WO 2010/015324PCT/EP2009/005272 1 QUINUC LI DINE CARBONATE DERIVATIVES AND
MEDICINAL COMPOSITION THEREOF FIELD OF THE INVENTION The present invention
relates to qUAhdRdi82darbonate derivatives acting as muscarinic receptCramAgOMSL32 processes for
the preparation of such derivatives, compositionsicomprising them and the therapeutic use thereof.
BACKGROUND OF THE INVENTION Quaternary ammonium salts acting as muscarinic (M)
receptors QAL NS ar& ARBAMATSed inBiRiATd\iciice bAbH2hodiMESH BRINAE treatment of
respiratormgm&&% known M receptor antagonists drugs are represented by
ipratropiu mide. Several chemical classes acting as selective M3

~ receptors antagonists drugs have been developed for the treatment of inflammatory or obstructive
airway diseases such as asthma and chronic obstructive pulmonary disease (COPD). Quinuclidine
carbamate derivitizOa0dF HEIEUSB/ENTVIRDAtagonists are described in WO 02051841, WO 03053966
and WO 2008012290. Said M and M3 receptors antagonists drugs are currently administered
through inhalatiohNR BFEERPTS UMM ESRIRS dR et e iR Sikadh Raiendaity AlyRe #Rtiiag the
systemic i ver, even thou E the inhalatory route allows to ljmit the systemic
exposure%%oeqﬁgt%%vann%%%%ﬁeﬁ) g rmaa%‘/tgﬁ %')g( ibitUndesired gi.’ e‘gﬁegtrseﬁ'éai'c? gy&%r%cchbsorption.

It is hencedaighdyiviesiiebiepiosRioNideoMB ieRRPIRERNAGCINS ttherdps @RlelR aRkleeally, while having

high potency and long duration of action. Said drugs, once adsorbed, are degraded to inactive

compounds whidBAGKERNHIR QN EE NMENTEQIFects typical of muscarinic antagonists. WO

20101015324PCT/EP2009/005272.2 The present invention provides quinuclidine carbonate
derivatives with (RE8ETRER SRV B SRS RS KR AT IRYRERENP HM LSRG E B SBIFMESS formula (1)

behave asysaiisdikgsuRiBRfyNREATR AR RPHAS8 BRISISIGRIAIORIBPHlatingGHent igrthe lung but

are 5consistently and rapidly transformed into inactive metabolites after passing
respiratory diseases. Examples of well known M receptor antagonists drugs are

represented by ipratropium bromide and tiotropium bromide.

Several chemical classes acting as selective M3 receptors antagonists
drugs have been developed for the treatment of inflammatory or obstructive
airway diseases such as asthma and chronic obstructive pulmonary disease
(COPD).

Quinuclidine carbamate derivatives and their use as M3 antagonists
are described in WO 02051841, WO 03053966 and WO 2008012290.

Said M and M3 receptors antagonists drugs are currently administered
through inhalation in order to deliver the drug directly at the site of action and
hence limiting the systemic expesure.

However, even though the inhalatory route allows to limit the systemic
exposure, the known compounds may still exhibit undesired side effects due
to systemic absorption.

It is hence highly desirable to provide M3 receptor antagonists drugs
able to act locally, while having high potency and long duration of action.
Said drugs, once adsorbed, are degraded to inactive compounds which are

deprived of any systemic side effects typical of muscarinic antagonists.



into human plasma. This behaviour gives great advantages in terms of safety. SUMMARY OF THE
INVENTION In particular, the invention is directed to quinuclidine carbonate 10derivatives of
general foMUPRIAPT&4 (1) wherein: 15A may be optionally substituted BEA/BP2§e@A52#3/| or arylalkyl or
heteroarylalkyl or a group of formula (a) -CH \ R42(a) wherein 20R3 and R4 are the same or different
and may be independently selected from the group comprising H, (C3-C8)-cycloalkyl, aryl or
heteroaryl, wheréhﬁsara%ﬁm SRRERTR RIS BB ptisHE DS (ssheredaiery alvesewifitom or with

825 E):ros)e aI s tltufegt‘%?lk;y gsr}(rjgtr)‘nleycsheal%ct: gnfg lr(?sthe group conS|st|ng of OH, 0-(Ci-C10)-alkyl,

The compounds of general formula (I) behave as soft-drugs, since they are
able to produce a persistent bronchodilating effect in the lung but are
5 consistently and rapidly transformed into inactive metabolites after passing
into human plasma.
This behaviour gives great advantages in terms of safety.
SUMMARY OF THE INVENTION
In particular, the invention is directed to quinuclidine carbonate

10 derivatives of general formula (1)

oo
A

(1)
wherein:
15 A may be optionally substituted aryl or heteroaryl or arylalkyl or

heteroarylalkyl or a group of formula (a)

/Rs
R,
(a)
wherein
20 Rz and Rs are the same or different and may be independently

selected from the group comprising H, (C3-Cg)-cycloalkyl, aryl or heteroaryl,
wherein said aryl or heteroaryl may be optionally substituted with a halogen
atom or with one or several substituents independently selected from the

group consisting of OH, O-(C4-Cqp)-alkyl, oxo (=0), SH, S-(C1-Cio)-alkyl,



WO 20101015324PCT/EY2009/005272 3 NO2, ON, CONH2, COOH, (Ci-Cio)-alkoxycarbonyl,
(CI-Cio)-alkylsulfanyl, (Ci-Cio)-alkylsulfonyl, (Cy-ClO-alkyl and (C1-CiOalkoxyl or when
R3 and R4vase @ik saglependently aryl or heteroaryl they may be linkedbffqpahso¥seoup which may
be a (CH2)0 with n =0-2, wherein 5 when n=0Y is a single bond, forming a tricyclic ring system
wherein the carbon atom of (CH2)0 may be substituted by a heteroatom selected from 0, S, N and with

the provispithat BBIand@MHare ceyerHhotThld3 Js sikesidizemaigtie (0o o) -alkylsulfanyl,
(C2-C10-alkenyi and (02-C10-alkynyl optionally 10substituted with a group selected from: a group
selected fférrofNatkwariirg, CONFORR aN@EoIRNY OH(BSeR)SoRkR1,35d, AN 1¢@2-and alicyclib

compounds; Z-R1, wherejn.7 is selected from CQO, 0, COO, O S02, 15S, SO, COS and
SOD or t ReBgHer AR A Lyt g L R R e S e o LB 2 mpouind
optionally sgbgtikdtednviiDgne O'YngéL?é WH%HU%(? wge@%m@aymakeﬁteébf@%%wxo (=0), SH,
NO2, 200N, CONH2, NR2CO0-(Ci-C.)-alkyl, COOH, (Ci-C10)-alkoxycarbonyl,

(Ci-CD-alyisulfarl, (C1sCA O Haditygl Sudfody | f4BhDIp) calicd \arias (CiRCiSyatkeoxyWNR200-{86 CiO-alkyl;
aryl optionally substituted with NR200-(Ci-CiO-alkyl, 0-(Ci-C,D)t-aIkyI or halogen and 25heteroaryl
optionally SRRGALBLATLRH 100 TEYEOR SRAtEFIRIJYLR. Neterodtongsair et fiom H,

E’gleg?(;ygl ORIV IRBSREDRBN G r UrE TRARRY ) -2lkyicarbony!
ylsultonyl an
R is a residue selected from:
- - (C4-Cro)-alkyl, (C2-Cio)-alkenyl and (C2-Cio)-alkynyl optionally
10 substituted with a group selected from:
- a group selected from of NH; NRiR2, CONRiR>,
NR2CORj, OH, SORs, SO2R1, SH, CN, NO2 and alicyclic
compounds;
- Z-R1, wherein Z is selected from CO, O, COO, OCO, SOx,
15 S, SO, COS and SCO oritis a bond and
- (Cs-Cg)-cycloalkyl.
R1 is a residue selected from:
- alicyclic compound optionally substituted with one or several
substituents independently selected from OH, oxo (=0), SH, NO.,
20 CN, CONHz, NR2CO-(C4-Cx)-alkyl, COOH, (C4-C1o)-alkoxycarbonyl,
(C1-Cqo)-alkylsulfanyl, (C1-Cio)-alkylsulfinyl, (C1-C1o)-alkylsulfonyl,
(C1-Cqo)-alkyl and (C1-C1o)-alkoxyl NR2CO-(C1-Co)-alkyl;
- aryl optionally substituted with NR2CO-(C1-C1p)-alkyl, (C1-C1o)-alkyl,
O-(C1-C4o)-alkyl or halogen and |
25 - heteroaryl optionally substituted with NR2CO-(C¢-Cqo)-alkyl or
halogen.
Rz is a group selected from H, phenoxycarbonyl, benzyloxycarbonyl,

(C1-Cyo)-alkoxycarbonyl, (C1-Cip)-alkylcarbonyl, (Cs-Cio)-alkylsulfonyl and



WO 2010/015324PC17102009/005272 4 X- is a physiologically acceptable anion. The present
invention also provides pharmaceutical compositions of compounds of formula (I) alone or in
combinatidMAOGRIBMixture with one 50r more pharmaceutically acc@oteBranisrz2and/or
excipients. The present invention also provides the use of compounds of formula (1) for preparing a
medicament. In a further aspect, the invention provides the use of compounds of formula (1) for
the prevertfiorCand@teatment of any broncho-obstructive or 10inflammatory disease, preferably
asthma or chronig_ bronchitis o‘r chro”ic obstrl{cgyeé)ulmonary disease (COPD). In a further
aspect, the inven ioh %l%vYé;é% ARG 6°ES Sou% 0§ Yormula () for the manufacture of a

medicament for meepbeaggﬁpnmgws@x@eeﬁmaeg RarhRobsiative AL bYiaRIBatgTy disease,
preferably 15asthma or chronic bronchitis or chronic obstructive pulmonary disease (CORD). The

present invention futthef foovides(§ mkthedfonprevanitahiandiothtreatmerikbfranyiitomedo-obstructive
or inflammatory disease, preferably asthma or chronic bronchitis or chronic obstructive pulmonary

diseage (CORPIE RRRITGsRplicaY-ARGRRRRIAFH 4ot ReeY ff ﬁé@ﬂ’fﬁé?@of a 20 therapeutically
effective amou“W%?gg%%%ﬁ:@&%ﬁﬁear@ofodmvteé@ the uble Eﬁ%é@ﬁg'(&? PR fppgvides

pharmaceutical com or administration by inhalation. alable preparations

include inlipledi® epadiers apepgitrinteantaining metering aerosols or propellant-free inhalable
formulations. 25The invention is also directed to a device which may be a single- or multi-dose dry
powder inhaler, 'nfeférddiedodsnaRkbidhand wesde mtnddaizéredthprisingomeesnffo@ids of formula

(). The in\{gpnt]ig%ia)a%%? iree%reedvteonggrilt g%r(‘in/%rrl?rne%%rkr]xeeﬁp %ﬁ‘ma%cyegtrigglchmobstructive or
10 inflammatory disease, preferably asthma or chronic bronchitis or chronic
obstructive pulmonary disease (COPD).

In a further aspect, the invention provides the use of compounds of
formula (1) for the manufacture of a medicament for the prevention and/or
treatment of any broncho-obstructive or inflammatory disease, preferably

15 asthma or chronic bronchitis or chronic obstructive pulmonary disease (COPD).

The present invention further provides a method for prevention and/or
treatment of any broncho-obstructive or inflammatory disease, preferably
asthma or chronic bronchitis or chronic obstructive pulmonary disease
(COPD), which comprises administering to a subject in need thereof a

20 therapeutically effective amount of a compound of general formula (l).

The present invention also provides pharmaceutical compositions
suitable for administration by inhalation.

Inhalable preparations include inhalable powders, propellant-containing
metering aerosols or p‘ropellant-free inhalable formulations.

25 The invention is also directed to a device which may be a single- or
multi-dose dry powder inhaler, a metered dose inhaler and a soft mist
nebulizer comprising the compounds of formula (1).

The invention is also directed to a kit comprising the pharmaceutical



WO 2010/015324PCDEP20091005272 5 compositions of compounds of formula (I) alone or in
combination with or in admixture with one or more pharmaceutically acceptable carriers and/or
excipients WStP&LHRARE which may be a single- or multi-dose dry powdE€iFEEIS/80p3Eered dose
inhaler and a soft mist nebulizer comprising the 55compounds of general formula (1). DEFINITIONS
The term "halogen atoms" as used herein includes fluorine, chlorine, bromine, and iodine. The

expressiofOERGIEPak FefBROt S aRiHREMSiFetaRlP 18 BrahFRBRIRGHgR UM VHERIN the

number of carban atoms is from 1 to 10. Examples of groups are methyl, ethyl, n-pro iIsopropyl,
by, pe RS, Rl P e S M LA SEB PRl 2 SR Grogen

atoms in saidigienis £a8 ke deplased Richalegebatemsinfne dsriveqiedusssiySpowder
"(C-1-C10)-alkoxycarbonyl", "(Ci- 15C10)-alkylsulfanyl", "(Ci-Cio)-alkylsulfinyl", "(Ci-C10)-alkylsulfony!"
and "(Ov- ighelealkaxyretatctd Wo sonistnader imad @analousshaehedizer qiopiisingdtbrepressions
"(C2-C10) alkenyl" and "(C2-Cio) alkyny are to be construed in an analogous manner. The expression
"aIicyaic c%‘?ﬂ%%ffb% ﬁfcﬁ?d@%ga(éy@éﬁcycloalkyl", which refers to cyclic non-aromatic isolated
hydrocarbon satgygasigrpRyRes Examples include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl and cyclooctenyl; "Bicycloakyl" and "tricycloalkyl" groups which are non-aromatic saturated
cyclic alkyl moiefiés: clensistinglof dnoano ths eatingse @ haesipe tibviele wkreimsaidhiogashare at least
one carbon atom. For purposes of the present invention, and unless otherwise indicated, bicycloalkyl
groups incNiBRESr@RAJSHAR fused rings. Examples of bicycloalkyl groups include, but are not limited

to, WO 2010/01?%%4Peg;g/rggs%ggglo%%@o) alkyt”, refers to straight-chained and

10 branqhed alkyl groups wherein the number of carbon atoms is from 1 to 10.
Examples of groups are methyl, ethy!,’ n-propyl, isopropyl, t-butyl, pentyl,
hexyl, heptyl, octanyl, nonenyl and deéeny!.
| Optionally, one or more hydrogen atoms in said groups can be replaced
by halogen atoms. The derived expressions “(C+4-C1g)-alkoxycarbonyl”, “(C-

15 Cso)-alkylsulfanyl”, “(C1-Cio)-alkylsulfinyl”, “(C4-Cqo)-alkylsulfony!” and “(Ci-
Cio)-alkoxyl” are to be construed in an analogous manner.

The derived expressions “(C2-Cqo) alkeny!l” and “(C2-C1o) alkynyl”, are
fo be construed in an analogous manner.
The expression “alicyclic compounds” includes:

20 - “(Cs-Cg)-cycloalkyl”, which refers to cyclic non-aromatic isolated
hydrocarbon saturated groups. Examples inciude cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and cyclooctenyl;

- “Bicycloalkyl” and “tricycloalkyl” groups which are non-aromatic
saturated cyclic alkyl moieties consisting of two or three rings,

25 respectively, wherein said rings share at least one carbon atom.
For purposes of the present invention, and uniess otherwise
indicated, bicycloalkyl groups include spiro rings and fused rings.

Examples of bicycloalkyl groups include, but are not limited to,



6 bicyclo- [3. 1. 0]-hexyl, bicyclo- [2.2. 1]-hept-1-yl, norbornyl, spiro [4. 5] decyl, spiro [4.4] nonyl, spiro
[4. 3] octyl, and spiro [4. 2] heptyl. An example of a tricycloalkyl group is adamantanyl; and - cyclic
non-aromatie RYddiEathon unsaturated groups. Examples 5include cycRSHERBHYP/ W6 Bornenyl, bicyclo
[2.2.1.]heptanyl. Optionally, one or more hydroged atoms in said groups can be replaced by one or
more halogen atoms. The expression "aryl" refers to mono, bi- or tricyclic ring systems having 5 to
20, preferably from Bi&¥AS: fidg hrdHdexyé \%I*@félﬁ"afae%tsﬂ bhenriofing is'arbriaye. eRifidnally, one or

more hydrogen atoEP ilgllesggjcgfiggssp(}%n %:—:‘ J %I%%eg b%f) oneor gﬁggﬁ%lrg%e tgg(égospfi pginyl. The

expression "heteroaryl"refersto mono, r tricyclic mé)sg/s't eferably from 5 to

15, ring atoms, in Whigihat leREeneIBGissatiocyalisaind roviych atileasti-earyingaiom is a
heteroatom (e.g. N, S or 15 0). Optionally, one or more hydrogen atoms in said rings can be replaced
by one or more halayefiators.aromatie dxyessiboaryialkgturefers tgraupct-GRaikyieptionally

substituted by a mono, bi- or tricyclic ring systems which have 5 to 20, preferably from 5 to 15, ring
atoms. Optionally, dHB%‘I’%@f@‘ﬂ%}ﬁfﬁé‘@?f ROHRE B I s YRGSl Ean éﬁ%ﬁlﬁ@@ﬁ by one or more

halogen atoms. Optigﬁ@impl%%@f %l_'litq%q.@ry{gm AURRJRElUde @_Eyl%%yé@#t% and

thiophenylmethyl. The expression "heteroarylalkyl" refers to a "(Ci-C optionally substituted
by a monee piacsdrisy dicerimgragstehisogkishahave 5 to 20 ring atoms, 25 preferably from 5 to 15, in

which at least one ring is aromatic and in which at least one ring atom is a heteroatom (e.g. N, S or 0).
Optionally, one JMYRoPEPRRHTIGEN @0hsiAf8ESd 1hd8 Ry beiteplatdeMsliorHdnsr msteRlogen atoms.

Examples.of Siitablg MEngcYRlG SKPIROR K18 MHARNSR s AR £ WLPam 2t Rl GnOR9100s272
10 ring is aromatic. Optionally, one or more hydrogen atoms in said rings can be
replaced by one or more halogen atoms or phenyl.

The expression “heteroaryl” refers to mono, bi- or tricyclic ring systems
having 5 to 20, preferably from 5 to 15, ring atoms, in which at least one ring
is aromatic and in which at least one ring atom is a heteroatom (e.g. N, S or

15  0). Optionally, one or more hydrogen atoms in said rings can be replaced by
one or more halogen atoms.

The expression “arylalkyl” refers to a “(C1-Ca) alkyl” optionally
substituted by a mono, bi- or tricyclic ring systems which have 5 to 20,
preferably from 5 to 15, ring atoms. Optionally, one or more hydrogen atoms

20 in said rings can be replaced by one or more halogen atoms.

Examples of suitable arylalkyl groups include benzyl, biphenylmethyl
and thiophenyimethyl.

The expression “heteroarylalkyl” refers to a “(C+-Cs) alkyl” optionally
substituted by a mono, bi- or tricyclic ring systems which have 5 to 20 ring atoms,

25 preferably from 5 to 15, in which at least one ring is aromatic and in which at least
one ring atom is a heteroatom (e.g. N, S or O). Optionally, one or more hydrogen
atoms in said rings can be replaced by one or more halogen atoms.

Examples of suitable monocyclic systems include thiophene,



7 cyclopentadiene, benzene, pyrrole, pyrazole, imidazole, isoxazole, oxazole, isothiazole, thiazole,
pyridine, imidazolidine, piperidine and furan radicals. Examples of suitable bicyclic systems
include naptfi818i&3Biphenyl, purine, pteridine, benzotriazole, quinolinkCTEERMMONAZ 2indole,
isoindole and 5benzothiophene radicals. Examples of suitable tricyclic systems include fluorene
radicals. DETAILED DESCRIPTION OF THE INVENTION The invention is directed to
quinuclidia¥dapssriattaigivha0as aetiny e mubysrrmtcre tB[stars ntispricelearekX@zsdits thereof,

said derivatives 10 preferably acting on the M3 receptors. . Advantageously, physiologically
cceptablB SRR AR e B o BB PR A o LA e EhBimice. socice,
sulfate, phosphats.mgianssuitnaie Bit E@'m”é?’@@ﬁwsaﬁ%ﬁleecﬁ RtiumBaEtesHLe, oxalate,
succinate, benzoate, and p-toluenesulfona?e, preferably 15ch|oride?gromide and iﬂdgﬁmore
preferablypchlodde End ireniidezotria2obee feuied igreu s ofjcompoendsdof éoriswiladdlesahdt wherein R
is (Ci-CO-alkyl substituted by -Z-R1, wherein Z and Ri are as described above. Another preferred
groupof RRREEUNGS BERSIARAE IS that wherein R is (C1-Cs)-alkyl substituted by -Z-Ri, wherein Z is -

0, CO or a bond apg: s BPan atbsieugen apdenuhed sls, AIRIeraRj sbstuted with one o

more halogen atoms. A more pr p of compounds of formula (1) is that wherein R is

CH2, Z is CO angiRIAH. e MESCEIRIMO kb GF mMHE (INVEWT 128 0/015324PCIMP2009/005272 8
wherein A is as defined above. A first group of compounds of formula (I1) is represented by the

compounds wheféifi AieopeoniyBaptteutod an e tiner s rats | driivatiMetegsdifialkyl or a
group of f%rsmelgs(ggr?nic receptors antagonists, and to salts thereof, said derivatives
10  preferably acting on the M3 receptors.

Advantageously, physiologically acceptable anions X include those
selected from the group consisting of chloride, bromide, iodide, sulfate,
phosphate, methanesulfonate, nitrate, maleate, acetate, citrate, fumarate,
tartrate, oxalate, succinate, benzoate, and p—toluenesulfohate, preferably

15  chloride, bromide and iodide, more preferably chloride and bromide.

A preferred group of compounds of formula (I) is that wherein R is
(C+1-Cs)-alkyl substituted by -Z-R+1, wherein Z and R4 are as described above.

Another preferred group of compounds of formula (I) is that wherein R
is (C1-Cs)-alkyl substituted by -Z-R4, wherein Z is O, CO or a bond and Rs is

20 aryl or heteroaryl as described above, preferably substituted with one or
more halogen atoms.

A more preferred group of compounds of formula (l) is that wherein R

is CH2, Z is CO and Ry is thienyl, according to formuta (I1):

25 X



wherein R3 and R4 are both independently aryl or heteroaryl, preferably substituted with one or more
halogen atoms. A second group of compounds of formula (Il) is represented by the 10
compound® rapdisR4s a group of formula (a), wherein R3 and R4 areoirpoengd2 rreferably
substituted with one or more halogen atoms. & third group of compounds of formula (l1) is
represented by the compounds wherein A is a compound of formula (a), wherein R3 and R4 are both
independently piwéneybima tiseysadelinkddathewagh a Y group which may 15 be a (CH2)n with n =0-2,

wherein when nt---Q, Y is a single bond, forming a tricyclic ring system of formula (b), wherein the
carbon atom of (CHB5! BRHBe SUHAMPAY BYS REPHRSIA S&II c't%dr%?ﬁs(i%‘?%l.ggb;@GA fourth

group of C@éﬂ%ﬂ?&s%wmﬂ@(‘kgi%b%wﬁéw%@a&h% HPASWRSERIR byis A RiTkfiuoren-9-yl,

preferably substituted with one or more halogen atoms. WO 2010/015324PCT/EP2009/005272 9

A fifth group toétesnapolatikig of fargrolap(bf i requiesented by the compounds wherein A is an arylalkyl,
preferﬁbly a phenyl-(Ci-C4)-alkyl, more preferably substituted with one or more halogen atoms and
even more preferably A is a benzyl, optionally substituted with one or more halogen 5 atoms. A
sixth group of compounds of formula (ll) is rep_r_eéﬂ'n.%d by the compounds wherein A is a
biphenylmethyl, preferably substituted with one ongore halogen atoms. A seventh group of
compounds of formula (Il) is represented by the 10 cdmpounds wherein A is a thiophenylmethyl,
preferably substituted with one or more haloge@htoms. Another preferred group of compounds of

formula () is haf, WORIEIn B RIORY) SUPSTHIRH PHASTGISHE ARG @RI} S Pheny!
preferably substituted with one or more halogen atoms.
A second group of compounds of formula (ll) is represented by the
10 compounds wherein A is a group of formula (a), wherein R3 and R4 are both
phenyl, preferably substituted with one or more halogen atoms.
A third group of compounds of formula (ll) is represented by the
compounds wherein A is a compound of formula (a), wherein Rs and R4 are
both independently phenyl and they are linked through a Y group which may
15 be a (CH2), with n =0-2, wherein when n=0, Y is a single bond, forming a
tricyclic ring system of formula (b), wherein the carbon atom of (CH2)n may

be substituted by a heteroatom selected from O, S, N.

—CH Y
(b)
20 A fourth group of compounds of formula (Il) is represented by the

compounds wherein A is a 9H-fluoren-9-yl, preferably substituted with one or

more halogen atoms.



wherein A is as defined above. A first group of compounds of formula (ill) is represented by the
20compounds wherein A is optionally substituted aryl or heteroaryl or arytalkyl or heteroarylalkyl or a
group of fordalac(edsseH \ R4 (a) WO 2010/015324PCT/EP2009/0052P211erpiesenadly substituted
with one or more halogen atoms. A second geoup of compounds of formula (Ill) is represented by
the compounds wherein A is a group of formula (a), wherein R3 and R4 are both phenyl, preferably

substituted with On&fd ra6eehakfgse AR dsa ehirfPgivilp of BortpsBRERSENGINRY (IMSis
represented by the compounds wherein A is a group.of formula (a), wherejn R3 and R4 are both
phenyl and’th 3? %?§ in e%rﬁ{rr]oﬁ‘gﬁ &Y %r eﬁbﬁﬁhl%g}cﬁé?/gé% 2 Eéﬁ)%\/y?/éfhl%zalgygvﬂﬁr&n when n=0,
Y is a singjesRaag) Jouningiautaely g Ringry st el fermaladen vieredn ejcakkan ateme of (CH2),,
may be substituted by a 10 heteroatom selected from 0, S, N. (b) A fourth group of compounds
of formulapfiiicisatdprésénted ynhgl comiponmits ahiestintads witH daren-o3gleprefdegely substituted

with one or 15 more halogen atoms. A fifth group of compounds of formula (lll) is represented by
the cg’mp(ﬁEﬂ%Wherein A is arylalkyl, preferably a phenyl-(Ci-C4)-alkyl, more preferably substituted

with one or more\halogen.atoms and SRS BiEKRIARMA (AR Rereyranlingallbubsituted with

one or more halogen 20 atoms.
compounds wherein A is a biphenyimethyl, preferably substituted with one or

more halogen atoms.
A seventh group of compounds of formula (ll) is represented by the
10 compounds wherein A is a thiophenylmethyl, preferably substituted with one
or more halogen atoms.
Another preferred group of compounds of formula () is that wherein R
is a propyl substituted by -Z-R1 group wherein Z is O and R; is phenyl,

according to formula (l11):

Cl)/U\O N\’/\/O
X

(1

15

wherein A is as defined above.
A first group of compounds of formula (liI) is represented by the
20 compounds wherein A is optionally substituted aryl or heteroaryl or arylalkyl

or heteroarylalky!l or a group of formula (a)

R
—CH
\R4
(a)

wherein Rs and Rs are both independently aryl or heteroaryl,



A sixth group of compounds of formula (Ill) is represented by the compounds wherein A is a
biphenylmethyl, preferably substituted with one or more halogen atoms. WO

20101015322 PICTIEPRP20091005272 11 A seventh group of compouPdEERASMGCAATEI) is
represented by the compounds wherein A is a thi@phenylmethyl, preferably substituted with one or

more halogen atoms. _ Another preferred group of compounds of formula (1) is that wherein R 5 is
a methy! Supiefakey pyLstifvtedouhvpeeeM Z‘%régaé‘?%eﬁﬁgoﬁﬁ%nyl, according to formula (IV): (1V)

10Another prefefred group of com of ' tvherei i hyl sybstituted by
-Z-Ri group Wheé‘ei% WEEhNd éﬁg%gﬁgn%{gﬁc%?dfgéﬁgﬁrm&a{%vr;)l?%']%s?fg(}\r/{)&ec} Mk v{f/fleléS be apparent

that the cegtppHnds ofipersia )igraypronirisrasymmetis) comiersid iRy efoteRheairyotion also
includes the optical stereoisomers and mixtures thereof. Where the compounds according to the

invention paee waseortd2eudsfituirdrivite ore, dhenarajaldeeasadaBiftiomers. Where the
compounds according to the invention possess two or more metric centers, they may additionally
exist as diasteré%is%gr@ﬁ‘i@t(?i)é’ﬁ?ﬁ?é)rgfba?d ﬂﬁaf ﬁmgh?i@ﬁ?nlgrsr%%ersnﬁgt{&r%gb t%e}%%; in any
proportion.gre encampassediwiihia the RopePf SR PEE3aNT IVERKIANRIZHReREtHe Gampound (1)
shows at least one chiral center, which’is :

phenyl and they are linked through a Y group which may be a (CHz)a with n

=0-2, wherein when n=0, Y is a single bond, forming a tricyclic ring system of

formula (b), wherein the carbon atom of (CHz)n may be substituted by a

10 heteroatom selected from O, S, N.

—CH Y

(b)

A fourth group of compounds of formula (lll) is represented by the

compounds wherein A is a 9H-fluoren-9-yl, preferably substituted with one or
15 more halogen atoms.

A fifth group of compounds of formula (lll) is represented by the
compounds wherein A is arylalkyl, preferably a phenyl-(C+-Cs)-alkyl, more
preferably substituted with one or more halogen atoms and even more
preferably A is a benzy!, optionally substituted with one or more halogen

20 atoms.

A sixth group of compounds of formula (Il) is represented by the

compounds wherein A is a biphenylmethyl, preferably substituted with one or

more halogen atoms.



WO 2010/015324PCT/EP2009/005272 12 represented by the quinuclidine carbon atom bearing the
carbonate group. In the preferred embodiments, the active compound (1) is in the form of the
substantiaWO¥/rEEhantiomer, wherein the enantiomeric purity is hi§G&/EPRA9888%2more preferably
than 90%, more preferably than 95% and 5 evemmore preferably than 99%. According to specific
embodiments, the present invention provides the compounds reported below: Compound Chemical
name 1 (R)-3-[bi8-E2HEBED- ﬁﬁ@m%@ﬂﬁwwﬁ}%r@ﬂ yuigotikoip-represented by the
thiophen-2-yl- eth -1- -8z onla bi ycloéz ctan oride 2

(R)-3- Bencz(f}w/?c?r?ﬁc/) lox;)}/‘ is( 8%(‘0 e[% %'y%tﬁfﬁfﬁb' nglgstt)'ltgy}gl%[ylﬁhz?&%ane chloride
3 (R)-3-(9}- ﬁ\g@ée,qa%)élgpg%mgnyloxy) -1- (2 oxo 2 thlophen2 yl-ethyl)-1-azonia-bicyclo[2.2.2]octane;
chloride 4

(R)-3-(3-Fluoro-Beraylexyrafb eyl g - (@f exarithiog heri Xytrathgl ) -z trad-wicgud[2f2. 2]octane;
chloride 5

(R)-374-FrictomRi Srstiivbaehi o 4= thc&'i?'épthmﬂ{sﬁz G-ty 12850 Ra-HchERTY 2 2loctane:

chloride 6
0 /@ )
/U\ N\/]L©
c|> o}
A -
X

accordmg to formula (1V):
(1V)

10 Another preferred group of compounds of formula () is that wherein R
is a methyl substituted by -Z-R4 group wherein Z is CO and R, is thienyl,

according to formula (V):

15 (V)

[t will be apparent that the compounds of formula (I) may contain
asymmetric centers. Therefore the invention also includes the optical
stereoisomers and mixtures thereof.

Where the compounds according to the invention have at least one

20 asymmetric center, they may exist as enantiomers. Where the éompounds
according to the invention possess two or more asymmetric centers, they
may additionally exist as diastereoisomers. It is to be understood that all
such isomers and mixtures thereof in any proportion are encompassed within
the scope of the present invention.

25 The active compound (I) shows at least one chiral center, which is



(R)-3-(4-Bromo-benzyloxycarbonyloxy)-1-(2-oxo-2-thiophen2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octanei
chloride; chloride 7 (R)-3-(Biphenyl-2-yloxycarbonyloxy)-1-(2-oxo-2-thiophen-2-
yl-ethyl)-1 ¥ 2ottid¥ie3#dio[2.2.2)octane; chloride 8 (R)-3-(9H-Fluoren-9-Yfok§EahBMydRy)-1
-phenethyl-1 -azon iabicyclo[2.2.2)octane; bromidé 9

(R)-1-Benzy1-3-(9H-fluoren-9-yloxycarbonyloxy)-1- azonlablc clo[2.2.2]octane; chloride 10
(R)-3-(OHERIGRFNEHI 6% y%t%ﬂ?fb‘%&ﬁ"ﬂerﬁ@f Ror s heprd Weaidhe s3ienate: Wakk 11

(R)-3-(9H-Fluorag-Gsyloxy ¥M@Qa%i(§rﬂgeﬂ?é>é9ﬁ98y&rﬁpﬁﬁ%a(ﬁ'wﬂp R fdlRFENe; bromide
WO 201010153248t S00500L TS T3 13

(R)-3-(BipitenysiizsyionjaiarbpoydoxiRyle (phienmey-wwopydin Lt ez omrerbityclef: 2 2] atyaie; bromide 13
(R)-3-(Bipheny1-2-ylo gcarbonyloxy) 1-methy1-1-azon iabicyclo[2.2.2]octane; iodide 14
higher than 85%, more preferably than 90%, more preferably than 95% and
5 even more preferably than 99%.
According to specific embodiments, the present invention provides the

compounds reported below:

Compound Chemical name

] (R)-3-[bis-(3-fluoro-phenyl)-methoxycarbonyloxy}-1-(2-oxo-2-
thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane; chloride

o (R)-3-Benzhydryloxycarbonyloxy-1-(2-oxo-2-thiophen-2-yi-
ethyl)-1-azonia-bicyclo[2.2.2]octane; chloride

3 (R)-3-(9H-Fluoren-9-yloxycarbonyloxy)-1-(2-oxo-2-thiophen-
2-yl-ethyl)-1-azonia-bicyclo][2.2.2]Joctane; chioride

4 (R)-3-(3-Fluoro-benzyloxycarbonyloxy)-1-{(2-oxo-2-thiophen-
2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane; chioride

5 (R)-3-(4-Fluoro-benzyloxycarbonyloxy)-1-(2-oxo-2-thiophen-
2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane; chloride

5 (R)-3-(4-Bromo-benzyloxycarbonyloxy)-1-(2-oxo-2-thiophen-
2-yl-ethyl}-1-azonia-bicyclo[2.2.2]Joctane; chloride; chloride

7 (R)-3-(Biphenyl-2-yloxycarbonyloxy}-1-(2-oxo-2-thiophen-2-
yl-ethyl)-1-azonia-bicyclo[2.2.2]octane; chloride

8 (R)-S-(QH-FIuorén-9-yloxycarbonyloxy)—1—phenethyl—1-azonia-
bicyclo[2.2.2]octane; bromide

5 (R)-1-Benzyl-3-(9H-fluoren-9-yloxycarbonyloxy)-1 —'azonia—
bicyclo[2.2.2]octane; chloride

10 (R)-3-(9H-Fluoren-9-yloxycarbonyloxy)-1-methyl-1-azonia-
bicyclo[2.2.2]octane; iodide

11 (R)-3-(9H-Fluoren-8-yloxycarbonyioxy)-1-(3-phenoxy-propyl}-
1-azonia-bicyclo[2.2.2]octane; bromide

(continued)



(R)-1-(2-0x0-2-thiophen-2-yl-ethyl)-3-(thiophen-2-
ylmethoxycarbonyloxy)-1-azonia-bicyclo[2.2.2]octane; chloride 15
(R)-3-[Bis YA M181853kEny1)-methoxycarbonyloxyl-1-(2-oxo02-thiophen-PCHRRIHOPSAZDnia-bicyclo[2.2.

2]octane; chloride 16 13
(R)-3-[Bis-{4-bromo-pheny1}- T arbonyloxyl-T-{Z-oxo2-thiopRen-Z-yI-ethyl)-T-azorjia-bicyclo[2.2.
2]octane: ¢hloride {7/ (R)-34B@ii?l%%ro%ﬁ%%%gﬁ%?(%% _gnqylééxéh r_v%é(_yo%q)@) f
thiophen-2-ykethyl)-1-azonia-A#&ttocy b tapoctpsiifecrgde ‘
(R)-3-(3-Bfomo-benzyloxycarhonyloxindrid-9xfezvtipmhianssyl-ativditiazenigrRicyclo[2 2. 2)octane;
chloride 19 (R)-3-[Bs-(3-fluaro- f@qf}éléﬁf%mg:& onyloxy]-1-(2-oxo-2-
phenylethybﬂ;azonia:bjnydnfﬁ% I5eand Bromits
(R)-3-[Bis-{3-fluoro-phenyl)-m&hdxigctrbmyiurphen Caybathohddthipbieazonia-bicyclo[2.2.2]octane;
bromide 21 (R)'3'[ﬁ!5'(3'ﬂU0@FPE@BXDC%@%?%@W&Q@J%@F&{EQZZZ]octane;
p-tolyl-ethy I)-1-azon|a-b|cycltr)é% 2.2)octane; bromide 22
(R)-3-[Bis- ?Alunm-lnhpn\ﬂ)- p‘%‘?\ (\i"/r‘nrhnn\/ln\(\/]JA?-(A-
fluoro-phenyl)-2-oxo-ethyl1- L {&iehiBibicycib[r e phectdherdromidarB@nyloxy]-1-(2-oxo-
(R)-3-[Bis-(3-fluoro-phenyl)-metaaspcarbapylaryl-dgzhia-bicycio[2.2.2]octane; chloride
methoxy-phenyt=2=oxo-ethyll=i=azonia=bicyctof2:2-2joctane; bromide
16 (R)-3-[Bis-(4-bromo-phenyl)-methoxycarbonyloxy]-1-(2-oxo-
2-thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane; chloride
17 (R)-B-{Bis—(4-ﬂuoré-phenyl)—methoxycarbonyloxy}-1 -(2-0x0-2-
thiophen-2-yl-ethyl)-1-azonia-bicyclof2.2.2]octane; chloride
18 (R)-3-(3-Bromo-benzyloxycarbonyioxy)-1-(2-oxo-2-thiophen-
2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane; chloride
19 (R)-3-[Bis-(3-fluoro-phenyl)-methoxycarbonyloxy]-1-(2-oxo-2-
phenyl-ethyl)-1-azonia-bicyclo[2.2.2]octane; bromide -
20 (R)-3-[Bis-(3-fluoro-phenyl)-methoxycarbonyloxy]-1-
carbamoylmethyl-1-azonia-bicyclof2.2.2Joctane; bromide
- (R)-3-[Bis-(3-fluoro-phenyl)-methoxycarbonyloxy}-1-(2-ox0-2-
p-tolyl-ethyl)-1-azonia-bicyclo[2.2.2]octane; bromide
(R)-3-[Bis-(3-fluoro-phenyl}-methoxycarbonyloxy]-1-[2-(4-
22 fluoro-phenyl)-2-oxo-ethyl]-1-azonia-bicyclo[2.2.2]octane;
bromide
(R)-3-[Bis-(3-fluoro-phenyl}-methoxycarbonytoxyl}-1-[2-(4-
23 methoxy-phenyl)-2-oxo-ethyl}-1-azonia-bicyclo[2.2.2]octane;
bromide
24 (R)-S-[Bis-(3-ﬂuoro-pheny!)-myethoxycarbony!oxy}-1 -(2-0x0-2-
thiophen-3-yl-ethyl}-1-azonia-bicyclo[2.2.2]octane; bromide
(R)-3-[Bis-(3-fluoro-phenyl}-methoxycarbonyloxy]-1-
25 phenylcarbamoylmethyl-1-azonia-bicycio[2.2.2]octane;
bromide

(continued

)



24 (R)-3-[Bis-(3-fluoro-phenyl)-methoxycarbonyloxy1-1-(2-oxo-2-
thiophen-3-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane; bromide 25
(R)-3-[BisWAHYBLPRENYI)-methoxycarbonyloxy]-1- PCT/EP2009/005272
phenylcarbamoylmethy1-1-azonia-bicyclo[2.2.2]ddtane; bromide WO

2010/015¢)24PCT/EP2009/ Q%@[é"’s%@ Ry H?f 2@ R}E%Wgnmgwfxy@a@pnyloxy]-1-12-(5-
chloro-tr_uc phen- Zgl) -2-oxorethy1]-1- azonlablc clo[2.2.2]octane; bromide
(R)-3-[Bis{(3-fluoréhenyl)- n?é’tlﬁé‘?q}Eé’r‘Wb‘?ﬂ/%%))]' e c[éo(§ YibiarRe! fhiophen-2-y1)-2-oxo-ethyl]-1
-azon labi¢yclo[2.2.2)octane; whiarije . 2R [BB8¥B ¢ Bidigoro-pheny1)-methoxycarbonyloxyl-1-(2-oxo-2-
thiazol-2_ yi-ethyl)-1-azonia- b'ﬁ&?'@&%&%@ﬁ%?@a fﬁle%goxycarbonyloxy] 1-[2-(3,5-
(R)-3-[Bis+(3-fluoro-phenyl)rmethoxycarbonyloxy1-1-
o-tolykethyl)-1-azdftfia- blcyclsof?béoQ]BCtl’é[ﬁBhﬂPb%fﬁaezé)"o ethyl]-1-azonia-
(R)-3-[Bis4(3-fluoro-phenyl)-ratyolofeaa tapmstians] <hi2+dgo-2-
m-tolyl-ethyT)-1-azonia-bicyc l?&5'—%‘«%@&@{3%Q@B}igﬁﬁlmethoxycarbonyloxy]—1 -(2-0x0-2-~
28 thiazol-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]Joctane; bromide
o9 (R)-3-[Bis-(3-fluoro-phenyl)-methoxycarbonyloxy]-1-(2-oxo-2-
o-tolyl-ethyl)-1-azonia-bicyclo[2.2.2]octane; bromide
30 (R)-3-[Bis-(3-fluoro-phenyl)-methoxycarbonyloxy]-1-(2-oxo-2-
m-tolyl-ethyl)-1-azonia-bicyclo[2.2.2]octane; bromide
31 (R)-3-[Bis-(3-fluoro-phenyl)-methoxycarbonyloxy]-1-(4-
methyl-pent-3-enyl)-1-azonia-bicyclo[2.2.2]octane; bromide
(R)-1-(2-Benzo[b]thiophen-2-yl-2-oxo-ethyl)-3-[bis-(3-fluoro-
32 phenyl)-methoxycarbonyloxy]-1-azonia-bicyclo[2.2.2]octane;
bromide
33 (R)-1-Benzyl-3-[bis-(3-fluoro-phenyl)-methoxycarbonyloxy]-1-
azonia-bicyclo[2.2.2}octane; bromide
34 (R)-3-[Bis-(3-fluoro-phenyl)-methoxycarbonyloxy]-1-(2-
phenoxy-ethyl)-1-azonia-bicyclo[2.2.2]octane; bromide
35 (R)-3-[Bis-(3-fluoro-phenyl)-methoxycarbonyloxy}-1-methyi-1-
azonia-bicyclo[2.2.2]octane; iodide
36 (R)-3-[bis-(3-fluoro-phenyl)-methoxycarbonyloxy]-1-(2-ox0-2-
pyridin-4-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane; bromide
(R)-3-[(2-Fluoro-phenyl)-(3-fluoro-phenyl)-
37 methoxycarbonyloxy]-1-(2-oxo-2-thiophen-2-yl-ethyl)-1-
azonia-bicyclo[2.2.2]Joctane; chloride
38 (R)-3-[Bis-(2-chloro-phenyl)-methoxycarbonyloxy]-1-(2-0x0-
2-thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane; chloride
- (R)-1-(2-Ox0-2-thiophen-2-yl-ethyl)-3-(phenyl-o-tolyl-
methoxycarbonyloxy)-1-azonia-bicyclo[2.2.2]octane; chloride

(continued)



(R)-3-[Bis-(3-fluoro-phenyl)-methoxycarbonyloxy]-1-(4-
methyl-pent-3-eny0-1-azonia-bicyclo[2.2.2]octane; bromide 32
(R)-1-(2-Ba&YR3MBiISpHen-2-y1-2-oxo-ethyl)-3-[bis-(3-fluorophenyl)-metbaiE2M5GXy]-1-azonia-bic
yclo[2.2.2]octane; bromide 33 (R)-1-Benzyl-3- [bis5(3 -fluoro-pheny1)-methoxycarbonyloxy]-1-

azonia-bicyctofz-2-2joctane; b R uorg-phenyl)-nethoxycarbonyloxyl-1-(2-
phenoxy-ethyl)l-l-azjonia-biq @[rgg%%]oc aﬁoep ‘Pd% %B pX& % ’ vy
(R)-3-[Bis-(3-fluorcd#@henyl)- rn@mbséwaabwmlﬂﬁ?eﬂm%ﬂaeah?altﬁoyd%'pz!zb]octane; iodide 36
(R)-g-[biS- 3-fluoro-phenyl)- maﬁwwwbaaﬂmmhdd&exeh?mde

pyridin-4-y[-ethyt)-I-azonia- r. Yool clane. bromide 37

(R)-3-[(2-Fluoro-pheny1)-(3-fll fgﬁlﬁéé" o%;%% IOy L 032 R002h HoHEh-2-y1-ethyl)-1-
azonia-bicy CIO[2.2.2}octane, dﬂ@m@g@!ophen 2-yl-ethyl)- 1 “azonia- blcycio{Z 2. 2]octane
(R)-3-[Bis-{2-chloro-phenyl)tmagithaieycarbonyloxy]-1-(2-oxo2-thiophen-2-yl-ethyl)-1-azonja-bicyclo[2.2.
2]octane; ghtoride 39 R)- nlorg-phenyi)-(3:fluoro-p

(R)-1-(2-0x0-2-thiophen-2-ylie {:F%/B p en 810 Irin%thoxyc on I)oxy) 1l-azonia- blcyclo[2.2.2]octan
e: chloride 42 methoxycarbonyloxy 1-1-(2-0x0-2- th!ophen -2-yl-ethyl)-1-

azonia-bicyclo[2.2.2]octane; chloride

43

(R)-3-
methoxycarbonyloxy]—1-(2—0)(0-2-thiophen~2-yl-ethyl)—1-

[(3,5-Difluoro-phenyl)-(3-fluoro-phenyl)-

azonia-bicyclo[2.2.2]octane; chloride

44

(R)-3-[(3-Fluoro-phenyl)-
oxo-2-thiophen-2-yi-ethyl)-1-azonia-bicyclo{2.2.2]octane;

m-tolyl-methoxycarbonyloxy]-1-(2-

chloride

45

(R}-3-[(3-Fluoro-phenyi}-(4-methylsulfanyl-phenyl)-
methoxycarbonyloxy]-1-(2-oxo-2-thiophen-2-yl-ethyl)-1-

azonia-bicyclo[2.2.2]octane; chioride

46

(R)-3-
methoxycarbonyloxy}-1-(2-oxo-2-thiophen-2-yl-ethyl}-1-

[(3-Fluoro-phenyl)-(4-fluoro-phenyl)-

azonia-bicyclo]2.2.2]octane; chloride

47

(R)-3-[(3,4-Difluoro-phenyl)-phenyl-methoxycarbonyloxyl}-1-
(2-oxo-2-thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane;

chioride

48

(R)-3-[(3-Fluoro-phenyl)-phenyl-methoxycarbonyloxy}-1-(2-
oxo-2-thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane;
chioride

The compounds of formula (I) may be prepared according to known

methods. Some of the processes which can be used are described below

and reported in Scheme.



WO 2010/015324Pci7EP2009/005272 15 40 (R)-3-[(3-Fluoro-phenyl)-(3-methoxy-phenyl)-
methoxycarbonyloxy1-1-(2-oxo-2-thiophen-2-yl-ethyl)-1- azonia-bicyclo[2.2.2)octane; chloride 41
(R)-34CycBRe3 3 bro-phenyl)-methoxycarbonyloxy]-1- PCT/EP2009/005272
(2-oxo-2-thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.22]octane; chloride 42
(R)-3-[(3-Chloro-phenyl}(3-fluoro-phenyl)- methoxycarbonyloxy]-1-(2-oxo-2-thlophen-2-yl-ethyl)-1-
azonia-bicyclo[2.2.21octane; chloride 43 (R)=3<{(3,5-Difluoro-phenyl)-(3-flgoro-phenyl)-
methoxycarbony@]‘l—(z"bﬁz-tmopheg@;gthyl);l;azania-bic@s@jﬂg@chloride 44
(R)-3-[(3-Fluoro-pkenyl)-m-telyi-methdi@carbonyloxy]-1-(2- _
oxo-2-thiophen-2-yl-e§l§| )-1-azonia-bicyclo[2,2.2]octane; chloride 48 3)
(R)-3-[(3-Fluoro-pheny1)-(4-methylsulfanyl-phenyl)-
methoxycarbonyloxy]-1-(2-oxo-2-thiophen-2-yl-ethyl)-1- azonia-bicyclo[2.2.2]octang; chloride 46
(R)-3-[(3-Fluoro-phenyl)-( ro-phenyl)- methoxycarbonyloxy1-1-(2-oxo-2-thiophgnt2-yl-ethyl)-1-
azonia-bicyclo[2.2.2 ctage; cEIoridﬁ: 47 (R)\-S__—&;’f,4-DifIuoro-phenyl)-phemﬁn@@ﬁrbonyloxy]-1-
(2-oxo-2-thio%ﬁ@¢ -yl@&thyh-1-azonia-bicyclo[2.2.2]octane; chioride 48 /'\

N— 3 {4) (5)

12 D"
? o) N * RX /U\ o N.
A (5)

® ? 0
Scheme
General procedure for the preparation of compounds of formula (1)
The compounds of general formula () may be prepared according to a
5 general process which includes the following steps:
1st step - An amino-alcohol of formula (2) is reacted with
1,1’-carbonyldiimidazole (1) in an aprotic solvent. Advantageously, the
reaction is carried out in a solvent selected from CH3CN, CH2Clz, CHCI;3,
tetrahydrofuran (THF) and dioxane at a temperature ranging from 0°C to the
10  boiling point of the solvent. Water is added and the imidazole derivative (3) is
extracted with a solvent. Examples of solvents which can be suitably used
are ethyl acetate, diethyl ether, methylene chloride;
2nd step - The solvent is evaporated to dryness and the residue is
reacted with an alcohol of formula (4) in an aprotic solvent. Advantageously,
15  the solvent is selected from THF, dimethylformamide (DMF), dimethylacetal
(DMA). Preferably, the alcohol is activated with a base advantageously
selected from NaH, Buli (butyl lithium), lithium diisopropylamide (LDA), to

give a compound of formula (5).



(R)-3-[(3-Fluoro-phenyl)-phenyl-methoxycarbonyloxy]-1-(2-
oxo-2-thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.2,2]octane; chloride The compounds of formula (1)
may be pr&hPeH/aE8atding to known methods. Some of the processesPWHERRGM I8 Ased are
described below and reported in Scheme. WO 2810/015324PCT/EP2009/005272 16  (1)(2)(3)
Scheme General procedure for the preparation of compounds of formula (1) The compounds of

general formula & hi8Pbe preparsthdecotdrigiea (Blgairrfprikyiaiashiah iRelndEedrs following

steps: st step.- An amino-alcohol of formula (2).is reacted with 1 1'-%%bon Idiimi%zole (1) inan
protc sofT, A S UL T A R o Rl ST Y R R e B,

CH2CI2, GHCig Jritaydaeiiran (Rhdr)and digxasripip temasianresandinadroshfqde the 10

boiling point of the solvent. Water is added and the imidazole derivative (3) is extracted with a solvent.
Examplestobsuivents ehicte cgivivg suitisiiersady e eyl oesate of sthpldah@dy, methylene chloride;

2nd step - The sglvent js evaporated to dryness-and the residue is reacted with an alcohol of formula
(4) in an aprotic ggﬁ/en't'?ﬁ%f‘\}é?ﬂagé%%%ly provides pharmaceutical compositions of

compounds of formula (I) in admixture with one or more pharmaceutically
acceptable carriers, for example those described in Remington’s
Pharmaceutical Sciences Handbook, XVIl Ed., Mack Pub., N.Y., U.S.A.
Administration of the compounds of the present invention may be
10 accomplished according to patient needs, for example, orally, nasally,
parenterally (subcutaneously, intravenously, intramuscularly, intrasternally
and by infusion), by inhalation, rectally, vaginally,‘ topically, locally,
transdermally, and by ocular administration.
Various solid oral dosage forms can be used for administering
15 compounds of the invention including such solid forms as tablets, gelcaps,
capsules, caplets, granules, lozenges and bulk powders. The compounds of
the present invention can be administered alone or combined with various
pha'rmaceutically acceptable carriers, diluents (such as sucrose, mannitol,
lactose, starches) and known excipients, including suspending agents,
20 solubilizers, buffering agents, binders, disintegrants, preservatives,
colorants, flavorants, lubricants and the like. Time release capsules, tablets
and gels are also advantageous in administering the compounds of the
present invention.
Various liquid oral dosage forms can also be used for administering
25 compounds of the invention, including aqueous and non-aqueous solutions,
emulsions, suspensions, syrups, and elixirs. Such dosage forms can also
contain suitable known inert diluents such as water and suitable known

excipients such as preservatives, wetling agents, sweeteners, flavorants, as



15 the solvent is selected from THF, dimethylformamide (DMF), dimethylacetal (DMA). Preferably, the
alcohol is activated with a base advantageously selected from NaH, BuLi (buty! lithium), lithium
diisopropy¥8e/ILE3A), to give a compound of formula (5). WO 2010/BCEERAPZIER2009/005272 17
3rd step - Compounds of formula (5) may be alkyiated at the nitrogen atom of the tertiary amine by
means of an alkylating agent RX wherein R is as previously defined and X is, according to known
conditionsyehidn@dsdinider o foeiniy ik 8/ guatssra ) HrnfufcsarRBfTeamafafte 5 The
invention also provid harmaceutical c ositions of compaounds of formula. (1) in admixture with
one or mdte %#é?ﬂiagglﬁic%(ﬁgln ggéjé‘pﬁgb?epc?a%ie%??grr%xg]r\ﬁ%pg‘ﬁwnosrgadyes%%b‘encﬁé i%t?edgmﬁ%bton's

PharmaceyligabRCigRERS ERHG90kn XMk Bl rmMagk s diohic Us AeAdBliRisthationHf the

compounds of the present invention may be 10 accomplished according to patient needs, for
example, prafiyr aiasadya easdstepalbs Bighcutaneously, intravenously, intramuscularly, intrasternally
and t:% infusion), by inhalation, rectally, vaginally, topically, locally, transdermally, and by ocular

admiristration. @Rﬂﬁsg&ft_ﬁéraf‘?fo§§§éafomaﬁﬁ@ttf§%d%r iARTRAYAS ImPdtinds of the
invention JHGLH%BQ ol é&'ﬁgz{g}a@%?%@m BlCARS nEAPSHIP Sy BRRISLBidrA0 S J9gRnges and

bulk powders. The compou of the present invention can be administered alone or combined with
various phichags atieally megeptablecoattiey ardilpenisifsyien agyBuwiese, mannitol, lactose, starches)
and known excipients, including suspending agents, 20 solubilizers, buffering agents, binders,
disintegrants, prEs&aiRiN TSR arReITRvBftRIstiBtiean&aanBanB ke fore Rflcdse®apsules,

tablets and e(;fels are al§8aadanFa%ecr)éJs ip ggmgisteﬂpaq tpne compgggg% Rf Ege t[%resgnE[.{/nevention.
Various Ii(?uld c?ra?c?c)sage%rms AN AsoBe used for acpmlﬁi’stering compounas of the invention,

inclugfing AoRIRAHSHANSLRPNBBIGEMS SAHHMIS, efUIIgN krBipRENSIONS, syrups, and elixirs. Such
dosage forms can also contain suitable known inert diluents such as water and suitable known

excipients such Besplepiceatmds)inisttmiiongtrs phaovreutichi\aramesipnv@n be in
2010/015%ZgF;gr-lr-T/\EonZ(c):?gz/a%sl,S%?rmztr%%nts, liniments, lotions, emulsions, suspensions,
gels, solutions, pastes, powders, sprays, and drops suitable for
administration to the skin; éye, ear or nose. Topical administration may also
15 involve transdermal administration via means such as transdermal patches..
For the treatment of the diseases of the respiratory tract, the
compounds according to the invention are preferably administered by
inhalation. | ‘
Inhalable preparations include inhalable powders, propellant-
20 containing metering aerosols or propellant-free inhalable formulations. |
For administration as a dry powder, single- or multi-dose inhalers
known from the prior art may be utilized. In that case the powder may be
filled in gelatine, plastic or other capsules, cartridges or blister packs or in a
reservoir. '
25 A diluent or carrier, generally non-toxic and chemically inert to the
compounds of the invention, e.g. lactose or any other additive suitable for

improving the respirable fraction may be added to the powdered compounds

of the invention.



well as agents for emulsifying and/or suspending the compounds of the invention. The compounds of
the present invention may be injected, for example, intravenously, in the form of an isotonic sterile
solution. O¥2\PdaFations are also possible. 5Suppositories for rectaP&ARRAIEAITHT2f the
compounds of the invention can be prepared by rxing the compound with a suitable excipient such
as cocoa butter, salicylates and polyethylene glycols. Formulations for vaginal administration can
be in the form of BfelA{iQRl, paskeTelEm, of el demulRCifb/IAg, I9aditiGYED the @8tive 10
ingredienthsg%lf S suitable carriers, are,also known. an(H to(g)f'c&l é:ldlrlp\i/nisflr(e)l;[]iogimgrppnarmaceutical

" H Qro, a?es m% contain. the ¢ m?o % en .
composition Can be Inthe form of creams, ointments, liniments, lotions, emulsions, suspensions, gels,

solutions, Haslesn POWHESisPRIAYY aBFheronsespitapalft atkuBisSHEIRNIEAIEI SkyeyRgear or nose.
Topical administration may also 15 involve transdermal administration via means such as transdermal

patches. corReirthghegatrgesdientisesdisk saes ofhirepthisiarijinerst,ahd cptipoaihdstacrording to the
invention are preferably administered by inhalation. Inhalable preparations include inhalable powders,
propeflant®38P6AKthing metering aerosols or propellant-free inhalable formulations.  For

administration a%ﬂ@*gregwﬁgﬁt.%l l6nAGMYIE-oRRIMNARE KBRWRAAR! the RUt AL MY be utilized.

In that case the powder may be filled in gelatine, plastic or other capsules, cartridges or blister packs
or in a resefvoie #bAdliloaninay coeriar, foenetdllyaiotidexio asdspamicaly inerhtaduesos)pounds of
the invention, e.g. lactose or any other additive suitable for improving the respirable fraction may be

added to tAEcpbaliferet ByATpalrRiobEtHEsRiIGNd WS P 0TEN 183246y s 2bpoieios2 72 19

inhalationagrosalsconiannapiopaianiapssughas xdraflugraalanes,mav.eaniainie gmpounds of
the invention eitherin solution or in"dispersed form. The propéflant-drivén formulations may also
contaf othar ISR such as co-solvents, stabilizers and optionally other

The compounds of the invention may be administered as the sole
active agent or in combination with other pharmaceutical active ingredients
including those currently used in the freatment of respiratory disorders, e.g.
betaz-agonists, corticosteroids and PDE4 inhibitors.

15 The dosages of the compounds of the invention depend upon a variety
of factors including the particular disease to be treated, the severity of tﬁe
symptoms, the route of administration, the frequency of the dosage interval,
the particular compound utilized, the efficacy, toxicology profile, and
pharmacokinetic profile of the corﬁpound. |

20 Advantageously, the compounds of formula (I) can be administered for
example, at a dosage comprised between 0.001 and 1000 mg/day, preferably
between 0.1 and 500 mg/day.

When the compounds of formula (I) are administered by inhalation
route, they are preferably given at a dosage comprised between 0.001 and

25 500 mg/day, preferably between 0.1 and 200 mg/day.

The compounds of formula (I) may be administered for the prevention
and/or treatment of broncho-obstructive or inﬂammatory diseases, such as

asthma, chronic bronchitis, .chronic obstructive pulmonary disease (COPD),



Sexcipients. The propellant-free inhalable formulations comprising the compounds of the invention
may be in form of solutions or suspensions in an aqueous, alcoholic or hydroalcoholic medium and
they may BECRINEAERHY jet or ultrasonic nebulizers known from the prRSITEAREHONY0STR-mist nebulizers
such 10 as Respimat(r). The compounds of #e invention may be administered as the sole active
agent or in combination with other pharmaceutical active ingredients including thase currently used in

the treatnfRNGhiBL SRR Aidier§ o8 ¢ h SIRPAGSITG s CEtiEdiRe rBigdCiR P BBA Hfiditors. 15The
dosages of the compaunds of the, invention depend. upan a varjety. of rs including particular
disease t6 %éehre?aste f‘ﬂ?éysé(‘/%(r)i%t/'%?%g ’sfrﬁggoﬁrwsn, he ¥§ﬁ%%é% %mgﬁg%?ggoﬁgﬁggre%nﬁency of the

dosage infivalcthe Ragicaioampogas wiliesstitae aisaeys toutaelagynowélesyantigharmacokinetic
profile of the compound. 20Advantageously, the compounds of formula (I) can be administered for

example, spastiosagiisodipeisiotibistwveeptic. 00desaidon0Qastiglastpraferiilthetiveestd and 500
mg/day. When the compounds of formula (1) are admigis_tere y inhalation route, they are

prefe%bIfﬁf@eﬁ%\??%ﬁ&éycdﬂ%ﬁgéd”%‘?\%@ﬁ 0 GV s8R, PEEYSBNPBRtween 0.1
and 200 T T ESURRAANSS: A SO RPN farhe prevention andior

treatment of broncho-obstructive or inflammatory diseases, such as asthma, chronic bronchitis,
chronic obstructivagutmseaaty idiseasen CLARDow\Ve: 20t fiEr0 i5324BET THPRREO DOB272 20
bronchial hyperreactivity, cough, emphysema or rhinitis; urological disorders such as urinary
incontinerfedopaNaKRNFN R R 0spasm, chronic cystitis and overactive bladder (OAB); gastrointestinal

disorders such %rome, spastic colitis, diverticulitis, peptic ulceration, gastrointestinal
motility or gastri tion; dry mouth; mydriasis, tachycardia; ophthalmic interventions

cardigvascular dispigaratioitbamyidaibidntusat siylis icidy@Rydiaaza-bidyeip[ase2jsatention will
now be further described by way of the following examples. EXAMPLE 1 10Preparation of

imidazole-3-ydaestedylic acid (R)-1-aza-bicyclo[2.2.2]oct-

Under nitrogen atmosphere, 7.0 g (65.0 mmol) of (R)-3-quinuclidinol
15 are suspended in 100 ‘ml of. CH2Cly. After cooling the suspension to 0°C, a
solution of 1,1’-carbonyldiimidazole (10.7 g, 66.0 mmol) in 150 mL of CH2Cl2
is added. The reaction mixture is stirred at 0°C for 4 hours, then water is
added (100 ml). The organic' layer is separated, washed with water, dried
over sodium sulphate and the solvent is evaporated under reduced pressure.
20  The residue oil (13.1 g) is used without further purification.
EXAMPLE 2

Preparation of carbonic acid (R)-1-aza-bicyclo[2.2.2]oct-3-yl ester

i
o/U\o"“ N
F. 'J\ . F

bis-(3-fluoro-phenyl)-methyl ester

25



3-y1 ester Under nitrogen atmosphere, 7.0 g (55.0 mmol) of (R)-3-guinuclidinol 15 are suspended in
100 ml of CH2CI2. After cooling the suspension to OC, a solution of 1,1'-carbonyldiimidazole (10.7 g,
66.0 mmoWih 205e0m3B240f CH2C12 is added. The reaction mixture is stif€tER20©/608242hours, then
water is added (100 ml). The organic layer is sepdrated, washed with water, dried over sodium
sulphate and the solvent is evaporated under reduced pressure. 20The residue oil (13.1 g) is used

without further phridation. eHdaRmliffuprobenphysiaedtion! o carBBAR atiigdry THF (8 mL)
(R)-1-aza-bicyg|o[2.2.2]oct-3-y1 ester bis-(3-fluoro:phenyl): | ester 25: W,
2010/0153%2?@172#%@/68@‘?? Af B 'ng‘d%ﬂ%’gf%)fgzu?%%rd[}eﬁ%%%l@.01 Tz Rmol) in dry
THF (8 mp)isadsiashwith mes QutiangofdPWd (Riiytdishitsa) diaM &7 heane (8-0-8d:paxymol) at 0C;

after stirring for 30 minutes a solution of imidazole-1-carboxylic acid (R)-1-aza-bicyclo[2.2.2]oct-3-y1
ester (1.1axi8 niR)el)aabtdingdlaf2s2d@uribeginestamie 1, m dby THEC(L6 oidfdsreddetsand the
mixture is stirred at OC for 1.5 hours. Water (100 ml) is added and the mixture is extracted with EtOAc

(2x5Pml) SERETIRAR HetragaIfc Iale A Wb Hridh T SoariRd @pHdRCIMEHESHIEIESS evaporated
under red%:ﬁﬂ%@ﬁ@gg}g' g&?rg.ewgf‘eis Ay Wﬂl)bﬁcz? g SO RO Slliea8glgeluting with

[
10 OH2C1 ractions containing the product are combined and concentrated by
evaporatigyittp BiEAL4@xE6Yayieihofdbrditecarpmind agepslayellomedil ot NbtRianalysis (300
MHz, DMSO-d6) 6:7.31 (m, 8H), 6.72 (s, 1H), 4.66 (m, 1H), 3.11 (m, 1H), 2.58 (m, 5H), 15 1.96
(d, 1H, J=suwshaty angdiim salypnt isTaefmeiash URts medibfad exansyees Th e IpRdreobtained with

a process.similar.}ot e one us?udn{g prepare compo nds 8f Exsar[rl}ple 2 Qy regc gn th%& mpound
prepared IR E)?éi'r[r\b‘? 1 \R/Yth {He dlitable acoﬁocfg, 80K as enzhycfrol, ubrencl)ll, Erudro- enzol,

4-flupso-benzab rpeeme-c2)erzahizhydisimbinhenth2-Rrduuot metvtHianheae and
bis-(4-chlorophenol) or bis-(4-bromo-phenol). EXAMPLE 3

concentrated by evaporation to give 1.4g, (75% yield) of the title compound
as pale yellow oil.

1H NMR analysis (300 MHz, DMS0O-d6)

- 8:7.31 (rﬁ, 8H), 6.72 (s, 1H), 4.66 (m, 1H), 3.11 (m, 1H), 2.58 (m, 5H),
15 1.96 (d, 1H, J=2.98 Hz), 1.59 (m, 4H).

The following intermediates (example 3 to 13) were obtained with a
process similar to the one used to prepare compounds of Example 2, by
reacting the compound prepared in Example 1 with the suitable alcohols,
such as benzhydrol, fluorenol, 3-fluoro-benzol, 4-fluoro-benzol, 4-bromo-

20 benzol, 2-hydroxy biphenyl, 2-hydroxy methyl thiophene, bis-(4-chloro-
phenol) or bis-(4-bromo-phenol).

EXAMPLE 3

Carbonic acid (R)-1-aza-bicyclo[2.2.2]oct-3-yl ester benzhydryl ester

oj\o @

25



Carbonic acid (R)-1-aza-bicyclo[2.2.2]oct-3-y1 ester benzhydryl ester 25 WO

2010/015324PCDEP2009/005272 22 The desired product is prepared by reacting
imidazole-Meameigidacid (R)-1-aza-bicyclo[2.2.210oct-3-yl ester with BERZARASIVEXAMPLE 4

Carbonic acid (R)-1-aza-bicyclo[2.2.2]oct-3-y1 egter 9H-fluoren-9-y1 5 ester

The desired product

is prepared by reacting imidazole-1-carboxylic acid (R)-l-aza-bicyclo[z.2.2}oct-3-y1 ester with

fluorenol. 101H NMR desilysis pROQUUHIS DRESE )by BarBeydPHage

-5 bPEYlE, 2H, J=

6.5Hz), 7.48 (t, 2H, J= 7.5Hz), 7.36.(m, 2H), 6.60 (s, 1H), 4.77 (t. 1H, J= 4.2Hz), 3.19 (dd, 1H, J= 8.3,
14.9Hz), 288 (R)9r§73: lﬂf&"ﬂ%;%gﬁﬁi}{z‘%ff%éf%rWF{gﬂkB?%%gXé'ﬁtE 5 15CZa)rbonic E’;\Cid

(R)-1-aza-bicyclefg gagiagt-3ry1 ester 3-fluoro-benzyl ester

Carbonic acid (R)-1-aza-bicyclo[2.2.2]Joct-3-yl ester 9H-fluoren-9-yl

5 ester

oj\o @
Cri

The desired product is prepared by reacting imidazole-1-carboxylic

acid (R)-1-aza-bicyclo[2.2.2]oct-3-yl ester with fluorenol.
10 1H NMR analysis (300 MHz, DMSO-d6)

5 7.86 (d, 2H, J= 7.5Hz), 7.63 (t, 2H, J= 6.5Hz), 7.48 (t, 2H, J=

7.5Hz), 7.36 (m, 2H), 6.60 (s, 1H), 4.77 (t, TH, J= 4.2Hz), 3.19 (dd, 1H, J=

8.3, 14.9Hz), 2.65 (m, 5H), 2.04 (d, 1H, J= 2.9Hz), 1.55 (m, 4H).
EXAMPLE 5

15 Carbonic acid (R)-1-aza-bicyclo[2.2.2]oct-3-yl ester 3-ﬂuord—benzyl

ester

The desired product is prepared by reacting imidazole-1-carboxylic

20 acid (R)-1-aza-bicyclo[2.2.2]oct-3-yl ester with 3-fluoro-benzol.
1H NMR analysis (300 MHz, DMSO-d6)

8: 7.43 (m, 1H), 7.18 (m, 3H), 5.15 (s, 2H), 4.66 (m, 1H), 3.11 (m, 1H),

2.54(m, 4H), 1.96 (m, 1H), 1.49 (m, 5H).



The desired product is prepared by reacting imidazole-1-carboxylic 20acid
(R)-1-aza-bicyclo[2.2.2)oct-3-y1 ester with 3-fluoro-benzol. 1H NMR analysis (300 MHz, DMSO-d6)

5: 7.43 (mWVAHIY0832h, 3H). 5.15 (s, 2H), 4.66 (m, 1H), 3.11 (m, 1H), BCEAFAIMNYSAD6 (m, 1H), 1.49
(m, 5H). WO 2010/015324PCT/EP2009/00527223 EXAMPLE 6 Carbonic acid

(R)-1-aza-bicyclo[2.2.2]oct-3-y1 ester 4-fluoro-benzyl ester 5The desired product is prepared by
reacting imidazc@;ﬁﬁ!‘ﬂé&gﬁ/lic acid (R)-1-aza-bicyclo[2.2.2]oct-3-y1 ester with 4-fluoro-benzol. 1H

R = O BUSR e B0 L ot 11,261

(R)-1-a7A-bicyclo[2.2.2]oct-3-ylester 4-bromo-benzyl ester Br ~ The desired product is prepared
by reacting imidazole-1-carboxylic 15acid (R)-1-aza-bi [2.2.2]oct-3-y1 ester with 4-bromo-benzol.
EXAMPLE 8 Carbonic acid (R)-l—aza—bicyclo[z.2/.[{]oct_ 34y ester biphenyl-2-yl ester

o~ ~o”

iog

5 . The desired product is prepared by reacting imidazole-1-carboxylic
acid (R)-1-aza-bicyclo[2.2.2]oct-3-yl ester with 4-fluoro-benzol.
1H NMR analysis (300 MHz, DMSO-d6)
5: 7.46 (m, 2H), 7.22 (m, 2H), 5.11 (s, 2H), 4.63 (m, 1H), 2.61 (m, 5H),
1.95 (d, 1H, J= 3.0Hz), 1.48 (m, 5H).
10 EXAMPLE 7

Carbonic acid (R)-1-aza-bicyclof2.2.2]Joct-3-yl ester 4-bromo-benzyl ester

S
Q)J\O‘\,. N

Br
The desired product is prepared by reacting imidazole-1-carboxylic
15  acid (R)-1-aza-bicyclo[2.2.2]oct-3-yl ester with 4-bromo-benzol.
EXAMPLE 8
Carbonic acid (R)-1-aza-bicyclo[2.2.2]oct-3-yl ester biphenyl-2-yl ester

20 The desired product is prepared by reaéting imidazole-1-carboxylic



WO 20101015324PCDEP20091005272 24 acid (R)-1-aza-bicyclo[2.2.2]oct-3-y1 ester with 2-hydroxy
biphenyl. EXAMPLE 9 Carbonic acid (R)-1-aza-bicyclo[2.2.210ct-3-y1 ester thiophen-z- ylmethyl
ester5 T %Pég/ﬁéﬁzéroduct is prepared by reacting imidazole-1-carbb '\ﬂﬁtpé%%(ms 72

(R)-1-aza-bicyclo[2.2.2]oct-3-y1 ester with 2-hyd¥dxy methyl thiophene. NMR analysis (300 MHz,

(. 5. T8 (R 27 S0 o0 Bl AR s AT BT 1 > T 27

(R)-1-aza-bicyclgfe gagdaqt-3-y1 ester bis-(4-chloro- phenyl)-methyl ester 15 The desired product
is prepared by reacting imidazole-1-carboxylic acid (R)-1-aza-bicyclo[2.22]oct-3-yl ester with
bis-(4-chloro-ph&aroiric\ MRidnaiR)s 1206 Midy cjPsSD26s 281 7. 45 er, skhiophan-1H), 4.66 (t,

1H, J=4.0Hz), 3.13 (m, 1H), 2.66
yimethyl ester

5
o}
\ o/lLo“‘@\J
S
The desired product is prepared by reacting imidazole-1-carboxylic
acid (R)-1-aza-bicyclo[2.2.2]oct-3-yl ester with 2-hydroxy methyl thiophene.
1H NMR analysis (300 MHz, DMSO-d6)
10 5: 7.62 (m, 1H), 7.24 (m, 1H),'7.07 (M, 1H), 5.33 (s, 2H), 4.67 (m, 1H),
3.14 (m, 1H), 2.64 (m, 5H), 1.98 (d, 1H, J= 3.1Hz), 1.30 (m, 4H).
EXAMPLE 10
Carbonic acid (R)-1-aza-bicyclo[2.2.2]oct-3-yl ester bis-(4-chloro-
phenyl)-methyl ester
15
0 @
o/u\o“‘\ N
The desired product is prepared by reacting imidazole-1-carboxylic
acid (R)-1-aza-bicyclo[2.2.2]oct-3-yl ester with bis-(4-chioro-phenol).
"H NMR analysis (300 MHz, DMSO-d6)
20 5: 7.47 (m, 8H), 6.74 (s, 1H), 4.66 (t, 1H, J= 4.0Hz), 3.13 (m, 1H), 2.66

(m, 5H), 1.97 (d, 1H, J= 3.0Hz), 1.51 (m, 4H).



(m, 5H), 1.97 (d, 1H, J= 3.0Hz), 1.51 (m, 4H). WO 2010/015324PCT/EP2009/005272 25 EXAMPLE
11 Carbonic acid (R)-1-aza-bicyclo[2.2.2]oct-3-y1 ester bis-(4-bromophenyl)-methyl ester 5
The desir@pt88Utt3% prepared by reacting imidazole-1-carboxylic aciBCT/EP2009/005272
(R)-1-aza-bicyclo[2.2.2]oct-3-y1 ester with bis-(4&2Bromo-phenol). 1H NMR analysis (300 MHz,

DMSO-d6) 6:7.59 ém] 4H;, 7.37 (m, 4H), 6.68 (s, 1H), 4.63 (t, 1H, J= 3.0Hz), 3.30 10(s, 1H), 3.08
(m, 1H), 2.64 ( . , 1H, J= 3.0Hz), 1.59 (m, 4H) EXAMPLE 12 Carbonic acid

(R)-1-aza-bicyclalag 2lact-3cyd Ry Pisa-uojoppenyakmesy| exster pREIdBRIERAPrOduCt is
ﬁ!—:-l- arboxy %‘%g -1-a %t foc

prepared by reacting imidazo IC ac a-bicyclo[2.2.2]oct-3-y1 ester with
bis-(4-flugsReplypneibtAy] Ai¥& analysis (300 MHz, CDC13-d6) 6: 7.34 (m, 4H), 7.06 (m, 4H),
6.67 (s, 1H), 4.72 (m, 1H), 3.23 (m, 1H), 202.83 m, 5H), 2.08 (m, 1H), 1.49 (m, 4H).

L2
A LE
BrBr

The desired product is prepared by reacting imidazole-1-carboxylic
acid (R)-1-aza-bicyclo[2.2.2]oct-3-yl ester with bis-(4-bromo-phenol).
H NMR analysis (300 MHz, DMSO-d6)
5: 7.59 (m, 4H), 7.37 (m, 4H), 6.68 (s, 1H), 4.63 (t, 1H, J= 3.0Hz), 3.30
10 (s, 1H), 3.08 (m, 1H), 2.64 (m, 4H), 1.94 (d, 1H, J= 3.0Hz), 1.59 (m, 4H)
EXAMPLE 12

Carbonic acid (R)-1-aza-bicycio[2.2.2]oct-3-yl ester bis-(4-fluoro-

. a
o/u\o“‘ N
Jopel

The desired product is prepared by reacting imidazole-1-carboxylic

phenyl)}-methyl ester

15

aci;j (R)-1-aza-bicyclo[2.2.2]oct-3-yl ester with bis-(4-fluoro-phenol).
1H NMR analysis (300 MHz, CDCls-d6)
5: 7.34 (m, 4H), 7.06 (m, 4H), 6.67 (s, 1H), 4.72 (m, 1H), 3.23 (m, 1H),
20  2.83 (m, 5H), 2.08 (m, 1H), 1.49 (m, 4H).



WO 2010/015324PCT/EP2009/005272 26 EXAMPLE 13 Carbonic acid
(R)-1-aza-bicyclo[2.2.2]oct-3-y1 ester 3-bromo-benzyl ester olco"(r) The desired product is
prepared BYOréHéfngphidazole-1-carboxylic acid (R)-1-aza-bicyclo[2.2 Pq&aE3MM&87 2vith
3-bromo-benzol. EXAMPLE 14 Preparatizéh of

(R)-3-[Bis-(3-fluoro-phenyl)methoxycarbonyloxy]-1-(2- 10
0X0-2- thiophen-%ﬁ;ﬂghﬁzonia bicyclo[2.2.2]octane; chloride (compound 1) The desired

product is prep ed reactln ( | oct-3-y1
ester bis-(3- fluoa#;:) p eny é’gﬂeéger I%?é}lﬁted aggggcrl pdgl%){g’lg(:?ﬁagfg?%s (ﬂ%& |

chloro)acgiipiophene (602 mg, 3.7 mmol) in EtOAc (5 ml). After stirring for 8 hours at room
temperature, the solid precipitated is filtered, washed with Et20 (2 ml) and dried under vacuum at 50C.
1.3 g of the title compound is obtained as white solid. 201H NMR analysis (300 MHz, DMSO-d6) 5:

2.06-1.97 (4H, m), 2.42 (1H, br s), 3.86-3 7861’ m), 4.25 (1H, m), 5.13 (2H, s), 6.78 (1H, s),
7.47-7.15 (9H, m), 8.11 (1H, d), 8.22 (1H,

he follpwing compounds are prepared using the route
described in WO 2010/015324PCT/EP200 /005272[%\

The desired product is prepared by reacting imidazole-1-cérboxylic
acid (R)-‘I—aza;bicyclo[Z.2.2]oct~3~yl ester with 3-bromo-benzol.
EXAMPLE 14

Preparation of (R)-3-[Bis~(3-fluoro-phenyl)-methoxycarbonyloxy]-1-(2-
10  oxo-2-thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane; chloride (compound 1)

0 @ R
OJ\O“" Nm
. F Cl

The desired product is prepared by reacting 1.4 g, (3.7 mmol) of
carbonic acid (R)-1-aza-bicyclo[2.2.2]oct-3-yl ester bis-(3-fluoro-phenyl)-
15 methyl ester (obtained as described in example 2) with 2-(2-
chloro)acetylthiophene (602 mg, 3.7 mmol) in EtOAc (5 ml). After stirring for
8 hours at room temperature, the solid precipitated is filtered, washed with
Et2O (2 ml) and dried under vacuum at 50°C.
1.3 g of the title compound is obtained as white so'lid.
20 1H NMR analysis (300 MHz, DMSO-d6)
5: 2.06-1.97 (4H, m), 2.42 (1H, br s), 3.86-3.71 (6H, m), 4.25 (1H, m),
5.13 (2H, s), 6.78 (1H, s), 7.47-7.15 (9H, m), 8.11 (1H, d), 8.22 (1H, d).

The following compounds are prepared using the route described in



27 Example 14 and in particular by reacting the compounds described in Examples 3 to 13 with
2-(2-chloro)acetylthiophene or 1-phenethyl bromide or 1-benzyl chloride or methyl iodide or
1-(3-phend¥y-HHINHBtomide, as described in the following. SEXAMPLIECT/EP2009/005272
(R)-3-Benzhydryloxycarbonyloxy-1-(2-oxo-2-thiopffen-2-yl-ethyl)-1- azonia-bicyclo[2.2.2]octane;
chloride (compound 2) 10The desired product is prepared by reacting carbonic acid (R)-1-aza-

bicyclo[2. Ezfsepiry 1 esfiithdRz AN ester it eagtieal i a casnRrgpsn&eBaiOR dhalysis (300

MHz, DMSO-d6 : 3-1.9 H 40 (1H..5),,3.88-3.6 . 5.13 (1H, br
s), 5.24 ( ,%’5’?“)24?7*4?1%,%s%),"’f&lb%@édami’)ﬁ’,%% ,eg.%‘?%’ﬂ,eﬁ% %égzg}%ﬂ?}é’ﬁ %?E%EWE%E 16
(R)-3-(9H-Flyarent duigaaarbenyiexin i - (r@ige- 2dhiop(ipReviosihyio gy ostiarhigrciatd. 2. 2Joctane;
chloride (compound 3) 20 The desired product is prepared by reacting carbonic acid
(R)-1-azalbiegciofz@ @) diee- 3oyibwsigr 9H-fluoren-9-y1 ester with 2-(2- chloro)acetylthiophene. WO
2010/015324PCT/EP. 005272 28 1H NMR analysis (300 MHz, DMSO-d6) 6: 2.09-1.98 (4H,
m), 250 (1H, s),%&@g&é, m), 3.95 (1H, d), 4.28 (1H, m), 5.27-5.22 (3H, br s), 6.52 (1H, s),

7.:39-7.35 (3H, MRy SBEBurf BH/CAHHBTIEAH bR U BB Ry ASEXAMPLE 17

azonia-bicyclo[2.2.2]octane; chloride (compound 2)

o | | 0
O/ILO““@QM
Cl

10 The desired product is prepared by reacting carbonic acid (R)-1-aza-
bicycl6[2.2.2]oct~3-yl ester benzhydryl ester with 2-(2-chloro)acetylthiophene.
H NMR analysis (300 MHz, DMSO-d6)
5: 2.03-1.95 (4H, m), 2.40 (1H, s), 3.88-3.65 (5H, m), 4.19>(1H, m),
5.13 (1H, br s), 5.24 (2H, s), 6.74 (1H, s), 7.45-7.30 (11H, m), 8.16 (1H, d),
15 8.22 (1H, d).
EXAMPLE 16

(R)-3-(9H-Fluoren-9-yloxycarbonyloxy)-1-(2-oxo-2-thiophen-2-yl-ethyl)-

1-azonia-bicyclo[2.2.2]octane; chloride (compound 3)

Ci
i

The desired product is prepared by reacting carbonic acid (R)-1-aza-

20

bicyclo[2.2.2]oct-3-yl ester 9H-fluoren-9-yl ester with 2-(2-

chioro)acetylthiophene.



(R)-3-(3-Fluoro-benzyloxycarbonyloxy)-1-(2-oxo-2-thiophen-2-ykethyl)- 1-azonia-bicyclo[2.2.2]octane;
chloride (compound 4) 10The desired product is prepared by reacting carbonic acid (R)-1-aza-
bicyclo[2. V01 ¥ 81yR4ter3-fluoro-benzylesterwith2-(2- chloro)acetylthRpHERZIIBIRIAR analysis (300
MHz, DMSO-d6) 6: 2.07-1.93 (4H, m), 242 (1H, s), 3.93-3.66 (5H, m), 4.27-4.21 (1H, 15m),
5.14 (1H, s), 5.22 (2H, s), 5.30 (2H, s), 7.50-7.18 (5H, m), 8.21 (2H, m). EXAMPLE 18
(R)-3-(4-Fluoro-bdidiek peatysis, (00 -Midz oldMBPigBhen-2-yl-ethyl)- 1-azonia-bicyclo[2.2.2]octane;

hloride ( d5 The desi ' ti bgni id
(R0 L-arabicydts 3 D50y kol M- eeAB-b Ly hstor D (3 ahi D AL bErahe. WO

2010/015324PHFRA08%606 272 39 LE NV azalysis 6300 bz, 48VSQ;df), 7.58 269-1.89 (4H,
m), 2.41 (1H, br's); 3.80-3.67 (5H, m), 4.25-4.18 (1H, m), 5.13 (1H, br s), 5.18 (2H, s), 5,25 (2H, S),

7.24 (2H, &), 7.3 (H,1), 77527 T4, (QH8mY, 8117, (HBD3 &2 @H, d). SEXAMPLE 19
5 EXAMPLE 17

(R)-3-(3-Fluoro—benzyloxycarbonyloxy)-1-(2—oxo-2-thiophen-2-yl-ethyl)—

1-azonia-bicyclo[2.2.2]octane; chioride (compound 4)

o) @ T s
o)Lo“" Nf)\@
F\©) cl
10 The desired product is prepared by reacting carbonic acid (R)-1-aza-
bicyclo[2.2.2]oct-3-yl ester 3-fluoro-benzyl ester with 2-(2~
chloro)acetylthiophene.
1H NMR analysis (300 MHz, DMSO-d6)
5: 2.07-1.93 (4H, m), 2.42 (1H, s), 3.93-3.66 (5H, m), 4.27-4.21 (1H,
15 m), 5.14 (1H, s), 5.22 (2H, s), 5.30 (2H, s), 7.50-7.18 (5H, m), 8.21 (2H, m).

EXAMPLE 18 |
(R)-3-(4-Fluoro-benzyloxycarbonyloxy)-1 -(2-oxo0-2-thiophen-2-yl-ethyl)-

1-azonia-bicyclo[2.2.2]octane; chloride (cofnpound 5)

oio @%
: J cl
F

The desired product is prepared by reacting carbonic acid (R)-1-aza-

20

bicyclo[2.2.2]oct-3-yl ester 4-fluoro-benzyl ester with 2-(2-

chloro)acetylthiophene.



(R)-3-(4-Bromo-benzyloxycarbonyloxy)-1-(2-oxo-2-thiophen-2-yl-ethyl)- 1-azonia-bicyclo[2.2.2]octane;
chloride (compound 6) Br 10The desired product is prepared by reacting carbonic acid (R)-1-aza-
bicyclo[2. VD1 ¥a/81§3%ster4-bromo-benzylesterwith2-(2- chloro)acety!thfIpHRIE/442NMR analysis
(300 MHz, DMSO0-c113) 6: 2.06-1.93 (4Kpam), 2.41 (1H, s), 3.91-3.35 (5H, m), 4.26-4.19 (1H,
15m), 5.12 (1H, s), 5.17 (2H, s), 5.27 (2H, s), 7.41-7.34 (3H, m), 7.61 (2H, d), 8.17 (1H, d), 8.22 (1H,
d). EXAMPLE 28{RIMR epays{s-B00 WEZHBIMRRyHE) (2-oxo-2-thiophen-2-yl-ethyl)-1-
azonia-bicyclo[ﬁ. loctane: chloride (compoynd. 7) 20 O 5324PCHEP, /005272 30
chloro)acetylthi éﬁé%ﬁ%ﬁ\ﬁ‘géﬂ |és@(f$§1\/ﬁﬁ)zs% D%}géogé‘g? 3%0?@8“8%&%%3 (1H, ),
3793 I (AT 6149 B, 09, BRI, S0 @H(3h A BBR (40, Ws8-14 (1H. O
'7.47 (2H, m), 8.17 (1H, d), 8.22 (1H, d).
5 EXAMPLE 19

(R)-3-(4-Bromo-benzyloxycarbonyloxy)-1-(2-oxo-2-thiophen-2-yl-ethyl)-

1-azonia-bicyclo[2.2.2]octane; chloride (compound 6)

0
0 ) s
| o/U\o @N\)\i\J
cl
Br/©)

10 The desired product is prepared by reacting carbonic acid (R)-1-aza-
bicycio[2.2.2]oct-3-yl ester 4-bromo-benzyl ester with 2-(2-
chioro)acetylthiophene.

1H NMR analysis (300 MHz, DMSO0-d6)
‘ 5. 2.06-1.93 (4H, m), 2.41 (1H, s), 3.91-3.35 (5H, m), 4.26-4.19 (1H,

15 m), 5.12 (1H, s), 5.17 (2H, s), 5.27 (2H, s), 7.41-7.34 (3H; m), 7.61 (2H, d),
8.17 (1H, d), 8.22 (1H, d).

EXAMPLE 20
(R)-3-(Biphenyl-2-yloxycarbonyloxy)-1-(2-oxo-2-thiophen-2-yl-ethyl)-1-

azonia-bicycio[2.2.2]octane; chloride (compound 7)

Cl
g

The desired product is prepared by reacting carbonic acid (R)-1-aza-

20

bicyclo[2.2.2]oct-3-yI ester biphenyl-2-yl ester with 2-(2-



SEXAMPLE 21

(R)-3-(9H-Fluoren-9-yloxycarbonyloxy)-1-phenethyl-1-azoniabicyclo[2.2.21octane; bromide

(compoun¥8)2BWATPERE desired product is prepared by reacting carboMEHERI(RRASA2a-

bicyclo[2.2.210ct-3-yi ester 9H-fluoren-9-y1 esteBvith 1-phenethyl bromide..1H NMR analysis (300

MHz, DMSO-d6) 6: 2.04-1.92 (4H, m), 2.50 (2H, s), 3.09-3.00 (2H, m), 3.70-3.43 (7H, m), 4.06-3.99

(1H, m), 532123(@)40§}>’ﬁ"6991}¢n§3 7 89 7 26 (13H, m) 15EXAMPLE 22

(R)-1-Benzyl- 3(@-& ren- IOW% ja- bicyclo(2.2.2)octane; chloride (compound
ing C

9) 20The The desire ro uc pare yre

rbonlc acid (R)-1-aza- bicyclo[2.2.2]oct-3-y1

ester 9H- fluore%Qﬂb@stﬁBwhrl, benzykehlaride) 1l NMVIReaN gy si B0 vtz 1 DMSO46)
6:1.99-1.81 (4H, m), 2.42 (1H, s), 3.51-3.41 (41-|, m), 3.71 (1H, m), 3.92 (1H, m), 4.63 (2H, q), 5.16

(1H, s), 6.8091HHs ) 7sB857186(RH H)nT),4 O3B0 16N 38R4R CA (H [P 200 H 6012, 31).7.87 (2H, d).
EXAMPLE 23 (R;éi—(9H Fltéc‘iren -9-yloxycarbonyloxy)-1-methyl-l-azoniabicyclo[2.2.2]octane; iodide

(comﬁound 10)

(R)-3-(3H-Fluoren-9-yloxycarbonyloxy)-1-phenethyl-1-azonia-

bicyclo[2.2.2]octane; bromide (compound 8)

10

The desired product is prepared by reacting carbonic acid (R)-1-aza-

bicyclo[2.2.2]oct-3-yl ester 9H-fluoren-9-y! ester with 1-phenethyl bromide.

1H NMR analysis (300 MHz, DMSO-d6)
8: 2.04-1.92 (4H, m), 2,50 (2H, s), 3.09-3.00 (2H, m), 3.70-3.43 (7H,

m), 4.06-3.99 (1H, m), 5.22 (1H, s), 6.65 (1H, s), 7.89-7.26 (13H, m).

15

EXAMPLE 22

(R)-1 -Benzyl-3—(9H-ﬂuoren-9-yloxycafbonyloxy)-1 -azonia-

bicyclo[2.2.2]octane; chloride (compound 9)

20

The desired product is prepared by reacting carbonic acid (R)-1-aza-

bicyclo[2.2.2]oct-3-yl ester 9H-fluoren-9-yl ester with 1-benzyl chloride.

H NMR analysis (300 MHz, DMSO-d6)
5: 1.99-1.81 (4H, m), 2.42 (1H, s), 3.51-3.41 (4H, m), 3.71 (1H, m),

3.92 (1H, m), 4.63 (2H, q), 5.16 (1H, s), 6.64 (1H, s), 7.68-7.36 (11H, m),



5 The desired product is prepared by reacting carbonic acid (R)-1-azabicyclo[2.2.2)oct-3-y1 ester
9H-fluoren-9-y1 ester with methyl iodide. 1H NMR analysis (300 MHz, DMSO-d6) 106: 1.99 (5H, m),
2.50 (1H, 3Y03200/0B3H246), 3.44 (3H, m), 3.47 (1H, d), 3.67 (1H, m), 5.2 CIKEPROYIBGATELL, S),
7.88-7.36 (8H, m). EXAMPLE 24 31
(R)-3-(9H-Fluoren-9-yloxycarbonyloxy)-1-(3-phenoxy-propyl)-1-azonia- bicyclo[2.2.2]octane; bromide
(compound-871)(28, d). The desired product is prepared by reacting carbonic acid
(R)-1-azabicyclo[2,2. -3:-y1 ester 9H-fluoren-9-yi ester with 1-(3-phenoxy-propyl) bromide.
20IFINMR anal - DMSO-d6) 6: 2.19-1.90 (7H, m), 2.50 (1H, s), 3.68-3.32 (6H, m),
4.05-3.96 (3H, I hucYeh-62/ kR RFIEGS- (LATAAY)- FALOARIE 25

(R)-3-(Biphenyl- E)?g(‘s?:gbonyloxy)-%(B%henoxﬁp%%‘g/l)-1-a§gnia- \Wie
2010/0153 4 2ER 2pag 40502 82 ymipfiad ldbtane; bromide (compound 12)

5
| O 0 @
‘ AN
s
-
The desired product is prepared by reacting carbonic acid (R)-1-aza-
biCycio[Z.Z.Z]oct—B—w ester 9H-fluoren-9-yl ester with methyl iodide.
1H NMR analysis (300 MHz, DMSO-d6)
10 5: 1.99 (5H, m), 2.50 (1H, s), 3.00 (3H, s), 3.44 (3H, m), 3.47 (1H, d),
3.67 (1H, m), 5.25 (1H, m), 6.64 (1H, s), 7.88-7.36 (8H, m).
EXAMPLE 24
(R)-3-(9H-Fluoren-8-yloxycarbonyloxy)-1-(3-phenoxy-propyl}-1-azonia-
bicyclo[2.2.2]octane; bromide (compound 11)
15
g 0 6
LD~
s
Br
The desired product is prepared by reacting carbonic acid (R)-1-aza-
bicyclo[2.2.2]oct-3-yl ester 9H-fluoren-9-yl ester with 1-(3-phenoxy-propyl)
bromide.
20 H NMR analysis (300 MHz, DMSO-d6)

5: 2.19-1.90 (7H, m), 2.50 (1H, s), 3.68-3.32 (6H, m), 4.05-3.96 (3H,
m), 5.18 (1H, s), 6.62 (1H, s), 7.88-6.94 (13H, m).
EXAMPLE 25

(R)-3-(Biphenyl-2-yloxycarbonyloxy)-1-(3-phenoxy-propyl)-1-azonia-



The desired product is prepared by reacting carbonic acid (R)-1-aza5bicyclo[2.2.2]oct-3-y1 ester
biphenyl-2-yl ester with 1-(3-phenoxy-propyl) bromide. 1H NMR analysis (300 MHz, DMSO-d6) 6:
2.20-1.83 WPi24HY0®88 (2H, s), 3.55-3.28 (5H, m), 3.90-3.83 (1H, m), £OYERPHIGIBTB (1H, br s),
6.99-6.95 (3H, m), 7.50-7.30 (11H, m). 1.0EXAMBEE 26 .
(R)-3-(Bipheny)-2-yloxycarbonyloxy)-1-methyl-1-azoniabicyclo[2.2.2]octane; iodide (compound 13)
15The degi@tpbﬂ%% ReiREsakIeBjde deampeapdidlacid (R)-1-aza- bicyclo[2.2.2]oct-3-y1 ester
biphenyl-2-y1 ester with methyl iodide. 1H NMR analysis (300 MHz, DMSO-d6) 6: 2.18-1.80 (6H,
m), 2.95 (3H, s), 3.47-3.32 (4H, m), 3.84-3.75 (1H, m), 4.98-4.96 (1H, m), 5.52-7.39 (9H, m). 20 WO
2010/U15324PCITEP2009/00 3 EXAM 7 o

(R)-1-(2-0x0-2-thiophen-2-yl-ettyl)-3 Qt? ibpher2=N_ ~
ylmethoxycarbonyloxy)-1-azonia-picycC o[2.9.2]octaé1re; chloride (compound 14) The desired product
is prepared by reacting carbonieZatid (R)-1-azabicyclo[2.2.2]oct-3-y1 ester thiophen-2-yImethyl ester
with 242- chioro)acetyithiophe )1H NMR analysis (300 MHz, DMSO-d6) 6: 2.10-1.95 (4H, m),
2.44 (1H, br s), 3.87-3.66 (5H, m), 4.25-4.16 (1H, m), 5.16 (3H, s), 5.40 (2H, s), 7.66-7.08 (4H, m),
8.15 (1H, dd), 8.2Adlttbgldd product is prepared by reacting carbonic acid (R)-1-aza-

5 bicyclof2.2.2]oct-3-yl ester biphenyl-2-yl ester with 1-(3-phenoxy-propyl)
bromide.
"H NMR analysis (300 MHz, DMSO-d6)
5: 2.20-1.83 (7H, m), 2.50 (2H, s), 3.55-3.28 (5H, m), 3.90-3.83 (1H,
m), 4.05 (2H, t), 4.98 (1H, br s), 6.99-6.95 (3H, m), 7.50-7.30 (11H, m).
10 EXAMPLE 26

(R)-3-(Biphenyl-2-yloxycarbonyloxy)-1-methyl-1-azonia- .
bicyclo[2.2.2]octane; iodide (compound 13)

O D
o’tLo“" =

15 The desired product is prepared by reacting carbonic acid (R)-1-aza-
bicyclo[2.2.2]oct-3-yl ester biphenyl-2-yl ester with methyl iodide.
H NMR analysis (300 MHz, DMSO-d6)
5: 2.18-1.80 (6H, m), 2.95 (3H, s), 3.47-3.32 (4H, m), 3.84-3.75 (1H,
m), 4.98-4.96 (1H, m), 5.52-7.39 (SH, m).
20



EXAMPLE 28 15(R)-3-[Bis-(4-chloro-phenyl)-methoxycarbonyloxy]-1-(2-oxo-2-thiophen-
2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane; chloride (compound 15) The desired product is
prepared Waeattinggarbonic acid (R)-1-azabicyclo[2.2..2]oct-3-yi ester@GigEPoopimaiphenyl)-methyl
ester with 2-(2- 20chloro)acetylthiophene. 1H NMf3 analysis (300 MHz, DMSO-d6) 6: 1.90-2.06
(4H, m), 2.41 (1H, s), 3.61-3.85 (5H, m), 4.14 (1H, s), 5.12 (3H, s), 7.35 (1H, t), 7.47 (9H, d), 8.11 (1H,
d), 8.22 (1H, d). BMXAMELE @AH324PCT/EP2009/005272 34 EXAMPLE 29
(R)-3-[Bis-(4-bromo-phenﬁl)-methoxycarbonyloxx{g’-l-(Z-

) XQ-2-
Fhiophen-z-yl-etf{)ﬁ?-'l"-’égb romdhiRphosaR yéh'l%'t?%o(%ﬁ{ﬁgﬁnd 16) 5 The desired product
IS prepare, j o= 1] =1-¢ i -3-y
it o o A e B e R e SRR I e

DMSO-d6)405: 2.09-1.96 (4H, m), 2.40 (1H, s), 3.78-3.72 (5H, m), 3.86-3.82 (1H,

5
o]
O . s
O/U\O x@m
S Cl

\_s

The desired product is prepared by reacting carbonic acid (R)-1-aza-
bicyclo[2.2.2]oct-3-yl  ester  thiophen-2-yimethyl ester with  2-(2-
chloro)acetylthiophene.

10 TH NMR analysis (300 MHz, DMSO-d6)

5: 2.10-1.95 (4H, m), 2.44 (1H, br s), 3.87-3.66 (5H, m), 4.25-4.16 (1H,
m), 5.16 (3H, s), 5.40 (2H, s), 7.66-7.08 (4H, m), 8.15 (1H, dd), 8.24 (1H,
dd).

EXAMPLE 28

15 (R)-3-[Bis-(4-chloro-phenyl)-methoxycarbonyloxy}-1-(2-oxo-2-thiophen-
2-yl-ethyl)-1-azonia-bicyclo[2.2.2]Joctane; chioride (compound 15)

o O
Cl
CICI

The desired product is prepared by reacting carbonic acid (R)~‘I-azé-
bicyclo[2.2.’2]oct-3~yl ester bis-(4-chloro-phenyl)-methyl ester with 2-(2-
20  chioro)acetylthiophene.
1H NMR analysis (300 MHz, DMSO-d6)
§: 1.90-2.06 (4H, m), 2.41 (1H, s), 3.61-3.85 (5H, m), 4.14 (1H, s),
5.12 (3H, s), 7.35 (1H, t), 7.47 (9H, d), 8.11 (1H, d), 8.22 (1H, d).



m), 5.16-5.13 (3H, m), 6.75 (1H, s), 7.43-7.35 (5H, m), 7.63-7.59 (4H, m), 8.12 (1H, d), 8.22 (1H, d).
EXAMPLE 30
(R)-3-[Bis-{efiedo15smnyo-methoxycarbonyloxy]-1-(2-oxo-2-thiophen 1B2rERt9) 032227 onia-bicyclo[ 2.
2.2]octane; chloride (compound 17) The dgsired product is prepared by reacting carbonic acid
(R)-1-azabicyclo[2.2.2]oct-3-y1 ester bis-(4-fluoro-phenyl)-methyl ester with 2-(2-
20chloro)acetyltm¥MREEIZONMR analysis (300 MHz, DMSO-d6)  5: 2.09-1.96 (4H, m), 2.40 (1H,
br s), 3.89-3.65 (5H,.m)., 4.23-4.16 (1H, m), 5.14 (1H, d) 5.23 (2H. d), 6,79 (1H, s), 7.52-7.20 (9H, m),
8.16 (1H, d), W t?r@ﬁ éﬁﬁ@%@bﬁgﬁgrﬂb%mg?fﬂ’éﬁﬁg))!'?%%(RA%LE 31

(R)-3-(3- B BIohBAIEX RO RPN A s by e 2 A RIS AR YhRIAYE- (buvrpiankions)o[2. 2. 2]octane;
chloride E’:{or?wpc}und i%i)) 5 9)bThe desiregg%ro uct is%}gpared by react(lng carbonic acid

(R)-1-azabicyclo[2.2.2]oct-3-y1 ester 3-bromo-benzyl ester with 2-(2- chloro)acetylthiophene. 101FI
NMR analysis (300 MHz, DMSO-d6) 6: 2,14-1.96(4H, m), 2.45 (1H, br s), 3.91-3.64 (5H, m),
H,/m
c

4.26-4.19 (1H, m), 5.23-5.16 (5H, m), 7.59-7 B7 (3 %(ZH, m), 8.17 (1H, d), 8.25 (1H, d).
EXAMPLE 32 15Preparation of carbonic &) za-bicyc\o[2/2.2]oct-3-y1) ester (3-
-

fluoro-phenyl)-(2-fluoro-phenyl)-methyl_ester
Ty,

The desired product is prepared by reacting carbonic acid (R)-1-aza-

Br

bicyclo[2.2.2]oct-3-yl ester bis-(4-bromo-phenyl)-methyl estér with 2-(2-
chioro)acetylthiophene.
H NMR analysis (300 MHz, DMSO-d6)

10 5: 2.09-1.96 (4H, m), 2.40 (1H, s), 3.78-3.72 (5H, m), 3.86-3.82 (1H,
m), 5.16-5.13 (3H, m), 6.75 (1H, s), 7.43-7.35 (5H, m), 7.63-7.59 (4H, m),
8.12 (1H, d), 8.22 (1H, d).

EXAMPLE 30
(R)-3-[Bis—(4—ﬂuoro-phenyl)-methoxycaibony!oxy]—1-(2-oxo-2-thiophen-

15  2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane; chioride (compound 17)

o] e s
oJ\o @\’T/\X\@
Cl
Jopel

The desired product is prepared by reacting carbonic acid (R)-1-aza-
bicyclo[2.2.2]oct-3-yl ester bis-(4-fluoro-phenyl)-methyl ester with 2-(2-
20 chiloro)acetylthiophene.
1H NMR analysis (300 MHz, DMSO-d6)
5: 2.09-1.96 (4H, m), 2.40 (1H, br s), 3.89-3.65 (5H, m), 4.23-4.16 (1H,
m), 5.14 (1H, d), 5.23 (2H, d), 6.79 (1H, s), 7.52-7.20 (9H, m), 8.16 (1H, d),



NaFt (60% dispersion in mineral oil, 36.3 mg, 0.9 mmol) is added to a 20 solution of
(2-fluoro-phenyl)-(3-fluoro-phenyl)-methanol (200 mg, 0.9 mmol) in anhydrous THF (3 ml), at OC. The
reaction MbR48158ed at this temperature for 30 min, then (R)-guin&EIidiF2909105272
1H-imidazole-1-carboxylate (201 mg, 0.9 mmol}3®btained as described in example 1, is added and the
stirring continued at room temperature for 1 h. Then a saturated solution of WO
2010/015322Ft/EP2009/005272 36 NHACI is added and the aqueous phase is extracted with EtOAC
(3x30 ml). The %r%rm:,p_ g Is dried over anhydrous sodium sulphate and the solvent evaporated
under reduced : resulting crude is purified by flash chromatography on silica gel eluting
with Et0Ac/MeOtg 8Lt Becinsiserbpiostycaibonyirnigl he2-ordesthitgmves-diyzdthylly, 72% yield;
mixture of diastereoisomers). 1H NMR analysis (300 MHz, DMSO-c(6) 6: 7,34- 7.57 (m, 3 H),
7.11 -7.33{arobinnbieyiials. 2 Bjoatane; alalortge (aampoundid8) H), 2.53- 2.81 (m, 5 H), 1.91 -2.08
(m, 1-H), 1.54- 1.76 10(m, 2 H), 1.41 - 1.54-(m, 1 H), 1.26 - 1.41 (m, 1 H). LC-MS (ESI POS): 374.14
(MH+). The following intermediates (example 33 to 42) were obtained with a process similar to the
one used to prepare compound of Example 32, b cting t ompound prepared in. Example 1 with

7
the suitable alcohols, 15 such as bis(2-chleropte Miathanbl henyl-o-tolyl-methanol,

(3-fluorophenyl)-(3-methoxy-phemyl)-methanol, cyclohgxyl-(3-fluoro-phenyl)-methanol,
(3-chloro-phenyl)-(3-fluoro-phenyl)- anol, (3,5-difluoro-phenyl)-(3-fluorophenyl)-methanol,
(3-fluoro-phenyl)-m-tolyl-methanol, (3=ffGoro-phenyl)-(4- methylsulfanyl-phenyl)-methanol,

o N A DR A
ester bis-(@cgitiof@:2.2Joct-3-yl  ester  3-bromo-benzyl  ester  with = 2-(2-
chloro)acetylthiophene.
10 1H NMR analysis (300 MHz, DMSO-ds)
| 5: 2.14-1.96 (4H, m), 2.45 (1H, br s), 3.91-3.64 (5H, m), 4.26-4.19 (1H,
m), 5.23-5.16 (5H, m), 7.59-7.37 (3H, m), 7.67-7.60 (2H, m), 8.17 (1H, d),
8.25 (1H, d).

EXAMPLE 32

15 Preparation of carbonic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (3-

fluoro-phenyl)-(2-fluoro-phenyl)-methyl ester

NaH (60% dispersion in mineral oil, 36.3 mg, 0.9 mmol) is added to a

20 solution of (2-fluoro-phenyl)-(3-fluoro-phenyl)-methanol (200 mg, 0.9 mmol)
in anhydrous THF (3 ml), at 0°C. The reaction mixture is stirred at this
temperature for 30 min, then (R)-quinuclidin-3-yl 1H-ihidazole—1-oarboxylate
(201 mg, 0.9 mmol), obtained as described in example 1, is added and the

stirring continued at room temperature for 1 h. Then a saturated solution of



phenyl)-methyl ester 25 WO 2010/015324PCT/EP2009/005272 37 The desired product is prepared
by reacting imidazole-1-carboxylic acid (R)-1-aza-bicyclo[2.2.210ct-3-y1 ester with
bis(2-chlor®gh&nyméthanol. 1H NMR analysis (300 MHz, DMSO-de) @CABR20P088%M, 2 H), 7.37 -
7.51(m,4H),7.22-7.31(m, 2H), 7.21 5(s, 1 HR&1.53 - 4.77 (m, 1 H), 3.13 (dd, 1 H), 2.54- 2.81 (m, 5
H), 1.88- 2.04 (m, 1 H), 1.54- 1.78.(m, 2 H), 1.41 -1.54 (m, 1 H), 1.27 - 1.41 (m, 1 H). LC-MS (ES!
POS): 408Nt 115+ AdRAMPE ety aquecuam@cwtm%@daﬁ%i&}@ 9 £3580ctly1) ester

BRSO AR G AT
DM50-d6)evapsrat8d uhddr (Fodiddd G RsGurk Hind 4ésukif (Bruddils $aRTEd, ByHladb4- 2.77 (m,
5 H), 2.27 (s, 3 H), 1.94 (br. s., 1 H), 1.52 - 1.76 (m, 2 H), 1.38 - 1.52 (m, 1 H), 1.16 - 1.38 (m, 1 H).
LC-MS (EShROSJoaszhy (WH-sjligoEseMmutngswith EsebniMagli=9/1. The desired
R D R L % IS B eoTon 2 Ls TR (58 S TR 58
diastereoisomers).
1H NMR analysis (300 MHz, DMSO-ds)
5: 7.34 - 7.57 (m, 3 H), 7.11 - 7.33 (m, 5 H), 6.87 (s, 1 H), 4.50 - 4.81
(m, 1H), 3.13 (dd, 1 H), 2.53 - 2.81 (m, 5 H), 1.91 - 2.08 (m, 1 H), 1.54 - 1.76
10 (m, 2H), 1.41 - 1.54 (m, 1 H), 1.26 - 1.41 (m, 1 H).
LC-MS (ESI POS): 374.14 (MH+).
The following intermediates (example 33 to 42) were obtained with a
process similar to the one used to prepare compound of Example 32, by
reacting the compound prepared in- Example 1 with the suitable alcohols,

15 such as bis(2-chlorophenyl)methanol, phenyl-o-tolyl-methanol, (3-fluoro-
phehyl)~(3-methoxy»phenyl)-methanol, cyclohexyl-(3-fluoro-phenyl)-methanol,
(3-chloro-phenyi)-(3-fluoro-phenyl)-methanol, (3,5-difluoro-phenyl)-(3-fluoro-
phenyl)-methanol, (3-fluoro-phenyl)-m-tolyl-methanol, (3-fluoro-phenyl)-(4-
methylsulfanyl-phenyl)-methanol, (3-fluoro-phenyl)-(4-fluoro-phenyl)-

20 methanol, (3,4-difluoro-phenyl)-phenyl-methanol, (3-ﬂubro-phenyl)-phenyl-

methanol.

EXAMPLE 33

Carbonic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester bis-(2-chloro-

phenyl)-methyl ester -
25



WO 2010/015324PCT/EP2009/005272 38 The desired product is prepared by reacting
imidazole-1-carboxylic acid (R)-1-aza-bicyclo[2.2.2]oct-3-y1 ester with
(3-fluoro-pWengpayp/(3spaethoxyphenyl)-methanol. 1H NMR analysis (30®®H22BMBE7d5) 56: 7.37 -
7.51 (m, 1 H), 7.21 -7.35 (m, 3 H), 7.08 - 7.20 (m32 H), 6.94 - 7.04 (m, 2 H), 6.82 - 6.92 (m, 1 H), 6.65
(s,1H),453-4.79(m, 1 H),3.75(s, 3 H), 3.11 (dd, 1 H), 2.54 - 2.79 5H), 1.86 - 2.01 (m, 1 H),
1.53- 1.76 (m, 2 Hye1dgsiradspraducHys1 preparad (ay, IqqytLrtg Ms'éﬁéﬂﬁds%é%@‘dﬁc(MHﬂ
10EXAMPLE 3 Carbonic ( gy b|c cIo 2.2 0 I 3-

r&aelhyl ¥ sater'ci'gjlqr&da % ]5 l este \thh b %g';, %Hé?ﬁé}é

fluoro- phencilﬁj/ duc i prepare by reac Ing it daz ole-I-carboxylic acid

(R)-1-aza-bicyclafg. ﬂ;a}chn%wg@%gowmyc[pn'@@_@)ﬂuoro phenyl)- methanol. 1H NMR analysis
(300 MHz, DMSO-c16) 6: 7.33-7.49 (m, 1 H), 7.02 - 7.21 (m, 3 H), 5.31 (d, 1 H), 4.34 - 4.69

20(m, 1 H), 2.998: F A1 (m7 S HYR.23H2. 703; 4 9), (8- 1)98 @7, 1 HP10(838 21t83 (116 H).
LC- MS (ESI POS) 362.16 (IMH ).
(s, 1 H), 4.53~4.77 (m, 1 H), 3.13 (dd, 1 H), 2.54 - 2.81 (m, 5 H), 1.88 - 2.04
(m, 1H), 1.54 - 1.78 (m, 2 H), 1.41 - 1.54 (m, 1 H), 1.27 - 1.41 (m, 1 H).
LC-MS (ESI POS): 406.05 (MH+).

EXAMPLE 34

Carbonic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester phenyl-o-tolyl-

Oj\o“‘@[

The desired product is prepared by reacting imidazole-1-carboxylic

10  methyl ester

acid (R)-1-aza-bicyclo[2.2.2]oct-3-y| ester with phenyl-o-tolyl-methanol.
15 1H NMR analysis (300 MHz, DMSO-ds)
5: 7.09 - 7.51 (m, 9 H), 6.86 (s, 1 H), 4.47 -479 (m, 1 H), 3.10 (dd, 1
H), 2.54 - 2.77 (m, 5 H), 2.27 (s, 3 H), 1.94 (br. s., 1 H), 1.52 - 1.76 (m, 2 H),
1.38-1.52 (m, 1 H), 1.16 - 1.38 (m, 1 H).
LC-MS (ESI POS): 352.13 (MH+).
20 EXAMPLE 35

Carbonic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (3-fluoro-phenyl)-
(3-methoxy-phenyl)-methyl ester



WO 2010/015324PCT/EP2009/005272 39 EXAMPLE 37 Carbonic acid
(R)-(1-aza-bicyclo[2.2.210ct-3-y1) ester (3-chlorophenyl)-(3-fluoro-phenyl)-methyl ester 5 CI The
desired prédutiopsétared by reacting imidazole-1-carboxylic acid (R)ECTAEB#I®(e48]2.2.210ct-3-y1
ester with (3-chloro-pheny1)-(3-fluorophenyl)-matanol. 1H NMR analysis (300 MHz, DMSO-d5) 106:
7.50 - 7.56 (m, 1 H) 7.35 - 7.49 (m, 4 H) 7.25 - 7.35 (m, 2 H) 7.08 7.21 (m, 1 H) 6.71 (s, 1 H) 4.58 -
4.71 (m, 1 H) 3.09e 3depitafl PEATSH 15 78r@R24S) Y0 123058 9niMidAzP R0l -FHRAXYEGH) 1.21 -1.38

(M, 2 H). LC-MS,(ESI POS): 3 H+).EXAMPLE 5 n; %3 thoxy-
(R)-(l-azzf-%fivlﬁé[ ff.ﬁo@&é%%%%t%f%ﬁéd’(ﬁueoréa-rp\ﬁﬁﬁy -(%gﬁgggrrgﬁp%in |S-mnéﬁ-.yloé( ter The
desired p@w;'}s,ﬁ@ﬁgm. by reacting imidazole-1-carboxylic 20acid (R)-1-aza-bicyclo[2.2.210ct-3-y1
ester with (3,5-difluoro-pheny1)-(3-fluoro- phenyl)-methanol. 1H NMR analysis (300 MHz, DMSO-d6)
1H NMR analysis (300 MHz, DMSO-ds)
5 5. 7.37 -7.51 (m, 1 H), 7.21 - 7.35 (m, 3 H), 7.08 - 7.20 (m, 1 H), 6.94
-7.04 (m, 2 H), 6.82-6.92 (m, 1 H), 6.65 (s, 1 H), 453 -4.79 (m, 1 H), 3.75
(s, 3 H), 3.11 (dd, 1 H), 2.54 - 2.79 (m, 5 H), 1.86 - 2.01 (m, 1 H), 1.53 - 1.76
(m, 2H), 1.40-1.53 (m, 1 H), 1.21 - 1.40 (m, 1 H).
LC-MS (ESI POS): 386.05 (MH+).

10 EXAMPLE 36

Carbonic acid (R)-(1-aza-bicyclo[2.2.2]Joct-3-yl) ester cyclohexyl-(3-

fluoro-phenyl)-methyl ester

15 The desired product is prepared by reacting imidazole-1-carboxylic
acid (R)-1-aza-bicyclo[2.2.2]oct-3-yl ester with cyclohexyl-(3-fluoro-phenyl)-
methanol.

1H NMR analysis (300 MHz, DMSO-ds)
5: 7.33-7.49 (m, 1 H), 7.02-7.21 (m, 3 H), 5.31 (d, 1 H), 4.34 - 4.69

20 (m, 1H),299-321(m,1H),243-279(m, 4H), 1.85-1.98 (m, 1 H), 0.83
- 1.83 (m, 16 H). |
'~ LC-MS (ESI POS): 362.16 (MH+).

25



6:7.40 - 7.60 (M, 2 H) 7.10 - 7.26 (m, 5 H) 6.97 (d, 1 H) 4.58 - 4.73 WO
2010/015324PCT/EP2009/005272 40 (m, 1 H) 3.01 -3.19 (m, 1 H) 2.54 - 2.72 (m, 5 H) 1.85- 2.06 (m,
1 H) 1.40 wDea§mLs32H) 1.23- 1.38 (m, 1 H). LC-MS (ESI POS): 392.0BCIVIH200XARMPLE 39
5Carbonic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-y13®ster (3-fluoro-phenyl)- m-tolyl-methyl ester

The desired product is prepared by reacting imidazole-1-carboxylic 10acid
(R)-1-aza-bicyclepAMRAEI3Yy1 ester with (3-fluoro-phenyl)-m-toiyl- methanol. 1H NMR analysis (300

MHz, DMSO-d5 5:.7.36-,7.4 1H), 7.06:7 4 H), R.64 H)n4.34.:.4.80 (m, 1 H),
3.10 (dd, 1 H), 223?4{929?9 (rri",%‘%,%%%Yé?é%‘fﬁ?[??g‘z‘%ﬁgﬂéH)f’%ﬂ i i??"éﬁz%rf’i H).(TC-MS)
(ESI POS%%Z& (@Aﬁlﬁrcﬁ %Eﬁé}hgaéggg}lc acid (R)-(1-aza-bicyclo[2.2.2]oct-3-y1) ester
(3-fluoro-phenyl)- (4-methylsulfanyl-phenyl)-methyl ester 20

CIF

5
‘The desired product is prepared by reacting imidazole-1-carboxylic
acid (R)-1-aza-bicyclo[2.2.2]oct-3-yl ester with (3-chloro-phenyl)-(3-fluoro-
phenyl)-methanol.
1H NMR analysis (300 MHz, DMSO-ds)
10 5:7.50 - 7.56 (m, 1 H) 7.35 - 7.49 (m, 4 H) 7.25 - 7.35 (m, 2 H) 7.08 -
7.21 (m, 1 H) 6.71 (s, 1 H) 4.58 - 4.71 (m, 1 H) 3.02 - 3.17 (m, 1 H) 2.54 -
2.78 (m, 4 H) 1.91-1.98 (m, 1 H) 1.40 - 1.70 (m, 3 H) 1.21 - 1.38 (m, 2 H).
LC-MS (ESI POS): 390.04 (MH+).
EXAMPLE 38
15 Carbonic acid (R)-(1-aza-bicyclof2.2.2]oct-3-yl) ester (3,5-difluoro-

phenyl)-(3-fluoro-phenyl)-methyl ester

e
LG
F O O F
F
The desired product is prepared by reacting imidazole-1-cérboxyiic
20 acid (R)-1-aza-bicyclo[2.2.2]oct-3-yl ester with (3,5-difluoro-phenyl)-(3-fluoro-
phenyl}»-methanol. |

1H NMR analysis (300 MHz, DMSO-ds)
5:7.40 -7.60 (m, 2 H) 7.10 - 7.26 (m, 5 H) 6.97 (d, 1 H) 4.58 - 4.73



The desired product is prepared by reacting imidazole-1-carboxylic acid
(R)-1-aza-bicyclo[2.2.2]oct-3-y1 ester with (3-fluoro-phenyl)-(4- methylsulfanyl-phenyl)-methanol.
WO 2010/016324RCFHEP2009/005272 41 1H NMR analysis (300 MHz POMS@u@@)052726: 7.31 - 7.49
(m, 3H),7.20-7.30 (m, 4 H), 7.07 - 7.20 (m, 1 H)(6.66 (s, 1 H), 4.64 (ddd, 1 H), 3.10 (dd, 1 H), 2.54 -
2.76 (m, 5 H), 2.46 (s, 3 H), 1.86 - 2.02 (m, 1 H), 1.38 - 1/7 (m, 3 H), 1.16 - 1.38 (m, 1 H). 5LC-MS
(ESI POS)rd01.83 8VH-+). EXAMPLE H)L 2. 54Ga bohigracid IR - (8 Saz &-0iBydio[ 2. 212]d&B=y1) ester

(4-fluoro-phenyl)- (3-fluoro-phenyl)-methyl ester 10 The desired product is prepared by reacting
imidazole-1@%&569(9”@)a&'rg%R)Jl-:)%é’-"bi(K/Hb[Z.z.2iect-3-yi ester with

(3-fluoro-phenyl)- _}? g@ge;;&% m&;@w AHENMR analysis (300 MHz, DMSO-d6) 156: 7.36 - 7.56
(m, 3 H), 7.03 - '/P'g r%o{s H), 6.7 5(5, 1H), 4.64 (():I'dd, 1 H), 3.10 (dd, 1 H), 2.65 - 2.80 (m, 2 H), 2.54 -

2.65 (M, 3 H), 1.85@MBLE 3D, 1.53 - 1.74 (m, 2 H), 1.40 -1.53 (m, 1 H), 1.18- 1.40 (m, 1 H). LC-MS

(ESI POS): 374.14 (MH+). EXAMPLE 42
5 Carbonic acid (R)-(1-aza-bicyclo[z.z.2]oct-3—yl) ester (3-fluoro-phenyl)-

Aeass

The desired product is prepared by reacting imidazole-1-carboxylic

m-tolyl-methyl ester

10 acid (R)-1-aza-bicyclo[2.2.2]oct-3-yl ester with (3-ﬂuoro-pheny!)—m-tolﬂyl-
methanol. |
"H NMR analysis (300 MHz, DMSO-ds)
5: 7.36-7.49 (m, 1 H), 7.06 - 7.32 (m, 7 H), 6.64 (s, 1 H), 4.32 - 4.80
(m, 1 H), 3.10 (dd, 1 H), 2.54 - 2.77 (m, 5 H), 2.30 (s, 3 H), 1.87 - 2.04 (m, 1
15 H), 1.11-1.76 (m, 4 H).
LC-MS (ESI POS): 370.1 (MH+).
EXAMPLE 40

Carbonic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (3-fluoro-phenyl)-
(4-methylsulfanyl-phenyl)-methyl ester

'@
O)LO“\ N
. /l\ ' F

\S O O

The desired product is prepared by reacting imidazole-1-carboxylic

20

acid (R)-1-aza-bicyclo[2.2.2]oct-3-yl  ester  with  (3-fluoro-phenyl)-(4-

methylsulfanyl-phenyl)-methanol.



20Carbonic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-y1) ester (3,4-difluoro- phenyl)-phenyl-methyl ester
WO 2010/015324PCT/EP2009/005272 42 acid (R)-1-aza-bicyclo[2.2.2]oct-3-y1 ester with
(3,4-difluoYdPpiiet915Bhenylmethanol. 1H NMR analysis (300 MHz, DMESHERP09/005282 7 47 - 7.62 (m,
1H),7.20-7.47 (m, 7 H), 6.69 (s, 1 H), 4.64 (m41. 5H), 3.10 (dd, 1 H), 2.54 - 2.79 (m, 5 H), 1.87 -
2.01 (m, 1 H), 1.53-1.74 (m, 2 H), 1.39- 1.53 (m, 1 H), 1.17 - 1.39 (m, 1 H). LC-MS (ESI POS): 373.96
(MH+). EXAMP{E MMR analysig{3aR Miiz(RMER2gsbicyclo[2.2.2]oct-3-y1) ester (3-fluoro-phenyl)-
10 phenyl-methyl The ir odyctis pre d acting imidazple-A-gsarboxylic acid
(R)-1-aza-bicycé{??g)é&%-yf@s%?ﬁ\k/if#'(%{szuzgéiﬁgh%- hfr%@ﬁénitéat%a%’lalﬁf\lI%/I'Ig%analysis (300
MHz, DMSO1AS))_ 4.66; (ddd, V-ﬁf, 313 tha7 PR, 7264i0,22718) ($.68 (8),12064(523 MY3 (M, 1 H),
3.10 (dd, 1 H), 2.54 - 2.78 (m, 5 H), 1.89- 1.97 (m, 1 H), 1.52 - 1.75 (m, 2 H), 1.40- 1.52(m, 1 H), 1.19 -
1.39 (m, 1 8% 2QL@NI8, (ESI) PO%):-366.16rMBI+H), 1.16helf@fbliing! ddimpounds are prepared using
the route described in Example 14 and in§zrticull&r by reacting the compound described in Example 2

with §-bromo-1-b9éM§-é§|§hg%g,‘)2'-ﬁ%n9 WA ide, 2-bromo-1- p-tolyl-ethanone,
2-bromo-1-(4-f|L@;&M}gﬂ@)ﬁth%O%, 2-bromo-1-(4-

Carbonic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (4-fluoro-phenyl)-

oio“‘@
o

(3-fluoro-phenyl)-methyl ester

10
The desired product is prepared by reacting imidazole-1-carboxylic
acid (R)-1-aza-bicyclo[2.2.2]oct-3-yl ester with (3-fluoro-phenyl)-(4-fluoro-
phenyl)-methanol.
1H NMR analysis (300 MHz, DMSO-ds)
15 5:7.36-7.56 (m, 3H), 7.03-7.32 (m, 5 H), 6.72 (s, 1 H), 4.64 (ddd, 1
H), 3.10 (dd, 1 H), 2.65 - 2.80 (m, 2 H), 2.54 - 2.65 (m, 3 H), 1.95 (br. s., 1
H), 1.53-1.74 (m, 2H), 1.40 - 1.53 (m, 1 H), 1.18 - 1.40 (m,. 1 H).
LC-MS (ESI POS): 374.14 (MH+).
EXAMPLE 42
20 Carbonic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (3,4-difluoro-

phenyl)-phenyl-methyl ester

The desired product is prepared by reacting imidazole-1-carboxylic



25 methoxy-phenyl)-ethanone, 2-bromo-1-thiophen-3-yl-ethanone, 2-bromo-Nphenyl-acetamide,
2-bromo-1-(5-chloro-thiophen-2-yl)-ethanone, 2-bromo-1- WO 2010/015324PCT/EP2009/005272 43
(3,5-dibroY&LHiHERL -y |)-ethanone, 2-bromo-1-thiazol-2-yl-ethanone CVERYARASIFAolyl-ethanone,
2-bromo-1-m-tolyl-ethanone, 5-bromo-2- methylgent-2-ene,
1-benzo[b}thiophen-2-y1-2-bromo-ethanone, bromomethylbenzene, (2-bromoethox¥])benzene, methyl
iodide, asadédcted-Azad BiHeldny 21oekAmPestay with (3,4-difluoro-phenyl)-phenyl-
(R)-3-[Bis- S-guorq-phenyl)-methoxycarbonyloxy)-1-(2-oxo-2-phenylethyl)-l-azonia—bicyclo[2.2.2]octan
e; bromid ?é r?ﬁb%Und 19) 10 The desiredproduct is preparedby reacting (R)-1-aza-
bicyclo[2.2.21oct13 MhvprtanBI§=R- ivarrmRenpMBehylester with 2-bromo-1- phenyl-ethanone. 1H
NMR analysis (300 MHz, DMSO-do) 156: 7.89 - 8.06 (m, 2 H), 7.70 -7.86 (m, 1 H), 7.56 - 7.70 (m, 2
H), 7.39 - 7.55 (@, 2.#J, 77262 (391(H) 4 HP07-07.47 @6, (i D .HY,8076 (s| HH)4%49®, 2 H), 5.13
-5.18 (m, 1 H), 4.03-4.27 (m, 1 H), 3.56 - 3.86 (m, 5 H), 2.35.2,47 (m, 1 H), 1.91 -2.16 (m, 4 H).
LC-M (E@]:Fgo@ﬂ@’zhbg)(mﬁ ?*2%@%%@%*&51 BF 2B My, D321 7 % 41
(R)-3-[Bisi_q -leu%o_-|qh§§y(l})ﬁmpm5)xycpfb_opﬂg>iyk11c|q|3bamoylmethyll-azonia-bicyclo[2.2.2]octane;
bromide (compound 20) * o ’

LC-MS (ESI POS): 373.96 (MH+).

EXAMPLE 43

Carbonic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (3-fluoro-phenyl)-
10  phenyl-methyl ester

The desired product is prepared by reacting imidazole-1-carboxylic
acid .(R)-1-aza-bicyclo[2.2.2]oct-3-yl ester with (3-fluoro-phenyl)-phenyl-
15 methanol.
H NMR analysis (300 MHz, DMSO-ds)
§:7.21-7.55(m, 7 H), 7.00 - 7.20 (m, 2 H), 6.69 (s, 1 H), 4.52 - 4.73
(m, 1 H), 3.10 (dd, 1 H), 2.54 - 2.78 (m, 5 H), 1.89 - 1.97 (m, 1 H), 1.52 - 1.75
(m, 2 H),1.40-1.52 (m, 1 H), 1.19 - 1.39 (m, 1 H).
20 LC-MS (ESI POS): 356.16 (MH+).
The following compounds are prepared using the route described in
Example 14 and in particular by reacting the compound described in
Example 2 with 2-bromo-1-phenyl-ethanone, 2-bromo-acetamide, 2-bromo-1-
p-tolyl-ethanone, 2-bromo-1-(4-fluoro-phenyl)-ethanone, 2-bromo-1-(4-
25 methoxy-phenyl)-ethanone, 2-bromo-1-thiophen-3-yl-ethanone, 2-bromo-N-

phenyl-acetamide, 2-bromo-1-(5-chloro-thiophen-2-yl)-ethanone, 2-bromo-1-



WO 2010/015324PCT/EP2009/005272 44 The desiredproduct ispreparedby reacting (R)-1-aza-
bicyclo[2.2.2joct-3-y| ester bis-(3-fluoro-phenyl)-methyl ester with 2-bromoacetamide. 1H NMR
analysis (éﬁé MH218%s0o-d6) 56: 7.92 (br. s., 1 H), 7.69 (br. s., 1 H), PEBEPBRARTS H), 7.25 - 7.38
(m, 4 H), 7.06 - 7.25 (m, 2 H), 6.77 (s, 1 H), 5.1G%@r. s., 1 H), 4.02 -4.20 (m, 1 H), 3.99 (s, 2 H), 3.76 -
3.85(m, 1H),3.49-3.74 (m, 4 H%, 2.32-2.43 gm, 1 H), 1.83-2.09 (m, 4 H). hC-MS (ESI POS):
431.10 (M(Iel -dipiemRpibpRhRN-2-Y1)-ethanone, 2-bromo-1-thiazol-2-yl-ethanone, 2-

(R)- S Bisyaforophanudimgimycarn o I axy 2Tiphy)- 1 ezghiadhiopciol2.2 Zocta
ne; bromide (compound 21) 15The desired product is prepared by reacting (R)-1-aza-

bicyclo[2. Z2jeatpd i Bsties bis-(3-fiuorolithepydristhy? dntemeoidt i2abmreo-iroprioiykéilganone. 1H
NMR analysis (300 MHz, DMSO-d6) 6: 7.73 - 8.03 (m, 2 H), 7.26 - 7.50 (m, 8 H), 7.03 - 7.25 (m, 2 H),
6.78 20 (He1#NS.12-gomeethoxy)senaqger wyekhl Jaddqm 2s HyesT8ed .98 (e H), 3.48 -
3.76 (m, 4. H), 2.43 - 2.47 (m, 1 H), 2.42 (s, 3 H), 1.91 - 2.15 (m, 4 H). LC-MS (ESI POS): 505.95
(MH+. g:

EXAMPLE 44

(R)-3-[Bis-(3-fluoro-phenyl)-methoxycarbonyloxyl-1-(2-oxo-2-phenyl-

ethyl)-1-azonia-bicyclo[2.2.2]octane; bromide (compound 19)

PR
o~ o -
FF Br

10
The desired product is prepared by reacting (R)-1-aza-
bicyclo[2.2.2]oct-3-yl ester bis-(3-fluoro-phenyl)-methyl ester with 2-bromo-1-
phenyl-ethanone.
1H NMR analysis (300 MHz, DMSO-ds)

15 5:7.89-8.06 (m, 2H),7.70-7.86 (m, 1 H), 7.56-7.70 (m, 2 H), 7.39
-7.55(m,2H),7.26-7.39 (m, 4 H),7.07-7.26(m, 2H),6.79 (s, 1 H), 5.19
(s,2H), 5.13-5.18 (m, 1 H), 4.03 - 4.27 (m, 1 H), 3.56 - 3.86 (m, 5 H), 2.35 -
2.47 (m, 1 H), 1.91 -2.16 (m, 4 H).

LC-MS (ESI POS): 492.10 (MH+).

20 EXAMPLE 45

(R)-3-[Bis-(3-fluoro-phenyl)-methoxycarbonyloxy]-1-carbamoyimethyl-

1-azonia-bicyclo[2.2.2]octane; bromide (compound 20)

0 0O
AN O\\EZN*\)J\NHZ



WO 2010/015324POYEP2009/005272 45 EXAMPLE 47
(R)-3-[Bis-(3-fluoro-phenyl)-methoxycarbonyloxy]-1-[2-(4-fluoropheny1)-2-oxo-ethyl]-1-azonia-bicyclo[2
.2.2]octan® br8Hde3%¢ompound 22) 5 The desired product isprepare8OYFEALIAYIR)-1-aza-
bicyclo[2.2.210ct-3-y1 ester bis-(34luoro-phenyl¥ethyl ester with 2-bromo-1-
(4-fluoro-phenyl)-ethanone. 1H NMR analysis (300 MHz, DMSO-de) 106: 7.98 - 8,18 (m, 2 H), 7.40 -
7.58 (m, 4 H), 7.082 7 86%ife% HPPEECt7 2§ (mPER§FIBYs (O HISBTNE, 2@?,‘%‘& % 24 (m, 1 H),

.08 4 200 355396 (815 Hlo 222 AT el Hnd i STl 4GS (ES1POS).

509.94 ( 487 15(R)-3 phenyl)-methoxycarbonyloxy1-142-(4-methoxy-
phenyl)-2pgrthyd1-1-azonia-bicyclo[2.2.2]octane; bromide (compound 23) The desired
product is prepared by reacting (R)-1-aza20bicyclo[2.2.2]oct-3-y1 ester bis-(3-fluoro-phenyl)-methyl

ester with 2-brortd-NMR @rahsis-pHed M HaRMSHa-dsl NMR analysis (300 MHz, IDMSO-de)
5 5:7.92 (br.s., 1 H), 7.69 (br. s., 1 H), 7.38 - 7.53 (m, 2 H), 7.25 - 7.38

(m, 4 H), 7.06 - 7.25 (m, 2 H), 6.77 (s, 1 H), 5.10 (br. s., 1 H), 4.02 - 4.20 (m,
1 H), 3.99 (s, 2 H), 3.76 - 3.85 (m, 1 H), 3.49 - 3.74 (m, 4 H), 2.32 - 2.43 (m,
1H), 1.83 - 2.09 (m, 4 H).

LC-MS (ES! POS): 431.10 (MH+).

10 EXAMPLE 46 |

(R)-3-[Bis-(3-fluoro-phenyl)-methoxycarbonyloxy]-1 -(2-oxo-2—p;tolyl-

ethyl)-1-azonia-bicyclo[2.2.2]octane; bromide (compound 21)

0] O
/“\ w N‘
0O o]
FF Br—

15 The desired product is prepared by reacting | (R)-1-aza-
bicyclo[2.2.2]oct-3-yl ester bis-(3-fluoro-phenyl}-methyl ester with 2-bromo-1-
p-tolyl-ethanone.

H NMR analysis (300 MHz, DMSO-ds)
5:7.73-8.03(m, 2H), 7.26-7.50 (m, 8H), 7.03-7.25(m, 2 H), 6.78

20 (s, 1H),515-521(m, 1H), 5.14 (s, 2 H), 4.07 - 4.26 (m, 1 H), 3.76 - 3.83
(m, 1 H), 3.48 -3.76 (m, 4 H), 2.43 - 2.47 (m, 1 H), 2.42 (s, 3 H), 1.91 - 2.15
(m, 4 H).

LC-MS (ESI POS): 505.95 (MH+).

25



6:7.92 - 8.03 (M, 2 H), 7.25 - 7.52 (M, 6 H), 6.95 - 7.25 (m, 4 H), 6.78 (S, 1 H), 5.13 - 5.24 (m, 1 H),

- 5,10 (s, 2 H), 4.05 - 4.27 (m, 1 H), 3.88 (s, 3 WO 20101015324PCT/EP20091005272 46 H), 3.48

-3.87 (m, SMP) 2AEBI53246 (m, 1 H), 1.90 - 2.15 (m, 4 H). LC-MS (ESI POSHER290980FMH+).
EXAMPLE 49 (R)-3-[Bis-(3-fluoro-phenyl)-metho®gcarbonyloxy]-1-(2-oxo-2-thiophen5
3-yl-ethyl)-1-azonia-bicyclo[2.2.2loctane; bromide (compound 24) The desired product is
prepared by ream_ﬁ%bicyclop 2.210ct-3-y1 ester bis-(3-fluoro-phenyl)-methyl ester with

7.7 (0, 1 1), 700 CUEERy o5 prshi B Ry P rg. OV 678 (o
H), 5.10 - Bran{).2-6R0 2 0%/ 51 kB lkiégeicl . SdEtarkObomlicarRpothd 2ay, 1 H), 1.70 -
~ 152.19 (m, 4 H). LC-MS (ESI POS): 497.89 (MH+). EXAMPLE 50

(R)-3-[Bis-(3-fluoro-phenyl)-methoxycarbonyloxy
phenylcarbamoylmethyl-1-azonia- blcyclo[Z/QZ]o tane: br m|de (compound 20 25) WO
2010/015324PC' T/EP2009/005272 47 ©

5

The desired product is prepared by reacting (R)-1-aza-
bicyclo[2.2.2]oct-3-yl ester bis-(3-fluoro-phenyl)-methy! ester with 2-bromo-1-
(4-fluoro-phenyl)-ethanone.

1H NMR analysis (300 MHz, DMSO-ds)

10 5:7.98-8.18 (m, 2 H), 7.40 - 7.58 (m, 4 H), 7.25 - 7.40 (m, 4 H), 7.05
-7.25 (m, 2 H), 6.78 (s, 1 H), 5.17 (s, 2 H), 5.13 - 5.24 (m, 1 H), 4.08 - 4.27
(m, 1H), 3.55-3.86 (m, 5 H), 2.34-2.47 (m, 1 H), 1.90 - 2.17 (m, 4 H).
LC-MS (ESI POS): 509.94 (MH+).
EXAMPLE 48

15 (R)-3-[Bis-(3-fluoro-phenyl)-methoxycarbonyloxy}-1-[2-(4-methoxy-
phenyl)-2-oxo-ethyl]-1-azonia-bicyclo[2.2.2]octane; bromide (compound 23)

S8 ourgel

The desired product is prepared by reacting (R)-1-aza-
20  bicyclo[2.2.2]oct-3-yl ester bis-(3-fluoro-phenyl)-methyl ester with 2-bromo-1-
(4-methoxy-phenyl)-ethanone.
H NMR analysis (300 MHz, DMSO-ds)
5:7.82-8.03(m,2H),7.25-7.52 (m, 6 H), 6.95-7.25 (m, 4 H), 6.78
(s, 1 H), 5.13 -5.24 (m, 1 H), 5.10 (s; 2 H), 4.05 - 4.27 (m, 1 H), 3.88 (s, 3



phenyl-acetamide. 1H NMR analysis (300 MHz, DMSO-ds) 6:10.52 (s, 1 H), 7.52 - 7.63 (m, 2 H),
7.26-7.51 (m,8H),7.01-7.23(m,3H),6.78 (s, 1 H),4.91-5.31(m, 1 H),4.26 (d, 1 H),4.19(d, 1
H), 4.02 SWAZ010MA15824)), 3.81 - 3.95 (m, 1 H), 3.51 - 3.81 (m, 4 H), 2.4B{HEP0#Y003272 -2.17 (m, 4 H).
LC-MS (ES) POS): 506.94 (MH+). EXAMPLE 5146

(R)-3-[Bis-(3-fluoro-phenyl)-methox carbonyloxggllZ (5-chloro- 10

thiophen-bty13-28x8-8thy1 arBnia bicy @ dt8. 01 bdtand: BRorfdeXéBinfddhd 26) The
desiredproduct |Eefeﬁgr§§§¥ E@%?&?g‘i blcyclo[2 2.2joct-3-y1 ester
ester

bis-(3-fluoro-phenyl)-m (5 -chloro-thiophert-2-y1)-ethanone. 1H NMR
analysis (300 Migx¢ ANV @-de) b: 8.00 (d, 1 H) 7 38-7.60 (m,3H),7.25-7.38(m, 4 H), 7.02-7.25
(m, 2 H), 6.78 (s, TH),5.06 - 5.36 (m, 1 H), 4.99 (s, 2 H), 3.97 -4.24 (m, 1 20H), 3.51 - 3.84 (m, 5 H),
2.36- 2.45 (m, 1 (R)-3-8Bis-23tByenophenyl)-metirsy s ngoxeh (N@+exo-2-thiophen-

5 3-yi—ethyl)-1-azonia-bicyclo[z.2.2]bctane; bromide (compound 24)

S osras

The desired product is prepared by reacting (R)-1-aza-

bicyclo[2.2.2]oct-3-yl ester bis-(3-fluoro-phenyl)-methyl ester with 2-bromo-1-
10  thiophen-3-yl-ethanone.
1H NMR analysis (300 MHz, DMSO-ds)
5: 8.62 (dd, 1 H), 7.74 (dd, 1 H), 7.56 (dd, 1 H), 7.39 - 7.52 (m, 2 H),
7.27 -7.39 (m, 4 H), 7.09 - 7.25 (m, 2 H), 6.78 (s, 1 H), 5.10 - 5.27 (m, 1 H),
5.03 (s, 2 H), 4.14 (dd, 1 H), 3.45 - 3.94 (m, 5 H), 2.36 - 2.47 (m, 1 H), 1.70 -
15 2.19(m, 4 H).
LC-MS (ESI POS): 497.89 (MH+).
EXAMPLE 50

(R)-3-[Bis-(3-fluoro-phenyl)-methoxycarbonyloxy]-1-

phenylcarbamoyimethyl-1-azonia-bicyclo[2.2.2]Joctane; bromide (compound

SRS e

The desired product is prepared by reacting (R)-1-aza-

20  25)

bicyclo[2.2.2]oct-3-yl ester bis-(3-fluoro-phenyl)-methyl ester with 2-bromo-N-



WO 2010/015324PCT/EP2009/005272 48 EXAMPLE 52
(R)-3-[Bis-(3-fluoro-phenyl)-methozycarbonyloxy1-1
-[2-(3,5-diBYoradiiaFiaén-2-y1)-2-oxo-ethyl]-1-azonia-bicyclo[2.2. 2] octaet dianedeoiedmpound 27) 5
The desiredproduct is preparedby reacting(R)-1za- bicyclo[2.2.2]oct-3-y1 ester
bis-(3-fluoro-phenyl)-methyl ester with 2-bromo-1- (3,5-dibromo-thiophen-2-y1)-etha none. 101H NMR
analysis (B0erMHz;IMSOed6)  6: 7.68 (s 1 H), 7.40 - 7.52 (m, 2 H), 7.26- 7.39 (m, 4 H), 7.11 -
7.23 (m, 2 H), 6.78 (s, L H), 5.11 - 5. 23 Sé 2 H), 4.07 - 4.32 (m, 1 H), 3.49 - 4.00 (m, 5
H), 2.35 - 2.46 (k1 'I‘M)“fgﬂﬁyﬁsl@ﬁﬂ E&"%é % POS): 653.62 (MH+). 15EXAMPLE 53
(R)-31Bis-(3-fluggosphenyl-m °>?y8§rb9“é’ 3-(&0xog-thageligs g H), 7.01 - 7.23
yl-ethyl)-1- azonla b|c ?)fz 2. gllt(})ctane bromlé%1 con‘ﬁ)oound 28) ZOIFhe deswedproduct ispreparedby
reacting (Rr1308- ivgcie[212-0]o¢el-y15eBte(mbjst (Bifluprspleeny hhmethy estelr Wjthi2srorno-1-

thiazol-2-yl-ethanone. 1H NMR analysis (300 MHz, DMSO-d6)
5 -4.20(m, 1H), 3.81-3.95(m, 1H), 3.51 - 3.81 (m, 4 H), 2.43 (dd, 1 H), 1.71
- 217 (m, 4 H).
LC-MS (ESI POS): 506.94 (MH+).

EXAMPLE 51

(R)-3-[Bis-(3-fluoro-phenyl)-methoxycarbonyloxy}-1-[2-(5-chloro-
10 thiophen-2-yl)-2-oxo-ethyl}-1-azonia-bicyclo[2.2.2]octane; bromide

OO

The desired product is prepared by reacting (R)-1-aza-

(compound 26)

15  bicyclo[2.2.2]oct-3-yl ester bis-(3-fluoro-phenyl)-methyi ester with 2-bromo-1-
(5-chloro-thiophen-2-yl)-ethanone.
"H NMR analysis (300 MHz, DMSO-ds)
5: 8.00 (d, 1 H), 7.38 - 7.60 (m, 3 H), 7.25 - 7.38 (m, 4 H), 7.02-7.25
(m, 2 H), 6.78 (s, 1 H), 5.06 - 5.36 (m, 1 H), 4.99 (s, 2 H), 3.97 - 4.24 (m, 1
20 H),351-384(m,5H),2.36-245(m, 1H), 1.88-2.15(m, 4 H).
LC-MS (ESI POS): 531.82 (MH+).

25



5:8.39 (d, 1 H), 8.24 (d, 1 H), 7.39 - 7.52 (m, 2 H), 7.26 - 7.39 (m, 4 WO 2010/015324PCT/
2009/005272 49 H), 7.10 - 7.25 (m, 2 H), 6.78 (s, 1 H), 5.22 (s, 2 H), 4.98 - 5.19 (m, 1 H), 4.07 - 4.33
(m, 1 H), 3P2014/0633h, 5 H), 2.36 - 2.45 (m, 1 H), 1.80 -2.17 (m, 4 H) PLERIRIGHLIBDS): 499.04
(MH+). 5EXAMPLE 54 48
(R)-3-[B_is-(3-f|uoro-phenyl)-methoxycarbonyloxyl-1-(2-oxo-2-o-tolylethyl)-1-azonia-bicyclo[2.2.2]octan
e; bromide (confpeAMPLEH SDThe desired product is prepared by reacting(R)-1-aza-
bicyclo[2.2.2]oct-3:Y. ter big-(3-fluoro-phenvl)- 0 ]| Q- othanone. 1H
;lMR analysis ( &%I@Sdﬁlﬁé){]%)‘%eﬁgg 0 %@%&%ﬁfjﬁﬁs}@]z’%@ mﬁdl%??%%e -7.51 (m, 8 H),

0915 4 i -

thiaAnen-2-41) - SdRdethyil12akbniaHcyBiold 2. J68téney H), 4.06 - 4 Midnidd H), 3.53 -

3.92 (m, 5 H), 2.46 (s, %3 H), 2.36 - 2.45 (m, 1 H), 1.83 -2.19 (m, 4 H). LC-MS (ES! POS): 505.95

(MH+). EX&ivtipbbargb2Z)(R)-3-[Bis-(3-fluoro-phenyl)-methoxycarbonyloxy]-1-(2-oxo-2-m-tolyl-
ethylpl-azonia-bicyclo[2.2.2]octane; bromide (compound 30)

SNy
RGN

0~ "o =
F F CI 57
0 :

The desired product .is prepared by reacting (R)-1-aza-
bicyclo[2.2.2]oct-3-yl ester bis-(3-fluoro-phenyl)-methyl ester with 2-bromo-1-
(3,5-dibromo-thiophen-2-yl)-ethanone.

10 1H NMR analysis (300 MHz, DMSO-dbs)

5:7.68 (s, 1 H), 7.40 - 7.52 (m, 2 H), 7.26 - 7.39 (m, 4 H), 7.11 - 7.23
(m, 2 H), 6.78 (s, 1 H), 5.11 - 5.23 (m, 1 H), 5.08 (s, 2 H), 4.07 - 4.32 (m, 1
H), 3.49 - 4.00 (m, 5 H), 2.35 - 2.46 (m, 1 H), 1.74 - 2.19 (m, 4 H).

LC-MS (ESI POS): 653.62 (MH+).

15 EXAMPLE 53 |

(R)-3-[Bis-(3-fluoro-phenyl)-methoxycarbonyloxy}-1-(2-oxo-2-thiazol-2-
yl-ethyi)-1-azonia-bicyclo[2.2.2]octane; bromide (compound 28)

0 @ 0
'o/U\o"" NWN

20 The desired product is prepared by reacting (R)-1-aza-
bicyclo[2.2.2]oct-3-y! ester bis-(3-fluoro-phenyl)-methyl ester with 2-bromo-1-
thiazol-2-yl-ethanone.

1H NMR analysis (300 MHz, DMSO-ds)
5:8.39 (d, 1 H), 8.24 (d, 1 H), 7.39 - 7.52 (m, 2 H), 7.26 - 7.39 (m, 4



WO 2010/015324PCT/EP2009/005272 50 bicyclo[2.2.210ct-3-y1 ester bis-(3-fluoro-phenyl)-methyl
ester with 2-bromo-1- m-tolyl-ethanone. 1H NMR analysis (300 MHz, DMSO-d6) 6: 7.70 - 7.84 (m, 2
H), 7.39 - V64 14/ H34 7.26 - 7.39 (m, 4 H), 7.10 5 - 7.24 (m, 2 H), 6.79C¥/EPIY9/80377Ys, 2 H), 5.15 -
5.26 (m, 1 H), 4.00 - 4.29 (m, 1 H), 3.48 - 3.90 (95 H), 2.42- 2.46 (m, 1 H), 2.41 (s, 3H) 1,86 -2.15
(m, 4 H). LC-MS (ESI POS): 506.11 (MH+). EXAMPLE 56 10(Rg3 [Bis-(3-fluo ro-phe nyl)-meth oxyca
rbonyloxyHi-[@ ethydpdm-32 dhy1§-1&zenia-bibySld2. (52 Fokthné: Qﬁm’rﬁ’dég(dﬂmpbu d 31) The

i (. Lok ey} GOt it A2 o pEe -ARe MR 8y oo iz,

DMSO-d6)y, 4 f)7-39 - 7.52 (m, 2 H), 7.25 - 7.39 (m, 4 H), 7.08 - 7.23 (m, 2 H), 6.77 (s, 1 H), 5.03-
5.09 (m, 1H5489 5.02 (m, 1 H), 3.74 - 3.99 (in, 1 H), 3.48 203.60 (m, 1 H), 3.31-3.47 (m, 4 H)
3.15 (1, 2 H), 2.2RC-MS (BESIPOSY. AB9.04 (MH+).

5 EXAMPLE 54

(R)-3-[Bis-(3-fluoro-phenyl)-methoxycarbonyloxy]-1-(2-oxo-2-o-tolyl-

ethyl)-1-azonia-bicyclo[2.2.2]octane; bromide (compound 29)

OO

10 The desired product is prepared by reacting (R)-1-aza-
bicyclo[2.2.2]oct-3-yl ester bis-(3-fluoro-phenyl)-methyl ester with 2-bromo-1-
o-tolyl-ethanone.

H NMR analysis (300 MHz, DMSO-ds)
5:7.66-7.92(m,1H),7.52-7.65(m, 1H),7.26-7.51(m, 8 H), 7.09

15 -7.24 (m, 2 H), 6.79 (s, 1 H), 5,11 -5.24 (m, 1 H), 5.08 (s, 2 H), 4.06 - 4.26
(m, 1 H), 3.53-3.92 (m, 5§ H), 2.46 (s, 3 H), 2.36 - 2.45 (m, 1 H), 1.83 - 2:19
(m, 4 H).

LC-MS (ESI POS): 505.95 (MH+).
EXAMPLE 55 |

20 (R)-3-[Bis-(3-flucro-phenyl)-methoxycarbonyloxy}-1-(2-oxo-2-m-folyl-

ethyl)-1-azonia-bicyclo[2.2.2]octane; bromide (compound 30)

%@r

The desired product is prepared by reacting (R)-1-aza-



2.13 (m, 4 H), 1.68 (s, 3 H), 1.63 (s, 3 H). LC-MS (ES! PCS): 456.00 (MH+). WO
2010/015324PCT/EP2009/005272 51 EXAMPLE 57

(R)-1-(2-B¥ Rz HfgRhen-2-y1-2-oxo-ethyl)-3-[bis-(3-fluoro-pheny1)- PCT/EP2009/005272
methoxycarbonyloxy]-1-azonia-bicyclo[2.2.2]octa&e; bromide (compound 32) 5 The desiredproduct is
preparedby reacting (R)-1-aza- bicyclo[2.2.2]oct-3-y1 ester bis-(3-fluoro-phenyl)-methyl ester with 1-
benzo[b]thiophki222y21pasrdritbastieinbise( 3H Y MR Nl SREBOD fALRT WNTSSORIGM®E-8.50 (s, 1 H),
8.01 - 826% 'iHEVSS 7.67 (m, 1 H), 7.51 - 7.58 (m, 1 H), 7.40 - 7.51 (m, 2 H), 7.26 - 7.40 (m, 4
H), 7.08- T22HEDEY8%9 (s, 1 H), 5.19 (s, 2 H), 5.10 - 5.17 (m, 1 H), 4.09 - 4.26 (m, 1 H), 3.81 -
3.93(m, 1 H), 34y N ﬁlﬁ%ﬁﬁlﬁi@(ﬁ)@%ﬂﬁﬂ[ﬂﬂﬁb‘%ﬂ .84 -2.19 (m, 4 H). LC-MS (ES! POS):
547.92 (MH+). 15EXAMPLE 58

(R)-1-Benzy1-3-fhig-(@flundxpineng| 40 ethdycArbdriphoxy ) - az@iabic 38 dfR. 242fbctankd) bromide
(compound 33)LN" 0

= 7.24 (m, 2 H), 6.79 (s, 1 H), 5.17 (s, 2 H), 5.15 - 5.26 (m, 1 H), 4.00 - 4.29
(m, 1 H), 3.48 - 3.90 (m, 5 H), 2.42 - 2.46 (m, 1 H), 2.41 (s, 3 H), 1.86 - 2.15
(m, 4 H).

LC-MS (ESI POS): 506.11 (MH+).

EXAMPLE 56

10 (R)-3-[Bis-(3-fluoro-phenyl}-methoxycarbonyloxy]-1 -(4-methy|—pént—3—

enyl)-1-azonia-bicyclo[2.2.2]octane; bromide (compound 31)
o) @ ]
/U\ o N)'\/\)\
0~ "o

FF Br-

The desired product is prepared by reacting (R)-1-aza-
15  bicyclo[2.2.2]oct-3-yl ester bis-(3-fluoro-phenyl)-methyl ester with 5-bromo-2-
methylpent-2-ene.
1H NMR analysis (300 MHz, DMSO-ds)
5:7.39-752(m, 2 H),7.25-7.39 (m, 4 H), 7.08 - 7.23 (m, 2 H), 6.77
(s, 1 H), 5.03-5.09 (m, 1 H), 4.89-5.02 (m, 1H), 3.74 - 3.99 (m, 1 H), 3.48 -
20 3.60 (m, 1 H), 3.31 - 3.47 (m, 4 H), 3.15 (t, 2 H), 2.29 - 2.43 (m, 3 H), 1.77 -
2.13 (m, 4 H), 1.68 (s, 3 H), 1.63 (s, 3 H).
LC-MS (ESI POS): 456.00 (MH+).

25



F Br 20The desired product is preparedbyreacting(R)-1-aza-
bicyclo[2.2.210ct-3-ylesterbis-(3-fluoro-phenyl)-methylesterwith bromomethyl-benzene. 1H NMR
analysis (380 MHALIBRISO-ds) 6: 7.39- 7.60 (m, 7 H), 7.24 -7.37 (m, 4 BETITERA0T@AM, 2 H), 6.77
WO 2010/015324PCI/EP2009/005272 52 (s, 1 HJ14.86 - 5.18 (m, 1 H), 4.51 (d, 1 H), 4.45 (d, 1 H),
3.68-3.84(m,1H),352-3.65(m,1H),3.41-3.52(m,2H),3.32-3.38(m,2H),2.30-2.41(m, 1
H), 1.63 - 2.16 (RXAMPLICESS (ESI POS): 463.98 (MH+). 5EXAMPLE 59

branide (ompolhi ate - BaSFRb AT RraaN e Y- s e S g ol 2 =toctane
bicyclo[2. g 2lpdyostBaiarisyR fluosnri sy inseant) tdhirBqetianabenae.

The des‘ired product is prepared by reacting (R)-1-aza-
bicyclo[2.2.2]oct-3-yl  ester bis-(3-fluoro-phenyl)-methyl ester with 1-
benzo[bjthiophen-2-yl-2-bromo-ethanone. |

H NMR analysis (300 MHz, DMSO-ds)

10 5: 8.50 (s, 1 H), 8.01 - 8.26 (m, 2 H), 7.58 - 7.67 (m, 1 H), 7.51 - 7.58
(m, 1 H), 7.40 - 7.51 (m, 2 H), 7.26 - 7.40 (m, 4 H), 7.08 - 7.24 (m, 2 H), 6.79
(s, 1 H), 5.19 (s, 2 H), 5.10 - 5.17 (m, 1 H), 4.09 - 4.26 (m, 1 H), 3.81 - 3.93
(m, 1 H), 3.57 - 3.81 (m, 4 H), 2.32-2.47 (m, 1 H), 1.84 -2.19 (m, 4 H).
LC-MS (ESI POS): 547.92 (MH+).
- 15 EXAMPLE 58

(R)-1-Benzyl-3-[bis-(3-fluoro-phenyl)-methoxycarbonyloxy]-1-azonia-
bicyclo[2.2.2]octane; bromide (compound 33)

waye
o/U\o"‘ N

20 The desired product is prepared by reacting (R)-1-aza-
bicyclo[2.2.2]oct-3-yl  ester bis~(3-ﬂuoro—pheny!)-.methyl ester  with
bromomethyl-benzene.

H NMR analysis (300 MHz, DMSO-ds)
5:7.39-7.60 (m, 7H), 7.24 - 7.37 (m, 4 H), 7.11 - 7.24 (m, 2 H), 6.77



1H NMR analysis (300 MHz, DMSO-de) 6:7.39 - 7.51 (m, 2 H), 7.26- 7.37 (m, 6 H), 7.11 - 7.23
(m, 2 H), 6.94 15- 7.06 (m, 3 H), 6.78 (s, 1 H), 4.92 - 5.20 (m, 1 H), 4.44 (br. s., 2 H), 3.92-4.10 (m, 1
H), 3.67 - BO3W{#0153@H 3.41 - 3.67 (m, 5 H), 2.33 -2.42 (m, 1 H), 1.74POTEPEQ%BATY C-MS (ESI |
POS): 493.97 (MH+). EXAMPLE 60 52
20(R)-3-(Bis-(3-fluoro-phenyl1)-methoxycarbonyloxyl-1-methyl-1-azonia- bicyclo[2.2.2]octane; iodide
(compoung, 35H) WCBB016/0 85334 R CHERZOMO0E 212 $3 bicyclb[P2. B18% =338 4 tier 1

bis-(3-fluoro-phenyl)-methyl ester with methyl iodide. 1H NMR ' - :

:73.;12 i(jzsﬁ)g@;@g?ﬁéémv.hﬁéwéAH),37. & (. Z5ttin 32%4)- %n%v §£(§%@§9 D?%P (r?"ﬁ)l H), >
: : 1.H),.3,32 -,3.80 (m, 4 H), 2.96 (s, ,2.32 - 2. -

)%%%’()18(%3'8?@38 Hi) (m ) (s,3H),2.32-240(m, 1 H),1.63-2.21 (m, 4

H). LC-M XAMPLE 61 Preparation of

(R)-34bis-(3-flugre-Ris MES MPetB ) yee8098 Y Iy 1-(2- 10
0xo0-2-pyridin-4-yl-ethyl)-1-azonia-bicyclo[2.2.2joctane; bromide (compound 36)
5 EXAMPLE 59

(R)-3-[Bis-(3-fluoro-phenyl)-methoxycarbonyloxy]-1 -(2-phenoxy-ethyl)-

1-azonia-bicyclo[2.2.2]octane; bromide (compound 34)
L D )
)J\ N+\/\
o~ o o
E I’ l Il F Br

10 The desired ‘ product is prepared by reacting (R)-1-aza-
bicyclo[2.2.2]oct-3-yl  ester bis-(3-fluoro-phenyl)-methyl  ester  with
(2-bromoethoxy)benzene.

14 NMR analysis (300 MHz, DMSO-ds)
5:7.39 - 7.51 (m, 2 H), 7.26 - 7.37 (m, 6 H), 7.11 - 7.23 (m, 2 H), 6.94

15 -7.06 (m, 3 H), 6.78 (s, 1 H), 4.92 - 5.20 (m, 1 H), 4.44 (br. 5., 2 H), 3.92 -
4.10 (m, 1 H), 3.67 - 3.75 (m, 2 H), 3.41 - 3.67 (m, 5 H), 2.33 - 2.42 (m, 1 H),
1.74 -2.15 (m, 4 H).

LC-MS (ESI POS): 493.97 (MH+).
EXAMPLE 60

20 (R)—3-[Bis-(3-ﬂuoro-phenyl)—methoxycarbonyloxy]-1-methyM -azonia-
bicyclo[2.2.2]octane; iodide (compound 35)

o/u\o“' N
Y

The desired product is prepared by reacting (R)-1-aza-



N,N-Diisopropylethylamine (0.037 mL., 0.22 mmol) is added to a 15 solution of
2-bromo-1-(pyridin-4-ypethanone hydrobromide (60.2 mg, 0.22 mmol) dissolved in EtOAc (0.5 mL).
After 10 miiE839/8188Rdition of (R)-bis(3- fluorophenyOmethyl quinuclidF-BEPR2KIMSARe (80 mg, 0.22
mmol), obtained as described in example 2, in E&3Ac (0.5 mL) is added and the reaction mixture is
stirred at room temperature for 2 h. Et20 (1 mL) is added and the 20 precipitate is collected by suction
filtration. Py skljd.. Alesti8eyl ireatater Hse @xtraome néhyDONeIMHe esganiovitase@ititled over
anhydrous sodium sulphate, filtered and the solvent is evaporated under reduced pressure to give the
desired cdﬁﬁfﬁﬁmd as a pink solid (76 mg; 62% yield). 11-1 NMR analysis (300 MHz, DMSO-d5) 256:
8.47-9.13 (m, 24%) AT - é ),‘% 9 (ma2 H), 7.25 - 7.39 (m, 4 H), 7.06 - 7.25 (in, 2
H), 6.78 (s, 1 H), 'fyg %zﬁi; g0]{73()9'1 Z‘l\glvcﬁ))l\;"(?l@()/o )5324PCT/EP2009/005272 54 (m, 1 H),(4.00 -
4.30 (m, 1 H), 3877 389 {re25(Hh), 239, -72246-(M 3% kth,1488); 2.2 (7,.254)ml.@-M§5 EBI POS):
492.97 (MH+). EXAMPLE 62 5(R)-31(2-FIuoro-phenyl)-(S-fIuoro-Phenyl)-methoxgcarbonyloxy]-l-(z-
oxo-SthioishenEdhyi&Fiyi)5118z Omialbitly ot A $qeciditb; Brdd (Edpdutr37)°0 (M. 4he desired

e D e R s ) =
LC-MS (ESI POS): 387.97 (MH+).
EXAMPLE 61

Preparation of (R)-3-[bis-(3-fluoro-phenyl)-methoxycarbonyloxy}-1-(2-
10  oxo-2-pyridin-4-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane; bromide (compound
36)

RGN
O/U\O\ \)\@

N,N-Diisopropylethylamine (0.037 mL, 0.22 mmol) is added to a
15 solution of 2-bromo-1-(pyridin-4-yl)ethanone hydrobromide (60.2 mg, 0.22
mmol) dissolved in EtOAc (0.5 mL). After 10 minutes, a solution of (R)-bis(3~
fluorophenyl)methyl quinuclidin-3-yl carbonate (80 mg, 0.22 mmol), obtained
as described in example 2, in EtOAc (0.5 ml) is added and the reaction
mixture is stirred at room temperature for 2 h. EtoO (1 mL) is added and the
20 precipitate is collected by suction filtration. The solid is dissolved in water
and extracted with DCM. The organic phase is dried over anhydrous sodium
sulphate, filtered and the solvent is evaporated under reduced pressure to
give the desired compound as a pink solid (76 mg; 62% yield).
1H NMR analysis (300 MHz, DMSO-ds)
25 5:8.47 -9.13 (m, 2 H), 7.67 - 7.95 (m, 2 H), 7.39 - 7.56 (m, 2 H), 7.25
-7.39 (m, 4 H), 7.06 - 7.25 (m, 2 H), 6.78 (s, 1 H), 5.19 (s, 2 H), 5.07 - 5.18



IN NMR analysis (300 MHz, DMSO-do) 6: 8.21 (d, 1 H), 7.97 - 8.15 (m, 1H), 7.10 - 7.59 (m, 9 H),
6.93 (s, 1 H), 5.12-5.27 (m, 1 H), 5.07 (s, 2 H), 4.05 - 4.28 (m, 1 H), 3.52 - 3.95 (m, 5 15 H), 2.38 -
2.46 (m, 10, 221PP1LB2H8 (m, 4 H). LC-MS (ESI POS): 498.02 (MH+). PEXERP/(EBER
(R)-3-[Bis-(2-chloro-phenyl)-methoxycarbonyloxyl-1-(2-oxo-2-thioPhen2-yl-ethyl)-1-azonia-bicyclo[2.2.
2]octane; chloride (compound 38) 20

(m, 1H), 4.00-4.30 (m, 1 H), 3.47 - 3.89 (m, 5 H), 2.39 -2.46 (m, 1 H), 1.88

- 2.22 (m, 4 H).
LC-MS (ESI POS): 492.97 (MH+).
EXAMPLE 62

5 (R)-3-[(2-Fluoro—pheny!)—(3-ﬂuoro—phenyl)—methoxycarbonyloxy]—1-(2-

oxo-2-thiophen-2-yl-ethyi)-1-azonia-bicyclo[2.2.2]Joctane; chioride (compound

37).
(0] (0]
O/lLo @f\/n\©
or /
OO

The desired product is prepared by reacting carbonic acid (R)-(1-aza-
10  bicyclo[2.2.2]oct-3-yl) ester (3-fluoro-phenyl)-(2-fluoro-phenyl)-methyl ester
with 2-(2-chloro)acetylthiophene.
1H NMR analysis (300 MHz, DMSO-ds)
5: 8.21 (d, 1 H), 7.97 - 8.15 (m, 1 H), 7.10 - 7.59 (m, 9 H), 6.93 (s, 1
H), 5.12 - 5.27 (m, 1 H), 5.07 (s, 2 H), 4.05 - 4.28 (m, 1 H), 3.52-3.95(m, 5
15 H), 2.38 -2.46 (m, 1 H), 1.71 - 2.18 (m, 4 H).
LC-MS (ESI POS): 498.02 (MH+).
EXAMPLE 63

(R)-3-[Bis-(2-chloro-phenyl)-methoxycarbonyloxy]-1-(2-oxo-2-thiophen-
2-yl-ethyl)-1-azonia-bicycio[2.2.2]octane; chloride (compound 38)

LA
& D

The desired product is prepared by reacting carbonic acid (R)-(1-aza-

20

bicyclo[2.2.2]oct-3-yl) ester bis-(2-chloro-pheny!)-methyl ester with 2-(2-



WO 2010/015324PCT/EP2009/005272 55 chloro)acetylthiophene. 1H NMR analysis (300 MHz,
DMSO-ds) 6: 8.21 (dd, 1 H), 8.09 (dd, 1 H), 7.52 - 7.69 (m, 2 H), 7.39 - 7.53 (m, 4 H), 7.27 - 7.39
(m, 3 H), M&340P¥H245 .12 - 5.29 (m, 1 H), 5.09 (s, 2 H), 4.15 (dd, 1 HFCIEB208%942 5 H), 2.45 (br.
s., 1 H), 1.86 -2.17 (m, 4 H). LC-MS (ESI POS): §89.96 (MH+). EXAMPLE 64
(R)-1-(2-0x0-2-thiophen-2-yl-ethyl)-3-(phenylotolylmethoxycarbonyloxy)-1-azonia-bicyclo[2.2.2]octane;
chloride (cdvopojane8aihiapheneThe desired product is prepared by reacting carbonic acid

15141 NMIR analy SR ARSI FRO S DO 70 - .14 (m 1 1), 712 7.83 (m. 10 H.
6.85 (s, 1 H), 5.00 552314 1 H); 808 (&2 M- 94524 2360 ¢rh .19 4% 38.99 BB, @n, 4
H), 7.27 - 7.39 (m, 3 H), 7.26 (s, 1 H), 5.12 - 5.29 (m, 1 H), 5.09 (s, 2 H),
5  4.15 (dd, 1 H), 3.45 - 3.95 (m, 5 H), 2.45 (br. s., 1 H), 1.86 - 2.17 (m, 4 H).
LC-MS (ESI POS): 529.96 (MH+).
EXAMPLE 64
(R)-1-(2-Oxo-2-thiophen-2-yl-ethyl)-3-(phenyl-o-tolyl-

methoxycarbonyloxy)-1-azonia-bicyclo[2.2.2]octane; chloride (compound 38)

oio‘"'@\‘%
cr /

The desired product is prepared by reacting carbonic acid (R)-(1-aza-

10

bicyclo[2.2.2]oct-3-yl)  ester phenyl—o—tolyl-methyl ester with 2-(2-
chioro)acetylthiophene.
15 1H NMR analysis (300 MHz, DMSO-ds)
5: 8.21 (d, 1 H), 7.99 - 8.14 (m, 1 H), 7.12 - 7.53 (m, 10 H), 6.85 (s, 1
H), 5.09 - 5.21 (m, 1 H), 5.07 (s, 2 H), 3.94 - 4.23 (m, 1 H), 3.44 - 3.90 (m, 5
H), 2.34 - 2.47 (m, 1 H), 2.29 (s, 3 H), 1.77 - 2.16 (m, 4 H).
LC-MS (ESI POS): 476.08 (MH+).
20

25



H), 2.34 - 2.47 (m, 1 H), 2.29 (s, 3H), 1.77 - 2.16 (m, 4 H). LC-MS (ESI POS): 476.08 (MH+). 20 WO
2010/015324PCVEP2009/005272 56 EXAMPLE 65
(R)-3-[(3-FRASIPAERH) - (3-methoxy-phenyl)-methoxycarbonyloxy]-1- PCT/EP2009/005272
(2-oxo-2-thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.8@]octane;chloride (compound 40) 5 The desired
product is prepared by reacting carbonic acid (R)-(1-azabicyclo[2.2.2]oct-3-yl) ester
(3-fluoro-phenylEpANERhEXGPhenyl)methyl ester with 2-(2-chloro)acetylthiophene. 101H NMR
analysis (300 MHz, DMSO-ds) 6:821(dd, 1 H),8.09 (d, 1 H), 7.38 - 7.51 (m, 1 H), 7.24 - 7.38 (m,
4 H), 7.0 - 7.22(6?1‘,31[(«%:%Pé’f‘-"?.%%’hﬁ‘?,‘éﬂ?,eé@dq‘@. ,"1%‘4 XY ,°_1'QM5?’9(H"- 5.20 (m, 1 H),
5.09 (s, 2 9),.4,06 34 H) 43 P Sdrds: 3 H), 3.54103id8 (M, 4 H),
236 - 2400 R 2 s AR bicgdiE 2Rk '

(compound 40)

0 @ 0
| O/[ko NV[KE)
o) | | | F CI /J

The desired product is prepared by reacting carbonic acid (R)-(1-aza-
bicyclo[2.2.2]oct-3-yl)  ester  (3-fluoro-phenyl)-(3-methoxy-phenyl)-methyl
ester with 2-(2-chloro)acetylthiophene.

10 1H NMR analysis (300 MHz, DMSO-ds)

5: 8.21 (dd, 1 H), 8.09 (d, 1 H), 7.38 - 7.51 (m, 1 H), 7.24 - 7.38 (m, 4
H), 7.09 - 7.22 (m, 1 H), .97 - 7.06 (m, 2 H), 6.84 - 6.95 (m, 1 H), 6.72 (s, 1
H), 5.12 - 5.20 (m, 1 H), 5.09 (s, 2 H), 4.06 - 4.22 (m, 1 H), 3.78 - 3.89 (m, 1
H), 3.76 and 3.75 (s, 3 H), 3.52 - 3.73 (m, 4 H), 2.36 - 2.46 (m, 1 H), 1.84 -

15 2.18 (m, 4 H). '

LC-MS (ESI POS): 510.08 (MH+).

EXAMPLE 66

(R)-3-[Cyclohexyl-(3-fluoro-phenyl)-methoxycarbonyloxy}-1-(2-oxo-2--

thiophen—2—y|—ethyl)-1-azonia-bicyclo[2.2.2]octane; chloride (compound 41)
20

Q 0]
O/U\O @q%
: | : FCr \ /

The desired product is prepared by reacting carbonic acid (R)-(1-aza-

bicyclo[2.2.2]oct-3-yl) ester cyclohexyl-(3-fluoro-phenyl)-methyl ester with 2-



LC-MS (ES! POS): 510.08 (MH+). EXAMPLE 66
(R)-3-[Cyclohexyl-(3-fluoro-phenyl)methoxycarbonyloxy]-1-(2-oxo-2-
thiophen-2%0-&iti)3B2dzonia-bicyclo[2.2.2]octane; chloride (compoundPATYERZ009X0@5272
2010/015324PCT/EP2009/005272 57 (2-chioro)ggetylthiophene. NMR analysis (300 MHz, DMSO-d6)
6:8.12-8.31(m, 1 H), 7.88-8.15(m, 1 H), 7.29 - 7.53 (m, 2 H), 6.96 - 7.24 (m, 3 H), 5.30-5.47 (m, 1
H), 5.02 -(3.28i6r0)3dEtyB198pHeds (M, 1 5H), 3.47- 3.89 (m, 5 H), 1.45 - 2.21 (m, 9 H), 0.79 - 1.45 (m,
7 H). LC- MS (ES! POS): 486.11 (MH+ EXAMPLE 67

(R)-3-[(3-Chloro' Bhipiit)anadysis (3R MMM%&%bonyloxyl-l-(z-

oxo-2-thiophen-Z-yl-athyljs1sazoniashigycjof2 2. glaeiane: phigrideicorpayind 19 #4) 6.06
- 7.24 (m, 3 H), 5.30 - 5.47 (m, 1 H), 5.02 - 5.20 (m, 3 H), 3.99 - 4.25 (m, 1
5 H), 3.47 - 3.89 (m, 5 H), 1.45 - 2.21 (m, 9 H), 0.79 - 1.45 (m, 7 H).
LC-MS (ESI POS): 486.11 (MH+).
EXAMPLE 67
(R)-3—[(3—ChIoro~phenyl)—(3—fluoro—phenyl)-methoxycarbonyloxy]-1-(2—

oxo-2-thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane; chioride (compound

10 42)

e s
The desired product is prepared by reacting carbonic acid (R)-(1-aza-
bicyclo[2.2.2]oct-3-yl) ester (3-chloro-phenyl)-(3-fluoro-phenyl)-methyl ester
15 with 2-(2—chIoro)acetylth—iophene.
1H NMR analysis (300 MHz, DMSO-ds)
5: 8.21 (dd, 1 AH), 8.08 (dd, 1 H), 7.52 - 7.61 (m, 1 H), 7.26 - 7.51 (m, 7
H), 7.11 - 7.23 (m, 1 H), 6.78 (s, 1 H), 5.11 - 5.20 (m, 1 H), 5.06 (s, 2 H),
4.04 - 4.23 (m, 1 H), 3.78 - 3.89 (m, 1 H), 3.51 - 3.78 (m, 4 H), 2.37 - 2.46
20 (m, 1 H), 1.69-2.21 (m, 4 H).
LC-MS (ESI POS): 514.05 (MH+).

25



The desired product is prepared by reacting carbonic acid (R)-(1-azabicyclo[2.2.2]oct-3-y1) ester
(3-chloro-phenyl)-(3-fluoro-phenyl1)-methyl ester 15with 2-(2-chloro)acetytthiophene. 1H NMR analysis
(300 MHZWOMEONESP4  6:8.21 (dd, 1 H), 8.08 (dd, 1 H), 7.52 - 7.61 FATER0F09E 27 51 (m, 7 H),
7.11-7.23 (m, 1 H), 6.78 (s, 1 H), 5.11 - 5.20 (n%8&L H), 5.06 (s, 2 H), 4.04 - 4.23 (m, 1 H), 3.78 - 3.89
(m,1H),351-3.78 (m, 4 H;, 2.37 - 2.46 20(m, 1 H), 1.69 - 2.21 (m, 4 H). LC-MS (ESI POS): 514.05
(MH+). WO 20 /EP2009/005272 58 EXAMPLE 68

(R)-3-[(3,5-Diflugig- {2+ 0-P L)AT Y -1 4.
(2-oxo-2-thioph négwt’#&éﬁ‘%%?ogﬁ ab ?c‘%ﬁllcgwg g:ﬁﬂéeagﬁlgﬁéﬁégﬁ%g%‘ E)?)’()y ! The desired
product i preRar2qHgRaatngy cathgnic Ak iR)-HleqzrijpcRittangpct-3-y 1) estieloride
(3,5-difluoro-phenyl)-(3-fluoro-phenyl)-methyl ester with 2-(2-chloro)acetylthiophene. 101H NMR
analysis (G8gTBNOKBO-do) 6: 8.21 (dd, 1 H), 8.08 (dd, 1 H), 7.39 - 7.60 (m, 2 H), 7.31 - 7.39
(m, 1 H), 7.12 - 7.29 (m, 5 H), 7.02 (s, 1 H), 5.11 - 5.26 (m, 1 H), 5.06 (s, 2 H), 4.04 - 4.27 (m, 1 H),
3.48 ©3.96 (m,5H), 2.33-2.45(m, 1 H), 1.83 - 2.22 (m, 4 H). 15LC-MS (ESI PCS): 515.8 (MH+).
EXAMPLE 69 0

@+ 0
6/[J\o“" N\{U\@
E FCl
SA®
F
The desired product is prepared by reacting carbonic acid (R)-(1-aza-
bicyclo[2.2.2]oct-3-yl)  ester (3,5-difluoro-phenyl)-(3-fluoro-phenyl)-methyl
ester with 2-(2-chloro)acetylthiophene.
10 14 NMR analysis (300 MHz, DMSO-ds)
5: 8.21 (dd, 1 H), 8.08 (dd, 1 H), 7.39 - 7.60 (m, 2 H), 7.31 - 7.39 (m, 1
H), 7.12 - 7.29 (m, 5 H), 7.02 (s, 1 H), 5.11 - 5.26 (m, 1 H), 5.06 (s, 2 H),
4.04 - 4.27 (m, 1 H), 3.48 - 3.96 (m, 5 H), 2.33 - 2.45 (m, 1 H), 1.83 - 2.22
(m, 4 H). '
15 LC-MS (ESI POS): 515.8 (MH+).
EXAMPLE 69

(R)-3-[(3-Fluoro-phenyl)-m-tolyl-methoxycarbonyloxy}-1-(2-oxo-2-
thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane; chioride (compound 44)

The desired product is prepared by reacting carbonic acid (R)-(1-aza-

20

bicyclo[2.2.2]oct-3-yl) ester (3-fluoro-phenyl)-m-tolyl-methyl ester with



(R)-3-[(3-F I uo ro-phenyl)-m-tolyl-methoxycarbonyloxy]-1-(2-oxo-2-
thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane; chloride (compound 44) WO
2010/015320PCVEF2009/005272 59 2-(2-chloro)acetylthiophene. 1H RVIFERNME 300 MHz,
DMSO-d6) 6: 8.21 (d, 1 H), 8.08 (d, 1 H), 7.39 - %2 (m, 1 H), 7.04 - 7.38 (m, 8 H), 6.71 (s, 1 H),
5.13 (m, 1 H), 5.06 (s, 2 H), 4.02 - 4.23 (m, 1 H), 3.50 - 53.92 (m, 5 H), 2.39 - 2.46 (m, 1 H), 2.31 (s, 3
H), 1.76 -2 ¢howiacetgithisnFeP0S): 494.05 (MH+). EXAMPLE 70

(R)-3-[(3-Fluoro- WW#(& mlets?¥ ?ZQHBWH_%?W% oxycarbonyloxyl-
-2- onia-bicyclo

1-(2-oxo0-2-thlophen Ottane;chloride 10 (compound 45) The

desired product i prepargd Pyeasirgearhonic ackd - 7.52 (m, 1 H), 7.04 - 7.38 (m, 8
(R)-(1-azabicyclo[2.2. 2]oct -3-y ester(3 -fluoro-pheny1)-(4-methylsulfanyl-phenyl)- 15methyl ester with

2-(2- chlorbf))ac@t?’/lthéepheHé ﬂiH BMR dn&lysis.(EDCMRIAZDMISB-dk).23 (8).812i)dd; 30H), 8.09 (d, 1
H), 7.32 - 7.59 (m, 4 H), 7.22 - 7.32 (m, 4 H), 7,09 - 7.2 (5,1 H),5.11-5.19 (m, 1 H),
5.0 &, 2%?24&15 2b3 g r%"@& n, é.gﬁ’(%?é B, %Ag (i ?H %‘i Zr)m, 1H), 201.79 - 2.14
(m, 4 H). LC-MS (ESI POS): 494.05 (MH+).

EXAMPLE 70

(R)-3-[(3-Fluoro-phenyl)-(4-methylsulfanyl-phenyl)-methoxycarbonyloxy]-
1-(2-oxo0-2-thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane; chioride
10 (compound 45)

A @%
.

The desired product is prepared by reacting carbonic acid (R)-(1-aza-
bicyclo[2.2.2]oct-3-yl)  ester (3-fluoro-phenyl)-(4-methylsulfanyl-phenyl)-

15  methyl ester with 2-(2-chloro)acetylthiophene.

1H NMR analysis (300 MHz, DMSO-ds)
. 5: 8.21 (dd, 1 H), 8.09 (d, 1 H), 7.32 - 7.59 (m, 4 H),7.22 -7.32 (m, 4
H), 7.09 - 7.22 (m, 1 H), 6.73 (s, 1 H), 5.11 - 5.19 (m, 1 H), 5.09 (s, 2 H),
4.05-4.23 (m, 1 H), 3.51-3.89 (m, 5 H), 2.46 (s, 3 H), 2.37 - 2.44 (m, 1 H),

20 1.79-2.14 (m, 4 H).
LC-MS (ESI POS): 525.91 (MH+).

25



LC-MS (ESI POS): 525.91 (MH+). WO 2010/015324PCDEP2009/005272 60 EXAMPLE 71
(R)-3-[(3-Fluoro-phenyl)-(4-fluoro-phenyl)-methoxycarbonyloxy1-1-(2-
o0xo-2-thiophereR/YLBeyl)-1-azonia-bicyclo[2.2.2]octane; chloride (comPOUEE2A8)Y®S5272 The desired
product is prepared by reacting carbonic acid (R§f1-azabicyclo[2.2.2]oct-3-y1) ester
(4-fluoro-phenyl)-(3-fluoro-phenyl)-methyl ester with 2-(2-chloro)acetylthiophene. 101H NMR analysis
(300 MHz, DMSEXA@PLES B8.21 (dd, 1 H), 8.08 (dd, 1 H), 7.40 - 7.58 (m, 3 H), 7.35 (dd, 1 H), 7.08 -

7.33 (M, 5 H), 6.78 (5, 1 H), 5.10 - 5.19 (. 1 H). 97 - 423(m, A 1350 - 3.89 (m, 5
H), 5,33 - 2.45 (@1(3# 13é%°f@-e'7em¥'i¥?ﬁy 'Eé’ %ﬁ’ﬁﬂg@?‘%‘%& &g/]m '1' -AMPLE(r7n2
(R)-3-[(3, é)@f@?ﬁ% BReAYD-p -EWW—%ME?WQW!B[Q@@Z&Q&H@ chloride (compound

-2y

thiophen ethyl)-1-azonia-bicyclo[2.2.2]octane; chloride (compound 47) 20The desired product is
prepared jgyeacting carbonic acid (R)-(1-aza- bicyclo[2.2.2joct-3-y1) ester

(3, 4-(§fluoro phenyl)-phenyl-methyl ester with 2-(2-chloro)acetylthiophene. 1H NMR analysis (300
MHz, DMSO-d6) 5: 8.21 (ddd, 1 H), 8.01 - 813(@H) 749 7.64 (m,1H),7.21-

oo

The desired product is prepared by reacting carbonic acid (R)-(1-aza-

bicyclo[2.2.2]oct-3-yl) ester (4-fluoro-phenyl)-(3-fluoro-phenyl)-methyl ester
with 2-(2-chloro)acetylthiophene.
10 H NMR analysis (300 MHz, DMSO-ds)
5: 8.21 (dd, 1 H), 8.08 (dd, 1 H), 7.40 - 7.58 (m, 3 H), 7.35 (dd, 1 H),
7.08 -7.33 (m, 5 H), 6.78 (s, 1 H), 5.10 - 5,19 (m, 1 H), 5.05 (s, 2 H), 3.97 -
4.23 (m, 1 H), 3.50 - 3.89 (m, 5 H), 2.33 - 2.46 (m, 1 H), 1.88 - 2.17 (m, 4 H).
LC-MS (ESI POS): 497.91 (MH+).
15 EXAMPLE 72
(R)-3-](3,4-Difluoro-phenyl)-phenyl-methoxycarbonyloxy}-1-(2-oxo-2-

thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane; chloride (compound 47)

i c /

20 The desired product is prepared by reacting carbonic acid (R)-(1-aza-
bicyclo[2.2.2]oct-3-yl) ester (3,4-difluoro-phenyl)-phenyl-methyl eéter with
2-(2-chloro)acetylthiophene.

1H NMR analysis (300 MHz, DMSO-d5)
5: 8.21 (ddd, 1 H), 8.01 - 8.13 (m, 1 H), 7.49 - 7.64 (m, 1 H), 7.21 -



WO 2010/015324PCT/EP2009/005272 61 7.49 (m, 8 H), 6.76 (s, 1 H), 5.11 - 5.21 (m, 1 H), 5.09 (s, 2
H), 4.02 - 418 (m, 1 H), 3.46- 3.92 (m, 5 H), 2.33 - 2.46 (m, 1 H), 1.69 - 2.17 (m, 4 H). LC-MS (ESI

POS): 497Vv00 N33 BXAMPLE 73 PCT/EP2009/005272
5(R)-3-[(3-Fluoro-phenyl)-phenyl-methoxycarbomAjoxyl-1-(2-0xo-2-
thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane; chloride (compound 48) The desired product

is preparetl 49 teadbind)c&riénic aditiRP(11az&1dbidyeiol 2D 2feRRISi1¥ ddled. 02 - 4.28
(3-fluoro-phenyl)-phenyl-methyl ester with 2-(2-¢chloro)acetylthi ne, NMR analysis (300 MHz,
DMSO-delf™: T Hlg 3 ‘(E‘ic?,%(ﬁ)’, %.% (%éé ‘1%4?,47@ ?%%4?(%?9“ %)%?.BB*-‘%.% (m, 1 H), 6.76 (s,
1H),511-5.22 (@ Eg,o&@z;@?@@mﬁzg (m, 1 H), 153.47 - 3.92 (m,5H), 2.36-2.45(m, 1
H), 1.70 - 2.17 (m, 4 H). LC-MS (ESI POS): 479.94 (MH+). Legend * NMR S = singlet 20d = doublet t

= triplet EXAMPLE 73

5 (R)-3-[(3-Fluoro-phenyl)-phenyl-methoxycarbonyloxy}-1-(2-oxo-2-
thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane; chloride (compound 48)

The desired product is prepared by reacting carbonic acid (R)-(1-aza-
10 bicyclo[2.2.2]oct-3-yl) ester (3-fluoro-phenyl)-phenyl-methyl ester with
2-(2-chloro)acetylthiophene.
1H NMR analysis (300 MHz, DMSO-ds)
S: 8.21 (dd, 1 H), 8.08 (ddd, 1 H), 7.22 - 7.54 (m, 9 H), 7.00 - 7.23 (m,
1 H), 6.76 (s, 1 H), 5.11 - 522 (m, 1 H), 5.06 (s, 2 H), 4.01 - 4.22 (m, 1 H),
15 3.47-3.92(m, 5 H), 2.36-2.45(m, 1 H), 1.70 - 2.17 (m, 4 H).
LC-MS (ESI POS): 479.94 (MH+).
‘Legend
* NMR
s = singlet
20 d = doublet
t = triplet
g = quartet
dd = doublet of doublets
m = multiplet

25 br = broad



g = quartet dd = doublet of doublets m = multiplet 25br = broad WO
2010/015324PCT/EP2009/005272 62 Biological characterisation The interaction with M3
muscarinioveceprorssean be estimated by the results of in vitro studies whigirrvakaies the M3/M2
binding assays, the potency of the test compoungls and the offset of the inhibitory activity 5 produced
after washout of the antagonists in isolated guinea pig trachea and by the in vivo duration of action
against acetylchplslegirhlcsthbactetissiimism in the guinea pig. EXAMPLE 74 M3/M2 Binding assays
10CHO-K1 clone cells expressing the human M2 or M3- receptors (Swissprot P08172, P20309
respectively) wef@hanjesasdan QalvyI 3 mMusCRRBp RaREPTRrearsafmesiinaisfhbrdhsy

centrifugation at 1500 rpm for 3 min. The pellets were resus in.ic I 5mM
Tris-HCI prﬁsyﬁs’ fEfm'IOI Mrgr&z??li%er% WFE'&A‘?VI" lr%ﬁjel':dG%&)rﬁ?ﬁgmgég(gﬁfge%%%%fgﬁ 5 politron
(setting 5 fd @) Jiherugdssmeshinm HaCction WaCltrsieddy e samsaerve savtjfugation
steps at 40000 g for 20 min at 4 C, separated by a washing step in buffer A. The pellets obtained were
finallysrespspenced aftbuffersh¢Ts afiNh T EnkQDbpists.4n igokiag Mgi0e?2, BB wavEReRd MM EGTA,
250 mM sucrose), and aliquots were stored at - 80 C. ZQTf}%pa%nof égeéiment, rozen membranes
were resuBpdRada WMLAEFRSIPB0OhRFHPR RAEIHH 388 '&é‘e “SORIPREBPRP AN non
selective m%(%\/gmﬁéadﬁg%gand [3H)-N-methyl scopolamine (Mol. Pharmacol. 45:899- 907) was used
to labelle , an binding sites. Binding experiments were performed in duplicate (ten point
concentrations cEX&RMPLEGWell 25 plates at radioligand concentration of 0.1-0.3 nM. The non
specific binding was determined in the presence of cold N-methyl scopolamine 10 OA. Samples (final
volume 0.75 ml) e/« dgl AP¥ENPN temperature for 60 min for M2 and 90 min for M3 binding

assay,, The reactignyvas tefpinated iy WG e ARGHTART RRPIORE2 receptors

(Swissprot P08172, P20309 respectively) were harvested in Ca**/Mg*+ free

phosphate-buffered saline and collected by centrifugation at 1500 rpm for 3
min. The pellets were resuspended in ice cold buffer A (15 mM Tris-HCI pH |
7.4, 2 mM MgClz, 0.3 mM EDTA, 1 mM EGTA) and homogenized by a PBI

15  politron (setting 5 for 15 s). The crude membrane fraction was collected by
two consecutive centrifugation steps at 40000 g for 20 min at 4 °C, separated
by a washing step in buffer A. The pellets obtained were finally resuspended
in buffer B (75 mM Tris HCI pH 7.4, 12.5mM MgClz, 0.3 mM EDTA, 1 mM
EGTA, 250 mM sucrose), and aliquots were stored at - 80 °C.

20 The day of experiment, frozen membranes were resuspended in buffer
C (50 mM Tris-HCI pH 7.4, 2.5 mM MgClz, 1 mM EDTA). The non selective
muscarinic radioligand [3H]-N-methyl scopolamine (Mol. Pharmacol. 45:899-
907) was used to labelled the M2, and M3 binding sites. Binding experiments
were performed in duplicate (ten point concentrations curves) in 96 well

25 plates at radioligand concentration of 0.1-0.3 nM. The non specific binding
was determined in the presence of cold N-methyl scopolamine 10 pM.
Samples (final volume 0.75 ml) were incubated at room temperature for 60

min for M2 and 90 min for M3 binding assay. The reaction was terminated by



63 rapid filtration through GF/B Unifilter plates and two washes (0.75 ml) with cold buffer C using a
Packard Filtermate Harvester. Radioactivity on the filters was measured by a microplate scintillation
counter TrvGado1850%{PerkinElmer). 5SEXAMPLE 75 In vitro interactiorewititgb@ddstereptors

The potency of the antagonist activity in isolatedggyiinea pig trachea was investigated following a
method previously described by Haddad EB et al. in Br J Pharmacol 127, 413-420, 1999, with few
modificaticasidlilthatiom tatiwegbo Gl rativifiltes poatss cande toeewasied dhigts wils woistructed on
preparations precontracted by carbachol, until a comPIete inhibition F{ﬂsgoot muscle tpne was

achieved CPIé BNEENratitsingr AnfRabRREChIoiGENG S S09h et isisaRUSAAMIBI-RBUEXY tonic
contractiomtg%l;@/ﬁ%s @%%gu%ﬁ agu%f\iewﬁlQg—:te'gﬁ}hit'ﬂ!miﬁﬁi%ﬁﬁﬁérlﬁ*ﬂéﬁ?@%iﬁnents aiming

at assessing set of the inhibitory effects produced by test compounds, the minimal concentration
of the test parkpemigisrknown to produce a maximal inhibitory effect was administered to
carbachol-precontracted preparations. As soon as the tonic contraction was completely reversed, the
orgarbbath solutoRAMBEENERed and 20 preparations were thoroughly washed with fresh Krebs

solution. Carbachol 0.3i was ad Wit'sr'][gr a %ig (tatrgo min interval between washout and next
administration) g%%ﬂ%&——ﬂm% nistration of carbachol, the inhibitory effects
of the compounds,@f (g dpvgntipinadarnisierest al@icrpoanisalianafl 30inds yeyarddiexpressed as
percentage of the recovery of the contracting response to carbachol. The percentage of recovery four
hours aftewtie inastidgatwdSitweingaa BISt Jhevavimsshf inbisiidrpdBYatipdgadde?d 8h compounds

1,2,3,4,5,6,7, WO 2010/015324PCT/EP20091005272 64 9, 1é‘,f12, 13, 14, 15, 17 and 18 to 48 are
comprisecthdféer Blowmagaleiv? ExARIPLIEYR: BTG RIREL ST vivo tests on

acetylcholine-indyc S in quinea ni r (o cEiRgiR . Karzett H and
Ross),{llgr F Arch EZ;J(p gﬁﬁ? zér)m%%?)(%%l égé%%%%%&%%gﬁ%;?oﬁtﬁs of t%e test compounds were
instilled intatiaeherlly inapaeptheatises neebanicalyed mjlatedmathed, pigsil Bronohigletsponse to

intravenous acetylcholine challenge was determined before and after drug administration and changes
in pulmonmyikéfs'(smrqfe gmooth muscle tone was achieved. The concentration of

antagonist producing a 50% reversal of carbachol-induced tonic contraction
(ICs0) was taken as a measure of its potency in this bioassay.

15 In the experiments aiming at assessing the offset of the inhibitory
effects producéd by test compounds, the minimal concentration of the test
compounds known {o prodﬁce a maximal inhibitory effect was administered
to carbachol-precontracted preparations. As soon as the tonic contraction
was completely reversed, the organ bath solution was renewed and

20 preparations were thoroughly washed with fresh Krebs solution. Carbachol
(0.3 pM)‘ was administered vagain (at 30 min interval between washout and
next administration) during the next 4 hours.

After the administration of carbachol, the inhibitory effects of the
compounds of the invention, administered at a concentration of 10 nM, were

25 expressed as percentage of the recovery of the contracting response to
carbachol. The percentage of recovery four hours after the washout was
lower than 50%.

The values of inhibitory M3 activity tested on compounds 1, 2 3,4,5,6,7,



10several time-points were expressed as percent of inhibition of bronchospasm. The
bronchodilator activity of the tested compounds persisted unchanged up to 24 hours after the
administraen2EXAMBLE 77 Plasma stability of (compound 1) 15In ordavEB2dexaenstrate that the
compounds are degraded, stability in rat and huggan plasma at 1 and 5 hours was tested for a
representative compound of the invention, which is compound 1. Briefly 10 pl of a stock solution 250
pM of corgpadndz] irBacatamiirile aretet @ddetBtore nuropriaedriteweearOdldsand drid sdples were
incubated at 37C. Plasma (50 pL) was 20 taken after O, 1 and 5 hours of incubation and added to 140
pl of acetonitrile i f verapamil as internal standard (250 ng/ml). Samples were analysed

by H_P_L_C-MS/M?nanleIa/gi% [ji }gsma stability is calculated as percentage remaining after 1 and 5 hours
by dividing the r 5 hours by the area of the peak at time 0. 25 After 1 and 5 hours of

incubation, less than i3%i@ ceseanddewashadsiesteduseiaiiogdhes pasmadnnglinisavpiy unstable in
- both plasma species. The other compounds of the invention behave similarly. MCSLIP 65 CLAIMS

1.A cEmpauave afegérrenadforanged{ne to H. Konzett H and Rdssler F Arch Exp Path
Pharmacol 195, 71-74, 1940. Aqueous solutions of the test compounds were
instilled intratracheally in anaesthetised mechanically ventilated guinea pigs.
Bronchial response to intravenous acetylcholine challenge was determined
before and after drug administration and changes in pulmonary resistance at
10 several time-points were expressed as percent of inhibition of bronchospasm.
The bronchodilator activity of the tested compounds persisted

unchanged up to 24 hours after the administration.

EXAMPLE 77

Plasma stability of (compound 1)

15 In order to demonstrate that the compounds are degraded, stability in
rat and human plasma at 1 and 5 hours was tested for a representative
compound of the invention, which is compound 1. Briefly 10 ul of a stock
solution 250 pM of compound 1 in acetonitrile were added to 1 ml of rat and
human plasma and samples were incubated at 37°C. Plasma (50 pL) was

20 taken after 0, 1 and 5 hours of incubation and added to 140 pl of acetonitrile
with addition of verapamil as internal standard (250 ng/ml). Samples were
analysed by HPLC-MS/MS analysis.

Plasma stability is calculated as percentage remaining after 1 and 5 hours
by dividing the peak area at 1 or 5 hours by the area of the peak at time O.

25 After 1 and 5 hours of incubation, less than 2% of compound 1 was
detected, indicating that compound 1 is very unstable in both plasma
species.

The other compounds of the invention behave similarly.



(1) wherein: A may be aryl wherein one or more hydrogen atoms is optionally substituted by one or
more halogen atoms or phenyl or heteroaryl wherein 10 one or more hydrogen atoms is optionally
substituted by one or more halogen atoms or arylalkyl or heteroarylalkyl or a grdlfpSéf-formula (a)
wherein 15Rs and R4 are the same or different and may be independently selected from the group
consisting of H, (C3-C8)-cycloalkyl, aryl or heteroaryl, wheygin said aryl or heteroaryl may be optionally
substituted with a halogen atom or with one or several substituents independently selected from OH,
MCSUP 66 (Ci-C10)-alkylsulfonyl, (Ci-Cio)-alkyl and (Ci-Cio)-alkoxyl or when R3 and R4 are both
independently aril or heteroaryl they may be linked through a Y group which may be a (CH2)n with n
=0-2, wherein Y is a single bond, forming a tricyclic ring system wherein the carbon atom of
(CH2)n 5may be substituted by a heteroatom selected from 0, S, N and with the proviso that R3 and
R4 are never both H R is a residue selected from: (C2-C10)-alkenyl and (C2-C10)-alkynyl
optionally substtuted WitgoA-oURSEgEkiaMoAAa Igrayp selected from of NH2, NR1R2, CONRI
R2, NR2COR1, OH, SORI, SO02R1, SH, CN, NO2 and alicyclic compounds; Z-R1, wherein Z is
selected from CO, 0, COO, OCO, S02, S, SO, COS and SCO or itis a bond and

wherein:
A may be aryl wherein one or more hydrogen atoms is optionally
substituted by one or more halogen atoms or phenyl or heteroaryl wherein
10 one or more hydrogen atoms is optionally substituted by one or more

halogen atoms or arylalkyl or heteroarylalkyl or a group of formula (a)

Ry
R,
(a)
wherein
15 Rs and R4 are the same or different and may be independently

selected from the group consisting of H, (Cs-Cg)-cycloalkyl, aryl or
heteroaryl, wherein said aryl or heteroaryl may be optionally substituted
with a halogen atom or with one or several substituents independently
selected from OH,
20  O-(C+-Cqp)-alkyl, oxo (=0), SH, S-(C4-C1o)-alkyl, NO2, CN, CONH,, COOH,
(C1-Cqo)-alkoxycarbonyl, (C4-C1o)-alkylsulfanyl, (C1-Cqo)-alkylsulfinyl,



(C3-CB8)-cycloalkyl 15Ri is a residue selected from: alicyclic compound optionally substituted with one
or several substituents independently selected from OH, oxo (=0), SH, NO2, ON, CONH2,
NR2CO0-(Ci-C)-alkyl, COOH, (C1-C10)alkoxycarbonyl, (Ci-Cio)-alkylsulfanyl, (Ci-8L8)-akkylsulfinyl,
20Cio)-alkylsulfonyl, (CI-ClO-alkyl and (C1-C10)-alkoxyl NR200-(Ci- Cio)-alkyl; aryl optionally
substituted with NR200-(Ci-Cio)-alkyl, and heteroaryl optiggally substituted with NR200-(Ci-C10)-alkyl,
0-(Ci-Cio)-alkyl or halogen MCSLL. P 67 R2isaresidueselectedfromH,phenoxycarbonyl,
benzyloxycarbonyl, (Ci-Cio)-alkoxycarbonyl, (Ci-Cio)-alkylcarbonyl, (CiC10)-alkylsulfonyl and
(Ci-Cio)-alkyl X- is a physiologically acceé)table anion 52.The compound of claim 1 wherein R is

(C1-C6)-alkyl siifstitereldadyy BRIy e cormpoatil| Atk T Gisnalikoris eC b N dieypeghBatuted
by ZR1, wherdn 2 88, COS1 BRI IS AR SIoIREY W BN ag o o
group which may be a (CHz2)n with n =0-2, wherein when n=0 Y is a single
bond, forming a tricyclic ring system wherein the carbon atom of (CHa)n
5 may be substituted by a heteroatom selected from O, S, N and with the
proviso that Rz and R4 are never both H
R is a residue selected from:
- (C1-Cro)-alkyl, (C2-Cio)-alkenyl and (C2-Cio)-alkynyl optionally
substituted with a group selected from:
10 - a group selected from of NH2, NR1R2, CONR1R2, NR2CORj1,
OH, SOR41, SO2R4, SH, CN, NO2 and alicyclic compounds;
- Z-Ry4, wherein Z is selected from CO, O COO, 0OCO, SOy,
S, SO, COS and SCO oritis a bond and
- (C3-Cs)-cycloalkyl
15 R+ is a residue selected from:
- alicyclic compound optionally substituted with one or several
substituents independently selected from OH, oxo (=0), SH, NO,
CN, CONHz, NR2CO-(C+-Cx)-alkyl, COOH, (C1-C1o)-
alkoxycarbonyl, (C4-Cio)-alkylsulfanyl, (C4-C1o)-alkylsulfinyl, (Cs-
20 Cro)-alkylsulfonyl, (C4-Cio)-alkyl and (C4-C1g)-alkoxyl NR2CO-(Cs-
Co)-alkyl;
- aryl optionally substituted with NRoCO-(C+-C1o)-alkyl, and
- heteroaryl optionally substituted with NR2CO-(C+-C1o)-alkyl,
(C1-C1o)-alkyl, O-(C1-C10)-alkyl or halogen



10 4.The compound of claim 1 wherein R is CH2, Z is CO and R1 is th enyl, according to formula OD:
X 15 5.The compound of claim 4 wherein A is aryl wherein one or more hydrogen atoms is optionally
substituted by one or more halogen atoms or phenyl or heteroaryl wherein one Utmbk&€ hydrogen
atoms is optionally substituted by one or more halogen atoms or arylalkyl or heteroarylalkyl or a group
of formula (a) 20 CH\ R4 (a) MCSLIP 68 wherein R3gnd R4 are both independently aryl or
heteroaryl, preferably substituted with one or more halogen atoms. 6. The compound of claim 4
wherein A is a group of formula (a) wherein R3 and R4 are both phenyl, preferably substituted with
one or more halogen 5atoms. 7. The compound of claim 4 wherein A is a group of formula (a) wherein

R3 and R4 are both infpenéfenthPphef§$hiBtheyp8leatBRed thiditigh ay grodpeRmercaRppEla
(oo " BRARSSEMBRYN9CY-E & RGBT IE S S KRS o [
C1o)-alkylsulfonyl and (C1-C1o)-alkyl
X- is a physiologically acceptable anion.
5 2. The compound of claim 1 wherein R is (C1-Ce)-alkyl substituted by
-Z-R1.
3. The compound of claim 1 wherein R is (C4-C¢)-alkyl substituted by
-Z-R4, wherein Z is O, CO or a bond and R+ is aryl or heteroaryl, preferably
substituted with one or more halogen atoms.

10 4. The compound of claim 1 wherein R is CHy, Z is CO and R; is

thienyl, according to formula (I1):

(I
15 5. The compound of claim 4 wherein A is aryl wherein one or more
hydrogen atoms is optionally substituted by one or more halogen atoms or
phenyl or heteroaryl wherein one or more hydrogen atoms is optionally
substituted by one or more halogen atoms or arylalkyl or heteroarylalkyl or
a group of formula (a)

20



(b) wherein the carbon atom of (CH2), may be substituted by a heteroatom selected from 0, S, N.
8. The compound of claim 4 wherein A is a 9H-fluoren-9-yl, preferably 155ubstitute%\gi;h one or more
halogen atoms. 9. The compound of claim 4 wherein A is a benzyl, optionally Mbst ted with one or
more halogen atoms. 10. The compound of claim 4 wherein A is a biphenylmethyl, preferably
substituted with one or more halogen atoms. 2011.The coggound of claim 4 wherein Ais a
thiophenylmethyl, preferably MCSLLP 69 substituted with one or more halogen atoms. 12,The
compound of claim 1 wherein R is a propyl group, substituted with a Z-R1 group wherein Z is 0 and Ri
is phenyl, according to formula (Il): 500 1 A X _
wherein Rs and Rs are both independently aryl or heteroaryl,

preferably substituted with one or more halogen atoms.

6. The compound of claim 4 wherein A is a group of formula (a) wherein

Rs and R4 are both phenyl, preferably substituted with one or more halogen

5 atoms.

7. The compound of claim 4 wherein A is a group of formula (a) wherein

Rs and R4 are both independently phenyl and they are linked through a Y

group which may be a (CHz)n with n =0-2, wherein when n=0, Y is a single

bond, forming a tricyclic ring system of formula (b)
10

wherein the carbon atom of (CH2)n may be substituted by a
heteroatom selected from O, S, N.
8. The compound of claim 4 wherein A is a 9H-fluoren-9-yl, preferably
15  substituted with one or more halogen atoms.
9. The compound of claim 4 wherein A is a benzyl, optionally
substituted with one or more halogen atoms.
10.  The compound of claim 4 wherein A is a biphenylmethyl, preferably
substituted with one or more halogen atoms.

20 11.  The compound of claim 4 wherein A is a thiophenylmethyl, preferably



(1N 13. The compound of claim 12 wherein A is aryl or heteroaryl or arylalkyl or heteroarylalkyl or a
group of formula (a) wherein R3 and R4 are both 10independently aryl or heterﬁégﬁl P eferably
substituted with one or more halogen atoms. 14. The compound of claim 12 w !‘1 A is a group of
formula (a) wherein R3 and R4 are both phenyl, preferably substituted with one or more halogen
atoms. 1515.The compound of claim 12 wherein A is a gregp of formula (a) wherein R3 and R4 are
both independently aryl or heteroaryl, and they are linked through a Y group which may be a (CH2)n
with n =0-2, wherein when n=0, Y is a single bond, forming a tricyclic ring system of formula (b) 20
MCSLIP 70 (b) wherein the carbon atom of (CH2)n may be substituted by a heteroatom selected
from 0, S, N. 18UPREtEERAPHIRCCSFCRIM PPaltRIE M a0 BH-fluoren-9-yl, preferably Ssubstituted

with one or morg halogen atoms. 17. The compound of claim 12 wherein A is a benzyl, optionally
substituted with$ e oﬁﬁ%r@%'%%léﬂdatg &2l .Jfrméh&l)rﬁ{ﬂgﬁhbso?c%ﬂ?ib%ﬂ&%ir?%\%%“ted

biphenylmethyl, piferahli subBiik'ahhHuIGiR"E R B4R EHLO% IR 1LECHBRE rBPRIALES claim

12 wherein A is a thiophenylmethyl,

(1):
1D

SRS &
X

(111

13.  The compound of claim 12 wherein A is aryl or heteroaryl or arylalkyl
or heteroarylalkyl or a group of formula (a) wherein R3 and R4 are both
10 independently aryl or heteroaryl, preferably substituted with one or more
halogen atoms.
14.  The compound of claim 12 wherein A is a group of formula (a)
wherein Rs and R4 are both phenyl, preferably substituted with one or more
halogen atoms.
15 15, The compound of claim 12 wherein A is a group of formula (a)
wherein Rs and R4 are both independently aryl or heteroaryl, and they are
linked through a Y group which may be a (CH2)» with n =0-2, wherein when

n=0, Y is a single bond, forming a tricyclic ring system of formula (b)

20



preferably substituted with one or more halogen atoms. 20.A pharmaceutical composition comprising a
compound of claims 1 to 19 in admixture with one or more pharmaceutically acc @I&garriers and/or
excipients. 1521.A compound of formula (I) according to any one of claims 1 to 19 for Use in the
treatment of broncho-obstructive or inflammatory diseases, preferably asthma or chronic bronchitis or
chronic obstructive pulmonary disease (COPD). 22.A compgund of formula (I) according to any one of
claims 1 to 19 for MCSLLP 71 use as a medicament. 23. A device comprising the pharmaceutical
composition of claim 20. 24. The device according to claim 23 which is a single- or multi-dose dry
powder inhaler, a metered dose inhaler or a soft mist nebulizer. 525A process for the preparation of

compounds of formula (I) of claim 1, including the ste reacting an amino-alcohol of formula (2)
(2) with 1,1' -carbonyldiimidazole to give an imidazole\deriva

(b)

wherein the carbon atom of (CH2)n may be substituted by a

heteroatom selected from O, S, N.

16.  The compound of claim 12 wherein A is a 9H-fluoren-9-yl, preferably
5 substituted with one or more halogen atoms.

17. The compound of claim 12 wherein A is a benzyl, optionally

substituted with one or more halogen atoms.

18.  The compound of claim 12 wherein A is a biphenylmethyl, preferably

substituted with one or more halogen atoms.

10 19. The compound of claim 12 wherein A is a thiophenylmethyl,
preferably substituted with one or more halogen atoms.

20. A pharmaceutical composition comprising a compound of claims 1 to
19 in admixture with one or more pharmaceutically acceptable carriers
and/or excipients.

15 21. A compound of formula (1) according to any one of claims 1 to 19 for
use in the treatment of broncho-obstructive or inflammatory diseases,
preferably asthma or chronic bronchitis or chronic obstructive pulmonary
disease (COPD).

22. A compound of formula (1) according to any one of claims 1 to 19 for



(1) then reacting with an alcohol of formula (4), A-OH so obtaining a compound of formula (5) 72 A(5)
(i) then alkylating by means of an alkylating agent RX, giving a quaternary ammow'llupl aplt of formula

) A

10

15

VAGE W

71

use as a medicament.

23. A device comprising the pharmaceutical composition of claim 20.

24. The device according to claim 23 which is a single- or multi-dose dry
powder inhaler, a metered dose inhaler or a soft mist nebulizer.

25. A process for the preparation of compounds of formula () of claim 1,

including the steps of (i) reacting an amino-alcohol of formula (2)

(ii) then reacting with an alcohol of formula (4),

A—OH

()

s0 obtaining a compound of formula (5)



MCSLLP

72

0 \
S S
A -

(5)

(iii) then alkylating by means of an alkylating agent RX, giving a quaternary

ammonium salt of formula (1)



