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(57) ABSTRACT 

The invention provides compounds of Formula I: 

R1 

I 0 

NTW @[ X 
N R; 

wherein W0 is a bicyclic moiety and is 

W2 : i 
W gW4 I 

These compounds may be in the form of pharmaceutical 
salts or compositions, may be in pure enantiomeric form or 
racemic mixtures, and are useful to treat diseases or condi 
tions in Which (X7 is knoWn to be involved. 

Formula I 
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QUINUCLIDINE-SUBSTITUTED 
HETERO-BICYCLIC AROMATIC COMPOUNDS 

FOR THE TREATMENT OF DISEASE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. provi 
sional application Serial No. 60/297629 ?led on 12 Jun. 
2001, under 35 USC 119(e)(i); US. provisional application 
Serial No. 60/297630 ?led on 12 Jun. 2001, under 35 USC 
119(e)(i); US. provisional application Serial No. 60/297631 
?led on 12 Jun. 2001, under 35 USC 119(e)(i); U.S. provi 
sional application Serial No. 60/297632 ?led on 12 Jun. 
2001, under 35 USC 119(e)(i); US. provisional application 
Serial No. 60/297633 ?led on 12 Jun. 2001, under 35 USC 
119(e)(i); US. provisional application Serial No. 60/328548 
?led on 11 Oct. 2001, under 35 USC 119(e)(i); and US. 
provisional application Serial No. 60/373496 ?led on 18 
April 2002, under 35 USC 119(e)(i), Which are incorporated 
herein by reference in their entirety. 

FIELD OF INVENTION 

[0002] Nicotinic acetylcholine receptors (nAChRs) play a 
large role in central nervous system (CNS) activity. Particu 
larly, they are knoWn to be involved in cognition, learning, 
mood, emotion, and neuroprotection. There are several types 
of nicotinic acetylcholine receptors, and each one appears to 
have a different role in regulating CNS function. Nicotine 
affects all such receptors, and has a variety of activities. 
Unfortunately, not all of the activities are desirable. In fact, 
one of the least desirable properties of nicotine is its addic 
tive nature and the loW ratio betWeen ef?cacy and safety. The 
present invention relates to molecules that have a greater 
effect upon the (X7 nAChRs as compared to other closely 
related members of this large ligand-gated receptor family. 
Thus, the invention provides compounds that are active drug 
molecules With feWer side effects. 

BACKGROUND OF THE INVENTION 

[0003] Cell surface receptors are, in general, eXcellent and 
validated drug targets. nAChRs comprise a large family of 
ligand-gated ion channels that control neuronal activity and 
brain function. These receptors have a pentameric structure. 
In mammals, this gene family is composed of nine alpha and 
four beta subunits that co-assemble to form multiple sub 
types of receptors that have a distinctive pharmacology. 
Acetylcholine is the endogenous regulator of all of the 
subtypes, While nicotine non-selectively activates all 
nAChRs. 

[0004] The (x7 nAChR is one receptor system that has 
proved to be a dif?cult target for testing. Native (a7 nAChR 
is not routinely able to be stably expressed in most mam 
malian cell lines (Cooper and Millar, Nature, 366(6454), p. 
360-4, 1997). Another feature that makes functional assays 
of a7 nAChR challenging is that the receptor is rapidly (100 
milliseconds) inactivated. This rapid inactivation greatly 
limits the functional assays that can be used to measure 
channel activity. 

[0005] Recently, Eisele et al. has indicated that a chimeric 
receptor formed betWeen the N-terminal ligand binding 
domain of the (x7 nAChR (Eisele et al., Nature, 366(6454), 
p 479-83, 1993), and the pore forming C-terminal domain of 
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the 5 —HT3 receptor expressed Well in Xenopus oocytes While 
retaining nicotinic agonist sensitivity. Eisele et al. used the 
N-terminus of the avian (chick) form of the (x7 nAChR 
receptor and the C-terminus of the mouse form of the 5-HT3 
gene. HoWever, under physiological conditions the (X7 
nAChR is a calcium channel While the 5-HT3R is a sodium 
and potassium channel. Indeed, Eisele et al. teaches that the 
chicken (X7 nAChR/ mouse 5-HT3R behaves quite differ 
ently than the native (x7 nAChR With the pore element not 
conducting calcium but actually being blocked by calcium 
ions. WO 00/73431 A2 reports on assay conditions under 
Which the 5-HT3R can be made to conduct calcium. This 
assay may be used to screen for agonist activity at this 
receptor. 

[0006] WO 00/73431 A2 discloses tWo binding assays to 
directly measure the affinity and selectivity of compounds at 
the (x7 nAChR and the 5-HT3R. The combined use of these 
functional and binding assays may be used to identify 
compounds that are selective agonists of the (x7 nAChR. 

SUMMARY OF THE INVENTION 

[0007] The present invention discloses compounds of the 
Formula I: 

[0008] wherein W0 is a bicyclic moiety and is 

[0009] X is O, or S; 

[0010] R1 is H, alkyl, cycloalkyl, halogenated alkyl, 
substituted phenyl, or substituted naphthyl; 

[0011] R2 is H, alkyl, halogenated alkyl, substituted 
alkyl, cycloalkyl, or aryl; 

[0012] R3 is H, F, alkyl, halogenated alkyl, substituted 
alkyl, lactam heterocycloalkyl, phenoXy, substituted phe 
noXy, R7, R9, —N(R4)-aryl, —N(R4)-substituted phenyl, 
—N(R4)-substituted naphthyl, —O-substituted phenyl, 
—O-substituted naphthyl, —S-substituted phenyl, —S-sub 
stituted naphthyl, or alkyl substituted on the W carbon With 
R15 Where said 00 carbon is determined by counting the 
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longest carbon chain of the alkyl moiety With the C-1 carbon 
being the carbon attached to the bicyclic moiety W0 and the 
00 carbon being the carbon furthest, e.g., separated by the 
greatest number of carbon atoms in the chain, from said C-1 
carbon; 

[0013] W is C(H) Where 

[0015] Q is N(R19), O, or S; 

[0016] W is N Where 

[0018] W1, W2, W3, W4 are each independently N or 
C(Rzl), provided that no more than tWo of W1, W2, 
W3, W4 are N, and further provided When more than 
tWo of W1, W2, W3, W4 are C(R21) that no more than 
tWo R21 are other than H; 

[0019] J is N(R23), S, or O; 

[0020] R4 is H, or alkyl; 

[0021] R5 is H, F, Br, Cl, I, alkyl, substituted alkyl, 
halogenated alkyl, alkenyl, substituted alkenyl, halo 
genated alkenyl, alkynyl, substituted alkynyl, halo 
genated alkynyl, heterocycloalkyl, substituted het 

—CO2R1, aryl, R7, or R9; 

[0023] R7 is S-membered heteroaromatic mono-cy 
clic moieties containing Within the ring 1-3 heteroa 
toms independently selected from the group consist 
ing of —O—, =N—, —N(R19)—, and —S—, and 
having 0-1 substituent selected from R20 and further 
having 0-3 substituents independently selected from 
F, Cl, Br, or I, or R7 is 9-membered fused-ring 
moieties having a 6-membered ring fused to a 
5-membered ring and having the formula 
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[0025] Wherein E and G are independently selected from 
CR18, O, S, N, or NRlg, and A is CR18 or N, or 

[0026] Wherein E and G are independently selected from 
CR18, O, S, N, or NRlg, and A is CR18 or N, each 9-mem 
bered fused-ring moiety having 0-1 substituent selected 
from R20 and further having 0-3 substituent(s) indepen 
dently selected from F, Cl, Br, or I, and having a bond 
directly or indirectly attached to the core molecule Where 
valency alloWs in either the 6-membered or the 5-membered 
ring of the fused-ring moiety; 

[0027] Each R8 is independently F, Br, Cl, I, alkyl, 
substituted alkyl, halogenated alkyl, alkenyl, substi 
tuted alkenyl, halogenated alkenyl, alkynyl, substi 
tuted alkynyl, halogenated alkynyl, —CN, —CF3, 
—ORl, —C(O)NH2, —NHRl, —SRl, —CO2R1, 
aryl, phenoXy, substituted phenoXy, heteroaryl, 
—N(R4)-aryl, or —O-substituted aryl. 

[0028] R9 is 6-membered heteroaromatic mono-cy 
clic moieties containing Within the ring 1-3 heteroa 
toms selected from =N- and having 0-1 substituent 
selected from R20 and 0-3 substituent(s) indepen 
dently selected from F, Cl, Br, or I, or R9 is 10-mem 
bered heteroaromatic bi-cyclic moieties containing 
Within one or both rings 1-3 heteroatoms selected 
from =N—, including, but not limited to, quinolinyl 
or isoquinolinyl, each 10-membered fused-ring moi 
ety having 0-1 substituent selected from R20 and 0-3 
substituent(s) independently selected from F, Cl, Br, 
or I and having a bond directly or indirectly attached 
to the core molecule Where valency alloWs; 

[0029] Each R10 is independently H, alkyl, 
cycloalkyl, heterocycloalkyl, alkyl substituted With 1 
substituent selected from R13, cycloalkyl substituted 
With 1 substituent selected from R13, heterocy 
cloalkyl substituted With 1 substituent selected from 
R13, halogenated alkyl, halogenated cycloalkyl, 
halogenated heterocycloalkyl, phenyl, or substituted 
phenyl; 
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[0030] Each R11 is independently H, alkyl, 
cycloalkyl, heterocyclo-alkyl, halogenated alkyl, 
halogenated cycloalkyl, or halogenated heterocy 

[0033] R16 is H, alkyl, substituted alkyl, cycloalkyl, 
halogenated alkyl, heterocycloalkyl, substituted het 
erocycloalkyl, substituted phenyl, or substituted 
naphthyl; 

[0034] One of R17 is H, alkyl, substituted alkyl, 
halogenated alkyl, alkenyl, substituted alkenyl, halo 
genated alkenyl, alkynyl, substituted alkynyl, halo 
genated alkynyl, —CN, F, Br, Cl, I, —ORl, 
—C(O)NH2, —NHRl, —SR1, —CO2R1, aryl, R7, or 
R9, and each of the other tWo R17 is independently 
selected from alkyl, substituted alkyl, halogenated 
alkyl, alkenyl, substituted alkenyl, halogenated alk 
enyl, alkynyl, substituted alkynyl, halogenated alky 
nyl, —CN, F, Br, Cl, I, —ORl, —C(O)NH2, 
—NHRl, —SR1, —CO2R1, aryl, R7, or R9; 

[0035] Each R18 is independently selected from H, F, 
Cl, Br, I, alkyl, cycloalkyl, heterocycloalkyl, halo 
genated alkyl, halogenated cycloalkyl, halogenated 
heterocycloalkyl, substituted alkyl, substituted 
cycloalkyl, substituted heterocycloalkyl, —ORll, 
—SR11> —NR11R11> —C(O)R11> —NOZ, 
—C(O)NR11R11, —CN, —NR11C(O)R11, 
—S(O)2NR11R11, or —NR11S(O)2R11, or a bond 
directly or indirectly attached to the core molecule, 
provided that there is only one said bond to the core 
molecule Within the 9-membered fused-ring moiety, 
further provided that the fused-ring moiety has 0-1 
substituent selected from alkyl, cycloalkyl, hetero 
cycloalkyl, halogenated alkyl, halogenated 
cycloalkyl, halogenated heterocycloalkyl, substi 
tuted alkyl, substituted cycloalkyl, substituted het 

—NR11S(O)2R11, and further provided that the 
fused-ring moiety has 0-3 substituent(s) selected 
from F, Cl, Br, or I; 

[0036] R19 is H, alkyl, halogenated alkyl, substituted 
alkyl, cycloalkyl, halogenated cycloalkyl, substi 
tuted cycloalkyl, phenyl, or phenyl having 1 sub 
stituent selected from R20 and further having 0-3 
substituents independently selected from F, Cl, Br, or 
I; 

[0037] R20 is alkyl, cycloalkyl, heterocycloalkyl, 
halogenated alkyl, halogenated cycloalkyl, haloge 
nated heterocycloalkyl, —OR11> —SRn, 
—NR11R11> —C(O)R11> —C(O)NR11R11> —CN> 
—NR11C(O)R11> —S(O)2NR11R11> —NR11S(O)2R, 
11, —NO2, alkyl substituted With 1-4 substituent(s) 
independently selected from F, Cl, Br, I, or R13, 
cycloalkyl substituted With 1-4 substituent(s) inde 
pendently selected from F, Cl, Br, I, or R13, or 
heterocycloalkyl substituted With 1-4 substituent(s) 
independently selected from F, Cl, Br, I, or R13; 
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[0038] R21 is H, F, Cl, Br, I, alkyl, substituted alkyl, 
halogenated alkyl, cycloalkyl, —CN, —NR22R22, 
—OR22, or —SR22; 

[0039] Each R22 is independently H, alkyl, substi 
tuted alkyl, cycloalkyl, halogenated alkyl, substi 
tuted cycloalkyl, heterocycloalkyl, or substituted 
heterocycloalkyl; 

[0040] R23 is H, alkyl, halogenated alkyl, substituted 
alkyl, cycloalkyl, halogenated cycloalkyl, substi 
tuted cycloalkyl, heterocycloalkyl, halogenated het 
erocycloalkyl, substituted heterocycloalkyl, substi 
tuted phenyl, naphthyl, substituted naphthyl, R7, or 

[0041] or pharmaceutical composition, pharmaceuti 
cally acceptable salt, racemic mixture, or pure enan 
tiomer thereof. 

[0042] The compounds of Formula I are use to treat any 
one of or combination of cognitive and attention de?cit 
symptoms of AlZheimer’s, neurodegeneration associated 
With diseases such as AlZheimer’s disease, pre-senile 
dementia (mild cognitive impairment), senile dementia, 
schiZophrenia, psychosis, attention de?cit disorder, attention 
de?cit hyperactivity disorder, mood and affective disorders, 
amyotrophic lateral sclerosis, borderline personality disor 
der, traumatic brain injury, behavioral and cognitive prob 
lems associated With brain tumors, AIDS dementia complex, 
dementia associated With DoWn’s syndrome, dementia asso 
ciated With LeWy Bodies, Huntington’s disease, depression, 
general anxiety disorder, age-related macular degeneration, 
Parkinson’s disease, tardive dyskinesia, Pick’s disease, post 
traumatic stress disorder, dysregulation of food intake 
including bulemia and anoreXia nervosa, WithdraWal symp 
toms associated With smoking cessation and dependant drug 
cessation, Gilles de la Tourette’s Syndrome, glaucoma, 
neurodegeneration associated With glaucoma, or symptoms 
associated With pain. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0043] Surprisingly, We have found that compounds of 
Formula I: 

R1 
I 0 

NTW @i X 
N R2 

[0044] wherein W0 is a bicyclic moiety and is 

Formula I 
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-continued 
W1 // N 

W2 

W gW4 J 

[0045] R1 is H, alkyl, cycloalkyl, halogenated alkyl, 
substituted phenyl, or substituted naphthyl; 

[0046] Alkyl is both straight- and branched-chain 
moieties having from 1-6 carbon atoms, unless oth 
erWise speci?ed; 

[0047] Halogenated alkyl is an alkyl moiety having 
from 1-6 carbon atoms and having 1 to (2n+1) 
substituent(s) independently selected from F, Cl, Br, 
or I Where n is the maXimum number of carbon 
atoms in the moiety; 

[0048] Cycloalkyl is a cyclic alkyl moiety having 
from 3-6 carbon atoms; 

[0049] Substituted phenyl is a phenyl either having 
1-4 substituents independently selected from F, Cl, 
Br, or I, or having 1 substituent selected from R12 
and 0-3 substituents independently selected from F, 
Cl, Br, or I; 

[0050] Substituted naphthyl is a naphthalene moiety 
either having 1-4 substituents independently selected 
from F, Cl, Br, or I, or having 1 substituent selected 
from R12 and 0-3 substituents independently selected 
from F, Cl, Br, or I, Where the substitution can be 
independently on either only one ring or both rings 
of said naphthalene moiety; 

[0051] R2 is H, alkyl, halogenated alkyl, substituted 
alkyl, cycloalkyl, or aryl; 

[0052] Aryl is phenyl, substituted phenyl, naphthyl, 
or substituted naphthyl; 

[0053] Substituted alkyl is an alkyl moiety from 1-6 
carbon atoms and having 0-3 substituents indepen 
dently selected from F, Cl, Br, or I and further having 
I substituent selected from —ORlo, —SRlo, 
—NRloRlo, —C(O)R10, —C(O)NR1OR1O, —CN, 
—NR10C(O)R10> —S(O)2NR10R10> 
—NR1OS(O)2R1O, —NO2, R7, R9, phenyl, or substi 
tuted phenyl; 

[0054] R3 is H, F, alkyl, halogenated alkyl, substi 
tuted alkyl, lactam heterocycloalkyl, phenoXy, sub 
stituted phenoXy, R7, R9, —N(R4)-aryl, —O-substi 
tuted phenyl, —O-substituted naphthyl, 
—S-substituted phenyl, —S-substituted naphthyl, or 
alkyl substituted on the 00 carbon With R15 Where said 
00 carbon is determined by counting the longest 
carbon chain of the alkyl moiety With the C-1 carbon 
being the carbon attached to the bicyclic moiety W0 
and the 00 carbon being the carbon furthest, e.g., 
separated by the greatest number of carbon atoms in 
the chain, from said C-1 carbon; 

[0055] Lactam heterocycloalkyl is a cyclic moiety 
having from 4-7 atoms With one atom being only 
nitrogen With the bond to the lactam heterocy 
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cloalkyl thru said atom being only nitrogen and 
having a :0 on a carbon adjacent to said nitrogen, 
and having up to 1 additional ring atom being 
oXygen, sulfur, or nitrogen and further having 0-2 
substituents selected from F, Cl, Br, I, or R14 Where 
valency alloWs; 

[0056] Substituted phenoXy is a phenoXy either hav 
ing 1-3 substituents independently selected from F, 
Cl, Br, or I, or having 1 substituent selected from R12 
and 0-2 substituents independently selected from F, 
Cl, Br, or I; 

[0057] W is C(H) Where 

[0059] Q is N(R19), O, or S; 

[0060] W is N Where 

[0062] W1, W2, W3, W4 are each independently N or 
C(Rzl), provided that no more than tWo of W1, W2, 
W3, W4 are N, and further provided When more than 
tWo of W1, W2, W3, W4 are C(R21) that no more than 
tWo R21 are other than H; 

[0063] J is N(R23), S, or O; 

[0064] R4 is H, or alkyl; 

[0065] R5 is H, F, Br, Cl, I, alkyl, substituted alkyl, 
halogenated alkyl, alkenyl, substituted alkenyl, halo 
genated alkenyl, alkynyl, substituted alkynyl, halo 
genated alkynyl, heterocycloalkyl, substituted het 
erocycloalkyl, lactam heterocycloalkyl, —CN, 
—NOZ, —OR1, —C(O)N(R16)2, —NHRl, 
—NR1COR16, —N(R10)2, —sRl, —C(O)R16, 
—CO2R1, aryl, R7, or R9; 

[0066] Alkenyl is straight- and branched-chain moi 
eties having from 2-6 carbon atoms and having at 
least one carbon-carbon double bond; 

[0067] Halogenated alkenyl is an unsaturated alkenyl 
moiety having from 2-6 carbon atoms and having 1 
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to (2n-1) substituent(s) independently selected from 
F, Cl, Br, or I Where n is the maximum number of 
carbon atoms in the moiety; 

[0068] Substituted alkenyl is an unsaturated alkenyl 
moiety having from 2-6 carbon atoms and having 0-3 
substituents independently selected from F, or Cl, 
and further having 1 substituent selected from 
—OR10> —SR10> —NR10R10> —C(O)R10> 
—C(O)NR10R10> —NR10C(O)R10> 
—S(O)2NR10R10> —NR10S(O)2R10> —CN> R7> R9> 
phenyl, or substituted phenyl; 

[0069] Alkynyl is straight- and branched-chained 
moieties having from 2-6 carbon atoms and having at 
least one carbon-carbon triple bond; 

[0070] Halogenated alkynyl is an unsaturated alkynyl 
moiety having from 3-6 carbon atoms and having 1 
to (2n-3) substituent(s) independently selected from 
F, Cl, Br, or I Where n is the maXimum number of 
carbon atoms in the moiety; 

[0071] Substituted alkynyl is an unsaturated alkynyl 
moiety having from 3-6 carbon atoms and having 0-3 
substituents independently selected from F, or Cl, 
and further having 1 substituent selected from 
—OR10> —SR10> —NR10R10> —C(O)R10> 
—C(O)NR10R10> —NR10C(O)R10> 
—S(O)2NR10R10> —NR10S(O)2R10> —CN> R7> R9> 
phenyl, or substituted phenyl; 

[0072] Halogenated cycloalkyl is a cyclic moiety 
having from 3-6 carbon atoms and having 1-4 sub 
stituents independently selected from F, or C1; 

[0073] Substituted cycloalkyl is a cyclic moiety hav 
ing from 3-6 carbon atoms and having 0-3 substitu 
ents independently selected from F, or Cl, and further 
having 1 substituent selected from —ORlo, —SRlo, 
—NR10R10> —C(O)R10> —CN> —C(O)NR10R10> 

[0074] Heterocycloalkyl is a cyclic moiety having 
4-7 atoms With 1-2 atoms Within the ring being 
—S—, —N(R19)—, or —O—; 

[0075] Halogenated heterocycloalkyl is a cyclic moi 
ety having from 4-7 atoms With 1-2 atoms Within the 
ring being —S—, —N(R19)—, or —O—, and hav 
ing 1-4 substituents independently selected from F, 
or C1; 

[0076] Substituted heterocycloalkyl is a cyclic moi 
ety having from 4-7 atoms With 1-2 atoms Within the 
ring being —S—, —N(R19)—, or —O- and having 
0-3 substituents independently selected from F, or 
Cl, and further having 1 substituent selected from R7, 
R9> —OR10> —SR10> —NR10R10> —C(O)R10, 
—C(O)NR1OR1O, —CN, —NR1OC(O)R1O, —NO2, 
—S(O)2NR10R1O, —NR1OS(O)2R10, phenyl, or phe 
nyl having 1 substituent selected from R20 and fur 
ther having 0-3 substituents independently selected 
from F, Cl, Br, or I; 

[0077] R6 is H, F, Cl, Br, I, —CN, —CF3, —OR16, 
—SR16> or —N(R16)2; 
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[0078] R7 is S-membered heteroaromatic mono-cy 
clic moieties containing Within the ring 1-3 heteroa 
toms independently selected from the group consist 
ing of —O—, =N—, —N(R19)—, and —S—, and 
having 0-1 substituent selected from R20 and further 
having 0-3 substituents independently selected from 
F, Cl, Br, or I, or R7 is 9-membered fused-ring 
moieties having a 6-membered ring fused to a 
5-membered ring and having the formula 

[0080] Wherein E and G are independently selected from 
CR18, O, S, N, or NRlg, and A is CR18 or N, or 

[0081] Wherein E and G are independently selected from 
CR18, O, S, N, or NRlg, and A is CR18 or N, each 9-mem 
bered fused-ring moiety having 0-1 substituent selected 
from R20 and further having 0-3 substituent(s) indepen 
dently selected from F, Cl, Br, or I, and having a bond 
directly or indirectly attached to the core molecule Where 
valency alloWs in either the 6-membered or the 5-membered 
ring of the fused-ring moiety; 

[0082] Each R8 is independently F, Br, Cl, I, alkyl, 
substituted alkyl, halogenated alkyl, alkenyl, substi 
tuted alkenyl, halogenated alkenyl, alkynyl, substi 
tuted alkynyl, halogenated alkynyl, —CN, —CF3, 
—ORl, —C(O)NH2, —NHRl, —SRl, —CO2R1, 
aryl, phenoXy, substituted phenoXy, heteroaryl, 
—N(R4)-aryl, or —O-substituted aryl. 

[0083] R9 is 6-membered heteroaromatic mono-cyclic 
moieties containing Within the ring 1-3 heteroatoms selected 
from =N— and having 0-1 substituent selected from R20 
and 0-3 substituent(s) independently selected from F, Cl, Br, 
or I, or R9 is 10-membered heteroaromatic bi-cyclic moieties 
containing Within one or both rings 1-3 heteroatoms selected 
from =N—, including, but not limited to, quinolinyl or 
isoquinolinyl, each 10-membered fused-ring moiety having 
0-1 substituent selected from R20 and 0-3 substituent(s) 
independently selected from F, Cl, Br, or I and having a bond 
directly or indirectly attached to the core molecule Where 
valency alloWs; 

[0084] Each R10 is independently H, alkyl, 
cycloalkyl, heterocycloalkyl, alkyl substituted With 1 
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substituent selected from R13, cycloalkyl substituted 
With 1 substituent selected from R13, heterocy 
cloalkyl substituted With 1 substituent selected from 
R13, halogenated alkyl, halogenated cycloalkyl, 
halogenated heterocycloalkyl, phenyl, or substituted 
phenyl; 

[0085] Each R11 is independently H, alkyl, 
cycloalkyl, heterocyclo-alkyl, halogenated alkyl, 
halogenated cycloalkyl, or halogenated heterocy 
cloalkyl; 

[0086] R12 is —ORll, —SRU, alkyl, cycloalkyl, het 
erocycloalkyl, halogenated alkyl, halogenated 
cycloalkyl, halogenated heterocycloalkyl, substi 
tuted alkyl, substituted cycloalkyl, substituted het 
erocycloalkyl, —NRllRll, —C(O)R11, —NO2, 
—C(O)NR11R11> —CN> —NR11C(O)R11> 
—S(O)2NR11R11> or —NR11S(O)2R11; 

[0088] R14 is alkyl, substituted alkyl, halogenated 
alkyL —OR11> —CN, —NO2> —NRioRio; 

[0089] R15 is aryl, R7, or R9; 
[0090] R16 is H, alkyl, substituted alkyl, cycloalkyl, 

halogenated alkyl, heterocycloalkyl, substituted het 
erocycloalkyl, substituted phenyl, or substituted 
naphthyl; 

[0091] One of R17 is H, alkyl, substituted alkyl, 
halogenated alkyl, alkenyl, substituted alkenyl, halo 
genated alkenyl, alkynyl, substituted alkynyl, halo 
genated alkynyl, —CN, F, Br, Cl, I, —ORl, 
—C(O)NH2, —NHRl, —SR1, —CO2R1, aryl, R7, or 
R9, and each of the other tWo R17 is independently 
selected from alkyl, substituted alkyl, halogenated 
alkyl, alkenyl, substituted alkenyl, halogenated alk 
enyl, alkynyl, substituted alkynyl, halogenated alky 
nyl, —CN, F, Br, Cl, I, —ORl, —C(O)NH2, 
—NHRl, —SR1, —CO2R1, aryl, R7, or R9; 

[0092] Each R18 is independently selected from H, F, 
Cl, Br, I, alkyl, cycloalkyl, heterocycloalkyl, halo 
genated alkyl, halogenated cycloalkyl, halogenated 
heterocycloalkyl, substituted alkyl, substituted 
cycloalkyl, substituted heterocycloalkyl, —ORll, 
—SRH, —NRHRH, —C(O)R11, —N02, 
—C(O)NR, R11, —CN, —NR11C(O)R11, 
—S(O)2NR11R11, or —NR11S(O)2R11, or a bond 
directly or indirectly attached to the core molecule, 
provided that there is only one said bond to the core 
molecule Within the 9-membered fused-ring moiety, 
further provided that the fused-ring moiety has 0-1 
substituent selected from alkyl, cycloalkyl, hetero 
cycloalkyl, halogenated alkyl, halogenated 
cycloalkyl, halogenated heterocycloalkyl, substi 
tuted alkyl, substituted cycloalkyl, substituted het 

—NR11S(O)2R11, and further provided that the 
fused-ring moiety has 0-3 substituent(s) selected 
from F, Cl, Br, or I; 
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[0093] R19 is H, alkyl, halogenated alkyl, substituted 
alkyl, cycloalkyl, halogenated cycloalkyl, substi 
tuted cycloalkyl, phenyl, or phenyl having 1 sub 
stituent selected from R20 and further having 0-3 
substituents independently selected from F, Cl, Br, or 
I; 

[0094] R20 is alkyl, cycloalkyl, heterocycloalkyl, 
halogenated alkyl, halogenated cycloalkyl, haloge 
nated heterocycloalkyl, —ORll, —SRn, 
—NRllRll, —C(O)R11, —C(O)NRllRll, —CN, 
—NR11C(O)R11> —S(O)2NR11R11> —NR11S(O)2R> 
I, —NO2, alkyl substituted With 1-4 substituent(s) 
independently selected from F, Cl, Br, I, or R13, 
cycloalkyl substituted With 1-4 substituent(s) inde 
pendently selected from F, Cl, Br, I, or R13, or 
heterocycloalkyl substituted With 1-4 substituent(s) 
independently selected from F, Cl, Br, I, or R13; 

[0095] R21 is H, F, Cl, Br, I, alkyl, substituted alkyl, 
halogenated alkyl, cycloalkyl, —CN, —NR22R22, 
—OR22, or —SR22; 

[0096] Each R22 is independently H, alkyl, substi 
tuted alkyl, cycloalkyl, halogenated alkyl, substi 
tuted cycloalkyl, heterocycloalkyl, or substituted 
heterocycloalkyl; 

[0097] R23 is H, alkyl, halogenated alkyl, substituted 
alkyl, cycloalkyl, halogenated cycloalkyl, substi 
tuted cycloalkyl, heterocycloalkyl, halogenated het 
erocycloalkyl, substituted heterocycloalkyl, substi 
tuted phenyl, naphthyl, substituted naphthyl, R7, or 
R9; 

[0098] or pharmaceutical composition, pharmaceuti 
cally acceptable salt, racemic mixture, or pure enan 
tiomer thereof useful to treat any one of or combi 
nation of cognitive and attention de?cit symptoms of 
AlZheimer’s, neurodegeneration associated With dis 
eases such as AlZheimer’s disease, pre-senile demen 
tia (mild cognitive impairment), senile dementia, 
schiZophrenia, psychosis, attention de?cit disorder, 
attention de?cit hyperactivity disorder, mood and 
affective disorders, amyotrophic lateral sclerosis, 
borderline personality disorder, traumatic brain 
injury, behavioral and cognitive problems associated 
With brain tumors, AIDS dementia complex, demen 
tia associated With DoWn’s syndrome, dementia 
associated With LeWy Bodies, Huntington’s disease, 
depression, general anxiety disorder, age-related 
macular degeneration, Parkinson’s disease, tardive 
dyskinesia, Pick’s disease, post traumatic stress dis 
order, dysregulation of food intake including 
bulemia and anoreXia nervosa, WithdraWal symp 
toms associated With smoking cessation and depen 
dant drug cessation, Gilles de la Tourette’s Syn 
drome, glaucoma, neurodegeneration associated 
With glaucoma, or symptoms associated With pain. 

[0099] In another aspect, the invention includes methods 
of treating a mammal suffering from schiZophrenia or psy 
chosis by administering compounds of Formula I in con 
junction With antipsychotic drugs. The compounds of For 
mula I and the antipsychotic drugs can be administered 
simultaneously or at separate intervals. When administered 
simultaneously the compounds of Formula I and the antip 
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sychotic drugs can be incorporated into a single pharma 
ceutical composition. Alternatively, tWo separate composi 
tions, i.e., one containing compounds of Formula I and the 
other containing antipsychotic drugs, can be administered 
simultaneously. 
[0100] The present invention also includes the intermedi 
ates, the processes to make them and the compounds of the 
present invention, pharmaceutical compositions containing 
the active compounds, and methods to treat the identi?ed 
diseases. 

[0101] One group of compounds of Formula I includes 
compounds having the R con?guration at the C3 position of 
the quinuclidine ring. Another group of compounds of 
Formula I includes compounds having the S con?guration at 
the C3 position of the quinuclidine ring. Another group of 
compounds of Formula I includes compounds Wherein the 
quinuclidine has S con?guration at C2 When R2 is other than 
H and at C2. Another group of compounds of Formula I 
includes compounds Wherein the quinuclidine has 2S,3R 
con?guration at C2 When R2 is other than H at C2 With the 
amide-type bond being at C3. 
[0102] Another group of compounds of Formula I includes 
compounds Wherein X is O. Another group of compounds of 
Formula I includes compounds Where R1 is H. Another 
group of compounds of Formula I includes compounds 
Wherein R2 is H. Another group of compounds of Formula 
I includes compounds Wherein R1 is alkyl, cycloalkyl, halo 
genated alkyl, substituted phenyl, or substituted naphthyl. 
Another group of compounds of Formula I includes com 
pounds Wherein R2 is alkyl. Another group of compounds of 
Formula I includes compounds Wherein R2 is methyl. 
Another group of compounds of Formula I includes com 
pounds Wherein R2 is alkyl, halogenated alkyl, or substituted 
alkyl. Another group of compounds of Formula I includes 
compounds Wherein R2 is alkyl, halogenated alkyl, substi 
tuted alkyl, cycloalkyl, or aryl. 
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[0107] Another group of compounds of Formula I includes 
compounds Wherein W is N. Another group of compounds 
of Formula I includes compounds Wherein W is N and 
Wherein V—Z—Y is independently any one of or combi 

[0108] Another group of compounds of Formula I includes 
compounds Wherein R3 is H, F, alkyl, halogenated alkyl, 
substituted alkyl, lactam heterocycloalkyl, phenoXy, substi 
tuted phenoXy, R7, R9, —N(R4)-aryl, —O-substituted phe 
nyl, —O-substituted naphthyl, —S-substituted phenyl, —S 
substituted naphthyl, alkyl substituted on the 00 carbon With 
naphthyl, or alkyl substituted on the 00 carbon With substi 
tuted naphthyl. Said 00 carbon is determined by counting the 
longest carbon chain of the alkyl moiety With the C-1 carbon 
being the carbon attached to the bicyclic moiety W0 and the 
00 carbon being the carbon furthest, e.g., separated by the 
greatest number of carbon atoms in the chain, from said C-1 
carbon. Another group of compounds of Formula I includes 
compounds Wherein R3 is H, F, alkyl, halogenated alkyl, 
substituted alkyl, lactam heterocycloalkyl, phenoXy, substi 
tuted phenoXy, —N(R4)-aryl, —O-substituted phenyl, —O 
substituted naphthyl, —S-substituted phenyl, —S-substi 
tuted naphthyl, alkyl substituted on the 00 carbon With 
naphthyl, or alkyl substituted on the 00 carbon With substi 
tuted naphthyl. 

[0109] Another group of compounds of Formula I includes 
compounds Wherein R3 is H, F, alkyl, halogenated alkyl, 
lactam heterocycloalkyl, phenoXy, substituted phenoXy, R7, 
R9, —N(R4)-aryl, —O-substituted phenyl, —O-substituted 
naphthyl, —S-substituted phenyl, —S-substituted naphthyl, 
or or alkyl substituted on the 00 carbon With R15. Another 
group of compounds of Formula I includes compounds 
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wherein R3 is H, F, alkyl, halogenated alkyl, lactarn hetero 
cycloalkyl, phenoXy, substituted phenoXy, —N(R4)-aryl, 
—O-substituted phenyl, —O -substituted naphthyl, —S-sub 
stituted phenyl, —S-substituted naphthyl, or alkyl substi 
tuted on the 00 carbon With R15. 

[0110] Another group of compounds of Formula I includes 
cornpounds Wherein R5 is H, F, Br, Cl, I, alkyl, substituted 
alkyl, halogenated alkyl, alkenyl, substituted alkenyl, halo 
genated alkenyl, alkynyl, substituted alkynyl, halogenated 
alkynyl, heterocycloalkyl, substituted heterocycloalkyl, lac 
tarn heterocycloalkyl, —CN, —NO2, —ORl, 
—C(O)N(R16)2> —NHR1> —NR1COR16> —N(R10)2> 
—SR1, —C(O)R16, —CO2R1, aryl, R7, or R9. Another 
group of compounds of Formula I includes cornpounds 
Wherein R5 is H, F, Br, Cl, alkyl, substituted alkyl, haloge 
nated alkyl, alkenyl, substituted alkenyl, halogenated alk 
enyl, alkynyl, substituted alkynyl, halogenated alkynyl, het 
erocycloalkyl, substituted heterocycloalkyl, lactarn 
heterocycloalkyl, —CN, —NO2, —ORl, —C(O)N(R16)2, 
—NHRl, —NR1COR16, —N(R10)2, —SR1. 

[0111] Another group of compounds of Formula I includes 
cornpounds Wherein R6 is any one of or combination of H, 

F, Cl, Br, I, —CN, —CF3, —OR16, —SR16, or —N(R16)2. 
Another group of compounds of Formula I includes corn 
pounds Wherein R6 is any one of or combination of H, F, Cl, 

Br, —CN, —CF3, —OR16, —SR16, or —N(R16)2. 

[0112] Another group of compounds of Formula I includes 
cornpounds Wherein R17 is any one of or combination of H, 
F, Br, Cl, I, alkyl, substituted alkyl, halogenated alkyl, 
alkenyl, substituted alkenyl, halogenated alkenyl, alkynyl, 
substituted alkynyl, halogenated alkynyl, —CN, —ORl, 
—C(O)NH2, —NHRl, —SR1, —CO2R1, aryl, R7, or R9. 
Another group of compounds of Formula I includes corn 
pounds Wherein R17 is any one of or combination of H, F, Br, 
Cl, alkyl, substituted alkyl, halogenated alkyl, alkenyl, sub 
stituted alkenyl, halogenated alkenyl, alkynyl, substituted 
alkynyl, halogenated alkynyl, —CN, —ORl, —C(O)NH2, 
—NHRl, —SR1. 

[0113] Another group of compounds of Formula I includes 
cornpounds Wherein R21 is any one of or combination of H, 
F, Cl, Br, I, alkyl, substituted alkyl, halogenated alkyl, 
cycloalkyl, —CN, —NR22R22, —OR22, or —SR22. Another 
group of compounds of Formula I includes cornpounds 
Wherein R21 is any one of or combination of H, F, Cl, Br, 
alkyl, substituted alkyl, halogenated alkyl, —CN, 
—N(R22)2> —OR22> or —SR22 

[0114] Another group of compounds of Formula I includes 
cornpounds Wherein R23 is any one of or combination of H, 
alkyl, halogenated alkyl, substituted alkyl, cycloalkyl, halo 
genated cycloalkyl, substituted cycloalkyl, heterocycloalkyl, 
halogenated heterocycloalkyl, substituted heterocycloalkyl, 
substituted phenyl, naphthyl, substituted naphthyl, R7, or R9. 
Another group of compounds of Formula I includes corn 
pounds Wherein R23 is any one of or combination of H, alkyl, 
halogenated alkyl, substituted alkyl, heterocycloalkyl, or 
substituted heterocycloalkyl. 
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[0115] Another group of compounds of Formula I includes 
cornpounds wherein W0 is 

[0116] Wherein W, R6, and V—Z—Y are de?ned herein. 

[0117] Another group of compounds of Formula I includes 
cornpounds wherein W0 is 

[0118] Wherein Q and R6 are de?ned herein. 

[0119] Another group of compounds of Formula I for 
treating the diseases or conditions discussed herein includes 
cornpounds wherein W0 is 

[0120] Wherein W1, W2, W3, W1 are each independently N 
or C(Rzl), provided that no more than tWo of W1, W2, W3, 
W4 are N, and further provided When more than tWo of W1, 
W2, W3, W1 are C(R21) that no more than tWo R2, are other 
than H; and Wherein J is N(R23), S, or O. 

[0121] Another group of compounds of Formula I includes 
cornpounds wherein W0 is 

[0122] Wherein W1, W2, W3, W1 are each independently N 
or C(Rzl), provided that no more than tWo of W1, W2, W3, 
W4 are N, further provided that When J is N(R23), at least one 
of W1, W2, W3, W4 is N, and further provided When more 
than tWo of W1, W2, W W4 are C(R21) that no more than tWo 
R21 are other than H; and Wherein J is N(R23), S, or O. 
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[0148] EtOAc refers to ethyl acetate. 

[0149] TMS refers to tetramethylsilane. 

[0150] TEA refers to triethylamine. 

[0151] DIEA refers to N,N-diisopropylethylamine. 

[0152] MLA refers to methyllycaconitine. 

[0153] Ether refers to diethyl ether. 

[0154] HATU refers to 0-(7-aZabenZotriaZol-1-yl)—N,N, 
N‘, N‘-tetramethyluronium hexa?uorophosphate. 

[0155] CDI refers to carbonyl diimidaZole. 

[0156] NMO refers to N-methylmorpholine-N-oxide. 

[0157] TPAP refers to tetrapropylammonium perruthen 
ate. 

[0158] Halogen is F, Cl, Br, or I. 

[0159] The carbon atom content of various hydrocarbon 
containing moieties is indicated by a pre?x designating the 
minimum and maximum number of carbon atoms in the 
moiety, i.e., the pre?x CH indicates a moiety of the integer 
“i” to the integer “j” carbon atoms, inclusive. Thus, for 
example, C1_6 alkyl refers to alkyl of one to six carbon 
atoms. 

[0160] Non-inclusive examples of heteroaryl compounds 
that fall Within the de?nition of R7 and R9 include, but are 
not limited to, thienyl, benZothienyl, pyridyl, thiaZolyl, 
quinolyl, pyraZinyl, pyrimidyl, imidaZolyl, furanyl, benZo 
furanyl, benZothiaZolyl, isothiaZolyl, benZisothiaZolyl, ben 
ZisoxaZolyl, benZimidaZolyl, indolyl, benZoxaZolyl, pyra 
Zolyl, triaZolyl, tetraZolyl, isoxaZolyl, oxaZolyl, pyrrolyl, 
isoquinolinyl, cinnolinyl, indaZolyl, indoliZinyl, phthalaZi 
nyl, pydridaZinyl, triaZinyl, isoindolyl, purinyl, oxadiaZolyl, 
furaZanyl, benZofuraZanyl, benZothiophenyl, benZothiaZ 
olyl, quinaZolinyl, quinoxalinyl, naphthridinyl, and furopy 
ridinyl. 

[0161] Non-inclusive examples of heterocycloalkyl 
include, but are not limited to, tetrahydrofurano, tetrahydro 
pyrano, morpholino, pyrrolidino, piperidino, piperaZine, 
aZetidino, aZetidinono, oxindolo, dihydroimidaZolo, and 
pyrrolidinono. 

[0162] The 00 carbon With R15 is determined by counting 
the longest carbon chain of the alkyl moiety With the C-1 
carbon being the carbon attached to the bicyclic moiety W0 
and the 00 carbon being the 00 carbon furthest, e.g., separated 
by the greatest number of carbon atoms in the chain, from 
said C-l carbon. 

[0163] The core molecule is the quinuclidinyl-(carboxa 
mide-type moiety)-WO: 

R2 N 
X 

J]\ <:l "core moleculeH 
W0 T 

R1 
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[0164] Therefore, When determining the 00 carbon, the C-1 
carbon Will be the carbon attached, as valency alloWs, to the 
W0 moiety of the core molecule and the 00 carbon Will be the 
carbon furthest from said C-l carbon. 

[0165] Mammal denotes human and other mammals. 

[0166] Brine refers to an aqueous saturated sodium chlo 
ride solution. 

[0167] Equ means molar equivalents. 

[0168] 
[0169] Lv refers to leaving groups Within a molecule, 
including Cl, OH, or mixed anhydride. 

IR refers to infrared spectroscopy. 

[0170] NMR refers to nuclear (proton) magnetic reso 
nance spectroscopy, chemical shifts are reported in ppm (6) 
doWn?eld from TMS. 

[0171] MS refers to mass spectrometry expressed as m/e 
or mass/charge unit. HRMS refers to high resolution mass 
spectrometry expressed as m/e or mass/charge unit. M+H+ 
refers to the positive ion of a parent plus a hydrogen atom. 
M-H‘ refers to the negative ion of a parent minus a 
hydrogen atom. M+Na+ refers to the positive ion of a parent 
plus a sodium atom. M+K+ refers to the positive ion of a 
parent plus a potassium atom. EI refers to electron impact. 
ESI refers to electrospray ioniZation. CI refers to chemical 
ioniZation. FAB refers to fast atom bombardment. 

[0172] Compounds of the present invention may be in the 
form of pharmaceutically acceptable salts. The term “phar 
maceutically acceptable salts” refers to salts prepared from 
pharmaceutically acceptable non-toxic bases including inor 
ganic bases and organic bases, and salts prepared from 
inorganic acids, and organic acids. Salts derived from inor 
ganic bases include aluminum, ammonium, calcium, ferric, 
ferrous, lithium, magnesium, potassium, sodium, Zinc, and 
the like. Salts derived from pharmaceutically acceptable 
organic non-toxic bases include salts of primary, secondary, 
and tertiary amines, substituted amines including naturally 
occurring substituted amines, cyclic amines, such as argin 
ine, betaine, caffeine, choline, N,N-dibenZylethylenedi 
amine, diethylamine, 2-diethylaminoethanol, 2-dimethy 
lamino-ethanol, ethanolamine, ethylenediamine, 
N-ethylmorpholine, N-ethylpiperidine, glucamine, glu 
cosamine, histidine, hydrabamine, isopropylamine, lysine, 
methylglucamine, morpholine, piperaZine, piperidine, 
polyamine resins, procaine, purines, theobromine, triethy 
lamine, trimethylamine, tripropylamine, and the like. Salts 
derived from inorganic acids include salts of hydrochloric 
acid, hydrobromic acid, hydroiodic acid, sulfuric acid, phos 
phoric acid, phosphorous acid and the like. Salts derived 
from pharmaceutically acceptable organic non-toxic acids 
include salts of C1_6 alkyl carboxylic acids, di-carboxylic 
acids, and tri-carboxylic acids such as acetic acid, propionic 
acid, fumaric acid, succinic acid, tartaric acid, maleic acid, 
adipic acid, and citric acid, and aryl and alkyl sulfonic acids 
such as toluene sulfonic acids and the like. 

[0173] By the term “effective amount” of a compound as 
provided herein is meant a nontoxic but suf?cient amount of 
the compound(s) to provide the desired effect. As pointed 
out beloW, the exact amount required Will vary from subject 
to subject, depending on the species, age, and general 
condition of the subject, the severity of the disease that is 
being treated, the particular compound(s) used, the mode of 
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administration, and the like. Thus, it is not possible to 
specify an exact “effective amount.” However, an appropri 
ate effective amount may be determined by one of ordinary 
skill in the art using only routine experimentation. 

[0174] The compounds of Formula I have optically active 
center(s) on the quinuclidine ring. Although it is desirable 
that the stereochemical purity be as high as possible, abso 
lute purity is not required. This invention involves racemic 
mixtures and compositions of varying degrees of stere 
ochemical purities. It is preferred to carry out stereoselective 
syntheses and/or to subject the reaction product to appro 
priate puri?cation steps so as to produce substantially opti 
cally pure materials. Suitable stereoselective synthetic pro 
cedures for producing optically pure materials are Well 
knoWn in the art, as are procedures for purifying racemic 
mixtures into optically pure fractions. 

[0175] The amount of therapeutically effective com 
pound(s) that is administered and the dosage regimen for 
treating a disease condition With the compounds and/or 
compositions of this invention depends on a variety of 
factors, including the age, Weight, sex and medical condition 
of the subject, the severity of the disease, the route and 
frequency of administration, and the particular compound(s) 
employed, and thus may vary Widely. The compositions 
contain Well knoW carriers and excipients in addition to a 
therapeutically effective amount of compounds of Formula 
I. The pharmaceutical compositions may contain active 
ingredient in the range of about 0.001 to 100 mg/kg/day for 
an adult, preferably in the range of about 0.1 to 50 mg/kg/ 
day for an adult. Atotal daily dose of about 1 to 1000 mg of 
active ingredient may be appropriate for an adult. The daily 
dose can be administered in one to four doses per day. 

[0176] In addition to the compound(s) of Formula I, the 
composition for therapeutic use may also comprise one or 
more non-toxic, pharmaceutically acceptable carrier mate 
rials or excipients. The term “carrier” material or “excipient” 
herein means any substance, not itself a therapeutic agent, 
used as a carrier and/or diluent and/or adjuvant, or vehicle 
for delivery of a therapeutic agent to a subject or added to 
a pharmaceutical composition to improve its handling or 
storage properties or to permit or facilitate formation of a 
dose unit of the composition into a discrete article such as a 
capsule or tablet suitable for oral administration. Excipients 
can include, by Way of illustration and not limitation, 
diluents, disintegrants, binding agents, adhesives, Wetting 
agents, polymers, lubricants, glidants, substances added to 
mask or counteract a disagreeable taste or odor, ?avors, 
dyes, fragrances, and substances added to improve appear 
ance of the composition. Acceptable excipients include 
lactose, sucrose, starch poWder, cellulose esters of alkanoic 
acids, cellulose alkyl esters, talc, stearic acid, magnesium 
stearate, magnesium oxide, sodium and calcium salts of 
phosphoric and sulfuric acids, gelatin, acacia gum, sodium 
alginate, polyvinyl-pyrrolidone, and/or polyvinyl alcohol, 
and then tableted or encapsulated for convenient adminis 
tration. Such capsules or tablets may contain a controlled 
release formulation as may be provided in a dispersion of 
active compound in hydroxypropyl-methyl cellulose, or 
other methods knoWn to those skilled in the art. For oral 
administration, the pharmaceutical composition may be in 
the form of, for example, a tablet, capsule, suspension or 
liquid. If desired, other active ingredients may be included 
in the composition. 
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[0177] In addition to the oral dosing, noted above, the 
compositions of the present invention may be administered 
by any suitable route, in the form of a pharmaceutical 
composition adapted to such a route, and in a dose effective 
for the treatment intended. The compositions may, for 
example, be administered parenterally, e.g., intravascularly, 
intraperitoneally, subcutaneously, or intramuscularly. For 
parenteral administration, saline solution, dextrose solution, 
or Water may be used as a suitable carrier. Formulations for 
parenteral administration may be in the form of aqueous or 
non-aqueous isotonic sterile injection solutions or suspen 
sions. These solutions and suspensions may be prepared 
from sterile poWders or granules having one or more of the 
carriers or diluents mentioned for use in the formulations for 
oral administration. The compounds may be dissolved in 
Water, polyethylene glycol, propylene glycol, EtOH, corn 
oil, cottonseed oil, peanut oil, sesame oil, benZyl alcohol, 
sodium chloride, and/or various buffers. Other adjuvants and 
modes of administration are Well and Widely knoWn in the 
pharmaceutical art. 

[0178] The serotonin type 3 receptor (5HT3R) is a member 
of a superfamily of ligand-gated ion channels, Which 
includes the muscle and neuronal nAChR, the glycine recep 
tor, and the y-aminobutyric acid type A receptor. Like the 
other members of this receptor superfamily, the 5HT3R 
exhibits a large degree of sequence homology With (X7 
nAChR but functionally the tWo ligand-gated ion channels 
are very different. For example, (x7 nAChR is rapidly 
inactivated, is highly permeable to calcium and is activated 
by acetylcholine and nicotine. On the other hand, 5HT3R is 
inactivated sloWly, is relatively impermeable to calcium and 
is activated by serotonin. These experiments suggest that the 
(x7 nAChR and 5HT3R proteins have some degree of 
homology, but function very differently. Indeed the pharma 
cology of the channels is very different. For example, 
Ondansetron, a highly selective 5HT3R antagonist, has little 
activity at the (X7 nAChR. The converse is also true. For 
example, GTS-21, a highly selective (X7 nAChR agonist, has 
little activity at the 5HT3R. 

[0179] (x7 nAChR is a ligand-gated Ca++ channel formed 
by a homopentamer of (X7 subunits. Previous studies have 
established that ot-bungarotoxin (a-btx) binds selectively to 
this homopetameric, (X7 nAChR subtype, and that (X7 
nAChR has a high affinity binding site for both ot-btx and 
methyllycaconitine (MLA). (X7 nAChR is expressed at high 
levels in the hippocampus, ventral tegmental area and 
ascending cholinergic projections from nucleus basilis to 
thalamocortical areas. (X7 nAChR agonists increase neu 
rotransmitter release, and increase cognition, arousal, atten 
tion, learning and memory. 

[0180] Data from human and animal pharmacological 
studies establish that nicotinic cholinergic neuronal path 
Ways control many important aspects of cognitive function 
including attention, learning and memory (Levin, E. D., 
Psychopharmacology, 108:417-31, 1992; Levin, E. D. and 
Simon B. B., Psychopharmacology, 138:217-30, 1998). For 
example, it is Well knoWn that nicotine increases cognition 
and attention in humans. ABT-418, a compound that acti 
vates (£462 and (a7 nAChR, improves cognition and atten 
tion in clinical trials of AlZheimer’s disease and attention 
de?cit disorders (Potter, A. et. al., Psychopharmacology 
(Berl)., 142(4):334-42, March 1999; Wilens, T. E. et. al., 
Am. J. Psychiatry, 156(12):1931-7, December 1999). It is 
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also clear that nicotine and selective but Weak (x7 nAChR 
agonists increase cognition and attention in rodents and 
non-human primates. 

[0181] Schizophrenia is a complex multifactorial illness 
caused by genetic and non-genetic risk factors that produce 
a constellation of positive and negative symptoms. The 
positive symptoms include delusions and hallucinations and 
the negative symptoms include de?cits in affect, attention, 
cognition and information processing. No single biological 
element has emerged as a dominant pathogenic factor in this 
disease. Indeed, it is likely that schiZophrenia is a syndrome 
that is produced by the combination of many loW penetrance 
risk factors. Pharmacological studies established that 
dopamine receptor antagonists are efficacious in treating the 
overt psychotic features (positive symptoms) of schiZophre 
nia such as hallucinations and delusions. CloZapine, an 
“atypical” antipsychotic drug, is novel because it is effective 
in treating both the positive and some of the negative 
symptoms of this disease. CloZapine’s utility as a drug is 
greatly limited because continued use leads to an increased 
risk of agranulocytosis and seiZure. No other antipsychotic 
drug is effective in treating the negative symptoms of 
schiZophrenia. This is signi?cant because the restoration of 
cognitive functioning is the best predictor of a successful 
clinical and functional outcome of schiZophrenic patients 
(Green, M. F., Am J Psychiatry, 153:321-30, 1996). By 
extension, it is clear that better drugs are needed to treat the 
cognitive disorders of schiZophrenia in order to restore a 
better state of mental health to patients With this disorder. 

[0182] One aspect of the cognitive de?cit of schiZophrenia 
can be measured by using the auditory event-related poten 
tial (P50) test of sensory gating. In this test, electroenceph 
olographic (EEG) recordings of neuronal activity of the 
hippocampus are used to measure the subject’s response to 
a series of auditory “clicks” (Adler, L. E. et. al., Biol. 
Psychiatry, 46:8-18, 1999). Normal individuals respond to 
the ?rst click With greater degree than to the second click. In 
general, schiZophrenics and schiZotypal patients respond to 
both clicks nearly the same (Cullum, C. M. et. al., Schizophr. 
Res., 10:131-41, 1993). These data re?ect a schiZophrenic’s 
inability to “?lter” or ignore unimportant information. The 
sensory gating de?cit appears to be one of the key patho 
logical features of this disease (Cadenhead, K. S. et. al.,Am. 
J. Psychiatry, 157:55-9, 2000). Multiple studies shoW that 
nicotine normaliZes the sensory de?cit of schiZophrenia 
(Adler, L. E. et. al.,Am. J. Psychiatry, 150:1856-61, 1993). 
Pharmacological studies indicate that nicotine’s effect on 
sensory gating is via the (x7 nAChR (Adler, L. E. et. al., 
Schizophr. Bull., 24:189-202, 1998). Indeed, the biochemi 
cal data indicate that schiZophrenics have 50% feWer of (a7 
nAChR receptors in the hippocampus, thus giving a ratio 
nale to partial loss of (a7 nAChR functionality (Freedman, 
R. et. al., Biol. Psychiatry, 38:22-33, 1995). Interestingly, 
genetic data indicate that a polymorphism in the promoter 
region of the (x7 nAChR gene is strongly associated With the 
sensory gating de?cit in schiZophrenia (Freedman, R. et. al., 
Proc. Nat’l Acad. Sci. USA, 94(2):587-92, 1997; Myles 
Worsley, M. et. al.,Am. J. Med. Genet, 88(5):544-50, 1999). 
To date, no mutation in the coding region of the (X7 nAChR 
has been identi?ed. Thus, schiZophrenics express the same 
(x7 nAChR as non-schiZophrenics. 

[0183] Selective (x7 nAChR agonists may be found using 
a functional assay on FLIPR (see WO 00/73431 FLIPR 
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is designed to read the ?uorescent signal from each Well of 
a 96 or 384 Well plate as fast as tWice a second for up to 30 
minutes. This assay may be used to accurately measure the 
functional pharmacology of (X7 nAChR and 5HT3R. To 
conduct such an assay, one uses cell lines that expressed 
functional forms of the (x7 nAChR using the ot7/5-HT3 
channel as the drug target and cell lines that expressed 
functional 5HT3R. In both cases, the ligand-gated ion chan 
nel Was expressed in SH-EP1 cells. Both ion channels can 
produce robust signal in the FLIPR assay. 

[0184] The compounds of the present invention are (X7 
nAChR agonists and may be used to treat a Wide variety of 
diseases. For example, they may be used in treating schiZo 
phrenia, or psychosis. 

[0185] SchiZophrenia is a disease having multiple aspects. 
Currently available drugs are generally aimed at controlling 
the positive aspects of schiZophrenia, such as delusions. One 
drug, CloZapine, is aimed at a broader spectrum of symp 
toms associated With schiZophrenia. This drug has many side 
effects and is thus not suitable for many patients. Thus, there 
is a need for a drug to treat the cognitive and attention 
de?cits associated With schiZophrenia. Similarly, there is a 
need for a drug to treat the cognitive and attention de?cits 
associated With schiZoaffective disorders, or similar symp 
toms found in the relatives of schiZophrenic patients. 

[0186] Psychosis is a mental disorder characteriZed by 
gross impairment in the patient’s perception of reality. The 
patient may suffer from delusions, and hallucinations, and 
may be incoherent in speech. His behavior may be agitated 
and is often incomprehensible to those around him. In the 
past, the term psychosis has been applied to many conditions 
that do not meet the stricter de?nition given above. For 
example, mood disorders Were named as psychoses. 

[0187] There are a variety of antipsychotic drugs. The 
conventional antipsychotic drugs include ChlorpromaZine, 
FluphenaZine, Haloperidol, Loxapine, MesoridaZine, Molin 
done, PerphenaZine, PimoZide, ThioridaZine, Thiothixene, 
and Tri?uoperaZine. These drugs all have an af?nity for the 
dopamine 2 receptor. 

[0188] These conventional antipsychotic drugs have sev 
eral side effects, including sedation, Weight gain, tremors, 
elevated prolactin levels, akathisia (motor restlessness), dys 
tonia and muscle stiffness. These drugs may also cause 
tardive dyskinesia. Unfortunately, only about 70% of 
patients With schiZophrenia respond to conventional antip 
sychotic drugs. For these patients, atypical antipsychotic 
drugs are available. 

[0189] Atypical antipsychotic drugs generally are able to 
alleviate positive symptoms of psychosis While also improv 
ing negative symptoms of the psychosis to a greater degree 
than conventional antipsychotics. These drugs may improve 
neurocognitive de?cits. Extrapyramidal (motor) side effects 
are not as likely to occur With the atypical antipsychotic 
drugs, and thus, these atypical antipsychotic drugs have a 
loWer risk of producing tardive dyskinesia. Finally these 
atypical antipsychotic drugs cause little or no elevation of 
prolactin. Unfortunately, these drugs are not free of side 
effects. Although these drugs each produce different side 
effects, as a group the side effects include: agranulocytosis; 
increased risk of seiZures, Weight gain, somnolence, diZZi 
ness, tachycardia, decreased ejaculatory volume, and mild 
prolongation of QTc interval. 
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[0190] In a combination therapy to treat multiple symp 
toms of diseases such as schizophrenia, the compounds of 
Formula I and the anti-psychotic drugs can be administered 
simultaneously or at separate intervals. When administered 
simultaneously the compounds of Formula I and the anti 
psychotic drugs can be incorporated into a single pharma 
ceutical composition, e.g., a pharmaceutical combination 
therapy composition. Alternatively, tWo separate composi 
tions, i.e., one containing compounds of Formula I and the 
other containing anti-psychotic drugs, can be administered 
simultaneously. Examples of anti-psychotic drugs, in addi 
tion to those listed above, include, but are not limited to, 
ThoraZine, Mellaril, Trilafon, Navane, StelaZine, Permitil, 
Prolixin, Risperdal, Zyprexa, Seroquel, ZELDOX, 
AcetophenaZine, CarphenaZine, Chlorprothixene, Droperi 
dol, Loxapine, MesoridaZine, Molindone, Ondansetron, 
PimoZide, ProchlorperaZine, and PromaZine. 

[0191] A pharmaceutical combination therapy composi 
tion can include therapeutically effective amounts of the 
compounds of Formula I, noted above, and a therapeutically 
effective amount of anti-psychotic drugs. These composi 
tions may be formulated With common excipients, diluents 
or carriers, and compressed into tablets, or formulated elixirs 
or solutions for convenient oral administration or adminis 
tered by intramuscular intravenous routes. The compounds 
can be administered rectally, topically, orally, sublingually, 
or parenterally and maybe formulated as sustained relief 
dosage forms and the like. 

[0192] When separately administered, therapeutically 
effective amounts of compositions containing compounds of 
Formula I and anti-psychotic drugs are administered on a 
different schedule. One may be administered before the 
other as long as the time betWeen the tWo administrations 
falls Within a therapeutically effective interval. A therapeu 
tically effective interval is a period of time beginning When 
one of either (a) the compounds of Formula I, or (b) the 
anti-psychotic drugs is administered to a human and ending 
at the limit of the bene?cial effect in the treatment of 

schiZophrenia or psychosis of the combination of (a) and The methods of administration of the compounds of For 

mula I and the anti-psychotic drugs may vary. Thus, either 
agent or both agents may be administered rectally, topically, 
orally, sublingually, or parenterally. 

[0193] As discussed, the compounds of the present inven 
tion are (x7 nAChR agonists. Therefore, as another aspect of 
the present invention, the compounds of the present inven 
tion may be used to treat a variety of diseases including 
cognitive and attention de?cit symptoms of AlZheimer’s, 
neurodegeneration associated With diseases such as AlZhe 
imer’s disease, pre-senile dementia (also knoWn as mild 
cognitive impairment), and senile dementia. 

[0194] AlZheimer’s disease has many aspects, including 
cognitive and attention de?cits. Currently, these de?cits are 
treated With cholinesterase inhibitors. These inhibitors sloW 
the break doWn of acetylcholine, and thereby provide a 
general nonspeci?c increase in the activity of the cholinergic 
nervous system. Since the drugs are nonspeci?c, they have 
a Wide variety of side effects. Thus, there is a need for a drug 
that stimulates a portion of the cholinergic pathWays and 
thereby provides improvement in the cognitive and attention 
de?cits associated With AlZheimer’s disease Without the side 
effects created by nonspeci?c stimulation of the cholinergic 
pathWays. 
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[0195] Neurodegeneration is a common problem associ 
ated With diseases such as AlZheimer’s disease. While the 
current drugs treat some of the symptoms of this disease, 
they do not control the underlying pathology of the disease. 
Accordingly, it Would be desirable to provide a drug that can 
sloW the progress of AlZheimer’s disease. 

[0196] Pre-senile dementia (mild cognitive impairment) 
concerns memory impairment rather than attention de?cit 
problems and otherWise unimpaired cognitive functioning. 
Mild cognitive impairment is distinguished from senile 
dementia in that mild cognitive impairment involves a more 
persistent and troublesome problem of memory loss for the 
age of the patient. There currently is no medication speci? 
cally identi?ed for treatment of mild cognitive impairment, 
due someWhat to the neWness of identifying the disease. 
Therefore, there is a need for a drug to treat the memory 
problems associated With mild cognitive impairment. 
[0197] Senile dementia is not a single disease state. HoW 
ever, the conditions classi?ed under this name frequently 
include cognitive and attention de?cits. Generally, these 
de?cits are not treated. Accordingly, there is a need for a 
drug that provides improvement in the cognitive and atten 
tion de?cits associated With senile dementia. 

[0198] As discussed, the compounds of the present inven 
tion are (X7 nAChR agonists. Therefore, yet other diseases to 
be treated With compounds of the present invention include 
treating the cognitive and attention de?cits as Well as the 
neurodegeneration associated With attention de?cit disorder, 
attention de?cit hyperactivity disorder, mood and affective 
disorders, amyotrophic lateral sclerosis, borderline person 
ality disorder, traumatic brain injury, behavioral and cogni 
tive problems associated With brain tumors, AIDS dementia 
complex, dementia associated With DoWn’s syndrome, 
dementia associated With LeWy Bodies, Huntington’s dis 
ease, depression, general anxiety disorder, age-related 
macular degeneration, Parkinson’s disease, tardive dyskine 
sia, Pick’s disease, post traumatic stress disorder, dysregu 
lation of food intake including bulemia and anorexia ner 
vosa, WithdraWal symptoms associated With smoking 
cessation and dependant drug cessation, Gilles de la 
Tourette’s Syndrome, glaucoma, or symptoms associated 
With pain. 
[0199] Attention de?cit disorder is generally treated With 
methylphenidate, an amphetamine-like molecule that has 
some potential for abuse. Accordingly, it Would be desirable 
to provide a drug that treats attention de?cit disorder While 
having feWer side effects than the currently used drug. 
[0200] Attention de?cit hyperactivity disorder, otherWise 
knoWn as ADHD, is a neurobehavioral disorder affecting 
3-5% of all American children. ADHD concerns cognitive 
alone or both cognitive and behavioral actions by interfering 
With a person’s ability to stay on a task and to exercise 
age-appropriate inhibition. Several types of ADHD exist: a 
predominantly inattentive subtype, a predominantly hyper 
active-impulsive subtype, and a combined subtype. Treat 
ment may include medications such as methylphenidate, 
dextroamphetamine, or pemoline, Which act to decrease 
impulsivity and hyperactivity and to increase attention. No 
“cure” for ADHD currently exists. Children With the disor 
der seldom outgroW it; therefore, there is a need for appro 
priate medicaments. 
[0201] Mood and affective disorders fall Within a large 
group of diseases, including monopolar depression and 
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bi-polar mood disorder. These diseases are treated With three 
major classes of compounds. The ?rst group is the hetero 
cyclic antidepressant (HCA’s). This group includes the 
Well-knoWn tricyclic antidepressants. The second group of 
compounds used to treat mood disorders is the monoamine 
oxidase inhibitors (MAOI’s) that are used in particular types 
of diseases. The third drug is lithium. Common side effects 
from HCA’s are sedation and Weight gain. In elderly patients 
With organic brain disease, the side effects of HCA’s can 
also include seiZures and behavioral symptoms. The main 
side effects from using MAOI’s occur from dietary and drug 
interactions. Benign side effects from the use of lithium 
include, but are not limited to, Weight gain, nausea, diarrhea, 
polyuria, polydipsia, and tremor. Toxic side effects from 
lithium can include persistent headache, mental confusion, 
and may reach seiZures and cardiac arrhythmias. Therefore, 
agents With less side effects or interactions With food or 
other medications Would be useful. 

[0202] Depression is a mood disorder of varying lengths 
of normally several months to more than tWo years and of 
varying degrees of feelings involving sadness, despair, and 
discouragement. The heterocyclic antidepressants (HCA’s) 
are currently the largest class of antidepressants, but 
monoamine oxidase inhibitors (MAOI’s) are used in par 
ticular types of depression. Common side effects from 
HCA’s are sedation and Weight gain. In elderly patients With 
organic brain disease, the side effects from HCA’s can also 
include seiZures and behavioral symptoms. The main side 
effects from using MAOI’s occur from dietary and drug 
interactions. Therefore, agents With feWer side effects Would 
be useful. 

[0203] Borderline personality disorder, although not as 
Well knoWn as bipolar disorder, is more common. People 
having borderline personality disorder suffer from a disorder 
of emotion regulation. Pharmaceutical agents are used to 
treat speci?c symptoms, such as depression or thinking 
distortions. 

[0204] Acquired immune de?ciency syndrome (AIDS) 
results from an infection With the human immunode?ciency 
virus (HIV). This virus attacks selected cells and impairs the 
proper function of the immune, nervous, and other systems. 
HIV infection can cause other problems such as, but not 
limited to, dif?culties in thinking, otherWise knoWn as AIDS 
dementia complex. Therefore, there is a need to drugs to 
relieve the confusion and mental decline of persons With 
AIDS. 

[0205] Amyotrophic lateral sclerosis, also knoWn as Lou 
Gehrig’s disease, belongs to a class of disorders knoWn as 
motor neuron diseases Wherein speci?c nerve cells in the 
brain and spinal cord gradually degenerate to negatively 
affect the control of voluntary movement. Currently, there is 
no cure for amyotrophic lateral sclerosis although patients 
may receive treatment from some of their symptoms and 
although RiluZole has been shoWn to prolong the survival of 
patients. Therefore, there is a need for a pharmaceutical 
agent to treat this disease. 

[0206] Traumatic brain injury occurs When the brain is 
damaged from a sudden physical assault on the head. 
Symptoms of the traumatic brain injury include confusion 
and other cognitive problems. Therefore, there is a need to 
address the symptoms of confusion and other cognitive 
problems. 
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[0207] Brain tumors are abnormal groWths of tissue found 
inside of the skull. Symptoms of brain tumors include 
behavioral and cognitive problems. Surgery, radiation, and 
chemotherapy are used to treat the tumor, but other agents 
are necessary to address associated symptoms. Therefore, 
there is a need to address the symptoms of behavioral and 
cognitive problems. 
[0208] Persons With DoWn’s syndrome have in all or at 
least some of their cells an extra, critical portion of the 
number 21 chromosome. Adults Who have DoWn’s syn 
drome are knoWn to be at risk for AlZheimer-type dementia. 
Currently, there is no proven treatment for DoWn’s syn 
drome. Therefore, there is a need to address the dementia 
associated With DoWn’s syndrome. 

[0209] Genetically programmed degeneration of neurons 
in certain areas of the brain cause Huntington’s disease. 
Early symptoms of Huntington’s disease include mood 
sWings, or trouble learning neW things or remembering a 
fact. Most drugs used to treat the symptoms of Huntington’s 
disease have side effects such as fatigue, restlessness, or 
hyperexcitability. Currently, there is no treatment to stop or 
reverse the progression of Huntington’s disease. Therefore, 
there is a need of a pharmaceutical agent to address the 
symptoms With feWer side effects. 

[0210] General anxiety disorder (GAD) occurs When a 
person Worries about things such as family, health, or Work 
When there is no reason to Worry and is unable not to Worry. 
About 3 to 4% of the US. population has GAD during the 
course of a year. GAD most often strikes people in child 
hood or adolescence, but can begin in adulthood, too. It 
affects Women more often than men. Currently, treatment 
involves cognitive-behavioral therapy, relaxation tech 
niques, and biofeedback to control muscle tension and 
medications such as benZodiaZepines, imipramine, and bus 
pirone. These drugs are effective but all have side-effect 
liabilities. Therefore, there is a need of a pharmaceutical 
agent to address the symptoms With feWer side effects. 

[0211] Dementia With LeWy Bodies is a neurodegenera 
tive disorder involving abnormal structures knoWn as LeWy 
bodies found in certain areas of the brain. Symptoms of 
dementia With LeWy bodies include, but are not limited to, 
?uctuating cognitive impairment With episodic delirium. 
Currently, treatment concerns addressing the parkinsonian 
and psychiatric symptoms. HoWever, medicine to control 
tremors or loss of muscle movement may actually accentu 
ate the underlying disease of dementia With LeWy bodies. 
Therefore, there is a need of a pharmaceutical agent to treat 
dementia With LeWy bodies. 

[0212] Age-related macular degeneration (AMD) is a 
common eye disease of the macula Which is a tiny area in the 
retina that helps produce sharp, central vision required for 
“straight ahead” activities that include reading and driving. 
Persons With AMD lose their clear, central vision. AMD 
takes tWo forms: Wet and dry. In dry AMD, there is a sloW 
breakdoWn of light-sensing cells in the macula. There cur 
rently is no cure for dry AMD. In Wet AMD, neW, fragile 
blood vessels groWing beneath the macula as dry AMD 
Worsens and these vessels often leak blood and ?uid to cause 
rapid damage to the macula quickly leading to the loss of 
central vision. Laser surgery can treat some cases of Wet 

AMD. Therefore, there is a need of a pharmaceutical agent 
to address AMD. 
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[0213] Parkinson’s disease is a neurological disorder char 
acteriZed by tremor, hypokinesia, and muscular rigidity. 
Currently, there is no treatment to stop the progression of the 
disease. Therefore, there is a need of a pharmaceutical agent 
to address Parkinson’s. 

[0214] Tardive dyskinesia is associated With the use of 
conventional antipsychotic drugs. This disease is character 
iZed by involuntary movements most often manifested by 
puckering of the lips and tongue and/or Writhing of the arms 
or legs. The incidence of tardive dyskinesia is about 5% per 
year of drug exposure among patients taking conventional 
antipsychotic drugs. In about 2% of persons With the dis 
ease, tardive dyskinesia is severely dis?guring. Currently, 
there is no generaliZed treatment for tardive dyskinesia. 
Furthermore, the removal of the effect-causing drugs is not 
alWays an option due to underlying problems. Therefore, 
there is a need for a pharmaceutical agent to address the 
symptoms of tardive dyskinesia. 

[0215] Pick’s disease results from a sloWly progressive 
deterioration of social skills and changes in personality With 
the resulting symptoms being impairment of intellect, 
memory, and language. Common symptoms include 
memory loss, lack of spontaneity, difficulty in thinking or 
concentrating, and speech disturbances. Currently, there is 
no speci?c treatment or cure for Pick’s disease but some 
symptoms can be treated With cholinergic and serotonin 
boosting antidepressants. In addition, antipsychotic medica 
tions may alleviate symptoms in FTD patients Who are 
experiencing delusions or hallucinations. Therefore, there is 
a need for a pharmaceutical agent to treat the progressive 
deterioration of social skills and changes in personality and 
to address the symptoms With feWer side effects. 

[0216] Post-traumatic stress disorder (PTSD) is a form of 
anxiety triggered by memories of a traumatic event that 
directly affected the patient or that the patient may have 
Witnessed. The disorder commonly affects survivors of 
traumatic events including sexual assault, physical assault, 
War, torture, natural disasters, an automobile accident, an 
airplane crash, a hostage situation, or a death camp. The 
af?iction also can affect rescue Workers at an airplane crash 
or a mass shooting, someone Who Witnessed a tragic acci 
dent or someone Who has unexpectedly lost a loved one. 
Treatment for PTSD includes cognitive-behavioral therapy, 
group psychotherapy, and medications such as ClonaZepam, 
LoraZepam and selective serotonin-reuptake inhibitors such 
as Fluoxetine, Sertraline, Paroxetine, Citalopram and Flu 
voxamine. These medications help control anxiety as Well as 
depression. Various forms of exposure therapy (such as 
systemic desensitiZation and imaginal ?ooding) have all 
been used With PTSD patients. Exposure treatment for 
PTSD involves repeated reliving of the trauma, under con 
trolled conditions, With the aim of facilitating the processing 
of the trauma. Therefore, there is a need for better pharma 
ceutical agents to treat Post traumatic stress disorder. 

[0217] Dysregulation of food intake associated With eating 
disease, including bulemia nervosa and anorexia nervosa, 
involve neurophysiological pathWays. Anorexia nervosa is 
hard to treat due to patients not entering or remaining in after 
entering programs. Currently, there is no effective treatment 
for persons suffering from severe anorexia nervosa. Cogni 
tive behavioral therapy has helped patients suffering from 
bulemia nervosa; hoWever, the response rate is only about 
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50% and current treatment does not adequately address 
emotional regulation. Therefore, there is a need for phar 
maceutical agents to address neurophysiological problems 
underlying diseases of dysregulation of food intake. 

[0218] Cigarette smoking has been recogniZed as a major 
public health problem for a long time. HoWever, in spite of 
the public aWareness of health haZard, the smoking habit 
remains extraordinarily persistent and difficult to break. 
There are many treatment methods available, and yet people 
continue to smoke. Administration of nicotine transder 
mally, or in a cheWing gum base is common treatments. 
HoWever, nicotine has a large number of actions in the body, 
and thus can have many side effects. It is clear that there is 
both a need and a demand of long standing for a convenient 
and relatively easy method for aiding smokers in reducing or 
eliminating cigarette consumption. A drug that could selec 
tively stimulate only certain of the nicotinic receptors Would 
be useful in smoke cessation programs. 

[0219] Smoke cessation programs may involve oral dos 
ing of the drug of choice. The drug may be in the form of 
tablets. HoWever, it is preferred to administer the daily dose 
over the Waking hours, by administration of a series of 
incremental doses during the day. The preferred method of 
such administration is a sloWly dissolving loZenge, troche, 
or cheWing gum, in Which the drug is dispersed. Another 
drug in treating nicotine addiction is Zyban. This is not a 
nicotine replacement, as are the gum and patch. Rather, this 
Works on other areas of the brain, and its effectiveness is to 
help control nicotine craving or thoughts about cigarette use 
in people trying to quit. Zyban is not very effective and 
effective drugs are needed to assist smokers in their desire to 
stop smoking. These drugs may be administered transder 
mally through the use of skin patches. In certain cases, the 
drugs may be administered by subcutaneous injection, espe 
cially if sustained release formulations are used. 

[0220] Drug use and dependence is a complex phenom 
enon, Which cannot be encapsulated Within a single de?ni 
tion. Different drugs have different effects, and therefore 
different types of dependence. Drug dependence has tWo 
basic causes, that is, tolerance and physical dependence. 
Tolerance exists When the user must take progressively 
larger doses to produce the effect originally achieved With 
smaller doses. Physical dependence exists When the user has 
developed a state of physiologic adaptation to a drug, and 
there is a WithdraWal (abstinence) syndrome When the drug 
is no longer taken. AWithdraWal syndrome can occur either 
When the drug is discontinued or When an antagonist dis 
places the drug from its binding site on cell receptors, 
thereby counteracting its effect. Drug dependence does not 
alWays require physical dependence. 

[0221] In addition drug dependence often involves psy 
chological dependence, that is, a feeling of pleasure or 
satisfaction When taking the drug. These feelings lead the 
user to repeat the drug experience or to avoid the displeasure 
of being deprived of the drug. Drugs that produce strong 
physical dependence, such as nicotine, heroin and alcohol 
are often abused, and the pattern of dependence is difficult 
to break. Drugs that produce dependence act on the CNS and 
generally reduce anxiety and tension; produce elation, 
euphoria, or other pleasurable mood changes; provide the 
user feelings of increased mental and physical ability; or 
alter sensory perception in some pleasurable manner. 
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Among the drugs that are commonly abused are ethyl 
alcohol, opioids, anxiolytics, hypnotics, cannabis (mari 
juana), cocaine, amphetamines, and hallucinogens. The cur 
rent treatment for drug-addicted people often involves a 
combination of behavioral therapies and medications. Medi 
cations, such as methadone or LAAM (levo-alpha-acetyl 
methadol), are effective in suppressing the WithdraWal 
symptoms and drug craving associated With narcotic addic 
tion, thus reducing illicit drug use and improving the 
chances of the individual remaining in treatment. The pri 
mary medically assisted WithdraWal method for narcotic 
addiction is to sWitch the patient to a comparable drug that 
produces milder WithdraWal symptoms, and then gradually 
taper off the substitute medication. The medication used 
most often is methadone, taken orally once a day. Patients 
are started on the loWest dose that prevents the more severe 
signs of WithdraWal and then the dose is gradually reduced. 
Substitutes can be used also for WithdraWal from sedatives. 
Patients can be sWitched to long-acting sedatives, such as 
diaZepam or phenobarbital, Which are then gradually 
reduced. 

[0222] Gilles de la Tourette’s Syndrome is an inherited 
neurological disorder. The disorder is characteriZed by 
uncontrollable vocal sounds called tics and involuntary 
movements. The symptoms generally manifest in an indi 
vidual before the person is 18 years of age. The movement 
disorder may begin With simple tics that progress to multiple 
complex tics, including respiratory and vocal ones. Vocal 
tics may begin as grunting or barking noises and evolve into 
compulsive utterances. Coprolalia (involuntary scatologic 
utterances) occurs in 50% of patients. Severe tics and 
coprolalia may be physically and socially disabling. Tics 
tend to be more complex than myoclonus, but less ?oWing 
than choreic movements, from Which they must be differ 
entiated. The patient may voluntarily suppress them for 
seconds or minutes. 

[0223] Currently simple tics are often treated With benZo 
diaZepines. For simple and complex tics, Clonidine may be 
used. Long-term use of Clonidine does not cause tardive 
dyskinesia; its limiting adverse effect is hypotension. In 
more severe cases, antipsychotics, such as Haloperidol may 
be required, but side effects of dysphoria, parkinsonism, 
akathisia, and tardive dyskinesia may limit use of such 
antipsychotics. There is a need for safe and effective meth 
ods for treating this syndrome. 

[0224] Glaucoma is Within a group of diseases occurs 
from an increase in intraocular pressure causing pathological 
changes in the optical disk and negatively affects the ?eld of 
vision. Medicaments to treat glaucoma either decrease the 
amount of ?uid entering the eye or increase drainage of 
?uids from the eye in order to decrease intraocular pressure. 
HoWever, current drugs have draWbacks such as not Working 
over time or causing side effects so the eye-care professional 
has to either prescribe other drugs or modify the prescription 
of the drug being used. There is a need for safe and effective 
methods for treating problems manifesting into glaucoma. 
[0225] Ischemic periods in glaucoma cause release of 
excitotoxic amino acids and stimulate inducible form of 
nitric oxide synthase (iNOS) leading to neurodegeneration. 
Alpha 7 nicotinic agonists may stimulate the release of 
inhibitory amino acids such as GABA Which Will dampen 
hyperexcitablity. Alpha 7 nicotinic agonists are also directly 
neuroprotective on neuronal cell bodies. Thus alpha 7 nico 
tinic agonists have the potential to be neuroprotective in 
glaucoma. 
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[0226] Persons afflicted With pain often have What is 
referred to as the “terrible triad” of suffering from the pain, 
resulting in sleeplessness and sadness, all of Which are hard 
on the afflicted individual and that individual’s family. Pain 
can manifest itself in various forms, including, but not 
limited to, headaches of all severity, back pain, neurogenic, 
and pain from other ailments such as arthritis and cancer 
from its existence or from therapy to irradicate it. Pain can 
be either chronic (persistent pain for months or years) or 
acute (short-lived, immediate pain to inform the person of 
possible injury and need of treatment). Persons suffering 
from pain respond differently to individual therapies With 
varying degrees of success. There is a need for safe and 
effective methods for treating pain. 

[0227] Finally, the compounds of the present invention 
may be used in combination therapy With typical and 
atypical anti-psychotic drugs. All compounds Within the 
present invention are useful for and may also be used in 
combination With each other to prepare pharmaceutical 
compositions. Such combination therapy loWers the effec 
tive dose of the anti-psychotic drug and thereby reduces the 
side effects of the anti-psychotic drugs. Some typical anti 
psychotic drugs that may be used in the practice of the 
invention include Haldol. Some atypical anti-psychotic 
drugs include Ziprasidone, OlanZapine, Resperidone, and 
Quetiapine. 

[0228] Compounds of Formula I can be prepared as shoWn 
in Scheme 1. The key step in the preparation of this class of 
compounds is the coupling of commercially-available 
3-aminoquinuclidine With the requisite acid chloride 
(Lv=Cl), mixed anhydride (e.g., Lv=diphenyl phosphoryl, 
Bis(2-oxo-3-oxaZolidinyl)phosphinyl, or acyloxy of the 
general formula of O—C(O)—RLV, Where RLV includes 
phenyl or t-butyl), or carboxylic acid (Lv=OH) in the 
presence of an activating agent. Suitable activating reagents 
are Well knoWn in the art, for examples see Kiso, Y., Yaj ima, 
H. “Peptides” pp. 39-91, San Diego, Calif., Academic Press, 
(1995), and include, but are not limited to, agents such as 
carbodiimides, phosphonium and uronium salts (such as 
HATU). 
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[0229] Preferably, the acid is coupled With the amino 
quinuclidine using HAT U in the presence of DIEA using 
CHZCl2 as the solvent. 

[0230] It Will be apparent to those skilled in the art that the 
requisite carboxylic acids can be obtained through synthesis 
via literature procedures or through the slight modi?cation 
thereof. 

[0231] One of ordinary skill in the art Will recogniZe that 
the methods described for the reaction of the unsubstituted 
3-aminoquinuclidine (R2=H) are equally applicable to sub 
stituted compounds (R2#H). Such compounds can be pre 
pared by reduction of the oxime of the corresponding 
3-quinuclidinone (see J. Labelled Compds. Radiopharm, 
53-60 (1995) and J. Med. Chem. 988-995, (1998)). The 
oximes can be prepared by treatment of the 3-quinuclidino 
nes With hydroxylamine hydrochloride in the presence of a 
base. The 3-quinuclidinones, Where R2=substituted alkyl, or 
cycloalkyl can be prepared by knoWn procedures (see Tet. 
Lett. 1015-1018, (1972), J. Am. Chem. Soc. 1278-1291 
(1994), J. Am. Chem. Soc. 4548-4552 (1989), Tetrahedron, 
1139-1146 (2000)). The 3-quinuclidinones, Where R2=aryl, 
can be prepared by palladium catalyZed arylation as 
described in J. Am. Chem. Soc. 1473-1478 (1999) and J. Am. 
Chem. Soc. 1360-1370 (2000). 

[0232] There are a variety of methods for constructing 
thioamides. One can treat the corresponding amide With a 
reagent such as LaWesson’s reagent (2,4-bis(4-methoxyphe 
nyl)-1,3-dithia-2,4-diphosphetane-2,4-disul?de). See 
LaWesson et. al. in Bull. Soc. Chim. Belg., 229 (1978)), or 
P451O (see Chem. Rev., 45 (1961). Alternatively one can react 
a dithiocarboxylic ester With the corresponding quinuclidine 
to form the same thioamide. 

[0233] The folloWing examples are provided as examples 
and are not intended to limit the scope of this invention to 
only those provided examples and named compounds. Also, 
the salts made in the examples are only exemplary and are 
not intended to limit the invention. Any pharmaceutically 
acceptable salt can be made by one of ordinary skill in the 
art. Further, the naming of speci?c stereoisomers is for 
exempli?cation, and is not intended to limit in anyWay the 
scope of the invention. The examples Were made using 
3R-aminoquinuclidine. HoWever, compounds could be 
made using the 3S-aminoquinuclinde making non-critical 
changes to the methods discussed herein. The invention 
includes the folloWing examples in pure stereoisomeric form 
or as racemic mixtures. 

EXAMPLE 1 

N-((3R)- 1-aZabicyclo[2.2.2]oct-3-yl)-1 ,3 -benZox 
aZole-6-carboxamide .fum arate 

[0234] 
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[0235] Method A. Preparation of 1,3-benZoxaZole-6-car 
boxylic acid (Acid C1). 
[0236] A mixture of 4-amino-3-hydroxybenZoic acid (250 
mg, 1.63 mmol) and trimethyl orthoformate (500 pL, 4.57 
mmol) is heated in an oil bath at 100° C. for 2 h. The mixture 
is cooled to rt and diluted With MeOH. The resulting solution 
is ?ltered through a pad of Celite, and the ?ltrate is con 
centrated in vacuo to give Acid C1as a broWn solid (237 mg, 
89%): 1H NMR (DMSO-d6) 6 13.2, 8.9, 8.3, 8.0, 7.9. 

[0237] Method B. Preparation of N-(I-aZabicyclo[2.2.2] 
oct-3-yl)-1,3-benZoxaZole-6-carboxamide.fumarate. 
[0238] To a stirred solution of Acid C1(194 mg, 1.19 
mmol) in anhydrous THF/DMF (5:1, 12 mL) are added 
DIEA (600 pL, 3.44 mmol) and 3-(R)-aminoquinuclidine 
dihydrochloride (225mg, 1.13 mmol). The mixture is cooled 
to —10° C. and HATU (430 mg, 1.13 mmol) is added in one 
portion. The reaction mixture is alloWed to Warm to rt and 
stirred overnight. The solvents are removed in vacuo and the 
residue is partitioned betWeen saturated aqueous potassium 
carbonate solution and 95:5 CHCl3-MeOH. The aqueous 
layer is extracted With 95:5 CHCl3-MeOH (2x), and the 
combined organic layers are Washed With brine, dried over 
anhydrous sodium sulfate, ?ltered and concentrated in 
vacuo. The crude product is puri?ed by ?ash chromatogra 
phy on silica gel. Elution With CHCl3-MeOH-ammonium 
hydroxide (90:9:1) gives an orange solid. The solid is 
dissolved in acetone (5 mL) and a hot solution of fumaric 
acid (66 mg, 0.58 mmol) in isopropyl alcohol (2 mL) is 
added. The mixture is stirred for 30 min in a 50° C. Water 
bath. The solvents are removed in vacuo and the remaining 
residue is dissolved in acetone (5 mL). The mixture is stirred 
overnight at rt. The solid precipitate is collected by ?ltration 
and Washed With acetone. The solid is dried in vacuo 
overnight to give 150 mg (35%) of the title compound as a 
light yelloW solid: 1H NMR (CD3OD) 6 8.6, 8.2, 8.0, 7.9, 
6.7, 4.9, 4.5-4.4, 3.9-3.8, 3.5-3.3, 2.4, 2.3-2.2, 2.1, 2.0-1.9. 

EXAMPLE 2 

N-((3R) 1 -aZabicyclo[2.2.2]oct-3-yl) -2-methyl- 1,3 
benZoxaZole-6-carboxamide .fumarate 
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[0240] Preparation of 2-methyl-1,3-benZoxaZole-6-car 
boxylic acid (Acid C2): 
[0241] A mixture of 4-amino-3-hydroxybenZoic acid (500 
mg, 3.7 mmol) and trimethyl orthoacetate (1.0 mL, 7.9 
mmol) is heated in an oil bath to 100° C. for 2 h. The mixture 
is cooled to rt and diluted With MeOH. The resulting solution 
is ?ltered through a pad of Celite, and the ?ltrate is con 
centrated in vacuo to give Acid C2 as an off-White solid (266 
mg, 46%): 1H NMR (DMSO-dG) 6 13.1, 8.2, 8.0, 7.7, 2.7. 

[0242] Coupling: 
[0243] Example 2 is obtained using Acid C2 according to 
Method B making non-critical changes. 1H NMR (CD3OD) 
6 8.1, 7.9,7.7, 6.7,4.9, 4.5-4.4, 39-38, 35-33, 24-23, 
2.3-2.2, 2.1-2.0, 2.0-1.9. 
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EXAMPLE 3 

N-((3R)1-aZabicyclo[2.2.2]oct-3-yl)-1,3-benZox 
aZole-5-carboxamide .fum arate 

[0244] 
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[0245] Preparation of 1,3-benZoxaZole-5-carboxylic acid 
(Acid C3): 
[0246] A mixture of 4-amino-3-hydroxybenZoic acid (1.0 
g, 6.5 mmol) and trimethyl orthoformate (2.0 mL, 18.3 
mmol) is heated in an oil bath at 100° C. for 30 h. The 
mixture is cooled to rt and diluted With MeOH. The resulting 
solution is ?ltered through a pad of Celite, and the ?ltrate is 
concentrated in vacuo to give Acid C3 as a broWn solid (290 
mg, 27%): 1H NMR (DMSO-d6) 6 13.0, 8.9, 8.3, 8.1, 7.9. 

[0247] Coupling: 
[0248] Example 3 is obtained using Acid C3 according to 
Method B making non-critical changes. 1H NMR (CD3OD) 
6 8.6, 8.3, 8.0, 7.8, 6.7, 4.5, 3.9-3.8, 3.5-3.3, 2.4, 2.3-2.2, 
2.1-2.0, 2.0-1.9. 

EXAMPLE 4 

N-((3R) 1 -aZabicyclo[2.2.2]oct-3 -yl) -2-methyl- 1 ,3 
benZoxaZole-5-carboxamide .fum arate 

[0249] 
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[0250] Preparation of 2-methyl-1,3-benZoxaZole-5-car 
boxylic acid (Acid C4): 
[0251] A mixture of 4-amino-3-hydroxybenZoic acid (480 
mg, 3.1 mmol) and trimethyl orthoacetate (1.0 mL, 7.9 
mmol) is heated in an oil bath to 107° C. for 2 h. The mixture 
is cooled to rt and diluted With MeOH. The resulting solution 
is ?ltered through a pad of silica gel and the ?ltrate is 
concentrated in vacuo to give Acid C4 as an orange solid 

(490 mg, 88%): 1H NMR (DMSO-d6) 6 13.0, 8.2, 8.0, 7.8, 
2.7. 

[0252] Coupling: 
[0253] Example 4 is obtained using Acid C4 according to 
Method B making non-critical changes. 1H NMR (CD3OD) 
6 8.2, 7.9, 7.7, 6.7, 4.9, 4.5-4.4, 3.9-3.8, 3.4-3.3, 2.7, 2.4, 
23-22, 2.1, 2019. 
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EXAMPLE 5 

N-((3R)1 -aZabicyclo[2.2.2]oct-3-yl)- 1,3-benZothiaZ 
ole-6-carboxamide.fumarate 

[0254] 
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[0255] To a stirred solution of 1,3-benZothiaZole-6-car 
boxylic acid (500 mg, 2.8 mmol) and 3-(R)-aminoquinucli 
dine dihydrochloride (530 mg, 2.7 mmol) in DMF (27 mL) 
is added DIEA (1.5 mL, 8.4 mmol). The solution is stirred 
for 10 min, folloWed by cooling With an ice bath. HATU (1.0 
g, 2.7 mmol) is added and the mixture is alloWed to Warm 
to rt and stir 16 h. The solvent is removed in vacuo and the 
remaining residue is partitioned betWeen saturated aqueous 
potassium carbonate solution and 9:1 CHCl3-MeOH. The 
aqueous layer is extracted With 9:1 CHCl3-MeOH, and the 
combined organic layers are Washed With brine, dried over 
anhydrous magnesium sulfate, ?ltered and concentrated in 
vacuo to a clear residue. The residue is taken up in acetone 
(3.0 mL) and a hot solution of fumaric acid (320 mg, 2.8 
mmol) in isopropyl alcohol is added. The mixture is Warmed 
in a Water bath at 45° C. for 15 min, and then the reaction 
is concentrated in vacuo. The residue is triturated in acetone 
(3.0 mL) to afford Example 5 as a White solid (850 mg, 
79%): 1H NMR (CD3OD) 6 9.4, 8.6, 8.2, 8.1, 6.7, 4.5, 3.9, 
3.5-3.3, 2.4, 2.3, 2.1, 2.0. 

EXAMPLE 6 

N-((3R)1 -aZabicyclo[2.2.2]oct-3 -yl)indane -5 -car 
boxamide .fumarate 

[0256] 
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[0257] Preparation of 5-indancarboxylic acid (Acid 6). 

[0258] To a stirred 6% aqueous sodium hypochlorite solu 
tion in an oil bath to 55° C. is added 1-indane-5-yl-ethanone 
(1.0 g, 6.2 mmol). The solution is stirred at 55° C. for 2 h, 
folloWed by cooling to rt. Solid sodium bisul?te is added 
until the solution became clear. The mixture is diluted With 
Water, folloWed by aqueous hydrochloric acid (6.0 M). The 
solid that forms is ?ltered and Washed several times With 
Water. The solid is dried under high vacuum at 60° C. for 5 
h to afford Acid C6 as a White solid (0.96 g, 95%): 1H NMR 
(CDCl3) 6 8.0, 7.9, 7.3, 3.0, 2.1. 

[0259] Method C: Coupling. 

[0260] To a stirred solution of Acid C6 (500 mg, 3.1 
mmol) in dry DMF (30 mL) is added DIEA (1.6 mL, 9.3 
mmol), folloWed by 3-(R)-aminoquinuclidine dihydrochlo 




























