
HYDROXYBENZOATE SALTS OF METANICOTTNE C'  MPOUNDS 

Field of the Invention 

5 The present invention relates to processes for prepar t g nicotinic compounds 

and pharmaceutically acceptable salts thereof, as well as pha s . ceutical compositions and 

methods for treating a wide variety of conditions and disorde 	associated with 

dysfunction of the central and autonomic nervous systems. 

10 Background of the Inv ;ition 
. 	. 

Nicotine has been proposed to have a n , ber of pharmacological effects. See, 

for example, Pullan et al., N. Engl. J. Med. 330:81 -815 (1994). Certain of those effects 

can be related to effects upon neurotransmitter r- ease. Release of acetylcholine, 

dopamine, norepinephrine, serotonin, and glut. I ate upon administration of nicotine has 

15 	been reported (Rowell et al., J. Neurochem. 4 4  :1593 (1984); Rapier et al., J. Neurochem. 

50:1123 (1988); Sandor et al., Brain Res. 5 7:313 (1991); Vizi, Br. J. PharmacoL 47:765 

(1973); Hall et al., Biochem. Pharmacol. 	1:1829 (1972); Hery et al., Arch. Int. 

Pharmacodyn. Ther. 296:91 (1977); an,  Toth et al., Neurochem Res. 17:265 (1992)). 

Confirmatory reports and additional r; cent studies have included the modulation in the 

20 	Central Nervous System (CNS) of ! 	tamate, nitric oxide, GABA, takykinins, cytokines, 

and peptides (reviewed in Brioni :, al., Adv. Phannacol. 37:153 (1997)). In addition, 

nicotine reportedly potentiates t . e pharmacological behavior of certain pharmaceutical 

compositions used to treat ce 	in disorders. See, for example, Sanberg et al., PharmacoL 

Biochem. & Behavior 46:30 (1993); Harsing et al., J. Neurochem. 59:48 (1993); and 

25 	Hughes, Proceedings from Intl. Symp. Nic. S40 (1994). Furthermore, the neuroprotective 

effects of nicotine have b en proposed, see, for example, Sjak-shie et al., Brain Res. 

624:295 (1993). Vario . other beneficial pharmacological effects have also been 

proposed. See, for ex 	ple, Decina et al., Biol. Psychiatry 28:502 (1990); Wagner et al., 

Pharmacopsychia 	21:301 (1988); Pomerleau et al., Addictive Behaviors 9:265 (1984); 



Onaivi et al., Life Sci. 54(3):193 (1994); Tripathi et al., J. Pharmacol. Exp. 	er. 221:91 

(1982); and Hamon, Trends in Pharmacol. Res. 15:36 (1994). 
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Various compounds that target nAChRs have been reported s being useful for 

treating a wide variety of conditions and disorders. See, for example, # illiams et al., 

DN&P 7(4):205 (1994); Arneric et al., CNS Drug Rev. 1(1):1 (1995 , Arneric et al., Exp. 

Opin. Invest. Drugs 5(1):79 (1996); Bencherif et al., J. Pharmaco. Exp. Ther. 279:1413 

(1996); Lippiello et al., J Pharmacol. Exp. Ther. 279:1422 (199 .); Damaj et al., J 

Pharmacol. Exp. Ther. 291:390 (1999); Chiari et al., Anesthes 'logy 91:1447 (1999); 

Lavand'homme and Eisenbach, Anesthesiology 91:1455 (19• •); Holladay et al., J. Med. 

10 . 	Chem. 40(28): 4169 (1997); Bannon et al., Science 279: 77 (1998); PCT WO 94/08992; 

PCT WO 96/31475; PCT WO 96/40682; and U.S. Paten 	os. 5,5,83,140 to Bencherif et 

al.; 5,597,919 to Dull et al.; 5,604,231 to Smith et al.; 	d 5,852,041 to Cosford et al. 

Nicotinic compounds are reported as being particular 	useful for treating a wide variety 

of CNS disorders. Indeed, a wide variety of nicot 	c compounds have been reported to 

15 have therapeutic properties. See, for example, B - icherif and Schmitt, Current Drug 

Targets: CNS and Neurological Disorders 1(4)- 49-357 (2002), Levin and Rezvani, 

Current Drug Targets: CNS and Neurologica Disorders 1(4): 423-431 (2002), O'Neill, 

et al., Current Drug Targets: CNS and Neurglogical Disorders 1(4): 399-411 (2002), 

U.S. Patent Nos. 5,1871,166 to Kikuchi et ,1., 5,672,601 to Cignarella, PCT WO 

20 99/21834 and PCT WO 97/40049, UK Patent Application GB 2295387 and European 

Patent Application 297,858. 

CNS disorders are a type • f neurological disorder. CNS disorders can be drug- 

induced; can be attributed to genet 	predisposition, infection or trauma; or can be of 

unlcriown etiology. CNS disorde s comprise neuropsychiatric disorders, neurological 

25 diseases, and mental illnesses, , • d include neurodegenerative diseases, behavioral 

disorders, cognitive disorder', and cognitive affective disorders. There are several CNS 

disorders whose clinical m 	ifestations have been attributed to CNS dysfunction (i.e., 

disorders resulting from 	appropriate levels of neurotransmitter release, inappropriate 

properties of neurotran 	itter receptors, and/or inappropriate interaction between 

30 neurotransmitters an• 	eurotransmitter receptors). Several CNS disorders can be 

attributed to a defic.  - ncy of acetylcholine, dopamine, norepinephrine, and/or serotonin. 

2 



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 • isease, Pick's 

disease, Parlcinsonism including Parkinson's disease, Lewy body dent ntia, progressive 

5 supranuclear palsy, Huntington's chorea, tardive dyskinesia, hyper 	esia, epilepsy, 

mania, attention deficit disorder, anxiety, dyslexia, schizophrenia, 4 epression, obsessive-

compulsive disorders, and Tourette's syndrome. 

Subtypes of nAChRs are present in both the centr. and peripheral nervous 

systems, but the distribution of subtypes is heterogeneous. Tor instance, the subtypes 

to which are predominant in vertebrate brain are a4p2, ea, 	d a3f32, whereas those which 

predominate at the autonomic ganglia are a3 f34 and tho 	of neuromuscular junction are 

al f31.57 and alf3156 (see for instance Dwoskin et al., 1.7cp. Opin. Ther. Patents 10: 1561 

(2000); and Schmitt and Bencherif, Annual Reports 	Med. Chem. 35: 41 (2000)). 

A limitation of some nicotinic compo 	ds is that they elicit various 

15 undesirable pharmacological effects because of 	eir interaction with nAChRs in 

peripheral tissues (for example, by stimulating 	uscle and ganglionic nAChR subtypes). 

It is therefore desirable to have compounds, • impositions, and methods for preventing 

and/or treating various conditions or disor • • rs (e.g., CNS disorders), including alleviating 

the symptoms of these disorders, where v e compounds exhibit nicotinic pharmacology 

20 with a beneficial effect on the CNS nA r hRs (e.g., upon the functioning of the CNS), but 

without significant associated effects an the peripheral nAChRs (compounds specific for 

CNS nAChRs). It is also highly de,  able to have compounds, compositions, and methods 

that affect CNS function without • gnificantly affecting those receptor subtypes which 

have the potential to induce and sirable side effects (e.g., appreciable activity at 

25 cardiovascular and skeletal m 	cle sites). 

Methods for tre. ing and/or preventing the above-described conditions and 

disorders by administerin E-metanicotine compounds, particularly those which maximize 

the effect on CNS funct.  en without significantly affecting those receptor subtypes which 

have the potential to 	• uce undesirable side effects, have been described in the art. 

30 Representative E-m: 'nicotine compounds for use in treating and/or preventing the above-

described disorder• are disclosed, for example, in U.S. Pat. No. 5,212,188 to Caldwell et 

al., U.S. Pat. No 5,604,231 to Smith et al., U.S. Pat. No. 5,616,707 to Crooks et al.; U.S. 
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Pat. NO. J,010, / to to DUll et al., U.S. Pat. No. 5,663,356 to Ruecroft et al., A .S. Pat. No. 

5,726,316 to Crooks et al., U.S. Pat. No. 5,811,442 to Bencherif et al., U. °. Pat. No. 

5,861,423 to Caldwell et al., PCT WO 97/40011; PCT WO 99/65876 P t 	WO 

00/007600; and U.S. patent application Ser. No. 09/391,747, filed on 	•p. 8, 1999, the 

5 . contents of each of which are hereby incorporated by reference. 

The syntheses described in the art for forming E-metal'•tines typically 

involve performing a Heck reaction between a halogenated heteroaryl ring, such as a halo-

pyridine or halo-pyrimidine, and a double bond-containing co a, . ound. The double bond-

containing compound typically includes either a hydroxy gro p, which is converted to an 

10 amine group to form the E-metanicotine, or includes a prot 	ted amine group, which is 

deprotected following the Heck reaction to form the E-ms anicotine. A limitation of the 

Heck coupling chemistry is that, while the major reacti • 	product is the desired E-

metanicotine, there are minor reaction products, inclu,  mg the Z-metanicotine, a 

metanicotine compound where the double bond has 	igrated from the position adjacent to 

is the heteroaryl (such as pyridine or pyrimidine) tin,  (i.e., a non-conjugated double bond), 

and a compound in which the heteroaryl group i • attached at the secondary (as opposed to 

primary) alkene carbon (i.e., a methylene corns •und or "exo" double bond). It can be 

difficult to remove these minor reaction pro. lets, particularly on scale-up. 

It would be advantageous to pr,,vide new methods of preparing purified E- 

20 metanicotine compounds substantially fr e from the above-described minor reaction 

products. It would also be advantaged s to provide new salt forms of these drugs to 

improve their bioavailability, and/or s assist in preparing large quantities of these 

compounds in a commercially reas nable manner. The present invention provides such 

new synthesis methods and new •1 It forms. 	 • 

25 
ummary of the Invention 

New methods o' synthesizing E-metanicotine compounds are described herein, 

as well as new pharmace wally acceptable salt forms of E-metanicotine compounds. 

Pharmaceutical compos ions including the new salt forms, and methods of treatment 

30 and/or prevention usi ! the new salt forms, are also disclosed. 

The me ods for synthesizing the E-metanicotine compounds typically include 

the step of perfo 	ing a Heck reaction between a halogenated heteroaryl ring, such as a 
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halo-pyridine or halo-pyrimidine, and a double bond-containing compound The double 

bond-containing compound typically includes either a hydroxy group, w# ' h is 

subsequently converted to an amine group to form the E-metanicotine c mpound, or 

includes a protected amine group, which is deprotected following the 	eck reaction to 

5 form the E-metanicotine compound. 

. 	After the Heck reaction and formation of an E-metani I tine with a free amine 

group (whether by conversion of a hydroxy group or deprotectio of a protected amine 

group), the next step involves forming a hydroxybenzoate salt # f the E-metanicotine 

compound. Under certain conditions, one can precipitate ou the hydroxybenzoate salt of 

10 
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the E-metanicotine compound while leaving the minor im 	ities (Z-metanicotine and/or 

the isomers of the E-metanicotine compound wherein th,  double bond has migrated to a 

position other than directly adjacent to the heteroaryl r g or wherein the attachment of the 

aryl group to the alkene chain is at the secondary dou 'le bond carbon) in solution. This 

improvement makes it relatively easy to remove th- .e minor reaction products, 

particularly on scale-up. 

In one embodiment, the synthesis o 7 1 e E-metanicotines involves forming an 

• amine-protected 4-penten-2-amine intermedi,  e, and coupling this intermediate via a Heck 

reaction with a halogenated heteroaryl ring. 	1 e choice of heteroaryl ring is not essential 

to the success of the Heck coupling reacti n, although pyridine and pyrimidine rings can 

20 be preferred. (2S)-(4E)-N-methyl-5-[3- 	-isopropoxypyridin)y1)]-4-penten-2-amine is a 

representative E-metanicotine, p-hydr c ybenzoate is a representative hydroxybenzoate 

salt, and (2S)-(4E)-N-methyl-5-[3- ' -isopropoxypyridin)y1)]-4-penten-2-amine p-

hydroxybenzoate is a representativ E-metanicotine hydroxybenzoate salt. 

An exemplary reacti r n is shown below: 

25 • Cy-Hal + CH2=C 	H2CH(CH3)N(CH3)(tBoc) -9 

(E) Cy-CH=CH- r H2CH(C113)N(CH3)(tBoc) 

+ (Z) Cy-CI-1=( H-CH2CH(CH3)N(CH3)(tBoc) 

+ (E and/or 	Cy-CH2CHHCH(CH3)N(CH3)(iBoc) 

+ Cy-C(= 	2)-CH2CH(CH3)N(CH3)(tBoc) 

30 where Cy s a five or six membered heteroaryl ring. 

In anot -r embodiment, the Heck coupling reaction takes place using a 

hydroxy-alkene, • ch as 4-penten-2-ol, and the hydroxy group is converted to an amine 
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group after the Heck coupling reaction takes place. The conversion can be f 8 ected, for 

example, by converting the hydroxy group to a tosylate, and displacing t 	tosylate with a 

suitable amine, such as methylamine. In this embodiment, the Heck co piing reaction still 

forms the same major and minor products, except that they include a f droxy group rather 

5 than a protected amine group. Following formation of the amine-co taining compound 

(i.e., the (E)-metanicotine), if the impurities (i.e., the minor produ• s of the Heck coupling 

reaction) are not already removed, the chemistry involved in fo 	mg the hydroxybenzoate 

salts is substantially the same. 

After deprotecting the amine group (in the first e bodirnent), or forming the 

to amine group (in the second embodiment), one can form a . droxybenzoate salt of the E-

metanicotine by reaction with a hydroxybenzoic acid as f - scribed herein. The 

hydroxybenzoate salts of the major product (the (E)-m.. icotine) and of the minor 

products will form. However, under certain conditio . s, the hydroxybenzoate salt of the 

major reaction product, the (E)-metanicotine hydro, benzoate salt, will precipitate out of 

15 solution in relatively pure form, leaving behind a 	other liquor enriched in the minor 

impurities. This result comprises a significant . i vance in the synthesis and purification of 

(E)-metanicotines. 

In one embodiment, the hydroxy • -nzoate salts are isolated and then used as 

intermediates to form different salt forms Ay reaction with different pharmaceutically 

20 acceptable acids or salts thereof. Howe 	r, in another embodiment, the E-metanicotine 

hydroxybenzoate salts are used as acti e pharmaceutical ingredients (API's). The 

hydroxybenzoate salts can be used d.  ectly, or included in pharmaceutical compositions 

by combining them with a pharma. - utically acceptable excipient. The hydroxybenzoate 

salts and/or pharmaceutical corns • sitions can be used to treat and/or prevent a wide 

25 variety of conditions or disorde s. The disorders are particularly those disorders 

characterized by dysfunction of nicotinic cholinergic neurotransmission, including 

disorders involving neurom dulation of neurotransmitter release, such as dopamine 

release. The compounds c 	be used in methods for treatment and/or prophylaxis of 

disorders, such as centr 	nervous system (CNS) disorders, which are characterized by an 

30 alteration in normal n= rotransmitter release. The compounds can also be used to treat 

certain conditions (e :., a method for alleviating pain). The methods involve administering 

to a subject an eff- tive amount of a E-metanicotine hydroxybenzoate salt, or 



pharmaceutical composition including a E-metanicotine hydroxybenzoate s It, as 

described herein. 

The pharmaceutical compositions, when employed in effec 	e amounts, can 

interact with relevant nicotinic receptor sites in a patient, and act as , - rapeutic and/or 

5 prophylactic agents in connection with a wide variety of conditions : I d disorders, 

particularly CNS disorders characterized by an alteration in norm 	neurotransmitter 

release. The pharmaceutical compositions can provide therape 	is benefit to individuals 

suffering from such disorders and exhibiting clinical manifes • ions of such disorders in 

that the compounds within those compositions, when emplo ed in effective amounts, can 

to (i) exhibit nicotinic pharmacology and affect relevant nico i is receptors sites (e.g., 

activate nicotinic receptors), and (ii) modulate neurotran • I fitter secretion, and hence 

prevent and suppress the symptoms associated with tho.e disorders. In addition, the 

compounds can (i) increase the number of nicotinic 	olinergic receptors of the brain of 

the patient, (ii) exhibit neuroprotective effects and 	ii) when employed in effective 

15 amounts can exhibit relatively low levels of adve,.e side effects (e.g., significant increases 

in blood pressure and heart rate, significant neg love effects upon the gastro-intestinal 

tract, and significant effects upon skeletal mu • le). 

The foregoing and other aspects ef the present invention are explained in detail 

in the detailed description and examples 	t forth, below. 

20 

Detailed Description of t i e Invention 

The hydroxybenzoate s. is described herein, which are derived from E- 

metanicotines and hydroxybenzo 	acids, have a number of advantages over other salts 

derived from E-metanicotines . d other acids. In general, the hydroxybenzoic acid salts of 

25 E-metanicotines are water-so 4ble materials that tend to be highly crystalline and less 

hygroscopic in nature than • her salts. For example, the p-hydroxybenz. 	crate salt of (2S)- 

(4E)N-methyl-5-[3-(5-is • •ropoxypyridin)y1)]-4-penten-2-amine is physically and 

chemically stable, free- a .wing, crystalline powder. Such properties are definite 

advantages for pharm. eutical formulation deVelopment and pharmaceutical 

30 manufacturing. If ne , essary, this salt can be milled to an acceptable particle size range for 

pharmaceutical pr. essing. The salt is compatible with a wide range of excipients that 

might be chosen 'or the manufacture of solid oral dosage forms. This is especially so for 
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those exicipients, such as polysaccharide derivatives, that are pharmaceuti . ly defined 

hydrates and those with only loosely bound surface water. As an illustrati ►  , salts derived 

from certain E-metanicotines, such as E-metanicotine and fumaric acid 	e prone to the 

formation of impurities within the salt. For example, impurities arise ►  om the Michael 

5 addition reaction of the secondary amine in E-tnetanicotine to the ol ; • ►  in fumaric acid. 

These impurities lower the chemical purity of the salt and adverse 	affect the chemical 

integrity of the salt upon long-term storage. 

The sythetic methods described herein will be bett 	understood with reference 

to the following preferred embodiments. The following deft 'fions will be useful in 

10 defining the scope of the invention: 

As used herein, `.`aromatic" refers to 3 to 10, ,referably 5 and 6-membered ring 

aromatic and heteroaromatic rings. 

As used herein, "aromatic group-contain il g species" refer to moieties that are 

or include an aromatic group. Accordingly, phen 	and benzyl moieties are included in 

15 this definition; as both are or include an aromati• group. 

As used herein, "aryl" refers to aro 	atic radicals having six to ten carbon 

atoms, such as phenyl, naphthyl, and the lik 	"substituted aryl" refers to aryl radicals 

further bearing one or more substituent gr 	ps as defined herein. 

As used herein, "alkylaryl" r; ers to alkyl-substituted aryl radicals; "substituted 

20 alkylaryl" refers to alkylaryl radicals 	' her bearing one or more substituent groups as 

defined herein; "arylalkyl" refers to ., 1-substituted alkyl radicals; and "substituted 

arylalkyl" refers to arylalkyl radic. s further bearing one or more substituent groups as 

defined herein. 

As used herein, Cl 6 alkyl radicals (lower alkyl radicals) contain from 1 to 6 

25 carbon atoms in a straight or 'ranched chain, and also include C3-6 cycloalkyl moieties 

and alkyl radicals that con in C3-6 cycloalkyl moieties. 

As used here , "alkenyl" refers to straight chain or branched hydrocarbon 

radicals including Cl-:,preferably C1-5 and having at least one carbon-carbon double 

bond; "substituted a enyl" refers to alkenyl radicals further bearing one or more 

3o substituent groups 	defined herein. 



As used herein, C1-6 alkoxy radicals contain from 1 to 6 carbon -toms in a 

straight or branched chain, and also include C3-6 cycloalkyl and alkoxy ra icals that 

contain C3-6 cycloalkyl moieties. 

As used herein, aryl radicals are selected from phenyl, nap, 	yl, and indenyl. 
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	 As used herein, cycloalkyl radicals are saturated or unsa ',rated cyclic ring-

containing radicals containing three to eight carbon atoms, prefer. .ly three to six carbon 

atoms; "substituted cycloalkyl" refers to cycloalkyl radicals fort - r bearing one or more 

substituent groups as defined herein. 

As used herein, halogen is chlorine, iodine, fluor e, or bromine. 

10 As used herein, heteroaryl radicals contain fro 	3 to 10 members, preferably 5 

or 6 members, including one or more heteroatoms selec 	from oxygen, sulfur, and 

nitrogen. Examples of suitable 5-membered ring hete • aryl moieties include furyl, 

thiophenyl, pyrrolyl, imidazolyl, oxazolyl, thiazolyl 	enyl, tetrazolyl, and pyrazolyl. 

Examples of suitable 6-membered ring heteroaryl 	oieties include pyridinyl, pyrimidinyl, 

15 	and pyrazinyl, of which pyridinyl and pyrimidin 	are preferred. 

As used herein, "heterocyclyl" refers to saturated or unsaturated cyclic radicals 

containing one or more heteroatoms (e.g., 0 	, S) as part of the ring structure and having 

two to seven carbon atoms in the ring; "su , stituted heterocyclyl' refers to heterocyclyl 

radicals further bearing one or more sub - ituent groups as defined herein. Examples of 

20 	suitable heterocyclyl moieties include, hut are not limited to, piperidinyl, morpholinyl, 

pyrrolidinyl, imidazolidinyl, pyrazoli inyl, isothiazolidinyl, thiazolidinyl, isoxazolidinyl, 

• oxazolidinyl, piperazinyl, tetrahydripyranyl, and tetrahydrofuranyl. 

As used herein, polyc, cloalkyl radicals are fused cyclic ring structures. 

Representative polycycloallcyl , : dicals include, but are not limited to, adamantyl, 

25 	bornanyl, norbornanyl, borne yl, and norbornenyl. Polycycloalkyl radicals can also 

include one or more hetero. oms, such as N, 0, or S. 

As used hem , , cycloalkyl radicals contain from 3 to 8 carbon atoms. 

Examples of suitable c cloalkyl radicals include, but are not limited to, cyclopropyl, 

cyclobutyl, cyclopen 	I, cyclohexyl, cycloheptyl, and cyclooctyl. 



As used herein, the term "substituted" as used with any of the air e terms, 

refers to the presence of one, two or three substituents such as alkyl, substi ted alkyl, 

alkenyl, substituted alkenyl, heterocyclyl, substituted heterocyclyl, cyclo. 	1, substituted 

cycloalkyl, aryl, substituted aryl, alkylaryl, substituted alkylaryl, aryla , 1, substituted 

5 arylalkyl, F, Cl, Br, I, NR'R", CF3, CN, NO2, C2 R', SH, SCH3, N3, 02 CH3, OR', 

(CR'R")q OR', O-(CRR")q C2R', SR', C(=0)NR'R", NR'C(=O)R", 	(=0)R', C(=O)OR', 

OC(=O)R', (CRR")q0CH2C2R1, (CR'R")qC(=O)R', (CR'R")q C 	HCH3)OR', 

0(CR'12.")qC(=0)OR', (CR'R")qC(=0)NR'R", (CR'R")q NR'R" 	H=CHR', 

OC(=O)NR'R", and NR'C(=O)OR" where q is an integer fro i 1 to 6 and R' and R" are 

10 individually hydrogen, or alkyl (e.g., C1-10 alkyl, preferabl C1-5 alkyl, and more 

15 

• preferably methyl, ethyl, isopropyl, tertiarybutyl or isobu 	), cycloalkyl (e.g., cyclopropyl 

cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and ad, 1 antyl), a non-aromatic 

heterocyclic ring wherein the heteroatom of the hetero,  yclic moiety is separated from any 

other nitrogen, oxygen or sulfur atom by at least two arbon atoms (e.g., quinuelidinyl, 

pyrollidinyl, and piperidinyl), an aromatic group- c taining species (e.g., pyridinyl, 

quinolinyl, pyrimidinyl, fiiranyl, phenyl, and be 	yl where any of the foregoing can be 

suitably substituted with at least one substitue 	group, such as alkyl, hydroxyl, alkoxyl, 

halo, or amino substituents). 

20 

As used herein, an "agonist" is , substance that stimulates its binding partner, 

typically a receptor. Stimulation is defin' d in the context of the particular assay, or may 

be apparent in the literature from a dis 4 ssion herein that makes a comparison to a factor 

or substance that is accepted as an "a onist" or an "antagonist" of the particular binding 

partner under substantially similar t cumstances as appreciated by those of skill in the art. 

Stimulation may be defined with , - spect to an increase in a particular effect or function 

25 that is induced by interaction of he agonist or partial agonist with a binding partner and 

can include allosteric effects. 

As used herein, , 1 "antagonist" is a substance that inhibits its binding partner, 

typically a receptor. Inhi, tion is defined in the context of the particular assay, or may be 

apparent in the literatur: from a discussion herein that makes a comparison to a factor or 

30 substance that is acre' ed as an "agonist" or an "antagonist" of the particular binding 

partner under subst. tially similar circumstances as appreciated by those of skill in the art. 

Inhibition may be , efined with respect to a decrease in a particular effect or function that 
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is induced by interaction of the antagonist with a binding partner, and can 	Jude 

allosteric effects. 

As used herein, a "partial agonist" is a substance that provid 	a level of 

stimulation to its binding partner that is intermediate between that of , full or complete 

5 antagonist and an agonist defined by any accepted standard for ago 	t activity. It will be 

recognized that stimulation, and hence, inhibition is defined intrin • cally for any substance 

or category of substances to be defined as agonists, antagonists, f r partial agonists. As 

used herein, "intrinsic activity", or "efficacy," relates to some , easure of biological 

effectiveness of the binding partner complex. With regard t• eceptor pharmacology, the 

10 context in which intrinsic activity or efficacy should be de 1, ed will depend on the context 

of the binding partner (e.g., receptor/ligand) complex an. 	e consideration of an activity 

relevant to a particular biological outcome. For examp • in some circumstances, intrinsic 

activity may vary depending on the particular second i essenger system involved. See 

Hoyer, D. and Boddeke, H., Trends Pharmacol Sci. 4(7):270-5 (1993). Where such 

15 contextually specific evaluations are relevant, and , ow they might be relevant in the 

context of the present invention, will be appare, to one of ordinary skill in the art. 

As used herein, neurotransmitters 	hose release is mediated by the compounds 

described herein include, but are not limited o, acetylcholine, dopamine, norepinephrine, 

serotonin, and glutamate, and the compo , ds described herein function as agonists or 

20 partial agonists at one or more of the Ce , al Nervous System (CNS) nAChRs. 

I. Compounds 

The compounds descr • ed herein are hydroxybenzoate salts of (E)-

metanicotine-type compounds. 

25 A. .H dro 	benzo c Acids 

The hydroxybe , oic acids that can be used to prepare the hydroxybenzoate 

salts of the (E)-metanicof,, e-type compounds have the following general formula: 

1 	..,,e02H .1\ 

HO 
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where the hydroxy group can be present in a position ortho, met or para to the 

carboxylic acid group, Z represents a non-hydrogen substituent, and j is a umber from 

zero to three, representing the number of Z substituents that can be pres,  nt on the ring. 

. Examples of suitable Z substituents include alkyl, substituted alkyl, a 	enyl, substituted 

5 

' 

alkenyl, heterocyclyl, substituted heterocyclyl, cycloalkyl, substitute,  cycloalkyl, aryl, 

substituted aryl, alkylaryl, substituted alkylaryl, arylalkyl, substi 	d arylalkyl, F, CI, Br, 

I, NR'R", CF3, CN, NO2, C2R', SH, SCH3, N3, SO2 CH3, OR, CR`R")q OR', 0- 

(CR'R")qC2R1, SR', C(=O)NR'R", NR'C(=0)R", C(=O)R', C(= A)OR', OC(=O)R', 

(CR'R")q0CH2C2Re, (CR'R")q CK9R', (CR`R")q C(CHC A)OR', 0(CR'R")q 

id C&D)OR', (CR'R")q C(=O)NR'R", (CR'R")q NR'R", CH=1' HR, OC(=O)NR'R", and 

NR`C(D)OR" where q is an integer from 1 to .6 and R' • e d R" are individually hydrogen, 

or alkyl (e.g., C1-10 alkyl, preferably C1-5 alkyl, and 	are preferably methyl, ethyl, 

isopropyl, tertiarybutyl or isobutyl), cycloalkyl (e.g., 	clopropyl cyclobutyl, cyclopentyl, 

cyclohexyl, cycloheptyl, and adamantyl), a non-aro i atic heterocyclic ring wherein the 

15 heteroatom of the heterocyclic moiety is separat• a • om any other nitrogen, oxygen or 

sulfur atom by. at least two carbon atoms (e.g., • • inuclidinyl, pyrollidinyl, and 

piperidinyl), an aromatic group-containing sp • ies (e.g., pyridinyl, quinolinyl, 

pyrimidinyl, furanyl, phenyl, and benzyl who e any of the foregoing can be suitably 

substituted with at least one substituent gra p, such as alkyl, hydroxyl, alkoxyl, halo, or 

20 amino substituents). Other representativ . aromatic ring systems are set forth in Gibson et 

al., J. Med. Chem. 39:4065 (1996). R' ,4 d R" can be straight chain or branched alkyl, or , 

12.' and R" and the intervening atoms , an combine to form a ring structure (e.g., 

cyclopropyl cyclobutyl, cyclopenty cyclohexyl, cycloheptyl, adamantyl or quinuclidinyl). 

25 

The hydroxybenzoic acids can op onally be substituted with a chiral functional group, 

which can assist in purifying E- i• etanicotines which contain a chiral carbon, by forming 

diastereomers. 

Representative a enzoic acids that can be used include salicylic acid, meta-

hydroxybenzoic acid, par, -hydroxybenzoic acid, vanillic acid, isovanillic acid, gentisic 

acid, gallic acid, 5-am • a salicylic acid, syringic acid, 4-methylsalicylic acid, 3-chloro-4- 

30 hydroxybenzoic acid, • d 5-hydroxyisophthalic acid. 
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B. E-Metanicotines 

The E-metanicotine compounds include compounds of the fo , ulas: 

E Z' 

Cy ....., 

E 

,...7. 
	(CE26,, 	 N 

CEE' 
••...., 

Z" 

wherein: 

5 Cy is a 5- or 6-membered heteroaryl ring, 

E and E' individually represent hydrogen, alkyl, ,ubstituted alkyl, halo 

substituted alkyl, cycloalkyl, substituted cycloalkyl, hetet., yclyl, substituted heterocyclyl, 

aryl, substituted aryl, alkylaryl, substituted alkylaryl, . 	alkyl or substituted arylalkyl; 

Z' and Z" individually represent hydroge, or alkyl (including cycloalkyl), and 

10 	preferably at least one of Z' and Z" is hydrogen, an, most preferably Z' is hydrogen and 

Z" is methyl; alternatively Z', Z", and the associ. • I nitrogen atom can form a ring 

structure such as aziridinyl, azetidinyl, pyrollid.  , yl, piperidinyl, piperazinyl, morpholinyl, 

and 

both E groups on the double bo' i are preferably hydrogen, and 

15 m is is 1, 2, 3, 4, 5, or 6. 

In one embodiment, all of E B. d E' are hydrogen, and in another embodiment, 

at least one of E or E' is alkyl and the,  emaining E and E' are hydrogen. In a preferred 

embodiment, E' is an alkyl group, , eferably a methyl group. 

Isomers, mixtures, incding racemic mixtures, enantiomers, diastereomers 

zo 	and tautomers of these compou , ds, as well as pharmaceutically acceptable salts thereof 

are also within the scope of 	invention. 

In one embod. 	nt, Cy is a six-membered ring heteroaryl depicted as follows: 

X
I
'
r

X 

„„,...... 	_yen, 
-- - 

wherein • ach of X, X', X", X"', and X"" is individually nitrogen, nitrogen 

25 bonded to oxygen e.g., an N-oxide or N-O functionality), or carbon bonded to H or a 
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non-nyarogen sunstituent species. No more than three of X, X', X", X"', an . 	"" are 

nitrogen or nitrogen bonded to oxygen, and it is preferred that only one or 	o of X, X', 

X", X"', and X"' are nitrogen or nitrogen bonded to oxygen. In addition, t is highly 

preferred that not more than one of X, X', X", X", and X"" is nitrogen , •nded to oxygen; 

5 	. and it is preferred that if one of those species is nitrogen bonded to o 	gen, that species is 

X"'. Most preferably, X"' is nitrogen. In certain preferred circums 	es, both X' and X"' 

are nitrogen: Typically, X, X", and X'" are carbon bonded to a 	•stituent species, and it 

is typical that the substituent species at X, X", and X"" are hydr, gen. For certain other 

preferred compounds where X"' is carbon bonded to a substi 	-nt species such as 

10 hydrogen, X and X' are both nitrogen. In certain other pref-  ed compounds where X' is 

carbon bonded to a substituent species such as hydrogen, 	and. X"' are both nitrogen. 

Suitable non-hydrogen substituent species . r - as defined above with respect to 

Z. 

In another embodiment, Cy is a 5-mem • -red ring heteroaryl of the following 

15 formula: 

Y' 4.-Y 
	1 

io_yto 

where Y and Y" are individu. y nitrogen, nitrogen bonded to a substituent 

species, oxygen, sulfur or carbon bond; • to a substituent species, and Y' and IP are 

nitrogen or carbon bonded to a substi ent species. The dashed lines indicate that the 

20 bonds (between Y and Y' and betw' -n I" and Y") can be either single or double bonds. 

However, when the bond betwee 	and Y' is a single bond, the bond between Y' and Y" 

must be a double bond and vice ersa. In cases in which Y or Y" is oxygen or sulfur, only 

one of Y and Y" is either oxy:. -n or sulfur. At least one of Y, Y', Y", and Y"' must be 

oxygen, sulfur, nitrogen, or , itrogen bonded to a substituent species. It is preferred that 

25 no more than three of Y, 	Y", and Y"' be oxygen, sulfur, nitrogen, or nitrogen bonded to 

a substituent species. It '. further preferred that at least one, but no more than three, of Y, 

Y', Y", and Y"' be nitr. !en. 

Substitu • I t species on X, X', X", X"', X"", Y', Y", and IP", when adjacent, can 

combine to form o e or more saturated or unsaturated, substituted or unsubstituted 

14 



carbocyclic or heterocyclic rings containing, but not limited to, ether, acetal ketal, amine, 

ketone, lactone, lactam, carbamate, or urea fimctionalities. 

Depending upon the identity and positioning of each indivi • a al E and E', 

certain compounds can be optically active (e.g., the compound can ha e one or more 

5 chiral centers, with R or S configurations). The present invention re 4 tes to racemic 

mixtures of such compounds as well as single enantiomer compo 	d . 

Of particular interest are aryl substituted amine corn a ounds of the formula: 

A' 

(CE2)m  .,..,,,,.,, 
	z  X C E' 	' 

I 
..„."....,.. 	,,,".,„,:-:"..s,„  A" 	N 	A 

where X', E, E', Z', Z", and m are as de med hereinbefore, and A, A', and A" 

10 hydrogen or .a substituent species Z as defined ab aye with respect to the hydroxybenzoic 

acids. Preferably, all E are hydrogen and E' is 	1(34, preferably methyl. Preferably, Z' is 

hydrogen and Z" is hydrogen or methyl. Prefi ably, m is 1 or 2. 

Exemplary types of aryl substi 	ed amine compounds are those of the type set 

forth in U.S. Pat. No. 5,212,188 to Cald 	• II et al.; U.S. Pat. No. 5,604,231 to Smith et al.; 

15 U.S. Pat. No. 5,616,707 to Crooks et al , U.S. Pat. No. 5,616,716 to Dull et al.; U.S. Pat. 

No. 5,663,356 to Ruecroft et al.; U.S. ' at. No. 5,726,316 to Crooks et al.; U.S. Pat. No. 

5,811,442 to Bencherif et al.; U.S. 'at. No. 5,861,423 to Caldwell et al.; U.S. Pat. No. 

6,337,351 to Dull et al.; WO 97/4 a 011; WO 99/65876; and WO 00/007600. The 

foregoing references are imcorp e ated herein by reference in their entirety for purposes of 

10 providing disclosure of repres ntative compounds useful in carrying out the present 

invention. 

Exemplary co fa pounds useful in accordance with the present invention include 

metanicotine-type corn a a unds. Representative preferred compounds include (E)- 

metanicotine, (3E)-N- 	ethyl-4-(5-ethoxy-3-pyridinyl)-3-buten-1-amine, (2S)-(4E)-N- 

15 methyl-5-(3-pyridin )-4-penten-2-amine, (2R)-(4E)-N-methyl-5-(3-pyridinyl)-4-penten- 

2-amine, (2S)-(4E -N-methy1-5-(5-methoxy-3-pyridiny1)-4-penten-2-amine, (2R)-(4E)-N- 

methyl-5-(5-met oxy-3-pyridinyl)-4-penten-2-amine, (2S)-(4E)-N-methyl-5-(5- 
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isopropoxy-3-pyridiny1)-4-penten-2-amine, (2R)-(4E)-N-methyl-5-(5-isopro ioxy-3-

pyridiny1)-4-penten-2-amine, (3E)-N-methyl-4-(5-nitro-6-amino-3-pyrid* ,, )-3-buten-1-

amine, (3E)-N-methyl-4-(5-(N-benzylcarboxamido)-3-pyridinyl)-3-bute -1-amine, (2S)- 

(4E)-N-methy1-5-(5-pyrimidiny1)-4-penten-2-amine, (2R)-(4E)-N-met 1 1-5-(5-

pyrimidiny1)-4-penten-2-amine, (4E)-N-methyl-5-(2-amino-5-pyrimi,, iny1)-4-penten-2- 

amine, (4E)-N-methyl-5-(5-amino-3-pyridinyl)-4-penten-2-amine, 	S)-(4E)-N-methy1-5- 

(5-isopropoxy-1-oxo-3-pyridiny1)-4-penten-2-amine, (3E)-N-met , y1-4-(5-isobutoxy-3-

pyridiny1)-3-buten-1-amine, (3E)-N-methyl-4-(1-oxo-3-pyridin )-3-buten-1-amine, (4E)- 

N-methyl-5-(1-oxo-3-pyridinyl)-4-penten-2-amine, (3E)-N-m • thyl-4-(5-ethylthio-3-

pyridinyl)-3-buten-1-amine, (4E)-N-methy1-5-(5-trifluorom; hy1-3-pyridiny1)-4-penten-2-

amine, (4E)-N-methyl-5-(5-((carboxymethypoxy)-3-pyrid.  I yl)-4-penten-2-amine, (4E)-5- 

(5-isopropoxy-3-pyridinyl)-4-penten-2-amine, and (4E)- -methy1-5-(5-hydroxy-3-

pyridiny1)-4-penten-2-amine. Additional representativ examples include (2S)-(4E)-N-

methy1-5-(5-cyclohexyloxy-3-pyridiny1)-4-penten-2- , i me, (2R)-(4E)-N-methy1-5-(5-

cyclohexyloxy-3-pyridiny1)-4-penten-2-amine, (2S -(4E)-N-methy1-5-(5-phenoxy-3-

pyridiny1)-4-penten-2-amine, (2R)-(4E)-N-meth -5-(5-phenoxy-3-pyridiny1)-4-penten-2-

amine, (2S)-(4E)-N-methyl-5-(5-(4-fiuorophe 1 ixy)-3-pyridinyl)-4-penten-2-amine, (2R)- 

(4E)-N-methyl-5-(5-(4-fluorophenoxy)-3-pyr dinyl)-4-penten-2-amine, (2S)-(4E)-N-

methy1-5-(5-(4-chlorophenoxy)-3-pyridiny ,-4-penten-2-amine, (2R)-(4E)-N-methy1-5-(5- 

(4-chlorophenoxy)-3-pyridiny1)-4-penten -amine, (2S)-(4E)-N-methy1-5-(5-(3- 

cyanophenoxy)-3-pyridiny1)-4-penten- amine, (2R)-(4E)-N-methy1-5-(5-(3- 

cyanophenoxy)-3-pyridiny1)-4-penten 	-amine, (2S)-(4E)-N-methy1-5-(5-(5-indolyloxy)- 

3-pyridiny1)-4-penten-2-amine, and 2R)-(4E)-N-methy1-5-(5-(5-indolyloxy)-3-pyridinyI)- 

4-penten-2-amine. 

II. Compound Prepara , on 

The manner in which th (E)-metanicotine-type compounds described herein are 

synthetically produced can va . For example, the compounds can be prepared by the 

palladium-catalyzed coupl 	:. reaction of an aromatic halide and a terminal olefin containing 

a protected amine substi 	nt, removal of the protective group to obtain a primary or 

secondary amine, and o p tong alkylation to provide a secondary or tertiary amine. In 

particular, certain met., icotine-type compounds can be prepared by subjecting a 3-halo- 

16 



substituted, optionally 5-substituted, pyridine compound or a 5-halo-substituted a yrimidine 

compound to a palladium-catalyzed coupling reaction using an olefin possess g a protected 

amine functionality (e.g., such an olefin provided by the reaction of a phthal.  a *de salt with 3-

halo-l-propene, 4-halo-1-butene, 5-halo-l-pentene or 6-halo-1-hexene). S:-  Frank et al., J. 

5 Org. Chem., 43(15):2947-2949 (1978); and Malek et al., J. Org. Chem., , 7:5395-5397 

(1982). 

In another embodiment, the compounds are synthesized by co densing an olefinic 

alcohol, such as 4-penten-2-ol, with an aromatic halide, such as 3-b omopyridine or 3- 

iodopyridine. Typically, the types of procedures set forth in Fra 	et al., J. Org. Chem., 43: 

to 2947-2949 (1978) and Malek et al., J. Org. Chem., 47: 5395-53:7 (1982) involving a 

palladium-catalyzed coupling of an olefin and an aromatic ha de are used. The olefinic 

alcohol optionally can be protected as a t-butyldimethylsilyl -ther prior to the coupling. 

15 

Desilylation then produces the olefinic alcohol. The alcoh 1 condensation product then is 

converted to an amine using the type of procedures set f rth in deCosta et al., J. Org. Chem., 

35: 4334-4343 (1992). Typically, the alcohol conden 	ion product is converted to the aryl 

substituted olefinic amine by activation of the alcoha using methanesulfonyl chloride or p-

toluenesulfonyl chloride, followed by mesylate or , esylate displacement using ammonia, or a 

primary or secondary amine. Thus, when the am e is ammonia, an aryl substituted olefinic 

primary amine. compound is provided; when t 	amine is a primary amine such as 

20 methylamine or cyclobutylamine, an aryl sub tituted olefinic  secondary amine compound is 

provided; and when the amine is a seconda 	amine such as dimethylamine or pyrrolidine, an 

aryl substituted olefinic tertiary amine co pound is provided. Other representative olefinic 

alcohols include 4-penten-1-ol, 5-hexe 	2-ol, 5-hexen-3-ol, 3-methy1-3-buten-1-ol, 2-methyl- 

3-buten-1-ol, 4-methyl-4-penten-1-ol 4-methyl-4-penten-2-ol, 1-octen-4-ol, 5-methyl-1- 

25 

30 

hepten-4-ol, 4-methyl-5-hexen-2-ol 5-methyl-5-hexen-2-ol, 5-hexen-2-ol and 5-methyl-5-

hexen-3-ol. Trifluormethyl-substt r ted olefinic alcohols, such as 1,1,1-trifluoro-4-penten-2-01, 

can be prepared from 1-ethoxy- • ,2,2-trifluoro-ethanol and allyltrimethylsilane using the 

procedures of Kubota et al., T trahedron Letters, 33(10):1351-1354 (1992), or from 

trifluoroacetic acid ethyl est; and allyltributylstannane using the procedures of Ishihara et al., 

Tetrahedron Letters, 34(5 ( 	5777-5780 (1993). Certain olefinic alcohols are optically active, 

and can be used as enan omeric mixtures or as pure enantiomers in order to provide the 

corresponding optical' active forms of aryl substituted olefinic amine compounds. When an 

olefinic allylic alcolv, 	such as methallyl alcohol, is reacted with an aromatic halide, an aryl 
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substituted oletinie aldehyde is produced; and the resulting aldehyde can be co 	erted to an 

aryl substituted olefinic.amine compound by reductive amination (e.g., by tre 	ent using an 

alkyl amine and sodium cyanoborohydride). Preferred aromatic halides are -bromopyridine-

type compounds and 3-iodopyridine-type compounds. Typically, substitu,  It droups of such 3- 

5 halopyridine-type compounds are such that those groups can survive co $ . ct with those 

chemicals (e.g., tosylchloride and methylamine) and the reaction cond.  ions experienced 

during the preparation of the aryl substituted olefinic amine compo 	d. Alternatively, 

substituents such as -OH, -NH2  and -SH can be protected as corre 	onding acyl compounds, 

or substituents such as -NH2 can be protected as a phthalimide 	. ctionality. In the case of a 	. 

10 dihaloaromatic, sequential palladium-catalyzed (Heck-type) coiplings to two different 

olefinic side chains are possible. 

In one embodiment, the (E)-metanicotine-type com , ounds possess a branched side 

chain, such as (4E)-N-methyl-5-(5-isopropoxy-3-pyridiny -4-penten-2-amine. By using one 

synthetic approach, the latter compound can be synthes",  ed in a convergent manner, in which 

15 the side chain, N-methyl-N-(tert-butoxycarbonyl)-4-p nten-2-amine is coupled with the 3-

substituted 5-halo-substituted pyridine, 5-bromo-3-i opropoxypyridine, under Heck reaction 

conditions, followed by removal of the tert-butox 	arbonyl protecting group. Typically, the 

types of procedures set forth in W. C. Frank et a ., J. Org. Chem. 43:2947 (1978) and N. J. 

Malek et al., J. Org. Chem. 47:5395 (1982) in olving a palladium-catalyzed coupling of an 

20 olefin and an aromatic halide are used. The r quired N-methyl-N-(tert-butoxycarbony1)-4-

penten-2-amine can be synthesized as foils . s: (i) commercially available 4-penten-2-ol 

(Aldrich Chemical Company, Lancaster ' 	thesis Inc.) can be treated with p-toluenesulfonyl 

chloride in pyridine to yield 4-penten-2 of p-toluenesulfonate, previously described by T. 

Michel, et al., Liebigs Ann.11: 1811 ' 996); (ii) the resulting tosylate can be heated with 

25 excess methylamine to yield N-met y1-4-penten-2-amine; (iii) the resulting amine, such as 

previously mentioned by A. Viol. et al., J. Chem. Soc., Chem. Commun. 21: 1429 (1984), can 

be allowed to react with 1.2 mo $ equivalents of di-tert-butyl dicarbonate in dry 

tetrahydrofuran to yield the si$ e chain, N-methyl-N-(tert-butoxycarbonyl)-4-penten-2-amine. 

The halo-substituted pyrid. 	(e.g., 5-bromo-3-isopropoxypyridine), can be synthesized by at 

30 least two different routes. .1 one preparation, 3,5-dibromopyridine is heated at 140° C for 14 

hours with 2 molar equi . lents of potassium isopropoxide in dry isopropanol in the presence 

of copper powder (5% 	/w of the 3,5-dibromopyridine) in a sealed glass tube to yield 5- 

bromo-3-isopropox 	yridine. A second preparation of 5-bromo-3-isopropoxypyridine from 5- 
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bromonicotinic acid can be performed as follows: (i) 5-Bromonicotinic acid is c 4nverted to 5-

bromonicotinamide by treatment with thionyl chloride, followed by reaction o' the 

intermediate acid chloride with aqueous ammonia. (ii) The resulting 5-bromp,nicotinamide, 

previously described by C. V. Greco et al., J. Heteocyclic Chem. 7(4):761 1970), is subjected 

5 to Hofmann degradation by treatment with sodium hydroxide and a 70% olution of calcium 

hypochlorite. (iii) The resulting 3-amino-5-bromopyridine, previously escribed by C. V. 

Greco et al., J. Heteocyclic Chem. 7(4): 761 (1970), can be conve - . to 5-bromo-3-

isopropoxypyridine by diazotization with isoamyl nitrite under aci • c conditions, followed by 

treatment of the intermediate diazonium salt with isopropanol to 	eld 5-bromo-3- 

1o isopropoxypyridine. The palladium-catalyzed coupling of 5-br. 	o-3-isopropoxypyridine and 

N-methyl-N-(tert-butoxycarbony1)-4-penten-2-amine is carrie , out in acetonitrile- 

• triethylamine (2:1, v,v) using a catalyst consisting of 1 InOl: % palladium.(11) acetate and 4 

mole % tri-o-tolylphosphine. The reaction can be carried e t by heating the components at 

80° C for 20 hours to yield (4E)-N-methyl-N-(tert-buto •, carbony1)-5-(5-isopropoxy-3- 

15 pyridinyl)-4-penten- 2-amine. Removal of the tert-but • 	carbonyl protecting group can be 

accomplished by treatment with 30 molar equivalen . of trifluoroacetic acid in anisole at 0° C 

to afford (4E)-N-methyl-5-(5-isopropoxy-3-pyrid. 	I)-4-penten-2-amine. A variety of N-

methyl-5-(5-alkoxy or 5-aryloxy-3-pyridiny1)-47 p - nten-2-amines are available from 3,5-

dibromopyridine using this type of technology i.e., treatment with sodium or potassium 

20 alkoxides or aryloxides and subsequent Hec coupling and deprotection). 

In another embodiment, a compoun such as (4E)-N-methy1-5-(5-methoxy-3- 

pyridiny1)-4-penten-2-amine can be synt 	sized by coupling a halo-substituted pyridine, 5- 

bromo-3-methoxypyridine with an ole 	containing a secondary alcohol functionality, 4-

penten-2-ol, under Heck reaction 'con,  itions; and the resulting pyridinyl alcohol intermediate 

25 can be converted to its p-toluenesul 7.nate ester, followed by treatment with methylamine. 

Typically, the types of procedures et forth in W. C. Frank et al., J Org. Chem. 43: 2947 

(1978) and N. J. Malek et al., J. • rg. Chem. 47: 5395 (1982) involving a palladium-catalyzed 

coupling of an olefin and an . rimatic halide are used. The halo-substituted pyridine, 5-

bromo-3-methoxypyridine • synthesized using methodology similar to that described by H. J. 

30 den Hertog et al., Reel. 7r, . Chim. Pays-Bas 67:377 (1948), namely by heating 3,5-

dibromopyridine with 2; molar equivalents of sodium methoxide in dry methanol in the 

presence of copper po der (5%, w/w of the 3,5-dibromopyridine) in a sealed glass tube at 

150° C for 14 hours . produce 5-bromo-3-methoxypyridine. The resulting 5-bromo-3- 
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methoxypyridine, previously described by D. L. Comins, et al., J. Org. Chem. 5 : 69 (1990), 

can be coupled with 4-penten-2-ol in acetonitrile-triethylamine (1:1:1, v/v) us g a catalyst 

consisting of 1 mole % palladium(II) acetate and 4 mole % tri-o-tolylphosp • , • e. The reaction 

is carried out by heating the components in a sealed glass tube at 140° C f• 	14 hours to yield 

5 (4E)-N-methy1-5-(5-methoxy-3-pyridiny1)-4-penten-2-ol. The resulting 	cohol is treated with 

2 molar equivalents of p-toluenesulfonyl chloride in dry pyridine at 0°1  to produce (4E)-N- 

- methyl-5-(5-methoxy-3-pyridiny1)-4-penten-2-ol p-toluensulfonate. r e tosylate intermediate 

is treated with 120-molar equivalents of methylamine as a 40% aq - ous solution, containing 

a small amount of ethanol as a co-solvent to produce (4E)-N-met y1-5-(5-methoxy-3- 

10 pyridinyl)-4-penten-2-amine. When 3,5-dibromopyridine is su• 	itted to Heck coupling with 

N-methyl-N-(tert-butoxycarbonyl)-4-penten-2-amine, under •nditions described above, N-

methyl-N-(tert-butoxycarbony1)-5-(5-bromo-3-pyridiny1)-4 • enten-2-amine is produced. This 

can be coupled in a subsequent Heck reaction with styren and deprotected (removal of the 

tert-butoxycarbonyl group), as described previously, to , ve (4E)-N-methyl-5-[3-(5-trans- 

15 beta-styrylpyridin)y1]-4-penten-2-amine. Similar seco,  d coupling with ethynylbenzene, and 

subsequent deprotection, will give (4E)-N-methyl-5 3-(5-phenylethynylppidin)y1]-4-penten- 

2-amine. 

Optically active forms of certain aryl sub .fituted olefinic amine compounds, such as 

(2S)-(4E)-N-methyl-5-(3-pyridinyl)-4-penten- -amine, can be provided. In one synthetic 

20 approach, the latter type of compound is syn esized by coupling a halo-substituted pyridine, 

3-bromopyridine, with an olefin possessing a chiral, secondary alcohol functionality, (2R)-4-

penten-2-ol, under Heck reaction conditi , ns. The resulting chiral pyridinyl alcohol 

intermediate, (2R)-(4E)-5-(3-pyridinyl 4-penten-2-ol is converted to its corresponding p-

toluenesulfonate ester, which is subs: • uently treated with methylamine, resulting in tosylate 

25 displacement with inversion of con guration. Typically, the types of procedures set forth in 

W. C. Frank et al., J Org. Chem ' 3: 2947 (1978) and N. J. Malek et al., J. Org. Chem. 47: 

5395 (1982) involving a pallad' , m-catalyzed coupling of an aromatic halide and an olefin are 

used. The chiral side chain, ( ' )-4-penten-2-ol can be prepared by treatment of the chiral 

epoxide, (R)-(+)-propylene 'aide (commercially available from Fluka Chemical Company) 

30 with vinylmagnesium bro • ide and copper(I) iodide in tetrahydrofuran at low temperatures (- 

25 to -10° C) using the r neral synthetic methodology of A. Kalivretenos, J. K. Stille, and L. 

S. Hegedus, J. Org. C em. 56: 2883 (1991), to afford (2R)-4-penten-2-ol. The resulting chiral 

alcohol is subjected • a Heck reaction with 3-bromopyridine in acetonitrile-triethylamine 
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(1:1, v/v) using a catalyst consisting of 1 mole % palladium(11) acetate and 4 xn,,le % tri-o-

tolylphosphine. The reaction is done by heating the components at 140° C for 4 hours in a 

, sealed glass tube, to produce the Heck reaction ploduct, '(2R)-(4E)-5-(3-p 	i 	yI)-4-penten- 

2-ol. The resulting chiral pyridinyl alcohol is treated with 3 molar equival,  nts of p- 	. 

5 toluenesulfonyl chloride in dry pyridine at 0° C, to afford the tosylate in -rmediate. The p-

toluenesulfonate ester is heated with 82 molar equivalents of methyla , me as a 40% aqueous 

solution, containing a small amount of ethanol as a co-solvent, to pr. • uce (2S)-(4E)-N-

methy1-5-(3-pyridinyl)-4-penten-2-amine. 

10 

In a similar manner, the corresponding aryl substituted of fmic amine enantiomer, 

such as (2R)-(4E)-N-methy1-5-(3-pyridiny1)-4-penten-2-amine, an be synthesized by the 

Heck coupling of 3-bromopyridine and (2S)-4-penten-2-ol.,T i e resulting intermediate, (2S)- 

(4E)-5-(3-pyridinyl)-4-penten-2-ol, is converted to its p-tol enesulfonate, which is subjected 

to methylamine displacement. The chiral alcohol, (2S)-4-benten-2-ol, is prepared from (S)-(

)-propylene oxide (commercially available from Aldric Chemical Company) using a 

15 procedure analogous to that described for the prepara • n of (2R)-4-penten-2-ol from (R)-(+)- 
I 

propylene oxide as reported by A. Kalivretenos, T. 	Stine, and L. S. Hegedus, J. Org. Chem. 

56: 2883 (1991). 	 I 

In another approach, such compounds as 3E)-g-methy1-4-(3-(6-aminopyridin)y1)-3- 

buten-l-amine can be prepared by subjecting . 	-halo-substituted pyridine such as 2-amino-5- 

20 bromopyridine (Aldrich Chemical Company to a palladium-catalyzed coupling reaction with 

an olefin possessing a protected amine fun• ionality, such as N-methyl-N-(3-buten-1-

yl)benzamide. The benzoyl-protecting gr up from the resulting Heck reaction product can be 

removed by heating with aqueous acid ,. give (3E)-N-methy1-4-(3-(6-aminopyridin)y1)-3- 

buten-l-amine. The olefinic starting 	aterial, N-methyl-N-(3-buten-1:11)benzamide, can be 

25 prepared by reacting 4-bromo-l-bu ne with an excess of condensed methylamine in N,N-

dimethylformamide in the present - of potassium carbonate to give N-methy1-3-buten-1-

amine. Treatment of the latter • • pound with benzoyl chloride in dichloromethane 

containing triethylarnine affor,  s the olefinic side chain, N-methyl-N-(3-buten-l-y1) 

benzamide. 	 1  

30 	, The compounds de cribed herein can contain a pyrazine or pyridazine ring. Using 

procedures reported M. 	asegawa, et al. (European Patent No. 0 516 409 B1), 2-

methylpyrazine or 3-m thylpyridazine (both available from Aldrich Chemical Company) can 

be condensed with N 	ethyl-N-(tert-butoxycarbonyl)-3-aminobutanal to give (4E)-N-methyl- 
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N-(tert-butoxycarbony1)-5-(2-pyraziny1)-4-penten-2-amine and (4E)-N-methyl- • 4 -(tert-

butoxycarbony1)-5-(3-pyridaziny1)-4-penten-2-amine, respectively. Removal • the tert-

butoxycarbonyl group with trifluoroacetic acid will produce (4E)-N-methyl • -(2-pyraziny1)-4-

penten-2-amine and (4E)-N-methy1-5-(3-pyridaziny1)-4-penten-2-amine, r spectively. The 

5 requisite N-methyl-N-(tert-butoxycarbony1)-3-aminobutanal can be prod iced from the 

corresponding alcohol using techniques described by M. Adatnczyk • 4 Y..Y. Chen in PCT 

. International Application WO 9212122. The alcohol, N-methyl-N-(t• -butoxycarbonyI)-3-

amino-l-butanol, can be made from commercially available 4-hydr • xy-2-butantme (Lancaster 

Synthesis, Inc.) by sequential reductive amination (with methyl. •' 	e and sodium 

10 cyanoborohydride, using chemistry reported by R. F. Bore"' in trg. Syn., 52:124 (1974)) and 

protection with di-tert-butyl dicarbonate. 

The Heck coupling reaction described above is also iseful in preparing compounds 

that possess certain fused-ring heterocycles. Such compo 	ds can be synthesized by the 

palladium-catalyzed coupling of a bromo heterocyclic c' mpound, such as 6-bromo-2-methyl- 

15 1H-imidazo[4,5-b]pyridine with the previously menti • • ed olefinic amine side chain, N- 	' 

methyl-N-(tert-butoxycarbony1)-4-penten-2-amine. r  • ically, the types of procedures set 

forth in W. C. Frank et al., J. Org. Chem. 43: 2947 (1978) and N. J. Malek et al., J Org. 

Chem. 47: 5395 (1982) involving a palladium- . . lyzed coupling of an olefin and an aromatic 

halide are used for the coupling reaction. The r suiting tert-butoxycarbonyl-protected (Boo- 

20 protected) intermediate can be subjected to tr • tment with a strong acid, such as 

trifluoroacetic acid to produce (4E)-N-met • 1-5-(6-(2-methyl-1H-imidazo[4,5-b]pyridin)yl)- 

4-penten-2-amine. The requisite bromo-* • idazopyridine, 6-bromo-2-methy1-1H-imidazo[4,5-

b]pyridine can be prepared in 82% yiel • by heating 2,3-diamino-5-bromopyridine with acetic 

acid in polyphosphoric acid accordin! o the methods described by P. K. Dubey et al., Indian 

25 J. Chem. 16B(6):531-533 (1978). 2 -Diamino-5-bromopyridine can be prepared in 97% 

yield by heating 2-amino-5-brow• 3-nitropyridine (commercially available from Aldrich 

Chemical Company and Lancas r Synthesis, Inc) with fin(Il) chloride dihydrate in boiling 
1 

ethanol according to the tecluf • ues described by S. X. Cai et al., J Med. Chem. 40(22): 

3679-3686 (1997). 

30 In another example a bromo fused-ring heterocycle, such as 6-bromo-1,3- 

dioxolo[4,5-b]pyridine c. 	be coupled with the previously mentioned olefinic amine side 

chain, N-methyl-N-(te 	butoxycarbonyl)-4-penten-2-amine using the Heck reaction. The 

resulting Boc-protect d intermediate can be deprotected with a strong acid such as 

22 



tritluoroacetic acid to produce (4E)-N-methy1-5-(6-(1,3-dioxolo[4,5-b]pyridin)/1)-4-penten-2. 

amine. The requisite bromo compound, 6-bromo-1,3-dioxolo[4,5-b]pyridine an be 

synthesized from 5-bromo-2,3-dihydroxypyridine, also known as 5-bromo- -hydroxy-2(1H)- 

pyridinone, via a methylenation procedure using bromochloromethane, ' 	he presence of 

5 potassium carbonate and N,N-dhnethylformamide according to the me , odology of F. 

Dallacker et al., Z Naturforsch. 34 b:1729-1736 (1979). 5-Bromo-2,3 dihydroxypyridine can 

be prepared from furfural (2-furaldehyde, commercially available fr► 	Aldrich Chemical 

Company and Lancaster Synthesis, Inc.) using the methods descn . - d in F. Dallacker et al., Z. 

Naturforsch. 34 b:1729-1736 (1979). Alternatively, 5-bromo-2, 	dihydroxypyridine can be 

to prepared according to the techniques described in EP 0081745 o D. Rose and N. Maak. 

In another example of a compound that possesses a 	ed-ring heterocycle, the bromo 

compound, 7-bromo-2,3-dihydro-1,4-dioxino[2,3-b]pyrid•I - (also known as 7-bromo-5-aza- 

• 4-oxachromane) can be condensed with the previously m ntioned olefinic amine side chain, 

N-methyl-N-(tert-butoxycarbonyl)-4-penten-2-amine u 	g the Heck reaction. The resulting 

15 Boc-protected compound can be deprotected with str.• g acid such as trifluoroacetic acid to 

produce (4E)-N-methyl-5-(7-(2,3-dihydro-1,4-dioxi o[2,3-b]pyridin)y1-4-penten-2-amine. 

The bromo compound, 7-bromo-2,3•:dihydro-1,4- , oxino[2,3-b]pyridine, can be prepared by 

treating 5-bromo-2,3-dihydroxypyridine with 1.,  dibromoethane and potassium carbonate in 

N,N-dimethylformamide according to the met , odology of F. Dallacker et al., Z Naturforsch. 

20 34 b: 1729-1736 (1979). 5-Bromo-2,3-dihyd oxypyridine can be prepared from furfural as 

described above. 

Other polycyclic aromatic compo 	ds can be prepared by the Heck reaction. Thus, 

certain compounds can be synthesized , 	the palladium-catalyzed coupling of a bromo fused- 

ring heterocycle, such as 6-bromo-1 	imidazo[4,5-b]pyridine-2-thiol with the previously 

25 mentioned olefinic amine side chaff' N-methyl-N-(tert-butoxycarbony1)-4-penten-2-amine. 

The Boo-protected intermediate, r suiting from the Heck reaction, can be subjected to 

treatment with a strong acid, su 	as trifluoroacetic acid to produce (4E)N-methy1-5-(6-(2-

thio-1H-imidazo[4,5-b]pyrid'i y1)-4-penten-2-amine. The requisite bromo compound, 6- 

bromo-1H-imidazo[4,5-b]p 	dine-2-thiol can be prepared by treating 6-bromo-1H- 

30 imidazo[4,5-b]pyridine wi 	sulfur at 230-260° C according to the methods described in Y. 

M. Yutilov, Khim. Geter'• tsikl Doedin. 6: 799-804 (1988). 6-Bromo-1H-imidazo[4,5-

b]pyridine can be obta' ed from Sigma-Aldrich Chemical Company. Alternatively, 6-bromo-

1H-imidazo[4,5-b]p idine can be prepared by treating 2,3-diamino-5-bromopyridine with 
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formic acid m polyphosphoric acid using methodology similar to that describe• by P. K. 

Dubey et al., Indian J Chem. 16B(6):531-533 (1978). 2,3-Diamino-5-bromo yridine can be 

prepared in 97% yield by heating 2-amino-5-bromo73-nitropyridine (comm rcially available 

from Aldrich Chemical Company and Lancaster Synthesis, Inc) with tin I' chloride dihydrate 

5 in boiling ethanol according to the techniques described by S. X. Cai et il., J. Med. Chem., 

40(22): 3679-3686 (1997). Alternatively, 6-bromo-1H-imidazo[4,5-b 'yridine-2-thiol can be 	. 

prepared by heating 2,3-diamino-5-bromopyridine with K4-  SCSOE 	aqueous ethanol using 

methodology similar to that described by T. C. Kohler et al., J. M• , Chen. 38(25): 4906- 

4916 (1995). 2,3-Diamino-5-bromoppidine can be prepared fro 	2-amino-5-bromo-3- 

10 nitropyridine as described above. 	, 

• In a related example, 6-bromo-2-phenylmethylthio-1 -imidazo[4,5-b]pyridine can be 

coupled via Heck reaction with the previously mentioned o • finic amine side chain, N-

methyl-N-(tert-butoxycarbony1)-4-penten-2-amine. The r. ulting Boo-protected intermediate 

can be subjected to treatment with a strong acid, such . • trifluoroacetic acid to produce (4E)- 

15 N-methyl-5-(6-(2-phenylmethylthio-1H-imidazo[4,5-' pyridin)y1)-4-penten-2-amine. The 

bromo compound, 6-bromo-2-phenylmethylthio-1H unidazo[4,5-bjpyridine can be prepared 

by alkylating the previously described 6-bromo-1 	-imidazo[4,5-b]pyridine-2-thiol with 

benzyl bromide in the presence of potassium car , onate and N,N-dimethylformamide. 

In another example, 6-bromooxazolo[4 -b]pyridine, when submitted sequentially to 

20 palladium catalyzed coupling to N-methyl-N (tert-butoxycarbonyl)-4-penten-2-amine and 

deprotection with trifluoroacetic acid, give• (4E)-N-methyl-5-(6-oxazolo[4,5-13]pyridiny1)-4- 

penten-2-amine. The requisite 6-bromoo 	olo[4,5-b]pyridine can be produced from 2-

amino-5-bromo-3-pyridinol by conden : ion with formic acid or a trialkyl orthoformate, 

using methodology similar to that of 	-C. Viaud et al., Heterocycles 41: 2799-2809 (1995). 
i 

25 The use of other carboxylic acids pr 6 duces 2-substituted-6-bromooxazolo[4,5-b]pyridines, 

which are also substrates for the 	ck reaction. The synthesis of 2-amino-5-bromo-3- 

pyridinol proceeds from furfury . mine (Aldrich Chemical Company). Thus, 5-bromo-3- 

pyridinol (produced from fur 	famine according to U.S. Pat. No. 4,192,946) can be 

chlorinated, using methods • - scribed by V. Koch et al., Synthesis, 499 (1990), to give 2- 

30 chloro-5-bromo-3-pyridine 	which in turn can be converted to 2-amino-5-bromo-3-pyridinol 

by treatment with ammo , la. 

5-Bromooxazol 4 [5,4-b]pyridine, isomeric by orientation of ring fusion to the 

previously described -bromooxazolo[4,5-b]pyridine, can also be used in the Heck coupling 

24 



with N-methyl-N-(tert-butoxycarbony1)-4-penten72-amine. Subsequent remova of the tert-

butoxycarbonyl protecting group provides (4E)-14-methyl-5-(5-oxazolo[5,4-b, syridinyl)-4-

penten-2-amine. The 5-bromooxazolo[5,4-b]pyridine can be synthesized fr im 3-amino-5-

bromo-2-pyridinol (3-amino-5-bromo-2-pyridone) by condensation with armic acid (or a 

derivative thereof) as described above. 3-Amino-5-brom' o-2-pyridinol c,4 be made by 

bromination (using techniques described by T. BatkoWski, Rocz. Che . 41: 729-741 (1967)) 

and subsequent tin(1) chloride reduction (according to the method d scribed by S. X. Cai et 

al., J Med. Chem. 40(22): 3679-3686 (1997)) of commercially ay. lable 3-nitro-2-pyridinol 

(Aldrich Chemical Company). 

Other polycyclic aromatic compounds of the present in ention can be prepared by the 

Heck reaction. Thus both 5-bromothro[2,3-1Apyridine and 5- ,romo-1H-pyrrolo[2,3- 

b]pyridine can undergo palladium catalyzed coupling with 	e previously described olefinic 

amine side chain, N-methyl-N-(tert-butoxycarbony1)-4-p: ten-2-amine, to give (4E)-N-

methyl-N-(tert-butoxycarbony1)-5-(5-furo[2,3-b]pyridii 1)-4-penten-2-amine and (4E)-N-

methyl-N-(tert-butoxycarbony1)-5-(5-1H-pyrrolo[2,3- dpyridiny1)-4-penten-2-amine 

respectively. Subsequent removal of the tert-butoxy' arbonyl group with trifluoroacetic acid 

will provide (4E)-N-methyl-5-(5-furo[2,3-1Apyrid.  yl)-4-penten-2-amine and (4E)-N-methy1- 

5-(5-1H-pyrrolo[2,3-b]pyridiny1)-4-penten-2-. , , e. The requisite 5-bromofuro[2,3-

b]pyridine and 5-bromo-1H-pyrrolo[2,3-b]pyr i me cati be made from 2,3-dihydrofuro[2,3-

b]pyridine and 2,3-dihydropyrrolo[2,3-b]pyr • me respectively, by bromination (bromine and 

sodium bicarbonate in methanol) and dehy A rogenation (2,3-dichloro-5,6-clicyano-1,4-

benzoquinone), using chemistry describe 4  by E. C. Taylor et al., Tetrahedron 43: 5145-5158 

(1987). 2,3-Dihydrofuro[2,3-b]pyridin,  and 2,3-dihydropyrrolo[2,3-b]pyridine are, in turn, 

made from 2-chloropyrimidine (Aide h Chemical Company), as described by A. E. Frissen et 

al., Tetrahedron 45: 803-812 (1989„ by nucleophilic displacement of the chloride (with the 

sodium salt of 3-butyn-1-ol or wt 	4-amino-1-butyne) and subsequent intramolecular Diels- 

Alder reaction. Using similar c i -mistry, 2,3-dihydrofuro[2,3-b]pridine and 2,3-

dihydropyrrolo[2,3-bjpyridine are also produced from 3-methylthio-1,2,4-tiazene (E. C. 

Taylor et al., Tetrahedron 4 : 5145-5158 (1987)), which in turn is made from glyoxal and S-

methylthiosemicarbazide f t . Paudler et al., J. Heterocyclic Chem. 7: 767-771 (1970)). 

Brominated dihy' rofuropyridines, dihydropyrrolopyridines, and 

dihydropyranopyridine are also substrates for the palladium catalyzed coupling. For instance, 

both 5-bromo-2,3-d. 	drofuro[2,3-14yridine and 5-bromo-2,3-dihydropyrrolo[2,3-b]pyridine 
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(from brornination of 2,3-dihythoturo[2,3-b]pyridine and 2,3-dihydropyrrolo[2 -b]pyridine, 

as described above) can be coupled with the previously mentioned olefinic 	me side chain 

in a Heck process. Subsequent deprotection givel the corresponding (4E)- 	methy1-5-(5-(2,3 

dihydrofuro[2,3-b]pyidin)y1)-4-penten-2-amine and (4E)-N-methyl-5-(5-( ,3- 

5 dihydropyrrolo[2,3-b]pyridin)y1)-4-penten-2-amine. Similar treatment o' 6-bromo-2,3-

dihydrofuro[3,2-b]pyridine (isomeric at the ring fusion with the [2,3-b, system) will provide 

(4E)-N-methy1-5-(6-(2,3-dihydrofuro[3,2-b]pyridn)y1)-4-penten-2-. I me. The requisite 6-

bromo-2,3-dihydrofuro[3,2-b]pyridine can be made from 5-bromo -methyl-3-pyridinol by 

sequential treatment with two equivalents of lithium diisopropyl. g ide (to generate the 2- 

10 methylenyl, 3-oxy dianion) and one equivalent of dibromomet I • . e. Alternatively, using 

chemistry similar to that described by M. U. Koller et al., S 	h. Commun. 25: 2963-74 

(1995), the silyl-protected pyridinol (5-bromo-2-methyl-3- I unethylsilyloxypyridine) can be 

treated sequentially with one equivalent of lithium diisop 	pylamide and an alkyl or aryl 

aldehyde to produce a 2-(2-(1-alkyl- or 1-aryl-1-hydro 	ethyl)-5-bromo-3- 

15 (trimethylsilyloxy)pyridine. Such materials can be co 	erted, by methods (such as acid 

catalyzed cyclization or the Williamson synthesis) I own to those skilled in the art, into the 

corresponding cyclic ethers (2-alkyl- or 2-aryl-6-13 omo-2,3-dihydrofuro[3,2-b]pyridines). 

Similar chemistry, in which epoxides (instead o aldehydes) are used in reaction with the 

pyridinylmethyl carbanion, leads to 2-alkyl- . 	i 2-ary1-7-bromo-2,3-dihydropyrano[3,2- 

20 b]pyridines. These 2-substituted, brominate. dihydroftup- and dihydropyranopyridines are 

also substrates for the Heck reaction. For 	tance, 6-bromo-2,3-dihydro-2-phenylfuro[3,2-

b]pyridine can be coupled, in a palladiu . catalyzed process, with N-methyl-N-(tert-

butoxycarbonyl)-4-penten-2-amine, an. the coupling p'roduct treated with trifluoroacetic acid 

(to remove the tert-butoxycarbonyl graup), to give (4E)-N-methy1-5-(6-(2,3-dihydro-2- 

25 phenylfuro[3,2-b]pyridin)y1)-4-pen n-2- amine. 

The 5-bromo-2-methyl-3- r 	idinol, used to synthesize the brominated dihydrofuro-

and dihydropyranopyridines, is , roduced by standard transformations of conunercially 

available materials. Thus, 2- 	thyinicotinic acid (Aldrich Chemical Company) can be 

converted, by sequential tre.. ent with thionyl chloride, bromine, and ammonia 

30 (methodology described b C. V. Greco et al., J. Heterocyclic Chem. 7: 761-766 (1970)), into 

5-bromO-2-methylnicoti , amide. Hofmann rearrangement of 5-bromo-2-methylnicotinamide 

with hypochlorite will :ive 3-amino-5-bromo-2-methylpyridine, which can be converted to 5- 

bromo-2-methyl-3-p 	idinol by diazotization with sodium nitrite in aqueous sulfuric acid. 

26 



Alternatively, alanine ethyl ester (Aldrich Chemical Company) is converted (us 	g ethyl 

formate) into its N-formyl derivative, which is then converted to 5-ethoxy-4- , ethyloxazole 

using phosphorous pentoxide (N. Takeo et al., Japan Patent No. 45,012,732 . Diels-Alder 

reaction of 5-ethoxy-4-methyloxazole with acrylonitrile gives 5-hydroxy-. 

5 methylnicotinonitrile (T. Yoshikawa et al., Chem. Pharm. Bull. 13: 873 f 965)), which is 

converted to 5-amino-2-methyl-3-pyridinol by hydration and Hofma , 	earrangement (Y. 

Morisawa et al., Agr. Biol. Chem. 39: 1275-1281 (1975)). The 5-am o-2-methy1-3-pyridinol 

can then be converted, by diazotization in the presence of cuprous , romide, to the desired 5-

bromo-2-methy1-3-pyridinol. 

10 

15 

These methods each provide the (E)-metanicotine-type , impounds as the major 

product, but also produce a minor amount of the correspond' ! (Z)-metanicotine-type 	, 

compounds and other isomers, as before described. These 	a or reaction products can be 

removed using conventional techniques, if desired. Alte f . tively, as described in more detail 

below, the (E)-metanicotine-type compounds can be iso , ted as the hydroxybenzoate salts, 

which can precipitate out in substantially pure form fr,  m a reaction mixture including 

hydroxybenzoate salts of the (Z)-metanicotine-type a impounds and other minor reaction 

products. 

Other methods beside the Heck coupling eaction can be used to provide the 

compounds. For example, the (E)-metanicoti s -type compounds can be prepared using the 

20 techniques set forth by Loftier et al., Chem. I er., 42:3431-3438 (1909) and Laforge, J.A.C.S., 

50:2477 (1928) from substituted nicotine- 	ie compounds. Certain 6-substituted 

metanicotine-type compounds can be prepared from the corresponding 6-substituted nicotine-

type compounds using the general met ads of Acheson et al., J. Chem. Soc., Perkin Trans. 

1(2):579-585 (1980). The requisite pr 	ursors for such compounds, 6-substituted nicotine- 

25 type compounds, can be synthesiz- , from 6-substituted nicotinic acid esters using the general 

methods disclosed by Rondahl, A,  a Pharm. Suec., 14:113-118 (1977). Preparation of certain 

5-substituted metanicotine-type ompounds can be accomplished from the corresponding 5-

substituted nicotine-type corn r ounds using the general method taught by Acheson et al., J 

Chem. Soc., Perkin Trans .1 	): 579-585 (1980). The 5-halo-substituted nicotine-type 

30 compounds (e.g., fluoro- . I d bromo-substituted nicotine-type compounds) and the 5-amino 

nicotine-type compound • can be prepared using the general procedures disclosed by Rondahl, 

Act. Phar►n. Suec., 14: 13-118 (1977). The 5-trifluoromethyl nicotine-type compounds can 

27 



be prepared using the techniques and materials set forth in Ashintori et al., Che 	Pharm. 

Bull., 38(9):2446-2458 (1990) and Rondahl, Acta Pharm. Suec., 14:113-118 	977). 

. 	. 
Formation of E-metanicotine Hydroxvbenzoates 

5 The (E)-metanicotine hydroxybenzoates are formed by reacting • e E-metanicotine-

type compounds described above with hydroxybenzoic acids. The stoi,  'ometry of the 

individual components (E-metanicotine and hydroxybenzoic acid) u• -d to prepare the salts 

can vary. It is typical that the molar ratio of hydroxybenzoic acid t• base (E-metanicotine) is 

typically 2:1 to 1:2, more typically 2:1 or 1:1, but other ratios (s 	h as 3:2) are possible. It is 

10 preferred that the molar ratio of acid to base is 1:1. Depending spon the manner by which the 

salts of the present invention are formed, those salts may hav crystal structures that may 

occlude solvents that are present during salt formation. Th ., salts of the present invention 

can occur as hydrates and other solvates of varying stoic 	smetry of solvent relative to aryl 

substituted amine. 

15 The method for providing compounds of the p esent invention can vary. For instance, 

the preparation of (2S)-(4E)-N-methy1-5-(5-isoprop • 	-3-pyridinyl)-4-penten-2-amine in a p-

hydroxybenzoate form can involve (i) adding a so don of suitably pure compound dissolved 

in ethanol to a solution of p-hydroxybenzoic ao • (1-1 equivalents) in ethanol, heated under 

reflux, to form a precipitate, (ii) applying heat : • dior water and ethanol (water not to exceed 

20 10%) to dissolve the precipitate, (iii) coolie: 	e resulting solution if necessary to cause 

precipitation of the salt and (iv) filtering . • i collecting the salt. The stoichiometry, solvent 

mix, solute concentration and temperatur employed can vary, but the formation of the salts is 

within the level of skill of those of skil in the art. 

25 Formation of Other Salt Fo 

If desired, once the hydro • • enzoate salts are isolated, other salt forms can be formed, 

for example, by direct reaction 	ith another pharmaceutically acceptable acid or by first 

isolating the free base (by rea ion with strong base and extraction into an appropriate 

solvent) and then reaction w' h another pharmaceutically acceptable acid. Such procedures 

30 are known to those of skill 	the art. 
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III. Pharmaceutical Compositions 

The pharmaceutical compositions of the present invention include the 

hydroxybenzoates described herein, in the pure state or in the form of a cols,•osition in which 

the compounds are combined with any other pharmaceutically compatible .roduct, which can 

5 	be inert or physiologically active. Such compositions can be administer; • , for example, 

orally, parenterally, rectally, or topically. 

Examples of solid compositions for oral administration incluf e, but are not limited to, 

tablets, pills, powders (gelatin capsules, cachets), and granules. In 	ese compositions, the 

active compound is mixed with one or more inert diluents, such .. starch, cellulose, sucrose, 

10 	lactose, or silica; ideally, under a stream of an inert gas such as 	gon. 

The compositions can also include substances other 	; • diluents, for example, one or 

more lubricants such as magnesium stearate or talc, a color. t, a coating (coated tablets), or a 

varnish. 	 . 

Examples of liquid compositions for oral admin*.tration include, but are not limited 

15 	to, solutions, suspensions, emulsions, syrups, and el' 	, s that are pharmaceutically acceptable,  

and typically contain inert diluents such as water, e if anol, glycerol, vegetable oils, or liquid 

paraffin. These compositions can comprise subs •. ces other than the diluents, for example, 

wetting agents, sweeteners, thickeners, flavors,.. d stabilizers. 

Sterile compositions for parenteral ad 	nistration can include, for example, aqueous 

20 	or nonaqueous solutions, suspensions, and e ulsions. Examples of suitable solvents and 

vehicles include, but are not limited to aqu; sus solutions, preferably buffered aqueous 

solutions, propylene glycol, a polyethyle; - glycol, vegetable oils, especially olive oil, 

injectable organic esters, for example e yl oleate, and other appropriate organic solvents. 

These compositions can also include . djuvants, especially wetting agents, isotonicity agents, 

25 	emulsifiers, dispersants, and stabil' •rs. Such sterile compositions can be sterilized in a 

number of ways, for example, by . epticizing filtration, by incorporating sterilizing agents 

into the composition, by irradiat en and by heating. They can also be prepared in the form of 

sterile solid compositions whi, 	can be dissolved at the time of use in sterile water or any 

other sterile injectable medi 

30 Examples of comp, itions for rectal administration include, but are not limited to, 

suppositories and rectal 	; psules that, in addition to the active product, can include excipients 

such as cocoa butter, s 	-synthetic glycerides, and polyethylene glycols. 
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Compositions for topical administration can, for example, be creams, l• ions, 

eyewashes, collutoria, nasal drops or aerosols. 

The pharmaceutical compositions also can incliide various other co 4ponents as 

additives or adjuncts. Exemplary pharmaceutically acceptable componen 	or adjuncts which 

5 are employed in relevant circumstances include antioxidants, free radic 	scavenging agents, 

peptides, growth factors, antibiotics, bacteriostatic agents, irnmunosu? • ressives, 

anticoagulants, buffering agents, anti-inflammatory agents, anti-pyr: cs, time release binders, 

anesthetics, steroids, and corticosteroids. Such components can p •vide additional 

therapeutic benefit, act to affect the therapeutic action of the ph. 	aceutical composition, or 

to act towards preventing any potential side effects which may b - • osed as a result of 

administration of the pharmaceutical composition. In ceita 	circumstances, a compound of 

the present invention can be employed as part of a pharma• -utical composition with other 

compounds intended to prevent or treat a particular disor, er. 

15 IV. Methods of Treatment 

The hydroxybenzoate salts described herein . e useful for treating those types of 

conditions and disorders for which other types of 4icotinic compounds have been proposed as 

therapeutics. See, for example, Williams et al., IN&P 7(4):205-227 (1994); Arneric et al., 

CNS Drug Rev.1(1):1-26 (1995); Arneric et . ., Exp. Opin. Invest. Drugs 5(1):79-100 (1996); 

20 Bencherif et al., J. Pharmacol. Exp. Ther. 2 9:1413 (1996); Lippiello et al., J. Pharmacol. 

Exp. Ther. 279:1422 (1996); Damaj et al., / euroscience (1997); Holladay et al., J. Med. 

Chem. 40(28): 4169-4194 (1997); Bann• 	et al., Science 279: 77-80 (1998); PCT WO 

94/08992; PCT WO 96/31475; and U. . Patent Nos. 5,583,140 to Bencherif et al.; 5,597,919 

to Dull et al.; and 5,604,231 to Smit et al. 

25 The salts can also be used 	adjunct therapy in combination with existing therapies in 

the management of the aforemen oned types of diseases and disorders. In such situations, it 

is preferably to administer the . tive ingredients in a manner that minimizes effects upon 

nAChR subtypes such as thos that are associated with muscle and ganglia. This can be 

accomplished by targeted d y g delivery and/or by adjusting the dosage such that a desired 

30 effect is obtained without 	eeting the threshold dosage required to cause significant side 

effects. The pharmaceut al compositions can be used to ameliorate any of the symptoms 

associated with those Y •nditions, diseases, and disorders. 
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5 

Examples of conditions and disorders that can be treated include neurol •gical 

disorders, neurodegenerative disorders, in particular, CNS disorders, and inf1.11 	I atory 

disorders. CNS disorders can be drug induced; can be attributed to genetic • redisposition, 

infection or trauma; or can be of unknown etiology. CNS disorders comp ise , 

neuropsychiatric disorders, neurological diseases, and mental illnesses, • d include 

neurodegenerative diseases, behavioral disorders, cognitive disorders, . d cognitive affective 

disorders. There are several CNS disorders whose clinical manifes . ions have been 

attributed to CNS dysfunction (i.e., disorders resulting from inappropriate levels of 

neurotransmitter release, inappropriate properties of neurotrans • . tter receptors, and/or 

10 inappropriate interaction between neurotransmitters and neuro r ansmitter receptors). Several 

CNS disorders can be attributed to a deficiency of choline, d, . amine, norepinephrine, and/or 

serotonin. 

Examples of CNS disorders that can be treated us'. g the E-metanicotine compounds 

and hydroxybenzoate salts described herein, and phann ceutical compositions including these 

15 compounds and salts, include pre-senile dementia (e. , y onset Alzheimer's disease), senile 

dementia (dementia of the Alzheimer's type), Lewy ,t ody dementia, micro-infarct dementia, 

AIDS-related dementia, HIV-dementia, multiple c rebral infarcts, Parkinsonism including 

20 

Parkinson's disease, Pick's disease, progressive .upranuclear palsy, Huntington's chorea, 

tardive dyskinesia, hyperkinesia, epilepsy, m. ii a, attention deficit disorder, anxiety, 

depression, dyslexia, schizophrenia depressi , , obsessive-compulsive disorders, Tourette's 

syndrome, mild cognitive impairment (M 	, age-associated memory impairment (AAMI), 

premature amnesic and cognitive disorde 	which are age-related or a consequence of 

alcoholism, or immunodeficiency synd , •me, or are associated with vascular disorders, with 

genetic alterations (such as, for exam .1e, trisomy 21) or with attention deficiencies or 

25 learning deficiencies, acute or chro , lc neurodegenerative conditions such as amyotrophic 

lateral sclerosis, multiple sclerosi., peripheral neurotrophies, and cerebral or spinal traumas. 

In addition, the compounds can • e used to treat nicotine addiction and/or other behavioral 

disorders related to substance• that lead to dependency (e.g., alcohol, cocaine, heroin and 

opiates, psychostimulants, b nzodiazepines, and barbiturates), and to treat obesity. The 

30 compounds can also be us= d to treat pathologies exhibiting an inflammatory character within 

the gastrointestinal syste 	such as Crohn's disease, irritable bowel syndrome and ulcerative 

colitis, and diarrheas. 
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'Ihe manner in which the hydroxybenzoate salts are administered can v. 	. The salts 

can be administered by inhalation (e.g., in the form of an aerosol either nasal!, or using 

delivery articles of the type set forth in U.S. Patent No. 4,922,901 to Brook et al.); topically 

(e.g., in lotion form); orally (e.g., in liquid form within a solvent such as • 	aqueous or non- 

5 aqueous liquid, or within a solid carrier); intravenously (e.g., within a cl:, • ose or saline 

solution); as an infusion or injection (e.g., as a suspension or as an em 	sion in a 

pharmaceutically acceptable liquid or mixture of liquids); intratheca y; 

intracerebroventricularly; or transdermally (e.g., using a transderm • patch). Although it is 

possible to administer the salts in the form of a bulk active chem.' al, it is preferred to present 

to each salts in the form of a pharmaceutical composition or form ation for efficient and 

effective administration. Exemplary methods for administer' g such salts will be apparent to • 
the skilled artisan. For example, the salts can be administe 	in the form of a tablet, a hard 

gelatin capsule or as a time-release capsule. As another e ample, the salts can be delivered 

transdermally using the types of patch technologies ay.' able from Novartis and Alza 

15 Corporation. The administration of the pharmaceutic. compositions of the present invention 

can be intermittent, or at a gradual, continuous, con . t or controlled rate to a warm-blooded 

animal, (e.g., a mammal such as a mouse, rat, cat, abbit, dog, pig, cow, or monkey); but, 

advantageously, the compounds are preferably A, 	inistered to a human being. In addition, 

the time of day and the number of times per d. , that the pharmaceutical formulation is 

20 administered can vary. Administration prefe ably is such that the active ingredients of the 

pharmaceutical formulation interact with r' • ptor sites within the body of the subject that 

affect the functioning of the CNS or of 	gastrointestinal (GI) tract. More specifically, in 

treating a CNS disorder administration referably is such so as to optimize the effect upon 

those relevant receptor subtypes whi 	have an effect upon the functioning of the CNS, while 

25 minimizing the effects upon muse).-  type receptor subtypes. Other suitable methods for 

administering the salts are desert, • d in U.S. Patent No. 5,604,231 to Smith et al., the 

disclosure of which is incorpor.  . ed herein by reference in its entirety. 

The appropriate dose s, the salts is that amount effective to prevent occurrence of the 

symptoms of the disorder or o treat some symptoms of the disorder from which the patient 

30 suffers. By "effective am. nt," "therapeutic amount," or "effective dose" is meant that 

amount sufficient to elk' the desired pharmacological or therapeutic effects, thus resulting in 

effective prevention or • eatment of the disorder. Thus, when treating a CNS disorder, an 

effective amount oft e hydroxybenzoate salts is an amount required to deliver, across the 
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blood-brain barrier of the subject, a sufficient amount of the free base drug to 13",ed to relevant 

receptor sites in the brain of the subject, and to modulate relevant nicotinic re, -ptor subtypes 

(e.g., provide neurotransmitter secretion, thus resulting in effective preventi i, n or treatment of 

the disorder). Prevention of the disorder is manifested by at least delayin: he onset of the 

5 symptoms of the disorder or reducing the severity of the symptoms. Tre tment of the 

disorder is manifested by a decrease in the symptoms associated with 	e disorder or an 

amelioration of the recurrence of the symptoms of the disorder. 

The effective dose can vary, depending upon factors such a • the condition of the 

patient, the severity of the symptoms of the disorder, and the m. ie er in which the 

10 pharmaceutical composition is administered. For human patie e 	the effective dose of 

typical salts generally requires administering the salts in an . ci ount sufficient to modulate 

relevant receptors to affect neurotransmitter (e.g., dopamin: release but the amount should 

be insufficient to induce effects on skeletal muscles and . , i glia to any significant degree. 

The effective dose of the hydroxybenzoate salts will of , ourse differ from patient to patient 

is but in general includes amounts starting where CNS e 'a ects or other desired therapeutic 

effects occur, but below the amount where muscular effects are observed. 

The doses depend on the desired effect, th - duration of treatment and the 

administration route used; they are generally be 	een 0.05 mg and 100 mg of active 

substance per day orally for an adult. General]; speaking, a medical doctor will determine the 

20 appropriate dosage as a function of the age, , eight and all the other factors specific to the 

patient. 

The salts of the present invention 	hen employed in effective amounts in accordance 

with the method of the present inventio 	often lack the ability to elicit activation of human 

ganglion nAChRs to any significant e gree. This selectivity of the salts of the present 

25 invention against those nAChRs res a onsible for cardiovascular side effects is demonstrated 

by a lack of the ability of those sa s to activate nicotinic function of adrenal chromaffm 

tissue. As such, such salts hay,- poor ability to cause isotopic rubidium ion flux through 

nAChRs in cell preparations d rived from the adrenal gland. Generally, typical preferred 

salts useful in carrying out I - present invention maximally activate isotopic rubidium ion 

30 flux by less than 10 perce , often by less than 5 percent, of that maximally provided by S(-) 

nicotine. 

The salts are e "t-  tive towards providing some degree of prevention of the progression 

of CNS disorders, a I - liorating the symptoms of CNS disorders, and ameliorating to some 
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degree the recurrence of CNS disorders. However, such effective amounts oft • se salts are 

not sufficient to elicit any appreciable undesired nicotinic effects, as is demo .1 .ted by 

decreased effects on preparations believed to reflect effects on the cppliovas ular system, or 

effects to skeletal muscle. As such, administration of salts of the present 	vention provides a 

s therapeutic window in which treatment of certain CNS disorders is prov i ed, and undesired 

peripheral nicotinic effects/side effects are avoided. That is, an effecti e dose of a compound 

of the present invention is sufficient to provide the desired effects up n the CNS, but is 

insufficient (i.e., is not at a high enough level) to provide undesira • e side effects. Preferably, 

effective administration of a compound of the present invention 	suiting in treatment of CNS 

10 disorders occurs upon administration of less than 1/3, frequentl less than 1/5, and often less 

than 1/10, that amount sufficient to cause any side effects to • significant degree. 

The following synthetic and analytical examples are . rovided to illustrate the present 

invention, and should not be construed as limiting thereof In these examples, all parts and 

percentages are by weight, unless otherwise noted. Rea• ion yields are reported in mole 

15 percentages. 

Example 1: Synthesis of (2S)-(4E)- N-methyl-S- 5-isopropoxy-3
I
-pyridinyl)-4-penten-2- 

amine p-hydroxybenzoate 

(2S)-(4E)- N-methyl-5-(5-isopropoxv-3-uvrid. 	l)-4-penten-2-amine p-hydroxybenzoate 

20 p-Hydroxybenzoic acid (2.62 g, 19.0 P 	ol) was added in portions to a stirred solution 

(2S)-(4E)- N-methy1-5-(5-isopropoxy-3-pyr dinyl)-4-penten-2-amine (4.79 g of 93% pure, 

19.0 mmol) in isopropyl acetate (50 mL). I uring the addition, crystallization of salt was 

evident. After complete addition of the -hydroxybenzoic acid, the suspension was heated 

near its boiling point as isopropanol w s slowly added. After 15 mL of isopropanol had been 
• , 	1  

25 added, complete dissolution was ob • fined. Cooling of the solution to ambient temperature 

(overnight) resulted in deposition , 	a crystalline mass, which was collected by suction 

filtration and air dried (4.03 g). 	second crop (0.82 g) was isolated from the concentrated 

filtrate, by addition of acetone. The two crops of crystals were combined and recrystallized 

from acetone (50 mL). The - • lid was collected by suction filtration and dried in the vacuum 

30 oven (50°C) for 18 h. Thi 	eft 4.24 g (60.0%) of white crystals (98+% pure by both GCMS 

and LCMS; m.p. 99-101° ).  
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Example 2: Synthesis of (2S)-(4E)- N-methy1-5-(5-isopropoxy-3-pyridinyl) 4-penten-2-

amine (via the Heck reaction with (S)-N-Methyl-N-(tert-butoxycarbonyl) 4-penten-2-

amine) and the use of the p-hydroxybenzoate salt to facilitate isolation nd purification 

of (2S)-(4E)- N-methyl-5-(5-isopropoxy-3-pyridiny1)-4-penten-2-amin : 

5 3-Bromo-5-isopropoxypyridine 

A 72 L reactor was charged successively with sodium tert-pent oxide (2.2 kg, 20 mol) 

and 1-methy1-2-pyrrolidinone (17.6 L). This mixture was stirred for 	h, and then 2-propanol 

(12 L) was added over a period of 2 h. 3,5-Dibromopyridine (3.0 ,:., 13 mol) was then added 

to the reactor, and the mixture was heated at 75°C for 12 h under • nitrogen atmosphere. The 

10 mixture was then cooled, diluted with toluene (15 L), and was . a with water (30 L). The 

aqueous phase was extracted with toluene (15 L), and the co , a fined toluene phases were 

washed with water (15 L) and concentrated under reduced 	essure, to give 2.5 kg of dark oil. 

This was combined an equal sized batch of material from, o second run and vacuum distilled 

(b.p. 65°C at 0.3 mm), to yield 3.1 kg (57%) of 3-brom a 5-isopropoxypyridine as a pale 

15 yellow oil. 

(2R)-4-Penten-2-ol 

(2R)-4-Penten-2-ol was prepared in 82.5' o yield from (R)-(+)-propylene oxide 

according to procedures set forth in A. Kalivre - nos, J. K. Stille, and L. S. Hegedus, J. Org. 

20 Chem. 56: 2883 (1991). 

S -N-Meth 1-N- tert-buto 	care n 1 -4- a enten-2-amine 

A mixture of (R)-4-penten-2-ol 7.62 g, 88.5 mmol), pyridine (15 mL), and dry 

(distilled from calcium hydride) dic 	a romethane (30mL) was stirred in an ice bath as p- 

25 toluenesulfonyl chloride (18.6 g, 97 4 mmol) was added over a 3 min period. The mixture 

was stirred 20 min at 0°C and 16 	at ambient temperature, as a heavy precipitate formed. 

Saturated aqueous sodium blear o onate (75 mL) was added, and the biphasic mixture was 

stirred vigorously for 3 h. Th,  dichloromethane phase and two dichloromethane extracts (50 

mL each) of the aqueous ph, se were combined, dried (Na2SO4), and concentrated by rotary 

30 evaporation. High vacu 	' treatment left 18.7g of light yellow oil, which was combined with 

dimethylformamide (D 4 ) (35 mL) and 40% aqueous methylamine (35 mL). This solution 

was stirred at ambient 	mperature for 48 h and then poured into a mixture of saturated 

aqueous sodium chlo ide (300 mL) and 2.5 M sodium hydroxide (50 mL). This mixture was 
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extracted. with ether 0 x -.zxi mL), and the ether extracts were dried (Na2SO4) • d 

concentrated by rotary evaporation (from an ice cooled bath) to a volume of • , out 250 mL. 

The remaining solution was combined with di-tert-butyl dicarbonate (16.9 ; 77.4 mmol) and 

THE (100 mL), and the mixture was stirred at ambient temperature for 16 . The volatiles 

5 were evaporated by rotary evaporation, and the residue was vacuum dis , led at 5 mm 

pressure ( bp 79-86°C), to give 7.74 g (43.9 % yield) of clear, colorles liquid. 

2S - 4E -N-Meth 1-5 5-iso iro . ox -3-. 	idin 1 -4-.ente 	2-amine , - 

hydroxybenzoate 

10 A mixture of 3-bromo-5-isopropoxypyridine (21.0 g, 9 '.2 mmol), (S)-N-Methyl-N- 

(tert-butoxycarbonyl)-4-penten-2-amine (24.0 g, 120 mmol), a MF (53 mL), K2CO3 (22 g, 

159 mmol), palladium(11) acetate (0.22 g, 0.98 mmol) and , -o-tolylphosphine (0.57 g, 1.9 

mmol) was degassed and placed under a nitrogen atmosp , ere. The stirred mixture was then 

heated at 130°C for 2.5 h. To remove palladium salts, ' 	opexTm (20 g) and ethyl acetate 

15 (100mL) were added. The stirred mixture was heate • • t 50°C for 5 h and at ambient 

temperature for 16 h and then filtered. The filtrate 	as concentrated under reduced pressure, 

and the residue (83 g) was dissolved in methanol / 5 mL), cooled in a cold water bath (<5°C) 

and treated drop-wise with 6M HCl (100 mL).. , his mixture was stirred 3 h at ambient 

temperature, and the methanol was removed b concentration under vacuum. The remaining 

20 aqueous mixture was washed with dichloro ethane (100 mL), made basic by careful (with 

cooling) addition of 3 M NaOH, and extra,  ed (2 x 200 mL) with dichloromethane. These 

latter extracts were washed with saturate,  aqueous NaC1 and concentrated under vacuum. 

The residue was dissolved in acetone ( 	0 mL), and p-hydroxybenzoic acid (14.0 g, 101 

mmol) was added. After complete di solution of the p-hydroxybenzoic acid, the solution was 

25 kept at ambient temperature, as a I • ge amount of solid formed (several hours). After several 

hours of cooling at -15°C, the mi 	e was suction filtered. The resulting solid (24.8 g) was 

recrystallized from acetone (241 mL) to give 22.3 g (61.6%) of off-white crystals (97+% pure 

by GCMS and LCMS). 
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Example 3: Synthesis of (2S)-(4E)-N-methy1-5-(5-methoxy-3-pyridinyl)-4- , enten-2-

amine 2,5-dihydroxybenzoate (gentisate) 

(2S)-(4E)-N-Methyl-5-(5-methoxy-3-ovridiny1)-4-penten-2-amine 

dihydroxybenzoate 

A hot solution of 2,5-dihydroxybenzoic acid (gentisic acid) (0.57 	g, 3.78 mmol) in 

absolute ethanol (1 mL) was added to a warm solution of (2S)-(4E)-N 	ethy1-5-(5-methoxy-

3-pyridiny1)-4-penten-2-amine (1.00 g, 4.85 mmol, 86.7% E isomer ay GC-FID) in absolute 

ethanol (1 mL), using additional ethanol (2 mL) in the transfer. T, e resulting mixture was 

concentrated via rotary evaporation, leaving 1.5 mL of ethanol ' , the solution. With stirring 

and heating to near reflux, crystallization occurred. The result g hot mixture was treated 

drop-wise with ethyl acetate (5.5 mL). After cooling to roo I, temperature, the mixture was 

further cooled at 5°C for 48 h. The resulting solids were fi ered, washed with ethyl acetate (2 

x 5 mL) and dried at 50°C to give 1.24 g (91%) of an off',  hite powder (98.0% E isomer by 

GC-FID for the free base). To remove the color from 	e sample, the material was 

recrystallized from ethanol/isopropanol (3.5 mL : 5.5 , ) to give 1.03 g (83% recovery) of an 

off-white powder and subsequently recrystallized fr im ethanol/ethyl acetate (3 mL : 12 mL) 

to give 0.90 g (87% recovery) of a white, crystall' e powder, mp 166-167°C. 

Example 4: Synthesis of E-metanicotine 2, 	dihydroxybenzoate 

E-Metanicotine 2,5-dihydroxybenzo. e 

2,5-Dihydroxybenzoic acid (gentis' acid) (0.475 g, 3.08 mmol) was added to a 

solution of E-metnnicotine (0.500 g, 3.0 mmol) in ethyl acetate (3 mL) and isopropanol (2.5 

mL), and the resulting mixture was ge • ly heated until all solids dissolved. Upon cooling, a 

white granular precipitate was depos' ed, and the mixture was copied at 5°C. The solids were 

filtered, washed with cold isoprop • of (3 x 2 mL) and dried under vacuum at 40°C for 4 h to 

give 0.58 g (29.7%) of a light-ye ow, flaky solid, mp 90-91.5°C. III MAR (D20): mono-salt 

stoichiometry. Caled. for C10 	4N2 ' C711604 ' 0.15 H20: C, 64.00%; H, 6.41%; N, 8.78%. 

Found: C, 63.92, 64.00%; H 	.33, 6.34%; N, 8.79, 8.84%. 

Example 5: Synthesis o 	-metanicotine 3,5-dihydroxybenzoate 

E-Metanicotine ,5-dihydroxybenzoate 

37 



3,5-Dihydroxybenzoic acid (0.475 g, 3.08 mmol) was added to a warm • olution of E- 

metanicotine (0.500 g, 3.08 mmol) in isopropanol (11 mL) and methanol (4.5 	). Upon 

heating to near reflux to dissolve the resulting gum, the light-yellow solutio was cooled to 

room temperature and further cooled at 5°C. The resulting dark-yellow :. s that was 

5 deposited was dissolved in isopropyl acetate (3 mL) and methanol (4 $ 	assisted by 

heating. After cooling to room temperature and further cooling at 5° 	the off-white solids 

were filtered, washed with isopropyl acetate and dried to give 0.505 	(51.8 %) of waxy, tan 

flakes, rap 160-161.5°C. 1H MAR (D20): mono-salt stoichiome , . Calcd. for C1oll14N2 • 

to 

C711604  • 0.15 H20: C, 64.00%; H, 6.41%; N, 8.78%. Found: e, 64.03, 64.02%; H, 6.38, 

6.38%; N, 8.80, 8.76%. 

. 	 ' 

Analytical Examples 

Example 6: Determination of Binding to Relevant R • • ptor Sites 

The interaction of the hydroxybenzoate salts wi ii relevant receptor sites can be 

15 determined in accordance with the techniques descri I - d in U.S. Pat. No. 5,597,919 to Dull et 

al. Inhibition constants (Ki values), reported in nM can be calculated from the ICso values 

using the method of Cheng et al., Biochem, Pha 	acol. 22:3099 (1973). Low binding 

constants indicate that the components of the sa 	described herein exhibit good high affinity 

binding to certain CNS nicotinic receptors. 

20 The foregoing is illustrative of the p - sent invention and is not to be construed as 

. limiting thereof. The invention is defined 	the following claims, with equivalents of the 

claims to be included therein. 
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What is claimed is: 

I. A salt formed as the reaction product of (4E)-N-methy1-5-(5-isopr • I oxy-3- 

pyridinyl)-4-penten-2-amine and a hydroxybenzoic acid, where the hydroxy , enzoic acid has 

the formula: 

Zj \ 02H 

HO 

5 

where the hydroxy group can be present at a position o 4 o, meta or para to the 

carboxylic acid group, Z represents a non-hydrogen substitue $ selected from the group 

consisting of alkyl, substituted alkyl, alkenyl, substituted a 	- nyl, heterocyclyl, substituted 

heterocyclyl, cycloalkyl, substituted cycloalkyl, aryl, subst 	ted aryl, alkylaryl, substituted 

io 	alkylaryl, arylalkyl, substituted arylalkyl, F, Cl, Br, 1, 	' ' ", CF3, CN, NO2, C2 R', SH, 

SCH3, N3, SO2 CH3, OR', (CR'R")q  OR', 0-(CR'R")q 	, R', SR', C(0)NR'R", NR'C(=0)R", 

• q=0)1V, C(=0)0K OC(=0)K (CRIt")q  OCH2 C2 ', (CR'R")q  C(=O)R', (CR'R")q  

C(CHCH3)OR', 0(CRR")q  C(0)OR', (CR'R")q  C 0)NRR", (CR'R")q  NR'R", CH=CHR', 

OC(=O)NR'R", and NR'C(=O)OR", 

15 	where q is an integer from 1 to 6 and ' and R" are individually hydrogen, C1-10  alkyl, 

cycloalkyl, a non-aromatic heterocyclic ring 	herein the heteroatom of the heterocyclic 

moiety is separated from any other nitroge t, oxygen or sulfur atom by at least two carbon 

atoms, or an aromatic group-containing s ,ecies selected from the group consisting of 

pyridinyl, quinolinyl, pyrimidinyl, fura , 1, phenyl, and benzyl, where any of the foregoing can 

20 	be suitably substituted with at least o v e substituent group, such as alkyl, hydroxyl, alkoxyl, 

halo, or amino substituents, 	 . 

can 

and j is a number from z- o to three, representing the number of Z substituents that 

be present on the ring, 

wherein the molar r. to of (4E)-N-methy1-5-(5-isopropoxy-3-pyridiny1)-4-penten-2- 

25 	amine to hydroxybenzoic , id ranges from 1:2 to 2:1. 

2. The salt of c : im 1, wherein the hydroxybenzoic acid is o-, m- or p- 

hydroxybenzoic acid. 
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3. The salt of claim 1, wherein the hydroxybenzoic acid is gentisic ad' (2,5-

dihydroxybenzoic acid). 

4. A compound denoted (2S)-(4E)-N-methy1-5-(5-isopropoxy-3-p idiny1)-4-penten- 

2-amine p-hydroxybenzoate. 

5 5. The salt of claim 1, wherein the (4E)-N-methy1-5-(5-isopro a oxy-3-pyridiny1)-4-

penten-2-amine is (2S)-(4E)-N-methyl-5-(5-isopropoxy-3-pyridinyl) 4-penten-2-amine. 

6. A pharmaceutical composition comprising a salt of an of claims 1-5, along with a 

pharmaceutically acceptable carrier. 

7. A method for treating a CNS disorder comprising , dministering to a subject in 

10 need thereof an effective amount of a composition compris a g a salt of any of claims 1-5, 

wherein the salt can optionally be administered along wi 	a pharmaceutically acceptable 

carrier. 

15 

8. A process for preparing (2S)-(4E)-N-me , 1-5-(5-isopropoxy-3-pyridiny1)-4-

penten-2-amine or a corresponding hydroxybenzo, e salt, 

comprising the steps of: 

a) performing a Heck coupling reacti. 1 between a 3-halo-5-isopropoxypyridine and a 

compound of the formula (S)-CH2=CH-(C 2)-CH(CH3)-N(CH3)(pg), where pg is a 

protecting group for an amine, and 

b) deprotecting the protected 	me group, or 

20 

25 

c) performing a Heck coupl g reaction between a 3-halo-5-isopropoxypyridine and .a 

compound of the formula (R)-CH CH-(CH2)-CH(CH3)-OH and 

d) converting the OH gr a up to an NHCH3  group, 

to form a mixture of ompounds including (2S)-(4E)-N-methy1-5-(5-isopropoxy-3- 

pyridiny1)-4-penten-2-am 	-, the related Z-metanicotine compound, and other isomers, 

e) forming a hy. oxybenzoate salt by reaction of the mixture with a hydroxybenzoic 

acid of the formula: 
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Zj \ ,
,,.....,

e02H 

HO 
-r ......„....„...- 

where the hydroxy group can be present at a position ortho, me s or para to the 

carboxylic acid group, Z represents a non-hydrogen substituent selec d from the group 

consisting of alkyl, substituted alkyl, alkenyl, substituted alkenyl, h terocyclyl, substituted 

5 	heterocyclyl, cycloalkyl, substituted cycloalkyl, aryl, substituted . 	1, alkylaryl, substituted 

alkylaryl, arylalkyl, substituted arylalkyl, F, Cl, Br, I, NRR", C r3, CN, NO2, C2  R', SH, 

SCH3, N3, SO2  CH3, OR', (CR'R")q  OR', 0-(CR'R")q  C2  R', S r ', C&D)NR'R", NR'C('O)R", 

C(S)R', C(0)OR', OC(0)R', (CRR")q  OCH2  C2  R', ( ' ' ")ci  C(=0)R', (CR'R")q  

C(CHCH3)OR', 0(CRR")q  C(=0)OR', (CRR")q  C(=0) ', R", (CRR")q  NR'R", CH=CHR, 

10 	OC(=O)NR'R", and NR'C(=O)OR", 

where q is an integer from 1 to 6 and R' and ' 	are individually hydrogen, C1-10  alkyl, 

cycloalkyl, a non -aromatic heterocyclic ring where'' the heteroatom of the heterocyclic 
, .. 

moiety is separated from any other nitrogen, ox-Sig, 	or sulfa atom by at least two carbon 

atoms, or an aromatic group-containing species • elected from the group consisting of 

15 	. pyridinyl, quinolinyl, pyrimidinyl, furanyl, ph 	yl, and benzyl, where any of the foregoing can 

be suitably substituted with at least one subs ' tuent group, such as alkyl, hydroxyl, alkoxyl, 

halo, or amino substituents, 

and j is 

can be present 

a number from zero to t ee, representing the number of Z substituents that 

on the ring, 

20 	wherein the molar ratio of , e E-metanicotine to hydroxybenzoic acid ranges from 1:2 

to 2:1, 

0 isolating the (2S)-(4 . -N-methy1-5-(5-isopropoxy-3-pyridiny1)-4-penten-2-amine 

hydroxybenzoate salt, and 

g) optionally cony; ing the (2S)-(4E)-N-methy1-5-(5Tisopropoxy-3-pyridiny1)-4- 

25 	penten-2-amine hydroxy , enzoate salt to (2S)-(4E)-N-methy1-5-(5-isopropoxy-3-pyridiny1)-4- 

penten-2-amine. 
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9. The method of claim 8, wherein the hydroxybenzoic acid is o-, m- o p-

hydroxybenzoic acid. 

, 	.. 	. 
10. The method of claims 8 or 9, wherein the hydroxybenzoate sal is converted 

another pharmaceutically acceptable salt form. 

to 

5 11. The use of a composition comprising a salt of any of clai 	s 1-5 in the 

preparation of a medicament useful for treating a CNS disorder. 
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HYDROXYBENZOATE SALTS OF METANICOTINE COMPOUNDS 

Description 

Field of the Invention 

[0001] 	The present invention relates to nicotinic compounds, especially methodsfor treating a wide variety of conditions 
and disorders associated with dysfunction of the central and autonomic nervous systems. 

Background of the Invention 

[0002] 	Nicotine has been proposed to have a number of pharmacological effects. See, for example, Pullan et al., N. 
Engl. J. Med. 330:811-815 (1994). Certain of those effects can be related to effects upon neurotransmitter release. 
Release of acetylcholine, dopamine, norepinephrine, serotonin, and glutamate upon administration of nicotine has been 
reported (Rowell et al., J. Neurochem. 43:1593 (1984); Rapier et al., J. Neurochem. 50:1123 (1988); Sandor et al., Brain 
Res. 567:313 (1991); Vizi, Br. J. Pharmacol. 47:765 (1973); Hall et al., Biochem. Pharmacol. 21:1829 (1972); Hery et 
al., Arch. Int. Pharmacodyn. Ther. 296:91 (1977); and Toth et al., Neurochem Res. 17:265 (1992)). Confirmatory reports 
and additional recent studies have included the modulation in the Central Nervous System (CNS) of glutamate, nitric 
oxide, GABA, takykinins, cytokines, and peptides (reviewed in Brioni et al.. Adv. Pharmacol. 37:153 (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 46:303 (1993); Harsing etal., J. Neurochem. 
59:48 (1993); and Hughes, Proceedings from Intl. Symp. Nic. S40 (1994). Furthermore, the neuroprotective effects of 
nicotine have been proposed, see, for example, Sjak-shie et al., Brain Res. 624:295 (1993). Various other beneficial 
pharmacological effects have also been proposed. See, for example, Decina et al., Biol. Psychiatry 28:502 (1990); 
Wagner et al., Pharmacopsychiatry 21:301 (1988); Pomerleau et al., Addictive Behaviors 9:265 (1984); Onaivi et al., 
Life Sci. 54(3):193 (1994); Tripathi et al., J. Pharmacol. Exp. Ther. 221:91 (1982); and Hamon, Trends in Pharmacol. 
Res. 15:36 (1994). 
[0003] 	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):205 (1994); Arneric et al., CNS Drug Rev. 1(1): 
1 (1995); Arneric et al., Exp. Opin. Invest. Drugs 5(1):79 (1996); Bencherif et al., J. Pharmacol. Exp. Ther. 279:1413 
(1996); Lippiello etal., J. Pharmacol. Exp. Ther. 279:1422 (1996); Damaj et al., J. Pharmacol. Exp. Ther. 291:390 (1999); 
Chiari et al., Anesthesiology 91:1447 (1999); Lavand'homme and Eisenbach, Anesthesiology 91:1455 (1999); Holladay 
et al., J. Med. Chem. 40(28): 4169 (1997); Bannon et al., Science 279:77 (1998); PCT WO 94/08992; PCT WO 96/31475; 
PCT WO 96/40682; and U.S. Patent Nos. 5,583,140 to Bencherif et al.; 5,597,919 to Dull et al.; 5,604,231 to Smith et 
al.; and 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 properties. 
See, for example, Bencherif and Schmitt, Current Drug Targets: CNS and Neurological Disorders 1(4): 349-357 (2002), 
Levin and Rezvani, Current Drug Targets: CNS and Neurological Disorders 1(4):.423-431 (2002), O'Neill, et al., Current 
Drug Targets: CNS and Neurological Disorders 1(4): 399-411 (2002), U.S. Patent Nos. 5,1871,166 to Kikuchi et al., 
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. 
[0004] 	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 neuropsychiatric 
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 receptors, and/or inappropriate interaction between neurotransmitters and 
neurotransmitter receptors). Several CNS disorders can be attributed to a deficiency of acetylcholine, dopamine, nore-
pinephrine, and/or serotonin. 
[0005] 	Relatively common CNS disorders include pre-senile dementia (early-onset Alzheimer's disease), senile de- 
mentia (dementia of the Alzheimer's type), micro-infarctdementia, AIDS-related dementia, vascular dementia, Creutzfeld- 
Jakob disease, Pick's disease, Parkinsonism including Parkinson's disease, Lewy body dementia, progressive supra-
nuclear palsy, Huntington's chorea, tardive dyskinesia, hyperkinesia, epilepsy, mania, attention deficit disorder, anxiety, 
dyslexia, schizophrenia, depression, obsessive-compulsive disorders, and Tourette's syndrome. 
[0006] 	Subtypes of nAChRs are present 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 0E4132, a7, and 
a3132, whereas those which predominate at the autonomic ganglia are a3134 and those of neuromuscular junction are 
af316y and a101.5n (see for instance Dwoskin et al., Exp. Opin.,Ther. Patents 10: 1561 (2000); and Schmitt and Bencherif, 
Annual Reports in Med. Chem. 35: 41 (2000)). 
[0007] 	A limitation of some nicotinic compounds is that they elicit various undesirable pharmacological effects because 
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of their interaction with nAChRs in peripheral tissues (for example, by stimulating muscle and ganglionic nAChR subtypes). 
It is therefore 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 beneficial effect on the CNS nAChRs (e.g., upon the functioning of the CNS), but without 
significant associated effects on the peripheral nAChRs (compounds specific for CNS nAChRs). It is also highly desirable 
to have compounds, compositions, and methods that affect CNS function without significantly affecting those receptor 
subtypes which have the potential to induce undesirable side effects (e.g., appreciable activity at cardiovascular and 
skeletal muscle sites). 
[0008] 	Methods for treating and/or preventing the above-described conditions and disorders by administering E-me- 
tanicotine compounds, particularly those which maximize the effect on CNS function without significantly affecting those 
receptor subtypes which have the potential to induce undesirable side effects, have been described in the art. Repre-
sentative E-metanicotine compounds for use in treating and/or preventing the above-described disorders are disclosed, 
for example, in U.S. Pat. No. 5,212,188 to Caldwell et al., U.S. Pat. No. 5,604,231 to Smith et al., U.S. Pat. No. 5,616,707 
to Crooks et al.; U.S. Pat. No. 5,616,7 16 to Dull et al., U.S. Pat. No. 5,663,356 to Ruecroft et al., U.S. Pat. No. 5,726,316 
to Crooks et al., U.S. Pat. No. 5,811,442 to Bencherif et al., U.S. Pat. No. 5,861,423 to Caldwell et al., PCT WO 97/40011; 
PCT WO 99/65876 PCT WO 00/007600; and U.S. patent application Ser. No. 09/391,747, filed on Sep. 8, 1999. 
[0009] 	The syntheses described in the art for forming E-metanicotines typically involve performing a Heck reaction 
between a halogenated heteroaryl ring, such as a halo-pyridine or halo-pyrimidine, and a double bond-containing com-
pound. The double bond-containing compound typically includes either a hydroxy group, which is converted to an amine 
group to form the E-metanicotine, or includes a protected amine group, which is deprotected following the Heck reaction 
to form the E-metanicotine. A limitation of the Heck coupling chemistry is that, while the major reaction product is the 
desired E-metanicotine, there are minor reaction products, including the Z-metanicotine, a metanicotine compound 
where the double bond has migrated from the position adjacent to the heteroaryl (such as pyridine or pyrimidine) ring 
(i.e., a non-conjugated double bond), and a compound in which the heteroaryl group is attached at the secondary (as 
opposed to primary) alkene carbon (i.e., a methylene compound or "exo" double bond). It can be difficult to remove 
these minor reaction products, particularly on scale-up. 
[0010] 	It would be advantageous to provide new methods of preparing purified E-metanicotine compounds substantially 
free from the above-described minor reaction products. It would also be advantageous to provide new salt forms of these 
drugs to improve their bioavailability, and/or to assist in preparing large quantities of these compounds in a commercially 
reasonable manner. The present invention provides such new synthesis methods and new salt forms. 

Summary of the Invention 

[0011] 	The invention provides a compound denoted (2S)-(4E)-N-methy1-5-(5-isopropoxy-3-pyridiny1)-4-penten-2- 
amine p-hydroxybenzoate and a pharmaceutical composition comprising that compound and a pharmaceutically ac-
ceptable carrier. The invention also provides such a compound or pharmaceutical composition for use in treating a CNS 
disorder and use of such a compound or pharmaceutical composition in the manufacture of a medicament for treating 
a CNS disorder. The invention further provides a process for preparing (2S)-(4E)-N-methy1-5-(5-isopropoxy-3-pyridiny1)- 
4-penten-2-amine p-hydroxybenzoate. 
[0012] 	New methods of synthesizing E-metanicotin'e compounds are described herein, as well as new pharmaceutically 
acceptable salt forms of E-metanicotine compounds. Pharmaceutical compositions including the new salt forms, and 
methods of treatment and/or prevention using the new salt forms, are also disclosed. 
[0013] 	The methods for synthesizing the E-metanicotine compounds typically include the step of performing a Heck 
reaction between a halogenated heteroaryl ring, such as a halo-pyridine or halo-pyrimidine, and a double bond-containing 
compound. The double bond-containing compound typically includes either a hydroxy group, which is subsequently 
converted to an amine group to form the E-metanicotine compound, or includes a protected amine group, which is 
deprotected following the Heck reaction to form the E-metanicotine compound. 	_ 
[0014] 	After the Heck reaction and formation of an E-metanicotine with a free amine group (whether by conversion of 
a hydroxy group or deprotection of a protected amine group), the next step involves forming a hydroxybenzoate salt of 
the E-metanicotine compound. Under certain conditions, one can precipitate out the hydroxybenzoate salt of the E-
metanicotine compound while leaving the minor impurities (Z-metanicotine and/or the isomers of the E-metanicotine 
compound wherein the double bond has migrated to a position other than directly adjacent to the heteroaryl ring or 
wherein the attachment of the aryl group to the alkene chain is at the secondary double bond carbon) in solution. This 
improvement makes it relatively easy to remove these minor reaction products, particularly on scale-up. 
[0015] 	The synthesis of the E-metanicotines described herein involves forming an amine-protected 4-penten-2-amine 
intermediate, and coupling this intermediate via a Heck reaction with a halogenated heteroaryl ring. The choice of 
heteroaryl ring is not essential to the success of the Heck coupling reaction, although pyridine and pyrimidine rings can 
be preferred. (2S)-(4E)-N-methy1-513-(5-isopropoxypyridin)y1)1-4-penten-2-amine is a representative E-metanicotine, p- 
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hydroxybenzoate is a representative hydroxybenzoate salt, and (2S)-(4E)-N-methyl-543-(5-isopropoxypyridin)y1)]-4-
penten-2-amine p-hydroxybenzoate is a representative E-metanicotine hydroxybenzoate salt. 
[0016] 	An exemplary reaction is shown below: 

Cy-Hal + CH2=CH-CH2CH(CH3)N(CH3)(tBoc) --> (E) Cy-CH=CH-CH2CH(CH3)N(CH3)(tBoc) + (Z) Cy- 
CH=CH-CH2CH(CH3)N(CH3)(tBoc) 1- (E and/or Z) Cy-CH2CH=CHCH(CH3)N(CH3)(tBoc) + Cy-C(=CH2)-CH2CH(CH3) 
N(CH3)(tBoc) 

where Cy is a five or six membered heteroaryl ring. 
[0017] 	The Heck coupling reaction alternatively takes place using a hydroxy-alkene, such as 4-penten-2-ol, and the 
hydroxy group is converted to an amine group after the Heck coupling reaction takes place. The conversion can be 
effected, for example, by converting the hydroxy group to a tosylate, and displacing the tosylate with a suitable amine, 
such as methylamine. In this embodiment, the Heck coupling reaction still forms the same major and minor products, 
except that they include a hydroxy group rather than a protected amine group. Following formation of the amine-containing 
compound (i.e., the (E)-metanicotine), if the impurities (i.e., the minor products of the Heck coupling reaction) are not 
already removed, the chemistry involved in forming the hydroxybenzoate salts is substantially the same. 
[0018] 	After deprotecting the amine group (in the first embodiment), or forming the amine group (in the second em- 
bodiment). one can form a hydroxybenzoate salt of the E-metanicotine by reaction with a hydroxybenzoic acid as 
described herein. The hydroxybenzoate salts of the major product (the (E)-metanicotine) and of the minor products will 
form. However, under certain conditions, the hydroxybenzoate salt of the major reaction product, the (E)-metanicotine 
hydroxybenzoate salt, will precipitate out of solution in relatively pure form, leaving behind a mother liquor enriched in 
the minor impurities. This result comprises a significant advance in the synthesis and purification of (E)-metanicotines. 
[0019] 	The hydroxybenzoate salts typically are isolated and then used as intermediates to form different salt forms by 
reaction with different pharmaceutically acceptable acids or salts thereof. However, alternatively the E-metanicotine 
hydroxybenzoate salts are used as active pharmaceutical ingredients (API's). The hydroxybenzoate salts can be used 
directly, or included in pharmaceutical compositions by combining them with a pharmaceutically acceptable excipient. 
The hydroxybenzoate salts and/or pharmaceutical compositions can be used to treat and/or prevent a wide variety of 
conditions or disorders. The disorders are particularly those disorders characterized by dysfunction of nicotinic cholinergic 
neurotransmission, including disorders involving neuromodulation of neurotransmitter release, such as dopamine re-
lease. The compounds can be used in methods for treatment and/or prophylaxis of disorders, such as central nervous 
system (CNS) disorders, which are characterized by an alteration in normal neurotransmitter release. The compounds 
can also be used to treat certain conditions (e.g., a method for alleviating pain). The methods involve administering to 
a subject an effective amount of a E-metanicotine hydroxybenzoate salt, or pharmaceutical composition including a E-
metanicotine hydroxybenzoate salt, as described herein. 
[0020] 	The pharmaceutical compositions, when employed in effective amounts, can interact with relevant nicotinic 
receptor sites in a patient, and act as therapeutic and/or prophylactic agents in connection with a wide variety of conditions 
and disorders, particularly CNS disorders characterized by an alteration in normal neurotransmitter release. The phar-
maceutical compositions can provide therapeutic benefit to individuals suffering from such disorders and exhibiting 
clinical manifestations of such disorders in that the compounds within those compositions, when employed in effective 
amounts, can (i) exhibit nicotinic pharmacology and affect relevant nicotinic receptors sites (e.g., activate nicotinic 
receptors), and (ii) modulate neurotransmitter secretion, and hence prevent and suppress the symptoms associated 
with those disorders. In addition, the compounds can (i) increase the number of nicotinic cholinergic receptors of the 
brain of the patient, (ii) exhibit neuroprotective effects and (iii) when employed in effective amounts can exhibit relatively 
low levels of adverse side effects (e.g., significant increases in blood pressure and heart rate, significant negative effects 
upon the gastro-intestinal tract, and significant effects upon skeletal muscle). 
[0021] 	The foregoing and other aspects of the present invention are explained in detail in the detailed description and 
examples set forth below. 

Detailed Description of the Invention 

[0022] 	The hydroxybenzoate salts described herein, which are derived from E-metanicotines and hydroxybenzoic 
acids, have a number of advantages over other salts derived from E-metanicotines and other acids. In general, the 
hydroxybenzoic acid sails of E-metanicolines are water-soluble materials that tend to be highly crystalline and less 
hygroscopic in nature than other salts. For example, the p-hydroxybenzoate salt of the present invention, (2S)-(4E)-N-
methyl-5-(3-(5-isopropoxypyridin)y1)]-4-penten-2-amine is physically and chemically stable, free-flowing, crystalline pow-
der. Such properties are definite advantages for pharmaceutical formulation development and pharmaceutical manu-
facturing. If necessary, this salt can be milled to an acceptable particle size range for pharmaceutical processing. The 
salt is compatible with a wide range of excipients that might be chosen for the manufacture of solid oral dosage forms. 
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This is especially so for those exicipients, such as polysaccharide derivatives, that are pharmaceutically defined hydrates 
and those with only loosely bound surface water. As an illustration, salts derived from certain E-metanicotines, such as 
E-metanicotine and fumaric acid are prone to the formation of impurities within the salt. For example, impurities arise 
from the Michael addition reaction of the secondary amine in E-metanicotine to the olefin in fumaric acid. These impurities 
lower the chemical purity of the salt and adversely affect the chemical integrity of the salt upon long-term storage. 
[0023] 	The synthetic methods described herein will be better understood with reference to the following preferred 
embodiments. The following definitions will be useful in defining the scope of the invention: 
[0024] 	As used herein, "aromatic" refers to 3 to 10, preferably 5 and 6-membered ring aromatic and heteroaromatic 
rings. 
[0025] 	As used herein, "aromatic group-containing species" refer to moieties that are or include an aromatic group. 
Accordingly, phenyl and benzyl moieties are included in this definition, as both are or include an aromatic group. 
[0026] 	As used herein, "aryl" refers to aromatic radicals having six to ten carbon atoms, such as phenyl, naphthyl, and 
the like; "substituted aryl" refers to aryl radicals further bearing one or more substituent groups as defined herein. 
[0027] 	As used herein, "alkylaryl" refers to alkyl-substituted aryl radicals; "substituted alkylaryl" refers to alkylaryl 
radicals further bearing one or more substituent groups as defined herein; "arylalkyl" refers to aryl-substituted alkyl 
radicals; and "substituted arylalkyl" refers to arylalkyl radicals further bearing one or more substituent groups as defined 
herein. 
[0028] 	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. 
[0029] 	As used herein, "alkenyl" refers to straight chain or branched hydrocarbon radicals including C1-8, preferably 
C1-5 and having at least one carbon-carbon double bond; "substituted alkenyl" refers to alkenyl radicals further bearing 
one or more substituent groups as defined herein. 
[0030] 	As used herein, C1-6 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. 

[0031] 	As used herein, aryl radicals are selected from phenyl. naphthyl, and indenyl. 
[0032] 	As used herein, cycloalkyl radicals are saturated or unsaturated cyclic ring-containing radicals containing three 
to eight carbon atoms, preferably three to six carbon atoms; "substituted cycloalkyl" refers to cycloalkyl radicals further 
bearing one or more substituent groups as defined herein. 
[0033] 	As used herein, halogen is chlorine, iodine, fluorine, or bromine. 
[0034] 	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 nitrogen. 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, and pyrazinyl, of which pyridinyl and pyri-
midinyl are preferred. 
[0035] 	As used herein, "heterocyclyl" refers to saturated or unsaturated cyclic radicals containing one or more heter-
oatoms (e.g., 0, N, S) as part of the ring structure and having two to seven carbon atoms in the ring; "substituted 
heterocyclyl" refers to heterocyclyl radicals further bearing one or more substituent groups as defined herein. Examples 
of suitable heterocyclyl moieties include, but are not limited to, piperidinyl, morpholinyl, pyrrolidinyl, imidazolidinyl, pyre-
zolidinyl, isothiazolidinyl, thiazolidinyl, isoxazolidinyl, oxazolidinyl, piperazinyl, tetrahydropyranyl, and tetrahydrofuranyl. 
[0036] 	As used herein, polycycloalkyl radicals are fused cyclic ring structures. Representative polycycloalkyl radicals 
include, but are not limited to, adamantyl, bornanyl, norbornanyl, bornenyl, and norbornenyl. Polycycloalkyl radicals can 
also include one or more heteroatoms, such as N, 0, or S. 
[0037] 	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. 
[0038] 	As used herein, the term "substituted" as used with any of the above terms, refers to the presence of one, two 
or three substituents such as alkyl, substituted alkyl, alkenyl, substituted alkenyl, heterocyclyl, substituted heterocyclyl, 
cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, alkylaryl, substituted alkylaryl, arylalkyl, substituted arylalkyl, F, 
CI, Br, I, NR'R", CF3, CN, NO2, C2 R', SH, SCH3, N3, SO2 CH3, OR', (CR'R")q OR', 0-(CR'R")q C2R', SR', C(=0) 
NR'R", NR'C(=0)R", C(=0)R', C(=O)OR', OC(=0)R', (CR'R")q0CH2C2R", (CR'R")qC(=0)R', (CR'R")q C(CHCH3)OR', 
0(CR'R")qC(.0)OR', (CR'R")qC(=0)NR'R", (CR'R")q NRR", CH=CHR', OC(=0)NRR", and NR'C(=0)0R" where q is 
an integer from 1 to 6 and R' and R" are individually hydrogen, or alkyl (e.g., C1-10 alkyl, preferably C1-5 alkyl, and 
more preferably methyl, ethyl, isopropyl, tertiarybutyl or isobutyl), cycloalkyl (e.g., cyclopropyl cyclobutyl, cyclopentyl, 
cyclohexyl, cycloheptyl, and adamanlyl), a non-aromatic heterocyclic ring wherein the heleroatom of the heterocyclic 
moiety is separated from any other nitrogen, oxygen or sulfur atom by at least two carbon atoms (e.g., quinuclidinyl, 
pyrollidinyl, and piperidinyl), an aromatic group-containing species (e.g., pyridinyl, quinolinyl, pyrimidinyl, furanyl, phenyl, 
and benzyl where any of the foregoing can be suitably substituted with at least one substituent group, such as alkyl, 
hydroxyl, alkoxyl, halo, or amino substituents).  
[0039] 	As used herein, an "agonist" is a substance that stimulates its binding partner, typically a receptor. Stimulation 
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is defined 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. Stimulation may be defined 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. 
[0040] 	As used herein, an "antagonist" is a substance that inhibits Its binding partner, typically a receptor. Inhibition 
is defined 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 defined 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. 
[0041] 	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 defined by any accepted standard for agonist 
activity. It will be recognized that stimulation, and hence, inhibition is defined intrinsically for any substance or category 
of substances to be defined as agonists, antagonists, or partial agonists. As used herein, "intrinsic activity", or "efficacy," 
relates to some measure of biological effectiveness of the binding partner complex. With regard to receptor pharmacology, 
the context in which intrinsic activity or efficacy should be defined will depend on the context of the binding partner (e.g., 
receptor/ligand) complex and the consideration of an activity relevant to a particular biological outcome. For example, 
in some circumstances, intrinsic activity may vary depending on the particular second messenger system involved. See 
Hoyer, D. and Boddeke, H., Trends Pharmacol Sci. 14(7):270-5 (1993). Where such contextually specific 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. 
[0042] 	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 Central Nervous System (CNS) nAChRs. 

I. Compounds 

[0043] 	The compounds described herein are hydroxybenzoate salts of (E)-metanicotine-type compounds. 

A. Hvdroxybenzoic Acids 

[0044] 	The hydroxybenzoic acids that can be used to prepare 
compounds have the following general formula: 

the hydroxybenzoate salts of the (E)-metanicotine-type 

Zi \."?.....
,..,.

.€02VI 

if 
'I  HO 

where the hydroxy group can be present in a position ortho, meta or para to the carboxylic acid group, Z represents a 
non-hydrogen substituent, and j is a number from zero to three, representing the number of Z substituents that can be 
present on the ring. Examples of suitable Z substituents include alkyl, substituted alkyl, alkenyl, substituted alkenyl, 
heterocyclyl, substituted heterocyclyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, alkylaryl, substituted alky- 
laryl, arylalkyl, substituted arylalkyl, F, CI, Br, I, NR'R'', CF3, CN, NO2, C2R', SH, SCH3, N3, SO2 CH3, OR', (CRR")q 
OR', 0-(CRR")qC2R', SR', C(=0)NR'R", NR'C(=0)R", C(=0)R', C(=0)OR', OC(=0)R', (CR'R")q0CH2C2R', (CR'R")q 
C(=0)R', (CR'R")q C(CHCH3)OR', O(CRR")q C(=0)OR', (CR'R")q C(=0)NR'R", (CR'R")q NR'R", CH=CHR', OC(=0) 
NR'R", and NR'C(=0)0R" where q is an integer from 1 to 6 and R' and R" are individually hydrogen, or alkyl (e.g., C1-10 
alkyl, preferably C1-5 alkyl, and more preferably methyl, ethyl, isopropyl, tertiarybutyl or isobutyl), cycloalkyl (e.g., cy- 
clopropyl cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and adamantyl), a non-aromatic heterocyclic ring wherein the 
heteroatom of the heterocyclic moiety is separated from any other nitrogen, oxygen or sulfur atom by al least two carbon 
atoms (e.g., quinuclidinyl, pyrollidinyl, and piperidinyl), an aromatic group-containing species (e.g., pyridinyl, quinolinyl, 
pyrim idinyl, furanyl, phenyl. and benzyl where any of the foregoing can be suitably substituted with at least one substituent 
group, such as alkyl, hydroxyl, alkoxyl, halo, or amino substituents). Other representative aromatic ring systems are set 
forth in Gibson et al., J. Med. Chem. 39:4065 (1996). R' and R" can be straight chain or branched alkyl, or R' and R" 
and the intervening atoms can combine to form a ring structure (e.g., cyclopropyl cyclobutyl, cyclopentyl, cyclohexyl, 
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cycloheptyl, adamantyl or quinuclidinyl). The hydroxybenzoic acids can optionally be substituted with a chiral functional 
group, which can assist in purifying E-metanicotines which contain a chiral carbon, by forming diastereomers. 
[0045] 	Representative benzoic acids that can be used include salicylic acid, meta-hydroxybenzoic acid, para-hydroxy- 
benzoic acid, vanillic acid, isovanillic acid, gentisic acid, gallic acid, 5-aminosalicylic acid, syringic acid, 4-methylsalicylic 
acid, 3-chloro-4-hydroxybenzoic acid, and 5-hydroxyisophthalic acid. 

B. E-Metanicotines 

[0046] 	The E-metanicotine compounds include compounds of the formulas: 

E 

Cy 

wherein: 

(CE2)m 
 *----

CEE,
,----  ,-..„. 

Z" 

Cy is a 5- or 6-membered heteroaryl ring, 

E and E' individually represent hydrogen, alkyl, substituted alkyl, halo substituted alkyl, cycloalkyl, substituted cy- 
cloalkyl, heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, alkylaryl, substituted alkylaryl, arylalkyl or sub-
stituted arylalkyl; 

Z' and Z" individually represent hydrogen or alkyl (including cycloalkyl), and preferably at least one of Z' and Z" is 
hydrogen, and most preferably Z is hydrogen and Z" is methyl; alternatively Z', Z", and the associated nitrogen atom 
can form a ring structure such as aziridinyl, azetidinyl, pyrollidinyl, piperidinyl, piperazinyl, morpholinyl, and 

both E groups on the double bond are preferably hydrogen, and 

m is is 1, 2, 3, 4, 5, or 6. 

[0047] 	In one embodiment, all of E and E' are hydrogen, and in another embodiment, at least one ofE or E' is alkyl 
and the remaining E and E' are hydrogen. In a preferred embodiment, E' is an alkyl group, preferably a methyl group. 
[0048] 	Isomers, mixtures, including racemic mixtures, enantiomers, diastereomers and tautomers of these compounds, 
as well as pharmaceutically acceptable salts thereof, are also disclosed herein. 
[0049] 	Cy can be a six-membered ring heteroaryl depicted as follows: 

I!  
X" 
x„...... 	AMP 

Xnr  

wherein each of X, X', X", X"', and X"" is individually nitrogen, nitrogen bonded to oxygen (e.g., an N-oxide or N-O 
functionality), or carbon bonded to H or a non-hydrogen substituent species. No more than three of X, X', X", X-, and 
X"" are nitrogen or nitrogen bonded to oxygen, and it is preferred that only one or two of X, X', X", X'", and X"" are 
nitrogen or nitrogen bonded to oxygen. In addition, it is highly preferred that not more than one of X, X', X", X—, and X"" 
is nitrogen bonded to oxygen; and it is preferred that if one of those species is nitrogen bonded to oxygen, that species 
is X"'. Most preferably, X"' is nitrogen. In certain preferred circumstances, both X' and X"' are nitrogen. Typically, X, X", 
and X"" are carbon bonded to a substituent species, and it is typical that the substituent species at X, X", and X—  are 
hydrogen. For certain other preferred compounds where X"' is carbon bonded to a substituent species such as hydrogen, 
X and X' are both nitrogen. In certain other preferred compounds where X' is carbon bonded to a substituent species 
such as hydrogen, X and X" are both nitrogen. 
[0050] 	Suitable non-hydrogen substituent species are as defined above with respect to Z. 
[0051] 	Alternatively Cy is a 5-membered ring heteroaryl of the following formula: 
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\\ 	i 

where Y and Y" are individually nitrogen, nitrogen bonded to a substituent species, oxygen, sulfur or carbon bonded to 
a substituent species, and r and Y"' are nitrogen or carbon bonded to a substituent species. The dashed lines indicate 
that the bonds (between Y and Y' and between Y' and Y") can be either single or double bonds. However, when the 
bond between Y and Y' is a single bond, the bond between Y' and Y" must be a double bond and vice versa. In cases 
in which Y or Y" is oxygen or sulfur, only one of Y and Y" is either oxygen or sulfur. At least one of Y, Y', Y", and Y"' 
must be oxygen, sulfur, nitrogen, or nitrogen bonded to a substituent species. It is preferred that no more than three of 
Y, Y', Y", and Y"' be oxygen, sulfur, nitrogen, or nitrogen bonded to a substituent species. It is further preferred that at 
least one, but no more than three, of Y, Y', Y", and V' be nitrogen. 
[0052] 	Substituent species on X, X', X", X"', X"", Y', Y", and r", when adjacent, can combine to form one or more 
saturated or unsaturated, substituted or unsubstituted carbocyclic or heterocyclic rings containing, but not limited to, 
ether, acetal, ketal, amine, ketone, lactone, lactam, carbamate, or urea functionalities. 
[0053] 	Depending upon the identity and positioning of each individual E and E', certain compounds can be optically 
active (e.g., the compound can have one or more chiral centers, with R or S configurations). The present invention 
relates to racemic mixtures of such compounds as well as single enantiomer compounds. 
[0054] 	Of particular interest are aryl substituted amine compounds of the formula: 

• A' 	 Z' 

(CE2) 	
I 

 
X7 V . 	/NN CEE' 	Z" 

1 

A" 	N
..7 	

A 

where X', E, E', Z', Z", and m are as defined hereinbefore, and A, A', and A" hydrogen or a substituent species Z as 
defined above with respect to the hydroxybenzoic acids. Preferably, all E are hydrogen and E' is alkyl, preferably methyl. 
Preferably, Z' is hydrogen and Z" is hydrogen or methyl. Preferably, m is 1 or 2. 
[0055] 	Exemplary types of aryl substituted amine compounds are those of the type set forth in U.S. Pat. No. 5,212,188 
to Caldwell et al.; U.S. Pat. No. 5,604,231 to Smith et al.; U.S. Pat. No. 5,616,707 to Crooks et al.; U.S. Pat. No. 5,616,716 
to Dull et al.; U.S. Pat. No. 5,663,356 to Ruecroft et al.; U.S. Pat. No. 5,726,316 to Crooks et al.; U.S. Pat. No. 5,811,442 
to Bencherif et al.; U.S. Pat. No. 5,861,423 to Caldwell et al.; U.S. Pat. No. 6,337,351 to Dull et al.; WO 97/40011; WO 
99/65876; and WO 00/007600. 
[0056] 	According to the present invention, the compound is (25)-(4E)-N-methy1-5-(5-isopropoxy-3-pyridiny1)-4-penten- 
2-amine. Representative compounds include (E)-metanicotine, (3E)-N-methy14-(5-ethoxy-3-pyridinyI)-3-buten-1-amine, 
(2S)-(4E)-N-methy1-5-(3-pyridiny1)-4-penten-2-amine, (2R)-(4E)-N-methyl-5-(3-pyridinyl)-4-penten-2-amine, (2S)-(4E)- 
N-methy1-5-(5-methoxy-3-pyridiny1)-4-penten-2-amine, 	(2R)-(4E)-N-methy1-5-(5-methoxy-3-pyridiny1)-4-penten-2-ami- 
ne, 	(2S)-(4E)-N-methy1-5-(5-isopropoxy-3-pyridiny1)-4-penten-2-amine, 	(2R)-(4E)-N-methy1-5-(5-isopropoxy-3-pyridi- 
ny1)-4-penten-2-amine, (3E)-N-methyl-4-(5-nitro-6-amino-3-pyridiny1)-3-buten-1-amine; (3E)-N-methy1-4-(5-(N-benzyl- 
carboxamido)-3-pyridiny1)-3-buten-1-amine, (2S)-(4E)-N-methyl-5-(5-pyrimidinyl)-4-penten-2-amine, (2R)-(4E)-N-me- 
thyl-5-(5-pyrimidinyl)-4-penten-2-amine, 	(4E)-N-methy1-5-(2-amino-5-pyrimidiny1)-4-penten-2-amine, 	(4E)-N-methy1- 
5-(5-amino-3-pyridiny1)4-penten-2-amine, 	(2S)-(4E)-N-methy1-5-(5-isopropoxy-1-oxo-3-pyridiny1)-4-penten-2-amine, 
(3E)-N-methyl-4-(5-isobutoxy-3-pyridiny1)-3-buten-1-amine, (3E)-N-methyl-4-(1-oxo-3-pyridiny1)-3-buten-1-amine, (4E)- 
N-methy1-5-(1-oxo-3-pyridiny1)-4-penten-2-amine, 	(3E)-N-methyl-4-(5-ethylthio-3-pyridinyl)-3-buten-1-amine, 	(4E)-N- 
methy1-5-(5-trifluoromethy1-3-pyridiny1)-4-penten-2-amine, (4E)-N-methy1-5-(5-((carboxymethyl)oxy)-3-pyridiny1)-4-pen- 
ten-2-a mine, (4E)-5-(5-isopropoxy-3-pyridinyl)4-penten-2-amine, and (4E)-N-methyl-5-(5-hydroxy-3-pyridinyl)-4-pent- 
en-2-amine. Additional representative examples include (2S)-(4E)-N-methy1-5-(5-cyclohexyloxy-3-pyridiny1)-4-penten- 
2-amine, 	(2R)-(4E)-N-methy1-5-(5-cyclohexyloxy-3-pyridiny1)-4-penten-2-amine, 	(2S)-(4E)-N-methy1-5-(5-phenoxy-3- 
pyridiny1)-4-penten-2-amine, 	(2R)-(4E)-N-methyl-5-(5-phenoxy-3-pyridinyl)-4-penten-2-amine, 	(2S)-(4E)-N-methy1- 
5-(5-(4-fluorophenoxy)-3-pyridiny1)4-penten-2-amine, 	(2R)-(4 E)-N-methy1-5-(5-(4-fluorophenoxy)-3-pyridiny1)-4-pent- 
en-2-a mine, 	(2S)-(4E)-N-methy1-5-(5-(4-chlorophenoxy)-3-pyridiny1)-4-penten-2-amine, 	(2R)-(4E)-N-methy1-5-(5-(4- 
chlorophenoxy)-3-pyridiny1)-4-penten-2-amine, 	(2S)-(4E)-N-methy1-5-(5-(3-cyanophenoxy)-3-pyridiny1)-4-penten-2- 
amine, 	(2R)-(4E)-N-methy1-5-(5-(3-cyanophenoxy)-3-pyridiny1)-4-penten-2-amine, 	(2S)-(4E)-N-methyl-5-(5-(5-indoly- 
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loxy)-3-pyridinyl)-4-penten-2-amine, and (2R)-(4E)-N-methy1-5-(5-(5-indolyloxy)-3-pyridiny1)-4-penten-2-amine. 

II. Compound Preparation 

[0057] 	The (E)-metonicotine-type compound according via the process according to claim 7. 
[0058] 	The manner in which the (E)-metanicotine-type compounds described herein are synthetically produced can 
vary. For example, the compounds can be prepared by the palladium-catalyzed coupling reaction of an aromatic halide 
and a terminal olefin containing a protected amine substituent, removal of the protective group to obtain a primary or 
secondary amine, and optional alkylation to provide a secondary or tertiary amine. In particular, certain metanicotine-
type compounds can be prepared by subjecting a 3-halo-substituted, optionally 5-substituted, pyridine compound or a 
5-halo-substituted pyrimidine compound to a palladium-catalyzed coupling reaction using an olefin possessing a pro-
tected amine functionality (e.g., such an olefin provided by the reaction of a phthalimide salt with 3-halo-1-propene, 4-
halo-1-butane, 5-halo-1-pentene or 6-halo-1-hexene). See, Frank et al., J. Org. Chem., 43(15):2947-2949 (1978); and 
Malek et al., J. Org. Chem., 47:5395-5397 (1982). 
[0059] 	In one alternative the compounds are synthesized by condensing an olefinic alcohol, such as 4-penten-2-ol, 
with an aromatic halide, such as 3-bromopyridine or 3-iodopyridine. Typically, the types of procedures set forth in Frank 
et al., J. Org. Chem., 43: 2947-2949 (1978) andMalek et al., J. Org. Chem., 47: 5395-5397 (1982) involving a palladium-
catalyzed coupling of an olefin and an aromatic halide are used. The olefinic alcohol optionally can be protected as a t-
butyldimethylsilyl ether prior to the coupling. Desilylation then produces the olefinic alcohol. The alcohol condensation 
product then is converted to an amine using the type of procedures set forth in deCosta et al., J. Org. Chem., 35: 
4334-4343 (1992). Typically, the alcohol condensation product is converted to the aryl substituted olefinic amine by 
activation of the alcohol using methanesulfonyl chloride or p-toluenesulfonyl chloride, followed by mesylate or tosylate 
displacement using ammonia, or a primary or secondary amine. Thus; when the amine is ammonia, an aryl substituted 
olefinic primary amine compound is provided; when the amine is a primary amine such as methylamine or cyclobutylamine, 
an aryl substituted olefinic secondary amine compound is provided; and when the amine is a secondary amine such as 
dimethylamine or pyrrolidine, an aryl substituted olefinic tertiary amine compound is provided. Other representative 
olefinic alcohols include 4-penten-1-ol, 5-hexen-2-ol, 5-hexen-3-ol, 3-methyl-3-buten-1-ol, 2-methyl-3-buten-1-ol, 4-me-
thyl-4-penten-1-ol, 4-methyl-4-penten-2-ol, 1-octen-4-of, 5-methyl-1-hepten-4-ol, 4-methyl-5-hexen-2-ol, 5-methy1-5-
hexen-2-ol, 5-hexen-2-ol and 5-methyl-5-hexen-3-ol. Trifluormethyl-substituted olefinic alcohols, such as 1,1,1-trifluoro- 
4-penten-2-ol, can be prepared from 1-ethoxy-2,2,2-trifluoro-ethanol and allyltrimethylsilane using the procedures of 
Kubota et al., Tetrahedron Letters:  33(10):1351-1354 (1992), or from trifluoroacetic acid ethyl ester and allyltributylstan-
nane using the procedures of Ishihara et al., Tetrahedron Letters, 34(56): 5777-5780 (1993). Certain olefinic alcohols 
are optically active, and can be used as enantiomeric mixtures or as pure enantiomers in order to provide the corre-
sponding optically active forms of aryl substituted olefinic amine compounds. When an olefinic allylic alcohol, such as 
methallyl alcohol, is reacted with an aromatic halide, an aryl substituted olefinic aldehyde is produced; and the resulting 
aldehyde can be converted to an aryl substituted olefinic amine compound by reductive amination (e.g., by treatment 
using an alkyl amine and sodium cyanoborohydride). Preferred aromatic halides are 3-bromopyridine-type compounds 
and 3-iodopyridine-type compounds. Typically, substituent groups of such 3-halopyridine-type compounds are such that 
those groups can survive contact with those chemicals (e.g., tosylchloride and methylamine) and the reaction conditions 
experienced during the preparation of the aryl substituted olefinic amine compound. Alternatively, substituents such as 
-OH, -NH2  and -SH can be protected as corresponding acyl compounds, or substituents such as -NH2  can be protected 
as a phthalimide functionality. In the case of a dihaloaromatic, sequential palladium-catalyzed (Heck-type) couplings to 
two different olefinic side chains are possible. 
[0060] 	In one embodiment, the (E)-metanicotine-type compounds possess a branched side chain, such as (4E)-N- 
methy1-5-(5-isopropoxy-3-pyridiny1)-4-penten-2-amine. By using one synthetic approach, the latter compound can be 
synthesized in a convergent manner, in which the side chain, N-methyl-N-(tert-butoxycarbonyl)-4-penten-2-amine is 
coupled with the 3-substituted 5-halo-substituted pyridine, 5-bromo-3-isopropoxypyridine, under Heck reaction condi-
tions. followed by removal of the tert-butoxycarbonyl protecting group. Typically, the types of procedures set forth in W. 
C. Frank et al.. J. Org. Chem. 43:2947 (1978) and N. J. Malek et al., J. Org. Chem. 47:5395 (1982) involving a palladium-
catalyzed coupling of an olefin and an aromatic halide are used. The required N-methyl-N-(tert-butoxycarbonyl)-4-penten- 
2-amine can be synthesized as follows: (i) commercially available 4-penten-2-ol (Aldrich Chemical Company, Lancaster 
Synthesis Inc.) can be treated with p-toluenesulfonyl chloride in pyridine to yield 4-penten-2-ol p-toluenesulfonate, pre-
viously described by T. Michel, et al., Liebigs Ann. 11: 1811 (1996); (ii) the resulting tosylate can be heated with excess 
methylamine to yield N-methy1-4-penten-2-amine; (iii) the resulting amine, such as previously mentioned by A. Viola et 
al., J. Chem. Soc., Chem. Commun. 21:1429 (1984), can be allowed to react with 1.2 molar equivalents of di-tert-butyl 
dicarbonate in dry tetrahydrofuran to yield the side chain, N-methyl-N-(tert-butoxycarbonyl)-4-penten-2-amine. The halo-
substituted pyridine (e.g., 5-bromo-3-isopropoxypyridine), can be synthesized by at least two different routes. In one 
preparation, 3,5-dibromopyridine is heated at 140° C for 14 hours with 2 molar equivalents of potassium isopropoxide 



in dry isopropanol in the presence of copper powder (5%, w/w of the 3,5-dibromopyridine) in a sealed glass tube to yield 
5-bromo-3-isopropoxypyridine. A second preparation of 5-bromo-3-isopropoxypyridine from 5-bromonicotinic acid can 
be performed as follows: (i) 5-Bromonicotinic acid is converted to 5-bromonicotinamide by treatment with thionyl chloride, 
followed by reaction of the intermediate acid chloride with aqueous ammonia. (ii) The resulting 5-bromonicotinamide, 
previously described by C. V. Greco et al., J. Heteocyclic Chem. 7(4):761 (1970), is subjected to Hofmann degradation 
by treatment with sodium hydroxide and a 70% solution of calcium hypochlorite. (iii) The resulting 3-amino-5-bromopy-
ridine, previously described by C. V. Greco et al., J. Heteocyclic Chem. 7(4): 761 (1970), can be converted to 5-bromo- 
3-isopropoxypyridine by diazotization with isoamyl nitrite under acidic conditions, followed by treatment of the intermediate 
diazonium salt with isopropanol to yield 5-bromo-3-isopropoxypyridine. The palladium-catalyzed coupling of 5-bromo- 
3-isopropoxypyridine and N-methyl-N-(tert-butoxycarbonyl)-4-penten-2-amine is carried out in acetonitrile-triethylamine 
(2:1, v,v) using a catalyst consisting of 1 mole % palladium(11) acetate and 4 mole % tri-o-tolylphosphine. The reaction 
can be carried out by heating the components at 80° C for 20 hours to yield (4E)-N-methyl-N-(tert-butoxycarbonyI)-5-(5-
isopropoxy-3-pyridiny1)-4-penten- 2-amine. Removal of the tert-butoxycarbonyl protecting group can be accomplished 
by treatment with 30 molar equivalents of trifluoroacetic acid in anisole at 0° C to afford (4E)-N-methyl-5-(5-isopropoxy- 
3-pyridinyl)-4-penten-2-amine. A variety of N-methyl-5-(5-alkoxy or 5-aryloxy-3-pyridinyl)-4-penten-2-amines are avail-
able from 3,5-dibromopyridine using this type of technology (i.e., treatment with sodium or potassium alkoxides or 
aryloxides and subsequent Heck coupling and deprotection). 
[0061] 	In another embodiment, a compound such as (4E)-N-methyl-5-(5-methoxy-3-pyridinyl)-4-penten-2-amine can 
be synthesized by coupling a halo-substituted pyridine, 5-bromo-3-methoxypyridine with an olefin containing a secondary 
alcohol functionality, 4-penten-2-ol, under Heck reaction conditions; and the resulting pyridinyl alcohol intermediate can 
be converted to its p-toluenesulfonate ester, followed by treatment with methylamine. Typically, the types of procedures 
set forth in W. C. Frank et al., J. Org. Chem. 43: 2947 (1978) and N. J. Malek et al., J. Org. Chem. 47: 5395 (1982) 
involving a palladium-catalyzed coupling of an olefin and an aromatic halide are used. The halo-substituted pyridine, 5-
bromo-3-methoxypyridine is synthesized using methodology similar to that described by H. J. den Hertog et al., Red. 
Tray. Chim. Pays-Bas 67:377 (1948), namely by heating 3,5-dibromopyridine with 2.5 molar equivalents of sodium 
methoxide in dry methanol in the presence of copper powder (5%, w/w of the 3,5-dibromopyridine) in a sealed glass 
tube at 150° Cfor 14 hours to produce 5-bromo-3-methoxypyridine. The resulting 5-bromo-3-methoxypyridine, previously 
described by D. L. Comins, et al., J. Org. Chem. 55: 69 (1990), can be coupled with 4-penten-2-ol in acetonitrile-
triethylamine (1:1:1, v/v) using a catalyst consisting of 1 mole % palladium(II) acetate and 4 mole % tri-o-tolylphosphine. 
The reaction is carried out by heating the components in a sealed glass tube at 140° C for 14 hours to yield (4E)-N-
methy1-5-(5-methoxy-3-pyridiny1)-4-penten-2-ol. The resulting alcohol is treated with 2 molar equivalents of p-toluenesul-
fonyl chloride in dry pyridine at 0°C to produce (4E)-N-methyl-5-(5-methoxy-3-pyridinyl)-4-penten-2-ol p-toluensulfonate. 
The tosylate intermediate is treated with 120-molar equivalents of methylamine as a 40% aqueous solution, containing 
a small amount of ethanol as a co-solvent to produce (4E)-N-methyl-5-(5-methoxy-3-pyridinyl)-4-penten-2-amine. When 
3,5-dibromopyridine is submitted to Heck coupling with N-methyl-N-(tert-butoxycarbonyl)-4-penten-2-amine, under con-
ditions described above, N-methyl-N-(tert-butoxycarbony1)-5-(5-bromo-3-pyridiny1)-4-penten-2-amine is produced. This 
can be coupled in a subsequent Heck reaction with styrene and deprotected (removal of the tert-butoxycarbonyl group), 
as described previously, to give (4E)-N-methy1-5-[3-(5-trans-beta-styrylpyridin)y1]-4-penten-2-amine. Similar second cou-
pling with ethynylbenzene, and subsequent deprotection, will give (4E)-N-methy1-543-(5-phenylethynylpyridin)y11-4-pent-
en-2-a mine. 
[0062] 	Optically active forms of certain aryl substituted olefinic amine compounds, such as (2S)-(4E)-N-methyl-5-(3-
pyridinyl)4-penten-2-amine, can be provided. In one synthetic approach, the latter type of compound is synthesized by 
coupling a halo-substituted pyridine, 3-bromopyridine, with an olefin possessing a chiral, secondary alcohol functionality, 
(2R)-4-penten-2-ol, under Heck reaction conditions. The resulting chiral pyridinyl alcohol intermediate, (2R)-(4E)-5-(3-
pyridinyl)-4-penten-2-ol is converted to its corresponding p-toluenesulfonate ester, which is subsequently treated with 
methylamine, resulting in tosylate displacement with inversion of configuration. Typically. the types of procedures set 
forth in W. C. Frank et al., J. Org. Chem. 43: 2947 (1978) and N. J. Malek et al., J. Org. Chem. 47: 5395 (1982) involving 
a palladium-catalyzed coupling of an aromatic halide and an olefin are used. The chiral side chain, (2R)-4-penten-2-ol 
can be prepared by treatment of the chiral epoxide, (R)-(+)-propylene oxide (commercially available from Fluka Chemical 
Company) with vinylmagnesium bromide and copper(1) iodide in tetrahydrofuran at low temperatures (-25 to -10° C) 
using the general synthetic methodology of A. Kalivretenos, J. K. Stifle, and L. S. Hegedus, J. Org. Chem. 56: 2883 
(1991), to afford (2R)-4-penten-2-ol. The resulting chiral alcohol is subjected to a Heck reaction with 3-bromopyridine 
in acetonitrile-triethylamine (1:1, v/v) using a catalyst consisting of 1 mole % palladium(In acetate and 4 mole % tri-o-
tolylphosphine. The reaction is done by heating the components at 140° C for 14 hours in a sealed glass tube, to produce 
the Heck reaction product, (2R)-(4E)-5-(3-pyridinyl)-4-penten-2-ol. The resulting chiral pyridinyl alcohol is treated with 
3 molar equivalents of p-toluenesulfonyl chloride in dry pyridine at 0° C, to afford the tosylate intermediate. The p-
toluenesulfonate ester is heated with 82 molar equivalents of methylamine as a 40% aqueous solution, containing a 
small amount of ethanol as a co-solvent, to produce (2S)-(4E)-N-methyl-5-(3-pyridinyl)-4-penten-2-amine. 
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[0063] 	In a similar manner, the corresponding aryl substituted olefinic amine enantiomer, such as (2R)-(4E)-N-methyl- 
5-(3-pyridinyl)-4-penten-2-amine, can be synthesized by the Heck coupling of 3-bromopyridine and (2S)-4-penten-2-ol- 
The resulting intermediate, (2S)-(4E)-5-(3-pyridinyI)-4-penten-2-ol, is converted to its p-toluenesulfonate, which is sub-
jected to methylamine displacement. The chiral alcohol, (2S)-4-penten-2-ol, is prepared from (S)-(-)-propylene oxide 
(commercially available from Aldrich Chemical Company) using a procedure analogous to that described for the prep-
aration of (2R)-4-penten-2-ol from (R)-(+)-propylene oxide as reported by A. Kalivretenos, J. K. Stille, and L. S. Hegedus, 
J. Org. Chem. 56: 2883 (1991). 
[0064] 	In another approach, such compounds as (3E)-N-methyl-4-(3-(6-aminopyridin)y1)-3-buten-1-amine can be pre- 
pared by subjecting a 3-halo-substituted pyridine such as 2-amino-5-bromopyridine (Aldrich Chemical Company) to a 
palladium-catalyzed coupling reaction with an olefin possessing a protected amine functionality, such as N-methyl-N-(3-
buten-1-yl)benzamide. The benzoyl-protecting group from the resulting Heck reaction product can be removed by heating 
with aqueous acid to give (3E)-N-methyl-4-(3-(6-aminopyridin)yl)-3-buten-1-amine. The olefinic starting material, N-
methyl-N-(3-buten-1-yl)benzamide, can be prepared by reacting 4-bromo-1-butene with an excess of condensed meth-
ylamine in N,N-dimethylformamide in the presence of potassium carbonate to give N-methyl-3-buten-1-amine. Treatment 
of the latter compound with benzoyl chloride in dichloromethane containing triethylamine affords the olefinic side chain, 
N-methyl-N-(3-buten-1-yl) benzamide. 
[0065] 	The compounds described herein can contain a pyrazine or pyridazine ring. Using procedures reported M. 
Hasegawa, et a/. (European Patent No. 0 516 409 B1), 2-methylpyrazine or 3-methylpyridazine (both available from 
Aldrich Chemical Company) can be condensed with N-methyl-N-(tert-butoxycarbonyI)-3-aminobutanal to give (4E)-N-
methyl-N-(tert-butoxycarbony1)-5-(2-pyraziny1)-4-penten-2-amine and (4E)-N-methyl-N-(tert-butoxycarbony1)-5-(3-pyri-
daziny1)-4-penten-2-amine, respectively. Removal of the tert-butoxycarbonyl group with trifluoroacetic acid will produce 
(4E)-N-methyl-5-(2-pyraziny1)-4-penten-2-amine and (4E)-N-methyl-5-(3-pyridazinyl)-4-penten-2-amine, respectively. 
The requisite N-methyl-N-(tert-butoxycarbonyI)-3-aminobutanal can be produced from the corresponding alcohol using 
techniques described by M. Adamczyk and Y. Y. Chen in PCT International Application WO 9212122. The alcohol, N-
methyl-N-(tert-butoXycarbony1)-3-amino-1-butanol, can be made from commercially available 4-hydroxy-2-butanone 
(Lancaster Synthesis, Inc.) by sequential reductive amination (with methylamine and sodium cyanoborohydride, using 
chemistry reported by R. F. Borch in Org. Syn., 52:124 (1974)) and protection with di-tert-butyl dicarbonate. 
[0066] 	The Heck coupling reaction described above is also useful in preparing compounds that possess certain fused- 
ring heterocycles. Such compounds can be synthesized by the palladium-catalyzed coupling of a bromo heterocyclic 
compound, such as 6-bromo-2-methyl-1H-imidazo[4,5-b]pyridine with the previously mentioned olefinic amine side chain, 
N-methyl-N-(tert-butoxycarbonyI)-4-penten-2-amine. Typically, the types of procedures set forth in W. C. Frank et al., 
J. Org. Chem. 43: 2947 (1978) and N. J. Malek et al., J. Org. Chem. 47: 5395 (1982) involving a palladium-catalyzed 
coupling of an olefin and an aromatic halide are used for the coupling reaction. The resulting tert-butoxycarbonyl-protected 
(Boc-protected) intermediate can be subjected to treatment with a strong acid, such as trifluoroacetic acid to produce 
(4E)-N-methy1-5-(6-(2-methy1-1H-imidazo[4,5-b]pyridin)y1)-4-penten-2-amine. The requisite bromo-imidazopyridine, 6-
bromo-2-methy1-1H-imidazo[4,5-b]pyridine can be prepared in 82% yield by heating 2,3-diamino-5-bromopyridine with 
acetic acid in polyphosphoric acid according to the methods described by P. K. Dubey et al., Indian J. Chem.168(6): 
531-533 (1978). 2,3-Diamino-5-bromopyridine can be prepared in 97% yield by heating 2-amino-5-bromo-3-nitropyridine 
(commercially available from Aldrich Chemical Company and Lancaster Synthesis, Inc) with tin(II) chloride dihydrate in 
boiling ethanol according to the techniques described by S. X. Cai et al., J. Med. Chem. 40(22): 3679-3686 (1997). 
[0067] 	In another example, a bromo fused-ring heterocycle, such as 6-bromo-1,3-dioxolo[4,5-b]pyridine can be coupled 
with the previously mentioned olefinic amine side chain, N-methyl-N-(tert-butoxycarbony1)-4-penten-2-amine using the 
Heck reaction. The resulting Boc-protected intermediate can be deprotected with a strong acid such as tritluoroacetic 
acid to produce (4E)-N-methy1-5-(6-(1,3-dioxolo[4,5-b]pyridin)y1)-4-penten-2-amine. The requisite bromo compound, 6-
bromo-1,3-dioxolo[4,5-b]pyridine can be synthesized from 5-bromo-2,3-dihydroxypyridine, also known as 5-bromo-3-
hydroxy-2(1H)-pyridinone, via a methylenation procedure using bromochloromethane, in the presence of potassium 
carbonate and N,N-dimethylformamide according to the methodology of F. Dallacker et al., Z. Naturforsch. 34 b: 
1729-1736 (1979). 5-Bromo-2,3-dihydroxypyridine can be prepared from furfural (2-furaldehyde, commercially available 
from Aldrich Chemical Company and Lancaster Synthesis, Inc.) using the methods described in F. Dallacker et al., Z. 
Naturforsch. 34 b:1729-1736 (1979). Alternatively, 5-bromo-2,3-dihydroxypyridine can be prepared according to the 
techniques described in EP 0081745 to D. Rose and N. Maak. 
[0068] 	In another example of a compound that possesses a fused-ring heterocycle, the bromo compound, 7-bromo- 
2,3-dihydro-1,4-dioxino(2,3-b]pyridine (also known as 7-bromo-5-aza-4-oxachromane) can be condensed with the pre-
viously mentioned olefinic amine side chain, N-methyl-N-(tert-butoxycarbonyI)-4-penten-2-amine using the Heck reac-
tion. The resulting Boc-protected compound can be deprotected with strong acid such as trifluoroacetic acid to produce 
(4E)-N-methy1-5-(7-(2,3-dihydro-1,4-dioxino[2,3-b]pyridin)y1-4-penten-2-amine. The bromo compound, 7-bromo-2,3-di-
hydro-1,4-dioxino[2,3-b]pyridine, can be prepared by treating 5-bromo-2,3-dihydroxypyridine with 1,2-dibromoethane 
and potassium carbonate in N,N-dimethylformamide according to the methodology of F. Dallacker et al., Z Naturforsch. 
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34 b: 1729-1736 (1979). 5-Bromo-2,3-dihydroxypyridine can be prepared from furfural as described above. 
[0069] 	Other polycyclic aromatic compounds can be prepared by the Heck reaction. Thus, certain compounds can be 
synthesized by the palladium-catalyzed coupling of a bromo fused-ring heterocycle, such as 6-bromo-1H-imidazo[4,5-
bjpyridine-2-thiol with the previously mentioned olefinic amine side chain, N-methyl-N-(tert-butoxycarbonyl)-4-penten- 
2-amine. The Boc-protected intermediate, resulting from the Heck reaction, can be subjected to treatment with a strong 
acid, such as trifluoroacetic acid to produce (4E)-N-methyl-5-(6-(2-thio-1H-Imidazo[4,5-blpyridin)y1)-4-penten-2-amine. 
The requisite bromo compound, 6-bromo-1H-imidazo[4,5-b]pyridine-2-thiol can be prepared by treating 6-bromo-1H-
imidazo[4,5-b]pyridine with sulfur at 230-260° C according to the methods described in Y. M. Yutilov, Khim. Geterotsikl 
Doedin. 6: 799-804 (1988). 6-Bromo-1H-im idazo[4,5-b]pyridine can be obtained from Sigma-Aldrich Chemical Company. 
Alternatively, 6-bromo-1H-imidazo[4,5-b]pyridine can be prepared by treating 2,3-diamino-5-bromopyridine with formic 
acid m polyphosphoric acid using methodology similar to that described by P. K. Dubey et al., Indian J. Chem. 168(6): 
531-533 (1978). 2,3-Diamino-5-bromopyridine can be prepared in 97% yield by heating 2-amino-5-bromo-3-nitropyridine 
(commercially available from Aldrich Chemical Company and Lancaster Synthesis, Inc) with tin(' I) chloride dihydrate in 
boiling ethanol according to the techniques described by S. X. Cai et al., J. Med. Chem., 40(22): 3679-3686 (1997). 
Alternatively, 6-bromo-1H-imidazo[4,5-b]pyridine-2-thiol can be prepared by heating 2,3-diamino-5-bromopyridine with 
K-1--  SCSOEt in aqueous ethanol using methodology similar to that described by T. C. Kuhier et al., J. Med Chem, 38 
(25): 4906-4916 (1995). 2,3-Diamino-5-bromoPyridine can be prepared from 2-amino-5-bromo-3-nitropyridine as de-
scribed above. 
[0070] 	In a related example, 6-bromo-2-phenylmethylthio-1H-imidazo[4,5-b]pyridine can be coupled via Heck reaction 
with the previously mentioned olefinic amine side chain, N-methyl-N-(tert-butoxycarbonyl)-4-penten-2-amine. The re-
sulting Boc-protected intermediate can be subjected to treatment with a strong acid, such as trifluoroacetic acid to 
produce 	(4E)-N-methyl-5-(6-(2-phenylmethylthio-1H-imidazo[4,5-b]pyridin)y1)-4-penten-2-amine. 	The 	bromo 	com- 
pound, 6-bromo-2-phenylmethylthio-1H-imidazo[4,5-b]pyridine can be prepared by alkylating the previously described 
6-bromo-1H-imidazo[4,5-b]pyridine-2-thiol with benzyl bromide in the presence of potassium carbonate and N,N-dimeth-
ylformamide. 
[0071] 	In another example, 6-bromooxazolo[4,5-b]pyridine, when submitted sequentially to palladium catalyzed cou- 
pling to N-methyl-N-(tert-butoxycarbonyl)-4-penten-2-amine and deprotection with trifluoroacetic acid, gives (4E)-N-
methyl-5-(6-oxazolo[4,5-blpyridinyl)-4-penten-2-amine. The requisite 6-bromooxazolo[4,5-b]pyridine can be produced 
from 2-amino-5-bromo-3-pyridinol by condensation with formic acid or a trialkyl orthoformate, using methodology similar 
to that of M-C. Viaud et al., Heterocycles 41: 2799-2809 (1995). The use of other carboxylic acids produces 2-substituted- 
6-bromooxazolo[4,5-b]pyridines, which are also substrates for the Heck reaction. The synthesis of 2-amino-5-bromo-3-
pyridinol proceeds from furfurylamine (Aldrich Chemical Company). Thus, 5-bromo-3-pyridinol (produced from furfur-
ylamine according to U.S. Pat. No. 4,192,946) can be chlorinated, using methods described by V. Koch et al., Synthesis, 
499 (1990), to give 2-chloro-5-bromo-3-pyridinol, which in turn can be converted to 2-amino-5-bromo-3-pyridinol by 
treatment with ammonia. 
[0072] 	5-Bromooxazolo[5,4-b]pyridine, isomeric by orientation of ring fusion to the previously described 6-bromooxa- 
zolo[4,5-b]pyridine, can also be used in the Heck coupling with N-methyl-N-(tert-butoxycarbonyl)-penten-2-amine. Sub-
sequent removal of the tert-butoxycarbonyl protecting group provides (4E)-N-methyl-5-(5-oxazolo[5,4-b]pyridiny1)-4-
penten-2-amine. The 5-bromooxazolo[5,4-b]pyridine can be synthesized from 3-amino-5-bromo-2-pyridinol (3-amino- 
5-bromo-2-pyridone) by condensation with formic acid (or a derivative thereof) as described above. 3-Amino-5-bromo- 
2-pyridinol can be made by bromination (using techniques described by T. Batkowski, Rocz. Chem. 41: 729-741 (1967)) 
and subsequent tin(II) chloride reduction (according to the method described by S. X. Cai et al., J. Med. Chem. 40(22): 
3679-3686 (1997)) of commercially available 3-nitro-2-pyridinol (Aldrich Chemical Company). 
[0073] 	Other polycyclic aromatic compounds can be prepared by the Heck reaction. Thus both 5-bromofuro[2,3-b] 
pyridine and 5-bromo-1H-pyrrolo[2,3-b]pyridine can undergo palladium catalyzed coupling with the previously described 
olefinic amine side chain, N-methyl-N-(tert-butoxycarbonyI)-4-penten-2-amine, to give (4E)-N-methyl-N-(tert-butoxycar-
bony1)-5-(5-furo[2,3-b]pyridiny1)-4-penten-2-amine and (4E)-N-methyl-N-(tert-butoxycarbonyI)-5-(5-1H-pyrrolo[2,3-bjpy-
ridiny1)-4-penten-2-amine respectively. Subsequent removal of the tert-butoxycarbonyl group with trifluoroacetic acid 
will provide (4E)-N-methyl.-5-(5-furo[2,3-b]pyridiny1)-4-penten-2-amine and (4B)-N-methyl-5-(5-1H-pyrrolo[2,3-b]pyridi-
ny1)-4-penten-2-amine. The requisite 5-bromofuro[2,3-b]pyridine and 5-bromo-1H-pyrrolo[2,3-b]pyridine can be made 
from 2,3-dihydrofuro[2,3-b]pyridine and 2,3-dihydropyrrolo[2,3-b]pyridine respectively, by bromination (bromine and so-
dium bicarbonate in methanol) and dehydrogenation (2,3-dichloro-5,6-dicyano-1,4-benzoquinone), using chemistry de-
scribed by E. C. Taylor et al., Tetrahedron 43: 5145-5158 (1987). 2,3-Dihydrofuro[2,3-b]pyridine and 2,3-dihydropyrrolo 
[2,3-b]pyridine are, in turn, made from 2-chloropyrimidine (Aldrich Chemical Company), as described by A. E. Frissen 
et al., Tetrahedron 45: 803-812 (1989), by nucleophilic displacement of the chloride (with the sodium salt of 3-butyn-1-
ol or with 4-amino-1-butyne) and subsequent intra molecular Diels-Alder reaction. Using similar chemistry, 2,3-di hydrofuro 
[2,3-b]pyridine and 2,3-dihydropyrrolo[2,3-b]pyridine are also produced from 3-methylthio-1,2,4-triazene (E. C. Taylor 
et al., Tetrahedron 43: 5145-5158 (1987)), which in turn is made from glyoxal and S-methylthiosemicarbazide (W. Paudler 
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et al., J. Heterocyclic Chem. 7: 767-771 (1970)). 
[0074] 	Brominated dihydrofuropyridines, dihydropyrrolopyridines, and dihydropyranopyridines are also substrates for 
the palladium catalyzed coupling. For instance, both 5-bromo-2,3-dihydrofuro(2,3-b]pyridine and 5-bromo-2,3-dihydro-
pyrrolo[2,3-b]pyridine (from bromination of 2,3-dihydrofuro[2,3-b]pyridine and 2,3-dihydropyrrolo[2,3-b]pyridine, as de-
scribed above) can be coupled with the previously mentioned olefinic amine side chain in a Heck process. Subsequent 
deprotection 	gives 	the 	corresponding 	(4E)-N-methy1-5-(5-(2,3-dihydrofuro[2,3-b]pyidin)y1)-4-penten-2-amine 	and 
(4E)-N-methy1-5-(5-(2,3-dihydropyrrolo[2,3-b]pyridin)y1)-4-penten-2-amine. Similar treatment of 6-bromo-2,3-dihydro-
furo[3,2-b]pyridine (isomeric at the ring fusion with the [2,3-b] system) will provide (4E)-N-methyl-5-(6-(2,3-dihydrofuro 
[3,2-b]pyridn)y1)-4-penten-2-amine. The requisite 6-bromo-2,3-dihydrofuro[3,2-b]pyridine can be made from 5-bromo-2-
methyl-3-pyridinol by sequential treatment with two equivalents of lithium diisopropylamide (to generate the 2-methylenyl, 
3-oxy dianion) and one equivalent of dibromomethane. Alternatively, using chemistry similar to that described by M. U. 
Koller et al., Synth. Commun. 25: 2963-74 (1995), the silyl-protected pyridinol (5-bromo-2-methyl-3-trimethylsilyloxypy-
ridine) can be treated sequentially with one equivalent of lithium diisopropylamide and an alkyl or aryl aldehyde to produce 
a 2-(2-(1-alkyl- or 1-aryl-1-hydroxy)ethyl)-5-bromo-3-(trimethylsilyloxy)pyridine. Such materials can be converted, by 
methods (such as acid catalyzed cyclization or the Williamson synthesis) known to those skilled in the art, into the 
corresponding cyclic ethers (2-alkyl- or 2-ary1-6-bromo-2,3-dihydrofuro[3,2-b]pyridines). Similar chemistry, in which epox-
ides (instead of aldehydes) are used in reaction with the pyridinylmethyl carbanion, leads to 2-alkyl- and 2-aryl-7-bromo- 
2,3-dihydropyrano[3,2-b]pyridines. These 2-substituted, brominated dihydrofuro- and dihydropyranopyridines are also 
substrates for the Heck reaction. For instance, 6-bromo-2,3-dihydro-2-phenylfuro[3,2-b]pyridine can be coupled, in a 
palladium catalyzed process, with N-methyl-N-(tert-butoxycarbonyI)-4-penten-2-amine, and the coupling product treated 
with trifluoroacetic acid (to remove the tert-butoxycarbonyl group), to give (4E)-N-methyl-5-(6-(2,3-dihydro-2-phenylfuro 
[3,2-b]pyridin)yl)-4-penten-2- amine. 
[0075] 	The 5-bromo-2-methyl-3-pyridinol, used to synthesize the brominated dihydrofuro- and dihydropyranopyridines, 
is produced by standard transformations of commercially available materials. Thus, 2-methyinicotinic acid (Aldrich Chem-
ical Company) can be converted, by sequential treatment with thionyl chloride, bromine, and ammonia (methodology 
described by C. V. Greco et al., J. Heterocyclic Chem. 7: 761-766 (1970)), into 5-bromo-2-methylnicotinamide. Hofmann 
rearrangement of 5-bromo-2-methylnicotinamide with hypochlorite will give 3-amino-5-bromo-2-methylpyridine, which 
can be converted to 5-bromo-2-methyl-3-pyridinol by diazotization with sodium nitrite in aqueous sulfuric acid. Alterna-
tively, alanine ethyl ester (Aldrich Chemical Company) is converted (using ethyl formate) into its N-formyl derivative, 
which is then converted to 5-ethoxy-4-methyloxazole using phosphorous pentoxide (N. Takeo et al., Japan Patent No. 
45,012,732). Diets-Alder reaction of 5-ethoxy-4-methyloxazole with acrylonitrile gives 5-hydroxy-6-methylnicotinonitrile 
(T. Yoshikawa et al., Chem. Pharm. Bull. 13: 873 (1965)), which is converted to 5-amino-2-methyl-3-pyridinol by hydration 
and Hofmann rearrangement (Y. Morisawa et al., Agr. Biol. Chem. 39: 1275-1281 (1975)). The 5-amino-2-methyl-3-
pyridinol can then be converted, by diazotization in the presence of cuprous bromide, to the desired 5-bromo-2-methyl- 
3-pyridinol. 
[0076] 	These methods each provide the (E)-metanicotine-type compounds as the major product, but also produce a 
minor amount of the corresponding (Z)-metanicotine-type compounds and other isomers, as before described. These 
minor reaction products can be removed using conventional techniques, if desired. Alternatively, as described in more 
detail below, the (E)-metanicotine-type compounds can be isolated as the hydroxybenzoate salts, which can precipitate 
out in substantially pure form from a reaction mixture including hydroxybenzoate salts of the (Z)-metanicotine-type 
compounds and other minor reaction products. 
[0077] 	Other methods beside the Heck coupling reaction can be used to provide the compounds. For example, the 
(E)-metanicotine-type compounds can be prepared using the techniques set forth by Loffler et al., Chem. Ber., 42: 
3431-3438 (1909) and Laforge, J.A.C.S., 50:2477 (1928)from substituted nicotine-type compounds. Certain 6-substituted 
metanicotine-type compounds can be prepared from the corresponding 6-substituted nicotine-type compounds using 
the general methods of Acheson et al., J. Chem. Soc., Perkin Trans. 1(2):579-585 (1980). The requisite precursors for 
such compounds, 6-substituted nicotine-type compounds, can be synthesized from 6-substituted nicotinic acid esters 
using the general methods disclosed by Rondahl, Acta Pharm. Suec.,14:113-118 (1977). Preparation of certain 5-
substituted metanicotine-type compounds can be accomplished from the corresponding 5-substituted nicotine-type com-
pounds using the general method taught by Acheson et al., J. Chem. Soc., Perkin Trans. 1(2): 579-585 (1980). The 5-
halo-substituted nicotine-type compounds (e.g., fluoro- and bromo-substituted nicotine-type compounds) and the 5-
amino nicotine-type compounds can be prepared using the general procedures disclosed by Rondahl, Act. Pharm. Suec., 
14:113-118 (1977). The 5-trifluoromethyl nicotine-type compounds can be prepared using the techniques and materials 
set forth in Ashimori et al., Chem. Pharm. Bull., 38(9):2446-2458 (1990) and Rondahl, Acta Pharm. Suec.,14:113-118 
(1977). 
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Formation of E-metanicotine Hydroxybenzoates 

[0078] 	The (E)-metanicotine hydroxybenzoates are formed by reacting the E-metanicotine-type compounds described 
above with hydroxybenzoic acids. The stoichiometry of the individual components (E-metanicotine and hydroxybenzoic 
acid) used to prepare the salts can vary. It is typical that the molar ratio of hydroxybenzoic acid to base (E-metanicotine) 
is typically 2:1 to 1:2, more typically 2:1 or 1:1, but other ratios (such as 3:2) are possible. It is preferred that- the molar 
ratio of acid to base is 1:1. Depending upon the manner by which the salts of the present invention are formed, those 
salts may have crystal structures that may occlude solvents that are present during salt formation. Thus, salts of the 
present invention can occur as hydrates and other solvates of varying stoichiometry of solvent relative to aryl substituted 
amine. 
[0079] 	The method for providing compounds of the present invention can vary. For instance, the preparation of 
(2S)-(4E)-N-methy1-5-(5-isopropoxy-3-pyridiny1)-4-penten-2-amine in a p-hydroxybenzoate form can involve (i) adding 
a solution of suitably pure compound dissolved in ethanol to a solution of p-hydroxybenzoic acid (1-1 equivalents) in 
ethanol, heated under reflux, to form a precipitate, (ii) applying heat and/or water and ethanol (water not to exceed 10%) 
to dissolve the precipitate, (iii) cooling the resulting solution if necessary to cause precipitation of the salt and (iv) filtering 
and collecting the salt. The stoichiometry, solvent mix, solute concentration and temperature employed can vary, but 
the formation of the salts is within the level of skill of those of skill in the art. 

Formation of Other Salt Forms 

[0080] 	If desired, once the hydroxybenzoate salts are isolated, other salt forms can be formed, for example, by direct 
reaction with another pharmaceutically acceptable acid or by first isolating the free base (by reaction with strong base 
and extraction into an appropriate solvent) and then reaction with another pharmaceutically acceptable acid. Such 
procedures are known to those of skill in the art. 

III. Pharmaceutical Compositions 

[0081] 	The pharmaceutical corn positions of the present invention include the compound according to claim 1 combined 
with any other pharmaceutically compatible product, which can be inert or physiologically active. Such compositions can 
be administered, for example, orally, parenterally, rectally, or topically. 
[0082] 	Examples of solid compositions for oral administration include, but are not limited to, tablets, pills, powders 
(gelatin capsules, cachets), and granules. In these compositions, 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. 
[0083] 	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. 
[0084] 	Examples of liquid compositions for oral administration 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 paraffin. These compositions can comprise substances other than the diluents, 
for example, wetting agents, sweeteners, thickeners, flavors, and stabilizers. 
[0085] 	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 solutions, 
preferably buffered aqueous solutions, propylene glycol, a polyethylene glycol, vegetable oils, especially olive oil, inject-
able organic esters, for example ethyl oleate, and other appropriate organic solvents. These compositions can also 
include adjuvants, especially wetting agents, isotonicity agents, emulsifiers, dispersants, and stabilizers. Such sterile 
compositions can be sterilized in a number of ways, for example, by asepticizing filtration, by incorporating sterilizing 
agents into the composition, by irradiation and by heating. They can also be prepared in the form of sterile solid com-
positions which can be dissolved at the time of use in sterile water or any other sterile injectable medium. 
[0086] 	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. 
[0087] 	Compositions for topical administration can, for example, be creams, lotions, eyewashes, collutoria, nasal drops 
or aerosols. 
[0088] 	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-
sives, anticoagulants, buffering agents, anti-inflammatory agents, anti-pyretics, time release binders, anesthetics, ster-
oids, and corticosteroids. Such components can provide additional therapeutic benefit, 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 
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of administration of the pharmaceutical composition. 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 

[0089] 	The hydroxybenzoate salts 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); Arneric et al., CNS Drug Rev. 1(1):1-26 (1995); Arneric 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. 279:1422 
(1996); Damaj et al., Neuroscience (1997); Holladay 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 U.S. Patent Nos. 5,583,140 to Bencherif et al.; 
5,597,919 to Dull et al.; and 5,604,231 to Smith et al. 
[0090] 	The salts 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 ingredients 
in a manner that minimizes effects upon nAChR subtypes 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 cause significant side effects. The pharmaceutical compositions can 
be used to ameliorate any of the symptoms associated with those conditions, diseases, and disorders. 
[0091] 	Examples of conditions and disorders that can be treated include neurological disorders, neurodegenerative 
disorders, in particular, CNS disorders, and inflammatory 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 neuropsychiatric 
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 receptors, and/or inappropriate interaction between neurotransmitters and 
neurotransmitter receptors). Several CNS disorders can be attributed to a deficiency of choline, dopamine, norepine-
phrine, and/or serotonin. 
[0092] 	Examples of CNS disorders that can be treated using the E-metanicotine compounds and hydroxybenzoate 
salts described herein, and pharmaceutical compositions including these compounds and salts, include pre-senile de-
mentia (early onset Alzheimer's disease), senile dementia (dementia of the Alzheimer's type), Lewy Body dementia, 
micro-infarct dementia, AIDS-related dementia, HIV-dementia, multiple cerebral infarcts, Parkinsonism including Par-
kinson's disease, Pick's disease, progressive supranuclear palsy, Huntington's chorea, tardive dyskinesia, hyperkinesia, 
epilepsy, mania, attention deficit disorder, anxiety, depression, dyslexia, schizophrenia depression, obsessive-compul-
sive 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 immunodeficiency 
syndrome, or are associated with vascular disorders, with genetic alterations (such as, for example, trisomy 21) or with 
attention deficiencies or learning deficiencies, acute or chronic neurodegenerative conditions such as amyotrophic lateral 
sclerosis, multiple sclerosis, peripheral neurotrophies, and cerebral or spinal traumas. In addition, 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 opiates, psychostimulants, benzodiazepines, and barbiturates), and to treat obesity. The 
compounds can also be used to treat pathologies exhibiting an inflammatory character within the gastrointestinal system 
such as Crohn's disease, irritable bowel syndrome and ulcerative colitis, and diarrheas. 
[0093] 	The manner in which the hydroxybenzoate salts are administered can vary. The salts 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 U.S. Patent 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 nonaqueous 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 transdermally (e.g., using a transdermal patch). Although it is possible to 
administer the salts in theform Of a bulk active chemical, it is preferred to present each salts in the form of a pharmaceutical 
composition or formulation for efficient and effective administration. Exemplary methods for administering such salts will 
be apparent to the skilled artisan. For example, the salts can be administered in the form of a tablet, a hard gelatin 
capsule or as a time-release capsule. As another example, the sails 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, the compounds 
are 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 preferably is such that the active ingredients of the 
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pharmaceutical 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 specifically, 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 salts are 
described in U.S. Patent No. 5,604,231 to Smith et al. 
[0094] 	The appropriate dose of the salts 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," "therapeutic amount," 
or "effective dose" is meant that amount sufficient 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 effective amount 
of the hydroxybenzoate salts is an amount required to deliver, across the blood-brain barrier of the subject, a sufficient 
amount of the free base drug to bind to relevant receptor sites in the brain of the subject, and to modulate relevant 
nicotinic receptor subtypes (e.g., provide neurotransmitter secretion, thus resulting in effective prevention or treatment 
of the disorder). Prevention of the disorder is manifested by at least delaying the onset of the symptoms of the disorder 
or reducing the severity of the symptoms. 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. 
[0095] 	The effective dose can vary, depending upon factors 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 salts generally requires administering the salts in an amount sufficient to modulate relevant 
receptors to affect neurotransmitter (e.g., dopamine) release but the amount should be insufficient to induce effects on 
skeletal muscles and ganglia to any significant degree. The effective dose of the hydroxybenzoate salts will of course 
differ from patient to patient but in general includes amounts starting where CNS effects or other desired therapeutic 
effects occur, but below the amount where muscular effects are observed. 
[0096] 	The doses depend on the desired effect, the duration 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. Generally speaking, a medical 
doctorwill determine the appropriate dosage as a function of the age, weight and all the other factors specific to the patient. 
[0097] 	The salts of the present invention, when employed in effective amounts often lack the ability to elicit activation 
of human ganglion nAChRs to any significant degree. This selectivity of the salts of the present invention against those 
nAChRs responsible for cardiovascular side effects is demonstrated by a lack of the ability of those salts to activate 
nicotinic function of adrenal chromaffin tissue. As such, such salts have poor ability to cause isotopic rubidium ion flux 
through nAChRs in cell preparations derived from the adrenal gland. Generally, typical preferred salts useful in carrying 
out the present invention maximally activate isotopic rubidium ion flux by less than 10 percent, often by less than 5 
percent, of that maximally provided by S(-) nicotine. 
[0098] 	The salts are effective 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 disorders. How-
ever, such effective amounts of those salts are not sufficient to elicit any appreciable undesired nicotinic effects, as is 
demonstrated by decreased effects on preparations believed to reflect effects on the cardiovascular system, or effects 
to skeletal muscle. As such, administration of salts of the present invention provides a therapeutic window in which 
treatment of certain CNS disorders is provided, and undesired peripheral nicotinic effects/side effects are avoided. That 
is, an effective dose of a compound of the present invention is sufficient to provide the desired effects upon the CNS, 
but is insufficient (i.e., is not at a high enough level) to provide undesirable side effects. Preferably, effective administration 
of a compound of the present invention resulting in treatment of CNS disorders occurs upon administration of less than 
1/3, frequently less than 1/5, and often less than 1/10, that amount sufficient to cause any side effects to a significant 
degree. 
[0099] 	The following synthetic and analytical examples are provided to illustrate the present invention, and should not 
be construed as limiting thereof. In these examples, all parts and percentages are by weight, unless otherwise noted. 
Reaction yields are reported in mole percentages. 

Example 1: Synthesis of (2S)-(4E)- N-methyl-5-(5-isopropoxy-3-pyridinyI)-4-penten-2-amine p-hydroxybenzoate 

j2S)-(4E)-N-methy1-5-(5-isopropoxv-3-pyridinv1)-4-penten-2-amine p-hvdroxybenzoate 

[0100] 	p-Hydroxybenzoic acid (2.62 g, 19.0 mmol) was added in portions to a stirred solution (2S)-(4E)- N-methyl- 
5-(5-isopropoxy-3-pyridinyl)-4-penten-2-amine (4.79 g of 93% pure, 19.0 mmol) in isopropyl acetate (50 mL). During the 
addition, crystallization of salt was evident. After complete addition of the p-hydroxybenzoic acid, the suspension was 
heated near its boiling point as isopropanol was slowly added. After 15 mL of isopropanol had been added, complete 
dissolution was obtained. Cooling of the solution to ambient temperature (overnight) resulted in deposition of a crystalline 
mass, which was collected by suction filtration and air dried (4.03 g). A second crop (0.82 g) was isolated from the 
concentrated filtrate, by addition of acetone. The two crops of crystals were combined and recrystallized from acetone 
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(50 mL). The solid was collected by suction filtration and dried in the vacuum oven (50°C) for 18 h. This left 4.24 g 
(60.0%) of white crystals (98+% pure by both GCMS and LCMS; m.p. 99-101°C). 

Example 2: Synthesis of (25)-(4E)-N-methy1-5-(5-isopropoxy-3-pyridiny1)-4-penten-2-amine (via the Heck reac-
tion with (S)-N-Methyl-N-(tert-butoxycarbonyl)-4-penten-2-amine) and the use of the p-hydroxybenzoate salt to 
facilitate isolation and purification of (25)-(4E)- N-methyl-5-(5-lsopropoxy-3-pyridlny1)-4-penten-2-amine: 

3-Bromo-5-isopropoxypyridine 

[0101] 	A 72 L reactor was charged successively with sodium tert-pentoxide (2.2 kg, 20 mol) and 1-methy1-2-pyrrolid- 
inone (17.6 L). This mixture was stirred for 1 h, and then 2-propanol (12 L) was added over a period of 2 h. 3,5-
Dibromopyridine (3.0 kg, 13 mol) was then added to the reactor, and the mixture was heated at 75°C for 12 h under a 
nitrogen atmosphere. The mixture was then cooled, diluted with toluene (15 L), and washed with water (30 L). The 
aqueous phase was extracted with toluene (15 L), and the combined toluene phases were washed with water (15 L) 
and concentrated under reduced pressure, to give 2.5 kg of dark oil. This was combined an equal sized batch of material 
from a second run and vacuum distilled (b.p. 65°C at 0.3 mm), to yield 3.1 kg (57%) of 3-bromo-5-isopropoxypyridine 
as a pale yellow oil. 

(2R)-4-Penten-2-ol 

[0102] 	(2R)-4-Penten-2-ol was prepared in 82.5% yield from (R)-(+)-propylene oxide according to procedures set forth 
in A. Kalivretenos, J. K. Stille, and L. S. Hegedus, J. Org. Chem. 56: 2883 (1991). 

(S)-N-Methyl-N-(tert-butoxvcarbonyl)-4-penten-2-amine 

[0103] 	A mixture of (R)-4-penten-2-ol (7.62 g, 88.5 mmol), pyridine (15 mL), and dry (distilled from calcium hydride) 
dichioromethane (30mL) was stirred in an ice bath as p-toluenesulfonyl chloride (18.6 g, 97.4 mmol) was added over a 
3 min period. The mixture was stirred 20 min at 0°C and 16 h at ambient temperature, as a heavy precipitate formed. 
Saturated aqueous sodium bicarbonate (75 mL) was added, and the biphasic mixture was stirred vigorously for 3 h. The 
dichloromethane phase and two dichioromethane extracts (50 mL each) of the aqueous phase were combined, dried 
(Na2SO4), and concentrated by rotary evaporation. High vacuum treatment left 18.7g of light yellow oil, which was 
combined with dimethylformamide (DMF) (35 mL) and 40% aqueous methylamine (35 mL). This solution was stirred at 
ambient temperature for 48 h and then poured into a mixture of saturated aqueous sodium chloride (300 mL) and 2.5 
M sodium hydroxide (50 mL). This mixture was extracted with ether (5 x 250 mL), and the ether extracts were dried 
(Na2SO4) and concentrated by rotary evaporation (from an ice cooled bath) to a volume of about 250 mL. The remaining 
solution was combined with di-tert-butyl dicarbonate (16.9 g, 77.4 mmol) and THE (100 mL), and the mixture was stirred 
at ambient temperature for 16 h. The volatiles were evaporated by rotary evaporation, and the residue was vacuum 
distilled at 5 mm pressure (bp 79-86°C), to give 7.74 g (43.9 % yield) of clear, colorless liquid. 

(2S)-(4E)-N-Methyl-5-(5-isopropoxy-3-pyridinv1)-4-penten- 2-amine o-hydroxybenzoate 

[0104] 	A mixture of 3-bromo-5-isopropoxypyridine (21.0 g, 97.2 mmol), (S)-N-Methyl-N-(tert-butoxycarbonyI)-4-pent- 
en-2-amine (24.0 g, 120 mmol), DMF (53 mL), K2CO3  (22 g, 159 mmol), palladium(11) acetate (0.22 g, 0.98 mmol) and 
tri-o-tolylphosphine (0.57 g, 1.9 mmol) was degassed and placed under a nitrogen atmosphere. The stirred mixture was 
then heated at 130°C for 2.5 h. To remove palladium salts, Smopex TM  (20 g) and ethyl acetate (100mL) were added. 
The stirred mixture was heated at 50°C for 5 h and at ambient temperature for 16 h and then filtered. The filtrate was 
concentrated under reduced pressure, and the residue (83 g) was dissolved in methanol (25 mL), cooled in a cold water 
bath (<5°C) and treated drop-wise with 6 M HCI (100 mL). This mixture was stirred 3 hat ambient temperature, and the 
methanol was removed by concentration under vacuum. The remaining aqueous mixture was washed with dichlorometh-
ane (100 m L), made basic by careful (with cooling) addition of 3 M NaOH, and extracted (2 x 200 mL) with dichloromethane. 
These latter extracts were washed with saturated aqueous NaCI and concentrated under vacuum. The residue was 
dissolved in acetone (150 mL), and p-hydroxybenzoic acid (14.0 g, 101 mmol) was added. After complete dissolution 
of the p-hydroxybenzoic acid, the solution was kept at ambient temperature, as a large amount of solid formed (several 
hours). After several hours of cooling at -15°C, the mixture was suction filtered. The resulting solid (24.8 g) was recrys-
tallized from acetone (240 mL) to give 22.3 g (61.6%) of off-white crystals (97+% pure by GCMS and LCMS). 
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Comparative Example 3: Synthesis of (2S)-(4E)-N-methyl-5-(5-methoxy-3-pyridinyl)-4-penten-2-amine 2,5-dihy-
droxybenzoate (gentisate) 

(2S)-(4E)-N-Methyl-5-(5-methoxy-3-pyridinv11-4-penten-2-amine 2.5-dihydroxybenzoate 

[0105] 	A hot solution of 2,5-dihydroxybenzoic acid (gentisic acid) (0.582 g, 3.78 mmol) in absolute ethanol (1 mL) was 
added to a warm solution of (2S)-(4E)-N-methyl-5-(5-methoxy-3-pyridinyl)-4-penten-2-amine (1.00 g, 4.85 mmol, 86.7% 
E isomer by GC-FID) in absolute ethanol (1 mL), using additional ethanol (2 mL) in the transfer. The resulting mixture 
was concentrated via rotary evaporation, leaving 1.5 mL of ethanol in the solution. With stirring and heating to near 
reflux, crystallization occurred. The resulting hot mixture was treated drop-wise with ethyl acetate (5.5 mL). After cooling 
to room temperature, the mixture was further cooled at 5°C for 48 h. The resulting solids were filtered, washed with ethyl 
acetate (2 x 5 mL) and dried at 50°C to give 1.24 g (91%) of an off-white powder (98.0% E isomer by GC-FID for the 
free base). To remove the color from the sample, the material was recrystallized from ethanol/isopropanol (3.5 mL: 5.5 
mL) to give 1.03 g (83% recovery) of an off-white powder and subsequently recrystallized from ethanol/ethyl acetate (3 
mL : 12 mL) to give 0.90 g (87% recovery) of a white, crystalline powder, mp 166-167°C. 

Comparative Example 4: Synthesis of E-metanicotine 2,5-dihydroxybenzoate 

E-Metanicotine 2,5-dihydroxybenzoate 

[0106] 	2,5-Dihydroxybenzoic acid (gentisic acid) (0.475 g, 3.08 mmol) was added to a solution of E-metanicotine 
(0.500 g, 3.08 mmol) in ethyl acetate (3 mL) and isopropanol (2.5 mL), and the resulting mixture was gently heated until 
all solids dissolved. Upon cooling, a white granular precipitate was deposited, and the mixture was cooled at 5°C. The 
solids were filtered, washed with cold isopropanol (3 x 2 mL) and dried under vacuum at 40°C for 4 h to give 0.58 g 
(29.7%) of a light-yellow, flaky solid, mp 90-91.5°C. 1H NMR (D20): mono-salt stoichiometry. Calcd. for C10H.4N2• 
C7H604. 0.15 H2O: C, 64.00%; H, 6.41%; N, 8.78%. Found: C, 63.92, 64.00%; H, 6.33, 6.34%; N, 8.79, 8.84% 

Comparative Example 5: Synthesis of E-metanicotine 3,5-dihydroxybenzoate 

E-Metanicotine 3,5-dihydroxybenzoate 

[0107] 	3,5-Dihydroxybenzoic acid (0.475 g, 3.08 mmol) was added to a warm solution of E-metanicotine (0.500 g„ 
3.08 mmol) in isopropanol (11 mL) and methanol (4.5 mL). Upon heating to near reflux to dissolve the resulting gum, 
the light-yellow solution was cooled to room temperature and further cooled at 5°C. The resulting dark-yellow gum that 
was deposited was dissolved in isopropyl acetate (3 mL) and methanol (4 mL), assisted by heating. After cooling to 
room temperature and further cooling at 5°C, the off-white solids were filtered, washed with isopropyl acetate and dried 
to give 0.505 g (51.8 %) of waxy, tan flakes, mp 160-161.5°C. 1H NMR (D20): mono-salt stoichiometry. Calcd. for 

C1oHi4N2  C71-1604 . 0.15 H2O: C, 64.00%; H, 6.41%; N, 8.78%. Found: C, 64.03, 64.02%; H, 6.38, 6.38%; N, 8.80, 8.76%. 

Analytical Examples , 

Example 6: Determination of Binding to Relevant Receptor Sites 

[0108] 	The interaction of the hydroxybenzoate salts with relevant receptor sites can be determined in accordance with 
the techniques described in U.S. Pat. No. 5,597,919 to Dull et al. Inhibition constants (Ki values), reported in nM, can 
be calculated from the ICS  values using the method of Cheng et al., Biochem, Pharmacol. 22:3099 (1973). Low binding 
constants indicate that the components of the salts described herein exhibit good high affinity binding to certain CNS 
nicotinic receptors 
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Claims 

1.  A compound denoted (2S)-(4E)-N-methy1-5-(5-isopropoxy-3-pyridiny1)-4-penten-2-amine p-hydroxybenzoate. 

2.  A pharmaceutical composition comprising the oompound according to claim 1 and 
a pharmaceutically acceptable carrier. 

3.  A compound according to claim 1 for use in treating a CNS disorder. 

4.  Use of a compound according to claim 1 in the manufacture of a medicament for treating a CNS disorder. 

5.  A pharmaceutical composition according to claim 2 for use in treating a CNS disorder. 

6.  Use of a pharmaceutical composition according to claim 2 in the manufacture of a medicament for treating a CNS 
disorder. 

7.  A process for preparing (2S)-(4E)-N-methy1-5-(5-isopropoxy-3-pyridiny1)-4-penten-2-amine p-hydroxybenzoate, 
comprising the steps of: 

a) performing a Heck coupling reaction between a 3-halo-5-isopropoxypyridine and a compound of the formula 
(S)-CH2=CH-CH2-CH(CH3)-N(CH3)(pg), wherein pg is a protecting group for an amine, and 
b) deprotecting the protected amine group, or 
c) performing a Heck coupling reaction between a 3-halo-5-isoproproxypyridine and a compound of the formula 
(R)-CH2=CH-CH2-CH(CH3)-OH and 
d) converting the OH group to an NHCH3  group, 
wherein b) or d) result in a mixture of compounds including (2S)-(4E)-N-methyl-5-(5-isopropoxy-3-pyridiny1)-4- 
penten-2-amine, the related Z-metanicotine compound, and other isomers, 
e) forming the p-hydroxybenzoate salt by reaction of the mixture with p-hydroxybenzoic acid, wherein the molar 
ratio of the E-metanicotine to hydroxybenzoic acid ranges from 1:2 to 2:1. 
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