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ARYL FUSED AZAPOLYCYCLIC
COMPOUNDS

This application is a national stage entry under 35 U.S.C..
§371 of PCT/1B98/01813, filed Nov. 13, 1998 which claims
the benefit of U.S. Provisional Application Ser. No. 60/070,
245, filed Dec. 31, 1997.

BACKGROUND OF THE INVENTION

This invenuon relates 1o aryl fused azapolycyclic
compounds, as defined more specifically by formula [ below.
Compounds of formula I bind to neuronal nicotinic acetyl-
choline specific receptor sites and are useful in modulating
cholincrgic function. Such compounds arec uscful in the
treatment of 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,
vasocoastriction, anxiety, panic disorder, depression, bipolar
disorder, autism, sleep disorders, jet lag, amyotrophic lateral
sclerosis (ALS), cognitive dysfunction, hypertension,
bulimia, anorexia, obesity, cardiac, arrythmias, gastric acid
hypersecretion, ulcers, pheochromocytoma, progressive
supranuclear palsy, chemical dependencies and addictions
(¢.g., dependencies on, or addictions to micotine {and/or
tobacco products), alcohol, benzodiazepines, barbiturates,
opioids or cocaine), headache, stroke, traumatic brain injury
(TBI), obsessive-compulsive disorder, psychosis, Hunting-
ton’s Chorea, tardive dyskinesia, hyperkinesia, dyslexia,
schizophrenia, multi-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.

The compounds of this invention may also be used in
combination with an antidepressant such as, for example, a
tricyclic antidepressant or a serotonin reuptake inhibiting
antidepressant (SRI), in order 1o treat both the cogaitive
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 TBL: in combination with neurotrophic factors
such as NGF in order to maximize cholinergic enhancement
for the treatment, for example, of ALS, cognitive

dystunction, age related cognitive decline, AD, PD stroke,

Huntington’s Chorea and TBI: or in combination with
ageats that slow or arrest AD such as cognition enhancers,
amyloid aggregation inhibitors, secretase inhibitors, tau
kinase inhibitors, neuronal antiinflammatory agents and
estrogen-like therapy.

Other compounds that bind to neuronal nicotinic receptor
sites are referred to in U.S. patent application Ser. No.
08/963,852, which was filed on Nov. 4, 1997 now U.S. Pat.
No. 6,020,335. The foregoing application is owned in com-
mon with the present application, and is incorporated herein
by refereace in its eatirety.
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SUMMARY OF THE INVENTION

This invention relates 10 aryl fused azapolycyclic com-
pounds of the formula

¥
R

\e

R* is hydrogen, (C—Cylalkyl, unconjugated (C,-C,)
alkenyl, benzyl, XC(=O0)R"> or —CH.CH.—0—
(C,—Calkyl;

R* and R> are selected, independently, from hydrogen,
(C.~Cylalkenyl, (C,-C,)alkynyl, hydroxy, nitro,
amino, halo, cyano, —SO (C,—-C,)alkyl wherein q is
zero, one or two, (C;-Cg)alkylamino-, [(C,~C,)alkyl]
samino-, —CO.RY, —CONRPR®, —SO.NRR?,
—C(=0)R" —XC(=0)R??, aryl-(Cy-C,)alkyl- or
aryl{(C,y-C;)alkyl-O—, wherein said aryl is selected
trom phenyl and naphthyl, heteroaryl-(C,-C;)alkyl- or
heteroaryl-(C,~C;)alkyl-O—, wherein said heteroaryl
is selected from five 1o seven membered aromatic rings
containing from one to four heteroatoms selected from
oxygen, nitrogen and sulfur, and X(C,-C,)alkoxy-
(Co—Cyalkyl-, wherein X is absent or X° is (C,-C,)
alkylamino- or [(C,~C,)alkyl].amino-, and wherein the
(Co-Colatkoxy-(Cy—Cylalkyl- moiety of said

) X:(CO-—(“G)alkoxy-((.‘OVC,,)alkyl- contains at least one
carbon atom, and wherein from one to three of the
carbon atoms of said (C,~C)alkoxy-(Cy—C,)alkyl-
moiety may optionally be replaced by an oxygen,
nitrogen or sulfur atom, with the proviso that any two
such heleroatoms must be separated by at least two
carbon aloms, and wherein any of the alkyl moicties of
said (C,~Cglalkoxy{Co-Co)alkyl- may be optionally
substituted with from two to seven fluonne atoms, and
whercein onc of the carbon atoms of cach of the alky!
moieties of said aryl-(Cy—C5)alkyl- and said heteroaryl-
(Co=C5)alkyl- may optionally be replaced by an
oxygen, nitrogen or sulfur atom, and whereia cach of
the foregoing aryl and heteroaryl groups may option-
ally be substituted with one or more substituents,
preferably from zero to two substitucnts, independently
selected from (C,~C,)alkyl optionally substituted with
from one o seven fluonne aloms, (C,-Cealkoxy
optionally substituted with from two 1o seven fluorine
atoms, halo (e.g., chloro, fluoro, bromo or iodo),
(C.—C,)alkenyl, (C.~C,)alkynyl, hydroxy. nitro,
cyano, amino, (C,—C.)-, [(C,~Cy)alkyl],amiao-,
~—CO.R", —CONR'R®, —SO.NR’R®, -—C(=0)R"®
and —XC(=0)R", '

or R* and R?, together with the carbans to which they are
attached, form a four 1o seven membered monacyclic,
or 4 len 1o lourleen membered bicyclic, carbocyclic
ring that can be saturated or unsaturated, wherein from
oae to three of the nonfused carbon atoms of said
monocyclic rings, and from onc to five of the carbon
atoms of said bicyclic rings that are not part of the
benzo ring shown in formula 1, may optionally and
independently be replaced by a nitrogen, oxygen or
sulfur, and wherein said mouocyclic and bicyclic rings
may optionally be substituted with one or more
substituents, preferably from zero to two substituents
for the monocyclic rings and trom zero 1o three sub-
stituents for the bicyclic rings, that are selected,
independently, from (Co-Cylalkoxy-(C,—C,)alkyl-,
wherein the total number of carbon atoms does not




US 6,410,550 B1

3

exceed six and wherein any of the alkyl moieties may
optionally be substituted with from one to seven fluo-
rine atoms; pitro, 0xo, cyano, halo, (C.-C,)alkenyl,
(C.~Cgalkynyl, hydroxy, amino, (C,-Cy)alkylamino-,
[(C,~Cglalkyl],amino-, —CO,R*, —CONRR®,
—SONRR*, —C(=0)R"?, and —XC{=0)R'?;

~each R*, R*,R®, R7, R® and R*? is selected, independently,
from hydrogen and (C;-C,) alkyl, or R® and R®, or R’
and R® together with the nitrogen to which they are
attached, form a pymolidine, piperidine, morpholine,
azetidine, piperazine, —N—(C,~CJalkylpiperazine or
thiomorpholine ring, or a thiomorpholine ring whercin
the ring sulfur is replaced with a sulfoxide or sulfone;
and

each X is, independently, (C,~C)alkylene:

with the proviso that: (a) at least one of R', R* and R?

must be the other than hydrogen, and (b) when R* and

R* arc hydrogen, R* cannot be mcthyl or hydrogen,
and the pharmaceutically acceptable salts of such com-
pounds.

Examples of heteroaryl groups that each of R* and R* can
be are the following: thienyl, oxazoyl, isoxazolyl, pyridyl,
pyrimidyl, thiazolyl, tetrazolyl, isothiazolyl, triazolyl,
imidazolyl, tetrazolyl, pyrroyl and the following groups:

O Y

N-—O
RIS 0. R® RIS 9
Y \lr ﬁN /\AN/R
¢ 1 <
— o, =

N
N

'\)\
N

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.
Examples 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, form a bicyclic ring system sclected from the following:

N\ HY @h\ 10
T>_R O>—R
R”Rm

N\\l O\V
C /'é “RY7 J
: .

>

wherein R'© and R'7 arc sclected, indcpendently, from
(Cy—Cylatkoxy-(Cy—Cy)alkyl- wherein the total number of
carbon atoms does not exceed six and wherein any of the
alkyl moieties may optionally be substituted with from one
to seven fluorine atoms; nitro, cyano, halo, amino, (C,—C,)

RIS

10

40

45

R

53
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4
alkylamino-, [(C,-C,) alkyl}.amino-, —CO.R",
—CONR’R®, —SO.NRR*?, —C(==0)R*? —XC(=0)R"?,
phenyl and monocyclic heteroaryl wherein said heteroaryl is
defined as R® and R* are defined in the definition of
compounds of the formula [ above;

Other embodimeants of this invention relate to compounds
of the formula I, and their pharmaceutically acceptable salts,
wherein R* and R?, together with the benzo ring of formula
[, form a bicyelic or trcyclic ring system selected from the
tollowing:

Rl(\
e
\‘N
/
N
\RIG
o)
RIO RI"
AN
) T
N
RIO
N X/
PN ‘.“
N oA ’&N
R

wherein R'® and R'7 are defined as above and m is ZE10, ONe
or two, and wherein one of the carbon atoms of ring A can
optionally be replaced with oxygen or —N(C,-Cyalkyl.

Other embodiments of this invention relate to compounds
ofthe formula I, and their pharmaceutically acceptable salts,
whercin ncither R” nor R> is attached to the benzo ring of
formula I via an oxygen atom.

Other embodiments of this invention relate to compounds
of the formula I, and their pharmaceutically acceptable salts,
wherein R? and R® do not, together with the benzo ring of
tormula I, form a bicyclic or tricyclic ring system.

Other embodimeats of this invention relate to compounds
of the formula I wherein one or both of R® and R® are
—C(=0)R", wherein R' is (C,-C.)alkyl. Further
embodiments of this invention relate 0 compounds ol the
formula I wherein one or both of R* and R* are —C(=0)
R™, wherein R*? is (C,~Calkyl or (C,—C, )alkyl optionally
substituted with from one to seven fluorine atoms. Other
embodiments relate 1o compounds of the formula | wherein
onc of R* and R’ is CF,, fluoro, cyano or C.F,.

Other embodiments of this invention relate to compounds
of the formula I wherein R is not methyl.

Examples of specific compounds of the formula I are the
following:
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6-mcthyl-5,7-dioxo-6,13-diazatctracyclo[9.3 1.0°1°.0"%]
pentadeca-2(10),3 8-triene hydrochloride;
6-methyl-5-0x0-6,13-diazatetracyclof9.3.1.0%:1° 4]
pentadeca-2(10),3,8-triene hydrochloride;
5,7-dimethyl-6-0x0-5,7,13-triazatetracyclo[9.3.1.01°.0* ]
pentadeca-2(10),3,8-triene hydrochloride;
5,7-dioxo-6,13-diazatetracyclo[9.3.1.0°1°.0% ¥ pentadeca-2
(10),3.8-triene hydrochloride;
5-0x0-06,13-diazatetracyclo[9.3.1.0°1°.0* #]pentadeca-2
(10),3,8-tricne hydrochloride:
6-0x0-5,7,13-triazatetracyclo[9.3.1.0°'°.0" * pentadeca-2
(10),3,8-tnene hydrochloride;
4.5-difluoro-10-aza-tricyclo[6.3.1.07 " Jdodeca-2(7),3,5-
triene hydrochloride;
5-fluoro-10-aza-tricyclo{6.3.1.0°"Jdodeca-2(7),3,5-triene-
4-carbonitrilc hydrochloridc;
4-cthynyl-5-fluoro-10-aza-tricyclo[6.3.1 .07 "Jdodcca-2(7),
3,5-triene hydrochloride;
5-ethynyl-10-aza-tricyclo[6.3.1.0°" Jdodeca-2(7),3,5-tricne-
4-carbonitrile hydrochloride;
4-ethynyl-5-chloro-10-aza-tricyclo[6.3.1.0% " Jdodeca-2(7),
3,5-triene-4-carbonitrile hydrochloride;
4-ethynyl-5-chloro-10-aza-tricyclo[6.3.1.0* "Jdodeca-2(7),
3,5-triene bydrochloride.
5-oxa-7-methyl-6-0x0-7,13-diazatetracyclo{9.3.1.07'° (%]
pentadeca-2(10),3,8-tricne hydrochloride;
4-fluoro-5-triftuoromethyl-10-aza-tricyclo[6.3.1.0°7)
dodeca-2(7),3,5-triene hydrochioride;
4-chloro-5-trifluoromethyl-10-aza-tricyclo[6.3.1.0%"7]
dodcca-2(7),3,5-tricnc hydrochloridc;
5-trifluoromethyl-10-aza-tricyclo[6.3.1.0% " Jdodcca-2(7),3,
S-triene-4-carbonitrile hydrochloride:
4-ethynyl-5-trifluoromethyl-10-aza-tricyclo[6.3.1.0%7]
dodeca-2(7),3,5-triene hydrochloride.
6-methyl-5-thia-5-dioxa-6,13-Diazatetracyclo[9.3.1.0*
10.0*®]pentadeca-2(10),3,8-triene hydrochloride;
7-dimethylamino-5-thia-5-dioxa-6,13-Diazatetracyclo
[9.3.1.0*'°.0"*]peatadeca-2(10),3,8-tricae hydrochlo-
ride;
6,7-dioxa-5.8,14-triazatletracyclo[10.3.1.0% 11 0% 9]
hexadeca-2(11),3,9-triene hydrochloride; and
5,8-dimethyl-6,7-dioxa-5,8,14-triazatetracyclo[10.3.1.0%
u.O“’g]hexadcca-Q(l1),3.9-m'cnc hydrochloride.

This invention also relates to compounds of the formula

P

N

R RIS

wherein P is hydrogen, methyl, COOR'® wherein R'¢ is
(C,-Cyalkyl, allyl, 2°- -trichloroethyl or (C,—Cylalkyl;
—C(=0)NR’R® wherein R® and R® are defined as in
formula 1 above; —C(=0)H, —C(=0)C,-C,)alkyl
wherein the alkyl moicty may optionally be substituted with
from 1 to 3 halo atoms, preferably with from 1 to 3 fluoro
or chloro atoms; benzyl or t-butoxycarbonyl (t-Boc); and

R and R" are selected, independently, from hydrogen,

30

n

40

45

D

-
n

6l

6

(C,-C,)alkyl optionally substituted with from one to seven
fluorine atoms; —C(=0)(C,-C,)alkyl, cyano, hydroxy,
nitro, amino, —O(C,~C,)alkyl or halo: with the proviso that
R** and R** 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 1.

The invention also relates (o a compound of the formula

R.‘
v
’ad
[ |
\\
R)
R!
’a
v
[ |
\\
Rl

wherein R* and R? are defined above; and P’ is COOR'®
whercin R'® is allyl, 2,2.2-trichlorocthyl or (C,~Cg)alkyl;
—C(=O0)NR’R® wherein R* and R® are defined as in claim
2; —C(=0)H, —C(=0)C,~C,)alkyl wherein the alkyl
molety may optionally be substituted with from 1 to 3 halo
atoms, preferably with from 1 to 3 fluoro or chloro atoms;
benzyl, or t-butoxycarbonyl (t-Boc).

Unless otherwise indicated, the term “halo”, as used
herein, includes fluoro, chloro, bromo and iodo.

Unless otherwise indicated, the term ~alkyl”, as used
heremn, iacludes straight, branched or cyclic, and may
include straight and cyclic alkyl moieties as well as
branched and cyclic moieties.

The term “alkoxy™, as uscd hercin, mecans “alkyl-O—",
whercin “alkyl” is defined as above.

The term “alkylene, as used herein, means an alkyl radical
having two available bonding sites (ie., -alkyl-), wherein
“alkyl” is defined as above.

Unless otherwise indicated, the term “one or more
substituents”, as used herein, refers to from one to the
maximum oumber of substituents possible based on the
number of availabfe bonding sites.

The term “treatment”, as used herein, refers 10 reversing,
alleviating, inhibiting the progress of, or preventing the
disorder or condition to which such term applies, or one or
more symptoms of such condition or disorder. The term
“treatment”, as used herein, refers to the act of treating, as
“treating” is defined immcdiately above.

The compounds of formula I may have optical centers and
therefore may occur in different epantiomeric configura-
tions. The invention includes all enantiomers, diastereomers,
and other stereoisomers of such compounds of formula I, as

g}

[

5 well as racemic and other mixtures thereof.

The present invention also relates to all radiolabeled
forms of the compounds of the formula 1. Preferred radio-
lubeled compounds ol formula I are those wherein the
radiolabels are selected from as *H, ''C, "*C, ""F, *** and
%31, Such radiolabeled compounds are useful as research
and diagnostic tools in metabolism pharmacokinetics studies
and in binding assays in 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,
1ncluding a human, comprising an amouat of a compound of
the formula I, or a pharmaceutically acceptable salt thereof,
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that is effective in reducing nicotine addiction or aiding in
the cessation or lessening of tobacco use and a pharmaceu-
tically acceptable carrier.

The present invention also relates 1o a method for reduc-
ing nicotine addiction or aiding in the cessation or lessening
of tobacco use in a mammal, including a human, comprising
administering to said mammal an amount of a compound of
the formula [, ora pharmaceutically acceptable sall thereol,
that is effective in reducing nicotine addiction ar aiding in
the cessation or lessening of tobacco use.

The preseant invention also relates to a method of treating
a disorder or condition selected from iaflammatory bowel
discase (including but not limited to ulcerative colitis, pyo-
derma 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), cognitive dysfunction,
hypertension, bulimia, anorexia, obesity, cardiac arrythmias,
gastric acid hypersecretion, ulcers, pheochromocytoma, pro-
gressive supranuclear, palsy, chemical dependencies and
addictions (e.g., dependencies on, or addictions 1o nicoline
(and/or tobacco products), alcohol, benzodiazepines,
barbiturates, opioids or cocaine), headache, stroke, trau-
matic brain injury (TBI), obsessive-compulsive disorder
(OCD), psychosis, Huntingon's Chorea, tardive dyskinesia,
hyperkinesia, dyslexia, schizophrenia, multi-infarct
dementia, age related cognitive decline, epilepsy, including
petit mal absence epilepsy, senile dementia of the Alzhe-
imer’s type (AD), Parkinson's discase (PD), attention deficit
hyperactivity disorder (ADHD) and Tourette’s Syndrome in
a mammal, comprising administering 10 a mammal in need
of such treatment an amount of a compound of the formula
I, or a pharmaceutically acceptable sali thercof, that is
effective in teeating such disorder or condition.

The present invention also relates 1o a pharmaccutical
composition for trcating a disorder or condition sclccted
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, vasocoastriction,
anxiety, panic disorder, depression, bipolar disorder, autism,
sleep disordecs, jet lag, amyotropic latecal sclerosis (ALS),
cognitive dysfunction, hypertension, bulimia, anorexia,
obesity, cardiac arrythmias, gastric acid hypersecretion,
ulcers, pheachromocytoma, progressive supranuclear palsy,
chemical dependencies and addictions (e g., dependencies
on, or addictions to nicotine (and/or tobacco products),
alcohol, benzodiazepines, barbiturates, opioids or cocaine),
hcadache, stroke, traumatic brain injury (TBI) obscssive-
compulsive disorder (OCD), psychosis, Huntington's
Chorea, tardive dyskinesia, hyperkinesia, dyslexia,
schizophrenia, multi-infarct dementia, age related cognitive
decline, cpilepsy, including petit mal absence epilepsy,
senile dementia of the Alzheimer’s type (AD), Packinson's
discase (PD), attention deficit hyperactivity disorder
(ADHD) and lourette’s Syadrome in a mammal, comprising
an amount of a compound of the formulz 1, or a pharma-
ceutically acceptable salt thereof, and a pharmaceutically
acceptable carrier.

The present invention also relates to a method tor reduc-
ing nicotine addiction or aiding in the cessation or lessening
of tobacco usc in a mammal, comprising administcring to
said mammal an amount of a compound comprising an
amount of a compound of the formula

n

10

18

1o

0

"
v

0

40

54

h

NH

or a pharmaceutically acceptable salt thereof, that is effec-
tive in reducing nicotine addiction or aiding tn the cessation
or lessening of tobacco use.

The present iovention also relates to a method for treating
a disorder or condition sclected from inflammatory bowel
disease (including but not limited 10 ulcerative colitis, pyo-
derma gangrenosum and Crohn’s disease), irritable bowel
syndrome, spastic dystonia, chronic pain, acute pain, celiac
sprue, pouchitis, vasoconstriction, anxiely, panic disorder,
depression, bipolar disorder, autism, sleep disorders, jet lag,
amyotrophic latera sclerosis (ALS), cognitive dysfunction,
hypertension, bulimia, anorexia, obesity, cardiac arrythmias,
gastric acid hypersecretion, ulcers, pheochromocytoma, pro-
gressive supranuclear palsy, chemical dependencies and
addictions (e.g., dependencies on, or addictions to nicotine
(and/or tobacco products), alcohal, benzodiazepines,
barbituatcs, opioids or cocainc), headache, stroke, traumatic
brain injury (TBI) obscssive-compulsive disorder (OCD),
psychosis, [luntington’s Chorea, tardive dyskinesia,
hyperkinesia, dyslexia, schizophrenia, multi-infarct
dementia, age related cognitive decline, epilepsy, including
petit mal absence epilepsy, senile dementia of the Alzhe-
imer’s type (AD), Parkinson’s disease (PD), attention deficit
hyperactivity disorder (ADHD) and Tourette’s Syndrome in
a mammal, comprising administering to 2 mammal in need
of such treatment an amount of a compound of the Tormula

NH

or a pharmaceutically acceptable salt thercof, that is effec-
tive in treating such disorder or condition.

This invention also relates to the pharmaceutically accept-
able acid addition salts of the compounds of formula I.
Examples of pharmaceutically acceptable acid addition salts
of the compounds of formula I are the salts of hydrochlonc
acid, p-toluenesulfonic acid, fumaric acid, citric acid, suc-
cinic acid, salicylic acid, oxalic acid, hydrohromic acid,
phosphoric acid, methanesulfonic acid, rartaric acid, malate,
di-p-toluoyl tartaric acid, and mandelic acid.

DETAILED DESCRIPTION OF THE
INVENTION

Except where otherwise stated, R? through R*®*, m and P,
and structural formula [ in the reaction schemes and discus-

sion that follow are defined as above.

Scheme 1

/

, NH*HC] t

\
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Scheme 1-10 illustrate methods of synthesizing com-
pounds of the formula 1.

Referring to Scheme 1 the starting material of formula 111
is reacted with trifluoroacetic anhydride, in the preseace of
pyridine, (o form the compound of formula V. This reaction
is typically conducted in methylene chloride at a tempera-
ture from about 0° C. to about room temperature.

The compound of formula [V is then converted into the
dinitro derivative of formula A by the following proccss.
The compound of the formula IV is added to a mixture of 4
or more equivalents of trifluoromethanesulfonic acid
(CF,SO_0H) and 2 to 3 equivalents of aitric acid, in a
chlorinated hydrocarbon solvent such as chlorofarm, dichlo-
roethane (DCE) or methylene chloride. The resulting mix-
ture is allowed to react for about 5 to 24 hours. Both of the
foregoing reactions are generally conducted at a lemperature
ranging from about -78° C. to about 0° C. for about 2 hours,
and then allowed (o warm to room temperature for the
remaining iime.

Reduction of the compound of formula 1A, using meth-
ods well known to those of skill in the ar, yields the
compound of formula IIB. This reduction can be
accomplished, for example, using hydrogen and a palladium
catalyst such as palladium hydroxide and running the rcac-
tion in methanol at about room temperature.

Referring to Scheme 2, the compound of tormula TIA is
converted into the corresponding compound wherein the
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trifluoroacetyl protecting group is replaced by a t-Boc pro-
tecting group (VIA) by rcacting it first with an alkali metal
or alkaline earth metal (or ammonium) hydroxide or
carbonate, and then reacting the isolated product from the
foregoing reaction with di-t-butyldicarbonate. The reaction
with the alkali or alkaline earth metal (or ammonium)
hydroxide or carbonate is generally carried out in an aque-
ous alcohol, dioxane or tetrahydrofuran (THF) at a tempera-
fure from about room temperature to about 70° C., prefer-
ably at about 70° C. [or about one (o about 24 hours. 'Ihe
reaction of the isolated, uaprotected amine or an acid
addition salt of such amine, from the above reaction with
di-t-butyldicarbonate is preferably carried out in a solvent
such as TIIF, dioxane or methylene chloride at a temperature
from about 0° C. to about room temperature. This reaction
may or may not be conducted in the presence of a base.
When the reactant is a salt of the amine, use of a base is
preferred. The resulting compound of formula VIA can be
counverted to the corresponding diamino derivative of
lormula VIB using the procedure described above lor con-
verting the dinitro compound ol {ormula [IA into the cor-
responding diamino compound of formula [B.

The conversion of the compound of formula VIB into the
desired compound of the formula VII can be accomplished
by reacting the compound of formula VIB with a compound
of the formula

X

Rm

XXIAa

H5C>0C. CO-CHs

OC:H;s

wherein R*® is hydrogen, (C,-C,)alkyl optionally substi-

tuted with from one to seven fluorine atoms, aryl-(C,—C,) .

alkyl wherein said aryl is selected from phenyl and naphthyl,
or hcteroaryl-(Co—Cs)alkyl whercin said hetcroaryl is
sclected from five to seven membered aromatic rings con-
taining from one to four heteroatoms selected from oxygen,
nitrogen and sulfur, and wherein each of the foregoing aryl
and heteroaryl groups may optiopally be substituted with
one or more substituents, preferably trom zero to two
substituents, independently sclected from (C,-C;)alkyl
optionally substituted with from one to seven fluorine atoms,
(C,~Cjlalkoxy optionally substituted with from one to
seven {luorine atoms and cyano. ‘The preferred solvent for
this reaction 1s a 10:1 mixture ol ethanol acetic acid. The
reaction temperature can range from about 40° C. to about
100° C. 1t is preferably about 60° C. Other appropriate
solvents include acetic acid, ethanol and isopropanol.

Altcrnate mcthods of preparing compounds of the formula
VII the compound of formula VIB are described by Segel-
stein et al., Terrahedron Lert., 1993, 34, 1897.

Removal of the t-Boc protecting group from the com-

pound of formula VII yields corresponding compound of s

formula IA. The protecting group can be removed using
methods well known to those of skill in the art. For example,
the compound of formula VII can be treated with an achy-
drous acid such as hydrochloric acid, hydrobromic acid,
methanesullonic acid, or trilluoroacetic acid, preferably
hvdrochloric acid in ethyl acetate, at a temperature from
about 0° C. to about 100° C. preferably fram about room
temperature to about 70° C. for about one to 24 hours.
The compound of formula VII can be converted into the
corresponding compound of formula IB by rcacting it with
a compound of the formula R*7Z, wherein R*7 is defined as
R'? is defined above, and Z is a leaving group such as a halo
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or sulfonate (¢.g., chloro, bromo, mesylate or tosylate), in
the presence of a basc such as an alkali mctal hydridc,
hydroxide or carbonate, preferably potassium hydroxide, in
4 polar solvent such as water, dimethylsul(oxide (DMSQ),
THF or DMF, preferably a mixture of DMSO and water, and
then removing the protecting group as described above. The
reaction withR *7Z is generally carried out at a temperature
from about room teruperature 1o about 100° C., preferably at
about 50° C_, for about five hours.

Scheme 3 illustrates an alicrnale method of preparing
compounds of the formula IB from the compound of for-
mula VIA. This method is the preferred method of making
compounds of the formula IB wherein R'” is a bulky group
such as an aryl or heteroaryl containing group, or when R’
can not be attached, as illustrated in Scheme 2, by alkylation
or aryl substitution micthods. Referring to Scheme 3, the
compound of formula VIA is reacted with the appropnate
compound of formula R*'NIL. in a polar solvent such as
THF, DMF or DMSO. preferably THE, at a temperature
from about room tempcrature 10 about 100° C., preferably at
the reflux temperature, for about four to eighteen hours. The
resulting compound of formula XXIII is then converted into
the corresponding compound of the formula XXIV by
redugciag the mitro group to an amino group using methods
well known to those of skill in the art. Such methods are
referred to above for the conversion of the compounds of the
lormula [IA into a compound of the formula UB in Scheme
1, and exemplitied in experimental Examples 128 and 18B.
Closure of the imidazole ring 10 torm the corresponding
compound of formula XXV can then be accomplished by
reacting the compound of formula XXIV from the above
reaction with a compound of the formula

X

Rl(l

XXItA

HsC~OAC. CO,CaHs

OCaH;

wherein R is defined as above, as described above for
converting compounds of the formula VIB into those of the
tormula VII.

Removal of the protecting group from the compound of
formula XXV yields the corresponding compound of for-
mula IB. This can be accomplished using methods well
known in the art, for example, as described above for
forming compounds of the formula IA from the correspond-
ing compounds of the formula VIL.

Scheme 4 illustrates a method of preparing compounds of
the formula IC, wherein R'® and R'7 are as defined above.
Referring 10 Scheme 4, the compound of formula VIB is
reacted with a compound of the formula

OH

SONa
NaQ,S

ol

(sodium bisullite ethane dione addition adduct) in water or
another polar solvent such as THF, DMF or DMSQ, pref-
erably a mixture of water and a water miscible solvent such
as THF, for about one to four bours. The reaction tempera-
ture can range from about 40° C. to about 100° C., and is
preferably at about the reflux temperature. )

Alternatively, the compound of formula VIB can be
reacted with a compound of the formula
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RY
It

(double condensation reaction) in a polar solvent such as
THE, water, or acetic acid, preferably a mixture of water and
THF. This reaction is typically carried out at a temperature
from about 40° C. ta about 100° C. prefcrably at the reflux
temperature, for about two to four hours.

'The desired quinoxoline of formula 1C can then be formed
by deprotecting the compound formed in either of the
foregoing reactions, using the method described above for
converting a compound of the formula VII into one of the
formula 1A.

Scheme 5 illustrates a method of preparing compounds of
the formula I wherein R* and R, together with the benzo
ring to which they are attached, form a benzoxazole ring
system. Such a compound, wherein R! is hydrogen, is
depicted in Scheme 5 as chemical formula IE. Referring to
Scheme 5, the compound of formula XXII, wherein Y is
nitro, halo, trifluoromethanesulfonate or a diazonium salt, is
rcacted with potassium acctate or another alkali or alkalinc
earth metal carboxylale in a solvent such as dimethylsul-
foxide (DMSO), DMF or acetonitrile, preferably DMSO.
This reaction is generally allowed to run for about 12-24
hours. Appropriate reaction temperatures range from about
70° C. to about 140° C. Approximately 100° C. is preferred.

The above reaction yields the compound of formula VIII,
which can (hen be converied into the desired compound
having formula IE by the following procedure. First, the
compound of formula VIIT is reduced by reaction with

hydrogen and a palladium or platinum catalyst such as 3

palladium hydroxide in methanol at a temperature from
about 0° C. to about 70° C., preferably at about room
tcmperature, to form the corresponding amino derivative.
The product of this reaction is then reacted with an acid
chioride of the formula R*°COCl or an acid anhydride of the
formula (R™CO),0 wherein R is (C,-C,)alkyl, or a
compound of the formula R*C(OC,H;),, in an appropriate
mnert solvent such as decalin, chlorobenzene or xylenes. A
mixture of xyleoes is preferred. This reaction is typically
conducted at a temperatuce from about 120-150° C., pref-
crably at about 140° C. When R'?COCT is used as a reactant,
it is preferable to add a stoichiometric amount of triethy-
lamine (TEA) or another organic tertiary amine base and a
catalytic amount of pyridinium p-toluenesuifonic acid or

pyridinium p-toluenesulfonate (PPTs) 1o the reaction mix- 3

wre. When RC(OC.H,); is used as a reactant, it is
preferable to add a catalytic amount of PPTs to the reaction
mixture.

Removal of the trifluoroacetyl nitrogen protecting group

yiclds the desired compound of the formula [E. This can be ss

accomplished using methods well known to those of skill in
the art, for example, reacting the protected compound with
a lower alkanol and an aqueous alkali or alkaline earth metal
(or ammontum) hydroxide or carbonate, aqueous sodium
carbonate, at a temperature {from about 50° C. to abow 100°
C., preferably at about 70° C. for about two to six hours.
Scheme 6 illustrates the preparation of compounds of the
formula I wherein R* is hydrogen and R” and R, together
with the benzo ring to which they are attached, form a
benzothiazole ring system. Referring to Scheme 6, the
compound of formula IIT is rcacted with triftuoroacctic
anhydride to form the corresponding compound wherein the

20

40

=1

6(

18

ring nitrogen is protected by a trifluoroacetyl group, and the
resulting nitrogen protected compouad is then reacted with
two equivalents of triflucromethanesulfonic anhydride and
one equivalent of nuric acid to form the corresponding
compound of formula IX, wherein there is a single nitro
substituent on the benzo ring. The reaction with trifiuoro-
acetic acid is typically conducted in the presence of pyridine.
Both of the above reactions are typically conducted in a
reaction inert solvent such as a chlorinated hydrocarbon
solvent, prelerably methylene chloride, al a temperature
from about 0° C. to about room temperature, preferably at
about room temperature.

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

Reduction of the nitro group 1o an amine group can be
accomplished as described above to provide a compound of
the formula X'

The compound of formula IX' is then reacted with a
carboxylic acid halide or anhydride of the formula R*°COX
or (R*®C0).0, wherein X is halo and R™® is hydrogen or
(C,-Cglalkyl, and pyridine, TEA or another tertiary amine
base, to form a compound of the formula X, which can then
be converted to the desired compouad having formula XI by
reacting it with Lawesson’s reagent, which is depicted
below

CHaz
O/

The reaction with R'COX, wherein X is halo, or
(R'°C0).0 is generally carried out at a temperature from
about 0° C. to about room temperature, preferably at about
room tempcraturc. The reaction with Lawesson'’s rcagent is
generally carried out in a reaction inert solvent such as
benzene or toluene, preferably toluene, at a temperature
from about room temperature to about the reflux temperature
of the reaction mixture, preferably at about the reflux
temperature.

Closure to the benzothiazole ring and nitrogen deprotec-

s tion to form the desired compound of formula [F can be

accomplished by reacting the compound of formula Xt with
potassium ferricyanide and sodium hydroxide in a mixture
of water and methanot (NaOH/H.OQ/CH,OH), at a tempera-
wre from about 50° C. to about 70° C., preferably at about
60° C. for about 1.5 hours.

Scheme 7 illustrates a method of preparing the compound
of formula IH, which is used as the starting material for the
process of Scheme 1, or a compound of the formula IG,
wherein R™ and R* form a ring (labeled “A™ in the Scheme),
as defined above in the definition of compounds of the
tormula 1. Referring to Scheme 7, the compound of formula
XIl, wherein X' and X are selected, independently, trom
chioro, fluoro, bromo and iodo, but where at least one of X!
and X7 is Br- or I-, reacted with cyclopentadiene, in the
presence of magnesium metal, in a THE, dioxane or other
cthereat solvent, at a temperature from about 40° C. to about
100° C., preferably at about the refiux temperature, to form
a compound of the formula XII. Reaction of the resuiting
compound of tormula XIII with N-methylmorphotine-N-
oxide (NMO) and osmium tctroxide in acctonc at about
room temperature yields the corresponding compound of the
formula XIIIA.
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The compound having formula XIUA is then converted
into the corrcsponding compound of formula XIV using the
following procedure. First, the compound of formula XIIIA
18 reacted with sodium periodate in & mixwre of a chiori-
nated hydrocarbon, preferably dichloroethane (DCE), and
water, or with lead tetraacetate in a chlorinated hydrocarbon
solvent, at a temperature from about 0° C. to about room
lemperature, to generate a dialdehyde or glycal intermediate.
The product of this reaction is then reacted with benzy-
lamine and sodium triacetoxyborohydride in a chlorinated
hydrocarbon solvent at a temperature from about 0° C. to
about room temperature, preferably at about room
temperature, to form the desired compound of formula XIV.
Removal of the benzyl group from the compound of formula
XIV yields the compound of formula HI (when ring A is
absent) or [G, (when ring A is present). This can be accom-
plished using methods well known to those of skill in the art,
for example, optionally reacting the free base with one
cquivalent of acid, ¢.g., hydrochloric acid, (to form the
corresponding acid addition salt), followed by hydrogen and
palladium hydroxide in methanol at about room tempera-
ture.

In the reductive animation step described above and
throughout this documeat, alternatives to benzyl amine, such
as ammonia, hydroxylamine, alkoxy amines, methyl amige,
allyl amine, and substituted benzyl amines (e.g., diphenyl-
methyl amine and 2- and 4-alkoxy substituled benzyl
amines) can also be used. They can be used as (ree bases, or
as their salts, preferably their acetate salis, and can be
subsequently removed by methods described for each by T.
W. Greene and G. M. Wauts, “Protective Groups in Organic
Synthesis”, 1991, John Wiley & Sons, New York, N.Y.

The procedure of Scheme 7 can also be used to prepare
compounds of the formula I wherein R~ and R do not form
a ring and are not both hydrogen, by replacing the starting

material of formula XII with the appropriate compound -

having the formula

X1
R’ |
R' X

Scheme 8, 9 and 10 illusirate methods of preparing
compounds of the formula I wherein R" is hydrogen: and R*
and R® represent a variety of different substituents, as
defined above, but do not form a ring.

Scheme 8 illustrates a variation of the process showa in s

Scheme 7, which can be used to make a compound identical
to that of formula Il except that the benzo ring is substituted
with a fluoro group or an alkoxy group (R'® in Scheme 8).
This compound is depicted in Scheme 8 as chemical slruc-

ture 1H. Referring 10 Scheme 8, where, for example, R'® is 5

F, 1,3-difluorobenzene is reacted with a strong base such as
an alkali metal dialkylamine or an alkali metal alkyl (or aryl)
in an ethereal solvent such as ethyl cther or I'HE, at a
lemperature below -50° C. followed by quenching with
indine or N-ivdosuccinamide, to lorm 1,3-dilluoro-2-
todobenzene. The compound 1,3-diluoro-2-iodabenzene
(structural formula XVI in Scheme 8) is then converied into
the compound of formula IH by a series of reactions
(represented in Scheme 8 as
XVI=>XVII—>XVIII—XtX—IH) that arc analogous to the
series of reactions described above and illustrated in Scheme
7 for converting compounds of the formula XIII into those
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of the formula IG or 1. Conversion of the compound of
formula XVI into the compound of formula XVII can also
be accomplished by treating a mixture of the compound of
formula XVI and cyclopentadicne with an alkyl lithium
reagent, prefecably n-butyl lithium, in an igert hydrocarbon
solvent such as petroleum ether or methyl cyclohexane, at a
temperature from about -20° C. to about room temperature,
preterably at about 0° C.

The compound of formula IH can then be converted into
the corresponding nitrogen protected derivative of formula
XX, using the methods described above for synthesizing the
compound of formula [V in Scheme 1. Nitration of the
compound of formula XX using the method described above
for preparing the compound of formula IX in Scheme 6,
yields the compound of formula XXI wherein the benzo ring
is substituted with both a fluoro and nitro group or an alkoxy
group and aitro group. The compound of formula XXI can
be used to make a variety of compounds of the formula |
wherein one of R* and R* is fluoro, using methods that are
well known to those of skill in the art, (or example, by lirst
converting the nitro group to an amino group, converting the
amino group to a variety of other substituents, as illustrated
in Scheme 10, and thea removing the nitrogen protecting
group.

The compound of formula XXI acts as a regioisomeric
functional equivalent of the compounds having formulas
IIA, VIA and XXII, in that the fluorine atom of formula XX1
reacts similarly to the nitro and Y groups of formula IIA,
VIA, and XXII, and thus can be subjected 1o the same series
of reactions as those described above for the latter three
compounds, providing an alternate meaas for preparing the
products of such reactions. Similarly, the alkoxy group ol
formula XXt (R™=alkoxy) may be converted into a
hydroxyl group before or after introduction of the nitro
group, and then converted to isomeric products as described
above. Also, the trifluoromethanesulfonate salt of such
hydroxy derivative can act as a Y-group as described.

Preparation of compounds of formula | where R°=—0
(C,-Cylalkyl, (C,-C,) alkyl or aryl wherein aryl is defined
as above in the definition of formula I, and R is I or one
of the other substituents described above in the definition of
formula I, can be prepared as described above and illustrated
in Scheme 8 by replacing one of the fluorine atoms of the
compound of formula XV with —O0—(C,-Cy)alkyl,
(C,—Cgalky! or aryl, respectively.

Scheme 9 illustrates methods of preparing compounds of
the formula [ wherein: (a) R' is hydrogen and R® is
R7RSNO:S~—: (b) R" and R* are both chioro: and (c)R'is
hydrogen and R is R**C(=0)—. These compounds are
referred to in Scheme 9, respectively, as compounds of
formulas IJ, IK and IL. ’

Reterring to Scheme 9, compounds of the formula I can
be prepared by reacting the compound of formula IV with
two or more equivalents of a halosuifonic acid, preferably
chlorosulfonic acid, at a temperature from about 0° C. to
about room temperature. Reaction of the chlorosulfonic acid
derivative so formed with an amine having the formula
R7RENH, wherein R” and R® ace defined as above, followed
by removal of the nitrogen protecting group, yields the
desired compound having formula [J.

Compounds of the formula IK can be prepared by reacting
the compound of formula [V with iodine trichloride in a
chlorinated hydrocarboa solvent, followed by removal of the
nitrogen protecting group. The reaction with iodine trichlo-

5 ride is typically carricd out at a temperature from about 0°

C. to about room temperature, and is preferably carried out
at about room temperature. In a similar fashion, the analo-
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gous mono- or dibrominated or mono- or diiododinated
compounds can be prepared by reacting the compound of IV
with N-iodosuccinimide or N-bromosuccinimide in a trif-
luoromethanesulfonic acid sotvent, followed by removal of
the nitrogen protecting group as described above.

Reaction ol the compound of IV with an acid halide of the
formula R**COCI or an acid anhydride of the lormula
(R'*C0).0, 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 0° C. to about 100° C.,
followed by aitrogen deprotection, yiclds the compound of
formula IL. The reaction with the acid halide or anhydride
can be carnied out using other known Lewis acids or other
Friedel-Cratfts, acylation methods that are known in the art.

The reactions described berein in which NO.,
—SO.NR'R®, —COR™, I, Br or Cl are introduced on the
compound of formula IV, as depicted in Scheme 9 and
described above, can be performed on any analogous com-

pound wherein R is hydrogen, (C,=Cg)alkyl, halo, (C,-C,) 2

alkoxy or —NHCONR'R®, producing compounds of the
formula [ wherein R* and R are defined as in the definition
of compounds of the formula | above.

Compounds that are identical to those of the formula IL,
but which rctain the nitrogen protecting group, can be
converted into the corresponding O-acyl substituted
compounds, i.c., those wherein the —C(=O0)R'* group of
formula 1L is replaced with a —O-—~C(==0)R** group, using
Baeyer-Villiger processes well known to those skilled in the

art. The resulting compounds can be partially hydrolyzed, as 3

described 1 Example 35, to vield the corresponding
hydroxy substituted compounds, and thea alkylated to [orm
the corresponding alkoxy substituted compounds. Also, as
described in Example 36, such O-acyl substituted com-
pounds can be used to prepare variably substituted henzisox-
azoles.

Scheme 10 illustrates methods of making compounds of
the formula T wherein: (a) R' is hydrogen and R® is chloro;
(b) R" is hydrogen and R* is cyano; (¢) R" is hydrogen and
R* is amino; and (d) R' is hydrogen and R* is R**C(=0)
N(H)—. These compouands are referred 10 in Scheme 10,
respectively, as compounds of the formula IM, IN, IP and
Q.

Compounds of formula IM can be prepared from com-
pouands ot the formula IX' by generation of a diazonium salt
with, for instance, an alkali metal nitrite and strong mineral
aaid (e.g., hydrochloric acid, sulfuric acid, hvdrobromic
acid) in water, followed by reaction with a copper halide salt,
such as copper (I) chioride. Nitrogen deprotection by the

methods described above yields the desired compound of s

formula IM. Altcrmative methods for the gencration of
diazonium salts, as known and practiced by those of skill in
the art, can also be used. The foregoing reaction is generally
carried out by lemperatures ranging from about 0° C. to

about 60° C., preferably about 60° C. for about 15 minutes s

10 one hour.

Reaction of the diazodium salt, prepared as described
above, with potassium todide in an aqueous medium pro-
vides the analogous iodide derivative. This reaction is gen-
erally carried out al & lemperature from about 0° C. 10 about
room temperature, prelerably at aboul room temperature.
The resulting compound, or its analogous N-tert-
butylcarbonate protected form, can be used to prepare the
correspondiag cyano derivative by reaction with copper (1)
cyanide and sodium cyanide in DMF, N,N-
dimethylpropylurca (DMPU) or DMSO, preferably DMF, at
a temperature trom about 50° C. to about 180° C., preferably
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about 150° C. Nitrogen deprotection as described above
provides the desired compound of formula IM.

The above described iodide 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 paltadium and nickel catalyzed pro-
cesses known Lo those of skill in the art, such as Heck,
Suzuki and Stille couplings and Heck carbonylations.

Nitrogen deprotection of the compound of formula IX'
provides the compound of the formula IP.

The compound of formula IX' can be reacted with a acyl
group having the formula R**COC or (R*3>C0).0 using the
methods described above, followed by nitrogen deprotection
to provide compounds of the formula IQ. In a similar
fashion. treatment of the protected amine with a compound
baving the formula R**SO.X, when X is chloro or bromo,
followed by nitrogen deprotection, provides the correspond-
ing sulfonamide derivative.

Other suitable amine protecting groups that can be used,
aliernatively, in the procedures described throughout this
dacument include —COCF,, —COCCl,, —COOCH.CCl,,
—COO(C~Cyalkyl and ~~COOCH.C,H;. These groups
are stable under the conditions described herein, and may be
removed by methods described for each in Greene’s “Pro-
tective Groups in Organic Chemistry”, referred to above.

In each of the reactions discussed above, or illustrated in
Schemes 1-10, above, pressure is not critical unless other-
wise indicated. Pressures from about 0.5 atmospheres to
about 5 atmospheres are generally acceptable, with ambieat
pressure, ie., about 1 atmosphere, being preferred as a
matter of convenience.

The compounds of the formula 1 and their pharmaceuti-
cully acceptable salts (herealter “the active compounds™)
can be administered via either the oral, transdermal (e.g.,
through the use of a patch), intranasal, sublingual, rectal,
parenteral or topical routes. Transdermal and oral adminis-
tration arc preferred. These compounds are, most dcsirably,
administered in dosages ranging from about 0.25 mg up to
about 1500 mg per day, preferably from about 0.25 to about
300 mg per day in single or divided doses, although varia-
tions 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 body
welght per day is most desirably employed. Variations may
nevertheless occur depending upon the weight and condition
of the persons being treated and their individual responses o
said medicament, as well as on the type of pharmaceutical
tormulation 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 aforcsaid range
may bc morc than adequate, while in other cascs still larger
doses may be employed without causing any harmful side
elfects, provided that such larger doses are first divided into
several small doses for administration throughout the day.

The active compounds can be administered alone or in
combination with pharmaceutically acceptable carriers or
diluents by any of the several routes previously indicated.
More particularly, the active compounds can be adminis-
lered in a wide variety of dillerent dosage [orms, ey, they
may be combined with various pharmaceutically acceplable
inert carriers in the form of tablets, capsules, transdermal
patches, lozenges, traches, hard candies, powders, sprays,
creams, salves, suppositories, jellies, gels, pastes, lotions,

§ olntments, aqucous suspensions, injectable solutions, clixirs,

syrups, and the like. Such camers include solid dilucnts or
fillers, sterile aqueous media and various non-toxic organic
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solvents. In addition, oral pharmaceutical compositions can
be suttably sweetened and/or flavored. In general, the active
compounds are present in such dosage forms at concentra-
tion levels ranging trom about 5.0% to about 70% by weight.

For oral admimstration, tablets containing various excipi-
ents such as microcrystalhine cellulose, sodium citrate, cal-
cium carbonate, dicalcium phosphate and glycine may be
employed along with various disintegrants such as starch
(preterably corn, potato or tapioca starch), alginic acid and
certain complex silicates, together with granulation binders
like polyvinylpyrrolidonc, sucrose, gelatin and acacia.
Additionally, lubricating agents such as magacsium stearate,
sodium laury! sulfate aod 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 molecular weight polyethylene glycols. When aqueous
suspenstons and/or ¢lixirs are desired for oral administration
the active ingredient may be combined with various sweet-
ening or flavonng agents, coloring matter and, if so desired,
emulsifying and/or suspending agents, together with such
diluents as water, ethanol, propylene glycol, glycerin and
various combinatioas thereof.

For parenteral administration. a solution of an active
compound 1n cither sesame or peanut oil or in aqucous
propylene glycol can be employed. The aqueous solutions
should be suitably buffered (preferably pH greater than 8),
if necessary, and the liquid diluent first rendered isotonic.
These aqueous solutions are suitable for intravenous injec-

tion purposes. The oily solutions are suitable for 3

intraarticular, intramuscular and subcutaneous injection pur-
poses. The preparation ol all these solutions under slerile
conditions 1s readily accomplished by standard pharmaceu-
tical techniques well known to those skilled in the art.

It is also possible to administer the active compounds
topically and this can be done by way of creams, a patch,
jellics, gels, pastes, ointments and the like, in accordance
with standard pharmaccutical practicc.

Biological Assay

‘The ellectiveness of the active compounds in suppressing
nicotine binding 1o specilic receplor sites is determined by
the following procedure which is a madification of the
methoads of Lippiello, P. M. and Fernandes, K. G. (in The
Binding of L-{*HWicotine To A Single Class of High-Affinity
Sites in Rat Brain Membranes, Molecular Pharm., 29,
448-34, (19806)) and Andcrson, D. J. and Aracnc, S. P (in
Nicotinic Receptor Binding of *H-Cystisine, *H-Nicotine
and *H-Methylcarmbamylcholine In Rat Brain, European J.
Pharm., 253, 261-67 (1994)).

Procedure

Malc Sprague-Dawley rats (200-300 g) from Charles

River were housed in groups 1o hanging stainless steel wire

cages and were maintained on a 12 hour light/dack cycle (7
a.m.~7 p.m. light peniod). They received standard Purina Rat
Chow and water ad libitum.

‘The rats were killed by decapitation. Brains were removed
immediately foHowing decapitation. Membranes were pre-
pared {rom brain tissuc according to the methods of Lip-
piello and Fernandez (Molec Pharmacol, 29, 448-454,
(1986) with some modifications. Whole brains were
removed, rinsed with ice-cold buffer, and homogenized at 0°
in 10 volumcs of buffer (w/v) using a Brinkmann
Polytron™, sctting 6, for 30 scconds. The buffer consisted of
50 mM Tris HCI at a pH of 7.5 at room temperature. The
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homogenate was sedimented by centrifugation (10 minutes;
50,000xg; 0 10 4° C. The supernatant was poured off and the
membranes were gently resuspended with the Polytron and
centrifuged again (10 minutes; 50,000xg; 0 to 4° C. After the
second centrifugation, the membranes were resuspended in
assay bufler al a concentration of 1.0 g/100 ml. The
composition ol the standard assay buller was 50 mM ‘[ris
HCL, 120 mM NaCl, 5 mM KCl, 2 mM MgCl., 2 mM CaCl.
and has a pH of 74 at room temperature.

Routine assays were performed in borosilicate glass test
tubes. The assay mixturc typically consisted of 0.9 mg of
mcmbranc protcin in a final incubation volumc of 1.0 mL.
Three sets of tubes were prepared wherein the tubes in each
set contained 50 ul of vehicle, blank, or test compound
solution, respectively. To cach tube was added 200 ul of
{*H]-nicotine in assay buffer followed by 750 «L of the
membrane suspension. The final concentration of nicotine in
cach tube was 0.9 nM. The final concentration of cytisine in
the blank was 1 4M The vehicle consisted of deionized water
containing 30 gl of 1 N acetic acid per 50 ml.of water. The
test compounds and cylisine were dissolved in vehicle.
Assays were initiated by vortexing ‘after addition of the
membrane suspension to the tube. The samples were incu-
bated at 0to 4° C. in an iced shaking water bath. Incubations
were terminated by rapid filtration under vacuum through
Whatman GF/B™ glass fiber filters using a Brandcl™
multi-manifold tissue harvester. Following the initial filtra-
tion of the assay mixture, filters were washed two times with
ice-cold assay buffer (5 m each). The filters were then placed
in counting vials and mixed vigorously with 20 mf of Ready
Safe™ (Beckman) before quantification of radioactvity.
Samples were counted in a LKB Wallach Rackbeta™ liguid
scintillation counter at 40-30% efficiency All determina-
tions were in triplicate.

Calculations

Specific binding (C) to the membrane is the difference
between total binding in the samples containing vehicle only
and membrane (A) and non-specific binding in the samples
containing the membrane and cytisine (B), ic.,

Specific binding=(C")=(4)-(R).

Specific binding in the presence of the test compouad (E)
1s the difference between the total binding in the presence of
the test compound (D) and non-specific binding (B), ie.,

(E)=(D)-(B).
e [nhibiton=(1-((£)/(C)) times 100.

The compounds of the invention that were tested in the
above assay exhibited IC;y values of less than 10 uM.

The following experimental examples ilfustrate, but do
nol limit the scope ol, this invention.

EXAMPLE 1

10-AZA-TRICYCLO[06.3.1.0>7"]DODECA-2(7),3,5-
TRIENE

A) 1,4-Dihydro-1,4-methano-naphthatene

(Based wholly or in part on a) Wittig, G.; Knauss, E.
Chem. Ber. 1958, 91, 895. b) Muir, D. J ; Stothers, J. B. Can.
J. Chem. 1993, 71, 1290.)

Magnesium turnings (36.5 g, 1.5 M) were stirred in
anhydrous THF (250 mL) in a dricd 2 L 3 ncck round bottom
flask cquipped with a 250 mL nos-cqualizing addition
funnel with a nitrogen (N.) flow adapter, mechanical stirrer
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and efficient condenser equipped with a N. flow adapter. The
flask was stirred and warmed to reflux by a removable
heating mantle. 2-Fluorobromobenzene (2 g) was added
tollowed by 1 mL of 3N cthylmagaesium bromide (EtMgBr
in THF). The addition funnel was charged with a mixture of
cyclopentadiene (94.4 g, 1.43 M. Prepared by the method
described 1n: Org. Syn. Col. Vol. 'V, 414-418) and bromol-
luorobenzene (250 g, 1.43 M) which was maintained at 0° C.
in a separate Hask by an ice bath, and transferred to the
addition funnel via cannuia. Small portions (~1 mL) of the
intimatc mixturc were introduced 10 assist initiation (~4x).
After ~15 minutes, the rcaction initiated (cxotherm, and
vapor condensation), the heating mantle was removed and
the contents of the addition funnel was added dropwise at
such rate as to maintain reflux (1.5 hours) The heating
mantle was re-applied and a reflux maintained for 1.5 hours.
(TLC 100% hexanes R,0.67).

The reaction was cooled to room temperature and
quenched with H.O (500 mL) and carefully with 1N HCI
(200 mL, produces H, evolution from unconsumed Mg). To
this ~30 mL concentrated HCl was added to dissolve solids.
Total addition/quench time ~1 hour. Saturated aqueous
sodium c¢hloride (NaCl) solution (300 ml) was added and
product hexanes extracted unti! no potassium permanganate
(KMnO,) active product is removed, (4x~250 mL). The
combined organic layer was washed with saturated NaHCO,
solution (250 ml), sodium bicarbonate Na,SO, dried and
concentrated to an oil (=200 g). The product was distilled at
78-83° C. @ 15 mm (131 g, 64%). (An altcroative workup

1s described on p.419 Fieser and Fieser, Vol. I, Reagents for -

Organic Synthesis, Wiley, N.Y.,, N.Y.; 1967).

B) 1.2.3,4-Tctrahydro-1,4-mecthano-naphthalene-2,3-diol

(Except for the workup method and the quantity of OsO,
used, based on VanRheenen, V,; Cha. D. Y.; Hartley, W. M.
Org. Syn. 1988, 6, 342))

In a2 L 3 neck round bottom flask equipped with a N,
flow adapter. mechanical stirrer was placed 1,4-dihydro-1,
4-mcthano-naphthalene (79.5 g, 560 mmol) stirred in
acetone (800 mL) and 11,0 (100 mL) and N-methyl mor-
pholine N-oxide (67.5 g, 576 mmol). To this was added
osmium tetroxide (0sO,) (15 mL of a 15 mol % t-BuOH
solution, 1.48 mmol. 0.26 mol %) and the mixture was
stirred vigorously. After 60 hours, the reaction was filtered,
and the white product rinsed with acetone and air dried (60.9
). Ihe mother hiquor was concentrated 10 an oily solid:
acetone trituration, filtration and acetone rinse provided
(27.4 g, otal 883 g, 89%). (TLC 30% EtOAc/hexanes
R,~0.5). mp 176-177.5° C.

) 10-Benzyl-10-aza-tricyclo{6.3.1.07 7 Jdodeca-2(7),3,5-
nene

(Based on Abdel-Magid, A. F.; Carson, K. G.; Harris. B.
D, Maryanoll, C. A;; Shah, R. D.J. Org. Chem. 1996, 61,
3849; and Mazzocchy, P H.; Stahly, B. C. /. Med. Chem.
1979. 22, 455)

1,2,3.4-Tetrahydro-1,4-methano-naphthalene-2,3-diol (40
g, 227.3 mmol) was stirred in H.O (1050 mL) and 1,2-
dichloroethane (DCE) (420 mL) in a 2 L. round bottom tlask
under nurogen with cool water bath (~10° C). To this
sodium periodate (NalQy) (51 g, 239 mmoi) and triethyl-
benzyl ammonium chloride (EGBaNCI) (50 mg) were
added. The resulting mixture was stirred for 1 hour (slight
witial exotherm), then the layers were separated and the
aqueous layer was extracted with DCE (200 ml). The
organic laycr was washed with H.O (4x200 mL, or until no
rcaction to starch iodide is obscrved in the aqucous wash)
then dried through a cotton plug. To this was added benzyl
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amine (25.5 g, 238.6 mmol) and the mixture was stirred for
2 minutes then immediately transferred into the sodium
triacetoxyborohydride NaHB(OACc),/DCE (sce below) over
10 minutes.

In a separate 2 L round botton flask flask under nitrogen
was magnetically stirred NaHB(OAc), (154 g, 0.727 mmol)
in DCE (800'mL) at 0° C. (ice bath). To this was added the
above mixture over 10 minutes, without delay after the
dialdehyde and amine were mixed. The resulling orange
mixture was allowed to warm to room temperature and
stirred for 30~-60 minutes.

The reaction was quenched by addition of saturated
sodium carbonate (Na,CO5) solution (~300 ml) carefully al
first and the mixture was stirred for 1 hour (pH 9). The layers
were separated and the aqueous layer was extracted with
CH.CL, (2x300 mL). The organic layer was washed with
saturated aqueous NaCl solution (200 mL), dried through a
cotton plug, then cvaporated to a red oil. This was dissolved
in a minimum of Et,O and filtered through a Silica pad (3x4
inch) eluting with 15% ethyl acetate (EtOAc)/hexanes +1%
ot 37% aqueous ammonium hydroxide (NH,OH) solution to
remove baseline red color. Coacentration affords a light
yellow oil (48.5 g, 194.8 mmol, 85.7%). (TLC 10% EtOAC/
hexanes R0.75). *H NMR (400 MHz, CDCL,) §7.16 (m,
7H), 6.89 (m, 2H), 3.48 (m, 2H), 3.08 (m, 2H), 2.80 (d, J=9.5
He, 2H), 2.42 (d, J=9.5 Hz, 2H), 2.27 (m, 1H), 1.67 (d,
J=10.0 Hz, TH). APC1 MS m/e 250.3 [(M+1)*].

D) 10-Aza-tricyclo[6.3.1.0%7]-dodeca-2(7),3,5-tricne
(For an alternative synthesis, see; Mazzocchi, P H ; Stahly,
B. C.J. Med. Chem. 1979, 22, 455)

10-Benzyl-10-aza-tricyclo[6.3.1.0% "Jdodeca-2(7),3,5-
triene (70.65 g, 284 mmol) was stirred in ELOAc (250 ml.)
and treated with 3N HCl EtOAc (1.03 ¢q.) slowly with
cooling (ice bath). The resulting precipitate was filtered and
rinsed with EtOAc. The solids were dissolved in MeOH
(250 mL) in a parr bottle. To this was added Pd(OH), (7 g
of 20% wt/C) and the mixiure was shaken under 50—40 psi
of H; for 24 hours or until donc by TLC. The rcaction was
filtered through a Celite pad and concentrated to an oily
solid. This was azeotroped with methanol (MeOII) (3x) then
triturated with acetone, treated with ethyl ether (Et.0O) to
precipitate product and filtered. Concentration of the mother
liquors and a second treatment provided an off white solid
(4895 g, 251 mmol, 88%). (TLC 10% MeOH/CH.CI,
(NH,) R0.2). 'H NMR (400 MHz, CDCl,) §7.18 (in, 4H),
2.97 (m, 4H), 2.68 (d, J=12.5 Hz, 2H), 2.41 (m, 1H), 1.95 (d,
J=11.0 Hz, 1H) APCI MS m/e 160.2 [(M+1)*].

EXAMPLE 2

4-FLUORO-10-AZA-TRICYCLOQ[6.3.1.0>"]DODECA-
2(7),3,5-TRIENE HYDROCHI.ORIDE

A) 6-Fluoro-1,4-dihydro-1,4-methano-naphthalene

(Eisch, 1. 1; Burlinson, N. E..J. Amer. Chem. Soc. 1976,
98, 753-761. Paquette, L. A; Cottrell, D. M_; Snow, R. A.
J. Amer. Chem. Soc. 1977, 99, 3723-3733))

Magnesium turnings (0.66 g, 27.2 mmol) were stirred in
anhydrous THF (10 mL) in a flame dried 75 mL 3 aneck
round bottom Hask equipped with a non-equaliziog addition
lunnel with a N, {low adapter, magnetic stirrer and eflicient
condenser equipped with a N flow adapter. The flask was
stirred and warmed to reflux by a removable heating mantle.
2,5-Difluorobromabenzene (0.1 g) was added followed by of
3N EtMgBr in THF (0.1 ml) The addition funnel was
charged with an intimate mixturc of cyclopentadicne (1.71
g, 25.9 mmol) and 2.5-diftuorobromobenzence (5.0 g, 25.9
mmol). Small portions (~0.2 mL) of the intimate mixture
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were introduced to assist initiation (~4x). After ~15 minutes,
the reaction initiated (exotherm, and vapor condensation)
and heating was maintained as necessary during the addition
of the contents of the addition fuanel. The reaction was then
maintained at reflux for 1 hour.

The reaction was cooled to room temperature and
quenched with H.O (20 mL) followed by aqueous 1N HCl
solution (20 mL) to dissolve the solids. Saturated aqueous
NaClsolution (30 ml.) was added and product was extracted
with hexanes (4x25 ml.). The combined organic layer was
washed with saturated aqueous NaHCOQ, solution (25 mL),
dried (Na.SQ,), filtered through a Silica plug with hexanes
rinse and concentrated (o an oil. Chromatography on Silica
gel cluting with hexancs provided an oil (780 mg, 19%).
(TLC hexancs R0.38). *H NMR (400 MHz, CDCL;) 7.10
(m, 1H), 6.97 (d, J=8.0 11z, 111), 6.80 (br s, 1II), 6.78 (br s,
111), 6.59 (m, 111), 3.87 (br s, 2H) 2.32 (d. J=7.0 Iz, 1I1),
2.25 (d, J=7.0 Hz. LH).

B) 6-Fluoro-1,2,3,4-tetrahydro-1,4-methano-
naphthalene-2,3-diol

6-Fluoro-1,4-dihydro-1,4-mcthano-naphthalenc (680 mg,
4.22 mmol) and N-methyl morpholine N-oxide (599 mg,
4.43 mmol) were stirred in acetone (50 mL) and 11,0 (5
mL). To this was added a solution of 0sO, (0.2 mL, 2.5%
wt. solution 1n t-BuOH, 0.02 mmol). After 72 hours, florisil
(5 g) and saturated aqueous NaHSO; solution (3 mL) were
added and stirred for 1 hour. The florisil was filtered and the
filtrate coocentrated to produce a crystalline product which
was triturated with acetone and liliered (524 mg, 64%) 'H
NMR (400 MHz. CDCL,) 87.10(dd, 1=4.0,5.0 Hz, 1H), 6.90
(dd, J=8.0,2.3 Hz, 1H), 6.75 (ddd, J=8.0,8.0,2.3 Hz, 1H),
3.79(s, 2H), 3.18(d, J=1.5 Hz, 2H), 2.22 (d, J=10.0 Hz, 1H),
1.92 (dd, J=10.0,1.5 Hz, 1H). GCMS m/e 194 (M™").

C) 10-Benzyl-4-tluoro-10-aza-tricyclo[6.3.1.0° "dodeca-
2(7),3,5-triene

6-Fluoro-1,2,3,4-tetrahydro- 1,4-methano-naphthalene-2,
3-diol (524 mg, 2.68 mmol) and Et;NBnCl (10 mg) were
vigorously stirred in dichloroethane (15 mL) and H.O (45
mL) then treated with sodium periodate (0.603 mg, 2.82
mmol). After 1.5 hours, the layers were separated and the
aqucous laycr cxtracted with DCE (2x20 mL). The com-
bined organic layer was washed with 1.0 (4x20 mL) until
no reaction to starch iodide paper was observed, then with
saturated aqueous NaCl solution (20 mL). The organic layer
was dried through a cotton plug and treated with benzyl
amine (0.308 mL, 2.82 mmol) and stirred for 2 minutes then
transferred to an addition funnel. This solution was added
over ~10 minutes to a vigorously sticred cooled (0° C.)
mixture of NaHB(OAc), (1.82 g, 8.58 mmol) in DCE (50
mi.). After addition was complete, the mixture was stirred
without cooling for 2 hours. The mixture was quenched with
saturated aqueous Na.CO; solution (100 mL) and stirred for
1 hour, then the layers were separated and the aqueous layer
was extracted with CH.CL. (3x30 mL). The combined
organic layer was washed with saturated aqucous NaCl
solution (50 mL), dried through a cotton plug and concen-
trated. Chromatography on Silica gel provided an oil (520
mg, 80%). (TLC 2% acetone/CH,CL. R, 0.40). 'H NMR
(400 MHz, CDCl;) 87.18 (m, 1H), 6.88 (m, 2H), 3.48 (s,
2H), 3.06 (m, 2H), 2.78 (m, 2H), 2.41 (m, 2H), 2.27 (m, 1H),
1.69 (d, J=10.5 Hz, 1H).

D) 4-Fluoro-10-aza-tricycto[6.3.1.07 " Jdodeca-2(7),3,5-
tricoe hydrochloride

10-Benzyl-4-fluoro-10-aza-tricyclo[6.3.1.0°" Jdodeca-2
(7),3,5-tricoe (390 mg, 1.461 mmol), ammonium formatc
(3.04 g, 48.2 mmol) and 10% Pd(OH)./C (30 mg) were
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combined in MeOH (50 mL) and brought to reflux under N,
for 1.5 hours. Ammonium formate (1.0 ¢) was added and
reflux continued for 0.5 hour. The reaction mixture was
filtered through a Celite pad which was rinsed with MeOH.
The filtrate was concentrated. The residues were treated with
saturated aqueous Na.CQ5 solution (30 mL) and product
extracted with methylene chloride (CH.Cl.) (3x25 mL). The
organic layer was washed with saturated aqueous NaCl
solution (50 mL), dried through a cotton plug and concen-
trated. The residue was treated with 2N HCl MeOH (5 mL)
and concentrated then taken up in minimum of McOH and
saturated with Et,0. After stirring 18 h. the white crystals
were collected by filtration (86 mg, 28%). (TLC 5% MeOIH/
CH.CI;, (NH;) R)0.27), (data for free base) 'H NMR (400
MHz, CDCl;) 47.06 (m, 1H), 6.83 (m, 2H), 2.89 (m, 4H),
2.61(dd, J=12.0 Hz, 2H), 2.37 (m, 1H), 1.87(d, J=11.5 Hz,
1H). APCIMS m/e 178.2 [(M+1)*]. (HCl salt) mp 260-262°
C.

EXAMPLE 3

4-METHYL-10-AZA-TRICYCLO[6.3.1.0°7]DODECA-
2(7),3,5-TRIENE HYDROCHLORIDE

The title compound was prepared by the methods
described in Cxample 1 and 2 starting with 2-fuoro-5-
methylbromobenzene. (data for free base) Il NMR (400
MHz, CDCl;) 67.04(d, J=7.5 Hz, LH), 6.99 (s, LH), 6.98 (d,
J=7.5 Hz, 1H), 2.98-2.90 (m, 4H), 2.63 (m, 2H), 2.35 (m,
1H), 2.32 (s, 3H), 1.87 (d, J=11.5 Hz, 1H). APCI MS m/e
1742 [(M+1)"]. (HCl salt) mp 254-255° C. Anal. Calcd. for
CoH,.F;N.HCL1/3H.O: C, 53.44; H, 5.11; N, 5.19. Found
C, 53.73; H, 482; N, 5.15.

EXAMPLE 4

4-TRIFLUOROMETHYL-10-AZA-TRICYCLO
[6.3.1.0°"]DODECA-2(7),3,5-TRIENE HYDROCHLO-
RIDE (See Grunewald, G. L., Paradkar. V. M,
Pazhenchevsky, B.; Pleiss, M. A Sall. D, I; Seibel, W. [ ;
Reitz, T. J.J. Org. Chem. 1983, 48, 2321-2327. Grunewald,
G. L.; Markovich. K. M; Sall. D. .J. Med. Chem. 1987, 30,
2191-2208.)

The title compound was prepared by the methods
described in Example 1 and 2 starting with 2-fluoro-5-
rifluoromethylbromobenzene. '"H NMR (400 MHz,
CD;0D) 87.71 (s, 1H), 7.64 (d, J=8.0 Hz, 1H), 7.57 (d,
J=8.0 Hz, TH), 3.46 (m, 4H), 3.21 (d, J=12.5 Hz, 2H), 2.41
(m, 1H), 2.16 (d, J=11.5 Hz, 1H) APCl MS m/ie 228.2
[(M+1)*]. (HCI salt) mp 244-246° C. Anal. Caled. for
C,-H.F,;NHCLI/3H.0; C, 53.44; H, 5.11; N, 5.19. Found
C. 5377, 11, 482; N, 5.18.

EXAMPLE 5

3-TRIFLUOROMETHYL-10-AZA-TRICYCLO
[6.3.1.0°7]DODECA-2(7),3,5-TRIENE HYDROCHLO-
RIDE (Gruncwald. G. L; Markavich, K. M.; Sall. D. J. /.
Med. Chem. 1987, 30, 2191-2208.)

The title compound was prepared by the methods
described in Example 1 and 2 starting with 2-fluoro-6-
trifluoromethylbromobenzene. 'H NMR (400 MHz,
CD,0OD) 87.65 (s, 2H), 752 (m, 1H), 3.65 (br s, 1H),

S 3.49-343 (m, 3H), 3.20 (m, 2H), 2.42 (m, 1H), 2.18 (d.

J=1.5 Hz, 1H). APCI MS m/c 228 2 [(M+1)*] (HCl salt) mp
275-277° C.
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EXAMPLE 6

3-FLUORO- 10-AZA-TRICYCLO[6.3.1.0>"]JDODECA-
2(7),3,5-TRICNE HYDROCIILORIDE

A) 2,6-Diftuoroiodobenzene (Roe, A. M.; Burton, R. A.;
Willey, G. L.; Baines. M. W,; Rasmussen, A. C. J. Med.
Chem. 1968, 11, 814-819. Tamborski, C.; Soloski, E. J. Org.
Chem. 1966, 31, 746-749. Grunewald, G. L.; Arrington, H.

s

S.; Bartlett, W.J; Reitz, 1. J.; Sall, D. I.J. Med. Chem. 1986,

29, 1972-1982.) 1,3-Difluorobenzene (57.05 ¢, 0.5 M) in
THF (75 ml.) was added to a -78° C. stirred solution of
n-butyllithivm (n-BuLi) (200 mL, 2.5 M/hexaaes, 0.5 M)
and THF (500 mL) under N.. By controlling the addition
rate the internal temperature was maintained below -70° C.
The total addition time was ~% hour. The resulting slurry
was stirred an additional Y: hour, then the dispersion was
treated with a solution of iodine (126.9 g, 0.5 M) in THF
(300 mL) at a rate that maintained an internal temperature
below -70° C. After complete addition the mixture was
allowed to warm to room temperature, and was treated with
H,O (100 mL) and 10% aqueous Na,S,0, solution (100
mL) and stirred. The layers were separated and the aqueous
layer extracted with hexanes (2x250 mL). The combined
organic layer was washed with 10% aqueous Na.S.O,
solution (100 ml.), H.O (100 mL.). saturated aqueous Na(l
solution (100 mL), dried (Na.SO,) filtered and concentrated
to give a yellow oil (106.5 g). Distillation at ~1-3 mm at
~80° C. provided a light yellow 0il (89.5 g, 75%). 'H NMR
(400 Mliz, CDCl,) 87.30 (m, 111), 6.87 (m, 211) GCMS m/e
240 (M").

B) 5-Fluoro-1,4-dihydro-1,4-methano-naphthalene

A solution of 2,6-difluoroiodobenzene (5.0 g, 20.8 mmol)
and cyclopentadiene (2.07 g, 31.3 mmol) was stirred at 0° C.
in P, ether (70 mL, 40-60° C.) under N, and treated with

n-Buli (8.74 mL, 2.5M in hexanes, 21.8 mmol) dropwise -

over 10 minutes. The reaction was quenched alier 15 min-
utes by addition of aqueous 1N HCl solution and the product
was extracted with hexanes (3x50 ml.). The combined
organic layer was washed with H.O (50 mL), saturated
aqueous NaCl solution (50 mL), dried (MgS0,), filtered and
cvaporalted. Chromatography on Silica gel provided product
as an oil (1.5 g, 45%) (TLC hexanes R,0.55). ‘11 NMR (400
Mhz, CDCL;) 87.08 (ddd, J=7.0,1.0,0.8 Iz, 11I), 6.96 (ddd,
J=8.5,8.3,7.0 Hz, LH), 6.86 (br s, 2H), 6.72 (ddd, J=8.5.8.3,
0.8 Hz, IH), 4.25 (br s, tH), 3.98 (br s, LH), 2.36 (ddd,
J=7.2,0.7,1.7 Hz, 1H), 2.30 (ddd, J=7.2,1.7,1.5 Hz, 1H),
GCMS m/e 160 (M*).

() 3-Fluoro-10-aza-tricyclo[6.3.1.07 " [dodeca-2(7),3,5-
triene hydrochloride

The tile compound was prepared by the methods
described in Example 2B,C,D starting with 5-fluoro-1,4-
dihydro-1,4-methano-naphthalene. 'H NMR (400 Mhz,
CD,0D) 87.36 (ddd, }=8.3,735.0 Hz, LH), 7.21 (d, J=7.3
Hz, 1H), 7.07 (t, J=8.3 Hz, LH), 3.62 (br s, 1H), 3.42-3.30
(m, 3I1), 3.2t (m, 2I1), 2.38 (m, 1II), 2.12 (d, J,=115 1z,
D). APCI MS m/e 178 4[(M+1)*]. mp 269-271° C.

EXAMPLE 7
4-NITRO-10-AZATRICYCLO[6.3.1.0>"]DODECA-2

(7),3,5-TRIENE HYDROCHLORIDE
A) 1-(10-Aza-tricyclo[6.3.1.07 7 ]dodeca-2(7),3,5-trien-

(10-Aza-tricyclo[6.3.1.0° " Jdodeca-2(7),3,5-triene hydro-
chloride salt (12.4 g, 63.9 mmol) was stirred in CH,CI, (200
mL). This was cooled (ice bath) and treated with pyridine
(12.65 g 160 mmol) followed by trifluoroacetic anhydride
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(TFAA) (16.8 g, 11.3 mL, 80 mmol) from an addition funnel
over 10 minutes. After ~3 hours, the solution was poured
into 0.5N aqueous HC! (200 mL) and the layers separated.
The aqueous layer was extracted with CH,CL, (3x50 mL)
and the combined organic layer was washed with 0.SN
aqueous HCL (50 mb), H.O (2x50 ml.) and saturated
aqueous NaHCO, solution (30 ml ). This solution was dried
through a cotton plug, then diluted with ~3% E1QAc and
filtered through a 2 inch Silica pad eluted with ~3% EtQAc/
CH.Cl.. Concentration afforded a clear oil which crystal-
lized 1o give white needles (15.35 g, 60.2 amol, 94%). (TLC
30% EtOAc/hexancs R/0.53). 'H NMR (400 MHz, CDCI,)
87.18 (m, 4H), 4.29 (br d, J=12.6 Iz, 1H), 3.84 (br d, J=12.6
[Iz, 111), 3.51 (dd, J=12.6,1.5 Hz, 1H), 3.21 (brs. 11I), 3.10
(brs, LH), 3.10 (br d, J=12.6 Hz, 1H), 2.37 (m, 1H), 1.92 (d,
J=10.8 Hz, 1H). GCMS mj/e 255 (M™). mp 67-68° C.

B) 1-(4-Nitro-10-aza-tricyclo{6.3.1.0° " dodeca-2(7).3,5-
tricn-10-y1)-2,2 2-trifluorocthanonc (Based on the mcthod
described by Coon, C. L., Blucher. W. G.; [1ill, M. C. J. Org.
Chem. 1973, 25, 4243)

To a solution of trifluoromethanesulfonic acid (2.4 ml,
13.7 mmol) in CH.CL. (10 ml) stirred at 0° C. was slowly
added nitric acid (0.58 ml, 27.4 mmol) generating a white
precipitate. After 10 minutes the resulting mixturc was
cooled to -78° C. and treated with 1-(10-aza-tricyclo
[6.3.1.0° " Jdodeca-2(7),3,5-tricne- 10-y1)-2,2 . 2-triflouro-
ethane (3.5 g, 13,7 mmol) in CH.CL, (15 ml) dropwise from
an addition funnel over 5 minutes. The reaction was stirred
at -78° C. for 30 minutes then warmed to 0° C. for | hour.
The reaction mixture was poured into a vigorousty stirred
ice (100 g) The layers were separated and the aqueous layer
extracted with CH,CL, (3x30 ml). The organic layer was
combined and washed with H,O (3x30 ml). The combined
organic layer was washed with saturated aqueous NaHCO,
solution (20 mL) and H,O (20 mlL) then dried through a
cotton plug and coaccatratcd to give an orange oil that
solidificd on standing (4.2 g). Chromatography yiclded purc’
product as a crystalline solid (3.2 g, 78%). (TLC 30%
LtOAc/hexanes R,0.23). '1I NMR (400 MHz, CDCL,) 88.12
(br d, J=8.0 Hz, tH), 8.08 (br s, LH), 7.37 (br d, J=8.0 Hz,
tH), 4.38 (br d, J=12.6 Hz, 1H), 3.94 (br d, J=12.6 Hz, LH),
3.59 (br d, J=12.6 Hz, LH), 3.43-3.35 (m, 2H), 3.18 (br d,
1=12.6 Hz, 1H), 2.48 (m, 1H), 2.07 (d, J=10.8 Hz, LH).
GCMS m/e 300 (M*).

C) 4-Nitro-10-azatricyclo[6.3.1.0° "]dodeca-2(7),3,5-
triene hydrochloride

1-(4-Nitro-10-aza-tricyclo[6.3.1.0°7 Jdodeca-2(7),3,5-

was stirred with Na,CO; (160 mg, 1.21 mmol) in McOH 3
mL) and H.O (1 mL) at 70° C. tor 18 hours. The mixturc
was concentrated, water was added and the product was
extracted with CI1.Cl.. The organic layer was extracted with
IN aqueous HCI (3x20 mL) and the acidic laver washed
with CH.CL. (2x20 mL). The aqueous laver was basified to
pH ~10 with Na.CO5(s) and product was extracted with
CH.Cl, (3x30 mL). The organic layer was dried through a
cotton plug and conccutrated to an oil. This was dissolved in
MeOH and treated with IN HCt MeOH, concentrated (o
solids which were recrystallized from McOH/ELO 10 allord
product as a white solid (73 mg, 50%). (TLC 5% MeOH;
CH,CL, (NH,) R,0.38). 'H NMR (400 MHz, DMSO-d,)
38.21 (s, 1H), 8.18 (dd, 1=8.0,2.0 Hz. 1H), 7.59 (d, J=8.0 Hz,
LH), 3.43 (br s, 2H), 3.28 (m, 2H), 3.07 (dd, J=13.0, 13.0 Hz,
2H), 2.24 (m, 1H). 2.08 (d, J=11.5 Hz, 1H). APCI MS m/c
205.1 {(M+1)*] mp 265-270° C.
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EXAMPLE 8

4-AMINO-10-AZATRICYCLO[6.3.1.0°7JDODECA-2
(7),3,5-TRIENE HYDROCHLORIDE

4-Nitro-10-azatricyclo[6.3.1.0>7 Jdodeca-2(7),3.5-triene
(500 mg, 2.08 mmol) was stirred in 1,4-dioxane (40 mL) and
treated with saturated aqueous Na,CO, solution (15 mL). To
this was added di-t-butyldicarbonate (1.8 g, 8.31 mmol).
After stirring 18 hours the rcaction was treated with H.O (50
mL), extracted with CH,CL. (4x30 mL), dried through a
cotlon plug and concentrated to provide an oil (500 mg,
91%).

This 01l (500 mg, 1.64 mmol) was dissolved in MeOH (30
ml.), treated with 10% Pd/C (~50 mg) and hydrogenated
under a H. atmosphere (45 psi) for | bour. The mixture was
filtered through a Celite pad aad concentrated to a clear oil
(397 mg, 88%)

This oil (50 mg, 0.18 mmol) was stirred in 3N HCL EtOAc
(3 mL) for 2 hours then concentrated to a white solid (25 mg,
56%). 'l NMR (400 Mhz, DMSO-d,) §7.38-7.10 (3II),
3.60 (br s, 2H), 3.25 (m, 2H), 2.98 (m, 2H), 2.18 (m, 1H),
1.98 (d, J=11.5 Hz, 1H). APCI MS m/c 175.1 {(M+1)*] mp
189-192° C.

EXAMPLE 9

N'-{10-AZATRICYCLO[6.3.1.0°7]DODECA-2(7),3,5-
TRIEN4-YLJACETAMIDE HYDROCHLORIDE

A) 144-Amino-10-aza-tricyclo[6.3.1.0% " Jdodeca-2(7),3,
S-trien-10-yl)-2,2 2-trifluoroethanone

Hydrogenation of 1-(4-nitro-10-aza-tricyclo[6.3.1.077]

6.66 mmol) under a H. atmosphere (40 psi) and 10% Pd/C
(200 mg) in MeOH over 1.5 hours, filtration through Celite
and concentration aflords a yellow oil (1.7 g). (T1.C 50%
EtOAc/hexanes R0.27). 'H NMR (400 MHz, CDCL,) 56.99
(m, 1H), 6.64 (br s, 1H), 6.57 (m, 1H), 4.25 (m, 1H), 3.82

(m, 1H), 3.50 (m, 1H), 3.17-3.07 (m, 3H), 2.35 (m, 1H),

1.90 (d, 3=10.8 Hz, 1H). GCMS m/e 270 (M*).

B) N-(10-Trifluoroacetyl-10-aza-tricyclo{6.3.1.0™7]
dodeca-2(7),3,5-tricn-4-yl)-acetamide

1-(4-Amino-10-aza-tricyclo{6.3.1.0°"Jdodeca-2(7),3,5-
trien-10-yl)-2,2,2-trifluoroethanone (850 mg, 3.14 mmol)
was stirred in CH,Cl, (5 mL) and treated with triethyl amine
(0.53 mL, 3.76 mmol) and acetyl chioride (0.23 mL, 3.2
mmol) then stirred 18 hours. Standard NaHCOQ, workup
yielded an oil which was chromatographed to provide a clear
oil (850 mg, 87%). (50% EtOAc/hexancs R0.28).

C) N'{10-Azairicyclo[6.3.1.0°" Jdodeca-2(7),3,5-trien4-
yl]Jacetamide hydrochloride

N-(10-Trifluoroacetyl-10-aza-tricyclo{6.3.1.0°"]dodeca-

2(7),3,5-triend-yl)-acetamide (100 mg, 032 mmol) was s

stirred with Na.CO, (70 mg, 0.64 mmol) in McOH (10 mL)
and H-O (2 mL) at 70° C. for 18 hours. The mixturc was
concentrated, water was added and the product was
extracted with EtOAc. The organic layer was extracted with
IN aqueous HCI (3x20 mL) and the acidic layer washed
with EtOAc (2x20 mL). The aqueous layer was basified to
pH ~10 with Na.CO; (s) and product was extracted with
EtOAc (3x20 mL). 'The organic layer was dried (sodium
sulfate {Na-$0,)) and concentrated to an oil. This material
was dissolved in MeOH and treated with 3N HC1 ELOAc (3
ml.), concentrated and recrystallized from MeOH/ELO 1o
provide a solid (40 mg, 50%). 'H NMR (400 MHz, DMSO-
d,) 89.98 (s, 1H), 9.02 (br m, NH), 7.65 (s. IH), 755 (br s,
NH). 7.36 (d, J=8.0 Hz, 1H), 7.20 (d, J=8.0 Hz, 1H), 3.33
(m. 4H), 2.96 (m, 2H), 2.13 (m, 1H), 2.00 (s, 3H), 1.96 (d,
J=10.5 Hz, 1H). APCl MS m/c 2172 {(M+1)*]. mp
225-230° C.
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EXAMPLE 10

6-METHYL-5-THIA-7,13-DIAZATETRACYCLO
[9.3.1.0°'°.0* " ]PENTADECA-2(10),3,6,8-TETRAENE
HYDROCHILORIDE

A) N-(10-Trifluorothioacetyl-10-aza-tricyclo[6.3.1.0°7]
dodeca-2(7),3,5-trien-4-yl)thioacetamide

N-(10-Trifluoroacetyl-10-aza-tricyclo[6 3.1.0%"]dodeca-
2(7),3,5-trien-4-yl)-thioacetamide (850 mg, 2.72 mmol) and
2,4-bis(4-methoxyphenyl)-1,3-dithia~2,4-diphosphetane-2,
4-disulfide (Lawesson’s reagent) (1.1 g, 2.72 mmol) were
combined in toluene (10 mL) and brought to reflux for 1.5
hours. Alter cooling the reaction was worked up with
ELOAC/saturated aqueous NaHCO, solution. The organic

s layer was dried (Na.SO,), filtered, concentrated and chro-

matographed on Silica gel to produce product (410 mg,
44%). (50% EtOAc/hexanes R, 0.38)

B) 6-Mcthyl-5-thia-7,13-diazatctracyclo[9.3.1.0-1° 0% %)
pentadeca-2(10),3,6,8-tetracne hydrochloride

The above oil, 2,2,2-triftuoro-N-(10-triftuorothioacetyl-
10-azatrcyclo[6.3.1.0°7]dodeca-2(7),3,5-trien-4-yl)-
thoacetamide, (360 mg, 1.05 mmol) was dissolved in MeOH
(10 mL) and IN NaOH (5 mL) and added to potassium
ferricyanide (K;Fe(CN)g)(1.72 g, 5.23 mmol) in H.O (10
mL). This mixture was warmed to 60° C. for 1.5 hours,
cooted, concentrated and worked up with E(OAc/H,0. This
malterial was stirred in dioxane (20 ml) and treated with
H,0 (50 mL)) and Na.CO, to achieve pH 10. To this was
added di-t-butyldicarbonate (436 mg, 2.0 mmol) and the
mixture was stirred for 18 hours. The reaction was
conceatrated, treated with H.O and cxtracted with CH.CL.
The product was chromatographed (Silica 30% EiQAc/
hexanes R0.41) to yield an oil (100 mg).

The above product was treated with 3N HCI/EIOAc (3
mL) and warmed to reflux tor ~15 minutes then concentrated
to a sohid which was azeotroped with CII.Cl, (2x). These
solids were dissolved in a minimum amount of MeOIT then
saturated with Et.O and stirred, The resulting white crys-
talline powder was collected by filtcation (40 mg, 14%).

I NMR (400 Mz, DMSO-d,) 89.46 (s, NII), 7.65 (s,
1H), 7.82 (s, 1H), 7.65 (br m, NH), 3.36 {m, 2H), 3.24 (m,
2H), 3.02 (m, 2H), 2.76 (s, 3H), 2.23 (m, 1H), 2.06 (d,
J=10.8 Hz, 1H). APCIMS m/e 231.1 [(M+1)*] mp 183-184°
C.

EXAMPLE 11

4,5-DINITRO-10-AZA-TRICYCLO[6.3.1.0°7]
DODECA-2(7),3,5-TRIENE -

A) 1-(4,5-Dini!ro—10-aza—tricyclo[6.3.1.0:'7]d0dcca-2(7),
3,5-trien-4-yl1)-2,2 2-trifluoroethanone (Based on the
method described in Cooq, C. L.; Blucher. W. G.; Hilt, M.
E.J. Org. Chem. 1973, 25, 4243, For an additional related
example of dinitration see: Tanida, H; Ishitobi, H.; Irie, T;;
Tsushima, T. J. Am. Chem. Soc. 1969, 91, 4512)

To a solution of trifluoromethanesulfoaic acid (79.8 mi,
902.1 mmol) in CH,Cl. (550 ml) stirred at 0° C. was slowly
added aitric acid (19.1 ml, 450.9 mmol) generating a white
precipitate. After 10 mioutes, 1-(10-aza-tricyclo[6.3.1.0°7]
dodeca-2(7),3,5-trien-10-v1)-2.2, 2-trifluoro-ethanone (50 g,
196 mmol) in CH,C1, (300 mi) was added dropwise [rom an
addition funael over 30 minutes. The reaction was stirred at
0° C. for 2.5 hours and then stirred at room temperature for
24 hours. The reaction mixture was poured into a vigorously
stirred mixturc of H,O (500 ml) and ice (400 g). The layers
were scparated and the aqucous laver back cxtracted with
CH.Cl, (3x300 ml). The organic laver was combined and
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washed with H,O (3x300 ml). The combined aqueous layers
were re-extracted with CH,Cl, (2x100 ml). The organic
layer was combined and washed with saturated aqueous
NaHCO, solution (200 mL) and H.O (200 mL) then dried
through a cotton plug and concentrated to solids. Trituration
with EIOAc/hexanes produced oll white solids which were
filtered and dried (52 g, 151 mmol, 77%. The mother liquor
was chromatographed to give an additional 4.0 g for a total
of 56.0 ¢ (82.8%). (TLC 50% EtOAc/hexanes R,0.29) 'H
NMR (400 MHz, CDCL,) 87.77 (s, tH), 7.75 (s, 1H), 4.39
(br d, J=13.0 Hz, 1H), 3.98 (br d, J=13.0 Hz, 1H), 3.65 (d,
J=13.0 Hz, 1H), 3.49 (br s, 1H), 3.44 (br s, 1H). 3.24 (br d,
J=12.611z, 111}, 2.53 (m, 1), 2.14(d, J=1 1.5 {1z, LI1). GCMS
m/e 345 (M*).

B) 4.5-Dinitro-10-aza-tricyclo{6.3.1.0~" Jdodeca-2(7),3,
S-triene

1-(4,5-Diaitro-10-aza-tricyclo[6.3.1.07"]dodeca-2(7),3,
S-trien-10-y1)-2,2,2-triflourocthagone (3.7 g, 10.7 mmol)
and Na,CO; (2.3 g, 21.4 mmol) were combined in MeQH
(50 ml)) and H.O (20 ml.) then warmed to reflux for 18
hours. The reaction was cooled, concentrated, treated with
H.O and extracted with CH,CL, (3x50 ml) then dried
through a cotton plug. After concentration. the residue was
chromatographed 1o provide brown solids. (1.9 g. 71%).
(TLC 5% McOH/CH,CL, (NH;) R0.36). ‘H NMR (400
Mllz, CDCl;) 87.69 (s, 211), 3.17 (br s, 211), 3.11 (d, J=12.6
Hz, 2H), 2.53 (m, L11), 2.07 (d, J=11.0 Hz, 111). GCMS m/e
249 (M),

EXAMPLE 12

6-METHYL-7-PROPYL-5,7,13-
TRIAZATETRACYCLO[9.3.1.0°'°.0" * ]PENTADLCA-2
(10),3,5,8-TETRAENE HYDROCHLORIDE

A) 4,5-Dinitro-10-aza-tricyclo[6.3.1.0% Jdodeca-2(7),3, -

S-triene-10-carboxylic acid tert-buty! ester

4,5-Dinitro-10-aza-tricyclo[6.3.1.0% " Jdodeca-2(7),3,5-
triene, (1.9 g, 7.6 mmol) was stirred 1n 1,4-dioxane (75 mL)
and treated with saturated aqueous Na.COj; solution (10
ml.). To this was added di-t-butyldicarbonate (3.31 g, 15.2
mmol). After stirring 6 hours the reaction was treated with
H.O (50 mL) and extracted with EtOAc (4x25 mL), dried
(Na.S0,), filtered, concentrated and chromatographed to
provide product (1.9 g, 71%). (TLC 30% EtOAc/hexancs
(NIL,) R,0.58). ‘II NMR (400 Milz, CDCl,) 87.77 (br s,
LI1), 7.72 (br s, 111}, 4.08 (m, LII), 3.92 (m, 111}, 3.39 (br s,
LH), 3.27 (br s, 1H), 3.25 (m, 1H), 3.18 (m, LH), 2.46 (m,
1H), 2.02 (d, J=11.0 Hz, 1H).

B) 4,5-Diamino-10-aza-tricyclo[6.3.1.077 Jdodeca-2(7),3,

S-tricne- 10-carboxylic acid tert-butyl ester
4,5-Dinitro-10-aza-tricyclo[6.3.1.07 " Jdodeca-2(7) 3,5-

triene-10-carboxylic acid tert-butyl ester (1.9 g, 5.44 mmol)

was hydrogenated in MeOH under a H, atmosphere (45 psi)

over 109 Pd/C (100 mg) tor 1.5 hours then filtered through 5

a Celite pad and conceatrated to white solids (1.5 7 g, 100%
). (TLC 5% McOH/CHCl; (NH;) R0.14).

() 6-Methyl-5,7,13-triazatetracyclo{9.3.1.07-1°.0* %]
pentadeca-2(10),3,5,8-tetraene-13-carboxylic acid tert-butyl
ester (For conditions, see: Segelstein, B. E.; Chenard, B. L;
Macor, J. E;; Post, R. J. Tetraledron Lerr. 1993, 34, 1897.)

4,5-Diamino- 10-aza-tricyclo{6.3.1.0° 7 Jdodeca-2(7),3,5-
triene-10-carboxylic acid tect-butyl ester (700 mg, 2.42
mmol) was dissolved in EtOH (10 ml) and acetic acid
(HOAc¢) (1 mL) and treated with
L-cthoxycthylcncmalononitrile (329 mg, 2.42 mmol). The
resulting mixture was warmed to 60° C. and stirred 18 hours.
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The reaction was cooled, concentrated treated with H.O and
saturated aqueous Na.CO, solution and extracted with
EtOAc (3x50 mL), then dried (Na.SQ,). After filtration and
concentration, the residue was chromatographed 1o provide
brown solids (247 mg, 36% ). (TLC 5% MeOH/CH.CI,
(NH,) R0.28).

D) 6-Methyl-7-propy!-5,7,13-triazatetracyclo[9.3.1.0°
m.O"‘“]pcntadcca-Z(10),3,5,8—lelracnc-13—carboxylic acid
tert-butyl ester (For conditions, see; Pilarski, B. Liebigs Ann.
Chem. 1983, 1078)

6-Methyl-5,7,13-triazatetracycto[9.3.1.07-1°.0%%]
pentadeca-2(10),3,5,8-tetracnc- 13-carboxylic acid tert-butyl
ester (80 mg, 0.267 mmol) was stirred in 50% aqueous

" NaOH solution (3 mL) and DMSO (1 mL) then treated with
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1-iodopropanc (0.03 mL, 0.321 mmol). This mixture was
warmed to 40° C. for 2 hours then cooled, treated with H.O
and extracted with ELOAc. ‘The organic layer was washed
with H.O (3x) then dried (Na.SO,), filtered and concen-
trated to an oil (90 mg,.0.253 mmol). (TLC 5% MeOH/
CH.Cl, (NH;) R;0.15).

E) 6-Methyl-7-propyl-5,7,13-triazatetracyclof[9.3.1.0
10.0**}pentadeca-2(10),3,5,8-tetracne hydrochloride

6-Methyl-7-propyl-5,7.13-triazatetracyclo[9.3.1.071%.0*
1o]pentadeca-2(10),3.5 8-tetrane-13-carboxylic acid tert-
butyl ester (90 mg, 0.253 mmol) was dissolved in 3N HCI
EtOAc (5 mL) and warmed to 100° C. for ¥ hour. The
mixture was cooled, concentrated, slurried in EtOAc, and
filtered to provide a white solid (25 mg, 34% ). ‘H NMR
(400 MHz, DMSO-d) 89.56 (s, NH), 7.91 (s, 1H), 7.83 (br
m, NII), 7.74 (s, 111}, 4.38 (m, 211), 3.48 (m, 2II), 3.32 (m,
2H), 3.10 (m, 2H), 2.87 (s, 3H), 2.28 (m, 1H), 2.15 (d,
J=11.0 Hz, I1H) 1.85 (m, 2H). 0.97 (m, 3H). mp 147-150° C.

EXAMPLE 13

5,7,13-TRIAZATETRACYCLO[9.3.1.0%'%.0" %]
PENTADECA-2(10),3,5,8-TETRAENE [IYDROCHLO-
RIDE

A) 5,7,13-Triazatetracyclo[9.3.1.07°.0*®Jpentadeca-2
(10),3,5 8-tetraene- 1 3-carboxylic acid tert-butyl ester (For
conditions, see; Segelstein, B. E.; Chenard, B. L.; Macor, J.
E; Post. R. §. Terrahedron Lett. 1993, 34, 1897)

4,5-Diamino-10-aza-tricyclo[6.3.1.0° 7 Jdodeca-2(7),3,5-
triene-10-carboxylic acid tert-butyl ester (1.0 g, 3.45 mmol)
was dissolved in EtOH (10 ml) and HOAc (1 mL) and
treated with ethoxymethylenemalononitrile (421 mg, 3.45
mmol). The resulting mixture was warmed to 60° C. and
stirred 18 hours. The reaction was cooled, concentrated
treated with I1.O and saturated aqueous Na.CO, solution
and extracted with E1OAc (3x50 mL), then dried (Na.SO,).
Afler filtration and concentration, the residue was chromato-
graphed to provide brown solids (580 mg, 36% ). (TLC 5%
MeOH/CH,CL, (NH,) R,0.28)

B) 5,7,i3-triazatctracyclo9.3.1.07'°.0"*]pcntadeca-2
(10),3,5.8-tetraene hydrochloride

S5,7,13-Triazatetracyclo[9.3.1.0%1°.0% " pentadeca-2( 10),
3.5.8-tetraene-13-carboxylic acid tert-butyl ester was con-
verted 10 the title compound by the methods described in
Example 12E. 'H NMR (400 MHz, D.0) 88.95 (s, 1H), 7.67
(s, 2H), 3.45 (br s, 2H), 3.31 (d, J=12.5 Hz, 2H), 3.13 (d,
J=12.5 Hz, 2H), 2.30 (m, LH), 1.99(d, J=11.5 Hz. 1 H). APC]
MS m/e 200.1 [(M+1)*]. mp>250° C.
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EXAMPLE 14

7-METHYL-5,7,13-TRIAZATETRACYCLO[9.3.1.0™
10.0*®JPENTADECA-2(10),3,5,8-TETRAENE HYDRO-
CHLORIDE

Utilizing the methods described in Example 12D, 5,7,13-
triazatetracyclo[9.3.1.0%1%.0*%|pentadeca-2(10),3,5 8-
tetraene-13-carboxylic acid tert-butyl ester was converted to
the litle compound by reaction with lodomethane followed
by deprotection as described in Example 12E. 'H NMR (400
MHz, D.0) 88.97 (s, TH), 7.71 (s, 1H), 7.67 (s, 1H), 3.94 (s,
3H), 348 (m, 2H), 3.33(d, }=12.2 Hz, 2H), 3.14 (d, J=12.2
Hz, 2H), 2.34 (m, 1H), 2.03 (d, J=11.5 Hz, IH) APCIMS
m/c 214.2 [(M+1)*]

EXAMPLE 15

6-METHYL-5,7,13-TRIAZATETRACYCLO[9.3.1.0™
10.0* *JPENTADECA-2(10),3.5,8-TETRAENE HYDRO-
CHLORIDE

6-Methyl-5,7.13-triazatetracyclo[9.3.1.072° 0% ¥]
pentadeca-2(10),3,5,8-tetraene-13-carboxylic acid tert-butyl
ester was converted to the title compound by the methods
described in Example 12E. 'H NMR (400 MHz, DMSO-d,)
09.40 (br m, NH), 7.77 (br m, NH), 7.70 (s, 1H), 3.44 (in,
2H), 3.30 (m, 2H), 3.05 (br d, J=11.0 Hz, 2H), 2.79 (s, 3H),
2.23 (m, 1H), 2.10 (d, J1=10.8 Hz, 1H). GCMS m/e 213.5
(M*).

EXAMPLE 16

6,7-DIMETHYL-5,7,13-TRIAZATETRACYCLO
{9.3.1.0°'°.0" *]PENTADECA-2(10),3,5,8-TETRAENE
HYDROCHLORIDE

Utilizing the methods described in Example 12D,
6-mcthyl-5,7.13-triazatetracyclo[9.3.1.0%7°.0* * pentadcca-

2(10),3,5,8-tctracne-13-carboxylic acid tert-butyl cster was

converted to the title compound by reaction with
iodomethane followed by deprotection as described in
Example 12E. ‘H NMR (400 MHz, DMSO-d,) 89.52 (s,
NH), 7.84 (s, LH), 7.82 (br m, NH), 7.72 (s, 1H), 3.90 (s,
3H), 3.45 (m, 2H), 3.28 (m, 2H), 3.04 (m, 2H), 2.82 (s, 3H),
223 (m, 1H), 2.12(d, J=11.0 Hz, 1H). APCI MS m/e 228.2
[(M+1)*]). mp 225-230° C.

EXAMPIE 17

7-PROPYL-5.7,13-TRIAZATETRACYCLO[9.3.1.0™
10.0°*[PENTADECA-2(10),3,58TETRAENE HYDRO-
CHLORIDE

Utilizing the methods described in Example 12D, 5,7,13-
triazatetracyclo[9.3.107-%.0% % ]pentadeca-2(10)3,5,8-
tetraene-13-carboxylic acid tert-butyl ester was converted to
the title compound by reaction with iodopropanc followed
by deprotection as described in Examplc 12E. "H NMR (400
Mllz, DMSO-d,) 69.52 (s, LI}, 9.45 (br s, NII), 7.97 (s,
L), 7.85 (s, tH), 7.83 (br m, NII), 4.43 (m, 2I1), 3.49 (m,
2H), 3.33 (m, 2H), 3.08 (m, 2H), 2.28 (m, LH), 2.15 (d,
J=11.0 Hz, 1H), 1.92 (m, 2H), 0.93 (m, 3H). APCI MS mve
242 ((M+1)"). mp 170-171° C. (subl.).

EXAMPLE 18

7-BUTYL-5,7,13-TRIAZATCTRACYCLO[9.3.1.0~
10.0**]PCNTADLCA-2(10),3,5,8-TETRALNE IIYDRO-
CHLORIDE

A) 4-Butylamino-5-nitro-10-aza-tricyclo[6.3.1.0°7]
dodeca-2(7),3,5 8-riene-10-carboxylic acid tert-buiyl ester
(For conditions, sce; Scnskey, M. D.; Bradshaw, J. D.;
Tessier, C. A.; Youngs, W. 1. Tetraliedron Lert. 1995, 30,
6217)

40

45

SU

55

61

: 36

4,5-Dinitro-10-aza-tricyclo[6.3.1.0%"Jdodeca-2(7).3,5-
triene-10-carboxylic acid tert-butyl ester (500 mg, 1.43
mmol) and 1-butylamine (1.42 mL, 14.3 mmol) were com-
bined in THF (5 mL) and stirred 4 hours. The mixture was
diluted with EtOAc (50 mL)) and washed with H.O (3x30
ml)) then dried (Na.SQ),), filtered and concentrated 1o an oil.
This oil was passed through a Silica gel filter column 1o
remove baseline impurities eluting with 30% EtQAc/
hexanes (5310 mg, 1.41 mmol, 99% ).

B) 4-Butylamino-5-amino-10-aza-tricyclo[6.3.1 077]
dodeca-2(7),3,5-triene-10-carboxylic acid tert-butyl ester

4-Butylamino-5-nitro-10-aza-tricyclo[6.3.1.07 "Jdodeca-
2(7),3,5-triene-10-carboxylic acid tert-butyl ester (460 mg,
1.27 mmoal) was treated with ammonium formate (850 mg,

* 12.7 mmol) and 10% Pd(OH)./C (50 mg) in MeOH (20 mL)

and brought to reflux for 1 hour then filtered through a Celite
pad and concentrated. The solids were treated with saturated
aqueous Na,CO, solution, cxtracted with CH.CL. (3x30
mL) and dried by filtration through a cotton plug to give an
oil (440 mg, 100% ).

C) 7-Butyl-5,7,13-triazatctracyclo[9.3.172° 0% %]
pentadeca-2(10),3,5,8-tetraene-13-carboxylic acid tert-butyl
ester

4-Butylamino-5-amino-10-aza-tricyclo[6.3.1.0>7]
dodeca-2(7),3,5-triene-10-carboxylic acid tert-butyl ester
(440 mg, 1.27 mmol) was dissolved in EtOH (20 mL) and
HOAc (3 mL) and treated with ethoxymethylenemalononi-
trile (186 mg, 1.52 mmol). The resulting mixture was
warmed to 60° C. and stirred 18 hours. The reaction was
cooled, concentrated, treated with H.O and saturated aque-
ous Na,CO, solution then extracted with EtOAc (3x50 mL)
and dried (Na.SO,). Alter filtration and concentration, the
residue was chromatographed (o provide a yveliow oil. (400
mg, 8% ). (TLC 5% MeOH/CH.CL, (NH,) R, 0.70).

1) 7-Butyl-5,7,13-triazatetracyclo[9.3.1.0%'° 0*F)
pentadeca-2(10),3,5,8-tetracne hydrochloride

7-Butyl-5,7,13-triazatetracyclo[9.3.171%.0" *pentadeca-2
(10),3,5,8-tetracne-13-carboxylic acid tert-butyl ester was
converled Lo the tide compouad by the methods described in
Example 12E. '"H NMR (400 MHz, DMSO0-d;) 89.93 (brs,
NH), 9.68 (s, 1H), 7.99 (s, 1H), 7.92 (br m, NH), 7.87 (s,
1H), 4.50 (m, 2H), 3.49 (m, 2H), 3.30 (m, 2H), 3.08 (m, 2H),
2.26 (m, 1H), 2.15 (d, J=11.0 Hz, 1H), 1.88 (m, 2H), 1.32
(m, 2H), 0.82 (1, J=7.0 Hz, 3H). APCI MS mic 256.2
[(M+1)*]. mp 204-208° C.

EXAMPLE 19

7-Isobutyl-5,7,13-triazatetracyclo[9.3.1.0719.0* %)
pentadeca-2(10),3,5,8-tetraene hydrochloride

4,5-Dinitro-10-aza-tricyclo[6.3.1.0°"Jdodeca-2(7),3,5-
triene- l0-carboxylic acid tert-butyl ester and isobutyvlamine
were converted to the title compound utilizing the methods
described in Example 18A-D. 'H NMR (400 MHz, CDCl,)
87.74 (s, 1H), 7.52 (s, LH), 7.14 (s, 1H), 3.90 (dd, J=7.52.0
Hz, 2H), 3.04-2.97 (m, 4H), 2.70 (dd, J=12.8.2,3 Hyz, 2H)
2.42 (m, 1H), 2.19 (m, TH), 1.98 (d, J=10.5 Hz, tH), 0.93
(m, 6H). APCl MS m/e 256.2 [(M+1)*]. mp 147-150° C.
(subl ).

EXAMPLE 20

6-METHYL-7-ISOBUTYL-5,7.13-
TRIAZATETRACYCLO[9.3.1.071°.0**]PENTADECA-2
(10),3,5,8-TETRAENE HYDROCHLORIDE

A) 6-Mcthyl-7-isobutyl-5,7,13-triazatctracyclof9.3.1.0°
10.0**]pcntadeca-2(10),3,5,8-tetracne- 1 3-carboxylic acid
terl-butyl ester
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4-Amino-5-isobutylamino-10-aza-tricyclo[6.3.1.0° 7]
dodeca-2(7).3,5-triene-10-carboxylic acid tert-butyl ester
(250 mg, 0.74 mmol) from Example 19B was dissolved in
EtOH (10 mL) and HOAC (3 mL) and treated with
1-cthoxyethylenemalonoaitrile (118 mg, 0.87 mmol). The
reaction proceeded as in Example 18C (18 h) and was
worked up similarly 10 provide product (TLC 3% MeQH/
CH.Cl, (NH,) R0.57).

B) 6-Methyl-7-isobutyl-3,7,13-triazatetracyclo[9.3.1.0"
10 .0*®Jpentadeca-2(10),3,5,8-tetraene hydrochloride

6-Mcthyl-7-isobutyl-5,7,13-triazatctracyclo[9.3.1.0~
10.0"*Jpentadeca-2(10).3,5,8-tetraene -1 3-carboxylic acid
tert-butyl ester was converted to the title compound by the
methods described in Example 12E. APCl MS m/e 270.3
[(M+1)*}. mp 129-130° C. (subl.).

EXAMPLE 21

7-PHENYL-5,7,13-TRIAZATETRACYCLO[9.3.1.0™
10.0™*JPENTADLE CA-2(10),3,5,8-TETRAENE  [[YDRO-
CHLORIDE

Utilizing the methods described in Example 18A. 4,5-
dinitro-10-aza-tricyclo{6.3.1.07 " Jdodeca-2(7),3,5-triene-
10-carboxylic acid tert-butyl ester and aniline were con-
verted to 4-phenylamino-5-nitro-10-aza-tricycio[6.3.1.0*7]
dodeca-2(7),3,3-trienc-10-carboxylic acid tert-butyl at 75°
C. for 4 hours in the coupling step. This was then converted
to the title compound utitizing the methods described in
Example 18B,C.D. '"H NMR (40 MHz, DMSO-d,) 89.08
(1H), 7.78-7.57 (m, 7TH), 3.47-3.00 (m, 6H), 2.23 (m, 1H),
2.09(d, J=11.5 Hz, IH). APCI MS m/c 276.2 [(M+1)*]. mp
210-213° C

EXAMPLE 22

6-METHYL-7-PHENYL-5,7,13-
TRIAZATETRACYCLO[9.3.10>'°.0**]PENTADECA-2
(10),3.5,8-TETRAENE HYDROCHLORIDE

Utilizing thc mcthods described in Example 21 and
Cxample 20, 4,5-dinitro-10-aza-tricyclo[6.3.1.0>" Jdodeca-2
(7).3,5-triene-10-carboxylic acid tert-butyl ester and aniline
were converted 1o the, title compound, 'H NMR (400 MHz,
DMSO-d,) 87.79 (s, 1H), 7.73-7.56 (m, 5H), 7.32 (s, 1H),
3.46-2.99 (m, 6H), 2.66 (s. 3H), 2.23 (m, 1H), 2.08 (d,
J=11.0Hz, 1H). APCI MS m/e 290.2 [(M+1)"]. mp>250° C.

EXAMPLE 23

7-NEOPENTYL-5,7,13-TRIAZATETRACYCLO
[9.3.1.077.0"*]PENTADECA-2(10).3,5.8-TLTRAENE
HYDROCIILORIDE

Utilizing the methods described in Example 18A-D,
4.5-dinitro-10-aza-tricyclo{6.3.1.0% 7 Jdodeca-2(7},3,5-
tniene-10-carboxylic acid tert-butyl ester and neopenty-
lamine were converted to the title compound, t-Boc precur-
sor GOCMS m/e 369 (M"). (HCI salt) mp>250° (.

EXAMPLE 24

6-METHYL-7-NEOPENTYL-5,7,13-
TRIAZATETRACYCLCO[9.3.1.0°2.0** |PENTADECA-
2(10)3,5,8-TETRAENE HYDROCHLORIDE

Utilizing the methads described in Example, 21 and 20,
4,5-dinitro-10-aza-tricyclo[6.3. l‘(13‘7]<I0clecn-2(7),3,5-
triene-10-cacboxylic acid tert-butyl ester and neopenty-
lamine were converted to the title compound. *H NMR (400
MHz DMSO-d,) 87.31 (s, 1H), 7.27 (s, 1H), 7.02 (brs, NH),
4.41 (1, J=13.0 Hz, 2H), 3.90 (s, 3H), 3.47-3.26 (m, 6H),
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2.20 (m, LH), 2.00 (d, J=11.5 Hz, 1H), 0.90 (s, 9H), 1-Boc
precursor APClI MS m'e 384.2 [(M +1)*]. mp>250° C.

EXAMPLE 25

6,7-DIMETHYL-5.8,14- TRIAZATETRACY CLO[ 10,
3,107 0P JHEXADECA-2(11),3,5,7,9-PENTAENE
HYDROCHI.ORIDE (Based on the following procedure:
Jones. R. G.; Mclaughtin, K. C. Org. Syn. 1963, 4, 824, b)
Ehrlich. J., Bobert. M. T. J. Org. Chem. 1947, 522,

4,5-Diamino- 10-aza-tricyclo[6.3.1.07 " Jdodcca-2(7),3.5-
triene-10-carboxylic acid tert-butyl ester (100 mg, 0.35
mmol) was warmed to 80° C. in [1.0 (5 mL). To this butane
2,3-dione (0.034 mL, 0.38 mmo!) was added under N. for 2
hours. The reaction was cooled to room temperature and
extracted with EtOAc (3x40 ml). The combined organic
layer was washed with H,O (2x30 ml), dried (Na.SO,),
filtered, concentrated and chromatographed on Silica gel to
provide an oil (120 mg, 100% ). The oil was dissolved in 2N
HCl MeOH (5 mL) and warmed to reflux for 30 minutes,
then concentrated. Recrystallization from MeOH/Et.O pro-
vided a white powder (50 mg, 43%). (TLC EtOAc R0.14).
'H NMR (400 MHz, DMSO-d) 37.85 (s, 2H), 3.50 (br s,
2H), 3.32 (d, J=12.5 Hz, 2H), 3.10 (d, J=12.5 Hz, 2H), 2.64

. (s, 6H), 2.24 (m, 1H), 2.13 (d, J=11.0 Hz, H). t-Boc

precursor APC1 MS m/e 340.3 [(M+1)*).
EXAMPLE 26

5.8,14-TRIAZATELTRACYCLO[10.3.1.0°-* .0*7]-
IIEXADECA-2(11),3,5,7.9-PENTAENE [IYDROCILILO-
RIDE

A) 1-(4,5-Diamino-10-aza-tricyclo[6.3.1.0°"[dodeca-2
(7),3.5-trien-10-y1)-2,2,2-trifluoroethanone

1-(4,5-Dinitro-10-aza-tricyclo[6.3.1.0°7 Jdodeca-2(7),
3,5-trien-10-y1)-2,2,2-triflouro-ethanoae (3.0 g, 8.70 mmol)
was hydrogenated in MeOH (30 ml) under H, (45 psi) over
PA(OH), (300 mg of 20 wt %/C, 10% wt). After 2.5 hours
the reaction was filtered through a Celite pad and rinsed with
MeOH (30 ml). The solution was concentrated to a light
brown oil which crystallized (2.42 g, 96% ). (TLC 10%
McOH/CH.CL, R0.56). APCI MS m/c 286.2[(M+1)*]. mp
129-131° C.

B) 1-(5,8,14-Triazatetracyclo[10.3.1.0™"* .0*°Jhexadeca-
2(11),3,5,9-pentaene)-2,2,2-trifluoro-ethanone

1-(4.5-Diamino-10-aza-tricyclo[6.3.1.0% "Jdodcca-2(7),3,
5-trien-10-y1)-2.2,2-trifluoroethanone (500 mg, 1.75 mmol)
was stirred in TIHE (2 ml). This mixture was treated with
H.O (2 mL) and glyoxal sodium bisulfite addition com-
pound hydrate (931 mg, 3.50 mmol) then stirred at 55° C. for
2.5 hours. The reaction was cooled to room temperature and
extracted with ElOAc (3x40 ml). The combined organic
layer was washed with H,O (2x30 ml), dried (Na-.SO,),
filtered, concentrated and chromatographed on Silica gel to
provide an off white powder (329 mg, 605 ). (TI.C 25%.
EtOAc/hexanes RJ(MO), mp 164-166° C.

C) 5,8,14-Triazatetracyclo[10.3.1.07** 07 Jhexadeca-2
(11),3,5,7,9-pentaene hydrochloride

1-(5,8,14-Triazatetracyclo(10.3.1.0% .07 % Jhe xadeca-2

.04 mmol) was slurred in MeOH (2.0 mi) and treated with
Na,CO, (221 mg, 2.08 mmol) in H.O (2.0 mi). The mixture
was warmed to 70° C. for 2 hours. then concentrated, treated
with H,O (20 mL) and extracted with CH.CIL. (3x10 mi).

5 The organic layer was dricd through a cotton plug and

coneentrated to give a light yellow oil (183 mg, 83% ) which
solidified upon standing (mp 138-140° C.). This material
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was dissolved tn MeOH (10 mL), treated with 3M HCl/
EtOAc (3 ml), concentrated and azeotroped with MeOH
(2x20 mL) to give solids which were recrystallized trom
MeOH/EL.O to afford product as a white solid (208 mg, 97%
). (TLC 5% MeOH/CHCL. (NH;) R, 0.26). 'H NMR (400
MHz, CDH;0D) 88.94 (s, 2H), &.12 (5, 2H), 3.70 (m, 2H),
3.54 (d, 1=12.5 Hz, 2H), 3.35 (d, J=12.5 Hz, 2H), 2.49 (m,
1H), 2.08 (d. J=11.0 Hz, IH). GCMS m/e 211 (M*). mp
225-230° C.

CEXAMPLE 27

14-METITYL-5,8,14-TRIAZATETRACYCLO[ 10.3.1.0™
1. 0" NIEXADECA-2(11),3.5.7.9-PENTAENE  [1YDRO-
CHLORIDE

5.8.14-Tdazatetracyclo[ 10.3.1.0-"1.0"¥]hexadeca-2(11),
3,5,7,9-pentaene (207 mg, 0.98 mmol) was treated with 37%
aqueous formaline solution (1 mL) and formic acid (1 mL)
then warmed to 80° C. for 1 hour. The reaction was poured
into water, made basic (NaOH, pH~11) and extracted with
EtOAc. The organic layer was dried (Na,SQ,), concentratect
and chromatographed on Silica gel to provide a yellow solid.
This was stirred in MeOH (2 mL) and treated with 3N HCl
EtOAc (2 mL). After concentration the solids were recrys-
tallized from McOH/Et.O to atford product as a white solid
(70 mg, 27% ). (2% MeOIl/CILCL, (NII,) R, 0.47). '1I
NMR (400 Mlz, CDCI;) 38.71 (s, 211), 7.80 (s, 21I), 3.37
(br s, 2H), 3.03 (m, 2H), 2.47 (m, 2H), 2.32 (m. 1H), 2.18
(br s, 3H), 1.84 (d, J=11.0 Hz, 1H). APCl MS m/e 226.2
{((M+1]"]. mp >250° C.

EXAMPLE 28

5-0XA-7,13-DIAZATETRACYCLO[9.3.1.0°1°.0* %]
PENTADECA-2(10),3,0,8-TETRAENE HYDROCHLO-
RIDE

A) 2,2.2-Trilluoro-1-(4-hydroxy-5-nitco-10-aza-tricyclo
[6.3.1.0° " }dodeca-2(7),3,5-trien-10-y])-ethanone

1-(4,5-Dinitro-10-aza-tricyclo[6.3.1.0™" Jdodeca-2(7),3,
5-trien-10-y1)-2,2,2-triluoro-ethanone (900 mg, 2.61 mmol)
and potassium acetate (KOAc) (2.6 g, 26.1 mmol) were
dissolved in DMSO (10 mL) and warmed with stirring to
100° C. for 16 hours. The mixture was cooled and diluted
with H.O (50 mL) then extracted with 80% EtOAc/hexanes
(6x25 mL). The organic layer was washed with H.O (3x20
mL.), dried (Na,S0,), filtered and concentrated and purified
by chromatography to give an oil (575 mg, 70% ). (TLC
50% EtOAc/hexanes (NH;) R, 0.56)

B) 2.2,2-Trilluoro-1-(4-hydroxy-5-amino- 10-aza-tricyclo
[6.3.1.0° " dodeca-2(7),3,5-trien- 10-y1)-cthanone

3,2,2-Trifluoro-1-(4-hydroxy-5-nitro-10-aza-tricyclo
[6.3.1.0%" Jdodeca-2(7),3,5-trien-10-yl)-ethanone (575 my,
1.82 mmol) was hydrogenated in MeOH under a H., atmo-
sphere at (45 psi) over 10% Pd/C (80 mg) for 1.5 hours then
tihered through a Celite pad and concentrated to white solids
(450 mg, 86% ). (TLC 5% McOH/CH.CL. (NH,) R, 0.6). 'H
NMR (400 MHz, CD,0D) 86.67-6.59 (m, 2H), 4.12 (m,
1H), 3.73 (m, 1H), 3.73 (m, 1H), 3.51 (m, 1H), 3.07 (m, 2H),
2.24(m, L), 1.94(d,J=10.5 11z, LHI). GCMS m/e 286 (M*).

) 2,2,2-Trifluoro-1-(5-0xa-7,13-diazatetracycla
[9.3. 1.07%.0° g]penla(h:czal-l( 1.0),3,6,8-1etracne)-ethanone
(Goldstein, S. W.,; Dambek, P. J. J. Her. Chem. 1990, 27,
335)

2,2,2-Triluoro-1-(4-hydroxv-5-amino-10-aza-tricyclo
[6.3.1.077 Jdodeca-2(7),3,5-trica- 10-y])-cthanone (150 mg,
0.524 mmol), trimcthyl orthoformate (0.19 mL, 1.73 mmol)
pyridinium-p-tolucnesulfonic acid (PPTS, 18 mg, 0.07
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mmol) and xylenes (10 mL) were combined under nitrogen
and stirred at 135° C. for 18 hours. The mixturc was cooled,
treated with H.O and extracted with EtOAc. The extracts
were dried (Na,80,), filtered, concentrated and purified by
chromatography to give an oil (110 myg, 71% ). (TLC 20%
EtOAc/hexanes R, 0.40)

D) 5-Oxa-7,13-diavatetracyclo[9.3.1.0% 12 0* %]
peatadeca-2(10),3,6,8-tetraene hydrochloride

2,2,2-Trifluoro-1-(5-0xa-7,13-diazatetracyclo[9.3.1.0°
10404‘N];)cnlddccu-2(1O),3,6.8-lclracnc)—clhan(mc (110 mg,
0.37 mmol) was sticred in MeOH (5 mL) and treated with
Na,CO; (78 mg, 0.74 mmol) in H.O (2 mL). The stirred
mixture was warmed to 80° C. for 2 hours. conceatrated to
solids, diluted with H,O and cxtracted with EtOAc (3x40
ml.). The product was extracted into aqueous iN HC]
solution (2x40 ml.) which was washed with EtOAc then
neutralized with saturated aqueous Na.CO; solution to
pH~10. The product was extracted with EIOAc (3x40 mL),
dricd (Na,SO,), concentrated and chromatographed on
Sitica gel to produce an oil. (TL.C 5% MeOH/CH.Cl. (NH)
R, 0.19).

The oil was dissolved in McOH and treated with 3N HCl
EtOAc (4 mL) then concentrated, stirred in a minimum of
CH.Cl, and saturated with hexanes. Alter 18 hours, the
product was collected by filtration (55 mg, 63% ). ‘H NMR

5 (400 MHz, CD,0D) 88.47 (s, LH), 7.70 (s, 1H), 7.65 (s. 1H),

3.41 (m, 2H), 3.30 (m, 211), 3.10 (d, J=12.5 llz, 211), 2.47
(m, 1H), 2.15 (d, J=11.0 Hz, 1H). APCI MS m/c 201.03
[(M+1)*]
EXAMPLE 29
6-METHYL-5-OXA-7,13-DIAZATETRACYCLO
{9.3.1.0°*°.0*"IPENTADECA-2(10).3,6.8-TETRAENE
HYDROCHLORIDE

A) 2,2,2-Trifluoro-1-(6-methyl 5-oxa-7.13-
diazatetracyclo[9.3.1 07'°.0*%]pentadeca-2(10),3,6,8-
tetracne)-ethanone

2,2,2-Trifluoro-1-(4-hydroxy-5-amino-10-aza-tricyclo
[6.3.1.0°7}dodeca-2(7),3,5-trien-10-yl)-ethanone (150 mg,
0.524 mmol), tricthyl orthoacetate (0.34 mL, 1.83 mmol),
pyridinium-p-toluenesullonic acid (PPIS, 20 mg, 0.08
mmol) and xylenes (10 mL) were combined uader nitrogen
and stirred at 135° C. for 18 hours. Workup, isolation and
purification as in Lxample 28C provided the title compound
(90 mg, 55%).

B) 6-Methyl-5-0xa-7,13-diazatetracycio[9.3.1.0™1°.0* %}
pentadeca-2(10),3,6,8-tetracne hydrochloride

2,2,2-Trifluoro-1-(6-methyl 5-oxa-7,13-diazatetracyclo
[9.3.1.0°°.0" ¥]pentadeca-2(10),3,6,8-tctraene)-ethanone
(90 mg, 0.30 mmol) was sticced in MeOH (5 mL) and treated
with Na.CO; (61 mg, 0.58 mmol) in H.O (3 ml). The
stirred mixture was warmed to 80° C. tor 2 hours, concen-
trated to solids, diluted with H.O and extracted with EtOAc
(3x40 mL). The solution was dried (Na.S(,), concentrated,
and chromatographed on Silica gel to produce an oil. (TLC
10% MeOH/CH.CL. (NH;) R, 0.18). "H NMR (frce basc)
(400 MHz, CDCl;) 87.40 (s, 1H), 7.26 (s, LH), 3.05-2.98
(m, 411), 2.72(d, J=12.8 Iz, 211}, 2.59 (s, 31I), 2.46 (m, L1I),
1.98 (d, J=10.5 Iz, 111).

The oil was dissolved in MeOH and treated with 3N HCl
EtOAc (4 mL) then concentrated; stirred in a minimum of
CH.Cl, and saturated with hexanes. After 18 hours, the
product was collccted by filtration (10 mg, 13% ). APCI MS
m/e 215.2 [((M+1)*]. mp >250° C.

EXAMPLE 30

2-FLUORO-N-(5-HYDROXY-10-AZA-TRICYCLO
[6.3.1.0°"]DODECA-2(7),3,5-TRIEN-4-YL)-
BENZAMIDE HYDROCHLORIDE
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2,2,2-Trifluoro-1-(4-hydroxy-5-amino-10-aza-tricvclo
[63.1,()2'7]dodeca-2(7),3.5-(ricn-i()—yl)-cthanone(150 mg,
0.524 mmol), 2-flucrobenzoyl chloride (0.07 mL, 0.576
mmol), pyridinium-p-toluenesulfonic acid (PPTS, 20 meg,
0.08 mmol), pyridine (0.046 mL, 0.570 mmol) and xylenes
(5 ml.) were combined under nitrogen and stirred al 135° C.
for 18 hours. Aller 24 hours, additional PPTS (50 mg) was
added and the material stirred at 135° C. tor an additional 24
hours. Workup as above provided crude product (145 me,
0.375 mmol) which was combined with Na,CO,(s) (80 mg,
0.75 mmol) in McOH (5 mL) and H.O (2 mL) and heated
to reflux. After 3 hours, the reaction was cooled and diluted
with water then extracted with CIL.Cl. (4x40 mL), dried
through a cotton plug then chromatographed to remove
baseline impurity (5% MeOH/CH.Cl, (NH,)). The crude
material was treated with excess 3N HCl EtOAc and
conceatrated, then dissolved in a minimum of MeOH and
the solution was saturated with Et.O and stirred. After
stirring 4 hours the product was collected by filtration (85
mg, 68% ). '"H NMR (400 MHz, CD,0D) 7.9 (m, 2H),
7.59 (m, [H), 7.36-7.23 (m, 2H), 6.82 (s, 1H), 2.99 (m, 4H),
2.78 (m, 2H), 2.35 (m, 1H), 1.96 (d, J=10.5 Hz, 1H). APCI
MS m/e 313.1 [(M+1)*]. mp 125-130° C. (subl.).

EXAMPIE 31

4-CHLORO-10-AZATRICYCLO[6.3.1.0°"]DODECA-2
(7),3,5-TRIENE HYDROCHLORIDE

A) 1{(4-Chloro-10-aza-tricyclo[6.3.1.0° " Jdodeca-2(7),3,
5-trien-10-y1)-2,2,2-wrifluoro-ethanone

Copper(l)chloride (CuCl) was prepared as follows:
CuS0, (4.3 g) and NaCl (1.2 g) were dissolved in hot H.O
(14 mL). sodium bisulfite (NaHSO.) (1 g) and sodium
hydroxide (NaOH) (690 mg) were dissolved in H,O (7 mL)
and added to the hot acidic solution over S minutes. The
precipitated white solids were filtered and washed with
walter.

1-(4-Amino-10-aza-tricyclo{6.3.1.0°"]dodeca-2(7),3,5-
trien-10-y1)-2,2,2-trifluoro-ethanone (460 meg, 1.7 mmol)
was dissolved in H.O (3 ml.) and concentraled HCI
solution(! ml.) then cooled to 0° C. and treated with a
solution of sodium nitrite (NaNO,) (275 mg) in H.O (1 mL)
dropwise. To the resulting solution was added a CuCl (202
mg, prepared as described above, 2.04 mmol) in concen-
trated HC1 solution (2 mL) over 10 minutes (gas cvolution
observed). The resulting solution was warmed to 60° C. for
L5 minutes, then was cooled 1o room temperature and
extracted with CtOAc (4x30 mL). After drying over
Na.SO,, the solution was filtered and concentrated to an oil
which was filtered through a Silica pad to remove baseline
material eluting with 50% EtOAc/hexanes to give an oil
(470 mg, 95% ).

B) 4-Chloro~10-aza(ricyclo[6.3.1.03'-']d0dcca—2(7),3,5-
tricne hydrochloride

1-(4-Chloro-10-aza-tricyclo[6.3.1.0~ " Jdodeca-2(7).3,5-
trien-10-y1)-2,2,2-trifluoro-ethanone (470 mg, 1.62 mmol)
and Na.COj; (344 mg, 3.24 mmol) in MeOH (30 mL) and
H.O (10 mL) were heated to reflux. After 2 hours, the
reaction was cooled and diluted with water then extracted
with ELOAC (4x40 ml), dricd (Na.SO,), filtered and con-
centrated Lo a yellow oil. The crude material was treated with
excess 3N HCl EtOAc and concentrated, then dissolved in
a minimum of CH.CI, and the solution was saturated with
hexanes and stirred, After stirring 4 hours the product was
collected by filtration (155 mg, 42% ). *"H NMR (free basc)
(400 MHz, CDCl;) 87.15 (m, 2H), 7.09 (d, J=8.0 Hz, IH),
3.00-2.94 (m, 4H), 2.68, (m, 2H), 2.38 (m, 1H), 1.92 (d,
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J=10.5 Hz, [H). 'H NMR (HCl salt) (400 MHz, DMSO-d,)
87.30-7.20 (m. 3H), 3.30-3.15 (m, 6H), 2.37 (m, 1H), 1.89
(d, J=1L.0 Hz, 1H). APCI MS m/e 194.1 [(M+1)*].

EXAMPLE 32

10-AZATRICYCLO[6 .3.1.0~2.7~]DODECA-2(7),3.5-
TRIEN-4-YL CYANIDE HYDROCHLORIDE

A) 1-(4-lodo-10-aza-tricyclo[6.3.1.0> "Jdodeca-2( 7),3.5-
trien-10-y1)-2,2 2-trifluoro-cthanone

1-(4-Amino-10-aza-tricyclo[6.3.1.0° " Jdodeca-2(7),3,5-
trien-10-y1)-2,2 2 -trifluorocthanone (SO0 mg, 1.85 mmol)
was dissolved in H.O (5 ml) and concentrated H.SO,
solution (0.5 ml) then cooled to 0° C. and treated with a
solution of sodium nitrite (NaNO.) (140 mg, 2.04 mmol) in
H,O (3 mL) dropwise. Potassium iodide (460 mg, 2.78
mmol) in IN H.SO, solution (0.5 mL) was added over 10
minutes (reaction becomes dark red). The resulting solution
was warmed to room tempcerature and stirred 18 hours. The
reaction was quenched with NalISO, and water (plIl 2.5)
then extracted with EtOAc (4x30 mL). After drying
(Na,S0,), the solution was filtered and concentrated to a
yellow oil which was chromatographed on Silica gel to
provide a yellow oil. (200 mg, 37% ). (TLC 30% EtOAc/
hexanes R, 0.70). (A 5.4 g scale performed as above yielded
5S¢, 67%).

B) 4—lod0~1()-aza~(ricyclo[6.&IA(l:‘7]d0dcc:1~2(7),3,5-
triene- 10-carboxylic acid tert-butyl ester

1-(4-lodo-10-aza-tricyclo[6.3.1.0°7]dodeca-2(7),3,5-
trien-10-y1)-2,2,2-trifluoro-ethanone (3 g, 13.1 mmol) and
37% saturated aqucous NH,OH solution (50 mL)) were
stirred in MeOH (250 ml) for 2 hours then concentrated and
azeotroped with MeOIl (2x50 mL). The resulting product
was stirred in 1,4-dioxane (75 mL) and treated with satu-
rated Na,CO, solution (15 mL). To this was added di-t-
butyldicarbonate (5.71 g, 26.2 mmol). After stirring 18 hours
the reaction was treated with H.O (50 mL) and extracted
with CH.Cl. (4x30 mL), dried (Na.80,), liltered, concen-
trated and chromatographed o Silica gel (TLC 20% ELOAc/
hexanes) to provide product as an oil (4.9 g, 98% ).

€) 4-Cyano-10-aza-tricyclo[6.3.1.0>" Jdodeca-2(7),3,5-
triene-10-carboxylic acid tert-butyl ester (Utilizing the
methods described in: House, H. O.; Fischer, W. F. J. Org.
Chliem. 1969, 3626.)

CuCN (108 mg, .21 mmol) and NaCN (59 mg, 1.21
mmol) were combined in dry DMT (6 mL) and warmed to
150° C. under N... Solution occurs in 20 minutes. To this was
added 4-iodo-10-aza-tricyclo[6.3.1.07]Jdodeca-2(7),3,5-
triene-10-carboxylic acid tert-butyl ester (232 mg, 0.6
mmol) in DMF (3.5 mL) and the mixture was stirred for 18
hours at 150° C., The reaction was cooled and diluted with
50% salurated aqueous NaCl solution and extracted with
30% EtOAc/hexanes (3x30 ml). After drying (Na.SQ)),
filiration and concentration the product was isolated by
chromatography (86 mg.. 50% ). (TL.C 20% EtOAc’/hexanes
R, 0.28).

D) 10-Azawicyclo[6.3.1.0~2 7~ ]dodeca-2(7),3,5-tricn-4-
vl cyanide hydrochloride

4-Cyano-10-aza-tricyclo[6.3.1.07 "Jdodeca-2(7),3,5-
tricne-10-carboxylic acid tert-butyl ester was treated with
3N HCI EtOAc (6 mL) and warmed to reflux for 2 hours,
then concentrated, dissolved in a minimum of MeOH which
was saturated with Et.O and stirred 18 hours. The product

s was collected by filiration (49 mg, 73%). 'H NMR (400

MHz, DMSO-d,) 89.66 (br s, NH), 7.86 (br s. NH),
7.74-7.70 (m, 2H), 749 (d, J=7.5 Hz, IH), 3.33-2.97 (m,
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6H), 2.17 (m, LH), 2.01 (d, J=11.0 Hz, IH). GCMS m/c 184
(M*). mp 268-273° C.

EXAMPLE 33

3-(L0-AZATRICYCLO[6.3.1.0° "JDODECA-2(7),3.5-
TRIEN-4-YL)-5-METHYL-1.2,4-OXADIAZOLE
HYDROCHI.ORIDE

4-Cyano-10-aza-tricyclo{6.3.1.0°"]dodeca-2(7),3,5 -
triene-10-carboxylic acid tert-butyl ester (300 mg, 1 1
mmol) was stirred in EtOH (10 mL). To this hydroxyl aminc
hydrochloride (382 mg, 5.5 mmol) and NaOI1 (242 mg, 6.05
mmol) were added and the mixture was warmed to reflux.
After 45 minutes, the reaction was cooled, diluted with H.O
and cextracted with EtOAc. The organic layer was dried
(Na.S0,) and concentrated to afford a yellow solid (110 mg,
0.35 mmol). This solid was dissolved in pyridine (1 mL) and
treated with acetyl chloride (0.03 mL, 0415 mmol) and
warmed to 100° C. for 18 hours. The reaction was cooled,

treated with H.O and extracted with EIOAc. The organic

extracts were washed with water and saturated aqueous
NaCl solution, dried (Na.SO,) and concentrated. Chroma-
tography on Silica gel afforded product (50 mg, 0.15 mmol).
(25% EtOAc/hexanes R, 0.18). This product was treated
with 2N HCI McOH (10 mL), heated to 70° C. for 1 hour,
cooled, concentrated and recrystallized from MeOIL'EL.O 10
provide product (15 mg). APCl MS m/e 2422 [(M+1)*].

EXAMPLE 34

1-(10-AZATRICYCLO[6.3.1.0° 7 ]DODECA-2(7),3.5- 3

TRIEN-4-YL)-1-ETHANONE HYDROCHLORIDE

A) 1-(4-Acetyl-10-aza-tricyclo[6.3.1.0°" Jdodeca-2(7),3,
5-trien-10-y1)-2,2 2-trifluoro-ethanone

1-(10-Aza-tricyclo[6.3.1.07")dodeca-2( 7),3,5-trien-10-
y1)-2,2,2irifluoro-ethanone (253 mg, 1.0 mmol) and AcCl
(0.68 mL, 10 mmol) were dissolved in DCE (3 mL) and
treated with aluminum chloride (AICL,) (667 mg, 5.0 mmol).
The resulting yellow mixture was stirred for 30 minutes then
poured over ice and saturated aqueous NaHCO, solution.
After stirring 20 minutes the mixture was extracted with
CH,Cl, (3x30 mL). The organic laycr was dricd through a
cotton plug then concentrated to a orange-yellow oil (255
mg, 86%).

B) 4-Acetyl-10-2za-tricyclo[6.3.1.0° 7}dodeca-2(7),3.5-
triene-10-carboxylic acid tert-butyl ester

1-(4-Acetyl-10-aza-tricyclo[6.3.1.0™ "Jdodeca-2(7),3,5-
trien-10-y1)-2,2,2-triftuoro-ethanone (1.3 g, 4.37 mmol) and
37% aqueous NH,OH solution (10 mL) were stirced in
MeOH (30 mli) for 3 hours, then concentrated and azeo-
troped with MeOH (2x50 mL). (This product could be
converled 10 an HCT salt directly: see the next example.) The
resulting product was stirred in 1,4-dioxane (20 mL) and
treated with saturated aqueous Na.CO, solution (5 ml.). To

this was added di-t-butvidicarhonate (191 g, 8.74 mmol). .

Afler stirring 2 hours, the reaction was treated with H.O (50
mlL), extracted with CH.CL. (4x30 mL), dricd (Na,SO,),
filtered, concentrated and chromatographed to provide an oil
(1.3 g, 100%). (TLC 40% L[tOAc/hexanes R, 0.56).

C) 14(10-Azatricyclo{6.3.1.0° 7 Jdodeca-2(7),3,5-rien-4-
yl)-1-cthanone hydrochloride

4-Acetyl-10-aza-tricyclo[6.3.1.0* " Jdodeca-2(7),3,5-
triene-10-carboxylic acid tert-butyl ester (100 mg, 0.63
mmol) was treated with excess 3N HC! EtOAc and warmed
to 70° C. tor | hour then concentrated and dissolved in a
minimum of McOH. The resuliing solution was saturated
with Et.O and stirred. After {8 hours the white crystalline
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product was collected by filtration (81 mg, 54%). 'H NMR
(400 MHz, DMSO-d,) 89.75 (br s, NH), 7.89 (s, LH), 7.88
(d, J=8.0 Hz, [H), 7.74 (br s, NH), 7.44 (d, J=8.0 Hz, LH),
3.33(br s, 2H), 3.22 (br s, 2H), 3.00 (br m, 2H), 2.5 (s, 3H),
207 (m, 1H), 2.02(d, J=11.0 Hz, 1H). GCMS m/e 201 (M*).
mp 198-262

EXAMPLE 35
LO-AZATRICYCLO[6.3.1 077IDODECA-2(7),3,5-
TRIEN-4-OL HYDROCHLORIDE

A} Acetic acid 10-trifluoroacetyl-10-aza-tricyclo
[6.3.1.0°7] dodeca-2(7),3,5-trien-4-y! ester
1-(4-Acetyl-10-aza-tricyclo[ 6.3.1.0>" Jdodeca-2(7),3,5-

5 trien-10-y1)-2,2 2-trifluoro-ethanone (2.5 g, 8.41 mmol) and

3-chloroperoxybenzoic acid (m-CPBA) (7.5 g, 42 mmol)
were stirred in CH.Cl, (20 mL) and warmed to 40° C. for
18 hours. The mixture was cooled to room temperature, then
treated with dimethylsulfide (Me.S) (3 mL, 40.8 mmol) and
stirred 24 hours. The resulting mixture was poured into ice
and saturated aqueous Na,CO, solution (100 mL) then
extracted with ‘Et,O (4x40 mL). The organic layer was
washed salurated aqueous Na,CO, solution (3x40 mL) then
dried (Na,S0,), filtered and concentrated to atford an oil
(1.83 g, 69%). (TLC EtOAc R, 0.80).

B) 2,2,2~Triﬂuoro-1-(4-hydroxy-l(i-aza-!ricyclo
[6.3.1.0°7] dodcca-2(7),3,5-tricn-10-y1)-c thanonc

Acclic acid 10-trifluoroacctyl-10-aza-tricyclo[6.3.1.0°)
dodcca-2(7),3,5-tricn-4-vi cster (900 mg, 2.87 mmol) was
stirred in MeOIl (20 mL) and saturated aqueous NallCO;
solution (15 mL) for 48 hours. The mixture was
concentrated, diluted with H.O and extracted with CH.Cl,
(3x20 mL) then dried through a cotton plug. Chromatogra-
phy oa Silica gel provided pure product (420 mg, 54%).
(ILC 5% MeOH/CH.ClL, R, 0.44). '"H NMR (400 MHz,
CDCly) 87.05 (m, LH), 6.70 (m, 1H), 6.62 (m, 1H), 4.32 (m,
IH), 3.84 (m, 1H), 3.48 (m, 1H), 3.21 (br s, 1H), 3.16 (brs,
tH), 3.09 (m, TH), 2.38 (m, 1H), 1.97 (d, J=11.0 Hz, 1H).

() 10-Azatricyclo[6.3.1.0™ " Jdodeca-2(7),3,5-trien-4-ol
hydrochloride

2.2,2-Trifluoro-1-(4-hydroxy-10-aza-tricyclo[6.3.1.0°7)
dodeca-2(7),3,5-tricn-10-yl)-cthanonc (50 mg, 0.184 mmol)
was dissolved in MeOI/IT,O (3/1, 5 mL), treated with
Na.CO4(s) (40 mg, 0.369 mmol) and warmed to 65° C. for
2 hours. The mixture was concentrated, diluted with H.O
and extracted with CH.CI, (3x20 mL) then dried through a .
cotton plug. Filtration through a Silica gel plug provided an
ol (10% MeOH/CHLCL) which was treated with 3N HCI
EtOAc (3 mL) then concentrated, dissolved in 2 minimum of
MeOH which was saturated with Et,O and stirred. After 18
hours the white crystalline product was collected by filtra-
tion (10 myg, 26%). '"H NMR (400 MHz, CDOD,) 8716 (d,
J=8.0 He, 1H), 6.80 (d, J=2.0 Hz, 1H), 6.72 (dd, J=8.0,2.0
Hz, 1H), 3.32-3.28 (4H), 3.09 (dd, J=14.5, 12.0 Hz, 2H).
232 (m, 1) 2.03 (d, J=11.0 IIz, 111) APCI MS m/e 176.2

[(M+1)*"]. mp 308 (dec.) °C.

EXAMPLE 36

7-MLETIIYL-5-0XA-6,13-DIAZATETRACYCLO
[9.3.1.07'".0"*JPENTADECA-2,4(8),6,9-TETRAENE
HYDROCHLORIDE

A) 1-(4-Acetyl-5-hydroxy-10-aza-tricyclo[6.3.1.0°7]
dodeca-2(7),3,5-trien-10-y1)-2,2 2-trifluoro-ethanone

Acctic acid 10-trifluoroacctyl- 10-aza-tricyclo[6.3.1.0°"]
dodeca-2(7),3 3-tricn-4-vl cster (800 mg. 2.55 mmol) was
combined with AICL, (1.0 g, 7.65 mmol) and warmed to
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170° C. for 2 hours. The mixture was cooled and treated with
LN aqueous HCI solution (20 mL), extracted with EtOAc
and dried (Na.SO,). Chromatography affords an oil (190
mg, 24%). (TLC EtOAc R, 0.75). 'H NMR (400 MHz,
CDCl;) 812.58 (s, (LSH), 12.52 (s, 0.3H), 7.53 (s, 1H), 6.80
(s, 1H), 4.33 (m, 1H), 3.91 (m, 1H), 3.56 (m, 1H), 3.28 (br
s, 1H), 3.24 (br s, 1H), 3.14 (m, 1H), 2.35 (m, 1H), 1.97 (br
d, J=11.2 Hz, 1H).

B) 2,2,2-Trifluoro-1-{4-hydroxy-5-(1-hydroxyimino-
ethyD)-10-aza-tricyclo[6.3.1.07" Jdodeca-2(7),3,5-trien-10-
y1]-cthanonc

1-(4-Acelyl-5-hydroxy-10-aza-tricyclo[6.3.1.077]
dodeca-2(7),3,5-trien-10-y1)-2,2 2-trifluoro-ethanone (190
mg, 0.605 mmol), hydroxylamine HCI (99 mg, 1.21 mmol)

and NaOAc (118 mg, 1.21 mmol) were combined in MeOH *

(4 mL) and H-O (1 mL) and warmed to 65° C. for 18 hours.
The mixture was cooled, diluted with H,O and extracted
with EtOAc which was dried (Na.SO,), filtered and con-
centrated 1o provide a yellow o1l (177 mg, 93%).

) 2,2,2-Trifluoro-7-Methyl-5-0xa-6,13-diazatetracyclo
[9.3,l.0:»IOvO"*s]pcntadeca-2,4(8),6,0<(elraene-erhanone

The above oil, 2,2,2-trifluaro-1-[4-hydroxy-3-(1-
hydroxyimino-cthvl)-10-aza-tricyclo[6.3.1.0°"]dodcca-2
(7),3,5-tricn-10-yl}-cthanone (177 mg, 0.54 mmol) was
stirred in DCLE (3 mL), treated with tricthylamine (0.4 mL,
2.8 mmol) and acetic anhydride (Ac,0) (0.3 mL, 2.8 mmol)
then stirred 18 hours. The reaction was treated with H.O and
extracted with EtOAc. The extracts were doed (Na.SO,),
filtered and concentrated to a yellow o1l which was dissolved
in aphydrous DMF (3 mL) and treated with 60% NaH 1n oil
(32 mg, 1.08 mmot). After stirring 18 hours, additional 60%
NaH in oil was introduced (33 my) and the mixture was
stirred 2 hours. "The reaction was quenched with H,() (S ml.)
and extracted with 80% EtQAc/hexanes (3x30 mL). The
organic layer was washed with H.O (3x20 ml.), dried
(Na.SO,), tiltered and concentrated and chromatographed to
provide an oil (40% EtOAc/hexancs R, 01.56).

D) 7-Methyl-5-0xa-6,13-diazatetracyclo[9.3.1.071°.0""}
pentadeca-2,4(8),6.9-tetraene hydrochloride

Utilizing the methods described in Example 9C,
Trifluoro-7-Methyl-3-0xa-6,13-diazatetracyclo[9.3.1.0™
10.0"¥]pentadeca-2,4(8),6,9-tetraene-cthanone  was con-
verted to the ttle compound. This was treated with 3N HCl
EtOAc (3 mL), concentrated and dissolved in a minimum of
CH.ClL, which was saturated with hexanes and stirred. After
18 hours the white crystalline product was collected by
filtration (18 mg, 13% overall). 'H NMR (400 MHz,
DMSO0-d,) 87.72 (s, 1H), 7.63 (s, 1H), 3.42-2.98 (m, 6H),
2.50 (s, 3H), 2.23 (m, 1H), 2.08 (d, J=10.5 Hz, 1H). APCl1
MS mic 215.2 [(M+1)"]

229,

A

EXAMPILE 37

4-(2-Methyl-2H-pyrazol-3-y1)-10-aza-tricyclo[6.3.1.077)
dodeca-2(7),3,5-tnene hydrochlonde and 4-(1-Methyl-1H-
pyrazol-3-yl)-10-aza-tricyclo{6.3.1.07 "dodeca-2(7).3,5-
triene hydrochloride

1-(4-Acetyl-10-aza-tricyclo[6.3.1.0°7 Jdodeca-2(7).3,5-

dimethylformamide dimethylacetal (DMF-DMAY (4.0 g,
33.6 mmol) were warmed to 140° C. for 18 hours. After
cooling, a crystalline precipitate was filtered and rinsed with
ElOAc (690 mg, 58%).

The above sohid, 3-dimcthylamino-1-(10-trifluoroacctyl-
10-aza-tricyclo[6.3.1.0-7 Jdodcca-2(7),3,5-tricn-4-yl)-
propenone, (200 mg, 0.56 mmot) was dissolved 10 EtOH (3
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mL) and treated with SN HCI EtOH (0.1 mL) followed by
methyl hydrazine (0.6 mmol). The resulting mixture was
warmed to 70° C. for 4 hours. The mixture was cooled,
diluted with water and extracted with EtOAc, dried
(Na,SO,) and concentrated. Chromatography on Silica gel
provided a 3/1 mixture ol regioisomeric products (130 myg,
68%). (11.C 50% ELOAc/hexanes R, 0.40).

The above oil (130 mg, 0.388 mmol) and Na.CO4(s) (82
mg, 0.775 mmol) were stirred in MeOH (10 mL) and H.O
(5 mL) for 18 hours. After cooling the reaction was diluted
with watcr, cxtracted with CH,Cl, dricd through a cotton
plug and concentratcd. The product was purificd by chro-
matography on Silica gel and concentrated to an oil. The salt
was generated with 2N HCl MeOH, coancentrated and
recrystallized from MeOH/EtOAc 1o provide a 3/1 mixture
of regioisomeric pyrrazoles (85 mg, 58%). (5% MeOH/
CH.Cl. (NH,) R, 0.25). TFA-precursor APCI MS m/e 336.2
[(M+1)°).

EXAMPLE 38

4,5-DICHLORO-10-AZATRICYCLO[6.3.1.0° 7]
DODECA-2(7),3,5-TRIENE HYDROCHL.ORIDE

A) 1-(4,5-Dichlora-10-aza-tricyclo{6.3.1.0>"Jdodeca-2
(7),3,5-trien-10-y1)-2,2,2-triluoro-ethanone (Based on
Campaigne, E.; Thompson, W. J. Org. Chem. 1950, 72,
629)

1-(10-Aza-tricyclo[6.3.1.0% " Jdodcca-2(7),3,5-tricn-10-
y1)-2,2,2-trifluoro-ethanone (539 mg, 2.1 mmol) was stirred
in CIL.CL, (5 mL) aad treated with ICL; (s) (982 mg, 4.21
mmol). The resulting orange solution was stirred 0.5 hours,
poured into saturated aqueous NaHSO; solution (25 mL),
extracted with CH,Cl, (3x25 mlL), dried through a cotton
plug and concentrated 1o an oil (570 mg, 84%) (TLC 50%

< EtOAc/hexanes R, 0.62).

B) 4,5-dichloro-10-azatricyclo[6.3.1.077 Jdodeca-2(7),3,
S-triene hydrochloride

1-(4,5-Dichloro-10-aza-tricyclo[6.3.1.0 " Jdodeca-2(7),3,
5-trien-10-y1)-2,2,2-triflvoro-ethanone (570 mg, 1.75 mmol)
was stirred in MeOH (25 mL) and treated with Na.CO,(s)
(5 g, 47 mmol) in H,O (5 mL). The stirrcd mixturc was
warmed to 70° C. for 4 hours, concentrated to solids, diluted
with H,O and extracted with EtOAc (3x40 mL). The prod-
uct was extracted into 1N aqueous HCI solution (2x40 mL)
which was washed with EtOAc then neutralized with satu-
rated aqueous Na,CO; solution to pH~10. Product was
extracted with CH.Cl, (3x40 mL), filtered through a cotton
plug and concentrated to an oil (400 mg, 100%).

The oil was dissolved in MeOH and treated with 3N HC1
EtOAc (4 mL) and concentrated, then dissolved in a mini-
mum of MeOH and which was saturated with Et,0 and
stirred 18 hours. The product was collected by filtration (210
mg, 43%). (TLC 50% EtOAc/hexancs (NH,) R, 0.08). 'H
NMR (400 MHz, DMSO-d,) 87.58 (s, 2H), 3.33-2.97 (m,
611), 2.18 (m, 1II), 1.99 (d, J=10.5 Hz, LI1). **C NMR (100
Mllz, DMSO-d,) 8141.02, 130.60, 126.58, 45.54, 40.55,
38.30. GCMS m/e 227, 229 (M™). mp 283-291° C.

EXAMPLE 39

N* N*-DIMETHYL-10-AZATRICYCLO[6.3.1.0°7]
DODECA-2(7),3,5-TRIENE-4-SULFONAMIDE HYDRO-
CHLORIDE

A) 10-Trifluorcacetyl-10-aza-tricyclo[6.3.1.0% " Jdodeca-

s 2(7),3.5-triene-4-sulfonyl chloride

1-(10-Aza-tricyclo[6.3.1.0°"Jdodcca-2(7),3,5-tricn- 10-
y1)-2,2,2-trifluoro-cthanone (530 mg, 2.1 mmol) was added
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to chlorosulfonic acid (2 mL, 30 mmol) and stirred for 5
minutes. The mixture was quenched with ice, extracted with
EtOAc, dried (Na,S0,), filtered and concentrated to provide
an otl (640 mg, 87%). (TLC 30% EtOAc/hexanes R, 0.15).
B) N'.N*-Dimethyl-10-azatricyclo[6.3.1.0>7|dodeca-2
(7).3,5-triene-4-sulfonamide hydrochloride
10-Trifluoroacetyl-10-aza-tricyclo[6.3.1.07 " |dodeca-2
(7).3,5-triene-4-sultonyl chioride (320 mg, 0.9 mmol) was
stirred in THF (10 mL) and treated with 40% Me,NH/H.O
(1.5 mL}). After 10 minutes the mixturc was concentrated
and chromatographed on Silica gel (TLC 30% EtOAc/
hexanes R, 0.31) 10 provide an oil (256 mg, 78%). This
material was dissolved in MeOII (6 mL) and NH 011 (2 mL)
and stirred 18 hours. The mixture was concentrated and
azeotroped from McOH (3x). The resulting oil was dis-
solved in McOH and treated with 3N HCl E1OAc (4 mL),
concentrated, dissolved in a minimum of MeOH and which
was saturated with Et,O and stirred 18 hours. The product
was collected by liltration as a while powder (163 my, S99%).
(11.C 109% MeOH/CHLCL, (NH,) R, 0.54). 'H NMR (data,
free base) (400 MHz, CDCl,) 87.64 (m, 2H), 7.41 (d, J=8.0
Hz, 1H), 3.30 (m, 2H), 3.20 (d, J=12.5 Hz, 2H), 3.07 (dd,
J=125, 2.2 Hz, 2H), 2.69 (s, 6H), 2.45, (m, 1H), 2.00 (d,
J=11.0 Hz, 1H). *C NMR (100 MHz, CDCl,) 612843,
124.16, 12275, 46.67, 46.55, 42.11, 39,44, 37,81. GCMS
m/e 266 (M*). (data [1Cl salt) 'II NMR (400 MIiz, DMSO-
d,) §7.68-7.52 (3I1), 3.38 (m, 2II), 3.24 (m, 2II), 3.04 (m,
2H), 2.58 (s, 6H), 2.22 (m, LH), 2.04 (d, J=11.0 Hz, LH).
GCMS m/e 266 (M¥). Anal. Calcd. for C ;H, N.O.HCI: C,
51.56; H, 6.32; N, 9.25. Found C, 51.36; H, 6.09; N, 9.09.

EXAMPLE 40

4-(1-PYRROLIDINYLSULFONYL)-10-
AZATRICYCLO[6.3.1.077]DODECA-2(7),3,5-TRIENE
HYDROCHLORIDE

The pyrrolidine analogue was prepared from
10-trifluoroacetyl-10-aza-tricyclo[6.3.1.0° " Jdedeca-2(7),3,
5-tricne-4-sulfonyl chloride (320 mg, 0.9 mmol) as by
substituting pyrroline in the coupling step described in
Example 39B. The TFA product was isolated as an oil (314
mg, 89%). Deprotection and coaversion (o the salt as in
Example 398 allords a white powder (189 myg, 63%). (11.C
10% MeOH/CHLCL (NH,) R, 0.60). (TLC 50% EtOAC
hexanes R, 0.65). "H NMR (400 MHz, CDCl,) 47.66 (d,
J=8.0 Hz, 1H), 7.64 (s, LH), 7.37 (d, J=8.0 Hz, LH),
3.30-3.15 (m, 8H), 3.00 (m, 2H), 2.39 (m, 1H), 1.98 (d,
J=11.5 Hz, 1H), 1.72 (m, 4H). **C NMR (100 MHz, CDCl,)
014691, 144 08, 136.65, 127.90, 124.18, 122.36, 50.43,
47.87, 46 .80, 46.63, 42.11, 39.63, 25.10. APCI MS mve 293
{(M+1)*]. (data IICl salt) "Il NMR (400 Mllz, DMSO-d,)
89.78 {br s, NH), 8.1 (br s, NH), 7.73(d, J =1.5 Hz, L H), 7.66
(dd, J=8.0, 1.5 Hz, 1H), 7.53 (d, J=8.0 Hz, 1H), 3.39-3.01
(10H), 2.21 (m, 1H), 2.04 (d, J=11.0 Hz, LH), 1.06 (m, 4H).

GCMS e 292 (M), Anal. Caled. For C;H  N.OHCLL/ 35

2MeOH: C, 54.07; H, 6.47; N, 851. Found C, 33.98; H,
672, N, 8.12.

EXAMPLE 4}

SA3-DIAZATETRACYCLO[9.3.1.07 ' 0%}
PENTADECA-2,4(8),9-TRIEN-6-ONE HYDROCHI.O-
RIDE (The title compound was prepared tollowing the
procedures described in Quallich, G. J.; Morrissey, P. M.
Synthesis 1993, 51-53, weating 4,3-dinitro-10-aza-tricyclo
[6.3.1.07 " dodcca-2(7),3,5-tricne- 10-carboxylic acid teri-
butyl cstcr as an cquivalent to an ortho fluoro phenyl
moiety.) "H NMR (400 MHz, DMSO-d,) 810.42 (s, NH),
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9.88 (br s, NH), 7.52 (br s, 1H), 7.15 (s, 1H), 6.79 (s, tH),
3.41 (d, J=5.0 Hz, 2H), 3.35-3.13 (m, 4H), 2.93 (m. 2H),
212 (m, 1H), 1.95 (d, J=11.5 Hz, 1H). APCl MS m‘e 215.2
[(M+D)7].

EXAMPLE 42

6-0X0-5-0XA-7,13-DIAZATETRACYCT.O[9.3.1.07
10.0°*IPENTADECA-2(10),3,6,8-TETRAENE HYDRO-
CHLORIDE (For references, see: Nachman, R. J. J. Her.
Chem. 1982, 1545))

2,2,2-Trifluoro-1-(4-hydroxy-5-amino-10-aza-tricyclo
[6.3.1.0°"]dodeca-2(7).,3,5-1rien-10-yl}-cthanone (317 mg,
1.1l mmol) was stirred in THF (10 mlL), treated with
catbonyldiimidazole (269 mg, 1.66 mmol) and warmed to
60° C. for 18 hours. The mixture was concentrated, diluted
with CH,Cl, (50 mL) and washed with [N aqueous HCI
solution (3x10 mL). The organic layer was dried through a
cotton plug, concentrated and chromatographed on Silica gel
(50% EtOAc/Hexanes) to provide an oil (130 mg). ‘This
material converted to the title compound by the methods
described in Example 9C. *H NMR (400 MHz, DMSO-d,)
d11.78 (s, NH), 9.56 (br s, NH), 7.63 (br's, NH), 7.24 (s, 1H),
7.07 (s, 1H), 3.26 (br s, 2H), 3.16 (br ¢, J=9.5 Hz, 1H), 2.93
(brs, 1H), 2.18 (m, 1H), 1.97 (d, J=11.0 Hz,1H). APC! MS
m/e 217.2 [((M+1)'].

EXAMPLE 43

3-TRIFLUOROMETHYL-10-AZA-TRICYCLO
[6.3.1.0.>7IDODECA-2(7),3,5-TRIENE HYDROCHLO-
RIDE (Se¢ Grunewald, G. L.; Paradkar, V. M
Pachenchevsky, B.; Pleiss, M. A; Sall, D. J; Seibel, W. L;;
Reite, 1. J.J. Org. Chem. 1983, 48, 2321-2327 Grunewald,
G. L; Markovich, K. M.; Sall, D. I..J. Med. Chem. 1987, 30,
2191-2208.)

The title compound was prepared by the methads
described in Example | and 2 starting with 2-fluoro-6-
trifivoromcthylbromobenzenc. 'H NMR (400 MHz,
CD;0D) 87.67-7.50 (311), 3.65 (br s, 1H), 3.49-3.42 (m,
2H), 3.29 (s, 1H), 3.28-3.16 (m, 2H), 2.42 (m, 1H), 2.18 (d,
J=11.5 Hz, 1H). APCl MS m/e 228.2 [(M+1)*]. (HCI salt)
mp 275-277° C. Anal. Caled. for C,-H,.F;N.HCL1/3H,0:
C,53.44;H,5.11; N,5.19. Found C, 53.73; H, 4.83; N, 5.16.

EXAMPLE 44

3-PIIENYL-10-AZA-TRICYCLO[6.3.1.0°"]DODLCA-
2(7),3,5-TRIENE HYDROCHLORIDE

A) 5-Fluoro-1,4-dihydro-1,4-methano-naphthalene and
3-1ode-1,4-dihydro-1,4-methano-naphthalene

(Cisch, J. J.; Burlinson, N. E. J. Amer. Chent. Soc. 1976,
98, 753-761. Paquette, L. A.; Cottrell, D. M.; Snow, R. A.
J. Amer. Chem. Soc. 1977, 99, 3723-3733)

Magnesium turnings (9.37 g, 385 mmol) were stirred in
anhydrous THF (1000 mL) in a Alame dried 2L 3 neck round
bottom flask equipped with a non-cqualizing addition funnel
with a N, fow adapter. magnetic stirrer and efficient con-
deaser equipped with a N. flow adapter. 'The Hask was
stirred and warmed to reflux by a removable heating mantle.
2,6-Dillucro-iodobenzene (0.3 g) was added lollowed by of
3N EtMgBr in THF (0.3 ml.). The addition [unnel was
charged with an intimate mixture of cyclopentadiene (24.24
¢, 367 mmol) and 2,6-difluoro-iodobenzene (88.0 g, 367
mmol). Small portions (~1 mL) of the intimate mixture were

5 introduced to assist initiation (~4x). After ~15 minutcs, the

rcaction initiated (exothcrm, and vapor condeasation) and
heating was maintained as necessary during the addition of
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the contenis of the addition tunael. The reaction was then
maintained at reflux for ~1 hour (no SM by GCMS).

The reaction was cooled to room temperature and
quenched with H.O (200 mL) followed by aqueous IN HCl
solution (200 mL) to dissolve the solids. Product was
extracted with hexanes (4x150 mL). The combined organic
layer was washed with saturated aqueous NaHCO, solution
(150 mL), dried (Na.SO,), filtered through a Silica plug
with hexanes rinse and concentrated Lo an oil (70 g).
Chromatography on Silica gel eluting with hexanes provided
two lots (9.0 and 21.0 g), which coatained primarily 5-iodo-

1 4-dihydro-1,4-methano-naphthalene. (TLC hexanes R,

0.63). )

B) 5—10(Io-1,2,3,4«le(rahydro—1,4-me(hano—nﬂphlha]ene—l,
3-chol

5-lodo-1,4-dibydro- 1 ,4-methano-naphthalene (20 g) and
N-methyl morpholine N-oxide (17.61 g, 130 mmol) were
stirred 1n acetone (90 mL) and H.O (13 mL). To this was
added a solution of OsO, (0.2 mL, 2.5% wt, solution in
-BuOH, 0.02 mmol). After 144 hours, florisil (5 g) and
saturated aqucous NaHSO, solution (3 mL) were added and
stirred for %2 hour. The mixture was filtered through a Celite
pad and the filtrate concentrated to produce an oil which was
purified by chromatography on Silica gel eluting with a
gradient of hexanes to 100% EtOAc 1o provide a yellow
solid (13.73 g). APClI MS m‘e 301.1 {(M-1)*].

C) 10-Benzyl-3-iodo-10-aza-tricyclo[6.3.1.07 " Jdodeca-2
(7),3,5-triene

5-lodo-1.2,3,4-tetrahydro-1,4-methano-naphthalene-2, 3-
diol (8.33 g, 27.6 mmol) and Et;NBaCl (10 mg) werc
vigorously stirred in dichlorocthane (25 mL) and H.O (75
mL) then treated with sodium periodate (6.17 g, 29.0 mmol).
Alter 1.5 hours, the layers were separated and the aqueous
layer extracted with DCE (2x40 mL). The combined organic
layer was washed with H.O (4x30 mL) until no reaction to
starch lodide paper was observed, then with saturated aque-
ous NaCl solution (30 mL). The organic layer was dried
through a cotton plug and treated with benzyl amine (3.16
mi., 29.0 mmol) and stirred for 2 minutes then transterred o
an addition funnel. This solution was added over ~10
minutes to a vigorously stirred cooled (0° C.) mixture of
NaHB(OAc); (18.72 g, 88.0 mmol) in DCE (150 mL). After
additlon was complete, the mixture was sticred without
cooling for 2 hours. The mixturc was quenched with satu-
rated aqucous Na.COj; solution (100 mL) and stirred for 1
hour, then the lavers were separated and the aqueous layer
was extracted with CII,Cl. (3x50 ml). The combined
organic layer was washed with saturated aqueous NaCl

solution (50 mL), dried through a cotton plug and concen-

trated. Chromatography on Silica gel provided an oil (6.3 g,
61%). (I'LC 5% EtOAc/hexanes R, 0.10). 'H NMR (400
MHz, CDCL,) 87.61 (d, J=8.0 He, 1H), 7.28-7.22 (m, 3H),
713 (d, }=8.0 Hz, 1H), 6.98-6.94 (m, 3H), 3.58 (AB dd,

J=14.2 Hz, 2H), 326 (brs, [H), 3.21 (b s, [H), 3.04 (br d, |

J=10.2 Hz, 1H), 283 (br d, J=10.2 Hz, 1H), 2.47 (d, J=10.0
Hz, [H), 2.39 (d, J=10.0 Hz, 1H), 234 (m, LH), 1.72 (d,
J=10.5 Hz, 1H). APCI MS m/c 376.0 [((M+1)*].

D) 10-Benzyl-3-phenyl-10-aza-tricyclo[6.3.1.0°7)
dodeca-2(7),3,5-uiene

(For a discussion, sce: Miyaura, N.; Suzuki, A Clien. Rer:
1995, 95. 2457-2483.)

10-Benzyl-3-iodo-10-aza-tricyclo[6.3.1.0° 7 Jdodeca-2(7),
3,5-triene (375.3 mg, 1.0 mmol), potassium acetate (7835 mg,
8.0 mmol) and phenyl boronic acid (183 mg, 1.5 mmol)
were combined in 1071 EtOH/H.O (5 mL.). The mixture was
degassed (3 vacuum/N, cycles), treated with tetrakis
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(triphenylphosphine )palladium(0) (57.5 mg, 0.05 mmol)
and warmed to 90° C. for 18 h. The reaction was cooled,
diluted with H,O and extracted with Et.O (3x50 mL). The
organic layer was washed with brine (50 mL), dried
(MgS0,), filtered and concentrated to provide an oil (180
my, S5%). (I'L.C 4% EtOAc/hexanes R, 0.18). GCMS m/e
325 (M)*.

E) 3-Phenyl-10-aza-tricyclo{6.3.1.07 Jdodeca-2(7),3,5-
triene hydrochloride :

10-Benzyl-3-phenyl-10-aza-tricyclo[ 6.3.1.0° " ]dodeca-2
(7).3,5-triene was converted into the title compound utiliz-
ing the conditions described in Example 2D. (11.C 10%
MeOH/CH,CL, (NH;) R 0.30). (data for [ree base) 'H NMR
(400 Mz, CDC1,) 87.46-7.15 (8H), 3.17 (br s, 1H), 3.01
(m, 2H), 2.93 (d, J=13.0 Hz, 1H), 2.72 (dd, J=10.5,2.5 Hg,
IH), 2.63 (dd, J=10.5,2.5 Hz, LH), 2.41 (m, 1H), 1.91 (d,
J=10.5 Hz, 1H). APCI MS m/e 236.2 [(M+1)*]. (HCl salt)
mp 262-265° C. Anal. Calcd, for C,H,,N.HC1.1/3H.0: C,
73.26; 11, 6.86 N, 5.19. Found C, 73.50; 11, 6.77; N, 5.04.

EXAMPLE 45

3-HYDROXY-10-AZA-TRICYCLO([6.3.1.0°7]
DODECA-2(7),3,5-TRIENE HYDROCHLORIDE

A) 10-Benzyl-3-boronic acid-10-aza-tricyclo[6.3.1.0>7)
dodeca-2(7),3,5-triene

10-Benzyl-3-iodo-10-aza-tricyclo[6.3.1.0>"Jdodeca-2(7),
3.5-triene (3.0 g, 7.99 mmol) was stirred in anhydrous THF
(40 mL) at ~78° C. under nitrogen and treated dropwise with
n-Buli (3.84 mL of 2.5 M soln, in hexanes, 9.59 mmol).
After 10 minutes, tri-isopropylborate (4.61 mL, 20.0 mmol)
was added dropwise. After Y hour, the reaction was poured
into saturated aqueous NaHCO, solution, stirred 5 minutes
and extracted with ELOAc (3x50 mi.) and concentrated, The
residue was dissolved in 30% Et,O/hexanes and extracted
with 1IN NaOH aqueous solution (4x350 mL). The combined
aqueous basic layer was treated with concentrated HCI 10
achieve pH 8 and extracted with EtOAc (4x25 mL), dred
(Na,S0,) and stripped. Chromatography on Silica gel clut-
ing first with 3% [tOAc/hexanes to remove non-polar
compounents, then with 5% MeOI/CII.Cl, provides the title
compound, (TLC 25% EtOAc/hexanes R, 0.60).

B) 10-Benzyl-3-hydroxy-10-aza-tricyclo[6.3.1.0°7)
dodeca-2(7),3,5-triene

10-Benzyl-3-boronic acid-10-aza-tricyclo[6.3.1.0°7)
dodeca-2(7),3,5-triecne (140 mg, 0.48 mmol) dissolved in
THF (5 mLL) was treated with N-methylmorpholine-N-oxide
(64.5 mg, 0.48 mmol) and brought to reflux for 1 hour. The
reaction was concentrated and chromatographed on Silica
gel to provide product. (TLC 25% EtOAc/hexanes R 0.13)
'H NMR (400 MHz, CDCL,) 87.18-7.15 (3H), 7.04 (dd,
J=8.0,7.0 Hz,- 1H), 6.95 (m, 2H), 6.75 (d, J=7.0 Hz. 1H),
6.59 (dd, J=8.0,1.0 Hz, 1H), 3.53 (br s, OH), 3.51 (AB d,
J=14.0 1z, 2ID), 3.28 (br s, 111), 3.06 (br s, 111}, 2.91 (dd,
J=8.5, 1.5 Hz, 1H), 2.79 (ddd, J=8.5,1.5,1.5 Hz, 111), 2.42 (d,
J=11.0 Hz, 1H), 2.39 (d, J=11.0 Hz, 1H), 2.23 (m, [H), 1.65
(d, J=10.5 Hz, [H). APCI MS m/e 266.5 [((M+1)"].

() 3-Hydroxy-10-aza-tricyclo[6.3.1.0° " |dodeca-2(7),3.
S-tricne hvdrochloride

10-Benzyl-3-hydroxy-10-aza-tricyclo[6.3.1.0° 7 Jdodeca-
2(7),3,5-triene (160 mg, 0.60 mmol) was converted into the
title compound by the methods described in Example 1D. *H
NMR (400 MHz, CDCl,) 87.15 (dd, J=8.0,7.5 Hz, 1H), 6.84
(d, I=7.5 Hz, 1H), 6.76 (d, J=8.0 Hz, 1H), 3.51 (br s, 1H),

s 3.33-3.25(3H), 3.16 (d, J=12.0 Hz, LH), 3.09 (d, J=12.0 Hz.

LH), 2.29 (m, 1H), 2.02 (d, J=11.0 Hz, 1H). APCI MS m/c
175.8 [(M+1)]. (HCI salt) mp 253-255° C.
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EXAMPLE 46

4,5-DIFLUORO- 10-AZA-TRICYCLO[6.3.1.0%7]
DODECA-2(7),3,5-TRIENE [TYDROCIHLORIDE

The title compound was prepared by the methods
described in Example 1 and 2 starting with 2,4,5-
trifluorobromobenzene. 'H NMR (400 MHz, CDCl,) $7.31
(t, 1=8.5 Hz, 2H), 3.48-3.13 (6H), 2.38 (m, 1H), 2.11 (d,
J=11.5 Hz, 1H). APCI MS m/e 196.2 [(M+1)*]. (HCI sal)
mp 301-303° C. Anal. Caled. for C,,H,,F.N.HCI 1;6H,0:
C,56.30; H, 5.30; N, 5.97. Found C, 56.66; H, 5.41; N, 5.96.

EXAMPLE 47

6-ETHY.-5-0XA-7,13-DIAZATETRACYCLO
[9-3.1.0°1°.0**JPENTADECA-2(10),3,6,8-TETRAENE
HYDROCHLORIDE

2,2,2-Triﬁuoro~1-{4-hydroxy-5-amino-10-aza-tricyclo
[6.3,1.03'7]dodcca-2(7),3,5~tricn-lOyl)-clhanonc and pro-
pionyl chloride were converted to the title compound fol-

lowing the procedures described in LExample 30 and -

Goldstein, S. W.; Dambek. P. 1, J. Het. Chem. 1990, 27, 335.
'H NMR (400 MHz, CD,OD) §7.64 (s, LH), 7.62 (s, 1H),
3.48(d, J=2.5 Hz, 2H), 3.41 (d, J=12.0 Hz, 2H), 3.20 (2H),
301 (q, J=7.5 Hz, 2H), 2.45 (m, 1H), 2.17 (d, J=11.5 Hz,

1H), 1.42 (t, J=7.5 Hz, 3H). APCI MS m/e 229.2 [(M+1)]. -

EXAMPIE 48

0-ISOPROPYL-5-0XA-7,13-DIAZATETRACYCLO
[9-3.1.0%"°.0" *IPENTADECA-2(10),3,6.8- TETRAENE
HYDROCHLORIDE

2,2,2-’l‘riﬂuorod-(4-hydroxy-5-amino-10-aza-tricyclo
[6.3. 1.03'7]dodeca-’_’(7),3,5-trien—lO-yl)—ethanone and isobu-
tyryl chloride were converted to the title compound follow-
g the procedures described in EXAMPLE 47. (TLC 25%
LCiOAc/hexanes R, 0.14). 'II NMR (400 Mllz, CD50D)
87.65 (2ID), 3.49 (br s, 210), 3.41 (d, J=12.0 Ilz, 2D,
3.33-3.19 (3H), 2.45 (m, LH), 2.18 (d, J=11.5 Hz, LH), 1.45
(d, J=7.0 Hz, 6H). APCI MS m/e 243.2 [(M+1)*]. (HCl salt)
mp 249-251° C.

EXAMPLE 49

6-BENZYL-5-0XA-7,13-DIAZATETRACYCLO
[9.3.1.0:"0.0*’S]PENTADECA-2(10),3.6,8-TETRAENE
HYDROCHLORIDE

2,2,2-Triﬂuero-l-(4-hydr0xy-5-amino-10‘aza-lricyclo
[6.3.1.0°"}dodecca-2(7),3,5-tricn-10-yl)-cthanonc and
phenyl-acetyl chloride were converted 1o the title compound
tollowing the procedures described in CXAMPLE 47. 11

NMR (400 Milz, CD,0D) 87.63 (s, L1I), 7.58 (s, LI}, *

7.36-7.24 (SH), 4.29 (s, 2H), 3.46 (d, J=2.5 Hz, 2H), 3.39 (d,
J=12.0 Hz, 2H), 3.18 (2H), 2.42 (m, 1H), 2.15 (d, J=11 5 Hz,
tH). APCI MS m’e 291.2 [(M+1)*].

What 15 claimed is:

L. A compound of the formula

R
N
z
[ \J@NR'
N
S
R}

R' is hydrogen, (C,-Cg)alkyl, unconjugate (C3-Cy)
alkenyl, XC(=O)R", benzyl or —CIL,Cll,—0O—
(C,-Calkyl;

(D
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R* and R?, together with the carbons to which they are
attached, form a four 1o scven membered moaocyclic,
or ten to fourteen membered bicyclic, carbocyclic ring
that can be saturated or unsaturated, wherein from one
to three of the nonfused carbon atoms of said mono-
cyclic riags, and from one to five of the carbou atoms
ol said bicyclic rings that are not part of’ the benza rings
shown in formula [, may optionally and indepeadently
be replaced by a nitrogen, oxygen or sulfur, and
wherein said monocyclic and bicyclic rings may
optionally be substituted with one or more substituents
that arc sclected, independently, from (C,—Cy) alkyl
optionally substituted with from onc to seven fluorine
atoms; (C,~Cy)alkoxy optionally substituted with from
one 1o seven fluorine atoms; nitro, cyano, halo, (C.-C,)
alkenyl, (C,-C,)alkynyl, hydroxy, amino, (C,-C,)
alkylamino and ((C,~Cy)alkyl).amino, —CO.RY,
~—CONRR®, —SO,NR'R?, —C(=O0)R"* and —XC
(=0)R'
wherein each RY, R, R°, R7, R® and R!? is selected,
indepeadently, from hydrogen and (C,—Cy) alkyl, or R®
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,)
alkylpiperazine or thiomorpholine ring, or a thiomor-
pholine ring wherein the ring sullur is replaced with a
sulfoxide or sulfone; and
cach X is, independently, (C,~C, )alkylene;
or a pharmaceutically acceptable sali thereof.

2. A compound according to claim I, wherein R* and R?,
together with the benzo of formula I, form a bicyclic ring
system selected [rom the following:

N, N,
= Q-
b

OO0~
O

\
N

/

RIC

wherein R*'C and R'7 are sclected, independently, from
(C,~Cy) alkyl optionally substituted with from one 10 seven
fluorine atoms; (C,—C,) alkoxy optionally substituted with
from one 1o seven fluorine atoms; (C.-C,)alkenyl, (C.~Cy)
alkynyl, hydroxy, amino, (C,~C,)alkylamino and ((C-Co)
alkyly,amino, —CO_R", —CONR®R®, —SO,NR’R¥,
—C(=0)R"? and —XC(=0)R"** and wherein R, R?, R®,
R7, R® and R'® are as defined in claim 1.

3. A compaund according to claim 1 selected from the
group consisting of:

5,7,13-triazatetracyclo[9.3.1.0™'°.0* % Jpentadeca-2(10),3,5,
8&-tetraene;

7-methyl-5,7,13-triazatctracyclo[9.3.1.0°°.0"# Jpcatadeca-
2(10),3,5 8-tetracne;

6-methyl-5,7,13-triazatetracyclo[9.3.1.07'° 0" *pentadeca-
2(10),3,5,8-tetraene;
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7-propyl-5,7,13-triazatetracyclo{9.3.1.077°.0* % |pentadeca-
2(10),3,5.8-tetraene;
7-butyl-5,7,13-triazatetracycto[9.3.1.0°*°. 0" *pentadeca-2
(10),3.5,8-tetraene;
-methyl-7-isobutyl-5,7,13-triazatetracyclo{9.3.1.07'0.04 %)
pentadeca-2(10),3,5,8-1ctracne;
7-neopentyl-5,7,13-triazatetracyclo{9.3.1.0%-12.07 %)
pentadeca-2(10),3,5,8-tetraene;
6-methyl-7-neopentyl-5,7,13-triazatetracyclo[9.3.1.0°-1° 0%
s }pentadeca-2(10),3,5,8-tetracne;
6-mcthyl-5-0xa-7,13-diazatetracyclo[9.3.1.0°4° 0+ %]
pentadeca-2(10),3,6,8-1tctracnc;

and pharmaceutically acceptable salts thereof.
4. A compound according to claim | which is:
6-methyl-5-thia-7,13-diazatetracyclo[9.3.1.0°-19.0% %]
pentadeca-2(10),3,6,8-letraene;

or a pharmaceutically acceptable salt thereof.
5. A compound according to claim 1 which is:
G-methyl-7-propyl-5,7,13-triazatetracyclo[9.3.1.0°3°.0* 8]
pentadeca-2(10),3,5,8-tetraene;

or a pharmaceutically acceptable salt thereof.
6. A compound according to claim 1 which is:
6,7-dimethyl-5,7,13-triazatetracyclof{9.3.1.0%:1°.0%%]
pentadeca-2(10),3,5,8-tetraene;

or a pharmaceutically acceptable salt thereof.
7. A compound according to claim 1 which is:
6,7dimethyl-5,8,14-triazatetracyclo[10.3.1.0%-1 %]
hexadeca-2(11),3,5,7,9-pentacne;

or a pharmaceutically acceptable salt thereof.
8. A compound according to claim 1 which is:

5.8, 14-triazatetracyclof 10.3.1.07'1.0%° hexadeca-2(11),3,5,
7,9-pentacac;

or a pharmaceutically acceptable salt thereof.
9. A compound according to claim 1 which is:
14-methyl-5,8,14-triazatetracyclo[10.3.1.0%'1.0° %]
hexadeca-2(11),3,5,7,9-pentaene;

or a pharmaceutically acceptable salt thereof.
10. A compound according to claim 1 which is:
S-0xa-7,13-diazatetracyclof9.3.1 .()2'm.()“"“]pcnladccu—l( ),
3,6,8-1ctracne;

or a pharmaceutically acceptable salt thereof.
11. A compound according to claim 1 which is:
7-methyl-5-oxa-6,13-diazatctracyclo{9.3.1.0°1°.0%]
pentadeca-2,4(8),6,9-tctracnc;

or a pharmaceutically acceptable salt thereof.

12. A pharmaceulical composition comprising an amount s

ot a compound according to claim I and a pharmaceuticaily
acceptable carrier.

13. A method for reducing nicotine addiction or aiding in
the cessation or lessening of tobacco use in a mammal,
comprising administering o said mammal an amount of a
compound according Lo claim 1 that is ellective in reducing
nicotine addiction or aiding in the cessation or lessening of
tobacco use.

14. A method for treating a disorder or condition selected
from inflammatory bowcl discase, ulcerative colitis, pyo-
derma gangrenosum, Crohn’s discase, irritable bowel
syndrome, spastic dystonia, chronic pain, acute pain, celiac

'
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sprue, pouchitis, vasoconstriction, anxiety, panic disorder,
depression, bipolar disorder, autism, sleep disorders, jet lag,
amyotrophic lateral sclerosis (ALS), cognitive dysfunction,
hypertension, bulimia, anorexia, obesity, cardiac arrvthmias,
gastric acid hypersecretion, uicers, pheochromocytoma, pro-
gressive supranuclear palsy, chemical dependencies and
addictions; dependencies on, or addictions to, nicotine,
tobacco products, alcohol, benzodiazepines, barbitucates,
apioids or cocaine; headache, stroke, traumatic brain injury
(TBI), obsessive-compulsive disorder (OCD), psychosis,
Huntington’s Chorea, tardive dyskinesia, hypedkiaesia,
dyslexia, schizophrenia, multi-infarct dementia, age related
cogmtive decline, epilepsy, petit mal absence epilepsy,

; seuile dementia of the Alzheimer's type (AD), Parkinson’s

disease (PD), attention deficit 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 according to claim 1 that is effective
in treating such disorder or condition.

15. A compound of the formula (I')
RJ
2 d
)
R? s
Rl
P ca
D
Y NS
RI

wherein

)

Ty

R* and R°, together with the carbons to which they are
attached, form a four 10 seven membered monacyclic,
or ten 1o fourteen membered bicyclic, carbocyclic ring
that can be saturated or unsaturated, wherein from one
to three of the nontused carbon atoms of said mono-
cyclic rings, and from onc 10 five of the carbon atoms
of said bicyclic rings that are not part of the benzo ring
shown in tormula [, may optionally and independently
be replaced by a nitrogen, oxygen or sulfur, and
wherein said monocyclic and bicyclic rings may
optionally be substituted with one or mare substituents
that are selected, independently, from (C,~Cy) alkyl
optionally substituted with from one to seven Huorine
atoms; (C,-Cg)alkoxy optionally substituted with from
one to seven fluorine atoms; nitro, ¢yano, halo, (C.~C,)
alkenyl, (C.-Cjalkynyi, hydroxy, amino, (C,-C,)
alkylamino and ((C,-C,)alkyl).amino, —CO.R",
—CONRR®, ——SO.NR'R¥, —C(=O0)R** and —XC
(=0)R*, ,

wherein each RY, R’, R, R7, R® and R' s selected,
indepeadently, from hydrogen and (C,~C,) alkyl, or R*
and R®, or R7 and R® together with the nitrogen (o
which they are attached, form a pyrrolidine, piperidine,
morpholine, azetidine, piperazine, —N—(C,-C,)
alkylpiperazine or thiomorpholine ring, or a thiomor-
pholine ring wherein the ting sulfur is replaced with a
sulfoxide or sulfonc; and

each X is, independently, (C,-Cy)alkylene;
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and P' is COOR'® wherein R!° is allyt, 2,2,2-
trichloroethyl or (C,-C,)alkyl; —C(=0)NR’R®
wherein R® and R® are selected, independently, from
hydrogen and (C,~C,) alkyl, or R® and R® together with
the nitrogen to which they are attached, form a s
pyrrolidine, piperidine, morpholine, azetidine,
piperazine, —N—(C,~C,)alkylpiperazine or thiomor-

56
pholine ring, or a thiomorpholine ring wherein the ring
sulfur is replaced with a sulfoxide or sulfone;
—C(=0H, —C(=0)}C,-C,)alkyl wherein the alkyl
woiety may optionally be substituted with from 1 to 3
halo atoms; benzyl, or t-butoxycarbony! (t-Boc).

* * * * *




