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AM NES OF SPI ROFURCPYRI DI NES USEFUL | N THERAPY  This invention relates to
Jovel subst weib@4koadri nes of spirofuropyridines or pharmaceuti 8&TISE/02478
acceptabl e salts thereof) processes for preparing them pharnaceuti cal
conpositions containing themand their use in therapy. A further object is

to provide active i0o conpounds) which are potent |igands for nicotinic

acetyl choline receptors (NAChR s). BACKGROUND COF THE | NVENTION i s The use

e AL, A PSSR TR A P, ™
Al zheinmer's di $¢ASRAP§OINItive or attention disorders, anxiety, depression,
snoki ng cessation, neuroprotection, schizophrenia anal gesia, Tourette's

syndrone) and Parki nson's di sease h ssed in I\/b

| 995) "Nicotinic Acetylcholine Rece I ar Bi ol ogy mgm’lﬁ«m““ry
and Phar macol o%", Chapter 5 in Annua n Medi ci nal vol .
30) gyp. 41s50] s Inc. San 6égo) CA; WIlians et*G&POZ*( 1994)
"Neuronal Nicotinic Acetylchotine Recept ors," Drug News & Perspectives,

vol. 7, pp. 205-223; and Lin and Meyer, "Recent Devel oprrents in Neuronal

Ni cotinic AcetyhishNdnii8n REGEPoHovADIBERL RIS inEXF spiddifiropiiEihes Hat ent s.
(1998)) 8(8): 991-1015. ~s US Patent 5,468,875 discl oses aI kyl car bam c
aci d | -azabi cyphfmm[anlmcaI)}hz;pcpt@lyBalESSmeneef \pmq;hsmrfer mpama thgmapharveaceutical
muscarini ¢ agents useful i atnent of, gease and o éher

di sorders. so ‘f@"(‘@sétf%)‘f?[btﬁ@fﬂgltS’C‘Bé‘PBgFﬁ‘Eu%c‘P@!‘cmpy A Furaw object 1s to provide active
1- azabi CyC\oo(Zco%n J2a Akich ¥k pBRheliSardt ForchishiMae ekt lQhﬁW:@@ﬁt@ it

465- 466 1993) along w tlh thg o%aa a(neslt hetic a%tl Vit s { Rtg‘}f/ﬁ\(
2003 WO OOI 42044 2 PGI/ SE991024~8 phenyl carbam c acid 1- azab| cyclo
[2.2.2]octan-3-yl esters substituted at the ortho position on the phenyl
ring are descri bed as | ocal anaesthetics in Acta Pharm Suecica, 7, 239-246

( 1970). .. g,g\qy atveERT8eN rol I ing synaptic transm ssion are
di sclosed in V\D 051 DI SCLOSURE OF THE I NVENTION i 0o According to the
invention it has been found that conmpounds of formula I, R5 -'" N-RT ~J s

15 The use of compounds which bind nicotinic acetylcholine receptors in the treatment of a
range of disorders involving reduced cholinergic function such as Alzheimer’s disease,
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,

20  Chemistry and Pharmacology”, Chapter S in Annual Reports in Medicinal Chemistry, vol.
30, np. 41-50, Academic Press Inc., San Diego, CA; Williams et al. (1994) “Neuronal
Nicotinic Acetylcholine Receptors,” Drug News & Perspectives, vol. 7, pp. 205-223; and
Lin and Meyer, "Recent Developments in Neuronal Nicotinic Acetylcholine Receptor
Modulators”, Exp. Opin. Ther. Patents. (1998), 8(8): 991-1015.

US Patent 5,468,875 discloses N-alkylcarbamic acid 1-azabicyclo [2.2.1]hept-3-yl esters
which are centrally active muscarinic agents useful in the treatment of Alzheimer’s disease

and other disorders.

30  N-(2-alkoxyphenyl) carbamic acid l-azabicyclo[2.2.2]octan-3-yl esters are disclosed in

Pharmazie, vol. 48, 465-466 (1993) along with their local anesthetic activity. N-



vy NN\O"A | is wherein NRR, is attached at the 5- or 6-position of tpef MAY 2003
furopyridine ring; Ris hydrogen, Cl-C4 alkyl, COR2; Rt is (CHZ) ~Ar,
CHZCH=CHAT) v ofridgs - - CAr; nisOto3; xo Ais hl or NO Ar is aper/sebo/2478

* 6-nenbered aromatic or heteroaromatic ring which contains zero to four
nitrogen atons, zero to oue oxygen atons) and zero to one sul fur atons; or
an 8-, 9- or 10-nenbered fused aromatic or heteroaromatic ring system
containing zero as to four nitrogen atons) zero to one oxygen atons, and
zero to one suhenylcarbaiiic acidY-a@hbicyclo £2.MAYoctAR3-)est@3/sdBétdted at the ortho position
PCTI SEQ9/ 02478 whi ch may optionally be substituted with one to two
subst i t ut ent s dnrtfie pberid ming\aresdasedbedastlpeghanpestiagiion in detaiRhgorobusctop, 7, 239-246
-4 al kyl; Eﬁ 7({3 hydrogen) C--C4 al kyl; C--C4 al koxy; or phenyl ring
optionally su ? uted with one to three of the follow ng substituents:
hal ogen) C~-C4 al kyl, CzZ-C4 al kenyl, C2-C4 al kynyl, OH4 OC 1-C4 al kyl)
CO2R5, -CN, -NO2, -NR3R4, or -CF3; R3, R4 and R~ are independently
hydr ogen; & ~-Fotomyiridyties usefupinesoptrollinggsyoaptiotrandnyission ara ldsscidsed adW@ OH051h39.
to three of the follow ng substituents: hal ogen) C--C4 al kyl, C2-C4
al kenyl, Cz-C4 al kynyl, OH OC 1-C4 al kyl, CO2R2, -CN, -NO2, or -CF3; or an
enanti oner thereof, and pharnmaceutically acceptable salts thereof, are
potent |igands for nicotinic acetylcholine receptors. ~s Unless otherw se
i ndi cat ed) thd®DISCLOSJRBIOHTHEINVENTEINrred to herein, e.g., nethyl,
ethyl, n-propyl, n-butyl) i-propyl, i-butyl, t-butyl, s-butyl, may be
strai ght-chai ned or branched) and the C3-C4 al kyl groups may al so be
cyclic) e.qg., . : I i indieated, the C
1-C4 al kox'g gr%égés&?ée er%é%‘%%{g&ﬁg;ﬁt&yh?cigg%}? ty?ra;tt% ﬁg‘%g@dgt o%ﬁ‘ﬂ%ipr opoxy)

i - propoxy, n-butoxy) i-butoxy, t-butoxy) s-butoxy) nmay be strai ght chai ned

or branched. Unless otherwi se indicated) the C2-C4 al kenyl groups referred

to herein nay contain one or ~s two doubl e bonds, e.g., ethenyl,

i -propenyl) n-butenyl) i-butenyl, allyl, 1,3-gputadienyl. Unless otherw se

indi cated, the CZ-C4 alkynyl groups referred [to herein contain one triple

bond'., e.g., ethytiyl) propynyl, 1- or N«nél. so Hal ogen referred to
prl i B

herein may be fluoride, chloride i de.

15 wherein
NRR; is attached at the 5- or 6-position of the furopyridine ring;
R is hydrogen, C;-Cy4 alkyl, CORj;
R is (CHy),Ar, CH;CH=CHAr, or CH,C=CAr;

nisOto 3;
20 AisNorNO;

Ar is a 5- or 6-membered aromatic or heteroaromatic ring which contains zero to four

nitrogen atoms, zero to one oxygen atoms, and zero to one sulfur atoms;

or an 8-, 9- or 10-membered fused aromatic or heteroaromatic ring system containing zero

25 to four nitrogen atoms, zero to one oxygen atoms, and zero to one sulfur atoms; any of
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(subst) phen s to a phenyl ring optionally substituted y 0
three of th q({?ﬁfzg‘% ng substituents: hydrogen, hal ogen, C 1- Cﬁd{f&fe{ kge{a,g“%z-m
‘al kenyl, C2-C4 al kynyl OH, OCR-C4 al kyl, COZRS) --CN, -N02) -NR3R4, -CFg.
Preferred conpounds of the invention are conpounds of fornula | wherein A
is N Preferred conpounds of the invention are conpounds of formula I
wherein R, is (CHZ)nAc. Preferred conpounds of the invention are conpounds

of formula | vibichimayreptiogally besubstitytectpith onpretvee substivwantoindepsndéntiyhselected
invention are conppunds of_fornul.a, l erei , 1S CH2CrCAr. is Preferred
conpounds of tfﬁ%mi ﬁ%‘%"tr}'gﬁﬁﬂ‘éqrgméh\%cﬂﬁﬁéébfﬂ%ﬁrrrul a |l wherein Ar is
selected fromthe group: phenyl ring optionally substituted with one to
three of the follow ng substituents: hal ogen, C 1-C4 al kyl) C2-C4 al kenyl,

C2-C4 al kynyl ) QH, ~- Kyl 5., -CN) -NC2 .-NR3R4, and -CF3; 2-)
3-) or 4-pyridns *‘ngcc’gBP' rﬁa?ﬁ?& &Q,a"i?ﬁ‘%%frﬁ”&ﬁ% ungoptiogally,sybstituges, witly one
1, 2-, or 3-pYkhdelnf the A :;ha%gés o Z 0
Preferred corrpt([gtjl%l }sgo(fng?e t%leleﬁlhr{\lfye%ts?%[%&g% e congbgha(g‘{%lgy lf g%% %k%ldy\l/m%r_g4n Ar
is selected frabkyryheOHr 0y-C4 alkyhICQyRapNiyNO2-NR3R), ot—~CH3:) 6-) 7-) or
8-quinolyl; 1-, 3-, 4-, 5-, 6-, 7-, o. 8-isoquinolyl; 2-, 4-, 5-, 6-, or
7- benzoxazolyl; and 3-, 4-) 5-, 6-) or 7-benzisoxazolyl. a Preferred

conpounds of tgeg 100 of. 40 A i : and
Rs are i ndepen%%r%%ahrﬁyﬁi?ggg%,&%@@?{g%%ﬁ%ﬁl. tngikg%’é%g%gégﬁ%{gunﬁﬁg of
t he i nventjoon sabstitardpoittnose wfthiee ofittieafollowirey sibstitaeints: Halogen 2C f-Qyaky2 00 3-0

001 42044 PCT/ SE99/ 02478 5 Preferred conpounds of the invention are
conmpounds of fadeanyl. £r-Cartdipyayh Okl QC imfelr 38N COnRef L NedN@omsotifids of t he

i nvention are conpounds of fornmula |I wherein Ar is an heteroaromatic ring.
Preferred conpounds of the invention are conpounds of fornula | wherein n

is 1, Ris hydregefagivihdthérsofand phttrasnirally acdepable sRlteitRidofhrE poBMUNEIRdS
of the invention include the following: to R (-)-5"-N(Phenyl net hyl)

ani nospi r o[ 1- doabiceliir gretylzhotingcieggpsorns, 2 - (3' H) - f ar o[ 2, 3b] pyri di ne] ;
R-(-)-5-(2-Pyridyl methyl) am nospiro]

1- azabi cyc'lso[ 2.2.2]octane-3,2'-(3" H)-faro[ 2, 3b] pyri di ne];

R-(-)-5" - (3- Pyileks| omériade) indighte @ 03EC, alkyl groups referred to herein, e.g., methyl, ethyl,
1-azabi cyclo[2.2.2] octane-3,2'-(3"'H-faro[ 2, 3t5 b] pyridine]; .
R-(-)-5"-(4- pRyprogyl, eyl i-propyl, i-butyl, t-butyl, s-butyl, may be straight-chained or branched,

am nospiro[ 1- i C c_I% ) t - (3 HL = f ] Ldine] ;

am 0SBl ToL L RaMC¥Ele] i AbOK RRPas Be efcliclLa! B absrophl Efotuh
am nospi ro[ 1-azabi cycl o[ 2. 2. 2] octane-3, 2" - (3" H)-faro[ 2, 3b] pyridi ne];

20 Unless otherwise indicated, the C{~Cy4 alkoxy groups referred to herein, e.g., methoxy,

ethoxy, n-propoxy, i-propoxy, n-butoxy, i-butoxy, t-butoxy, s-butoxy, may be straight-

chained or branched.

Unless otherwise indicated, the C,~C,4 alkenyl groups referred to herein may contain one or

25 two double bonds, e.g., ethenyl, i-propenyl, n-butenyl, i-butenyl, allyl, 1,3-butadienyl.

Unless otherwise indicated, the C,~Cy4 alkynyl groups referred to herein contain one triple
bond, e.g., ethynyl, propynyl, I- or 2-butynyl.

30  Halogen referred to herein may be fluoride, chloride, bromide, or iodide.



20 R(-)-5' -(3- Furanyl ret hy! ) 2 6 MAY 2003

am nospi r o] wapgaddosd/Cl o[ 2. 2. 2] octane-3,2' - (3' H)-faro[ 2, 3 b] pwdriryeloz47s
R-(-)-5"-(2-Thi enyl met hyl)

. ami nospiro[ 1-azabi cycl o[ 2. 2. 2] oct ane-3,2' - (8" H}-faro[ 2, 3b] pyri di ne];

R-(-)-5-(2-1m dazol yl net hyl)
at ni nospi ro[ 1- azabi cycl o(2. 2. 2] octane-3,2' - (3" H -faro] 2, 3Zs b] pyridi ne];
R-(-}-5 I\l-(4{}\rﬁesfsmd)thsay:hdmdtws)ubst)phcnyl refers to a phenyl ring optionally substituted with

am nospirof[ |l -azabicycl o] 2 2] oct ane- 3, 3-b ridine
)-5' NP ( 4- [Chl @pg%@%@g qf&lpq@llpwm w@gt&up@)tf hydrolg)en hal([wgen Cl]—%y alkyl, C;—C4 alg(enyl

I-?xgibl5 cyef ?Eﬁ%cﬁ&m@g F@ﬁeot’%yg alyl 81, Sl 20 ILRRLR S,

am nospiro[ |l -azabi cyci o[ 2.2.2]octane-3,2"-(3 H)fur o[ 2, 3-b] pyri di ne]; Zs
MaY zoo3 WD 00/ 42044 6 PCT/ SE99/ 02478 R-(-)-5-N-(3,4-Di chlor ophenyl met hyl )
am nos p| rof 1Pmfenedsampsiundsobthe invendosar comowmfcfpznmad]wd;cmum@w
R-(-)-5 -NAcetyl- N (phenyl methyl) am nospiro[

1- azabi cyclo[2.2.2]octane-3,2"-(3 Hfnro[ 2, 3-b] pyri di ne];

R-(-)-5" - N- Meplatbrdl (phpundeBt B knvention are co ds of formula I wh R, is (CH

am nospl ro[ 1-azabi cycl o] 2. 2. 2] oct ar?:a1 l% 2' (mplebl?usr%[ c2>rmua Bg/rer%n lls( 2nfr
R-(-)-5 -N(3-Pyridyl)am nospiro| o

é_ ?Z? bgcyﬁll_ ?%ﬁé%ﬁf%f@%@ﬂ@éﬁ% %gggml_\%fx{igr{ nge%br:r)’xgl)gr\{ésl oc{’l fn rerln’xla [wherein R, is .
1-azabi cyq] o( &pctiayane- 3, 2' (3' H)-faro[ 2,3 io bJpyridine];
R-(-)-5-N(3-Thi enyl met hyl ) am nospi r o]

1- azabi cyclo[2 2.2]octane-3,2'-(3" H-furo(~ b] pyridine];

R-(-)-5"-N(2-Pheny]| et hyl ) anunospi r o|. . :

S hbi oyl of Brolemid amitungs of e Bvepton s comappminatdoryla Lgerein R, is
R-(-)-5 N(S@@yj}&ropyl ) am nospi ro[ 1-azabi cycl o[ 2. 2. 2] octane-3,2' - (3" H) -
faro[ 2,3 b] pyri dinel; R(-)-5-N(Qinoli n-3-y| met hyl ) am nospi r of

1-azabi cycl o[ 2.2.2J octane-3,2"'-(3 H)furo[2 - b] pyridi nej];

R-(-)-5 -N(Quinolin-4-yl nmethyl)am nospiro[

1- azabi cy#l o[ Preferpdrompunds of the mveptignore sorspoursisiof §ommuga d aherefa Ar js ssleqied
i’ gz Sgin é;g: 8?%85‘ @%ﬁéﬁ%ﬂ%@gﬁ{ﬁ Wn%iﬂi Tbﬁtl%‘tebd] ‘E‘)’ith one to, to hrce of the following

R-(-)-5" - N (1 satdeiarhtshardgent Gyq adikyl pGp#Gf@{lkenyl Cy~Cy alkynyl OH OC~C, alkyl,
1 azabi cycl 0[2 2. 2] oct ane- 3 2! %\4 H)furo[ ridi ne%
R (1)-5 2N (1 CBBs R G0 R It A BHBAER « 9E B SprEng: 2. 0 Bane-

[, 1- aggblHZ:yI:I g?%%‘z;’dr%lé{& g!éil@lzzl % r){_%mh%l( ghl %f%xya%?yl,@?yj3@1”?59952‘31&19

R-(-)-5"-& (3-Met hyl phenyl net hyl )am nospi r o[
1- azabicyclo[ 2. 2. 2] octane-3,2' - (3" H) so faro[ 2, 3-b] pyridine]; 2.6 MAY
2003 WO 00! 42Pekerredompgundsof the ipvention are compounds of formula I wherein Ar is selected

T gz?abi c;/lgll_ E)[ lt% glgpgnyl g%'gxé%ﬂ{_%gggfg{ %LB bYﬁ or. S(ﬂum?lyl 1-, 3-,4-,5-,6-,7-,0

R(-)-S-N(3 G&qﬁfu@@ﬂ‘r@ly&-ﬁﬂl |6y|o)'afﬂdﬂ26:m26@[ and 3-, 4-, 5-, 6-, or 7-benzisoxazolyl.
1- azabi cycl o[ 2. 2. 2] oct ane-3, 2" - (3' H) furo[ 2, 3- b] pyr|d| ne] S
R-(-)-5-N(3-Phenyl propynyl )am naspirof
| - azabi cy&l o[ 2. 2. 2] oct ane- -(3"'H)-faro[ 2, 3b] pyri di nej];

Preferred compounds of the invention are compounds of formula I, wherein R3, R4 and Rs

are independently hydrogen, or C;-C4 alkyl.

30  Preferred compounds of the invention are compounds of formula I wherein n is 1.



*R-(-)-5"-N(3-Hydroxyphenyl net hyl ) am nospi r o] 2 6 MAY 2003
1- azabi cycl o}yQ.094Z4éct ane- 3, 2' - (3' H)furo[ 2, 3- b] pyri di ne]; PCT/SE99/02478
R-(-)-5"-N(4-Hydroxyphenyl met hyl ) am nospiro
"l-azabicycl o[ 2. 2. 2] octane-3,2' - (3" H)io faro[2, 3-b] pyridi ne];

R-(-)-5 -N[trans-3-(4-Pyridinyl)prop-2-enyl]am nospiro(

1-azabicyclo[ 2. 2. 2] octane-3,2' (3" H) -faro[ 2, 3-b i di hej; ) )
R(-)-5-N Ace?{ﬁfg%ﬁcf%q‘qﬂﬂ“@ﬂﬁl?éfg? ﬁ{ymtéqﬂ %ngmpl}FXc{s ocP fon-Jlula [ wherein R is hydrogen.
1-azabi cycl o[ 2. Z. 2] octane-3,2' - (3" Hfuro[ 2, 3-b] pyridine]; -~s

R-(-)-5 -N Mt hyl-N(4-pyridyl methyl)am nospiro[l-azabicycl o[ 2. 2. 2] oct ane-3
, 2' - (3" H) far oPgférdd qonipotindedf the invention are compounds of formula I wherein Ar is an
R-(-)-5 -N Mt hyl-N(3-pyridyl met hyl ) am nospi ro]

| - azabi cycl o[ 2hétermpematieding. 2' - (3' H) f ur o( 2, 3- b] pyri di ne] ;
R-(-)-5"-N(2-Hydroxyet hyl)-N(3-thienyl nethyl)am nospirof

1-azabicyclo[ 2.2. 2] octane20 3,2'-(3"H)-faro[ 2, 3-b] pyridine]; and

enanti onmers t hefeggted fthoRhdy raREbemnl dte a6RpPIrIalof fomllS I WABKRPH is 1, R is
Particularly preferred conpounds of the invention are conpounds of fornula
| wherein n i shydrogen andrrds ag befcrpamaticitiigan het er oaromatic ring, incl udi ng
the foll owi ng conmpounds: zs R-(-)-5"-(3-Pyridylnethyl) am nospiro|

1- azabi cycl o[ 2. 2. 2] octane-3,2' -(3' H)-faro[ 2, 3b] pyri di ne];

R-(-)-5" - (4- PypjetbdaRbmpoln®&nariesinbémion include the following: o

| -azabi cycl o[ 2. 2. 2] octane-3,2'-(3' H)-faro[ 2r3b] pyri dine]; and enantioners

t hereof , amd pRérraeNuPhemt!ingthah emmasbire[ IszdabicyclnEY. 281act8@-3,2 2(38H)-dYrof 2,63
WO 001 42044 8 PCf, E?ﬁ102478 The conpounds of the invention have the

advant age thatb]ﬁ’%én y be less toxic, be nore efficacious, be |onger
acting, have broaderps Ve BV F E r ©d _ _
side effects) a%lrzepﬁo?(’apbéa il ?/tﬂg gtg}rdg\é%&a(()[rl ‘%33‘%?%23‘?5%?8{3’533?%@%%?ca|
properties, s Wpyhdide],of Preparation . In the reaction schenmes and text

that follow, nd.R.~...pnl ess ot herwi i_ndi cat re as, i,0.define
above for forﬁﬁ 77 .'(3F%9F‘THL.§'F’8“%’?IP RINOSPIE ngblgycg %ﬁ&‘aBF‘%f%F(ﬁﬁﬁhmm&'}
wherei n NRRi ib°’] ?ﬁ&iﬂéﬂt}ed at the S-position of the furopyridine ring.
Formula I X reprgsents a conmpound of forrmula | wherein NRRL is attached at

t he 6-positi orR)-’h@-gRyridglmetigil neninbspmiro[ Arazapeede 1252 Inhctake -3 (2 dERfuso(2,3-
hal ogen) NO2, qr NHR.. The conpounds of fornmula | may be prepared accordi ng
to the met hodPBW4P¢ed in Scheme 1. 2 6 MAY 2003 WO 00142044 9 ON Il O

N~ ~ 1 BHB 1 IR (B30 R ranyTmetyPambhdspfobiT-2a8—y A8 (28 2] dtdn¥-3, 743" H)-furo[2,3-

b]pyridine];

20 R~(-)-5"-(3-Furanylmethyl) aminospiro[ 1 -azabicyclo[2.2.2]octane-3,2’ (3" H)-~furo(2,3-
b]pyridine];
R-(-)-5"-(2-Thienylmethyl) aminospiro[ 1 -azabicyclo[2.2.2]octane-3,2’-(3’H)~furo[2,3-
b]pyridine];
R-(-)-5"~(2-Imidazolylmethyl) aminospiro[ I-azabicyclo[2.2.2]octane-3,2’-(3"H)-furo[2,3-

25 blpyridine];
R-(-)-5’-N-(4-Methoxyphenylmethyl) aminospiro[ 1-azabicyclo[2.2.2]octane-3,2"-(3"H)-
furo[2,3-b]pyridine};
R~(=)-5"-N-(4-Chlorophenylmethy!) aminospirof {-azabicyclo[2.2.2]octane-3,2"~(3"H)-
furo(2,3-b]pyridine];

30  R-(-)-5'-N-(4-Methylphenylmethyl) aminospiro[1-azabicyclo[2.2.2]octane-3,2’-(3"H)-
furo[2,3-b]pyridine];



M VI (1) ~ R--~~/~""NNO O NONRL VI IX(l) Schene 1. %6 MAY 2003
Conmpounds of fornmula I wherein A represents NO may be prepared from
conpounds ofWO@PMIME | wherein A represents N by oxidation w tRCTSESe0DKBdI C

Yreagent in a suitable solvent, followed by reduction of the tertiary amne -
oxides in a suitable solvent. Oxidizing agents include hydrogen peroxi de,

m chl or oper benzoi ¢ acid, peracetic acid, or nmagnesiumio

nonoper oxypht h , eferred gxidant is mch] oroperbenzoic acid.
Suitabl e i nert%@%e‘ﬁziﬁ%éﬂ}'&@pi‘ﬁFﬁ%ﬂ&hﬁmMHWbﬁ@a Khelpidfe2logtge-3,2°-(3 H)-
1, 2-di chl or oet hgyp 3-bhscRiigf1er red solvent is dichloronethane. The reaction

: f2 rifife]f

is usually conducted at” a tenperature from-20C to 66C, preferably fromOC
to 20C. Reduci Rg(-dgeN-Acerytd Ndphes:grhﬂ&ﬂmyl()ihmi:icckpimﬂd-atiHi@&Mle}@c&mH-J‘,@%-(_o,Th%
preferred reagent js fpul fur dioxide. Suitable inert solvents include

6 MAY 2003 WO Bupls¥hlpyridimt/ SE99/ 02478 water and al cohol s The preferred

sol vent is ethgnol .z i L ted. at erature from
T20C to sod pRareraa S RAn Rt rinlnoSRAL ARSI Sy A 3L Rk
represents CORBir6Ry3-Bipypidaiedy ed from conpounds of s fornula | wherein R
represents hydrogen using a suitable acylation procedure. Typical acylation
procedures incR 5%Ne@t%mﬂylmwsalfdérmhywb[géi?uiotam-&wa+furaxﬁ2,agent ,
for exanple di ﬁﬁ%gg{gryl carbodiimde, in a suitable solvent, for exanple
tetrahydrof uramf’or " treatment with a carboxylic acid chloride or anhydride
in the presencr-(oj-6aNQ@senylhBtyDamimspies! 1laBRYclc2 RgsamRM 2 Y4 H)-ffrof2,3-
carboxylic anh%/drl_d;a. Sui tabl e bases include i0 triethylam ne,

4- (N, N- di mea hyblpitidioplyri di ne) or pyridine. The preferred base is pyridine.

The reaction ig usua ndyct ed.at .a tenmperature QC to | 20C, .
preferably frogﬁ(ggg.'H'&t'gﬁfﬁﬂﬁeﬁwwaggﬁmc éocttp’)@e?gﬁ?té%?‘i?o'@ Ehnfyelnd
VII by reacti qupwiailﬂep} hal ogenating i s reagent such as phosphorus

oxychl ori de, phosphorus oxybrom de, phosphorus pentachl ori de or phosphorus
pent abr oni de) Rdtl-dwke(2Bhengkzttyl)aminaspitodnazabicyela(A. 2] octames-3,2 5¢3 " ¥ibitro[ T, Be
preferred hal otﬂena Jd gﬂ agent i s phosphorus oxychloride. The hal ogenati ng
reaction is us Bﬁ”é/m nducted at a tenperature fromOC to 1S0C, preferably
from80oC tg 1&@@_-»%&@[?&%@?6&9&%%5&&[1b&a%%yc%rz.r2m5ﬁﬁifél3,§@gnz.@m@§2,3_
above. Suitable inert zo solvents include al cohdlic solvents su S

met hanol and élpymdihgl;as wel | as aromatic sol vents such as benzene, tol uene
or xylene. Th ref.efred.iner ol vent is ethanol. . The reaction i sual |y
conduct ed at g"'ﬁ?ﬁ%gﬁ‘é&w‘é"q'r"r’%ﬁf%’aﬁF%“EB%!E‘;*E#’&FB*F&%PW? ﬁﬁapﬁ'@ést(gwmc.
The reaction %ﬁd{z,@hﬂpﬁﬁﬂiﬂa; may be facilitated by the presence of a

sui tabl e organonetal I'ic catal yst and a base. Suitable organonetallic

cat al yst's i nclRrfte-HaNH(Quinolinab ylpreskylJanrisosporgl | ezabiryalbi2ch2 joapndd, X ¢3° ke i n

situ froma squr f. pal.l adium and a suitabl e phosphine. The preferred
source of Pal ﬂﬁfﬂigaﬁlgﬁ?‘#‘f@(di benzyl i di neacet one) di pal | adi um (0). The

preferred phogapuye.-Ng14-Berzoliok uflbRABMHYyDBRSRDID] | -AzabT R D! -3,2'-
Sui t abl e bases itun)cl udg it hlfzam bi s(ﬁ{}i%rre ﬁyl s'?(lg'u'yll) aﬁ%%ﬁgira@gg‘%ér%m 32
t - but oxi de) pr@Briakd[,3sbipyndine}; but oxi de. Suitable so inert solvents for

(he T sacton 40 1 Oreeancs oL SOOI L SIS e Y
1, 2-di net hoxy%ﬁg’gqﬂpyﬂ@nﬁq; MAY 2003 WO 001 42044 PCT/ SE99/ 02478
25 R-(~)-5’-N-(trans-3-Phenylprop-2-enyl)aminospiro{ 1-azabicyclo[2.2.2]octane-3,2'-(3 H)-
furo[2,3-b]pyridine];
R-(-)-5'-N-(Thiazol-2-ylmethyl)aminospiro[ 1 -azabicyclo{2.2.2]octane-3,2’-(3"H)-
furo[2,3-b]pyridine];
R-(-)-5'-N-(3-Methylphenylmethyl)aminospiro[ 1 -azabicyclo[2.2.2]octane-3,2’-(3’ H)-
30  furo[2,3-b]pyridine];



-

11 and the reaction is usually conducted at a tenperature of 60C t@ 62MAY 2003
preferably weoewsas to i 10C. Conpounds of fornula VIII may bepCcprsepsexds
from conmpounds of fornula VI wherein E s represents NHR by a suitable

al kyl ati on procedure. Typical alkylation pr dcedures include treatment with
an appropriate al kyl halide or sulfonate ester and base, for exanple sodium
hydride, in a suitable solvent, for exanple DVF, or reductive al kyl ation

usi ng the appriifr)-atN-ErChiamopbenyireshyldrminospiraldrazabicyclal 2R catine-3,2'd(3¢HMg
agent in an inert l.vent.. The preferred nethod is reductive al kylation.
Suitable aro Rizé(r)tziem%a%l-i ncl ude ~o Ar(CH2) nCHO, Ar CH=CHCHO) or

Ar C- - CCHQ, 17 €\ €N XTE i [ : QW bl By
reductive al \Ix}ise(lﬂ Sr?gﬁgge‘%’tﬁglgp?%ﬁggéem}g%xb%ﬁgg{[g%g?x?gcel 5hd§1508§“hn$? 38
cyanobor ohydr i fdso[2 BFgpyridifiedy r ed reduci ng agent is sodi um borohydri de.
Suitable inert_solvents include water, nmethanol or ethanol. The preferred
sol vent i s SmetRrimot’ -N{BLherrpropmylaminesgipl yazabicyslalédd-Hectane-3 2«3 H)dlueo[313-
0C to 1000 prb?éﬁ%(ﬁmy from20C to ~s 65C. Conpounds of formula VIII may be
prepared from ur‘]ds of formula VI wherein E represents hal ogen by
reaction with pu-)a8mixg3HydtexyphénylniNhminos pito[Rr L8610 2.2 cetink a0 €3 H)-
organonetal | ic catal yst, base, and solvent. Suitable organonetallic

catal ysts zo ifu@lZddlpwidieali um phosphi ne conpl exes, which may be formed in

situ froma sqQurce.qf | .adi u d ui t . h hi ne.~ T referr
source of pal @@%%g@x@wﬁ%ﬁl}wtﬁg?wg@@é@%@;%ﬁ@gy ‘fqg%'%lzﬁ’(“%“?'%%é@%)'
preferred ,Qhoq-gm[mg_g]lgyr?dige];: bi s(di phenyl phosphi no) 1, 1=bi naphthyl. S

ui table bases include lithiumbis(trinethylsilyl)am de, or sodium

t - but axi de, prRef-orBBYtrandd(hPyridinyliprope-ersliamindspinod! -arabicychd R 2e2ipetane-3,2'-
include tetra of uran,, ., 2:.di.net hoxyet hane) or |, 4-di oxane. The preferred
solvent is 1, 2¥ﬁf)@fﬂg§9@f’ﬂéﬂ{%‘? 'The reaction is usually conducted at a
tenperat ure ofR AGG 1M ALRBEN- -?ﬁi@:;ﬁalzmyt)mmcﬁgi;os10aiab§c§99[§9rm9&&%-§{b!-(m-
be prepared frbm conpound V by oxi‘dation with a peroxidic reagent so in a
sui t abl e sol vdwmol2,8-dlpywidintlby reduction of the tertiary amine oxides in a

suitable solv . Ldizj ents,include. hydrogen peroxi . s s

m chl or opéf beﬁg'g'i)ﬂ'%ﬁbgg\é%g‘?yrédgylm t?%“w Bﬁ%ﬁ\?@agtfp'ﬁ@égg'zi%tgﬁ?% -(3'H)-
E99/ 02478 aci q&rop_-_r,g, {3 nonoper oxypht hal ate. The preferred oxidant is
m chl or oper benzoi ¢ aci'd. Suitable inert solvents include chloroform

met hyl ene chl R-(-€) -NedEthyl2NH 2-pyradybre¢ thah aminbspirphledzabroydiofb R 2¢ontanies3,2’-(3'H)-
di chl or onet hane. T?g react i_on is usually conducted at a tenperature from
-20C to 66C, P Foer RipXpIofne m 0C to 20C. Reducing s agents include sul fur

di oxi de and t R.phSW-PILESRRxP&hyI-RePHEMSThady ) SatRA irb[ﬁ-ﬁdbfc%loﬁl.@.&?dﬂ:@ane-
Suitable inert solvents include water and al cohols. The preferred sol vent

i s ethanolzo TB& #(@dDtiuce{2i3b]pwididd]ly conducted at a tenperature from-20C to
50C, preferably fromOC to 2~C. ~q Conpoun of fo I I erein E
represents NHﬁxﬁﬁWnﬁo%&tg?éﬂggn%ﬁ‘Wg%u%ﬁ%&ﬁccﬁﬁtﬁ[’[)égsa%? gﬁ? d from
conpounds of formula VI wherein E represents NHZ by a suitable al kyl ation
procedure. Typical alkylation procedures include treatnent with an .
appropri at e aPhagiculhdlyipteferned compoands &f the irventionl atsampdunds ek forpiuéa Ewli¢rain n is
hydride, in a _syitable solvent, is for exanplLe DMF) .or reductive alKkylation
U2 ho the applofrit BRSBTS o PuosmE By arNing o CPMiRs ePaIE g
agent in gn i perh. s34 LR RASDIBE -ERIGR1d[S. 2T B BLahd -4 S RS )Rl [21B-
Sui tabl e ?gduge(;z agieﬁg&?lﬁxcpﬁc}%&go%hm or otl1ydr i[de 21fjmd sogi u?n @ e
cyanobor ohydr bijpgridile preferred reduci ng agent is sodi um borohydri de.

Suitable inert solvents include water) t hanol hanol , preferred
solvent is neghé‘h'él ;. 4‘?“@‘1)25‘3?1%@@{1?%9!’9Fﬁﬁ?@l‘qyﬁl@égﬁﬁ;}%%ﬁ@tﬁ t@ﬁ%‘é‘ﬁg?’ﬁre
of OCto 100 -afngf.abl y from 20C to 65C. Compounds of fornula VI wherein
E represents may 'be prepared from conpounds of fornmula VI wherein E
represent s NOandsnandomeisi thetedfNaml phairhadduedcab} acesptablBusaltatiegeafeduci ng zs
agents include hydrogen in the presence of a catalyst, for exanple 5-10%
pahadi um &h car bon) plati num oxi de) or rhodiumon carbon. The preferred
reduci ng agent is hydrogen in the presence of | % palladi umon carbon.
Suitably inert solvents include water, nethanol or ethanol. The preferred
solvent is methanol. The reaction is usually conducted at a tenperature of
OC to 65C) preferably 15C to 30C. 30



-2 6 MAY 2003 WO 00/ 42044 13 PCT/ SE99/ Gz478 Conpound VI wherein E ZegrbééYerzp@
NOZ may be prepared from conpound V by reaction with a nitrating agent in
an appropriate solyent. The preferred nitrating agent is fum kL

acid; the p%%‘?j‘&g solvent is sulfuric acid. The reaction isgg'srggﬁ’é/ﬁm
conducted at a tenperature from-10C to 100Cg8 preferably from 50C to 80C.
Compounds of fornula VI wherein E represents hal ogen may be prepared from a
conmpound V by reaction with a hal ogenating agent in a suitable solvent) for
exanmpl e brom ' j j N {0 ViaStal ' :

Comper at ur o of By BPEHE o Bl dp e PE HeaRiagB Rt oy A et o0 Bore
be prepared frefficidieus; be longet acmimgphaveantroadet rahgeoftdedvipy,deanare pofeng pbatuee i n
an inert solvent, followed by deprotection of the cyclized conpound using
acid in a suitmessidseliass. arsm%ﬁaséméwge(? RE hansetBy tseiil Rpamagelogisaldi um
am de, potassium %?%i de) potassiumt-anyl ate, potassiumt-butoxide) and
pot assi um bi S(%P iyl silyl)am de. The ~s preferred base is sodium
hydride. Sujtable inert solvents include N, N-di nmethylfornmam de)

N- et hyl pynrol i di n-2-one, ethers such as diethyl ether, tetrahydrofuran,
and 1, 4-di oxane, and di nmethyl sulfoxide. T~...e preferred inert solvent is

N, N-di net hyl fo nlade The r.eaction is usually conducted at a tenperature
from-10Cto 1%%%%&99from 20C to 66C. zo Suitable acids for the
deprotection of the cyclized conmpound include mneral, organic and Lew s

acids, for exanple) hydrochloric and hydrobrom c acid, sulfuric acid,
triflic acid,. Inghtiraactser sabaines and @xt hatifdlovoR and Ry .uml¢sd otherwise indicatethare as

DUt anone) 81 hasied 0w ot FRitRioh ol SR e Riel s A b atiof cdmatl Shein
The reaction i ﬁRRZMt!dh&Pﬂqu-?gsiﬁbn%fhf‘d%%%é—lgx& rfiﬁ%?!Poh-ﬁQQ KQep@Qats a

preferably from0OC to 60C. Alternatively the otection may be conduct ed
by heati ng t hecongroané of forpluéx] wheralnclSRE!;iis ataghed at the 6Apqsitidresfithel furetynidche ing.
by refluxing ap ethanolic_sal utio ft CcOo . ~50 Conpound IV be
prepared from®&RBERE N4 F r%?sﬁﬁtsz‘arqgf:ﬂihﬁgﬂb%%aiﬁ Cﬁ?‘gBB‘?‘thqfé?fgml A% ke
inan inert sqluenty s Suldiableink rdMhetD PRI ihnchuge 1l i t hi um

di i sopropyl am Je, 2 6 MAY 2003 WD 00/ 42044 PCT/ SE99/ 02478 14
n-butyllithium sec-butyllithium tert-butyllithium and phenyllithium The
preferred lithiumbase is phenyllithium Suitable proton transfer agents

i ncl ude hi ndered secondary am nes such as diisoprogyl am ne and
2,2,6,6-tetramet hyl pi peridine. The preferred proton transfer agent is

di i sopropyl am ne. Suitable inert solvents include diethyl ether) s
tetrahydrofuran and 1, 4-di oxane. The preferred inert solvent is
tetrahydrofuran. The reaction is usually conducted at a tenperature from
-100C to OC, preferably from-78C to -25 C. Conpound Il may be prepared
fromthe reaction of conmpound Il with an anion o a ~o reagent well known in
the art for the preparation of oxiranes from ketones (see e.g. the
reactions referenced in J. March, "Advanced Organic Chem stry" ( 1992) 4 h
Edition, F a 974-975), followed by reaction with borane (BH3 or B2H6) in an
inert solvent, Borane in



<tetrahydrofuran is preferred. Suitable inert solvents include dietzyﬁ MAY 2003
et her, tetrahydrofuran and 1, 4-di oxane. The preferred inert solvent is

t et r ahydr o™W@ 8M4204he reaction is usually is conducted at a t BAPSEZ/QRHE fr om
*-10C to 66C) preferably fromOC to 20C. Sui jabl e epoxi di zi ng agents incl ude
trimet hyl sul foxoni umiodide, trinethylsulfohiumiodi de and di azonet hane.

The preferred reagent is trimnethyl sul foxoniumiodide. Suitable inert

sol vents include dipolar aprotic solvents. The preferred solvent is

di met hyl sul f oxi de. The reaction is usually conducted at a t ature from
-10C to Z00C, preferably from50C Zo to 75C. \Were necessar hydr oxy)

am no, or other geactive groups nmay fpe protected using ng group
as described in ffjhe gtandard text "Hrjotggting groups in ganijc Synt hesi s",

2"d Edition ( y Greene_and The above bedCleacti ons,
unl ess ot herw ted, are usual Rg ducted at "a prie p{] one 10 Three
at nospheres) preferably at anbi ent prggssure (about one sphere). Unl ess

ot herwi se stated) the above-described r¥®actions are conducted under an

i nert atnmospherell preferably undefla nitrogen atnosphere. 3dV WD 00/ 42044
PCT/ SE9Q9/ 0 4 gAY 2~~3 15 The conpounds of the invention and intermnedi alies
may be isolated fromtheir reaction mxtures by s }
addition salts of the ounds of formyla I '
salts of m nerall\acs
salts; and sa
mal eate) benzga @trate) and fu
conmpounds of formul"a | nay be formed By reacting the free r a salt,
enanti omer or prygtected derivative thergof, with one or nore equivalents of
the io appropriate acid. The reaction nﬁg be carried out in a sol vkt (Br
mediumin which the salt is insoluble or in a solvent in which the salt is
soluble, e.g., ter, dioxane) ethanol, tetrahydrofuran or diethyl ether,

or a mxture of golvents, which may be renoved in vacuum or by freeze
drying. The reaction e a netathetical proces it may be carried out
on an ion excha grist in tautoneric
or enantioneric of WATCH are in it nP{he scope of the

i nvention. Th opti cal isoners i at®d byiseparation of a
racemc mxtu co@pounds using c i ghal techni ques, e.g.
fractional crystallization) or chiral HPLC. Alternatively the individual
enanti oners nay b& o nade by reaction of the apfﬁgﬁ)ri ate optically active
starting materials under reaction conditions which will not cause

racem zati on, nte&nediates A further aspect of the invention relates to
new i nt er ned €l8pecial interest anong these new i ntermedi ates are the
conmpounds of formula VI and VII in Scheme |I. These internedi ates are useful
in the synthesis of conpounds of formula |I) but their use is not limted to
the synthesis of said conpounds. The fornulas for these conmpounds are so

presented belpow 6. MAY 2003 WO 001 42044 VI N~O- i 0 Conpounds of
For mil a Vi wheHpoundioh @rmmuilepharein & piaisienia A B reres e PRSI Oty |
PCT/ SE99/ 024 f&mula I wherein A represents N by oxidation with a peroxidic reagent in a suitable

solvent, followed by reduction of the tertiary amine oxides in a suitable solvent. Oxidizing

agents include hydrogen peroxide, m-chloroperbenzoic acid, peracetic acid, or magnesium
10 monoperoxyphthalate. The preferred oxidant is m-chloroperbenzoic acid. Suitable inert

solvents include chloroform, methylene chloride, and 1,2-dichloroethane. The preferred

solvent is dichloromethane. The reaction is usually conducted at a temperature from

-20°C to 66°C, preferably from 0°C to 20°C. Reducing agents include sulfur dioxide and

triphenylphosphine. The preferred reagent is sulfur dioxide. Suitable inert solvents include



- I ntermedi ate conpounds al so exist in enantioneric fornms and may be stse<54‘b‘aY52[][]3
purified enantioners, racemates or m xtures. ~s Use of conpounds VI and VI

as intermedighS%/sbsked@ Synthesis of a ligand for nicotinic acerPFleé%BszTﬁs
receptors is another aspect of the invention. 20 Pharnaceutica

conpositions A further aspect of the inventid@ relates to a pharnmaceuti cal
conposition for treating or preventing a condition or disorder as
exenplified below arising fromdysfunction of nicotinic acetylcholine

recept or neur OtwR¢rSdit AfoRBls! ThePproRAiea solveitas ehaRbly The FidBHéh isGRURINY Sdd¥cRA at a
anount of a conpound of fornmula I, an enantioner thereof, and a 2 6 MAY

2003 WD 001 4204¢mperapETirano$0iR w0 pharciereiy frosa 016 te2CEpt abl e sal t
thereof, effective in treating or preventing such disorder or condition and
an inert pharmaceutically acceptable carrier. For the above-nentioned uses

the dosage admy ' fwhe R REEprésHny: @Otlﬂl ] SR
t he node of ad%ﬂﬂoﬁp%%ﬁg%}%?t he t reat?rent sdesi e%%l—%@ge%rd?qﬁon gelﬁég'g?d,s of
sati sfactory réamiulsl whedeirbR refn¢santsdyfdmigemusing asoitgbdeiacidatinin proeedure. eTiypioal

are adm nistered at a dai]y dosage of from0.1 rrg to 20 nyg per kg of

marmal i an body 2REREM: ProgrduresBBRdE Eramaant Withip GaBewyifrseband 4 gouplingpgentaferay
or in sustaine ; ; || 1 S.) n
of froms my t S BEGTRloREeerRio e, h Sy o B, thr BRE ol Skl BT
dosage forns suehmiEnewithia cartalkylidasidcislbridd doanhydrige inSfe pre3shod oTt: aBe. 1TAOO

ng df the conpound adm xed with a solid or |iquid pharmaceutical carrier or
di l uent. The cawﬁme%ﬂdﬁﬂ%m@twmwcaaw’ahaﬁphﬂﬁ'ﬁme- Swétellsfbasesrigclude

Phe. Torm of® apiesrEaRE” R Rl Sk Byl o B BE Rfle itflrsgCe Mpiifiie.

oral, rectal oTheasalior8isiilftdoaticed atAce@pekiatige ©00%C fourddier prR&R&8IY im BO&
invention) there is provided a pharnmaceutical conposition preferably
conprising | est t#hR- 80% and nore preferably | ess than 50% by wei ght of a
conmpound of the invention in adm xture with an inert pharmaceutically
acceptabl e diluent or carrier. 20 Exanples of suitable diluents and

carriers are: €Cohfpoutd!Tieiay BAftefirad G coniuad &Il 5y afaélion WithG hAéLmbiifg
acid; for capsules: tartaric acid or lactose; - for injectable solutions:

wat er, al cohol sagentyudrasphosphgstsanyehioride phogphosifpiysraraide eghospbemf al  or
e dened, o115 Bl of byl bR 80 By RASGDRu D b o e
o bt Ty TS Mot s o5l T nain
réaction is usually conducted at a temperature from 0°C to 150°C, preferably from 80°C to
120°C. The amine component may be any amine NHRR defined as above. Suitable inert
20  solvents include alcoholic solvents such as methanol and ethanol, as well as aromatic
solvents such as benzene, toluene or xylene. The preferred inert solvent is ethanol. The
reaction is usually conducted at a temperature from 20°C to 200°C, preferably from 100°C
to 170°C. The reaction with the amine may be facilitated by the presence of a suitable
organometallic catalyst and a base. Suitable organometallic catalysts include palladium
25 phosphine complexes, which may be formed in situ from a source of palladium and a
suitable phosphine. The preferred source of palladium is
tris(dibenzylidineacetone)dipalladium (0). The preferred phosphine is 2-2™
bis(diphenylphosphino)1,1™-binaphthyl. Suitable bases include lithium
bis(trimethylsilyl)amide, or sodium t-butoxide, preferably sodium t-butoxide. Suitable

30 inert solvents for the reaction in the presence of an organometallic catalyst include

tetrahydrofuran, 1,2-dimethoxyethane, or |,4-dioxane, preferably 1,2-dimethoxyethane,



‘A further aspect of the invention is the use of a conpound accordi rjgft MAY 2803
i nvention, or an enantioner thereof) and a pharmaceutically acceptable salt
JLhereof, i nWOhW/4agdduf act ure of a medicanment for the treat mentPCFYSES9/02478
prophyl axi s of one of the bel ow nentioned dilsleases or conditions; and a
met hod of treatnent or prophylaxis of one of 'the bel ow nentioned di seases
or conditions, which conprises adm nistering a therapeutically effective
amount of a conpound according to the invention, or an enantioner thereof,
and a phar macetid; the raagtiofis apyadly|candugtad 3t ddemperatyrg of 694 10elA0’Ci prefosably s
according to téba itg\(?@? on are agonists of nicotinic acetylcholine receptor
Wi | e not being Fi ed’'by theory, it is believed that agonists of the a7
NAChR (nicotinic acetylcholine receptor) subtype should be useful in the
treatment or prophylaxis of psychotic disorders and intellectual inpairnent
di sorders, andCompeundsvfformykasViBlmay beprepaed droms compeundsro formulaMd veliesein E

for the. a7 SnACRRESI U S oelBe ol e HrGeeg SR ot aflfion Bhoesiorenghide
sel ective for ¢henék uﬂ_ﬁ%ﬁgﬁWQ%kyT'ﬂ@lim%q&ngtc} B bAMERE 'eQQtnﬁ{lelesodjum

i nt ended as pharnaceutica I'n particular in the treatnment or prop axi's
of psychotic diydddeldn g saitable soi wink,dot examplePME rermeduttise atkgtasion ks aignhes of
psychotic disorders, incl ude aé«? sghi zo[@lhreg{}}a) [T‘Blr)'lli a or mani ¢ depression)
and anxi ety. ESPRFRBIEE asematicaldshyds [pgptbehiip 2fuHablairediicing ageniia) andaert solvent.
Al zhei ner's di i LGt i tg [ k

et ci t. momory s Aol bRl s, SiRpE Eroiatc BbhER} ithae

Hyper act i viot y ANGH,HMEIHO TACH-cOHOHD] 9r iCE0CHMWeldre anmiam pe 8l -DahieAv seddfined
as analgesics in the treatnent of pain (includi nc%zchroni c pain) and in the

treat nent or [ apeNa Avitabloredpgiveiaidming ageats sncdydesodiym ppragydidesanti sy,
Tourette's sy n J: isqr i L C herg i.s | oss
of chol i ner gt &3 EgrssIRad e BRIBEATE R ol BRI bBrohdih. S oRaFife
treatment or RoRERY liflde wdted, Biethagol drethadsk The prétetted sslvédies fRERabl. QheOf
snoking) and for the treatment or prophyl axis of nicotine addiction

(i ncl udi ng t hatacties i uskally qondusted poastamperagirg pb A (e tos 1D prefrralyly i 20 o
30 26 I\/lAY ?682‘? WO 00/ 42044 19 PCT/ SE99/02478 It is also believed that
conpounds dcco 'ng to the invention are useful in the treatnent and
prophyl axis of ulcerative colitis. Pharmacol ogy The pharmacol ogi cal
activity of the conpounds of the invention may be neasured in the tests set
out bel ow Tesiompoundssefformulp VAH mayjbepreparediramgompoypds pleformula VI wherein E

i asl - a- Bunear gt oxi n TX) bi ndi.k [ i I I .

hi ppocanpi we eepr?'nsgﬂ%g’?rﬁg%%gy % 9\%‘8‘ V\L/lgli’ u Sgumoeg&ggﬁga%wgg}%?%ﬁsg@%? P g?

(HB: concent r ghitabMSorghndimitdlic tatalpiisbd{s8Mnd solven(. hggitabiey siphRdthétaliti daeiipdane

50;, MpA 2 1; NaCl 120; KO 5: pH 7.4). The honogenate was centrifuged for 5

m nut es at20 108@lydepalladiemplipenhing complewes, whigh anaysbeaiopmedin yiet frem a source of

1S 5b Lo, bR BUREIRNANE YRLA-RENL STl R T it e

e 1 AUl Splapba oS ).
rug) and either or 0. et hyl ene

gl ycol - bi s( ( 3bistdipheaylpposphing )1 -GinephthyhoSuisatie bases @jclededithivem filtered and

Brandel cel | RryaeraiotBRpidte 8Py hBupkicpaodtartily SRR SptiRe 1 uRasie

(BSA/ 0. 01% PElnefinalwaishudieRabmtyiotulal, WaidemetdRydthide, 68t 4l6xdn@WThé bieFerred
bl anks (0.07% of total counts per mnute). Nonspecific binding was

descri bed by sd@enttisvi,2-dimethoxpethaoy. Ehelreapiéen fsiusutdiynetindyctad ot 2 tepapeaatuge g65%
25 Test B - f ~ni t 0.th 4 n subtwe j 3Fi 1-(-)-nicotine

bi ndi ng. Usi ﬁé@@r@bﬁﬂf&%@ifm%goﬁ? @nﬁ&&ti no- Barrows and Kel | ar (Mol
Pharm (1987) 31:169-174), rat brain (cortex and hi ppocanpus) was

honogeni zed as 30 in the [~~lI]a-BTX binding assay, centrifuged for 20

m nutes at 12CoMPound)y ey tecprepirakfrbmrdmphend Vesyusxidatitndwith a lgBraxidicatagent

100 | .t M diisopropyl fluotopho~hate. After . . . .
30 inpa suri)t%blc solvent, ollowcd%y redbﬁcuon o? &e tertiary amine oxides in a suitable

solvent. Oxidizing agents include hydrogen peroxide, m-chloroperbenzoic acid peracetic



"2 6 MAY 2003 WD 001 42044 20 PCT/ SE99/ 02478 ninutes at 4C, nenbraneg § MAY 2003
(approximately 0.5 ng) were incubated with 3 nM[3H -(-}nicotine, test
Jdrug) | N M gid ppiagey and either 2 MM Cad 2 or 0.5 nmM EGTA for | _hour at
4C, and then filtered over Wiatnman glass fibre filters (thicknBSYSE}9/02478
(pretreated for 1 hour with 0.5% PEn using a Bpandel cell harvester.
Nonspeci fic binding was descri bed by 100 s L.tM carbachol, and specific

bi nding was typically 84% Bindna data analysis for Tests A and B | CSp

val ues and pseud, idr Magh@@ihintd r I t.he .
non-linear curve io fi tggi njrﬁggdg(g%?g%xA LFal'nIAﬁ( &E?gﬁgk@ﬁ ﬁﬂﬂ%ﬁﬁpg-?lgﬁaemenzmc
Rodbard D (| 97@Acidaduitable RieytsiottendIbelied cHbBSprmSatetiydine @RlosiE \4@3 V&S €
fitted to a one,.si,te m)delT usifn (ih non-|.j near regression program
ENZFTTT ER ( LedtHUPBEhARG, Thepse °‘(9‘° é‘g‘i*)')‘)ls dicBierpmgthape vEieueaction 19 usudHy and
1.70 nMfor th it - = ( ' Fne i gands r ectively. K
val ues were es? ioﬁglﬁcgjd-%;iaﬁgp ?lﬁg“&gg%r a%doar}gg%{ngr ﬁ%"é"r‘?‘ﬁégﬁ%ﬁ @%E@C%Ogci@ﬁducmg
-[ 1 Csp]/ (( 25( [ lagents ticlfdeish)fpr-dioxide hhd whstenytphosphifie Ofheprdfe MBS reds&f ;WLBREY ST
nH<1.5 and a val ue,of, n=2 was used when nH >1.5. Sanples were aSsayed | n
triplicate and de- Syfsatle et sodyents inglyde s@tegand aleohdbst Eherprefatredsbh@nBisor

nore drug conc t ¢ . f .the invention are _conpounds wth
bi ndi ng af fi ni ?P{é‘é&( E??'QESFJ%?E‘Q?%W%@B%‘B%P B ICTRPITAWFE iy 2R G0 SO 6 pRferably
i ndi cating t hafronh@C er25°€xpected to have useful therapeutic activity. ~s
EXAMPLES Commerci al reagents were used without further purification. Mss
spectra were recorded using either a Hew ett Packard 5988A or a M croMass
Quattro-1 Mass Spectroneter and are reported as mz for the parent

nol ecular ion with its relative intensity. Room 30 tenperature refers to
20-25C. 2 6 WAMp3Ofi MBI R 4vherein BGEHRESR, N exanpl es
are preferred non-pl imting exanpl es enbodgi ng S?«Zl?%rﬁp%—gergéxggggs‘é‘ﬂno k)?lr%OUP may
i nvention. PrePrapspasd romscappuats of formviacyE witerédn E.2fresintsteH3 b asaithyianel

1630 0. 79> SURSOIREHAe Pl e R BT e e C0menhwish ah 23pibprigge
75.0 nmol) i n dkyiaassr qilfsakeskes bhd %Egﬁnr‘éﬁﬁn@i%{dd%ﬂ%qﬂagquzﬁg a%ﬁy\fcﬁz
~ (7. g . ’

under nitrogen for 30 minutes. Quinuclidin-3-on ;
was then aHded©ngxanpe DNF puredustive sikylasiog usires thesippopriare aldehytiefori@Sone
stirred at ~0 t§5étK&§;'H,”Q TR gen for 1 hour. The reaction m xture was
cool ed) water wAs added %‘2‘5’8%& ICIE A8 &N PR AQATE SHYE oL e PisFeriga anethed ict ed
wi th chi or of orreaclive aR9Mheith) Suifkife sddueef DEAR BXLEAS ¢ | nedoqand
back-extracted with water (4 x 200 m). °T%g chll or o?oécgrlll aﬁg%hg&gas)é ‘If}h&ejsr?d’ ' ed
(MyS04), filt evarpbosriadade e prefdred chelucingdgeetispodmsbarohyiridt f Diuithble inert

spi ro[ 1- azabi octane-3. 2" - oxl rane 6.51 46.8 mmol|, 83% as a
clear) is col g%g ggté%?c?\.acﬁ% ‘ﬁgtc;rg’eééd&of P?%tha‘é t%f‘ig‘ BFFfB"ng solvent is methanol. The

spi ro[ 1- azabi eyaetioh & BurllPedrantred ala whdratied of oSt ke FIEBY) £rbd 20°
anhydr ous tetrahydrof ur any)( 100 m) a?ff%cr: wasoaddeé)gtc?rogé;’vg]rge al))s%{)ﬁlt%oogt%f
borane in tetOafydrof uran (1.0M 38.1mM, 38.1 mol), and resulting
solution was stirred at OC under nitrogen for 30 mnutes. Brine ( 100 m)
was added cautiously to the reaction solution, and the resulting aqueous

m xture was egotipoufds of thAn@h Wl wiRt&h H Rptedekits NH, may be prepared from compounds of

formula VI wherein E represents NO; by reduction in a suitable solvent. Suitable reducing

25 agents include hydrogen in the presence of a catalyst, for example 5-10% palladium on
carbon, platinum oxide, or rhodium on carbon. The preferred reducing agent is hydrogen in
the presence of 10% palladium on carbon. Suitably inert solvents include water, methanol
or ethanol. The preferred solvent is methanol. The reaction is usually conducted at a

temperature of 0°C to 65°C, preferably 15°C to 30°C.

3o
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-z0 100 m). ani c extracts were conbi ned, dried S04 ¢ ,
: AT LT s ' Ll e ok,

and evapor nder reduced pressure to afford the title conpound (~

g, 28.1 mmol) 74% as a white solid: electrogpray Ms 152 ([MH+) | 9).
Preparation 2 xs 3-(2-Chloropyridin-3-yl net hyhi - 3-hydroxy- | -azabicycl of
2.2.21octane N-borane conmpl ex (conpound FV) A solutioa of ptienyllithium(
1.8 Min cycl ghaxsaRiodZ@herkif BlopténiINOD iy B2l prephr&Pfirdm WBihpRHAE ¥ Y Radi
cannul a to anhydrous tetrahyldrof Sr an (3509m )y atp -p;a{)c an[(rjler Xanﬁ?ro ena@uon
at nospher e. Tivth a ditrasiogagentliman ApproPridtersolveSiiik prefersehnittatngl aggmeissfaming
foll owed by a 30 dropw se addition of 2-chlorqpyridine (28.4 m, 0.3 nol, 3
eq.) over tennﬁnﬁafgémqmegr@ea?kwwsgm@? 8ridyLte tepstiondy uselly condissat 2

ni trogen for e Lt} n 03 WD 00/ 42044 22
PCT/ SE99/ 0247%“@%%?{3? ?SE‘P SEE e 100 at'?oiffﬁﬁ‘&f"é?‘%é’gF I:‘/@FO@

1- azabi cycko[ 2. 2. 2] oct ane- 3, 2' - oxi rane] N-borane conplex ( 15.3 g, 0.1 nol)
in tetrahydrofuran (75 m ) was added dropwi se. The resulting reaction

m xture was t Kompoupdy efifoamulaglovhergiy E senresnpéshalogen anayderprepared fromat ur at ed

sol ution of sqdium bj¢arbaonate (..1 s slowy added) follopwed b
vater (400 m fomgry Farieadier ot 8 alSshudfie st B bt B Rarbieo
room t enper at Brdinind i aé AR, Ve BEARA i9 LS Gl BNArriddCoR AHE RltSpePBR DL HPE 1o
extracted with ethyl acetate (3 x 100 ml). The organic | ayers were

conbi ned, dri ¢d0%0vip8fanably frome0&@Yo ahdCGvapor at ed under reduced pressure.
Col um chr omat ogr aphy using silica gel and elution with ethyl

acet at e/ hé%anes [3:2] afforded the title compound IV as a tan solid ( 17.S
g9, 65.6 mol) Bfouneemay 88 Rr¥reédFrom MR RSizadidddrieomgolind B kn #)prestRe

([ M0+ with 350%9033). o] 0% Prepirediion the r%?. coigollnd £ kn Hpresthide of 2
1-'azabi cycl of Bas2.if hodoernselgs, foHowed by depotdtioh oy thediynbted(cooppanddsivy acid in a

conpl ox | 5 (1Rl saerd Siaple S lar Bk sORRRT By R, S et e, bORSsim BAAAS
conplex 1's . ; Lo ' ’
N, N-di met hyl f groredi de_Jdnaffte hotasstule r-b8RMEdd, B8 Qb Bism&ﬂﬁiiﬁg) @de(g%hc

6 d
under ni trogeﬁ, and a di'spersion of sodium hyd?| de {QO%i n ol , 163
nunol , 2. 5s eqpieferes! tzde édsodium hpdrides Suitdble inars sdlvantginslnlde N Nrdimathyibimareite,

at room tenperature under.. nitrogen for 16 hours. A saturated sol utiop of
amoni um chl o r'as‘hé’wl?'ﬂx%?n?v%él#f%&b‘ébﬁsa‘pe%&{s SRS} CHRRIrBARra, 0 ¢ehoraso
m), and the WMH&[MS&R)J@&UQ?.Uﬁrd%%é&fn%ﬂ%?veﬁﬁsngitﬁ%eéﬂdgt;&rﬁ%cpi‘ﬁé m (4

x 125 nml). The organi'c extracts were conbined, dried (M

evapor at ed unghactioregduseallypearsiscied at pteafifeyatdreafromr-aklj€ te dOOUC, Hrefierablycfaoin@®°C
through a short_coJum of silica gel eluting with chlorofornfacetone [95:5
to 85:15], foTQQﬁ(/:\gd by stirring in hexanes ( 100ml) and filtration,

provi ded g, yellow solid (12.7 g, 55.2 nmol, 84% of

spiro[ 1-azabi cyclo[ 2. 2. 0] octane-3,2' (3" H)-faro[2,3 is b]pyridine] N borane
conpl ex, el ecSuicabpe agiddvor 231 deprdebtion ofahy cySmed epmpound include mineral, organic and

12570, 55 ki asse e ssials PirsuRa ot BB 2 fudnaennehomid.
cool ed to 0C, and, a5 1RASRIE QBththHﬂﬂBriH@Eth(:?a‘fé’@rhE%éé&ﬂ'cd"@c?d ?sqgfagobr&gfc
at er ge or 24

resulting solution was stirre roomtenperature u nitro
hours. The remid.iSuitabkrsobe@nsdntludt ecttone] dbutanone, ethaaenk, pnd piiacd ona Mhe tpheferred
aqueous residue was treated with_ saturat (fd%(g%geo S sodi um car bonat e

sol ution 250 salyentigacetans) The SACHRGIS Paualty 6e0 o atemperatitefram) 18°G 4% um

Solut' onvas Lt FARCEq ety e RGOS G (Lo o9 Enlon B B bl

wer e conbi necdheatinf ettt HdvaROomplex i sleeltblicwadvena pb prifatedmebibd iebffdxing an
pressure to afford the title conpound VI ( 11.2 g, 51.8 mml, 98% 54%

overal |) as asthasgdlic\splutionofithecomple: rospray Ms 217 ([ MH +, 72).

30 Compound IV may be prepared from compound III using a lithium base and a proton

transfer agent in an inert solvent. Suitable lithium bases include lithium diisopropylamide,



-s The title conmpound was separated into its (R- and (S)- enantiomzzr§ MﬁY 2003
ei t her of thgvcgg({/‘& y‘\Ang nmet hods: Method A - 250 ng of the t'tlfcf%%gﬂﬂ

was separate ral HPLC, using a 2cm X 25cm CHI RALCEL- OD

*Waters Delta Prep 3000 Preparative Chronatogrpgphy System eluting with
2,2,4-trinmethyl pentanel ethanol (92:8 to 9:1 ) at a flowrate of 20 io0
m/mn. This provided 111 ng of the (S)-enantionmer ([a]23 = +59.7 (¢ =1)

met hanol and

ot hanal ) . - Vet Roy iy 16 R RARR, (ARl i, dna phdiitaisfy Tiberefemed
with L-(+)- tar tlethiuin daseds A& INtBiumd SaRabteploton &aﬂﬁer%caﬁmermllﬁdeﬁirﬂ@dtedi sécohBary
m ) and recrystallized three tinmes to obtain the ( %r enant i oner

L- (+)-tartrat e gBmes figh a8 diivopsppylamngjand 3,2:6.6-tetyamethydpiperiding7 Oy praferrathproton

filtrates were SN0 t.e r o e r h resi due
was basified to ?Cgfgetﬁéf grésogdq%yg “gg%l%&i aerﬂgﬁa?lvgrﬂﬁ%dg% “3%{5?%'33“?5 xture
was extract @d Weirhhydibfref MEM4A-diokar THe)prafeetet ferCMYND RAet®atiytiAsfFh fan\VaMHe

dried (MgS04), and ‘evaporated under reduced pressure The resi due (650 ;

3 mmol) was t r gaacsibis Lbnaby-conductedrdt @ teroperagusromy-1W°Ciadf§, praitrably from =78°C
recrystallized asng ve to provide the (R)-enantioner xo D-(-)-tartrate

(77S ng; 2.11 (? - -58.2 (¢c =2) H0)). Preparation 4

(R-(-)-5 -Nitrospl r of

1-azabi c3rcl of 2. 2. 21oct ane- 3, 2' (3' H) - f ur of 2. 3- b] pyri di nel (corrpound Vi,

E=NO~ xs Compound I may be prepared from the reaction of compound II with an anion of a

(R -(-)-Spiro[1-azabic 2] ane32 yri di nej
(3.03 g, zuomrapag%gveﬁ?eg%m@e ohiheareRasy E’d’l‘ erfrarqf»?r% F%w{“?s (§pg e gt thg .
5 C fumng ni Hééﬁgﬂgkérc:(eﬁ ed il MARA Waélcw@r@ﬂﬂeéh%\@@ 1@25%04%1‘? gﬁmo‘iﬂe 58

m xture was stirne our and heat at 65
cool ed, pour ed 99497 3) cfell()\’zaé)d)bgae)mmidwdh BO&nn‘(BH@ onBb Hg), inkasadrt edvém, Potat®in

O 0 o SRR ol S A S ol P SL el
M5 262 ([ MH +, gq)4 dloxéne? A'm%}(é@ﬂ%d }QQROSM\%%pﬂ‘{e%yE%éEgQﬁ%%Zgon is usually

Preparation 5
iro[, 1-azahs cycbadchecQatMempaamré% frain( 3109C o6 C2p B fcnatydy friodi OF€} to(03Gp Suinzble
V~. EENHS s A mixture of the enantjoner

(R -(-)-5"-ni tﬁagﬁdrm&awemyfa wtwlmlmawe tpdide wimpgthylsufoniumiadige ped n
3.8 | 3. J; 1050 n‘(‘f&cﬁ
(rarlat Elanol g( 90 %)l e)dhaﬂgrog giah?g?up ﬁg‘u‘ﬁ&fﬁm@%}‘("%&{? ydro{géebr%g r%rg) a

catal yst was flsbtvemdmﬂﬁde dxbdslaughoﬁc qdcenod. Thed px’efetxaddoltvhm is dimvazhylswidisxide. The
evapor at ed under reduced t he residue was

ressure; Y o
chr omat ogr ap hy “{"é’l“ﬁf‘ |‘§1‘gs“éb{)¥ FONAHAGH b3 EENRCEALEIK BB ¢ ol[r8 é/‘ 6‘%&1{; BF#C@EPYSW?‘B 50°C
85 15)) prg?( title conpound (2.5 g, 10.8 nmol) 81 %: el ectrospray

(mz, ati ve [ ntensrt y) 232 ([MH] +, 100). Preparation 6 2 6 MAY 2003

V\D 00142044 PCT/ SEQ9/ 02478 25 (R -(-)- Spr r of

1-azabicyclof 2, 2. 21octane-3. 2' (3' H) - furof 2. 3- bl pyri di ne- N- oxi del
Where necessary, hydroxy, amino, or other reactive groups may be protected using a
protecting group as described in the standard text “Protecting groups in Organic
Synthesis”, 2™ Edition (1991) by Greene and Wuts.

25

The above described reactions, unless otherwise noted, are usually conducted at a pressure
of one to three atmospheres, preferably at ambient pressure (about one atmosphere). Unless
otherwise stated, the above-described reactions are conducted under an inert atmosphere,
preferably under a nitrogen atmosphere.

30



~conoound V| B | ution of 2.03 g (9.38 mmvl) of (R)-(-)-spiro 2 6 MAY 2003
1- azabi cycl &QM%‘OM ane-3,2' (3'H faro[2, 3-b] pyridine] in TSH/$§990p478

met hyl ene chloride was cooled in an ice baths to which s was added 6.90 ¢
(22.8 tnnol) of 57-86% m chl oroperbenzoic acid) in portions over 5 m nutes.
The reaction was allowed to warm gradual ly to anmbi ent tenperature and

Cesi due was aiLet Rt B s RgertBh XE8ky AR AFTREY vt ol RoR Vont et 1

and sul fur di gxkeifesbeseaadixdli@mhniduesinti|l the sol ution turned cloudy. The
reaction was stirred for 4 hourscinl then the solvent was io renoved in vacuo.

The solid residue was dissolved in 150 mMl of a 9:1 m xture of chloroform
and net hanol, ,then extracted with 50 ml_.of 10% aqueous sodi um hydroxi de.
The or gani o | AFETSOn GRS A WF SRR OF fRerily | BRET o bementensd insludesuss of
and flash hrgﬂ%g%ﬁghﬁg R AE G RS Rride dnlddRq ' ' 1 xt ure of
chl or of or n%can 2.0 M a'mmrcli a Ilﬂn metﬁﬁargol rlas %“hg@eﬁ’z’g%@egglésﬁﬁgd Ji““‘?cfé&%tagowq
of the title oithpoganit foidsl sneh agformatey acetasd, Imaedte denfoentatlae, and fumarate salts.
acetate/ hexane (1:1): [a]'"3 --56.82 (¢ = 1.09, EtCH), electrospray M5 233
([MH +) 100). Preparation 7A zo 5'-Bronos~r of

| - azabi c~cl of 2,.2; - (3 Hy e - rd di compound VI.. E =
L arant oo of %ﬁ%oa@fsi’%%‘}g?s & ontpdublls StibMda I dy W fofthBEby fGOIROHAG Y basE of 2
1- azabi cycl o] &R e@ndoimener @oRced dedivitae tiete G blithyone dir iedre €400a18Bks of (52
mmol ) and sodi um acetate (410 ng, 5 mmol) in 50 % aqueous acetic acid (4nml)
was heat et t oAMPUCRriafs a5id. e reactiop may)be ragied Aps iy a selyeni g spdivrm imwhioh thgesalt
over 10 m nut ' t t : te nder,.reflex for 1
nour . The i eare ARt dp 3R i L B3l IR G WRE iy ety
pH > 10 wi t h gadhydifeankedip) etee o2xiniRtireof volvents, wHitiPral 8k ehéved k5 N ) .
The conbined extracts were dried (MyS04), filtered, and |5orated under
reduced pressYacBum®r gy fsezadrying: The wacisounay be 2 metatheripal progess omi] maghe ~bj
as an off white. .d: el.ec Ay M5 295 ([MH + , with ~9Br) 100), 297 (
[MH + , with %“6“%@%?“@3)‘9“ é’{cgg‘%e%%ﬁ}“'zoos WD 00/ 42044 PCT/ SE99/ 02478 26
Preparatign 7B (R)-(-)- 5 -Bronospirof 1-azabicyclof?2.2.2loctane-3

2' (3'"H-furof 2 3-bipyridinel conpound VI, E = Br) The enantioner (R)-(-)-
spi r o[ 1- azabi Eiecqosppundsfdermayia I gxist ingautpmese of enaptipmeyie fermsepll of whichomeg,

itle compouridoptdd b WRERoRES: 83 s5YEapd, bt boioRs BRETooRilry P pRsejiEa bY°
Exanmpl e 1 ~o sepdratiorbof-d\atdthienixture 6f thy dmpoumdsiingdonventional techniques, e.g.
1- azabi cycl of 2. 2. 21octane-3 2'-(3'H)-furof2 3 b 'dine Sodi um spheres were

bl otted dry dfacsipmdcaistadipgatipp.or cls (Altgatyely thegndivisiupl ennatiamgesgmay be

gradual ly to 2 of anh qus._nethanal. I isring under .a nitrogen
ot mospher® artE T tBRE R e R AR Rl i S plife BaeiPfiingl RtiP e
which time thenditigsy Whichivillkheb&duse tacsihppgesl and nearly all the solid

di ssol ved. 5' -am nospiro[1l

azabi cycl o[ 2. 2. 2Joctane-3,2'-(3'H)-faro[ 2, 3-b] pyridine] (230 ng, 1.0 mol)
and benzal dehyde (0.23 nil, 1.0 mmol) were added, the ice bath was renoved,
and an additional 2 m of anhydrous nethanol was added. The sol ution was
stirred at rqpRHh&hiiey ature for two days, then heated to 50C for 2 hrs.
Sodi um borohydride ( 106ng , 2.8 20 nmmpl) was added and the reaction was
heat ed at3sreflux for 90 m nutes. Upon cooling to

A further aspect of the invention relates to new intermediates. Special interest among these
new intermediates are the compounds of formula VI and VII in Scheme [. These
intermediates are useful in the synthesis of compounds of formula I, but their use ts not
limited to the synthesis of said compounds. The formulas for these compounds are

30  presented below:



. anbi ent tenperature, the nethanol was renmoved in vacuo and the redl GuMAN=2003
partitions between 8 mL of chloroformand 2nl of water. The aqueous | ayer
was extract 8000ER0ore tinmes with 8 mi of chloroformand the BFGHEPY02438ers
wer e conbi ned and dried over magnesi um sul f . The chlorof ormwas stri pped
in vacuo) and the crude product was s purifi on a silica flash colum
using a 0-10% amoni at ed net hanol / chl orof orm gradi ent, giving 0.25g (77%
of the title conmpound as a white powder: electrospray Ms 322 ([IVvIH +,
100) . Exanpl e Qompounds of fasmul-Yb- pyri dyl net hyl )
am nospi ro~l - azabi cycl of 2. 2. 21octane-3 2' - (3" H)-furof2.3 b ridine 2 6 MAY
2003 WO 001 42044 27 PCT/ SE99/ 02478 The title conpound was prepared by the
procedure used in Exanple 1 from 115 ng (0.5 m@\mwol) of
5' -am nospi ro(1-azabi cycl o[ 2. 2. 2] oct ane-3,2.¢(3' H -faro[ 2, 3-b] pyri di ne] and
0.114 niL ( 1.2 mml) of 2-pyridine]carboxal déhyde to give 84 ng of the
title conpound as a bei ge powder X rospray Ms 323 ([ MH +) 100).
s Exanple 3 R (-)-5"-N(3-Pyridytne y& ospi rof 1-azabi cycl of
2.2.2l1octane-3 2'-(3" H-faro( 2 idinel The title corrpound was
prepared by the procedure used in Exanple 1 from 115 ng (0.5 io mml) of
5' - ami nospi ro[ 1- azabi cycl o[ 2. 2. 2] oct ane M, 2' - (3' H)-faro[ 2, 3-b] pyri di ne] and
3 pyridi necar boxal dehyde to give 81 ngy, (50% of the title conpound as a
bei ge powder: electrospray Ms 323 ([ MH] +, 100). Exanple 4 ~s
R-(-)-5 -N-(4-Pyri dyl met h~) am nospi r of
1- azabi cycFof 2. 2. 2) oct ane-3. 2' - (3' H»furof2.3 b idine The title corrpound
was prepared n Exanple 1 from 115 ng (0.5 nmol)
5' - am nospi ro?yflf}églghﬁgl%glﬁg ger o%t ane-3,2'-(3" H-faro[ 2, 3-b] pyridi ne],
and 4pyri di necar ~x~dp~ d~ to genre 84 ng, (52% of the title conpound as a
Ilght yel | ow Zo powder ctr spray Ms 323 ([WMH +, 100). Exanple 5
R-(-)-5' - N (23pth FRRDPYRSS ﬁhsplrof
1- azabi cycl of 2. 2. Zloctane 3 2' (3'H -furof2.3 b "dine as The title conpound
was prepared by the procedure used in Exanple | from50 ng (0.22 mml) of
S' -am nospi r o[ 1- azabi cycl o[ 2. 2. 2] ogt ane- 3 (3'"H-faro[ 2, 3-b] pyridi ne] and
Z-fural dehyde (43 m) OS2 mml)) gi ngyof the title conpound as a
dark yell ow senu-solid: electrosp hg*[ IVH +, 100). so Exanple 6

o b
Vil

Intermediate compounds also exist in enantiomeric forms and may be used as purified

enantiomers, racemates or mixtures.

ts  Use of compounds VI and VII as intermediates in a synthesis of a ligand for nicotinic

acetylcP6fhe receptors is another aspect of the invention.

Pharmaceutical compositions

20
A further aspect of the invention relates to a pharmaceutical composition for treating or
preventing a condition or disorder as exemplified below 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, and a



*2 6 MAY 2003 WO 00/ 42044 28 PCT/ S E99/ 02478 R ~~-5'-__N-(3-Furanyl ifeghMAY 2003
am nospi r of, jcvel of 2. 2. 21oct ane-3.2" - (3" H)-furof 2 3b i tle
conmpound wak 68%&2?% by the procedure used in Exanple 1 fro%cg.gség%%%h
‘rnnol ) of 5'-am nospirof

| -azabicycl o[ 2. 2. 2] octane-3,2'-(3' H -faro[ 2, 3- b] pyri dine] s and

3-fural dehyde to give 25 ng of the title conpound: electrospray M5 312

| kit cyol o8 5 RaReAaedalty sy, SR i IASBRHRE sygh disorder or
conpound was w:ﬂh&fn%dhy\ ihére phdarazeciticallyi aeseptabléxanpt.e 1 from SO ng (0. 2

nol ) of
5' -am nospi ro[ | -azabi cycl o[ 2. 2. 2] octane-3,2' - (3" H)-faro[ 2, 3- b] pyri di ne] and

o ST RS 0 e Bl AT AR o5
ami nospi r qf Icﬁ@%ﬁ)&ﬁipqﬁy’édaha%w‘demadﬁu&sné&ﬂﬁdlﬂhe&e&nénme%& veﬁﬁ

title conpound was prepared by the procedure used in rom

(0.22 zo mmol geneffal, Es'ansfmtqrygpsults[wﬂl be obtained when the compounds of the invention are
1-azabicyclo[ 2. 2.2]0 ane ; jg)f bo[z 3 p ridinel. and _
4- et hoxybenz”zQI“HBﬁ ﬁag=° R ot ’Pﬁéo P drpmalianadyspsight.
MB L 0 8 d3sdss t

ani nospi rof 26_[%12 abbl}gﬁl)cvf% Zéiigm floc% asﬁt?%tx)ne? %ﬂxmtﬁ%@gbggﬁewgﬁd& nenlllgn
The title conbotmd dadly dpsecipam det rhyget cbfefrqnndcmguod ;/A09anlg, inor&paefgrably ¥rdm d 0nyd)
ng (022 mol

5"- ani nos"pi rt8[IQO%BP€§)Blt6P?g2 fomsuitaplefopora adpgnistzatign somprsesfjpmd; meto

VB 356 o [V Beg bl Gaiii By 3 bt HoBq RN IR el L SRl
PCT/ SE99102478 R-(-)-5"-N-(4- Met hyI phenyl et hyl ) am nospi r of

1azab|cyclof2221octane32 é furof 2.3-blp~rridinel The title
conpound was T&eERoYNESOf; H@“‘Hﬁ‘ AR R apugey W"E@&rﬁé‘ﬂé’ amgaceiHiostly geceptrble s

Trglzzib?f;yf | OFg} g&%ﬁogﬁéa ebe3u55d 0{13@% oygro(gfx} tt§ fgfm )?f ag?rongxatc medicinal preparations

1s  for enteral, parenteral, oral, rectal or nasal administration. According to a further aspect of

the invention, there is provided a pharmaceutical composition preferably comprising 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 or carrier.

20  Examples of suitable diluents 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 comprises mixing the ingredients simultaneously or sequentially.

30



» and 4-tol ual dehyde, giving 6 ng of the title conpound: el ectrospr ag/ q\/gA\XS%UUB

([MH +) 100). Exanple 11 to R (-)-5"-N (3, 4-Di chl or~henyl ne~a~)

am nosei r ol IW@28M203ycl of 2. 2. 21oct ane-3. 2' - (3' H) furof 2, 3- bl p- PCUiISReY/02F%

"title conmpound was prepared by the procedur elgsed in Exanple 1 from50 ny
(0.22 mmol ) of

S -am nospi ro[ 1-azabi cycl o[ 2. 2. 2] octane-3,2' - (3" H) -faro[ 2, 3-b] pyri di ne] and

3, 4-di chl orobenzal dehyde to give 19 ng of the title conpound: el ectrospray

MS 390 ~s [ vHUtiliy7c1] 392, 3-~Cl~ 394. Exanple 12

R-~~-5"-N-(2-1m dazo~l nmet hyl ~ am nos~r of

1-azabicycl of 2. 2. 21octane-3,2'-(3'H) furof2,3-bl~ "dine] 20 The title

Con});)un? Vas A Eialiczdspact o theflh asmedh ithe asslof A1cmpeidacdorfing® B iMUerdtbn? dr an

mmol ) o

S' - ani nospi r o[ehandemetihcrasf.and aphaonacautically aceeptaile salttherzof3 ibiheymarndifaeireanfch

2-1m dazol ecar boxal dehyde iving, 57 f the tit onpound; el ectrospray

VS 312 ( [ V] +yeeaeTtdoEs fabishehs SferiBitaxts AF e pt e REPH BRI aneg Hyepses or

am nospi rof 1- i G V-Clof - ! : i 13 ridi

Aceti c anhydr ic?ééi(?ig%&%xﬂ gn%th%g%ﬁrr%{t?m%% [gggré%%lggg&%o%ﬁ? gér%mgfrh Heldied

R-(-)-5" - N( phetisdasestdrydopditions,syhiclof dmprzseb edmolistE@nPa Recapeatied [P eFecti & ddhofimr

o[ 2, 3-b] pyri dic{}e] (SO Saégg, 0.22 mol) in | m of anhydrous pyridi ne under

ni trogen. The f &FOMRIHNRASCHAINE L thenGHBER; A RNFRpigmerihereot, gaha cool ed t o

anbi ent tenper 1 ; 6 MAY 2003 WO 001 42044

PCT/ SEQ9/ 0247 %ﬁ%gg?ﬂ%%ﬁcﬁéﬁ‘g? ggt ?"%gcugrqgg ca%lel\%vés extracted with four

portions ab chloroform The organic |ayers were conbi ned, dried over

magnesi um sul fate, and stripped in vacuo. The crude product was_ passed
through a Sup&QmPAUngs aFeqsdingith diedRYSHFER BrEAERRELE Hdricosnt: apsydchehpmreseapr:

met hanol / chl on [ ent ‘ v FR o Vacu d. t he.
ur t1'ed prodspie Bu e fiiied b) ed, KAbAUARL ARERNSE of BefrtREnRNIchlfic,
M hydrogen chlateicelihdreebpor). subtypé shoultebBsefil i @le FatBénttdd @rdphlyl Ricarmpound
as a white sem -solid: electrospray M5 364 ([ M4+, 100). Exanple 14 . -~o
R-(-)-5" - N- MePRYshopic distesders padristallpCtpalimpaissisnt disorderszansi mvepdvantages over

| of 2. 2. 21octane-3 2' - (3: H furof 2. 3- bl pvri di nel der nitrogen nosphere
sodi um oy dhobSPBRyAPILEREDSH, o &5 3 it ite S BEFHR s kbe8 kS Tao
ng) (0.22 MOkymdbufis(which ard\Seld2b 605 R &Y hk@ﬂﬁ‘%@!p&‘ﬁfe preferred. The compzounds
azabicyclo[ 2. 2. 2]octane-3,2"-(3"H)-faro[ 2, 3-b] pyridine] and 165 p.| (2.2

mrol ) of 37% of tlequeent®oof are selbdpe forethe 7 h AG@hR fultgpeo The ecmpainels of djcliavertidmo
pH 3 using conce,ntr%t ed hydrochloric acid. The reaction was stirred at room
tenperat ure, AHdiniGdsdAYPhymRasUtSRIs IRPAFIGHE M HifdFeaiment 95 prophyipsiset PAYEhatic
one hour, the L k > t L }
vas oxtr act edd T St HESICRRU! Rtpal il SROMER, S aRARl HEDARR B Gueindllbe
conbi ned, 2dr i echivapshtediagnesia vrabicfdepessiamdndtankiepe Exampleaofimtelldeaiat esi due
X0 was passed, through a Supel co Visiprep usi ng%ean ammoni ated . .

met hanol / chl oFBPYFReYrdisarders inclyde AlZheimsr’s dissse fearmngdelicit. cegnition defiFit,

resi due was t : =N : jaditsd i ' Vi
hydr ogen chl ori emi“ﬁiegl{a Hg}r?l teﬂﬁg)pn{g)\s/%‘?xg? qﬁ?g [gég [?%‘edr?f 5421”&%%1&{[% %Jaﬁ\?it %&ﬁgr%mv“y
(9899 of the Biorderl Thetompeuridsiof ehedavannionanaysalso bé gieful e bhalpesisrin tisoireatment

el ectrospray MS 336, ([ VH +, 100). is Exanple 15 ) ) g
of pain (including chronic pain) and in the treatment or prophylaxis of Parkinson’s disease,

25 Huntington's disease, Tourette's syndrome, and neurodegenerative disorders in which there
is loss of cholinergic synapses. The compounds may further be indicated for the treatment
or prophylaxis of jetlag, for use in inducing the cessation of smoking, and for the treatment
or prophylaxis of nicotine addiction (including that resulting from exposure to products

containing nicotine).



(R -(-)-5"-N(3-Pyrid | Lan no)spirof 2 6 MAY 2003
1- azabi cycl widee42840ct ane- 3, 2' (3' H)-furof 2. 3b ridine In a preasSysofdlps
seal ed under nitrogen, (R)-(-)-5"-bronospiro[l-azabicyclo[2.2.2]octane so
"3,2' (3" H-faro[2,3-b]pyridine] ( 105.1 ng, 03936 mmol), 3-ami nopyridine (69
ng, 0.73 2 6 MAY 2003 WD 00/42044 31 PCT/ SE99/ 02478 mmol ),

tris(di benzylidineacetone)dipalladium(0) (? 1 ng, 0.023 mml),

racem c- 2-2' biIs(sdlsdimhquﬂhbsrrdmh‘rp@)mdis decotdingatp hhdrinveftiohde ubefAbin the®ehtment
sodi um t - but oxi de (0. 105 g 09 mml), and 1, 2-di met hoxyet hane (5 m)
were heated arfd mnhy&aefwaqfulmveﬁpl@s- 3 days the solution was allowed to
cool, and partitioned between water and chloroform The chloroform | ayer
was then dried by addition of nmagnesiumsulfate and filtered through a
solid phase extraction cartridge containing 5 g silica. The crude product
was eluted fromthe cartridge with a I:1 v/v mxture of methanolic anmmonia
and chl or of ortﬂli_im’m_i%ul ting solution was evaporat ed. The residue was

purified by reyer C-18 co in gradjent of 0-50%
acetonitrile 3*‘8 p%m#? g’qlfggifg”{% FI?&OB}R%'E‘%CO ég‘? H‘Vg%thr’n’@a}' € Blegsied imhe
product - cont akiNGt bideldwns were evaporated and the product was dissol ved
in a small volunme of nmethanol (ca. 5 nml), and excess hydrogen chloride ( 1
M solution in ether) appr. 5 rN) was added. The solution was re-evaporated
to give the title corrpound &54 rrg, 0 13 _mmpl) as a hydrochl oride salt:

el ectrospray MESIaBg ) ) CRAGOMIYPE - 4. 2.0 (¢ = 0.1, MeOH). is
Exanple 16 R~-)-6' N-(Phenyl rret hyI )am nospi r of

1azab|cy?of2 2. 21oet ane- -(3"H)-furof2.3 b ridine

(R -(-)-spir OE“it-azmmg@o@_d@ @?xgimtr_@nsra’i hippodarhbal fnddrdbranek: klapmbbgwﬁpx%&é'
de] (Vi) [970 Zo ng (4.20 nmmol)] was dissolved in 1 of phosSphorus
oxychl ori de, m!inpeeryﬁdrm 2Agolumesoficeld hmqgemmemsmg&eﬁ@onomstram dfeat ed
t fl d_st U I t t
reacti on was. SOt BIFG PR Bt P mBR R el as 50 MeCho: Betlde: Kelet®
basi ¢ wi th poyagsThhoarigeRiievas catfupsd f&cstrﬁﬁhumstahlsdsd ngefhersm;&ﬁaténwamaxcd

The conbi ned g@ganl c extract was dried over anhydr ous nagnesi um sul fate)
concent r atsed the peleuereximanted. (Ths pocled svpermgarapert aehirifugid foe 0 meinutss lat ca

el using a 9%, Boffixt urs o oL OCOL O AL R O AIRRE 40y WAL SRbad 'S
Soria A ol . olc 88 i EPEPIATIG Tt B g B RPLnelR b

benzyl am ne wa@aCheatoeSmMVOEGTA mylmcgeycoabm(ﬁ-mgﬁmt@ldmnmf 2 hofi@rat 23°C, and

hours. Upon cooling to anbient tenperature, Z 6_MAY 2003 WD 00/ 42044 32
PCC/ S~99/ 024788¢en ffiktersdiand washarrs time s ayer SKhasman abﬂﬁaﬁh@dﬂiw thigkners (Drusing 2

| l,
o ovi di oo B8 salhallef bl ofec Lo ERURTAIS B 3R i PETRR B fATBRERT !
100) . 5 ExamefpelykthyRuneining)) id\whidr Wak eﬁu&a:mrhwmm BRERE (0007% of total counts per

1- azabi cyclof2 2.2)octane-3~2"'-(3"'H -furo~2. 3bl p ridinel
minute). Nonspecific binding was described by 100 pM (-)-nicotine, and specific binding

was typically 75%.

25

Test B - Assay for affinity to the o4 nAChR subtype

[3H1-(-)-nicotine binding. Using a procedure modified from Martino-Barrows and Kellar
(Mol Pharm (1987) 31:169-174), rat brain (cortex and hippocampus) was homogenized as
30 inthef 'zsl]a-BTX binding assay, ceatrifuged for 20 minutes at 12,000 x g, washed twice,

and then resuspended in HB containing 100 uM diisopropyl fluorophosphate. After 20



- The title conpound was prepared by the procedure used in Exanple 12fﬁOMN5c2003
mg (0.22 io nmmol) of

R-(-)-5"-amywgwmisiqak 1- azabi cycl o[ 2. 2. 2] oct ane- 3, 2' - (3' H) - f ur o[p&TEadpygrg di r
"~~ and 3-thi ophenecar boxal dehyde, giving 61 ng (85% of the title conpound:
el ectrospray M5 328 ([MH'") 100). Exanple 1®is

R-(-)-5"-N(2-Phenyl et hyl )am nospi ro[ 1- azabi cycl of 2. 2. 21octane-3.2' - (3" H -f
urof 2.3 h~pyridinel The title conpound was prepared by the procedure used
in Exarrpl elf (fRemFraf@Qapprdkimately 0.5 m wcre incubated wit -)-
R-(-)-5"-am no@%@%&i%a@%@%l o[ 2?’132 2] oct gne 3, g% -(3"H)-furof 2h 3BMP:;I] %}fl{l’]l(dl)n
e] and phenyl atiedtired @brydteg, lg.l.Mlﬂﬁt@pBﬂ: mﬂer’thdrliemM €hEl,cmrthD und: EGT & €61 DEpireat
M5 336 -zo0 (] +, 100). nple 19 R PBF

- 5 - N=( 3- Pheny46h @theMﬂﬁewdwerhaqnma %?'eqedil@rsg(tblﬂsewr@(yretreated for 1 hour

. A b O BEE R e 0

R-(-)-5-a4m (3"H)-furo[ 2, 3-b] pyri di
ne] and 3- phe yl grag'%%llq%tl a%gﬁggg[&é%vﬁhg%my%g%t he title conpound:

ei ectrospray M5 35Q ([M—I]+ 100) . 3o Exanple 20 2 6 MAY 2003 WD 00/ 42044
PCT/ SE99/ 02478 33 R- ( - vl met hyl ) am nosai r of

1- azabi cycl of d f 2~3-bl pyridine) The title
conpound was prepared by the procedure used in Exanple 1 from50 ng (0.22
mol ) of

R-(-)-5'-ami nqmi) wah&m@em&h@[&:ﬁ&éme(@peﬁ&Za}c(xlatdd)usi@g the 208-1inE@ydurdd n

e] s and 3-quinolinecarboxal dehyde, giving 47 ng of the t| e _conpound:
el ect r ospr#y WB“BWO("[WI]‘*J- @e@admg\({gnsgf P J and Rodbard D ( 1977) Am. J. Physxol

R(-)-5-N ( OJJ %ﬁi‘r ;bz:joﬁﬁr X, r)@lﬂ:l/&o@gllcr I'cﬁl]toi sﬁX?xechel ?nvsilhe non Imc

oct ane- 3. 2 ~pyr i di nel e conp Suna
by the pr ocedqeeremdprbaraﬁk@ﬂzFH'HER (mwbzﬁ@\(/(kIZlmj))yxefdmc gvalues of 1 67

R-(-)-5"-am nosplro[l azabi cycl of 2. 2. dl{octane 3,2 - zmt?s faro[ 2 b] pyri din
e] and 4- qui nceindrietan damthel BT an Hi%-(ragméﬁtllnm’eg IFGGPG@NMUM values were
el ectrospray M5.373 .

R(-)-5-N (1. e&“@éﬁ%ﬁ)‘%ﬁ“&i‘é%ﬁeée&# %?M?ﬂﬁfpﬁ&gaﬁ‘?‘bf
1- azabi cycjsof 2. 2. 21oct ane- 3. 2' (3’ -furof 2.3-bl pyr| di neI The title
conpound was prepared by the procedure used in Exa 9.1 from 50 ng (0.22

~o0 mml ) of K;-[IC50)/((2+([ligand)/[Kp])"
R-(-)-5"-am nospiro[ 1- azabi cycl 0[2 2. 2] oct ane- 3, 2' (3 H) - faro[2, 3-b] pyridin
e] and 1, 4- benzodi oxan- 6-yl car boxal dehyde, giving 31 ng of the title
conpound: el eqlyasp Qﬁe yfngl&aaﬁ( b ¥Hlhend 0Pny, PHRI LvAde BF n=2 was used when

-4-yl met o

R-(-)-5-N (I mdazo ) am nospi ro
1- azabi cycl of %F,&lzl.s%pl&eﬁre%ssiyﬁdkh triplicate and were typically £5%. K; values were
20  determined using 6 or more drug concentrations. The compounds of the invention are
compounds with binding affinities (K;) of less than 1000 nM in either Test A or Test B,

indicating that they are expected to have useful therapeutic activity.

25 EXAMPLES

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

30 temperature refers to 20-25°C.



-furof 2. 3-bl pyridinel The title conpound was prepared by the procedurZa BUMM 2003
in Exanple 1 from50 ng (Q 22 nmml) of R (-)-5"-am nospiro]

1- azabi cycl 8Y@0W%42044ct ane 3,2 ~-(-faro[2, 3-b] pyridine] and  PCT/SE99/02478
"4(5) -1 m dazol ecar boxal dehyde) giving 1 ng of .the title conpound:

el ectrospray Ms so 312 ([MH+, 100). z 6 M 2003 WD 00142044 34 Exanpl e
24 PCT/ SE99/ 02478 R-(-)-5"-N-(traps-3-p, ~ridinyl arop-2-enyl)am nospi r of

| -azabi cvcl of 2. 2. 21octane-3 2' (3'H) -furof2.3-b]p,~ridinel The title
conmpound was pregpiollewingexamplesrase prriered mandlimitirRexapiplesierbalyingprefyre agRcs
mol ) of R—(-)-gh-am' no%gi rof

1- azabi cycl o[ 2°2S{BERYNE- 3, 2' - (3' H)-faro[ 2, 3-b] pyri di ne] and

ci nnanal dehyde, giving 43 ng of the title conmpound: electrospray M5 348
([MH +) 100). Exanple 25 ~0 R-(-)-5"-N(Thiazol -2-yl nmet hyt)am nospi r of

1- azabi cycl of 2P@p&atioct ane- 3. 2' - (3' H) furof 2.3-blp~ridinel The title

conpound was prepared by the procedure used in Exanple I from50 ng (0.22
mol ) of R-¥ - }3mirel ixpzahigyclefdi2. 2loctane-3.2"oxirane] N-borane complex (compound IT)

L
| -azabi cycl o[ 2, 2,. - ' ‘B -far 13 18l Pyhidi nel. and .. .
2- t hi azol ecar b%@%&gﬁég%%eg?@f%%if@ unn%f’bg?c{ef(rlé. ltB%“t’I)?g 'Zg%l%’bfﬁ‘gza disRsexiongbr ay
MS 329 i's ([ Mdotiund BfdrideRps69Aih @i1¢6.00 g, 75.0 mmol) in anhydrous dimethyl sulfoxide was
R-y)-5"-N-(3-Met hyl phenyl met hyl ) am nospi r of _
| - azabi cycl of 2stizred Boracantsamepature magr fitrpgan for 30 phipytes dQuishclidin Bidrar(Ii(.05 g,
et rachi ort de {0 et s Aed afedd 30! Wb Prtaholh M RIRLIARG bkt S8R

R-(-)-5"-ap naspizoaf dndet aRidés ko Phadur?TRE AN omBmexiure was cooled, water was added
(3'H-faro[2,3-bjpyridine], 0.066 mM (0.47 mmol) of triethylamne and 0.026

m (0.22 nmol )(200 mi), tand thel rastiyagesalution whs extragieidor sl ohlojofoma € x 200 d ). dden

at nosphere. After stirring for 16 h solution of 0.65 mmol  of sodi

cyanobor ohydr icégorP%r@_e%cg A ofe ‘ﬂ“%?‘ﬁﬁﬂ‘g Fa%:%ﬁé%&%g‘fm[? I‘f"é‘tetré‘éﬁlzpﬁﬁfgs'ume

sol ution was s.thwrmelmflgyerms 'Eﬂeﬂ1drIeHE{Mg@@(i'5,@tdréﬁ,%@@v%or&@d BRUE QLSucSS Prediire
wth m(4 x 10 m).

carbonate and extracte chl or of or e conbi ned organic
extract was drtpeffoslspirofiezabiiyclol2 di2fetane-L 2 rmxdrane h(Gell g,6amuwm] 8390 ¥ dsasdiear,

ot hanoUeriPor GPBFSFOIdifobt * Sgred i Agpicall-SpbBelohe el mech hsinee] 53
el ectrospray 5389 ma6l) A Mﬂyﬁrou%Q&}ahydro@uﬁn VR0 &8P 0°C was added dropwise a solution

of borane in tetrahydrofuran (1.0 M, 38.1 ml, 38.1 mmol), and resulting solution was

stirred at 0°C under nitrogen for 30 minutes. Brine (100 ml) was added cautiously to the
reaction solution, and the resulting aqueous mixture was extracted with ethy! acetate (2 x

20 100 ml). The organic extracts were combined, dried (MgSOy), filtered, and evaporated
under reduced pressure to afford the title compound (IIl) (4.3 g, 28.1 mmol, 74%) as a
white solid: electrospray MS 152 ([M-HJ", 15).

Preparation 2
25 3-(2-Chloropyridin-3-ylmethyl)-3-hydroxy-1-azabicyclo[2.2.2]octane N-borane complex

(compound IV)
A solution of phenyllithium (1.8 M in cyclohexane/ether [7:3], 167 ml, 0.3 mol, 3 eq.) was

added via a cannula to anhydrous tetrahydrofuran (350 ml) at -60°C under a nitrogen

atmosphere. Then, diisopropylamine (0.7 ml, 5Smmol) was added dropwise, followed by a
30  dropwise addition of 2-chloropyridine (28.4 ml, 0.3 mol, 3 eq.) over ten minutes. The

resulting solution was stirred at —40°C under nitrogen for 1.5 hours. The solution was then



. WD 00/ 42044 35 Exanel e 27 PCT/ SE99/ 02478 2 6 MAY 2003
R-(-)-5"-N(2-Chl orophenyl net hyl ) am nospi r of
1-azabi cycl @ 1oct ane-3.2'-(3 H) furof2.3-bl pyridinel The e
- conmpound mﬁ‘ﬁ?‘é‘i} Hed by the procedure used in Exanple 26 fro?#@%k??ﬂn(‘@ 22
s mol) of R-(-)-5"-am nospiro

1-azabicyclo[2.2.2]octane-3,2'-(3"H)-faro[ 2, % b] pyri di ne] and
2- chl or obenzal dehyde) giving 63 ng of the title conpound: electrospray MS

1-azabl cvel of £981e4T8 SPRCE, & 3 Byuofyot ppaitbig B R RRae R o] R Borane
conpound was RoaixEd SBYg 01 nilYiR @stkihgdistadn (T5 ERIPUR] £ideE dtdp%é%wes&ﬂu?i

mol ) of R-{-)-S -am nospiro[ 1-azabicCyclo[2.2.2]octane-3
H) - f ar o[ 2, 3- bjregactioolimigjure s mmhhueobEﬁ%HCdmldydettrogem A@eﬁ])hcﬁtgs()isatdi@tetii tlhe

co?pg)ugd N?l( g%t? 'SR 5?%9%/59}%@??%#%&{5“%‘? was sIowI% acqged followed by water (400 ml),
1- bi f |
L el b s e S 14 BP0k e BT

.76 mmol ) of were separated and the aqueous phase was extracted thh ethyl acetate (3 X 100 ml). The
R—(-)-5 -am nospi ro[ 1- azabi cyc| o 2] oct ane- 3, -far@l 3-b] pyridin
e] and 3- phenwgﬂntfplaygwwea? e@rﬁp'aed dgieéu(wsé)m f#@“—r@ﬁ aﬂﬁevamat werlep caduged
€l ec; r gSprl\f“(/ B%gﬁg)}&% hrt]i?\%t)ov Xgﬁ nos gpflf%fl %gl and elution with ethyl acetate/hexanes
1 azabi cycl of £3:2] Zﬂfmwﬂ&: &Jecmﬁ;ﬁ:uhmfmra@h téh sahd{ 1P\ 4, @srmhmED%S%gt élecuospray
conmpound was epar ed b t he procedure used in anple 26 from?2
1,10 ol 1o of M8 069 (AEK it 21Glc KD, 267 (IMH]® with CL 26).
1-azabi cycl o[ 2. 2. 2] octane-3,2'-(3"' H)-faro[ 2, 3-b] pyri dine] 30 and
3- hydr oxybenzal dehyde, giving 117 ng of the title conpound: electrospray M
338 ([ VH +) |9§Q§£at103 36 MAY 2003 WD 00/ 42044 36 Exanple 31 PCT/ SE99/ 02478
R—(-) 5 -N-14-Hy roxy_ en Irret th )am n03| rof (- azabl cycl o[2 2 21octane 3

-(3'H furobpirglimzabicyglohhP it : ap ‘ q cugdd M) t he

‘F’J s eafnsﬁgézq?@xrfgﬁe%?@%v 3%”%3%?%%?@1%{%@0%%1 SOSRE PRI n

e] and 4-hydr ber@o HehYIY Sas disvolned iﬁlanﬁgdxeﬁs MN-dxthhﬁIfBﬁﬁ@@ME@SOO ml), the

el ectrospray M 3§ l[ MH +, 100? I 0 Exanpl e
resulting solution was cooled to 0°C under mtrogen and a dispersion of sodium hydride

(60% in oil, 6.55 g, 163 mmol, 2.5 eq.) was added portionwise. The resulting solution was
stirred at room temperature under nitrogen for 16 hours. A saturated solution of ammontum
chloride (50 ml) was then added at 0°C, followed by ice water (500 ml), and the resulting

20  aqueous mixture was extracted with chloroform (4 x 125 mL). The organic extracts were
combined, dried (MgSOy), and evaporated under reduced pressure to afford an orange
solid. Purification through a short column of silica gel eluting with chloroform/acetone
[95:5 to 85:15], followed by stirring in hexanes (100ml) and filtration, provided a yellow
solid (12.7 g, 55.2 mmol, 84%) of spirof | -azabicyclo[2.2.0]Joctane-3,2'(3'H)-furo[2,3-

35 b]pyridine] N-borane complex, electrospray MS 231 ([MH]*, 65).
Spiro[l-azabicyclo[2.2.2]octane-3,2'(3"H)-furo(2,3-b]pyridine] N-borane complex (12.2 g,
53 mmol) was dissolved in 150 ml of acetone, the solution was cooled to 0°C, and an
aqueous solution of HBr (24%; 50 mL) was added. The resulting solution was stirred at
room temperature under nitrogen for 24 hours. The reaction was concentrated under

30  reduced pressure, and the aqueous residue was treated with saturated aqueous sodium

carbonate solution (50 ml). The.solution was basified to pH >10 using solid sodium



< Rf-)-5-Nftrans-3-(4-P~ridinyl)prop-2-enyllam nospi r of 2 6 MAY 2003
1- azabi cycl of 2loctane-3.2' (3"H -furoj 2. 3-bl p, ~rridinel

conmpound vvé%oﬁ?/izﬂé‘f ed by the procedure used in Exanple 26 frg’%r%%blﬁﬁ-’%
-1.10 nmol ) of

R-(-)-5"-am nospiro[ 1- azabi cycl o[ 2. 2. 2] oct ar%g-S, 2'-(3"H-faro[ 2, 3-b] pyridin
e] is and traps-3-pyridyl propenal, giving 77 ng of the title conpound:

)e | gct L,?ZE;? ¥| '\;ﬁgqngtef %gﬁ!{ﬂ rﬁ,gg[ma) 3%5‘1(%”@&9 Féﬁractec{ with chloroform (3 x 100 ml). The
1-azabi cycl of gogn;@ lse&s&a@c?‘e conitfined;Mdridd (MYsD 3, ﬁn&&aﬂ%a @»ﬁﬁh@&ﬂﬁnaoeﬁréa%ced

conpound was prepared by the procedure useéd in Exanple froml
(-)-5-N(3- tﬂresnxgel weiffopd Jtertitleaomponind VIa@ ald g \pd | 8oimého?, Wb, S48hevealD) as@ﬁ off-

H) -faro[ 2, 3b] pyri di ne] and acetic I.d giving 25 ng of the title
conpound: el e‘t‘%{‘ RIospray VS| 4()[K'ﬁ'éb)-?Z)~S Exanple 34 R- - 5 - -Meth

1-N 4- 'd I | t . Do
furof 2. 3- b] gﬁ. ?‘[%]c:lfgrﬁiﬁo%n%i ‘ﬁsjscgﬁ-gn%gg?l i @)prep 'egs}&/&?%%bg%lleé&&f@ used
i n Exanpl e 14oflowinghtéthogs: of R so (-)-5"-N-(4-pyridyl net hyl )am nospiro]

1- azabi cycl o[ 2. 2. 2] oct ane- 3, 3'H-faro[ 2,3 2 6 MAY 2003 WO 001 42044

PCT/ SE99/ 024 Method A hP 3 mg@if mla;q tltém@prap% wasbseparagndhy chitay HBLCglising g 208 Ny

R () s | N meRRCHERALEEFOPTERASN ol Watert Pt Plep 200 s R S FsditeBamaty

~! -(3 H  fur &fydeedr, Blutbnii witiieh 4Tiﬂﬂnémy1lpenﬁﬂévsmuﬂa (923 tHOeNak & Borale? 20
procedure used in Exarrpl e 14 trom 200 ng of

R(-)-5' - No( 3-mlymirdyThie propidedni il asgiof te (S)-enantlomer([a]23—+59 7(c = 1, methanol)) and
1- azabi cycl o oct e 3,2 farg[ 2, 3b] pyrid e) and 37% aqueous

f or mal dehyde, dT‘%P}iH’cl( -cwtm%&?.rré%’dﬁmﬂm%e él ectrospray Ms 337
([ MH] +) 100). l e 3

R (-)-5" - N (22 v P RGP REPY.qfhe Help compound was treated with L~(+)-tartaric acid

1- azabi cvcl of(@92mg} oGRanmol iR '15 ¢a8aqudous urhaholZ(lB rinll) pyd tedirysedllided tHrae titriek ke
conpound was prepared by the procedure used in anpl e 14, from 100 ng of R
(-)-5"-N(3- p@hme@ﬁﬁym@mqqé.s@)ﬂ@:[trate (650 mg; l 77 mmol; [ot]* = + 57.7 (c = 2, H,0)).

oo S o e Tk S WA coRenird el ek Bt BRLANE 6 BElac Bl ol es
MAY 2003 38 GhéfibbtolpHA> Ml@odﬁlﬁﬂm&nhm R'h® resuldinImixtuls whis Gkirdsted

wherein NRR, is attached at the S- or 6-position of the furop ridi ne ring;
Ris hydrogehvxtl@tﬂmfm@pg 29 ml)GaEthe combined extracts were dried (MgSQy,), and

evaporated under reduced pressure. The residue (650 mg; 3 mmol) was treated with D-(=)-

tartaric acid (452 mg; 3 mmol) and recrystallized as above to provide the (R)-enantiomer

20  D-(~)-tartrate (775 mg; 2.11 mmol; [a]® = -58.2° (c = 2, H,0)).

Preparation 4
(R)-(=)-5'-Nitrospiro[ 1 -azabicyclo[2.2.2]octane-3,2°(3"H)-furo[2,3-blpyridine] (compound
VI E=NO»)

35 (R)-(~)-Spiro[1-azabicyclo[2.2.2]octane-3,2" (3'H)-furo[2,3-b]pyridine] (3.03 g, 14 mmol)

was dissolved in concentrated sulfuric acid (7 ml) at 0 - 5 °C, fuming nitric acid (3.3 ml,
70.2 mmol) was added over 10 minutes, the mixture was stirred for [ hour, and heated at
65 ~ 70°C for 24 hours, cooled, poured onto ice (200 g), added 300 ml of water, basified to
pH 10 with solid potassium carbonate, stirred for 1 hour, filtered off and dried, provided

3 the solid title compound (3.6 g, 13.8 mmol, 98%): electrospray MS 262 ((MH]*, 100).



- atons; or:

- R is (CH2)"Ar, CH2CH=CHAr) or CH2G---CAr; nisGo3; Ais N or NO /eri gAYi 2003
~- or 5-nenbered aromatic or heteroaromatic ring which contains zero to
four nltroge zero to one oxygen atons, and zero to onep

(@Bﬁﬂgu or 10-nmenbered fused aromatic or heteroar orra%llt:dcb/orzf’ﬁgg
system cont al ning zero to four nitrogen atonsz4 zero to one oxygen atons,
and zero to one sul fur atons; any of which nay optionally be substitut ed
with one to two substitutents independently selected from hal ogen,
trifluoronmethyl) or C-C4 alkyl; R2 is hydrogen) Cl1-C4 al kyl; C--C4 al koxy;
or phenyl ring optionally substituted with one to three of the foll ow ng

substituents: rmé@gmngi C4 al kyl, C2-C4 al kenyl, C2 C4 al kynyl, OH OC
~- C4 al kyl, NC2, -NRSFé? (l)r - CF3; 2 6 MAY 2D0§> 39 RS. R4 and

RS are i ndepen A A , 2.3 di y
substituted w t:h one tgvz E_Emgf the fol I oW ng substl tuents: haI ogen, C--C4
al kyl, ¢4 al 4 wnyl, OH OC~-C4 alkyl,-CN, -NO2) or -CF3; or

an enanti ongr tAefieke oﬁnﬂ eﬁi}%ﬂ%ﬁau)t(-qﬁsl In¥tréspeRpt- a:ab@ygl@l[z 3.2l hes0d, 7’(2 HA

conpound according to claiml, wherein'Ais N, or an enantiomer thereof
and phar maceut ifomi[2,3- EQMH@MB@ §éBt3smmIQBr@df10‘?8palhdumpmgmboa¢4:&%dvaﬂg wet, 270

| 1 2, Wh t th f
phar mceut | cal 18) T eebrabioD tified Pdroe g be® A0 A0 psoLeeBpdarng ettt
1 or 2) whereinyR ﬁlte?ecf%%ﬁg%gfa adf @NteBhRAthe 98En: WIS e§AoraBf Under reduced

pharmaceutically accepta thereof. 5. A conmpound ‘according to claim
1 or 2, wher ei prd3sutes thehidSicierwas prifed byrflash chommtogriphygelutingwdth ammoniated

pharmaceutical | y accept abl e salt t hereof. 6 conpound acc r.di to any
‘one of cl ai'fis xoaO@mém@ﬁhéM 9By OSJ]%@eE"toé{HjefjrAt‘B %Orﬁl?%‘ﬂ ﬂgﬁ mol,

optional | y subgt e, : n ubstl tuents:

hal ogen, C? Mft) ?&%ﬁ%&%&nﬁajﬁy‘%m%%I%H%W%%mﬂg—( 90(0% -C4 al kyl,
C0285) -CN, -N02, -NR3R4, and -CF3; 2-, 3-, or 4-pyridyl; 2-) or 3- furanyl;
2-, or 3-thienyl; 2-, or 4-imdazolyl; 1, 2-, or 3-pyrro|y|; 2-, or

4- oxazol yl ; anM-l soxazol yl; or an enantioner thereof, and
pharmaceutically acceptable salts ther eof . 7. A conpound according to any
one of clains 1 to 5 wherein Ar is selected froth the group: 1-, or
2-naphtfryi; 2-, 3-) 4-, 5-, 6-, 7-, or 8-quinolyl; 1-, 3-, 4-) 5-, 6-, 7-,
or 8 isoquinolyl; 2-, 4-, 5-, 6-, or 7-benzoxa.zolyl; and 3-, 4-, 5-, 6-,
or 7-benzi soxazolyl; or an enantioner thereof) and pharmaceutically
acceptabl e salts thereof. 2 6 MAY Z003 40 8. A conpound according to any
one of clains 1 to 6, wherein R3) R4 and RS are independently hydrogen, or
Ct-CQ al kyl; or an enantiomer thereof, and pharmaceutically acceptable
salts thereof.



9. A conpound according to any one of clains 1 to 8, wherein nis 2 51UAYA2003

conpound ac o any one of clains 1 to 8 wherein Ris

A conpound é@é @goné to any one of clains 1 to 8) wherein Ar Pé’g@ﬁ%ﬂ)zns

"het eroaronatic ri ng. 12. A conpound accor di ng to any one of clains 1 to 8

wherein n is 1; Ris hydrogen and Ar is an h ?eroaromatic ring. 13. A

conpound accordl ng to claim1) said conpound being:

R-(-)-5-N(Phe ane-
(RY-{)e: esIN-oxide

1- azabi cycl of 2 23,2 -(3 H)furo[23b]pyr|d|ne]

R-(-)-5 Y(3-I£’y%‘r¥@[‘§r@)am nogpl ro[ 1-azabicyclo[2.2.2]octane-3,2"-(3

H) f ur of 2, 3- b] pyrsoltitiva]of 2R3(g §9. 18 menblRyT(ROYHPaptifof |- )amgimcrwim D2@Joctane-3,2'(3 H)-
i di ne

1- b | of 2 t 3,2' - (3" Hf 2,3-b

R- ?Z? 'scyfzo[pumgﬁ %lﬁggwshm@m& Qf[r;étgglsm efgl]e%{ wapcanlesbinganeicg bath; (@3whichu
2,3-b dj,)

(<) -5+ (3 Fub 3RS0 5 G of 7S5 SYloreRed szt sekaimpeions peri £
2,3-b d

I e it 0 i

R-(-)-5"-(2- Lnfad@Adioprsitetahihesaivarispdsrrofmoved in vacuo and the solid residue was dissolved

L azabl oyl ol 2 A Rl BE RS R deRl, bt o 2 2o BLAY AL tionidhe Sad Moo sk

1 azabi CyC| 0[ 2thd s8lufieh atfeeidudy3 Th rdadfidd %af’stmé&’ﬂbl‘ dihB81s; then the solvent was
R-(-)-5"-N(4-Chl orophenyl net hyl ) am nospi r o(

I - azabi cycloo][ Zemozv]e(bm warge 3 s(oﬁd psidumrwds2ligoblegym i1 50 méof a 9:1 mixture of
5 -N(4-Neth henyl amnoswo . )
- 1 S hb cycl o ZHOIE armefhand ghen pTER Bt mSh b oF 106 dgpeous sodium hydroxide.
R-(-)-5-N(3, .
I -azabi cycl of 2’1452%1‘]@?3? gﬁgﬁ%ﬁh{@i&é!- %%%?%ﬂk%l?&tgﬁo Cer?e a);:E:d in vacuo and flash
R-(-)-5-NAc e:tlybmad&v(aphmmtmhmht)ﬂmlmsgpl usdg a 9:1 mixuwre of chloroform and 2.0 M

o ?Z? b|50yﬁll_ %Ewgg\gg%%gﬁvpﬁwﬁm %ﬁz;tgégh‘ Ig%(;) M’ O%) ofnth!: ;title compound following

I - azabi cyc)0[ yLi. -

(R)-(-)-5 I\I—(2C§?i5§l io8 ?r}f"é’:r%nbﬁ’ S%erﬂ})e/{léi{fﬂé §1 g’ ?&E ?629%% I ERMY > ( 3
H-faro [2, 3b]qhgdtno@|pna¢MS IR ((MBT 61000 ( Phenyl net hyl ) ami nospi rof

| -azabi cycl o[ 2. 2. 2Joctane- 3, 2' (3' H) furo(2, 3-b] pyridi ne];

R-(-)-5"-N(3-Thi enyl met hyl ) am nospi r o]

1-azabi cycl o(2.2. 2] octane-3,2"'-(3' Hfuro[ 2, 3-b] pyri di ne] ;
R-(-)-5"-N(2-Phenyl et hyl ) am nospi r o[

| - azabi cycl o] PrépatdmmtBne- 3, 2' - (3' H)furo[ 2, 3-b] pyri di nej];

3,2 -(3

R-(-)-5-N(3- Phenyl prop I)am nospi ro[ I-azablc clo(2. 2. 2]octane 3,2'-(3

H) f ur o[ 2, 30 bJRrBremaspirol iz bicyglo[A.2 2tgctans i fuseli2id bipyridingd feompaund VI E
- azabi cycl o[ 2. 2g3] octane-3, 2" -(3' H)furo[2 3- b]pyr|d| nej ;

R (-)-5-N( 1 in-4-ylmethyl)am nospiro[ 1- azablcyclo[222]octane32 (

3" H) furo[ 2, 3- ] pyluiich ofspiroft-bzabichclo[e.2.2Joctane-3,2/(3 H) furo[23 -b]pyridine] (100 mg,
Z, 4- Benzod. i oxan- 6-yl met hyl ) am uosp |ro$ 1- azabi cycl

( 5 9 2] oct a~e9 462 mproppangd g@@[@ agegieddil mgné]mmol) in 50 % aqueous acetic acid (4ml) was

? faz?abl cy[gll- (()l[ ? e%aéf%qug‘/lléém Xe @%W‘ﬁﬁgﬁf{’@og] paﬁrafig?%‘é‘]a a syngg% oKﬁi\)OﬁB@t%Z

R-(-)-5" - bk (t aAd theXsoRNRAW LRt R&T Hea@@nHei e NGR Bor' lOI|iour The mixture was allowed to cool
lazablcyclo[z22]octane32(3 H)-furoZSb]pg di ne]
sodium ¢

R-(-)-5-N (' "hambent @mperagirhybapifieid topHix1o[with arbonate and extracted with
1-azabi cycl o(2 oct 3, 3 2, 3-b ri.di
R (-)-5-N (3% Rré’f%d? I@ﬁgﬁrﬁﬁh% M ‘&% S‘z@%?%b Blesed a0 3, o'
3" H)-Tarol 2,pmap¥ibd Hhddeteduced pressure to give the tit]e compound (110 mg, 0.37 mmol, 81 %)
as an off-white solid: electrospray MS 295 ((MHJ* , with "Br, 100), 297 ( [MH]", with
30 %'Br, 98).




-R-(-)-5"-N-(2-Chl orophenyl net hyl ) am nospi r o[ 2 6 MAY 2003
1-azabicyclo[ 2. 2. 2] octane-3,2' (3" H)-faro[ 2, 3-b] pyridine];

R(-)-5-N( phenyl et hyl ) am nospi ro[ 1-azabicycl o[ 2. 2. ;

2" (3" H)-fur o%@“g?ﬁyri dine]; R (-)-~"-N(3-Phenyl propynyl)am ﬁ%@%ﬁ?@?aﬁ
-azabicyclo[2.2.2] octane-3,2'-(3" Hfuro[2, 3gd] pyridine];
R-(-)-5"-N(3-Hydroxyphenyl net hyl ) am nospi r of

1-azabi cycl o[ 2. 2. 2] octane-3,2' (3" H)-faro[ 2, 3-b] pyridi ne];

R-(-)-5 -N(4- | met hyl ) am nospiro
1- gz;bi cycl E)[ Zé&;a?é}c@ah@yS 2' ()?:' ) H) -fa?gl[ 2, g b] pyri di ne];

R(-)-5-N-[tr dsgirojl-azabiopcl 3f XNy octder 3P Hfurof2,3-b
1-azabi cyclo[2.2.2J octane3,2'-(3" H)-farof 2, 3- ;

R-(-)-5'- N Acet(¢ompound ¥IhEsnBtnet hyl ) ami nospi r o]

1-azabi cycl o[ 2..2. 2] oct ane- "“(3.Hr:faro[ 2, 3 rjdi .
R(-)-5' YN— I\/Lt K tkfpwr(ﬁhé-[)%ﬁ%}%ﬁx%&é@?%ﬁctme-@% (3'H)-furo[2,3-b]pyridine]
1- azabi cycl g[ 2(R08L06 hanel) Reated & thébarhetay hed i BheR&lari i :
R()-5 N (Ie/bt rg)?/?_g%?%?)_ py? e opame n%%%i gsocll?ibleb( ih Blepaiation 7A provided the title
1- azabi cycl o[ 2 camppart @iH- B 62hipdl, B %) (fedF25 3455 Pye +di MEOH)).
R-(-)-5-N(2-Hydroxyethyl)-N(3-thienyl nethyl)am nospiro[ lazabicycl o
[2.2.2]octane-3,2'-(3" H)-faro[ 2,3-b] pyridine]; or an enantiomer thereof)
and pharmaceutically acceptable salts thereof. 14. A conmpound according to
claim1, said conpound being: R-(-)-5"-(3-Pyridylnethyl)

am nospi ro[ 1- agxhimglecl o[ 2. 2. 2] octane-3,2"' - (3' H)furo[ 2, 3-b] pyridine]; . 43
R-(-)-5-(4-Pyridylnethyl) am nospiro[ .
1- azabi cycl'®[ 2R , fhengmethylyammesy Jdhafure@der

thereof, and p Bee i aIIy acept able salts the eof. 15. A corrpound
according to aprgd@?rgﬁgf clains 1 to 14 for use in therapy. 16. A

phar maceut i cal Sedi htde® WekdBlbtiet di§ off nifERADYFIE tsASv etk T€00 i3, 2BYA0E aRl
claims 1 to 14, in adm xture with an inert pharnaceutically acceptable

di l uent or car Added gradpallyte2 g of Arfydirus degthanmipwbile sémingamdenia nigrogen atimwisphere
16, f i oAXd . hotic di.sor.d
Tntel Dectual i AT TRERAREN A5 sERADPOCHP 2 S luiBRLE Miinl HBTERE s Grorous

according t9 cbabblingGiopped antieatif afl ke doliiadissoNedOs’ -Ri@iRpl8p-s of human
di seases or conditions In which activation of the oc7 nicotinic receptor is

beneficial . 192zabjrycloRa? Alostane3eat(3 dbniverli2i3-blpyaidingd 23 ymgol Oiminal) 28d f or
use in the tre hyl,axi f Al zhei 's disease, |earni
deficit, cogni ?%Jgﬁﬁglé’%%cﬁﬁoﬁtlﬁ | é);b ‘H%inagﬁ%ﬁ;ﬁ%%ﬂ)f ‘6’3‘%?“%3"5811%%0
Deficit Hyper agdditibrday2 RilofadeydrodsavsthBed wabedeed. The soluiion Was SEdZARSsRNI a,

mani a or mani ¢ depression, Parkinson's disease, Huntington's disease)

Tourette's syn@mPRERUREFrtyQcigrn dheathepieddp §87¢IEors2 Ius. Wiedivm bpeahgdiide (186mgoR-8
cholinergig, sy e et . i j i ne_addiction..

i ncl udi ng that B?g)z)uﬁ‘él aﬁltgegrg%dm&gzg%éh?g a?gle%?%gt%xc%ﬁﬁgpﬁﬁtﬁs';{‘:[pé’&cl%ﬁléflg to
pain, or ul cerghbi¢st te@peéraiuge, tROmethagol A rEMOSEd 7€ Adcuo QRAQSE fdsiNe FGS Pakitidfc
to claim19, for use in the treatnment or prophﬁ‘axi s of Al zheiner's

di sease, | ear npatiyeans§ mé pf ghlewéemm ansnlralaf water. hhe aqueonn layef was extraciedywpaagre

Denentia, menory_ |o or, Attentd on icit Hyperactivity D sprder. 2.6
VRY 2003 44 o1 S8 8 B AReb R ol anE Uieeskpt BB Aetrp e ieilris B £ o
use in the treahfRBiumOdulfaled PIMEIcAIdrsfopth wHdst@bped mGaLZRRAA MY Srud&Proidactovas
mani ¢ depression. 22. The pharmaceutical conposition according to claim 19,
for use i nt hepurifiedtomarsilicarflash oplyinaysing 26- 109 kinmominted dieghwaolchloroform gradient,
Huntington's di.sea tite' s.syndrone, or neurodegenerative disaqrders

[ whi oh ¢ her ir e (4% phife FuF EPibRPL et TS pRHE HhdrebaiiS 22
conposi tion aggemgtngoy.0 claim19, for use in the treatnent or prophylaxis
of jetlag, nicotine addiction including that resulting from exposure to
products containing nicotine, pain) or ulcerative colitis. 24. The

phar maceuti cal_ conposition according to claim 19, for use in the treatnent
or prophyl axi M&G—ghei mer's di sease.

30  R-(=)-5'-N-(2-Pyridylmethyl) aminospiro[ 1 -azabicyclo[2.2.2]octane-3,2’-(3"H)-furo[2.3-
blpyridine]

Q1. Ak




-25. Use of a conpound as defined in any one of clains 1 to 14, in £hé MAY 2003
manuf act ur e, of nedi canent for the treatnent or prophylaxis sychotic

di sorders owqqﬁ%ﬁ“ect ual inpairment disorders. 26. The use o[%)éyg%%’(?ﬁﬂ)@nd
"as defined in any one of clains 1 to 14, iné e manufacture of a nedi canent
for the treatnment or prophyl axis of human diSeases or conditions in which
activation of the a7 nicotinic receptor is beneficial. 27. The use

according to c¢claim25 or claim 26, erein the condition or disorder is
Al zhei ner' s di &dile compoupd W3S Etparsd by ®e preacrare whed in Example d fjem d S mg (0.5

deficit) nmenor ' 0N _ b Cl | Xt Y2 B3 L€ od
Denentia, anx i%ﬂb ﬁ%z)gh'%%lgﬁb gﬁﬂa&%ﬁ{ﬂtg [%?Biré%%é %g p'r%a sH g?@%ﬁfé@g Wi’%‘?ﬁ? .agx

di sease, Hunt imDMQﬂlﬁ.ﬂirﬁﬁﬂﬁ@ﬁ 2 idatel Rrlsoxa)deliy ot gine 8A afedeRetiad tyfipound as
di sorders in which there is | oss of cholinergic synapse, jetlag, cessation
of snoki ng) niachﬂgerwmd(ﬂ%-dmdeﬁwwwst%([Mﬂﬁll Mg from exposure to
products containing nicotine, pain, or ulcerative colitis. a Z 6 MAY 2003
45 28. The’use accordi ng to claim 27, wherein the condition or disorder is
Al zhei ner' s dig@gi%g,l earning deficit) cognition deficit) attention
deficit) Lewy Body mentia, nmenory |oss or Attention Deficit Hyperactivity
Di sorder. 29. REfie- hEendylimethyt ha ppirdl 1;azabiey 2.PE

di sorder is anxiety, .schizophrenia, mania or mani c depression. 34. The use
according to QIBMUAIBE}  wherein the condition or disorder is Parkinson's

di sease, Hunti ' bSRPS ' MG (Y

di sorders in \Thﬁigglﬂ@tcﬁgg I's ?%Eégﬁea%kg??ﬁﬁgﬂﬁgﬁ%&%s. é@ﬁﬁ%ﬁ‘rﬂgfﬁé (6.5
accordi ng vo cimolynof¥)aminesgira] | tdzebicpridi2t2.focamedd,2'ef3dH)-frs{2} 3bipyaline] and 3-
ni coti ne addi ct i,i?.n i ncl udj ng, that rgsul ti%f rgom exposure to products

cont ai ni ng ni ¥fiRecarbpaldehide to gixs &1 mge (P) of e tils compaundsas ambeigs PRWEETE o
claim 27, V\he@féwogag ﬁl@"ﬁiﬁ(@g@{ er d@y?sorder is Al zheinmer's disease. 33. A
process for prepari n%a cofpoun 'o’f ‘ormula |) as defcned in any one of
clainms 1 to 14, or an enantionmer thereof, and pharmaceutically acceptable
salts thereof . which conprises a) for preparing conpounds wherein NRRL is
positioned i n-&‘-&ﬂm position) al kylating or acylating conpounds of formula

2’: ] wher ei,0 Eglg ) R8P NifetOh Midn&pitdf1 3233528 HBLYENS 2> 1 B Moy k!
blpyridine]

The title compound was prepared by the procedure used in Example 1 from 115 mg (0.5

mmol) pf 5’-aminospiro[ 1-azabicyclo{2.2.2]octane-3,2"-(3"H)-furo[2,3-b]pyridine] and 4-
pyridineéarﬁ%xww give 84 mg, (52%) of the title compound as a light yellow
20 powder: electrospray MS 323 ([MH]", 100).

Example 5
R-(=)-5'-N-(2-Furanylmethyl) aminospiro[1-azabicyclo[2.2.2}octane-3,2’-(3'H)-furof2.3-
blpyridine]

25 The title compound was prepared by the procedure used in Example 1 from 50 mg (0.22

mmol) of 5’-aminospiro{ | -azabicyclo[2.2.2]octane-3,2’-(3"H)-furo(2,3-b]pyridine]
and 2-furaldehyde (43 mi, 0.52 mmol), giving 30 mg of the title compound as a dark
yellow semi-solid: electrospray MS 312 ([MH]", 100).

30 Example 6
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~

and 4-methoxybenzaldehyde, providing 18 mg of the title compound: electrospray MS ~
({MH]", 100

25

furof2,3-blpyridine]
The title compound was prepared by the procedure used in Example 1 from 50 mg (0.22

mmol) of 5 ’-amjnc;s‘biro[ 1-azabicyclo[2.2.2)octane-3,2’-(3'H)-furo[2,3-b]pyridine])
and 4-chlorobenzaldehyde to give 62 mg of the title compound: electrospray MS 356
3o [MHJY,*’C1 358,
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0, ! - 2. 0, ! - 0, ! - 0, ! -
10(L&10%& () 3crlu c/%f%d{xlt v%a%lp%s/sdc; tthugh #%gl{éﬂig‘o Qisiplr‘ep using chloroform and then a 5-15%
ammoniated methanol/chloroform gradient. The solvents were removed in vacuo, and the
s  purified product was dissolved in methanol and acidified with 0.9 ml of 1.0 M hydrogen

chlroride in ether.to provide 59 mg (61%) of the title compound as a white semi-solid:

electrospray MS 364 ([MH]", 100).

Example 14
10 R-(<)-5'-N-Methvl-N-(phenylmethyl) aminospirof 1-azabicvclo[2.2.2]octane-3,2’-(3 H)-

furof2,3-b]pvridine]

Under a nitrogen atmosphere, sodium cyanoborohydride (39 mg, 0.62 mmol) was added to
a solution of 50 mg, (0.22 mmol) of R-(-)-5’-N-(phenylmethyl)aminospiro[1-
azabicyclo[2.2.2]octane-3,2’-(3"H)-furo[2,3-b]pyridine] and 165 ul (2.2 mmol) of 37%

ts  aqueous formaldehyde in 1 ml of deionized water adjusted to pH 3 using concentrated
hydrochloric acid. The reaction was stirred at room temperature, adding acid to adjust the
pH whenever it rose above 6. After one hour, the reaction was poured into saturated
sodium carbonate and this was extracted with four portions of chloroform. The organic
layers were combined, dried over magnesium sulfate, and stripped in vacuo. The residue

20  was passed through a Supelco Visiprep using an ammoniated methanol/chloroform
gradient. The solvents were removed in vacuo, and residue was taken up in methanol anu
acidified with 0.9 ml of 1.0 M hydrogen chloride in ether. Removal of the solvent in vacuo
gave 64 mg (98%) of the HCI salt of the title compound as a light yellow semi-solid:
electrospray MS 336 ((MH]", 100).

25
Example 15
{R)-(~)-5'-N-(3-Pyridylamino)spirof | -azabicyclo[2.2.2]octane-3,2'(3’ H)-furo[2.3-
blpyridine]

In a pressure tube sealed under nitrogen, (R)-(~)-5'-bromospiro[1-azabicyclo[2.2.2]octane-

30 3,2'(3'H)-furo[2,3-b]pyridine] (105.1 mg, 0.36 mmol), 3-aminopyridine (69 mg, 0.73
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s$10% 10 10 the cartridge with a 1:1 v/v mixture of methanolic ammonia and chloroform: the resultmg
solution was evaporated. The residue was purified by reverse phase HPLC on a C-18
column using a gradient of 0-50% acetonitrile and 0.1 % aqueous trifluoroacetic acid as the

1o eluant. The product-containing fractions were evaporated and the product was dissolved in

a small volume of methanol (ca. 5 ml), and excess hydrogen chloride (I M solution in
ether, appr. 5 ml) was added. The solution was re-evaporated to give the title compound
(54 mg, 0.13 mmol) as a hydrochloride salt: electrospray MS 309 ([MH]", 100); [0]sgonm =
-42.0 (¢ =0.1, MeOH).

15

Example 16
R-(=)-6'-N-(Phenylmethyl)aminospiro[ 1 -azabicyclof2.2.21octane-3,2’-(3’H)-furo[2,3-

blpyridine]

(R)~(~)-spiro[ 1-azabicyclo[2.2.2]octane-3,2'(3" H)-furo[2,3-b]pyridine-N-oxide] (VI) {970
20 mg (4.20 mmol)] was dissolved in 10 ml of phosphorus oxychloride, while stirring in an
ice bath. The suspension was then heated to reflux and stirred for 5 hours. Upon cooling to
ambient temperature, the reaction was poured onto 100 g of ice, diluted with 100 ml of
water, made basic with potassium carbonate, and extracted with chloroform (3 x 50 ml).
The combined organic extract was dried over anhydrous magnesium sulfate, concentrated
35 in vacuo, and flash chromatographed through neutral silica gel using a 95:5 mixture of
chloroform and 2.0N ammonia in methanol to give 700 mg of (R)-(-)-6-chlorospiro[1-
azabicyclo[2.2.2]octane-3,2'(3"H)-furo[2,3-b]pyridine} as an off white solid.

A solution of 85 mg (0.34 mmol) of the chloride in 3.0 m! of benzylamine was heated to

reflux, under a nitrogen atmosphere, for 23 hours. Upon cooling to ambient temperature,
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Example 17
R-(-~)-5’-N-(3-Thienylmethyl)aminospirof | -azabicyclo{2.2.2}octane-3,2"-(3'H)-furo[2,3-
blpyridinel]

The title compound was prepared by the procedure used in Example 1 from 50 mg (0.22
1o mmol) of R-(=)-5'-aminospiro{ 1-azabicyclo[2.2.2]octane-3,2’-(3'H)-furo[2,3-b]pyridir -1
and 3-thiophenecarboxaldehyde, giving 61 mg (85%) of the title compound: electrospray

MS 328 ([MH]*, 100).

Example 18
15 R-(=)-5’-N-(2-Phenvlethyl)aminospiro[ 1-azabicyclo[2.2.2]octane-3,2'-(3H)-furo(2,3-
blpyridine]

The title compound was prepared by the procedure used in Example 1 from 50 mg (0.22
mmol) of R-(-)-5’-aminospiro{ 1 -azabicyclo[2.2.2]octane-3,2'-(3'H)-furo[2,3-b]pyridine]
and phenylacetaldehyde, giving 31 mg of the title compound: electrospray MS 336

20  ([MH]*, 100).

Example 19

blpyridinel

25 The title compound was prepared by the procedure used in Example | from 50 mg (0.22
mmol) of R-(-)-5’-aminospiro[ 1-azabicyclo[2.2.2]octane-3,2’~(3’H)-furo[2,3-b]pyridine]
and 3-phenylpropionaldehyde, giving 42 mg of the title compound: electrospray MS 350
(IMHT", 100).

30 Example 20
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Example 21
R-(=)-5"-N-(Quinolin-4-vimethyl)aminospiro{ 1 -azabicyclo[2.2.2]octane-3,2'-(3*H)-

1o furof[2.3-blpyridine
The title compound was prepared by the procedure used in Example [ from 50 mg (0.22
mmol) of R-(-)-5"-aminospiro[1-azabicyclo[2.2.2]octane-3,2'-(3" H)-furo[2,3-b]pyridine]
and 4-quinolinecarboxaldehyde, giving 3 mg of the title compound: electrospray MS 373

([MHT", 100).

Example 22
R-(-)-5’-N-(1.4-Benzodioxan-6-ylmethyl)aminospiro{ 1-azabicyclo[2.2.2Joctane-3,2 -

(3’ H)-furo[2,3-b]pyridine]

The title compound was prepared by the procedure used in Example 1 from 50 mg (0.22

20 mmol) of R~(~)-5'-aminospiro[ I-azabicyclo(2.2.2]Joctane-3,2"-(3' H)-furo{2,3-b] pyridine]
and 1,4-benzodioxan-6-ylcarboxaldehyde, giving 31 mg of the title compound:
electrospray MS 380 ([MH]*, 100).

Example 23
25 R-(=)-5-N-(Imidazol-4-ylmethyl)aminospiro[ | -azabicyclof2.2.2Joctane-3,2’-(3 ' H)-

furo[2.3-blpyridine]

The title compound was prepared by the procedure used in Example 1 from 50 mg (0.22

mmol) of R~(~)-5’-aminospiro[ 1-azabicyclo[2.2.2]octane-3,2* (?H)- furof2,3-b]pyridine]

and 4(5)-imidazolecarboxaldehyde, giving 1 mg of the title compound: electrospray MS
30 312 ((MH]", 100).
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s mmol) of R-(~)-5’-aminospiro[ l-azabicyclo[2.2.2]octane-3,2°-(3'H)-furo[2,3-b]pyridine]

and cinnamaldehyde, giving 43 mg of the title compound: electrospray MS 348 ([MH]",
100).

furo[2.3-blpyridine]

The title compound was prepared by the procedure used in Example 1 from 50 mg (0.22

mmol) of R-(~)-5"-aminospiro[ 1-azabicyclo[2.2.2]octane-3,2’-(3"H)-furo{2,3-b]pyridine]
and 2-thiazolecarboxaldehyde, giving 13 mg of the title compound: electrospray MS 329
s ([MH]J", 100).

Example 26
R-(=)-5'-N-(3-MethyiphenyimethyDaminospiro[ 1 -azabicyclof2.2.2]loctane-3.2’-(3"H)-

furo[2,3-blpyridine]

20  Titanium tetrachloride (0.5 ml of a 1.0 M solution in dichloromethane) was added to a

solution of 50 mg (0.22 mmol) of R-(-)-5'-aminospiro[1-azabicyclo[2.2.2]octane-3,2’-
(3’H)-furo[2,3-b]pyridine], 0.066 ml (0.47 mmol) of triethylamine and 0.026 ml (0.22
mmol) of m-tolualdehyde in 2 ml of chloroform, under a nitrogen atmosphere. After
stirring for 16 h, a solution of 0.65 mmo! of sodium cyanoborohydride in 0.55 ml of

25 methanol was added; the resulting solution was stirred for 20 min, then poured into 20 ml
of aqueous sodium carbonate and extracted with chloroform (4 x 10 ml). The combined
organic extract was dried over magnesium sulfate, concentrated in vacuo and flash
chromatographed through neutral silica gel using a 0-15% ammoniated
methanol/chloroform gradient, giving 60 mg (81%) of the title compound: electrospray MS

0 336 ((MH]*, 100).
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Example 28
10 R-(=)-5'-N-(3-Chlorophenylmethyl)aminospirof | -azabicvclo[2.2.2]octane-3.2’'-(3'H)-

furo[2,3-bipyridine}
The title compound was prepared by the procedure used in Example 26 from 50 mg (0.22

mmol) of R-(-)-5"-aminospiro[ I -azabicyclo[2.2.2]octane-3,2’-(3’ H)-furo(2,3-b]pyridine]
and 2-chlorobenzaldehyde, giving 50 mg of the title compound: electrospray MS 356
15 ([MH]*, 100).

Example 29
R-(=)-5 "_N-(3-Phenvlpropynvl)aminospiro[ 1 -azabicyclo[2.2.2]octane-3,2’ (3" H)-furo{2.3-
blpyridine]

20 The title compound was prepared by the procedure used in Example 26 from 400 mg (1.76
mmol) of R-(-)-5'-aminospiro[1-azabicyclo[2.2.2]octane-3,2’-(3"H)-furo[2,3-b]pyridine]
and 3-phenylpropargyl aldehyde, giving 212 mg of the title compound: electrospray MS
346 ((MH]", 100)

25 Example 30
R-(-)-5’-N-(3-Hydroxyphenylmethyvl}aminospiro[ 1 -azabicyclof2.2.2]octane-3.2’-(3'H)-

furo[2.3-bipyridine]

The title compound was prepared by the procedure used in Example 26 from 250 mg (1.10

mmol) of R-(-)-5"-aminospiro[ 1 -azabicyclo[2.2.2]octane-3,2'-(3'H)-furo(2,3-b]pyridine]
30 and 3-hydroxybenzaldehyde, giving 117 mg of the title compound: electrospray MS 338
([MH]", 100).
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15

30

'EhéL gg{e lgxzmun gas%r%arcd %Qﬁ/e f)ggm(_gdurc used in %xgn)nple 26 from 250 mg (1.10
mmo}) of R-(~)-5"-aminospiro[1-azabicyclo[2.2.2]Joctane-3,2’-(3'H)-furo[2,3-b]pyridine]
and 4-hydroxybenzaldehyde, giving 31 mg of the title compound: electrospray MS 338
(IMH]", 100).

Example 32
R-(=)-5"-N-[trans-3-(4-Pyridinyl)prop-2-enyl]aminospiro[ 1 -azabicvclo{2.2.2]octane-3,2 -

(3'H)-furo[2.3-b]pyridine]

The title compound was prepared by the procedure used in Example 26 from 250 mg (1.10

mmol) of R-(-)-5"-aminospiro[1-azabicyclo[2.2.2]octane-3,2"-(3"H)-furo[2,3-b]pyridine]
and trans-3-pyridylpropenal, giving 77 mg of the title compound: electrospray MS 349
(IMH]", 100).

Example 33
R-(=)-5-N-Acetvl-N-(3-thienylmethvDaminospiro[ 1 -azabicyclo[2.2.2]octane-3.2"-(3 H)-

furo[2,3-blpyridine]

The title compound was prepared by the procedure used in Example 13 from 100 mg o.

(=)-5’-N-(3-thienylmethyl)aminospiro[ I -azabicyclo[2.2.2]Joctane-3,2"-(3"H)-furo{2,3-
blpyridine] and acetic anhydride, giving 25 mg of the title compound: electrospray MS

370 (IMHY", 100)

Example 34

R-(=)-5’- -Meth [-N-(4-
furo[2,3-b]pyridine]

The title compound was prepared by the procedure used in Example 14 from 100 mg of R-

(<)-5"-N~(4-pyridylmethyl)aminospiro[ 1 -azabicyclo[2.2.2 Joctane-3,2’-(3'H)-furo[2,3-
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The title compound was prepared by the procedure used in Example 14 from 200 mg of R-

(-)-5"-N-(3-pyridylmethyl)aminospiro[ 1 -azabicyclo[2.2.2]octane-3,2"-(3'H)-furo[2,3-
b]pyridine] and 37% aqueous formaldehyde, giving 190 mg of the title compound:
1o electrospray MS 337 ([MH]", 100).

Example 36 ‘
R-(-)-5’-N-(2-Hvdroxvethyl)-N-(3-thienylmethvl)aminospiro[ | -azabicvclo[2.2.2]octane-

3.2'-(3'H)-furo[2.3-b idine

1s  The title compound was prepared by the procedure used in Example 14 from 100 mg of R-

(=)-5’-N-(3-thienylmethyl)aminospiro{1-azabicyclo[2.2.2]octane-3,2’-(3" H)-furo[2,3-
blpyridine] and glyoxal, giving 54 mg of the title compound: electrospray MS 372 ({(MH]",
100).
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wherein

NRR, is attached at the 5- or 6-position of the furopyridine ring;
R is hydrogen, C;-C, alkyl, or COR,;

R, is (CHj),Ar, CH,CH=CHAr, or CH,C=CAr;

nis0to 3;

A isNorNO;

Aris a 5- or 6-membered aromatic or heteroaromatic ring which contains zero to four

nitrogen atoms, zero to one oxygen atoms, and zero to one sulfur atoms;

or: an 8-, 9- or 10-membered fused aromatic or heteroaromatic ring system
containing zero to four nitrogen atoms, zero to one oxygen atoms, and zero to one
sulfur atoms; any of which may optionally be substituted with one to two

substitutents independently selected from: halogen, trifluoromethyl, or C;-Cy4 alkyl;

R; is hydrogen, C;-C, alkyl; C;-C4 alkoxy; or phenyl ring optionally substituted with
one to three of the following substituents: halogen, C;~Cy alkyl, Co—C,4 alkenyl, Co-
C,4 alkynyl, OH, OC,-C4 alkyl, CO;Rs, -CN, -NO,, -NR3R4, or —CFj;
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or an enantiomer thereof, and pharmaceutically acceptable salts thereof.

2. A compound according to claim 1, wherein A is N; or an enantiomer thereof, and

pharmaceutically acceptable salts thereof.

3. A compound according to claim | or 2, wherein R; is (CH;),Ar; or an enantiomer

thereof, and pharmaceutically acceptable salts thereof.

4. A compound according to claim 1 or 2, wherein R, is CH,CH=CHAr; or an

enantiomer thereof, and pharmaceutically acceptable salts thereof.

S. A compound according to claim 1 or 2, wherein R is CH,C=CAr; or an enantiomer

thereof, and pharmaceutically acceptable salts thereof.

6. A compound according to any one of claims 1 to 5, wherein Ar is selected from the
group: phenyl ring optionally substituted with one to three of the following
substituents: halogen, C,—Cy4 alkyl, Cy~C,4 alkenyl, C,—C4 alkynyl, OH, OC|~Cy4
alkyl, CO,R;5, —CN, -NO,, -NR3R4, and —CF3; 2-, 3-, or 4-pyridyl; 2-, or 3-furanyl;
2~, or 3-thienyl; 2-, or 4-imidazolyl; 1, 2-, or 3-pyrrolyl; 2-, or 4-oxazolyl; and 3-, or
4-isoxazolyl;

or an enantiomer thereof, and pharmaceutically acceptable salts thereof.

7. A compound according to any one of claims 1 to 5, wherein Ar is selected from the
group: 1-, or 2-naphthyi; 2-, 3-, 4-, 5-, 6-, 7-, or 8-quinolyl; 1-, 3-, 4-, 5-, 6-, 7-, or 8-
isoquinolyl; 2-, 4-, 5-, 6-, or 7-benzoxazolyl; and 3-, 4-, 5-, 6-, or 7-benzisoxazolyl;

or an enantiomer thereof, and pharmaceutically acceptable salts thereof.



"10L9! 109& ()-L7! 109& ()-LS5109%& ()- " 3L!'109%& ()- !F90: $109%& () - <aevké YY1 03
10 "109& ()-y!109& ()-s$S109%& ()- S109& ()-y10%& ()- &L0Y%& () - #W dEVK@ 10 10
1033"10%&' ()-$10%&' ()- "10%&' ()- "10%&' ()- "10%&' ()-s 10%&' ()-' =HIEVK@ 10

10 10" Y+10% ()-Y 10%& () - ss!

"10%& ()-"10%& ()- &10%& () - 109%& () - ${*8FGHdE / 10

1038109& ()- S5f109& ()-s1 "109& ()- FOO#109& ()- .1 109& ()- ,!109%& ()-

HIVt 1r S4/ 10! 10%¢& ()- s | 10%8& ()-

SL10%& () -! '8l 0% Eompourd' ak6 téhnyoﬂ@&ﬁ)&aﬁﬂsl t&@hdﬁété\xﬂ‘ﬁ3

10! F310%& () - " '10%& ()- Y10%&' 10% & ()- | 109%8& ( §10%ot§&' ()-vDd
E4/ 10! &s*m 10%&n@pen@e(mugw&og¢n,&r§1€%akw 9 llOO/dD&' () 9 llO%M& ()-9

| 10%& ()-k)~dE:/ 10b 10b7: 109%0& (), 86! 109%&' (- 2 " 109& ()-3110%& ()-/
"10% & ()_ -10% &-o(r)an-egagm/onf@ ereof nd pharmaceutically acccpta le salts thereof.

109& () - $10%& ()-yl1l0%& ()-S10%& ()-10%& ()-&10%& ()- 10b">FQdE:/
10b! 10%&' ()-109%& ()-!109%& ()-9#10%& ()- !109%& ()-
9. A compound according to any one of claims 1 to 8, whereinn is 1.

10. A compound according to any one of claims | to 8, wherein R is hydrogen.

11. A compound according to any one of claims 1 to 8, wherein Ar is an heteroaromatic

ring.

12. A compound according to any one of claims 1 to 8 wherein nis 1; R is hydrogen and

Ar is an heteroaromatic ring.

13. A compound according to claim 1, said compound being:
R-(-)-5"-N-(Phenylmethyl)aminospiro[ 1-azabicyclo[2.2.2]octane-3,2'-(3"H)-
furo[2,3-b]pyridine];

R-(-)-5"-(2-Pyridylmethyl)aminospiro( I-azabicyclo(2.2.2]octane-3,2"-(3'H)-
furo[2,3-b]pyridine];

R-(-)-5"-(3-Pyridylmethyl)aminospiro[ 1-azabicyclo[2.2.2]octane-3,2"-(3"H)-
furo[2,3-b]pyridine];

R-(~)-5"-(4-Pyridylmethyl)aminospiro[ 1-azabicyclo[2.2.2]octane-3,2’-(3"H)-
furo(2,3-b]pyridine}];
R-(-)-5"-(2-Furanylmethyl)aminospiro[1-azabicyclof2.2.2]octane-3,2'-(3"H)-
furo[2,3-b]pyridine];
R-(~)-5"-(3-Furanylmethyl)aminospiro[1-azabicyclo[2.2.2Joctane-3,2’-(3"H)-
furo[2,3-b]pyridine];
R-(-)-5"-(2-Thienylmethyl)aminospiro[ 1 -azabicyclo[2.2.2]octane-3,2"-(3"H)-
furo[2,3-b]pyridine];

R-(-)-5"-(2-Imidazolylmethyl)aminospiro] 1-azabicyclo[2.2.2]octane-3,2’~(3"H)-
furo[2,3-b]pyridine];
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R-(-)-5"-N-(4-Methylphenylmethyl)aminospiro{ 1-azabicyclo[2.2.2]octane-3,2’-
(3'H)-furo[2,3-b]pyridine];

R-(-)-5’-N-(3,4-Dichlorophenylmethyl)aminospiro[ [ -azabicyclo[2.2.2]octane-3,2'-
(3'H)-furo[2,3-b]pyridine];

R-(-)-5"-N-Acetyl- N-(phenylmethyl)arrlino§piro[l-azabicyclo[2.2.2]octane-3,2’-
(3'H)-furo[2,3-b]pyridine];
R-(=)-5'-N-Methyl-N-(phenylmethyl)aminospiro[1-azabicyclo[2.2.2]octane-3,2’-
(3'H)-furo[2,3-b]pyridine];

(R)-(-)-5'-N-(3-Pyridyl)aminospiro[ 1-azabicyclo[2.2.2]octane-3,2'(3"'H)-furo[2,3-
b]pyridine];

(R)-(-)-6'-N-(Phenylmethyl)aminospiro[ 1-azabicyclo{2.2.2]octane-3,2'(3"H)-
furo(2,3-b]pyridine];

R-(~)-5’-N-(3-Thienylmethyl)aminospiro[ 1-azabicyclo[2.2.2]octane-3,2'-(3"H)-
furo[2,3-b]pyridine];

R-(~)-5'-N-(2-Phenylethyl)aminospiro[ 1-azabicyclo[2.2.2]octane-3,2'-(3"H)-
furo[2,3-b]pyridine];

R-(=)-5"-N-(3-Phenylpropyl)aminospiro[ 1 -azabicyclo[2.2.2]octane-3,2’-(3"H)-
furo(2,3-b]pyridine];
R-(~)-5’-N-(Quinolin-3-ylmethyl)aminospiro[1-azabicyclo{2.2.2]octane-3,2’-(3’H)-
furo[2,3-b]pyridine];

R~(~)-5’-N-(Quinolin-4-yimethyl)aminospiro[ 1-azabicyclo[2.2.2]octane-3,2'-(3"H)-
furo[2,3-b]pyridine];

R~(~)-5’-N-(1,4-Benzodioxan-4-ylmethyl)aminospirof 1-azabicyclo{2.2.2]octane-
3,2’-(3'H)-furo[2,3-b]pyridine];

R-(-)-5"-N-(Imidazol-4-ylmethyl)aminospiro( 1 -azabicyclo{2.2.2Joctane-3,2’-(3 H)-
furo[2,3-b]pyridine];
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R-(=)-5’-N-(Thiazol-2-ylmethyl)aminospiro[ 1 -azabicyclo{2.2.2]Joctane-3,2’-(3"H)-
furo[2,3-b]pyridine];
R-(-)-5"-N-(3-Methylphenylmethyl)aminospiro[1-azabicyclo[2.2.2]octane-3,2’ -
(3'H)-furo[2,3-b]pyridine];
R-(=)-5"-N-(2-Chlorophenylmethyl)aminospiro[l-azabicyclo[2.2.2]octane-3,2’-
(3"H)-furo[2,3-b]pyridine];
R-(=)-5"-N-(3-Chlorophenylmethyl)aminospiro( 1-azabicyclo[2.2.2]octane-3,2’-
(3’H)-furo[2,3-b]pyridine];
R-(-)-5"-N-(3-Phenylpropynyl)aminospiro[ | -azabicycio[2.2.2]octane-3,2"-(3 "H)-
furo[2,3-b]pyridine];
R-(-)-5’-N-(3-Hydroxyphenylmethyl)aminospiro[ | -azabicyclo{2.2.2]octane-3,2'-
(3'H)-furo(2,3-b]pyridine];
R-(-)-5'-N-(4-Hydroxyphenylmethyl)aminospiro[ -azabicyclo[2.2.2]octane-3,2’-
(3'H)-furo[2,3-blpyridine];
R-(-)-5"-N-[trans-3-(4-Pyridinyl)prop-2-enylJaminospiro[ | -azabicyclo[2.2.2]octane-
3,2’-(3'H)-furo[2,3-b]pyridine];
R-(-)-5"-N-Acetyl-N-(3-thienylmethyl)aminospiro[ l-azabicyclo[2.2.2]octane-3,2"-
(3'H)-furo[2,3-b]pyridine];
R-(-)-5’-N-Methyl-N-(4-pyridylmethyl)aminospiro[ | -azabicyclo[2.2.2]octane-3,2’-
(3'H)-furo[2,3-b]pyridine};
R-(-)-5’-N-Methyl-N-(3-pyridylmethyl)aminospiro[ | -azabicyclo[2.2.2]octane-3,2’-
(3'H)-furo[2,3-b]pyridine];
R-(~)-5"-N-(2-Hydroxyethyl)-N-(3-thienylmethyl)aminospiro{1-
azabicyclo[2.2.2]octane-3,2"-(3'H)-furo[2,3-b]pyridine];
or an enantiomer thercof, and pharmaceutically acceptable salts thereof.

14. A compound according to claim 1, said compound being:
R-(-)-5’-(3-Pyridylmethyl) aminospiro[1-azabicyclo[2.2.2]octane-3,2"-(3"H)-
furo[2,3-b]pyridine];
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15.

16.

17.

18.

19.

20.

or an enantiomer thereof, and pharmaceutically acceptable salts thereof.
A compound according to any one of claims 1 to 14 for use in therapy.

A pharmaceutical composition including a compound as defined in any one of claims

1 to 14, in admixture with an inert pharmaceutically acceptable diluent or carrier.

The pharmaceutical composition according to claim 16, for use in the treatment or

prophylaxis of psychotic disorders or intellectual impairment disorders.

The pharmaceutical composition according to claim 16, for use in the treatment or
prophylaxis of human diseases or conditions in which activation of the a7 nicotinic

receptor is beneficial.

The pharmaceutical composition according to claim 16, for use in the treatment or
prophylaxis of Alzheimer's disease, learning deficit, cognition deficit, attention
deficit, memory loss, Attention Deficit Hyperactivity Disorder, Lewy Body
Dementia, anxiety, schizophrenia, 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 that resulting from exposure to products containing nicotine, pain, or

ulcerative colitis.

The pharmaceutical composition according to claim 19, for use in the treatment or
prophylaxis of Alzheimer's disease, iearning deficit, cognition deficit, attention
deficit, Lewy Body Dementia, memory loss or Attention Deficit Hyperactivity

Disorder.
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22. The pharmaceutical composition according to claim 19, for use in the treatment or
prophylaxis of Parkinson’s disease, Huntington’s disease, Tourette’s syndrome, or

neurodegenerative disorders in which there is loss of cholinergic synapses.

23. The pharmaceutical composition according to claim 19, for use in the treatment or
prophylaxis of jetlag, nicotine addiction including that resulting from exposure to

products containing nicotine, pain, or ulcerative colitis.

24. The pharmaceutical composition according to claim 19, for use in the treatment or

prophylaxis of Alzheimer’s disease.

25. Use of a compound as defined in any one of claims 1 to 14, in the manufacture of a

medicament for the treatment or prophylaxis of psychotic disorders or intellectual

impairment disorders.

26. The use of a compound as defined in any one of claims | to 14, in the manufacture of
a medicament for the treatment or prophylaxis of human diseases or conditions in

which activation of the a7 nicotinic receptor is beneficial.

27. The use according to claim 25 or claim 26, wherein the condition or disorder is
Alzheimer’s disease, learning deficit, cognition deficit, attention deficit, memory
loss, Attention Deficit Hyperactivity Disorder, Lewy Body Dementia, anxiety,
schizophrenia, 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 that

resulting from exposure to products containing nicotine, pain, or ulcerative colitis.
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memory loss or Attention Deficit Hyperactivity Disorder.

29. The use according to claim 27, wherein the condition or disorder is anxiety,

schizophrenia, mania or manic depression.

30. The use according to claim 27, wherein the condition or disorder is Parkinson’s
disease, Huntington's disease, Tourette's syndrome, or neurodegenerative disorders

in which there is loss of cholinergic synapses.

31. The use according to claim 27, wherein the condition or disorder is jetlag, nicotine
addiction including that resulting from exposure to products containing nicotine,

pain, or ulcerative colitis.

32. The use according to claim 27, wherein the condition or disorder is Alzheimer's

disease.

33. A process for preparing a compound of formula [, as defined in any one of claims 1

to 14, or an enantiomer thereof, and pharmaceutically acceptable salts thereof, which

comprises

a) for preparing compounds wherein NRR1 is positioned in the 5'-position,
alkylating or acylating compounds of formula VI, wherein E is halogen, NO;, or

NHR, in a suitable solvent:

VI Vil (1)
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or ¢) for preparing compounds wherein NRR1 is posiuoned in the 6'-posttion,
reacting compounds of formulfa VII, with a halogenating reagent, followed by

reaction with an amine in an inert solvent:

or d) for preparing compounds wherein NRR1 is positioned in the 6'-posiuon,
oxidising compounds of formula VIII or IX with a peroxidic reagent in a suitable

solvent, followed by partial reduction.

34. A compound of the formula




Where E g NO,,

NHR; or ha_fogcn.
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