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BACKGROUND OF THE INVENTION

Quaternary ammonium salts acting as muscarinic (M) receptors antagonists
drugs are currently used in therapy to induce bronchodilation for the treatment of
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 exposure.

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.
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SUMMARY OF THE INVENTION

In particular, the invention is directed to quinuclidine carbonate

10 derivatives of general formula (1)

e
A

(1
wherein:

15 A may be optionally substituted aryl or heteroaryl or arylalkyl or

heteroarylalkyl or a group of formula (a)

/R3
—CH
R,
(a)
wherein
20 Rs; and R4 are the same or different and may be independently

selected from the group comprising H, (C3-Cs)-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-C1g)-alkyl, oxo (=0), SH, S-(C1-Cqo)-alkyl,



(a) wherein R3 and R4 are the sane or different and may be i ndependently
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S, N and with the proviso that Rz and R4 are never both H.
R is a residue selected from:
- (C1-Cio)-alkyl, (C2-Cio)-alkenyl and (C2-Cio)-alkynyl optionally
10 substituted with a group selected from:
- a group selected from of NHz NRjRz, CONRiRz,
NR2CORj1, OH, SORj1, SOzR41, SH, CN, NO and alicyclic
compounds;
- Z-Ri1, wherein Z is selected from CO, O, COO, OCO, SOz,
15 S, SO, COS and SCO or it is a bond and
- (C3-Cg)-cycloalkyl.
R1 is a residue selected from:
- alicyclic compound optionally substituted with one or several
substituents independently selected from OH, oxo (=0), SH, NOg,
20 CN, CONH2, NR2CO-(C1-Cx)-alkyl, COOH, (C1-C1o0)-alkoxycarbonyl,
(C1-Cio)-alkylsulfanyl, (C1-Cqo)-alkylsulfinyl, (C1-C1o)-alkylsulfonyl,
(C+-C1o)-alkyl and (C1-C1o)-alkoxyl NR2CO-(C1-C1o)-alkyl;
- aryl optionally substituted with NR2CO-(C1-C1o)-alkyl, (C1-C1o)-alkyl,
O-(C1-C1o)-alkyl or halogen and |
25 - heteroaryl optionally substituted with NR2CO-(C4-C1o)-alkyl or
halogen.
Rz is a group selected from H, phenoxycarbonyl, benzyloxycarbonyl,

(C1-Cqo)-alkoxycarbonyl, (C1-Cio)-alkylcarbonyl, (C1-Cio)-alkylsulfonyl and
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formula (1) f&1hePpRAYHNAVENTIENIF8I9Rbvides the use of compounds of formula
() for preparing a medicament.

In a further aspect, the invention provides the use of compounds of

formula (l) for the prevention and/or treatment of any broncho-obstructive 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 pfopellant-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 ().

The invention is also directed to a kit comprising the pharmaceutical
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bromine, and iodine.
The expression “(C4-Ci0) alkyl”, refers to straight-chained and

10 branched alkyl groups wherein the number of carbon atoms is from 1 to 10.

Examples of groups are methyl, ethyl, n-propyl, isopropyl, t-butyl, pentyl,
hexyl, heptyl, octanyl, nonenyl and decenyl.

| Optionally, one or more hydrogen atoms in said groups can be replaced
by halogen atoms. The derived expressions “(C1-C1o)-alkoxycarbonyl”, “(Ci-

15  Cio)-alkylsulfanyl”, “(C4-Cio)-alkylsulfinyl”, “(C4-C1o)-alkylsulfonyl” and “(Cs-

C1o0)-alkoxyl” are to be construed in an analogous manner.

The derived expressions “(C2-Cqo) alkenyl” and “(C2-C1o) alkynyl”, are
to be construed in an analogous manner.

The expression “alicyclic compounds” includes:

20 - “(Cs-Cs)-cycloalkyl”, which refers to cyclic non-aromatic isolated
hydrocarbon saturated groups. Examples include cyclopropyi,
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 unless otherwise
indicated, bicycloalkyl groups include spiro rings and fused rings.

Examples of bicycloalkyl groups include, but are not limited to,
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The expression “aryl” refers to mono, bi- or tricyclic ring systems

having 5 to 20, preferably from 5 to 15, ring atoms, and wherein at least one
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-Cs) 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 “(C4-C4) 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,
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The invention is directed to quinuclidine carbonate derivatives acting
as muscarinic 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-toluenesulfonate, preferably

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

A preferred group of compounds of formula (1) is that wherein R is
(C1-Cs)-alkyl substituted by -Z-R4, wherein Z and R, are as described above.

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

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

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

is CH2, Z is CO and R is thienyl, according to formula (I1):

25 X
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"(Cl-C4) alkyl"™ optionally substitutedgbhy a nono, bi- or tricyclic ring
systens which have 5 to 20, preferably fromb5 to 15, ring atons.

Optional ly, %e(?%mngrlgéy&ié in said rings can be replaced by one
I'es o [

or nore hal ogen a SU|tabIe aryl al kyl groups include
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one or nore h atons”i n ‘sal an be replaced by one or nore

hal ogen at ons. Exanpl es of suitable nonocyclic systens include

t hi ophene, cycl opent adi ene, benzene, pyrrohe pyrazol e, imdazole,

i soxazol e, oxazol e, isothiazole, thl_a_z@ pyr| di ne, im dazolidine,

pi peridine and furan radicals. Exanples\gf suitable bicyclic systens

i ncl ude napht hal ene, bi phenyl, purine, ptetidine, benzotriazole, quinoline,
i soqui nol i ne, indole, isoindole and Hahzot hi ophene radi cal s. Exanpl es of
suitable tricyclic systens include fluorene radicals.

wherein Rz and Rs are both independently aryl or heteroaryl,
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 Rz and R4 are both
phenyl, preferably substituted with one or more halogen atoms.

A third group of compounds of formula (Il) is represented by the
compounds wherein A is a compound of formula (a), wherein Rz and R4 are
both independently phenyl and they are linked through a Y group which may

15 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), wherein the carbon atom of (CHz2)n may

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

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

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

more halogen atoms.
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more halogen atoms.
A seventh group of compounds of formula (Il) 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 propy! substituted by -Z-R1 group wherein Z is O and Ry is phenyl,

according to formula (l11):

IO
o) } @

)

wherein A is as defined above.

15

7
A

A first group of compounds of formula (lIl) is represented by the
20 compounds wherein A is optionally substituted aryl or heteroaryl or arylalkyl
or heteroarylalkyl or a group of formula (a)
/R3
R4
(a)

wherein Rs and Rs are both independently aryl or heteroaryl,



-CH (a) wherein R3 and R4 are both independently aryl or heteroaryl,
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substltuFed \;fmtptrh one owf nore hal ogen atons. A fifth group of conpounds of

formua (11) jas tﬁ@cﬂ”g??ﬁﬁ!bt A @dmbb@n@@rramfadﬁuvmne)l s Aeipsesentady bgl kyd ,

preferably a phenyl -al kyl, nore preferably substituted with one or
mor e hal ee%oa;r%swaade.ﬂvms@gmw of esahlita ()i, svitereém R4l and R4 arebbih

substituted wth one or nore hal ogen
phenyl 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), wherein the carbon atom of (CH2)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-(Cs-Cas)-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

20 atoms.

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

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

more halogen atoms.



atons. A sixth group of conpounds of formula (11) is represented by the
conpounds wherein A is a biphenylnethyl, preferably substituted with one or
nor e hal o§Or0HYI@AR4 A seventh group of conpounds of f or RGITEPRINLN05232
represented by the conpounds wherein i s a thiophenyl methyl, preferably
substituted wth one or nore hal ogen atons. Another preferred group of

conpounds  of B\Oé&’ér@hgégfl.iﬁs o}f "t‘,’%}rnﬁ‘@ﬁflﬁé biorfida RIIPPH répresiented e Bye - Z- R

group wherein ZT1s s pheny according to fornmula (111):" (111)

wher ei n é\oh@ggﬁg%e{vheﬁén%&qgea tHiobhERYIRERR, BlefERIBIP WIS RItLORTH gnd | 1 1)

IS represe e conpounds ere I's optionally substituted aryl or

het er oar Y. het eroaryl al kyl or a group of fornula (a) (a
B g iRl aise )

wherein i ndependently aryl or heteroaryl, preferably

subst it uted wiahRyRme, Rife FRUEG RAIPEE BorifIThds o REMa QT PIsPtHRt wRERINIRIS  Of

formula (111) T15s rep‘r)esented by 't he conpounds wherein Ais a group of

formga (a), nggg%ngﬁn@w Ry azRPYrBuphRRtein Pz akecabhyids REsisi pHeA, Wi th

one or nore
0 0
/U\ N
0~ "o
A -
X

according to formula (IV):
(V)

10 Another preferred group of compounds of formula (I) is that wherein R

is a_methyl substituted by -Z-R1 group wherein Z is CO and R; is thienyl,

oy
- S

X

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 Compounds
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 (l) shows at least one chiral center, which is



A third group of conpounds of forrmula (I11) is represented by the conpounds
wherein Ais a group of fornula (a), wherein R3 and R4 are both phenyl and
t hey are WORREP1§R4ough a Y group which may be a (CH2) nPQiltER2¢99405272
wherein when n=0, Y is a single bond, formng a tricyclic ring system of
formula (b), wherein the carbon atomof (CH2)n may be substituted by a

het er oat pgp a2lcpté & ByftherquhusiidiNe ddrbof Atewi beatihgupediarbonBes aesu ]
formula (I11) is represented by the conpounds wherein Ais a

9H-f | uor en- 9- yh th@prériradd ¥nibttfifidrits etherabtiveBeniourd @) halmgen fatroms. A
fifth group of conpounds of formula (111) is represented by the conpounds
wher ei n Ané Ss@ssthatishy ,plﬂ%ef(R?]@szaShthnﬁ@@nWheféh the) emdmtidmerier pupitiefier abl y
substituted with one or nore hal ogen atons and even nore preferably Ais a
benzyl, epghéantidry 859 Sinbte! tpgefatably @ien @ORDHreapeIeray aian F5%i %0l
group of compounds of fornula (I111) is represented by the conpounds wherein
A is g bigRbanmbr@bh¥erablyahanaddy. substituted with one or nore hal ogen
atons. A seventh group of conpounds of fornmula (I111) is represented by the

conpounds whengjcardingstoaspécifiphanpbarhbits, thegiressht shvamipin privdewithé one
or nore hal ogen atons. '

compounds reported below:

Compound Chemical name

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

N (R)-3-Benzhydryloxycarbonyloxy-1-(2-oxo-2-thiophen-2-yl-
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]octane; chloride

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

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

6 (R)-3-(4-Bromo-benzyloxycarbonyloxy)-1-(2-oxo-2-thiophen-
2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane; 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)-3-(9H-FIuorén-9-y|oxycarbonyloxy)-1-phenethyl-1-azonia—
bicyclo[2.2.2]octane; bromide

9 (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-9-yloxycarbonyloxy)-1-(3-phenoxy-propyl)-
1-azonia-bicyclo[2.2.2]octane; bromide

(continued)



Anot her preferred group of compounds of fornula (1) is that wherein Ris a
met hyl substituted by -Z-R group wherein Z is CO and R is phenyl,
accor di ngvoaofoamaizha (1V): (1V) Another preferred groupPO/EPeenO0ids of
formula (1) is that wherein Ris a nethyl substituted by -Z-R group
wherein i1s O and R is thienyl,accordingto-formia(—S—t+H—wll be
aﬁparent t hat t;]s c onp O YRS-(8fpHemyivahydoXylck rommy |egiii af3ap enyoxyretropyl)-dent er s.
Therefore the i wention al so .i.ncl,u he opti st er eoi soners and
m xtures fthereof. \er =at7'ﬂﬁ'aét?)'ﬁ¥)%ﬁ[%2’2 O(QE%'}eg}bﬁ%'%bdr? t he invention havel at
| east one| asymmetric cenRpB,(BigishyRYIGcatbdHy IRt MersI-d -a2dhea-e t he
conpounds| accort®ng tofthe invention possess two or nore asymetric
centers, |they may additP&ﬁ&kﬂ%zéQPQ@”EQQHFEEtereoisoners. It is to be
under stood that all sudhri§9BEHg0206idPHEhW-GEelnBlERhidpReAny Proportibn are
enconpassged within the|scope of the present invéntion. The active conpound
(1) shows| at | e¥t one |ohnetioxyeabenylomwn thazerindsydeRi2dlosiaNhe
qui nucl i di ne carbon at omyReRfel Ng the carbonate group. In the preferred
enbodi nents—the-—active conpourd—{)—si+ntheformof—thesubstanttally
pure (R -enanti %rer, wh éR$-3A Bisi&4-ehlan-pbery!)-ongiaexytcarhanyloxy]-1-(2-oxo-
2-thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane; chloride
16 (R)-3-[Bis-(4-bromo-phenyl)-methoxycarbonyloxy]-1-(2-oxo-
2-thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane; chloride
§7 (R)—3-[Bis-(4-f|uorb-phenyl)-methoxycarbonyloxy]-1 -(2-0x0-2-
thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane; chloride
18 (R)-3-(3-Bromo-benzyloxycarbonyloxy)-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-bicyclo[2.2.2]octane; bromide
21 (R)-3-[Bis-(3-fluoro-phenyl)-methoxycarbonyloxyl]-1-(2-oxo-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-pheny!)-methoxycarbonyloxy]-1-[2-(4-
23 methoxy-phenyl)-2-oxo-ethyl}-1-azonia-bicyclo[2.2.2]octane;
bromide
24 (R)-3-[Bis-(3-fluoro-phenyl)-methoxycarbonyloxy]-1-(2-oxo-2-
thiophen-3-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane; bromide
(R)-3-[Bis-(3-fluoro-phenyl)-methoxycarbonyloxy]-1-
25 phenylcarbamoylmethyi-1-azonia-bicycio[2.2.2]octane;
bromide

(continued)



hi gher than 85%
even nore preferably than 99%
i Woentwwams2pr ovi des t he conpounds reported bel owPCT/EP2009/005272

pr esent

nore preferably than 90%

According to specific enbodi nents,

(conti nued) (conti nued) (conti nued) The cggpounds of fornmula (1) may be

nore preferably than 95% and
t he

accordi-ng—tok
5;2861;?2 descri bed bel J)WRbcﬁdanepbﬂuer@ wherﬁd:)kreﬁﬁmsah%ﬂb@nﬂ@ml*b-l[21650ced8(rae
oo [ SPorsigen o SATBIGRNEL LA Ll e gmouncs, of oeners
the follow ng steps: 1gtbicceg2-2. lencmmenbmamldehol of formula (2) is rejpcted
AU RN S R SRR U 4 AR A R T
t et rahydrpof uran2f THF) anribrdh«tineptain-2+-yt)elvpeo-athyile1aangiang from 0 _C t o the
ERIS e (S A
used are lethyl acetate, (Rb@t[lasyé (@TID@f&prﬁ@Wﬂ)ﬂn@ﬂﬁ)xﬁ]szlfblbhgl@xy]ZMZ-SixeFE- The
solvent is evapBBated tjo dryness and the residue is reacted with an alJ cohol
of formulla (4) in an ag rtB'?FE' 2yl-eHwd)- 1'ﬂ89’%€ﬁtbé 214,210CRnes BIYBIFE i s
sel ected from THF,  di mat Ry laf @ a6 PRy - e BRI RA BBRY Rlxy]-1-(2-0x0-2-
29 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-methyl-1-
azonia-bicyclo[2.2.2]octane; iodide
36 (R)-3-[bis-(3-fluoro-phenyl)-methoxycarbonyloxy]-1-(2-oxo-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]octane; chloride
38 (R)-3-[Bis-(2-chloro-phenyl)-methoxycarbonyloxy]-1-(2-oxo-
2-thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane; chloride
39 (R)-1-(2-Oxo-2-thiophen-2-yi-ethyl)-3-(phenyl-o-tolyl-
methoxycarbonyloxy)-1-azonia-bicyclo[2.2.2]octane; chloride

(continued)



(DVR) . Preferably, the alcohol is activated with a base advant ageously

sel ected from NaH, BuLi (butyl lithiun), lithiumdiisopropylamde (LDA), to
give a conpaondisf4formula (5).3rd step - Conpounds of POTMPR@08272ray be
al kylated at the nitrogen atomof the jgrtiary amne by nmeans of an

al kyl ating_agent RX wherein R-is as preVioushy defined—and—x—is—aeeqrding

to known |condi ti ons, chiry-BfE3- Fhrcmmphenyk)n(Bdnmihmey pgenylrg a quater narly
anmoni umisal t formula | nve al ceutijcal
conposi tilons ofl%orrpour &éth%x*cgﬁﬁﬂyéox( d%%(?éﬁéh%eﬁhquﬂzqgr norle

phar macedti cal | y accept abbriacsitydlel. ZIotatar@mh‘;drmlet hose described in

Rem ngt ony’ Pharmaceut | Tences booK ck Pub.,. N1Y.,
U.S. A Adninistration ()?gi'ﬁg Hggr_} r?‘r?@eﬁ?’éé'é‘%go%%% r?yé%xyrlr& ble
acconpl i shed acgprdi ng|{2-orata- mprrweglm efta)- e»aambamcmmwz]a@m !
parenterally (subcutaneouslg I ntravenously, intranuscularly,
intrasterjnally and by il 159 8n by inhalation, rectally, vaginally,

topically, locally, t rcifaﬁsi-@[[@ldh,lor@%etwl)gglﬂ@ro%@hﬂbst ration. Various
solid oral dosage forng can be used for admnisterin s of thle

i nvention incl U ng suc¢MeBPxyFarkemiond-irehexa-¢; thﬁ’@f‘ ity %E}Sgdres
capl ets, [oranul es, | 0z¢ng8AiARE, QYoo PRSIS chmfaecormounds of the present

i nvent i on-can—be_admi-nilstered a. efe—or—cofbrhetd—wth—vartous
phar maceuti cal |y accept|4B)-8-€xbrDiduero-phendniSsilyergotheny)sucr ose, nannj tol ,
43 methoxycarbonyloxy]-1-(2-oxo-2-thiophen-2-yl-ethyl)-1-

azonia-bicyclo[2.2.2]octane; chloride

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

chloride

(R)-3-[(3-Fluoro-phenyl)-(4-methyisulfanyl-phenyl)-

45 methoxycarbonyloxy]-1-(2-oxo-2-thiophen-2-yl-ethyl)-1-
azonia-bicyclo[2.2.2]octane; chloride
(R)-3-[(3-Fluoro-phenyl)-(4-fluoro-phenyl)-

46 methoxycarbonyloxy]-1-(2-oxo-2-thiophen-2-yl-ethyl)-1-

azonia-bicyclo[2.2.2]octane; chloride

(R)-3-[(3,4-Difluoro-phenyl)-phenyl-methoxycarbonyloxy]-1-
47 (2-oxo-2-thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane;

chloride

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

chloride

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.



| act ose, starches) and known exci pients, including suspendi ng agents,
sol ubilizers, buffering agents, binders, disintegrants, preservatives,
col or ant s\WoOf20eNwsRAt s, | ubricants and the |ike. Tinme relP€RgR2¢ap8es,
tablets and gels are al so advantageousqgn administering the conpounds of
the present invention. Various liquid oral dosage forns can al so be used

for adm ni stering npounds of the jnvention, including agueo nd
non- aqueous sol r& nmul si ons, pensi ons, syrups, angd el . Such
dosage forns n %l sd\ cont atn sui N kreowA—mert dipA tent SoSu as wat er
and suitabl e knev ex\c?pi ents Hich™as preservati ves, \@/tti ng agents,

sweet eners, flavorants, aswell as agient s for enulsifﬁﬁng angl/ or suspendi ng
t he conpounds of { e invention. The conpounds of the present invention nmay
be injected, for exanple, intravenously, in the formof an isotonic sterile
solution. Qther preparations are al so possible. Suppositorpes ect al
adm ni stration th npounds of the invention can be prgparé¢d m Xi ng
t he conpound_witlh a HNabl e+exci pi-epty such as_cocpa but dér JoSahyCyl at es

and pol yet e Pycol's. Fornul ati ons for vagi nal adningstration can be in
the form of eam (gel, paste, foaqh)or spray formul a containin& in
addition to the active ingredient, such as suitable carriers, a al so

known. For topical admnistration the pharnmaceutical conposition can be in

®) (6) 0
Scheme
General procedure for the preparation of compounds of formula (1)
The compounds of general formula (l) 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 CHsCN, CH2Cl2, CHCls,
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, diethy!l 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), tp

give a compound of formula (5).



the formof creans, ointnents, lininents, |otions, enulsions, suspensions,
gel s, solutions, pastes, powders, sprays, and drops suitable for

adm ni st r&0i20/a18326he skin, eye, ear or nose. Topical a®GTAIPIVAI2BNh nay
al so involve transdernmal adm nistratiogyvia nmeans such as transder nal

pat ches. For the treatnent of the diseases of the respiratory tract, the

conpounds aCC%ndd'Fa[% L%éyﬂgohﬂ\ﬂgn&ﬁ Rﬂrqg({lﬁd(@) %ﬁ{ﬁb@ YIRS §t e RitPdgen

i nhal ation. | nha e preparations | e’ i nhal abl e "powder s,

propel | anjigenatHY g%rr%%ﬁ Hrhin® B¢REShS d?rarpragﬁgédiﬁ@tagférﬁqakwﬁéa&hqa is

formul ati ons. For strationh as a dry po r, single- or nmulti-dose

i nhal ers %@F@‘g@viﬁ[@g Rinkt! grdaﬁ(t iSTB¥cBErdih | o2 RAown domdfitiGras echiginRowder

may be fi I n gel ati ne, astic ‘or other capsules, cartridges or blister

packs or yBnfiné E§LI04ME - gitiry bllﬁmteﬂ{argaérhhﬁfniuﬁeé‘&f 8F Fornfi@l-@xi ¢ and

chemcally 1 nert to the Tonpounds of the invention, e.g. |actose or any

ot her gaddi t i verpli iRbA@idPr AI8Br Opid\ddESe prRsRhactltrdlr assmPositdhde prdded
to the powdered conpounds of the iInvention.Inhalation aerosols containing

propel | antong@sursds b o i Qi) HeTRAMKANRS WIY of@NbRiMofd HeRRREERaAY t he
I nvention either 1n solution or in dispersed form The propellant-driven

formul at i pngpieal 88rf8t aifBy OtdleimpRIr eHHES Sd&dtGiberf GR- SReV@Rfon's
stabilizers and optionally other
Pharmaceutical Sciences Handbook, XVII 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
pharmaceutically 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, wetting agents, sweeteners, flavorants, as



exci pients. The propellant-free inhalable fornulations conprising the
conpounds of the invention may be in formof solutions or suspensions in an
aqueous, WPeoHdlp4or hydroal cohol i c nmedi um and t hey nmayCharaeioverzd by
jet or ultrasonic nebulizers known frofgthe prior art or by soft-m st

nebul i zers such as Respimat(r). The conpounds of the invention may be

admi ni st grgd a%sggg@ﬁtsSQb? SRLINE RGN d/BF  $UsFHHhGANO oM P U the

phar maceut 1 cal tive ingredients including those currently used in the

tr eat mentyRin s Prhat 86 pdup@isd8f Sthee plest AR/AARIN Thay BOThieAskerfer ds
and PDE4 inhibitors. The dosages of the conmpounds of the invention depend

upon a V%&E%M?Pfinfr§9é96§sISIPQHUmengoFrheo’Paefr{ listotic dteARS SAGiIde Othat ed,
the severity of the synptoins, the route of adm nistration, the frequency of

the dosageehifional arel QoM disiel ar compound utilized, the efficacy,
t oxi col og’y profile, and pharnmacokinetic profilé of the conmpound.

Advan]t, ageous| B, R itePieROYHHSIeRital Cddirastrhtio aBf beher ddMbsLAHES df Okhe
exanple, at a dosage conprised between 0.001 and 1000 ng/day, preferably

bet ween Ghverititth e8R H@??’é‘fyare‘#'@? rhiXeh & B @onsiso@id MathTal suifdble ad&ipient

adm ni stered by inhalation route, they are preferably given at a dosage

conpri sedypRiaesscda Bulte®Nshlicylates and polyethylene glycols.

Formulations for vaginal administration can be in the form of cream,

gel, paste, foam, or spray formula containing, in addition to the active
10 ingredient, such as suitable carriers, are also known.

For topical administration the pharmaceutical composition can be in
the form of creams, ointments, 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.



500 ng/day, preferably between 0.1 and 200 ng/day. The conpounds of fornula
(I') may be admi nistered for the prevention and/or treatnent of

br oncho- oNOR2P1Y1P32¢ or i nfl ammatory di seases, such as a®CHAER2009100A2 c
bronchitis, chronic obstructive pul nonggy di sease (COPD), bronchi al
hyperreactivity, cough, enphysema or rhinitis; urological disorders such as

urinary inconfy . po | HET a, as kC I ti nd
overactive bl y‘i@@%% 86\8) ?égé;ésdt{%oi n(%de%gtéfrﬁi d%%?@tsugﬁas ngc\gl as

syndr one,, P@ﬁ&'r%a%r}éé $nafll &&ithirf Yhbt ESmpBeRHsCotltRET MiviePlion either in |
gastrointestinal notility or gastric acid secretion; dry nouth; nydriasis,

tachycar %iogjucﬂpmrhﬁ\' ms@rérgé&rf\s%t. IPRS FBpdiIaNRERVLAT o PAGeRS itg hI3s

vagal | y induced sinus adycardi a. The present Invention will now be
further desesihtafePingrRbidhtstdifcH 851 ageRtRhEilize FSANELSptiorIRPStHT on
of i m dazol e-ll- ca?bo&yl i (l: agi d (R -1-aza- gi cycl o[ 2.23. 2] octh-Ep 3-yl “ester

Under gni ?rx%ﬂﬁ@nfg'nnsphere, 7.0 g (55.0 mol) of (R)-3-quinuclidinol are
suspended in 100 mM of CH2Cl 2. After cooling the suspension to 0 C, a

solution of 17he P?@;B@IWH%& NhA3EYIE forrhBiatichs cgf}pgiosgﬁ@thei dbrhpBuflis of

CH2Cl 2 is added. The reaction m xture is stirred or 4 hours, then

wat er i s gdfedin(éRton! ma%ITtB@ iRfBAN 6f 58NRIonsSos 808p&hSIBnsWASAR thguddusg)at er,

dried over sodium sul phate and the solvent is evaporated under reduced

pressure.gjcoholic or hydroalcoholic medium and they may be delivered by jet or
ultrasonic nebulizers known from the prior art or by soft-mist nebulizers such

10 as Respimat®.

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 treatment 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, Achronic obstructive pulmonary disease (COPD),



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

bi s- ( 3-f IWOrotygh&izyl ) - met hyl esterA solution of 3,3'-di PCugPewenaizydr ol (
1.1 g, 5mol) indry THF (8 nm.) is ad?gd with a solution of BuLi (butyl
lithium 2.5Min hexane (2.0 mL, 5 mol) at 0 C, after stirring for 30

m nut es gr(gr?éﬁi‘él' ﬂ?a@%egf?\q@m&%éhe éﬁflpan?§¥HaC o@Cﬂh‘i’mtls Iurologlcal disorders

(R -1-az icyclo ste ), Obtained as

descri begtub@ %§for % LinddhtfehceHh (flﬂa@(umé b?st%ggﬁgma”&rbhﬁ: raystitis eahd

stirred hours. V\afer 100 'm i s added and the m xture is

ext ract eq, é(ﬁlvgt @(%edﬁ %Bf I)%;as rBﬁltEQﬂlrlléﬂCt‘iﬁgrdérrg%Wcﬁ asyRiwelagydibimed over

sodi um suI ate an I' s evapor ated under reduced pressure. The

resi due IB@’:@%/ Ehﬁ% & e RRIUKAB, Eébﬁmwbﬁaﬁygﬁﬂréuhtésﬁ@uagfhhotnﬂfyldrlghq;tmth

CH2d 2/ e ractions contalning the product are conbi ned and

conce tr o el d
e pa L ?gﬁfow O@ﬁY&}P B%rﬁgldgrfygily@a&égta&%%d{é )t@élrﬁlbemité(;%leﬂg%ﬁ?pgugz

(s, 1H), él_@@véiﬁem%ﬂ'%so%érsjsu@ﬁlaslb& gally wduceY s5rh')s bradd@atdla. 1H J=2.98 Hz),

1.59 (m low ng I nternediates (exanple 3 to 13) were obtained

\tl)myt h a processpy WHrédént thidiRidiGvilSREw! BePflRRw© de8BRBEAdEY OvalrxenMhe 2,
following examples.

EXAMPLE 1
10 Preparation of imidazole-1-carboxylic acid (R)-1-aza-bicyclo[2.2.2]oct-

3-yl ester

Under nitrogen atmosphere, 7.0 g (565.0 mmol) of (R)-3-quinuclidinol
15 are suspended in 100 'ml of CH2Cl2. After cooling the suspension to 0°C, a
solution of 1,1’-carbonyldiimidazote (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
oJ\o"“ N
SRS

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

25



reacting the conpound prepared in Exanple 1 with the suitable al cohols,
such as benzhydrol, fluorenol, 3-fluoro-benzol, 4-fluoro-benzol,

4- br omobewoablo/@sizydr oxy bi phenyl, 2-hydroxy nethyl thi eph@preo/ 005272

bi s- (4-chl or ophenol ) or bis-(4-brono- nol). EXAMPLE 3 Carbonic acid

(R -1-aza-bicyclo[2.2. 2] oct-3-yl ester benzhydryl esterThe desired product

P %CWFEBWF 3 SR RIrBLnZ SR LG, Bfha) in gy THE (8 kb o ¢
acid (R |s1‘ #agh| ﬁ}"lcéogtﬁugom&fcéuﬁl XbuBg URAi |5mrﬁ1”h%3(¥hee(32 8'mihe
8 & R,

desired uct prepared by reactin e-1-carboxylic acid (R -1

Laza 35%@%892@?@ ﬁdoﬁgﬁ_ﬁstﬁ‘hngs@?@OV\‘tht%E@éSI@?ibn mlaaﬁbbésh&:a(rﬁngM"z -

d=b %, B G A By 00 2 i p ¢ Sy (1 ‘]’54"“% (%téﬁ‘%‘)d %E%&SPLE
> Cargon'd%§§ﬁb9dgl$)exé ép'lﬁmgoﬁ@Fi éllrﬁﬁ'ﬁs%dﬂbﬁﬁ@"thé”‘rﬁu&ﬂf’@QSQﬂﬂ@’d

ester The desire pro I'S préepare eacting 1 mdazole-1 -carboxylic
at 0°C for 1.5 hours. Water (100 ml) is added and the mixture is extracted

with EtOAc (2x50 ml). The collected organic layers are dried over sodium
sulphate and the solvent is evaporated under reduced pressure. The residue
is purified by column chromatography on silica gel, eluting with

10 CH2Cl/MeOH=95/5. Fractions containing the product are combined and
concentrated by evaporation to give 1.4g, (75% yield) of the title compound
as pale yellow oil.

1H NMR analysis (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=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

25



acid (R -1-aza-bicyclo[2.2.2]oct-3-yl ester with 3-fluoro-benzol. 1H NWR
analysis (300 WHz, DVsO-d6) d: 7.43 (m 1H) 7.18 (m 3H), 5.15 (s, 2H),
4.66 (m WOR1A13322 (m 1H), 2.54(m 4H), 1.96 (m 1H), PCTARP2¢09j005272

SH) . EXAMPLE 6 Carbonic acid (R)-1-aza-ppcyclo[2.2. 2] oct-3-yl ester

4-fl uoro-benzyl ester . The desired product is prepared by reacting

e SRR AR ! A, o g ek,

4-f| uor o- benzo SIS O db

(m 2H), E@(&M@qc@@% ,(ZIBc:t— e @Jwr Hrbeﬁ'z*)rydﬁol% (d, 1H J= 3.0Hz),

1.48 (m rbonic -1l-aza-bicycl o[ 2. 2. 2] oct - 3-yl

ester 4-Dbrono pILEeater The desi red product is prepared by reacting
i m dazol e- 1-c§mﬂy—|ﬁ-ﬁa0| d (R-1 aza bi cycl o[ 2.2.2]oct-3-yl ester with

4 brom- benzop FIPIEiA (RIARRRE-TE) o Alose syl utdlgAIRreRio g1

ester bi pheny desr I'S prepared by reacting

i m dagzol %sger car boxyl i cacr d (R-1 -aza- b| cyclo[2.2.2]oct-3-yl ester with
2- hydr oxy Dbi phenyl . EXAMPLE 9 Carbonic acid
(R)-1-aza-bicyclo[2.2.2]oct-3-yl ester thiophen-2- ylnethyl ester

i,
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 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, 1H, 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-bicyelo[Z.2.2]oct—3—yl ester with 3-fluoro-benzol.
1H NMR analysis (300 MHz, DMSO-d6)
§: 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 imdazol e-1-carboxylic acid
(R -1 -aza-bicyclo[2.2.2]oct-3-yl ester with 2-hydroxy nethyl thiophene. H
NMR anal yW020103082%Hz, DVSO-d6) d: 7.62 (m 1H), 7.24 ( RCTHEHRQOIPORT72 (M
1H), 5.33 (s, 2H), 4.67 (m 1H), 3.14 44 1H), 2.64 (m 5H), 1.98 (d, 1H,
J=3.1 Hz), 1.30 (m 4H. EXAWPLE 10 rbonic acid
(R) - 1-aza- bi Cl L%'g] oct-3-yl ester bis-(4-chlorophenyl)- nmethyl ester
;I'g)e (ie5| redb_p prepared by reacting imdazol e-1-carboxylic acid

-1 -aza- bi U -3 hi ditRt_BLvd 7 . I NVR
anal ysi s (300%&'6@@&%&0& a\éb'zfgéwz\é%bet g)@f@ ﬁ%%’ﬁb E?ggﬂ(éts,teTH, J=
4.0Hz), 3.1 3 (m 1H), 2.66 (m 5H), 1.97 (d, 1H, J= 3.0Hz), 1.51 (m
4H) . EXAMPLE 11 Carbonic acid (R)-1-aza-bicyc 2.2.2]oct-3-yl ester
bi s- (4- bronophenyl)- nethyl ester The ?ﬁii r pyoduct is prepared by
reacting imdazole-1 -carboxylic acid - 1+ bi cycl o[ 2. 2. 2] oct - 3-yl
ester with bis-(4-bronp-phenol). H NWVR ang) ysis (300 MHz, DMSO-d6) d : 7.59
(m 4H), 7.37 (m 4H), 6.68 (s, 1HN_4.63 (t, 1H J= 3.0Hz), 3.30 (s, 1H
3.08 (m 1H), 2.64 (m 4H), 1.94 1H, J= 3.0Hz), 1.59 (m 4H)

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-d'S)
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-bicyclo[2.2.2]oct-3-y| ester 4-bromo-benzyl ester

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 biphenyi-2-yl ester

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



EXAMPLE 12 Carbonic acid (R)-1-aza-bicyclo[2.2.2]oct-3-yl ester

bi s- (4-fluorophenyl)- nethyl ester The desired product is prepared by
reacti ng WO2dw#3p3341- car boxylic acid (R)-1-aza-bicycl o] PCX/EPR@SH00RTY| ester
wi th bis-(4-fluoro-phenol). NVR analyshbg (300 Mz, CDCI3-d6) d : 7.34 (m
4H), 7.06 (m 4H), 6.67 (s, 1H), 4.72 (m 1H), 3.23 (m 1H), 2.83 (m 5H),
2.08 (m 4

(R -1- azaa-%g? éy%ﬂo 22( 90#'5%2 W& ﬁeg@érg’}?@r‘g gg?llg)fly télgtheepyll'he desired
product is prepeARebLygreacting imdazole-1 -carboxylic acid (R -1

-aza- bi cycl of -3 yl ester with 3-brono-benzol. EXAMPLE 14
Preparation of éern?c[Pdcﬁd(3F() w&a@%tm& X3.gRr hsstet Oxthiopher-2=

0X0- 2- thlophen )-1 azoni a- bi cyclo[ 2 2] oct ane; chloride
(corrpoun%,;,bt s@@ﬁl red product is prepared by reacting 1.4 g, (3.7 mol)
of carbonic acid (R)-1-aza-bicyclo[2.2.2]oct-3-yl ester

bi s-(8-fluoro-phenyl)- nmethyl ester (obtained as described in exanple 2)
with 2-(2- chloro)acetylthiophene (602 ng, 3 nmmol) in EtOAc (5 m). After

stirring for 8 hours at roomtenperatureg, t olid precipitated is
filtered, washed with N 0" o N
x-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

1=
oJ\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).
TH 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).



ET.20 (2 m) and dried under vacuumat 500C. 1.3 g of the title conmpound is
obtai ned as white solid. 1H NWR anal ysis (300 MHz, DMSO-d6) d: 2.06-1 .97
(4H, m, WO2910(01333¢ br s), 3.86-3.71 (6H, m, 4.25 ( 1HPCWEP2®9/007% 2H, s),
6.78 ( 1H, s), 7.47-7.1 5 (9H nm), 8.1,3 ( 1H d), 8.22 (1H d). The

foll ow ng conpounds are prepared using the route described i nExanple 14 and

in particular %MPEEE 4WHg the conpounds described in Exanples 3 to 13 with

2-(2-chloro)a ene or 1-phenethyl brom de or 1-benzyl chloride or

et hyl i odi do copiointc3- BERNOIRY LAY bloy 6D 20lodes 45 Sl dbish(d-bromo-

fol |l owi ng. EXAMPL zhydr yl"oxycar bonyl oxy- 1

- (2- oxo- i - thyl)-1 - azoni a-bicyclo[2.2.2]octane; chloride
(conpounim%ﬁw?ﬁg%m@iérgé%?product is prepared by reacting carbonic acid

(R) -1-azabicyclo[ 2.2.2]oct-3-yl ester benzhydryl ester with :
2-(2-chl oro)acetyl thi ophene. H NVR anal ysi s¢390 MHz, DMSO-d6) d: 2.03-1
.95 (4H, m, 2.40 ( 1H, s), 3.88-3.65 N4.19 ( 1H, m), 5.13 ( 1H, br
s), 5.24 (2H, s), 6.74 ( 1H s), 7.45-.38( 11H, m, 8.1 6 ( 1H, d), 8.22

1H, d). EXAMPLE 16 @
(D

(R) - 3-(9H Fl uor en- 9-yl oxycar bonyl
r
The desired product is prepared by reacting imidazole-1-carboxylic

DXO0- 2-t hi ophen-2-yl -ethyl) -
Br

5 B
acid (R)-1-aza-bicyclo[2.2.2]oct-3-yl ester with bis-(4-bromo-phenol).
TH 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-bicyclo[2.2.2]oct-3-yl ester bis-(4-fluoro-

e
O/U\O\\\ N
Jeasy

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

phenyl)-methyl ester

15

acia (R)-1-aza-bicyclo[2.2.2]oct-3-yl ester with bis-(4-fluoro-phenol).
1H NMR analysis (300 MHz, CDCIs-d6)
8: 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).



1-azoni a- bi cycl o[ 2. 2. 2] octane; chloride (conpound 3) The desired product is
prepared by reacting carbonic acid (R)-1-azabicyclo[ 2.2.2]oct-3-yl ester
9H- f | uor emO2010/018RMer Wi th 2-(2- chl oro)acetylt hi ophenePETNVRM0632751i s ( 300
MHz, DMSO-d6) d: 2.09-1 .98 (4H m, 2580 ( 1H s), 3.78-3.69 (4H m, 3.95
E?’ﬁH d), 745(2)8( 1H m, 5.27-5.22 (3H, br s), 6.52 ( 1H, s), 7.39-7.35

: OCAM 67 (2H t 7.87 (2H, d), 8.17 1H, d), 8.23 1H,
d). EXAIVPLE 11’:'( FlE 1§ . ( : ( : (
(R -3-(3-Fluo n Iypi n 1
1- azoni a- bi cyc OF?H? zﬁi) SRPQ a%?orl%ao c%%gﬁtzngl)ﬁ e% ggg?drrgg l$|oérﬂo uct is
prepar ed Ry €acting car bon| c acid (R)-1-azabicyclo[ 2.2.2]oct-3-yl ester
3-fluoro-benzyl ester with 2-(2- chloro)acetylthi ophene. H NVR anal ysi s
(300 MHz, DVMsO-d6) d: 2.07-1 .93 (4H, m, 2.42 ( 1H, s), 3.93-3.66 (5H, m,
4.27-4.21 ( 1H m, 514 ( 1H s),.5.22 (2H s), 5.30 (2H, s), 7.50-7.1 8
(5H, m, 8.21 (2H, m. EXAMPLE 1
(R) - 3- (4-Fl uor o- benzyl oxycar bonyl -1-( 0- 2-t hi ophen- 2-yl - et hyl) -
1-azoni a- bi cycl o[ 2. 2. 2] oct ane; chlqride (¢ und 5) The desired product is
prepared by reacting carbonic acid RL[]/D abi cycl of

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-bromo-benzol.
EXAMPLE 14

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

OJ\O\W NM
F 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
Et.O (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



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

chl or o) acetyl t hi ophene. H NVR anal ysis (300 MHz, DMSO-d6) d: 2.09-1 .89 (4H,
m, 2.41 \(VOEHQO/(b&Zé) , 3.89-3.67 (5H, m, 4.25-4.18 ( 1HPRJ/EPZ09/085272 1H, br
s), 5.1 8 (2H, s), 5.25 (2H, s), 7.24 pzH, t), 7.35 ( 1H, t), 7.52- 7.47
(2H, m, 8.17 1H, d), 8.22 ( 1H, d). EXAMPLE 19

(R)-3-(4 I'ebelglzgérg:]‘ylﬁaig%%u@rgﬂr)y LrdactreOthe! BbAYMIGS Yleiibed) -in

1-azoni a-bicyclof oct e (conpound 6) The desired product is

pr epar ed I':lf%rﬁﬁl%%t?& g 1%3%1?19”2 ‘({ijHHI roggbé IthigAtd e e Al pRerefly? Brodridé ofst er

4- br ono- benzyl ester wth ro)acetyl thi ophene 1H NVR anal ysi s

(300 Mz, d 9 ,
4.26-4.19" ! %"&”d@ o ';'eﬂ%g) f@?n?r(%?’l@?%;yz?h%ﬁ) %303’1%'@4(15I31 i

(3H M, 4 s@?ﬂb(a@l"i'n tﬁb foﬁoqﬂn 1H, d), 8.22 ( 1H, d). EXAWPLE 20
(R-3-(Bip enyI oxycar bonyI oxy) - 1- ( 2- oxo- 2- t hi ophen- 2-yl - et hyl ) - 1-
azoni g- bi cycl cé)’gAm;i?ﬂE)qtgine chloride (conmpound 7) The desired product is
prepared by reacttng ctarbonic acid (R)-1-azabicyclo[ 2.2.2]oct-3-yl ester

bi phenyl - 2-yl (g§txBeNzhydAyIoRySAYDONYIRaL Y2t bk Rbmiephen-2-yl-ethyl)-1-

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

0 (0]
o)]\o""@M
Cl

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

oio""@g&\@

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-

chloro)acetylthiophene.



NVR anal ysis (300 MHz, DMSO-d6) d: 2.03-1 .88 (4H, m, 2.23 ( 1H, s),
3.79-3.60 (5H, m, 4.17-4.1 0 ( 1H m, 5.09 ( 1H br s), 5.16 (2H, s),
7.49-7.36N0 200041532, 8.14 ( 1H d), 8.23 ( 1H d). EXAMPLECZ/EP2009/005272
(R) - 3- (9H Fl uor en- 9- yl oxycar bonyl oxy) -dg phenet hyl - 1- azoni abi cycl o]
2.2.2]octane; brom de (conpound 8) The desired product is prepared by

2 e MRt CATMIMIOAOE.” 20 Lol 21 (om0
(R 06.63?29@?‘(1-?%, ik i z’%’siwﬁf'““;}?é-g%%%?’ fefOrhrre.am (1, 4,3, 33
' T5p T B, 52 P2X (3, (G 63 R0yt purigEo(Btioiny) 7160 (2H,

-?zogiagl : ocLan_ _ nd 9) The desired product is

prepare yr%a&y C\aG - Ly - {1GY C 2.2.2]oct-3-yl est

SEB)II-vl-BfOI ug; «ggéfyl s’{}g’rf%bt@%-@é%z'ﬁ((?ﬁl’ g)lg?%bﬂ(l\% (g)(r')\gl ysi s ](300 M—l)z/ >
; 4H, m, 2.42 ( 1H, s), 3.51 -3.41 (4H m, 3.71

1H, , 3.92 %&EMGS (2H, q), 5.16 ( 1H, s), 6.64 ( 1H s), 7.68-7.(36

(11K m,7 %I?{)-@Z{é-FmoroW}I%rbonyloxy)-1-(2-oxo-2-thiophen-2-y|-ethyl)-

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

0 @ ? s
o/u\o“" Nm
F\©) (of
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)
&: 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 (compound 5)

(@)
o) ) S
cr
o

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- (9H Fl uor en-9-yl oxycar bonyl oxy)-1 -nethyl -1 -azoni abi cycl of
2.2.2]octane; iodide (conmpound 10) The desired product is prepared by
reacti ng werbwmiigs2aci d (R)-1-azabi cycl o[ 2. 2. 2] oct - 3- yl PEFIEPR009/005272

9H-fl uoren-9-yl ester with nethyl iodiglg. 1H NVR anal ysis (300. Mz,
DMSO-d6) d @ 1.99 (5H m, 2.50 ( 1H, S), 3.00 (3Hs), 3.44 (3H m, 3.47 (

1H d), 3.67 (13HeMR anye® (300"MI, DRSS deyLH S). 7.88-7.36 (8H, m.

EXAMPLE 24

(R) - 3- (9H- Fl ugr )~ Vi a - 13 63 g} i 3 A I
2.2, 2] oct ane: SD??n?’a-eé@%fnpéﬂﬁ?ﬁﬁ%ef%iys?-r@?agﬁ’% SapHDL* 2AE P !
reacting,_ca i e aql - ' A - W -
9H-f | uor reTr??-’ g?ﬁ(ﬁe:gt g'rr g\)\h $h1 %(%agjhggégbggo y?%ﬂﬁg%ﬁ Q’e.ﬁ?%?llilp/l?t)éng%si S
. 4. 05 4 oE sl el D ALY 100 1 ele 04 ( 1amh .
EXAMPLE 25 = 4c - -
(2R)2] gcg ginghegwyl—om-_ PLS 19ar bonyl oxy) - 1- ( 3- phenoxy- propyl ) - 1- azoni abi cycl of 2.
' O C BEOR Gy Cab TN G RS thorierb 2R othYD-

reacting carb oct-3-yl ‘ester

bi pheny! 423 %4ni8igyciv3.2. Foktiddi &Higde (EeMpound 6)

'oJ\o‘"' N\m
: J ct
Br

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

1H NMR analysis (300 MHz, DMSO-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-bicyclo[2.2.2]octane; chloride (compound 7)

O DS
. J\o“" NJ\@
<

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

20

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



brom de. 1H NWR analysis (300 MHz, DMSO-d6) d: 2.20-1 .83 (7H, nm, 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-W02810(@F24m), 7.50-7.30 ( 11H, m). EXAVPLE 26 PCT/EP2009/005272

(R -3-(Bi phenyl - 2-yl oxycar bonyl oxy) - 1-ggt hyl - 1- azoni abi cycl o[ 2. 2. 2] oct ane;
| odi de (conmpound 13) The desired product is prepared by reacting carbonic

acid (R ¢} IGYRhiBbheéng: 2] oct - 3-yl ester biphenyl-2-yl ester with nethyl
i odi de. ﬁﬁqwée?%nayyslib %:QOO MHz, DMSO-d6) d: 2.1 8-1 .80 (6H m, 2.95 (3H,

s), 3.47-3.32 1 - 98-4. 96 I1HmM, 5.52-7.39
(9H, m. EXAWL@W%?a%%(%%%H%hP%%?nd@ yl - et hyl § 3-( trr)hi ophen- 2-

yl met hoxycar bgnyl ) OR{ya2l 0§23 )60 3BH, 1404 7de10 goPpew)d 14
The desired p?ogu%xissééfgbar)égbzbflvﬁgé%%i?n—gglg?b§ni cng)zi d (R - 1?aza(g?1)cycl o%
2.2.2] ocls g ﬂH,eﬁ.t 8y, 5.76QphER) 27 Mo BBY( 0BE tRY, afmnfger, d3;8.23 (1H, d).

chl oro) acetylt hi ophene. NWVR anhal ysis (300 MHz, DVM5O-d6) d : 2.1 0-1 .95
(4H, &), 2. 44ExAMPLE 29). 3.87-3.66 (5H, m, 4.25-4.16 ( 1H,

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

bicyclo[2.2.2]octane; bromide (compound 8)

o1,
S
Br
10 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-phenethyl bromide.
1H NMR analysis (300 MHz, DMSO-d6)
5: 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-y|oxycafbonyloxy)—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.
TH 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),



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 (R)-3-[Bis-(4-chl oro-phenyl)-nmethoxycarbonyl oxy] -1

- (2- oxo- 270RPWINeIr4 2-yl - et hyl ) - 1-azoni a- bi cycl o[ 2. 2. 2] B€CTAR2096M3262 | de
(conpound 15) The desired product is pgepared by reacting carbonic acid
(R -1 -azabicyclo[ 2.2.2]oct-3-yl ester bis-(4-chloro-phenyl)-nethyl ester
wth 2-( ﬁl@#‘qr )acetylthi ophene. H NMWR anal ysis (300 MHz, DMSO-d6) d :
1.90-2.0 '%4 , n? 2.41 ( 1H, s), 3.61-3.85 (5H, m, 4.14 ( 1H, s), 5.12
(3H's), 7.35 PUE 23. 47 (9H, d), 8.1 1 ( 1H d), 8.22 ( 1H d). EXAWPLE
29 (R -3-[Bi s-‘%u'rm—p- =phenyl ) - met hoxycar bonyl oxy] -1 - (2-0X0- 2-

t hi ophen- 2-yl -9\l Blok hwstavi-¢dZgnide (conpound 16)
The desired psg?jjl?é{gl'?f%?%giarge%b%g%eacty?%)éhgg—r bonlyc acid (R-1

- azabi cy‘i,li&[‘.}|g[.222_§_;l bnd: 10di8ét(ebnficurldt1by ono- phenyl ) -met hyl ester with
2-(2- chloro)acetyfthi ophene. TH NVR anal ysis (300 MHz, DMBO-d6) d: 2.09-1
.96 (8H m, 2.40 ( 1H, s), 3.78-3.72 (5H, m, 3.86-3.82 ( 1H m, 5.1
6-5.1 3 (3H m, 6.75 ( 1H, s), 7.35 (5SHmM, 7.63-7.59 (4H, m, 8.12 (

1H, d), 8.22 ( 1H d).
C

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 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-9-yloxycarbonyloxy)-1-(3-phenoxy-propyi)-1-azonia-

bicyclo[2.2.2]octane; bromide (compound 11)

& .
O. OJLO“..@:?/\/ @

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 TH NMR analysis (300 MHz, DMSO-d6)

&: 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-



EXAMPLE 30
(R)-3-[Bis-(4-fluoro-phenyl)-net hoxycarbonyl oxy] - 1- (2- oxo- 2-t hi ophen-
2-yl - et hyWp-20104m83ti4 a- bi cycl o[ 2. 2. 2] oct ane; chl ori de ( coRp@ERA0LDYS2The
desired product is prepared by reactingocarbonic acid (R)-1-azabicycl o[
2.2.2]oct-3-yl ester bis-(4-fluoro- phenyl) met hyl ester with 2-(2-
chloro)a @]'tgﬂﬁ 15O WHz, DWVSO-d6) d: 2.09-1 .96
(4H m, gﬁé?eh?@ia r oy Hg 89- é‘@&ﬁﬁﬁ?bﬁnﬁ% 4.23-4.16 ( 1H, m, 5.14 ( 1H
d, 5.23 (2H, d), 6.79 1H, s), 7.52-7.20 (94, m, 8.1 6 ( 1H d),8.22
(1H, d). EXAMPLE 3 1
(R) - 3- (3- Brono- benzyl oxygar bpnyl@xy) ¢ 2- 0X0- Zyt breghen-2-yl -ethyl ) -
1- azoni a- bi cycl o[ 2. 2. 2] od R Qﬂu or.d N(‘\gﬁpe’un The desired product
is prepared by reacting cafbon®c ®d R) -1 -azabieytl o[ 2.2.2]oct-3-yl
ester 3-bronp-benzyl esterlwith 2-(2- chroro) acetylth| ophene. H NMR
anal ysis (300 WHz, DVBO ¢ » 2.14-1 .96 (4H, m, 2.45 ( 1H, br s),
3.91-3.64 (5H, m, 4.26-4 (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

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

5 bicyclof[2.2.2]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)

L @
oJ\o“" =

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.
TH 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 (9H, m).
20



Preparation of carbonic acid (R)-(l -aza-bicyclo[2.2.2]oct-3-yl) ester (3-
fl uoro-phenyl)-(2-fluoro-phenyl)-nmethyl ester NaH (60% di spersion in

m neral owD208@13324g, 0.9 nmol ) is added to a sol uti on ®CT/EP2009/005272
(2-fluoro-phenyl)-(3-fluoro-phenyl)-meghanol (200 ng, 0.9 mml) in
anhydrous THF (3 m ), at 00C. The reaction mxture is stirred at this
tenperature f XA?' Ij’r_ié] 7t hen (R)-quinuclidin-3-yl

1H i m dazol e- ig——eaig—leew’gate (201 ng, 0.9 mmol ), obtained as described in
exanpl e 1, is added &yl bhe: St Lt bng. LA aom tenperature for 1 h.
Then a satur at(ggdl’seg% &%o?qgfﬁ!l‘@ bin@ %@ggdﬂgﬁﬁoﬁﬁ%ﬁ%ueous phase is
extracte i 6 j {-S A oV ous
sodi um s?}i%g'&’%nggﬁ?@ég@\%#mﬁ%g%g?g? degua gr&ﬁ}ée’d u%“eI ﬁg? esgjorngpa'ul'ﬁg
resul ti ng“ﬁrude is purified by flash chromatography on silica gel eluting
wth Et OAc/MeOH=9/1 . The desired product is collected as col orl ess viscous

oil (844 ng; 72%yield; mxture of diastereoisoners). 1H NWR anal ysis (300
MHz, DMSO-J6) d: 7.34 - 7.57 (m 3 H), 115 7.33(m 5 H), 6.87 (s, 1

H, 450 - 481 (m 1H, 3.13 (dd, ],2.%83 -s2.81 (m 5 H), 1.91 -
2.08 (m 1 H, 1.54 - 1.76 (m 2 SIS . ( 1 H, 1.26 - 1.41 (m
1 H. LGM (ESI POS): 374.14 ( ).oThe fall ow i nternedi ates (exanpl e

33 to 42) were obtained wth-a pfocess si flar to the one used to prepare
conpound of Exanple 32, by \_d

The desired product is prepared by reacting carbonic acid (R)-1-aza-
bicyclo[2.2.2]oct-3-yl  ester  thiophen-2-ylmethyl ester with  2-(2-
chlofo)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]octane; chloride (compound 15)

o (@)
oJ\o @\l\)\\@
Cl

The desired product is prepared by reacting carbonic acid (R)-1-azé-
bicyclo[2.2.'2]oct-3-yl ester bis-(4-chloro-phenyl)-methyl ester with 2-(2-
20 chloro)acetylthiophene.
H NMR analysis (300 MHz, DMSO-d6)
5: 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).



reacting the conpound prepared in- Exanple 1 with the suitable al cohols,
such as bi s(2-chl orophenyl) net hanol, phenyl -o-tolyl -nmethanol,

(3-f | uor dpbenl0153243- net hoxy- phenyl ) - net hanol PCT/EP2009/005272

cycl ohexyl - (3-fl uor o- phenyl) - met hanol ,

(3-chl oro- phenyl ) - (3-fl uoro-phenyl) - net hanol ,

(3,5-difl uorowﬁgg—fl uor ophenyl ) - net hanol ,

(3- LI Iuor?)fphe | - met hanol , (3-fluoro-phenyl)-(4-

met hyl su any loxyf-1t =mhenyl

met hanol , SfRZ (goro pheny?%he'ﬁ?yﬁiémb anoahy TH2iexe-zneny! ) -
(3-fluor DXyl ]

(R - (1. aﬁ';ya ﬁ%“c-?xf’%‘f%“%@ S gt oRdecempound 18,
esterThe desired product is pr epar ed by reacting imdazol e-1-carboxylic
acid (R -1-aza-bicyclo[2.2.2]oct-3-yl est er W I h

bi s(2- chl or ophenyl ) net hanol . 1H NMRoana (g00 g/Hz DVsQd 6) d : 7.51 -
7.63(m2|—|),7.37-751(m4|—|))1\72N7 2 H, 7.21 (s, 1 H,
4.53 - 4.77 (m 1 H, 3.1 3 (dd, ©H©O 2,54 - 2.8 m5H),188-2.04
(m 1H, 1.54 - 1.78 (m 2 1.54c(m 1 H), 1.27 - 1.41 (m 1 H).
LC-Ms (ESI POS): 406. 05(M—|+ B4 Carbonic acid (R -(I
-aza-bicycl o] 2. 2. 2] oct - 3- é phesrh; 0- tolyl methyl ester The desired
produbt is prepared by redcti ng i m dazol e-1-car boxylic

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

bicyclo[2.2.2]oct-3-yl ester bis-(4-bromo-phenyl)-methyl ester with 2-(2-
chloro)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-phenyI)-methoxycafbononxy]-1-(2-oxo-2-thiophen-

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

o (0]
oJ\o @qf)\@
Cl
L

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 chloro)acetyithiophene.
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),



acid (R)-

H NWVR anal ysis (300 MHz, DMSQd 6) d : 7.09 - 7.51 (m 9 H, 6.80 (s, 1
4.47 - 4.WO201/013324), 3.1 O (dd, 1 H), 2.54 - 2.77 (m PBCHEP2®IAV52(3, 3 H),

1.94 (br.

s., 1H, 1.52 - 1.76 (m 24§, 1.38 - 1.52 (m 1 H), 1.16 -

1 -aza-bicyclo[2.2.2]oct-3-yl ester with phenyl-o-tolyl-nethanol.

H),

1.38
(1

(m 1 H. LC—MS(ESI POCS): 352.1 3 (M#). EXAMPLE 35 Carbonic acid (R)-
-aza-bhic L ? 2] oct-3-yl) ester (3-fluoro-phenyl)-
(3- net hoxy-phenyl’) - net hyl esterThe desired product is prepared by reacting

i m dazol e-1 -

(3-fl uoro-phe hoxyphenyl ) - nethanol. H NWVR anal ysis (300 MHz,
DVBO-J 6) d7 ga)’i{;r.ﬁa Er%oﬁﬁénélb&%cgrb%hyiox}')313(2J6xo321(ﬁsll’opT}é?\SZ-yl-étHQI)( m 1

H, 6.94

(m 1 H)4 %zc@a(tﬁcyagt%zé]oétahé ciﬂ\Ioﬁd!?')(cor%p'é‘ihn1d |%79 (m 5H, 1.86 -

(m 1H

, 1.40 -

LC- MBS (ESI POS): 386.05 (MH+). EXANVPLE 36 Carbonlc acid (R - (I

ester

10

15

20

-aza-hicyclo[2.2.2]oct-3-yl) ester %ycl @yle(& fl uct o- phenyl ) - net hyl
X S

PG

o o

N
Br : J cr

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

\ /

bicyclo[2.2.2]oct-3-yl ester 3-bromo-benzyl ester with 2-(2-
chloro)acetylthiophene.

TH NMR analys‘is (300 MHz, DMSO-d6)

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

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
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-imidazole-1-carboxylate

(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

P 'ES acid (R)-1-aza-bicyclo[2.2. 2] oct-3-yl ester wth

H) , 53 - 4.79

2.01

1.21 - 1.40 (m 1 H).



The desired product is prepared by reacting imdazol e-1-carboxylic acid
(R -1-aza-bicyclo[2.2.2]oct-3-yl ester with cycl ohexyl-(3-fluoro-phenyl)-
met hanol .WHI2DVR1&32al ysis (300 MHz, DMSO-tfe) d: 7.33 - PCEEPRINO/0GS2H), 7.02
- 7.21(m 3H, 531 (d, 1 H, 434 -34.69(m 1H, 2.99 - 3.21 (m 1 H),
2.43 - 2279 (m 4 H, 1.85- 1.98 (m 1 H, 0.83 - 1.83 (m 16 H). LC M

(ESI POBNH.93s 1§d<?é€h4*§ nd Rt edlsBhRge!i§ és&réﬂcté&)w(th EtOAc (3x30 ml).
-aza-bicyclo 2 2.2]oct-3-yl) ester (3-chlorophenyl)-(

3- f1 uor o-pleegariEpHase RSd/Ed %r%ycﬁau@rézﬂﬂ@m & §lpPEeP ANRItHY soR@elt i Ng
I m dazol e-1-carboxylic acid (R)-1-aza-bicyclo[2.2.2]oct-3-yl ester W|th

(3-chlor %vabsnéftbh &Ff»déﬂ Héulﬂﬂélf@)‘éésur@el‘m@%su|ﬂh§1wua@auby§uﬁné@(a§/
DVBO-d ) .35 - 7.49 (m 25 - 5(m2H)

7.08 - 7 aﬂorﬁﬁlodfa'ﬁ}\yfsoﬁlsﬂi%a éel‘belétlﬁé wntﬂ ElOQ\'&YMéO‘ﬂ) $/102The 3ddsifedm 1
H 2.54 - (m 1H 1.40 - 1.70 (m 3 H 1.21 -

1.38 §m p?oc'ﬂlct isQ:M%&tE@' a?@%)orl@@@v%oﬁM‘w (2 L33 ﬁércbqfﬂmuﬂi}lo@
(R -(I -aza-bicyclo[2.2.2]oct-3-yl) ester (3, 5 di f uoropheny

diastereoisomers).

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

5:7.34-757 (m, 3H), 7.11 - 7.33 (m, 5 H), 6.87 (s, 1 H), 4.50 - 4.81
(m, 1 H), 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, 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, 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-phenyl)-(3-fluoro-phenyl)-methanol, (3,5-difluoro-phenyl)-(3-fluoro-
phenyl)-methanol, (3-fluoro-phenyl)-m-tolyl-methanoi, (3-fluoro-phenyl)-(4-
methylsulfanyl-phenyl)-methanol, (3-fluoro-phenyl)-(4-fluoro-phenyl)-

20 methanol, (3,4-diﬂuoro-phenyl)-phenyl-methanoI, (3-f|ubro-pheny|)-pheny|-
methanol.

EXAMPLE 33

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

phenyl)-methyl ester -
25



3-fluoro-phenyl)-nethyl ester The desired product is prepared by reacting
I m dazole-1 -carboxylic acid (R -1 -aza-bicyclo[2.2.2]oct-3-yl ester with
(3, 5-di f IWOr010pnsizy¢l ) - (3-f 1 uor ophenyl ) - net hanol . 1H NVRC&FXR809/08520800 MHz,
DMSO-d b) d : 7.40 - 7.60 (m 2 H) 7.187- 7.26 (m 5 H) 6.97 (d, 1 H 4.58
- 4.73(m 1 H 3.01-319(m 1H 2.54- 272 (m 5H 1.85- 2.06 (m 1

H 1.40 - 1.6%nemdedirBl préduct is %ﬁe?ﬁ}ed BY -reb&ting nfidhzBES) -caBdxPhc
(MH). EXAMPLE 39 Carbonic acid (R)-(1 -aza-bicyclo[2.2.2]oct-3-yl) ester

(3-f1uor %tWﬁ’ayhlazdrbtdvcvd[z@mwét-i&Zu ?&t&hﬁitﬁ%@eﬁwlbf@ﬂh@ﬁyl%rﬁemmr ed by

reacting I mdazol e-1-carboxyliCc ac R) - 1- aza- bi cycl o[ 2. 2. 2] oct-3-yl ester

with (3-fl U0r@Hmmnbhalyéiﬁ)ng)WHQPQMSNV&)ana' ysis (300 WMHz, DMSO- a ) d
: 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, 3.18: Gdgy -I7 BB (.58 H), .37 -(615k)4 1B, 3024 5,7.31Hm 12 87, 7.21 04
(m 1 H, 1.11-1.76 (m 4 H. LCM (ESI POS): 370.1 (Mi). EXAMPLE 40
Car bogi ¢ (gc ¢4y B 53 L 4. 272qnbi £l 8l £3 2d@] PH); 3:54 ) 2281 ¢m,(BH)| 18®- pheay! ) -
(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 (ESI POS): 406.05 (MH+).

EXAMPLE 34

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

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

10  methyl ester

acid (R)-1-aza-bicyclo[2.2.2]oct-3-yl 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), 447 - 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



(4- et hyl sul fanyl - phenyl ) -nmet hyl ester The desired product is prepared by
reacting i mdazole-1 -carboxylic acid (R)-1 -aza-bicyclo[2.2.2]oct-3-yl
ester w tWO@28tfdisazao- phenyl ) - (4- met hyl sul f anyl - phenyl ) PEEER2000/0032F2 NVR
anal ysis (300 Mz, DMBO-rfb) d : 7.31 3g7.49 (m 3 H), 7.20 - 7.30 (m 4
|2—|),547.OZ -767.(20 (5m 1 H, 6.66 (s, 1 I-& 4.64 (ddd, 1 H, 3.1 0 (dd, 1 H),
3 H, 1.16 - Thfsd?)ﬁ{reﬁ é&é‘f_cé- %5@(r eppri® by Fedéiit 3'"%1%3) e Ehrbokyid (

Car boni c gjngﬁg-ﬁg-@&é-q%@faggg%ﬂ!%ﬁ{é& . Staf bwith YBIIRTbaShdiylj-(3Lonéethhgny! ) -

(3-fluoro- met esired product is prepared by reacting

i m dazol ~Car ' id (R-1- - bi lo[2.2.2 - 3-yl i
henGALReXYA acid (R aza- bi cycl of ] oct yl ester with
(3-fl uorg)- pﬂgﬂyl )Wﬂﬁ(ﬁl uor ophenyl)- methanol. NWR anal ysis (300 MHz,

DVSO-cfe) d : 14 : ~dh. 32 5 , 6.72 , 1 ,
4.64 (ddd, 1 mﬁgqgﬁfﬁg&?ﬁﬂ?,%%?hﬁégg (m(ran),H)2.54 2% (mH)3

Va0 m 1 CIEkE TBY ORI A T Tl SIS 320U, A 6.9418 -
-7.04 (m, 2 H), 6.82 - 6.92 (m, 1 H), 6.65 (s, 1 H), 4.53 - 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, 2 H), 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]oct-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),243-2.79 (m, 4 H), 1.85-1.98 (m, 1 H), 0.83
- 1.83 (m, 16 H). |
"~ LC-MS (ESI POS): 362.16 (MH+).

25



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

(3, 4-difluorophenyl)- phenyl-nmethyl ester The desired product is prepared
by reactiwgQ 20mvadaael e- 1- car boxylicacid (R)-1 -aza- bi cyclrofrZpr2002jas2r2 3- vl
ester with (3, 4-difluoro-phenyl)- pheny%get hanol . NMR anal ysis (300 MHz,
DMSO-cfe) d: 7.47 - 7.62 (m 1 , 7.47 (m 7 H, 6.69 (s, 1 H),

4.64 (m 1H)E@%|@1%Eé§§| 1 H, 254- 2.79 (m 5 H), 1.87 - 2.01 (m 1 H),

1.53 - 1.74 39-153(m1H) 1.17 - 1.39 (m 1 H. LC M
(ESI POS): %ﬁgf\oct c1@%ﬁ-ﬂl§&fﬁiﬁﬂ% fzaﬂb@t-ﬁﬁ)l)('ester (3-chloro-

:rﬁzadbl cyclo[ o- phenyl )™~ " phenyl - met hyl ester
e desir ting i mdazol e-1-carboxylic acid
(R- 1 2 BT ot gReRmIReiyl oster . I ’
(3-fluoro-phenyl)-phenyl met hanol. H NVR anal ysis (300 MHz 1 DMSO cfc) d:
7.21 - 7.55 (m 7 H), 7.00 - 7.20 (m 2 H), 69 (s, 1 H), 4.52 - 4.73 (m
1H, 3.10(dd, 1 H, 2.54 - 2.78 (m H)@SQ - 1.97 (m 1 H), 1.52 -
1.7 (m 2 H, 1.40 - 1.52 (m 1 H), N39 (m 1 H). LG M (ESI
POS): 356.1 6 (M#). The foll ow ng co ounds 2are prepared using the route
descri bed in Exanple 14 and invé% reacting the conpound
described in

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 5:750-756(m, 1H)7.35-7.49 (m,4H)7.25-7.35(m, 2H)7.08 -
721 (m, 1 H) 6.71 (s, 1 H) 458 - 471 (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-bicyclo[2.2.2]oct-3-yl) ester (3,5-difluoro-

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

e
BRES
F F
SAs
The desired product is prepared by reacting imidazole-1-cérboxylic
20 acid (R)-1-aza-bicyclo[2.2.2]oct-3-y! ester with (3,5-difluoro-phenyl)-(3-fluoro-
phenyl)-methanol. |

TH NMR analysis (300 MHz, DMSO-ds)
5:7.40-760 (m, 2 H) 710 - 7.26 (m, 5 H) 6.97 (d, 1 H) 4.58 - 4.73



Exanmple 2 with 2-brono-1 -phenyl -et hanone, 2-brono-acetam de, 2-brono-1-
p-tol yl - et hanone, 2-brono-1 -(4-fluoro-phenyl)-ethanone, 2-brono-1 -(4-
met hoxy- phiereglojo1g2hanone, 2- brono-1 -t hi ophen- 3-yl - et haRGmM&P2009/005272

2- br ono- Nphenyl - acetam de, 2-bronp-1 5-chl oro-t hi ophen- 2-yl) - et hanone,
2- brono-1- (3, 5-di brono-t hi ophen-2-yl)-et hanone, 2-bronp-1

-thiazol gyl Hg%h@{“”%ﬂg m,of M2 54 021703 Y & AFROBS - 208! @AP1H) 1.40 -

-mtolyl (et han hyl pent éne,

1- benzo[lq]é}@;< ?gq;:f A - %ﬁgm) ?anone br ononet hyl benzene,

(2- br onoet nzene, as described in the foll ow ng.

EXAMPLE 44
ES 392.05 (MH+
(R -3-[Bis-(3- Fl uor(S I!1 3 Rox(ycar)bonyl oxy] - 1- ( 2- oxo- 2- phenyl et hyl ) -

1- azoni a- bi cy@ﬂﬁﬁ%bgct ane; br om de (compound 19) The desired product is

prepared by r -1-azabicycl o[ 2.2.2]oct-3-yl ester

bis-(3-fluoro = A%t N- (£ Y| -
anal yél S (300%8}‘@\%@ m (ﬁaksgpuggélp [%_?(%Z()]B?ﬂ-lslyzl) E{)@.Pé%(a*?gbbﬁi;@ggn{?{ NR/R

. 7.56 7 39 . 7.55 (m 2 7.26 - 7.39
m-tdlyf-hétiyL és m 2 H), (m 4 H, 7.07
-726( ‘%y[q?" @"7% s, 5.19 (s, 2 H, 5.1 3- 518 (m 1H, 4 03
_ 427 (m 1H 356-386(m5H) 235 - 247 (m 1 H), 1.91- 2.16
(m 4 H. LCMS (ESI POS): 492.10 (M) 0

SR

Aol

The desired product is prepared by reacting imidazole-1-carboxylic
10 acid (R)-1-aza-bicyclo[2.2.2]oct-3-yl ester with (3-f|uoro-phenyl)—m-tolyl—
methanol. |
1H 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

20

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-

methylsulfanyl-phenyl)-methanol.



EXAMPLE 45

(R)-3-[Bis-(3-fluoro-phenyl)-nmet hoxycar bonyl oxy] - 1- car banoyl net hyl -

1- azoni a-WOYWw@pR42. 2] oct ane; brom de (conpound 20) The PG&&iP2@E/OpT202UCt | S
prepared by reacting (R)-1-azabicyclo[g{.2.2]oct-3-yl ester

bi s- (3-fl uoro-phenyl)-nethyl ester w tlh 2- bronpacet am de. 1H NMR anal ysi s

(300 MHz, : 69 (b ., 1 H, 7.38 - 7.53
Elr)n >H). 17#{)@%@%&%&3(@ F?%)’es[)f'ilé'?l%2%‘5 (m ut .6 77 (H)s 1H, 510
r. s., 1 ) )

? o Sy 308 6‘4@\2_0 zggggw %)45'%% 31%(&184 ﬁ%woﬁ 77620 (.3} 815H§,rr6.676 H)
ESI_POS)g

(R -3- [B flg-il)fl uoro eny ; xycaﬁbor%y?%xy% 7? YE gxlg) 22 SGt(()I ygi Ie_lt)hyl)
1-azoni a b4y ol @3 em242h0cf age: bmdg szcqmp@undsg ¥in, Fhendesired product is

prepared by reacting ( -1-aza |cyclo 2] oct yl' ester

bi s- (-1 uor o ph t§s (WH4 2- brono- 1- p tol yl - et hanone. H NMR
anal yés),ls (300 M—gyt)l\/gc}cfe}l)'ﬁﬁ'l'gis -1h)8 03 (m 2H, 7.26 - 7.50 (m 8 H),
703-725(MME§178(3 1H, 515-521 (m 1 H, 514 (s, 2 H

4.07 - 4.26 (M Hr—3.76 - 3.93 (m 1 H), 3.48 - 3.76 (m 4 H), 2 43 -
2.47 (m 1 H)Ca?b&ﬁlc(éclde(l'\*j)-ﬁ-ézQ-”blcyéioFQ.Q.2]oct-3-y|) ester (4-fluoro-phenyl)-

e
&
|
F

(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, 5H), 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, 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
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



(m 4 H. LCGM (ESI POS): 505.95 (MH). EXAMPLE 47
(R)-3-[Bis-(3-fluoro-phenyl)-net hoxycar bonyl oxy] - 1-[ 2- (4-f | uor ophenyl ) -
2- 0x0- et WYDROW/BEZBAI a- bi cycl o] 2. 2. 2] oct ane; bromi de (coRp@ErARDYS2The
desired product is prepared by reactingy(R)-1 -azabicyclo[ 2.2.2]oct-3-yl
ester bis-(3-fluoro-phenyl)-nethyl ester W th 2-brono-1-

(4-11 uor %cgf‘g@ 1 a%%rlﬁ@gdlgg ?‘% 9"5@' ¥§t’e$ WitRO( |flw59p%%%8dphe§)-/lgg ( n

523&08gm ( 25-740
,51732H) 5.1 3- 524 (m 1 4.08 - 4.27
égetﬁggo&m ,234-247(m1H)(90-H)217(m4H)(m

LC-IVB (ESI PO #iﬁéoo MAMPOME8-4
(R -3-[Bis- (3 Fl uoro pé nyl ) - met hoxycar bonyﬁ oxy] - 1-[ 2- (4- met hoxyphenyl ) -

2- oxo- et hyl ] - &- gzppi s ! [ oc b d d
desired produét |§ﬁp?7eggrogg gyﬁrgjagpl ng%§mlmga%|dc9§cl o[w? 242%0?:;?613 yl

est ergbi gp( epy: h bira
(4- ma?hoiwi gh{ednw};’?rema%o‘%he @F;?@NXNJIS ggﬁ;gggt %g)‘ {\/Hzmp ’-j[?l\/écfg e1 74 (:m 72 92 -
8.03 (m 1B, )39 71253 {m/ 15@),(1176. )39 EnPH H).7 25 (m 4 H 6.78

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.
1H NMR analysis (300 MHz, DMSO-ds)
5:7.21-7.55 (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-



(s, 1 H, 51 3-524(m 1H, 510(s, 2 H, 405- 427 (m 1H 1

3.88 (s, 3H), 3.48 - 3.87 (m 5H), 2.33- 2.46 (m 1 H, 1.90 - 2.1 5 (m

4 H. LCWBYBZIISRES): 521 .98 (MH). EXAMPLE 49 PCT/EP2009/005272

(R -3-[Bis-(3-fluoro-phenyl)-net hoxycagponyl oxy] - 1- (2- oxo- 2-t hi ophen-

3-yl-ethyl)-1-azoni a-bi cycl o[ 2. 2. 2] oct ane; bromi de (conrpound 24) The

desi red gé?d&.yroﬂn%m @@Wétﬁéﬁbheg OB ronézattisysl2lyl2tRardnes! - 3= y!

ester bi 3-tl uoro-phenyl)-methyl ester with 2-brono-1-

t hi Ophe”b?oﬁh'o ?—td‘f%ﬂ)?ﬂ@thaﬂdn@'m angl. Bﬁdrﬁo(ﬁ%twpbtrmméie) d 5-BFofd-pdd, 1

H),;(?)g K%“erﬁ HHMQZH) éﬂ . 2 H), 7.27 - 7.39 (m 4

et H_edeN-bén ﬁno -2- ﬂ-b(?omcﬁeﬂ‘?ar(dﬁe Ibidmomeddylts, 2

,414"2ddy1 @[bq éh ﬁ -247(m1|—|) 1.70 - 2.19

(m 4 H) pehGel® (ésbr(ﬁ%bth(ﬂ&zbgﬂzéﬁ@'*)meﬁ?%deEd@O as described in the

(R)-3-[Bi's- (3-fluoro-phenyl)-fet hoxycarbonyl oxy] - 1-

phenygcarf&qad(pmlgrret hyl - 1-azoni a- bi cycl o[ 2. 2. 2] oct ane; brom de (conpound 25)

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

2.2.2]oct-3- y|E)@QMPLEOI44 (3-fluoro-phenyl)-nethyl ester with

2- br ono- Nphen

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

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

ST

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, 2 H), 7.26 - 7.39 (m, 4 H), 7.07 - 7.26 (m, 2 H), 6.79 (s, 1 H), 5.19
(s, 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-MS (ESI POS): 492.10 (MH+).
20 EXAMPLE 45

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

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

0 0O
A EZ "
FF Br—



1H NWVR anal ysis (300 M1 DMSO-cfc) d: 10.52 (s, 1 H 7.52 - 7.63 (m 2 H,
7.26 - 7.51 (m 8 H, 7.01 - 7.23 (m 3 H, 6.78 (s, 1 H, 4.91 - 5.31 (m

1 H, 4.280Q2d100053%, 4.19 (d, 1 H, 4.02 - 4.20 (m 1 HpCTEPEWYN0RTB5 (m 1
H, 3.51 - 3.81 (m 4 H, 2.43 (dd, 1 ki, 1.71 - 2.17 (m 4 H. LG M (ESI

POS): 506.94 (MH). EXAMPLE 5 1

(R)-3-[Bis-(3-fcuor gsd yI %}rdgﬂcﬁoxyé:ar B%bgr@gy] bl),[z,—e(a'@m@l orgd)t gphen”-

yOr- oxo-ethyl | -1-azoni a- cl o* "l octane; brom de (conmpound 26) The

d d t |
egts; ed ;Ibr‘%ﬁ&'(?[][ 2 J)@%tﬁ%—%’l %tev 4i8as kol phedyl -@ﬁ&lh'yﬂéfslt@{ itk 2besinos- ¥

)-nmethyl ester with br ono- 1-
(5-chlorg -b%,ﬂp{g—)n 2-yl)-ethanone.  H NWR anal ysis (300 MHz, DMSO-cfe) d: -
8.00 (d, 1 738-760(m3H),725-738(m4|—|),7.02-7.25(m

2 H), 6.78 (s, _dd. 99 2 H), 3.97 - 4.24 1
TSR ézllerMRSa%a%us(éoéfi\AHm DM%bdéb (889 H)2 Pl iy (m

LC-MS5(ESI POR) 7 §3Xbr 82, (1Mh|7“)7 BSAPLE. SR H), 7. 38 - 7.53 (m, 2 H), 7.25 - 7.38
(R - 3 [ Bi s-(3-fluoro- pheny “met hoxycar'bonyl oxy] - 1-[ 2-( 3, 5- di br onot hi ophen”?
- ylj"- oxgy ef Byl ¥-06 2798 gmbiocMs! ®.79ctsaneH) chler (p¥es., 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,
1 H), 1.83-2.09 (m, 4 H).
LC-MS (ESI 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)

SN os et

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), 514 (s, 2 H), 4.07 - 4.26 (m, 1 H), 3.76 - 3.93
(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



(conpound 27) The desired product is prepared by reacting (R)-1-azabicycl o]
2.2.2]oct-3-yl ester bis-(3-fluoro-phenyl)-nethyl ester with 2-brono-1-

(3, 5- di brewonetonisgzhen- 2-yl ) - et hanone. NMR anal ysi s (300 PREHEP2008BG20f c) d :
7.68 (s, 1 H, 7.40 - 7.52 (m 2 H), 26 - 7.39 (m 4H, 7.1 1- 7.23 (m
2 H, 6.78 (s, 1H),5.11-5.23(mﬁ|—|),508(s 2 H, 4.07 - 4.32 (m

Lo b (ESI boéﬁ‘i'&@%??“mf'?’éxm%ﬁé%ém PO ez e im A n.
(R)-3-[Bis- (3 %&t} ﬁ, gﬁ%ﬁg@&ﬁéf%?@k&hﬂ)%yléxﬁﬁI[2£(42ﬂ|§6voa20| 2-

yl - St hyl ) - 1- a tane; Drom de ound 28) The desired
product efEonta-big 2 G&t%h% bforhide PE6mpotindeZ2)er

bi s-(3-f|uorgﬂp%enyl€mr¥i‘3]tﬁ ester ydo? t2grom)- - thi azg&?Z%yl et hanone
NMR anal ysis (300 MHz1 DVsO-de) d : 8.3 8.24 (d, 1 H, 7.39 -
7.52 (m 2 H, 7.26 - 7.39 (m 4H) o25(m 2 H, 6.78 (s, 1 H),
5.22(s,2|—|),498-519(m1 mlH) 3.52 - 4.01 (m

800- 201

5H), 2.36 - 2.45 (m 1 H) (Bm 4 -I\/B(ESI POS): 499. 04
5

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-
(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, 1 H), 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)

S

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.
TH NMR analysis (300 MHz, DMSO-ds)
5:7.92-8.03(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



EXAMPLE 54

(R)-3-[Bis-(3-fluoro-phenyl)-nmet hoxycar bonyl oxy] - 1- (2- oxo-2-0-tol yl et hyl) -
1- azoni a-WOYW/w@pR42. 2] oct ane; brom de (conpound 29) ThecCaapreeedoroduct is
prepared by reacting (R)-1-azabicyclo[4g.2.2]oct-3-yl ester

bi s- (3-fl uoro-phenyl)-nmethyl ester W|th 2-brono-1- o-tolyl-ethanone. 1H NWR

T fsééf‘ﬁ?"%@ﬁ? B 15293 - 24, 7%@%1275"5((”7 251 AT 5o
Eg‘ 3 H), g‘d %sigﬁ? 1Pd§9%21 %82@”@5 19 (m345§|)_ Ec?f/s( EnESIS EDOES):Z'46

505. 95 (IVI—H)

(1R231-zg;1'[§i E_—((:Sgiﬁggﬂép’agnél) net hoxyraarbonyl oxy] - é (ZTIO(XO 2- m;&yl;&uhyl)

- i a- bi cy 2 2ﬂg0ﬂ 8@1 Fg{cg@@]amﬂ - The-sksiifiophesuct is
(R - -az

prepared by r 2°2] oct -3 ester

bi s- (8- flq 1 nd h H NMVR
anal ys' S (gfgnm?%g&stﬂi%d@ngrg‘}%b@%z gzbmme%comsg 24, 64 (m 4 1,
7.26 - 7.39 (m 4 H, 7.1 -724(m@679(s 1H, 517 (s, 2H),

5.15 - 5.26 (m 1 H . 4.00 - 4.29 O %
Br

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]octane; bromide (compound

NSNS

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-



(m 1 H, 3.48 - 3.90 (m 5H, 2.42 - 2.46 (m 1 H), 2.41 (s, 3 H, 1.86 -
2.15 (m 4 H. LCM (ESI POS): 506. 11 (MH+). EXAMPLE 56

(R) - 3- [ BIwo(281fd18az# 0- phenyl ) - net hoxycar bonyl oxy] - 1- ( 4- mRCHEP2E/405232

enyl )-1-azoni a- bi cycl o[ 2. 2. 2] oct ane; byem de (conpound 31) The desired
product is prepared by reacting (R)-1-azabicyclo[ 2.2.2]oct-3-yl ester

bis-(3-fl - Jmet hyl ester with 5-brono-2- nethyl pent-2-ene. H NWR
analysispggbgrﬁﬁg%OJ 6) d: 7.39 - 7.52 (m 2 H, 7.25 - 7.39 (m 4 H),

T e e O S
e syl i B
_rl_rﬁghgxglcrrbonyﬁgxg % az?él a- b| C%g?cp@ Q '2? oct an brﬁgmI de ﬁ:’orrpﬁo)und 32)
IS SBoLrEpBIREUELY’ S8 RS MEEIND R ¢ R YL . 17
benzo[ b] t_ty_?pt(ﬁ]r) 42|'—|¥.| 2- brono- et hanone

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
(compound 26)

0] 0]
F F Br S
oo

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 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),3.51-3.84(m,5H),2.36-245(m, 1H), 1.89-2.15(m, 4 H).
LC-MS (ESI POS): 5631.82 (MH+).

25



NMR anal ysis (300 MHz, DVsO-ofe) d : 8.50 (s, 1 H, 8.01 - 8.26 (m 2 H),
7.58 - 7.67 (m 1H, 7.51- 7.58(m 1H, 7.40- 7.51 (m 2 H, 7.26 -
7.40 (m WOHp10/015028 - 7.24 (m 2 H), 6.79 (s, 1 H), 5.1P@T(EP2002/0b$2725. 10 -
5,17 (m 1 H, 4.09 - 4.26(m 1 H), 81 - 3.93 (m 1 H, 3.57 - 3.81 (m
4 H, 2.32 - 2.47 (m 1H, 1.84 - 2. (m 4 H. LCM (ESI POS): 547.92

(MH) . EXAMPL

(2R)2 %] Be{lzyl %SP—I—'MI uor o- phenyl ) met hoxycar bonyl oxy] - 1- azoni abi cycl o]
oct ane;

reacting (R)- Sﬁj graﬁgé‘(;g'ﬁqu%@z - estel)li)‘5 ﬂﬂu‘P-t[Zl(Q SHRRBRRSL by

bi s-(3-f Wghﬁg@}hfpélég%t - ge{;L#rong Pnlib]ﬁ{% Mlangenzene NVRhidyideySi S

(3(7)022/H% . ¥ 24 -'7.37 (m 4 H, 7.11
- nd s, 1H, 4.86- 5.18 (m 1 H), 4.51 (d, 1 H, 4. 45
(d, %m%‘%’%géq’ ?7@4(m 1H, 3.52- 3.65(m 1H 3.41 - 3.52 (m 2 H),
3.32% 3.38(m 2 H, 2.30- 2.41 (m 1H), 1.63- 2.16 (m 4 H. LCM
(ESI POS): 463.98 (MH). EXAMPLE 5% % Br

(R) 3- [BIS (3-fluoro- phenyl) rret ho ycar wl 0 - L (2- phenoxy- et hyl) -

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-ds)

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 - 523 (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-ethyl)-1-azonia-bicyclo[2.2.2]octane; bromide (compound 28)

BRSO
oo

20 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-
thiazol-2-yl-ethanone.

1iH 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



The desired product is prepared by reacting (R)-1-azabicycl o]
2.2.2]oct-3-yl ester bis-(3-fluoro-phenyl)-methyl ester with

( 2- br onroevheRWBsizaene.
(m 2 H),

H, 6.78

(m 1 H,
1.74 - 21

-azoni abi cycl

prepared
bis-(3-fl

MHz, DVBO-J 6)/_@M§£é%|pésgz4égyb4i@)rpw7 25 - 7.37 (m 4 H 7.10- 7.25

(m 2 H),
H, 3532
(m 47H).

10

15

20

H NVR anal ysis (300 MHz, DVSO d@CTdEP200%/08272 7.51

7.26 - 7.37 (m 6 H), 7.1149723(m 2 H, 6.94 - 7.06 (m 3
(s, 1 H, 4.92 - 5.20 (m lH) 444(br s.,2H) 3.92 - 4.10

ARG A ) e
(R) - 3-[ Bigsg fBo‘{ bgog.??] n yé)s'zﬁehm ﬁ@fé)ggylzoza] -3 45TGh Y HY, 1.80 - 2.17

ane; (conpound 35) The desif'ed product
cting (R)-1-azabicyclo[2.2.2]oct-3-yl ester

i's

u0ro henyl ) -nmet hyl ester with nethyl iodide. H NVR anal ysis (300

3.84 (dd, 1 H), 3.57 (dt,

1

-3%% 2.96 (s, 3 H), 232-2.40(m 1 H, 1.63 - 2.21
LC ). 387.97 (MH+). EXAMPLE 6 1

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

ethyl)-1-azonia-bicyclof{2.2.2]octane; bromide (compound 29)

OO

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.

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

5:7.66-7.92(m, 1H),752-7.65(m,1H),7.26-7.51(m,8H),7.09
-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

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

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

ST

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



Preparation of (R)-3-[bis-(3-fluoro-phenyl)-nethoxycarbonyl oxy]-1-(2-
0X0-2-pyridin-4-yl -ethyl)-1-azoni a-bi cycl o[ 2. 2. 2] oct ane; brom de (conpound
36) N, N- DvD=omvaapsghet hyl amine (0.037 i, 0.22 mmol) is &duaE®2400/06523D] uti on
of 2-brono-1-(pyridin-4-yl)ethanone hygﬁobr om de (60.2 ny, 0.22 mmol)
dissolved in EtQAc (0.5 nL). After 10 mnutes, a solution of (R)-bis(3-

as. desor RAE IR Ao s Ibestel Bedpt GRLBRRALG A Tdsict AArEZrbm@ L e

mxture i.s.St|r roomtenperature for 2 h. Et2q ( 1 nL) is added and
t he pr ecingi@gl gﬁfé}ﬁ%-| ected by suction filtration. The solid is dissolved

Sodt am sut phat B N Bftalisis (SSYMAZEPMEENEY DOCC P oa under reduced

R anat ysi s Badol e SinEE 2 B Tee0g 7ibadng! §H°7,26 7300, SHE YL EOH . T

S o L L
(&,19@95.4%%?903&%@6%@2 -5 48 (ml-8R) 22128, () 4116 - G186

(ESI PCS
(R-3-[( %hfld'ugs_o- phenyl) - (3-fl uoro-phenyl) - nmet hoxycar bonyl oxy] - 1- ( 2-

LC-MS (ESI POS): 506.11 (MH+).
EXAMPLE 56

10 (R)-3-[Bis-(3-fluoro-phenyl)-methoxycarbonyloxy]-1-(4-methyl-pent-3-

enyl)-1-azonia-bicyclo[2.2.2]octane; bromide (compound 31)
0 @ ]
/U\ W NM
o~ "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,2H),7.25-7.39 (m, 4H),7.08-7.23(m, 2H),6.77
(s, 1 H), 5.03-5.09 (m, 1 H), 4.89-5.02 (m, 1 H), 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



0X0- 2-t hi ophen-2-yl -ethyl)-1 -azoni a-bicycl o[ 2. 2. 2] oct ane; chl ori de

(compound 37) The desired product is prepared by reacting carbonic acid

(R - (I -axabkooyuabapt 2. 2. 2] oct-3-yl) ester PCT/EP2009/005272

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

2-(2-ch 8r70) acetyl thi ophene NMR anal ysis (300 MHz, DVsO-cfe) d : 8.21 (d,
- ,710-759(m9|—|) 6.93 (s, 1 H, 512 -

mll—l)%x\]‘?"@,ei'?os* 4.05 - 4.28 (m 1 H, 3.52 - 3.95 (m 5 H,

2. 46 ({R)-}-@ Beﬁz&ﬁb]thuapﬂéniﬂl -2-dHo-ettiyI]/B-[bFS\(3 Mdro-pHehyiR. (M) .

(
EXAMPLE 63

(R) - 3- [ Bi,Ss4h2s = e N 1

21 et nTSOESBORYRIGIA B BRI SRR 2|k the: blomE(corhpoapa 2)
desired product is prepared by reacting carbonlc acid (R -(I -azabicycl o]
2.2.2]oct-3-yl) ester bis-(2-chlopo- pife ester with

2-(2-chl oro)acetylthiophene. 1H Nﬁﬁi WMHz1 DVSO-de) d: 8.21
(dd, 1 H, 8.09 (dd, 1 H), 7.529Q- 7969 = Q - 7.53 (m 4 H 7.27
- 7.39 (m 3 H, 7.26 (s : 5.09 (s, 2 H, 4.15
(dd, 1 H 3.45 - 3.95 (m 1 H\N=ZX.86 - 2.17 (m 4 H).
LC-I\/ISS(ESI POS): 529.96 (

1H,
5.27
2.38

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[b]thiophen-2-yl-2-bromo-ethanone. |

1H 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)

D 0
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-f|uoro—phenyl)-methyl ester  with
bromomethyl-benzene.

1H NMR analysis (300 MHz, DMSO-ds)
5:7.39-7.60 (m, 7 H),7.24 -7.37 (m, 4 H), 7.11 - 7.24 (m, 2 H), 6.77



EXAMPLE 64
(R)-1-(2- Oxo-2-t hi ophen-2-yl -et hyl)-3-(phenyl - o-tol yl net hox
( . ycar bonyl oxy) -
1- azoni a-W0GYBV@PR42. 2] oct ane; chloride (conpound 39) Tlﬂ’@TtE@QOOB/@@lSZ%I odﬁgzt
is prepared by reacting carbonic acid é )- (1 -azabicyclo[ 2.2.2]oct-3-yl)
ester phenyl-o-tolyl-nmethyl ester wi th“2-(2- chloro)acetylthiophene. 1H NWR

IS bt b e e
e
Ry e no b T ER Tt Y
(o) e R AR
2682-§th oro%a%ﬁdﬁhene. H NIVR anal ysiys (300 MHz, DVMsO-cfe) d : 8.21
9922 (1 Rl ClaudisBheniieliBrygatbonyarfi1-G gy gti- . 09

1-azonia-bicyclo[2.2.2]octane; bromide (compound 34)
0 g
/U\ N+\/\
o~ "o o
F I’ l II 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.

1H 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-methyl-1-azonia-

bicyclo[2.2.2]octane; iodide (compound 35)
O @ ‘I i
o/U\o“' AN
o

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



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 4H, 2.36 - 2.46 (m 1
H, 1.84 wWo201@183x 4 H). LC-Ms (ESI POS): 510. 08 ( M) PCEXRMPREIBE2

(RJ- St Cycl ohexyKS-f 1 uor o- phenyO- net hoggcar bonyl oxy] -!-(2- oxo- 2-

t hi ophen-2-yl -ethyl)-1-azoni a- bi cycl o[ 272. 2] oct ane; chloride (conpound 41)

The desired r ' d, b t

- azabi cy@l' %[%gf%%cléfs&g e‘%{atregspégl(%3&%6h%car)gﬂ_%tﬁ%¢gésg enyl't§1| me‘taw)yl

ester Wlthdé (2-chl oro) acetyl t hi ophene. H NVR anal ysis (300 MHz, DMSO- cfe)
d: 8.1 2/edigess (m 1 H), 7.88- 8.15(m 1 H), 7.29 - 7.53 (m 2 H), 6.96

iLgf 54(@: 34 N@“'%enems'%ziéwﬁz%“"éo% X §°H§mo375°i T as Em4' h.
(R)-3-](3- ChO?Z‘bﬁ j?;‘ %M?L)"Do?%%ﬁ 9?)(%‘% Wy et s bon &8
CeommBundSabi At d8dty bifle o E Qe HEF T Bhaf e 34
EBR)CI(‘I: orgﬁa e%%i(ﬁ%ﬁ)f %lé O(ét @&%'31-%??99 e%tze1r(m 4 H).
LC-MS (ESI POS): 387.97 (MH+).
EXAMPLE 61

21,87
55 et o

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

SN cvsaey

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. Et20 (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: 847 -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



th 2-(2-chloro)acetylthi ophene. H NWR analysis (300 Mz, DMSO cfe) d:
21 (dd, 1 H), 8.08 (dd, 1 H, 7.52 - 7.61 (m 1 H, 7.26 - 7.51 (m 7 H),
11 - "o (wmise4H), 6.78 (s, 1 H), 5. 1 1 - 5.20 (m PCHEP2®90652(3, 2 H),
04-423(m1H) 378-389(m 3.51 - 3.78 (m 4 H), 2.37 -
2.46 (m 1 , 1.69 - 2.21 (m 4 H. L IVB(ESI POS): 514.05 (M) . EXAMPLE

(2- oxd 20 aﬁh%é“"é%gdﬂﬁ yH), a4 B GRTory 375 o B LT gl

(corrpound Th sired product is prepared by reacting carbonic acid
(R-(I Zgé &yc?’o[fz 2.2]oct-3-yl) ester

(35d|f|uoro of o5 met hyl ester with

2-(2-chi oro)a&g{]ﬁgkﬁ\%h%g%f%?an )rl/s.s (300 Mz, DVBOJ 6) d : 8. 21
(dd, 1 H 8.0 ,739-760(m2H) 731-739(m1H)712
- 7.29 (m 5 H, 51 1- 526 (m 1H 5.06 (s, 4.04 -

R e

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

O (0]
OJLON-@«VU\@
cr Y,
OO

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

Wi
8.
7.
4.

37).

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

;0

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

20

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



(R)-3-[(3-Fl uoro-phenyl)-mtolyl-nethoxycarbonyl oxy] - 1- ( 2- oxo- 2-

t hi ophen- 2-yl -ethyl ) - 1- azoni a- bi cycl o[ 2. 2. 2] oct ane; chloride (conpound 44)
The desi r¥@2p14us®d i s prepared by reacting carbonic aciP@T(ERp000/005272
-azabicyclo[ 2.2.2]oct-3-yl) ester (3-fiuoro-phenyl)-mtolyl-nmethyl ester
Wi t h2- (2-chl oro)acetyl t hi ophene. 1H NVR anal ysis (300 MHz, DMSO-rfb) d :

8.21 (d, , 7.39 - 7.52 1 H), 7.04 - 7.38
6.71 (s, %qu%’)aqs?qﬁ'é'%%ﬁ?ﬁe}‘f , 5.06 (s, 2 (m4 o;D- 4.23 (m 1 H§,m3.855|)1

Lo s (Esl POyl 2"‘@@6%”?‘@3 OB&%&@% p SH L e in 4k

(1R%z3o[xé3zFlﬁ?52§h%ﬂ‘?§é‘ S b R SRR B R s s

azo |cyc o[ 2.2 octane; chloride
(Co”pouf‘ T3, S B 0¢ ( oy pé‘ﬁfzd Y26 qAt | NG),Ca0BOR, 2 34, d
g?l?) f I(I cI o 3 I
- OI’ h |
i-(Z ghl %‘g@%’t y]{)hl e)néeéngﬁ an {)Egtl%\s/ B(rBSge‘tNEg 1%§}Qo¥ve§md : 23 21 (dd,

7.H), 8. 09 (dL%%(Fél%%%?f@@Mﬁ y) 7 22 - 7.32 (m 4 H, 7.09 -

22 (m 1 H 1 H, 5.09 (s, 2 H, 4.05 -
4.23 (m 1 H eydafbrE 848 (M 5 H), 246(s 3 H, 2.37 - 2.44 (m 1 H,

(R)-1-(2-Oxo-2-thiophen-2-yl-ethyl)-3-(phenyl-o-tolyl-

methoxycarbonyloxy)-1-azonia-bicyclo[2.2.2]octane; chloride (compound 39)

o/ﬁ\o“"@“%
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-methy| ester with 2-(2-
chloro)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



1.79 - 2.14 (m 4 H. LCGM (ESI POS): 525.91 (MH). EXAMPLE 7 1

(R) -3-[(3-Fl uoro-phenyl) - (4-fl uoro-phenyl) - met hoxycar bonyl oxy] - 1- ( 2-
0X0- 2-t hi\gPRemw/@s3h- et hyl ) -1 -azoni a- bi cycl o[ 2. 2. 2] oct aRET/EPRSHODRE2
(conpound 46) The desired product is pggpared by reacting carbonic acid
(R -(1 -azabicyclo[ 2.2.2]oct-3-yl) eséér

(4-fl uoro-phe A3 or o- phenyl ) - net hyl t i th
(ZGSZ-EhLﬁro%a%ME&Eeﬁd ' ene. H &?\//R) arqgl ygi se?SSB Vl\\/AHz DMSO-cfe) d : 8.21

, , 8. , -l -
(m's 1y 6. 788 y-Rpblaphshin (gt ofefy-etokiarpinRoi 8 | 752
. Lo MetRgr2itpibpherk i bk - a2oig Biceipy212 Aidkand; 6 © 2 Thloridd 4
(R -3-1(3.4-Difluofa- phenyl)-phenyl -nmeth b I -1-(2- - 2-
t hi opheniﬁqupgbﬁy‘f@- 1- azoni a-pbi czcl 21[32. (2)?()2/]Cg::t 322; O)ém ori c(zle ?)égrrpound 47)
The desired product is prepared by reacting carbonic acid (R)- (I

-azabrcyclo[ 2.2.2]oct-3-yl) ester (3,4-difluoro-phenyl)-phenyl-nethyl
ester with 2-(2-chloro)acetylthi ophgne. anal ysis (300 WMHz, DMSO Cf 6)

N S

| 0 o’ \
0O | l II F cr

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), 6.97 - 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-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane; chloride (compound 41)
20

0 @ 0
OJ\O N+\/U\ES>
: | : Fooor \ 4

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-



d: 8.21 (ddd, 1 H), 8.01 - 8.13 (m 1H, 7.49 - 7.64 1 7.21
-7.49 (m 8 H, 6.76 (s, 1 H, 511- 521 (m 1H)), 5.(()g](s,H)21|—|), 4.02 -
4.28 (m woMpro/@s3é - 3.92 (m 5 H), 2.33 - 2.46 (m 1 PBCI/EP2@9/0052221 7 (m
4 H. LG M (ESI POS): 497.90 (M), MPLE 73

(R) -3-[(3-Fl uoro-phenyl) - phenyl - met hoxycar bonyl oxy] - 1- ( 2- oxo- 2-

t hi ophen-2-yl -ethyl)-1-azoni a-bicycl o[ 2. 2. 2] octane; chloride (conpound 48
The desi (%&Kmrekétg'\te'()ﬁf@a&r ed by reacting carbonic acid (R)((I ™ )

Y ORI BB T e
2471?553 12H) ‘Cijéj 82%;%'&1(551%7%5 g}“t Fiézbzs? if(&?égi)ééé
(:E(?LarPtOS) %431”943 %3 Le%é%aﬁm &WF‘? %Hbm%g%%)o d oub et t tr| pI et q
5 E—I), 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-phenyI)-(3-quoro-phenyl)-methoxycarbonyloxy]—1 -(2-

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

10 42)

A @%
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)
0: 8.21 (dd, 1 -H), 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



dd = doubl et of doublets m= nultiplet br = broadBi ol ogi cal
characterisation The interaction with M3 nuscarinic receptors can be

est i mat edwbyotogs2zesul ts of in vitro studi es which eval raTaR2000603082 M2

bi ndi ng assays, the potency of the tesggconpounds and the offset of the
inhibitory activity produced after washout of the antagonists in isolated

gui nea pig trm@_ﬁgy the in vivo duration of action agai nst

acetyl chol i ne- onchospasmin the gui nea pig. EXAMPLE 74 M3/ M2

Bi ndi ng assaysg s;gq BLASTOOShémA)-AvemBx)Raioryloxylerept or s
(Sw ssprot Pog (g 0? @J@gggt@tﬁﬁgl we?lg\ hﬁa\’flzlestedxyﬁ Ca++/ N)E]Y]++ free

phosphat P?f'él heflb pta pfotdaheon at 15Q@pidride f or
m n. The?zqﬁf etsﬁ ren‘rg J?Rg g‘db?% |cem(,:98I bufier A( 15 mM Tris-HC pH

7.4, 2 Q5 MM EDTA 1 mM EGTA) and honopgeni zed by a PBI politron
(setti n%%gba?g s@ The crude nenbrane fraction was coll ected by two

conseguti ve centrifugation steps at 40000 g for 20 mn at 4 0C, separated
by a washing step in buffer A The pellets obtained were finally
resuspended in buffer B (75 mM Tri sQoHCI 7.490 12.5nM MgCl 2, 0.3 nmM EDTA,

1 mM

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

w

bicyclo[2.2.2]oct-3-yl) ester (3,5-difluoro-phenyl)-(3-fluoro-phenyl)-methyl
ester with 2-(2-chloro)acetylthiophene.
10 1H 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)

1A
%

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



EGTA, 250 mM sucrose), and aliquots were stored at - 80 0OC. The day of
experinent, frozen nenbranes were resuspended in buffer C (50 nM Tris-HC
pH 7.4, 2v02mwowvg2k2, 1 nmM EDTA). The non sel ective nuseamierz@ooesi’nl i gand
[ 3H - N-nmet hyl scopol am ne (M. Pharmaggl. 45:899- 907) was used to

| abel l ed the M2, and M3 binding sites. Binding experinents were perforned

in dupli Q@Fciﬁlb?(ﬁ')a‘&%it)?ihiﬁﬁﬁgﬁ@? rations curves) in 96 well plates at
n

radi ol i gand concentration of 0.1-0.3 nM The non specific binding was

deter mi ned i n14hgMK analyats 0506 MidzNDIRSOYl)scopol anine 10 nM Sanpl es
0.75 i

(final volume ) Were incubated at roomtenperature for 60 mn for M

and 90 min fog. M3 pi(adisng) ag By (d, TheHY, €agYi-on. 5pagmt ar A natced- ysahd 8
filtration th?o?ﬁ%béﬂB U?fifilt(er pl a)':es and tmﬁnvvashlgz (0.75 rﬂ)qwith col d

buffer C ,Sigsf)? 3sPackar § 3 (kerimpfye 596 (§SLeH), Ragli oappBvirhy 10H) 1 B&0 Ll ters
e

was neasu y a mcfoplate scintillation counter TriCarb 2500

(Per knElgs Ym, BXANT-BOT52 148 (thi 104), D81 6! 804, wi. 16 -LNeg N ipgpt Or s The
e

pot ency of the antagonist activity in isolat gui nea pig trachea was

i nvestigated |¢-MRWES|POS ;h;gh_gse(m;quﬁl y described by Haddad EB et al. in
Br J Pharmacol 127, 4 13-420, 1999, with few nodifications. A cunulative

concentrati onECKRMPIESTOUr ve to test antagoni sts was constructed on

preparations precontracted by carbachol, until a conplete
(R)-3-[(3-Fluoro-phenyl)-(4-methylsulfanyl-phenyl)-methoxycarbonyloxy]-

1-(2-oxo0-2-thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane; chloride
10 (compound 45)

(] (o]
OJLO«"@“Q]\@
F CI \ Y,
Joas

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



i nhibition of snmooth nuscle tone was achi eved. The concentrati on of

ant agoni st produci ng a 50% reversal of carbachol -i nduced tonic contraction
(1 C50) wawotaloarnszs a neasure of its potency in this bi easa®goosions2rhe
experinents aimng at assessing the offset of the inhibitory effects
produced by test conpounds, the mniml concentration of the test conpounds

known to prodWl inhibitory effect was adm ni stered to

car b?g[lg: -p:g preparat i oEs. As soon as the tonic contracti ;)ino\r/]vgs
ComPl et el Y e AU RRBR Bt Ry ATl AR G oRIERESt | o
adm ni st ﬁg&%ﬂgﬁhﬂ;ﬁﬁ-y@?&gﬁ% -1%%%%ic9@lk¥?.g?]\t%§é}féﬂclﬂaﬂdé ompound

admi ni st I'ng X ours: he adm ni stration of

car bachol,nythe inhibitory effects of the conpounds of the invention,

adm ni sté’pgd at a concentration of 10 nM were expressed as percentage of
the r®covery of the contracting response to carbachol. The percentage of
recovery four hours after the washoyt owgy than 50% The val ues of

inhibitory M3 activity tested on coffpounds)d, |22, g 4, 5, 6, 7,9, 11, 12,
13, 14, 15, 17 and 18 to 48 are cofprosed between 9. 05 and 414 nM EXAVPLE
76 In vivo studies The in vivg.tests qn &cetcyl c ne-i nduced bronchospasm

in guinea pig

F

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 1H 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 (ES!I 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)

o) o
o/U\ Oo-@\f\/‘}\f)
FC \ Y,
L

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-ds)
5: 8.21 (ddd, 1 H), 8.01 - 8.13 (m, 1 H), 7.49 - 7.64 (m, 1 H), 7.21 -



were perforned according to H Konzett H and Rssler F Arch Exp Path
Phar macol 195, 71-74, 1940. Agqueous solutions of the test conpounds were
i nstill edwDrpridtifReheal » i n anaest heti sed nechani cal | y PEREPREOBHS2GUI nea
pigs. Bronchial response to intravenougqacetylcholine challenge was
determ ned before and after drug adm nistrati on and changes in pul nonary

resi st an%%gﬁ&@%@{gab 7d Kg,hggﬁptéwef 6 PXRESSEY, 80PeE cony), of obnhishid i on

of bronchospasm e bro ator activity of ‘the tested conpounds

per S St efhuRoNRNgR 9 obauds hLD=FE Lele (e AN Niew £ atiofm, BPLE 77

Pl asma s (conpound 1Ij in order to defonstrate t he conpounds

are degraded, | gLRfd SESYP@S -3fg7200 (MepRn plasma at 1 and 5 hours was tested

for a representative conpound of the invention, which is conpound 1.

Briefly 10 ml %WP@E"??‘ solution 250 nM of conmpound 1 in acetonitrile were

added to 1 m human pl asma and sanpl es were incubated at 37C.

Pl s (50 m—XRX??[r('B-eli‘lﬁBr&?hgggﬂpHeW%étMo&r%nilBﬁVFql@ﬁx@@ added to

140 of aceto e wt I'tion 'of verapam | as internal standard (250

ng/m ). IS 8tRfIRMYELshiBbiEYeIs] 2D 20 cearrd; yeHI6rid &l (@6mbounala8) ty i s
cal cul at g@@bsger ('antﬂggg remai ni ngpaf!er %ﬁand 5 hours b(y i(?I‘?)vi di ng )the peak
area at 1 or 5 hours by the area of the peak at tine O.

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)-phenyl-methyl ester with
2-(2-chloro)acetylthiophene.
1H NMR analysis (300 MHz, DMSO-ds)
5: 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 - 5.22 (m, 1 H), 5.06 (s, 2 H), 4.01 - 4.22 (m, 1 H),
15 3.47-3.92 (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
20 d = doublet
t = triplet
g = quartet
dd = doublet of doublets
m = multiplet

25 br = broad



After 1 and 5 hours of incubation, |less than 2% of conpound 1 was detected,

I ndi cating that conpound 1 is very unstable in both plasma species.

The

ot her cormpount®18824t he i nventi on behave sim | arly. CLAl MBCT/EP2000005202Nnd Of

gener al

heteroaryl or arylalkyl or heteroarylalkyl or a group of formula (a)

(a) wherein . g'clngcﬂra?aétg?s BR ©r different and may be i ndependent
froﬁf—ﬂg—gi—euﬁ—e&nsrs—é of H (C3-C8)-cycloal kyl, aryl or

heteroary . WhRESHLARtiBnAlith 15 mg%ﬁarcyéeaégﬁfogecgﬁtué)aet.météawmélt ed

sel ected

wi th a hal og

sel ect ed
CN, CONH

'-31)

tomor wt ne or several stituents independently

0X car Cio ylsul fanyl ,

(G -G o) )p%gé[ﬁiéa,;;qff Hlé/mlﬁen%%r%BQn ﬁk)ﬁhaumé’”bﬁfset( G- 4R |ﬁh|ﬁﬂor?”9ct|v1ty

(Gi-CGo

are both i1 ndependently ary

het er gar %lro&uceé'd TRYr ReadHdUt st thBr A9BoRists in isolated guinea pig trachea and

10

15

20

25

by the in vivo duration of action against acetylcholine-induced bronchospasm
in the guinea pig.

EXAMPLE 74

M3/M2 Binding assays

CHO-K1 clone cells expressing the human M2 or M3- receptors
(Swissprot P08172, P20309 respectively) were harvested in Ca*+*/Mg** free

phosphate-buffered saline and collected by centrifugation at 1500 rpm for 3

formula (1) 0) wherein: A may optionally substituted aryl or

-CH 3
ly

é%w 1{1 vﬁr_%'c_sfa(?)s ﬁ{gh?@h e9 FQ)?\SSNB/@I% @m@n@) adbhyd, thO2,

min. The pellets were resuspended in ice cold buffer A (15 mM Tris-HCI pH

7.4, 2 mM MgCl,, 0.3 mM EDTA, 1 mM EGTA) and homogenized by a PBI
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.

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
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 uM.
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



group which nay be a (CH n with n =0-2, wherein when n=0 Y is a single
bond, formng a tricyclic ring systemwherein the carbon atomof (CH2)n may
be substiwoteth/iy32a het eroatom sel ected from O, S, N an@CREPR000/052p2 oVi SO
that R3 and R are never both HRis a ggsidue selected from -
(G-Co)-alkyl, (C-Co)-al kenyl and (C2-GCi o0)-al kynyl optionall y

substi t ug%gﬁm#%t.%mmﬁe%ﬁ% Ynj firlt%'F” 2t gh@Uﬁvée&@m@y

NR R 2, CN, NO2 ané(bal [ cycl iC
compoundand b CUOEIE %aciaw(remteemaftéq%%st& REio4¥WitySER, tie SO,

I's a bond and - -Cd)-cycloalkyl. R is a residue

sel ect ed gf t%%mwas Al eCharb & BQnQoﬁgQrdb(Pét'eo%%HtmaiWhStdoUmﬁéﬂ i€ Hrp E5 Q0

sever al stituents 1 ndependent selected fromOH, oxo (=0), SH NO, CN,
CONH2, N %(R— é}gx) al kyl, COOH, (G -G o)-al koxycarbonyl,

(G - Oo) yl's nyl, (G -G o)-alkylsulfinyl, (Ci-Cio)-aIkyIsquonyI
(G - Qo-o) al kyE)@(ﬂP(L@ 76 0) - al koxyl NR2CO- (G -G 0)-al kyl; - aryl
optionally su ith NR2CO- (Ci-Cio)-al kyl, and - heteroaryl

opt? ona’ | Y Suls Vitkd' irftdrabtidh WitAQRe( M3 fécebtarsky! . (G -G o)-al kyl,
(G -G o) - al kyt—or—hatogerr. :

The potency of the antagonist activity in isolated guinea pig trachea

was investigated following a method previously described by Haddad EB et
al. in Br J Pharmacol 127, 413-420, 1999, with few modifications.

10 A cumulative concentration-response curve to test antagonists was
constructed on preparations precontracted by carbachol, until a complete
inhibition of smooth muscle tone was achieved. The concentration of
antagonist producing a 50% reversal of carbachol-induced tonic contraction
(ICso) was taken as a measure of its potency in this bioassay.

15 In the experiments aiming at assessing the offset of the inhibitory
effects produced by test compounds, the minimal concentration of the test
compounds known to 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 pMj was administered 'again (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,



R2 is a residue selected fromH, phenoxycarbonyl, benzyloxycarbonyl,

(G -3 o)-al koxycarbonyl, (G -G o)-alkylcarbonyl, (C -G o)-alkylsulfonyl and
(G - G o) -\DRY10/013824i s a physi ol ogi cal | y acceptabl e ani oRCTEP20008026pound

of claim1l wherein Ris (G -Ce)-alKkyl 8 bstituted by 3. The compound of
claiml wherein Ris (G -C6)-al kyl subStituted by -Z-Ri, wherein Zis O CO

or a bongggﬂ,dﬁ)@%435%'Tﬁ9fan'aelf§io°§ég4re BhRLAWERT, 05 gl hiw.one or

nor e hal e conpoun erelin Is CH2, Z1s CO

and R is thimmng to formula (I1):(H) 5. The conpound of claim4

wherein Ais substituted aryl or heteroaryl or arylal kyl or

het er oar yl al kﬁ! BE gugiégjp of formula (a) - | ' CH (a) wherein R3 and R are

2’8?2 ihgfjgpggd v r heteroaryl ,' p[eferabl y substitut gd wi th one or
formil'a () wibPerniEa GFE G8BPIIERTinEihiNet BRI IBMR LR | 11
one og ”We%hééﬂg?rﬂeét Q&Sording 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 pl 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 ul 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.



7. The conpound of claim4 wherein Ais a group of forrmula (a) wherein R3
and R4 are both independently phenyl and they are |inked through a Y group
whi ch mayWweeow/(1&2) n with n =0-2, wherein when n=0, Y PESTEP208HPE7Dond,
formng a tricyclic ring systemof forgyla (b) (b) wherein the carbon atom
of (CHb)n may be substituted by a heteroatom selected fromQ, S, N 8. The
corrpounddﬂ‘NMSai m 4 wherein Ais a 9Hfluoren-9-yl, preferably substituted
wi t h one—eF—#fBfe hal ogen atons. 9. The conpound of claim4 wherein Ais a
benzyl, optionally substituted with one or nore hal ogen atons. 10. The
conpound of claim4 wherein Ais a biphenylnethyl, preferably substituted
w th one ,or r I : econpound of claim4 wherein Ais a
t hi ophenQI‘ met y??lp%roe?'gip%b %r%iﬁr?@?e%’:mth one or nore hal ogen atons.
12. The conpound of claim 1l wherein Ris a propyl group, substituted with a
Z-Ri group wherein Zis Oand R is phenyl, according to fornula (111):
(I11) 13. The conpound of claim g whe A ig aryl or heteroaryl or
aryl al kyl or heteroaryl al kyl or grou f [fjormula (a) wherein R3 and R are
bot h i ndependently aryl or het %r/giu;g rably substituted with one or
R
I
A

nor e
5
Q)
wherein:
A may be optionally substituted aryl or heteroaryl or arylalkyl or
heteroarylalkyl or a group of formula (a)
10
R
R,
(a)

wherein
Rs and R4 are the same or different and may be independently
selected from the group consisting of H, (C3-Cs)-cycloalkyl, aryl or heteroaryl,
15 whefein said aryl or heteroaryl may be optionally substituted with a halogen
atom or with one or several substituents independently selected from OH,
O-(C1-C1o)-alkyl, oxo (=0), SH, S-(C1-Cio)-alkyl, NOz, CN, CONHz, COOH,
(C1-C1o)-alkoxycarbonyl, (C1-C1o)-alkylsulfanyl, (C1-C1o)-alkylsulfinyl,
(C1-C1o)-alkylsulfonyl, (C1-C1o)-alkyl and (C4-C1o)-alkoxyl or when Rs and R4
20 are both independently aryl or heteroaryl they may be linked through a Y
group which may be a (CHz)» with n =0-2, wherein when n=0 Y is a single
bond, forming a tricyclic ring system wherein the carbon atom of (CHz)a may
be substituted by a heteroatom selected from O, S, N and with the proviso

that R3z and R4 are never both H.



hal ogen atons. 14. The conpound of claim 12 wherein Ais a group of formula
(a) wherein R3 and R4 are both phenyl, preferably substituted with one or
nor e hal MYOROHYWEARZ4 15. The conmpound of claim 12 wher ei RCANEP2008/065726Up of
formula (a) wherein R3 and R4 are bot hggndependently aryl or heteroaryl,
and they are linked through a Y group which may be a (CH2)n with n =0-2,

wherei n when Be(}, 5 Yedidud sd1868icR1 f#8RA, formng a tricyclic ring system of
formula (b)(b) wherern the carbon atom of (CHb) nmay be substituted by a

het er oat om sel eciRdCl oAl SCAG,dfalkahes CATBOLT)-Gho)caiymyL2optisnally A i<

a 9H-fl uoren-9- preferably substituted with one or nore hal ogen atons.

17. The conpounds@stRLaidWith dMie6Eh Befedteddrd@nzyl, optional Iy substituted
wi th one or nore hal ogen atons.” 18. The conpound of claim 12 wherein Ais a

bi phenyl nethyl, prefeg b&ﬁ%@ébiédlh%@n W tNIHONRIFOR M © NRY{FROY ENRZC O, 19.
The conpound of claim erein Ais a thiophenylnethyl, preferably

substistuted with one gH BOR;NEPFEN SH 0ON, N2, aAdRiTRSYEHE @éin sElinds;
conposi tion conprising a conpound of clains 1 to 19 in adm xture with one
or nore pharmaceuticaylpy, agreRiiate & sakictéd Srom@Or O, COO, OCO, SO, S,
SO, COS and SCO oritis a bond and
- (C3-Cg)-cycloalkyl.
R1 is a residue selected from:
10 - alicyclic compound optionally substituted with one or several
substituents independently selected from OH, oxo (=0), ‘SH, NO2,
CN, CONH_2, NR2CO-(C+-Cx)-alkyl, COOH, (C4-C1o)-alkoxycarbonyl,
(C1-Cio)-alkylsulfanyl, (C1-Cio)-alkylsulfinyl, (C1-Cio)-alkylsulfonyl,
(C1-C1o0)-alkyl and (C1-C1o)-alkoxyl NR2CO-(C1-C1o)-alkyl;
15 - aryl optionally substituted with NR2CO-(C1-C10)-alkyl, and
- heteroaryl optionally substituted with NR2CO-(C1-C1o)-alkyl,
(C1-C1o)-alkyl, O-(C1-C1o0)-alkyl or halogen.
R, is a residue selected from H, phenoxycarbonyl, benzyloxycarbonyl,
(C+-C1o)-alkoxycarbonyl, (C1-Cio)-alkylcarbonyl, (Ci-C1o)-alkylsulfonyl and
20 (C1-Cio)-alkyl. |
X- is a physiologically acceptable anion.
2. The compound of claim 1 wherein R is (C1-Ce)-alkyl substituted by
-Z-Rj1.
3. The compound of claim 1 wherein R is (C1-Cs)-alkyl substituted by
25 -Z-Ri, wherein Z is O, CO or a bond and .Rj is aryl or heteroaryl, preferably
substituted with one or more halogen atoms.
4. The compound of claim 1 wherein R is CHz, Z is CO and R is thienyl,

according to formula (11):



excipients. 2 1. The use of any of the conpounds of the clains 1 to 19 for
the prevention and/or treatnment of any broncho-obstructive or inflamuatory
di sease, WPPWHEBI2¢ ast hma or chronic bronchitis or chr 8aTEPaWSH0P2E | ve
pul monary di sease (COPD). 22. A deviceggonprising the pharnmaceuti cal
conposition of claim20. 23. The device according to claim22 which is a
single- or nulti-dose dry powder inhaler, a netered dose inhaler or a soft
m st nebulizer. 24. A processpfor eparation of conpounds of formula
(1) of claim1l,including the.||step 1) eactgng an am no- al cohol of
formula (2) with 1,1'-carb i et [ n i mdazol e derivative
of formula (3) (ii) thenr ctiﬁb w th anval co pl /f formula (4), so
obt ai ning a conpound of forgula (5) (iii) then | ati ng by nmeans of an
al kyl ati ng agent RX, giving a quaternarX amoniumsalt of fornula (1).

(1)

5. The compound of claim 4 wherein A is optionally substituted aryl or

5 heteroaryl or arylalkyl or heteroarylalkyl or a group of formula (a)

wherein R3. and R4 are both independently aryl or heteroaryl,
preferably substituted with one or more halogen atoms.

10 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
atoms.

7. The compouhd 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
15 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)

(b)
wherein the carbon atom of (CH2), may be substituted by a heteroatom

20 selected from O, S, N.
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8. The compound of claim 4 wherein A is a 9H-fluoren-9-yl, preferably
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.

11.  The compound of claim 4 wherein A is a thiophenylmethyl, preferably
substituted with one or more halogen atoms.

12. The cbmpound of claim 1 wherein R is a propyl group, substituted with

a Z-R1 group wherein Z is O and R1 is phenyl, according to formula (II):

PR
FTTD
X

()

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
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.  The compound of claim 12 wherein A is a group of formula (a) wherein
Rsz and R4 are both independently aryl or heteroaryl, 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)
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—CH Y

(b)

wherein the carbon atom of (CHz2),» 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
subétituted 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.
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.
21. The use of any of the compounds of the claims 1 to 19 for the
prevention and/or treatment of any broncho-obstructive or inflammatory
disease, preferably asthma or chronic bronchitis or chronic obstructive
pulmonary disease (COPD).
22. A device comprising the pharmaceutical composition of claim 20.
23. The device according to claim 22 which is a single- or multi-do.se dry
powder inhaler, a metered dose inhaler or a soft mist nebulizer.

24. A process for the preparation of compounds of formula (!) of claim 1,
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including the. steps of (i) reacting an amino-alcohol of formula (2) with
1,1’-carbonyldiimidazole to give an imidazole derivative of formula (3) (ii)
then reacting with an alcohol of formula (4), so obtaining a compound of
formula (5) (iii) then alkylating by means of an alkylating agent RX, giving a

quaternary ammonium salt of formula (1).



