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[ (1H- 1 NDOL- 5- YL) - HETEROARYLOXY] - ( 1- AZA- Bl CYCLJ 3. 3. 1] NONANES AS

CHOLI NERG CYPI28RN37OF THE N- ACHR FOR THE TREATMENT OF PSYERPRIPHE12003D
NEURODEGENRATI VE DI SORDERS. The present invention relates to novel

1- aza- bi cycl ononane derivatives, to processes for their production,
their use as pharnmaceuticals and to pharmaceutical conpositions
Sconpri si ngihepor-Norm -pardrbiriratily (i-heapresetss | NUeidin@Rs Pk Oodtod frtfc
a first aspemtns oF compobcitk BOR frar mrEarvEl) oshesvehoritOaN(r @pUROSErHNSATIVE
hydr ogen @xs¢Rpgr®xyl and Yrepresents one of the follow ng groups: N
NN in free base or acid addition salt form 15A preferred conpound

accordi ngl‘k@ fdignt |mé‘?|ﬂ&'x latkSto novel 1-aza-bicyclononane derivatives, to processes for
(4S,5R) -4 1H-|no- -y -pyrimdin-2-

yl oxypl - azhgitredustion. dhedr UseRSIAMEMRRULIGRF anddo PRRTAACAUtiCRbIRINASSTBE A
furthep prghghdigfinemmpound according to the invention is

5-(2-[(48, 5R ? (1-aza-

20bi cycl o[ 3. 3. 1] non- 4-yl ) oxy] - pyri m di n-5-y1) -1, 3-di hydr o-i ndol - 2- one
havi ng t heidr@paribariitoevprasehidmyention provides in a first aspect, a compound of formula (1)
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wherein
10 X  represents hydrogen or hydroxyl and
represents one of the following groups:

U\\O\\O\TJ\

in free base or acid addition salt form.

15 A preferred compound according to the invention is (4S,5R)-4-[5-(1H-indol-5-yi}-pyrimidin-2-
yloxy}-1-aza-bicycle[3.3. 1Jnonane having the formula shown below.
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A further preferred compound according to the invention is 5{2-{(45,5R)-(1-aza-

"’I/::

20  bicyclo[3.3.1]non-4-yoxy]-pyrimidin-5-yi}-1,3-dihydro-indol-2-one having the formuia shown
below.



- 2- (Il'l'Yy Afurther preferred conmpound according to the invention
is (4S,5R)-446-(1H i ndol -5-y1) -
pyri di n- 3- WORYI70484%5 a- bi cycl o[ 3. 3. 1] nonane havi ng t he PET/ERLA/GRAGLIN
below. S. A further preferred conmpound according to the invention is
(4S,5R)-4[ 5- (1H i ndol - 5-yl) - -2
pyri di n-2-yl oxy] - 1- aza- bi cycl o[ 3. 3. 1] nonane having the fornula shown
below. A further preferred conpound according to the invention is
(4S,5R)-4-[6-(1Hi ndol -5-yl)
pyri dazi n- 3-yl oxy] - 1- aza- bicy§i0[3.3.1]nonane havi ng the fornul a
shown bel ow. WD 2007/0 CI/gEP20Q6/ 012023 - 3 - A further
preferred conpound accor(di ng ntion is
5-(6-[(4S,5R)-(1-azabi cycl o pox ]-pyridazin-3-yl}-1, 3-di
hydr o-i ndol - 2-one havi ng ow ™, 5 Conpounds of
formula (1) exist in free or acid additio fopFrOIn this
specification, unl ess ot herw se indicated, ~ha f0e such as
"conpounds of formula (1)" is to be understood a¥ enbr agi ng the
conpounds in any for for exanple free base or acid addition salt
form Sal AJURRG GF?f%iF"Q PHREIPGBFeriag togha inartionds EaSRisEe-Girindthton-
can be enplruieslyiokar-g26tmplcr]3.3 Ajrehatdieavirgahaioratia@hoWn bebivcat i on of
free conpounds of formula (1) wisuch as picrates or
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A further preferred compound according to the invention is (45,5R)-4-[5-(1H-indol-5-yl)-
pyridin-2-yloxy]~1~aza~bicycio[3 3.1}Jnonane having the formula shown below.
10

A further preferred compound according to the invention is (43,5R)-4-[6-(1H-indol-5-yl)-
pyridazin-3-yloxy}-1-aza-bicyclof3.3. 1Jnonane having the formula shown below.

(Vi)



perchl orates, are also included. For therapeutic use, only
pharmaceutically acceptable salts or free conpounds are enpl oyed
(wher e appl¥oam’@634mé t he f or m of pharnaceuti cal prepar aPCBMEIN06/G120R3
are therefore preferred. 15Conmpounds of fornula (1) may exist in form
of various isoners, e.g. keto-enol tautgers. In this specification,
unl ess ot herw se indicated, |anguage such as "conmpounds of fornula
(I)" is to be understood as enbracing the conpounds in any form for

exanple in n hem

20mer o ¢ e Erere) soec i aibps R M aah SbLaS RN IHEn i e
this is tdiaynolBa. tieemd-gl)exyl-ayrlagigtdey|k b Apihyd;indeli2tonedraving ghd fokreula lshoven
further a %ﬁ;, the present invention al so provides processes for the
production of conpounds of formula (l1). 25 A first process conprises
the steps of i) reactiny a conpound of fornula (IX) - 4 - (1X)
wherein Y is as def} abgve and Z z represents a |eaving group,
such as C, Br, I, ;

areNa.J;t ] heterocyclic noiety, Xis as

with the B to whic
recoverlhﬁgt

defi ned above, and Mi
(1) 10

H )

Compounds of formula (1} exist in free or acid addition salt form. In this specification, unless
otherwise indicated, language such as “compounds of formula (I)” is to be understood as
embracing the compounds in any form, for example free base or acid addition salt form.
Salts which are unsuitable for pharmaceutical uses but which can be employed, for example,

10 for the isclation or purification of free compounds of formula (1) , such as picrates or
perchlorates, are also included. For therapeutic use, only pharmaceutically acceptable salts
or free compounds are employed (where applicable in the form of pharmaceutical

preparations), and are therefore preferred.

15  Compounds of formula (I) may exist in form of various isomers, e.g. keto-enol tautomers. In
this specification, unless otherwise indicated, language such as “compounds of formula (1)"
is to be understood as embracing the compounds in any form, for example in the keto or in

the enol form or any mixture of them

20  Where the plural form is used for compounds, salts, and the like, this is taken to mean also a

single compound, salt, or the like.

In a further aspect, the present invention also provides processes for the production of
compounds of formuia (i).
25 '
A first process comprises the steps of
i) reacting a compound of formula {IX)



A second process conprises the steps of i) reacting a conpound of
formula (XI) OH (XI) 15 with a conmpound of forrmula XIl (Xl1)
wherei n X 2@ 280746%7@s defi ned above and PG is a suit abPET/BPWIEHLI%Ag
group, ii) subsequent deprotection of the so obtained conpound and 20
WD 2007/ 0684761' CT/ EP2006/ 012023 - 5 - _Ehis process is particul ar

sui tabl e wherein Y represents the 3-pyridyl noiety. Starting
materials are known or may be obtained by well known processes. The
synt hesi s of 5the spprting materials is described e.g in GB 123456,
whi ch is hereby ingorporated by reference. The foll ow ng

consi derati ons tLo.the individual reaction steps described
above: 10a) re fynctional groups, for exanpl e carboxy,

hydr oxy, am n rcaptzo, may

N (1X)
wherein Y is as defined above and Z z represents a leaving group, such as Cl, Br, |,

Tosylate
with 2 compound of formula {X)

(RO),B
mx
N

5 H (X)
where R represents H , C;-Cgalkyl or both RO represent together with the B to which they
are attached a heterocyclic moiety, X is as defined above, and

ii} recovering the so obtained compound of formula (1)
10
A second process comprises the steps of
i) reacting a compound of formula (X1}
H
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CH

N X1)

15 with & compound of formula Xli

F

Y
mx
N

\
PG (XI)
wherein X and Y are as defined above and PG is a suitable protecting group,

i) subsequ'ent deprotection of the so obtained compound and
20
iii) recovering the so obtained compound of formula (1) in free base or acid addition salt form,



need to be protected in the starting materials by protecting groups.
The protectin roups enpl oyed nmay al ready be present in precursors
and should‘%?gW’@ﬁM‘he functional groups concerned agai RETERRNEHE®S
secondary reactions, such as acyl ations, etherifications,
esterifications, oxidations, solvolysisg.and simlar reactions. It is
a characteristic of protecting 15groups that they | end thensel ves
readily, i.e. wthout undesired secondary reactions, to renoval,
typically by solvolysis, reduction, photolysis or also by enzyne
activity, for exanple under conditions anal ogous to physi ol ogi cal
condi t i onghiscpneresh istpartieglar svitebleovhgeie Yerepresants the 3enyddymeniefyt s. The
speci ali st knows, or can easily establish, which protecting groups
are suitable with the reactions nenti oned herei nabove and
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pr ot ecki NeheMtAURS maldiBis MRAbddElg & OHAS34TBEWRiIBh KT ereHNHedrhétbied by
renoval reactions are described for exanpl e in standard reference

wor ks, suf§le’§8°¢). F. W MOrie, "Protective Groups in Organic
Cherri stry”, Plenum Press London and New York 1973, in T. W G eene,
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30 carbohydrates: monosaccharides and derivatives), Georg Thieme Verlag, Stuttgart 1974.

b} Acid addition salts may be produced from the free bases in known manner, and vice-
versa, Alternatively, optically pure starting materials can be used. Suitable acid addition salts
for use in accordance with the present invention include for example the hydrochloride.



15di chl or obenzene, petrol eum et her, hexane, cycl ohexane,

di chl oronet hane, chloroform carbon tetrachloride; ethers, such as
di et hyl etH@szHWﬁgabropyl et her, di oxane, tetrahydrofu?ﬁﬁﬁﬂwmmﬂﬂn3
et hyl ene gl ycol dinmethyl ether or ethylene glycol diethyl ether;

ket ones, such as acetone, butanone or mgt-hyl isobutyl ketone;
nitriles, such as acetonitrile propionitrile or butyronitrile;

am des, such as NN-di net hyl formam de, N, N 20di net hyl acet am de,
N-net hyl -formani | i de, N-nethyl-pyrrolidone or hexamnet hyl phosphoric
triam de; esters, such as nethyl acetate or ethyl acetate,
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20 dimethylacetamide, N- methyl-formamttde, N-methyl-pyrrolidone or hexamethylphosphoric

triamide; esters, such as methyl acetate or ethyl acetate, sulphoxides, such as dimethyl
sulphoxide, alcohols, such as methanol, ethanol, n- or i-propancl, ethylene glycol
monomethy! ether, ethylene glycol monoethyl ether, diethyelene glycol monomethyl ether,
diethylene glycol monoethyl ether. Further, mixtures of diluents may be employed.

25 Depending on the starting materials, reaction conditions and auxiliaries, water or diluents
constaining water may be suitable. It is also possible to use one a starting material as diluent
simultaneously.

e} Reaction temperatures can be varied within a relatively wide range. In general, the

30  processes are carried out at temperatures between 0°C and 150°C, preferably between
10°C and 120°C. Deprotonation reactions can be varied within a relatively wide range. In
general, the processes are carried out at temperatures between -150°C and +50°C,
preferably between -75°C and 0°C.



The conmpounds of the invention, exhibit val uabl e pharmacol ogi cal
properties when tested in 15vitro and in animals, and are therefore
useful as pHarPEEOEHIG cal s. Thus, the compound of the i nPEREPYAC/HIER3
found to be cholinergic ligands of the nAChR In addition preferred
conmpound of the invention show sel ective.a7-nAChR activity. The
conpounds of the present invention may in particular be found to be
agoni sts, partial 20agoni sts, antagonists or allosteric nodul ators of
the recep . ' ' i f.
nvent | on oy SaiehS ofdYeerl RARE B im Bl el Bibps 8 ANy s 0
or condi t iReRbI Lo eAryequs thexproqegsey adcaiding tel thedaveation wgisr elsvated gr reduced
di seases, Hi38REM geRbral RBwbéh 6, MbbAdiRid R, pain and wi t hdr awal
synptonms caused by an 25abuse of chem cal substances. Di seases or
disorders related to the CNS include general anxiety disorders,
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Al zhei ner is I seasss?béq(TGD L pre%e?”lg AD, m fd CO&H[%'[I veof!ﬁr%g%ment tiénn:s
the el der Itys gRRPSS ETERYCY G RESHA" AP’ He ABTPOTMTRI PRETEC,
att ent i on gdedraity darreaicbulb inpesuiable\diluant th ihe peeendeADDeactiBardkikiliagrénd the

di sease, N n' i . i QNI - Lve
i sor dor s St B B 4P A Syrckss o el oEtafire e RREP Sl b e
de |a Tourette's syndrone, psychosis, depression and depressive

di sordgrs mﬂ%- [ ' 1al b So LA Yukili fih
defi cﬁt8 S ?’?1 scul?gz%dgﬁr@é%al.cg,&n)o s@?ggﬁ%ﬁﬁ@nﬁgﬁg@g %f%ég? desfs, parllcl\'égono ¢
di sor der s comaRyndg thiisabtainadomanke ewTiehey in aseidassn fodwown prasedwhre (afitae
senile dewﬁa}@on@g,ﬁﬁﬁggn! tive dysfunctions related to age, autism
dysl exia, tardive dyskinesia, WO 2007/068476PCT/ EP2006/ 012023 - 8 -
epi | epsy, and convul sive disorders, post-traunmatic stress disorders,
t L ansi ent (‘jra@emhpour?w Wﬁ@?ﬁﬁﬂﬁhj éxhibfe gelummagmadoic@wal' dwmgmiethQ. tbstéceial
phase_ syndronme,. chronic fatigue syndrome and jet. |ag. Furthernore,
conpolnd S¥FOeAdnaN %’iaﬂﬂaf?a erﬁg’r%gseqﬂﬁrasP@?mf’%eé""??‘!%at ment of
endocrine disorders, such as thyrotoxicosis, pheochronocytons,

hypert ensi r 1.aS: i . i

nyper ki netd: HiboRipalid rune HuAioR 3Blio @ e IABRIPRERSE bPe naep i
further, eddifpoumefeuéd corapoundent thednvamtign Hrowesstsctive ¢ inAGbRtactdlynBet  of

i nf | ammat ' ; : X nge
ol NEypnpe bR st fysBhiohnay, s 89 i be sl B
1113) 20 di sganikts. eniagonjeta @ aliastasicimusiulatiragf thefacaplent ory skin di sorders,
rheumatoid arthritis, post-operative ileus, Crohn's diesease,

i nfl ammat ory bowel 10di sease, ulcerative colitis, sepsis, .
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pain, e 93l S8R, AL ARordBRS QR R U ey Ber @R AN Wi i B2 1
Alzheimer's disease (AD), prodromal AD, mild cognitive impairment in the elderly (MCI),
amnestic MCI, age associated memory impairment, attention deficit and hyperactivity
disorder (ADHD), Parkinson's disease, Huntington's disease, ALS, prionic neuro-

30 degenerative disorders such as Creutzfeld-Jacob disease and kuru disease, Gilles de la
Touretie's syndrome, psychosis, depression and depressive disorders, mania, manic de-
pression, schizophrenia, the cognitive deficits in schizophrenia, obsessive compulsive dis-
orders, panic disorders, eating disorders, narcolepsy, nociception, AIDS-dementia, senile

dementia, mild cognitive dysfunctions related to age, autism, dyslexia, tardive dyskinesia,



15 pain associated with cancer. The pain may conprise inflammtory or
neur opat hic pain, central pain, chronic headache, pain related to

di abetic ne¥P3HA0RA76 t 0 post therapeutic neural gia or t8CHEPIGFEI20Y3
nerve injury. Furthernore, degenerative ocul ar disorders which may be
treated include ocular diseases 20 whi.gh may directly or indirectly
i nvol ve the degeneration of retinal cells, including ischemc
retinopathies in general, anterior ischemc optic neuropathy al
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one nicotinic-a recept or agoni st east one CO oun
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sequential use. chiatric disorders"” as used herein

i ncl udes, "BYfpI9iAg orﬁ%Per,pﬁxﬁqag Eﬂ%? B hi zophreni a, anxi ety disorders,

depressi on and bi pol ar disorders. Preferably, the psychiatric

di sorder %9&&?m&n%t 5@%&\3%&1\% EPJlérW%o? wﬂlﬁft\ l’n%? bg tt%g eﬁ%ﬁﬁu&eﬁ(cﬁlap flfséase?

schi zophreni'a, fot
monot RAer aphice may areetly oo m‘@!lr@tﬁlytim@lvedh@dme@homafrrem selis| mnledmcrﬁwhem:p m

“conventi Fé'ﬁﬁéaqa%ﬁéé §$ﬁ£&%§, ﬁt%ﬁoﬂ%ﬂéﬁ\%ioﬂ?@ Ehr%gétﬂ léﬂQﬁ'ﬁ} J?%Etié ﬁetﬂlﬁ& age-

l[imted t operi enazi ne, thi nti xo

15The t er felated Vﬁﬁl&%ﬂ degamer BWC(HMQ)C@ its gley fem(dneméphanwe gems (vt AMDS,
not |im tggdhdt rétrepath .| oystoid macular edema (CME), retinal detachment, retinitis pigmentosa,

Stargardt's disease, Best's vitelliform retinal degeneration, Leber's congenital amaurosis and

25 other hereditary retinal degenerations, pathologic myopia, retinopathy of prematurity, and
Leber's hereditary optic neuropathy.

It has been found that the effect of a combination which comprises at least one nicotinic-
alpha 7 receptor agonist arid at least one compound selected from the group consisting of

30 (a) conven.tionai antipsychotics and (b) atypical antipsychotics is greater than the additive
effect of the combined drugs in the treatment of psychiatric disorders. In particular, the
combinations disclosed herein can be used to treat schizophrenia which is refractory to
monotherapy employing one of the combination partners alone.



ri speri done, ol anzapi ne, quetiapine, ziprasidone and aripiprazol. In
anot her aspect, the conmpound of the invention are used as di agnostic
agent s and/W® 2@FPeHIGgands, e.g. for the identification BGTWEP2006/012023

| ocal i zati on of nicotine receptors in various tissues. 20Properly

i sot ope-| abel ed agents of the inventiongexhibit valuable properties
as hi stopat hol ogi cal | abeling agents, inmagi ng agents and/ or

bi omarkers, hereinafter "markers", for the selective |abeling of the

nAChR Mor articularly the agents of the invention are useful as
marker s 1 Gl PHetoRYIRIES thie coTARRRYOP (IS A8 ASOMNGR PrepagRtion o pRaja-
I n parti cukatical comgoeition], viicH domprisyesttieaznomdmicdlinkrBpha Dpeebiyr agonist and at
| sot opi cal | abel ed are usef ul PET 25 rker.s,  Such. PET mar ker.s
o P Pbor i ot oriauRd SelbREd Hom e bl Sehsiod S 81 cotVehicha riRbIERs
of 11C, 13N (H)sdypichBimtipTyaboticyeintvehicif the hetive ingeediérds amrppesdné inefagh gase in
useful o f i, 0St ar L 0l r

bocupaficy Top A e R ol R Call BEccpBYfE SanaloBRGRP bt least one

di seases Pbaengeeticaly sacoppbla carvishlferrfiaulgneeiips senseate ensesfueniiyse. and
for nonitoring the effectiveness of pharnmacot herapi es of such

di seases. I n accordance with the above, the present invention

provi des dRe sRjEnpsyshistricalisordasstasdifed Bereifdreluges goutig mat fimjtgd to schizophrenia,
neur oit rra? Eﬁﬁety d\é@«t@%) dehresdaroaid lbiEtEfQ:QﬁéiJ’d r&&a@vzae;abwhefdspcraatﬁu?{smér to be
aspec e pres i nvention provjdes a ¢ sit.ion for |abeli

by b1 n "Bt TR SR ia SRR Ashfaslfecs B E0PBE it dTore ree AR vo
and i n vi ph@nizavhit is refeaciony @georotiedragyrenployirerdnear thebcdrmmbirsdtioh lpadners alone.
further a a o ALk LV : ling
brai 1 and BB Se iR eieb ks, S0y RbR e ReBEE LK nobmieBis

vitro or halopgndel, fiviticohzina hipeiixeoe andMypeotiiohg brain tissue with an
agent of the invention.

15  The term “atypical antipsychotics” as used herein includes, but is not limited to clozaril,
risperidone, olanzapine, quetiapine, ziprasidone and aripiprazol.

in another aspect, the compound of the invention are used as diagnostic agents and/or PET
ligands, e.g. for the identification and localization of nicotine receptors in various tissues.

20  Properly isotope-labeled agents of the invention exhibit valuable properties as
histopathological labeling agents, imaging agents and/or biomarkers, hereinafter “markers”,
for the selective labeling of the nAChR. More particularly the agents of the invention are
useful as markers for labeling the alpha? nAChR receptors in vitro or in vivo. In particular,
compound of the invention which are properly isotopically labeled are useful as PET

25 markers. Such PET markers are labeled with one or more atoms selected from the group
consisting of ''C, N, 0, "°F.

The agents of the invention are therefore useful, for instance, for determining the levels of
receptor occupancy of a drug acting at the nAChR, or diagnostic purposes for diseases
30 resulting from an imbalance or dysfunction of nAChR, and for monitoring the effectiveness of

pharmacotherapies of such diseases.

in accordance with the above, the present invention provides an agent of the invention for

use as a marker for neuroimaging.



10 The nethod of the invention may conprise a further step ainmed at
determ ni ng whet her the agent of the invention | abeled the target
structure. PP ther step may be effected by observi RgVEMSOGHRGEt
structure using positron em ssion tonography (PET) or single photon
em ssi on conputed tonography (SPECT), ofgany device allow ng
detection of radioactive radiations. 15 In particular, the agents of
the invention are a7 nicotinic acetylcholine receptor (anAChR a7)
agoni st s. In functional assays, the agents of the invention

di splay high affinity at the nAChR a7 as 20shown in the follow ng
tests: a)nAafurthacaspeniatheguesent ingentiah pravidey aabmpbstionfGhiRbetingibsaicand i ed
out with : LA i RE: i,Ag ; a7

Bri of 1y, SPPTec PENDLESRIE StuctyrBE niOiahy HaCibh SR RER i o BRI
72 h pri oRgem of ¥he inMepien. ment on bl ack 96-wel | plates and incubated at
37C inga 25 hum dified atnosphere (5 % CO2/95 % air). On the day of
the experinent nmedium was renoved by flicking the plates and repl aced
with 100 I gl afehenearsni thdRieasinvgNtan Rrevidrescsmeed & lzheling B@ifsindy e
dye, in t herighees aageuDdystrbstridupeonedaag AACKRA WD or FNGvd; olhich coBipfises

i ncubat ed at c2.7C in @ hum'.tgi fied tggg;%sghe?e (5 % CO2195 %air) for 1
h. Pl at es OEPEe PR ESPUE §/tP SR598" JIEFHOE] uo- 4, washed twice with
Hepes-buffered salt solution (in MM 30 Nadi 130, KC 5.4, Cad 2 2,

My504,0. 8 p . . . - ; .

vori 1 18a e et b the v P AR ponsE RS Stsaipda dadinAl et e
The i ncubagdnbnf the invaetiqorlaimiertive ddrgetistructutea §aid ifigther slepathyde sftesteddyand
5 m nutes I ' il j

71 Lor escon e e o ST B L (o D 2AG gden
2007/ 06849BPErN ERPREed teraparhyASRRET o Ar eice ajiving detgptinpcof sadieastiva

5 to aboujagRiiofRarti al and potent agonists in this test are preferred.
b) To, assess the antagonist activity of the conmpound of the invention
on th& human neuronal 5nAChR a42, a similar functional assay is
carried omtparitiag tife SgsbdlofaRd inentiodlare€l hicbtinLacktypblineerePeMesiABCHRE7)
human a4p2 subtype (M chelnore et al., Naunyn-Schm edeberg's Arch.
Phar macol 299"%602) 366, 235) In this assay, the preferred conpounds of
the invention show selectivity for the nAChR a7 subtype. 10c) To

assess the .ant.agoni st tivit t he conmpound. of e iLnventl n
The' gangh A dbaypahe pisi ol el TRpHY Sich sl ok e o P2
rece@®mr shalvhyBhedsibdwiryaestisHT3 receptor, simlar functional tests as
just described under a) are carried out with a human epithelial cell

line stably expressing the human ganglionic subtype, a cell line
endogenouws Afusctipnalsssagfor bfinbuatdne MAGHR e/ iwqwia_dfomwmairaﬁ pituitary epll lnes
oh ot RIS R B 5 599, 0 R ey Bt 08B o
366, 235)werEseguizdiTdh privr ehthdiespéranyent bb blaek 88-walbplaEsianil tnycubatet! Re3EB4N a
ACh t f R i.ni - HT3
Feceptor IR SBielP & coudete'dh. G (EEE) findBalfimert bkl Bt
sensory gempyryl byefidkinoth¢ DfesZndirepijcedodidr 0D adigloytranedivoranthirtaeal al .
in Schiz %P%gﬁ@cng cEBbnSehBinaye 4R Tndtiasdntd 862 5 i BrdbRARAY PSlginky. g cells

i nvention
were incubated at 37°C in a humidified atmosphere (5 % CQ0./95 % air) for 1 h. Plates were

flicked to remove excess of Fluo-4, washed twice with Hepes-buffered salt sofution (in mM:
30  NaC! 130, KCI 5.4, CaCl, 2, MgSQ4 0.8, NaH,PO4 0.9, glucose 25, Hepes 20, pH 7.4; HBS)
and refilled with 100 pl of HBS containing antagonists when appropriate. The incubation in
the presence of the antagonist lasted between 3 and 5 minutes. Plates were then placed info
an imaging plate reader and fluorescence signal recordedd [n this assay, compound of the



significant sensory gating at concentrations of about 10 to about 40
M The conpound of the invention may be shown to increase attention
in a test OYO3W78H¢T%n for rodents (Robbins, J. Neur opsYeHERRPGO1ZY28 n,
Neurosci. (2001) 13, 326-35), nanely the 5- 25choice serial reaction
time test (5-CSRTT). In this test, the.gypt nust observe a wall
containing 5 holes. Wen a light flash appears in one of them the
rat nmust respond with a nose-poke into the correct hole within 5 sec.
in order

n Opposﬁrﬂgﬁ%e%xﬁﬁthé%%!ﬁg o 8ot 8YE48but % dr %g&' pbfinfadofRISH thidest
Iearn|ng/ﬁﬁﬂﬁ??”@ﬂhan0|ng effects in the social recognition and in

t he object recognltlon test in mce and rats (Ennaceur and Del acour,
Behav. Res. (1988 ﬂ§7 5%) VD 2007/ 068476PCT/ EP2006/ 012023
- 12 - Th ﬁi‘f&aﬁ et 9’?8‘# ity o3he corapouRd pEing inveqiasy f the Bmap geuronal

prevensi ORABAR PR ad SMAr fihdtishal dis 84y itartigabitQBing RthupiamvepithéliaNdelGhe stably
various disorders espeC|aII% t hose mentioned above. The useful ness

of NAChR S7T8tlg the Buman rale SeRtyrsrMichelmie pialy NatmerR einiedebpigs Arch.

| i teratur @hamnz@ol. (2@0%@ 285)ah this dssaEltﬁé prefdieicompbunds @t GreSivbation show
(2000). 5 For_ th nt_ of the above and other disorders, the
appr opr i afeedibage hﬁf a‘zﬁ%} Y¥PEC act i ve i ngredient) of the invention
will, of course, vary dependl ng upon, for exanple, the host, the node
of admi ni stration ver | f.t condj tion being
O A S5 2450 PR B A s A HoR B e
the i nvensmhwpeé (qapa), etk mbsdle Eypamspmeotmtdrecmmm B1iB)odndahe BAHT; agreptor,
required

o <0 Rt intEh iR S Sl BiocoE: Blare R bl '] R edifetieh 4

conﬁent r ahnec&rhabimemsmgdb@l hghars gangliera suidyrst a aell la@c@thMOas!v ng‘essirwthe
er ape r : P

¢ 0T D0y 648 bIRHE B 38 SCOPAR B FEALY i

30. 0 Hay/ kBrHds eeceplar tlinkaigoreat al. nﬁ?%ﬂ-@@hfﬁﬁﬁﬁﬁf@i@%"hé‘fmwok @02)613@@

of from a%itc&ngmﬁ’l@s #hRHGsh 9%&1@%’ A8 %ctRitPon th%5§3[9-‘; ni{(ﬁtﬂintﬁ@ﬁ’l%cléguﬂtﬁe

200 ng (70 kg man), convenien dm ni stered once or divid

doses up @fcsmt'wcmep@a?s well ?ﬁ”‘&ﬁst"& feeepterare gerecaly ﬁieffﬂfeé} dosage
forms accordingly suitably conprise fromabout 1.75 or 2 0 to about
700 or 1400 ng of a conpound of the |nvention adm X

appr opr i afdh %W&?‘#ﬁfz@'ﬂﬁel shawing sgpsasy, galindeesi (Q@ﬁ\(z-gyceé 3??9"8?‘1 P¥1§r leqoprE,

et al. in Schizophrenia Bulletin 22, 431-445 {1996), the compound of the invention induce
significant sensory gating at concentrations of about 10 fo about 40 p.

The compound of the invention may be shown to increase attention in a test of attention for
rodents (Robbins, J. Neuropsychiatry Clin. Neurosci. (2001) 13, 326-35), namely the 5-

25  choice serial reaction time test (5-CSRTT). In this test, the rat must observe a wall
containing 5 holes. When a light flash appears in one of them, the rat must respond with a
nose-poke into the correct hole within 5 sec. in order to receive a food pellet reward,
delivered to a feeder in the opposite wall.

30 Compound of the invention may also show learmning/memory enhancing effects in the social
recognition and in the object recognition test in mice and rats (Ennaceur and Delacour,
Behav. Brain Res. (1988) 31, 47-59).



20 Pharnmaceuti cal conpositions contain, for exanple, fromabout 0.1 %
to about 99.9 % preferably fromabout 20 %to about 60 % of the
active i ngre@P¥#¢4)e  Exanpl es for conpositions conpri BEHEPH06/012023
conmpound of the invention include, for exanple, a solid dispersion,

an aqueous solution, e.g. containing a.gplubilising agent, a

m croemul si on and 25a suspension of, e.g. a salt of a conpound of

formula | or a free corrpound of theforrmlal In the range of from
0.1 19 h
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may be adegignindiVenget aésJﬁiwgCheracQﬁvéG%ﬁg@&& (8900)n combi nation with one
or nmorg other active agents of the formula | and/or a

phar maceutical |y acceptable salt thereof or especially other active

agent s coffihe {ealmsnisfde abope apdether qigarders dha sRPERPHEKRIO870e ofi@ compound
2007/ 0684?&&&@A@B&@.@§6ﬂﬁ8%&tmn 4, of dobRe WapPdRAGING B, U eRarAgé, Qhélh&f

furth her d d t
examml e | oS Aol pa anade Sl e sevedh e pofifon s rekgd ¥ wen as
par ent er atHeyelaﬁv@rpotmaymﬂ tﬁe pmdzdfmf agentrof tie invehittdnapioyed) fdrieraraple) the amount

SUs pelrl]lz:c 25 a%clnve asgeeﬁ% rgﬁg e %yn:')e[ %&&Pﬁ&ﬁed oﬁ%eo B’a%% of Qntﬁfb’:f ﬂ vﬁr%rgﬁ Wtb@@%ﬁm-

are p group conststin benzo I'azepi nes,
5sel ecti vwmd@emsm haw pha keaitichiabadtive sge(nmlcsotrattgm:lnébe bloed plesmoa i n

and nor eppapphy ém&céﬁgﬂk el fblng'{hléh%%tﬁ: éffégﬂ ?enen%p @¥t%’f5c @sulta in animals

anti psychotics, aty trcs rone car ze I ne,

oxcar baz eprﬁw@ilca@aiﬁa eﬁmameaﬁad ¥ §geassp PHromADGYEROT é«mat@%ﬁ@owka me In

present i pyRiHs| SMinkisatBd BER LAk i8 B 1RE FRde bf AdM BbiR V¥ th as@utfwu@mgmaylso
1l0sertraline, paroxetine, “cital opram and escital opram

suitabl e ©8riramabt &4 iaq00 Mg Qﬁt'ﬁgdnanwoes%mléﬁwm@ﬁ%?@a of Isficed doses
venl af axi omeﬁlubpesseih is0QainddRIda8 frmbeT 8skagd maa&m@ﬁgwmbﬂper ein

I ncl udes, but e di a am an raze
The 1 er m ST PTG i ¢ g BrbPRULD g?%@%ﬁ%&?wwﬁe} Badvehi,
is not |isdnhigsdi twith Aabopepriatiopharhhctutieatia zéoeptablkeldiodnt secwrianiterefore.
flupentixol. The term "atypical antipsychotics" as used herein

15rel ates to clozaril, risperidone, olanzapine, quetiapine,
zi pr a2l doflmrmackutical gowpasitdns dBoti, fayesaropia, foam aletit B isTede abioutPOfA epre-

rar ket ed. Rty T s 10 95 atod 803 QAL ALASarkafhtiel D (1. 1t oan
be prepared and adm nistered, e.g., as described in US 3,717, 634.
Fl uoxet i NBaaRRshG BHFbSIicHRbRrsify 8§ compdlind of the invention include, for example, a
solid dispersion, an aqueous solution, e.g. containing a solubilising agent, a microemulsion and
25  asuspension of, e.g. a sait of a compound of formula | or a free compound of the formula | in

the range of from 0.1 to 1 %, €.g. 0.5 %. The composition may be buffered to a pH in the range
of, e.g. from 3.5 to 8.5, e.g. to pH 4.5, by a suitable buffer.

The compound of the invention are also commercially useful as research chemicals.

30
For use according to the invention, 2 compound of the formula | and/or a2 pharmaceutically
acceptable salt thereof may be administered as single active agent or in combination with
one or more other active agents of the formula | and/or a pharmaceutically acceptable salt
thereof or especially other active agents commonly employed especially for the treatment of



20 the formof its hydrochl oride as marketed, e.g. under the
trademark Prozacm It can be prepared and adm ni stered, e.I%., as
descri bed iWOENBHE?182. Paroxetine ((3S,4R)-3-[(1,3- PCT/EP2006/012023

benzodi oxol - 5-yl oxy) net hyl ] - 4- (4-fl uor ophenyl ) pi peri di ne) can be

adm nistered, e.g., inthe formas marketed, e.g. under the tradenmark
Paxil1lm It can be prepared and adm nistered, e.g., as described in
US 3,912,743. Sertraline can be admnistered, e.g., in the formas
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form as marketed, e.g. under the trademark Trevilor™. Duloxetine can be administered, e.g.,



be taken fromthe actual edition of the standard conpendi um " The
Merck | ndex" or from databases, e.g. Patents International (e.g. IM
Vor | d Publ i¥@2993MD#76 The correspondi ng content t her eof PET/REIAG12023

i ncorporated by reference. Any person skilled in the art is fully
enabled to identify the active ingrediengs and, based on these
references, |ikew se enabl ed 30to manufacture and test the

phar maceuti cal indications and properties in standard test nodels,
both in vi Snflad / R A0 ng)ajﬁﬁzl?f -
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25  according to the invention may comprise (i) administration of the combination partner (2) (a
compound of the present invention) in free or pharmaceutically acceptable salt form and (i)
administration of 2 combination partner (b) (e.g. a different compound of the present invent-
tion or an active ingredient of a different formula) in free or pharmaceutically acceptable salt
form, simultaneously or sequentially in any order, in jointly therapeutically effective amounts,
30 preferably in synergistically effective amounts, e.g. in daily dosages corresponding to the
amounts described herein. The individual combination partners can be administered separa-
tely at different times during the course of therapy or concurrently in divided or single com-
bination forms. Furthermore, the term “administering” also encompasses the use of a pro-
drug of a combination partner that convert in vivo to the combination partner as such. The
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15
In accordance with the foregoing, the present invention also provides:
(1) A compound of the formula [, and/or a salt thereof, for use in the diagnostic or therapeutic
treatment of a mammal, especially a human; especially for use as an alpha-7 receptor agonist,
for example for use in the treatment (including mitigation) of any one or more disorders, espe-

20 cially of any one or more of the particular discrders set forth hereinbefore and hereinafier.
{2) A pharmaceutical composition comprising a compound of the formula |, and/or a pharma-
ceutically acceptable salt thereof, as active ingredient together with a pharmaceutically accept-
able diluent or carrier.
{2’) A pharmaceutical composition for the treatment or prevention of a disorder in the treat-

25  ment of which alpha-7 receptor activation plays a role or is involved and/or in which alpha-7
receptor activity is involved, especially any one or more of the disorders mentioned here-
inbefore or hereinafter, comprising a compound of the formula §, and/or a pharmaceutically
acceptable salt thereof, and a pharmaceutically acceptable diluent or carrier.
(3) A methaod for the treatment of a disorder, especially any one or more of the particular

30  disorders set forth hereinbefore, in a subjact in need of such treatment, comprising admini-
stering a pharmaceutically effective amount of a compound of the formula |, or 2 pharma-
ceutically acceptable salt thereof.
(3"} A method for treating or preventing a disorder in the treatment of which alpha-7 receptor
activation plays a role or is involved and/or in which alpha-7 receptor activity is involved, com-
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20  The Examples which follow serve to illustrate the invention without limiting the scope thereof,
The following abbreviations are used :
AcOEt ethyl acetate

aq. aqueous
EtOH ethanol

25 FC ~ flash chromatography
HV high vacuum
MeOH MeOH
m.p. meilting point

MTBE methyl teri-butyl ether
30 NHMDS sodium hexamethyl disilazane
rt . room temperature
soln. solution
THF tetrahydrofuran
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(4S,5R)-acetic acid 1-aza-bicyclo[3.3.1]non-4-yl ester (5.45 g, 29.7 mmol) is dissolved in

10% ag. NaOH soln. and stirred for 1h at 50°C. After cooling to rt, the mixture is extracted

30 with THF/brine. The organic layer is dried over Na,SO,, filtered and the filtrate is evaporated

to give 3.83 g (91%) of (48, 5R)-1-aza-bicyclo[3.3.1]Jnonan-4-ol, which is dissolved in 50 ml

THF and cooled to 0°C. NHMDS (35 ml of 1 M THF soln.) is added dropwise, the reaction

mixture is stirred at rt for 0.5h and then added to a precooled soln. (-15°C) of 5-bromo-2-

chloro-pyrimidine (5.89 g, 30.5 mmol) in THF. The mixture is stirred for 15h at rt, then diluted
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with THF and extracted with 1M aq. NaOH soln. and brine. The aq. layers are 2x
reextracted with THF, the combined organic layers are dried over Na,SQ,, filtered and the
fitrate is evaporated. The resulting crude product (10.15 @) is recrystallized from
CH,CN/MeOH to give 5.21 g (65%) of (4S5,5R)-4-(5-bromo-pyrimidin-2-yloxy)-1-aza-
bicyclo{3.3.1]nonane.

519 g (17.4 mmol} of (45,5R)-4-(5-bromo-pyrimidin-2-yloxy}-1-aza-bicyclof3.3.1Jnonane is
dissoived in 200 ml toluene/E{OH 9:1. 5-Indolyl boronic acid (3.47 g, 21.6 mmol), Pd(FPPhs).
(1.04 g, 0.873 mmol) and a soln. of Na;CO; (7.38 g, 69.8 mmol) in 35 ml H0 is added. The
reaction mixture is stirred at 90°C for 15h. After cooling to rt the mixture is filtered over hyflo,
the filtrate is extracted with water and brine. The aq. layers are reextracted with AcOEt and
the combined organic fayers are dried over Na,S0Q,, fillered and the filtrate is evaporated.
The resulting crude product is purified by FC (255 g silica gel, eluent AcOEt/MeOH/Et:N
70:27:3) and recrystallization from EtOH to give 3.87 g (67%) (4S,5R)-4-[5-(1H-indol-5-yl)-
pyrimidin-2-yloxy]-1-aza-bicycio[3.3.1]nonane. MS (ES"): m/e = 335 (MH"), m.p. 195-199°C.

Preparation of the precursor 1-aza-bicyclo[3.3.1]Jnonan-4-one is done according to M. G. Kim
et al,, J. Med. Chem. (2003) 46, 2216.

example 2 (Manufacture of Soft Capsules)

5000 soft gelatin capsules, each comprising as active ingredient 0.05 g of one of the com-
pounds of formula (1) mentioned in the preceding Examples, are prepared as follows:

250 g of the pulverized active ingredient is suspended in 2 litres Lauroglykol® (propylene
glycol laurate, Gattefossé S.A., Saint Priest, France) and ground in a wet pulverizer to
produce a particle size of about 1 to 3 pm. 0.419 g portions of the mixture are then introdu-
ced into soft gelatin capsules using a capsule-filling machine.



2.

(4S,5R)-4-[5-(1H I ndol -5-yl)-pyrimdin-2-yl oxy]-1-aza-bicyclo[3.3.1)n
onane 3.

5-{2-[(4S, 5R) - (1- Aza- bi cycl o[ 3. 3. 1] non2$--yhoxy] - pyri m din-5-yl }-1

, 3-di hydro-indol -2- one. 4. (4S,5R)-4-[6-(1

H I ndol - 5-yl ) - pyridi n- 3-yl oxy] - 1- aza- bi cycl o[ 3. 3. 1] nonane 5.

(4S, 5R) - i'5'(1

H | ndol - *pyridin-2-yl oxy]-1-aza-bicycl o[ 3. 3. 1] nonane 6.
(4S,5R)-4 [6-(1

H I ndol - -yl ridazi y] - 1-aza- bi cycl o[ 3. 3. 1] nonane . 7.
5-(6-[(4S, F& ?%pﬁﬁﬁfﬁqBVﬁy%pg 3. 1] non-4-yhoxy] - pyri dazin-3-yl}-1, 3-d
i hydro- i ndol - 2- one. 8H A process for preparation of a conmpound of
formula (1) conprl the steps of i) reacting a conpound of fornula
(rxy -21- (1X IS as defined above and z represents a

| eaving group with a a (X) .(R0O)2B (X) where R
represents H, C nt together with the Bto
whi ch t hey are att'm ic moiety, X is as defined above,

and ii) recovering the so obta| ned conﬂound of formula (1). 9.A
process for preparation of a conpound of formul & (1) conprising the
steps of i) ggasii ng a conpound of formula (XI) OH

X represents hydrogen or hydroxyl and
Y represents one of the following groups:

N
~
L0 UL
N = -
N N~ N
in free base or acid addition salt form.

2. (48,5R)}-4-[5-(1H-Indol-5-yl}-pyrimidin-2-yloxy]-1-aza-bicycio[3.3. 1jnonane .

3. 5-{2-[(4S,5R)-(1-Aza-bicyclo[3.3.1]non-4-yl)oxy]-pyrimidin-5-yl}-1,3-dihydro-indol-2-

one.
4.  {48,5R)-4-[6-(1H-Indol-5-yl}-pyridin-3-yloxy]-1-aza-bicycio[3.3.1]nonane .
5. (48,5R)-4-[5-(1H-Indol-5-yl)-pyridin-2-yloxy]-1-aza-bicyclo[3.3.1]nonane .
6.  (48,5R)-4-[6-(1H-Indol-5-yl)-pyridazin-3-yloxy}-1-aza-bicyclo[3.3.1]nonane .

7. 5-[6-[(48,5R)-(1-Aza-bicyclo[3.3.1]non-4-yl)oxy]-pyridazin-3-yl}-1,3-dihydro-indol-2-
one.

8. A process for preparation of a compound of formula (I} comprising the steps of

iy reacting a compound of formula (1X)



(XI') with a conmpound of formula (XIl1) \PEXI1) wherein X and Y are
as defined above and PG is a suitable protecting group, ii)
subsequent deprotection of the so obtained conpound and Hi)
recovering the so obtai ned conmpound of-Fornula (1) in free base or
acid addition salt form 10. The conpound of claim1l1l in free base or
pharmaceutically acceptable acid addition salt form for use as a
phar maceutical. - 22 11. The conmpound of claim1l1l in free base or
pharmaceutically accegtable acid addition salt form for use in the
prevention, treat Nandq._or delay of progression of psychotic and
neur odegenerati vg di sor ers. Y12. A phar maceutical conposition
conprising a co claiom1 in free base or pharmaceutically
acceptable acid a @ n salt form in association with a
pharmaceutical carfrier or diluent. 13. Tke use of a conpound of
claims 1 in : : i i Jk oL

cait Torm anhge PRl R RREC £Ebloke RPN rotpAnr Sy o
of psychoti cfoamdlad®ur odegener ati ve di sorders. 14. The use of a
conmpound of clm(ﬁgagn free base or pharnaceutically acceptable acid
addition salt form?2fo e-1fauf act ure of a nedi canent for the
prevention, treatnent a Xy of progression of psychotic and
neur odegenerati ve di sorders.™ib. A conpound of claiml in free base
or pharmaceutical ly acceptabl & acid addi(xj on salt form for use in

t he preventiopn, treatnen ng / de rogressi gn of di sease
o condr 1 orvisreVhEFPSRRR CrCatkn PEPRARS reRyestet pefes i Bhe's TERRR:
i nplicated. they afhatdehed atheereaaimmorioX is kaidsfided abolve egndoase or

phar maceut i c.ﬁll acce tabﬁ acid addition,salt form as a

phar maceut i cAIrCfYFTRG DS FORPLAPEFMPQUG IR/ or del ay of
progression of a disease or condition in which nAChR a7 activation

|l ays a role,or is inplicated. -
pray 5 A process !forg?areparat%n of a compound of formula (1) comprising the steps of

i) reacting a compound of formula (XI)

H
OH
N (X1)
with a compound of formula (XI1)
F
Sy
T
N
\
PG (X1

wherein X and Y are as defined above and PG is a suitable protecting group,

i) subsequent deprotection of the so obtained compound and

iil) recovering the so obtained compound of formula (1} in free base or acid addition salt
form.

10. The compound of ¢laim 1 in free base or pharmaceutically acceptable acid addition

salt form, for use as a pharmaceutical.



11.

12.

13.

14.

15.

16.
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The compound of claim 1 in free base or pharmaceutically acceptable acid addition
salt form, for use in the prevention, treatment and / or delay of progression of psychaotic
and neurodegenerative disorders.

A pharmaceutical composition comprising a compound of claim 1 in free base or
pharmaceutically acceptable acid addition salt form, in association with a

pharmaceutical carrier or diluent.

The use of a compound of claims 1 in free base or pharmaceutically acceptable acid
addition salt form, as a pharmaceutical for the prevention and the treatment of

psychbtic and neurodegenerative disorders.

The use of a compound of claim 1 in free base or pharmaceutically acceptable acid
addition salt form, for the manufacture of a medicament for the prevention, treatment
and / or delay of progression of psychotic and neurodegenerative disorders.

A compound of claim 1 in free base or pharmaceutically acceptable acid addition salt
form, for use in the prevention, treatment and / or delay of progression of a disease or

condition in which nAChR o7 activation plays a role or is implicated.

The use of a compound of claim 1 in free base or pharmaceutically acceptable acid
addition salt form, as a pharmaceutical for the prevention, treatment and / or delay of
progression of a disease or condition in which nAChR o7 activation plays a role or is

implicated.



