

aryl, heteroaryl, C1-4 alkyl heteroaryl, heterocyclic and a C1-4 alkyl heterocyclic
moiety, all of which moieties may be optionally substituted;



X- 1s a physiologically acceptable anion, such as chloride, brom de, iodide,
hydr oxi de, sulfate, nitrate, phosphate, acetate, trifluoroacetate, funmarate,
citrate, twpdbemheseoxal ate, succinate, mandel ate, met hanpgyhjisaiaghfussd

p-t ol uenesul fonate. 5DETAI LED DESCRI PTI ON OF THE | NVENTI ON Thi s invention

related to novel bi-aryl 8-azoniabicyclo[3.2. 1l octane conpounds,
phar maceut i Ralis sabenpakiromdhsgropp cersising of bydiogen, Clpt 2 plkyhtGlohd alkony, axyd,

the present CLrorfl ot REoRambanis RSB ERmndtekePsRiig Bl AT FOARA (1) 15
wherein: R hét@ro%%&lﬁﬁh@fé , B B WARhGhSieResa iy bé bptiishally stlstidted! Kyl

hal osubsti tuted C1-10 al kyI Cl- 10 al kyl aryl,” C1-10 al kyl cycl oaI | cyl,
cycl oal kyl, hydroxy substituted Cl1-10 al kyl, C2-10 al cenyl, (CR7R7) qORc

(CRTR0) 9 (0} Ruatis K SURLASLOLARR 208l 2 SSHEELSpRLIE 0 our
consi sti ng gétemymc?e@ﬁfdémzfmm&&%@paﬂr%as@l oF ptfah sHoietiosty be ar

i ndependently se ted fromthé group” consisting of hydrogen, hal ogen, Cil-4
al kyl , hal osptstaily selstit@ed;4 al kyl, hydoxysubstituted Cl-4 alkyl, and C 4

al koxy; 5 Ra is selected fromthe group consisting of hydrogen, Ci1-10 al kyl,
Cl- 10 al koxy, aryl and heteroaryl, all of which noieties may be optionally

substit ut edp4RadiRS 26 lhfﬁfé?‘r@e Eﬁ?gél&ﬂé‘d S6M4ke gﬂrﬁg'c%ﬁhﬁ&g‘ﬁf HYuFpRA Skloghd, O

al kyl, C1-5 al koxy, a whicth noieties nay be optional substituted; 10
R4 and RS aféd-4 adkiﬂpmyﬂéﬁt 4yllsféhlerttcgdnd mifro, t(ﬁﬂmﬁ’}tpﬁ}ledﬁBﬁRﬂ)p}ﬂ{bRb byBAogen,

hal ogen, Cl-4 al k nitro, (CR7TR7)pORb,

( CR7R7) pNRo# ﬁ%ﬁggﬁ}p é?ﬁé% [Prg‘%fg# Bﬁlﬁ%ge O t%swman aturated or

u nCS aturat edvﬂhlaféih th@%lkyl, aryl, arylalkyl, heteroaryl, heteroalkyl, heterocyclic,
heterocyclicalkyl groups may be optionally substituted;

15 Ré6 is selected from the group consisting of hydrogen, C1-4 alkyl;

q is 0 or an integer having a value of 1 to 15;
n is an integer having a value of 1 to 14;
m is an integer having a value of 1 to 15;
20 1is an integer having a value of 1 to 4;
tis 0 oran integer having a value of 1 td 5;

p is 0 or an integer having a value of 1 to 4;

X, Y, Z and W are independently selected from the group consisting of hydrogen, C1-4

25 alkyl;
V is selected from the group consisting of CH;, O, S, and NRb;
Mis O or CHy,
Rb is selected from the group consisting of hydrogen, C1-4 alkyl, aryl and C1-4 alkyl
aryl;
30

R7 is selected from the group consisting of hydrogen, C1-4 alkyl, halosubstituted C1-4
alkyl, and hydroxysubstituted C1-4 alkyl;



gis O or an integer having a value of 1 to 5; n is an integer having a
value of 1 to 4, mis an integer having a value of 1 to 5; 1is 1 or 2; 20t
is 0, 1 oWwgZioo®1d484s0, 1 or 2; Vis 0, or CH2; R6 is sel ggipdslobHsmigdee group
consi sting of hydrogen, Cl-4 alkyl; 25 Mis 0 or CH2; Rb is selected from
t he group consisting of hydrogen, Cl-4 al kyl , and aryI Cl-4 alkyl R7 is

sel ected f r¥nisniphygiplvgiraliynsteptabirgarién, tsych m;dﬁonmhrmdet iodike, hydmoxidaD

2005/ 104745 US2005/ 014386 X- i cal e bl e i,on, such
as chlori degugr{eo% 4% PROSRAES; @ %gﬁlﬁgg ?ﬂt g aﬁ?ﬁrﬁfee%rﬁﬁ%s‘fmgq

acetate, trdbéiHRERMRIeRHE mdtHIRER GhatlAddr e@to%en%ﬁﬂfoh&tfe? oxal at e, succi nat e,
mandel ate, net hanesul fonate and p-tol uenesul fonate. 5AIl of the aryl,
heteroaryl, and heterocyclic cont ai ni ng noi eties nay be optionally
substituted as defineg 1 he.tenn "t he
aryl, héteroaryl, and SHereres coR-a S—FEH : RQeors to both the
ring and the alkyl, or if |ncluded the all cenyl rings, such as aryl,

aryl al kyl, and aryl al kenyl rings. The term "nvieties" and "rings" nay be. 10
i nt erchangeabl y ’ﬁﬂeﬂwbmicomgla:bed to novel biAsylBsexbniebieyiclof3 Zdetmtal |y

substituted" unless cific def | ned shall n, suc roups, as hal ogen,
Such as 11 GOMERENS Hﬁ%ﬂaﬁ%utwai SmPRSISS; i R B S P POl Sebet ¢ ot e
C _iOal kyl ; thé}@%iﬂﬂ Méﬁﬁﬁleﬁﬁté?rﬁ or ethoxy; S(0)m Ci1.. 10 al kyl,

wher ei n 1 or such as net thl o, nethyl sulfinyl or met hyl 15
sul f onyllo, am no,Inrmmefefed embudintent of ﬁd pmemnnvembh tirescanmpduind isNBEIfoRMdlagr oup;
NHC( 0) R9; NR1 1 ; C(0)OH, S(0)2NR1 R 0-11; NHS(0)2R9, C1-10 al kyl,

such as met@HereiRORIOW: oy opyl - isopropyl, or t-butyl: hal osubstituted G.i 0
al kyl, such CF3; an optlonally substituted aryl, such as phenyl, or an
optionally substituted arylal kyl, such as benzyl or phenethyl, optionally
substituted heterocylic, optionally 20 bstRtut ed heterocyclical kyl,
optionally substituted heteroaryl, optfispally substituted heteroaryl alkyl,
wherein these aryl , heteroaryl, or heerdcycl Kc noieties may be subst it ut ed
one to two tinmes by hal ogen; hydrtxy; dr oxy substituted al kyl; Ci1-10

al koxy; S(0)m Cl-10 al kyl; am no, rsbn®2& di - substituted al kyl anino, such as
inthe NRIQRi 1 group; CHO al kyl, or hakﬁsubstituted Cl-10 al kyl , h

15 wherein:

R1 is selected from the group consisting of C1-10 alkyl, halosubstituted C1-10 alkyl,
C1-10 alkyl aryl, C1-10 alkyl cycloalkyl, cycloalkyl, hydroxy substituted C1-10 alkyl,
C2-10 alkenyl, (CR7R7)gORc; (CR7R7)qOC (O)Ra and (CR7R7)GNS(O):Ra;

20
{ or R1 is selected from the group consisting of:
M o) ‘m R4
\(./rn \(—J . O
v—),
RS
R2 and R3 are, independently, selected from the group consisting of:

25



suc... as C 3. 25 The following terns, as used herein, refer to: "halo" -
all hal ogens, that is chloro, fluor, bronmo and iodo. nel-10alicYln or
"al kyl " - vompdosnoeeions, unl ess the chain | ength is ot her posgstiognisess,
including, but not limted to, nmethyl, ethyl, n-propyl, iso-propyl, n-butyl,
sec-butyl, iso-butyl, tert-butyl n- pentyl 30 and the like. WO
2005/ 104745PCTI1 US2005101438¢ cycloalkyl is used herein to nean cyclic
noi ety, preferably of 3,02 5| udiy ng but\not fimted to
cycl opropyl, cycl opentyl: ohexyl ,” @ he Iike.” | kenyl " is used
herein at all occurrence Qmean straight or br d in noiety of 2-10
carbon atons, unless th& ch#in ﬁengthpls | 'emi, el t her &t o, i ncluding, but 5
not limted to ethenyl, 1-p openyl 2- propenyl 2-met hyl - | - propenyl

1 but enyl , 2 but enyl and the Iike. phenyl and napht hyl ;

"het er oar yI F, G, Ktasnd Sware independently ednﬁe%&pmdhe gmsﬂ@woa@sumﬂwdmgpn,oxy , or

"heteroaryl, al k rin i C ne or
more ringe B0 Chrdh e Bk b TR LA ok b iR s D SR G
consi sting #hlkbky0 or S, such as, but not Ilnlted to pyrrole pyrazol e,
furan, thio hene qui nol i ne, |squ|noI|ne qU|nazoI|n iﬁﬁyrldlne

pyri ni dise, Rajeselicted fremthe goup cousistinglof hydmgeniGlz ) alibalkoxyi, atyllazol e,

e o SR SARE i BORLE b el St ) Yot 12

menbered ring systemin which one or nore rings cont a| n one or nore
het eroat ons_sel ected fromthe group consisting of N, O, S; such as, but

not | i mi tedRcwseigetqdoﬁwmthmgmpp p@rrsns@ing@f hpdxpe@mﬁlnéalkwbmhﬁalknﬁy, all of
tet rahydr op ormr oI i.ne ol i dine. Further mor e, sul fur may
& optional %{P B)ﬁl eésom? R%“"é’ﬁlléf ‘I‘Pé%‘& clz’he sul foxi de. 20 "arylallcyl" or
het erogyyl al kyl" or "heterocyclicallcyl" is used herein to nean Cl-10

al kyl, as defined above, attached to an aryl, heteroaryl or heterocycl iC
noi ety, as also defined herein, unless otherwi se indicated. "sulfinyl" -

h id f. th | fj de h h
Sur 11 de. _ank® e ROt POERREREY SR Fm e#qgfnfsﬁwt@in@afmge@af“wéfetye
25 " wher ei @1i4vKyRl aﬂw@m iyl &1, YBho! nitR), %@R?R?W {ORSRPPNHBNUTLARS OF

nmenbered saturated’ of unsaturatéd ring” iS used herein to nean thé formatlon
of an ar onaandR}p imﬂgymaefrfpnnacsrm@snmbmd]aamadommnsatmatqdhmgyl noi ety
havi ng tached a 6 nenbered partially saturated or unsaturated ring such as
a C6 cycloallcenyl, i.e. hexene, or a C5 cycl oal kenyl noiety, such as
cycl opent engj S@Qréﬂﬁl}b%%fﬁg‘h%fagﬂﬁpgppqﬁsof Formula (1) include: WO
2005/ 104745PCT/ US2005/°01438

n is an integer having a value of 1 to 4;

m is an integer having a value of 1 to 5;
lis1 or2;

{ 20 tis0,1lor 2;
pis0,1or2;

Vis O, or CHy,

R6 is selected from the group consisting of hydrogen, C1-4 alkyl;
25

Mis O or CHj,

Rb is selected from the group consisting of hydrogen, C1-4 alkyl, and aryl C1-4 alkyl
R7 is selected from the group consisting of hydrogen, and C1-4 alkyl;

7



1- (2-{[(3-fl uorophenyQOret hyl ] oxyl et hyl ) - 4-[ hydr oxy(di phenyl ) met hyl ] - 1-
azoni abi cycl o[ 2. 2. 2] oct ane brom de

4- [ hydr oxy¢@basaayrky met hyl ] - 1-{2- [ (phenyl met hyDoxyl et hyl pegus#68tiaagy cycl o
[2.2.2] octane brom de 51-(2-{[(4-bronophenyl)nethylioxy}

et hyl ) -4- (hydroxy(di nyl ) met hyl ] -1- awni abi cycl 0532. 2. 2] oct ane brom de

L (2L (4 ont sragel ohg)? SoTagpanAyS exhgshelianghlerdey euvpengryRobieRia-
Ganns o ) Satate, GGl BhAREAR SIS mtuarogestate, Sumarate citpate. taryte, oyalgte. | 1

azoni abi cycduetidaté; Ahaddlas.emethendstifonate and p-toluenesulfonate.

4- { hydr oxy[ bi s(3- net hyl phenyl ) Jnet hy1} - 1-{2- Rophenyl net hypoxy] et hyl1}- 1-

azoni abi cycl o[ 2. 2. 2] octane brom de 1-(2-{ [(4-fluorophenyl)nmethyl] oxy}

et hyl ) - 44hydr oxy( di phenyl thyl], -1.,- azoni.abicyclo [ 2.2 2] octane brom de
T5 3 { i oy SRS AT RF R A et OB BB Pefing pef B

azoni abi cychmiodally flRGhadiEasticBnbdiBerein below.

1-{3-[(3-fl uorophenypoxy] propyl } - 44hydr oxy(di phenyl ) methyl | - 1-

azoni abi cycl o[ 2. Boralse bersiethpterm Hhe aryl, heteroaryl, and heterocyclic containing

4y oxy [ Gy Sfgcrtel b AU UEL Dk 2 RSN B RS S Mk e 20

azoni abi cyc‘in8’[e
44hydr oxy ( dirpNERIAPL Bvd dryllatkedyl g%th!YTﬁé'!ehﬁmméﬂeﬁ'OM 'k} by be

azoni abi cycl 0[ 2.72. 2] 6¢ct ané br ori

44bi s( 3K | uipteoghiapgsab]y tsedtimopimatthy| | - 1- { 2- [ ( phenyl net hypoxy] et hyl } - 1-

azoni abi cycl o[ 2. 2. 2 t ane pr nw 15'1%1‘5 . " .

1-{3-[ (3-chl or op‘ﬁé?‘l%ﬂ%)c}&% 86@? 1l Hitwted ( UpTSRecifially defingd shall mean

awni abi cycl @R ggou%)s%hﬂﬂgerﬁ 5640 £4&uorine, chlorine, bromine or iodine; hydroxy;

4{[ hydr oxy(di - 2-t hi enyen®t Ry11- 113- (phenyloxy) propyll - 1- azoni abi’cyclo[ 2. 2. 2]
oct ane br oniydleoxy substituted Cy-10alkyl; C1-10 alkoxy, such as methoxy or ethoxy; S(O)m' C1-

44hydr oxy(di phenyl ) et hyl ] - 143- ( phenyl ox ropyl1l-1-azoni abi cyclo[2.2. 2] octa
ne %0 br gﬁn Hgalﬁylzlw)heregn A ils 0,10r &Psuch%s me@yq ﬂ']lg,y methyl sulfinyl or me>t/hyl [ ]

azoni abley TBIORY 2 3 FSphe e B ASaE 45 B TR Ia B O beo 1.
(3. (4. br orepeSOYRR R BRRRYA) L ALENIESOSIBRAY 2 RBISOH R C1.10 ko,

azoni abi cy

44bi s(4- 11 ugicRRO SRV, (! ﬁwﬁvﬁbgebé&r, £ Bbithh SRl EREP BY 13l alkyl, such

azoni abi cycl o[ 2. 2. 2]'oct dne” brom d

1- { 344- f | uoCPphauptbaxls subsiyied-atdihsithax pheliydhery GpEbilly substituted

awni abi cycl o[ 2. 2, 2] oet ane brom de 4-[ hydroxy(di phenyl)nmethyl]-1

- {2- [ (1- metdrylalkyl,shelnys barzyDongplicaethyl] ppticnally snbstibited héteforylic, ptionalye br oni de
4 iyl ooy e eT et L 2 20 D SR AR AR D P Bied 20

anydr oxy( heretoryl BRYOWHeIA tedé'dtyl PRRESSAIY bk BERREy ks RbRHeaRaG$E! Ol 2. 2. 2J0C

tane brom

4- [ hydr oxy (shibptitated Dnatde two timed By halogen; hydsoxes hydrdeylsubsiimiedlcgirCo18. 2. 2} oet a

ne{brom de 15

4- {< hydr oxy [ 8kexys S {11 pieatioyly prinoniopo Sadi-qubsiémiadsika sranss sychas in the
azoni abi cycllﬂﬁ&z%z.z oct ane broni d bsti

4-{hyth ] 1 bhdh ﬁﬁﬁ]}% bstigted (i QAo Y5 G5 H3: 1-
azf)n%/abpscxz[ f%lgwa o g %sggwe? Ai_-%;w(groig(di phenﬁ?m&?ﬁyl]_- 1-(3-{

[ 4-( rret%yl gi;l%[ pheny %qoxy ’pr op% -%” 56" aZoni abi cycl o[ 2. 2. 2] oct ane brom de

44hydr oxy(di phenyhatet hall halddéhs( thatia phlohg |flruioyd, Gxome endidds. 1 -
azoni abi cycl o[ 2. 2. 2} oet ane br.om

4- [ hydr oxy( di phehyt)+teelkeylor {aly "?-[b?ﬂ( sheai ety iand Pyanehed chainmeisties of 4 ta W1 kI azo

ni abi cycl O[c2a'rbzo'n2 tgr(rzlg’ehn sesls3 Etﬁ?argh%len length is otherwise limited, including, but not limited to,

=)

methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl, ters~butyl, #-pentyl
30 and the like.



25
41hydr oxy(di phenyOret hyl ] - 1- ( 2- napht hal enyl net hyl ) - 1- azoni abi cycl op. 2. 21oct a

ne brom dey@lbisposras| uor ophenyl ) (hydroxy) net hyl ] - 143- ( phegyhumsdospiaey 1] - 1-
azoni abi eycl o[ 2. 2. 2] oct ane br om de

4- [ hydr oxy(di -2-t'hi enyenet hyl] - 112- (phenyl oxy) et hyl k1- azoni abi cyel o[ 2. 2. 21oc
tane 30 brom de = "“cycloaikyl" is used herein to mean cyclic moiety, preferably of 3 to 8

- Chydr oxy{ bleh o CORLANE RV RREmKL ERAD by o/ AR IR, kb kY -1
Aahydr oxy (di pheny| highiay id ndkaiéreid dr 2 8dcQRBRIN RO kPSR dor branched chain

azoni abi cycl o[ 2. 2. 2] oct ane brom d

1-{3-[ (2-f| uwiggp néa;wcm;qoprma,}unmwmmmlangsheawmtnréﬂw;atq, -including, but

azoni abi ¢cycl o br om d 4hydr hen t 3-[(3

-flitr op y %@ﬂ%ﬁ‘f&‘p‘?ﬁl Iprog‘iq;' figﬁ ?’?}le%l%ﬁl] O\é%éﬁbrﬁﬁééﬂg 331
44hydroxy(dbgﬁé rfgényé] 1-({3-Wi f I uor onet hyDoxyl phenyl } met hyl ) - 1-
azoni abi cyclo[2 2. 21oet ane brom de

44hydr oxy( di pheny! ang! hphe]nylatictﬁaphthyﬂ,o 2-furanyenet hyl]-1- 10

bi | of 2. 2. t "
Zig%?o;;{gl gLeny e ar‘ie R’(‘i@i"ﬁﬁbﬁ“?%‘ﬂaﬂ?ﬁ such 25 SHEtSIOPRARIY Y. 2. 2j oet

ane bron dedddnbd) Qlk?f'?nh(|5¥ﬂ%Xﬂ:%l@@%ﬁﬂ:%@%ﬁé%ﬂﬂﬁﬁbﬁé@rﬁ&é%ﬁgs

azoni abi eyel o[ 2.2°2] oétane bromd

44hydr ox§ ( dcqitainyding rmemoy&]letempms(selmmdrﬁdm tergrpox 9érsistipg lof N1 O or S, such

azoni abi cycl o

2 Chyar oxy( BhRbASEIRH nqem?';@fym%ﬁm)thl@a% mPlgR ayingling. oct ane
brom de 4-{ yfl Mugf 5199 JiRhidtde) oﬂaz%%ie%aﬁmtﬂﬂﬂzewmmoleowa)ﬂehy' )-1-
aZoni abi eyeli o[ 2.2 ane rom de’ 2

4- [ hydr oxy( dn@amiy,ll.)ldde bybd:nzim{dazﬂphenyl met hypoxy] propy1}-1-
azoni abi eyel o[ 2. 2.,

44hydr oxy( d| phenyl g@“"l(rﬁﬁ it ﬁWe’lrﬂﬂl%ﬁw rmbingtion, suechass betesreyelicalla’) oct an
e bronig % ré:za@ézf a?ﬁhﬂ%r ws%}ﬁé’d 4-16 HbriBeRed/ il RRRRY in Whldhbhé ol mor®

azonlableyelo t ane

4- [ hydr oxy( dihpheonydip waé byﬂnbreﬂhdt&e{at(oﬁ}sfsybcmd)ﬁﬂneﬁmrgwgﬂ eting oflN, O, or S;
azoni abi cycl o[ 2. 2, 2} oet aneqibr omi

1- hexy1- 4- [ AYas:Qutaioh f‘?vé’ﬁ"ﬁ?ﬁiﬁn?pléﬁmqil‘eaﬁmi%ﬁ opBalisgs ati e bromi de
4- {hydroxy(fgtraﬁxéﬂxjabﬁaﬁlt}ﬂlﬂéwﬁéhlﬁ43r Rieoi N Biheihork; aAfRHARIRY €l o[ 2. 2. 2]

oet ane 30 br

4- [ hydroxy( dpmﬂmﬂyloktmtddﬁb]ﬂadstﬁfoﬁééﬁﬂ:phaﬁyhdet hyDoxyl phenyl }oxy) propyl]-1-
azoni abi cycl o[ 2. 2 } e om de 2005/ 104745 USZOO 014386

1-[(3- b?Q)m)phenyr)'2 ﬂg}?l]q Jﬂ}& ! ‘Fq%(rll%'i B ipdneg® . 2. 2| o
ctane brom

4-[ hydr oxy( di G- -1 sl pyagPoed F‘?"" s BiAseq 1990 gh Seteroayl o eterecaelis melepy, as

azoni abi cychRb defned] IRG&IANGIN: OMeRise indicated

4- [ hydroxy(di phenyl) met hy1] - 142- ( et hyl oxy) et hyl ] - 1- azoni abi cycl o[ 2. 2. 2} oct a

ne (brom de . "sulﬁnyl" e oxide S (O) of the correspondmg sulfide, the term "thio"
e RS e AT
- 44 1

201 B Lo ur an W R i BAGRLR e ey b BB ey B 3B 6°
azoni abi cy CiRinberedZhffitad Br isatir&t8d ring" is used herein to mean the formation of an

1-[2-(([4-(1, 1-di met hyl et hyI ) phenyl rret hyl }ox et hyl ) - 4-[ hydr oxy(di phenyl ) ne
thyl]- 1- azetensbiccingsypteme suwhes wenmod s a p enylmowtyhavmgatta edab

membered partially saturated or unsaturated ring such as a Cg cycloalkenyl, i.e. hexene,
or a C5 cycloalkenyl moiety, such as cyclopentene.
30

Hlustrative compounds of Formula () include:



15 4-[ hydroxy(di phenyl ) nethyl]-1-{[3-(nethyl oxy) phenylinmethyll-1-
azoni abi cycl o[ 2. 2. 2] oct ane brom de

4- [ hydr oxwedizpdseoyiay met hyl | 4- ({4-[ (trifl uoromet hypoxy] pheayhisasis/aydske 1-
azoni abi cycl o[ 2. 2. 2] oct ane br om de

44hydr oxy(di phenyQOret hyl ] - 1-nonyl- 1-azoni abi cycl o[ 2. 2. 2] oct ane brom de 20
4- T hydr oxy ( #1C1GabmrephasyPmeds oy tethrip4ibydraxgimbranmpbyll 1

iZF?IAfaH ﬁgfé%%ﬁé?})%#i??%%tgﬁfﬁgﬁ%s%exy( di phenyl ) met hy1l] - 1- azoni abi cycl o[ 2. 2. 2

t br ofi[Hedroxy(diphenyl)methyl]-1-{2-[(phenylmethyl thyl}-1-
]:L?F(Z?gr o:nc))phen f_)})qs;r(le}tpheil:l ?IR?[ E;}dréxy[/({ld?ngheﬁy?())?r}é}{]ﬁyr]}- 1-azoni abi cycl o[ 2. 2. 21
oct ane 25 bazqw%gcyclo[z.%. octane bromide
44hyd di I thyll-.1- s (trifl th h | 1} -1-
L i e e O DR

1- [ (2-f | uor gRhemYERRITP Y Hodaddbraneae (di phenyl ) et hy1] - 1- azoni abi cycl of 2. 2. 2]
octane brom de 30

4-[ hyd[) oxy ( léﬁ(%-géﬁ;yﬂzh)lmph%ﬂliﬂgﬁﬁ)[ﬂépxﬁ¢thY1D-ddhEdeh@ﬁph§nﬂWBlhﬁfﬂtlhyI }-1-
azoni abi cyclo[ 2.2, e brom de
1-(5- hexe%- iZ%@l%ﬁ%?%jWﬁ%?{gmﬁ nmet hyl ] - 1- azoni abi cycl o[ 2. 2. 2] oct ane

brom de W26QA1AG¢6 @%il)@ﬁﬁ&@ﬁ?&ﬁ&&ﬁ% 2-[(phenylmethyl thyl}-1-
1- (3-eyel ohegyl g%op}/l[z- 44nydr oxy(di phenyl{) r[r(épt ﬁ?/slf] Fl-),a)g}é}rll]leagi }cycl o[ 2. 2. 21oet a
0

ne broni@e gzoniabicyc .2.2]octane bromide
SR Ty e e B Rk N

5142- (1, 3- dhsontabloydtafi2. R\ b&ard brosfidd1dol- 2- yDet hyl j - 4-
[Hydr oxy(di ghenﬁlél) methyl[- 1- azoni abicycl o[ 2. 2. 2] oet ane broni de

g- [ hygr o>iy( TFE%+:L{ 44yﬂltr€h ophyenylmeflyy 1brﬁwh}ﬁ)'ﬁ?[h%dmxﬂﬂ®§_@ﬁbm?@]&grgiZj oet ane
rom de 1-et - i phenyl.) met - 1-azoni abi eyel op. 2. 21oct ane
br oni de 4{%’3‘?@%‘3}’8@%2@@%@#@ [ (Z- met hyl phenyl )?/ret h5| ]-1- 10

i abi ! e o
izgm f/ll Il ﬁyfﬁf}ﬁd’fdégﬁmﬁﬂé’;l?nd%?% fz H(P%ezngrlﬁag%c}ngygﬁg[etzh'y? %] oci ane brom de

4- { hydr oxy ( eiopimbispiclof2 2i3jodtanedirogderet hy1- 1H- pyrazol - 1-yfl et hyl ] - 1-

i abi 2 b id -Lhyd bi s 4- t hyl h |
szom bt cycl o7 2 eloch a0 BRI, A NI L AIRLY o neny )
143- ( 3- bi phsmaha%%ﬂm%a&hé&ﬁg@a@xy( di phenyl ) net hyl ] - 1-

e

azoni abi cycl o[ 2. 2.72] oct ane brom

£ i st Gt o) 1 -
44hydr o%@{d?’pﬂ&‘&%ﬁ%&ﬁgq@?ﬁwﬁw@ﬁ- awni abi cycl o[ 2. 2. 2j oet ane broni de

2zoni 8bi oy ol O TONBRA) AR YIS AR oY) -

1- [ ( 3- f | uor eqminéabydychod? By2]detduhyrdmadey ( di pher i yOret hyl ] - 1- azoni abi cycl oP. 2. 210
Can:ab, cyclapaC Aot amapeyil T ke SRR ) e v -

1-[(2-fl uor @034 B enySiRt - [ hydr oxy(di phenyl ) et hyl ] - 1-
azoni abi cyc%%@ﬁ%%dgg?gqg br o‘é}nxg%dﬁMydr oxy(di phenypnet hyl ] - 1-

{ 44( phery| mbt{By[(orlptaphyh}l)oxiIprapylizefhydivixg(dplepyDmethytk bne br oni de

1-[ (4- eyanophenyl I]. - 44hydr oxy(di phenyl ) met hy1] - 1- azoni abi cycl op. 2. 2] oe
tane broni dgzon‘b%“)?'gﬁﬁﬁé’h P 05/ 014386

4- (hydr oxy{ @1[ﬁfﬂrﬁ'ﬁﬁf]ﬂtﬁéﬁ}lgﬂéﬂﬂy{]Q’T?L{ﬂﬁleﬂyléxﬁpfo@?ﬁﬂyw&oﬂfy@m[i.b.‘Z}octane
azoni abi cycl o[ 2. 2."2Joct ane” broni de 1- (3-{ .
[3-(diet hy 1bremidé pheny 1l oxy} pr opy1) - 44hydr oxy(di phenyl) net hy11-1-
azoni abi eyeh%}?drgxﬁhﬁ)%tegﬂfmgtwﬂllqﬁ-(phenyloxy)propyl]-l-azoniabicyclo[2.2.2]octane
30  bromide
1-(2-{[(4-cyanophenyl)methyl]oxy}ethyl)-4-[hydroxy(diphenymethyl]-1-

azoniabicyclo[2.2.2]octane bromide

10



5 44hydr oxy(di phenyl ) et hyl ]-1-(2-propen-|-yl)-1-azoniabicyclo[2.2.2]octane
brom de

14[ 4- (1, 1vd bRdbAAb4784 hyl ) phenyl i Met hy1} - 41hydr oxy( di phenypgiRisbaokhrdsgez oni abi c
ycl o[ 2. 2. 2] oct ane brom de

41hydr oxy(di phenyl ) net hy1] phe Ipropy 4 azoni abi eycl o[ 2. 2. 2} oet ane
broni de 10 143- [GXQIWW&‘;MP pheaypetiybkty oret hyl ] - 1-

?go?bgte)h;%/gé%@gcy% o‘fﬁﬁ%&tﬂe%ﬁ?dea' [ hydr oxy(di phenyl ) et hyl ] - 142- ({

pyri di nyl ] caufbis@yitherap mweumdic}xyhnaﬂ@uua@ @rehyibeypraiydiet-ane brond de
4-[ hydroxy(di-2-thienyl)geth 1(2- phenyl et hyl ) - 1-azoni abi eyel o[ 2 2
2] oct ane 153%oniakicyelof 2?~]0th1!1e bromide

1-(3-br 0OJToPy§ C{@y[@ ﬂﬁo&%ﬁgﬂ%ﬂﬂrwpwﬂn?&%?}’(ldlph%ﬁﬁgrﬂ%?ﬁi 1cycl o[ 2. 2. 21oet ane

brom de

41hydr oxy ( damydy);mg DV2dctdne(bdoydl oxyet hyl ) - 1-azoni abi cycl o 2. 2. 2] oct ane
brom de 20 11(3

- eyanophenyfhettpy(diphenyjraetbyiHla b Hmethyiet-nhenylethraxylethyléyle| o[ 2.2.2] oetan
b de 1 h b | thyl
th(r:l?(r)nxy((adl %ﬁ%&%ﬁ%g ‘?ﬁ&f&[i;i% I%é%l ar/ndng][ garz g]ngC% :nmengz gm ée]

41hydr oxy ( dipheiy G aiphehyDiethfie(d-R2-dapkthiled mﬂa&y pi2 2 Manie
brom de 25 1- {2 ﬁmmc)l}?broﬂﬁ%ph{gﬁgpoxg eth 53,/ 4hydroxy(d| phenyl ) met hyl k

1- azonitbi epslabicyein[2.3Gdectanedrpmisy de
iézl(()ﬁi j b:jlci,lcif i{‘gﬂgﬁﬁﬁ%ﬁﬁg}pgﬁgg -ﬁx éﬁﬁgﬁﬁgﬁsﬁo}ayﬁzthzlolrﬁa%icyclo[2.2.2]octane

4-[ hydr oxy(®ioptigé t yl ) met hyl ] - 143- ( et hyl oxy) pr opyl] - 1- azoni abi cycl o[ 2. 2. 2] oc
tane 30 brom de 4- [hydrox (d|ph . .
43- ({2-] (phmydr@gy{ghpjn@&xl 1}%9@1 qtpylll—@pmbwl@&%%]qc@nz 21c-tam

brom de
11-(2-am no]%’ioﬁ’?ﬁ 1-azoni abi cyclo[ 2. 2. 2] oct - 4-y1) (di pbenyl) met hanol at e

trifl uorpacgi{bydroxy[bis 3-meth 1phenyl)Jmethyl}-1-[3-(phenyloxy)propyl}-1-
4- [hydroxy(g-lt{ th':/[élﬁi( Yp yf] pgem[/l (ppropi{/l Y)f apzyonl abi cycl o[ 2. 2. 2} oct
ane brom dea®nipbigye 9@&@%&@@0 hyl k1- et hyl - | - awni abi cycl o[ 2. 2. 2] oct ane

azoni abi cycTBsN SR E SR PR ety L B Bpedpapt 2! et vt )=
1-1(2, 3-di fﬁm&gﬂ;@mﬁ@rm@@&{dbﬁm@droxy(dl phenyl ) met hyl kl azoni abi cycl of 2. 2.

2] octane brom d

142- (4- bi phéilyydroyy(dipbradthethyl}44Gy A dmpthgipiyspheadotyliropyl)-1-

azoni abj cycl e bram de
4- [ hydr &y(?ﬁobf‘i’@ 102%?%3 ﬁta“f ORNAS. - (4- pent yI phenyl ) et hy11- 1-

azoni abi cych 2-naphthalenyloxy)propyl]}-1-
1-(2-{[(2, 4- chloro heny carg]onylﬁ Proy y)propyl}-

et hyl) - 4- [hg@mmb;&(ydlq&hédj}tmmhwmldel 15 azoni abi cycl o( 2. 2. 21oct ane broni de

4- [ hydr oxy ( [ )-1-
azgni abi cyc?&ﬁﬁ?’}lgﬂﬁ)&}f’éﬂ%ﬂ%}%‘ila@ &[3( %aﬁ% %ﬁgny?ﬂl}{eﬂl}%&ﬁe&%]l
41hydr oxy ( dmdy);r@ﬁ by dctdnel Hrdmidel pheny 1met hy1) oxy] car bony11- 4-
pi peri d| nyI ) met hyl azoni abi cycl o[ 2. 2. 2] oct ane br om de
4—[hydroxy(dlphenyl)memyl]-1 -(2-naphthalenylmethyl)-1-azoniabicyclo[2.2.2Joctane
bromide
4-[bis(3-fluorophenyl)(hydroxy)methyl]-1-[3-(phenyloxy)propyl}-1-
azoniabicyclo{2.2.2]octane bromide
4-Thydroxy(di-2-thienyl)methyl}-1-[2-(phenyloxy)ethyl]-1-azoniabicyclo[2.2.2]octane
30  bromide
4-(hydroxy {bis[3-(methyloxy)phenyl] }methyl)-1-{2-[(phenylmethyl)oxy]ethyl}-1-
azoniabicyclo[2.2.2]octane bromide

11



20

4- [ hydroxy(di phenyl ) net hyl ] - 142- ( 2- napht hal eny1l) - 2- oxoet hyl | - 1azoni abi cycl o]

2. 2. 2] oct @ 24w50047d¢ 41hydroxy(di phenyl) nethyl]-1-{(4-ni rcenismsﬂoim hyl k 1
-azoni abi cycl o[ 2. 2. 2] octane bronide 1 -butyl-4-[hydroxy(di-

-th | thyll-1 b | 2.2.21oct b de 25
4- (L?S?ol%ﬁﬂéﬁ%@gg@iﬁwﬁﬁf?%% %ggﬁﬂalggﬁlﬂgpmﬂ}jazom abicyclo [2.2.2]

oct ane broryg, ﬂ’f%@[%’%ﬂwg g@%ﬁgyl ) met hy1] - 4- [ hydr oxy(di phenyl ) met hyl ] -

1- azonlablcy tane

1- (cycl opr dpy3-fRthydrypenhoixydmsops Jpheimdryayediphérylimethyl]-1-

-azoni abi cycl O[é\ﬁ bICt ane 30 brom de The prefaced conpounds useful in the
present i nveRREBiRY§lAR3dloctangbramids/ 104745PCT1US2005/ 014386

1 (2- (1 63 14 455RR0G &SP ol s ey et hy) - 1

azoni abicyc

44hydroxy(du@ﬂﬁamyydlmmylbimﬁebaﬁﬁﬁhenyl met hypoxy] et hy1}-1- 5
azonlablcyclo[Z ﬁl}octane

1- (2-{[ (4-dF l}wl)ﬁgﬂh%kﬁﬁ Hyrfuarepeabyoxdrhenydimethiptlny | | - 1-

azonlablcy
1-(2-{[(4- c orop %%@%ﬁg#l oxy &t hyl ) - 4-[ hydr oxy(di phenyOnet hyl ] -1 azoni ab

i cycl of 2. 2.yt Fl!i -1- [ 5-nitro-2-furanyl)methyl]-1-
4-[bis(4-fl uoro heny{iﬁ met hyll 1-12- {(phenyl met hyDoxy} et hyl } - 1-
azoni abli0cy Azegiabigyet tasp Faad

izéﬂfiéféi[‘?@%?"lﬁﬁﬁlﬁn SRy L ot B R e e

et hyl) - 41hy¢im@1@¢(d| phenyl )tnethyl]-1- 15 azoni abi cycl o[ 2. 2. 2] oct ane br om de

44hydr oxy(di met hy1}-1-{2 henyl car bon poxy] et hyl } - 1-
azoni abi cycl- %[ %PL?QYJ}! aﬁépmﬂr’{t ydroxy(dlpheny ymethyl]-1-

L g gl o0 (e ) v -
4- {hydrlexylda[t@(i 1ﬁb€n@hﬁﬁﬂiy)l]—fchmheﬁlﬂlﬂﬁhﬁwyﬂoﬁl}hMDOXY] ethyll-1-

azoni abi cycl of 2. }octane bromd

4-[ hydr oxy(@P@H@ﬁW?W\e@ Wﬁlanib{cgﬂl@ﬁet hyl sul f onypam nobr opyl }- 1-

2an 53011 P BB RO By el firapbiser R R e rmide s

bi 1 th -
(313 Eﬁﬁoﬁﬁgﬁﬂ’gsmtopyﬁﬁ?% e S Rem TR 1.
azoni abi cy@lZ@lPlz 12YGP ape oranige

ggthgg(ra 2 t hi ?d‘ﬁ’he)nnﬁt eﬁl}]l] f‘ﬁ" [@1@ %8%1%909( f)pDXpy]l}]l azoni abi cycl o[ 2. 2. 2]

4- [ hydroxy(@bﬂaﬁa (m,l;gzj Liand dsorhideeny! oxy) propyl ] - 1- azoni abi cycl o[ 2. 2. 21oct
ane brom de 104745PCTI US2005/ 014386

1-(2-{[ (4- c‘&ﬁwdpmr tdiphenymertsdle - €(piyenylosyfongdt-dregonipbingelgBiblogtane 1-

azoni abi cygl o[ 2, 2. 2] oct ane br om de

148- [ (4-br nyfloxylpropyl} 4- [hydroxy(dlphenyl)nethyl]-l-
azoni abi cyq. aLﬁdféxaiaﬁ%ﬂ!ﬁ?e gdr'é henyl methyl]-1-

44bi s(4-fl uor ophenylg%‘h oxy 3 (‘pheny oxy) propyl1-1-
azoni at#isey etzofiiabigycla g]@@tam: brdamgid

azoni ai ey B8 ““%ﬁﬁti%ﬁ%@#ﬁé%x%%?ﬁmm% i1

{2-[ (1- met hybnikbiehaspl B JovRay piehiag 1} - 1- 10 azoni abi cycl o[ 2. 2. 2j oct ane
brom de

44hydr oxy ( di-pxahddhedmyy(diphepphmethyHalpazoniabisyglol 2RAlpaase wemde - | awni abi cycl
o Chyar oey (AT SRR Cimions el 142 R R AR o1 2 2. 2

] oet anesgbr dibelRle15 4- (hydroxy(di phenyl ) met hy1] - [2 (phenyl oxy)ethyl]-1
-azoni abi cycl o[2.2. 2] oetane brom d
4-[hydroxy(diphenyl)methyl]-1- [3-({4 -[(phenylmethyloxy]phenyl}oxy)propyl]-1-

azoniabicyclo[2.2.2]octane bromide

12



4- { hydr oxy[ bi s(3- net hyl phenyl )] net hyl} - 143- ( phenyl oxy) propyl ] - 1-

azoni abi cycl o[ 2. 2. 2] oct ane brom de 4- { hydroxy][ bi s(4- et hyl phenyl ) Jnet hyl }
- 143- ( phengo sooserapyl] - 1- 20 azoni abi cycl o[ 2. 2. 2} oct anepbrmmmjgm“sﬁ

4- [ hydroxy(di phenyl ) met hy1J- 1- (34[ 4- (et hyl oxy) phenyl ] oxy} pr opyl) -

azoni abi cyel o[ 2. 2. 2Joet ane brom d

4- Thydr oxy ( il romophesshipngtoyll4- [élzdwaﬁmmmms&wplrwqm%fdop 2.2]octane

azoni abi cycin%@ . 2] octane brom de 25

44hydroxy(drphenyl ) net hy13-1-[ 2- (1[ 3- (et hyl oxy) phenyl ] met hyl } oxy) et hy11- 1-

awni abi cycl o{[Rydtod}(dc2-anphthalenyliifethyl]-1-{2- [(phenylmethyl)oxy]ethyl} -1-

4. lhydroxy(di phenyl ? net h 11-1-(2- napht ht henyl met hyl ) - 1- azoni abi cycl o[ 2. 2. 2Jo

et ane br oni #&&onabicyclo[2.2.2]octane bromide

aron so Ly o ORPIERYERRESAARH M chentb ) LRUST ARG R b o

4- [hydroxy(sﬂonadé hi enyenet hyl] 1] 2- (phenyl oxy) et hyl | - 1- azoni abi eyel 0[ 2. 2. 2) 0
ctane bromd

4- (hydr oxy{ ﬁ@@°¥mw(@ﬁ¢YWMP¥M@Y@ 13- Hphenytrasthybeesistbeblyl-et hyl }

41[ h%?g;s? i phe b?"[f i{%?#ﬁc}ﬁ{fﬁ{ ﬁ‘%‘] ni trophenyl ) oxybropy1}- 1-

azoni abi cycl-qB3(4c héiyBo A-Thydroxy(diphenyl)methyl]-1-
1-{3-[(2-fI uorgphe?ndn@ ]p?%}g% }Aflh[l;yr ox}g/( (f i ph ye?nyOTgsft]hylj

azoni ablty cisspiabicys 95 taednpaddeThe nore preferred corrpounds useful in

NeE 'Jif‘rfﬁ%a%%s’%aaa?riiﬁ’?oezg?f@ﬂﬁwm&%mw&m%bnet yl }-1-

azDni abi Cyc&@b&b?c&E tifeCi¥bAiRde
41(hydr oxy(di phené th (phenyl nmet hyDoxyl et hy

azoni abi cycld24{ 2(]1dc@ mté}ﬁ)pl@nyl]meﬂlyl}oxy)ethy] 4- [hyer)xy(dlphenyl)methyl]
azon abi oyl SRR et Hemi ) %, (47 Chi o ophany Oret hyl 1 oxy}
éelt Ih%: )s( fl1511tllyuor 0 en?ﬁ?l roijr%gt %}ﬁWWS%an?ne%%iﬂ gi;?gfhgrl?mlde
AL ot AN
azoni abi cyc ox %@&Wﬁén%#‘ 16@‘1 [(mﬂ{mm%ﬁﬂ’&y enylym %ﬂy

1-(2-{[(4- fhé&ﬂiéwijz@ i?@%&ﬂéﬂdlﬁbﬁ&t hyl) - 41hydr oxy(di phenyQOret hyl ] - 1-

azoni abi cycl of 2. 2. 2] oct ane brom de

44hydr oxy( d# 9@@@119::3]1}:11&{1213 Rpmmyweaaomgbnywlgﬁzyz Zloutant blomids
azonla

{543 %A@Bﬁ%ﬁ%—% a%ﬁ%lﬁﬂ}ﬁgﬁlﬁtﬁm)}dpo@?‘fwlwmyﬂﬁ'hy 1-1-

azoni abi Cycﬁﬁn?ab?o SlopE.

4-{ hydr oxy[ bi s( rret h I B nyI )] met hyl} 1-{24(phenyl net hyl ) oxyl ethyl |- 1-

me

azoni abi cycl-(ﬁ(42ﬂmrgplmm thiyl bad[bedregy(diphenylmethyl]-1-azomabicyclo[2.2.2Joctane
41hydroxy(d‘n§hecrl1;2/l )met hy11- 1- { 3- Knet hyl sul f onypam nol propyl }- 1-

azgni abi cyc 2] oct ane brom de WD 20051104745PCT/ U82005/ 014386
4-ibi s(3-f1yg {2 2%% édﬂ%%t@ﬂthﬁ&&abkkdiphbﬁﬂ&aeﬁsml1@&&&&@%}6922 PYdckand-

azoni abi cycl o oct'ane bromd
25  bromide
4-hydroxy(dipheny)methyl]-1-{[3-(trifluoromethyl)phenyllmethyl}-1-

azoniabicyclo[2.2.2]octane bromide

1-[(2-fluorophenyl)methyl]-4-[hydroxy(diphenyl)methyl]-1-azoniabicyclof2.2.2]octane
bromide

30  4-[hydroxy(diphenyl)methyl]-1-{{4-(trifluoromethyl)phenylimethyl}-1-
azoniabicyclof2.2.2]octane bromide
1-(5-hexen-1-y1)-4-[hydroxy(diphenyl)methyl}-1-azoniabicyclo{2.2.2)octane bromide

13



1-{31(3- chl or ophenypoxy] propy1l} - 44hydr oxy(di phenyl) met hy11l- 1-

azoni abi cycl o[ 2. 2. 2] oct ane brom de 5 o

41[1ydr ogy(‘glbago-shmﬁgyl ) met hyl ] - 143- (phenyl oxy) propy1] - 1- 3z9Rjsstisyakel 2- 2. 2]
oct ane brom

441-i ydr oxy(di phenyl ) met hy11l- 1-[ 3- (phenyl oxy) propyl ] - 1-azoni abi cycl o[ 2. 2. 2] o
ct ane br om d€3-cyclohexylpropyl)-4-[hydroxy(diphenyl)methyl]-1-azoniabicyclo[2.2.2]octane
1-(2-{[(4- ci;ano,ghenyl ) met hyl ] oxy} et hyl ) -4-[ hydr oxy(di phenyl)nethyl]-1- 10
azoni abi cycPHBBC?. 2j oct ane brom de

L (3.1 (4- br qURoeRERR PhAPITH: AOMARBOHH RISRISR iy 1-

azoni abi cycl

44bi s(4- f | uazayidbéepclg[R 2y octaye breidigel 1- 113- (phenyl oxy) propyl | - 1-
azonlablcyc

o RS Y bdrkn it 3%&@?&§%ﬂmdwaﬂaméu vdrosyidinhaybmethyl]-1-

azoni abi cycL% qg )%%cﬁ % (ma 4- [ hydroxy(di phenyl ) methyl1]-1- {24(1
-nmet hyl -1 - pheny V1 -1- azoni abi cycl o[ 2. 2. 2] oct ane brom de

4- [ hydroxy( dl-[h?ﬁﬁ‘x Odipﬁehylbﬂacthy{]a (X-Bhenglettiyipl epydisbityolb R@xYibetatiey Blonide 20
awni abi cycl o[ 2. 2. 2] oct ane_bro

4- [ hydr gxy( dlrﬂﬂgdt‘qh ﬁmxyﬁﬂéphﬁ}l}{})n@ﬂyl]('W@W*@Mﬂ?@pﬂpﬂiﬂﬁbﬁ‘ﬁﬂ%| cycl o[ 2. 2. 2]
ZCE ﬁ;gr o>r<§( 3%?%8)(?'@%6%@?3@3’221 Kﬁﬁ%‘?&Y‘B@%%YDPh‘*ﬂPﬂ]ﬂazon. abi cycl o[ 2. 2. 2] octa

26{ Er gmlde[ giom%blcycloh[zlz 2Aoctane bromide 143 (phenyl ) .-
ydr oxy met hyl phen met phenyl oxy) pr opy
azoni abi cycll w@pﬁwﬁﬂm& Laﬁmabw@v 2% d% useful in

th t

WERTTER ﬂJﬁY%B%%@?B%@W@@?Ei\; PR s SRR ASAAS ot hy 1) - 1-
azoni abi cychgintableytls]e R 6ctRi®Blodfide WO 2005/ 104745PCT/ US2005/ 014386
4-f hydr oxy(di henylgmat hyl | - 1-{2- gphenyl et hyl ) oxyl et hyl } -1-

azoni abi cycHdhpdrexy h;«z[ftg(mﬂml@m)ph;nyl]}methyl) 1-3- (phenyloxy)propyl] 1-

;-.Zf)ﬁl ng(lélyg%%rm %}/(gg?aﬂé ‘%? % etg%l ) - 44hydr oxy(di phenyl ) net hyl ] - 1-
1-(2-{[(4- cI1 ng@%@gct ang}%ﬁbﬂ}ﬂﬁ&&%&}t&ﬂi&ﬁ%ﬂéﬁwLphenw)”Et hyl | -1-

azoni abi cycl of rom d

4-[ bis(4-fl amrmﬂlwm[ﬁgt%]dctw@bmndwl | - 1- { 2- { (phenyl net hypoxyl et hyl | - 1azoni a
bi cycl o[ 2. 2

4- { hydr oxy] 62145{’ t ?a‘rQ@FR?F %‘K&%l'ﬁe@lﬁ(%%&?w}?ﬂ’?&?w&hw } -1- 10

azoni abi cychg ﬁﬂeﬂgﬁ%
1- (2-{[ (4- quorophenyI) Chyl T oxy} et hyl ) - 4- [ hydr oxy(di phenyl ) et hyl kI azoni ab

i CKC| OI[ 20 2bﬂlhpdramy(ldi;ﬂmnylﬁhne@yl]{mmp@ky-@zbmﬁhcmde[MZipdl]andbpgmlde .
21 i 15
VETrDs o BROFkedrese e%néowéareaxﬁaéﬁa' S RReSDRA Do obt ai ned by

appl yi ng sy%ﬂg%[ﬂl cEH[Q %'H%g]ge of which are |Ilustrat ed in the Schenes

beI ow. The synth I's 20 Schene is applicable for producing

r{pounds ofl- [B)ﬂnwo@héﬂy))nm«y'l]}g [hydmxy(diphemyl)xdemyﬂ¥lematonﬁlbmym)[Zma]da&ngr oups

whi‘ch are reacted, enploying substituents which are suitably protected, to
achl eve conpPHHBE| ity with the reactions outlined herein. Subsequent

deprotegtio | %@cﬁ: tﬁrjjme Qf the nature generally
di scl osg% \?\Vﬁqug e @%ﬁ’gﬁ@?’a e@@ﬁ%&ﬁﬁ?]ﬁﬁcg%ounﬁl only of Formula 25(1),
this is neretonidhicycid{ 2sX]octhnobropiidppose only. As shown in Schene 1, the
desired co s of For four ynt hetic steps
fromthe cmgP%Or%/HMP@B&bzﬂéﬁw@r‘Pﬁh@#ﬁ&? H‘i’fg&rﬁéﬁ‘ ate precursor |.
Conpound 1 b RAGHRS2 YW A Hetdadbr8fBa2- chl or oet hane fol | OWI ng standard

al l cylation

4-[hydroxy(diphenyl)methyl]-1-{4-[(phenylmethyl)oxy]butyl}-1-

30  azoniabicyclo[2.2.2]octane bromide

_)

1-[(4-cyanophenyl)methyl]-4-[hydroxy(diphenyl)methyl]-1-azoniabicyclo[2.2.2Joctane

bromide

14



30 procedures well known in the art such as potassium carbonate in acetone
foll owed by reaction of the internediate with lithiumdiisopropylamde in an

aprotic sglv h as tetrahydrofurann to give the qui L L

i nter mdigioeﬁg.lloaz%densat ion of conpound 2 WD 20051104 #%@6&/014386
wi th organonetal lic reagents such as a Gignard reagent or an organolithium
derivative 4-(hyalfoxybia[3-Gmetaylorp)phenl]}nashylpl [akiplbnylonypropylpdul ts in the
formation of the tertl ari/ al cohol . 3 of Formula (1) (Rl= nothing). Further
N-al kyl at i oroBRbicyalgbAdlostagetiomidgyi t abl e al kyl halide in a organic sol vent

such as chl fer LA LV la (I R1 not
ot hi ng) - SeharE- ety RSy B D AR tipeiL- 2 (1) €

1- br ono- 2- cironiabiytla[ie2. 216¢6M8 bratikleone; b) LDA, THF, 10 c) RZM then R3M
THF; d) R1X, _ACN, CHCb. SYNTHETI C EXAMPLES The inventjon w.ll now be

descri béd Hyerewéiphenydmallyli-4tRawwpey- Exbirimzeniapiysie[a2e]adanedremide

present 1 nvEACr ohr e IS BRI EY Ry Bi Rl e scope o The
chr onat ogr agliabicytlof2.2.2RsaredréRid out on silica and col um chronat ogr aphy
on silica (FlLash col um chromat ogr aphy usi nngErck, 9385 unl ess stated

ot her wi se) . 4-ileraxn(diphgnydreateyl]-Ad3 wapeylpreprb di-azosiabiavictold 2 2ectaee LC- V5. 20
LC M5 Experlj)rg%@ al Conditions: Liquid Chromatograph: System Shinmadzu LC
systemw th ~“10A Controller and dual UV detector Aut osanpl er: Leap CIC

i th a Mal cpleisdifiabtonhéy - Nk agi| (C1l8 40x1 ra I nj.
v (o EL oty Sl | (C18 (0L Tan) 10

Vol ume (AL): 2.0 Sol vent
azoniabicyclo[2.2.2]octane bromide
( 4-[hydroxy(diphenyl)methyl]-1-[2-({[2-<(phenyloxy)-3-

pyridinyljcarbonyl }amino)ethyl]-1-azoniabicycle[2.2.2]octane bromide
4-Thydroxy(di-2-thienyl)methyl]-1-(2-phenylethyl)-1-azoniabicyclo[2.2.2]octane

15  bromide |
1-(3-bromopropyl)-4-[hydroxy(diphenyl)methyl]-1-azoniabicyclo[2.2.2]Joctane
bromide
4-[hydroxy(diphenyl)methyl]-1-(2-hydroxyethyl)-1-azoniabicyclo{2.2.2]octane
bromide

20  1-[(3-cyanophenyl)methyl]-4-[hydroxy(diphenyl)methyi]-1-azoniabicyclo{2.2.2]octane
bromide
1-[2-({[(2,4-dichlorophenyl)aminojcarbonyl } amino)ethyl]-4-
[hydroxy(diphenyl)methyl]-l-azoniabicfclo[2.2.2]octane bromide
4-[hydroxy(diphenyl)methyl]-1-(4-penten-1-yl)-1-azoniabicyclo{2.2.2]octane bromide

25  1-{2-[(2,4-dibromophenyl)oxy]ethyl}-4-[hydroxy(diphenyl)methyl]-1-
azoniabicyclo[2.2.2]octane bromide
1-[(2,4-difluorophenyl)methyl]}-4-[hydroxy(diphenyl )methyl]-1-
azoniabicyclo[2.2.2]octane bromide
4-Thydroxy(diphenyl)methyl}-1-{3-(methyloxy)propyl]-1-azoniabicyclo[2.2.2]octane

30 bromide
4-Thydroxy(diphenyl)methyl}-1-[3-({2-[(pbenylmethyl)oxy]phenyl } oxy)propyl]-1-

azoniabicyclo[2.2.2]octane bromide

15



WO 2005/ 104745PCT/ US2005/ 014386 Sol vent B. MeCN, 0.018% TFA G adi ent: | i near
Channel A: LIV 214 nm Channel B:ELS 5 Step Tine (mn) Dura.(mn) Flow

(uL/ mn) Sad 20092647k 00. 000. 00300. 0095. 005. 00 10. 000. 0130P-PRYo R38O
20. 013. 20300. 0010. 0090. 00 1033. 211. 00300. 0010. 0090. 00

44.210.10300. 0095. 005. 00 54. 310. 40300. 0095. 005. 00 Mass Spectroneter: PE
Sci ex Si ngl ¢1-Qurashingethyd)-1-GzaBabipyclaBR.2l68e4-atl(diphdpybimethapolatqui si t i on node:
Profile The eparat ory HPLC was conducted using a G |son HPLC system under
the fol | owi u(‘,’g:i"n"d'%f'ieons: 20 Colum: 75 x 33nun L D. , S-Sum 12nm Fl ow

rate: 30/ SRy drb Y8R KA BT 0B oro P Db ATRAEAODE AfcraRol vent A

water Sol vent” acetonitrile sol vents "Used herein are of the highest
avai | abl e pbroirtige and al | reactions are run under anhydrous conditions under

an air ast mi-%yecfrgxy%@pﬁgfylﬁﬁeqﬁ}rdw1 §rrele£lh§]lqi-cégn§ne1§iﬁicyclo [2.2.2Joctane bromide

4-[hydroxy(diphenyl)methyl}-1-(tetrahydro-2 H-pyran-2-ylmethyl)-1-
azoniabicyclo[2.2.2]octane bromide
1-[(2,3~difluorophenyl)methyl]-4-[hydroxy(diphenyl)methyl]-1-
azoniabicyclo{2.2.2]octane bromide

10  1-[2-(4-biphenylyl)-2-oxoethyl]-4-[hydroxy(diphenyl)methyl]-1-
azoniabicyclo[2.2.2]octane bromide

(- 4-Thydroxy(diphenyl)methyl]-1-[2-ox0-2-(4-pentylphenyl)ethyl]-1-

azoniabicyclo[2.2.2]octane bromide
1-(2-{[(2,4-dichlorophenyl)carbonyllamino} ethyl)-4-[hydroxy(diphenyl)methyl]-1-

15  azoniabicyclo[2.2.2]octane bromide
4-Thydroxy(diphenyl)methyl]-1-(3-{[2-(methyloxy)phenyljoxy} propyl)-1-
azoniabicyclo{2.2.2]Joctane bromide
4-Thydroxy(diphenyDmetiyl}-1-[(1-{[{(phenylmethyl)oxy]carbonyl}-4-
piperidinyl)methyl1]-1-azoniabicyclo[2.2.2]octane bromide

20  4-[hydroxy(diphenyl)methyi]-1-{2-(2-naphthalenyl)-2-oxoethyl]-1~
azoniabicyclo[2.2.2]octane bromide
4-Thydroxy(diphenyl)methyi]- 1-[(4-nitrophenyl}methyl]-1-azoniabicyclo[2.2.2]octane
bromide
1-butyl-4-[hydroxy(di-3-thienyl)methyi)- 1-azoniabicyclo[2.2.2]octane bromide

25  4-Thydroxy(diphenyl)methyl]-1-(2-oxo-2-phenylethyl)-1-azoniabicyclo[2.2.2]octane
bromide '
1-[(3,4-difluorophenyl)methyl]-4-[hydroxy(diphenyl)methyl]}-1-
azoniabicyclo[2.2.2]octane bromide
1-(cyclopropylmethyl)-4-[hydroxy(diphenyl)methyl]-1-azoniabicyclo[2.2.2]octane

30  bromide

The preferred compounds useful in the present invention include:

16



30 WO 2005/ 104745PCT/ US2005/ 014386 Exanple 1: Preparation of
1- azabi eyel of 2. 2. 21oct - 4-yl (di phenyl ) met hanol . Et hyl

. 1- (2- chl gfpafolYderad- pi peri di necarboxylate To a soluti opcp,gsﬁ;ogmi“%
ni pecotate (20.0 nL, 130 mmol) in acetone (180 nL) was added 5

1- brono- 2-chl oroet hane (21.6 nL, 260 nmmol) foll owed by anhydrous 1C2CC3
(27.12 g, 196 nunol). The reaction m xture was stirred for 24 la and then

L) and ot It Ba HORPRE S mo DTt bR TG APPSR 4 or | ed wi (h

MSH, filtghatn 2_@.@%&%&%&?‘&&”0@ vacuum Purification of the crude
resi due by asﬁm?ﬁlrggnat gr aphy %0% Et 20 /50% 10 hexane) on silica gel gave

the title cbiipcong(dipbe®)nyeth@AB-1608) [(phenyMiethylyoy]@RAGM-H+) Rt (1.20 min).
Et hyl 1-azabicyc| ol E)zz%éiocta e- 4. carboxylate A solution of ethyl
1- ( 2- chlPor FECRIPPICYIOK- & QHRTT xyl ate (20.42g, 92.9 mol) in 15 THF (600

m.) was coo = . | /et hyl benzene,

70) L, 140 1 ‘){f(%’éé’%f’%“é’”gﬁé“s@f"f‘ﬁ l"taﬁely g %%ﬂdgitﬂg@%ﬁ%@ﬁ\}er 55 mn. The
reacti on weszoalabizweld[2.D.2}a@vtanettpoméier oom t enperature over 16 h. The reaction
was enched with 1C2 atyrate eo 50Q. L) and extracted with

Et 2oql(13 X 5%&(4?%@%13%%?]@&%}eﬁﬂ*h@iﬁ@f&&(&ﬂ#@lﬁ%&ﬁ}lw So4, "

filt d, 20: Th | ti il

co- evapor at LA PHIR PRI ER AT, (27T e excees et hyl benzene. resulting
in the to t|4[Ws@Epiuncpieh§l)@ydexyHnethyl)-1-2-[(MrenyhnethiBétNeth)i-Rt (1. 08 nin).

1- Azabi cycl of 2, 2, 27Oft -4-yl (di_phenyl ) nmet hanol 25 A solution of phenyllithium
(1.5-1.7 M 3zRmpdicyglol phalogtanebramidet her, 20.0 nl, 32 mmol) was chilied down

N 28 i e g e SR e

over 25 m nazomhabicyeldfl.?2 Qloctae abiiédsed to warm up to room tenperature over 16
h. The reacfio guenched with H2Q and then evaporated to 30 dryness

under vacuuh\@qﬂg%f“é’ﬁlp Pﬂ)@%@h@xﬁﬁﬂ’é’ ,’*@ﬁi‘i‘ﬁ’ﬁ’églﬁgmﬁnéf’%]‘ild to crash out.
This sol4 d %Pﬁuc%lggfgzyge‘%mﬁtb?% iye the tide compound (0.79 g). The aqueous

phase was further-extrac OAc, the conbined organic |ayers were

dried over AMjsfoxy(¥iphatdmdhyl]452q{phddziafkodiidBetil}tbr ed, and

concentrated under vacuum The crude product was treated with Et0Ac and
hexane and ¥Zoptabicyeloth2dleatanedsemidst the title conpound (0.67 g). Total

breparat on' o - PAPY AR By GRS bbbl )07 ©
azoni abi cycizehibitydb[D2Rjntarde/@omitle. To a sol ution of

1-azabi cycl o[ 2. 2. 2] oct - 4- vyl (]di phenyQOret hanol go. 0775 g, 0.264 mol) in CH3CN
| Dout 1 ety (et phoy Glseibridda( 4 oberioet oy Belaink: 10° (0. 38 i,

2.78 mmol ). i gy}ﬁdto stir at roomtenperature for 4 days
and then coanz-égﬁpgzgyg?'%%eegriEﬁl\?gdcrhum to give a white solid. This residue was
di ssol ved 4-[hydroxy(diphenyl)methyl]-1-{3-[(methylsulfonyl)amino)propyl}-1-

azoniabicyclo[2.2.2]octane bromide
4-[bis(3-fluorophenyl)(hydroxy)methyl]-1-{2-[(phenylmethyl)oxy]ethyl}-1-

25  azoniabicyclof2.2.2]octane bromide
1-{3-[(3-chlorophenyl)oxy]propyl}-4-[hydroxy(dipheny)methyl]-1-
azoniabicyclo[2.2.2]octane bromide
4-fhydroxy(di-2-thienyl)methyl]-1-[3-(phenyloxy)propyl]-1-azoniabicyclo[2.2.2]octane

{

bromide
30  4-[hydroxy(dipbenyl)methyl]-1-[3-(phenyloxy)propyl]-1-azoniabicyclof2.2.2]octane

bromide
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in DMSO and purified by preparatory HPLC to give the title conpound (0.0612
g, 48.6%. EI-M5s mz 398(W Rt (2.06 mn). 15 Exanple 3: Preparation of

4- [ hydr oxy¢@b@Bamsls met hyl] - 142- (phenyl oxy) ethyl 11 - azonhé\.?m%y'_@t@hgsﬁz. 2]

octane brom de. General procedure for salt formation w thout
purification. To a sol ution of
1- azabi cycl bf(2-{ {43lyendphényllifcihpl] exyhethyl o finidr¢:Q(dipber@mabyd$T- mol ) 20 in 2

CH3CN /3 CHCL13, (2.5, i was added, 2- br onoet hyl phenyl ether (0.06 Og, 0.29
mol ). The Wi%ﬁlﬂﬁéhiqthﬁgﬁoﬁd%o 9C for 16 h. The reaction was cool ed

d t igl. i at d h

causi ng a sotP U SreRtd A BB 4 BB B D RAEE 21 P e ot T and
washed wi t hazoeiahivyclof g2Yeetdriecbromidee conpound (0.063 g, 67.6%. ElI-M5 rn/z
414 Rt .94 m.n). 25 anpl e 4. Preparation of
Heyf:Y%pr5op%‘rﬂ%‘ﬁ@%‘i‘?—rﬁﬁm5@3&?‘8‘3’%@@%)lggr@’;‘kl}ﬁ‘i’mﬁ%’@ﬁﬂa]bi eyel o[ 2. 2. 21oet ane

brom de. Ge Pl Yl r de formation with HPLC purification. 30 To
a solution %@h%péo?a%%gbﬂ‘%[t : 2b.r oct - 4-yl (di phenyl ) met hanol (0.0552 g, 0.188

mmol ) in_2 GHBQM-fiforGhkei TRy fprdgyl v dhpdideg(diphenyfmethhif1} VO

20051104745PCT[ US200 4386 cycl ppropane (0.025 nmL, 0.257 mnol). The
sol ution m@%@gi@ﬂlog-gé@%@emﬁ?mﬂg h, cool ed down to room tenperature and

t he sol vent ;W&E /CAU _ nesi yp in 2.5 L of
DMVb0 and pu‘}i[%lyeg 569‘{"%9“ par at%g?/ %nﬁva\ﬁlhlo@%&%g%?g& I e}tihe title
conpountb (Oam?ﬂagm?ﬁlogBZSM%cémﬁLbrbﬁiden/zh34118( R/H%ZRt (1.269 5 rr}n).h :E;<arrpl e 51
Prepar ati on - dr ox i nyl)nethyli-1-(2-qxQq-2-phe et hyl) -

1- azoni abi c@'ih%‘?@f(é&’é@%y W@Yﬁﬁf&[(zwlﬁéﬂnglyﬁ)méyﬁgWy% procedur e
outlined in i 2.2.2]oct-4- yl(di phenyl) nethanol

((5. 0567 g, ﬁmﬁ'z'gmﬁg@bﬁbg@o@{-phenil et hano%e((ol.oo48)7/ )g 0. 245 mmol)
in 2 CH3CN 4-3hydriStRdic2-{hemgl)methyld-1-Bapharldxy)gropel|{1Rezodiabiayeld [ 2 Qfbetdne

(0. 0410 g, 43.0‘?. El-MS miz 412(MF) Pt (1.90 mn). 15 Exanple 6:
Pr epar at i onP®Ide { hydr oxy(di phenyOnet hy1P- P4henyl oxy) pr opy11-

gﬁ? f?ﬂiag?: o ani’ﬁid%ﬂ&?l%?%%?i%ﬂzg@% 1@2%%““&?@%?%%@%&??%@#&%%3?” ?o. 045
g, 0.153 mmbdojnidad 3- br omopr opyl phenyl ether (0.035 20 mL, 0.222 mmol) in 2

CH3CN / 3 CHC13 (3.0.inlL) re reacted to _give the desired product (0.0662
g, 86.0% . H{hxdsoxybis(r pheny])fmethyl} h-Br(phessdprneropyllpl-epar at i on of

4- Ehydr Oxy(%ﬂﬁ%i%@o??%ﬁ&éﬁh‘&éﬁcﬂhenyl oxy) butyl | 1. -azoni abi cycl op. 2. 21oet a
ol T'own

ne brom de. general procedure outlined in Exanple 4,

L ol S estu b b BB 00 ) 20
4- br onobut n t he .1 ..0.4 nmo in 1 50 nL
wer e re%tZWOB@%@%@@&-%QEQé@er@ﬁ%}ﬂeoduct (0.0649 g, 64.9% . El-MS mz 442(W

Rt (2.13 m Ji'-)[hydrox;sz(diphenyl)methyl]-1-(3—{[4-(methyloxy)phvfsn},d]oxy}propyl)-l—
azoniabicyclo[2.2.2]octane bromide
( 4-fhydroxy(diphenyl)methyl}-1-[3-(2-naphthalenyloxy)propylj-1-

azoniabicyclo[2.2.2]octane bromide

25  4-fhydroxy(diphenyl)methyl]-1-[2-({[3-(methyloxy)phenyljmethyl}oxy)ethyl]-1-
azoniabicyclo[2.2.2}octane bromide
4-[hydroxy(diphenyl)methyl]-1-(2-naphthalenylmethyl)-1-azoniabicyclo[2.2.2]Joctane
bromide
4-[bis(3-fluorophenyl)(hydroxy)methyl}-1-[3-(phenyloxy)propyl]-1-

30 azoniabicyclo{2.2.2]Joctane bromide
4-Thydroxy(di-2-thienyl)methyl}-1-[2-(phenyloxy)ethyl]- 1 -azoniabicyclo[2.2.2]octane

bromide
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Exanpl e 8: Preparation of 4-Ehydroxy(di pbenyl)nethyl)-1-12-(tetrabydro-2.1/-
pyran-2-yl oxy)ethyl | -1-azoni abi eyel op. 2. 21oct ane brom de. Foll ow ng the

general praseRdacs7edt!ined in Exanple 4, 1l-azabicyclo[2. g Sdoz 14386
yl (di phenyl ) met hanol (0.0696 g, 0.237 mmi) and cHAR%0s a3

2-[ (2- bronoet hypoxy] tetrahydro2H pyran (0.080 niL, 0.529 nrnol) in 2 CH3CN /3
CHC13 (5.0 Mbydzqubrs&{meﬂhylocxymhenyl]}tmtﬂﬂwF{éd[(plmuhncthfbomethylg;lGl. 6% .

El[wdmjiy?%ﬁ%%@%ogé%mfr{% ch%anple 9; Preparation of

gphenyl net h4(J Méﬁﬂj&néfﬁﬁ%}aﬁbﬁl%ﬁﬁﬁeﬁ IW%P?IEW'M de. Fol | owi ng the

gener al proce L lined in 4, "1-aza 2.2.2]oct4-
yl (di phenylazmelabwmolo[ZE.ZWz&lega,romuRZO mol ) and 4 brom)butyl phenyl net hyl

gi ve the 1548312 herspbatey bR S g e P bey meH 450w Rt (2. 00

mn). Exa 8 yolry 1bydr oxy(di phenyl) rret hyl ]-1-13-
[ (phenyl et yf‘%oi‘?/’g{) opyﬁdtl gz?{))nr}lfdgbl eyel o[ 2. 2. 21oet ane brom de. 20

Fol | ow ng the gener al procedure outI [ ned in Exanple 4,

1- azabi cycl,&[} %Efa K‘@g) n thanol (0. 0677 231 ranol) and
3- br omopr opyRe PRERIFKEEA P erse@@%mﬁﬁéﬁl‘)qu% 2 CH3CN /3 CHCL3
(4.0 nL) were reacted to give the desi r ed product (0.0663 g, 55.2% . EI-M

mz 442(M+) Rt (2.23 min) 25 Exanple 11: Preparation of

1h{§ [(Iil(él1 H{bl{ﬁ(ﬁﬁhiwgﬁh e)mb)mbﬁ'ﬁyf]Vﬂ%}eﬂ‘rﬂ)l-‘l-[[gydéoxzyl(dlpglenyl)ngthyl] dl- ol |
r hydr oxy( di e ni api eyel o oet ane brom de. ol | owi ng
t he gener al ;}ﬁf‘@% &Pbé@hqqt%é’m’ﬁl@xanpl e 4, 1-a7abicyclo[2.2.2]oct-4-
yI (di phenyl _10s9], noet hyl

{(4-di br ono%m%n&y?rigg p %Jdﬂﬂo{z Rg%éﬁgg’géw]&hﬁﬁqmm /] 3 CHCL3 (4.0
rrL) wer e rnmﬁlc'grologlnﬁ]ddmmdﬂsmrd%d product (0.0525 g, 43.8%. El-M5 nlz

572(M+) Rt WO 2005/ 04745P | US20 4386 I 12:
P epar At on -@-?34{939%9w}>wﬂ S S
azoni abj eizéxhﬁb%yglb?ﬁ? azar% fle Fol | owi ng the general procedure

outli ne bicyclo[2.2.2]oct-4- 5 yl (di phenyl) et hanol

(0.0979 g, D(Biﬁl?(4mhhir¢pm¢1)ﬁxeﬂwbhﬂmﬂm) Spaydrox{diPenyl)méhgPd-mmol ) in 2
CH3CN /3 CHC13, (15.0 rnL) were reacted to give the desired product (0.0712g,

43.19% . El -3asniaficycleid2 djoctanebromiien; n) Exanpl e 13: Preparation of

e N

general pr omdiabiﬁyolumnamtana@mmel e 4, l-azabicyclo[2.2.2]oct-4-
yl (di phenyl nethanol 0.0677 0,231 ”i and
3- ( br on#fhret dsox e hipt Ml)llwbﬂél 2-[@hemdmgityDpxylathallclseN /3 CHCL3

4.0 nmL d d duct (0.0508 g, 50. 8¢9
5 2 3%’%9?&35?1%?)15311&#‘%&5' ool 10 Preparation of o 0%
1-(1, 3-di OXDJ(ZI-PQE(Zﬂﬂotd}ﬂieﬁy’lbmeﬂiyl]oxy}ethyl) 4- Ehydroxy(mphenyl)methyl] -1-

i hydroxy(di phen Ei/ | - 1-azoni abi eycl o[ 2. 2. 21oet ane brom de. 20 Fol | ow ng
t he gener alaz® ddlactanedromieanpl e 4, 1-azabicycl o[ 2. 2. 2] oct - 4-

0! 8118“?72“5%@%&&&%%%11 Fesfitdee RSB SRIE Mabion 1o give
t he 25 -azonmiabicyclof2.2.2]octane bromide
1-{3-[(3-fluorophenyl)oxy]propyl}-4-[hydroxy(diphenyl)methyl]-1-
azoniabicyclo[2.2.2]octane bromide
4- {hydroxy[bis(4~methy1phenyl)]methyl}-1-{2-[(pheny1methy1)oxy]ethyl}-1-
azoniabicyclo[2.2.2]octane bromide

30 4-fhydroxy(diphenyl)methyl]-1-{3-[(methylsulfonyl)amino]propyl}-1-

azoniabicyclo[2.2.2]octane bromide
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desired product (0.0112 g, 12.4% . El-M5 mz 380(W Rt (1.64 mn). 25
Exanpl e 15: Preparation of 1-ethyl-44hydroxy(di phenyOrethyl|-1-

azoni abi cy) sshgads74d oct ane bromi de. Fol | owi ng t he genep@t/RinesE[vEe
outlined in Exanple 3, 1-azabicyclo[2.2.2]oct-4- yl(diphenyl)nmethanol

(0.0581 g, 0.198 mmol ) and bronoet hane (0.030 nmL, 0.402 30 mmol) in 2 CH3CN
/ 3 CHC13 (4-[bxs(a_;1umphenyé)ébxdewx)me§1y!/]el-I{hé(pdtesyhmﬂnyﬁ))oau];dm}( -0- 0434 g,
54.9%9. EI-Ms mlz 3 56.mn). Exanple 16: Preparation of

4- [ hydr oxy(ﬁ?oﬁ'f?é’h‘i?’lcfoﬁééébiﬁ ﬁlﬂe 1- " azoni abi cycl oP. 2. 21oct ane bromi de.

Fol | owi ng t hg3g @m@bﬁh@@ﬁwlﬁopﬂl}wﬁﬁﬁrdx?gwtﬁl g%]llﬁ 0.191 mol) and

1- azablcyclo[z (di phenyl)
1- bronononam ab:@s@[mz]@ctwsbmmde; in 2 CH3CN 13 CHC13 (4 0 m) were

Egégze?ﬁ ). e&gﬁﬂ%ﬁ%@g%@;@%ﬂ&é %(&hoxga )gpropyl]%/%zomalblcycw [52%?00 M+) R

4-[hydroxy(gltog{3§@yl)rret hyl1-1-(4-penten-1-yl)-1- 10
azoni abi cycl o[ 2. 2. 2] oet ane brom de. Foll owi ng the general procedure outlined

i n Exanpl e &:[bydrexy(diphgnylihethgl}-Befphdnylyxy)piophilryadonibicali[2.22]@668 g,
0.207 mmol ), and,5-brono-1-pentene (0.045 nL, 0.380 nml) in 2 CH3CN /3 CHC13
(4.0 m) vveP Q%lct ed to give the desired product 15 (0.0806 g, 88.6%.

?Afh;\//gr g{qz/( 3| .S% hl )ganel}é%l eg@m-e?éd]OE%%H@))@?-%@W&}E{H?%%@E?@&JI o[ 2. 2. 2] oct ane

br onmi del0 20aenidbosyichd2 ger ocedure outlined in Exanple 3,

2 br omoet habdh: Edo%%%%onhe l%méxﬁarpmsﬁr%h LN A T

cted to i (0. 0541 g, 60 199. ElI-M5 mlz 338(1711)
Rt(a(l 42 m%o%&bﬁéﬂ%ltﬂ@%ﬁé@&%ﬁ%gig%%r ation of

1- (5- hexen- 4-{his-Addrpphenyy)(ididoensoeihytt hiak(phenylaxpipradylleicl of 2. 2. 2] oct ane
brom de. Fol | 102?%@ Bijgeneral procedure outlined in Exanple 3,

1- azabi cycl &°™ | ) met hanol (0.0637 g, 0.217 mmol) and
6- br ono h_ . ' .3 CHC13 (5.0 nL)
wer e re}i%t eg tg ?gg ?}q J@eﬁ@@éﬁ%ﬁ@%ﬁﬂg’é‘%ﬂﬁgﬁ%ﬂﬁa El-M5 nlz 376(M
Rt (1.90 ma@omabmcmmamﬁhimdésZOOSIOMS% Exanpl e 20: Preparation of
4-[ bydr oxy(di_phen hyl]-1-ngethyl-1- azanj api cyc 2.2. ct ane brom de.
Fol | owi ng t%éﬁﬁgﬂ%‘%ﬁ’hﬁgﬂi‘@@m &“[&ﬁ%‘aﬁﬂhi?ﬁ%%?@&?xﬁ@‘ﬁégﬂr cyclo
[2.2.21oct (0.0638 g, 0.217 mmol) and brononet hane
(2.0 Min tféZ @wﬁﬁﬂimam&%%%g%%o nL, 0.500 nml) in 2 CH3CN /3 CHCL3
(4.0 inL) \Aé-r[hydroxy(mphenyl)methyl] 1-{2-[(2-naphthalenylmethyl)oxy]jethyl}-1-

20  azoniabicyclo[2.2.2]octane bromide '
4-[hydroxy(di-3-thienyl)methyl]-1-[3-(phenyloxy)propyl]-1-azoniabicyclo[2.2.2]octane
bromide

( 4-fhydroxy(diphenyl)methyl]-1-[2-(phenyloxy)ethyl}-1-azoniabicyclo[2.2.2Joctane
l bromide
25  4-{hydroxy{bis(3-methylphenyl)methyl}-1-[3-(phenyloxy)propyl]-1i-

azoniabicyclo[2.2.2]octane bromide

The most preferred compounds useful in the present invention include:

30 1-2-{[(3-fluorophenyl)methyljoxy}ethyl)-4-[hydroxy(diphenyl)methyl}-1-

azoniabicyclo[2.2.2]octane bromide
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reacted to give the desired product (0.0739 g, 88.0%. ElI-M5 mz 308(W Rt
(1.58 m n) 10 Exanple 21: Preparation of

44hydr oxy fqa (g % Jret hy11-142- (et hyl oxy) et hy11- PCT/US2005/014386
1- azoni abi cyc 21oct ane brom de. Fol | owi ng the general procedure

outlined in Exanple 4, 1-azabicyclo[2.2.2]oct-4- yl(diphenyl)nmethanol
(0. 0597 g, &{Bﬁﬂom(diphenm)mahﬂﬂdn{ﬂe{(p};vdnyhaethyl)ong{]ﬁhyl}él}. 030 15 nL, 0.319

mol ) in 2 CH3CN./ 3 (4.0 M) were reacted to give the desired product
(0.0372g, 4522‘3@%“’3’ 01%%? é@s‘? M‘i Rt (1.69 ni n) Exarrpl e 22: Preparation
of 142-(1, 3¢ “brod h&%&b&ﬂa‘ﬁh‘h‘ methyl]-1-

[ bydr oxy(di pgzgg%m?h)? -1-"azo |:§Jx? ﬂgﬂ z[gﬁ 210et ane rgmyJe. Fol | ow ng the

gener al promdwbmyolﬂ{lﬂﬁé«:btmt&&mmﬂ e 3, 1l-azabicyclo[2.2.2loct-4-
) Eczh E? %%3@1{?@1&91@0 09bF@%ﬂ%ZV@le%mdLY‘ng&%@I@enﬂ)%ﬁ@Y%|) in 2 CH3CN
13 CHC13 ( n?%:i ve the desired product (0.0881 g,
51.8% . El %7% yﬁ%@%%&?% § B%K%Il n). Exanple 23: Preparation of
it i S s S, Pt

ydr oxy(di phen - azoni abi eycl o j octane brom de.
Followngt?@nﬁ’@f‘lﬁ)rcﬁiﬁh %@é&lnedlnExa le 3,
1- azabi cycl Ly 293 mol ) and
2-(3-br ormp'?gﬁ;%og%&l S0l r%%ﬁpﬂér@% I@%@%} di OE@?@%Q‘S Q%]e%llbprlnml ) in 2
CH3CN /18 Chichiabicycld[22)2 joutare: bremddecd t 0 gi ve the desired product (0.1319 g,
82.4% . El - 481( \44 1.90 ) 5/10 745 f US2005/ 014386
Exanpl e 24: 1 ém[ér%{qr cgyl) Hl-e@(-‘(;]&?‘wya ﬁ?ﬁ?’f’ffg )@etg Phenyl propyl ) - 1-
azonl abi eyeé@@a el 5 Followi ng the general procedure
oftlined in b%iy% oggb'?jazaol cy@?oe[ 2.2.2]oct-4- yl(di phenyl) nethanol
(0.0625 g, @-[R)idi‘omy(diphemylyinétay]mlefmE(ph@yldaﬂmmyﬁney]@&yl}sD— m., 0.329 mmol) in
2 CH3CN /3 CI—I%:&L%q('ﬁC (B Were reacted to give the desired product (0.0722
g, 72.2%. #Q E’%% Qftang bresuds) nin). 10 Exanple 25: Preparation of
44hydr oxy(di phenyl ) et ay11-1-(2-1[ 2-
(et hyl i(;%(/y) et hyl ] oxy} et hyl)-1-azoni abi cycl o] 2. 2. 21oet ane brom de. Fol | ow ng
t he general procedure outli ndETHEGRSGF PREPARATION.yC| o[ 2. 2. 2] oct - 4-

yl (di phenyl ) net hanol (0.0665 g, 0.227 nmol) and 1-brono-24[2- 15
(et hyl oxy) et hyl ] oxy}et hane (0.05 5nL, 0.405 mml) in 2 CH3CN/ 3 CHC13 (4.0

sob(M R ( T ST LR ED iSRRI vy oty sthindtf fitbeaules; 15 112

1-14- (et hyl Sotig oilzl?fbk‘,hlﬁbﬁ Ylistrated Bﬂthg Schcmes[below ]]’he synthemg prowc(ljed in thlisl
[ hydr oxy(di phenyl) met hy1l- 1-azoni abi cycl o[ 2. 2. 2] oet ane brom de Fo oW ng
t he genéq 8 shegteds applicable ﬁﬁ@@@ﬁnﬁamp@da of Forpulgi(b\havispa varistysed; - 4-

%BFSLE“ﬁEY' @i@%@?&%ﬁ% % gl ¥ Bapted, Srfontie sublihRER WANGE O, o
t he desi r edsyitabliusrotedted( €. 220176 cotnpatBfffity viith e réavtiondO&{i¥d Freipnl. 80 m n) .

Exanpl e 27: Preparation of 1-azabieyel o] 2.2, 2j oet-4-yl (di-2-thienyQretbanol.
( Subsequent deprotection, in those cases, then affords compounds of the nature

generally disclosed. While the Schemes are shown with compounds only of Formula
25  (I), this is merely for illustration purpose only.

As shown in Scheme 1, the desired compounds of Formula (I) can be prepared in four
synthetic steps from the commercially available ethyl 4-piperidinecarboxylate precursor
1. Compound 1 is reacted with 1-bromo-2-chioroethane following standard alkylation
30  procedures well known in the art such as potassium carbonate in acetone followed by
reaction of the intermediate with lithium diisopropylamide in an aprotic solvent such as

tetrahydrofurann to give the quinuclidine intermediate 2. Condensation of compound 2
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A solution of 2-thienyllithium(1.0Min THF, 9.10nL, 9.10 nunol) was chilled
down to 30 -300C under Ar. Ethyl 1-azabicyclo[2.2.2]octane-4-carboxyl ate
(0.4196 gw@2008%0479%! ) in THF (8 nl) was slowy added t op¢B@sicassiahsen
m xture over 20 min. The reaction was allowed to warmup to roomtenperature
over 16 h. The reaction was WD 2005/ 104745PCT/ US2005/ 014386, quenched w th
wat er and t with crgaapwetellicrepgenay speb 68 a CrignerdursagmtRr ol prsapelbim derivetivg a

t he

i ght brown.solid.to i ol i f il tered. of I

L E1e sompotni st helVet SeB s perilalrobfioh oS st ke SR deihuetiard ¢ N2
Exanpl e 28: alBslef 3/ Foafiuaf4Rh #dmﬁuggd Ip el Nealkl Jatieh B Edmpetid 3 with a
(phenyl oxy) et hyl [-1-azoni abicyclo[ 2. 2. 2] oet ane brom de. Fal | owi ng t he

general pr o%’é'@gk@ﬂ@l} hplidesia 4 oreenia felventsuch ascheroferan ¢ geetpntirilecgives-

yl (di -2-1hien !) t,h I : 6(%3 227 mmol ) and 2- bronoet hyl phenyl

et her ( .OS%OIE{L mé@@%&“%@ ilﬂ)’tﬁ "1 CHC13 (3 0 nL) were reacted to
give the desired product (0.0822g, 74.7% . El-M5 ro/z 426(M+) Rt (2.00 mn).

Exanpl e 29: Preparation of 4lhydroxy(di-2-thienyOrethyll-113-
( phenyl oxy) propy11- 1- azoni abi cycl o[ 2. 2ci¥rael ane broni de. Fol | owi ng t he

general procedure outlined in Exanple 4, 1-azabicyclo[2.2.2]oct-4-

y1l(di-2-thienyl)yethanol (0.0578 E} 0.189 mmol ) .and 3- bronopropyl_ phenyl

et her (0.03300L,60.209 nmol) b OH 1 CHC13 (Rﬁ.o m.) were readted to gi ve

5.4% . El-M ¥z O(M+) Rt (1I° n).

Exanpl e 30: Préparatign of

41hydroxy(di {2-thie hy11 - phefiylet hyl d

azoni abi eyel ~2.21oct ane br Onjsee. Follo t he general Qeedur e

((ﬁ. 0658 g, 0.215 nmol) and (2-bronoet hyl)benzene (0.050 m ., O. 38 ol ) in

1MeOH 1 CHC13t (4.0 mL) were reacted to give thetdesired product 4(0.051 4g,
0 i .

48 9% £ - Nl AAPKMdiEha: 71 B0l B IRARRE TOH 4 REIHE A0, P06

the desired pryduct (0.0448 g,
outlined in ExBnple 4, 1-azabicyclo[2.2.2]oct-4- 25 yl (di-2-thienyl)nethanol
Exanpl e 31:

41hydr oxy ( dé)y FM earRsM,MERRYD R 13¢, (BCIRheRIPr opyl ) - 1-azoni abi cycl of 2. 2. 2]
octane brom de. Followi ng the general procedure outlined in Exanple 4,
1-a7abi cycl o[ 2. 2. 2] oct-4- 5 yl (di-2-thi enyOret hanol (0.0688 g, 0.225 mmol)
and (3-bronopropyl)benzene (0. .'ﬁi; F n, gs jn 1MeOH 1 CHC13 (4.0 ni)
were reacted to give the desireg~proate o685; 62.3%. EI-M5S niz
424(M4) Rt (1.97 mn). Exanpl e 32: Preparation of

1- butyl - 4- [_Eéed_r oxy(di-3-thienyl)nmethyl]-1- 10 azoni abi eydo[ 2. 2. ZLgct ane
brom de. A ‘ths mvemitonovilinosybs escribed gmre(fezrsm tortherfpllomarsg Egargplas which a8 ol )

hi d -. . C Ar. 3-B .hi.oph 1.15 | 12, I
it ssol i et ffhsutive and FrORoHE vokenstngl AR HREHOF BF el e nefint ir o,
The react i ofy¥mfonS tAN feRshekathires AreBiverARC Cl Thir g ﬂﬂhafgg%%; gt.l.ic.r? was

1-azabi cycl o[ 2. 2. 2] oct ane- 4-car boxyl ate (0.7640 g, 4.
carried out on silica and column chromatography on silica (Flash column

T/

chromatography using Merck 9385 unless stated otherwise).
" The following are the experimenta)l conditions for the LC-MS.

20
LC-MS Experimental Conditions:
Liquid Chromatograph:
System: Shimadzu LC system with SCL-10A Controller and dual UV detector
Autosampler: Leap CTC with a Valco six port injector
25  Column: Aquasil/Aquasil (C18 40x1 mm)
Inj. Volume (uL): 2.0
Solvent A: H,0, 0.02% TFA
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Et20 (4 nmL/ 4 nL) was added. The reaction was allowed to warmup from-78 0C
to roomtenperature over 16 h then slowy quenched with water. The reaction
was conce the resulting brown solid was taken and
DCM The gg%gano?go%ﬂgse was separated, dried over MgSH4, ?E?[tdg?hggﬁgﬁff
concentrated under 20 vacuumto give a brown solid. The solid was dissol ved
in DVBO andSplyentfB:ed by pr &eltLOBHPEFA to give the title conpound (0.1736
g, 9.4%. la‘f%/hs z 362(1V\a. Rt (1.73 min). Exanple 33: Preparation of

1- azabi cycl Fo10ct -4 ‘f‘?ﬁr 3-thienyl)netbanol. 25 A solution of t-Butyl

i thium (1. éihdde] RENt anes, (b7 814%hm 9- 86 ntnol) was chilled to -78 0C under
Ar. 3-Bronot hi ophene (0.46 nm_, 4.90 mmol) dissolved in THF (4.0 nL) was

sl owl y addeC@hemmet Be reacti &hSmi xture over 6 min. The reaction was stirred
for 30 and then ethyl 1-azabicyclo[2.12.2Joctane-4-carboxylate (0.3132
g, 1.71 %mo |n 30 THE (4 nL) was added. The reaction was allowed to warm
up from - 783@ Rmﬂrﬁfnyrﬂo%’ %'@‘Qh St er ghgghours, the reaction
was slowy qu nche wat er 745PCT/ U82005/014386 Et 0Ac was
added, causfng aO@Oey soIOL(I!D to cr a@(BIOQJUt. ThOS i d5WMs filtered off to give

thetitlec ou 0.3 El - M5 306( vl + Rt (1.27 mn).
Exanpl e 34: g}’)epﬁ'ﬂg'gl on §f0141hydrg§@99h _ 3- th:bg/r@\ ) ng( 11-H)142- (5 :
(phenyl oxy) ¢t hylag}- azoni ?y cycl 053?302) oct aqu@,rom ebg Fol | owi ng t he

i e o[

general procedure outline n Exa 4, 1-azabicycl 2. 2] oct -4-
yl (di - 31a hi 8nyl ) 32t hanol 1((Im 0787 QOOOQS8 nundi0)00and 98:06r onoet hyl phenyl

et her (0.0839 g, 417 n i 3 CHC] 3/ 2 CN(50 m.) were
reacted to give %lthe dbsll%f ed pr%&@g'y(o 07 , El-M5 mlz 426( M)
Rt (1.85 mp). Exagple 3pi4oPrepar ?p‘% gf of 95.00

5 00
41hydr oxy(dl 3-thi enyOnet hy11-1- P{phenyl oxy) propyl1l-1-azoni abi cydo[ 2. 2. 2j oet
ane brom de. 15 Followi ng the general procedure outlined in Exanple 4,

1- azabi cycl o] 2. oct - 4- (di -3t 1) r net ..Q808 g, 0.264 nmol)
and 3-br om aa%%m %ﬂ%f eﬂ‘? 1?"0316563@2@ fmﬂ@ﬁ%rﬁé"? 1%82M90H/ 3 CHC13 / 2
CH3CN ( 95 I\)hg_,ere react egyliy@i ve the desired product (0.0613 g, 44.79.
El - M5 z 440 Yy Rt (2.05" mn). 20 Exanpl e 36: Preparation of

1. - but yl - 44Agqhrisixigg daqaleeny Pyafde hy114- azoni abi cycl o[ 2. 2. 2] oct ane br omi de.
Fol | owi ng the general procedure outlined in Exanple 3,

1-azabi cycl o[ 2. 2. 2) oct - 4- yl (di phenyl ) nmet hanol (0.0496 g, 0.169 mmol) and

1-b but 5{;11_}]; I > 4.0 rnL
reag?gg 'ltjoagl véIQ'P%% esir L?d%ﬁ%@g@?gg%éggl%ow %‘.ys%n?sg&%it % SSB?I\/L)V\ge
(1.83 min). fdbosing endition®r epar ati on of

1- 1t exyl- 4-t hydroxy(di phenyl ) et hyl ]-1- azoni abi cycl o[ 2. 2. 21oct ane brom de.
30 Fol | & ng the general procedure outlined in Exanple 3,

1- azabi cycl g i I t hanol (0.0498 g, 0.170 nunol) and
1- br omhexane@%ﬂlﬁﬁ%ﬁ{%%g? w 1)ZHE’Z CH3CN / 3 CHC13 (4.0 L) were
reacted to gi \RowhgedEmAIBdnpr oduct (0.0562g, 73.0%. EI-M5S mz 378(W Rt

(2.09 nmin).
( ¢ Injection Volume: 0.800 mL

* Room temperature
25 e Solvent A: water

e Solvent B: acetonitrile
All solvents used herein are of the highest available purity and all reactions are run

under anhydrous conditions under an air atmosphere unless otherwise indicated.
30
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Exanpl e 38: Preparation of 44hydroxy(di phenyl)nethyl]-1-propyl-1- 5
azoni abi cycl o[ 2. 2. 2] oct ane brom de. Followi ng the general procedure outlined

i n Exanpl @Egpl cyclo[2.2.2]oct-4- yl1(di phenyl)nmeth

0.176 mmlgg&gor? 19 r onopr opane (0.030 nmL, 0.330 mmol) inﬁgP@é@ﬁgﬁ% CHC13
(4.0 nL) were reacted to give the desired product 10 (0.0548 g, 75.1%.
El-Ms mz 3B IeAt: ¥repAratiomof 1-Ezm@ahﬂm&ma&ﬂ-?l(diﬂhenyl)methanol.

4-t hydr oxy(di phenypnet hyl | -1-(3-1[ 2

(et hyl oxy) phenyl ] oxy} propyl) - 1- azoni abi cycl oP. 2. 21oet ane brom de. 15

Fol  owi ng t 2ne edur el Exanpl e 3,
1- azabi cycl%ﬁﬁg@%@g‘?&z&g iger 2 lb}}ol (0.0467g, 0.159 tnnol) and

1- [ (3- br onUpg @@Mﬂambf a:hyl(:ﬁpédwﬂt@(m)mM EPEmntbIPErke@ne Q1 AARLwas jdded 2
CH3CN /3 CHC13 (4 were reacted to give the desire product 0 0625 g,
73.5% . SEI - Bromg-2 chssvwaw@@ﬁmb Zﬁammoﬁdomw%bxemﬂwdrwéﬁ&%t

by it oy oIS BRI s eHetbn SRS, BB v or 24 g dhsn.coppatylfel under

Fol | owi ng t\iRuean ahdlresiippaidsitite R trbtediwitl HXOR(TBIET Pand extracted with Ft,O.
1-azabicycl o[ 2. 2. 2] oct-4- 25 yl (di phenyl ) et hanol (0.0505 g, 0.172 mmol ) and

2- [ ( 3- br omopeogoyhbined onghein dayetowers4lried with W88 Omstifered, and candzamated andaﬂcns

(4.0 nL) were rea 0 g t he des roduc

12 a4 NoyeoRbiR PrbfiosfuusorBobsids berisy R sGnsteishs HRQ s a1
Prepar afg Orlle%néwﬁys@w@e( ghrhgevitd @@ﬁnpbﬁiﬂd'(%@@é?g 38.6%). EI-MS m/z 220M+H")

napht hal enyl oxy) propyl ]-1-azoni abi cyc 210¢t ane "brom de. Fol'l owi hg the
general proRedddlenbt | i ned in Exanpl e 3, 1-azabicyclo[2.2.2]oct-4- 5

yl (di phenyOnret hanol (0.0472 g, 0.160 nmol) and 3-brornopropyl 2-naphthal enyl
etther (0.0618 g, 0.233 nmmol) in 2 CH3CN/ 3 CHCI3 (4.0 nlL) were reacted to

give the deggyle_amg; 32 00 18884e-9-¢ e El-M5S ni/lz 478(M+) Rt (2.22
mn). EXanp repar a ’_—raﬁ%éﬂ'(?-chl orophenyboxyl propyl}-4- 10

f hydr oxy( di Alse]'mylbl)l nﬁbﬂtyhl—(l—chbmuﬂ@b)-émeuﬁiﬁleﬂatbﬂmﬁamr(@ﬂ B2gi2dbmnded) ihowi ng
the general procedure outlined in Exanple 3, 1-azabicyclo[2.2.2]oct-4-

yl (di ph@nyl)ﬁ(ﬁ@ﬂ)@@s@@gd@—m Q(Band\mﬂr) M(&OMMW&WT or opheny!
ether (0.0552 g, 0.221 mmol) in 2 CH3CN/ 3 CHC13 (4.0 nL) were reacted to
gi ve the 15besaene; ¢8 ngy mmqlbwaﬁsswbr addad iwphe splutinsatof0MAS orer 25207 ni n) .

Exanpl e 43: ration r onophen 1}s4- ..

[y oxy ( o FHERBRIer AR 10 S dh 8Pap Bapesd BER R PG, b Leaction was
quenched with K,CO; (saturated aqueous) (500 mL) and extracted with Et;0 (3 x
500mL). The combined organic layers were dried over MgSOQs, filtered, and

20  concentrated under vacuum, The resulting orange oil was co-evaporated three times
with DCM to remove excess ethyl benzene, resulting in the title compound (16.29 g,
95.7%). EI-MS m/z 184(M+H") Rt (1.08 min).

1-Azabicyclo[2.2. 2]oct-4-yi(diphenyl)methanol
25 A solution of phenyllithium (1.5-1.7 M in 70 cyclohexane / 30 ether, 20.0 mL, 32

mmol) was chilled down to -3¢ OC under Ar. Ethyl 1-azabicyclo[2.2.2joctane-4-
carboxylate (1.51g, 8.23 mmol) in THF (20 mL) was slowly added to the reaction

mixture at 30 OC over 25 min. The reaction was allowed to warm up to room
temperature over 16 h. The reaction was quenched with H;O and then evaporated to

30 dryness under vacuum. H,O and EtOAc were added, causing a white solid to crash out.
This solid was filtered off, to give the title compound (0.79 g). The aqueous phase was

further extracted with EtOAc, the combined organic layers were dried over MgSQ,,
24



20 Fol l ow ng the general procedure outlined in Exanple 3,
1-azabicycl o[ 2. 2. 2] oct - 4- yl (di phenyl ) nmet hanol (0.0486 g, 0.165 nnDI) and

4- bronoph@@yjoogmgyﬁnopropyl ether (0.0630 g, 0.214 nmol), %%@ﬁ

CHC13 (4 0 m.) were reacted to give the desired product (
El-M5 miz 506(Mt) Rt (2.18 mn 25 Exanpl e 44: Preparation of
44hydr oxy ( Sitplednad) conténtiatediug r frac(unm The crude product was treated with EtOAc

The goner APAEARBRARL Bl TA S Romahifs s Sormbad BB by o1 Sisig by ™" "

yl (di phenyg)m%gngi M@M@%(P;I.g.}@‘gﬁ%l !3‘7%1)1) and 3- br onopr opyI 4-ni trophenyl
ether 30 (0.0550"g, 0.211 CH3CN 7 3 CHC13 (4.0 nL) were reacted

to give the desired product (0.0590 g, 67.0%. EI-Ms mz 473(M+) Rt (2.06

m rE')hydr Xyégogom% 37 H&%$U$§%9?§g($ o (T methy T 1- o h a1y B 1-

[ (phenyl e ﬁ)ég 1- 1-azoni abi cycl o[ 2. 2. 21oct ane brom de.
Fol | owi ng t en JIBWp jo ure ou% ined in Exanpl e 3,

1- azabibcycl 0[2 2I 2] oct-4- 5 yl (di phenKOmst hanol (0.0492 g, 0.168 nanol) ?nd
1-1(3 220

o cracntpa leis ok abt) dal Lo leekeuid mhemaoene (18475 sch Brbame)
e o R RIS 1 ot ol

[ hydr oxy ( d{(p3&my), RiAstthindl)- ﬂ:lﬁaohmahmyallofvadﬂ:ﬁ;r%Mnetdmpamtde for 4 sl owi ng
the general procedure outlined in Exanple 3, ahi cycl t-4-
yl (di pheny %ﬁﬁ%ﬁceﬂﬂﬁa@ﬂ‘lﬂﬁg@ vaguyrg 1o ElYﬁ@I‘YhIErﬁ??é= ﬁﬁ% élsﬂﬁ\fﬁﬁ’opr opy!

b gi ve t e BRCTo B RertiRl Wby HPLEM gyt i Solnb 9%%#%%3? feRty

mn). Exanp8.6%)7EINVSpe308Qu )&t (2406ainhxy (di phenyOret hyl ] - 143- (f 4-
[ (phenyl et hyl ) oxy] pbenyl } oxy) propyl | -1 -azoni abi cycl op. 2. 21oet ane brom de.
20 Fol l owi ng the general procedure outlined in Exanmple 3,

13- bF orb3e ?e519?@%*%1{%“‘43?‘%%@&*?%2%%@8%%%9@% L A g
2 CH3CN /31Qdﬁﬁﬁbi@cﬁ[m)2]octanm@nmact ed to give the desired product
(0.0833 g, 83,3%. El-M5 mz 534(W Rt 25(2.31 mn). Exanple 48: Preparation
of 4-[hydr oxy(d| phenyl) rret hy1] - 143-
(ggﬁé?éI O);?r/ g s :' .2.2Joct - 4-

yl (di phenyirp mbhmmlof(maze@aﬂcwp @2@&54@(@@1@1%8&1&@ r(omss 0¥l 0.087 Mxlolet her

0. 0461
( in 2 CH3CN/ 3 CHCI, (2.5 mL) was added 2-bromoethy! pheny] ether (0.06 Og, 0.29

54%

30 Foll owi ng the

mmol). The solution was stirred at 60 ©C for 16 h. The reaction was cooled down to
room temperature and then diluted with ethyl acetate and hexane causing a solid to
( crash out of solution. This solid was filtered off, and washed with hexane to give the
title compound (0.063 g, 67.6%). EI-MS m/z 414(M") Rt (1.94 min).
25
Example 4: Preparation of 1-(cyclopropylmethyl)-4-[hydroxy(diphenyl)methyl]-1-

azoniabicyclo[2.2.2]octane bromide.

General procedure for salt formation with HPLC purification.
30  To a solution of 1-azabicyclo[2.2.2]oct-4-yl(diphenyl)methanol (0.0552 g, 0.188 mmol)
in 2 CH3CN /3 CHCI, (2.5mL) was added (bromomethyl)

25



WD 2005/ 104745PCT/ US2005/ 014386 g, 0.301 mml) in 2 CH3CN/ 3 CHC13 (4.0
inL) were reacted to give the desired product (0.0826 g, 86.0%. EI-M5 mz
366(W Rl wiolaoaddghdy - Exanpl e 49: Preparation of CT/US2005/014386

4- [ hydr oxy(di phenypnet hyl] - 1- (2- propen-1-y1l)-1- 5 azoni abi cyclo ?2 2. 2)oct ane
brom de. Follow ng the general procedure outlined in Exanple 3,

1-azabi cycl gbRpfopogd.ofs m, 08sglheayonansaetatiof udhsiledat  Wforen, ) and

3- brono- 1- propene (0.025 ,0289mm|)|n CHBCN/SCHClS(40m_) wer e
reacted to @og@dw eaepdempergie end e solvewta syarordedypder pcuymt.nfbe 334(W Rt

gﬁetS ﬁylmo:(]g/) pﬁgngw OXY n@%@%@ﬁ@%@%&@ﬁﬂf%&ﬁ %%%ﬁé’)]%ﬁggﬂﬁith - (34[ 4-

Fol | owi ng™ tTRA PR @ﬁeﬂi‘tﬁ(k@ﬂi(pbﬁn@ 0318 301995 BIVIS ndz 348(M*) Rt (1.69
1- azabi cycl of 2. Zr%foct 4- vyl |ph(e(1rlye%han()/f§)((0 0483 g, 0.164 (nunol) and

14( 3- brcﬁnopiﬂm)yl)oxyj -4- (et hyl oxy) benzene (0.052 g, 0.21 mmol) in 2 CH3CN
/3 CHC13 (4.0 nmL) were reacted to give the desired product (0.0687 g,
77.5% . El-M5 nlz 458(M+) Rt (2.03 min). 20 Exanple 51. Preparation of

[ 1- (2- am nogkdikple-sk ﬁﬂa@#&hqn‘qL droeytdphenymithiA)di -phege ) pRhbraiIpt
trifluoroacetate. To a solution

142-(1, 3- dlbammawclhmb}ﬁzﬁnesm‘pnﬂd@ 2-yDet hyl ] - 4-

[ hydr oxy(di phenyl ) net hyl ]-1-azoni abi cycl o[ 2. 2. 2] oct ane brom de (0. 078g,
0.142 25 mmol) in EtOH (4.0 nL) was added hydrazine (0.25 nL, 7.96 nunol).

The sol yf i %I}Qﬁﬁnéiﬂergreﬁ&a%robé&ﬂé b@ilped ﬁiﬂizﬁnfxﬁm 1%%1%?&0&@2505’!—41 ered. The
filtrate was concentrated and taken up in 2. and purified by

pr epar at or yyl{dipheByDwiethantiF(8)0563 g50\183 miraol) alﬁd @-b!@ meolpberydetbanog (0. 34_872%

B8 i SO0 8 0 SO e SR R BB e o

4-Thi s(4-fl b YorfX I ropyll-1-azoni abi cycl of
4-Thi s(4- | gronieauld & ARy RIRIS WA ol PRI S69h!
1- azabi cycl 012. 2. 270ct - 4-vi Thi s(4-f | uor ophenyl)?rret hanol 5 A sol ution of

4-f | uor ophenyl magnesi unbromde (1.0 Min 'FHF, 4. 4 nanol ) was

chi | | edl5do Pxepacation of rm@myme@m]-l-[éi(pberadmz}pmﬂoxy| ate
(0.1973 g, s slowy added to the reaction m xture
at 0C over ‘%1%%3#‘!8 zrbég@ﬂag'ﬁ lwgénilal owed to warmup to roomtenperature
and then

Following the general procedure outlined in Example 3, 1-azabicyclo[2.2.2]oct-4-
yl(diphenyl)methanol (0.045 g, 0.153 mmol) and 3-bromopropyl pheny! ether (0.035
20 mL, 0.222 mmol) in 2 CH3CN / 3 CHC, (3.0 mL) were reacted to give the desired

product (0.0662 g, 86.0%). EI-MS m/z 428(M*) Rt (1.97 min).

Example 7: Preparation of 4-[hydroxy(diphenyl)methylj-1-{4-(phenyloxy)butyl]-
1-azoniabicyclo[2.2.2]octane bromide.

25
Following the general procedure outlined in Example 4, 1-azabicyclo{2.2.2]oct-4-
yl(diphenyl)methanol (0.0604 g, 0.206 mmol) and 4-bromobutyl phenyl ether (0.106 g,
0.463 mmol) in 2 CH3CN / 3 CHC, (5.0 mL) were reacted to give the desired product

(0.0649 g, 64.9%). EI-MS m/z 442(M") Rt (2.13 min).
30
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heated at 60 OC for 16 h. The reaction was chilled in an ice bath, quenched
with 10 saturated NH4Cl, and concentrated under vacuum The resulting

resi due wWap doboadsst W th H20 and extracted with Et OAc. T}l;@r ' or gani c
| ayers were ié.ri ed with MpSH4, filtered, and concentrate unrggirmé\?@g%tﬁm to

yield the desired product (0.3152 g, 88,9%. ELM5S miz 330(MH 1 P1(1.65
mn). 15 4FRaug(d8f Rrepativnul)aydresy(diphemylimethyl)st-{B{tetrahydro-pHopyv17- 1-
azoni abi cycl o[ 2,.2..2] Qctane, brom de _Fol | owi he neral procedure outlined
in Exanpl emiﬁzﬁwgﬁé‘é'ﬂﬁ'ﬁ?@‘?%ﬁ&l? -J"&“f%%ébﬂ’ ‘ff’or ophenyl )] net hanol
(0.0538 g, 0.163 mmol ) and 3-bronopropyl phenyl ether (0.0386 ni, 0.245

nmml) in 2 CH3CN /3 CHC13 (4.0 nL) were reacted to give 20 the desired
product ( 0FoBewing tBé getdral EbeeiBrandutlidealit\ixaripl¢ 2, 1-8zabicyclo[E2Ripdtel-53:

E{ﬁﬁﬁﬁ;f‘% ‘n2?!@%@5’%%%1'.@85§€Ef@ﬁ%é@%i&r %ﬁ%ﬁ-&%@%‘r’aﬁéﬁiﬁéﬁ]&g@z@wol | owi ng
: . . o

VI Tbi (4 { PLopaaRE0R B o ae Dy R e IR S Rt SR

phenyl met hysveah8 @Esifed szt (3:034% 23269 HIME /2 4@2@6@? %%I%Ehﬁ (4.0 n)

were reacted to give the desired product (0.0534 g, m z
464(1\44) Rt (1.99 min). 30 WD 2005/ 104745PCT1US2005/ 014386 Exanpl e 54:

(oheny! oxy Tsample 3t Fraptihode e piony Gpibdistan -4

1- azabiygycl 5 tP-$-h2ohi Xy, 1 )anol 5 A solution
of 3-(r%gt h} oxﬁ%%ﬁy (ﬁ%ﬁgwu%?gﬁﬁgg9?%%y%ﬂzﬁﬁ%§gﬁgag m., 3.3 mol) was

chilled down to 0 OC under Al. Ethyl 1-azabicyclo[2.2.2)octane-4-

b | at 0. 160 0..877 1) 4.n ,THE (4 I ded, to th
?g;c? i)()c/)nam%?ﬁfi\”@%}ge gé?%al&fg?e% ‘%Hd’lgedl"ﬁ@’ﬂ("ﬂﬁrti? %‘o -agﬂaicy% q[ﬁ\%&ao E%%"Wgr m _ﬁp to
roomtenpe %nﬁﬁlﬁe&lﬂﬁdl (@96&@% #2208 A 4-Eomtbbu %héx%ﬁlﬁ%fhgﬂet}‘i@xs chilled

in an ice bath, 10 quenched with saturated NH4Cl, and Concentrated under
vacuum The¢0.088 uil, Oy 2membhur 2v@H: GV £ 3CHC $.0 nH)Overe deastedrtagivedheni t h Et OAc.
The conbined organic layers were dried with MgSO4, filtered, and

concentlf at dgsmdcmduﬁaé@&ﬁmm?@ﬁh ElnMSoe&i4560MpY BH2¢22 mo)2881 g, 92.9% .1
El -M5 ink 354(M+H+) Rt (1.46 min). 15

4- (hydr oxvi bi sf 3- (et hvl oxv) phenyl | } met hED- 1- 13- ( phenyl oxv) propv17-1-

azoni abi cy @yanple 18’ PebpiatiBh Q4@ Eg;xb,pm},' Rénvliigetioner-g- procedure outlined
i n Exanpl e ™3, 1-azabi cycl 0[12. 2.2l ogt -4y fbi}ts 3?(2& h?l oxy) phenyl | | met hanol

(0.0506 g, [(phenglmetbyDoxyjprapydy-brazpniapicyclofedlocttedyropfide33s8 nl, 0.214
mmol) in 2 CH3CN / 3 CHC13 (4.0 nL) were reacted to 20 give the desired
product (0.027 g, 33.2%. EI-MS niz 488(Mr) Rt (2.02 min). Exanple 55:

P epar a1 ORofbwidh AR08 SRERM U BRRBIIAEN! LhIMAEIIOL2 5ot

Kphenyl net hyl ) oxyl et azoni abi eyel o[ 2. 2.2Joet ane Brom de.” 25 Fol | owi ng
t he gener alyl{giphewyljmethanal(0.6687 g0.EXlbmpiod) Bid tbmpwiprapyd pbeyldethybethers-

ey ot hy 02y Fs O ROGRBDI 2 GBY! AR (0 Pkl o iy
vere 1 eact ol S (066EE S5 BN kU BRWD e 05 Bl 1 2

488(Mr) Rt T2

25 Example 11: Preparation of 1-{2-[(2,4-dibromophenyl)oxy]ethyl}-4-
[hydroxy(diphenyl)methyl]-1-azoniabicyclo[2.2.2]}octane bromide.

Following the general procedure outlined in Example 4, 1-azabicyclo[2.2.2]oct-4-
yl(diphenyl)methanol (0.0557 g, 0.190 mmol) and 2-bromoethyl 2,4-dibromophenyl
30 ether (0.110 g, 0.306 mmol) in 2 CH;CN /3 CHCL, (4.0 mL) were reacted to give the

desired product (0.0525 g, 43.8%). EI-MS m/z 572(M*) Rt (2.26 min).
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30 WO 2005/ 104745PCT/ US2005/ 014386 Exanpl e 56: Preparation of

4- (hydr oxy{ bi s[ 4- (et hyl oxy) phenyl | | net hyl ) - 143-

(phenyl ox s<l- azoni abl eyel 02. 2. 2] oct ane brom de. ]~ i [2. 2.21
oct - 4-yl {ﬁ@f@%@%ﬁyl oxv) phenv , 1] 1 nmethanol 5 A sol ut%ﬁﬁgﬁbﬁyﬁkég

4- (met hyl oxy) phenyl magnesi unbrom de (0.5 Min THF, 6.5 nL, 3.25 mol) was
chilled dovipydiiplé 12€ Ryeperatidn. ofi-{Bybroln vy |3dRe 2y (diphehpl rethyl]-1-

car boxyl ate (O, %587 g 866 nmmol ) in Tﬂga?znntghygas@s(l (%Qy?gdd‘elg' ]t o the
reaction maaoaraévlatchgi@é]wénebmmd@: The reaction was allowed to warmup to
roomtenperature and then heated at 60C for 16 h. The reaction was chilled
in an ice bath, 10 quenched with saturated N -14Cl, and concentrated under
vacuum TheFdiRswhg thegeheral plocedids otittined BiExdmple!3? 0-aasicpals2aniipd-a t h Et OAc.
The conbi ned grganic |ayers were dri filtered, and

concent pat ed(dipkeaymsthaneh ©H979 & @%ﬁgmvrﬁigmb §$Br@mrqmﬁﬁ@3§mlsg. 00/? i
conce gttty ! [ gener .

et hi d) ioh '%%ﬁ%&ﬁﬁ‘%@%@?@l@ﬁgﬁl%90;751? 5%%&?%%%1‘3%‘;%‘}‘3?8%\@?9%@% i de
. : ¢ . ! 5

1?azg\l§)v: ggclt@?)ﬁg%g%%g{ﬁzﬁfuy: % E?%[Qggmgéﬂggy 'en§I ]} met hanol (0.0525 g,

0.148 mmol ) and 3- bronopropyl phenyl ether (0.0351 InL, 0.222 nmol) in 2

CH3CN / 3 CHC13 (4.0 m) were reacted to 20 give the desired product (0.0515
g, 61.09% . Exampled3; Prepaxation of ds[hydrexy(fiphenybmgethyllz1-(fetxabydre28n of

[ phenyProcyBe5T B 52 poade b

[(phenyll%met %izy lé“ﬁ% ql%?%ﬁ’?éjﬁ?ﬂg'g% QZ?%‘? é%%'tdghe brom de. 25 Fol |l ow ng

t he general procedure outlined in Exanple 3, 1l-azabicyclo[2.2.2]oct-4-

yl {bi s[4- (et hyI_OXﬁ{ephenyl}}rret hanol (0. 0498 glg 0.141 mml ) and 2- bronoet hyl
pheny! met hylfollopviag the@epeyahipieceduge outlinedis Examp 4611-@@@@1#33’1@)3@%]09‘44-0 n) were

15526, L Sl @75 | R s BnlientBylie 20 R

4- Ebi s( 3- f | pieaw @@y L 990 mnydlyii DgH,ENI-3 CHCL, (4.0 mL) were reacted to give
(phenyl oxy) propyl1- 1-azoni abi eyel o[ 2. 2. 2] oct ane broni de.

1- azabi i r cthe desird predict @-.0508kd, $0396)l EIvIP me'aBOR (Wt ) Rar(@[845mir).sol ut i on of
3-fl uorophenyl nagnesi unbromde (1.0 Min TIAT, 3.3 nL, 3.3 mvl) was chilled
down to O C under Ar. Ethyl 1-azabicyclo[?2.2.2]octane-4-carboxylate (0.1756

g, 0.958 j HR Al de| g.reaction mxture at 0 C
over 20 mrmE)Jt ﬂﬂi' cqééﬁm‘vxggvgﬁ @\ém‘%ﬁgﬁa&iﬁd? h‘ﬁ%h?ge"r oom t enperature and
t hen heat edbgir&¥(dipheviylifiethylThazdamabicy o6{2v2] oéfank bedmlide.an i ce bath,

guenched with 10 saturated NR4ACL, and concentrated under vacuum The
resulting residue was treated with 1120 and extracted with Et0Ac. The

conbi n or i i LL A fg ht ntrated
under S&c uulﬁqé}{b(l")\ﬁ 1)1# %?ﬁ?ﬁt‘éﬁé&gﬁ%ﬁ%ﬁﬂ&%&w&& f‘ ? gll;-ﬁ%@g%‘gﬁ QZE?EE}%ﬁm z
330( M | - H+)ylRipHehyBmethiandl (0.0574 g, 0.196 mmol) and 2-(bromomethyl)-1,3-dioxolane

(0.040 mL, 0.386 mmol) in 2 CH;CN /3 CHCL, (4.0 mL) were reacted to give the

( desired product (0.0112 g, 12.4%). EI-MS m/z 380(M") Rt (1.64 min).

25 Example 15: Preparation of 1-ethyl-4-[hydroxy(diphenyl)methyl}-1-

azoniabicyclo[2.2.2]octane bromide.

Following the general procedure outlined in Example 3, 1-azabicyclo[2.2.2]oct-4-
yl(diphenyl)methanol (0.0581 g, 0.198 mmol) and bromoethane (0.030 mL, 0.402
30 mmol) in 2 CH;CN /3 CHCI, (4.0 mL) were reacted to give the desired product

(0.0434 g, 54.9%). EI-MS m/z 322(M") Rt (1.56 min).
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15 4-(hy_droxv(bi s13- (et hyl oxy) ohenyi || net hyl)-. 1-13-(vhenyl oxv) propvl7- 1-
azoni abi cycl o[ 2. 2. 27oct ane brom de Foll owi ng the general procedure outlined
i n Exanpl y@003né@adi cycl o[ 2. 2. 2] oct-4- yl[bis(3-fluorop ol
(0.0515 g, 0.156 mmol ) and 3-bronopropyl phenyl ether (0?%%#%,6{43?6234
mmol) in 2 CH3CN / 3 CHC13 (4.0 nL) were reacted to give 20 the desired

product (0.E88dplke 1644 18pharatidn ofd-hydroxyddiplienyPmeflyIB1-nonyl-1- Exanpl e 59:
Preparation of, 4- 12%%1%{ | uor loeni/ ) (hydroxy) nethyl j-1.42-

[ (phenyl rretWB@i’S'/‘fy v2lectane hromidey o o[ 2. 2. 210ct ane broni de. 25 Fol | owi ng
t he general procedure outlined in Exanple 3, 1l-azabicyclo[2.2.2]oct-4-

yli bi s(3-fl uorophenyl )i nethanol (0.0507 g, 0.154 mmol) and 2- br onoet hyl

pheny! met hyfolleting the@eoe@bprokedide ad@linedindLyample2d, CHaadcy o2 Betd 0 nl)
t [ h |J.ed t (0. 2 g, 43.29 | -

doa(n re Ygeheibeltagel O1se Gl Sbmmalband tbsvtenanns o o¥hs.

P ti - i - ; = =

(pheny | oxy) B P R ctod B gl g etred produc

1-azabi cycl(g[ga_p,gg,ZJ,g_g%-)AEyMghg%azgmljm@.gmmyrret hanol 5 A solution of

3- et hyl phenyl magnesi umbrom de (1.0 Min THF, 3.3 nL, 3.3 nmmol) was chilled
down to O OC under Ar. Ethyl 1-azabicycl o[ 2.2.2]octane-4-carboxyl ate

0. 1484q. 810 1),.in THE (4 was 5] owl vy, adde t he reacfi.on m xture
gt 0 OCgovg&x—”L%ﬁﬁé )PI‘I‘FBaF”éHE‘E ?%M“’Qf(am%éﬂypﬁ‘egbﬁ#gﬂ'ﬂeﬂtﬁ%ﬁ'ﬁbtl& nper at ur e
and t hep heﬂoﬁijab%ggtﬁﬂzﬁggf)&ﬁn&ﬁr&nidwe reaction was chilled in an ice bath,

quenched wth 10 rat éd NH4Cl, and concentrated under vacuum The

resulting residue was treated with H20 and extracted with Et0Ac. The

caonbi ned or ic layers re dried with \gSo4,. fjl.tered ncentr at ed

nder vacuuippyins B enmel Bber bt owlotdin Extmblegh | Eaes o2 05K 1 -

322( MrHt) Fitl(di]%he‘é?nmeﬁ)anoﬂ@.()ﬁos g, 0.207 mmol? and 5-bromo-1-pentene (0.045 ml,

4- (hydroxytbi s] 3- { et hyl oxy) phenv177met hyf)-113- (phenyl oxv)pr opvii- 1-

azoni abi uc|®330 RrwlpictZ26H; GNd 3 CiCL,K4 .10 ol) weretracterbtoeging therdesiegflpreduwstit | i ned

in Exanple 3, 1-azabicyclo[2.2.2}oct-4- vyl %bi s(3- et hyl phenyl ) Jnet hanol

(0. 048715, (@,Oﬁgégn&&é?/u%. Sz 36APLO R BBarip). et her (0.0358 ni, 0.227

nmmol) in 2 CH3CN / 3 CHC13 (4.0 tnL) were reacted to give 20 the desired

product (0.0284 g, 34.9%. EI-M5 rn/z 456(M4) Rt (2.14 mn). Exanple 61:

Prepar at i ongeimfire18Y Pr@p¥tdtioilof bBiaipben} NRethy}-1-42-bgdroxyethyl)-1-

Rphenyl nmet hy (;l>l<yee yll?pl- azoni aﬁpir?l%l%}[tzﬁgll.ezildg%t gl#e}} b&o#?’:jg)xy%y ol | owi ng

t he gener al azoniabichelof2.22]bétarebromideanpl e 4, 1-azabicycl o[ 2. 2. 2] oct - 4-

Abi s( 3- et hyl phenyl )] net hanol (0.0496 g, 0.154 mmol) and 2-bronoet hyl

phenyl t net hyl ether (0.0364 nL, 0.230 mMml) in 2 CH3CN /3 CHC13 (4.0 nl)

wer e r eaCt ebifodvish M3 delGrafBidbidifle BEBHNE K RPRE, 9-az0icPddp2 BhTobrs 1V 2

456( M) Rt (2. 2olgémthﬁ)é.e Grafidlot e Bt pie3, S-azhbicfofbp2 Lo
yl(diphenyl)methanol (0.0638 g, 0.217 mmol) and 2-bromoethanol (0.035 mL, 0.494

mmol) in 2 CH3CN /3 CHCI, (4.0 mL) were reacted to give the desired product
( (0.0541 g, 60.1%). EI-MS m/z 338(M") Rt (1.42 min).

25 Example 19: Preparation of 1-(5-hexen-1-ylI)-4-[hydroxy(diphenyl)methyl]-1-

azoniabicyclo[2.2.2]octane bromide.

Following the general procedure outlined in Example 3, 1-azabicyclo[2.2.2]oct-4-
yl(diphenyl)methanol (0.0637 g, 0.217 mmol) and 6-bromo-1-hexene (0.050 mL, 0.373
30 mmol)in2 CH;CN /3 CHCI, (5.0 mL) were reacted to give the desired product

(0.0664 g, 67.1%). EI-MS m/z 376(M*) Rt (1.90 min).
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Exanpl e 62: Preparation of 4-thydroxy[bis(4-nethyl phenyl)jnethyl}-143-
(pbenyl oxy) propyl ] - 1-azoni abi cycl o] 2. 2. 21oct ane br om de.

1- azabi gcizl] Apognqadct - 4-y1 fbis(4-methvl phemjgmat hanol @k} of

4- et hyl phenyl magnesi unbrom de (1.0 Min THF, 3. §CT67U§ é}ii/\ié{%ﬂichl 'l ed
down to OC under Ar. Ethyl 1-azabicyclof2.2. 2}oct ane 4- car boxyl ate (0.1509

g, 0.823 mmBkample 20:NPrieparitjonaf-fliyarbyy(difledyhmetliyd]-1-aaehybh- mi xture at 0
0C over 20 mn, .The rfﬁcztl' on vv%s all owed to warmup to roomtenperature and

then heat ecPZopiatueysiol 9¢fape ideeaction was chilled in an ice bath,
guenched with to saturated NHACl, and concentrated under vacuum The
resulting residue was treated with 1120 and extracted with Et OAc. The
conbi ned orEdlwing thegenerabpecedhire duthinedinNGEadplef3, [l tazabidyclofXl Zjoosént r at ed

under vacuu ield the desired product (00,2291 g,, 86.6%. E-M5 nmz
32204+H) ply(@ﬁpy thqgl(%OtSSS g,O%l?mmol)gndbromomeﬂlane(z Mm t-

jzéﬂ?ié??ic@?%?%ﬁ% %ﬁg‘%ﬁﬁomﬁf’%é%%{lmpg%lg ‘proce urelz)u]tl i ned
I(g g)éigpg,e % i[égdz ) an@%‘l-%“’al’&g?ggﬁﬁ 2%enyf 4%?%‘& (%W #E,at' .288

mol) in 2®\H3CN / 3 CHCI3 (4.0 nL) were reacted to give 20 the desired
product (0.0427 g, 41.5%. EI-M5 nfz 456(Mt) Rt (1.99 min). Exanple 63:
Preparati on of 4-{hydroxy[bis(4-nethylphenyMrethyl}-1-(2-

the gond ol EmEE PHphra AN BY RS @ngery SROBRATE PRI ooyt | O 1O
yl [ bi's(4- nel-hgdxﬂﬂﬁnydlb[lzmﬂ]hammmﬁnﬁMS g, 0.163 nmol) and 2-bronoet hyI

phenyl net hyl ether (0.0387 ni, 0.245 mmol) in 2 CH3CN /3 CHCI3 (4.0 nmL) were
reacted to give the desired product (0.0465 g, 53.1%. El-M5S mlz 456(MW+) Rt

S, 2t ﬁgd To;li/( ﬁﬁyﬁ%ﬁﬁggﬁ?ﬁﬁn@ ogécﬁ{?ﬁf)ﬁhhg gﬂf‘,xample 4, 1-azabicyclo[2.2.2]oct-4-

(phenyl oxy);ﬂ(chgﬁ;eh;‘z})ﬂaeﬂmﬂﬁij (3&5957 @l 0202 nitdely hmhﬁbhimm'tbiﬁ methyl ether (0.030
Lazabi cycl 0l12.2.270ct - 4- ylé na ht hal envbpet hano 5 A sql ution of
( 2- naph halféky(? 3 Kpma]) b BatChe 3 6HE Mrmﬂp}nwerearesctﬁito gvothefdepizid was

(0. 1567 g, odpt (T L Sthk @ﬁﬁwﬁﬁ?@hﬁé& to the reaction ¢

m xture at 0 9C over 20 min. The reaction was allowed to warmup to room
tenperature and then heated at 60 9C for 16 h. The reaction was chilled in
an ice bat IExaisie@e Prephaintivh efdll-[2-¢1,3diok1CE-dilgyahio Qi dwdiidal2epl)etlrylpd-
vacuum The resulting residue was treated with 1120 and extracted with

Et OAc. The lbaﬂmxw&bpgﬁw)metwuymowlsm?Pédzl\maneWgs& de.fj | tered, and
concen'%oat ed under vacuumto yield the desired product (0.265 g, 77.3%.

El - z 394(MW Rt (1.90 mn). 15

4- (hydr oxylﬁdlbmﬁ@mbfgth mbaiwé wmnéwmmﬁnﬁmemm@mmomaj&%

azoni abi cycl on 2Joctane brom de | ow ng_t he.gener proceduyre outlined

in Exanpl e Y(di aheazlame@mldpﬂ%gieéﬂil zmn@lpe@d%flwb&m@ léﬂﬁ ispandelar ¢ ol

ot 10”2 oG T NP T ek R0

give the desired product (0.0881 g, 51.8%). EI-MS m/z 467(M") Rt (1.91 min).

25
Example 23: Preparation of 1-[3-(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)propyl]-
4-[hydroxy(diphenylmethyl]-1-azoniabicyclo[2.2.2}octane bromide.

Following the general procedure outlined in Example 3, 1-azabicyclo[2.2.2]oct-4-
30  yl(diphenyl)methanol (0.0861 g, 0.293 mmol) and 2~(3-bromopropyl)-1H-iscindole-
1,3(2H)-dione (0.118 g, 0.440 mmol) in 2 CH,CN / 3 CHC], (5.0 mL) were reacted to

give the desired product (0.1319 g, 82.4%). EI-MS m/z 481(M") Rt (1.90 min).
: 30



20 the desired product (0.0268 g, 31.7%. EI-M5 nilz 528(Mt) Rt (2.88 mn).
Exanpl e 65: Preparation of 4lhydroxy(di-2-naphtbal enyl)nethyl)-1-12-

Rphenyl megy/dob9Xd4shed hy! ) - 1- azoni abi cycl o[ 2. 2. 2] oct ane br @f} f, | | owi ng
t he general procedure outlined in Exanple 3, 1-azabi cyclg 52.03 glésé-h-

yl (di - 2- napht hal enyl ) met hanol (0.063.7 g, 0.162 nrnol) and 2-bronoet hyl
phenyl met hyl ether (0.0384 inL, 0.243 mmol) in 2 CH3CN 13 CHC13 (4.0 nlL)

wer e react to give the desired product (0Q.0246 g, 25.0% . El-M5 nmlz 528(M
R (2. 36 miyamele 24P repacationoi By frosydtbentimetivel ki mbenoroweihr at i on

of 1-{31(2- | -
Ehydr oxy( di%ég%ﬁgtggﬁaﬁ-é%gggg%gﬁeéyel o[ 2. 2. 2] oct ane br om de.
3- bronopropvl 2-fluorophenyl ether 5 To a solution of 2-fluorophenol (0.040

m., 0.448 ) .in _acetonjtrile (4 niL)_ was added 1, 3-di bronmopropane (0.450
nL, 4.43 io“flﬁg ﬂ@v@ae@bm@gg%@e opthinedm Kxample 33 Irazabicyclo f@kizloéh‘&-t i on

m xture wa .

esul'ti g rACHBiS rieBlangt{o, A% 1971 58RGTEA] 5 SR BRGNP A ity (5
trJnr_lzjér TCSCSL(%ME{ ?I@r‘ﬁ)éﬁ?eg?%ggwi/vas Fg’rk(gn up)ai n DIV%EE) ang 'gi?{efd{%gigecﬁ%m&@‘ﬂt rated
pr epar at or WOHFRT g 72 28U EIMS ni/e 4920 Rg2.01 ihig).conpound (0. 0274 g, 26.2%.
El-M5 R (2.24 nmin).

1- 0-172-f 1 uor ophenvDoxv7propvl1l- 4- 1hydr oxv(di ohenvnnet hyl | - 1-

out i et 1 riiaple s AR DR o SRR ISR ot hanol
(0.0282 g, (mdihploxyyecthi]oxnietBybtoioniabivyiclo]2.2l2jectandbrothidet her (0. 0274 g,

0.118 mml) in 2 CH3CN/ 3 CHCI3 (4.0 nL) were reacted to give the desired
pfoduct (0.0345 g, 68.3%. El-MS rn/z 446(h4) Rt (1.96 nin). 20 Exanple 67:

Preparatio - (43 : -4 : A

r hydr oxy(d ﬁﬂcjlfé)rvé{l é an]:eétg;’é 9%[1%1" I%I-’ogéz)c(t){%? é%t?:@%%’@%&%ﬁ&égtagﬁlélc%cflg%zd%]_oct 4

3- br onopr opt{dighenyaietahel (Y0665 e 0.229 nénsip utd 1-GForad-23([p} uor ophenol (0. 040

m., 0.448 mmol) in _acetonitrile (4 ralL) was 25 added 1, 3-di brormé)ropane

(0. 450 Wi, (metylompethytexylsthane (0T3mER 400 nmae) i 2 6HREN nkBiC),; (L)
reaction mxture was stirred for, 24_h and then _concentrate vacuum
The resul tiMgerestje ayethe é%{eed)rvd%%ﬁ% 3,38#%5- mgﬁé‘%mﬁth DCM (8
m.). The O{ﬂ]%g{i_lrﬁml)ayer was dried through a phase separator and concentrated
under vacuum €’resi due was taken up in DMSO and purified by preparatory
HPLC (without TFA) 30 to give the title conpound (0.0137 g, 13.2%. El -M5 Rt

(2.28 nmin). WD 20051104745PCT/ US20051014386
1- 13- ( 63- f | Example26sRreparatinn of: 1-d-ehxeswv-exeneplhdnet hv17- 1-

- Bar o BEoGERREABEBL L ooy P e BBRe 0l °(0 015 g,
0. 0467 mmol ) and 3-bromopropyl 3-fluorophenyl 5 ether (0.0137 g, 0.0588

mmol) in 2 CH3CN / 3 CHC13 (4.0 nL) were reacted to give the
Following the general procedure outlined in Example 4, 1-azabicyclo{2.2.2]oct-4-

( yl(diphenyl)methanol (0.0679 g, 0.231 mmol) and ethyl 4-bromobutanoate (0.055 mL,
0.524 mmol) in 2 CH3CN / 3 CHCI, (4.0 mL) were reacted to give the desired product

25 (0.0637 g, 57.9%). EI-MS m/z 408(M") Rt (1.80 min).

Example 27: Preparation of 1-azabicyclo[2.2.2]oct-4-yl(di-2-thienyl)methanel.

A solutiqn of 2-thienyllithium (1.0M in THF, 9.10mL, 9.10 mmol) was chilled down to
30 ~309C under Ar. Ethyl 1-azabicyclo[2.2.2]octane-4-carboxylate (0.4196 g, 2.289

mmol) in THF (8 mL) was slowly added to the reaction mixture over 20 min. The

reaction was allowed to warm up to room temperature over 16 h. The reaction was
31



desired product (0.0130 g, 53.1%. El-M5 Ink 446(M+) Rt (2.03 mn). Exanple
68: Preparation of 1-{3-[(4-fluorophenyl)oxyl propyl)- 4-

[ hydr oxy (¢ t hyl] - 1- azoni abi cycl op. 2. 21oet ane brgom

3- br ormnrgdg?ﬁ%#ﬂ)]ﬁ%r ophenyl ether To a solution of 4-f|g§1r7g’§%93%{gll43’i60.0567
g, 0.506 mmol) in acetonitrile (4 nL) was added 1, 3-di bronopr opane (0.520
., 5.12 maplenched withvadted ind i@ anddated B drynéss/ HhOnand DCMIterersdded,i on

m xture was stirred for 24 h .and then concentrated under vacuum 15 The

resul ting redsiaga lightbrovensolid torrash ppto Thas seld wesdfilésted affite givgithantithom (8

nalL). The o el | egh 170 r.ator and concentrated
under vacuuér%gg%lgdﬁﬁgfgumgﬁﬁ'ﬁewuwéga%@a Zﬁctifggff’?ﬁbed by preparatory
HPLC (without TFA) to give the title compound (0.0173 g, 14.7%. El-M5 Rt
(2.25 mn)._20

1- 13- 1( 4- f | Expmple28y | Brepgrationpefitt [hydroxp(dis-thignpRmettortba {240 1-
i abi 12 .2 23 br.owi d i ng t he . | d t1ined
o Banpt & @bV RSIET Gr St BB B0l 2 foftat BREHHR, e hanol (0 0189 G,

0.0621 mmol ) and 3-bronopropyl 4-fluorophenyl ether (0.0173 g, 0.0742 m nol)
in 2 CH3CN /3 CHC13 (4.0 xnL) were reacted to give the 25 desired product
(0.0143 g, Bdlopapg the|genmal progedire pwikinedin Examopled, dyazabieueipl2e2. Boct-$r epar at i on
of 143-(3-hj n | QX r QP A .4-

[ hydr oxy( dﬁﬁﬁﬁ%ﬁ%@ﬁﬁ@fm{’ﬂp @z‘%ﬁ?&b?@% rapelyand ghramaetiylphepyl ethss (0.056

3- bi pheny! v, 032 7MemBDIRIMeCHNECHT?, @.CRLY e reaited 1P LB AW dRIred Prodet4 9.
0.337 mml ) in acetonitrile (4 nl) *as added 1, 3-di br 6nopr opane (0.340 ni,

3. 35 nunol )(0f082R g4l 7%). EFMSM/f Q24(R2H Rt (0828n¥t7 rmmol ). The reaction
m xture was stirred for 24 h and then concentrated under vacuum The

résulting residue was treated with 1120 (4 nlL) and extracted with DCM (8

m.). The or LG l4ay ri rOu aSenSeha and concentrated
under vacumgﬁﬁ%s%? %@&dﬁﬁgﬁqﬂ%ﬁﬁﬁﬁgﬂwwﬁ?ﬂéh by preparatory
HPLC (Wi t hqyshery répyIB1 “2ohbidyclof B2 SRR Brdntide568 9, 57.8% . EH -MS Rt
(2.59 mn) %143- ( 3-)?i p%a%yl vl oxv)ép?og)vll- 4- Thydr oxv(di phenyl ) net hv11-1-

azoni abiscvel o[ 2. 2. 2] oct ane brom de Fol |l owi ng the general procedure outlined

o155l AL BE iU B Bt SRR 7,
CH3CN /3 2(&&1&&&%616(0(@%??0.189@04%&&1%@'@@5@9%}@6%&0- 0610 g,
(M) R (2.3 le 70: D

70.6% . El - mz 5 m reparation of

n). Exanp
1- [ 3- ( 4- bi pl0d3Y Imgl.,dx30%moiiin-IMeQH/ 1 C2HC13 (4.0 mL) were reacted to give the desired
[ hydr oxy(di phenyl ) et hyl] - 1- azoni abi cycl o[ 2. 2. 21oet ane brom de. 4-bi phenvlyl
3-br onmopr Om}'pdl&t 9448 £ 54%) EI-MS mv/z 440 Rt (194 mm)
20
Example 30: Preparation of 4-[hydroxy(di-2-thienyl)methyl]-1-(2-phenylethyI)-1-

azoniabicyclo[2.2.2]octane bromide.

Following the general procedure outlived in Example 4, 1-azabicyclo[2.2.2]oct-4-
25 yl(di-2-thienyl)methanol (0.0658 g, 0.215 mmol) and (2-bromoethy!)benzene (0.050
mL, 0.366 mmol) in 1MeOH/ 1 CHCI, (4.0 mL) were reacted to give the desired

product (0.051 4g, 48.9%). EI-MS m/z 410(M") Rt (1.83 min).
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To a solution of 4-biphenylol (0.0514 g, 0.302 mmol) in acetonitrile (4 niL)
was added 1, 3-di bronopropane (0.310 nL, 3.05 nmmol) followed by Cs2CO3 (0. 154

g, 0.472 The reaction mxture was stirred for hen
concentra@imtﬁ?ﬁ/g%'g‘ﬁvacuum The resulting residue was treﬁéﬂﬁgﬁg?ﬁ“ﬁﬁo (4
m.) and extracted with DCM (8 nL). The organic |ayer was dried through a
phase separBimnpRisd: qaepanition e- bxy{@f-PHienyl)meflfa]-ULS-phRaylpRigH)-up i n
DVSO and purified by prg aratory ITC?\\}(\Athout $2A) ]?g] g?(veph?h)é title
conpound ( ol-a%adakjcydal2b3loctaneNmwomid¢.2. 62 nin). 25

1- 13- (4- bi phenyl vl oxv) propy11- 4- 1hydr oxv(di phenvOnret hv11-1-

azoni abi cycl o[ 2. 2. 2Joct ane brom de Fol | ow ng the general procedure
outlined i nFdBoanig teendraPFrabédive bolideRindlLahple-4, Y ahiehasp ) IREL4NO!
(0.0437 g, 0. 144 _mn%e) and 4-bi phenyl y13- broﬂt opr opyl eie?‘?hbear 0 (0.0562 g,
0. 194 mfol )yi{di-22thipgimetiengHO13638 £, 0.225 mmel) end Eabroswprepydibenzent €0.0Eki r ed

2005/ 104743801 B BERNDHUMEOHS, (HE 140 e el Gigive the dired
Ié’lll I ngLg)r(\zl(@g@}Fqu%ﬁé’%l"Jg]z"%f\%%fsg?/eﬁ %%&M“Z‘) ]%] geg%?alﬁgl)br om de. 3-bronooropyl

3-nitroohenvl ether 5 To a solution of 3-nitrophenol (0.0689 g, 0.495

mnol) in acetonitrile (4 nL) was added 1, 3-di bronopropane (0.500 ni, 3.05
nmol ) f ol | dixample 325 Rrepayagionsof Igbutyl-#{bydraxy(di-3rthiensd)methyl-Ivi xt ure was
stirred for_24h,and concentrated under vacuum The resulting residue
was trezgt eWﬁ‘"ﬁf{?t[%@&llrﬁqagﬁﬁr@vﬁact ed with DCM (8 nL). The organic | ayer
was dried through a phase separator and concentrated under vacuum 10 The
resi due was taken up in DVMSO and purified by J)reparat ory HPLC (without TEA)
tb give theAsplutiene dxtbm(?ﬁvlgph@anss@, L, iB5remoD v chilleyl to 78

4-172vdr oxv( di phenyl ) net hy17- 143- 10- ni tr ophenvbar v7Pronll- 1-
azoni abi cyclopdey Ar7 dcdmimothiophered 148 ool 2ciomypl} dissalasddp gthyh eheeddt e

outlined i ' : -4- (di I

(0. 0608 g, @W#ﬁ%"ﬁﬁ a‘%%@@%&é%‘%%?p‘éﬁ%ﬁ? rf"'%%%@n‘%%ﬁ@érfb@ 8’%8‘1‘19,
0.281 nmpl )thémetBylQFaialidycR[ LRI Setint-4 catbdx yieeg0.7640 b et 16 mrgoly i THE/ desired
product (0.0942 g, 82.2%. EI-M5in/fz 474(M Rt (2.04 mn). 20 Exanple 72:
Pr epar at i orEtgd (4idly drmk) wvas adddy [Theesdejibn whs aBewéPto warm up from --78 OC to

t net hyl phenyl ) oxyl propyl}- 1-azoni abi cycl o[ 2. 2. 21oet ane br om_de.

3- br onopr ogPPRIeHBERGIS A0 fether slovdy gquenshed Wik vtero Thereaglihhwasl (0. 0954

g, 0.924 i SAAR Y Q{j‘g? gifﬁb ane (1.00
m., 9.85 %ﬁ%e@é}e@g&%gﬁgﬁ%sﬂs@é&o%;o %132&]1 4 %T‘%ﬁz‘r eeye)'ac lon m xture
was stirrecrgmtic gidie ang stfrited adrizdniveahipS Oy filledred andiconcerthated esdek t | ng
residue was treated wth 1120 (4 nm) and extracted wth DCM The

or gani 20| ayeuwR Lo Bive 8PTONR 6 Thesplidevasalissolyed in QMS@@Hé@Héigad y under

(o thout | TP TREG 0 BE Y Bk Bt R0/ B8 B 7. REMSRSER R (5 4
in). WO [7BG4iA3.5PCT1US2005/ 014386

mn
4-112vdr o(d4phenvPret hv11-1-13-[ ( 2- met hyl phen_yl ) oxyl propvO- 1-
az(oni abi cycl or 2. 2. 2| oct ane brom de

Example 33: Preparation of 1-azabicyclo[2.2.2}oct-4-yl(di-3-thienyl)methanol.
25
A solution of t-Butyl lithinm (1.7M in pentanes, 5.8 mL, 9.86 mmol) was chilled to —78

OC under Ar. 3-Bromothiophene (0.46 mL, 4.90 mmol) dissolved in THF (4.0 mL)
was slowly added to the reaction mixture over 6 min. The reaction was stirred for 30

min and then ethyl 1-azabicyclo[Z.l2.2]octane-4—carb0xylate (0.3132 g, 1.71 mmol) in

30 THF (4 mL) was added. The reaction was allowed to warm up from —78 ©C to room

temperature over 16 h. After 14 hours, the reaction was slowly quenched with water,
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Fol | owi ng the general procedure outlined in Exanple 3,

1-azabicycl o[ 2. 2. 2] oct - 4- yl (di phenyOret hanol (0.0447g. 0.152 mmol ) and

3- brornop{‘% hyl phenyl 5 ether (0.0934 g, 0.407 J CN/ 3
CHC13 (4 O mbSI\g\‘Erq%treact ed to give the desired product %}.fgﬁ%’gﬂé“ 6.5%.
El-M5 mz 442(M+) Rt (2.17 mn). Exanple 73: Preparation of

1- (3- 1 3- ( dtOAvyWaradded aesink b@xeyl liday klasdout. The solid was filtered off to give

[ hydr oxy(di phenyl ) net hyl ) - 1-azoni abi eyel o[ 2. 2. 2] oet ane brom de. 10

3- 1( 3- br onuhe title Gampbdurd (83378 gh64.6%4)] ERMS Foz ao&m&mﬁm @27 min).

3- (di et hyl am no) phenol (0.0104 g, 0.631 mmol) in acetonitrile (4 nL) was
added 1, 3-di br onopropane (0.640 nL, 6.30 nmol) followed by Cs2CO3 (0. 313 g,
0. 961 nmol ) RQaGs, } ot L e then concentrated
under 15, v ae 287 Freirflot o CINARoNUES Hich MmeMEREZ 00 1) “and
extract ad vphényledy)ethyll)-azdiiabieycla[?.2.2]oatane bromide.i ed t hrough a phase
separator and concentrated under vacuum The residue was taken up in DMSO
and purified by preparatory HPLC (without TFA) to give the title conpound

3.0 (o el kigehBal oot P A l xaebplf 3, Tl oo IPR VAL 1.

azoni abi cyqﬂ@h—[ﬁthﬂan?v)ﬁﬁﬂﬁﬁ@l (0P8 §£0. ZE@h:lrﬂalb amziworﬁ lpheRylegiggur e
phenyfi net | aanol

outlined in Exanple 072 cl og ] oct - ylé\l

(0.0057'q. (006876 m‘rmmzm{e m@wgﬂmms L) e aRagtery givel | ne
(0.0314 g, é %l n%_)) were reacted to give
the desir edhpAesingdpre .cbé-i)zow,g, é-.sf%)) .EIMSWZ#é(l‘é RtNH8SmeinY.1. 58 min). WO
2005/ 104745PCT/ US2005/ 014386 Exanpl e 74: Preparation of

143-[ (4- cyanophenypoxyl propyl | - 4-

[ Kiydr oxy( diwetﬂi&bhrﬂtﬁmmﬁdﬂ(@3€hﬁh}mﬁ&ﬂ@ml-QISFI de.

4[ ( 3- bronopr opyDo Jbenzonitrile 5 To a sol ution of 4-hydroxybenzonitrile

(0.109 g, ((PbI@’lPSf)BF‘)PX“Tla@GF@MWﬂﬂll%z-@lp°ﬁ4_1}° hrganideded 1, 3- di br onopr opane
(0.930 nm., 9.16 =nal) followed by Cs2C33 (0.439 g, 1.35 nmmol). The reaction
m Xxture was sti rred for 24h and then concentrated under vacuum The

resul ting ritlotisy esehéabitediré butlidedin(Exatpleal) d-exbicatdiac. %{bEM-DCM (8

m.). The or anl ayer was dried throu h a phase separator and concentrated

under vacuui{di-BHiienybmgthanok(. QSQﬁénoﬂé 3rbeorpeprrpylathenyl ethespar at ory

(20 m ny SP7BR 4 bRl DrNORs SRS T 6 o B st A 1
out | ﬁ?hc.y%%é&%f‘?@? O & B SR Ry B ) e ol

(0.0520 g, 0.177 nunol) and 4-[(3-bronopropyBoxyl benzonitrile (0.156 g,
0.652 mmol ) in 2 CH3CN /3 CHC13 (4.0 nL) were reacted to ﬁive the desired

pr oduct20( 0. Exzuaplg 367 @ reparatian ofd-hutyl-44bydnoxy(diphenydneghyl|-1-

azoniabicyclo[2.2.2]octane bromide.

( Following the general procedure outlined in Example 3, 1-azabicyclo[2.2.2]oct-4-
yl(diphenyl)methanol (0.0496 g, 0.169 mmol) and 1-bromobutane (0.030 mL, 0.279
25 mmol)in 2 CH;CN/ 3 CHCI, (4.0 mL) were reacted to give the desired product

(0.0509 g, 70.7%). EI-MS m/z 350(M*) Rt (1.83 min).

Example 37: Preparation of 1-hexyl-4-{hydroxy(diphenyl)methyl}-1-
azoniabicyclo[2.2.2]ectane bromide.

30
Following the general procedure outlined in Example 3, 1-azabicyclo{2.2.2]oct-4-

yl(diphenyl)methanol (0.0498 g, 0.170 mmol) and 1-bromohexane (0.040 mL, 0.285
34



20 Exanple 75: Preparation of 44hydroxy(di phenyl)nethyl11-142-({f3-

(et hyl oxy) phenyl | met hyl } oxy) et hy11- 1- azoni abi cycl o[ 2. 2. 21oct ane br om de.

2- (113- ( meydydoiygrphenvl i met hvl } oxvi et hanol Et hyl ene gly , 1.5
mol ) was addeodpft owl\lall (38 ng, 1.52 mmol, 95%in 25 oi I)PQPHQ%OIQ@S%H—WL)
(caution: exotherm, m Methoxybenzyl chloride (0.21 nm, 1.5 nunol) was added
to the reacnnot)inZrdHiE / Béﬁﬂélﬂéﬂ.omhbWﬂngdmdztylgl‘(ﬂﬂhgﬁbd@d\medmt ansferred
to the reaction tube with additional THF (1 mL) (Bu)4Nl (55 ng, 0.15 nmol)
was then ad@éi¥62 gnd3.Pi. FEAMS nyfm 3V NRL(LB9 MiINBO C for 18 h and then cool ed
to roomtenperature for 4 h. H20 (2 nmL.) and EtOAc (2 nL) were added, and the
| ayers 30 were separated via pipette. The aqueous | ayer was extracted with
Et OAc (1 X Bxdth le3f8E‘Qﬂebﬁrﬁiﬂﬂ%ﬂﬁﬂ:y@&@@lﬂ?h’eﬁymtmg}f-lﬁ'@ﬁﬂem rated. The
crude product was purified on a Biotage 12+Mcartridge (8 g silica) eluting
with 30% Et@epiabicysladd.2loganebromidei o give the title conpound (114 ny,
42% . The product was characterized by 1H NWMR (400 MHz) in CDCI 3.

I [ (2- br onpet hyDoxyJnet hyl } - 3- (et hyl oxy) benzene 5 A sol ution of

N- br onos UCCFdllo!Wiﬂgﬁ{e?g%ﬁeﬂﬁD%r_oéetﬁﬁe BtiAed in Exdhple(3? 1 nzabityNoR . ABREC4-

resi n-bound tri phenylphosphi ne (510 ng, 1.53 nEquiv, Fluka) in DCM (2.5 nl).
t he reacti di(diptenyhinethadol(0.05d8 18 0476 emel)aed i-bromoprapane (8.058 Inuk.i F300f

AL (RGN O TRl el IR T
: g T .

1ol il aniOFSHF et 107 RRMS Y P60 ReGHAT miE (2251 On ves 111 tered

through a SPE cartridge (5 g silica) eluting with the followi ng 10 nL

fractions: DCM (fraction 1), 30% Et OAc/ hexanes (fraction [@ and 50%
Ef 0Ac/ hex arlBxample39: iRyepayation of 4 Bydnexy({liphenymethylkil-(34[#-ng) . The product

. ﬁ%; giWtﬁﬁgﬁkﬁw&}ﬁ&%?%%@%%é&&%ﬁ’ﬁ%ﬁh’l"mﬁ?ﬁi dl oxv) et hvi | - 1

- azoni abi cvel o[ 2. 2. 2] oct ane br om de
1- Azabi cycl o[ 2..2. 2] oct - 4-yl (di phenyl ) met hanol (30 ng, 0.102 nmol) was added
to a solsut i imlowfing the[gepemst proseduny petlipddhis Example 3, dwazabicyoloRikised (35 ny,

0. 143 20 Dy 2 €11 3 ti heated at 60
0 T2 20 bl e ARG ac e bt T RS e iy
Wi th Et OAC (erdthyldxyTbinzahel(0.0%n é}"ﬁ%lﬁﬁmiﬂ%lnﬁ@lh(ﬂ‘% iU ed. 0 WS whiré ed under
hi gh vacuumto 'give the title conmpound (7.7 ng, 149. LOPMS EST RL 1.97 nmin

Mt 458 25 Bxanml © ghfe therdepisddbrodict §6.08252¢,{73:9%). IEL-MS m/z 458(M") Rt (1.96

di met hyl et hyl ) phenyl | met hyl i oxy) et by11- 4- Ehydr oxy(di phenyl ) met hy11- 1-

azoni abi cydngy2. 2. 2] oet ane brom de.

2-1a4-Q 01- di met hvi et hyl ) phemi net hyl | oxv) et hanol 30 Et hyl ene gl ycol (0.084
m., 1.52mm|) was added to NaH (38 ng, 1.52 mmol, 95%in oil) in THF (3 ).

1- (B t d, i - - WO
208 5; 2 gz r7r§ Mﬂ%mo. %gﬁgngiéﬂwdﬁwh}mamenﬁ@ma&w1 e

hydroxyphenyl)oxy]propyl}-1-azoniabicyclo[2.2.2]octane bromide.
(

Following the general procedure outlined in Example 3, 1-azabicyclo[2.2.2]oct-4-
25  yl(diphenyl)methanol (0.0505 g, 0.172 mmol) and 2-[(3-bromopropyl)oxylphenol
(0.0547 g, 0.236 mmol) in 2 CH3CN / 3 CHCI, (4.0 mL) were reacted to give the

desired product (0.0675 g, 75.0%). EI-MS m/z 444(M") Rt (1.91 min).
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nano') was added to the reaction, and the residual 1-(brononethyl)-4-(1, 1-
di net hyl et hyl ) benzene was transferred to the reaction tube with additional

THF (1 mywo foBsHAMs (55 ng, 0.15 nrnol) was then added, @Rguddossdi8sgti on was
heated at 60 C for 18 h and then rt for 4 h. 1120 (2 nL) and EtOAc (2 nl)

wer e added, and the |layers 5 were separated via pipette. The aqueous | ayer

was extract pled1EtRyeparation of Wﬂrmddmnyl)mbth}éhl-dfa@&m c layers were
concentr at ed. cr,ud t was.purjfi on a rtridge (5 g silica)
el uting wi t??ﬂhﬁgelf’&'l%ﬁpﬁ ﬁg‘irﬁ_z"??g@’tyid&ll\%sglﬁg/gﬁ iﬁ‘&(anes (fractions
1,2), 30% Et OAc/ hexanes (fractl ons 3,4), and 50% Et OAc/ hexanes (fractions
5,6) to give the title conpound (312 ngy, 51% . The product 10 was

char act er i zZEallowing thelgorerahpocadury Outhnmamplt 3, ( 2zhabioyalefZR2]pokd-J net

T 5 o) ViEEeke Piesiane (070922, 8360 i &, Sugtm PP B et e 510
M9, 153 EQUGYE g0 088 tnrhd)) mcﬁmmcﬁmﬂlﬁ) Rrd RAGEE MgNRSt i Fred at

it for 10 A7sol ut1 on

di et hyl et hydsirgdhgronhibt 01088 Y L83 Y& NBRBAS m}H47 @t?ﬁ@ZPﬁIﬂj) in DCM (1 5 ni)

was added to the reaction, and thé residual alco was transferred with
addi tional DCM (1.5 nl). The reaction vial vvas capped wrapped in al um num

foil d d t t f 20 T t filt dth h SPE
cartidge (Gt Beppiitionoot - hltEshiah e IRrorsBiE et ans: pow
(Tractign Loy dﬁ&ﬂ:ﬁbﬁé‘ﬂfﬁ\ﬁéﬁ?ﬂﬂ-ﬁidxﬁ%kﬂlo@)z it Bloéc/ hexanes

(fraction to give the titl'e compound 1299 . The product was
characterized by 111 NWVMR (400 M—Iz) in CDClS

2 0, dj, vl hQoh
e e ottt e el obechiat Budtied fApRIE S, 3 FaabiardoR 2 aoged-
1- Azabi CY“ﬂ{d@plx’en%i)ﬁx‘éﬂ-raﬂoN(O(WD%eO)Ibé ERAAIPRRY 3 A topf) S orpBly e addec

to a solution - bronoet Ay[) oxy] me -4- (1, 1-di net hyl'et hyl ) benzene
(25 ng, O. K@@5m1022hm®)m—BGH3CN%GlGH@5 éﬂ)mlawretmctséacgwgthwvas heat ed
at 60 C for 96 h. The reaction was concentrated, and the crude product was

washed 14 t I‘deEtT@ﬂABm(lBCtiO@éﬁgnl‘) 4% ThBI-Moae 462 Rt (247 ider hi gh vacuum t o
give the title conmpound (9 ng, 16%9. LC/ M5 ES! RT 2.28 min Mt 484 WO
2005/ 104745PCT/ US20051014386 Exanpl e 77: Preparation of

1- (2-{[ (4- TEjigh @msnwr)e Ation 1ML &[4 DrofirophenyDoxy]propyl}-4-
[ hydr oxy(di pheny 1-azoni a?—g?/glrg p 1())<§tyz]il?1e gr}om

2-(114-fi udﬁwﬂm@@cmﬂ)mdﬂwl]et-hmmablﬁdlm&%]Ogtmdlrol{nld@% m., 1.5 mmol)
was added to NaH (38 ng, 1.52 mmol, 95%in oil) in THE (3 nl).

1- (Brononet hyl ) -4-fl uor obenzene (0.19 nL, 1.5 mvl) was added to the

reacti oy, aml R PeAdtal prbcédrOpRIBE M B ﬂnil!p'lfb&ﬁlﬂ tqnsferred
to the reactlgﬁhl?gube%ve\nt %dﬁltloﬂ% Tcmf1 & n%e éﬁnq(\ggﬂr?g 0. 15 mmol)

was added, ﬂ@phmﬂ)mﬁmnoldﬂ 0486 gh@éﬁ%dmaﬂ) @m €bt@1nopll$nnl Frheomdpeopyd €thenr 4 h.
pi pett eéz F@)ogaﬁgoﬁé?ﬁggécfn R CERER 2 CH L A mioRer{ osq Weiye B0 ?E_dev' )
2 SPE car  rione poRROP OELE EPRRT B2 D K R R T ot ons: - 30%
Et OAdhexanes (fractl ons 1,2), 50% Et OAc/ hexanes (fraction 3), and 75%

Et OAc/ hexanes (fractlon 4) to give the title 15 conpound 5122 ng, 48% . The
pr oduct25wasExample dde M PEE%F‘&W’MQ‘I' 4flyar¢xyidipirenylmst 43-14-

N br omosucoR oA TR Cat iR Y SRR By B C e

Following the general procedure outlined in Example 3, 1-azabicyclo[2.2.2]oct-4~
yl(dipheny!)methanol (0.0468 g, 0.159 mmol) and 3-bromopropyl 4-nitrophenyl ether
30 (0.0550 g, 0.211 mmol) in 2 CH;CN / 3 CHCl, (4.0 mL) were reacted to give the

desired product (0.0590 g, 67.0%). EI-MS m/z 473(M") Rt (2.06 min).
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20 to resin-bound triphenyl phosphine (510 ng, 1.53 nEquiv, Fluka) in DCM
(2.5 m.), and the reaction was stirred at rt for 10 mn. A solution of

2-{[ (4- fTweodoedivamsl ) met hyl ] oxyl et hanol (122 ng, 0.717 needpsleisdddde(1. 5 L)
was added to the reaction, and the residual alcohol was transferred with
additional DCM (1.5 nlL). The reaction vial was capped, w ﬁped in alum num

foil, and w Rreparationoofii-[ipdeopddiphenyDmetipdls1 13-(Zer ed through a SPE

cartrldge( i in h th olla act

(fractson ifpbestemefdhofyinncRondtend el Ruptib dieidB X o e e ™"
(fraction 3) to give the title conpound (80 ng, 48% . The product was
characterized by 1H NVR (400 MHz) in CDCl3. WO 2005004745PCT/ US2005/ 014386

1- ( 2- 014- f | Endlowpng:the @erenal progsdure ovtlingd in Bxample:d, (| cizpbisysiciist- Hegi-4~

azoni abi_evel 2 ta

1 Roani ¢y sy R B0 MSTeE 65 murell At H{GOPRERERbHR ) ves added

to a sol utipsheaylneth 103%%15@&&% MIT0B | 0820 ¥inholdid 2 0L CPEwERE] (@D mm) 0. 143

mmol) in5 ?»%I—ISCI\%j 3 (3 aﬁldthe reaZtlon v3vas heateda(g?)GO)Cfor

96 h. The re@etiapdMEEiaohe d@élfeﬂtlﬁéﬂucﬁ(‘(m’lﬁeg, Q1 1496). BIAd8ah/z833(MEsed with

EtOAc (3 x 1 nL). The product was dried under high vacuumto give the title

conpound (92/Rgmindey. LC/ M ESI RT 1.89 min M- 446 10 Exanple 78:

Preparation of 1-(2-{[(4-chlorophenyl)nethylioxy}ethyl)-4-

lhydr oxy(di phenyl ) et hyl | - 1- azoni abi eycl op. 2. 21oet ane br om de.

2-1[ (4-whl o RVIGE ey SEatidned A (B [(2 ErBitlophengh o Pprop9}o4 nl, 1.5 nmol)

was added to 4 1.52 m"m{m[( 95/0|0% 15g?)| 1) |0$139THE (3 rrL)

1- ( Br onomet lydyexy( nhgmnsgb@ﬂtiwﬂel -azoptiabigyclo[2:2. 2lestanehxemideied to t he

reaction, and the residual 1-(brononethyl)-4-chlorobenzene was transferred
the reaction tube with additional THF (1 mL). (Bu)4Nl (55 ng, 0.15 mmol)

was then adtidlbwingthet ﬁerﬁBp!@bediﬂe vatkineb it Exhmple®) 1 GzhbicydS[2(2.2o6t-4-hen rt for
4 h. 1120 (2 nal) and Et OAc wer e added, and the | ayers Were separat ed

via pi pet t &l(diphenzhmethanobd. 0439@5 AL mnel) ard Sbremephenyloi rqrqopxom' ; and

;L‘?i el ofogtatds2 ¢%¥§§Zn¥§@a§ﬁ“@§§§t§ G ml e et RV fng "10
. 3) |

and 75% £ et b a0aaty 8768 g 1A% ROV sk R AR RENE TS e (120 g,

46% . The product was charact erl zed by 1H NMR (400 MHz) in 25 CDC13.

1-1112- br onpet hyDoxyl met hyl ) - 4- eh|l orobenzene A solution of

N- br onos uccﬂ%ﬂﬂl’.’&él{ Prepagation of d-thydrexy(dipbenyhmethyll-1-[3:4{4-added to

resi n-boun f?ﬁ P%ﬁ 2.5 nth),
30 and them%éc i on &Qg@ﬂr Jr}@é&éﬁg @}] a?@lgnqﬁ_ﬂ%%z il%aéfr‘frbo {'[ (4-

chl or opfeenyl ) met hyl ] oxy} ethanol (129 ng, 0.691 nunol) in Da4 (1.5 nL) was
added to the reaction, and the residual alcohol was transferred with

addi ti onal fotioming thegeperal pocedyseutbinedisiExampde 3o & ragatisydoRa2loeatt i on vi al

roact on wikGARRgzsBaRLD e Bi6s nflth Bhd LG R indptonyoxt Bt Wi e

fol | owi ng I[Qphehy lfu[al@)tl)m%enaéﬂ\d (ofmaogmranmmcamfceﬁcwaﬂes @toat)i on 2),
and 50% Et OAc/ hexanes (fraction 3) to give the title conpound (98 ng, 579%.
The pr oductwerasedstedita gt the dzsrédipyoduct ((NDBS(g!}(BB W) ELMS@DES34(M*) Rt

25 (2.31 min).

Example 48: Preparation of 4-[hydroxy(diphenyl)methyl]-1-[3-
(methyloxy)propyl]-1-azoniabicyeclo[2.2.2]octane bromide.

30  Following the general procedure outlined in Example 3, 1-azabicyclo[2.2.2]oct-4-
yl(diphenyl)methanol (0.0632 g, 0.215 mmol) and 3-bromopropyl methy! ether (0.0461
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1-12- 1174- chl or ophenvQOret hyl | oxvi et hyD-4-f | i vdr oxy(di phenvDret hv17- 1-
azoni abi cycl oP. 2. 21oct ane brom de

1- Azabi cyglgPiogs/featdsoct - 4- yI (di phenyl ) nmet hanol (30 ny, O-ﬂ@ﬁum@ums added
to ato solution of 1-{[(2-brornoethyDoxyl nethyl)-4-chl orobenzene (36 ny,

0.143 mml) in 2:3 CH3CN CHC13 (3 nL), and the reaction was heated at 60 C
for 96 h. Tg;@&(ﬁanmnbm%HﬂBﬁééﬂH@lgéfthnﬂr)dNﬂhee@tﬂddegp\redliqdcsmds washed

wi th EtOAc (3 x 1 nL) The product was dried under high vacuumto give the

title conpauwaduct (X0 6@86&%&@ EX-WSve/z2366(¢h) Rt 0S5mnim)Me 462 15 Exanpl e 79:
Preparation of 1-(2-{g4-bronmophenylimethylloxy}ethyl)-4-

[ bydr oxy(di pbenyl ) net hyl ] -1-azoni abi eyel 012. 2. 2) oct ane brom de.

2-(1(4-b -iL. 5 I
tas sdded roRRRMeTE eepaatal eor y el iphe A eI A pripch- - £ 5 ol
1- Br onn-54- (dnouinbieyicin[2 2 octene br@uideny, 1.5 rrrml) was added to the reaction,

and the residual 1-brono-4-(brononethyl)benzene was transferred to (the
reaction tube with additional THF (1 nlL). (Bu)4N1 (55 ng, 0.15 nmol ) was

t hen added, [ g?dz urt for 4
h. 1120 (2 1*;71_%6@31?‘ ag%%tsfglA@&( &gﬁléﬁg% 3fq 1a er%]%\;\egre
separ at ed vyl@ilphqngl)mthaﬁbb(mécguﬁ 19’amolyvamd Mmmcﬂqniopcner(omem (1 x1
m.), and the onbl 0 ol concentrated. The crude oduct
vvas ]E)UI‘I II 2 %@%&N&&egﬁé 4433 ‘T‘f}: ?rleéz%ﬁt‘?‘ﬁg O/WIIeq OthfE‘“fdd?IP tng 10

, fractio nes 0 c/ hexanes
(fracU@n 3()6%65& e}gg/fét %‘i@?ﬁ ﬁé&%lﬁiz{]%ﬁiﬂi to give the title 30
conmpound (139 ngy, 40% . The product was characterized by IIINVR (400 MHz) in
CDC13. WD 2005/ 104745PCT/ U82005/ 014386

Tbr ono- 4- (JEﬂnhpbrﬁﬂethwp)nmt;dlrmmh[liyidbmy(dmhenﬂ)methyﬂ]—bm-dﬂ-

N-brom)succ 72 1.53 alL) was,added to
resin- boun Pﬂﬂﬁﬁﬁﬁ%ﬁ%@’} angoaﬁém%c%%f%{a%mwd? ‘n DCM (2.5 nl),
and the reactlon was stirred at rt for 10 min. A solution of 2-{[(4- 5

br onophenyOnet hyl ] oxy} ethanol (139 ng, 0.601 mmol) in DCM (1.5 nlL) was
added t© t Héollomang thergenenaliptobedure suttined indlxaphiple 3pdsazabieyd6f@r. Zdctd-t h

Foil. 523' oichpteay Rmefbanp 05 EE?Sth%&i‘%q%’ﬁoaaﬁfﬁqw aﬁm’oh;ha;‘@pﬁ”m
?f‘i i1 s (éﬂeﬂaﬁéﬁe%%aﬁé (005 H 21 nled) 105 AT 3 HEE DT R nes
charact or 250 By ST IEEBH RRSRTRININ & 98y Sl SR L. 08
1) met hvl i-oxmimdt hyl ) - 4- llwdr oxv(di phenvOret hvl 7- 1- azoni abi cycl 012. 2. 21oct ane

brom de 15 1- Azabi cycl o[ 2. 2. 2} oct - 4-y1(di phenyOret hanol (30 ng, 0.102 unnol)
was add®d to a solution of 1-brono-4-{[(2-bronoethyDoxyl nethyl}benzene (42

ng, 0.143 k12 Eipz qﬁi heated at 60
C for 96 h. I)' le31¢ t]i;‘;re was co Z%{aﬁ:alﬁbg&hylz a% Zal%?:ﬁéé%[’l cm@é? was washed
with Et0Ac g(lﬁdiphhnynmetﬂﬂmlmoﬂﬂubmuaaa&rl ed under high vacuumto give the
tiél e corrpoun G M ESI_RL 2,07 mn Mt 506 Exanpl e 80:

Pr bpar ati on fb?- salifon of T2 Chardopiieh o H6xipael ry Dyl
[ hydr oxy( d|
4-11(2- hydr ﬁ@d@feﬂ%ﬁﬁe@w@ eoﬁgd(l))?ﬁ}%r I #gﬁ%%gﬁg%%)@%g’?%%g4 m, 1.5
mol ) viss adﬂlel:) it @t@ﬁ]‘(‘l-((BﬁLDTEMaS idd'rﬂ hjfﬂtalzmeQB%lde? 96 mintol Y HFhe $lutign.
4- ( Br ononet hyl )begzonl trile (290 1. m*rolf)1 was addfed to
was stirred at room temperature for 16 h and then filtered. The filtrate was
concentrated and taken up in 2.5mL of DMSO and purified by preparatory HPLC (with
TFA) to give the title compound (0.0200 g, 31.2%). EI-MS m/z 338(M") Rt (1.28
min).
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the reaction, and the residual 4-(brononethyl)benzonitrile was transferred
to the reaction tube with additional THE (1 inL). (Bu)4Nl (55 ng, 0.15 nmol)
was t hen nd the reaction was heated at 60 Cf then rt
for 4 h. ggbﬁ)ﬂ%%r%{jsaand Et OAc (2 nmL) were added, and the 1{;{3}%0@5/@13?866
separated via pipette. The aqueous |ayer was extracted with EtOAc (1 x 1
n), and tmma@sze@x@ ghitioh éRYFHiS(4 MicRoph Ryl iRPd rR¢)AeRel 132005/ 014386
concentr at ed. € crudeb roduct vvg’;'qpurlfl ed on a SPE cartrglidggz(S g silica)
eluting w tﬂphpnﬂomrwlﬁg-mnmbumcm 23estanobsomidec/ hexanes (fractions
1,2), 30% Et OAc/ hexanes (fractions 3,4), 50% Et OAdhexanes (fractions 5-7),
and 75% Et OAc/ hexanes (fraction 8) to give the title conpound (95 ng, 369%.
The product . wasi&oRII 20t b bZE5 /B (A itiddhdnd O findfhinoli n CDCL3.

f[ (2-bronoet hvOoxvi met hyl i benzonitriTe A solution of N bronbsuccinim de

(272 ng,5 1.43oktion pf #-Aluoenherymaghgsivmbronndred .9 M ineBHE fbéuﬁ.d44mmol)

tri phenyl phosphi ne (510 n(?b 1.53 nEcb{h Fluka) in DCM (2.5 nL), and the
ve torQ °€ an yiA

reaction wewasehil darA i -azabirycio2. 8&]@%‘{%‘?@0“1&%

hydr oxyet hy grreth | }benzonitrile (95 ng, 0.536 Mol ) in DCM (1.5 nl) was
added to t 9§ & i@ mipal) in FEF @gnk)was s&wlymﬂded\&thprrmpemlwr%tton%

oi | ana tve PRt Th roegién HEREAGHR o) e RRR o lbRR iR UBh T 2 "5
(fraction 1 %%‘%”EQS‘EC P18 e Wllon Des KR Wict Bolbs gl BB FRE, o

(fractimn ﬁaturaleg NEyOLrendtcohtentiatdnmd advacmmThe 4edd tingliesidpe odsitreated s
characteri zed g‘éﬂlH NIVR

L-(2- 1104 C‘m’ '33‘%‘* Fgmgﬁ’é&ﬂﬁ?"cﬁﬁip%%ﬁofedaxﬂﬁ%wm@ieﬁwﬁm azoni abi ¢
| 2. |
{googrg 0. 1 S%@V\és ad ngr%té‘gﬂg%%&tﬁ{;@%}ufﬁle%e ﬁeﬂeﬁ%&ﬂﬁpw 3f@thano

4-{[(2- bronﬂﬂe@%}'[ﬁkwﬂmt’m%q(bﬁﬁ*bmﬂﬁﬁﬁnﬁ)% nmg, 0.143 nmol) in 2:3
CH3CN CHC13 (3 nL), and the reaction was heated at 60 C for 96 h. The
reaction was concentrated, and the crude product was washed with EtOAc (3 x

1rrL) F %@M e I}etltle conmpound (40
ng, 749 3

epar at i on of

41hydr oxy/( dmihmm[mg Iﬂoclawﬁnde |
napht hal enyI rret hyl ).oxyl et hyl | - 1-azoni abj cycl o[ 2. 2. 21oet ane_br om de. 30

2-172- naphtFd W@rﬁypr%@dmmut ipedhipy gley&; dtazabicpeal2a-2Joet-% mmol ) was

TR YT Ty e

2005/ 10474 5¢tkek/ (D839 &1 B4ABEminGH ih QTHICN/ 3 @HCL (L0 hES) Wit heacted to give

2- (br onmonet hypnapht hal éene was transferred to thé reaction tube w th

addi t i omal ﬂiHHeilﬂedgi;bduct B0 3BT, 453846 IEL-MSkh/zeal( M1 YRs (2 Iemigdded, and the
reaction was heated at 60 C for 18 h and then rt for 4 h. F120 (2 nL) and

Et0OAc (2 inL) were added and the | ayers were separated via pipette. The

aqu:ﬁ:J(s: Fa% conge n%t q’ttwtf %%ﬁaééh&@é@%roﬁyethpﬁ-f _gzrrbijzeg SPE
?t ridge (fgpke nf;rﬂxhbﬂ:@;l)oﬁy}étm;mlmbbmbhgcm 2 Qyudw:emrdmdiar actions: 30%

Et OAc/ hexanes (fractions 1,

25  Following the general procedure outlined in Example 3, 1-azabicyclo[2.2.2]oct-4-
yl{bis(4-fluorophenyl)jmethanol (0.0489 g, 0.148 mmol) and 2-bromoethyl
phenylmethyl ether (0.0352 mL, 0.222 mmol) in 2 CH;CN / 3 CHCL, (4.0 mL) were
reacted to give the desired product (0.0534 g, 66.1%). EI-MS m/z 464(M") Rt (1.99
min).
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Et OAc/ hexanes (fraction 3), and 75% Et OAc/ hexanes (fraction 4) to give the
t|tIe conpound (101 ny, 33% . The product was characterized by 1H NVR (400
in 19,9888 (2- br onoet hvi ) oxv] net hyl ) napht hol en i of

N br ormsu@m ni m“’dé‘% 272 mg, 1.53 mmol) in DCM (2 5 nl) %@@g@g@b;@g&a
resi n-bound tri phenyl phosphine (510 ng, 1.53 nEquiv, Enka) in DCM (2.5 niL),

15 and t he EffipieBd: xepaiitioecl nathydroiﬁblsm(mnemyldk)&)phmyl]r}meﬂﬁ(ljzi [3-
napht hal enyI met hyDoxyJet hanol (101 499 mol ), DCM (1.5 nlL) was added

to the reaciheny OEYWYPPB@]'#E%’GOEE?&I‘W&%%&]O%@?F%@Ferred with additional
DCM (1.5 nlL). The reaction vial was capped, wapped in alumnumfoil, and
stirred at rt for 20 h. The reaction was filtered through a SPE cartridge (5
g silica) el-dkdabicycid/P12. ﬂba‘-i-ol{bmmﬁloﬁi)pmnﬂlﬁmm@ak DCM (fraction 1),
30% Et OAc/ hexanes (fractl on ,. and 50% Et OAc/ hexanes (fraction 3 to gi ve
the titlS%e cAdsphitiaa of 3{methylorsvphenylieagsesiumbronide (bAM i THF, 28 311 NWR
(400 MHz) in

4- 17wdr ox- M%BS‘E% qulmw tol0 Rfémdw@htmylehww&%@ﬂm4 1- 25

b
izzgag. L;Zf&%@%g@ |p en II? TI_{‘thnrgp tvgf‘)Slow}y ?)ddeEO s rF?cn\R/%s added
t | ut t 0. 143 I
in 2 §°a‘333%}’%%%f§°("?3w§’9939§- ROt SRR PR (8o or 06 1. The

reacti on wagnpHeR&RshhdiRd heald at HEoCHIR R PHMFdacBSwARSHIRED W dhcEbARe (3 X

1 mL). The product 30 was dried under high vacuumto give the title conpound
(48.1 niy, mchdMsmmdd'NE@éramd mmﬁnhﬂeiumﬂmmmmmﬂMMM%

Exanpl e 82: Pre f 1- I|ox et h - 4-

f hydr oxy(d.%?ﬁe‘ﬁ%%ﬁﬁﬂtﬁ@f@ %‘ﬁfg‘gﬁ tﬁ‘@ ‘;ﬁg&ro@%? %H%E%JEF la?éefg“’)efe
2{al13-f| uorcﬁmewmgmy ﬁRéféH%&%ﬁEeréra@d%H@ﬁ@acﬁhﬁ% ')_[le(l@tﬁle siredpré@udio! )
was added to NaH (4 , 95%1n oil

1- ( Br ononet (2881 Z; 929%)0MSWZQG4M+HHIRL(IJ46ManDI) was added to the
reaction, and the reaction was heated at 60 C for 5 days. 1120 (2 nal)and

Et 0OAc (2 nalL) were added and the Iayers wer e separ ated via pipette. The
agqueous;sl aygip, , ‘ ‘ qonbi ned organic
| ayers wer € IU ) ‘ Na2SsO4), and
concentr at eatoni&bmzcln@éz@g@ahmhrom pur| fied on a SPE cartri dge (5 g silica)

T, 2). "Sos, eileing e asder prcedinouf ok Rk remple b ACERERERL A PEF on 4) 1o
TrinR (00" HRs0 R B et (0 o8 o e e A b BOb A e

N- br onosuc gptiehyi ther((04683 8L, @. B2A0nme)in 2\/@153@%@@:}{@1 (429 infilz)owere deacted to
tri phenyl phosphine (274 ng, 0.822 nEquiv, Fluka) and’ 2-{[(3-

f I uor opteenygmetheydekived protihet(61027 203318%) OEBMS nin#$8(Mi) REKE. (2mih). The

reaction 20 vial was sealed with a Teflon-Iined cap, wapped in alum num
foil, and shaken at it for 17 h. The reaction was filtered through a SPE

AU LN Lo s

(f acti on J(phenylmethyllogylethylp-1coopiabicyclo]2:2joctZ®é/hroniide.

25 Following the general procedure outlined in Example 3, 1-azabicyclo[2.2.2]oct-4-
y1{bis[3-(methyloxy)phenyl]}methanol (0.0538 g, 0.152 mmol) and 2-bromoethyl
phenylmethyl ether (0.0361 mL, 0.228 mmol) in 2 CH3CN /3 CHCI, (4.0 mL) were
reacted to give the desired product (0.0292 g, 33.8%). EI-MS m/z 488(M") Rt (2.03
min).
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product was characterized by 111INVR (400 MHz) in CDC13. 25
1-(2-1[ 13-17uor ophenvOret hvl 7oxyl et hyl ) - 4- 17wdr oxv( di pher nonet hvl 7- 1-

azoni abi ¢ 7oct ane brom de

1- Azabi cy‘\éoﬁo%g'z"% oct - 4-yl (di phenyl ) met hanol (94 g, 0 S bl “Wes added
to a solution of 1-{1(2-bronoethyDoxy]methyl)-3-fluorobenzene (75 ng, 0.321
mol ) i n 3ELmplelI8CIWrephaiiaiopiofi-jhy drmdy {bisps-(1a ethiyl oay) peenyli¢methgyat-[30 C f or
3 days. The reactiqn wa oncent rat ed under reduced pressure, and the crude
pr oduct mgp&sww)pmﬁbgﬁ%wwﬂ@ﬁ-%mm €with EtOAC (3 x 2 nlL).

The product was dried under high vacuumto give the title conpound (50 ng,

30%. LC/MS ESI RT 1.95 mn M+ 446 Exanpl e 83: Preparation of
4-[ hydr oxy (i lo) PRt 2y artid- M hiRf4- bbhehyl] Bmethanol

) e e et oo . 325
oo e e S50 800 1 PSSt el cal o ade,
and et ! engrbhy e (o (5871, Blaceniion HTHE (4306) WREILGACAIIIA R Bdcibhed al Tt

for 5 days. The“reaction rh_kture s Ioac rectly onto a cartridge
(10 g silicaknaad: 6ot SR 20 biin! T8e feablicivadalldvdilio Waaal dPRS0oh0%

Et OAc/ hexanes (fractions 1,2), 30% Et OAc/ hexanes (fractions 3,4), and 50%
Et 0Act hexangmpératudé hadthen hefibd HO6EOQ Eort 186h. t Thé RacPRaN¢hi{linaniEs badf) f or
both conditions. The product was characterized by 15NVR (400 MHz) in CDC13.
i 1- r ( 2-Wr ormyepehedovifly saturated AV £t 1hgnd anspensratednsien vassigax: i Hierespdting esidhe)

0. 666 nmol ) s .adde resi n: baound.t i Rhe hosphi ne (22 0. 666
mequi v s S it Y0l R ReRARE e AR RO ISR Freh Tl w0 330
mol ) i n DRMed4vit MgSU)Efiligae, dndRoNdentratdd Snda@Guits Hickd theidesifed pro@stt cap,
wrapped in alum numfoil, and shaken at it for 17 h. The reaction was
filtered t HOEUGIg, 89.8¥. EdMBinfg8S¢@IHHIIR (@Y minkt i ng with the fol | owi ng 10
mL fractions: DCM (fraction 1), 30% Et OAc/ hexanes (fraction 2), and 50%

Et OAc/ hexanes (fraction 3) to give the title conmpound (34 ng, 42%. The

pr oduct 1 swasy. 2R drBRTES it R oYk IR 1k , Mo eds .

4-r hydr oxv(di phenvVOre 1Z2-Ta-net hyl -T-phenvl éthvnoxXylrethvil - 1-
azoni abi cyaizonia 7 e

1- Azabi cycl . 2. 21oct - 4-yl (di phenyl.) net hanol .0.14 I s added
Lo a 30 Solliticufing HeEsnriabbmrahe CHbE et B Py AR leb e g 0. 14
nmmol) in 2: e@ﬁg@ CHi198 mhRSI Cfor 3
days. The r%g%?grhll{ wds %yg&%ee@ﬁegigﬁﬁl(gas Q?%dgégg pr e%gﬁ? ?é-%g%tﬁéap rt@ﬁ%l crude
product waspheaglheter(p 0851 mL, 0.222 mmol) in 2 CH;CN / 3 CHCL, (4.0 mL) wete reacted to

20 give the desired product (0.0515 g, 61.0%). EI-MS m/z 488(M") Rt (2.04 min).

Example 57: Preparation of 4-(hydroxy{bis[4-(methyloxy)phenyl]}methyl)-1-{2-
[(phenylmethyl)oxy]ethyl}-1-azoniabicyelo[2.2.2]octane bromide.

25  Following the general procedure outlined in Example 3, 1-azabicyclo[2.2.2)oct-4-
yl{bis[4-(methyloxy)phenyl]}methanol (0.0498 g, 0.141 mmol) and 2-bromoethyl
phenylmethyl ether (0.0334 mL, 0.211 mmol) in 2 CH3CN /3 CHCI, (4.0 mL) were
reacted to give the desired product (0.0374 g, 46.7%). EI-MS m/z 488(M") Rt (1.94
min).
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WO 20051104745PCT/ US2005/ 014386 EtO0Ac (3 x 1 nmL). The residue was taken up
in 2.5nm of DIVISO and purified by preparatory HPLC (w thout TFA) to give the

title conmgay , 24% . LC/Ms ESI RT 2.09 min M+ 45 84:
Pr epar atl on o /3. ?‘hydr oxy(di phenyl)nethyll-1-{2- pc?mgi%ﬁmﬁss

Rphenyl net hyBoxyl et hy1} - 1- azoni abi eyel o[ 2. 2. 21oct ane brom de. Mt hod A:

é iAzabidcycI DX dnple 580 Rrepaydtiot @mm&@rfgidgaphén}’l(lmhﬁﬂﬁxg)m&hgﬂ& igtel I) was
Iluted in C13 I spense i rect toaldramvia

cont ai ni ng ®! BBYIBRHBFP@”H‘B%HWWH&[ Etzﬂf&ta‘}‘bb'é’l‘!’ﬁﬁ 0.102 nmol ). CH3CN
(1.2 niL) was added; the vial was fitted with a stirring bar and capped. The
reaction was sti rred and heated at 60 C for 24 h. The contents of the vial
wer e t r ansfbuzabicyeai2.812 Joardyvidbis Gt flmirophdnnl) Jipethgndint o a pol ypropyl ene tube

23?53?3‘36?%33@89%9?51 worggfe e”asﬁ%%réér‘é%i@e%iq% 185, Sdaiery w5 orude

E

Sif’e:écbné“e? wastnli dapje % ol A BB eabipyplo BeRIeP e 9o noa B To
[ 11.2

ol) 0 2 %437*5%229%%%% %10%‘}‘%](@%&2 AP LR ReRSn b 01 20

ether (2. 3lo@bverbd RinTMHereactida v%'al!biv@di‘td’\ﬁﬁnﬁ ip i RidnPtenfiférfreland (@ h. The
reaction was cool ed down to roomtenperature and concentrated. Et0OAc (200

n) was addggtedet 600Cot 16/h. Thd réddtionivat thiledbarpick Buthd glienchiéd withor 1 hour
then filtered. The resultlng solid was taken E[%In I\/EOH 125 nL) and heated
<]

to 60C, 10Thesatmated NshCleandiooneantiatediipeer vaguump die sesviting I@aéue wes treated

tenperature,. r f OH (-20
m.) and fi I ter eaoag\g ﬁ%%%%%nﬁ\ %gl%}hg% ctlé%rélwgr n&eﬁm xture was
heat ed at SHgSOWifilteréd, iatfl coidenfrated uhddr vABT fo yléfdttﬁé d6di predic (0.
tenperature, the solid was filtered off, washed with water (20 nb) and dried

in a vacuun®ifeh BEMEME 3MMedIDBa(E42 migl ve the title conpound (2.47 g,
43.3% . El-MB xn/z 428(W Rt (1.90 min) 1H NVR (DVBO-d6) 8 7.56 (d, 4H,
J=1.2), 7.28 (m 1 305.95 (s, 1), 4.50 (s, 21-1), 3 81 (d, 2H 3=4.0), 3. 48
(t, 6H, 153274- ; e, 2 3Lb RN A Hi32Q05/ 014386 2. 01
(t, 611, J= ement al ana ysSI'sS CZ 1 cal cul at ed,

68. 50, 6. 7%@&1&6&&&1&%&68 2.73. The fol | owi ng exanpl es in

met hod A FOBGHAEEPREALNG Rt fuliily BRKSRMe B, TrlbbBiclor2 2 okt e ™! © B4

yl[bis(3-fluorophenyl))Jmethanol (0.0515 g, 0.156 mmol) and 3-bromopropyl phenyl
ether (0.0370 mL, 0.234 mmol) in 2 CH;CN / 3 CHCIL, (4.0 mL) were reacted to give

20  the desired product (0.0381 g, 44.8%). EI-MS m/z 464(M") Rt (2.01 min).

Example 59: Preparation of 4-[bis(3-fluorophenyl)(hydroxy)methyl}-1-{2-
[(phenylmethyl)oxylethyl}-1-azoniabicyclo[2.2.2]octane bromide,

25  Following the general procedure outlined in Example 3, 1-azabicyclo[2.2.2]oct-4-
yi[bis(3-fiuorophenyl)jmethanol (0.0507 g, 0.154 mmol) and 2-bromoethyl
phenylmethy! ether (0.0365 mL, 0.230 mmol) in 2 CH;CN /3 CHCIL, (4.0 mL) were
reacted to give the desired product (0.0362 g, 43.2%). EI-MS m/z 464(M") Rt (2.02
min).
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Example 60: Preparation of 4-{hydroxy[bis(3-methylphenyl)|methyl}-1-[3-
(phenyloxy)propyl]-1-azeniabicyelo[2.2.2]octane bromide.

1-gzabicyclo[2.2.2Joct-4-yI[bis(3-methylphenyl) Imethanol
A solution of 3-methylphenylmagnesiumbromide (1.0 M in THF, 3.3 mL, 3.3 mmol)

was chilled down to 0 ©°C under Ar. Ethyl 1-azabicyclo[2.2.2]octane-4-carboxylate
(0.1484 g, 0.810 mmol) in THF (4 mL) was slowly added to the reaction mixture at 0

OC over 20 min. The reaction was allowed to warm up to room temperature and then

heated at 60 OC for 16 h. The reaction was chilled in an ice bath, quenched with
saturated NH4Cl, and concentrated under vacuum. The resulting residue was treated
with H,O and extracted with EtOAc. The combined organic layers were dried with
MgSQ,, filtered, and concentrated under vacuum to yield the desired product (0.1806 g,
69.4%). EI-MS m/z 322(M+H") Rt (1.54 min).

4-thydroxy{bis[3-(methvioxy)phenyl] lmethyl)-1-[3-(phenyloxy)propyl]-1-
azonigbicyclo[2.2.2]octane bromide

Following the general procedure outlined in Example 3, 1-azabicyclof2.2.2]oct-4-
yl[bis(3-methylphenyl)]methano! (0.0487 g, 0.151 mmol) and 3-bromopropyl phenyl
ether (0.0358 mL, 0.227 mumol) in 2 CH;CN / 3 CHCI, (4.0 mL) were reacted to give

the desired product (0.0284 g, 34.9%). EI-MS m/z 456(M") Rt (2.14 min).

Example 61: Preparafion of 4-{hydroxy[bis(3-methylphenyl)]methyl}-1-{2-
[(phenylmethyl)oxy]ethyl}-1-azoniabicyclo][2.2.2]octane bromide.

Following the general procedure outlined in Example 4, 1-azabicyclo{2.2.2]oct-4-
yl[bis(3-methylphenyl)methanol (0.0496 g, 0.154 mmol) and 2-bromoethyl
phenylmethyl ether (0.0364 mL, 0.230 mmol) in 2 CH3CN/ 3 CHCI, (4.0 mL) were

reacted to give the desired product (0.0091 g, 11.0%). EI-MS m/z 456(M™) Rt (2.20

min).
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Example 62: Preparation of 4-{hydroxy[bis(4-methylphenyl)jmethyl}-1-[3-
(phenyloxy)propyl]-1-azoniabicyclo[2.2.2]octane bromide.

1-azabicyclof2. 2. 2] oct-4-yl[bis(4-methylphenyl) Imethano!
A solution of 4-methylphenylmagnesiumbromide (1.0 M in THF, 3.3 mL, 3.3 mmol)

was chilled down to 0 ©C under Ar. Ethyl 1-azabicyclo{2.2.2]octane-4-carboxylate
(0.1509 g, 0.823 mmol) in THF (4 mL) was slowly added to the reaction mixture at 0
OC over 20 min. The reaction was allowed to warm up to room temperature and then
heated at 60 OC for 16 h. The reaction was chilled in an ice bath, quenched with
saturated NH4Cl, and concentrated under vacuum. The resulting residue was treated
with H,O and extracted with EtOAc. The combined organic layers were dried with
MgS0;, filtered, and concentrated under vacuum to yield the desired product (0.2291 g,
86.6%). EI-MS m/z 322(M+H") Rt (1.57 min).

4-(hydroxy{bis[3-(methyloxy)phenyl] }methyl)-1-{3-(phenyloxy)propyl]-1-
azoniabicyclo[2.2. 2]octane bromide

Following the general procedure outlined in Example 3, 1-azabicyclo[2.2.2}oct-4-
yl[bis(4-methylphenyl)Jmethanol (0.0618 g, 0.192 mmol) and 3-bromopropyl phenyl
ether (0.0454 mL, 0.288 mmol) in 2 CH3CN / 3 CHCI, (4.0 mL) were reacted to give

the desited product (0.0427 g, 41.5%). EI-MS m/z 456(M*) Rt (1.99 min).

Example 63: Preparation of 4-{hydroxy[bis(4-methylphenyl)jmethyl}-1-{2-
[(phenylmethyl)oxylethyl}-1-azoniabicyclo]2.2.2]octane bromide.

Following the general procedure outlined in Example 3, 1-azabicyclo[2.2.2]oct-4-
yi[bis(4-methylphenyl)methanol (0.0525 g, 0.163 mmol) and 2-bromoethyl
phenylmethyl ether (0.0387 mL, 0.245 mmol) in 2 CH;CN /3 CHCl, (4.0 mL) were

reacted to give the desired product (0.0465 g, 53.1%). EI-MS m/z 456(M") Rt (2.09

min).
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Example 64: Preparation of 4-[hydroxy(di-2-naphthalenyl)methyl]-1-[3-
(phenyloxy)propyl]-1-azoniabicyclo[2.2.2]octane bromide.

I-azabicyclo[2.2. 2]oct-4-yl(di-2-naphthalenyl)methanol
A solution of (2-naphthalenyl}magnesiumbromide (0.5 M in THF, 6.5 mL, 3.25 mmol)

was chilled down to 0 °C under Ar. Ethyl 1-azabicyclo[2.2.2]octane-4-carboxylate
(0.1597 g, 0.871 mmol) in THF (4 mL) was slowly added to the reaction mixture at 0

OC over 20 min. The reaction was allowed to warm up to room temperature and then

heated at 60 OC for 16 h. The reaction was chilled in an ice bath, quenched with
saturated NH4Cl, and concentrated under vacuum. The resulting residue was treated
with H,0 and extracted with EtOAc. The combined organic layers were dried with
MgS0q, filtered, and concentrated under vacuum to yield the desired product (0.265 g,
77.3%). EI-MS m/z 394(M+H") Rt (1.90 min).

4-(hydroxy{bis[3-(methyloxy)phenyl] imethyl)-1-3-(phenyloxy}propyl]-1-

azoniabicyclof2.2.2]octane bromide

Following the general procedure outlined in Example 3, 1-azabicyclo[2.2.2]oct-4-
y1(di-2-naphthalenyl)methanol (0.0547 g, 0.139 mmol) and 3-bromopropy! phényl
ether (0.0329 mL, 0.209 mmol) in 2 CH3CN / 3 CHCI, (4.0 mL) were reacted to give

the desired product (0.0268 g, 31.7%). EI-MS m/z 528(M") Rt (2.88 min).

Example 65: Preparation of 4-[hydroxy(di-2-naphthalenyl)methylj-1-{2-
[(phenylmethyl)oxy]ethyl}-1-azoniabicyclo[2.2.2]octane bromide.

Following the general procedure outlined in Example 3, 1-azabicyclo[2.2.2]oct-4-
yl(di-2-naphthalenyl)methanol (0.063.7 g, 0.162 romol) and 2-bromoethyl
phenylmethyl ether (0.0384 mL, 0.243 mmol) in 2 CH;CN / 3 CHCI, (4.0 mL) were

reacted to give the desired product (0.0246 g, 25.0%). EI-MS m/z 528(M") Rt (2.36

min),
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Example 66: Preparation of 1-{3-[(2-fluorophenyl)oxy]jpropyl}-4-
[hydroxy(diphenylymethyl]-1-azoniabicyclo[2.2.2]octane bromide.

3-bromopropyl 2-fluorophenyl ether

To a solution of 2-fluorophenol (0.040 mL, 0.448 mmol) in acetonitrile (4 mL) was
added 1,3-dibromopropane (0.450 mL, 4.43 mmol) followed by Cs,CO; (0.232 g, 0.713
mmol). The reaction mixture was stirred for 24h and then concentrated under vacuum.
The resulting residue was treated with H,O (4 mL) and extracted with DCM (8 mL).

The organic layer was dried through a phase separator and concentrated under vacuunt.
The residue was taken up in DMSOQ and purified by preparatory HPLC (without TFA)
to give the title compound (0.0274 g, 26.2%). EI-MS Rt (2.24 min).

1-{3-[(2-fluorophenyl)oxy]propvi}-4-[hydroxy(diphenyljmethyl]-1-

azoniabicyclof2.2. 2]octane bromide

Following the general procedure outlined in Example 3, 1-azabicyclof2.2.2]oct-4-
yl(diphenyl)methanol {0.0282 g, 0.0960 mmol) and 3-bromopropy] 2-fluorophenyl
ether (0.0274 g, 0.118 mmol) in 2 CH3;CN / 3 CHCI, (4.0 mL) were reacted to give the

desired product (0.0345 g, 68.3%). EI-MS m/z 446(M") Rt (1.96 min).

Example 67: Preparation of 1-{3-[(3-fluorophenyl)oxy]propyl}-4-
[hydroxy(diphenyl)methyl]-1-azoniabicyclo[2.2.2]octane bromide.

3-bromopropyl 3-fluorophenyl ether

To a solution of 3-fluorophenol (0.040 mL, 0.448 mmol) in acetonitrile (4 mL) was
added 1,3-dibromopropane (0.450 mL, 4.43 mmol) followed by Cs2CO;3 (0.246 g, 0.756
mmol). The reaction mixture was stirred for 24 h and then concentrated under vacuum.
The resulting residue was treated with H,O (4 mL) and extracted with DCM (8 mL).
The organic layer was dried through a phase separator and concentrated under vacuum,
The residue was taken up in DMSO and purified by preparatory HPLC (without TFA)
to give the title compound (0.0137 g, 13.2%). EI-MS Rt (2.28 min).
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1-£3-1(3-fluorophenyl)oxylpropyl}-4-hydroxy(diphenyl)methyl]-1-

azoniabicyclof2.2.2]octane bromide

Following the general procedure outlined in Example 3, 1-azabicyclo[2.2.2]oct-4-
yl(diphenyl)methanol (0.0137 g, 0.0467 mmol) and 3-bromopropyl 3-fluorophenyl
ether (0.0137 g, 0.0588 mmol) in 2 CH;CN / 3 CHCl, (4.0 mL) were reacted to give the

desired product (0.0130 g, 53.1%). EI-MS m/z 446(M") Rt (2.03 min).

Example 68: Preparation of 1-{3-[(4-fluorophenyl)oxy]propyl}-4-
[hydroxy(diphenyl)methyl]-1-azoniabicyclo[2.2.2]octane bromide.

3-bromopropyl 4-fluorophenyl ether

To a solution of 4-fluorophenol (0.0567 g, 0.506 mmol) in acetonitrile (4 mL) was
added 1,3-dibromopropane (0.520 mL, 5.12 mmol) followed by Cs,CO; (0.252 g, 0.774
mmol). The reaction mixture was stirred for 24 h and then concentrated under vacuum.
The resulting residue was treated with H,O (4 mL) and extracted with DCM (8 mL).
The organic layer was dried through a phase separator and concentrated under vacuum.
The residue was taken up in DMSO and purified by preparatory HPLC (without TFA)
to give the title compound (0.0173 g, 14.7%). EI-MS Rt (2.25 min).

1-{3-(4-fluorophenyl)oxy]propyl}-4-[hydroxy(diphenyl)methyi]-1-

azoniabicyclo[2.2.2]octane bromide

Following the general procedure outlined in Example 3, 1-azabicyclof2.2.2]oct-4-
yl(diphenyl)methanol (0.0182 g, 0.0621 mmol) and 3-bromopropyl 4-fluorophenyl
ether (0.0173 g, 0.0742 mmol) in 2 CH;CN / 3 CHC, (4.0 mL) were reacted to give the

desired product (0.0143 g, 43.7%). EI-MS m/z 446(M") Rt (1.96 min).

Example 69: Preparation of 1-[3-(3-biphenylyloxy)propyl]-4-
[bydrexy(diphenyl)methyl]-1-azoniabicyclo{2.2.2]}octane bromide.

3-biphenylyl 3-bromopropyl ether
To a solution of 3-biphenylol (0.0574 g, 0.337 mmol) in acetonitrile (4 mL) was added
1,3~-dibromopropane (0.340 mL, 3.35 mmol) followed by Cs;COj3 (0.172 g, 0.529
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mmol). The reaction mixture was stirred for 24 h and then concentrated under vacuum.

The resulting residue was freated with H,O (4 mL) and extracted with DCM (8 mL).

The organic layer was dried through a phase separator and concentrated under vacuum.

The residue was taken up in DMSO and purified by preparatory HPLC (without TFA)
5  to give the title compound (0.0568 g, 57.8%). EI-MS Rt (2.59 min).

1-[3-(3-biphenylyloxy)propyl]-4-[hydroxy(diphenyl)methyl]-1-
azoniabicyclof2. 2, 2]octane bromide
Following the general procedure outlined in Example 3, 1-azabicyclo[2.2.2]oct-4-

10 yl(diphenyl)methanol (0.0433 g, 0.148 mmol) and 3-biphenylyl 3-bromopropyl ether
(0.0568 g, 0.196 mmol) in 2 CH;CN / 3 CHCI, (4.0 mL) were reacted to give the

( desired product (0.0610 g, 70.6%). EI-MS m/z 504(M") Rt (2.37 min).

Example 70: Preparation of 1-[3-(4-biphenylyloxy)propyl]-4-
15  [hydrexy(diphenyl)methyl]-1-azoniabicyclo[2.2.2]Joctane bromide.

4-biphenylyl 3-bromopropyl ether
To a solution of 4-biphenylol (0.0514 g, 0.302 mmol) in acetonitrile (4 mL) was added
1,3-dibromopropane (0.310 mL, 3.05 mmol) followed by Cs;CO3 (0.154 g, 0.472

20 mmol). The reaction mixture was stirred for 24h and then concentrated under vacuum.
The resulting residue was treated with H,O (4 mL) and extracted with DCM (8 mL).
The organic layer was dried through a phase separator and concentrated under vacuum,
The residue was taken up in DMSO and purified by preparatory HPLC (without TFA)
to give the title compound (0.0562 g, 64.0%). EI-MS Rt (2.62 min).

-

25
1-13-(4-biphenylvioxy)propyvl]-4-hyvdroxy(divhenvl)methyl]-1-

azoniagbicyclo[2.2.2]octane bromide

Following the general procedure outlined in Example 3, 1-azabicyclo{2.2.2}oct-4-
yl(diphenyl)methanol (0.0437 g, 0.144 mmol) and 4-biphenylyl 3-bromopropyl ether
30 (0.0562 g, 0.194 mmol) in 2 CH;CN/ 3 CHCI, (4.0 mL) were reacted to give the

desired product (0.0655 g, 75.2%). EI-MS m/z 504(M*) Rt (2.24 min).
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Example 71: Preparation of 4-[hydroxy(diphenyl)methyl]-1-{3-[(3-
nitrophenyl)oxy]propyl}-1-azoniabicyclo[2.2.2]octane bromide.

3-bromopropyl 3-nitrophenyl ether

To a solution of 3-nitrophenol (0.0689 g, 0.495 mmol) in acetonitrile (4 mL) was added
1,3-dibromopropane (0.500 mL, 3.05 mmol) followed by Cs;CO; (0.244 g, 0.748
mmol). The reaction mixture was stirred for 24h and then concentrated under vacuumn.
The resulting residue was treated with HyO (4 mL) and extracted with DCM (8 mL).
The organic layer was dried through a phase separator and concentrated under vacuum.
The residue was taken up in DMSO and purified by preparatory HPLC (without TFA)
to give the title compound (0.0730 g, 56.6%). EI-MS Rt (2.20 min).

4-Thvdroxy(divhenyl)methyl]-1-{3-[{3-nitrophenyl)oxy]propyl}-1-

azoniabicyclo[2. 2. 2]octane bromide

Following the general procedure outlined in Example 3, 1-azabicyclo{2.2.2]Joct-4-
yl(diphenyl)methanol (0.0608 g, 0.207 mmol) and 3-bromopropy! 3-nitrophenyl ether
(0.0730 g, 0.281 mmol) in 2 CH3CN / 3 CHCI, (4.0 mL) were reacted to give the

desired product (0.0942 g, 82.2%). EI-MS m/z 474(M") Rt (2.04 min).

Example 72: Preparation of 4-[hydroxy(diphenyl)methyl}-1-{3-[(2-
methylphenyl)oxy]propyl}-1-azoniabicyclo[2.2.2]octane bromide.

3-bromopropyl 2-methylphenyl ether

To a solution of 2-methylphenol (0.0954 g, 0.924 mmol) in acetonitrile (4 mL) was
added 1,3-dibromopropane (1.00 mL, 9.85 mmol) followed by Cs,CO; (0.469 g, 1.44
mmol). The reaction mixture was stirred for 24h and then concentrated under vacuum.
The resulting residue was treated with H,O (4 mL) and extracted with DCM (8 mL).
The organic layer was dried through a phase separator and concentrated vnder vacuum,
The residue was taken up in DMSO and purified by preparatory HPLC (without TFA)
to give the title compound (0.0934 g, 44.1%). EI-MS Rt (2.45 min).
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4-fhyvdroxy(dipheryl)methyl]-1-{3-1(2-methylphenyloxy]propyi}-1-

azoniabicvclof2.2.2]octane bromide

Following the general procedure outlined in Example 3, 1-azabicyclo[2.2.2]oct-4-
yl(diphenyl)methanol (0.0447 g, 0.152 mmol) and 3-bromopropyl 2-methylphenyl
ether (0.0934 g, 0.407 mmol) in 2 CH3;CN / 3 CHCI, (4.0 mL) were reacted to give the

desired product (0.0586 g, 76.5%). EI-MS m/z 442(M*) Rt (2.17 min).

Example 73: Preparation of 1-(3-{[3-(diethylamino)phenyl]oxy}propyl)-4-
[hydroxy(diphenyl)methyl]-1-azoniabicyclo[2.2.2]Joctane bromide.

3-{(3-bromopropyl)oxy]-N.N-diethylaniline

To a solution of 3-(diethylamino)phenol (0.0104 g, 0.631 mmol) in acetonitrile (4 mL)
was added 1,3-dibromopropane (0.640 mL, 6.30 mmol) followed by Cs,CO5 (0.313 g,
0.961 mmol). The reaction mixture was stirred for 24h and then concentrated under
vacuum. The resulting residue was treated with H,O (4 mlL) and extracted with DCM

(8 mL}). The organic layer was dried through a phase separator and concentrated under
vacuum. The residue was taken up in DMSO and purified by preparatory HPLC
(without TFA) to give the title compound (0.0314 g, 17.4%). EI-MS m/z 286(M-+H")
Rt (1.59 min).

1-(3-{[3-(diethylamino)phenylJoxy}propvi)-4-{hydroxy(diphenyl)methyl]-1-
azoniabicyelof2.2.2]octane bromide

Following the general procedure outlined in Example 3, 1-azabicyclo[2.2.2]oct-4-
yl(diphenyl)methanol (0.0257 g, 0.0876 mmol) and 3-[(3-bromopropyl)oxy]-N,N-
diethylaniline (0.0314 g, 0.110 mmol) in 2 CH3CN / 3 CHCL, (4.0 mL) were reacted to

give the desired product (0.032.0 g, 63.0%). EI-MS m/z 500(M™) Rt (1.58 min).
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Example 74: Preparation of 1-{3-[(4-cyanophenyl)oxylpropyl}-4-
[hydroxy(diphenyl)methyl]-1-azoniabicyclo[2.2.2]Joctane bromide.

4-[(3-bromopropyl)oxy]benzonitrile

To a solution of 4-hydroxybenzonitrile (0.109 g, 0.913 mmol) in acetonitrile (4 mL)
was added 1,3-dibromopropane (0.930 mL, 9.16 mmol) followed by Cs;COs (0.439 g,
1.35 mmol). The reaction mixture was stirred for 24h and then concentrated under

vacuum. The resulting residue was treated with H;O (4 mL) and extracted with DCM

(8 mL). The organic layer was dried through a phase separator and concentrated under
vacuum. The residue was taken up in DMSO and purified by preparatory HPLC
(without TFA) to give the title compound (0.156 g, 71.4%). EI-MS Rt (2.10 min).

1-{3-[(4-cyanophenyl)oxy]propyl}-4-{hydroxy(diphenyl)methyl]-1-
azoniabicyclof2.2. 2Joctane bromide

Following the generz}l procedure outlined in Example 3, 1-azabicyclo[2.2.2]oct-4-
yl(diphenyl)methanol (0.0520 g, 0.177 mmol) and 4-[(3-bromopropyl)oxy]benzonitrile
(0.156 g, 0.652 mmol) in 2 CH3CN / 3 CHCL, (4.0 mL) were reacted to give the desired

product (0.0726 g, 76.8%). EI-MS m/z 453(M") Rt (1.86 min).

Example 75: Preparation of 4-[hydroxy(diphenyl)methyl}-1-[2-({[3-
(methyloxy)phenyl]methyl}oxy)ethyl]-1-azoniabicyclo{2.2.2]octane bromide.

2-({[3-(methyloxy)phenyl Jmethyl}oxy)ethanol

Ethylene glycol (0.084 mL, 1.5 mmol) was added to NaH (38 mg, 1.52 mmol, 95% in
oil) in THF (3 mL) (caution: exotherm). m-Methoxybenzyl chloride (0.21 mL, 1.5
mmol) was added to the reaction, and the residual m-methoxybenzyl chloride was
transferred to the reaction tube with additional THF (1 mL). (Bu)}sNI (55 mg, 0.15
mmol) was then added, and the reaction was heated at 60 °C for 18 h and then cooled to
room temperature for 4 h. H,0 (2 mL) and EtOAc (2 mL) were added, and the layers
were separated via pipette. The aqueous layer was extracted with EtOAc (1 x 1 mL),

and the combined organic layers were concentrated. The crude product was purified on
a Biotage 12+M cartridge (8 g silica) eluting with 30% EtOAc/hexanes at 5 mL/min fo
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give the title compound (114 mg, 42%). The product was characterized by 1H NMR
(400 MHz) in CDCI3.

1-{[(2-bromoethyl)oxy]methyl}-3-(methyloxy)benzene

A solution of N-bromosuccinimide (272 mg, 1.53 mmol) in DCM (2.5 mL) was added
resin-bound triphenylphosphine (510 mg, 1.53 mEquiv, Fluka) in DCM (2.5 mL). The
reaction was stirred at room temperature for 10 min. A solution of 2-({[3-
{methyloxy)phenyllmethyl } oxy)ethanol (114 mg, 0.626 mmol) in DCM (1.5 mL) was
added to the reaction, and the residual alcohol was transferred with additional DCM

(1.5mL). The reaction vessel was wrapped in aluminum foil and stirred at rt for 20 h.

The reaction was filtered through a SPE cariridge (5 g silica) eluting with the following
10 mL fractions: DCM (fraction 1), 30% EtOAc/hexanes (fraction 2), and 50%
EtOAc/hexanes (fraction 3) to give the title compound (160 mg). The product was

characterized by 1H NMR (400 MHz) in CDCl3.

4-[hydroxy(diphenyl)methyl]-1-[2-({[3-(methyloxy)phenylmethyl}oxy)ethyl]-I-
azoniabicyelo[2.2.2]Joctane bromide

1-Azabicyclo[2.2.2]oct-4-yl(dipheny)methanol (30 mg, 0.102 mmol) was added to a
solution of 1-{[(2-bromoethyl)oxy]methyl}-3-(methyloxy)benzene (35 mg, 0.143
mmol) in 2 CHsCN /3 CHCI, (3 mL). The reaction was heated at 60 °C for 96 h. The

reaction was concentrated, and the crude product was washed with EtOAc (3 x 1 mL)
and then MeOH (1 x 1 mL). The product was dried under high vacuum to give the title
compound (7.7 mg, 14%). LC/MS ESI Ry 1.97 min M 458

Example 76: Preparation of 1-[2-({[4-(1,1-
dimethylethyl)phenyl]methyl}oxy)ethyl]-4-[hydroxy(diphenyl)methyl}-1-

azoniabicyclof2.2.2]octane bromide.

2-({[4-(1, 1-dimethylethylpherylImethyl}oxy)ethanol
Ethylene glycol (0.084 mL, 1.5 mmol) was added to NaH (38 mg, 1.52 mmol, 95% in
oil) in THF (3 mL). 1-(Bromomethyl)-4-(1,1-dimethylethyl}benzene (0.28 mL, 1.5
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mmol) was added to the reaction, and the residual 1-(bromomethyl)-4-(1,1-
dimethylethyl)benzene was transferred to the reaction tube with additional THF (1 mL).
(Bu)sNI (55 mg, 0.15 mmol) was then added, and the reaction was heated at 60 °C for
18 b and then rt for 4 h. H,0 (2 mL) and EtOAc (2 mL) were added, and the layers
were separated via pipette. The aqueous layer was extracted with EtOAc (1 x 1 mL),

and the combined organic layers were concentrated. The crude product was purified on

- a SPE cartridge (5 g silica) eluting with the following 10 mL fractions: 10%

EtOAc/hexanes (fractions 1,2), 30% EtOAc/hexanes (fractions 3,4), and 50%
EtOAc/hexanes (fractions 5,6) to give the title compound (312 mg, 51%). The product

was characterized by lH NMR (400 MHz) in CDCl3.

1-{{(2-bromoethyl)oxy]methyl}-4-(1, ] -dimethylethyl)benzene

A solution of N-bromosuccinimide (272 mg, 1.53 mmol) in DCM (2.5 mL) was added
to resin-bound triphenylphosphine (510 mg, 1.53 mEquiv, Fluka) in DCM (2.5 mL),
and the reaction was stirred at rt for 10 min. A solution of 2-({[4-(1,1-
dimethylethy)phenyljmethyl}oxy)ethanol (160 mg, 0.768 mmol) in DCM (1.5 mL)

was added to the reaction, and the residual alcohol was transferred with additional

DCM (1.5 mL). The reaction vial was capped, wrapped in aluminum foil, and stirred at
rt for 20 h. The reaction was filtered through a SPE cartridge (5 g silica) eluting with
the following 10 mL fractions: DCM (fraction 1), 30% EtOAc/hexanes (fraction 2),
and 50% EtOAc/hexanes (fraction 3) to give the title compound (25 mg, 12%). The

product was characterized by 1H NMR (400 MHz) in CDCls.

1-[2-({{4-(1, ] -dimethylethyl)phenylImethyl}oxy)ethyl])-4- [hydroxy(diphenyl)methyl]-1-
azoniabicyclof2. 2. 2Joctane bromide

1-Azabicyclo[2.2.2]oct-4-yl(diphenyl)methanol (30 mg, 0.102 mmol) was added to a
solution of 1-{[(2-bromoethyl)oxy]methyl}-4-(1,1-dimethylethyl)benzene (25 mg,
0.143 mmol) in 2:3 CH3;CN /CHCI; (3 mL), and the reaction was heated at 60 °C for 96

h. The reaction was concentrated, and the crude product was washed with EtOAc (3 x

1 mL). The product was dried under high vacuum to give the title compound (9 mg,
16%). LC/MS ESI Ry 2.28 min M" 484
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Example 77: Preparation of 1-(2-{[(4-fluorophenyl)methyljoxy}ethyl)-4-
[bydroxy(diphenyl)methyl]-1-azoniabicyclo[2.2.2]octane bromide

2-{{(4-fluorophenyl)methylJoxy}ethanol
Ethylene glycol (0.084 mL, 1.5 mmol) was added to NaH (38 mg, 1.52 mmol, 95% in
oil) in THF (3 mL). 1-(Bromomethyl)-4-fluorobenzene (0.19 mL, 1.5 mmol) was
added to the reaction, and the residual 1-(bromomethyl)-4-fluorobenzene was
transferred to the reaction tube with additional THF (1 mL). (Bu)sNI (55 mg, 0.15
mmol) was added, and the reaction was heated at 60 °C for 18 h and then rt for 4 h.
H,0 (2 mL) and EtOAc (2 mL) were added, and the layers were separated via pipette.
The aqueous layer was extracted with EtOAc (1 x 1 mL), and the combined organic

layers were concentrated. The crude product was purified on a SPE cartridge (5 g
silica) eluting with the following 10 mL fractions: 30% EtOAc/hexanes (fractions 1,2),
50% EtOAc/hexanes (fraction 3), and 75% EtOAc/hexanes (fraction 4) to give the title

compound (122 mg, 48%). The product was characterized by 1H NMR (400 MHz) in
CDCl3.

1-{{(2-bromoethyl)oxy]methyl}-4-fluorobenzene

A solution of N-bromosuccinimide (272 mg, 1.53 mmeol) in DCM (2.5 ml) was added
to resin-bound triphenylphosphine (510 mg, 1.53 mEquiv, Fluka) in DCM (2.5 mL),
and the reaction was stirred at rt for 10 min. A solution of 2-{{(4-
fluorophenyl)methyl]oxy}ethanol (122 mg, 0.717 mmol) in DCM (1.5 mL) was added
to the reaction, and the residual alcohol was transferred with additional DCM (1.5 mL).
The reaction vial was capped, wrapped in aluminum foil, and stirred at rt for 20 h. The
reaction was filtered through a SPE cartridge (5 g silica) eluting with the following 10
mL fractions: DCM (fraction 1), 30% EtQAc/hexanes (fraction 2), and 50%
EtOAc/hexanes (fraction 3) to give the title compound (80 mg, 48%). The product was

characterized by 1H NMR (400 MHz) in CDCl3.
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1-(2-{] (4-Aluorophenyl)methylJoxylethyl)-4-[hydroxy(diphenylmethyl]-1-
azonigbicyclof2.2.2]octane bromide

1-Azabicyclo[2.2.2]oct-4-yl(diphenyhmethanol (30 mg, 0.102 mmol) was added to a
solution of 1-{[(2-bromoethyl)oxy]methyl}-4-fluorobenzene (33 mg, 0.143 mmol) in
2:3 CH;CN/CHCI; (3 mL), and the reaction was heated at 60 °C for 96 h. The reaction
was concentrated, and the crude product was washed with EtOAc (3 x 1 mL). The

product was dried under high vacuum to give the title compound (9 mg, 16%). LC/MS
ESI Ry 1.89 min M" 446

Example 78: Preparation of 1-(2-{[(4-chlorophenyl)methyljoxy}ethyl)-4-
[hydroxy(diphenyl)methyl}-1-azoniabicyclo|2.2.2]octane bromide.

2-{[(4-chlorophenyl)methyl]oxy}ethanol

Ethylene glycol (0.084 mL, 1.5 mmol) was added to NaH (38 mg, 1.52 mmol, 95% in
oil) in THF (3 mL). 1-(Bromomethyl)-4-chlorobenzene (310 mg, 1.5 mmol) was added
to the reaction, and the residual 1-(bromomethyl)-4-chlorobenzene was transferred to
the reaction tube with additional THF (1 mL). (Bu)sNI (55 mg, 0.15 mmol} was then
added, and the reaction was heated at 60 °C for 18 h and then rt for 4 h. H>O (2 mL)
and EtOAc (2 mL) were added, and the layers were separated via pipette. The aqueous

layer was extracted with EtOAc (1 x 1 mL), and the combined organic layers were
concentrated. The crude product was purified on a SPE cartridge (S g silica) eluting
with the following 10 mL fractions: 30% EtOAc/hexanes (fractions 1,2), 50%
EtOAc/hexanes (fraction 3), and 75% EtOAc/hexanes (fract?on 4) to give the title

compound (129 mg, 46%). The product was characterized by 1H NMR (400 MHz) in
CDCl3.

1-{[{2-bromoethyl)oxy]methyl}-4-chlorobenzene

A solution of N-bromosuccinimide (272 mg, 1.53 mmol) in DCM (2.5 mL) was added

to resin-bound triphenylphosphine (510 mg, 1.53 mEquiv, Fluka) in DCM (2.5 mL),

and the reaction was stirred at rt for 10 min. A solution of 2-{[(4-

chlorophenyl)methyl]oxy}ethanol (129 mg, 0.691 mmol) in DCM (1.5 mL) was added

to the reaction, and the residual alcohol was transferred with additional DCM (1.5 mL),
55
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The reaction vial was capped, wrapped in aluminum foil, and stirred at rt for 20 h. The
reaction was filtered through a SPE cartridge (5 g silica) eluting with the following 10
mL fractions: DCM (fraction 1), 30% EtOAc/hexanes (fraction 2), and 50%
EtOAc/hexanes (fraction 3) to give the title compound (98 mg, 57%). The product was

characterized by 1H NMR (400 MHz) in CDCl3.

1-(2-{[(4-chlorophenyl)methyl]oxy}ethyl)-4-[hydroxy(diphenyl)methyl]-1-
azoniabicyclo[2.2. 2]octane bromide

1-Azabicyclo[2.2.2]oct-4-yl(diphenyl)methanol (30 mg, 0.102 mmol) was added to a
solution of 1-{{(2-bromoethyl)oxyjmethyl}-4-chlorobenzene (36 mg, 0.143 mmol) in
2:3 CH3;CN/CHCI; (3 mL), and the reaction was heated at 60 °C for 96 h. The reaction
was concentrated, and the crude product was washed with EtOAc (3 x I mL). The

product was dried under high vacuum to give the title compound (17.4 mg, 32%).
LC/MS ESI Ry 2.09 min M" 462

Example 79: Preparation of 1-(2-{[(4-bromophenyl)methyl]oxy}ethyl)-4-
[hydroxy(diphenyDmethyl]-1-azoniabicyclo[2.2.2]octane bromide.

2-{[(4-braomophenyl)methylJoxy}ethanol

Ethylene glycol (0.084 mL, 1.5 mmol) was added to NaH (38 mg, 1.52 mmol, 95% in
oil) in THF (3 mL). 1-Bromo-4-(bromomethyl)benzene (370 mg, 1.5 mmol}) was added
to the reaction, and the residual 1-bromo-4-(bromomethyl)benzene was transferred to
the reaction tube with additional THF (1 mL). (Bu)4NI (55 mg, 0.15 mmol) was then
added, and the reaction was heated at 60 °C for 18 h and then rt for 4 h. H>O (2 mL)
and EtOAc (2 mL) were added, and the layers were separated via pipette. The aqueous

layer was extracted with EtOAc (1 x 1 mL), and the combined organic layers were
concentrated. The crude product was purified on a SPE cartridge (5 g silica) eluting
with the following 10 mL fractions: 30% EtOAc/hexanes (fractions 1,2), 50%
EtOAc/hexanes (fraction 3), and 75% EtOAc/hexanes (fraction 4) to give the title

compound (139 mg, 40%). The product was characterized by 1H NMR (400 MHz) in
CDCl3.
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1-bromo-4-{[(2-bromoethyl)oxy]methyl}benzene

A solution of N-bromosuccinimide (272 mg, 1.53 mmol) in DCM (2.5 mL) was added
to resin-bound triphenylphosphine (510 mg, 1.53 mEquiv, Fluka) in DCM (2.5 mL),
and the reaction was stirred at rt for 10 min. A solution of 2-{[(4-
bromophenyl)methyljoxy}ethanol (139 mg, 0.601 mmol) in DCM (1.5 mL) was added
to the reaction, and the residual alcohol was transferred with additional DCM (1.5 mL).
The reaction vial was capped, wrapped in aluminum foil, and stirred at 1t for 20 h. The
reaction was filtered through a SPE cartridge (5 g silica) eluting with the following 10
mL fractions: DCM (fraction 1), 30% EtOAc/hexanes (fraction 2), and 50%
EtOAc/hexanes (fraction 3) to give the title compound (87 mg, 49%). The préduct was

characterized by 1H NMR (400 MHz) in CDCl3.

1-(2-{[(4-bromophenyl)methyl]oxy}ethyl)-4-[hydroxy(diphenyl)methyl]-1-
azoniabicyclof2.2. 2]octane bromide

1-Azabicyclo[2.2.2]oct-4-yl(diphenyl)methanol (30 mg, 0.102 mmol) was added to a
solution of 1-bromo-4-{[(2-bromoethyl)oxy]jmethyl}benzene (42 mg, 0.143 mmol) in
2:3 CH3CN/CHCI; (3 mL), and the reaction was heated at 60 °C for 96 h.. The reaction
was concentrated, and the crude product was washed with EtOAc (3 x 1 mL). The

product was dried under high vacuum to give the title compound (19.4 mg, 32%).
LC/MS ESI Ry 2.07 min M* 506

Example 80: Preparation of 1-(2-{[(4-cyanophenyl)methyljoxy}ethyl)-4-
[hydroxy(diphenyl)methyl]-1-azoniabicyclo[2.2.2]octane broemide.

4-{{(2-hydroxyethyl)oxy]methyl}benzonitrile

Ethylene glycol (0.084 mL, 1.5 mmol) was added to NaH (38 mg, 1.52 mmol, 95% in
oil) in THF (3 mL). 4-(Bromomethyl)benzonitrile (290 mg, 1.5 mmol) was added to
the reaction, and the residual 4-(bromomethyl)benzonitrile was transferred to the
reaction tube with additional THF (1 mL). (Bu)sNI (55 mg, 0.15 mmol) was then
added, and the reaction was heated at 60 °C for 18 h and then rt for 4 h. HO (2 mL)
and EtOAc (2 mL) were added, and the layers were separated via pipette. The aqueous

layer was extracted with EtOAc (1 x 1 mL), and the combined organic layers were
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concentrated. The crude product was purified on a SPE cartridge (5 g silica) eluting
with the following 10 mL fractions: 10% EtOAc/hexanes (fractions 1,2), 30%
EtOAc/hexanes (fractions 3,4), 50% EtOAc/hexanes (fractions 5-7), and 75%
EtOAc/hexanes (fraction 8) to give the title compound (95 mg, 36%). The product was

characterized by 1H NMR (400 MHz) in CDCl3.

4-{[(2-bromoethyl)oxy [methyl}benzonitrile

A solution of N-bromosuccinimide (272 mg, 1.53 mmol) in DCM (2.5 mL) was added
to resin-bound triphenylphosphine (510 mg, 1.53 mEquiv, Fluka) in DCM (2.5 mL),
and the reaction was stirred at rt for 10 min, A solution of 4-{[(2-
hydroxyethyl)oxylmethyl }benzonitrile (95 mg, 0.536 mmol) in DCM (1.5 mL) was
added to the reaction, and the residual alcohol was transferred with additional DCM
(1.5mL). The reaction vial was capped, wrapped in aluminum foil, and stirred at 1t for
20 h. The reaction was filtered through a SPE cartridge (5 g silica) eluting with the
following 10 mL fractions: DCM (fraction 1), 30% EtOAc/hexanes (fraction 2), and
50% EtOAc/hexanes (fraction 3) to give the title compound (60 mg, 47%). The

product was characterized by 1H NMR (400 MHz) in CDCI3.

1-(2-{[(4-cyanophenyl)methylJoxylethyl)-4-[hydroxy(diphenyl)methyl]-1-
azoniabicyclof2.2.2]octane bromide

1-Azabicyclo[2.2.2]oct-4-yl(diphenyl)methanol (30 mg, 0.102 mmol) was added to a
solution of 4-{[(2-bromoethyl)oxy]methyl}benzonitrile (34 mg, 0.143 mmol) in 2:3
CH;CN/CHC; (3 mL), and the reaction was heated at 60 °C for 96 h. The reaction was
concentrated, and the crude product was washed with EtOAc (3 x 1 mL). The product
was dried under high vacuum to give the title compound (40 mg, 74%). LC/MS ESI Ry
1.82 min M" 453

Example 81: Preparation of 4-[hydroxy(dipheny)methyl]-1-{2-[(2-
naphthalenylmethyl)oxylethyl}-1-azoniabicyclo[2.2.2)octane bromide.

2-[(2-naphthalenyimethyl)oxy]ethanol
Ethylene glycol (0.084 mL, 1.5 mmol) was added to NaH (38 mg, 1.52 mmol, 95% in

oil) in THF (3 mL). 2-(Bromomethyl)naphthalene (330 mg, 1.5 mmol) was added to
58
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the reaction, and the residual 2-(bromomethyl)naphthalene was transferred fo the
reaction tube with additional THF (1 mL). (Bu)4NI (55 mg, 0.15 mmol) was then
added, and the reaction was heated at 60 °C for 18 h and then rt for 4 h. H;O (2 mL)
and EtOAc (2 mL) were added, and the layers were separated via pipette. The aqueous
layer was extracted with EtOAc (1 x 1 mL), and the combined organic layers were
concentrated. The crude product was purified on a SPE cartridge (5 g silica) eluting
with the following 10 mL fractions: 30% EtOAc/hexanes (fractions 1,2), 50%
EtOAc/hexanes (fraction 3), and 75% EtOAc/hexanes (fraction 4) to give the title

compound (101 mg, 33%). The product was characterized by 1H NMR (400 MHz) in
CDCl3.

2-{[(2-bromoethyl)oxy]methyl}naphthalene

A solution of N-bromosuccinimide (272 mg, 1.53 mmol) in DCM (2.5 mL) was added
to resin-bound triphenylphosphine (510 mg, 1.53 mEquiv, Fluka) in DCM (2.5 mL),
and the reaction was stirred at rt for 10 min. A solution 2-[(2-
naphthalenylmethyl)oxyJethanol (101 mg, 0.499 mmol) in DCM (1.5 mL) was added to
the reaction, and the residual alcohol was transferred with additional DCM (1.5 mL).
The reaction vial was capped, wrapped in aluminum foil, and stirred at rt for 20 h. The
reaction was filtered through a SPE cartridge (5 g silica) eluting with the following 10
mL fractions: DCM (fraction 1), 30% EtOAc/hexanes (fraction 2), and 50%
EtOAc/hexanes (fraction 3) to give the title compound (57 mg, 43%). The product was

characterized by 1H NMR (400 MHz) in CDCl3.

4-[hydroxy(diphenyl)methyl]-1-{2-[(2-naphthalenyimethyl)oxy]ethyl}-1-
azoniabicycle[2. 2. 2]octane bromide

1-Azabicyclo[2.2.2]oct-4-yl(diphenyl)methanol (30 mg, 0.102 mmol) was added to a
solution of 2-{{(2-bromoethyl)oxy]methyl}naphthalene (38 mg, 0.143 mmol) in 2:3
CH3CN/CHCI; (3 mL), and the reaction was heated at 60 °C for 96 h. The reaction was
concentrated, and the crude product was washed with EtOAc (3 x 1 mL). The product
was dried under high vacuum to give the title compound (48.1 mg, 84%). LC/MS ESI
Ry 2.04 min M" 478
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Example 82: Preparation of 1-(2-{[(3-fluorophenyl)methyljoxy}ethyl)-4-
[hydroxy(diphenyl)methyl}-1-azoniabicyclo[2.2.2]octane bromide.

2-{[(3-fluorophenyl)methyl]oxylethanol

Ethylene giycol (0.1 mL, 1.79 mmol) was added to NaH (46 mg, 1.81 mmol, 95% in
oil) in THF (5 mL). 1-(Bromomethyl)-3-fluorobenzene (0.22 mL, 1.79 mmol) was
added to the reaction, and the reaction was heated at 60 °C for 5 days. H,0O (2 mL)and
EtOAc (2 mL) were added, and the layers were separated via pipette. The aqueous

layer was extracted with EtOAc (3 x 1 mL), and the combined organic layers were
washed with saturated NaCl (1 x 2 mL), dried (NapSO4), and concentrated. The crude

product was purified on a SPE cartridge (5 g silica) eluting with the following 10 mL
fractions: 30% EtOAc/hexanes (fractions 1,2), 50% EtOAc/hexanes (fraction 3), and
75% EtOAc/hexanes (fraction 4) to give the title compound (76.2 mg, 25%). The

product was characterized by 1H NMR (400 MHz) in CDCl5.

1-{[(2-bromoethyloxy]methyl}-3-fluorobenzene

N-bromosuccinimide (146 mg, 0.820 mmol) was added to resin-bound
triphenylphosphine (274 mg, 0.822 mEquiv, Fluka) and 2-{[(3-
fluorophenyl)methyljoxy}ethanol (70 mg, 0.411 mmol) in DCM (4 mL). The reaction
vial was sealed with a Teflon-lined cap, wrapped in aluminum foil, and shaken at rt for
17 h. The reaction was filtered through a SPE cartridge (5 g silica) eluting with the
following 10 mL fractions: DCM (fraction 1), 30% EtOAc/hexanes (fraction 2), and
50% EtOAc/hexanes (fraction 3) to give the title compound (75 mg, 78%). The

product was characterized by IH NMR (400 MHz) in CDCl3.

1-2-{[(3-fluorophenyl)methylJoxy}ethyl)-4-[hydroxy(diphenyl)methyl]-1-
azoniabicyclof2.2.2]octane bromide

1-Azabicyclo[2.2.2]oct-4-yl(diphenyl)methanol (94 mg, 0.321 mmol) was added to a
solution of 1-{[(2-bromoethyl)oxy]methyl}-3-fluorobenzene (75 mg, 0.321 mmol) in
2:3 CH3CN/CHCI; (4 mL), and the reaction was heated at 60 °C for 3 days. The

reaction was concentrated under reduced pressure, and the crude product was washed
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with EtOAc (3 x 2 mL). The product was dried under high vacuum to give the fitle
compound (50 mg, 30%). LC/MS ESI Rt 1.95 min M" 446

Example 83: Preparation of 4-[hydroxy(diphenyl)methyl]-1-{2-[(1-methyl-1-
phenylethyl)oxy]ethyl}-1-azoniabicyclo[2.2.2]octane bromide.

2-[(1-methyl-1-phenylethyl)oxy]ethanol

A catalytic amount of either p-toluene sulfonic acid® HyO or Bio-Rad SCX resin
(analytical grade, 5.1 meq/g, AG 50W-X8) was added to O-methylstyrene (0.5 mL,
3.85 mmol) and ethylene glycol (0.21 mL, 3.85 mmol), and the reaction was stirred at rt
for 5 days. The reaction mixture was loaded directly onto a SPE cartridge (10 g silica)
and eluted with the following 10 mL fractions: 10% EtOAc/hexanes (fractions 1,2),
30% EtOAc/hexanes (fractions 3,4), and 50% EtOAc/hexanes (fractions 5,6) to give the
title compound (30.5 mg, 4%) for both conditions. The product was characterized by

TH NMR (400 MHz) in CDCl3.

{1-[(2-bromoethyl)oxy]-1-methylethyl}benzene

N-bromosuccinimide (119 mg, 0.666 mmol) was added to resin-bound
triphenylphosphine (222 mg, 0.666 mEquiv, Fluka) and 2-[(1-methyl-1-
phenylethyl)oxyJethanol (60 mg, 0.333 mmol) in DCM (4 mL). The reaction vial was
sealed with a Teflon-lined cap, wrapped in aluminum foil, and shaken at rt for 17 h.
The reaction was filtered through a SPE cartridge (5 g silica) eluting with the following
10 mL fractions: DCM (fraction 1), 30% EtOAc/hexanes (fraction 2), and 50%
EtOAc/hexanes (fraction 3) to give the title compound (34 mg, 42%). The product was

characterized by 'H NMR (400 MHz) in CDCl3.

4-{hydroxy(diphenyl)methyl]-1-{2-{(I-methyl-1-phenylethyl)oxy]ethyi}-1-
azoniabicyclo[2.2. 2] octane bromide

1-Azabicyclo[2.2.2]oct-4-yl(diphenyl)methanol (41 mg, 0.14 mmol) was added to a
solution of {1-[(2-bromoethyl)oxy]-1-methylethyl}benzene (34 mg, 0.14 mmol) in 2:3
CH3CN/CHCl; (3 mL), and the reaction was heated at 60 °C for 3 days. The reaction

was concentrated under reduced pressure, and the crude product was washed with
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~ BtOAc (3 x 1 mL). The residue was taken up in 2.5mlL of DMSO and purified by

preparatory HPLC (without TFA) to give the title compound (18 mg, 24%). LC/MS
ESI Ry 2.09 min M 456

Example 84: Preparation of 4-[hydroxy(diphenyl)methyl}-1-{2-
[(phenylmethyl)oxy]ethyl}-1-azoniabicyclof2.2.2}octane bromide.

Method A: 1-Azabicyclo[2.2.2]oct-4-yl(diphenyl)methanol (0.020 g, 0.068 mmol)
was diluted in CHCI; (1.8 mL) and dispensed directly into a 1 dram vial containing 2-
bromoethyl phenylmethyl ether (0.022 g, 0.102 mmol). CH3;CN (1.2 mL) was added;
the vial was fitted with a stirring bar and capped. The reaction was stirred and heated at
60 °C for 24 h. The contents of the vial were transferred (after removal of stirring bar)
into a polypropylene tube and concentrated under Nitrogen. The crude product was
collected on a polypropylene tube frit. Excess bromide was removed by washing the
crude product with EtOAc (5 x 2 mL) and Hexane (5 x 2 mL). The product was then
dried under vacuum to give the title compound (0.008 g, 23.8%).

Method B: To a solution of 1-azabicyclo[2.2.2]oct-4-yl(diphenyl)methanol (3.30 g,
11.2 mmol) in 2 CH;CN / 3 CHC], (200 mL) was added 2-bromoethyl phenylmethyl

ether (2.31 mL, 14.6 mmol). The solution was stirred at 60 °C for 16 h. The reaction
was cooled down to room temperature and concentrated. EtQOAc (200 mL) was added
to the solid, and the mixture was allowed to stir for 1 hour then filtered. The resulting
solid was taken up in MeOH (125 mL) and heated to 60 °C. The solution was filtered
hot, and then cooled back to room temperature. The reaction was concentrated to a low
volume of MeOH (~20 mL) and filtered. Water (75 mL) was then added and the
resulting mixture was heated at 55 °C with brisk stirring for 40 min. After cooling to
room temperature, the solid was filtered off, washed with water (20 mL) and driedina
vacuum oven at 45 °C for 16 hours to give the title compound (2.47 g, 43.3%). EI-MS

m/z 428(M*) Rt (1.90 min) 'H NMR (DMSO-dg) & 7.56 (d, 4H, J=1.2), 7.28 (m, 11H),
5.95 (s, 1H), 4.50 (s, 2H), 3.81 (d, 2H, J=4.0), 3.48 (t, 6H, J=7.2), 3.38 (d, 2H, J=4.0),

62



105 O N..-- 409 1.55 106

WO 20065/104745

420 1.90

PCT/US2005/014386

2.01 (t, 6H, J=7.2); Elemental analysis (C29H34NO3Br) C, H, N: calculated, 68.50,
6.74, 2.75; found, 68.28, 6.68, 2.73.

The following examples in Table 1 were prepared according to the procedure outlined

5 in Example 84 method A.

(
10 Table 1
Example R1 MS fM+] | R¢ (min)
85 Q_f\ 384 1.64
86 “\X 434 1.97
87 (\)\ 419 1.51
N ©
{ "\ 4
88 F Q* 468 2.02
F
F @)
89 ( 463 1.77
Br——< S;
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T T 414 1.84
\O/QX
91 F>(F 468 1.96
o
92 402 1.68
F@‘*
93 463 1.82
Br~<: >_7<
04 452 1.93
F
F
F
95 Q_X 402 1.55
F
96 F 452 1.97
F@W
F
97 O\/\)( 418 2.00
98 : 398 172
99 402 1.60
N JX
-
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100 402 1.63
F(fL
101 453 192
ci
102 416 187
E 8
103 409 1.60
“:—Q_X
104 : : > 440 307
105 /@( 409 1.55
NZ
106 : % 420 1.90
F
F
F F
108 j\ ' 525 167
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Example 112: Preparation of 1-[2-(1-benzofuran-2-yl)-2-oxoethyl]-4-

[hydroxy(diphenyl)methyl]-1-azoniabicyclo]2.2.2]octane bromide.

1-azabicyclo[2.2.2]oct-4-yl(diphenyl)methanol (0.022 g, 0.075 mmol) was diluted in

CHCl; (1.8 mL) and dispensed directly into a 1 dram vial containing 1-(1 -benzofuran-
2-yD-2-bromoethanone (0.027 g, 0.112 mmol). Added CH3CN (1.2 mL), the vial was
fitted with stirting bar and capped. The reaction was stirred and heated at 60 °C for 24

10 hand then concentrated under vacuum to give a white solid. This residue was
dissolved in DMSO and purified by preparatory HPLC (without TFA) to give the title
compound (0.022 g, 57.4%). LC/MS ESI Ry 1.98 min, M* 452

The following examples in Table 2 were prepared according to the procedure outlined

15  in Example 112.

R1—

Br

OH

U

I
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Table 2
Example R1 MS [M+] | R¢(min)
113 8\+ 437 1.96
114 0] 441 1.92
O
115 Cl 0 525 2.11
( \Q\N)\\N/\X
Cl
116 488 231
117 /\/M 482 2.46
118 0 510 1.95
( /@LN/\_}(
Cl cl
119 0 462 2.03
120 0 442 1.95
@l Ny
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Exanpl e

112: Preparation of

1-12- (1- benzof uran-2-yl) - 2- oxoet hyl] - 4-

[ hydr oxy(
1-azabic

yBloEpEH

t hyl ] - 1- azoni abi cycl o[ 2. 2. 2Joet ane

oct - 4-yl (di phenyl ) met hanol (0.022

g,

diluted in CHC13 (1 8 nL) and dispensed directly into a 1 dramvial

B35 e

cont ai ni ng} 1- (1@1bengzof uran2-y1) -@- br onoet hanone (0. 0R7 g429. 112 myy3). Added
CH3CN (1.2{nL), thetvial was\#i/tegfﬁiéPﬁg;irring baj and cappéd. The
reaction was stirregd and heateg afy“60~€ f 24 10 h hnd then concentrated
under vacupmto give a white &polid. This residue was|dissolved|in DVSO jand
purified by_preparatory HPIC (without TFA) to give the title conpound (/0.022
g, 57.4% .{LCAR8 ES| RT 1.98 mn, N 452 The fol | ow 634 exangpl d92 n |Tabl e
2 were prepared according to e prjpcedure outlined {5 in Exanple 112. | WO
2005110474B5PCT/ US2005/ 01438 ﬁkﬂqa%i RL M5 [MI-] it 113 MW
N™ ™o
(
Abbreviations
5 Ar Argon
DCM Dichloromethane
DMF Dimethylformamide
DMSO Dimethylsulfoxide
EI/BSI Electrospray ionization
10 HPLC High pressure liquid chromatography
1C Liquid chromatography
LDA Lithium Diisopropyl Amide
MS Mass spectrometry
\ NMR Nuclear magnetic resonance
15 Rt Retention time
rt room temperature
SPE Solid phase extraction
TEA Triethylamine
TFA Trifluoroacetic acid
20 THF Tetrahydrofuran

68



437 1.96

10

15

20

25

30

e ————
it 114 O

WO 2005/104745 PCT/US2005/014386

BIOLOGICAL EXAMPLES

The inhibitory effects of compounds at the M3 mAChR of the present invention

are determined by the following in vitro and in vivo functional assays:

Analysis of Inhibition of Receptor Activation by Calcium Mobilization:
Stimulation of mAChRs expressed on CHO cells were analyzed by monitoring

receptor-activated calcium mobilization as previously described (H. M.Sarau ef al,

1999. Mol. Pharmacol. 56, 657-663). CHO cells stably expressing M3 mAChRs were

plated in 96 well black wall/clear botiom plates. After 18 to 24 hours, media was
aspirated and replaced with 100 ul of load media (EMEM with Earl's salts, 0.1% RIA-
grade BSA (Sigma, St. Louis MO), and 4 pM Fluo-3-acetoxymethyl ester fluorescent
indicator dye (Fluo-3 AM, Molecular Probes, Eugene, OR) and incubated 1 hr at 37° C.
The dye-containing media was then aspirated, replaced with fresh media (without Fluo-
3 AM), and cells were incubated for 10 minutes at 37° C. Cells were then washed 3
times and incubated for 10 minutes at 37° C in 100 pl of assay buffer (0.1% gelatin
(Sigma), 120 mM NaCl, 4.6 mM KCl, 1 mM KHy POy, 25 mM NaH CO3, 1.0 mM

CaCly, 1.1 mM MgCly, 11 mM glucose, 20mM HEPES (pH 7.4)). 50 pl of compound

(1x10-11 — 1x10-5 M final in the assay) was added and the plates were incubated for 10
min. at 37° C. Plates were then placed into a fluorescent light intensity plate reader
(FLIPR, Molecular Probes) where the dye loaded cells were exposed to excitation light
(488 nm) froﬁx a 6 watt argon laser. Cells were activated by adding 50 pl of
acetylcholine (0.1-10 nM final), prepared in buffer containing 0.1% BSA, at a rate of
50 ul/sec. Calcium mobilization, monitored as change in cytosolic calcium
concentration, was measured as change in 566 nm emission intensity. The change in
emission intensity is directly related to cytosolic calcium levels. The emitted
fluorescence from all 96 wells is measured simultaneously using a cooled CCD camera.
Data points are collected every second. This data was then plotting and analyzed using
GraphPad PRISM software.
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Methacholine-induced bronchoconstriction — potency and duration of action

Airway responsiveness to methacholine was determined in awake, unrestrained
Balb C mice (n = 6 each group). Barometric plethysmography was used to measure
enhanced pause (Penh), a unitless measure that has been shown to correlate with the
changes in airway resistance that occur during bronchial challenge with
methacholine(2). Mice were pre-treated with 50 ul of compound (0.003-10 pg/mouse)
in 50 pl of vehicle (10% DMSO) intranasally (i.n.) and were then placed in the
plethysmography chamber a given amount of time following drug administration (15
min — 96 h). For potency determination, a dose response to a given drug was
performed, and all measurements were taken 15 min following i.n. drug administration.
For duration of action determination, measurements were taken anywhere from 15 min
to 96 hours following i.n. drug administration.

Once in the chamber, the mice were allowed to equilibrate for 10 min before
taking a baseline Penh measurement for 5 minutes, Mice were then challenged with an
aerosol of methacholine (10 mg/mi) for 2 minutes. Penth was recorded continuously for
7 min starting at the inception of the methacholine aerosol, and continuing for 5
minutes afterward. Data for each mouse were analyzed and plotted by using GraphPad
PRISM software. This experiment allows the determination of duration of activity of

‘the administered compound.

The present compounds are useful for freating a variety of indications, including
but not limited to respiratory-tract disorders such as chronic obstructive lung disease,
chronic bronchitis, asthma, chronic respiratory obstruction, pulmonary fibrosis,
pulmonary emphysema, and allergic rhinitis.

Muscarinic Receptor Radioligand Binding Assays

Radioligand binding studies using 0.5 nM [°H]-N-methyl scopolamine (NMS)
in a SPA format is used to assess binding of muscarinic antagonists to M;, M,, M3, My
and Ms muscarinic acetylcholine receptors. In a 96-well plate, the SPA beads are pre-
incubated mmlrecepmr-contaMg membrane for 30 min at 4 °C. Then 50 mM
HEPES and the test compound are added and incubated at room temperature (shaking)

for 2 hours. The beads are then spun down and counted using a scintillation counter.
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Evaluation of potency and duration of action in isolated guinea pig trachea
Tracheae were removed from adult male Hartely guinea pigs (Charles River,

Raleigh, NC; 400-600 grams) and placed into modified Krebs-Henseleit solution.

Composition of the solution was (mM): NaCl 113.0, KC1 4.8, CaCly 2.5, KHoPO4 1.2,

MgS04 1.2, NaHCO3 25.0 and dextrose 11.0. which was gassed with 95% O9: 5%
CO and maintained at 37°C. Each trachea was cleaned of adherent tissue and opened

lengthwise. Epithelium was removed by gently rubbing the luminal surface with a
cotton-tipped applicator. Individual strips were cut, approximately 2 cartilage rings in
width, and suspended via silk suture in 10-ml water-jacketed organ baths containing
Krebs-Henseleit solution and connected to Grass FT03C force-displacement
transducers. Mechanical responses were recorded isometrically by
MP100WS/Acknowledge data acquisition system (BIOPAC Systems, Goleta, CA,
www.biopac.com) run on Apple G4 computers. The tissues were equilibrated under a
resting tension of 1.5 g, determined to be optimal by length-tension evaluation, and
washed with Krebs-Henseleit solution every 15 minutes for one hour. After the
equilibration period pulmonary tissues were contracted with 10 uM carbachol until

reaching platean, which served as a reference contraction for data analysis. Tissues

" were then rinsed every 15 minutes over 1 hour until reaching baseline tone. The

preparations were then left for at least 30 minutes before the start of the experiment.

Concentration-response curves were obtained by a cumulative addition of
carbachol in half-log increments (Van Rossum, 1963, Arch. Int. Pharmacodyn.,
143:299), initiated at 1 nM. Each concentration was left in contact with the preparation
until the response plateaued before the addition of the subsequent carbachol
concentration. Paired tissues were exposed to mAChR antagonist compounds or
vehicle for 30 min before carbachol cumulative concentration-response curves were
generated. All data is given as mean * standard error of the mean (s.e.m.) with » being
the number of different animals.

For superfusion (duration of action) studies, the tissues were continuously
superfused with Krebs-Henseleit solution at 2 ml/min for the duration of the
experiment, Stock solutions of agonist and antagonist were infused (0,02 ml/min) via
22-guage needle inserted into the superfusion tubing. Mechanical responses were

recorded isometrically using a commercially-available data acquisition system
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(MP100WS/Acknowledge; BIOPAC Systems, Goleta, CA, www.biopac.com)
interfaced with a Macintosh G4 computer (Apple, Cupertino, CA www.apple.com).
The tissues were suspended under an optimal resting tension of 1.5 g. After a 60 min
equilibration period, the tissues were contracted with carbachol (1 uM) for the duration
of the experiment. Upon reaching a sustained contraction isoproterenol (10 uM) was
administered to maximally relax the tissue, and this change served as a reference.
Isoproterenol exposure was halted and the carbachol-induced tension allowed to
recover. Muscarinic receptor antagonists infused at a single concentration per tissue
until a sustained level of inhibition was attained. The compound was then removed
and, once again, the carbachol-induced tension was allowed to recover.

The following parameters were determined for each concentration of antagonist,
and expressed as the mean + S.E.M. for n individual animals. Inhibition of the

carbachol-induced contraction was expressed as a percent of the reference response

~ (isoproterenol) and the time required to reach one-half of this relaxation was measured

(onset of response). The tension recovery following removal of the compound was
determined as was the time required to reach one-half of the maxnnum tension
recovery (offset of response). At 60 and 180 minutes after removal of the antagonist the
remaining level of inhibition was determined and éxpressed as a percent of the
isoproterenol reference.

Antagonist concentration-response curves were obtained by plotting the
maximatl relaxation data at 0, 60 and 180-min following antagonist withdrawal.
Recovery, termed shift, was calculated from the ratio of the 0-min inhibition curve

IC50 and the concentration of compound yielding a similar tension recovery at 60 and

180 minutes.

Halftimes for onset and offset of response were plotted vs. corresponding
concentration and the data were fit with non-linear regression. These values were

extrapolated at the IC5( (determined from the inhibition concentration-response curve)
and designated Otz (time required, at the IC5( concentration, to reach half of the onset
response) and Rt50 (time required, at the IC5() concentration, to reach half of the

recovery response).
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FORMULATION-ADMINISTRATION

Accordingly, the present invention further provides a pharmaceutical
formulation comprising a compound of formula (I), or a pharmaceutically acceptable
salt, solvate, or physiologically functional derivative (e.g., salts and esters) thereof, and
a pharmaceutically acceptable carrier or excipient, and optionally one or more other
therapeutic ingredients.

Hereinafter, the term “active ingredient” means a compound of formula (I), or a
pharmaceutically acceptable salt, solvate, or physiologically functional derivative
thereof.

Compounds of formula (I) will be administered via inhalation via the mouth or
nose.

Diy powder compositions for topical delivery to the lung by inhalation may, for
example, be presented in capsules and cartridges of for example gelatine, or blisters of
for example laminated aluminium foil, for use in an inhaler or insufflator. Powder
blend formulations generally contain a powder mix for inhalation of the compound of
the invention and a suitable powder base (carrier/diluent/excipient substance) such as
mono-, di- or poly-saccharides (e.g., lactose or starch), organic or inorganic salts (e.g.,
calcium chloride, calcium phosphate or sodium chloride), polyalcohols (e.g., mannitol),
or mixtures thereof, alternatively with one or more additional materials, such additives
included in the blend formulation to improve chemical and/or physical stability or
performance of the formulation, as discussed below, or mixtures thereof. Use of
lactose is preferred. Each capsule or cartridge may generally contain between 20ug-
10mg of the compound of formula (I) optionally in combination with another
therapeutically active ingredient. Alternatively, the compound of the invention may be
presented without excipients, or may be formed into particles comprising the
compound, optionally other therapeutically active materials, and excipient materials,
such as by co-precipitation or coating.

Suitably, the medicament dispenser is of a type selected from the group
consisting of a reservoir dry powder inhaler (RDPI), a multi-dose dry powder inhaler
(MDPI), and a metered dose inhaler (MDI).
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painting and vacuum occlusion.

15 The formulation can be pre-metered (eg as in Diskus, see GB 2242134 or
Diskhaler, see GB 2178965, 2129691 and 2169265) or metered in use (eg as in
. Turbuhaler, see EP 69715). An example of a unit-dose device is Rotahaler (see GB
2064336). The Diskus inhalation device comprises an elongate strip formed from a
base sheet having a plurality of recesses spaced along its length and a lid sheet
20  hermetically but peelably sealed thereto to define a plurality of containers, each
container having therein an inhalable formulation containing a compound of formula ()
preferably combined with lactose. Preferably, the strip is sufficiently flexible to be
( " wound into aroll. The lid sheet and base sheet will preferably have leading end
portions which are not sealed to one another and at least one of the said leading end
25  portions is constructed to be attached to a winding means. Also, preferably the
hermetic seal between the base and lid sheets extends over their whole width. The lid
sheet may preferably be peeled from the base sheet in a longitudinal direction from a
first end of the said base sheet.
In one aspect, the multi-dose pack is a blister pack comprising multiple blisters
36 for containment of medicament in dry powder form. The blisters are typically arranged

in regular fashion for ease of release of medicament therefrom.
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such as a fluorocarbon or hydrogen-containing chlorofluorocarbon or mixtures thereof,

particularly hydrofluoroalkanes, e.g. dichiorodifluoromethane, trichlorofluoromethane,
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is non-respirable. When the excipient is lactose it will typically be present as milled
lactose, wherein not more than 85% of lactose particles will have a MMD of 60-90pum
and not less than 15% will have a MMD of less than 15um. Additive materials in a dry
powder blend in addition to the carrier may be either respirable, i.e., aerodynamically
30  less than 10 microns, or non-respirable, i.e., acrodynamically greater than 10 microns.
Suitable additive materials which may be employed include amino acids, such
as leucine; water soluble or water insoluble, natural or synthetic surfactants, such as
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conpound of for a,. optiona i.n.conbinatign a er
t her afg{ft i call yn%é?@éféjffgé;%%w nﬂ?"tlfbtfqﬁ'a{f‘f‘%? g’,"n\({\ﬁ?écifﬂgéﬁ g;“@@f"s% he
i nventi on ; : Nt o
particles %%ﬁﬁ% coﬁ{\rr%%%%glfs Sgegésgdr?g]{)ianéﬂ%ggﬁ*fé%e?cg’ﬁgﬁtti cfal ly active
mat eri al s, adpotiegegaiteat antimierabédls , Tayahayabe styrilised oy fdtrptidraod heatiog incamat i ng.

Suitably, the di canent d!' spenser. i s of a type selected fromthe group 30

consi sti ng BHOCAVLeURIGHILC nRierile PRy (RDPI), a nulti-dose dry powder
i nhal er (NDPI), n Libal bantai #i

2005/ 104745PCT/ &%@f@?g@%ﬁ?&%r voiar%g{ro%/@ p%%tﬁg%ﬁgia%egegrv?%g&gs it is
meant ax arhereihbbfore teeitedi@ran rppepsiate fractiomthessoif, cfithe adiive higredientopr i si ng
mul tiple (un-netered doses) of nedicanent in dry powder form and incl uding
means for metering medi canent dose fromthe reservoir to a delivery

position. The %ﬁé}ﬂ)um%e&ﬁxat{&ranﬁmhﬁnwmgﬁ &1fov? unless the context

{ requires otherwise, the word ‘comprise’, and variations such as ‘comprises’ and

=)

A0

‘comprising’, will be understood to imply the inclusion of a stated integer or step or
25 group of integers but not to the exclusion of any other integer or step or group of
integers or steps.

All publications, including but not limijted to patents and patent applications,
cited in this specification are herein incorporated by reference as if each individual
publication were specifically and individuvally indicated to be incorporated by reference

30  herein as though fully set forth.
The above description fully discloses the invention including preferred

embodiments thereof. Modifications and improvements of the embodiments
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5 nmetering cup or perforated plate, which is novable froma first position
where the cup may be filled with nedicanent fromthe reservoir to a second
position tered nedi canent dose is nade avail atient
for inhalgﬂﬁéﬁﬁhgéwgﬁlti-dose dry powder inhaler (NDPI) Pg*ﬁggﬁﬁ%gﬁmrnhaler
sui tabl e for dispensing nedicanent in dry powder form wherein the

medi canment specifioaliy diseldsethereih hrewnhimthé scoge sthedoRowmgtchdims N§Vifhmut ot her wi se
carrying) ltiple, define goses gég partﬁ t hereof) of pedjcanent. In a
preferred gﬁlﬁbe& clabosationa itrip Beliqyad thet pne skilied Bk 2t SAAnUSHEHNG Precefing al so,
for exanple I SE¥; - a i Gl Ch
medi canent egg eéll hﬁglpl)i;ﬁ @ggﬁéﬁéﬁ?}&gg??%%(gﬁ%gg% g{sné ?ﬁ%ﬁ%’g‘?ﬁlg pri ﬁ\tﬂ%gng,

pai nting anigersia e eaohstsucdras ndrdlydilisrativé aid not ddbnitittonpofehareiope efitheeg as
in Diskus, see GB 2242134 or Diskhder, see GB 2178965, 2129691 and 2169265)
or met erfed PIESERSEIVEREOTHI any WaYs plhssmeiodimends efthe gnveghion jwhich ap eaclssive

uni t - dose I i | er. 4 The Di sk.us inhal ation

devi ce conﬁﬁ%@? gxfpreﬁﬁfgﬁ«ggstcg&s rﬁ%ge %%Ir[%egsfériomsa base sheet having a
plurality of recesses spaced along its length and a |Iid sheet 20
hernmetically but peelably sealed thereto to define a plurality of

contai ners, each container having therein an inhalable formulation

contai ning a conmpound of forrmula (I) preferably conbined with | actose.
Preferably, the strip is sufficiently flexible to be wound into a roll. The
lid sheet and base sheet will preferably have | eading end portions which are
not sealed to one another and at | east one of the said | eading end 25
portions is constructed to be attached to a wi nding neans. Al so, preferably
the hernmetic seal between the base and |id sheets extends over their whole
wildth. The lid sheet may preferably be peeled fromthe base sheet in a

| ongitudinal direction froma first end of the said base sheet. I n
one aspect, the nulti-dose pack is a blister pack conprising multiple
blisters 30 for contai nnent of nedicanment in dry powder form The blisters
are typically arranged in regular fashion for ease of rel ease of nedi canent
therefrom In one aspect, the nulti-dose blister pack conprises
plural blisters arranged in generally circular fashion on a disk-form
blister pack. In another aspect, the nulti-dose blister pack is elongate in
form for exanple conprising a strip or a tape. Preferably, the nulti-dose
blister pack is defined between two nenbers 5 peel ably secured to one

anot her. US Patents Nos. 5,860,419, 5,873,360 and 5, 590, 645 descri be

medi cament packs of this general type. In this aspect, the device is usually
provided with an opening station conprising peeling neans for peeling the
menbers apart to access each nedi canent dose. Suitably, the device is
adapted for use where the peel able nenbers are el ongate sheets which define
a plurality of nmedicanent 10 contai ners spaced along the |length thereof, the
devi ce being provided with indexing neans for indexing each container in
turn. More preferably, the device is adapted for use where one of the sheets
i sga base sheet having a plurality of pockets therein, and the other of the
sheets is a |lid sheet, each pocket and the adjacent part of the |lid sheet
defining a respective one of the containers, the device conprising driving
means for 15 pulling the lid sheet and base sheet apart at the opening
station. By netered dose inhaler (MDI) it is nmeant a nedi canment

di spenser suitable for dispensing nedicanment in aerosol form wherein the
medi canment is conprised in an aerosol container suitable for containing a
propel | ant - based aerosol nedi canent formnulation. The aerosol container is
typically provided with a netering valve, for 20 exanple a slide valve, for
rel ease of the aerosol form nedi canent fornulation to the patient. The
aerosol container is generally designed to deliver a predeterm ned dose of
nmedi canent upon each actuation by neans of the valve, which can be opened
ei ther by depressing the valve while the container is held stationary or by
depressing the container while the valve is held stationary. 25Spray
conpositions for topical delivery to the lung by inhalation may for exanple
be formul ated as aqueous sol utions or suspensions or as aerosols delivered
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from pressurised packs, such as a netered dose inhaler, wth the use
of a suitable liquefied propellant. Aerosol conpositions suitable for
i nhal ati on can be either a suspension or a solution and generally
contain the conpound of formula (1) optionally 30 in conbination with
anot her tggrgpegtically active ingredient and a suitable propellant
such as a flTuorocarbon or hydrogen-containing chlorofluorocarbon or
m xtures thereof, particularly hydrofluoroal kanes, e.qg.

di chl or odif | ' r
dichlorotgtﬂgg&&ﬁg&egﬁﬁgwéﬁa%gggéﬁ%hﬁg&ggﬁgﬂ?ggp@?P¥¥fhoroethane,
1,1,1, 2, 3, 3,aoniabip{ebi2um? ocan@bpddeodfor@ulit Xt ure thereof. Carbon

di oxi de or other suitable gas may al so be used as propellant. The
aerosol conposition may be excipient free or may optionally contain
addi tional fornulation excipients well known |naH|§ art such as 5

surfactants eg oleic acid or lecithin and cosol 3\ eg et hanol .
Pressurised fornulations will generally be retal in a canister (eg
an al um nium canister) closed with a valve (eg & netering valve) and
fitted into an actuator provided with a nouthptece. Medi canment s
for adm nistration by inhal ation desir.gLy_ﬁave a controlled particle
si ze. The optinmum aer odynam c particl:N ize for inhalation into the
bronchial 10 system for |ocalized detin

Ve to the lung is usually
1-10pm preferably 2-5pm The gpty mHr odynankc particle size for
inhal ation into the al veol ar pe

chi eving system c delivery
to the lung is approximately .

havi ng an aerodynam c si ze above m are generally too | arge when
age aerodynam c particle size

inhal ed to reach the snmall airways.
of a formulation may neasured 15 by exanpl e cascade i npaction.
Average geonetric particle size nmay Bbe" neasured, for exanple by |aser
diffraction, optical neans. To achieve a desired particle size,
the particles of the active ingredient as produced may be size
reduced by conventional means eg by contr.olled crystallization,

m croni sati gn_or_nanom.l | ing ..The desi.re action,. e se ed
out by st SPmaetRRcrBfsiAl EaPRlireR) § RGeS PR DR PRERe T e
size may be [(iHe@hlethyPioRdieasd -1 06niedennbR. DyosRhdrotiyé, A8d b) a
controlling the spray dryin araneters to generate particles of the
desired si zehg utiqaplgfagees) b&cm@r- particles will be crystalline,

al t hough anor phous material may al so be enpl oyed where desirable.
When an excipient such as | actose is enployed, generally, the

particl e 38) zZepleimbbtied copipesitionhtdordigg muching? oaliiel fidthet banprides one or

i nhal ed nmedi canent within the present invention, such that the
"coarse" carP9rgothes thegmpeptic megredignds: When the excipient is lactose it
will typically be present as mlled | actose, wherein not nore than
85% of | actose particles will have a MVD of 60-90pm and not |ess than
15% wi | | Hhadée aofepbumaf oflckssm t foamse inghe tréatdieni ofee madcerinialasetylthalink y
powder blend in additiopn to the carrier e either respirable,

e aor oayriamie Badp hobGst Traan poccr treasing o daH Rl abl o
i.e., aerodynamcally greater than 10 m crons. Suitabl e additive
mat eri al s which may be enpl oyed i nclude am no acids, such as |eucine;
wat er sol oblTae epmpanrsl for nsoicatiding taalammal wheremythe tigedse isagtefctadt faom ¢he
such as WD 2005/ 104745PCT/ US2005101.4386 lecithin (e, 9., ,soya...

eci thin) s GE R e FORIE GOSEHLS pampra ditet Shiigio i, gghme
steari c aci diyonddfbspiedtbryaibkiv@stiohNgilfRharkySitibsi @ pubdddasy anghReinaad;
phosphati dyl chol i nes; sugar esters. Additive materials nmay al so

i ncl ude col ellgrgierhinitist e maski ng agents (e.g., saccharine),
anti-static-agents, lubricants (see, for exanple, Published PCT
Patent 5 Appl. No. WO 87/905213, the teachings of which are
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Thr oughout the specification and the clains which follow, unless the
context requires otherw se, the word 'conprise', and variations such
as 'conprises' and 'conprising’', will be understood to inply the
inclusion of a stated integer or step or 25 group of integers but not
to the exgl uhk@BuPbuitor QbdRicotditL@NaiRl 4 FheRInIdnAhRMRIEH is it 8BRS0 ¥ia
steps. Al publications, including but not limted to patents and

pat ent appl itbamostsor nsise.ed in this specification are herein

i ncorporated by reference as if each individual publication were
specifically and individually indicated to be incorporated by

r ef er ence 73T hbebRipBu@bfok Bsddofdid 69 catin 4 @hérbin administrdiid i@ROVEmedicament
description fully discloses the invention including preferred )
enbodi ment s dispspessnelegBdipmcthe BENS cantistingnieesasyRis digfpopydsr inhaler, a multi-
enbodi nent s j £ ' ' wi thin the scope of

t he foIIomﬁﬁ%ggﬁéh%%ﬁﬁ%&%ﬁg%?ﬁ4g?ﬁﬁgg?%%%@g%g ion, it is believed
that one skilled in the art can, using the precedi ng description,
utilize the present invention to its fullest extent. Therefore the
Exanpl es herein are to be construed as nerely illustrative and not a
limtation of the scope of the 5 present invention in any way. The
enbodi nents of the invention in which an excl usive property or
privilege is clainmed are defined as follows. CLAIM 1.

4-[ hydroxy(di phenyl ) met hyl] -1- (2-[(phenyl met hypoxy] ethyl} -1-

azoni abi cycl o[ 2. 2. 2] oct ane brom de of fornula: 2. A pharnaceuti cal
conposition conprising a) 4-[hydroxy(di phenyl)nethyl]-1- {2-

[ (phenyl met hypoxy] et hyl | - 1- azoni abi cycl o[ 2. 2. 2] oct ane broni de, and b)
a pharmaceutically acceptable carrier. 3. A pharmaceutica

conposition according to claim2, which further conprises one or nore
ot her therapeutic ingredients. 4. The conpound of claiml for use in
the treatnment of a nuscarinic acetylcholine receptor nediated

di sease, wherein acetylcholine binds to said receptor. 5. The
conmpound for use according to claim4 wherein the disease is selected
fromthe group consisting of chronic obstructive pul nonary di sease,
chronic bronchitis, asthma, chronic respiratory obstruction,

pul nonary fibrosis, pulnnonary enphysema and allergic rhinitis. 6.
The conpound for use according to claim4 wherein admnistration is
via inhalation via the nouth or nose. 7. The conpound for use
according to claim4 wherein admnistration is via a nmedi canent

di spenser selected fromthe group consisting of a reservoir dry
powder inhaler, a nulti-dose dry powder inhaler and a netered dose

i nhal er.
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