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Description

[0001] The present invention relates to novel 9-Azabicyclo[3.3.1]non-2-ene derivatives which are cholinergic ligands
at nicotinic ACh receptors. The compounds of the invention are useful for the treatment of condition or disorders or
diseases involving the cholinergic system of the central nervous system, pain, inflammatory diseases, diseases caused
by smooth muscle contractions and as assistance in the cessation of chemical substance abuse.

Background

[0002] The endogenous cholinergic neurotransmitter, acetylcholine, exert its biological effect via two types of cholin-
ergic receptors; the muscarinic ACh receptors and the nicotinic ACh receptors.
[0003] As it is well established that muscarinic ACh receptors dominate quantitatively over nicotinic ACh receptors
in the brain area important to memory and cognition, much research aimed at the development of agents for the treat-
ment of memory related disorders have focused on the synthesis of muscarinic ACh receptor modulators. Recently,
however, an interest in the development of nicotinic ACh receptor modulators has emerged. Several diseases are
associated with degeneration of the cholinergic system i.e. senile dementia of the Alzheimer type, vascular dementia
and cognitive impairment due to the organic brain damage disease related directly to alcoholism. Indeed several CNS
disorders can be attributed to a cholinergic deficiency, a dopaminergic deficiency, an adrenergic deficiency or a sero-
tonergic deficiency.
[0004] Alzheimer's disease is characterised by a profound loss of memory and cognitive functions caused by a severe
depletion of cholinergic neurons, i.e. neurons that release acetylcholine. A reduction in the number of nicotinic ACh
receptors is also observed with the progression of Alzheimer's disease. It is believed that the neurons in the cortex
that die with the progression of Alzheimer's disease do so because of lack of stimulation of the nicotinic ACh receptors.
It is predicted that treatment of Alzheimer's patients with nicotinic ACh receptor modulators will not only improve the
memory of patients but in addition act to keep these neurons alive. Smoking actually seems to protect individuals
against neurodegeneration and compounds behaving on these receptor may very likely have a generally neuroprotec-
tive effect.
However degeneration of the cholinergic system is not limited to individuals suffering from i.e. Alzheimers disease but
is also seen in healthy aged adults and rats. Therefore it is suggested that the cholinergic system is involved and partly
responsible for the memory disturbances seen in aged animals and humans. Nicotine receptor modulator may therefore
be useful in the treatment of Alzheimer's disease, memory loss, memory dysfunction, AIDS-dementia, senile dementia
or neurodegenerative disorders.
[0005] Parkinsons disease appears to involve degeneration of dopaminergic neurons. One symptom of the disease
has been observed to be loss of nicotinic receptors associated with the dopaminergic neurons and possibly interfering
with the process of release of dopamine. As sustained nicotine administration increases the number of receptors
present, administration of nicotine receptor modulators may ameliorate the symptoms of Parkinson's disease. Other
condition or disorders or disease ascribed to deficiencies in the dopaminergic system is: drug addiction, depression,
obesity and narcolepsy.
[0006] Tourette's syndrome is a neuropsychiatric disorder involving a range of neurological and behavioral symptoms.
It is believed that neurotransmitter dysfunction is involved though the pathophysiology is still unknown and that nicotine
will be beneficial in the treatment of the disease (Devor et. al. The Lancet, vol. 8670 p. 1046, 1989)
[0007] Schizophrenia is a severe psychiatric illness. Neuroleptic compounds have been used in the treatment of the
disease, the effect of the compounds is believed to be interaction in the dopaminergic system. Nicotine is proposed to
be effective in the treatment of schizophrenia (Merriam et. al. Psychiatr. annals, Vol. 23, p. 171-178, 1993 and Adler
et. al. Biol. Psychiatry, Vol. 32, p. 607-616, 1992.)
[0008] Nicotine has been reported to have en effect on neurotransmitter release In several systems. Release of
acetylcholine and dopamine by neurons upon administration of nicotine has been reported (J. Neurochem. vol. 43,
1593-1598, 1984) and release of norepinephrine by Hall et. al. (Biochem. Pharmacol. vol. 21, 1829-1838, 1972) Re-
lease of serotonin by Hery et. al. (Arch. Int. Pharmacodyn. Ther. vol. 296. p. 91-97, 1977). Release of glutamate by
Toth et. al (Neurochem. Res. vol. 17, p. 265-271, 1992)
[0009] The serotonin system and dysfunction's of the serotonergic system is believed to be involved in diseases or
conditions or disorders like: anxiety, depression, eating disorders, obsessive compulsive disorder, panic disorders,
chemical substance abuse, alcoholism, pain, memory deficits and anxiety, pseudodementia, Ganser's syndrome, mi-
graine pain, bulimia, obesity, pre-menstrual syndrome or late luteal phase syndrome, tobacco abuse, post-traumatic
syndrome, social phobia, chronic fatigue syndrome, premature ejaculation, erectile difficulty, anorexia nervosa, disor-
ders of sleep, autism, mutism or trichotillomania.
[0010] Nicotine improves concentration and task performance. Therefore compounds exhibiting nicotine receptor
modulating properties will be likely to be useful compounds in the treatment of learning deficit, cognition deficit, attention
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deficit, attention deficit hyperactivity disorder and dyslexia.
[0011] Tobacco use and especially cigarette smoking is recognised as a serious health problem. However nicotine
withdrawal symptoms associated with smoking cessation makes it difficult to break this habit. Withdrawal symptoms
include anger, anxiety, difficulties in concentrating, restlessness, decreased heart rate and increased appetite and
weight gain. Nicotine itself has shown to ease the withdrawal symptoms.
[0012] Withdrawal from addictive substances, i.e. opiates, benzodiazepines, ethanol, tobacco or nicotine, is in gen-
eral a traumatic experience characterised by anxiety and frustration. Nicotine has been found to be effective in reducing
anger, irritability, frustration and feelings of tension without causing general response depression, drowsiness or se-
dation and compounds having same characteristics as nicotine is likely to have same effects.
[0013] Mild to moderate pain is normally treatable with NSAID's (non-steroidal anti-inflammatory drugs) while opiates
are used preferentially for moderate to severe pain. The opiates have some well-known side effects, including chemical
dependence and abuse potential as well as a depressive effect on the respiratory and gastrointestinal system. There
exists therefore a strong need for analgesic compounds that do not exhibit these side effects and which can relieve
mild, moderate and severe pain of acute, chronic or recurrent character as well as migraine pain and postoperative
pain, phantom limb pain.
[0014] Epibatidine, a compound isolated from the skin of a poison frog, is a very potent analgesic with an approximate
potency of 500 times that of morphine. The analgesic effect is not affected by naloxone, which is an indication of a
negligible affinity for the opiate receptors. Epibatidine is a nicotinic cholinergic receptor agonist and it is therefore very
likely, that compounds possessing this receptor modulating character will also show a strong analgesic response.
[0015] The compounds of the invention have proven useful for modulation of smooth muscle contractions and may
therefore be used in the treatment or prevention of condition or disorders or diseases inherent from smooth muscle
contractions like i.e. convulsive disorders, angina pectoris, premature labor, convulsions, diarrhoea, asthma, epilepsy,
tardive dyskinesia, hyperkinesia.
[0016] Further, it is well known that nicotine has an effect on appetite and it is predicted that modulators at the nicotine
ACh receptor may be useful as appetite suppressants in the treatment of obesity and eating disorders.
[0017] The cholinergic receptors play an important role in the functioning of muscles, organs and generally in the
central nervous system. There are also complex interactions between cholinergic receptors and the function of recep-
tors of other neurotransmitters such as dopamine, serotonin and noradrenaline.
[0018] It is likely that nicotine receptor modulator compounds can be effective in preventing or treating conditions or
disorders or diseases like: inflammation, inflammatory skin conditions, Chron's disease, inflammatory bowel disease,
ulcerative collitis, diarrhoea, neurodegeneration, perpherical neuropathy, amyotrophic lateral sclerosis, nociception,
endocrine disorders, thyrotoxicosis, pheochromocytoma, hypertension, arrhytmias, mania, manic depression, Hunt-
ington's disease, jetlag.
[0019] The compounds of the present invention are nicotine receptor modulators and have the potential to exhibit
nicotinic pharmacology, preferentially without the side effects associated with nicotine itself. Additionally, the com-
pounds are expected to have the potential as enhancers of neurotransmitter secretion and suppress symptoms asso-
ciated with a low activity of neurotransmitters.
[0020] US 3509161 and DE 1174793 disclose 3-phenyl-9-azabicyclo[3.3.1]non-2-ene derivatives showing a potent
blood pressure increasing action through some unknown mechanism.
[0021] US 3133073 discloses 3-aryl-9-azabicyclo[3.3.1]nonane derivatives, including 3-phenyl, 3-thienyl, 3-pyridyl
and 3-furanyl derivatives, showing increase in the blood pressure and useful as central nervous system stimulants.
Some of the nonane derivatives are obtained by reduction of the corresponding non-2-ene derivative.
[0022] WO 97/11072 discloses certain azabicyclic heptane and octane derivatives with affinity for nicotinic cholinergic
receptors.
[0023] WO 92/21339 discloses certain isoxazole and isothiazole compounds reported to be selective and potent
agonists at neuronal nicotinic acetylcholine receptors.

Objects of the Invention

[0024] It is an object of the present invention to provide novel 9-Azabicyclo[3.3.1]non-2-ene derivatives which are
useful for the treatment of a range of diseases and disorders characterised by decreased cholinergic function or re-
sponsive to the activity of nicotinic ACh receptor modulators.
[0025] Another object of the present invention is to provide novel pharmaceutical compositions containing these
compounds, as well as methods for the preparation thereof.
[0026] Other objects will become apparent hereinafter to one skilled in the art.
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The present Invention

[0027] In the context of this invention "treating" covers treatment, prevention, profylaxis or alleviation and "disease"
covers a disease or a disorder or a condition.
[0028] In the context of this invention "modulator" covers agonists, partial agonists, antagonists and allosterical mod-
ulators.
[0029] In the context of this invention disorders in the central nervous system covers for example: neurodegenerative
disorders, cognitive or memory dysfunction, Alzheimer's disease, Parkinson's disease, Huntington's disease, Amyo-
trophic Lateral Sclerosis, Gilles de la Tourettes syndrome, attention deficit hyperactivity disorder, anxiety, depression,
mania, manic depression, schizophrenia, obsessive compulsive disorders, eating disorders like anorexia nervosa,
bulimia and obesity, narcolepsy, nociception, memory loss, memory dysfunction, AIDS-dementia, senile dementia ,
peripherial neuropathy, learning deficit, cognition deficit, attention deficit, autism, dyslexia, tardive dyskinesia, hyper-
kinesia, epilepsy, bulimia, post-traumatic syndrome, social phobia, chronic fatigue syndrome, disorders of sleep, pseu-
dodementia, Ganser's syndrome, prementraul syndrome, late luteal phase syndrome, chronic fatigue syndrome, pre-
mature ejaculation, erectile difficulty, mutism and trichotillomania.
[0030] In the context of this invention inflammatory conditions covers for example: inflammatory skin conditions like
acne and rosacea, Chron's disease, inflammatory bowel disease, ulcerative collitis, diarrhoea.
[0031] Diseases associated with smooth muscle contractions covers for example: convulsive disorders, angina pec-
toris, premature labor, convulsions, diarrhoea, asthma, epilepsy, tardive dyskinesia, hyperkinesia.
[0032] In the context of this invention pain covers for example chronic, acute and recurrent pain, postoperative pain,
migraine pain or phantom limb pain;
[0033] Abuse of chemical substances covers smoking as well as use of other nicotine containing products, use of
opiods like heroin, cocaine and morphine, use of benzodiazepines or alcohol. In this context "treatment" covers treat-
ment, prevention, profylaxis and alleviation of withdrawal symptoms and abstinence as well as treatment resulting in
a voluntary diminished intake of the addictive substance.
[0034] The invention then, inter alia, comprises the following, alone or in combination:
[0035] A compound having the formula,

any of its enantiomers or any mixture of enantiomers, or a pharmaceutically acceptable salt thereof; wherein
R is hydrogen, C1-6-alkyl, C3-7-cycloalkyl, C3-7-cycloalkyl-C1-6-alkyl or phenyl; and

R1 is

wherein R2 is hydrogen, C1-6-alkyl, C3-7-cycloalkyl, C3-7-cycloalkyl-C1-6-alkyl or amino; or
a naphthyl, pyridyl, pyrimidyl, pyrrolyl, furanyl, benzofuranyl, benzothienyl, benzothiazolyl or quinolinyl

group, which may be substituted one or more times with substituents selected from the group consisting of C1-6-alkyl,
C3-7-cycloalkyl, C3-7-cycloalkyl-C1-6-alkyl, C1-6-alkoxy, phenyloxy, halogen, CF3, OCF3, CN, amino, nitro and phenyl;
[0036] A preferred embodiment of the invention is a compound of formula 1 wherein

R is hydrogen or C1-6-alkyl;
R1 is
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wherein R2 is C1-6-alkyl ;or
a naphthyl, pyridyl, pyrimidyl, pyrrolyl, furanyl, benzofuranyl, benzothienyl, benzothiazolyl or quinolinyl

group;
[0037] An especially preferred embodiment of the invention is a compound of formula 1 wherein

R is hydrogen, methyl or ethyl; and
R1 is 3-pyridyl, 5-methoxy-3-pyridyl, 5-phenyl-3-pyridyl, 2-benzofuranyl, 2-benzothienyl, 5-pyrimidyl, 6-methoxy-

2-pyridyl, 5-(4-phenoxyphenyl)-3-pyridyl, 6-methoxy-3-pyridyl, 3-quinolinyl, 5-quinolinyl, 6-chloro-3-pyridyl, 3-furanyl,
2-naphtyl, 1-methyl-pyrrolyl, 2-benzothiazolyl or 3-acetyl;
A further embodiment of the invention is a compound as above which is
(±)-9-Methyl-3-(3-pyridyl)- 9-azabicyclo[3.3.1]non-2-ene,
(±)-3-[3-(5-Methoxy)-pyridyl]-9-methyl- 9-azabicyclo[3.3.1]non-2-ene,
(±)-9-Methyl-3-[3-(5-phenyl)-pyridyl] - 9-azabicyclo[3.3.1]non-2-ene,
(±)-3-(2-Benzofuranyl)- 9-methyl-9-azabicyclo[3.3.1]non-2-ene,
(±)-9-Benzyl-3-(3-pyridyl)- 9-azabicyclo[3.3.1]non-2-ene,
(±)-9-Ethyl-3-(3-pyridyl)- 9-azabicyclo[3.3.1]non-2-ene,
(±)-3-(2-Benzothienyl)- 9-methyl-9-azabicyclo[3.3.1]non-2-ene,
(±)-3-(2-Benzothiazolyl)-9-methyl-9-azabicyclo[3.3.1]non-2-ene,
(±)-9-Methyl-3-(5-pyrimidyl)-9-azabicyclo[3.3.1]non-2-ene,
(±)-3-[2-(6-Methoxy)-pyridyl]-9-methyl- 9-azabicyclo[3.3.1]non-2-ene,
(±)-3-[3-(6-Methoxy)-pyridyl)]-9-methyl- 9-azabicyclo[3.3.1 ]non-2-ene,
(±)-3-(3-Quinolinyl)-9-methyl- 9-azabicyclo[3.3.1]non-2-ene,
(±)-3-(5-Quinolinyl)-9-methyl- 9-azabicyclo[3.3.1]non-2-ene,
(±)-3-[3-(6-Chloro)-pyridyl]-9-methyl- 9-azabicyclo[3.3.1]non-2-ene,
(±)-3-(3-Furanyl)- 9-methyl-9-azabicyclo[3.3.1]non-2-ene,
(±)-3-(2-Naphtyl)- 9-methyl-9-azabicyclo[3.3.1]non-2-ene,
(±)-9-H-3-(3-Pyridyl)- 9-azabicyclo[3.3.1]non-2-ene,
(±)-3-[2-(1-Methyl-pyrrolyl)]-9-methyl-9-azabicyclo[3.3.1 ]non-2-ene,
(±)-3-Acetyl-9-methyl-9-azabicyclo[3.3.1]non-2-ene,
(±)-9-H-3-(3-(5-methoxy)-pyridyl)- 9-azabicyclo[3.3.1]non-2-ene, or
(±)-3-(2-Benzofuranyl)- 9-H-9-azabicyclo[3.3.1]non-2-ene,
or a pharmaceutically acceptable addition salt thereof;
a pharmaceutical composition, comprising a therapeutically effective amount of a compound as above, or a pharma-
ceutically acceptable addition salt thereof, together with at least one pharmaceutically acceptable carrier or diluent;
the use of a compound as above for the manufacture of a medicament for the treatment disease of a living animal
body, including a human, disease is responsive to the activity of nicotinic ACh receptor modulators;
the use of a compound as above wherein the disease to be treated is pain, a disease in the central nervous system,
a disease caused by smooth muscle contraction, neurodegeneration, inflammation, chemical substance abuse or with-
drawal symptoms caused by the cessation of intake of the chemical substance.
[0038] The use as above wherein the disease is a disease in the central nervous system said disease being Alzhe-
imer's disease, Parkinson's disease, memory dysfunction or attention deficit hyperactivity disorder.
[0039] The use as above wherein the disease to be treated is chemical substance abuse or withdrawal symptoms
caused by the cessation of intake of the chemical substance, said chemical substance abuse being smoking or use
of other nicotine containing products and withdrawal symptoms caused by cessation of use of nicotine containing
products;
a method for the preparation of the compounds as above comprising,

a) the step of reacting a compound having the formula
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wherein R is as defined above, with a compound of formula R1-X, wherein X is halogen, boronic acid, or trialkyl-
stannyl; or

b) the step of reducing a compound having the formula

wherein R1 is as defined above;

[0040] Examples of pharmaceutically acceptable addition salts include inorganic and organic acid addition salts such
as the hydrochloride, hydrobromide, phosphate, nitrate, perchlorate, sulphate, citrate, lactate, tartrate, maleate, fuma-
rate, mandelate, benzoate, ascorbate, cinnamate, benzenesulfonate, methanesulfonate, stearate, succinate, glutama-
te, glycollate, toluene-p-sulphonate, formate, malonate, naphthalene-2-sulphonate, salicylate and the acetate. Such
salts are formed by procedures well known in the art.
[0041] Other acids such as oxalic acid, while not in themselves pharmaceutically acceptable, may be useful in the
preparation of salts useful as intermediates in obtaining compounds of the invention and their pharmaceutically ac-
ceptable acid addition salts.
[0042] Halogen is fluorine, chlorine, bromine or iodine.
[0043] Alkyl means a straight chain or branched chain of one to six carbon atoms, including but not limited to, methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, t-butyl, pentyl, and hexyl; methyl, ethyl, propyl and isopropyl are preferred
groups.
[0044] Cycloalky means cyclic alkyl of three to seven carbon atoms, including but not limited to cyclopropyl, cy-
clobutyl, cyclopentyl, and cyclohexyl;
[0045] Alkenyl means a group of from two to six carbon atoms, including at least one double bond, for example, but
not limited to ethenyl, 1,2- or 2,3-propenyl, 1,2-, 2,3-, or 3,4-butenyl.
[0046] Alkynyl means a group of from two to six carbon atoms, including at least one triple bond, for example, but
not limited to ethynyl, 1,2- or 2,3-propynyl, 1,2- or 2,3- or 3,4-butynyl.
[0047] Cycloalkylalkyl means cycloalkyl as above and alkyl as above, meaning for example, cyclopropylmethyl.
[0048] Alkoxy is O-alkyl, wherein alkyl is as defined above.
[0049] Cycloalkoxy is O-cycloalkyl, wherein cycloalkyl is as defined above.
[0050] Thioalkoxy is S-alkyl, wherein alkyl is as defined above.
[0051] Thiocycloalkoxy is S-cycloalkyl, wherein cycloalkyl is as defined above.
[0052] Amino is NH2 or NH-alkyl or N-(alkyl)2, wherein alkyl is as defined above.
[0053] Acyl is (C=O)-R° or (C=S)-R° wherein R° is alkyl, alkoxy, aryl or aryloxy; wherein alkyl and alkoxy is defined
above and aryl and aryloxy is defined below;
Aminoacyl is -NH-acyl, wherein acyl is defined above;
A monocyclic 5- to 6-membered heteroaryl group includes, for example, oxazol-2-yl, oxazol-4-yl, oxazol-5-yl, isoxazol-
3-yl, isoxazol-4-yl, isoxazol-5-yl, thiazol-2-yl, thiazol-4-yl, thiazol-5-yl, isothiazol-3-yl, isothiazol-4-yl, isothiazol-5-yl,
1,2,4-oxadiazol-3-yl, 1,2,4-oxadiazol-5-yl, 1,2,4-thiadiazol-3-yl, 1,2,4-thiadiazol-5-yl, 1,2,5-oxadiazol-3-yl, 1,2,5-oxadi-
azol-4-yl, 1,2,5-thiadiazol-3-yl, 1,2,5-thiadiazol-4-yl, 1-imidazolyl, 2-imidazolyl, 4-imidazolyl, 1-pyrrolyl, 2-pyrrolyl,
3-pyrrolyl, 2-furanyl, 3-furanyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimid-
inyl, 3-pyridazinyl, 4-pyridazinyl, 2-pyrazinyl and 3-pyrazinyl and 1-pyrazolyl, 3-pyrazolyl, and 4-pyrazolyl.
[0054] A bicyclic heteroaryl group composed of a 5 to 6 membered monocyclic heteroaryl group and a fused benzene
ring or another 5 to 6 membered monocyclic heteroaryl group means a monocyclic 5 to 6 membered heteroaryl group
as above which is fused to a benzene ring or to another monocyclic 5 to 6 membered heteroaryl group as above,
including, for example, 2-, 3-, 4-, 5-, 6-, 7-benzofuranyl, 1-, 2-, 4-, 5- benzimidazolyl, 2-, 3-, 4-, 5-, 6-, 7-indolyl, 2-,3-,
4-,5-,6-,7-,8-quinolinyl and 1-,3-,4-,5-,6-,7-,8-isoquinolinyl, thieno[3.2-b]thienyl, thieno[2.3-b]thienyl;
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Aryl is an aromatic hydrocarbon, such as phenyl and naphthyl.
[0055] Aryloxy is -O-aryl where aryl is defined above.
[0056] Further, the compounds of this invention may exist in unsolvated as well as in solvated forms with pharma-
ceutically acceptable solvents such as water, ethanol and the like. In general, the solvated forms are considered equiv-
alent to the unsolvated forms for the purposes of this invention.
[0057] It will be appreciated by those skilled in the art that the compounds of the present invention contain several
chiral centres and that such compounds exist in the form of isomers (i.e. enantiomers). The invention includes all such
isomers and any mixtures thereof including racemic mixtures.
[0058] Racemic forms can be resolved into the optical antipodes by known methods, for example, by separation of
diastereomeric salts thereof with an optically active acid, and liberating the optically active amine compound by treat-
ment with a base. Another method for resolving racemates into the optical antipodes is based upon chromatography
on an optically active matrix. Racemic compounds of the present invention can thus be resolved into their optical
antipodes, e.g., by fractional crystallization of d- or l- (tartrates, mandelates, or camphorsulphonate) salts for example.
The compounds of the present invention may also be resolved by the formation of diastereomeric amides by reaction
of the compounds of the present invention with an optically active activated carboxylic acid such as that derived from
(+) or (-) phenylalanine, (+) or (-) phenylglycine, (+) or (-) camphanic acid or by the formation of diastereomeric car-
bamates by reaction of the compounds of the present invention with an optically active chloroformate or the like.
[0059] Additional methods for the resolvation of optical isomers, known to those skilled in the art may be used, and
will be apparent to the average worker skilled in the art. Such methods include those discussed by J. Jaques, A. Collet,
and S. Wilen in "Enantiomers, Racemates, and Resolutions", John Wiley and Sons, New York (1981).
[0060] Optical active compounds can also be prepared from optical active starting materials.
[0061] The compounds of the invention may be prepared by any conventional method useful for the preparation of
analogous compounds and as described in the examples below.
[0062] Starting materials for the processes described in the present patent application are known or can be prepared
by known processes from commercially available materials
[0063] A compound of the invention can be converted to another compound of the invention using conventional
methods.
[0064] The products of the reactions described herein are isolated by conventional means such as extraction, crys-
tallization, distillation, chromatography, and the like.

Biology

[0065] Nicotinic ACh receptors in the brain are pentameric structures composed of subunits distinct from those found
in skeletal muscles. The existence of eight α-subunits (α2-α9) and three β-subunits (β2 -β4) in the mammalian brain
has been described.
[0066] The predominant subtype with high affinity for nicotine is comprised of three α4 and two β2 subunits.
[0067] The affinity of compounds of the invention for nicotinic ACh receptors have been investigated in three test for
in vitro inhibition of 3H-epibatidin binding, 3H-α-bunga-rotoxin binding and 3H-cytisine binding as described below:

In vitro inhibition of 3H-cytisine binding

[0068] The predominant subtype with high affinity for nicotine is comprised of α4 and β2 subunits. nAChRs of the
latter type can selectively be labelled by the nicotine agonist 3H-cytisine.
[0069] Tissue Preparation: Preparations are performed at 0-4°C unless otherwise indicated. Cerebral corticies from
male Wistar rats (150-250 g) are homogenized for 20 sec in 15 ml Tris, HCI (50 mM, pH 7.4) containing 120 mM NaCI,
5 mM KCI, 1 mM MgCl2 and 2.5 mM CaCl2 using an Ultra-Turrax homogenizer. The homogenate is centrifuged at
27,000 x g for 10 min. The supernatant is discarded and the pellet is resuspended in fresh buffer and centrifuged a
second time. The final pellet is resuspended in fresh buffer (35 ml per g of original tissue) and used for binding assays.
[0070] Assay: Aliquots of 500 µl homogenate are added to 25 µl of test solution and 25 µl of 3H-cytisine (1 nM, final
concentration), mixed and incubated for 90 min at 2°C. Non-specific binding is determined using (-)-nicotine (100 µM,
final concentration). After incubation the samples are added 5 ml of ice-cold buffer and poured directly onto Whatman
GF/C glass fibre filters under suction and immediately washed with 2 x 5 ml ice-cold buffer. The amount of radioactivity
on the filters is determined by conventional liquid scintillation counting. Specific binding is total binding minus non-
specific binding.

In vitro inhibition of 3H-α-bungarotoxin binding Rat brain

[0071] α-Bungarotoxin is a peptide isolated from the venom of the Elapidae snake Bungarus multicinctus (Mebs et
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al., Biochem. Biophys. Res. Commun., 44(3), 711 (1971)) and has high affinity for neuronal and neuromuscular nicotinic
receptors, where it acts as a potent antagonist. 3H-α-Bungarotoxin binds to a single site in rat brain with an unique
distribution pattern in rat brain (Clarke et al., J. Neurosci. 5, 1307-1315 (1985)).
[0072] 3H-α-Bungarotoxin labels nAChR formed by the α7 subunit isoform found in brain and the α1 isoform in the
neuromuscular junction (Changeaux, Fidia Res. Found. Neurosci. Found. Lect. 4, 21-168 (1990). Functionally, the α7
homo-oligomer expressed in oocytes has a calcium permeability greater than neuromuscular receptors and, in some
instances greater than NMDA channels (Seguela et al., J. Neurosci. 13, 596-604 (1993).
[0073] Tissue preparation: Preparations are performed at 0-4°C unless otherwise indicated. Cerebral cortices from
male Wistar rats (150-250 g) are homogenized for 10 sec in 15 ml 20 mM Hepes buffer containing 118 mM NaCI, 4.8
mM KCI, 1.2 mM MgSO4 and 2.5 mM CaCl2 (pH 7.5) using an Ultra-Turrax homogenizer. The tissue suspension is
centrifuged at 27,000 x g for 10 min. The supernatant is discarded and the pellet is washed twice by centrifugation at
27,000 x g for 10 min in 20 ml fresh buffer, and the final pellet is resuspended in fresh buffer containing 0.01% BSA
(35 ml per g of original tissue) and used for binding assays.
[0074] Assay: Aliquots of 500 µl homogenate are added to 25 µl of test solution and 25 µl of 3H-α-bungarotoxin (2
nM, final concentration), mixed and incubated for 2 h at 37°C. Non-specific binding is determined using (-)-nicotine (1
mM, final concentration). After incubation the samples are added 5 ml of ice-cold Hepes buffer containing 0.05% PEI
and poured directly onto Whatman GF/C glass fibre filters (presoaked in 0.1% PEI for at least 6 h) under suction and
immediately washed with 2 x 5 ml ice-cold buffer. The amount of radioactivity on the filters is determined by conventional
liquid scintillation counting. Specific binding is total binding minus non-specific binding.

In vitro inhibition of 3H-epibatidin binding

[0075] Epibatidin is an alkaloid that was first isolated from the skin of the Ecuadoran frog Epipedobates tricolor and
was found to have very high affinity for neuronal nicotinic receptors, where it acts as a potent agonist. 3H-epibatidin
binds to two sites in rat brain, both of which have pharmacological profiles consistent with neuronal nicotinic receptors
and a similar brain regional distribution (Hougling et al., Mol. Pharmacol. 48, 280-287 (1995)).
[0076] The high affinity binding site for 3H-epibatidin is most certainly binding to the α4β2 subtype of nicotinic recep-
tors. The identity of the low affinity site is still unknown; does it represent a second nicotinic receptor or a second site
in the same receptor. The inability of α-bungarotoxin to compete for 3H-epibatidin binding sites indicates that neither
site measured represents the nicotinic receptor composed of α7 subunits.
[0077] Tissue preparation: Preparations are performed at 0-4°C unless otherwise indicated. The forebrain (÷cere-
bellum) from a male Wistar rat (150-250 g) is homogenized for 10-20 sec in 20 ml Tris, HCl (50 mM, pH 7.4) using an
Ultra-Turrax homogenizer. The tissue suspension is centrifuged at 27,000 x g for 10 min. The supernatant is discarded
and the pellet is washed three times by centrifugation at 27,000 x g for 10 min in 20 ml fresh buffer, and the final pellet
is resuspended in fresh buffer (400 ml per g of original tissue) and used for binding assays.
[0078] Assay: Aliquots of 2.0 ml homogenate are added to 0.100 ml of test solution and 0.100 ml of 3H-epibatidin
(0.3 nM, final concentration), mixed and incubated for 60 min at room temperature. Non-specific binding is determined
using (-)-nicotine (30 µM, final concentration). After incubation the samples are poured directly onto Whatman GF/C
glass fibre filters (presoaked in 0.1% PEI for at least 20 min) under suction and immediately washed with 2 x 5 ml ice-
cold buffer. The amount of radioactivity on the filters is determined by conventional liquid scintillation counting. Specific
binding is total binding minus non-specific binding.
[0079] Results are given as IC50 values; the concentration (µM) that inhibit binding of the radioactive ligand by 50 %.

(Compound numbers refers to the examples)

[0080]

Compound 3N-cytisine IC50(µM) 3H-epibatidin IC50(µM) 3H-α-bungarotoxin IC50(µM)

1a 0.0230 0.0840 0.5

2a 0.0170 0.0760 2.0

3a 0.0250 0.1500 4.1000

4a >300 >300 0.1900

6a 1.8 1.7 5.8

7a 280.0 280.0 0.16
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Pharmaceutical Compositions

[0081] In another aspect the invention provides novel pharmaceutical compositions comprising a therapeutically
effective amount of the chemical compound of the invention.
[0082] While a chemical compound of the invention for use in therapy may be administered in the form of the raw
chemical compound, it is preferred to introduce the active ingredient, optionally in the form of a physiologically accept-
able salt, in a pharmaceutical composition together with one or more adjuvants, excipients, carriers and/or diluents.
[0083] In a preferred embodiment, the invention provides pharmaceutical compositions comprising the chemical
compound of the invention, or a pharmaceutically acceptable salt or derivative thereof, together with one or more
pharmaceutically acceptable carriers therefor and, optionally, other therapeutic and/or prophylactic ingredients. The
carrier(s) must be "acceptable" in the sense of being compatible with the other ingredients of the formulation and not
deleterious to the recipient thereof.
[0084] Pharmaceutical compositions of the invention may be those suitable for oral, rectal, nasal, topical (including
buccal and sub-lingual), transdermal, vaginal or parenteral (including intramuscular, sub-cutaneous and intravenous)
administration, or those in a form suitable for administration by inhalation or insufflation.
[0085] The chemical compound of the invention, together with a conventional adjuvant, carrier, or diluent, may thus
be placed into the form of pharmaceutical compositions and unit dosages thereof, and in such form may be employed
as solids, such as tablets or filled capsules, or liquids such as solutions, suspensions, emulsions, elixirs, or capsules
filled with the same, all for oral use, in the form of suppositories for rectal administration; or in the form of sterile injectable
solutions for parenteral (including subcutaneous) use. Such pharmaceutical compositions and unit dosage forms there-
of may comprise conventional ingredients in conventional proportions, with or without additional active compounds or
principles, and such unit dosage forms may contain any suitable effective amount of the active ingredient commensurate
with the intended daily dosage range to be employed.
[0086] The chemical compound of the present invention can be administered in a wide variety of oral and parenteral
dosage forms. It will be obvious to those skilled in the art that the following dosage forms may comprise, as the active
component, either a chemical compound of the invention or a pharmaceutically acceptable salt of a chemical compound
of the invention.
[0087] For preparing pharmaceutical compositions from a chemical compound of the present invention, pharmaceu-
tically acceptable carriers can be either solid or liquid. Solid form preparations include powders, tablets, pills, capsules,

(continued)

Compound 3N-cytisine IC50(µM) 3H-epibatidin IC50(µM) 3H-α-bungarotoxin IC50(µM)

8a 0.0180 0.110 1.400

1b 0.078 0.0520 1.6

2b 0.013 0.240 17.0

4b 0.35 0.69 17.0

5b 2.0 17.0 2.3

6b 1.0 8.3 0.35

1c 0.040 0.180 0.220

2c 85.0 290.0 1.7

3c >10.0 >10.0 18.0

4c 2.0 5.0 0.660

5c 2.70 3.90 2.20

7c >300.0 >300.0 0.190

8c >300.0 >300.0 0.370

11c 0.0045 0.0460 0.170

1d 1.8 10.0 1.9

2d 0.590 1.1 4.2

3d 0.0030 0.0180 0.0170
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cachets, suppositories, and dispersible granules. A solid carrier can be one or more substances which may also act
as diluents, flavouring agents, solubilizers, lubricants, suspending agents, binders, preservatives, tablet disintegrating
agents, or an encapsulating material.
[0088] In powders, the carrier is a finely divided solid which is in a mixture with the finely divided active component.
[0089] In tablets, the active component is mixed with the carrier having the necessary binding capacity in suitable
proportions and compacted in the shape and size desired.
[0090] The powders and tablets preferably contain from five or ten to about seventy percent of the active compound.
Suitable carriers are magnesium carbonate, magnesium stearate, talc, sugar, lactose, pectin, dextrin, starch, gelatin,
tragacanth, methylcellulose, sodium carboxymethylcellulose, a low melting wax, cocoa butter, and the like. The term
"preparation" is intended to include the formulation of the active compound with encapsulating material as carrier
providing a capsule in which the active component, with or without carriers, is surrounded by a carrier, which is thus
in association with it. Similarly, cachets and lozenges are included. Tablets, powders, capsules, pills, cachets, and
lozenges can be used as solid forms suitable for oral administration.
[0091] For preparing suppositories, a low melting wax, such as a mixture of fatty acid glycerides or cocoa butter, is
first melted and the active component is dispersed homogeneously therein, as by stirring. The molten homogenous
mixture is then poured into convenient sized moulds, allowed to cool, and thereby to solidify.
[0092] Compositions suitable for vaginal administration may be presented as pessaries, tampons, creams, gels,
pastes, foams or sprays containing in addition to the active ingredient such carriers as are known in the art to be
appropriate.
[0093] Liquid preparations include solutions, suspensions, and emulsions, for example, water or water-propylene
glycol solutions. For example, parenteral injection liquid preparations can be formulated as solutions in aqueous pol-
yethylene glycol solution.
[0094] The chemical compound according to the present invention may thus be formulated for parenteral adminis-
tration (e.g. by Injection, for example bolus injection or continuous infusion) and may be presented in unit dose form
in ampoules, pre-filled syringes, small volume infusion or in multi-dose containers with an added preservative. The
compositions may take such forms as suspensions, solutions, or emulsions in oily or aqueous vehicles, and may contain
formulatory agents such as suspending, stabilising and/or dispersing agents. Altematively, the active ingredient may
be in powder form, obtained by aseptic isolation of sterile solid or by lyophilisation from solution, for constitution with
a suitable vehicle, e.g. sterile, pyrogen-free water, before use.
[0095] Aqueous solutions suitable for oral use can be prepared by dissolving the active component in water and
adding suitable colorants, flavours, stabilising and thickening agents, as desired.
[0096] Aqueous suspensions suitable for oral use can be made by dispersing the finely divided active component in
water with viscous material, such as natural or synthetic gums, resins, methylcellulose, sodium carboxymethylcellulose,
or other well known suspending agents.
[0097] Also included are solid form preparations which are intended to be converted, shortly before use, to liquid
form preparations for oral administration. Such liquid forms include solutions, suspensions, and emulsions. These
preparations may contain, in addition to the active component, colorants, flavours, stabilisers, buffers, artificial and
natural sweeteners, dispersants, thickeners, solubilizing agents, and the like.
[0098] For topical administration to the epidermis the chemical compound according to the invention may be formu-
lated as ointments, creams or lotions, or as a transdermal patch. Ointments and creams may, for example, be formulated
with an aqueous or oily base with the addition of suitable thickening and/or gelling agents. Lotions may be formulated
with an aqueous or oily base and will in general also contain one or more emulsifying agents, stabilising agents, dis-
persing agents, suspending agents, thickening agents, or colouring agents.
[0099] Compositions suitable for topical administration in the mouth include lozenges comprising the active agent
in a flavoured base, usually sucrose and acacia or tragacanth; pastilles comprising the active ingredient in an inert
base such as gelatin and glycerine or sucrose and acacia; and mouthwashes comprising the active ingredient in a
suitable liquid carrier.
[0100] Solutions or suspensions are applied directly to the nasal cavity by conventional means, for example with a
dropper, pipette or spray. The compositions may be provided in single or multi-dose form. In the latter case of a dropper
or pipette, this may be achieved by the patient administering an appropriate, predetermined volume of the solution or
suspension. In the case of a spray, this may be achieved for example by means of a metering atomising spray pump.
[0101] Administration to the respiratory tract may also be achieved by means of an aerosol formulation in which the
active ingredient is provided in a pressurised pack with a suitable propellant such as a chlorofluorocarbon (CFC) for
example dichlorodifluoromethane, trichlorofluoromethane, or dichlorotetrafluoroethane, carbon dioxide, or other suit-
able gas. The aerosol may conveniently also contain a surfactant such as lecithin. The dose of drug may be controlled
by provision of a metered valve.
[0102] Alternatively the active ingredients may be provided in the form of a dry powder, for example a powder mix
of the compound in a suitable powder base such as lactose, starch, starch derivatives such as hydroxypropylmethyl
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cellulose and polyvinylpyrrolidone (PVP). Conveniently the powder carrier will form a gel in the nasal cavity. The powder
composition may be presented in unit dose form for example in capsules or cartridges of, e.g., gelatin, or blister packs
from which the powder may be administered by means of an inhaler.
[0103] In compositions intended for administration to the respiratory tract, including intranasal compositions, the
compound will generally have a small particle size for example of the order of 5 microns or less. Such a particle size
may be obtained by means known in the art, for example by micronization.
[0104] When desired, compositions adapted to give sustained release of the active ingredient may be employed.
[0105] The pharmaceutical preparations are preferably in unit dosage forms. In such form, the preparation is subdi-
vided into unit doses containing appropriate quantities of the active component. The unit dosage form can be a pack-
aged preparation, the package containing discrete quantities of preparation, such as packaged tablets, capsules, and
powders in vials or ampoules. Also, the unit dosage form can be a capsule, tablet, cachet, or lozenge itself, or it can
be the appropriate number of any of these in packaged form.
[0106] Tablets or capsules for oral administration and liquids for intravenous administration and continuous infusion
are preferred compositions.
[0107] The dose administered must of course be carefully adjusted to the age, weight and condition of the individual
being treated, as well as the route of administration, dosage form and regimen, and the result desired. It is presently
contemplated that compositions containing of from about 0.1 to about 500 mg of active ingredient per unit dosage,
preferably of from about 1 to about 100 mg, most preferred of from about 1 to about 10 mg, are suitable for therapeutic
treatments.
[0108] A satisfactory result can, in certain instances, be obtained at a dosage as low as 0.005 mg/kg i.v. and 0.01
mg/kg p.o. The upper limit of the dosage range is about 10 mg/kg i.v. and 100 mg/kg p.o. Preferred ranges are from
about 0.001 to about 1 mg/kg i.v. and from about 0.1 to about 10 mg/kg p.o.

Examples

[0109]

General: All reactions involving air sensitive reagents or intermediates were performed under nitrogen and in
anhydrous solvents. Magnesium sulfate was used as drying agent in the workup-procedures and solvents were
evaporated under reduced pressure.

9-Methyl-9-azabicyclo[3.3.1]nonan-3-one (Pseudopelletierine) was prepared according to Cope, A.C.; Dryden,
H.L.; Howel, C. F. Organic Syntheses, Coll. Vol. 4, Wiley and Sons, Inc.: New York, 1955; p 816-819.

9-Benzyl-9-azabicyclo[3.3.1]nonan-3-one was pepared according to Y. Kashman and E. Benary J. Org. Chem.
37, 3778, (1972).

(±)-9-Methyl-3-trifluoromethanesulfonyl-oxy-9-azabicyclo[3.3.1]non-2-ene;
To 9-methyl-9-azabicyclo[3.3.1]nonan-3-one (10.8 g, 70.5 mmol) in tetrahydrofuran, was added at -70 °C; sodium
bis(trimethylsilyl)amide in tetrahydrofuran (77.5 ml, 77.5 mmol). The reaction mixture was stirred for 10 min at -70
°C. N-phenylbis(trifluoromethane-sulfonamide) (25.0 g, 70.5 mmol) in tetrahydrofuran was added at -70 °C. The
reaction mixture was allowed to reach room temperature slowly and was stirred over night. Aqueous sodium hy-
droxide (0.1 M, 250 ml) was added and the mixture was extracted twice with ethyl acetate (200 ml). Chromatography
on silica gel with dichloromethane and 10 % ethanol as solvent gave the title compound as a brown oil. Yield 14.7
g, 73%.

3-Bromo-5-methoxypyridine; (General procedure for 3-bromo-5-alkoxypyridines and 3-bromo-6-alkoxypy-
ridines)
Sodium (2.33 g, 101.3 mmol) was added to methanol (50 ml) and was allowed to react, the mixture was evaporated.
3.5-Dibromopyridine (20.0 g, 84.4 mmol) and dimethyl sulfoxide (100 ml) were added. The mixture was stirred at
90 °C for 2 h. Sodium hydroxide (400 ml, 1 M) was added and the mixture was extracted twice with diethyl ether
(200 ml). Chromatography on silica gel with dichloromethane and 3% ethanol as solvent gave the title compound.
Yield 10.6 g, 67 %. Mp 30-32 °C.

3-Bromo-5-phenylpyridine; (General procedure for 3-bromo-5-arylpyridines)
A mixture of 3,5-dibromopyridine (10.0 g, 42.2 mmol), phenylboronic acid (4.6 g, 38.0 mmol), tetrakis(triphenyl-
phosphine)palladium(0) (1.45 g, 1.25 mmol), potassium carbonate (17.5 g, 127 mmol), water (63 ml) and
1,2-dimethoxyethane (126 ml) was stirred at reflux overnight. Aqueous sodium hydroxide (1 M, 60 ml) was added



EP 0 984 966 B1

5

10

15

20

25

30

35

40

45

50

55

12

followed by extraction twice with diethylether (100 ml). Chromatography on silica gel with dichloromethane as
solvent gave the title compound. Yield 6.1 g, 68 %, Mp 42-44 °C.

Method A

[0110]

1a:(±)-9-Methyl-3-(3-pyridyl)- 9-azabicyclo[3.3.1]non-2-ene fumaric acid salt;
To a mixture of 3-bromopyridine (10.0 g, 63.3 mmol) and diethyl ether (200 ml), butyllithium in hexanes (2.5 M,
27.8 ml, 69.5 mmol) was added at -70 °C. The mixture was stirred at -70 °C for 1 h. 9-Methyl-9-azabicyclo[3.3.1]
nonan-3-one (9.68 g, 63.3 mmol) solved in diethyl ether (80 ml) was added at -70 °C and stirred for 1 h. The
reaction mixture was allowed to warm to room temperature overnight. Aqueous sodium hydroxide (1 M, 200 ml)
was added and the diethyl ether was separated. The water phase was extracted three times with ethyl acetate
(100 ml). The organic phases were mixed. Endo and exo-3-hydroxy-9-Methyl-3-(3-pyridyl)- 9-azabicyclo[3.3.1]
nonane was isolated after chromatography on silica gel with dichloromethane, methanol and conc. ammonia (89:
10:1), yield 3.17 g, 22%. A mixture of endo and exo-3-hydroxy-9-Methyl-3-(3-pyridyl)- 9-azabicyclo[3.3.1]nonane
(0.5 g, 2.2 mmol), thionyl chloride (2 ml, 27.4 mmol) and tetrahydrofuran (20 ml) was stirred at 50 °C for 0.5 h.
The mixture was evaporated and combined with potassium hydroxide (1 g, 17.8 mmol), ethanol (5 ml) and water
(5 ml) and stirred for 5 min. The ethanol was evaporated and water (20 ml) was added. The mixture was extracted
twice with ethyl acetate (40 ml). Chromatography on silica gel with dichloromethane, methanol and conc. ammonia
(89:10:1) gave the title compound. The corresponding salt was obtained by addition of a diethyl ether and methanol
mixture (9:1) saturated with fumaric acid. Yield 0.26 g, 36%. Mp 164.5-166.5 °C.

2a:(±)-3-[3-(5-Methoxy)-pyridyl]-9-methyl- 9-azabicyclo[3.3.1]non-2-ene fumaric acid salt;
Prepared according to method A. Mp 125-126.5 °C.

3a:(±)-9-Methyl-3-[3-(5-phenyl)-pyridyl]- 9-azabicyclo[3.3.1]non-2-ene fumaric acid salt;
Prepared according to method A. Mp 147.5-149.5 °C.

4a:(±)-3-(2-Benzofuranyl)- 9-methyl-9-azabicyclo[3.3.1]non-2-ene fumaric acid salt;
Prepared according to method A from benzofuran, reaction with BuLi at 0 °C. Mp. 186.5-189.2 °C.

5a:(±)-9-Benzyl-3-(3-pyridyl)- 9-azabicyclo[3.3.1]non-2-ene fumaric acid salt;
Prepared according to method A. Mp 186-187 °C.

6a:(±)-9-Ethyl-3-(3-pyridyl)- 9-azabicyclo[3.3.1]non-2-ene fumaric acid salt;
Prepared according to method A. Mp 193-195 °C.

7a:(±)-3-(2-Benzothlenyl)- 9-methyl-9-azabicyclo[3.3.1]non-2-ene;
Prepared according to method A from benzothiophene, reaction with BuLi at 0 °C. Isolated as free base. Mp. 91.3
- 93.5 °C.

8a:Exo-9-Methyl-3-(3-pyridyl)- 9-azablcyclo[3.3.1]nonane
A mixture of endo and exo-3-hydroxy-9-Methyl-3-(3-pyridyl)- 9-azabicyclo[3.3.1]nonane (method A) (0.95 g, 4.1
mmol) and Raney nickel (10.0 g, 50 % slurry in water) and 50 ml ethanol was stirred under reflux for 15 h. The
crude mixture was filtered followed by chromatography on silica gel with dichloromethane, methanol and conc.
ammonia (89:10:1) gave the title compound. Isolated as free base. Mp 69-70 °C. Yield 50 mg, 6 %.

9a: (±)-3-(2-Benzothiazolyl)- 9-methyl-9-azablcyclo[3.3.1]non-2-ene fumaric acid salt;
Prepared according to method A from benzothiazole. Mp 176-177 °C

Method B

[0111]

1b:(±)-9-Methyl-3-(5-pyrimidyl)-9-azabicyclo[3.3.1]non-2-ene fumaric acid salt;
A mixture of (±)-9-Methyl-3-trifluoromethanesulfonyl-oxy- 9-azabicyclo[3.3.1]non-2-ene (0.80 g 2.8 mmol), hex-
amethylditin (1.38 g, 4.2 mmol), tetrakis(triphenylphosphine)- palladium(0) (0.16 g , 0.14 mmol) and lithium chloride
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(0.12 g, 2.8 mmol) was stirred in 1,4-dioxane (25 ml) at 70 °C for 2 h. 5-Bromopyrimidine (0.76 g, 2.8 mmol) was
added followed by stirring at reflux overnight. The solvent was evaporated and aqueous sodium hydroxide (30 ml,
1 M) was added followed by extraction three times with ethyl acetate (30 ml). Chromatography on silica gel with
dichloromethane, methanol and conc. ammonia (89:10:1) gave the title compound pure. The corresponding salt
was obtained by addition of a diethyl ether and methanol mixture (9:1), saturated with fumaric acid. Yield 0.12 g,
13%. Mp 198-202 °C.

2b:(±)-9-Methyl-3-[5-(3-pyridyl)-3-pyridyl]-9-azabicyclo[3.3.1]non-2-ene fumaric acid salt;
Prepared according to method B. Mp 206-208 °C.

3b:(±)-3-[2-(6-Methoxy)-pyridyl)]-9-methyl- 9-azabicyclo[3.3.1]non-2-ene fumaric acid salt;
Prepared according to method B. Mp 128-130 °C.

4b: (±)-3-[5-(4-Phenoxyphenyl)-3-pyridyl]-9-methyl- 9-azabicyclo[3.3.1]non-2-ene fumaric acid salt;
Prepared according to method B. Mp 166-168 °C.

5b:(±)-3-[3-(6-Methoxy)-pyridyl)]-9-methyl- 9-azabicyclo[3.3.1]non-2-ene fumaric acid salt;
Prepared according to method B. Mp 116-124 °C.

6b:(±)-3-(3-Quinolinyl)-9-methyl- 9-azabicyclo[3.3.1]non-2-ene fumaric acid salt;
Prepared according to method B. Mp 195-197 °C.

7b:(±)-3-(5-Quinolinyl)-9-methyl- 9-azabicyclo[3.3.1]non-2-ene;
Prepared according to method B. Mp 142-144 °C.

8b:(±)-3-[3-(6-Chloro)-pyridyl)]-9-methyl- 9-azabicyclo[3.3.1]non-2-ene fumaric acid salt;
Prepared from (±)-3-[3-(6-methoxy)-pyridyl)]-9-methyl- 9-azabicyclo[3.3.1]non-2-ene. Mp 134.7-136.5 °C

Method C

[0112]

1c: (±)-3-(3-Aminophenyl)- 9-methyl-9-azabicyclo[3.3.1]non-2-ene fumaric acid salt;
A mixture of (±)-9-Methyl-3-trifluoromethanesulfonyl-oxy-9-azabicyclo[3.3.1]non-2-ene (2.0 g, 7.0 mmol), 3-ami-
nophenylboronic acid hemisulphate (1.3 g, 7.0 mmol), tetrakis(triphenylphosphine)-palladium(0) (0.24 g , 0.21
mmol) and lithium chloride (0.30 g, 7.0 mmol), potassium carbonate (4.8 g, 35 mmol), water (18 ml) and 1,2-dimeth-
oxyethane (36 ml) was refluxed for 2 h. Water (50 ml) was added and the mixture was extracted twice with ethyl
acetate. Chromatography on silica gel with dichloromethane, methanol and conc. ammonia (89:10:1) gave the title
compound pure. The corresponding salt was obtained by addition of a diethyl ether and methanol mixture (9:1),
saturated with fumaric acid. Yield 0.35 g, 15%. Mp 174 - 180 °C.

2c: (±)-3-(3-Acetamidophenyl)- 9-methyl-9-azabicyclo[3.3.1]non-2-ene acetic acid salt;
To a solution of (±)-3-(3-aminophenyl)- 9-methyl-9-azabicyclo[3.3.1]non-2-ene (0.43 g, 1.9 mmol) in dichlorometh-
ane was added dropwise, acetic acid anhydride (0.25 g, 0.23 ml) at 0 °C. The mixture was triturated with petroleum
ether (2 x10 ml), followed by diethyl ether (10 ml). Yield 0.34 g, 55 %. Mp. 59.9 - 63.4 °C.

3c: (±)-3-[3-(1-Pyrrolidinyl)-phenyl]-9-methyl-9-azabicyclo[3.3.1]non-2-ene;
A mixture of (±)-3-(3-aminophenyl)- 9-methyl-9-azabicyclo[3.3.1]non-2-ene (0.50 g, 2.2 mmol), potassium carbon-
ate (0.61 g, 4.4 mmol), 1.4-dibromobutane (0.52 g, 2.4 mmol) and ethanol (15 ml) was stirred at reflux ovemight.
The mixture was evaporated and water (25 ml) was added followed by extraction two times with ethyl acetate (25
ml). Chromatography on silica gel with dichloromethane, methanol and conc. ammonia (89:10:1) gave the title
compound as an oil. Yield 0.12 g, 19 %.

4c: (±)-3-(3-Furanyl)- 9-methyl-9-azabicyclo[3.3.1]non-2-ene fumaric acid salt;
Prepared according to method C. Mp. 167-174 °C.

5c: (±)-9-Methyl-3-(3-nitrophenyl)-9-azabicyclo[3.3.1]non-2-ene fumaric acid salt;
Prepared according to method C. Mp. 133-144 °C.
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6c: (±)-9-Methyl-3-(3,4-methylenedioxyphenyl)-9-azabicyclo[3.3.1]non-2-ene fumaric acid salt; Prepared ac-
cording to method C. Mp. 159-163 °C.

7c:(±)-3-(2-Benzofuranyl)- 9-methyl-9-azabicyclo[3.3.1]non-2-ene fumaric acid salt;
Prepared according to method C. Mp. 184-186 °C.

8c: (±)-3-(2-Naphtyl)- 9-methyl-9-azabicyclo[3.3.1]non-2-ene oxalic acid salt;
Prepared according to method C. Mp. 87.9 - 92.2 °C.

9c: (±)-3-(2-Benzothienyl)- 9-methyl-9-azabicyclo[3.3.1]non-2-ene;
Prepared according to method C. Isolated as free base. Mp. 83.2 - 85.4 °C.

Endo-3-hydroxy-3-(3-pyridyl)- 9-tert-butoxycarbonyl- 9-azabicyclo[3.3.1]nonane;
A mixture of endo-9-benzyl-3-hydroxy-3-(3-pyridyl)-9-azabicyclo[3.3.1]nonane mp 162-164 °C (method A), (4.9 g,
15.9 mmol), palladium on carbon (5 %, 1.5 g), concentrated hydrochloric acid (10 ml), ethanol (100 ml) and tet-
rahydrofuran (30 ml) was stirred under hydrogen at 50 °C for 32 h. The crude mixture was filterd through celite
and evaporated to dryness and stirred with triethylamine (10.1 g, 99.5 mmol), di-(tertbutoxycarbonyl)anhydride
(4.34 g, 19.9 mmol) and dichloromethane (80 ml) for 15 hours. The crude mixture was washed with water (100
ml) followed by chromatography on silica gel with dichloromethane, methanol and conc. ammonia (89:10:1) which
gave the title compound as an oil. Yield 3.0 g, 47%.

10c: (±)-3-(3-Pyridyl)- 9-tert-butoxycarbonyl- 9-azabicyclo[3.3.1]non-2-ene;
A mixture of Endo-3-hydroxy-3-(3-pyridyl)-9-tert-butoxycarbonyl-9-azabicyclo[3.3.1]nonane 3.0 g, 9.4 mmol), thio-
nyl chloride (12 ml) and tetrahydrofuran (100 ml) was stirred at 50 °C for 1 h. The mixture was evaporated and
combined with potassium hydroxide (5.5 g), ethanol (35 ml) and water (35 ml) and stirred for 10 min. The ethanol
was evaporated and water (100 ml) was added, followed by extraction twice with ethyl acetate (50 ml). Chroma-
tography on silica gel with dichloromethane, methanol and conc. ammonia (89:10:1) gave the title compound as
an oil. Yield 1.33 g, 47 %.

11c: (±)-9-H-3-(3-Pyridyl)- 9-azabicyclo[3.3.1]non-2-ene fumaric acid salt;
(±)-3-(3-Pyridyl)- 9-tert-butoxycarbonyl- 9-azabicyclo[3.3.1]non-2-ene (1.3 g, 4.3 mmol) was stirred in a mixture
of trifluoroacetic acid (9.9 g, 86 mmol) and dichloromethane overnight. Aqueous sodium hydroxide (100 ml, 1M)
was added followed by extraction with dichloromethane (100 ml) three times. Chromatography on silica gel with
dichloromethane, methanol and conc. ammonia (89:10:1) gave the title compound pure. The corresponding salt
was obtained by addition of a diethyl ether and methanol mixture (9:1) saturated with fumaric acid. Yield 0.91 g,
67%. Mp 188.5-190.0 °C.

Method D

[0113]

1d: (±)-3-[2-(1-Methyl-pyrrolyl)]- 9-methyl-9-azabicyclo[3.3.1]non-2-ene;
A mixture of (±)-9-Methyl-3-trifluoromethanesulfonyl-oxy-9-azabicyclo[3.3.1]non-2-ene (2.0 g 7.0 mmol), 1-methyl-
2-trimethylstannylpyrrole (1.7 g, 7.0 mmol), tetrakis(triphenyl phosphine) palladium(0) (0.40 g, 0.35 mmol) and
lithium chloride (0.30 g, 7.0 mmol) and 1,4-dioxane was refluxed for 15 h. Aqueous sodium hydroxide (100 ml, 1
M) was added and the mixture was extracted twice with ethyl acetate (100 ml). Chromatography on silica gel with
dichloromethane, methanol and conc. ammonia (89:10:1) gave the title compound as a pure oil. Yield 70 mg, 5%.

2d: (±)-3-Acetyl-9-methyl- 9-azabicyclo[3.3.1]non-2-ene fumaric acid salt;
Prepared according to method D. Mp 149-151 °C.

3d: (±)-9-H-3-(3-(5-methoxy)-pyridyl)- 9-azabicyclo[3.3.1]non-2-ene;
A mixture of (±)-3-(3-(5-methoxy)-pyridyl)-9-methyl- 9-azabicyclo[3.3.1]non-2-ene (0.24 g, 0.98 mmol), 1-chlo-
roethylchloroformate (0.21 ml, 1.96 mmol) and 1,2-dichloroethane (4 ml) was refluxed for 24 h. The mixture was
evaporated to dryness and methanol (4 ml) was added followed by reflux for 24 h. The mixture was evaporated.
Chromatography on silica gel with dichloromethane, methanol and conc. ammonia (89:10:1) gave the title com-
pound as a pure oil. Yield 60 mg, 27 %.
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4d: (±)-3-(2-Benzofuranyl)- 9-H-9-azabicyclo[3.3.1]non-2-ene fumaric acid salt;
A mixture of (±)-3-(2-Benzofuranyl)-9-methyl-9-azabicyclo[3.3.1]non-2-ene (4.4 g, 17.4 mmol), 1-chlorethylchlo-
roformate (3.7 g, 26.1 mmol) and xylene (40 ml) was heated at reflux for 15 h, followed by addition of methanol
(50 ml) and continued reflux for 2h. Sodium hydroxide (4M, 50 ml) was added and the mixture was extracted twice
with ethyl acetete (50 ml). Chromatography on silica gel with dichloromethane, methanol and conc. ammonia (89:
10:1) gave the title compound as the free base. Yield 1.5 g, 36 %. The corresponding salt was obtained by addition
of a diethyl ether and methanol mixture (9:1) saturated with fumaric acid. Mp. 225-227 °C.

Claims

1. A 9-azabicyclo[3.3.1]non-2-ene derivative having the formula

any of its enantiomers or any mixture of its enantiomers, or a pharmaceutically acceptable salt thereof; wherein
R is hydrogen, C1-6-alkyl, C3-7-cycloalkyl, C3-7-cycloalkyl-C1-6-alkyl or phenyl; and
R1 is

wherein R2 is hydrogen, C1-6-alkyl, C3-7-cycloalkyl, C3-7-cycloalkyl-C1-6-alkyl or amino; or
a naphthyl, pyridyl, pyrimidyl, pyrrolyl, furanyl, benzofuranyl, benzothienyl, benzothiazolyl or quinolinyl group,

which may be substituted one or more times with substituents selected from the group consisting of C1-6-alkyl,
C3-7-cycloalkyl, C3-7-cycloalkyl-C1-6-alkyl, C1-6-alkoxy, phenyloxy, halogen, CF3, OCF3, CN, amino, nitro and phe-
nyl.

2. The 9-azabicyclo[3.3.1]non-2-ene derivative of claim 1, wherein
R is hydrogen or C1-6-alkyl;
R1 is

wherein R2 is C1-6-alkyl; or
a naphthyl, pyridyl, pyrimidyl, pyrrolyl, furanyl, benzofuranyl, benzothienyl, benzothiazolyl or quinolinyl group,

which may be substituted one or more times with substituents selected from the group consisting of C1-6-alkyl,
C1-6-alkoxy, halogen and phenyl.

3. The 9-azabicyclo[3.3.1]non-2-ene derivative of claim 1, wherein
R is hydrogen, methyl or ethyl; and
R1 is 3-pyridyl, 5-methoxy-3-pyridyl, 5-phenyl-3-pyridyl, 2-benzofuranyl, 2-benzothienyl, 5-pyrimidyl, 6-methoxy-
2-pyridyl, 5-(4-phenoxyphenyl)-3-pyridyl, 6-methoxy-3-pyridyl, 3-quinolinyl, 5-quinolinyl, 6-chloro-3-pyridyl, 3-fura-
nyl, 2-naphtyl, 1-methyl-pyrrolyl, 2-benzothiazolyl or 3-acetyl.
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4. The 9-azabicyclo[3.3.1]non-2-ene derivative of claim 1, which is
(±)-9-Methyl-3-(3-pyridyl)- 9-azabicyclo[3.3.1]non-2-ene,
(±)-3-[3-(5-Methoxy)-pyridyl] -9-methyl- 9-azabicyclo[3.3.1]non-2-ene,
(±)-9-Methyl-3-[3-(5-phenyl)-pyridyl]-9-azabicyclo[3.3.1]non-2-ene,
(±)-3-(2-Benzofuranyl)- 9-methyl-9-azabicyclo[3.3.1]non-2-ene,
(±)-9-Benzyl-3-(3-pyridyl)- 9-azabicyclo[3.3.1]non-2-ene,
(±)-9-Ethyl-3-(3-pyridyl)- 9-azabicyclo[3.3.1]non-2-ene,
(±)-3-(2-Benzothienyl)- 9-methyl-9-azabicyclo[3.3.1]non-2-ene,
(±)-3-(2-Benzothiazolyl)- 9-methyl-9-azabicyclo[3.3.1]non-2-ene,
(±)-9-Methyl-3-(5-pyrimidyl)-9-azabicyclo[3.3.1]non-2-ene,
(±)-3-[2-(6-Methoxy)-pyridyl]-9-methyl-9-azabicyclo[3.3.1]non-2-ene,
(±)-3-[3-(6-Methoxy)-pyridyl)]-9-methyl-9-azabicyclo[3.3.1]non-2-ene,
(±)-3-(3-Quinolinyl)-9-methyl- 9-azabicyclo[3.3.1]non-2-ene,
(±)-3-(5-Quinolinyl)-9-methyl- 9-azabicyclo[3.3.1]non-2-ene,
(±)-3-[3-(6-Chloro)-pyridyl]-9-methyl-9-azabicyclo[3.3.1]non-2-ene,
(±)-3-(3-Furanyl)-9-methyl-9-azabicyclo[3.3.1]non-2-ene,
(±)-3-(2-Naphtyl)- 9-methyl-9-azabicyclo[3.3.1]non-2-ene,
(±)-9-H-3-(3-Pyridyl)- 9-azabicyclo[3.3.1]non-2-ene,
(±)-3-[2-(1-Methyl-pyrrolyl)]- 9-methyl-9-azabicyclo[3.3.1 ]non-2-ene,
(±)-3-Acetyl-9-methyl- 9-azabicyclo[3.3.1]non-2-ene,
(±)-9-H-3-(3-(5-methoxy)-pyridyl)-9-azabicyclo[3.3.1]non-2-ene, or
(±)-3-(2-Benzofuranyl)-9-H-9-azabicyclo[3.3.1]non-2-ene,
or a pharmaceutically acceptable addition salt thereof.

5. A pharmaceutical composition, comprising a therapeutically effective amount of a 9-azabicyclo[3.3.1]non-2-ene
derivative of any of the claims 1 to 4, or a pharmaceutically acceptable addition salt thereof, together with at least
one pharmaceutically acceptable carrier or diluent.

6. The use of a 9-azabicyclo[3.3.1]non-2-ene derivative according to any of the claims 1 to 4 for the manufacture of
a medicament for the treatment of a disease of a living animal body, including a human, which disease is responsive
to the activity of nicotinic ACh receptor modulators.

7. The use according to claim 6 wherein the disease to be treated is pain, a disease in the central nervous system,
a disease caused by smooth muscle contraction, neurodegeneration, inflammation, chemical substance abuse or
withdrawal symptoms caused by the cessation of intake of the chemical substance.

8. The use according to claim 7 wherein the disease to be treated is a disease in the central nervous system said
disease being Alzheimer's disease, Parkinson's disease, memory dysfunction or attention deficit hyperactivity dis-
order.

9. The use according to claim 7 wherein the disease to be treated is chemical substance abuse or withdrawal symp-
toms caused by the cessation of intake of the chemical substance, said chemical substance abuse being smoking
or use of other nicotine containing products and withdrawal symptoms caused by cessation of use of nicotine
containing products.

10. A method for the preparation of a 9-azabicyclo[3.3.1]non-2-ene derivative according to claim 1, which method
comprises

a) the step of reacting a compound having the formula

wherein R is as defined in claim 1,
with a compound of formula R1-X, wherein R1 is as defined in claim 1, and X is halogen, boronic acid, or
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trialkylstannyl; or

b) the step of reducing a compound having the formula

wherein R1 is as defined in claim 1.

Patentansprüche

1. 9-Azabicyclo[3.3.1]non-2-en-Derivat der Formel

jedes ihrer Enantiomeren oder jede Mischung von Enantiomeren oder ein pharmazeutisch annehmbares Salz
davon, worin
R Wasserstoff, C1-6-Alkyl, C3-7-Cycloalkyl, C3-7-Cycloalkyl-C1-6-alkyl oder Phenyl ist, und

worin R2 Wasserstoff, C1-6Alkyl, C3-7-Cycloalkyl, C3-7-Cycloalkyl-C1-6-alkyl oder Amino ist, oder
eine Naphthyl-, Pyridyl-, Pyrimidyl-, Pyrrolyl-, Furanyl-, Benzofuranyl-, Benzothienyl-, Benzothiazolyl- oder Chino-
linylgruppe ist, die ein- oder mehrfach mit Substituenten substituiert sein kann, ausgewählt aus der Gruppe be-
stehend aus C1-6-Alkyl, C3-7-Cycloalkyl, C3-7-Cycloalkyl-C1-6-alkyl, C1-6-Alkoxy, Phenyloxy, Halogen, CF3, OCF3,
CN, Amino, Nitro und Phenyl.

2. 9-Azabicyclo[3.3.1]non-2-en-Derivat nach Anspruch 1, worin
R Wasserstoff oder C1-6-Alkyl ist,
R1

worin R2 C1-6-Alkyl ist, oder
eine Naphthyl-, Pyridyl-, Pyrimidyl-, Pyrrolyl-, Furanyl-, Benzofuranyl-, Benzothienyl-, Benzothiazolyf- oder Chino-
linylgruppe ist, die ein- oder mehrfach substituiert sein kann mit Substituenten, ausgewählt aus der Gruppe be-
stehend aus C1-6-Alkyl, C1-6-Alkoxy, Halogen und Phenyl.

3. 9-Azabicyclo[3.3.1]non-2-en-Derivat nach Anspruch 1, worin
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R Wasserstoff, Methyl oder Ethyl ist, und
R1 3-Pyridyl, 5-Methoxy-3-pyridyl, 5-Phenyl-3-pyridyl, 2-Benzofuranyl, 2-Benzothienyl, 5-Pyrimidyl, 6-Methoxy-
2-pyridyl, 5-(4-Phenoxyphenyl)-3-pyridyl, 6-Methoxy-3-pyridyl, 3-Chinolinyl, 5-Chinolinyl, 6-Chlor-3-pyridyl,
3-Furanyl, 2-Naphthyl, 1-Methylpyrrolyl, 2-Benzothiazolyl oder 3-Acetyl ist.

4. 9-Azabicyclo[3.3.1]non-2-en-Derivat nach Anspruch 1, welches
(±)-9-Methyl-3-(3-pyridyl)-9-azabicyclo[3.3.1]non-2-en,
(±)-3-[3-(5-Methoxy)-pyridyl]-9-methyl-9-azabicyclo[3.3.1]non-2-en,
(±)-9-Methyl-3-[3-(5-phenyl)-pyridyl]-9-azabicyclo[3.3.1]non-2-en,
(±)-3-(2-Benzofuranyl)-9-methyl-9-azabicyclo[3.3.1]non-2-en,
(±)-9-Benzyl-3-(3-pyridyl)-9-azabicyclo[3.3.1]non-2-en,
(±)-9-Ethyl-3-(3-pyridyl)-9-azabicyclo[3.3.1]non-2-en,
(±)-3-(2-Benzothienyl)-9-methyl-9-azabicyclo[3.3.1]non-2-en,
(±)-3-(2-Benzothiazolyl)-9-methyl-9-azabicyclo[3.3.1]non-2-en,
(±)-9-Methyl-3-(5-pyrimidyl)-9-azabicyclo[3.3.1]non-2-en,
(±)-3-[2-(6-Methoxy)-pyridyl]-9-methyl-9-azabicyclo[3.3.1]non-2-en,
(±)-3-[3-(6-Methoxy)-pyridyl)]-9-methyl-9-azabicyclo[3.3.1]non-2-en,
(±)-3-(3-Chinolinyl)-9-methyl-9-azabicyclo[3.3.1]non-2-en,
(±)-3-[5-Chinolinyl)-9-methyl-9-azabicyclo[3.3.1]non-2-en,
(±)-3-[3-(6-Chlor)-pyridyl]-9-methyl-9-azabicyclo[3.3.1]non-2-en,
(±)-3-(3-Furanyl)-9-methyl-9-azabicyclo[3.3.1]non-2-en,
(±)-3-(2-Naphthyl)-9-methyl-9-azabicyclo[3.3.1]non-2-en,
(±)-9-H-3-(3-Pyridyl)-9-azabicyclo[3.3.1]non-2-en,
(±)-3-[2-(1-Methylpyrrolyl)]-9-methyl-9-azabicyclo[3.3.1]non-2-en,
(±)-3-Acetyl-9-methyl-9-azabicyclo[3.3.1]non-2-en,
(±)-9-H-3-(3-(5-Methoxy)-pyridyl)-9-azabicyclo[3.3.1]non-2-en oder
(±)-3-(2-Benzofuranyl)-9-H-9-azabicyclo[3.3.1]non-2-en
oder ein pharmazeutisch annehmbares Salz davon ist;

5. Pharmazeutische Zusammensetzung, enthaltend eine therapeutisch wirksame Menge eines 9-azabicyclo[3.3.1]
non-2-en-Derivats nach einem der Ansprüche 1 bis 4 oder ein pharmazeutisch annehmbares Additionssalz davon
zusammen mit wenigstens einem pharmazeutisch annehmbaren Träger oder Verdünnungsmittel.

6. Verwendung eines 9-Azabicyclo[3.3.1]non-2-en-Derivats nach einem der Ansprüche 1 bis 4 zur Herstellung eines
Medikamentes zur Behandlung einer Krankheit eines lebenden tierischen Körpers, einschließlich des Menschen,
wobei diese Krankheit auf die Aktivität von nicotinischen ACh-Rezeptor-Modulatoren anspricht.

7. Verwendung gemäß Anspruch 6, worin die zu behandelnde Krankheit Schmerz, eine Krankheit des Zentralner-
vensystems, eine durch Kontraktion von glatten Muskeln verursachte Krankheit, Neurodegeneration, Entzündung,
Missbrauch chemischer Substanzen oder durch die Beendigung der Aufnahme von chemischen Substanzen ver-
ursachte Entzugssymptome ist.

8. Verwendung gemäß Anspruch 7, worin die zu behandelnde Krankheit eine Krankheit des Zentralnervensystems,
nämlich Alzheimer-Krankheit, Parkinson-Krankheit, Gedächtnisfunktionsstörung oder Aufmerksamkeitsdefizit-Hy-
peraktivitätsstörung ist.

9. Verwendung gemäß Anspruch 7, worin die zu behandelnde Krankheit Missbrauch chemischer Substanzen oder
durch die Beendigung der Aufnahme von chemischen Substanzen verursachte Entzugssymptome ist, wobei der
Missbrauch chemischer Substanzen Rauchen oder die Verwendung von anderen Nicotin enthaltenden Produkten
und durch die Beendigung der Verwendung von Nicotin enthaltenden Produkten verursachte Entzugssymptome
ist.

10. Verfahren zur Herstellung eines 9-Azabicyclo[3.3.1]non-2-en-Derivats gemäß Anspruch 1, wobei das Verfahren
umfasst

a) die Umsetzung einer Verbindung der Formel
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worin R wie in Anspruch 1 definiert ist,
mit einer Verbindung der Formel R1-X, worin R1 wie in Anspruch 1 definiert ist, und X Halogen, Boronsäure
oder Trialkylstannyl ist, oder

b) die Reduktion einer Verbindung der Formel

worin R1 wie in Anspruch 1 definiert ist.

Revendications

1. Dérivé de 9-azabicyclo[3.3.1]non-2-ène ayant la formule

l'un quelconque des ses énantiomères ou un mélange quelconque de ses énantiomères, ou un sel pharmaceuti-
quement acceptable de ceux-ci ; dans lequel

R est un hydrogène, un alkyle en C1 à C6, un cycloalkyle en C3 à C7, un cycloalkyle en C3 à C7-alkyle en
C1 à C6 ou un phényle ; et

R1 est

où R2 est un hydrogène, un alkyle en C1 à C6, un cycloalkyle en C3 à C7, un cycloalkyle en C3 à C7-alkyle en C1
à C6 ou un amino ; ou

un groupe naphtyle, pyridyle, pyrimidyle, pyrrolyle, furanyle, benzofuranyle, benzothiényle, benzothiazolyle
ou quinoléinyle, qui peut être substitué une ou plusieurs fois par des substituants choisis dans le groupe constitué
par les alkyle en C1 à C6, cycloalkyle en C3 à C7, cycloalkyle en C1 à C7-alkyle en C1 à C6, alcoxy en C1 à C6,
phényloxy, halogènes, CF3, OCF3, CN, les amino, les nitro et le phényle.

2. Dérivé de 9-azabicyclo[3.3.1]non-2-ène selon la revendication 1, dans lequel
R est un hydrogène ou un alkyle en C1 à C6 ;
R1 est



EP 0 984 966 B1

5

10

15

20

25

30

35

40

45

50

55

20

où R2 est un alkyle en C1 à C6 ; ou
un groupe naphtyle, pyridyle, pyrimidyle, pyrrolyle, furanyle, benzofuranyle, benzothiényle, benzothiazolyle

ou quinoléinyle, qui peut être substitué une ou plusieurs fois par des substituants choisis dans le groupe constitué
par les alkyle en C1 à C6, alcoxy en C1 à C6, halogènes et le phényle.

3. Dérivé de 9-azabicyclo[3.3.1]non-2-ène selon la revendication 1, dans lequel
R est un hydrogène, méthyle ou éthyle ; et
R1 est un groupe 3-pyridyle, 5-méthoxy-3-pyridyle, 5-phényl-3-pyridyle, 2-benzofuranyle, 2-benzothiényle,

5-pyrimidyle, 6-méthoxy-2-pyridyle, 5-(4-phénoxyphényl)-3-pyridyle, 6-méthoxy-3-pyridyle, 3-quinoléinyle, 5-qui-
noléinyle, 6-chloro-3-pyridyle, 3-furanyle, 2-naphtyle, 1-méthylpyrrolyle, 2-benzothiazolyle ou 3-acétyle.

4. Dérivé de 9-azabicyclo[3.3.1]non-2-ène selon la revendication 1, qui est le
(±)-9-méthyl-3-(3-pyridyl)-9-azabicyclo[3.3.1]non-2-ène,
(±)-3-[-3-(5-méthoxy)-pyridyl]-9-méthyl-9-azabicyclo[3.3.1]non-2-ène,
(±)-9-méthyl-3-(3-(5-phényl)pyridyl)-9-azabicyclo[3.3.1]non-2-ène,
(±)-3-(2-benzofuranyl)-9-méthyl-9-azabicyclo[3.3.1]non-2-ène,
(±)-9-benzyl-3-(3-pyridyl)-9-azabicyclo[3.3.1]non-2-ène,
(±)-9-éthyl-3-(3-pyridyl)-9-azabicyclo[3.3.1]non-2-ène,
(±)-3-(2-benzothiényl)-9-méthyl-9-azabicyclo[3.3.1]non-2-ène,
(±)-3-(2-benzothiazolyl)-9-méthyl-9-azabicyclo[3.3.1]non-2-ène,
(±)-9-méthyl-3-(5-pyrimidyl)-9-azabicyclo[3.3.1]non-2-ène,
(±)-3-[2-(6-méthoxy)-pyridyl]-9-méthyl-9-azabicyclo[3.3.1]non-2-ène,
(±)-3-[3-(6-méthoxy)pyridyl]-9-méthyl-9-azabicyclo[3.3.1]non-2-ène,
(±)-3-(3-quinoléinyl)-9-méthyl-9-azabicyclo[3.3.1]non-2-ène,
(±)-3-(5-quinoléinyl)-9-méthyl-9-azabicyclo[3.3.1]non-2-ène,
(±)-3-[3-(6-chloro)-pyridyl]-9-méthyl-9-azabicyclo[3.3.1]non-2-ène,
(±)-3-(3-furanyl)-9-méthyl-9-azabicyclo [3.3.1]non-2-ène,
(±)-3-(2-naphtyl)-9-méthyl-9-azabicyclo[3.3.1]non-2-ène,
(±)-9-H-3-(3-pyridyl)-9-azabicyclo[3.3.1]non-2-ène,
(±)-3-[2-(1-méthylpyrrolyl)]-9-méthyl-9-azabicyclo[3.3.1]non-2-ène,
(±)-3-acétyl-9-méthyl-9-azabicyclo[3.3.1]non-2-ène,
(±)-9-H-3-(3-(5-méthoxy)pyridyl)-9-azabicyclo[3.3.1]non-2-ène, ou
(±)-3-(2-benzofuranyl)-9-H-9-azabicyclo[3.3.1]non-2-ène,
ou un sel d'addition pharmaceutiquement acceptable de ceux-ci.

5. Composition pharmaceutique comprenant une quantité thérapeutiquement efficace du dérivé de 9-azabicyclo
[3.3.1]non-2-ène selon l'une quelconque des revendications 1 à 4, ou un sel d'addition pharmaceutiquement ac-
ceptable de celui-ci, avec au moins un véhicule ou un diluant pharmaceutiquement acceptable.

6. Utilisation d'un derivé de 9-azabicyclo[3.3.1]non-2-ène selon l'une quelconque des revendications 1 à 4 pour la
fabrication d'un médicament pour le traitement d'une maladie d'un corps animal vivant, comprenant un être humain,
maladie qui est sensible à l'activité de modulateurs de récepteurs d'ACh nicotinique.

7. Utilisation selon la revendication 6, dans laquelle la maladie à traiter est une douleur, une maladie du système
nerveux central, une maladie provoquée par la contraction de muscles lisses, une maladie neurodégénérative,
une inflammation, un emploi abusif d'une substance chimique ou les symptômes de sevrage provoqués par l'arrêt
de la prise de la substance chimique.

8. Utilisation d'un composé selon la revendication 7, dans laquelle la maladie à traiter est une maladie du système
nerveux central, ladite maladie étant la maladie d'Alzheimer, la maladie de Parkinson, des troubles de la mémoire
ou des troubles de l'attention associés à une hyperactivité.
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9. Utilisation selon la revendication 7, dans laquelle la maladie à traiter est un emploi abusif d'une substance chimique
ou les symptômes de sevrage provoqués par l'arrêt de la prise de la substance chimique, ledit emploi abusif d'une
substance chimique étant de fumer, ou l'utilisation d'autres produits contenant de la nicotine et les symptômes de
sevrage provoqués par l'arrêt de l'utilisation de produits contenant de la nicotine.

10. Procédé de préparation d'un dérivé de 9-azabicyclo[3.3.1]non-2-ène selon la revendication 1, comprenant les
étapes à:

a) faire réagir un composé de formule

dans laquelle R est tel que défini dans la revendication 1,
avec un composé de formule R1-X, dans laquelle R1 est tel que défini dans la revendication 1, et X est halogè-
nes, acid borique ou trialkylestannyle; ou

b) faire réduire un composé de formula

dans laquelle R1 est tel que défini dans la revendication 1.
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