T 5FEB 2007 = WD 2005/ 049611 PCT/ SE2004/ 001659 -1- 5- SUBSTI TUTED | M DAZOLES
TECHNI CAL FI ELD This invention relates to novel 5-substituted im dazoles or
pharmaceutical | y- acceptable salts thereof, processes for preparing tlpngB 2007
phar maceut i cal corrp05|t|ons 5 cont ai ni ng them and their use in therapy. This
i nvention paglg hgh bey relates to conpounds that are |i gp@ggeb@soisPha 7
nicotinic acetylcholine receptors (a7 nAChRs). BACKGROUND OF THE | NVENTI ON
The use of compounds whi ch bind nicotinic acetyl choline receptors in the
treatnment of a range of di sorders i nvol vi ng reduced chol i nergic function,
such as Al zhei ner's disease, IBSTITY EER IMIDAZOLES di sorders, anxi ety,
depr essi on, T@T%h{l ﬁﬁ%ﬁ%l on, neur oprot ecti on, schi zophreni a, anal gesi a,
Tourette's syndrone, an ar ki nson' s di.sease has been discussed in MDonald
et al. (1995) " Nmmtmmuoﬂmﬁyd ook elriesulsithetpd hniﬂazoﬂ&sloe@hhrmacaitmhﬁ;gy,

Chem stry and Phar er 5 i.n Annu Re ort I n Medi ci nal

Cheni stry, \RGFeptadls s ”E%R@?g%(@@ocess}g EFAPETRE 18818, | Eijr"l‘E‘n ‘J% 5’18%1“0@3\ and in
W Iians get e [ Dr ug
News & Por sp%iétta}n\q/“?c,ﬁ T‘M#Q%%].n a0 T ndnifes ﬁb&w&%ﬂﬁ%ﬁ "ON Thi s
i nventi on ertbdmpdigseds ibomlpbuﬁdis:obmcfawtﬂuhc&mbreceptors{wnAEhRs] wherein: 20 A

represents Wnere R represents hydrogen or nethyl,
and Rt repr@%ﬁgoé%ﬁoﬁtﬁ%ﬁm Arl D

The use of compounds which bmd mcotinic acetylcholine receptors in the treatment of

a range of disorders involving reduced cholinergic function, such as Alzheimer’s disease,

10  cognitive or attention disorders, anxiety, depression, smoking cessation, neuroprotection,
schizophrenia, analgesia, Tourette’s syndrome, and Parkinson’s disease has been discussed in
McDonald et al. (1995) "Nicotinic Acetylcholine Receptors: Molecular Biology, Chemistry

* and Pharmacology", Chapter 5 in Annual Reports in Medicinal Chemistry, vol. 30, pp. 41-50,
Academic Press Inc., San Diego, CA; and in Williams et /. (1994) "Neuronal Nicotinic
15  Acetylcholine Receptors," Drug News & Perspectives, vol. 7, pp. 205-223.
DESCRIPTION OF THE INVENTION

This invention encompasses compounds of formmula I:

wherein:

20 A represents:
N N R”

where R represents hydrogen or methyl, and
R! represents a moiety of Formula VI
| Ar

/ ~
D VI,
25 Ar' is selected from a 5- or 6-membered aromatic or heteroaromatic ring having 0, 1

or 2 nitrogen atoms, 0 or 1 oxygen atomns, and 0 or 1 sulfur atoms, or selected from an 8-, 9-



VI, 25 Art is selected froma 5- or 6-nenbered aromatic or heteroaromatic
ring having 0, 1 or 2 nitrogen atons, 0 or | oxygen atons, and O or l'lSFEB 007
sul fur atons, or selected froman 8-, 9 1 5FEB 7007 WD 20051049611 :
PCT/ SE2004/ 0 or 10-menbered fused aromatic or he WBhks ring
syst em havi n%§&il0%51 or 3 nitrogen atons, 0 or 1 oxygentpg?'%ﬁﬁda dﬁo I
sul fur atons; D is selected from hydrogen, '2‘NR2R3 or E-A?; V\/nerel n5E |s a

single bond, -0-, -S-, or -NR3-; Are is selected froma 5- or 6-nmenbered
aromatic or tuel(bmclabmmsad atongtih aniatero@omatic trg ysiem ravipe 0, 1 os3 nifrogen 1
oxygen atoms 0 .or ere each Arl or Are noiety may be
unsubst i tute %talrmwgerk 8?"5?11@@5{5 |P%’g[natt% %isel ected from - R3,

- C1- Coal kyl , -CZ ﬁ@ﬁééf&ﬁﬂlﬂom%%tmﬁm orBalhgen, -CN, -NO2, -CF3, 10
-S(O nR3, -NR2R3 - CH2ZNR2R3, -OR3, -CH20R3 or -CO2RM4, R2andR3are

mdependentl?’héfélﬂect ed at each occurrence from hydrogen, -Cl. C4al kyl,

aryl, het roaryl %ﬁ%%&‘j ) N—%)ZM or -SQ2R4, or R2 and R3 in
conbi natlon is -( G% \i\h'\g;fRé]in i s oxygen, sulfur, NR4, or a bond;
15 jis2,30r4; kiafi selétred from & 50or Gnembered arehalé or heterod@perid eing hyvised ct ed

at each occurrence from hydrogen, -G aal kyl, aryl, or heteroaryl. 20 The
i nvention al 902 BHEgHRAeES ol &XES%%%%@XQH’%W@SH n vivo- hydrol ysabl e

precur sor s and PhargReellAS ot A anesRhAN s lstilo SIM0UTIS safsihpau! 2 1.

pharmaceutical conposi t| ons an tions containing’th ods of
usi ng them tmelﬁutaia&oﬂpkea(%@saﬂ«)m C@ﬂm‘]kmybn@z-@salMI ahlopen, 6CN| N@0AEHnat i on

't or nedfht cSGIEG MO B el BN ATICHRIEET Fene " nadi cament o, 25 uses of
; 23 Imylt Inct hgu ;rgguf REITE 2¢ indBstndaiBeRcidd g daske Scctrehddarorh 8Ydd @Y NGt bkyRNd
aryl, heteroaryl -C{O)R?, -C(O)NHR?, -CO.R* or -SO,RY, or
R? and R in combination is -(CHz);G(CHy),~ wherein G is oxygen, sulfur, NR* ora
bond;
15 : jis2,3 or4;
kis0,1or2;

nis0, 1 or 2, and

R*is independently selected at each occurrence from hydro gen, -Cy.salkyl, aryl, or .
heteroaryl. ',
20 The invention also encompasses stereoisomers, enantiomers, in vivo-hydrolysable
precursors and pharmaceutically-acceptable salts of compounds of formula I, pharmaceutical
compositions and formulations containing them, methods of using them to treat discases and
conditions either alone or in combination with other therapeutically-active compounds or
substances, processes and intermediates used to prepare them, uses of them as medicaments,

25  uses of them in the manufacture of medicaments and uses of them for diagnostic and analytic

purposes.

Compounds of the invention are those according to formula I:

30 wherein:



Conpounds of the invention are those according to formula l: ~ NN AR/

30 wherein: 1 5 FEB 2007 WD 2005/049611 PCT/ SE20041001659 -3- A reerfgleEB%m
RNor RN Il Ill IVV where R represents hydrogen or nethyl, and
represents a Formula VI /Are 5 VI, Arl is selg 5- or
6- menber ed ay}c?r)r%tg%%”@frl het ercaromatic ri ng{mr;\avr ng 0, 1 &tﬁ %rogae% at ons,
0O or 1 oxygen atons, and O or 1 sulfur ofr sel ect ed from an 8-, 9- or
10- menbered fused aromatic or heteroaromatic ring systemhaving 0, 1, 2 or 3
nitrogen atons, Arepmsensioxygen atoms, and 0 or 1 sulfur atons; 10 Dis
selected from hydrogen NRZR3, or E-Ar2; V\,herer n Eis a si ngle bond, -0-,
-S-, or -NR3-; Are i ted frowez5- o OF pber ed ar QA or

het eroaromatic ring | g0, 1fj o2 nitrg atomsoro on .A-dxygen atons,
and 0 or 1 sulfur at ~~ 15 wherepgach Ar' “o~Arz noi et y-haybe unsubstituted
or bear 1., 2 or 3 substituents selected from-R3, -d -‘Céal kyl,

- C2- C6al kenyl , -C2-Ceallkynyl , haI dﬁen -CN, M2, -CF3, -SAO"R3, NR2R3,

- CH2NRZR3, CRS -CH2OR3 or - R2 and R3 are independently sel ected at
each occurrence W}Efﬁ]ﬁyﬂ}f?ﬁ@@ﬁhﬁr@gmﬁﬁw andary| |, heteroaryl, -C(O R4,

-C(O NHR4, - \4/}\}] e ﬁ%%nm 0%90% R3 in conbi nation is

-(CH2)) ¢ CH2) x- erern I'S oxygen, ur, NR4, or a

5 Dy
Ar' is selected from a 5- or 6-membered aromatic or heteroaromatic ring having 0, 1
or 2 nitrogen atoms, 0 or 1 oxygen atoms, and 0 or 1 sulfur atoms, or selected from an 8-, 9-
or 10-membered fused aromatic or heteroaromatic ring system having 0, 1, 2 or 3 nitrogen
atoms, 0.or 1 oxygen atoms, and 0 or 1 sulfur atoms; |

10 D is selected from hydrogen, NRZR®, or E—Af;

wherein
E is a single bond, -O-, -S-, or NR3;
Ar* is selected from a 5- or 6-membered aromatic or heteroaromatic ring having 0, 1
or 2 nitrogen atoms, 0 or 1 oxygen atoms, and 0 or 1 sulfur atoms;

15 whete each Ar’ or Ar® moiety may be unsubstituted or bear 1, 2 or 3 substituents
selected from -R3, -C;-Cealkyl, -Cy-Csalkenyl, -C-Cgalkynyl, halogen, -CN, -NO,, -CF3,
-S(O).R®, -NR?R?, -CH,NR?R?, -OR?, -CH,OR? or -CO,RY;

R? and R? are independently selected at each occurrence from hydrogen, -Cy.Caalkyl,
aryl, heteroaryl, -C(O)R?, -C(O)NHR*, -CO.R" or -SO,R”, or

20 R? and R® in combination is CHz)G(CHy)- wherein G is oxygen, sulfur, NR*, or a
bond;

jis2,3 or4;
kis0,1o0r2;
nis0,1or2,and

25 R* is independently selected at each occurrence from hydrogen, -Cy4alkyl, aryl, or
heteroaryl;

and stereoisomers, enantiomers, in vivo-hydrolysable precursors and
pharmaceutically-acceptable salts thereof.

More particular compounds are those of formula I wherein:



bond; jis2,30r4; kis 0,1 0or 2, nis 0, 1 or 2, and 25 R4 is independently
sel ected at each occurrence from hydrogen, -ClAalkyl, aryl, or heteroaryl;
and stereoi somers, enantiomers, in vivo-hydrolysable precursors and 1 5FER 2007
pharmaceutical |l y-acceptabl e salts thereof. Myre particul ar conmpounds are

t hose of for rein: 1 5 FEB 2007 WD 2005/ 049611 Q01659
-4- A repres;wh{)ggogl&%ﬁ~ N RL represents gxdrogen or a m?géﬁgﬁgﬁng?%ul a Vi
/-Arl 5 wherein: Art is selected froma 5-" or 6-nmenbered aronmatic or

het eroaromatic ring having O or I nitrogen atons, 0 or 1 oxygen atons, and
| 0 or 1 sulfur atoiEePresenis: sel ect ed from hydrogen, NR2R3, or E-Art; wherein:
10 Eis a single bond, -0-, -S-, or -NR3-; Are is selected froma 5- or

' 6-nenbered aromatic or heteroaronmatic rj ing O or 1 nitrogen atons, O
"or | oxygen atons, and O or 1 sulfur at where each Art or Ar 2 noiety

, maybe unsubstituted or bear 1, 2 or 3 su Ituents selected from hal ogen,
-CN, -N®2, -CF3, -CH3 or -C2H5; 15 R2 and R3 are independently sel ected at

. each occurrence from hydrogen, -Cl _C4al ky“, aryl, heteroaryl, or R2 and R3
. in conbination isgr(CH? - rei i en, jis2,3or4; kisO, 1 or
. 2; 20 and ster eois%ol{ﬁé:r‘rgg%nkgry%@egr?}é\g ,oei oﬁo\%y%%lrgol ysabl e precursors and
1 .

Ar
| o
| Dy
,i 5  wherein:

Ar' is selected from a 5- or 6-membered aromatic or heteroaromatic ring having 0 or 1
nitrogen atoms, 0 or 1 oxygen atoms, and 0 or 1 sulfur atoms;
D is selected from hydrogen, NRZR?, or B-Ar%;
wherein: o
10 Eisa single bo1;d, :—0-, -8~, or -NR*-; -
Ar? is selected from a 5- or 6-membered aromatic or heteroaromatic ring having 0 or 1
nitrogen atoms, 0 or 1 oxygen atoms, and 0 or 1 sulfur atoms;
where each Ar! or Ar* moiety may be unsubstituted or bear 1, 2 or 3 substituents
selected from halogen, -CN, -NO,, -CFs, -CHj or ~C;Hs;
i5 R? and R? are independently selected at each occurrence from hydrogen, -Cy.Caalkyl,
aryl, heteroaryl, or
R? and R? in combination is {CH,}G(CHa)- wherein G is oxygen;
jis 2,3 or 4;
kis0,10r2;
20 and stereoisomers, enantiomers, in vivo-hydrolysable precursors and
pharmaceutically-acceptable salts thereof.

Particular compounds of the invention are compounds according to formula I wherein

)

N
il

75  and stereoisomers, enantiomers and pharmaceutically-acceptable salts thereof.

A represents:

Particular compounds of the invention are R-isomers of compounds of formula I in

accord with formula VII,



pharmaceutical | y-acceptabl e salts thereof. Particul ar conpounds of the
I nvention are conpounds according to fornula |I wherein A represents:1 %%’E@Qﬂﬂ
st ereoi sonmers, enantiomers and pharmaceutical |l y-acceptable salts thereof.

Particul ar ¢ f the invention are R-isoners of c¢ ornul a
| in accord&wa%awgﬁr‘?rm a VI, 15FEB7007 WO 2005/ 049611 %%@@8&’?%01659

-5- Ar N~~R Vii wherein A and R aPe as defined for conpounds of
formula I. Qther particular conpounds ofthe invention are those of formula
VIl wherein Ais of 5 fornula Il and R 'ESN s defined for conpounds of
formula |I. Most particul ar conpounds of the #nvention are those of fornula
VII wherein Ais of formula Il and R i,d\l defi ned for conpounds of
fornula |. Other particular conpounds &f thesinvention include those of
formula 'lI wherein E represents a single bond; or an enantioner thereof,
and pharnmaceutical | y-acceptabl e salts 10yfthereof. Particul ar conpounds of
the invention are those of fornula | wherein Al is thiophenyl having

opti onal subgierdiudrand RA eraksfdefined foe canpoundy ¢fformuza L.i cul ar conpounds of the

i nvention enconp t hose of formyl wher.ei n ' i.S. thio | .and. AL2 is
sel ected from hygi@eﬁé’ , CH@TB_ ,“?%sh ‘_‘anv?rmpﬁﬁﬁtﬁéﬁec{f&?%ﬂ%ﬁ@eweﬁn%%g
opti onal s5sulysinnildERhE RAS dekfina@ifon8shdindS @ thingild Br conpounds of the

i nvention are those described herein and har maceut i cal | é-accept able salts

thereof. In a fuMoseparieipareomprundsmfdieinmtipe prgtlase o6 farmmiscdi aeretbriziohg t o
formula | V\A}&rn%hg{llagg ;?gq‘srggﬁgﬁcﬁg‘){%@ﬁ% fhﬁmﬁaf.ad' oi sotope of the sanme

el enent. | n a par ormao aspect of the invention the
conpound of f or m@tkerlpafifenlatbahssindd bfthé fuiventiominchetithé R Gorritiel WwekréigMoOuNds

are -synthesi zed either by incorporating radi o-|labeled starting materials
or, in the represents asinglebond; or an enantiomer thereof, and pharmaceutically-acceptable salts
10 thereof. |
Particular compounds of the invention are those of fornnild I wherein Ar' is
thiophenyl having optional substituents as defined herein.
Other particular compounds of the invention encompass those of formula I wherein
Ar’ is thiopheny! and Ar? is selected from hydrogen, halogen, phenyl, furanyl or thiophenyl
15  having optional substituents as defined herein.
Particular compounds of the invention are those described herein and
pharmaceutically-acceptable salts thereof.
In a further aspect the invention relates to compounds according to formula I wherein
one or more of the atoms is a radioisotope of the same element. In a particular form of this
20  aspect of the invention the compound of formula I is labeled with tritium. Such radio-labeled
compounds are synthesized either by incorporating radio-labeled starting materials or, in the
case of fritium, exchange of hydrogen for tritium by known methods. Known methods
include (1) electrophilic halogenation, followed by reduction of the halogen in the presence of
a tritium source, for example, by hydrogenation with tritium gas in the presence of a
25  palladium catalyst, or (2) exchange of hydrogen for tritium performed in the presence of
tritium gas and a suitable organometallic (e.g. palladium) catalyst.
Compounds of the invention labeled with tritium are useful for the discovery of novel
medicinal compounds which bind to and modulate the activity, by agonism, partial agonism,
or antagonism, of the a7 nicotinic acetylcholine receptor. Such tritinm-labeled compounds

30 may be used in assays that measure the displacement of a such compounds to assess the

binding of ligand that bind to o7 nicotinic acetylcholine receptors.



case of tritium exchange of hydrogen for tritiunby known nethods. Known

nmet hods i nclude (1) el ectrophilic hal ogenation, followed by reduction PSFEB%W
hal ogen in the presence of a tritiumsource, for exanple, by '
hydr ogenat i onyit ptiumgas in the presence of a 25 pallgd st, or
(2) exchange%zﬁglstg{%%ien for tritiumperfornmed in the preslg'ﬁlcl:éeﬁﬂc))@%{%%%/ti um
gas and a suitable organonetallic (e.qg. pa16radi un) catal yst. Conpounds of
the invention | abeled with tritiumare useful for the discovery of novel

medi ci nal conpoundsansttier hspsctible nyemtivoh relotds fatomponedsactirdingyto flaynubgomid heir
partial agonis or ant.ggoni sm..of the a7 nicotinic acetylcholine receptor.
Such triti um“ﬁ%&%ﬁ’%ﬁgﬁ?f&@%ﬁﬁw%ﬁe&“w n assays that measure the

di spl acement of an$akihes QEHROUBE HivbRicASHESHpdsA theisd &F Bemsthunlié 8RBl WL bi nd
to a7 nicotinic acetylcholine receptors, 1 SFEB 2007 2005/ 049611

PCT/ SE2004/ odargsde 1 for theriheipimn ofediseasep arediataddhiongheibe petionr efindnotinictagetyishplingnds

accordingzto a L hel s I . 0. COmpasi tions

cont ai ni na t ﬁéec(r%f’grgh%alﬁlgf%rﬁ%?ﬁggqe%fﬁfeﬁ%ﬁ&en Oﬁgﬁa%%%o%%esogc °P‘R8“I_t§é’f of
conpounds  ac gem@ilDfok the thhpitdfatideaded mekieedtthen@Pihe abiidl SFRASBSot IR cBly/Rfoline
t hrough the action of nicotinic acetylcholine 5 receptors. A nore

particul ar aggrsploref the invention relates to the use of conpounds of

formula | for the r f odi ' h action of, a7

ni cotinic acetyl cho ﬁlﬁlg%re‘ée%ggp eﬁ%ﬁ%%@?&ggﬁegﬁﬁgg0{1%%%??111 eoﬁpfo(g’ﬁyla}_ﬂs _Of
enconpasses aiseRieh otcRlitloh© Rl WK adivaérosiid @X hidofMic redbS6ARDEndHcidl SMebht | ons
in which activation of the O nicotinic receptor is beneficial which 10

net hod cdfpr imekodcompripesadiminigierng »bermpaticalbarifsctize paewnté 2 gapenndef the
conpound of t Ny ' | e I.ag.-from sai d di sease or
condi tion. mﬁgﬁgﬁg%%%hﬁaoﬁeﬁ?éHg&s%gl}:it&%geﬁag&?irlltfi/célht lon is a nethod of
treatment or proghyleambbdimenhefithis aspgebicofdhamyettion issa matkbé bftrestmbitzophr eni a,
mani a or nanicg%gfr_ess'on. Aé}ot er, enhodi.nent of this, aspect of the
i nvention i s PRORRIBRIS A BTCRYIRIATT b A Sy SRIBIRPENE, Siapia (R drgresgien.
di sorders, psychot g &ﬁﬁ&ﬁ:ﬁént%&‘tﬂi@ésgéét%?ﬁ#%vehﬁ BfdsBdhod SHiRaftRE §; Wi ch
conprises adm nistering a therapeutically effective anbunt of a conpound of
the inverti omprophybikised neurblogicalsdisordsirs, phychotis dieartlers br inbadlectusldmpaipmeits a
o O L RTEnY ok BRI At Sirethet G0 LS SRLARY achict P ShBnd

of the invention.

Another embodiment of this aspect of the invention is a method of treatment or

prophylaxis, wherein the disorder is Alzheimer’s disease, learning deficit, cognition deficit,
20 attention deficit, memory loss, or Attention Deficit Hyperactivity Disorder.

Another embodiment of this aspect of the invention is a method of treatment or
prophylaxis, wherein the disorder is Parkinson’s disease, Huntington’s disease, Touretie’s
syndrome, or neurodegenerative disorders in which there is loss of cholinergic synapses.

Another embodiment of this aspect of the invention is a method of treatment or

25  prophylaxis of jetlag, nicotine addiction, craving, pain, and for ulcerative colitis, which
comprises administering a therapeutically effective amount of a compound of the invention.

Yet another embodiment of this aspect of the invention is 2 method for inducing the
cessation of smoking which comprises administering an effective amount of a compound of
the invention.

30 Another embodiment of this aspect of the invention is a pharmaceutical composition
comprising a compound of the invention and at least one pharmaceutically-acceptable

excipient, diluent, lubricant or carrier.



20 attention deficit, menory loss, or Attention Deficit Hyperactivity

Di sorder. Another enbodi nent of this aspect of the invention is a net ogi Eé
treatment or prophylaxis, wherein the disorder is Parkinson's disease! FEB 2007
Hunti ngton's di ourette's syndronme, or neurodegen | ' ders

I n which therg‘fbi%@%?og%ﬁ%}-of chol i nergi ¢ synapses. Anot her e%@ﬁﬁé@ﬁ@b%&thi S
aspect of the invention is a nethod of tredtment or 25 prophyl axi s

of jetlag, nicotine addiction, craving, pain, and for ulcerative colitis,

whi ch conpri ses adiurthérstspedt nfjtha invieetiayrelatss tad pharehéeaticd! vempositiont useful for

d of the.i tion. Yet .anoth nbodi f. thi t .of .th
Cnvent on i s SHSRE G QEEEBIEE RARREING of ABC L O PG RE AT A CIoHONGh | ses
admi ni st er i NGicinRfbaFlchMed BRYRE nSiroRareiRRU R 2 afammidSrE@MERtd Bnan30

Anot her enbodi ment of "this aspect of the invention is a pharraceutical
conposi tion cewppsing megnenrs ofp eermnppual of RemplaJesn snentiamer tharedfwaat one

SreR 2007 WIBBrbiren o-pesPEESBl ARG piblEH ey R bnyRls B b
i nvention relcatdition, andatibat bRchathaabticlipaosdpiablexvipiht! dithedt, lubficat briterride,
preventing a condition or_djsorder nmentioned herein arising fromdysfunction

of nicotinic acetyPiEbrmbrdinerobihly aspectobihednisniianielitesitp uie ofgphgrmaceutical
preferably a : S 0 . e .

Enant | one ¢ (oL Bopion SEHRIBHE BB BB bR Bibofneld oP i sl
ef fective i n o ceafitiong iwhizhavignkion of the ¢/7 nikictiaicdereptt is teasfkidli on, and at

| east one pharmaceutical | y- accept abl e exci Ell ent, diluent, |ubricant or
carrier. 10aAnot her A@RHhsH mggt of Hrs;aspedt OF the dnveptien is thcareiob Fhenbpamassutical use

of a phar maceyh6aio SRORIvEARA 10 thé Hgadn@ﬂt%‘}iikdﬂﬂ 12945 oSH@:BlBEﬁEI@%d&r
anel i oration or prophylaxis of human di sease oy conditronS I n | CH
activati on ofpsydhetiadismidestor mtellecmekiptpeirment divendegis.ci al . 10 Anot her enbodi nent

oSt t on of ¢ HATORbRIBPRO i prLat IErveBRoDi Syre ah 1 Hhprmacenutioal -
neur ol ogi cal c‘éﬁi%@sriﬁ’ﬁ{ §bthe RY¥RRRILCHE keARERT G} pﬂ']iph' RkRlok B¢ Bher! AR {RBning

di sorders. Another.enbodi nent of this aspect "of the invention is the use of
t he phar ndcedeficihlcognibempdaficiti tentién ddlisiti memwentyiloss, Atention Pefic Zypenacti vy

prophyl axis qf. A.zhei mer's,.di gsease, learning. . 15 deficit,.cognition deficit,

attention deﬁ‘f’b‘frfl?r’ ?%B‘gﬁgwdf‘% TRy CERET 8" %ﬂcidf?ﬁe%t)%s#f f}lsfﬁsg’_or der,

anxi ety, schiggpigersdisete, TRtk OfyndRMel nél@SdlpSfdrAve dRafdety B Which HESEPRSs |
of cholinergic synapse, jetlag, cessation of smoking, nicotine addiction including that

resulting from exposure to products containing nicotine, craving, pain, and for ulcerative
20 colitis.

A further aspect of the invention is the use of a compound according to the invention,
an enantiomer thereof or a pharmaceutically-acceptable salt thereof, in the manufacture of a
medicament for the treatment or prophylaxis of the diseases or conditions mentioned herein,

Another embodiment of this aspect of the invention is the use of a compound of the

25  invention in the manufacture-of a medicament for the treatment or prophylaxis of human
diseases or conditions in which activation of the o7 nicotinic receptor is beneficial.

Another embodiment of this aspect of the invention is the use of a compound of the
invention in the manufacture of 2 medicament for the treatment or prophylaxis of neurological
disorders, psychotic disorders or intellectnal impairment disorders.

30 Another embodiment of this aspect of the invention is the use of a compound of the
invention in the manufacture of a medicament for treatment or prophylaxis of Alzheimer’s

disease, learning deficit, cognition deficit, attention deficit, memory loss or Attention Deficit

Hyperactivity Disorder.



Huntington's di sease, Tourette's syndrome, neurodegenerative disorders in
which there is loss of cholinergic synapse, jetlag, cessation of snp iggEB 2007
ni cotine addiction including that resulting fromexposure to products'

cont ai ni ng nj i raving, pain, and for ulcerative 20 1o further
aspect of thgvctﬁr?\(}%ﬁttglﬂgn Is the use of a cogrpound accor di nﬁgﬁ%ﬁ#h‘zﬂﬂ}%\%ention,

an enantioner thereof or a pharnaceutical I'y-acceptable salt thereof, in the

manuf acture of a nedicament for the treatment or prophylaxis of the
di seases or condiAnaties embodimsnieaf thie asgient of Aroniention poibel inseeofta cofuppimdsofdbpect

of the invention is the us f conpoun f e 25 invention in the

nmanuf act ur e IBYGDQOﬂétHEE]S %Hﬁcﬁﬁer gft%%‘?aggg Frg)ﬁ fr Ego]xr“e S ﬁ’ﬁ?ﬂ\ﬁﬁ{%ﬁg Og AHean

di seases or &pREHHrEARor niknYréhndcddpyaéiben of the a7 nicotinic receptor is
beneficial. Another enbodinment of this aspect of the invention is the use of

a compound of t hehnathey embpdimentofithis asreai il nvention isthpasH ofareempotust ofithe
treat ment; or. Laxis af ol ogi ' ti L sor.ders or
it ol 1 ectUal AR B R Bl AR aRlAR 1ERRRER S oI ERR G PRRIBEET

t he inventi odisdase, huatitgten’e tissase STquaetteth syhdiohe, oritruedbgedBratine tiverdem imifvhich ur e
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for trea&) nt . or éﬁo(gt%l a‘>ii s of,anxiety, schizophrenia, or. mania or manic
depr essi bh. J&HRE REP SGEHHESPULF t hi s aspect of the invention is the use of

a conmpound of t heandehdrRYRBE bR inRedtitR rBBRYIARS WedrAfcompiRel SaRERledtdh in
treatnment or prophylaxis of Parkinson's disease, Hunti ngton' s di sease,

Tourette's sipntrowictursrofinamdiciasatior fciliatingithagedstion phsmiingor thhtreadment df os's
’s he use cpcatitBRRSSG o ARG STRG Rk £l SoRSRE flarBipier ftal™ ' O

medi cament fgitotidde treatnent or prophylaxis of 10 jetlag, pain, or
ul cerative colitis. Another aspect of the invention relates to the use of a
conpound!df the ifiosdaysenh methodsacdicaments apd pemppsitipngEwpiiened herojrpthe amount

facilitati ngottcjaﬁlpﬁﬁtﬁﬁf’s%h ol fﬁg -dﬁ&%@ Eﬁlﬁin%rier&i]\?ﬂlt, 5?&51%%&11’9 Rvith the compound
employed, the mode of administration and the treatment desired. However, in general,
satisfactory resulis are obtained when the compounds of the invention are administered at a
daily dosage of from about 0.1 mg to about 20 mg/ke of animal body weight. Such doses may
20  be given in divided doses 1 to 4 times a day or in sustained release form. For man, the total
daily dose is in the range of from 5 mg to 1,400 mg, more preferably from 10 mg to 100 mg,
and unit dosage forms suitable for oral administration comprise from 2 mg to 1,400 mg of the
compound admixed with a solid or liquid pharmaceutical carriers, lubricants and diluents.
The compounds of formula I, an enantiomer thereof, and pharmaceutically-acceptable
25  salis thereof, may be used on their own or in the form of appropriate medicinal preparations
for enteral or parenteral administration. According to a further aspect of the invention, there is
provided a pharmaceutical composition including preferably less than 80% and more
preferably less than 50% by weight of a compound of the invention in admixture with an inert
pharmaceutically-acceptable diluent, lubricant or carrier.
30  Examples of diluents, lubricants and carriers are:
— for tablets and dragees: lactose, starch, talc, stearic acid;
— for capsules: tartaric acid or lactose;

~ for injectable solutions: water, alcohols, glycetin, vegetable oils;



ni cotine addiction or craving including that resulting from exposure to
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Conpounds according to the inventjon_ are agonists of nicotinic acetylcholine
5 receptors. 9GpRePOTERd By Bvamoles of W%@%@ﬂwwem@ss@ﬁrw@adq ﬁbﬁwa:@bﬁi st's
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Parkinson’s disease, Huntington’s disease, Tourette’s syndrome, and neurodegenerative

disorders in-‘which there is loss of cholinergic synapses.
Compounds of the invention may further be useful for the treatment or prophylaxis of
20  jetlag, for use in inducing the cessation of smoking, craving, and for the treatment or
prophylaxis of nicotine addiction including that resulting from exposure to products
containing nicotine.
Tt is also believed that compounds according to the invention are useful in the
treatment and prophylaxis of ulcerative colitis.
25 The compounds of the invention have the advantage that they may be less toxic, be
more efficacious, be longer acting, have a broader range of activity, be more potent, produce
- fewer side effects, are more easily absorbed or have other useful pharmacological properties
when compared to known therapeutic moieties.
The compounds of formula I exist in tautomeric or enantiomeric forms, all of which
30  are included within the scope of the invention. The various optical isomers may be isolated by
separation of a racemic mixture of the compounds using conventional techniques, e.g.

fractional crystallization, or chiral HPLC. Alternatively the individual enantiomers may be
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. THF, -78 ¢C (94%)

! General Experimental Procedures and Definitions

Commercial reagents were used without further purification. Mass spectra were
5  recorded using either a Hewlett Packard 5988A or a MicroMass Quatiro-1 Mass Spectrometer

; and are reported as m/z for the parent molecular ion. Room ternperature refers to 20-25 °C.

[ 810, chromatography was performed with an Isco CombiFlash Sq 16x instrument and

| pre-packaged disposable RediSep SiO; stationary phase columns (4, 12, 40, 120 gram sizes)

| with gradient elution at 5-125 mL/min of selected bi-solvent mixture, UV detection (190-760

10 nm range) or timed collection, 0.1mm flow cell path length.

Microwave heating was achieved with a Personal Chemistry Smith Synthesizer or a Personal

| Chemistry Emrys Optimizer (monomodal, 2.45 GHz, 300W max).

Supercritical Fluid Chromatography (SFC) was performed as a means of purification for

| selected compounds and intermediates.

| : 15 Reverse Phase High Pressure Liquid Chromatography (RP-HPLC) was employed as a method

] of purification for selected compounds.

| LC/MS HPLC method was generally performed with a Agilent Zorbax 5p SB-C8

column 2.1mm x 5 cm. Solvents: A = Hy,O with 0.05% TFA, B =10% H,0, 90% Acetonitrile,

0.05% TFA. Gradicnt: (10-90%B over 3 min., 90% B hold through 4 min., -10% B at 5 min.

; 20  and hold at 10% B until 6 min).

Unless otherwise indicated, halo includes chloro, bromo, fluoro and iodo and halogen
refers to fluorine, chlorine, bromine, or jodine; Cy.¢alkyl includes methyl, ethyl and linear,
cyelic or branched propyl, butyl, pentyl or-hexyl; Cs ¢alkeny! includes ethenyl, 1-propenyl, 2-
propenyl or 3-propenyl and linear, branched or cyclic butenyl, pentenyl or hexenyl; C,.

25  galkynyl includes ethynyl or propynyl; the Ci4alkyl groups referred to herein, e.g., methyl,
ethyl, n-propyl, ﬁ~buty1, i-propyl, i-butyl, t-butyl, s-butyl, whether alone or part of another
group, may be straight-chained or branched, and the C;_4 alkyl groups may also be cyclic,
e.g., cyclopropyl, cyclobutyl. Alkyl groups referred to herein may optionally bave one, two

| | or three halogen atoms substituted thereon.
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't-butyl, s-but roup,
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‘strai ght - chaﬂr%dT%%mogm%ﬁ cenfrifpept b & mpuiss ?(tyll%é go@sgum@at# Soapl wddhs ¢,
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loptionally have one, two or three hal ogen atons substituted thefeorm. )
‘ ' 15  washed, and re-suspended in HB. Membranes (30-80 pg) are incubated with 5 nM [T} o -
BTX, 1 mg/mlL. BSA (bovine serum albumin), test drug, and either 2 mM CaCl2 or 0.5 mM

EGTA. [ ethylene glycol-bis( -aminoethylether)] for 2 hours at 21 °C, and then filtered and

3£

washed 4 times over Whatman glass fibre filters (thickness C) using a Brandel cell harvester.

Pre-treating the filters for 3 hours with 1% (BSA/0.01% PEI (polyethyleneimine) in water is
20  critical for low filter blanks (0.07% of total counts per minute). Non-specific binding is

described by 100 uM (-)-nicotine, and specific binding is typically 75%.

Test B - Assay for affinity to the o s nACHR subtype

[*H] ~(-)-nicotine binding, Using a procedure modified from Martino-Barrows and

Kellar (Mol Pharm (1987) 31:169-174), rat brain (cortex and hippocampus) is homogenised

25 asinthe [1251] o. -BTX binding assay, centrifuged for 20 minutes at 12,000 x g, washed twice,

and then re-suspended in HB-containing 100 p M diisopropyl fluorophosphate, After 20

minutes at 4 °C, membranes (approximately 0.5 mg) are incubated with 3 nM PH] -)-

nicotine, test drug, 1 p M atropine, and either 2 mM CaCl; or 0.5 mM EGTA for 1 hour at 4

°C, and tﬁen filtered over Whatman glass fibre filters (thickness C) (pre-treated for 1 hour
30  with 0.5% PEI) using a Brandel cell harvester. Non-specific binding is described by 100 p M

carbachol, and specific binding is typically 84%.

Binding data analysis for Tests A and B
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Example 1:  3-Imidazol-1-yl-1-azabicyclo[2.2.2]octane.

¢
v
N
a) 3-Imidazol-1-yl-1-azabicyclo[2.2.2]oct-2-ene,
To a solutien of imidazole (6.53 g, 96 mmol) in anhydrous CH,Clp (50 mL) at 0 °C
20  under a nifrogen atmosphere was added thionyl chloride (2.1 mL, 28.8 mmol) dropwise,
resulting in a fine white precipitate. After 15 minutes the mixture was added to 3-
quinuclidone hydrochloride salt (2.59 g, 16 mmol) in anhydrous CH,Cl; (50 mL) under an
inert atmosphere at 0 °C. Allowed to warm to ambient temperature, stirred for 2 days, then
neutralized with saturated NaHCO3 (aq). Adjusted to pH ~ 12 by the addition of 10% NaOH
25  (aq) and extracted into CH,Cl, (3x 100 mL). The combined organic extracts were dried over
NayS0,, filtered and concentrated in vacuo. The residue was subjected to flash
chromatography (SiOs - 40 grams; gradient elution: 1-10% 3N NH3/MeOH - CH,Cl; at 50
mL/min over 40min) to afford the title compound (1a) as an orange-yellow tacky solid (640
mg, 23%). Mass spectrum (ES+): M+ 1: 176 (100%); 'H NMR (300 MHz, CDCls) § 1.72 (m,



C, and then filtered over Whatnman glass fibre filters (thickness Q)
(pre-treated for 1 hour 30 with 0.5% PEI) using a Brandel cell harvestel
Non-specific binding is described by 100 M carbachol, and specific bi rfﬁf%mm

is typically &&%eoBbfdging data analysis for Tests A and B I&F?IFE é@?&g WO
2005/ 049611 PCTI SE2004/ 001659 -13- |C50 val yes and pseudo I'Ci ents

(nx) are calculated using the non-I|inear CL}‘I’VG fitting program ALLFIT
(DeLean A, Munson P J and Rodbard D (1977 J. Physiol. 235: E97- E102) .
Sat urati on cu?%é i@, 250, 269 (11925),&1@ @ 2H), r%lﬁeﬂn}, 158j 163 (d;arqm LHp&ar (s,

regression pr T- therbarrow R J. (1987)), yielding KD
val ues of 1. 6?9%%%59%@) ﬂ'ﬁﬁ ‘the [1251]-a -BTX and [3H] -()-nicotine
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val ue of n=1 is ustRP WEEWEPEP-Tpudazel-Eyhhazahicyglp| a2 gloch2-2n¢ @a!j@éémwéﬁfinx

ot ar AR ©Cmitof) AR ARl tdrink (1.6 8 ) SRR LIRERON (o 1Y of L a6 are

det ermined using 6 or nor e bncentrations
i nvention gean/é}I(HBnt@\‘i@%bw/mdx ’H@&ﬁh‘eﬂ naabmcmsreédél \)vamhealteﬂsrs 1t e foz 1B My Before

.either Test A nd or ES, The f |l es are
non-liniting 4% er%éﬁnﬁl?eé%]a(é %WB? Xmﬂ‘f%“ﬂ%ffggpﬂ?l?@ﬁus EEABTE 1

3- 1 ni dazol - | -y 24 dlé’d-’l@t@@ Gy 4shed Kb&al%l@ﬁﬁﬂf(ﬁ{ and\bbncé}ﬁtﬁ}ed to & white-yellow tag
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t emper at ure, PpbpééiSf)(@Fl E{Hé)ﬁé(%ﬁgﬁlﬁé QHMZZ(@C(&WGN%&HZF&I);@SW

(aq) . Adj ust eggf 8 1R{hq, JLA4Y, 4487396 4 4Pa8 s 2945 H 8 1z, 11), 4.26 (m, 1ED), 7.05
(s, 1H), 7.08 (s, 1H), 7.62 (s, 1H).
15 Example2: (R)-3-[5-(5-bromo-thiophen-2-yl)-imidazol-1-yl]-1-azabicyclo[2.2.2]octane.
N
-

Y,
SHS
' N I /) Br

a) 1-{5-Bromo-thiophen-2-yl)-2,2-dihydroxyethanone.
A mixture of selenium dioxide (8.66 g, 78 mmol), water (2.8 mL) and 1,4-dioxane (75
mL) was heated to reflux to-dissolve all particulates (~15 min) before the addition of 2-acetyl-
20  5-bromothiophene (8 g, 39 mmol) in one portion. After refluxing for 15 hrs, the mixture was
cooled to ambient temperature, filtered through diatomaceous earth (1.5” by 3” diameter),
washed liberally with Et,O, and concentrated ir vacuo to a yellow residue. The residue was
subjected to Kugelrohr distillation (150 °C/ 1 Torr) to yield a glyoxal as a yellow oil, which
was immediately added to boiling water, Recrystallization from water, filtration, and drying
25 (37 °C and 5 Torr) yielded the glyoxal hydrate,- 1-(5-bromo-thiophen-2-yl)-2,2-
dihydroxyethanone, as white-pink needles (6.723 g, 73%). 'H NMR (300 MHz, DMSO-ds) &
5.43(t,J= 6.1 Hz, 1H), 6.93 (d, J=6.1 Hz, 2H), 7.37 (d, /= 4.1 Hz, 1H), 7.81 (d, /=4.1 Hz,
1H); *C NMR (300 MHz, DMSO-ds) § 90.28, 122.32, 132.23, 135.73, 141.15, 189.6.
b) (R)-3-[5-(5-bromo-thiophen-2-yl)-imidazol-1-ylj-1-azabicyclo[2.2.2]octane.



25 (aq) and extracted into CH2Cl 2 (3x 100 nlL). The conbi ned organi c extracts
were dried over Na2SO4, filtered and concentrated in vacuo. The residue was
subjected to flash chromatography (SiQ2 - 40 grans; gradient el ution:{3FaDW07
3N NH3/ MeCOH - CH2ClI 2 at 50 nli/mn over40mn) to afford the title conpound

(la) as an orgpageswadciPW tacky solid (640 ng, 23% . MSS wRAKGLEMANIERST) . M
+ 1: 176 (100%; 1H NWR (300 MHz, CDC13) 5,1.72 (m 1 5. FEB 2007 WO

2005/ 049611 PCT/ SE2004/ 001659 - 14- 21), 1.‘ (m 2H), 2.69 (m 2H), 3.02 (m
2H), 3.26 (m 1H), 6.53 (d, J= 2Hz H% 1H), 7.15 (s, 1H), 7.71
(s, 1H. b) 3 | i Hive dndividyal round beompd lwszwllegl]g&sﬁ Hinls wemo charggdcpith eirdprs,

3-imd | - d
armont um 1 o ft & PRRARbENR e GfRhOARE Y0 i AT i JeIE (055
Ed/ cb( ].:L78rrg n@lg/csw/nmol) Ik(s-lse?b?hiopma-ym}a AisgtbxystmnOesso0 ]Eﬂg%)% 11@13%1);] or lﬁ
rs before ¢oo i en era re iltere rou
di at omaceous% ‘{‘j?%(‘{? 3?’21)3‘5&90‘?" ﬁﬁdﬁebg 933% aq’lftljlb%‘?%ﬁf tepit:h 2 ol andg
concentrated A Aividls W Wetd &Imfgﬁéelct&&’ah&‘%h)}{ectéd% hﬁ&swxw aliahG @r{%‘ﬁ% &l ¥20°C.

purified by ash chromatogr aphy 0 grans; gradi utlon:
5-30% 3N NFB/IhbfasuLtanEnﬁﬁureaWGm)combimudndmwmwﬂswahey, begifigd @l ol 2 mhtzlo%

?888"‘&22 o g tha B SRCALE TRD hand mnag (2 L imesonipsdn. ;-

3 Hz, 2 o%lmﬁ eQﬁacftﬁver.e‘HH)ee(i 0331']55 ﬁ@g filtered, ‘hn@ coﬁoeﬂtr:i‘ﬂéd };éﬂﬁary 3v Braﬁugﬁ‘@o % J=

14. 5, 9 7 ;
11-1). 15 Ex @rqyfng@amy residue, The matenal was subJ ected to ﬂash chromato graphy (Si 2 - 120

N e e L e B R S N

m xture of S@kcﬁrﬁﬂeumzﬂl gl iR ot 8riGfixgure ?)BSJfﬁmlél}bromﬂﬁafny( ﬂnﬂaﬂi@l caim@ounds as an
1, 4-di oxane (75 n1_ heated to refl ux o ,dissaolve all particulates (- 15
nmn) before tOF?é‘g%téPél 156 93 %@Egsﬁe’ce@@e 4 by r i MOCR; sigpRbmisgagon, Thegnixiass ) | n

AR Tt e e e Fe
monitoring at 280 num, to afford the fitle compound as a pale orange solid (700 mg, 0%)
15 Mass spectrum (API+) M + 1: 338 (100%); "H NMR (300 MHz, CDCl3) 5 1.48-1.80 (m, 4Hl),
1.96 (app q, /= 2.9 Hz, 1H), 2.74-3.16 (m, 5H), 3.37 (ddd, J=14.5, 10, 2.2 Hz, 1H), 4.36 (m,
1H), 6.80 (d, /=4 Hz, 1H), 7.06 {d, J=4 Hz, 1H), 7.15 (5, 1H), 7.84 (5, 1H).
Example 3:  3-[(R)-5-(5-Furan-3-yl-thiophen-2-yl)-imidazol-1-y1]-1-
azabicyclo[2.2.2]octane.

20
A conical thick-walled glass vial was charged with a stir bar, a 7:1 mixture based on

integration of NMR signals of (R)-3-[4~(5-bromo-thiophen-2-yl)-imidazol-1-y1]-1-
azabicyclo[2.2.2]octane (Example 6) and (R)-3-[5-(5-bromo-thiophen-2-yl)-imidazol-1-yi}-1-
azabicyclo[2.2.2]octane (Example 7) (65 mg, 0.19 mmol), 3-furanboronic acid (62 mg, 0.23
25  mmol), dichlorobis(triphenylphosphine)-palladium (II) (7 ‘mg, 0.0095 mmol), Cs,CO; (124
mg, 0.38 mmol) and DME/H,O/EtOH (7:3:2 - 1 mL). The vial was sealed under an argon
purge and subjected to microwave radiation for 18 minutes at 150 °C. The resultant black
shurry was filtered through a 0.7 pm GMF filter, washing with MeOH (1 x 1 mL), dilute with -
DMSO (1 x 1 mL), subjected to RP-HPLC purification (gradient elution: 5-45% acetonitrile



washed liberally with Et20, and concentrated in vacuo to a yell ow residue.
The residue was subjected to Kugelrohr distillation (150 C/ 1 Torr) {9FEB 7007

yield a glyoxal as a yellow oil, which was inmrediately added to boiling
water. Recrysg, n from water filtration, and dryi and 5
Tort) vyielded ?hzgdsé)l ogal hydrate, - (5- br ono- th| ophen- 2'}%1'5%1200%1%3165

di hydr oxyet hanone, as white-pink needl es (677723 g, 73%. 'H NI\/R (300 MHz,
DMSO-d6) 6 5.43 ~(t, J= 6.1 Hz, 1H), 6.93 (d, J=6.1 Hz, 2H), 7.37 (d, J=
4.1 Hz, 11), o¥er8iD nfigiptedat 24 il fririn - désied TROPONR BBt VB, mibhvisE). A6 pdact28,
122.32, 132.23,.135..73,. 141 15 9.6..h . . . .

(R) - 3- [ 5- ( 5- BPYRBTETasHeRs7ee §7‘|"‘}°"P‘ﬁ$‘c‘1da‘£% penirifpedl evanoratign fo vield te sitle corspopnd 1
5> FEB 2007 M@M@ﬂ%&&n@%ﬂd&&&%@%@@%ﬁ&pe&ﬂ@ mymﬂqaézs (100%);

r ound- bottom? t hi ck- vvalledgass vial s were char dvmth Sstir bars,

(R) - (+) - 3- ani FOPMRARO MEiznMeBhdd S5t D23 te 404D5%prpa, I+ 2By, IH)addbAi4dm

acetate ( 95 _

1-(5- brom) tfgl gyffi)éé 62% %55403 %48]9 Qé? %2 rg%})ll?e {3805%1}9 (216 Fﬁryfla 735,

f or mal dehydeJ(MHac: 1aDURBAIL, .I-QAleJ_lH)Z?'SG(tmTElI)S BAA1Y] Bed al, JACKHE Wat)er .94 §, 1,
3.5 nm). 5 Al vi als were crinp sealed and subjected to m crowave radi at|0n2
for 20 m nut e MBoH:  The resultant mixtures were conbi ned, diluted with

wat er, basifiged. ta pH my13 2008 mﬁ@ﬁ' h CHC13 (5
x 60 rrL) andF% QA Q{)?(ﬂ}?ﬁp?g |né§ﬂ)”grlg%%§%el§?%a%@gmm‘%ere dried
over MgSH4, filtered and concentrated by E,g ary evaporation to a brown
gummy residue. The materi al was subjected ash chromat ography (Si 02 -
120 10 grans; gradient elution: 5-10%.4 ' bOH - EtQAc at 90 nl/mn over
48mn) to provide a '2:1 regio-iso ?& Nre.of 5- and

4- br onot hi enyl -i mi dazol yl conpounds &3 an orgngg-tan gum (1.186 g, 33% as
deternined by 1H NVR signal integrati oM. The % x#ure was subsequently
purified by SFC with 25% McOH C02 with .0.5% DVEA at 50 nL/mn, nonitoring
at 280 n to aff I ; X0 K )0 . F¥Th,_
200 15 Wass epestr i ERsrt Gpr e A BEute § I HRRIA A8 il bRr Ay

1, 48- 1. 80 ( mazatidyclo[22.9Pclaappras pbidine® ae bizprodidt., The Gtle Goniupdwasphrificd. b7

(027 b gL Tadreq 7.4 o) e e b rigiomaedicacil salt o cledd Yeiofy °°
3-[(R-5-(5- 'ngﬁlaMag‘S'%'eC&dib 9@15134)1\@%1‘ 260 m@méhmvml(he(imz MeOH-dy) § 1.98-2.10
azabi cycl o[ 2.72. 2] oct ane.
(m, 3H), 2.14 (m, 1H),255 (appt, J =3 Hz, 1H), 3.35-3.46 (m, 3H), 3.59 (m, 1H), 3.70—
15  3.87 (m, 2H), 5.15 (app t, J = 4.5 Hz, 1H), 7.29 (dd, J=4.0, 3.5 Hz, 1H), 7.47 (dd, J=3.5,
1.0 Hz, 1H), 7.82 (m, 2H), 9.50 (s, 1H). .

Compounds of the following structure prepared by methods analogous to those used in

-

Example 3 are illustrated in Table 1:



20 A coni cal
xture based on

NS0
7:1 m
(R) -

(Exampl e 6) and (R)-3-[5-(5-brono-thiophen-2-yl)-imdazol-1-yl]-1-

t hi ck-wal | ed gl ass vi al

integration of NWVR signals of

was charged with a stir bar,

3-[4-(5-brono-thi ophen-2-yl)-imdazol -1-yl]-1- azabicycl o[ 2. 2. 2] oct

a

YD 007

1

azabi cycl o] 2. @o3bgmhssre (Exanple 7) (65 ng, 0.19 mmol), 3-doisgReibfiic acid

(62 ng, 0.23 25 mmol)
0. 0095 mmol ), Cs2CAB
The vi al

, dichloro
(124 ny,

was seal ed under an argon
radiation for 18 minutes at 150 T. The rd&8bedant bl ack

bi s(triphen
0.38 mmol ) ~

¥

phosphi ne) -pal ladium (I'l') (Ting,
nd DVE/ H20/ Et OH (7:3: 2 -
purge and subjected to m crowave

| ).

slurry was filtered

through a 0.7 pm OW L Mg WigimT—VeCH{T e dkute with DVSO
(1 x 1 nL), subjected t]j(:)M !eH%ﬁC purification (gra?(sf/éﬁ el u';i\l&%n: 5-45%
acetonitrile 1 5FEB 2007 WD 20p51049611 PCT/ SEROGetéiph650 (ML6}) pver 45
mnutes at 24 ni/mn | desired ponpound el uted Pt_lS 4 minutes). | The
product - containing fjracti ons were concentrated JF%?Q%#ﬁriflﬁyal evapor ati on
to yield the title corpourgl —as| the IS-triftuo E@ﬁfric IC] [ (67 ny,
6499 . Mass spectrum (JAPI+) M + [: 10099 ; VR (30 , MeOHd4) 8
2.04-2.23 (m 4H), 2.59 (app d,] J@Hz, 1H),{3.34-3.47/ 5 (m BH), 3.62
(m 1H), 3.74-3.94 (ﬁh 2H), 5.2 : .51 Hz, 1H), 6.76 (s| 1H), 7.35
(d, J= 4 Hz, 111), 7.39 (d, J= {61 J= 1.1894, , 7.84 (d,
J=1 Hz, 1H), 7.94 (s,] 111), 9. e 4:
(R) - 3-(5-Thi gphen-2-y|l -i m dazol}{ clo[2.2.2]joctane.] /N NS N
10 Fromthe process described i 1
(R) - 3-(5-t hi ophen- 2- yj—midazoek rebof 2221 gct-ane| was
obt ai ned as a by- product. SThe t £033rified B/ RPHPLC
(eluted at 7.6 mnutes) to affofpd] or oaceti ¢l acid s@lt as a
clear, yellow gum Nhass spectrum 1260 (100%; 1H NVR (300 MHz,
MeOHd4) 6 1.98-2.104 (m 3H), R.14 (m .p5 (app t,[{J=3 Hz, 1 H),
3.35-3.46 (m 3H), 3./ (M 1A} 3-70 15387 (M 540, 5. ppapp|t, J= 4.5
Hz, 1H), 7.29 (dd, JT 4.0, 3.5 Hz, , 1 (dd, J= 3.5,] :
' -l Y/, \‘l - :
8 ] 1.51 342
I S /s
7 \=




1.0 Hz, 1H), 7.82 (m 2H), 9.50 (s, 1H). Conpounds of the follow ng
structure prepared by nethods anal ogous to those used in Exanple 3 are
illustrated in Table 1. N.R N 1 5 FEB 2007 WD 2005/049611 SE 7
PCT/ SE2004/ 001659 -17- Table 1 Exanple # R LCIMS M5 retention (M- 199 FEPY
(mn) ion 4 wWoP 58S 1.61 336 6 bS N O0.33 337 7 8 \cs
1.51 342 1 5FEB ZOO%QQV\D 2005/ 049611 PCT/ SE2004/ 001659 -1@’%3&1%@%% A
conpound according to fornula I: A Ra 5 Wierein: Arepresents: RN or NN
(1 1vyv fﬁr%‘ff R represents hydrogen or nethyl, and R represents

hydr ogen or Sety of Formula VI [Ar

1. A compound according to formula I;
A
N\%
'Y
:R I
5 wherein;
A represents:

where R represents hydrogen or methyl, and

R! represents hydrogen or a moiety of Formula VI

Arz
10 ~D VI,

-wherein;
Ar' is selected from a 5- or 6-membered aromatic or heteroaromatic ring having 0, 1
or 2 nitrogen atoms, 0 or 1 oxygen atoms, and 0 or 1 sulfur atoms, or selected from an 8-, 9-
or IO-membered fused aromatic or heteroaromatic ring system having 0, 1, 2 or 3 nitrogen
15  atoms, 0 or 1 oxygen atoms, and 0 or 1 sulfur atoms;
D is selected from hydrogen, NR?R?, or E-Ar?;
| wherein
E is a single boad, -O-, -S-, or -NR>-;
Ar? is selected from a 5- or 6-membered aromatic or heteroaromatic ring having 0, 1
20 or2 nitrogen atoms, 0 or 1 oxygen atoms, and 0 or 1 sulfur atoms;
where each Atr' or Ar? moiety may be unsubstituted or bear 1, 2 or 3 substituents
selected from -R>, -C,-Cealkyl, -Cp-Csalkenyl, -Cp-Csalkynyl, halogen, -CN, -NOs, -CFa,
-S(0).R?, NR*R?, -CH;NR?R?, -OR?, -CH,OR® or -CO.R*,;
R? and R? are independently selected at each occurrence from hydrogen, -C;.Cqalkyl,
25  aryl, heteroaryl, -C(O)R?, -C(O)NHR?, -COR? or -SO;R*, or
R? and R? in combination is -(CHz);G(CHy)- wherein G is oxygen, sulfur, NR?, or a
bond;



10 D VI, wherein: Arl is selected froma 5- or 6-nenbered aromatic or

het eroaromatic ring having 0, 1 or 2 nitrogen atons, 0 or 1 oxygen atons,

and 0 or 1 sulfur atoms, or selected froman 8-, 9- or | O-nenbered fuse?_l
aromatic or heteroaromatic ring systemhaving 0, 1, 2 or 3 nitrogen 153 FEB 2007
atons, 0 or Xy@x caf ons, and O or | sulfur atoms Dis

hydr ogen, NR2R3,bué}ra@E?£Ar2; wherein E is ingle bond (5)%%&@0%9%?;9 NR3- ;
Are is selected froma 5- or 6-menbered afbimatic or heteroaromatic ring
having 0, 1 20 or, 2 nltrogen atons, 0 or 1 oxygen atons, and O or 1 sulfur
atons; where eachl B2 3 8F 4Ar e rml ety may be unsubstituted or bear 1, 2 or 3 °
substituents selg&t%g ero - Ct - Coal kyl, -C2-C6al kenyl, -C2- Caal kynyl ,
hal ogen, -CN, :? -S(O)"RS - NRZR3, -CHZNR2R3, -CRS, - CH20R3 or
-C2R4; R2 and R3na;r031|omde.pﬂndently sel ected at each occurrence from

hydr ogen, K) 25, a hetero ryI CCOR4, -C(ONHR4, -CO2R4 or
-SC2R4, or R2 angﬁ%“ﬂ? 'ﬁ%%ﬁlqc&ﬁlq}‘? @@F%W@?ﬁ)hﬁl %ﬁ%r@uﬁﬂﬁ,la@owygen
sul fur, NR4, h&éroary]_ .bond; 1 5FEB 2007 WD 2005/049611 PCT/ SE2004/ 001659 -19-
j is 2, 3 or 4 i's 0, 1or 2, nis .0, 1 or 2, and R4 is independently

sel ected at each wcﬂﬁwcema@rﬁ ﬁmntmmrsognamvo—h)@lolyablemrecuwwd andor 5

het eroaryl ; ste soner, ant i i n vivo-hydrol ysabl e precursors
and phar nacﬁ%tr‘ing(équf‘v? Cagg«?ﬁta}gqgﬂgﬁ}e{%o thereof 2. A compound according to
Caim1l wherein: 10 Arepresents: |Ii R~ represents hydrogen or a noiety of

Fornul a VI
A compound according to Claim 1 wherein;

Sl
]
R! represents hydrogen or a moiety of Formula VI

Ar1
7D

10 A represents:

Vi,
wherein:
15 Ar' is selected from a 5- or 6-membered aromatic or heteroaromatic ring having 0 or 1
nitrogen atoms, 0 or 1 oxygen atoms, and 0 or 1 sulfur atoms;
D is selected from hydrogen, NR’R?, or E-Ar?;
wherein:
E is a single bond, -O-, -8~, or -NR3.;
20 Ar? is selected from a 5- or 6-membered aromatic or heteroaromatic ring having 0 or 1
nitrogen atoms, 0 or 1 oxygen atoms, and 0 or 1 sulfur atoms;
where each Ar' or Ar® moiety may be unsubstituted or bear 1, 2 or 3 substituents
selected from halogen, -CN, -NO,, -CF3, -CHj; or -C,Hs;
| R? and R? are independently selected at each occurrence from hydrogen, ~Cy Caalkyl,
25  aryl, heteroaryl, or .
? and R? in combiunation is -(CH,};G(CHy)- wherein G is oxygen;
jis 2,3 or4;
kis0,10r2;



D VI, wherein: 15 Arl is selected froma 5- or 6-nenbered aromatic or
het eroaromatic ring having O or I nitrogen atons, 0 or 1 oxygen atons, d

O or 1 sulfur atonms; D is selected fromhydrogen, NR2R3, or E-A?, V\hélr%ﬁ[th 2007
E is a singl eyB , -S-, or 20 Are is selected from - _or 6-nenber ed
aromatic or ﬁgt g‘rjtgg?gc‘)s?rrati ¢ ring having 0 g& 1 nitrogen a?gﬁ:@;?@ygqm? oxygen
atons, and 0 or 1 sulfur atons; where eac %t or Are noi ety may be
unsubstituted or bear 1, 2 or 3 substituents selected from halogen, -CN,
N2, -CF3, -CH3 #d sirpgisanerRznamtionRes, i wvd-hyibplysetibarprbourses met ed at each

occurrence f : Nios I 25 aryl, heteroaryl, or R2 and R3 in
conbi nati on P@?@E@g”c‘fﬁ@% ?/ﬁglr{%err??f'G is oxygen; jis2,30r4; kis 0, 1 or
2, 1 5 FE B 2007 WD 2005/049611 PCT/ SE2004/ 001659 -20- and stereoi soners,
enantiomers, ,in vivo-hydrol ysabl e precursors_ and

phar maceut i caf | y-é&e@ag'amaécgr%ngéo phergin A repsrepeisind according to C ai m
1, wherein A represents: 5 11 or anenantioger thereof, and

pharmaceutical | y-acceptabl e salts theregf.\¢# A conpound according to Caim
1, wherein said conmpound is an R-isomer | ccord with formula VI1, A~ 10
R VIl wherein A and It' are as defined Tir conpounds of forrmula 1. 5. A
conpound according to Claim4, wherein A i”s of fornmula I

or an.enantiomer thereof, and pharmaceutically-acceptable salts thereof,

4. A compound according to Claim i, wherein said compound is an R-isomer in accord
with formula VI, ‘
A
/N\/e
A 1
10 R
v

wherein A and R! are as defined for compounds of formula I.

3. A compound according to Claim 4, wherein A is of formula IT
o)
15 I
and R! is as defined for compounds of formula I.
6. A compound according to Claim 1, wherein E represents a single bond; or an
enantiomer thereof, and pharmaceutically-acceptable salts thereof.
20

7. A compound according to Claim 1, wherein Ar’ is thiophenyl.

8. A compound according to Claim 1, wherein Ar’ is thiophenyl and Ar? is selected from
hydrogen, halogen, phenyl, furanyl or thiophenyl having optional substituents.
25



15 11 and R is as defined for conpounds of formula I. 6. A corrpound
according to Claiml, wherein E represents a single bond; or enan r

t hereof , and pharnaceuticall y-acceptable salts thereof. 20 7. A corrpour58:r|~f‘E 2007
according to Claim1l, wherein Arl is thiophenyl. 8. A conpound according to

Caima1, i s thiophenyl and Are is selecte ogen,

hal ogen, pher@(ﬂ!’?&ranyl or thiophenyl having opti ona?ci%ggg["f’{'%gﬂ 25 15
FE B 2007 WD 2051049611 | MBE2so4/x018B9 -21- 9. A conpound accordl ng to
Claim 1, wherein one or nore of the atons is a radioi sotope of the sane

el enent. 90. A ghagronad awpiding toddnipok whiewn aemwprios: sijhaaomspoamdiotongs di Ng t o
Caim1l q[fglaeasm?hfr maceuti cal | y-acceptabl e diluent, |ubricant or carrier.

11. A et i ng the cessation of snoking conprising adm ni stering
an effective amount of a pharnmaceutical conposition according to C aim10.
12. The use of a compound according to Caim1, an enanutioner thereof or a

phar maceutdi calA phaaeaenitiodl cenpakitioh hempﬁiing h Bot peuritdebAaigo €18in 12an@edi cament
for the treatnent orprophylaxis of human di seases or conditions in which
act i vat i dhappaceyficay-ageepiatigdidueng delyicgnt groapidef i ci al sel ected from

neur ol ogi cal disorders, psychotic disorders, Intellectual inpairnent

di sorders, Al zheiner's disease, |earning defi cit, cognition deficit,

at t enti onldef iACinkthod¥omindudiNg the clsation o0sindRehd €irhprivineddtiniswring abi sor der
anxi ety, schlzophrenla mani a or_ manic depreSS|on Par ki nson"s di sease,
Hunt i ngt cifestive anequns of a harmscewics] eopnesition acerding i Gis@eller at i ve di sor der s
in which there is loss of cholinergic synapses. 13. The use of a conpound
according to Caim1l, in the manufacture of a medi canent for the treatnent

cesont|onlBr - Ltk Okh Bhopflldcedling kFORM |48 R Rtk g L O i ng
i ncl udi ng ptxmcwémjlygacn@t&blmﬂf therpafsinrthe mannfactde of 5 medictrmént forghai cot i ng

treatment ar prophylaxis of human diseases or conditions in which activation of the «7

nicotinic receptor is beneficial selected from nevirological disorders, psychotic disorders,

intellectual impairment disorders, Alzheimer’s disease, learning deficit, cognition deficit,

attention deficit, memory loss, Attention Deficit Hyperactivity Disorder, anxisty,

schizophrenia, mania or manic depression, Parkinson’s disease, Huntington's disease,

Touretts’s éyndmne, or neurodegenerative disorders in which there is loss of cholinergic

synapses.

13.  Theuse of a compound according to Claim 1, in the manufacture of a medicament for
the treatment or prophylaxis of jetlag, pain, or ulcerative colitis or to facilitate the cessation of
smoking or the treatment of nicotine addiction or craving inclnding that resulting from

exposure to products containing nicotine.





