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Background of the Invention This invention relates to aryl fused
azapolycyclic compounds, as defined more specifically by formula I below.
Compounds of formula I bind to neuronal nicotinic acetylcholine specific
receptor sites and are useful in modulating cholinergic function. Such
compounds are 10 useful in the treatment of inflammatory bowel disease
(including but not limited to ulcerative colitis) pyoderma gangrenosum and
Crohn's disease), irtitable bowel syndrome, spastic d'~ Wnla, WFI Vn~V
pain, 4vul~ ppln, VG110V Jp1 V~, ~1iV11~~, MWVWI IJUrIV ,on, QI~I/Wll~.r ~,
~i'lnlc disorder, depression, bipolar disorder, autism, sleep disorders)
jet lag, amyotmphic lateral sclerosis (ALS), cognitive dysfunction,
hypertension, bulimia, anorexia, obesity, cardiac 15 arrhythmias, gastric
gad hypersecretion, ulcers, pheochromocytoma, progressive supranuclear
palsy, chemical dependenaes and addictions (eg, dependencies on, or
addictions to nicotine (and/or tobacco products), alcohol, benzodiazepines,
barbiturates, opioids or cocaine), headache, stroke, traumatic brain injury
(TBI), obsessive-compulsive disorder, psychosis, Huntington's Chorea,
tardive dyskinesia, hyperkinesia, dyslexia, schizophrenia, mufti-infarct 20
dementia, age related cognitive deaine, epilepsy, including pent mal
absence epilepsy, senile dementia of the Alzheimers type (AD), Parkinson's
disease (PD), attention deficit hyperactivity disorder (ADHD) and
Tourette's Syndrome. The compounds of this invention may also be used in
combination with an antidepressant such as, for example, a tricyctic
antidepressant or a serotonin reuptake inhibiting 25 antidepressant (SRI))
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
muscarinic and nicotinic receptors for the treatment, for example, of ALS,
cognitive dysfunction, age related cognitive decline AD) PD, stroke,
Huntington's Chorea and T81; in combination with neurotrophic factors such
as NGF in 30 order to maximize chotinergic 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
antiintiammatory agents and estrogen-tike therapy. 35 Other compounds that
bind to neuronal nicotinic receptor sites are referred to in United States
Patent No. 6,020,335, and in International Publication No. WO 99/35131,
Both of the foregoing applications are owned in common with the present
application, and both are incorporated herein by reference in their
entireties.     2 2 t~~~ ~~Q~ -lA 5 Certain other aryl fused azapolycydic
compounds, including benzazocines, structurally related to those of the
present invention, were reported In the chemical literature of the 1960's
and 70's. Chang et al., J. Med. Chem, 14:1011-1013 (1971) relates to the
investigation as possible analgetic compounds of
1,5-methano-3-methyl-1,2,3,4,5,6,hexahydro-3-benzacine compounds, which
however were reported to exhibit no behavioral 10 effects of interest
Kometani et al., Chem. Pharm. Bull., 24:541-544 (1976) reported on the
preparation of benzazocine compounds as a by-product in the synthesis of
methanobenzazonine compounds. Further, Kitahonoki et aL report in
Tetrahedron Letters, 13:1651-1655 (1968) and at greater length in
Tetrahedron, 25:335-353 (1969)) methods for the preparation of aziridine
compounds which produced benzazocines as the minor co 15 product. Other
6,6-dimethyl substituted 1,5-methano-3-benzazocine compounds have been
reported in Japanese Kokai Nos. 74-14473 and 74-24968. Summary of the
Invention This invention relates to aryl fused azapolycyclic compounds of
the formula   



z z c~~ z~~a -2 (I) 5 wherein Z is CHz, C(=O) or CF2; R' is hydrogen,
(C,-C~alkyi, unconjugated (C~-C~alkenyl) benzyl) XC(=O)R'3 or
-CH2CH2-O-(C,-C~alkyl; R2 and R3 are selected independently, from hydrogen,
(CrC~ alkenyl) (CTC~ alkynyl, 10 hydroxy, vitro, amino, halo, cyano,
-SOq(C,-C~alkyl when~in q is zero, one or two, (C,.C~alkylamino,
[(C,-Ce)alkyly~amino) CO~R', CONRsRs, SOiNR?Re, C(=O)R'3, XC(=O)R'3,
aryl-(Co -C3) alkyl or aryl-(C~C~alkyi-O- wherein said aryl is selected
from phenyl and naphthyl, heteroaryt-(C~)alkyl or
heteroaryl-(C~G~)alkyl-O-, wherein said hetroaryl is selected from fi~e io
seven membened aromatic rings containing from one to four heteroatoms
selected from 15 oxygen, nitrogen and sulfur, and Xz(C~alkoxy-(Ca-C~alkyl,
wheroin Xi is absent or Xz is (C,C~alkylamino or [(C,-C~alkyl]Zamino, and
wherein the (C~alkoxy-(C~alkyl moiety of said XZ(Co-C~alkoxy (C~-C~alkyi
contains at least one carbon atom, and wherein from one to three of the
carbon atoms of said (Cc-C8)alkoxy-(C~-C~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 iwo carbon atoms) and
wherein any of the alkyl moieties of said (CaC~alkoxy-(C~-C~alkyl may be
optionally substituted with from iwo to seven fluorine atoms, and wherein
one of the carbon atoms of each of the alkyl moieties of said
aryl-(Ca-G~alkyl and said heteroaryl-(C~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
substitueMs, preferably from zero to two sut~stituents, independently
selected fiom (C, -C~ alkyl optionally substituted with from one to seven
fluorine atoms) (C~ -C~ alkoxy optionally substituted with from two to
seven fluorine atoms, halo (eg, chloro, fluoro, bromo or iodo)) hydroxy,
vitro, cyano, amino) (C, -C~ alkyiamino and [(C, -C~ alkylJi amino; or R2
and R') together with the carbons to which they are attached, form a tour
to seven 30 membered monocydic, or a ten to fourteen member~ed bicydic,
carbocydic ring that can be saturated or unsaturated, wherein from one to
three of the nonfused carbon atoms of said monocydic rings, and from one to
flue of the carbon atoms of said bicydic rings that are not part of the
benzo ring shown in formula I) may optionally and independently be nrpiaced
by a rirtrogen) oxygen or sulfur, and wherein said monocydic and bicydic
rings may optionally be substituted with 35 one or more substituents,
preferably from zero to two sut~stituents for the monocydic rings and from
zero to three substituerrts for the bicydic rings, that are selected)
independently, from (Co-C~    2 2 CCT ~0~2 -3 5 alkoxy-(Co-Cs~lkyl-,
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; vitro, oxo) cyano, halo) hydroxy, amino, (C,
-C6)alkylamino, [{C, -C6) aIkyIJ2amino, phenyl and monocyclic heteroaryl
wherein said heteroaryl is defined as in the definition of RZ and R above;
each R'`, R) R6, R' , R and R'3 is selected, independenthr, from hydrogen
and (C, -Cs) 10 alkyl, or R5 and R, or R' and R together with the nitrogen
to which they are attached, form a pyrrolidine, piperidine, morpholine,
azetidine, piperizine, -N-(C1-C6)allrylpiperazine or thicmorpholine ring,
or a thiomo~hcline ring ~rrhereBn the ring su;fur is replaced with a
suHoxide or sulfone; and each X is, independently, (C,-Ce)alkylene; 15 with
the proviso that (a) at least one of R', Ri and R' must be the other than
hydrogen, (b) when R~ and R3 are hydrogen, R' cannot be methyl or hydrogen;
and (c) no fluorine atom in any of the fluoro substituted alkyl or alkoxy
moieties of RZ and R' can be attached to a carbon that 



is attached to a heteroatom; 20 and the pharmaceutically acceptable salts
of such compounds. F~camples of heteroaryl groups that each of R~ and R'
can be are the following: thienyl, oxazoyl, isoxazolyl, pyridyl, pyrimidyl,
thiazolyl) tetrazotyl, isothiazolyl, triazolyl, imidazolyl, tetrazotyl,
pyrroyl and the following groups: R'a N ~~--R9 O-N ~N R'a N~ s R 25 R ~N s
--R N-O Rye ~Rs N N=~ R' 8 O Rs N N R~~ N N N R'e wherein one of R and R'
is hydrogen or (C, -C~) alkyl, and the other is a bond to the benzo ring of
formula I. F~camples of compounds of this invention are compounds of the
formula I, and their pharmaceutically acceptable salts, wherein R~ and R',
together with the benzo ring of formula I, 30 form a bicyGic ring system
selected from the fiollowing:   2 2 0~,'~ ~0~2 5 N ~~po N R' ~ 0 



O ~N Rio N O ~~R~o 0 S O /~--R'o N N Rio O R" N wherein R' and R" are
selected, independently, from (Co -C~ alkoxy-(C~aikyl 10 wherein the total
number of carbon atoms does not exceed soc and wherein any of the alkyl
moieties may optionally be sututituted witty from one to seven fluorine
atoms) (C~ -C~ alkoxy optionally substituted with from one to seven
fluorine atoms, vitro, cyano, halo) amino, (C~ C6)alkylamino, ((C~ -C~
alkylj2amino, phenyl and monocydic heteroaryl wherein saki heteroaryl is
defined as in the definition of R2 and R3 above; Olher emt~odimer~ts of
this invention relate to compounds of the formula 1, and their
pharmaceutically acceptable salts, wherein R2 and R3, together with the
benzo ring of formula I, 15 form a bicydic or tricydic ring system selected
from the following: NN i N Rio S` /N ~R~o   a a c~~ aooa Rio 'N N R~7 Rio
R~7 o ~~ N NO `I~ R" Rio 



R" CN Rio R" '~N R1o O ~o ~ N N N A O N R" 5 m wherein R' and R" are
defined as above and m is zero, one or two) and wherein one of the carbon
atoms of ring A can oplionaliy be replaced with oxygen or -N(C,-C~alkyt.
Other embodiments of this invention relate to compounds of the formula I)
and their 10 pharmaceutically acceptatrle sahss, wherein neither R~ nor R3
is attached 1o the benzo ring of formula I via an oxygen atom. Other
embodiments of this invention relate to compounds of the formula I wherein
R' is not methyl. F~campies of speafic cort~pounds of the formula I are the
following: 15
11-Azatricydo[7.3.1.0~']trideca-2(7),3,5-triene-5-carbonitrile;
11-Azatricydo[7.3.1.Oz'nrideca-2(n,3,5-triene-4-carbonitrile;
1-[11-Azatricydo[7.3.1.Oz']trideca-2(T),3,5-trien-5-yI)-1-ethanone;
1-[11-Azatricydo[7.3.1.0~']trideca-2(7),3,5-men-5-ytj-1-propanone;
4-Fluoro-11-azatricydo[7.3.1.0~~')trideca-2(7),3,5-triene-5-carboniGile; 20
5-Fluoro-11-azatricydo[7.3.1.Oz']trideca-2(7),3,5-triene-4-carbonitrile;
1-[11-Azatricydo[7.3.1.0~']trideca-2(7),3,5-tries-4-yt)-1-ethanone;
1-[11-Azatricydo[7.3.1.Oz']trideca-2(n,3,5-men-4-yl}-1-propanone;
&Methyl-7-thia-5,14-diazatetracydo[10.3.1.OZ''.O,~~hexadeca-2(10),3,5,&tetr
aene;
&Methyl-5,7,14-triazatetracydo[10.3.1.0~'.04~~]hexadeca-2(10),3,5,8-tetraen
e; 25
6,7-Dimethyh5,7,14-triazatetracydo[10.3.1.02''.04~~hexadeca-2(10),3,5,8-tet
raene;   2 2 f~~~ Q002 -s 5
5,7,14-Triazatetracyclo[10.3.1.02''.0~~~]hexadeca-2(10),3,5,8-tetraene;
7-Methyl-5,7,14-triazatetracydo[10.3.1.02''.04~~]hexadeca-2(10),3,5,&tetrae
ne; 5,11,1 &Triazapentacydo(14.3.1.0~~".0''z.0'"]icosa-2(14),3,5)
12-tetraene;
7-Ethyl-&methyl-5,7,14-triazatetracydo[10.3.1.OZ''.O,~~hexadeca-2(10),3,5,8
tetraene; 10
6-Methyl-7-propyl-5,7,14-triazatetracydo[10.3.1.0~~'.04~~]hexadeca-2(10),3,
5,& tetraene;
7-Ethyl-5,7,14-triazatetracydo(10.3.1.02''.0,~~]hexadeca-2(10j,3,5,&tetraen
e;
7-Butyl-6-methyl-5,7,14-triazaietracyclo[10.3.1.OZ''.0~~~]hexadeca-2(10),3,
5,8 tetraene; 15
7-Isobutyl-6-methyl-5,7,14-triazatetracydo[10.3.1.02''.O,~sjhexadeca-2(10),
3,5,& tetraene;
7-Butyl-5,7,14-triazatetracydo[10.3.1.02''.0~~]hexadeca-2(10),3,5,8-tetraen
e;
7-lsobutyl-5,7,14-triazatetracydo[10.3.1.Oz'.0,~~]hexadeca-2(10),3,5,&tetra
ene;
5,11,18-Triazapentacyclo[14.3.1.02''.0'~'~.OS''~icosa-2(14),3,10,12-tetraen
e; 20
5,8-Dimethyl-5,7,14-t~azatetracydo[10.3.1.0~~'.0,~~]hexadeca-2(10),3,8,8-te
traene;
5-Ethyl-8-methyl-5,7,14-triazatetracydo[10.3.1.02''.0~~~]hexadeca-2(10),3,8
,8 tetraene; 5-Methyl-5,7, t 4-triazateVacydo[10.3.1.02''.0'~
~jhexadeca-2(10),3,8, 8-tetraene;
5-Ethyl-5,7,14-triazatetracydo[10.3.1.OZ''.0~~~]hexadeca-2(10),3,8,&tetraen
e; 



25
6-Methyl-5-propyl-5,7,14-triazaietracydo[10.3.1.0~~'.0~~~]hexadeca-2(10),3,
8,& tetraene;
5-Isobutyl-8-methyl-5,7,14-triazatetracydo[10.3.1.0~~'.04yhexadeca-2(10),3,
8,& tetraene;
5-Propyl-5,7,14-iriazatetracydo[10.3.1.Oz'.O,~~Jhexadeca-2(10),3,8,8-tetrae
ne; 30
5-Isobutyl-5,7,14-triazatetracydo[10.3.1.0~'.04~~]hexadeca-2(10),3,8,&tetra
ene;
6-(Trifluoromethy7-this-5,14-diazatetracydo[10.3.1.0~~'.04~8Jhexadeca-2(10)
,3,5,8 tetraene; 5,8,15-Triazatetracydo[11.3.1.0z".0~~'jhepladeca-2(11
),3,5,7,9-pentaene;
7-Methyl-5,8,15-triazaietracyclo[11.3.1.02'".0,~~]heptadeca-2(11),3,5,7,9-p
eMaene; 35
6-Methyl-5,8,15-triazatetracyclo[11.3.1.Oz".O,~~Jheptadeca-2(11),3,5,7,9-pe
ntaene;
8,7-Dimethyl-5,8,15-tnazatetracydo[11.3.1.OZ'".0'`~~]heptadeca-2(11),3,5,7,
9 pentaene;
7-Oxa-5,14-diazatetracyclo[10.3.1.0~~'.0'~~jhexadeca-2(10),3,5,&tetraene;
8-Methyl-7-oxa-5,14-diazatetracydo[10.3.1.Oz'.04~~Jhexadeca-2(10),3,5,8-tet
raene; 40
8-Ethyl-7-oxa-5,14-diazatetracydo[10.3.1.02''.04~~hexadeca-2(10),3,5,&tetra
ene;   2 2 CST ~f~~2 6-Propyl-7-oxa-5,
14-diazatetracyclo[10.3.1.OZio.Oa.s~hexadeca-2(10),3,5,8-tetraene; 5-M
ethyl-7-oxa-6,14-diazatetracyclo[ 10.3.1.0F .04~jh exadeca-2( 10 ), 3, 5,
8-tetraene; 5-Oxa=~,14-diazatetracyclo[10.3.1.0~'.04~Jhexadeca-2(10),3,6,
8-tetraene;
6-Methyl-5-oxa-7,14-diazatetracyclo[10.3.1.0~'.0~~jhexadeca-2(10),3,6,8-tet
raene;
6-Ethyl-5-oxa-7,14-diazatetracyclo[10.3.1.02''.0~~8)hexadeca-2(10),3,6,8
tetraene; 10
6-Propyl-5-oxa-7,14-diazatetracycto[10.3.1.0~'.04'8]hexadeca-2(10),3,6,8-te
traene;
7-Methyl-5-oxa-6,14-diazatetracyclo(10.3.1.0~'.04~~hexadeca-2(10),3,6,8-tet
raene;
4,5-Difluoro-ll-a2atricyclo[7.3.1.02''Jtrideca-2(7),3,5-triene4-chloro-5-fl
uoro-11 azatricyclo(7.3.1.0~'Jtrideca-2(7),3,5-triene;
5-Chloro-4-fluoro-11-azatricyclo[7.3.1.0~')trideca-2(7), 3,5-triene; 15
4-(1-Ethynyl)-5-fluoro-ll-azatricyclo[7.3.1.0~'jtrideca-2(7),3,5-triene;
5-(1-Ethynyl)-d-fluoro-l l-azatricyclo[7.3.1.0~']trideca-2(7),3,5-triene;
and 4,5-Dichloro-l 1-azatricydo[7.3.1.0~')trideca-2(7),3,5-triene. This
invention also relates to compounds of the formula R (I') 20 wherein Z is
CH2, C(=O) or CFz; P is hydrogen, methyl, COOR'6 wherein R'6 is allyl,
2,2,2trichloroethyl or (C,-C6)alkyl; -C(=O)NR6R8 wherein RS and R6 are
defined as in formula I' above -C(=O)H, -C(=O)(C~-C6)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; berry! or
t-butoxycarbonyl (tBoc); and R'4 and R'S are selected) independently, from
hydrogen) hydroxy) vitro) amino) -0(C, 25 C6)alkyl or halo; with the
proviso that R" and R'6 can not both be hydrogen when P is hydrogen or
methyl. Such compounds are useful as intermediates in the synthesis of
compounds of the formula I. Unless otherwise indicated, the term "halo", as
used herein, includes fluoro, chloro, bromo and iodo, 30 Unless otherwise
indicated, the term' "alkyl, as used herein, indudes straight, branched or 



cyclic, and may include straight and cyd'~c alkyl moieties as well as
branched and cyclic moieties. The term "alkoxy', as used herein, means
'alkyl-O-', wherein'alkyP is defined as above. The term 'alkylene, as used
herein, means an alkyl radical having two available bonding sites i.e.,
-alkyl-), wherein'alkyl' is defined as above.    2 2 C~,~ cl~~~ _g_ Unless
otherwise indicated, the term "one or more substituents", as used herein,
refers to from one to the maximum number of substituents possible 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 term applies, or one or
more 10 symptoms of such condition or disorder. The term 'treatment", as
used herein, refers to the act of treating) as 'treating" is defined
immediately above. The compounds of fiormula I may have optical centers and
therefore may occur in different enantiomeric configurations. The invention
includes all enantiomers, diastereomers, and other stereoisomers of such
compounds of formula 1, as well as racemic and other mixtures 15 thereof.
The present invention also relates to aN radiolabeted forms of the
compounds of the formula I. Preferred radiolabeled compounds of formula I
are those wherein the radiolabels are selected from as 3H, "C, '~C, 'aF,
'~I and '~I. Such radiolabeled compounds are useful as research and
diagnostic tools in nnetabolism phannacokinetics studies and in binding
assays in 20 both animals and man. The present invention also relates to a
pharmaceutical composition for use in reducing nicotine addiction or aiding
in the cessation or lessening of tobacco use in a mammal) including a
human, comprising an amount of a compound of the formula I, or a
pharmaceutically acceptable salt thereof, that is effective in redudng
nicotine addiction or aiding in the cessation or lessening of 25 tobacco
use and a pharmaceutically acceptable carrier. 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, inducting a human,
comprising administering to said mammal an amount of a compound of the
formula I, or a pharmaceutically acceptable salt thereof, that is effective
in reduang 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 inflammata~ry bowel disease (including
but not limited to ulcerative colitis, pyoderma gangrenosum and Crohn's
disease)) irritable bowel syndrome) spastic dystonia) chronic pain, acute
pain, celiac spree, pouchitis, vasoconstriction, anxiety, panic disorder,
depression, bipolar 35 disorder, autism, sleep disorders, jet lag,
amyotrophic lateral sclerosis (ALS)) cogrdtive dysfunction, hypertension,
bulimia, anorexia, obe~~, carrJiac arrhythmias ~ gastric acid
hypersecxetion, users, pheochromocytoma, progressive supranuclear palsy,
cheni~cal dependencies and addictions (e g, dependencies on, or addictions
to nicotine (andlor tobacco products), alcohol, benzodiazepines,
barbih~rates, opioids or cocaine), headache, stroke, traumatic 40 brain
injury (TBI), obsessive-compulsive disorder (OCD); psychosis, Huntington's
Chorea, tardive dyskindsia, hyperkinesia, dyslexia, schizophrenia, mutti
2 2 (~~~' ~0~2 _g_ infarct dementia, age related cognitive decline,
epilepsy, including petit mal absence epilepsy, senile dementia of the
Alzheimer's type (AD), Parkinson's disease (PD), attention deflcft
hyperactivity disorder (ADHD) and Tourette's Syndrome in a mammal,
comprising administering to a mammal in need of such treatment an amount of
a compound of the formula I, or a pharmaceutically acceptable salt thereof,
that is effective in treating such disorder or condition. 10 The present
invention also relates to a pharmaceutical composition for treating a
disorder or condition selected from inflammatory bowel disease (including
but not limited to ulcerative colitis, pyoderma gangrenosum and Crohn's
disease), irritable bowel syndrome, spastic dystonia, chronic pain, acute
pain, celiac sprue, pouchitis, vasoconstriction, anxiety, panic disorder,
depression) bipolar disorder, autism, sleep disorders) jet lag, amyotrophic
lateral sclerosis (ALS), 15 cognitive dysfunction, hypertension, bulimia,
anorexia, obes'riy, cardiac arrhythmias, gastric acid hypersecretion,
ulcers, pheochromocytoma, progressive supranuclear palsy f chemical
dependencies and addictions e.(~C ., dependendes on, or addictions to
nicotine (and/or tobacco products), alcohol, benzodiazepines, barbiturates,
opioids or cocaine), headache) stroke) traumatic brain injury (TBI),
obsessive-compulsive disorder (OCD); psychosis, Huntington's Chorea,
tardive 



20 dyskinesia, hyperkinesia, dyslexia, schizophrenia, mufti-infarct
dementia, age related cognitive decline, epilepsy, including petit mal
absence epilepsy, senile dementia of the Alzheimer'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 of the
formula I, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier. 25 This invention also relates to the
pharmaceutically acceptable acid addfion salts of the compounds of formula
I. F~camples of pharmaceutically acceptable acid addition salts of the
compounds of formula I are the salts of hydrochloric acid,
p-toluenesulfonic acid, fumaric acid, citric add, succinic acid, salicylic
acid, oxal'~c add, hydrobromic acid, phosphoric acid) methanesulfonic acid,
tartaric acid, malate, di-p-toluoy! tartaric acid, and mandelic add. 30
Detailed Description of the Invention F~ccept where otherwise stated, R'
through R', m and P, and structural formula I in the reaction schemes and
discussion that fo8ow are defined as atxve.   Z 1 ~~~ ~o~a 5 SCHEME , O~ O~
R2 ~ HO ~ w R3 R2 R' O~ Z R2 R3 IV O~S02CF3 Z R2 Rs VI OH R2 / R V VII HO
OH H N Z / ~ Z R2 RZ a ~ R3 VIII IA   



2 2 G~~ 20~; -11 5 O~ \ I rx off o, / I 0 xu ~~S02CF3 / I --O \ I XIII SCHy
EME 2 O N~ /O x o' o' / \ ~I 0 I xl O' / I O ! XIV I O I XV   2 2 CCT 2~~~
-12 5 SCHEME 2 continued 



XIV OR XV HO OH O XVI H N Z O IB H N Z \ [ HO XV 1l H~, i XVII     2 2 G~~
~~~~ 5 i R" K XVIII C SCHEME 3 R3ZR2  XXI I O N~ I R3 ,O O 



C ) XXII I XIX         XXIiI  2 2 (~~T ~~~~ SCHEME 3 continued Ph H Rs R3
(Ph=phenyl) IC XXIV     2 2 CvI~ ~~~~ -~ s SCHEME 4 OH Rs ~ Rz I I Z = CHz
2 B 



R3 O~ / H Z R3 ~ Rz (Z = (C=O) or CHz or CFz) IV ~ Z Rz NH R3 (Z = (C=O),
CHz or CFz) IA   2 2 C~;~' ~0~2 -,s SCHEME 5 XXIV H N Z HO /O IC ~ w XXIVA
H0~ H0~ XXIVB      2 2 G~,~' Z~~t 



_t7. SCHEME 8 Z NH  HCI ' 0 Z ~ N"CF XYVI 3 0 Z ~ N' _CF XXXV 3 OZN I HN 0
CF3 CF3 XXVIIA    2 2 ~~T 2002 -,s SCHEME 6 Continued O Z N CF3 XXVIIA HN 0
~CF~ O O Z ~ N"CF ~ZN 3 ~11/~1 HN ~CF 3 0 Z N CF3 XXVIIB H2N HZN  



2 2 d~T 2002 SCHEME 7 O Z ~ N"CF I XXVI A ZN HN '' 'CF O O ?E?~V! I IP) Z
N-tBOC ~(~/II/B HZN ~ I H2N  o ~~~ i   2 2 GCi~ Z002 -20 SCHEME 7 Continued
XXVIIIB z H ~-te~~ xxuc N R~o~N Z N-tBx XXIX~ I N R~o~N Z ID H N R~o~N ~1
IE  



2 Z ~;~~ Z002 5 -21 SCHEME 8 Z ~I-tBoc XXVIIIA o2N \ F 02N R' H2N R R~ oc
XXXI XXXI I IE       2 2 ~C~' 2002 SCHEME 8A IC (R2=F) O Z ~ _CF lCTFA " 3 
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2 2 O~T 2002 -30 5 Schemes 1-13 illustrate methods of synthesizing
compounds of the formula I. Schemes 14 illustrate such methods wherein the
substituent groups Rz and R' are attached prior to cyclization to form the
tricyclic nucleus of formula I, which is represented by the free base of
structural formula IA (Scheme 1 ) or IC (Scheme 3) wherein RZ and R' are
hydrogen. Schemes 513 illustrate methods of forming compounds of the
formula I from starting materials that contain 10 such nucleus. Referring
to Scheme 1, the starting material of formula II is converted to a compound
of formula III by the following process. The starting material of formula
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-butyl
ether, at a temperature from about -78C to about -65C. 15 This metalation
occurs over a period of from about ten minutes to five hours, typically in
about two hours with the temperaturo maintained below -65C. 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 ~5C.
The reaction is then quenched by addition of the reaction mixture to an
aqueous acidic medium and worked up. 20 The compound of formula III,
so-produced, is then reduced at the benrylic position by the action of
trifluoroacetic acid and a reducing agent such as triethylsilane, to form
the corresponding compound having formula N. This reaction is generally
conducted in a chlorinated hydrocarbon solvent, such as chloroform)
dichloroethane (DCE) or methylene chloride, at about room temperature, for
a period of about 6 to 24 hours, preferably for about 18 25 hours. This
compound of formula IV is then converted into the corresponding compound of
formula V by treating it with equivalent amounts of tetrabuiyl ammonium
iodide and boron trichloride in a chlorinated hydrocarbon solvent, such as
chloroform, dichloroethane (DCE) or methylene chloride. This reaction is
typically conducted at a temperature of -78C initially, and 30 then allowed
to react over a period of about two hours while warming to ambient
temperature. The resulting compound of formula V is then reacted with
trifluoromethanesulfonic anhydride in a chlorinated hydrocarbon solvent,
such as chloroform, dichloroethane (DCE) or methylene chloride, in the
presence of a base such as pyridine or 3-methylpyridine, to form the
corresponding trifluoromettfanesulfonic acid ester of formula 'VI:
-Typically; the initial reaction 35 temperature is about -78C and the
reaction is allowed to warm to room temperature to complete the reaction.
The trifluoromethanesulfonic acid ester of formula VI is then reacted under
Heck cyclization conditions to produce the corresponding compound of
formula VII. This reaction may be performed with or without a solvent.
Suitable solvents include N,N   2 2 OC'~ 2002 -31 5 dimethylformamide
(DMF), N-methylpyrrolidone (NMP) and toluene. Temperatures ranging from
about 60C to about 130C are suitable, and the reaction is generally run for
a period of about 1 to 48 hours. Preferably) the reaction is conducted at a
temperature of about 100C for about 2-18 hours. Catalysts in this reaction
are generated In situ by treatment with sources of palladium, such as
palladium acetate (Pd(OAc)~, palladium dichloride (PdCI~ or 10 palladium in
the reduced zero oxidation state such as palladium on carbon (PdlC) or
tris(dibenzylidene acetone)dipalladium(O) (Pd~(dba~. Analogous nickel
catalysts can also be used. The amount of catalyst required is about 0.1
mole % to a sto~hlometric amount. Preferably, about 2-10 mole ~6 of the
palladium or nickel catalyst is used. Often, conditions used in these
reactions inGude ligands such as triphenylphosphine or
tri-o-tolylphosphine, or 15 bidentate ligands such as DPPF, DPPE) DPPB,
DPPP (DPP=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'-binaphthy~ or arsenate ligands, or
bidentate combinations of these ligands wfth chiral directing groups) such
as, for example) oxazolines, 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 triethylamine or diisopropylethylamine. Other bases such
as carbonates or acetates, (eg, potassium carbonate, sodium carbonate,
sodium acetate or potassium 



25 acetate) may also provide adequate or desirable results. In some cases,
ss exemplified in the experimental examples, it is beneficial to use a
tertiary amine base, as described above, in combination vv~th catalytic
acetate or carbonate salt such as potassium acetate, in an amount
equivalent to the phosphine ligand 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.. 1984, 1287 and Synthesis, 1987. 70. These reactions ane generally
pertormed 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 tetroxide and a reoxidant such 35 as N-methylmorpholine-N-oxide
(NMO) in acetone and water at about room temperature yields the
corresponding compound of formula VIII. The compound having formula 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 mucture of a chlorinated hydrocarbon, preferably
40 dichloroethane (DC~, and water) or with lead tetraacetate in a
chlorinated hydrocart~on   2 2 ~~T 2002 -32 5 solvent, at a temperature
from about 0C to about room temperature, to generate a dialdehyde or glycal
intermediate. The product of this reaction is then reacted, with
benzylamine (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 10 optionally reading the free base with
one equivalent of aGd, eg) hydrochloric acid (to forth the corresponding
acid addition satt), and then with hydrogen and palladium hydroxide in
methanol at about room temperature. Attematively, the reductive amination
may be carried out in situ as follows. Oxidative cleavage of the diol of
formula VIII performed using sodium periodate in aqueous 15 THF or alcohol
to form the dialdehydelglycal intermediate referred to above. Treatment of
this intermediate with excess benrylamine (or ammonia), palladium hydroxide
and hydrogen at a temperature from about room temperature to about ?0C
generates the desired compound of formula IA. If the above method used
leaves a benzyt 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 reading the free base with one equivalent of acid, eg,
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, aftematives to benzyl amine, such as ammonia, hydroxylamine,
alkoxy amines, methyl amine, allyl amine, and substituted benzyl amines
(e_g:, diphenylmethyl amine and 2- and 4alkoxy substituted benryi 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 8 Sons, New York, NY. The procedure
described above and Illustrated in Scheme 1 fs preferred far making
compounds of the formula I wherein RZ or R3 is susceptible to reading 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 CHZ.
Compounds of the formula IA wherein Z is (C=O) can be formed using the
procedure illustrated in Scheme 1, as described above, with the exception
that the compound of formula III is oxidized, rather than reduced, at the
bertzylic position, to form 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   2 2 ~C~~ 2002 -33 5 ether or acetone at a temperature from
about 0C to about room temperature . Compounds of the formuta IA wherein Z
is CFz can be prepared in a similar manner by converting the oxidized
compound of formula IV wherein Z is (C=O) into the corresponding compound
of formula IV wherein Z is CFz, 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 10 treatment with Lawesson's reagent. The
reaction with Lawesson's reagent is generally carried out in a reaction
inert solvent such as benzene or toluene, preferably toluene) at a
temperature from about room temperaturo to about the reflux temperature of
the reaction mixture, preferably at about the reflux temperature. 



Scheme 2 illustrates an attemate method of preparing compounds of the
formula I. 15 This method is the preferred method for preparing such
compounds wherein neither R~ nor R3 is susceptible to reacting in an
undesireable side reaction. Referring to Scheme 2) the compound of formula
IX is treated with a strong base such as n-butyilithium 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
metalation 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 -78C. This anion can then be reacted with
cyclopent-3-enecarboxylic acid methoxy-methyl-amide (X) at about -78C) for
about a half hour, with completion of the reaction occurring upon wam~ring
to 25 ambient temperature. This reaction yields the compound of forrnula
XI. The compound of formula XI is then dissolved in a solvent such as
methylene chloride and treated with boron trichloride at about -78C. After
a period of 20 about minutes, the reaction is allowed to warm to about 0C
and is worked up. The resulting phenol of formula XII is then converted
into the trifluoromethanesulfonic ester by the methods described above for
generating the 30 compound of formula XIII. The resuwng ester can then be
conversed into a compound of formula XIV under Heck condftions, as
described above. Reduction of the compound of formula XIV using standard
WoHf IGshner conditions yields the compound of formula XV. These conditions
are well known to those skilled in the art, and inGude reading the compound
of formula XIV with hydrazine and potassium 35 hydroxide, first at a
temperature of approximately 100C in a solvent, usually ethylene glycol or
diglyme, and then increasing the temperature to about 180-200C. Reductions
that are known in the art to be equivalent to the standard Wolff Kishner
reduction may also be used. Trie compound of formula XV can be converted
into the compound of formula iB by a procedure analogous to the conversion
of compounds of the fomnula VII into those of the 40 formula IA in Scheme
1.   2 Z OC'~ 2002 -34 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 formed by treatment with Lawesson's reagent, or using other
methods for effecting this conversion that are well known to those of skill
in the art. Methyl ethers may be converked to their corresponding phenols
by methods well 10 known to those skilled in the art. This can be
accomplished by exposing the compound of formula IB or XVII fo hydrobromic
acid and warming the resulting 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 aftemative 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 R'9 is bromo or iodo) can be treated with
an aikyilithium base such as n-butyllithium, at a temperature form about
-78C to 20C, typically at about -78C to produce an aryl anion of the
fomnula Li Rs XVIII~ 20 The anion produced in this reaction can then be
reacted with an aldehyde, such as described in Scheme 1, or an appropriate
disubstituted amide, as described in Scheme 2, to produce a compound of the
formula XIX. (Rather than reacting the compound of formula XVIII with an
alkyllithium base, as described immediately above, such compound can
optionally first be converted into a Grignard reagent (R' ~- MgR~~ using
standard methods, and then 25 reacted as described above for compounds of
the formula 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 formula XI into those of the fom~ula 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 tfiis application is
encompassed under a general   2 2 OOT 2002 -35 synthetic strategy known to
those skilled in the art as Directed Ortho Metalation (DOM). Within this
area, a number of functional groups known as Directed Metalation Groups
(DMGs) have been studied for this purpose, and some are reviewed in
Snieckus, V. Chem Rev. 1990, 879. Where applicable, DMGs other than those
utilized in this work may be equally applicable to the preparation of the
compounds and intermediates described herein. 10 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 boronic acid and an acid catalyst such
as an acetic acid (optionally substituted with halo substituents at the
alpha position to modulate the acidity of the reaction), or with a aryl
boron dihalide, which, by its nature, will generate a mineral acid under 15
the conditions of the reaction, in a solvent such as benzene, toluene,
dioxane or dichloromethane, preferably in benzene. The temperature of the
reaction is typically the retlux temperature) 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 in the
reaction. 20 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 time the reaction is freed of solvent and then
subjected to conditions as described above for reduction of benzylic
hydroxyl groups or ethers, for example, treatment of this intermediate with
tritiuoroacetic acid and a reduang agent such as triethylsilane. This
reaction is conducted in a chlorinated hydrocarbon solvent, such as 25
chloroform, dichlor~oethane (DCE) or methylene chloride, at or about room
temperature for a period of 6 to 24 hours, preferably 18 hours. The above
reaction produces a compound of the formula IV' wherein Z is CHz. The
corresponding compounds of the formula IV ' wherein Z is (C=O) and CFz can
be formed using the methods described above for preparing compounds of the
formula N (Scheme 1 ) wherein Z 30 is (C=O) or CFz. The resulting compounds
of formula IV' (Z is (C = O), CHz or CFZ) are is then converted into the
corresponding compound of formula IA' using the methods described 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 and' 35 oxygen, into compounds of the invention. Treatment of a
compound of formula XXN with bromine) under standard conditions known to
those of skill in the art, for example, in a chlorinated hydrocarbon
solvent such as chloroform, dichloroethane (DCE) or methylene chloride, at
a temperature of about 0C 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   2 Z ~~ '~~ 2002 -36 the process of
halogen-metal exchange described above, to a lithium anion derivative,
which can then be treated with a variety of electrophiles, for example,
trialkylborates, typically at temperatures ganging between -78 and 0C to
produce the corresponding boronic acid derivative of formula XXIVB. This
compound can then be converted to a variety of derivatives accessible
through 10 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-methylmorpholine, 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 IC'. 15 Phenols prepared as described above and in the
experimental section can be converted to the corresponding
trifluoromethanesutfonic esters. These derivatives, as well as the bromides
formula XXIVA, can be used to access a variety of other substituents i.e.
other values of Rz and R') such as aryl, acetylene and vinyl subsiituents,
as well as the corresponding carbonyl esters and amides, by palladium and
picket catalyzed processes known to those of 20 skill in the art, such as
Heck, Suzuki and Stille 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
transformations appear in the Experimental Examples. 25 Scheme 6
illustrates the preparation of certain intermediates used in the procedure
of Scheme 7. Referring 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 0C to about room
temperature. 



30 The compound of formula XXVI, when Z is not (C=O), can then be converted
into the vitro derivative of formula XXXV by the following process. The
compound of the formula XXVI is added to a mature of 2 or more equ'nralents
of trifluoromethanesulfonic acid (CF3SOzOH) and 1 to 1.5 equivalents of
nitric acid, in a chlorinated hydrocarbon sohrent such as chloroform,
dichloroethane (DCE) or methylene chloride. The~resulting~ mixture is
allowed to read for about-~5~ to~ 24 hours. 35 Both of the foregoing
reactions are generally conducted at a temperature ranging from about -78C
to about 0C for about 2 hours, and then allowed to warm to room temperature
for the remaining time.   2 Z OCT 2002 -37 5 Compounds of the formula )OOCV
wherein Z is (C=O) can be prepared by oxidizing the analogous compounds
wherein Z is CHz as described by Kapur et al., Can. J. Chem., 86, 1988,
2888-2893. Reduction of the compound of formula )OON, using methods well
known to those of skill in the art, yields the corresponding arsine. This
reduction can be accomplished) for example, 10 using hydrogen and a
palladium catalyst such as palladium hydro~dde) and running the reaction in
methanol or ethanol at about room terrrperature. The intermediate aniline
is then converted hto the trifluorvace<amide of formula ~CVIW as described
above for the preparation of compounds of the formula ~NI. Mononihation of
the compound of formula ~CVIIA, as described above for the preparation 15
of compounds of the formula )OOCV, yields the cortesponding vitro dertvatHe
of formula )OCVIIA'. Treatment of the vitro derivative of formula ~CVIIA'
with aqueous bicarbonate in methand or THF, at a temperature from about 20C
to about 70C, foltowed by reduction of the vitro group as described above,
yields the corespondmg compound of formula ~CVI18. Referring to Scheme 7,
the compound of formula ~NIIA' is converted into the 20 corresponding
compound wherein the trffluoroacetyl protecting group is replaced by a
t-Boc protecting group (~MIIA) by reac4ng it first with an alkali metal or
alkaline earth metal (or ammonium) hydro~dde or carbonate, and then reading
the isolated product irom the foregoing reaction with
di-t-butyldicarbonate. The reaction with the alkali or alkaline earth metal
(or ammonium) hydro~dde or carbonate is generally cartied out in an aqueous
alcohol, dioxane or 25 tetrahydrofuran (TNF) at a temperature from about
room temperature to about 70C, preferably at about 70C, for about one to
about 24 hours. The reaction of the isolated, unprotected amine or an acid
addition $alt of such amine, from the above reaction with
did-butyldicartionate is preferably carded out in a solvent such as THF,
dioxane or methylene chloride at a temperature from about 0C 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 artrinne, use of a base is
preferred. The resuttirrg compound of formula ~CV111A can be converted into
the cortesponding diamino derivative of formula ~NIIIB using the procedure
described above for converting compounds of the fomrula ~NIIA' into the
corresponding diamino compounds of formula )0(V118. The comrersion of the
compound of formula ~CVIIIB into the desired compound of the 35 formula
~CIX can be accomplished by reacting the compound of formula ~CVIIIB with a
compound of the formula   Z z pc~ 2o02 -38 5 HsC2OZC CO2C2H5 R'o OC2Hs 



wherein R' is hydrogen, (C~-CB) alkyl optionally substituted with from one
to seven fluorine atoms, aryl-(C-C~ alkyl wherein said aryl is seceded from
phenyl and naphthyl, or heteroaryl-(C -C~ alkyl wherein said heteroaryi is
selected from frve 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 (C, -C~ alkyl optionally
substituted with from one to seven fluorine atoms, (C, -Cry aikoxy
optionally substituted with from one to seven fluorine atoms and cyano. The
preferred solvent for this reaction is a 10:1 mixture of ethanol:acetlc
add. The reaction temperature can range from about 40C to 15 about 100`C.
it is preferably about 60'C. Other appropriate solverris indude acetic add,
ethanol and isopropanol. Alternate methods of preparing compounds of the
formula XXtX from the compound of formula XXVIIIB are described by
Segeistein et al., Tetrahedron Lett.) 1993, 34, 1897. Removal of the t-Boc
protecting group from the compound of formula XXIX yields the 20
corresponding compound of formula ID. The protecting group can be removed
using methods well known to those of skill in the art. For example, the
compound of formula XXIX can be treated with an anhydrous acid such as
hydrochloric add, hydrobromic add) methanesulfonic aad, or trifluoroacetic
add, preferably hydrochloric add in ethyl acetate, at a temperature from
about 0'C to about 100C, preferably from about room temperature to 25 about
70C, for about one to 24 hours. The compound of formula XXIX can be
converted into the corresponding compound of formula IE by reading it with
a compound of the formula R"Z, wherein R" is defined as R' is defined
above, and Z fs a leaving group such as a halo or suffonate (e~, chloro,
bromo, iodo, 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, dimethytsulfoxide (DMSO), THF
or DMF, preferably a mixture of DMSO and water, and then removing the
protecting group as described above. The reaction with R"Z is generally
carried out at a temperature from about room temperature to about 100'C,
preferably at about 50'C, for about five hours. Subsequent removal of the
protecting group) as described 35 above, yields the desired compound of
formula (E.   2 2 C~CT 200 -39 5 Scheme 8 illustrates an alternative method
of preparing compounds of the formula IE from the compound of formula
XXVIIIA'. This method is the preferred method of making compounds of the
formula 1E wherein R" is a group such as an aryl or heteroaryl containing
group, or when R" can not be attached, as illustrated in Scheme 7, by
alkylation or aryl substitution methods. Referring to Scheme 8, the
compound of formula XXVIIIA' is reacted 10 with the appropriate compound of
formula R'7NHz in a polar solvent such as THF, DMF or DMSO, preferably THF,
at a temperature from about room temperature to about 100'C, preferably at
the neflux temperature, for about tour to eighteen hours. This reaction
produces a compound of the formula XXX. The resulting compound of formula
XXX is then converted into the corresponding compound of the formula )00C1
by reduang the vitro group to an 15 amino group using methods well known to
those of sk111 in the art. Such methods are referred to above for the
conversion of the compounds of the formula XXVIIA' into a compound of the
fortnuta XXVIIB in Scheme 6. Closure of the imidazole ring to form the
corresponding compound of formula XXXII can then be accomplished by
reacting the compound of formula XXXI from the above reaction with a
compound of the formula H5C2O2Cw /CO2C2H5 R OC H 20 2 5 (wherein R' is
defined as above) as described above for converting compounds of the
formula XXVIIIB into those of the formula XXIX. Removal of the protecting
group from the compound of formula XXXII yields the corresponding compound
of formula lE. 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 XXVIIIA', which are the starting materials used in the 



process of Scheme 8, can be synthesized as depicted (n Scheme 8A and
described below. The appropriate compound of formula IC (Scheme 3) wherein
R~ is fluoro is converted into 30 its trifluoroacetamide derivative of the
formula ICTFA, using methods described above. Such derivative is then
nitrated) as described above or using ocher methods well known to those of
skill in the art, to provide the corresponding vitro derivative of formula
iCTFA'. Subsequent removal of the trifluoroacetamide group with an alkali
metal carbonate or bicarbonate in methanol or THF) followed by protection
with di-t-butyldicarbonate, as 35 described above, yields the corresponding
compound of formula ~CVIIIA'.   z z ~cT zooz 5 Scheme 9 illustrates a
method of preparing compounds of the formula IF, wherein R' and R" are as
defined above. Referring to Scheme 9, the compound of formula XXVI11B is
reacted with a compound of the formula OH S03Na Na03S H (sodium bisutfite
ethane dione addition adduct) in water or another polar solvent such as 10
THF, DMF 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 40C to about 100C, and is preferably at about the
reflux temperature. Attematively, the compound of formula XXVIIIB can be
reacted with a compound of the fomtula O Rio 15 (double condensation
reaction) in a polar solvent such as THF, water) or acetic aad, preferably
a mixture of water and THF. This reaction is typically carried out at a
temperature from about 40C to about 100C, 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 XXV11B) into quinoxolines. The desired
quinoxoline of formula IF can then be formed by deproteding the compound
formed in either of the foregoing reactions) using the method described
above for 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 formula XXVIIA'. Scheme 10 illustrates a method of
pn3paring compounds of the formula I Hfierein Rz and R3, together with the
benzo ring to which they are attad~ed, form a benzoxazole ring system. Such
a compound, wherein R' is hydrogen, is depicted in Scheme 10 as chemical
formula IG. 30 Referring to Scheme 10, a compound of the formula ICTFA~,
wherein Y is vitro or fluoro) is reacted with potassium acetate or another
alkali or alkaline earth metal carboxylate in a solvent such as
dimethytsulfoxide (DMSO)) DMF or aoetonitrile, preferably DMSO. This
r~eadion is generally allowed to run for about 12-24 hours. Appropriate
reaction temperatures range from about 70C to about 140C. Approximately
100C is preferred.  



Z Z ACT ZOOZ -41 5 The above reaction yields the compound of formula
)OOCIV, which can then be converted into the desired compound having
formula IG by the following procedure. First) the compound of formula ~C1V
is reduced by reaaion with hydrogen and a palladium or platjnum catalyst
such as palladium hydroxide in methanol at a temperature from about 0C to
about 70C, preferably at about room temperature, to form the corresponding
amino derivative. The product of this reaction 10 is then reacted with an
add chloride of the formula R'COCI or an add anhydride of the formula
(R'CO~O wherein R' is (C,-C~alkyl, or a compound of the fomnrla R'C(OG~) in
an appropriate inert solvent such as decalin, chlorobenzene or xyierres. A
mbdrme of xylenes is preferred. This reaction is typically conducted at a
temperature from about 120-150C, preferably at about 140C. When R'COCI is
used as a reactant, it is preferable to sdd a stoicheometric 15 amount of
triethylamine (fEA) or another or8anic tertiary amine base and a catalytic
amount of pyridinium p-toluenesuifonic acrd or pyridinum p-toluenesulfonate
(PPTS) to the reaction mbdure. When R'C(C~H~ is used as a reactant, it is
preferable to add a catalytic amount of PPTS to the reaction mocture.
Removal of the trifluoroacetyl nitrogen protecting group yields the desired
compound of 20 the formula IG. This can be accomplished using methods weD
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 50C to about 100C) preferably at about 70' C, for
about two to six hours. Scheme 11 klusUates the preparation of compounds of
the formula I v~fienein R' 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 heneinafler as 'compounds
of the formula IH. Referring to Scheme 11, the compound of formula )0(V" is
reacted with trifluoroaoetic anhydride to form the comesporrdirrp compound
wherein the ring nitrogen is protected by a trihuoroacetyl group, and the
resulting nitrogen protected compound is 30 then reacted with two
equivalents of trifluoromethanesulfoNc add and one equivalent of nitric
acrd to form the oortesponding compound of formula ~0(V, wherein there is a
single vitro substihtent on the benzo ring. The reaction with
trifluoroacetic acrd is iypicaliy conducted in the presence of pyridine.
Both of the above reactions are typically conducted in a reaction inert
solvent such as a chiainated hydrocarbon sohrertt, preferably methylene
chloride, at a temperature from about 0C 35 to about room temperature,
preferably at about room temper~une. The above transformation tiara also be
accomplished using other nitration methods known to those skill in the art.
Reduction of the vitro group to an amine group can be accomplished as
described above to provide a compound of the formula )OOCV'.   1 1 OCT ZOUZ
-42 5 The compound of formula XX)CV~ is then reacted with a carboxylic acid
halide or anhydride of the formula R'COX or (R'CO~O, wherein X is halo, and
pyridine, TEA or another tertiary amine base, to form a compound of the
fortnuta XXXVI, which can then be converted to the desired compound having
fom~ula XXXViI by reading it with Lawesson's reagent, which is depicted
below. O 10 S /S /P S 



O The readion with R'COX, wherein X is halo, or (R'CO~O is generally
carried out at a temperature from about 0'C to about room temperature,
preferably at about room temperature. The readion with Lawesson's reagent
is generally carried out in a readion inert solvent such as benzene or
toluene) preferably toluene) at a temperature from about room 15
temperature to about the reflux temperature of the readion mixture,
preferably at about the reflux temperature. Closure to the benzothiazole
rtng and nitrogen deprotedion to form the desired compound of formula IH
can be accomplished by reading the compound of formula XXXVII with
potassium ferticyanide and sodium hydroxkle in a mi~dur~e of water and
methanol 20 (NaOHMiO/CIi30H), at a temperature from about 50C to about 70C)
preferably at about 60C for about 1.5 hours. Schemes 12 and 13 illustrate
methods of preparing compounds of the formula I wherein R' is hydrogen) and
Rz and R3 represent a variety of different substituents, as defined above,
but do not fom~ a ring. 25 Scheme 12 illustrates methods of preparing
compounds of the formula I wherein: (a) R' is hydrogen and R2 is R'ReNO~S-;
(b) R' and Rz are both chloro; and (c) R' is hydrogen and RZ is R'3C(--O}-.
These compounds are nefemed to in Sd~eme 12) respedively, as compounds of
formulas IJ) IK and IL Referring to Scheme 12, compounds of the formula IJ
can be prepared by reading 30 the compound of formula XXVI with two or more
equivalents of a halosulfonic acid, preferably chlorosutfonic acid, at a
temperature from about 0'C to about room temperature.    2 2 ~~T 2002 5
Reaction of the chlorosulfonic acid derivative so formed with an amine
having the formula R'RBNH, wherein R' and Re are defined as above, followed
by removal of the nitrogen protecting group, yields the desired compound
having formula IJ. Compounds of the formula IK can be prepared by reacting
the compound of fom~uia XXVI with iodine trichloride in a chlorinated
hydrocarbon solvent, followed by removal of the 10 nitrogen protecting
group. The reaction with iodine trichloride (s typically carried out at a
temperature from about 0C to about room temperature) and is preferably
carried out at about room temperature. In a similar fashion, the analogous
mono- or dibrominated or mono- or diiododinated compounds can be prepared
by reacting the compound of XXVI wfth N-iodosuccinimide or
N-bromosuccinimide 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 formula R'3COC1 or an acid
anhydride of the formula (R'3C0)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 0C to about 100'C, followed 20 by nitrogen
deproiedion) yields the compound of formula 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 ari. The
reactions described herein in which NOz, -SOZNR'Re, -COR'3, I, Br or CI are



introduced on the compound of formula ~CVI, as depicted in Scheme 12 and
described 25 above, can be performed on any analogous compound wherein Rz
is hydrogen, (C~-Ce)alkyl, halo, (C~-C6)alkoxy or -NHCONR'Re, produang
compounds of the formula I wherein R~ and R3 are defined as in the
definition of compounds of the formula I above. Compounds that are
identical to those of the formula IL, but which retain the nitrogen
protecting group) can be converted into the corresponding O-acyl
substituted compounds, 30 i.e., those wherein the -C{=O)R'3 group of
formula iL is replaced with a -O-C(=O)R'3 group, using Baeyer-Vtliger
processes well known to those skilled in the art. The resulting compounds
can be partially hydrolyzed to yield the corresponding hydroxy substttufed
compounds) and then alkylated to forth the corresponding alkoxy substituted
compounds. Also) such O-aryl substituted compourxis can be used to prepare
variably substituted 35 benzisoxazoles) using methods well known to those
of skill in the art such as using, in sequence, a Fries rearrangement,
oxime formation, acylation and treatment with base. Such a process involves
performing a Fries rearrangement of a compound of the formula ~0(III by
treatment with a Lewis acid such as aluminum chloride (AICI~ neat or in a
solvent such as chlorobenzene, at a temperature from about 100C to about
200C, preferably at about 40 170C for about 1 fo 2 hours, preferably for
about 2 hours, to produce a compound of the   2 2 ~C~~~ 2002 -44 5 formula
XXXIX. Cleavage of the protecting group provides the corresponding compound
of formula IS. Alternatively, the compound of formula XXXIX can be
converted into its, oxime using standard methods well known to those
skilled in the art, such as treatment wfth hydroxylamine hydrochloride in
an alcohol (e.g., methanon, in the presence of a base such as sodium
acetate, at a temperature from about 20C to about 70C, preferably at about
10 50C for about 5 to 20 hours. Acylation 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 oxime with a base such as sodium
hydride, in a solvenl such as DMF) NMP or DMSO, produces the corresponding
protected benzisoxazole. Cleavage of the protecting group under standard
conditions, as described above, yields the desired compound of formula IT.
15 Scheme 13 itkrshates rnethods of making compounds of the formula I
wherein: (a) R' is hydrogen and R2 is chloro; (b) R' is hydrogen and R~ is
cyano; (c) R' is hydrogen and RZ is amino; and (d) R' is hydrogen and R~ is
R~C(=O)N(M-. These compounds are referred to in Scheme 13, respectively, as
compounds of the formula IM, IN, IP and IQ. Compounds of fomlula IM can be
prepared from compounds of the formula XXXV 20 by generation of a diazonium
salt with, for instance, an alkali metal rirUite and strong minaret acid
Leg, hydrochloric acid, sulfuric acid, hydrobromic acid) in water, followed
by reaction with a copper halide salt, such as copper (i) chloride.
Nitrogen deprotection by the methods described above yields the desired
compound of formula IM. Alternative methods for the generation of diazontum
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 0'C to about 80C) preferably about 80'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 0'C to about room temperature) preferably at about 30 room
temperature. The resulOng compound) or its analogous N-tent-butylcarbonate
protected form, can be used to prepare the corresponding cyano derivative
by reaction with copper (I) cyanide and sodium cyanide in DMF,
N-methylpynolidone (NMP), N,N-dimethytpropylurea (DMPI.~ or DMSO,
preferably NMP, at a temperature from about 50'C to about 180'C, preferably
at about 175'C. Nitrogen deprotedlon as described above provides the 35
con-esponding desired compound of formula IN. The above, described Iodide,
bromide or diazpnium salt derivative can also be used to access a variety
of other substituents 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 skill in the art, such as
Heck) Suzulti and Stille couplings and 40 Heck cartionylations. 



L C U~:I LUUL ~5 5 Nitrogen deprotedion of the compound of formula XXXV'
provides the compound of the formula IP. The compound of formula XXXV' can
be reacted with a aryl group having the formula R'3COCI or (R'3CO)2O using
the methods described above, followed by nitrogen deprotedion to provide
compounds of the formula ID. In a similar fashion, treatment of the 10
protected amine with a compound having the formula R'3SOzX, when X is
chloro or bromo, followed by nitrogen deprotedion, provides the
corresponding sulfonamide derivative. Other suitable amine protecting
groups that can be used, aftematively) in the procedures described
throughout this document include -COCF3, -COCCi3, -COOCH2CCf~,
-COO(C,-C6)alkyl and -COOCH2C~. 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 R' is other than hydrogen can be
prepared as described above, such as the reductive amination ring formation
by which compound XXN in Scheme 3 (R'=benzyn is formed, and by the methods
described below. Compounds of the 20 formula I wherein R' is hydrogen can
be converted into the corresponding compounds wherein R' is other than
hydrogen by treating them with an equivalent amount of an aldehyde (R'CHO)
or ketone (R'R'CO wherein the two R''s are the same or different) and a
reduang agent, preferably a hydride reagent such as sodium
traicetoxyborohydride or sodium cyanoborohydride, in a solvent such as
methylene chloride, tetrahydrofuran or dioxane. The 25 addition of acid to
facilitate the reaction may be necessary in some eases) 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.J. Orn. Chem. 1998, 61, 3849. Compounds of the formula I wherein R' is
other than hydrogen can also be prepared by subjecting the corresponding
compounds wherein R' is hydrogen to an alkylation reaction, 30 using
methods well known to those of skill in the art. For example) the compound
wherein R' is hydrogen is treated with an equivalent amount or an excess of
R'X) wherein R' is other than hydrogen and X is halo, preferably bromo or
lodo, or an O-sulfate ester of R'OH. This reaction is typically performed
neat or in polar solvent such as water) dimethylfortnamide or
dimethylsulfoxide, usually in the presence of base, such as but not limited
to an alkyli metal 35 carbonate, for instance. The temperature of the
reaction will generally range from about 20120C (preferably, it will be
about 10Q,C)"(or a period of about 0.1 to 24 hours. Compounds of the
formula I wherein R' is other than hydrogen can also be prepared by
converting the corresponding compounds wherein R' is hydrogen Into amides
by reading them with a compound of the formula R'C(=O)X, wherein X is
defined as above) using 40 methods well known to those of skill in the art,
and then reduang the resutGng amide with   2 2 OCT 2002 -4s 5 borane or
lithium aluminum hydride. The reduction step is usually cartied out in an
ethereal solvent such as ethyl ether or THF at a temperature from about 20C
to about 70C for about one to twenty hours) io produce the desired amine.
In eadl of the roadions discussed above, or ~lustrated in Schemes 1-13,
above, pRSSUre is not a'ttical unless otherwise indicated. Prossures from
about 0.5 atmospheros to about 5 10 atmospheres are generally acceptable,
with ambient press<u~e, i.e., about 1 atmosphero, being profemed as a
matter of convenience. The compounds of the formula I and their
pharmaoeuticany acceptable salts (hen:aRer "the active compounds' can be
admirfister~ec! via either the oral, transdermai e(~. ., through the use of
a patch), ir>tranasal, sublingual, rectal, parenteral or topical mules. ~
Transdem~al and oral 15 admiri~stration are preferred. These compounds are,
most desirably, administered in dosages ranging from about 0.25 mg up to
about 1500 mg per day, pr~eferaty 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 particular 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 moss desirably employed. Variations may nevertheless oaxrr
depending upon the weigh and condition of the persons being treated and
their individual responses to said medicament, as wall as on the type of
pharmaceutical formulation chosen and the time period and interval during
which such administration is carried out. In some instances, dosage levels
below the lower limit of the aforesaid range may be more than adequate,
while in other cases still larger 



25 doses may be employed without causing any harmful side effects) provided
that such larger doses are first divided iMo several small doses for
admirirstration ttxnughout the day. The active compounds can be
admtnistened alone or in combination with pharmaceutically acceptable
carriers or diluents by any of the several routes previously indicated.
More particularly, the active cortrpounds can be adrrimistered in a wide
variety of different dosage 30 forms, eg, they may be oomt~ined with
various ph~maoeutically aooep~table inert carriers in the form of tablets,
capsules, transderrrral patches, lozenges, tr~od~res, Hard candies,
powders, sprays, creams, salves, suppositories, jellies, gels, pastes,
k~tio~) otr>trnents, aqueous suspensions, injedable solutions, efbdrs,
syrups, and the like. Such cartiers include solid diluertts or fiNers.
sterile aqueous media and various non-toxic organic solvents. In addition)
oral phartnacerrtical 35 compositions can be suitably sweetened andlor
flavored. In general, the alive compounds are present in such dosage forms
at concentration levels ranging from about 5.0% to about 70% by weigh. For
oral administration, tablets containing various exdpients such as
miaoaystalline cellulose, sodium abate, caldum cart~onate, dicaldum
phosphate and glydne may be employed 40 along with various disintegrants
such as starch (preferably oom, potato or tapioca starch), alginic   2 2
OCR 2002 .4~ 5 aad and certain complex silicates) together with granulation
binders like polyvinylpymolidone, sucrose) gelatin and acacia.
Additionally, lutxicafing ager>ts such as magnesium stearate) sodium lauryl
sulfate and talc can be used for tabletting purposes. Solid compositions of
a similar type may also be employed as fillers in gelatin capsules;
preferred materials in this connection also include lactose or milk sugar)
as well as high molecuoar weight polyethylene . When 10 aqueous suspensions
andlor elnats are desired for oral adrrriNstration the active ingredient
may be combined wdtt various sweetening or flavoring agents, coloring
matter and) if so desired, emulsifying arxilor suspending agents) tog~her
with such dlluerns 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 soiufrons should be suitably
buffered (preferably pH greater than 8), if necessary, and the liquid
dlluent first rendered isotonic. These aqueous solutions are suitable for
intravenous injection purposes. The oily solutions are suitable for
intraarticular, intramusariar and sutxxrtaneous injection purposes. The
preparaYson of all these solutions under sterile conditions is readily
accomplished by standard 20 pharmaceutical techniques well known to those
skilled in the art. ft is also possible to administer the alive compounds
topically and this can be done by way of creams, a patch, jellies, gels)
pastes, ointments and the like, in accordance with standard pharmaceutical
practice. Biological Assay 25 The effectiveness of the active compounds in
suppressing nicotine Minding to speafic receptor sites is determined by the
following procedure which is a modiCc~tion of the methods of Lippiello, P.
M. and Femandes) K G. (n The Binding of L-f HINiootine To A Sinole Class of
HiohAffinity Sites in Rat Brain Membranes, Molecular Pharm., 29, 448-54,
(1988)) and Anderson) D. J. and Americ, S. P. (in Ni~c Receptor Binding of
~. phi-Nicotine and 30 3H-Methvlcamrbamvlcholine In Rat Brain, European J.
Pharm., 253, 2817 (1994)). Procedure Male Sprague-Dawley tats (200-300 g)
from Charles River were housed in groups in hanging staiNess steel wire
cages and were maintained on a 12 hour ~gt~ldaric cycle p a.m. 7 p.m. light
period). They received standard Purina Rat Chow and water ad ildrim. 35 The
tats were killed by decapitation. Brains were removed immediately following
decapitation. Memtxanes were prepared fiom txain tissue according to the
methods of Lippielio and Femandez (Moles Pharmacol, 29, 448-454) (1986)
with some modifications. Whole brains were removed, rinsed with icy-cold
buffer) and homoger~zed at 0 in 10 volumes of buffer (wH) using a Brinkmann
PotytronT"", setting 8) for 30 seconds. The buffer oor>sisted of 50 mM Trls
HCI 40 at a pH of 7.5 at room temperahme. The homogenate was sedimer>ted by
cer~rifugation (10   1 Z ACT 2002 3 



-4s 5 minutes; 50,000 x g; 0 to 4C. The supernatant was poured off and the
membranes were gently resuspended with the Pofytron and centrifuged again
(10 minutes; 50,000 x g; 0 to 4C. After the second centrifugation, the
membranes wens nesuspended in assay buffer at a concentration of 1.Ogh OOmL
The composition of the standard assay buffer was 50 rant Tris HCI, 120 rant
NaCI, 5 rant KCi, 2 rant MgCh, 2 rant CaClz and has a pH of 7.4 at room
lempereture. 10 Routine assays were performed in bonosilicate glass test
tubes. The assay mbctune typically consisted of 0.9 mg of membrane protein
in a final incubation volume of 1.0 mL. Thn9e sets of tubes were pnepar~ed
Hrtierein the tubes in each set cot>fained 501aL of vehicle, blank, or test
compound solution) respedively. To each tube was added 200 !rL of
(3hij-nicotine in assay buffer followed by 750 uL 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 pAA. The vehicle
consisted of deionized water containing 30 pL of 1 N acetic aad per 50 mL
of water. The test compounds and cytisine wear dissolved in vehicle. Assays
were initiated by vortexing after addition of the membrane suspension to
the tube. The samples were incubated at 0 to 4 C in an iced shaking water
bath. Incubations were terminated by rapid filtration under vacuum through
Whatman 20 GFB?"'' glass fiber filters using a BrandelT'"' mufti-manifold
tissue harvester. Following the initial filtration of the assay mbdure,
fitters were washed two limes with ice-cold assay buffer (5 m each). The
filters were then placed in counting vials and mixed vigorously with 20 ml
of Ready SafeT"" (Beckman) before quantification of radioactivity. Samples
wens counted in a I.KB Wallach Radkbeta~'" liquid sdntillation counter at
40-50% efficiency. AA determinations were in Uiplicate. 25 Calculations
Specfic binding (C) to the membrane is the differ~errce between total
binding in the samples containing vehicle only and membrane (A) and
non-spedfic bang in the samples containing the membrane and cytisine (B),
t.e., Specific binding = (C) _ (A) - (B). 30 Specific Minding in the
pnesenoe 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), i.e.) (E~ _ (D) (B). % Inhibition = (1-((E)I(C)) times 100. The
compounds of the invention that were tested in the above assay exhibited
ICS values 35 of less than 10 l.~M. i he following experimental eikamples
illustrate, but do riot tlinit tree scope of, .'this,. invention.   2 2 ~~;
'~ 2002 -49a 5 EXAMPLE 1 5.8-DIFLUORO-11-AZA-TRICYCL017.3.1.Oz~~ITRIDECA-2
4.8-TRIENE HYDROCHLORIDE Ay
Cvclonent-3-envl-(2.3-difluoro-6-methoxv-chenvD-methanol (For leading
metalation references, see Example 8A. Cydopent-3-enecafiakiehyde was
derived from the 10 lithium aluminum hydride reduction of
cydopent-3-enecarboxylic add methoxy-methyl amide) the pr~eparatlon of
which appears in Example 2A. For reduction conditions, see: Garigipati, R.
S.; Tschaen) D. M.; Weinreb, S. M.; J. Mrer. Chem. Soc. 1880, 112,
34753482.) 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 (3NR13 flask) at -78 C under 



nitrogen (N~. To this was added n-butyllithium (n-BuLi) (28 mL)
2.5MJhexanes soln., 70 mmon over 5 minutes. After stirring below -70 C for
4.5 hours (h), a solution of cydopeM-3enecarbatdehyde (5.7 g, 69.4 mmol) in
anh. THF (30 mL) was added via addition funnel along the reaction vessel
wall while keeping the iMemal temperature below -70 C. After 20 stirring
for 1l2 hour (h), the reaction mixture was poured into a saturated aqueous
ammonium chloride solution (sat. aq. NH,CI soln.) (100 mL), and the mixture
was slimed and extracted with ethyl ether (Et20) (2 x 50 mL). The organic
layer was washed with brine (50 mL), dried (Na2S0,,), filtered,
concentrated and chromatographed on silica gel to provide an oil (8.84 g,
40~6). (Thin layer chromotography (TLC) 20%EtOAcJhexanes R, 0.18). 'H NMR
(CDCh) 8 25 7.01 (ddd, J=9.OHz, 1 H), 8.58 (m, 1 H), 5.72 (ddd)
J=5.8,4.5,2.2 Hz, 1 H), 5.62 (ddd, J=5.8,4.5,2.2 Hz, 1 H), 4.79 (br d,
J=9.5 Hz, 1 H)) 3.85 (s, 3H)) 3.20 (br s, OH), 2.87 (m, 1 H)) 2.52 (AB m)
2H), 1.99 (AB m, 2H). GCMS mle 240 (M+). 8)
2-Cvdo~ent-3-envlmethvl-3.4-difluoro-1-methoxv-benzene (For related
examples, see: Leeson, P. D.; Emmett, J. C.; Shah, V. P.; Showeil, G. A.;
Novelli, R. J. Med. Chem. 30 1989, 32, 320-338.)
Cydopent-3-enyl-(2,3-difluoro-8-methoxy-phenyl)-methanol (8.84 g, 27.7 mmo~
and triethylsilane (3.38 g, 29 mmon were stirred in CHzCh (40 mL) at 0C. To
this solution was added trifiuoroaoetic add (17.3 mL, 224 mmo~. The mixture
was stin~ed 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 (NazSO,)), flftered, concentrated and chromatographed on Silica gel
to provide an oil (3.87 g, 59%). (TLC hexanes R, 0.38).   t c ~;~; 6 ZUU1
-50 5 ' H NMR (CDCI3) 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, 1
H), 2.38 (AB m, 2H), 2.06 (AB dd, J=14.2,5.5 Hz, 2H). GCMS mle 224 (Ma). Cl
2-Cvclooent-3-envlmethvl-3,4-difluoro-phenol
2-Cyciopeni-3-enylmethyl-3,4-difluoro-l-methoxy-benzene (3.87 g, 18.38 mmo~
and 10 n-Bu~N1 (7.17 g, 19.4 mmoQ were stirred in dry CH2Ch (50 mL) at -78
C under nitrogen (N~. To this was added boron trichloride (8C13) (22 mL, 1
M CH2Ch spin., 22 mmo~ over 2 minutes (min.). After 5 min., the solution
was allowed to wam~ to room temperature (rt) and stirred for 2 hours. The
reaction was quenched with H20 (100 mL) and slimed for 1 hour. The layers
were separated and the aq. layer extracted with methylene chloride (CHzCI~
(2 x 30 mL). 15 The combined organic layer was washed with H20 (2 x 50 mL),
and a sat. aq. NaHC03 spin. (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)Ihexanes (hex) R~ 0.70). 'H NMR (CDCI3)
8 8.85 (ddd, J=9.0 Hz, 1 H), 6.48 (m, 1 H), 5.88 (br s, 2H), 4.78 (br s, i
H), 2.71 (d, J=8.0 Hz, 2H)) 2.61 (m, 1 H), 2.39 (AB m, 2H), 2.09 (AB dd,
J=14.0,5.4 Hz, 2H). GSMS 20 mle 210 (M~. D) Trifiuoro-methanesulfonic aad
2-cvclonent-3-envlmethvl-3.4-difluoro-phenyl ester (For a leading
reference, see: Su, T. M.; Sliwinski, W. F.; Schleyer, P. v. R. J. Am.
Chem. Soc. 1969, 9t, 5388.) 2-Cyclopent-3-enylmethy!-3,4-difluoro-phenol
(3.30 g, 15.7 mmo~ and pyridine (2.49 25 g) 31.5 mmo!) were stirred in
CHzCIz (50 mL) at -78 C under N2 and treated with trifluoromethane sulfonic
anhydride (8.20 g, 22.0 mmo~ dropwise over 20 min. The mature was allowed
to warm to rt and stirt~ed for 1I2 hour then poured into 1 N aq. HCI spin.
and shaken. The layers were separated and the aq. layer was extracted with
CH2Ci2 (2 x 30 mL). The combined organic layer was washed with Hz0 (50 mL),
and a sat. aq. NaHC03 spin. (50 30 mL), dried through a cotton plug,
concentrated and chromatographed on silica gel to provide an oil (4.34 g)
81 %). (fLC 30%EtOAcJHex R, 0.80). 'H NMR (CDCI~ 8 7.13-7.03 (2H)) 5.87 (br
s, 2H), 2.82 (dd, J=7.5,2.0 Hz, 2H), 2.58 (m, 1 H)) 2.40 (dd) J=14.0,8.0
Hz, 2H), 2.05 (dd) J=14.0,5.5 Hz) 2H). GCMS nVe 342 (M~. E1
5.8-Difluorotricvdo17.2.1.Oz~~ldodeca-2(7),,3.5,10-tetraene 35
Trifluoro-methanesulfonic acid 2-cyclopertt-3-enylmethyh3,4-dHtuoro-phenyl
ester (34D mg, 0.99 mm,ot) f.was. dissolved in DMF (5 mL) under a N~
atmosphere and .treated with. diisopropylethylamine (0.28 mL, 1.5 mmoQ,
potassium acetate (981 mg, 10.0 mmo~ and trio-tolylphosphine (12 mg, 0.04
mmo~. This mixture was stirred and degassed (3 vacuum/NZ purge cycles) and
then treated with palladium acetate (5 mg, 0.02 mmon. After 20 min. the 40
mixture was warmed to 100 C for 18 hours, cooled and poured into brine (50
mL). The  



2 2 ~~~~' 2002 -si 5 resulting mixture was extruded wfth hexanes (4 x 25
mL) and the combined organic layer was washed with a sat. aq. NaHC03 coin.
(10 mL), water (Hz0) (10 mL), brine (10 mL), dried (magnesium sulfate
(MgSO,)), filtered and and chromatographed on silica gel to provide an oil
(110 mg, 80%). (TLC hexanes R, 0.58). 'H NMR (CDCI~ S 8.80 (ddd,
J=6.8,8.1,8.3 Hz) 1 H)) 8.88 (m. 1 H), 8.17 (dd, J=5.5,2.8 Hz) 1 H), 5.77
(dd, J=5.5,2.8 Hz, 1 H), 3.29 (br s, 1 H), 10 2.98 (br s, 1 H), 2.84 (AB
dd, J=17.9,5.0 Hz, 1 H)) 2.54 (AB d, .l~ 17.9 Hz, 1 H), 2.19 (m) 1 H), 1.77
(d, J=10.5 Hz) 1 H). GCMS mle 4 92 (M`). F~
5.6-Difluoro-10.11-dihvdroxvhicydoi7.2.1.0=~'ldodeca-2(7).3.5-triene
5,8-Difluorotricyclo[7.2.1.0~~'Jdodeca-2('n,3,5,10-tetraene (714 mg, 3.72
mmo~ and N-methyl morpholine N-oxide (553 mg) 4.10 mmo~ were stirred in
acetone (20 mL) and HZO 15 (3 mL). To this was added a solution of osmium
tetraoxlde (OsOa (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 CH~CI2 and filtered through a silica pad (3 x 3 mm) eluting with
20~ EtOAcfiexanes. Product containing fractions were concentrated to an oil
(850 mg) 100%). (TLC 20% EtOAcJhexanes R, 0.37). 'H NMR (CDCI~ 8 8.88 (ddd,
J=9.3,8.5,7.8 Hz, 20 1 H), 6.78 (m, 1 H), 4.01 (AB d, 2H)) 3.08 (br s, 1
H)) 2.92 (AB dd) J=17.9,5.0 Hz, 1 H), 2.75 (br AB, J=17.9 Hz, 1 H), 2.44
(br s, 1 H)) 2.32 (2-OH), 2,28 (m) 1 H)) 1.50 (d, J=7.8 Hz, 1 H). GCMS mle
228 (M`). Gl 5.fi-Ditiuoro-11-aza-tricvdo~7.3.1.0~~'ltrideca-2(n,3.5-triene
hydrochioride
5,&Difluoro-10,11-dihydroxytricydo[7.2.1.Oz']dodeca-2(n,3,5-triene (840 mg,
3.72 25 mmol) was slimed in a part bottle in ethanol (Et01-~ (30 mL) and
Hi0 (10 mL). To this a soln. of sodium periodate (NalO,) (810 mg, 3.72 mmoQ
in Hi0 (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)~ (360 mg, 20~wtlC) and shaken under 45 psi
of Hz. After 18 hours, the mixture was filtered through a Celite pad and
rinsed 30 with EtOH and a 3:1 ethanol: water mixture. The flttrate 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 (Na2S0~)) filtered, concentrated and
chromatographed on Silica gel to provide an oil (330 mg, 42%). (TLC
54,MeOHICH2Ch Rr 0.36). 'H NMR (CDCI~ 8 8.92 (ddd, J=8.1,8.5,10.0 Hz, 1H),
8.74 (m, 35 1 H), 3.02-2.93 (4H), 2.83-2.71 (3H), 2.09 (br s, 1 H)) 1.98
(br d, J=12.5 Hz, 1 H), 1.82 (br d, J=12.5 Hz, 1M. GSMS mle 209 (M`). APCI
MS mle 209.8 ((M+1)`). The product was dissolved in methanol (CH30H) and
treated with 3M hydrochloric acid (HCQIEtOAc (3 mp. The resulting slurry
was concentrated, dissolved in a minimum of MeOH, saturated wrih Et20 and
siin~ed for 18 hours. The solids were filtered to give white 40 solid (335
mg) 88%). mp 290-305 C.   ~ ~ ~~~~~ zoos -52 5 EXAMPLE 2 t
1-BENZYL-6-METHOXY-11-AZA-TRICYCLOf7.3.1.02r1TRlDiECA-2(n.3.5-TRIENE
HYDROCHLORIDE A) Cyclopent-3-enecarboxylic add methoxy-methyhamide (For
preparation of cydopent-3-enecarboxylic add, see: Depres, J-P,; Greens, A.
E. J. Org. Chem. 19t:4, 49, 10 928-931, and for more recent approaches,
see: a) Nugeni, W. A.; Feldman, J.; Calabrese, J. C. J. Am. Chem. Soc.
1995, i 77, 8992-8998, and b) Marinez, L. E.; Nugent, W. A.; Jacobsen, E.
N. J. Org. Chem. 186) 81, 7963-7988. For related methods for amide
formation, see: Nitz, T. J.; Volkots, D. L.; Aldous, D. J.; Oglesby, R. C.
J. Org. Chem. 1884, 59, 5828-5832.) 15 CydopeM-3-enecarboxylic add (65.8 g,
588 mmop in CHZCh (1 L) was treated with carbonyl diimidazole (100 g, 817
mmo~ in portions. After 314 h, the r~esutting solution was treated with
N,O-dimethylhydroxylamine (60.8 g) 623 mmo~ and the mixture was stirred for
40 h. The reaction was quenched with 1 N aq. HCI soln. (800 mL), shaken and
the layers were separated. The aq. layer was extracted with CH2Ch (2 x 100
mL). The combined 20 organic layer was washed with 1 N aq. HCI soln. (100
mL), HBO (2 x 150 mL)) 50~6 sat. aq. NazC03 soln./brine (200 mL) and dried
through a cotton plug. The filtrate was diluted with EtOAc to
-10~6EtOAdCH2Ciz and filtered Through a silica pad (10 x 10 mm) eluting
with 10~EtOAG CH2Ch to remove baseline color. Concentration afforcis a
liquid (88 g, 95%). (TLC 10%EtOAd CHZCt2 R, 0.58). 'H NMR (CDCt~ 8 5.84 (br
s, 21-i, 3.89 (s, 3H), 3.47 (m, 25 1 H), 3.7 9 (s, 3H), 2.61 (m, 4H), GSMS
rNe 155 (M~. Bl Cvdoc~ent-3-envl-12.8-dimethoxv-phemD-methanone (For a
leading reference, see: Koft) E. R.; Smith, A. B.. II1. J. Am. Chem. Soa
1882, t04, 2859.) 1,3-Dimethoxybenzene (31.9 g, 231 mmot) was stirred in
anh. EtzO (200 mL) ai 0C under N2 and treated with n-butyllithium (n-BuLi)
(92.5 mL, 2.5Mlhexanes soln., 231 mmo~ 30 over 5 minutes. The solution was
brought to reftux for 4h, then cooled to -78 C. The slurty was treated with
cydopent-3-enecarttoxylic add methoxy-methyl-amide (35.9 g, 231 mmol)
dropwise over -1 hour, then the mbdure was stirred for 18 hours (ihe
cooling bath evaporated ovemigM). The mixture was poured into 1 N aq. HCI
soln. (200 mL) and shaken. The layers were separated and the aq. layer
extracted with EtZO (2 x 100 mL). The organic 



35 layer was washed with H20 (50 mL), and a sat. aq. NaHC03 soln. (100 mL),
dried (Na2S0,)) filtered through a silica plug anc~,. ntrated to an oil
A(528. g,, as%). (TLC _.. ,Y. 10%EtOAcfiexanes R, 0.25). 'H NMR (CDCt~) S
7.24 (t, J=8.4 Hz, 1 H), 8.24 (d, J=8.4 Hz, 2H), 5.83 (br s. 2H), 3.76 (s)
8ht), 3.88 (m, 1 H), 2.75 (m, 2H), 2.48 (m, 21-i. GSMS mle 232 (M~).   2 2
OCT 2002 -53 5 C) Cvdopent-3-envi-(2-hydroxv-6-methoxv-ohenvn-methanone
(For a leading reference, see: Nagaoka, H.; Schmid, G.; lio, H.; IGstei, Y.
Tetrahec4nn Left. 1881, 22, 899.)
Cydopent-3-enyl-(2,6-dimethoxy-phenyl)-methanone (52.8 g, 228 mmol) was
stirred in CH2CI2 (200 mL) at -78 C under N2 and treated with boron
trichloride (BCI~ (273 mL, 1 M CH2CIz soln., 273 mmo~ over 30 min. The
mixture was allowed to warm to ambient 10 temperature and was treated with
additions! BCI3 (41.0 mL) 1 M CHzCh soln., 41.0 mmol). After the mixture
was stirred 20 min., it was poured slowly into H20 (300 mL) and slimed for
30 min. The layers wen separated and the aq. layer was extruded with CHzCIz
(2 x 50 mL). The combined organic layer was washed with Hz0 (3 x 100 mL),
sat. aq. NaHC03 soln. (100 mL), dried through a cotton plug and fettered
through a Silica pad to remove baseline color. 15 Concentration affords an
amber oil (48.0 g, 93%). (TLC 10%EtOAcJhexanes R, 0.50). 'H NMR (CDCI3) 8
7.32 (t, J=8.5 Hz, 1 H)) 8.57 (dd, J=8.5,1.0 Hz) 1 H), 6.38 (dd, J=8.5,1.0
Hz, 1 H), 5.68 (br s, 2H), 4.31 (m, 1 H), 3.89 (s, 3H), 2.80-2.63 (4hi).
GSMS mle 218 (M'). D~, Trifluoro-methanesulfonic add
2-(cvdoe~ent-3-enecart~onvD-3-methoxv-ohenvl ester
Cydopent-3-enyi-(2-hydroxy-8-methoxy-phenyl)-methanone (45.0 g, 208 mmoi)
and 20 pyridine (38.0 g) 453 mmot) were stin~ed in CHzCI~ (250 mL) at -78 C
under N2. To this a solution of trifluoromethane sulfonic anhydride (75.7
g) 288 mmoh in CH~CIz (100 mL) was added dropwise over 1I2 h. The mixture
was allowed to warm to ambient temperature) stirred 1 h, then poured into 1
N aq. HCI soln. (250 mL). The mixture was shaken) the layers were
separated) and the organic layer was washed with 1 N aq. HCI soln. (3 x 150
mL), H20 25 (2 x 100 mL)) sat. aq. NaHCO3 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 10~6EtOAcJhexanes to afford after concentration an oll (62.5
g, 87~6). (T'LC 10%EtOAclhexanes R, 0.14).'H NMR (CDCI~ 8 7.41 (t, J=8.5
Hz, 1H), 8.95 (dd, J=8.5,1.0 Hz) 2H)) 5.84 (br s, 2H), 3.88 (s) 3H), 3.73
(m, 1 t-Q, 2.70 (m, 2H), 2.57 30 (m, 2H). GSMS m/e 350 (M~). E7
8-Methoxvtricvdof7.2.1.0~'ldodeca-2(71.3.5.10-tetraene-8-one (For leading
references, see: Heck) R. F. Orb: React. (N.Y.) 1882) 27) 345, and Cabri,
W.; Candiani) I. Ac~c. Chem. Res. 1995, 28, 2-7.) Tritluoro-methanesulfonic
add 2-(cydopent-3-enecarbonyQ-3-methoxy-phenyl ester 35 (45.0 g, 129 mmot)
was dissolved in DMF (100 mL) under a N2 atmosphere and treated with
trledhylamiree (19.5 g, 193: mma!), potassium acetate (4.89 g~; 1,90 mmoQ
and =1,3-, bis(diphenylphosphino)propane (5.30 g, 12.9 mmot). This mixture
was slimed and degassed (3 vacuumlN2 purge cydes) then treated with
palladium acetate (1.18 g, 5.14 mmo~. After 20 min. the mbcture was warmed
to 130 C for 1 hour, cooled and poured into brine (300 mL). 40 The
resulting mbdure was extracted with EtOAc (4 x 100 mL) and the combined
organic layer   2 2 O~T 2002 5 was washed with sat. aq. NaHC03 soln. (100
mL), H20 (100 mL), and brine (100 mL), dried (MgSO,), filtered and
evaporated to an oil. (55 g). The oil was chromatographed on silica gel to
provide product as a white solid (12.0 g, 4790). (TLC 25~EtOAcJ hexanes R,
0.27). 'H NMR (CDCt3) 8 7.29 (t, J=8.0 Hz, 1 H), 6.84 (d, J=8.0 Hz, 1 H),
8.73 (d, J=8.0 Hz, 1 H)) 8.83 (dd, J=5.0,3.0 Hz, 1 H), 8.15 (dd, J=5.0,3.0
Hz, 1 H), 3.87 (s, 3H), 3.80 (br s, 1 H)) 3.39 (br s, 10 1 H), 2.56 (AB m,
2H). '3C NMR 195.38, 181.81, 149.82, 143.47) 133.77, 131.84, 131.80, 



117.51, 111.48) 57.B3, 55.98, 47.83, 47.51. GSMS m/e 200 (M`). mp 135-t 36
C. F) 8-Methoxvtricvdol7.2.1.OZ''ldodeca-2(7).3,5,10-tetraene (For a
discussion) see: Fieser and Fieser, Reagents for Organic Synthesis, (N.Y.)
1967, 1, p.435.)
8-Methoxytricydo[7.2.1.OZ~'jdodeca-2(T),3,5,10-tetraene-&one (3.0 g, 15
mmon and 15 pulverized KOH (5.05 g, 90 mmot) were warmed in ethylene glycol
(40 mL) until solution occurred. The mixture was cooled to room
temperature, treated with hydrazine hydrate (3.0 g) 60 mmot) and heated to
reflex for 2 hours. The reflex condenser was replaced with a distilling
head and distillates were collected from 120-190 C. These distillates were
diluted with HZO (100 mL) and extracted with EtOAc {4 x 40 mL). The organic
layer was washed 20 with H20 (4 x 30 mL), and brine (25 mL), dried (AAgSO~,
filtered and concentrated to an oil (2.88 g, 98%). (TLC 50%EtOAcJ hexanes
R, 0.67). 'H NMR (CDCI~ 8 7.18 (t, J=8.0 Hz, 1 H), 6.82 (d, J=8.0 Hz, 1 H),
6.77 (d, J=8.0 Hz, 1 H), 8.32 (dd, J=5.0,3.0 Hz, 1 F~, 5.93 (dd, J=5.0,3.0
Hz, 1 H), 3.91 (s) 3H), 3.45 (dd) J=5.0,1.5 Hz, 1 H), 3.11 {br s, 1 H),
2.88 (A8 dd, J=17.0,5.0 Hz, 1 H), 2.58 (AB d, J=17.0 Hz, 1 H)) 2.31 (m) 1
H), 1.9B (d, J=9.5 Hz, 1 H). 25 G)
6-Methoxv-10.11-dihvdroxvtricvdof7.2.1.02~'kJodeca-2f71.3.5.10-triene
8-Methoxytricydo[7.2.1.0~~']dodeca-2(7),3,5,10-tetraene (1.5 g, 8.19 mmop
and Nmethyl morpholine N-oxide (1.06 g, 9.03 mmo~ were stirred in acelone
(20 mL) and H20 (0.18 mL). To this was added a solution of osmiom
tetraoxide (OsOa (0.2 mL, 2.5%wt. soln. in t-butanol (t-BuOH), 0.02 mmo~.
After 2 hours, the mbdure was diluted with EtOAc (50 mL) 30 and washed with
10%aq. NaHS03 soln. (30 mL), H20 (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%EtOAcfiexanes R, 0.Z0). H)
11-Benzvi-8-methoxv-11-aza-tricvdof7.3.1.Oz'ftrideca-2fn.3.5-triene
hvdrod~loride (For a discussion of oxidative deavage with Pb(OAc"~, see:
Fieser and Fieser, 35 Reagents for Organic Synthesis) (N.Y.) 1967, 1,
p.549. For reductive amination conditions and references, see Abdel-Magid
et al. , J. Org. Chem., 1996, 61, 3849; and Mazzocchi et al.) J. Meo'.
Chem., 19T9, 22, 455.)
1-Methoxy-8,7,8,9-telrahydro-5H-5,8-methano-benzocydoheptene-8,7-diol (2.40
g, 11.0 mmon was stirred at 0 C in CHZCIz t,70 mL) and treated with
Pb(OAc)4 (5.08 g, 11.5 40 mmol). After 2 hours the mixture was filtered
through a Celite pad and rinsed with CHZCIz   2 2 OC'~ Z002 -s5 5 (10 mL).
To the stin'ed filtrate was added acetic acid (AcOH) (1.97 g, 33.0 mmol)
and benzyl amine (1.23 g, 11.5 mmol). After 15 min., the mixture was
treated with sodium triacetoxyborohydride (NaBH(OAc)3) (8.94 g, 33.0 mmon
and slimed for 18 hours. The mixture was poured into a sat, aq. NaHC03
soln. (100 mL) and stirred for 1I2 hour. The layers were separated and
extracted with CHzCh (2 x 50 mL). The organic layer was washed 10 with a
saturated (sat.) aqueous (aq.) sodium bicarbonate (NaHCO~ soln. (2 x 50
mL), HZO (50 mL), brine (50 mL), dried through a cotton plug, concentrated
and purified by chromatography on Silica gel eluting with 10%EtOAcfiexanes
to provide product as an oil (1.45 g, 45~). (TLC 25%EtOAc/hexanes R, 0.76).
'H NMR (CDCI3) 8 7.12 (m, 4H), 8.89 (m, 2H), 8.74 (d, J=8.0 Hz, 1 H), 8.84
(d, J=8.0 Hz) 1 H), 3.87 (s, 3H), 3.41 (AB d, J=14.2 Hz, 1 H), 15 3.38 (AB
d, J=14.2 Hz, 1 H), 2.87-2.70 (m, 5H), 2.36-2.23 (m) 3H), 1.85 (br AB d,
J=12.1 Hz, 1 H), 1.77 (br AB d) . J=12.1 Hz, 1 H). This oil was dissolved
in a minimum of methanol (MeOH)) stirred, and saturated with EtzO. After 18
hours the while solids were filtered. 'H NMR (CD30D) 8 7.44 (m, 5H)) 7.15
(t, J=8.0 Hz, 1 H), 8.85 (d, J=8.0 Hz, 1 H), 8.88 (d, J=8.0 Hz, 1 H), 4.27
(AB d, J=13.0 Hz, 1 H), 4.15 (AB d, J=9 3.0 Hz, 1 H)) 3.84 (s, 3H), 3.47
(br d , 20 J=12.3 Hz, 1 H), 3.36-3.19 (m, 4H), 2.98 (AB dd, J=18.7,7.2 Hz,
1 H), 2.85 (AB d, J=18.7 Hz, 1 H), 2.60 (br s, 1 H), 2.00 (AB d, J=13.0 Hz,
1 H), 1.87 (AB d, J= 13.0 Hz, 1 H). mp 210-212 C EXAMPLE 3
6-METHOXY-11-AT~4-TRICYCLO(7.3.1.0~~1TRIDECA-2!7l.3.5-TRIENE HYDROCHLORIDE
25 11-Benzyl-6-methoxy-11-aza-tricyclo[7.3.1.0~~~]trideca-2(7),3,5-triene
hydrochloride (525 mg, 1.64 mmo~, ammonium fortnate (2.07 g, 32.0 mmo~ and
10~ palladium hydroxide on carbon (Pd(OHy~IC) (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/EtzO to provide 30 a
white solid (308 mg, 81 %). ' H NMR (free base) CDCh) 8 7.15 (t, J=8.0 Hz,
1 H), 6.74 (d) J=8.0 Hz) 1 H), 8.63 (d, J=8.0 Hz, 1 H)) 3.82 (s, 3H), 3.34
(br d, J=13.0 Hz, 1 H), 3.11-3.02 (m, 4H), 2.94 (AB d) J=18.3 Hz, 1 H),
2.87 (AB dd, J=18.3,6.5 Hz, 1 H), 2.41 (br s, 1 H)) 1.91 (AB q, 2H). GSMS
m/e 203 (M'). mp 272-274 C. EXAMPLE 4 35
11-AZA-TRICYCLOf7.3.1.Oz~fTRIDECA-2(7).3.5-TRIEN-8-OL
6-Methoxy.11-aza-tricyclof7.3.1.02~']trideca-20,3,5-triene hydrochloride
..(55 .". mg) 0.23 mmon was brought to reflux in 48% aq. hydrobronic acid
(HBr) (5 mL). After 1 hour the solution was cooled and poured into 1 N aq.
NaOH soln. adjusted 1o pH 10 and product was extracted with EtOAc (3 x 40
mL). The organic layer was washed with brine (50 mL)) dried 40 (MgSO~ and
concentrated to a white solid, which was recrystallized from EtOAclhexanes
(20  



2 2 d~,~' 2Q02 5 mg, 46%). 'H NMR (CDCI3) b 6.95 (t, J=8.0 Hz) 1 H), 6.fi8
(d, J=8.0 Hz, 1 H), 8.53 (d, J=8.0 Hz, 1 H), 3.27 (m, 1 H), 3.11 (m, 2H),
3.02 (m, 2H), 2.77 (m, 1 H), 2.57 (m,1 H), 2.33 (br s, 1 H), 1.90 (m, 2H),
mp 106-108 C. EXAMPLE b
6-FLUORO-11-AZA-TRICYCLOf7.3.1.02~7TTRIDECA-2(7).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-BuU (50 mL, 2.5M hexanes soln.,
125 mmoQ over 5 min. After stirring below -70 C for 4 hours, the mixture
was treated with cycJopent-3-enecarboxylic acid methoxy-methyl-amide (18.4
g, 119 mmoQ dropwise over 114 hour. The mixture was stirred 15 below -70 C
for 1 hour, and then allowed to warm to ambient temperature over ~1 hour.
The mixture was poured into 1 N 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 HZO (50 mL), sat. aq. NaHC03 soln. (100
mL), and brine (50 mL)) dried (Na2S0~), filtered through a Silica plug and
concentrated to an oil (21.0 g, 78%). (TLC 20 30~6EtOAd hexanes R, 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 1 G. (TLC 10.6MeOHICH2Cl2
(NH3) Rr 0.20). 'H NMR (CD30D) S 7.24 (m, 1 H), 7.01 (m, 2H), 3.38 (d,
J=13.0 Hz, 1 H), 3.33-3.10 (m, SH), 2.90 (d) J=18.5 Hz, 1 H)) 2.60 (m, 1
H), 2.13 (AB d, J=13.0 Hz) 1 H), 1.97 (A8 d, J= 13.0 Hz, 1 H), mp 240-241
C. 25 EXAMPLE 6
11-BENZYL-5-METHOXY-11-AZA-TRICYCLOf7.3.1.02~~1TRIDECA-20.3,5-TRIENE
HYDROCHLORIDE A) CycIopeM-3-enyi-(2,5-dimethoxy-phenymethanone (For a
discussion of halogen-metal exchange, see: Pafiam, W. E.; Bradsher, C. K
Acc. Chem. Res. 18a2, 75, 30 300.) 2-Bromo-1,4-dimethoxy-benzene (42.2 g,
195 mmot) was stirred in Et20 (200 mL) under NZ at -78 C. The resuhing
preapitate was dissolved by the addition of THF (50 mL). To the resulting
solution was added n-BuU (78 mL, 2.5M in hexanes) 195 mmol) over 10 min.
After stirring 10 min., the yellow solution was treated with
cyGopent-3-enecarboxylic 35 acid methoxy-methyl-amide (29.15 g, 188 mmo~ in
Et20 (50 mL) over 10 min., then the mixture was slimed for 18 hours (the,
cooling bath evaporated overnight). The mixture,. was. poured iMo 10% aq.
HCl 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. NaHC03 sotn. (100 mL), dried (NaZSOa) filtered through a
silica plug and 40 concentrated to an oil (43.0 g, 99%). (in a separate
experiment, THF was successfully   2 2 aa~ Zooa -57 5 substituted for Et20
in the reaction above.) (TLC 10~6EtOAcJhexanes Rt 0.39). 'H NMR (CDCI3) 8
7.18 (d, J=3.0 Hz, 1 H), 8.98 (dd, J=9.0,3.0 Hz, 1 H), 8.88 (d, J=9.0 Hz) 1
H), 5.84 (br s, 2H), 4.11 (m, 1 H), 3.84 (s, 3H}) 3.77 (s, 3H), 2.t38 (m,
4H). B) Cvdonent-3-envl-(2-hvdroxv-5-methoxy_phenvl~methanone
Cydopent-3-enyt-(2,5-dimethoxy-phenyl-methanone (40.0 g, 172 mmo>) was 10
converted to the title compound as described in Example 2C to provide an
oil (39.5 g) crude). (TLC 10%EtOAcJhexanes R, 0.50}. 'H NMR (CDCI3} S 7.21
(m) 1H), 7.10 (m, 1H), 8.93 (brd) J=9.0 Hz, 1 H}, 5.89 (br s, 2H), 4.08 m,
1 H), 3.79 (s, 3H)) 2.78 (m, 4H). GCMS rNe 218 (M'). C)
Trifluoro-methanesulfonic acid 2-(cvcloaent-3-enecarbonv!)-4-methoxv-phenvt
ester 15 Cydopent-3-enyh(2-hydroxy-5-methoxy-phenyl)-methanone (39.5 g
crude, 172 mmol) and pyridine (28.7 g) 362 mmol) were stirred in CHzCl2
(300 mL) at -78 C under Nz. To this a solution trifluoromethane sutfonic
anhydride (83.8 g) 228 mmol) in CHzCl2 (100 mL) was added dropwise over 1l2
hour. The mixture was allowed to warm to ambient temperature and stirred 1
h then poured into a 1 N aq. HCI sotn. (250 mL). The mixture was 20 shaken,
the layers were separated, and the organic layer was washed with a1N aq.
HCI soln. (3 x 150 mL), HZO (2 x 100 mL), a sat. aq. NaHCO3 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%EtOAclhexanes to afford after concentration an oil
(55.7 g, 93% over 2 steps). GCMS m/e 350 (Mf). 25 D)
5-MethoxvtricvGo(7.2.1.02''ldodeca-2(7),3.5.10-tetraene-8-one
Trifluono-methanesulfonic acid 2-(cydopent-3-enecartionylr4-methoxy-phenyl
ester (19.09 g, 54.5 moron was dissolved in DMF (100 mL) under a Nz
atmosphere and treated with diisopropylethylamtne (10.8 g, 82.0 mmo~,
potassium acetate (1.07 g, 11.0 mmo~ and 1,3-bis(diphenylphosphino)propane
(2.25 g, 5.48 mmo(). This mixture was stirred and 30 degassed (3 vacuum/N~
purge cydes) then treated with palladium acetate (0.49 g, 2.18 mmo~. ARer
stirring 20 min. the mixture was warmed to 120 C for 18 hours, cooled and
poured into brine (300 mL}. The nesutting mixture was extruded with EtOAc
(4 x 100 mL) and the combined organic layer was washed with a sat. aq.
NaHC03 soln. (100 mL), H20 (100 mL), brine (t00 mL)) dried (MgSO,),
filtered, concentrated and chromatographed on 35 silica gel to provide an
oil (10.4 g) 95~). (elute wl 7%EtOAcJhexanes). 'H NMR (CDCh) S 7.41.. (ds
J.2.8 Hz) 1 H), 7.03 (d, J=8.0~ Hz, 1 H), 6.88 (dd, J=8.0,2.8 Hz, 1 H),
6.72 (dd, J=5.2,3.0 Hz,1 H), 6.06 (dd, J=5.2,3.2 Hz, 1 H), 3.77 (s) 3H),
3.80 (dd, J=4.3,3.2 Hz, 1 H)) 3.44 (dd, J=5.0,3.4 Hz) 1 H)) 2.65 (A8 m) 1
H), 2.56 (br AB d, J=10.5 Hz) 1 H). '3C NMR (CDCI~) 196.11, 158.87, 145.90,
140.34, 130.295, 129.94, 126.14, 119.42, 111.90, 55.81, 55.48, 40 49.08,
45.97. GCMS mle 200 (M~).   



2 2 p~'~ 2002 -58 5 E)
5-Methoxvtricvclof7.2.1.02''ldodeca-2(7l.3.5.10-tetraene
5-MethoxytricyGo[7.2.1.0~~']dodeca-2(7),3,5,10-tetraene-8-one (9.41 p, 47
mmot) 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 hydrate (8 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 Hz0 (100 mL) and extracted with EtOAc (4 x 40 mL). The organic
layer was washed with H20 (4 x 30 mL)) brine (25 mL), dried (MgSO~,
flitered and concentrated to an oil (82 g, 94~6). (TLC 25%EtOAc! hexanes R,
0.68). ' H NMR (CDCI3) 8 6.92 (d, J=8.0 Hz, 1 H), 8.88 (m, 2H), 6.25 (dd,
J=5.1,2.5 Hz, 1 H), 5.79 (dd, J=5.1,2.4 Hz, 1 H)) 3.77 (s) 3H), 3.31 (br s,
15 1 H), 3.01-2.94 (2H), 2.58 (d, J=18.5 Hz, 1 H)) 2.2Z (m, 1 H)) 1.85 (d)
J=10.0 tiz, 1 H). GCMS m/e 188 (AA`). Fl
5-Methoxv-10.11-dihydroxytricvclo17.2.1.02~'ldodeca-2(7).3, 5.10-triene
5-Methoxytricyclo[7.2.1.Oz']dodeca-2(n,3,5,10-tetraene (8.88 g, 35.7 mmo~
was converted to the title compound as described in Example 2G to provide
an oil (7.88 g, 20 100~6). (TLC 10%MeOH/CH2Cl2 Rr 0.44).'H NMR (CDCI~ b
6.95 (d) J=8.0 Hz, 1 H), 6.63 (dd, J=8.0,2.5 Hz, 1 H), 6.56 (br s, 1 H),
4.00 (s, 3H), 3.77 (m, 3H), 3.04-2.99 (m, 21-i, 2.89 (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). G)
11-Benzvl-5-methoxv-11-aza-tricvclo~7.3.1.02~'ltrideca-2('n.3.5-triene
hydrochloride 25
5-Methoxy-10,11-dihydroxytricyGo[72.1.0~')dodeca-2(7),3,5,10-triene (18.0
g, 79.0 mmo~ was stirt~ed at 0 C in CH2Ch (150 mL) and treated with lead
tetraacetate (Pb(OAc)a (35.0 g, 79.0 mmol). After 30 min. the mbcture was
filtered through a Cetite pad and rinsed with CHzCl2 (50 mL). To the
stirred filtrate was added AcOH (23.7 g, 395 mmop and benzyl amine (8.50 g,
79.0 mmo~. After 15 min., the mbdure was treated with NaBH(OAc)3 (50.2 g,
30 237 mmo~ and stirred for 18 hours. The mixture was poured into a sat.
aq. NazC03 soln. (100 mL) stirred for 1I2 hour. The layers were separated
and extracted with CHZCIZ (2 x 100 mL). The or~panic layer was washed with
a sat. aq. Na~C03 soln. (2 x 50 mL), Hz0 (50 mL)) and then brine (50 mL),
dried through a cotton plug and concentrated to an oil. Chromatography on
silica gel eluting with 5%EtOAcJhexanes provided product as an oil (9.48 35
g, 41 %). (TLC 25%EtOAcJhexanes Rr 0.69). 'H NMR (CDCI3) 8 7.15 (m, 3H),
8.92 (m, 3H), 6.71 (br s, 1 H), 8.67 (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, 1 H), 2.85 (br s, 1 H), 2.83 (m,
1 H), 2.79 (AB d, J=17.5 Hz, 1 H), 2.70 (br d, J=10.5 Hz, 1 H), 2.35 (dd,
J=10.5,2.0 Hz) 1 H)) 2.27 (dd, J=10.2,2.0 Hz, 1 H), 2.15 (br s, 1 H)) 1.86
(AB d) J=12.3 Hz, 1 H), 1.78 (AB d, J=12.3 Hz, 1 H). GCMS Me 293 (M`). This
material 40 was dissolved in excess 1 N HCI MeOH and concentrated. The
solids were dissolved in a   z z c~~r zooZ -59 5 minimum of MeOH) stirred,
and saturated with Et20. After stirring 18h the white solids were filtered
(900 mg, 58%). 'H NMR (CD30D) 8 7.40 (m, 51~, 7.00 (d, J=8.0 Hz, 1 H), 8.73
(m, 2H), 4.28 (AB d, J=13.5 Hz, 1 H), 4.18 (AB d, J=13.5 Hz, 1 H)) 3.76 (s,
3H), 3.48 (br d , J=12.0 Hz, 1 H), 3.35-3.20 (m, 5H), 2.98 (AB d, J=18.4
Hz, 1 H), 2.54 (br s, 1 H), 2.01 (AB d, J=12.0 Hz, 1 H), 1.89 (AB d) J=
12.0 Hz) 1 H). mp 233-234 C. 10 EXAMPLE 7 11-BENZ;
YL-11-AZA-TRICYCL017.3.1.0~'1TRIDECA-2(7).3.5-TRIEN-5-OL HYDROCHLORIDE
11-Benzyl-5-methoxy-11-aza-tricydo[7.3.1.OZ~']t~ideca-2(7),3,5-triene (203
mg) 0.82 mmol) was brought to reflux in 48.~HBr (5 mL). After 1 hour the
solution was cooled and 15 poured into an 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 (MgSO,) 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. Recrystallization
from MeOH/EtZO provided a solid (154 mg) 80%). 'H NMR (CDCI~ 8 7.42 (m,
5H)) 6.90 (d, J=8.0 Hz, 1H), 20 6.60 (m, 2H), 4.27 (AB d) J=13.0 Hz, 1 H),
4.15 (AB d, J=13.0 Hz, 1 H), 3.47 (d, J=12.2 Hz, 1 H), 3.33-3.15 (5H), 2.88
(d, J=18,0 Hz, 1 H), 2.52 (tx s, 1 H), 1.99 (AB d, J=12.5 Hz, 1 H), 1.88
(AB d, J=12.5 Hz) 1 H). mp 251-253 C. EXAMPLE a
5-METI-IOXY-11-AZA-TRICYCLOt7.3.1.Oz'1TRIDECA-2(n.3.5-TRIENE 25
HYDROCHLORIDE
11-Benzyl-5-methoxy-11-aza-tricydo[7.3.1.02~'jtrideca-2('n,3,5-triene
hydrochloride (206 mg, 0.63 mmo~ was converted to the title compound by the
method described in Example 3 to provide a white solid (122 mg, 81 %).
(T1.C 10 %MeOH/CH2C12 (NH3) R~ 0.48). 'H NMR (CD30D) b 7.08 (d, J=8.0 Hz)
11-p, 6.77 (m, 2h~, 3.78 (s, 31~, 3.31-3.12 (m, 8H), 



30 2.98 (AB d, J=18.4 Hz) 1 H), 2.43 (br s, 1 H), 2.10 (AB d, J=13.0 Hz, 1
H), 1.94 (AB d, J= 13.0 Hz, 11~. GSMS m/e 203 (M'). mp 253.5-258 C. EXAMPLE
8 11-AZA-TRICYCLOf7.3.1.02y1TRtDECA-2(7d.3.5-TRtEN-5-OL HYDROCHLORfDE
5-Methoxy-11-aza-tricydo(7.3.1.0~']tiideca-2(n,3,5-triene hydrochloride
(187 mg, 35 0.78 mmol) was brought to reflux in 48%HBr (5 mL), After 1 hour
the solution was cooled and poured iMo aq. NH,OH~solrt., the pH was
adjusted to ~9 and the product was extracted with EtOAc (3 x 40 mL). The
organic layer was washed wfth brine (50 mL)) dried (MgS04) and concentrated
to a solid. (TLC 10 %MeOHICHzCl2 (NH3) Rr 0.13). This material was
dissolved in excess 1 N HCI MeOH and concentrated. Recrystallization from
MeOHIEt20 40 provided a solid (70 mg, 40%). 'H NMR (CD30D) 8 8.99 (d, J=8.0
Hz, 1 H), 8.83 (m, 2H),   2 2 OCT 2002 -60 3.48-3. 11 (6H), 2. 83 (d,
J=18.0 Hz, 1 H), 2.42 (br s, 1 H), 2.08 (AB d, J=12.5 Hz, 1 H), 1.93 (AB d,
J=12.5 Hz, 1H). mp 295-298 C. EXAMPLE 10
11-BENZYL-5-DIFLUOROMETHOXY-11-AZA-TRICYCLOl7.3.1.0~'1TRIDECA
2(7).3.5-TRIENE (For leading references, see: Langlois, B. R. J. Fluorine
Chem. 1988, 41, 10 247-262.)
11-Benzyl-11-aza-tricyclo[7.3.1.02~')trideca-2(7),3,5-men-5-of (572 mg,
2.05 mmol) was stir-ed in dioxane (5 mL) and HZO (1 mL) at reflux under a
balloon of freon (HCFZCI). To this was added 3N KOH dropwise 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 15 with H20 (40 mL) and
extracted with EtOAc. The organic layer was washed with a sat aq. NaZCO'
soln. (25 mL) and brine (25 mL), dried (MgSO~, filtered and concentrated to
an oil (620 mg, 92%). GCMS m/e 329 (M~. EXAMPLE 11
5-DIFLUOROMETHOXY-11-AZA-TRICYCLO(7.3.1.0Z'']TRIDECA-2(71.3.5-TRIENE 20
HYDROCHLORIDE
11-Benzy(-5-difluoromethoxy-11-aza-tricyclo[7.3.1.02~')trideca-2(7),3,5-tri
ene (620 mg, 1.88 mmol) was converted to the tide 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%). 'H NMR (CDCI~) b 7.42 (m, 5H), 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, 1 H),
3.1 B-3.04 (6H), 2.39 (br s, 1 H), 1.95 (br s, 2H). GCMS m/e 239 (M'). mp
230-234 C. EXAMPLE 12
11-BENZYL-5-ETHOXY-11-AZA-TRICYCL017.3.1.OZ~'1TRIDECA-2f7).3.5-TRIENE
HYDROCHLORIDE (For a review, see: Mitsunobu, O. Synthesis, 1981, 1.) 30
11-Benzyl-11-aza-tricyclo[7.3.1.0~')trideca-2(7),3,5-men-5-of (208 mg, 0.75
mmol), ethanol (69 mg, 1.49 mrnol) and triphenylphosphine (391 mg, 1.49
mmol) were stirred under NZ at 0C in THF (2.5 mL). To this was added
diethylazodicarboxylate (259 mg, 1.49 rnmol) dropwise. After 18 hours, the
reaction was concentrated, diluted with EtZO (20 mL) and extracted with 1 %
aq. phosphoric aad (HYPO,) soln. (3 x 20 mL). The combined aq. 35 layer was
extracted with EtZO (10 mL) and then basified to pH 10 with 1 N NaOH soln.
Product was extracted with EtOAc (3 x 20 mL) and the combined organic layer
was washed with 1 N NaOH soin. (20 mL) and brine (20 mL). The solution was
dried (MgSO,), filtered and evaporated to an oil (170 mg, 74%). (TLC
179'EtOAdhexanes (NH3) R, 0.76). 'H NMR (CDCI3) 5 7.12 (m, 3H), 6.91 (m,
2H)) 6.86 (d, J=8.0 Hz, 1 H), 6.68 (br s, 1 H), 6.63 (dd,   2 Z OCT 2002
-61 J=8.0,2.5 Hz, 1 H), 4.03 (q, 2H), 3.37 (br s, 2H), 3.03 (dd, J=17.0,7.0
Hz, 1 H), 2.82-2.68 (4H), 2.18 (2H), 2.12 (br s, 1 H), 1.83 (AB d, J=12.0
Hz, 1 H}, 1.75 (AB d, J=12.0 Hz, 1 H), 1.43 (t, J=7.0 Hz, 3H). GCMS m/e 307
(M~. This material was dissolved in excess 1 N HCI MeOH and concentrated.
Recrystallization from CH=CIzIEtzO provided a solid (185 mg, 



97%). mp 200-203 C. 10 EXAMPLE 13 5-ETHOXY-11
A7~4-TRICYCL017.3.1.02~'1TRIDECA-2(7).35-TRIENE HYDROCHLORIDE
11-Benzyl-5-Ethoxy-11-aza-tricydo[7.3.1.Oz']trideca-2(7),3,5-triene
hydrochloride (160 mg, mmol), ammonium formate (220 mg, 3.49 mmol) and
10%Pd(OH)~/C (100 mg) 15 were combined in methanol (MeOH) (5 mL) and warmed
to reflux for 15 min. The mixture was cooled, filtered, concentrated,
diluted with sat aq. NazCOi soln. and extracted with EtOAc (3 x 20 mL). The
extracts were dried (MgSO,)) filtered and concentrated to an oil (94 mg,
83%). (TLC 50%EtOAGhexanes (NH') Rf 0.20).'H NMR (CDCI3) S 6.90 (d, J=9.0
Hz, 1 H), 6.66 (2H), 3.97 (m, 2H), 3.08 (dd, J=18.0,6.0 Hz, 1 H), 2.94 (m,
3H), 2.76-2.65 20 (3H), 1.96 (m, 2H), 1.B8 (d, J=11.0 Hz, 1 H), 1.38 (t,
J=7.0 Hz, 3H). This material was dissolved in excess 1 N HCI MeOH and
concentrated. Recrystallization from CH2CIzIEt20 provided a solid (74 mg,
68/). mp 243-245 C. EXAMPLE 14
5-ISOPROPOXY-11-AZA-TRICYCLOf7.3.1.OZ~'1TRIDECA-2l71.3.5-TRIENE 25
HYDROCHLORIDE
11-Benzyl-11-aza-tricycloj7.3.1.Oz'jtrideca-2(7),3,5-trien-5-of (208 mg,
0.75 mmol) and isopropyl alcohol (90 mg, 1.49 mmol) were converted to the
title compound as described in Examples 12. (TLC of intermediate benzyf
compound, 17%EtOAGhexanes R, 0.78). GCMS m/e 321 (M~. Deprotection and
conversion to the salt as described in 30 Example 13 provided a solid (83
mg, 42~ overall). (TLC of title compound, TLC 50%EtOAcfiexanes (NH3) R,
0.10).'H NMR (CDCh) b'H NMR (CDCI3) S 6.89 (d, J=9.0 Hz, 1 H)) 6.66 (2H))
4.51 (m, 1H), 3.08 (dd, J=18.0,6.5 Hz, 1 H), 2.98 (m) 3H)) 2.78-2.68 (3H))
1.96 (m, 2H), 1.87 (d, J=11.0 Hz, 1 H), 1.32 (t, J=5.5 Hz, 6H). mp 211 213
C. EXAMPLE 15 35 11-B ENZYL-4-M ETHOXY-11-AZA-TRI CYC LO(7.3.1.Oz'1TR I
DECA-2171.3.5TRIENE HYDROCHLORIDE A1
2-Cvdoyent-3-envlmethvl-5-methoxv-phenol (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   2 Z OC'f 2002 -62 5 3-Methoxyphenol (5.12
g, 42.0 mmol), cyGopent-3-enecarbaldehyde (8.00 g) 83.0 mmol), phenyl
boronic acid (5.58 g, 46 mmol) and 1,1,1-trichloroacetic acid (2.04 g, 12.5
mmol) were refluxed in benzene (150 mL) for 18 hours. (TLC 5r6CH2Ch/hexanes
R, 0.47). The mixture was concentrated to an oil which was stirred at 0 C
in CHZCh (100 mL) and treated with triethylsilane (8.87 g, 76.0 mmoh
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 CH2Ch (200 mL) and washed with a sat. aq. NaHC03
soln. (3 x 50 mL). The combined organic Payer was dried through a cotton
plug, concentrated and chromatographed on silica gel to provide an oil
(3.85 g, 45%). (PLC 10~EtOAGhexanes R, 0.35). 'H NMR (CDCi~ 8 8.99 (d,
J=8.0 Hz, 1 H), 8.42 (dd, J=8.0,2.5 Hz, 1 H), 6.38 (d, J=2.5 15 Hz, 1 H),
5.67 (br s, 2H), 3.75 (s, 3H), 2.58 (m) 3H), 2.40 (m, 2H), 2.08 (m, 2H).
GCMS rrVe 204 (M~). B) Trifluoro-methanesutfonic acid
2-cvclopent-3-envlmethvl-5-methoxv-phenyl ester
2-CyGopeni-3-enylmethyl-5-methoxy-phenol (3.85 g, 19.0 mmon was converted
to the title compound (4.92 g, 7796) by the method described in Example 1
D. (TLC 20 10~6CH2CIz/hexanes Rf 0.52). 'H NMR (CDCI~ b 7.21 (d, J=8.0 Hz)
1 H), 8.86 (dd, J=8.0,2.5 Hz, 1 H), 6.79 (d, J=2.5 Hz, 1 H)) 5.67 (br s,
2H)) 3.79 (s, 3H), 2.70 (d) J=7.5 Hz, 2H)) 2.59 (m, 1 H), 2.43 (m, 2H),
2.03 (m, 2H). C) 4-Methoxvtricvclo'17.2.1.OZVldodeca-2(7).3.5.10-tetraene
Trifiuoro-methanesulfonic acid 2-cyclopent-3-enylmethyl-5-methoxy-phenyl
ester 25 (2.00 g, 5.95 mmon was dissolved in DMF (10 mL) under a N=
atmosphere and treated with triethylamine (0.91 g) 8.92 mmo~ and
1,3-bis(diphenylphosphino)propane (0.37 g) 0.89 mmo~. This mixture was
stirred and degassed (3 vacuurNNz purge cycles), and then treated with
palladium acetate (93 mg, 0.42 mmo~. After stirring for 20 min. the mixture
was warmed to 100 C for 18 hours, cooled and poured into brine (30 mL). The
resulting mbdure 30 was extracted with EtOAc (4 x 10 mL) and the combined
ornanic layer was washed with sat. aq. NaHC03 soln. (10 mL), HZO (10 mL))
brine (10 mL), dried (MgSO,), fiiter~ed and evaporated to an oil. The oil
was chromatographed on Silica gel (2%CHzCIz/hexanes) to provide product as
an oii (1.05 g, 95%). (TLC 10%EtOAc! hexanes R, 0.52). 'H NMR (CDCIs) 8
6.94 (d, J=8.0 Hz, 1 H)) 8.88 (dd) J=8.0,2.8 Hz, 1 H), 8.59 (d, J=2.8 Hz, 1
H), 8.23 (dd, 35 J=5.5,2.8 Hz,1 H), 5.79 (dd, J=5.5,2.8 Hz, 1 H), 3.77 (s,
3H), 3.2S (m, 1 H), 2.96-2.89 (m, 2H), 2.49 (d, J=15.5 Hz, 1 H), 2.19 (m) 1
H), 1.85 (d) J=10.5 Hz, 1 H). '3C NMR (CDCl3) 156.94, 144.07, 138.95,
131.24) 131.21, 128.34) 111.73, 111.45, 55.Z2, 45.10, 40.18, 38.47) 29.49.
GCMS rNe 186 (M`). 



D) 11-Benzvl-4-methox~l 1-aza-tricvclof7.3.1.02~~ltcideca-2(n.3.5-triene 40
hydrochloride   z z oo~ zooz 5
4-Methoxytricyclo[7.2.1.O~~~jdodeca-2(7),3,5,10-tetraene (1.0 g, 5.37 mmo~
was converted to
4-methoxy-10,11-dihydroxytricyGo(7.2.1.02~~)dodeca-2(7),3,5,10-triene (0.95
g, 80%) (TLC 50%EtOAcICH2Clz R, 0.48j according to the procedure described
in Example ZG. This material was converted to the title compound according
to the procedures described in Example 2H with final recrystallization from
EtzO/hexanes (850 mg, 48%). (T'LC 10 50%EtOAdCH2Cl2 R, 0.67). 'H NMR
(CD30D) 8 7.42 (m, 5H), 7.12 (d, J=8.0 Hz, 1H), 8.84 (dd, J=8.0,2.5 Hz, 1
H), 6.67 (d) J=2.5 Hz, 1 H), 4.27 (AB d) J=13.0 Hz, 1 H), 4.17 (AB d,
J=13.0 Hz, 1 H), 3.72 (s, 3H), 3.48 (br d , J=12.5 Hz, 1 H)) 3.34-3.18 (m,
5H), 2.88 (AB d) J=18.0 Hz) 1 H), 2.55 (br s, 1 H), 2.00 (AB d, J=13.0 Hz)
1 H)) 1.90 (A8 d, J= 13.0 Hz) 1 H). mp 245-246 C. 15 EXAMPLE 16
4-METHOXY-11-A2A-TRICYCLO(7.3.1.02y1TRIDECA-2(7).3.5-TR1ENE HYDROCHLORIDE
11-Benzyl-4-methoxy-11-aza-tricycfo[7.3.1.Oz'nrideca-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%). (fLC 40~EtOAGCH~CIz (NH3) R, 0.22). 'H NMR (CD30D) 8 7.11 (d, J=8.5
Hz, 1H), 8.82 (dd, J=8.5,2.5 Hz, 1H)) 6.75 (d, J=2.5 Hz) 1 H), 3.76 (s,
3H), 3.3M3.16 (m, 8H), 2.86 (AB d, J=17.7Hz, 1 H), 2.45 (m, 1 H), 2.11 (AB
d, J=13.5 Hz, 1 H), 1.94 (AB d, J= 13.5 Hz, 1H). '3C NMR (CDCi~ 158.47,
136.58, 130.15, 127.71, 114.11, 112.81, 54.32, 49.99, 48.47, 32.18, 31.97)
27.15, 25.70. mp 259-261 C. 25 EXAMPLE 17
11-AT~4-TRICYCL0T7.3.1.O~~ITRiDECA-2C11.3.5-TRIEN-4-OL
4-Methoxy-11-aza-tricyclo[7.3.1.Oz~]trideca-2(7),3,5-triene hydrochloride
(120 mg) 0.50 mmo~ was brought to retlux in 48%HBr (2 mL). After 1 hour the
solution was cooled and poured info a 1 N aq. NaOH soln. adjusted to pH 10
and product was extraded with 30 EtOAc (3 x 40 mL). The organic layer was
washed with brine (50 mL), dried (AAgSO,,) and concentrated to a white
sol'~d which was reaystallized from Et20/hexanes (40 mg, 42%). (TLC
50%EtOAcJCHzCh R, 0.15). 'H NMR (CDCI~ 8 8.9B (d, J=8.0 Hz, 1 H), 6.60 (dd,
J=8.0,2.5 Hz, 1 H), 6.46 (d, J=2.5 Hz) 1 H), 3.31 (m, 1 H), 3.03 (dd,
J=17.0,8.0 Hz, 1 H), 2.95 (m, 2H,NH), 2.73 (m, 3H), 1.99 (m) 2H), 1.87 (AB
d, J= 12.5 Hz, 1 H). mp 215-217 C. 35 EXAMPLE 18
11-BEN2YL-11-AZA-TR1GYCL0(7.3.1.02y1TRIDECA-217~.3.5~,TRJENF".,
HYDROCHLORIDE The title compound was prepared from phenol according to the
procedures described in Example 15. (TLC 10%EtOAG hexanes (NHS R, 0.76). 'H
NMR (CD30D) 8 7.42 (m, 5H), 40 7.22 (m, 2H)) 7.15 (t, J=7.5 Hz, 1 H), 7.10
(t, J=7.5 Hz, 1 H), 4.28 (AB d, J=13.0 Hz, 1 H), 4.18   Z 1 (ACT 2002 5 (AB
d, J=13.0 Hz, 1 H), 3.51 (d, J=12.8 Hz, 1 H), 3.38 (d, J=13.2 Hz, 1 H))
3.34-3.23 (m, 4H), 2.95 (d, J=12.2 Hz, 1 H), 2.58 (m) 1 H)) 2.03 (AB d,
J=13.0 Hz, 1 H), 1.92 (AB d, J=13.0 Hz, 1 H). mp 125-127 C. EXAMPLE 18
11-A2A-TRICYCLO(7.3.1.02''1TRIDECA-2fn.3.5-TRIENE HYDROCHLORIDE 10
11-Benzyl-11-aza-tricydo[7.3.1.02~'~rideca-2(7),3,5-triene hydrochloride
(150 mg) 0.50 mmol) was converted to the title compound as described in
Example 3. (TLC 20%EtOAcJhexanes (NHS R, 0.20). 'H NMR (CD30D) 8 7.26-7.17
(m, 4H), 3.37-3.18 (m, 6H), 2.92 (d, J=18.2 Hz, 1 H), 2.48 (m, 1 H), 2.13
(AB d, J=13.0 Hz, 1 H), 1.97 (AB d, J= 13.0 Hz, 1H). '3C NMR (CDCI3) 8
138.08, 135.67, 129.43, 128.78, 127.30, 126.42, 49.90) 49.05, 15 32.67, 31.
88, 27.15, 25.80. mp 227-228 C. EXAMPLE 20
4-NITRO-11-AZA-TRICYCL017.3.1.0~~'1TR1DECA-2(7).3.5-TRIENE HYDROCHLORIDE A)
1-(11-Aza-tricvdof7.3.1.02''ltrideca-2(n.3,5-men-11-yl)-2.2.2-trifluoro-eth
anone 20 11-Aza-tricydo[7.3.1.0z~']trideca-2(7),3,5-triene {1.Z2 g, 7.08
mmo~ was stirred at 0 C in CH2CI2 (10 mL) and treated with triethylamine
(0.94 mL, 10.8 mmoQ followed by TFAA (1.90 mL, 14.2 mmoQ. After ~1 hour,
the solution was poured into 0.5 N HCI (200 mL) and the layers separated.
The aq. layer was extracted with CH2CI2 (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 soiution was dried through a cotton plug,
then diluted with ~3~o EtOAc and filtered through a 2 inch silica pad
eluted with -3% EtOAcJCH2Cl2. Concentration afforded a dear oil (1.90 g,
99%). 'H NMR (CDCI~ 8 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, 1 H), 3.29-2.99 (3H), (d, J=18.0 Hz, 1 H), 2.37 (br s,
1121-Q) 2.30 (br s, ll2l~, 30 2.04 (AB d, 2H). GCMS m/e 289 (M~. B)
~Nitro-11-aza-tricydol7.3.1.0i~'ltrideca-2(7).3.5-triene hydrochloride The
tie compound was prepared as follows, based on the method described by Coon
et al., J. Org. Chem., 19T3, 25, 4243. To a solution of
trifluoromethanesulfonic aad (0.94 ml, 10.8 mmoQ in CHZCIZ (10 ml ) stirred
at 0 'C was slowly added nitric acid (0.60 ml, 35 14.1 mmol) generating a
white predpitate. After 10 minutes the resulting mixture was cooled to -78.
'C and treated with-
1-(11-aza-tricyclo(7.3.1.Oz']trideca-2(n,3,rtrien-11-y~-2,Z,2trifluoro-etha
none (1.9 g, 7.08 mmoQ in CHZCI2 (15 m~ dropwise over 5 minutes. The
readaon was stirred at -78 'C for 2h then warmed to 0 'C for 1I2 hour. The
readion mudure was poured into a slimed ice (50 g). The layers were
separated and the aq. layer back 



40 extruded with CH2Cli (3 x 30 mQ. The organic layer was combined and
washed with HZO (3   2 2 aCT 2002 -85. 5 x 30 m~. The combined organic
layer was washed with sat. aq. NaHC03 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 EtzO and
ftltened to provide a solid (900 mg, 41~6). (TLC 30% EtOAclhexanes, R,
0.21). The filtrate was chromatographed on Silica gel eluting wfth 30%
EtOAclhexanes to provide three materials. 10 R, 0.32 (50 mg, 2%), R, 0.21
(as solids above) and R, 0.13 (50 mg, 2%). GCMS rule 314 (M~`). C)
4-Nitro-11-aza-tricvclo[7.3.1.Oz~Hrideca-2N1.3.5-triene hvdrochioride NOE
(Nuclear Overhauser Effect) experiments elucidated the primary product,
(TLC 30~6EtOAGhexanes) Rr 0.21 ) as
2,2,2trifluoro-l-(4-vitro-11-aza-tricyclo[7.3.1.0~~~]trideca15
2(7),3,5-tries-11-y~-ethanone, by a 4~ NOE between H-3 and H-1. This solid
(780 mg, 2.48 mmoQ was stirred in MeOH (ZO mL) and treated with Na2C03 (650
mg, 4.96 mmol) in H20 (10 mL). The stirred mixture was warmed to 70'C for 6
hours, concentrated to solids, diluted with HZO and extracted with CHzC4~
(3 x 40 mL). The product was extracted into 1 N aq. HCI soln. (3 x 40 mL)
which was washed with EiOAc then neutralized with a sat. aq. NazC03 soln.
20 to pH--10. Product was extracted with CHzCh (3 x 40 mL), dried through a
cotton plug, concentrated to an oil. The oil was dissolved in MeOH and
treated with 3N HCI EtOAc (4 mL) and concentrated, then dissolved in a
minimum of CH2CI2 and the solution was saturated with hexanes and stirred
18 hours. The product was collected by filtration (145 mg, 23%). 'H NMR
(DMSO~ d 8.12 (d, J=2.5 Hz, 1 H), 8.09 (d, J=8.0 Hz) 1 H), 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 (Ma}. mp 215-220 C. EXAMPLE 21
5-NITRO-11-AZA-TRICYCLOf7.3.1.0~~7TTRIDECA-2(7).3s5-TRIENE HYDROCHLORIDE 30
The other meta substituted isomer from above)
2,2,2-trifluoro-l-(5-nitro-ll-azatricyclo[7.3.1.0~?)trideca-2('n,3,5-tries-
11-yl)-ethanone (TLC 30%EtOAcJhexanes, R, 0.13) was converted to the title
compound by the method in Example 20C. 'H NMR free base (CDCI3) 8 8.01 (d,
J=2.0 Hz) 1 H), 7.95 (dd, J=8.0,2.0 Hz, 1 H), 7.17 (d, J=8.0 Hz, 1 H7, 3.18
(dd, J=18.0,8.5 Hz) 1 H), 3.10-2.97 (4H)) 2.89 (d, J=18.0 Hz, 1 H), 2.79
(d, J=12.0 Hz, 1 H), 35 2.12 (m, 1 H)) 2.02 (d, J=12.5 Hz, 1 H), 1.88 (d)
J=12.5 Hz, 1 H). Conversion to the salt as in Example 20C provides a solid
mp 245-255 C.   2 2 OCT 2002 -ss 5 EXAMPLE 22
3-NITRO-11-AZA-TRICYCLO(7.3.1.02~~1TRIDECA-2(7).3.5-TRIENE HYDROCHLORIDE
The remaining isolated isomer from above,
2,2,2-trifluoro-l-(3-vitro-11-azatiicyclo[7.3.1.02'']trideca-2(7),3,5-men-1
1-yl)-ethanone (TLC 30%EtOAcJhexanes, R, 0.32) 10 (50 mg) was converted to
the title compound by the method in Example 20C to give 25 mg) 64k). The
regiochemistry of this vitro isomer was established by HM~C (heteronuclear
multiple-quantum correlation) between C-3 and H-1. 'H NMR (DMSO~) 8 7.80
(d, J=8.0 Hz, 1 H), 7.53 (d, J=8.0 Hz, 1 H), 7.45 (t, J=8.0 Hz, 1 H),
3.71-3.15 (m, 6H), 2.95 (d, J=18.5 Hz, 1 H), 2.40 (br s, 1 H), 2.04 (d,
J=12.5 Hz, 1 H), 1.70 (d) J=12.5 Hz) 1 H). 15 EXAMPLE 23
11-BENZYL-5-FLUORO-11-AZA-TRICYCLOf7.3.1.02~~1TRIDECA-2(7).3.5-TRIENE
HYDROCHLORIDE The title compound was prepared from
2-bromo-4-fluoro-1-methoxy-benzene by the methods described in Example 6.
'H NMR (CD30D) 8 7.15 (m, 3H), 6.94-6.76 (m, 5H), 3.40 20 (AB d, 2H)) 3.08
(dd, J=17.5,7.0 Hz, 1 H)) 2.87-2.73 (31~, 2.89 (d, J=10.5 Hz, 1 H), 2.37
(d) J=10.5 Hz) 1 H), 2.28 (d, J=10.5 Hz, 1 H), 2.17 (br s) 1 H), 1.83 (AB
d, 2H). GCMS m/e 281 (M'). mp 202-203 C. EXAMPLE 24
5-FLUORO-11-AZA-TRICYCLOf7.3.1.02~~1TRIDECA-2(71.3.5-TRIENE 25
HYDROCHLORIDE
11-Benzyl-5-fluoro-11-aza-tricyGo[7.3.1.0~~~]trideca2(7),3,5-triene
hydrochloride (310 mg, 0.94 mmo~ was converted to the title compound by the
methods described in Example 3 to yield a white solid (140 mg, 65%). 'H NMR
(CD30D) 8 7.22 (m, 1 H), 6.93 (m, 2H), 3.383.14 (6H), 2.93 {d, J=18.5 Hz, 1
H), 2.45 (m, 1 H)) 2.17 (AB d, J=13.0 Hz, 1 H), 1.94 (AB d, J= 30 13.0 Hz,
1H). mp 286-287 C. 



EXAMPLE 26 5
7-DIOXA-14-AZA~'ETRACYCLO[10.3.1.Oz'.O~~IHEXADECA-2(10).3.8-TRIENE
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). 'H NMR (CD30D) 8 6.65 (s) 2H)) 5.88 (s) 2H), 3.33-3.12 (6H), 2.81
(d) J=18.0 Hz) 1 H)) 2.42 (m, 1 H), 2.09 (AB d, J=12.5 Hz, 1 H), 1.90 (AB
d, J= 12.5 Hz, 1 H). GCMS m/e 217 (M~). APCI MS m/e 218.1 [(M + 1)`]. mp
241-243 C.   2 Z ocr 2002 a -67 5 EXAMPLE 26 11-BENZYL6-BROMO-5-METHOXY
11-AZA-TRICYCLOf7.3.1.02yTRIDECA 2(7).3.5 -TRIENE
11-Benzyl-5-methoxy-11-aza-tricyclo[7.3.1.0~~~]trideca-2(7),3,5 -triene
(3.00 g, 10.2 mmol) was stirted at 0C in CH2Ch (10 mL) and AcOH (5 mL) and
treated with bromine (3.21 10 g, 20 mmol) in CHZCIz (10 mL) and AcOH (5
mL). Aver 18 hours the reaction was quenched with 20% aq. NaHS03 soln. (100
mL). The product was extracted with CHZCIz (3 x 40 mL) and washed with sat.
aq. NaHC03 soln. (3 x 50 mL). The combined organic layer was dried through
a coHon plug, concentrated and chromatographed on Silica gel to provide an
oil (1.05 g, 28%). (TLC 30%EtOAcfiexanes R, 0.48). 'H NMR (CDCI3) 8 7.13
(m, 3H), 8.91 (m, 15 3H), 6.68 (d, J=8.0 Hz, 1 H)) 3.90 (s, 3H), 3.38 (s,
2H), 2.86-2.79 (4H), 2.67 (br d, J=9.0 Hz) 1 H), 2.31 (br s, 1 H), 2.28 (br
s, 1 H), 2.22 (br s, 1 H), 1.78 (AB d, J=13.0 Hz, 2H}. GCMS m/e 373,371
(M`). EXAMPLE 2T
11-BENZYL-6-HYDROXY-5-METHOXY-11-A2A-TRICYCL0f7.3.1.Oz~~ITRIDECA 20
2(7).3.5 -TRIENE
11-Benzyi-6-bromo-5-methoxy-11-aza-tricycloj7.3.1.02~~]trideca-2('k3,5
-triene (1.05 g, 2.70 mmo~ was stirred at -78 C in ash. THF (10 mL) and
treated with n-BuLi (1.08 mL. 2.5M soln. in hexanes, 2.70 mmol) dropwise
over 1 min. After 10 min., triisopropyl borate (559 mg) 2.97 mmot) was
added and the mixture was allowed to warts to ambient 25 temperature. The
reaction was quenched with with sat. aq. NaHC03 sole. (50 mL) and the
product was extracted with EiOAc (3 x 20 mL). The organic layer was dried
(MgSOa) filtered and evaporated to give an oil (640 mg, 67%). (TLC
30%EtOAcJhexanes Rr 0.18). This material (840 mg, 1.81 mmol) was stirred in
THF (10 mL) with 30~6 aq. hydrogen peroxide soln. (205 mg, 1.81 mmop. After
18 hours the reaction was quenched with 20~6 aq. NaHS03 30 soln. (10 mL).
The mixture was diluted with sat. aq. NaHC03 solo. (50 mL) and product was
extracted with CH2CIz (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 (380 mg, 64%). (TLC
40%EtOAcJhexanes R, 0.44). 'H NMR (CDCI~ 8 7.14 (3H), 8.95 (2H), 8.87 (d,
J=8.0 Hz) 1 H), 8.52 (d, J=8.0 Hz) 1 H), 3.89 (s, 3H), 3.40 (AB d, 2H), 35
2.88-2.63 (5H)) 2.34-2.22 (3H), t.79 (AB d, 2H). GCMS m/e 309 (M`). EXAMPLE
28 8-HYDROXY-5-METHOXY-11-AZA-TRtCYCLOf7.3.1.Oz~~ITRtDECA-2('n.3.5 TRIENE
HYDROCHLORIDE
11-Benzyl-8-hydroxy-5-methoxy-11-aza-tricyclo[7.3.1.0~~']trideca-2(7),3,5
-triene (58 40 mg, 0.18 mmo~ was converted to the title compound according
to the procedure described in 



Z Z OCT Z002 -s8 5 t~cample 3 followed by conversion to the salt as
described in Example 9 to provide a white solid (15 mg, 32%). (TLC
10%MeOH/CHZCh (NH3) R, 0.26). 'H NMR (CD30D) S 8.84 (d, J=8.0 Hz, 1 H),
6.68 (d, J=8.0 Hz, 1 H), 3.82 (s, 3H), 3.29 (3H), 3.13 (m, 2H}) 3.00 (dd,
J=18.0,6.0 Hz, 1 H), 2.85 (d, J=18.0 Hz, 1 H), 2.42 (m, 1 H), 2.09 (AB d,
J=12.5 Hz, 1 H), 1.82 (AB d, J= 12.5 Hz, 1 H). mp 285-290 C. 10 EXAMPLE 29
TRIFLUORO-METHANESULFONIC
ACID-11-BENZYL-11-AZATRICYCLOl7.3.1.0~'1TRIDECA-2(n.3.5-TRIEN-5-YL ESTER
11-Benzyl-11-aza-tricyclo[7.3.1.02'']trideca-2(7),3,5-men-5-of (850 mg,
3.03 mmoh was converted to the title compound (1.18 g, 94%) by the method
described in Example 1 D. 15 (TLC 30%EtOAclhexanes R, 0.47). 'H NMR (CDCI3)
S 7.10 (3H), 6.97 (3H), 6.78 (2H), 3.40 (AB d, J=14.0 Hz, 1 I-i), 3.30 (AB
d) J=14.0 Hz, 1 H), 3.05 (AB dd, J=17.5,7.0 Hz, 1 H), 2.892.79 (3H), 2.62
(d, J=10.0 Hz, 1 H), 2.40 (d, J=10.5 Hz, 1 H), 2.28 (d, J=12.0 Hz, 1 H),
2.17 (br s, 1H), 1.83 (AB d, 2H). APCI MS m/e 412.1 [(M + 1)~]. EXAMPLE 30
20
5-(4-TRIFLUOROMETHYL-PHENYL)-11-AZA-TRICYCLOf7.3.1.02~'1TRIDECA2(7).3.5-TRI
ENE HYDROCHLORIDE A)
11-Benzvl-5-(4-trifluoromethvl-phenvl~ll-aza-tricvclof7.3.1.Oz~'ltrideca-2f
n.3.5triene (For a discussion, see: Miyaura, N.; Suzukl, A. Chem. Rev.
1995, 95) 2457-2483.) Trifluoro-methanesulfonic
add-11-benzy!-11-aza-tricyGo[7.3.1.02~')trideca-2(?),3,5 25 trien-5-yl
ester (258 mg, 0.83 mmon, potassium acetate (493 mg, 5.02 mmo~ and
4trifluoromethylphenyl boronic acid (141 mg, 0.94 mmop were combined in
10I1 EtOHIHzO (5 mL). The mixture was degassed (3 vacuum/N~ cycles),
treated with tetrakis(triphenylphosphine)palladium(0) (36.0 mg, 0.032 mmo~
and warmed to 90 C for 18h. The readion was cooled, diluted with H20 and
extraded with Et20 (3 x 50 mL). The 30 organic layer was washed with brine
(50 mL), dried (lNgSO,), filten~d and concentrated to provide an oil (60
mg, 23%). (TLC hexanes Rt 0.16). 'H NMR (CDCI~) 8 7.73 (d, J=8.5 Hz, 2H))
7.88 (d, J=8.5 Hz, 2H), 7.38 (d, J=2.0 Hz, 1 H), 7.32 (dd, J=8.0,2.0 Hz, 1
H), 7.10 (4H), 6.88 (m, 2H), 3.40 (s, 2H), 3.14 (dd, J= 17.5, 7.0 Hz) 1 H),
2.94-2.87 (31i), 2.76 (d, J=10.5 Hz, 1 H), 2.40 (dd, J=10.5,2.0 Hz, 1 H),
2.33 (dd, J=10.5,2.0 Hz, 1 H), 2.22 (br s, 1 H), 1.91 (AB d, 35 J=12.5 Hz)
1 H)) 1.83 (AB d, J=12.5 Hz, 1 H). GCMS m/e 407 (N~'. B),.
5-(4-Trtfiuoromethvl-phenvO-11-aza-tricvclo(7.3.1.02~'ftrideca-2(7),3.5-tri
ene hydrochloride
11-Benzyl-5-(4-Trifluoromethyl-phenyl-11-aza-tricyclo[7.3.1.02~']trideca-2(
7),3,5triene was conversed to the title compound as described in Example 3.
(TLC   2 Z ~~; ~ 2002 -sa 5 50%EtOAGhexanes R, 0.81). 'H NMR (CDCI3) b 7.62
(m, 4H), 7.15-6.98 (3H) 3.50-Z.97 (6H), 2.92 (d, J=18.0 Hz, 1 H), 2.38 (br
s, 1 H), 2.02 (AB d, 2H). EXAMPLE 31
5-(4-METHOXY-PHENYL)-11-AZA-TRICYCLOf7.3.1.0~~~1TRIDECA-2(7).3.5-TRIENE
HYDROCHLORIDE 10 Trtfluoro-methanesulfonic
add-11-benryl-11-aza-tricydo[7.3.1.0`~'']trideca-2(7),3,5trien-5-yl ester
and 4-melhoxyphenyl boronic add were converted to the title compound by the
methods described in Example 30. 'H NMR (CD30D) 8 7.57 (d, J=8.0 Hz, 2H))
7.42 (d, J=2.0 Hz) 1 H), 7.38 (dd) J=8.0,2.0 Hz, 1 H), 7.18 (d, J=8.0 Hz, 1
H), 6.97 (d, J=8.0 Hz, 2H), 3.81 (s, 3H), 3.48-3.08 (8H), 2.95 (d, J=18.0
Hz) 1 H), 2.30 (br s, 1 H), 2.10 (AB d, J=11.5 Hz, 15 1 H)) 1.97 (AB d,
J=11.5 Hz) 1 H). EXAMPLE 32
11-AZA-TRICYCL017.3.1.OZ~~iTRIDECA-2Cn.3.5-TRIENE-5-CARBOXYLIC ACID METHYL
ESTER HYDROCHLORIDE (Based on Dolle, R. E.; Schmidt, S. J.; Kruse, L. 1. J.
Chem. Soc., Chem. Commun. 1887, 904-905.) 20 Trifluoro-methanesulfonic
add-11-benzyl-11-aza-tricydo[7.3.1.02~~]trideca-2(?),3,5trien-5-yl ester
{1.0 g, 2.28 mmol) was dissolved in DMSO (15 mL) and MeOH (2 mL) and
treated with triethyiamine (505 mg, 4.99 mmol), potassium acetate (22.0 mg,
0.23 mmol) and 1,3-bis(diphenyfphosphino)propane {94.0 mg, 0.23 mmoQ. This
mixture was stirned 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., warmed to
100C for 3 hours, cooled and then poured into brine (50 mL). The resulting
mixture was extraded with ElOAc (4 x 40 mL) and the combined organic layer
was washed with a sat. aq. NaHC03 soln. (100 mL), HZO (100 mL), brine (100
mL), dried (MgSO,), fettered and evaporated to an oil. The oil)
11-benzyl-11-aza 30 tricydoj7.3.1.Oz~']trideca-2(7),3,5-triene-5-carboxylic
add methyl ester, was chromatographed on silica gee to provide an oil (280
mg, 38%). (TLC 10%EtOAcI hexanes R, 0.21). APCI MS m/e 322.2 [(M + 1)'].
This oil was converted into the title compound by the methods described in
Example 3. (TLC 10%CHzCI2IMeOH (NH3) R, 0.21).'H NMR (CD30D) S 7.87 (d)
J=2.0 Hz, 1 H), 7.83 (dd) J=8.0,2.0 Hz,1 H), 7.35 (d, J=8.0 Hz) 1 H), 3.87
(s, 3H), 3.4a3.'12 35 (6H), 2.97 (d, J=18.5 Hz, 1 H), 2.52 (br s, 1 H),
2.18 (AB d, J=11.5 Hz, 1 H)) 1.97 (AB d, J=11.5 Hz) 1 H). mp 255-256 C. 



2 2 OCT 2002 -70 5 EXAMPLE S3
2-(11-AZA-TRICYCLO(7.3.1.0~~'1TRIDECA-2(7).3.5-TRIEN-5-YLt-PROPAN-2-OL
HYDROCHLORIDE
11-Benzyl-11-aza-tricyclo[7.3.1.Oz''Jtrideca-2(n,3,5-triene-5-carboxylic
acid methyl ester (180 mg) 0.82 mmoi) was stirred under N2 at -78 C in anh.
THF (15 mL) and treated 10 with excess methyl magnesiumbromide (~1 mL, 3M
in THF). The resulting mixture was allowed to warm to ambient temperature
and quenched with a sat. aq. NH,CI soln. (25 mL). The product was extracted
with ElOAc (3 x 50 mL), washed with brine (50 mL), dried (MgS04), filtered
and evaporated to an oil (100 mg) 50~). GCMS m/e 321 (M'). This material
was converted to the title compound by the methods described in Example 3.
'H 15 NMR (CD30D) S 7.32 (OH), 7.24 (s, 1 H), 7.18 (d, J=8.0 Hz) 1 H), 7.08
(m, 1 H), 3.50-3.12 (6H)) 2.91 (d, J=18.5 Hz, 1 H), 2.47 (br) s, 1 H), 2.11
(AB d, J=11.5 Hz, 1 H), 1.97 (AB d, J=11.5 Hz, 1 H), 1.15 (s, 6H). mp 80-81
C. EXAMPLE S4
5-Pyridin-3-vl-11-aza-tricvclol7.3.1.0~~'ltrideca-2(n.3.5-triene
hydrochloride 20 Trifluoro-methanesulfonic acid
11-benryl-11-aza-tricyclo[7.3.1.02~'nrideca-2(7),3,5trien-5-yl ester and
diethyl-pyridin-3-yl-borane were converted to the title compound by the
methods described in Example 30. 'H NMR (CD30D) 8 9.14 (br s, 1 H), 8.78
(m, 2H), 8.08 (m) 1 H), 7.69 (d, J=2.0 Hz, 1 H), 7.62 (dd, J=8.0,2.0 Hz,1
H), 7.43 (d, J=8.0 Hz, 1 H), 3.43-3.18 (6H), 3.05 (d, J=18.5 Hz, 1 H), 2.56
(br s, 1 H)) 2.18 (AB d) J=11.5 Hz, 1 H), 2.02 (AB d, J=11.5 25 Hz, 1H).
GCMS m/e 250 (M'). mp 240-242 C.   2 2 OCT 2002 -7I_ CLAIMS A compound of
the formula R' wherein Z is CH2, C{=O) or CFz; R' is hydrogen, (C,-C)alkyl,
unconjugated (C.~-C6)alkenyl, benryt, XC(=O)R" or -CHzCHr 10
O-(C,-C4)alkyl; R~ and R' are selected independently) from hydrogen, (C~-C)
alkenyl, (C2-C) alkynyl, hydroxy, vitro, amino, halo, cyano,
-SOq(C,-Ce)alkyl wherein q is zero, one or iwo, (C,_C)alkylamino,
[(C~-C)alkyl~amino, C02R4, CONRSR, S02NR~R, C(=O)R", XC{=O)R", aryl(Co -C~)
alkyl or aryl-(Co-C3)alkyrl-O- wherein said aryl is selected from phenyl
and naphthyl, 15 heteroaryl-(Ca-C3)alkyl or heteroaryl~Co-G3~Ikyl-0-,
wherein said hetenoaryl is selected from five to seven membered aromatic
rings containing from one to four heteroatoms selected from oxygen)
nitrogen and sulfur, and Xz(Ca-C)alkoxy-(Co-C6)alkyl, wherein X~ is absent
or X~ is (C,C6)alkylamino or [{C1-C6)alkyIJZamino, and wherein the
(C~)atkoxy-(Co-Cs)alkyl moiety of said XZ(Co-C6)alkoxy-(Co-C)alkyl contains
at least one carbon atom, and wherein from one to three of 20 the carbon
atoms of said {Co-C)alkoxy-(C~)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 carbon atoms, and wherein any
of the alkyl moieties of said (CC6)alkoxy-(C~)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-(CaC3)alkyl and
said 25 heteroaryl-(C~)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
substituent_s independentl~r selected from (C, -C) alkyl optionally
substituted with from one to seven fluorine atoms, (C~ ~) alkoxy optionally
substituted with from two to seven fluorine atoms, halo e(~C. ., chloro,
fluoro, bromo or iodo), hydroxy, vitro, cyano, amino, {C, -C6) alkytamino
and [(C, 30 -C6) alkylJi amino; or RZ and R', together with the carbons to
which they are attached, fomn a four to seven membered monocydic, or a ten
to fourteen membered bicydic, carbocydic ring that can be saturated or
unsaturated, wherein from one bo three of the nonfused carbon atoms of said
monocydic rings, and from one to frve of the carbon atoms of said bicydic
rings that are not part of 



33 the benzo ring shown in fiortnufa I, may optionally and independently be
replaced by a nitrogen, oxygen or sulfur, and wherein said monocydic and
bicydic rings may optionally be substituted with    2 2 ~~~ 2002 -72 one or
more substituents, that are selected, independently, from (Co -C6) alkoxy
(Co-C6) alkyl wherein the total number of carbon atoms does not exceed six
and wherein any of the alkyl moieties may c3ptionally be substituted with
from one to seven fluorine atoms; vitro, oxo, cyano, halo, hydroxy, amino,
(C, -C)alkylamino, [(C~ -C) alkyl]Zarnino, phenyl and monocyclic heteroaryl
wherein said heteroaryl is defined as in the definition of R2 and R' above;
10 each R') R5, R, R' , R and R" is selected, independenti~r, from hydrogen
and (C, -C6) alkyl, or R5 and R, or R' and R together with the nitrogen to
which they are attached, form a pyrrolidine, piperidine, morpholine,
azetidine, piperazine, -N-(C~-C)alkyipiperazine or thiomorpholine ring, or
a thiomorpholine ring wherein the ring suHur is replaced with a sutfoxide
or sui'rone; and 15 each X is, independenby, (C~-C)alkylene; with the
proviso that: (a) at least one of R', Rz and R' must be the other than
hydrogen, (b) when Rz and R' are hydrogen, R' cannot be methyl or hydrogen;
and (c) in any of the fluoro substituted alkyl or alkoxy moieties of R~ and
R' the carbon atom adjacent to a heteroatom may not be monofluorinated; 20
or a pharmaceutically acceptable salt thereof; 2. A compound according to
claim 1, wherein RZ and R', together with the benzo ring of formula I, form
a bicyclic ring system selected from the following: R' O ~R~o N N N O
~~--R'  0 R" O N O O ~ Rio O % N N ~~o wherein R' and R" are selected,
independently, from hydrogen and (C,-C)alkyl. 25 3. A compound according bo
c~im 1) wherein Rz and R' do not, together with the benzo ring of formula
I) form a bicyclic or tricyclic ring system.   Z Z ~~,~~ 2002 -73 4. A
compound according to claim 1, wherein one or both of R2 and R3 are
-C(=0)R" wherein R'3 is (C~-C6)alkyl. ~; A compound according to claim 1,
wherein one of Rz and R' is -COR" wherein R" is (C,-C6)alkyl or
(C,-G,~)alkyl optionally substituted with from one to seven fluorine atoms.
6. A compound axording to daim 1, wherein one of Rz and R' is CFA , fluoro,
cyano 10 or C=F5. 



7. A pharmaceutical composition for use in reducing nicotine addiction or
aiding in the cessation or lessening of tobaxo use in a mammal, comprising
an amount of a compound accorcling to daim 1 that is effective in reducing
nicotine addidion or aiding in the cessation or lessening ef tobacco use
and a pharma~Waft~r a~ptable cz.Tier. 'I S 8. The use of an amount of a
compound according to claim 1 for the preparation of a medicament for
reducing nicotine addiction or aiding in the cessation or lessening of
tobacco use in a mammal. 9. A pharmaceutical composition for treating a
disorder or condition selected from 20 inflammatory bowel disease,
irritable bowel syndrome, spastic dystonia, chronic pain, acute pain,
celiac spare, pouchitis, vasoconstriction, an~aety, panic disorder)
depression, bipolar disorder, autism, _ sleep disorders, jet lag,
amyotrophic .lateral sclerosis (ALS), cognitive dysfunction, hypertension,
bulimia, anorexia, obesity) cardiac arrhythmias; gastric acid
hypersecretion, ulcers, pheochromocytoma, progressive supranue~ear ,palsy,
chemical dependenaes and addictions, 25 headache) stroke, TBi,
obsessive-compulsive disorder (OCD)) psychosis, -Huntington's Chorea,
tardive dyskinesia, hyperkinesia, dyslexia, schaophrenia, multi-infarct
dementia, age related cognitive  decline, epilepsy, including pent mat
absence epilepsy, senile dementia of the Alzheimer'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 30 1 that is effecctivve in treating such disorder or
condition and a phartnaceuticaafy acceptable carrier. 10. The use of an
amount of a compound according to claim 1 for the preparation of a
medicament for treating a disorder or condition selected from inflammatory
bowel disease, irritable bowel syndrome, spastic dystonia, chronic pain,
acute pain, celiac spree, pouchitis, 35 vasoconstriction, anxiety, panic
disorder, depression, bipolar disorder, autism, sleep disorders, jet lag,
amyotrophic lateral sclerosis (ALS), cognitive dysfunction, hypertension,
bulimia, anorexia, obesity, cardiac arrhythmias, gastric acid
hypersecretion, ulcers, pheochromocytoma, progressive supranuclear palsy,
chemical dependencies and addictions, headache, stroke, TBI,
obsessive-compulsive disorder (OCD), psychosis, Huntington's Chorea,
tardive dyskinesia, 40 hyperkinesia, dyslexia, schizophrenia, mufti-infarct
dementia, age related cognitive decline, epilepsy, including petit mat
absence epilepsy, senile dementia of the Alzheimer's type (AD), Parkinson's
disease (PD), attention deficit hyperactivity disorder (ADHD) and
Tourette's Syndrome in a mammal.   2 2 O~T 2002 -74 11. A compound of the
formula Z NP (f) Q15 wherein Z is CH2, CFZ or C(=O); P is hydrogen, methyl,
COOR'6 wherein R' is (C~-Cs)alkyl, 10 allyl or 2,2,2-trichloroethyl;
-C(=O)NR5R6 wherein RS and R are defined as in formula I above; C(=O)H;
-C(=O)(C,-C6)alkyl wherein the alkyl moiety may optionally be substituted
with from 1 to 3 halo atoms; benzyt or t-butoxycarbonyl (t l3oc), and R"
and R'S are selected, independently) from hydrogen, hydroxy, vitro, amino,
-0(C~-C6)alkyt and halo; with the proviso that R" and R'S cannot both be
hydrogen when P is hydrogen, methyl or -C(=O)H. 15 12. A compound of the
formula 



P~ wherein Z is CHZ, CFZ or C(=O); Rz and R3 are defined as in claim 2; and
P' is COOR'6 wherein R'6 is allyl, Z,2,2-trichloroethyl or (C,-C6)alkyl;
-C(=O)NR5R6 whErein R5 and R6 are defined as in claim 1; -C(=O)H;
-C(=O)(C,-C6)alkyl wherein the alkyl moiety may optionally be 20
substituted with from 1 to 3 halo atoms; benryl, t-butoxycarbonyl (t-Boc),
or trifluoroacetyl.    L L lit, I LUUL -75 13. A compound according to
claim 1 selected from the group consisting of 11-Azatricyclo[7.3.1
(02'7]trideca-2(7),3,5-triene-5-carbonitrile;
11-Azatricyclo[7.3.1.027]trideca-2(7),3,5-triene-4-carbonitrile;
1-[11-Azatricyclo[7.3.1.02 ~ 7]trideca-2(7),3,5-men-5-yl]-1-ethanone;
1-[11-Azatricyclo(7.3.1.0z7]trideca-2(7),3,5-trien-5-yl]-1-propanone;
4-Fiuoro-11-azatricyclo[7.3.1.0z7]trideca-2(7),3,5-triene-5-carbonitrile;
5-Fluoro-11-azatricyclo(7.3.1.02 ~7)trideca-2(7),3,5-triene-4-carbonitrile;
1-[11-Azatricyclo[7.3.1.027]trideca-2(7),3,5-trien-4-ylJ=1-ethanone;
1-[11-Azatricycioj7,3.1,D27]trideca-2(7),3,5-men-4-yl]-1-propanone;
6-Methyl-7-thia-5,14-diazatetracyc1oj10.3.1.02.10.0
4,8]hexadeca-2(10),3,5,8-tetraene;
6-Methyl-6,7,14-triazatetracyclo[10.3,1.02.10.04,$)hexadeca-2(
10),3,5,8-tetraene; 6,7-Dimethyl-5,7,14-triazatetracyclo[10.3.1.02~10.0`t~8
]hexadeca-2(10),3,5,8-tetraene;
5,7,14-Triazatetracycloj10.3.1.02.10,04,8]hexadeca-2(10),3,5,8-tetraene;
7-Methyl-5,7)
14-triazatetracyclo[10.3.1,02.10,04,8]hexadeca-2(10),3,5,8-tetraene; 5)
11,18-Triazapentacyclo[14.3.1.0214.04,12,p8,11 ]icosa-2(
14),3,5,12-tetraene; 7-Ethyl-6-m ethyl-5, 7,14-triazatetracycloj
10.3.1.02.10.04.8]hexadeca-2(10),3, 5,8-tetraene;
6-Methyl-7-propyl-5,7,14-triazatetracyclo[10.3.1.0Z ~ 10.04 8]hexadeca-2(
10),3,5,8-tetraene; 7-Ethyl-5,7) 14-triazatetracyclo(10.3.1.02 ~ 10,
04,8]hexadeca-2(10),3, 5,8-tetraene;
7-Butyl-6-methyl-5,7,14-triazatetracyclo(10.3.1.02.10.04,8]hexadeca-2(10),3
,5,8-tetraene;
7-lsobutyl-6-methyl-5,7,14-triazatetracyclo[10,3.1.02.10,p4,8]hexadeca-2(10
),3,5,8-tetraene;
7-Butyl-5,7,14-triazatetracyclo[10.3.1.02.10_04,8]hexadeca-2(10),3,5,8-tetr
aene;
7-Isobutyl-5,7,14-triazatetracyclo[10.3.1.02.10,04,8]hexadeca-2(10),3,5,8-t
etraene; 5,11,18-Triazapentacycloj14.3.1.02~ 14.04' 12.05
10]icosa-2(14),3,10,12-tetraene;
5,6-Dimethyi-5,7,14-triazatetracyclo[10.3.1.0210.04,$
]hexadeca-2(10),3,6,8-tetraene; 5-Ethyl-6-methyl-5,7)
14-triazatetracyclo[10.3,1.0Z ~ 10.04,8]hexadeca-2(10),3,6,8-tetraene;
5-Methyl-5,7,14-triazatetracyclojl 0.3. 9 .02 ~ ~ 0.04 ~8]hexadeca-2(
10),3,6,8-tetraene;
5-Ethyl-5,7,14-triazatetracyclo(10.3.1.02.10,04,8]hexadeca-2(1
D),3,6,8-tetraene; 6-Methyl-5-propyl-5,7,14-triazatetracyclo(10.3.1.02 ~
10.04$]hexadeca-2( 10),3,6,8-tetraene;
5-Isobutyl-6-methyl-5,7,14-triazatetracyclo[10.3.1.02. ~
0.04,8]hexadeca-2(10),3,6,8-tetraene; 5-Propyl-5,7)
14-triazatetracyclo[10,3.1.02.10,04,8]hexadeca-2(10),3,6,8-teiraene;
5-Isobutyl-5,7,14-triazatetracyclo[10.3.1.02,1
O.p4,8]hexadeca-2(10),3,6,8-tetraene; 6(Trlfl
uoromethyl)-7-this-5,14-diazatetracyclo[10,3.1,0210.04.8]hexadeca-2(10),3,5
,8-tetraene; 5,8,15-Triazatetracyclo[11.3,1.02) 11,04,9]heptadeca-2(11
),3,5,7,9-pentaene;
7-Methyl-5,8,15-triazatetracyclo(11.3.1.0211.04~gJheptadeca-2(11
),3,5,7,9-pentaene;
6-Methyl-5,8,15-triazatetracyclo[11.3.1,02.11.04.g)heptadeca-2(11
),3,5,7,9-pentaene; 6,7-Dimethyl-5,8,15-lriazatetracyclo[11,3.t.02,11.04,9
Jheptadeca-2(11),3,5,7,9-pentaene;
7-Oxa-5,14-diazatetracyclo[10.3.1.0210.048]hexadeca-2(10),3,5,8-tgtraene:
6-Methyl-7-oxa-5,14-diazaletracycio[10.3.1.02e ~.04~8
]hexadeca-2(10),3,5,8-tetraene; 6-Ethyl-7-oxa-5,14-diazatetracycloj10
3.1.0210.04,8 ]hexadeca-2(10),3,5,8-tetraene;
6-Propyl-7-oxa-5,14-diazatetracyclo[10.3,1.02,10,p4,8]hexadeca-2(10),3,5,8-
tetraene; 5-Methyl-7-oxa-6,14-diazatetracycto[10.3.1.02.10.04,$
]hexadeca-2(10),3,5,8-tetraene;
5-Oxa-7,14-diazatetracyclo[10.3.1.02,10.04,8]hexadeca-2(
10),3,6,8-tetraene;   L L UL ) LUUL -76
6-Methyl-5-oxa-7,14~iiazatetracyclo[10.3.1.02.10.04.8
]hexadeca-2(10),3,6,8-tetraene; 6-Ethyl-5-oxa-T,14-diazatetracyclo[10
3.1.02~10.04~$ ]hexadeca-2(10),3,6,8-tetraene;
6-Propyl-5-oxa-7,14-diazatetracyclo[10.3.1.~2~10.04,8
]hexadeca-2(10),3,6,8-tetraene; 7-Methyl-5-oxa-6,14-diazatetracyclo[10.3)
1.02.10,04.8]hexadeca-2(10),3,6,8-tetraene;
4,5-Difluoro-11-azatricyclo[7.3.1.02~7]trideca-2(7),3,5~triene;
4-chloro-5-fluoro-11-azatricyclo[7.3.1.027]trideca-2(7),3,5-triene;
5-Chloro-4-fluoro-11-azatricyClo[7.3.1.027]trideca-2(7),3,5-triene; 4-(
1-Ethynyl)-5-tluoro-11-azatricyclorl.3.1.027]trideca-2(7),3, 5-triene;
5-(1-Ethynyl)-4-fluoro-11-azatricyclo[7,3.1.027]trideca-2(7),3,5-triene;
4,5-Dichloro-11-azatricyclo[7.3.1,02e]trideca-2(7),3,5-triene; and
pharmaceutically acceptable salts and optical isomers thereof. 14. A
compound according to claim 1 selected from the group consisting of
5,6-difluoro-11-aza-tricyclo[7.3.1.02e]frideca-2,4,6-triene;
11-benzyl-6-methoxy-11-aza-tricyclo[7,3.1.02e]trideca-2(7),3,5-triene;
6-methoxy-11-aza-tricyclo[7.3.1.OZ~~]trideca-2(7),3,5-triene;
11-aza-tricyclo[7.3.1.027]trideca-2(7),3,5-tries-6-ol;
6-fluoro-11-aza-tricyclo[T.3.1.027]trideca-2(7),3,5-triene;
11-benzyl-5-methoxy-11-aza-tricyclo[7.3.1.02 ~7]trideca-2(7),3, 5-triene;
11-benzyl-11-aza-trlcyclo[T.3.1.02~~]trideca-2(7),3, 5-men-5-ol;
5-methoxy-11-aza-tricyclo[7.3.1.027]trideca-2(T),3,5-triene;
11-aza-tricyclo[7.3.1.027]trideca-2(7),3,5-tries-5-ol;
11-benzyl-5-difluoromethoxy-11-aza-tricyclo(7.3.1.027]trideca-2(7),3,5-trie
ne; 5-d(fluoromethoxy-11-aza-tricyclo[7,3.1.02~~]trideca-2(7),3,5-triene;
11-benzyl-5-ethoxy-11-aza-tricyclo(7.3.1.02'7]trideca-2(7),3,5-triene;
S-ethoxy-11-aza-tricyclo[7.3.1.027]trideca-2(7),3,5-triene;
5-isopropoxy-11-aza-tricyclo[7.3.1,02~7]trideca-2(7),3,5-triene;
11-benzyl-4-methoxy-11-aza-tricyclo[7.3.1.027]trideca-2(T),3,5-triene;
4-methoxy-11.aza-tricyclo[T.3.1.027]trideca-2(7),3,5-triene;
11-aza-tricyclo[7.3,1.02~~]trideca-2(7),3,5-men-4-ol;
11-benzyl-11-aza-tricyclo[7.3.1.027]trideca-2(7),3,5-triene; 4-n
itro-11-aza-tricyclo[7.3.1.02~~]trideca-2(7),3,5-triene; 5-n
itro-11-aza-tricyclo[7.3.1.02~7]trideca-2(7),3,5-triene;
3-nitro-11-aza-tricyclo[7.3.1.027 ]trideca-2(7),3,5-triene;
11-benzyl-5-fluoro-11-aza-tricyclo[7.3.1.02~7Jtrideca-2(7),3,5-triene;
5-fluoro-11-aza-tricyclo[7.3.1.02T]trideca-2(7),3,5-triene;
5,7-dioxa-14-azatetracyclo[10.3.1.0210,04,8]hexadeca-2(10),3,8-trlene;
11-benzyl-6-bromo-5-methoxy-11-aza-tricyclo(7.3.1.027]trideca-2(7),3,5
-triene;
11-benzyl-6-hydroxy-5-methoxy-11-aza-tricyclo[7.3.1.02~7)trideca-2(7),3,5
-triene; 6-hydroxy-5-methoxy-11-aza-tricyclo[7.3.1.0z7]trideca-2(7),3,5
-triene; trifluoromethanesulfonic acid-11-benzyi-11-aza-tricyclo[7.3.1.0
2.7]trideca-2(7),3,S-men-5-yl ester;
5-(4-trifluoromethyl-phenyl).11-aza-tricyclo[7.3.1.027]trideca-2(7),3,5-tri
ene;
5-(4-methoxy-phenyl}-11-aza-tricyclo[7.3.1.027]ttideca-2(7),3,5-triene;
11-aza-tricyclo[7.3.1.027]trideca-2(7),3,5-triene-5-carboxylic acid methyl
ester; 2-(
11-aza-tricyclo[7.3.1.027]trideca-2(7),3,5-tries-5-yl)-propan-2-ol;
5-pyridin-3-yl-11-aza-tricyclo[7.3.1.027]trideca-2(7),3,5-triene; ' , and
pharmaceutically acceptable salts and optical isomers thereof. ,
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