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ARYL FUSED AZAPOLYCYCLIC COMPOUNDS 

BackQround of the Invention 

PCT/IB99/00617 

This Invention relates to aryl fused azapolycyclic compounds, as defined more specifically 

by fonnula I below. Compounds of formula I bind to neuronal nicolinic acetylcholine specific 

receptor sites and are useful In modulating chollnerglc function. Such compounds are useful in 

1 o the treatment of inflammatory bowel disease Qncludlng but not limited to ulcerative colitis, 

pyodenna gangrenosum and Crohn's disease), irritable bowel syndrome, spastic dystonla, chronic 

pain, acute pain, cellac sprue, pouchitis, vasoconstriclion, anxiety, panic disorder, depression, 

bipolar disorder, autism, sleep disorders, jet lag, amylotropic lateral sclerosis (ALS), cognitive 

dySfunctlon, hypertension, bulimia, anorexia, obesity, cardiac anythmlas, gastric acid 

15 hypersecretion, ulcers, pheochromacytoma, progressive supramuscular palsy, chemical 

dependencies and addictions ~ dependencies on, or addictions to nicotine (and/or tobacco 

products), alcohol, benzodiazeplnes, barbituates, opioids or cocaine), headache, stroke, traumatic 

brain injury (TBI), obsessive-compulsive disorder, psychosis, Huntington's Chorea, tardive 

dyskinesla, hyperklnesla, dyslexia, schizophrenia, multi-infarct dementia, age related cognitive 

20 decline, epilepsy, Including- petit mal absence epilepsy, senile dementia of the Alzhelmel"s type 

{AD), Parkinson's disease (PD), attention deficit hyperactivity disorder (AOHD) and Tourette's 

Syndrome. 

The compounds of this invention may also be used In combination with an antidepressant 

such as, for example, a tricyclic antidepressant or a serotonin reuptake inhibiting antidepressant 

25 (SRO, in order to treat both the cognitive decline and depression associated with AD, PD, stroke, 

Huntington's Chorea or traumatic brain Injury (TBI); in combination with muscarinic agonists In 

order to stimulate both central muscar1nic and nicotinic receptors forthe treatment, for example, of 

ALS, cognitive dysfunction, age related cognitive decline, AD, PD, stroke, Huntington's Chorea 

and TBI; In combination with neurotrophic factors such as NGF in order to maximize cholinergic 

30 enhancement for the treatment, for example, of ALS, cognitive dysfunction, age related cognitive 

decline, AD, PD stroke, Huntington's Chorea and TBI; or in combination with agents that slow or 

arrest AD such as cognition enhancers, amyloid aggregation Inhibitors, secretase inhibitors, tau 

kinase Inhibitors, neuronal antilnflammatoiy agents and estrogen-like therapy. 

other compounds that bind to neuronal nlcolinic receptor sites are referred to in United 

35 states Patent Application 08/963,852, which was filed on November 4, 1997, and In United States 

Provisional Patent Application 60/070,245, which was filed on December 31, 1997. Both of the 

foregoing applications are owned in common with the present application, and both are 

Incorporated herein by reference In their entireties. 

Summary of the Invention 

40 This invention relates to al)'I fused azapolycyclic compounds of the formula 
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(I) 

wherein z Is c~. C(=O) or CF2: 

R1 is hydrogen, {C1-Ca)alkyl, unconjugated {C.,..Ca)alkenyl, benzyl, XC{=O)R13 or 

-CH.2CHz-O-(C1-C4)alkyl; 

R2 and R3 are selected Independently, from hydrogen, (CrCa) alkenyl, (~Ca) alkynyl, 

1 o hydroxy, nitro, amino, halo, cyano, -SOq(C,-Oe)alkyl wherein q Is zero, one or two, 

(C1.C6)alkylamino, [(C1'-Cs)alkyQ211mlno, C~R4, CONR5R6
, S~NR7R8, C(=O)R13

, XC(=O)R13
, 

aryl-(Co ~ alkyl or aryl-(Co-C3)alkyl-O- wherein said aryl Is selected from phenyl and naphthyl, 

heteroaryl-(Co-C3)alkyl or heteroaryl-(Ca-CJ)alkyl-0-, wherein said heteroaryl Is selected from five 

to seven membered aromatic rings containing from one to four heteroatoms selected from 

15 oxygen, nitrogen and sulfur, and x2(Co-Ce)alkoxy-(Co-Ce)alkyl, wherein "Jf- Is absent or x2 Is (C,­

Cs)alkylamino or [(C1-Cs)alkyl)zamino, and wherein 1he (Co-Ce)alkoxy-(Co-Ca)alkyl moiety of said 

X2(Co-Cs)alkoxy-(Co-Ca)alkyl contains at least one carbon atom, and wherein from one to three of 

the carbon atoms of said (Ca-Ca)alkoxy-(Co-Ca)alkyl moiety may optionally be replaced by an 

oxygen, nitrogen or sulfur atom, with the proviso that any two such heteroatoms must be 

20 separated by at least two carbon atoms, and wherein any of the alkyl moieties of said 

(CG-Ce)alkoxy-(Co-Cs)alkyl may be optionally substituted with from two to seven fluorine atoms, 

and wherein one of the carbon atoms Of each of the alkyl moieties of said aryl-(Ca-CJ)alkyl and 

said heteroaryl-(Co-C3)alkyl may optionally be replaced by an oxygen, nitrogen or sulfur atom, and 

wherein each of the foregoing aryl and heteroaryl groups may optionally be substituted with one or 

25 more substituents, preferably from zero to two substituents, Independently selected rrom {C1 -Ce} 

alkyl optionally substituted with from one to seven fluorine atoms, (C1 -Ce) alkoxy optionally 

substituted with from two to seven fluorine atoms, halo ~ Chiaro, fluoro, bromo or lodo), 

hydroxy, nitro, cyano, amino, (C1 -C&) alkylamino and {(C,-Ce) alkylh amino; 

or R2 and R3
, together with the camons to which they are attached, fonn a four to seven 

30 membered monocyclic, or a ten to fourteen membered blcycllc, cart>ocyclrc rfng that can be 

saturated or unsaturated, wherein from one to three of the nonfused carbon atoms of said 

monocyclic rings. and from one to five of the carbon atoms of said blcycllc rings that are not part 

of the benzo r1ng shown In fonnula I, may optionally and independently be replaced by a nitrogen, 

oxygen or sulfur, and whereiri said monocyclic and bicyclic rings may optionally be substituted with 

35 one or more substituents, preferably from zero to two substituents for the monocyctic rings and 

from zero to three substiluents for the bicyclic rings, that are selected, independently, from (Co-Cs) 
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5 alkoxy-(Ca-~alkyl-, wherein the total number of carbon atoms does not exceed six and wherein 

any of the alkyl moieties may optionally be substituted with from one to seven fluorine atoms; 

nitro, oxo, cyano, halo, hydroxy, amino, (C1 -Ca)alkylamlno, [(C1 -Ca) alkylhamino, phenyl and 

monocycllc heteroaryl wherein said heteroaryl is defined as In the definition of R2 and R3 above; 

each R4, R5, R6, R7
, R8 and R13 is selected, independently, from hydrogen and (C1 -Ca) 

10 alkyl, or R5 and R6
, or R7 and R8 together with the nitrogen to which they are attached, form a 

pyrrolidine, piperfdine, morpholine, azetidlne, pipertzlne, -N-{C1-ca)alkylplperizine or 
thiomorpholine ring, or a thlomorphoJlne ring wherein the ring sulfur Is replaced with a sulfoxide or 

sulfone;and 

each Xis, independently, (C1-Ce)alkylene; 

15 with the proviso that: (a) at least one of R1, R2 and R3 must be the other than hydrogen, 

(b} when R2 and R3 are hydrogen, R1 cannot be methyl or hydrogen; and (c) no fluorine atom In 

any of the nuoro substituted alkyl or alkoxy moieties of R2 and R3 can be attached to a carbon that 
is attached to a heteroatom; 

and the phannaceutlcally acceptable salts of such compounds. 
20 Examples of heteroaryl groups that each of R2 and R3 can be are the following: 

25 

thlenyl, oxazoyl, lsoxazolyl, pyrfdyl, pyr1mldyl, thiazolyl, tetrazolyl, isothlazolyl, trlazolyl, lmldazolyl, 

tetrazolyl, pyrroyl and the following groups: 

~N 
R1~~ 'R9 

wherein one of R9 and R18 Is hydrogen or(~ -Ce) alkyl, and the other Is a bond to the 

benzo ring of formula I. 

Examples of compounds of this Invention are compounds of the formula I, and their 
phannaceutlcally acceptable salts, wherein R2 and R3, together with the benzo ring of formula I, 

30 form a bicyclic ring system selected from the following: 
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®)-R10 
~17 

wherein R10 and R17 are selected, Independently, from (Co -Ce) alkoxy-(Co-Ce)alkyl 

wherein the total number of carbon atoms does not exceed six and wherein any Of the alkyl 

moieties may optionally be substituted with from one to seven fluortne atoms, (C1 -Cs) alkoxy 

1 O optionally substituted with from one to seven fluorine atoms, nltro, cyano, halo, amino, (C1 -

Ce)alkylamino, ((C1 -Ca) alky1J2amino, phenyl and monocyclic heteroaiyl wherein said heteroaiyl is 

defined as in the definition Of R2 and R3 above; 

other embodiments of this invention relate to compounds of the fonnula I, and their 

phannaceutically acceptable salts, wherein R2 and R3, together with the benzo rtng Of formula I, 

15 form a bicyclic or tricycllc ring system selected from the following: 
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R17 @XfCN 
~10 

@Yj17 
~10 

wherein R 10 and R17 are defined as above and m Is zero, one or two, and wherein one of 

the carbon atoms of ring A can optionally be replaced with oxygen or-N{C1-Ce)alkyl. 

Other embodiments of this Invention relate to compounds of the fonnula I, and their 

1 o phannaceutically acceptable salts, wherein neither R2 nor R3 is attached to the benzo ring Of 

formula I via an oxygen atom. 

Other embodiments of this invention relate to compounds of the fonnula I wherein R1 is 

not methyl. 

Examples of specific compounds of the fonnula I are the following: 

15 11-Azatrlcyclo[7 .3.1.02
•
7]trideca-2(7),3,5-triene-5-carbonitrile; 

11-Azatricyclo[7 .3.1.02. 7]trldeca-2(7),3 ,5-triene-4-carbonltrlle; 

1-[11-Azatrlcyclo[7 .3.1.02
•
7Jtrideca-2(7),3,5-trien-5-yQ-1-ethanone; 

1-[11-Azatricyclo[7 .3.1.a2•7Jtrideca-2{7),3,5-trien-5-yl)-1-propanone; 

4-Fluoro-11-azatrlcyclo[7 .3.1.02
•
7]b1deca-2(7),3,5-triene-5-carbonltrile; 

20 5-Fluoro-11-azatricyclo[7 .3.1.o2.7]trideca-2{7),3,5-triene-4-carbonitrile; 

1-[11-Azatricyclo[7.3.1.02.7]tr1deca-2(7),3,5-trlen-4-yl]-1-ethanone; 

1-[11-Azatricyclo[7.3.1.02
•
7]trideca-2(7),3,5-trien-4-yl]·1-propanone; 

6-Methyl-7-thla-5, 14-diazatetracyclo[10.3.1.02
• 1° .04.~hexadeca-2(1.0) ,3,5,8-tetraene; 

6-Methyl-5,7,14-trlazatetracyclo[10.3.1.02•10.o4·~hexadeca-2(10),3,5,8-tetraene; 

25 6, 7-Dimethyl-5, 7, 14-triazatetracyclo[10.3.1.02
•
10 .o4·8]hexadeca-2(10),3,5,8-tetraene; 
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5 5, 7, 14-Triazatetracycto[1 0.3.1.02
' 
10 .04·~hexadeca-2(10),3,5,8-tetraene; 

7-Methyt-5, 7, 14-triazatetracyclo[10.3.1.rr 10.o4.8]hexadeca-2(10),3,5,B-tetraene; 

5, 11, 18-Triazapentacyclo[14.3.1.a2· 14.04
• 12 .08

• 1
1]1cosa-2(14) ,3,5, 12-tetraene; 

7-Ethyl-6-methyl-5,7, 14-trlazatetracyclo[10.3.1.02. 10.o4.8]hexadeca-2(10),3,5,8-

tetraene; 

1 o 6-Methyl-7-propyt-5, 7, 14-triazatetracyclo[1 0.3.1.02· 10 .o4·8]hexadeca-2(1 O) ,3,5,B-

tetraene; 

7-Ethyl-5, 7, 14-triazatetracyclo[10.3.1.02
• 1°.o4·8]hexadeca-2(10),3,5,8-tetraene; 

7-Butyl-6-methyl-5, 7, 14-triazatetracyclo[1 0.3.1.oz 1° .04·8]hexadeca-2(10),3,5,8-

tetraene; 

15 7-lsobutyl-6-methyl-5, 7, 14-triazatetracyclo[1 0.3.1.02
•
10 .o4·8)hexadeca-2(1 O) ,3,5,8-

tetraene; 

7-Butyt-5, 7, 14-triazatetracyclo[10.3.1.02· 10.a4·8Jhexadeca-2(10),3,5,8-tetraene; 

7-lsobutyl-5, 7, 14-trlazatetracyclo[10.3.1.02
• 1°.o4.8)hexadeca-2(10),3,5,B-tetraene; 

5, 11, 18-Triazapentacyclo[14.3.1.a2-14.04·12.o9•1~icosa-2(14),3, 10.12-tetraene; 

20 5 ,6-Dimethyl-5, 7, 14-triazatetracyclo(10.3.1.a2· 10 .o4.8]hexadeca-2(10),3,6, 8-tetraene; 

5-Ethyl-6-methyl-5, 7, 14-triazatetracyclo(10.3.1.02·10.o4·8]hexadeca-2(10),3,6,8-

tetraene; 

5-Methyl-5, 7, 14-trlazatetracycJo[10.3.1.02
' 
10.04·8]hexadeca-2(10),3,6,8-tetraene; 

5-Ethyl-5, 7, 14-trlazatetracyclo[10.3.1.02· 10 .o4.8]hexadeca-2(10),3 ,6,8-tetraene; 

25 6-Methyl-5-propyl-5, 7, 14-triazatetracyclo[10.3.1.02
• 1°.o4·8]hexadeca-2(10),3,B,8-

tetraene; 

5-lsobutyl-6-methyl-5, 7, 14-triazatetracyclo[10.3.1.02
• 
10.o4·8]hexadeca-2(10),3,B,8-

tetraene; 

5-Propyl-5,7, 14-triazatetracycto[10.3.1.02' 10.o4·8]hexadeca-2(10),3,6,8-tetraene; 

30 5-lsobutyl-5, 7, 14-trlazatetracyclo[10.3.1.02
• 
10.o4·8]hexadeca-2(10),3,6,8-tetraene; 

6-{TrifluoromethyQ-7-thia-5, 14-diazatetracycto[10.3.1.a2· 10 .04·8]hexadeca-2(10),3,5,8-

tetraene; 

5,8, 15-Triazatetracyclo[11.3.1.a2· 11.04·9]heptadeca-2(11),3,5, 7 ,9-pentaene; 

7-Methyl-5,8, 15-triazatetracyclo[11.3.1.0z 11.o4·9]heptadeca-2(11},3,5, 7 ,9-pentaene; 

35 6-Methyl-5,8, 15-triazatetracyclo[11.3.1.02. 11.04·9]heptadeca-2(11),3,5,7,9-pentaene; 

a, 7-Dlmethyl-5,8, 15-triazatetracyct~(11.3.1.rr 11.04·9]heptadeca-2(11),3,5, 7,9-

pentaene; 

7-0xa-5, 14-dlazatetracyclo[10.3.1.rr 10.o4·8]hexadeca-2(10),3,5,8-tetraene; 

6-Methyl-7-oxa-5, 14-diazatetracyclo[10.3.1.02
' 
10.o"4·8Jhexadeca-2(10),3 ,5,8-tetraene; 

40 6-Ethyl-7-oxa-5, 14-diazatetracyclo[10.3.1.02
• 1°.04·8]hexadeca-2(10),3,5,8-tetraene; 
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s 6-Propyl-7-oxa-5, 14-dlazatetracyclo[10.3.1.02· 1°.o4·~hexadeca-2(10},3,5,8-tetraene; 
5-Methyl-7-oxa-6, 14-diazatetracyclo[10.3.1.oz 10 .04·~hexadeca·2(10),3,5,8-tetraene; 
5-0xa-7, 14-diazatetracyclo[10.3.1.02

• 1°.o4·8]hexadeca-2(10),3,B,8-tetraene; 
6-Methyl-5-oxa-7, 14-diazatetracyclo[1 O .3 .1.oZ 10 .o4·8]hexadeca-2(10) ,3,8,8-tetraene; 

6-Ethyl-5-oxa-7, 14-diazatetracyclo[10.3.1.oZ 10.o4·8]hexadeca-2(10),3,6,B-tetraene; 
1 o 6-Propyl-5-oxa-7, 14-diazatetracyc1o[1 0.3.1.02

• 1° .o4.8]hexadeca-2(10) ,3,8,8-tetraene; 

7-Mettlyl-5-oxa-6, 14-diazatetracyclo[10.3.1.oZ 10.04·8Jhexadeca-2(10),3,8,8-tetraene; 

4,5-Dlfluoro-11-azatrtcyclo[7 .3.1.c2•7Jtrideca-2{7),3,5-triene4-chloro-5-fluoro-11-

azatricyclo[7 .3.1.02
•
7]trideca-2(7),3,5-triene; 

5-Chloro-4-fluoro-11-azatricyclo[7 .3.1. 02.7]trldeca-2(7) ,3,5-triene; 
15 4·(1-Ethynyl)-5-fluoro-11-azatricyclo[7 .3.1. 02

•
7]trideca-2(7) ,3,5-triene; 

5-(1-Ethynyl)-4-fluoro-11-azatricyclo[7.3.1.02
•
7]trideca-2(7),3,5-triene; and 

4,5-Dichloro-11-azatricyclo[7 .3.1.02.7]trideca-2(7),3,5-triene. 

This invention also relates to compounds of the formula 

(I) 

20 wherein wherein Z is CH2. C(=O) or CF2; P Is hydrogen, methyl, COOR111 wherein R111 is allyl, 
2,2,2-trichloroethyl or (C1-Cs)alkyl; -C(=O)NR5R8 wherein R5 and R8 are defined as in formula 
I above; -C(=O)H, -C(=O)(C,-Cs)alkyl wherein the alkyl moiety may optionally be substituted 

with from 1 to 3 halo atoms, preferably with from 1 to 3 fluoro or chloro atoms; benzyl or t­
butoxycarbonyl (t-Boc); and R14 and R15 are selected, Independently, from hydrogen, 

25 hydroxy, nltro, amino, -O(C,-Ce)alkyl or halo; with the proviso that R14 and R15 can not both 
be hydrogen when P is hydrogen or methyl. Such compounds are useful as intermediates In 
the synthesis of compounds of the fonnula I. 

Unless otherwise Indicated, the tenn "halo", as used herein, includes ftuoro, chloro, bromo 

and iodo. 

30 Unless otherwise Indicated, the tenn "alkyl", as used herein, includes straight, branched or 
cyclic, and may include straight and cyclic alkyl moieties as well as branched and cyclic moieties. 

The term "alkoxy", as used herein, means •a1ky1-0-·. wherein •a1kyr Is defined as above. 

The term "alkylene, as used herein, means an alkyl radical having two available bonding 
sites (i&, -alkyl-), wherein •arkyl• is defined as above. 
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5 Unless otherwise Indicated, the term none or more sut&ituents", as used herein, refers to 

from one to the maximum number of substituents posslble based on the number of available 

bonding sites. 

The term "treatment", as used herein, refers to reversing, alleviating, inhibiting the 

progress of, or preventing the disorder or condition to which such tenn applies, or one or more 

1 O symptoms of such condition or disorder. The tenn "treatment", as used herein, refers to the act of 

treating, as 1feating" is defined Immediately above. 

The compounds of fonnula I may have optical centeJS and therefore may occur in 

different enantiomeric configurations. The Invention Includes all enantlomers. dlastereomers, and 

other stereolsomers of such compounds of formula I, as well as racemlc and other mixtures 

15 thereof. 

The present Invention also relates to all radiolabelled fonns of the compounds of the 

fonnulae I. Preferred radiolabelled compounds of formula I are those wherein the radiolabels are 

selected from as 3H, 11C, 14C, 18F, 1231 and 1251. Such radlolabelled compounds are useful as 

research and diagnostic tools in metabolism phannacokinetlcs studies and in binding assays in 

20 both animals and man. 

The present Invention also relates to a phannaceuUcal composition for use in reducing 

nicotine addiction or aiding In the cessation or lessening of tobacco use In a mammal, ineludlng a 

human, comprtslng an amount of a compound of the formula I, or a pharmaceutically aoceptable 

salt thereof, that is effective In reducing nicotine addiction or aiding In the cessation or lessening of 

25 tobacco use and a pharmaceutically acceptable earner. 

The present invention also relates to a method for reducing nicotine addiction or aiding In 

the cessation or lessening of tobacco use in a mammal, including a human, comprising 

administering to said mammal an amount of a compound of the formula I, or a pharmaceutically 

acceptable salt thereof, that fs effective In reducing nicotine addiction or aiding In the cessation or 

30 lessening of tobacco use. 

The present invention also relates _to a method of treating a disorder or condition selected 

from inflammatory bowel disease (including but not limited to ulcerative corrtls, pyoderma 

gangrenosum and Crohn's disease), initable bowel syndrome. spastic dystonia, chronic pain, 

acute pain, celiac sprue, pouchitis, vasoconstriction, anxiety, panic disorder, depression, bipolar 

35 disorder, autism, sleep disorders, jet lag, amylotropic lateral sclerosis (ALS), cognitive dysfunction, 

hypertension, bulimia, anorexia, obesity, cardiac anythmias, gastric acid hypersecretion, ulceJS, 

pheochromocytoma, progresslVe supramuscular palsy, chemical dependencies and addictions 

Crul.. dependencies on, or addictions to nicotine (and/or tobacco products), alcohol, 

benzodiazeplnes, barbituates, opioids or cocaine), headache, stroke, traumatic brain Injury (TBI). 

40 psychosis, Huntington's Chorea, tardive dysklnesla, hyper1dnesla, dyslexia, schizophrenia, multi-
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5 infarct dementia, age related cognitive decline, epilepsy, Including pelit mal absence epilepsy, 
senile dementia of the Alzheimer's type (AD), Parkinson's disease (PO), attention deficit 
hyperactivity disorder (ADHD) and Tourette's Syndrome In a mammal, comprising administering 
to a mammal in need of such treabnent an amount of a compound of the fonnula I, or a 
phannaceutically acceptable sail thereof, that is effective In treating such disorder or condition. 

1 o The present Invention also relates to a phannaceutical composition for treating a disorder 
or condition selected from inflammatory bowel disease Oncluding but not limited to ulcerative 
corllls, pyoderma gangrenosum and Crohn's disease), llTitable bowel syndrome, spastic dystonla, 
chronic pain, acute pain, celiac sprue, pouchltls, vasoconstriction, anxiety, panic disorder, 
depression, bipolar disorder, autism, sleep disomers, jet lag, amytotroplc lateral sclerosis (ALS), 

15 cognitive dysfunction, hypertension, bulimia, anorexia, obesity, cardiac arrythmlas, gastric acid 
hypersecretion, ulcers, pheochromocytoma, progressive supramuscular palsy, chemical 
dependencies and addictions ~. dependencies on, or addictions to nicotine (and/or tobacco 
products), alcohol, benzodlazepines, barbituates, oplolds or cocaine), headache, stroke, traumatic 
brain Injury (TBI), psychosis, Huntington's Chorea, tamlve dysklnesla, hyperklnesla, dyslexia, 

20 schizophrenia, multl-lnfarct dementia, age related cognitive decline, epilepsy, lndudlng petil mal 
absence epilepsy, senile dementia of the Alzheimer's type (AD), Parkinson's disease (PD), 

attention deficit hyperactivity disorder (AOHD) and Tourette's Syndrome In a mammal, comprising 
an amount of a compound of the fonnula I, or a phannaceutically accepable salt thereof, and a 
phannaceutlcally acceptable carrier. 

25 This invention also relates to the pharmaceutically acceptable acid addition salts of the 
compounds of formula I. Examples of pharmaceutically acceptable acid addition salts of the 
compounds of formula I are the sails of hydrochloric acid, p-toluenesulfonlc acid, fumaric acid, 

citric acid, succlnic acid, salicylic acid, oxalic acid, hydrobromic acid, phosphoric acid, 
methanesulfonic acid, tartaric acid, malate, dl-p-toluoyl tartaric acid, and mandelic acid. 

30 Detailed Desa1Dtion of the Invention 
Except where otherwise stated, R1 through R18

, m and P, and structural fonnula I in the 
reaction schemes and discussion that follow are defined as above. 
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5 Scheme 1-13 Illustrate methods of synthesizing compounds of the fonnula I. Schemes 1-

4 illustrate such methods wherein the substituent groups R2 and R3 are attached prior to cyclization 

to fonn the tricyclic nucleus of fonnula I, which Is represented bY the free base of structural 
fonnula IA (Scheme 1) or IC (Scheme 3) wherein R2 and R3 are hydrogen. Schemes 5-13 

illustrate methods of fanning compounds of the fonnula I from starting materials that contain such 

10 nucleus. 

Referring to Scheme 1, the starting material of fonnula II is converted to a compound 

of formula Ill by the following process. The starting material of fonnula II is reacted with 

approximately 1 equivalent of a strong base such as n-butyllithium in a solvent such as 
anhydrous THF, ether or methyl t-butyt ether, at a temperature from about -1a·c to about 

15 -Ss·c. This metalation occurs over a period of from about ten minutes to five hours, typically 

In about two hours with the temperature maintained below -65°C. The anion, so-produced, Is 

then treated with cyclopent-3-ene carboxaldehyde In the same solvent at such a rate so as to 

maintain the temperature below -es•c. The reaction is then quenched by addition of the 

reaction mixture to an aqueous acidic medium and worked up. 

20 The compound of formula Ill, so-produced, is then reduced at the benzylic position 

by the action of trifluoroacetic acid and a reducing agent such as triethylsllane, to fonn the 

corresponding compound having formula IV. This reaction is generally conducted in a 

chlorinated hydrocarbon solvent, such as chlorofonn, dichoroethane (DCE) or methylene 

chloride, at about room temperature, for a period of about 6 to 24 hours, preferably for about 

25 18 hours. 

This compound of formula IV is then converted Into the corresponding compound of 

formula V by treating it with equivalent amounts of tetrabutyl ammonium Iodide and boron 

trichloride in a chlorinated hydrocarbon solvent, such as chlorofonn, dlchoroethane (OCE) or 

methylene chlorfde. This reaction Is typically conducted at a temperature of -78"C initially, 

30 and then allowed to react over a period of about two hours while wanning to ambient 

temperature. 

The resulting compound of formula V Is then reacted with trifluoromethanesulfonlc 

anhydride in a chlorinated hydrocarbon solvent, such as chlorofonn, dichoroethane (OCE) or 

methylene chloride, In the presence of a base such as pyridine or 3-methylpyridine, to fonn the 

35 corresponding trlfluoromethanesulfonic acid ester of formula VI. Typically, the lnltfal reaction 

temperature Is about -7B°C and the reaction is allowed to warm to room temperature to 

complete the reaction. 

The trifluoromethanesulfonlc acid ester of formula VI is then reacted under Heck 

cyclization conditions to produce the corresponding compound of formula VII. This reaction 

40 may be performed with or without a solvent. Suitable solvents include N,N-
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5 dimethylformamk:le (OMF), N-methylpyrrolidone (NMP) and toluene. Temperatures ranging 

from about 60"C to about 13o•c are suitable, and the reaction Is generally run for a period of 

about 1to48 hours. Preferably, the reaction Is conducted at a temperature of about 10Cfc 
for about 2-18 hours. Catalysts In this reaction are generated In situ by treatment with 

sources of palladium, such as palladium acetate (Pd(OAch), palladium dichloride {PdClv or 
10 palladium In the reduced zero oxidation state such as palladium on carbon (Pd/C) or 

tris(dibenzylidene acetone)dipalladium(O) (Pd2(dba)3). Analogous nickel catalysts can also 

be used. The amount of catalyst required Is about 0.1 mole % to a stoichiometric amount. 

Preferably, about 2-10 mole% of the palladium or nickel catalyst is used. Often, conditions 
used in these reactions include ligands such as triphenylphosphine or tri-o-tolylphosphine, or 

15 bidentate ligands such as DPPF, DPPE, DPPB, DPPP (OPP=bis-diphenylphosphine, 
F=ferrocene, E=ethyl, P=propane, B=butane) or any of a variety of chiral ligands such as 

BINAP (2,2'-bis(diphenylphosphino)-1, 1'-binaphthyl) or arsenate ligands, or bidentate 

combinations of these ligands with chiral directing groups, such as, for example, oxazollnes, 
though the Inclusion of ligands may not be necessary in all cases. If ligands are used in 

20 combination with palladium or nickel sources, they are typically used In amounts from about 
0.5 to about 4 molar equivalents of the palladium or nickel catalyst. 

The above reaction is conducted in the presence of a base, typically a tertiary amine 
base such as triethylamlne or dlisopropylethylamlne. Other bases such as calbonates or 
acetates, C!:g.,, potassium carbonate, sodium carbonate, sodium acetate or potassium 

25 acetate) may also provide adequate or desirable results. In some cases, as exemplified In 
the experimental examples, It is beneficial to use a tertiary amine base, as described above, 
in combination with catalytic acetate or carbonate salt such as potassium acetate, In an 
amount equivalent to the phosphine llgand to accelerate the reaction. An additional additive 

that may be useful Is an alkyl ammonium halide salt, such as tetrabutyl ammonium chloride. 
30 These conditions are common, and are based on the conditions described by Jeffrey T. In J. 

Chem. Soc .. Chem. Commun .. .1!M,, 1287 and Svnthesis, jj§z, 70. These reactions are 

generally performed under an atmosphere of nitrogen or argon, but may or may not require 

the presence of oxygen. 

Reaction of the compound of formula VII with osmium tetroxlde and a reoxidant such 

35 as N-methylmorpholine-N-oxide (NMO) In acetone and water at about room temperature 
yields the corresponding compound of fonnula VIII. 

The compound having fonnula VIII Is then converted into the desired corresponding 
compound of formula IA using the following procedure. First, the compound of formula VIII 
is reacted with sodium periodate in a mixture of a chlorinated hydrocarbon, preferably 

40 dlchloroethane (OCE), and water, or with lead tetraacetate In a chlorinated hydrocarbon 
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5 solvent, at a temperature from about 0°C to about room temperature, to generate a 

dlaldehyde or glycal Intermediate. The product of this reaction is then reacted, with 

benzylamlne (or ammonia) and sodium triacetoxyborohydride. Removal of the N-benzyl 

group yields the desired compound of formula IA. Removal of the benzyl group can be 

accomplished using methods well known to those of skill in the art, for example, by first 

1 O optionally reacting the free base with one equivalent of acid, e.g., hydrochloric acid (to fonn 

the corresponding acid addition salt), and then with hydrogen and palladium hydroxide In 

methanol at about room temperature. 

Alternatively, the reductive amination may be carried out !n situ as follows. 

Oxidative cleavage of the dlol of formula VIII performed using sodium periodate in aqueous 

15 THF or alcohol to form the dlaldehyde/glycal lntennediate referred to above. Treatment of 

this intermediate with excess benzylamlne (or ammonia), palladium hydroxide and hydrogen 

at a temperature from about room temperature to about 70°C generates the desired 

compound of formula IA. 

If the above method used leaves a benzyl group on the compound, removal of the 

20 benzyl group will yield the desired compound of formula IA. Removal of the benzyl group 

can be accomplished using methods well known to those of skill In the art, for example, 

optionally reacting the free base with one equivalent of acid,!£. hydrochloric acid (to form 

the corresponding acid addition salt), followed by hydrogen and palladium hydroxide In 

methanol at about room temperature. 

25 In the reductive animation step described above and throughout this document, 

alternatives to benzyl amine, such as ammonia, hydroxylamlne, alkoxy amines, methyl 

amine, allyl amine, and substituted benzyl amines ~. dlphenylmethyl amine and 2- and 4-

alkoxy substituted benzyl amines} can also be used. They can be used as free bases, or as 

their salts, preferably their acetate salts, and can be subsequently removed by methods 

30 described for each by T. W. Greene and G.M. Wuts, •protective Groups In Organic 

Synthesis•, 1991, John Wiley & Sons, New York, NY. 

The procedure described above and illustrated In Scheme 1 Is preferred for making 

compounds of the formula I wherein R2 or R3 is susceptible to reacting to form an aryne or in 

another type of side reaction. 

35 The procedure described above produces compounds of the formula IA wherein Z Is 

CH2• Compounds of the fonnula IA wherein Z is (C=O) can be fanned using the procedure 

illustrated in Scheme 1, as described above, with the exception that the compound of 

fonnula Ill Is oxidized, rather than reduced, at the benzyllc position, to fonn a compound of 

the formula IV wherein Z is (C=O). This can be accomplished using methods well known to 

40 those of skill in the art such as by treatment with Jones reagent (chromic acid solution) in 
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5 ether or acetone at a temperature from about 0°C to about room temperature • Compounds 

of the fonnula IA wherein Z Is CF2 can be prepared in a similar manner by converting the 
oxidized compound of fonnula IV wherein Z Is (C=O) Into the corresponding compound of 
formula IV wherein Z is CF2, and. then continuing with the reaction sequence of Scheme 1. 
This conversion can be accomplished using methods well known in the art, such as by 

1 o treatment with Lawesson's reagent. The reaction with Lawesson's reagent is generally canied 
out in a reaction Inert solvent such as benzene or toluene, preferably toluene, at a 
temperature from a~out room temperature to about the reflux temperature of the reaction 
mixture, preferably at about the reflux temperature. 

Scheme 2 illustrates an alternate method of preparing compounds of the fonnula I. 
15 This method is the preferred method for preparing such compounds wherein neither R2 nor 

R3 is susceptible to reacting in an undeslreable side reaction. Refening to Scheme 2, the 
compound of formula IX Is treated with a strong base such as n-butyllithium at a temperature 
from about room temperature to about the reflux temperature of the reaction mixture, in a 
solvent such as ether or t-butyl methyl ether. This metalatlon occurs over a period of from 

20 about 1 to 5 hours, typically in about 4 hours when the reaction Is conducted at the reflux 
temperature In ether. The resulting anion Is then cooled in the same solvent or In a solvent 
mixture such as one containing tetrahydrofuran (THF), to a temperature of about -78°C. This 
anion can then be reacted with cyclopent-3-enecarboxyllc acid methoxy-methyl-amide (X) at 
about -78°C, for about a half hour, with completion of the reaction occurring upon wanning to 

25 ambient temperature. This reaction yields the compound of formula XI. The compound of 

formula XI is then dissolved in a solvent such as methylene chloride and treated with boron 
trichlortde at about -78"C. After a pertod of 20 about minutes, the reaction is allowed to 
wann to about o•c and is worked up. The resulting phenol of formula XII is then converted 
into the trifluoromethanesulfonlc ester by the methods described above for generating the 

30 compound of fonnula XIII. The resulting ester can then be converted into a compound of 
fonnula XIV under Heck conditions, as described above. 

Reduction of the compound of fonnula XIV using standard Wolff-Kishner conditions 
yields the compound of formula XV. These conditions are well known to those skilled In the 
art, and Include reacting the compound of formula XIV with hydrazine and potassium 

35 hydroxide, first at a temperature of approximately 1 oo•c in a solvent, usually ethylene glycol 
or diglyme, and then increasing the temperature to about 180-200°C. Reductions that are 
known in the art to be equivalent to the standard Wolff-Kishner reduction may also be used. 
The compound of formula XV can be converted Into the compound of formula 18 by a 
procedure analogous to the conversion of compounds of the formula VII into those of the 

40 fonnula IA in Scheme 1. 
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5 Rather than reducing the ketone In the compound of formula XIV, the corresponding 

compound wherein the oxo group Is replaced by CF2 can be fanned by treatment with 

Lawesson's reagent, or using other methods for effecting this convelSJon that are well known 

to those of skill in the art. 

Methyl ethers may be converted to their corresponding phenols by methods well 

1 o known to those skilled in the art. This can be accomplished by exposing the compound of 

formula IB or XVII to hydrobromic acid and wanning the resuHlng mixture to the reflux 

temperature for a period of about 1 hour. This reaction produces the corresponding phenol 

of formula IB' or XVII', respectively. 

An alternative to the methods described in Schemes 1 and 2 for generating aryl 

15 anions Is to use halogen-metal exchange conditions. For example, a compound of the 

formula XVIII, illustrated in Scheme 3, wherein R19 is bromo or lodo, can be treated with an 

alkyllithlum base such as n-butyllithium, at a temperature form about .7a•c to 20"C, typically 

at about-78"C to produce an aryl anion of the formula 

I 

Li 

XVII( 

20 The anion produced in this reaction can then be reacted with an aldehyde, such as described 

In Scheme 1, or an appropriate disubstltuted amide, as described In Scheme 2, to produce a 

compound of the formula XIX. (Rather than reacting the compound of fonnula XVIII with an 

alkyllithium base, as described Immediately above, such compound can optionally first be 

converted into a Grignard reagent (R1~• MgR11
') using standard methods, and then 

25 reacted as described above for compounds of the fonnula XVIII' to prepare a compound of 

the formula XIX). 

The resulting compound of formula XIX can then be converted into a compound of 

the formula IC (Scheme 3) using the methods described above for the conversion of 

compounds of the fonnula XI Into those of the fonnula IB (Scheme 2) and for the conversion 

30 of compounds of the formula IV into those of the formula IA (Scheme 1). 

The generation of anions at the ortho position of the aromatic systems employed in 

the synthetic procedures described In this application is encompassed under a general 



W099/SS680 PCT/1899/00617 

-35-

5 synthetic strategy known to those skilled In the art as Directed Ortho Metalatlon (DOM). 
Within this area, a number of functional groups known as Directed Metalatlon Groups 
(DMGs) have been studied for this purpose, and some are reviewed In Snleck.us, V. Chem 

Rev. 1990, 879. Where applicable, DMGs other than those utlllzed in this wort may be 
equally applicable to the preparation of the compounds and intermediates described herein. 

1 o An alternative method for the generation of compounds similar to compounds of the 
formula V, XII or XX appears In Scheme 4. In this method, cyclopent-3-ene carboxaldehyde 
and a phenol are combined with an aryl boronlc acid and an acid catalyst such as an acetic 
acid (optionally substituted with halo substltutents at the alpha position to modulate the 
acidity of the reaction), or with a aryl boron dihallde, which, by its nature, will generate a 

15 mineral acid under the conditions of the reaction, In a solvent such as benzene, toluene, 
dioxane or dlchloromethane, preferably In benzene. The temperature of the reaction Is 
typically the reflux temperaure, or at a temperature that allows any of the standard methods 
for removal of water generated in the reaction to be removed at a rate that allows the desired 
reaction to occur. A convenient method employs a Dean-Stark trap to remove water formed 

20 in the reaction. Typically, the reaction Is conducted for a period of 3-48 hours, generally 10-
24 hours, or until the theoretical amount of water has been collected. At this lime the 
reaction is freed of solvent and then subjected to conditions as described above for reduction 
of benzyllc hydroxyl groups or ethers, for example, treatment of this intermediate with 
trifluoroacetic acid and a reducing agent such as triethylsilane. This reaction is conducted in 

25 a chlorinated hydrocarbon solvent, such as chloroform, dichoroethane (CCE) or methylene 
chloride, at or about room temperature for a period of 8 to 24 hours, preferably 18 hours. 

The above reaction produces a compound of the formula IV' wherein Z Is CH2. The 
corresponding compounds of the formula IV ' wherein Z Is (C=O) and CF2 can be formed 
using the methods described above for preparing compounds of the formula IV (Scheme 1) 

30 wherein Z is (C=O) or CF2. 

The resulting compounds of formula IV' (Z is (C = 0), CH2 or CF2) are Is then 

converted into the corresponding compound of formula IA' using the methods descnbed 
above and depicted In Scheme 1 for the preparation of compounds of the formula IA. 

Scheme 5 illustrates a method for the introduction of substituents, such as bromine 
35 and oxygen, into compounds of the ln~entlon. Treatment of a compound of formula XXJV 

with bromine, under standard conditions known to those of skill In the art, for example, in a 
chlorinated hydrocarbon solvent such as chloroform, dichoroethane (DCE) or methylene 
chloride, at a temperature of about o·c to about room temperature, preferably at room 
temperature, In the presence of a base such as sodium acetate, generates the corresponding 

40 compound of formula XXIVA. The bromide so produced (XXIVA) can then be converted, by 
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5 the process of halogen-metal exchange described above, to a lithium anion derivative, which 

can then be treated with a variety of electrophlles, for example, trlalkylborates, typically at 

temperatures ranging between -78 and o•c to produce the corresponding boronic acid 

derivative of fonnula .XXIVB. 

This compound can then be converted to a variety of derivatives accessible through 

1 o Suzuki coupling chemistry under standard conditions known to those of skill in the art. 

Alternatively these boronic acid compounds may be converted into the corresponding phenol 

derivatives, by reaction with hydrogen peroxide or N-methylmorphollne, In a solvent such as 

THF, or by any other standard methods known to those of skill in the art Removal of the 

benzyl protecting group by methods described above yields the desired compound of formula 

15 IC'. 

Phenols prepared as described above and in the experimental section can be 

converted to the corresponding trifluoromethanesulfonic esters. These derivatives, as well 

as the bromides formula XXIVA, can be used to access a variety of other substituents Cb!,,.. 

other values of R2 and R3) such as aryl, acetylene and vinyl substltuents, as well as the 

20 corresponding carbonyl esters and amides, by palladium and nickel catalyzed processes 

known to those of skill In the art, such as Heck, Suzuki and stllle couplings and Heck 

carbonylations. Additionally, phenols can be alkylated by a variety of common methods to 

prepare ethers. Additionally, esters may be treated with nucleophiles, such as Grignard 

reagents to prepare the corresponding tertiary alcohols. Examples of these transfonnations 

25 appear in the Experimental Examples. 

Scheme 6 illustrates the preparation of certain intermediates used In the procedure of 

Scheme 7. Refening to Scheme 6, the starting material of fOrmula XXV Is reacted with 

trifluoroacetic anhydride. In the presence of pyridine, to form the compound of formula XXVI. This 

reaction is typically conducted In methylene chloride at a temperature from about 0°C to about 

30 room temperature. 

The compound of fonnula XXVI, when Z is not (C::O), can then be converted Into the 

nitro derivative of formula XXXV by the following process. The compound of the formula XXVI is 

added to a mixture of 2 or more equivalents of trifluoromethanesulfonlc acid (CF~OzOH) and 1 to 

1.5 equivalents of nitric acid, In a chlorinated hydrocarbon solvent such as chloroform, 

35 dichoroethane (OCE) or methylene chlolide. The resulting mixture Is allowed to react for about 5 

to 24 hours. Both of the foregoing reactions are generally conducted at a temperature ranging 

from about -78°0 to about 0°c for about 2 hours, and then allowed to warm to room temperature 

for the remaining time. 
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5 Compounds of the fonnula XXXV wherein Z is (C=O) can be prepared by oxidizing the 
analogous compounds wherein Z is CH2 as desaibed by Kapur !t al., can. J. Chem., 66, 1988, 
2888-2893. 

Reduction of the compound of fonnula XXXV, using methods well known to those of sklll 
in the art, yields the conesponding aniline. This reduction can be accomplished, for example, 

1 o using hydrogen and a palladium catalyst such as palladium hydroxide, and running the reaction In 
methanol or ethanol at about room temperature. The intennediate aniline Is then converted Into 
the trffluoroacetamlde of fonnula XXVllA as desaibed above for the preparation of compounds of 

the fonnula XXVI. 

Mononltration of the compound of fonnula XXVllA, as desaibed above for the preparation 
15 of compounds of the fonnula "XXXN, yields the corresponding nltro derivative of fonnula XXVllA'. 

Treatment of the nltro derfvatlve of fonnula XXVllA' with aqueous bicarbonate In methanol or 
THF, at a temperature from about 20°c to about 70°C, followed by reduction of the nitro group as 
desaibed above, yields the conesponding compound of fonnula XXVllB. 

Referring to Scheme 7, the compound of tonnula XXVllA' Is converted Into the 
20 corresponding compound wherein the trtfluoroacetyl protecting group Is replaced by a t-Boc 

proteding group {XXVlllA) by reacting it first with an alkali metal or alkaline earth metal (or 
ammonium) hydroxide or carbonate, and then reacting the isolated product from the foregoing 
reaction with dl-t-butyldlcarbonate. The reaction with the alkali or alkaline earth metal (or 
ammonium) hydroxide or carbonate is generally carried out In an aqueous alcohol, dloxane or 

25 tetrahydrofuran (THF) at a temperature from about room temperature to about 70°C, preferably at 
about 70°C, for about one to about 24 hours. The reaction of the isolated, unprotected amine or 
an acid addition !iQlt of such amine, from the above reaction with df.t-butyldicarbonate is preferably 
carried out in a solvent such as THF, dioxane or methylene chloride at a temperature from about 
o•c to about room temperature. This reaction may or may not be conducted In the presence of a 

30 base. When the reactant Is a salt of the amine, use of a base is preferred. The resulting 
compound of fonnula XXVlllA can be converted Into the corresponding dlamino dertvative of 

fonnula XXVlllB using the procedure desaibed above for converting compounds of the fonnula 
XXVllA' Into the corresponding diamlno compounds of fonnula XXVllB. 

The conversion of the compound of fonnula XXVlllB Into the desired compound of the 
35 fonnula .XXIX can be accomplished by reacting the compound of fonnula XXVlllB with a 

compound of the fonnula 
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wherein R10 is hydrogen, (C1-Cs) alkyl optionally substituted with from one to seven fluorine 

atoms, aryt-(Co-~ alkyl wherein said aryt is selected from phenyl and naphthyl, or heteroaryl-(Co 

-~ alkyl wherein said heteroaryl is selected from five to seven membered aromatic rings 

containing from one to four heteratoms selected from oxygen, nitrogen and sulfur, and wherein 

10 each of the foregoing aryl and heteroryl groups may optionally be substituted with one or more 

substituents, preferably from zero to two substituents, Independently selected from (C1 -Ce) alkyl 

optionally substituted with from one to seven fluorine atoms, (Ct -Cs) alkoxy optionally subslituted 

with from one to seven fluorine atoms and cyano. The preferred solvent for this reaction Is a 

10:1 mixture of ethanol:acetic acid. The reaction temperature can range from about 40°C to 
15 about 1oo•c. It is preferably about 60°C. Other appropriate solven1s lndude acetic acfd, 

ethanol and lsopropanol. 

Alternate methods of preparing compounds of the formula XXIX from the compound 

of formula XXVlllB are described by Segetsteln et §1.., Tetrahedron Lett., 1993, 34, 1897. 

Removal of the t-Boc protecting group from the compound of formula XXIX yields the 

20 corresponding compound of fonnula ID. The protecting group can be removed using 

methods well known to those of skllf In the art. For example, the compound of formula XXIX 

can be treated with an anhydrous acid such as hydrochloric acid, hydrobromic acid, 

methanesulfonic acid, or trifluoroacetlc acid, preferably hydrochloric acid In ethyl acetate, at 

a temperature from about o•c to about 100°C, preferably from about room temperature to 

25 about 70°C, for about one to 24 hours. 

The compound of fonnula :XXIX can be converted Into the corresponding compound 

of formula IE by reacting it with a compound of the fonnula R17Z, wherein R17 Is defined as 

R10 Is defined above, and Z is a leaving group such as a halo or sulfonate C!JL., chloro, 

bromo, lodo, mesylate or tosylate), in the presence of a base such as an alkali metal hydride, 

30 hydroxide or carbonate, preferably potassium hydroxide, in a polar solvent such as water, 

dlmethylsulfoxide (DMSO), THF or DMF, preferably a mixture of DMSO and water, and then 

removing the protecting group as described above. The reaction with R17Z Is generally 

carried out at a temperature from about room temperature to about 1oo•c, preferably at 

about so•c, for about five hours. Subsequent removal of the protecting group, as described 

35 above, yields the desired compound of fonnula IE. 
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5 Scheme 8 illustrates an alternative method of preparing compounds of the formula 

IE from the compound of formula XXVlllA'. This method is the preferred meth~ of making 

compounds of the formula IE wherein R17 is a group such as an aryl or heteroaryl containing 
group, or when R17 can not be attached, as Illustrated in Scheme 7, by alkylation or aryl 

substitution methods. Referring to Scheme 8, the compound of formula XXVlllA' Is readed 

10 with the appropriate compound of formula R17NH2 in a polar solvent such as THF, DMF or 
DMSO, preferably THF, at a temperature from about room temperature to about 1oo•c, 
preferably at the reflux temperature, for about four to eighteen hours. This readlon produces 
a compound of the formula XXX. The resulting compound of formula XXX Is then converted 
Into the corresponding compound of the formula XXXI by reducing the nltro group to an 

15 amino group using methods well known to those of skill In the art. Such methods are 

referred to above for the conversion of the compounds of the formula XXVllA' into a 

compound of the formula XXVllB in Scheme 6. Closure of the lmldazole ring to form the 

corresponding compound of formula XXXll can then be accomplished by reacting the 
compound of formula XXXI from the above reaction with a compound of the formula 

20 

H5C20 2C C02C2H5 

OC2H5 

(wherein R10 is defined as above) as described above for converting compounds of the 
formula XXVlllB Into those of the formula XXIX. 

Removal of the protedlng group from the compound of formula XXXll yields the 

corresponding compound of formula IE. This can be accomplished using methods well 
25 known In the art, for example, as described above for forming compounds of the formula ID 

from the corresponding compounds of the formula XXIX. 

Compounds of the formula XXVlllA', which are the starting materials used in the 
process of Scheme 8, can be synthesized as depicted in Scheme 8A and described below. 
The appropriate compound of formula IC (Scheme 3) wherein R2 Is fluoro Is converted Into 

30 Its trifluoroacetamlde derivative of the formula ICTFA, using methods described above. 

such derivative is then nitrated, as described above or using other methods well known to 

those of skill in the art, to· provide the corresponding nltro derivative of formula ICTFA'. 

Subsequent removal of the trifluoroacetamlde group with an alkali metal carbonate or 
bicarbonate In methanol or THF, followed by protedion with dl-t-butyldicarbonate, as 

35 described above, yields the corresponding compound of formula XXVlllA'. 
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5 Scheme 9 illustrates a method of preparing compounds of the formula IF, wherein 

R10 and R17 are as defined above. Referring to Scheme 9, the compound of formula XXVlllB 

Js reacted with a compound of the formula 

Nao,s~so,Na 
(sodium bisulfite ethane dione addition adduct) in water or another polar solvent such as 

10 THF, OMF or DMSO, preferably a mixture of water and a water miscible solvent such as 
THF, for about one to four hours. The reaction temperature can range from about 4o•c to 

about 1 oo·c, and is preferably at about the reflux temperature. 

15 

Alternatively, the compound of formula XXVlllB can be reacted with a compound of 

the formula 

1 ,, 17 

R'"' lR 

(double condensation reaction) in a polar solvent such as THF, water, or acetic acid, 

preferably a mixture of water and THF. This reaction Is typically carTled out at a temperature 

from about 4o•c to about 1 oo·c, preferably at the reflux temperature, for about two to four 

hours. 

20 Both of the foregoing procedures can also be used to convert the corresponding 

compounds wherein the t-Boc protecting group Is replaced by another protecting group such 

as TFA ~ , compounds of the formula XXVllB) Into qulnoxollnes. 

The desired qulnoxoline of formula IF can then be formed by deprotecting the 

compound formed in either of the foregoing reactions, using the method described above tor 

25 converting a compound of the formula .XXIX into one of the formula ID or the method 

described above for removing the TFA group from a compound of the fonnula XXVllA'. 

Scheme 10 illustrates a method of preparing compounds Of the formula I wherein R2 and 

R3, together with the benzo ring to which they are attached, form a benzoxazole ring system. 

Such a compound, wherein R1 is hydrogen, Is depicted in Scheme 10 as chemical fOrmula IG. 

30 Refening to Scheme 10, a compound of the fonnula ICTFA', wherein V Is nitro or fluoro, Is 

reacted with potassium acetate or another alkali or alkaline earth metal carboxylate in a solvent 

such as dimethylsulfoxide (DMSO), DMF or acetonitrile, preferably DMSO. This reaction Is 

generally allowed to run fOr about 12-24 hours. Appropriate reaction temperatures range from 

about 10°c to about 140°C. Approximately 100°c is preferred. 
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5 The above reaction yields the compound of formula XXXIV, which can then be converted 
Into the desired compound having fonnula IG by the following procedure. First, the compound of 
formula XXXIV Is reduced by reaction with hydrogen and a palladium or platinum catalyst such as 

palladium hydroxide In methanol at a temperature from about OOC to about 1o•c, preferably at 

about room temperature, to form the corresponding amino derivative. The product of this reaction 
1 o Is then reacted with an acid chloride of the formula R1°COCI or an acid anhydride of the formula 

(R1°C0)20 wherein R10 is (C1-Ce)alkyl, or a compound of the fonnula R1°C(O~Hs)3, in an 

appropriate inert solvent such as decalin, chlorobenzene or xylenes. A mbdure of xylenes is 
preferred. This reaction Is typically conducted at a temperature from about 12~150°C, preferably 

at about 140°C. When R10coct ts used as a reactant, it Is preferable to add a stolcheometr1c 
15 amount of trlethylamlne (TEA) or another organic tertiary amine base and a catalytic amount of 

pyridlnium ~toluenesulfonic acid or pyrldlnum ~toluenesulfonate (PPTS) to the reaction mbdure. 

When R1°C(O~Hs)3 is used as a reactant, It Is preferable to add a catalytic amount of PPTS to 
the reaction mixture. 

Removal of the trifluoroacetyl nitrogen protecting group yields the desired compound of 
20 the formula IG. This can be accomplished using methods well known to those of skill In the art, for 

example, reacting the protected compound with a lower alkanol and an aqueous alkali or alkaline 
earth metal (or ammonium) hydroxide or .carbonate, aqueous sodium carbonate, at a temperature 

from about so•c to about 100°c, preferably at about 70 • C, for about two to six hours. 

Scheme 11 illustrates the preparation of compounds of the formula I wherein R1 Is 
25 hydrogen and R2 and R3

, together with the benzo ring to which they are attached, form a 
benzothiazole ring system. These compounds are referred to In Scheme 11 and hereinafter as 

•compounds of the fonnula IH". Refen1ng to Scheme 11, the compound of fonnula XXN' is 

reacted with trifluoroacetlc anhydride to form the conesponcting compound wherein the ring 
nitrogen is protected by a trifluoroacetyl group, and the resulting nitrogen protected compound is 

30 then reacted with two equivalents of trifluoromethanesulfonlc acid and one equivalent of nitric acid 

to form the corresponding compound of formula ~. wherein there Is a single nitro substiluent 

on the benzo ring. The reaction with trifluoroacetlc acid Is typically conducted In the presence of 
pyridine. Both of the above reactions are typically conducted In a reaction Inert solvent such as a 
chlorinated hydrocarbon solvent, preferably methylene chloride, at a temperature from about 0°c 

35 to about room temperature, preferably at about room temperature. 

The above transfonnation can also be accomplished using other nitration methods known 
to those skill in the art. 

Reduction of the nllro group to an amine group can be accomplished as desaibed above 

to provide a compound of the fonnula XX>fY. 
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5 The compound of fonnula x:x:xN' Is then reacted with a cart>oxylic acid halide or 

10 

anhydride of the fonnula R1°COX or (R1°C0)20, wherein Xis halo, and pyridine, TEA or another 

tertiary amine base, to-form a compound of the formula XXXVI, which can then be converted to 

the desired compound having formula XXXVll by reacting it with Lawesson's reagent, which 

is depicted below. 

The reaction with R10cox, wherein Xis halo, or (R10co)2o Is generally carried out at 

a temperature from about o•c to about room temperature, preferably at about room 

temperature. The reaction with Lawesson's reagent Is generally canted out in a reaction Inert 

solvent such as benzene or toluene, preferably toluene, at a temperature from about room 

15 temperature to about the reflux temperature of the reaction mixture, preferably at about the 

reflux temperature. 

Closure to the benzothiazole ring and nitrogen deprotectlon to fonn the desired 

compound of formula IH can be accomplished by reacting the compound of fonnula XXXVll 

with potassium ferricyanide and sodium hydroxide In a mixture of water and methanol 

20 (NaOH/~O/CH30H), at a temperature from about S011C to about 70°C, preferably at about 

60°C for about 1.5 hours. 

Schemes 12 and 13 Illustrate methods of preparing compounds of the formula I 

wherein R1 Is hydrogen, and R2 and R3 represent a variety of different substituents, as 

defined above, but do not form a ring. 

25 Scheme 12 Illustrates methods of prepartng compounds of the fonnula I wherein: (a) R1 

Is hydrogen and R2 is R7R8N0:2S-; (b) R1 and R2 are both chloro; and (c) R1 Is hydrogen and R21s 
R13C(=O)-. These compounds are refened to In Scheme 12, respectlvely, as compounds of 

fonnulas IJ, IK and IL. 

Referring to Scheme 12, compounds of the formula IJ can be prepared by reacting 

30 the compound of fonnula XXVI with two or more equivalents of a halosulfonic acid, 

preferably chlorosulfonlc acid, at a temperature from about o•c to about room temperature. 
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5 Reaction of the chlorosulfonlc acid derivative so fonned with an amine having the formula 

R7R8NH, wherein R7 and R8 are defined as above, followed by removal of the nitrogen 

protecting group, yields the desired compound having fonnula IJ. 

Compounds of the fonnula IK can be prepared by reacting the compound of formula 

XXVI with Iodine trichloride in a chlorinated hydrocarbon solvent, followed by removal of the 

1 o nitrogen protecting group. The reaction with Iodine trichloride Is typically canied out at a 

temperature from about o•c to about room temperature, and Is preferably canied out at 
about room temperature. In a slmllar fashion, the analogous mono- or dlbromlnated or 

mono- or diiododinated compounds can be prepared by reacting the compound of XXVI with 

N-iodosuccinlmide or N-bromosucclnlmlde In a trifluromethanesulfonic acid solvent, followed 

15 by removal of the nitrogen protecting group as described above. 

Reaction of the compound of XXVI with an acid halide of the fonnula Rt3COCI or an 

acid anhydride of the formula (R13C0)20, with or without a reaction Inert solvent such as a 

chlorinated hydrocarbon solvent, preferably methylene chloride, in the presence of Lewis 

acid such as aluminum chloride, at a temperature from about o•c to about 1 oo•c, followed 

20 by nitrogen deprotection, yields the compound of fonnula IL The reaction with the acid 

halide or anhydride can be carried out using other known Lewis acids or other Friedel-Crafts 

acylations methods that are known In the art. 

The reactions described herein Jn which N02, -S02NR7R8
, -COR13

, I, Br or Cl are 

introduced on the compound of formula XXVI, as depicted in Scheme 12 and described 

25 above, can be perfonned on any analogous compound wherein R2 is hydrogen, (C1-Ce)alkyJ, 

halo, (C1-Ce)alkoxy or -NHCONR7R8
, producing compounds of the fonnula I wherein R2 and 

R3 are defined as in the definition of compounds of the formula I above. 

Compounds that are Identical to those of the fonnula IL, but which retain the nitrogen 

protecting group, can be converted into the corresponding 0-acyl substituted compounds, 

30 i.e., those wherein the -C(=O)R13 group of fonnula IL is replaced wtth a -O-C(=O)R13 group, 

using Baeyer-Vllllger processes well known to those skilled In the art. The resulUng 

compounds can be partially hydrolyzed to yield the corresponding hydroxy substituted 

compounds, and then alkylated to fonn the corresponding alkoxy substituted compounds. 

Also, such 0-acyl substituted compounds can be used to prepare variably substituted 

35 benzlsoxazoles, using methods well known to those of skill in the art such as using, In 

sequence, a Fries rearrangement, oxime fonnatlon, acylatlon and treatment with base. Such 

a process Involves perfonning a Fries rearrangement of a compound of the fonnula XXXlll 

by treatment with a Lewis acid such as aluminum chloride (AICl3) neat or in a solvent such as 

chlorobenzene, at a temperature from about 100°C to about 2000C, preferably at about 

40 11oac for about 1 to 2 hours, preferably for about 2 hours, to produce a compound of the 
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5 formula XXXIX. Cleavage of the protecting group provides the corresponding compound of 

formula IS. AHematively, the compound of fonnula XXXIX can be converted into itS oxlme 

using standard methods well known to those skilled In the art, such as treatment with 

hydroxylamlne hydrochloride in an alcohol (e.g., methanol), in the presence of a base such 

as sodium acetate, at a temperature from about 20°C to about 70°C, preferably at about 

10 50°C for about 5 to 20 hours. Acylatlon of the oxime using methods well known in the art, 

such as treatment with acetic anhydride and pyridine, followed by treatment of the Isolated 

acyl oxlme with a base such as sodium hydride, In a solvent such as DMF, NMP or OMSO, 

produces the corresponding protected benzlsoxazole. Cleavage of the protectfng group 

under standard conditions, as described above, yields the desired compound of formula IT. 

15 Scheme 13 illustrates methods of making compounds of the formula I wherein: (a) R1 is 

hydrogen and R2 is chloro; (b) R1 Is hydrogen and R2 ·is cyano; (c) R1 is hydrogen and R2 Is amino; 

and (d) R1 is hydrogen and R2 is R13C(=O)N(H)-. These compounds are refetred to in Scheme 13, 

respectively, as compounds of the fonnula IM, IN, IP and IQ. 

Compounds of formula IM can be prepared from compounds of the formula "nXV' 

20 by generation of a diazonlum saH with, for instance, an alkali metal nitrite and strong mineral 

acid C!JL., hydrochloric acid, sulfuric acid, hydrobromlc acid) In water, followed by reaction 

with a copper halide salt, such as copper (1) chloride. Nitrogen deprotectlon by the methods 

described above yields the desired compound of fonnula IM. AHemative methods for the 

generation of diazonlum saHs, as known and practiced by those of skill In the art, can also be 

25 used. The foregoing reaction is generally carried out at temperatures ranging from about o•c 
to about 60°C, preferably about eo·c for about 15 minutes to one hour. 

Reaction of the diazodium salt, prepared as described above, with potassium iodide 

in an aqueous medium provides the analogous iodide derivative. This reaction Is generally 

carried out at a temperature from about o•c to about room temperature, preferably at about 

30 room temperature. The resulting compound, or its analogous N-tert-butylcarbonate protected 

form, can be used to prepare the corresponding cyano derivative by reaction with copper (I) 

cyanide and sodium cyanide in DMF, N-methylpyrrolidone (NMP), N,N-dimethylpropylurea 

(OMPU) or DMSO, preferably NMP, at a temperature from about so•c to about 1ao•c, 
preferably at about 175°C. Nitrogen deprotectlon as described above provides the 

35 corresponding desired compound of formula IN. 

The above described iodide, bromide or diazonlutn salt derivative can also be used 

to access a variety of other substltuents such as aryl, acetylene and vinyl substituents, as 

well as the corresponding carbonyl esters and amides, by palladium and nickel catalyzed 

processes known to those of skfll fn the art, such as Heck, Suzuki and Stille couplings and 

40 Heck carbonylations. 
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5 Nitrogen deprotection of the compound of fonnula ')(X)N' provides the compound of 

the fonnula IP. 

The compound of fonnula X'XX.V' can be reacted with a acyl group having the 

fonnula R13COCI or (R13CO)~ using the methods described above, followed by nitrogen 

deprotection to provide compounds of the formula IQ. In a similar fashion, treatment of the 

10 protected amine with a compound having the formula R13S~X. when X Is chloro or bromo, 

followed by nitrogen deprotection, provides the corresponding sulfonamide derivative. 

other suitable amine protecting groups that can be used, altematlvely, In the 

procedures described throughout this document Include -COCF3, -COCCl3, -COOC~CC'3, 

-COO(C1-C&)alkyl and -COOCH2CaH5• These groups are stable under the conditions 

15 described herein, and may be removed by methods described for each In Greene's 

•protective Groups In Organic Chemistry•, referred to above. 

compounds of the formula I wherein R1 Is other than hydrogen can be prepared as 

described above, such as the reductive amlnation ring formation by which compound XXIV In 

Scheme 3 (R1=benzyl) is formed, and by the methods described below. Compounds of the· 

20 formula I wherein R1 is hydrogen can be converted Into the corresponding compounds 

wherein R1 Is other than hydrogen by treating them with an equivalent amount of an aldehyde 

(R1CHO) or ketone (R1R1CO wherein the two R1's are the same or different) and a reducing 

agent, preferably a hydride reagent such as sodium traicetoxyborohydride or sodium 

cyanoborohydride, in a solvent such as methylene chloride, tetrahydroturan or dloxane. The 

25 addition of acid to facilitate the reaction may be necessary in some cases, and acetic acid is 

commonly used. The temperature of this reaction is typically ambient for a period of about 

0.5 to 24 hours. Commonly used methods are described in J. Ora. Chem. 1998, 81, 3849. 

Compounds of the formula I wherein R1 Is other than hydrogen can also be prepared 

by subjecting the corresponding compounds wherein R 1 is hydrogen to an alkylatlon reaction, 

30 using methods well known to those of skill In the art. For example, the compound wherein R1 

Is hydrogen Is treated with an equivalent amount or an excess of R1X, wherein R1 is other 

than hydrogen and Xis halo, preferably bromo or lodo, or an 0-sulfate ester of R10H. This 

reaction is typically perfonned neat or in polar solvent such as water, dimethylformamlde or 

dlmethylsulfoxlde, usually in the presence of base, such as but not limited to an alkyl! metal 

35 carbonate, for Instance. The temperature of the reaction will generally range from about 20-

1200C (preferably I it will be about 100°C) for a period of about 0.1 to 24 hours. 

Compounds of the fonnula I wherein R1 Is other than hydrogen can also be prepared 

by converting the corresponding compounds wherein R1 is hydrogen Into amides by reacting 

them with a compound of the fonnula R1C(=O)X, wherein X is defined as above, using 

40 methods well known to those of skill in the art, and then reducing the resulting amide with 
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5 borane or lithium aluminum hydrtde. The reduction step Is usually earned out In an ethereal 

solvent such as ethyl ether or THF at a temperature from about 20°C to about 70°C for about 

one to twenty hours, to produce the desired amine. 

In each of the reactions discussed above, or illustrated In Schemes 1·13, above, pressure 
Is not critical· unless othelWise indicated. Pressures from about 0.5 atmospheres to about 5 

1 o atmospheres are generally acceptable, with ambient pressure, i.e., about 1 atmosphere, being 

preferred as a matter Of convenience. 

The compounds Of the fonnula I and their phannaceutically acceptable salts (hereafter 

"the active compounds") can be administered via either the oral, transdennal C!dl:., through the 

use of a patch), Intranasal, sublingual, rectal, parenteral or topical routes •. Transdennal and oral 

15 administration are preferred. These compounds are, most desirably, administered In dosages 

ranging from about 0.25 mg up to about 1500 mg per day, preferably from about 0.25 to about 300 

mg per day in single or divided doses, although variations will necessarily occur depending upon 

the weight and condition of the subject being treated and the partioolar route of administration 

chosen. However, a dosage level that is in the range of about 0.01 mg to about 10 mg per kg of 

20 body weight per day Is most desirably employed. Variations may nevertheless occur depending 

upon the weight and condition of the peisons being treated and their individual responses to said 

medicament, as well as on the type Of phannaceutical fonnulation chosen and the time period and 

Interval during which such administration Is earned out. In some instances, dosage levels below 

the lower Hmit of the aforesaid range may be more than adequate, while in other cases still larger 

25 doses may be employed without causing any hannful side effects, pn>Vlded that such larger doses 

are first dMded into se\ieral small doses for administration throughout the day. 

The active compounds can be administered alone or In combination With 

phannaceutically acceptable earners or diluents by any of the several routes previously indicated. 

More particularly, the active compounds can be administered In a wide variety Of different dosage 

30 fonns, e.g., they may be combined with various phannaceutlcally acceptable Inert canters in the 

fonn of tablets, capsules, transdennal patches, lozenges, troches, hard candles, powders, sprays, 

creams, salves, supposttories, jellies, gels, pastes, lotions, ointments, aqueous suspensions, 

injectable solutions, elixirs, syrups, and the like. Such canters include solid diluents or fillers, 

sterile aqueous media and various non-toxic organic solvents. In adcfrtion, oral phannaceutical 

35 compositions can be suitably sweetened and/or flavored. In general, the active compounds are 

present In such dosage fonns at concentration levels ranging from about 5.0% to about 70% by 

weight. 

For oral administration, tablets containing various exciplents such as mlcrocrystalline 

cellulose, sodium citrate, calcium carbonate, dlcalclum phosphate and glycine may be employed 

40 along with various disintegrants such as starch (preferably com, potato or tapioca starch), alglnfc 
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5 acid and certain complex silicates, together with granulation binders like polyvfnylpyrrolidone, 
sucrose, gelatin and acacia. Additionally, lubricating agents such as magnesium stearate, sodium 
lauryl sulfate and talc can be used for tablettlng pulJJOSe&. Solid compositions of a similar type 
may also be employed as fillers in gelatin capsules; preferred materials In this COMection also 
include lactose or milk sugarj as well as high molecular weight polyethylene glycols. When 

1 o aqueous suspensions and/or elixirs are desired for oral administration the active ingredient may be 

combined with various sweetening or flavoring agents. coloring matter and, If so desired, 
emulsifying and/or suspending agents, together with such diluents as water, ethanol, propylene 
glycol, glycerin and various combinations thereof. 

For parenteral administration, a solution of an active compound In either sesame or 
15 peanut oil or in aqueous propylene glycol can be employed. The aqueous solutions should be 

suitably buffered (preferably pH greater than 8), If necessary, and the liquid diluent first tendered 
Isotonic. These aqueous solutions are suitable for intravenous Injection purposes. The oily 
solutions are suitable for lntraartlcular, intramuscular and subcutaneous Injection purposes. The 
preparation of all these solutlons under sterile conditions is readily accomplished by standatd 

20 phannaceutical techniques well known to those skilled in the art. 
It is also possible to administer the active compounds topically and this can be done by 

way of creams, a patch, jellies, gels, pastes, ointments and the like, in accordance with standard 
phannaceutical practice. 

Bloloalcal Assay 

25 The effectiveness of the active compounds In suppressing nicotine binding to specific 
receptor sites Is detennlned by the following procedure which is a moditicaUon of the methods of 

Llpplello, P. M. and Fernandes, K. G. On The Blndina of L/HINicotine To A Single Class of HIQh­
AffinitV Sites in Rat Brain Membranes. Molecular Phann., 29, 448-54, (1986)) and Andeison, D. J. 
and Amelie,· S. P. On Nicotinic Receptor Binding of 3f..t..cystisine. 3H-Nicotine and 

30 3H-Methylcannbamvtcholine In Rat Brain, European J. Phaun., 253, 261-67 (1994)). 

Procedure 

Male Sprague-Dawley rats (200-300 g) from Chartes River were housed in groups In 
hanging stainless steel wire cages and were maintained on a 12 hour llght/dark cycle \1 a.m.-7 
p.m. Hght period). They received standard Purina Rat Chow and water ad liblum. 

35 The rats were killed by decapitation. Brains were removed immediately foHowlng 
decapitation. Membranes were prepared from brain tissue according to the methods of Upplello 
and Fernandez (Molec Phannacol, 29, "4M54, (1986) with some modifications. Whole brains 
were removed, rinsed with ice-cold buffer, and homogenized at 0° in 10 volumes of buffer fytlv) 

using a Brinkmann Polytron™, setting 6, for 30 seconds. The buffer consisted of 50 mM Tris HCI 
40 at a pH of 7.5 at room temperature. The homogenate was sedimented by centrifugation (10 
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5 minutes; 50,000 x g; O to 4°C. The supernatant was poured Off and the membranes were gently 

resuspended with the Polytron and centrifuged again (10 minutes; 50,000 x g; Oto 4°C. After the 

second centrifugation, the membranes were resuspended In assay buffer at a concentration of 

1.0g/100ml. The composition of the standard assay bufferwas 50 mM Tris HCI, 120 mM NaCl, 5 

mM KCI, 2 mM MgC'2, 2 mM CaCb and has a pH of 7.4 at room temperature. 

10 Routine assays were perfonned In borosilicate glass test tubes. The· assay mbdure 

typically consisted of 0.9 mg of membrane protein In a final Incubation volume of 1.0 mL Three 

sets of tubes were prepared wherein the tubes in each set contained SOµL of vehicle, blank, or test 

compound solution, respectively. To each tube was added 200 µ.I. of t3HJ-nlcotine In assay buffer 

followed by 750 µl of the membrane suspension. The final concentration of nicotine in each tube 

15 was 0.9 nM. The final concentration of cytisine in the blank was 1 fifA. The vehicle consisted of 

deionized water containing 30 µL of 1 N .acetic acid per SO ml of water. The test compounds and 

cytislne were dissolved in vehicle. Assays were initiated by vortexlng after adcfltion of the 

membrane suspension to the tube. The samples were Incubated at O to 4° C in an iced shaking 

water bath. Incubations were terminated by rapid filtration under vacuum through Whatman 

20 GF/B™ glass tlber tllters using a Brandel™ mulli-rnanifokl tissue harvester. Following the lnlUal 

filtratton of the assay mixture, filters were washed two times with Ice-cold assay buffer (5 m each). 

The filters were then placed in counting vials and mixed vigorously with 20 ml of Ready Safe™ 

(Beckman) before quantirmon of radioactivity. Samples were counted In a LKB Wallach 

Rackbeta™ liquid scintillation counter at 40-50% efficiency. All detenninations were In trtpllcate. 

25 calculatlons 

Specific binding (C) to the membrane Is the difference between total binding In the 

samples containing vehicle only and membrane (A) and non-specific binding in the samples 

containing the membrane and cylisine (B), I.e., 

Specific binding = (C) = (~ - (B). 

30 Specific binding in the presence of the test compound (E) is the difference between the 

total binding in the presence of the test compound (D) and non-specific binding (B), !&.. (E) = (D) -

{B). 

%.Inhibition= {1-{(E)/{C)) times 100. 

The compounds of the invention that were tested in the above assay exhibited IC.O values 

35 of less than 1 o µM. 

The following experimental examples Illustrate, but do not limit the scope of, this 

invention. 
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5 EXAMPLE1 

5.B-DIFLUOR0-11-AZA-TRICYCLOJZ.3. 1.02.7JTRIDECA-2.4.B-TR!ENE 

HYDROCHLORIDE 

Al Cyclopent-3-enyl-(2.3-difluoro-8-methoxy-phenvD-methanol (For leading 

metalatlon references, see Example 6A. Cyclopent-3-enecarbaldehyde was derived from the 

1 o lithium aluminum hydride reduction of cyclapent-3-enecarboxylic acid methaxy-methyl­

amide, the preparation of which appears in Example 2A. Far reduction conditions, see: 

Gariglpati, R. s.; Tschaen. D. M.; Weinreb, S. M.; J. Amer. Chem. Soc. 1990, 112, 3475-

3482.) 

1,2-Difluoro-4-methoxy-benzene (10 g, 89.4 mmol) was stirred in anhydrous (anh.) 

15 THF (80 ml) In a dry 250 ml three neck round bottomed flask (3NRB flask) at-78 °C under 

nitrogen (N2). To this was added n-butylllthlum (n-Buli) (28 ml. 2.SM/hexanes soln., 70 

mmol) over 5 minutes. After stirring below-70 °C for 4.5 hours (h). a solution of cyclopent-3-

enecarbaldehyde (5.7 g, 69.4 mmol} in anh. THF (30 ml) was added via addition funnel 

along the reaction vessel wall while keeping the internal temperature below -70 °C. After 

20 stirring for 112 hour (h), the reaction mixture was poured Into a saturated aqueous ammonium 

chloride solution (sat. aq. NH4CI soln.) (100 ml), and the mixture was stirred and extracted 

with ethyl ether (Et20) (2 x 50 ml). The organic layer was washed with brine (50 ml), dried 

(Na2S04), filtered, concentrated and chromatographed on silica gel to provide an oil (6.64 g, 

40%). (Thin layer chromotography (TLC) 20%Et0Aclhexanes Rr 0.18). 1H NMR (COCl3) 8 

25 7.01 (ddd, J=9.0Hz, 1H), 6.58 (m, 1H), 5.72 (ddd, J=5.8,4.5,2.2 Hz, 1H), 5.62 (ddd, 

J=5.8,4.5,2.2 Hz, 1H), 4.79 (br d, J=9.5 Hz, 1H), 3.85 (s, 3H), 3.20 (br s, OH), 2.87 (m, 1H), 

2.52 (AB m, 2H), 1.99 (AB m, 2H). GCMS rnle 240 (M). 

Bl 2-CVclopent-3-envlmethyl-3.4-dlfluoro-1-methoxv-benzene (For related examples, 

see: Leeson, P. D.; Emmett, J.C.; Shah, V. P.; Showell, G. A.: Novelli, R. J. Med. Chem. 

30 1989, 32, 320-336.) 

Cyclopent-3-enyl-(2,3-dlfluoro-6-methoxy-phenyl)-methanol (8.64 g, 27.7 mmol) and 

trlethylsllane (3.38 g, 29 mmol) were stirred in CH2Cl2 (40 ml) at o0c. To this solution was 

added trifluoroacetic acid (17.3 ml, 224 mmol). The mbcture was stirred at ambient 

temperature for 18 hours. The mixture was concentrated to an oil, which was dissolved in 

35 hexanes (100 ml), washed with water (H20) (2 x 50 mL) and a saturated aqueous sodium 

bicarbonate solution (sat. aq. NaHC03 soln.) (50 ml), and then dried (sodium sulfate 

(Na2S04)), filtered, concentrated and chromatographed on Silica gel to provide an oil (3.87 g, 

59%). (TLC hexanes Rr 0.38). 
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5 1H NMR (CDCl3) 8 8.92 (ddd, J=9.3 Hz, 1 H), 8.49 (br d, J=9.3 Hz, 1 H}, 5.88 (br s, 

2H}, 3.78 (s, 3H}, 2.72 (dd, J=7.5,2.0 Hz, 2H), 2.57 (m, 1H), 2.38 (AB m, 2H), 2.06 (AB dd, 

J=14.2,5.5 Hz, 2H). GCMS mle 224 (M•). 

Cl 2-Cyclopent-3-envlmethvl-3.4-djfluoro-phenol 

2-Cyctopent-3-enylmethyl-3,4-difluoro-1-methoxy-benzene (3.87 g, 16.38 mmol) and 

1 O n-Bu..Nl ff.17 g, 19.4 mmol) were stirred ln dry CH2Cl2 (50 ml) at-78 DC under nitrogen (N2). 

To this was added boron trichlorlde (BCb) (22 ml, 1 M CH2Cl2 soln., 22 mmol) over 2 minutes 

(min.). After 5 min., the solution was allowed to warm to room temperature (rt) and stirred for 

2 hours. The reaction was quenched with H20 (1 OD mL) and stirred for 1 hour. The layers 

were separated and the aq. layer extracted with methylene chloride (C~Clv (2 x 30 ml}. 

15 The combined organic layer was washed with H20 (2 x 50 ml), and a sat. aq. NaHC03 solo. 

(50 ml}, dried through a cotton plug, concentrated and chromatographed on silica gel to 

provide an oil (3.30 g, 96%). (TLC 50% ethyl acetate (EtOAc)/hexanes (hex) Rt 0.70). 1H 

NMR (CDCl3) 8 8.85 (ddd, J=9.0 Hz, 1H), 6.46 (m, 1H), 5.68 (br S, 2H), 4.76 (br S, 1H), 2.71 

(d, J=8.0 Hz, 2H), 2.61 (m, 1H), 2.39 (AB m, 2H), 2.09 (AB dd, J=14.0,5.4 Hz, 2H). GSMS 

20 m/e 210 (Mj. 

Dl Trifluoro-methanesulfonic acid 2-cyclopent-3-env!meth'll-3.4-dlfluoro-phenvl ester 

(For a leading reference, see: Su, T. M.; Sliwinski, W. F.; Schleyer, P. v. R. J. Am. 

Chem. Soc.1969, 91, 5386.) 

2-Cyclopent-3-enylmethyl-3,4-difluoro-phenol (3.30 g, 15. 7 mmol) and pyridine (2.49 

25 g, 31.5 mmol) were stirred in CH2Cl2 (50 ml) at -78 °C under N2 and treated with 

trifluoromethane sulfonlc anhydride (6.20 g, 22.0 mmol) dropwlse over 20 min. The mixture 

was allowed to warm to rt and stirred for 112 hour then poured Into 1N aq. HCI soln. and 

shaken. The layers were separated and the aq. layer was extracted with CH2Cb (2 x 30 ml). 

The combined organic layer was washed with HzO (50 mL), and a sat. aq. NaHC03 soln. (50 

30 ml), dried through a cotton plug, concentrated and chromatographed on silica gel to provide 

an oil (4.34 g, 81%). (TLC 30%Et0Ac/Hex R, 0.60). 1H NMR (CDCl3) 8 7.13-7.03 {2H), 5.87 

(br s, 2H). 2.82 (dd, J=7.5,2.0 Hz, 2H), 2.58 (m, 1H), 2.40 (dd. J=14.0,8.0 Hz, 2H), 2.05 (dd, 

J=14.0,5.5 Hz, 2H). GCMS m/e 342 (M+). 

El 5.6-Difluorotricyclo[7.2.1.02·7Jdodeca-20.3.5.10-tetraene 

35 Trifluoro-methanesutfonic acid 2-cyclopent-3-enylmethyl-3,4-dmuoro-phenyl ester 

(340 mg, 0.99 mmol), was dissolved in DMF (5 ml) under a Nz atmosphere and treated with 

dilsopropylethylamine (0.26 ml, 1.5 mmol), potassium acetate (981 mg, 10.0 mmol) and tri­

o-tolylphosphine (12 mg, 0.04 mmol). This mixture was stirred and degassed (3 vacuum/N2 

purge cycles) and then treated with palladium acetate (5 mg, 0.02 mmol). After 20 min. the 

40 mixture was warmed to 100 DC for 18 hours, cooled and poured Into brine (50 mL). The 
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5 resulting mixture was extracted with hexanes (4 x 25 ml) and the combined organic layer 
was washed with a sat. aq. NaHC03 soln. (10 ml). water <H20) (10 ml), brine (10 ml), dried 
(magnesium sulfate (MgS04)), filtered and and chromatographed on silica gel to provide an 

oil (110 mg, 60%). (TLC hexanes Rr 0.58). 1H NMR (CDCl3) 8 6.80 (ddd, J=6.8,8.1,8.3 Hz, 
1H), 8.68 (m, 1H), 6.17 (dd, J=5.5,2.8 Hz, 1H), 5.77 (dd, J=S.5,2.8 Hz, 1H}, 3.29 (br s, 1H), 

10 2.96 {br s, 1H}. 2.84 (AB dd, J=17.9,5.0 Hz, 1H), 2.54 (AB d, J=17.9 Hz, 1H), 2.19 (m, 1H), 
1.77 (d, J=10.5 Hz, 1H). GCMS m/e 192 (M•). 

Fl 5.6-Difluoro-10. 11-dihydroxvtricyclof7.2.1.a2•7Jdodeca-2ro.3.5-triene 
5,6-Dlfluorotricyclo(7.2.1.02

'
7]dodeca-2(7},3,5, 10-tetraene (714 mg, 3.72 mmol) and 

N-methyl morpholine N-oxlde (553 mg, 4.10 mmol) were stilTed In acetone (20 ml) and H20 
15 (3 ml). To this was added a solution of osmium tetraoxlde (Os04) (0.2 ml, 2.5%wt. soln. In 

t-butanol (t-BuOH), 0.02 mmol). After 18 hours, the mixture was concentrated to an oil, 
dissolved In a minimum of CH2Cl2 and filtered through a silica pad (3 x 3 mm) eluting with 
20% EtOAc/hexanes. Product containing fractions were concentrated to an oil (850 mg, 

100%). (TLC 20% EtOAc/hexanes R, 0.37). 1H NMR (CDCls) S 8.88 (ddd, J=9.3,8.5,7.6 Hz, 
20 1H), 6.78 (m, 1H), 4.01 (AB d, 2H), 3.06 (br S, 1H), 2.92 (AB dd, J=17.9,5.0 Hz, 1H), 2.75 (br 

AB, J=17.9 Hz, 1H), 2.44 {br s, 1H), 2.32 (2-0H), 2.26 (m, 1H}, 1.50 (d, J=7.8 Hz, 1H). 
GCMS m/e 228 (M}. 

Gl 5.6-Dlfluoro-11-aza-trtcvcto[7.3.1.a2·7Jtrideca-2ro.3,5-triene hydrochloride 
5,8-0lfluoro-10, 11-dihydroxytricyclo[7 .2.1.a2-7]dodeca-2(7},3,5-triene (840 mg, 3. 72 

·25 mmol) was stirred in a palT bottle In ethanol (EtOH) (30 mL) and H20 (10 ml). To this a soln. 
of sodium pertodate (Nal04) (810 mg, 3.72 mmol) In H20 (5 ml) was added. The resulting 
milky white dispersion was stirred 15 min., then treated with 37% aq. ammonium hydroxide 
(NH40H) soln. (25 ml) and palladium hydroxide (Pd(OH)V (360 mg, 20%wt/C) and shaken 
under 45 psi of H2• After 18 hours, the mixture was filtered through a Celite pad and rinsed 

30 with EtOH and a 3:1 ethanol: water mixture. The filtrate was concentrated to an oily solid 
which was dissolved In EtOAc (50 ml) and washed with sat. aq. sodium carbonate (Na2C03) 
soln. (2 x 20 ml). The organic layer was dried sodium sulfate (Na2S04)), filtered, 
concentrated and chromatographed on Silica get to provide an oll (330 mg, 42%). (TLC 
5%MeOH/CH2C'2 Rt 0.36). 1H NMR (COCl3) S 8.92 (ddd, J=8.1,8.5,10.0 Hz, 1H), 6.74 (m, 

35 1H), 3.02-2.93 (4H), 2.83-2.71 (3H), 2.09 (br s, 1H), 1.98 (br d, J=12.5 Hz, 1H), 1.82 (br d, 
J=12.5 Hz, 1H). GSMS m/e 209 (M}. APCI MS m/e 209.8 ((M+1n. 

The product was dissolved in methanol (C"'30H) and treated with 3M hydrochloric 
acid {HCl)IEtOAc {3 ml). The resulting sluny was concentrated, dissolved in a minimum of 

MeOH, saturated with Et:zO and stirred for 18 hours. The solids were filtered to give white 
40 solid (335 mg, 86%). mp 290-305 °C. 
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5 EXAMPLE2 

11-BENZXL-8-METHOXY·11-AZA-TRICYCL0[7.3.1.02
•7JTRIOECA-2ffi.3.5-TRIENE 

HYDROCHLORIDE 

A) Cyc!opent-3-enecarboxylic acid methoxy-methyl-amlde (For preparation of 

cyclopent-3-enecarboxy!ic acid, see: Depres, J-P.; Greene, A. E. J. Org. Chem. 1984, 49, 

1 o 928-931, and for more recent approaches, see: a) Nugent, W. A.; Feldman, J.; Calabrese, J. 

c. J. Am. Chem. Soc. 1995, 117, 8992-8998, and b) Martnez, L. E.; Nugent, W. A.; 

Jacobsen, E. N. J. Org. Chem. 1996, 61, 7963-7986. For related methods for amide 

fonnatlon, see: Nitz, T. J.; Volkots, D. L.; Aldous, D. J.; Oglesby, R. C. J. Org. Chem. 1994, 

59, 5828-5832.) 

15 Cyelopent-3-enecarboxylic acid (65.6 g, 586 mmol) In C~Cb (1 L) was treated with 

carbonyl dlimldazole (1 oo g, 617 mmol) in portions. After -3/4 h, the resulting solution was 

treated wlth N,0-dimethylhydroxylamlne (60.8 g, 623 mmol) and the mixture was stirred for 

40 h. The reaction was quenched with 1N aq. HCI soln. (600 ml), shaken and the layers 

were separated. The aq. /ayer was extracted with C~C'2 (2 x 100 mL). The combined 

20 organic layer was washed with 1N aq. HCI soln. (100 ml), H20 (2 x 150 ml), 50% sat. aq. 

Na2C03 soln./brfne {200 ml) and dried through a cotton plug. The filtrate was diluted with 

EtOAc to -10%EtOAclCH2Cl2 and filtered through a silica pad (10 x 10 mm) eluting with 

10%El0Acl CH2Cl2 to remove baseline color. Concentration affords a liquid (86 g, 95%). 

{TLC 10%Et0Acl CH2Cl2 Rt 0.56). 1H NMR (COCl3) S 5.64 (br s, 2H), 3.69 (s, 3H), 3.47 (m, 

25 1H), 3.19 (s, 3H), 2.61(m,4H). GSMS m/e 155 (Mj. 

B> Cyclopent-3-enyl-C2.6-dlmethoxv-PhenvD-methanone (For a leading reference, 

see: Koft, E. R.; Smith, A. B .• 111. J. Am. Chem. Soo.1982, 104, 2659.) 

1,3-Dlmethoxybenzene (31.9 g, 231 mmol) was stirred In anh. E~O (200 ml) at 0°C 

under N2 and treated with n-butyllithlum (n-Buli) (92.5 ml, 2.5M/hexanes soln., 231 mmol) 

30 over 5 minutes. The solution was brought to reflux for 4h, then cooled to -78 °C. The sluny 

was treated with cyclopent-3-enecarboxyfic acid methoxy-methyl-amlde (35.9 g, 231 mmol) 

dropwlse over -1 hour, then the mixture was stirred for 18 houis (the cooling bath 

evaporated overnight). The mixture was poured Into 1N aq. HCI soln. {200 ml) and shaken. 

The layers were separated and the aq. layer extracted with Et20 (2 x 100 ml). The organic 

35 layer was washed with H20 (50 ml), and a sat. aq. NaHC03 soln. (100 ml), dried (Na2S04), 

filtered through a silica plug and concentrated to an oil (52.6 g, 98%). (TLC 

10%Et0Aclhexanes Rt 0.25). 1H NMR (COCIJ) S 7.24 (t, J=8.4 Hz, 1H), 8.24 (d, J=8.4 Hz, 

2H), 5.63 (br S, 2H), 3.76 {s, 6H), 3.68 (m, 1H), 2.75 (m, 2H), 2.48 (m, 2H). GSMS m/e 232 

{tK). 
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s Cl Cyclopent-3-enyl-C2-hvctroxv-6-methoxv-phenvD-methanone . (For a leading 
reference, see: Nagaoka, H.; Schmid, G.; lio, H.; Kishi, Y. Tetrahedron Lett.1981, 22, 899.) 

Cyclopent-3-enyl-(2,6-dimethoxy-phenyl)-methanone (52.8 g, 226 mmol) was stirred 
In CH2Cl2 (200 mL) at -78 °c under N2 and treated with boron trichlorlde (BCl3) (273 mL, 1M 
CH2Cb soln.. 273 mmol) over 30 min. The mixture was allowed .to wann to imbient 

10 temperature and was treated with additional BCl3 (41.0 mL, 1M q~Clz soln., 41.0 mmol). 
After the mixture was stirred 20 min., it was poured slowly into H20 (300 ml) and stirred for 
30 min. The·layers were separated and the aq. layerwas extracted with C~Clz (2 x 50 ml). 
The combined organic layer was washed with HzO (3 x .100 ml), sat. aq. NaHCC>a soln. (100 
ml), dried through a cotton plug and filtered through a Silica pad to remove baseline color. 

15 Concentration affords an amber oil (46.0 g, 93%). (TLC 10%Et0Ac/hexanes Rr 0.50). 1H 
NMR (COCl3) 6 7.32 (t, J=B.5 Hz, 1H), 8.57 (dd, J=8.5,1.0 Hz, 1H), 8.38 (dd, J=8.5,1.0 Hz, 
1 H), 5.ee (br s, 2H), 4.31 (m, 1 H), 3.89 (s, 3H), 2.80-2.63 (4H). GSMS m/e 218 (MJ. 

Dl Trlfluoro-methanesulfonic acid 2-Ccyclooent-3-enecarbonyD-3-methoxv-phenvl 
ester Cyclopent-3-enyl-(2-hydroxy-6-methoxy-phenyl)-methanone (45.0 g, 208 mmol) and 

20 pyridine (36.0 g, 453 mmol) were stl1Ted in CH2Clz (250 mL) at -78 °C under Nz. To this a 
solution of trlfluoromethane sulfonlc anhydride (J5.7 g, 288 mmol) in C~Clz (100 ml) was 
added dropwlse over 112 h. The mixture was allowed to wann to ambient temperature, 
stirred 1h, then poured Into 1N aq. HCI soln. (250 ml). The mixture was shaken, the layers 
were separated, and the organic layer was washed wtth 1N aq. HCI soln. (3 x 150 ml), H20 

25 (2 x 100 ml), sat. aq. NaHCOJ soln. (100 ml) and finally brine (100 ml). The organic layer 
was dried through a cotton plug and concentrated to an oil which was chromatographed 
through a Silica gel plug eluting with 10%Et0Aclhexanes to afford after concentration an oll 
(62.5 g, 87%). (TLC 10%Et0Ac/hexanes Rr 0.14). 1H NMR (CDCb) 8 7.41 (t, J=8.5 Hz, 1H), 
6.95 (dd, J=8.5,1.0 Hz, 2H), 5.64 (br s, 2H), 3.86 {s, 3H), 3.73 (m, 1H), 2.70 (m, 2H), 2.57 

30 (m, 2H). GSMS m/e 350 (M}. 
El 6-Methoxvtricvclol7.2.1.02.7Jdodeca-2m.3.5, 10-tetraene-B-one (For leading 

references, see: Heck, R. F. Org. React. (N.Y.) 1982, 27, 345, and Cabri, W.; Candianl, I. 
Acc. Chem. Res.1995, 2.8, 2-7.) 

Trifluoro-methanesulfonic acid 2-(cyclopent-3-enecarbonyl)-3-methoxy-phenyl ester 
35 (45.0 g, 129 mmol) was dissolved in DMF (100 ml) under a N2 atmosphere and treated with 

triethylamine (19.5 g, 193 mmol), potassium acetate (1.89 g, 19.0 mmol) and 1,3-
bis(diphenylphosphlno)propane (5.30 g, 12.9 mmol). This mixture was stirred and degassed 
(3 vacuum~ purge cycles) then treated with palladium acetate (1.16 g, 5.14 mmol). After 
20 min. the mixture was wanned to 130 °C for 1 hour, cooled and poured Into brine (300 ml). 

40 The resulting mixture was extracted with EtOAc (4 x 100 ml) and the combined organic layer 
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5 was washed with sat. aq. NaHC03 soln. (100 ml), HiO (100 ml), and brine (100 ml), dried 

(MgSO.i), filtered ancl evaporated to an oil. (55 g). The oil was chromatographed on sillca gel 

to provide product as a white solid (12.0 g, 47%). (TLC 25%Et0Acl hexanes Rr 0.27). 1H 

NMR (CDCla) 8 7.29 (t, J=S.O Hz. 1H), 6.84 (d, J=8.0 Hz, 1H), 6.73 (d, J=8.0 Hz, 1H), 8.63 

(dd, J=5.0,3.0 Hz, 1H), 6.15 (dd, J=5.0,3.0 Hz, 1H), 3.87 (S, 3H), 3.60 (br s, 1H), 3.39 (br s, 

10 1H), 2.56 (AB m, 2H). 13C NMR 195.38, 161.61, 149.82, 143.47, 133.77, 131.84, 131.80, 

117.51, 111.46, 57.63, 55.96, 47.63, 47.51. GSMS m/e 200 {M). mp 135-136 °C. 
Fl 6-Methoxytricyclo[7.2.1.02.7Jdodeca-2(7),3,5,10-tetraene (For a discussion, see: 

Fieser and Fieser, Reagents for Organic Synthesis, (N.Y.) 1967, /, p.435.) 

6-Methoxytricyclo[7.2.1.<>2-7Jdodeca-2(7),3,5,10-tetraene-8-one (3.0 g, 15 mmo~ and 

15 pulverized KOH (5.05 g, 90 mmol) were wanned In ethylene glycol (40 ml) until solution 

occurred. The mixture was cooled to room temperature, treated With hydrazine hydrate (3.0 

g, 60 mmol) and heated to reflux for 2 hours. The reflux condenser was replaced with a 

distilling head and distillates were collected from 120-190 °C. These distillates were diluted 

with ~o (100 ml) and extracted with _EtOAc (4 x 40 ml). The organic layer was washed 

20 with ~o (4 x 30 ml), and brine (25 ml), dried (MgSO..), filtered and concentrated to an oil 

(2.68 g, 96%). {TLC 50%Et0Acl hexanes Rr 0.67). 1H NMR (CDCb) a 7.18 (t, J=8.0 Hz, 1H), 

6.82 (d, J=8.0 Hz, 1H), 8.77 (d, J=B.O Hz, 1H), 8.32 (dd, J=S.0,3.0 Hz, 1H), 5.93 (dd, 

J=S.0,3.0 Hz, 1H), 3.91 (s, 3H), 3.45 (dd, J=S.0,1.5 Hz, 1H), 3.11 (br s, 1H), 2.88 (AB dd, 

J=17.0,5.0 Hz, 1H), 2.58 (AB d, J=17.0 Hz, 1H), 2.31 (m, 1H), 1.96 (d, J=9.5 Hz, 1H). 

25 Gl 6-Methoxv-1o.11-dlhvdroxytricyclo[7.2. 1.02
•
7Jdodeca-2©.3.5.10-trlene 

6-Methoxytricyclo[7.2.1.02
•
7]dodeca-2(7),3,5,10-tetraene (1.5 g, 8.19 mmol) and N­

methyl morpholine N-oxide (1.06 g, 9.03 mmoO were stirred In acetone (20 ml) and H20 

(0.16 ml). To this was added a solution of osmlom tetraoxide (OsOot) (0.2 ml, 2.5%wt. soln. 

In t-butanol (t-BuOH), 0.02 mmol). After 2 hours, the mixture was diluted with EtOAc (50 ml) 

30 and washed with 10%aq. NaHS03 soln. (30 mL), HiO (2 x 30 ml), sat. aq. NaHC03 soln. (30 

ml) and brine (30 ml). The organic layer was dried (MgSO..), filtered and evaporated to an 

oil (1.79 g, 99%). {TLC 50%Et0Ac/hexanes Rt 0.20). 

H> 11-Benzvl-6-methoxv-11-aza-tricycloJ7.3.1.a2-7Jtrideca-2m.3.5-triene 

hydrochloride (For a discussion of oxidative cleavage With Pb(OAc.}, see: Fieser and Fieser, 

35 Reagents for Organic Synthesis, (N.Y.} 1967, I, p.549. For reductive amination conditions 

and references, see Abdel-Magid~ .lb, J. Org. Chem., 1996, 61, 3849; and Mazzocchi ~ 

.![., J. Med. Chem., 1979, 22, 455.) 

1-Methoxy-6, 7,8,9-tetrahydro-5H-5,8-methano-benzocycloheptene-6, 7-dlol (2.40 g, 

11.0 mmol) was stirred at o °C in C~Cl2 (70 ml) and treated with Pb(OAc).i (5.0B g, 11.5 

40 mmol). After 2 hours the mixture was filtered through a Celite pad and rinsed with CH2Ct2 
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5 (10 ml). To the stirred filtrate was added acetic acid (AcOH) (1.97 g, 33.0 mmol) and benzyl 

amine (1.23 g, 11.5 mmol). Aft.er 15 min., the mixture was treated with sodium 

triacetoxyborohydride (NaBH(OAch) (6.94 g, 33.0 mmol) and stirred for 18 hours. The 

mixture was poured Into a sat. aq. NaHC03 soln. {100 ml) and stirred for 1/2 hour. The 

layers were separated and extracted with CH2Cl2 (2 x 50 ml). The organic layer was washed 

10 with a saturated (sat.) aqueous (aq.) sodium bicarbonate (NaHCOs) soln. (2 x 50 ml), H20 

(50 ml), brine (50 ml), dried through a cotton plug, concentrated and purified by 

chromatography on Silica gel eluting with 10%Et0Aclhexanes to provide product as an oil 

(1.45 g, 45%). (TLC 25%Et0Ac/hexanes R,0.76). 1H NMR (COCl3) 8 7.12 (m, 4H). 6.89 (m, 

2H), 6.74 {d, J=8.0 Hz, 1H), 6.64 (d, J=B.O Hz, 1H), 3.87 (s, 3H), 3.41 (AB d, J=14.2 Hz, 1H), 

15 3.38 {AB d, J=14.2 Hz, 1H), 2.87-2.70 (m, SH), 2.36-2.23 (m, 3H), 1.85 (br AB d, J=12.1 Hz, 

1H), 1.77 (br AB d,.J=12.1 Hz, 1H). This all was dissolved in a minimum of methanol 

(MeOH), stirred, and saturated with Et20. After 18 hours the white solids were filtered. 1H 

NMR (CDsOD) 8 7.44 (m, SH), 7.15 (t, J=B.O Hz, 1H), 6.85 (d, J=8.0 Hz, 1H), 8.68 (d, J=8.0 

Hz, 1H), 4.27 (AB d, J=13.0 Hz, 1H), 4.15 (AB d, J=13.0 Hz, 1H), 3.84 (s, 3H), 3.47 (br d, 

20 J=12.3 Hz, 1H), 3.36-3.19 (m, 4H), 2.98 (AB dd, J=18.7,7.2 Hz, 1H), 2.85 (AB d, J=18.7 Hz, 

1H), 2.60 (brs, 1H), 2.00 (AB d, J=13.0 Hz, 1H), 1.87 (AB d, J= 13.0 Hz, 1H). mp 210-212 °C 

EXAMPLE3 

6-METHOXY-11-AZA-TRICYCL0[7.3.1.0Z7JIRIDECA·2m,3,5-TRIENE 

HYDROCHLORIDE 

25 11-Benzyl-6-methoxy-11-aza-tricyclo[7.3.1.02
•
7]trideca-2(7),3,5-trtene hydrochloride 

(525 mg, 1.64 mmol), ammonium fonnate (2.07 g, 32.0 mmol) and 10% palladium hydroxide 

on carbon (Pd(OH}2/C) (200 mg) were combined in MeOH (30 ml) and refluxed for 2 hours. 

The mixture was filtered hot through Celite and the filtrate concentrated then azeotroped 

from MeOH (5 x 50 ml) to yield a solid. This was recrystallized from MeOH/Et20 to provide 

30 a white solid {306 mg, 81%). 1H NMR (free base, COCb) S 7.15 (t, J=B.O Hz, 1H), 6.74 (d, 

J=8.0 Hz, 1H), 6.63 (d, J=8.0 Hz, 1H), 3.82 (s, 3H), 3.34 (brd, J=13.0 Hz, 1H), 3.11-3.02 (m, 

4H), 2.94 (AB d, J=18.3 Hz, 1H), 2.87 (AB dd, J=18.3,6.5 Hz, 1H), 2.41 (br s, 1H), 1.91 (AB 

q, 2H). GSMS m/e 203 {M°). mp 272-274 °C. 

EXAMPLE4 

35 11-AZA-TRICYCl0[7.3.1.a2-7JTRIDECA-2ro.3,5-TRIEN·6-0L 

6-Methoxy-11-aza-tricyclo[7 .3.1.02
•
7Jtrideca-2(7),3,5-triene hydrochloride (55 mg, 

0.23 mmol) was brought to reflux in 48% aq. hydrobronic acid (HBI') (5 ml). After 1 hour the 

solution was cooled and poured into 1 N aq. NaOH soln. adjusted to pH 1 O and product was 

extracted with EtOAc (3 x 40 ml). The organic layer was washed with bline (50 ml), dried 

40 (MgS04) and concentrated to a white solid, which was recrystallized from EtOAc/hexanes (20 
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5 mg, 46%). 1H NMR (CDCb) S 6.95 (t, J=8.0 Hz, 1H), 6.68 (d, J=8.0 Hz, 1H), 8.53 (d, J=8.0 

Hz, 1H), 3.27 (m, 1H), 3.11 (m, 2H), 3.02 (m, 2H), 2.77 (m, 1H), 2.57 (m,1H), 2.33 (br s, 1H), 

1.90 (m, 2H). mp 106-108 °C. 

EXAMPLES 

8-FLUOR0-11-AZA-TRICYCL0[7.3.1.02
•
7JTRIDECA-2ffi.3.5-TRIENE 

10 HYDROCHLORIDE 

3-Fluoromethoxybenzene (15.8 g, 125 mmol) was stirred at-78 °C in anh. THF (100 

ml) and treated with n-Buli (50 ml, 2.SM hexanes soln., 125 mmol) over 5 min. After 

stirring below-70 °C for 4 hours, the mixture was treated with cyclopent-3-enecarboxyllc acid 

methoxy-methyl-amide (18.4 g, 119 mmol) dropwlse over -1/4 hour. The mixture was stirred 

15 below -70 °C for 1 hour, and then allowed to wann to ambient temperature over -1 hour. 

The mixture was poured into 1N aq. HCI soln. (200 ml) and shaken. The layers were 

separated and the aq. layer extracted with EtOAc (3 x 100 ml). The organic layer was 

washed with H20 (50 ml), sat. aq. NaHC03 soln. (100 ml)1 and brine (50 ml), dried 

(Na2S04), filtered through a Silica plug and concentrated to an oil (21.0 g, 76%). (TLC 

20 30%Et0Acl hexanes Rr 0.43). GCMS m/e 220 (M•). This material was converted to the title 

compound by the methods described In Example 2C-G and Example 1G. (TLC 

10%MeOHJCH2Cl2 (N~ R, 0.20). 1H NMR (00300) 8 7.24 (m, 1H), 7.01 (m, 2H), 3.36 (d, 

J=13.0 Hz, 1H), 3.33-3.10 (m, SH), 2.90 (d, J=18.5Hz,1H), 2.60 (m, 1H), 2.13 (AB d, J=13.0 

Hz, 1H), 1.97 (AB d, J= 13.0 Hz, 1H). mp 240·241 °C. 

25 EXAMPLES 

11-BENzyL-5-METHOXY-11-AZA-TRICYCL0[7.3.1.02
•
7JTRIDECA-2ffi.3.5-TRIENE 

HYDROCHLORIDE 

A) Cyclopent-3-enyl-(2,5-dimethoxy-phenyl)-methanone (For a discussion of 

halogen-metal exchange, see: Pamam, W. E.; Bradsher, c. K. Acc. Chem. Res. 1982, 15, 

30 300.) 

2-Bromo-1,4-dimethoxy-benzene (42.2 g, 195 mmol) was stirred in EhO (200 mL) 

under N2 at-78 °C. The resulting precipitate was dissolved by the addition of THF (50 ml). 

To the resulting solution was added n-Bull (78 ml, 2.SM in hexanes, 195 mmol) over 10 

min. After stirring 1 o min., the yellow solution was treated with cyclopent-3-enecarboxyllc 

35 acid methoxy-methyl-amide (29.15 g, 188 mmol) In Et20 (50 ml) over 10 min., then the 

mixture was stirred for 18 hours {the cooling bath evaporated overnight). The mixture was 

poured into 10% aq. HCI soln. (400 ml) and shaken. The layers were separated and the aq. 

layer extracted with Et20 (3 x 50 ml). The organic layer was washed with H20 (50 ml), a 

sat. aq. NaHC~ soln. (100 ml), dried (Na2S04), filtered through a slllca plug and 

40 concentrated to an oil (43.0 g, 99%). (In a separate experiment, THF was successfully 
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5 substituted for Et20 In the reaction above.) (TLC 10%Et0Aclhexanes Rr 0.39). 1H NMR 

(CDC13) 8 7.16 (d, J=3.0 Hz, 1H), 6.98 (dd, J=9.0,3.0 Hz, 1H), B.88 (d, J=9.0 Hz, 1H), 5.84 

(brs, 2H), 4.11(m,1H), 3.84 (s, 3H}, 3.77 (s, 3H), 2.86 (m, 4H). 

Bl Cyclopent-3-enyl-(2-hydroxv-5-methoxv-ohenyD-methanone 

Cyclopent-3-enyl-(2,5-dimethoxy-phenyl)-methanone (40.0 g, 172 mmol) was 
1 O converted to the title compound as described In Example 2C to provide an oil (39.5 g, crude). 

(TLC 10%Et0Aclhexanes R,0.50}. 1H NMR (CDCl3) 8 7.21(m,1H), 7.10(m,1H), 6.93 (brd, 

J=9.0 Hz, 1H), 5.69 (br s, 2H), 4.06 m, 1H), 3.79 (s, 3H), 2.76 (m. 4H). GCMS m/e 218 (M1. 
Cl Trifluoro-methanesulfonic acid 2-Ccyclopent-3-enecarbonyll-4-methoxv-phenyl 

ester 

15 Cyclopent-3-enyl-(2-hydroxy-5-methoxy-phenyl)-methanone (39.5 g crude, 172 

mmol) and pyridine (28.7 g, 362 mmol) were stirred In CH2Cl2 (300 ml} at-78 °C under~­

To this a solution trifluoromethane sulfonic anhydride (63.8 g, 226 mmol) in CH2Cl2 (100 ml) 

was added dropwlse over 112 hour. The mixture was allowed to warm to ambient 

temperature and stirred 1h then poured Into a 1N aq. HCI soln. (250 ml). The mixture was 
20 shaken, the layers were separated, and the organic layer was washed with a1 N aq. HCI soln. 

(3 x 150 ml), H20 (2 x 100 ml), a sat. aq. NaHC~ soln. (100 ml) and, finally, brine (100 

ml). The organic layer was dried through a cotton plug and concentrated to an oil which was 

chromatographed through a Siiica gel plug eluting with 10%EtOAcJhexanes to afford after 

concentration an oil (55. 7 g, 93% over 2 steps). GCMS mle 350 (M}. 

25 D> 5-Methoxvtricyclol7.2.1.02
•
7Jdodeca-2ffi,3.5.1 O-tetraene-8-one 

Trifluoro-methanesulfonic acid 2-(cyclopent-3-enecarbonyl)-4-methoxy-phenyl ester 

(19.09 g, 54.5 mmol) was dissolved In DMF (100 ml) under a N2 atmosphere and treated 

with dilsopropylethylamlne (10.6 g, 82.0 mmol). potassium acetate (1.07 g, 11.0 mmol) and 

1,3-bis(diphenylphosphino}propane (2.25 g, 5.46 mmol). This mixture was stirred and 

30 degassed (3 vacuum/N2 purge cycles) then treated with palladium acetate (0.49 g, 2.18 

mmol). After stirring 20 min. the mixture was warmed to 120 °C for 18 hours, cooled and 

poured into brine (300 ml). The resulting mixture was extracted with EtOAc (4 x 100 ml) 

and the combined organic layer was washed with a sat. sq. NaHC03 soln. (100 ml), H20 

(100 ml), brine (100 ml), dried (MgSO.c), filtered, concentrated and chromatographed on 

35 silica gel to provide an oil (10.4 g, 95%). (elute w/ 7%Et0Ac/hexanes). 1H NMR (CDCl3) s 
7.41 (d, J=2.8 Hz, 1H), 7.03 (d, J=8.0 Hz, 1H), 6.88 (dd, J=S.0,2.8 Hz, 1H), 6.72 (dd, 

J:::5.2,3.0 Hz,1H), 6.06 (dd, J=S.2,3.2 Hz, 1H), 3.77 (s, 3H), 3.60 (dd, J=4.3,3.2 Hz, 1H), 3.44 

(dd, J=S.0,3.4 Hz, 1H), 2.65 (AB m, 1H), 2.56 (br AB d, J=10.5 Hz, 1H). 13C NMR (CDCl3) 

196.11, 158.87, 145.90, 140.34, 130.295, 129.94, 126.14, 119.42, 111.90, 55.61, 55.48, 

40 49.08, 45.97. GCMS mle 200 (M+). 
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5 El 5-Methoxvtricyclo[7.2.1.02·7Jdodeca-2ffi.3.5. 10-tetraene 

5-Methoxytrlcyclo[7.2.1.<>2•7Jdodeca-2(7),3,5,10-tetraene-8-one (9.41g,47 mmol) and 

pulverized potassium hydroxide (KOH) (8.17 g, 110 mmol} were warmed in ethylene glycol 

(50 ml) until solution occurred. The mixture was cooled to rt, treated with hydrazine hyd(lle 

(6 mL, 190 mmol) and heated to reflux for 2 hours. The reflux condenser was replaced with 

10 a distilling head and distillates were collected from 120-190 °C. The distillates were diluted 

with H20 (100 ml) and extracted with EtOAc (4 x 40 ml). The organic layer was washed 

with HiO (4 x 30 ml), brine (25 ml), dried (MgS04), filtered and concentrated to an oil (8.2 

g, 94%). {TLC 25%EtOA~ hexanes Rr 0.88). 1H NMR (CDCb} 8 6.92 (d, J=B.O Hz, 1H), 8.88 

(m, 2H), 6.25 (dd, J=5.1,2.5 Hz, 1H), 5.79 (dd, J=5.1,2.4 Hz, 1H), 3.77 (s, 3H), 3.31 (br s, 

15 1H), 3.01-2.94 (2H), 2.56 (d, J=18.5 Hz, 1H), 2.22 {m, 1H), 1.85 (d, J=10.0 Hz, 1H). GCMS 

m/e 188 CM). 

Fl 5-Methoxv-1o.11-dlhydroxytricyclo[7.2.1.oZ7Jdodeca-2m.3.5. 1 O-triene 

5-Methoxytricyclo[7.2.1.02·7]dodeca-2(7),3,S,10-tetraene (8.66 g, 35.7 mmol) was 

converted to the title compound as described In Example 2G to provide an oil (7.88 g, 

20 100%). (TLC 1 O%MeOH/CH2Cl2 Rr 0.44). 1H NMR (CDCl3) a 8.95 (d, J=8.0 Hz. 1H), 8.83 (dd, 

J=B.0,2.5 Hz, 1H), 8.58 (br s, 11-1), 4.00 (s, 3H). 3.77 {m, 3H), 3.04-2.99 {m, 21-1), 2.69 (d, 

J=13.0 Hz, 1 H), 2.41 (br S, 1 H}, 2.33 (br S, 1 H), 2.22 (m, 1 H), 1.52 (d, J=11.5 Hz, 1 H). 

Gl 11-Benzyl-5-methoxy-11-aza-tricyclo[7.3.1.a2-7Jtrideca-2m.3.5-triene 

hydrochloride 

25 5-Methoxy-10, 11-dihydroxytricyclo[7.2.1.D2-7)dodeca-2(7),3,5, 10-triene (18.0 g, 79.0 

mmol) was stirred at O °C In CH2Cl2 (150 ml) and treated with lead tetraacetate (Pb(OAc)4) 

(35.0 g, 79.0 mmol). After 30 min. the mixture was filtered through a Cellte pad and rinsed 

with C~Cl2 (50 mL). To the stirred filtrate was added AcOH (23.7 g, 395 mmol) and benzyl 

amine (8.50 g, 79.0 mmol). After 15 min., the mixture was treated with NaBH(OAc)3 (50.2 g, 

30 237 mmol) and stirred for 18 houis. The mixture was poured into a sat. aq. Na2C03 soln. 

(100 ml) stirred for 112 hour. The layeis were separated and extracted with C~l2 (2 x 100 

ml). The organic layer was washed with a sat. aq. Na2C03 soln. (2 x 50 ml), H20 (50 ml), 

and then brine (50 ml), dried through a cotton plug and concentrated to an oil. 

Chromatography on silica gel eluting with 5%Et0Aclhexanes provided product as an oil (9.48 

35 g, 41%). {TLC 25%Et0Aclhexanes R1 0.69). 1H NMR (CDCb) 8 7.15 (m, 3H), 6.92 (m, 3H), 

6.71 (br s, 1 H), 6.67 (dd, J=8.0,2.5 Hz, 1 H), 3.83 (s, 3H), 3.99 (s, 2H), 3.07 (AB dd, 

J=17.5,7.0 Hz, 1H), 2.85 (br s, 1H), 2.83 (m, 1H), 2.79 (AB d, J=17.5 Hz, 1H), 2.70 (br d, 

J=10.5 Hz, 1H), 2.35 (dd, J=10.5,2.0 Hz, 1H), 2.27 (dd, J=10.2,2.0 Hz, 1H), 2.15 (brs, 1H), 

1.86 (AB d, J=12.3 Hz, 1H), 1.78 (AB d, J=12.3 Hz, 1H). GCMS mle 293 (M+). This material 

40 was dissolved in excess 1 N HCI MeOH and concentrated. The solids were dissolved In a 
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5 minimum of MeOH, stirred, and saturated with E~. After stirring 1 Bh the white solids were 

filtered (900 mg, 58%). 1H NMR (C~OD) 8 7.40 (m, SH), 7.00 (d, J=8.0 Hz, 1H), 8.73 (m, 

2H), 4.28 (AB d, J=13.5 Hz, 1H), 4.18 (AB d, J=13.5 Hz, 1H), 3.78 (s, 3H), 3.48 (brd, J=12.0 
Hz, 1H), 3.35-3.20 (m, SH), 2.98 (AB d, J=18.4 Hz, 1H), 2.54 (br s, 1H), 2.01 (AB d, J=12.0 
Hz, 1H), 1.89 (AB d, J= 12.0 Hz, 1H). mp 233-234 °C. 

10 EXAMPLE 7 

11-BENZVL-11-AZA-TBICYCLOC7.3.1.02
•
7JTRIDECA-2©.3.5-TRIEN-5-0L 

HYDROCHLORIDE 

11-Benzyl-5-methoxy-11-aza-tricyclo[7.3.1.02.7)trideca-2(7),3,5-triene (203 mg, 0.62 

mmol) was brought to reflux In 48%HBr (5 ml). After 1 hour the solution was cooled and 
1 S poured into an aq. NH40H soln., the pH was adjusted to -9 and the product was extracted 

with EtOAc (3 x 40 ml). The organic layer was washed with brine (50 ml), dried {MgS04) 
and concentrated to an oil. (TLC 25%EtOAclhexanes (NH3) Rr 0.37). This material was 
dissolved In excess 1 N HCI in MeOH and concentrated. Recrystalllzation from MeOH/Et20 

provided a solid (154 mg, 80%). 1H NMR (CDCl3) 8 7.42 (m, SH), 6.90 (d, J=8.0 Hz, 1H), 

20 6.60 {m, 2H), 4.27 (AB d, J=13.0 Hz, 1H), 4.15 (AB d, J=13.0 Hz, 1H), 3.47 {d, J=12.2 Hz, 
1H), 3.33-3.15 (SH), 2.86 (d, J=18.0 Hz, 1H), 2.52 (br s, 1H), 1.99 (AB d, J=12.5 Hz, 1H), 
1.88 (AB d, J=12.S Hz, 1 H). mp 251-253 °C. 

EXAMPLES 

5-METHOXY-11-AZA-TR!CYCL0[7.3.1.o2.7JTRIDECA-2m.3.5-TRIENE 

25 HYDROCHLORIDE 

11-Benzyl-5-methoxy-11-aza-tricyclo[7.3.1.02
•
7]trideca-2(7),3,5-trlene hydrochloride 

(206 mg, 0.63 mmol) was converted to the title compound by the method described In 
Example 3 to provide a white solid (122 mg, 81%). (TLC 10 %MeOH/CH2Cl2 (NH3) Rt 0.48). 
1H NMR {CD300) 8 7.08 (d, J=8.0 Hz, 1H), 6.77 (m, 2H), 3.76 (s, 3H), 3.31-3.12 (m, SH), 

30 2.98 (AB d, J=18.4 Hz, 1H), 2.43 (br s, 1H), 2.10 (AB d, J=13.0 Hz, 1H), 1.94 (AB d, J= 13.0 
Hz, 1H). GSMS m/e 203 (Mj. mp 253.5-258 °C. 

EXAMPLE9 

11·AZA-IRICYCL0[7.3.1.02
•
7JTRIDECA-20.3.5-TRIEN-5-0L HYDROCHLORIDE 

5-Methoxy-11-aza-trlcyclo[7.3.1.02
•
7]trideca-2(7),3,5-triene hydrochloride (187 mg, 

35 ·o.78 mmol) was brought to reflux In 4B%HBr (5 ml). After 1 hour the solution was cooled 
and poured into aq. NH..OH soln., the pH was adjusted to -9 and the product was extracted 
with EtOAc (3 x 40 ml). The organic layer was washed with brine (50 ml), dried (MgS04) 

and concentrated to a solid. (TLC 10 %MeOH/CH2Cl2 (NH:t) Rr 0.13). This material was 
dissolved In excess 1N HCI MeOH and concentrated. Reciystallization from MeOH/Et20 

40 provided a solid (70 mg, 40%). 1H NMR (C0300) 5 6.99 (d, J=8.0 Hz, 1H), 6.63 (m, 2H), 
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5 3.43-3.11 (6H), 2.83 (d, J=1S.O Hz. 1H), 2.42 (br S, 1H), 2.08 (AB d, J=12.5 Hz. 1H), 1.93 

(AB d, J= 12.5 Hz, 1 H). mp 295-298 °C. 

EXAMPLE10 

11-BENZVL-5-DIFLUOROMETHOXV-11-AZA-TRICYCLOU.3.1.02
•
7JTRIDECA-

2ffi.3.5-TRIENE (For leading references, see: Langlois, B. R. J. Fluorine Chem. 1988, 41, 

10 247-262.) 

11-Benzyl-11-aza-tricyclo[7.3.1.a2·7Jtrldeca-2(7),3,5-trlen-5-ol (572 mg, 2.05 mmol) 

was stirred in dioxane (5 ml) and H20 (1 mL) at reflux under a balloon of freon (HCF2Ct). To 

this was added 3N KOH dropwlse so as to maintain a pH-12. The consumption of starting 

material was monitored by TLC for over 2 hours. The reaction was cooled, diluted with H20 

15 (40 ml) and .extracted with EtOAc. The organic layer was washed with a sat. aq. Na2C03 

soln. {25 ml) and brine (25 ml). dried (MgS02), filtered and concentrated to an oil (620 mg, 

92%). GCMS mle 329 (M+). 

EXAMPLE11 

5-DIElUOBOMETHOXY-11-AZA-TRICYCLOC7.3.1.02
•
7JTRIDECA-2ffi.3.5-TRIENE 

20 HYDROCHLORIDE 

11-Benzyl-5-dlfluoromethoxy-11-aza-trlcyclo[7.3.1.02•7]trideca-2(7),3,5-triene (620 

mg, 1.8S mmol) was converted to the title compound as described in Example 3. The HCI 

salt was generated as In Example 9 to provide product as a white powder (280 mg, 54%). 1H 

NMR (CDCI,) 6 7.42 (m, SH), 7.01 (d, J=9.0 Hz, 1H), 6.92 (m, 2H), 6.48 (t, J=74 Hz, 1H), 

25 3.37 (d, J=13.0 Hz, 1H), 3.18-3.04 (6H), 2.39 (brs, 1H), 1.95 (brs, 2H). GCMS mle 239 (M). 

mp 230-234 °C. 

EXAMPLE12 

11-BENZVL-5-ETHYL-11-AZA-TRICYCL0(7.3.1.a2·7JTRIDECA-2ffi.3.5-TRIENE 

HYDROCHLORIDE {For a review, see: Mltsunobu, 0. Synthesis, 1981, 1.) 

30 11-Benzyl-11-aza-tricyclo[7 .3.1.02
•
7]trideca-2(7),3,5-trien-5-ol (208 mg, 0. 75 mmol). 

ethanol (69 mg, 1.49 mmol) and triphenylphosphine (391 mg, 1.49 mmol) were stirred under 

N2 at 0°0 In THF (2.5 ml). To this was added dlethylazodicarboxylate (259 mg, 1.49 mmol) 

dropwlse. After 18 hours, the reaction was concentrated, diluted with Et20 (20 ml) and 

extracted with 1% aq. phosphoric acid (H3P04) soln. (3 x 20 ml). The combined aq. layer 

35 was extracted with Et20 (10 ml) and then basitied to pH 10 with 1N NaOH soln. Product 

was extracted with EtOAc (3 x 20 ml) and the combined organic layer was washed with 1 N 

NaOH soln. (20 ml) and brine (20 ml). The solution was dried (MgS04), filtered and 

evaporated to an oil (170 mg, 74%). (TLC 17%EtOAclhexanes (NHs) R, 0.76). 1H NMR 

(CDCl3) a 7.12 (m, 3H), 6.91 (m, 2H), 6.86 (d, J=8.0 Hz, 1H), 6.68 (br s, 1H), 6.63 (dd, 
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5 J=8.0,2.5 Hz, 1H), 4.03 (q, 2H), 3.37 (brs, 2H), 3.03 (dd, J=17.0,7.0 Hz, 1H), 2.82-2.68 (4H), 
2.18 (2H), 2.12 (br s, 1H), 1.83 (AB d, J=12.0 Hz, 1H}, 1.75 (AB d, J=12.0 Hz, 1H), 1.43 (t, 
J=7.0 Hz, 3H). GCMS mle 307 (M). This material was dissolved in excess 1N HCI MeOH 
and concentrated. Reaystalllzation from CH2Cl2/EtiO provided a solid (185 mg, 97%). mp 
200-203 °C. 

10 EXAMPLE13 
5·ETHYL·11·AZA·TRICYCL0[7.3.1.02

•
7JTRIDECA-2ffi.3.S-TRIENE 

HYDROCHLORIDE 

11-Benzyl-5-Ethyl-11-aza-tricyclo[7 .3.1.02.7]trideca-2(7),3,5-triene hydrochloride (180 
mg, mmol), ammonium fonnate (220 mg, 3.49 mmo~ and 10%Pd(OH)2/C (100 mg) were 

15 c0mbined in methanol (MeOH) (5 ml) and wanned to reflux for 15 min. The mixture was 
cooled, filtered, concentrated, diluted with sat. aq. Na2C02 soln. and extracted with EtOAc (3 
x 20 ml). The extracts were dried (MgS04), filtered and concentrated to an oil (94 mg, 
83%). (TLC SOo/oEtOAc/hexanes (NH3) Br 0.20). 1H NMR (COCl3) 8 8.90 (d, J=9.0 Hz, 1H), 
6.66 (2H), 3.97 (m, 2H), 3.08 (dd, J=18.0,6.0 Hz, 1H), 2.94 (m, 3H), 2.76-2.85 (3H), 1.98 (m, 

20 2H), 1.88 (d, J=11.0 Hz, 1H), 1.38 (t, J=7.0 Hz, 3H). This material was dissolved in excess 
1 N HCI MeOH and concentrated. Recrystallization from CH2Cl2/Et20 provided a solid (74 
mg, 68%). mp 243-245 °C. 

EXAMPLE14 
5-ISOPROPOXY-11-AZA-TRICYCL0[7.3.1.02•7JTRIDECA-2ffi.3.5-TRIENE 

25 HYDROCHLORIDE 

11-Benzyl-11-aza-tricyclo[7.3.1.o2.7)trideca-2(7),3,5-trien-5-ol (208 mg, O. 75 mmol) 
and isopropyl alcohol (90 mg, 1.49 mmol) were converted to the title compound as described 
in Examples 12. (TLC of lntennediate benzyl compound, 17%Et0Aclhexanes Rr 0.78). 
GCMS m/e 321 (M•). Deprotectlon and conversion to the salt as described in Example 13 

30 provided a solid (83 mg, 42% overall). {TLC of title compound, TLC 50%Et0Aclhexanes 
(NH3) Rr 0.10). 1H NMR (CDCl3) 6 1H NMR (CDCl3) 8 6.89 {d, J=9.0 Hz, 1H), 6.86 (2H), 4.51 
(m, 1H), 3.08 (dd, J=18.0,6.S Hz, 1H), 2.98 {m, 3H), 2.78-2.68 (3H), 1.96 (m, 2H), 1.87 (d, 
J=11.0 Hz, 1H), 1.32 (t, J=S.5 Hz, 6H). mp 211-213 °C. 

EXAMPLE15 
35 11-BENZVL-4-METHOXY-11-AZA-TRICYCL0[7.3.1.<>2-7JTRIDECA-2ffi.3.5-TRIENE 

HYDROCHLORIDE 

Al 2-CVclopent-3-enylmethyl-5-methoxv-Dhenol (For leading references, see: a) 
Nagata, W.; Okada, K.; Aoki, T. Synthesis 1979, 365-368; b) Lau, C. K.; Williams, H. W.R.; 
Tardiff, S.; Dufresne, C.; Scheigetz, J.; Belanger, P, c. Can. J. Chem.1989, 67, 1384-1387.) 

This Sheet Has Been Replaced 

1111111111111111111111111 
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5 3-Methoxyphenol (5.12 g, 42.0 mmol), cyclopent-3-enecarbaldehyde (8.00 g, 83.0 

mmol), phenyl boronlc acid {5.58 g, 46 mmol) and 1,1,1-trichloroacetlc acid (2.04 g, 12.5 

mmol) were refluxed in benzene {150 ml) for 18 hours. (TLC 5%CH2Cl2/hexanes Rr 0.47). 

The mixture was concentrated to an oil which was stirred at O °C in CH2Cl2 (100 ml) and 

treated with triethylsilane {8.87 g, 76.0 mmol) followed by trifluoroacetic acid (36.3 g, 318 

10 mmol). The mixture was stirred for 1 hour then warmed to reflux for 24 hours. The mixture 

was concentrated, dissolved in C~Cl2 (200 ml) and washed with a sat. aq. NaHC~ soln. (3 

x 50 ml). The combined organic layer was dried through a cotton plug, concentrated and 

chromatographed on silica gel to provide an oil (3.85 g, 45%). (TLC 10%Et0Aclhexanes R, 

0.35). 1H NMR (CDCl3) 8 6.99 (d, J=8.0 Hz, 1H), 6.42 (dd, J=8.0,2.S Hz, 1H), 6.38 (d, J=2.5 

15 Hz, 1H), 5.67 (br s, 2H), 3.75 (s, 3H), 2.58 (m, 3H), 2.40 (m, 2H), 2.08 (m, 2H). GCMS mte 

204 (M}. 

Bl Trifluoro-metbanesulfonic acid 2-cyclopent-3-enylmethyl-5-methoxv-phenyl ester 

2-Cyclopent-3-enylmethyt-5-methoxy-phenol (3.85 g, 19.0 mmol) was converted to 

the title compound (4.92 g, 77%) by the method described in Example 10. (TLC 

20 10%C~Cl2/hexanes R, 0.52). 1H NMR (CDCl3) 5 7.21 (d, J=8.0 Hz, 1H), 6.86 (dd, J=8.0,2.5 

Hz, 1H), 6.79 (d, J=2.5Hz,1H), 5.67 (brs, 2H), 3.79 (s, 3H), 2.70 (d, J=7.5 Hz, 2H), 2.59 (m, 

1H), 2.43 (m, 2H), 2.03 {m, 2H). 

Cl 4-Methoxvtricyclo17.2.1.02•7Jdodeca-2ffi.3.5.10-tetraene 

Tr1fluoro-methanesulfonic acid 2-cyclopent-3-enylmethyl-5-methoxy-phenyl ester 

25 (2.00 g, 5.95 mmol) was dissolved in OMF (10 ml) under a~ atmosphere and treated with 

triethylamlne {0.91 g, 8.92 mmol) and 1,3-bis(diphenylphosphino)propane (0.37 g, 0.89 

mmol). This mixture was stirred and degassed (3 vacuum/N2 purge cycles), and then treated 

with palladium acetate (93 mg, 0.42 mmol). After stirring for 20 min. the mixture was 

warmed to 100 DC for 18 hours, cooled and poured Into brine (30 ml). The resulting mixture 

30 was extracted with EtOAc (4 x 1 O ml) and the combined organic layer was washed with sat. 

aq. NaHC03 soln. (10 mL), H20 (10 mL), brine (10 ml), dried (MgS04), filtered and 

evaporated to an oil. The oil was chromatographed on Silica gel (2%C~Cl2'hexanes) to 

provide product as an oil (1.05 g, 95%). (TLC 10%Et0Ac/ hexanes Rr 0.52). 1H NMR (COCl3) 

5 6.94 (d, J=8.0 Hz, 1H), 6.68 (dd, J=B.0,2.8 Hz, 1H), 8.59 (d, J=2.8 Hz, 1H), 6.23 (dd, 

35 J=5.5,2.8 Hz,1H), 5.79 (dd, J=5.5,2.6 Hz, 1H), 3.77 (s, 3H), 3.28 (m, 1H), 2.96-2.89 {m, 2H), 

2.49 (d, J=15.5 Hz, 1H), 2.19 (m, 1H), 1.85 (d, J=10.5 Hz, 1-H). 13C NMR (COCl3) 156.94, 

144.07, 138.95, 131.24, 131.21, 126.34, 111.73, 111.45, 55.22, 45.10, 40.18, 38.47, 29.49. 

GCMS m/e 186 (MJ. 
0) 11-Benzv!-4-methoxy-11-aza-tricyclol7.3.1.02

•
7Jtrldeca-2ffi.3.5-triene 

40 hydrochloride 
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5 4-Methoxytricyclo[7.2.1.D2-7Jdodeca-2{7),3,5,10-tetraene (1.0 g, 5.37 mmol) was 
converted to 4-methoxy-10, 11-dihydroxytricyclo(7.2.1.02.7)dodeca-2(7),3,5, 10-triene (0.95 g, 
80%) (TLC 50%EtOAc/CHiCl2 R, 0.48) according to the procedure described in Example 2G. 

This material was converted to the title compound according to the procedures described In 
Example 2H with final recrystallization from Et20/hexanes (650 mg, 48%). (TLC 

10 50%Et0Ac/CH2Cl2 R, 0.67). 1H NMR (C"300) 8 7.42 (m, SH), 7.12 (d, J=8.0 Hz, 1H), 6.84 

(dd, J=8.0,2.5 Hz, 1H), 6.67 (d, J:i:2.5 Hz, 1H), 4.27 (AB d, J=13.0 Hz, 1H), 4.17 (AB d, 

J=13.0 Hz, 1H), 3.72 (s, 3H), 3.48 (br d , J=12.5 Hz, 1H), 3.34-3.16 (m, SH), 2.86 (AB d, 

J=18.0 Hz, 1H), 2.55 (brs, 1H), 2.00 (AB d, J=13.0 Hz, 1H), 1.90 (AB d, J= 13.0 Hz, 1H). mp 

245-246°C. 

15 EXAMPLE16 
4-METHOXY-11-AZA-TRICYCL0[7.3.1.a2·7JTRIDECA-2ffi.3.5-TRIENE 

HYDROCHLORIDE 

11-Benzyl-4-methoxy-11-aza-trtcyclo[7 .3.1.0~?']trldeca-2(7) ,3 ,5-triene hydrochloride 

(525 mg, 1.60 mmol) was converted to the title compound by the methods described in 
20 Example 3 to provide a white solid (338 mg, 88%). (TLC 40%Et0Ac/CH2Cl2 (NH3) R, 0.22). 

1H NMR (C0300) S 7.11 (d, J=8.5 Hz, 1H), 8.82 (dd, J=8.5,2.5 Hz, 1H), 8.75 (d, J=2.5 Hz, 
1H), 3.76 (s, 3H), 3.34-3.18 (m, 6H), 2.86 (AB d, J=17.7Hz, 1H), 2.45 (m, 1H), 2.11 (AB d, 

J=13.5 Hz, 1H), 1.94 (AB d, J= 13.5 Hz, 1H). 13C NMR (CDCIJ) 158.47, 136.58, 130.15, 
127.71, 114.11, 112.61, 54.32, 49.99, 49.47, 32.16, 31.97, 27.15, 25.70. mp 259-261 °C. 

25 EXAMPLE17 
11-AZA-TRICYCL0[7.3.1.a2-7JTRIDECA·2ffi.3.5-TRIEN-4-0L 

4-Methoxy-11-aza-tncyclo[7.3.1.a2·7]trideca-2(7),3,5-triene hydrochloride (120 mg, 

0.50 mmol) was brought to reflux In 48%HBr (2 ml). After 1 hour the solution was cooled 

and poured Into a 1 N aq. NaOH soln. adjusted to pH 1 O and product was extracted with 
30 EtOAc (3 x 40 ml). The organic layer was washed with brine (50 ml), dried (MgS04} and 

concentrated to a white solid which was recrystallized from Et20/hexanes (40 mg, 42%). 

(TLC 50%Et0Ac/CH2Cl2 Rr 0.15). 1H NMR (CDCb) 8 6.96 (d, J=8.0 Hz, 1H), 6.60 (dd, 

J=B.0,2.5 Hz, 1H), 6.46 (d, J=2.5 Hz, 1H), 3.31 (m, 1H}, 3.03 (dd, J=17.0,6.0 Hz, 1H), 2.95 

(m, 2H,NH), 2.73 (m, 3H), 1.99 (m, 2H), 1.87 (AB d, J= 12.5 Hz, 1H). mp 215-217 °c. 

35 EXAMPLE18 
11-BENZVL-11-AZA· TRICYCL0[7.3.1.02

•
7JTRIDECA-2©.3.5-TRIENE 

HYDROCHLORIPE 

The tltle compound was prepared from phenol according to the procedures described 

in Example 15. (TLC 10%Et0Ac/ hexanes (NH3) Rr 0.76). 1H NMR (C"30D) 8 7.42 (m, SH), 

40 7.22 (m, 2H), 7.15 (t, J=7.5 Hz, 1H), 7.10 (t, J=7.5 Hz, 1H), 4.28 (AB d, J=13.0 Hz, 1H), 4.18 
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5 (AB d, J=13.0 Hz, 1H), 3.51 (d, J=12.8 Hz, 1H), 3.38 (d, J=13.2 Hz. 1H), 3.34--3.23 (m, 4H), 

2.95 (d, J=12.2 Hz, 1H), 2.58 (m, 1H), 2.03 (AB d, J=13.0 Hz, 1H), 1.92 (AB d, J=13.0 Hz, 

1H). mp 125-127 °C. 

EXAMPLE 19 

11-AZA-TRICYClOI7.3.1.a2•7JTRIDECA·2ffi.3.5-TRIENE HYDROCHLORIDE 

1 o 11-Benzyl-11-aza-tricyclo[7 .3.1.a2·7]trideca-2(7),3,5-triene hydrochloride (150 mg, 

0.50 mmol) was converted to the title compound as described In Example 3. {TLC 

20%Et0Aclhexanes (NH3) Rr 0.20). 1H NMR (CO:JOD) 6 7.26-7.17 {m, 4H), 3.37-3.18 (m, 

6H), 2.92 (d, J=18.2 Hz, 1H), 2.48 (m, 1H), 2.13 (AB d, J=13.0 Hz, 1H), 1.97 (AB d, J= 13.0 

Hz, 1H). 13C NMR (CDCl3) 8136.08, 135.67, 129.43, 128.78, 127.30, 126.42, 49.90, 49.05, 

15 32.67, 31. 86, 27.15, 25.60. mp 227-228 °C. 

EXAMPLE20 

4--NITR0-11-AZA-TRICYCL0(7.3.1.a2•7JIR!DECA-2ffi.3.5-TRIENE 

HYDROCHLORIDE 

A) 1-C11-Aza-trfcyclo[7.3.1.a2-7Jtrideca-2m.3.5-trien-11-yll-2.2,2-trifluoro-ethanone 

20 11-Aza-tricyclo[7.3.1.Q2>7]trideca-2(7),3,5-triene (1.22 g, 7.08 mmol) was stirred at o 
°C In CH2Cl2 (10 ml) and treated with triethylamlne (0.94 ml, 10.8 mmol) followed by TFAA 

(1.90 ml, 14.2 mmol). After -1 hour, the solution was poured Into 0.5 N HCI (200 ml) and 

the layers separated. The aq. layer was extracted with CHaCl2 (3 x 50 ml) and the combined 

organic layer was washed with 0.5 N HCI (50 ml), H20 (2 x 50 ml) and sat. aq. NaHC03 

25 soln. (50 ml). This solution was dried through a cotton plug, then diluted with -3% EtOAc 

and filtered through a 2 Inch silica pad eluted with -3% EtOAcJCH2Cl2• Concentration 

afforded a clear oil (1.90 g, 99%). 1H NMR (CDCl3) 5 7.15-7.02 (4H), 4.67 (d, J=13.0 Hz, 

. 1/2H), 4.42 (d, J=13.0 Hz, 1/2H), 4.03 (d, J=13.0 Hz, 1/2H), 3.81 (d, J=13.0 Hz, 1/2H), 3.44 

{d, J=13.0 Hz, 1H), 3.29-2.99 (3H), (d, J=18.0 Hz, 1H), 2.37 (br s, 1/2H), 2.30 (br s, 112H), 

30 2.04 (AB d, 2H). GCMS m/e 269 (Mj. 

Bl -Nitro-11-aza-tricycloC7.3.1.02·7Jtrideca-2©.3.5-triene hydrochloride 

The title compound was prepared as follows, based on the method described by 

Coon et al., J. Org. Chem., 1973, 25, 4243. To a solution of trlfluoromethanesulfonic acid 

(0.94 ml, 10.6 mmoO In CH2Cl2 (10 ml) stirred at o •c was slowly added nitric acid (0.80 ml, 

35 14.1 mmol) generating a white precipitate. After 1 O minutes the resulting mixture was cooled 

to -78 •c and treated with 1-(11-aza-tricyclo[7 .3.1.0z7]trldeca-2(7) ,3,5-trlen-11-y0-2,2,2-

trlfluoro-etbanone (1.9 g, 7.06 mmol) in CH2Cl2 (15 ml) dropwise over 5 minutes. The 

reaction was stirred at-78 •c for 2h then warmed to O •c for 112 hour. The reaction miXtUre 

was poured Into a stirred ice (50 g). The layers were separated and the aq. layer back 

40 extracted with CH2Cl2 (3 x 30 ml). The organic layer was combined and washed with H20 (3 
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5 x 30 mQ. The combined organic layer was washed with sat. aq. NaHC~ soln. (20 mL) and 

H20 (20 mL) then dried through a cotton plug and concentrated to a yellow solid (1.58 g) 

which contained four products {TLC). The solids were slurried in Et20 and filtered to provide 

a solid (900 mg, 41%). {TLC 30% EtOAclhexanes, Rr 0.21). The filtrate was 
chromatographed on Siiica gel eluting with 30% EtOAc/hexanes to provide three materials. 

10 Rr 0.32 (50 mg, 2%), Rr 0.21 (as solids above) and Rr 0.13 (50 mg, 2%). GCMS mis 314 

(M}. 

Cl 4-Nitro-11-aza-tricyclo(7.3.1.02•7Jtrideca-2m.3.5-triene hydrochloride 

NOE (Nuclear Overhauser Effect) experiments elucidated the primary product, {TLC 

3D%Et0Ac/hexanes, R, 0.21) as 2,2,2-trifluoro-1-(4-nitro-11-aza-tricyclo[7.3.1.oZ7]trideca-
15 2(7),3,5-trlen-11-yl)-ethanone, by a 4% NOE between H-3 and H-1. This solid (780 mg, 2.48 

mmoQ was stirred In MeOH (20 mL) and treated with Na2C03 (850 mg, 4.98 mmol) In H20 

(1 o mL). The stirred mixture was wa1TTied to 70°C for 6 hours, concentrated to solids, diluted 
with HiO and extracted with CH2Cl2 (3 x 40 ml). The product was extracted into 1N aq. HCI 
soln. (3 x 40 ml) which was washed with EtOAc then neutralized with a sat. aq. Na2C03 so1n: 

20 to pH-10. Product was extracted with CH2Cl2 (3 x 40 mL), dried through a cotton plug, 
concentrated to an oll. The oll was dissolved in MeOH and treated with 3N HCI EtOAc (4 
mL) and concentrated, then dissolved in a minimum of CH2Cl2 and the solution was saturated 
with hexanes and stirred 18 hours. The product was collected by filtration (145 mg, 23%). 
1H NMR (DMSOd-6) d 8.12 (d, J=2.5 Hz, 1H), 8.09 (d, J=8.0 Hz, 1H), 7.50 (dd, J=8.0,2.5 Hz, 

25 1 H}, 3.25 (m, 3H), 3.08 (m, 3H), 2.88 (m, 2H), 2.27 (m, 1 H), 1.99 (d, J=11.0 Hz, 1 H). GCMS 

m/e 218 ~). mp 215-220 °c. 
EXAMPLE21 

5-NITR0-11-AZA· TRICYCL0[7.3.1.a2·7JTRIOECA-2ffi.3.5-TRIENE 

HYDROCHLORIDE 

30 The other meta substituted isomer from above, 2,2,2-trifluoro-1-(S-nltro-11-aza-
tricycto[7 .3.1.02.7]trideca-2(7),3,5-trien-11-yl)-ethanone {TLC 30%Et0Ac/hexanes, R, 0.13) 

was converted to the ti11e compound by the method In Example 20C. 1H NMR free base 

(CDCl3) 5 8.01 (d, J=2.0 Hz, 1H), 7.95 (dd, J=8.0,2.0 Hz, 1H), 7.17 (d, J=8.0 Hz, 1H), 3.18 

{dd, J=18.0,8.5 Hz, 1H), 3.10-2.97 (4H), 2.89 (d, J=18.D Hz, 1H), 2.79 (d, J=12.0 Hz, 1H), 
35 2.12 (m, 1H), 2.02 (d, J=12.5 Hz, 1H), 1.88 (d, J=12.5 Hz, 1H}. Conversion to the salt as in 

Example 20C provides a solid mp 245-255 °C. 
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3·NITR0-11-AZA-TRICYCL0[7.3.1.c2·7JTRIDECA-2ffi.3.5-TRIENE 

HYDROCHLORIDE 

PCT/IB99/00617 

The remaining Isolated Isomer from above, 2,2,2-trifluoro-1-(3-nitro-11-aza.. 

tricyclo[7 .3.1.02•7)trideca-2(7),3,5-trien-11-yl)-ethanone (TLC 30%Et0Aclhexanes, Rr 0.32) 

1 o (50 mg) was converted to the title compound by the method In Example 20C to give 25 mg, 

64%). The regiochemlstiy of this nltro isomer was established by HMQC (heteronuclear 

multiple-quantum correlation) between C-3 and H-1. 1H NMR (DMSOd-8) 8 7.80 (d, J=8.0 Hz, 

1H), 7.53 (d, J=8.0 Hz, 1H), 7.45 (t, J=8.0 Hz, 1H), 3.71-3.15 (m, 6H), 2.95 (d, J=18.5 Hz, 
1H), 2.40 (br s, 1H), 2.04 (d, J=12.5Hz,1H), 1.70 (d, J=12.5 Hz, 1H). 

15 EXAMPLE 23 

11-BENZVL-5-FLUOR0-11-AZA-TRICYCLOU.3.1.02
•
7JTRIDECA-2ffi.3.5-TRIENE 

HYDROCHLORIDE 

The title compound was prepared from 2-bromo-4-fluoro-1-methoxy-benzene by the 

methods described in Example 6. 1H NMR (CO,OD) 8 7.15 (m, 3H), 6.94-6.76 (m, SH}, 3.40 

20 (AB d, 2H), 3.06 (dd, J=17.5,7.0 Hz, 1H), 2.87-2.73 (3H), 2.69 (d, J=10.5 Hz, 1H), 2.37 (d, 

J=10.5 Hz, 1H), 2.28 (d, J=10.5 Hz, 1H), 2.17 (br s, 1H), 1.83 (AB d, 2H). GCMS mle 281 

(M+). mp 202-203 QC. 

EXAMPLE24 

5-FLUOR0-11-AZA-TRICYCLOC7.3.1.02
•
7JTRIDECA-2ro.3.5-TRIENE 

25 HYDROCHLORIDE 

11-Benzyl-5-fluoro-11-aza-tricyclo(7 .3.1.a2-7Jtrideca-2(7),3 ,5-triene hydrochloride (31 o 
mg, 0.94 mmol) was converted to the title compound by the methods described in Example 3 

to yield a white solid (140 mg, 65%). 1H NMR (CD300) 8 7.22 (m, 1H), 6.93 (m, 2H), 3.38-

3.14 (6H), 2.93 (d, J=18.5 Hz, 1H), 2.45 (m, 1H), 2.17 {AB d, J=13.0 Hz, 1H), 1.94 (AB d, J= 

30 13.0 Hz, 1H). mp 286-287 QC. 

EXAMPLE25 

5, 7-DIOXA-14-AZA TETRACYCL0[10.3.1.02
• 1°.o

4·8JHEXADECA-2C1 Ol.3.8-JRIENE 

HYDROCHLORIDE 

5-Bromo-6-methoxy-benzo[1,3]dioxole (Preparation described previously, see; 

35 Getahun, Z.; Jurd, L.; Chu, P. S.; Lin, C. M.; Hamel, E. J. Med. Chem.1992, 35, 1058-1067.) 

was converted to the title compound using methods described in Example 3 and Example 6 

to yield a white solid (110 mg). 1H NMR (CD30D) 8 6.65 (s, 2H). 5.88 (s, 2H), 3.33-3.12 (6H), 

2.81 (d, J=18.0 Hz, 1H), 2.42 (m, 1H), 2.09 (AB d, J=12.5 Hz, 1H), 1.90 (AB d, J= 12.5 Hz, 

1H). GCMS m/e 217 CM}. APCI MS m/e 218.1 [(M + 1).). mp 241-243 °C. 
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EXAMPLE26 

11-BENZVL-6-8ROM0-5-METHOXY-11·AZA-TRICYCL0[7.3.1.02.7JTRIDECA-

2©.3.5 -TRIENE 

11-Benzyl-5-methoxy-11-aza-tricyclo[7 .3.1.02
'
7]trideca-2(7) ,3,5 -triene {3.00 g, 1 O .2 

mmol) was stirred at 0°C in CH2Cb {1 O ml) and ACOH (5 ml) and treated with bromine {3.21 

1 D g, 20 mmol) in CH2Cb (1 O ml) and AcOH (5 ml). After 18 hours the reaction was quenched 

with 20% aq. NaHS03 soln. (100 ml). The product was extracted with CH2Cl2 (3 x 40 ml) 

and washed with sat. aq. NaHC03 soln. (3 x 50 ml). The combined organic layer was dried 

through a cotton plug, concentrated and chromatographed on Silica gel to provide an all 

(1.05 g, 28%). {TLC 30%Et0Aclhexanes Rt 0.48). 1H NMR (CDCl3) S 7.13 (m, 3H}, 6.91 {m, 

15 3H), 6.68 (d, J=8.0 Hz, 1H), 3.90 (s, 3H}, 3.36 {s, 2H), 2.86-2.79 (4H), 2.67 (br d, J=9.0 Hz, 
1H), 2.31 (br s, 1H), 2.28 (br s, 1H), 2.22 (br s, 1H), 1.78 (AB d, J=13.0 Hz, 2H). GCMS mle 

373,371 (M•). 

EXAMPLE27 

11-8ENZVL-6-HYDROXY-5-METHOXY-11-AZA-TRICYCL0(7.3.1.02·7JTRIDECA-

20 20.3.5 -TRIENE 

11-Benzyl-6-bromo-5-methoxy-11-aza-trtcyclo[7 .3.1.02
•
7]bideca-2(7),3,5 -triene (1.05 

g, 2.70 mmol) was stirred at -78 °C In anh. THF (10 ml) and treated with n-Buli (1.08 ml. 

2.SM soln. in hexanes, 2.70 mmol) dropwise over 1 min. After 10 min., trfisopropyl borate 

(559 mg, 2.97 mmol) was added and the mixture was allowed to warm to ambient 

25 temperature. The reaction was quenched with with sat. aq. NaHC03 soln. (50 ml) and the 

product was extracted with EtOAc (3 x 20 ml). The organic layer was dried (MgS04), filtered 

and evaporated to give an oil (640 mg, 67%). {TLC 30%Et0Aclhexanes Rr 0.18). This 

material (640 mg, 1.81 mmol) was stirred in THF (10 ml) with 30% aq. hydrogen peroxide 

soln. (205 mg, 1.81 mmol). After 18 hours the react.ion was quenched with 20% aq. NaHS~ 

30 soln. (10 mL). The mixture was diluted with sat. aq. NaHC03 soln. (50 ml) and product was 

extracted with CH2Cl2 (3 x 40 ml). The organic layer washed with sat. aq. NaHC03 soln. (3 x 

50 ml), dried through a cotton plug, concentrated and chromatographed on Silica gel to 

provide an oil (360 mg, 64%). {TLC 40%Et0Aclhexanes R, 0.44). 1H NMR (COCl3) a 7.14 

(3H), 6.95 (2H), 6.67 (d, J=S.O Hz, 1 H), 6.52 (d, J=8.0 Hz, 1 H), 3.89 (s, 3H), 3.40 (AB d, 2H), 

35 2.88-2.63 (SH), 2.34-2.22 (3H), 1.79 (AB d, 2H). GCMS mle 309 (M•). 

EXAMPLE28 

6-HYDROXY-5-METHOXY-11-AZA-TRICYCL0[7.3.1.02·7JTRIDECA-2©.3.5 

TRIENE HYDROCHLORIDE 

11-Benzyl-6-hydroxy-5-methoxy-11-aza-tricyclo[7.3.1.02·7Jtrideca-2(7),3,5 -trfene (58 

40 mg, 0.18 mmol) was converted to the title compound according to the procedure described in 
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5 Example 3 followed by conversion to the salt as described In Example 9 to provide a white 

solid (15 mg, 32%). (T"LC 10%MeOH/CH2Clz (N~ Rr 0.26). 1H NMR (CDsOD) a 8.84 (d, 

J=8.0 Hz, 1H), 8.88 (d, J=8.0 Hz, 1H), 3.82 (s, SH), 3.29 (SH), 3.1S (m, 2H), 3.00 (dd, 

J=18.0,6.0 Hz, 1H), 2.85 (d, J=18.0 Hz, 1H), 2.42 (m, 1H), 2.09 {AB d, J=12.5 Hz, 1H), 1.82 

(AB d, J= 12.5 Hz, 1H). mp 285-290 °C. 

10 EXAMPLE29 

TRIFLUORO-METHANESULFONIC ACJD-11-BENZVL-11-AZA-

TRICYCLOJ7.3.1.D2-7JTRIDECA-2ffi.3.5-TRIEN-5-YL ESTER 

11-Benzyl-11-aza-tricyclo[7.3.1.02
•
7]trideca-2(7),3,5-trien-5-ol (850 mg, 3.03 mmol) 

was converted to the title compound (1.18 g, 94%) by the method described in Example 10. 

15 (TLC 300/oEtOAc/hexanes R, 0.47). 1H NMR (CDCb) B 7.10 (3H), 6.97 (3H), 6.78 (2H), 3.40 

(AB d, J=14.0 Hz, 1H), 3.30 (AB d, J=14.0 Hz, 1H), 3.05 (AB dd, J=17.5,7.0 Hz, 1H), 2.89-

2.79 (3H). 2.62 (d, J=10.0 Hz, 1H), 2.40 (d, J=10.5 Hz, 1H), 2.28 (d, J=12.0 Hz, 1H}, 2.17 (br 

s, 1H), 1.83 (AB d, 2H). APCI MS m/e412.1[(M+1)1. 

EXAMPLE3D 

20 5-C4-TRIFLUOROMETHYL-PHENYLl-11-AZA-TRICYCL0(7.3.1.02.7JTRIDECA-

2ffi.3.5-TRIENE HYDROCHLORIDE 

Al 11-Benzyl-5-C4-trifluoromethvl-phenyD-11-aza-tlicvclo(7.3.1.02
•
7Jtlideca-2©.3.5-

tliene (For a discussion, see: Mlyaura, N.; Suzuki, A. Chem. Rev.1995, 95, 2457-2483.) 

Trifluoro-methanesulfonlc acld-11-benzyl-11-aza-trtcyclo[7 .3.1.D2
•
7Jtrideca-2(7),3,5-

25 trlen-S-yl ester (258 mg, 0.63 mmol), potassium acetate (493 mg, 5.02 mmol) and 4-

trlfluoromethylphenyl boronic acid (141 mg, 0.94 mmol) were combined in 10/1 EtOHIH20 (5 

ml). The mixture was degassed (3 vacuum/N2 cycles), treated with 

tetrakis(triphenylphosphine)palladium(O) (36.0 mg, 0.032 mmol) and warmed to 90 °C for 

18h. The reaction was cooled, diluted with HiO and extracted with Et20 (3 x 50 mL). The 

30 organic layer was washed with brine (50 mL), dried (MgS04), filtered and concentrated to 

provide an oil (60 mg, 23%). (T"LC hexanes R, 0.16). 1H NMR (COCls) 8 7.73 (d, J=8.5 Hz, 

2H), 7.68 (d, J=B.5 Hz, 2H), 7.38 (d, J=2.0 Hz, 1H), 7.32 (dd, J=B.0,2.0 Hz, 1H), 7.10 (4H), 

6.88 (m, 2H), 3.40 (s, 2H), 3.14 (dd, J= 17.5, 7.0 Hz, 1H), 2.94-2.87 (3H), 2.76 (d, J=10.5 Hz, 

1H), 2.40 (dd, J=10.5,2.0Hz,1H), 2.33 (dd, J=10.5,2.0Hz,1H}, 2.22 (brs, 1H), 1.91 (AB d, 

35 J=12.5 Hz, 1H), 1.83 (AB d, J=12.5 Hz, 1H). GCMS m/e 407 (Mt. 

Bl 5-(4-Trifluoromethyl-phenyl).11-aza-tricyclo(7.3.1.<>2-71trideca-2ffi.3.5-triene 

hydrochloride 

11-Benzyl-5-(4-Trifluoromethyl-phenyl)-11-aza-tricyclo[7 .3.1.02
•
7]trideca-2(7),3,5-

tliene was converted to the title compound as described in Example 3. (T"LC 
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5 50%Et0Ac/hexanes R, 0.81). 1H NMR (COCl3) 8 7.62 (m, 4H), 7.15-6.98 (3H) 3.50-2.97 

{6H), 2.92 (d, J=18.0 Hz, 1H), 2.38 (br s, 1H), 2.02 {AB d, 2H). 

EXAMPLE31 

5-C4-METHOXV-PHENYll-11-AZA-TRICVCL0[7.3.1.02
•
7JTRIOECA-2ffi.3.5-TRIENE 

HYDROCHLORIDE 

1 o Trifluoro-methanesulfonic acld-11-benzyl-11-aza-tricyclo[7 .3 .1.<>2-7]trideca-2(7),3,5-

trien-5-yl ester and 4-methoxyphenyl boronic acid were converted to the title compound by 

the methods described In Example 30. 1H NMR (C030D) a 7.57 (d, J=8.0 Hz, 2H), 7.42 (d, 

J=2.0 Hz, 1H), 7.38 (dd, J=8.0,2.0 Hz, 1H), 7.18 (d, J=8.0 Hz, 1H), 6.97 (d, J=8.0 Hz, 2H), 

3.81 (s, 3H), 3.48-3.08 (6H), 2.95 {d, J=18.0 Hz, 1H), 2.30 (br s, 1H), 2.10 {AB d, J=11.5 Hz, 
15 1H), 1.97 (AB d, J=11.5 Hz, 1H). 

EXAMPLE32 

11-A2A-TRICYCL0[7.3.1.a2-7JTRIDECA-2ffi.3.5-TRIENE-5-CARBOXVLIC ACID 

METHYL ESTER HYDROCHLORIDE (Based on Dolle, R. E.; Schmidt, S. J.; Kruse, L. I. J. 
Chem. Soc., Chem. Commun.1987, 904-905.) 

20 Trifluoro-methanesulfonic acld-11-benzyt-11-aza-trlcyclo[7.3.1.02
•
7Jtrideca-2(7),3,5-

trlen-5-yl ester (1.0 g, 2.28 mmol) was dissolved in DMSO (15 ml) and MeOH (2 ml) and 

treated with triethylamlne (505 mg, 4.99 mmol), potassium acetate (22.0 mg, 0.23 mmol) and 

1,3-bis(diphenylphosphlno)propane (94.0 mg, 0.23 mmol). This mixture was stirred and 

degassed (3 vacuum/N2 purge cycles) then treated with palladium acetate (51 mg, 0.23 

25 mmol). The system was purged with carbon monoxide gas (CO(g)) at balloon pressure, 

stirred 20 min., wanned to 100°0 for 3 hours, cooled and then poured into brine {50 ml). 

The resulting mixture was extracted with EtOAc (4 x 40 mL) and the combined organic layer 

was washed with a sat. aq. NaHC03 soln. (100 ml), H20 {100 ml), brine (100 ml), dried 

{MgSO.il), filtered and evaporated to an oil. The oll, 11-benzyl-11-aza-

30 tricyclo[7 .3.1.a2-7]trideca-2(7),3,5-triene-5-carboxylic acid methyl ester, was chromatographed 

on silica gel to provide an oil (280 mg, 3S%). (TLC 10%Et0Aa/ hexanes Rr 0.21). APCI MS 

mle 322.2 [(M + 1tJ. This oil was converted Into the title compound by the methods 

described in Example 3. (TLC 10%CH2Cl2/MeOH (NH3) Rr 0.21). 1H NMR (CD30D) S 7.87 (d, 

J=2.0 Hz, 1H), 7.83 (dd, J=8.0,2.0 Hz,1H), 7.35 (d, J=8.0 Hz, 1H}, 3.87 (s, SH), 3.49-3.12 

35 (6H), 2.97 (d, J=1B.5 Hz, 1H}, 2.52 (br s, 1H). 2.18 (AB d, J=11.5 Hz, 1H), 1.97 {AB d, J=11.5 

Hz, 1 H). mp 255-256 °C. 
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5 EXAMPbE33 

2-C11-AZA-TRICYCLOIT.3.1.a2•7JTRIDECA-2ffi.3.5-TRIEN-5-YLl-PROPAN-2-0L 

HYDROCHLORIDE 

11-Benzyl-11-aza-tricyclo[7.3.1.a2•7]trideca-2(7),3,5-triene-5-carboxylic acid methyl 

ester (180 mg, 0.62 mmol) was stirred under~ at -78 °C in anh. THF (15 ml) and treated 

10 with excess methyl magnesJumbromide (-1 ml, 3M in THF). The resulting mixture was 

allowed to wann to ambient temperature and quenched with a sat. aq. NH4CI soln. (25 ml). 

The product was extracted with EtOAc (3 x 50 ml), washed with brine (50 ml), dried 

(MgS04), filtered and evaporated to an all (100 mg, 50%). GCMS m/e 321 (Mj. This 

material was converted to the title compound by the methods described in Example 3. 1H 

15 NMR (CDaOD) 8 7.32 (OH), 7.24 (s, 1H), 7.16 (d, J=B.O Hz, 1H), 7.08 (m, 1H), 3.50-3.12 

(6H), 2.91 (d, J=18.5 Hz, 1H), 2.47 (br, S, 1H), 2.11 (AB d, J=11.5 Hz, 1H), 1.97 (AB d, 

J=11.5Hz,1H), 1.15 (s, 6H). mp 80-81°C. 

EXAMPLE34 

5-Pyrtdin-3-yl-11-aza-tricyclo[7.3.1.a2•7Jtrideca-2m.3.5-trtene hydrochloride 

20 Trtfluoro-methanesulfonlc acid 11-benzyl-11-aza-tricyclo(7.3.1.02
•
7]trideca-2(7),3,5-

trien-5-yl ester an~ diethyl-pyrldin-3-yl-borane were converted to the title compound by the 

methods described In Example 30. 1H NMR (C0300) a 9.14 (br s, 1H), 8.78 (m, 2H), B.08 

(m, 1H), 7.69 (d, J=2.0 Hz, 1H), 7.62 (dd, J=8.0,2.0 Hz,1H), 7.43 (d, J=8.0 Hz, 1H), 3.43-3.18 

(6H), 3.05 (d, J=18.5 Hz, 1H), 2.58 (brs, 1H), 2.18 (AB d, J=11.5Hz,1H), 2.02 (AB d, J=11.5 

25 Hz, 1 H). GCMS m/e 250 (Mj. mp 240-242 °C. 



W099/55680 PCT/IB99/00617 

-71-

5 Cl.AIMS 

1. A compound of the formula 

wherein Z Is CH2, C(=O) or CF2; 

R1 is hydrogen, (~-Ce)alkyl, unconjugated (C.,..Cs)alkenyl, benzyl, XC(=O)R13 or 

10 -C~CHrO-(C1-C4)alkyl; 

R2 and R3 are selected Independently, from hydrogen, {Cz-Ce) alkenyl, (CrCs) alkynyl, 

hydroxy, nitro, amino, halo, cyano, -SOq(C1-Ce)alkyl wherein q Js zero, one or two, 
(C1_C&)alkylamino, [(CrCe)alkylbamino, C~R4, CONR5R6

, S~NR7R8, C(=O)R13, XC{=O)R13
, 

aryl-(Co -Cs) alkyl or aryl-(Co-C3)alkyl-O- wherein said aryl is selected from phenyl and naphthyl, 
15 heteroaryl-(Ca-Cs)alkyl or heteroaryl-(Co-Cs)alkyl-0-, wherein said heteroaryl Is selected from five 

to seven membered aromatic rings containing from one to four heteroatoms selected from 

oxygen, nitrogen and sulfur, and X2(Co-Ca)alkoxy-(Co-Ce)alkyl, wherein >e- is absent or X2 is (C1-

Ce)alkylamlno or [(C1-Ce)alkylJ2amtno, and wherein the {Ca-Ca)alkoxy-(Ca-Ce)alkyl moiety of said 

X2(Ca-C&)alkoxy-(Ca-Ce)alkyl contains at least one calt>on atom, and wherein from one to three of 

20 the carbon atoms of said (Ca-Ce)alkoxy-(Ca-Ce)alkyl moiety may optionally be replaced by an 

oxygen, nitrogen or sulfur atom, with the proviso that any two such heteroatoms must be 

separated by at least two calt>on atoms, and wherein any of the alkyl moieties of said (Co­

Ce)alkoxy-(Co-Ce)alkyl may be optionally substituted with from two to seven fluorine atoms, and 

wherein one of the calt>on atoms of each of the alkyl moieties of said afYl-~Cs)alkyl and said 

25 heteroaryl-(Co-Cs)alkyl may optionally be replaced by an oxygen, nitrogen or sulfur atom, and 
wherein each of the foregoing aryl and heteroaryl groups may optionally be substituted with one or 
more substltuents, preferably from zero to two substituents, Independently selected from (C1 -Ca) 

alkyl optionally substituted with from one to seven fluorine atoms, (C1 -Ce) alkoxy optionally 

substituted with from two to seven fluorine atoms, halo ~. chloro, fluoro, bromo or iodo), 
30 hydroxy, nitre, cyano, amino, (C1 -Ce) alkylamino and [(~-Ce) alkylb amino; 

or R2 and R3
, together with the calt>ons to which they are attached, fonn a four to seven 

membered monocyclic, or a ten to fourteen membered blcyclic, carbocyclic ring that can be 

saturated or unsaturated, wherein from one to three of the nonfused calt>on atoms of said 

monocyclic rings, and from one to five of the calt>on atoms of said blcyclic rings that are not part 

35 of the benzo ring shown In formula I, may optionally and Independently be replaced by a nitrogen, 

oxygen or sulfur, and wherein said monocyclic and bicyclic rings may optionally be substituted with 

111111111111111111111111111111 
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5 one or more substituents, preferably from zero to two substiluents tor the monocycllc rings and 

from zero to three substitUents for the bicycllc rings, that are selected, Independently, from (Co-Cs) 

alkoxy-(Co-Ce)alkyl-, wherein the total number of carbon atoms does not exceed six and wherein 

any of the alkyl moieties may optionally be substituted with from one to seven fluorine atoms; 

nitro, oxo, cyano, halo, hydroxy, amino, (C1 -Ce)alkylamino, [(C1 -Cs) alky1J2amlno, phenyl and 

1 o monocyclic heteroaryl wherein said heteroaryl is defined as In the definition of R2 and R3 above: 

each R4
, R5

, R6
, R7

, R8 and R13 is selected, Independently, from hydrogen and (C1-Cs> 

alkyl, or Ff' and R8
, or R7 and R8 together with the nitrogen to which they are attached, fonn a 

pyrrolidlne, plpelidine, morpholine, azetidlne, plpelfzlne, -N-(C1-ce)alkylplperizine or 
thlomorpholine ring, or a thiomorpholine ring wherein the ring sulfur Is replaced with a sulfoxlde or 

15 sulfone; and 

eaeh Xis, Independently, (C1-Ce)alkylene; 

with the proviso that: (a) at least one of R1
, R2 and R3 must be the other than hydrogen, 

(b} when R2 and R3 are hydrogen, R1 cannot be methyl or hydrogen; and (c) no fluorine atom In 

any of the fluoro substituted alkyl or alkoxy moieties of R2 and R3 can be attached to a carton that 

20 Is attaehed to a heteroatom; 

or a phannaceutically acceptable salt thereof; 

2. A compound according to claim 1, wherein R2 and R3, together with the benzo 

ring offonnula I, form a bicyclic ring system selected from the following: 

25 

wherein R10 and R17 are selected, independenuy, from hydrogen and (C1-Ce)alkyl. 

3. A compound accon:fing to claim 1, wherein R2 and R3 do not, together with the 

benzo ring of fonnula I, fonn a bicyclic or tricyclic ring system. 

iif ilili 11u1rnr1ir1r 
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5 4. A compound according to claim 1, wherein one or both of R2 and R3 are 

-C(=O)R13 wherein R13 ls (CrCe)alkyl. 

5. A compound according to clalm 1, wherein one of R2 and R3 is-COR13 wherein 

R 13 is (C1-Cs)alkyl or (~-~alkyl optionally substituted with from one to seven fluorine atoms. 

6. A compound according to claim 1, wherein one of R2 and R3 Is CFa , fluoro, 

1 O cyano or ~Fs. 

7. A phannaceutical composition for use In reducing nicotine addiction or aiding In 

the cessation or lessening of tobacco use in a mammal, comprtsing an amount of a compound 

according to claim 1 that Is effective In reducing nicotine addidion or aiding In the cessation or 

lessening of tobacco use and a phannaoeutically acceptable carrier. 

15 8. A method for reducing nicotine addiction or aiding in the cessation or lessening of 
tobacco use In a mammal, comprising administering to said mammal an amount of a compound 
according to claim 1 that is effective In reducing nicotine addidion or aiding in the ceSsation or 

lessening of tobacco use. 

9. A pha1TT1aceutical composition for treating a disorder or condition selected from 
20 inflammatory bowel disease, lnttable bowel syndrome, spastic dystonla, chronic pain, acute pain, 

cellac sprue, pouchitis, vasoconstrtctlon, anxiety, panic disorder, depression, bipolar disorder, 
autism, sleep disorders, Jet lag, amylotroplc lateral sclerosis (ALS), cognitive dysfunction, 
hypertension, bullmla, anorexia, obesity, caldlac anythmlas, gastric acid hypersecretion, ulcers, 
pheochromocytoma, progressive supramuscular palsy, chemical dependencies and addictions, 

25 headache, stroke, TBI, psychosis, Huntington's Chorea, tardive dyskinesia, hyperklnesla, dyslexia, 
schizophrenia, multi-infarct dementia, age related cognitive decline, epilepsy, Including petit mal 
absence epilepsy, senile dementia of the Alzhelmel's type (AD), Parkinson's disease (PD), 

attention deficit hyperactivity disorder (ADHD) and Tourette's Syndrome In a mammal, comprising 

an amount of a compound according to claim 1 that is effective in treating such disorder or 
30 condition and a phannaceutically acceptable canfer. 

1 o. A method for treating a d"isorder or condition seleded from Inflammatory bowel 

disease, lnttable bowel syndrome, spastic dystonia, chronic pain, acute pain, celiac sprue, 

pouchitis, vasoconstridion, anxiety, panic disorder, depresmon, bipolar disorder, autism, sleep 

disorders. jet lag, amytotroplc lateral sclerosis (ALS), cognitive dysfunction, hypertension, bulimia, 
35 anorexia, obesity, cardiac anythmlas, gastric acid hypersecretion, ulcers, pheochromocytoma, 

progressive supramuscular palsy, chemical dependencies and addldions, headache, stroke, TBI, 
psychosis, Huntington's Chorea, tardlve dyskinesia, hyperkinesia, dyslexia, schizophrenia, multi­

infarct dementia, age related cognitive decline, e~llepsy, Including petit mal absence epilepsy, 

senile dementia of the Alzheimer's type (AD), Parkinson's disease (PO), attention deficit 
40 hyperactivity disorder (ADHD) and Tourette's Syndrome In a mammal, comprising administering 
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5 to a mammal in need of such treatment an amount of a compound according to claim 1 that is 

effective in treating such disorder or condition. 

11. A compound of the fonnula 

p 
(I) 

wherein Z is CH2, CF3 or C(=O); Pis hydrogen, methyl, COOR18 wherein R18 is (C1-C8)alkyl, 

1 o allyl or 2,2,2-trichloroethyl; -C(=O)NR5R8 wherein R5 and R8 are defined as in formula I 

above: -C(=O}H, -C(=O}(C1-Ce}alkyl wherein the alkyl moiety may optionally be substituted 

with from 1 to 3 halo atoms, preferably with from 1 to 3 fluoro or chloro atoms; benzyl or t­
butoxycarbonyl (t-Boc), and R14 and R15 are selected, Independently, from hydroxy, nltro, 

amino, -O(C1-Ce}alkyl and halo; with the proviso that R14 and R15 cannot both be hydrogen 

15 when P is hydrogen or methyl. 

12. A compound of the formula 

(I) 

wherein Z Is CH2, CF3 or C(=O); R2 and R3 are defined as In claim 2; and P1 is COOR16 

wherein R18 is allyl, 2,2,2-trlchloroethyl or (C1-Ce)alkyl; ·C(=O)NR5R8 wherein R5 and R8 are 

20 defined as in formuJa I above; -C(=O)H, -C(=O)(C1-Ce>alkyl wherein the alkyl moiety may 

optionally be substituted with from 1 to 3 halo atoms, preferably with from 1 to 3 fluoro or 

chloro atoms; benzyl, t-butoxycarbonyl (t-Boc), or trifluoroacetyl. 
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