(11) Application No. Al 2004255920 B2
(19) AUSTRALIAN PATENT OFFICE

(54)  Title
spiro [1-azabicyclo [2.2.2] octan-3,5'-oxazolidin]-2'-one derivatives with affinity to the

alpha? nicotinic acetylcholine receptor

(51)¢  International Patent Classification(s)

A61P 25-00 (2006.01) 1BMWO Co7D
CO7D 498,20 49820
(2006.01) 20060101ALTI 2005100
AR1P 25700 8BMEP
20060101AFI2006052 PCT/GBE2004-002904
(21) Application No: 2004255920 (22) Application Date: 2004 07 06

(87)  WIPO No:  wops.005435
(30) Priority Data

(31) Number (32) Date (33) Country
60,485,523 2003 .07 .08 us
(43) Publication Date : 2005 .01 .20

(1) Applicant(s)

AstraZeneca AB
(72) Inventor(s)
Phillips, Eifion, Chang, Hui-Fang

(74) Agent/Attorney
Phillips Ormonde & Fitzpatrick, Level 22 367 Collins Street, Melbourne, VIC, 3000




(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATE

T COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

00 OO

(43) International Publication Date (10) International Publication Number

20 January 2005 (20.01.2005) PCT WO 2005/005435 Al

(51) International Patent Classification”  CO7D 498/20, (74) Agent: ASTRAZENECA AB; Global Intellectual Prop-

AG1K 31/439, AGIP 25/00 erty, S-151 85 Sadertilje (ST).
(81) Designated States (unless otherwise indicated, for every
(21) International Application Number: kind of national protecrion available): AT, AG, AL, AM,
PCT/GB2004/002904 AT, AU, AZ. BA, BB, BG, BR, BW, BY. BZ. CA. CIL CN,
€O, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, Fl,
(22) International Filing Date: 6 Tuly 2004 (06.07.2004) GB, GD, GT, GH, GM, HR, HU, ID, IL, IN, IS, IP, KT,

KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,

(25) Filing Language: English
PH, P, PT, RO, RU, SC. SD, ST, SG, SK, S, SY, TJ, T™,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
(26) Publication Language: Dnglish 7w, ’ T
(30) Priority Data: (84) Designated States (unless otherwise indicated, for every
60/485 ‘523 8 July 2003 (08.07.2003)  US kind of regional protection available): ARIPO (BW, GH,

GM, KL, LS, MW, MZ, NA, 8D, SL, 8Z, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

—  with international search report

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

g (71) Applicant (for all designated States except MG, US): AS- Turopean (AT, BE, BG, CH, CY, CZ, DI, DK, I, TS, T,
& TRAZENECA AB[SIVSEJ; S-151 85 Sodertilje (ST). TR.GB. GR, HULIT' I. LU, MC, NL, PL, PT. RO, ST S1.
E SK, TR), OAPI (BF, BI, CF, CG, CI, CM, GA, GN, GQ,
== (71) Applicant (for MG only): ASTRAZENECA UK LIM- GW, ML, MR, NT, SN, TD, TG).

E ITED [GB/GBJ: 15 Stanhope Gate. London, Greater Lon-

= don W1K 1LN (GB). Published:

(72) Inventors; and

(75) Inventors/Applicants (for US only): CHANG, Hui-Fang
[—/US]; AstraZeneca R & D Wilmington, 1800 Concord
Pike, Wilmington, DE 19850-5437 (US). PHILLIPS, For two-letter codes and other abbreviations, refer to the "Guid-
Eifion [GB/US]; AswaZeneca R & D Wilmington, 1800  ance Notes on Codes and Abbreviations” appearing at the begin-
Concord Pike, Wilmington, DI 19850-5437 (US). ning of each regular issue of the PCT Gazette.

ALPHAT NICOTINIC ACETY LCHOLINE RECEPTOR

A {0
Q\Ar| \Arz

05/005435 A1 |INNNTARI0 N

> (57) Abstract: Compounds of formula (I) and pharmaccutically-acceptable salts thereof, wherein Ar', A and Ar? arc as defined
in the specificarion, pharmaccutical compositions and farmulations containing them, methads of using them to reat discases and

o conditions cither alone or in combination with other therapeutically-active compounds or substances, processes and intermediates
used to prepare them, uses of them as medicaments for therapy, uses of ther in the manufacture of medicaments and uses of them
for diagnostic and analytic purposes.




20 Mar 2008

2004255920

PO-QE-OB;14:87

SPIRO [1--AZABICYCLO [2.2.2] OCTAN-3,5OXAZOLIDIN-2'-ONE] DERIVATIVES WITH
AFFINITY TO THE ALPHA7 NICOTINIC ACETYLCHOLINE RECEPTOR

TECHNICAL FIELD
This invention relates to novel spiroazabicyclic compounds or pharmaceutically
acceptable salts thereof, processes for preparing them, pharmaceutical compositions containing

them and their use in therapy.

BACKGROUND OF THE INVENTION

The use of compounds which bind to nicotinic acetylcholine receptors for the treatment of
a range of disorders involving reduced cholinergic function such as Alzhcimer's discase, cognitive
or attention disorders, anxiety, depression, smoking cessation, neuroprotection, schizophrenia,
analgesia, Tourette's syndrome, and Parkinson's discase is discussed in: McDonald ef al,, (1995)
"Nicotinic Acetylcholine Receptors: Molecular Biology, Chemistry and Pharmacology", Chapter
§ in Annual Reports in Medicinal Chemistry, vol. 30, pp. 41-50, Academic Press In¢., San Diego,
CA; Wiltiams et 4/, (1994) "Neuronal Nicotinic Acetylcholine Receptors,” Drug News &
Perspectives, vol. 7, pp. 205-223; Holladay er al. (1997) J Med. Cream. 40(26), 4169-4194;
Americ and Brioni (Bds.) (1998) "Neuronal Nicotinic Receptors: Pharmacology and Therapeutic
Opportunities”, John Wiley & Sons, New York; Levin (Ed.) (2001} "Nicotinic Receptors in the
Nervous System" CRC Press.

SUMMARY OF THE INVENTION

This invention encompasses nicotinic acetylcholine receptor-reactive compounds that are
ligands for nicotinic acetylcholine receptors in accord with formula I:

Compounds of the invention (NnAChRs) in accord with formula I

Q\Aﬂ ’A\f\l‘2
L

and pharmaceutically-acceptable salts thereof, wherein:
Q is a moiety of formula IT
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-A- is selected from -O-, -S-, or NR', or is a bond directly connecting Ar' and

Arz;
Ar' is selected from formula IIT or 1V:
D
D—D D7 D
SN
Ny N
B or D
11 v

wherein Bis O, 8, or NR';

R! is independently at each occurrence selected from hydrogen or R}

D is independently at each occurrence selected from N or CR?, provided that D is N
at no more than two occurrences;

R? is independently at each occurrence selected from hydrogen, -R?, -Cy-Cgalkenyl,
-C-Cealkynyl, halogen, -CN, -NOy, -C(O)R", -S(0).R’, NRR’, -OR’, Q or a bond,
provided that R%is Q at one occurence, and at one occurrence is a bond connecting Ar'to
A, or when -A- is a bond, to A

R’ is selected from an unsubstituted straight-chained, branched, or cyclic Ci-
Caalkyl group, or selected from a straight-chained, branched, or cyclic C;-Csalkyl group
substituted with up to five halogen atoms, and up to two substituents sclected from: Cs-
Cealkenyl, C-Cealkynyl, -CN, -C(O)R”, -S(0).R’, NR°R’, or —OR";

R*is independently at each occurrence selected from hydrogen, R’, -NR'°R Uor
-ORS;

R’ is independently at each oceurrence selected from hydrogen, R’, or NRI%R!;

RS and R” are independently at each occurrence selected from hydrogen, R, -
C(O)R4 or -S(O),R?, or in combination at any one occurrence of -NRR” are
(CH,),G(CHy), where G is O, S, NR® or a bond;

R® is selected from hydrogen or Rg;
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R’ is selected from an unsubstituted straight-chained, branched, or cyclic C,- Cgalkyl
group, or selected from a straight-chained, branched, or cyclic C;-Cgalkyl group substituted with
up to five halogen atoms, and up to one substituent selected from: C;-Cs alkenyl, C,-Cy alkynyl,
C»-C; alkynyl,-CN,-NR'R"-OR 2

R'and R" are independently at each occurrence selected from hydrogen, R, -C(O)R", -
S(O).R", or in combination at any one occurrence of -NR'*RY! are (CH3),J(CHz)q where T is O, S,
NH, NR" or a bond; .

R" is selected from an unsubstituted straight-chained, branched, or cyclic C,Cealky!
group, or selected from a straight-chained, branched, or cyclic C,-Csalkyl group substituted with
up to five halogen atoms;

Ar* is selected from an unsubstituted $- or G-membered aromatic or heteroaromatic ring
containing zero to two nitrogen atoms, zera to one axygen atoms, and zero to one sulfur atoms, or
selected from an 8-, 9- or 10-membered firsed aromatic or heteroaromatic ring system containing
zero to three nitrogen atoms, zero to one oxygen atom, and zero to one sulfur atom, or is selected
from a 5- or 6-membered aromatic or heteroaromatic ring containing zero to two nitrogen atoms,
zero to one oxygen atoms, and zero to one sulfur atoms, or is selected from an 8-, 9- or 10-
membered fused aromatic or heteroaromatic ring system containing zero to three nitrogen atoms,
zero to one OXygen atom, and zero to one sulfur atom where each foregoing Ar® moiety may bear
one to three substituents selected from R’, C,-Cgalkenyl, C,-Cgalkynyl, halogen, ;CN, -NO,, -
C(O)R?, -S(O),R®, NR'R’, -OR?;

n at each occurrence is 0, 1, or 2;

p at each occurrence is 2, 3, or 4;

q at each occurrenceis 0, 1, or 2,

The invention also encomp stereoisomers, enantiomers, in vivo-hydrolysable
precursors and pharmaceutically-acceptable salts of compounds of formula I, pharmaceutical
compositions and formulations conteining them, methods of vsing them to treat diseases and
conditions either alone or in combination with other therapeutically-active compounds or
substances, processes and intermediates used to prepare them, uses of them as medicaments, uses
of them in the manufacture of medicaments and uses of them for diagnostic and analytic purposes.

Throughout the description and ¢laims of this specification, use of the word “comprise”
and variations of the word, such as “comprising” and “comprises”, is not intended to exclude other
additives, components, integers or steps.

A reference herein to a patent document or other matter which is given as prior art is not
to be taken as an admission that that document or matter was known or that the information it

contains was part of the cornmon general knowledge as at the priority date of any of the claims,
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DESCRIPTION OF THE INVENTION -
Compounds of the invention are ligands for nicotinic acetylcholine receptors
(nAChRs) in accord with formula I:

2

A
Ospr ™ ar
. L
and pharmaceutically-acceptable salts thereof, wherein:

Q is a moiety of formula Il

-A- is selected from -O-, -S-, or -NR'~, or is a bond directly connecting Ar' and

Arz;
Ar! is selected from formula ITT or TV:
D
D—D D7D
1 \I\J ||3| I%)
Np N
B or D
i v

wherein Bis 0, S, or NRY;

R is independently at each occurrence selected from hydrogen or R

D is independently at each occurrence selected from N or CR?, provided that D is N
at no more than two occurrences;

R? is independently at each occurrence selected from hydrogen, R}, -Cx-Calkenyl,
-Cy-Calkynyl, halogen, -CN, -NO,, -C(O)R?, -S(0).R’, -NR’R’, -ORY, Q or a bond,
provided that R? is Q at one occurence, and at one occurrence is a bond connecting Ar'to
A, or when -A- is a bond, to Atk

R? is selected from an unsubstituted straight-chained, branched, or cyclic C)-
Cealkyl group, or selected from a straight-chained, branched, or cyclic C,-Calky] group
substituted with up to five halogen atoms, and up to two substituents selected from: Ca-
Cealkenyl, Cp-Calkynyl, -CN, -C(O)R?, -S(0).R®, -NRR’, or ~OR;
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R*is independently at cach occurrence selected from hydrogen, R®, NR™R", or
-OR%; .

R'is independently at each occurrence selected from hydrogen, R’ or NR'RM;

R® and R’ are independently at each occurrence selected from hydrogen, R, -
C(O)R4 or -S(0),;R?, or in combination at any one occurrence of -NRR are
(CH.),G(CH,), where G is O, 5, NR® or a bond;

R3 is selected from hydrogen or R’;

R’ is selected from an unsubstituted straight-chained, branched, or cyclic C;-
Calkyl group, or selected from a straight-chained, branched, or cyclic C,-Cealkyl group
substituted with up to five halogen atoms, and up to one substituent selected from: C>-Ce
alkenyl, C5-Cs alkynyl, -CN, -NR'°R!! -OR";

R'and R'! are independently at each occurrence selected from hydrogen, R,
-C(O)Rn, -S(O)nRIZ, ar in combination at any one occurrence of “NR™R are
(CHy),J(CH), where J is O, S, NH, NR™ or a bond;

R'? is selected from an unsubstituted straight-chained, branched, or cyclic Ci-
Csalkyl group, or selected from a straight-chained, branched, or cyclic Ci-Cealkyl group
substituted with up to five halogen atoms;

Ar is selected from an unsubstituted 5- or 6-membered aromatic or heteroaromatic
ring containing zero to two nitrogen atoms, zero to one oxygen atoms, and zero to one
sulfur atoms, or selected from an 8-, 9- or 10-membered fused aromatic or heteroaromatic
ring system containing zero to three nitrogen atoms, zero to one oxygen atom, and zero to
one sulfur atom, or is selected from a 5- or 6-membered aromatic or heteroaromatic ring
containing zero to two nitrogen atoms, zero (o ane oxygen atoms, and zero to one sulfur
atoms, or is selected from an 8-, 9- or 10-membered fused aromatic or heteroaromatic ring
system containing zero to three nitrogen atoms, zero to one oxygen atom, and zero to one
sulfur atom where each foregoing Ar* moiety may bear one to three substituents selected
from R’, Cy-Cealkenyl, C,-Caalkynyl, halogen, -CN, -NO,, -C(OIR?, -S(O)R’, -NR°R’, -
OR%;

n at each occurrence is 0, 1, or 2;

p at each occurrence is 2, 3, or 4;

q at each oceurrence is 0, 1, or 2;
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stercoisomers, enantiomers, in vivo-hydrolysable precursors and pharmaceutically-
acceptable salts thereof.
Particular compounds of the invention are those in accord with formula I wherein:

At is selected from formula ITI or IV:

_D
—D D" D
S
Np”” NA
B o, D
I v

Bis 0,8, orN'R];

Rlis independently at each occurrence selected from hydrogen or R%;

D is independently at each occutrence selected from N or CR?, provided that D is N
at two occurrences;

R’ is independently at each occurrence selected from hydrogen, -R®, halogen, -CN,
NOs, -C(O)RY, -S(0)R?, -NR®R", -OR?, Q or a bond, provided that R* is Q at one
occurence, and at one occurrence is a bond connecting Arlto A, or when -A- is a bond, to
AP

R® is an unsubstituted straight-chained, branched, or cyclic C;-Cealkyl group, ora
straight-chained, branched, or cyclic Ci-Cealkyl group substituted with up to five halogen
atoms, and up to two substituents selected from: -CN, -C(O)R?, -8(0).R’, NRR', or —
OR%,

R’ R®, RS, R and R® are independently at each occurrence selected from hydrogen
or Rg;

R’ is selected from an unsubstituted straight-chained, branched, or cyclic Cy-
Cealkyl group, or is selected from a straight-chained, branched, or cyclic Ci-Cgalkyl group
substituted with up to five halogen atoms, and up to one substituent selected from: -CN, -
NRYR!!.OR1 :

R'"%and R!! are at each occurrence hydrogen;

R!?is selected from an unsubstituted straight-chained, branched, or cyclic Ci-
Cealkyl group, or selected from a straight-chained, branched, or eyclic C-Cealkyl group
substituted with up to five halogen atoms;

-A- is selected from -O-, -S-, or -NR'-, or is a bond directly connecting Ar' and

A%
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AP is selected from unsubstituted phenyl; 2-pyridyl, 3-pyridyl or 4-pyridyl;
2-pyrimidyl, 4-pyrimidyl or 5-pyrimidyl; 2-pyrazinyl or 3-pyrazinyl; 2-furyl or 3-furyl;
2-thiophenyl or 3-thiophenyl; 1-pyrrolyl, 2-pyrrolyl or 3-pyrrolyl; 2-quinazolyl, 4-
quinazolyl or 5-quinazolyl; 2-oxazoly], 4-oxazolyl or 5-oxazolyl; 2-imidazolyl, 4-
imidazolyl or 5-imidazolyl; 1-naphthyl or 2-naphthyl; 2-quinolyl, 3-quinolyl, 4-quinolyl, 5-
quinolyl, 6-quinolyl, 7-quinolyl or 8-quinolyl; 1-isoquinolyl, 3-isoquinolyl, 4-isoquinolyl;
5-isoquinolyl, 6-isoquinolyl, 7-isoquinolyl or 8-isoquinolyl; 2-benzofuranyl, 3-
benzofuranyl, 4-benzofuranyl, 5-benzofuranyl, 6-benzofuranyl or 7-benzofuranyl, 2-
benzo[b]thiophenyl, 3-benzo[b]thiophenyl, 4-benzo[b]thiophenyl, 5-benzo[b]thiophenyl,
6-benzo[b]thiophenyl or 7-benzo[b]thiophenyl; 2-indolyl, 3-indolyl, 4-indolyl, 5-indolyl,
6-indolyl or 7-indolyl; 2-benzoxazolyl, 4-benzoxazolyl, 5-benzoxazolyl, 6-benzoxazolyl;
or 7-benzoxazolyl; 2-benzthiazolyl, 4-benzthiazolyl, 5-benzthiazolyl, 6-benzthiazolyl or 7-
benzthiazolyl; or is selected from any foregoing Ar” moiety substituted with one to three
substituents selected from R, Co-Cs alkenyl, Co-Cg alkynyl, halogen, -CN, -NO», -C(O)R4,
-S(0).R’, NR°R, -OR%;

n at each occurrence is 0, 1, or 2,

Other particular compounds of the invention are those wherein R*is Q at one
occurence and is a bond connecting Ar' to A at one occurrence and otherwise is hydrogen.

Other particular compounds of the invention are those wherein Q and -A-Ar* are in
a 1,3 relationship with one another on Arl,

Other particular compounds of the invention are those wherein -A- is a bond
divectly coneccting Ar' and A

Still other compounds of the invention are those wherein Ar' is a moiety of formula
L.

Other conpounds of the invention are those where Ar' is a furan ring.

Other compounds of the invention are those where At is a thiophene ring.

Yet other compounds of the invention arc those wherein Ar' is a moiety of formula
Il and Bis O.

Still other compounds of the invention are those wherein Ar' is a moiety of formula

IIand Bis S.
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Still other compounds of the invention are those wherein Ar’ is a moiety of formula
11l and D is CR® where R? is Q at one occurence and is a bond connecting Ar'to A at one
occurrence and otherwise is hydrogen.

Other compounds of the inventions are those wherein R is selected from:

methyl, ethyl,

linear, cyclic or branched propyl, butyl, pentyl or hexyl,

ethenyl or 1-propenyl, 2-propenyl or 3-propenyl,

linear, branched or cyclic butenyl, pentenyl or hexenyl,

ethynyl or propynyl,

chloro, bromo, fluro or iodo, -CN, -NO3, -C(O)R?, -S(0),R’, NR'R” or -OR%

R* is independently at each occurrence selected from hydrogen, R, -NR'R", -OR®
trifluoromethyl, trifluoroethyl, methoxymethyl, trifluoromethoxymethyl, methoxyethyl or
trifluoromethoxyethyl;

Ris independently at each ocourrence selected from hydrogen, R%, or NR'RM;

R® and R are independently at each occurrence selected from hydrogen, R, -
C(O)R?, -S(0)R®, or in cambination at any one occurrence of -NR'R” are (CHa),G(CHa),
where Gis O, S, NR?® or a bond;

R? is selected from hydrogen ot R%;

R’ is seleted from:

methyl, ethyl,

linear, cyclic or branched propyl, butyl, pentyl or hexyl

ethenyl or 1-propenyl, 2-propenyl ot 3-propenyl

linear, branched or cyclic butenyl, pentenyl or hexenyl,

ethynyl or propynyl,
where any foregoing R? moiety may bear up to five chloro, bromo, fluaro, jodo atoms,
and up to one substituent selected from:

-CN, -NRUR' -ORY:

R'%and R" are independently at each occurrence selected from hydrogen, R?,
-C(O)R'2, -S(0),R", or in combination at any one occurrence of -NR''R"" are
(CHy),J(CHy), where Jis O, S, NH, NR" or a bond;

R" is selected from:

methyl, ethyl,

-10-
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linear, cyclic or branched propyl, butyl, pentyl or hexyl

ethenyl or 1-propenyl, 2-propenyl or 3-propenyl

linear, branched or cyclic butenyl, pentenyl or hexenyl,

ethynyl or propynyl,
where any foregoing R'? moiety may bear up to five chloro, bromo, fluoro, iodo atoms,

Ar? is selected from unsubstituted phenyl; 2-pyridyl, 3-pyridyl or 4-pyridyl;
2-pyrimidyl, 4-pyrimidy! or 5-pyrimidyl; 2-pyrazinyl or 3-pyrazinyl; 2-furyl or 3-furyl;
2-thiophenyl or 3-thiophenyl; 1-pyrrolyl, 2-pyrrolyl or 3-pyrrolyl; 2-quinazolyl, 4-
quinazolyl or 5-quinazolyl; 2-oxazolyl, 4-oxazolyl or 5-oxazolyl; 2-imidazolyl, 4-
imidazolyl or 5-imidazolyl; 1-naphthyl or 2-naphthyl; 2-quinolyl, 3-quinolyl, 4-quinoly}, 5-
quinolyl, 6-quinolyl, 7-quinoly! or 8-guinolyl; 1-isoquinolyl, 3-isoquinolyl, 4-isoquinolyl;
5-isoquinolyl, 6-isoquinolyl, 7-isoquinolyl or 8-isoquinolyl; 2-benzofuranyl, 3-
benzofuranyl, 4-benzofuranyl, 5-benzofuranyl, 6-benzofuranyl or 7-benzofuranyl, 2-
benzo[b]thiophenyl, 3-benzo[b]thiophenyl, 4-benzo[b]thiophenyl, 5-benzo[blthiophenyl,
6-benzo[bthiophenyl or 7-benzo[blthiophenyl; 2-indolyl, 3-indolyl, 4-indolyl, S-indolyl,
6-indolyl or 7-indolyl; 2-benzoxazolyl, 4-benzoxazolyl, 5-benzoxazolyl, 6-benzoxazolyl;
or 7-benzoxazolyl; 2-benzthiazolyl, 4-benzthiazolyl, 5-benzthiazolyl, 6-benzthiazolyl or 7-
benzthiazolyl; or any foregoing Ar? moiety substituted with 1, 2 or 3 R substituents.

Particular compounds of the invention include:

(R)-3'-(5-phenylthiophen-2-yl)spiro[1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2-
one;

(R)-3'-[5-(4-pyridyl)thiophen-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5"-oxazolidin]-
2'-one;

(R)-3-[5-(3-pyridyl)thiophen-2-yl]spiro[1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-
2'-one, and

(R)-3'-[5-(2-pyridythiophen-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5-oxazolidin]-
2'-one.

In another aspect the invention relates to compounds according to formula [ and
their use in therapy and compositions containing them.

In a further aspect the invention relates to compounds according to formula I

wherein one or more of the atoms is labelled as a radioisotope of the same element. Ina

11-
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particular form of this aspect of the invention the compound of formula 1 is labelled with
tritium.

Compounds of the invention labelled with tritium are useful for the discovery of
novel medicinal compounds which bind to and modulate the activity, by agonism, partial
agonism, or antagonism, of the a7 nicotinic acetylcholine receptor. Such tritium-labelled
compounds may be used in assays that measure the displacement of a such compounds to
assess the binding of ligand that bind to o.7 nicotinic acetylcholine receptors.

In a particular aspect the invention relates to the use of compounds according to
formula I for the therapy of diseases mediated through the action of nicotinic acetylcholine
receptors. A more particular aspect of the invention relates to the use of compounds of
formula I for the therapy of diseases mediated through the action of o7 nicotinic
acetylcholine receptors.

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

Another aspect of the invention relates to a method of treatment or prophylaxis of
neurological disorders, psychotic disorders or intellectual impairment disorders, which
comprises administering a therapeutically effective amount of a compound of the
invention.

Another aspect of the invention relates to a method of treatment or prophylaxis,
wherein the disorder is Alzheimer’s disease, learning deficit, cognition deficit, attention
deficit, memory loss, or Attention Deficit Hyperactivity Disorder.

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

Another aspect of the invention relates to a method of treatment or prophylaxis,
wherein the disorder is anxiety, schizophrenia or mania or manic depression.

Another aspect of the invention relates to a method of treatment or prophylaxis of
jetlag, cessation of smoking, nicotine addiction, craving, pain, and for ulcerative colitis,
which comprises administering a therapeutically effective amount of a compound of the

invention.

-12-
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Another aspect of the invention relates to a pharmaceutical composition comprising
a compound of the invention and a pharmaceutically-acceptable diluent or catrier.

A further aspect of the invention relates to a pharmaceutical composition for
treating or preventing a condition or disorder mentioned herein arising from dysfunction of
nicotinic acetylcholine receptor neurotransmission in a mammal, preferably a human,
comprising an amount of a compound of formula I, an enantiomer thereof or a
pharmaceutically acceptable salt thereof, effective in treating or preventing such disorder
or condition and a pharmaceutically acceptable carrier.

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

Another aspect of the invention relates to use of the pharmaceutical composition of
the invention for the treatment or prophylaxis of neurological disorders, psychotic
disorders or intellectual impairment disorders.

Another aspect of the invention relates to use of the pharmaceutical composition of
the invention for the treatment or prophylaxis of Alzheimer’s disease, learning deficit,
cognition deficit, attention deficit, memory loss, Attention Deficit Hyperactivity Disorder,
anxiety, schizophrenia, or mania or manic depression, Parkinson’s disease, Huntington’s
disease, Tourette’s syndrome, neurodegenerative disorders in which there is loss of
cholinergic synapse, jetlag, cessation of smoking, nicotine addiction including that
resulting from exposure to products containing nicotine, craving, pain, and for ulcerative
colitis.

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

Another aspect of the invention relates to a use of a compound of the invention in
the manufacture of a medicament for the treatment or prophylaxis of human diseases or
conditions in which activation of the o7 nicotinic receptor is beneficial.

Another aspect of the invention relates to a use of a compound of the invention in
the manufacture of a medicament for the treatment or prophylaxis of neurological

disorders, psychotic disorders or intellectual impairment disorders.
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Another aspect of the invention relates to the use of a compound of the invention in
the manufacture of a medicament for treatment or prophylaxis of Alzheimer’s disease,
Jearning deficit, cognition deficit, attention deficit, memory Joss or Attention Deficit
Hyperactivity Disorder.

Another aspect of the invention relates to the use of a compound of the invention in
the manufacture of a medicament for treatment or prophylaxis of anxiety, schizophrenia, or
mania or manic depression.

Another aspect of the invention relates to the use of a compound of the invention in
the manufacture of a medicament for treatment or prophylaxis of Parkinson’s disease,
Huntington’s disease, Tourette’s syndrome, or neurodegenerative disorders in which there
is loss of cholinergic synapses.

Another aspect of the invention relates to the use of a compound as described above
in the manufacture of a medicament for the treatment or prophylaxis of jetlag, pain, or
ulcerative colitis.

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

For the uses, methods and compositions mentioned herein the dosage administered
will, of course, vary with the compound employed, the mode of administration and the
treatment desired. However, in general, satisfactory results are obtained when the
compounds of the invention are administered at a daily dosage of rom about 0.1 mg to
about 20 mg/kg of animal body weight. Such doses may be given in divided doses 1 to 4
times a day or in sustained release form. For man, the total daily dosc is in the range of
from 5 mg to 1,400 mg, more preferably from 10 mg to 100 mg, and unit dosage forms
suitable for oral administration comprise from 2 mg to 1,400 mg of the compound admixed
with a solid or liquid pharmaceutical carrier or diluent.

The compounds of formula I, an enantiomer thereof, and pharmaceutically
acceptable salts thereof, may be used on their own or in the form of appropriate medicinal
preparations for enteral or parenteral administration. According to a further aspect of the

invention, there is provided a pharmaceutical composition including preferably less than
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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.
Examples of 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.

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

Compounds according to the invention are agonists of nicotinic acetylcholine
receptors. While not being limited by theory, it is believed that agonists of the a7 nAChR
(nicotinic acetylcholine receptor) subtype should be useful in the treatment or prophylaxis
of neurological disorders, psychotic disorders and intellectual impaivment disorders, and
have advantages over compounds which are or are also agonists of the a4 nAChR subtype.
Therefore, compounds which are selective for the 0.7 nAChR subtype are preferred. The
compounds of the invention are indicated as pharmaceuticals, in particular in the treatment
or prophylaxis of neurological disorders, psychotic disorders and intellectual impairment
disorders. Examples of psychotic disorders include schizophrenia, mania and manic
depression, and anxiety. Examples of intellectual impairment disorders include
Alzheimer’s disease, learning defieit, cognition deficit, attention deficit, memory loss, and
Attention Deficit Hyperactivity Disorder. The compounds of the invention may also be
useful as analgesics in the treatment of pain (including chronic pain) and in the treatment
or prophylaxis of Parkinson’s disease, 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, craving, and for the treatment or prophylaxis of nicotine addiction
(including that resulting from exposure to products containing nicotine).

It is also believed that compounds according to the invention are useful in the
treatment and prophylaxis of ulcerative colitis.

As used hetein, the term "C).¢alkyl" refers to a straight-chained, branched, or cyclic
C.salkyl group.

As used herein the term “halogen” tefers to fluorine, chlorine, bromine or iodine.
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Methods of Preparation

Methods which may be used for the synthesis of compounds of formula I, include
methods A, B, C, and D described below. In the methods, unless otherwise indicated, A,
Ar® and A are as defined for formula L.

Method A
o) 0
O V
=« a
N NH e N N\Ar“A\ArZ

Scheme 1

In Formula VI of Scheme 1, E represents a moiety R” in Ar' which becomes the
occurence of R Q in formula I. Tn Formula VI E is a halogen or an OSO,CF3 group.

Compounds of formula I may be prepared by trcatment of a compound of formula
V with a compound of formula VI in the presence of a base. To perform the reaction, the
presence of a catalyst, such as an organometallic catalyst may facilitate the reaction, or
may be necessary to drive the reaction. Suitable organic bases include lithium, sodium, or
potassium bases, including hydrides, alkoxides, hydroxides carbonates, amides,
alkylamides, or alkyls. Suitable catalysts include copper, palladium, or nickel compounds.
The catalysts may include the metal, salts, or organometallic complexes, either preformed
as an organometallic compound or formed in situ by the addition of a ligand. Suitable
ligands include diamine ligands such as 1,2-diaminoethane or 1,2-diaminocyclohexane, or
phosphine ligands such as triphenylphosphine. The preferred base is potassium carbonate.
The preferred catalyst is copper (I) iodide. The reaction is preferably performed in the
presence of ethylenediamine as a ligand. The reaction is performed in an inert solvent.
The preferred inert solvent is 1,4-dioxane. The reaction performed at a temperature of
approximately 100 °C.
Method B
Scheme 2
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In Formula VIIT of Scheme 2, HoN-Ar' represents a moiety R?in Ar' which
becomes the occurrence of R? represented by Q of formula L. Likewise, in formula IX
above Ar' is connected to the nitrogen of the aminoalcohol at position of Ar” that becomes
Q in the compound of formula 1.

Method B may be carried out in two steps: ring opening of epoxide VII with
compound VIII, followed by carbonylation of the resulting intermediate IX to form the
oxazolidinone ring of a compound of formula L

Compounds of formula IX may be prepared by treatment of a compound of formula
V1T with a compound of formula VIIL. In order to perform the reaction, the presence ofa
base may facilitate the reaction, and may be necessary to perform the reaction, and it may
be desirable or necessary to form an amide anion of compound VIIL. Suitable organic
bases include alkali metal bases, including hydrides, alkoxides, amides, alkylamides, o
alkyls. Preferred bases are strong bases, such as alkyllithium bases, or lithium
dialkylamide, or sodium hydride or potassium hydride. The reaction is performed in an
inert solvent. The preferred incrt solvent is tetrahydrofuran.

Compounds of formula I may be prepared treatment of a compound of formula IX
with a carbonyl donating compound. Examples of carbonyl donating compounds include
carbonyldiimidazole, carbonyldichloride (phosgene), and triphosgene. The reaction is
performed in an inert solvent, for example tetrahydrofuran or toluene. The reaction is
performed at elevated temperature, for example, in refluxing tetrahydrofuran or toluene.
Method C
Scheme 3
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Method C may be carried out in three steps: amide bond formation between an
catboxylic acid derivative of formula X and a compound of formula VIIT, reduction of the
carbonyl group of the resulting amide of formula XTI, in which G is a leaving group,
followed by carbonylation of the resulting aminoalcohol of formula VIII to form the
oxazolidinone ring of formula 1X.

In formula X, Ar' is connected to an amide nitrogen at the position of Ar! that will
become Q in the compound of formula I. Thus, in formula X R?is a bond connecting Ar'
and the amide nitrogen.

For the preparation of an amide of formula XI from a compound of formula VIII
and a carboxylic acid derivative of formula X, in the compound of formula X, suitable
leaving groups G include: OH, halogen, OAlkyl, OAryl, OCOAlkyl, OCOAryl. The
reaction is performed by mixing the compounds of formula VIII and X1 in a suitable
solvent and maintaining the mixture at 0-100 °C. The presence of a base, or, when G is
OH, a coupling agent, may also be necessary for the reaction to occur. Suitable bases for
the reaction include: 4-(,N-dimethylamino)pyridine, pyridine, triethylamine, N,N-
diisopropylethylamine. The preferred base is N, N-diisopropylethylamine. Suitable coupling
agents when G is OH include: carbodiimides, for example 1,3-dicyclohexylcarbodiimide or
1-(3-dimethylaminopropyl-3-cthylcarbodiimide hydrochloride; phosphonium reagents, for
example benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate or
benzotriazol-1-yloxytripyrrolidinophosphonium hexafluorophosphate; and uronium
reagents, for example O-benzotriazol-1 -yI-N,N,N',N'tetramethyluronium tetrafluoroborate.
The preferred coupling agent is O-benzotriazol-1-yl-N,N.N', N*tetramethyluronium
tetrafluoroborate. Suitable solvents for the reaction include N, N-dimethylformamide,

dimethylsulfoxide, tetrahydrofuran, or chloroform. The preferred solvent is N.N-
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dimethylformamide. The reaction is preferably performed at a temperature of 0-50 °C, and
most preferably at a temperature of 20-30 °C.

'T'he conversion of the amide of formula XT to an amino alcohol of formula IX by reduction
of the carbonyl group may be performed by treatment of the amide with a suitable reducing
agent in a suitable solvent. Suitable reducing agents include aluminium hydride, and
lithium aluminium hydride. Suitable solvents include ether solvents, for example
tetrahydrofuran.

Compounds of formula I may be prepared treatment of a compound of formula IX with a

carbony] donating compound as described for Method B above.

- Method D

Scheme 4

Y—AF
X X 1

Tn Formula XTI of Scheme 4, Ar'-X represents a moiety OR?in Ar' where R isa
bond that becomes connected to the A moiety of a compound of formula I. Thus, in
formula XII above, Ar' is connected to X at the position of Ar’ that is connected to A in
the compound of formula I.

(i) Aisabond

The compounds of formula I wherein A is a bond may be prepared by the cross-
coupling reaction of compounds of formula XIT and XTIT, wherein either X or Y is halogen
or OSO,CF; when, respectively, Y or X is an organometallic group. Suitable
organometallic groups include boronic acid or boronic ester groups, B(OH),, B(OR), or a
trialkylstannyl group SnRs, wherein R is an alkyl group. The reaction is performed in the
presence of a suitable organometallic catalyst and solvent. Suitable organometallic
catalysts include palladium (0) complexes, for example
tetrakis(triphenylphosphine)palladium(0) or a combination of
tris(dibenzylideneacetone)dipalladium(0) and a suitable triarylphosphine or triarylarsine
ligand, for example triphenylphosphine, tri{o-tolyl)phosphine or triphenylarsine. Suitable
solvents include inert ether solvents, for example 1,2-dimethoxyethane, tetrahydrofuran, or

1,4-dioxane, or alcohols, such as ethanol, or mixtures thereof, If the compound of formula
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X1 or XII is a boronic acid, the presence of a suitable base in addition to the other reagents
is preferred. Suitable bases include sodium carbonate, cesium carbonate, and barium
hydroxide. The reaction is carried out at a temperature of 0-120 °C, and preferably at a
temperature of 60-120°C.

Compounds of formula XII wherein XI is an organometallic group or compounds
of formula X111, wherein either Y is an organometallic group may be prepared from
compounds of the corresponding formula wherein X or Y is hydrogen, halogen, or
0SO,CF; by a suitable metallation or exchange procedure. The compounds wherein the
organometallic group is B(OH), may be prepared from suitable aromatic compounds
having hydrogen or halogen groups, by conversion to the corresponding aryllithium or
arylmagnesium compounds followed by reaction with trialkylborate and subsequent
hydrolysis of the resulting borate ester. Similarly, compounds wherein the organomctallic
group is a triallylstannyl group may be prepared from suitable aromatic compounds having
hydrogen or halogen groups, by conversion to the corresponding aryllithium or
arylmagnesium compounds followed by reaction with an appropriate trialkylstanny] halide.
The formation of the aryllithium or arylmagnesium compound is performed in a suitable
inert solvent, for example, tetrahydrofuran. Alternatively, the compounds wherein the
organometallic group is B(OH), may be prepared from suitable aromatic compounds
having halogen or OSO,CF; groups by reaction with bis(pinacolato)diboron and an
organometallic catalyst, followed by hydrolysis of the resulting borate ester, compounds
wherein the said organometallic group is a trialkylstanny] group may be prepared from
suitable aromatic compounds having halogen or OSO,CF3 groups by reaction with the
appropriate bis(trialkyltin) in the presence of a suitable orgnometallic catalyst. The
reaction is performed in a suitable inert solvent, for example tetrahydrofuran, and suitable
organometallic catalyst include, for example tetrakis(triphenylphosphine). The reaction is
performed at a temperature of about 0 °C to about 150 °C, preferably about 20 °C to about
100°C. Typical procedures for effecting such conversions will be known to thoe of skill
in the art.

Gi) Ads NR'

The compounds of formula I wherein A is a bond may be prepared by the cross-

coupling reaction of compounds of formula XII and XTII, wherein either X or Y is halogen

or OSO,CF; when Y or X, respectively, is NHR'. The reaction may be performed by
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heafing in an inert solvent in the presence of a strong base. Suitable inert solvents include
ether solvents, for example tetrahydrofuran, 1,4-dioxane, 1,2-dimethoxyethane, or di(2-
methoxyethyl)ether, a hydrocarbon solvent, for example benzene or toluene, or an amide
solvent, for example dimethylformamide, or N-methyl-2-pyrrolidinone. The preferred
solvent is tetrahydrofuran. Suitable strong bases include alkali metal alkoxide or amide
bases, for example sodivm t-butoxide or potassium t-butoxide, lithium
bis(trimethylsilyl)amide, or lithium diisopropylamide. The preferred strong base is sodium
t-butoxide. The reaction may require, and is preferably performed in, the presence of an
organometallic catalyst. Suitable organometallic catalysts include complexes of palladium
(0) with a suitable phosphine ligand, preferably a triarylphosphine ligand, and most
preferably a bidentate triarylphosphine ligand. Preferred ligands include 2,2'-
bis(diphenylphosphino)-1,1'-binaphthyl or 1,1'-bis(diphenylphosphino)forrocene. The
catalyst may be synthesised by the combination of a suitable source of palladium (0), for
example tris(dibenzylideneacctone)dipalladium (0), with the phosphine ligand, and may
either be pre-formed or formed ir situ by including the palladium source and phophine
ligand in the reaction mixture. The reaction is carried out at a temperature of about 0-150
°C, and preferably at a temperature of about 60-120 °C.

(iii) AisQorS§

The compounds of formula I wherein A is O or S may be prepared by the cross-
coupling reaction of compounds of formula X1 and XIIT, wherein either X or Y is halogen
or OSO,CF; where Y or X, respectively is OH or SH. The reaction may be performed by
heating in an inert solvent in the presence of a base. The reaction may require, and, when A
is O, is preferably performed in, the presence of a catalyst. Suitable inert solvents include
ether solvents, for example tetrahydrofuran, 1,4-dioxane, 1,2-dimethoxyethanc, or di(2-
methoxyethyDether, an amide solvent, for example dimethylformamide, or N-methyl-2-
pyrrolidinone, or a basic heterocyclic aromatic solvent, for example pyridine. The
preferred solvent is pyridine. Suitable bases include alkali metal alkoxides, or alkali metal
carbonates, for example potessium carbonate. Suitable organometallic catalysts include
copper or its salts, preferably copper (I) salts, and most preferably copper () iodide. The
reaction is carried out at a temperature of about 0-150 °C, and preferably at a temperature
of about 100-150 °C.
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Certain compounds of formula XII wherein X is halogen may be prepared from
compounds of formula XTI wherein X is hydrogen by reaction with a suitable halogenating
agent in a suitable solvent. Suitable halogenating agents include bromine or other
elemental halogens. Suitable solvents include acetic acid. The reaction is preferably
performed at a temperature of 0-50 °C, and most preferably at a temperature of 0-25 °C.

Compounds of formula XIT wherein X is 0SO,CFz may be prepared from
compounds of formula XII wherein X is OH by reaction with trifluoromethanesulfonic
anhydride or other trifluoromethanesulfonylating agent in the presence of a base and a
solvent. Suitable bases include pyridine, and 2,6-di-+-butylpyridine. The reaction is
preferably performed at a temperature of -78to 120 °C, and most preferably ata
temperature of -78 to 0 °C.

Certain compounds of formula XII wherein X is hydrogen, halogen, OSO,CFs,
NHR', OH, or suitable organometallic group may be prepared by procedures analogous to
those described under methods A to C above wherein X is substituted for A-Ar” in the
formulae represented in the Schemes 1-3.

Compounds of formula XI1I in which Y is hydrogen, halogen, OSO;CF3, NHR!,
OH, or suitable organometallic group are commercially available, are described in the
literature of synthetic organic chemistry, or may be prepared by methods described herein
or known to one skilled in the art of synthetic organic chemistry.

Method E

Scheme 5

H o
N
-~ A o]
o _ROLT WAl M A
N N Al AR

vt XV |
In Formula X1V of Scheme 5, RO,CNH-Ar! represents a moiety R* in Ar' which
becomes the occurrence of R? represented by Q of formula I. R represents an aliphatic or
aromatic group such that the moiety RO;C can act as an intramolecular carbonylating
agent with expulsion of OR as a leaving group. Suitable R groups include simple alkyl and
aryl groups such as methyl, ethyl, or phenyl. The preferred R group is methyl.
Method E involves a chemical transformation consisting of two reactions: ring

opening of epoxide VII with compound X1V, followed by cyclization to form the
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oxazolidinone ring of a compound of formula 1. Method E is analogous to method B
except that the group RO,C in compound XIV rather than a subsequent carbonylation step
provides the carbonyl group. The two reactions may be and are preferably performed in a
single step whereby VII and X1V ate combined in presence of a catalyst. Suitable catalysts
include basic catalysts or phase transfer catalysts. The reaction is performed in an inert
solvent. The reaction is preferably performed using a phase transfer catalyst such as tetra-
n-butylammonium chloride with water as the solvent. The reaction is preferably
performed at elevated temperature. For example, when the reaction is performed in water,
the reaction is preferably perfomed at 100 °C

Compounds of formula VY, VIII, and XIV are commercially available, are
described in the literature of synthetic organic chemistry, or prepared by methods known to
one skilled in the art of synthetic organic chemistry. Compounds may also be prepared
from simpler precursors whereby the connection of Ar' and Ar? by the linker A is formed
by a cross-coupling by methods analogous to those described in method D herein, said
precutsots being commercially available, described in the literature of synthetic organic
chemistry, or prepared by methods known to one skilled in the art of synthetic organic
chemistry.

It will be appreciated by one skilled in the art that aromatic substituents in the
compounds of the invention, or in intermediates used in the synthesis of compounds of the
invention, may be introduced by employing aromatic substitution reactions, functional
group transformations to modify existing substituents, or a combination thereof. Such
reactions may be effected either prior to or immediately following the processes mentioned
above. The reagents and reaction conditions for such procedures are known in the art.
Specific examples of procedures which may be employed include, but are not limited to,
electrophilic functionalisation of an aromatic ring, for example by nitration, halogenation,
or acylation; transformation of a nitro group to an amino group, for example by reduction,
such as by catalytic hydrogenation; acylation, alkylation, sulfonylation of an amino or
hydroxyl group; replacement of an amino group by another functional group by conversion
to an intermediate diazonium salt followed by nucleophilic or free radical substitution of
the diazonium salt: or replacement of 2 halogen by another functional group, for example

by nucleophilic or organometallically-catalysed substitution reactions.
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Where necessary, hydroxy, amino, or other reactive groups may be protected using
protecting groups by standard techniques. The above-described reactions, unless
otherwise noted, are usually conducted at a pressure of about one to about 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 atmosphete.

The compounds of the invention and intermediates may be isolated from their
reaction mixtures by standard techniques.

Acid addition salts of the compounds of formula I which may be mentioned include
salts of mineral acids, for example the hydrochloride and hydrobromide salis; and salts
formed with organic acids such as formate, acelate, maleate, benzoate, tartrate, and
fumarate salts.

Acid addition salts of compounds of formula I may be formed by reacting the free base or
a salt, enantiomer or protccted derivative thereof, with one or more equivalents of the
appropriate acid. The reaction may be carried out in a solvent or medium in which the sall
is insoluble or in a solvent in which the salt is soluble, e.g., water, dioxane, ethanol,
tetrahydrofuran or diethyl ether, or a mixture of solvents, which may be removed in
vacuum or by freeze drying. The reaction may be a metathetical process or it may be
carried out on an ion exchange resin.

The compounds of formula I exist in tautomeric or enantiomeric forms, all of which
are included within the scope of the invention. The various optical isomers may be isolated
by separation of a racemic mixture of the compounds using conventional techniques, e.g.
fractional crystallisation, or chiral HPLC. Alternatively the individual enantiomers may be
made by reaction of the appropriate oplically active starting materials under reaction
conditions that will not cause racemisation.

Examples

Commercial reagents were used without further purification. Mass spectra were
recorded using an HPLC-MS system employing a HP-1100 HPLC and a Micromass LCZ
Mass Spectrometer using APCI as the ionization technique, and are reported as m/z for the
parent molecular ion. Room temperature refers to 20-25 °C. (S)-Spiro[1-
azabicyclo[2.2.2]octan-3,5'™-0xazolidin]-2'-one and other precursors were prepared as
described Mullen et al. (2000) J. Med. Chem. 43, 4045-4050. Radiolabelled forms of
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compounds of the examples arc useful in a screen for the discovery of novel medicinal
compounds that bind to and modulate the activity, by agonism, partial agonism, or
antagonisna, of the &7 nicotinic acetylcholine receptor. Such radiolabelled compounds are
synthesized either by incorporating radiolabelled starting materials or, in the case of
tritium, exchange of hydrogen for tritium by known methods. Known methods include (1)
electrophilic halogenation, followed by reduction of the halogen in the presence of a
tritium source, for example, by hydrogenation with tritium gas in the presence of a
palladium catalyst, or (2) exchange of hydrogen for tritium performed in the presence of
tritium gas and a suitable organometallic (e.g. palladium) catalyst.

Preparation 1
(R)-3'-(Thiophen-2-yl)spiro[ 1 -azabicyelo[2.2.2]octan-3.5"-oxazolidin]-2'-one

AT
¥

(8)-Spiro[1-azabicyclo[2.2.2]octan-3,5'-0xazolidin]-2'-one (505 mg, 3.58 mmol), 5-

bromothiophene (1.75 g, 10.74 mmol), copper (I) iodide (69 mg, 0.36 mmol) and
potassium carbonate (495 mg, 3.58 mmol) were stirred at 120 °C overnight. After cooling
to room temperature, the mixture was purified by flash chromatography using a gradient of
ammoniated methanol in chloroform to give the title compound as a yellow solid (450 mg),

m/zz 265 (MH").

Preparation 2
(R)-3'-(5-Bromothiophen-2-yl)spirof 1-azabicyelo[2.2 2Joctan-3.5"-oxazolidin]-2'-one

o\fo
;N

(R)-3'-(Thiophen-2-yl)spiro[ I-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-one (425

mg, 1.61 mmol) and N-bromosuccinimide (287 mg, 1.61 mmol) were stirred in DMF (7
mL) at 80 °C for 3 h. The mixture was allowed to cool to room tcmperature, and was then

diluted with chloroform, washed with aqueous potassium carbonate, then with brine, then
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dried (magnesium sulfate), filtered, and cvaporated. The residue was purified by flash

chromatography using a gradient of ammoniated methanol in chloroform to give the title

compound as a yellow solid as (415 mg), m/zz 343, 345 (MHD.
Preparation 3

(S)—Spiro[]-ézabicyclo[2.2'2]0ctan-3,5'—0xazolidin]—2'-one (471 mg, 2.58 mmol),
2,4-dibromothiophene (1.875 g, 7.75 mmole), copper (I) iodide (492 mg, 2.58 mmol),
potassium carbonate (715 mg, 5.17 mmol) and ethylenediamine (170 pL, 2.58 mmol) in
1,4-dioxane (5 mL) were stirred at 110 °C overnight. The solution was allowed to cool,
and then filtered, washed with aquous ammonium hydroxide and evaporated. The residue
was purified by flash chromatography using a gradient of ammoniated methanol in
chloroform to give the title compound as a yellow solid (560 mg), m/z 343, 345 (MHM).

Preparation 4
(R)-3'-(Furan-2-yl)spiro[ 1 -azabicyclo[2.2.2]Joctan-3.5'-0xazolidin]-2"-one

The title compound was prepared by a method analogous to that described in
Preparation 3 from (S)-spito[ 1 -azabicyclo[2.2.2]octan-3,5"-0xazolidin]-2'-one and 2-
bromofuran. The title compound (1.49 g) was obtained as a pale-yellow solid, m/z 249

(MH').
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Preparation §
R)-3'-

The titlc compound was prepared by a method analogous to that described in
5 Preparation 2 from (R)-3'-(furan-2-yl)spiro[ 1-azabicyclo[2.2.2]octan-3,5"-oxazolidin]-2"-
one. The title compound (1.70 g) was obtained as a pale-yellow solid, m/z 327, 329
(MH).
Preparation 6
(R)-3'-[4-Bromo-5-(trimethylsilyYfuran-2-yl|spiro[ 1-azabicyclo[2.2.2]octan-3,5"

o oxazolidin]-2'-one

0
o~
N
N o/
l / ?l*
Br
(@) 2.4-Dibromo-5-(trimethylsilyl}furan
Br
o
B Si
0 ) l\

Lithium diisopropylamide (1.8M in heptane / tetrahydrofuran / ethylbenzene, 16.0
15 mL, 28.8 mmol) was added to a solution of 2,3-dibromofuran (5.0 g, 22.14 mmol) in
anhydrous ether (20 mL) that was stirred at ~78 °C. After 10 min, trimethylsilyl chloride
(3.65 mL, 28.8 mmol) was then added at—78 °C, then the reaction mixture was allowed to
warmed to room temperature, and stirred for another hour. The reaction was quenched
with saturated aqueous ammonium chloride then the reaction mixture was partitioncd
20 between water and ether. The ether layer was washed with water, then dried (magnesium

sulfate), filtered, and the solvent was evaporated. The residue was purified by flash
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chromatography using hexane to give the sub-title compound as a yellow oil (8.50 g), m/z
297,299, 301 (MH"). The crude product was used in the next step without further
purification.
) R-3-14
oxazolidin]-2'-one )

The title compound was prepared by a method analogous to that described in

Preparation 3 from (S)-spiro[1-azabicyclo{2.2.2]octan-3,5"-oxazolidin}-2"-one and 2,4~
dibroma-3-(trimethylsilyl)furan. The title compound (577 mg) was obtained as a pale
yellow solid, m/z 399, 401 (MH").

Preparation 7
(R)-3"-(4-Bromofuran-2-y)spiro[ 1-azabicyclo[2.2 2]octan-3.5'-oxazolidin}-2'-one

o]
o~
N
0
N
|/
Br

Tetra-n-butylammonium fluoride (1M solution in tetrahydrofuran, 2.2 mL, 2.20
mmol) was added to a solution of (R)-3'-[4-bromo-5-(trimethylsilyl)furan-2-ylspiro[ 1-
azabicyclo[2.2.2]octan-3,5oxazolidin]-2'-one (577 mg, 1.44 mmol) in tetrahydrofuran (3
mL). The solution was heated at 70 °C (bath temperature) for 6 h. The reaction mixture
was evaporated to dryness, and the residue was subjected to flash chromatogtaphy using a
gradient of ammoniated methanol in chloroform as the eluant give the title compound as a
pale brown solid (387 mg), m/z 327, 329 (MH).
Preparation 8
3

hiazol-2-y)spirof1-azabicvelo[2.2.2]octan-
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(a) Methyl N-(thiazol-2-y])carbamate
N O
(3
) H Y

2-Aminothiazole (10.00 g, 99.86 mmole), triethylamine (20.2 g, 200 mmol) and a

catalytic amount of 4-(N, N-dimethylamino)pyridine in anhydrous tetrahydrofuran (200
mL) were stirred at 0 °C. Methyl chloroformate (18.9 g, 200 mmol) was added slowly to
the mixture at 0 °C. Then the reaction mixture was stirred at room temperaiure for several
hours. The tetrahydrofuran was evaporated, the residue was dissolved in chloroform, and
the resulting solution was washed with water, dried through magnesium sulfate, filtered,
and then the solvent was evaporated. The residue was purified by flash chromatography
using a gradient of ammoniated methanol in chloroform to give the sub-title compound as
a pale yellow solid (17.0 g), m/z 159 (MH").
(b) 3'-(Thiazol-2-yl)spiro[1-azabicyclo[2.2.2]octan-3,5oxazolidin]-2"-one

Spiro[ 1-azabicyclo[2.2.2]octan-3,2'-oxirane]-N1-trihydroboron (3.00 g, 19.6
mmof), methyl N-(thiazol-2-yl)-carbamate (3.90 g, 23.5 mmol) and tetra-n-
butylammonium chloride (1.09 g, 3.92 mmol) were suspended in water (30 mL), and the

reaction mixture was stirred at 80 °C overnight. After cooling to room temperature the
reaction mixture was filtered, and the collected solid was washed with a small amount of
watcr. The solid was then dissolved in acstone (60 mL), and 6 mL of concentrated
hydrochloric acid was added. The mixture was stirred af room temperature overnight. The
solvent was evaporated from the mixture, then the residue was partitioned between
aqueous potassium carbonate and chloroform. The chloroform layer was dried with
magnesium sulphate, filtered and evaporated to give title compound as a pale solid (3.30
g), m/z 266 (MH").

Preparation 9

3'-(5-Bromothiazol-2-yl)spirol 1 -azabicyelo[2.2.2]octan-3.5"-0xazolidin]-2'-one

Method I

o]

@
?"/\}—Br

-29-




20

25

WO 2005/005433 PCT/GB2004/002904

28

A solution containing 3'-(thiazol-2-yl)spiro[ 1-azabicyclo[2.2.2]octan -3,5'-
oxazolidin]-2"-one (2.80 g, 10.55 mmol) and N-bromosuccinimide (3.90 g, 21.86 mmole)
in N, N-dimethylformamide (15 mL) were stirred at RT overnight. The mixture was diluted
with chloroform, washed with saturated aqueous potassium carbonate and then with brine,
dried through magnesium sulfate, and then the solvent was evaporated. The residue was
purified by flash chromatography using a gradient of ammoniated methanol in chloroform
to give the title compound as a pale solid (1.70 g), m/z 343, 345 (MH").

Method II
(a) Methyl N-(5-bromothiazol-2-yl)carbamate

2
Br/Q»\N/U\O/

The title compound was prepared by a method analogous to that in Preparation 8(a)

from 2-amino-5-bromothiazole. The title compound (4.10 g) was obtained as a yellow
solid, m/z 237, 239 (MHY.
(b) 3-(5-Bromothiazol-2-vl)spiro[1 -azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-one

The title compound was prepared by a method analogous to that described in

Preparation 3(b) from spiro[ 1-azabicyclo[2.2.2]octan-3,2"-oxirane]-N 1-trihydroboron and
methyl N-(5-bromothiazol-2-yl)carbamate. The title compound (650 mg) was obtained as
apale solid, m/z 344, 346 (MH").

Example 1
(R)-3'-(5-Phenylthiophen-2-yl)spiro[1-azabicyclo [2.2.21octan-3.5"-0oxazolidin]-2'-one

AT,
Ve

(R)-3'-(5-Bromothiophen-2-yl)spiro[ 1-azabicyclo [2.2.2]octan-3,5"-0xazolidin]-2'-

one (80 mg, 0.23 mmol), phenylboronic acid (31 mg, 0.26 mmol), potassium carbonate
(105 mg, 0.76 mmol) and tetrakis(triphenylphosphine)palladium (0) (7 mg, 0.006 mmol) in
ethanol / 1,2-dimethoxyethane (1:4 v/v; 2 mL) were heated under reflux at 100 °C for4 h.

The solution was allowed to cool, and then filtered and evaporated. Purification by flash
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chromatography using a gradient of ammoniated methanol in chloroform to give the title
compouﬁd as a pale-yellow solid (59 mg), m/z 341 (MH".

Example 2
(R)-3'-[5-(4-PyridyDthiophen-2-yljspiro[ 1-azabicyclo[2.2.2]octan-3 5'-oxazolidin]-2'-one

o (0]
AL

The title compound was prepared by a method analogous to that described in

Example 1 from (R)-3‘—(5—bromo—thiophen-z-yl)spiro[l-azabicyclo[2A2.2]octa1{-3,5'—
oxazolidin]-2'-one and pyridine-4-boronic acid. The title compound (34 mg) was obtained
as 2 pale-yellow solid, m/z 342 (MFT).

Example 3
(R)-3'-[5-(3-Pyridyl)thiophen-2-yl spirof 1-azabicyelo[2.2.2]octan-3.5"-gxazolidin]-2'-one

0 O
;@Q//

The title compound was prepared by a method analogous to that described in
Example 1 from (R)-3'-(5-bromothiophen-2-yl)spiro[ | -azabicyclo[2.2.2]octan-3,5'

oxazolidin]-2'-one and pyridine-3-boronic acid. The title compound (24 mg) was isolated

as the hydrochloride salt which was an off-white solid, m/z 342 HY.

Example 4
(R)-3'-[5-(2-Pyridyl)thiophen-2-yl1spiro[1-azabicyclo[2.2.2Joctan-3.5'-oxazolidin]-2-one

O O
;W
N IS/ :—/

(R)—3'—(5~Bromothiophen-2-y1)spiro[1-azabicyclo[2.2.2]octan-3 ,5'-oxazolidin]-2'"-

one (108 mg, 0.31 mmol), 2-tri-n-butylstannylpyridine (218 mg, 0.50 mmol) and
tetrakis(triphenylphosphine)palladium (0) (36 mg, 0.03 mmol) were heated in toluene (3.5
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mL) 100 °C for 5h. The solution was filtered, and then subjected to purification by flash
chromatography using a gradient of ammoniated methanol in chloroform to give the title
compound as a pale solid (73 mg), m/z 342 (MH).

Example §
(R)-3'-[5«(Thiophen-2-v])thiophen-2-yl]spiro[ 1 -azabicyclo[2.2.

one

N S

[ )]

S

The title compound was prepared by a method analogous to that described in
Example 4 from (R)-3'-(5-bromothiophen-2-ylspiro[ 1 -azabicyclo[2.2.2]octan-3,5'-
oxazolidin]-2'-one and 2-(tri-n-butylstannyl)thiophene. The solid obtained from flash
chromatography was further purified by reverse phase HPLC ona Cyg column using a
gradient of 5 - 45% acetonitrile/water (each solvent containing 0.1% trifluoroacetic acid as
a buffer) as the eluant. The product-containing fractions were evaporated. The residue
was partitioned between saturated aqueous potassium carbonate and chloroform and the
chiloroform layer was dried (magnesium sulfate), filtered and evaporated to give the title
compound as an off-white solid (100 mg), m/z 347 (MH").
Ezample 6
(R)-3'-[5-(Thiophen-3-yl}thiophen-2-yllspiro[1 -azabicyclo]2.2.2]octan-3,5'-oxazolidin]-2'-

one

0}
O‘{

N

N S =
{ 77 N\S

The title compound was prepared by a method analogous to that described in

Example 2 from (R)-3'-(5-bromothiophen-2-yl)spiro[1 -azabicyclo[2.2.2]octan-3,5"
oxazolidin]-2'-one and thiophene-3-boronic acid. The title compound (118 mg) was

obtained as a pale solid, m/z 347 (MH").
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The title compound was prepared by a method analogous to that described in

Example 5 from (R)-3'-(5-bromothiophen-2-yl)spiro[ 1-azabicyclo[2.2.2]octan-3,5'-
oxazolidin]-2'-one and 2-(tri-n-butylstannyl)furan. The title compound (52 mg) was
obtained as a pale solid, m/z 347 (MH").

Example 8
(R)-3'-[5-(Furan-3-vl)thiophen-2-vl]spiro[ 1-azabicyclo[2.2.2]octan-3.5'-oxazolidin]-2'-one

o‘(o
N N s \

The title compound was prepared by a method analogous to that described in

Example 2 from (R)-3"-(5-bromothiophen-2-yl)spiro{ I -azabicyclo[2.2.2]octan-3,5™

oxazolidin]-2'-one and furan-3-boronic acid. The title compound (45 mg) was obtained as
apale solid, m/z 347 (MH).
Exampled

N\/S N
()]

The title compound was prepared by a method analogous to that described in
Example 5 from (R)-3'-(5-bromothiophen-2-yl)spiro[ 1-azabicyclof2.2.2]octan-3,5'-
oxazolidin]-2-one and 2-(tri-n-butylstannyl)thiazole. The title compound (9 mg) was
obtained as a pale solid, m/z 348 (MH".
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Example 10

one
o{o
NSy
Van'e.
5 The title compound was prepared by a method analogous to that described in

Example 5 from (R)-3'-(5-bromothiophen-2-yl)spiro[ 1 -azabicyclof2.2.2]octan-3,5"
oxazolidin]-2'-one and 5-(tri-»-butylstannyl)thiazole. The title compound (31 mg) was
obiained as a pale solid, m/z 348 (MIT).

Example 11

0 (R)-3-[5-(Thiazol-4-yl)thiophen-2-yl]spiro[ 1-azabicyclo|2.2.2]Joctan-3.5'-0xazolidin

one

S N
[ 4L

The title compound was prepared by a method analogous to that described in
Example 5 from (R)-3"-(5-bromothiophen-2-yl)spiro[1-azabicyclo[2.2.2]octan-3,5'-
15 oxazolidin}-2"-one and 4-(tri-»-butylstannyl)thiazole. The title compound (27 mg) was
obtained as a pale solid, m/z 348 (MHM.

Example 12

20 The title compound was prepared by a method analogous to that described in

Example 1 from (R)-3'-(4-bromothiophen-2-yl)spiro{1 -azabicyclo[2.2.2]octan-3,5'-
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oxazolidin]-2"-onc and pyridine-4-boronic acid. The solid obtained after flash

" chromatography was further purified by reverse phase HPLC on a Phenomencx® Polar RP

column using a gradient of 5 - 45% acelonitrile/water (each solvent containing 0. 1%
trifluoroacetic acid as a buffer) as the eluant. The residuc was partitioned between
saturated aqueous potassium carbonate and chloroform and the chioroform layer was dried

(magnesium sulfate), filtered and evaporated to give the title compound as a pale solid (74

mg), m/z 342 (MH").

Example 13
(R)-3'-[4-(3-Pyridy])thiophen-2-y1]spiro[1-azabicyclo[2.2.2
6]
o~
N
N =
—T
S/ \
VY
N

The title compound was prepared by a method analogous to that described in
Bxample 12 from (R)—3'-(4-—bromothiophen-z-yl)spiro[l-a:/_abicyclo[2.2.2]octan-3,5'-
oxazolidin]-2'-one and pyridine-3-boronic acid. The title compound (73 mg) was obtained
as a pale solid, m/z 342 (MIT").

Example 14
(R)-3'-[4-(2-PyridyDthiophen-2-y} lspiro[l-azabicvclo[z.2.2]octan-3.5'-0xazolidin] -2'-one
(e}
o~
N
N ,/
-~
S/ \
N

The title compound was prepared by a method analogous to that described in
Example 5 from (R)-3 "(4-bromothiophen-2-y)spirof 1-azabicyclo[2.2.2}octan-3,5*
oxazolidin]-2'-one and 2-(tri-n-butylstannyl)pyridine. The solid obtained from flash
chromatography was further purified by reverse phase HPLC ona Polar reverse phase
column using a gradient of 5 - 43% acetonitrile/water (each solvent containing 0.1%
trifluoroacetic acid as a buffer) as the eluant. The product-containing fractjons were

evaporated. The residuc was partitioned between saturated aqueous potassium carbonate
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and chloroform and the chloroform layer was dried (magnesium sulfate), filtered and

evaporated to give the title compound as a pale solid, mz 342 (MH").

Example 15

(a) 4-Bromo-2-(4-pyridyDthiophene
Br

2,4-Dibromothiophene (2.97 g, 12.28 mmol), pyridine-4-boronic acid (1.50 g, 12.28
mmol), potassium carbonate (5.52 g, 39.91 mmol) and
tetrakis(triphenylphosphine)palladium (0) (426 mg, 0.38 mmol) were refluxed in ethanol /
1,2-dimethoxyethane (1:4 v/v; 100 mL) at 100°C for 7 hours. The solution was allowed to
cool, and then filtered and evaporated. The residue was purified by flash chromatography
using a gradient of ethyl acetate in hexane to give a yellow solid as the sub-title compound
(1.52 g), m/z 240, 242 (MH).

() (R)-3-(2-(4-Pyridyl)thiophen-4-yl)spiro{1 -azabicyclo[2.2.2]octan-3,5"-oxazolidin]-2'-

one

The title compound was prepared by a method analogous to that described in
Preparation 3 from (S)-spiro[1 -azabicyclo[2.2.2]octan-3,5™-0xazolidin]-2"-one and 4-
bromo-2-(4-pyridyl)thiophene using 2 equivalents of copper (I) iodide. The title
compound (1.70 g) was obtained as a pale-yellow solid, m/z 342 (MH").
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Example 16

(R)-3'-(2-(3-Pyridyl)thiophen-4-ylspiro[ 1 -azabicyclo[2.2 2]octan-3,5'-oxazolidin]-2"-one
o]

(a)  4-Bromo-2-(3-pyridyDthiophene
Br.

The title compound was prepared by a method analogous to that described in
Example 15 for the preparation of 4-bromo-2-(4-pyridyl)thiophene from 2,4-
dibromothiophene and pyridine-3-boronic acid. The sub-title compound (2.30 g) was
obtained as a pale solid, m/z 240, 242 (MH").

(®) (R)-3-[2-(3-PyridyDithiophen-4-yllspiro[1 -azabicyclo[2.2.2]octan-3.5"-oxazolidin]-2'-

one
The title compound was prepared by a method analogous to that described in
Preparation 3 from (S)-spiro[1-azabicyclo[2.2.2]octan-3,5 "oxazolidin]-2'-one and 4~

bromo-2-(3-pyridyl)thiophenc. The title compound (800 mg) was obtained as a pale-

yellow solid, m/z 342 (MH".
Example 17
(R)-3'-[2-(2-Pyridyl)thiophen-4-yl]spiro[1-azabicyclo[2.2.2 Joctan-3 5'-oxazolidin]-2"-one
6}
o~
N N
I\ =
S l}J Y

-37-




20

WO 2005/005433 PCT/GB2004/002904

36

(a) 4-Bromo-2-(2-pyridyl)thiophene
Br

/N

S X

NP

=

2.4-Dibromothiophene (695 mg, 2.87 mmol), 2-(tri~n-butylstannyl)pyridine (830
mg, 1.92 mmel), and tetrakis(triphenylphosphinc) palladium (0) (220 mg, 0.19 mmol) were
refluxed in 3 mL of toluene at 120 °C overnight. After filtrated out of solid residue;, the
reaction mixture was purified by flash chromatography using a gradient of ethyl acetate in
hexane to give a beige solid as the title compound (340 mg), m/z 240, 242 (MH™.

(b) (R)-3"-[2-(2-Pyridyl)thiophen-4-yl] spiro[1-azabicyelo[2.2.2]octan-3.5'-0xazolidin]-2'-

one

The title compound was prepared by a method analogous to that described in
Preparation 3 from (S)-spiro[1-azabicyclo| 2.2.2]octan-3,5"-oxazolidin]-2-one and 4~
bromo-2-(2-pyridylythiophene. The title compound (140 mg) was obtained as a pale-
yellow solid, m/z 342 (MH).

Example 18
(R)-3'-(5-Phenylfuran-2-yDspiro[ 1 -azabicyelo[2.2.2]octan-3.5"oxazolidin]-2'-one

o—/(o

The title compound was prepared by a method analogous to that described in
Example 12 from (R)-3'-(5-bromofuran-2-yl)spiro[1-azabicyclo[2.2.2]octan-3,5'-
oxazolidin]-2'-one and phenylboronic acid. The title compound (49 mg) was obtained as a

pale-yellow solid, m/z 325 (MHM.

-38-




WO 2005/005433 PCT/GB2004/002904

37

Example 19

(R)-3'-[5-(4-PyridyD)furan-2-yl]spiro{1-azabicyclo[2.2. 2]octan-3,5"-axazolidin] -2~
0

o~
N o ——
The title compound was prepared by a method analogous to that described in
Cxample 12 from (R)-3'-(5-bromofuran-2-yl)spiro[ 1-azabicyclo[2.2.2]octan-3,5"-
oxazolidin]-2'-one and pyridine-4-boronic acid. The title compound (701 mg) was

obtained as a pale solid, m/z 326 (MH").

Example 20
(R)-3'-[5-(3-Pyridylfuran-2-yl]spiro[ 1 -azabicyclo[2.2 2Joctan-3.5'-oxazolidin]-2"-one

o—(o

N

L
7\

The title compound was prepared by a method analogous to that described in
Example 12 from (R)-3'-(5-bromofuran-2-yl)spiro[1 -azabicyclo|2.2.2]octan-3,5'-
oxazolidin]-2'-one and pyridine-3-boronic acid. The title compound (206 mg) was

obtained as a pale solid, m/z 326 (MH").

Example 21
(R)-3"-[5-(2-Pyridy])furan-2-vlIspiro[1-azabicyclo[2.2.2Joctan-3.5"-oxazolidin]-2'-one
o)

o~
N " | o /T
VAW

The title compound was prepared by a method analogous to that described in
Example 14 from (R)-3'-(5-bromofuran-2-yl)spiro[ 1-azabicyclo[2.2.2]Joctan-3,5'-
oxazolidin]-2'-one and 2-(tri-n-butylstannyl)pyridine. The title compound (356 mg) was
obtained as an off-white solid, m/z 326 (MH").
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Example 22

The title compound was prepared by a method analogous to that described in
Example 14 from (R)-3"-(5-bromofuran-2-yl)spiro| 1-azabicyclo[2.2.2]octan-3,5'-
oxazolidin]-2'-one ahd 2-(tri-n-butylstannyl)thiazole. The title compound (19 mg) was
obtained as  pale solid, m/z 332 (MH").

Example 23
(R)-3'-[5-(Thiazol-3-yl)furan-2-yl]spiro[1-azabicyclo[2.2 2]octan-3.5"-0xazolidin]-2"-one

o—(o

N\/ N Q N

The title compound was prepared by a method analogous to that described in

Example 14 from (R)-3'-(5-bromofuran-2-yl)spiro[1-azabicyelo[2.2.2]octan-3,5'"-
oxazolidin]-2'-one and 5-(tri-n-butylstannyl)thiazole. The title compound (40 mg) was
obtained as a pale solid, m/z 332 MH).

Example 24
(R)-3'-[5-(Thiazol-4-vD)furan-2-yl]spiro[1-azabicyclo[2.2 2]octan-3.5"-oxazolidin]-2'-one
o}
O—{
N
N (o] Nﬁ
{ 7 NS

The title compound was prepared by a method analogous to that described in
Example 14 from (R)-3'-(5-bromofuran-2-yl)spiro[1-azabicyclo[2.2.2]actan-3,5'-
oxazolidin}-2'-one and 4-(tri-n-butylstannyl)thiazole. The title compound (81 mg) was
obtained as a pale solid, m/z 332 (MH".
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Example 25
(R)-3'-[4-(4-Pyridyl)furan-2-y1]spiro[1-azabicyelo[2.2.2]octan-3.5'-oxazolidin}-2'-one
0

o~

N
N = -

The title compound was preparcd by a method analogous to that described in

5 Example 14 from (R)-3'-(4-bromofuran-2-yl)spiro[ 1 -azabicyclo[2.2.2]octan-3,5'-
oxazolidin]-2'-one and 4-(tri-n-butylstannyl)pyridine. The title compound (21 mg) was
obtained as a pale solid, m/z 326 (MH").

Example 26
(R)-3'-[4-(3-PyridyD)furan-2-vl]spiro[1-azabicyclo[2.2.2]octan-3.5'-oxazolidin]-2"-one
0]

o~

N
(N~
AL

The title compound was prepared by a method analogous to that described in

Example 12 from (R)-3'-(4-bromofuran-2-yl)spiro[1-azabicyclo[2.2.2]octan-3,5'-
oxazolidin]-2"-one and pyridine-3-boronic acid. The title compound (105 mg) was
obtained as a pale solid, m/z 326 (MH").

15 Example 27
"-[4-(2-Pyridv])furan-2-

J

[1spiro[1-azabicyclo[2.2.2]actan-3,5'-0xazolidin

The title compound was prepared by a method analog to that described in Example
14 from (R)-3'-(4-bromofuran-2-yl)spiro] 1-azabicyclo[2.2.2]octan-3,5"-oxazolidin]-2'"-one
2  and 2-(tri-n-butylstannyl)pyridine. The title compound (20 mg) was obtained as a pale
solid, m/z 326 (MH").
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Example 28

(R)-3"-(4-(Pyrazin-2-yl)furan-2-yl)spiro[ 1 -azabicyclo[2.2.2]octan-3.5'-oxazolidin]-2'-one
0

o~
N N@_(:N
o/ J
The title compound was prepared by a method analog to that described in Example
s 14 from (R)-3-(4-bromofuran-2-yl)spiro[ 1-azabicyclo[2.2.2]octan-3,5-oxazolidin]-2'-one

and 2-(tri-n-butylstannyl)pyrazine. The title compound (2 mg) was obtained as a pale
solid, m/z 327 (MH).

Example 29
(R)-3'-(Furan-3-yl)spiro[ 1 -azabicyelo[2.2.2]octan-3.5'-oxazolidin]-2"-one
0
o~
N N
|5

The title compound was prepared by a method analogous to that described in
Preparation 3 from (S)-spiro[1-azabicyclo[2.2.2]octan-3.5'-oxazolidin]-2'-one and 3-
bromofuran. The title compound (445 mg) was obtained as a pale-yellow solid, m/z 249
(MHD.

15 Example 30
(R)-3'-[2-(4-PyridyDfuran-4-yl]spiro[ 1 -azabicyelo[2.2.2]octan-3.5'-oxazolidin|-2'-one
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(a) 4-Bromo-2-(4-pyridyl)-furan

Br.

/N
o) =

2,4-Dibromo-5-(trimethylsilyl)furan (8.97 g), pyridine-4-boronic acid (1.85 g, 15.1

mmol), potassium carbonate (6.24 g, 45.2 mmol) and

=N

5 tetrakis(triphenylphosphine)palladium (0) (435 mg, 0.38 mmol) werc heated under
refluxed in ethanol / 1,2-dimethoxyethane (1:4 v/v; 100 mL) at 100 °C for 6 h. The
solution was allowed to cool, and was then filtered and evaporated. The residue was
purified by flash chromatography using a gradient of ethyl acetate in hexane to give the
title compounds as a pale brown solid (1.45 g), m/z 224, 226 (MH").

0 (b) (R)-3-[2-(4-Pyridyl¥furan-4-yljspiro[1-azabicycla[2.2.2Joctan-3.5"-oxazolidin]-2"-one

The title compound was prepared by 2 method analogous te that described in
Preparation 3 from (§)-spiro[1-azabicyclo[2.2.2]octan-3,5"-oxazolidin}-2"-one and 4-
bromo-2-(4-pyridyl)furan using 4 equivalents of copper (I) iodide. The title compound
(124 mg) was obtained as a pale yellow solid, m/z 342 (MH").

15 Example 31
(R)-3'-[2-(3-Pyridyl)furan-4-vl]spiro[1-azabicyclo[2.2.2]octan-3.5"-0xazol idin]-2'-one

O
o~
N
N
| M=
0 \ Ve
N
(a) 4-Bromo-2-(3-pyridyl)furan
Br.
/N
0 ~
P
N
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The sub-title compound was prepared by a method analogous to that described for
the preparation of 4-bromo-2-(4-pyridyl)-furan from 2.A-dibromo-3-(trimethylsityl)furan
and pyridine-3-boronic acid. The sub-title compound (725 mg) was obtained as a beige
solid, m/z 224, 226 (MH).

(b) (R)-3-[2-(3-Pyridyl)furan-4-yllspiro[1-azabicyclo[2.2.2]octan-3.5"-oxazolidin -2'-one

The title compound was prepared by a method analog to that described in
Preparation 3 from (8)-spiro[1-azabicyclo[2.2.2]octan-3,5"-oxazolidin]-2"-one and 3-
bromo-5-(3-pyridyl)-furan with 3 equivalents of copper () iodide. The title compound
(119 mg) was obtained as a pale yellow solid, m/z 342 (MH.

Example 32

(a) 3-Bromo-5-(2-pyridyl)-3-(trimethylsilyl)furan
Br
/?I o | S
N~
The title compound was prepared by a method analog to that described for the
preparation of 4-bromo-2-(2-pyridyl)thiophene from 3,5-dibromo-2-(trimethylsilyl)furan
and 2~(tri-n-butylstannyl)pyridine. The title compound (4.96 g) was obtained as a pale
brown solid, m/z 296, 298 (MH").
(b) 4-Bromo-2-(2-pyridyl)-furan
Br
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Tetra-#-butylammonium fluoride (1M in tetrahydrofuran, 25.1 mL, 25.11 mmol)
was added to a solution of 3-bromo-5-(2-pyridyl)-3-(trimethylsilyl)furan (4.96 g, 16.74
mmol) in tetrahydrofuran (50 mL). The reaction mixture was heated at 70 °C (bath
temperature) for six hours. The reaction mixture was evaporated, and the residuc was
5 purified hy flash chromatography using hexane as the eluant to give the sub-title
compound as a pale brown solid (3.02 g), m/z 224, 226 (MH.

(¢) (R)-3'-[2-(2-Pyridyl)furan-4-ylispiro[ 1 -azabicyclof2.2.2]octan-3,5'-oxazolidin

The title compound was prepared by a method analogous to that described in
Preparation 3 from (S)-spiro[ 1-azabicyclo[2.2.2]octan-3,5"-0xazolidin]-2'-one and 3-
10 bromo-5-(2-pyridyl)-furan with 2 equivalents of copper () jodide. The title compound (90
mg) was obtained as a pale yellow solid, m/z 342 (MH".
Example 33
3'-[5-(4-PyridyD)thiazol-2-yl]spiro[1-azabicyelo[2.2.2]octan-3,5"-oxazolidin]-2'-one
0]

o~

N
N S —
NYJ_@N

15 The title compound was prepared by a method analogous to that described in

Example 14 from 3'-(5-bromothiazol-2-yhspiro[ 1-azabicyclo[2.2.2]octan-3,5"-oxa<olidin]-
2"-one and 4-(tri-n-butylstannyl)pyridine. The title compound (52 mg) was obtained asa
pale solid, m/z 343 (MH").
Example 34
20 3%[5-(3-PyridyI)thiazol-2-vllspiro[1-azabicyclo[2.2.2]octan-3.5"-oxazolidin]-2'-one
0

~

N N —

The title compound was prepared by a method analogous to that described in

Example 14 from 3'-(5-bromothiazol-2-yI)spirof 1-azabicyclo[2.2.2]octan-3,5"-oxazolidin]-
2'-one and 3-(tri-n-butylstannyl)pyridine. The title compound (87 mg) was obtained as a
pale solid, m/z 343 (MH").

t
G
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Example 35

at
3=

The title compound was prepared by a method analogous to that described in
Example 14 from 3'-(5-bromothiazol-2-yl)spiro[1-azabicyclo[2.2 2]octan-3,5"-oxazolidin]-
2'-one and 2-(tri-n-butylstannylypyridine. The title compound (35 mg) was obtained as a
pale solid, m/z 343 (MH").

Examples 36 and 37
(R)-3-[5-(2-Pyridyl)thiazol-2-y]spiro[ | -azabicyclo[2.2.2]octan-3.5"-oxazelidin]-2"-one
(Example 36) and (S)-3'-[5-(2-Pyridyl)thiazol-2-yl)spiro[ 1-azabicyclo[2.2 2]octan-3.5'
oxazolidin]-2-one (Example 37)

(0] —
N S —
-0

Racemic 3'-[5-(2-pyridylythiazol-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5'-
oxazolidin]-2'-one (Example 35) was separated into iis enantiomers by chiral supercritical
fluid chromatography performed on a Chiral Pak AS-H Column using 1:1 isopropanol and
supereritical carbon dioxide containing 0.5 % dimethyl ethyl amine as the eluant.to give

the title compounds as colourless solids each with m/z 343 (MH.
Example 38

S/ \/N
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Sodium hydride (265 mg, 6.59 mmol) was added to a solution of (S)-spiro[1-

azabicyclo[2.2.2]octan-3,5'-0xazolidin]-2'-one (1.00 g, 5.49 mmol) which was stirred in
N, N-dimethyl formamide (15 mL) at room temperature. The reaction mixture then heated
t0 50 °C for 30 min. 2,4-Dibromothiazole (2.70 g, 10.98 mmol) was added into the
reaction mixture and stirring at 50 °C was continued overnight. The mixture was allowed
to cool, then quenched with saturated ammoninum diluted with a large amount of
chloroform. The organic layer was washed with saturated aqueous potassium carbonate
and was then dried (magnesium sulfate) and filtered, and the solvent was evaporated. The
residue was purified by flash chromatography using a gradient of ammoniated methanol in
chloroform to give a solid (369 mg) which was a 1:1 mixture of (R)-3'-(4-bromothiazol-2-
yD)spiro[1-azabicyclo[2.2.2Joctan-3,5"-oxazolidin]-2'-one, m/z 344, 346 (MH") and (R)-3'-
(4,5-dibromothiazal-2-yl)spiro[ 1-azabicyclo[2.2.2]octan-3 ,5"-oxazolidin]-2"-one, m/z 422,
424, 426 (MH".

(b) -Pyri i icyclo[2.2.2]octan-3.5-oxazolidin]-2"

The title compound was prepared by a method analogous to that described in

Example 14 from the reaction of the mixture of of (R)-3"-(4-bromothiazol-2-yl)spiro[1-
azabicyclo[2.2.2]octan-3,5"-oxazolidin]-2'-one and (R)-3'-(4,5-dibromothiazol-2-yl)spiro[ 1-
azabicyclo[2.2.2]octan-3,5oxazolidin]-2"-one with 4-(tri-n-butylstannyl)pyridine.
Separation by reverse phase HPLC sepuration followed by conversion to the froe base as
described in Example 14 to give the title compound, m/z 343 (MH"); and (R)-3'-[4,5-di(4-
pyridyl)thiazol-2-yljspiro[ 1-azabicyclo[2.2.2]octan-3,5"-oxazolidin]-2'-one, m/z 420
(MH").

47-




20

WO 2005/005433 PCT/GB2004/002904

46

Example 39

(R)-3"-[4-(3-PyridyDithiazol-2-ylIspiro[ 1-azabicyclo[2.2.2]octan-3.5'-0xazolidin]-2'-one
o}

¢

N N%N N
S\/}—_@

The title compound was prepared by a method analogous to that described in
Example 38 using 3-(tri-n-butylstannyl)pyridine. After reverse phase HPLC and
conversion to the free base, the title compound, m/z 343 (MH"), and (R)-3'-[4,5-di(3-
pyridyl)thiazol-2-yl]spiro[1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-onc (61 mg), m/z
420 (MH"), were obtained as solids.

Example 40
(R)-3'-[4-(2-Pyridy)thiazol-2-vl|spiro[ 1 -azabicyclo[2.2 2]octan-3.5'-oxazolidin]-2'-one
O

-~

N NN M=
)

The title compound was prepared by a method analogous to that described in

Example 38 using 2-(tri-n-butylstannyl)pyridine. After reverse phase HPLC and
conversion to the free base, the title compound, m/z 343 (MH*) and (R)-3'-(4,5-di(2-
pyridyDthiazol-2-yl)spiro[1-azabicyclo[2.2.2]octan-3,5'-0xazolidin}-2"-one, m/e 420

(MH).
Example 41
(R)-3'-[5-(4-Pyridyl)-1.3.4-thiadiazol-2-vl]spiro[ 1-azabicyclo[2.2.2]octan-3.5'-oxazolidin]-
2'-one
0
o~
N
N W/S —
I N
No \ 7
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(a) 2-Bromo-5-(4-pyridyl)-1.3.4-thiadiazole

ye
S ]
Br\( / NN

\
N—N

2-Amino-5-(4-pyridyl)-1,3,4-thiadiazole (2.0 g, 11.2 mmol) was suspended in 48%
aqueous hydrobromic acid (5.6 mL) and stirred at 0 °C. Bromine (5.06 mL, 98.8 mmol)
was added dropwise into the mixture at 0 °C. Water (15 mL) was added slowly followed
by a solution of sodium nitrite (1.97 g, 28.6 mmol) in water (2.8mL). Stirting at 0 °C was
continued for another 30 minutes. Sodium hydroxide (10.0 g) in water (10mL) was added
slowly into the reaction mixture while the temperature was maintained below 20 °C. The
reaction mixturc was then extracted with chloroform then the chloroform solution was
washed with water, dried (magnesium sulfate), filtered, and the solvent was evaporated.
The residue was purified by flash chromatography using a gradient of ethyl acetate in
hexane to give the title compound as a brown solid (1.28 g), m/z 242, 244 (MH").

(b) (R)-3-[5-(4-Pyridy])-1.3.4-thiadiazo]-2-yl]spiro[1-azabicyelo[2.2.2]octan-3.5'-
oxazolidin]-2'-one

The compound was prepared by a method analogous to that described in

Preparation 3 from (8)-spiro{1-azabicyclo[2.2.2]octan-3,5"-oxazolidin]-2'-one and 2-
bromo-5-(4-pyridyl)-1,3,4-thiadiazole using 5 equivalents of copper (1) iodide. The title
compound was obtained as a beige solid, m/z 344 (MHY.

Example 42

(R)-3'-(5-Phenyl-1,3.4-thiadiazol-2-yl)spiro[ 1 -azabicyclo[2.2.2]octan-3.5"-oxazolidin
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(a) 2-Bromo-5-phenyl-1.3.4-thiadiazole

Br\%_é

The compound was prepared by a method analogous to that described in Example

41(a) from 2-amino-5-phenyl-1,3,4-thiadiazole. The sub-title compound was obtained as a
s colourless solid, m/z 241, 243 (MH").
(b) (R)-3'-(5-Phenyl-1.3.4-thiadiazol-2-ylspira[1-azabicyclo[2.2.2]octan-3.5'-oxazolidin]-

2'-one
The compound was prepared by a method analogous to that described in
Preparation 3 from (8)-spiro[ 1-azabicyolo[2.2.2]octan-3,5"-0xazolidin]-2'-one and 2-
10 bromo-5-phenyl-1,3,d-thiadiazole using 5 equivalents of copper (I) iodide. The title
compound (180 mg) was obtained as a yellow solid, m/z 343 MH").

Example 43

ZN N s =N
)=,

15 (a) 2-Bromo-3-(2-pyrazolyljthiophene

/N
o

A solution containing 2,5-dibromothiophene (5.0 mL, 10.3 g, 44.4 mmol), 2-(tri-n-

butylstannyl)pyrazole (4.09 g, 11.0 mmol), tetrakis(triphenylphosphine)palladium (0) (0.67

¢, 0.58 mmol) in toluene (50 mL) was heated under reflux under an argon atmosphere for 6
20  h. The solution was evaporated and the residue was subjected to flash chromatography on

silica using a gradient of 0-25% ethy] acetate / hexane as the eluant. Evaporation of the

product-containing fractions gave the sub-title compound (771 mg) as a solid, m/z 241,

243 (MH).

-50-




20

30

WO 2005/005433 PCT/GB2004/002904

The compound was prepared by a method analog to that described in Preparation 3
from (S)-spiro[1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-one and 2-bromo-5-(2-
pyrazolylythiophene using 3.6 equivalents of copper (I) iodide. The title compound was
obtained as a pale solid, m/z 343 (MH").

The present invention includes by representation, but not by limitation, the
following compounds and pharmaceutically-acceptable salts thereof which may be
prepared by those skilled in the art using processes and methods analogous to those
described herein:
(R)-3"-(5-phenylthiophen-2-yl)spiro[1-azabicyclo[2.2.2]octan-3,5'-0xazolidin]-2"-one;
(R)-3"-[5-(4-pyridyl)thiophen-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5"-0xazolidin|-2"-one;
(R)-3"-[5~(3-pyridyl)thiophen-2-yl]spiro[ 1 -azahicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-one;
(R)-3"-[5-(2-pyridylthiophen-2-yl]spiro[ l-azabicyclo[2.2.2]Joctan-3,5"-0xazolidin]-2'"-one;
(R)-3'-[5-(thiophen-2-yl)thiophen-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5 '-oxazolidin]-2'-
one;

(R)-3'-[5-(thiophen-3-yl)thiophen-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-
one;
(R)-3-[5-(furan-2-yl)thiophen-2-yl]spiro[1-azabicyclo[2.2.2Joctan-3,5'-oxazolidin]-2'-one;
(R)-3"-[5~(furan-3-yl)thiophen-2-yl]spiro[ 1-azabicyclo| 2.2.2Joctan-3,5'-oxazolidin]-2'-one;
(R)-3'-[5-(thiazol-2-yl)thiophen-2-yl]spiro[1-azabicyclo[2.2.2]octan-3,5"-0xazolidin}-2"-
one;

(R)-3'-[5-(thiazol-4-yl)thiophen-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5 -oxazolidin]-2'"-
one;

(R)-3'-[5-(thiazol-5-yl)thiophen-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-
one;

(R)-3"-(4-phenylthiophen-2-yl)spiro[ 1 -azabicyclo[2.2.2]Joctan-3,5'-0xazolidin]-2-one;
(R)-3'-[4-(4-pyridy])thiophen-2-yllspirof 1-azabicyclo[2.2.2]octan-3,5 '-oxazolidin]-2'-one;
(R)-3'-[4-(3-pyridyl)thiophen-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-one;
(R)-3'-[4-(2-pyridyl)thiophen-2-yl]spiro[1-azabicyclo[2.2.2]octan-3,5'-0xazolidin]-2'-one;
(R)-3'-[4-(thiophen-2-yl)thiophen-2-y1] spiro[1-azabicyclof2.2.2]octan-3,5"-axazolidin]-2"-

one;
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(R)-3'-[4-(thiophen-3-yl)thiophen-2-yl]spiro[1 -azabicyclo[2.2.2]octan-3,5"-oxazolidin]-2'-
one;

(R)-3"-[4-(furan-2-yl)thiophen-2-yl]spiro[1 -azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2"-one;
(R)-3-[4-(furan-3-yl)thiophen-2-yl]spiro[ 1-azabicyclo [2.2.2]octan-3,5"-0xazolidin]-2"-one;
(R)-3'-[4-(thiazol-2-yl)thiophen-2-yl]spiro[ 1-azabicyclo [2.2.2]octan-3,5-0xazolidin]-2'-
one;
(R)-3'—[4-(thiazol—4-yl)thiophen-2-yl]spiro[1-azabicycl0[2.2,2]0ctan-3,5'-oxazolidin]-2'—
one;

(R)-3"-[4-(thiazol-5-yl)thiophen-2-yl]spiro[ 1-azabicyclo[2.2.2] octan-3,5'-oxazolidin]-2'-
one;

R)- '—(2-pheny]thiophen—4-yl)spiro[1-azabicyclo[2.2.2]octan-3,5'—oxazolidin]—2‘-one;
(R)-3"-[2-(4-pyridy)thiophen-4-yl]spiro{1 -azabicyclo[2.2.2]octan-3,5'-0xazolidin]-2'-one;
(R)-3'-[2-(3-pyridyl)thiophen-4-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5 "-oxazolidin]-2'-one;
(R)-3'-[2-(2-pyridyDthiophen-4-yl]spiro[1 -azabicyelo[2.2.2]octan-3,5'-0xazolidin]-2'-one;
(R)-3'-{2-(thiophen-2-yI)thiophen-4-yispiro[ 1 -azabicyclo[2.2.2]octan-3 ,5-oxazolidin}-2'-
onc;

(R)-3-[2-(thiophen-3-y})thiophen-4-yl]spiro[ 1-azabicyclo[2.2.2]octan-3 ,5"-oxazolidin]-2'-
one;

(R)-3'-[2-(furan-2-yl)thiophen-4-yl]spiro[1 -azabicyclo|2.2.2]octan-3,5"-oxazolidin]-2'-one;
(R)-3'-[2~(furan-3-yl)thiophen-4-yl]spiro[1 -azabicyclo[2.2.2]octan-3,5"-oxazolidin]-2'-one;
(R)-3"-[2-(thiazol-2-yl)thiophen-4-yl]spiro[ 1-azabicyclo[2 .2.2]Joctan-3,5'"-oxazolidin]-2'-
one;

(R)-3'-[2-(thiazol-4-yl)thiophen-4-yl]spiro[ 1 -azabicyclo [2.2.2]octan-3,5'-oxazolidin]-2'-
one;

(R)-3'-[2-(thiazol-3-y])thiophen-4-yl]spiro[ 1-azabicyclo[2.2.2]octan-3 ,5'-oxazolidin]-2'-
one;

(R)-3'-(5-phenylfuran-2-yl)spiro[1 -azabicyclo[2.2.2]octan-3,5'-0xazolidin]-2'-one;
(R)-3"-[5-(4-pyridyDfuran-2-yl]spiro[1 -azabicyclo[2.2.2]octan-3,5'-0xazolidin]-2'-one;
(R)-3"-[5-(3-pyridyD)furan-2-y]spiro[1-azabicyclo[2.2.2] octan-3,5'-oxazolidin]-2'"-one;
(R)-3'-[5-(2-pyridyl)furan-2-yl]spiro[ 1-azabicyclo[2.2.2] octan-3,5'-oxazolidin]-2"-one;
(R)-3'"-[5-(thiophen-2-yl)furan-2-yl]spiro[1-azabicyclo[2 2.2]octan-3,5'-0xazolidin}-2"-one;
(R)-3'-[5-(thiophen-3-y})furan-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3 ,5'-oxazolidin]-2"-one;
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(R)-3'-[5-(ﬁ1ran-2-yl)furan-2-yl]spiro[1—azabicyclo[2.2.2]octan-3,5'-oxazolidin]—2'—one;
(R)-3"-[5-(furan-3-yl)furan-2-yl]spiro[ l-azabicyclo[2.2.2] octan-3,5'-0xazolidin]-2'-one;
(R)-3'-[5-(thiazol-2-yl)furan~2—yl]spiro[l-azabicyclo[2.2.2]octan-3,5'-0xazolidin]-2'-one;
(R)-3-[5-(thiazol-4-yl)furan-2-yl]spiro[ 1-azabicyclo [2.2.2]octan-3,5"-0xazolidin]-2'-one;
(R)-3'-[5-(thiazol-5-yl)furan-2-yl]spiro[1 -azabicyclo[2.2 2]octan-3,5"-0xazolidin]-2"-onc;
(R)-3'-(4-phenylfuran-2-yl)spiro[ 1-azabicyclo[2.2.2]octan-3,5'-0xazolidin]-2"-one;
(R)-3'-[4-(4-pyridyl)furan-2-yl]spiro[ 1-azabicyclo[2.2.2 Joctan-3 ,5"-oxazolidin}-2'-one;
(R)-3"-[4-(3-pyridy!)furan-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5 "-oxazolidin]-2'-one;
(R)-3'—[4-(2-pyridyl)furan-z-yl]spiro[1~azabicyclo[2.2.2]octan-3,5‘-0xazolidin]-2'-one;
(R)-3'-[4-(thiophen’Z-yl)furan-Z-yl]spiro[1-azabicyclo[2.2.2]octan-3,5'-0xazolidin]-2‘-one;
(R)-3'—[4-(thiophen-3-yl)furan-2-y1]spiro[l-azabicyclo[2.2.2]octan-3,5'—oxazolidin]-2'-one;
(R)-3"-[4-(furan-2-yl)furan-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3 ,5'-oxazolidin]-2'-onc;
(R)-3"-[4-(furan-3-yl)furan-2-yl]spiro[ -azabicyclo[2.2 2]octan-3,5'-oxazolidin]-2-one;
(R)-3"-[4-(thiazol-2-y)furan-2-yl]spiro[ 1 -azabicyelo[2.2.2]octan-3,5'-oxazolidin]-2'-one;
(R)-3'-[4-(thiazol-4-yl)furan-2-y]spiro[1 -azabicyclo[2.2.2]Joctan-3,5'-0xazolidin]-2"-one;
(R)-3'-[4-(thiazol-5-yl)furan-2-yl]spiro[ I -azabicyclof2.2.2] octan-3,5'-oxazolidin]-2'"-one;
(R)—3'-(2—phenylfuran—4-yl)spiro[l-azabicyclo[2.2.2]octan-3,5'-oxazo] idin]-2'-one;
(R)-3"-[2-(4-pyridyl)furan-4-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-one;
(R)-3"-[2-(3-pyridyl)furan-4-ylJspiro[ 1-azabicyclo[2.2.2]octan-3,5-oxazolidin]-2-one;
(R)-3"-[2-(2-pyridyl)furan-4-yl]spiro[1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-one;
(R)-3‘»[2-(thiophen-2-y])furan-4-yl]spiro[1-azabicyclo[2.2.2]octan-3,5‘-oxazolidin]-2'-one;
(R)-3'-[2-(thiophen-3-y|)furan-4-yl]spiro[ 1-azabicyclo [2.2.2]octan-3,5"-0xazolidin]-2'-one;
(R)-3’-[2-(furan—2—yl)furan-ll—yl]spiro[l-azabicyolo[2.2.2]octan-3,5'-oxazolidin]-2'-one;
(R)-3'-[2-(furan-3-yl)furan-4-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-one;
(R)-3'-[2-(thiazol-2-yl)furan-4-yJspiro[1-azabicyclo[2.2.2]octan-3,5'-0xazolidin]-2'-one;
(R)-3"-[2(thiazol-4-yl)furan-4-ylJspiro[ 1-azabicyclo[2.2.2]octan-3,5'-oxazalidin]-2'-one;
(R)—3'-[2-(thiazol-5-yl)furan-4-yl]spiro[1-azabicyclo[2‘2.2]ootan~3,5'-oxazo]idin]-2‘-one;
3'-[5-(4-pyridyl)-thiazol-2-y1)spiro[1-azabicyclo[Q.ZQ]octan—S,S'-oxazolidin]-Z‘-one;
3'-[5-(3-pyridyl)-thiazol-2-yl)spirof 1 -azabicyclof2.2.2]octan-3,5'-oxazolidin]-2-one;
3'-[5-(2-pyridy])—thiazol-Z-yl)spiro[1-azabicyclo[z‘2.2]octan-3,5'-oxazolidin]—Z'-one;
(R)-3'-[5-(2-pyridyl)-thiazol-2-yl]spirof 1-azabicyclo[2.2.2]octan-3,5"-oxazolidin}-2'-one;
(8)-3-[5-(2-pyridyl)-thiazol-2-yl]spiro[ 1 -azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-one;

-53-




20

30

WO 2005/005433 PCT/GB2004/002904

52

(R)-3'-[4-(4-pyridyl)-thiazol-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5"-oxazolidin]-2'-one;
(R)-3"-[4-(3-pyridyl)-thiazol-2-yl]spirof 1-azabicyclo[2.2.2]octan-3,5"-0xazolidin}-2"-one;
and

(R)-3"-[4-(2-pyridyl)-thiazol-2-yl]spirof 1-azabicyclo[2.2.2]octan-3,5"-0xazolidin]-2'-one.

The present invention also includes by representation, but not by limitation, the
following compounds and pharmaceutically-acceptable salts thereof which may be
prepared by those skilled in the art using processes and methods analogous to those
described herein:

(R)-3"-{5-[3-(N,N-dimethylcarbamoy1)phenyl]thiophen-2-yi} spiro[ 1-
azabicyclo[2.2.2]octan-3,5"-0xazolidin]-2"-one;
(R)-3'-{5-[3-(N,N-diethylcarbamoyl)phenyl]thiophen-2-yl } spiro| 1 -azabicyclo[2.2.2]octan-
3,5-oxazolidin]-2'-one;

(R)-3'-{5-[3-(pyrrolidinc-1-carbonyl)phenyl]thiophen-2-yI}spiro[ 1 -azabicyclo[2.2.2]octan-
3,5'-oxazolidin]-2'-one;

(R)-3'-{5-[3-(piperidine-1-carbonyl)phenyljthiophen-2-yl}spiro[ 1-azabicyclo[2.2.2]octan-
3,5"-oxazolidin]-2'-one;
(R)-3'-{5-[3-(morpholine-4-carbonyl)phenyl]thiophen-2-yl} spiro[ 1-
azabicyclo[2.2.2]octan-3,5'-0xazolidin]-2'-one;
(R)-3-[5-(3-aminophenyl)thiophen-2-yl]spiro[ 1 -azabicyclo[2.2.2]Joctan-3,5 "-oxazolidin]-2'-
one;

(R)-3"-{5-[3-(N, N-dimethylamino)phenyl]thiophen-2-yl} spiro[ 1 -azabicyclo[2.2.2Joctan-
3,5'-oxazolidin]-2'-one;

(R)-3'-{5-[3-(propionylamino)phenyl]thiophen-2-yl]spiro[ 1-azabicyclo{2.2.2]octan-3,5"-
oxazolidin]-2'-one;

(R)-3"-{5-[3-(butyrylamino)phenyljthiophen-2-yl]spiro[ 1 -azabicyelo[2.2.2] octan-3,5'-
oxazolidin]-2'-one;

(R)-3'-{5-[3-(benzoylamino)pheny!]thiophen-2-yI]spirof 1-azabicyclo[2.2.2]octan-3,5'-
oxazolidin}-2'-one;

(R)-3'-{5-[3-(2-propoxy)phenyl]thiophen-2-yl}spiro[ 1 -azabicyclo[2.2.2]octan-3,5 -

oxazolidin]-2'-one;
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(R)-3"-[5-(3-trifluoromethoxyphenyl)thiophen-2-yl]spiro[ L -azabicyclo[2.2.2]octan-3,5"
oxazolidin]-2'-one;

(R)-3"-[5-(quinolin-2-yl)thiophen-2-yl]spiro[1-azabicyclo[2.2 2]octan-3,5'-oxazolidin]-2"-
one;
(R)-3"-[5-(quinolin-3-yl)thiophen-2-yl]spiro[1-azabicyclo[2.2.2]octan-3,5'-0xazolidin]-2'-
one;
(R)-3-[5-(quinolin-4-yl)thiophen-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5"-oxazolidin]-2'"-
one;
(R)-3"-[5-(quinolin-5-yl)thiophen-2-yl]spiro[1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-
one;

(R)-3'-[5-(quinolin-6-yl)thiophen-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5"-0xazolidin]-2"-
one;

(R)-3-[5-(quinolin-7-yl)thiophen-2-yl|spiro[ 1 -azabicyclo[2.2.2Joctan-3,5"-0xazolidin]-2"-
one;

(R)-3'-[5-(quinolin-8-yl)thiophen-2-yl]spiro[ 1 -azabicyclo[2.2.2]octan-3,5"-vxazolidin]-2*-
one;
(R)-3'-[5-(pyrimidin-2-yl)thiophen-2-yl]spiro[1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-
one;

(R)-3'-[5-(pyrimidin-4-yl)thiophen-2-yl]spiro[ 1-azabicyclo|2.2.2]octan-3,5™-oxazolidin]-2'™-
one;

(R)-3-[5-(pyrimidin-5-yl)thiophen-2-yl]spiro[1 -azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-
one;

(R)-3'-(2-phenylthiazol-4-yl)spiro 1-azabicyclo[2.2.2Joctan-3,5"-0xazolidin]-2"-one;
(R)-3'-[2-(2-pyridyl)thiazol-4-yI]spiro[ 1-azabicyclo[2.2.2]octan-3,5"-0xazolidin]-2'-one;
(R)-3'-[2-(3-pyridylythiazol-4-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5"-0xazolidin]-2"-one;
(R)-3"-[2-(4-pyridylythiazol-4-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5"-oxazolidin]-2"-one;
(R)-3'-(2-phenylthiazol-5-yl)spiro[ 1-azabicyclo[2.2.2]octan-3,5'-0xazolidin]-2'-one;
(R)-3'-[2-(2-pyridyl)thiazol-53-yl]spiro[ 1-azabicyclo[2.2.2]Joctan-3,5"-oxazolidin]-2"-one;
(R)-3"-[2-(3-pyridyl)thiazol-5-yl]spiro[ 1 -azabicyclo[2.2.2]octan-3,5"-0xazolidin}-2"-one;
(R)-3"-[2-(4-pyridylythiazol-5-yl]spiro[ 1 -azabicyclo[2.2 2]octan-3,5-0xazolidin]-2"-one;
(R)-3"-[5-(2-pyridy1)-1,3 4-thiadiazol-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5"-0xazolidin]-

2'-one;
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(R)-3"-[5-(3-pyridyl)-1,3,4-thiadiazol-2-yl]spiro[ 1-azabicyclo[2 .2.2Joctan-3,5"-oxazolidin]-
2'-one;
(R)-3'-(5-pheny1-1,3,4—oxadiazol-2-yl)spiro[1-azabicyc]o[2.2.2]octau—3,5'—oxazolidin]-2'-
one;

(R)-3’-(5-phenyloxazol-2-yl)spim[]-azabicycl0[2.2.2]octan-3,5'—oxazolidin]-2’—one;
(R)-3"-[5-(2-pyridyl)oxazol-2-yl]spiro[1 -azabicyclo[2.2.2]octan-3,5'-0xazolidin]-2"-one;
(R)-3'-[5-(3-pyridyl)thiazol—?.—yl]spiro[1-azabicyclo[z.2.2]octan—3,5'-oxazolidin]-2'-one;
(R)-3'-[5-(4-pyridyl)thiazol-2-yl]spiro[1 -azabicyclo[2.2.2]octan-3,5"-0xazolidin]-2'-one;
(R)-3'-(4-phenyloxazol-2-yl)spiro[1-azabicyclo[2.2.2]octan-3,5"-0xazolidin]-2"-one;
(R)-3'-[4-(2-pyridyloxazol-2-yl]spiro[ 1-azabicyclo[2.2.2] octan-3,5'-oxazolidin]-2'-one;
(R)-3"-[4-(3-pyridy!)thiazol-2-yl]spirof 1 -azabicyclo[2.2.2]octan-3,5"-0xazolidin|-2"-one;
(R)-3'-[4~(4-pyridy])ﬂ1iazol-2-y1]spiro[1-azabicyc10[2.2.2]octan-3,5'—oxazolidin]-2'-one;
(R)-3'-(2-phenyloxazol-4-yl)spiro| 1 -azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-one;
(R)-3'-[2-(2-pyridyl)oxazol-4-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5"-0xazolidin]-2"-one;
(R)-3'-[2-(3—pyridy])thiazol-4—yl]spiro[1-azabicyclo[2.2.2]octan-3,5‘-oxazolidin]-2‘-onc;
(R)-3'—[2—(4—pyridyl)thiazoI-4-y1]spiro[1-azabicyc]0[2.2.2]0ctan-3,5'-0xazo]idin]-2'-0ne;
(R)-3'-(2-phenyloxazol-5-yl)spiro[ 1 -azabicyclo[2.2.2]octan-3,5"-0xazolidin}-2"-one;
(R)-3-[2-(2-pyridyl)oxazol-5-yl]spiro[ 1 -azabicyclo[2.2.2]octan-3,5"-oxazolidin]-2"-one;
(R)-3’-[2-(3-pyridyl)thiazol-S-yl]spiro[l-azabicycl0[2.2.2]octan-3,5‘-oxazolidin]-2’-0116;
(R)-3‘-[2-(4—pyridy])thiazol-5-yl]spiro[l-azabicyclo[2.2.2]octan-3,5‘-oxazolidin]-2’-one;
(R)-3'—[5-(2-pyridy])-1,3,4-oxadiaz01-2-y1]spiro[l-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-
2'-onc;

(R)-3'- [5—(3—pyridyl)—1,3,4-oxadiazol-2-yl]spiro[1-azabicyclo[Z.ZAZ]octan-S,5‘-oxazolidin]-
2'-one; and
(R)-3'—[5-(4-pyridyl)-1,3,4-oxadiazol-2-yl]spiro[1—azabicyclo[2.2.2]octan-3,5'-oxazolidin]-

2'-one;

The present invention further includes by representation, but not by limitation, the
following compounds and pharmaceutically-acceptable salts thereof which may be
prepared by those skilled in the art using processes and methods analogous to those

described herein:
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(R)-3'-[5-(2-ﬂu0rop]1enyl)thiophen-2-yl]spiro[l—azabicyclo[2.2.2]0ctan-3,5'-0xazolidin]-2'—
one;

(R)-3-[5-(3-fluorophenyl)thiophen-2-yl]spiro[1-azabicyclo[2.2.2]octan-3 ,5oxazolidin]-2'-
one;
(R)-3'-[5-(4-ﬂuorophenyl)thiophen-Q-y1]spiro[l-azabicyc]o[2.2.2]octan-3,5'—0xazolidin]—2'-
one;

(R)-3"-[5-(2-chlorophenyl)thiophen-2-yl]spiro[ 1 -azabicyclo[2.2.2] octan-3,5"-oxazolidin]-2'-
one;

(R)-3'-[5~(3-chlorophenyl)thiophen-2-yljspiro[ 1 -azabicyclof2.2.2]octan-3,5"-oxazolidin]-2'-
one;

(R)-3'-[5-(4-chlorophenyl)thiophen-2-yl}spiro[1 -azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-
one;

(R)-3'-[5-(3,4-dich1urophenyl)thiopheu-Z-yl]spiro[l-azabicyclo[Z.Z.2]octan-3,5‘-
oxazolidin]-2'-one;
(R)-3'-[5-(3-methylphenyl)thiophen-2-yl]spiro[1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-
2'-onc;
(R)—S'»[S—(4-methy1phenyl)thiophen—2—yl]spiro[l-azabicyclo[2.2‘2]octan-3,5‘-oxazolidin]-
2'-one;
(R)-3'—[5-(3-methoxypheny])thiophcn-Z—yl]spiro[l-azabicyclo[2‘2.2joctan-3,5’-oxazolidin]-
2'-one;

(R)-3'-[5~(4-methoxyphenyl)thiophen-2-yI]spiro[ 1 -azabicyclo[2.2.2]octan-3,5'-oxazolidin]-
2'-one;
(R)—3‘—[5—(3»methoxyphenyl)thiophen-l-yl]spiro[l-azabicyclo[2.2.2]octan-3,5'-oxaznlidin]-
2'-one;

(R)-3'-[5-(3-trifluoromethylphenyl)thiophen-2-yl]spiro[ 1 -azabicyclo[2.2.2]octan-3,5'-
oxazolidin]-2'-one;

(R)-3"-[5-(4-trifluoromethylphenyl)thiophen-2-yl]spiro[ 1-azabicyelo[2.2.2Joctan-3,5'-
oxazolidin]-2'-one;

(R)-3"-[5-(3~trifluoromethoxyphenyl)thiophen-2-yl] spiro[1-azabicyclo[2.2.2]octan-3,5'-
oxazolidin]-2'-one;
(R]—3‘—[5-(4—triﬂuoromethoxyphenyl)thiophen—z-yl]spiro[l—azabicyclo[2.2.2] octan-3,5'-

oxazolidin]-2"-one;
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(R)-3'-[5-(naphthalen-2-yl)thiophen-2-ylJspiro[ 1 -azabicyclo[2.2.2]octan-3,5'"-0xazolidin]-
2'-one;

(R)-3"-[5-(benzofuran-2-yl)thiophen-2-yl]spiro[ 1-azabicyclo[2.2 2Joctan-3,5 -oxazolidin}-
2'-one;

(R)-3'-[5-(benzo[blthiophen-2-yl)thiophen-2-yl]spiro[ 1 -azabicyclo|2.2.2joctan-3,5"-
oxazolidin]-2'-one;

(R)-3"-[5-(2-fluoropyridin-3-yl)thiophen-2-yl]spiro[ 1-azabicyelo[2.2.2]octan-3,5'-
oxazolidin]-2'-one;

(R)-3'-[5~(2-chloropyridin-3-yl)thiophen-2-yl]spiro[ 1 -azabicyclo[2.2.2]octan-3,5"-
oxazolidin]-2'-one;

(R)-3'-[5-(2-methoxypyridin-3-yl)thiophen-2-yl]spirof 1 -azabicyelo[2.2.2]octan-3,5™
oxazolidin]-2'-one;

(R)-3'-[5-(2-aminopyridin-3-yl)thiophen-2-yl|spiro[ 1-azabicyclo[2.2.2]octan-3,5'-
oxazolidin]-2'-one;
(R)-3'-{5-[2-(N,N-dimethylamino)pyridin-3-ylJthiophen-2-yl}spiro[ 1-
azabicyclo[2.2.2]octan-3,5"-oxazolidin]-2'-one;
(R)-3'-[5-(5-chloropyridin-3-yl)thiophen-2-ylspiro[ I-azabicyclo[2.2.2]octan-3,5'-
oxazolidin}-2"-one;

(R)-3'-[5-(5-methoxypyridin-3-yl)thiophen-2-yl]spiro[ 1-azabicycio[2.2.2]octan-3,5'-
oxazolidin]-2'-one;
(R)-3'"-[5-(5-aminopyridin-3-y1)thiophen-2-yl]spiro[1-azabicyclo[2.2.2]octan-3,5'-
oxazolidin]-2'-one; and

(R)-3'-{5-[5-(N, N-dimethylamino)pyridin-3-yl]thiophen-2-yI}spirof 1 -

azabicyclo[2.2.2]octan-3,5"-oxazolidin]-2"-one.

Pharmacology
The pharmacological activity of compounds of the invention may be measured

using the tests set out below:
Test A - Assay for affinity at o7 nAChR subtype
1257]-0-Bungarotoxin (BTX) binding to rat hippocampal membranes. Rat

hippocampi were homogenized in 20 volumes of cold homogenization buffer (HB:

concentrations of constituents (mM): tris(hydroxymethyl)aminomethane 50; MgCly 1;
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NaC1120; KC1 5: pH 7.4). The homogenate was centrifuged for S minutes at 1000 g, the
supernatant was saved and the pellet re-extracted. The pooled supernatants were
centrifuged for 20 minutes at 12000 g, washed, and resuspended in HB. Membranes (30—
80 pg) were incubated with S nM ["®1]0-BTX, 1 mg/mL BSA (bovine serum albumin),
test drug, and either 2 mM CaCl or 0.5 mM EGTA [ethylene glycol-bis(B-
aminoethylether)] for 2 hours at 21 °C, and then filtered and washed 4 times over
Whatman glass fibre filters (thickness C) using a Brandel cell harvester. Pretreating the
filters for 3 hours with 1% (BSA/0.01% PEI (polyethyleneimine) in water was critical for
low filter blanks (0.07% of total counts per minute). Nonspecific binding was described by
100 uM (-)-nicotine, and specific binding was typically 75%.

Test B - Assay for affinity to the a4 nAChR subtype

3H]-(~)-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 in the [*I]a-BTX binding assay, centrifuged for 20 minutes at 12,000
x g, washed twice, and then resuspended in HB containing 100 uM diisopropyl
fluorophosphate. After 20 minutes at 4 °C, membranes (approximately 0.5 mg) were
incubated with 3 nM [*H]-(—)-nicotine, test drug, 1 pM alropine, and either 2 mM CaCl, or
0.5 mM EGTA for | hat 4 °C, and then filtered over Whatman glass fiber filters (thickness
C) (pretreated for 1 h with 0.5% PEI) using a Brandel cell harvester. Nonspecific binding
was described by 100 pM carbachol, and specific binding was typically 84%.

Binding data analysis for Tests A and B
ICs values and pseudo Hill coefficients (nH) were calculated using the non-linear

curve-fitting program ALLFIT (DeLean A, Munson P J and Rodbard D (1977) Am. J.
Physiol., 235:E97-E102). Saturation curves were fitted to a one site model, using the non-
linear regression program ENZFITTER (Leatherbarrow, R.J. (1987)), yielding KD values
of 1.67 and 1.70 nM for the ['*1]-0-BTX and [3H]-(-)-nicotine ligands respectively. Ki
values were estimated using the general Cheng-Prusoff equation:
Ki-[ICsol/((2+([ligand)/[KD])n)i/n-1)

where a value of n=1 was used whenever nH<1.5 and a value of n=2 was used when
nH=1.5. Samples were assayed in triplicate and were typically £5%. Ki values were

determined using 6 or more drug concentrations. The compounds of the invention are
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compounds with binding affinities (Ki) of less than 1000 nM in either Test A or Test B,
indicating that they are expected to have useful therapeutic activity.

The compounds of the invention have the advantage that they may be less toxie, be
more efficacious, be longer acting, have a broader range of activity, be more potent,
produce fewer side effects, are more easily absorbed or have other useful pharmacological

properties.
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CLAIMS

1.

A compound in accord with formula I

AL
Q\ Ar1 Arz

L

and pharmaceutically-acceptable salts thereof, wherein:

Q is a moiety of formula II

1I;

-A- is selected from -O-, -S-, or -NR'-, ar is a bond directly connecting Ar' and

Ar' is selected from formula IT or IV:

D
D—D D7 D
S
NS NA
B" o D
It v

wherein B is O, S, or NRY
R'is independently at each cccurrence selected from hydrogen or R

D is independently at each occurrence selected from N or CR?, provided that D is N

at no more than two occurrences;

R? is independently at each occurrence selected from hydrogen, R3, -Co-Csalkenyl,

-C-Csalkynyl, halogen, -CN, -NOy, -C(O)R?, -S(0):R, -NR*R’, -OR’, Q or a bond,
provided that R? is Q at one occurence, and at onc occurrence is a bond connecting Ar'to

A, or when -A- is a bond, to Arz;

R’ is selected from an unsubstituted straight-chained, branched, or cyclic Ci-

Cealkyl group, or selected from a straight-chained, branched, or cyclic Ci-Csalkyl group

substituted with up to five halogen atoms, and up to two substituents selected from: Cp-
Cealkenyl, Co-Cealkynyl, -CN, -C(O)R?, -8(0).R’, NRR’, or —OR%;
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R*is independently at each ocourrence selected from hydrogen, R’, -NR'%R™, or
-OR;

R is independently at each occurrence selected from hydrogen, R, or NRIR!;

R® and R’ are independently at each occurrence selected from hydrogen, R, -
C(O)R* or -8(0),R?, or in combination at any one occurrence of ~NRR” are
(CH,),G(CHy), where Gis O, S, NR? or a bond;

R is selected from hydrogen or R’

R’ is selected from an unsubstituted straight-chained, branched, or ¢yclic Ci-
Caalkyl group, or selected from a straight-chained, branched, or cyclic C1-Csalkyl group
substituted with up to five halogen atoms, and up to one substituent selected from: C-Cs
alkenyl, C-Cg alkynyl, -CN, -NR'%R"' -OR";

R'%and R"" are independently at each occurrence selected from hydrogen, R2,
-C(O)Rlz, -S(O)nRu, or in combination at any one occurrence of “NR'R! are
(CHy)pJ(CHa)q where J is O, S, NH, NR" or a bond;

R'2 s selected from an unsubstituted straight-chained, branched, or cyclic Ci-
Csalkyl group, or selected from a straight-chained, branched, or cyclic Ci-Cealkyl group
substituted with up to five halogen atoms;

Ar’ is selected from an unsubstituted 5- or 6-membered aromatic or heteroaromatic
ring containing zero to two nittogen atoms, zero to one oxygen atoms, and zero to one
sulfur atoms, or selected from an 8-, 9- or 10-membered fused aromatic or heteroaromatic
ring system containing zero to three nitrogen atoms, zero to one oxygen atom, and zero to
one sulfur atom, or is selected from a 5- or 6-membered aromatic or heteroaromatic ring
containing zero to two nitrogen atoms, zero to one oxygen atoms, and zero to one sulfur
atoms, ot is selected from an 8-, 9- or 10-membered fused aromatic or heteroaromatic ring
system containing zero to three nitrogen atoms, zero to one oxygen atom, and zero to one
sulfur atom where each foregoing AP moiety may bear one to three substituents selected
from R, Ca-Calkenyl, C,-Csalkynyl, halogen, -CN, -NOy, -C(O)R’, -S(O),R’, -NR'R’, -
OR®,

n at each occurrence is 0, 1, or 2;

p at each occurrence is 2, 3, or 4;

q at each occurrence is 0, 1, or 2,
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2. A compound according to Claim 1, wherein:

At is selected from formula IIT or IV:

—D D D
7% 1
N N
B , D
111 v

Bis 0,8, orNR%

R!is independently at each occurrence selected from hydrogen or RY;

D is independently at each occurrence selected from N or CR?, provided that D is N
at two occurrences;

R%is independently at each occurrence selected from hydrogen, R, halogen, -CN,
NOy, -C(O)R?, -S(0)R®, -NR®R’, -OR’, Q or a bond, provided that R* is Q at one
oceurence, and at one occurrence is a bond connecting Ar'to A, or when -A-~ is a bond, to
A%

R® is an unsubstituted straight-chained, branched, or cyclic C3-Cealkyl group, or a
straight-chained, branched, or cyclic C-Cgalkyl group substituted with up to five balogen
atoms, and up to two substituents selected from: -CN, —C(O)R4, -S(O),.RS, NRR’, or —
OR?%;

R% RS, RE, R and R® are independently at each occurrence selected from hydrogen
or R9;

R’ is selected from an unsubstituted straight-chained, branched, or cyclic Cs-
Cgalky] group, or is selected from a straight-chained, branched, or cyclic C,-Cealkyl group
substituted with up to five halogen atoms, and up to one substitucnt selected from: -CN, -
NRIRV _ORIZ;

R'®and R arc at cach occurrence hydrogen;

R™ is selected from an unsubstituted straight-chained, branched, or cyclic Ci-
Caalkyl group, or selected from a straight-chained, branched, or cyclic Ci-Csalkyl group
substituted with up to five halogen atoms;

-A- is selected from -O-, -S-, or -NR'-, or is a bond directly connecting Ar' and
AP

Ar is selected from unsubstituted phenyl; 2-pyridyl, 3-pyridyl or 4-pyridyl;
2-pyrimidy], 4-pyrimidyl or 5-pyrimidyl; 2-pyrazinyl or 3-pyrazinyl; 2-furyl or 3-furyl;
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2-thiophenyl or 3-thiophenyl; 1-pyrrolyl, 2-pyrrolyl or 3-pyrrolyl; 2-quinazolyl, 4-
quinazolyl or 5-quinazolyl; 2-oxazolyl, 4-oxazolyl or 5-oxazolyl; 2-imidazolyl, 4-
imidazolyl or 5-imidazolyl; 1-naphthyl or 2-naphthyl; 2-quinolyl, 3-quinolyl, 4-quinolyl, 5-
quinolyl, 6-quinolyl, 7-quinolyl or 8-quinolyl; 1-isoquinolyl, 3-isoquinolyl, 4-isoquinolyl;
5-isoquinolyl, 6-isoquinolyl, 7-isoquinolyl or 8-isoquinolyl; 2-benzofuranyl, 3-
benzofuranyl, 4-benzofuranyl, 5-benzofuranyl, 6-benzofuranyl or 7-benzofuranyl, 2-
benzo[b]thiopheny!, 3-benzo[b]thiophenyl, 4-benzo[b]thiophenyl, 5-benzo[b]thiophenyl,
6-benzo[b]thiophenyl or 7-benzo[b]thiophenyl; 2-indolyl, 3-indolyl, 4-indolyl, 5-indolyl,
6-indolyl or 7-indolyl; 2-benzoxazolyl, 4-benzoxazolyl, S-benzoxazolyl, 6-benzoxazolyl;
or 7-benzoxazolyl; 2-benzthiazolyl, 4-benzthiazolyl, 5-benzthiazolyl, 6-benzthiazolyl or 7-
benzthiazolyl; or is selected from any foregoing Ar? moiety substituted with one to three
substituents selected from R3, Cp-Cs alkenyl, Co~Cy alkynyl, halogen, ~CN, -NO,, -C(O)R4,
-S(0)R5, -NR'R’, -OR®,

n at each occurrence is 0, 1, or 2.

3. A compound according to Claim 1, wherein: R?is Q at one occurence and is a bond

connecting Ar' to A at one occurrence and otherwise is hydrogen.

4. A compound according to Claim 1, wherein Q and -A-Ar* are in a 1,3 relationship

with one another on Ar'.

5. A compound according to Claim 1, wherein -A- is a bond directly coneccting Ar!

and A%,
6. A compound according to Claim 1, wherein Ar! is a moiety of formula IIL.

7. A compound according to Claim 1 wherein Ar'! is selected from a furan ring or a

thiophene ring.

8. A compound according to Claim 1, wherein Ar' is a moiety of formula ITl and B is
selected from O or S.
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9. A compound according to Claim |, wherein Ar! is a moiety of formula Il and B is

10. A compound according to Claim 1, wherein Ar' is a moiety of formula [Tl and D is
s CR®where R? is Q at une occurence and is a bond connecting Ar'to A at one occurrence

and otherwise is hydrogen.

11. A compound according to Claim 1, wherein R’ is selected from:
methyl, ethyl,
10 linear, cyclic or branched propyl, butyl, pentyl or hexyl,
ethenyl or 1-propenyl, 2-propenyl or 3-propenyl,
linear, branched or cyclic butenyl, pentenyl or hexenyl,
ethynyl or propynyl,
chloro, bromo, fluoro or iodo, -CN, -NOa, -C(OR?, -S(0),R’, -NR°R” or -ORY;

15 R* is independently at each occurrence selected from hydrogen, R®, NR!°R', -OR®
trifluoromethyl, trifluoroethyl, methoxymethyl, trifluoromethoxymethyl, methoxyethy! or
trifluoromethoxyethyl;

R’ is independently at each occurrence selected from hydrogen, R, or-NR'"R"Y;
RS and R are independently at each occurrence selected from hydrogen, R, -
0 C(OJRY, -S(0),R’, or in combination at any one occurrence of -NR'R are (CHp),G(CHz)q
where Gis O, S, NR® ora bond;
R® is selected from hydrogen or R%
R’ is selected from
methyl, ethy],
25 linear, cyclic or branched propyl, butyl, pentyl or hexyl
ethenyl or 1-propenyl, 2-propenyl or 3-propenyl
linear, branched or cyclic buteny], pentenyl or hexenyl,
ethynyl or propynyl,
where any foregoing R’ moiety may bear up to five chloro, bromo, fluora or iodo atoms,
30  and up to one substituent selected from:

-CN, -NR"R'" -OR"%
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R"and R are independently at each oceurrence selected from hydrogen, R
-C(O)R", -S(O)an, or in combination at any one occurrence of “NR"RM are
(CHa)pJ(CHs)q where J is O, S, NH, NR'* or a bond;

R"%is

methyl, ethyl,

linear, cyclic or branched propyl, butyl, pentyl or hexyl

ethenyl or 1-propenyl, 2-propenyl or 3-propenyl

linear, branched or eyclic butenyl, pentenyl or hexenyl,

ethynyl or propynyl,
where any foregoing R? moiety may bear up to five chloro, bromo, fluoro, iodo atoms,

A is selected from unsubstituted phenyl; 2-pyridyl, 3-pyridyl or 4-pyridyl;
2-pyrimidyl, 4-pyrimidyl or 3-pyrimidyl; 2-pyrazinyl or 3-pyrazinyl; 2-furyl or 3-furyl;
2-thiophenyl ot 3-thiophenyl; 1-pyrrolyl, 2-pyrrolyl or 3-pyrrolyl; 2-quinazolyl, 4-
quinazolyl or 5-quinazolyl; 2-oxazolyl, 4-oxazolyl or 5-oxazolyl; 2-imidazolyl, 4-
imidazoly! or 5-imidazolyl; 1-naphthyl or 2-naphthyl; 2-quinolyl, 3-quinolyl, 4-quinolyl, 5-
quinolyl, 6-quinolyl, 7-quinoly! or 8-quinolyl; 1-isoquinolyl, 3-isoquinolyl, 4-isoquinolyl;
5-isoquinolyl, 6-isoquinolyl, 7-isoquinolyl or 8-isoquinolyl; 2-benzofuranyl, 3-
benzofuranyl, 4-benzofuranyl, S-benzofuranyl, 6-benzofuranyl or 7-benzofuranyl, 2-
benzo[b]thiophenyl, 3-benzo[b]thiophenyl, 4-benzo[blthiophenyl, 5-benzo[b]thiophenyl,
6-benzo[b]thiophenyl or 7-benzolb jthiophenyl; 2-indolyl, 3-indolyl, 4-indolyl, S-indolyl,
6-indolyl or 7-indolyl; 2-benzoxazolyl, 4-benzoxazolyl, 5-benzoxazolyl, 6-benzoxazolyl;
or 7-benzoxazolyl; 2-benzthiazolyl, 4-benzthiazolyl, 5-benzthiazolyl, 6-benzthiazolyl or 7-

benzthiazolyl; or any foregoing Ar? moiety substituted with 1, 2 or 3 R® substituents.

12. A compound according to Claim 1, selected from:
(R)-3'-(5-phenyl-thiophen-2-yl)spiro[ 1-azabicyclo[2.2.2]octan-3,5"-oxazolidin]-2'-one;
(R)-3'-[5-(4-pyridyl)thiophen-2-yl]spiro[]—azabicyclo[2.2.2]octan—3,5'-oxazolidin]-2'-one;
(R)-3"-[5-(3-pyridylthiophen-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5-oxazolidin]-2'-one;
(R)-3'-[5-(2-pyridyhthiophen-2-yl]spiro[1-azabicyclo[2.2.2]octan-3,5'-0xazolidin]-2'-one;
(R)-3'-[S-(thiophen-2-yl)thiophen-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5 "-oxazolidin]-2'-

one;
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(R)-3"-[5-(thiophen-3-yl)thiophen-2-yl]spiro[ 1 -azabicyclo[2.2.2]octan-3,5™-oxazolidin]-2'-
one;

(R)-3'-[5-(furan-2-yl)thiophen-2-ylJspiro[ 1 -azabicyclo[2.2 2]oclan-3,5'-oxazolidin]-2'-one;
(R)-3"-[5~(furan-3-yl)thiophen-2-yl]spiro[ 1 -azabicyclo[2.2.2]octan-3,5"-oxarolidin]-2'-one;
(R)-3'-[5-(thiazol-2-ylythiophen-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5"-0xazolidin]-2"-
one;

(R)-3"-[5-(thiazol-4-yDthiophen-2-yl]spiro[ 1-azabicyclo]2.2.2]octan-3,5"-oxazolidin}-2'-
one;
(R)-3"-[5-(thiazol-5-yl)thiophen-2-yl]spiro[1-azabicyclo[2.2.2]octan-3,5"-0xazolidin]-2"-
one;

(R)-3'-(4-phenylthiophen-2-y1)spiro[ 1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2"-one;
(R)-3'-{4-(4-pyridyl)thiophen-2-yl]spiro[1-azabicyclo]2.2.2]octan-3,5"-oxazolidin]-2'-one;
(R)-3"-[4-(3-pyridyl)thiophen-2-yl]spiro| 1-azabicyclo[2.2.2]octan-3,5"-0xazolidin]-2'-one;
(R)-3'-[4-(2-pyridyl)thiophen-2-yl]spiro[1-azabicyclo[2.2.2]octan-3,5"-oxazolidin]-2'-one;
(R)-3'-[4-(thiophen-2-yl)thiophen-2-y]]spiro[1-azabicyclo[2.2.2]octan-3,5"-oxuzolidin]-2"-
one;

(R)-3'-[4-(thiophen-3-yl)thiophen-2-yI]spiro[ 1-azabicyclo[2.2.2]octan-3,5'-0xazolidin}-2"-
one;
(R)-3"-[4~(furan-2-yl)thiophen-2-yl]spiro[1-azabicyclo[2.2.2Joctan-3,5"-0xazolidin]-2'-one;
(R)-3'-[4~(furan-3-yl)thiophen-2-yl]spiro[1-azabicyclo[2.2.2]octan-3,5"-0xazolidin}-2"-one;
(R)-3'-[4~(thiazol-2-yl)thiophen-2-yl]spiro[1-azabicyclo{2.2.2]octan-3,5'-oxazolidin]-2'-
one;

(R)-3'-[4-(thiazol-4-y)thiophen-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5-oxazolidin}-2'-
one;

(R)-3"-[4-(thiazol-5-yl)thiophen-2-yl]spiro[ 1 -azabicyclo[2.2.2]octan-3,5"-oxazolidin]-2"-
one;

(R)-3'-(2-phenylthiophen-4-yl)spiro[ 1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-one;
(R)-3'-[2-(4-pyridyl)thiophen-4-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5'-0xazolidin]-2'-one;
(R)-3"-[2-(3-pyridyl)thiophen-4-yl]spiro[1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2"-one;
(R)-3'-[2-(2-pyridyl)thiophen-4-yl]spiro[ 1-azabicyclo[2.2 2]octan-3,5'-oxazolidin]-2'-one;
(R)-3'-[2-(thiophen-2-yl)thiophen-4-yl]spiro[ 1 -azabicyclo[2.2.2]octan-3,5'-0xazolidin]-2'-

one;
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(R)-3"-[2-(thiophen-3-ylthiophen-4-yl]spirof 1 -azabicyclo[2.2.2]octan-3,5-oxazolidin]-2'"-
one;

(R)-3"-[2-(furan-2-yl)thiophen-4-yl]spiro[ 1 -azabicyclo[2.2.2]octan-3,5"-oxazolidin]-2'-one;
(R)-3"-[2~(furan-3-yl)thiophen-4-yl]spiro[ 1 -azabicyclo[2.2.2]octan-3,5-0xazolidin]-2'-one;
(R)-3'-[2-(thiazol-2-yl)thiophen-4-yl]spiro[ 1-azabicyclo[2.2.2]Joctan-3,5'-0xazolidin]-2'-
one;

(R)-3'-[2-(thiazol-4-yl)thiophen-4~yl]spiro[ 1-azabicyclo[2.2.2]Joctan-3,5'-0xazolidin]-2™-
one;
(R)-3'-[2-(thiazol-5-y)thiophen-4-yl]spiro[1-azabicyclo[2.2.2]octan-3,5"-oxazolidin]-2'-
one;

(R)-3'-(5-phenylfuran-2-yl)spiro[ 1-azabicyclo[2.2.2]oclan-3,5™-0xazolidin]-2'-one;
(R)-3'-[5-(4-pyridyl)furan-2-yl]spiro{ 1-azabicyclo[2.2.2]octan-3,5'-0xazolidin]-2"-one;
(R)-3'-[5-(3-pyridyl)furan-2-yl]spiro[ | -azabicyclo|2.2.2]octan-3,5'-0xazolidin]-2"-one;
(R)-3'-[5-(2-pyridyl)furan-2-yl]spiro[1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-one;
(R)-3'-{5-(thiophen-2-y)furan-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5'-0xazolidin]-2"-one;
(R)-3'-[5-(thiophen-3-yl)furan-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2"-one;
(R)-3"-[5-(furan-2-yl)furan-2-yl]spiro[ 1 -azabicyclo[2.2.2]octan-3,5-oxazolidin]-2'-one;
(R)-3"-[5-(furan-3-yl)furan-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5"-0xazolidin]-2"-one;
(R)-3'-[5-(thiazol-2-y!)furan-2-yl]spiro[ 1 -azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2"-one;
(R)-3"-[5-(thiazol-4-yl)furan-2-yl]spiro[ 1 -azabicyclo[2.2.2]Joctan-3,5'-oxazolidin]-2"-one;
(R)-3'-[5-(thiazol-5-yl)furan-2-yl]spiro[ | -azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2"-one;
(R)-3'-(4-phenylfuran-2-yl)spiro[ 1-azabicyclo[2.2.2]octan-3,5"-0xazolidin]-2"-one;
(R)-3"-[4-(4-pyridy])furan-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-one;
(R)-3'-[4-(3-pyridyl)furan-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5'-0xazolidin]-2"-one;
(R)-3'-[4-(2-pyridyl)furan-2-yl]spiro[1-azabicyclo[2.2 2]octan-3,5'-0xazolidin]-2-one;
(R)-3"-[4-(thiophen-2-y)furan-2-yl]spiro[ 1 -azabicyclo[2.2.2]octan-3,5"-0xazolidin]-2'-one;
(R)-3'-[4-(thiophen-3-yl)furan-2-yl]spiro[ I -azabicyclo[2.2.2]octan-3,5'-0xazolidin]-2'-one;
(R)-3"-[4-(furan-2-yl)furan-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5'-0xazolidin]-2"-one;
(R)-3'-[4~(furan-3-yl)furan-2-yl]spiro[ 1 -azabicyclo[2.2.2]octan-3,5"-0xazolidin]-2"-one;
(R)-3'-[4-(thiazol-2-yl)furan-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-one;
(R)-3'-[4-(thiazol-4-yl)furan-2-yl]spiro[ 1-azabicyclo[2.2.2]Joctan-3,5'-oxazolidin]-2'-one;
(R)-3"-[4-(thiazol-5-yl)furan-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-one;
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(R)-3-(2-phenylfuran-4-yl)spiro[ 1 -azabicyclo[2.2.2]octan-3,5"-oxazolidin]-2'-one;
(R)-S'-[2-(4-pyridyl)furan—4-y1]spiro[1-azabicyclo[Z.2.2]octan-3,5'-oxazoiidin]-2'-one;
(R)-3"-[2-(3-pyridyl)furan-4-yl]spiro[ 1 -azabicyclo[2.2 2]octan-3,5"-0xazolidin]-2"-one;
(R)-3-[2-(2-pyridylfuran-4-yl]spiro[ 1-azabicyclo[2.2 2]octan-3,5"-0xazolidin]-2"-one;
(R)-3"-[2-(thiophen-2-yD)furan-4-yl}spiro[ 1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2"-one;
(R)-3'-[2-(thiophen-3-yl)furan-4-yl]spiro[ 1 -azabicyclo[2.2.2]Joctan-3,5-oxazolidin]-2'-one;
(R)-3"-[2-(furan-2-yl)furan-4-yl]spiro[ I-azabicyclo[2.2.2]octan-3,5-oxazolidin]-2"-one;
(R)-3'-[2-(furan-3-yl)furan-4-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2"-one;
(R)—3'-[2-(thiazoI-2-yl)furan-4-yl]spiro[1-azabicyclo[z.2.2]octan-3,5'-oxazoIidin]-2'-one;
(R)-3-[2-(thiazol-4-yl)furan-4-yl]spiro[ 1 -azabicyclo[2.2.2]octan-3,5"-oxazolidin]-2'-one, or
(R)-3-[2-(thiazol-5-yl)furan-4-yl]spiro[1-azabicyclo[2.2.2]octan-3,5"-0xazolidin]-2'-one,

or a pharmaceutically-acceptable salt thereof.

13. A compound according to Claim 1, selected from:
(R)-3'-{5-]3-(N,N-dimethylcarbamoyl)phenyljthiophen-2-y1}spiro[ 1-
azabicyclo[2.2.2]Joctan-3,5"-oxazolidin]-2"-one;
(R)-3"-{5-[3-(N,N-diethylcarbamoyl)phenyl]thiophen-2-yl}spiro[1-azabicyclof2.2.2]octan-
3,5"-oxazolidin]-2'-one;

(R)-3'-{5-[3-(pyrrolidine-1-carbonyl)phenyl]thiophen-2-y1} spiro[ 1-azabicyclo] 2.2.2 Joctan-
3,5"oxazolidin]-2"-one;
(R)-3'-{5-[3-(piperidine-1-carbonyl)phenyl]thiophen-2-y1} spiro[ 1-azabicyclo[2.2.2]octan~
3,5'%-oxazolidin]-2'-one;
(R)-3'-{5-[3-(morpholine-4-carbonyl)phenyljthiophen-2-yl}spirof1-
azabicyclo[2.2.2]octan-3,5"-oxazolidin]-2'-one;
(R)-3'-[5-(3-aminophenyl)thiophen-2-yl]spiro[1-azabicyclo[2.2.2]octan-3,5"-0xazolidin]-2'-
one;

(R)-3'-{5-[3-(N, N-dimethylamino)phenyl]thiophen-2-y1} spiro[ 1 -azabicyclo[2.2.2Joctan-
3,5'-oxazolidin]-2'-one;

(R)-3'"-{5-[3-(propionylamino)phenyl]thiophen-2-yl]spiro[ 1 -azabicyclo[2.2.2]octan-3,5"
oxazolidin]-2'-one;
(R)-3'-{5-[3~(butyrylamino)phenyljthiophen-2-yl]spiro[ 1-azabicyclo[2.2 2Joctan-3.5"

oxazolidin]-2'-one;
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(R)-3"-{5-[3-(benzoylamino)phenyl]thiophen-2-yl]spiro[1-azabicyclo[2.2.2]octan-3,5'-
oxazolidin]-2-one;
(R)-3-{5-[3-(2-propoxy)phenyl]thiophen-2-yl} spiro[ 1-azabicyclo[2.2.2]octan-3,5'-
oxazolidin]-2'-one;

(R)-3'-[5-(3-trifluoromethoxyphenyl)thiophen-2-yl}spiro[ 1-azabicyclo[2.2.2]octan-3,5™
oxazolidin]-2'-one;
(R)-3'-[5-(quinolin-2-yl)thiophen—2—yl]spiro[l-azabicycl0[2‘2.2]octan-3,5'-oxazolidi11]-2'-
one;

(R)-3-[5-(quinolin-3-yl)thiophen-2-yl]spito[ 1-azabicyclo[2.2.2]octan-3,5"-oxazolidin]-2"~
one;

(R)-3'-[5-(quinolin-4-yl)thiophen-2-yl]spiro[ 1 -azabicyclo[2.2.2]octan-3,5™-oxazolidin]-2"-
one;

(R)-3"-[5-(quinolin-5-y)thiophen-2-yl]spiro[ 1 -azabicyclo[2.2.2]octan-3,5'-oxazolidin}-2"-
one;

(R)-3"-[5-(quinolin-6-ylthiophen-2-yl]spiro[ 1 -azabicyclo]2.2 2Joctan-3,5"-0xazolidin}-2"-
one;

(R)-3"-[5-(quinolin-7-yl)thiophen-2-yl]spiro[ 1 -azabicyclo[2.2.2]octan-3,5"-oxazolidin]-2'-
one;

(R)-3"-[5-(quinolin-8-yhthiophen-2-yl[spiro[ 1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-
one;

(R)-3"-[5~(pyrimidin-2-yl)thiophen-2-yl]spiro[ 1 -azabicyclo[2.2.2]octan-3,5-oxazolidin]-2'-
one;

(R)-3"-[5-(pyrimidin-d-yl)thiophen-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5"-oxazolidin]-2'-
one;
(R)-3"-[5-(pyrimidin-5-y)thiophen-2-yl]spiro[1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-
one;

(R)-3'-(2-phenylthiazol-4-yl)spiro[ 1-azabicyclo[2.2.2]octan-3,5"-0xazolidin]-2"-one;
(R)-3'-[2-(2-pyridyl)thiazol-4-yl]spiro[ 1-azabicyclo[2.2.2]Joctan-3,5"0xazolidin]-2"-one;
(R)-3"-[2-(3-pyridyl)thiazol-4-yl]spiro[1-azabicyclo[2.2.2]octan-3,5"-0xazolidin]-2"-one;
(R)-3'-[2-(4-pyridyl)thiazol-4-yl]spiro[ 1-azabicyclo[2.2.2Joctan-3,5"-0xazolidin]-2"-one;
(R)-3'-(2-phenylthiazol-5-yl)spiro[ 1-azabicyclo[2.2 2]octan-3,5™-0xazolidin]-2"-one;
(R)-3-[2-(2-pyridyl)thiazol-5-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5'-0xazolidin]-2'-one;
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(R)-3-[2-(3-pyridyl)thiazol-5-ylJspiro[ 1-azabicyclo[2.2.2]octan-3,5 "-oxazolidin]-2'-one;
(R)-3-[2-(4-pyridyDthiazol-5-yl]spiro[ 1 -azabicyclo[2.2.2]octan-3,5"-0xazolidin]-2'-one;
(R)-3'-[5-(2-pyridyl)-1,3,4-thiadiazol-2-yl]spiro[ 1 -azabicyclo[2.2.2]octan-3,5'-0xazol idin]-
2'-one;

(R)-3'-[5-(3-pyridyl)-1,3 4-thiadiazol-2-ylJspiro[ 1-azabicyclo[2.2.2]octan-3,5'0xazolidin]-
2'-one;

(R)-3'-(5-phenyl-1,3,4-oxadiazol-2-yl)spiro[ 1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-
one;

(R)-3'-(5-phenyloxazol-2-yl)spiro[ 1 -azabicyclo[2.2.2]octan-3,5-0xazolidin]-2"-one;
(R)-3"-[5-(2-pyridyl)oxazol-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5"-0xazolidin]-2'-one;
(R)-3-[5-(3-pyridyl)thiazol-2-y1]spiro[ 1 -azabicyclo[2.2.2]octan-3,5"-oxazolidin]-2'-one;
(R)-3"-[5-(4-pyridyl)thiazol-2-yl]spiro[ 1 -azabicyclo[2.2.2]octan-3,5"-0xazolidin]-2"-one;
(R)-3'-(4-phenyloxazol-2-yl)spiro[1-azabicyclo[2.2.2octan-3,5"-0xazolidin]-2"-one;
(R)-3'-[4-(2-pyridyl)oxazol-2-yl[spiro[1-azabicyclo[2.2.2]octan-3,5"-0xazolidin]-2'-one;
(R)-3'-[4~(3-pyridyD)thiazol-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5™-0xazolidin]-2"-one;
(R)-3'-[4-(4-pyridyl)thiazol-2-yl}spiro[1-azabicyelo[2.2.2]octan-3 ,S'-oxazolidin]-2'-one;
(R)-3"-(2-phenyloxazol-4-yl)spiro[ 1 -azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-one;
(R)-3"-[2-(2-pyridyl)oxazol-4-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5"-0xazolidin]-2"-one;
(R)-3'-[2-(3-pyridyl)thiazol-4-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-one;
(R)-3"-[2-(4-pyridyl)thiazol-4-yl]spiro[ 1 -azabicyclo| 2.2.2]octan-3,5'-oxazolidin] -2-one;
(R)-3'-(2-phenyloxazol-5-yl)spiro[ 1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-one;
(R)-3'-[2-(2-pyridyl)oxazol-5-yl]spiro[l—azabicyclo[2.2.2]octan-3,5‘~oxazolidin]-2'-one;
(R)-3'-[2-(3-pyridyl)thiazol-5-yl]spiro[1-azabicyclo [2.2.2]octan-3,5"-oxazolidin]-2"-one;
(R)-3'-[2-(4-pyridy))thiazol-5-yl]spiro[1-azabicyclo[2.2.2]octan-3 ,5'-0xaz0]idin]-‘2‘-0ne;
(R)-3'-[5-(2-pyridyl)-1,3,4-oxadiazol-2-ylJspiro[ 1-azabicyclo[2.2.2]octan-3,5"-0xazolidin] -
2'-one;

(R)-3'-[5-(3-pyridyl)-1,3,4-oxadiazol-2-y]]spiro[ 1 -azabicyclo[2.2.2]octan-3,5'-oxazolidin]-
2'-one; and

(R)-3'-[5-(4-pyridy)-1,3,4-oxadiazol-2-y1]spiro[1 -azabicyclo[2.2.2]octan-3,5'-0xazolidin]-

2'-one;

14. A compound according to Claim 1, selected from:
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(R)-3'-[5-(2-fluorophenyl)thiophen-2-yljspiro[ 1-azabicyclo [2.2.2]octan-3,5'-oxazolidin]-2'-
one;
(R)-3'-[5-(3-ﬂuorophenyl)thiophen-Z-yl]spiro[l-azabicyclo[2.2.2]octan—3,5'-0xazo]idin]-2‘-
one:

(R)-3'-[5-(4-fluorophenyl)thiophen-2-yl]spiro[1 -azabicyclo[2.2.2]octan-3,5"-oxazolidin]-2'-
one;

(R)-3"-[5-(2-chlorophenyl)thiophen-2-yl]spiro[ 1 -azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-
one; ’
(R)-3-[5-(3-chlorophenyl)thiophen-2-yl]spiro[1 -azabicyelo[2.2.2]octan-3,5"-oxazolidin]-2'-
one;

(R)-3'-[5-(4-chlorophenyljthiophen-2-yl]spiro[1 -azabicyclo[2.2.2]octan-3,5'-0xazolidin]-2'-
one;

(R)-3"-[5-(3,4-dichlorophenyl)thiophen-2-yi]spiro[ L -azabicyclo [2.2.2]octan-3,5'"-
oxazolidin]-2"-one;

{R)-3'| 5~(3-methylphenyl)thiophen-2-yl]spiro| 1-azabicyclo[2.2 2]octan-3,5 "-oxazolidin]-
2'-one;
(R)—3'-[5-(4-methylphcnyl)thiophcn-Z-yl]spiro[1-azabicyclo[2.2.2]octan-3,5'-oxazolidin]—
2'-one;

(R)-3'-[5-(3-methoxyphenyl)thiophen-2-yl]spiro[ 1 -azabicyclo[2 .2.2]octan-3,5"-oxazolidin]-
2'-one;
(R)-3'-[5-(4—methoxyphcny1)thiophen-2-y1]spiro[1-azabicyclo[Z.2.2]octan-3,5'-oxazolidin]-
2'-one;

(R)-3"-[5-(3-methoxyphenyl)thiophen-2-yl]spiro[1 -azabicyclo[2.2.2]octan-3,5'-0xazolidin]-
2'-one;
(R)—3'-[5-(3—triﬂuoromethylphenyl)‘rhiophen-Z-yl]spiro[l-azabicyc10[2.2.2]octan-3,5'-
oxazolidin]-2'-one;

(R)-3'-[5-(4-trifluoromethylphenyl)thiophen-2-yl]spiro[ 1 -azabicyclo [2.2.2]octan-3,5'-
oxazolidin]-2"-one;

(R)-3"-[5-(3-trifluoromethoxyphenyl)thiophen-2-yl]spiro[ 1 -azabicyclo[2.2.2]octan-3,5'-
oxazolidin]-2'-one:

(R)-3"-[5-(4-rifluoromethoxyphenyl)thiophen-2-yl]spiro[ [ -azabi cyclo|2.2.2]octan-3,5'-

oxazolidin]-2'-one;
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(R)-3'-[5-(naphthalen-2-yl)thiophen-2-yl]spiro| 1-azabicyclo[2.2.2]octan-3,5"-oxazolidin]-
2'-one;

(R)-3'-[5-(benzofuran-2-yl)thiophen-2-yljspiro[ 1-azabicyclo[2.2.2]octan-3,5-0xazolidin]-
2'-one;

(R)-3'"-[5-(benzo[b]thiophen-2-yl)thiophen-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5'"-
oxazolidin]-2"-one;

(R)-3"-[5~(2-fluoropyridin-3-yl)thiophen-2-yl]spiro] I -azabicyclo[2.2.2]octan-3,5'-
oxazolidin]-2'-one;

(R)-3'-[5-(2-chloropyridin-3-yljthiophen-2-yl]spiro[ 1-azabicyclo[2.2.2]octan-3,5'
oxazolidin]-2'-one;

(R)-3"-[3-(2-methoxypyridin-3-yl)thiophen-2-y]spiro[ 1-azabicyclo[2.2.2]oclan-3,5'-
oxazolidin]-2'-one;

(R)-3'-[5~(2-aminopyridin-3-ythiophen-2-yl]spiro[ 1-azabicyclo[2.2.2octan-3,5'-
oxazolidin}-2'-one;

(R)-3"-{5-[2-(N, N-dimethylamino)pyridin-3-yl]thiophen-2-yl} spiro[1-
azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2"-one;
(R)-3'-[5-(5-chloropyridin-3-yl)thiophen-2-yl]spiro[ 1-azabicyclo[2.2 2]octan-3,5'™
oxazolidin]-2'-one;
(R)-3"-[5-(5-methoxypyridin-3-yl)thiophen-2-yl]spiro[1-azabicyclo[2.2.2Joctan-3,5'-
oxazolidin]-2'-one;

(R)-3'-[5-(5-aminopyridin-3-yl)thiophen-2-yllspiro[ 1-azabicyclo[2.2.2]octan-3,5'
oxazolidin]-2'-one; and
(R)-3"-{5-[5~(V,N-dimethylamino)pyridin-3-yl]thiophen-2-yl} spiro[1-

azabicyclo[2.2.2]octan-3,5'-oxazolidin]-2'-one.

15. A compound according to Claim 1, wherein one or more of the atoms of said

compound is a radioisotope of sajd atom.

16. A compound according to Claim 15, wherein the radioisotope is tritium.

17. A method for the discovery of novel medicinal compounds which bind to and

modulate the activity, by agonism, partial agonism, or antagonism, of the o7 nicotinic
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acetylcholine receptor including measuring tﬁe displacement of 2 compound according to
Claim 15 from an o7 nicotinic acetylcholine receptor

18. ‘A method of treatment or prophylaxis of a human disease or condition in which
activation of the a7 nicotinic receptor is beneficial which includes administering a therapeutically-

effective amount of a compound according to Claim 1.

19, - The method of Claim 18, wherein said human disease or condition is selected from
neurological disorders, psychotic disorders or intellectual impairment disorders.

20, The method of Claim 18, wherein said human disease or condition is selected from
Alzheimer's disease, learning deficit, cognition deficit, attention deficit, memory loss, Attention
Delficit Hyperactivity Disorder, Parkinson's disease, Huntington's discase, Tourette's syndrome,
neurodegenerative disorders in which there is loss of cholinergic synapses, anxiety, schizophrenia,

mania or manic depression.

21, A method of treatment for jetlag, inducing cessation of smoking, nicotine addiction,
craving, pain, and for ulcerative colitis, which includes administering a therapeutically effective

amount of a compound according to Claim 1.

22. A pharmaceutical composition including a compound according to Claim 1, an
enantiomer thereof or a pharmaceutically-acceptable salt thereof, and a pharmaceutically-

acceptable diluent or carrier.
23. A method of treating or preventing a condition or disorder arising from dysfunction
of nicotinic acetylcholine receptor ncurotransmission in a mammal inchiding administering a

therapeutically effective amount of a pharmaceutical composition according to Claim 22, to said

mammal effective in treating or preventing such disorder or condition,
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24, A method for the treatment or prophylaxis of a human disease or condition in which
activation of the a7 nicetinic receptor is beneficial including administering a therapeutically

effective amount of a pharmaceutical composition according to Claim 22.

25. The method of Clzim 24, wherein said human disease or condition is selected from:

neurological disorders, psychotic disorders or intellectual impairment disorders.

26. The method of Claim 25, wherein said human disease or condition is selected from:
Alzheimer's disease, leaming deficit, cognition deficit, attention deficit, memory loss, Attention
Deficit Hyperactivity Disorder, anxiety, schizophrenia, mania, 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 tha_t

resulting fror exposure to products containing nicotine, craving, pain, and ulcerative colitis.

27. The use of & compound according to Claim 1, in the manufacture of a medicament
for the treatment or prophylaxis of diseases or conditions in which activation of the o7 nicotinic
receptor is beneficial, neurological disorders, psychotic disorders, intellectual impairment
disorders, Alzheimer's disease, learning deficit, cognition deficit, attention deficit, memory loss,
Attention Deficit Hyperactivity Disorder, anxiety, schizophrenia, mania or manic depression,
Parkinson's disease, Huntington's disease, Tourette's syndrome, or neurodegenerative disorders in
which there is loss of cholinergic synapses.

28, The use of a compound according to Claim 1, in the manufacture of a medicament
for the prophylaxis jetlag, pain, or ulcerative colitis.

29. The use of a compound according to Claim 1, in the manufacture of a medicament
for facilitating the cessation of smoking or the treatment of nicotine addiction or craving including

that resulting from exposure to products containing nicotine.

30, A compound according to claim 1 substantizlly as hereinbefore described, with reference
to any of the Examples.

3L A method according to any one of claims 17, 18, 21, 23 or 24 substantially as

hereinbefore described, with reference to any of the Examples.
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32. A composilion according to cleim 22 substantially as hereinbefore described, with
reference to any of the Examples,

33, Use according to claim 28 or 29 sut ially as hereinbefore described, with xeference to
any of the Examples.
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