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AD, PD, stroke, Huntington's chorea or traumatic brain injury (TBI); in combination with

muscarinic agonists in order to stimulate both central muscarinic and nicotinic receptors for the

25 treatment, for example, of ALS, cognitive dysfunction, age-related cognitive decline, AD, PD,

stroke, Huntington's chorea and TBI; in combination with neurotrophic factors such as NGF in

order to maximize cholinergic enhancement for the treatment, for example, of ALS, cognitive

dysfunction, age-related cognitive decline, AD, PD stroke, Huntington’s chorea and TBI; or in

combination with agents that slow or arrest AD such as cognition enhancers, amyloid

30 aggregation inhibitors, secretase inhibitors, tau kinase inhibitors, neuronal anti-inflammatory
agents and estrogen-like therapy.

Other compounds that bind to neuronal nicotinic receptor sites are referred to in United

States Patent Application 08/963,852, which was filed on November 4, 1997. The foregoing

application is owned in common with the present application, and is incorporated herein by

35 reference in its entirety. In particular, a number of compounds which bind to neuronal nicotinic

receptor sites and are useful in modulating cholinergic function are referred o in International



States Patent Application 08/ 963,852, which was filed on Novenber .4, 1997.
The foregoing application is owed in conmon with the present application,
and is i nworopossed herein by 35 reference in its entiretYCTIIRO2ZN&820 cul ar,
a nunber of compounds which bind to neuronal nicotinic receptor sites and
are useful in nodulating cholinergic function are referred to in
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10 R'is independently hydrogen or -COOR?, wherein R* is a group of formula

O _OH OH
HO HO
0 o
or
HO HO
OH . OH

R? and R?, together with the benzo ring to which they are attached, form a bicyclic ring
system selected from the following:
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R11 WO 03/ 045967 PCT/1B02/04820 -3 R11 R12 CC SON\NDON"IN R11 N
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R11 R11 WOb3/0BE7TN ~ O O NN AN 12 wherein one of the@CraBtmszt ons of
ring A can optionally be replaced with oxygen or N(Cl-C6)al kyl; 5 wherein
R11 and R12 are sel ected, independentlys. from hydrogen, (Cl-C6)alkyl; and
(C1-Co6) al koxy-(C-C6) al kyl - wherein the total nunber of carbon atons does
not exceed six and wherein any of the alkyl noieties may optionally be
substituted with fromone to seven fluorine atons; nitro, cyano, halo,

am no, (Cl-GC6)al kyl am no-, ((Cl-GC6)al kyl)2am no-, -CO2Rg, -IQG\IR6R' ,
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wherein one of the carbon atoms of ring A can optionally be replaced with oxygen or
N(C4-Cg)alkyl;

5 wherein R'"" and R are selected, independently, from hydrogen, (C;-Ce)alkyl; and
(C4-Cs)alkoxy-(Co-Cs)alkyl- wherein the total number of carbon atoms does not exceed six and
wherein any of the alkyl moieties may optionally be substituted with from one to seven fluorine
atoms; nitro, cyano, halo, amino, (C4-Cs)alkylamino-, ((C4-Ce)alkyl).amino-, -CO.R’,
-CONR’R’, -SONR°R?, -C(=0)R", -XC(=O)R", phenyl, monocyclic heteroaryl, or when

10  attached to a nitrogen atom, a group of formula:
OH

HO

HO
OH
each R’, R®, R’, R®, R® and R" is selected, independently, from hydrogen and
(C+-Ce)alkyl, or



OH HOO HO OH each R5, R6, R7, R8, RO and R10 is sel ected,

i ndependently, from hydrogen and (Cl1-C6)al kyl, or WD 03/045967

PCT/ 1 B02/W0830459674 R6 and R7, or R8 and R9 together w th Pag/IBIZM48EN t O
which they are attached, forma pyrrolidine, piperidine, norpholine,
azetidi ne, piperazine, -N-(Cl-C6)alkyl piperazine or thionorpholine ring,

or a thionorpholine ring wherein the ring sulfur is replaced with a

sul foxi de or sul fone; and each X is, independently, (Cl-C6)alkylene; 5 with
the proviso that when R1 is H, then at | east one of Rl1 or R12 nust be a
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attached to a nitrogen atom in the ring formed by groups R? and R, and forming an ammonium
jon center on that nitrogen atom if necessary to accommodate the existing bonding relationships;
10  and pharmaceutically acceptable salts of such compounds.

Examples of possible heteroaryl groups within the definition of R* and R® are the
following: thienyl, oxazoyl, isoxazolyl, pyridyl, pyrimidyl, thiazolyl, tetrazolyl, isothiazolyi,
triazolyl, imidazolyl, tetrazolyl, pyrroiyl and the following groups:
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R* N 13 k N R O 13
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15 wherein one of R™ and R™ is hydrogen or (C;-Ce)alkyl, and the other is a bond to the

benzo ring of formula I. .
Preferred embodiments of formula | are wherein R? and R?, together with the benzo ring
to which they are attached, form a bicyclic ring system selected from the following:



R N~R13 N=~ N R14 15 wherein one of R13 and R14 is hydrogen or

(Ci1-Co)al kyl, and the other is a bond to the benzo ring of formula I.

Pr ef err eawermbodionent s of formula | are wherein R2 and R3, PCcagBod@s2oni t h t he
benzo ring to which they are attached, forma bicyclic ring system
selected fromthe follow ng: WO 03/045967 PCT/1B02/04820 -5 NR11 NcINO
R O\~Rl1 O\>R11 12 NON112 SO/ NO~ _ 111 N R11 wherein R11 and
R12 are as defined above. More preferred enbodi ments of fornmula I are
wherein R2 and R3, together with the benzo ring to which they are
attached, forma group: N R11 R12 5 N wherein R11 and R12 ar 1as defined
above. The t_prgferred enbodimentsyof formila I e entlon are

selected fr ?ro%p. consi @ 0\> Od+OH HO C]—I C];L /" N~ HO

HN N N OH
o o

wherein R'" and R* are as defined above.
More preferred embodiments of formula | are wherein R? and R®, together with the

benzo ring to which they are attached, form a group:

wherein R'" and R" are as defined above.
The most preferred embodiments of formula | of the invention are selected from the
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OH and HOOA O NON 10 WO 03/045967 PCT/1B02/ 04820 -6 O her preferred
conpounds of the invention conprise: \ OHR1I5 HNNNNJ \ I \ and HN
N wher eiWOR2543967 an oxo group, which fornms a carbonyl fumrcTiBeei482i t h any
of the available carbon atons on the unsaturated portion of the nol ecule.
5 Unl ess otherwi se indicated, the term_ghal 0", as used herein, includes
fluoro, chloro, brono and iodo. Unless otherw se indicated, the term

"al kyl ", as used herein, includes straight chain noieties, and where the
nunber of carbon atons suffices, branched and cyclic nDieties. The term
“al koxy”, as usegnbei&iied ARACRds of@eqn\}éb{’tlon cBtprisgl kyl -O-", wherein "al kyl "

Is 10 defined as above. The term "al kyl ene, as used herein, neans an al kyl
radi cal having two avail abl e bondlng éltes Rye., -alkyl-p, wherein "al kyl"
i s defined as above. Ur Hdi caye re m~yne or nore
substituents”, as ugrd Xi mum nunber of
substituents possi bl evbased ondi ng sites.
The term"treatment”, as used her&in, refers to reversing, alleviating,
inhibiting the progress of, or prevenmhmg t he disorder or condition to

whi ch such term applies, or one.or nore synptons of such condition or

di sorder. The tern1"treatnent",oas ci pPNsrefers to the act of
' Iy ahove. 20 The conpounds of

treating, as "treating” is def
formula | nmay have optical centers ForeJmay occur in different
I ncNudes all enantioners,

enanti omeric configurations The inventio

di aster eor’rev‘ll’h%rem 3N (? a c{% r'gro?h[') Q{h%ﬂ'fosrr%g% grbgnyl f%lH&Janaq WQ%‘?%%%.L% %5}1 I, as

well as racemc
atoms on the unsaturated portion of the molecule.

5 Unless otherwise indicated, the term "halo", as used herein, includes fluoro, chloro,
bromo and iodo.

Unless otherwise indicated, the term "alkyl", as used herein, includes straight chain
moieties, and where the number of carbon atoms suffices, branched and cyclic moieties.

The term "alkoxy", as used herein, means “-O-alkyl” or "alkyl-O-*, wherein “alkyl’ is

10  defined as above.

The term “alkylene, as used herein, means an alkyl radical having two available bonding
sites (i.e., -alkyl-), wherein “alkyl” is defined as above.

Uniess otherwise indicated, the term "one or more substituents”, as used herein, refers
to from one to the maximum number of substituents possible based on the number of available

156  bonding sites.

The term “treatment’, as used herein, refers to reversing, alleviating, inhibiting the
progress of, or preventing the disorder or condition to which such term applies, or one or more
symptoms of such condition or disorder. The term “treatment’, as used herein, refers to the act
of treating, as “treating” is defined immediately above.

20 The compounds of formula | may have optical centers and therefore may occur in
different enantiomeric configurations. The invention includes all enantiomers, diastereomers, and
other stereoisomers of such compounds of formula |, as well as racemic and other mixtures
thereof.

The present invention also relates to all radiolabeled forms of the compounds of the

25 formula |. Preferred radiolabeled compounds of formula | are those wherein the radiolabels are
selected from as °H, "'C, ™, ®F, ™ and '®I. Such radiolabeled compounds are useful as
research and diagnostic tools in metabolism studies, such as pharmacokinetics studies, etc., and

in binding assays in both animals and man.



t hereof. The present invention also relates to all radiol abel ed fornms of
the conpounds of the 25 formula |I. Preferred radi ol abel ed conpounds of
fornmul a Iwerg/osdese wherein the radi ol abels are sel ect edpPCmaBvzEs®H, 11C,
14C, 18F, 1231 and 1251. Such radi ol abel ed conpounds are useful as
research and di agnostic tools in netabolism studies, such as

phar macoki netics studies, etc., and in binding assays in both animals and
man. WO 03/ 045967 PCT/1B02/ 04820 -7 The present invention also relates to
a pharmaceutical conposition for use in reducing nicotine addiction or
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disorder (ADHD) and Tourette’s Syndrome in a mammal, comprising administering to a mammal

25 in need of such treatment an amount of a compound of the formula I, or a pharmaceutically
acceptable salt thereof, that is effective in treating such disorder or condition.

The present invention also relates to a pharmaceutical composition for treating a
disorder or condition selected from inflammatory bowel disease (including but not limited to
ulcerative colitis, pyoderma gangrenosum and Crohn's disease), irritable bowel syndrome,

30 spastic dystonia, chronic pain, acute pain, celiac sprue, pouchitis, vasoconstriction, anxiety, panic
disorder, depression, bipolar disorder, autism, sleep disorders, jet lag, amyotrophic lateral
sclerosis (ALS), cognitive dysfunction, hypertension, bulimia, anorexia, obesity, cardiac
arrythmias, gastric acid hypersecretion, ulcers, pheochromocytoma, progressive supranuclear
palsy, chemical dependencies and addictions (e.g., dependencies on, or addictions to nicotine

35 (andlor tobacco products), alcohol, benzodiazepines, barbiturates, opioids or cocaine),
headache, migraine, stroke, traumatic brain injury (TBI), obsessive-compulsive disorder (OCD),
psychosis, Huntington's chorea, tardive dyskinesia, hyperkinesia, dyslexia, schizophrenia, multi-



The present invention also relates to a pharmaceutical conposition for
treating a disorder or condition selected frominflanmtory bowel disease
(i ncl udi ngolmaw43ser limted to ulcerative colitis, pyoder®aTgBoag48osum and
Crohn's disease), irritable bowel syndrone, 30 spastic dystonia, chronic
pain, acute pain, celiac sprue, pouchitigs, vasoconstriction, anxiety, panic
di sorder, depression, bipolar disorder, autism sleep disorders, jet |ag,
anyotrophic |ateral sclerosis (ALS), cognitive dysfunction, hypertension,
bulim a, anorexia, obesity, cardiac arrythmas, gastric acid
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salicylic aﬁ@ltﬁcon@ma waa@qceuﬂcaﬂyoﬁcemt@iﬁ qnione; e g Begeiciodidaciitepte, sefate
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t hose o riraceu abI
addi tion sdPhwrexy-3pephteoaieddetitinds. Ot her possi bl e acid addl tion salts are,
e.g., salts containing pharmaceutically acceptable anions, such as the
hydr oi odi de, nitrate, sulfat eDetQIEad bestdtbabm@he IRAGgNat e or aci d phosphate,

acetate, | actal G gl URRR% S Ra0R kA ok 98l G ARLIATERN FIEH ¢

et hanesul f onat e, nzenesu ona ne- bi s-
(2- hydr oxy- sshermp I@ﬂﬁd@@@)‘vlo% that foljow @eﬂaﬁnpéés Bleoye |Nl?th06$1°foﬁynﬁ1¢ﬁeﬂﬂgrﬁméfﬁ'§$d)n
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et hods. of gRER0GroT Pty Sr2oPtzBn Mestrtai pRey bRt B SR o <

are set f orNdvernbrer it 1@PSancopatedPrreimby refetsheeintheientidety. WO 01/ 62736, fil ed

F?P;gar y 8, 2001y n@ishr! dtsRidiat A08 MeelPabiRI0Led R drécttdoP RoMBeun¥Ptd oS 81,

formula | of the present invention. In particular, studies have been carried out on 5,8,14-
25  triazatetracyclo[10.3.1.0%"".0*%]-hexadeca-2(11),3,5,7,9-pentaene:

N
/
S99
NS
N

Means of the synthesis of this compound may be found International Patent Publication
No. WO 99/35131 and WO 01/62736 . In analyses of this particular precursor compound in
liver microsomes, it was demonstrated that 5,8,14-triazatetracyclo[10.3.1.0>"'.0**-hexadeca-

30 2(11),3,5,7,9-pentaene undenyent N-carbamoyl glucuronidation to form an active compound
of formula: |



Novenber 13, 1998; incorporated herein by reference in their entirety. A
nunber of studi es have been conducted on precursor conpounds to those of
fornul a Iwofo3pk®epresent invention. In particular, studi epCraBe/dsmn
carried out on 5,8,14- 25

triazatetracycl o[ 10.3.1.02' 11. 04' 9] - hexggeca-2(11), 3,5, 7, 9-pentaene: NH N
Means of the synthesis of this conpound may be found International Patent
Publication No. WD 99/35131 and WD 01/62736 . In anal yses of this
particul ar precursor conpound in |liver mcrosones, it was denonstrated
that 5,8, 14-triazatetracycl o[ 10g3. 1(92 11.04' 9] - hexadeca 30

2(11), 3,5, 7, 9- pent aene under wen r banoyl gl ucuronidation to form an
active conpound of for nuH&: @ 7 PCT/1B02/04820 -9- OHO0O HOOH O
Al HO ON/ N when specific condijti onS and cofactors were used to support
this type of biotransformati r eacti on (blcarbonagp buf fer,

at nosphere, UDPGA). The cU@poun

5,8,14-triazatetracycl o[ 10. 3. 1. 02011. /£ 1),3,57,9- 5

pent aene has al so been studied in vivo 2 * ' use, and human).
Metabolite structures are described in Scheme | be|OM/ Met abolites in
human ci r culvbdn specifie) condiifiers ar’mecofddtatsawbramsyd! tegbuppuit this tpe oNbibwansiokmatioh N and

N- hexose co;yaag, 5S tfo%t Sl et 0 MimBhbret i noxal i ne ni t rogen position
and the 10 aza Fcyé cenp rogen p g% Pon ?&3 ;ﬁ)g}i HOHO O OH 40 /
\ HO \ compound 5,8 14-tr|azatetracyclo[10 3.1.0° hexadeca-2(11) 3,5,7,9-

5 pentaene has also been studied in vivo (rat, monkey, mouse, and human). Metabolite

¢ia-

structures are described in Scheme | below. Metabolites in human circulation included the
N-carbamoy! glucuronide, N-formyl:

A

and N-hexose conjugates (at either or both the quinoxaline nitrogen position and the
10  azabicyclic nitrogen position)

OH
HO OH
HO
HO 0 OH
. + 0
N\ ' HO N\
HN | N |
= =
N N
as well as a minor metabolite (assigned as a carbonyl metabolite as the molecular weight was
14 mass units greater than 5,8,14-triazatetracyclo[10.3.1.0>"".0**-hexadeca-2(11),3,5,7.9-

pentaene):
15
R N
AN
e
~
N

wherein R is an oxo group, which forms a carbonyl functional with any of the available carbon

15

atoms on the unsaturated portion of the molecule.
The N-carbamoyl glucuronide represents an unusual, albeit not unprecedented
metabolite that arises via association of carbon dioxide with the secondary amine followed by



HN1 NNN as well as a mnor netabolite (assigned as a carbonyl
nmetabolite as the nol ecul ar weight was 14 mass units greater than

5, 8, 14-t rwazanesacycl o] 10. 3. 1. 02, 11. 04' 9] - hexadeca- 2( 11) P8TEBI2/@820
pentaene): RI5/ I \ N\ ~ 15 N wherein R15 is an oxo group, which forns
a carbonyl functional with any of the aqyg | able carbon atons on the
unsaturated portion of the nolecule. The N carbanoyl gl ucuronide represents
an unusual, al beit not unprecedented netabolite that arises via

associ ation of carbon dioxide with the secondary am ne foll owed by WO
03/045967 P édr(ﬁﬁﬁ%l&ﬁ8ﬁr@chnmépsp@hle§H&s@é’ésg@hbwme@&ﬁi@s iR laB@tiontB8GME Finor

possessed these net Cf put ative oxidative
met abol i t esPU48 B’H‘%\?V%%‘&?%}o@ S QBOPW €§°r?tﬁd h'ﬂﬁté r & (hH@an were the

hydr oxyqui nisydadxyquinoraine betabolite (229"/9%otoée)dose) [ OH HNI N\ 5 and

N- car banoyl gl ucuroni de (3.6% of dose) The N-carbamoyl gl ucuronide was
present in rat and nonkey. The hyd /0 R netabolite was al so
shown to be present in rat ufgpe NZ ONN JN\V\,OH OH
I / HN HO '

5 and N-carbamoyl glucuronide (3.6% of dose). The N-carbamoyl glucuronide was present in
rat and monkey. The hydroxyquinoxaline metabolite was also shown to be present in rat
urine.

SCHEME |

H OH Tl

SUNENY o o) iSe

10 The compounds of the formula | and their pharmaceutically acceptable salts
(hereafter "the active compounds") can be administered via either the oral, transdermal (e.g.,
through the use of a patch), intranasal, sublingual, rectal, parenteral or topical routes.
Transdermal and oral administration are preferred. These compounds are, most desirably,
administered in dosages ranging from about 0.01 mg up to about 1500 mg per day, preferably

15  from about 0.1 to about 300 mg per day in single or divided doses, although variations will
necessarily occur depending upon the weight and condition of the subject being treated and
the particular route of administration chosen. However, a dosage level that is in the range of
about 0.001 mg to about 10 mg per kg of body weight per day is most desirably employed.
Variations may nevertheless occur depending upon the weight and condition of the persons



HOO YO OH NN 10 The conpounds of the fornmula | and their
pharmaceutically acceptable salts (hereafter "the active conpounds"”) can
be adm niwDes®es9971 a either the oral, transdermal (e.g., PoraBen48ive use of
a patch), intranasal, sublingual, rectal, parenteral or topical routes.
Transdermal and oral adm nistration areqpreferred. These conpounds are,
nost desirably, admnistered in dosages ranging fromabout 0.01 ng up to
about 1500 ng per day, preferably 15 fromabout 0.1 to about 300 ng per day
in single or divided doses, although variations will necessarily occur
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nmedi a and uaebaoti®%imynweighki ¢ or gani ¢ sol vents. |In addition, oral 15

phar maceut i cal %FB@ﬁé&rhuFﬁE‘tﬁah&@"fatﬁ’é?s SehdiARy os;.&@eeeﬁfamg saa%frn.éraca,g@mﬁed I'n

general , the acti v$ ounds are %r esent 1 n such dosage forns “at

concent r at i6l9se\a¢! %’“P'é[%% W&'uf“r‘i?fﬁoﬂ 8lﬂ°a§'”@%‘°ﬁpaatﬁlﬁ‘%9'VW}€‘W9\/9§IP{?M?“. For
oral adz nisking ath eanoust disirtegrantscaiot as staroig(preserablyUcdrre Katétp ioebiscasdtdreh) ainic

m crocryst aalcid'elﬂg certain complex silicates, together with granulation binders like polyvinylpyrrolidone,

sucrose, gelatin and acacia. Additionally, lubricating agents such as magnesium stearate,
sodium lauryl sulfate and talc can be used for tabletting purposes. Solid compositions of a
similar type may also be employed as fillers in gelatin capsules; preferred materials in this

25 connection also include lactose or milk sugar, as well as high molecular weight polyethylene
glycols. When aqueous suspensions and/or elixirs are desired for oral administration the active
ingredient may be combined with various sweetening or flavoring agents, coloring matter and, if
so desired, emulsifying and/or suspending agents, together with such diluents as water, ethanol,
propylene glycol, glycerin and various combinations thereof.

30 For parenteral administration, a solution of an active compound in either sesame or
peanut oil or in agqueous propylene glyco! can be employed. The aqueous solutions should be
suitably buffered (preferably pH greater than 8), if necessary, and the liquid diluent first rendered
isotonic. These aqueous solutions are suitable for intravenous injection purposes. The oily
solutions are suitable for intraarticular, intramuscular and subcutaneous injection purposes. The

35 preparation of all these solutions under sterile conditions is readily accomplished by standard
pharmaceutical techniques well known to those skilled in the art.



cellul ose, sodiumcitrate, calcium carbonate, dicalcium phosphate and

gl ycine may be enployed 20 along with various disintegrants such as starch
(pref er abWp 0s0#3967 pot at 0 or tapioca starch), al ginic aci drPamdBeaM4BZI N
conplex silicates, together with granul ati on binders |ike

pol yvi nyl pyrrol i done, sucrose, gel atinqand acacia. Additionally,

| ubricating agents such as nagnesi um stearate, sodiumlauryl sulfate and
talc can be used for tabletting purposes. Solid conpositions of a simlar
type may al so be enployed as fillers in gelatin capsules; preferred
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the second centrifugation, the membranes were resuspended in assay buffer at a concentration
of 1.09/100mL. The composition of the standard assay buffer was 50 mM Tris HCI, 120 mM
25 NaCl, 5 mM KCI, 2 mM MgCl,, 2 mM CaCl; and has a pH of 7.4 at room temperature.

Routine assays were performed in borosilicate glass test tubes. The assay mixture
typically consisted of 0.9 mg of membrane protein in a final incubation volume of 1.0 mL. Three
sets of tubes were prepared wherein the tubes in each set contained 50uL of vehicle, blank, or
test compound solution, respectively. To each tube was added 200 pL of [*H}-nicotine in assay

30 buffer followed by 750 pl of the membrane suspension. The final concentration of nicotine in
each tube was 0.9 nM. The final concentration of cytisine in the blank was 1 pM. The vehicle
consisted of deionized water containing 30 pL of 1 N acetic acid per 50 mL of water. The test
compounds and cytisine were dissolved in vehicle. Assays were initiated by vortexing after
addition of the membrane suspension to the tube. The samples were incubated at 0 to 4° C in an

35 iced shaking water bath. Incubations were terminated by rapid filtration under vacuum through

ITM

Whatman GF/B™ glass fiber filters using a Brandel™ multi-manifold tissue harvester. Following



15 The rats were killed by decapitation. Brains were renoved i mredi ately
follow ng decapitation. Menbranes were prepared frombrain tissue

accor di ngwoosi®enet hods of Lippiello and Fernandez Ml e®CPhBo2zasm , 29,
448- 454, (1986) with sonme nodifications. Wwole brains were renoved, rinsed
with ice-cold buffer, and honogeni zed a3-00 in 10 vol unes of buffer (wv)
using a Brinkmann Pol ytronTM setting 6, for 30 seconds. The buffer
consisted of 50 MM Tris 20 HCl at a pH of 7.5 at roomtenperature. The
honbgenat e was sedi mented by centrifugation (10 mnutes; 50,000 x g; O to

4C. The supgg iﬂﬁél@i%tld%?thﬁ%géa?%)@urfa fed mieré%mémwamméswee-s&mésx buffer
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tenperat%ré”p“%%tl ne assays were performed in borosilicate glass test
tubes. The assay m xture typically cocaicastess of 0.9 ng of nenbrane protein
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wherein the tublé?e{n%n%'){ @tt chghgrp%%ncf ggﬁe ggeréﬁﬁt?soﬁ%eekqﬁgﬁf(mg ml%
conpound s&RTIPED RONtFRIHVERIcleVRBivyandTRerBENe (A Bed BRssPeeie Bingiog '“th®1samp|es

[ 3H] - ni cot Icaﬁam[ﬁgihSEﬁMb&QeM(fyﬁginef(B J,lowed by 750 gL of the menbrane
suspenq on. TheS[p b (é‘ﬂ (?‘i @ of nicotine in each tube was 0.9 nM
The fi naI concentration in the blank was 1 M The vehicle

consi st ed of dei&@ﬁ@@@@dwmfethe peprnas Al thgytegiompaund (ENNs the siiffecenegheiwgeaithes0 i
of water. TH4 thr@d in tﬁ@EﬂéQéH&é’%f me@esw&mp%uﬁte(mﬁ@nmﬁéawmdmdx n%ea.l, e
Assays wer? gorz%tlated y vortexing after addition of the nenbrane

suspensi on P he tube. The sanpl es were incubated at 0 to 4 Cin an 35

i ced shaki ng wat’elnhibitani: (14({F/(@ktimesi€0mer e term nated by rapid filtration
under vgcuum t hirae@hnpolhed BRe SAvCRBbM Gk 98 tfaétegbefn tﬂé lab&eSasds) S@ivedicgndel TM
mul ti-manifold tissue harvester. Follow ng WO 03/ 045967 PCT/1B02/ 04820 -13
the initial@¥e3¥ e PIn%GM-t he assay mixture, fllters were washed two tines
with ice-cold assay buffer (5 meach). The filters were then placed in
counting vials and m xed vigorously with 20 mMl of Ready SafeTM (Beckman)
before quantification of radioactivity. Sanples were counted in a LKB

Wal | ach RackbetaTM Iliquid scintillation counter at 40-50% efficiency. All
determ nations were in 5 triplicate. Calculations Specific binding (C to
the menbrane is the difference between total binding in the sanples

contai ning vehicle only and nmenbrane (A) and non-specific binding in the
sanpl es containing the nenbrane and cytisine (B), i.e., 10 Specific
binding = (C = (A - (B).



Specific binding in the presence of the test conpound (E) is the difference
between the total binding in the presence of the test conmpound (D) and
non- speciwoa3bizveing (B), i.e., (E) _ (D - (B) % I nhi bi PC®NB62/04820
(1-((BE)/(C)) tinmes 100. 15 The compounds of the invention that were tested
in the above assay exhibited 1C50 valugs of |less than 10 M WO 03/ 045967
PCT/ 1 B02/ 04820 -14 CLAIMS 1 A conpounds of fornmula (I) RR NR (1) R3
wherein Rl is independently hydrogen or -COOR4, wherein R4 is a group of
forrula 0O OHOHHOHO or O""(0O HOHO 5 OHOH R2 and R3, together with
the benzo ring to which they are attaghggds forma bicyclic ring system
selected fromthe followwng: NNR N11 \R'" O>R' Rl12 NN Rl12S NR
@;/ 11 N Rl11l Q.R11 ARbpodddloForsiu (D

2

R
NR' 0)
RS
wherein R is independently hydrogen or -COOR®, wherein R* is a group of formuia
O\ _OH OH

HO HO

o) 0]

or
HO HO
5 OH OH

R? and R®, together with the benzo ring to which they are attached, form a bicyclic ring
system selected from the following:

N R1‘l
N N
O~ O~ &
N (0] N

12

R
o\ S 1
—R
Va @N/

R11



NIiN N R RI1 11 11 RRR 12i N~\ NO N R12 N W 03/045967
PCT/ 1 B02/ 04820 -15 R12 R12 R12 OCNIN O::N N R11 R11 R11 R11 R11 R12
N N g N WoOR3A459¢herei n one of the carbon atons of ring ArPcanBapi4szmnal |y be
replaced with oxygen or N(Cl-C6)al kyl; wherein Rl1 and R12 are sel ected,

i ndependent|ly, from hydrogen, (Cl-C6)alkyl; and 5

(C1-Co6) al koxy-(C-C6) al kyl - wherein the total nunber of carbon atons does
not exceed six and wherein any of the al kyl noieties nay optionally be
substituted with fromone to seven fluorine atons; nitro, cyano, halo,

am no, (Cl1-C6)al kyl am no-, ((Cl-C6)al kyl )%gm no-, -CO2R5, - R6R7,

- S02NR8R9, -C(=0 ~—2 mogecyclic &R/, or when
attached to a ni [ nul'a: OH H® 10 OH each
R5, R6, R, R8, K ) pjndependent | /hydrogen and
\R11
R11

wherein one of the carbon atoms of ring A can optionally be replaced with oxygen or
N(C;-Cg)alkyl;
wherein R and R'? are selected, independently, from hydrogen, (C4-Cg)alkyl; and
5  (C4-Ce)alkoxy-(Co-Cs)alkyl- wherein the total number of carbon atoms does not exceed six and
wherein any of the alkyl moieties may optionally be substituted with from one to seven fluorine
atoms; nitro, cyano, halo, amino, (C;-Cg)alkylamino-, ((C4-Ce)alkyl);amino-, -CO.R’,
-CONR®R’, -SO,NR®R?, -C(=0)R"®, -XC(=O)R'®, phenyl, monocyclic heteroaryl, or when
attached to a nitrogen atom, a group of formula:
OH

HO

HO
OH
each R°, R%, R’, R®, R? and R" is selected, independently, from hydrogen and

(C1-Ce)alkyl, or
R® and R’, or R® and R® together with the nitrogen to which they are attached, form a
pyrrolidine, piperidine, morpholine, azetidine, piperazine, -N-(C4-Ce)alkylpiperazine or

10

15  thiomorpholine ring, or a thiomorpholine ring wherein the ring suifur is replaced with a
sulfoxide or sulfone; and each X is, independently, (C4-C¢)alkylene;
with the proviso that when R' is H, then at least one of R"" or R'? must be a group of

formula:



(Cil-C6)al kyl, or R6 and R7, or R8 and R9 together with the nitrogen to

whi ch they are attached, forma pyrrolidine, piperidine, norpholine,

azet i di newopBjevazi ne, - N-(Cl-C6)al kyl pi perazi ne or 15 t mcanmBozdIsto ne
ring, or a thionorpholine ring wherein the ring sulfur is replaced with a
sul foxide or sulfone; and each X is, ingependently, (Cl-C6)alkylene; with
the proviso that when RL is H, then at |east one of Rl1 or R12 nust be a
group of forrmula: WO 03/045967 PCT/1B02/04820 -16 OH HO O HO (H
attached to a nitrogen atomin the ring forned by groups R2 and R3, and
form ng an ammoni um ion center on that niggogen atomif necessary to
accommodat e the existing bonding rel ati ghshi ps; and pharnaceutical ly
acceptabl e salts thereof. 5 2. A conpound according to claim1 wherein R2
and R3, together with the benzo ich they are attached, forma
bicyclic ring systemselected fromth ow ng: wherein R' and Rl12 are as
defined in claiml. 3. A conpound ac to claiml wherein R2 and R3,
together with the benzo 10 ring % whi y are attached, forma group:
N R11 OR12 (. wherein R11 and R12 argyas defined in claiml. 4. A
conmpound according to claim1 selected fromthe group consisting of: 5. A
phar nmaceut iatizthed torepaitsigen @emfirothe trgsfoinred by dwops iy and Gotdnd doreningiapemotenigm ai di ng
in 15 the;neasdt drdhht AfrodeR SRR HBeddbry tR8&FRodaREnd dkisindBUNERY reldticahibeli Ng a
human, conpri si ng n armun@ of a lcogjg?und according to any of clains 1 to
4, or a phar mac&lf PNIcgUtsRly pteRlsP's s feref her eof , that is effective in
reduci ng nicotine addi ¢t ii. di i i 3 i of
tobaccoguse andr}a ph%r%@gﬁd%%%ﬂ@d %%E:aﬁeng'g a @ﬁgﬁ%??ﬁ’ﬁogéhéﬁﬁniﬁﬁgg or
reduci ng niiembivwiish gy preeftashed formiadioyelic ring gypiem seleded Tashthg follPwiRkeni ng 20 of
tobacco use in a manmal, including a human, conprising adm nistering to
said manmmal , an. amung. of a conpoynd ,according to any clains 1 to 4, or a
phar maceut ?"’Eﬁrﬂ"ﬁ a%'?gétaé%?sedeﬁréthm dlaif 12°°

3. A compound according to claim 1 wherein R? and R®, together with the benzo

10  ring to which they are attached, form a group:

wherein R'! and R" are as defined in claim 1.

4. A compound according to claim 1 selected from the group consisting of:
5. A pharmaceutical composition for use in reducing nicotine addiction or aiding in
15  the cessation or lessening of tobacco use in a mammal, including a human, comprising an
amount of a compound according to any of claims 1 to 4, or a pharmaceutically acceptable salt
thereof, that is effective in reducing nicotine addiction or aiding in the cessation or lessening of
tobacco use and a pharmaceutically acceptable carrier.

6. A method for reducing nicotine addiction or aiding in the cessation or lessening

20 of tobacco use in a mammal, including a human, comprising administering to said mammal an
amount of a compound according to any claims 1 to 4, or a pharmaceutically acceptable salt
thereof, that is effective in reducing nicotine addiction or aiding in the cessation or lessening of

tobacco use.

7. A method of treating a disorder or condition selected from inflammatory bowel

25 disease, ulcerative colitis, pyoderma gangrenosum, Crohn’s disease, irritable bowel syndrome,
spastic dystonia, chronic pain, acute pain, celiac sprue, pouchitis, vasoconstriction, anxiety, panic
disorder, depression, bipolar disorder, autism, sleep disorders, jet lag, amyotrophic lateral



thereof, that is effective in reducing nicotine addiction or aiding in the
cessation or |essening of tobacco use. 7. A nethod of treating a disorder
or condi twore3meiserted frominflanmatory bowel 25 di seasepCuliBev@Biove
colitis, pyoderma gangrenosum Crohn's disease, irritable bowel syndrone,
spastic dystonia, chronic pain, acute pg.n, celiac sprue, pouchitis,
vasoconstriction, anxiety, panic disorder, depression, bipolar disorder,
autism sleep disorders, jet lag, anmyotrophic |lateral WO 03/ 045967
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disorder (ADHD ) and Tourette's Syndrome in a mammal, comprising an amount of a compound

25 according to any of claims 1 to 4, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier.



