~1- NEW QUATERNI ZED QUI NUCLI DI NE ESTERS This invention relates to new

t herapeutically useful quinuclidine derivatives, to sonme processes for
their preparation and to pharmaceutical conpositions containing them 5 The
novel structures according to the invehtion are antinuscarinic agents with
a potent .and long lasting effect. In particular, these conpounds show hi gh
affinity for nmuscarinic M3 receptors. This subtype of muscarinic receptor
is present in glands and snooth nuscle and nediates the excitatory effects
of the parasynpathetic systemon glandul ar secretion and on the 10

contraction of vi PFEWE[ (ﬁpﬁpﬁg [} Epd ic Transm ssion,
in HP Rang et a Quar mac% ogy, @urc I F'P@bll ngst.I(-)IEéF{gNew Yor k, 1995).

MB ant agoni sts are therefore known to be useful for treating di seases
characterised by an increased parasynpathetic tone, by excessive gl andul ar
secretion dMiHVERtRst lates ¢ eewlhempetticady iusafu RUIV!-'C"E’Q'Ieeﬁe"éfﬁ'HVeSJ ® sPEgde,
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di seases are respiratory disorders such as chronic obstructive pul nonary
di sease (COPD), bronchitis, bronchial hyperreactivity, asthma, cough and

rhinitis; eI ﬁﬂ]c’nﬂé@ QE&%aﬁg IR Reritibh AR )ﬁnﬁn’?&%@ﬁht@%@@ﬁs whald @éﬂeh’cr la,
neurogeni ¢ or unstabl e bl ad 20 cystospasm and chronic cystitis;

gast r At 59 ilaing diffeet d@rp@ﬂw@h these cPMPaIds $swehioh atinityrel muspaisrg M3
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such as vagal si nus bradycardi a (Chapter 7, Miscarinic Receptor
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The conpounds of the invention can be used alone or in association wth
ot her '%?%@@COIQWHFCJ]”"H@Q&QW Bewefarke 998 in the treatnent of these
di seases. For exanple, they can be admi ni stered in conmbination with

(32-agonists, steroids, antiallergic drugs, phosphodiesterase |1V
i nhi bi t or s Mpargeonisigiase thasaioroanqwtulye a‘fﬁf%!g‘@hif%?é’fglgf%?ea:?}??rﬁ*ﬂgtféﬁ@d)‘—i% by
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The cl ai ned npounds ar e _usef ul he "treatnent of res&%rator
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antiallergic drugs or phosphodiesterase |1V inhibitors. Conpounds wth

rel ated structures have been described as anti-cholinergic and/or anti -
Examples of this kind of diseases are respiratory disorders suchas chronic obstructive

pulmonary disease (COPD), bronchitis, bronchial hyperreactivity, asthma, éough and rhinitis;
~ urological disorders such as urinary incontinence, pollakiuria, neurogenic or unstable bladder,
20 cystospasm and chronic cystitis; gastrointestinal disorders such as irritable bowel syndrome,
spastic colitis, diverticulitis and peptic ulceration; and cardiovascular disorders such as vagally
" induced sinus bradycardia (Chapter 7, Muscarinic Receptor Agonists and Antagonists, in
Goodman and Gilman’s The Pharmacological Basis of Therapeutics, 10the edition, McGraw
Hill, New York, 2001). |
25 '

The compounds of the invention can be used alone or in association with other drugs
commonly regarded as effective in the treatment of these diseases. For example, they can be
administered in combination with 3,-agonists, steroids, antiallergic drugs, phosphodiesterase IV
inhibitors and/or leukotriene D4 (LTD4) antagonists for simultaneous, separate or sequential

30 use in the treatment of a respiratory disease. The claimed compounds are useful for the
treatment of the respiratory diseases detailed above in association with Bs-agonists, steroids,
antiallergic drugs or phosphodiesterase [V inhibitors.

Compounds with related structures have been described as anti-cholinergic and/or anti- -

spasmodics agents in several paients.




spasnodi cs agents in several patents. -2- For exanple, FIR 2012964
~describes quinuclidinol derivatives of the forrula RR2 0O N 5 in which R
is H OHor an alkyl group having 1 to 4 carbon atons; Rl is a phenyl or
thienyl group; and R 2 is a cyclohexyd- cyclopentyl or thienyl group, or,
when Ris H R and R 2 together wth the carbon atomto which they are
attached, forma tricyclic group of the fornmula: 10 YdH X in which X is
-0-, -S- or -CH2-, or an acid addition or quaternary anmonium salt thereof.
In United States Patent US 4,465,834 a class of anticholinergic drugs
having the formula 15 OH R +COOR3 R2 are described, in which RL is a
car bocycl i Foexpnalch’d@0A29Gsdascabasrainiciding dedvagiveapbion feltsids  (such as
phenyl , cycl ohexyl, cyclopentyl, cyciopropyl, cycloheptyl, and isopropyl),
‘R 2 is a branched or linear aliphatic group containing 3 to 10 carbon
atoms with 1 'or 2 olefinic or acetylenic bonds, or is a phenylethinyl, a
styryl, or an ethynyl group, andRBS is an al kyi or cyclic 20 group of 4 to

12 carbon atons containing a kertjiary am no nitrogen. The conpounds of the
-3- invention are also clained ei ther free base or the acid-addition
orng [t herfedf. I n United States Patent
o _
N

and quaternary ammoni um salt Rg
4,843,074 products of formula O
in which R is H, OH or an alkyl group having 1 to 4 carbon atoms; R' is a phenyl or thienyl

5

group; and R? is a cyclohexyl, cyclopentyl or thienyl group, or, when R is H, R' and R? together
with the carbon atom to which they are attached, form a tricyclic group of the formula:
10

X
=

N

|

in which X is -O-, -S- or -CH,-,
or an acid addition or quaternary ammonium salt thereof.

In United States Patent US 4,465,834 a class of anticholinergic drugs having the formula
15 '

OH
R1‘—l—COOR3

R2
are described, in which R is a carbocyclic or branched aliphatic group of 3 to 8 carbon atoms

(such as phenyl, cyclohexyl, cyclopentyl, cyclopropyl, cycloheptyl, and isopropyl), R? is a
branched or linear aliphatic group containing 3 to 10 carbon atoms with 1 or 2 olefinic or
acetylenic bonds, or is a phenylethinyl, a styryl, or an ethynyl group, and R® is an alkyl or cyciic

20 group of 4 to 12 carbon atoms containing a tertiary amino nitrogen. The compounds of the




HO 10 R H2 O-t IN 5 are described, wherein X H, hal ogen, |ower alkyl,
_lower al koxy, hydroxy and R norpholinyl, thionorpholinyl, piperidinyl.

1, 4- di oxa- 8-azaspi ro[ 4, 5] decanyl, 4-(2,6-di nmetyl nor pholinyl), 4-

ket opi peri di nyl, 4-hydroxypi peridinyl-34-substituted piperazinyl. The | ower
al kyl halide quaternary salts and pharmaceutically acceptable acid
addition salts are included in the invention. 10 US Patent 4, 644, 003

descri bes esters of 3-quinuclidinol of alpha disubstituted glycolic acids
N OH. + < t hei r utical ly., accep - t re R
iS'phéﬁVﬁ%oﬁﬁgabs%?fﬁ?@%do$§§ﬂggﬁﬁﬁ%?%% &%%%cﬂdh?o&ﬁﬁ%g@hﬁhgﬁ?i J%%ﬁ@g

i ncl udammoniti® saltkowg,thérabbgen , nitro, am no, al kyl am no, dial kyl am no,
acylam no, and trifluoromethyl; and wherein Rl is hydrogen, alkyl,

cycloal kyl, al kenyl, cycl oal kenyl, al kynyl, al kyl oxyal kyl,

cycl oal kyl drymitky BiatdralPatantid/84H07hprodadtk efiprmulbn WO 92/ 04346 are descri bed
conpounds of formula. 20 (CH2)mHet O 25 OH 0 SN -4- and their

phar maceutical |y acceptabl® salts, where X is a phenyl (optionally
substituted) or a 5 thienyl \grQup and "Het" is either (a) a five nenbered
ni t rogen-cont ai ni ng heteroc group, (b) an oxacliazolyl or

t hi adi azolyl group, or (c) @ nmenbered nitrogen-containing heterocyclic
group, and mis 1 or 2. (For e detail ed description, see the above
menti oned publication) HO

5 are described, wherein X =H, halogen, lower alkyl, lower alkoxy, hydroxy and R = morpholinyl,
thiomorpholinyl, piperidinyl, 1,4-dioxa-8-azaspiro[4,5]decanyl, 4-(2,6-dimetylmorpholinyl), 4-
ketopiperidinyl, 4-hydroxypiperidinyl, 4-substituted piperazinyl. The lower alkyl halide quaternary

salts and pharmaceutically acceptable acid addition salts are included in the invention.

10 US Patent 4,644,003 describes esters of 3-quinuclidinol of alpha disubstituted glycolic

R1 O

acids

and their pharmaceutically acceptable salts,
where R is pheny!, unsubstifuted or substituted with up to three substituents including
15 alkoxy, halogen , nitro, amino, alkylamino, dialkylamino, a.cyiamino, and trifluoromethyl; and
wherein - R' is hydrogen, alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, alkyloxyalkyi,
cycloalkyloxyalkyl, haloalkyl or haloalkenyl.

In WO 92/04346 are described compounds of formula
20

_(CH,),-Het

25 ' OH O




Azoni abi cyclic conpounds of a general structure related to the conpounds of
the 10 invention are disclosed in WO 01/04118 and WO 02/ 053564. WO

2004/ 096800 is directed to esters of quaternized 3-quinuclidinois of
formula R12 0 "r)~RRR OIN 144R 15 wherein the quaternising group
(R4) is a g _8 alkyl group substituted, anong others, by -OR', - OCOR 13
or -COO-R 14 wherein R' is hydrogen, Cl-8-alkyl, d-s-alkyl-d -8-al koxy or
A -8-al kyl -0- C3_15 carbocyclic group, R 13 is d-8-alkyl or a
C3-15-carbocyclic group and R 14 is hydrogen, a C3_15- carbocyclic group,
Cl -B-al kenyl, or d-8-alkyl optionally substituted by a C3-15-carbocyclic
group 20 and di scl oses specifically, anong others, the conpounds:

| - Al'l yl oxycar bonyl et hyl - 3- ( 2-

hydr oxy- 2, 2-di -t hi ophen- 2-yl - acet oxy) -1 -azoni a- bi cycl 0-12. 2. 2] oct ane and
1-car b@i@’ﬂﬂi@ﬁ hrmadedtically acceptable salts, where X is a phenyl (optionally substltuted) or a

hyd -di -t hi |-ac 0X oni a-bi c ane.,, .The
Y Ok O hieryGatin i MR sadhials EUFHYL%F? 2 SR SiE R keI Sad b RIS dolne
ant agosi skadigt\AdritMiabipzell! gessast (d)Ca Mk memepicar sitrddurcdonbanag theteradyelid cal
structure descri bﬁ%é BEf ormul a

)p 0
x B rePPHR&ANEdN B & %?‘}eéi %ﬁg%m&e?%%‘%abﬁg‘fedﬁ?mﬁ“eép Ca{vlcﬂ'ﬂ)droxy
O(CO)Rl cyano 5 and an optl onal | y substituted non-aronatic heterocycl yl
cont ai ni ng pone npre heter erein R1 lected fro roup
consi sting ff&’WB'&eﬁO'QPB 8 & g?flaqr?yStéLi?Bg?l rtel??%g?%ih% CoIPRYCS ' OF ot
optiponaldntion ks tistibéeatin QRO 12044@n ehd avd 06386l | y substituted C3- C$
cycloalkyl nis an integer fromO to 4,

WO 2004/096800 is directed to esters of quaternized 3-quinuclidinols of formula

0 R
SR
+ O
)
R4

wherein the quaternising group (R*) is a C. alkyl group substituted, among others, by ~OR'", -
OCO-R" or -COO-R"™ wherein R" is hydrogen, C,¢-alkyl, C,.s-alkyl-Cqs-alkoxy or C;g-alkyl-O-
Cs.15 carbocyelic group, R' is Cyg-alkyl or a Cs.qs-carbocyclic group and R is hydrogen, a Ca.s-.

15

carbocyclic group, Cqs-alkenyl, or C,-alkyl optionally substituted by a Cs.s-carbocyclic group
20 and discloses specifically, among others, the compounds: 1-Allyloxycarbonyimethyl-3-(2-

hydroxy-2,2-di-thiophen-2-yl-acetoxy)-1-azonia-bicyclo-[2.2.2]octane and 1-carboxymethyl-3-(2-

hydroxy-2,2-di-thiophen-2-yl-acetoxy)-1-azonia-bicycio-[2.2.2]octane.

The present invention provides new guinuclidine ester derivatives with potent antagonist
25  activity at muscarinic M3 receptors which have the chemical structure described in formula (1):




10 A represents a group selected from-CH2-, -CH=CR-, -CR =CH, -CR3R 4_,
0 CO, 0 (CH2)2-0- wherein R 3 and R 4 each |ndependently represent
a hydrogen atomor a Cl1.8 alkyl group; rnis an integer fromO to 8 pis

an integer froml to 2 15 and the subsgitution in the azoniabicyclic ring
may be in the 2, 3 or 4 position including all possible configurations of
the asymetric centers Dis a group selected from (RA)Yy R7 R6 R5 R-Q
(Ro)y (i) or (ii) wherein R 5 represents a group sel ected from phenyl,
2-thienyl, 3-thienyl, 2-furanyl, 3- 20 furanyl which group may be

optional |y substituted by one or nore substitutent R; R6 represents a
group selected from2-thienyl, 3-thienyl, 2 3 f yy any -
cycl oal kyl, C3-C8 cycloalkenyl Cl-C8 aIkyL, C2 JP Q? C2 CB aIkynyI
benzyl and phenyl &tyt{Gihi) gt ArouShay o qokjopal |y ubstr tuted by one or
nore substitutents Rb; 25 R 7 represents a hyd ogen atom or a group

sel ected from hydroxyl, hydroxynmethyl and nethyl; Qrepresents a single
bond or a group sel ected from . CH- - CH2CH2- , -0-, -0-CH2-, - S, -S-CH2-,
and -CH=CH; R and Rb indepeﬂhently repr esent a group sel ect ed from

hal ogen atons, optionally substituted Cl-C8 alkyl, optionally substituted
d -C8 al koxy, hydroxy, trifluoronmethyl, 5 nitro, cyano, -COOR8, -NRSR9
wher ei B ritgesands ngydwgepammlaygmeprseeeheﬁ ﬂa)rrh;Rir e@Bh hydtcopn @(C@)I@lcwcal kyl

grogp. 4

SEUP: a7 Sl OGS LR Rl o RS  y  DOE TRGRHE fbms ,

B—(C|—|2Wherﬁm( CH2)m is not a linear C -4 al kyl group and further provi ded
R'is selected from the group consisting of hydrogen atoms, optionally substituted C1

alkyl, optionally substituted C,g alkenyl and optionally substituted Cs- Cs cycloalky!
nis an integer from 0 to 4;

10 A represents a group selected from -CH,-, -CH=CR%, -CR*=CH-, -CR®*R*-, -O-, -CO-, -O-
(CH2)2-O- wherein R® and R* each independently represent a hydrogen atom or a Cy.; alkyl
group;

m is an integer from 0 to &;
p is an integer from 1 to 2

15 and the substitution in the azoniabicyclic ring may be in the 2, 3 or 4 position including all

possible configurations of the asymmetric centers;

D is a group selected from:

RJ,. R
L See
R Q /),
) or (i)

wherein R’ represents a group selected from phenyl, 2-thienyl, 3-thienyl, 2-furanyl, 3-
20 furanyl which group may be optionally substituted by one or more substitutent R,;
o R® represents a group selected from 2-thienyl, 3-thienyl, 2-furanyl, 3-furanyl, Cs-Cs
cycloalkyl, C5-Cs cycloalkenyl, C+-Cg alkyl, C2-Cy atkenyl, C,-Cy alkynyl, benzyl and
phenylethyl which group may be optionally substituted by one or more substitutents
Rp; .
25 R’ represents a hydrogen atom or a group selected from hydroxyl, hydroxymethy! and
methyl;




that the conpound is not one of:

1- Al l yl oxycar bonyl net hyl - 3- ( 2- hydr oxy- 2, 2-di -t hi ophen- 2-yi - acet oxy) -1 - azoni
a-bicyclo- [2.2.2]octane; and 15

1- car boxynet hyl - 3- ( 2- hydr oxy- 2, 2- di - t.lsi-ophen- 2-yl - acet oxy) - | - azoni a- bi cyci o
- [2.2.21octane. O her aspects of the present invention are: a) a process
for the preparation of the conpounds of fornula (1), b) pharnaceuti cal
conpositions conprising an effective anount of said conpounds, 20 c) the

use of said conpounds in e manuf act ur f medi camgnt for th r eat ment

of respirato r‘{"?rﬁﬁ %?ﬁ'”&f?g?w PYEL R ?ﬁeég‘fqﬁ% 'g’ll’é'eé' B%?%in’@”d?'ﬁ%ghéds of

treat ment ofS4 eS{OH.AtMECHtCHNary and/ or gastroi ntestinal diseases, which
i he adm nistration of the co he invention to a

met hods co i se ounds of

Cubj oot i PR PSS BN feBtesAlt 4 0ptP RepGRR Momd A e A P

enbr aces ?ptémlaﬂtbifxﬂ @%&Ik%mpﬁidnallyisn]?aﬁutgdla d??mﬁ Hyaﬁbﬁxg,aﬁmmrdsmmhyig f Ir om 1
to , rerera to (] rerera . to a on at ons. a es
B ver e cing COFRE SRR WPerithaand R piiBpsnd Bl BRRe R SR
tert-butyl, astepentayC,-Claikyregdug. butyl, 2-nethyl butyl, isopentyl,

| -ethyl propyl., 1, 1-dinethylpropyl, 1,2-dinethylpropyl, n- 30 hexyl or
-et hyl but yl ,V”z’-aé‘t”i%\\?%ﬁ‘{a‘i}ﬂét‘g?’l-di met hyl butyl, 1, 2- di met hyl but yl ,
1, 3-di methyl butyl, 2,2 dinmethylbutyl, 2,3-dinmethylbutyl, 2-nethyl pentyl,

3-nethyl pentyl, trifluoronethyl and iso-hexyl radicals, -7- As used

ner o i BB A Phomat SRk reesble Rt A PonaPrEOEHR foth e, 11 near o
braached, nono or pol yunsaturated radicals having 2 to 8, preferably 2 to
6 and nor. ref.erabl 4 rbon atons. | rticular, it is preferred
Chat B G RbR| R Breirr < ara- Gl 5rotR et hr AR S Bebre PSS oe

vi nyl ,thal thy compoungriopetyre, ofi sopr openyl, | -butenyl, 2-butenyl, 3-butenyl, 1
- pentenyl, 2-pentenyl. 3-pen | ,and_.4-pentenyl,radi cal As .used herein,
Che-cerm | ovEPPRG Ao RS 2R e A BB 2 Py P e P S ned
nono or pol yirisAbetend;exhdr adi cal s having 2 to 8, preferably 2 to 6 and nore
preferably 2,t0.,4 10, ¢C on ato In. parti.cular, it is preferred that the
al ﬁényl r adi CEFLCRYBEhY; 6&6?5’(13?)8%%1%{%5{%58?'2' &3%1(3@"51"%?8%@& - propynyl,
2-propynyl, [R.zbottgnyl, 2-butynyl and 3-butynyl radicals. As used herein,
the term | ower al koxy enbraces optionally substituted, |inear or branched

oxy- 15 containing radicals each having al kyl portions of 1 to 8 carbon
at ons, Othieebsealslof tHe presént dndntioroare; preprecads! fyr the tpeephrateniod theadoo®unds of

formula (1), b) pharmaceutical compositions comprising an effective amount of said compounds,
20 c) the use of said compounds in the manufacture of a medicament for the treatment of

respiratory, urinary and/or gastroiniestinal diseases; and d) methods of treatment of respiratory,

urinary and/or gastrointestinal diseases, which methods comprise the administration of the

compounds of the invention to a subject in need of treatment.

25 As used herein the term lower alkyl embraces optionally substituted, linear or branched radicals

having from 1 fo 8, preferably 1 to 6 and more preferably 1 to 4 carbon atoms.

Examples include methyl, ethyl, n-propyl, i-propyl, n-butyl, sec-butyl and tert-butyl, n-pentyi, 1-
methylbuty!, 2-methylbutyl, isopentyl, 1-ethylpropyl, 1,1-dimethylpropyl, 1,2-dimethylpropyl, n-

30 hexyl or T-ethylbutyl, 2-ethylbutyl, 1,1-dimethylbutyl, 1,2-dimethyibutyl, 1,3-dimethytbutyl, 2,2-
dimethylbutyl, 2,3-dimethylbutyl, 2-methylpentyl, 3-methylpentyl, trifluoromethyl and iso-hexy!
radicals.




~ Preferred al koxy radi cals include nethoxy, ethoxy, n-propoxy, i-propoxy,

n- but oxy, sec-butoxy, t-butoxy, trifluoronethoxy, difl uoronethoxy,

hydr oxynet hoxy, 2-hydroxyethoxy or 2 20 hydroxypropoxy. As used herein, the
term cycl oal kyl enbraces saturated carfocyclic radicals and, unless

ot herw se specified, a cycloalkyl radical typically has from3 to 7 carbon
atons. 25 A cycloal kyl radical is typically unsubstituted or substituted
with 1, 2 or 3 substituents mhich may be the sanme or different. \Wen a
cycl oal kyl radical carries or nore substltB g substi t egts may be
the saieusse greindpeisrm *E%%rrﬁ%w ¢RRGRRORPAR pﬁ@ﬁwte cinepbBLRrgiche

cycl opgsty/bn Mb@th@ﬁé{d ra@&@ls%in@@QBtSYbreférbb! % to 8@npmeire bedtérablg Rab apr opyl
cycl opentyl or cycl ohexyl . used herein, e term cycl oal ke#gr ?rabraces

parti aqar@ortﬁig@ﬁdwﬁstﬁ%éﬁwﬂﬂ”ﬁe t*ﬁ%éiﬂ%%k%ﬂ»’éwca’%ﬂﬂ? 08 HPFFt

specified, a cycloal kenyl radical typically has from3 to 7 car bon at ons.

-8- A cycl oal kenyl radical is typically un bstlt tuted wth
1, 2 o'?xa@”%%%'ll%é'ﬁfl'sa'%|1CFI’{°P‘?%’£ I40RTRFEY)s Ay teé‘V' gtbfigeé‘ﬁéﬁf

cycl oabdreaiwl gt@éil,lt@-?l 3GhEdr§Bard @ﬁerﬁgﬁﬁrMI tuents, the substl tuents may

be the same or different. 5 Exanples include cyclobutenyl cycl opent enyl ,
cycl ohexenyl and cycl oheptenyl. It is preferably cyclopentenyl or

tcycl ohﬁwl herdif, tH8 @éi{rheweﬂ é]lgyﬁyh?nbr@b@é b;ﬁtoaanapwbtbmléterdaméagbr lﬁmbdsrmelels
ypl ca a non-aronuti C ur at ed at.e car CliC rlng
S UCHTEo & BPSarated EiNsERAF NG o Pre? 3B 2R ocng g %I%BF%C%

exapp! &rdon Zom3. M pttiQiiat A& srafeben tivdt edaiRyryf ekiRhls\ard ndho 2r dfuntéieratair bon
atons are replaced by a heteroatomselected fromN, 0 and S excluding the

group benzoll, 3]dioxolyl. Saturated heterocyclyl radicals are preferred. A

het er opydphpiss rrnaidugalpr@mmyb@ PROfnPIg h S utyinkig 2 BlutynWand@-butprye rddicetd 1 ngs
wherein at | east one ring contains a heteroatom Wen a heterocyclyl

radical carries 2 or nore substituents, the substituents nay be the sane or
di f f er gotisedlferéi, thetahoewet S(lko%yaéiﬁtﬂ"abesi @tbymiym@bhmutuaslmat ot brtethed oxy-

substituted wt Qr S uent ich

R S et etk et SR e i bl e P ThE5 o,

pr ef er gleyprbleustly Meo AkamBn iy OXy groups, oxo groups, al kyl groups having
from1l to 4 carbon atons and al koxy groups having from1 to 4 carbon

atons. Wien an heterocyclyl radical carries 20 2 or nore substituents, the
subst i brgdttey dMROkyREditdIS insRIE nithakyl &@BRY)h-propoxy, i-propoxy, n-bufoxy, sec-butoxy,

t-butoxy, trifluoromethoxy, difluoromethoxy, hydroxymethoxy, 2-hydroxyethoxy or 2-

20 hydroxypropoxy.

As used herein, the term cycloalkyl embraces saturated carbocyclic radicals and, uniess
otherwise specified, a cycloalky! radical typically has from 3 to 7 carbon atoms.

25 A cycloalkyl radical is typically unsubstituted or substituted with 1, 2 or 3 substituents which may
be the same or different. When a cycloalkyl radical carries 2 or more substituents, the

substituents may be the same or different.

Examples include cyclopropyl, cyclobuty!, cyclopentyl, cyclohexyl and cycloheptyl. Itis
30 preferably cyclopropyl, cyclopentyl or cyclohexyl.

As used herein, the term cycloalkenyl embraces partially unsaturated carbocyclic radicals and,

unjess otherwise specified, a cycloalkenyil radical typically has from 3 to 7 carbon atoms.




Exanpl es of non-aromatic heterocyclic radicals include piperidyl,
pyrroliclinyl, pyrrolinyl, piperazinyl, norpholinyl, thionorpholinyl,
pyrazolinyl, pirazolidinyl, quinuclidinyl, imdazolidinyl, oxiranyl and
azaridinyl. 25 As used herein, the tem hal ogen at om enbraces chl ori ne,
fluorine, bromne or iodine atom typically a fluorine, chlorine or bromne
atom nost preferably chlorine or fluorine. As used herein when a group or
radical is said to be optionally substituted it is neant that it may 30
have S@&lo%ﬁkehgﬁa&\xﬂﬁ&gﬁf&aﬁ&wﬁgﬁbétﬁmeé%?@u&ﬁt ith £ f%éd&ﬂ@@hé wHidrect ed
from the group” conprising hal ogen atons, hydroxy groups, alkyl groups
havi ngnéy kerihe semer difiepam. \&heme caeldalkenyk meicabcarigss2 hawpregsybstiventsttbe 4

car bo ies nore than one substituent it is
prefegwg§ﬂ@%£?Mgﬁgegﬁﬁggﬁ?ﬁgﬁﬁg%@¥e bound to different atons in the group.
As used herein, the termnono or polyval ent acid enbraces pharnmaceutically

accgpt i i i i I iC,
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re%%esents a hydrogen atomor a group selected from-R1, -OR, hydroxy, -
CO R, cyano and an optionally substituted non-aromatic heterocyclyl
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20 - 2 or more substituents, the substituents may be the same or different.

Examples of non-aromatic heterocyclic radicals include piperidyl, pyrrolidinyl, pyrrolinyl,
piperazinyl, morpholinyl, thiomorpholinyl, pyrazolinyl, pirazolidinyl, quinuclidinyl, imidazolidinyl,
oxiranyl and azaridinyl.

25
As used herein, the term halogen atom embraces chlorine, fluorine, bromine or iodine atom

typically a fluorine, chlorine or bromine atom, most preferably chlorine or fluorine.

As used herein when a group or radical is said to be optionally substituted it is meant that it may

30 have some of its hydrogen atoms replaced by up to 3 substituents selected from the group
comprisi'ng halogen atoms, hydroxy groups, alkyt groups having from 1 to 4 carbon atoms and
alkoxy groups having from 1 to 4 carbon atoms. When the group carries more than one

substituent it is preferred that the substituents are bound to different atoms in the group.




(CH2) 2-0- wherein R and R each independently represent a hydrogen atom or
a Cl 6 alkyl group; 25 mis an integer fromO to 8 p is an integer from
1 to 2 and the substitution in the azoniabicyclic ring may be in the 2, 3
or 4 position including all possiblegconfigurations of the asynmetric
centers; Dis a group selected from (RA)y R7 6 R5R-,:)"~ | I R7 Q

(Rb)y 30 (i) or (ii) _10- wherein R represents a group selected from
phenyl 2-thienyl, 3- thlenyl 2-furanyl, 3- furanyl which group may be

opti onal |y substituted one r nor e ubst i tutent represents
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ond or el ecte rom -, -0-, -0- -,
hetrafks oo Shaesulphan R FessHIRIGRE Oy e P sSURNORE §FBLp el ect ed
from haI ogen atoms opt ionally substituted G -C8 alkyl, optionally
substituted G C8a|kox dr ox trifluoroneth ni t C
® NRBROMHFEG T CRB PRI HS e BRI AT S oG5 P B BT SR e or o
Qh C8 @Jnkgdlraﬂ:lfr?lwmel&nﬁl %élht@raré 66\%@@1 afd iapaticurar 3né€1t|0h’@|ﬁ§ astﬂmc’;éreamers e
parmaceutlca a tabl e ani on of_ a pono or val ent aci rovi de
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A 418 alrkihg examples of the chiral centers which may be present in the compounds of the present
invention are the quaternary nitr_ogen atom of the azoniabicyclic ring, the carbon atom in the
azoniabicyclic ring to which the group D-COO- is attached and the carbon atom by which group
D is linked to the ester group.

15 in a preferred embodiment of the present invention preferred compounds‘ of formula (l)' are
those wherein B represents a hydrogen atom or a group selected from -R", -OR', hydroxy, -
O(CO)R’, cyano and an optionally substituted non-aromatic heterocyclyl containing one or more
heteroatoms, wherein

R' is selected from the group consisting of hydrogen atoms, optionally substituted C15

20 alkyl, optionally substituted C.. alkenyl and optionally substituted Cs- Cg cycloalkyl

nis an integer from 0 to 4;
A represents a group selected from -CH,-, -CH=CR®., -CR%=CH-, -CR°R*, -O-, -CO-, -O-
(CH.),-O- wherein R® and R* each independently represent a hydrogen atom or a C; alkyl
group;

25 mis an integer from O to 8§,

p is an integer from 1 to 2
and the substitution in the azoniabicyclic ring may be in the 2, 3 or 4 position including all
possible configurations of the asymmetric centers;

D is a group selected from:

30 () or (it}




20 group substituted by -OR', -OCOR 3 or -COO-R 14 wherein R11 is

hydr ogen, Cl.8-alkyl, G 8- alkyl-d-s-alkoxy or d-8-al kyl-0OC3-15
carbocyclic group, R'" is Cl1_8-alkyl or a C3-15-carbocyclic group and R 14
i s hydrogen, a C3.15-carbocyclic groupp-C -B-al kenyl, or Cl.8-al kyl
optionally substituted by a C3_15-carbocyclic group 25 In an enbodi nent of
the present invention preferred conpounds of forrmula (1) are those wherein
A represents a group sel ected from CH2-, -CH=CR -, -CR=CH, -CR 3 R 4_,
_0, _0_
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4- et hoxycar bonyl butyI 4- acet oxybutyl,  3- cyanopropyl and 4- cyanobutyl. It
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and n-heptyl, nore preferably with a group selected fromallyl and
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20 group substituted by OR“1 -OCO R™ or —-COO-R" wherein R"' is hydrogen, Cys-alkyl, Cy-
alkyl-Cy.s-alkoxy or C,g-alkyl-O-Cs.¢5 carbocyclic group, R* is Cqg-alkyl or a Css-carbocyclic
group and R" is hydrogen, a Ca.s-carbocyclic group, C..s-alkenyl, or C,.g-alkyl optionally

substituted by a C;.45-carbocyclic group

25 In an embodiment of the present invention preferred compounds of formula {I) are those
wherein A represents a group selected from -CH,-, -CH=CR®-, -CR®*=CH-, -CR°R*-, -O-, ~O-
(CH,)-O- wherein R® and R* each independently represent a hydrogen atom or a Cq alkyl
group;

30 In another embodiment of the present invention preferred compounds of formula (I) are those
wherein B is selected from the group consisting of hydrogen atoms, hydroxy groups, optionally
substituted C;-Cg alkyl, optionally substituted C,-Cg alkenyl, optionally substituted C;-Cg
cycloalkyl groups and non-aromatic heterocyclyl groups substituted at least with a hydroxy
group.

35




20 In still another enbodi ment of the present invention the substitution in
the azoniabicyclic ring is in the 3 position and includes all possible
configurations of the asynmetric carbon. More preferably the configuration
of carbon 3 in the azoniabicyclic ripng{Ls R configuration. In another
enbodi nent of the present invention R5 represents an unsubstituted phenyl,
2- 25 thienyl, 3-thienyl, 2-furyl or 3-furyl group. In another enbodi nent
of the present invention R 6 represents a 2-thienyl, 3-thienyl, 2-furyl 3-
furyl or cyclopentyl group. 30 In still another enbodi ment of the pr esent
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preferably the configuration of carbon 3 in the azoniabicyclic ring is R configuration.

In another embodiment of the present invention R® represents an unsubstituted phenyl, 2-
25 thienyl, 3-thienyl, 2-furyl or 3-fury! group.

in another embodiment of the present invention R® represents a 2-thienyl, 3-thienyl, 2-furyl 3-

furyl or cyclopenty! group.

30 In still another embodiment of the present invention the group of formula -O-CO-C(R%)(R*)(R")
represents a group selected from 2 2-dithien-2-ylacetoxy, 2,2-dithien-2-ylpropionyloxy, 2-
hydroxy-2,2-dithien-2-ylacetoxy, 2-hydroxy-2-phenyl-2-thien-2-ylacetoxy, 2-fur-2-yl-2-hydroxy-2-
phenylacetoxy, 2-fur-2-yl-2-hydroxy-2-thien-2-ylacetoxy, (2"}-2-hydroxy-2,3-
diphenylpropionyloxy, 2-hydroxy-2-thien-2-ylpent-4-enoyloxy, (2S)-2-cyclopentyl-2-hydroxy-2-




20 configuration. In another enbodi nent of the present invention the carbon
substituted by R5, R6 and R7 has S configuration. 25 The foll ow ng
conpounds are intended to illustrate but not to limt the scope of the
present invention: -12 -
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In another embodiment of the present invention the carbon substituted by R®, R® and R” has R

20 configuration.

In another embodiment of the present invention the carbon substituted by R®, R® and R’ has S

configuration:.

25 The foliowing compounds are intended to illustrate but not to limit the scope of the present

invention:

(3R)-1-Allyl-3-(2,2-dithien-2-ylacetoxy)-1-azoniabicyclo[2.2.2]octane bromide
(3R)-3-(2,2-Dithien-2-ylacetoxy)-1-(4-methylpent-3-enyl)-1-azoniabicyclo[2.2.2]octane bromide

30 (3R)-1-Altyl-3-(2,2-dithien-2-ylpropionyloxy)-1-azoniabicyclo[2.2.2]octane bromide
(3R)-1-(4-Methylpent-3-enyl)-3-(2,2-dithien-2-ylpropionyloxy)-1-azoniabicyclo[2.2.2]octane
bromide




(3R) -1 - (4-Hydroxybutyl)-3-(2-hydroxy-2, 2-dithien-2-ylacetoxy)-I-azoni abi cyc
| o[2.2.2] octane trifluoroacetate

(3R) -1l - (2-Et hoxyet hyl ) - 3- (2- hydr oxy- 2, 2-di t hi en- 2-yl acet oxy) -1 -azoni abi cycl
o[ 2. 2. 2] octane 25 brom de -13-

(3R)-3-(2-Hydroxy-2, 2-dithien-2-ylacetoxy)-1|-[2-(2-hydroxyet hoxy)ethyl]-I-
azoni abi cycl o[ 2. 2. 2] oct ane chl ori de

(3R) - 3- (2- Hydr oxy- 2, 2-di t hi en- 2-yl acet oxy) -1 -[ 2- (2- net hoxyet hoxy) et hyl ] -1 -
azoni abicyclo [2.2.2] octane brom de 30

(3R)-3-(2-Hydroxy-2, 2-di thien-2-yl -acetoxy)-I|-oxiranyl methyl -1-azoni abi cycl
- o] 2. 2 (2Rp3t(2ihtydrdxy &rd-dighien-2-ylacetoxy)-1-isopropyl-1-azoniabicyclo[2.2.2]octane

(3R) - ﬁL?oré%c E]ég)l oxol an- 2-yi et hyl ) - 3- (2- hydr oxy- 2, 2-di t hi en- 2-yl acet oxy) - | -
azoni api cyclo 2. 2] octane trifluoroacetate

( 3R) - I3R2I1§pstopropynethyli 3- (2 ey dkyyA, ZdidttiencgJylabetoxy)-1-azoniabicyclo[2.2.2]octane

-{25] yet hoxy) - et hoxyl ethyl | -1 - 35 azoni abi cycl o[ 2. 2. 2] oct ane
tritl ﬁs‘ﬁ%&%‘f@é -14- (3R)- 1

-(3-[ 1138] Bi{@sttyidemxy 2 %ﬁﬁmiep?er)aCEt-OQ(Q)-h}Bdbubjb’i 2zéhiatiiaybiofh2 2logtame et oxy) -1 -

azoni apy @{%%& e2.2]octane trifluoroacetate
(3R) -1 - oxycar bonyl propyl ) - 3- (2- hydr oxy- 2, 2-di t hi en-2-yl acet oxy) -1 -

azom dﬁR&:ﬂdﬂ@[ﬂﬂ%zinydmxaﬁe’z -githién-Rotasatory)at-azdhiabicyclo[2.2.2]octane bromide

3R) -1 - -
zon ALy CPATBUSAERERN e RYdrbintz S Alitodtody Hld:Bh e eiot2 25 RY
(3RY- Itrifﬂlmrmr@ﬁajﬁybutyl) 3-(2- hydroxy- 2, 2-di t hi en-2-yl acet oxy) -1 - azoni abi cyc
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(3R) -1 W@@@Eﬁr& OPZ [ B?’éﬂ@%é’c@m%}q L BhEBoidh 3SR QXN BronftkoN! abi cycl o

[2.2.2 tan roace
(3R) - | Rﬁ%@*&h@ﬁ&x;ﬂ 3-dighien2hjatetoxy)- (L méthylrceh32nyl)-deeborbipydc[a2diecidiecycl o
@ ne trifluoroacetate 15
droxy-2, 2-dithien-2-ylacetoxy)-1-(4,4,4-trifluorobutyl)-I-azoni
ab| cydBB -(B, 72I])|0*@¢hy&@ta-fﬁ)r2 f-denpiaddRdydroxy-2,2- dithien-2- -ylacetoxy)-1-

azoniabicyclo[2.2.2]octane trifluoroacetate
(3R)-3-(2-Hydroxy-2,2-dithien-2-ylacetoxy)-1-(2-hydroxyethyl)-1-azoniabicyclo[2.2.2}octane
trifiluoroacetate

20  (3R)-3-(2-Hydroxy-2,2-dithien-2-ylacetoxy)}-1-(3-hydroxypropyl)-1-azoniabicyclof2.2.2]octane
trifluoroacetate
(3R)-1-{4-Hydroxybutyl}-3-(2-hydroxy-2,2-dithien-2-ylacetoxy)-1-azoniabicyclo[2.2.2]octane
trifluoroacetate _ '
(3R)-1-(2-Ethoxyethyl)-3-(2-hydroxy-2,2-dithien-2-ylacetoxy)-t-azoniabicyclo[2.2.2]octane

25 bromide
(3R)-3-(2-Hydroxy-2,2-dithien-2-ylacetoxy)-1-[2-(2-hydroxyethoxy)ethyl]-1-
azoniabicyclo[2.2 2]octane chloride
(3R)-3-(2-Hydroxy-2,2-dithien-2-ylacetoxy)-1-[2-(2-methoxyethoxy)ethyl}-1-
azoniabicyclo[Z'.Z.Z]octane bromide _

30 (3R}-3-(2-Hydroxy-2,2-dithien-2-yl-acetoxy)-1-oxiranylmethyl-1-azoniabicyclo[2.2.2]octane
bromide
(3R)-1-(2-[1,3]Dioxolan-2-ylethyl)-3-(2-hydroxy-2,2-dithien-2-ylacetoxy)-1-
‘azoniabicyclo[2.2.2]octane trifluoroacetate
(3R)-3-(2-Hydroxy-2,2-dithien-2-ylacetoxy)-1-{2-[2-(2-hydroxyethoxy)-ethoxylethyl}-1-

35 azoniabicyclo[2.2.2]octane trifluoroacetate




(3R -1 -Allyl-3-(2-hydroxy-2-phenyl - 2-thi en-2-yl acet oxy) - | - azoni abi cycl o[ 2. 2
. 21loct ane brom de

(3R) -1 -Allyi-3-(2-fur-2-yl-2-hydroxy-2-phenyl acet oxy) -1 -azoni abi cycl o[ 2. 2. 2
] oct ane brom de _ -14 -

(3R -1 -Allyl-3-(2-fur-2-yl-2-hydroxy-2-thien-2-ylacetoxy)-|-azoni abi cycl o[ 2
.2.2] octane brom de 20

(3R -1 -Allyl-3-(9-nethyl -gHfl uorene-9-carbonyl oxy)-1-azoni abi cycl o[ 2. 2. 2] 0

ct ane i -
(3R) - (eA?mﬁﬁis]PéoxﬁlaH- 6¥<|E/)r05¥p'f3l— GovaRY§:. %4 ec?ﬁ%/ Iacet)ox¥) azoni abi cycl o[ 2. 2 2]
oct aneaZoniahicgdo[2.2. 2joctane trifluoroacetate

<(’;1§ORI)’II Z@kgyw%@¥0%¢J ﬂfﬁﬁﬁbrj?‘{)zqhgﬂ%)apf%laﬂﬁé?ﬁ 2- ylécﬁét&}% hyl pent - 3-enyt) -1 -

( 3R) - | azeivipbigycid2 2R bstameoiiflu@bladdiater ene- 9- car bonyl oxy) -1 - azoni abi cycl o[ 2. 2. 2

]oc a 5%
ggﬁgwﬁn rox X%%P—E?ylibu r[)e%éz Sy%rg)r% yq't8'>?9)2 ¥ta%e>’£cl>xrygmy| met hyl -1 -azoni abi cyc
I of 2. 2az2hiebicesie]2. 22]ostanketrifluoroacetate

(3R) - ﬁgggl’l %-%%%%g%-%-@éﬁ@%@?%%ﬂgg%’E{Yﬂ-%cye)taiyjI1_%z(aﬁfaﬂr‘é%l&’[’é)ﬁ‘?é]@&éﬁ(é ethyl]-I

- azo
( 3R) - tri{lorpacesii®i oxol an- 2-yl et hyl ) - 3- (9- hydr oxy- gH- f | uor ene- 9- car bonyi oxy) -

|- 30 ni LR de (
e xant Bape- B LS 8ot S hRELANE SR Eypchid 1 Jrofepiektog 2 odane
( 3R} - | rifluproaeetaie pent - 3- enyl ) - 3- (9H xant hene- 9- car bonyl oxy) - | - azoni abi cycl o]
2.2.2] _
(ar) | CRHT oyl huros:2 2rditens2-Yiassiony)i-azoniapioyclol2 220088 1 5 » 5]
ctane tbﬁlmwmfatQS (3R -1 -Allyl-3-(9-hydroxy-9H xant hene- 9- car bonyl oxy) - |
-azon| ygl Qc o ga.. = 15-

@R?)Ct J xglb ?‘354% 52%[99& )é%r;n?ﬁla(:gt%g La onlaqlcgcloF % 2]octane
azonl atbﬂW@&iC@[aZGZ 2] octane bronmide (3R -I-Alyl-3-(10,1

5 hydg 181 R4 X
azﬂm T A et S e R g T e e e
1 di hytdﬂ@fmetﬁtgenzol a, d] cycl ohept ene- 5-car bonyl oxy)-1- azon iabicycl o
t by om )
(3R 1 Ry R0 X IR 8- phemy2-ten 2 facetoxy-f-azonisbioyclgla p-sloctane bropide, | 1
2. 2] ocBRnd PdlwbIh{Zj&lr— ~yl-2-hydroxy- 2 -phenylacetoxy)-1- azonlabicyclo[Z 2.2Joctane bromide
(3R . X | p nyl ) -1
{ azoﬁgaﬂag% AR fs F%ﬂg%g{ yérncgéybr il d;p{/tggétw 1930 hikablcyéi8rESB%ERE Blomias
( 3R - | BRI ;AlWBS-(@mww—awluQr:emlarQemraorwlqwhﬂ -azorakigyain{y.p-dlocienrenbramidey cl of 2. 2.
2] oct L iRl en_ ol o
(3R)- a@& l? IQI?LQ?Q hmrm&t 9el-r|] fll.Js)rege CE\-E/C(’WIOXV-E %%nlab:cyfloﬁ 2. ZJ]OCt%eebr{Sry ) -1 -
}-3-(9- Hydroxy -OH-fluorene-9-carbonyloxy)-1-(4-methylpent-3-enyl)- 1~

azoniabicyclo[2.2.2]octane bromide

(3R)-1-Heptyl-3-(9-hydroxy-9H-fluorene-9-carbonyloxy)-1-azoniabicyclo[2.2.2]octane bromide

25  (3R)-3-(9-Hydroxy-9H-fluorene-9-carbonyloxy)-1-oxiranylmethyl-1-azoniabicyclo[2.2.2]octane
bromide
(3R)-3-(9-Hydroxy-9H-fluorene-9-carbonyloxy)-1-[2-(2-methoxyethoxy)ethyl]-1-
azoniabicyclo[2.2.2]octane bromide
(3R)-1-(2-[1 ,3]Dioxolan-Z-erthyI)—3~(9-hydroxy-QH-fluorene-Q-carbonyloxy)-1 -

30 azoniabicyclo[2.2.2]Joctane bromide
(3R)-1-Allyl-3-(9H-xanthene-9-carbonyloxy)-1-azoniabicyclo[2.2.2]octane bromide
(3R)-1-(4-Methylpent-3-enyl)-3-(2H-xanthene-9-carbonyloxy)-1-azoniabicyclo[2.2.2]octane
bromide
(3R)-1-Allyl-3-(9-methyl-9H-xanthene-9-carbonyloxy)-1-azoniabicyclo[2.2.2]octane bromide

35 (3R)-1-AIIy!-3-(9-hydroxy~9H—xanthene¥9-carbonyloxy)-1—azoniabicyclo[Z.2.2]octane bromide




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

(3R -1-A1yl-3-[(2S)-2-cycl opentyl -2-hydroxy-2-thien-2-ylacetoxy]-I-azoni ab
icyclo[2.2.2]octane brom de 15

(3R)-1-(4-Methyl pent-3-enyl )-3-[(25)-& cycl opentyl - 2- hydr oxy- 2-t hi en- 2-yi ac
etoxy)-1- azoni abi cycl o] 2. 2. 2] oct ane brom de

(3R -1-Alyi-3-[(2R)-2-cycl opentyl - 2- hydroxy 2-thi en-2-yl acetoxy)-I-azoni ab
icyclo[2.2. 2] octane brom de '

B

(3R) ?gz{g,ﬁg@ayc%[ﬁg QpaRtptbmidehydr oxy- 2- th| en- 2-yl acet oxy] -1 - (3- hydr oxypr opy
1)-1- azoni L Qctane brom d

(3R) - é%k‘zé}’i'ﬁ ¢§6|1d[")@¥ﬁfcyf5 zdlq’%?l@)@‘iy?mﬁﬁpt@ﬂeﬁ SRS - |

(4 hydb@xpidetord. 2 2 Octar@ZtQthﬁ\jél cycl o[ 2.2.2] octane brom de 25

o) PRI S‘? Metf&\ésm D) 3130 37 s besbenrganlnuciohepane-5-camanyiaxy) Y Y€t

(3R) ?azf,,ﬁ@;ﬁyc?g[ﬁqh&jp&@tb{rbm?dehydr oxy- 2- th| en- 2-yl acet oxy] - I - (6- hydr oxyhexyl
octane brom d

) - az

L3R - éswé P e uheinae.S %d[ﬁp%nyéﬁwp@“mﬁykﬁ 270 PRI F121999n5 Bigaidxy pent y

I)-I Loaly &y e)-2 B i edsw@ d8nethylpent-3-enyl)-1-

Lé gm C%cl%)}]ent ;éhe%],/@ r ox gﬂlﬁ(l en- 2y§)/| acet g>2yl -1 -[3-(4-hydroxypi
per| dlaﬁ 35‘3!5}[% 2’6‘l‘ﬂeab| cycl o[ 2. 2. 2] oct ane brom de

(3R - 335?)(‘?—3)! 2= @%Q&@rmmle@ @Imtmxezn otxp -eRz@nixbiaRRI D2 P]octarledbrérdiday dr oxypi

peri di n- K‘liﬂ? éﬁg - azaniabi c L boctane brom de -16- (3R-3-(9,1

O Di hy Er?b%f Hylbrat-&epw) Bdaﬁvaséy 2rthiep 2-HDRitaksRYY 11 - azoni a bi cyclo

ECZ%R)Z I%]zom%l ARB[DL P dishe bromldl_eL ] o] - ' lo[2.2.2

-1 - ro xant hene car bonyl oxy) - clo

F oot arfdhi E\%ﬂ&ﬁ%ﬁ%yﬁopen%ézwarmgéhlﬁmzﬂl@ce@why@zmbr Sclath 2 Boctne

nt henayx&nigar bonyl oxy) -1 -azoni abicycl o 2. 2. 2] oct ane 5 brom de

R -1I-(2- h 9H- f | I -1 -

o 4F b ey besh 2 S 2y s benty -2-hy oG Sinlen 2y emteg} ) ! - azont abte
azoniabicyclo[2.2.2]octane bromide
(3R)-1-Allyl-3-[(2R)-2-cyclopentyl-2-hydroxy-2-thien-2-ylacetoxy)-1-azoniabicyclo[2.2.2]octane
bromide
(3R)-3-[(25)-2-Cyclopentyl-2-hydroxy-2-thien-2-ylacetoxyl-1-(2-hydroxyethyl)-1-

20 azoniabicyclo[2.2.2]octane bromide
(3R)-3-[(28)-2-Cyclopentyl-2-hydroxy-2-thien-2-ylacetoxy]-1-(3-hydroxypropyl)-1-
azoniabicyclo[2.2.2]octane bromide
(3R)-3-[(25)-2-Cyclopentyl-2-hydroxy-2-thien-2-ylacetoxy]-1-(4-hydroxybutyl)-1-
azoniabicyclo[2.2.2]octane bromide

25 (3R)-3-[(25)-2-Cyclopentyl-2-hydroxy-2-thien-2-ylacetoxy}-1-[2-(2-hydroxyethoxy)ethyl]-1-
azoniabicyclo[2.2.2]}octane bromide
(3R)-3-[(28)-2-Cyclopentyl-2-hydroxy-2-thien-2-ylacetoxy]-1-(6-hydroxyhexyl)-1-
azoniabicyclo{2.2.2]octane bromide '
(3R)-3-[(28)-2-Cyclopentyl-2-hydroxy-2-thien-2-ylacetoxy]-1-(5-hydroxypentyl)-1-

30 azoniabicyclo[2.2.2]octane bromide
(3R)-3-[(2S)-2-Cyclopentyl-2-hydroxy-2-thien-2-ylacetoxyl-1-[3-(4-hydroxypiperidin-1-yl)propyl]-
1-azoniabicyclo[2.2.2]octane bromide
(3R)-3-[(28)-2-Cyclopentyl-2-hydroxy-2-thien-2-ylacetoxy}-1-[4-(4-hydroxypiperidin-1-yi)butyl]-1-

azoniabicyclo[2.2.2]octane bromide




(3R) -1 -(2-Hydroxyet hyl)-3-(9-net hyl -9Hfl| uor ene- 9- car bonyl oxy) -1 -azoni abi cy
clo[2.2.2] octane brom de 10 Configuration not assigned) O outstanding:
interest are the conpounds:
1- Heptyl - (3R) - 3- ( 2- hydr oxy- 2, 2-di t hi €té 2- yl acet oxy) -l -azoni abicyclo[2.2.2]o0
ctane bromde 151
-Al'lyl - (3R)-3-(9-net hyl - 9H xant hene- 9- car bonyl oxy) - | - azoni abi cycl o[ 2. 2. 2] oc
tane brom de
- All ] - ) | -1 -azonlabi cycl of 2. 2. 2]
oct angb%)r(%@,a@ﬁrﬁg%ﬂé@%@&i&g%@g ?r‘fﬂﬁ?%ﬁ%ﬁ. on al so provides
pr oc esgesialhioyclq? & Zwdtarg bcronmi@unds of forrrul a (1). 20 The new quaternary
amoni r :
T el S Bt P (ARG o S b DR BEERE B e Bromide. ¢
for rruI(aRX-‘.I_-i%-HWnONyetmdhﬁr@rhwow grge:aeﬁhame~_9marhﬂnalOm—mazqnabmyclpm Rlostsndl e
met%ogﬁré L or (b) , described in detail in the experinental section.
tho ? @ i nvol ves the use of solid phase extraction techniques that 25
aI | ow (BREe1HaHxtloxyethylep49-aydroxy-oifi-fluereee & cackonymxpdb-azergbicycd(2. B2joclaneA - (CH
Na- b@@ 2)1-W+ (CH2)p O Methods (a), (b) 0D B-(CHA(CHY 2)n
2) mN— P O XIn formula (11), Wrepresents any suitable | eaving group,
pr ef er3aB)-§-(ZHyeouyetXd)-a4o-dwthyh8d-flabane-O-¢arbonyiaxy e beponiatl sy dsf(2. g @instatle
formulia t1). Wien Wis a |eaving group other than k, the 5 quaternary
ammonium salt of formula (1) is produced fromthe product of nethod (a) or
( bJ0 by* Canfigaxatleanmgeassegitd) on according to standard net hods to repl ace the
anion Wwith the desired anion X-. Those conmpounds of general formula (11)
whi ch are not comrercially avail able nay be prepared 10 according to
st andd&¥futasantbnisinterest aesschmsbmpogetee exanpl es of conpounds of fornula (11)

1-Heptyl-(3R)-3-(2-hydroxy-2,2-dithien-2-ylacetoxy)-1-azoniabicyclo]2.2.2Joctane bromide
15 1-Allyl-{3R)-3-(2-methyl-9H-xanthene-9-carbonyloxy)-1-azoniabicyclo[2.2 . 2]octane bromide
1-Allyl-(3R)-3-(9-hydroxy-9H-xanthene-38-carbonyloxy)-1-azoniabicyclo]2.2.2]octane bromide

In another aspect the present invention also provides processes for preparing compounds of
formula {(1).
20
The new guaternary ammonium derivatives of general formula (1), may be prepared, as
illustrated in the following scheme, by reaction of an alkylating agent of formula (Il) with
compounds of general formula (I!l} using two possible methods (a) or (b) , described in detail in
the experimental section. Method (b) involves the use of solid phase extraction techniques that
25 allow the parallel preparation of several compounds.




wherein A =-0-, -S-, -NR - , may be obtained by reaction of the
correspondi ng al cohol, thiol or amne derivative, or its sodium or
potassiumsalt, with an al kyl ati ng agent of general forrmula Y-(CH2)M W
wherein Wis as defined above; nost pyeferably Wis a halogen atomand Y is
a 'hal ogen atom or a sul phonate ester. In other exanples, conpounds of
general fornula (11) may 15 be synthesised fromthe correspondi ng al cohol
derivative of general fornmula (1V) by nethods known in the art. -CH B-
(CH2)n-A-(CH2)m (1V) 20 The compounds of formula (1) and (111) nay have
one or nore asymmetric carbons. Al possible sferedyj :Dsingle isomers
and m xtures of iSc _ane_al { nclypded, wi t iy n t he\scopei of the present
i nventi on. Thehdi as'gﬁé{2 i (g?pllzjﬁb conpounds ' Re§HBe/separat ed by
conventional nethods, for exanple by chromatog or crystallisation.
Compounds of fornul a (111& may be prepared by three different nethods, (c),
(d), and (e) as is 5 deddkibed in the followi ng scH#ye and detailed in the
experinmental section. OH Na-(CH )P (Vj DORI10Y O Method (c) (VI) OH
oD Na-(rH~)P(VNDDO, (C'"2)p HDCLYY 0O Method (d) OH

Methods (a), (b)

(@)

B —(CH2)n_ A - (CHZ)HTI'_N\(CHZ)F, 1/

X
)

In formula (1l), W represents any suitable leaving group, preferably a group X as defined above
for the compounds of general formula (1). When W is a leaving group other than X', the

5 quaternary ammonium salt of formula (l) is produced from the product of method (a) or (b) by
an exchange reaction according to standard methods to replace the anion W with the desired

anion X.

" Those compounds of general formula (1) which are not commercially available may be prepared
10 according to standard methods. For example, some examples of compounds of formuia (1I)
wherein A =-O-, -S-, -NR’-, may be obtained by reaction of the corresponding alcohol, thiol
or amine derivative, or its sodium or potassium salt, with an alkylating agent of general formula
Y-(CHo)m-W, wherein W is as defined above; most preferably W is a halogen atom and Y is a
halogen atom or a sulphonate ester. in other examples, compounds of general formula (Il) may
15 be synthesised from the corresponding alcohol derivative of general formula (V) by methods
known in the art. |

B— (CH,),—A—(CH,)_—OH
(V)

20 The compounds of formula (1) and (lll) may have one or more asymmetric carbons. All possible

stereoisomers, single isomers and mixtures of isomers are also included within the scope of the




N Na-(CH Y (V DNO Method (e) 10 In the conmpounds of formula (VI)
described in nmethod (c), R' is a lower alkyl group. The follow ng
conmpounds of Fornmula (V) are described in the literature:

4- hydroxy-|-azabicyclo[2.2. | ]heptans- described in WO 93/15080

4- hydr oxy-| - azabi cycl o[ 2. 2. 2] oct ane, described in G ob, C A et.al.
Hel v. Chi m Acta (1958), 41, 15 1184-1190

(3R) - 3-hydroxy-1| -azabi cycl o[ 2. 2. 2] oct ane or

(3S)-3-hydr.oxy-I|-azabi.cycl o[ 2. 2..2] oct ane described in R ngdahl. R Acta
bhay B Mo, T NGB o T Ear e P B0 P e cher e

- Uet i koimetkads Hor 2tanfsieby chrgpaaiogtaptof orgeyséll@atibror nul a (111) where D is a group
of formula i), R5 and R6 are as described above and R 7 is a hydroxy
group, may al so be prepared fromthe glyoxal ate esters of general fornula

(VI'l). Gompoeadd efdormwaia (1l they be prexspaintgi thigedliffaeramedtadds, (c)de),iandt{éhas ias i s

descri L.t . OW C nd. i in_the:experinental section
(e haﬁgf"tbf? n fgg&%@)“f’!\%ﬁrp‘gm%(%a%bﬁﬁgP]qﬁ‘g%kéfﬁ%\ﬁ?ﬁ?g@( CH (CH) ~)p O
Met hod (f) O. (VI1) 5 Conpounds of forrmula (VII) may be prepared fromthe
correspondi ng gl yoxylic acids follow.n Lhe standard nmethods (c), (d) and
(e) or as is described in WD 01/04118 d 92/ 04346. -As is described in
the foll owi ng schene, conpounds of @yl a (111) where R 7 is a - CH20H 10
group, may al so be prepared fr8n1th Mespondi ng conpound of formul a
(111), wherein R7 is akom_hy reaction with formal dehyde in basic
conditions (see method (gp WO 93/ 0§@8& and W02/ 053564) . CH20H

v

OH O. _D
N N (CHZ)p N had \”/
0 (V) (CHZ)D O
N D\rrm .

D
L .
0 0 Method (d)
1)
\ OH
D\”/@ (v)
0 Method ()

10 In the compounds of formula (V1) described in method (c), R*is a lower alky! group.

The following compounds of Formula (V) are described in the literature:

4-hydroxy-1-azabicyclo[2.2.1]heptane, described in WO 93/15080

4-hydroxy-1-azabicyclo[2.2.2]octane, described in Grob, C.A. et.al. Helv.Chim.Acta (1958), 41,
15 1184-1190

(3R)-3-hydroxy-1-azabicyclo[2.2.2]octane or {35)-3-hydroxy-1-azabicyclo[2.2.2]octane,

described in Ringdahl, R. Acta Pharm Suec. (1979), 16, 281-283 and commerci_ally available

from CU Chemie Uetikon GmbH. |

20 Some compounds of general formula (1) where D is a group of formula i}, R® and R%are as

described above and R’ is a hydroxy group, may also be prepared from the glyoxalate esters of




HORS5 CH20 NN- :(CH2) Yp Y~-R (CH2)p 0 0 Method (g) R 7=H R 7=CH20H
15 The structures of the prepared conpounds were confirnmed by 'H NVR and
M5. The NMR were recorded using a Varian 300 MHz instrunment and chem cal
shifts are expressed as parts per mhdion (6) fromthe internal reference
tetramethyl silane. Their purity was determ ned 20 by HPLC, using reverse
phase chronmat ography on a Waters instrunment. Mol ecular ions were obtained
by el ectrospray ionization mass spectronetry on a Hew-ett Packard

i nstrunent. Cptical-rotations were measured using a PERKIN-ELVER 241 MC
pol ar igree formalaThe!) fiy readtiongvitntbapPieespanding eraandedtallis derivaliye @ate but not

to li ; t efore. -20-
et hod Ca e o R i R BBl e e g O e o~ e 1o
nyl oxy) -1 -azon iabicyclo[2.2.2] octane 5 brom de ~250ng(O 75mmol) of

9- Hydr oxy- gH-f 1 uor ene- 9- cagboxylic acid (3R)-1-azabicyclo[ 2. 2] oct-3- yl
ester (lnternediate 1-3) v/xﬁre dissolved in 4 m of acetonitjil.e and 6 m of

CHC13 . To thi Ss added*ﬂ-.[l@ﬂﬂ ( 0/67 ) of

r st rrlng f or—7F2h—=at r O ng erat refunder a N2

at nosphere, solwe wer 8 evapor at etflethEt tier was d and” 10 the m xture
stirred. The solTd obtai ned was washed several tinmes with ether and
filtered. The yield V\BGI)SSO mg (85.59% of the title c@hpound. nri

21459 216.61C M5 [MBr]': 434 'H NWR (300 MHz, DMVBSO- dc,) 6 ppm 0.88 (t, 3
" H), 112170(m12H),170193(m2H) 15204(m H, 2.78 (m 1 -
H, 2.Qénubds phjorBull)(VIBmagbs prfalad frdn He, cobregFordng dlydylic &ldb]fonowmg

the standard methods (c), (d) and (e) or as is described in WO 01/04118 and WO 92/04346.

As is described in the following scheme, compounds of formula (Ill) where R’ is a -CH,OH
10 group, may also be prepared from the corresponding compound of formula (Ill}, wherein R’ is
an H atom, by reaction with formaldehyde in basic conditions (see method (g), WO 93/06098

and WO02/053564).
CH,0H
i o] R®
Oﬁ R’ CH,0O N R®
6 - -~
_ N@ ! R : y (CHy), 0
_ ethod {g)
i (1
R7=H R'=CH20H

15

The structures of the prepared compounds were confirmed by 1H—[\H'quR and MS. The

- NMR were recorded using a Varian 300 MHz instrument and chemical shifts are expressed as
paﬁs per million (3) from the internal reference tetramethy! silane. Their purity was determined

20 by HPLC, using reverse phase chromatography on a Waters instrument. Molecular ions were

obtained by electrospray ionization mass spectrometry on a Hewlett Packard instrument.

Optical rotations were measured using a PERKIN-ELMER 241 MC polarimeter.

25 The following examples are intended to illustrate but not to limit the experimental procedures

‘that have been described before.




H, 6.84 (s, | H OH, 7.3 (m 2 H, 7.45 (m 2 H, 7.61 (m 2 H, 7.84
(d, 2 H. Exanple 39

(3R) - 3- (9- Hydr oxy- 9H-f | uor ene- 9- car bonyl oxy) - I -[ 2- ( 2- met hoxyet hoxy) et hyl ] -1
- 20 azoni abi cycl o[ 2. 2. 2] oct ane broni gi¢. 0. 5g (0. 0015n0l ) of

9- Hydr oxy- 9H-f | uor ene- 9-carboxylic acid (3R)-1-azabicycl o[ 2. 2. 2] oct - 3-yl
ester (Internediate 1-3) were dissolved in 10 m of acetonitrile and 15 mni
of CHC13. To this solution 1.02 m (1.37 g, 0.0075 nol) of

1- br ono- 2- ( 2- net hoxyet hoxy) et hane were added and the mixture was stirred
at roomtenperature during 96 hours. After this tine anewportion (0.2 25
M, O.\ekh8d (8- 0015 nol ) of 1-brono-2-(2-net hoxyet hoxy)ethane was added and
the mxture stirred at roomtenperature during 24 hours nore. After this
time }_o \r/l’gg S were evaporated. Ether was added and the m xture stirred to
obt ai ¥ EI the solvent was extracted and nore et her was added. This

DI oceqig ey gg@@@g{ﬁﬁ?wgwmor%é@&am R AL o8l RS AJi6 sl dual

al kylating a he suspensi on ter SO |d
obtai edmideshed with ether 30 and dried. The yield was 610 my (78.2% of

LB% t 'f‘sgjnﬁgﬁé’ﬂﬁﬁ@) & 8. )ﬂy{j}‘c%%ﬁﬁ@ %MBE %rbbxé%%c%@ﬂ?@-a%ﬁggﬁwag 2‘@?830'6) 8
-1 H), yBeste- §ntegmediptel-IHwergdissolyas! in3 ma) of a@et@0itrle 8ad Gmyl 09 CHCI: 3loBis(m 2 H),
3.88 - %%Jtlogm)é'}. ’adgxcp% ﬁ% i) éog'f%ﬁ 3%75thmbh)of 17rdmoredibine. AfgPstritd for 72 842 H -

7.83
(3R) Iropn [tgmpgaiuoe urdsiya Ngraimamhm@@entammw&mwted Falawmdﬂpdlao{iz 2.2]o0

€ thdF ur@%’u ?5|' k% Joc _kkd%as%v%&@géveghlﬁ%@tw%? ai@lrfﬁg?%[:ﬁl%_'ac' d

(3 -1 -azabicyclo esterwere | ssol ve F and
0. 544 Viglqd /vem gy GO )mfétnmtﬂtﬁmnnweﬁe (allyl = brom de) wer e added. The
m Xt urg Was 4 lkefdggeed during 4 hours and allowed to continue stirring 10 at
roomtenperature for 15 hours. After this tine the solvent was concentrated
unti|l M8 P&l of434the initial volume. Ether was added and the mixture

ti | t d
oor e ol 38 PR TISPQRAD GaB® iy { 121 DU BTN T oFTOL RIS, 3T
t o1l i20han.el Hhe2 T@EndUE), 2BEBE(IME Higents- 288 (ral 8 i)t RF7ors pehsBAN (was

filtenad A0t NG on), 7.34 (m, 2 H): 7.45 (m, 2 H), 7.61 (m, 2 H), 7.84 (d, 2 H).

Example 39
(3R)-3-(9-Hydroxy-9H-fiuore ne-9¥carbonyloxy)-1 -[2-(2-methoxyethoxy)ethyl]-1-
20 azoniabicyclo[2.2.2Joctane bromide
0.5¢g (0.0015 mol) of 9-Hydroxy-9H-fluorene-8-carboxylic acid (3R)-1-azabicyclo[2.2.2]Joct-3-yl
ester (Intermediate I-3) were dissolved in 10 mi of acetonitrile and 15 ml of CHCI;. To this
solution 1.02 mf (1.37 g, 0.0075 mol) of 1-bromo-2-(2-methoxyethoxy)ethane were added and
_ the mixture was stirred at room temperature during 96 hours. After this time a new portion (0.2
25 ml, 0.27 g, 0.0015 mol) of 1-bromo-2-(2-methoxyethoxy)ethane was added and the mixture
stirred at room temperature during 24 hours more. After this time solvents were evaporated.
Ether was added and the mixture stirred to obtain a solid, the solvent was extracted and more
ether was added. This procedure was repeated several times in order to eliminate the residual
alkylating agent. Finally the suspension was filtered and the solid obtained washed with ether
30 anddried. The yield was 610 mg (78 2%) of the title compound.
m.p.: 194°C
MS [M-Br]" :
"H-NMR (300 MHz, DMSO ~dg) § ppm: 1.44 (m, 1 H), 1.64 (m, 1 H), 1.85 (m, 2 H), 2.09 (m, 1
H), 2.93 (m, 1 H), 3.18-3.28 (m, 1H), 3.26 (s, 3 H), 3.30-3.60 (m, 9 H), 3.73 (m, 2 H), 3.88




solid obtained washed with ether and dried. The yield was 1.04 g (73.8% of
the title 15 conmpound. mp.: 64.3-67.80C M [MBr]': 390 1H NWR (300 IVHz,
DMSO-d6) 5 PPM 1.35 (m 1 H, 1.65 (m 1 H), 1.73-1.91 (m 2 H, 1.89 (s,
3H, 211 (m 1H, 275 (m I H, 300 (m 1H, 3.15-3.45 (m 3 H, -
3.70-3.90 (m 3 H, 205.03(m 1 H, 550-5.65(m 2 H), 58 (m 1 H,
7.12-7.19 (m 4 H), 7 35 (m 2 H), 7.42 (m 2 H). Method (b) 25 Exanple
29

(3R) - - (6- Cyanohexy lL'IZ) 2-h drox -2,2-dithien-2-ylacetoxy)-i-azoni abi cyC|o
[2.2. Zﬂ‘ﬂo&ﬂ'&néoﬂr(mfﬂ  683dsat H. OB G 38 GM1Z MoV Y54, 2 H), 7.61'(m, 2H), 7.83

2- Hydr , 2-dithien-2-ylacetic acid (3R)-1-azabicycl o[ 2. 2. 2] oct-3-yl
ester. Were ‘dissolved in 0.7 i of DMBO To this solution 161 ng (0.128 m,
0.85 mml ) of 7 30 bronoheptanenitrile dissolved in 0.3 ml of DIVISO were
added Exaﬁ{ﬂ@g‘gstlrrlng overni ght at room tenperature, the mxture was
purified by solid phase extraction with a cation exchange Mega Bond El ut

car® r i{éRk1 AHV'e?r(%G?F'W'@bhEﬁﬂthéﬁl%'ﬂ'céfb%ﬂ"i*w Aspzgnigbieyclolfa@retatg buf f er .

The rgaghmign m xture was applied to the cartridge an washed first with 2
m of DIVISO and then three times wth 5 m of CH3CN, rinsing away all the
st ar t i THep s rerichl & STWethdngtivipnfiente?-cammorylie agigs (35- b@lﬁb@dcmi%aﬂsctﬁylof 0.03

M TFA 30l %Fé)&]séd\/e%wf@d@#ﬁﬁa%dld 5440 ? (Iﬁtasrﬂhﬂ |o@r3 BRmopRIpL1-8hd &Rl - 22-

wi th 300 of C}/ 4-viny di ne) ered and evaporated to dryness.
The yubéwaldﬁ)awenegaq efgThy wtm\qawﬂ%é dyring & wﬁ%mﬁweﬂowes tp gerdingesiying 459
5 et m@%omem%mu@ f@ﬁfsemoﬁg rAftéaEH.éfﬁﬁe m‘e SRRAE %s Et%c,@H{ereQ Minkil 'ﬂiba@%f

prepared by standard net hods of esterification fromthe corresponding
car box§g indiahygline EtbRrvvsh deigdead Hromiiie strredwinar@amingo oplaineg sdlidr &1e FI R

20129%iveﬁ{3¢0§55é3<ﬂact'ed 2Pl ridre ethef0hd aB8. nThlsSHt%‘éedL(réWa@repéa%ec( é’e\rera'ﬁﬂ‘ﬂeé?‘oe’ 10
Nyberg, K. et em Scan 1596; et

al., 0%&1@@“%@&? medegldvalga@sz/}atmsfger@zﬁnelﬁ/ghe wwﬁ@nm fﬂt%@d@zﬁ 6@3564 and
r ef er eREESHEINEE VabR&T Rithethel réh%ﬂ@ﬁ!'m%%neh Was 1.04 g (73.8%) of the title

15 compound.
m.p.: 64.3-67.8°C
MS [M-Br]" : 390
"H-NMR (300 MHz, DMSO-ds) & ppm: 1.35 (m, 1 H), 1.65(m, 1 H), 1.73-1.91 (m, 2 H), 1.89
(s, 3H), 211 (m, 1 H), 2.75 (m, 1 H), 3.00 (m, 1 H), 3.15-3.45 (m, 3 H), 3.70-3.90 (m, 3 H),
20 5.03(m, 1H), 550-565(m, 2H), 5.86 (m, 1 H), 7.12-7.19 (m, 4 H), 7.35 (m,.2 H), 7.42{(m, 2
H).

- Method (b)

25 Example 29 _
(3R)-1-(6-Cyanohexyl}-3-(2-hydroxy-2,2-dithien-2-ylacetoxy)-1-azoniabicyclo[2.2.2]octane
trifluoroacetéte
60 mg (0.17 mmol) of 2-Hydroxy-2,2-dithien-2-ylacstic acid (3R)-1-azabicyclo[2.2.2]oct-3-yl
ester were dissolved in 0.7 ml of DMSQ. To this solution 161 mg (0.128 ml, 0.85 mmol) of 7-

30 bromoheptanenitrile dissolved in 0.3 mi of DMSO were added . After stirring overnight at room
temperature, the mixture was purified by solid phase extraction with a.cation exchange Mega
Bond Elut cartridge, previously conditioned at pH = 7.5 with 0.1M NaH,PO, buffer. The reaction
mixture was.applied to the cartridge an washed first with 2 ml of DMSO and then three times
with 5 ml of CH:CN, rinsing away all the starting materials. The ammonium derivative was

35 eluted with 5 ml.of 0.03 M TFA solution in CHaCN:CHCl; (2:1). This solution was neutralized




Preparation of 2,2-Dithien-2-ylacetic acid (3R)-i-azabicyclo[2.2.2]oct-3-yl
ester 15 1.67 g (0.007 nol) of 2,2-Dithien-2-ylacetic acid nethyl ester
were dissolved in 40 mM of toluene. To this solution were added 1.04 ¢
(0.0082 nmol) of (3R)-3-hydroxy-I|- azajgcyclo[2.2.2)octane and 0.14 ¢
(0.0035 nol) of HNa (60% dispersion mneral oil). The mxture was refl uxed
during 10 mn and, after this tine, refluxed wth continuous renoval of
distillate with repI acenent with fresh toluene when necessary for two

hours. cool ure . 0 extracted w N HCl__aci. t he ueous

ayer Whehegp e Eoeh Blertl and Pusborated b debress. TR e MRIIEh TR ¢

CHC13.(19.6% Yarf ganitle dodyeiunsvas washed with a small volume of water, dried

overnﬁ%m %ﬁya%bat ed. The oil obtained (2 g) was purified by

chro @ ica gel eluting with CHC13/ MeOH NH40H 95: 5: 0. 5. ‘

Approprlate fractions were conbined and evaporated to obtain the title
%ﬁ(ﬁ E Iiﬂ oil (0.82 g, 35%. 25 This product was solidified by

for the furnarate salt. A portion of 0.43 g (0.00128 nol) of the

oil obtained (free base) was treated with fumaric acid in acetone/di et hyl

et her

bt ai .a..soli whi ¢ ilt d d t Th
o or o M85 B Bives o GeliPiel PR ik e, Bl St afetiiof |
]S 3R) - Ies&ma&lnitmyi(fﬂoﬁ{ TJE&eZ:oH’]I\a/RmﬁndBﬁrg)clark&ﬁS/l&:r adedélf‘aIfcaltdm oSl broi:gvmes d@striced ?‘\OGZ/B( [M
ree sSe+ , 0 . , .
oy Bigure FR 9Di%ed LRS00 M ARPHERY B RTbad i Byl it (T
5 8@1 (Nybedy, H) et 61 5ActaChen. |'$c,ana (@97(()[124 A58D-1536;000(an, VA. etH).,, J. RPRE8(M 2 H).

of 2. RyaroRy 5ot Haes e NG ot ﬁ@@ﬁé@%ﬁ D St

described in F. Leonard; 1. Ehranthal, J. Am Chem Soc, Vol 73, pag
2216- %2% ﬁ ?Séi% 5 Interrredl ate 1-2 Preparation of 2,2-Dithien -2-yl pro
pion i 5? ) - | -azabicyclo[2.2.2]oct-3-yi ester 0.86 g (0.0034 nol)

of 2, PrBparatien-of -2 DithieroRiytacatic dicitk (3R)H1 -asdhicycle[R2. 2lostdlylester n 25 rri of

| U=y A a5 B SeR R  Ye TEMe L 8 M, of n
( 60% dolaepmar Jiodhis Bblutorlverd dgded THED41P (BOBBIMme) WA E3R)LS- hsadremy ¢uring 10 minutes
Fepl acerahOdlpR ot SRrLErE iR TR Pt PO Bondtpe™ Hhe'sbol ed
m Xt urngixture was refluxed during 10 min and, after this time, refluxed with continuous removal of
distillate with replacement with fresh foluene when necessary for two hours. The cooled mixture
| 20 was extracted with 2N HCI acid, the agueous layer washed with ethyl acetate, basified with
K.CO: and extracted with CHCI;. The organic layer was washed with a small volume of water,
dried over Na,SO, and evaporated. The oil obtained (2 g) was purified by chromatography on
silica gel eluting with CHCI;/MeOH/NH,OH 95:5:0.5. Appropriate fractions were combined
and evaporated to obtain the title product as an oil (0.82 g, 35%).
25 This product was solidified by formation of the fumarate salt. A portion of 0.43 g (0.00128 mol}
of the oil obtained (free base) was treated with fumaric acid in acetone/diethy! ether to obtain
a solid which was filtered and washed with ether. The yieid was 0.44 g of the fumarate salt.
2,2-Dithien-2-ylacetic acid (3R)-1-azabicyclo[2.2. 2]oct— -yl ester fumarate salt:
m.p.:122°C
30 MS [M free base+1]" 334
H-NMR {300 MHz, DMSO-ds) & ppm: 1.44 (m, 1 H), 1.64 (m, 3 H), 2.03 (m, 1 H), 2.62-2.98
(m, 5H), 3.30(m, 1H), 4.89(m, 1H), 584 (s, 1H), 6.54(s,2H), 7.01(m, 2H), 7.09 (m, 2
H), 7.48 {m, 2 H).




was extracted with 2N HCl acid, the aqueous |ayer washed wth ethyl

acetate, basified with K2CO3 and extracted with CHCL3. The organic | ayer

was washed with a small volune of water, dried over Na2SO4 and evapor at ed.

- The yield was 1.11 g of the title progact as an oil 15 (94.07%. GO M
[M': 347 This product was solidified by formation of the oxalate salt:

0.25 g of the free base (0.00072 npol) were treated with oxalic acid (0.065

g, 0.00072 nol) in acetone/diethyl ether. A soI i d vvas obt ai ned vvhi ch was

filtered and washed with ether. The yield was (79.4% .

2, 2- D%%P&We'?zyﬂ'%ﬁeéi%?@m”&et@é .eate( RS Prapareg; ki fé?‘éﬂ“@? Qf 22 Q‘}’%’E‘y@ Qy‘#"‘h&‘r er

oxal atﬁl&iﬂtlb acndthéIhyI ekih. onom @H&neﬁoﬁ%sé%@ M‘PLZ Lem ﬂ@hrﬁlﬂﬁ‘aﬂm Adn 61

(m 2 F%El 3 H, 219 (m 1H), 8 (m 1H),

2. 95- §"@9‘(31?P‘4°'{?)'3 Ppag 16(%%1& 15??1 5.09 (m 1 H), 7.01 (m 2 H, 7.07 (m 2

H, 7.51 (m 2 H, 9.15 (br. s., 2 H. 25 2,2-Dithien-2-yl propionic acid :

met hyl ester was_prepared by a standard met hod of esterification from

2, fD"E‘W'@ﬁd? 8\-Br opi onic acid, prepared as described in M Sy et al; Bull,

Soc. Cﬁ?bﬁaraﬁbn,of\@t DTthléi‘ﬁ@-@i@@ﬁl%m& a8a (3R)- |1'¢Hz§bf6?glo?i 8.2Joc3-33) da@par ati on

of 9O- -9H-fl yor ene- 9-carboxylic_ acid

- azabi g d @0}4 Q]ogc’o[f %ZQithieggrygprogio@:cgaC(q) esisl yvers dissolved in 25 ml of

9- Hydrt@wn&htofth@@b@n@w&efeadomﬁybla g’slqmdomﬁiogwr é@ﬁj—@ ydRkg 1di ssol ved in 25
‘mM of toluene, is solution were 0.0053 nol) of

( 3R) - $ZAYAYIRLS, 2r2J°%{%%.ae98|0é[5£ £0.99dcmamaf Hia ( @“fgéwarsm rom@' Ab! Theof HNa

(6090 Ghistors @a@fbﬂufaedmwgaqlo rﬁinhaes ahb €aftet4his ﬂﬂnétﬂéﬂ&émtﬁﬁnluﬁm bl @ 15
min and, after this tinme, refluxed with conti nuous renoval of distillate

with rs %IEeW@hfe%CPWef“r‘@@hfr?%'! taligBe When NRersEYAPY!1-P HPUrs. Bheieeried miktee

cool edyasxihtiee WIRSNEMET A6, ek M‘d;t}el’@:ugll‘é ﬂmaaﬂaddmtriétﬁyi%@é@@%aélﬂa@mwas hed
wth ca%ggt hyl ether, basifi ed_ with and extracted with CHCL3. The
[

or ganifeCPaypaf exiactofena §HGE ﬁhwaf%mc laYar dgsovAshed Wih 85ealla KRluBE QhBRIET ed

The sairied 008t R&SEY] anaevhssatead THE Ridhves hyl1 gtdhare ame prdducesaedn oil The
pro ucéf‘ 8?@5“ ned was recrystallised froma m xture of CHC13/dii sopr opyl

ed and washed with diisopropyl ether. The yield was 0.75 g of
the tigtmipmmdwaty. (53.29.

This product was solidified by formation of the oxalate salt: 0.25 g of the free base (0.00072
mol} were treated with oxalic acid (0.065 g, 0.00072 mol) in acetone/diethyl ether. A solid was
obtained which was filtered and washed with ether. The vield was 0.25 g (79.4%).

20 2,2-Dithien-2-ylpropionic acid (3R)~ 1-azabicyclo[2.2.2]oct-3-yl ester oxalate salt:
m.p.: 126.7-128.6°C
"H-NMR (300 MHz, DMSO-dg) 8 ppm: 1.61 (m, 2 H), 1.83 (m, 2 H), 2.08 (s, 3 H), 2.19 (m, 1 H),
2.88 (m, 1 H), 2.95-3.28 (m, 4 H), 3.61 (m, 1 H), 5.09 (m, 1 H), 7.01 (m, 2 H), 7.07 (m, 2 H),
7.51(m, 2 H), 9.15 (br. 5., 2 H). '

25
2,2-Dithien-2-ylpropionic acid methyl ester was prepared by a standard method of
esterification from 2,2-Dithien-2-ylpropionic acid, prepared as described in M. Sy et al; Bull
Soc. Chim. Fr.; Vol 7, 2609-2611, (1957).

intermediate I-3
30 Preparation of 9-Hydroxy-9H-fluorene-9-carboxylic acid (3R)-1-azabicyclo[2.2.2]oct-3-yl

ester

1.0 g (0.0042 mol) of 9-Hydroxy-9H-fluorene-9-carboxylic acid methyl ester were dissolved in
25 ml of toluene. To this solution were added 0.67 g (0.0053 mol) of (3R)-3-hydroxy-1-
azabicyclo[2.2.2]octane and 0.064 g (0.0016 mol} of HNa (60% dispersion in mineral cil). The




mp.: 2177C M5 [M1]+ : 336 10 'H NWMR (300 MHz, DMBO-d6) 5 ppm 1.00 (m 2
H, 1.25-1.50 (m 2 H, 1.60 (m 1 H, 2.0- 2.16 (m 2 H, 2.37-2.56 (m 3
H, 2292 (m 1 H, 457 (m 1H, 6.74 (br. s., 1 H OH, 7.31 (m 2 H
7.42 (m 2 H, 7.51 (m 2 H, 7.81 (ma2 H. '

9- Hydr oxy- 9H f | uor ene-9-carboxylic acid nethyl ester was prepared from

9- Hydr oxy-gH 15 fl uorene-9-carboxylic acid (commercially avail able) using a
standard net hod of esterification. The foIIovvi ng conpounds of formula

111) h | b . d di
G hy Ry oo R b DB BB AN el st P o ipusus repeat ofs. .
est er distifateukithZreglac@mbyaiitxyesh- t@lhaﬁe/\lvﬁerehedesm ¢br 1.5 hours. The cooled
(23:331; l@ Fbly(é )egt?%c%/dz \gﬂ ﬁﬁéﬁ@éﬁ jliee?g%eoaallqyer washed with diethyl ether, basified
(3R) - Wit yiad ekitacte?lvitie CHEY, Tﬁéb@ralnlc |Sreiviab Washél Wit anreneiri@dcaeboxyl i ¢

o bt NS G Roraaeg. TP Lo PhimietivgS; Bater witvgietoy a2 Sitger 5.y,

est er . TheDrédudr myﬂsﬁmb@l@@ﬂi@e@ﬁbmtmthwe at IO Cl /diisopropyl ether filtered and

aotu (BT By %ffa%%gf‘étmedﬁ?w 58 2.0 57 QO ok Rz v! pent - 4- enof c

(2S) - %Q/QH@@entyl - hydroxy-2-thien-2-yl acetic acid
(3R)-I-azab| cyclo[2.2.2]oct-3-yl ester and
(2R) - MMt Ypehdy| - 2- hydr oxy- 2-t hi en-2-yl acetic acid

(38 - aeaRiSPURE 2008l 00T chny 1 BRHEE H) ot VB0 [dsh 16 OTB IS Hiawe: al o

been prepare y net nterne iate 1-4 Preparation
of 10,2116 Oi, Rkl &W—E@ﬁh&@n%{)a2cﬁ1d37t:|1cbﬁe|§t5€r(m.5 farfotk ¢ &, ddil, dDFd)BI?)fﬂl-

azabi ¢yc 06t 13~V f 10,1
1-Di hﬁfﬂ’ E%HT(%‘FES]&%O) i 1@@ ohépten(e gqgar boxyiic acid (9.0 mvl) were 35
di ssolved in 40 m of CHC13 (ethanol free). The solution was cooled at O°C

and 0. QBQ%% rﬁéH YA Nb-o c?a?bo [ 9&id ﬂ‘%tl‘fy?e&emgé ?r)ﬁ{a%g fRnf6. PR dRky-BME were

added. ture was stir ed an | owed to room errperature After

anThodluoenettiasboghipesiatapremendalyciveinnle usivge Santsed et dangstenikcatioresi due

was di ssolved in CHC13 and evaporated again. This procedure was repeated

two tinmes. The obtained oil was dissolved in 20 ml of toluene and added to

a sol uthedallagingicopgpaynge oD foriraig (1§ have also been prepared according to method (¢):

?fe((a g’ﬁ)zo ﬁy&%@-ﬁ?@t\b&@@ﬁé@é{ﬁ'a‘&w(%)-le%fb&@abfi“ﬁ Hibals Phstds0l uene. The
2-Fur-2-yl-2-hydroxy-2-phenylacetic acid (3R)-1-azabicyclo[2.2.2]oct-3-yl ester,

20 2-Fur-2-yl-2-hydroxy-2-thien-2-ylacetic acid (3R)-1-azabicyclo[2.2.2]oct-3yl ester,
9-Methyl-9H-fluorene-9-carboxylic acid (3R)-1-azabicyclof2.2.2]oct-3-yl ester,

9-Methyl-2H-xanthene-8-carboxylic acid (3R)-1-azabicyclo[2.2.2]oct-3-yl ester,
9-Hydroxy-9H-xanthene-9-carboxylic acid (3R)-1-azabicyclo[2.2.2]oct-3-yl ester,
2-Hydroxy-2-thien-2-ylpent-4-enoic acid (3R)-1-azabicyclo[2.2.2]oct-3-yl ester,

25 (2S)-2-Cyclopentyl-2-hydroxy-2-thien-2-yl acetic acid (3R)-1-azabicyclo[2.2.2]oct-3-yi ester and
(2R)-2-Cyclopentyl-2-hydroxy-2-thien-2-yl acetic acid (3R)-1-azabicyclo[2.2.2]oct-3-yl ester

(the two last compounds have aiso been prepared by method (f}) .

Method (d)
30
Intermediate -4
Preparation of 10,11-Dihydro-5H-dibenzo[a,d]cycloheptene-5-carboxylic acid (3R)-1-
azabicyclo[2.2.2]oct-3-yl ester
2.15 g of 10,11-Dihydro-5H-dibenzo[a,d]cycloheptene-5-carboxylic acid (8.0 mmol) were
35 dissolved in 40 ml of CHCl; (ethanol free). The solution was cooled at 0°C and 0.86 mi of oxaly!




refluxed for 2 hours. After cooling the mixture was extracted with 2N HC
acid. The aqueous It layer was basified with K2CO3 and extracted with
CHC13. The organic |layer was dried over Na2SO4 and evaporated to dryness.
The residue was purified by col um chzomat ography (silica gel,

CHC13: MeOH: NH40H, 95:5:0.5). The yield was 1.5 g (48% of the title
product. 10 m p. 112 1131C CE M5 [M': 347 'H NWR (300 MHz, CDC13) 8 ppm
110135(m2 , 1.40-1.52 (m 1 H, 1.52-1.68 (m 1 H), 1.90 (m |

. 2 lpide b Hhia 8380 Byt Bogd I Bl il s Gl 1
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rret hod'hé aptdineninil wdsedissmivedspan dil n’gtodmnbcamy laiddedimi ajsoltﬂﬁbn of 1.269 (8.9 mmol)
ag& P%}eq lﬁ){di&{)ﬁs ?%%bé&f%gﬂ %gfog{%% énr ﬁ@lﬁp )éﬁ t%[u%ng'ﬂqugét%h%ixtﬁl%t\ﬁés
( 2R) 2efDied! tdr@xiydurL Atfted canting thephixhyé ame ekitacied dith 28 4iiacigc Tiod 2083 oct - 4-
estg y&ywsg %a efo( \gztIQRéé &grpclzgxtt%cted WltheCEHC|3 The dor?%rbcf‘ yer was dried over

(2R) BREX phényl aceti c“acl hed as 1s described
in V\()P&Z$O53Emﬁé)13wa@ddos!wbv&ed' he medud wad pUDNEd Plricsiuswl alréroatogvaphs tsiliceed at

oeq SRR bR TRk R VP g e e AR 70 305 © '

f ofl® own. pg1112ré13‘lfir mation of the imdazolide. After 1 hour the reaction was
conpl ete MST[J\B\;ﬁJfrg?ctl on mxture was cooled to O*C and 394 ng (0.0031 nol)

of 4- hyc{rox I"-"azabi cycl o[ 2. 2. 2] oct ane and 104 ng (0.00259 nol) of HNa (60%
di sper'BiNMRI(B00Mir @DChi) Bppmer d.1@etidsl (mA2 Her1 4041 62 (of 1 88, 1.52- hGBdMn, ﬂdwbm

thr e I0EE WHEREIEbADT. 2P0 FRE T L L Er sl O B Ra T B “ashed
Wi t he\l.}i}zsoq?mmm an—l)edfrslg(n?rez Binhy.do-GuBD ( n’ﬂralgr}e)m um suI lohat e. The solvent -26-
PO B oaitioraz i oler st orpe i afao‘?%*pé’f%sg%%?ﬁews 300 g

(31 %KL@fﬁaz‘ah@‘lt i dtla®, ot Cthent, a1 924), 37, 804- 810

The following com'pound of formula (lll) has also been prepared according to method (d) from
the corresponding carboxylic acid:
20 9H-Xanthene-9-carboxylic acid (3R)-1-azabicycio[2.2.2]Joct-3-yl ester .

Method (e)

Intermediate 1-5
25 Preparation of (2R)-2-Cyclohexyl-2-hydroxy-2-phenylacetic a_cid 1-azabicyclo[2.2.2]oct-4-
yl ester.
660 mg (0.00282 mol) of (2R)—2-Cyclohexyl-2-hydroxy-2-phenyiacetic acid (obtained as is
described in WO 02/053564) were dissolved in @ ml of DMF. This solution was stirred at room
temperature and 548 mg (0.00338 mol) of 1,1'-carbony!diimidazole were added. The reaction
30 was monitored by TLC (CHCIly/MeOH/AcOH 70:30:2) foliowing the formation of the imidazolide.
| After 1 hour the reaction was complete. The reaction mixture was cooled to 0°C and 394 mg
(0.0031 mol) of 4-hydroxy-1-azabicyclof2.2.2]Joctane and 104 mg (0.00259 mol) of HNa (60%
dispersion in mineral oil) were added. After 44 h of stirring at room temperature the reaction
mixture was treated with water and extracted three times with diethyl ether. The organic layers

35 were combined, washed with brine and dried over anhydrous magnesium sulphate. The solvent




D= -27.6 ' (c=l, CHC13) Ms: [M+l]': 344 5 '"H NWR (300 Mz, CDC13) 5 ppm
1.0-1.55 (m 7H), 1.55-1.75 (m 2H), 1.75-1.85 (m 1H), 1.85-2.05 (m 6H),
2.10-2.22 (m 1H), 2.90-3.10 (m 61-1), 3.60-3.80 (bs, 1H, OH), 7.20-7.40
(m 3H), 7.57-7.67 (m 2H). Method {49- 10 Internediate 1-6 Preparation of
2- hydr oxy-2, 3-di phenyl propionic acid (3R)-i-azabicycl o[ 2. 2. 2] oct - 3-yl

ester Benzylmagnesiurn chloride, 0.00386 nol (1.93 m of a solution 2Min
THF), was added to a 15 solution of 1 g (0.00385 nol) of

2- oxo- 2- phenyl acetic acid, (3R)-1 - icyclo[2.2. 2] oct-3-yl est . .

di ssoMPEFVRH réteﬁia”&fth%@fd”%tw‘)!s?%%éa%éfé%ca gkécoitﬂrpr%gﬁrﬁg}a@/graﬁﬁ‘g %M(”f'%‘r'vgh was
stirreH@L tot BHEI/MEDREBAL UMt yield whe 300 my €9,%) dieine tider predudt o r oom
temperature_and diluted with 4 nl nore of THF. After 1 h, the reaction

m xt ul® was2{-Pedted “WYN 10% K2CO8 sol ution and extracted twice with et hyl
acet atygs: [ir¢*a3gani ¢ phases were combined and dried over Na2SO4. After

| of 20 th | t, th il obtained tit] b Cl 2N
anch i EOTR QU ARSHqUcers thads (g rbab h1icl (T4 PKGES: & (Bx{hct od

Wi th GHELB05 (hheHpRoRD: 62 gﬁ%‘ mﬁs,%oﬂ@ﬁogﬁﬁhﬁg 3.64-3.Bo V&, aH, oMl Bdogwer (nYa2S04
and sol vent was evaﬁorate to yield 1.2 g of an oil. This reaction process

was r &photdcé®’dfmetling from2 g (0.0077 nol) of 2-oxo-2-phenylacetic acid
(3R) -1 -azabicycl o[ 2. 2. 2] oct-3-yl ester and 0.0077 nol of benzylmagnesiurn
chloride (3.85 25 m of a solution 2Min THF), to obtain 2.91g of the
final Mgthodtlle total ampunt of product (4.11 g) was purified by colum
chypmat ography (silica gel) eluting wth CHC13/ MeOH NH40H 99:1:0. 14
95:5:0.5. Appropriate fractions were conbined to give 1.86 g of a pure

pr odudt‘teﬁeﬁ'aiﬂ)‘?‘?d m xture of diastereoners 1-6a and 1-6b, which were

separ refafaYioRB6f abhgardi§LAe-dibiRimYdropldife dcidli (3RALLRAYIcyeldIR.R.2]8@-3-y!
I nter merdﬁat e |-6a Pr egardja(?i ond(q)% (Hﬂ% - g Hydroxy-'Z, 3-di phenyl propi onic acid
(3R) - ieS#gfabi cycl o[ 2. 2. 2] oct-3-yl ester (diastereomer 1, first diastereoner

obt ai negyyiHgndsi®a Gidkie! BOOIBE N €1.08 rfli AL &IQRAEN i THE), Wekeaddeeas ed
with a mXxture of diethyl ether - . ,

15 solution of 1 g {0.00385 mol) of 2-oxo-2-phenylacetic acid (3R)-1-azabicyclo[2.2.2]oct-3-yl ester,
‘dissolved in 8 ml of THF, at =70°C under a N, atmosphere. The mixture was stirred at this
temperature for 10 minutes, then warmed to room temperature and diluted with 4 mi more of
THF. After 1h, the reaction mixture was treated with 10% K.CO; solution and extracted twice
with ethyl acetate. The organic phases were combined and dried over Na,S0,. After removal of

20 the solvent, the oil obtained was partitioned between HC! 2N and diethyl ether. The aqueous
phase was basified with K,CO; an extracted with CHCl; . The organic solution was washed
with water, dried over Na,SO, and solvent was evaporated to yield 1.2 g of an oil.

This reaction process was reproduced starting from 2 g (0.0077 mol) of 2-oxo-2-phenylacetic
acid (3R)-1-azabicyclo[2.2.2]oct-3-yl ester and 0.0077 mol of benzylmagnesium chloride (3.85

25 ml of a solution 2M in THF), to obtain 2.91g of the final oil. '

The total amount of product (4.11 g) was purified by column chromatography (silica gel) eluting
with CHCl/MeOH/NH,OH 99:1:0.1> 95:5:0.5. Appropriate fractions were combined to give
1.86 g of a pure product as a solid mixture of diastereomers 1-6a and [-8b, which were
separated by maceration using diethyl ether / diisopropy! ether.

30
Intermediate 1-6a _

Preparation of (2*)-2-Hydroxy-2,3-diphenylpropionic acid (3R)-1-azabicyclo[2.2.2]oct-3-y!
ester (diastereomer 1, first diastereomer obtained)
"The 1.86 g of the mixture of diastereomers (I-6) were treated with a mixture of diethyl ether /

35 diisopropyl ether and filtered to give a solid identified as a pure diastereomer.




35 diisopropyl ether and filtered to give a solid identified as a pure

di astereoner. -27- The yield was 0.87 g (42.6% based on single isoner),
mp.: 1321C. M5 [ M+l] +: 352 1H NWR (300 MHz, CDC13) 6 ppm 1.30-1.60 (m 2
H, 1.60-1.90 (m 2 H, 2.05 (m 1 H72.20- 52.35 (m 1H, 2.50-2.90 (m
4 H, 3.0-3.15 (m 1 H), 3.25 and 3.60 (dd, 2 H), 3.70 (br.s., 1 H O,
-4.70-4.80 (m I H, 7,15-7.45 (m 8 H), 7.65-7.75 (m 2 H. Internediate

| - 6b Preparation of (2*) 2- Hyd roxy- 2, 3-di phenyl propi oni caci d

(3R) - |- azabi cyci ; oct - 3-yl 10 ester (di astereoner 2, second :

di ast eMEoifld wahP S r%@? /Thesedoidngle isqlers of filtration of the first

di astQﬁgoﬁggooNere enriched in the second diastereoner. After evaporation
of the soI vept 0.55 g of the residue were treated with diethyl ether and
filterdeMe! gi%@ a solid identified as the pure second diastereoner. The

| d 1 1 d
[ 33 0 RR 0260 O W BRI PE h TR eo iR AR 2 g M Yo
519 2356011 b 3 5R-220Hy, 4 ), GO-118%m( infhl 325 2nd B6D 20O P70 Bs. 1 H

3 10- , 0 (b 1 H, :
465 4 0 (m P DR RPN Sk a0

Confi gurati on not aSS|gned either the (2R)- or the (2S)- isoners of the
above |RMRRYRES| Ggmy be obt ai ned) 2- 0x0- 2- phenyl acetic acid

(3R) -1 -azabi cyclo&0 2] oct-3-yl ester was prepared as is described in 25
VO 92/Rygparationiof ¢25)-2-olikrexycaptiohrnyiprppicnicratid (BR)-1)azabickclol22 2lvstA-yl

pr eparder QlidsfeseeEth opent yl - 2- hydr oxy- 2-t hi en- 2-yl
acetic acrl & (S )-I?azab?(&?gma t2ere§ ro%fa%a_%é/l ester, 30

(2R) - éff@ymomdwptszﬂﬁﬂirasgw of the &t ﬁl@qter@@eﬂ averej denriched in the second
(3R) - |d1%¥é#@d)rﬁé(rcl°\%|2e\2afpgﬂa‘ﬁ‘éﬁ o?fﬁélsoﬁf%ﬁﬁr é w&esg;u?g/\g%% FRRE8 % th%:eqf?\}l hod

(c)) and dr ox 2-thien- I C acl
aza@tf@e}y@p@ ibered @@e ago{q\ :d@gmf@d ast@g.pure second diastereomer.

The yield was 0.23 g (11.2% based on single isomer),

15 mp.:107°C.

MS [M+1]": 352

'H-NMR (300 MHz, CDCl;) & ppm : 1.20-1.35 (m, 1 H), 1.35-1.55 (m, 2 H), 1.55-1.70 (m, 1 H),

1.80-1.95 (m, 1 H), 2.55-2.90 {m, 5 H), 3.10-3.20 (m, 1 H), 3.25 and 3.60 (dd, 2 H), 3.80 (brs., 1

H, OH), 4.65-4.80 (m, 1 H), 7.20-7.50 (m, 8 H}, 7.65-7.75 (m, 2 H).

20 '
((*): Configuration not assigned, either the (2R)- or the (2S)- isomers of the above compounds
may be obtained)

2-oxo-2-phenylacetic acid (3R)-1-azabicyclo[2.2.2]Joct-3-yl ester was prepared as is described in
25 WO 92/04346.

The following compounds of formula (l1l} have also been prepared following method (f):

(25)-2-Cyclopentyl-2-hydroxy-2-thien-2-yl acetic acid (3R)-1-azabicyclo[2.2.2]oct-3-y} ester,

30 (2R)-2-Cyclopentyl-2-hydroxy-2-thien-2-yl acetic acid (3R)-1-azabicyclo[2.2.2]oct-3-yl ester
(compounds also prepared by method (c)) and 2-Hydroxy-2-phenyl-2-thien-2-ylacetic acid (3R)-
1-azabicyclo[2.2.2]oct-3-y] ester.




O her carboxylic acids of fornmula D-C(O OH, whose preparation (or the
syntheses of their derivatives nethyl ester, chloride or imdazolide)
haven't been described in nethods (c) , (d) , (e) , and that are not
comercially available, could be prepgged as is described in the follow ng
references: 5 FIR 2012964 M A. Davis et al; J. Med. Chem (1963), 6,
513-516. T. Kunmazawa et al; J.Med. Chem (1994), 37(6), 804-810. MA
Davis et al; J. Med. Chem (1964), Vol (7), 88-94. 10 Sestanj, K; Can. J.
Chem 197 943), 65,

, 49, . 64-
T, 1uhE Altiaede & Tamiua BURISH s maaalin GoEE s gt 01505, sen
gi lgi'iUdJSérl\JatlveQ .nadthy| Bitdr. clhga;rge o@hh:ﬂhzdﬁﬁ@ﬁﬁg\éerfzt?%gﬁhi%@%%d%methbbﬁl(i:)1(d)et al
u
Chem (Ehas PaEas TRl behmatrmly gualaianrolla aparared 2645 deshipedp e 1oh1) |

647- 648iowing Nédreteaer et al ; J.Org. Chem, (1977), Vol 42 (1), 38-40. WO
01/04118 and WO 02/ 053564. 20 Al so i ncl uded within the scope of the present
i nvention are pharnaceutical conpositions which conprise, as the active
i ngr ecﬁ}:erzngan | east one quinuclidine derivative of general formula (1) in

associ ptable carrier or diluent.
Pref e @ai"ﬁg % m%cftd% %@6%%51 %ﬁgn a formsuitable for oral
adni niTs Kuatazena eP4; Imdpoaérma(qemy Galsh,\8oaciept abl e carrier or diluents
whi Chg\ﬁll‘e mxegl Q\W 413%}? ¥§ agﬁugil or compounds, to formthe '
!
conpodf Y BRVBEL 2hi- M¢ oeﬂ Pe VAT S%A%wn per se and the actual
exed pli&ystﬁj,ugeﬁndﬁnﬂm | moetr), abige4c865, he i ntended method of administration
of the co iti 05|t ons tBEN gnventi on are preferably adapted
for of%”ngg%s ijg‘%)'?‘a?h‘?m 1{3’1 @ @gs@ "[ﬁé 30 conposition for oral
adm nikdacatk RA. BBy: Aaﬁga\;iph@.cﬂo(maaﬁ 46¢d)| 8$3365.1 | mcoated tablets, liquid
i nhal %gt O\thep ér\E | a i nhzﬁlé o] osol; all containing one or
nor e %%&r‘ljds Yr By gocincﬁ‘ur\')@n )t gé#? %?%% rati ons may be nade by met hods
vvel | - Kendan. étraltBdl. @hém. Ste Jghl (aeTd 548/\(8 cIzogesobe used in the preparations
05|t| clu i nd 35 solid diluents which are
afﬁ gqgg 3@%@?‘?’0?‘?%3&% e @U'O?Z@ ther with colouring or
G.WwW. IVIoersch et al; Synthesis, (1971}, 647-648,
A. Waldemar et al; J.Org. Chem., (1977), Vol 42 (1), 38-40.
WO 01/04118 and WO 02/053564.

20 Also included within the scope of the present invention are pharmaceutical compositions which
comprise, as the active ingredient, at least one quinuclidine derivative of general formula (1) in
association with a pharmaceutically acceptable carrier or diluent. Preferably the composition is

made up in a form suitable for oral administration.

25 The pharmaceutically acceptable carrier or difuents which are mixed with the active compound
or compounds, to form the composition of this invention are well-known per-se and the actual
-excipients used depend inter afia on the intended method of administration of the composition.

Compositions of this invention are preferably adapted for oral administration. In this case, the
30 composition for oral administration may take the form of tablets, film-coated tablets, liquid
inhalant, powder inhalant and inhalation aerosol; all containing one or more compounds of the

invention; such preparations may be made by methods well-known in the art.

The diluents which may be used in the preparations of the compositions include those liquid and
35 solid diluents which are compatible with the active ingredient, together with colouring or




-29- flavouring agents, if desired. Tablets or filmcoated tablets may
conveniently contai-n between 1 and 500 ng, preferably from5 to 300 ng of
active ingredient. The inhalant conpositions nmay contain between 1 ~Lg and
1,000 ~tg, preferably from1l0 ~tg to. 880 ~Lg of active ingredient. In

human t herapy, the dose of the conpound of general formula (1) depend on
the desired effect 5 and duration of treatnent; adult doses are generally
between 3 ng and 300 ng per day as tablets and 10 Itg and 800 ~Lg per day
as inhal ant conposition. Pharmacol ogi cal Action 10 The results on human
nuscarPHEINg Seepieoll degiieddil Abjetari firrcpaled tabists SrayIHoBHHRIEl LOMahPetyBthia

P g, WRHE0OLhG! &eﬁra%@q 69 tPEED PRI Fictifd FBRBAE CRHd iRhAlahtesRiidRRiosd HAYes.
15 The binding of [3H -NM5 to human nuscarinic receptors was performed
accor ¢enigin ketwegr ' ioandk 18009, preeably fiase 10 meaterii@org of agive Jegredion. ABsays
wer e i i r ed
Chi ned e ile2ps, 182 oo the OB oPLERALRLINNS () BB ARt e e an
nmust arandi dirationeqit radmil, wdvie dasssdare2geremlly distweani Aang énd GO0| rag @er geyriseane

pr'eloartgﬁ%\}g%ﬁd%r%%téh@rﬁ@%é%irBaP§§§th%nf"chﬁrf%\%gign_conce”trati on of 89 pg/m

for the subty rane suspensi o i ncubated with the
tritiated conmpound for 60 mn. After incubation the nenbrane fraction was

separ at ed i j t he bound radi oactivity determ ned. Non
specific b'l% rihabiolca ca&qned by addition of 10-4 M atropine. At |east
si x concentrations were assayed in duplicate to generate 25 individual

di spl acene S, A f t
niEnti on Migacr S idtad FRL AR tindiiE BB Y lorbiRoliRaER,
human grinsedquig, mece pelainet @sslesfitefidelasd conpounds of the present invention
have an 1C50 (nM value for M3 receptors of |less than 50, preferably |ess
than 30 25, nore preferably less than 15 and nost preferably | ess than 10,
8 or 5. Tedtumvan husaativicpeseptonsyuuiierea pi g The studi es were perforned
according to H Konzett and F. R6ssler (1940), Arch. Exp. Path. 35

Pharmacol . 195: 71-74. Aqueous solutions of the agents to be tested were
neb@l i zed divg bigdng joh [3H1SMBto dnereant mestariaig reeeptpisavas) paE¢raeguacreting §s
(Dunki\Ratigiokk &%) al Mgl BIRFRAESE 4 287730N& A& Sl Qld € 25°C.
chal | e\}r{zae vc\,/%s éc(}e?eﬁn%éggd géf ore aﬁﬁ"a# ter drug a%&ym strat i'on and
Membrane preparations from stably transfected Chinese hamster ovary-K1 cells (CHO)

expressing the genes for the human muscarinic receptors M3 were used.

20 For determination of |Cs, membrane preparations were suspended in DPBS to a final
concentration of 89 ug/ml for the M3 subtype. The membrane suspension was incubated with
the tritiated compound for 60 min. After incubation the membrane fraction was separated by
filiration and the bound radioactivity determined. Non specific binding was determined by
addition of 10 M atropine. At least six concentrations were assayed in duplicate to generate

25 - individual displacement curves.

Our results show that the compounds of the present invention have high affinities for
muscarinic M3 receptors, preferably human muscarinic receptors. Preferred compounds of the
present invention have an ICs, (NM) value for M3 receptors of less than 50, preferably less than

30 25, more preferably less than 15 and most preferably less than 10, 8 or 5.

Test on bronchospasm in guinea pig

_ The studies were performed according to H. Konzett and F. Rossler (1940), Arch. Exp. Path.
35 Pharmacol. 195: 71-74. Aqueous solutions of the agents to be tested were nebulized and




the changes in pul nobnary resistance at several tine-points were expressed
as percent of inhibition of bronchospasm 5 The conpounds of the present

i nvention inhibited the bronchospasmresponse to acetylcholine wth high
potency and a | ong duration of actlog3 From t he above described results one
of ordinary skill in the art can rea (1y understand that the 10 conpounds
-of the present invention have excellent antinuscarinic activity (M3) and
thus.are wuseful for the treatnment of diseases in which the nmuscarinic M
receptor is inplicated, including respiratory disorders such as chronic
obst r inftlagebypanaasitetivediverditaied (@EPDYINed pgsciBunkis;Hartlgy.opronehial response to

Ey per £aACLH Vot Yret r?zéh]fote?,l{gich;iﬁ@HgQ vAR G it Qefoféréﬂaogfté\fadns? aﬁ@rrﬁkg%ﬁoﬁ 4

I nary I ncont i Luril a, neurogenl C Or unsta
cyst odprashanged Iomwnp@arwgﬁlsttahse aiseg%rgl HRDIrROBKS (WeSe: QXDERSRerbies Raresht 96

Prritabliss ol ormnbBdRpe, spastic colitis, diverticulitis and peptic
ul ceration; and cardi ovascul ar di sorders such as vagal ly induced sinus

br adlycardi a The present invention further provides a conmpound of formula

(1) OrTh@(c%*%]por eé’ftthé E!s¥nt |ﬁﬁéﬁgl%%mlt§iteQQHQBﬁdnEg%§b %ﬁﬁ”ﬁ@ébcﬁfs@% %c&ﬂMHé‘d of

for use | of treatnent man or” ani nmal
body wthtmm@qigncylamdwdpm duretien ploactiohe treat ment of respiratory, urol ogical
or gastrointestinal disease or disorder. The present invention further
provides the use of a conpound of fornula (1) or a pharmaceutically
acceptF&@ﬂﬂéh% appresiesritnedaenpisi ariend cadinansbill mithefart eamigadily undefssand thal thes

bendf oﬁh@%éé&%‘fﬁﬁ"%nﬁ&{ h%\ﬂeeeicf fat n%mnu%arﬁ’né ﬁétﬂﬁﬂ] ey ¥nd Rl Hgi cal

or astr |ntest|nal | Ssease or di sorder e conpounds of formula

(1) ar\&ef@lh@rf thecleaatienl of isegers inivdiieh thempiscarinig M3 reeenipos mapl@ﬁteﬁomﬁlumag( 1)
can beg érﬁestr* Niichri&t NQRnOhs tepatit %sﬁuaﬁléghlﬁlﬁ%ﬁﬁ% dHELIESRD) Obronditlis,

gastr ol di sease or disord conprises adm ni st ering
to a mmrabrhyaﬁrreﬁﬂﬂwpfatasé‘mm poUge BN frhisitis h Uralegigahedisorgers esychcas wEnary

non- tc?ﬁfdo%tmé]ﬁ@ﬂ%ﬁ[iék urld, 78 Houngkr unét?ﬁil@“&l?dc‘e%) cf¥todbaRia bR CRIInC BYstitis;

conposition conprising a co or mu Further, the conmpounds of
f of frulg@siraintesting! shrorerie aych @sl indahisozavs! @NQdf@mﬁ?p r5p§$twgc%l'f'35d'&%fﬁﬁ6'ﬂﬁdm6f

f or WU:% t&Mg%%ﬂor?%nlﬂ%gﬁn%s&RMI%H%@@u&‘H é@vé&aﬂﬁndg&étgén@sf Er%ﬂ%daY&a' n the

treat hese di seases e conpounds’ of fornula (1) nay,fo
exanpl e be conbined with ~2 agonists, steroids, antiallergic drugs,

phosphadl BrlerARRentdn’ AMNRE tREFdAN Y/ %mﬂ)cﬁlﬁiﬂow if@rﬂﬁllﬁl) or a pharmaceutically
acceptable composition comprising a compound of formula (1) for use in a method of treatment
20 of the human or animal body by therapy, in particular for the treatment of respiratory, urological

. or gastrointestinal disease or disorder.

The present invention further provides the use of a compound of formula (I) or a
pharmaceutically acceptable composition comprising a compound of formula () for the
25 manufacture of a medicament for the treatment of a respiratory, urological or gastrointestinal

disease or disorder.

Further, the compounds of formula (I) and pharmaceutical compositions comprising a
compound of formula (i) can be used in a method of treating a respiratory, urological or
30 gastrointestinal disease or disorder, which method comprises administering to a human or
animal patient in need of such treatment an effective, non-toxic, amount of a compound of

formula (1) or a pharmaceutical composition comprising a compound of formula (1).

Further, the compounds of formula (I) and pharmaceutical compositions comprising a
35 compound of formula (1) can be used in combination with other drugs effective in the treatment




(LTD4) inhibitors, for sinultaneous, separate or sequential use in the
treatnent of a respiratory disease. 5 EXAMPLES OF COVPOUNDS OF FORMULA (1)
Exanpl e | :

(3R -1 -Allyi-3-(2,2-dithien-2-ylacetoxy)-i-azoni abicycl o[ 2. 2. 2] oct ane

brom de The title conpound was synt hesi sed according to nethods c, and a
frominternediate 1-1. The 10 yield of the final step was 310 ng, 90. 9%
I\/IS [MBr]* 374 1H-NIVR (300 M—Iz DI\/ISOd'G) 5 ppm 1. 72 2 07 (m 4 H, 2.28

: é %@ 3’1?52 él @ 5,52-5.68
(m 2 hesgdggaee@ T pﬁ;mpgu oc‘ﬁ;]rmylak@) m?ydgr péelpﬁcom nqdzwtt 2 9 H) 7.50
(m 2 édbnls’éb5st5?€ﬁtl§plaﬁtla7ﬂerglc drugs, phosphodlesterase \Y mhibltors and/or leukotriene D4

(3R) - _g 2-Di t hi en- 2-y| acet oxy) - | - (4- et hy| pent - %eéﬁl-azonlablc clof 2.
2. 2] odt e Injpiges. der smiitanepps S@Bﬁ%%%ﬁ%%“‘@%%‘@é"‘%@ BV & "REPIEP et hods
Cc, an@j@gteomIinternediate 1-1. The 20 yield of the final step was 270 ny,
72.9% mp.: 163.5-165.11C M5 [MBr]*: 416 1H NWR (300 MHz, DVBO d6) 5 PPM
1.62 (s, 3H, 1.67 (s, 3 H, 1.73-2.03 (m 4 H, 2.20-2.43 (m 3 H,

3 05- &mﬁwémseﬁwow&cﬁmmmoﬁmhm&w@) (m 1H, 498 (m 1H, 518 (m |

, E89(ri? 251 H, 770l (m 2 H, 7.13 (m 2 H, 7.50 (m 2 H. Exanple
3(3R) XAMPAE 1) y| -3-(2,2-d ith ien-2-yipropionyl oxy)-i -azon

i abi cgskp{i Al 2](2 Qrdum brywaed@(yTheaidntdiﬁcmmmn]dcms beymideesi sed
accor

to net ndafromlnterrredlate | d of
final e\ﬁa@me WS s %%edsf’@%dwg to mgFopsgpend ﬂ/gor{h“ﬁr%ede latggy - I
(399 Mﬂdoﬂws@qﬁl@tepﬁwwmoﬂq 6506w 1 H), 1.80 (m 1 H), 1.95 (m 2H), 2.08

1 H, 3.06 | , 3.25-3.52 4 H), 3.82-4.05
(SH) %5%5? 317(4m1 5H?33- (m H) (m H) (m

" "H-NMR (300 MHz, DMSO-dg) 8 ppm : 1.72-2.07 (m, 4 H), 2.28 (m, 1 H), 3.07-3.56 (m, 5 H),
3.78-3.99 (m, 3 H), 5:19 (m, 1 H), 5.52-5.68 (m, 2 H), 5.89 (s, 1 H), 5.98 (m, 1 H), 7.01 {m, 2 H),
7.12 (m, 2 H), 7.50 (m, 2 H). '
15
Example 2
{3R)-3-(2,2-Dithien-2-ylacetoxy)-1-(4-methylpent-3-enyl)-1-azoniabicyclo[2.2.2]octane
.bromide ,
The title compound was synthesised according to methods ¢, and a from Intermediate |-1. The
20 vyield of the final step was 270 mg, 72.9%.
m.p.; 163.5-165.1°C
MS [M-Br]": 416
| "H-NMR (300 MHz, DMSO-dg) & ppm : 1.62 (s, 3 H), 1.67 (s, 3 H), 1.73-2.03 (m, 4 H}, 2.20-2.43
(m, 3 H), 3.05-3.46 (m, 6 H), 3.52 (m, 1 H), 3.92 (m, 1 H), 4.98 (m, 1 H), 5.18 (m, 1 H), 5.88 (s,
25 1H),7.01(m,2H), 713 (m, 2 H), 7.50 {m, 2 H).
Example 3
(3R)-1-Allyl-3-(2,2-dithien-2-ylpropionyloxy)-1-azoniabicyclo[2.2.2]octane bromide
The title compound was synthesised according to methods ¢, and a from Intermediate |-2. The
yield of the final step was 260 mg, 77.2%.
30 m.p.: 166-158°C
MS [M-Br]” : 388
'H-NMR (300 MHz, DMSO-ds) & ppm : 1.65 (m, 1 H), 1.80 (m, 1 H), 1.95(m, 2 H), 2.08 (s, 3
H), 2.28 (m, 1 H), 3.06 (m, 1 H), 3.25-3.52 (m, 4 H), 3.82-4.05 (m, 3 H), 5.20 (m, 1 H), 5.53~
5.67 (m, 2H), 597 (m, 1 H),7.01 (m, 2 H), 7.10 (m, 2 H), 7.51 (m, 2 H). |
35




567 (m 2 H, 597 (m 1 H, 701 (m 2H, 7.10 (m 2 H, 7.51 (m 2 H.
35 -32- Exanple 4 '

(3R) - | - (4- Met hyl pent - 3-enyl ) - 3- (2, 2-di t hi en-2-yi propi onyl oxy) -| -azoni abi cyc
| o[ 2. 2. 2] octane brom de The title cogg)pund was synt hesi sed according to
methods cj and a frominternediate 1-2. The 5 yield of the final step was
380 ngy, 100% mup.: 130-1311C MS [M8r]': 430 H NWR (300 MHz, DMVBO d6) 8
pprn 1.57-1.82 (m 2 H), 1.62(5, 3 H, 1.67(s, 3H, 1 .99 (m 2 H, 207
(s,3|—|),222242(m3|—|), 10(m|H),317(m2H),325342(m3
H , 3.z@mpied(m I , 3.92 (m 1 , 498 (m I H, 519 (m 1 H, 7.02

E:TR) Zébky Z4 g%tlﬁé{/'b?% ?‘f% 39 Z(C[n '%c%y)o'%(yﬁhlq'-l S ﬁ-azo abz a/clo ?621[%]%??:?%[ 2. 2.

2] oct d?femld_6 trifluoroacetate The title corrpound was synt hesi sed accordi ng

E R)/# gﬁg Iga%og)ggu%z\ﬁgﬁgyarﬁljbﬁésgg%fccérjaﬁgfté) Rethodt €Pand' 8 frofin@riiBia 3:02%he M5

(3R} - IW@@?fbpﬂb?iﬁltmmw@mgzmw/dr oxy- 2, 2-di t hi en-2-yl acet oxy) -1 - azoni a-
bi cychﬂ 0%13 Qﬁt ane trifluoroacetate The title conpound was synt hesi sed
accor ods ¢ and b. The yield of the final step was 5.5 nyg,

. 2% l‘@%? WS IW’@@3CCD] 404 Exanple 7

(3R) 3 Nk [2.2.2
] oct an]e—l([gtrl(S?uor 5ac %{S‘é?ﬁ'}ggﬂm?ﬁ }’F fgé%é‘\é?rp'*u ms syn?%g§ %ﬁ g%:ég ‘?!dl ng
t o nethidds2.87 énd H), 212292 éhd3 biy, Bh@(lfnl h&l), Srégm, Add, 352568.42)(m 2BIHR%.43
10 (m, 1H), 3.92(m, 1H), 4.98(m, 1H),5.19 (m, 1 H), 7.02 (m, 2 H), 7.09 (m, 2H), 7.50 (m, 2
H).

Example 5
(3R)-3-(2-Hydroxy-2,2-dithien-2-ylacetoxy)-1-isopropyl-1-azoniabicyclo{2.2.2]octane

15 ftrifluoroacetate
The title compound was synthesised according to methods ¢ and b. The yield of the final step
was 21.6 mg, 25.2%,
MS [M-CF3CQO7" : 392

20 Exampie 6
(3R}-1-Cyclopropylmethyl-3-(2-hydroxy-2,2-dithien-2-ylacetoxy)-1-azonia-
bicyclo[2.2.2]octane frifluoroacetate
The titie compound was synthesised according to methods ¢ and b. The yield of the final step
was 5.5 mg, 6.2%. |
25 MS [M-CF3COO0]": 404

Exampie 7
(3R)-3-(2-Hydroxy-2,2-dithien-2-ylacetoxy)-1-isobutyl-1-azoniabicyclo[2.2.2]octane
frifluoroacetate

30 The title compound was synthesised according to methods ¢ and b. The yield of the final step
was 25.0 mg, 28.3%.
MS [M-CF3COO]" : 406

Example 8




M5 [MCF3CO0 ': 406 Example 8 -33- (3R -1

- Hept yl - 3- (2- hydr oxy- 2, 2-di t hi en- 2-yl acet oxy)-1 -azon iabi cyclo[2.2.2]
octane brom de The title conpound was synt hesi sed according to nethods c
and a. The yield of the final step w&&%-490 ng, 66.6% mp.: 1341C 5 M5
[MBrj': 448 'H NVR (300 MHz, CDCl13) 8 ppm 0.86 (t, 3 H, 1.16-1.32 (m 8
H, 1.60 (m 2H), 1.91 (m 2 H), 2.05(m 2 H, 2.42 (m 1 H), 3.32-3.48
(m2H) 348 3.0 (m 5H), 424 (m 1 H, 528 (m 1H, 598 (s, 1H

%) o1 Se8 Mooy df S habh s /o o g FaGeaiP oo™ -

cyclo ['I’Zlemile]:ompomtﬂemas syrthesised eet@ting Thmettidds @ andrpdbe gieldd they/fimtahstep sed

accorqv#g,fgp/%j{%rp@ps c apd b. The yield of the final step was 23.4 ng,

24. 6% 446 Exanple 10 (3R)-1

- (3- Qm:bohéék‘@ pr opyl ) -3-(2- hydroxy-2, 2-dithien-2-ylacetoxy)-1 - azon ia

bi ¢ L gg pctane trifluoroacetate 20 The title conpound was

synt he5| ccordl ng to methods ¢ and b. The yield of the final step was
12. 6 ry;NNR.(606 MMB, CNCGFSGRIE] '0.8641 43 HEXB M S2Xn, 85—1)(35&)){@ 2 A, 1.91 18 2(2 hyd

roxy-2,2-dJdth.len-2- cet ct.ane m d
Theyt i%_l)l @qogo(r%g d2\?@?\5/8n~s“36/lln|t_ef)|°|§§Xé e‘(l]SHEf:%IF'g @?éﬁ %5‘321 42%4 @'ﬁcf@ 5%3 |eId
of thel H), 98 &t epl, OM)s S4E(myE, H)7 0. O”4m,m Ig), : 7.2F8 28 (MS3[HY Br] +: 390 30 ' H- NWR
(300 MHz, DMsO-d6) 8 PPM 1.77 (m 2 H), 1.92 (m 2 H, 2.31 (m 1 H), 3.15
(m 1 H), 3.20-3.52 (m 4 H), 3.81-4.01 (m 3 H, 524 (m 1 H), 5. 53-5.68
(N0 2 Bdam@e 96 (m 1 H),

{3R)-1-Cyclohexylmethyl-3-(2-hyd rbxy-2,2-dithien-2-ylacetoxy)-1 -
azonabicyclof2.2.2]octane trifluoroacetate
The title compound was synthesised according to methods c and b. The yield of the final step
was 23.4 mg, 24.6%.

15 MS [M-CF3COO0]": 446

Example 10
(3R)-1-(3-Cyclohexylpropyl}-3-(2-hydroxy-2,2-dithien-2-ylacetoxy}-1-
azoniabicyclo[2.2.2]Joctane ftrifluoroacetate

20 The title compound was synthesised according to methods ¢ and b. The yield of the final step
was 12.6 mg, 12.6%.
MS [M-CF3COQ]": 474

Example 11

25 (3R}-1-Allyi-3-(2-hydroxy-2,2-dithien-2-ylacetoxy)-1-azoniabicyclo[2.2.2]octane bromide
The title compound was synthesised according to methods ¢ and a. The yield of the final step
was 400 mg, 70.0%. '
m.p.: 176°C
MS [M-Br]* : 390

30 "H-NMR (300 MHz, DMSO-dg) 8 ppm : 1.77 (m, 2 H), 1.92 (m, 2 H), 2.31 (m, 1 H), 3.15(m, 1
M), 3.20-3.52 (m, 4 H), 3.81-4.01 (m, 3 H), 5.24 (m, 1 H), 5.53-5.68 (m, 2 H), 596 (m, 1 H),
7.02(m, 2H), 7.16 (m, 2 H), 7.48(s, 1 H, OH), 7.53 (m, 2 H).

Example 12




7.02 (m 2 H, 726 (m 2 H, 7.48 (s, 1 H OH, 7.53 (m 2 H). Exanple 12
-34- (3R)-3-(2-Hydroxy-2, 2-dithien-2-ylacetoxy)-1 -(4-nethyl pent-3-enyl)-I
- azoni abi cycl o[ 2. 2. 2] octane brom de The title conpound was synt hesi sed
according to rret hods ¢ and a, The yi e4d_of the final step was 260 rrg,
36.0% 5 mp.: 1991C MS IMBr]': 432 1H NWR (300 MHz, CDC13) 8 ppm 1.58
(s,3|—|),1.64(m3|—|) 187(m2|—|),203(m2H) 226247(m3|—|),
322345(m 2 H, 3.45-3.82 (m 5H, 423 (m 1H, 492 (m 1 H, 5. 27

1 H, 2 7.1 1 7.24 )
(18] Ex 4 ]%-(&gydlgoxy-z 2-d|thg;1|)i-ylac2%x(y) 1-(4- ml_tia)tf'nylpen’t5 3 (eny!) a2 (m 35

(3R)'|a26§|a5r09bf3ﬁ byzh&ﬁgﬁé()ﬁ)m%eG di enyl’) - 3- (2- hydr oxy- 2, 2-di t hi en-2-yl aceto
Xy) - 1-_ azoni abi cycl o[ 2 2] octane trifluoroacetate The title conpound was

synt hédpditle campevryl wep w’fhﬁéts%@gcqrd@ado methpde c\Anglad Toe Yielieofthadnal steep 15

was 14y5 588.mdbedfp. MB [ M CF3CO0 ' : 486 Exanple 14
(35%] 3-(2- I—%/ roxy-2, 2-dithien-2-yl acetoxy)-l-(2 hydr oxyet hyl ) -1 -

i ABPEYBYS] 2. 2. 2] octane trifl uoroacetate 20 The title conpound was
synt hess aggacgesding to net hods c and b. The yield of the final step was
16.6 ng, 19.3% M5 [M CF3COQJ': 394 Exanple 15 25
( 3R) - HMMMRYBOQMYzC QCB?ﬁlﬁp@njﬁﬁ)@ acldl d;@ﬁ) m, 3&9 hdoxybv.oby® Jmi2Hazo n ia
b icy 2 r Tz Vi esi sed
D 1CYQSsh Ay fm2h 904 9418 461 byg @ %%eé S fn 6. L1 bb fn PFIF,?SW(WHE EPH‘
18. 0%(my H)Nﬁ@i’:}@djji ©OHY,08.93 (m, 2H) 715 (m, 1 H), 724 (m, 3 H}).

10
Example 13
(3R)-1-(3,7-Dimethyliocta-(E}-2,6-dienyl)-3-(2-hydroxy-2,2-dithien-2-ylacetoxy)-1-
azoniabicyclo[2.2.2]octane frifluoroacetate
The title compound was synthesised according to methods ¢ and b. The vield of the final step
16 was 14.5 mg, 14.2%.
MS [M-CF3COO]" : 486

Example' 14
(3R)-3-(2-Hydroxy-2,2-dithien-2-ylacetoxy)-1-(2-hydroxyethyl)-1-
azoniabicYcIo[Z.Z.Z]octane trifluoroacetate

20 The title compound was synthesised according to methods ¢ and b. The yield of the final step
was 16.6 mg, 19.3%. '
MS [M-CF3COOJ" : 394

Exampie 15
25 (3R})-3-(2-Hydroxy-2,2-dithien-2-yfacetoxy)-1-(3-hydroxypropyl)-1-
| 'azoniabicycio[2.2.2]octane trifluoroacetate
The title compound was synthesised according to methods ¢ and b. The yield of the final step
~was 16.0 mg, 18.0%.
MS [M-CF3COQ]" : 408
30
Example 16
(3R)-1-(4-Hydroxybutyl}-3-(2-hydroxy-2,2-dithien-2-ylacetoxy)-1-

azoniabicyclo[2.2.2]Joctane trifluorcacetate _




30 Exanple 16 '
(3R) -1 -(4-Hydroxybutyl)-3-(2-hydroxy-2, 2-dithien-2-ylacetoxy)-I-
azoni abi cycl o[ 2. 2. 2] octane trifluoroacetate -35- The title conpound was
synthesi sed according to nethods ¢ angkb. The yield of the final step was
6.5 ng, 7.1 M5 [MCF3COQ *: 422 5 Exanple 17
(3R)-1-(2-Ethoxyethyl)-3-(2-hydroxy-2,2-dithien-2-yl acet oxy)-I|-azoni abi cyel
o[ 2. 2. 2] octane brom de The title conpound was synt hesi sed according to
met hods c¢_and a. The yield of the final step was 220 31.0% 10 MP.:
155* C 8 ttigepmpoundayss synthesied 30erripg to mﬁt@; C@anPMThqylf@ qfthe finalpter 1. 88
SmeGZ(V\'I_é)S6gn.@’s?(%l 24 46 gm271(H) 1 30495(93 (2 H)l a 5£C1]—I§; 966(317 (8 H)é
, 5. m , 5. S, , : : m
B ISP 2857 55 (m 3 1 15 Exanpl e 18
(3R) 3- (2-Hydroxy-2, 2-di thi en- 2-yl acet oxy) - | - 12- (2- hydr oxyet hoxy) et hyl ] -i -
azoni abi cycl o 2. 2. 2] octane chloride The title conpound was synt hesi sed
accor dPRI® Thet hods ¢ and a. The yield of the final step 20 was 580 ny,

14. 0% 72
T (3M P—12 EMygﬂyﬁ -3-]¢- @droxz%dltﬁemlégagxw%%% [262 E[%B‘iané

,312:58'"0 lH), 472(m | M), 5.21(m 1 H, 6.97 (m 2 H), 715(m 2
(25 H) ,Thé-thid cGrﬁﬁbo@‘nd‘@Jas g}ﬁ&lﬂéis‘éd 8cording to methods c and a. The yield ofthe final step
i

3R) - 3W61(52258/Ign5’0x¥0 2 t hi en-2-yl acetoxy) - -[2-(2-nmet hoxyet hoxy)ethyl]-1I -
10 m.p.; 165°C
MS [M-Br]* : 422
'H-NMR (300 MHz, CDCls) & ppm: 1.15 (t, 3 H), 1.88 (m, 2 H), 2.03 (m, 2 H), 2.46 (m, 1 H),
3.49 (q, 2 H), 3.54-3.96 (m, 8 H), 4.06 (m, 1 H), 4.31 (m, 1 H), 5.27 (m, 1 H), 5.73 (s, 1 H, OH),
6.97 (m, 2 H), 7.20 (m, 1 H), 7.22-7.33 (m, 3 H).
15
Example 18
(3R)-3-(2-Hydroxy-2,2-dithien-2-ylacetoxy}-1-[2-(2-hydroxyethoxy)ethyl]-1-
azoniabicyclo[2.2.2]octane chloride _
The title compound was synthesised according to methods ¢ and a. The yield of the final step
20 was 580 mg, 14.0%.
m.p.: 156°C
MS [M-CI": 438
'H-NMR (300 MHz, DMSO-ds) 3 ppm : 1.72 (m, 2 H), 1.92 (m, 2 H), 2.27 (m, 1 H), 3.10-3.70
(m, 11 H), 3.79 (m, 2 H), 3.96 (m, 1 H), 4.72 (m, 1 H), 5.21 (m, 1 H), 6.97 (m, 2 H}, 7.15 (m, 2
25 H), 7.51 (m, 3 H).

Example 19 -
(3R)-3-(2-Hydroxy-2,2-dithien-2-ylacetoxy)-1-[2-(2-methoxyethoxy)ethyl]-1-
azoniabicycio[2.2.2]octane bromide
30 The title compound was synthesised according to methods ¢ and a. The yield of the final step

was 260 mg, 35.0%.
MS [M-Br]" : 452
TH-NMR (300 MHz, CDClg) & ppm: 1.87 (m, 2 H), 2.04 (m, 2 H), 2.44 (m, 1 H), 3.32 (s, 3 H),
3.48 (m, 2 H), 3.54-3.96 (m, 10 H), 3.98-4.08 (m, 1 H), 4.30 {m, 1 H), 5.26 (m, 1 H), 6.0 (b.s., 1

. 35 H,OH), 8.97 (m, 2H), 7.20 (m, 1 H), 7.23-7.32 (m, 3 H).




azonia bicyc lo [2.2.2] octane brom de 30 The title conpound was

synt hesi sed according to nethods ¢ and a. The yield of the final step was
260 ng, 35.0% MS [MBr]': 452 'H NWR (300 MHz, CDC13) 8 ppm 1.87 (m 2
H, 2204 (m 2 H, 2.44 (m 1 H, 3.3B{(s, 3 H, 3.48 (m 2 H), 3.54-3.96
(m 10 H, 3.98-4.08 (m I H, 430 (m 1 H, 526 (m 1 H), 6.0 (b.s., 1
35 H OH), 6,97 (m 2 H, 7.20(m | H), 7.23-7.32 (m 3 H. -36- Exanple
20 (3 R)-3-(2-Hyd roxy-2, 2-dithien-2-yl acet oxy) -1

-oxi ranyl met hyl -1 -azonl abicyclo [2.2.2] octane bromde 5 The title
conmpound was synt hesi sed according to nethods ¢ and a. The yield of the
final Exteple 2s 240 ngy, 35.0% MS [MBr]': 406 Exanple 21 10

(3R) - |54 25 3L Di :2-yiethyl)-3-(2:hyd -2, 2-di.t hi en-2- t -1 -
oon SUREVA B o e ey B A R 71 i o
synt hésométk according to nethods ¢ and b. The yield of the final step was
15..7 16. 4% | 3 ‘. 450 15 | e 22 , .

(373 - 30 SR boy e R 2o 00a SRR B AR 15 K S lIRSY - et hoxy
] et hywasl 24Gamgnd@abicycl o[ 2. 2. 2] octane trifl uoroacetate The title conpound
was sx@ _§rﬁeg‘9%ccordi ng to methods ¢ and b. The yield of the final step
was 7. , 1.8% 20 M5 [MCF3COQ ': 482 Exanple 23

(3R)-1-(3-1, 3] O oxol an-2-yi propyl ) - 3- (2- hydr oxy- 2, 2-di t hi en- 2-yl acet oxy) -1
- azorgxggéﬁé(ﬁll o[ 2. 2. 2] octane trifluoroacetate 25 The title conpound was

synt hesi according to nethods ¢ and b. The yield of the final step was
17100 §3R)-1-12-p0B]Dioxolan-2-ylethyl)-3-(2-hydroxy-2,2-dithien-2-ylacetoxy)-1-

azoniabicyclo[2.2.2]octane triflucroacetate

The title compound was synthesised according to methods ¢ and b. The yield of the final step
was 15.7 mg, 16.4%.

MS [M-CF3COO0]" = 450

15 Example 22
(3R)-3-(2-Hydroxy-2,2-dithien-2-ylacetoxy)-1-{2-[2-(2-hydroxyethoxy}-ethoxy]ethyl}-1-
azoniabicyclo[2.2.2]octane trifluoroacetate
The title compound was synthesised according to methods ¢ and b. The yield of the final step
was 7.9 mg, 7.8%.

20 MS [M-CF3COOJ" : 482

. Example 23
(3R)-1-(3-[1,3]Dioxolan-2-ylpropyl}-3-(2-hydroxy-2,2-dithien-2-ylacetoxy}-1-
~azoniabicyclo[2.2.2]octane trifluoroacetate
25 The title compound was synthesised according to methods ¢ and b. The yield of the final step
was 17.1mg, 17.4%.
MS [M-CF3COO0]": 464

Example 24

30 (3R)-1-(3-Ethoxycarbonylpropyl)-3-(2-hydroxy-2,2-dithien-2-yl-acetoxy)-1-
azoniabicyclo[2.2.2Joctane trifluoroacetate
The title compound was synthesised according o methods ¢ and b. The yield of the final step
was 15.1mg, 15.4%. |
MS [M-CF3COOJ" : 464




M5B [ M CF3COQ *: 464 Exanple 24 30

(3R) -1 -(3-Ethoxycarbonyl propyl ) -3-(2-hydroxy-2, 2-di thi en-2-yi -acetoxy) -1 -
azon ia bi cyc 1o[2.2.2] octane trifluoroacetate The title conpound was
synt hesi sed according to nmethods ¢ angg b. The yield of the final step was
15.1 ng, 15.4% M5 [MCF3COQ': 464 -37- Exanple 25
(3R)-1-(4-Ethoxycarbonyl butyl)-3-(2-hydroxy-2, 2-dithien-2-ylacetoxy)-I-
azoni abi cycl o[ 2. 2. 2] octane trifluoroacetate 5 The title conpound was

synt hesi sed according to nethods ¢ and b. The yield of the final step was
15.0 ng, 14.9% M5 [MCF3COQ': 478 Exanple 26 10 '

(3R) - exk ggoxybut'yl) 3-(2-hydroxy-2, 2-dithien-2-ylacetoxy)-1I -

azoni abi CéC| o[ 2. 2. 2] octane trifluoroacetate The title co ound was

synt héRstti-Bhosyearpgnybubidl-3rbrbydroxyd. rdithiea-2 ylaretoxy) i'*ne final step was

10 7 @Eom&grc?(ﬁb[i\@zid\gtﬁegmme dfigke 15 Exanple 27
3- Cyanopropyl ) - 3- (2- hydr oxy- 2, 2-di t hi en- 2-yl acet ox %-I - ﬁonl abi cycl
£ 2T2F@8@a prEPOYNG| s RyPEseee @ PECOTHAT 1 mptéloé%ﬁﬁaﬁhdm%ye@ﬁ% heltiak

accorq;algg»]ggngtﬂ@g c and b. The yield of the final step 20 was 14.0 ny,
15. 5% 3C00 ' . 417 Exarrple 28 (3R -1 -(4-Cyanob

ut yl ) MR MCRPEPSIY- 478- di t hi en- 2-yl acet oxy)-1 -azo n | abicycio [2.2. 2]
octane 25 trifluoroacetate The title conpound was synthesi sed according to

met hods ¢ and b. The yield of the final step
Example 26

10 (3R)-1-{4-Acetoxybutyl)-3-(2-hydroxy-2,2-dithien-2-ylacetoxy)-1-
azoniabicyclo[2.2.2Joctane trifluoroacetate
The title compound was synthesised according to methods ¢ and b. The yield of the final step
was 10.7 mg, 10.9%.
MS [M-CF3COO]" : 464
15
Example 27
- {3R)-1-(3-Cyanopropy!)-3-(2-hydroxy-2,2-dithien-2-ylacetoxy)-1-azoniabicyclo[2.2.2]octane
trifiuoroacetate
The title compound was synthesised according to methods ¢ and b. The yield of the final step
20 was 14.0mg, 15.5%. |
MS [M-CF3COO0]": 417

Example 28
(3R)-1-{4-Cyanobutyl)-3-(2-hydroxy-2,2-dithien-2-ylacetoxy}-1-azoniabicycio[2.2.2]octane
25 ftrifluoroacetate
The title compound was synthesised according to methods ¢ and b. The yield of the final step
was 16.2 mg, 17.5%.
MS [M-CF3COOQ]" : 431

30 . Example 29
(3R)-1 -(B-Cyénohexyl)-3-(2-hydroxy~2,2-dithien-2-y|acetoxy)—1 -azoniabicyclof2.2.2]octane
trifluoroacetate _
The title compound was synthesised according to methods ¢-and b. The yield of the final step
was 19.1 mg, 19.6%.

35 MS[M-CF3COO0] : 459




was 16.2 ng, 17.5% M5 [MCF3COO': 431 30 Exanple 29

(3R) -1 -(6-Cyanohexyl) - 3-(2- hydroxy-2, 2-di t hi en- 2-yl acet oxy) - |

-azoni abicyclo[2.2.2]octane trifluoroacetate The title conpound was

synt hesi sed according to nmethods c an Sp. The yield of the final step was
19.1 ng, 19.6% 35 M5 [MCF3COQ ': 459 -38- Exanple 30

(3R) - 3-(2-Hydroxy-2, 2-dithien-2-ylacetoxy)-1-(4,4,4-trifluorobutyl)-1-
azoni abi cycl o[ 2. 2. 2] octane trifluoroacetate 5 The title conmpound was

synt hesi sed according to nethods ¢ and b. The yield of the final step was
18. 4 ng, 18.8% M5 [ M CF3000]" : 460 Exanple 31 10

(3R) - l}f% (2 hydr oxy- 2- phenyl - 2-t hi en- 2-yl acet oxy) - 1- azoni abi cycl o[ 2. 2
. 2] oct ane rom de The title conmpound was synthesised as a m xture of

d| ast dBBbW-ﬁydmeiEWMen Baytdvethxyl)-16Ad, 4-tiflubnebyty®1e of the final step

was 35&3o logz/o,_ AP Hg&r%gc%\@ie[msr]' . 384 ' H NMR (300 Mz, DMBO-d6)

8 ppm: st ereomners .46-1.79 (m 2 H), 1.81-2.02 (m 2 H),
2.28 (The theId))mpaur@ﬂwémyrﬁhéé.)qedacwrdmgétﬁ mathod$ aHnd 18 T8O yiklcdDof tihg firgal Biep 5. 23

1 H., 2 H, 5.96 1H, 7.03 | H), 7.12 | H),
o "?S 185“%4@ 587240 (m 3 I(-i)m T 749 (ﬁnmz H)H? 7.53 (§nm1 H)H?
20 Examm-cztzcoo 460

(3R -1-Allyl-3-(2- fur-2 yl -2- hydr oxy- 2- phenyl acet oxy) - 1- azoni abi cycl o[ 2. 2. 2
]octane brom de The title conpound was synthesised as a m xture of
di ast érxaomde 81accordi ng to met hods ¢ and

10 (3R)-1-Allyl-3-{2-hydroxy-2-phenyl-2-thien-2-ylacetoxy)-1-azoniabicyclo[2.2.2]octane
bromide
The title compound was synthesised as a mixture of diastereomers according to methods f and
a. The yield of the final step was 350 mg, 50.0%.
m.p.: 170°C
15  MS [M-Br]" : 384
'H-NMR (300 MHz, DMSO-ds) 5 ppm : (mixture of diastereomers) 1.46-1.79 (m, 2 H), 1.81-2.02
{m, 2 H), 2.28 (m, 1 H), 3.07 (m, 1 H), 3.17-3.46 (m, 4 H), 3.80-4.0 (m, 3 H), 5.23 (m, 1 H},
5.53-5.67 {m, 2 H), 5.96 (m, 1 H), 7.03 (m, 1 H), 7.12 (m, 1 H), 7.20 (s, 1 H, OH), 7.29-7.42 (m,
3H), 7.42-7.49 (m, 2H), 7.53 (m, 1.H}.
20
Example 32
(3R)-1-Allyl-3-(2-fur-2-yl-2-hydroxy-2-phenylacetoxy)-1-azoniabicyclo[2.2. 2]0ctane
bromide
The title compound was synthesised as a rhixture of diastereomers according to methods c and
25 a. The yield of the final step was 120 mg, 88.8%.
MS [M-Br]*: 368
"H-NMR (300 MHz, DMSO-dg) & ppm : (mixture of diastereomers) 1.45-1.80 (m, 2 H), 1.80-2.03
(m, 2 H), 2.26 (m, 1 H), 2.95-3.24 (m, 2 H}, 3.24-3.47 (m, 3 H), 3.75-3.98 (m, 3 H), 5.20 (m, 1
H), 5.52-5.67 (m, 2 H), 5.96 (m, 1 H), 6.28 (dd, 1 H), 6.46 (m, 1 H), 6.95 (d, 1 H, OH), 7.31-7.45
30 (m,3H),7.48(m, 2H), 7.68 (m, 1 H).

Exampie 33

(3R)-1-Allyl-3-(2-fur-2-yl-2-hydroxy-2-thien-2-ylacetoxy)-1-azoniabicyclo[2.2.2]octane
‘bromide




25 a. The yield of the final step was 120 ngy, 88.8% MS [MBr]' : 368

1H NVR (300 MHz, DMSO-d5) 8 ppm: (m xture of diastereoners) 1.45-1.80 (m
2 H, 1.80-2.03 (m 2 H, 2.26 (m 1 H, 2.95-3.24 (m 2 H), 3.24-3.47 (m
3 H, 3.75-3.98 (m 3 H, 5,20 (m 13d), 5.52-5.67 (m 2 H, 596 (m 1
H, 6.28 (dd, 1 H, 6.46 (m | H, 6.95 (d, 1 H OH), 7.31-7.45 30 (m 3
H, 748 (m 2 H, 7.68 (m 1 H. Exanple 33

(3R -1-Allyl-3-(2-fur-2-yl-2-hydroxy-2-thien-2-yl acet oxy) - 1- azoni abi cycl o[ 2
.2.2)octane bromde -39- The title conmpound was synthesised as a m xture
of di d6edkesmmpaundas INHEsEed ﬁﬁtaﬁala@r%ofaqﬁferaomwcwé#rw tgrmethedsrg gl step

was 1EOTﬁa¥|e@?of%/@f;H‘é$sthﬁrsl 170 I%éfleé!dﬂxi\.'NR (300 Mz, DMSO-d6) 6 ppm :
(m xture of diastereoners) 1.58-1.83 (m 2 H), 1.83-2.06 5 (m 2 H, 2. 28

(m | M§ MBrloe (dh | H), 318(m 1 H), 325354(m 3 H, 3.78-4.02 (m 3
H, 5H%¥i\m$f(%ool Y, D{ésézaé?%%?g( %.ﬁuﬂé’) dRsRfedmBrs) 15’%48@ %ﬁﬁz(r@bda séhzfd)a 6. 46

m 7.29 7.69
Em5 1 rH)ZFExariﬁl m 3H)13)0©BﬂR) Hl 3At3 (!Inyﬁ I-Q33\%@34’5ét(hinJ-9|—B178 41R¥r(431 3H)

ne- 9- aRicsy

e U L S AL R S L

final 7st&pn, ws?j;smng 88554, hﬁm 7.698m21 7. 81C MS [M Br]': 374 15 "H VR
(300 MHz, DMSO-d6) 6 ppm1.54 (m 1 H, 1.69 (m 1 H, 1.76 (s, 3 H, 1.87
(m2H, 211 (m 1 H, 3.00(m 1H, 3.16-3.47 (m 4 H, 3.79(m 1H,
3.91 GxamplePd 4,99 (m 1 H), 5.52-5.66 (m 2 H), 5.93 (m 1 H), 7.30-7.50

(R”% 014 (?A%) Z\]@h?é}l nkeha;h')gH ﬁué:%n@%-cérbﬁhyi%x?}o'l ngm% |CW:IG[£Q ZFeamd Brodndé 3

roxy-9 H A uorene-9-car -1 -azon ia bicycl
0[2 2.Thp t@@tcameourm\@aﬁ @L@trﬁs@eﬂuapc@dmﬁ@mﬂwdmwgwﬂ @y@gboféb%awism to
met ho%scﬂs@ﬁﬁ ggfoopm I nternmedi ate 1-3. The

m.p.. 75.2-76.8°C

- MS[M-Brl": 374

15 "H-NMR (300 MHz, DMSQ-dg) 6 ppm : 1.54 (m, 1 H), 1.69 (m, 1 HI), 1.76 (s, 3 H), 1.87 (m, 2 H),
2.11(m, 1 H), 3.00 (m, 1 H), 3.16-3.47 (m, 4 H), 3.79 (m, 1 H), 3.91 (m, 2 H), 4.99 (m, 1 H),
5.52-5.66 (m, 2 H), 593 (m, 1 H), 7.30-7.50 (m, 4 H), 7.64 (d, 1H), 7.72(d, 1 H),7.90(d, 2
H).

20 Example 35
(3R)-1-Allyi-3-{9-hydroxy-9H-fluorene-8-carbonyioxy)-1-azoniabicyclo[2.2.2]octane
bromide
The title compound was synthesised according to methods ¢, and a from Intermediate |-3. The
yield of the final step was 550 mg, 80.3%.

25 m.p.; 260°C |
MS [M-Br]" : 376 :

*H-NMR (300 MHz, DMSO-ds) & ppm : 1.40 (m, 1H), 1.64 (m, 1 H), 1.85(m, 2H), 2.08 (m, 1

H), 2.77 (m, 1 H), 3.03 (m, 1 H), 3.17-3.41 (m, 3 H), 3.70-3.94 (m, 3 H), 5.03 (m, 1 H), 3.50-

5.68 (m, 2 H), 580 (m, 1H), 6.85(s, 1H, OH), 7.35(m, 2 H), 7.46 (m, 2 H), 7.60 (m, 2 H),
30 7.83(d, 2H).

'Exampie 36
(3R)-3-(9-Hydroxy-9H-fluorene-9-carbonyloxy)-1-(4-methylpent-3-enyl)-1-

azoniabicycio[2.2.2]octane bromide




yield of the final step was 550 ng, 80.3% 25 mp.: 2600C M5 IMBr]': 376
"H NVMR (300 MHz, DMBO-d6) 6 ppm 1.40 (m 1 H), 1.64 (m 1 H, 1.85 (m 2
H, 208 (m 1 H, 2277 (m I H, 3.03 (m 1 H, 3.17-3.41 (m 3 H),
3.70-3.94 (m- 3 H, 503 (m 1H), 5/0- 568 (m 2H, 590 (m I H, 6.85
(s, 1 H O, 7.35(m 2 H, 746 (m 2 H, 7.60 (m 2 H, 30 7.83 (d, 2 '
. Exanpl e 36 _ -

(3R) - 3- (9- Hydr oxy- 9H-f | uor ene- 9- car bonyl oxy) -1 - (4- et hyl pent - 3-enyl )-i- azo
n iabicyclo £2 2.2] octane bromde -40- The title conpound was synthesi sed
accor diMRdlte 6 rﬁ%@%@d‘éascsvna‘wa'sad ﬁpfeﬁwlnaf%mmﬂaﬁearﬁ%fromﬂ%terreﬁd@fﬁf fThehe

final @@ﬁtmﬁmﬁgg as 4801240 656Mk. : 192.4-193.11C M5 [M8r]* @ 418 5
"H N 300 DIBSOdG)SPPM 1.40 (m 1 H, 1.55-1.72 (m 1 H), 1.61

(s, 3 1§261§9?§°C 3H, 1.84 (m 2 H), 2.04 (m | H, 2.26 (m 2 H, 2.76
(m |MQ[M.%;98—43816(m 3 H, 3.18- 3.45 (m 3 H), 379(m 1 H), 4.95 (m

(m ) Q:IDNMR((@QMHZ @Mﬁp Zﬁm el ga;(cgf)om 135’5(|72 H) 161 (s 3(Hn)]1%6|(_|)’ 759
(3R) - I3 trept 94 cnﬁa(@ wwgﬁwﬂﬁ;ﬁbs’%e@ﬁ; 92?@%@00)4505»351@@@@@'%' 0[2.2.2
] octane "brom de I'e conpound was synthesi Sed accord to rret hods c,

and a %4%lM. Britle Prtirat e - 895 ﬂrﬁe1 Hyi 2P f6f1 Hheb B2 fralt Bt @), v]a

85. 5%; amaaa @14@,@4@,@9@821@ M:q [MBr]': 434 1H NMR (300 Mz, DI\/BOdG) 8
PPI\/I088 12 H, 1.70-1.93 (m 2 H), 2.04 (m 1

,278$m lH) 296318(m 3H, 3.18-3.48 (m 3 H), 3.77 (m 1 H),
501(Erﬁa"1 A, 6.84 (s, 1H, OH),734(m2H) 7.45 (m 2 H), 7.61 (m 2

(519 50 B Byt AT Bodhs gyl ssenishisyclafpiostane
bromide
The title compound was synthesised according to methods ¢, and a from Intermediate I-3. The
yield of the final step was 330 mg, 85.5%.
m.p.: 214.9-216.6°C

15 MS [M-Br]": 434

'H-NMR (300 MHz, DMSO-ds) 8 ppm: 0.88 (t, 3 H), 1.12-1.70 (m, 12 H), 1.70-1.93 (m, 2 H),
2.04{(m, 1H), 278 (m, 1 H), 2.96-3.18 (m, 3 H), 3.18-3.48 (m, 3 H), 3.77 {m, 1 H), 5.01 (m, 1
H), 6.84(s, 1H, OH), 7.34 (m, 2H), 745(m, 2H), 7.61{(m, 2H), 7.84(d, 2 H).

20 Example 38
- (3R)-3-(9-Hydroxy-9H-fluorene-9-carbonyloxy)-1-oxiranylmethyl-1-
azoniabicyclo[2.2.2]octane bromide '
The title compound was synthesised according to methods ¢, and a from Intermediate |-3. The
yield of the final step was 270 mg, 38.0%.
25 MS [M-Br]": 392

Example 39
(3R)-3-{9-Hydroxy-9H-fluorene-9-carbonyloxy)-1-[2-(2-methoxyethoxy)ethyl]-1-
azoniabicyclo[2.2.2]octane bromide

30 The title compound was synthesised according to methods ¢, and a from Intermediate |-3. The
vield of the final step was 6810 mg, 78.2%.
m.p.: 194°C
MS [M-Br]" : 438




azoni abi cycl o[ 2. 2. 2] oct ane bromi de The title conpound was synthesi sed
according to nethods ¢, and a fromlinternediate 1-3. The yield of the
final step was 270 ngy, 38.0% 25 MS [MBrj': 392 Exanple 39

(3R) - 3-(9- Hydr oxy-9H- f | uor ene- 9- car bogyl oxy) -1 -[ 2- (2- net hoxyet hoxy) et hyl ] - |
- azoni abi cycl o[ 2. 2. 2] oct ane bromi de 30 The title conpound was synt hesi sed
according to nethods ¢, and a fromlinternediate 1-3. The 'yield of the
final step was 610 ngy, 78.2% mp.: 1941C MsS IMBr]': 438 -41- 'H NWR (300
Mz, DMSO-c16) 6 ppm 1.44 (m 1H, 1.64(m 1 H, 1.85 (m 2 H, 2.09 (m
-1 H) HZNMRB (3G Mtz HYMSS-d8 5Ppa8 1(4dh (1, 1H), 1.84 28, (&), 38BN, 33028960, (m 9

. 3h3 4 : 3 ( 1 7.35
(2 % 2 1y 12 rdag tpy il Tags i mB i S0 i 2 He
(3R) m(QJ'{),15:§JP[DITo>‘(cb‘I)a|$~823~()%i tHhOH),- 3-3p9mh ) oX o9k RIH)oi7eérigmD 2d8r B&%y| oxy) -
1 3 3ab icyclo [2.2.2] octane brom de The title conpound was
synth Si sed according to nethods ¢, and a fromliInternediate 1-3. The 10
yiedd of the final step was 660 ng, 85.7% mp.: 620C MS [MBrj': 436
'H—N , DI\/SOdG) 8 ppm 1.43 (m I H), 1.64 (m 1 H, 1.71-2.15
£ 1H, 3.0-3.64 (m 8 H, 3.74-3.97 (m 3 H, 489 (m 1
1-&2 [113]9;ox01ar32 -Wiethyh- 3H)9 hyd1®<w9lzl{ﬂupmn@B-H;uboleB&yQ—m 2 H, 7.82

(d’ 2
(3R) - Iaﬁgﬂ yiI = gm([g&‘ﬁioctaﬂeegéorgi car bonyl oxy) -1 -azoni abi cycl o[ 2. 2. 2] oct ane
br oni ddetite cemppundosampenntesiesd asoorting4é methods coanti affomdniesnédiate 1-8. Binl a.

Thep ViyRlidohe HiRA stdg\Phs B6Mg, W8T 70 Mo, 51.5 %
m.p.: 62°C
MS [M-Br]" : 436
*H-NMR (300 MHz, DMSO-dg) § ppm: 1.43 (m, 1 H), 1.64 (m, 1H), 1.71-2.15 (m, 5 H), 2.86
- {m, 1H), 3.0-3.64(m, 8 H), 3.74-3.97 (m, 3H), 482 (m, 1H), 500(s, 1H), 7.34 (m, 2 H),
15 7.45(m, 2H), 7.63(m,2H), 7.82(d, 2 H).

Example 41

(3R)-1-Allyl-3-(9H-xanthene-9-carbonyloxy)-1-azoniabicyclof2.2.2]Joctane bromide
The title compound was synthesised according to methods d and a. The yield of the final step
was 170mg, 51.5 %.
20 m.p.. 57°C
MS [M-Br]": 376
"H-NMR (300 MHz, DMSO-dg) & ppm: 1.63-2.00 (m, 4 H), 2.17 (m, 1 H), 3.06-3.56 (m, 5 H),
377 (m, 1H), 3.92(m, 2H), 5.03(m, 1H), 530(s, 1H), 550-570(m, 2H), 594 (m, 1H),
7.20(m, 4 H), 7.38 (m, 2 H), 7.50 (m, 2 H).
25
Example 42
(3R)-1-(4-Methylpent-3-enyl}-3-(9H-xanthene-9-carbonyloxy)-1-azoniabicyclo[2.2.2joctane
bromide .
The title compound was synthesised according to methods d and a. The yield of the final step
30 was 270 mg, 72.9%. '
m.p.: 225°C
MS [M-Br]": 418




20 mp.: 570CMS [MBr]': 376 1HNWVR (300 MHz, DVBO-da) 6 ppm 1.63-2.00
(m 4H, 2.7 (m I H, 3.06-3.56 (m 5H, 3.77(m 1H, 3.92 (m 2 H),
5,3 (m I H, 530 (s, 1 H, 550-5.70(m 2 H, 594 (m 1 H, 7.20 (m
4 H, 7.38 (m 2 H, 7.50 (m 2 H. 25 Exanple 42

(3R) -1 -(4-Met hyl pent - 3-enyl ) - 3- (9H xant hene- 9- car bonyl oxy) -1 - azoni abi cycl of
2.2.2]octane bromde The title conpound was synt hesi sed according to

nmet hods d and a. The yield of the final step 30 was 270 ng, 72.9% mp.
2251C|\/IS [MBr]': 418 -42- '"H NWR (300 MHz, DVMSO d6) 8 ppm 1.60-2.0 (m 4
H) , 1 "BANNIB, (3% M)-Iz, DVSD-d 5 ppr),602. Q@n(m-l)|16m)($, HB2.68r(s, RHH) 2.18(M0+ 3. 46

: - 8 08 (M, & 1H,
"o (M 2R g 2 ety 58 (i 1, ek Fep e B-Ehe 0B 2P G2
-3-(9-(sr,e‘t Hy | 7.9 th-4&ht haden92 earh@hin.dxk).-1 -azo n iab icycl o[2.2.2]
octane bromde The title conmpound was synt hesi sed accor di ng to methods c
and a. Lhﬁ)lé(h?' d of the final step was 1.04 g, 73.8% mp.: 64.3-67.81C
10 I\/ISE[XM 390 1H NWR (300 MHz, DVMBO-d5) 6 ppm 1.35 (m 1 H, 1.65 (m

1H, (3RF$—A]Jy§3 (Q-metayHH-xéntaene{s&arﬁo:hj)loxﬂ ILdzdniabidydip[2.22]6ot{me 1 H),

3. 00 n% 15345(rn 3 H, 3.70-3.90 (m 3 H, 5.03(m 1H),
5. 50- T %‘”‘Eem 2 H, 5.8 (m 1H, 7.12-7.19 (m 4 H), 7.35 (m 2 H), 7.42
- (m ZTFH)tLtIeEEmE&@vaQs dvhthesised according to methods ¢ and a. The yield of the final step -
(3R)-| - )6 -37(3 - hydr oxy- 9H xant hene- 9- car bonyl oxy) - | - azoni abi cycl o[ 2. 2. 2]
oct ané” 4 8%:

m.p. 64.3-67.8°C
10 MS [M-Br]" : 390 _
"H-NMR (300 MHz, DMSO-ds) & ppm: 1.35 (m, 1 H), 1.65 (m, 1 H), 1.73-1.91 (m, 2 H), 1.89
(s,3H), 211 (m, 1 H), 275(m, 1 H), 3.00 (m, 1 H), 3.15-3.45 (m, 3 H), 3.70-3.90 (m, 3 H),
503 (m, 1H), 550-5.65(m,2H), 586 (m, 1H), 7.12-7.19(m, 4 H), 7.35(m, 2 H), 7.42(m, 2
H). - |
15
Example 44
(3R)-1-Allyi-3-(9-hydroxy-9H-xanthene-9-carbonyloxy}-1-azoniabicycto[2.2.2]octane
bromide
The title compound was synthesised according to methods ¢ and a. The yield of the final step
20 was 270 mg, 67.5%.
m.p.; 232°C
MS [M-Br]” : 392
*H-NMR (300 MHz, DMSQO-d) 3 ppm: 1.29 (m, 1 H), 1.62 (m, 1 H), 1.70-1.94 (m, 2 H), 2.06
o {m, 1 H), 262 (m, 1H), 279 (m, 1H), 3.13-3.42 (m, 3H), 3.64-3.87 (m, 3H), 502 (m,1H)}
25 547-565(m,2H), 581 (m,1H), 7.18 (s, 1 H, OH), 7.25(m, 4 H}), 7.44 (m, 2 H), 7.65(m, 2
H).

| Example 45
(3R)-1-(3-Hydroxypropyl)-3-(9-hydroxy-9H-xanthene-9-carbonyloxy)-1-
- 30 azoniabicyclo[2.2.2]octane bromide
The title compound was synthesised according to methods ¢ and a. The yield of the final step
was 315 mg, 90.5%.
m.p.: 87.6-89.1°C
MS [M-Br]" : 410




bromi de The title conpound was synthesised according to methods ¢ and a.
The yield of the final step 20 was 270 ng, 67.5% mp.: 2321C Ms [MBr]'
392 ' H- NWR (300 MHz, DMSO- d6) 5ppm 129(m 1H, 1.62 (m 1 H),
1.70-1.94 (m 2 H, 2.06 (m 1 :;52(m 1H, 2279 (m 1 H, 3.13-3.42
(m 3 H, 3.64-3.87 (m 3 H), 502( 1 H, 255.47-5.65 (m 2 H), 5.81
(m 1H, 7.18 (s, | H O, 7.25 (m 4 H), 7.44(m2|—|) 7.65 (m 2 H).
Exanpl e 45

(3R)-I - (3- Hydr oxypr opyl ) - 3- (9- hydr oxy- 9H xant hene- 9- car bonyl oxy)-1- 30 azo
n i abi'dyNVRG3JRMBzXPMECE-adé ppmortidemTHed)t 1.60-6. Q50 S 2 R ms §f i) 1263 Ged

accor i e iel f n

o 2oet B0 pe (7 Bes S el R 7 v e il WG PR g e
DI Vi S®, i), B.1B{80 ( mza-[)(mmww(mlzamneogﬁ?(qmq BHH), 2.05 (m 1 H), 2.63
(m I H, 2283 (m I H, 3.10-3.50 (m 7 H, 3.73 (m 1 H, 4.76 (t, 1 H,
H), 50 (m 1 H, 718(s 1 H OH), 7.18-7.30 (m 4H), 7.40-7.50 (m 2
- H) ,5 7B@mplg86(m 2 . 5 Exanple 46 (3R)-1-Allyl-3-(1 0,1

ot 2. 38R AR #%%L%%ﬁ'é’ﬁﬁi’*o"t% STiphhe-&5Hohyle ‘?aQCL?dPhgyfo
met hoczodiabaydicgi2.R2poathne bromitieat e 1-4. The |eI d of the final step

égglg‘)"}"hg%ﬁe %J&E&@Eﬂ}r& Syf%#?sis%f%ggm?mgt? h%r{o'é{% %Qénc% a ?r%%n | rm%{‘i g%l? 4( %R% H)

2. 79- Fiddiof(the figalldep \Ba0 260mg 195%. 3. 11-3.31 (m 2 H), 3.40-3,52 (m |

3. 52-3 75 4,06-4.39 (m 3 H), 510 (m" 1 521 (s, 1 H),
5.?5-%?‘%7%1?1‘5'22{%‘),07.16(m 6I(-|), 7.;%(m > % H).H) ( K
MS [M-Br]" : 388

H- NMR (300 MHz, CDCls) & ppm: 1.52 (m, 1 H), 1.71 (m, 1 H), 1.93 (m, 2 H), 2.20 (m, 1 H),

2.79-2.94 (m, 2 H), 3.02 (m, 1H), 3.11-3.31 (m, 2 H), 3.40-3.52 (m, 1 H), 3.52-3.75 (M, 3 H),

4.06-4.39 (m, 3H), 5.10 (m, 1 H), 5.21 (s, 1 H), 5.57-5.87 (m, 3 H), 7.16 (m, 6 H), 7.39 (m, 2
15 H).

Example 47
. {3R)-1-(4-Methylpent-3-enyl)-3-(10,11-dihydro-5H-dibenzofa,d]cycloheptene-5-
carbonyloxy}-1-azoniabicyclo]2.2.2Joctane bromide
20 The title compound was synthesised according to methods d, and a from Intermediate 1-4. The
yield of the final step was 290 mg, 97.9 %.
m.p.: 216°C
MS [M-Br]" : 430
"H- NMR (300 MHz, CDCl) 8 ppm: 1.53 (m, 1 H), 1.62(s, 3H), 1.67 (s, 3 H), 1.81 (m, 1H),
25 1.98(m, 2H), 2.18-2.35(m, 3 H), 2.75-2.98 (m, 3 H), 3.11-3.46 (m, 5 H), 3.54-3.76 (m, 3 H),
4,20 (m, 1 H), 4.95(m, 1 H), 5.14 (s, 1 H), 5.10-5.20 (m, 1 H), 7.19 (m, 6 H), 7.36 (m, 2 H)..

Example 48
(3R}-1-Allyl-3-[(2%)-2-hydroxy-2,3-diphenylpropicnyloxy}-1-azoniabicyclof2.2.2joctane

30 bromide (diastereomer 1)
The title compound was synthesised according to methods f, and a from Intermediate [-6a. The
yield of the final step was 250 mg, 75.7%.
m.p.: 180°C
MS [M-Br]" : 392




Exanpl e 47 1-di hydro-.5H di benzo[ a, d] cycl ohept ene-5- carbo nyloxy)-1 -azo n
iabicyc | o[2.2.2] octane brom de 20 The title conpound was synt hesi sed
according to nethods d, and a fromliInternediate 1-4. The yield of the
final step was 290 ng, 97.9 % mp.:_ 2160C M5 [MBr]': 430 11-1- NWR (300
MHz, CDC13) 6 ppm 1.53 (m 1 H, 1.62 (s, 3 H, 1.671s, 3 H, 1.81 (m 1
H, 251.98 (m 2 H), 2.18-2.35 (m 3 H, 2.75-2.98 (m 3 H, 3.11-3.46
(m 5H, 3.54-3.76 (m 3 H, 4.20(m 1 H), 4.95 (m 1 H, 514 (s, | H),
510520( 1H, 7219 (m 6 H, 7.36 (m 2 H. Exanple 48 (3R -1

- Al | yi'HINIR 2300 IgHRyRMBOyd:2 § Do p1h'é21§mh & Bpit SRy [2- wzonildthi &y (o], 2. 2. 2] oc

t 0 1 h

hecor ding T oMo duees S5 R B S 7 A 1G, L Se PIPEHEC bR Y I 0P R0 8B4, |

fi nal (&t Bph)WASOZB0 1 i), 6755, (2% HIOp).: 7.1800C5 M5 FIZBBEA40 (m 30id), - 443 (M, 12 VR ( 300
2 H), 1.92 2 H), 2.21 1 H, 3.02 (

-1 m%fﬂg%rag’”ﬁ'%ass@“% g.m52 (2 5 H), g.mm (2 1 H, g.m84 (2 2 H), (m

o (m 1 , 5,49-5.64 (m 2 H, 590 (m | H, 6.15 (s, 1 H OH), 7.14
(m SéQa 7%%740(m 3 H, 7.53 (m 2 H. Configuration not assigned 5
Exampl@ H@P? ) - 3-[ (2~) - 2- Hydr oxy- 2, 3- di phenyl propi onyl oxy)]-1
- ( 4- meBRYB-)(@Ht2-Bydroxly)2,3~dihroyimbpienyloxy - 12(42hetyipentiSreamillet (di ast er eoner

! he er zgiabfeyEREES AibRs sRURLAISESEIRARIC " o0 Nas 280 g, 77, 7% mp.
224* C VB titieicBnpoundigals sythsiRed 2060riiFg to DvBOdd6)arst pipem Itediediate 1-8a.Ahe 1. 67
(403 Jlid ofth&ndi-sfep WiB 280'Hlg, 777 2- 00

m.p.. 224°C

MS [M-Br}' : 434 _

'H-NMR (300 MHz, DMSQ-d;) & ppm: 1.61 (s, 3 H), 1.67 (s, 3 H), 1.63-1.75 (m, 2 H), 1.75-2.00

(m, 2 H), 2.21 (m, TH), 2.28 (m, 2 H), 2.89-3.20 (m, 4 H), 3.20-3.50 {(m, 5 H), 3.77 (m, 1 H},

15 4.97 (m, 1H), 504 (m, 1H), 6.14 (s, 1 H, OH), 7.14 (m, 5 H), 7.23-7.39 (m, 3 H), 7.54 (m, 2
H).

(*) Configuration not assigned

Example 50
20 {3R)-1-Allyl-3-(2-hydroxy-2-thien-2-ylpent-4-enoyloxy)-1-azoniabicyclof2.2.Z]octane
bromide
The title compound was synthesised as a mixture of diastereomers according to methods ¢ and
a. The yield of the final step was 210 mg, 61.8 %.
m.p.: 62.6-63.9°C
25 MS [M-Br]*: 348
'H-NMR (300 MHz, DMSO-de) 5 ppm: (mixture of diastereomers) 1.68-2.05 (m, 4 H}, 2.26 (m,
1H), 276 (m, 1H), 2.85 (m, 1 H), 3.08-3.53 (m, 5 H), 3.74-4.00 (m, 3 H), 5.02-521 (m, 3
H), 5.51-5.67 (m, 2H), 5.78 (m, 1H), 597 (m, 1 H), 6.49 (d, 1H, OH), 7.01 (m, 1H), 7.15
(m, 1H), 7.48 (m, 1 H)
30
Example 51
(3R}-1-(4-Methylpent-3-enyl)-3-(2-Hydroxy-2-thien-2-ylpent-4-enoyloxy)-1-
azoniabicyclo[2.2.2]octane bromide
The title compound was synthesised as a mixture of diastereomers according to methods ¢ and
35 a. The yield of the final step was 290 mg, 78.4 %.




(m 2H, 2221 (m 1'H, 2.28 (m 2 H),
H, 3.77 (m | H, 15 4.97 (m | H), 5.
7.14 (m 5 H), 7.23-7.39 (m 3 H, 7.54
aSS|gned Exanple 50 20 (3R)-1 -Al _45.
| yl - 3- (2- hydr oxy- 2-t hi en- 2-yl pent - 4- enoyl oxy) - 1- azonlablcyclo[z 2.21 octane
brom de The title conmpound was synt hesised as a m xture of diastereoners
according to nmethods ¢ and a. The yi eld of the final step was 210 ng, 61.8
% mp.: 62.6-63.91C 25 M5 [MBr]': 348 1H NWR (300 MHz, DMSO c16) 5 ppm
(i xt U866 2fi7a%Cer eoners) 1.68-2.05 (m 4 H), 2.26 (m | H, 2.76 (m 1
H . 2.5 134, 308353(m 5H, 3.74-4.00 (m 3 H, 5.02-5.21 (m 3
H, 5.51-5 6]7 ,578(m1H),597(m1H),649(dIH,C]—I)
7.01 (HTNM_RH@OO MstDN(Sﬁ dgb SHhpm: Tmirgure iof diastefeoB@repdcap?.6 §m, ¢ BlR)1-83 (d( 3- M
ethyl t ) ( i en e Vi on ia
bi cycl Q 693(52?”&%3??%%%@%%% (‘??'t ﬁ H)22 }éé gﬂ PH&;‘S i dtgﬁﬁgl)?sl_gd 3; 8%2

m x@ur(eﬂ éfH)dﬁﬁt%Eéb‘nE‘i k),aL.#8 (i mgi).tﬁflﬁe(tdhd)(ﬂt%)aﬁm (1351 H), TTI"Ee(nyHefﬂ)d of t he
fina:v&s%ée@awaﬁ 290 ng, 78.4 % -45- mp.: 56.2-57.9*C M5 [MBr]': 390

"H N , DMSO-d6) 6 ppm (mxture of diastereoners) 1. 52 2.06 (m 4
H), 1.63 (d, 3 H), 1.69 (s, 3 H, 2.16-2.43 (m 3 H), 2.78 (dd, 1 H), 2.96

|é%m% %359(m 7 H, 3.88 5(m 1 H, 4.92-5.23 (m 4 H), 5.78
|
é

99-3.20 (m 4 H), 3.20-3.50 (m 5
(m 1H, 6.14 (s, 1 H OH),

2.
04 1
(m 2 H). Configuration not

%, , 7.01 (m 1 H, 7.15(m 1 H, 7.46 (m | H).
Exarrpl( B2-Allyl-3-[(28)- 2~cyc|opentyl -2-hydroxy-2-thien-2-ylacetoxy}-1-

(3R -1 %ia‘ﬂl%r?k[[ﬁ%%]ogfa%%' fdétyl 2- hydroxy-2-thi en-2-yl acet oxy]-1- 10

azonl a I cycl octane brom de
The ’ntle compound was synthesised according to methods f and a. The yield of the final step

was 180 mg, 78.3 %.
m.p.: 68.2-70.1°C
MS [M-Br]" : 376

15 "H-NMR (300.MHz, DMSO-ds) & ppm: 1.26-1.66 (m, 8 H), 1.78-2.08 (m, 4 H), 2.30 (m, 1 H),
281 (m, 1H), 3.14 (m, 1 H), 3.20-3.58 (m, 4 H), 3.78-4.03 (m, 3 H), 5.15(m, 1H), 5.52-5.68
(m, 2H), 5.97 (m, 1H), 6818 (s, 1H, OH), 7.01 (m, 1 H), 7.16 (d, 1 H), 7.45(d, 1 H}.

- Example 53
20 (3R)-1-(4-Methylpent-3-enyl)-3-[(2S)-2-cyclopentyl-2-hydroxy-2-thien-2-ylacetoxy)-1-
'azoniabicyclo[2.2.2]octane bromide -
The title compound was synthesised ac.cording to methods f and a. The yield of the finat step
was 290 mg, 71.7%.
m.p.: 84°C
25 MS [M-Br]" : 418
'H-NMR (300 MHz, DMSO-ds) 8 ppm: 1.19-1.76 (m, 8 H), 1.63 (s, 3 H), 1.68 (s, 3 H), 1.77-
2.05(m, 4 H), 2.20-2.42 (m, 3 H), 2.81 (m, 1 H), 3.11-3.24 (m, 3 H), 3.24-3.61 (m, 4 H), 3.89
(m, 1H), 501 (m, 1 H), 514 (m, 1 H), 6.19 (s, 1H, OH), 7.00 (m, 1 H), 7.16 (d, 1 H), 7.44 (d,
1 H).
30
| Example 54
(3R)-1-Allyl-3-[(2R)-2-cyclopentyl-2-hydroxy-2-thien-2-ylacetoxy)-1-
azoniabicyclo[2.2.2]octane bromide
The titie compound was synthesised according to methods ¢ and a. The vield of the final step
35 was 230 mg, 85.2 %.




The title conmpound was synt hesi sed according to nethods f and a. The yield
of the final step was 180 ng, 78.3 % mp.: 68.2-70.10C M5 [MBr]': 376
15 1H-NWR (300 MHz, DVMSO-d6) 5 ppm 1.26-1.66 (m 8 H), 1.78-2.08 (m 4 H),
230 (m I H, 281 (m 1H, 3.14 (.1 H, 3.20-3.58 (m 4 H), 3.78-4.03
(m 3H, 515 (m | H, 5.52-5.68 (m 2 H, 597 (m 1 H, 6.18 (s, 1 H,
oH), 7201 (m 1 H, 7.126 (d, 1 H, 7.45 (d, 1 H. Exanmple 53 20
(3R)-1-(4-Methyl pent-3-enyl)-3-[(2S)-2-cycl opentyl -2- hydroxy-2-thi en-2-yi ac

etoxy)-1- azon ia bicycl 0[2.2.2] octane brom de The title conpound was

synt hesps 88 3868 Fdi ng to met hods f and a. The yield of the final step was

290 g\)r ?]% 3flép 841C 25 MS [MBr]': 418 'H NWR (300 Mz, DIVBO de6) 5
B H, 1.63 (s, 3 H, 1.68 (s, 3 H, 1.77- ,

2 20 QHM\A%@OQBMH)Z DMSS&deQ fppih: Hnixtarelof d@stzaeqnmrs $3AHER): @@213)87%28)( §h304 H) ,
3 89 5 0 1
| 71&%@ﬁ8‘*ﬁ} 670%02912&71&1@ f%&n g@‘g@ H?—Ié %831811(1% 5 dd-3.8hm, PO (m
(SFQ - 13- 74-4.98 {18; @(—QR& 12{my¢ﬂ'bpér$t3yﬁ 6&(rh.y211rle§19@{mh1 Hh-21§laad 6t@¢g)t - azo n

| abi C?“r?g% ﬁ%ﬁ]h@gg?t %1@?, HPTT 'Il;pq |I|)Idt | e conpound was synt hesi sed

accor e yield of the final step 35 was 230 ny,
85.2 % -46- mp.: 65.3-66.0*C MS [MBr]': 376 'H NWR (300 MHz, DWMSO- cl 6)
8 PPM%%W%gge of d| astereoners (3R 2R): (3R, 2S) 72:28) 1.30- 1.66 (m 8
H, 2.23 and 2230 (m 1 H, 2.83 (m 1 , 3.06-3.55
(m 5(31?)-3$(23)-2£ytltﬂ®n(tyh2 Bydpxy2-thier(-gylacetdxyl-3-(8dwdragethyl)->- H), 5.99 (m

1 "_(9 a@oﬁéb@y@!oqz%gzlééané bHamldg_D 7.00(m 1H, 7.16 (m 1H, 7.44 (m |

The title compound was synthesised according methods f and a. The crude mixture was purified
by reverse chromatography eluting the product with water. The yield of the final step was 148
mg, 66%.
MS [M-Br]": 380

15 "H-NMR (300 MHz, DMSO-ds) [ ppm: 1.25-1.99 (m, 12H), 2.29 (m, 1H), 2.75-2.85 (m, 1H),
3.30-3.60 (m, 7H), 5.13 (m, 1H), 5.29-5.32 (t, 1H), 6.21 (s, 1H), 6.98-7.01 (dd, 1H), 7.13-7.15
(dd, tH), 7.42-7.44 (dd, 1H)

Exampie 56

20 (3R)-3-[(28)-2-Cyclopentyl-2-hydroxy-2-thien-2-ylacetoxy]-1-(3-hydroxypropyl)-1-
azoniabicyclo[2.2.2]octane bromide
The title compound was synthesised according methods f and a. The crude mixture was purified
by reverse chromatography eluting the product with water. The yield of the final step was 145
mg, 53%.

25 MS [M-Br]": 394

Example 57
(3R)-3-[(28)-2-Cyclopentyl-2-hydroxy-2-thien-2-ylacetoxy]-1-(4-hydroxybutyl}-1-
azoniabicyclo[2.2.2]octane bromide

30 The title compound was synthesised according methods f and a. The crude mixture was purified
by reverse chromatography eluting the product with water. The yield of the final step was 40
mg, 20%. '
MS [M-Br]": 408




Exanpl e 55
(3R) -3-[(2S)-2-Cycl opentyl -2- hydroxy-2-thi en-2-yl acet oxy] -| - (2- hydr oxyet hyl
)-1- 10 azoni abi cycl o[ 2. 2. 2] octane bromi de The title conpound was

synt hesi sed according nethods f and a7 The crude m xture was purified by
reverse chromatography eluting the product with water. The yield of the
final step was 148 ngy, 66% M5 [MBrj': 380 15 1H NWR (300 MHz, DMBO-cl 6)
0O ppm 1.25-1.99 (m 12H), 2.29 (m 1H), 2.75-2.85 (m 1H), 3.30-3.60 (m
7H, 5.13 (m 1 H), 5.29-5.32 (t, 1 H, 6.21 (s, 1 H), 6.98-7.01 (dd, 1 H
7. 13- 7HIGVR (300, Mitiz HYMSD-a2 & Pped 1 (28ell 93 (i) 1 80 89 6m 58H) 2981 (m 1H), 3.08-3.48

(3R) - _ t ‘ ypropy
1)-1- aZéﬁféb?f%c%ﬂ) ’2. : ’Fg(ﬁ%@a}ﬁma 'fﬁg"f He co 9(v?/gfs&sl(/?nﬁﬁési sed
accor di. Hg7.Ae{othd), 7.4&rdd%(d, THE crude m xture was purifi ed by reverse

chr omat ography eluting the product with water. The yield of the final step
was 145 ny, 53% 25 M5 [MBr]': 394 Exanple 57

(3F§ ix[a(m@ 5&- Cycl opentyl - 2- hydr oxy- 2-t hi en- 2-yl acet oxy] - | -(4 hydr oxybut yl

e ndSREa SRR R otz S S AES L THE G M GATR RIS

r ever sgoniabisyatody 2 2prntaed hramiglet he product with water. The y| eI d of the

| gi Bg%'ﬁ]%qgg\é@'ﬁg l91(:|m 1@&93@35,&55%&@ m&tﬁ'@c% fgﬁg (a Th%%e(m: 3'\47%80 d6)

3 75- dygeveisn chromtogzapmewﬂegﬂ'(et produdtvith Svatd- Bhe2deldmf thie fida) step @5 (%0 | H) ,

"‘)

L

- %t , 7.14-7.16 (m 1 H), 7.43-7.45 (d, 1 H 5 Exanple 58
-3 Z 2- QICI opent yl - 2- hydr oxy- 2-t hi en- 2-yl acet oxy] - |
[2 (N%%Bo]xy‘é‘ﬂhoxy) ethyl]-1 - azoniabicyclo[2.2.2]octane bronide

*H-NMR (300 MHz, DMSO-dg) 8 ppm: 1.10-1.53 (m, 14H), 1.82-2.04 (m, 3H), 2.17-2.37 (m, 1H),
- 2.76-2.87 (m, 1H), 3.23-3.51 (m, 5H), 3.79-3.95 (m, 2H), 4.67-4.71 (i, 1H), 5.09-5.19 (m, 1H},
6.20 (s, 1H), 6.99-7.01 (dd, 1H), 7.14-7.16 (m, 1H), 7.42-7.44 {dd, 1H)
15 |
Example 59
(3R)-3-[(28)-2-Cyclopentyl-2-hydroxy-2-thien-2-ylacetoxy]-1-(6-hydroxyhexyl)-1-
azoniabicyclo[2.2.2]octane bromide
The title compound was synthesised according methods f and a. The crude mixture was purified
20 by reverse chromatography eluting the product with water. The y.ield of the final step was 90
mg, 35%.
MS [M-Br]": 436
"H-NMR (300 MHz, DMSQ-dg) & ppm: 1.20-2.00 (m, 20H), 2.28 (m, 1H), 2.81 (m, 1H), 3.10-3.50
(m, 9H), 3.81 (m, 1H), 4.38-4.41 (t, 1H), 5.12 (m, 1H), 6.20 (s, 1H), 6.69-7.02 (t, 1H), 7.14-7.15
25 (m, 1H), 7.43-7.46 (m, 1H)

The following examples illustrate pharmaceutical compositions according to the present

invention and procedures for their preparation.

30 Example 60

Preparation of a pharmaceutical composition: tablets

Formulation:
Compound of the present invention 50 mg
Lactose : 113.6 mg

35 Microcrystalline cellulose 28.4 mg




The title conmpound was synt hesi sed accordi ng nethods f and a. The crude

m xture was purified by reverse chromatography eluting the product with
water. The yield of the final step was 110 10 ng, 37% MS [MBr]': 424
"H NVR (300 MHz, DMBO-d6) 5 PPM 1. 10:1.53 (m 14H), 1.82-2.04 (m 3H),
2.17-2.37 (m 1 H, 2.76-2~87 (m 1 , 3.23-3.51 (m 5H), 3.79-3.95 (m
2H) 4.67-4.71 (t, I H, 5.09-5.19 (m 1 H, 6.20 (s, 1H), 6.99-7.01 (dd,
1 H, 7.14-7.16 (m 1H), 742744(dd 1 H 15 Exanple 59

(3R) - 3 &128) 2- Cycl opent yl - {droxy 2-t hi en-2-yl acet oxy] -1 - (6- hydr oxyhexyl
)-i- PiiGT ayieidape. 2. 2] oct ane5Pidni de The title conpound was synthesised
accorcmdbg,eg@ﬁq@gaﬁatg and a. Theqgryde m xture was purified 20 by reverse
chromat ography el uting the product with water. The yield of the final step
was 90 ng, 35% MS IMBr]': 436 'H NWR (300 MHz, DVMSO-d6) 5 PPM 1.20-2.00
(m 2Q4) f e?m%é%r (ﬂHchme"QS g?of% écmlpol:mli{)o’f the: p]rgsé)ht %enﬁcm w2 hixed- with 54@8 ¢ h,
4.38-4.4 H), S, H)y, 6.69-7.02 (t,

7. 1%- Pf ia’itOSQ@”@rﬁ ?EIH)f mwrowsva"we C@Hﬁ'|0$ eTﬂ'étUr%WaéWHQC@Qé%P@ﬁfeSS'On

||| UStGUdngingos qutlch CRmERBPAS! dilas1AeaRE hdiorbQeliiaaitiie offe fidk@yRat 1 On
and procedures hei r preparation aration of a

phar MEeENRFeSE &Y "&%ﬁ%é’i’%ﬁ BWVEWZ&QI@E@ aFflﬂ"?mqﬂraT“I”or@ﬂdGbWR’ﬁﬂzQﬁ matsiabwasg ent

i nventiseRRngd ShrBligh hasd %hléc?»e& 4. sﬁg PYHRINOGT sk %Iluuc%h%ﬂdélh&w 28t Y

-48- Light silicic anhydr nesi um st ear ate a m xer
machi RAgNESIUE wartawewer@nwgﬁ'orodlﬂe ﬁﬁéerpﬁdeg@tﬂrlai ﬁ%ﬁvwﬁnmﬁmmwwuﬁg ¥AS340. 8
g 10 %Bb;%%ﬁot%eaatasiet%ﬁrr%kﬂugofnaﬂhﬁé Quppkdl hithe RIduHbiSHstetN®f 5k §nVas

subj ected to conpression
diameter, thereby obtaining 3,000 tablets each having 150 mg in weight.

Example 61
Preparation of a pharmaceutical composition: tablets coated

15  Formulation:

Compound of the present invention 5.0 mg
Lactose 95.2 mg
- Corn starch 40.8 mg
Polyvinylpyrrolidone K25 7.5mg
20 Magnesium stearate 1.5 mg
‘Hydroxypropylceliulose 2.3 mg
Polyethylene glycol 6000 0.4mg
Titanium dioxide 1.1 mg |
-~ Purified talc 0.7mg

25
Using a fluidized bed granulating machine, 15 g of the compound of the present invention was
mixed with 285.6 g of lactose and 1224 g of corn starch. Separately, 22.5 g of
polyvinylpyrrolidone was dissolved in 127.5 g of water to prepare a binding solution. Using a
fluidized bed granulating machine, the binding solution was sprayed on the above mixture to
30 give granulates. A 4.5 g portion of magnesium stearate was added to the obtained granulates
~ and mixed. The obtained mixture was subjected to a tablet making machine equipped with a
diefpunch biconcave system of 6.5 mm in diameter, thereby obtaining 3,000 tablets, each
having 150 mg in weight. '




moul di ng using a roller conpactor to give a flake-like conpressed naterial.
The fl ake-1ike conpressed material was pul verized using a hammer mll, and
the pul verized material was screened through a 20 nmesh screen. A 4.5 g
portion of light silicic anhydride ap&bﬂnS g of magnesium stearate were
added to the screened material and m xed. The m xer product was 10
subjected to a tablets nmaki ng machi ne equi pped with a di e/ punch system of
7.5 mMmin dianeter, thereby obtaining 3,000 tablets each having 150 ng in
wei ght. Exanple 61 Preparation of a pharmaceUti Gal conposition: tablets
coat edbepadtdinr mal atdoating Cosqddiond ofast heprgpars@nt by nveyrpeoding. 06/4%y d acifose
95.2 F oyl Dyr i 1 si.um
ot car o rtpEhBlpii o 280, 124t BAUAER, FRRBONS 5 J o B SR80

0. 4 mpnd .1 grif unritiecbialalie 712.8 gnef water. iUsingda tHidhrc Coated nije Z5000siahlgtsa pepaiedi zed
bed gr. i i : QL] . i was
i xed oTh o s Lt RN e b2y ol GRERRHR0E ot M fighng PEIAR, 57
g of weidhvinyl pyrrol ido ne was dissolved in 127.5 g of water to prepare
a binding solution. Using a fluidized bed granul ati ng machi ne, the binding

sol ution was sprayed on the above m xture to 30 give granulates. A 4.5 g
port i daofplerBignesi um stearate was added to the obtained granul ates and

m xed. i ] emt iLaPl et maki ng nachi ne
equi ppngpﬁagﬁﬁ?Q?g%%éclﬁﬁ:ﬁ’ggn g\géﬁg'yggle@ﬁqg?a%. 5 mmin dianeter, thereby
obt ai foyuidti®Do t abl ets, each having 150 ng in weight. -49- Separately, a

coad i i by su ing 6.9 g of hydroxypropyl m ethyl
ceﬁ u{tgos@%i'gqf{hf@é%&gwg@&&et hyl e%ée{ja ycol 6000, 3.3 g of titanium

di oxi d¥hysialgical daligeof purifieditddl e in 72.6 g of water. Using a High
Coated, the 3,000 tablets prepared
A 40 mg portion of the compound of the present invention was dissolved in 80 ml of
physiological saline, and the solution was adjusted to a total volume of 100 ml with the same
15 saline solution, dispensed in 1 ml portions into 1 ml capacity ampoule and then sterilized at 115°

for 30 minutes to give liquid inhalant.

Example 63

Preparation of a pharmaceutical composition: powder inhalant
20 Formulation:

Compound of the present invention 200 g

Lactose 4,000 ng

A 20 g portion of the compound of the present invention was uniformly mixed with 400 g of
25 lactose, and a 200 mg portion of the mixture was packed in a powder inhaler for exclusive use

to produce a powder inhalant.

Example 64

Preparation of a pharmaceutical composition: inhalation aerosol.
30 Formulation:

Compound of the present invention 200 ug

Dehydrated (Absolute) ethyl alcohol USP 8,400 pg

1,1,1,2-Tetrafluoroethane (HFC-134A} 46,810 png

The active ingredient concentrate is prepared by dissolving 0.0480 g. of the compound of the
35 present invention in 2.0160 g of ethyl aicohol. The concentrate is added to an appropriate filling




above were coated with the coating solution to give filmcoated tablets,
each having 154.5 ng in 5 weight. Exanple 62 Preparation of a
pharmaceutical conposition: liquid inhalant Formulation: 10 Conpound of
the present invention 400 jag Physioipgical saline 1 ml A 40 ng portion of
t he conpound of the present invention was dissolved in 90 m of
physi ol ogi cal saline, and the solution was adjusted to a total volune of
100 M with the sane 15 saline solution, dispensed in 1 m portions into 1
m capacity anpoul e and then sterilized at 115' for 30 minutes to give

| i qui BrPAEIsahbe agtivaipdredied qonepriiaie isslispensed ipleaaeresoboeitaia®”. 8¥npositi on:
Domefhe'aaé’lﬁécé%li the%@n@‘i?{e’ﬂ\é' ﬁIr?é’d"wm@RmaEHﬁ'Qr HFCH@QAWaS&e(BErg'lr@;\’ﬁ@{ebllgﬁts200 jig
Lact ose 4,000 jug A i on of e conpound resent _invention
was urﬁhpélfimoycqwax@mthﬁmzﬂa@r@ og¥genpang ﬁ@@a@é Wltarvéllva ‘2‘0 4 PIIFRG-O8DF t he
m X Ureo MASRASHER BrdsBur MIBYGRE 1AUBNS cch@indgxC UST ve use to produce a
powder 1 nhal ant. ampl e 64 Preparation of a pharmaceutical conposition:

i nh&al ati on aerosol. 30 Fornulatlon Conmpound of the present invention 200
| -tg Dehydrated (Absolute) ethyl alcohol USP 8,400 ~tg

1,1,1, 2-Tetrafl uor oet hane( HFC- 134A) 46,810 ~tg The active ingredi ent
concentrate is prepared by dissolving 0.0480 g, of the conpound of the 35
present invention in 2.0160 g of ethyl alcohol. The concentrate is added to
an appropriate filling -50- apparatus. The active ingredient concentrate is
di spensed into aerosol container, the headspace of the container is purged
with N trogen or HFC 134A vapor (purging ingredients should not contain
nore than 1 ppm oxygen) and is sealed with valve. 11.2344 g of HFC 134A -




propellant is then pressure filled into the sealed container 5 -51 CLAIM
1. A compound of formula (1): 0D B-(CH-A(CHN Y 2)n (CH2)p 0 x 5
wherein B represents a hydrogen atomor a group selected from-R1, -OR,
hydroxy, - Q(CO R1l, cyano and an opti_ﬁpally substituted non-aromatic

het erocyclyl containing one or nore heteroatons, wherein Rl is selected
fromthe group consisting of hydrogen atons, optionally 10 substituted

Cl -8 aikyl, optionally substituted C2,8 al kenyl and optionally substituted
C3- C8 cycloalkyl nis an integer fromO to 4; A represents a group
selected from-CH2-, -CH=CR3-, -CR QLAMS -CRBR 4. 0 CO -0-(CH2)2-0-
wherein R 3 aifpdind #ashuld@ependently represent a hydrogen atomor a 15
Cl.8 alkyl group; mis an i1nteger fromO to 8 p is an integer froml to 2
and the substitution in the azonia bicyclic ring may be in the 2, 3 or 4
position including all possible configuratj of the agy met ric centers;
20 Dis a group selected from (Ra)y R 6 R7 Q (@Z\ﬁy (i) or (ii)
wherein R5 represeBt-s—aQH ]ppﬁsei—e(eﬂ-gﬂﬁ—ﬁhlm(@ |, 2-tthienyl, 3-thienyl,
2- furanyl, 3-furanyl which group nmay be optl ly suBstituted by one or
nor e : X~

(1)

wherein B represents a hydrogen atom or a group selected from -R', -OR’, hydroxy, -
O(CO)R', cyano and an optionally substituted non-aromatic heterocyclyl containing
one or more heteroatoms, wherein
R' is selected from the group consisting of hydrogen atoms, optionally
10 ' substituted Cqs alkyl, optionally substituted C,s alkenyl and optionally
substituted Cs- Cy cycloalkyl
nis an integer from 0 to 4,
A represents a group selected from -CH,-, -CH=CR®-, -CR®*=CH-, -CR*R*-, -O-, -CO-,
-0-(CH,),-O- wherein R® and R* each independently represent a hydrogen atom or a
15 Ci.s alkkyl group;
mis an integer from O to 8;
p is an integer from 1 to 2
and the substitution in the azonia bicyclic ring may be in the 2, 3 or 4 position including

all possible configurations of the asymmetric centers;

20 D is a group selected from:
| (R,), R
R
v L
R _ Q
. . (Rb)y
(i or (i)

wherein R° represents a group selected from phenyl, 2-thienyl, 3-thienyl, 2-
furanyl, 3-furanyl which group may be optionally substituted by one or more
substitutent R; _

25 R® represents a group selected from 2-thienyl, 3-thienyl, 2-furanyl, 3-furanyl,
Cs- Cs cycloalkyl, Cs- Cg cycloalkenyl, Cq.s alkyl, Ca.g alkenyl, Cos alkynyl,




substitutent R ; 25 R represents a group selected from 2-thienyl,
3-thienyl, 2-furanyl, 3-furanyl, C3- C8 cycloal kyl, C3- CS cycl oal kenyl,
Cl-8 alkyl, C2-8 al kenyl, C2,8 al kynyl, -52- benzyl and phenyl et hyl which
group may be optionally substituted byoone or nore substitutents Rb; R 7
represents a hydrogen atom or a group selected from hydroxyl,

hydr oxynmet hyl and nethyl; 5 Q represents a single bond or a group sel ected
from-CH2-, -CH2CH2-, OCH2-, -S, -S-CH2-, and -CH=CH-; Ra and Rb

i ndependently represent a group selected from hal ogen atons, optionally
substituted Cl-8 aP®iyla e@bi@mvywalﬁb§qupuﬂ@bi9@nt@nal'w<wﬁ'tuwama§,Or
trifluoronmethyl, nifoFedsurehi@ftts RGOOR8, -NR 8 RO wherein R8 and R9 10

i ndependently represent a hydrogen atomor a Cl1,8 al k%/il roup. Yy is an
integer from0 to B PRI BYHRISD FARITEEHR TAPHSA %'Bg‘pﬁg%yle anion of a
nmono or pol yval ent hagbdimetyi Q¥l dghyi:hat the group B-(CH2)n-A-(CH2) 1- is not

a linear Cl-4 alkyl group 15 and further provided that the con'%ound i's not
one of : Q represents a single bond or a group selected from —CH,-, -CH,CH.-, -O-, -

1- Al I yl oxycar bonyl gethyd =8- (2-dW,drawy-ch=2Hli - t hi ophen- 2-yl - acet oxy) -1

-azoni a-bicyclo- [2.2. Zgoct ane; and
‘1- car boxymet hyl - 3- (22R Br Bi§Pendenty rapresspha Aropipypelestesh oy halpoeiy ¥AMa- bi cycl o
- [2.2. 2] octane. 2@ptdnafly SHTRRLENIC ACHB Hphendl sthitied COh akeky) hidrbgy,

selected fromthe &,r oup consi sting of hﬁdrao ep_atons, hydroxy groups,
optional |y substi t BlBerometyl itk cyangyr¢e 514-3‘?5'%%?&%%%06“@-8 al kenyl ,
optg onal Iy substi t nteserd@n{trdprédentd kydrogéoatbm @%&%wgmti c

het erocyclyl 25 groups, substituted at |east with a hydroxy group.. 3. A
conpound accor di ngY {SAENERT TOREPel n t he azoni abi cyclo group is

substi tut ed xnepiagentd atphageaceatiedly \dctdpbtablQ BOUR o5& htoed phiyearem dod,

4- met hyl pent - 3-enyl, isopropyl, cyclopropylnethyl, isobutyl, heptyl,
cycl ohexyl net hyl , 3-cycl ohexyl propyl, 3,7 30 dinethylocta-(E)-2,6-dienyl,
2- hydr oxyet hytbyidd tgelthexareumBY CH, A-A000H,HX Yt ¥l line&r C 4, alkyl group

15 and further provided that the compound is not one of:
1-Allyloxycarbonylmethy!-3-(2-hydroxy-2,2-di-thiophen-2-yl-acetoxy)-1-azonia-bicyclo-
[2.2.2]octane; and
1-carboxymethyl-3-(2-hydroxy-2,2-di-thiophen-2-yl-acetoxy)-1-azonia-bicyclo-
[2.2.2]octane.

20

2. A compound according to claim 1 wherein B is selected from the group consisting of
hydrogen atoms, hydroxy groups, optionally substituted Cq.5 alkyt, optionally substituted
C..s alkenyl, optionally substituted C;-C; cycloalkyl groups and non-aromatic heterocyclyl

25 groups substituted at least with a hydroxy group..

3. A compound according to claim 1 wherein the azoniabicyclo group is substituted on the
nitrogen atom with a group selected from allyl, 4-methylpent-3-enyl, isopropyl,
cyclopropylmethyl, isobutyl, heptyl, cyclohexylmethyl, 3-cyclohexylpropyl, 3,7-

30 - dimethylocta-(E}-2,6-dienyl, 2-hydroxyethyl, 3-hydroxypropyl, 4-hydroxybutyl, 5-
hydroxypentyl,  8-hydroxyhexyl, 2-ethoxyethyl, 2-(2-hydroxyethoxy)ethyl, 2-(2-
methoxyethoxy)ethyl, oxiranylmethyl, 2-[1,3]dioxolan-2-ylethyl, 2-[2-(2-hydroxyethoxy)-
ethoxylethyl, 3-[1,3]dioxolan-2-ylpropyl, 2-ethoxycarbonylethyl, 3-ethoxycarbonylpropyl,
4-ethoxycarbonylbutyl, . 4-acetoxybutyl, 2-




hydr oxypentyl, 6-hydroxyhexyl, 2-ethoxyethyl, 2-(2-hydroxyethoxy)ethyl,

2- (2- methoxyet hoxy)ethyl, oxiranylnmethyl, 2-[1,3]dioxol an-2-yl ethyl,

2-[ 2- (2- hydr oxyet hoxy) - et hoxy]ethyl, 3-[1, 3]di oxol an-2-yl propyl,

2- et hoxycar bonyl et hyl , 3-ethoxycar bamg.propyl, 4-ethoxycarbonyl butyl,

4- acet oxybutyl, 2 -53- cyanoethyl, 3-cyanopropyl, 4-cyanobutyl,

6- cyanol hexyl, 4,4,4-trifluorobutyl, 3-(4- hydroxypiperidin-1-yl)propyl and
4- (4- hydr oxypi peridin-1-yl)butyl. 4. A conpound according to claim3
wherein the azoni abicyclo group is substituted on the tr%% %}Pn1mnth
a group seICbQﬂOQHWfr@nQVQPPRfPPYM frsvanAbyivht -S3cxaRgnexyl. s gt 6;SVIUOFO tl, o4
CyC'OprOpy%ﬁﬁ%QﬁﬁmyhﬁppyﬁMbpw@ﬁ@ﬁ%ﬁrwamRMQﬁQ%Mﬁﬁ@MbMyB hydr oxypr opyl,

4- hydr oxyl buty hydf oxypenty hydr oxyhexyl

2-(2- nethoxyethoxy)ethyl 2 (2 hydroxyethoxy)ethyl 4- et hoxycar bonyl but yl

4-acet oxybut éﬂmpéﬁm@lé@@&@fn@ﬁé( oS \ﬁhé}&ﬁﬂ@e’é’ﬁi&hablclﬁlo?roﬁp @éﬂ&@t&tﬂtﬂzd&mqaé di ng
to any preceding claimwherein pis oun a|ccord| ng to an

prdcedi ng GIEIM walerei Wth He Fawat FRleAIeHNTIM P!I’Vé A7BRiAPeR TG P i s in
the 3 posi tck;&é‘pr@ﬁﬂmbﬂ@l %ﬁty@'ﬂep@ﬂsﬁhP&r@XW'g m%&bkm@pwm hy“womumri c

car bon. ound accor di ng om at

the 3- p05| ﬂW@rﬁXB?e”iyrﬁee’ hacireﬁyh@ewlcch?rreetaW@Bﬁ%)@tw C%Fﬁ Pb‘ﬁ?’ﬁf@ﬁ@ﬁy e@y
compound Al k)i al-Bclex)thIgt o ByiaBropal dran-3jzpigb. L he S-posi ti on of

the 20 azoni abicyclic group has iguration. 9. A conpound according
to any preceding claimwherein D represents a group of formula (i) and RS

reqyesengs P@(Ebn‘tﬁb‘-i}ﬁg%%érﬁﬁw@@o BREPMcediRg bRiNeAMERinds fstd.enyl , 2-furyl or

3-furyl group. 25 10. A conpound according to any precedl ng cl ai mwherein
D represents a group of formula (i) and R6 represents a 2-thienyl,

3-thienyk, RebMpding §c<fo\°t!n¥d t@bn%b@éc@@iﬂ@tdrétm%ﬁé@m thd. suﬁsﬂth@DW%emmédl ng
to any preceding claimwherein represents a group,. of forrég{a 30 }’ and

wher e n' t hOIRYERIING 8 T GRRFR PR TNEIdes &l Pastile SoMogyafiope ShinE ey
-2, 2- dithi earsny! acet oxy, 2, 2-dithien-2-yl propi onyt oxy,
2. h%dr oxy- 2, 2-di t hi en- 2-yl acet oxy, 2- hydroxy-2-phenyl -2-thien-2-yl acet oxy,
r-2-yl-2-hydroxy- 2-phenyl acet oxy, 2-fur-2-yl-2-
7. A compound according to claim 6, wherein the carbon atom at the 3-position of the

azoniabicyclic group has R configuration.

8. ‘A compound according to claim 6, wherein the carbon atom at the 3-position of the

20 azoniabicyclic group has S configuration.

9. A compound according to any preceding claim wherein D represents a group of formula
(i) and R°® represents an unsubstituted phenyl, 2-thienyl, 3-thienyl, 2-furyl or 3-furyl
| group.
25
10. A compound according to any preceding claim wherein D represents a group of formula

(i) and R® represents a 2-thienyl, 3-thienyl, 2-furyl, 3-furyt or cyclopentyl group.

11. A compound according to any preceding claim wherein D represents a group of formula
30 (i) and wherein the group -O-CO-C(R%)(R%)(R) represents a group selected from 2,2-
dithien-2-ylacetoxy, 2,2-dithien-2-ylpropionyloxy, 2-hydroxy-2,2-dithien-2-ylacetoxy, 2-
hydroxy-2-phenyl-2-thien-2-ylacetoxy, 2-fur-2-yl-2-hydroxy-2-phenylacetoxy, 2-fur-2-yl-2-
hydroxy-2-thien-2-ylacetoxy, (2*)-2-hydroxy-2,3-diphenylpropicnyloxy, 2-hydroxy-2-thien-
2-ylpent-4-enoyloxy, (2S)-2-cyclopentyl-2-hydroxy-2-thien-2-ylacetoxy and (2R)-2-

35 cyclopentyl-2-hydroxy-2-thien-2-ylacetoxy.




hydr oxy- 2-t hi en- 2-yl acet oxy, (2*)-2-hydroxy-2, 3-di phenyl propi onyl oxy,

2- hydroxy-2-thi en- 2-yl pent-4-enoyl oxy,

(2S) - 2-cycl opentyl - 2- hydr oxy- 2-t hi en- 2-yl acet oxy and (2R)-2- 35

cycl opentyl - 2- hydr oxy- 2-t hi en- 2-yl acegpxy. -54- 12. A conpound according to
claim11l wherein the group -0-COC(R6) (R )(R7) represents a group sel ected
from 2-cycl opentyl - 2- hydr oxy- 2-t hi en- 2-yl acet oxy; 2,2-dithien-2- ylacetoxy,
2- hydr oxy- 2, 2-di t hi en-2-yl acet oxy, 2, 2-dithien-2-yl propi onyl oxy;

2- hydroxy-2- 5 phenyl - 2-t hi en- 2-yl acet oxy,
2-fur-2-yl-2-hydroxy-2-thien-2-ylacetoxy and 2-fur-2-yl-

hydr oxy- 2> pheswdAGER¥Mding3e c;%lrﬁqm% %C o DY- SR cay( Fzﬁy R@@Qpr@garﬁé al m
wherein D represents a group formula (iT) and wherein the grou

repr esent s SOU4r oas'egt@ﬂecfreen f P-cﬁwlgp%v!rﬁrhyc@m thign-gylaspiexe- ca r%hg?no%zy,
9- hydr oxy- gl-énédouﬁr %9d@x@@r23&wémwac&l#x9<a@%ﬁﬂ.@n& ﬁ@b@l@ﬁﬁb@xﬁrhydroxy 2-

9- rret hyl - 9H xant hene- 9- car b roxg H xant hene- 9- carbonyl oxy
9, 1% 0- di hydﬂhsaﬂﬁﬁhﬁeénﬂa@fear baﬁw %%72 amfom thign-2yiacgiexy- sg 2-fur-2-yi-2-
di benzo[ a, ¢yexsl-oheRrheREstExcar bonyl oxy. 15 14, A conpound according to
claim 13 wherein the group D-COO represents a group it selected from
9- et hyl - 9H-f | uor ene- 9- car bonyl oxy, 9-hydroxy-9H fl uorene-9 carbonyl oxy,

9H xant hemex &:rﬁ@mgraeb%m 18- toheed A IARLIRNEIN D feprdaan! @gmu@aﬂfo&nu:a
hydr oxy- 9H xant hene- 9- car bony ongp 20 15. A conpound accord g to any. one

of the predbdfify Eemindhe WheiR PhCPRe rertessnts %@5%:1 peipead 659 -metRy!
hagg R conf ifggfeabioodhrbdrfi conp %?@Dﬂ&ﬂé\% -b-RardiaMyl of oH-mdrtent-¢-0 14
wherein the carbon sru%@tc:xt‘}ut ed gwa R6 erm R % haysrg)geconfi uration, 25
17. A corrpdiﬁfﬂ?“&@@br di na MSME1O4t- ﬁnihqmr%p@rpgnyloxy, 9-hydroxy-8H-xanthene-9-
E) 3R) - :j- Al | argm(idx2- di bhicedinyirydriigabene/d-chrbagpehyabi cydd of 29@1RHpedrarsH-

rom de
(3R) - 3- ( 2, HignepipdicysIERICBEFR{A RIV(CXY et hyl pent - 3- enyl ) - | - azoni abi cycl of 2.
2.2]octane 30 brom de
(3R -1 -Ally 2, 2-di t hi en-2-yl propi onyl oxy) -l -azoni ablc cIo
br &%i de 1‘éﬁf°ﬁ“£’?%“qv@9?ﬂfﬂ‘ﬁ8rﬁ° é@'ghf}g)w@r?'ﬂ t}zfeoﬁ"f"ﬂﬁ é?hC@q/l é'@iﬁyﬁ §
azoni abi cyGle@lctd2. 2feft an®-hetyl-ole-fluorene-9-carbonyloxy,  9- hydroxy—gH—ﬂuorene—Q-

carbonyloxy, 8H-xanthene-9-carbonyloxy, 9-methyl-9H-xanthene-9-carbonyloxy and ©-

oct ane

hydroxy-9H-xanthene-9-carbonyioxy.

20 15. A compound according to any one of the preceding claims, wherein the carbon

substituted by R®, R® and R has R configuration.

16. A compound according to any one of claims 1 to 14 wherein the carbon substituted by
R® R® and R" has S configuration.
25
17. A compound according to claim 1 which is:

(3R)-1-Allyl-3-(2,2-dithien-2-ylacetoxy)-1-azoniabicyclo[2.2.2]Joctane bromide

(3R)-3-(2,2-Dithien-2~ylacetoxy)-1-(4-methylpent-3-enyl)-1-azoniabicyclo[2.2.2]octane
30 bromide

(3R)-1-Allyl-3-(2,2-dithien-2-ylpropionyloxy)-1-azoniabicycio[2.2.2]octane bromide

(3R)-1-(4-Methylpent-3-enyl}-3-(2,2-dithien-2-yipropionyloxy)-1-

azoniabicyclof[2.2.2]octane bromide

(3R)-3-(2-Hydroxy-2,2- dithlen-z-ylacetoxy) -1-isopropyl-1-azoniabicyclo[2.2.2]octane

35 trifluoroacetate




(3R) - 3- (2- Hydr oxy- 2, 2-di t hi en- 2-yl acet oxy) -1 -1 sopropyl -1-azonl abi cycl 012. 2.
2] octane 35 trifluoroacetate -55- (3R)-

- Cycl opr opy|[ net hyl - 3- ( 2- hydr oxy- 2, 2- d|th| en- 2-yl acetoxy)-1 - azoni abi cycl
0[2.2.2] octane trifluoroacetate - 55 -
(3R) - 3-(2-Hydroxy-2, 2-dithien-2-yl acetoxy)-l -i sobutyl -1-azoni abi cycl o[ 2. 2. 2
]octane trifl uoroacetate 5 (3R -1
- Hept yl - 3- (2- hydr oxy- 2, 2-di t hi en- 2-yl acet oxy) - | -azoni abi cycl o[ 2. 2. 2] oct ane
brom de (3R)-I|-Cycl ohex | met hyl - 3- (2- hydr oxy- 2, 2-di t hi en-2-yl acet oxy) -1 -
azonabi cycl dfB) i%t@@fw@nthlf?’r@drvéepm% dithien-2-ylacetoxy)-1-

(3R -1-(3- Q/é%bg,ggggy&ﬂgwbata,%{r,;}ua.)égééigt)é 2,2-dithien-2-ylacetoxy)-l 10 azon
i abi cycl 0[2 2] octane | uor oacet at e

(3R -1-Allyl BBl-§i2waf%x3%2zdlﬁil%r1 -2 ylasatonyly -isebutxly §zaniapiqypickb? épelaps 2. 2. 2] oc

tane brom c{ﬁfu(o?@ceaatéz Hydr oxy- 2, 2- d|th| en-2-yl acetoxy)-1
- (4- et hyl pent )-1- azoni abl cyclo[2.2.2] octane brom de 15

(3R -1-(3,7- @R?‘f‘ét Btbét (=Nyeyoxy-2¢- @!'ﬂé?ry%vla@ef@zy hyerasigpicycioladt-2ZlRP@Re 2- yl acet o
xy)-1- azom@@m%d 0[2 2. 2] octane trifluor oacet ate :
(3R) - 3-(2-Hydroxy- en- 2-yl acet oxy - (2- hydroxyet hyl ) -1 -
azoni abi cycl @BW‘?MQ@@%Q@@WM’H? ﬁﬂréﬁ/c%? 'té'e” -2-ylacetoxy)-1-

(3R)-3-(2- Wﬂoﬁé%c%lcﬂzé'zt&t@rﬂetﬁﬂt)’dr@é?c%ﬁéléY)‘| - (3-hydroxypropyl)-1 20 azon
i abi cycl uor o

(3R)-1-(4- ay@R&r)?;iéﬁwlorewlq@pﬂ)y%{%wdrgxse2arq'fhleérwa%ﬂt%éﬂoxy)-| - azon

i aip cycl of 2. ZodhbR él@[;z@ E]Bbtfahé'{?ﬁig%ﬁééét%
(3R)-1-(2-Et hoxyetll ¥ roxy-2, 2-dithien-2-yl acet oxy) -1 -
Y

azoni abi cycl @ﬁﬂz\ Hé4-8 owé%qgglegfg-ylacetoxy) 1-azoniabicyclo[2. 2y Joctane
(3R) - 3- ( 2- Hyslp@ge- 2, 2-di t hi en- 2- yI acetoxy)-l -[2- (2-hydroxyet hoxy)ethyl]-1-

azoni abi cycl g oct ane_chl or
(3R) - 3- ( 2- Hyd k&ﬁ;ﬁiﬁﬂaﬁvaﬁ éﬁh'?n“%ryé&‘cé'todkm “4-medyperideRdialet hoxy) et hyl | -1 -
azoni abi cycl &ldiaBicytioRtAectane Bidifde
15 (3R)-1-(3,7-Dimethylocta-(E)-2,6-dienyl)-3-(2-hydroxy-2, 2-dithien-2-ylacetoxy)-1-
azoniabicyclo[2.2.2]octane trifluoroacetate
(3R)-3-(2-Hydroxy-2,2-dithien-2-ylacetoxy)-1-(2-hydroxyethyl)-1-
azoniabicyclo[2.2.2]Joctane trifluoroacetate _
(3R)-3-(2-Hydroxy-2,2-dithien-2-ylacetoxy}-1-(3-hydroxypropyl)-1-
20 azoniabicyclo[2.2.2]octane frifluorcacetate
(3R)-1-{4-Hydroxybutyl)-3-(2-hydroxy-2,2-dithien-2-ylacetoxy)-1-
azoniabicyclo[2.2.2]octane trifluoroacetate
(3R)-1-(2-Ethoxyethyl)-3-(2-hydroxy-2,2-dithien-2-ylacetoxy)-1-
azoniabicyclo[2.2.2]Joctane bromide
25 (3R)-3-(2-Hydroxy-2,2-dithien-2-ylacetoxy)-1-[2-(2-hydroxyethoxy)ethyl]-1-
azoniabicyclo[2.2.2]octane chloride
(3R)-3-(2-Hydroxy-2,2-dithien-2-yiacetoxy)-1-[2-(2-methoxyethoxy)ethyl}-1-
azoniabicyclo[2.2.2]octane bromide
(3R)-3-(2-Hydroxy-2,2-dithien-2-yl-acetoxy)}-1-oxiranylmethyl-1-
30 azoniabicyclo[2.2.2]octane bromide
(3R}-1 -(2—[1 ,3)Dioxolan-2-ylethyl)-3-(2-hydroxy-2, 2-dithien-2-ylacetoxy)-1-
azoniabicyclo[2.2.2]octane triflucroacetate
(3R)-3-(2-Hydroxy-2,2-dithien-2-ylacetoxy)-1-{2-[2-(2-hydroxyethoxy)-ethoxylethyl}-1-
azoniabicyclo[2.2.2]octane trifluoroacetate




(3R)-3-(2-Hydroxy-2, 2-di t hi en-2-yl -acet oxy) - | - oxi ranyl met hyl -1 30

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

(3R)-1-(2-[1, 3] D oxol an-2-yl et hyl)-3-(2-hydroxy-2, 2-dithien-2-ylacetoxy)-I -
azon iabicyclo[2.2.2] octane trifluorpgcetate

(3R) - 3- (2- Hydroxy- 2, 2-di t hi en- 2-yl acet oxy) -1

-{2-[2-(2-hydroxyet hoxy) - et hoxy]ethyll-1- azoni abi cycl o[ 2. 2. 2] oct ane
trifluoroacetate -56- (3R)-I -(3-11, 31

Di | 2-y 2-h th -2-vl

R e S U TS S NS s Dt T VSO S

: b(3 Elt hf)éytzzaajmnm}olopclop%/,zl z]oataﬁatrhmdfo@wtafze 2-dithien-2-ylacetoxy)-lI - azonia
| CYyCl O ri roaC

(3R)-1-(4- 2 BRIt B bt eSS e huieny 22 VBRI et 0xy) -1 -
azoni ab| cycl afodiabichtiof2t Ariectané iﬁfuero@a@teteat e

(o 1 SoBh AL BB S Bud I Yagalgp) - awoni @

(3R) - | - (3- Cyzonjabmyylble-B2jo2tahy tifsioagetdtedi t hi en- 2-yl acet oxy) -1 10

?:z),%)nl Flbl(Zy%@k{iﬂﬁ#ﬁseg%a?gywd%&grrog?%e%ﬁl hﬂﬁ %y@c?/t%@e} oxy) -1 - azoni abi cycl
o[ 2. 2. 2] octameiabidytiblie Pacehatrélucroacetate
ot abt oy ol T SR PARB e TP Gl g viacdtoRft-OY) - -
(3R - 3b( 2- I-?atromiegioic&clafzdl_zhhﬂne21f¥a:oaxaeema/) -1-(4,4,4-trifluorobutyl)-1-
. 2. t.
ATt Ll BT RIS RB s 1 azont a ot of 2.2

) 2100t ane bazmmatbhicyclo[2.2.2]octane tnfluoroacetate

(3R -1-All yI @h&z@f&yanohgxyl)zs-w >X’ £Z%Ithlgl¥l2 (]:aecte X ? -azoni abi cycl o[ 2. 2. 2

] oct ane
(3R) -1 -A I yI a@n{abidyaiof222 glocmb yrifhoracitatdhi en- 2- yl acet oxy) - | - azoni abi cycl o[ 2
] oct ane

(3T ATy 1 B - R B A B AT B OPUYdi abi eyl of 2. 2. 210

ct ane br om aoniabicyclof2.2.2]octane triflucroacetate
(3R)-1-Allyl-3-(2-hydroxy-2-phenyl-2-thien-2-ylacetoxy)-1-azoniabicyclo[2.2.2]octane
bromide
(3R)-1-Allyl-3-(2-fur-2-yl-2-hydroxy-2-phenylacetoxy)-1-azoniabicyclo[2.2.2]octane
20 bromide
’ (3R)-1-Allyl-3-(2-fur-2-yl-2-hydroxy-2-thien-2-ylacetoxy)-1-azoniabicyclo[2.2.2]octane
bromide '
(3R)-1-Allyl-3-(9-methyl-9H-fluorene-9-carbonyloxy)-1-azoniabicyclof2.2.2]octane
bromide
25 (3R)-1-Allyl-3-(S-hydroxy-9H-fluorene-9-carbonyloxy)-1-azoniabicyclo[2.2.2]octane
bromide
 (3R)-3-(9-Hydroxy-9H-fluorene-9-carbonyloxy)-1-(4-methylpent-3-enyl)-1-
azoniabicycio[2.2.2]octane bromide
(3R)-1-Heptyl-3-(9-hydroxy-9H-fluorene-9-carbonyloxy)-1-azoniabicyclo[2.2.2]octane
30 bromide
(3R)-3-(9-Hydroxy-9H-fluorene-9-carbonyloxy)-1-oxiranylmethyl-1-
azoniabicyclo[2.2.2]octane bromide
(3R)-3-(9-Hydroxy-gH-fluorene-8-carbonyloxy}-1-[2-(2- methoxyethoxy)ethyl] -1-
azoniabicyclo[2.2.2]octane bromide




25 (3 R- 1 -Alyl-3-(9-hydroxy-9Hfl uore ne-9-carbonyl oxy)- |

-azoni abicycl o[ 2. 2. 2] octane brom de

(3R) - 3- (9- Hydr oxy- 9H-f | uor ene- 9- car bonyl oxy) - | - (4- et hyl pent - 3-enyl ) - 1-
azon iabicyclo[2.2.2] octane bromide.57.

(3R) -1 - Heptyl - 3-(9- hydroxy- 9H f | uor ene- g- car bonyl oxy) - | - azoni abi cycl o[ 2. 2. 2
]octane 30 brom de

(3R) - 3- (9- Hydr oxy- 9H-f | uor ene- 9- car bonyI oxy) -l -oxiranyl met hyl -1 -
azoni abi cy

c 2.2 2 oct ane_brom d
(3R -3-(g- w@ﬁngéh %@'%9‘%%%@9%%%69&)9H-f"f%e'aezgr?éfhﬁ’ax'%\tﬁoxy) ethyl]-1
- azo n i abz!lzo@l}é@)tcﬁ?f:la 1022, Z]bc@ﬁé@&ﬁmbéom de -57- (3R -1
(20 oronglan.Zd ginyl). s (S ony ok o e 9 carbony o) 1
-Allyl-3- (9Ft31e@m h&xﬂ'@hﬁp@lﬁtfﬁ)@ﬂw@mﬁ-xéntheﬁé@b%bﬁg}{@)ly@['l2 2. 2] octane broni de

_ 551:2),0 | labl(gylc\:/F ?og%agtg%’l %’P’B;‘# 9H— xant hene- 9- car bonyl oxy)-I1- 5

(3R -I-Alyl (3&7(1%weslnyim&rhwgﬂtudnme% @a@iﬁ@@lﬁkaX—)&oﬁmiﬁé@@W&@bQ}bﬁfdn@[ 2.2.2]o0
ctane  brom de g R- 1-Alyl-3-(9-hyd roxy-9 H xant hene ca rbonyl
oxy) -1 -azon? QB cl o[ 2. 2. 2] octane bronide 10

(3R) - | - (3- Hy@RYXYAYRBYS-hydrokPORVARDEY e SHtaXsoHy RR L1 - az@raédv@fawl[zozﬂociane
azoni abi cycl OJHZ.. . 2] octane bromde (3R -I1-Alyl-3-(10,1 :
1-di hydro- 5H? zo[ a, d] cycl ohept ene- 5- car bonyl oxy) -1 -

azeoi abi cycl @R3- 12(32-]m<b>@ribﬁ3d§}r)®3(19d@d(&R)S*!—l—xa(nﬂwd\r%tgwérb@rMOX%—&ny|) 3-(10,1

1- di hydro-5H-di b nzo%&%%&y ohgcp ne-5- 15

car bonyl oxy) &N ?;MF tcf’[" r@'?%ct ane broni de

(2 3;? -1-Alyl (ga{weary) -324 b1yt ro25 HB-dibiep Pt a i cp EleRémernd-8xubohylaggni- abi cycl of 2.
octane bromd

(3R)-3-[(2- )372’“1%%’85‘2? %zl?ctﬂ”ﬁﬁéwpﬁropl onyl oxy)]-1- (4- et hyl pent - 3- enyI )-1
- azoni abi cy@rol124aviehoipeatre ety osd tte1 REih{doRH-dibenzd[d, eydloHeptdmgds-r oxy- 2-t h

heng2- _yl pentarbor\yl O)X/k Xa@omablcyc ob! zaﬁocggl%l lg)r[aml e 2] octane
(3R)-1-Allyl-3-[(2*)-2-hydroxy-2, 3-diphenylpropionyloxy}-1-azoniabicyclo[2.2. 2Joctane
bromide
(3R)-3-{(2*)-2-Hydroxy-2,3-diphenylpropionyloxy)]-1-(4-methylpent-3- enyi) -1-
| azoniabicyclo[2.2.2]octane bromide
20 (3R)-1-Allyl-3-(2-hydroxy-2-thien-2-ylpent-4-enoyloxy)-1-azoniabicyclo[2.2.2]octane

| bromide
(3R)-1-(4-Methylpent-3-enyl)-3-(2-Hydroxy-2-thien-2-yipent-4-enoyloxy)-1-
azoniabicyclof2.2.2]octane bromide '
(3R)-1 —AIIy!—3-[(28)—2-cyclopentyl-2-hydroxy-2-’£hien-2~ylacetoxy]-1 -

25 azoniabicyclo{2.2.2]octane bromide
(3R)-1-(4-Methylpent-3-enyl}-3-[(2S)-2-cyclopentyl-2-hydroxy-2-thien-2-ylacetoxy)-1-
azoniabicyclo[2.2.2]octane bromide

. (BR)-1-Allyl-3-[(2R)-2-cyclopentyl-2-hyd roxy-z-thien-2-ylacetoxy)—1 -
azoniabicyclo[2.2.2]octane bromide

30 (3R)-3-[(25)-2-Cyclopentyl-2-hydroxy-2-thien-2-ylacetoxy]-1-(2-hydroxyethyl)-1-
azoniabicyclof2.2.2]octane bromide
(3R)-3-[(2S)-2-Cyclopentyl-2-hydroxy-2-thien-2-ylacetoxy]-1-(3-hydroxypropyl}-1-
azoniabicyclo]2.2.2]octane bromide

 {3R)-3-[(28)-2-Cyclopentyl-2-hydroxy-2-thien-2-ylacetoxy]-1-(4-hydroxybutyl)-1-

35 azoniabicycio[2.2.2]octane bromide




brom de

(3R) -1 -(4- Met hyl pent - 3-enyl ) - 3-( 2- Hydroxy 2-thi en- 2-yi pent - 4- enoyl oxy) -1 -
azoni abicyclo [2.2.2] octane brom de

(3R -1 -Allyi-3-[(2S)-2-cycl opentyl - 2-Bgdr oxy- 2-t hi en-2-yl acet oxy] -1- 25
azoni abi cycl o[ 2. 2. 2] oct ane br om de :

(3R) -1 -(4-Met hyl pent-3-enyl)-3-[(2S)-2-cycl opentyl -2- hydroxy-2-thien-2-ylac
et oxy)-1- azoni abi cycl o] 2. 2. 2] oct ane brom de

3R -1 -Allvyl-3x -2=C t t hi en-2-yl aceto -1 -
gzo)ni abi cygl [3(2[@)&23%1% egfg%%gr%@t !enxyylac to’l‘y?'q‘[g'(% xy)
(3R) 3- [ ( 2S) hyir©&yethopppthylj-12adopidbayyioR- 2. tibetan bydnaiget oxyl - | - (2- hydr oxyet hyl

(3R - 5 [( 29 R At Zn et %?&vawy%ewmwacw&at<8;gyfrqwegwwdroxypropy |

|)-1- azoni amonabiaybig{22. 2pohabeonidem de

1555 aeon GV AECH GG bl LS ERboGpdm T B
(3R) 3- [ ( 2S) an@pidyopi. 9loc@nbpebroiky - 2- t hi en- 2-yl acet oxyl -1 -[ 2-( 2-

hyd th t [ I . 2].oct ' N

(3R T3 [ (29 B AAReS »ﬁ-’&%&%‘}&%ﬁfﬁ%?'a?%5&3—33&%&@95%%@#*5@hexy|
) -1 - azon2| ayd) prymdl]- ‘o@ﬂmkbﬁjy;kaﬁlhﬂbcﬁmemrﬂﬁdé v o
R
(3H3);j3-[|(28)y[2x@y]e1 anmmbydyc@[m%dromelmebzrmgldgn 2-yi acgt oxy] -1 -[3-(4- hydr oxypi
eridin- oni abi ¢ 0 o) e brao

E3R) 3-[(29) 3@@@%&'}%%@!‘% ShRRISYr e é?:}hsédg%yg ﬁ _14- (4- hydr oxypi
peri di n-1 10azdnjdkityglo]2 2.2aztne dbéroige| 0[2 2. 2] octane brom de

( 3R) -3- (9, 109@2 qy?ﬁgﬁ:{?&%ﬁ@ﬁ r?sre}gggl )?a%rtt?e%%yd car%gnylox&% %95.%%3‘?&&%'2)2]&&;;1 geo n

ia bi cyclo|
(3R) | - ( 2- Hydmoxgeet hyl ) - 3- (9H xant hene- 9- car bonyi oxy) - | - azoni abi cycl o[ 2. 2. 2
ane bro

oo ot TR Aoty O S KNS BB oxy) - 1 -

azoni abi cycl sidhigbidTo{d 2a8mctane raride
(3R)}-1-{2-Hydroxyethyl)-3-(9-hydroxy-SH-fluorene-9-carbonyloxy)-1-
azoniabicyclo[2.2.2]Joctane bromide
(3R}-1-(2-Hydroxyethyl)-3-(9-methyl-9H-fluorene-9-carbonyloxy)-1-
20 azoniabicyclo[2.2.2]octane bromide

18. A process for producing compounds of formula (1).

0 D
—(CHp);— A — (CH)r— N@ \(ff

X
t)
25 wherein B, n, A, m, p, and D are as defined in any of claims 1 to 17, which process
| comprises gquaternising the nitrogen atom of the azabicyclic ring of a compound of

O\[rD

(IH)

formula (lil):




(3R)-I-(2 Hydr oxyet hyl ) - 3- (9- hydr oxy- 9H-f | uor ene- g- car bonyl oxy) -1 -

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

(3R) -1 - (2-Hydroxyet hyl)-3-(9-net hyl - 9Hf| uor ene- 9- car bonyl oxy)-1 20 azon

i abi cyclo[2.2.2] octane brom de 1 B.-Agprocess for producing conpounds of
formula (1). 0OD B-(CH-A-(CHNY 2)n 2),~ (CH2)P 0O x 25 wherein B, n,
AL m p, and D are as defined in any of clains 1 to 17, which process

- conprises quaternising the nitrogen atom of the azabi cycl icring of a

conpound of . formul a 0 -59- wherein d D are as
Gof P ned aboveeTiAND &r%i'ﬁr et Shgu it apieing oehor el B A

-(CH2) MW (11) wherein B, n, A and rn are as defined above, and W
represents a | eaving grou 5 19. A pharmaceutical conposition conprising
a conpound according to feHofi ok armEH2)mtoWL7 in adni xture with a
pharmaceutical l'y accept abl e carrier or diluent. 20. A conpound according to
any one-of clains 1 to 17, or a pharnmaceutical conposition 10 according to
claim19, for therapeutic use in a ¢igthod of treatment of the human or

ani mal body. 21. Use of a conpound according to any one of clains 1 to 17,
or a phar (R Bal A BhPoRrEsseiaet aheyeng, W@P@Isﬁ’i‘ti@ leaving 9@URranuf act ur e
of s nedi cament for the treatnment 15 of a respiratory, urological or
gastr0| nt estl nal di sease or disorder. 22. A nethod of treating a

respi r'g or y PRATBRERHLER) ComPoghion COMPRiEIag ArramPaHRLARSOTHRY i 3 @& of CIaiiRs dh
met hod conpg if 8 GsackEiRiubd Wit B ipRBrkfcaticHIPBBcePtaitdrRér Rrafibént in need of

20. A compound according to any one of claims 1 to 17, or a pharmaceutical composition
10 according to claim 19, for therapeutic use in a method of treatment of the human or
animal body.

21. Use of a compound according to any one of claims 1 to 17, or a pharmaceutical
- composition according to claim 19, in the manufacture of a medicament for the treatment

15 ~ of arespiratory, urological or gastrointestinal disease or disorder.

22. A method of treating a respiratory, urological or gastrointestinal disease or disorder,
which method comprises administering to a human or animal patient in need of
treatment an effective, non-toxic amount of a compound according to any one of claims

20 1to 17 or a pharmaceutical composition according to claim 19.

23. A combination product comprising
(i) a compound according to any one of claims 1to 17; and
(ii) another compound effective in the treatment of a respiratory, urological or
25 _ gastrointestinal disease or disorder

for simultaneous, separate or sequential use.

24. A combination product according to claim 23 comprising
(1) a compound according {o any one of claims 1 to 17; and
30 (i) a B agbnist, steroid, antiallergic drug, phosphodiesterase IV inhibitor and/or
leukoteriene D4 (LTD4) antagonist

for simultaneous, separate or sequential use in the treatment of a respiratory disease.




treatment an effective, non-toxic anmount of a conmpound according to any one
of claine 20 1 to 17 or a pharmaceutical conposition according to claim
19. 23. A conbination product conprising (i) a conpound according to any
one of clainms 1 to 17; and (ii) anoth&r-conmpound effective in the treatnent
of a respiratory, urological or 25 gastrointestinal -disease or disorder
for sinmultaneous, separate or sequential use. 24. A conbination product
according to cIa|n123 conpr|3|ng M a conpound according to any one of
claims 1 t@ ug,
phosphodi agoni st
for sinultaneous, separate or sedHEWPRENNGﬁHiEM the treatnent of a
respiratory di sease. -60- NEW QU NUCLI DI NE DERI VATI VES AND PHARMACEUTI CAL
COMPCSI TI ONS COWPRI SI NG THEM Conpounds of formula (1) 5 0 D B-(CH -A-(CH
+ Y DamBunds bf fo@HAR4)0 x wherein the different substituents and/ or

radi cal s have the values defined in the clains. The invention also relates
to a process for the preparation of said conpounds, to pharmaceutical 10
conpositions conprising them as mell as tg athonsppf said conpounds
Wi th ot her conpounds mhg§¥ ar act t mentyfof respiratory,

urol ogi cal or gast AmaP —d Hers ases. AFinally the

i nvention also reIates to the use of the ¢ ounds of QOrnuIa (1) for the
treatnment of respiratory, urol ogical or Xgastrointestinal disorders or

di seases. (1)

wherein the different substituents and/or radicals have the values defined in the claims. The
invention also relates to a process for the preparation of said compounds, to pharmaceutical
10 compositions comprising them, as well as to combinations of said compounds with other
compounds which are active in the treatment of respiratory, urological or gastrointestinal
disorders or diseases. Finally the invention also relates to the use of the compounds of formula

'(I) for the treatment of respiratory, urologicat or gastrointestinal disorders or diseases.

15




