COVPOUNDS 2 FI ELD OF THE I NVENTI ON This invention relates to azole
conpounds or pharnmaceutical ly-acceptable salts thereof, processes for

pr epar i ngvohesyosphiar maceut i cal comnpositi ons contai ni ng rhesEand/oofed r use
in therapy. The invention also relates to conpounds that are |igands for

ni cotinic acetyl choline receptors (nAChRs). BACKGROUND OF THE | NVENTI ON The
use of conpounds whi ch bi nd ni coCOMROEBEISy2 chol i ne receptors in the
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Cheni otf9in hrpy 35he Fyenton &) eRie soEpprabdbitses LESdh A BERCA, and i n
W T aggtAbhdiine rbdpods nAegrOnal Nicotinic Acetyl choline Receptors,” Drug
News & Perspectives, vol. 7, pp. 205-223. DESCRI PTI ON OF THE | NVENTI ON Thi s

i nvention concerns nicotinic acetylcholine receptor-active conpounds

accor di I : i Dis selected fromnoieties according
to forE%ggbgR?ﬁamﬁqﬁyQﬁEtﬂﬁﬁﬁ?ﬁ@ﬁv , E and G are independently sel ected
froma 5- orhéusesbesmesbuatd Which®ifd nib&ife aedtPeRslire re¢apeors avthe trefbmeht OF 2
nitrogen atons, 0 or 1 oxygen atons, and O or 1 sulfuratons, or_ selected
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cDonald et al. (199 icotinic Acetylcholine Receptors: Molecular Biology, Chemistry
and Pharmacology", Chapter 5 in Annual Reports in Medicinal Chemistry, vol. 30, pp. 41-50,
15  Academic Press Inc., San Diego, CA; and in Williams et al. (1994) "Neuronal Nicotinic

Acetylcholine Receptors,” Drug News & Perspectives, vol. 7, pp. 205-223.

DESCRIPTION OF THE INVENTION
This invention concerns nicotinic acetylcholine receptor-active compounds according

20 to formula L:

wherein:

D is selected from moieties according to formula I, II, IV or V
N—N O—N N—O /_—_ N
/403\ /&N% /QN/)\ *N\N/)\

I I v V;

E and G are independently selected from a 5- or 6-membered aromatic or

25

heteroaromatic ring having 0, 1 or 2 nitrogen atoms, O or 1 oxygen atoms, and O or 1 sulfur



-CONRLIR2, -S(OnR1, -NR2R3, -CH2NR2R3, -OR1l, -CH20OR1l or -CO2R4; Rl1l, R2 and
R3 are independently selected at each occurrence from hydrogen, hal ogen,

- C1- Qal kWvp 2a06yd6521het eroaryl, -C(O+4; - C(O NHR4, - CO2R2COISE2886419 or R2
and R3 in conbination is -(CH2)j G(CH2) k- wherein G is oxygen, sulfur, NR4,
or abond; j is 2, 3o0or 4 kis QO 1or 2, nis O 1lor 2, and R4 is
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ei t her hco gkgﬁ ticeal fve conpounds
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i ndependent Rg cted froma’5- ot mentber éd aromati'c or heteroaromatic
ring haV| ng anclRom combinatinges - (@Ebhﬁ(cﬂzmwmemxy@mmmulfanm, oral
sul fur nms, or selected froman 8-, 9- or 10-nmenbered fused aronatic or

het erog?%r’ratl c ring systemhaving 0, 1, 2 or 3 nitrogen atons, 0 or 1
oxygen at onpis 28abr@;or 1 sul fur atons; wherein E and G are unsubstl tuted or
i ndependent ]y have 1, 2 or 3 substltuents sel ected from -d- Qal kyl,

- C2- Coal kenkis 0 -l B al kynyl, hal ogen, -CN3-NO2, -CF3,

nis 0, 1 or 2, and
R* is independently selected at each occurrence from hydrogen, -C;-Csalkyl, aryl, or
heteroaryl.

15 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 diseases 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,

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

purposes.

Compound of the invention are those according to formula I:

25  wherein:

D is selected from moieties according to formula IT, III, IV or V

/4)\ /4)\ /4)\ )\

I I v V;



-CONRLIR2, -S(OnR1, -NR2R3, -CH2NR2R3, -OR1, -CH2OR1 or -CO2R4; R,

are independently sel ected at each occurrence from hydrogen,

hal ogen,

R and R

- C1- C4al kyb,20@wosbz17het eroaryl, -C(OR4, -C(O NHR4, - CORRETGE20050249 or R2
and R3 in conbination is -(CH )JGCH ) c- wherein Gis oxygen, sulfur,
or abond; j is 2, 3o0or 4 kis QO 1or 2, nis O 1lor 2, and R4 is
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ar omat immlnétsg@mbmm’,t@ﬁmaﬂ ngRrY -oHLoRYeP-@OMh and 1 oxygen atom 1

oxygen atom , or,
Cor 1 nitro

sel ected _f&r - - R2 Nﬁ%@_ ) ar__conpounds of the
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jis 2,3 or4;
kis0,1 or2;

nis 0, 1 or 2, and

R* is independently selected at each occurrence from hydrogen, -C;-Caalkyl, aryl, or

heteroaryl,
“and stereoisomers, enantiomers, in vivo-hydrolysable precursors and

pharmaceutically-acceptable salts thereof.

Particular compounds are those of formula I wherein:

E is a 5-membered aromatic or heteroaromatic ring having 1 nitrogen atom and 1
oxygen atom, 1 oxygen atom, or 1 sulfur atom;

G is a 6-membered aromatic ring having 0 or 1 nitrogen atoms;

wherein G is unsubstituted or has 1 substituent selected from -C;-Csalkyl,
-C,-Cealkenyl, -C,-Csalkynyl, halogen, -CN, -NO,, -CF3, -CONR'R?, -S(0).R}, -NR’R?,
-CH,NR’R?, -OR', -CH,OR" or -COR".

More particular compounds are those of formula I wherein:

E is a 5-membered aromatic or heteroaromatic ring having 1 nitrogen atom and 1
oxygen atom, 1 oxygen atom, or 1 sulfur atom, and

G is a 6-membered aromatic ring having 0 or 1 nitrogen atoms;

sul fur atom and Gis a 6-nenbered aromatic ring having

BerR aandrd; arpinsependensly selepieddcorh oecaarenee fiem hydengps.thalagsns

wherein G is unsubstituted or has 1 substituent selected from -C;-Cgalkyl, -CONR'R?

or -NR’R’.
Particular compounds of the invention are those described herein and

pharmaceutically-acceptable salts thereof.



wherein one or nore of the atons is a radioisotope of the sane elenent. In
a particular formof this aspect of the invention the conpound of fornula I
i s | abel estownadmeszivt i um Such radi e4l-abel ed conpounds arPeTsERLO6192€d ,
ei ther by incorporating radio-|labeled starting materials or, in the case of
tritium exchange of hydrogen for tritium by known nethods. Known nethods

i ncl ud | . hi l.i.c -hal ' I ' h
T e L
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i nvent; | 1L : ' ;
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relates to conpounds according to formula | and eir use in therapy and to
conpopailading cataiystj o @Yexdhenge dfihydrngeh dor taisipecperfonmed mtbapresaneerfonpasses

t he use .of co und ccording t.o for .1 for.the therapy of diseases
nedi attE‘Hu]Enlﬁaﬁgg atsﬁéabj‘?:?]igéﬂo%%alﬁﬁcé%gi P%H%%M?fa@ﬁ& ine receptors. A nore
pafot i cul ar @sMp&indefof HanidnreRldbREd WitiRirRRnt SrctRefulife tif diseveBuaifvef
formula | for the therapy of diseases nediated through the action of a7

ni cot i mediciaglecopipsvotls whichdirdbiosng mosfbate the agtipdn Oy FRORFE, PHiahagosiFm,

enconpasses a. et hod 1 reat ment, .on. prophyl axi f. di ditions
iy et Pofst TheT R SR S oL REPRERaRhoRRR L 0RS
Conpr i H&FbaAHANh 25K At Mehdued e Aibplatainent ¢fff Rich cvBpaumds ié agbssaheonpound of

the invention to a subject suffering fromsaid disease or condition. One
enmbodi inding of ligindthattiad to &7 nichnic aoelsilcholing keepteist hod of treatnent or

di iading of ligkicshabipad 0 of nchunicvesich " treatm |
et oxs: on. Ao et e hentobr 4 § Hapbboos SE AR R Hkfn TR Bl TT00°

of tregfeNBMerfy and to compositions containing them.

In another aspect the invention encompasses the use of compounds according to
formula I for the therapy of diseases mediated through the action of nicotinic acetylcholine
receptors. A more particular aspect of the invention relates to the use of compounds of

20  formula I for the therapy of diseases mediated through the action of o7 nicotinic
acetylcholine receptors. .

Another aspect of the invention encompasses a method of treatment or prophylaxis of
diseases or conditions in which activation of the o7 nicotinic receptor is beneficial which
method comprises administering a therapeutically-effective amount of a compound of the

25  invention to a subject suffering from said disease or condition.

One embodiment of this aspect of the invention is a method of treatment or
prophylaxis, wherein the disorder is anxiety, schizophrenia, mania or manic depression.

Another embodiment of this aspect of the invention is a method of treatment or
prophylaxis of neurological disorders, psychotic disorders or intellectual impairment

30  disorders, which comprises administering a therapeutically effective amount of a compound

of the invention.



prophyl axi s of neurol ogi cal disorders, psychotic disorders or intellectual
I mpai rment di sorders, which conprises adm nistering a therapeutically

ef f ecti vewanmestssnf a conmpound of tRe invention. Anot her pemisadiosmoto1of t hi s
aspect of the invention is a nethod of treatnment or prophylaxis, wherein
the disorder is Al zheiner's disease, |learning deficit, cognition deficit,

attention gﬁr{dt drlem ngér}f of @RS ?sptgf]t_ d%%@ﬁ%ﬁfbn?@%?@étﬁod’bfﬂ%aﬁﬁéﬂt\&t y

Di sorder. ot her enbodi nent o I's aspect of the invention is a nethod of
t r eat meoghybixig mdeteih the disordérds Ailzheirher’ UdiseseldearnmgRafikitmognitiondefelse,

Hunti ngton' s, dj sease, Tourette's .syndro. or neurqQdegenerative di sorders
in whi tﬁnti%)ecﬂegj}citsfqewéy .SaéﬁMeﬁté?%ﬁéﬁ%%?é&‘“%ﬁtsﬁ Tenbodi ment of this
aspect of t\ehdVeHddRedtDf thifBpROhehe ik BRI IHES L ridthed OPRMAXSrof | etl ag,
ni cotine addiction, craving, pain, and for ulcerative colitis, which

corspr i peghykechid, Wheten ithregdisortiéras Rpdinson’sldisgasef Huptingten'srdisgase, dpurgtieSnpound of
the invention. Yet another enbodinent.o his aspect of the invention is a
net hocFyfl%fmﬁenM?uﬁ etgﬁléerété%es(g?qr ?{S&WEWE‘Q\_(‘P@ lﬁf\ﬁfﬁ?f%ﬁﬂ?rigbcesgn%ﬁ?'ni stering
an ef f ect i VehARRWAMbJMimentGT S bipdctaff thdRve MU Th aAethANOL theitmentedi ment  of
this aspect of the invention is a pharmaceutical conposition conprising a

conpounephytaxihef jelem miqasine afdictiors Reavinge pan; al foy niseradive splités, Bibidkent |

| b CARRLs SR Rines dhlabORIcall? BACK:R hudolife 4 SBLOI & i BRehforl
pharmaceﬁ){lca conpositti on usetu oF trea I'ng or preventing a condition or
di mor der neYdtianoddr Bebedimeat ofthis@spacoof thy savwentddn w mbthod dat induding the

acetyl chol.i ne_recept or _neurotransm ssion in manmal , preferabl uman,
conpr i §853Hon AL smpkine V@’fl&hccﬁ%l?fb“% $SITHIEAR %fef’)fw%ﬁn@‘ﬁgr?? F‘o‘f?é‘i‘p‘{{‘ﬁg Pgof or a
phar mageutkg@ld Y- accept abl e salt thereof, effective in treating or
preventi ng such disorder or condition, and pharmaceutical |l y-acceptabl e

addi ti ves chmotherembudanbmrof éb espiepterfithoinvetian iagphetmasfeuti¢tad compenitiomon

rel ates to. use of a ar.naceutical _conposition qf the. i.nventi for the
oot rmotisig AP St A B0 e R RER e LRy Benh Tudegh e
which @Ghieati on of the a7 nicotinic receptor is beneficial. Another

enbodi nent of this aspect of the invention is the use of the pharmaceuti cal
A further aspect of the invention relates to a pharmaceutical composition useful for

treating or preventing a condition or disorder mentioned herein arising from dysfunction of
nicotinic acetylcholine receptor neurotransmission in a mammal, preferably a human,
comprising an amount of a compound of formula I, an enantiomer thereof or a

20  pharmaceutically-acceptable salt thereof, effective in treating or preventing such disorder or
condition, and pharmaceutically-acceptable additives carrier.

Another embodiment of this aspect of the invention relates to use of a pharmaceutical
composition of the invention for the treatment, amelioration or prophylaxis of human
diseases or conditions in which activation of the o7 nicotinic receptor is beneficial.

25 Another embodiment of this aspect of the invention is the use of the pharmaceutical
composition of the invention for the treatment or prophylaxis of neurological disorders,
psychotic disorders or intellectual impairment disorders.

Another embodiment of this aspect of the invention is the use of the pharmaceutical
composition of the invention for the treatment or prophylaxis of Alzheimer’s disease,

30 learning deficit, cognition deficit, attention deficit, memory loss, Attention Deficit
Hyperactivity Disorder, anxiety, schizophrenia, or mania or manic depression, Parkinson’s
disease, Huntington’s disease, Tourette’s syndrome, neurodegenerative disorders in which

there is loss of cholinergic synapse, jetlag, cessation of smoking, nicotine addiction including



conposition of the invention for the treatnment or prophyl axis of
neur ol ogi cal disorders, psychotic disorders or intellectual inpairnent

di sor der swoAn@tdssz17enbodi nent of thits- aspect of the inveamisezosmomine use of
t he pharnmaceutical conposition of the invention for the treatnent or
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pr ophydlissasss afcohditimns i whkizh astivation ofithetd misotimic wétieptor &scienefitialon of the a7

‘ni cotinic receptor jis_.beneficial. Another epbodipent of this aspect of the
"nvent fon | Anthe treboBRen sicfis el Gis AL eRHOL PO ANBIRHALPRgEUr e of a
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psychotic disorders or intellectual inpairnment disorders. Another
enbodi nawelogical disarders rsychaiic digpaddrsorintdligptupkimpaarmenbdisérdarsconpound of t he

i nvention i e [anuf. ure, .of Lcanent. for,treatsrent or prephyl axis
of A zher medtigy SBQULAEMLENS o ollFithe AVRRon Riend R e Sl EREY o

defi ci inventiith Yhd @asufectud dfenhedicanioet fe tieati@ron ptdphiylayisldf 20skbemer’ Anot her
enbodi nent of this aspect of the invention is the use of a conpound of the
i nvent figsese.AearR@EsHERco8D1tion deliit pEantansiicit; Bremoreloshemdtention ddi axi s
of ;anxj =Rz nia, or mania or mani c depression. Another enbodi nent
of 1?hits{9%%%cé§?®o Q{i}ﬂgﬁi nvention is the use of a conpound of the invention
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Par ki nson's . . . .
mvention in the manufacture of a medicament for treatment or prophylaxis of anxiety,

schizophrenia, or mania or manic depression.
Another embodiment of this aspect of the invention is the use of a compound of the
20  invention in the manufacture of a medicament for treatment or prophylaxis of Parkinson’s
disease, Huntington’s disease, Tourette’s syndrome, or neurodegenerative disorders in which
there is loss of cholinergic synapses.

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

described above in the manufacture of a medicament for the treatment or prophylaxis of
25  jetlag, pain, or ulcerative colitis.

Another aspect of the invention relates to the use of a compound of the invention in
the manufacture of a medicament for facilitating the cessation of smoking or the treatment of
nicotine addiction or craving including that resulting from exposure to products containing
nicotine.

30 Another aspect of the invention relates to the use of a compound of the invention in
combination with other therapeutically-active compounds or substances in pharmaceutical
compositions or formulations, methods to treat diseases and conditions, uses as medicaments

and uses in the manufacture of medicaments. Particular embodiments of this aspect of the



di sease, Huntington's di sease, Tourette's syndrone, or neurodegenerative
di sorders in which there is |l oss of cholinergic synapses. Anot her
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at a daily dosage of from about 0.1ng to about 2 of animal body
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i n the form of appropriate nedicinal preparat
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.

20  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, glycerin, vegetable oils;

— for suppositories: natural or hardened oils or waxes.

25 There is also provided a process for the preparation of such a pharmaceutical
composition which process comprises mixing the ingredients.

Compounds according to the invention are agonists of nicotinic acetylcholine
receptors. While not being limited by theory, it is believed that agonists of the 7 nicotinic
acetylcholine receptor (nAChR) subtype are useful in the treatment or prophylaxis of

30 neurological disorders, psychotic disorders and intellectual impairment disorders, and to have
advantages over compounds which are or are also agonists of the o4 nAChR subtype.
Therefore, compounds which are selective for the a7 nAChR subtype are preferred. The

compounds of the invention are indicated as pharmaceuticals, in particular in the treatment or



for enteral or parenteral adm nistration. According to a further aspect of
the invention, there is provided a pharmaceutical conposition including

pr ef er ablwol2e&e6stian 80% and nore pr&ferably | ess than B0¥SEY0d@IYNY of a
conpound of the invention in adm xture with an inert

pharmaceutical |l y-acceptabl e diluent, lubricant or carrier. Exanples of
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acetyl choline . receptor (NAChR) subtype are useful in the treatnent or
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are al so argon_i stls of t he %4 I‘SIAChR éggﬁigggg%?ﬁ%}ége’ore, conp 8%%‘?\%. ch are
sel ect fiserdery intwisclatherptiShiRs sfichotimergic synapsdser r ed. The conpounds of the

invention a I ndi cat as _phar maceuti cal i n,partjcular in the. treatnent
o1 br ophy | ax COmBPUAC e B RPEE Fifiet B3 fof iR bl PhaioBida of

i ntel | pelhpAfor uswial ihditg Wk sekaRnSef SEokiy, efavitle, RV R A BeinsRrgder s i ncl ude
schi zophrenja, nania and_mani c depression, and anxi ety. Exanples of

i nt el | BeOPhylaxisy ot eddistiesy igelpdingibatugeline fian paposyTeiioquadysts | ear ni ng
defi ci i 1] deficit, attention deficit, nmenory |loss, and Attention
Def i ci tgorﬁéﬁg{rga%ﬁ)[\{/}}efy Di sorder. The conpounds of the invention nmay al so be
useful as aiitak glsibeleved thdteompedidsantordingpaithe incditioniage piful,indied i n t he

treatnent, or prophy] axi.s of Parkingon's di sease, Huntington's disease,
Tour e??@a eES/%HfIg"H&’Y %ﬂog%lﬁ‘?r%\éeg Bisat i ve disorders in which there is |oss
of yghol i ner gihg cEHPFRRBDF tHQARABH hapd th%réﬁv%rﬁyg%’}héﬂﬂemﬁy beidsBeIxi&ipef ul for

the treatnment or prophylaxis of jetlag, for use I n 1'nducing the cessation

of snokiongetficacioin de lengdr 4adingt nye tarbwaadee mnge of activity, be more potent, produce
fewer side effects, are more easily absorbed or have other useful pharmacological properties.
The compounds of formula I exist in tautomeric or enantiomeric forms, all of which
are included within the scope of the invention. The various optical isomers may be isolated
20 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
made by reaction of the appropriate optically active starting materials under reaction
conditions which will not cause racemization.
As used herein, unless otherwise indicated, "Cj.4alkyl" includes but is not limited to
25 methyl, ethyl, n-propyl, n-butyl, i-propyl, i-butyl, z-butyl, s-butyl moieties, whether alone or
part of another group, C;.4alkyl groups may be straight-chained or branched, and Cs_4 alkyl
groups include the cyclic alkyl moieties cyclopropyl and cyclobutyl.
As used herein, unless otherwise indicated, "C,4alkenyl” includes but is not limited to
1-propenyl, 2-propenyl, 1-butenyl, 2-butenyl and 3-butenyl. |
30 As used herein, unless otherwise indicated, "C,.4alkynyl" includes but is not limited to

ethynyl, 1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl and 3-butynyl.



prophyl axis of nicotine addiction including that resulting from exposure to
products containing nicotine. It is also believed that conpounds according
to the i rwenbicmwsare useful in the-tYeatnment and prophylPaxisg2eb/oulcer ati ve
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The compounds of the invention and intermediates may be isolated from their reaction
mixtures by standard techniques.
Acid addition salts of the compounds of formula I which may be mentioned include
salts of mineral acids, for example the hydrochloride and hydrobromide salts; and salts
20 formed with organic acids such as formate, acetate, maleate, benzoate, tartrate, and fumarate
salts. |
Acid addition salts of compounds of formula I may be formed by reacting the free
base or a salt, enantiomer or protected derivative thereof, with one or more equivalents of the
appropriate acid. The reaction may be carried out in a solvent or medium in which the salt is
25  insoluble or in a solvent in which the salt is soluble, e.g., water, dioxane, ethanol,
tetrahydrofuran or diethyl ether, or a mixture of solvents, which may be removed in vacuum
or by freeze drying. The reaction may be a metathetical process or it may be carried out on an
ion exchange resin.
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 crystallisation, or chiral HPLC. Alternatively the individual enantiomers may be



As used herein, unless otherw se indicated, halogen refers to fluorine,
chlorine, brom ne, or iodine. Were necessary, hydroxy, am no, or other
reacti ve woau@esHay be protected usithg a protecting groepTag2@sesemibed in
the standard text "Protecting groups in Organic Synthesis", 3rd Edition
(1999) by G eene and Wits. Unless otherw se stated, reactions are conducted

d N, i t .at h f | der...a ni d
usual IGeRsee e Suba ol aispta ot Shrafl Bebgr AR ARORRET C PO S
pr ef er @hliMioat waldh will nRcREs YiRknfi@akiewt one at nosphere). The conmpounds of the

I nvention and internmedi ates may be isolated fromtheir reaction m xtures by
st andafhprmashlegiues. Acid addition salts of the conpounds of formula |

whi ch may ' . J | ' of t he
hydr ochl ori e@%&lg&ﬁ?‘%w%&nﬁﬂg 0:%0@;0 a(}l%afgg\g ?dsvesgérrprr%éy f/)\né)t eg%;?g(yr)\ c acids
sugh agifeesiBbeh AGROs2tset ourbkieat e, benzoate, tartrate, and funmarate salts.

Acid addition salts of conpounds of formula | nay be fofned by reacting the
Ay dor aAfinisy at ancomA Clfhigcepior By mieasurng 1ae pINGIZ Gl g +-RePURATOMKI, one

or mrgﬁggiivgl e%;atgf DBQS%&@B{G%EJL&E? acid. The reaction may be carried
out i f o ont T T wWhT it he salt_lsmsoluble or in a sol vent
i n which t heatSRhih ceB ns@hithes befirk oy MACER recbprafivy bephpagdd by

tetrahydrofuran or diethyl ether, or a mxture of solvents, which may be

r enov etbriogevizing inppecapypus Hssedn 9 yolwges Pk eolddwmogenization hydtes (HBY:a0Met i cal

process._or .it. . } ' i The unds of
PR PP Y B R Ui MoRinb AR ERERANARAE 35, Cact] ZEMACHEY

i ncl udEECMi 200 KIT1 t5h pHST.Op Eloafogtditesi any eetitiifiped ToreS mamitasias 16Q0 k gathei somer s may
be isolated by separation of a racemjc mxture of the co unds usi.ng
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appropriate~optically active starting naterials under ok eaction conditions
whi ch sispéndedtin BB Sdembrmes (81 Hnug)Rraimrabatkdgyth 3 nM [ “IJa-BTX, 1 mg/mL

15 bovine serum albumin (BSA), together with test compounds in HB for 2 hours at room

U

temperature with gentle shaking. Membranes may then be trapped on Whatman glass fiber ‘
filters (thickness C or B) using a Brandel cell harvester and washed 4 times. Pre-treating the
filters for 3 hours with 1% (BSA/0.01% PEI (polyethyleneimine) in water will yield low filter
blanks (0.07% of total counts per minute). Non-specific binding may be determined by 100

20 WM (-)-nicotine. Typically specific binding is about 75%.
Assay for affinity at human oy nAChR receptor by measuring the binding of 1251 ¢ -

bungarotoxin (BTX) binding to membranes.

Membranes may be prepared from HEK cells expressing human ¢ receptors by

isolating a 500-40000 x g membrane fraction. Such membranes may be used as described for
25  rat brain membranes to assess the binding of compounds to human o7 receptors.

Assay for affinity at an o, nAChR receptor by measuring the binding of [*H]-(-)-nicotine

binding to rat cortical membranes.

A procedure modified from Martino-Barrows and Kellar (Mol Pharm (1987) 31:169-

174) may be used. Rat cortical brain membranes are prepared as described in the ['*1]o-BTX
30  binding assay, except that a 500-12000 x g membrane fraction is prepared. Membranes (30-

150 pg) are incubated with 30-100 pM of the epibatidine analog [B]]-IPH ((+/-)-ex0-2-(2-

iodo-5-pyridyl)-7-azabicyclo-[2,2,1]heptane) together with test compound in HB for 1 hour at

room temperature with gentle shaking. Membranes may be recovered as described for the



The pharnmacol ogi cal activity of conpounds of the invention may be neasured
by using tests such as those set out below Assay for affinity at an a7
NAChR r ecepteoss/dsy2imeasuri ng t he biriding of 1251 -a - bungacoisazios/o¢BTX) ‘
bi nding to rat hi ppocanpal nenbranes . Rat brain cell nenbranes bearing a7
NAChR receptors may be prepared by_ honopgeni zi ng hi ppocanpus tissue in 20
vol umes, of col d honogeni zation huffer (HB): concentrati opns of
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nenbranes to assess the binhdin uman a7 receptors. Assay
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r3H -(-Vnicotine binding to rat cortical menbranes. A (grogedure Jodi fi ed
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Rat cortical. brajpn.n ranes.are, prepared C{.J [ [ 1251 ] OC- BTX
bi ndi ntép‘ﬁglg'ag”, + gx/g &5{5’ gf“ﬁ%lfnag bg(%t-e%ﬁ@gg u)%mé %%etgglrﬁad%heg g&ggﬁr%&rzlﬁf's pr epar ed.
Mepgr anes (S@npounds of the invention expected to have useful therapeutic activity will be found

to have binding affinities (K;) of less than 10 uM in o7 nAChR receptor or oig nAChR

receptor assays.
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

20 fewer side effects, are more easily absorbed or have other useful pharmacological properties.
General Experimental Procedures and Conditions

Commercial reagents were used without further purification. Mass spectra were
recorded using either a Hewlett Packard 5988A or a MicroMass Quattro-1 Mass
Spectrometer and are reported as m/z for the parent molecular ion. Room temperature refers

25 t020-25°C.

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.

30 LC/MS HPLC method was generally performed with a Agilent Zorbax 5u SB-C8
column 2.1 mm x 5 cm. Solvents: A = H,0 with 0.05% TFA, B = 10% H;0, 90%
Acetonitrile, 0.05% TFA. Gradient: (10-90% B over 3 min., 90% B hold through 4 min. 10%
B at 5 min. and hold at 10% B until 6 min).



150 ng) are incubated with 30-100 pM of the epibatidine analog [1251]-1PH
((+/-)-exo-2-(2- iodo-5-pyridyl)-7-azabicyclo-[2,2,]]heptane) together with
test conpwondos/assHB for 1 hour at ftbm tenperature w thPgersEb@ssbh@ks ng.
Menbranes may be recovered as described for the[1251Ja-BTX bi ndi ng assay.
Non-specific binding may be determ ned by 100 nM carbachol. Typically

speci fi Walel | % Analysis of Binding data obtained in a7 .
nNAChR WTW@QWEF%SSWS | C50 val ues and pseudo Hi Il coefficients
(n ) may beveRb&iwRicEhaiSienGel lier thoBynthadBaT cotipvends dftfbrigulpl,dnclads AELFI T

(DeLean A, Munson P J and Rodbard D (1977) Am J . Physiol., 235:E97-E102).
Sat ur an¢thedscdesrihedbglovbin the Scbemess a one site nodel, using the non |inear
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fors [ 125h{ ddffded bevei fog copdiaelsrof foradilaAm@dR, Dfan6M phd askjefinad hesinmay be
estimated using the general Cheng-Prusoff equation: Ki = [IC50]/((2+(1lig
nd]fKCSC_hinﬁ_l- 1) where a value of n=l is used whenever n < 1.5 and a val ue
of n=2 is used when n 1.5. To account for variabjlity, assays may be
performed in tripli andjvariability will typi Ilybbe G5% Ki val ues
may be determ ne SEX to 11 I\ﬂréu:? concent r gt “~ehpounds of the

i nventi on expectled o\ have useftul "'hét apeutT & dct INAYY will be found to
have binding affrnitres (Ki) of |less than 10 In a7 nAChR receptor or 4
NAChR r ecept or assa)@. The corrporu}@fs of the invention have the advant age
that they may be | ess toxic, be e efficacious, 6e | onger acting, have a
broader r anOgmpdunds bf Kirtiila DRaFBE Brepeiee Mom pirALbiEMs bef@Rmutd VEwhékack s, are
nore easily absorbed or have other useful pharmacol ogical properfies.
Gelfer als apRitahls leaving ermipdoegasizon wilyacempREdn ereeammeteliconoygdat s were

used w t i fd L : . eeQr sig either
= Few STRRHANE 0 Bl e oo b By o R SR LR R e
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20- 2 :
0-25 t%t?akis(triphenylphosphine)palladium (0) or palladium (II) acetate and a base, for example

cesium carbonate or potassium carbonate in an appropriate solvent, for example

15  tetrahydrofuran, ethanol or toluene or mixtures thereof. The reaction can be conducted at a
temperature between 20 °C and 120 °C, preferably at or about reflux temperature of the
solvent.

Scheme 2

20 VI X I
Compounds of formula I wherein D is a moiety of formula IV as shown in Scheme 2
may be prepared from compounds of formula VIII by reaction with a compound of formula
IX, wherein L represents a suitable leaving group, using a suitable acylation procedure.
Suitable léaving groups L include: OH, halogen, Oalkyl, Oaryl, OCOalkyl, OCOaryl, azide.
25 A suitable acylation procedure involves treatment of a compound of formula VIII with a
compound of formula IX at 0-120 °C in a suitable solvent. The presence of a base, or, when L
is OH, a coupling agent, may also be necessary for the reaction to occur. Suitable bases for

the reaction include: 4-(N, N-dimethylamino)pyridine, pyridine, triethylamine, N, N-
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base, for exanple cesium c rbonat or SSI cfiﬂ onat elg:Z\P an appropriate
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0C, pr at or about ‘reflux ‘tenperature of the sol vent. Schene 2
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the art (see, for example, J. Med. Chem., 33, 1128 (1990); J. Heterocyclic Chem., 28, 17
(1991); European J. Med. Chem., 39 (2004) 305-321; WO 9532965).

15 The compounds of formula IX are either commercially available, or may be prepared

by methods known to one skilled in the art (see, for example, J. Heterocyclic Chem., 28, 17
(1991); European J. Med. Chem., 39 (2004) 305-321; WO 9532965).
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Compounds of formula I wherein D is a moiéty of formula III as shown in Scheme 3
may be prepared from compounds of formula X by reaction with a compound of formula X,
wherein L represents a suitable leaving group, using a suitable acylation procedure. Suitable
leaving groups L include: OH, halogen, Oalkyl, Oaryl, OCOalkyl, OCOaryl, azide. A suitable
25  acylation procedure involves treatment of a compound of formula VII with a compound of
formula XI at 0-120 °C in a suitable solvent. The presence of a base, or, when L is OH, a
coupling agent, may also be necessary for the reaction to occur. Suitable bases for the
reaction include: 4-(N, N-dimethylamino)pyridine, pyridine, triethylamine, N, N-
diisopropylethylamine. The preferred base is N, N-diisopropylethylamine. Suitable coupling
30  agents when L is OH include: carbodiimides, for example 1,3-dicyclohexylcarbodiimide or 1-

(3-dimethylaminopropyl-3-ethylcarbodiimide hydrochloride; phosphonium reagents, for
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to one skilled in the art (see, for exanple, J. Med. Chem, 33, 1128
(1990)(1991)). Het erocyclic Chem, 28, 17 (1991); European J . Med. Chem, 39
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Compounds of formula I wherein D is a moiety of formula III as shown in Scheme 4

may be prepared from compounds of formula X by reaction with a compound of formula XTI,

20  wherein L represents a suitable leaving group, using a suitable acylation procedure. Suitable
leaving groups L include: OH, halogen, Oalkyl, Oaryl, OCOalkyl, OCOaryl, azide. A suitable
acylation procedure involves treatment of a compound of formula X with a compound of
formula XJI at 0-120 °C in a suitable solvent. The presence of a base, or, when L is OH, a
coupling agent, may also be necessary for the reaction to occur. Suitable bases for the

25  reaction include: 4-(N,N-dimethylamino)pyridine, pyridine, triethylamine, N, N-
diisopropylethylamine. The preferred base is N, N-diisopropylethylamine. Suitable coupling
agents when L is OH include: carbodiimides, for example 1,3-dicyclohexylcarbodiimide or 1-
(3-dimethylaminopropyl-3-ethylcarbodiimide hydrochloride; phosphonium reagents, for
example benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate or

30  benzotriazol-1-yloxytripyrrolidinophosphonium hexafluorophosphate; and uronium reagents,
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may be prepared from compounds of formula XIII by reaction with a compound of formula
15 . XIV by methods known to those skilled in the art (see, for example, J. Med. Chem., 1992, 35,
2392-2406). V
The compounds of formula X may be prepared by methods known to one skilled in

the art (see, for example, J. Med. Chem., 35, 1280 (1992). The compounds of formula XTIV

may be prepared by methods known to one skilled in the art (see, for example, Chem. Rev.;
20 61,179 (1961).

It will be appreciated by those skilled in the art that aromatic substituents in the
compounds of the invention, or in intermediates used in the synthesis of compounds of the
invention, may be introduced by employing aromatic substitution reactions, functional group
transformations to modify existing substituents, or a combination thereof. Such reactions

25  may be effected either prior to or immediately following the processes mentioned above. The
reagents and reaction conditions for such procedures are known in the art. Specific examples
of procedures which may be employed include, but are not limited to, electrophilic
functionalisation of an aromatic ring, for example by nitration, halogenation, or acylation;
transformation of a nitro group to an amino group, for example by reduction, such as by

30 catalytic hydrogenation; acylation, alkylation, sulfonylation of an amino or hydroxyl group;

replacement of an amino group by another functional group by conversion to an intermediate
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salts.

Acid addition salts of compounds of formula I may be formed by reacting the free
base or a salt, enantiomer or protected derivative thereof, with one or more equivalents of the
appropriate acid. The reaction may be carried out in a solvent or medium in which the salt is

20 insoluble or in a solvent in which the sglt is soluble, €.g., water, dioxane, ethanol,
tetrahydrofuran or diethyl ether, or a mixture of solvents, which may be removed in vacuum
or by freeze drying. The reaction may be a metathetical process or it may be carried out on an
ion exchange resin.

When compounds of formula I exist in tautomeric or enantiomeric forms, all of such

25  forms are included within the scope of the invention. Optical isomers of compounds of the
invention 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 made by reaction of the appropriate optically active starting
materials under reaction conditions which will not cause racemisation.

30 Examples |

Example 1.
3-(5-(5-phenylthiophen-2-y1)-1,3.4-oxadiazol-2-y)quinuclidine.
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The starting material; 3-(5- (5-bromoth1ophen— —yl) 1,3,4-oxadiazol-2-yl)quinuclidine

was prepared as follows:

15 a To a vigorously stirred mixture of quinuclidine-3-carboxylic acid hydrochloride (190
mg, 1.0 mmol), 2-chloro-1,3-dimethylimidazolinium chloride (0.7 g, 4.1 mmol), and 5-
bromo-2-thiophenecarboxylic acid hydrazide (230 mg, 1.0 mmol) in dry acetonitrile (6 mL)
at ambient temperature was added dropwise triethylamine (1.3 mL). The resulting orange-
colored mixture was stirred for 5 minutes, heated at reflux temperature for 1 hour, and then

20  cooled. The resulting residue obtained after removing the volatiles by rotary evaporation was
purified by flash chromatography on silica gel eluting with a ammoniated chloroform to 6%
methanol/chloroform gradient to give 3-(5-(5-bromothiophen-2-y1)-1,3,4-o0xadiazol-2-
yDquinuclidine (40 mg) as an off-white solid. MS (ES+) 340/2 (MH+). NMR (CHCl3)

b. The quinuclidine-3-carboxylic acid hydrochloride was prepared by methods described

25  inJ. Med. Chem., 34, 2726 (1991).

Example 2.
3-(3-(5-phenylthiophen-2-vy1)-1.2.4-oxadiazol-5-y)quinuclidine.




base or a salt, enantioner or protected derivative thereof, with one or
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give t %ér%édrgdm%gp (30 ng) as a white solid. M5 (ES+) 338 (MH). IH

NMR (3 MHz, CDCI3) 7,68 (d, J = 3.9 Hz, IH), 7.67 - 7.62 (m 2H),
7.%6 -a.7. 36T¢ aptirBed mixtuiBHf Gehromo=N-BydroMy;thiophened’-agrboxamidne£34@mg, 6.2 Hz,
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The st ghbicRdedBérBiuk@vas added dropwise a solution of quinuclidine-3-carbonyl chloride (200
3-(5-(5-bronothi ophen-2-yl)-1, 3, 4-oxadi azol - 2-yl ) qui nucl i di ne was prepared
as f ol gk 16 mmol) in dry chloroform (1.5 mL). The mixture was stirred for 24 hours, the

volatiles removed and replaced with dry acetonitrile (4 mL). The resulting solution was

15  subjected to microwave irradiation at 120 °C for 30 min. The cooled mixture was
concentrated and the residue purified by flash chromatography on silica gel eluting with a
ammoniated chloroform to 4% MeOH/chloroform gradient to give the title compound (100
mg) as a solid. MS (ES+) 340/2 (MH-+). NMR (CHCIs).
b. The 5-bromo-N-hydroxy-thiophene-2-carboxamidine used above was prepared by

20  methods described in J. Heterocyclic Chem., 28, 17 (1991).
c. The quinuclidine-3-carbonyl chloride used above was prepared by methods described
in J. Med. Chem., 33, 1128 (1990).

Example 3.
3-[3-(5-Pyridin-3-yl-furan-2-y1)-[1.2.4]oxadiazol-5-yl]quinuclidine.
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Using a procedure similar to that described in Example 2 but substituting 5-bromo-N-

hydroxy-furan-2-carboxamidine for the 5-bromo-N-hydroxy-thiophene-2-carboxamidine in



a. To a vigorously stirred m xture of quinuclidine-3-carboxylic acid
hydr ochl oride (190 ng, 1.0 mmol), 2-chloro-1, 3-dinethylimdazolinium
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titleﬁ opnd as a white solid. M5 (ES+) 338 (MH). 1HNMR (300.132 Mz,
CDOB)—&?—(—‘@, =3.9Hz, IH 37.70 - 7.62 (m 2H3 7.46 - 7.36 (m 3H),
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3.22 (m IH 33.14 - 2.86 (m 3H)3234(q J =2.8 Hz3 IH), 1.84 - 1.41
(m 5H). The starting materipal, not hi ophen-2-yl) -1

32, 4- oxadi azol - 2-yl ) qui nucl ijdi ed as follows: a. To a stirred
m'xture of 5-brono-N- hydr 1 dine (300 ng, 1.36 mmol)
and triethylamne (0.25 chloroform(3 m.) at
anbi ent tenperature was added dropwi se a solu ,
qui nucl i di ne-3-carbonyl chloride (200 ng, 1.16 I) in dry chl orof orm (1.5
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15 CDCL) 8.94 (d, /= 1.9 Hz, 1H), 8.58 (dd, J= 4.8, 1.4 Hz, 1H), 7.91 (dt, J = 8.0, 0.8 Hz, 1H),
7.81 (d, J=3.8 Hz, 1H), 7.40 (d, J= 3.9 Hz, 1H), 7.35 (dd, J = 8.0, 4.8 Hz, 1H), 3.47 (dd, J =
13.5, 6.3 Hz, 1H), 3.42 - 3.30 (m, 1H), 3.29 - 3.21 (m 1H), 3.12 - 2.83 (m, 3H), 231 (q, /=
3.0 Hz, 1H), 1.81 - 1.40 (m, 51-1)

Example 5.
20  3-[5-(5-Phenvl-furan-2-yD-[1.3.4]oxadiazol-2-yl]quinuclidine.

~N
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Using a procedure similar to that described in Example 1 but substituting 5-bromo-2-
furancarboxylic acid hydrazide for 5-bromo-2-thiophenecarboxylic acid hydrazide gave the
title compound as a white solid. MS (ES+) 322 (MH+). 'H NMR (300.132 MHz, CDCl3)

25 7.80(d,J=7.1 Hz, 2H), 7.46 - 7.33 (m, 3H), 7.21 (d,J=3.6 Hz, 1H), 6.81 (d, J=3.6 Hz,
1H), 3.59 - 3.48 (m, 1H), 3.43 -3.30 (m, 1H), 3.29-3.19 (m, 1H), 3.13 - 2.84 (m, 3H),
2.31(q,J=2.9 Hz, 1H), 1.83 - 1.41 (m, 5H). ”



amoni ated chloroformto 4% MeOH/ chl oroform gradient to give the title
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The 5-fafmeBbbdk{ o@d<hycfrmi1&ﬂf025Qﬁbm©mﬂmdbh&ﬁe¢a$lﬁjiyhbwé hvéiszideapadr ed by
nmet hods descri bed . Heterocyclic Chem, 28, 1
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a pr OZ&%E@% éﬂemcln% 1%8 ab F%@lgégﬁoxaggﬁm PANRLS). 2R EO6 153 mlmg

3-(4, tetr olan2yl)pyr|d|nefor th
pheny! (bDCQr)QcQ%a(d; A=dsb Hn, ERaBpP €dd, Jgad8, 1.6, i1H)S8.0dbelmd.0ad. 9aHWri1H)e
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Hz, 1H, 3. 9 - 3.21
(m h@QHz 1H).-1.83 8B42 6, 3H), 2.31 (g, J = 3.0 Hz IH) 1 81 - 1.40 (m

°H . RARLE 7

3-15-(5-Pyridin-3-vl-thiophen-2-y1)-[ 1.2.4]oxadiazol-3-ylJquinuclidine.

N/
N 8 X
N |
~
N

15 Using a procedure similar to that described in Example 1 but substituting 3-[5-(5-

bromo-thiophen-2-yl)-[1,2,4]oxadiazol-3-yl]quinuclidine for 3-[5-(5-bromo-thiophen-2-yl)-
[1,3,4]oxadiazol-2-yl]quinuclidine and substituting 3-(4,4,5,5-betramethyl-1,3,2-
dioxaborolan-2-yl)-pyridine for the phenylboronic acid gave the title compound. MS (ES+)
339 (MH+). 1H NMR (300.132 MHz, CDCl3) 8.94 (d, J= 2.3 Hz, 1H), 8.62 (dd, J=4.8, 1.5
20 Hz, 1H), 7.92 (ddd, J=8.0, 2.3, 1.6 Hz, 1H), 7.88 (d, /=4.0 Hz, 1H), 743 (d, /= 3.9 Hz,
1H), 7.38 (ddd, J = 8.0, 4.8, 0.8 Hz, 1H), 3.45 - 3.26 (m, 2H), 3.18 - 2.82 (m, 4H), 2.25(q,J
=2.9Hz, 1H), 1.84 - 1.37 (m, 5H).
The starting material, 3-[5-(5-bromo-thiophen-2-y1)-[1,2,4]oxadiazol-3-
yl]quinuclidine, was prepared as follows:
25 a. A stirred mixture of N-hydroxy-quinuclidine-3-carboxamidine hydrochloride (480
mg, 2.3 mmol) and 5-bromo-thiophene-2-carbonyl chloride (570 mg, 2.5 mmol) in dry

acetonitrile (3 mL) was subjected to microwave irradiation at 120 °C for 30 minutes. The



3-r5-(5-Phenvl -furan-2-viyri 3. 41oxadi azol - 2- vl 1qunucl i di ne. Using a
procedure simlar to that described in Exanple 1 but substituting

5- br onp- 2wofaeeamsarboxyl i ¢ aci d hyd2hzi de for 5-br onp- 2PChiSapivsne®ay boxyl i ¢
acid hydrazi de gave the title conpound as a white solid. I\/S (ESt+) 322

(MH) . 1HNNR(300132M—|2 CbAd3) 7.80 (d, J = 7.1 Hz, 7.46 - 7.33

( m 3 ooleg nzflétu(re \kjya% ge?tﬁ]d v&ilt}‘bzm %&%gnné @ﬂaéﬁ_{) ahd Pﬂ?DWSS Jnﬁémé% ‘?[ﬁ]ed% )

2 31 (td:midrowage KradatidnBt,120 °6%rZOhn&ﬁtdsﬁThébblaﬁé@Wﬁfe&eﬁmved and the
3-r5-(5-Pyridin-3-yl-furan-2- )-ri, 3, 4loxadi_azol - 2- vnqunucl i dine . Using
a prociesy @quﬁwtafra&mf‘wétbydﬁgltﬁhrB@atqgﬁa@w@ajgebﬂpﬁ%w i uting

5- br OWM HEREARAK h?ul?ﬁbﬁ/ﬁﬁ&fo%h{jg‘raﬁ%t 5 LIPS (3-BiARNERGARRDOXY | i C

acid razi de an

3- (s, 42-_571)'3{1 et oxaaiiddoy-B yﬂ]q%;r&chldma 50rmg pay-2syyhy whichicelystedlifedronpit@miyigior oni ¢
acid ave the t|tIe cgrrpound as a white solid. M5 (ES+) 323 (M#+). 1H NMR

(300. 198 Ry (d, J 1.6 Hz, IH), 859 (dd, J 4.8, 1.6 Hz, IH)),
8 09 (lﬂz ‘}H} ﬁéﬁgﬁo]x(yguﬁﬁchdlﬁg -3- chrb%ﬁaﬁl'EHilme H}écﬁo&l&nde“usgd IeTBove'vl?Qsmrgpa%é]d (d, J

3. 44 b)&namo(lsrdesbhbedeBMed Ghao., (sm27|2|6|)(19%t)14 - 2.84 (m 3H) 2 32 (q J =

30Hz 183-142(m 5H). Exanple 7. 3-r5-r5-Pyridin-3-yl-thio

r hen- , 41oxadi azol - 3-yl I qui nuc lidine. Using a procedure simlar to
t hag d%&rs peﬁdlhrx-@sﬁﬂm_g-v’n-mm,mw&zﬁazdwtﬂwuamﬂlam(e5-

br onmo-thi ophen-2-yl) -1, 2, 4] oxadi azol - 3- yI | qui nucl 1 di ne for

3-[ 5- (5- brono-t hi ophen- 2- yI) [ 1 N3:\4] ox zol - 2-yl ] qui nucl i di ne and
substituting 3-(4, 4,5, 5-betrlanmet iyl ldl oxaborol an-2-yl)-pyriditie for

t he phenyl boronic acid ga tTN e co . (ES+) 339 (MH). IH NMR
(300.132 Mz, CDO3) 8.94 = 2.3 H, IH] 862 (dd, J 4.8 1.5 tz,

IH),7.92(dde 8.0, 7. 6 Hz, IH), 7. ., J = 4.0 H, IH, 7.43
(d, J =3.9 7.38 (ddd, J = 8.0, 4.8, ON8 Hz, IH). 3.45 - 3 26 (m

2H), 3.18 - gmrrg% g@&edﬂ@ngalztgt A destribed érglﬁg%m%lle% %u‘t%ﬂtu‘tm% 5% ofdBL 5H)

The starting rial rono-t hi xadi azol -
furan-2-carbonyl chloride for 5-bromo-thiophene-2-carbonyl chloride in part (a) resulted in

the title compound. MS (ES+) 323 (MH+). "H NMR (300.132 MHz, CDCls) 9.06 (d, J=2.2

15 Hz, 1H), 8.61 (dd, J=4.8, 1.6 Hz, 1H), 8.13 (dt, /= 8.0, 2.0 Hz, 1H), 7.41 (d, /= 3.7 Hz,
1H), 7.38 (dd, /= 4.9, 0.8 Hz, 1H), 6.95 (d, J= 3.7 Hz, 1H), 3.47 - 3.27 (m, 2H), 3.16 (ddt,J
=9.3,7.2,2.1 Hz, 1H), 3.09 - 2.79 (m, 3H), 2.27 (q, J = 2.9 Hz, 1H), 1.84 - 1.64 (m, 4H),
1.53-1.36 (m, 1H).

Example 9.
20  3-{5-[Quinuclidin-3-y1)-[1.2.4]Joxadiazol-5-yl]-furan-2-y1}-N.N-dimethyl-benzamide.
N’O 9]
| 4 4 |
N @) N/

Using a procedure similar to that described in Example 7 but substituting 5-bromo-
furan-2-carbonyl chloride for 5-bromo-thiophene-2-carbonyl chloride in part (a) and using a
procedure similar to that described in Example 1 but substituting 3-(N,N-

25 dimethylcarbonyl)phenylboronic acid for phenylboronic acid resulted in the title compound.
MS (ES+) 393 (MH+). 'H NMR (300.132 MHz, CDCl3) 7.88 - 7.85 (m, 2H), 7.49 (t,J= 8.0



yl ] qui nuclidine, was prepared as follows: a. A stirred m xture of

N- hydr oxy- qui nucl i di ne- 3- car boxam di ne hydrochl oride (480 ng, 2.3 nmol) and
5- br onp- tWoapdwnes212- car bonyl chl ori-d8-(570 ng, 2.5 mmol PCIISEA0F/001919
acetonitrile (3 nL) was subjected to mcrowave irradiation at 120 0OC for 30
m nut es. Thecool ed m xture was treated with triethylamne (0.2 nlL) and dry

DVF (O d £C i i n 2 foQr

m nut egé’ {F]ﬁ%732| fﬁﬂe Eﬁ?e re eg 'alr?g’ %%je’%gkeggt}l?l r%gig%ogﬂtjgtgltv%as?’ %8“ fied
by fl agh, 2H),G@ oBaphy 10H)s1.30 e2.2F €, dH); 1.85 - W3OHmg 4Hdnoni at ed chl or of orm
to 4% MeOH ch] orof orm gradi ent to give 3-[5-(5-brono-thiophen-

2-yl)- E"—’?—E}-ﬁ-&adi azol -3-yl ] qui nuclidine (250 ng) as a syrup which

cryst abl isz6 foRthuefi&H -98-[ 1 85 6ktazo B4V ReukdMb K1) -R.N HiRethyl-benzamide,

N- hydr oXyqumnucl | di ne- 3=car boxa pi I di né hydrochl ori de used above was
prepared by met hods descry bedn-NJ . Med. Chem 034, 2726 (1991). Exanple
8. 3-[5-(5-Pyridin-3-yl-fiyrand2- p-i 2]410xad|a ol - 3-vnqui nucl i dme. Usi ng
a procedure simlar to egibeo -xangp| e 5Elﬂt substituting

5- br onof uran- 2-car bonyl oride for 5-br hi ophene- 2- car bonyl chl ori de
in part (a) resulted in the title conpound: (ES+) 323 (M—|+). 1H NMR
(308. 132 MHz, CDCI3) 9.06 (d, J =2.2 Hz, IH), 8.61 (dd, J = 4.8, 1.6 Hz,

L H)4, 98 33 (@Tsmgqi Igo&d@.re ﬁl(ngaﬂ% thét'@escrﬁ)eéln Eﬂam%lezl ﬁltZu 1tutl(n|g|)5-l%rz>l)n§>82-( gg J
= . m

(ddt, juraﬂcgrtg)xyhc acid hydragide fq>1|-§-br03nq3@ th1oghemcz(rh§>x3g1q)ac1dzhﬂtya2(1¢? inpaet () 9 Hz,
| H),

f
ont nuctiibsdrofiie s 008 dmedyRamontn HebiTborplll aclL By Bhdnythordiic it gave
- NJ Sf - dhietitlehipinpoaind. ais @s+m3@m+pﬁﬁdmmeoe 182 Mz tG:Dch;w 8deg@ithed in
Exanpl e_7 but substituting ran- 2-carhbon

o ol il o iDagRe ot . 1 Foat EDCERY tend 80 b 306k o
si mil aF}/ ain%Sﬁ idegl ﬁlnli??ljam?i €3 %%ort @gbﬁst otgeNeh, 3r1 2.33-2.30

By
Ndi et hyl car onyl") phenyl oronfc acid nyl boronic’acid resuited in
t he t|t(ﬂne1Ha,rdpSﬁmu43|(ﬁ (AEB+) 393 (M) . 1H NNR (300.132 MHz, CDCl 3) 7.88 -.
7.85( 7.49 (t, J:8.0Hz, IH)y, 7.42 - 7.38 (m IH, 7.38 (d, J =
3.7 Hz—ﬂllf}'hqi’el-ss (d, J = 3.7 Hz3 IH), 3.49 - 3.30

3-[5-(5-Pvyridin-3-yl-oxazol-2-yD)-[ 1.2 4Joxadiazol-3-vl]quinuclidine.
N’O N
|
N O
N |
—
N

X

15
A mixture of N-hydroxyquinuclidine-3-carboxamidine hydrochloride (205 mg, 1.0

mmol), lithinm 5-pyridin-3-yl-oxazole-2-carboxylate (200 mg, 1.0 mmol), N,N-
diisopropylethylamine (0.8 mL, 4.6 mmol), O-benzotriazol-1-yl-N,N,N',N'-
tetramethyluronium tetrafluoroborate (420 mg, 1.3 mmol), 1-hydroxybenzotriazole hydrate
20 (180 mg, 1.3 mmol), and powdered 4A molecular sieves (700 mg) in dry DMF (12 mL) was
stirred vigorously at room temperature for 2 days, then subjected to microwave irradiation at
100 °C for 15 minutes. The volatiles were removed in vacuo and the product residue purified
by flash chromatography on silica gel eluting with a ammoniated chloroform to 3%
MeOH/chloroform gradient to give the title compound (85 mg) as a white solid. MS (ES+)
25 324 (MH+). "H NMR (300.132 MHz, CDCl3) 9.07 (d, /= 1.8 Hz, 1H), 8.68 (dd, J=4.9, 1.5
Hz, 1H), 8.10 (dt, /= 8.0, 1.9 Hz, 1H), 7.77 (s, 1H), 7.44 (dd, J=7.7,5.1 Hz, 1H), 3.48 -



(m 2H), 3.20 - 2.84 (m HH, 2.30 - 2.27 (m IH, 1.85 - 1.39 (m 4H).
Exanpl e 10.

3-{ 5-r 5- (Voi2oesadesdi7n- 3-yl ) -ri, 3, 41eR&di azol - 2-yl | - f ur anPeTisB205Mh 1Nt hyl - b
enzam de . Using a procedure simlar to that described in Exanple 1 but -
substituti ng 5-bronmo-2- furancarboxylic acid hydrazi de for

5- br onps; C xyI d azj.de, art A syifoguti ng
3- (N, @?ﬁ% h@ﬁ?’% ﬁ@?? t}ll_@h or%ﬂ%ﬂ a%lg 6(8 j Z%a%orgﬁf?;%gm deO;ave
the tid,e4gpnpound. (ES+) 393 (M—I+) 1H NI\/R (300 132 MHz, CDC 3) 7.86 -
782(m2,748t = 1.1 Hz 7.38 (dd, J 6.3, 1.3 IH),722
(d, J = 3. 7Thelithjum 2 -panégl—%—arl-ozsazei%%eaqhexylﬁqel)us%d abayp wasproppredas | H) 3 3. 41
-Hfi%%?lmvll—l) 33.26- 2.86 (M HHY 32.33-2.30(m IH), 1.83 - 1.43 (m
4 Fe

3-155- (&- Pyrqzomx@zsﬂyﬂdmmeeﬂxyy)l-dﬂrbarﬁp4did>tad-|batyﬂ)Iestar- yllquinuclidine . A

m xture of N-hydroxyqui nucli di ne-3-carboxam dne hydrochloride (205 ng, 1.0
nmol ), |ithium 5-pyridin-3-yl -oxazol rboxylate (200 ng, 1.0 mmol),
N3Ndi i sopropyl et hyl am ne (Q & nb, 4. benzotriazol -1-yl-iV,iV,

]V iVtetranet hyl uroni um t et raf’l uonpbor , 1.3 mmol),

1- hydr oxybenzotri azol e hydratje ( 0 ngy, 1. ), and powdered 4A

nol ecul ar sieves (700 ng) in dry (12 m) S stirred vigorously at room
tenperature for 2 days, then subjected to mcrowave irradiation at 100 0C

for 15 mi nUT@%solﬁﬁ@aMﬂ@»-@ié&l@}@ﬂ@ﬂi@(l[ﬁrﬁmeﬁz6ﬂ1m!ﬁ§‘,uﬂlﬁﬂﬁofb@'mﬁdu§t resi due
purified by flash chromato ra hy on silica eluting with a ammoni at ed
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- bu ester
y Weinreb amide anion solution. After the entire contents had been added, the reaction mixture

was allowed to warm to room temperature and stirred overnight. The mixture was then
15  partitioned between EtOAc and water. The layers were separated and the aqueous layer was
extracted with EtOAc_ The organic extracts were combined, dried over MgSOQy, filtered and
concentrated in vacuo. The residue was chromatographed on silica gel (100% Hexane to
25% EtOAc/Hexane gradient) to give 1.57 g of a white solid as desired product (66%). 'H-
NMR: 300MHz, CDCl3 & 9.17 (m, 1H); 8.82 (m, 1H); 8.23 (m, 1H); 7.44 (m, 1H); 5.45 (brs,
20  1H); 4.66 (d, 2H); 1.48 (s, 9H).
b. 2-Amino-1-pyridin-3-yl-ethanone dihydrochloride
O
H,N N
| 2HCl
=
N
To a solution of (2-0xo0-2-pyridin-3-yl-ethyl)-carbamic acid fert-butyl ester in MeOH
(7 mL) was added 5-6N HCl in 2-propanol (7 mL). The mixture was heated at 50 °C for 2 hr,
25  then concentrated in vacuo and dried on high vacuum. The quantitative yield of off-white
solid was used without further purification.

c. N-(2-Oxo0-2-pyridin-3-yl-ethyl)-oxalamic acid ethyl ester



To a solution of 3-bronopyridine (1.21 m, 12.6 nmol) in 15nL of dry THF
was added i sopropyl magnesiumchloride (2Min THF 6.3 nL, 12.6 mmol) at room
t enper at .Wwe 200ud®s21X2. After 45 nmin-24in a separate fl askCT/SE2005/001919

i sopropyl magnesi um chloride (4.9 nL, 9.8 mMmmvl) was added to a cooled (-15
to -10 0C) slurry of /V-(tert-butoxycarbonyl)glycnme _Vnethoxy-

i V-nethyl am de (2.18 g, 10.0 mmb) in 15 | of dry THF under N . After the
Br- My exchange reaction had stijfred Hor total of 1 hr, the resulting

m xture was added to the Wre ' ution. After the entire
contents had been added, fhe Ractilon mxtur§ wa3d] all owed to warmto room
tenperature and stirred overnight. gfhe m xt ukle then partitioned between
Et OAc and water. The |l ayers were separated an he aqueous | ayer was

extracted with Et OAc. The organic extracts were conbined, dried over MySO4,
filtered anbo eoodehficabath) inxtymafd-adine- rpwidind-ylethanhne fddydrpchiondd on

silic I % Hexan 0 % Et OAc/ He radi ent ) .t ive g of a
whi t o 907 P 43 1 BEP B¢ PSR PTope e (R Lo RBoD i P S6CHRCR, ) iy
8.82 (was dddbd tdotBdarhie (1 )mlL,7136 nfidl).| The rebulfibg (dakction mhikihic WaPhlirted at 2H) ;
1.48 (s, 9H). b. 2- Am no-|-pyridin-3-yl-ethanone di hydrochl oride To a

solSut | lepmoEmpgragite overpight. dThe wixfureayanthgn peatitiened detrged GGl tng yateest er i n
MeOH ( - j ). hxt .was heat ed
at 50 Tadpted e SR B bl BudraPE D il Vs g, TS ILT e
quant i éxatacisevert ebrdbinéd, afifed wheit BlgSOL filtaredandset camttadaih vizund. NEle esidné i cat i on
c. JV-(2-Oxo-2-pyridin-3-yl-ethyl)-oxal am ' th est er ool ed

(i ce bERhpUTHedY@luRn hrgmatpgranhyian; | @0?/@?%%&6 8%‘%’59‘3? g@"%ﬂa%tﬁf’a“e (913
ny, 4. 3447 dne eyoapeL 1(0.54 m., 4.8 mol) in 15 nL

O CH2 }ﬂ}gé?ﬁfe&gﬂt %@éltkdhsfl aPr%ni)(r)le (179 %E? 113. 6 mmol ). The resulting
redct i dn ni X Pyridinviagl-stazolee2tcaboxdmcidkethgreatenr e overni ght. The mi xture was
then partitioned between CH O 2 d water. The |layers were separated and

t he aqueous | ayer was extracted th CH d 2. The organic extracts were
conbi ned, dried over NgSO4/J\It rated in vacuo. The residue.

was purified by colum chronat 6} el (20% EtCAc in Hexane to
80% Et OAc in Hexane gradient). LC

To a cooled (ice bath) mixture of N-(2-oxo-2-pyridin-3-yl-ethyl)-oxalamic acid ethyl
ester (750 mg, 3.18 mmol), triphenylphosphine (1.89 g, 7.21 mmol), and hexachloroethane
(1.55 g, 6.55 mmol) in 30 mL CH,Cl, was added triethylamine (1.67 mL, 11.96 mmol). The
15  reaction mixture was stirred for 1 hr, then chromatographed on silica gel (EtOAc / Hexane
gradient). 700 mg of an off-white solid were collected corresponding to desired oxazole and
containing a small amount of triphenylphosphine oxide. '"H-NMR: 300MHz, CDCl3 § 9.02
(s, 1H); 8.65 (m, 1H); 8.06 (m, 1H); 7.62 (s, 1H); 7.42 (m, 1H); 4.51 (quart, 2H); 1.47 (t, 3H).
LC/MS (APéI): (M+H)" =219.1.
20 e Lithium 5-pyridin-3-yl-oxazole-2-carboxylate
O

N
LiO/“\(O
YWY,

A solution of LIOH.H,O (133 mg, 3.18 mmol) in 7 mL of water was added to a
stirring solution of 5-pyridin-3-yl-oxazole-2-carboxylic acid ethyl ester (700 mg, 3.18 mmol)
in 7 mL of THF. Methanol (1 mL) was added and the mixture was stirred overnight at room

25  temp. The reaction mixture was then concentrated in vacuo and the resulting pale yellow



d. 5-Pyridin-3-yl-oxazol e-2-carboxylic acid ethyl ester To a cooled (ice
bath) m xture of iV-(2-0x0-2-pyridin-3-yl-ethyl)-oxalamc acid ethyl ester
(750 nmg, 8okBoamesily, triphenyl phospise (1.89 g, 7.21 nmpCX/SE2006/001919

hexachl or oet hane (1.55 g, 6.55 mml) in 30 nL CH2A 2 was added
triethylamne (1.67 nL, 11.96 nmol). The reaction m xture was stirred for 1

hr, then,chromat aphed on sjlica xa 00 of
an of 9 Wlaﬁg'étBJfEI?%{ V@Fé‘c%%rfel eéaerggyarlé)g %?%ﬂldtl_‘%mgélp 38 g%%uén andrrg
cont aisap g & ATSHlwiAERYNE wak obtaineheny! phOSphI ne oxide. 1H NVR 300M—Iz CDCI
d 9.02 (s, IH); 8.65 (m 8.06 (m 762(sl ; 7.42 (m

4.51 (quar tThemLBIlydrpxqqulpucl?gpqﬁ C@@Pml(d }')dTOC(hMFFIF#S mervaSévrep_am% um

5-pyridin 0Xaz0 2-car ion of Li OHIH20 (133 ng, 3.18
mmol ) |ﬁn€7t§?r{ %qscﬁé‘?dlpj\/\%gga@’ﬁé’ d 472 fdrdr"i}ng sol ution of

5- @yrqﬂaﬁhﬁem oxazol e- 2-carboxylic acid ethyl ester (700 ng, 3.18 mol) in
7 m o thanol (2 rrL) vas added and the mxture was stirred

\ EL1 2 S OXANAH0 guingslidiBen concentrated in vacuo
and the resul t| ng pal e yeI I owsol j dd/vas t,{]l turated with acetone. After

renoval of acetone and dryi hi vcuum 530 ng of -an off-white
nuc - 3 car boxam di ne hydrochl oride

solid was obtained. The
used above was prepared descr@be Med. Chem, 34, 2726

(1991). Exanple 12. 3-[5- i di n-4-yl-oxazpl - ZqvD [1, 2, 41oxadi azol -3
-yl'i quinuclidine Using a pr ocedure simlar to~hat described in Exanple 11

but bsti tut I 5- I te. f th

PHL i um 5. TR aR Rraseg MR It (B T Bl b PRC DR BBt s
(ES"') ﬁ%ﬂu%w)oxaﬂdﬁ b"@r 919‘&1@? Mhlugpgpa}zxdi@ B lzc?xakgléa-éaﬂmgylaté gﬁvé"z

3 me -th@tifld cémpoyrid M&(ﬂ%)sza(MﬁIOmHNMR@O(BmZ 226D Ghy) A &7 (cgi 8’25 1. 40

b epark e ot & Y g S OXARLE, FERININGIE, HREO APEVe vas
tert- 3y {mestHr3.13 - 2.81 (m, 4H), 2.34 - 2.25 (m, 1H), 1.84 - 1.40 (m, 4H).

The lithium 5-pyridin-4-yl-oxazole-2-carboxylate used above was prepared as

follows:
15 a (2-Ox0-2-pyridin-4-yl-ethyl)-carbamic acid tert-butyl ester
O
o _N
Y
0 N
4-Bromopyridine hydrochloride (2.45 g, 12.6 mmol) was treated with 65 mL of 5%
aqueous Nap,COj3 and extracted twice with 30 mL Et;O. The ethereal extracts were dried over
MgSOy, filtered and the solvent removed in vacuo. The residue was immediately dissolved
20  in dry THF and isopropylmagnesium chloride (2 M in THF, 6.3 mL, 12.6 mmol) was added
at room temp under N,. After 45 min., in a separate flask, isopropylmagnesium chloride (4.9
mL, 9.8 mmol) was added to a cooled (15 to —10 °C) slurry of N-(tert-
butoxycarbonyl)glycine N’-methoxy-N’-methylamide (2.18 g, 10.0 mmol) in 15 mL of dry
THF under N,. After the Br-Mg exchange reaction had stirred for a total of 1 hr, the resulting
25  mixture was added to the Weinreb amide anion solution. After the entire contents had been
added, the reaction mixture was allowed to warm to room temperature and stirred overnight.
The mixture was then partitioned between EtOAc and water. The layers were separated and

the aqueous layer was extracted with EtOAc. The organic extracts were combined, dried over



4- Br onopyri di ne hydrochloride (2.45 g, 12.6 mmol) was treated wwth 65 nL of
5% aqueous Na2CO3 and extracted twice with 30 nL Et20 The et hereal
extracts weneodrssad over MgSO4, fi-lldeered and t he sol ventCrsERwsdoion vacuo.
The residue was i medi ately dissolved in dry THF and i sopropyl magnesi um
chloride (2 Min THF 6.3 n, 12.6 mml) was added at roomterrp under N2.
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In 15 of dry THF under Al ter the My exchange reaction had
stl rr@tbd‘uot &I{MMSI 300MHZHED A @ 8r6is(dl ﬂthﬁ%ﬁd,dHé, F’(A&%(@:d 1 Tt0(mhe Wi nreb
am de t.h e contents had been added, the
react |1g§ ﬁ??(??f H%ﬁ’s“ %ﬁ%é@i ergB &/a%mto roomtenperature and stirred
over nipgght . JTRAGRA-XIpyki@inuRsl-tiambredilijdrbeiiasidet ween Et CAc and water. The
|l ayers were separated and the aqueous |ayer was extracted with Et OAc. The
organi c extracts were conbi ned, dk ed overMgSH, filtered and concentrated
in vacuo. The residue was mat ggr aphed on silica gel (100% Hexane to 30%
Et OAc/ Hexane gradient) to give ¥ aﬁge{ solid as desired product.
1H NVR 300MHz, CDCI 3 d 8.67 (d, : (d,IH; 7.85 (m IH; 7.5 (m
IH; 5.36 (br s, IH); 4.88 (d, 2H); %s, 9H). b.

2- Ami no-1| - pyridi n-4-yl - et hanone di hydr ochloride To a sol ution of
(2- 0x0- 2- pyFd dlioluderybf @tdxpl)-pyridibanylesting)-darbambuacid reestyl dster e IQEY )

for 5 RmLywepddetean e tn hronmeh B 5h¢ S Wgiibaehamc e 0 0°
quant iyf ahky goﬁ@eﬁl!rﬂe@';n \chf,to W &g h1§h%§mﬁﬁ” Th& Guiitative R of SFtWIRte

purification. c. 5-Pyridin-4-yl-oxazol e-2- carboxylic acid ethyl ester To a
cool edo(idwsbami@)iommhqueﬁmﬂie%mﬁqabom pyr| di n- 3-yl - et hanone

di hydr ochl or i.d 0.62 nL, 5.5 ol
et ks o nish- ?a?‘?‘)é‘ty% R gt%ggafrﬁf 6. 58 mol). The :

resulting reaction m xture was st(])rred at room tenperature overnight. The
m xture was then partitioned betveen CH2d 2 wat er. The | ayers were
separated and the aqueous Le&ye iNh CH O . The organic
extracts were conbined, dried over N.tefed and concentrated in
vacuo. LC/ M5 (APcl): N

To a cooled (ice bath) mixture of 2-amino-1-pyridin-3-yl-ethanone dihydrochloride

(5.08 mmol) and ethyl chlorooxoacetate (0.62 mL, 5.5 mmol) in 20 mL of CH,Cl, was added
15 triethylamine (2.26 mL, 16.25 mmol). The resulting reaction mixture was stirred at room

temperature overnight. The mixture was then partitioned between CH,Cl, and water. The

layers were separated and the aqueous layer was extracted with CH,Cly. The organic extracts

were combined, dried over MgSQy, filtered and concentrated in vacuo. LC/MS (APcl):

(M+H)" = 219.1 corresponding to cyclized oxazole was observed as the major component in
20  the product mixture. A smaller peak corresponding to the uncyclized amide (M+H)" =

237.1) was also observed. The mixture was chromatographed on silica gel (100% Hexane to

35% EtOAc in Hexane gradient) to give 142 mg of oxazole product (13%).

d. Lithium 5-pyridin-4-yl-oxazole-2-carboxylate

O

. 0 N
LIO%
N



(MtH) + = 219.1 corresponding to cyclized oxazol e was observed as the major
conponent in the product m xture. A snmaller peak corresponding to the
uneycl i zestoamedws5(1¢ MrtH) + = 237. 1) wag9 -al so observed. TheCEISERWSH0MES
chromat ogr aphed on silica gel (100% Hexane to 35% Et OAc i n Hexane gradi ent)
to give 142 ng of oxazole product (13%. d. Lithium

5-pyridi n-4-yl| soI n Li, OKH 2 17
nmol) in 3 él_s hﬁﬁ% (}g‘fjoéagaé gﬁf( %g’?% m&%‘?lf ﬁﬁ%%ﬁ"&?tf’f N q‘%dgdo)% ggdmng
5-pyri goittidh o 5-pyadialeyllogacl@ydrbexydiciadidedthylleses | 10 thd A6 Bmad) i84 mmol ) in
3 m of THE. 0.5 nL of MeOH was added and the m xture was stirred overni ght
at rooff THHp.O. frﬁéL pEMEeObanedded ead theqnihug wassiead pugraight 3t roemdempand t he
resul t r tone, e al of
oot ondHRaEfE KRN MRS H'AEEE ! bid SRR ST o
sol 5d Wﬁratﬁak\althﬂe&torﬂd-l-/i}ﬂkéherﬁﬂfﬂvﬂi acedcﬁf&cmﬁdirﬁlng uﬁael(}ﬁgh Q&d)mm7 &31t1€z&1,V6| H) ;
7.64 (d, . LG M5 (APcl Hq)i $§ridi n- 3-
vDt hi opif Qzalvéfﬂhltf Solzdw P‘Ptalzle HNM&%MH@@H@O dﬂrﬁﬁ%(ﬁ H)f 3

3-(3-¢( l 4{_11 ¢l -1-yl)quinuclidine (120 ng),
pyrid|§%@3 E@?ﬂ §m¥bg- E un?%arbonate (234 ng) and

bi stri Msphl ne pal | adi um(l I) chI oride (13 ng) in
1, 2-di / / h (7;3:.2, , . Subj ected to microwave
----- e A 5o 6 room t enper at ure,

chl or forn1(2 x 25 nmL) and saturated
,/Tq organi c extracts were

i rradi e S 5C6+—1 ©
the m xture was partltloned betwe
agueous potassi um car bonate 2 x 75
conbi ned, dried over pota hat | t d and evaporated to | eave
a yeIIow oil ( 110 ny). r duc \NaS~§Ul‘IfI y flash chromat ography on
basi ¢ al um na el uting W|t ac loroformto 1% chl or of orm gr adi ent
foljhowed by preparative supercritical fluid chrbmat ography (Ch| ral pak AD,

o afford the title co

17% 0 as AR GEbY BP0 ) 2 Ry Dasine i (381
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2H) 7b52ad41du(11)$htorﬁleQ13 lilg@lIHIZ,Z dﬂh&thoﬁydﬁm(e@yatérb‘bthar&l B%3:2, R54iD) s 2H)
3.20 - sébjecjfe(f fo m1cr|_gv(rave 1rrad1at10n 3%56 % forl_?() mimu %gfs ( qfter coolzng to roomI .

15  temperature, the mixture was partitioned between chloroform (2 x 25 mL) and saturated

|ed

aqueous potassium carbonate (2 x 25 mL). The organic extracts were combined, dried over
potassium carbonate, filtered and evaporated to leave a yellow oil (110 mg). The product
was purified by flash chromatography on basic alumina eluting with a chloroform to 1%
MeOH/chloroform gradient followed by preparative supercritical fluid chromatography
20  (Chiralpak AD, 17% MeOH, 0.5% DMEA in CO,) to afford the title compound, which was
isolated as the dihydrochloride salt (10 mg). MS (AP+) 338 (MH+). 'H NMR (300.132
MHz, CDCls) 6 8.93 (s, 1H), 8.53 (d,J= 3.8 Hz, 1H), 8.14 (s, 1H), 7.90 (d, /= 7.9 Hz, 1H),
7.68 (d, J=3.8 Hz, 1H), 7.36 (d, /= 3.8 Hz, 2H), 7.32 (dd, J = 8.0, 4.9 Hz, 2H), 4.45 (s,
1H), 3.54 - 3.40 (m, 2H), 3.20 - 3.11 (m, 1H), 3.01 - 2.84 (m, 4H), 2.24 (q,/=2.9 Hz, 1H),
25 1.88-1.70 (m, 4H), 1.53 - 1.43 (m, 1H).
The starting material, 5-bromothiophene-2-carboximidic acid ethyl ester
hydrochloride, was prepared as follows:
a. 5-Bromothiophene-2-carboximidic acid ethyl ester hydrochloride.
A solution of 2-bromo-5-cyanothiophene (1.05 g) in diethyl ether (20 mL) and
30  ethanol (1 mL) was treated with hydrogen chloride (g) for 30 min. The resulting mixture was



1.88 - 1.70 (m 4H), 1.53 - 1.43 (m IH). The starting nmaterial,

5- br onot hi ophene-2-carboxi mdic acid ethyl ester hydrochl oride, was
prepar ed we 2haldeszns: a. 5- Bronot hi ogRBene- 2- car boxi m di c patiSt2@shylo1est er
hydrochl oride. A solution of 2-bronp-5-cyanothi ophene (1.05 g) in diethyl
ether (20 nL) and ethanol ( 1 nL.) was treated with hydrogen chloride (g)

for 30 nin. .Th |t j ti.rred at. t ture for 72 h
Pt A b S e e P B R S S O W
was hedpyrittiatieof) Washie it cotd Bigthy{ Sth¥r )@i)nl_? REd ki@ sh ddeuY 8 iordanafifler d the

. 1H NVR (300. 132 MHz3DVSO) d 8.52

title conmpound as a white sol 1.2
(50 T Epominie a6 8 whikgsobd (520 gy MM QDHZANAE DVED)GE 2o 1FDOT P 3H)

1385, . UG T, 4 rb Ty 0 apfh: ORMBISFY! e BRASOEP, e

sol siti o6u.2f, 137(5qui38u81, 1190123 3t24. ) ydrdzings.di hydrochl oride (213 ng) and 5-
br onot hi ophene- 2-carboxi m dic acid ethyl ester hydrochloride (284 ng) and
tri et h{l ani 3d3(EBomgihiopherer Hi B 1.2 8-thipgolnlagl)guinyglidineat r oom t enper ature

for 22 hr. vent - hen e [ _suspended in
triethyl or gh@%}%fr&r%aot?g @@@ﬁﬁ]‘wﬁgn@ gyrézﬁengh@g(ﬁtﬁ}?ﬁdﬁﬁggr t#?i%ng m xture
was hebdoatbthiophieak 4xarbotimidic heid ethyd pstelsydeodhl@ddet (B84 agrahetrjeehdinine and
‘concentrated.. The residue was pariitioned betwee hyl acetate (3 x 50 nl)
and saii}sgﬁl dné%ﬁﬁl_aaawi(%g@iag@ﬁ atﬁﬁrjeﬁ%tsewatt@n?ezw&zgﬂﬁéw OO GRME ext ract &
vene CoRRIeAHratdd b HRVES ROV ASHEMRIEAIPRRAE orthdfohRAE 1 PRT) SYAPG@hed to

| eave an anber oil (295 ng). The product was purified by flash

chr onatgiaphhe myulbiag ntxbirewanbeatdduoirefnfor i 6 dr ctherowes orohed to rpem

MeOH chl orof orm gradi ent, to.afford the title ound. as a clear il (120
o). VTR ag S iiely TR idhe S sursBef B 8o Gl Gt sd ity
7:41 (@nd shtdaBdlHguedublpotasidm(ctibodate (3x20MH4L). | The orgaftb extrabis3Bedem |1 H), 3.45

- 3.42 2 .18 - 3.06 IH), 2.95 - 2.87 4H), 2.23 - 2.20
| H), 1p<§pr£)inecli? cfy'@d@mar ptgssium %ﬂq@!{g, @lq)ﬁedca_nd-pﬁg)orateg] to 1e|;?fe an amber oil (295 (m

ot hoa bt Piodi o BhEL 5 GuioBEhlepld e 6 AT iR Righe” o B
chloroform to 2% MeOH/chloroform gradient to afford the title compound as a clear oil (120
mg). MS (AP+) 339/341 (MH+). 'H NMR (300.132 MHz, CDCls) § 8.09 (s, 1H), 7.41 (d,
J=3.8 Hz, 1H), 7.04 (d, J=3.9 Hz, 1H), 4.45 - 4.38 (m, 1H), 3.45-3.42 (m, 2H), 3.18 -
3.06 (m, 1H), 2.95-2.87 (m, 4H), 2.23 - 2.20 (m, 1H), 1.82 - 1.73 (m, 4H), 1.58 (s, 3H).
20 c. The 1-(quinuclidin-3-yl)hydrazine dihydrochloride used above was prepared by
methods described in J. Med. Chem., 35, 1280 (1992).

Example 14.
3-[3-(5-Phenyl-thiophen-2-y1)-[1.2.4]1triazol-1-yl]quinuclidine.

_N
I// /|
N

N S

25 Using a procedure similar to that described in Example 1 but substituting 3-[3-(5-
bromo-thiophen-2-y1)-[1,2,4]triazol-1-yl]quinuclidine for 3-[5-(5-bromo-thiophen-2-yl)-
[1,3,4]oxadiazol-2-yl]quinuclidine gave the title compound (80 mg) as an off-white solid. MS
(ES+) 337 (MH+). 'H NMR (300.132 MHz, CDCls) 8.17 (s, 1H), 7.67 - 7.63 (m, 3H), 7.39
(t, J="7.5Hz, 2H), 7.34 - 7.28 (m, 2H), 4.46 - 4.41 (m, 1H), 3.54 - 3.39 (m, 2H), 3.20 -

30 3.10 (m, 1H), 3.01 -2.84 (m, 3H), 2.27 - 2.23 (m, 1H), 1.90 - 1.40 (m, 4H).



3-r3-r5-Phenyl -t hi ophen-2-yl V*1. 2 4~triazol -1-yllqumuclidnme Using a
procedure simlar to that described in Exanple 1 but substituting 3-[3-(5-
br ono- t hiwphees/@salr) -[ 1, 2, 4] triazol 29 -yl ] qui nucl i di ne f ®CT/SE2005/001919
3-[5-(5-brono-thiophen-2-yl)- [I,3, 4] oxadi azol - 2-yl ] qui nucl i di ne gave the
title conpound (80 ng) as an off-white solid. M5 (ES+) 337 (M#). 1H NWR

o, oy 7 i R fpafechl o R nen B RP Mt ftlhbriahaT, T 3
- 3. 1GydsPregardd as¥oldws: 2. 84 (m 3H), 2.27 - 2.23 (m IH, 1.90 - 1.40 (m
4H) . The starting nmaterial,

3- [ 3- (8- br or? stHTeshmesurs of (Ly(apinueidip3ryydrazing dinydrpehlenidef10e m& Q9 prepar ed
Tl : . ) . v T :
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an'sy drpottsores-basmo-ti{ipldnp-Mwasbadidatic acid ethy] poetliyinochloride (135 mg, 0.5

S-b -t hi oph N- i mdi id ethyl t hyd hl ari 135 , 0.5

ol ) TRb. TR GRS S5 LY 85 GO0 G1o8 STBFC EEooBFPEALAY S gt Bper at ur e

for 12tre|3%ﬂr\§ithm{r£eﬂg)ﬁl QethWiokRate (0.8t 3.0 Eﬁrg&ﬁ,o%ﬁfﬁﬁ% eétBd B Mterowat® #aBiation and

subj ected t rowave Irradiation at 120°0C for 20 minutes. The volatiles
wer e rabidd&a@ for2Omatmbesaiide volatilps wdreoemowred dumacuasngiheipiodigt topidue ael
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MeOH/

3-{03- (MeOHRMorofraPhaaea: thlgvd 3-[R(FAbtomaaphey 2l yisHii puddiaedlie (125 ng) as a
white solid. M5 (ESt+) 339/41, (M—R}. b. The | -(lﬂw nucl i di n- 3-yl) - hydrazi ne
di hydrlasimiclidiae (E2umahenaWhke s@ide PAY €5 D330 HdHEdescribed in J . Med.

Chem ,; 35-,+1280 (1992  CLAWNS 1. As (] J 0y I
wnereith: b TR SRSl FyfErdin SRRSO oI T 1 o v
p pi inetdodsdaaatibdd iarJeMeddEpandafit 1280589920t ed from a 5- or 6-nenbered
aromatic or heteroaromatic ring having O, 1 or 2 nitrogen atons, O or 1

oxygen atonms, and O or 1 sulfur. atoms, or selected froman 8-, 9- or
10- menbered fused aromatic or heteroaronatic ring



system having 0, 1, 2 or 3 nitrogen atons, 0 or 1 oxygen atons, and O or 1
sul fur atons; wherein E and G are unsubstituted or independently have 1, 2
or 3 subswotwenics213el ect ed from - @3Qal kyl , - C2- Coal kenylPCTSE20080ad9ky ny| |

hal ogen, -CN, -NO2, -CF3, -CONRLR2, -S(OnRl, -NR2R3, -CH2NR2R3, -OR1,
-CH2OR1 or -CO2R4; Rl1, R2 and R3 are independently selected at each
occurm&gﬁ/{grom hydr ogen, hal ogen, -Q Qal kyl, aryl, heteroaryl, -C(O R4,
-C(O P CO2R4A or -S2R4 or R2 and R3 in conbination is -(CH2)j G CH2) k-
wherein Gis oxygen, sulfur, NR4, or a bond; j is 2, 3 or 4, kis O 1 or
2, nis 0, 1 or 2, and R4 is independently selected at each occurrence from
hydr oden, -AClongeuniyaccording to fesmuiet er oaryl, or a stereoi somer, enanti oner,

i n vzvo-hydrol ysabl e precursor or .a pharnaceutically-acceptable salt
thereof. 2. A conpounds according|to O ai nglwherein:E is a 5-nmenbered
aromatic or heteroaromatic ring ' tenitrogen atomand 1 oxygen atom 1
oxygen atom or 1 sulfur atom i 6- mei rbered aromatic ring having 0 or
1 nitrogen atonms; wherein Gis substituted or has 1 substituent selected
from-Cl-Qal kVl, -C2-C6al kenyl, -C2-C6al kynyl, hal ogen, -CN, -NO2, -CF3,
-CONRLR2, -S(OnR1, -NR2R3, -CH2NR2R3, -ORl, -CH2OR1 or -CC2R4, or a
stereqiRpiEr ., enantioner, in vzvo-hydrolysable precursor or a

phar maceutical | y-acceptabl e salt thereof. 3. A conpound according to daim
1 wher ei n: TEis ssleate8-frasnbmielits acomding ¢o trmulx By BRA¥MEN ¢ ring having 1

ni trogen atom an oxygen at 1 oxygen gtom or 1 sulf atom Gis a
6- menber ed ar)‘o/ﬁ"l'izL ng ﬁf%%f\,or 1;‘12%%&atpt\m;/— rgi n Gis
unsubsti t ut ed: h substiuent. sel ect f e - G -xd8al ky+s. - CONRLR2 or
-NR2R3, or a ster®@oi somer, gnaNtiomer, in va-,'hydr ol ysabll e’ precursor or a
i I v v;
© 10 E and G are independently 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;
wherein E and G are unsubstituted or independently have 1, 2 or 3 substituents
15  selected from -C;-Cealkyl, -Co-Cesalkenyl, -C,-Csalkynyl, halogen, -CN, -NO,, -CF3,
-CONR'R?, -S(O),R", -NR’R?, -CH,NRR?, -OR, -CH,OR' or -CO,R%
R!, R? and R? are independently selected at each occurrence from hydrogen, halogen,
-C,-Caalkyl, aryl, heteroaryl, -C(O)R®, -C(O)NHR*, -CO,R* or -SO,R*, or
R? and R® in combination is (CH2);G(CHy),- wherein G is oxygen, sulfur, NR* ora
20  bond;
Jis 2,3 or4;
kisO, 1or2;
nis0, 1 or2, and
R* is independently selected at each occurrence from hydrogen, -C;-Caalkyl, aryl, or
25  heteroaryl, or a stereoisomer, enantiomer, ir vivo-hydrolysable precursor or a

pharmaceutically-acceptable salt thereof.

2. A compounds according to Claim 1 wherein:



pharmaceutical |l y-acceptabl e salt thereof. 4. A conpound according to Caim
1 selected from 3-(5-(5-phenylthiophen-2-yl)-

1, 3, 4- oxawloar@los221y| ) qui nucl i di ne; - 3t £ 3- (5- phenyl t hi oph@nTAERI0FA01919

1, 2, 4- oxadi azol - 5-yl ) qui nucl i dine; 3-[3-(5-Pyridin-3-yl-furan-2-yl)-

[1, 2, 4] oxadi azol -5 -yl ] quinuclidine; 3-[3-(5-Pyridin-3-yl-thiophen-2-yl)-

1,2, 4 i -5 vl i | idi ne: . . .
[5° (b pnangye riebese it Rc b Sompmani ring Hyying. ) nirppaioe 2nd |

[ 5- (&ry%ﬁht@hﬂ-l%ﬁ?eﬁ stoaf) o2t Yhlfurfatond, 4] oxadi azol - 2-yl ] qui nucl i di ne;
5-(5-Pyridin-3-yl-thiophen-2-yl)-[1, 2, 4] oxadi azol - 3-yl ] qui nucl i di ne;
5-
5-

i % ( 5- Pyr@ds #6gugmbergd aypmmtiy ring hpving £ o laaiiragdl at8ms) | qui nucl i di ne;

aﬁn d[e_@i nugh LG %5 Wlshbdtlina 4 Q20 BERuert sblebich HRR-Er ¥l N-di met hyl - ben
-{H- [_%jz(@l'kﬁﬂﬁl HOli-OgaBicyty), Halogda, ATDX ad0az-GIF; 2O0NR IR S1ORRY) INRIRY: di met hy| -
enzam qge,

C[5- (SRR B TOR 'y tCHQB ot -S QYR ), of p sterenissmas spastionmes, i1 virg-hudiolsabs:

-[5- (5= e [ s B PRVA R - v adi azol - 3-yl ] qui nucl i di ne;
3-(3-(@-e p@é@é?ﬁ’?‘%ﬁﬁ t .op‘{h%%%%%b}%%lfﬁﬁ?‘?e?é, 4-triazol -1 -yl ) qui nucl i di ne,
and 3-[3-(5-Phenyl -t hi ophen-2-yl)-[| ,2,4]triazol-1-yl]quinuclidine.5 A
nmet hod, of treatnment.or pr.o Xi f a disease or condition in which
acti vati on %ﬁmFﬁ@u%%7“Wg%BgF%¢§H?ié@ﬁ?%?zis beneficial which nethod
conpri ses adig N5 Sh@hbded AoklAEE aPBHéoa¥maticeideatiingel ML atofa addgompound

according to Caiml to a subject suffering fromsaid di sease or condition.
6. Theo¥igehewnofl Gygemptom, whépdiin aéand di sease or condition is anxiety,

schi zophr enia ni .G hessi 7. . of treatnment or

pr ophyl axi ch% a%‘F‘%F‘%r&?gg%%‘ﬁ?‘%%ﬁ%?‘??%‘%ﬁ&%? Ig%Fg&?gcg)’r ders or intell ectual

i npai r ment @h&ende rsunsibtithied onpusi IsabshshSetcaxdifgn aC -Oaillap s @ONRIRY
effective gnmpunt of a conpound accordi n%dto c g{ m1l. 8. The nethod of Claim
7, whePeNR Kai O aditererigerper, snanflomer, fpprve-Tyflelysable nrecrsor fgadeficit,

coghi t] [¥Tey 1 A0 i iecit, nmenory |loss, Attention Deficit

Hyggra }?"?‘\?gﬁ/ﬁ‘%ﬁ o?%?@ﬂfgas?ﬁf]%g%}rﬁ" s di sease, Huntington's disease,
Tourette's syndrone, neurodegenerative disorders
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4. A compound according to Claim 1 selected from:
3-(5-(5-phenylthiophen-2-y1)-1,3,4-oxadiazol-2-yl)quinuclidine;
3-(3-(5-phenylthiophen-2-yl)-1,2,4-oxadiazol-5-yl)quinuclidine;

20  3-[3-(5-Pyridin-3-yl-furan-2-yl)-[1,2,4]oxadiazol-5-yl]quinuclidine;
3-[3-(5-Pyridin-3-yl-thiophen-2-y1)-[1,2,4]oxadiazol-5-yl]quinuclidine;
3-[5-(5-Phenyl-furan-2-yl)-[1,3,4]oxadiazol-2-yl]quinuclidine;
3-[5-(5-Pyridin-3-yl-furan-2-y1)-[1,3,4]oxadiazol-2-yl]quinuclidine;
3-[5-(5-Pyridin-3-yl-thiophen-2-yl)-{1,2,4]oxadiazol-3-yl]quinuclidine;

25 3-[5-(5-Pyridin-3-yl-furan-2-y1)-[1,2,4]oxadiazol-3-yl]quinuclidine;
3-{5-[Quinuclidin-3-y1)-[1,2,4]oxadiazol-5-yl]-furan-2-y1}-N,N-dimethyl-benzamide;
3-{5-[5-(Quinuclidin-3-y1)-[ 1,3,4]oxadiazol-2-yl]-furan-2-y1} -N,N-dimethyl-benzamide;
3-[5-(5-Pyridin-3-yl-oxazol-2-y1)-[1,2,4]oxadiazol-3-yl]quinuclidine;
3-[5-(5-Pyridin-4-yl-oxazol-2-y1)-[1,2,4]oxadiazol-3-yl]quinuclidine;

30 3-(3-(5—(pyridin-3-yl)thiophén—Z-yl)-1H—1,2,4—triazol—1—yl)quinuclidine, and
3-[3-(5-Phenyl-thiophen-2-yl)-[1,2,4]triazol-1-yl]quinuclidine.
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in which there is loss of cholinergic synapses, jetlag, nicotine addiction, craving, pain, or

ulcerative colitis.

9. A method for inducing the cessation of smoking comprising administering an

20  effective amount of a compound according to Claim 1.

10. A pharmaceutical composition comprising a compound according to Claim 1 and a

pharmaceutically-acceptable diluent, lubricant or carrier.

25 11. A method of treatment or prophylaxis of a disease or condition in which activation of
the o7 nicotinic receptor is beneficial which method comprises administering a
therapeutically-effective amount of a pharmaceutical composition according to Claim 10 to a

subject suffering from said disease or condition.

30 12.  The method of Claim 11, wherein said disease or condition is anxiety, schizophrenia,

mania or manic depression.



schi zophreni a, mania or mani c depression, Parkinson's disease, Huntington's
di sease, Tourette's syndrone, or neurodegenerative disorders in which there
is | oss ovochaddssAargi c . synapses. -3F- The use of a conpoursg2@soomdd ng to
Caim1l, in the manufacture of a medi canent for the treatnent or

prophyl axis of jetlag, pain, or ulcerative colitis or to facilitate the

cessatjpn of snpking, or. the treat ni,coti.ne addi cti nor
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or intellectual impairment disorders, which comprises administering a therapeutically

effective amount of a pharmaceutical composition according to Claim 10.

5 14, The method of Claim 13, wherein said disorder is Alzheimer’s disease, learning
deficit, cognition deficit, attention deficit, memory loss, Attention Deficit Hyperactivity
Disorder, Parkinson’s disease, Huntington’s disease, Tourette’s syndrome, neurodegenerative
disorders in which there is loss of cholinergic synapses, jetlag, nicotine addiction, craving,
pain, or ulcerative colitis.

10
15. A method for inducing the cessation of smoking comprising administering an

effective amount of a pharmaceutical composition according to Claim 10.

16.  The use of a compound according to Claim 1, an enantiomer thereof or a

15  pharmaceutically-acceptable salt thereof, 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 selected from neurological disorders, psychotic disorders,
intellectual impairment disorders, Alzheimer’s disease, learning deficit, cognition deficit,
attention deficit, memory loss, Attention Deficit Hyperactivity Disorder, anxiety,

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

Tourette’s syndrome, or neurodegenerative disorders in which there is loss of cholinergic

synapses.

17.  The use of a compound according to Claim 1, in the manufacture of a medicament for
25 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 including that resulting from

exposure to products containing nicotine.



