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(57) ABSTRACT 

Novel vinylazacycloalkane compounds of Formula (I) are 
disclosed. The compounds are ligands of various nAChRs. 
The compounds and their pharmaceutically acceptable salts 
can be used to prepare pharmaceutical compositions and/or 
medicaments intended to prevent or treat disorders associ 
ated With dysfunction of nAChRs, especially Within the 
central nervous system or the gastrointestinal system. 
Examples of types of disorders that can be treated include 
neurodegenerative disorders, including central nervous sys 
tem disorders such as AlZheimer’s disease, cognitive disor 
ders, motor disorders such as Parkinson’s disease, drug 
addiction, behavioral disorders and in?ammatory disorders 
Within the gastrointestinal system. The compounds can also 
serve as analgesics in the treatment of acute, chronic or 
recurrent pain. 
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ARYLVINYLAZACYCLOALKANE COMPOUNDS 
AND METHODS OF PREPARATION AND USE 

THEREOF 

CROSS REFERENCE 

[0001] This application is a division of US. Ser. No. 
10/379,868, ?led on Mar. 5, 2003, fully incorporated herein 
by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to pharmaceutical 
compositions incorporating compounds capable of affecting 
nicotinic acetylcholinergic receptors (nAChRs), for 
example, as modulators of speci?c nicotinic receptor sub 
types. The present invention also relates to methods for 
treating a Wide variety of conditions and disorders, particu 
larly those associated With dysfunction of the central and 
autonomic nervous systems. 

BACKGROUND OF THE INVENTION 

[0003] Nicotine has been proposed to have a number of 
pharmacological effects. See, for example, Pullan et al., N. 
Engl. J. Med. 3301811-815 (1994). Certain of those effects 
can be related to effects upon neurotransmitter release. 
Release of acetylcholine, dopamine, norepinephrine, sero 
tonin and glutamate upon administration of nicotine has 
been reported (RoWell et al., J. Neurochem. 4311593 (1984); 
Rapier et al., J. Neurochem. 5011123 (1988); Sandor et al., 
Brain Res. 5671313 (1991) and ViZi, Br. J. Pharmacol. 
471765 (1973); Hall et al., Biochem. Pharmacol. 2111829 
(1972); Hery et al., Arch. Int. Pharmacodyn. Ther. 296191 
(1977); and Toth et al., Neurochem Res. 171265 (1992)). 
Con?rmatory reports and additional recent studies have 
included the modulation in the Central Nervous System 
(CNS) of glutamate, nitric oxide, GABA, takykinins, cytok 
ines and peptides (revieWed in Brioni et al., Adv. Pharmacol. 
371153 (1997)). In addition, nicotine reportedly potentiates 
the pharmacological behavior of certain pharmaceutical 
compositions used to treat certain disorders. See, for 
example, Sanberg et al., Pharmacol. Biochem. & Behavior 
461303 (1993); Harsing et al., J. Neurochem. 59148 (1993) 
and Hughes, Proceedingsfrom Intl. Symp. Nic. S40 (1994). 
Furthermore, the neuroprotective effects of nicotine have 
been proposed, see, for example, Sj ak-shie et al., Brain Res. 
6241295 (1993). Various other bene?cial pharmacological 
effects have also been proposed. See, for example, Decina et 
al., Biol. Psychiatry 281502 (1990); Wagner et al., Pharma 
copsychiatry 211301 (1988); Pomerleau et al., Addictive 
Behaviors 91265 (1984); Onaivi et al., Life Sci. 54(3)1193 
(1994); Tripathi et al., J. Pharmacol. Exp. Ther. 221191 
(1982) and Hamon, Trends in Pharmacol. Res. 15136 (1994). 

[0004] Various compounds that target nAChRs have been 
reported as being useful for treating a Wide variety of 
conditions and disorders. See, for example, Williams et al., 
DN&P 7(4)1205 (1994); Arneric et al., CNS Drug Rev. 1(1)11 
(1995); Arneric et al., Exp. Opin. Invest. Drugs 5(1)179 
(1996); Bencherif et al., J. Pharmacol. Exp. Ther. 27911413 
(1996); Lippiello et al., J. Pharmacol. Exp. Ther. 27911422 
(1996); Damaj et al., J. Pharmacol. Exp. Ther. 2911390 
(1999); Chiari et al., Anesthesiology 9111447 (1999); 
Lavand’homme and Eisenbach, Anesthesiology 9111455 
(1999); Holladay et al., J. Med. Chem. 40(28): 4169 (1997); 
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Bannon et al., Science 2791 77 (1998); PCT WO 94/08992, 
PCT WO 96/31475, PCT WO 96/40682, and US. Pat. No. 
5,583,140 to Bencherifet al., US. Pat. No. 5,597,919 to Dull 
et al., US. Pat. No. 5,604,231 to Smith et al. and US. Pat. 
No. 5,852,041 to Cosford et al. Nicotinic compounds are 
reported as being particularly useful for treating a Wide 
variety of CNS disorders. Indeed, a Wide variety of nicotinic 
compounds have been reported to have therapeutic proper 
ties. See, for example, Bencherif and Schmitt, Current Drug 
Targets: CNS and Neurological Disorders 1(4)1 349-357 
(2002), Levin and ReZvani, Current Drug Targets: CNS and 
Neurological Disorders 1(4)1 423-431 (2002), O’Neill, et 
al., Current Drug Targets: CNS and Neurological Disorders 
1(4): 399-411 (2002), US. Pat. No. 5,1871,166 to Kikuchi 
et al., US. Pat. No. 5,672,601 to Cignarella, PCT WO 
99/21834 and PCT WO 97/40049, UK Patent Application 
GB 2295387 and European Patent Application 297,858. 

[0005] CNS disorders are a type of neurological disorder. 
CNS disorders can be drug induced; can be attributed to 
genetic predisposition, infection or trauma; or can be of 
unknoWn etiology. CNS disorders comprise neuropsychiat 
ric disorders, neurological diseases and mental illnesses, and 
include neurodegenerative diseases, behavioral disorders, 
cognitive disorders and cognitive affective disorders. There 
are several CNS disorders Whose clinical manifestations 
have been attributed to CNS dysfunction (i.e., disorders 
resulting from inappropriate levels of neurotransmitter 
release, inappropriate properties of neurotransmitter recep 
tors, and/or inappropriate interaction betWeen neurotrans 
mitters and neurotransmitter receptors). Several CNS disor 
ders can be attributed to a de?ciency of acetylcholine, 
dopamine, norepinephrine and/or serotonin. 

[0006] Relatively common CNS disorders include pre 
senile dementia (early-onset AlZheimer’s disease), senile 
dementia (dementia of the AlZheimer’s type), micro-infarct 
dementia, AIDS-related dementia, vascular dementia, 
CreutZfeld-Jakob disease, Pick’s disease, Parkinsonism 
including Parkinson’s disease, LeWy body dementia, pro 
gressive supranuclear palsy, Huntington’s chorea, tardive 
dyskinesia, hyperkinesia, epilepsy, mania, attention de?cit 
disorder, anxiety, dyslexia, schiZophrenia, depression, 
obsessive-compulsive disorders and Tourette’s syndrome. 

[0007] There exist subtypes of nAChRs in both the central 
and peripheral nervous systems, but the distribution of 
subtypes is heterogeneous. For instance, the subtypes Which 
are predominant in vertebrate brain are (x462, (x7, and (X3 [32, 
Whereas those Which predominate at the autonomic ganglia 
are (X3 [34 and those of neuromuscular junction are otl?loy 
and (X16106 (see for instance DWoskin et al., Exp. Opin. 
T her Patents 101 1561 (2000) and Schmitt and Bencherif, 
Annual Reports in Med. Chem. 351 41 (2000)). A limitation 
of some nicotinic compounds is that they elicit various 
undesirable pharmacological effects because of their inter 
action With nAChRs in peripheral tissues (for example, by 
stimulating muscle and ganglionic nAChR subtypes). It 
Would be desirable to have compounds, compositions and 
methods for preventing and/ or treating various conditions or 
disorders (e.g., CNS disorders), including alleviating the 
symptoms of these disorders, Where the compounds exhibit 
nicotinic pharmacology With a bene?cial effect on the CNS 
nAChRs (e.g., upon the functioning of the CNS), but With 
out signi?cant associated effects on the peripheral nAChRs 
(compounds speci?c for CNS nAChRs). It Would further be 
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highly desirable to provide compounds, compositions and 
methods that affect CNS function Without signi?cantly 
a?fecting those receptor subtypes Which have the potential to 
induce undesirable side effects (e.g., appreciable activity at 
cardiovascular and skeletal muscle sites). The present inven 
tion provides such compounds, compositions and methods. 

SUMMARY OF THE INVENTION 

[0008] The present invention relates to the vinylaZacy 
cloalkane compounds of Formula (I): 

Formula I 
X 

[0009] Wherein: 

[0010] the Wavy line represents variable geometry (E or Z) 
about the double bond; 

[0011] X is nitrogen or CiRZ; 

[0012] R1 is hydrogen, Cl_6-alkyl, halogen, 4OR4, 
iNR4R5, or iSR4 When X is CiR2 and hydrogen, C1_6 
alkyl, *OR“, or *NR4R5 When X is nitrogen; 

[0013] R2 is hydrogen, Cl_6-alkyl, aryl, aryl-Cl_6-alkyl, 
Cl_6-alkyl-aryl, heteroaryl, heteroaryl-Cl_6-alkyl, heterocy 
clyl, heterocycloalkyl, cycloalkyl, polycycloalkyl, ‘0R6, 
iNR6R7, iSR6, iSOR6, or iSO2R6, each of Which can 
optionally be substituted With 1 or more substituents 
selected from halogen, 4CN, iNOZ, iNHZ, iOH, 
iOR6, %OOH, %(O)OR6, iO%(O)R6, iNR6R7, 
iNHC(O)R6, iC(O)NR6R7, iSR6, iS(O)R6, iSO2R6, 
iNHSO2R6, iSOZNR R , %(S)NR6R6, iNHC(S)R6, 
iOiSO2R6, aryl, heteroaryl, formyl, tri?uoromethyl, tri 
?uoromethylsulfanyl, tri?uoromethoxy and C1_6 alkyl; 

[0014] R3 is hydrogen, Cl_6-alkyl, aryl-Cl_6-alkyl, het 
eroaryl Cl_6-alkyl, heterocyclyl, heterocycloalkyl, 
cycloalkyl or polycycloalkyl; 

[0015] m is between 1 and 4; 

[0016] n is between 1 and 3; 

[0017] R4 and R5 are, independently, hydrogen or C1_6 
alkyl; 

[0018] R6 and R7 are, independently, hydrogen, C l_6-alkyl, 
aryl, aryl-Cl_6-alkyl, heteroaryl, heteroaryl-Cl_6-alkyl, het 
erocyclyl, heterocyclylalkyl, cycloalkyl or polycycloalkyl, 
each of Which can optionally be substituted With one or more 
substituents selected from the group consisting of halogen, 
C1_6 alkyl, Cl_6alkoxy, iCN, iNOZ, iNHZ, iOH, 
iCOOH, iCOO4Cl_6alkyl, iCONHZ, formyl, tri?uo 
romethyl and tri?uoromethoxy, 

[0019] Wherein the Cl_6-alkyl, heterocyclyl, heteroaryl 
and aryl groups can be substituted With from 1-6 substituents 
selected from the group consisting of F, Cl, Br, I, R8, 
iNRsRg, %F3, %N, iNOz, %2R8, iN3, 
iSO2CH3, ADRS, iSRS, %(=O)NR8R9, 
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[0020] Where R8 and R9 are individually hydrogen or 
loWer alkyl (e.g., Cl-C6 alkyl, preferably methyl, ethyl, 
isopropyl or isobutyl), an aromatic group-containing species 
or a substituted aromatic group-containing species (substi 
tuted With one or more of the above substituents). Either R6 
and R7 or R8 and R9 can also form a Cl_1O cycloalkyl 
functionality (e.g., cyclopropyl cyclobutyl, cyclopentyl, 
cyclohexyl, cycloheptyl and adamantyl). Representative 
aromatic group-containing species include pyridyl, quinoli 
nyl, pyrimidinyl, phenyl, and benZyl (Where any of the 
foregoing can be suitably substituted With at least one 
substituent group as de?ned above, speci?cally including 
loWer alkyl, halo, and/or amino substituents). Other repre 
sentative aromatic ring systems are set forth in Gibson et al., 
J. Med. Chem. 3914065 (1996). 

[0021] Isomers, mixtures, including racemic mixtures, 
enantiomers, diastereomers and tautomers of these com 
pounds as Well as pharmaceutically acceptable salts thereof, 
are also included. 

[0022] The present invention relates more particularly to 
derivatives of Formula (I) in Which: 

[0023] the geometry at the double bond is E; 

[0024] X is N or CiRZ; 

[0025] R1 is hydrogen; 

[0026] R2 is 4R6; 
[0027] R3 is hydrogen; 

[0028] n is l; 

[0029] m is 2; and 

[0030] R6 is a alkyl, aryl or heterocyclyl; and 

[0031] isomers thereof, mixtures thereof, including race 
mic mixtures, enantiomers, diastereomers and tautomers 
thereof, and pharmaceutically acceptable salts thereof, and 
to their use as ligands of nAChRs. 

[0032] The compounds of Formula (I) and their pharma 
ceutically acceptable salts can be used to prepare pharma 
ceutical compositions and/or medicaments intended to pre 
vent the disorders or to treat the diseases associated With 
dysfunction of the nAChRs, especially Within the central 
nervous system or the gastrointestinal system. The term “to 
treat” can cover both bene?cial effects on the symptoms 
and/or on the course of the condition under consideration. 

[0033] Examples of types of disorders that can be treated 
include neurodegenerative disorders, including central ner 
vous system disorders such as AlZheimer’s disease and other 
dementia, motor disorders such as Parkinson’s disease, drug 
addiction, behavioral disorders and in?ammatory disorders 
Within the gastrointestinal system. The compounds can also 
serve as analgesics, for example, in the treatment of acute, 
chronic or recurrent pain. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0034] The compounds, compositions and methods 
described herein Will be better understood With reference to 
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the following preferred embodiments. The following de? 
nitions Will be useful in de?ning the scope of the invention: 

[0035] As used herein, “aromatic” refers to 3 to 10, 
preferably 5 and 6-membered ring aromatic and heteroaro 
matic rings. 

[0036] As used herein, “aromatic group-containing spe 
cies” refer to moieties that are or include an aromatic group. 
Accordingly, phenyl and benZyl moieties are included in this 
de?nition, as both are or include an aromatic group. 

[0037] As used herein, C1_6 alkyl radicals (loWer alkyl 
radicals) contain from 1 to 6 carbon atoms in a straight or 
branched chain, and also include C3_6 cycloalkyl moieties 
and alkyl radicals that contain C3_6 cycloalkyl moieties. 

[0038] As used herein, Cl_6 alkoxy radicals contain from 
1 to 6 carbon atoms in a straight or branched chain, and also 
include C3_6 cycloalkyl and alkoxy radicals that contain C3_6 
cycloalkyl moieties. 

[0039] As used herein, aryl radicals are selected from 
phenyl, naphthyl and indenyl. 

[0040] As used herein, heteroaryl radicals contain from 3 
to 10 members, preferably 5 or 6 members, including one or 
more heteroatoms selected from oxygen, sulfur and nitro 
gen. Examples of suitable 5 membered ring heteroaryl 
moieties include furyl, thiophenyl, pyrrolyl, imidaZolyl, 
oxaZolyl, thiaZolyl, thienyl, tetraZolyl, and pyraZolyl. 
Examples of suitable 6 membered ring heteroaryl moieties 
include pyridinyl, pyrimidinyl, pyraZinyl, of Which pyridinyl 
and pyrimidinyl are preferred. 

[0041] As used herein, halogen is chlorine, iodine, ?uorine 
or bromine. 

[0042] As used herein, polycycloalkyl radicals are fused 
cyclic ring structures. Representative polycycloalkyl radi 
cals include, but are not limited to, adamantyl, bornanyl, 
norbornanyl, bornenyl and norbornenyl. Polycycloalkyl 
radicals can also include one or more heteroatoms, such as 

N, O or S. 

[0043] As used herein, heterocyclyl radicals contain from 
3 to 10 members including one or more heteroatoms selected 
from oxygen, sulfur and nitrogen. Examples of suitable 
heterocyclyl moieties include, but are not limited to, pip 
eridinyl, morpholinyl, pyrrolidinyl, imidaZolidinyl, pyraZo 
lidinyl, isothiaZolidinyl, thiaZolidinyl, isoxaZolidinyl, 
oxaZolidinyl, piperaZinyl, tetrahydropyranyl and tetrahydro 
furanyl. 

[0044] As used herein, cycloalkyl radicals contain from 3 
to 8 carbon atoms. Examples of suitable cycloalkyl radicals 
include, but are not limited to, cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl. 

[0045] Examples of suitable pharmaceutically acceptable 
salts include inorganic acid addition salts such as chloride, 
bromide, sulfate, phosphate, and nitrate; organic acid addi 
tion salts such as acetate, galactarate, propionate, succinate, 
lactate, glycolate, malate, tartrate, citrate, maleate, fumarate, 
methanesulfonate, p-toluenesulfonate, and ascorbate; salts 
With acidic amino acid such as aspartate and glutamate; 
alkali metal salts such as sodium salt and potassium salt; 
alkaline earth metal salts such as magnesium salt and 
calcium salt; ammonium salt; organic basic salts such as 
trimethylamine salt, triethylamine salt, pyridine salt, 
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picoline salt, dicyclohexylamine salt, and N,N'-dibenZyleth 
ylenediamine salt; and salts With basic amino acid such as 
lysine salt and arginine salt. The salts may be in some cases 
hydrates or ethanol solvates. Representative salts are pro 
vided as described in Us. Pat. No. 5,597,919 to Dull et al., 
U.S. Pat. No. 5,616,716 to Dull et al. and Us. Pat. No. 
5,663,356 to Ruecroft et al. 

[0046] As used herein, an “agonist” is a substance that 
stimulates its binding partner, typically a receptor. Stimula 
tion is de?ned in the context of the particular assay, or may 
be apparent in the literature from a discussion herein that 
makes a comparison to a factor or substance that is accepted 
as an “agonist” or an “antagonist” of the particular binding 
partner under substantially similar circumstances as appre 
ciated by those of skill in the art. Stimulation may be de?ned 
With respect to an increase in a particular effect or function 
that is induced by interaction of the agonist or partial agonist 
With a binding partner and can include allosteric effects. 

[0047] As used herein, an “antagonist” is a substance that 
inhibits its binding partner, typically a receptor. Inhibition is 
de?ned in the context of the particular assay, or may be 
apparent in the literature from a discussion herein that makes 
a comparison to a factor or substance that is accepted as an 
“agonist” or an “antagonist” of the particular binding partner 
under substantially similar circumstances as appreciated by 
those of skill in the art. Inhibition may be de?ned With 
respect to a decrease in a particular effect or function that is 
induced by interaction of the antagonist With a binding 
partner, and can include allosteric effects. 

[0048] As used herein, a “partial agonist” is a substance 
that provides a level of stimulation to its binding partner that 
is intermediate betWeen that of a full or complete antagonist 
and an agonist de?ned by any accepted standard for agonist 
activity. It Will be recogniZed that stimulation, and hence, 
inhibition is de?ned intrinsically for any substance or cat 
egory of substances to be de?ned as agonists, antagonists, or 
partial agonists. As used herein, “intrinsic activity”, or 
“efficacy,” relates to some measure of biological effective 
ness of the binding partner complex. With regard to receptor 
pharmacology, the context in Which intrinsic activity or 
ef?cacy should be de?ned Will depend on the context of the 
binding partner (e.g., receptor/ligand) complex and the con 
sideration of an activity relevant to a particular biological 
outcome. For example, in some circumstances, intrinsic 
activity may vary depending on the particular second mes 
senger system involved. See Hoyer, D. and Boddeke, H., 
Trends Pharmacol Sci. l4(7):270-5 (1993). Where such 
contextually speci?c evaluations are relevant, and hoW they 
might be relevant in the context of the present invention, Will 
be apparent to one of ordinary skill in the art. 

[0049] As used herein, neurotransmitters Whose release is 
mediated by the compounds described herein include, but 
are not limited to, acetylcholine, dopamine, norepinephrine, 
serotonin and glutamate, and the compounds described 
herein function as agonists or partial agonists at one or more 
of the CNS nAChRs. 

1. Compounds 

[0050] The compounds of Formula (1) have one or more 
asymmetric carbons and can therefore exist in the form of 
isomers, racemic mixtures, enantiomers and diastereomers. 
These individual compounds and their mixtures are intended 
to be Within the scope of the present invention. 
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[0051] The following are representative compounds of 
Formula (1 ): (R)i and (S)-3 -((E) —2 -pyrrolidin-3 -ylvinyl) 
5 -(tetrahydropyran-4 -yloxy)pyridine (R)i and (S)-5-((E) 
2-pyrrolidin-3 -ylvinyl)pyrimidine (R)i and (S)-2 -chloro 
5 -((E) —2 -pyrrolidin-3 -ylvinyl)pyridine (R)i and (S)-3 - 
isopropoxy-5 -((E)-2-pyrrolidin-3 -ylvinyl)pyridine (R)i 
and (S) -3 -isopropoxy-5 -((E) —2-(1 -methylpyrrolidin-3 -yl)vi 
nyl)pyridine (R)i and (S)-3 -cyclopropylmethoxy-5 -((E) —2 
pyrrolidin-3 -ylvinyl)pyridine (R)i and (S)-5-((E)-2-(l -me 
thylpyrrolidin-3 -yl)vinyl)pyrimidine (R)i and (S)-2 
chloro-5 -((E) -2-( l -methylpyrrolidin-3 -yl)vinyl)pyridine 
(R)i and (S)-3 -cyclopropylmethoxy-5 -((E) —2-(1 -meth 
ylpyrrolidin-3 -yl)vinyl)pyridine (R)i and (S)-5 -((E)-2-pi 
peridin-3-ylvinyl)pyrimidine (R)i and (S)-5-((E)-2-(l -me 
thylpiperidin-3 -yl)vinyl)pyrimidine (R)i and (S)-2 -chloro 
5 -((E) —2 -piperidin-3-ylvinyl)pyridine (R)i and (S)-2 
chloro-5 -((E) -2-( l -methylpiperidin-3 -yl)vinyl)pyridine 
(R)i and (S) -3 -cyclopropylmethoxy-5-((E)-2 -piperidin-3 - 
ylvinyl)pyridine (R)i and (S)-3 -cyclopropylmethoxy-5 - 
((E)-2-(l -methylpiperidin-3 -yl)vinyl)pyridine 5 -((E) —2 -pip 
eridin-4-ylvinyl)pyrimidine 5 -((E) -2-( l —methylpiperidin-4 
yl)vinyl)pyrimidine 2-chloro-5-((E)-2 -piperidin-4 
ylvinyl)pyridine 2-chloro-5 -((E)-2-( l —methylpiperidin-4 
yl)vinyl)pyridine 3 -cyclopropylmethoxy-5 -((E) —2 
piperidin-4-ylvinyl)pyridine 3 -cyclopropylmethoxy-5-((E) 
2-(1-methylpiperidin-4-yl)vinyl)pyridine 5 -((E) -2-aZetidin 
3 -ylvinyl)pyrimidine 5-((E)-2-(l —methylazetidin-3 - 
yl)vinyl)pyrimidine 5 -((E) —2 -aZetidin-3 -ylvinyl) —2 
chloropyridine 5 -((E) -2-( l -methylaZetidin-3-yl)vinyl) —2 
chloropyridine 3 -((E) —2 -aZetidin-3 -ylvinyl)-5 - 
cyclopropylmethoxypyridine 3-((E)-2-(l -methylaZetidin-3 - 
yl)vinyl)-5-cyclopropylmethoxypyridine (R)i and (S)-3 - 
phenoxy-5 -((E) —2 -piperidin-3 -ylvinyl)pyridine (R)i and 
(S) -3 -phenoxy-5-((E)-2-(l —methylpiperidin-3 -yl)vinyl)pyri 
dine 3 -phenoxy-5 -((E) —2 -piperidin-4 -ylvinyl)pyridine 
3 -phenoxy-5-((E)-2-(l -methylpiperidin-4-yl)vinyl)pyridine 
3 -phenoxy-5-((E)-2-aZetidin-3-ylvinyl)pyridine and 3-phe 
noxy-5 -((E) —2-(1 -methylaZetidin-3 -yl)vinyl)pyridine. 

[0052] In each of these compounds, individual isomers 
thereof, mixtures thereof, including racemic mixtures, enan 
tiomers, diastereomers and tautomers thereof, and the phar 
maceutically acceptable salts thereof, are intended to be 
Within the scope of the present invention. 

II. Compound Preparation 

[0053] While other synthetic strategies Will be apparent to 
those of skill in the art, the compounds of Formula (I) 
Wherein R3 represents a hydrogen can be obtained from a 
compound of general formula (II) in accordance With the 
folloWing general synthesis scheme: 

0 O 

nN4< 
H m 04% + Ph3P=CH2 

(H) 

a 
—> 

(111) 

May 4, 2006 

-continued 
0 

WW . 0% 
(Iv) 

Xl/i/Y i’ k / 
Rl N 

(V) 

O 

. 6+ 
(V1) 

l 

(IV) + 

m 

(I) 

[0054] The general synthesis scheme is as folloWs: 

[0055] a) an aldehyde of general formula (II) is reacted 
With the phosphorane ylide (III); 

[0056] b) the vinylaZacycloalkane of general formula (IV) 
is reacted With a heteroaryl halide of general formula (V, 
Where Y=halogen); 

[0057] c) the tert-butoxycarbonyl group is eliminated from 
the compound of general formula (VI); 

[0058] and the product is isolated and optionally converted 
into a pharmaceutically acceptable salt. 

[0059] The reaction (a) betWeen an aldehyde of general 
formula (II) and the phosphorane ylide (III) advantageously 
takes place under an inert atmosphere (for example under 
nitrogen or argon) in an inert solvent such as tetrahydrofuran 
at a temperature betWeen —l0° C. and the boiling tempera 
ture of the reaction mixture, preferably at a temperature 
betWeen around —50 C. and around 22° C. 

[0060] The reaction (b) betWeen a vinylaZacycloalkane of 
general formula (IV) and an appropriate heteroaryl halide of 
general formula (V) advantageously takes place under an 
inert atmosphere in the presence of a catalyst such as 
palladium acetate, a base such as diisopropylethylamine and 
an inorganic salt such as lithium chloride, in an inert solvent 
such as dimethylformamide at a temperature betWeen 20° C. 
and the boiling temperature of the reaction mixture. Ideally, 
the temperature of the reaction is in the region of about 110° 
C. 

[0061] In another embodiment, the reaction (b) betWeen a 
vinylaZacycloalkane of general formula (IV) and an appro 
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priate heteroaryl halide of general formula (V) can be 
performed preferably under an inert atmosphere (for 
example under nitrogen or under argon) in the presence of 
a catalyst such as palladium acetate and a phosphine such as 
triphenylphosphine in basic medium, for example in the 
presence of a base such as triethylamine, at a temperature 
betWeen 20° C. and the boiling temperature of the reaction 
mixture, preferably at a temperature in the region of 110° C. 

[0062] The reaction (c) takes place generally in accor 
dance With the customary methods Which do not adversely 
affect the rest of the molecule, in particular by applications 
of the methods described by T. W. Greene and P. G. M. Wuts, 
Protective Groups in Organic Synthesis (2ndl ed.), A. 
Wileyilnterscience Publication (1991). For example, the 
reaction (c) of eliminating the tert-butoxycarbonyl group 
from the compound of general formula (VI) takes place 
preferably under an inert atmosphere (for example under 
nitrogen or under argon) in the presence of an acid such as 
tri?uoroacetic acid in an inert solvent such as dichlo 
romethane at a temperature betWeen —10° C. and the boiling 
temperature of the reaction mixture, preferably at a tem 
perature betWeen —5° C. and a temperature in the region of 
22° C. 

[0063] Alternatively the reaction (c) of eliminating the 
tert-butoxycarbonyl group from the compound of general 
formula (V I) can be performed preferably under an inert 
atmosphere (for example under nitrogen or under argon) by 
the action of trimethylsilyl iodide in an inert solvent such as 
dichloromethane at a temperature betWeen —10° C. and the 
boiling temperature of the reaction mixture, preferably at a 
temperature in the region of 22° C. 

[0064] The derivatives of general formula (I) in Which R3 
does not represent a hydrogen can be obtained from a 
compound of general formula (I) in Which R3 represents a 
hydrogen atom in accordance With the customary methods 
of amine alkylation Which do not adversely affect the rest of 
the molecule, in particular by applications of the methods 
described by R. C. Larock, Comprehensive Organic Trans 
formations, VCH Publishers (1989). 

[0065] Alternatively the derivatives of general formula (I) 
in Which R3 represents a methyl can be obtained by reacting 
a compound of general formula (I) in Which R3 represents a 
hydrogen With a solution of formaldehyde in formic acid at 
a temperature betWeen 22° C. and the boiling temperature of 
the reaction mixture. The compounds of general formula (11) 
Which are not commercially available can be obtained by 
applying or adapting methods described by Peschke B. et al., 
Eur J. Med. Chem. 34:363-380 (1999), the contents of 
Which are hereby incorporated by reference. 

[0066] The compounds of general formula (V) Which are 
not commercially available can be obtained by applying or 
adapting methods described in PCT WO 00/75110, the 
contents of Which are hereby incorporated by reference. 
Alternatively the compounds of general formula (V) in 
Which 

[0067] x is CiRZ; 

[0068] R is ‘0R6; and 

[0069] R6 is C1_6 alkyl, aryl-Cl_6-alkyl, heteroaryl-CM 
alkyl, heterocyclyl, heterocyclylalkyl, cycloalkyl or polycy 
cloalkyls, these radicals being optionally substituted by 1 or 
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more substituents selected from halogen, Cl_6alkyl, 
Cl_6alkoxy, %N, iNOZ, iNHZ, ADH, iCOOH, 
4COOiCl76 alkyl, iCONHZ, formyl, tri?uoromethyl or 
tri?uoromethoxy, can be obtained from a heteroaryl halide 
of general formula (VII), Where Y is a halogen and R1 is as 
previously de?ned, and an alcohol of general formula (V 111), 
Where R6 is as previously de?ned, in accordance With the 
folloWing general synthesis scheme: 

HO Y 
\ d 

+ R6—OH —> 

/ 
R1 N (VIII) 

(v11) 
0 Y 

R6/ \ 

/ 
R1 N 

(V) 

[0070] The reaction (d) betWeen heteroaryl alcohol of 
general formula (V H) and an appropriate alcohol of general 
formula (VIII) takes place preferably under an inert atmo 
sphere in the presence of a diaZene such as diethyl aZodi 
carboxylate and a phosphine such as triphenylphosphine in 
an inert solvent such as toluene at a temperature betWeen 0° 
C. and the boiling temperature of the reaction mixture, 
preferably at a temperature betWeen a temperature in the 
region of 22° C. and the boiling temperature of the solvent. 

[0071] The compounds of general Formula (I) can be 
isolated and puri?ed using methods Well knoWn to those of 
skill in the art, including, for example, crystallization, chro 
matography and/ or extraction. 

[0072] In the above-mentioned schemes, When any one or 
more of the R-groups are or contain reactive groups that are 
potentially reactive under the reaction conditions, for 
example, ‘OH, iSH, iNHZ or 4CO2H, it Will be readily 
apparent to those of skill in the art that these functional 
groups can require the use of suitable “protecting groups” 
during the reactions to “block” the reactivity of the R-group. 
These “protecting” groups can be chosen, introduced and 
cleaved in accordance to T. W. Greene and P. G. M. Wuts 
(Protective Groups in Organic Synthesis (2ndl ed.), A. 
Wileyilnterscience Publication (1991)). 

[0073] The compounds of general formula (I) and the 
compounds of general formula (IV) can be obtained in 
optically pure form by separating their racemates in accor 
dance With the customary methods (i.e., resolution of enan 
tiomers), or by using optically pure starting materials. 

[0074] The compounds of general formula (I) can option 
ally be converted into addition salts With a mineral or 
organic acid by the action of such an acid in an appropriate 
solvent, for example, an organic solvent such as an alcohol, 
a ketone, an ether or a chlorinated solvent. These salts 
likeWise form part of the invention. 

[0075] Representative pharmaceutically acceptable salts 
include, but are not limited to, benZenesulfonate, bromide, 
chloride, citrate, ethanesulfonate, fumarate, gluconate, 
iodate, maleate, isethionate, methanesulfonate, methyl 
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enebis([3-oxynaphthoate), nitrate, oxalate, palmoate, phos 
phate, salicylate, succinate, sulfate, tartrate, theophyllinac 
etate, p-toluenesulfonate, hemigalactarate and galactarate 
salts. 

Ill. Pharmaceutical Compositions 

[0076] The pharmaceutical compositions according to the 
invention include a compound of Formula (I) or a salt 
thereof, in the pure state or in the form of a composition in 
Which it is combined With any other pharmaceutically com 
patible product, Which can be inert or physiologically active. 
Such compositions can be administered, for example, orally, 
parenterally, rectally or topically. 

[0077] Examples of solid compositions for oral adminis 
tration include, but are not limited to, tablets, pills, poWders 
(gelatin capsules, cachets) and granules. In these composi 
tions, the active compound is mixed With one or more inert 
diluents, such as starch, cellulose, sucrose, lactose or silica, 
ideally under a stream of an inert gas such as argon. 

[0078] The compositions can also include substances 
other than diluents, for example, one or more lubricants such 
as magnesium stearate or talc, a colorant, a coating (coated 
tablets) or a varnish. 

[0079] Examples of liquid compositions for oral adminis 
tration include, but are not limited to, solutions, suspensions, 
emulsions, syrups and elixirs that are pharmaceutically 
acceptable and typically contain inert diluents such as Water, 
ethanol, glycerol, vegetable oils or liquid para?in. These 
compositions can comprise substances other than the dilu 
ents, for example, Wetting agents, sWeeteners, thickeners, 
?avors and stabiliZers. 

[0080] Sterile compositions for parenteral administration 
can include, for example, aqueous or nonaqueous solutions, 
suspensions and emulsions. Examples of suitable solvents 
and vehicles include, but are not limited to aqueous solu 
tions, preferably buffered aqueous solutions, propylene gly 
col, a polyethylene glycol, vegetable oils, especially olive 
oil, injectable organic esters, for example ethyl oleate, and 
other appropriate organic solvents. These compositions can 
also include adjuvants, especially Wetting agents, isotonicity 
agents, emulsi?ers, dispersants and stabiliZers. Such sterile 
compositions can be steriliZed in a number of Ways, for 
example, by asepticiZing ?ltration, by incorporating steril 
iZing agents into the composition, by irradiation and by 
heating. They can also be prepared in the form of sterile 
solid compositions Which can be dissolved at the time of use 
in sterile Water or any other sterile injectable medium. 

[0081] Examples of compositions for rectal administration 
include, but are not limited to, suppositories and rectal 
capsules that, in addition to the active product, can include 
excipients such as cocoa butter, semi-synthetic glycerides 
and polyethylene glycols. 

[0082] Compositions for topical administration can, for 
example, be creams, lotions, eyeWashes, collutoria, nasal 
drops or aerosols. 

[0083] The pharmaceutical compositions also can include 
various other components as additives or adjuncts. Exem 
plary pharmaceutically acceptable components or adjuncts 
Which are employed in relevant circumstances include anti 
oxidants, free radical scavenging agents, peptides, groWth 
factors, antibiotics, bacteriostatic agents, immunosuppres 
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sives, anticoagulants, bu?fering agents, anti-in?ammatory 
agents, anti-pyretics, time release binders, anesthetics, ste 
roids and corticosteroids. Such components can provide 
additional therapeutic bene?t, act to affect the therapeutic 
action of the pharmaceutical composition, or act toWards 
preventing any potential side effects Which may be posed as 
a result of administration of the pharmaceutical composi 
tion. In certain circumstances, a compound of the present 
invention can be employed as part of a pharmaceutical 
composition With other compounds intended to prevent or 
treat a particular disorder. 

IV. Methods of Treatment 

[0084] The compounds described herein are useful for 
treating those types of conditions and disorders for Which 
other types of nicotinic compounds have been proposed as 
therapeutics. See, for example, Williams et al., DN&P 
7(4):205-227 (1994), Americ et al., CNS Drug Rev. 1 (1): 
1-26 (1995), Americ et al., Exp. Opin. Invest. Drugs 5(1):79 
100 (1996), Bencherif et al., J. Pharmacol. Exp. Ther. 
279:1413 (1996), Lippiello et al., J. Pharmacol. Exp. Ther. 
27911422 (1996), Damaj et al., Neuroscience (1997), Hol 
laday et al., J. Med. Chem. 40(28): 4169-4194 (1997), 
Bannon et al., Science 279: 77-80 (1998), PCT WO 
94/08992, PCT WO 96/31475, and US. Pat. Nos. 5,583,140 
to Bencherif et al., US. Pat. No. 5,597,919 to Dull et al., and 
US. Pat. No. 5,604,231 to Smith et al. 

[0085] The compounds can also be used as adjunct therapy 
in combination With existing therapies in the management of 
the aforementioned types of diseases and disorders. In such 
situations, it is preferably to administer the active ingredi 
ents in a manner that minimiZes effects upon nAChR sub 
types such as those that are associated With muscle and 
ganglia. This can be accomplished by targeted drug delivery 
and/or by adjusting the dosage such that a desired effect is 
obtained Without meeting the threshold dosage required to 
achieve signi?cant side effects. The pharmaceutical compo 
sitions can be used to ameliorate any of the symptoms 
associated With those conditions, diseases and disorders. 

[0086] Examples of conditions and disorders that can be 
treated include neurological disorders, neurodegenerative 
disorders, in particular, CNS disorders, and in?ammatory 
disorders. CNS disorders can be drug induced; can be 
attributed to genetic predisposition, infection or trauma; or 
can be of unknoWn etiology. CNS disorders comprise neu 
ropsychiatric disorders, neurological diseases and mental 
illnesses, and include neurodegenerative diseases, behav 
ioral disorders, cognitive disorders and cognitive affective 
disorders. There are several CNS disorders Whose clinical 
manifestations have been attributed to CNS dysfunction 
(i.e., disorders resulting from inappropriate levels of neu 
rotransmitter release, inappropriate properties of neurotrans 
mitter receptors, and/or inappropriate interaction betWeen 
neurotransmitters and neurotransmitter receptors). Several 
CNS disorders can be attributed to a de?ciency of choline, 
dopamine, norepinephrine and/or serotonin. 

[0087] Examples of CNS disorders that can be treated 
using the compounds of Formula (I) and their pharmaceu 
tically acceptable salts, and pharmaceutical compositions 
including these compounds, include pre-senile dementia 
(early onset AlZheimer’s disease), senile dementia (dementia 
of the AlZheimer’s type), LeWy Body dementia, micro 
infarct dementia, AIDS-related dementia, HIV-dementia, 
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multiple cerebral infarcts, Parkinsonism including Parkin 
son’s disease, Pick’s disease, progressive supranuclear 
palsy, Huntington’s chorea, tardive dyskinesia, hyperkine 
sia, epilepsy, mania, attention de?cit disorder, anxiety, 
depression, dyslexia, schizophrenia depression, obsessive 
compulsive disorders, Tourette’s syndrome, mild cognitive 
impairment (MCI), age-associated memory impairment 
(AAMI), premature amnesic and cognitive disorders Which 
are age-related or a consequence of alcoholism, or immu 
node?ciency syndrome, or are associated With vascular 
disorders, With genetic alterations (such as, for example, 
trisomy 21) or With attention de?ciencies or learning de? 
ciencies, acute or chronic neurodegenerative conditions such 
as amyotrophic lateral sclerosis, multiple sclerosis, periph 
eral neurotrophies, and cerebral or spinal traumas. In addi 
tion, the compounds can be used to treat nicotine addiction 
and/ or other behavioral disorders related to substances that 
lead to dependency (e.g., alcohol, cocaine, heroin and opi 
ates, psychostimulants, benZodiaZepines and barbiturates). 
The compounds can also be used to treat pathologies exhib 
iting an in?ammatory character Within the gastrointestinal 
system such as Crohn’s disease, irritable boWel syndrome 
and ulcerous colitis, and in diarrheas. 

[0088] The manner in Which the compounds are adminis 
tered can vary. The compounds can be administered by 
inhalation (e.g., in the form of an aerosol either nasally or 
using delivery articles of the type set forth in US. Pat. No. 
4,922,901 to Brooks et al.); topically (e.g., in lotion form); 
orally (e.g., in liquid form Within a solvent such as an 
aqueous or non-aqueous liquid, or Within a solid carrier); 
intravenously (e.g., Within a dextrose or saline solution); as 
an infusion or injection (e.g., as a suspension or as an 
emulsion in a pharmaceutically acceptable liquid or mixture 
of liquids); intrathecally; intracerebroventricularly; or trans 
dermally (e.g., using a transdermal patch). Although it is 
possible to administer the compounds in the form of a bulk 
active chemical, it is preferred to present each compound in 
the form of a pharmaceutical composition or formulation for 
ef?cient and effective administration. Exemplary methods 
for administering such compounds Will be apparent to the 
skilled artisan. For example, the compounds can be admin 
istered in the form of a tablet, a hard gelatin capsule or as a 
time-release capsule. As another example, the compounds 
can be delivered transdermally using the types of patch 
technologies available from Novartis and AlZa Corporation. 
The administration of the pharmaceutical compositions of 
the present invention can be intermittent, or at a gradual, 
continuous, constant or controlled rate to a Warm-blooded 

animal, (e.g., a mammal such as a mouse, rat, cat, rabbit, 
dog, pig, coW, or monkey); but advantageously is preferably 
administered to a human being. In addition, the time of day 
and the number of times per day that the pharmaceutical 
formulation is administered can vary. Administration pref 
erably is such that the active ingredients of the pharmaceu 
tical formulation interact With receptor sites Within the body 
of the subject that affect the functioning of the CNS or of the 
gastrointestinal (GI) tract. More speci?cally, in treating a 
CNS disorder administration preferably is such so as to 
optimiZe the effect upon those relevant receptor subtypes 
Which have an effect upon the functioning of the CNS, While 
minimiZing the effects upon muscle-type receptor subtypes. 
Other suitable methods for administering the compounds of 
the present invention are described in US. Pat. No. 5,604, 
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231 to Smith et al., the disclosure of Which is incorporated 
herein by reference in its entirety. 

[0089] The appropriate dose of the compound is that 
amount effective to prevent occurrence of the symptoms of 
the disorder or to treat some symptoms of the disorder from 
Which the patient suffers. By “effective amount”, “therapeu 
tic amount” or “effective dose” is meant that amount suffi 
cient to elicit the desired pharmacological or therapeutic 
effects, thus resulting in effective prevention or treatment of 
the disorder. Thus, When treating a CNS disorder, an effec 
tive amount of compound is an amount sufficient to pass 
across the blood-brain barrier of the subject, to bind to 
relevant receptor sites in the brain of the subject, and to 
activate relevant nicotinic receptor subtypes (e.g., provide 
neurotransmitter secretion, thus resulting in effective pre 
vention or treatment of the disorder). Prevention of the 
disorder is manifested by delaying the onset of the symp 
toms of the disorder. Treatment of the disorder is manifested 
by a decrease in the symptoms associated With the disorder 
or an amelioration of the recurrence of the symptoms of the 
disorder. 

[0090] The effective dose can vary, depending upon fac 
tors such as the condition of the patient, the severity of the 
symptoms of the disorder, and the manner in Which the 
pharmaceutical composition is administered. For human 
patients, the effective dose of typical compounds generally 
requires administering the compound in an amount suf?cient 
to activate relevant receptors to effect neurotransmitter (e.g., 
dopamine) release but the amount should be insu?icient to 
induce effects on skeletal muscles and ganglia to any sig 
ni?cant degree. The effective dose of compounds Will of 
course differ from patient to patient but in general includes 
amounts starting Where CNS effects or other desired thera 
peutic effects occur, but beloW the amount Where muscular 
effects are observed. 

[0091] The doses depend on the desired effect, the dura 
tion of treatment and the administration route used; they are 
generally betWeen 0.05 mg and 100 mg of active substance 
per day orally for an adult. 

[0092] Generally speaking, the doctor Will determine the 
appropriate dosage as a function of the age, Weight and all 
the other factors speci?c to the patient. 

[0093] The compounds preferably have the ability to pass 
across the blood-brain barrier of the patient. As such, such 
compounds have the ability to enter the central nervous 
system of the patient. The log P values of typical com 
pounds, Which are useful in carrying out the present inven 
tion are generally greater than about 0, often are greater than 
about 0.5, and frequently are greater than about 1. The log 
P values of such typical compounds generally are less than 
about 3.5, often are less than about 3, and sometimes are less 
than about 2.5. Log P values provide a measure of the ability 
of a compound to pass across a diffusion barrier, such as a 
biological membrane. See, Hansch, et al., J. Med. Chem. 
1 1 : 1 (1 968). 

[0094] The compounds have the ability to bind to, and in 
most circumstances, cause activation of, nAChRs of the 
brain of the patient (e.g., such as those receptors that 
modulate dopamine release). As such, such compounds have 
the ability to express nicotinic pharmacology, and in par 
ticular, to act as nicotinic agonists or partial agonists. The 
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receptor binding constants of typical compounds useful in 
carrying out the present invention generally exceed about 
0.1 nM, often exceed about 1 nM, and frequently exceed 
about 10 nM. The receptor binding constants of such typical 
compounds generally are less than about 1 uM, often are less 
than about 100 nM, and frequently are less than about 50 
nM. Receptor binding constants provide a measure of the 
ability of the compound to bind to half of the relevant 
receptor sites of certain brain cells of the patient. See, 
Cheng, et al., Biochem. Pharmacol. 22:3099 (1973). 

[0095] The compounds useful according to the method of 
the present invention have the ability to demonstrate a 
nicotinic function by e?fectively eliciting ion ?ux through, 
and/ or neurotransmitter secretion from, nerve ending prepa 
rations (e.g., thalamic or striatal synaptosomes). As such, 
such compounds have the ability to cause relevant neurons 
to become activated, and to release or secrete acetylcholine, 
dopamine, or other neurotransmitters. Generally, typical 
compounds useful in carrying out the present invention 
e?fectively provide for relevant receptor activation in 
amounts of at least about 30 percent, often at least about 50 
percent, and frequently at least about 75 percent, of that 
maximally provided by (S)-(—)-nicotine. Generally, typical 
compounds useful in carrying out the present invention are 
more potent than (S)-(—)-nicotine in eliciting relevant recep 
tor activation. Generally, typical compounds useful in car 
rying out the present invention e?fectively provide for the 
secretion of dopamine in amounts of at least about 50 
percent, often at least about 75 percent, and frequently at 
least about 100 percent, of that maximally provided by 
(S)-(—)-nicotine. Certain compounds of the present inven 
tion can provide secretion of dopamine in an amount Which 
can exceed that maximally provided by (S)-(—)-nicotine. 
Generally, typical compounds useful in carrying out the 
present invention are less potent than (S)-(—)-nicotine in 
eliciting neurotransmitter secretion, such as dopamine secre 
tion. 

[0096] The compounds of the present invention, When 
employed in e?‘ective amounts in accordance With the 
method of the present invention, lack the ability to elicit 
activation of nAChRs of human muscle to any signi?cant 
degree. In that regard, the compounds of the present inven 
tion demonstrate poor ability to cause isotopic rubidium ion 
?ux through nAChRs in cell preparations expressing 
muscle-type nicotinic acetylcholine receptors. Thus, such 
compounds exhibit receptor activation constants or EC5O 
values (i.e., Which provide a measure of the concentration of 
compound needed to activate half of the relevant receptor 
sites of the skeletal muscle of a patient) Which are extremely 
high (i.e., greater than about 100 HM). Generally, typical 
preferred compounds useful in carrying the present inven 
tion activate isotopic rubidium ion ?ux by less than 10 
percent, often by less than 5 percent, of that maximally 
provided by S(—) nicotine. 

[0097] The compounds of the present invention, When 
employed in e?‘ective amounts in accordance With the 
method of the present invention, lack the ability to elicit 
activation of human ganglion nAChRs to any signi?cant 
degree. This selectivity of the compounds of the present 
invention against those nAChRs responsible for cardiovas 
cular side effects is demonstrated by a lack of the ability of 
those compounds to activate nicotinic function of adrenal 
chroma?in tissue. As such, such compounds have poor 
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ability to cause isotopic rubidium ion ?ux through nAChRs 
in cell preparations derived from the adrenal gland. Gener 
ally, typical preferred compounds useful in carrying out the 
present invention maximally activate isotopic rubidium ion 
?ux by less than 10 percent, often by less than 5 percent, of 
that maximally provided by S(—) nicotine. 

[0098] The compounds are e?fective toWards providing 
some degree of prevention of the progression of CNS 
disorders, ameliorating the symptoms of CNS disorders, and 
ameliorating to some degree the recurrence of CNS disor 
ders. HoWever, such e?‘ective amounts of those compounds 
are not suf?cient to elicit any appreciable undesired nicotinic 
elfects, as is demonstrated by decreased e?fects on prepara 
tions believed to re?ect e?fects on the cardiovascular system, 
or e?fects to skeletal muscle. As such, administration of 
compounds of the present invention provides a therapeutic 
WindoW in Which treatment of certain CNS disorders is 
provided, and undesired peripheral nicotinic e?fects/ side 
e?fects are avoided. That is, an e?‘ective dose of a compound 
of the present invention is su?icient to provide the desired 
e?fects upon the CNS, but is insuf?cient (i.e., is not at a high 
enough level) to provide undesirable side effects. Preferably, 
e?‘ective administration of a compound of the present inven 
tion resulting in treatment of CNS disorders occurs upon 
administration of less than 1/3, frequently less than 1/s, and 
often less than 1/1o, that amount suf?cient to cause any side 
e?fects to a signi?cant degree. 

SYNTHETIC EXAMPLES 

[0099] The folloWing synthetic examples are provided to 
illustrate the present invention, and should not be construed 
as limiting thereof. In these examples, all parts and percent 
ages are by Weight, unless otherWise noted. Reaction yields 
are reported in mole percentages. 

Example 1 

Racemic 3 -((E) -2 -Pyrrolidin-3 -ylvinyl)-5 -(tetrahy 
dropyran-4-yloxy)pyridine hemigalactarate 

[0100] Tri?uoroacetic acid (0.91 cm3, 11.7 mmol) Was 
added drop-Wise to a solution of 0.44 g (1.17 mmol) of 
racemic 3-{(E)-2-[5-(tetrahydropyran-4-yloxy)pyridin-3-yl] 
vinyl}pyrrolidine-1-carboxylic acid tert-butyl ester in 4.5 
cm of dichloromethane, Which Was under argon and Was 
cooled to 0° C. The reaction mixture Was stirred at this 
temperature for 0.5 h and then at a temperature in the region 
of 220 C. for 20 h and Was concentrated to dryness under 
reduced pressure (2.7 kPa). The oily residue Was taken up in 
5 cm3 of Water and the resulting solution Was rendered basic 
(pH=8) by adding 28% aqueous ammonia solution and then 
extracted With 3 times 25 cm3 of dichloromethane. The 
combined organic phases Were Washed With 25 cm3 of Water, 
dried over magnesium sulfate, ?ltered and concentrated to 
dryness under reduced pressure (2.7 kPa) to give 0.225 g of 
orange-colored oil, Which Was puri?ed by chromatography 
on silica gel [eluent:dichloromethane/methanol (9/1 then 8/2 
by volume)]. Concentration of the fractions under reduced 
pressure (2.7 kPa) gave 0.1 g (0.36 mmol) of orange-colored 
oil. Galactaric acid (0.038 g, 0.18 mmol) Was added to a 
solution of this oil in 2 cm3 of methanol to Which 0.5 cm3 of 
Water has been added. The mixture Was brought to re?ux and 
cooled to a temperature in the region of 220 C. and the 
insoluble material Was removed by ?ltration. The ?ltrate Was 
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concentrated to dryness under reduced pressure (2.7 kPa) 
and the oily residue Was taken up in 2 cm3 of ethanol. The 
precipitated solid Was ?ltered off, washed With 2 cm3 of 
isopropyl acetate and 2 cm3 of diisopropyl ether and then 
dried at 40° C. under vacuum (2.7 kPa) to give 0.088 g of 
racemic 3 -((E) -2 -pyrrolidin-3 -ylvinyl) -5 - (tetrahydropyran 
4-yloxy)pyridine hemigalactarate in the form of a beige 
solid. Mass spectrum (El): m/Z 274 (M+), m/Z 232. 1H NMR 
spectrum (300 MHZ, (CD3)2SO d6 With a feW drops of 
CD3COOD d4, 6 in ppm): 1.61 (m: 2H); 1.82 (m: 1H); 1.98 
(m: 2H); 2.17 (m: 1H); 2.96 (dd, J=10.5 and 8.5 HZ: 1H); 
3.07 (m: 1H); from 3.10 to 3.40 (m: 2H); 3.41 (dd, J=10.5 
and 7.5 HZ: 1H); 3.50 (ddd, J=12—9.5 and 3 HZ: 2H); 3.79 
(s: 1H); 3.87 (dt, J=12 and 4.5 HZ: 2H); 4.24 (s: 1H); 4.69 
(m: 1H); 6.43 (dd, J=16 and 7 HZ: 1H); 6.56 (d, J=16 HZ: 
1H); 7.49 (m: 1H); 8.20 (m: 2H). 

[0101] Racemic 3-{(E)-2-[5-(tetrahydropyran-4-yloxy 
)pyridin-3-yl]vinyl}pyrrolidine-1-carboxylic acid tert-butyl 
ester can be prepared as folloWs: 

[0102] Palladium acetate (0.117 g, 0.52 mmol), 0.678 g 
(16 mmol) of lithium chloride and 7.25 cm3 (42 mmol) of 
ethyldiisopropylamine Were added in succession to a solu 
tion under argon of 1.33 g (5.17 mmol) of 3-bromo-5 
(tetrahydropyran-4-yloxy)pyridine and 1.2 g (5.17 mmol) of 
racemic 3-vinylpyrrolidine-1-carboxylic acid tert-butyl ester 
in 15 cm3 of dimethylforrnamide. After 3 hours of heating at 
110° C. With stirring, the reaction mixture Was stirred for 2 
hours at a temperature in the region of 22° C. and then 
concentrated to dryness under reduced pressure (2.7 kPa). 
The oily residue Was taken up in 50 cm3 of ethyl acetate and 
the resulting solution Was Washed in succession With 2 times 
25 cm3 of Water, 25 cm3 of saturated bicarbonate solution, 2 
times 25 cm3 of Water and 25 cm3 of saturated sodium 
chlorine solution and then Was dried over magnesium sul 
fate, ?ltered and concentrated to dryness under reduced 
pressure (2.7 kPa) to give 1.4 g of broWn oil. This residue 
Was puri?ed by chromatography on silica gel [eluent:cyclo 
hexane/ethyl acetate (8/ 2 by volume)]. Concentration of the 
fractions under reduced pressure (2.7 kPa) gave 0.44 g of 
yelloW oil Which Was used Without further puri?cation in the 
remainder of the synthesis. 

[01 03] 3 -Bromo- 5 -(tetrahydropyran-4 -yloxy)pyridine can 
be prepared as folloWs: 

[0104] Diethyl aZodicarboxylate (7.1 cm3, 45 mmol) Was 
added drop-Wise to a solution under argon of 5.22 g (30 
mmol) of 5-bromopyridin-3-ol, 4.69 g (45 mmol) of tetrahy 
dropyran-4-ol (45 mmol) and 11.8 g (45 mmol) of triph 
enylphosphine in 150 cm3 of toluene. After 20 hours of 
heating under re?ux With stirring, the reaction mixture Was 
brought to a temperature in the region of 22° C. and then 
Washed in succession With 2 times 75 cm3 of Water, 2 times 
75 cm3 of saturated bicarbonate solution, 2 times 75 cm3 of 
Water and 75 cm3 of saturated sodium chloride solution and 
then the organic solution Was dried over magnesium sulfate, 
?ltered and concentrated to dryness under reduced pressure 
(2.7 kPa) to give an orange-colored oil. This residue Was 
admixed With 100 cm3 of diisopropyl ether and the solid 
formed Was ?ltered olf and Washed With 2 times 25 cm3 of 
diisopropyl ether. The ?ltrate Was concentrated to dryness 
under reduced pressure (2.7 kPa) to give 10 g of an orange 
colored oil. This residue Was puri?ed by chromatography on 
silica gel [eluent:cyclohexane/ethyl acetate (8/2 by vol 
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ume)]. Concentration of the fractions under reduced pres 
sure (2.7 kPa) gave 7.3 g of 3-bromo-5-(tetrahydropyran-4 
yloxy)pyridine in the form of a yelloW oil. 1H NMR 
spectrum (300 MHZ, (CD3)2SO d6, 6 in ppm): 1.59 (m: 2H); 
1.99 (m: 2H); 3.49 (ddd, J=12.5—9.5 and 3 HZ: 2H); 3.87 (dt, 
J=12.5 and 4.5 HZ: 2H); 4.75 (m: 1H); 7.82 (dd, J=2.5 and 
2 HZ: 1H); 8.28 (d, J=2 HZ: 1H); 8.33 (d, J=2.5 HZ: 1H). 

[0105] Racemic 3-vinylpyrrolidine-1-carboxylic acid tert 
butyl ester can be prepared as folloWs: 

[0106] n-Butyllithium in hexane (44 cm3 of a 1.6 N 
solution) Was added drop-Wise to a suspension of 25.5 g (71 
mmol) of triphenylmethylphosphonium bromide in 300 cm3 
of tetrahydrofuran, Which Was under argon and cooled to 00 
C. The reaction mixture Was stirred at 0° C. for 0.5 h and 
then admixed With a solution of 7.1 g (35.6 mmol) of 
racemic 3-formylpyrrolidine-1-carboxylic acid tert-butyl 
ester in 100 cm3 of tetrahydrofuran. After 2.5 hours of 
reaction at a temperature in the region of 22° C., the mixture 
Was poured into 600 cm3 of saturated aqueous ammonium 
chloride solution. Following addition of ethyl acetate the 
organic phase Was taken olf by decanting, Washed tWice With 
Water and With saturated sodium chloride solution and then 
dried over magnesium sulfate and concentrated to dryness 
under reduced pressure (2.7 kPa). The resulting oil Was 
puri?ed by chromatography on silica gel [eluent:cyclohex 
ane/ethyl acetate (95/5 then 9/1 by volume)]. Concentration 
of the fractions under reduced pressure (2.7 kPa) gave 6.3 g 
of racemic 3-vinylpyrrolidine-1-carboxylic acid tert-butyl 
ester in the form of a colorless oil. Mass spectrum (ES): m/Z 
198 (MH’'), m/Z=142. 

Example 2 

Racemic 5 -((E) -2 -pyrrolidin-3 -ylvinyl)pyrimidine 
hemigalactarate 

[0107] Tri?uoroacetic acid (1.2 cm3, 15.6 mmol) Was 
added drop-Wise to a solution of 0.43 g (1.56 mmol) of 
racemic 3 -((E) -2 -pyrimidin-5 -ylvinyl)pyrrolidine-1-car 
boxylic acid tert-butyl ester in 6 cm3 of dichloromethane, 
Which Was under argon and cooled to 0° C. The reaction 
mixture Was stirred at this temperature for 0.5 h then at a 
temperature in the region of 22° C. for 20 hours and it Was 
concentrated to dryness under reduced pressure (2.7 kPa). 
The oily residue Was taken up in 5 cm3 of Water and the 
resulting solution Was rendered basic (pH=8) by adding 28% 
aqueous ammonia solution and Was then extracted With 3 
times 25 cm3 of dichloromethane. The combined organic 
phases Were Washed With 25 cm3 of Water, dried over 
magnesium sulfate, ?ltered and concentrated to dryness 
under reduced pressure (2.7 kPa) to give 0.126 g of orange 
colored oil Which Was puri?ed by chromatography on silica 
gel [eluent:dichloromethane/methanol (9/1 then 8/2 by vol 
ume)]. Concentration of the fractions under reduced pres 
sure (2.7 kPa) gave 0.1 g (0.57 mmol) of orange-colored oil. 
Galactaric acid (0.06 g, 0.28 mmol) Was added to a solution 
of this oil in 2 cm3 of methanol to Which 0.5 cm3 of Water 
has been added. The mixture Was brought to re?ux and 
cooled to a temperature in the region of 22° C. and the 
insoluble material Was removed by ?ltration. The ?ltrate Was 
concentrated to dryness under reduced pressure (2.7 kPa) 
and the oily residue Was taken up in 2 cm3 of ethanol. The 
precipitated solid Was ?ltered off, washed With 2 cm3 of 
isopropyl acetate and 2 cm3 of diisopropyl ether and then 
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dried at 40° C. under vacuum (2.7 kPa) to give 0.1 g of 
racemic 5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine hemiga 
lactarate in the form of an ochre solid. Mass spectrum (DCI): 
m/Z 176 (MH’'). 1H NMR spectrum (300 MHZ, (CD3)2SO 
d6 With a feW drops of CD3COOD d4, 6 in ppm): 1.82 (m: 
1H); 2.18 (m: 1H); 2.98 (dd, J=11 and 8.5 HZ: 1H); 3.10 (m: 
1H); 3.20 (m: 1H); 3.33 (m: 1H); 3.42 (dd, J=11 and 7.5 HZ: 
1H); 3.79 (s: 1H); 4.24 (s: 1H); 6.55 (limitAB: 2H); 8.87 (s: 
2H); 9.04 (s: 1H). 
[0108] Racemic 3-((E)-2-pyrimidin-5-ylvinyl)pyrroli 
dine-1-carboxylic acid tert-butyl ester can be prepared as 
follows: 

[0109] Palladium acetate (0.117 g, 0.52 mmol), 0.678 g 
(16 mmol) of lithium chloride and 7.25 cm3 (42 mmol) of 
ethyldiisopropylamine Were added in succession to a solu 
tion under argon of 0.822 g (5.17 mmol) of 5-bromopyri 
midine and 1.2 g (5.17 mmol) of racemic 3-vinylpyrrolidine 
1-carboxylic acid tert-butyl ester in 15 cm3 of 
dimethylformamide. After 3 hours of heating at 110° C. With 
stirring, the reaction mixture Was stirred for 2 hours at a 
temperature in the region of 22° C. and then concentrated to 
dryness under reduced pressure (2.7 kPa). The oily residue 
Was taken up in 50 cm3 of ethyl acetate and the resulting 
solution Was Washed in succession With 2 times 25 cm3 of 
Water, 25 cm3 of saturated bicarbonate solution, 2 times 25 
cm3 of Water and 25 cm3 of saturated sodium chloride 
solution and Was then dried over magnesium sulfate, ?ltered 
and concentrated to dryness under reduced pressure (2.7 
kPa) to give 1.1 g of broWn oil. This residue Was puri?ed by 
chromatography on silica gel [eluent:cyclohexane/ethyl 
acetate (8/2 by volume)]. Concentration of the fractions 
under reduced pressure (2.7 kPa) gave 0.43 g of racemic 
3 -((E) -2 -pyrimidin-5 -ylvinyl)pyrrolidine-1-carboxylic acid 
tert-butyl ester in the form of an oil. 1H NMR spectrum (300 
MHZ, (CD3)2SO d6, 6 in ppm): 1.42 (s: 9H); 1.78 (m: 1H); 
2.05 (m: 1H); from 2.90 to 3.15 (m: 2H); from 3.15 to 3.60 
(m: 3H); 6.51 (d, J=16.5 HZ: 1H); 6.64 (dd, J=16.5 and7 HZ: 
1H); 8.89 (s: 2H); 9.04 (s: 1H). 

Example 3 

+ -5- E -2- rrolidin-3-ylvinyl yrimidine P 
galactarate 

[0110] Trimethylsilyl iodide (0.2 cm3, 1.4 mmol) Was 
added at a temperature in the region of 22° C. to a solution 
under argon of 0.26 g (0.944 mmol) of (+)-3-((E)-2-pyrimi 
din-5-ylvinyl)pyrrolidine-1-carboxylic acid tert-butyl ester 
in 10 cm3 of dichloromethane. After 2 hours of stirring at 
this temperature the reaction mixture Was admixed With 15 
cm3 of 5% aqueous ammonia solution and stirred for 1 hour 
at a temperature in the region of 22° C. and left to settle. The 
aqueous phase Was separated and extracted With dichlo 
romethane. The combined organic phases Were Washed 
tWice With Water and With saturated aqueous sodium chlo 
ride solution and Were then dried over magnesium sulfate, 
?ltered and concentrated to dryness under reduced pressure 
(2.7 kPa) to give 0.06 g of orange-colored oil. Galactaric 
acid (0.035 g, 0.16 mmol) Was added to a solution of this oil 
in 6 cm3 of methanol to Which 0.6 cm3 of Water has been 
added. The mixture Was brought to re?ux, cooled to a 
temperature in the region of 22° C. and concentrated to 
dryness under reduced pressure (2.7 kPa). The oily residue 
Was triturated in the presence of 5 cm3 of diisopropyl ether 
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and the solid formed Was ?ltered off and then dried at 45° C. 
under vacuum (2.7 kPa) to give 0.072 g of (+)-5-((E)-2 
pyrrolidin-3 -ylvinyl)pyrimidine galactarate in the form of a 
yelloW solid. Mass spectrum (DCI): m/Z=176 (MH+). 1H 
NMR spectrum (300 MHZ, (CD3)2SO d6 With a feW drops 
of CD3COOD d4, 6 in ppm): 1.81 (m: 1H); 2.19 (m: 1H); 
2.98 (dd, J=11 and 9 HZ: 1H); 3.10 (m: 1H); 3.21 (m: 1H); 
3.33 (m: 1H); 3.43 (dd, J=11 and 8 HZ: 1H); 3.79 (s: 2H); 
4.25 (s: 2H); 6.56 (limitAB: 2H); 8.88 (s: 2H); 9.05 (s: 1 H). 

[0111] (+)-3 -((E)-2-Pyrimidin-5 -ylvinyl)pyrrolidine-1 
carboxylic acid tert-butyl ester can be prepared as folloWs: 

[0112] A racemic mixture of 3-((E)-2-pyrimidin-5-ylvi 
nyl)pyrrolidine-1-carboxylic acid ter‘t-butyl ester (0.5 g) Was 
injected in tWo parts on a 8 cm diameter column containing 
1.2 kg of chiral stationary phase Chiralpak ASTM 20 pm 
[How 130 ml/min, eluent:heptane/methanol/ethanol (98/ 1/ 1 
by volume)]. Concentration of the fractions under reduced 
pressure (2.7 kPa) gave 0.24 g of (+)-((E)-2-Pyrimidin-5 
ylvinyl)pyrrolidine-l-carboxylic acid tert-butyl ester and 
0.27 g of (—)-((E)-2-Pyrimidin-5-ylvinyl)pyrrolidine-1-car 
boxylic acid ter‘t-butyl ester. (+)-((E)-2-Pyrimidin-5-ylvi 
nyl)pyrrolidine-1-carboxylic acid ter‘t-butyl ester Was eluted 
in ?rst position With a retention time of 14.2 min on a 4.6 
mm diameter and 250 mm length Chiralpak ASTM 20 um 
column [How 1 ml/min, eluent:heptane/methanol/ethanol 
(98/ 1/ 1 by volume)]. 1H NMR spectrum (300 MHZ, 
(CD3)2SO d6, 6 in ppm): 1.43 (s: 9H); 1.79 (m: 1H); 2.06 
(m: 1H); from 2.95 to 3.15 (m: 2H); from 3.20 to 3.35 (m: 
1H); 3.44 (ddd, J=11—8.5 and 3 HZ: 1H); 3.53 (broad dd, 
J=10 and 7.5 HZ: 1H); 6.52 (d, J=16.5 HZ: 1H); 6.63 (dd, 
J=16.5 and 7 HZ: 1H); 8.89 (s: 2H); 9.04 (s: 1H). (—)-((E) 
2-Pyrimidin-5-ylvinyl)pyrrolidine-1-carboxylic acid tert 
butyl ester Was eluted in second position With a retention 
time of 17 min on a 4.6 mm diameter and 250 mm length 
Chiralpak ASTM 20 um column [How 1 ml/min, eluent:hep 
tane/methanol/ethanol (98/ 1/ 1 by volume)]. 1H NMR spec 
trum (300 MHZ, (CD3)2SO d6, 6 in ppm): 1.43 (s: 9H); 1.79 
(m: 1H); 2.06 (m: 1H); from 2.95 to 3.15 (m: 2H); from 3.20 
to 3.35 (m: 1H); 3.44 (ddd, J=11—8.5 and 3 HZ: 1H); 3.53 
(broad dd, J=10 and 7.5 HZ: 1H); 6.52 (d, J=16.5 HZ: 1H); 
6.63 (dd, J=16.5 and 7 HZ: 1H); 8.89 (s: 2H); 9.04 (s: 1H). 

Example 4 

(—)-5 -((E) -2-Pyrrolidin-3-ylvinyl)pyrimidine 
galactarate 

[0113] Trimethylsilyl iodide (0.2 cm3, 1.4 mmol) Was 
added at a temperature in the region of 22° C. to a solution 
under argon of 0.29 g (1.053 mmol) of (—)-3-((E)-2-pyrimi 
din-5-ylvinyl)pyrrolidine-1-carboxylic acid tert-butyl ester 
in 10 cm3 of dichloromethane. After 2 hours of stirring at 
this temperature the reaction mixture Was admixed With 15 
cm3 of 5% aqueous ammonia solution, stirred for 1 h at a 
temperature in the region of 22° C. and left to settle. The 
aqueous phase Was separated off and extracted With dichlo 
romethane. The combined organic phases Were Washed 
tWice With Water and With saturated aqueous sodium chlo 
ride solution and then Were dried over magnesium sulfate, 
?ltered and concentrated to dryness under reduced pressure 
(2.7 kPa) to give 0.1 g of orange-colored oil. Galactaric acid 
(0.06 g, 0.28 mmol) Was added to a solution of this oil in 10 
cm3 of methanol to Which 1 cm3 of Water has been added. 
The mixture Was brought to re?ux, cooled to a temperature 
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in the region of 22° C. and concentrated to dryness under 
reduced pressure (2.7 kPa). The oily residue Was triturated 
in the presence of 5 cm3 of diisopropyl ether and the solid 
formed Was ?ltered and then dried at 45° C. under vacuum 
(2.7 kPa) to give 0.094 g of (—)-5-((E)-2-pyrrolidin-3 
ylvinyl)pyrimidine galactarate in the form of a yellow solid. 
Mass spectrum (DCI): m/Z=176 (MH+). 1H NMR spectrum 
(300 MHZ, (CD3)2SO d6 With a feW drops of CD3COOD d4, 
6 in ppm): 1.82 (m: 1H); 2.19 (m: 1H); 2.98 (dd, J=11 and 
9 HZ: 1H); 3.10 (m: 1H); 3.21 (m: 1H); 3.32 (m: 1H); 3.43 
(dd, J=11 and 7.5 HZ: 1H); 3.79 (s: 2H); 4.24 (s: 2H); 6.57 
(limit AB: 2H); 8.88 (s: 2H); 9.05 (s: 1H). 

[0114] (—) -3 -((E) -2 -Pyrimidin-5 -ylvinyl)pyrrolidine-1 
carboxylic acid tert-butyl ester can be prepared as described 
in Example 3. 

Example 5 

Determination of Log P Value 

[0115] Log P values, Which have been used to assess the 
relative abilities of compounds to pass across the blood 
brain barrier (Hansch, et al., J. Med. Chem. ii: 1 (1968)), 
Were calculated using the Cerius2 software package Version 
3.5 by Molecular Simulations, Inc. 

Example 6 

Evaluation of the Various Properties of 
Representative Compounds 

[0116] The folloWing assays Were be used to determine the 
binding af?nity and other pharmacological properties of 
certain of the compounds described herein, and can be used, 
generally, to evaluate other compounds as described herein. 

[0117] Radioligand Binding at Central Nervous System 
n-Acetylcholine Receptors (CNS nAChR) 

[0118] (x462 Subtype 

[0119] Rats (female, Sprague-DaWley), Weighing 150-250 
g, Were maintained on a 12 h light/dark cycle and Were 
alloWed free access to Water and food supplied by PMI 
Nutrition International, Inc. Animals Were anesthetiZed With 
70% CO2, then decapitated. Brains Were removed and 
placed on an ice-cold platform. The cerebral cortex Was 
removed and placed in 20 volumes (Weight:volume) of 
ice-cold preparative bulfer (NaCl, 137 mM; KCl, 10.7 mM; 
KH2PO4, 5.8 mM; Na2HPO4, 8 mM; HEPES (free acid), 20 
mM; iodoacetamide, 5 mM; EDTA, 1.6 mM; pH 7.4); 
PMSF, dissolved in methanol to a ?nal concentration of 100 
nM, Was added, and the suspension Was homogenized by 
Polytron. The homogenate Was centrifuged at 18,000><g for 
20 min at 4° C. and the resulting pellet Was re-suspended in 
20 volumes of ice-cold Water. After 60 min. incubation on 
ice, a neW pellet Was collected by centrifugation at 18,000><g 
for 20 min at 4° C. The ?nal pellet Was re-suspended in 10 
volumes of bulfer and stored at —20° C. On the day of the 
assay, tissue Was thaWed, centrifuged at 18,000><g for 20 
min, then re-suspended in ice-cold PBS (Dulbecco’s Phos 
phate Bu?fered Saline, NaCl, 138 mM; KCl, 2.67 mM; 
KH2PO4, 1.47 mM; Na2HPO4, 8.1 mM; CaCl2, 0.9 mM; 
MgCl2, 0.5 mM; Invitrogen/Gibco; pH 7.4) to a ?nal con 
centration of approximately 4 mg protein/mL. Protein Was 

May 4, 2006 

determined by the method of LoWry et al., J. Biol. Chem. 
193: 265-275 (1951), using bovine serum albumin as the 
standard. 

[0120] The binding of [3H]nicotine Was measured using a 
modi?cation of the methods of Romano et al., Science 210: 
647-650 (1980) and Marks et al., Mol Pharmacol. 30: 
427-436 (1986). The [3H]nicotine (Speci?c Activity=81.5 
Ci/mmol) Was obtained from NEN Research Products. The 
binding of [3H]nicotine Was measured using a 3 hr. incuba 
tion at 4° C. Incubations Were conducted in 48-Well micro 
titre plates and contained about 400 pg of protein per Well in 
a ?nal incubation volume of 300 ML. The incubation buffer 
Was PBS and the ?nal concentration of [3H]nicotine Was 5 
nM. The binding reaction Was terminated by ?ltration of the 
protein containing bound ligand onto glass ?ber ?lters 
(GF/B, Brandel) using a Brandel Tissue Harvester at 4° C. 
Filters Were soaked in de-ioniZed Water containing 0.33% 
polyethyleneimine to reduce non-speci?c binding. Each 
?lter Was Washed 3 times With 1 mL of ice-cold bulfer. 
Non-speci?c binding Was determined by inclusion of 10 uM 
non-radioactive L-nicotine (Acros Organics) in selected 
Wells. 

[0121] The inhibition of [3H]nicotine binding by test com 
pounds Was determined by including seven different con 
centrations of the test compound in selected Wells. Each 
concentration Was replicated in triplicate. IC5O values Were 
estimated as the concentration of compound that inhibited 
50 percent of speci?c [3H]nicotine binding. Inhibition con 
stants (Ki values), reported in nM, Were calculated from the 
IC5O values using the method of Cheng et al., Biochem. 
Pharmacol. 22: 3099-3108 (1973). 

[0122] (X7 Subtype 

[0123] Rats (female, Sprague-DaWley), Weighing 150-250 
g, Were maintained on a 12 h light/dark cycle and Were 
alloWed free access to Water and food supplied by PMI 
Nutrition International, Inc. Animals Were anaesthetiZed 
With 70% CO2, then decapitated. Brains Were removed and 
placed on an ice-cold platform. The hippocampus Was 
removed and placed in 10 volumes (Weight:volume) of 
ice-cold preparative bulfer (NaCl, 137 mM; KCl, 10.7 mM; 
KH2PO4, 5.8 mM; Na2HPO4, 8 mM; HEPES (free acid), 20 
mM; iodoacetamide, 5 mM; EDTA, 1.6 mM; pH 7.4); 
PMSF, dissolved in methanol to a ?nal concentration of 100 
nM, Was added, and the tissue suspension Was homogeniZed 
by Polytron. The homogenate Was centrifuged at 18,000><g 
for 20 min at 4° C. and the resulting pellet Was re-suspended 
in 10 volumes of ice-cold Water. After 60 min incubation on 
ice, a neW pellet Was collected by centrifugation at 18,000><g 
for 20 min at 4° C. The ?nal pellet Was re-suspended in 10 
volumes of bulfer and stored at —20° C. On the day of the 
assay, tissue Was thaWed, centrifuged at 18,000><g for 20 
min, then re-suspended in ice-cold PBS (Dulbecco’s Phos 
phate Bu?fered Saline, NaCl, 138 mM; KCl, 2.67 mM; 
KH2PO4, 1.47 mM; Na2HPO4, 8.1 mM; CaCl2, 0.9 mM; 
MgCl2, 0.5 mM; Invitrogen/Gibco; pH 7.4) to a ?nal con 
centration of approximately 2 mg protein/mL. Protein Was 
determined by the method of LoWry et al., J. Biol. Chem. 
193: 265-275 (1951), using bovine serum albumin as the 
standard. 

[0124] The binding of [3H]MLA Was measured using a 
modi?cation of the methods of Davies et al., Neurophar 
macol. 38: 679-690, 1999). [3H]MLA (Speci?c Activity= 
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25-35 Ci/mmol) Was obtained from Tocris. The binding of 
[3H]MLA Was determine using a 2 h incubation at 210 C. 
Incubations Were conducted in 48-Well micro-titre plates and 
contained g of protein per Well in a ?nal incubation volume 
of 300|I|about 200 uL. The incubation buffer Was PBS and 
the ?nal concentration of [3H]MLA Was 5 nM. The binding 
reaction Was terminated by ?ltration of the protein contain 
ing bound ligand onto glass ?ber ?lters (GE/B, Brandel) 
using a Brandel Tissue Harvester at room temperature. 
Filters Were soaked in de-ioniZed Water containing 0.33% 
polyethyleneimine to reduce non-speci?c binding. Each 
?lter Was Washed 3 times With 1 mL of PBS at room 
temperature. Non- speci?c binding Was determined by inclu 
sion of 50 uM nonradioactive MLA in selected Wells. 

[0125] The inhibition of [3H]MLA binding by test com 
pounds Was determined by including seven different con 
centrations of the test compound in selected Wells. Each 
concentration Was replicated in triplicate. IC5O values Were 
estimated as the concentration of compound that inhibited 
50 percent of speci?c [3H]MLA binding. Inhibition con 
stants (Ki values), reported in nM, Were calculated from the 
IC5O values using the method of Cheng et al., Biochem. 
Pharmacol. 22: 3099-3108 (1973). 

[0126] Determination of Dopamine Release 

[0127] Dopamine release Was measured using striatal syn 
aptosomes obtained from rat brain, according to the proce 
dures set forth by Rapier et al., J. Neurochem. 54: 937-45 
(1990). Rats (female, Sprague-DaWley), Weighing 150-250 
g, Were maintained on a 12 h light/dark cycle and Were 
alloWed free access to Water and food supplied by PMI 
Nutrition International, Inc. Animals Were anaesthetiZed 
With 70% CO2, then decapitated. The brains Were quickly 
removed and the striata dissected. Striatal tissue from 2 rats 
Was pooled and homogeniZed in 5 ml of ice-cold 0.32 M 
sucrose containing 5 mM HEPES, pH 7.4, using a glass/ 
glass homogeniZer. The tissue Was then centrifuged at 
1,000><g for 10 minutes. The pellet Was discarded and the 
supernatant Was centrifuged at 12,000 g for 20 minutes. The 
resulting pellet Was resuspended in perfusion bulfer con 
taining monoamine oxidase inhibitors (128 mM NaCl, 1.2 
mM KH2PO4, 2.4 mM KCl, 3.2 mM CaCl2, 1.2 mM 
MgSO4, 25 mM HEPES, 1 mM ascorbic acid, 0.02 mM 
pargyline HCl and 10 mM glucose, pH 7.4) and centrifuged 
for 15 minutes at 25,000 g. The ?nal pellet Was resuspended 
in 1.4 ml perfusion buffer for immediate use. 

[0128] The synaptosomal suspension Was incubated for 10 
minutes at 370 C. to restore metabolic activity. [3H]Dopam 
ine ([3H]DA, speci?c activity=28.0 Ci/mmol, NEN 
Research Products) Was added at a ?nal concentration of 0.1 
HM and the suspension Was incubated at 370 C. for another 
10 minutes. 50 [LL aliquots of tissue+100 uL perfusion buffer 
were loaded into the suprafusion chambers of a Brandel 
Suprafusion System (series 2500, Gaithersburg, Md.). Per 
fusion bulfer (room temperature) Was pumped into the 
chambers at a rate of 3 ml/min for a Wash period of 8 
minutes. Test compound (10 uM) or nicotine (10 uM) Was 
then applied in the perfusion stream for 40 seconds. Frac 
tions (12 seconds each) Were continuously collected from 
each chamber throughout the experiment to capture basal 
release, agonist-induced peak release and to re-establish the 
baseline after the agonist application. The perfusate Was 
collected directly into scintillation vials, to Which scintilla 
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tion ?uid Was added. [3H]DA released Was quanti?ed by 
scintillation counting. For each chamber, the integrated area 
of the peak Was normalized to its baseline. 

[0129] Release Was expressed as a percentage of release 
obtained With an equal concentration of L-nicotine. Within 
each assay, each test compound Was replicated using 2-3 
chambers; replicates Were averaged. When appropriate, 
dose-response curves of test compound Were determined. 
The maximal activation for individual compounds (Emax) 
Was determined as a percentage of the maximal activation 
induced by L-nicotine. The compound concentration result 
ing in half maximal activation (ECSO) of speci?c ion ?ux 
Was also de?ned. 

[0130] Selectivity vs. Peripheral nAChRs 

[0131] 
[0132] Activation of muscle-type nAChR Was established 
on the human clonal line TE671 / RD, Which is derived from 
an embryonal rhabdomyosarcoma (Stratton et al., Carcino 
gen 10: 899-905, 1989). These cell express receptors that 
have pharmacological (Lukas et al., J. Pharmacol. Exp. 
The}: 251: 175-182,1989), electrophysiological (OsWald et 
al., Neurosci. Le”. 96: 207-212; 1989), and molecular bio 
logical pro?les (Luther et al., J. Neurosci. 9: 1082-1096, 
1989) similar to the muscle-type nAChR. 

[0133] TE671/RD cells Were maintained in proliferative 
groWth phase according to routine protocols (Bencherif et 
al., Mol. Cell. Neurosci. 2: 52-65 (1991) and Bencherif et al., 
J. Pharmacol. Exp. Ther. 257: 946-953 (1991)). Cells Were 
cultured in Dulbecco’s modi?ed Eagle’s medium (Gibco/ 
BRL) With 10% horse serum (Gibco BRL), 5% fetal bovine 
serum (HyClone, Logan Utah), 1 mM sodium pyruvate, 4 
mM L-Glutamine, 50,000 units penicillin-streptomycin (Irv 
ine Scienti?c). When cells Were 80% con?uent, they Were 
plated to 6 Well polystyrene plates (Costar). Experiments 
Were conducted When the cells reached 100% con?uency. 

[0134] Nicotinic acetylcholine receptor (nAChR) function 
Was assayed using 86Rb+ el?ux according to a method 
described by Lukas et al., Anal. Biochem. 175: 212-218 
(1988). On the day of the experiment, groWth media Was 
gently removed from the Well and groWth media containing 
86Rubidium chloride (106 Ci/ml) Was added to each Well. 
Cells Were incubated at 370 C. for a minimum of 3 hours. 
After the loading period, excess 86Rb Was removed and the 
cells Were Washed tWice With label-free Dulbecco’s phos 
phate buffered saline (NaCl, 138 mM; KCl, 2.67 mM; 
KH2PO4, 1.47 mM; Na2HPO4, 8.1 mM; CaCl2, 0.9 mM; 
MgCl2, 0.5 mM; Invitrogen/Gibco, pH. 7.4), taking care not 
to disturb the cells. Next, cells Were exposed to 100 uM of 
test compound, or 100 uM of L-nicotine (Acros Organics), 
or buffer alone for 4 minutes. Following the exposure period, 
the supernatant containing the released 86Rb Was removed 
and transferred to scintillation vials. Scintillation ?uid Was 
added and released radioactivity Was measured by liquid 
scintillation counting 

Interaction at the Human Muscle Subtype 

[0135] Within each assay, each point had 2 replicates, 
Which Were averaged. The amount of 86Rb release Was 
compared to both a positive control (100 uM L-nicotine) and 
a negative control (buffer alone) to determine the percent 
release relative to that of L-nicotine. 

[0136] When appropriate, dose-response curves of test 
compound Were determined. The maximal activation for 
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individual compounds (Emax) Was determined as a percent 
age of the maximal activation induced by L-nicotine. The 
compound concentration resulting in half maximal activa 
tion (ECSO) of speci?c ion ?ux Was also de?ned. 

[0137] 
[0138] Activation of the rat ganglion nAChR Were estab 
lished on the pheochromocytoma clonal line PC12, Which is 
a continuous clonal cell line of neural crest origin, derived 
from a tumor of the rat adrenal medulla. These cells express 
ganglion-like neuronal nAChRs (see Whiting et al., Nature 
327: 515-518 (1987); Lukas et al., J. Pharmacol. Exp. Ther. 
251: 175-182 (1989); Whiting et al., Mal. Brain Res. 10: 
61-70 (1990)). 

Interaction at the Rat Ganglionic Subtype 

[0139] Rat PC12 cells Were maintained in proliferative 
groWth phase according to routine protocols (Bencherif et 
al., Mol. Cell. Neurosci. 2: 52-65 (1991) and Bencherifet al., 
J. Pharmacol. Exp. Ther. 257: 946-953 (1991)). Cells Were 
cultured in Dulbecco’s modi?ed Eagle’s medium (Gibco/ 
BRL) With 10% horse serum (Gibco BRL), 5% fetal bovine 
serum (HyClone, Logan Utah), 1 mM sodium pyruvate, 4 
mM L-Glutamine, 50,000 units penicillin-streptomycin (Irv 
ine Scienti?c). When cells Were 80% con?uent, they Were 
plated to 6 Well Nunc plates (Nunclon), coated With 0.03% 
poly-L-lysine (Sigma, dissolved in 100 mM boric acid). 
Experiments Were conducted When the cells reached 80% 
con?uency. 

[0140] Nicotinic acetylcholine receptor (nAChR) function 
Was assayed using 86Rb+ el?ux according to a method 
described by Lukas et al., Anal. Biochem. 175: 212-218 
(1988). On the day of the experiment, groWth media Was 
gently removed from the Well and groWth media containing 
86Rubidium chloride (106 Ci/m) Was added to each Well. 
Cells Were incubated at 370 C. for a minimum of 3 hours. 
After the loading period, excess 86Rb Was removed and the 
cells Were Washed tWice With label-free Dulbecco’s phos 
phate buffered saline (NaCl, 138 mM; KCl, 2.67 mM; 
KH2PO4, 1.47 mM; Na2HPO4, 8.1 mM; CaCl2, 0.9 mM; 
MgCl2, 0.5 mM; Invitrogen/Gibco, pH. 7.4), taking care not 
to disturb the cells. Next, cells Were exposed to 100 uM of 
test compound, or 100 uM of nicotine, or buffer alone for 4 
minutes. Following the exposure period, the supernatant 
containing the released 86Rb+ Was removed and transferred 
to scintillation vials. Scintillation ?uid Was added and 
released radioactivity Was measured by liquid scintillation 
counting. 

[0141] Within each assay, each point had 2 replicates, 
Which Were averaged. The amount of 86Rb release Was 
compared to both a positive control (100 uM nicotine) and 
a negative control (buffer alone) to determine the percent 
release relative to that of L-nicotine. 

[0142] When appropriate, dose-response curves of test 
compound Were determined. The maximal activation for 
individual compounds (Emax) Was determined as a percent 
age of the maximal activation induced by L-nicotine. The 
compound concentration resulting in half maximal activa 
tion (ECSO) of speci?c ion ?ux Was also de?ned. 

[0143] 
[0144] The cell line, SHiSYSY, is a continuous line 
derived by sequential subcloning of the parental cell line, 
SKiNiSH, Which Was originally obtained from a human 

Interaction at the Human Ganglionic Subtype 
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peripheral neuroblastoma. SHiSYSY cells express a gan 
glion-like nAChR (Lukas et al., Mol. Cell. Neurosci. 4: 
1-12, 1993). 
[0145] Human SHSY5Y cells Were maintained in prolif 
erative groWth phase according to routine protocols 
(Bencherif et al., Mol. Cell. Neurosci. 2: 52-65 (1991) and 
Bencherif et al., J. Pharmacol. Exp. The}: 257: 946-953 
(1991)). Cells Were cultured in Dulbecco’s modi?ed Eagle’s 
medium (Gibco/BRL) With 10% horse serum (Gibco BRL), 
5% fetal bovine serum (HyClone, Logan Utah), 1 mM 
sodium pyruvate, 4 mM L-Glutamine, 50,000 units penicil 
lin-streptomycin (Irvine Scienti?c). When cells Were 80% 
con?uent, they Were plated to 6 Well polystyrene plates 
(Costar). Experiments Were conducted When the cells 
reached 100% con?uency. 

[0146] Nicotinic acetylcholine receptor (nAChR) function 
Was assayed using 86Rb+ el?ux according to a method 
described by Lukas et al., Anal. Biochem. 175: 212-218 
(1988). On the day of the experiment, groWth media Was 
gently removed from the Well and groWth media containing 
86Rubidium chloride (10'6 Ci/ml) Was added to each Well. 
Cells Were incubated at 370 C. for a minimum of 3 hours. 
After the loading period, excess 86Rb+ Was removed and the 
cells Were Washed tWice With label-free Dulbecco’s phos 
phate buffered saline (NaCl, 138 mM; KCl, 2.67 mM; 
KH2PO4, 1.47 mM; Na2HPO4, 8.1 mM; CaCl2, 0.9 mM; 
MgCl2, 0.5 mM; Invitrogen/Gibco, pH. 7.4), taking care not 
to disturb the cells. Next, cells Were exposed to 100 uM of 
test compound, or 100 uM of nicotine, or buffer alone for 4 
minutes. Following the exposure period, the supernatant 
containing the released S6Rb Was removed and transferred to 
scintillation vials. Scintillation ?uid Was added and released 
radioactivity Was measured by liquid scintillation counting. 

[0147] Within each assay, each point had 2 replicates, 
Which Were averaged. The amount of 86Rb release Was 
compared to both a positive control (100 uM nicotine) and 
a negative control (buffer alone) to determine the percent 
release relative to that of L-nicotine. 

[0148] When appropriate, dose-response curves of test 
compound Were determined. The maximal activation for 
individual compounds (Emax) Was determined as a percent 
age of the maximal activation induced by L-nicotine. The 
compound concentration resulting in half maximal activa 
tion (ECSO) of speci?c ion ?ux Was also de?ned. 

[0149] Representative compounds Were evaluated using 
the assays described herein. The results indicate that the 
compounds of the present invention selectively bind at (x462 
nAChRs and consequently elicit dopamine release. Typi 
cally, Ki values for binding at (x462 are in the range 1-100 
nM, and EM AX values for dopamine release approach 100% 
of that produced by nicotine. In contrast, the compounds of 
the present invention do not bind Well at those subtypes of 
the nAChR Which are characteristic of the peripheral ner 
vous and muscular systems. Thus, the compounds of the 
present invention possess therapeutic potential in treating 
central nervous system disorders Without producing side 
effects associated With interaction With the peripheral ner 
vous system. 

[0150] Having disclosed the subject matter of the present 
invention, it should be apparent that many modi?cations, 
substitutions and variations of the present invention are 
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possible in light thereof It is to be understood that the present 
invention can be practiced other than as speci?cally 
described. Such modi?cations, substitutions and variations 
are intended to be Within the scope of the present applica 
tion. 

1-10. (canceled) 
11. A method of treating neurodegenerative disorders 

comprising administering to a patient in need thereof an 
effective amount of a compound of the formula: 

Wherein: 

the Wavy line represents variable geometry (E or Z) about 
the double bond; 

X is nitrogen or CiRZ; 

R1 is hydrogen, Cl_6-alkyl, halogen, ‘0R4, iNR4R5, or 
iSR“ When X is CiR2 and hydrogen, Cl_6alkyl, 
‘0R4, or iNR‘lRS When X is nitrogen; 

R2 is hydrogen, Cl_6-alkyl, aryl-Cl_6-alkyl, Cl_6-alkyl 
aryl, heteroaryl, heteroaryl Cl_6-heterocyclyl, hetero 
cyclyl, heterocyclylalkyl, cycloalkyl, polycycloalkyl, 
iNR6R7, iSR6, iSOR6, iSO2R6, each of Which 
can optionally be substituted With 1 or more substitu 

ents selected from halogen, iCN, iNOZ, iNHZ, 
ADH, iOR6, iCOOH, %(O)OR6, A)%(O)R6, 
iNR6R7, iNHO(O)R6, iC(O)NR6R7, iSR6, 
iS(O)R6, iSOSR6, iNHSO2R6, iSO2NR6R6, 
%(S)NR6R6, iNHC(S)R6, iOiSO2R6, aryl, het 
eroaryl, formyl, tri?uoromethyl, tri?uoromethylsulfa 
nyl, tri?uoromethoxy and Cl_6alkyl; 

R1 is hydrogen, Cl_6-alkyl-Cl_6-alkyl, iCM-ylalkyl, 
cycloalkyl; 

m is between 1 and 4; 

n is between 1 and 3; 

R4 and R5 are, independently, hydrogen or Cl_6-alkyl; 

R6 and R7 are, independently, hydrogen, Cl_6-alkyl 
(including cycloalkyl containing alkyl), aryl, aryl C1_6 
alkyl, heteroaryl, heteroaryl-Cl_6-alkyl, heterocyclyl, 
heterocyclylalkyl, cycloalkyl or polycycloalkyl, each 
of Which can optionally be substituted With one or more 
substituents selected from halogen, Cl_6alkyl, 
Cl_6alkoxy, %N, iNOZ, iNHZ, ADH, iCOOH, 
4COOiCL6alkyl, 4CONH2, formyl, tri?uorom 
ethyl and tri?uoromethoxy, 

Wherein the Cl_6-alkyl, heterocyclyl, heteroaryl and aryl 
groups can be substituted With from l-6 substituents 
selected from the group consisting of F, Cl, Br, 1, R8, 
iNRsRg, %Fl, %N, iNO3, %IRS, iN3, 
iSO2CH3, ADRS, iSRS, %(=O)NR8R9, 
iNR8C(iO)R8, %(A))R8, %(iO)OR8, 
i(CH2)4OR8, A)C(=O)R8, A)C(A))NR8R9 and 
iNR8C(iO)OR8, 
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Where R8 and R9 are individually hydrogen, Cl-C6 alkyl, 
pyridyl, substituted pyridyl, quinolinyl, substituted 
quinolinyl, pyrimidinyl, substituted pyrimidinyl, phe 
nyl, substituted phenyl, benZyl, or substituted benZyl 
(substituted With one or more of the above substitu 
ents), and Where either R6 and R7 or R8 and R9 can form 
a Cl_1O cycloalkyl functionality, 

and isomers, mixtures, enantiomers, diastereomers, tau 
tomers, and pharmaceutically acceptable salts thereof. 

12. The method of claim 11, wherein R1 is hydrogen. 
13. The method of claim 11, Where R2 is X is N. 
14. (canceled) 
15. The method of claim 11, Wherein nil. 
16. The method of claim 11, Wherein mi2. 
17. The method of claim 1 1, wherein R6 is alkyl, including 

cycloalkyl-containing alkyl. 
18. The method of claim 11, Where R6 is a heterocycle. 
19. The method of claim 18, Wherein the heterocycle is 

selected from the group consisting of piperidinyl, morpholi 
nyl, pyrrolidinyl, imidaZolidinyl, pyraZolidinyl, isothiaZo 
lidinyl, thiaZolidinyl, isoxaZolidinyl, oxaZolidinyl, piperaZi 
nyl, tetrahydropyranyl and tetrahydrofuranyl. 

20. The method of claim 11, Wherein the neurodegenera 
tive disorder results from in appropriate levels of neurotrans 
mitter release, inappropriate properties of neurotransmitter 
receptors, and/or inappropriate interaction betWeen neu 
rotransmitters and neurotransmitter receptors. 

21. The method of claim 20, Wherein the disorder results 
from a de?ciency of acetylcholine, dopamine, norepineph 
rine and/or scrotonin. 

22. The method of claim 11, Wherein the disorder is 
selected from the group consisting of pre-senile dementia 
(early-onset AlZheimer’s disease), senile dementia (demen 
tia of the AlZheimer’s type), premature amnesic and cogni 
tive disorders Which are age-related or a consequence of 
alcoholism, micro-infaret dementia and vascular dementia, 
AIDS-related dementia, CreutZfeld-Jakob disease, Pick’s 
disease, Parkinson’s disease, LeWy body dementia, progres 
sive supranuclear palsy, Huntington’s chorea, tardive dys 
kinesia, hyperkinesia, mania, epilepsy, attention de?cit dis 
order, anxiety, dyslexia, schiZophrenia, depression, 
obsessive-compulsive disorders, Tourette’s syndrome, 
amyotrophic lateral sclerosis, multiple sclerosis, peripheral 
neurotrophies, cerebral or spinal traumas, and drug addic 
tion. 

23. A method of providing analgesia and/or treating 
in?ammatory gastrointestinal disorders comprising admin 
istering to a patient in need thereof an effective amount of a 
compound of the formula: 

Wherein: 

the Wavy line represents variable geometry (E or Z) about 
the double bond; 

X is nitrogen or CiRZ; 
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R1 is hydrogen, Cl_6-alkyl, halogen, ‘0R4, iNR‘lRS, or 
iSR‘l When X is CiR2 and hydrogen, Cl_6alkyl, 
‘0R4, or iNR‘lRS When X is nitrogen 

R2 is hydrogen, Cl_6-alkyl, aryl, aryl Cl_6-alkyl, C1_6 
alkyl-aryl, heteroaryl, heteroaryl Cl_6-alkyl, heterocy 
clyl, heterocyclylalkyl, cycloalkyl, polycycloalkyl, 
ADR6, iNR6R7, iSR6, iSOR6, or iSO2R6, each 
of Which can optionally be substituted With 1 or more 
substituents selected from halogen, 4CN, iNOZ, 

iNHC(S)R6, 4OiSO2R6, aryl, heteroaryl, formyl, 
tri?uoromethyl, tri?uoromethylsulfanyl, tri?uo 
romethoxy and Cl_6alkyl; 

R3 is hydrogen, 

m is between 1 and 4; 

n is between 1 and 3; 

R4 and R5 are, independently, hydrogen, or Cl_6-alkyl; 

R6 and R7 are, independently, hydrogen, Cl_6-alkyl 
(including cycloalkyl containing alkyl), aryl, aryl C1_6 
alkyl, heteroaryl, heteroaryl-Cl_6alkyl, heterocyclyl, 
heterocyclylalkyl, cycloalkyl or polycycloalkyl, each 
of Which can optionally be substituted With one or more 
substituents selected from halogen, Cl_6alkyl, 
C1_6alkoxy, 4CN, iNOz, iNHz, 40H, iCOOH, 
4COOiCL6alkyl, 4CONH2, formyl, tri?uorom 
ethyl and tri?uoromethoxy, 

Wherein the Cl_6-alkyl, heterocyclyl, heteroaryl and aryl 
groups can be substituted With from 1-6 substituents 
selected from the group consisting of F, Cl, Br, 1, R8, 
iNRsRg, %F3, %N, iNOz, %2R8, iN3, 
iSO2CH3, ADRS, iSRS, %(A))NR8R9, 
iNR8C(=O)R8, %(A))R8, %(=O)OR8, 
i(CH2)4OR8, A)C(=)R8, A)C(A))NR8R9 and 
iNR8C(iO)OR8, 

Where R8 and R9 are individually hydrogen, C l-C6 alkyl, 
pyridyl, substituted pyridyl, quinolinyl, substituted 
quinolinyl, pyrimidinyl, substituted pyrimidinyl, phe 
nyl, substituted phenyl, benZyl, or substituted benZyl 
(substituted With one or more of the above substitu 
ents), and Where either R6 and R7 or R8 and R9 can form 
a Cl_1O cycloalkyl functionality, 

and isomers, mixtures, enantiomers, diastereomers, tau 
tomers, and pharmaceutically acceptable salts thereof. 

24. The method of claim 23, where R1 is hydrogen. 
25. The method of claim 23, Wherein R6 X is N. 
26. (canceled) 
27. The method of claim 23, Wherein nil. 
28. The method of claim 23, Wherein ni2. 
29. The method of claim 23, Wherein R6 is alkyl (includ 

ing cycloalkyl containing alkyl). 
30. The method of claim 23, Wherein R6 is a heterocycle. 
31. The method of claim 30, Wherein heterocycle is 

selected from the group consisting of piperidinyl, morpholi 
nyl, pyrrolidinyl, imidaZolidinyl, pyraZolidinyl, isothiaZo 
lidinyl, thiaZolidinyl, isoxaZolidinyl, oxaZolidinyl, piperaZi 
nyl, tetrahydropyranyl and tetrahydrofuranyl. 
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32. The method of claim 23, Wherein the in?ammatory 
disorder is selected from the group consisting of diarrhea, 
Crohn’s disease, irritable boWel syndrome and ulcerous 
colitis. 

33. A method of treating a neurodegenerative disorder or 
providing analgosia and/or treating in?ammatory disorders 
comprising, administering to a patient in need thereof an 
effective, anti-in?ammatory amount of a compound selected 
from the group consisting of (R)i and (S)-3-((E)-2-pyrro 
lidin-3 -ylvinyl) -5 -(tetrahydropyran-4 -yloxy)pyridine (R)i 
and (S)-5-((E)-2pyrrolidin-3-ylvinyl)pyrimidine (R)i and 
(S)-2-chloro-5-((E)-2-pyrrolidin-3-ylvinyl)pyridine (R)i 
and (S)-3-isopropoxy-5-((E)-2-pyrrolidin-3-ylvinyl)pyri 
dine (R)i and (S)-3-cyclopropylmethoxy-5-((E)-2-pyrroli 
din-3-ylvinyl)pyridine (R)i and (S)-5((E)ethylpyrrolidin 
3 -yl)vinyidine (R)i and (S)-3 -propylme-5 -((E) -2 
(pyrrolinyl) (R)i and (S)-5 -((E) -2 -piperidin-3 - 
ylvinyl)pyrimidine (R)i and (S)-5 - 
((E)ethylpip)vinyl)idiine (R)i and (S)-2-chloro-5-((E)-2 
piperidin-3-ylvinyl)pyridine (R)i and [text missing or 
illegible when filed]loro-5-((ethylpi-3-yl)viny[teXt 
missing or illegible when filed](R)i and (S)-3-cyclo 
propylmethoxy-5-((E)-2-piperidin-3-ylvinyl)pyridine 
5 -((E)-2 -piperidin-4-ylvinyl)pyrimidine 5 -(l -methylpip - 
eridinyl)vinyl) 2-chloro-5-((E)-2-piperidin-4-ylvinyl)pyri 
dine [text missing or illegible when filed]((E)-2-pip 
eridin-4-pyridine 3-cyclopropylmethoxy-5-((E)-2 
piperidin-4-ylvinyl)pyridine 5-((E)-2-aZetidin-3 
ylvinyl)pyrimidine 5-((E)-2-aZetidin-3-ylvinyl)-2 
chloropyridine ((E)-2-(l-methylaZotidyl)vinyloro 3-((E)-2 
aZetidin-3 -ylvinyl) -5 -cyclopropylmethoxypyridine (R)i 
and (S)-3-phenoxy-5-((E)-2-piperidin-3-ylvinyl)pyridine 
3 -phenoxy-5 ((E)-2 -piperidin-4-ylvinyl)pyridine 3 -phen(E) - 
2-(piperidin-4-yl)vinyl) 3-phenoxy-5-((E)-2-aZetidin-3 
ylvinyl)pyridine 5-[text missing or illegible when file 
d]ethylyl)pyridine geometric isomers thereof, mixtures 
thereof, including racemic mixtures, enantiomers, and tau 
tomers thereof, and pharmaceutically acceptable salts 
thereof, 

to a patient in need of treatment thereof. 
34. A method of preparing compounds of the formula: 

Wherein: 

the Wavy line represents variable geometry (E or Z) about 
the double bond; 

X is nitrogen or CiRZ; 

R1 is hydrogen, Cl_6-alkyl, halogen, ‘0R4, iNR4R5, or 
iSR‘l When X is CiR2 and hydrogen, Cl_6alkyl, 
‘0R4, or iNR‘lRWhen X is nitrogen; 

R2 is hydrogen, Cl_6-alkyl, aryl, aryl Cl_6-alkyl, C1_6 
alkyl-aryl, heteroaryl, heteroaryl Cl_6-alkyl, heterocy 
clyl, heterocyclylalkyl, cycloalkyl, polycycloalkyl, 
0R6, NR6R7, SR6, SOR6, or SO2R6, each of Which can 
optionally be substituted With 1 or more substituents 
selected from halogen, 4CN, iNO2, iNH2, iOH, 
ADR6, %OOH, %(O)OR6, iO%(O)R6, 
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iNR6R7, iNHC(O)R6, %(O)NR6R7, iSR6, 
iS(O)R6, iSO2R6, iNHSO2R6, iSO2NR6R6, 
%(S)NR6R6, iNHC(S)R6, iOiSO2R6, aryl, het 
eroaryl, formyl, tri?uoromethyl, tri?uoromethylsulfa 
nyl, tri?uoromethoxy and Cl_6alkyl; 

Ris hydrogen, [text missing or illegible when filed 
lalkyli-6'a1ky11-6'a1ky1_6; 

m is between 1 and 4; 

n is between 1 and 3; 

R4 and R5 are, independently, hydrogen or Cl_6-alkyl; 

R6 and R5 are, independently, hydrogen, Cl_6-alkyl 
(including cycloalkyl containing alkyl), aryl, aryl C1_6 
alkyl, heteroaryl, heteroaryl-Cl_6-alkyl, heterocyclyl, 
heterocycloalkyl, cycloalkyl or polycycloalkyl, each of 
Which can optionally be substituted With one or more 

substituents selected from halogen, Cl_6alkyl, 
Cl_6alkoxy, %N, iNOZ, iNHZ, ADH, iCOOH, 
4COOiCL6alkyl, 4CONH2, formyl, tri?uorom 
ethyl and tri?uoromethoxy, 

Wherein the Cl_6-alkyl, heterocyclyl, heteroaryl and aryl 
groups can be substituted With from 1-6 substituents 

selected from the group consisting of F, Cl, Br, 1, R8, 
iNRsRg, ‘C133, 4CN, iNOz, 4C2R8, iN3, 
iSO2CH3, ‘0R8, iSRS, 4C(=O)NR8R9, 
iNR8C([text missing or illegible when file 
d]O)R8, %([text missing or illegible when file 
d]O)R8, %([text missing or illegible when file 
d]O)OR8, iC(iO)OR8, i(CH2)OR8, 4OC(i 
O)R8, 4OC(4O)NR8R9 and iNR8C(4O)OR8, 

Where R8 and R9 are individually hydrogen, C l-C6 alkyl, 
pyridyl, substituted pyridyl, quinolinyl, substituted 
quinolinyl, pyrimidinyl, substituted pyrimidinyl, phe 
nyl, substituted phenyl, benZyl, or substituted benZyl 
(substituted With one or more of the above substitu 
ents), and Where either R6 and R7 or R8 and R9 can form 
a Cl_1O cycloalkyl functionality, and 

and isomers, mixtures, enantiomers, diastereomers, tau 
tomers, and pharmaceutically acceptable salts thereof, 

comprising: 

a) reacting an aldehyde of formula: 

Where m is betWeen 1 and 4 and n is betWeen 1 and 3; 

With a phosphorane ylide of the formula 
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to yield a vinylaZacycloalkane of the formula 

\ O 
" N—< 

m 0+ 

b) reacting the resulting vinylaZacycloalkane With a het 
eroaryl halide of the formula: 

Where X and R1 are as de?ned above and Y is a halogen, 
and 

c) removing any remaining protecting groups. 
35. A method of treating neurodegenerative disorders 

comprising administering to a patient in need thereof an 
effective amount of a compound of the formula: 

Wherein: 

the Wavy line represents variable geometry (E or Z) about 
the double bond; 

X is nitrogen or CiRZ; 

R1 is hydrogen, Cl_6-alkyl, halogen, ‘0R4, iNR4R5, or 
iSR“ When X is CiR2 and hydrogen, Cl_6alkyl, 
where R1 is just iOR4, or iNR4R5 When X is nitro 
gen; 

R2 is hydrogen, Cl-alkyl, aryl, aryl-Cl_6-alkyl, Cl-alkyl 
aryl, heteroaryl, heteroaryl Clalkyl, heterocyclyl, het 
erocyclylalkyl, cycloalkyl, polycycloalkyl, ‘0R6, 
iNR6R7, iSR6, iSOR6, or iSO2R6, each of Which 
can optionally be substituted With 1 or more substitu 

ents selected from halogen, iCN, iNOZ, iNHZ, 
ADH, iOR6, iCOOH, %(O)OR6, iO%(O)R6, 
iNR6R7, iNHC(O)R6, iC(O)NR6R7, iSR6, 
iS(O)R6, iSOR, iNHSO2R6, iSO2NR6R6, 
%(S)NR6R6, iNHC(S)R6, iOiSO2R6, aryl, het 
eroaryl, formyl, tri?uoromethyl, tri?uoromethylsulfa 
nyl, tri?uoromethoxy and Cl_6alkyl; 

R3 is hydrogen, Cl_6-alkyl, aryl-Cl_6-alkyl, heteroaryl-CL 
6-alkyl, heterocyclyl, heterocyclylalkyl, cycloalkyl or 
polycycloalkyl; 

m is betWeen 1 and 4; 

n is betWeen 1 and 3; 

R4 and Rare, independently, hydrogen or C l_6-alkyl; 
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R6 and Rare independently, hydrogen, C l_6-alkyl (includ 
ing cycloalkyl containing alkyl), aryl, aryl C-alkyl, 
heteroaryl, heteroaryl-C-alkyl, heterocyclyl, heterocy 
clylalkyl, cycloalkyl or polycycloalkyl, each of Which 
can optionally be substituted With one or more sub 
stituents selected from halogen, C_6alkyl, Cl_6alkoxy, 
%N, iNOz, iNHz, iOH, iCOOH, iCOOi 
Cl_6alkyl, iCONHZ, formyl, tri?uoromethyl and trif 
luoromethoxy, 

Wherein the C1_6 alkyl, heterocyclyl, heteroaryl and aryl 
groups can be substituted With from 1-6 substituents 
selected from the group consisting of F, Cl, Br, 1, R8, 
iNRsRg, ‘CF, 4CN, iNOZ, 4C2R, iN3, 
iSOzCH, iORS, iSRS, 4C(4O)NR8R9, 
iNR8C(=O)R8, iC([text missing or illegible 
when filed]O)R8, %([text missing or illegible 
when filed]Q)OR8, i(CH2)OR8, 4OC(4O)R8, 
4OC(4O)NR R9 and iNR8C(4O)OR8, 

Where R8 and R9 are individually hydrogen, Cl-C6alkyl, 
pyridyl, substituted pyridyl, quinolinyl, substituted 
quinolinyl, pyrimidinyl, substituted pyrimidinyl, phe 
nyl, substituted phenyl, benZyl, or substituted benZyl 
(substituted With one or more of the above substitu 
ents), and Where either R6 and R7 or R8 and R9 can form 
a Cl_ 1Ocycloalkyl functionality, 

and isomers mixtures, enantiomers, diastereomers, tau 
tomers, and pharmaceutically acceptable salts thereof. 

36. A method of treating a neurodegenerative disorder or 
providing analgesia and/or treating in?ammatory gas 
trointestinal disorders comprising administering, to a patient 
in need thereof an effective amount of a compound of the 
formula: 

Wherein: 

the Wavy line represents variable geometry (E or Z) about 
the double bond; 
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X is CiRz; 

R1 is hydrogen, Cl_6-alkyl, halogen, ‘0R4, iNR4R5, or 
iSR4 When X is CiR2 and hydrogen, Cl_6alkyl, 
‘0R4, or iNR4R5 When X is nitrogen; 

R2 is ADR6, 

R3 is hydrogen, Cl_6-alkyl, aryl-Cl_6alkyl, heteroaryl-CL 
6-alkyl, heterocyclyl, heterocyclylalkyl, cycloalkyl or 
polycycloalkyl; 

m is between 1 and 4; 

n is between 1 and 3; 

R4 and R5 are, independently, hydrogen or Cl_6-alkyl; 

R6 and R7 are, independently, hydrogen, Cl_6-alkyl 
(including cycloalkyl containing alkyl), aryl, aryl 
Cl_6alkyl, heteroaryl, heteroaryl-Cl_6-alkyl, heterocy 
clyl, heterocyclylalkyl, cycloalkyl or polycycloalkyl, 
each of Which can optionally be substituted With one or 
more substituents selected from halogen, Cl_6alkyl, 
Cl_6alkoxy, %N, iNOZ, iNHz, ADH, iCOOH, 
4COOiCL6alkyl, 4CONH2, formyl, tri?uorom 
ethyl and tri?uoromethoxy, 

Wherein the Cl_6-alkyl, heterocyclyl, heteroaryl and aryl 
groups can be substituted With from l-6 substituents 
selected from the group consisting of F, Cl, Br, 1, R8, 
iNRsRg, %F, %N, *NOZ, %2R8, *N3, 
iSO2CH3, ADRS, iSRS, %(A))NR8R9, 
iNR8C(iO)R8, %(A))R8, iC(iO)OR8, 
i(CH2)OR8, A)C(A))R8, A)C(A))NR8R9 and 
iNR8C(iO)OR8, 

Where R8 and R9 are individually hydrogen, Cl-C6 alkyl, 
pyridyl, substituted pyridyl, quinolinyl, substituted 
quinolinyl, pyrimidinyl, substituted pyrimidinyl, phe 
nyl, substituted phenyl, benZyl, or substituted benZyl 
(substituted With one or more of the above substitu 
ents), and Where either R6 and R7 or R8 and R9 can form 
a Cl_1O cycloalkyl functionality, 

and isomers, mixtures, enantiomers, diastereomers, tau 
tomers, and pharmaceutically acceptable salts thereof. 

* * * * * 


