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ba Search Report has been prepared by the EPO or IPO...ceccccssessesercenerseeesene eee840,00

 
International preliminary examination fee paid to USPTO (37CFR 1.482)...,.......... 3670.00
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0

O
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5 , - ARYL FUSED AZAPOLYCYCLIC COMPOUNDS
Background of the invention

This invention relates to aryl fused azapolycyclic compounds, as defined more

specifically by formula | below. Compounds of formula | bind to neuronal nicotinic acetyicholine

specific receptor sites and are useful in modulating cholinergic function. Such compounds are

10 useful in the treatment of infammatory bowel disease (inciuding but not limited to ulcerative
calitis, pyoderma gangrenosum and Crohn's disease), irritable bowel syndrome,..spastic

dystonia, chronic pain, acute pain, celiac sprue, pouchitis, vasoconstriction, anxiety, panic

disorder, depression, bipolar disorder, autism, sleep disorders, jet lag, amylotropic lateral

sclerosis (ALS), cognitive dysfunction, hypertension, bulimia, anorexia, obesity, cardiac

15 arrythmias, gastric acid hypersecretion, ulcers, pheochromocytoma, progressive supramuscular

palsy, chemical dependencies and addictions (e.g , dependencies on, or addictions to nicotine

(and/or tobacco products), alcohol, benzodiazepines, barbituates. opioids or cocaine),

headache, stroke, traumatic brain injury (TBI), obsessive-compuisive disorder, psychosis,

Huntington's Chorea, tardive dyskinesia, hyperkinesia, dyslexia, schizophrenia, multi-infarct

20 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

cisorder (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

25 antidepressant (SRI). in order to treat bath the cognitive decline and depression associated with

AD, PD. stroke, Huntington's Chorea or traumatic brain injury (TBE): in combination with

 
muscarinic agonists in order to strmulate both central muscannic and nicotinic receptors for the

treatment, for example, of ALS, cognitive dysfunction, age related cognitive decline, AD, PD,

stroke, Huntington's Chorea and TBI, in combination with neurotrophic factors such as NGF in

30=order to maximize cholinergic enhancement for the treatment, for example, of ALS, cognitive

dysfunction, age related cognitive decline, AD, PD stroke, Huntington's Chorea and TBI: orin

combination with agents that slow or arrest AD such as cognition enhancers, amyloid

aggregation inhibitors, secretase inhibitors, tau kinase inhibitors, neuronal antunflammatory
agents and estrogen-like therapy

EXPRESS WAIL NO,EYPEIg/
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5 Other compoundsthat bind to neuronal nicotinic receptor sites are referred to in United

States Patent Application 08/963,852, which was filed on November 4, 1997. The foregoing
application is owned in common with the present application, and ts incorporated herein by
reference in its entirety.

Summary of the Invention

10 This invention relates to aryl fused azapolycyclic compoundsof the formula

R2

NR’ (1)

R?

R' is hydrogen, (C,-Ce)alkyl, unconjugated (C3-C,)alkenyl, benzyl, XC(=O)R'* or
-CH,CH,-O-(C,-C,)alkyl:

R’ and R® are selected, independently, from hydrogen, (C,-C,)alkenyl, (Co-Ce)alkynyi,
15 hydroxy, nitro, amino, halo, cyano, -SO,(C,-Ce)alkyl wherein q is zero, one or two,

(C,.Cg)alkylamino-, [(C,-Cg)alkylamino-, -CO,R*, -CONR®R®, -SO,NR’R®, -c(=0)R",
-XC(=O)R"?, aryl-(Co -C,)alkyl- or aryl-(Cy-C,)alkyl-O-, wherein said aryl is selected from phenyl
and naphthyl, heteroaryl-(Cp-C,)alkyl- or heteroaryl-(C,-C,)alkyl-O-, wherein said heteroary! is
selected from five to seven membered aromatic rings containing from one to four heteroatoms

20 selected from oxygen, nitrogen and sulfur, and X7(Co-Cg)alkoxy-(Co-C,)alkyl-, wherein X? is

 
absent or X? is (C,-C.)alkylamino- or [(C,-C,)alkyl],amino-, and wherein the (Co-C,)alkoxy-(C,-
C.)alky!- moiety of said X*(Co-C,)alkoxy-(Co-Ce)alkyl- contains at least one carbon atom, and

wherein from one to three of the carbon atoms of said (Co-C,)alkoxy-(C-C,alkyl- moiety may

optionally be replaced by an oxygen, nitrogen or sulfur atom, with the proviso that any two such

25 heteroatoms must be separated by at least two carbon atoms, and wherein any of the alkyl!
moieties of said (C,Cg)alkoxy-(Cp-Ce)alkyl- may be optionally substituted with from two to seven

fluonne atoms, and wherein one of the carbon atomsof each of the alkyl moieties of said aryi-

(Cy-C,)alkyl- and said heteroaryl-(C.-C,)alkyl- may optionally be replaced by an oxygen, nitrogen

or sulfur atom, and wherein each of the foregoing aryl and heteroaryl groups may optionally be

30 substituted with one or more substituents, preferably from zero to two substituents,

independently selected from (C,-Cg)alkyl optionally substituted with from one to seven fluonne

atoms. (C,-C,)alkoxy optionally substituted with from two to seven fluorine atoms, halo ({ e.g.,
chloro fluoro, bramo or todo), (C,-C,)aikeny!, (C2-C,)alkynyl, hydroxy, nitro, cyano, amino, (C,-
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5 Ce)alkylamino-, [(C,-Cs) alkyl],amino-, -CO,R*. -CONR°R®, -SO,NR’R®, -C(=0)R™ and -
XC(=O)R™,

or R? and R®, together with the carbons to which they are attached, form a four to seven
membered monocyclic, or a ten to fourteen membered bicyclic, carbocyclic nng that can be
Saturated or unsaturated, wherein from one to three of the nonfused carbon atoms of said

10 monocyclic rings, and from onetofive of the carbon atoms ofsaid bicyclic nngs that are not part
of the benzo ring shown in formuia |, 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 more substituents, preferably from zero to two substituents for the

monocyclic rings and from zero to three substituents for the bicyclic rings, that are selected,
15 independently, from (Cy -C,)alkoxy-(Cy-C,)alkyl-, wherein the total numberof carbon atoms does

not exceed six and wherein anyof the alky! moieties may optionally be substituted with from one

to seven fluorine atoms; nitro. oxo, cyano, halo, (C2-Ce)alkenyl, (C;-C,)alkynyl, hydroxy, amino,
(C,-Ce)alkylamino-, [(C,-Ce)atkyl],amino-, -CO,R*, -CONR®R®, -SO,NR’R®, -C(=O)R™. and -
XC(=O)R™,

20 each R*, R®,R®R’, 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
pyrrolidine, piperidine, morpholine, azetidine, piperzine, -N-(C ,-Cg)alkylpipenzine or
thiomorpholinering, or a thiomorphoiine mng wherein the ring sulfur is replaced with a sulfoxide
ar sulfone; and

25 eachXis, 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® are hydrogen, R’ cannot be methy! or hydrogen:

and the pharmaceutically acceptable salts of such compounds.

Examplesof heteroaryl groups that each of R® and R® can be are thefollowing:
30 thienyi, oxazoyl, isoxazolyl, pyridyl, pynmidyl, thiazolyl, tetrazolyl, isothiazolyl, triazolyl,

imidazalyl, tetrazoly!, pyrroyl and the following groups
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wherein one of R°® and R™is hydrogen or (C,-C,)alkyl, and the other is a bondto the

benzo nng of formula |.

Examples of compounds of this invention are compounds of the formula |, and their

pharmaceutically acceptable salts, wherein R? and R°*, together with the benzo ring of formula |,

10 form a bicyclic ring system selected from the following:

N_R®
N NS—R™ Sr" (OTLen
N O N
R’

Oo S 3N 1

Col orprN

Re?

wherein R' and R" are selected, independently, from (Co-C,)alkoxy-(Co-C,)alkyl-

wherein the total number of carbon atoms does not exceed six and wherein any of the alky!

15 moieties may optionally be substituted with from one to seven fluorine atoms: nitro, cyano, halo,

amino, (C,-Cz)alkylamino-, [(C,-C,) alkyl],amino-, -CO,R*, -CONR®R®, -SO,NR’R®, -C(=O)R™

-XC(=O)R", phenyl and monocyclic heteroaryl wherein said heteroarylis defined as R* and R?

are defined in the definition of compoundsof the formula | above;

Other embodiments of this invention relate to compounds of the formula |, and thetr

20 pharmaceutically acceptable salts, wherein R? and R’®, together with the benzo ring of formula I,

form a bicyclic or tneyclic ring system selected from the following:
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R10

Ss.
NCOL

5 R10

R's Ri? 17
N R aN,

O— /

N RV N N

47

R’ R Rt?
CNCre os10 NR R L

oO Re 7 0
) " N R\
" N1 OooeN

Ri?

wherein R" and R"” are defined as above and m is zero, one or two, and wherein one of
the carbon atomsof ring A can optionally be repiaced with oxygen or -N(C ,-Ce)alkyl.

Other embodiments of this invention relate to compounds of the formula 1, and their

10 pharmaceutically acceptable salts, wherein neither R? nor R® is attached to the benzo ring of
formula | via an oxygen atom.

Other embodiments of this invention relate to compoundsof the formula | wherein R' 1s
not methyl

Examplesof specific compounds ofthe formula | are the following:

15 6-methyl-5,7-dioxo-6,13-diazatetracycio[9 3.1.07 '° of *|pentadeca-2(10),3,8-trene
hydrochioride:;
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10

15

20

25

30

35

6-

6-methy!-5-oxo-6, 13-diazatetracyclo[9.3 1 0*'° 0**}pentadeca-2(10),3,8-triene
hydrochioride;

5,7-dimethy|-6-oxo-5,7,13-trazatetracyclo[9 3.1.07"° 0**}pentadeca-2(10),3,8-tnene
hydrochloride;

5,7-dioxo-6, 13-diazatetracyclo[9.3.1.07'"0*"|pentadeca-2(10),3,8-triene
hydrochloride;

5-0x0-6, 13-diazatetracycio[9.3.1.0°"° 0**}pentadeca-2(10),3,8-triene hydrochloride:
6-0xo-5,7,13-trazatetracycio[9.3.1.07'° 94 *Ipentadeca-2( 10),3,8-triene hydrochloride:
4,5-difluoro-10-aza-tricyclo[6.3.1.0°"]dodeca-2(7),3.5-triene hydrochlonde:
S-fluoro-10-aza-tricyclo[6.3.1.0°’|dodeca-2(7),3,5-triene-4-carbontrile hydrochioride:
4-ethynyl-5-fluoro-10-aza-tricyclo[6.3.1.0 “Jdodeca-2(7),3,5-triene hydrochioride;
S-ethyny!-10-aza-tricyclo[6.3.1.0°’}dodeca-2(7),3,5-triene-4-carbonitrile hydrochloride:
5-chloro-10-aza-tricyclo[6.3.1.0°”}dodeca-2(7),3,5-triene-4-carbonitrile hydrochioride:
4-ethyny|-5-chioro-10-aza-tricyclo[6.3.1.0° "|\dodeca-2(7),3.5-triene hydrochioride:
5-oxa-7-methy|-6-oxo-7, 13-diazatetracyclo[9.3.1 07° 0* "Jpentadeca-2(10),3,8-tnene

hydrochloride;

4-fluoro-5-trifluoromethy|-1 O-aza-tricyclo[6.3.1 0? "]dodeca-2(7),3,5-triene
hydrochloride;

4-chloro-5-trifluoromethy!-10-aza-tricyclo[6.3.1.0°Jdodeca-2(7),3,5-triene
hydrochionde;

5-trifluoromethyl-10-aza-tnicyclo[6 3 1 0°"]dodeca-2(7),3,5-triene-4-carbonitrile
hydrochioride;

4-ethyny|-5-trifluoromethyl-10-aza-tricyclo[6 3 4 0*}dodeca-2(7),3,5-tnene
hydrochloride,

6-methy|-5-thia-5-dioxa-6,13-Diazatetracycio[9.3 1.0 ° 0* Ypentadeca-2(10),3 8-
tnene hydrochloride:

7-dimethylamino-5-thia-5-dioxa-6,13-Diazatetracyclo[9.3.1.0? '° 0* "Jpentadeca-
2(10),3,8-triene hydrochloride;

6,7-dioxa-5,8, 14-triazatetracyclo[10.3.1 0° *' 0* Jnexadeca-2(11),3,9-triene
hydrochioride; and

5,8-dimethyl-6,7-dioxa-5,8,14-trazatetracyclo[10 3 1 0? '' 0* Yhexadeca-2(11).3.9-
tnene hydrochloride

This invention also retates to compoundsof the formula

Apotex Exhibit 1007.008



Apotex Exhibit 1007.009

Ri4 R15

wherein P is hydrogen, methyi, COOR™ wherein R™ ts (C,-Ce)alkyl, ally!, 2,2,2-trichioroethy!
or (Cy-Ce)alkyl; -C(=O)NR°R® wherein R° and R® are defined as in formula | above: -C(=O)H,
-C(=O)(C,-Ce)aikyl wherein the alkyl moiety may optionally be substituted with from 1 to 3

halo atoms, preferably with from 1 to 3 fluoro or chioro atoms; benzy! or t-butoxycarbony! (t-

10 Boc); and R'* and R"* are selected, independently, from hydrogen, (C,-C,}alky! optionally

substituted with from one to seven fluorine atoms, -C(=O)(C,-Cg)alkyl, cyano, hydroxy, nitro,

amino, -O(C,-C,)alky! or halo, with the proviso that R' and R' can not both be hydrogen

when P is hydrogen or methyl. Such compoundsare useful as intermediates in the synthesis

of compoundsof the formula t.
15 Unless otherwise indicated, the term "halo", as used herein, includes fluoro, chloro,

 
bramo and todo.

Uniess otherwise indicated, the term “alky!”,as used herein. includes straight, branched

or cyclic, and may include straight and cyclic alkyl moreties as well as branched and cyclic
moteties. 

20 The term “alkoxy”, as used herein, means “alkyi-O-", wherein “alkyl” is defined as

above

The term “alkylene, as used herein, means an alkyl radical having two available bonding

sites (1 @., -alkyl-), wherein “alkyl” is defined as above.

Unless otherwise indicated, the term “one or more substituents", as used herein, refers

25 ‘to from one to the maximum numberof substituents possibile based on the numberof available

bondingsites.

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

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

symptoms of such condition or disorder The term “treatment”, as used herein, refers to the act

30 of treating, as “treating” 1s defined immediately above.

The compounds of forrnula | may have optical centers and therefore may occur in

different enantiomenc configurations. The invention includesall enantiomers, diastereomers, and
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5_other stereoisomers of such compounds of formula |, as well as racemic and other mixtures

thereof.

The present invention also relates to all radiolabelled forms of the compoundsof the

formulae |. Preferred radiolabelled compoundsof formula | are those wherein the radiolabets are

selected from as °H, '"'C, “C, ‘°F,

10 research and diagnostic tools in metabolism pharmacokinetics studies and in binding assaysin

423, 425)1 and Such radiolabelled compounds are useful as

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 tabacco use in a mammal, including

a human, comprising an amount of a compound of the formula !, or a pharmaceutically

15 acceptable salt thereof, that is effective in reducing nicotine addiction or aiding in the cessation

or lessening of tobacco use and a pharmaceutically acceptable carrier.

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

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

administering to said mammal an amount of a compoundofthe formula |, or a pharmaceutically

20 acceptable salt thereof, that ts effective in reducing nicotine addiction or aiding in the cessation

or lessening of tobacco use.

The present invention also relates to a method of treating a disarder or condition

selected from inflammatory bowel disease (including but not limited to ulcerative colitis,

pyoderma gangrenosum and Crohn's disease), irmtable bowel syndrome, spastic dystoma,

25 chronic pain, acute pain, celac sprue, pouchitis. vasoconstriction, anxety, panic disorder,

depression, bipolar disorder, autism, steep disorders,jet lag, amylotropic lateral sclerosis (ALS),

 
cognitive dysfunction, hypertension, bulimia, anorexia, obesity, cardiac arrythmias, gastnc acid

hypersecretion, ulcers, pheochromocytoma, progressive supramuscular palsy, chemical

dependencies and addictions (e.g, dependencies on, or addictions to nicotine (and/or tobacco

30 products), alcohol, benzodiazepines, barbituates, opioids or cocaine), headache, stroke,

traumatic brain injury (TBI), psychosis, Huntington's Chorea, tardive dyskinesia, hyperkinesia,

dysiexia, schizophrenia, multi-infarct dernentia, age related cognitive decline, epilepsy, including

petit mai absence epilepsy, senile dementia of the Alzheimer's type (AD), Parkinson's disease

(PD), attention deficit hyperactivity disorder (ADHD) and Tourette's Syndrome in a mammal,

35 comprising administering to a mammal in need of such treatment an amount of a compound of

the formula |, or a pharmaceuticaily acceptable salt thereof, that is effective in treating such

disorder or condition.
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5 The present invention also relates to a pharmaceutical composition for treating a

disorder or condition selected from inflammatory Dowel disease (including but not limited to

ulcerative colitis, pyoderma gangrencsum and Crohn's disease), imtable bowel syndrome,

spastic dystonia, chronic pain, acute pain, celiac sprue. pouchitis, vasoconstriction, anxiety,

panic disorder, depression, bipolar disorder, autism, sleep disorders, jet lag, amylotropic lateral

10 sclerosis (ALS), cognitive dysfunction, hypertension, bulimia, anorexia, obesity, cardiac

arrythmias, gastric acid hypersecretion, ulcers, pheochromocytoma, progressive supramuscular

palsy, chemical dependencies and addictions (e.g., dependencies on, or addictions to nicotine

(and/or tobacco products}, alcohol, benzodiazepines, barbituates, opicids or cocaine),

headache, stroke, traumatic brain injury (TBI), psychosis, Huntington’s Chorea, tardive

15 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 in a mammal, comprising an amount of a compound of the formula |, or a

pharmaceutically accepable salt thereof, and a pharmaceutically acceptable carrier.

20 The present invention also relates ta a method for reducing nicotine addiction or aiding

in the cessation or lessening of tobacco use in a mammal, comprising administering to said 
mammal an amount of a compound comprising an amount of a compoundof the formula 

S:

NH
LA 

or a pharmaceutically acceptable salt thereof, that is effective in reducing nicotine

25 addiction or aiding in the cessation or lessening of tobacco use

The present invention aiso relates to a method for treating a disorder or condition

selected from inflammatory bowel! disease (including but not limited to ulcerative colitis,

pyoderma gangrenosum and Crohn's disease), irmtable bowel syndrome, spastic dystonia,

chronic pain, acute pain, celiac sprue, pouchitis, vasoconstriction, anxiety, panic disorder,

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

cognitive dysfunction, hypertension, bulimia, anorexia. obesity, cardiac arrythmias, gastric acid

hypersecretion, ulcers, pheochromocytoma, progressive supramuscular palsy, chemical

dependencies and addictions (e.g, dependencies on, or addictions to nicotine (and/or tobacco

products), alcohol, benzodiazepines, barbituates. opioids or cocaine), headache, stroke,

35 traumatic brain injury (TBI), psychosis, Huntington's Chorea, tardive dyskinesia, hyperkinesia,

dyslexia, schizophrenia, mult-infarct dementia, age related cognitive decline. epilepsy, including
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5 petit mal absence epilepsy, senile dementia of the Alzheimer's type (AD), Parkinson's disease
(PD), attention deficit hyperactivity disorder (ADHD) and Tourette's Syndrome in a mammal,
comprising administering to a mammal in need of such treatment an amount of a compound of
the formula

NH

10 or a pharmaceutically acceptable salt thereof, that is effective in treating such disorder
or condition.

This invention also reiates to the pharmaceutically acceptable acid addition salts of the

compounds of formula |. Examples of pharmaceutically acceptable acid addition salts of the

compoundsof formula | are the salts of hydrochloric acid, p-toluenesulfonic acid, fumanc acid,
15 cite acid, succinic acid, salicylic acid, oxalic acid. hydrobromic acid, phosphoric acid,

methanesulfonic acid, tartaric acid, malate, di-p-toluoy! 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 discussion thatfollow are defined as above. 
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O,N

ON2

17
HN

O,N

R

R'’HN

Lee
H, 

VIA

XXII

XXIV

Apotex Exhibit 1007.016



Apotex Exhibit 1007.017

 

Scheme 4

HN

HN2

Re N
ae

RV Sn ,

Apotex Exhibit 1007.017



Apotex Exhibit 1007.018

 

-16-

Scheme 5
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Scheme 6 continued
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Scheme7
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5 Scheme 1-10 illustrate methods of synthesizing compoundsof the formula |.

Referring to Scheme1, the starting material of formula Ill is reacted with trifluoroacetic

anhydride, in the presence of pyridine, to form the compound of formula IV This reaction is

typically conducted in methylene chloride at a temperature from about 0°C to about room

temperature.

10 The compound of formula IV is then converted into the dinitro derivative of formula IIA

by the following process. The compound ofthe formula IV is added to a mixture of 4 or more

equivalents oftrifluoromethanesulfonic acid (CF;50,0H) and 2 to 3 equivalents ofnitric acid, in

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

chloride. The resulting mixture is allowed to react for about 5 to 24 hours. Both of the foregoing

15 reactions are generally conducted at a temperature ranging from about -78°C to about O°C for

about 2 hours, and then allowed to warm to room temperature for the remaining time.

Reduction of the compound offormuia IIA, using methods well known to thoseofskill in

the art. yields the compound of formula IIB This reduction can be accampiished, for example,

using hydrogen and a palladium catalyst such as palladium hydroxide and running the reaction

20 in methanol at about room temperature.

Referring ta Scheme 2, the compoundof formula IIA is converted into the corresponding

compound wherein the tnfluoroacety! protecting group !s replaced by a t-Boc protecting group

(VIA) by reacting it first with an alkali metal or alkaline earth metal (or ammonium) hydroxide or

carbonate, and then reacting the isolated product from the foregoing reaction with di-t-

25  butyldicarbonate. The reaction with the alkali or alkaline earth metal (or ammonium) hydroxide

or carbonate ts generally carned out in an aqueousalcohol, dioxane or tetrahydrofuran (THF) at

 
a temperature from about room temperature to about 70°C, preferably at about 70°C, for about

one to about 24 hours. The reaction of the isolated, unprotected amine or an acid addition salt of

such amine, from the above reaction with di-t-butyldicarbonate 1s preferably carned out in a

30=solvent such as THF, dioxane or methylene chloride at a ternperature from about 0°C to about

raom temperature This reaction may or may not be conducted in the presence of a base.

Whenthe reactantis a salt of the amine, use of a base is preferred The resuiting compound of

formula VIA can be converted into the corresponding diamino derivative of formula VIB using the

procedure described above for converting the dinitro compound of formula JIA into the

35 corresponding diamino compound of formuia IIB.

The conversion of the compound of formula VIB into the desired compound of the

formula Vil can be accomplished by reacting the compoundof formula VIB with a compound of
the formula
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H,C,0,C CO,C,H,

XXIA

10

R OC.H,

wherein R® is hydrogen, (C,-C.)alkyl optionally substituted with from one to seven fiuorine

atoms, aryl-(Co -C,)alkyl wherein said aryl is selected from pheny! and naphthyl, or heteroaryl-

(Cy -C,)alkyl wherein said heteroaryl is selected from five to seven membered aromatic rings
containing from one to four heteratoms selected from oxygen, nitrogen and sulfur, and wherein

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

substituents, preferably from zero to two substituents, independently selected from (C, -Ce)alky!

optionally substituted with from one to seven fluorine atoms, (C,-C¢)alkoxy optionally substituted

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

10°1 mixture of ethanotacetic acid The reaction temperature can range from about 40°C to

15 about 100°C. It is preferably about 60°C. Other appropriate solvents include acetic acid,
ethanol and isopropanol.

Alternate methods of preparing compounds of the formula VII the compound of

formula VIB are described by Segelstein et al., Tetrahedron Lett., 1993, 34, 1897.

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

20 corresponding compoundof 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 anhydrous acid such as hydrochloric acid. hydrobromic acid, methanesulfonic

acid, or trifluoroacetic acid, preferably hydrochloric acid in ethy! acetate, at a temperature from

about 0°C to about 100°C, preferably from about room temperature to about 70°C, for about

25 one to 24 hours.

The compound of formuia VII can be converted into the corresponding compound of

formula IB by reacting it with a compoundof the formula R'’Z, wherein R"’ is defined as R'° is

defined above, and Z is a leaving group such as a halo or sulfonate (e.g, chloro, brama,

mesylate or tosylate), in the presence of a base such as an aikali metal hydride, hydroxide or

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

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

removing the protecting group as described above The reaction with R'’Z is generally
carried out at a temperature from about room temperature to about 100°C, preferably at about
50°C, for about five hours
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5 Scheme3 illustrates an alternate method of preparing compounds of the formula IB

from the compound of formula VIA. This method is the preferred method of making
compounds of the formula IB wherein R"” 1s a bulky group such as an aryl or heteroary|
containing group, or when R"’ can not be attached, asillustrated in Scheme 2. by alkylation
or aryl substitution methods. Referring to Scheme 3, the compound of formula VIA is reacted

10 swith the appropriate compound of formuta R'’NH, in a polar solvent such as THF, DMF or

DMSO, preferably THF, at a temperature from about room temperature to about 100°C,

preferably at the 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
reducing the nitro group to an amino group using methodsweil knownto those ofskill in the

15 art. Such methodsare referred to above for the conversion of the compoundsofthe formula

1A into a compoundof the formula IIB in Scheme 1, and exemplied in experimental Examples
12B and 18B. Closure of the imidazole ring to form the corresponding compound of formula

XXV can then be accomplished by reacting the compound of farmula XXIV from the above

reaction with a compoundof the formula

20

H,C,0,C CO,C,H,

XXIA

10

R OC.H,

 
wherein R"° ts defined as above, as described abovefor converting compoundsof the formula
VIB into those of the formula VII

Removal of the protecting group from the compound of formula XXV yields the
25 corresponding compoundof formula 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

corresponding compoundsof the formula VII

Scheme4 illustrates a method of preparing compounds of the formula IC. wherein R™

and R'’ are as defined above. Referring to Scheme 4, the compound of formula VIB is
30~~reacted with a compoundofthe formula

OH

SO,Na
NaO,S

OH
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5 {sodium bisulfite ethane dione addition adduct) in water or another polar solvent such as THF,

DMF or DMSO,preferably a mixture of water and a water miscible solvent such as THF, for

about one to four hours. The reaction temperature can tfange from about 40°C to about

100°C, and ts preferably at about the reflux temperature.

Alternatively, the compound of formula VIB can be reacted with a compound of the
10 ~=formula

O
17

R'°

oO

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

preferably a mixture of water and THF. This reaction is typically carned out at a temperature
from about 40°C to about 100°C, preferably at the reflux temperature, for about two to four

15 hours.

The desired quinoxoline of formula iC 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 [A

Scheme5 illustrates a method of preparing compoundsofthe formula | wherein R? and

20 R® together with the benzo ring to which they are attached, form a benzoxazole ring system.
Such a compound, wherein R' 1s hydrogen, 1s depicted in Scheme 5 as chemical formula IE.

Referring to Scheme 5, the compound of formula XXII, wherein Y is. nitro. halo,

tnfluoromethanesulfonate or a diazonium salt. 1s reacted with potassium acetate or anotheraikal

 
or alkaline earth metal carboxylate in a solvent such as dimethylsulfoxide (DMSO), DMF or

25 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 then be converted

into the desired compoundhaving formula IE by the following procedure. First, the compoundof

30 formula VIII is reduced by reaction with hydrogen and a palladium or platinum catalyst such as

palladium hydroxide in methanol at a temperature fram about 0°C to about 70°C, preferably at

about room temperature, to form the corresponding amino derivative The product of this

reaction is then reacted with an acid chioride ofthe formula R'COCIor an acid anhydride of the

formula (R'°CO),O wherein R'° is (C,-C,)alkyl, or a compoundof the formula R™C(OCjHs)s, in
35 an appropnate inert solvent such as decalin, chlorobenzene or xylenes. A mixture of xylenes is
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S preferred. This reaction is typically conducted at a temperature from about 120-150°C,

preferably at about 140°C. When R“°COCI is used as a reactant, tt is preferable to add a
stoicheometric amount of tnethylarnine (TEA) or another organic tertiary amine base and a

Catalytic amount of pyridinium p-toluenesulfonic acid or pyndinum p-toluenesulfonate (PPTs) to

the reaction mixture. When R™C(OC3Hs)5 is used as a reactant, it is preferable to add a Catalytic
10 amount of PPTsto the reaction mixture

Removalofthe trifluoroacety! nitrogen protecting group yields the desired compound of

the formula IE. This can be accompiished using methods well known to those ofskill in the art,

for example, reacting the protected compound with a lower alkanol and an aqueous alkali or

aikaline earth metal (or ammonium) hydroxide or carbonate, aqueous sodium carbonate, ata

15 temperature from about 50°C to about 100°C. preferably at about 70°C. for about two to six
hours.

Scheme6 illustrates the preparation of compounds of the formula | 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 III is reacted with

20 trifluoroacetic anhydride to form the corresponding compound wherein the ring nitrogen ts
protected by a trifluoroacetyi group. and the resulting nitrogen protected compound is then

reacted with two equivalents of trifluoromethanesulfonic anhydride and one equivalentofnitric

acid to form the corresponding compound of formula IX. wherein there is a single nitro

substituent on the benzo nng. The reaction with trifluoroacetic acid ts typically conducted in the

25 presence of pyridine. Both of the above reactions are typically conducted in a reaction inert

solvent such as a chiorinated hydrocarbon solvent, preferably methylene chlonde, at a

 
temperature from about 0°C to about room temperature, preferably at about room temperature

The above transformation can also be accomplished using other nitration methods
knownto thoseskill in the art

30 Reduction of the nitro group to an amine group can be accomplished as described

above to provide a compound of the formula |X’.

The compound of formula IX’is then reactedwith a carboxylic acid halide or anhydride
of the formula R’°COXor (R"°CO),0. wherein X is halo and Ris hydrogen or (C,-C,)alkyl, and
pyridine, TEA or anothertertiary amine base. ta form a compound of the formula X. which can

35 then be converted to the desired compound having formula X! by reacting it with Lawesson’s

reagent, which is depicted below
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9CHs
The reaction with R'°COX, wherein X 1s halo, or (R"°CO),0is generally carried outat

a temperature from about O°C to about room temperature, preferably at about room

temperature. The reaction with Lawesson's reagent is generally carried out in a reaction inert

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

10 temperature to about the reflux temperature of the reaction mixture, preferably at about the
reflux temperature.

Closure to the benzothiazole ring and nitrogen deprotection to form the desired

compound of formula IF can be accomplished by reacting the compound of formula XI with

potassium ferricyanide and sodium hydroxide in a mixture of water and methanol

15 (NaOH/H,0/CH,OH), at a temperature from about 50°C to about 70°C, preferably at about
60°C for about 1.5 hours.

Scheme7 illustrates a method of preparing the compound of formula II!, which is used

as the starting material for the process of Scheme 1. or a campound of the formula IG.

wherein R? and R?form a ring (labeled “A” in the Scheme), as defined abovein the definition

20 of compoundsof the formula |. Referring to Scheme 7, the compound of formula XII, wherein

X' and X? are selected, independently, from chloro, fluoro, bromo and iodo, but where at least

 
one of X' and X* |s Br- or I-, reacted with cyclopentadiene, in the presence of magnesium
metal, ina THF, dioxane or other ethereal soivent, at a temperature from about 40°C to about

100°C, preferably at about the reflux temperature, to form a compound of the formula XIII

25 Reaction of the resulting compound of formula Xill with N-methylmorpholine-N-oxide (NMO)

and osmium tetroxide in acetone at about room temperature yields the corresponding
compoundof the formula XIilA.

The compound having formula XIIIA is then converted into the corresponding
compoundof formula XIV using the following procedure. First, the compound of formula XIIIA

30s is reacted with sodiurn periodate in a mixture of a chlorinated 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 temperature, to generate a dialdehyde

or glycal intermediate. The product of this reaction is then reacted with benzylamine and
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5 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 Ill (when ring A is absent) or IG, (when ring A is
present). This can be accomplished using methods well knownto those ofskill in the art. for

10 exampie, optionally reacting the free base with one equivalent of acid, e.g., hydrochloric acid,
(to form the corresponding acid addition salt), followed by hydrogen and palladium hydroxide
in methanol at about room temperature.

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

alternatives to benzyl amine, such as ammonia, hydroxylamine, alkaxy amines, methyl! amine,
15 allyl amine, and substituted benzy! amines (e.g., diphenyimethy! amine and 2- and 4-alkoxy

substituted benzyl amines) can also be used. They can be used as free bases. or as their

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

for each by T W Greene and GM. Wuts, “Protective Groups in Organic Synthesis”, 1991,
John Wiley & Sons, New York NY

20 The pracedure of Scheme 7 can also be used to prepare compoundsof the formula |

wherein R? and R* do not form a ring and are not both hydrogen, by replacing the starting
 

maternal of formula XII with the appropriate compound having the formula

4
Xx

Xll
2

x
R?

Scheme 8, 9 and 19 illustrate methods of preparing compounds of the formula |

 
25 wherein R' 1s hydrogen, and R? and R° represent a vanety of different substituents, as

defined above, but do not form a ring.

Scheme6 illustrates a variation of the process shown in Scheme7, which can be used

to make a compound identical to that of formula lil 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

30 as chemical structure 1H Refernng to Scheme 8. where, for example. R' is F, 4,3-

difluorobenzene 1s reacted with a strong base such as an alkail metal dialkylamie or an alkali

metal alkyl (or aryl) in an ethereal solvent such as ethy! ether or THF, at a temperature below -

50°C. followed by quenching with iodine or N-iodosuccinamide, to form 1,.3-difluoro-2-

iodobenzene The compound 1,3-difluoro-2-iodobenzene (structural formula XVI in Scheme 8)
35 1s then converted into the compound of formula IH by a series of reactions (represented in
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5 Scheme 8 as XVI>XVII>XVIIIGXIX— 1H) that are analogous to the senes of reactions

described above and illustrated in Scheme 7 for converting compoundsof the formula Xill into

those of the formula IG orIll. Conversion of the compoundof formula XVI into the compound of
formula XVII can also be accomplished by treating a mixture of the compound of formula XVI

and cyclopentadiene with an alkyl lithium reagent, preferably n-butyl lithium, in an inert

10 hydrocarbon solvent such as petroleum ether or methyl cyclohexane, at a temperature from
about -20°C to about room temperature, preferably 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 descnbed above for synthesizing the
compound of formula IV in Scheme 1. Nitration of the compound of formula XX using the

15 method described above for preparing the compound of formula IX in Scheme6, yields the
compoundof formula XX! wherein the benzo rngis substituted with both a fluoro and nitro group
or an alkoxy group and nitro group. The compound of formula XX! can be used to make a

variety of compoundsof the formula | wherein one of R* and R° 1s fluoro. using methods that are
well knownto those ofskill in the art, for example, byfirst converting the nitro group to an amino

20=group, converting the amino group to a vanety of other substituents, asillustrated in Scheme 10,
and then removingthe nitrogen protecting group.

The compound of formula XXI acts as a regioisomenc functional equivalent of the
compounds having formuias IIA, VIA and XXII, in that the fluonne atom of formula XXI reacts

similarly to the nitro and Y groups of formula IIA, VIA, and XXII, and thus can be subjected to the

25 same senes of reactions as those described aboveforthe latter three compounds, providing an

 
alternate means for preparing the products of such reactions. Simuarly, the alkoxy group of
formula XX! (R *=alkoxy) may be converted into a hydroxyl group before orafter introduction of
the nitro group, and then converted to isomeric products as described above. Also, the

tnfluoromethanesulfonate salt of such hydroxy denvative can act as a Y-group as described.

30 Preparation of compoundsof formula | where R? = -O(C,-Ce)alkyl, (C,-C,) alkyl or aryl
wherein aryl is defined as abovein the definition of formula |. and R® is H or one of the other

substituents described above in the definition of formula f. can be prepared as described

above andillustrated in Scheme 8 by repiacing oneof the fluorine atoms of the compound of
formula XV with -O-(C,-C,)alkyl, (C,-Cg)alkyl or aryl, respectively

35 Scheme9 illustrates methods of preparing compounds of the formula | wherein: (a) R'
is hydrogen and R? is R’R®°NO,S-, (b) R' and R? are both chloro; and (c) R'is hydrogen and R?
IS R?C(=0)- These compounds are referred to in Scheme 9. respectively, as compoundsof
formulas IJ, {K and IL.
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5 Referring to Scheme 9, compoundsof the formula !J can be prepared by reacting the

compound of formula IV with two or more equivalents of a halosulfonic acid, preferably
chlorasulfonic acid, at a temperature from about 0°C to about room temperature. Reaction of

the chiorosulfonic acid derivative so formed with an amine having the formula R’R®NH,

wherein R’ and R®are defined as above, followed by removalof the nitrogen protecting group,
10 —-yields the desired compound having formula tJ.

Compoundsof the formula IK can be prepared by reacting the compound offormula

IV with iodine trichloride in a chlorinated hydrocarbon solvent, followed by removal of the

nitrogen protecting group. The reaction with iodine trichloride is typically carried out at a

temperature from about 0°C to about room temperature, and ts preferably carned out at about

15 room temperature. In a similar fashion, the analogous mono- or dibrominated or mono- or

diiododinated campounds can be prepared by reacting the compound of IV with N-

todosuccinimide or N-bromosuccinimide inatrifluromethanesulfonic acid solvent. followed by
removal of the nitrogen protecting group as described above

Reaction of the compoundofIV with an acid halide of the formula R'COCIor an acid

20 anhydride of the formula (R'CO),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
nitrogen deprotection, yields the compound of formula IL. The reaction with the acid halide or

anhydride can be carried out using other known Lewis acids or other Friedel-Crafts acylations
25 methodsthat are known inthe art.

The reactions described herein in which NO,, -SO,NR’R®, -COR"™. |, Br or Cl are

 
introduced on the compound of formula IV, as depicted in Scheme 9 and described above.

can be performed on any anaiogous compound wherein R? Is hydrogen, (C,-Ce)alkyl, halo
(C,-Cg)alkoxy or -NHCONR’R?®, producing compoundsof the formula | wherein R? and R? are

30 defined asin the definition of compoundsof the formula | above.

Compoundsthat are identical to those of the formula IL, but which retain the nitrogen

protecting group, can be converted into the corresponding O-acyl substituted compounds, Le.,
those wherein the -C(=O)R"? group of formula IL ts replaced with a -O-C(=O)R"? group, using
Baeyer-Villiger processes well knownto those skilled in the art. The resulting compounds can

35 be partially hydrolyzed, as described in Example 35, to yield the corresponding hydroxy

substituted compounds, and then alkylated to form the corresponding alkoxy substited

compounds. Aliso, as described in Example 36, such O-acyl substituted compounds can be

used to prepare variably substituted benzisoxazoles
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5 Scheme 10 illustrates methods of making compoundsof the formula | wherein: (a) R'is
hydrogen and R? is chloro; (b) R' is hydrogen and R?is cyano, (c) R' 1s hydrogen and R? is
amino: and (d) R' is hydrogen and R?is R'C(=O)N(H)-. These compoundsarereferred to in
Scheme 10, respectively, as compoundsof the formula IM. IN, IP and IQ.

Compounds of formula IM can be prepared from compounds of the formula IX’ by
10 generation of a diazonium salt with, for instance, an alkali metal nitrite and strong mineral acid

(e.g., hydrochloric acid, sulfuric acid, hydrobromic acid) in water, followed by reaction with a

copper halide salt, such as copper (I) chloride. Nitrogen deprotection by the methods

described above yields the desired compound of formula IM. Alternative methods for the

generation of diazonium salts, as known and practiced by thoseofskill in the art, can also be

15 used. The foregoing reaction is generally carned out by temperatures ranging from about 0°C
to about 60°C, preferably about 60°C for about 15 minutes to one hour.

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

In an aqueous medium provides the analogous iodide dernvative This reaction is generally

carned out at a temperature from about 0°C to about room temperature, preferably at about

20 room temperature. The resulting compound, orits analogous N-tert-butyicarbonate protected
form, can be used to prepare the corresponding cyano derivative by reaction with copper(|)
cyanide and sodium cyanide in DMF, N.N-dimethylpropylurea (DMPU) or DMSO, preferably
DMF, at a temperature from about 50°C to about 180°C, preferably about 150°C. Nitrogen
deprotection as described above provides the desired compoundof formula IM.

25 The above described iodide derivative can also be used to access a vanety of other
substituents such as aryl, acetylene and vinyi substituents, as well as the corresponding

 
carbony! esters and amides, by palladium and nickel catalyzed processes known to 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
30.~—formula IP.

The compound of formula IX’ can be reacted with a acyl group having the formula

R™COCI or (RCO),0 using the methods described above, followed by nitrogen deprotection
to pravide compounds of the formula IQ. in a similar fashion, treatment of the protected

amine with a compound having the formula R'°SO,X, when X is chloro or bromo, followed by
35 nitrogen deprotection, provides the corresponding sulfonamide derivative.

Other suitable amine protecting groups that can be used, alternatively, in the

procedures described throughout this document include -COCF3, -COCCl, -COOCH,CCI,,
-COO(C,-C,)alkyl and -COOCH.C,Hs. These groups are stable under the conditions
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5 described herein, and may be removed by methods described for each in Greene's
“Protective 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 otherwise indicated. Pressures from about 0.5 atmospheresto
about 5 atmospheres are generally acceptable, with ambient pressure, i.e., about 1 atmosphere,

10 ‘being preferred as a matter of convenience.

The compoundsof the formula | and their pharmaceutically acceptable salts (hereafter
“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

administration are preferred. These compounds are, most desirably, administered in dosages
15 ranging from about 0.25 mg up to about 1500 mg per day, preferably from about 0.25 to about

300 mg per day in single or divided doses,although variations will necessarily occur depending
upon the weight and condition of the subject being treated and the particular route of

administration chosen. However, a dosagelevel that is in the range of about 0 01 mg to about
10 mg per kg of bady weight per day is most desirably employed. Variations may nevertheless

20 occur depending upon the weight and condition of the persons being treated and their individual
responsesto said medicament, as well as on the type of pharmaceutical formulation chosen and

the time pentod and interval during which such administration is carried out. In some instances,
dosage levels below the lowerlimit of the aforesaid range may be more than adequate, while in
other cases still larger doses may be employed without Causing any harmful side effects,

25 provided that such larger doses are first divided into several small doses for administration
throughout the day

 
The active compounds can be administered atone or in combination with

pharmaceutically acceptable carers or diluents by any of the several routes previously
indicated. More particularly, the active compounds can be administered in a wide vanety of

30 different dosage forms, e.g., they may be combined with various pharmaceutically acceptable
inert carners in the form of tablets, capsules, transdermal patches, lozenges, troches, hard

candies, powders, sprays, creams, salves, suppositories, Jellies, gels, pastes, lotions, ointments.
aqueous suspensions, injectable solutions, elixirs, syrups. and the like. Such carners include

solid diluents or fillers, sterle aqueous media and vanous non-toxic organic solvents. In
35 addition, oral pharmaceutical compositions can be Suitably sweetened and/or flavored. tn

general, the active compoundsare present in such dosage forms at concentration levels ranging
from about 5.0% to about 70% by weight
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5 For oral administration, tablets containing various excipients such as microcrystalline
cellulose, sodium citrate, caicium carbonate, dicalcium phosphate and glycine may be employed
along with various disintegrants such as starch (preferably corn, potato or tapioca Starch), alginic
acid and certain complex silicates, together with granulation binders like polyvinyipyrrolidone,
sucrose, gelatin and acacia. Additionally, jubricating agents such as magnesium stearate,

10 sodium lauryl sulfate and talc can be used for tabletting purposes. Solid compositions of a
similar type may also be employed asfillers in gelatin capsules: preferred materials in this

connection also include lactose or milk sugar] as well as high molecular weight polyethylene
glycols. When aqueous suspensions and/orelixirs are desired for oral administration the active

ingredient may be combined with vanous sweetening or flavoring agents, coloring matter and, if
15 so desired, emutsifying and/or suspending agents, together with such diluents as water, ethanol,

propylene glycol, glycerin and various combinations thereof.

For parenteral administration, a solution of an active compound in either sesame or

peanutoll or in aqueous propylene glyco! can be employed. The aqueous solutions should be

Suitably buffered (preferably pH greater than 8), if necessary, andtheliquid diluentfirst rendered

20 tsotonic These aqueous solutions are suitable for intravenous injection purposes Theoily
solutions are suitable for intraarticular, intramuscular and subcutaneous injection purposes. The

preparation of all these solutions under sterile conditions is readily accomplished by standard
pharmaceutical techniques well known to those skilled in theart.

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

pharmaceutical practice.

 
Biological Assay

The effectiveness of the active compounds in suppressing nicotine binding to specific
receptor sites is determinedby the following procedure which ts a modification of the methods of

30 Lippiello, P M. and Fernandes, K. G. (in The Binding of L- ?H]Nicotine To A Single Class of
High-Affinity Sites in Rat Brain Membranes, Molecular Pharm, 29, 448-54, (1986)) and
Anderson, D. J. and Amenc, S. P (in Nicotinic Receptor Binding of °H-Cystisine, "H-Nicotine
and2H-Methyicarmbamyicholine In Rat Brain, European J Pharm, 253, 261-67 (1994)).
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5 Procedure

Male Sprague-Dawley rats (200-300 g) from Charles River were housed in groups in

hanging stainless steel wire cages and were maintained on a 12 hourlightdark cycle (7 a.m.-7

p.m. light period). They received standard Purina Rat Chow and wateradlibitum.

The rats were killed by decapitation. Brains were removed immediately following

10 decapitation. Membranes were prepared from brain tissue according to the methodsofLippiello

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 volumesof buffer (w/v)

using a Brinkmann Polytron™, setting 6, for 30 seconds. The buffer consisted of 50 mM Tris

HCi at a pH of 7.5 at room temperature. The homogenate was sedimented by centnfugation (10

15 minutes; 50,000 x g: 0 to 4°C. The supernatant was poured off and the membranes were gently

resuspended with the Polytron and centrifuged again (10 minutes; 50,000 x g: 0 to 4°C. After

the second centrifugation, the membranes were resuspendedin assay buffer at a concentration

of 10g/100mL. The composition of the standard assay buffer was 50 mM Tris HCl, 120 mM

NaCl, 5 mM KCI, 2 mM MgCl, 2 mM CaCl, and has a pH of 7 4 at room temperature.

20 Routine assays were performed in borosilicate glass test tubes. The assay mixture

typically consisted of 0.9 mg of membrane protein in a final incubation volume of 1.0 mL. Three

sets of tubes were prepared wherein the tubes in each set contained 50uL of vehicle, blank, or

test compound solution, respectively. To each tube was added 200 uL of [H]-nicotine in assay

buffer followed by 750 ul of the membrane suspension Thefinal concentration of nicotine in

25 each tube was 0.9 nM. Thefinal concentration of cytisine in the blank was 1 uM The vehicle

 
consisted of deionized water containing 30 pL of 1 N acetic acid per 50 mL of water. The test

compounds and cytisine were dissolved in vehicie. Assays were initiated by vortexing after

addition of the membrane suspensionto the tube. The samples were incubated at 0 to 4° C in an

iced shaking water bath. Incubations were terminated by rapidfiltration under vacuum through

30 Whatman GF/B™glassfiberfilters using a Brandel™ muiti-manifold tissue harvester. Following
the initalfiltration of the assay mixture, filters were washed two timeswith ice-cold assay buffer

(5 m each). Thefilters were then placed in counting vials and mixed vigorously with 20 mi of

Ready Safe™ (Beckman) before quantification of radioactivity. Samples were counted in a LKB

Wallach Rackbeta™ liquid scintillation counter at 40-50% efficiency All determinations were in

35 triplicate.
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5 . 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), i.e.,

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

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

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

- (B).

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

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

15 values of less than 10 uM.

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

EXAMPLE1

10-AZA-TRICYCLO[6.3.1 0?” ]DODECA-2(7),3,5-TRIENE

20 A) 1,4-Dihydro-1,4-methano-naphthaiene

(Based wholly or in part on a) Wittig, G.: Knauss, E. Chem Ber. 1958, 97, 895. b)

Muir, D. J, Stothers, J. B. Can. J. Chem. 1993, 77, 1290.)

Magnesium turnings (36.5 g, 1.5 M) were stirred in anhydrous THF (250 mL) in a

dned 2 L 3 neck round bottom flask equipped with a 250 mL non-equalizing addition funnel

25=with a nitrogen (N.) flow adapter, mechanicalstirrer and efficient condenser equipped with a

 
Nz flow adapter The flask was stirred and warmed to reflux by a removable heating mantle.

2-Fluorobromobenzene (2g) was added followed by 1 mL of 3N ethylmagnesium bromide

(EtMgBr in THF) The addition funnel was charged with a mixture of cyclopentadiene (94.4 g,

143 M Prepared by the method described in: Org. Syn. Col. Vol. V, 414-418) and

30 bromoflucrobenzene (250 g, 143 M) which was maintained at O °C in a separate flask by an

ice bath, and transferred to the addition funnel via cannula. Small portions (~1 mL) of the

intimate mixture were introduced to assist initiation (~4x). After ~15 minutes, the reaction

initiated (exotherm, and vapor condensation), the heating mantle was removed and the

contents of the addition funnel was added dropwise at such rate as to maintain refiux (1.5

35 hours) The heating mantie 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 HO (500 mL) and

carefully with 1N HC! (200 mL. produces H, evolution from unconsumed Mg) To this ~50 mL
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5 concentrated HC! was added to dissolve solids. Total addition/quench time ~1 hour

Saturated aqueous sodium chloride (NaC!) solution (300mL) was added and product hexanes

extracted until no potassium permanganate (KMnO,) active product is removed. (4 x ~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
10=distilled at 78-83 °C @15mm (131 g, 64%). (An alternative workup is described on p.419

Fieser and Fieser, Voi. |, Reagents for Organic Synthesis, Wiley, NY., NY.; 1967).

B) 1,2,3,4-Tetrahydro-1,4-methano-naphthalene-2,3-diol
 

(Except for the workup method and the quantity of OsO, used, based on

15  VanRheenen, V; Cha, D.Y.:; Hartley, W M. Org. Syn 1988, 6, 342.)

Ina2L 3 neck round bottom flask equipped with a N, flow adapter, mechanicalstirrer

was placed 1,4-dihydro-1,4-methano-naphthalene (79 5 g, 560 mmol) stirred in acetone (800

mL) and H,O (100 mL) and N-methyl morpholine N-oxide (67 5 g, 576 mmol). To this was

added osmium tetroxide (OsO,) (15 mL of a 15mol% t-BuOH solution, 1.48 mmol. 0.26mo0!%)

20=and the mixture wasstirred vigorously. After 60 hours. the reaction wasfiltered, and the white

product rinsed with acetone and air dried (60 9 g). The motherliquor was concentrated to an

oily solid’ acetonetrituration, filtration and acetone rinse provided (27.4 gq, total 88.3 g, 89%)

(TLC 50% EtOAc/hexanes R,~0.5). mp 176-177.5 °C.

25 C) 10-Benzyi-10-aza-tricyclo[6.3 1.0*4dodeca-2(7),3.5-triene
(Based on Abdel-Magid, A. F.. Carson, K G. Harris. B. D.; Maryanoff, C. A.; Shah, R.

D J. Org. Chem. 1996, 67, 3849, and Mazzocch:. P H; Stahly, B C. 4 Med Chem 1979,

22, 455.)

1,2,3,4-Tetrahydro-1,4-methano-naphthaiene-z2.3-diol (40 g, 227.3 mmol) wasstirred

30. in HO (1050 mL} and 1,2-dichloroethane (DCE) (420 mL) in a 2 L round bottom flask under

 
nitrogen with cool water bath (~10 °C). To this sodium periodate (NalO,) (51 g. 239 mmol)

and trethylbenzy! ammonium chloride (Et;BnNC!) (50 mg) were added. The resulting mixture

was stirred for 1 hour (slight ‘initial exotherm), then the layers were separated and the
aqueous layer was extracted with DCE (200 mL) The organic layer was washed with H,O (4

35 x 200 mL, or until no reaction to starch iodide is observed in the aqueous wash) then dried

through a cotton plug. To this was added benzyl amine (25.5 g, 238.6 mmol) and the mixture

wasstirred for 2 minutes then immediately transferred into the sodium tracetoxyborohydride

NaHB(OAc); /DCE (see below) over 10 minutes
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In a separate 2 L round botton flask flask under nitrogen was magnetically stirred

NaHB(OAc)3 (154 g, 0.727 mmoi) 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 resulting 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,CO,)

solution (~300 mL) carefully at first and the mixture was stirred for 1 hour (pH 9). The layers

were separated and the aqueous layer was extracted with CH,Cl, (2 x 300 mL). The organic

layer was washed with saturated aqueous NaCl solution (200 mL), dried through a cotton

plug, then evaporated to a red oil. This was dissolved in a minimum of Et,O and filtered

through a Silica pad (3 x 4 inch) eluting with 15%ethyl acetate (EtOAc)/nexanes +1% of 37%

aqueous ammonium hydroxide (NH,OH)soiution to remove baseline red color. Concentration

affords a light yellow oil (48.5 g, 194 8 mmol, 85.7%). (TLC 10% EtOAc/hexanes R, 0.75). 'H

NMR (400 MHz, CDCI) & 7 16 (m, 7H), 6 89 (m, 2H), 3.48 (m, 2H), 3.08 (m, 2H), 2.80 (d,

J=9.5 Hz, 2H), 2.42 (d, J=9.5 Hz, 2H), 2.27 (m, 1H), 1.67 (d, J=10.0 Hz, 1H). APCI MS m/e

250.3 [(M + 1)"].

D) 10-Aza-tricyclo[6.3.1 0*Jdodeca-2(7),3,5-triene (For an alternative synthesis, see:
Mazzocchi, P. H.; Stahly, B.C. J. Med Chem. 1979, 22. 455.)

10-Benzy|-10-aza-tricycio[6. 3.1.07}dodeca-2(7),3,5-triene (70.65 g, 284 mmol) was

Stirred in EtOAc (250 mL) and treated with 3N HCI EtOAc (1 03 eq.) slowly with cooling (ice
bath) The resulting precipitate wasfiltered and nnsed 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

mixture was shaken under 50-40 psi of H, for 24 hours or until done by TLC The reaction was

filtered through a Celite pad and concentrated to an oily solid. This was azeotroped with

methanol (MeOH) (3x) then triturated with acetone, treated with ethyl ether (Et,O) to

precipitate product and filtered. Concentration of the mother liquors and a second treatment

provided an off white solid (48 95 g, 251 mmol, 88%). (TLC 10% MeQH/CH,Cl, (NH,) R, 0.2).

"H NMR (400 MHz, COCI,) 5 7.18 (m, 4H), 2.97 (m. 4H), 2.68 (d, J=12.5 Hz,.2H), 2.41 (m,
1H), 1.95 (d, J=11 O Hz, 1H) APCI MS m/e 160.2 [(M + 1)*].
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5 EXAMPLE 2

4-FLUORO-10-AZA-TRICYCLOJ6.3 1 0% DODECA-2(7).3,5-TRIENE
HYDROCHLORIDE

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

(Eisch, J. J.; Burlinson, N. E. /. Amer. Chem. Soc. 1976, 98, 753-761. Paquette, L. A.:

10.=Cottrell, D. M.; Snow, R. A. J. Amer. Chem. Soc. 1977, 99, 3723-3733.)

Magnesium turnings (0.66 g, 27.2 mmoi) were stirred in anhydrous THF (10 mL) ina

flame dried 75 mL 3 neck round bottom fiask equipped with a non-equalizing addition funnel

with a Nz flow adapter, magnetic stirrer and efficient condenser equipped with a N,. flow

adapter. The flask was stirred and warmed to reflux by a removable heating mantle. 2,5-

15 Difluorobromobenzene (0.1 g) was added followed by of 3N EtMgBr in THF (0.1 mL). The

addition funnel was charged with an intimate mixture of cyciopentadiene (1 71 9, 25.9 mmol)

and 2,5-difluorobromobenzene (5.0 g, 25.9 mmol). Small portions (~0.2 mL) of the intimate

mixture were Introduced to assist Initiation (~4x). After ~15 minutes, the reaction initiated

(exotherm, and vapor condensation) and heating was maintained as necessary during the

20=addition of the contents of the addition funnel. The reaction was then maintainedat reflux for

1 hour

The reaction was cooled to room temperature and quenched with H,O (20 mL)

followed by aqueous 1N HCIsolution (20 mL) to dissolve the solids Saturated aqueous NaCl

solution (30 mL) was added and product was extracted with hexanes (4 x 25mL). The

25 combined organic layer was washed with saturated aqueous NaHCO; solution (25 mL), dried

 
(Na,SQ,), filtered through a Silica plug with hexanes rinse and concentrated to an oil

Chromatography on Silica gel eluting with hexanes provided an ot! (780 mg, 19%). (TLC

hexanes R, 0 38). 'H NMR (400 MHz, CDCl3) 8 7 10 (m, 1H), 6.97 (d, J=8.0 Hz. 1H), 6.80 (br

S. 1H), 6 78 (br s, 1H), 6.59 (m, 1H), 3.87 (brs, 2H) 2.32 (d, J=7 0 Hz, 1H), 2 25 (d, J=7.0 Hz.

30 1H)

B) 6-Fluoro-1,2.3.4-tetrahydro-1,.4-methano-naphthalene-2 ,3-diol  

6-Fluoro-1,4-dinydro-1,4-methano-naphthalene (680 mg, 4.22 mmol) and N-methy!

morpholine N-oxide (599 mg, 4.43 mmol) were stirred in acetone (50 mL) and H,O (5 mL). To

35 ‘this was added a solution of OsO, (0.2 mL, 2.5%wt. solution in t-BUOQH, 0.02 mmol) After 72

hours, florisi! (5 g) and saturated aqueous NaHSO,solution (3 mL) were added and stirred for

1 hour The florisil wasfiltered and the filtrate concentrated to produce a crystalline product

which was triturated with acetone andfiltered (524 mg. 64%). 'H NMR (400 MHz, CDCI) &
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5 7.10 (dd, J=8.0,5.0 Hz, 1H), 6.90 (dd, J=80,2.3 Hz, 1H), 6.75 (ddd, J=8.0,8.0,2.3 Hz, 1H),

379 (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 mre 194 (M*)

C) 10-Benzyi-4-fluoro-10-aza-tnicyclo(6.3.1 .0*“Jdodeca-2(7),3, §-triene

10 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 aqueous iayer extracted with DCE (2 x 20 mL). The combined organic

layer was washed with H,O (4 x 20 mL) until no reaction to starch iodide paper was observed,

15 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 stirred cooled (0 °C) mixture of NaHB(OAc), (1.82 g, 8.58 mmol) in DCE (50 mL).

After addition was complete, the mixture was stirred without cooling for 2 hours. The mixture

20 was quenched with saturated aqueous Na,CO,solution (100 mL) and stirred for 1 hour, then

the layers were separated and the aqueouslayer was extracted with CH.Cl, (3 x 30 mL). The

combined organic layer was washed with saturated aqueous NaCl solution (50 mL), dried

through a cotton plug and concentrated. Chromatography on Silica ge! provided an oll (520

mg, 80%). (TLC 2% acetone/CH,Cl, R, 0 40). 'H NMR (400 MHz, CDCI,) & 7 18 (m. 1H), 6.88

25 (m, 2H), 3.48 (s, 2H), 3.06 (m, 2H), 2.78 (m, 2H), 2.41 (m, 2H), 2.27 (m, 1H), 169 (d, J=10.5

Hz, 1H).

 
D) 4-Fluoro-10-aza-tncycio[6.3.1 0\dodeca-2( 7),3,5-trene hydrochloride
10-Benzy!-4-fluoro-10-aza-tricyclo(6.3.1 0?Jdodeca-2(7),3.5-trene (390 mg, 1.461

30 mmol), ammonium formate (3.04 g, 48.2 mmol) and 10%Pd(OH)./C (30 mg) were combined in

MeOH (50 mL) and brought to reflux under N, for 1 5 hours. Ammonium formate (1.0 g) was

added and reflux continued for 0.5 hour The reaction mixture wasfiltered through a Celite

pad which was rinsed with MeOH Thefiltrate was concentrated. The residues were treated

with saturated aqueous Na,CO, solution (30 mL) and product extracted with methylene

35 chloride (CH,Cl,) (3 x 25 mL). The organic layer was washed with saturated aqueous NaCl

solution (50 mL}, dried through a cotton plug and concentrated The residue wastreated with

2N HC! MeOH (5 mL) and concentrated then taken up in minimum of MeOH and saturated

with Et,O After stirring 18h. the white crystals were collected by filtration (86 mg, 28%) (TLC

Apotex Exhibit 1007.042



Apotex Exhibit 1007.043

~41-

5 5% MeOH/CH,Cl, (NH) R, 0.27) (data for free base) 'H NMR (400 MHz, CDCi,) & 7.06 (m,

1H), 6.83 (m, 2H), 2.89 (m, 4H), 2.61 (da J=12.0 Hz, 2H), 2.37 (m, 1H), 1.87 (d, J=11.5 Hz,

1H). APCI MS mre 178.2 [(M + 1)"]. (HCI salt) mp 260-262 °C.

EXAMPLE3

10 4-METHYL-10-AZA-TRICYCLOJ[6 3 1.0#4]DODECA-2(7),3,5-TRIENE
HYDROCHLORIDE

The title compound was prepared by the methods described in Example 1 and 2

starting with 2-fluoro-5-methylbromobenzene.(data for free base) 'H NMR (400 MHz, CDCI;)

8 7.04 (d, J=7.5 Hz, 1H), 6.99 (s, 1H), 6.98 (d, J=7.5 Hz, 1H), 2.98-2 90 (m, 4H), 2.63 (m, 2H),

15 2.35 (m, 1H), 2.32 (s, 3H), 1.87 (d, JZ=11 5 Hz, 1H) APCI MS mve 174.2 [(M + 1) *]. (HCI salt)

mp 254-255 °C. Anal. Caled. for C,.H,2F;N HCI.41/3H,O C, 53.44; H, 5.11: N, 5.19. Found C,

§3.73, H, 4.82: N, 5.15.

EXAMPLE 4

4-TRIFLUOROMETHYL-10-AZA-TRICYCLOJ6 3.1 024 DODECA-2(7),3,5-TRIENE
20 HYDROCHLORIDE (See Grunewald, G. L.; Paradkar, V M.. Pazhenchevsky, B.; Pleiss, M.

A.; Salil, D. J., Seibel, W. L., Reitz, T J. Y Org. Chem. 1983, 48, 2321-2327 Grunewald, G.

L.; Markovich, K. M.: Salil, 0. J. 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-trifluoromethylbromobenzene 'H NMR (400 MHz, CD,OD) 6 7.71 (Ss,

25 tH), 7 64 (d, J=8.0 Hz, 1H), 7.57 (cd, J=8 0 Hz, 1H) 3 46 (m, 4H), 3.21 (d, J=12.5 Hz, 2H),

2.41 (m. 1H), 2 16 (d, J=11.5 Hz. 1H) APCI MS mye 228.2 [(M + 1)"] (HCI salt) mp 244-246

°C. Anat Calcd. for C,;H,.F3N HCI1/3H,O C, 5344. H. 511. N. 5.19. Found C. 53.77, H,

4 82, N,.5.18

 
 

30 EXAMPLE 5

3-TRIFLUOROMETHYL-10-AZA-TRICYCLOJ[6 3 1 0?*DODECA-2(7),3,5-TRIENE
HYDROCHLORIDE (Grunewald, G L.; Markovich, K M.; Sall, D. J. Ue Med. Chem. 1987, 30,

2191-2208 }

The title compound was prepared by the methods described in Example 1 and 2

35 starting with 2-fluoro-6-trifluoromethyibromobenzene "H NMR (400 MHz, CD,;OD) 8 7.65 (s,

2H), 7.52 (m, 1H), 3.65 (br s, 1H), 3 49-3 43 (m, 3H). 3.20 (m. 2H), 2.42 (m, 1H), 2.18 (d,

J=11 5 Hz, 1H) APCI MS m/e 228.2 [(M + 1)"]) (HCI salt) mp 275-277 °C.
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5 EXAMPLE6

3-FLUORO-10-AZA-TRICYCLOJ6.3.1.07JDODECA-2(7),3.5-TRIENE
HYDROCHLORIDE

A) 2,6-Difluoroiodobenzene (Roe, A. M.; Burton, R. A.. Willey, G. L.; Baines, M. W.;

Rasmussen, A. C. J. Med. Chem. 1968, 17, 814-819. Tamborski, C.; Soloski, E. J. Org.

10 Chem. 1966, 31, 746-749. Grunewald, G. L.; Arrington, H. S.; Bartlett, W. J.; Reitz, T. J.; Sall,

D. J. 4. Med. Chem. 1986, 29, 1972-1982.) 1,3-Difluorobenzene (57.05 g, 0.5 M) in THF (75

mL) was added to a -78 °C stirred solution of n-butyllithium (n-BuLi) (200 mL, 2.5 M/hexanes,

0.5 M) and THF (500 mL) under Nz. By controlling the addition rate the internal temperature

was maintained below -70 °C. Thetotal addition time was ~1/2 hour. The resulting slurry was

15—stirred an additional 1/2 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 (2 x 250 mL). The

20 combined organic layer was washed with 10% aqueous Na,S,03 solution (100 mL), HO (100

mL). saturated aqueous NaCl solution (100 mL), dred (Na,SO0,) filtered and concentrated to

give a yellow oil (106.5 g). Distillation at ~1-5 mm at ~80 °C provided a light yellow oil (89.5 g.

75%). 'H NMR (400 MHz, CDCI,) § 7.30 (m. 1H), 6 87 (m, 2H) GCMS mre 240 (M’).

25 B) 5-Fluoro-1,4-dihydro-1.4-methano-naphthalene

A solution of 2,6-difluorciodobenzene (5.0 g, 20.8 mmol) and cyclopentadiene (2.07 g,

 
31.3 mmol) wasstirred 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 aver 10 minutes The reaction was

quenched after 15 minutes by addition of aqueous 1N HCI solution and the product was

30=extracted with hexanes (3 x 50 mL). The combined organic layer was washed with H,O (50

mL), saturated aqueous NaCi solution (50 mL), dred (MgSO,), filtered and evaporated

Chromatography on Silica gei provided product as an oil (1.5 9g, 45%) (TLC hexanes R,

0.55). 'H NMR (400 MHz, CDCI.) & 7 08 (ddd, J=7.0,1.0,0.8 Hz, 1H), 6 96 (ddd, J=8.5,8.3,7.0

Hz, 1H), 6.86 (ors, 2H), 6 72 (ddd, J=8.5,8.3,0.8 Hz, 1H), 4.25 (brs, 1H), 3.98 (brs, 1H), 2.36

35 (ddd, J=7.2,1.7.1.7 Hz, 1H), 2.30 (ddd, J=7.2,1.7,1.5 Hz, 1H). GCMS mye 160 (M*).

Apotex Exhibit 1007.044



Apotex Exhibit 1007.045

-43-

5 C) 3-Fluoro-10-aza-tricyclo[6.3 1 0*4}dodeca-2(7),3,5-triene hydrochloride
The title compound was prepared by the methods described in Example 28,C.D

starting with 5-fluoro-1,4-dihydro-1,4-metnano-naphthalene. 'H NMR (400 MHz, CD,0D) 6

7 36 (ddd J=8.3,7.3,5.0 Hz, 1H), 7.21 (d. J=7.3 Hz, 1H), 7.07 (t, J=8.3 Hz, 1H), 3.62 (br s,

1H), 3.42-3.30 (m, 3H), 3.21 (m, 2H), 2.38 (m, 1H), 2.12 (d, J=11.5 Hz, 1H). APC! MS mre

10 178.4 [(M+1)"]. mp 269-271 °C.

EXAMPLE7

6-NITRO-10-AZATRICYCLOJ6.3 1 .0*|DODECA-2( 7),3,5-TRIENE
HYDROCHLORIDE

A) 1-(10-Aza-tricyclo[6.3 1 0*|Jdodeca-2(7).3,.5-trien-10-y!

15 40-Aza-tricyclo[6.3. 1.07|dodeca-2(7),3,5-triene hydrochioride salt (12.4 g, 63.9
-2,2,2-trifluoro-ethanone   

mmol) was stirred in CH2Cl, (200 mL). This was cooled (ice bath) and treated with pyridine

(12.65 g 160 mmol) followed by trifluoroacetic anhydride (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 HCl (200 mL) and the layers separated. The aqueous layer was extracted with

20 CHCl, (3 x 50 mL) and the combined organic layer was washed with 0.5N aqueous HC! (50

mL), H,O (2 x 50 mL) and saturated aqueous NaHCO, solution (50 mL). This solution was

dried through a cotton plug, then diluted with ~3% EtOAc andfiltered through a 2 inch Silica

pad eluted with ~3% EtOAc/CH,Ci, Concentration afforded a ciear oi which crystallized to

give white needles (15.35 g, 60.2 mmol, 94%). (TLC 30% EtOAc/hexanes R, 0.53). 'H NMR

25 (400 MHz CDCI,) & 7 18 (m, 4H), 4.29 (br d. J=12.6 Hz, 1H), 3 84 (br d, J=12.6 Hz, 1H), 3.51

(dd, J=12 6.1.5 Hz, 1H), 3.24 (brs. 1H), 3.10 (brs, 1H), 3.10 (br d, J=12.6 Hz, 1H), 2.37 (m,

1H), 1 92 (d, J=10.8 Hz, 1H). GCMS m/e 255 (M*). mp 67-68 °C.

 
B) 1-(4-Nitro-10-aza-tricyclo[6 3 1.022 dodeca-2(7),3,5-tnen-10-yl)-2,2,2-trifluoro-

30 ethanone (Based on the method described by Coon, C. L., Blucher, WG, Hill M. E. J Org

Chem. 1973, 25, 4243 )

To a solution of trifluoromethanesulfonic acid (2 4 mi, 13.7 mmal) in CHCl, (10 ml)

stirred at 0 °C was slowly added nitric acid (0.58 mi, 274 mmol) generating a white

precipitate. After 10 minutes the resulting mixture was cooled to -78 °C and treated with 1-

35 (10-aza-tncyclo[6.3.1.07 "Wdodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-ethanone (3.5 g, 13.7
mmol) in CHCl, (15 mi) dropwise from an addition funnel over 5 minutes. The reaction was

stirred at -78 °C for 30 minutes then warmed to 0 °C for 1 hour. The reaction mixture was

poured into a vigorously stirred tce (100g) The layers were separated and the aqueous layer
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5 extracted with CHCl, (3 x 30 ml). The organic layer was combined and washed with HO (3 x

30 ml}. The combined organic layer was washed with saturated aqueous NaHCO, solution (20

mL) and HO (20 mL) then dried through a cotton plug and concentrated to give an orange ail

that solidified on standing (4.2 g). Chromatography yieided pure product as a crystalline solid

(3.2 g, 78%). (TLC 30% EtOAc/hexanes R, 0.23). 'H NMR (400 MHz, CDCI,) 6 8.12 (br d.

10 J=8.0 Hz, 1H), 8.08 (brs, 1H), 7.37 (br d, J=8.0 Hz, 1H), 4.38 (br d, J=12.6 Hz, 1H), 3.94 (br

d, J=12.6 Hz, 1H), 3.59 (br d, J=12.6 Hz, 1H), 3.43-3.35 (m, 2H), 3.18 (br d, J=12.6 Hz, 1H),

2.48 (m, 1H), 2.07 (d, J=10.8 Hz. 1H). GCMS mye 300 (M’).

C) 4-Nitro-10-azatricyclo[6.3.1 0% dodeca-2(7),3,5-triene hydrochloride
15 1-(4-Nitro-10-aza-tricyclo[6.3.1 0?"Jdodeca-2(7),3,5-trien-1 0-yl)-2,2,2-trifluoro-

ethanone (182 mg, 0.61 mmol) wasstirred with Na,CO3 (160 mg, 1.21 mmol) in MeOH (3 mL)

and H,O© (1 mL) at 70 °C for 18 hours. The mixture was concentrated, water was added and

the product was extracted with CH2Cl,. The organic layer was extracted with 1N aqueous HC!

(3 x 20 mL) and the acidic layer washed with CHCl, (2 x 20 mL). The aqueous layer was

20ibasified to pH ~10 with Na,CO,(s) and product was extracted with CH2Cl, (3 x 30 mL). The

organic layer was dried through a cotton plug and concentrated to an ail. This was dissolved

 
in MeOH and treated with 1N HCl MeOH, concentrated to solids which were recrystallized

from MeOH/Et,O to afford product as a white solid (73 mg, 50%). (TLC 5% MeOH/CH.CI,

(NH;) R, 0.38). 'H NMR (400 MHz, DMSO-d,) 6 8.21 (s, 1H), 8 18 (dd, J=8.0.2.0 Hz, 1H), 759

25 (d, J=8.0 Hz, 1H), 3 43 (br s, 2H), 3.28 (m, 2H), 3.07 (dd, J= 130,13 0 Hz, 2H), 2.24 (m, 1H),

2.08 (d, J=11.5 Hz, 1H) APCI MS m/e 205.1 [(M + 1)"] mp 265-270 °C
 

EXAMPLE8

4-AMINO-10-AZATRICYCLOJ6.3 1 0*]DODECA-2(7).3.5-TRIENE
30 HYDROCHLORIDE

4-Nitro-10-azatricyclo[6.3.1.07’]dodeca-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-butytdicarbonate (1.8 g, 831 mmol) After stirring 18 hours the

reaction was treated with H,O (50 mL), extracted with CH,Cl, (4 x 30 mL), dried through a

35 cotton plug and concentrated to provide an oll (500 mg, 91%)

This oil (500 mg, 164 mmol) was dissolved in MeOH (30 mL), treated with 10%Pd/C

(~50 mg) and hydrogenated under a H, atmosphere (45 psi) for 1 hour The mixture was

filtered through a Celite pad and concentrated to a clear oil (397 mg, 88%)
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5 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%). 'H NMR (400 MHz, DMSO-dg) & 7.38-7.10 (3H),

3.60 (brs, 2H), 3.25 (m, 2H), 2.98 (m, 2H), 2.18 (m, 1H), 1.98 (cd, J=11.5 Hz, 1H). APCI MS

me 175.1 [(M + 1)"] mp 189-192 °C.

10 EXAMPLE 9

N?-[10-AZATRICYCLOJ6.3.1 .0*}DODECA-2( 7),3,5-TRIEN-4-YLJACETAMIDE
HYDROCHLORIDE

A) __1-(4-Amino-10-aza-tncyclo[6.3.1.074
ethanone

dodeca-2(7),3,5-trien-10-yi)-222-trifluoro-  

15 Hydrogenation of 1-(4-nitro-10-aza-tricyclo[6.3.1.07|dodeca-2(7),3,5-trien-10-yi)-
2,2.2-trifluoro-ethanone (2.0 g, 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 affords a yellow oil

(1.7 g). (TLC 50% EtOAc/hexanes R, 0.27). 'H NMR (400 MHz, CDCIi,) & 6.99 (m, 1H), 6.64

(brs, 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,

20=1H), 1.90 {d, J=10.8 Hz, 1H). GCMS m/e 270 (M’*).

B) N-(10-Trifluoroacetyl-10-aza-tricyclio[6.3.1 .0*Idodeca-2(7),3, 5-trien-4-yl)-
acetamide

1-(4-Amino-10-aza-tricyclo[6.3 1.07”|]dodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-

25 ~—ethanone (850 mg, 3.14 mmol) was stirred in CH,Ci, (5 mL) and treated with triethy! amine

(0.53 mL, 3.76 mmoi) and acetyl chloride (0.23 mL, 3.2 mmai) then stirred 18 hours. Standard

 
NaHCO, workup yielded an olf which was chromatographed to provide a clear oil (850 mg,

87%). (50% EtOAc/hexanes R,; 0 28).

30 C) N*-[10-Azatncyclof6.3.1 0*4|dodeca-2(7),3,5-tren-4-yljacetamide hydrochloride
N-(10-Trifluoroacetyi-10-aza-tricyclo[6.3.1.07|Jdodeca-2(7),3,5-tnen-4-yl)-acetamide

(100 mg, 0.32 mmol) was stirred with Na,CO, (70 mg, 0.64 mmol) in MeOH (10 mL) and H,O

(2 mL} at 70 °C for 18 hours. The mixture was concentrated, water was added and the

product was extracted with EtOAc The organic layer was extracted with 1N aqueous HCI(3 x

35 20 mL) and the acidic layer washed with EtOAc (2 x 20 mL). The aqueous layer was basified

to pH ~10 with Na,CO, (s) and product was extracted with EtOAc (3 x 20 mL). The organic

layer was dried (sodium sulfate (Na,SO,)) and concentrated to an oil This material was

dissolved in MeOH andtreated with 3N HCI EtOAc (3 mL), concentrated and recrystallized
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5 from MeOH/Et,O to provide a solid (40 mg, 50%). 'H NMR (400 MHz, DMSO-d,) & 9.98 (s,

1H), 9.02 (br m, NH), 7.65 (s, 1H), 7.55 (brs, NH), 7.38 (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, SH), 1.96 (d, J=10.5 Hz, 1H). APC! MS

m/e 217.2 [(M + 1)*]. mp 225-230 °C.

10 EXAMPLE 10

6-METHYL-5-THIA-7,13-DIAZATETRACYCLOI9.3.1.0.0*3PENTADECA-eeenenner

2(10),3.6,8-TETRAENE HYDROCHLORIDE

A) N-(10-Trifluorothioacety!-1 0-aza-tnicyclo[é 3 1.074dodeca-2(7),3,5 _-trien-4-yi}-
thioacetamide

15 N-(10-Trifluoroacetyl-10-aza-tricyclo[6.3.1.0*Jcodeca-2(7),3,5-trien-4-yl)-acetamide
(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 combired in toluene (10 mL) and brought to

reflux for 1.5 hours. After cooling the reaction was worked up with EtOAc/saturated aqueous

NaHCO, solution. The organic layer was dried (Na,SQ,), filtered, concentrated and 
20 chromatographed onSilica gel to produce product (412 mg, 44%} (50% EtOAc/hexanes R,

0.38) 
B)_6-Methyl-5-thia-7,13-diazatetracyclo[9.3.1.0*+°.0“*|pentadeca-2(10),3,6,8-tetraene

hydrochionde

25 The above ol, 2,2,2-trfiuoro-N-(10-trifluorothioacetyl-10-aza-

tncycio[6.3. 1.07|dodeca-2(7),3,5-tnen-4-yl)-thioacetamide, (360 mg, 1.05 mmol) was
 

dissolved in MeOH (10 mL) and 1N NaOH (5 mL) and added to potassium ferricyanide

(K,Fe(CN),)(1.72 g, 5.23 mmol) in H,O (10 mL). This mixture was warmed to 60 °C for 1.5

hours, cooled, concentrated and worked up with EtOAc/H,0 This material was stirred in

30 dioxane (20 mL) and treated with H.O (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 concentrated, treated with H,O and extracted with CH,Cl,. The product was

chromatographed(Silica 30% EtOAc/hexanesR,0.41) to yield an ol (100 mg).

Tne above product was treated with 3N HCVEtOAc (3 mL) and warmedto reflux for

35  ~15 minutes then concentrated to a solid which was azeotroped with CH,Cl, (2x). These

solids were dissolved in a minimum amount of MeOH then saturated with Et,O andstirred.

The resulting white crystalline powder wascollected by filtration (40 mg, 14%).
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5 'H NMR (400 MHz, DMSO-d,) 5 9.46 (s, NH), 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 (8, 3H), 2.23 (m, 1H), 2.06 (d, J=10.8 Hz,

1H). APCI MS mee 231.1 [(M + 1)"] mp 183-184 °C.

EXAMPLE 11

10 4,5-DINITRO-10-AZA-TRICYCLO[6.3.1 02 DODECA-2(7),3,5-TRIENE

A) _1-(4,5-Dinitro-10-aza-tncyclo[6.3.1.0*Jdodeca-2(7),3,5-trien-10-yl
ethanone (Based on the method described in Coon, C. L.; Blucher, W G.; Hill, M. E. J. Org.

 

Chem. 1973, 25, 4243. For an additional related example of dinitration see: Tanida, H.;

Ishitobi, H.; trie. T.; Tsushima, T. J. Am. Chem. Soc. 1969, 97, 4512.)

15 To a solution of trifluoromethanesulfonic acid (79.8 ml, 902.1 mmol) in CH2,Cl, (550

ml) stirred at 0 °C was slowly added nitric acid (19.1 mi, 450.9 mmol) generating a white

precipitate. After 10 minutes, 4-(10-aza-tricyclo[6.3.1.0°"Jdodeca-2(7),3,5-trien-10-yl)-2,2,2-

trifluoro-ethanone (50 g, 196 mmol) in CH,Cl, (300 mi) was added dropwise from an addition

funnel over 30 minutes. The reaction was stirred at 0 °C for 2.5 hours and thenstirred at

20 room temperature for 24 hours. The reaction mixture was poured into a vigorously stirred

mixture of H,O (500 mi) and ice (400 g). The layers were separated and the aqueous layer

back extracted with CH,Cl, (3 x 300 mi). The organic layer was combined and washed with

HO (3 x 300 ml). The combined aqueous layers were re-extracted with CH2Cl, (2 x 100 mi).

The organic layer was combined and washed with saturated aqueous NaHCO, solution (200

25 mL) and H,O (200 mL) then dried through a cotton plug and concentrated to solids

 
Trituration with EtOAc/hexanes produced off 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 g (82.8%). (TLC 50% EtOAc/hexanes R, 0.29) 'H NMR (400 MHz, CDCI.) 8 7 77

(s, 1H), 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

30 Hz, 1H), 3.49 (brs. 1H), 3.44 (br s. 1H), 324 (br d, J=12.6 Hz, 1H), 2.53 (m, 1H), 2.14 (d,

J=11 5 Hz, 1H). GCMS m/e 345 (M’)

B) 4,5-Dinitro-10-aza-tricyclo[6.3.1 0° "Jdodeca-2(7),3,5-triene
1-(4,5-Dinitro-10-aza-tricyclo[6.3. 1.07’}dodeca-2(7),3.5-tnen-10-yl)-2.2.2-trifluoro-

35~~ethanone (3.7 g, 10 7 mmol) and Na,CO,(2.3 g, 21.4 mmol) were combined in MeOH (50 mL)

and H,0 (20 mL) then warmed to reflux for 18 hours. The reaction was cooled. concentrated,

treated with H.O and extracted with CHCl, (3 x 50 mL) then dried through a cotton plug
After concentration, the residue was chromatographed to provide brown solids. (1.9 g, 71%)
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5 (TLC 5% MeOH/CH,Cl, (NH) R, 0.36). 'H NMR (400 MHz, CDCI,) 5 7.69 (s, 2H), 3.17 (brs,

2H), 3.11 (d, J=12.6 Hz. 2H), 2.53 (m, 1H), 2.07 (d, J=11 0 Hz, 1H) GCMS m/e 249 (M’).

EXAMPLE 12

6-METHYL-7-PROPYL-5,7,13-TRIAZATETRACYCLO[9.3 1 0°".0*3PENTADECA-
10 2(10).3,5,8-TETRAENE HYDROCHLORIDE

A) 4.5-Dinitro-10-aza-tricyclo 6.3.1.0*Idodeca-2(7),3,5-triene-10-carboxylic acid tert-
butyl ester

4,5-Dinitro-10-aza-tricyclo[6.3.1 .0*"Idodeca-2(7).3,5-triene, (1.9 g, 7.6 mmoi) was

stirred in 1,4-dioxane (75 mL) and treated with saturated aqueous Na,CO, solution (10 mL).

15 To this was added di-t-butyldicarbonate (3.31 9g, 15.2 mmol). After stirring 6 hours the

reaction wastreated with H,O ( 50 mL) and extracted with EtOAc (4 x 25 mL), dried (Na,SO,),

filtered, concentrated and chromatographed to provide product (1.9 g, 71%). (TLC 30%

EtOAc/hexanes (NH;) R, 0 58). 'H NMR (400 MHz, CDCl,) 8 7.77 (brs, 1H), 7.72 (br s, 1H),

4.08 (m, 1H), 3.92 (m, 1H), 3.39 (br s, 1H), 3.27 (brs. 1H), 3.25 (m, 1H), 3.18 (m, 1H), 2.46

20=(m, 1H), 2.02 (d, J=11.0 Hz, 1H).

B) 4.5-Diamino-10-aza-tricycio[6.3.1.0*]dodeca-2(7),3,5-triene-10-carboxylic acid
tert-butyl ester

4,5-Dinitro-10-aza-tricyclo[6.3.1.0*’}dodeca-2(7) 3.5-triene-10-carboxylic acid tert-

25 butyl ester (1.9 g. 544 mmol) was hydrogenated in MeOH under a H, atmosphere (45 psi)

 
over 10%Pd/C (100 mg) for 1.5 hours then filtered through a Celite pad and concentrated to

white solids (1.57 g, 100%). (TLC 5% MeOH/CH,Cl, (NH3) R; 0 14)

C)_ 6-Methyl-5,7.13-trazatetracyclo[9.3 1,022 0**)pentadeca-2(10),3,5,8-tetraene-13-
30 carboxylic acid tert-butyl ester (For conditions, see, Segelstein, B. E., Chenard, B. L.; Macor,

J... Post, R. J. Tetrahedron Lett. 1993, 34, 1897 )

 

4,5-Diamino-10-aza-tricyclo[6 3 1.0*"]dodeca-2(7),3,5-tnene-10-carboxylic acid tert-

butyl ester (700 mg, 2 42 mmoi) was dissolved in EtOH (10 mL) and acetic acid (HOAc)(1

mL) and treated with 1-ethoxyethylenemalononitrle (329 mg, 242 mmol). The resulting

35 mixture was warmed to 60 °C and stirred 18 hours. The reaction was cooled, concentrated

treated with H,O and saturated aqueous Na,CQ, solution and extracted with EtOAc (3 x 50

mL}, then dred (Na,SOQ,) After. filtration and concentration, the residue was
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5 chromatographed to provide brown solids (247 mg, 36%) (TLC 5% MeOH/CH,Cl, (NH) R,

0.28).

D 6-Methy!-7-propyl-5.7,13-triazatetracycio[9 3.1.0**.0**jpentadeca-2(10),3,5,8-

tetraene-13-carboxylic acid tert-butyl ester (For conditions, see; Pilarski, B. Liebigs Ann.

Chem. 1983, 1078.)

10 6-MethyI-5,7,13-triazatetracyclo[9.3.1.07"° o*°jpentadeca-2(10),3,5,8-tetraene-13-

carboxylic acid tert-butyl! ester (80 mg, 0.267 mmo!) was stirred in 50% aqueous NaOH

solution (3 mL) and DMSO (1 mL) then treated with 1-iodopropane (0.03 mL, 0.321 mmol).

This mixture was warmed to 40 °C for 2 hours then cooled, treated with HO and extracted

with EtOAc. The organic layer was washed with HO (3x) then dried (Na2SO,), filtered and

15 concentrated to an o1 (90 mg, 0.253 mmol). (TLC 5% MeOH/CH,Cl, (NH3) R, 0.15).

E 6-Methy!-7-propyl-5,7, 13-trazatetracyclo[9.3. 1.02"0*"Ipentadeca-2(10),3,5.8-

tetraene hydrochloride

6-Methyi-7-propy|-5,7,13-trazatetracyclo[9.3.1.07"°.0*"Ipentadeca-2(10),3,5.8-

20~=—stetraene-13-carboxylic acid tert-butyl ester (90 mg, 0.253 mmol) was dissolved in 3N HCl

EtOAc (5 mL) and warmed to 100 °C for 1/2 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.) 5 9.56 (s, NH), 7 91 (s, 1H), 7.83 (br m, NH), 7.74 (s, 1H), 4.38 (m, 2H), 3.48 (m,

2H), 3.32 (m, 2H), 3.10 (m, 2H), 2.87 (S, 3H), 2.28 (m, 1H), 2.15 (d, J=11.0 Hz, 1H) 1.85 (m,

25 2H). 0.97 (m, 3H). mp 147-150 °C.

 
 

EXAMPLE 13

5,7.13-TRIAZATETRACYCLO{9. 3.1.07"0*9}PENTADECA-2(10),3.5,8-TETRAENE
HYDROCHLORIDE

30 ) 5,7,13-Triazatetracyclo[9.3 1 0*"°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 €., Post, R. J. Tetrahedron Lett. 1993, 34, 1897.)

4,5-Diamino-10-aze-tricyclo[6.3.1.07"}dodeca-2(7),3,5-triene-10-carboxylic acid tert-

>

butyt ester (1.0 g, 345 mmol) was dissolved in EtOH (10 mL) and HOAc (1 mL) and treated

35 with ethoxymethyienemaiononttrile (421 mg, 3.45 mmol). The resulting mixture was warmed

to 60 °C and stirred 18 hours. The reaction was cooled, concentrated treated with H,O and

saturated aqueous Na,CO, solution and extracted with EtOAc (3 x 50 mL), then dried
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§  (Na,SO,). After filtration and concentration, the residue was chromatographed to provide

brownsolids (580 mg, 56%). (TLC 5% MeOH/CH,Cl, (NH3) R, 0.28)

B)- 5.7,13-triazatetracyclo[9.3.1.0*"°.0**jpentadeca-2(10),3,5,8-tetraene hydrochloride
5,7,13-Triazatetracyclo[9.3.1.07'°0**}pentadeca-2(10),3,5,8-tetraene-13-carboxylicy y

10 acid tert-butyl ester was converted to the title compound by the methods described in

Example 12E. 'H NMR (400 MHz, D,©)& 8.95 (s, 1H), 7.67 (s, 2H), 3.45 (brs, 2H), 3.31 (d,

J=12.5 Hz, 2H), 3.13 (d, J=12.5 Hz, 2H), 2.30 (m, 1H), 1.99 (d, J=11.5 Hz, 1H). APCI MS m/e

200.1 [(M + 1)"]. mp >250 °C.

15 EXAMPLE 14

7-METHYL-5,7,13-TRIAZATETRACYCLO(9.3. 1.0%"0**JPENTADECA-2(10),3.5,8-
TETRAENE HYDROCHLORIDE

Utilizing the methods described in Example 12D, §.7,13-

tnazatetracyclo[9.3.1.07*° 0**)}pentadeca-2(10),3,5,8-tetraene-13-carboxylic acid  tert-buty!

20 ester was converted to the title compound by reaction with iodomethane followed by

deprotection as described in Exampie 12E. 'H NMR (400 MHz. D,0) 6 8.97 (s, 1H), 7.71 (s,

1H), 7.67 (s, 1H), 3.94 (s, 3H), 3.48 (m, 2H), 3.33 (d, J=12.2 Hz, 2H), 3.14 (d, J=12.2 Hz, 2H),

2.34 (m, 1H), 2.03 (d, J=11.5 Hz, 1H). APCI MS me 214.2 [(M + 1)"].

25 EXAMPLE15

6-METHYL-5,7,13-TRIAZATETRACYCLO{9 3.1 0*"°0*41PENTADECA-2(10),3,5,8-
TETRAENE HYDROCHLORIDE

§-Methy|-5,7,13-triazatetracycio[9.3.1 07° 0* *"Ipentadeca-2(10),3,5,8-tetraene-13-

 
carboxylic acid tert-butyl ester was converted to the title compound by the methods described

30 in Example 12E. 'H NMR (400 MHz, DMSO-d.) 5 9 40 (pr m, NH), 7.77 (br m, NH), 7.70 (s,

1H), 3.44 (m, 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, J=10.8 Hz, 1H). GCMS m/e 213.5 (M’).

EXAMPLE 16

35 6,7-DIMETHYL-5,7,13-TRIAZATETRACYCLOQ.3. 1.070*}PENTADECA-

2(10).3,5,.8-TETRAENE HYDROCHLORIDE

Utiizing the methods described in Exampie 12D, 6-methyl-5,7,13-

triazatetracycto[9.3.1.07° 0° *Jpentadeca-2(10),3.5.8-tetraene-13-carboxylic acid—tert-buty!
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5 ester was converted to the title compound by reaction with 1odomethane followed by

deprotection as described in Example 12E. 'H NMR (400 MHz. DMSO-d,) & 9.52 (s, NH),

7 84 (s, 1H), 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), 2.23 (m, 1H), 2.12 (d, J=11 0 Hz, 1H). APCI MS mre 228.2 [(M + 1)"] mp

225-230 °C.

10

EXAMPLE17

7-PROPYL-5,7,13-TRIAZATETRACYCLOJ9.3. 1.0%044PENTADECA-2(10),3,5,8-
TETRAENE HYDROCHLORIDE

Utilizing the methods described in Example 12D, §,7,13-

15 tnazatetracyclo[9.3.1.07'°.0**|pentadeca-2(10),3.5,8-tetraene-13-carboxylic acid  tert-buty!

ester was converted to the title compound by reaction with todopropane followed by

deprotection as described in Example 12E. "H NMR (400 MHz, DMSO-d,) 5 9.52 (s, 1H),

9.45 (br s, NH), 7.97 (s, 1H), 7.85 (s, 1H), 7 83 (br m, NH), 4.43 (m, 2H), 3 49 (m, 2H), 3.33

(m, 2H), 3.08 (m, 2H), 2.28 (m, 1H), 2.15 (d, J=11.0 Hz, 1H), 1.92 (m, 2H), 0.93 (m, 3H). APCI

20 MS mre 242.2 [(M + 1)"]. mp 170-1714 °C (subl.).

EXAMPLE 18

7-BUTYL-5,7,13-TRIAZATETRACYCLO[9. 3.1 02?0** PENTADECA-2(10),3,5,8-
TETRAENE HYDROCHLORIDE

25 A) 4-Butylamino-5-nitro-10-aza-tricyclo[6.3 1 0*Jdodeca-2(7).3.5-triene-10-carboxylic

acid tert-butyl ester (For conditions, see; Senskey, M D.; Bradshaw, J. D., Tessier, C A.

Youngs, W.J. Tetrahedron Lett. 1995, 36, 6217.)

4,5-Dinitro-10-aza-tnicyclo[6.3.1.0*”|dodeca-2(7),3,5-triene-10-carboxylic acid tert-

 
butyl ester (500 mg, 143 mmol) and 1-butylamine (1 42 mL, 14 3 mmol) were combined in

30 THF (5 mL) and stirred 4 hours. The mixture was diluted with EtOAc (50 mL) and washed

with H,O (3 x 30 mL) then dred (Na,SO,), filtered and concentrated to an oil. This oi was

passed through a Silica gel filter column to remove baseline impurities eluting with 30%

EtOAc/hexanes (510 mg, 1.41 mmol, 99%).

35 B) 4-Butylamino-5-amino-10-aza-tricyclo[6.3.1 .0?Wdodeca-2(7).3,5-tnene-10-
carboxylic acid tert-butyl ester

4-Butylamino-5-nitro-10-aza-tricyclo[6.3.1 .0?"Idodeca-2(7),3,5-triene-1 O-carboxyilic

acid tert-butyl ester (460 mg, 1.27 mmol) was treated with ammonium formate (850 mg, 12.7
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5 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, extracted with CH,Cl, (3 x 30 mL) and dried byfiltration through a

cotton plug to give an ail (440 mg, 100%)

10 C) _7-Butyl-5,7,13-tnazatetracycio[9 3 1 0*20**}pentadeca-2(10),3,5,8-tetraene-13-

carboxylic acid tert-butyl ester

4-Butylamino-5-amino-10-aza-tricyclo[6.3.1 .0*]dodeca-2(7),3,5-triene-1 0-carboxylic

acid tert-butyl ester (440 mg, 1.27 mmol) was dissolved in EtOH (20 mL) and HOAc (2 mL)

and treated with ethoxymethylenemalononitrile (186 mg, 1.52 mmol). The resulting mixture

15 " was warmed to 60 °C and stirred 18 hours. The reaction was cooled, concentrated. treated

with H,O and saturated aqueous NazCO,solution then extracted with EtOAc (3 x 50 mL) and

dried (Na,SO,). After filtration and concentration, the residue was chromatographed to

provide a yellow oil (400 mg, 89%) (TLC 5% MeOH/CH,Cl, (NH3) R, 0 70)

20 D 7-Butyl-5,7, 13-triazatetracyclo[9.3 1.0729*4 pentadeca-2(10),3,5,8-tetraene
hydrochioride

7-Butyl-5,7,13-triazatetracyclo[9.3. 1.0790* *|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-dg) & 9.93 (brs, NH), 9.68 (s, 1H), 7.99 (s, 1H),

25 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), 188 (m, 2H), 1.32 (m, 2H), 0.82 (t. J=7 0 HZ. 3H) APCIMS mre

256 2 [(M + 1}"] mp 204-208 °C

 
 

EXAMPLE 19

30 7-Isobuty!-5,7,13-tnazatetracyclo[9.3.1 0*"°o**}pentadeca-2(10),3,5,8-tetraene

hydrochloride

4,5-Dinitro-10-aza-tnicyclo(6.3.1 0? "|Jdodeca-2(7),3,5-triene-10-carboxylic acid tert-

butyl ester and isobutylamine were converted to the title cormpound utilizing the methods

described in Example 18A-D. 'H NMR (400 MHz, CDCl) 8 7 74 (s, 1H), 7 52 (s, 1H). 7.14 (s,

35 1H), 3.90 (dd, J=7.5,2.0 Hz, 2H), 3.04-2 97 (m, 4H), 2.70 (dd, J=12.8,2.3 Hz, 2H), 2.42 (m,

1H), 219 (m, 1H), 1.98 (d, J=10.5 Hz, 1H), 0.93 (m, 6H) APCI MS m/e 256.2 ((M + 1)"]. mp

147-150 °C (subl.).
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5 EXAMPLE20

6-METHYL-7-ISOBUTYL-5.7,13-TRIAZATETRACYCLO[9.3.1.07**0*3PENTADECA-
2(10),3,5,8-TETRAENE HYDROCHLORIDE

A) §-Methy!-?-isobuty!-5,7, 13-triazatetracycio{9.3.1 02°0%8ipentadeca-2( 10),3.5,8-
10=tetraene-13-carboxylic acid tert-butyl ester

4-Amino-5-isobutylamino-10-aza-tricyclo[6.3.1 .0*"Jdodeca-2(7),3,5-triene-1 0-

carboxylic acid tert-butyl ester (250 mg, 0.74 mmol) from Exampie 19B was dissolved in EtOH

(10 mL) and HOAc (2 mL) and treated with 1-ethoxyethylenemalononitrile (118 mg, 0.87

mmol). The reaction proceeded as in Example 18C (18h) and was worked up similarly to

15 provide product (TLC 3% MeOH/CH,Cl, (NH3) R; 0.57).

B) _6-Methyl-7-isobutyI-5.7, 13-triazatetracyclo[9.3.1.07""0**|pentadeca-2(10),3.5.8-
tetraene hydrochlonde

6-Methyl-7-isobuty|-5,7,13-trazatetracyclo[9.3.1 0*'° 0**}pentadeca-2(10),3,5,8-

20 _~—tetraene-13-carboxylic acid tert-butyl ester was converted to the title compound by the

methods described in Example 12E. APCI MS mre 270 3 [(M + 1)"] mp 129-130 °C (subl.)

EXAMPLE 21

7-PHENYL-5.7,13-TRIAZATETRACYCLO(9 3 1 0#!°0*8/PENTADECA-2(10),3.5,8-
25 TETRAENE HYDROCHLORIDE

Utilizing the methods described in Example 18A, 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 to 4-phenylamino-5-nitro-10-aza-tncyclo[6.3.1 0?"Idodeca-2(7),3,5-triene-10-

carboxylic acid tert-butyl at 75 °C for 4 hours in the coupling step. This was then converted to

30 the title compound utilizing the methods described in Example 18B.C.D 'H NMR (400 MHz,

DMSO-d.) 6 9.08 (1H), 7 78-7.57 (m, 7H), 3 47-3.00 (m. 6H), 2.23 (m, 1H), 2.09 (d, J=11 5 Hz,

1H). APCI MS me 276.2 {((M + 1)7}. mp 210-213 °C.

EXAMPLE 22

35 6-METHYL-7-PHENYL-S5,7, 13-TRIAZATETRACYCLO[9.3.1 02894%) PENTADECA-

2(10).3,5,8-TETRAENE HYDROCHLORIDE

Utiizing the methods described in Example 21 and Example 20, 4,5-dinitro-10-aza-

tricyclo[6.3 1 0? "dodeca-2(7),3,5-trene-10-carboxylic acid tert-buty! ester and aniline were
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5 convertedto the title compound. 'H NMR (400 MHz, DMSO-d,) 5 7.79 (s, 1H), 7.73-7.56 (m,

SH), 7.32 (s, 1H), 3.46-2.99 (m, 6H), 2.66 (s, 3H), 2.23 (m, 1H), 2.08 (d, J=11.0 Hz, 1H). APCI

MS m/e 290.2 [(M + 1)"]. mp >250 °C.

EXAMPLE 23

10 7-NEOPENTYL-5,7,13-TRIAZATETRACYCLO[9.3.1.0**0**9}PENTADECA-

2(10),3,5.8-eTETRAENE HYDROCHLORIDE

Utilizing the methods described in Example 18A-D, 4,5-dinitro-10-aza-

tricyclo[6.3.1.0°”]dodeca-2(7),3,5-triene-10-carboxylic acid_—tert-butyl ester=and
neopentylamine were converted to the title compound. t-Boc precursor GCMS m/e 369 (M"*).

15 {HCl salt) mp >250 °C.

EXAMPLE 24

6-METHYL-7-NEOPENTYL-57,13-TRIAZATETRACYCLOIS.3.1.02"OIPENTADECA-2(10),3,5.8-
TETRAENE HYDROCHLORIDE

20 Utilizing the methods described in Example 21 and 20, 4,5-dinitro-10-aza-

tricycto[6.3.1 0?]dodeca-2(7), 3,5-triene-10-carboxylic acid tert-buty! ester and

neopentylamine were converted to the title compound. "H NMR (400 MHz, DMSO-d) 6 7.31

(s 1H), 7 27 (s .1H), 7.02 (brs, , NH), 4 41 (t, J=13.0 Hz, 2H), 3.90 (s, 3H), 3.47-3.26 (m, 6H),

2.20 (m, 1H), 2.00 (d, J=11 5 Hz, 1H), 0.90 (5, 9H). t-Boc precursor APC! MS m/e 384.2 [(M +

25 1)*] mp >250 °C.

 
EXAMPLE25

6,7-DIMETHYL-5,8,14-TRIAZATETRACYCLO/10 3 1.0%OHEXADECA2(11),3,5,7,9PENTAENE

HYDROCHLORIDE (Based on the following procedure: Jones, R G.. McLaughlin, K. C. Org.

30 Syn. 1963, 4, 824. b) Ehrlich, J.. Bobert, M. T. Jv. Org. Chem. 1947, 522.)

4,5-Diamino-10-aza-tricyclo[6.3.1.07’]dodeca-2(7),3,5-triene-10-carboxylic acid tert-

butyl ester (100 mg, 0.35 mmol) was warmed to 80 °C in H,0 (5 mL). To this butane 2,3-

dione (0.034 mL, 0.38 mmol!) was added under Nz for 2 hours. The reaction was cooled to

room temperature and extracted with EtOAc (3 x 40 ml) The combined organic layer was

35 washed with H,O (2 x 30 mi), dned (Na,SO,), filtered, concentrated and chromatographed on

Silica gel to provide an oll (120 mg, 100%) The oi was dissalved in 2N HC! MeOH (5 mL) and
warmed to reflux for 30 minutes, then concentrated. Recrystallization from MeOH/Et,O

provided a white powder (50 mg, 43%) (TLC EtOAc R, 0 14) *H NMR (400 MHz, DMSO-d.)
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5 67.85 (s, 2H), 3.50 (brs, 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, 1H). t-Boc precursor APC! MS m/e 340.3 [(M + 1)"].

EXAMPLE 26

5,8,14-TRIAZATETRACYCLO/10.3.1 0240S3]HEXADECA-2(1 1),3,5,7,9-PENTAENE
10 HYDROCHLORIDE

A) 1-(4,5-Diamino-10-aza-tricyclo[6.3.1 07dodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-
ethanone

1-(4,5-Dinitro-10-aza-tricyclo[6.3. 1.07Jdodeca-2(7),3,5-trien-1 0-yl)-2,2,2-trifluoro-

ethanone (3.0 g, 8.70 mmol) was hydrogenated in MeOH (30 ml) under H, (45 psi) over

15  Pd(QH), (300 mg of 20 wt%/C, 10%wt). After 2.5 hours the reaction wasfiltered through a

Celite pad and mnsed with MeOH (30 mi). The solution was concentrated to a light brown oil

which crystallized (2.42 g, 96%). (TLC 10% MeOH/CH,Cl, R, 0.56). APCI MS m/e 286.2 [(M +

1)"] mp 129-131 °C.

20 B) 1-(5,8,14-Triazatetracyclo[10.3.1.0*"0**}nexadeca-2(11),3.5.7.9-pentaene)-2,2,2-
trifluoro-ethanone

1-(4,5-Diamino-10-aza-tricyclo[6.3.1 0? "\dodeca-2(7), 3,5-trien-10-yl)-2,2,2-trifluoro-

 
ethanone (500 mg, 1.75 mmol) was stirred in THF (2 ml). This mixture was treated with HO

(2 mt) and giyoxal sodium bisulfite addition compound hydrate (931 mg, 3.50 mmol) then

25 stirred at 55 °C for 2.5 hours The reaction was cooled to room temperature and extracted 
with EtOAc (3 x 40 mi) The combined organic layer was washed with H,O (2 x 30 mi), dried

{(Na,SO,), filtered, concentrated and chromatographed on Silica gel to provide an off white

powder (329 mg, 60%) (TLC 25% EtOAc/hexanes R, 0 40). mp 164-166 °C.

30 C) 5,8,14-Triazatetracycio[10 3 1.02+*0**Jhexadeca-2(11),3,5,7,9-pentaene

hydrochionde

1-(5,8,14-Triazatetracyclo[10.3.1.0? '.0* Jnexadeca-2(11),3,5,7,9-pentaene)-2,2,2-

trifluoro-ethanone (320 mg, 1.04 mmol) was slurned in MeOH (2.0 ml) and treated with

Na,CO, (221 mg, 2.08 mmol) in H,O (2.0 ml) The mixture was warmed to 70 °C for 2 hours,

35 then concentrated, treated with H,O (20 mL) and extracted with CHCl, (3 x 10 ml) The

organic layer was dried through a cotton plug and concentrated to give a light yellow oi! (183

mg, 83%) which solidified upon standing (mp 138-140 °C). This matenal was dissolved in

MeOH(10 mL), treated with 3M HCI/EtOAc (3 ml), concentrated and azeotroped with MeOH
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(2 x 20 mL) to give solids which were recrystallized from MeOH/Et,O to afford product as a

white solid (208 mg, 97%). (TLC 5% MeOH/CH,Cl, (NH3) Ry 0.26). ‘H NMR (400 MHz,
CD,OD) § 8.94 (s, 2H), 8.12 (s, 2H), 3.70 {m, 2H), 3.54 (d, J=12.5 Hz, 2H), 3.35 (d, J=12.5

Hz, 2H), 2.49 (m, 1H), 2.08 (d, J=11.0 Hz, 1H) GCMS mre 211 (M*). mp 225-230 °C.

EXAMPLE 27

14-METHYL-58,14-TRIAZATETRACYCLOU10.3.1 07"(SHEXADECA2(11),3,5,7,9PENTAENE
HYDROCHLORIDE

5 8,14-Triazatetracycto[10.3.1.07*".0**}nexadeca-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 (Na2SO,), concentrated and

chromatographed onSilica gel to provide a yellow solid. This wasstirred in MeOH (2 mL) and

treated with 3N HCI EtOAc (2 mL). After concentration the solids were recrystallized from

MeOH/Et,O to afford product as a white solid (70 mg, 27%). (2% MeOH/CH,Cl, (NH3) R,

0.47). 'H NMR (400 MHz, CDCI.) 5 8.71 (s, 2H), 7.80 (s, 2H), 3 37 (brs, 2H), 3.03 (m, 2H),

2.47 (m, 2H), 2.32 (m, 1H), 2.18 (brs, 3H), 1.84 (d, J=11.0 Hz, 1H). APCI MS mre 226.2 [(M +

1)"]. mp >250 °C.

EXAMPLE 28

5-OXA-7,13-DIAZATETRACYCLO[S.3 1 07o*JPENTADECA-2(10).3.6.8-
TETRAENE HYDROCHLORIDE

A) 2.2,2-Trifluoro-1-(4-hydroxy-5-nitro-10-aza-tricycio[6 3.1 0

10-yl)-ethanone

1-(4,5-Dinitro-10-aza-tricycio[6.3 1.07’]dodeca-2(7),3,5-tnien-10-y!)-2.2,2-trifluoro-
ethanone (900 mg, 2.61 mmol) and potassium acetate (KOAc) (2.6 g, 26.1 mmol) were

24dodeca-2(7),3.5-tnen- 

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 (6 x 25 mL).

The organic layer was washed with H,O (3 x 20 mL). dried (Na,SO,), filtered and
concentrated and purified by chromatography to give an oi (575 mg, 70%) (TLC 50%

EtOAc/nexanes (NH5) R; 0.56)
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5 B) 2,2,2-Trifluoro-1-(4-hydroxy-5-amino-10-aza-tricyclo[6 3 1.0*Jdodeca-2(7).3,5-
trien-10-yl)-ethanone

2,2,2-Trifluoro-1-(4-hydroxy-5-nitro-1 0-aza-tricyclo[6.3. 1.07’]dodeca-2(7),3,5-trien-10-

yl)-ethanone (575 mg, 1.82 mmol) was hydrogenated in MeOH under a H, atmosphere at (45

psi) over 10%Pd/C (80 mg) for 15 hours then filtered through a Celite pad and concentrated

10 to white solids (450 mg, 86%). (TLC 5% MeOH/CH,Cl, (NH;) R, 0.6). 'H NMR (400 MHz.

CD,OD)8 6.67-6.59 (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, 1H), 1.94 (d, J=10.5 Hz, 1H). GCMS mye 286 (M*).

 C) 2,2,2-Trifluoro-1-(5-oxa-7,13-diazatetracyclo[9.3.1.0%"°0**}pentadeca-2(10),3,6,8-

15 tetraene}-ethanone (Goldstein, S. W.; Dambek, P. J. J. Het. Chem. 1990, 27, 335 )

2,2,2-Trifluoro-1-(4-hydroxy -5-amino-10-aza-tricyclo[6.3.1 .0*"|]dodeca-2(7},3,5-trien-

10-yl)-ethanone (150 mg, 0.524 mmoi), trimethyl orthoformate (0.19 mL. 1.73 mmol)

pyridinium-p-toluenesulfonic acid (PPTS, 18 mg, 007 mmol) and xylenes (10 mL) were

combined under nitrogen andstirred at 135 °C for 18 hours. The mixture was cooled. treated

20 with H,O and extracted with EtOAc. The extracts were dried (Na,SO,),filtered. concentrated

and purified by chromatographyto give an oil (110 mg, 71%). (TLC 20% EtOAc/hexanes R,

0.40)

 
D) 5-Oxa-7, 13-diazatetracyclo[9.3 1 02" 0**}pentadeca-2(10),3.6.8-tetraene

25 hydrochloride

2,2,2-Trifluoro-1-(5-oxa-7,13-diazatetracycio[9.3 1 0? '° 0* *Jpentadeca-2(10),3.6.8-
 

tetraene)-ethanone (110 mg, 0 37 mmol) wasstirred in MeOH (5 mL) and treated with Na,CO,

(78 mg. 0.74 mmol) in HO (2 mL). The stirred mixture was warmed to 80 °C for 2 hours.

concentrated to solids, diluted with H,O and extracted with EtOAc (3 x 40 mL). The product

30 was extracted into aqueous 1N HC! solution (2 x 40 mL) which was washed with EtOAc then

neutralized with saturated aqueous Na,CO3 solution to pH~10. The product was extracted

with EtOAc (3 x 40 mL), dried (Na,SO,), concentrated and chromatographed on Silica gel to

produce an oil. (TLC 5% MeOH/CH,Cl, (NH) R, 0 19).

The oil was dissolved in MeQH and treated with 3N HC! EtOAc (4 mL) then

35 concentrated, stirred in a minimum of CH,Cl, and saturated with hexanes After 18 hours, the

product was collected by filtration (55 mg, 63%). 'H NMR (400 MHz, CD,OD) & 8 47 (s, 1H),

7.70 (s 1H), 7 65 (Ss, 1H), 3.44 (m. 2H), 3.30 (m, 2H), 3 10 (d, J=12.5 Hz, 2H), 2.47 (m, 1H).

2.15 (d. J=11 0 Hz, 1H) APC! MS m/e 201.03 [(M + 4)"]
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5 EXAMPLE23

6-METHYL-5-OXA-7, 13-DIAZATETRACYCLO[Q.3. 1.0770*JPENTADECA-

2(10),3,6,8-TETRAENE HYDROCHLORIDE

A) 2,2,2-Trifluoro-1-(6-methy! _5-oxa-7,13-diazatetracyclo[9.3 1 0***.0**ipentadeca-

2(10),3,6,8-tetraene)-ethanone

10 2,2,2-Trifluoro-1 -(4-hydroxy-5-amino-10-aza-tricyclo[6.3.1.07”}dodeca-2(7),3,5-trien-

10-yl)-ethanone (150 mg, 0.524 mmo), triethyl orthoacetate (0.34 mL, 1.83 mmol), pyridinium-

p-toluenesulfonic acid (PPTS, 20 mg, 0.08 mmol) and xylenes (10 mL) were combined under

nitrogen and stirred at 135 °C for 18 hours. Workup, isolation and purification as in Example

28C provided the title compound (90 mg, 55%).

15

B) 6-Methy!-5-oxa-7, 13-diazatetracyclo[9.3.1 02°0*"}pentadeca-2(10),3,6,8-tetraene

hydrochionde

2,2,2-Trifluoro-1-(6-methy! 5-oxa-7, 13-diazatetracyclo[9.3.1.07'°.0* *Ipentadeca-

2(10),3,6,8-tetraene)-ethanone (90 mg, 0.30 mmol) wasstirred in MeOH (5 mL) andtreated

20 ~=—swith Na,CO, (61 mg, 0.58 mmol) in H2O (2 mL). The stirred mixture was warmed to 80 °C for

2 hours, concentrated to solids, diluted with H,O and extracted with EtOAc (3 x 40 mL). The

solution was dried (Na,SO,), concentrated, and chromatographed onSilica gel to produce an

oul. (TLC 10% MeOH/CH,Cl, (NH3) R, 0.18). 'H NMR (free base) (400 MHz, CDCI;) & 7 40 (s,

1H), 7.26 (s, 1H), 3.05-2.98 (m, 4H), 2.72 (d, J=12.8 Hz, 2H), 2.59 (s, 3H), 2 46 (m, 1H), 1.98

25 (d, J=10.5 Hz, 1H)

The oi was dissolved in MeOH and treated with 3N HCl EtOAc (4 mL) then

 
concentrated, stirred ina minimum of CH,Cl, and saturated with hexanes After 18 hours, the

product wascollected byfiltration (10 mg, 13%) APCI MS mre 215.2 {[(M + 1)7] mp >250 °C.

30 EXAMPLE 30

2-FLUORO-N-(5-HYDROXY-10-AZA-TRICYCLO[6.3.1 0*]DODECA-2(7),3,5-
TRIEN-4-YL)-BENZAMIDE HYDROCHLORIDE

2,2,2-Trifluoro-1-(4-hydroxy-5-amino-10-aza-tricyclo[6.3.1 0?"|\dodeca-2(7),3,5-trien-

10-yl)-ethanone (150 mg, 0.524 mmol), 2-fluorobenzoyl chioride (0.07 mL, 0.576 mmol),

35=pyridinium-p-toluenesulfonic acid (PPTS, 20 mg, 0.08 mmol), pyridine (0.046 mL, 0.576 mmo!)

and xyienes (5 mL) were combined under nitrogen and stirred at 135 °C for 18 hours. After 24

hours, additional PPTS (50 mg) was added and the material stirred at 135 °C for an additional

24 hours Workup as above provided crude product (145 mg, 0.375 mmol) which was
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5 combined with Na,CO,(s) (80 mg, 0.75 mmol) in MeQH (5 mL) and HO (2 mL) and heated to

reflux After 3 hours, the reaction was cooled and diluted with water then extracted with

CH,CI, (4 x 40 mL), dried through a cotten piug then chromatographed to remove baseline

impurity (5% MeOH/CH.CL, (NH;3)). The crude material was treated with excess 3N HCI

EtOAc and concentrated, then dissolved in a mmimum of MeOH and the solution was

10=saturated with Et,O and stirred. After stirring 4 hours the product was collected byfiltration

(85 mg, 68%). 'H NMR (400 MHz, CD,OD) 5 7.99 (m. 2H), 7.59 (m, 1H), 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.).

15 EXAMPLE 31

4CHLORO-10-AZATRICYCLO6.3.1 OPDODECA-2 7),3.5-TRIENE HYDROCHLORIDE

A) 1-(4-Chloro-10-aza-tricyclo[6.3 1 024 dodeca-2(7),3,5-tren-10-yl)-2,2,2-tnifiuoro-
ethanone

Copper(i)chioride (CuCl) was prepared as follows: CuSO, (43 g) and NaCl (1.2 g)

20 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 5

minutes. The precipitated white solids were filtered and washed with water.

1-(4-Amino-10-aza-tricyclo[6.3.1.07]dodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-

ethanone (460 mg, 1.7 mmol) was dissolved in H,O (2 mL) and concentrated HC! solution(1

25 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) tn concentrated HCi solution (2 mL} over 10 minutes (gas evolution

observed) The resulting solution was warmed to 60 °C for 15 minutes, then was cooled to

room temperature and extracted with EtOAc (4 x 30 mL) After drying over Na,SQO,, the

30~—ssolution wasfiltered and concentrated to an oil which wasfiltered through a Silica pad to

remove baseline material eluting with 50% EtOAc/nexanesto give an oil (470 mg, 95%).

B) 4-Chloro-10-azatricyclo[6.3.1 0% dodeca-2(7),3,5-tnene hydrochlonde
1-(4-Chloro-10-aza-tricyclo[6.3.1.0°|Jdodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-

35 ethanone (470 mg, 1 62 mmol) and Na,CO, (344 mg, 3.24 mmol) in MeOH (30 mL) and HO

(10 mL) were heated to refiux After 2 hours, the reaction was cooled and diluted with water

then extracted with EtOAc (4 x 40 mL), dried (Na,SO,). filtered and concentrated to a yeliow

ol. The crude material was treated with excess 3N HCI EtOAc and concentrated, then
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5 dissolved in a minimum of CHCl, and the solution was saturated with hexanes and stirred.

After stirring 4 hours the product was collected byfiltration (155 mg, 42%). 'H NMR(free

base) (400 MHz, CDCI.) § 7 15 (m, 2H), 7.09 (d, J=8.0 Hz, 1H), 3.00-2.94 (m, 4H), 2.68, (m,

2H), 2.38 (m, 1H), 1.92 (d, J=10.5 Hz, 1H). 'H NMR (HCI salt) (400 MHz, DMSO-d,) 5 7.30-

7.20 (m, 3H), 3.30-3.15 (m. 6H), 2.37 (m. 1H), 1.89 (d, J=11.0 Hz, 1H). APC! MS mee 194.1

10 [(M+1)*].

EXAMPLE32

10-AZATRICYCLO[E 3.1.0~2,7~]DODECA-2(7),3,5-TRIEN-4-YL CYANIDE
HYDROCHLORIDE

45 A) 1-(4-lodo-10-aza-tricyclo[6 3.1 .0*Idodeca-2(7).3,5-trien-10-y1)-2,2,2-trifluoro-
ethanone

1-(4-Amino-10-aza-tricyclo[6.3.1.0° “]dodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-

 

ethanone (500 mg, 1.85 mmol) was dissolved in HO (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,
20 =2.04 mmol) in HzO (2 mL) dropwise. Potassium iodide (460 mg, 2.78 mmol) in 1N H,SO,

solution (0.5 mL) was added over 10 minutes (reaction becomes dark red). The resulting

solution was warmed to room temperature and stirred 18 hours. The reaction was quenched

with NaHSO, and water (pH 2.5) then extracted with EtOAc (4 x 30 mL). After drying

(Na,SO,), the solution was filtered and concentrated to a yellow oil which was

25 chromatographed on Silica gel to provide a yellow oil, (260 mg, 37%). (TLC 30%

EtOAc/nexanes R, 0.70). (A 5 4g scale performed as above yielded 5 g, 67%).

 
B) 4-lodo-10-aza-tricyclo{[6.3 1.022 dodeca-2(7),3,5-tnene-10-carboxylic acid tert-buty!

ester

30 1-(4-lodo-10-aza-tricyclo[6.3.1.0*’|dodeca-2(7),3,5-tnen-10-yl)-2,2,2-trifluoro-

ethanone (5 g, 13.1 mmol) and 37% saturated aqueous NH,OH solution (50 mL) werestirred

in MeOH (250 mi) for 2 hours then concentrated and azeotroped with MeOH (2 x 50 mL). The

resulting product was stirred in 1,4-dioxane (75 mL) and treated with saturated Na,CO,

solution (15 mL). To this was added di-t-butyidicarbonate (5.71 g, 26.2 mmol). After stirring

35 18 hours the reaction was treated with H,O ( 50 mL) and extracted with CH2CI, (4 x 30 mL),

dried (Na,SO,), filtered, concentrated and chromatographed on Silica gel (TLC 20%

EtOAc/hexanes) to provide product as an oil (4.99, 98%).
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5 C) 4-Cyano-10-aza-tricycio[6.3.1.0*4|dodeca-2(7),3,5-triene-10-carboxylic_acid_tert-
butyl ester (Utilizing the methods descnbed in House, H. ©.; Fischer, W. F. J. Org. Chem

1969, 3626.)

CuCN (108 mg, 1.21 mmoi) and NaCN (59 mg, 1.21 mmol) were combined in dry

DMF (6 mL) and warmed to 150 °C under N, Solution occurs in 20 minutes. To this was

10 added 4-iodo-10-aza-tricyclo[6.3.1.0°"]dodeca-2(7),3,5-triene-10-carboxylic acid tert-buty!
ester (232 mg, 0.6 mmol) in DMF (3.5 mL) and the mixture wasstirred for 18 hours at 150 °C.

The reaction was cooled and diluted with 50% saturated aqueous NaC! solution and extracted

with 50% EtOAc/hexanes (3 x 30 mL). After drying (Na.SO,,), filtration and concentration the

product was isolated by chromatography (86 mg, 50%). (TLC 20% EtOAc/hexanes R,0.28).

15

D) 10-Azatricyclo[6.3.1.0~2,7~]dodeca-2(7),3,5-trien-4-yl cyanide hydrochloride

4-Cyano-10-aza-tricycio[6.3. 1.07 ’Jdodeca-2(7),3,5-triene-10-carboxylic acid tert-butyl

ester was treated with 3N HC! 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

20 hours The product was collected byfiltration (49 mg, 73%). 'H NMR (400 MHz, DMS0O-d,) 5

9.66 (ors. NH), 7 86 (brs, NH), 7.74-7.70 (m, 2H), 7.49 (d, J=7 5 Hz, 1H), 3.33-2.97 (m, 6H),

2.17 (m, 1H), 2.01 (d, J=11.0 Hz, 1H). GCMS mre 184 (M*) mp 268-273 °C.

EXAMPLE33

25 3-(10-AZATRICYCLO[6 3 1 0?4jDODECA-2(7).3.5-TRIEN-4-Y L)-5-METHYL-1,2,4- 
 

OXADIAZOLE HYDROCHLORIDE

4-Cyano-10-aza-tricycio[6 3.1 07 "\dodeca-2(7),3.5-triene-10-carboxylic acid tert-buty!

ester (300 mg. 1 1 mmoi) wasstirred in EtOH (10 mL) To this hydroxyl amine hydrochioride

(382 mg, 5.5 mmol) and NaOH (242 mg, 6 05 mmol) were added and the mixture was warmed

30 ~—to reflux. After 45 minutes, the reaction was cooled, diluted with H,O and extracted with

EtOAc. The organic layer was dried (Na,SO,) and concentrated to afford a yellow solid (110

mg, 0.35 mmol). This solid was dissolved in pyridine (1 mL) and treated with acety! chloride
{0.03 mL, 0 415 mmol) and warmed to 100°C for 18 hours. The reaction was cooled, treated

with H,O and extracted with EtOAc. The organic extracts were washed with water and

35 saturated aqueous NaCl solution, dried (Na,SO,) and concentrated. Chromatography on

Silica ge! afforded product (50 mg, 0.15 mmol). (25% EtOAc/nexanes R, 0.18) This product

was treated with 2N HCI MeOH (10 mL), heated to 70 °C for 1 hour, cooled. concentrated and

recrystallized from MeOH/Et,O to provide product (15 mg). APCI MS m/e 242.2 [(M + 1)"].

Apotex Exhibit 1007.063



Apotex Exhibit 1007.064

-62-

5 EXAMPLE 34

1-(10-AZATRICYCLOJ6 3.1 .0?4JDODECA-2(7),3,5-TRI EN-4-YL)-1-ETHANONE
HYDROCHLORIDE

A) _1-(4-Acetyl-10-aza-tricyclo[6 3.1 0%"
ethanone

10 1-(10-Aza-tnicyclo[6.3 1.0?"Jdodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-ethanone (253

mg, 10 mmoi) and AcCi (0.68 mL, 10 mmol) were dissolved in DCE (3 mL) and treated with

dodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-  

aluminum chloride (AICI,) (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,Ci, (3 x 30 mL). The organic layer was dried

15 through a cotton plug then concentrated to a orange-yeliow oil (255 mg, 86%).

2
B) 4-Acety!-10-aza-tnicyclo[6.3.1 0* 4dodeca-2(7),3,5-triene-10-carboxylic acid _tert-

butyl ester

1-(4-Acetyl-10-aza-tricyclo[6.3.1 0° "}dodeca-2(7),3,5-tnen-10-yl)-2,2,2-trifluoro-

20=ethanone (1 3 g, 4.37 mmol) and 37% aqueous NH,OH solution (10 mL) werestirred in MeOH

(30 ml) for 3 hours, then concentrated and azeotroped with MeQH (2 x 50 mL). (This product

could be converted to an HC! 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-butyldicarbonate (1.91 9, 8.74 mmol). After stirring 2 hours, the reaction

25 was treated with HO (50 mL), extracted with CH,Cl, (4 x 30 mL), dried (Na,SQ,), filtered,

 
concentrated and chromatographed to provide an ol (1.3 g, 100%). (TLC 40%

EtOAc/hexanes R, 0.56)

C) 1-(10-Azatnicyclo[6.3 1 0*4|dodeca-2(7),3,5-trien-4-y!)-1-ethanone hydrochloride
30 4-Acetyi-10-aza-tricyclo[6.3.1.0°Jdodeca-2(7),3,5-triene-10-carboxylic acid tert-butyl

ester (190 mg, 0.63 mmol) was treated with excess 3N HCI EtOAc and warmed to 70°C for 1

hour then concentrated and dissolved in a minimum of MeOH Theresulting solution was

saturated with Et,O and stirred. After 18 hours the white crystalline product was collected by

filtration (81 mg, 54%). *H NMR (400 MHz, DMSO-d.) § 9 75 (brs. NH), 7 89 (s, 1H), 7.88 (d,

35 3=8 0 Hz, 1H), 7.74 (brs, NH), 7 44 (d, J=8 O Hz, 1H), 3.33 (brs, 2H), 3.22 (brs, 2H), 3.00 (br

m, 2H), 2 54 (s, 3H). 2.17 (m, 4H), 2.02 (d, J=11.0 Hz, 1H) GCMS m/e 201 (M"*). mp 198-202
°C.
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5 EXAMPLE35

10-AZATRICYCLOJ6.3.1 022 DODECA-2(7).3,5-TRIEN-4-OL HYDROCHLORIDE

A) Acetic acid 10-trifluoroacetyl-10-aza-tricyclo 6.3.1.074dodeca-2(7),3,5-trien-4-y!
ester

1-(4-Acetyl-10-aza-tricyclo[6.3.1.07 "\dodeca-2(7),3.5-trien-1 0-yi)-2,2,2-trifluoro-

10=ethanone (2.5 g, 8.41 mmol) and 3-chloroperoxybenzoic acid (m-CPBA)(7.5 g, 42 mmol)

were stirred in CHCl, (20 mL) and warmed to 40°C for 18 hours. The mixture was cooled to

room temperature, then treated with dimethylsulfide (Me2S) (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 (4 x 40 mL). The organic layer was washed saturated

15 aqueous Na,CO,solution (3 x 40 mL) then dried (Na,SO,), filtered and concentrated to afford

an ou (1.83 g, 69%). (TLC EtOAc R, 0.80).

B) 2,2,2-Trifluoro-1-(4-hydroxy-10-aza-tricyclo 6.3.1.0?Jdodeca-2(7),3,5-trien-10-yl)-
ethanone

20 Acetic acid 10-triflucroacety!-10-aza-tricyclo[6.3.1.0*’|dodeca-2(7),3,5-tren-4-yl ester

 

(900 mg, 2.87 mmol) was stirred in MeOH (20 mL) and saturated aqueous NaHCO, solution

(15 mL) for 48 hours. The mixture was concentrated, diluted with H,O and extracted with

CH2Cl, (3 x 20 mL) then dried through a cotton plug. Chromatography on Silica gel provided

pure product (420 mg, 54%). (TLC 5% M@OH/CH,Cl, R, 0 44). 'H NMR (400 MHz, CDCI) &

25 7 05 (m, 1H), 6.70 (m, 1H), 6.62 (m, 1H), 4 32 (m, 1H), 3 84 (m, 1H), 3.48 (m, 1H), 3.21 (brs,

1H), 3.16 (brs, 1H), 3.09 (m, 1H), 2.38 (m, 1H), 1.97 (d, J=11 0 Hz, 1H)

 
C) 10-Azatricyclof6.3 1 o2 dodeca-2(7),3,5-trien-4-ol hydrochionde

2,2,2-Trifluoro-1-(4-hydroxy-10-aza-tricyclo[6.3.1 0?"Idodeca-2(7),3,5-trien-1 Q-yl)-
30==ethanone (50 mg, 0.184 mmol) was dissolved in MeOH/H,0 (3/1, 5 mL), treated with

Na,CO,(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 CH2Cl, (3 x 20 mL) then dried through a

cotton plug. Filtration through a Silica gel plug provided an oll (10% MeOQH/CH,Ci,) which

was treated with 3N HC! EtOAc (3 mL) then concentrated. dissolved in a minimum of MeOH

35 which was saturated with Et,O and stirred. After 18 hours the white crystalline product was

collected byfiltration (10 mg, 26%). 'H NMR (400 MHz, CDOD,) 87 16 (d, J=8.0 Hz, 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),

2.32 (m, 1H), 2 03 (d, J=11.0 Hz, 1H) APCI MS mée 176.2 [(M + 1)"] mp 308 (dec.) °C.
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5 EXAMPLE 36

7-METHYL-5-OXA-6, 13-DIAZATETRACYCLOJ9. 3.1.07"0*IPENTADECA-

2,4(8),6,9-TETRAENE HYDROCHLORIDE

A) 1-(4-Acetyl-5-hydroxy-10-aza-tricycio 6.3.1.0?4dodeca-2(7),3,5-trien-10-yl)-2,2,2-
trifluoro-ethanone

10 Acetic acid 10-trifluoroacety|-10-aza-tricyclo[6.3.1.0*Jdodeca-2(7),3,5-trien-4-y! ester

(800 mg, 2.55 mmol) was combined with AICI, (1.0 g, 7.65 mmol) and warmed to 170°C for 2

hours. The mixture was cooled and treated with 1N aqueous HC! saiution (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, CDCI) § 12.58 (s, 0.5H), 12.52 (s, 0.5H), 7.53 (s, 1H), 6.86 (s,

15 1H), 433 (m, 1H), 3.91 (m, 1H), 3.56 (m, 1H), 3.28 (brs, 1H), 3.24 (brs, 1H), 3.14 (m, 1H),

2.35 (m, 1H), 1.97 (br d, J=11.2 Hz, 1H).

2.2,2-Trifluoro-1-[4-hydroxy-5-(1-hydroxyimino-ethy!)-1 0-aza- 

tricyclof6 3 1 04jdodeca-2(7),3,5-trien-10-ylj-ethanone

20 1-(4-Acety|-5-hydroxy-10-aza-tricyclo[6.3 1.07’]dodeca-2(7).3,5-trien-10-yl)-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,SQ,), filtered and concentrated to provide a yellow oil (177 mg, 93%).

25 
C) 2,2.2-Trifluoro-7-Methy!-5-oxa-6, 13-diazatetracycio[9.3 1 0?"*0**)}pentadeca-

2.4(8),6,9-tetraene-ethanone

The above oll, 2,2,2-trifluoro-1-[4-hydroxy-5-(1-hydroxyimino-ethy!)-10-aza-

tricyclo[6.3 1 0? "\dodeca-2(7),3.5-trien-10-y!]-ethanone (177 mg, 054 mmol) was stirred in

30 =©©DCE (3 mL), treated with trethylamine (0 4 mL, 2.8 mmol) and acetic anhydride (Ac.O) (0.3

mL, 2.8 mmol) then stirred 18 hours. The reaction was treated with H,O and extracted with

EtOAc. The extracts were dried (Na,SO,), filtered and concentrated to a yellow oil which was

dissolved in anhydrous DMF (3 mL) and treated with 60% NaH in oil (32 mg, 108 mmol).

After stirring 18 hours, additional 60% NaH tn oll was introduced (33 mg) and the mixture was

35~~stirred 2 hours. The reaction was quenched with H,O (5 mL) and extracted with 80%

EtOAc/hexanes (3 x 30 mL). The organic layer was washed with H,O (3 x 20 mL), dried

(Na.SO,), filtered and concentrated and chromatographed to provide an oll (40%

EtOAc/hexanes R, 0 56).
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D) _7-Methyl-5-oxa-6, 13-diazatetracycio[9.3.1 07°0“*}pentadeca-2,4(8),6,9-tetraene

hydrochioride

Utilizing the methods described in Example 9C, 2,2,2-Trifluoro-7-Methyl-5-oxa-6, 13-

diazatetracyclo[9.3.1.0* '°.0* *Jpentadeca-2.4(8),6.9-tetraene-ethanone was converted to the

410 title compound. This was treated with 3N HCI EtOAc (3 mL), concentrated and dissolved in a

minimum of CH,Cl, which was saturated with hexanes andstirred. After 18 hours the white

crystalline product was collected by filtration (18 mg, 13% overail). 'H NMR (400 MHz,

DMSO-d,) & 7.72 (s, 1H), 7.63 (s, 1H), 3 42-2.98 (m, GH), 2.50 (s, 3H), 2.23 (m, 1H), 2.08 (d,

J=10.5 Hz. 1H). APC] MS mye 215.2 [(M + 1)’].
15

EXAMPLE 37

4-(2-Methy|-2H-pyrazol-3-y!}-10-aza-tricyclo[6.3.1 .0*\dodeca-2(7),3,5-triene

hydrochionde and 4-(1-Methyi-1H-pyrazol-3-yl)-10-aza-tricyclo[6.3.1. 0*“dodeca-2(7),3,5-

triene hydrochlonde

20 1-(4-Acetyl-10-aza-tricyclo[6.3.1 0? "}dodeca-2(7),3,5-trien-1 Q-yl)-2.2.2-trifluoro-

ethanone (1.0 g, 3.3 mmol) and dimethylfarmamide dimethylacetal (DMF-DMA) (4.0 g, 33.6

mmol) were warmed to 140°C for 18 hours. After cooling, a crystalline precipitate wasfiltered

and rinsed with EtOAc (690 mg, 58%).

The above solid, 3-dimethylamino-1-(10-trifluoroacetyl-10-aza-

25 tricyclo[6.3.1.07}Jdodeca-2(7),3,5-trien-4-y!}-propenone, (200 mg, 0 56 mmol) was dissolved

in EtOH (2 mL) and treated with 5N 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. dmed (Na.SO,) and concentrated

Chromatography on Silica gel provided a 3/1 mixture of regiaisomeric products (130 mg,

30 68%) (TLC 50% EtOAc/hexanesR, 0.40)

The aboveoil (130 mg, 0.388 mmol) and Na,CO3(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

water, extracted with CH,CI, dried through a cotton plug and concentrated. The product was

punfied by chromatography on Silica gel and concentrated to an ol. The salt was generated

35 with 2N HCI MeOH, concentrated and recrystallized from MeOH/EtOAc to provide a 3/1

mixture of regicisomeric pyrrazoles (85 mg, 58%). (5% MeOH/CH,Cl, (NH3) R, 0.25) TFA-

precursor APC] MS m/e 336.2 [(M+1)"] _

‘
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5 EXAMPLE 38

4,5-DICHLORO-10-AZATRICYCLOJ6. 3.1 .02IDODECA-2( 7),3.5-TRIENE
HYDROCHLORIDE

A) 1-(4,5-Dichloro-10-aza-tncyclo[6.3.1 02% dodeca-2(7).3.5-trien-10-yl)-2,2,2-trifluoro-
ethanone (Based on Campaigne, E.; Thompson, W. J. Org. Chem. 1950, 72, 629.)

10 1-(10-Aza-tricyclo[6.3.1 .0*"|dodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-ethanone (539

mg, 2.1 mmol) was stirred in CH2Cl, (5 mL) and treated with ICI, (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 CHCl, (3 x 25 mL), dried through a cotton plug and

concentrated to an oll (570 mg, 84%) (TLC 50% EtOAc/nhexanes R, 0.62).
15

B) 4,5-dichloro-10-azatricyclo[6.3.1 0*\dodeca-2(7),3,5-triene hydrochioride
1-(4,5-Dichtoro-10-aza-tricyclo[6.3.1 0?"|dodeca-2(7),3.5-trien-1 0-yl}-2,2.2-trifluoro-

ethanone (570 mg, 1 75 mmol) was stirred in MeQH (25mL)and treated with Na,CO,(s) (5 g, 
47 mmol) in H,0 (5 mL) The stirred mixture was warmed to 70°C for 4 hours, concentrated

20~—to solids, diluted with HO and extracted with EtOAc (3 x 40 mL). The product was extracted

into 1N aqueous HCl solution (2 x 40 mL) which was washed with EtOAc then neutralized with

saturated aqueous Na,CO, solution to pH~10. Product was extracted with CH,Cl, (3 x 40

mL), filtered through a cotton plug and concentrated to an oil (400 mg, 100%)

The oil was dissolved in MeOH and treated with 3N HCI EtOAc (4 mL) and

25 concentrated, then dissolved in a minimum of MeOH and which was saturated with Et,O and

stirred 18 hours The product was collected by filtration (210 mg, 45%) (TLC 50%

EtOAc/hexanes (NH 3) R, 0 08) ‘WH NMR (400 MHz, DMSO-d.) 5 7.58 (s, 2H), 3 33-2.97 (m,

6H). 2 18 (m, 1H), 1 99 (d, J=10 5 Hz, 1H) °C NMR (100 MHz.DMSO-d,) 5 141 02, 130 60,

126.58, 45.54 40.55, 38.30 GCMS m/e 227, 229 (M") mp 283-291 °C.

 
30

EXAMPLE 39

NN“DIMETHYL-10-AZATRICYCLOI6.3.1 0™DODECA-2(7),3,5-TRIENE-4-SULFONAMIDE
HYDROCHLORIDE

A 10-Trifluoroacety|-10-aza-tncyclo[6.3 1 0*jdodeca-2(7),3,5-triene-4-sulfony!

35 chloride

1-(10-Aza-tricyciofé6 3 1 0? "dodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-ethanone (530

mg. 21 mmol) was added to chlorosuifonic acid (2 mL, 30 mmol) and stirred for 5 minutes
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5 The mixture was quenched with ice, extracted with EtOAc, dried (Na,SQ,), filtered and

concentrated to provide an oil (640 mg, 87%). (TLC 30% EtOAc/hexanesR,0.15).

B) N‘.N¢-Dimethy|-10-azatnicycio[6.3.1.0*|dodeca-2(7),3,5-triene-4-sulfonamide
hydrochioride

10 10-Trifluoroacetyl-10-aza-tricyclo[6.3.1 .0*"|dodeca-2(7),3,5-triene-4-sulfonyl chloride

(320 mg, 0.9 mmol) wasstirred in THF (10 mL) and treated with 40% Me,NH/H,0 (1.5 mL).

After 10 minutes the mixture was concentrated and chromatographed onSilica gel (TLC 30%

EtOAc/hexanes R, 0.31) to provide an oll (256 mg, 78%). This material was dissolved in

MeOH(6 mL) and NH,OH (2 mL) and stirred 18 hours. The mixture was concentrated and

15 azeotroped from MeOH(3x) The resulting oll was dissolved in MeOH andtreated with 3N HCl

EtOAc (4 mL), concentrated, dissoived in a minimum of MeOH and which wassaturated with

Et,O and stirred 18 hours. The product was collected byfiltration as a white powder (163 mg,

59%). (TLC 10% MeOH/ CHCl. (NH3) R, 0.54) 'H NMR (data, free base) (400 MHz, CDCI) 3

7.64 (m, 2H), 741 (d, J=80 Hz, 1H), 330 (m, 2H), 3.20 (d, J=12.5 Hz, 2H), 3.07 (dd.

20 J=12.5,2.2 Hz, 2H), 2.69 (s, 8H) 2.45, (m. 1H), 2.00 (d, J=11 0 Hz, 1H). °C NMR (100 MHz,

CDCI.) § 128,43, 124.16, 122,75. 46.67, 46.55, 42 11, 39,44, 37,81 GCMS m/e 266 (M’)

(data HCI salt) 'H NMR (400 MHz, DMSO-d.) 8 7.68-7.52 (3H), 3.38 (m, 2H), 3.24 (m, 2H),

3.04 (m, 2H), 2.58 (s, 6H), 2.22 (m, 1H), 2.04 (d, J=4110 Hz. 1H) GCMS mye 266 (M*). Anal

Caled for C,3H,gN,O2HCh C, 5156, H.6.32,N, 925 Found C, 51.36; H,6.09; N,9.09.

 
25 

EXAMPLE 40

4-(1-PYRROLIDINYLSULFONYL)-10-AZATRICYCLOJ6 3 4 0*4DODECA-2(7),3,5-
TRIENE HYDROCHLORIDE

The pyrrolidine analogue was prepared from  10-trifluoroacety!-10-aza-

30 tricyclo[6 3.1.07 Jdodeca-2(7),3,5-triene-4-suifony! 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 conversion to the salt as in Exampie 39B
affords a white powder (189 mg. 63%). (TLC 10% MeOH/CH,Cl, (NH) Ry 0.60). (TLC 50%

EtOAc/hexanes R, 0.65). 'H NMR (400 MHz, CDCl) 6 7 66 (d, J=8.0 Hz, 1H), 7.64 (s, 1H),

35 7 37 (d, J=8.0 Hz, 1H), 3 30-3.15 (m, 8H), 3.00 (m 2H), 2.39 (m, 1H), 1 98 (d, J=11.5 Hz. 1H),

172 (m, 4H) "C NMR (100 MHz CDCI,) 6 146.91, 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 m/e 293 [(M + 1) *}. (data HCIsalt)

'H NMR (400 MHz, DMSO-d,) & 9 78 (brs, NH), 8 1 (brs, NH), 7 73 (d, J =15 Hz,1H), 7 66
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5 (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, 1H), 1.66 (m, 4H). GCMS m/e 292 (M’). Anal. Caled. For C,3HygN2O,HCI.1/2MeOH' C,

54.07, H, 6 47; N, 8.51. Found C, 53.98, H,6.72, N, 8.12

EXAMPLE 41

10 5 13-DIAZATETRACYCLOI[9.3 1.0*90*8|]PENTADECA-2,4(8),9-TRIEN-6-ONE

HYDROCHLORIDE(Thetitle compound wasprepared following the procedures described in

Quallich, G. J.; Morrssey, P. M. Synthesis 1993, 51-53, treating 4,5-dinitro-10-aza-

tricyclo[6.3.1 0*"|dodeca-2(7),3,5-triene-10-carboxylic acid tert-buty! ester as an equivalent to

an ortho fluoro phenyl morety.) 'H NMR (400 MHz, DMSO-d.) & 10.42 (s, NH), 9.88 (br s,

15 NH), 7.52 (prs, 1H), 7.15 (s, 1H), 6.79 (Ss. 1H), 3.41 (d. J=5.0 Hz, 2H), 3.35-3.13 (m, 4H), 2.93

(m, 2H), 2.12 (m, 1H), 1.95 (d, J=11.5 Hz, 1H). APCI MS m/e 215.2 [(M + 1)’].

EXAMPLE 42

6-OXO-5-OXA-7.13-DIAZATETRACYCLOJ9.3.1.07""0*JPENTADECA-2(10),3,6,8-
20 TETRAENE HYDROCHLORIDE(For references, see: Nachman, R J. J. Het. Chem. 1982.

1545 )

2,2,2-Trifluoro-1-(4-hydroxy-5-amino-10-aza-tricyclo[6.3.1 0? "\dodeca-2(7), 3,5-trien-

10-yl)-ethanone (317 mg, 111 mmol) was stirred in THF (10 mL), treated with

carbonyldiimidazole (269 mg, 1.66 mmol) and warmed to 60°C for 18 hours. The mixture was

25 concentrated, diluted with CHCl, (50 mL) and washed with 1N aqueous HCI solution (3 x 10

 
mL) The organic tayer was dred 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,) 5

11 78 (s, NH), 9.56 (br s, NH), 7 63 (brs. NH), 7 24 (s, 1H), 7 07 (s,1H), 3 26 (brs, 2H), 3.16

30. (br t, J=9.5 Hz, 1H), 2.93 (brs, 1H), 2 18 (m, 1H), 197 (d, J=110 Hz, 1H). APC! MS mre

217.2 [(M + 1)’].
EXAMPLE43

3-TRIFLUOROMETHYL-10-AZA-TRICYCLO[6.3 1 0?)DODECA-2(7).3,5-TRIENE

HYDROCHLORIDE (See Grunewald, G L., Paradkar, V. M.; Pazhenchevsky, B.; Pleiss, M

35 A, Sall, D. J, Seibel, W L.; Reitz, T. J. 4. Org. Chem. 1983, 48, 2321-2327 Grunewald, G.

L : Markovich, K. M.: Sall. D. J. 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-trifluoromethyibromobenzene. *H NMR (400 MHz, CD3OD)6 7.67-7.50
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5 (3H), 365 (brs, 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=115 Hz, 1H) APCI MS m/e 228.2 [(M + 1)’]. (HCI salt) mp 275-277 °C. Anal. Caled. for

CigHiaF3N HCI.1/3H,0:C, 53.44; H, 5.11: N, 5.19 Found C, 53.73, H, 4.83; N, 5.16.

EXAMPLE 44

10 3-PHENYL-10-AZA-TRICYCLOJ[6.3.1 0*IDODECA-2(7),3,5-TRIENE
HYDROCHLORIDE

A)

methano-naphthalene

(Eisch, J. J.; Burlinson, N E. J. Amer. Chem. Soc. 1976, 98, 753-761. Paquette, L. A.;

15 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

5-Fluoro-1,4-dihydro-1,4-methano-naphthalene and—5-iodo-1,4-dihydro-1,4-   

a flame dried 2L 3 neck round bottom flask equipped with a non-equalizing addition funnel

with a N, flow adapter, magnetic stirrer and efficient condenser equipped with a N, flow

adapter The flask was stirred and warmed to refiux by a removable heating mantle. 2,6-

20 Difluoro-iodobenzene (0.3 g) was added followed by of 3N EtMgBr in THF (0.3 mL). The

addition funnel was charged with an intimate mixture of cyclopentadiene (24.24 g, 367 mmol)

and 2,6-difluoro-1cdobenzene (880 g, 367 mmol). Small portions (~1 mL) of the intimate

mixture were introduced to assist initiation (~4x). After ~15 minutes, the reaction initiated

(exotherm, and vapor condensation) and heating was maintained as necessary during the

25 addition of the contents of the addition funnel. 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 1N HCI solution (200 mL} to dissolve the solids. Product was extracted

with hexanes (4 x 150 mL) The combined organic layer was washed with saturated aqueous

30 NaHCO, solution (150 mL), dried (Na,SO,), filtered through a Silica plug with hexanesrinse

and concentrated to an ail (70 g). Chromatography on Silica gel eluting with hexanes

provided two lots (9.0 and 21.0 g). which contained primarily 5-iodo-1,4-dihydro-1 .4-methano-

naphthalene. (TLC hexanes R, 0 63)

B) 5-lodo-1,2,3,4-tetranydro-1,4-methano-naphthalene-2 3-diol  

35 5-iodo-1,4-dihydro-1,4-methano-naphthaiene (20 g) and N-methyl morpholine N-oxide

(17 61g, 130 mmol) were stirred in acetone (90 mL) and HO (13 mL). To this was added a

solution of OsO, (0.2 mL, 2.5%wt solution in t-BuOQH, 002 mmal) After 144 hours, florisil (5

g) and saturated aqueous NaHSO,solution (3 mL) were added and stirred for 1/2 hour. The
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5 mixture wasfiltered 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 to provide a yellow solid (13.73 g). APC] MS mre 301.1 [(M - 1)").
2.7

C) 10-Benzyi-3-iodo-10-aza-tricyclo[6.3.1.0~]dodeca-2(7),3,5-triene

5-lodo-1,2,3,4-tetrahydro-1,4-methano-naphthalene-2.3-diol (8.33 g, 27.6 mmal) and

10  €t,NBnC! (10 mg) were vigorously stirred in dichloroethane (25 mL) and H2O (75 mL) then

treated with sodium periodate (6.17 g, 29.0 mmol). After 1.5 hours, the layers were separated

and the aqueous layer extracted with DCE (2 x 40 mL). The combined organic layer was

washed with HO (4 x 30 mL) until no reaction to starch iodide paper was observed, then with

saturated aqueous NaCl solution (30 mL). The organic layer was dried through a cotton plug

15_and treated with benzyl amine (3.16 mL, 29.0 mmol) and stirred for 2 minutes then transferred

to 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 addition was

complete, the mixture was stirred without cooling for 2 hours. The mixture was quenched with

saturated aqueous Na,CQ, solution (100 mL) and stirred for 1 hour, then the layers were

20 separated and the aqueous layer was extracted with CH,Cl, (3 x 50 mL). The combined

organic layer was washed with saturated aqueous NaCl solution (50 mL), dried through a

cotton plug and concentrated. Chromatography on Silica gel provided an aii (6.3 g, 61%)

(TLC 5% EtOAc/nexanes R, 0.10). *H NMR (400 MHz, CDCI.) 5 7 61 (d, J= 8.0 Hz, 1H), 7.28-

7.22 (m, 3H), 7.13 (d, J=8.0 Hz,1H), 6.98-6.94 (m, 3H), 3.58 (AB dd, J=74.2 Hz, 2H), 3.26 (br

25s, 1H), 3.24 (brs, 1H), 3.04 (br d. J=10.2 Hz, 1H), 2.83 (br d, J=10.2 Hz, 1H), 2 47 (d, J=10.0

Hz, 1H), 2.39 (d, J=10.0 Hz, 1H), 2.34 (m, 1H), 1.72 (d, J=10.5 Hz, 1H) APCI MS mre 376.0

 
((M + 1)7]

D) 10-Benzyl-3-phenyl-10-aza-tricyclo[6.3 4 0*4|dodeca-2(7),3,5-triene
(For a discussion, see: Miyaura, N: Suzuki, A Chem Rev 1995, 95, 2457-

30 2483.)

10-Benzy|-3-iodo-10-aza-tricyclo[6 3.1.07 Jdedeca-2(7).3.5-trene (375.3 mg, 1.0
mmol), potassium acetate (785 mg, 8.0 mmol) and phenyl boronic acid (183 mg, 1.5 mmol)

were combined in 10/1 EtOH/H,O (5 mL) The mixture was degassed (3 vacuum/N, cycles),

treated with tetrakis(triphenylphosphine)palladium(0) (57.5 mg, 0 05 mmol) and warmed to 90

35 °C for 18h The reaction was cooled, diluted with H,O and extracted with Et,O (3 x 50 mL).

The organic layer was washed with brine (50 mL), dried (MgSO,). filtered and concentrated to

provide an ail (180 mg, 55%) (TLC 4%EtOAc/hexanes R, 0 18) GCMS mye 325 (M)".
E) 3-Phenyi-10-aza-tnicyclo[6.3.1 0*4dodeca-2(7).3.5-tnene hydrochtoride
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10-Benzyl-3-phenyl-10-aza-tricyclo[6.3.1.07 "]dodeca-2(7),3,5-tnene was converted

into the title compound utilizing the conditions described in Example 2D (TLC 10%

MeOH/CH,CI, (NH) R, 0.30). (data for free base) 'H NMR (400 MHz, CDCI;) & 7 46-7.15

(8H), 3.17 (brs, 1H), 3.01 (m, 2H), 2.93 (d. J=13.0 Hz, 1H), 2.72 (dd, J=10.5,2.5 Hz, 1H}, 2.63

(dd, J=10.5,2.5 Hz, 1H), 2.41 (m, 1H), 1.91 (d, J=10.5 Hz, 1H). APCI MS m/e 236.2 [(M + 1)*]

(HCI salt} mp 262-265 °C. Anal. Caicd. for C,7H,7N.HCI.1/3H,O: C, 73.26; H, 6.86; N, 5.19

Found C, 73.50; H, 6.77; N, 5.04.

EXAMPLE 45

3-HYDROXY-10-AZA-TRICYCLOJ6.3.1 0?ADODECA-2(7 ), 3,5-TRIENE
HYDROCHLORIDE

A) 10-Benzyl-3-boronic acid-10-aza-tricyclo[6.3.1 .0*Jdodeca-2(7),3,5-triene
10-Benzyl-3-1iodo-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-

Bult (3.84 mL of 2.5M soin. in hexanes, 9.59 mmol) After 10 minutes, tri-isopropylborate

(461 mL, 20.0 mmol) was added dropwise. After ~1/2 hour, the reaction was poured into

saturated aqueous NaHCO,solution, stirred 5 minutes and extracted with EtOAc (3 x 50 mL)

and concentrated The residue was dissolved in 30% Et,O/hexanes and extracted with 1N.

NaOH aqueous solution (4 x 50 mL). The combined aqueous basic layer was treated with

concentrated HC! to achieve pH 8 and extracted with EtOAc (4 x 25 mL), dried (Na.SO,) and

stripped. Chromatography on Silica gel eluting first with 3% EtOAc/hexanes to remove non-

polar components, then with 5% MeOH/CH.Ci, provides the title compound. (TLC 25%

EtOAc/hexanes R, 0 60)

B) 10-Benzyl-3-hydroxy-10-aza-tricyclo[é 31 0?\dodeca-2(7),3,5-triene
10-Benzyl-3-boronic acid-10-aza-tricycio[6.3 1.07"|dodeca-2(7).3,5-triene (140 mg

0 48 mmol!) dissolved in THF (5 mL) was treated with N-methylmorpholine-N-oxide (64.5 mg.

048 mmol) and brought to reflux for 1 hour. The reaction was concentrated and

chromatographed on Silica gel to provide product. (TLC 25% EtOAc/nexanes R, 0.18). *H

NMR (400 MHz, CDCl.) 6 7.18-7.15 (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 Hz, 2H), 3.28

(or s, 1H), 3.06 (brs, 1H), 2.91 (dd. J=85.1.5 Hz, 1H), 2.79 (ddd, J=8 5.15.15 Hz, 1H), 2.42

(d, J=110 Hz, 1H), 2.39 (d, J=11 0 Hz, 1H), 2.23 (m, 1H), 165 (d, J=10 5 Hz, 1H). APCi MS
m/e 266 5 [(M + 1)7]
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5 C) 3-Hydroxy-10-aza-tricyclo[6 3 1.0? |dodeca-2(7),3,5-triene hydrochloride

10-Benzyl-3-hydroxy-10-aza-tricyclo[6.3.1.0°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, CDCI) 5 7 15 (dd, J=8.0,7.5 Hz, 1H), 6.84 (d, J=7.5 Hz, 1H), 6.76 (d, J=8.0

Hz, 1H), 3.51 (brs, 1H), 3.33-3.25 (3H), 3 16 (d, J=12.0 Hz. 1H), 3.09 (d, J=12.0 Hz, 1H), 2.29

40 (m, 1H), 2.02 (d, J=11 0 Hz, 1H}. APCI MS mre 175.8 [(M + 1)*]. (HCI salt) mp 253-255 °C.

EXAMPLE46

4,5-DIFLUORO-10-AZA-TRICYCLOJ6.3.1.02JDODECA-2(7),3,5-TRIENE
HYDROCHLORIDE

The title compound was prepared by the methods described in Example 1 and 2

15. Starting with 2,4,5-trifluorobromobenzene 'H NMR (400 MHz, CDCI,) & 7.31 (t, J=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) 7]. (HCI

salt) mp 301-303 °C. Anal. Caled. for C,,H,,F2N.HCI.1/6H,O: C, 56.30; H, 5.30; N. 5.97

Found C, 56.66, H, 5 41; N, 5.96

EXAMPLE 47

20 6-ETHYL-5-OXA-7, 13-DIAZATETRACYCLOJ9.3.1 0*90*SPENTADECA-2(10),3,6,8- 
TETRAENE HYDROCHLORIDE

2,2,2-Trifluoro-1-(4-hydroxy-5-amino-10-aza-tricyclo[6.3.1 07’]dodeca-2(7),3,5-tren-

10-yl)-ethanone and propionyl chloride were converted to the title compound following the

procedures described in Exampie 30 and Goldstein, S. W: Dambek, P. J J. Het. Chem.

25 1990, 27, 335. 'H NMR (400 MHz, CD,OD) 8 7 64 (s, 1H). 7.62 (s, 1H), 348 (d, J=2.5 Hz,

2H), 341 (d, J=12.0 Hz, 2H), 3.20 (2H), 3.01 (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 mre 229.2 [(M + 1)7]

 
EXAMPLE 48

30 6-ISOPROPYL-5-OXA-7 13-DIAZATETRACYCLO[S 3 1 ot?944) PENTADECA-

2(10).3.6,8-TETRAENE HYDROCHLORIDE

2,2,2-Trifluoro-1-(4-hydroxy-5-amino-10-aza-tricyclo[6.3.1 0?"|dodeca-2(7),3,5-tnen-

10-yl)-ethanone and isobutyry! chloride were converted to the title compound following the

procedures described in EXAMPLE 47 (TLC 25% EtOAc/hexanes R, 0.14) ‘H NMR (400

35 MHz, CD,OD) § 7.65 (2H), 3.49 (brs. 2H), 3 41 (d, J=12.0 Hz, 2H), 3 33-3 19 (3H), 2.45 (m,

1H), 2.18 (d, J=11 5 Hz, 1H), 145 (d, J=7 0 Hz. 6H). APCI MS mve 243.2 [(M + 1)"] (HCI salt)

mp 249-251 °C.
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5 EXAMPLE 49

6-BENZYL-5-OXA-7.13-DIAZATETRACYCLO[9.3 1 0*04PENTADECA-

2(10),3,6,8-TETRAENE HYDROCHLORIDE
2,2,2-Trifluoro-1-(4-hydroxy-5-amino-1 0-aza-tricyclo[6.3.1.0*”]dodeca-2(7),3,5-trien-

10-yl)-ethanone and phenyl-acetyi chloride were converted to the title compound following

10 the procedures described in EXAMPLE 47. 'H NMR (400 MHz, CD,OD) & 7.63 (s, 1H), 7.58

(s, 1H), 7.36-7.24 (5H), 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, 1H). APC] MS m/e 291.2 [(M + 1)"].
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5 CLAIMS

1. A compoundof the formula

R<

NR' (1)

R?

R' 1s hydrogen, (C, -C,)alkyl, unconjugated (C3-C.)alkenyl, XC(=O)R™ or -CH,CH,-O-

(C,-C,)alkyl;

10 R? and R® are selected, independently, from hydrogen, (C2-C,)alkeny!, (C2-C,)alkynyl,

hydroxy, nitro amino. halo, cyano, -SO,(C,-C.)alkyl wherein q Is zero, one or two,

(C,.Cg)alkylamino-,  [(C,-C,)alkyl],amino-, -CO,R*, -CONR®R®, -SO,NR’R®,  -C(=O)R™,

-XC(=O)R™, aryl-(Cy -C3)alkyi- or aryl-(Co-C)alkyl-O-, wherein said arylis selected from pheny!
and naphthyl. heteroaryl-(Cy-C,)alkyl- or heteroaryl-(Cp-C3)alkyl-O-, wherein said heteroaryl is

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

selected from oxygen. nitrogen and sulfur, and X?(Co-C,)alkoxy-(Co-Cg)alkyl-, wherein X? is

absent or X? is (C,-C,)alkylamino- or [(C,-C,)alkyl],amino-, and wherein the (Co-C,)alkoxy-(Co-

C,)alky!- motety of said X*(Cp-C,)alkoxy-(Co-C,)alkyl- contains at least one carbon atom, and

wherein from one to three of the carbon atoms of said (C)-C,)alkoxy-(Co-C,)alkyl- moiety may

20=optionally be replaced by an oxygen, nitrogen or sulfur atom, with the proviso that any two such

heteroatoms must be separated by at least two carbon atoms, and wherein any of the alkyl

moieties of said (C,C,)alkoxy-(Cp-C,)alkyl- may be optionally substituted with from two to seven

 
fluorine atoms. and wherein one of the carbon atoms of each of the alkyl moieties of said aryl-

(C,-C,)alkyl- and said heteroaryl-(C,-C3)alkyl- may optionally be replaced by an oxygen, nitrogen

25 or sulfur atorn and wherein each of the foregoing ary! and heteroary! groups may optionally be

substituted with one or more substituents, preferably from zero to two substituents,

independently selected fram (C,-C,)alkyl optionally substituted with from one to seven fluorine

atoms, (C,-C,)alkoxy optionally substituted with from two to seven fluorine atoms. halo (e.g,

chioro, fluoro, bromo or iodo), (C2-C,)alkeny!, (C2-C,)alkynyl, hydroxy, nitro, cyano, amino, (C,-

30  Ce)alkylamino-. [(C,-C,) alkyl]zamino-, -CO,R*, -CONR®R®, -SO.NR’R®, -C(=O)R" and -
XC(=O)R™,

or R? and R®, together with the carbons to which they are attached, form a four to seven

membered monocyclic 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

35 monocyclic rings, and from oneto five of the carbon atomsof said bicyclic rings that are not part
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of the benzo ring shown in formula !, 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 more substituents, preferably from zero to two substituents for the

monocyclic rings and from zero to three substituents for the bicyclic rings, that are selected,

independently, from (C, -C,) alky! optionally substituted with from one to seven fiuonne atoms,

(C, -C,) alkoxy optionally substituted with from one to seven fiuorine atoms, nitro, cyano, halo,

(C,-C,)aikenyl, (C-C,)alkynyl, hydroxy, amino, (C, -C,)alkylamino and [(C, -C,) alkyl],amino, -

CO,R*, -CONR®R®, -SO,NR’R®, -C(=O)R™and -XC(=O)R™:
each R*, R° R°,R’, R® and R™is selected, independently, from hydrogen and (C, -C,)

aikyl, or R® and R®, or R’ and R® together with the nitrogen to which they are attached. forma

pyrrolidine, piperidine, morpholine, azetidine, piperizine, N-(C,-Ce)alkyipiperizine=or

thiomorpholine ring, or a thiomorpholine ring wherein tne 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® are both hydrogen, R® cannot be hydrogen or methyl:

or a pharmaceutically acceptable salt thereof,

2. A compound according to claim 1, wherein R? and R*, together with the benzo

ring of formula !, form a bicyclic ring system selected from the following:

N R10
S—r® N N

N S—r" Ri?
NR’ Oo

S oO.
0 NprR' J

N 10

wherein R'™ and R" are selected. independently, from (C9-C,)alkoxy-(Co-C,)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. cyana, halo.
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5 amino, (C,-C,)alkylamino-, [(Cy-C) alkyl];amino-, -CO,R°, -CONR®R®, -SO.NR’R®, -C{=O)R™,
-XC{=O)R"™, phenyl and monocyclic heteroary|, wherein said heteroaryl is selected from five to

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

nitrogen and suifur,

3. A compound according to claim 1, wherein R? and R® do not, together with the

10 benzoring of formula |, form a bicyclic ortricyclic ring system.

4. A compound according to claim 1. wherein one or both of R? and R? are
-C(=O)R"? wherein R™ts (C,-Ce)alkyl.

5. A compoundaccording to claim 1, wherein one of R? and R® is -COR™ wherein
R™ 1s (C,-Ce)alkyl or (C,-C)alkyl optionally substituted with from oneto seven fluorine atoms.

15 6. A compound according to claim 1, wherein one of R* and R° ts CF; , fluoro,

cyano or CFs.

7 A pharmaceutica! composition for use in reducing nicotine addiction or aiding in

the cessation or lessening of tobacco use In a mammal, comprising an amount of a compound

according to claim 1 that is effective in reducing nicotine addiction or aiding in the cessation or

20 lessening of tobacco use and a pharmaceutically acceptable carrier.

8. A method for reducing nicotine addiction or aiding in the cessation or lessening

of tobacco use in a mammal, comprising administenng to said mammal an amount of a

compound according to claim 1 that is effective in reducing nicotine addiction or aiding in the

cessation or lessening of tobacco use.

25 9. A pharmaceutical composition for treating a disorder or condition selected from

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

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

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

disorder, autism, sleep disorders, jet lag, amvylotrapic iateral sclerosis (ALS), cognitive

30 dysfunction, hypertension, bulimia, anorexia, obesity, cardiac arrythmias, gastric acid

hypersecretion, ulcers, pheochromocytoma, pragressive supramuscular palsy, chemical

dependencies and addictions (e.g . dependencies on, or addictions to nicotine (and/or tobacco

products), alcohol, benzodiazepines, barbituates, opioids or cocaine), headache, stroke,
traumatic brain injury (TBI), psychosis, Huntington's Chorea. tardive dyskinesia, hyperkinesia,

35 dyslexia, schizophrenia, muiti-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) anc Tourette's Syndrome in a mammal,
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comprising an amount of a compound according to claim 1 that ts effective in treating such

disorder or condition and a pharmaceutically acceptable carrier.

10 A method for treating a disorder or condition selected from inflammatory bowel

disease (including but not iimited to ulcerative colitis, pyoderma gangrenosum and Crohn's

disease), irritable bowel syndrome, spastic dystonia, chronic pain, acute pain, celiac sprue,

pouchitis, vasoconstriction, anxiety, panic disorder, depression, bipolar disorder, autism, sleep

disorders, jet lag, amylotropic lateral sclerosis (ALS), cognitive dysfunction, hypertension,

bulimia, anorexia, obesity, cardiac arrythmias, gastric acid hypersecretion, ulcers,

pheochromocytoma, progressive supramuscular palsy, chemical dependencies and addictions

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

benzodiazepines. barbituates, opioids or cocaine}, headache, stroke, traumatic brain injury (TBI),

psychosis, Huntington's Chorea. tardive dyskinesia, hyperkinesia, dyslexia, schizophrenia. multi-

infarct dementia, age related cognitive decline, epilepsy, including petit mal absence epilepsy,

seniie dementia of the Alzheimers 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 1s

effective in treating such disorder or condition.

11 A compound of the formula

Ri Ris

wherein P is hydrogen, methyl, COOR™ wherein R'® is (C,-Cg)alkyl, allyl or 2,2.2-
trichloroethy!, -C(=O)NR°R® wherein R° and R°®are defined as in formula | above; -C(=O)H.

-C(=O}(C,-C,)alkyl wherein the alky! moiety may optionally be substituted with from 1 to 3

halo atoms, preferably with from 1 to 3 fluoro or chloro atoms: benzyl, t-butoxycarbonyt(t-Boc)

or trifluoroacety!, and R"™ and R™ are selected, independently, from hydrogen, (C,-Ce)alky!

optionally substituted with from one to seven fluorine atoms; -C(=O)(C,-C,)alkyl, cyano,

hydroxy, nitro, amino, -O(C,-C,)alky! and halo, with the proviso that R'* and R'® can not both
be hydrogen when P ts hydrogen or methy!
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5 12. _Amethod for reducing nicotine addiction or aiding in the cessation or lessening
of tobacco use in a mammal, comprising administering to said mammal an amount of a

compound comprising an amount of a compoundof the formula

NH

or a pharmaceutically acceptable salt thereof, that ts effective in reducing nicotine

40 addiction or aiding in the cessation or lessening of tobacco use.

13. A method for treating a disorder or condition selected from inflammatory bowel

disease (including but not limited to ulcerative colitis, pyoderma gangrenosum and Crohn's

disease), irritable bowel syndrome, spastic dystonia, chronic pain, acute pain, celiac sprue,

pouchitis, vasoconstriction, anxiety, panic disorder, depression, bipolar disorder, autism, sleep

15 disorders, jet lag, amylotropic lateral sclerosis (ALS), cognitive dysfunction, hypertension,
bulimia, anorexia, obesity, cardiac arrythmias, gastnc acid hypersecretion, ulcers,

pheochromocytoma, progressive supramuscularpalsy, chemical dependencies and addictions
(e.g., dependencies on, or addictions to nicotine (and/or tobacco products), alcohal,
benzodiazepines. barbituates, opioids or cocaine), headache, stroke. traumatic brain injury (TBI),

20 psychosis, Huntington's Chorea, tardive dyskinesia, hyperkinesia. dyslexia, schizophrenia, multi-

infarct dementia age related cognitive decline, epilepsy, including petit mal absence epilepsy,

senile dementia of the Alzheimers type (AD), Parkinson's disease (PD). attention deficit

hyperactivity disorder (ADHD) and Tourette's Syndrometn a mammal, comprising administering

 
to a mammal in need of such treatment an amount of a compound of the formula

NH

25

or a pharmaceutically acceptable salt thereof,

that 1s effective in treating such disorder or condition

14. A compoundof the formula

R?
/

NP’ (I)

R°
30 wherein R? and R° are defined as in claim 1, and P’ is GOOR™ wherein R'* Is allyl,

2,2.2-trichloroethyl or (C,-Ce)alkyl, -C(=O)NR°R® wherein R® and R® are defined as in claim 2.
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5 -C(=O)H, -C(=O)(C,-C,)alkyl wherein the alkyl moiety may optionally be substituted with from

1 to 3 halo atoms, preferably with from 1 to 3 fluoro or chloro atoms, benzyl, or t-

butoxycarbonyi (t-Boc).
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5 ARYL FUSED AZAPOLYCYCLIC COMPOUNDS

Abstract

Compoundsof the formula

Re

NR’ (1)

R3

and their pharmaceutically acceptable salts, wherein R', R?, R° and n are defined asin the
10 specification, intermediates in the synthesis of such compounds, pharmaceutical

compositions containing such compounds and methods of using such compounds in the

treatment of neurological and psychological disorders are claimed.
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-Anntx US.IL, Page 1
‘

FORM PTO-1390 " U. S. DEPARTMENT OF COMMERCE PATENT AND TRADEMARK OFFICE ATTORNEY’S DOCKET NUMBER(REV10-95)

TRANSMITTAL LETTER TO THE UNITED STATES PCI0030A
PATENT AND TRADEMARK OFFICE

DESIGNATED/ELECTEDOFFICE (DO/EO/US) us raf¥9NO.LO>0ey16 1)CONCERNINGA FILING UNDER35 U.S.C. 371
INTERNATIONALAPPLICATIONNO. INTERNATIONAL FILINGDATE PRIORITY DATE CLAIMED
PCT/IB98/01813 November 13, 1998 (11.13.1998 December 31, 1997 (12.31.1997
TITLE OF INVENTION

ARYL FUSED AZAPOLYCYCLIC COMPOUNDS

APPLICANT(S) FOR DO/EO/US
Jotham Wadsworth COEand Paige Roanne Palmer BROOKS

Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US)the following items and other information:

This is the FIRST submission of items concerning a filing under 35 U.S.C. 371.

This is the SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371.

This express request to begin national examination procedures (35 U.S.C. 371(f)) at any time rather than delay
examination until the expiration of the applicable time limit set in 35.U.S.C. 371(b) and PCT Articles 22 and 39(1).

A proper Demandfor International Preliminary Examination was made by the 19" month from theearliest claimedpriority date. "

A copyofthe International Application as filed (35 U.S.C. 371(c)(2)) /
a. NS] is transmitted herewith’ (required only if not transmitted by the International Bureau).
b. oO has been transmitted by the International Bureau. : /
c. a] is not required, as the application was filed in the United States Receiving Office (RO/US).
A translation of the International Application into English (35 U.S.C. 371(c)(2)).

Amendmentsto the claims of the International Application under PCT Article 19 (35 U.S.C. 371(c)(3))

oO are transmitted herewith (required only if not transmitted by the International Bureau).
O have been transmitted by the International Bureau.
Oo have not been made; however, the time limit for making such amendments has NOTexpired.

d. XX have not been made andwill not be made.

A translation of the amendments to the claims under PCTArticle 19 (35 U.S.C. 371(¢)(3)).
An oath or declaration of the inventor(s) (35 U.S.C. 371(c)(4)). “

A translation of the annexesto the International Preliminary Examination Report under PCT Article 36
(35 U.S.C. 371(c)(5)).

Items 11. To 16. Below concern other documents(s) or information included:

11. An Information Disclosure Statement under 37 C.F.R. 1.97 and 1.98.

12. An assignment documentfor recording. A separate cover sheet in compliance with 37 C.F.R. 3.28 and 3.31 is included.

13. A FIRST preliminary amendment.
A SECONDor SUBSEQUENTpreliminary amendment.

A substitute specification.

A change of powerof attorney and/or addressletter.

Otheritems or information:

 
|EXPRESSWiMAICNo.EILLELZED7¢ /

TRANSMITTAL LETTER UNDER35 U.S.C. 371 PTO 1390, 3/99
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SS

PCT appticantsGute . vorREGEPCTIPTO 2 8 SEP 1999.
US. APPLICATIONNO (If known, see 3.CFR is INTERNATIONAL APPLICATIONNO. ATTORNEY’S DOCKET NUMBERNotyet assigne g g 4 0 2 O PCT/IB98/01813 PC10030A

17. BQ The fotlowing fees are submitted CALCULATIONS PTO USE ONLY

BASIC NATIONALFEE (37 CFR 1.492 (a)(1)-(5)):

& Search Report has been prepared by the EPO or JPO..........ccccssssesessesssesseseeeeeeeees $840.00

#

   Annfx US.IL, Page 2

 
International preliminary examination fee paid to USPTO (37CFR1.482).............. $670.00

but international search fee paid to USPTO (37 CFR 1.445(a)(2)) ..vcccccscsseseeseeee $760.00

Neither international preliminary examination fee (37 CFR 1.482) nor

O

oO Nointernational preliminary examination fee paid to USPTO (37 CFR 1.482)

O international search-fee (37 CFR 1.445(a)(2)) paid to USPTO oo... cecseeceesceeees $970.00

oO International preliminary examination fee paid to USPTO (37 CFR 1.482) and
all claims satisfied provisions of PCT Article 33(2)-(4) ........cccccsccsscsessesesensesevevensaee $ 96.00

ENTER APPROPRIATEBASIC FEE AMOUNT=

Surcharge of$130.00 for furnishing the oath or declaration later than _] 20 LJ 30 months
from the earliest claimed priority date (37 CFR 1.492(e)).

CLAIMS NUMBER FILED|NUMBER EXTRA RATE P
Total Claims pesoos

$78Independent -3= xX $ 78.00 smClaims

MULTIPLE DEPENDENT CLAIM(s)(if applicable) + $260.00 Ss
TOTAL OF ABOVE CALCULATIONS=|$918

: SUBTOTAL =|$918 |
Processing fee of $130.00 for furnishing the English translation later than CJ 20 oO 30
months from the earliest claimed priori . .

TOTAL NATIONALFEE=|$918 Po
Fee for recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31). $40.00

TOTAL FEES ENCLOSED=|$918 Po
Amount to be:

Refunded

Charged

a. CJ) Acheck in the amount of $ to cover the above fees is enclosed.

b. (] Please charge my Deposit Account No. 16-1445 in the amount of $ 918 to cover the above fees.
A duplicate copy ofthis sheet is enclosed.

({K] The Commissioneris hereby authorized to charge any additional fees which may be required, or credit any
overpayment to Deposit Account No. 16-1445. A duplicate copy of this sheet is enclosed.

NOTE: Where an appropriate time limit under 37 CFR 1.494or 1.495 has not been met, a petition to revive (37 CFR
1.137(a) or (b)) mustbe filed and granted to restore the application to pending status.

SEND ALL CORRESPONDENCETO:

Paul H. Ginsburg
Pfizer Inc Karen DeBenedictis
235 East 42nd Street Name

New York, NY 10017-5755 32,977
Registration Number

 

“EXPRESS MAIL NO,CMPPTRDI9/ TRANSMITTAL LETTER UNDER35 U.S.C. 371 PTO 1390, 3/99‘Yee
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5 . ARYLFUSED AZAPGLYCYCLIC COMPOUNDS

Backgroundofthe Invention

This invention relates to aryl fused azapolycyclic compounds, as defined more
Q} specifically by formula | below. Compoundsofformula | bind to neuronal nicotinic acetylcholine

specific receptor sites and are useful in modulating cholinergic function. Such compoundsare ~
10 useful 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, vasoconstriction iety,PA'S
“ disorder, depression, bipolar disorder, autism, sleep disorders, jet lag, lateral

sclerosis (ALS), cognitive dysfunction, hypertension, bulimia, anorexia, obesity, cardiac

18  arrythmias, gastric acid hypersecretion, ulcers, pheochromocytoma, proorescoe’ePinweleak)
palsy, chemical dependencies and addictions (e.g., dependencies pn, or agaictions to nicotine
(and/or tobacco products), alcohol, benzodiazepines, pbarbituates— opioids or cocaine),
headache, stroke, traumatic brain injury (TBI), obsessive-compulsive disorder, psychosis,

Huntington's Chorea, tardive dyskinesia, hyperkinesia, dyslexia, schizophrenia, multi-infarct

20 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,atricyclic antidepressant or a serotonin reuptake inhibiting

25 antidepressant (SRI), in orderto treat both the cognitive decline and depression associated with

AD. PD. stroke, Huntington’s Chorea or traumatic brain injury (TBI); in combination with

 
muscarinic agonists in order to stimulate both central muscarinic and nicotinic receptors for the

treatment, for example, of ALS, cognitive dysfunction, age related cognitive decline, AD, PD,

stroke, Huntington's Chorea and TBI; in combination with neurotrophic factors such as NGFin

30 order to maximize cholinergic enhancement for the treatment, for example, of ALS, cognitive

dysfunction, age related cognitive decline, AD, PD stroke, Huntington's Chorea and TBI: orin

combination with agents that slow or arrest AD such as cognition enhancers, amyloid

aggregation inhibitors. secretaseinhibitors. tau kinase inhibitors, neuronal antiinflammatory
agents and estrogen-like therapy.

EXPRESS MAIL NO.LEMVR4¢RS27G/

X
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5 Other compoundsthat bind to neuronal nicotinic receptor sites are referred to in United

Pp oo. now U.S. 6,020,335ot, States Patent Application 08/963,852, which was filed on November4, 1997. The foregoing
V application is owned in common with the present application, and is incorporated herein by

reference in its entirety. ,

Summary of the Invention

10 This invention retates to ary! fused azapolycyclic compounds ofthe formula

R’

wr NR' (1)
R?

R' is hydrogen, (C,-C,)aikyl, unconjugated (C3-C,)alkenyl, benzyl, XC(=O)R"* or

-CH,CH,-O0-(C,-C,alkyl;

R? and R® are selected, independently, from hydrogen, (C2-C,)alkenyl, (C2-C,)alkynyl,

15 hydroxy, nitro, amino, halo, cyano, -SO,(C,-C,)alky]| wherein q is zero, one or two,

(C,.Cg)alkylamino-, {(Cy-C,)alkyl],amino-, -CO,R*, -CONR®R®, -SO.NR’R®, -C(=O)R™.
-XC(=O)R™, aryl-(Cy -C,)alkyl- or aryl-(C,-C;)alky!-O-, wherein said aryl is selected from phenyl

and naphthyl, heteroary!-(C,-C3)alkyl- or heteroary!-(Co-C,)alkyl-O-, wherein said heteroaryl! is
selected from five to seven membered aromatic rings containing from one to four heteroatoms

20 selected from oxygen, nitrogen and sulfur, and X7(Co-Cg)alkoxy-(Co-Cg)alkyl-, wherein X? is

 
absent or X?is (C,-C,)alkylamino- or {(C,-C,)alkyl],amino-, and wherein the (Co-C,)alkoxy-(Co-

C,)alky!- moiety of said X?(Co-C,)alkoxy-(Co-Ce)alkyl- contains at least one carbon atom, and
wherein from one to three of the carbon atoms of said (Co-Ce)alkoxy-(Cy-Cg)alkyl- moiety may

optionally be replaced by an oxygen, nitrogen or sulfur atom, with the proviso that any two such

25 heteroatoms must be separated by at least two carbon atoms, and wherein any of the alkyl!

moieties of said (CpC,)alkoxy-(Co-C,)alkyl- may be optionally substituted with from two to seven

fluorine atoms, and wherein. one of the carbon atoms of each of the alkyl! moieties of said aryl-

(Cy-C,)alkyl- and said heteroary|-(Cy-C;)alky!- may optionally be replaced by an oxygen, nitrogen
or sulfur atom, and wherein each of the forégoing aryl and heteroary! groups may optionally be

30 substituted with one or more substituents, preferably from zero to two substituents,

independently selected fram (C,-C,)alkyl optionally substituted with from one to seven flucrine

atoms. (C,-C,)alkoxy optionally substituted with from two to seven fluorine atoms, halo (e.9..

chloro. fluoro, bromo or iodo), (C2-C,)alkeny!, (C2-C,)alkynyl, hydroxy, nitro, cyano, amino, (C,-
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5  C,)alkylamino-, [(C,-C,) alkyl],amino-, -CO,R*, -CONR®R®, -SO,NR’R®, -C(=O)R™ and -

XC(=O)R™:

or R? and R®, together with the carbons to which they are attached. form a four to seven

membered monocyclic, or a 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

10 monocyctic rings, and from oneto five of the carbon atomsofsaid bicyclic nngs that are not part

of the benzo ring shown in formula |, 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 more substituents, preferably from zero to two substituents for the

monocyclic rings and from zero to three substituents for the bicyclic rings, that are selected,

15 independently, from (Cy -C,)alkoxy-(Cg-C,)alky!-, wherein the total number of carbon atoms does

not exceed six and wherein anyof the alky! moieties may optionally be substituted with from one

to seven fluorine atoms; nitro, oxo, cyano, halo, (C,-C,)alkenyl, (C2-C,)alkyny!, hydroxy, amino,

(C,-C,)alkylamino-, [(C,-C,)alky!],amino-, -CO,R*, -CONR®R®, -SO,NR’R®, -C(=O)R"™, and -

XC(=O)R™:

20 each R*, R®,R®,R’, R® and R'is selected, independently, from hydrogen and (C, -C.)
alkyl, or R° and R®, or R’ and R® togetherwith the nitrogen to which they are attached, form a

a pyrrolidine, piperidine, morpholine, azetidine, pipermine_-N-(C +-Ce)alkylpipegzine or
thiomorpholine ring, or a thiomorpholine ring wherein the ring sulfur is replaced with a sulfoxide

or sulfone; and

25 each X is, independently, (C,-C,)alkylene:

with the proviso that: (a) at least one of R', R* and R® mustbe the other than hydrogen,

 
and (b) when R? and R® are hydrogen, R' cannot be methyl or hydrogen:

and the pharmaceutically acceptable salts of such compounds.

Examples of heteroaryl groups that each of R? and R® can be are the following:

30 thienyl, oxazoyl, isoxazolyl, pyridyl, pynmidyl, thiazolyl, tetrazoly!l, isothiazolyl, triazolyl,

imidazolyl, tetrazoly!, pyrroy!| and the following groups:
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wherein one of R® and R"is hydrogen or (C,-C,)alky!, and the otheris a bond to the

benzo ring of formula |.

Examples of compounds of this invention are compounds of the formula |. and-their

pharmaceutically acceptable salts, wherein R? and R°, together with the benzo ring of formula |,
10 form a bicyclic ring system selected from the following:

10

N N NOR
S—r" S—R" Cae

N oO N

R'’

é\
\) oO. s 10\ Cory (or) i.

R'?

wherein R'° and R"’ are selected, independently, from (Co-C,)alkoxy-(Co-Cg)alky!-
wherein the total number of carbon atoms does not exceed six and wherein any of the alky!

15=moieties may optionally be substituted with from one to seven fluorine atoms:nitro. cyano, halo,

amino, (C,-C,)alkylamino-, [(C,-Cg) alkyl],amino-, -CO,R*, -CONR®R®, -SO,NR’R®, -C(=O)R"?,

-XC(=O)R™, phenyl and monocyclic heteroary! wherein said heteroary! is defined as R? and R?

are defined in the definition of compoundsof the formula | above:

Other embodiments of this invention relate to compounds of the formula |, and their

20 pharmaceutically acceptable salts, wherein R’ and R*, together with the benzo ring of formula |,

form a bicyclic or tricyclic ring system selected from the following:

\
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wherein R'° and R"are defined as above and mis zero, one or two. and wherein oneof

the carbon atomsof ring A can optionally be replaced with oxygen or -N(C ,-C,)alkyl.

Other embodiments of this invention relate to compounds of the formula |, and their

10 pharmaceutically acceptable salts, wherein neither R? nor R®is attached to the benzo ring of

formula | via an oxygen atom.

A —?a Other embodiments of this invention relate to compoundsof the formula | wherein R' is
not methyl.

Examples of specific compounds ofthe formula | are the following:

15 6-methy|-5,7-dioxo-6, 13-diazatetracyclo[9.3.1.07 '°.0**|pentadeca-2(10),3.8-triene

hydrochloride;
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10

15

20

25

30

35

6-methyl-5-oxo-6, 13-diazatetracyclo[9.3. 1.07'°0**}pentadeca-2(10),3,8-triene
hydrochloride:

5,7-dimethyl-6-oxo-5,7,13-triazatetracyclo[9.3.1.0°'°.0**Jpentadeca-2(10),3,8-triene
hydrochloride; ‘

5,7-dioxo-6, 13-diazatetracyclo[9.3. 1.07'°.0**]pentadeca-2(10),3,8-triene
hydrochloride;

5-0x0-6, 13-diazatetracyclo[9.3.1.0°'°0**|pentadeca-2(10),3.8-triene hydrochloride:

6-oxo-5,7, 13-triazatetracyclo[9.3.1.0°'°.0**}pentadeca-2(10),3,8-triene hydrochloride:
4,5-difluoro-10-aza-tricyclo[6.3. 1.07Jdodeca-2(7),3.5-triene hydrochloride:

§-fluoro-10-aza-tricyclo(6.3. 1.07”]dodeca-2(7),3,5-triene-4-carbonitrite hydrochloride:
4-ethynyl-5-fluoro-10-aza-tricyclo[6.3.1.0°]dodeca-2(7),3,5-triene hydrochloride;

5-ethynyl-10-aza-tricyclo[6.3.1.0*Jdodeca-2(7),3,5-triene-4-carbonitrile hydrochloride:
5-chloro-10-aza-tricycio[6.3.1.07”]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 hydrochloride;
5-oxa-7-methy|-6-0xo-7, 13-diazatetracyclo[9.3.1.07'°0**}pentadeca-2(10),3,8-triene

hydrochloride;

4-fluoro-5-trifluoromethyl-10-aza-tricyclo[6.3.1 .0?"]dodeca-2(7),3,5-triene
hydrochloride; .

4-chloro-5-trifluoromethyl-10-aza-tricyclo[6.3. 1.07]dodeca-2(7),3,5-triene

hydrochloride:

5-trifluoromethy!-10-aza-tricyclo[6.3.1.0*}dodeca-2(7),3,5-triene-4-carbonitrile

hydrochloride:

4-ethynyl-5-trifluoromethy|-10-aza-tricyclo[6.3.1 .0?"|dodeca-2(7),3.5-triene

hydrochloride;

6-methy!-5-thia-5-dioxa-6, 13-Diazatetracyclo[9.3.1.07'°0**]pentadeca-2(10),3.8-

tnene hydrochloride: .

7-dimethylamino-5-thia-5-dioxa-6, 13-Diazatetracyclo[9.3. 1.07 '°.0**|pentadeca-

2(10),3,8-triene hydrochtoride; ,

6 ,7-dioxa-5,8,14-triazatetracycio{ 10.3.1.07''.0**}nexadeca-2(11),3.9-triene

hydrochloride: and

5 ,8-dimethyl-6,7-dioxa-5,8,14-triazatetracyclo[10.3.1.07"' 0**}hexadeca-2(11).3.9-

triene hydrochloride.

This invention also relates to compoundsof the formula
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wherein P is hydrogen, methyl, COOR"® wherein R"° is (C,-Cg)alkyl, allyl, 2,2,2-trichtoroethy!
or (C,-Cg)alkyl; -C(=O)NR°R® wherein R® and R® are defined as in formula | above: -C(=O)H,
-C(=O}(C,-C,)aikyl wherein the alkyl moiety may optionally be substituted with from 1 to 3

halo atoms,preferably with from 1 to 3 fluoro or chloro atoms; benzyl or t-butoxycarbony|(t-

10 Boc); and R™ and R"®* are selected, independently, from hydrogen, (C,-C,)alkyl optionally
substituted with from one to seven fluorine atoms; -C(=O)(C,-C,)alkyl, cyano, hydroxy, nitro,

amino, -O(C,-Ce)alky! or halo: with the proviso that R™* and R'* can not both be hydrogen
when P is hydrogen or methyl. Such compoundsare useful as intermediates in the synthesis
of compoundsof the formula t. ,

15 Unless otherwise indicated, the term "halo", as used herein, includes fluoro, chloro,
bromoand iodo.

Unless otherwise indicated. the term "alkyl"; as used herein. includes straight, branched

of cyclic, and may include straight and cyclic alkyl! moieties as well as branched and cychc
moieties.

 
20 The term "alkoxy", as used herein, means “alkyl-O-”. wherein “alkyl!” is defined as

. above.

The term “alkylene, as used herein, meansan aikyi radical having two available bonding
sites (1.e., -alkyl-), wherein “alkyl” is defined as above.

Uniess otherwise indicated, the term "one or more substituents”, as used herein, refers

25 to from one to the maximum numberof substituents possible based on the numberof available

bondingsites. .

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

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

symptoms of such condition or disorder. The term “treatment’, as used herein, refers to the act

30~—soff treating, as “treating” is defined immediately above.

The compounds of formula | may have optical centers and therefore may occur in

different enantiomeric configurations. The invention includes all enantiomers, diastereomers, and
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5 other sterecisomers of such compoundsof formula |, as well as racemic and other mixtures
thereof.

The present invention also relates to all radiolabéHed forms of the compoundsof the

OX formutag|. Preferred radiolabeled compoundsof formula | are those wherein the radiolabels are
Q_ selected from as °H, ''C, *c, '*F, '*1 and ‘1. Such radiolabé¥ed compounds are useful as

10 research and diagnostic tools in metabolism pharmacokinetics studies and in binding assaysin
both animals and man. ,

The present invention also relates to a pharmaceutical composition for use in reducing

nicotine addiction or aiding in the cessation or lessening of tobacco use in a mammal, including

a human, comprising an amount of a compound of the formula |, or a pharmaceutically

15 acceptable salt thereof, that is effective in reducing nicotine addiction or aiding in the cessation
or lessening of tobacco use and a pharmaceutically acceptable carrier.

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

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

administering to said mammal an amount of a compoundofthe formula|, or a pharmaceutically:

20 acceptable salt thereof, that is effective in reducing nicotine addiction or aiding in the cessation

or lessening of tobacco use.

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

selected from inflammatory bowel disease (including but not limited to ulcerative éolitis,

pyoderma gangrenosum and Crohn's disease), irritable bowel syndrome, spastic dystonia,

25 chronic pain, acute pain, celiac sprue, pouchitis. vasoconstriction, anxiety, panic disorder.

depression, bipolar disorder, autism, sleep disorders, jet lag, amyfotropic lateral scierosis (ALS),
cognitive dysfunction, hypertension, bulimia, anorexia, obesity, cardiac arrythmias, gastne acid

hypersecretion, ulcers, pheochromocytoma, progressive suprambsesian Pdisy, chemical
dependencies and addictions (e.g.. dependencies on, or addictions to nicotine (and/or tobacco

AD

30 products}, aicohol, benzodiazepines, barbituates, opioids OFpocaine), yeuctte)aeOACRALAGCabeiee|ctraumatic brain injury (TE) psychosis, Huntington's Chorea, tardive dyskinesia, (OCI)sia
dyslexia, schizophrenia, multi-infarct dementia, age related cognitive decline, epilepsy, including

 
petit mai absence epilepsy, senile dementia of the Alzheimer's type (AD), Parkinson's disease

(PD), attention deficit hyperactivity disorder (ADHD) and Tourette’s Syndrome in a mammal,

35 comprising administering to a mammal in need of such treatment an amount of a compoundof

the formula |, or a pharmaceutically acceptable sait thereof. that is effective in treating such
disorder or condition.
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5 The present invention also relates to a pharmaceutical composition for treating a

disorder or condition selected from inflammatory bowel disease (including but not limited to

ulcerative colitis, pyoderma gangrenosum and Crohn's disease), irritable bowel syndrome,

spastic dystonia, chronic pain, acute pain, celiac sprue, pouchitis, vasoconstriction, anxiety,
panic disorder, depression, bipotar disorder, autism, sieep disorders,jet lag, te lateral

10 sclerosis (ALS), cognitive dysfunction, hypertension, bulimia, anorexia, obesity, cardiac

arrythmias, gastric acid hypersecretion, ulcers, pheochromocytoma, progressive suproelee
palsy, chemical dependencies and addictions (e.g.. dependencies, 90. or addictions to nicotine
(and/or tobacco products), alcohol, benzodiazepines, HF Bi . Opioids gr cocaine),headache, stroke, vaumatceaetreRampabtcua,Cltcrrglen)COC BYvive

15 dyskinesia, hyperkinesia, dyslexia, schizophrenia.Tnulti-infarct dementia, age related cognitive
decline, epilepsy, including petit mal absence epilepsy, senile dementia of the Alzheimer's type

(AD), Parkinson's disease (PD). attention deficit hyperactivity disorder (ADHD) and Tourette's
Syndrome in a mammal, comprising an amount of a compound of the formula I, or a

pharmaceutically accepfble salt thereof, and a pharmaceutically acceptable carrier.
20 The present invention also relates to a method for reducing nicotine addiction or aiding

in the cessation or lessening of tobacco use in a mammal, comprising administering to said

 
mammal an amountof a compound comprising an amount of a compoundofthe formula

SS

02 NHz 1\
\ *, 

or a pharmaceutically acceptable salt thereof, that is effective in reducing nicotine

25 addiction or aiding in the cessation or lessening of tobacco use. .

The present invention also relates to a method for treating a disorder or condition

selected from inflammatory bowel disease (including but not limited to ulcerative colitis,

pyoderma gangrenosum and Crohn's disease), irritable bowel syndrome. spastic dystonia,

chronic pain, acute pain, celiac sprue, pouchitis, vasoconstriction, anxiety. panic disorder,

Qe 30 depression, bipolar disorder, autism, sleep disorders, jet ogdeONost (ALS),
cognitive dysfunction, hypertension, bulimia, anorexia. obesity, cardiac arya: gastric acid

Cn hypersecretion, ulcers, pheochromocytoma, progressive K palsy, chemica!

dependencies and addictions (e.g., depepdencies on, or gocictions to nicotine (and/or tobacco
On. products), alcohol, bepzodiazepines. {larbiuates, eee poaine). USOCDa35 traumatic brain injury (TBI). psychosis, Huntington's Chorea, tardive dyskinésig, hypérkinesia,

dyslexia, schizophrenia, multi-infarct dementia. age related cognitive decline, epilepsy, including

\0
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5 petit mal absence epilepsy, senile dementia of the Alzheimer's type (AD), Parkinson's disease

(PD), attention deficit hyperactivity disorder (ADHD) and Tourette’s Syndrome in a mammal,

comprising administering to a mammal in need of such treatment an amount of a compound of
the formula .

\0 NHA o
10 or a pharmaceutically acceptable sait thereof, that is effective in treating such disorder

or condition. .

This invention also relates to the pharmaceutically acceptable acid addition salts of the

compoundsof formula 1. Examples of pharmaceutically acceptable acid addition salts of the
compoundsof formula | are the salts of hydrochloric acid. p-toluenesulfonic acid, fumaric acid,

15 citric acid, succinic acid, salicylic acid, oxalic acid. hydrobromic acid, phosphoric acid,

methanesulfonic acid, tartaric acid, malate, di-p-toluoy! 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 discussion that follow are defined as above. 
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5 Scheme2 continued
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5 Scheme 3
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5 . Scheme6 continued
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” 5 Scheme 7
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5 _ Scheme 9
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5 Scheme1-10 illustrate methods of synthesizing compoundsof the formula! .

Referring to Scheme 1, the starting material of formula ill is reacted with trifluoroacetic
anhydride, in the presence of pyridine, to form the compound of formula IV. This reaction is

typically conducted in methylene chloride at a temperature from about O°C to about room

temperature.

10 The compound of formula IV is then converted into the dinitro derivative of formula HA

by the following process. The compoundof the formula IV is added to a mixture of 4 or more

equivalents of trifluoromethanesulfonic acid (CF;350,0H) ane 3 equivaients of nitric acid, in
a chlorinated hydrocarbon solvent such as chloroform,Adiehoroethane- (DCE) or methylene
chloride. The resulting mixture is allowed to react for about 5 to 24 hours. Both of the foregoing

15 reactions are generally conducted at a temperature ranging from about -78°C to about 0°C for

about 2 hours, and then allowed to warm to room temperature for the remaining time.

Reduction of the compoundof formula IIA. using methods well known to those ofskill in

the art. yields the compoundof formula iB. This reduction can be accomplished, for example,

using hydrogen and a palladium catalyst such as palladium hydroxide and running the reaction

20 in methanol at about room temperature. 
Referring to Scheme 2. the compoundof formula IIA is converted into the corresponding ~

compound wherein the trifluoroacety! protecting group is replaced by a t-Boc protecting group

(VIA) by reacting it first with an alkali metal or alkaline earth metal (or ammonium) hydroxide or

carbonate, and then reacting the isolated product from the foregoing reaction with di-t-

25 butyldicarbonate. The reaction with the alkali or alkaline earth metal (or ammonium) hydroxide 
or carbonate is generally carried out in an aqueousalcohol, dioxane or tetrahydrofuran (THF) at

a temperature from about room temperature to about 70°C, preferably at about 70°C, for about
- one to about 24 hours. The reaction of the isolated, unprotected amine or an acid addition salt of

such amine, from the above reaction with di-t-butyldicarbonate is preferably carried out in a

30 solvent such as THF, dioxane or methylene chloride at a temperature from about O°C to about

room temperature. This reaction may or may not be conducted in the presence of a base.

Whenthe reactantis a salt of the amine, use of a base is preferred. The resulting compound of

formula VIA can be converted into the corresponding diamino derivative of formuia VIB using the

procedure described above for converting the dinitro compound of formula IIA into the

35 corresponding diamino compound of formulaIIB.

The conversion of the compound of formula VIB into the desired compound of the

formula VII can be accomplished by reacting the compoundof formula VIB with a compound of

the formula
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ee

H,C,0,C CO,C,H,

cD XXIIAc gd? |
\\

10

; R OC,H,
————_ wherein Ris hydrogen, (C,-C,)alkyl optionally substituted with from one to seven fluorine

atoms, aryl-(Cy -C3)alkyl wherein said aryl is selected from phenyl and naphthyl, or heteroaryl-

(Co -C3)alkyl wherein said heteroaryl is selected from five to. seven membered aromatic rings

Ce containing from one to four heteyatoms selected from oxygen, nitrogen and sulfur, and wherein
Q 10 each of the foregoing ary! and hetero(Vl groups may optionaily be substituted with one or more

substituents, preferably from zero to two substituents, independently selected from (C, -Cg)alkyl

optionally substituted with from one to sevenfluorine atoms, (C , -C.)alkoxy optionally substituted

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

10:1 mixture of ethanol:acetic acid. The reaction temperature can range from about 40°C to

15 about 100°C. it is preferably about 60°C. Other appropriate solvents include acetic acid,

ethanol and isopropanoi.

Alternate methods of preparing compounds of the formula VII the compound of

formula VIB are described by Segeistein et al, Tetrahedron Lett., 1993, 34, 1897.

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

20=corresponding compound of 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 Vil can be

 
treated with an anhydrous acid such as hydrochloric acid, hydrobromic acid, methanesulfonic

acid, or trifluoroacetic acid, preferably hydrochloric acid in ethyl acetate, at a temperature from

about 0°C to about 100°C. preferably from about room temperature to about 70°C. for about

25 one to 24 hours.

The compound of formula VI| can be converted into the corresponding compound of

formula IB by reacting it with a compoundofthe formula R'’Z, wherein R"” is defined as R'° is
defined above, and Z is a leaving group such as a halo or sulfonate (e.g., chloro, bromo.

mesylate or tosylate), in the presence of a base such as analkali meta! hydride, hydroxide or

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

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

removing the protecting group as described above. The reaction with R'’Z is generally
carried out at a temperature from about room temperature to about 100°C, preferably at about
50°C, for about five hours.
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5 Scheme3 illustrates an alternate method of preparing compoundsof the formula IB

from the compound of formula 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 heteroary!
containing group, or when R"’ can not be attached, as Mlustrated in Scheme 2. by alkylation
or aryl substitution methods. Referring to Scheme3, the compound of formula VIA is reacted ©

10 with the appropriate compound of formula R'’NH, in a polar solvent such as THF, DMF or

DMSO, preferably THF, at a temperature from about room temperature to about 100°C,

preferably at the reflux temperature. for about four to eighteen hours. The resulting compound

of formula XXIII is then converted into the corresponding compoundof the formula XXIV by

‘reducing the nitro group to an amino group using methods well known to those of skill in the

15 art. Such methodsare referred to above for the conversion ofth compoundsof the formula

LA. IA into a compoundof the formula I!B in Scheme 1, and exernpighExpermenta Examples
12B and 18B. Closure of the imidazole ring to form the corresponding compound of formula

XXV can then be accomplished by reacting the compound of formula XXIV from the above

<__Feaction with a compoundof the formula

20

H,C,0,C CO,C,H,

yy” XXIIA A ‘ 10
R OC,H,

wherein R"°is defined as above, as described abovefor converting compoundsof the formula
VIB into those ofthe formula VII.

Removal of the protecting group from the compound of formula XXV yields the

25 corresponding compoundof formula 1B. This can be accomplished using methods well known

in the art, for example, as described above for forming compoundsof the formula !A from the

corresponding compoundsofthe formula VII.

Scheme4 illustrates a method of preparing compoundsof the formula IC. wherein R'°

and R"’ are as defined above. Referring to Scheme 4, the compound of formula VIB is

. 30=reacted with a compoundof the formula
— OH

vA SO,Nax yd NaO,S
OH

—_—

av
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5 (sodium bisulfite ethane dione addition adduct) in water or another polar solvent such as THF,

DMF or DMSO.preferably a mixture of water and a water miscible solvent such as THF, for

about one to four hours. The reaction temperature can range from about 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 compoundof the
10~—formulaee

O
17

10 . R'°
“«\ O

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

preferably a mixture of water and THF. This reaction is typically carried out at a temperature

from about 40°C to about 100°C, preferably at the refiux temperature, for about two to four

15 hours.

The desired quinoxoline of formula |C can then be formed by ceprotecting the

compound formedin either of the foregoing reactions, using the method described above for

converting a compoundof the formula VII into one of the formula IA.

Scheme5 illustrates a method of preparing compoundsof the formula | wherein R? and

20  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,

trfluoromethanesulfonate or a diazonium salt. is reacted with potassium acetate or another alkali

 
or alkaline earth metal carboxylate in a solvent such as dimethylsulfoxide (DMSO), DMF or

25~—sacetonitrile, 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 Vill, which can then be converted

into the desired compound having formula IE by the following procedure. First. the compound of

30=formula VIII is reduced by reaction with hydrogen and a palladium or platinum catalyst such as

palladium hydroxide in methanol at a temperature from about O°C to about 70°C, preferably at

about room temperature, to form the corresponding amino derivative. The product of this

reaction is then reacted with an acid chloride of the formula R ‘°COCIor an acid anhydride of the

formula (R'°CO),O wherein R"° is (C,-C,)alkyl, or a compound of the formula R'°C(OC3H.)s, in

35 an appropriate inert solvent such as decalin, chlorobenzene or xylenes. A mixture of xylenes is

7)
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5 preferred. This reaction is typically conducted at a temperature from about 120-150°C,

eel’ at a putJe: When R'°COCI is used as a reactant, it is preferable to add aStorehiomea Yiomekrq Seicheemetrie amount of triethylamine (TEA) or anotheroyrtdon tertiary amine base and aaw Ns aneCA. catalytic amount of pyridinium p-toluenesulfonic acid or-pyrdinurtoluenesulfonate (PPTs) to
the reaction mixture. When R'°C(OC>HHe)3 is used as a reactant, it is preferable to add a catalytic .

10 amount of PPTs to the reaction mixture.

Removalofthe trifiuoroacety! nitrogen protecting group yields the desired compoundof

the formula IE. This can be accomplished using methods well Knownto those of skill in the art,

for example, reacting theprotected compound with a lower alkanol and an aqueous alkali or

alkaline earth metal (or ammonium) hydroxide or carbonate, aqueous sodium carbonate, at a

15 temperature from about 50°C to about 100°C. preferably at about 70°C. for about two to six

hours.

Scheme6 illustrates the preparation of compounds of the formula | 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 Ill is reacted with

20_~—strifluoroacetic anhydride to form the corresponding compound wherein the ring nitrogen is

protected by a trifluoroacetyl group. and the resulting nitrogen protected compound is then

reacted with two equivalents of trifluoromethanesulfonic anhydride and one equivalent ofnitric

acid to form the corresponding compound of formula IX. wherein there is a single nitro

substituent on the benzo ring. The reaction with trifluoroacetic acid ts typically conducted in the

25 presence of pyridine. Both of the above reactions are typically conducted in a reaction inert

solvent such as a chlorinated hydrocarbon solvent, preferably methylene chloride, at a

 
temperature from about 0°C to about room temperature, preferably at about room temperature.

The above transformation can also be accomplished using other nitration methods

knownto thoseskill in the art.

30 Reduction of the nitro group to an amine group can be accomplished as described

above to provide a compoundofthe formula IX’.

The compoundof formula |X’ is then reactedwith a carboxylic acid halide or anhydride
of the formula R'°COX or (R'°CO),O. wherein X is halo and R"° is hydrogen or (C,-C,)alkyl, and

pyridine, TEA or another tertiary amine base. to form a compoundof the formula X. which can

35 then be converted to the desired compound having formula XI by reacting it with Lawesson's

reagent. which is depicted below.
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The reaction with R'°COX, wherein X is halo, or (R°CO),0 is generally carried out at

a temperature from about O°C to about room temperature, preferably at about room

temperature. The reaction with Lawesson’s reagent is generally carried out in a reaction inert

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

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

reflux temperature.

Closure to the benzothiazole ring and nitrogen deprotection to form the desired

compound of formula IF can be accomplished by reacting the compound of formula XI with

potassium ferricyanide and sodium hydroxide in a mixture of water and methanol 
15 (N@OH/H,0/CH3OH), at a temperature from about 50°C to about 70°C, preferably at about

ma 60°C for about 1.5 hours.

Scheme7 illustrates a method of preparing the compoundof formula HI, 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 abovein the definition

20 of compoundsof the formula |. Referring to Scheme 7. the compoundof formula Xil, wherein

x' and X? are selected, independently, from chioro, fluoro, bromo and iodo, but where at least 
one of X' and X?is Br- orI-, reacted with cyclopentadiene. in the presence of magnesium
metal, in a THF. dioxane or other ethereal solvent. at a temperature from about 40°C to about

100°C, preferably at about the reflux temperature, to form a compound of the formula XIII.

25 Reaction of the resulting compound of formula Xill with N-methylmorpholine-N-oxide (NMO)

and osmium tetroxide in acetone at about room temperature yields the corresponding

compound of the formula AIIIA.

The compound having formula XIliA is then converted into the corresponding

compoundof formula XIV using the following procedure. First, the compound of formula XIliA

30 is reacted with sodium periodate in a mixture of a chlorinated hydrocarbon. preferably

dichloroethane (DCE), and water, or with jead tetraacetate in a chlorinated hydrocarbon
solvent, at a temperature from about 0°C to about room temperature, to generate a dialdehyde

or glycal intermediate. The product of this reaction is then reacted with benzylamine and

S.%
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3 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 XIVyields the compound of formula Ill (when ring A is absent) or IG, (when ring A is
present). This can be accomplished using methods well known to those of skill in the art. for

10 example, optionally reacting the free base with one equivalent of acid, e.g., hydrochloric acid,

(to form the corresponding acid addition salt), followed by hydrogen and palladium hydroxide
in methanol at about room temperature.

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

alternatives to benzyl amine. such as ammonia, hydroxylamine, alkoxy amines, methyl amine.

15 allyl amine, and substituted benzyl amines (e.g., diphenyimethyl amine and 2- and 4-alkoxy
substituted benzyl amines) can also be used. They can be used as free bases. or as their

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

far each by T. W. Greene and G.M. Wuts, “Protective Groups in Organic Synthesis”, 1991,

Jonn Wiley & Sons, New York. NY.

20 The procedure of Scheme 7 can also be used to prepare compoundsof the formula |

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 R’ x!

O XII
20) 2

q 0 R? Xx
—e

Scheme 8, 9 and 10 illustrate methods of preparing compounds of the formula |

25 _~wherein R' is hydrogen; and R? and R? represent a variety of different substituents, as

defined above, but do not formaring.

Scheme8 illustrates a variation of the process shown in Scheme 7, which can be used

to make a compoundidentical to that of formula Ili 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

30 as chemical structure 1H. Referring to Scheme 8, where. for example. R™ is F. 1,3-

difluorobenzeneis reacted with a strong base such as an alkali metal dialkylamine or an alkali

metal alkyl (or aryl) in an ethereal solvent such as ethy! ether or THF, ata temperature below-

50°C, followed by quenching with iodine or N-iodosuccinamide, to form 1,3-difluoro-2-

iodobenzene. The compound 1,3-difluoro-2-iodobenzene (structural formula XVI in Scheme 8)

35 is then converted into the compound of formula IH by a series of reactions (represented in

20
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5 Scheme 8 as XVI>XVII>XVIII>XIX—IH) that are analogous to the series of reactions

described above andillustrated in Scheme 7 for converting compounds of the formula XIll into

those of the formula IG orIll. Conversion of the compound of formula XVI into the compound of

formula XVIl can also be accomplished by treating a mixture of the compound of formula XVI

and cyclopentadiene with an alkyl! lithium reagent, preferably n-buty! lithium, in an inert

10 hydrocarbon solvent such as petroleum ether or methyl cyclohexane, at a temperature from

about -20°C to about room temperature, preferably 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 IV in Scheme 1. Nitration of the compound of formula XX using the

15 method described above for preparing the compound of formula IX in Scheme 6,yields the

compoundofformula XXI wherein the benzoring is substituted with both a fluoro and nitro group

or an alkoxy group and nitro group. The compound of formula XX! can be used to make a

variety of compoundsof the formula | wherein one of R? and R?is fluoro, using methods that are
well knownto thoseofskill in the art, for example, by first converting the nitro group to an amino

20 group, converting the amino groupto a variety of other substituents,asillustrated in Scheme 10,

and then 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 XXI reacts

similarly to the nitro and Y groupsof formula IIA, VIA, and XXII, and thus can be subjected to the

25 same senes of reactions as those described abovefor the latter three compounds, providing an

 
alternate means for preparing the products of such reactions. Similarly, the alkoxy group of

formula XXI (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.

30 Preparation of compoundsof formula | where R? = -O(C,-C,)alkyl, (C,-Cg¢) alkyl or ary!
wherein aryl is defined as abovein the definition of formula |, and R° is H or one of the other

substituents described above in the definition of formula !. can be prepared as described

aboveandillustrated in Scheme 8 by replacing one of the fluorine ators of the compound of

formula XV with -O-(C,-C,)atkyl, (C,-C,)alkyl or aryl, respectively.

35 Scheme@Qillustrates methods of preparing compoundsof the formula | wherein: (a) R' :

is hydrogen and R? is R’R°NO,S-; (b) R' and R? are both chloro: 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.

3\
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5 Referring to Scheme 9, compoundsof the formula IJ can be prepared by reacting the

compound of formula IV with two or more equivalents of a halosulfonic 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 R’R®NH,
wherein R’ and R® are defined as above, followed by removalof the nitrogen protecting group,

10 yields the desired compound having formula IJ.

Compounds of the formula IK can be prepared by reacting the compoundofformula
1V with iodine trichloride in a chlorinated hydrocarbon solvent, followed by removal of the

nitrogen protecting group. The reaction with iodine trichloride is typically carried out at a

temperature from about 0°C to about room temperature, and is preferably carried out at about

15 room temperature. In a similar fashion, the analogous mono- or dibrominated or mono- or

diiododinated compounds can be prepared,by reacting the,,compound of JV_ with N-sa iodosuccinimide or N-bromosuccinimidein »Aenby
, removalof the nitrogen protecting group as described above.

Reaction of the compound of IV with an acid halide of the formuta R'°COC! or an acid

20 anhydride of the formula (R™CO),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

nitrogen deprotection, yields the compound of formula IL. The reaction with the acid halide orOW anhydride can becarried out using other known Lewis acids or other Friedel-Crafts atefiabine
25 methodsthat are knownin the art. “

The reactions described herein in which NO,, -SO,NR’R®, -COR"™, |, Br or Cl are

 
introduced on the compound of formula IV, as depicted in Scheme 9 and described above.

can be performed on any anaiogous compound wherein R? is hydrogen, (C,-C,)alkyl. halo.
(C,-C,)alkoxy or -NHCONR’R®, producing compoundsofthe formula | wherein R? and R® are

30 defined as in the definition of compoundsof the formula | above.

Compoundsthat are identical to those of the formula IL, but which retain the nitrogen

protecting group, can be converted into the corresponding O-acyl substituted compounds, ie.

those wherein the -C(=O)R"™ groupof formula IL is replaced with a -O-C(=O)R” group. using
Baeyer-Villiger processes well known to those skilled in the art. The resulting compounds can

35 be partially hydrolyzed, as described in Example 35, to yield the corresponding hydroxy

substituted compounds, and then alkylated to form the corresponding alkoxy ,stestted
compounds. Also, as described in Example 36, such O-acy! substituted compounds can be

used to prepare variably substituted benzisoxazoles.

5a
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5 Scheme10 iliustrates methods of making compounds of the formula | wherein: (a) R' is

hydrogen and R? is chloro; (b) R' is hydrogen and R? is cyano: (c) R' is hydrogen and ‘R?is
amino; and (d) R' is hydrogen and R? is R'C(=O)N(H)-. These compounds are referred to in

Scheme10, respectively, as compounds of the formula IM. IN, IP and 1Q.

Compounds of formula IM can be prepared from compounds of the formula 1X’ by

10 generation of a diazonium salt with, for instance, an alkali metal nitrite and strong mineral acid

(¢.9., hydrochloric acid, sulfuric acid, hydrobromic acid) in water, followed by reaction with a

copper halide salt, such as copper (I!) chloride. Nitrogen deprotection by the methods

described above yields the desired compound of formula IM. Alternative methods for the

generation of diazonium salts, as known and practiced by those of skill in the art, can also be

15 used. The foregoing reaction is generally carried out by temperatures ranging from about 0°C
to about 60°C, preferably about 60°C for about 15 minutes to one hour.

Reaction of the diazodium salt, prepared as described above, with potassium iodide
in an aqueous medium provides the analogous iodide derivative. This reaction is generally

carried out at a temperature from about 0°C to about room temperature, preferably at about

20 room temperature. The resulting compound, orits analogous N-tert-butylcarbonate protected

form, can be used to prepare the corresponding cyano derivative by reaction with copper(1)

cyanide and sodium cyanide in OMF, N,N-dimethytpropyiurea (DMPU) or OMSO,preferably

DMF, at a temperature from about 50°C to about 180°C, preferably about 150°C. Nitrogen
deprotection as described aboveprovides the desired compoundof formula IM. .

25 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 palladium and nickel catalyzed processes knownto those of

skill in the art, such as Heck, SuzukiandStille couplings and Heck carbonylations.

Nitrogen deprotection of the compound of formula |X’ provides the compoundof the
30~~formuta IP.

The compound of formula |X’ can be reacted with a acyl group having the formula

R'°COCIor (R'“°CO),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 having the formula R'’SO2X, when X is chloro or bromo,followed by
35 nitrogen deprotection, provides the corresponding sulfonamide derivative.

Other suitable amine protecting groups that can be used, alternatively, in the

procedures described throughout this document include -COCF;, -COCCI,, -COOCH,CCI;,

-COO(C,-C,)alky] and -COOCH,C,.H,. These groups are stable under the conditions
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5 described herein, and may be removed by methods described for each in Greene's

“Protective 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 otherwise indicated. Pressures from about 0.5 atmospheres to

about 5 atmospheres are generally acceptable, with ambient pressure, i.e., about 1 atmosphere,
10 being preferred as a matter of convenience.

The compoundsof the formula | and their pharmaceutically acceptable salts (hereafter

“the active compounds") can be administered via either the oral, transdermal! (e.g., through the
use of a patch), intranasai, sublingual, rectal, parenteral or topical routes. Transdermal and oral

administration are preferred. These compounds are, most desirably, administered in dosages
15 ranging from about 0.25 mg up to about’1500 mg per day, preferably from about 0.25 to about

300 mg perdayin single or divided doses, although variations will necessarily occur depending
upon the weight and condition of the subject being treated and the particular route of

administration chosen. However, a dosageievelthatis in the range of about 0.01 mg to about

10 mg per kg of body weight per day is most desirably employed. Variations may nevertheless

20 occur depending upon the weight and condition of the persons being treated and their individual

responsesto said medicament, as well as on the type of pharmaceutical formulation chosen and

the time period and interval during which such administration is carried out. In some instances,

dosage levels below the lowerlimit of the aforesaid range may be more than adequate, while in

other casesstill larger doses may be employed without causing any harmful side effects,

25=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 administered in a wide variety of

30 different dosage forms. e.g.. they may be combined with various pharmaceutically acceptable

inert carriers in the form of tablets, capsules, transdermal patches, lozenges, troches, hard -
candies, powders, sprays, creams, salves, suppositories, jellies, gels. pastes. lotions, ointments.
aqueous suspensions, injectable solutions, elixirs. syrups. and the like. Such carriers include

solid diluents or fillers, sterile aqueous media and various non-toxic organic solvents. In

35 addition, oral pharmaceutical compositions can be suitably sweetened and/or flavored. in

general, the active compoundsare present in such dosage forms at concentration ievels ranging

from about 5.0% to about 70% by weight.

24
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5 For oral administration, tablets containing various excipients such as microcrystalline

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

along with various disintegrants such as starch (preferably corn, potato or tapioca starch), alginic

acid and certain complex silicates, together with granulation binders like polyvinyipyrrolidone,

sucrose, gelatin and acacia. Additionally, lubricating agents such as magnesium stearate,

10 sodium laury! sulfate and talc can be used for tabletting purposes. Solid compositions of a

similar type may also be employed asfillers in gelatin capsules: preferred materials in this

connection also include lactose or milk sugar] as well as high moiecular weight polyethylene
glycols. When aqueous suspensions and/orelixirs are desired for oral administration the active

ingredient may be combined with various sweetening orflavoring agents, coloring matter and, if

15 so desired, emulsifying and/or suspending agents, together with such diluents as water, ethanol,

propylene glycol, glycerin and various combinations thereof.
For parenteral administration, a solution of an active compound in either sesame or

peanut oil or in aqueous propylene glyco! can be employed. The aqueous solutions should be
suitably buffered (preferably pH greater than 8), if necessary, and theliquid diluentfirst rendered

20 isotonic. These aqueous solutions are suitable for intravenous injection purposes. The oily
solutions are suitable for intraarticular, intramuscular and subcutaneousinjection purposes. The
preparation of all these solutions under sterile conditions is readily accomplished by standard

pharmaceutical techniques well knownto those skilled in the art.

It is also possible to administer the active compounds topically and this can be done by
25 way of creams,a patch, jellies, gels, pastes, ointments and thelike, in accordance with standard

pharmaceutical practice.

 
Biological Assay

The effectiveness of the active compounds in suppressing nicotine binding to specific

receptorsites is determined bythe following procedure which is a modification of the methods of

30 Lippiello, P. M. and Fernandes, K. G. (in The Binding of L-[PH]Nicotine To A Single Class of
High-Affinity Sites in Rat _Brain Membranes, Molecular Pharm., 29, 448-54, (1986)) and

Anderson, D. J. and Americ, S. P. (in Nicotinic Receptor Binding of *H-Cystisine, "H-Nicotine
‘and 3H-Methyicarmbamytcholine In Rat Brain, European J. Pharm., 253, 261-67 (1994)).
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5 Procedure

Male Sprague-Dawley rats (200-300 g) from Charles River were housed in groups in

hanging stainless steel wire cages and were maintained on a 12 hour light/dark cycle (7 a.m.-7

p.m.light period). They received standard Purina Rat Chow and waterad /ibiturn.

The rats were killed by decapitation. Brains were removed immediately following

10 decapitation. Membranes were prepared from brain tissue according to the methodsof Lippiello

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 volumes of buffer (w/v)

using a Brinkmann Polytron™, setting 6. for 30 seconds. The buffer consisted of 50 mM Tris

HCl at a pH of 7.5 at room temperature. The homogenate was sedimented by centrifugation (10

15 minutes; 50,000 x g: 0 to 4°C. The supernatant was poured off and the membranes were gently

resuspended with the Polytron and centrifuged again (10 minutes; 50,000 x g: 0 to 4°C. After

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

of 1.09/100mL. The composition of the standard assay buffer was 50 mM Tris HC!, 120 mM

NaCl, 5 mM KCl, 2 mM MgCly, 2 mM CaCl, and has a pH of 7.4 at room temperature.

20 Routine assays were performed in borosilicate glass test tubes. The assay mixture

typically consisted of 0.9 mg of membraneprotein in a final incubation volume of 1.0 mL. Three

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

test compound solution, respectively. To each tube was added 200 ul of (PH]-nicotine in assay

buffer followed by 750 pL of the membrane suspension. The final concentration of nicotine in

25 each tube was 0.9 nM. Thefinal concentration of cytisine in the blank was 1 uM. The vehicle

 
consisted of deionized water containing 30 pL of 1 N acetic acid per 50 mt of water. The test

compounds and cytisine were dissolved in vehicle. Assays wereinitiated by vortexing after

addition of the membrane suspension to the tube. The samples were incubated at 0 to 4° C in an

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

30 Whatman GF/B™glassfiberfilters using a Brandel™ multi-manifold tissue harvester. Following

the initial filtration of the assay mixture, filters were washed two times with ice-cold assay buffer

(5 m each). Thefilters were then placed in counting vials and mixed vigorously with 20 ml of

Ready Sate™ (Beckman) before quantification of radioactivity. Samples were counted in a LKB

Wallach Rackbeta™liquid scintillation counter at 40-50%efficiency. All determinations werein

35 triphcate.
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5 . . Caiculations

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 sampies

containing the membraneandcytisine (B), i.e.,

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

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

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

- (B).

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

The compoundsof the invention that were tested in the above assay exhibited ICs

15 values of less than 10 uM.

The following experimental exampies illustrate, but do not limit the scope of, this

invention.

EXAMPLE 14

10-AZA-TRICYCLO[6.3.1.0°]DODECA-2(7),3.5-TRIENE

20 A) 1.4-Dihydro-1,4-methano-naphthalene

(Based wholly or in part on a) Wittig. G.: Knauss. E. Chem. Ber. 1958, 97, 895. b)

Muir, D. J.; Stothers, J. B. Can. J. Chem. 1993, 77, 1290.)

Magnesium turnings (36.5 g, 1.5 M) were stirred in anhydrous THF (250 mL)in a

dried 2 L 3 neck round bottom flask equipped with a 250 mL non-equalizing addition funnel

25 _—with a nitrogen (N,) flow adapter, mechanicalstirrer and efficient condenser equipped with a

 
N, flow adapter. The flask wasstirred and warmed to reflux by a removable heating mantle.

2-Fluorobromobenzene (2g) was added followed by 1 mL of 3N ethylmagnesium 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 in: Org. Syn. Col. Vol. V, 414-418) and

30 bromofiuorobenzene (250 g, 1.43 M) which was maintained at 0 °C in a separate flask by an

ice bath, and transferred to the addition funnel via cannula. Smail portions (~1 mL) of the

intimate mixture were introduced to assist initiation (~4x). After ~15 minutes, the reaction

initiated (exotherm, 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

35 hours). The heating mantie was re-applied and a reflux maintained for 1.5 hours. (TLC 100%

hexanesR, 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 ~50 mL
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concentrated HCI was added to dissolve solids. Total addition/quench time ~1 hour.

Saturated aqueous sodium chloride (NaCl) solution (300mL) was added and product hexanes

extracted until no potassium permanganate (KMnQ,) active product is removed. (4 x ~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
distilied at 78-83 °C @15mm (131 g, 64%). (An alternative workup is described on p.419

Fieser and Fieser, Vol. |, Reagents for Organic Synthesis, Wiley, NY., NY.:; 1967).

B) 1,2,3,4-Tetrahydro-1,4-methano-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 N2 flow adapter, mechanical stirrer

was placed 1,4-dihydro-1,4-methano-naphthalene (79.5 g, 560 mmol) stirred in acetone (800

mL) and H,O (100 mL) and N-methyl morpholine N-oxide (67.5 9, 576 mmol). To this was

added osmium tetroxide (OsO,) (15 mL of a 15mol% t-BuOH solution, 1.48 mmol. 0.26mo!%)

and the mixture wasstirred vigorously. After 60 hours. the reaction wasfiltered, and the white

product rinsed with acetone and air dried (60.9 g). Tne mother liquor was concentrated to an

oily solid: acetonetrituration, filtration and acetone rinse provided (27.4 g, total 88.3 g, 89%).

(TLC 50% EtOAc/hexanes R, ~0.5). mp 176-177.5 °C.

C) 10-Benzyl-10-aza-tricyclo[6.3.1.0*%Jdodeca-2(7),3.5-triene
(Based on Abdel-Magid, A. F.: Carson, K. G.: Harris. B. D.; Maryanoff. C. A.; Shah, R.

D. Jv. Org. Chem. 1996, 61, 3849; and Mazzocchi, P. H.; Stahly, B. C. J. Med. Chem. 1979,

22, 455.)

1,2,3,4-Tetrahydro-1,4-methano-naphthalene-2.3-diol (40 g, 227.3 mmol) wasstirred

in H,O (1050 mL) and 1,2-dichloroethane (DCE) (420 mL) in a 2 L round bottom flask under

nitrogen with cool water bath (~10 °C). To this sodium periodate (Na!lO,) (51 g. 239 mmol)

andtriethylbenzy! ammonium chloride (Ets;BnNClI) (50 mg) were added. The resulting mixture |

was stirred for 1 hour (slight ‘initial -exotherm), then the layers were separated and the
aqueous layer was extracted with DCE (200 mL). The organic layer was washed with H,O (4

x 200 mL, or until no reaction to starch iodide is observed in the aqueous wash) then dried

through a cotton plug. To this was added benzyl amine (25.5 g, 238.6 mmol) and the mixture

was stirred for 2 minutes then immediately transferred into the sodium triacetoxyborohydride

NaHB(OAc), /DCE (see below) over 10 minutes.
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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 resulting orange mixture was allowed to warm to room temperature and stirred for 30-60

minutes.

The reaction was quenchedby addition of saturated sodium carbonate (Na,CO,)

solution (~300 mL) carefully at first and the mixture wasstirred for 1 hour (pH 9). Thelayers

were separated and the aqueouslayer was extracted with CH2CI, (2 x 300 mL). The organic

layer was washed with saturated aqueous NaCl solution (200 mL), dried through a cotton

plug, then evaporated to a red oil. This was dissolved in a minimum of Et,O and filtered

through a Silica pad (3 x 4 inch) eluting with 15% ethyl acetate (EtOAc)/nexanes +1% of 37%

aqueous ammonium hydroxide (NH.OH) solution to remove baseline red color. Concentration

affordsa light yellow oil (48.5 g, 194.8 mmol, 85.7%). (TLC 10% EtOAc/nexanes R, 0.75). 'H

NMR (400 MHz, CDCI) 5 7.16 (m, 7H), 6.89 (m, 2H), 3.48 (m, 2H), 3.08 (m, 2H), 2.80 (d,

J=9.5 Hz, 2H), 2.42 (d, J=9.5 Hz, 2H), 2.27 (m, 1H), 1.67 (d, J=10.0 Hz, 1H). APCI MS m/e

250.3 [(M + 1)°*].

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

10-Benzyl-10-aza-tricyclo[6.3. 1.07 ’]dedeca-2(7),3.5-triene (70.65 g, 284 mmol) was

Stirred in EtOAc (250 mL) and treated with 3N HCI EtOAc (1.03 eq.) slowly with cooling (ice

 

bath). The resulting precipitate wasfiltered and rinsed with EtOAc. The solids were dissolved

in MeOH (250 mL) in a parr bottle. To this was added Pd(OH), (7 9 of 20%wt/C) and the

mixture was shaken under 50-40 psi of H, for 24 hours or until done by TLC. The reaction was

filtered through a Celite pad and concentrated to an oily solid. This was azeotroped with

methanol (MeOH) (3x) then triturated with acetone, treated with ethyl ether (Et,O) to

precipitate product and filtered. Concentration of the mother tiquors and a second treatment

provided an off white solid (48.95 g, 251 mmol, 88%). (TLC 10% MeOH/CH,Cl, (NH) R,; 0.2).

'H NMR (400 MHz, COCI,) 5 7.18 (m, 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 mve 160.2 [(M + 1)’].

3
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5 EXAMPLE2

4-FLUORO-10-AZA-TRICYCLO{6.3.1.024JDODECA-2(7),3.5-TRIENE

HYDROCHLORIDE

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

(Eisch, J. J.; Burlinson, N. E. J. Amer. Chem. Soc. 1976, 98, 753-761. Paquette, L. A.:

10 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) ina.

  

flame dried 75 mL 3 neck round bottom flask equipped with a non-equalizing addition funnel

with a N, flow adapter, magnetic stirrer and efficient condenser equipped with a N. flow

adapter. The flask was stirred and warmed to refiux by a removable heating mantie. 2,.5-

15 Difluorobromobenzene (0.1 9) was added followed by of 3N EtMgBr in THF (0.1 mL). The

addition funnel was charged with an intimate mixture of cyclopentadiene (1.71 g, 25.9 mmol)

and 2,5-difluorabromobenzene (5.0 g, 25.9 mmol). Smail portions (~0.2 mL) of the intimate

mixture were introduced to assist initiation (~4x). After ~15 minutes, the reaction initiated

(exotherm, and vapor condensation) and heating was maintained as necessary during the

20=addition of the contents of the addition funnel. 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 HCI solution (20 mL) to dissolve the solids. Saturated aqueous NaCl

solution (30 mL) was added and product was extracted with hexanes (4 x 25mL). The

25 combined organic layer was washed with saturated aqueous NaHCO, solution (25 mL), dried

(Na,SO,), filtered through a Silica plug with hexanes rinse and concentrated to an oil.

 
Chromatography on Silica gel eluting with hexanes provided an oil (780 mg, 19%). (TLC

hexanesR, 0.38). 'H NMR (400 MHz, CDCI,) & 7.10 (m. 1H), 6.97 (d, J=8.0 Hz, 1H), 6.80 (br

s. 1H), 6.78 (brs, 1H), 6.59 (m, 1H), 3.87 (brs, 2H). 2.32 (d, J=7.0 Hz, 1H), 2.25 (d. J=7.0 Hz.

30=1H).

B) 6-Fluoro-1,2.3,4-tetrahydro-1,4-methano-naphthalene-2 ,3-diol  

6-Fluoro-1 4-dihydro-1,4-methano-naphthalene (680 mg, 4.22 mmol) and N-methy!

morpholine N-oxide (599 mg, 4.43 mmol) werestirred in acetone (50 mL) and H,O (5 mL). To

35 this was added a solution of OsO, (0.2 mL, 2.5%wt. solution in 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 concentrated to produce a crystalline product

which wastriturated with acetone and filtered (524 mg, 64%). 'H NMR (400 MHz. CDCi,) $
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5 7.10 (dd, J=8.0,5.0 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).

GCMSme 194 (M’*).

C) 10-Benzyl-4-fluoro-10-aza-tricyclo[6.3.1 .0?"|dodeca-2(7),3,5-triene
10 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 H20 (45 mL)

then treated with sodium periodate (0.603 mg, 2.82 mmoi). After 1.5 hours, the layers were

separated and the aqueous layer extracted with OCE (2 x 20 mt). The combined organic

layer was washed with H,O (4 x 20 mL) until no reaction to starch iodide paper was observed.

15 then with saturated aqueous NaCl solution (20 mL). The organic layer was dried through a

cotton piug 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 stirred cooled (O °C) mixture of NaHB(OAc), (1.82 g, 8.58 mmol) in DCE (50 mL).

After addition was complete, the mixture was stirred without cooling for 2 hours. The mixture

20 was quenched with saturated aqueous Na;CO, solution (100 mL) andstirred for 1 hour, then

the layers were separated and the aqueous layer was extracted with CH,Cl, (3 x 30 mL). The

combined organic layer was washed with saturated aqueous NaCl solution (50 mL), dried

through a cotton plug and concentrated. Chromatography on Silica gel provided an oil (520

mg, 80%). (TLC 2% acetone/CH,Cl, R, 0.40). *H NMR (400 MHz, CDCI) § 7.18 (m. 1H), 6.88

25 (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-tricyclo[6.3.4 .0*"|dodeca-2(7),3,5-triene hydrochioride
10-Benzyl-4-fluoro-10-aza-tricyclo[6.3.1.07]dodeca-2(7),3.5-triene {390 mg, 1.461

30 mmol), ammonium formate (3.04 g, 48.2 mmol) and 10%Pd(OH)./C (30 mg) were combinedin

MeOH (50 mL) and broughtto reflux under N, for 1.5 hours. Ammonium formate (1.0 g) was

added and reflux continued for 0.5 hour. The reaction mixture wasfiltered through a Celite

pad which was rinsed with MeOH. The filtrate was concentrated. The residues were treated
with saturated aqueous Na;CO, solution (30 mL) and product extracted with methylene

35 chloride (CH,Cl2) (3 x 25 mL). The organic layer was washed with saturated aqueous NaCl
solution (50 mL), dried through a cotton plug and concentrated. The residue wastreated with

2N HCI MeOH (5 mL) and concentrated then taken up in minimum of MeOH andsaturated

with Et,0. After stirring 18h, the white crystals were collected byfiltration (86 mg, 28%). (TLC

u)\
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5 5% MeOH/CH,Cl, (NH) R; 0.27). (data for free base) 'H NMR (400 MHz, CDCI,) & 7.06 (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). APCI MS m/e 178.2 [(M + 1)°}. (HCI salt) mp 260-262 °C.

EXAMPLE3

10 4-METHYL-10-AZA-TRICYCLO[6.3. 1.0%4JDODECA-2(7),3.5-TRIENE
HYDROCHLORIDE

The title compound was prepared by the methods described in Example 1 and 2

starting with 2-fluoro-5-methylbromobenzene.(data for free base) 'H NMR (400 MHz, CDCI,)

5 7.04 (d, J=7.5 Hz, 1H), 6.99 (s, 1H), 6.98 (d, J=7.5 Hz, 1H), 2.98-2.90 (m, 4H), 2.63 (m, 2H),

15 2.35 (m, 1H), 2.32 (s, 3H), 1.87 (d, J=11.5 Hz, 1H). APCI MS me 174.2 [(M + 1) *]. (HCI salt)

mp 254-255 °C. Anal. Calcd. for C,2H,2F:N-HCI.1/3H,O: C, 53.44; H, 5.11; N, 5.19. Found C,

53.73; H, 4.82: N, 5.15.

EXAMPLE 4

4-TRIFLUOROMETHYL-10-AZA-TRICYCLOJ[6.3. 1.07JDODECA-2(7),3,5-TRIENE
20 HYDROCHLORIDE (See Grunewald, G. L.; Paradkar, V. M.. Pazhenchevsky, B8.; Pleiss, M.

A.; Sall, 0. J., Seibel, W. L.; Reitz, T. J. ¥. Org. Chem. 1983, 48, 2321-2327. Grunewald, G.

L.; Markovich, K. M.: Sall, D. J. U. 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-trifluoromethylbromobenzene. 'H NMR (400 MHz, CD,OD) 8 7.71 (s,

25 1H), 7.64 (d, J=8.0 Hz, 1H), 7.57 (d, J=8.0 Hz, 1H). 3.46 (m, 4H), 3.21 (d, J=12.5 Hz, 2H),
2.41 (m. 1H), 2.16 (d, J=11.5 Hz. 1H). APC! MS me 228.2 [(M + 1)°]. (HCI salt) mp 244-246

°C. Anal. Calcd. for C,,H,2F3N-HC!.1/3H:O: C, 53.44: H, 5.11: N. 5.19. Found C, 53.77: H,

4.82:N. 5.18.

 
 

30 EXAMPLE 5

3-TRIFLUOROMETHYL-10-AZA-TRICYCLO[6.3.1.0*JOODECA-2(7),3,5-TRIENE
HYDROCHLORIDE (Grunewaid, G. L.; Markovich, K. M.; Sall, D. J. J. Med. Chem. 1987, 30,
2191-2208.)

The title compound was prepared by the methods described in Example 1 and 2

35 starting with 2-fluoro-6-trifluoromethylbromobenzene. ‘H NMR (400 MHz, CD,O0D) 6 7.65 (s,

2H), 7.52 (m, 1H), 3.65 (brs, 1H), 3.49-3.43 (m. 3H). 3.20 (m. 2H), 2.42 (m, 1H), 2.18 (d.

J=11.5 Hz, 1H). APC! MS m/e 228.2 [(M + 4)*}. (HCI salt) mp 275-277 °C.

Ya
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5 ; EXAMPLE 6

3-FLUORO-10-AZA-TRICYCLOJ6.3.1.0*JDODECA-2(7),3.5-TRIENE

HYDROCHLORIDE

A) 2,6-Difluoroiodobenzene (Roe, A. M.; Burton, R. A.: Willey, G. L.; Baines, M. W.;

Rasmussen, A. C. J. Med. Chem. 1968, 17, 814-819. Tamborski, C.; Soloski, E. J. Org.

10 Chem. 1966, 31, 746-749. Grunewald, G. L.; Arrington, H. S.; Bartlett, W. J.; Reitz, T. J.; Sall,

D. J. J. Med. Chem. 1986, 29, 1972-1982.) 1,3-Difluorobenzene (57.05 g, 0.5 M) in THF (75

mL) was added to a -78°C stirred solution of n-butyllithium (n-BuLi) (200 mL, 2.5 M/hexanes,

  

0.5 M) and THF (500 mL) under Np. By controlling the addition rate the internal temperature

was maintained below -70 °C. Thetotal addition time was ~1/2 hour. The resulting slurry was

15 stirred an additional 1/2 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 (2 x 250 mL). The

20 combined organic layer was washed with 10% aqueous Na2S,O, solution (100 mL), H,O (100

mL), saturated aqueous NaCl solution (100 mL), dried (Na,SO,) filtered and concentrated to
give a yellow oil (106.5 g). Distillation at ~1-5 mm at ~80 °C provideda light yellow oil (89.5 g.

75%). 'H NMR (400 MHz, CDC!,) 6 7.30 (m. 1H), 6.87 (m. 2H). GCMS mye 240 (M’).

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

A solution of 2,6-difluoroiodabenzene(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 after 15 minutes by addition of dqueous 1N HC! solution and the product was

30 extracted with hexanes (3 x 50 mL). The combined organic layer was washed with H,O (50
mL), saturated aqueous NaCl solution (50 mL), dried (MgSO,), filtered and evaporated.

Chromatography on Silica gel provided product as an oil (1.5 g, 45%). (TLC hexanes R,

0.55). 'H NMR (400 MHz, CDCI) 6 7.08 (ddd, J=7.0,1.0,0.8 H2. 1H), 6.96 (ddd, J=8.5,8.3,7.0

Hz, 1H), 6.86 (brs, 2H), 6.72 (ddd, J=8.5,8.3.0.8 Hz. 1H), 4.25 (brs, 1H), 3.98 (brs, 1H), 2.36

35=(ddd, J=7.2,1.7,1.7 Hz, 1H), 2.30 (ddd, J=7.2.1.7,1.5 Hz. 1H). GCMS m/e 160 (M’*).

4D
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2.7)dodeca-2(7).3.5-triene hydrochloride5 C) 3-Fluoro-10-aza-tricycio{6.3.1.0

The title compound was prepared by the methods described in Example 28.C.D

starting with 5-fluoro-1,4-dihydro-1,4-methano-naphthalene. 'H NMR (400 MHz, CD,0D) 6
7.36 (ddd. J=8.3,7.3,5.0 Hz, 1H), 7.21 (d. J=7.3 Hz, 1H), 7.07 (t, J=8.3 Hz, 1H), 3.62 (br s,

1H), 3.42-3.30 (m, 3H), 3.21 (m, 2H), 2.38 (m, 1H), 2.12 (d, J=11.5 Hz, 1H). APCI MS m/e

10 178.4 {[(M+ 1)"]. mp 269-271 °C.

  

EXAMPLE7

4-NITRO-10-AZATRICYCLOJ6.3.1 .0?“]DODECA-2(7 ).3,5-TRIENE
HYDROCHLORIDE

A) 1-(10-Aza-tricyclo[6.3. 1.022

15 10-Aza-tricyclo[6.3.1.07"|Jdodeca-2(7),3,5-triene hydrochloride salt (12.4 g, 63.9

dodeca-2(7),3.5-trien-10-yl)-2,2 2-trifluoro-ethanone  

mmol) was stirred in CH2Cl, (200 mL). This was cooled (ice bath) and treated with pyridine

(12.65 g 160 mmol) followedbytrifluoroacetic anhydride (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 HCI (200 mL) and the layers separated. The aqueous layer was extracted with

20 CH,Cl, (3 x 50 mL) and the combined organic layer was washed with 0.5N aqueous HCI (50

mL), H,O (2 x 50 mL) and saturated aqueous NaHCO,solution (50 mL). This solution was

 
Me

dried through a cotton plug, then diluted with ~3% EtOAc andfiltered through a 2 inch Silica

pad eluted with ~3% EtOAc/CH,Cl,. Concentration afforded a clear oil which crystallized to

give white needles (15.35 g, 60.2 mmol. 94%). (TLC 30% EtOAc/hexanes R, 0.53). 'H NMR

25 (400 MHz. COCI,) 5 7.18 (m, 4H). 4.29 (br d, J=12.6 Hz, 1H), 3.84 (br d, J=12.6 Hz, 1H), 3.51

(dd, J=12.6,1.5 Hz, 1H), 3.21 (brs. 1H), 3.10 (br s, 1H), 3.10 (br d, J=12.6 Hz, 1H), 2.37 (m,

1H), 1.92 (d, J=10.8 Hz, 1H). GCMS m/e 255 (M"*). mp 67-68 °C.

 
dodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-   - B) 1-(4-Nitro-10-aza-tricyclo[6.3.1.0%

30 ethanone (Based on the method described by Coon, C. L.; Blucher, W.G.; Hill, M. E. J. Org.

Chem. 1973, 25, 4243.)

To a solution of trifluoromethanesulfonic acid (2.4 ml, 13.7 mmol) in CHCl, (10 mi)
stirred at O °C was slowly added nitric acid (0.58 mi, 27.4 mmol) generating a white
precipitate. After 10 minutes the resulting mixture was cooled to -78 °C and treated with 1-

35  (10-aza-tncyclo[6.3.1.07]dodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-ethanone (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 1 hour. The reaction mixture was

pouredinto a vigorously stirred ice (100 g). The layers were separated and the aqueouslayer
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5 extracted with CH,Cl, (3 x 30 ml). The organic layer was combined and washed with H,O (3 x

30 ml). The combined organic layer was washedwith saturated aqueous NaHCO,solution (20

mL) and H,O (20 mL) then dried through a cotton plug and concentrated to give an orangeoil

that solidified on standing (4.2 g). Chromatography yielded pure product as a crystalline solid

(3.2 g, 78%). (TLC 30% EtOAc/hexanes R, 0.23). 'H NMR (400 MHz, CDCI) 8 8.12 (br d.

10 J=8.0 Hz, 1H), 8.08 (brs, 1H), 7.37 (br d, J=8.0 Hz, 1H), 4.38 (br d, J=12.6 Hz, 1H), 3.94 (br

d, J=12.6 Hz, 1H), 3.59 (br d, J=12.6 Hz, 1H), 3.43-3.35 (m, 2H), 3.18 (br d, J=12.6 Hz, 1H),

2.48 (m, 1H), 2.07 (d, J=10.8 Hz, 1H). GCMS m/e 300 (M*).

C) 4-Nitro-10-azatricyclo[6.3.1 .0*|dodeca-2(7),3,5-triene hydrochloride
15 1-(4-Nitro-10-aza-tricyclo[6.3.1 .0?"|dodeca-2(7),3.5-trien-1 0-y!)-2.2,2-trifluoro-

ethanone (182 mg, 0.61 mmol) was stirred with NazCO, (160 mg, 1.21 mmol) in MeOH (3 mL)

and H,O (1 mL) at 70 °C for 18 hours. The mixture was concentrated, water was added and

the product was extracted with CH.Ci,. The organic layer was extracted with 1N aqueous HCl

(3 x 20 mL) and the acidic layer washed with CH,ClI, (2 x 20 mL). The aqueous layer was

20_~—sbassified to pH ~10 with Na,CO3(s) and product was extracted with CHCl, (3 x 30 mL). The

organic layer was dried through a cotton plug and concentrated to an oil. This was dissolved

 
in MeOH and treated with 1N HCI MeOH, concentrated to solids which were recrystallized

from MeOH/Et,0 to afford product as a white solid (73 mg, 50%). (TLC 5% MeOH/CH,Ci,

(NH3) R,; 0.38). 'H NMR (400 MHz, DMSO-d,) 6 8.21 (s, 1H), 8.18 (dd, J=8.0.2.0 Hz, 1H), 7.59

25=(d, J=8.0 Hz, 1H), 3.43 (brs, 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). APCE MS m/e 205.1 [(M + 1)"] mp 265-270 °C.
 

EXAMPLE8

4-AMINO-10-AZATRICYCLO{6.3.1 02 DODECA-2(7).3.5-TRIENE
30 HYOROCHLORIDE

4-Nitro-10-azatricyclo(6.3.1.07Jdodeca-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 mmoi). After stirring 18 hours the

reaction was treated with H,O (50 mL), extracted with CH,Cl, (4 x 30 mL), dried through a

35 cotton plug and concentrated to provide an oil (500 mg, 91%).

This oil (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 1 hour. The mixture was

filtered through a Celite pad and concentrated to a clear oil (397 mg, 88%).
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5 This oi! (50 mg, 0.18 mmol) was stirred in 3N HCI EtOAc (3 mL) for 2 hours then

concentrated to a white solid (25 mg, 56%). 'H NMR (400 MHz, OMSO-d,) 5 7.38-7.10 (3H),

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

mie 175.1 [(M + 1)"] mp 189-192 °C.

10 ‘ EXAMPLE 9

N+ 10-AZATRICYCLOJ6.3.1 .0*-)DODECA-2(7),3, 5-TRIEN-4-YLJACETAMIDE
HYDROCHLORIDE

A) 1-(4-Amino-10-aza-tricyclo[6.3.1.077
ethanone

15 Hydrogenation of 1-(4-nitro-10-aza-tricycto[6.3.1.07]dodeca-2(7),3,5-trien-10-y!)-

dodeca-2(7),3,5-trien-10-yl)-2.2,2-trifluoro-  

2.2,2-trifluoro-ethanone (2.0 g, 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 affords a yellow oil

(1.7 g). (TLC 50% EtOAc/hexanes R, 0.27). 'H NMR (400 MHz, CDCI,) & 6.99 (m, 1H), 6.64

(brs, 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,

20 =1H), 1.90 (d, J=10.8 Hz, 1H). GCMS mf 270 (M’*).

B) N-(10-Trifluoroacety!-10-aza-tricycio[6.3.1 .0*Ydodeca-2(7),3, 5-trien-4-yl)-
acetamide

1-(4-Amino-10-aza-tricyclo[6.3.1.07’}dodeca-2(7).3,.5-trien-10-yl)-2,2,2-trifluoro-

25 ethanone (850 mg, 3.14 mmol) wasstirred in CH,Cl, (5 mL) and treated with triethyl amine

 
(0.53 mL, 3.76 mmol) and acety! chloride (0.23 mL, 3.2 mmol) then stirred 18 hours. Standard

NaHCO, workup yielded an oil which was chromatographed to provide a clear oil (850 mg,

87%). (50% EtOAc/hexanes R, 0.28).

30 C) N--[10-Azatricyclo(6.3.1 for dodeca-2(7),3.5-trien-4-yijacetamide hydrochloride
N-(10-Trifluoroacetyl-10-aza-tricyclo[6.3.1 0?"}dodeca-2(7),3,5-trien-4-yl)-acetamide

(100 mg, 0.32 mmol) wasstirred with Na,CO, (70 mg, 0.64 mmol) in MeOH (10 mL) and H,O

(2 mL) at 70 °C for 18 hours. The mixture was concentrated, water was added and the

product was extracted with EtOAc. The organic layer was extracted with 1N aqueous HCI (3 x

35  20mL) and the acidic layer washed with EtOAc (2 x 20 mL). The aqueous jayer was basified

to pH ~10 with Na,CO, (s) and product was extracted with EtOAc (3 x 20 mL). The organic

layer was dried (sodium sulfate (Na,SO,)) and concentrated to an oil. This material was

dissolved in MeOH andtreated with 3N HCI EtOAc (3 mL), concentrated and recrystatlized

Ue
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5 from MeOH/Et,O to provide a solid (40 mg, 50%). "H NMR (400 MHz, DMSO-d,) & 9.98 (s,
1H), 9.02 (br m, NH), 7.65 (s, 1H), 7.55 (brs, NH), 7.38 (d, J=8.0 Hz, 1H), 7.20 (d, J=8.0 Hz.

14H), 3.33 (m. 4H), 2.96 (m, 2H), 2.13 (m,°1H), 2.00 (s, 3H), 1.96 (d, J=10.5 Hz, 1H). APCI MS

mie 217.2 [(M + 1)"]. mp 225-230 °C.

10 EXAMPLE10

6-METHYL-5-THIA-7,13-DIAZATETRACYCLO(9.3.1.022.0*}PENTADECA-eeeeeSSeee

2(10),3.6,8-TETRAENE HYDROCHLORIDE
A N-(10-Trifluorothioacetyl-10-aza-tricyclo 6.3.1.0?dodeca-2(7),3,5 _-trien-4-y!/)-

thioacetamide

15 N-(10-Trifluoroacetyl-10-aza-tricyclo[6.3.1 077Jc odeca-2(7),3,5-trien-4-yl)-acetamide
(850 mg, 2.72 mmol) and 2.4-bis(4-methoxypheny!l)-1 .3-dithia-2,4-diphosphetane-2,4-disulfide

(Lawesson's reagent) (1.1 g, 2.72 mmol) were combired in toluene (10 mL) and brought to

reflux for 1.5 hours. After cooling the reaction was worxed up with EtOAc/saturated aqueous

NaHCO, solution. The organic layer was dried (Na,SO,), filtered, concentrated and

20 chromatographed onSilica gel to produce product (412 mg, 44%). (50% EtOAc/hexanes R,

0.38)

B) 6-Methyl-5-thia-7,13-diazatetracycio[9.3. 1.07“°.0~*|pentadeca-2(10),3,6,8-tetraene
hydrochioride

25 The above oil, 2,2,2-trfiuoro-N-(10-trifluorothioacety!-10-aza-

tricyclo(6.3. 1.0°"Jdodeca-2(7),3,5-trien-4-y|)-thioacetamide, (360 mg, 1.05 mmol) was

 
dissolved in MeOH (10 mL) and 1N NaOH (5 mL) and added to potassium ferricyanide

(K,Fe(CN),)(1.72 g, 5.23 mmol) in HzO (10 mL). This mixture was warmed to 60 °C for 1.5
hours, cooled, concentrated and worked up with EtOAc/H,0. This material was stirred in

30 dioxane (20 mL) and treated with H,O (50 mL) and Na.CO, to achieve pH 10. To this was

addeddi-t-butyldicarbonate (436 mg, 2.0 mmol) and the mixture wasstirred for 18 hours. The
reaction was concentrated, treated with H,O and extracted with CH,Cl,, The product was

chromatographed(Silica 30% EtOAc/hexanes R, 0.41) to yield an oil (100 mg).
The above product was treated with 3N HCVEtOAc (3 mt) and warmedto reflux for

35 ~15 minutes then concentrated to a solid which was azeotroped with CH,Cl, (2x). These

solids were dissolved in a minimum amount of MeOH then saturated with Et,O andstirred.

The resulting white crystalline powder was collected byfiltration (40 mg, 14%).

4) |
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5 'H NMR (400 MHz, DMSO-d,) 5 9.46 (s. NH), 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). APCI MS me 231.1 [(M + 1)"]. mp 183-184 °C.

EXAMPLE 11

10 4,5-DINITRO-10-AZA-TRICYCLO[6.3.1 .0?]DODECA-2(7).3,5-TRIENE

A) 1-(4,5-Dinitro-10-aza-tricyclo[6.3. 1.0% dodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-
ethanone (Based on the method described in Coon, C. L.; Blucher, W. G.; Hill, 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, 97, 4512.)

15 To a solution of trifluoromethanesulfonic acid (79.8 mi, 902.1 mmol) in CHCl, (550

ml) stirred at O °C was siowly added nitric acid (19.1 ml, 450.9 mmol) generating a white

precipitate. After 10 minutes, 1-(10-aza-tricyclo[6.3. 1.07”]dodeca-2(7).3,5-trien-10-yl)-2,2,2-

trifluoro-ethanone (50 g, 196 mmol) in CHCl, (300 ml) was added dropwise from an addition

funnel over 30 minutes. The reaction was stirred at 0 °C for 2.5 hours and then stirred at

20 room temperature for 24 hours. The reaction mixture was poured into a vigorously stirred

mixture of H,O (500 mi) and ice (400 g). The layers were separated and the aqueous layer
back extracted with CH2Cl, (3 x 300 mi). The organic layer was combined and washed with

HO (3 x 300 ml). The combined aqueous layers were re-extracted with CH,Cl, (2 x 100 ml).

The organic layer was combined and washedwith saturated aqueous NaHCO,solution (200

25 mL) and H,O (200 mL) then dried through a cotton plug and concentrated to solids.

 
Trituration with EtOAc/hexanes produced off white solids which werefiltered 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 g (82.8%). (TLC 50% EtOAc/hexanes R, 0.29) 'H NMR (400 MHz, CDCI,) 8 7.77

(s, 1H), 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

30 Hz. 1H), 3.49 (br s, 1H), 3.44 (brs. 1H), 3.24 (br d, J=12.6 Hz, 1H), 2.53 (m, 1H), 2.14 (d,

J=11.5 Hz, 1H). GCMS mee 345 (M’).

B) 4,5-Dinitro-10-aza-tricyclo[6.3.1.0*4|jdodeca-2(7).3,5-triene
1-(4,5-Dinitro-10-aza-tricyclo[6.3.1.07Jdodeca-2(7),3,5-trien-10-yl)-2.2,2-trifluoro-

35. ethanone(3.7 g, 10.7 mmol) and Na,CO,(2.3 g. 21.4 mmol) were combined in MeOH (50 mL)

and H,O (20 mL) then warmedto reflux for 18 hours. The reaction was cooled, concentrated,

treated with H,O and extracted with CH,Cl, (3 x 50 mL) then dried through a cotton plug.
After concentration. the residue was chromatographedto provide brownsolids. (1.9 g. 71%).

\N%
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5 (TLC 5% MeOH/CH,Cl, (NH3) R, 0.36). 'H NMR (400 MHz, CDCI.) 5 7.69 (s, 2H), 3.17 (brs,

2H), 3.11 (d, J=12.6 Hz. 2H), 2.53 (m, 1H), 2.07 (d, J=11 0 Hz, 1H). GCMS m/e 249 (M’).

EXAMPLE12

6-METHYL-7-PROPYL-5,7,13-TRIAZATETRACYCLOJ9. 3.1.02"0*8IPENTADECA-
10 2(10).3.5,8-TETRAENE HYDROCHLORIDE

A) 4,5-Dinitro-10-aza-tricyclo[6.3.1.0%jdodeca-2(7),3,5-triene-10-carboxylic acid tert-

butyl ester /

4,5-Dinitro-10-aza-tricyclo[6.3.1.0?’]dodeca-2(7).3,5-triene, (1.9 g, 7.6 mmol) was

 

stirred in 1,4-dioxane (75 mL) and treated with saturated aqueous Na,CQ, solution (10 mL).

15 To this was added di-t-butyidicarbonate (3.31 g, 15.2 mmol). After stirring 6 hours the

reaction wastreated with H2O ( 50 mL) and extracted with EtOAc(4 x 25 mL), dried (Na,SO,),
filtered, concentrated and chromatographed to provide product (1.9 g, 71%). (TLC 30%

EtOAc/hexanes (NH) R, 0.58). 'H NMR (400 MHz, CDCI) 5 7.77 (brs. 1H), 7.72 (br s, 1H),

4.08 (m, 1H), 3.92 (m, 1H), 3.39 (brs, 1H), 3.27 (brs, 1H), 3.25 (m, 1H), 3.18 (m, 1H), 2.46

20. (m, 1H), 2.02 (d, J=11.0 Hz, 1H).

B) 4.5-Diamino-10-aza-tricyclo[6.3.1 .0*\dodeca-2(7),3,5-triene-1 O-carboxylic acid

tert-buty! ester

4,5-Dinitro-10-aza-tricyclo[6.3.1.07]dodeca-2(7).3.5-triene-10-carboxylic acid tert-

 
25 butyl ester (1.9 g, 5.44 mmol) was hydrogenated in MeOH under a H, atmosphere (45 psi)

over 10%Pd/C (100 mg) for 1.5 hours then filtered through a Celite pad and concentrated to

white solids (1.57 g, 100%). (TLC 5% MeOH/CH,Cl, (NH) R, 0.14).

 

C)_6-Methyl-5,7.13-triazatetracyclo[9.3.1.0*°0**)}pentadeca-2(10),3.5,8-tetraene-13-
30 carboxylic acid tert-buty! ester (For conditions, see: Segelstein, B. E.; Chenard, B. L.; Macor.

J. E.: Post, R. J. Tetrahedron Lett. 1993, 34, 1897.)

4,5-Diamino-10-aza-tricyclo[6.3.1.0*”]dodeca-2(7),3,5-triene-10-carboxylic acid tert-

butyl ester (700 mg, 2.42 mmo!) was dissolved in EtOH (10 mL) and acetic acid (HOAc) (1

mL) and treated with 1-ethoxyethylenemalononitrile (329 mg, 2.42 mmol). The resulting

35 mixture was warmed to 60 °C and stirred 18 hours. The reaction was cooled, concentrated

treated with H,O and saturated aqueous Na,CO,solution and extracted with EtOAc (3 x 50

mL), then dried (Na,SQO,). After filtration and concentration. the residue was

\4
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5 chromatographed to provide brown solids (247 mg, 36%). (TLC 5% MeOH/CH,CI, (NH;) R,

0.28).

D 6-Methy!-7-propyl-5,7, 13-triazatetracyclo[9.3.1.0%"0**)pentadeca-2(10),3,5,8-
tetraene-13-carboxylic acid tert-butyl ester (For conditions, see, Pilarski, B. Liebigs Ann.
Chem. 1983, 1078.) ; ,

10 6-Methyi-5.7.13-triazatetracycio[9.3.1.07'°0**]pentadeca-2(10),3,5,8-tetraene-13-

 

carboxylic acid tert-buty! ester (80 mg, 0.267 mmol) was Stirred in 50% aqueous NaOH

solution (3 mL) and DMSO (1 mL) then treated with 1-iodopropane (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 EtOAc. The organic layer was washed with HO (3x) then dried (Na,SO,), filtered and

15 concentrated to an oil (90 mg,.0.253 mmol). (TLC 5% MeOH/CH,Cl, (NH3) R, 0.15).

E) 6-Methyl-7-propyl-5,7,13-triazatetracyclo[9.3.1.0%4".0**}pentadeca-2(10),3,5,8-
tetraene hydrochloride

6-Methyl-7-propy|-5,7, 13-triazatetracyclo[9.3.1.0*'°.0**)pentadeca-2(10),3,5,8-

20 tetraene-13-carboxylic acid tert-butyl ester (90 mg,- 0.253 mmol) was dissolved in 3N HCl

EtOAc (5 mL) and warmed to 100 °C for 1/2 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,) 5 9.56 (s, NH), 7.91 (s, 1H), 7.83 (or m, NH), 7.74 (s, 1H), 4.38 (m, 2H), 3.48 (m,.

2H), 3.32 (m, 2H), 3.10 (m, 2H), 2.87 (s. 3H), 2.28 (m, 1H), 2.15 (d, J=11.0 Hz, 1H) 1.85 (m,

25 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
HYDROCHLORIDE

30 A) 5§.7,13-Triazatetracyclo[9.3.1 02”0**)pentadeca-2( 10),3,5,.8-tetraene-13-
carboxylic acid tert-buty! ester (For conditions, see; Segelstein, B. E.; Chenard, B. L.; Macor,

J. E.; Post, R. J. Tetrahedron Lett. 1993, 34, 1897.)

4,5-Diamino-10-aza-tricyclo[6.3.1.0?”|dodeca-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

35 with ethoxymethylenemalononitriie (421 mg, 3.45 mmol). The resulting mixture was warmed

to 60 °C and stirred 18 hours. The reaction was cooled, concentrated treated with H,O and

saturated aqueous Na,CO, solution and extracted with EtOAc (3 x 50 mL), then dried

so
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5 (Na,SO,). After filtration and concentration, the residue was chromatographed to provide

brown solids (580 mg, 56%). (TLC 5% MeOH/CH,Cl, (NH3) R, 0.28) ©

B)- 5.7,13-triazatetracycio[9.3. 1.07".0**}pentadeca-2(10),3,5,8-tetraene hydrochloride
5,7,13-Triazatetracyclo[9.3.1.07'°.0**}]pentadeca-2(10),3,.5,8-tetraene-13-carboxylic

 

10 acid tert-buty! ester was converted to the title compound by the methods described in
Example 12E. 'H NMR (400 MHz, D,0) 5 8.95 (s, 1H), 7.67 (s, 2H), 3.45 (brs, 2H), 3.31 (d,

J=12.5 Hz, 2H), 3.13 (d, J=12.5 Hz, 2H), 2.30 (m, 1H), 1.99 (d, J=11.5 Hz, 1H). APCI MS m/e

200.1 [(M + 1)"]. mp >250 °C.

15 EXAMPLE 14

7-METHYL-5,7,13-TRIAZATETRACYCLOJ9.3.1.02"*0*}PENTADECA-2(10),3,5,8-
TETRAENE HYDROCHLORIDE

Utilizing the methods described in Example 12D, 5.7,13-

2.1094®)pentadeca-2(10),3.5,8-tetraene-13-carboxylic acid tert-butyltriazatetracyclo{9.3.1.0

20 ester was converted to the title compound by reaction with iodomethane followed by

deprotection as described in Example 12E. 'H NMR (400 MHz. D0) 6 8.97 (s, 1H), 7.71 (s,

1H), 7.67 (Ss, 1H), 3.94 (s, 3H), 3.48 (m, 2H), 3.33 (d, J=12.2 Hz, 2H), 3.14 (d, J=12.2 Hz, 2H),

2.34 (m, 1H), 2.03 (d, J=11.5 Hz, 1H). APCI MS nve 214.2 [(M + 1)"].

 
25 . EXAMPLE 15

6-METHYL-5.7,13-TRIAZATETRACYCLO(9.3.1 02°0*IPENTADECA-2( 10),3,5,8-
TETRAENE HYDROCHLORIDE

6-Methyl-5,7,13-triazatetracyclo[9.3.1.07'°.0**]pentadeca-2(10),3,5,8-tetraene-13-

 
carboxylic acid tert-butyl ester was convertedto the title compound by the methods described

30 in Example 12E. 'H NMR (400 MHz, DMSO-d.) 6 9.40 (br m, NH), 7.77 (br m, NH), 7.70 (s,

1H), 3.44 (m, 2H), 3.30 (m, 2H), 3.05 (br d, J=11.0 Hz. 2H), 2.79 (Ss. 3H), 2.23 (m, 1H), 2.10

(d, J=10.8 Hz, 1H). GCMS me 213.5 (M’).

EXAMPLE 16

35 6,7-DIMETHYL-5,7,13-TRIAZATETRACYCLO[9.3.1.0?°0*43PENTADECA-

2(10).3.5.8-TETRAENE HYDROCHLORIDE
Utilizing the methods described in Example 12D, 6-methyl-5,7,13-

triazatetracyclo{9.3.1.07'°.0**}Jpentadeca-2(10),3.5.8-tetraene-13-carboxylic acid_tert-buty!

S|
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5 ester was converted to the title compound by reaction with iodomethane followed by

deprotection as described in Example 12E. 'H NMR (400 MHz. DMSO-d,) S 9.52 (s. NH).

7.84 (s, 1H), 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), 2.23 (m, 1H), 2.12 (d, J=11.0 Hz, 1H). APCI MS mre 228.2 [(M + 1)"]. mp

225-230°C.
10

EXAMPLE 17

7-PROPYL-5,7,13-TRIAZATETRACYCLOJ9.3. 1.02%044PENTADECA-2(10).3,5,8-
TETRAENE HYDROCHLORIDE

Utilizing the methods described in Example 12D, §,7,13-

15 triazatetracyclo[9.3.1.07'°0**]pentadeca-2(10),3,5,8-tetraene-13-carboxylic acid tert-butyl

ester was converted to the title compound by reaction with iodopropane followed by

deprotection as described in Example 12E. 'H NMR (400 MHz, DMSO-d.) 5 9.52 (s, 1H),

9.45 (br s, NH), 7.97 (s, 1H). 7.85 (s. 1H), 7.83 (br m, NH), 4.43 (m, 2H), 3.49 (m, 2H), 3.33

(m, 2H), 3.08 (m, 2H), 2.28 (m, 1H), 2.15 (d, J=11.0 Hz, 1H), 1.92 (m, 2H), 0.93 (m, 3H). APC!

20 MS me 242.2 [(M + 1)"]. mp 170-171 °C (subl.).

EXAMPLE 18

7-BUTYL-5,7.13-TRIAZATETRACYCLO[9.3.1.0*"*0*4)PENTADECA-2(10),3,5,8-
TETRAENE HYDROCHLORIDE

25 A) 4-Butylamino-5-nitro-10-aza-tricyclo[6.3.1.02"|dodeca-2(7).3.5-triene-10-carboxylic
’ acid tert-butyl ester (For conditions. see; Senskey, M. D., Bradshaw, J. D.: Tessier. C. A.

Youngs, W. J. Tetrahedron Lett. 1995, 36, 6217.)

4,5-Dinitro-10-aza-tricyclo[6.3.1.07’]dodeca-2(7),3,5-triene-10-carboxylic acid_tert-

 
buty! ester (500 mg, 1.43 mmol) and 1-butylamine (1.42 mL, 14.3 mmol) were combined in

30 THF (5 mL) and stirred 4 hours. The mixture was diluted with EtOAc (50 mL) and washed

with H,O (3 x 30 mL) then dried (Na2SO,), filtered and concentrated to an oil. This oil was

passed through a Silica gel filter column to remove baseline impurities eluting with 30%

EtOAc/hexanes (510 mg, 1.41 mmol, 99%).

35 8 4-Butylamino-5-amino-10-aza-tricycio 6.3.1.0*4dodeca-2(7),3,5-triene-10-

carboxylic acid tert-butyl ester

4-Butylamino-5-nitro-10-aza-tricyclo[6.3. 1.0°’Jdodeca-2(7),3,5-triene-10-carboxylic

acid tert-buty! ester (460 mg, 1.27 mmol) wastreated with ammonium formate (850 mg, 12.7

53
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5 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, extracted with CH2Cl, (3 x 30 mL) and dried byfiltration through a

cotton plug to give an oil (440 mg, 100%).

10 C) _?-Butyl-5.7, 13-triazatetracyclo[9.3.1.07"*.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?"}dodeca-2(7),3,5-triene-1 0-carboxylic

acid tert-butyl ester (440 mg, 1.27 mmol) was dissolved in EtOH (20 mL) and HOAc (2 mL)

and treated with ethoxymethylenemaiononitrile (186 mg, 1.52 mmol). The resulting mixture

15° was warmed to 60 °C andstirred 18 hours. The reaction was cooled, concentrated, treated

with H,O and saturated aqueous Na,CO,solution then extracted with EtOAc (3 x 50 mL) and

dried (Na,SO,). After filtration and concentration, the residue was chromatographed to

provide a yellow oil. (400 mg, 89%). (TLC 5% MeOQH/CH.Cl, (NH3) R, 0.70).

20 D) 7-Butyi-5,7,13-triazatetracyclo[9.3.1.0%°0**]pentadeca-2(10),3,5,8-tetraene

hydrochioride

7-Butyl-5,7,13-triazatetracyclo[9.3. 1.07'°.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.) & 9.93 (brs, NH), 9.68 (s, 1H), 7.99 (s, 1H),

25 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 (t. J=7.0 Hz, 3H). APCI MS m/e

256.2 [(M + 1)*]. mp 204-208 °C.

 
EXAMPLE 19

30 7-lsobuty|-5;7,13-triazatetracyclo[9.3.1.07*°0**}pentadeca-2(10),3,5,8-tetraene
hydrochloride

4,5-Dinitro-10-aza-tricycio(6.3.1 .0*"|]dodeca-2(7),3,5-triene-1 QO-carboxylic acid  tert-

butyl ester and isobutylamine were converted to the title compound utilizing the methods

described in Example 18A-D. 'H NMR (400 MHz, CDCI,) § 7.74 (s. 1H), 7.52 (s, 1H). 7.14 (s.

35 1H), 3.90 (dd. J=7.5,2.0 Hz, 2H), 3.04-2.97 (m, 4H), 2.70 (dd, J=12.8.2.3 Hz, 2H), 2.42 (m,

1H), 2.19 (m, 1H), 1.98 (d, J=10.5 Hz, 1H), 0.93 (m, 6H). APC] MS mre 256.2 [(M + 1)"]. mp

147-150 °C (subl.).
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5 EXAMPLE20

6-METHYL-7-ISOBUTYL-5.7,13-TRIAZATETRACYCLOJ9.3. 1.0720*43PENTADECA-
2(10),3,5,8-TETRAENE HYDROCHLORIDE

 

 

A) _6-Methyi-7-isobuty!-5.7,13-triazatetracycio[9.3.1.07"°0*"Ipentadeca-2(10),3.5,8-

10  =tetraene-13-carboxylic acid tert-butyl! ester

4-Amino-5-isobutylamino-10-aza-tricyclo[6.3.1 .0?"|dodeca-2(7),3.5-triene-1 0-

carboxylic acid tert-butyl ester (250 mg, 0.74 mmol) from Example 19B was dissolved in EtOH

(10 mL) and HOAc (2 mL) and treated with 1-ethoxyethylenematononitrile (118 mg, 0.87

mmol). The reaction proceeded as in Example 18C (18h) and was worked up similarly to

15 provide product (TLC 3% MeOH/CH,Cl, (NH3) R, 0.57).

B) _6-MethyI-7-isobuty!-5.7,13-triazatetracyclo[9.3.1 .07*0**)pentadeca-2/ 10),3,5.8-
tetraene hydrochioride

6-Methy!-7-isobutyl-5,7, 13-triazatetracyclo[9.3. 1.07'°0**}pentadeca-2(10),3,5,8-

20~—stetraene-13-carboxylic acid tert-buty! ester was converted to the title compound by the
methods described in Example 12E. APCI MS m/e 270.3 [(M + 1)"]. mp 129-130 °C (subl.).

1
EXAMPLE 21

7-PHENYL-5,7,13-TRIAZATETRACYCLO(Q.3. 1.0%0*3PENTADECA-2(10),3,5,8-
25  TETRAENE HYDROCHLORIDE

Utilizing the methods described in Example 18A, 4,5-dinitro-10-aza-

 
tricyclo[6.3. 1.0%]dodeca-2(7),3,5-triene-10-carboxylic acid tert-butyl ester and aniline were

converted to 4-phenylamino-5-nitro-10-aza-tricyclo[6.3.1 .0*Jdodeca-2(7), 3,5-triene-10-

carboxylic acid tert-buty! at 75 °C for 4 hours in the coupling step. This was then converted to

30 ‘the title compound utilizing the methods described in Example 188,C.D. 'H NMR (400 Mbz,

DMSO-dg) 6 9.08 (1H), 7.78-7.57 (m, 7H), 3.47-3.00 (m, 6H), 2.23 (m, 1H), 2.09 (d, J=11.5 Hz,
1H). APCI MS m/e 276.2 [(M + 1)"]. mp 210-213 °C.

EXAMPLE22

35 6-METHYL-7-PHENYL-5,7,13-TRIAZATETRACYCLO[9.3. 1.02"?0*3PENTADECA-
2(10).3,5,8-TETRAENE HYDROCHLORIDE

Utilizing the methods described in Example 21 and Example 20, 4,5-dinitro-10-aza-

tricyclo[6.3.1.07Jdodeca-2(7).3,5-triene-10-carboxylic acid tert-butyl ester and aniline were

sy
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5_converted to the title compound. 'H NMR (400 MHz, DMSO-d.) 6 7.79 (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=11.0 Hz, 1H). APCI

MS m/e 290.2 [(M + 1)"]. mp >250 °C.

EXAMPLE 23

10 7-NEOPENTYL-5,7,13-TRIAZATETRACYCLO[9.3. 1.0%"9.0*}PENTADECA-

2(10),3,5.8-TETRAENE HYDROCHLORIDE
Utilizing the methods described in Example 18A-D,  4,5-dinitro-10-aza-

tricyclo[6.3.1.07-Jdodeca-2(7),3,5-triene-10-carboxylic acid tert-butyl ester and

neopentylamine were convertedto the title compound. t-Boc precursor GCMS m/e 369 (M*).
15 (HCI salt) mp >250 °C.

EXAMPLE 24

6-METHYL-7-NEOPENTYL-5,7,13-TRIAZATETRACYCLO.3.1.0 2”OPEN TADECA-2(10),3,5.8-
TETRAENE HYDROCHLORIDE ,

20 Utilizing the methods described in Example 21 and 20, 4,5-dinitro-10-aza- 
tricycio[6.3.1 .0*"|dodeca-2(7),3,5-triene-10-carboxylic acid tert-butyl ester and

neopentylamine were convertedto the title compound. 'H NMR (400 MHz. DMSO-d,) 6 7.31
(s ,1H), 7.27 (Ss 1H), 7.02 (brs, , NH), 4.41 (t, J=13.0 Hz, 2H), 3.90 (s, 3H), 3.47-3.26 (m. 6H),

2.20 (m, 1H), 2.00 (d, J=11.5 Hz, 1H), 0.90 (s. 9H). t-Boc precursor APCI MS m/e 384.2 [(M +

25. 1)"]. mp >250 °C. 
‘ee

EXAMPLE 25

67-DIMETHYL-5.8,14-TRIAZATETRACYCLOJ10.3.1 07"OSHEXADECA2(1 1),3,5,7,9-PENTAENE
HYDROCHLORIDE (Based on the following procedure: Jones, R. G.; McLaughlin, K. C. Org.

30 Syn. 1963, 4, 824. b) Ehrlich, J., Bobert, M. T. J. Org. Chem. 1947, 522.)
4.5-Diamino-10-aza-tricyclo[6.3.1.07Jdodeca-2(7),3,5-triene-10-carboxylic acid tert-

butyl ester (100 mg, 0.35 mmol) was warmed to 80 °C in H,O (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 (3 x 40 ml). The combined organic layer was

35. washed with HO (2 x 30 ml), dried (Na,SQ,), filtered. concentrated and chromatographed on

Silica gel to provide an oil (120 mg, 100%). The oil was dissolved in 2N HCI MeOH (5 mL) and
warmed to reflux for 30 minutes. then concentrated. Recrystallization from MeOH/Et,O

provided a white powder (50 mg. 43%). (TLC EtOAc R, 0.14). 'H NMR (400 MHz, DMSO-d,)
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5 687.85 (s, 2H), 3.50 (brs, 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, 1H). t-Boc precursor APCI MS mre 340.3 [(M + 1)"].

EXAMPLE 26

5,8,14-TRIAZATETRACYCLOJ10.3. 1.020*2]HEXADECA-2(11),3,5,7,9-PENTAENE
10 HYDROCHLORIDE

A) 1-(4,5-Diamino-10-aza-tricyclo[6.3. 1.077 dodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-
ethanone

1-(4,5-Dinitro-10-aza-tricyclo[6.3.1.07Jdodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-

 

ethanone (3.0 g, 8.70 mmol) was hydrogenated in MeOH (30 ml) under H, (45 psi) over

15 Pd(OH), (300 mg of 20 wt%/C, 10%wt). After 2.5 hours the reaction wasfiltered through a

Celite pad and rinsed with MeOH (30 mi). The solution was concentrated to a light brownoil

which crystallized (2.42 g, 96%). (TLC 10% MeOH/CH,Clz R,; 0.56). APCI MS m/e 286.2 [(M +

1)"]. mp 129-131 °C.

20 B) 1-(5,8,14-Triazatetracycto[10.3.1.0°*.0“*]hexadeca-2(11),3.5,7,9-pentaene)-2,2,2-
trifluoro-ethanone

1-(4.5-Diamino-10-aza-tricyclo[6.3.1 .0?"]dodeca-2(7),3,5-trien-10-y!)-2,2,2-trifluoro-

ethanone (500 mg, 1.75 mmol) wasstirred in THF (2 ml). This mixture was treated with H,O

(2 mL) and glyoxal sodium bisulfite addition compound hydrate (931 mg, 3.50 mmol) then

25 stirred at 55 °C for 2.5 hours. The reaction was cooled to room temperature and extracted

with EtOAc (3 x 40 ml). The combined organic layer. was washed with H,O (2 x 30 ml), dried

 
(Na,SO,), filtered. concentrated and chromatographed on Silica gel to provide an off white

powder(329 mg, 60%). (TLC 25% EtOAc/hexanes R, 0.40). mp 164-166 °C.

30 C) 5,8,14-Triazatetracyclo[10.3.1 .0*""0*"Ihexadeca-2(1 1),.3.5,7,9-pentaene
hydrochioride

1-(5,8,14-Triazatetracyclo[10.3.1.07''.0*}nexadeca-2(11),3.5,7,9-pentaene)-2,2,2-

trifluoro-ethanone (320 mg, 1.04 mmol) was slurried in MeOH (2.0 ml) and treated with

Na,CO, (221 mg, 2.08 mmo!) in H2O (2.0 mi). The mixture was warmed to 70 °C for 2 hours.

35 then concentrated, treated with H,O (20 mL) and extracted with CHCl, (3 x 10 ml). The

organic layer was dried through a cotton plug and concentrated to give a light yellow oil (183

mg. 83%) which solidified upon standing (mp 138-140 °C). This material was dissolved in

MeOH (10 mL), treated with 3M HCVEtOAc (3 mi), concentrated and azeotroped with MeOH

Sle
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5 (2 x 20 mL)to give solids which were recrystallized from MeOH/Et,O to afford product as a
white solid (208 mg, 97%). (TLC 5% MeOH/CH,Cl, (NH3) R, 0.26). 'H NMR (400 MHz.

CD,OD) & 8.94 (s. 2H), 8.12 (s, 2H), 3.70 (m, 2H), 3.54 (d. J=12.5 Hz, 2H), 3.35 (d, J=12.5

Hz, 2H), 2.49 (m, 1H), 2.08 (d, J=11.0 Hz. 1H). GCMS me 211 (M*). mp 225-230 °C.

10 EXAMPLE 27

44.METHYL-5.8,14-TRIAZATETRACYCLO10.3.1.0"OFHEXADECA.2(11),3,5,7.9PENTAENE
HYDROCHLORIDE

5,8,14-Triazatetracycio(10.3.1.0

0.98 mmol) was treated with 37% aqueous formaline solution (1 mL) and formic acid (1 mL)

2.11 94Ihexadeca-2(11),3,5,7,9-pentaene (207 mg.

15_then warmedto 80 °C for 1 hour. The reaction was poured into water, made basic (NaOH, pH

~11) and extracted ‘with EtOAc. The organic tayer was dried (Na2SO,), concentrated and

chromatographed onSilica gel to provide a yellow solid. This wasstirred in MeOH (2 mL) and

treated with 3N HCI EtOAc (2 mL). After concentration the solids were recrystallized from .

MeOH/Et,O to afford product as a white solid (70 mg, 27%). (2% MeOH/CH,Cl, (NH3) R,

20 0.47). 'H NMR (400 MHz, CDCIls) 5 8.71 (s, 2H), 7.80 (s, 2H), 3.37 (br s, 2H), 3.03 (m, 2H),

2.47 (m, 2H), 2.32 (m, 1H), 2.18 (brs. 3H), 1.84 (d, J=11.0 Hz, 1H). APCI MS m/e 226.2 [(M +

1)". mp >250 °C.

 
ae

EXAMPLE 28

25 5-OXA-7,13-DIAZATETRACYCLO[Q.3. 1.07.0*}PENTADECA-2(10),3,6,8-
TETRAENE HYDROCHLORIDE

A) 2.2.2-Trifluoro-1-(4-hydroxy-5-nitro-10-aza-tricyclo[6.3.1.0%|dodeca-2(7),3.5-trien-

10-yl)-ethanone

1-(4,5-Dinitro-10-aza-tricyclo[6.3.1 .0?"Jdodeca-2(7),3,5-trien-10-y!)-2,2.2-trifluoro-

 
30 ethanone (900 mg, 2.61 mmol) and potassium acetate (KOAc) (2.6 g, 26.1 mmol) were

dissolved in OMSO (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(6 x 25 mL).

The organic layer was washed with H,O (3 x 20 mL), dried (Na,SO,), filtered and

concentrated and purified by chromatography to give an oil (575 mg, 70%). (TLC 50%

35  EtOAc/hexanes (NH;) R; 0.56}
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2.2,2-Trifluoro-1-(4-hydroxy-5-amino-10-aza-tricyciof6.3.1.0

trien-10-yl)-ethanone

2,2,2-Triftuoro-1-(4-hydroxy-5-nitro-10-aza-tricyclo[6.3.1.0°”]dadeca-2(7),3,5-trien-10-

2dodeca-2(7).3.5-  

yl)-ethanone (575 mg, 1.82 mmol) was hydrogenated in MeOH under a H, atmosphereat (45

psi) over 10%Pd/C (80 mg) for 1.5 hours then filtered through a Celite pad and concentrated

10 to white solids (450 mg, 86%). (TLC 5% MeOH/CH,Cl, (NH;) R, 0.6). 'H NMR (400 MHz,

CD,OD) 5 6.67-6.59 (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, 1H), 1.94 (d, J=10.5 Hz, 1H). GCMS mre 286 (M°).

C) 2,2,2-Trifluoro-1-(5-oxa-7, 13-diazatetracycto{9.3.1.02"°0*"Jpentadeca-2(10),3,6.8-

15 tetraene)-ethanone(Goldstein, S. W.; Dambek, P. J. J. Het. Chem. 1990, 27, 335.)

2,2,2-Trifluoro-1-(4-hydroxy-5-amino-10-aza-tricyclo[6.3.1 .0?"|dodeca-2(7),3,5-trien-

 

10-yl)-ethanone (150 mg, 0.524 mmol), trimethyl orthoformate (0.19 mL. 1.73 mmol).

pyridinium-p-toluenesulfonic acid (PPTS, 18 mg, 0.07 mmol!) and xylenes (10 mL) were

combined under nitrogen and stirred at 135 °C for 18 hours. The mixture was cooled, treated

20 with H,O and extracted with EtOAc. The extracts were dried (Na,SO,), filtered. concentrated

and purified by chromatography to give an oil (110 mg, 71%). (TLC 20% EtOAc/hexanes R,

0.40)

D) 5-Oxa-7, 13-diazatetracyclo[9.3.1.0*"*.0**]pentadeca-2(10),3.6,8-tetraene
25 hydrochloride .

2.2.2-Trifluoro-1-(5-oxa-7,13-diazatetracyclo[9.3.1.0*'°.0**}pentadeca-2(10),3,6.8-

 
tetraene)-ethanone (110 mq, 0.37 mmol) wasstirred 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.

concentrated to solids, diluted with H,O and extracted with EtOAc (3 x 40 mL). The product

30 was extracted into aqueous 1N HCI solution (2 x 40 mL) which was washed with EtOAc then

neutralized with saturated aqueous Na,CO, solution to pH~10. The product was extracted

with EtOAc (3 x 40 mL), dried (Na,SO,), concentrated and chromatographed on Silica gel to

produce anoil. (TLC 5% Me@OH/CH,Ci, (NH3) R; 0.19).
The oil was dissolved in MeOH andtreated with 3N HCI EtOAc (4 mL) then

35 concentrated, stirred in a minimum of CH,Cl, and saturated with hexanes. After 18 hours, the

product was collected byfiltration (55 mg, 63%). ‘H NMR (400 MHz, CD,OD) & 8.47 (s, 1H),

7.70 (s. 1H), 7.65 (s, 1H), 3.41 (m, 2H), 3.30 (m, 2H), 3.10 (d, J=12.5 Hz, 2H), 2.47 (mm, 1H).

2.15 (d. J=11.0 Hz, 1H). APCI MS mre 201.03 [(M + 1)°).
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5 EXAMPLE 29

6-METHYL-5-OXA-7,13-DIAZATETRACYCLO(Q.3. 1.02"0*4}PENTADECA-
2(10),3,6,8-TETRAENE HYDROCHLORIDE

A) -2.2,2-Trifluoro-1-(6-methy! 5-oxa-7,13-diazatetracyclo[9.3. 1.07"0*®|pentadeca-
2(10),3,6,8-tetraene)-ethanone

10 2,2,2-Trifluoro-1-(4-hydroxy-5-amino-10-aza-tricyclo(6.3.1 .0?}dodeca-2(7),3,5-trien-

 

 

 

10-y!)-ethanone (150 mg, 0.524 mmol), triethy! orthoacetate (0.34 mL, 1.83 mmol), pyridinium-

p-toluenesulfonic acid (PPTS, 20 mg, 0.08 mmol) and xylenes (10 mL) were combined under

nitrogen and stirred at 135 °C for 18 hours. Workup, isolation and purification as in Example

28C provided the title compound (90 mg, 55%).

15

B) 6-Methyl-5-oxa-7, 13-diazatetracycio[9.3. 1.07"0**)pentadeca-2(10),3,6,8-tetraene

hydrochloride

2,2,2-Trifluoro-1-(6-methy| 5-oxa-7,13-diazatetracyclo(9.3.1.02.1994Inentadeca-

2(10),3,6,8-tetraene)-ethanone (90 mg, 0.30 mmol) was stirred in MeOH (5 mL) and treated

20 ~=with Na,CO, (61 mg, 0.58 mmol) in H,O (2 mL). The stirred mixture was warmed to 80 °C for

2 hours, concentrated to solids, diluted with H,O and extracted with EtOAc (3 x 40 mL). The

solution was dried (Na,SO,), concentrated, and chromatographed on Silica gel to produce an

oil. (TLC 10% MeOH/CH,Cl, (NH3) R, 0.18). 'H NMR (free base) (400 MHz, CDCI) & 7.40 (s,

1H), 7.26 (s, 1H), 3.05-2.98 (m, 4H), 2.72 (d, J=12.8 Hz, 2H), 2.59 (s, 3H), 2.46 (m, 1H), 1.98

25 (cd, J=10.5 Hz, 1H).

The oil was dissolved in MeOH and treated with 3N HCI EtOAc (4 mL) then

 
concentrated, stirred in a minimum of CH,Cl, and saturated with hexanes. After 18 hours, the

product wascollected byfiltration (10 mg, 13%). APCI MS m/e 215.2 [(M + 1)"]. mp >250 °C.

30 EXAMPLE 30

2-FLUORO-N-(5-HYDROXY-10-AZA-TRICYCLOJ[6.3.1 .0?|DODECA-2( 7),.3,5-

TRIEN-4-YL)-BENZAMIDE HYDROCHLORIDE

2,2,2-Trifluoro-1-(4-hydroxy-5-amino-10-aza-tricyclo[6.3.1.0°’]dodeca-2(7),3,5-trien-

10-yl)-ethanone (150 mg, 0.524 mmol), 2-fluorobenzoyl chloride (0.07 mL, 0.576 mmol),

35 pyridinium-p-toluenesuifonic acid (PPTS, 20 mg, 0.08 mmol), pyridine (0.046 mL. 0.576 mmol)

and xylenes (5 mL) were combined undernitrogen and stirred at 135 °C for 18 hours. After 24

hours, additional PPTS (50 mg) was added and the material stirred at 135 °C for an additional

24 hours. Workup as above provided crude product (145 mg, 0.375 mmol) which was
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5 combined with Na,CO,(s) (80 mg, 0.75 mmol) in MeOH (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

CH,Cl, (4 x 40 mL), dried through a cotton plug then chromatographed to remove baseline

impurity (5% MeOH/CH,CI, (NH3)). The crude material was treated with excess 3N HCl

EtOAc and concentrated, then dissolved in a minimum of MeOH and the solution was

10 saturated with Et,O andstirred. After stirring 4 hours the product was collected by filtration

(85 mg, 68%). 'H NMR (400 MHz, CD,OD)5 7.99 (m. 2H), 7.59 (m, 1H), 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.).

15 EXAMPLE 31

4-CHLORO-10-AZATRICYCLOI6.3.1.0PDODECA-2(7),3.5-TRIENE HYDROCHLORIDE
A) 1-(4-Chloro-10-aza-tricyclo[6.3.1 .0*Idodeca-2(7),3,5-trien-10-yl)-2,2.2-trifluoro-

ethanone

   

Copper(!)chloride (CuCl) was prepared as follows: CuSO, (4.3 g) and NaCl (1.2 g)

20 were dissolved in hot H,O (14 mL). sodium bisulfite (NaHSO3;) (1 g) and sodium hydroxide

(NaOH) (690 mg) were dissolved in H,O (7 mL) and addedto the hot acidic solution over 5 
minutes. The precipitated white solids werefiltered and washed with water.

1-(4-Amino-10-aza-tricyclo[6.3.1 .0?"Jdodeca-2(7),3,5-trien-1 0-yl)-2,2,2-trifluoro-

ethanone (460 mg, 1.7 mmol) was dissclved in H,O (2 mL) and concentrated HCI solution(1

25 mL) then cooled to O °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 concentrated HCI solution (2 mL) over 10 minutes (gas evolution

observed). The resulting solution was warmed to 60 °C for 15 minutes, then was cooled to

room temperature and extracted with EtOAc (4 x 30 mL). After drying over Na2SO,, the

30 solution was filtered and concentrated to an oil which wasfiltered through a Silica pad to

remove baseline material eluting with 50% EtOAc/hexanesto give an oil (470 mg, 95%).

B) 4-Chloro-1 0-azatricyctof6.3.1 .0*|dodeca-2(7),3,5-triene hydrochloride
1-(4-Chloro-10-aza-tricyclo[6.3. 1.07Jdodeca-2(7),3,5-trien-10-yl)-2,2.2-trifluoro-

35. ethanone (470 mg, 1.62 mmol) and Na,CO, (344 mg, 3.24 mmol) in MeOH (30 mL) and H,O

(10 mL) were heated to reflux. After 2 haurs, the reaction was cooled and diluted with water

then extracted with EtOAc (4 x 40 mL), dried (Na,SO,). filtered and concentrated to a yellow

oil The crude material was treated with excess 3N HCl EtOAc and concentrated. then

6°
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5 dissolved in a minimum of CH.CI, and the solution was saturated with hexanes andstirred.

After stirring 4 hours the product was collected byfiltration (155 mg, 42%). 'H NMR (free

base) (400 MHz, CDCl) 8 7.15 (m, 2H), 7.09 (d, J=8.0 Hz, 1H), 3.00-2.94 (m, 4H), 2.68, (m,

2H), 2.38 (m, tH), 1.92 (d, J=10.5 Hz. 1H). 'H NMR (HCI salt) (400 MHz, DMSO-d.) 5 7.30-
7.20 (m, 3H), 3.30-3.15 (m, 6H), 2.37 (m. 1H), 1.89 (d, J=11.0 Hz, 1H). APCI MS m/e 194.1

10 [(M + 1)’].

EXAMPLE 32

10-AZATRICYCLOJ6.3.1.0~2,7~]DODECA-2(7),3,5-TRIEN-4-YL CYANIDE

HYDROCHLORIDE

15 A) 1-(4-lodo-10-aza-tricyclo[6.3. 1.0%

ethanone

1-(4-Amino-10-aza-tricyclo[6.3.1 .0?"}dodeca-2(7), 3,5-trien-10-yl)-2,2,2-trifluoro-

     

dodeca-2(7).3,5-trien-10-yl  

ethanone (500 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,
20 2.04 mmoi) in H,O (2 mL) dropwise. Potassium iodide (460 mg, 2.78 mmol) in 1N H,SO,

solution (0.5 mL) was added over 10 minutes (reaction becomes dark red). The resulting

solution was warmed to room temperature and stirred 18 hours. The reaction was quenched

with NaHSO,; and water (pH 2.5) then extracted with EtOAc (4 x 30 mL). After drying
(Na,SO,), the solution was filtered and concentrated to a yellow oil which was

25 chromatographed on Silica gel to provide a yellow oil. (260 mg, 37%). (TLC 30%

EtOAc/hexanes R, 0.70). (A 5.4 g scale performed as aboveyielded 5 g, 67%).

 
B) 4-lodo-10-aza-tricyclo 6.3.1.0*Jdodeca-2(7),3,5-triene-10-carboxylic acid tert-buty!

ester

30 1-(4-lodo-10-aza-tricyclo[6.3. 1.07]dodeca-2(7),3,5-trien-10-yl)-2.2,2-trifluoro-

ethanone (5 g, 13.1 mmol) and 37% saturated aqueous NH,OHsolution (50 mL) werestirred

in MeOH (250 mi) for 2 hours then concentrated and azeotroped with MeOH (2 x 50 mL). The

resulting product wasstirred in 1,4-dioxane (75 mL) and treated with saturated Na,CO,
solution (15 mL). To this was added di-t-butyldicarbonate (5.71 g, 26.2 mmol). After stirring

35 18 hours the reaction was treated with H,O ( 50 mL) and extracted with CH,Cl, (4 x 30 mL),

dried (Na,SO,), filtered, concentrated and chromatographed on Silica gel (TLC 20%

EtOAc/hexanes) to provide product as an oil (4.9 g, 98%).

6)
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  5 C) 4-Cyano-10-aza-tricyclo[6.3.1.07"]dodeca-2(7),3,5-triene-10-carboxylic acid tert-

butyl ester (Utilizing the methods described in: House, H. O.; Fischer, W. F. J. Org. Chem.

1969, 3626.)

CuCN (108 mg, 1.21 mmol) and NaCN (59 mg, 1.21 mmol) were combined in dry

OMF (6 mL) and warmed to 150 °C under Nz. Solution occurs in 20 minutes. To this was

10 added 4-iodo-10-aza-tricyclo[6.3. 1.07”}dodeca-2(7),3,5-triene-10-carboxylic acid tert-butyl
ester (232 mg, 0.6 mmol) in DMF (3.5 mL) and the mixture wasstirred for 18 hours at 150 °C.

The reaction was cooled and diluted with 50% saturated aqueous NaCl solution and extracted

with 50% EtOAc/hexanes (3 x 30 mL). After drying (Na,SO,), filtration and concentration the

product was isolated by chromatography (86 mg, 50%). (TLC 20% EtOAc/hexanes R, 0.28).
15

D) 10-Azatricyclo[6.3.1.0-2,7~]dodeca-2(7),3,5-trien-4-yl cyanide hydrochloride

4-Cyano-10-aza-tricyclo[6.3.1.07Jdodeca-2(7),3,5-triene-10-carboxylic acid tert-buty!
   

ester was treated with 3N HC! EtOAc (6 mL) and warmed to reflux for 2 hours, then

concentrated, dissolved in a minimum of MeOH which wassaturated with Et,O and stirred 18

20 hours. The product wascollected byfiltration-(49 mg, 73%). 'H NMR (400 MHz, DMSO-d,) 5

9.66 (brs. NH), 7.86 (br s, NH), 7.74-7.70 (m, 2H), 7.49 (d, J=7.5 Hz, 1H), 3.33-2.97 (m, GH),

2.17 (m, 1H), 2.01 (d, J=11.0 Hz. 1H). GCMS m/e 184 (M*). mp 268-273 °C.

EXAMPLE 33

25 3-(10-AZATRICYCLO[6.3.1 .0?")|DODECA-2(7 ).3.5-TRIEN-4-YL)-5-METHYL-1,2,4-

 
OXADIAZOLE HYDROCHLORIDE

4-Cyano-10-aza-tricyclo(6.3.1.07Jdodeca-2(7).3.5-triene-10-carboxylic acid tert-butyl

ester (300 mg, 1.1 mmol) wasstirred in EtOH (10 mL). To this hydroxyl amine hydrochloride

(382 mg, 5.5 mmol) and NaOH (242 mg, 6.05 mmol) were added and the mixture was warmed

30 to reflux. After 45 minutes, the reaction was cooled. diluted with H,O and extracted with

EtOAc. The organic layer was dried (Na,SO,) and concentrated to afford a yellow solid (110

mg, 0.35 mmol). This solid was dissolved in pyridine (1 mL) and treated with acety! chloride
(0.03 mL, 0.415 mmol) and warmed to 100°C for 18 hours. The reaction was cooled, treated

with H,O and extracted with EtOAc. The organic extracts were washed with water and

35 saturated aqueous NaCl solution. dried (Na,SQ,) and concentrated. Chromatography on

Silica gel afforded product (50 mg, 0.15 mmol). (25% EtOAc/hexanes R, 0.18). This product
was treated with 2N HCI MeOH (10 mL), heated to 70 °C for 1 hour, cooled. concentrated and

recrystallized from MeOH/Et,O to provide product (15 mg). APCI MS mre 242.2 [(M + 1)*].

6
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5 EXAMPLE 34

1-(10-AZATRICYCLO[6.3.1.027]JDODECA-2(7),3,5-TRIEN-4-YL)-1-ETHANONE

HYDROCHLORIDE

A) __1-(4-Acetyl-10-aza-tricyclo[6.3. 1.0%
ethanone

10 1-(10-Aza-tricyclo[6.3.1 .0?"]dadeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-ethanone (253

  

dodeca-2(7).3,5-trien-10-yl)-2,2,2-trifluoro-  

mg, 1.0 mmol) and AcC! (0.68 mL, 10 mmol) were dissolved in DCE (3 mL) and treated with

aluminum chloride (AICI,) (667 mg, 5.0 mmol). The resuiting yellow mixture wasstirred for 30

minutes then poured over ice and saturated aqueous NaHCO, solution. After stirring 20

minutes the mixture was extracted with CH2Cl, (3 x 30 mL). The organic layer was dried

15 through a cotton plug then concentrated to a orange-yellow oil (255 mg, 86%).

B) 4-Acety!-10-aza-tricyclo[6.3.1.0*|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-yl)-2,2,2-trifluoro-

20 ethanone (1.3 g, 4.37 mmol) and 37% aqueous NH,OHsolution (10 mL) were stirred in MeOH

(30 ml) for 3 hours, then concentrated and azeotroped with MEOH (2 x 50 mL). (This product

could be converted to an HCIsalt 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-butyldicarbonate (1.91 g, 8.74 mmol). After stirring 2 hours. the reaction

25 was treated with H,O (50 mL), extracted with CHCl, (4 x 30 mL), dried (Na,SO,). filtered,

 
concentrated and chromatographed to provide an oi (1.3 g, 100%). (TLE 40%

EtOAc/hexanesR, 0.56).

C) 1-(10-Azatricyclo 6.3.1.0*|dodeca-2(7),3.5-trien-4-yl)-1-ethanone hydrochloride
30 4-Acetyl-10-aza-tricyclo[6.3.1.07}dodeca-2(7),3,5-triene-10-carboxylic acid tert-butyl

ester (190 mg, 0.63 mmol) was treated with excess 3N HC! EtOAc and warmedto 70°C for 1

hour then concentrated and dissolved in a minimum of MeOH. The resulting solution was

saturated with Et,O and stirred. After 18 hours the white crystalline product was collected by

filtration (81 mg, 54%). ‘H NMR (400 MHz, DMSO-d,) 5 9.75 (br s, NH), 7.89 (s, 1H), 7.88 (d,

35 J=8.0 Hz, 1H), 7.74 (brs, NH), 7.44 (d, J=8.0 Hz, 1H), 3.33 (brs. 2H), 3.22 (br s, 2H), 3.00 (br

m, 2H), 2.54 (s, 3H). 217 (m. 1H), 2.02 (d, J=11.0 Hz. 1H). GCMS me 201 (M*). mp 198-202
°C.

64
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5 EXAMPLE35

10-AZATRICYCLOJ6.3.1.0#JDODECA-2(7).3,5-TRIEN-4-OL HYDROCHLORIDE

A) Acetic acid 10-trifluoroacetyl-10-aza-tricycio 6.3.1.024dodeca-2(7),3,5-trien-4-yi
  

 
ester

1-(4-Acetyl-10-aza-tricyclo[6.3.1.0° ‘\dodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-

10 ethanone (2.5 g, 8.41 mmol) and 3-chioroperoxybenzoic acid (m-CPBA) (7.5 g. 42 mmol)

were stirred in CHCl, (20 mL) and warmed to 40°C for 18 hours. The mixture was cooled to

room temperature, then treated with dimethylsulfide (Me2S) (3 mL, 40.8 mmol) and stirred 24

hours. The resulting mixture was poured into ice and saturated aqueous Na,CO,solution

(100 mi) then extracted with Et,O (4 x 40 mL). The organic tayer was washed saturated

15 aqueous Na,CO,solution (3 x 40 mL) then dried (Na,SO,,), filtered and concentrated to afford

an oil (1.83 g, 69%). (TLC EtOAc R, 0.80).

-10-aza-tricyclo(6.3.1 .0*Ydodeca-2(7).3,5-trien-10-yl)-B) 2.2,2-Trifluoro-1-(4-hydrox  
ethanone

20 Acetic acid 10-trifluoroacetyl-10-aza-tricyclo[6.3.1.07’]dodeca-2(7),3,5-trien-4-y! ester
(900 mg, 2.87 mmol) wasstirred in MeOH (20 mL) and saturated aqueous NaHCO,solution

(15 mL) for 48 hours. The mixture was concentrated, diluted with H,O and extracted with

CH,Cl, (3 x 20 mL) then dried through a cotton plug. Chromatography onSilica gel provided

pure product (420 mg, 54%). (TLC 5% MéOH/CH,Cl, R, 0.44). 'H NMR (400 MHz, CDCI) 3

25 7.05 (m, 1H), 6.70 (m, 1H), 6.62 (m, 1H), 4.32 (m, 1H), 3.84 (m, 1H), 3.48 (m, 1H), 3.21 (brs;

1H). 3.16 (brs, 1H), 3.09 (m, 1H), 2.38 (m. 1H), 1.97 (d, J=11.0 Hz, 1H).

 
C) 10-Azatricyclo[6.3.1.07|dodeca-2(7).3,5-trien-4-ol hydrochloride
2.2,2-Trifluoro-1-(4-hydroxy-10-aza-tricyclo[6.3.1.0°"|dedeca-2(7),3,5-trien-10-yl)-

30 ethanone (50 mg, 0.184 mmol) was dissolved in MeOH/H,O (3/1, 5 mL), treated with

Na2CO,(s) (40 mg, 0.369 mmol) and warmed to 65°C for 2 hours. The mixture was

concentrated, diluted with HO and extracted with CHCl, (3 x 20 mL) then dried through a

cotton plug. Filtration through a Silica gel plug provided an ail (10% MeOH/CH,Cl,) which

was treated with 3N HCI EtOAc (3 mL) then concentrated. dissolved in a minimum of MeOH

35 which wassaturated with Et,O and stirred. After 18 hours the white crystalline product was

collected byfiltration (10 mg, 26%). 'H NMR (400 MHz. CDOD;,)6 7.16 (d, J=8.0 Hz, 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),

2.32 (m, 1H), 2.03 (d, J=11.0 Hz, 1H). APCI MS mre 176.2 [(M + 1)"]. mp 308 (dec.) °C.

64
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5 EXAMPLE 36 -

7-METHYL-5-OXA-6, 13-DIAZATETRACYCLOJ9.3.1.07"°0**JPENTADECA-
2.4(8).6,9-TETRAENE HYDROCHLORIDE

A) -1-(4-Acetyl-5-hydroxy-10-aza-tricyclo 6.3.1.0*Jdodeca-2(7).3,5-trien-10-yl)-2,2,2-
trifluoro-ethanone

10 Acetic acid 10-trifluoroacetyl-10-aza-tricyclo[6.3.1.07”]dodeca-2(7),3,5-trien-4-yl ester

 

 

 

(800 mg, 2.55 mmol) was combined with AICI, (1.0 g, 7.65 mmol) and warmed to 170°C for 2
hours. The mixture was cooled and treated with 1N 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, CDCI) & 12.58 (s, 0.5H), 12.52 (s, 0.5H), 7.53 (s, 1H), 6.86 (s,

15 1H), 4.33 (m, 1H), 3.91 (m, 1H), 3.56 (m, 1H), 3.28 (br s, 1H), 3.24 (brs, 1H), 3.14 (m, 1H),

2.35 (m, 1H), 1.97 (ord, J=114.2 Hz, 1H).

2.2,2-Trifluoro-1-[4-hydroxy-5-( 1-hydroxyimino-ethy!)-10-aza-

tricyclo[6.3.1 .0*|dodeca-2(7),3,5-trien-1 0-y!j-ethanone
20 1-(4-Acetyl-5-hydroxy-10-aza-tricyclo[6.3. 1 .0?’]dodeca-2(7).3,5-trien-1 Q-yl)-2.2,2-ty

  

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 concentrated to provide a yellow oil (177 mg, 93%).   
25

Cc .2.2.2-Trifluoro-7-Methy!-5-oxa-6, 13-diazatetracyclo[9.3.1.0%*0*"|pentadeca-

2.4(8),6,.9-tetraene-ethanone

The above oil, 2,.2,2-trifluoro-1-[4-hydroxy-5-(1-hydroxyimino-ethy!)-10-aza-

tricyclo[6.3. 1.07’]dodeca-2(7),3.5-trien-10-yl]-ethanone (177 mg, 0.54 mmol) was stirred in

30 DCE (3 mL), treated with triethylamine (0.4 mL, 2.8 mmol) and acetic anhydride (Ac,O) (0.3

mL, 2.8 mmol) then stirred 18 hours. The reaction was treated with H,O and extracted with

EtOAc. The extracts were dried (Na,SO,). filtered and concentrated to a yellow oil which was

dissoived in anhydrous DMF (3 mL) and treated with 60% NaHin oi! (32 mg, 1.08 mmol).

After stirring 18 hours, additional (0% NaH in oil was introduced (33 mg) and the mixture was

35 stirred 2 hours. The reaction was quenched with H,O (5 mL) and extracted with 80%

EtOAc/hexanes (3 x 30 mL). The organic layer was washed with HO (3 x 20 mL), dried

(Na,SO,), filtered and concentrated and chromatographed to provide an oil (40%

EtOAc/hexanes R, 0.56).
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D) _7-Methy!-5-oxa-6,13-diazatetracyclo[9.3. 1.0?"0*"|pentadeca-2,4(8).6,9-tetraene
hydrochloride

Utilizing the methods described in Example 9C, 2,2,2-Trifluoro-7-Methyl-5-oxa-6, 13-

 

diazatetracyclo[9.3.1.07'°.0**}pentadeca-2.4(8),6.9-tetraene-ethanone was converted to the

10 title compound. This wastreated with 3N HCI EtOAc (3 mL), concentrated and dissolved in a

minimum of CHCl, 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,

DMSO-d.) 6 7.72 (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). APCI MS mye 215.2 [((M + 1)"].

 

   

15

EXAMPLE 37

razol-3-yl)-10-aza-tricycio 6.3.1.0*Jdodeca-2(7),3,5-triene
hydrochloride and 4-(1-Methyl-1H-pyrazol-3-yl)-10-aza-tricyclo[6.3.1. 0*dodeca-2(7),3.5-
triene hydrochloride

20 1-(4-Acetyl-10-aza-tricyclo[6.3.1 07 "}dodeca-2(7),3,5-trien-1 0-y1)-2,2,2-trifluoro-

ethanone (1.0 g, 3.3 mmol) and dimethylformamide dimethylacetal (DMF-DMA) (4.0 g, 33.6

mmol) were warmed to 140°C for 18 hours. After cooling, a crystalline precipitate wasfiltered

and rinsed with EtOAc (690 mg, 58%).

The above solid. 3-dimethylamino-1-(10-trifluoroacetyl-10-aza-

25 tricyclo[6.3.1.0?]dodeca-2(7),3,5-trien-4-y!)-propenone, (200 mg, 0.56 mmol) was dissolved

in EtOH (2 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 of regioisomeric products (130 mg,

30 68%). (TLC 50% EtOAc/hexanes R, 0.40).

The aboveoil (130 mg, 0.388 mmol) and Na,CO3(s) (82 mg, 0.775 mmol) werestirred

in MeOH (10 mL) and HO (5 mL) for 18 hours. After cooling the reaction was diluted with

water, extracted with CH.CI, dried through a cotton plug and concentrated. The product was

purified by chromatography on Silica gel and concentrated to an oil. The salt was generated

35 with 2N HCI MeOH, concentrated and recrystallized from MeOH/EtOAc to provide a 3/1

mixture of regioisomeric pyrrazoles (85 mg, 58%). (5% MeOH/CH,Cl, (NH3) R, 0.25). TFA-

precursor APCI MS me 336.2 [(M+ 1) ‘].
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5 . EXAMPLE 38

4,5-DICHLORO-10-AZATRICYCLO{6.3.1.074}DODECA-2(7),3,5-TRIENE

HYDROCHLORIDE

A) 1-(4.5-Dichlaro-10-aza-tricyclo[6.3.1.0%4 dodeca-2(7).3,5-trien-10-yl)-2,2,2-trifluoro-
ethanone (Based on Campaigne, E.; Thompson, W. J. Org. Chem. 1950, 72, 629.)

10 1-(10-Aza-tricyclo[6.3.1.07Jdodeca-2(7),3,5-trien-10-yl)-2.2.2-trifluoro-ethanone (539

  

   

mg, 2.1 mmol) wasstirred in CHCl, (5 mL) and treated with ICI, (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, (3 x 25 mL), dried through a cotton plug and

concentrated to an oil (570 mg, 84%) (TLC 50% EtOAc/hexanesR,0.62).

15

B) 4,§-dichloro-10-azatricycto[6.3.1.0*”|dodeca-2(7),3,5-triene hydrochloride
1-(4,5-Dichloro-10-aza-tricyclo[6.3. 1.07”|]dodeca-2(7),3.5-trien-10-yl)-2,2,2-trifluoro-

ethanone (570 mg, 1.75 mmol) wasstirred in MeOH (25mL) and treated with Na,CO,(s) (5 g,

47 mmol) in H,O (5 mL). The stirred mixture was warmed to 70°C for 4 hours. concentrated

20 to solids, diluted with H,O and extracted with EtOAc (3 x 40 mL). The product was extracted

into 1N aqueous HCI solution (2 x 40 mL) which was washed with EtOAc then neutralized with

? saturated aqueous Na,CO,solution to pH~10. Product was extracted with CHCl, (3 x 40

mL), filtered through a cotton plug and concentrated to an oil (400 mg, 100%).

The oil was dissolved in MeOH and treated with 3N HC! EtOAc (4 mL) and

25 concentrated, then dissolved in a minimum of MeOH and which was saturated with Et,O and

 
stirred 18 hours. The product was collected by filtration (210 mg, 45%). (TLC 50%

EtOAc/hexanes (NH;) R, 0.08). 'H NMR (400 MHz, DMSO-d,) 5 7.58 (s. 2H), 3.33-2.97 (m,

6H). 2.18 (m. 1H), 1.99 (d, J=10.5 Hz. 1H). °C NMR (100 MHz.OMSO-d,) 5 141.02, 130.60,

126.58, 45.54. 40.55. 38.30. GCMS mre 227, 229 (M’). mp 283-291 °C.
30 .

EXAMPLE 39

N#.N*DIMETHYL-10-AZATRICYCLOJ6.3.1.0]DODECA-2(7),3,5-TRIENE-4-SULFONAMIDE
HYDROCHLORIDE ;

A) 10-Trifluoroacety!-10-aza-tricycio[6.3.1 .0?“\dodeca-2(7).3, 5-triene-4-sulfony!
35 chloride

1-(10-Aza-tricyclof6.3.1 .0*"Jdodeca-2(7),3,5-trien-10-yi)-2.2,2-trifluoro-ethanone (530

mg. 2.1 mmol) was added to chlorosulfonic acid (2 mL, 30 mmol) and stirred for 5 minutes.
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5 The mixture was quenched with ice, extracted with EtOAc, dried (Na,SO,), filtered and

concentrated to provide an oil (640 mg, 87%). (TLC 30% EtOAc/hexanes R, 0.15).

B)- N*,N* Dimethy|-10-azatricycto[6.3.1.0 dodeca-2(7).3,5-triene-4-sulfonamide
hydrochioride .

10 10-Trifluoroacetyl-10-aza-tricyclo(6.3.1 .07’Jdodeca-2(7),3,5-triene-4-suifony! chloride

(320 mg, 0.9 mmo!) wasstirred in THF (10 mL) and treated with 40% Me.NH/H,0 (1.5 mL).

After 10 minutes the mixture was concentrated and chromatographed on Silica gel (TLC 30%

EtOAc/hexanes R, 0.31) to provide an oil (256 mg, 78%). This material was dissolved in

MeOH (6 mL) and NH,OH (2 mL) and stirred 18 hours. The mixture was concentrated and

15 azeotroped from MeOH (3x) The resulting oil was disscived in MeOH andtreated with 3N HCl

EtOAc (4 mL), concentrated, dissoived in a minimum of MeOH and which wassaturated with

Et,O and stirred 18 hours. The product wascollected byfiltration as a white powder (163 mg,

59%). (TLC 10% MeOH/ CH,Cl, (NH3) R, 0.54). 'H NMR (data, free base) (400.MHz, CDCI,) 5:

7.64 (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,

20 J=12.5,2.2 Hz, 2H), 2.69 (s, 6H). 2.45, (m. 1H), 2.06 (d, J=11.0 Hz, 1H). ‘°C NMR (100 MHz,

CDCI,) 6 128.43, 124.16, 122.75. 46.67, 46.55, 42.11, 39,44, 37,81. GCMS m/e 266 (M’).

(data HC! salt) 'H NMR (400 MHz, DMSO-d.) 5 7.68-7.52 (3H), 3.38 (m, 2H), 3.24 (m, 2H),

3.04 (m. 2H), 2.58 (s, GH), 2.22 (m, 1H), 2.04 (d, J=11.0 Hz, 1H). GCMS m/e 266 (M"). Anal.

Calcd. for Cy3H,gN,O,HCt: C, 51.56; H, 6.32: N, 9.25. Found C, 51.36: H.6.09; N.9.09.
25

EXAMPLE 40

4-(1-PYRROLIDINYLSULFONYL)-10-AZATRICYCLO{6.3. 1.0*-JDODECA-2(7),3,5-
TRIENE HYDROCHLORIDE

The pyrrolidine anaiogue was prepared from 10-trifluoroacetyl-10-aza-

 
30 tricyclo(6.3.1.0?}Jdodeca-2(7),3.5-triene-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 conversionto the salt as in Example 39B
affords a white powder (189 mg. 63%). (TLC 10% MeOH/CH.Cl, (NH3) R,; 0.60). (TLC 50%

EtOAc/hexanes R, 0.65). 'H NMR (400 MHz, CDCI,) & 7.66 (d. J=8.0 Hz, 1H), 7.64(s, 1H),

35~—-7.37 (d, J=8.0 Hz, 1H), 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. CDCI,) 6 146.91, 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 m/e 293 [(M + 1) *]. (data HCI salt)

‘H NMR (400 MHz. DMSO-d.) & 9.78 (brs. NH), 8.1 (br s, NH), 7.73 (d, J =1.5 Hz,1H), 7.66

63
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5 (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, 1H), 1.66 (m, 4H). GCMS m/e 292 (M’). Anal. Caled. For C,3H,sN202HCI.1/2MeOH:C,

54.07; H, 6.47, N, 8.51. Found C, 53.98; H.6.72: N, 8.12

EXAMPLE41

10 5,13-DIAZATETRACYCLO[9.3.1 0248o** PENTADECA-2,4(8),9-TRIEN-6-ONE
HYDROCHLORIDE(Thetitle compound was prepared following the procedures described in

Quailich, G. J.: Morrissey, P. M. Synthesis 1993, 51-53, treating 4,5-dinitro-10-aza-

tricyclo[6.3.1 0?"|dodeca-2(7),3,5-triene-10-carboxylic acid tert-butyl ester as an equivalent to

an ortho fluoro pheny! moiety.) "H NMR (400 MHz, DMSO-d.) 5 10.42 (s, NH), 9.88 (br s,
15 NH), 7.52 (brs, 1H), 7.15 (s, 1H), 6.79 (s, 1H), 3.41 (d, J=5.0 Hz, 2H), 3.35-3.13 (m, 4H), 2.93

(m, 2H), 2.12 (m, 1H), 1.95 (d, J=11.5 Hz, 1H). APCI MS m/e 215.2 [(M + 1)’].

EXAMPLE 42

6-OX0-5-OXA-7,13-DIAZATETRACYCLO[9.3.1.0%*0*4}PENTADECA-2(10),3,6,8-
20 TETRAENE HYDROCHLORIDE(For references, see: Nachman, R. J. J. Het. Chem. 1982,

1545.)

2.2.2-Trifluoro-1-(4-hydroxy-5-amino-10-aza-tricyclo[6.3. 1.07”|dedeca-2(7),3.5-trien-

 
 

10-yl)-ethanone (317 mg, 1.11 mmol) was stirred in THF (10 mL), treated with

carbonyldiimidazole (269 mg, 1.66 mmol) and warmed to 60°C for 18 hours. The mixture was
25 concentrated, diluted with CH,CI, (50 mL) and washed with 1N aqueous HCI solution (3 x 10 

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.) 8
11.78 (s. NH), 9.56 (br s, NH), 7.63 (brs. NH), 7.24 (s, 1H), 7.07 (8.1H), 3.26 (br s, 2H), 3.16

30 (br t, J=9.5 Hz, 1H), 2.93 (br s. 1H), 2.18 (m, 1H), 1.97 (d, J=11.0 Hz, 1H). APCI MS m/e

217.2 [(M + 1)"].
EXAMPLE 43

3-TRIFLUOROMETHYL-10-AZA-TRICYCLO{6.3.1.0?]JDODECA-2(7).3.5-TRIENE

HYDROCHLORIDE (See Grunewaid, G. L., Paradkar, V. M.; Pazhenchevsky, B.: Pleiss, M.

35 A.: Sall, D. J.; Seibel, W. L.; Reitz. T. J. ¥. Org. Chem. 1983, 48, 2321-2327. Grunewald, G.

L.: Markovich. K. M.; Sall. 0. J. 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. “HNMR (400 MHz. CD3;OD)6 7.67-7.50

64
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5 (3H), 3.65 (brs, 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). APCI MS mye 228.2 [(M + 1)"]. (HCI salt) mp 275-277 °C. Anal. Calcd. for

Cy2H oF3N-HCI.1/3H,0: C, 53.44; H, 5.11: N. 5.19. Found C, 53.73; H, 4.83; N, 5.16.

EXAMPLE 44

10 3-PHENYL-10-AZA-TRICYCLOJ6.3.1.0**JDODECA-2(7),3,5-TRIENE
~ HYDROCHLORIDE

A)

methano-naphthalene

(Eisch, J. J.; Burlinson, N. E. J. Amer. Chem. Soc. 1976, 98, 753-761. Paquette, L.A;

15 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

§-Fluoro-1,4-dihydro-1,4-methano-naphthalene and 5-iodo-1,4-dihydro-1,4-   

a flame dried 2L 3 neck round bottom flask equipped with a non-equalizing addition funnel

with a N, flow adapter, magnetic stirrer and efficient condenser equipped with a Na» flow

adapter. The flask was stirred and warmedto reflux by a removable heating mantle. 2.6-

20 Difluoro-iodobenzene (0.3 g) was added followed by of 3N EtMgBr in THF (0.3 mL). The 
addition funnel was charged with an intimate mixture of cyciopentadiene (24.24 g, 367 mmol)Wn

cL and 2.6-difluoro-iodobenzene (88.0 g, 367 mmot). Small portions (~1 mL) of the intimate

mixture were introduced to assist initiation (~4x). After ~15 minutes, the reaction initiated

(exotherm, and vapor condensation) and heating was maintained as necessary during the

25 addition of the contents of the addition funnel. The reaction was then maintained at refiux for

~1 hour (no SM by GCMS).

The reaction was cooled to room temperature and quenched with H,O (200 mL)

 
followed by aqueous 1N HCl solution (200 mL) to dissolve the solids. Product was extracted

with hexanes (4 x 150 mL). The combined organic layer was washed with saturated aqueous

30 NaHCO,solution (150 mL), dried (Na,SO,), filtered through a Silica plug with hexanesrinse

and concentrated to an oil (70 g). Chromatography on Silica gel eluting with hexanes

provided two lots (9.0 and 21.0 g). which contained primarily 5-iodo-1,4-dihydro-1,4-methano-

naphthalene. (TLC hexanesR, 0.63).

B) 5-lodo-1,2,3,.4-tetrahydro-1,4-methano-naphthalene-2.3-diol  

35 5-lodo-1,4-dihydro-1,4-methano-naphthalene (20 g) and N-methyl morpholine N-oxide

(17.61 g. 130 mmol) were stirred in acetone (90 mL) and H,0 (13 mL). To this was added a
solution of OsO, (0.2 mL, 2.5%wt. solution in t-BuOH. 0.02 mmol). After 144 hours, florisil (5

g) and saturated aqueous NaHSO, solution (3 mL) were added andstirred for 1/2 hour. The
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5 mixture wasfiltered through a Celite pad andthefiltrate concentrated to produce an oil which

was purified by chromatography on Silica gel eluting with a gradient of hexanes to 100%

EtOAc to provide a yellow solid (13.73 g). APCI MS m/e 301.1 ((M - 1)"].
C) 10-Benzyl-3-iodo-10-aza-tricyclo[6.3.1.0*2\dodeca-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

10  Et,NBnC! (10 mg) were vigorously stirred in dichloroethane (25 mL) and H,0 (75 mL) then

treated with sodium periodate (6.17 g, 29.0 mmol). After 1.5 hours, the layers were separated

and the aqueous layer extracted with DCE (2 x 40 mL). The combined organic layer was

washed with H.O (4 x 30 mL) until no reaction to starch iodide paper was observed, then with

saturated aqueous NaCl solution (30 mL). The organic layer was dried through a cotton plug

15 and treated with benzyl amine (3.16 mL, 29.0 mmol) and stirred for 2 minutes then transferred

to 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 mmal) in DCE (150 mL). 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

20 separated and the aqueous tayer was extracted with CH2Cl, (3 x 50 mL). The combined 
organic layer was washed with saturated aqueous NaCl solution (50 mL), dried through a 

cotton plug and concentrated. Chromatography on Silica gel provided an ail (6.3 g, 61%).

(TLC 5% EtOAc/hexanes R, 0.10). ‘H NMR (400 MHz, CDCI,) 5 7.61 (d, J= 8.0 Hz, 1H), 7.28-

7.22 (m, 3H), 7.13 (d, J=8.0 Hz.1H), 6.98-6.94 (m, 3H). 3.58 (AB dd, J=14.2 Hz, 2H), 3.26 (br

25 s, 1H), 3.21 (or s, 1H), 3.04 (or d. J=10.2 Hz, 1H), 2.83 (br d, J=10.2 Hz, 1H), 2.47 (d, J=10.0

Hz, 1H), 2.39 (d, J=10.0 Hz, 1H), 2.34 (m, 1H), 1.72 (d. J=10.5 Hz, 1H). APC] MS m/e 376.0

 
 

((M + 1)°}.

D) 10-Benzy|-3-phenyl-10-aza-tricyclo[6.3.1.0*Jdodeca-2(7).3,5-triene
(For a discussion, see: Miyaura, N.. Suzuki, A. Chem. Rev. 1995, 95, 2457-

30 2483.)

10-Benzyl-3-iodo-10-aza-tricyclo[6.3. 1.07Jdodeca-2(7).3.5-triene (375.3. mg, 1.0
mmol), potassium acetate (785 mg, 8.0 mmol) and phenyl boronic acid (183 mg, 1.5 mmol)

were combined in 10/1 EtOH/H,O (5 mL). The mixture was degassed (3 vacuum/N,cycles),

treated with tetrakis(tripnenylphosphine )palladium(0) (57.5 mg, 0.05 mmol) and warmed to 90

35 °C for 18h. The reaction was cooled, diluted with H,O and extracted with Et,O (3 x 50 mL).

The organic layer was washed with brine (50 mL), dried (MgSO,). filtered and concentrated to

provide an oil (180 mg, 55%). (TLC 4%EtOAc/hexanes R, 0.18). GCMS m¢ée 325 (M)*.

E) 3-Phenyi-1 0-aza-tricyclo(6.3.1.0*”|dodeca-2(7).3,5-tnene hydrochloride

wil
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5 10-Benzyl-3-phenyl-10-aza-tricyclo[6.3.1.0°}dodeca-2(7),3,5-triene was converted

into the title compound utilizing the conditions described in Example 2D. (TLC 10%

MeOH/CH,Cl, (NH3) R, 0.30). (data for free base) 'H NMR (400 MHz. CDCI,) 8 7.46-7.15

(8H), 3.17 (prs, 1H), 3.01 (m, 2H), 2.93 (d. J=13.0 Hz, 1H), 2.72 (dd, J=10.5,2.5 Hz, 1H), 2.63

(dd, J=10.5,2.5 Hz, 1H), 2.41 (m, 1H), 1.91 (d, J=10.5 Hz, 1H). APCI MS m/e 236.2 [(M + 1)’].

10 (HCI salt) mp 262-265 °C. Anal. Caled. for C,,H,7N.HCI.1/3H,O: C, 73.26; H, 6.86: N, 5.19.

Found C, 73.50; H, 6.77; N, 5.04.

EXAMPLE 45

3-HY DROXY-10-AZA-TRICYCLOJ6.3.1 .077]DODECA-2(7),3,5-TRIENE
158 HYDROCHLORIDE

A) 10-Benzyl-3-boronic acid-10-aza-tricyclo[6.3.1 .0?|dodeca-2(7).3,5-triene .
10-Benzy|-3-iodo-10-aza-tricyclo[6.3.1.0?}dodeca-2(7),3,5-triene (3.0 9, 7.99 mmol)

was stirred in anhydrous THF (40 mL) at -78 °C undernitrogen and treated dropwise with n-

BuLi (3.84 mL of 2.5M soin. in hexanes, 9.59 mmol). After 10 minutes, tri-isopropylborate

20 (4.61 mL, 20.0 mmol) was added dropwise. After ~1/2 hour, the reaction was poured into

saturated aqueous NaHCO,solution, stirred 5 minutes and extracted with EtOAc (3 x 50 mL)

and concentrated. The residue was dissolved in 30% Et,O/hexanes and extracted with 1N.

NaOH aqueoussolution (4 x 50 mL). The combined aqueous basic layer was treated with

concentrated HCl to achieve pH 8 and extracted with EtOAc (4 x 25 mL), dried (Na,SO,) and

25 stripped. Chromatography on Silica gel eluting first with 3% EtOAc/hexanes to remove non-

 
fs polar components, then with 5% MeOH/CH,Cl, provides the title compound. (TLC 25%

EtOAc/hexanes R, 0.60).

B) 10-Benzy!-3-hydroxy-10-aza-tricyclo[6.3.1.0*|]dodeca-2(7).3.5-triene
10-Benzyl-3-boronic acid-10-aza-tricyclo(6.3.1.0*”}dodeca-2(7).3,5-triene (140 mg.

30 0.48 mmo!) dissolved in THF (5 mL) was treated with N-methyimorpholine-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, 0.18). 'H

NMR (400 MHz, CDCI.) 5 7.18-7.15 (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 Hz, 2H), 3.28

35 (br s, 1H), 3.06 (brs, 1H), 2.91 (dd, J=8.5.1.5 Hz, 1H), 2.79 (ddd, J=8.5,1.5,1.5 Hz, 1H), 2.42

(d, J=11.0 Hz, 1H), 2.39 (d. J=11.0 Hz, 1H), 2.23 (m. 1H), 1.65 (d, J=10.5 Hz. 1H). APCI MS

m/e 266.5 [(M + 1)"].

2
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5 C) 3-Hydroxy-10-aza-tricyclo[6.3. 1.0%"|dodeca-2(7),3,5-triene hydrochloride

10-Benzyl-3-hydroxy-10-aza-tricyclo[6.3. 1.0°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, CDCI,) 6 7.15 (dd, J=8.0,7.5 Hz, 1H), 6.84 (d, J=7.5 Hz, 1H), 6.76 (d, J=8.0

Hz, 1H). 3.51 (brs, 1H), 3.33-3.25 (3H), 3.16 (d, J=12.0 Hz. 1H). 3.09 (d, J=12.0 Hz, 1H), 2.29

10 (m, 1H), 2.02 (d, J=11.0 Hz, 1H). APCI.MS me 175.8 [(M + 1)*]. (HCI salt) mp 253-255 °C.

EXAMPLE46

4,5-DIFLUORO-10-AZA-TRICYCLOJ6.3.1.0*JDODECA-2(7),3,5-TRIENE
‘HYDROCHLORIDE

The title compound was prepared by the methods described in Example 1 and 2
15 starting with 2,4,5-trifluorobromobenzene. 'H NMR (400 MHz, CDCI,) 5 7.31 (t, J=8.5 Hz, 2H),

3.48-3.13 (6H), 2.38 (m, 1H), 2.11 (d, J=11.5 Hz, 1H). APC] MS m/e 196.2 [(M + 1) *]. (HCI

salt) mp 301-303 °C. Anal. Caled. for C,,H,,F2N.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

20 6-ETHYL-5-OXA-7, 13-DIAZATETRACYCLOJ9.3. 1.0%"°0*IPENTADECA-2(10),3.6,8-
TETRAENE HYDROCHLORIDE

2,2.2-Trifluoro-1-(4-hydroxy-5-amino-10-aza-tricyclo[6.3. 1.07”]dodeca-2(7),3,5-trien-

10-yl)-ethanone and propiony! chloride were converted to the title compound following the
procedures described in Example 30 and Goldstein, S. W.. Dambek, P. J. J. Het. Chem.

25 1990, 27, 335. 'H NMR (400 MHz, CD3;OD)6 7.64 (s, 1H). 7.62 (s, 1H), 3.48 (d, J=2.5 Hz,

2H), 3.41 (d, J=12.0 Hz, 2H), 3.20 (2H), 3.01 (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 mre 229.2 [(M + 1)"].

 
EXAMPLE48

30 6-ISOPROPYL-5-OXA-7.13-DIAZATETRACYCLOJ9.3. 1.07%0*4PENTADECA-

2(10),3.6,8-TETRAENE HYDROCHLORIDE

2,2,2-Trifluoro-1-(4-hydroxy-5-amino-10-aza-tricyclo[6.3.1 .0?"|}dodeca-2(7),3,5-trien-

10-yl)-ethanone and isobutyryl chloride were converted to the title compoundfollowing the

procedures described in EXAMPLE 47. (TLC 25% EtOAc/hexanes R, 0.14). 'H NMR (400

35 MHz, CO,0D) 6 7.65 (2H), 3.49 (br s, 2H), 3.41 (d, J=12.0 Hz, 2H), 3.33-3.19 (3H), 2.45 (m.

4H), 2.18 (d, J=11.5 Hz. 1H), 1.45 (d, J=7.0 Hz. 6H). APCI MS m/e 243.2 [(M + 1)*]. (HCI salt)

mp 249-251 °C.
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5 EXAMPLE 49

6-BENZYL-5-OXA-7,13-DIAZATETRACYCLO[9.3. 1.07420*4PENTADECA-
2(10).3,6,8-TETRAENE HYDROCHLORIDE

2,2,2-Trifluoro-1 -(4-hydroxy-5-amino-10-aza-tricyclo[6.3.1 .0?|dodeca-2(7),3,5-trien-

 

 

10-yl)-ethanone and phenyl-acetyl chloride were converted to the title compound following

10 the procedures described in EXAMPLE 47. 'H NMR (400 MHz, CD,OD) 8 7.63 (s, 1H), 7.58

(S, 1H), 7.36-7.24 (5H), 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, 1H). APCI MS m/e 291.2 [(M + 1)’].
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5 CLAIMS

1. \ A compound of the formula
R2

| CG f \ NR’ @)
R?

R' is hydrogen, (&, -C,)alkyl, unconjugated (C3-C,)alkeny!l, XC(=O)R™* or -CH,CH-O-

(C,-C,)alky!;

10 R? and R® are selectdd, independently, from hydrogen, (C2-C,)alkenyl, (C2-C,)alkynyl,

hydroxy, nitro. amino. halo,

(C,.C,)alkylamino-, [(C,-C,)alkylamino-, -CO,R*, -CONR®R®, -SO,NR’R®, -C(/=0)R™,

-XC(=O)R"™, aryl-(Cp -C,)alkyl- or a

and naphthyl. heteroaryl-(C,-C3)aikyl-

yano, -SO,(C,-C.)alky! wherein q is zero, one or two,

I-(Cg-C3)alkyl-O-, wherein said aryl is selected from phenyl
or heteroaryl-(C,.-C,)aikyl-O-, wherein said heteroaryl is

romatic rings containing from one to four heteroatoms

r, and X*(Co-C,)alkoxy-(Co-C,)alkyl-, wherein X? is

g)alkyl],amino-, and wherein the (Co-Cg)alkoxy-(Co-

15 selected from five to seven membered

selected from oxygen. nitrogen and sul

absent or X?is (C,-C,)alkylamino- or [(C,-

C,)alkyl- moiety of said X7(Co-Ce)alkoxy-(Cp*C,)alky- contains at least one carbon atom, and

wherein from one to three of the carbon atoms of said (Cp-C,)alkoxy-(Co-Cg)alkyl- moiety may

20~—aptionally be replaced by an oxygen, nitrogen or sulfur atom, with the proviso that any two such

heteroatoms must be separated by at least two Sarbon atoms, and wherein any of the alky!

moieties of said (CC)C,)alkoxy-(Co-C,)alkyi- may be optionally substituted with from twoto seven

 
fluorine atoms. and wherein one of the carbon atoms bf each of the alkyl moieties of said aryl-

(Co-C,)alkyl- and said heteroaryl-(C 9-C3)alkyl- may optionally be replaced by an oxygen, nitrogen
25 or sulfur atom. and wherein each of the foregoing ary! and heteroaryl groups may optionally be

substituted with one or more substituents, preferably from zero to two. substituents.

independently selected from (C,-Ce)alkyl optionally substituted with from one to seven fluorine

atoms, (C,-C,)alkoxy optionally substituted with from two to seven fluorine atoms. halo (e.g.,

chioro, fluoro. bromo oriodo), (C,-C,)alkenyl, (C,-Ce)alkynyl, hydroxy, nitro, cyano, amino, (C,-
30  C,)alkylamino-. [(C,-C.) alkyl];amino-, -CO,R*, -CONR®R®, -SQ.NR’R®, -C(=O)R™ and -

XC(=O)R™,

or R? and R®, together with the carbonsto which they are attached, form a four to seven

membered monocyclic. 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

35 monocyclic nngs. and from oneto five of the carbon atomsof said bicyclic nirtgs that are not part
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5 of the benzo ring shown in formula 1, may optionally and independently be replaced by a

nitrogen, oxygen or sulfur, and wherein said monocyclic and bicyclic rings may optionally be

substit\ted with one or more substituents, preferably from zero to two substituents for the

monocyclic rings and from zero to three substituents for the bicyclic rings, that are selected,

. a independertly, from (C, -C,) alkyl optionally substituted with from one to seven fluorine atoms,{i 10  (C, -C.) alkox\ optionally substituted with from one to seven fluorine atoms, nitro, cyano, halo,
tol (C3-C,)alkenyl, (&-C,)aikynyl, hydroxy, amino, (C, -C.)alkylamino and [(C, -C¢) alkyl],amino, -

CO,R‘*, -CONR®R®\SO.NR’R®, -C(=O)R"™and -XC(=O)R™:

each R*, R®, R®R’ R® and R"is selected, independently, fram hydrogen and (C, -C,)
alkyl, or R®° and R®, or RV and R® together with the nitrogen to which they are attached, forma

15 pyrrolidine, piperidine, orpholine, azetidine, piperizine. N-(C ,-C.)alkytpiperizine or

thiomorpholine ring, or a thiotmorpholine ring wherein the ring sulfur is replaced with a sulfoxide

or sulfone; and

each X is, independently, (C ,-C,)alkylene;

with the proviso that: (a) at east one of R', R? and R® mustbe the other than hydrogen,

' 20 and (b) when R? and R® are both hydrdgen, R' cannot be hydrogen or methyl: 
or a pharmaceutically acceptable salt thereof.

2. A compound according td\claim 1. wherein R? and R*, together with the benzo

ring of formula |, form a bicyclic ring system Selected from the following:

 
N R10
S—rR" N

N RI?
bi N

Ss

> Ri
N

25 wherein R'° and R" are selected. independently, from (C,.\C,)alkoxy-(Co-C,)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.
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Y 5—amino, (C,-C,)atkylamino-, [(C,-C,) alkyl],amino-, -CO,R*, -CONR®R®, -SO,NR’R®, -C(=O)R™,A -XC(=O)R™, pheny! an nocyclic heteroaryl, wherein said heteroary! is selected from five to
seven membered aromatic rings

nitrogen and sulfur,

ining from one to four heteroatoms selected from oxygen,  

4, pound according to claim 1, wherein one or both of R*® and R° are

5. A compoltind according to claim 1, wherein one of R? and R® is -COR™ wherein

R" is (C,-Cg)alkyl or( | optionally substituted with from oneto sevenfluorine atoms.

15 6. A compound ‘according to claim 1, wherein one of R? and R?is CF, , fluoro,

cyano or C.Fs.

7. A pharmaceutical Composition for use in reducing nicotine addiction or aiding in

the cessation or lessening of tobacco\use in a mammal, comprising an amount-of a compound

according to claim 1 that is effective in Keducing nicotine addiction or aiding in the cessation or

ically acceptabie carrier. 20 lessening f tobacco use and a pharmace73 A method for reducing nicotine addiction or aiding in the cessation or lessening
of tobacco use in a mammal, comprising administering to said mammal an amount of a

compound according to claim 1 that is effective in reducing nicotine addiction or aiding in the

cessation or lessening of tobacco use.

25 9. harmaceutical composition for treating a disorder or condition selected from 
inflammatory bowel isease (including but not limited to ulcerative colitis, pyoderma
gangrenosum and Crohn's disease), irritable bowel syndrome. spastic dystonia, chronic pain,

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

disorder, autism, sleep disorders, jet lag, amylotropic lateral sclerosis (ALS), cognitive
30. ~=dysfunction, hypertension, bulimia\\anorexia, obesity, cardiac arrythmias, gastric acid

hypersecretion, ulcers, pheochromocytama, progressive supramuscular palsy, chemical

dependencies and addictions (¢.g.. dependegcies on, or addictions to nicotine (and/or tobacco

products), alcohol, benzodiazepines, barbituates, opioids or cocaine), headache, stroke,

traumatic brain injury (TBI), psychosis, Huntington's Chorea, tardive dyskinesia, hyperkinesia,

35 dyslexia, schizophrenia, multi-infarct dementia. age related cognitive decline. epilepsy, including

petit mal absence epilepsy, senile dementia of the Alzheifrer's type (AD), Parkinson's disease

(PD), attention deficit hyperactivity disorder (ADHD) and Totxette’s Syndrome in a mammal.

 
Tle
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5  compxsing an amount of a compound according to claim 1 that is effective in treating such

disorder ‘gr condition and a pharmaceutically acceptable carrier.

(Ff? 10
a 4 disease (incl

disease), irritable bowel syndrome, spastic dystonia, chronic pain, acute pain, celiac sprue,

A method for treating a disorder or condition selected from inflammatory bowel

ing but not limited to ulcerative colitis, pyoderma gangrenosum and Crohn's

10 pouchitis, vasoconstriction, anxiety, panic disorder, depression, bipolar disorder, autism, sleep

disorders, jet lag, ylotropic lateral sclerosis (ALS), cognitive dysfunction, hypertension,

bulimia, anorexia, obesity, cardiac arrythmias, gastric acid hypersecretion, ulcers,

pheochromocytoma. progressive supramuscular paisy, chemical dependencies and addictions

(e.g.. dependencies on, OK addictions to nicotine (and/or tobacco products), alcohol,

15 benzodiazepines. barbituates, opioids or cocaine), headache, stroke, traumatic brain injury (TBI),

psychosis, Huntington's Chorea, tardive dyskinesia. hyperkinesia, dyslexia, schizophrenia, multi-

infarct dementia, age related cognitive decline, epilepsy, including petit mal absence epilepsy,

senile dementia of the Aizheimer's e (AD), Parkinson's disease (PD), attention deficit 

 
 

hyperactivity disorder (ADHD) and Tourette's Syndrome in a mammal, comprising administering

20 to a mammalin need of such treatment an ount of a compound according to claim 1 that is

effective in treating such disorder or condition.

11. A c&mpoundof the formuia 
Ri4 Ri

wherein P is hydrogen, methyl, GOOR'® wherein R'* is (C,-C,)alkyl, allyl or 2,2,2-

25 trichloroethy!: -C(=O)NR®R® wherein R\and R® are defined as in formula | above; -C(=O)H,

-C(=O)(C,-C,)alky! wherein the alkyl morety may optionally be substituted with from 1 to 3

halo atoms, preferably with from 1 to 3 fluord.or chloro atoms: benzyl, t-butoxycarbonyl (t-Boc)

or trifluoroacety!, and R™ and R" are selected, independently, from hydrogen, (C,-Cg)alky!

optionally substituted with from one to sever, fluorine atoms: -C(=O)(C,-C,)alkyl, cyano,

30 hydroxy. nitro. amino, -O(C,-C,)alkyl and halo: proviso that R'* and R"* can not both
be hydrogen when P is hydrogen or methy!.
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5 12. A method for reducing nicotine addiction or aiding in the cessation or lessening

of tobacco use in mammal, comprising administering to said mammal! an amount of a

compound comprising amount of a compoundof the formula

NH

or a pharmaceuticall ceptable salt thereof, that is effective in reducing nicotine

10 addiction or aiding in the cessation ar lessening of tobacco use.

13. A method for treating a disorder or condition selected from inflammatory bowel

disease (including but not limited to Wcerative colitis. pyoderma gangrenosum and Crohn's

disease), irritable bowel syndrome, spastic dystonia, chronic pain, acute pain, celiac sprue,

pouchitis, vasoconstriction, anxiety, panic Yisorder, depression, bipolar disorder, autism, sleep

15 disorders, jet lag, amylotropic lateral sclelosis (ALS). cognitive dysfunction, hypertension,

bulimia, anorexia, obesity, cardiac arrytimias, gastric acid hypersecretion, ulcers.

pheochromocytoma, progressive supramuscula\ palsy, chemical dependencies and addictions
(e.g., dependencies on, or addictions to n otine (and/or tobacco products), alcohol,

benzodiazepines. barbituates, opioids or cocaine), \eadache,stroke, traumatic brain injury (TBI),

20 psychosis, Huntington’s Chorea, tardive dyskinesia, Nyperkinesia. dyslexia. schizophrenia, multi-

infarct dementia. age related cognitive decline, epilep&y, including petit mal absence epilepsy,

senile dementia of the Alzheimers type (AD), Parkinson's disease (PD). attention deficit

hyperactivity disorder (ADHD) and Tourette's Syndrome ina mammal. comprising administering

 
to a mammalin need of such treatment an amount of a compound of the formula

[> oN

 

25

or a pharmaceutically acceptable salt thereof,

14. Acompoundof the formula

, 7

ohh NP’ a)
30 wherein R? and R° are defined as in claim™_and P’ is GOOR™ wherein R"* is allyl,

2,2.2-trichloroethyl or (C,-C,)alkyl; -C(=O)NR°R® wherein R° and R® are defined as in claim 2:
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5 -C(=O)H, -C(= ,-C,)alkyl wherein the alkyl moiety may optionally be substituted with from

ably with from 1 to 3 fluoro or chloro atoms: benzyl,. or t-ae 1 to 3 halo atoms, pf
cowl butoxycarbonyl (t-Boc).

a~
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5 ARYL FUSED AZAPOLYCYCLIC COMPOUNDS

Abstract

_Compoundsof the formuia

R2

\0 NR’ (1)

\ Ro and
“——and their pharmaceutically acceptable salts, wherein R', R?4R° andare defined as in the

10 specification, intermediates in the synthesis of sucn compounds, pharmaceutical

compositions containing such compounds and methods of using such compoundsin the

treatment of neurological and psychological disorders are-claimed.
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Residence:City Lpantic] ==|State|CTCZ|County[us_Citizenship|
Post Office Address 8B . Hil! Drive

ci anteStateLorip 05887 Goaes
Xl Additional! inventors are being named on the supplemental Additional Inventor(s) sheet(s) PTO/SB/02A attached hereto.
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for use through 09/30/98. OMB 0651-0032
Please type a plus sign (+) inside thi y box 3:  
 
  

 

 

DECLARATION ADDITIONAL INVENTOR(S)
Supplemental Sheet

 Nameof Additional Joint Inventor,if any: 1 __Apetition has beenfiled for this unsigned inventor

Given Name(first and middle[if an Family Name or Surname

. Aemeer Shanaaeeeon
Post Office Address 9 Wyassup Road
Post Office Address

City North CT Country

Stonington

Nameof Additional Joint Inventor,if any:

  
  
  

  

  

 

  
Ae

E

E

   oO A petition has beenfiled for this unsigned inventor

  Given Name(first and middle [if an Family Name or Surname

Inventor’s
Signature

Post Office Address

Post Office Address

powsetePecour
Nameof Additional Joint Inventor, if any: Oo A petition has beenfiled for this unsigned inventor

 
 

 
 

 
 Given Name(firstand middle [if an Family Name or Surname

Inventor’s
Signature

Post Office Address

Post Office Address.

 
9< pfseteeTcoutry
Nameof Additional Joint {nventor, if any: O A petition has beenfiled for this unsigned inventor

Family Name or Surname

[State|[Seuntey|Sitizenshi

Given Name(first and middle[if an

 
inventor's
Signature

Residence:City
Post Office Address

Post Office Address
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“Application or Docket Number

09/ 402010
 

 
 
 

 
 

PATENT APPLICATION FEE DETERMINATION RECORD

Effective ‘November 10, 1998

CLAIMS ASFILED - PART |!
Column 1 Column 2’

a
TOTAL CLAIMS |/minus 20=
INDEPENDENT CLAIMS minus 3 =eh7
MULTIPLE DEPENDENT CLAIM PRESENT

 

 

  
  
  

    
 

 

 
* If the difference in column 1 is less than zero, enter “0” in column 2

CLAIMS AS AMENDED - PART il

‘Column 1 Column 2Cl GHit

 
 

 

‘Column 3  
 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM -

  
  ‘Column 4 ‘Column 2 ‘Column 3

CLAIMS T >

REMAINING NUMBER —|PRESENT
- AFTER PREVIOUSLY EXTRA
AMENOMENT PAID FOR

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM

  AMENDMENTB astg

   
 
  Column 1 Column 2' ‘Column 3

CLAIM: HIGHEST
REMAINING NUMBER PRESENT

AFTER PREVIOUSLY EXTRA
AMENDMENT PAIO FOR

ftomfeoisfe
[independentfe[Musfee
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM

  
 
 
  

  
* tf the entry in column1is less than the entry in cohumn 2, write “0° in column 3.
“* W the “Highest Number Previously Paid For IN THIS SPACE is less than 20, enter “20.”
“tf the “Highest Number Previously Paki For” IN THIS SPACE is tess than 3, enter °3."

The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.    
Parent end Trademark Office, U.S. DEPARTMENT OF COMMERCE
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EO/US
PCT/IB98/01813ea®: COOPERATION TREAT

From the INTERNATIONAL BUREAU

 
  

PCT

United States Patent and Trademark
Office

(Box PCT)
Crystal Plaza 2
Washington, DC 20231
ETATS-UNIS D'AMERIQUE

NOTIFICATION OF ELECTION

    
   
 
   

 

 

(PCT Rule 61.2)

 Date of mailing:

15 July 1999 (15.07.99)
 in its capacity as elected Office

 
 

 

  
 

 
 

International application No.:

PCT/1B98/01813

Applicant's or agent's file reference:
PC10030AK XD

 
 
 International filing date:

13 November 1998 (13.11.98)

Priority date:

 31 December 1997 (31.12.97)

 

 
  
  

Applicant:
COE, Jotham, Wadsworthetal

1. The designated Office is hereby notified of its election made:

  
 
 
 

 

in the demand filed with the International preliminary Examining Authority on:

06 April 1999 (06.04.99)

im in a notice effecting later electionfiled with the International Bureau on:
a

The election was

[| was not
made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under
Rule 32.2(b).

 

Authorized officer:  
TheInternational Bureau of WIPO

34, chemin des Colombettes
1211 Geneva 20, Switzerland J. Zahra

Facsimile No.: (41-22) 740.14.35 Telephone No.: (41-22) 338.83.38
Form PCTAB/331 (July 1992) 2718544
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PATENT COOPERATION TREATY -—

| reco16 MAR 2000/6L| PCT ipo- jeer
 
 INTERNATIONAL PRELIMINARY EXAMINATION RE

(PCT Article 36 and Rule 70)

Applicant's or agentsfile reference See Notification of Transmittal of International

PC10030AKXD FOR FURTHER ACTION Preliminary Examination Report (Form PCT/PEA/416)
Intemational application No. international filing date (day/month/year) Priority date (day/month/year)
PCT/IB98/01813 13/11/1998 31/12/1997

International Patent Classification (IPC) or national classification and IPC
C07D221/22

Applicant

PFIZER PRODUCTSINC.et al.

This international preliminary examination report has been prepared bythis International Preliminary Examining‘Authority
and is transmitted to the applicant according to Article 36.

This REPORTconsists of a total of 5 sheets, including this cover sheet.

& This report is also accompanied by ANNEXES,i.e. sheets of the description, claims and/or drawings which have
been amended andarethe basis for this report and/or sheets containing rectifications made before this Authority
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT).

These annexes consist of a total of 19 sheets.

This report contains indications relating to the following items:

Basis of the report

Priority

Non-establishmentof opinion with regard to novelty, inventive step and industrial applicability
Lack of unity of invention

Reasoned statement underArticle 35(2) with regard to novelty, inventive step or industrial applicability;
citations and explanations suporting such statement
Certain documents cited

Certain defects in the international application

Certain observations onthe international application

Date of submission of the demand Date of completion of this report

06/04/1999

Nameand mailing addressofthe international Authorizedofficer
preliminary examining authority:

European Patent Office

d) D-80268 Munich Von Daacke, ATel. +49 89 2399-0 Tx: 523656 epmu d
Fax: +49 89 2399 - 4465 Telephone No. +49 89 2399 8286

Form PCTAPEA/409 (cover sheet) (January 1994)
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INTERNATIONAL PRELIMINARY
EXAMINATION REPORT Intemational application No. PCT/IB98/01813
a

|. Basis of the report

14. This report has been drawn onthebasis of (substitute sheets which have been furnishedto the receiving Office in
response to an invitation under Article 14 are referred to in this report as “originally filed” and are not annexed to
the report since they do not contain amendments.):

Description, pages:

1,6,10-22,26,28-30, asoriginally filed
32-73

2-5,5A,7,7A,8,9, ' as received on 26/01/2000 with letter of 24/01/2000
23-25,27,31

Claims, No.:

14 (part) as originally filed

1-13,14 (part) as received on 26/01/2000__with letter of 24/01/2000

2. The amendments have resulted in the cancellation of:

Othe description, pages:

0 the claims, Nos.:

Othe drawings, sheets:

3. &) This report has been established as if (someof) the amendments had not been made, since they have been
considered to go beyondthe disclosureasfiled (Rule 70.2(c)):

see separate sheet

4. Additional observations, if necessary:

{ll. Non-establishmentof opinion with regard to novelty, inventive step and industrial applicability

The questions whetherthe claimed invention appears to be novel, to involve an inventive step (to be non-obvious),
or to beindustrially applicable have not been examinedin respectof:

Othe entire international application.

Ba claims Nos. 7-10,12,13(Industrial Applicability).

Form PCT/IPEA/409 (BoxesI-VIll, Sheet 1) (January 1994)

Apotex Exhibit 1007.181



Apotex Exhibit 1007.182

INTERNATIONAL PRELIMINARY
EXAMINATION REPORT Intemational application No. PCT/IB98/01813
 

because:

© the said intemational application, or the said claims Nos. 7-10,12,13 relate to the following subject matter
which does not require an intemationat preliminary examination (specify):

see separate sheet

1 the description, claims or drawings (indicate particular elements below) or said claims Nos. are so unclear
that no meaningful opinion could be formed (specify):

theclaims,or said claims Nos. are so inadequately supported by the description that no meaningful opinion
could be formed.

C1 nointemationa! search report has been establishedfor the said claims Nos..

V. Reasoned statement underArticle 35(2) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes:
No:

Inventive step (IS) Yes:
No:

Industrial applicability (IA) Yes:
No:

2. Citations and explanations

see separate sheet

Claims
Claims

Claims
Claims

Claims
Claims

Form PCTAPEA/409 (BoxesI-VIll, Sheet 2) (January 1994)

2,4-14
1,3

1-14

1-6,11,14

RECEIVED

APR 2.4 2000

TEGH CENTER16002868
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INTERNATIONAL PRELIMINARY Intemational application No. PCT/IB98/01813
EXAMINATION REPORT- SEPARATE SHEET

I BASIS

Description pages 2-4 and claim pages 74 and 75 as amended cannot be
considered as the replacement 'X?(C,-C,)alkyl- and X?(C,-C,)alkoxy-(Co-Ce)alkyl’
goes beyondthe contentof the application as originally filed (Art. 34(2)b) PCT).
It should be noted that such an amendmentwasalso not necessary. Dueto the

wording (e.g. page 74, line 19: ‘contains at least one carbon atom' the original
definition covers alkyl, alkoxy and alkoxyalkyl, each optionally substituted by X?
etc.. Thus, the International Preliminary Examination Report is based on the

original pages 2-4 and 74,75.

Ii! NON-ESTABLISHMENT

Claims 7-10,12 and 13 relate to subject-matter considered by this Authority to be
covered by the provisions of Rule 67.1(iv) PCT. Consequently, no opinion will be
formulated with respect to the industrial applicability of the subject-matter of these
claims (Article 34(4)(a)(i) PCT).

V REASONED STATEMENT

1. PRIOR ART

The documentscited in the International Search Report

Di: PAUL H. MAZZOCHI ET AL: ‘Synthesis and pharmacologicalactivity of
2,3,4,5-tetrahydro-1,5-methano-1H-3-benzaz epines' JOURNAL OF MEDICINAL
CHEMISTRY., vol. 22, no. 4, 1979, pages 455-457, XP002090422
WASHINGTON US

D2: US-A-3 471 503 (CARSON JOHN R) 7 October 1969

have been considered for the examination procedure.

Form PCT/Separate Sheet/409 (Sheet 1) (EPO-April 1997)

i
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INTERNATIONAL PRELIMINARY Intemational application No. PCT/IB98/01813
EXAMINATION REPORT - SEPARATE SHEET

2. NOVELTY

The subject-matter of Claims 1 and3is anticipated by D1 (Article 33(2) PCT). D1
discloses N alkyl derivatives of formula | which are covered from the definitions as
set out in Claims 1 and 3. The remaining claims are considered as novel.

3. INVENTIVE STEP

The novel subject-matter of Claims 1-14 appearsto fulfil the requirements of
Article 33(3) PCT because the pharmaceutical profile of the compounds of D1 and
D2, i.e. antinociceptive and hypotensive properties, respectively differs from that
of the present application. The pharmacological activity of the present
compounds,i.e. the ability to bind to neuronal nicotinic acetylcholine specific
receptorsites, is not obvious in view of D1 and/or D2.

4. INDUSTRIAL APPLICABILITY

No objection for Claims 1-6, 11 and 14. For the assessmentof the present Claims
7-10, 12 and 13 on the question whethertheyare industrially applicable, no
unified criteria exist in the PCT Contracting States. The patentability can also be
dependent upon the formulation of the claims. The EPO,for example, does not
recognize as industrially applicable the subject-matter of claims to the use of a
compoundin medical treatment, but may allow, however, claims to a known com-
poundforfirst use in medical treatment and the use of such a compoundfor the
manufacture of a medicament for a new medical treatment.

Form PCT/Separate Sheet/409 (Sheet 2) (EPO-April 1997)
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Other compoundsthat bind to neuronalnicotinic receptor sites are referred to in United

States Patent Application 08/963,852, which wasfiled on November 4, 1997. The foregoing
application is owned in common with the present application, and is incorporated herein by

referencein its entirety.

Summary of the Invention

This invention relates to aryl fused azapolycyclic compounds of the formula

R*

NR’ ()

R?

R' is hydrogen, (C,-C,)alkyl, unconjugated (C3-C,)alkenyl, benzyl, XC(=O)R™ or

-CH2CH2-0-(C,-C,)alky!;

R? and R? are selected, independently, from hydrogen, (C2-C,)alkenyl, (C2-Ce)alkynyl,
hydroxy, nitro, amino, halo, cyano, -SO,(C4-C,)alkyl wherein q is zero, one or two,

(C;.C,)alkylamino-, [(C,-Cg)alkylzamino-, -CO2R*, -CONR'R®, -SO.NR’R®, -C(=O)R™,

-XC(=O)R™, aryl-(Co -Cs)alkyl- or aryl-(Co-Cs)alkyl-O-, wherein said aryl is selected from phenyl

and naphthyl, heteroaryi-(C,.-Cz)alkyl- or heteroaryl-(Co-C3)alkyl-O-, wherein said heteroaryl is

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

selected from oxygen, nitrogen and sulfur, and X*(Cp-Cg)alkyl- and X?(C,-C,)alkoxy-(Cy-Ce)alkyl-,

wherein X? is absent or X? is (C,-Cg)alkylamino- or [(C-Cg)alkyl},amino-, and wherein the (Co-
C,)alkyl- or (C,-C,)alkoxy-(Co-Cg)alkyl- moieties of said X?(Co-Ce)alkyl- and X?(C1-Cg)alkoxy-(Co-

C,)alkyl- contains at least one carbon atom, and wherein from oneto three of the carbon atoms

of said (Cp-Ce)alkyl- or (C,-Cs)alkoxy-(Cg-Ce)alkyl- moieties may optionally be replaced by an

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

separated by at least two carbon atoms, and wherein any of the alkyl moieties of said (C>-

Ce)alkyl- or (C1.Ce)alkoxy-(Co-Cg)alkyl- may be optionally substituted with from two to seven

fluorine atoms, and wherein one of the carbon atoms of each of the alkyl moieties of said aryl

(Co-Cs)alkyl- and said heteroaryl-(Cp-C3)alkyl- may optionally be replaced by an oxygen, nitrogen

or sulfur atom, and wherein each of the foregoing aryl and heteroaryl groups may optionally be

substituted with one or more substituents, preferably from zero to two substituents,

independently selected from (C,-Ce)alkyl optionally substituted with from one to seven fluorine
atoms, (C,-C,)alkoxy optionally substituted with from two to seven fluorine atoms, halo (e.¢.,

chloro, fluoro, bromo or iodo), (C2-Cgs)alkenyl, (C2-Ce)alkynyl, hydroxy, nitro, cyano, amino, (C.-

SUBSTITUTE PAGE

pngNOED SHEET
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C,)alkylamino-, [(C,-C,) alkylamino-, -CO.R*, -CONR'R®, -SO2NR’R®, -C(=0)R™ and
-XC(=O)R™:

or R? and R®, togetherwith the carbons to which they are attached, form a four to seven
membered monocyclic, or a ten to fourteen memberedbicyclic, carbocyclic ring that can be
saturated or unsaturated, wherein from one to three of the non-fused carbon atoms of said

monocyclic rings, and from one to five of the carbon atomsof said bicyclic rings that are not part

of the benzo ring shownin formula |, 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 more substituents, preferably from zero to two substituents for the

monocyclic rings and from zero to three substituents for the bicyclic rings, that are selected,

independently, from (Cy-C,)alkyl- or (C, -Ce)alkoxy-(Cp-Cg)alkyl-, wherein the total number of

carbon atoms does not exceed six and wherein any of the alkyl moieties may optionally be

substituted with from one to seven fluorine atoms; nitro, oxo, cyano, halo, (Co-Cg)alkenyl, (C2-
Ce)alkynyl, hydroxy, amino, (C1-Cg)alkylamino-, [(C,-Ce)alkylamino-, -CO2R*, -CONR'R®, -
SO2NR’R®,-C(=O)R"™, and -XC(=O)R™:

each R*, R®, R°,R’, R® and R"is selected, independently, from hydrogen and (C, -Cs)
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 thiomorpholine ring wherein the ring sulfur is replaced with a sulfoxide

or sulfone; and

eachX is, independently, (C;-Ce)alkylene;
with the proviso that: (a) at least one of R', R* and R® must bethe other than hydrogen,

and (b) when R? and R° are hydrogen, R’ cannot be hydrogen, (C,-Cg)alkyl, or unconjugated
(C3-Ce)alkenyl;

and the pharmaceutically acceptable salts of such compounds.

Examples of heteroaryl groups that each of R? and R® can bearethe following:

thienyl, oxazoyl, isoxazolyl, pyridyl, pyrimidyl, thiazolyl, tetrazolyl, isothiazolyl, triazolyl, imidazolyl,
tetrazolyl, pyrroyl and the following groups:

SUBSTITUTE PAGE
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wherein one of R® and R™is hydrogen or (C;-Ce)alkyl, and the other is a bond to the

benzoring of formula |.

Examples of compounds of this invention are compounds of the formula |, and their

pharmaceutically acceptable salts, wherein R? and R°, together with the benzo ring offormula |,

10=formabicyclic ring system selected from the following:

N R’?
N N

Corp" (OL .
O N}

0, s 10
oly OnprN

R10 .

wherein R® and R"are selected, independently, from (Co-Cg)alkyl- and (C,-Ce)alkoxy-
(Co-Ce)alkyl- wherein the total number of carbon atoms does not exceed six and wherein any of

15 the alkyl moieties may optionally be substituted with from one to seven fluorine atoms; nitro,

cyano,halo, amino, (C,-Ce)alkylamino-, [(C-Cg) alkyl]zamino-, -CO2R*, -CONR®R®, -SO2NR’R®,-
C(=O)R™, -XC(=O)R™, phenyl and monocyclic heteroaryl wherein said heteroaryl is defined as
R? and R®are defined in the definition of compounds ofthe formula | above;

Other embodiments of this invention relate to compounds of the formula |, and their

20 pharmaceutically acceptable salts, wherein R? and R®, together with the benzoring of formula|,
form a bicyclic or tricyclic ring system selected from the following:

SUBSTITUTE PAGE

anseNDED SHEET
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wherein R'° and R" are defined as above and m is zero, one or two, and wherein one of

the carbon atomsof ring A can optionally be replaced with oxygen or -N(C,-Cg)alkyl.

Other embodiments of this invention relate to compounds of the formula |, and their

pharmaceutically acceptable salts, wherein neither R? nor R® is attached to the benzo ring of
formula | 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
formula |, form a bicyclic ortricyclic ring system.

SUBSTITUTE PAGE
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Other embodiments of this invention relate to compounds of the formula | wherein one or
both of R? and R® are -C(=O)R™, wherein R™is (C,-Ce)alkyl. Further embodiments of this
invention relate to compoundsof the formula | wherein one or both of R? and R® are -C(=0)R™,
wherein R™ is (Cy-Ce)alkyl or (C1-C3)alkyl optionally substituted with from one to seven fluorine
atoms. Other embodiments relate to compoundsof the formula | wherein one of R? and R°is

CFs, fluoro, cyano or CoFs, —;

Other embodiments of this invention relate to compounds of the formula | wherein R’ is

not methyl.

Examples of specific compoundsofthe formula | are the following:

6-methyl-5,7-dioxo-6, 13-diazatetracyclo[9.3.1.07"°.0**]pentadeca-2(10),3,8-triene
hydrochloride;

SUBSTITUTE PAGE
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wherein P is hydrogen, methyl, COOR'® wherein R”is (C;-Ce)alkyl, allyl, 2,2,2-trichloroethy!
or (C1-Ce)alkyl; -C(=O)NR°R® wherein R® and R® are defined as in formula | above; -C(=O)H,

-C(=O)(C,-Ce)alkyl wherein the alkyl moiety may optionally be substituted with from 1 to 3

halo atoms, preferably with from 1 to 3 fluoro or chloro atoms; benzyl or t-butoxycarbonyl(t-

Boc); and R"* and R™ are selected, independently, from hydrogen, (C,-Ce)alkyl optionally

substituted with from one to seven fluorine atoms; -C(=O)(C,-C,)alkyl, cyano, hydroxy, nitro,

amino, -O(Cy-Cg)alkyl or halo; with the proviso that R'™ and R™ can not both be hydrogen

whenP is hydrogen, (C,-C,)alkyl, or unconjugated (Cz-C.)alkeny!l. Such compoundsare useful

as intermediates in the synthesis of compoundsof the formula I.

The invention also relates to a compoundof the formula

R2

Ni 1’)

R?

wherein R? and R® are defined above: and P’ is COOR"™® wherein R”is allyl, 2,2,2-

trichloroethy! or (C,-Ce)alkyl; -C(=O)NR°R® wherein R® and R® are defined as in claim 2; -

C(=O)H, -C(=O)(C,-C,)alkyl wherein the alkyl moiety may optionally be substituted with from

1 to 3 halo atoms, preferably with from 1 to 3 fluoro or chloro atoms; benzyl, or t-

butoxycarbonyl (t-Boc).

Unless otherwise indicated, the term "halo", as used herein, includes fluoro, chloro,

bromoandiodo.

Unless otherwise indicated, the term "alkyl", as used herein, includes straight, branched

or cyclic, and may include straight and cyclic alkyl moieties as well as branched and cyclic
moieties.

The term "alkoxy", as used herein, means “alkyl-O-", wherein “alkyl” is defined as above.

The term “alkylene, as used herein, means an alkyl radical having two available bonding

Sites (i.e., -alkyl-), wherein “alkyl” is defined as above.
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Unless otherwise indicated, the term “one or more substituents”, as used herein, refers

to from one to the maximum numberofsubstituents possible based on the numberof available
bondingsites.

The term “treatment”, as used herein, refers to reversing, alleviating, inhibiting the
progress of, or preventing the disorder or condition to which such term applies, or one or more

symptoms of such condition or disorder. The term ‘treatment’, as used herein, refers to the act

of treating, as “treating” is defined immediately above.

The compounds of formula | may have optical centers and therefore may occur in

different enantiomeric configurations. The invention includes all enantiomers, diastereomers, and
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other stereoisomers of such compoundsof formula |, as well as racemic and other mixtures

thereof. - ,

The present invention also relates to all radiolabeled forms of the compoundsof the

formula |. Preferred radiolabeled compounds of formula | are those wherein the radiolabels are

selected from as °H, ''C, “Cc, "F, 171 and ‘41. 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, including a

human, comprising an amount of a compoundofthe formula |, or a pharmaceutically acceptable

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

of tobacco use and a pharmaceutically acceptable carrier.

The presentinvention also relates to a method for reducing nicotine addiction oraidingin

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 J, or a pharmaceutically

accepiable salt thereof, that is effective in reducing nicotine addiction or aiding in the cessation or

lessening of tobacco use.

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

selected from inflammatory bowel disease (including but not limited to ulcerative colitis,
pyoderma gangrenosum and Crohn's disease), irritable bowel syndrome, spastic dystonia,

chronic pain, acute pain, celiac sprue, pouchitis, vasoconstriction, anxiety, panic disorder,

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

cognitive dysfunction, hypertension, bulimia, anorexia, obesity, cardiac arrythmias, gastric acid

hypersecretion, ulcers, pheochromocytoma, progressive supramuscular palsy, chemical

dependencies and addictions (e.g., dependencies on, or addictions to nicotine (and/or tobacco

products), alcohol, benzodiazepines, barbituates, opioids or cocaine), headache, stroke,

traumatic brain injury (TBI), obsessive-compulsive disorder (OCD), psychosis, Huntingtan'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 in a mammal, comprising administering to a mammal in need of such

treatment an amount of a compound of the formula |, or a pharmaceutically acceptable salt

thereof, that is effective in treating such disorder or condition.
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The present invention also-relates to a pharmaceutical composition for treating a

disorder or condition selected from inflammatory bowel disease (including but not limited to
ulcerative colitis, pyoderma gangrenosum and Crohn's disease), iritable bowel syndrome,

spastic dystonia, chronic pain, acute pain, celiac sprue, pouchitis, vasoconstriction, anxiety, panic

disorder, depression, bipolar disorder, autism, sleep disorders, jet lag, amylotropic lateral

sclerosis (ALS), cognitive dysfunction, hypertension, bulimia, anorexia, obesity, cardiac

arythmias, gastric acid hypersecretion, ulcers, pheochromocytoma, progressive supramuscular

palsy, chemical dependencies and addictions (e.g., dependencies on, or addictions to nicotine

(and/or tobacco products), alcohol, benzodiazepines, barbituates, opioids or cocaine), headache,
stroke, traumatic brain injury (TBI), obsessive-compulsive disorder (OCD), psychosis,

Huntington’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 ina mammal, comprising an amount of a compound
of the formula I, or a pharmaceutically acceptable salt thereof, and a pharmaceutically

acceptable carrier.

The presentinvention also relates to a method for reducing nicotine addiction oraiding in

the cessation or lessening of tobacco use in a mammal, comprising administering to said

mammal an amount of a compound comprising an amount of a compoundof the formula

NH

or a pharmaceutically acceptable salt thereof, that is effective in reducing nicotine

addiction or aiding in the cessation or lessening of tobacco use.

The present invention also relates to a method for treating a disorder or condition

selected from inflammatory bowel disease (including but not limited to ulcerative colitis,

pyoderma gangrenosum and Crohn's disease), irritable bowel syndrome, spastic dystonia,

chronic pain, acute pain, celiac sprue, pouchitis, vasoconstriction, anxiety, panic disorder,

depression, bipolar disorder, autism, sleep disorders, jet lag, amylotropic lateral sclerosis (ALS),
cognitive dysfunction, hypertension, bulimia, anorexia, obesity, cardiac arrythmias, gastric acid

hypersecretion, ulcers, pheochromocytoma, progressive supramuscular palsy, chemical

dependencies and addictions (e.g., dependencies on, or addictions to nicotine (and/or tobacco

products), alcohol, benzodiazepines, barbituates, opioids or cocaine), headache, stroke,
traumatic brain injury (TBI), obsessive-compulsive disorder (OCD), psychosis, Huntington’s
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Scheme 1-10 illustrate methods of synthesizing compoundsof the formula I.

Referring to Scheme 1, the starting material of formula III is reacted with trifluoroacetic
anhydride, in the presence of pyridine, to form the compound of formula IV. This reaction is

typically conducted in methylene chloride at a temperature from about 0°C to about room

temperature. ‘
The compoundof formula !V is then converted into the dinitro derivative of formula IIA

by the following process. The compoundof the formula IV is added to a mixture of 4 or more

equivalents oftrifluoromethanesulfonic acid (CF;SO20OH)and 2 to 3 equivalents of nitric acid, in a

chlorinated hydrocarbon solvent such as chloroform, dichloroethane (DCE) or methylene

chioride. The resulting mixture is allowed to react for about 5 to 24 hours. Both of the foregaing

reactions are generally conducted at a temperature ranging from about -78°C to about 0°C for

about 2 hours, and then allowed to warm to room temperature for the remaining time.

Reduction of the compound of formula HA, using methods well known to those ofskill in

the art, 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 reaction in

methanol!at about room temperature.

Referring to Scheme2, the compound of formula IIA is converted into the corresponding

compound wherein the trifluoroacetyl protecting group is replaced by a t-Boc protecting group

(VIA) by reacting it first with an alkali metal or alkaline earth metal (or ammonium) hydroxide or

carbonate, and then reacting the isolated product from the foregoing reaction with di-t-

butyldicarbonate. The reaction with the alkali or alkaline earth metal (or ammonium) hydroxide or

carbonate is generally carried out in an aqueous alcohol, dioxane or tetrahydrofuran (THF) at a

temperature from about room temperature to about 70°C, preferably at about 70°C, for about one

to about 24 hours. The reaction of the isolated, unprotected amine or an acid additionsalt of

such amine, from the above reaction with di-t-butyldicarbonate is preferably carried out in a

solvent such as THF, dioxane or methylene chloride at a temperature from about 0°C to about

room temperature. This reaction may or maynot be conducted in the presence of a base. When

the reactantis a salt of the amine, use of a baseis preferred. The resulting compound of formula

VIA can be converted inio the corresponding diamino derivative of formula VIB using the

procedure described above for converting the dinitro compound of formula !IA into the

corresponding diamino compoundof formula IIB.

The conversion of the compound of formula VIB into the desired compound of the

formula VII can be accomplished by reacting the compoundof formula VIB with a compound of
the formula
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H,C,0,C CO,C,H,

XXHA

Re OC,H,
wherein R® is hydrogen, (Cy-Cg)alkyl optionally substituted with from one to seven fluorine
atoms, aryl-(Cp -Cs)alkyl wherein said ary! is selected from phenyl and naphihyl, or heteroaryi-(Co

~C3)alkyl wherein said heteroaryl is selected from five to seven membered aromatic rings

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

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

substituents, preferably from zero to two substituents, independently selected from (C, -Ce)alkyi

optionally substituted with from one to sevenfluorine atoms, (C, -Ce)alkoxy optionally substituted

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

10:1 mixture of ethanol:acetic acid. The reaction temperature can range from about 40°C to

about 100°C. It is preferably about 60°C. Other appropriate solvents include acetic acid,

ethanol and isopropanol.

Alternate methods of preparing compounds of the formula VII the compound of

formula VIB are described by Segelstein et al., Tetrahedron Lett., 1993, 34, 1897.
Removal of the t-Boc protecting group from the compound of formula VII yields

corresponding compoundof 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 VI! can be

treated with an anhydrous acid such as hydrochloric acid, hydrobromic acid, methanesulfonic

acid, or trifluoroacetic acid, preferably hydrochloric acid in ethyl acetate, at a temperature

from about 0°C to about 100°C, preferably from about room temperature to about 70°C, for
about oneto 24 hours.

The compound of formula VII can be converted into the corresponding compound of

formula IB by reacting it with a compoundofthe formula R'’Z, wherein R™ is defined as R"is

defined above, and Z is a leaving group such as a halo or sulfonate (e.g., chioro, bromo,

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

carbonate, preferably potassium hydroxide, in a polar solvent such as_ water,

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

removing the protecting group as described above. The reaction with RZ is generally
carried out at a temperature from about room temperature to about 100°C, preferably at about

50°C, for about five hours.

SUBSTITUTE PAGE

Apotex Exhibit 1007.195



Apotex Exhibit 1007.196

10

45

20

25

30

nan“
«

ann
a

4
V

ae as a4 ny “ @
a «

Anan
Scheme3 illustrates an alternate method of preparing compounds of the formula IB

from the compound of formula VIA. This method is the preferred method of making
compoundsof the formula IB wherein R”is a bulky group such as an aryl or heteroary!
containing group, or when R'” can not be attached,asillustrated in Scheme2, by alkylation or
aryl substitution methods. Referring to Scheme 3, the compound of formula VIA is reacted

with the appropriate compound of formula R'’NH; in a polar solvent such as THF, DMF or

DMSO, preferably THF, at a temperature from about room temperature to about 100°C,

preferably at the reflux temperature, for about four to eighteen hours. The resulting

compound offormula XXIli is then converted into the corresponding compoundofthe formula

XXIV by reducing the nitro 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 formula IA: into a compound of the formula IIB in Scheme 1, and exemplified in

experimental Examples 12B and 18B. Closure of the imidazole ring to form 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

H,C,0,C CO,C,H,

XXIA

10

R OCH,

wherein R"°is defined as above, as described above for converting compoundsofthe formula
VIB into those of the formula VII.

Removal of the protecting group from the compound of formula XXV yields the

corresponding compound of formula IB. This can be accomplished using methods well

knownin the art, for example, as described above for forming compounds of the formula IA

from the corresponding compoundsofthe formula VIt.

Scheme 4 illustrates a method of preparing compounds of the formula IC, wherein

R’ and R” are as defined above. Referring to Scheme 4, the compound of formula VIB is
reacted with a compoundof the formula

OH

.SO,Na
NaO,S

OH
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preferred. This reaction is typically conducted at a temperature from about 120-150°C,

preferably at about 140°C. When R™“COCIis used as a reactant, it is preferable to add a
stoichiometric amount of triethylamine (TEA) or another organic tertiary amine base and a

catalytic amount of pyridinium p-toluenesulfonic acid or pyridinium p-toluenesulfonate (PPTs) to

the reaction mixture. When R'°C(OC2Hs)3 is used as a reactant, itis preferable to add a catalytic
amount of PPTs to the reaction mixture.

Removalofthe trifluoroacetyl nitrogen protecting group yields the desired compound of

the formula IE. This can be accomplished using methods well known to those of skill in the art,

for example, reacting the protected compound with a lower alkanol and an aqueous alkali or

alkaline earth metal (or ammonium) hydroxide or carbonate, aqueous sodium carbonate, at a

temperature from about 50°C to about 100°C, preferably at about 70°C, for about two to six

hours. . .

Scheme6illustrates the preparation of compounds of the formula | 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 formulaIll is reacted with

trifluoroacetic anhydride to form the corresponding compound wherein the ring nitrogen is

protected by a trifluorocacetyl group, and the resulting nitrogen protected compound is then
reacted with two equivalents oftrifluoromethanesulfonic anhydride and one equivalentof nitric

acid to form the corresponding compound of formula IX, wherein there is a single nitro

substituent on the benzo ring. The reaction with trifluoroacetic acid is typically conducted in the

presence of pyridine. Both of the above reactions are typically conducted in a reaction inert
solvent such as a chlorinated hydrocarbon solvent, preferably methylene chloride, at a

temperature from about 0°C to about room temperature, preferably at about room temperature.

The above transformation can also be accomplished using other nitration methods

known to those skill in the art.

Reduction of the nitro group to an amine group can be accomplished as described

above to provide a compoundofthe formula IX’.
The compoundof formula IX’ is then reacted with a carboxylic acid halide or anhydride

of the formula R’COX or (R™CO),0, wherein X is halo and R"is hydrogen or (C;-Ce)alky!, and

pyridine, TEA or anothertertiary amine base, to form a compound of the formula X, which can

then be converted to the desired compound having formula XI by reacting it with Lawesson’s

reagent, which is depicted below.
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Referring to Scheme 9, compoundsof the formula IJ can be prepared by reacting the

compound of formula IV with two or more equivalents of a halosulfonic acid, preferably
chiorosulfonic acid, at a temperature from about 0°C to about room temperature. Reaction of

the chlorosulfonic acid derivative 50 formed with an amine having the formula R’R®NH,
wherein R’ and R® are defined as above, followed by removal of the nitrogen protecting
group,yields the desired compound having formulaIJ.

Compoundsof the formula IK can be prepared by reacting the compound of formula

IV with iodine trichloride in a chlorinated hydrocarbon solvent, followed by rernoval of the
nitrogen protecting group. The reaction with iodine trichloride is typically carried out at a

temperature from about 0°C to about room temperature, and is preferably carried out at about
room temperature. !n a similar fashion, the analogous 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 trifluoromethanesulfonic acid solvent, followed

by removalof the nitrogen protecting group as described above.

Reaction of the compoundof IV with an acid halide of the formula R™COCIor an acid

‘anhydride of the formula (R“CO),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

nitrogen deprotection, yields the compound of formula IL. The reaction with the acid halide or

anhydride can be carried out using other known Lewis acids or other Friedel-Crafts acylation
methods that are knownin theart.

The reactions described herein in which NOz, -SO2NR’R®, -COR"™, |, 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 compound wherein R? is hydrogen, (C1-Ce)alkyl, halo,
(C1-Ce)alkoxy or -NHCONR’R®, producing compoundsof the formula | wherein R? and R® are

defined as in the definition of compoundsof the formula | above.

Compoundsthat are identical to those of the formula IL, but which retain the nitrogen

protecting group, can be converted into the corresponding O-acyl substituted compounds, i.e.,

those wherein the -C(=0)R" group of formula IL is replaced with a -O-C(=0)R™ group, using
Baeyer-Villiger processes well knownto thoseskilled in the art. The resulting compounds can

be partially hydrolyzed, as described in Example 35, to yield the corresponding hydroxy

substituted compounds, and then alkylated to form the corresponding alkoxy substituted

compounds. Also, as described in Example 36, such O-acyl substituted compounds can be

used to prepare variably substituted benzisoxazoles.
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CLAIMS

1. A compoundof the formula

R2

NR' (I)

R>

R' is hydrogen, (Cy -C,)alkyl, unconjugated (C3-C,)alkenyl, XC(=O)R™, benzyl or -
CH2CH2-0-(C,-C,)alkyl;

R? and R® are selected, independently, from hydrogen, (CCe)alkenyl, (Cz-C,)alkynyl,
hydroxy, nitro, amino, halo, cyano, -SO,(C;-Ce)alkyl wherein q is zero, one or two,

(C1-Ce)alkylamino-, [(Cy-Cg)alkylbamino-, -CO2R*, -CONR'R®, -SO.NR’R®, -C(=0)R",
-XC(=O)R"™, aryl-(Co -Cs)alkyl- or aryi-(Co-C3)alkyl-O-, wherein said aryl is selected from phenyl
and naphthyl, heteroary!l-(Co-Cz)alkyl- or heteroaryl-(Co-Cs)aikyl-O-, wherein said heteroaryl! is

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

selected from oxygen, nitrogen and sulfur, X*(Co-Ce)alkyl- and X?(C,-C,)alkoxy-(Co-Ce)alkyl-,
wherein X? is absent or X? is (Cy-Cg)alkylamino- or [(C,-Cg)alkyl,amino-, and wherein the (Co-
Ce)alky+ or (C,-Cg)alkoxy-(Co-Ce)alky!- moieties of said X2(Co-Ce)alkyl- or X?(C1-Ceg)alkoxy-(Co-
Cg)alkyi- contains at least one carbon atom, and wherein from one to three of the carbon atoms

of said X?(Co-Ce)alkyl- or (C,-C,)alkoxy-(Co-Cg)alky- moieties may optionally be replaced by an
oxygen, nitrogen or sulfur atom, with the proviso that any two such heteroatoms must be

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

Ce)alkyl- or (C,-Ce)alkoxy-(Co-Ce)alkyl- may be optionally substituted with from two to seven

fluorine atoms, and wherein one of the carbon atoms of each of the alkyl moieties of said aryl-
(Co-Ca)alkyl- and said heteroary!-(Cy-C3)alkyl- may optionally be replaced by an oxygen,nitrogen

or sulfur atom, and wherein each of the foregoing aryl and heteroaryl groups may optionally be

substituted with one or more substituents, preferably from zero to two substituents,

independently selected from (C,-Ce)alkyl optionally substituted with from one to seven fluorine

atoms, (C,-C,)alkoxy optionally substituted with from two to seven fluorine atoms, halo, (C2

Ce)alkenyl, (C2-Ce)alkynyl, hydroxy, nitro, cyano, amino, (C,-Cg)alkylamino-, [(C;-C.)

alkyllpamino-, -CO2R*, -CONR®R®, -SO.NR’R®,-C(=0)R™ and -XC(=O)R™:
or R? and R*, togetherwith the carbonsto which they are attached, form a four to seven

membered monocyclic, 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

monocyclic rings, and from oneto five of the carbon atomsofsaid bicyclic rings that are not part
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5 of the benzo ring shown in formula I, may optionally and independently be replaced by a

nitrogen, oxygen or sulfur, and wherein said monocyclic and bicyclic rings may optionally be
substituted with one or more substituents, preferably from zero to two substituents for the

monocyclic rings and from zero to three substituents for the bicyclic rings, that are selected,

independently, from (C, -C¢) alky! optionally substituted with from one to seven fluorine atoms,

10 (C,;-Cg) alkoxy optionally substituted with from one to seven fluorine atoms, nitro, cyano, halo,

(C2-Ce)alkenyl, (C2-Cg)alkynyl, hydroxy, amino, (C; -C,)alkylamino and [(C, ~Cg) alkyl]amino, -

COR‘, -CONR'R®, -SO2NR’R®, -C(=O)R™ and -XC(=O)R™:

wherein R*, R®, R®, R’, R® and R™are selected, independently, from hydrogen and (C;-
C,) alkyl, or R® and R®, or R’ and R®togetherwith the nitrogen to which theyare attached, form a

15 pyrrolidine, piperidine, morpholine, azetidine, piperazine, N-(C,-Ce)alkylpiperazine or

thiomorpholine ring, or a thiomorpholine ring wherein 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® are both hydrogen, R' cannot be hydrogen, (C,-C,)alkyl, or

‘20 unconjugated (C3-C.)alkenyl; or a pharmaceutically acceptable salt thereof,

2. A compound according to claim 1, wherein R? and R®, together with the benzo
ring of formulaI, form a bicyclic ring system selected from the following:

N Ri?

On SR” N NN S S—rR” (ol Ri7
. Ri? Oo N

S oO.
10 Np-R A

N

Ri?

wherein R' and R” are selected, independently, from (Co-Ce)alkyl- and (C1-C,)alkoxy-
25  (Co-Ce)alkyl- wherein the total numberof 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,
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amino, (Cy-Ce)alkylamino-, [(C1-Cg) alkyijamino-, -CO2R*, -CONR®R®, -SO2NR’R®, -C(=0)R™,
-XC(=O)R™, phenyl and monocyclic heteroaryl, wherein said heteroaryl is selected from five to

seven membered aromatic rings containing from one to four heteroatoms selected from oxygen,
nitrogen andsulfur, and wherein R*, R®, R°, R’, R®° and R™are as definédin claim 1.

3. A compound according to claim 1, wherein R?.and R? do not, together with the
benzo ring of formula I, form a bicyclic ortricyclic ring system.

4. A compound according to claim 1, wherein one or both of R* and R® are

-C(=O)R™wherein R™is (C,-Cg)alkyl.
5. A compound according to claim 1, wherein one of R? and R° is -COR™ wherein

R'is (C,-C,)alkyl or (C;-C3)alkyl optionally substituted with from one to seven fluorine atoms.
6. A compound according to claim 1, wherein one of R? and R® is CF; , fluoro,

cyano or C2Fs.

7. A pharmaceutical composition for use in reducing nicotine addiction or aiding in

the cessation or lessening of tobacco use in a mammal, comprising an amount of a compound

according to claim 1 that is effective in reducing nicotine addiction or aiding in the cessation or

lessening of tobacco use and a pharmaceutically acceptable carrier.

8. A method for reducing nicotine addiction oraiding in the cessation or lessening

of tobacco use in a mammal, comprising administering to said mammal an amount of a

compound according to claim 1 that is effective in reducing nicotine addiction or aiding in the

cessation or lessening of tobacco use.

9. A pharmaceutical composition for treating a disorder or condition selected from

inflammatory bowel disease,ulcerative colitis, pyoderma gangrenosum, 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, arnylotropic lateral sclerosis (ALS), cognitive dysfunction, hypertension, bulimia, anorexia,

obesity, cardiac arrythmias, gastric acid hypersecretion, ulcers, pheochromocytoma, progressive

supramuscularpalsy, chemical dependencies and addictions; dependencies on, or addictionsto,

nicotine and/or tobacco products, alcohol, benzodiazepines, barbituates, opioids or cocaine;

headache,stroke, traumatic brain injury (TBI), obsessive-compulsive disorder (OCD), psychosis,

Huntington'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 Syndromein a mammal,
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comprising an amount of a compound according to claim 1 that is effective in treating such
disorderor condition and a pharmaceutically acceptable carrier. ,

10. A methodfor treating a disorder or condition selected from inflammatory bowel

disease, ulcerative colitis, pyoderma gangrenosum, 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, amylotropic lateral

sclerosis (ALS), cognitive dysfunction, hypertension, bulimia, anorexia, obesity, cardiac

arrythmias, gastric acid hypersecretion, ulcers, pheochromocytoma, progressive supramuscular

palsy, chemical dependencies and addictions; dependencies on, or addictions to, nicotine and/or

tobacco products, alcohol, benzodiazepines, barbituates, opioids or cocaine; headache,stroke,

traumatic brain ‘injury (TBI), obsessive-compulsive disorder (OCD), psychosis, Huntington'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 in a mammal, comprising administering to a mammal in need of such
treatment an amount of @ compound according to claim 1 that is effective in treating. such

disorderor condition.
11. A compoundof the formula

P
N

Ri4 Rts

wherein P is hydrogen, methyl, COOR™ wherein R"® is (C,-C,)alkyl, allyl or 2,2,2-
trichloroethyl; -C(=O)NR®°R® wherein R® and R® are defined as in claim 1 above; -C(=O)H,
-C(=O)(C;-Ce)alkyl wherein the alkyl moiety may optionally be substituted with from 1 to 3

halo atoms, preferably with from 1 to 3 fluoro or chloro atoms; benzyl, t-butoxycarbonyl (t-
Boc)ortrifluoroacetyl, and R™ and R” are selected, independently, from hydrogen, (C,-
Ce)alkyl optionally substituted with from one to seven fluorine atoms; -C(=O)(C,-Ce)alkyl,
cyano, hydroxy, nitro, amino, -O(C,-Ce¢)alkyl and halo; with the proviso that R™ and R" can

not both be hydrogen when P is hydrogen, (C1-Ce)alkyl, or unconjugated (C3-C,)alkenyl.
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12. A method for reducing nicotine addiction or aiding in the cessation or lessening
of tobacco use in a mammal, comprising administering to said mammal an amount of a

compound comprising an amount of a compound of the formula

Cay,
or a pharmaceutically acceptable salt thereof, that is effective in reducing nicotine

addiction or aiding in the cessation or lessening of tobacco use.

13. A method for treating a disorder or condition selected from inflammatory bowel

disease, ulcerative colitis, pyoderma gangrenosum, .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, amylotropic [lateral

sclerosis (ALS), cognitive dysfunction, hypertension, bulimia, anorexia, obesity, cardiac

arrythmias, gastric acid hypersecretion, ulcers, pheochromocytoma, progressive supramuscular

paisy, chemical dependencies and addictions; dependencies on, or addictions to, nicotine and/or

tobacco products, alcohol, benzodiazepines, barbituates, opioids or cocaine; headache, stroke,

traumatic brain injury (TBI), obsessive-compulsive disorder (OCD), psychosis, Huntington'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 in a mammal, comprising administering to a mammal in need of such

treatment an amountof a compoundofthe formula

OL»
or a pharmaceutically acceptable salt thereof:

that is effective in treating such disorderor condition.

14. A compoundofthe formula

R2

/
NP" (I)

R3

wherein R? and R?® are defined as in claim 1; and P’ is COOR"® wherein R’® is allyl,
2,2,2-trichloroethyl or (C,-C,)alkyl; -C(=O)NR®R® wherein R® and R® are defined as in claim 1;
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| NOTES TO FORM PCT/ISA/220

These Notes are intended to give the basic instructions concemingthefiling of amendments under article 19. The
Notes are based on the requirements of the Patent Cocperation Treaty, the Regulations and the Administrative instructions
under that Treaty. In case of discrepancy between these Notes and those requirements, the latter are applicable. For more
detailed information, see also the PCT Applicant's Guide, a publication of WIPO.

In these Notes, .“Article’, “Rule’, and “Section” refer ta the provisions of the PCT, the PCT Regulations and the PCT
Administrative Instructions respectively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicant has, after having received the intemational search report, one opportunity to arnend the claims of the
international application. It should however be emphasized that, since ail parts of the intemationa! application (claims,
description and drawings) may be amended during the international preliminary examination procedure, there is usually
no need to file amendments of the claims under Article 19 except where, e.g. the applicant wants the latter to be published
for the purposes of provisional protection or has another reason for amending the claims before international pbulication.
Furthermore, it should be emphasized that provisional protection is available in some States only.

What parts of the intemational application may be amended?
Under Article 19, only the claims may be amended.

During the intemationa! phase, the claims may also be amended (or further amended) under Avticle 34 before
the Internationa! Preliminary Examining Authority. The descripton and drawings mayonly be amended under
Article 34 before the Intemational Examining Authority.

Upon entry into the nationa! phase, all parts of the intemational application may be amended under Article 28
or, where applicable, Article 41.

When? Wahin 2 months from the date of transmittal of the intemational search report or 16 months trom the pnorty
date, whichever timelirnit expires later. tt should be noted, however, that the amendments will be considered
as having been received on timeif they are received by the International Bureau after the expiration of the
applicable time mit but before the compietion of the technical preparations for intemationa! publication
(Rule 46.1).

Where nat to file the amendments?

The amendments may only be filed with the International Bureau and not with the receiving Office or theInternationa! Searching Authority (Rude 46.2).

Where a demandfor intemationa! preliminary examination has been Aa filed, see below.

How? Either by cancelling one or more entire clams, by adding one or more new claims or by amending the text ofone or more of the claims as filed.

A replacement sheet must be submitted for each sheet of the claima which, on account of an amendmert or
amendments, differs from the sheet orginally filed.

All the claims appearing on a replacement sheet must be numbered in Arabic numerais. Where a clam a
cancelled, no renumbering of the other claims is required. In all cases where claims are renumbered, they must
be renumbered consecutively (Administrative Instructions, Section 205(b)).

The amendments must be made in the language in which the international apptication is to be published.

What documents must/may accompany the amendments?

Letter (Section 205(b)):

The amendments must be submitted with a letter.

The letter will not be published with the intemational application and the amended claims.It should not be
contused with the "Statement under Article 19(1}° (see below, under “Statement under Article 19(1)*).

The fetter must be in English or French, at the choice of the applicant. However, If the tanguageof the
international apptication Is English, the letter must be In English; if the tanguage ofthe international application
is French,the letter must be in French.

 
Notes to Form PCTASA/220 (first sheet) (January 1994)
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_ NOTES TO FORM PCT/ISA/220 (continued)

The letter must indicate the differences between the claims asfiled and the claims as amended.It must, in
particular, indicate, in connection with each claim appearing in the international application (it being understood
that identical indications conceming several claims may be grouped),whether

@®~~the claim is unchanged;

(”)=the claim is cancelled;

(ii) the claim i= new;

(v) the claim replaces one or more claims as filed;

(v) the claim is the result of the division of a claim as filed.

The followingexamplesWustrate the manner in which amendments mustbe explained in theaccompanying letter:

1. [Whereoriginally there were 48 claims and after amendment of some claimsthere are 51]:
"Claims 1 to 29, 31, 32, 34, 35, 37 to 48 replaced by arnended claims beasing the same numbers;
claims 30, 33 and 36 unchanged; new claims 49 to 51 added.”

2. [Where originaily there were 15 claims and after amendment of all claims there are 11]:
"Claims 1 to 15 replaced by arnended claims 1 to 11.°

new claims]:
“Claims 1 to 6 and 14 unchanged;claims 7 to 13 cancelled; new claims 1S, 16 and 17 added.” or
°Claims 7 to 13 cancelled; new claims 15, 16 and 17 added; all other claims unchanged.” :

4. [Where various kinds of amendments are made}:
"Claims 1-10 unchanged; claims 11 to 13, 18 and 19 cancelied; claims 14, 15 and 16 replaced by amended
claim 14; claim 17 subdivided into amended claims 15, 16 and 17; new claims 20 and 21 added.”

“Statement under article 19(1)" (Rule 46.4)

The amendments may be accompanied by a statement explaining the amendments and indicating any impact
that such amendments might have on the description and the drawings (which cannct be amended under
Article 19(1)).

The statementwill be published with the intemational application and the amended claims.
R must be In the language In which the international apppiication Is to be published.

tt must be brief, not exceeding 500 words if in English or if translated into English.

tt should not be confused with and does not replace the letter indicating the differences between the claims
as filed and as amended.it must be filed on a separate sheet and must be identified as such by a heading,
preterably by using the words “Statement under Article 19(1).°

It may not contain any disparaging comments on the international search report or the relevance of citations
contained in that report. Reference to citations, relevant to a given claim, contained in the intemational search
report may be made only in connection with an amendment of that claim.

Consequence if a demand for international preliminary examination has already been filed
If, at the time of filing any amendments under Article 19, a demand for international preliminary examination
has already been submitted, the applicant must preferably, at the same time offiling the amendments with the
intem ation a! Bureau,also fila a copy of such amendments with the international Preliminary Examining
Authority (see Rule 62.2(a), firat sentence).

Consequence with regard to translation of the international application for entry into the national phase

The applicant's attention is drawn to the fact that, where upon entry into the national phase, a translation of the
claims as amended under Article 19 may have to be furnished to the designated/elected Offices, instead of, or
mm addition to, the translation of the claims as filed.
For further details on the requirements of each designateWelected Office, see VolumeIl of the PCT Applicant'sGuide.

Notes to Form PCTASA/220 (second sheet) (January 1994)
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  Acolicant's or agent'sfile reference

PC1O030AKXD
International application No.

PCT/IB 98/.01813
Acplicant

FOR FURTHER seeNotification sf Transmittal of International Search Report
(Form PCT/ISA/220) as well as. where applicable. item 5 below.

ACTION

International filing date (day/month/year)

13/11/1998

  

  
  
  

 
(Earliest) Priority Date (gay/monthyear)

31/12/1997 
 
 

  

 PFIZER PRODUCTS INC. et al.

“This International Search Report has been prepared by this International Searching Aumority and is transmitted to the applicant
according to Article 18. A copy is being tansmitted to the International Bureau.

This International Search Report consists of a total of 3 sheets.
It is also accompanied by a copy of eachpriorart documentcited in this repor_

1, {x} Certain claims were found unsearchable (see Box |).

LN){] Unity of invention is lacking(see BoxIl).

O The international! application contains disclosure of a nucleotide and/or amino acid sequencelisting and the
international search was carried out on the basis of the sequence listing

i|filed with the international application.
| furnismed by the applicant separately fromthe int=-national application.

i: utnot accompanied by a statementte v2 effect thatit did not include
matter going beyond the disciosure in tr= :nternaticnal application as filed.

(| Transcribed by this Authority

4. With regard tothetitle, x) the text.is approved as submitted by the applicart
| the text has been established by this Authority to ‘sad as follows:

uy With regard to the abstract,

the text is approved as submitted by the applicart

C] the text has been established. according to Rule %.2(b). by this Authority as it appearsin
Box iH. The applicant may, within one month from:he date of mailing of this international
Search Report, submit comments to this Authority.

6. The figure of the drawings to be published with the abstractis:

Figure No.={] as suggested by the applicant. [} None of the figures.
CJ because the applicant failed to suggesta figure.
r] because this figure better characterizes the invenzon.

Form PCT/ISA/210 (first sheet) (July 1992)
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. . @ @ International applicason No.
INTERNATIONAL SEARCH REPORT PCT/IB 98/ 01813

Box! Observations where certain claims were found unsearchabie (Continuation of item 1 of first sheet)

This Inte~ational Search Report has not been established in respect of certain claims under Article 17(2)(a) for the foiowing reasons:

1. [X] ciaimsNos: 8,10,12,13
zecause they relate to subject matter not required to be searched bythis Authority, namely:

zemark: Although claims 8,10,12,13
are directed to a method of treatment of the human/animal
body, the search has been carried out and based on the alleged
effects of the compound/composition.

2. [] Zaims Nos.: .
zecause they relate to parts of the International Application that do not comply with the prescribed requirements tosuch
=f extent that no meaningful International Search can be carried out. specifically:

3. ( fraims Nos.: :
secause they are dependentclaims and are not drafted in accordance with the second andthird sentencesct Rule 6.4(a).

Box ll Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This Inte-ational Searching Authority found multiple inventions in this international application. as follows:

. +3 all required additional search fees were timely paid by the applicant. this International Search Report covesallzearchabie claims.

2. [| <3 all searchable claims could be searched withouteffort justifying an additional fee. this Authority did not invtepayment
2 any additional fee. ‘

3. (| +s only someof the required additional search fees were timely paid by the applicant.this International Searcn Report
stvers only those claims for which fees were paid, specifically claims Nos.:

4. [| ‘9 required additional search fees were timely paid by the applicant. Consequently, this International Search Report is
-2stricted to the inventionfirst mentioned in the claims;it is covered by ciaims Nos.:

Remark on Protest [| The additional search fees were accompaniedbythe applicant's protest.

[] No protest accompanied the paymentof additional search fees.

Form PCT "34/210 (continuation of first sheet (1)) (July 1992)
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CLASSIFICATION OF SUBJECT MATTER
PC 6 C07D221/22 A61K31/435 C07D471/08  C07D498/08 C070513/08
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Accore:rg to Intemational Patent Classificaten (IPC) or te both national classification and IPC

B. FIELDS SEARCHED
Minimum documentation searched (classification system followed byclassification symbols)

IPC 6 CO7D A6I1K  

Documentation searched other than minimum documentation to the extent that such documentsare included in the fields searched

Electronic data base consulted during the international search (name of data base and, wherepractical, search terms used)

 
 C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category *|Citation of document. with indication, where appropriale. of the relevant passages Relevant to claim No.

PAUL H. MAZZOCHI ET AL: "Synthesis and
pharmacological activity of .
2,3,4,5-tetrahydro-1l ,5-methano-1H-3-benzaz
epines”
JOURNAL OF MEDICINAL CHEMISTRY.,
vol. 22, no. 4. 1979, pages 455-457,
XP002090422
WASHINGTON US
see the whole document

 

US 3 471 503 A (CARSON JOHN R)
7 October 1969
see the whole document

[] Further documentsarelisted in the continuation of box C.
  

 

    

  
  
  

  
  
  

 

Patent famity membersare listed in annex.

° Special categories of cited documents: : a‘T" tater document published after the international tiling date

"A" document defining the general state of the art which is not orprioritydateane "he rmemieortheory onying ueccnsidered to be of particular relevance invention

“E” earlier documentbut published onor after the international “X" documentof particular relevance: the claimed inventionfiling date cannot be considered novel or cannoli be considered to

“L" document which may throw doubts on pnority claims) or : involve an inventive step when the document is taken alonewhich is cited to establish the publication date of another “¥" documentof ‘ . . -. - ‘an particular relevance: the claimed invention
citation or other special reason (as specitied) cannot be considered to involve aninventive step whenthe

“O" document referring to an oral disclosure. use, exhibrtion or document is cornbined with one or more other such docu-
other means ments, such combination being obvious to a person skilled

"P* document published prior to the intemational filing date but in the art.
later than the priority date claimed “&" document memberof the same patent family

 
  

Oate of the actual! completion of the intemational search Date of mailing of the international search report 

03/02/1999
Authorized officer 

 
 

20 January 1999
Name and mailing address of the ISA

European Patent Office, P.8. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tal. (+31-70) 340-2040, Tx. 31 651 epo ni,
Fax: (+31-70)340-3016
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(30) Priority Data: TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU, ZW, ARIPO
60/070,245 31 December 1997 (31.12.97) US patent (GH, GM, KE, LS, MW,SD, SZ, UG, ZW), Eurasian

patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
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(54) Titles ARYL FUSED AZAPOLYCYCLIC COMPOUNDS
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(57) Abstract

Compounds of formula (I) and their pharmaceutically acceptable salts, wherein R!, R2, R? and n are defined as in the specification,
intermediates in the synthesis of such compounds, pharmaceutical compositions containing such compounds and methods of using such
compounds in the treatment of neurological and psychological disorders are claimed. 
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Background of the Invention

This invention relates to aryl fused azapolycyclic compounds, as defined more

specifically by formula | below. Compounds of formula ! bind to neuronal nicotinic acetylcholine

specific receptor sites and are useful in modulating cholinergic function. Such compounds are
useful 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, vasoconstriction, anxiety, panic

disorder, depression, bipolar disorder, autism, sleep disorders, jet lag, amylotropic iateral

sclerosis (ALS), cognitive dysfunction, hypertension, bulimia, anorexia, obesity, cardiac
arrythmias, gastric acid hypersecretion, ulcers, pheochromocytoma, progressive supramuscular

palsy, chemical dependencies and addictions (e.g., dependencies on, or addictions to nicotine

(and/or tobacco products), alcohol, benzodiazepines, barbituates, opioids or cocaine),

headache, stroke, traumatic brain injury (TBI), obsessive-compulsive disorder, psychosis,
Huntington’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 reuptakeinhibiting
antidepressant (SRI), in order to treat both the cognitive decline and depression associated with

AD, PD, stroke, Huntington’s Chorea or traumatic brain injury (TBI); in combination with

muscarinic agonists in order to stimulate both central muscarinic and nicotinic receptors for the

treatment, for example, of ALS, cognitive dysfunction, age related cognitive decline, AD, PD,
stroke, Huntington’s Chorea and TBI; in combination with neurotrophic factors such as NGF in

order to maximize cholinergic enhancementfor the treatment, for example, of ALS, cognitive

dysfunction, age related cognitive decline, AD, PD stroke, Huntington's Chorea and TBI: or in

combination with agents that slow or arrest AD such as cognition enhancers, amyloid

aggregation inhibitors, secretase inhibitors, tau kinase inhibitors, neuronal antiinflammatory
agents and estrogen-like therapy.

Apotex Exhibit 1007.213



Apotex Exhibit 1007.214

y
WO 99/35131 PCT/IB98/01813

_2. :

5 Other compoundsthatbind to neuronalnicotinic receptor sites are referred to in United

States Patent Application 08/963,852, which wasfiled on November 4, 1997. The foregoing
application is owned in commonwith the present application, and is incorporated herein by
referenceinits entirety. ,

Summary of the Invention

10 This invention relates to aryl fused azapolycyclic compoundsof the formula

R2

NR" (I)

R?

R' is hydrogen, (C,-C,)alkyl, unconjugated (C3-C,)alkenyl, benzyl, XC(=O)R™ or
-CH,CH,-O-(C,-C,alkyl;

R? and R?®are selected, independently, from hydrogen, (C2-C,)alkenyl, (C.-C,)alkynyl,
15 hydroxy, nitro, amino, halo, cyano, -SO,(C,-C,)alkyl wherein q is zero, one or two,

(C,.C,)alkylamino-, [(C,-Cg)alkyl,amino-, -CO,R*, -CONR®R®, -SO,NR’R®, -C(=0)R",
-XC(=O)R™, aryl-(Co -Cs)alkyl- or aryl-(Co-C,)alkyl-O-, wherein said aryl is selected from pheny!
and naphthyl, heteroaryl-(Co-Cz)alkyl- or heteroaryl-(Co-C,)alkyl-O-, wherein said heteroaryl is
selected from five to seven membered aromatic rings containing from one to four heteroatoms

20 selected from oxygen, nitrogen and sulfur, and X?(Co-C,)alkoxy-(Co-C,)alkyl-, wherein X? is
absentor X? is (C,-C,)alkylamino- or [((C,-Cg)aikyl},amino-, and wherein the (Co-C,)alkoxy-(Co-
C.)alkyl- moiety of said X?(Co-Cg)alkoxy-(Co-Ce)alkyl- contains at least one carbon atom, and

wherein from one to three of the carbon atoms of said (Cy-C,)alkoxy-(Co-C,)alkyl- moiety may
optionally be replaced by an oxygen,nitrogen or sulfur atom, with the proviso that any two such

25 heteroatoms must be separated by at least two carbon atoms, and wherein any of the alkyl
moieties of said (CoCe)alkoxy-(Co-C,)alky!- may be optionally substituted with from two to seven
fluorine atoms, and wherein one of the carbon atoms of eachof the alkyl moieties of said aryl-
(Co-C)alky!- and said heteroaryl-(Co-C)alkyl- may optionally be replaced by an oxygen, nitrogen

or sulfur atom, and wherein each of the foregoing aryi and heteroaryl groups may optionally be
30 substituted with one or more substituents, preferably from zero to two substituents,

independently selected from (C,-C,)alky! optionally substituted with from one to seven fluorine

atoms, (C,-C,)alkoxy optionally substituted with from two to seven fluorine atoms, halo (e.g.,
chloro, fluoro, bromo or iodo), (C2-Cg)alkenyl, (C2-C,)alkynyl, hydroxy, nitro, cyano, amino, (C,-
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C,)alkylamino-, [(C,-C,) alkyl]zamino-, -CO,R*, -CONR®R®, -SO,NR’R®, -C(=0)R™ and -
XC(=O)R”; ,

or R® and R*, together with the carbons to which they are attached, form a four to seven
membered monocyclic, or a 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

monocyclic rings, and from oneto five of the carbon atoms of said bicyclic rings that are not part
of the benzo ring shown in formula |, 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 more substituents, preferably from zero to two substituents for the

monocyclic rings and from zero to three substituents for the bicyclic rings, that are selected,
independently, from (Cp -C,)alkoxy-(Co-C,)alkyl-, wherein the total number of carbon atoms does

not exceed six and wherein anyof the alkyl moieties may optionally be substituted with from one

to seven fluorine atoms; nitro, oxo, cyano, halo, (C2-C.)alkenyl, (C2-Ce)alkynyl, hydroxy, amino,
(C,-Ce)alkylamino-, [(C,-Cg)alky!],amino-, -CO,R*, -CONR®R®, -SO,NR’R®, -C(=0)R™, and -
XC(=O)R™:

each R*, R®, R®,R’, R® and R’is selected, independently, from hydrogen and (C, -Cy)
alkyl, or R° and R®, or R’ and R° togetherwith the nitrogen to which they are attached, form a
pyrrolidine, piperidine, morpholine, azetidine, piperizine, -N-(C 4-C,)alkylpiperizine or
thiomorpholine ring, or a thiomorpholine ring wherein the ring sulfuris replaced with a sulfoxide
or sulfone; and

eachXis, independently, (C ,-C,)alkylene;

with the proviso that: (a) at least one of R', R® and R® mustbe the other than hydrogen,
and (b) when R’ and R® are hydrogen, R' cannotbe methyl!or hydrogen;

and the pharmaceutically acceptable salts of such compounds.

Examples of heteroaryl! groups that each of R* and R® canbe arethe following:
thienyl, oxazoyl, isoxazoly!, pyridyl, pyrimidyl, thiazolyl, tetrazolyl, isothiazolyl, triazolyl,
imidazolyl, tetrazolyl, pyrroyl and the following groups:
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wherein one of R® and R®is hydrogenor (C,-C,)alky!, and the other is a bond to the

benzo ring of formula l.

Examples of compoundsof this invention are compounds of the formula |, and their

pharmaceutically acceptable salts, wherein R? and R°, together with the benzo ring of formula |,
form a bicyclic ring system selected from the following:

N R10

N

‘SR Nk
ON

biz

O s 10
‘ Rjs (oly

wherein R™ and R" are selected, independently, from (Co-C,)alkoxy-(Co-C,)alky!-
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,)alkylamino-, [(C,-C,) aikyl],amino-, -CO,R*, -CONR’R®, -SO,NR’R®, -C(=O)R™,
-XC(=O)R™, phenyl and monocyclic heteroary! wherein said heteroaryl is defined as R? and R®

are defined in the definition of compounds of the formula | above:

Other embodiments of this invention relate to compounds of the formula |, and their

pharmaceutically acceptable salts, wherein R? and R°, together with the benzoring of formula |,

form a bicyclic ortricyclic ring system selected from the following:

Apotex Exhibit 1007.216



Apotex Exhibit 1007.217

WO 99/35131 PCT/B98/01813

-5-

/
N

\

Ss

‘N(oly
10

5 R
10

R , RAR” _N
— ?

Nv Sp? N N

17

Ri R R1?
CN N

N N N
\ 40 lag \
R R R10

Oo

R'% R’ N R'?
i‘ (* y

N N A N
Ri

wherein R* and R”’ are defined as above and mis zero, one or two, and wherein one of

the carbon atomsof ring A can optionally be replaced with oxygen or -N(C,-C,)alkyl.

Other embodiments of this invention relate to compounds of the formula |, and their

10 pharmaceutically acceptable salts, wherein neither R? nor R° is attached to the benzo ring of
formula | via an oxygen atom.

Other embodiments of this invention relate to compounds of the formula i wherein R' is

not methyl.

Examples of specific compoundsof the formula | are the following:

15 6-methyl-5,7-dioxo-6, 13-diazatetracyclo[9.3.1.07"°0**]pentadeca-2(10),3,8-triene

hydrochloride;
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6-methyl-5-ox0o-6, 13-diazatetracyclo[9.3.1.07'°.0**}pentadeca-2(10),3,8-triene
hydrochloride; :

5,7-dimethy!-6-oxo-5,7, 13-triazatetracyclo[9.3.1.07"°.0**]pentadeca-2(10),3,8-triene
hydrochloride; ‘

5,7-dioxo-6, 13-diazatetracyclo[9.3.1.07'°.0**]pentadeca-2(10),3,8-triene
hydrochloride;

5-oxo-6, 13-diazatetracyclo[9.3.1.0°*°.0**}pentadeca-2(10),3,8-triene hydrochloride:
6-oxo-5,7,13-triazatetracyclo[9.3.1.07'°.0**]pentadeca-2(10),3,8-triene hydrochloride:
4,5-difluoro-10-aza-tricyclo[6.3. 4 .0”Idodeca-2(7), 3,5-triene hydrochloride;
5-fluoro-10-aza-tricyclo[6.3.1.0°”}dodeca-2(7),3,5-triene-4-carbonitrile hydrochloride:
4-ethynyl-5-fluoro-10-aza-tricyclo[6.3. 1.07’]dodeca-2(7),3,5-triene hydrochloride:
5-ethynyl-10-aza-tricyclo[6.3.1 .0”"Jdodeca-2(7),3, 5-triene-4-carbonitrile hydrochloride:
5-chloro-10-aza-tricyclo[6.3.1 .0?"|dodeca-2(7),3,5-triene-4-carbonitrile hydrochloride;
4-ethynyl-5-chloro-10-aza-tricyclo[6.3.1.0°’}dodeca-2(7),3,5-triene hydrochloride:
5-oxa-7-methyl-6-0xo-7, 13-diazatetracyclo[9.3.1.07'°.0**}pentadeca-2(10),3,8-triene

hydrochloride;

4-fluoro-§-trifluoromethyl-10-aza-tricyclo[6.3.1 .0?"]dodeca-2(7),3,5-triene
hydrochloride;

4-chloro-5-trifluoromethy|-10-aza-tricyclo[6.3.1.07’]dodeca-2(7),3,5-triene
hydrochloride;

5-trifluoromethyl-10-aza-tricyclo[6.3.1 .0*"Jdodeca-2(7), 3,5-triene-4-carbonitrile

hydrochloride;

4-ethynyl-5-trifluoromethyl-10-aza-tricycio[6.3.1 .0*]dodeca-2(7),3,5-triene
hydrochloride;

6-methy|-5-thia-5-dioxa-6, 13-Diazatetracyclo[9.3.1.07'°.0**|pentadeca-2(10),3,8-
triene hydrochloride;

7-dimethylamino-5-thia-5-dioxa-6, 13-Diazatetracyclo[9.3.1.07"°.0**}pentadeca-
2(10),3,8-triene hydrochloride;

6,7-dioxa-5,8, 14-triazatetracyclo[10.3.1.07"" .0*°}nexadeca-2(11),3,9-triene
hydrochloride; and

5,8-dimethyl-6,7-dioxa-5,8, 14-triazatetracyclo[10.3.1.07'' 0**}hexadeca-2(11),3,9-
triene hydrochloride.

This invention also relates to compoundsofthe formula
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wherein P is hydrogen, methyl, COOR™ wherein R“°is (C,-C,)alkyl, allyl, 2,2,2-trichloroethy!
or (C,-C,)alkyl; -C(=O)NR®°R® wherein R® and R® are defined as in formula | above; -C(=O)H,
-C(=O)(C,-Ce)alky! wherein the alkyl moiety may optionally be substituted with from 1 to 3

halo atoms, preferably with from 1 to 3 fluoro or chloro atoms; benzyl or t-butoxycarbony](t-
Boc); and R™ and R"are selected, independently, from hydrogen, (C,-Ce)alkyl optionally
substituted with from one to seven fluorine atoms; -C(=O)(C,-C,)alkyl, cyano, hydroxy, nitro,

amino, -O(C,-Ce)alkyl or halo; with the proviso that R'* and R" can not both be hydrogen
when P is hydrogen or methyl. Such compoundsare useful as intermediates in the synthesis
of compoundsofthe formula [. .

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

Unless otherwise indicated, the term "alkyl", as used herein, includes straight, branched

or cyclic, and may include straight and cyclic alky! moieties as well as branched and cyclic
moieties.

The term "alkoxy", as used herein, means “alkyl-O-", wherein “alkyl” is defined as
above.

The term “alkylene, as used herein, meansan alky! radical having two available bonding

sites (i.e., -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 numberof substituents possible based on the numberof available

bondingsites.

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

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

symptomsof such condition or disorder. The term “treatment”, as used herein, refers to the act

of treating, as “treating” is defined immediately above.

The compounds of formula | may have optical centers and therefore may occur in

different enantiomeric configurations. The invention includes all enantiomers, diastereomers, and
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other stereoisomers of such compoundsof formula |, as well as racemic and other mixtures
thereof.

The present invention also relates to all radiolabelled forms of the compounds of the
formulae |. Preferred radiolabelled compoundsof formula | are those wherein the radiolabels are

selected from as‘°H, "C, “Cc, "°F,| and '°1. Such radiolabelled compoundsare useful as
research and diagnostic tools in metabolism pharmacokinetics studies and in binding assaysin
both animals and man.

The presentinvention also relates to a pharmaceutical compasition for use in reducing

nicotine addiction or aiding in the cessation or lessening of tobacco use in a mammal, including
a human, comprising an amount of a compound of the formula |, or a pharmaceutically
acceptable salt thereof, that is effective in reducing nicotine addiction or aiding in the cessation

or lessening of tobacco use and a pharmaceutically acceptable carrier.

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

in the cessation or lessening of tobacco use in a mammal, including a human, comprising
administering to said mammal an amount of a compound of the formula I, or a pharmaceutically

acceptable salt thereof, that is effective in reducing nicotine addiction or aiding in the cessation

or lessening of tobacco use.

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

selected from inflammatory bowel disease (including but not limited to ulcerative colitis,

pyoderma gangrenosum and Crohn's disease), irritable bowel syndrome, spastic dystonia,

chronic pain, acute pain, celiac sprue, pouchitis, vasoconstriction, anxiety, panic disorder,

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

cognitive dysfunction, hypertension, bulimia, anorexia, obesity, cardiac arrythmias, gastric acid

hypersecretion, ulcers, pheochromocytoma, progressive supramuscular palsy, chemical

dependencies and addictions (e.g., dependencies on, or addictions to nicotine (and/or tobacco

products), alcohol, benzodiazepines, barbituates, opioids or cocaine), headache, stroke,

traumatic brain injury (TBI), psychosis, Huntington'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 in a mammai,

comprising administering to a mammalin need of such treatment an amount of a compound of

the formula |, or a pharmaceutically acceptable salt thereof, that is effective in treating such
disorderor condition.
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The present invention also relates to a pharmaceutical composition for treating a
disorder or condition selected from inflammatory bowel! disease (including but not limited to

ulcerative colitis, pyoderma gangrenosum and Crohn's disease), irritable bowel syndrome,
spastic dystonia, chronic pain, acute pain, celiac sprue, pouchitis, vasoconstriction, anxiety,
panic disorder, depression, bipolar disorder, autism, sleep disorders, jet lag, amylotropic lateral

sclerosis (ALS), cognitive dysfunction, hypertension, bulimia, anorexia, obesity, cardiac
arrythmias, gastric acid hypersecretion, ulcers, pheochromocytoma, progressive supramuscular

palsy, chemical dependencies and addictions (e.g., dependencies on, or addictions to nicotine

(and/or tobacco products), alcohol, benzodiazepines, barbituates, opioids or cocaine),
headache, stroke, traumatic brain injury (TBI), psychosis, Huntington'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 in a mammal, comprising an amount of a compound of the formula 1, or a

pharmaceutically accepable salt thereof, and a pharmaceutically acceptable carrier.

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

in the cessation or lessening of tobacco use in a mammal, comprising administering to said
mamma! an amount of a compound comprising an amount of a compoundofthe formula

NH

or a pharmaceutically acceptable salt thereof, that is effective in reducing nicotine

addiction or aiding in the cessation or lessening of tobacco use.

The present invention also relates to a method for treating a disorder or condition

selected from inflammatory bowel disease (including but not limited to ulcerative colitis,

pyoderma gangrenosum and Crohn's disease), irritable bowel syndrome, spastic dystonia,

chronic pain, acute pain, celiac sprue, pouchitis, vasoconstriction, anxiety, panic disorder,

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

cognitive dysfunction, hypertension, bulimia, anorexia, obesity, cardiac arrythmias, gastric acid

hypersecretion, ulcers, pheochromocytoma, progressive supramuscular palsy, chemical

dependencies and addictions (e.g., dependencies on, or addictions to nicotine (and/or tobacco

products), alcohol, benzodiazepines, barbituates, opioids or cocaine), headache, stroke,

traumatic brain injury (TBI), psychosis, Huntington’s Chorea, tardive dyskinesia, hyperkinesia,

dyslexia, schizophrenia, multi-infarct dementia, age related cognitive decline, epilepsy, including
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petit mal absence epilepsy, senile dementia of the Alzheimer's type (AD), Parkinson's disease

(PD), attention deficit hyperactivity disorder (ADHD) and Tourette's Syndrome in a mammal,

comprising administering to a mammal in need of such treatment an amount of a compound of
the formula

NH

or a pharmaceutically acceptable salt thereof, that is effective in treating such disorder
or condition.

This invention also relates to the pharmaceutically acceptable acid addition salts of the

compounds of formula |. Examples of pharmaceutically acceptable acid addition salts of the

compounds of formula | are the salts of hydrochloric acid, p-toluenesulfonic acid, fumaric acid,

citric acid, succinic acid, salicylic acid, oxalic acid, hydrobromic acid, phosphoric acid,

methanesulfonic acid, tartaric acid, malate, di-p-toluoy! 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 discussionthat follow are defined as above.
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Scheme1-10 illustrate methods of synthesizing compoundsof the formula| .

Referring to Scheme 1, the starting material of formula iI is reacted with trifluoroacetic

anhydride, in the presence of pyridine, to form the compound of formula {V. This reaction is
typically conducted in methylene chloride at a temperature from about 0°C to about room
temperature.

The compound of formula IV is then converted into the dinitro derivative of formula IIA

by the following process. The compoundof the formula IV is added to a mixture of 4 or more

equivalentsof trifluoromethanesulfonic acid (CF3S0.0H)and 2 to 3 equivalents of nitric acid, in
a chlorinated hydrocarbon solvent such as chloroform, dichoroethane (DCE) or methylene

chloride. The resulting mixture is allowed to react for about 5 to 24 hours. Both of the foregoing
reactions are generally conducted at a temperature ranging from about -78°C to about 0°C for

about 2 hours, and thenallowed to warm to room temperature for the remainingtime.

Reduction of the compound of formula ilA, using methods well known to those of skill in

the art, 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 reaction
in methano! at about room temperature.

Referring to Scheme2, the compoundof formula IIA is convertedinto the corresponding

compound whereinthe trifluoroacetyl protecting group is replaced by a t-Boc protecting group

(VIA) by reactingit first with an atkali 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 aqueousalcohol, dioxane or tetrahydrofuran (THF)at

a temperature from about room temperature to about 70°C, preferably at about 70°C, for about
one to about 24 hours. The reaction of the isolated, unprotected amine or an acid addition salt of

such amine, from the above reaction with di-t-butyldicarbonate is preferably carried out in a

solvent such as THF, 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.

Whenthe reactant is a salt of the amine, use of a base is preferred. The resulting compound of

formula VIA can be converted into the corresponding diaminoderivative of formula VIB using the

procedure described above for converting the dinitro compound of formula IIA into the

corresponding diamino compound of formula IIB.

The conversion of the compound of formula VIB into the desired compound of the

formula VIl can be accomplished by reacting the compound of formula VIB with a compound of
the formula
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wherein R"° is hydrogen, (C,-C;)alky! optionally substituted with from one to seven fluorine

atoms, ary!-(Co -Cs)alkyl wherein said aryl is selected from phenyl and naphthyl, or heteroary!-

(Cy -C;)alkyl wherein said heteroaryl is selected from five to seven membered aromatic rings
containing from one to four heteratoms selected from oxygen, nitrogen and sulfur, and wherein

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

substituents, preferably from zero to two substituents, independently selected from (C, -Cg)alky!
optionally substituted with from one to sevenfluorine atoms, (C , -C,)alkoxy optionally substituted
with from one to seven fluorine atoms and cyano. The preferred solvent for this reaction is a

10:1 mixture of ethanol:acetic acid. The reaction temperature can range from about 40°C to

about 100°C. It is preferably about 60°C. Other appropriate solvents include acetic acid,

ethanol and isopropanol.

Alternate methods of preparing compounds of the formula VN the compound of

formula VIB are described by Segelstein et al., Tetrahedron Lett., 1993, 34, 1897.
Removal of the t-Boc protecting group from the compound of formula VII yields

corresponding compoundofformula 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 anhydrous acid such as hydrochloric acid, hydrobromic acid, methanesulfonic

acid, or trifluoroacetic acid, preferably hydrochloric acid in ethyl acetate, at a temperature from

about 0°C to about 100°C,preferably from about room temperature to about 70°C, for about
one to 24 hours.

The compound of formula Vil can be converted into the corresponding compound of

formula IB by reacting it with a compoundof the formula R'”Z, wherein R"”is defined as R'° is

defined above, and Z is a leaving group such as a halo or sulfonate (e.g., chloro, bromo,
mesylate or tosylate), in the presence of a base such as an alkali metal hydride, hydroxide or

carbonate, preferably potassium hydroxide, in a polar solvent such as_ water,

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

removing the protecting group as described above. The reaction with RZ is generally

carried out at a temperature from about room temperature to about 100°C, preferably at about
50°C,for about five hours.
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Scheme3 illustrates an alternate method of preparing compoundsof the formula IB

from the compound of formula 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 heteroary!
containing group, or when R" can not be attached, as illustrated in Scheme 2, by alkylation
or aryl substitution methods. Referring to Scheme 3, the compoundof formula VIA is reacted

with the appropriate compound of formula R'’NH, in a polar solvent such as THF, DMF or

DMSO,preferably THF, at a temperature from about room temperature to about 100°C,

preferably at the reflux temperature, for about four to eighteen hours. The resulting compound

of formula XXIil is then converted into the corresponding compoundof the formula XXIV by
reducing the nitro group to an amino group using methods well known to those ofskill in the

art. Such methods are referred to above for the conversion of the compoundsof the formula

lA into a compound of the formula iIB in Scheme 1, and exemplied in experimental Examples

12B and 188. Closure of the imidazole ring to form the corresponding compound of formula

XXV can then be accomplished by reacting the compound of formula XXIV from the above

reaction with a compoundof the formula

H,C,0,C CO,C,H,

XXUA

R" OC,H,
wherein R"° is defined as above, as described abovefor converting compoundsof the formula
VIB into those of the formula VII.

Removal of the protecting group from the compound of formula XXV yields the

corresponding compoundof formula 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

corresponding compoundsofthe formula VII.

Scheme4 illustrates a method of preparing compoundsofthe formula IC, wherein R'°

and R" are as defined above. Referring to Scheme 4, the compound of formula VIB is
reacted with a compoundof the formula

OH

SO,Na
NaO,S

OH
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5 (sodium bisulfite ethane dione addition adduct) in water or another polar solvent such as THF,

DMF or DMSO,preferably a mixture of water and a water miscible solvent such as THF, for

about one to four hours. The reaction temperature can range from about 40°C to about

100°C, andis preferably at about the reflux temperature.

Alternatively, the compound of formula VIB can be reacted with a compound of the
10=formula

O

Ri RY
O

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

preferably a mixture of water and THF. This reaction is typically carried out at a temperature

from about 40°C to about 100°C, preferably at the reflux temperature, for about two to four
15 hours.

The desired quinoxoline of formula IC can then be formed by deprotecting the

compoundformedin either of the foregoing reactions, using the method described above for

converting a compound of the formula VII into one of the formula IA.

Scheme5 illustrates a method of preparing compoundsof the formula | wherein R? and

20 _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 reacted with potassium acetate or anotheralkali

or alkaline earth metal carboxylate in a solvent such as dimethylsulfoxide (DMSO), DMF or

25_—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 then be converted

into the desired compound having formula IE by the following procedure. First, the compoundof

30=formula VII is reduced by reaction with hydrogen and a palladium or platinum catalyst such as

palladium hydroxide in methanol at a temperature from about 0°C to about 70°C, preferably at

about room temperature, to form the corresponding amino derivative. The product of this

reaction is then reacted with an acid chloride of the formula R'°COCIor an acid anhydride of the

formula (R'°CO),O wherein R"° is (C,-C,)alkyl, or a compound of the formula R'™C(OC.H.)s, in
35 an appropriate inert solvent such as decalin, chlorobenzene or xylenes. A mixture of xylenes is
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preferred. This reaction is typically conducted at a temperature from about 120-150°C,

preferably at about 140°C. When R™°COCIis used as a reactant, it is preferable to add a
stoicheometric amount of triethylamine (TEA) or another organic tertiary amine base and a
catalytic amountof pyridinium p-toluenesulfonic acid or pyridinum p-toluenesulfonate (PPTs)to

the reaction mixture. When R"C(OC;Hs)3 is used as a reactant, it is preferable to add a catalytic
amount of PPTsto the reaction mixture.

Removalofthetrifluoroacetyl nitrogen protecting group yields the desired compound of

the formula IE. This can be accomplished using methods well known to thoseof skill in the art,

for example, reacting the protected compound with a lower alkanol and an aqueous alkali or

alkaline earth metal (or ammonium) hydroxide or carbonate, aqueous sodium carbonate, at a

temperature from about 50°C to about 100°C, preferably at about 70°C, for about two to six
hours.

Scheme 6 illustrates the preparation of compounds of the formula | 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 III is reacted with

trifluoroacetic anhydride to form the corresponding compound wherein the ring nitrogen is

Protected by a trifluoroacetyl group, and the resulting nitrogen protected compound is then

reacted with two equivalents of trifluoromethanesulfonic anhydride and one equivalentof nitric

acid to form the corresponding compound of formula {X, wherein there is a single nitro

Substituent on the benzo ring. The reaction with trifluoroacetic acid is typically conducted in the

presence of pyridine. Both of the above reactions are typically conducted in a reaction inert

solvent such as a chlorinated hydrocarbon solvent, preferably methylene chloride, at a

temperature from about 0°C to about room temperature, preferably at about room temperature.

The above transformation can also be accomplished using other nitration methods
knownto thoseskill in the art.

Reduction of the nitro group to an amine group can be accomplished as described

above to provide a compoundof the formula IX’.

The compound of formula |X’ is then reacted with a carboxylic acid halide or anhydride

of the formula R'°COX or (R'°CO),0, wherein X is halo and R™is hydrogen or (C,-C,)alkyl, and
pyridine, TEA or anothertertiary amine base, to form a compound of the formula X, which can

then be converted to the desired compound having formula XI by reacting it with Lawesson’s

reagent, which is depicted below.
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The reaction with R'°COX, wherein X is halo, or (R'°CO),0 is generally carried out at
a temperature from about 0°C to about room temperature, preferably at about room
temperature. The reaction with Lawesson’s reagent is generally carried out in a reaction inert

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

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

Closure to the benzothiazole ring and nitrogen deprotection to form the desired

compound of formula IF can be accomplished by reacting the compoundof formula XI‘ with

potassium ferricyanide and sodium hydroxide in a mixture of water and methanol

(NaOH/H,0/CH;OH), at a temperature from about 50°C to about 70°C, preferably at about
60°Cfor about 1.5 hours.

Scheme7 illustrates a method of preparing the compoundofformula Ill, which is used

as the starting material for the process of Scheme 1, or a compound of the formula IG,
wherein R? and R® formaring (labeled “A” in the Scheme), as defined above in the definition
of compoundsof the formula !. Referring to Scheme 7, the compound of formula XI!!, wherein

X' and X? are selected, independently, from chloro, fluoro, bromo and iodo, but whereat least
one of X' and X’is Br- or I-, reacted with cyclopentadiene, in the presence of magnesium
metal, in a THF, dioxane or other ethereal solvent, at a temperature from about 40°C to about

100°C, preferably at about the reflux temperature, to form a compoundof the formula XIII.

Reaction of the resulting compound of formula Xill with N-methyimorpholine-N-oxide (NMO)

and osmium tetroxide in acetone at about room temperature yields the corresponding
compoundof the formula XIIA.

The compound having formula XIIIA is then converted into the corresponding
compound of formula XIV using the following procedure. First, the compound of formula XIIIA

is reacted with sodium periodate in a mixture of a chlorinated 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 temperature, to generate a diaidehyde

or glycal intermediate. The product of this reaction is then reacted with benzylamine and
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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 II! (when ring A is absent) or IG, (when ring A is
present). This can be accomplished using methods well knownto thoseofskill in the art, for

example, optionally reacting the free base with one equivalentof acid, e.g., hydrochloric acid,
(to form the corresponding acid addition salt), followed by hydrogen and palladium hydroxide
in methanol at about room temperature.

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

alternatives to benzyl amine, such as ammonia, hydroxylamine, alkoxy amines, methyl amine,
allyl amine, and substituted benzy! amines (e.g., diphenyimethyl amine and 2- and 4-alkoxy
Substituted benzyl amines) can also be used. They can be used as free bases, or as their

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

for each by T. W. Greene and G.M. Wuts, “Protective Groups in Organic Synthesis”, 1991,
John Wiley & Sons, New York, NY.

The procedure of Scheme 7 can also be used to prepare compoundsofthe formula |

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

Ri x!
Xll

R® xe
Scheme 8, 9 and 10 illustrate methods of preparing compounds of the formula |

wherein R? is hydrogen, and R* and R® represent a variety of different substituents, as
defined above, but do not form a ring.

Scheme8 illustrates a variation of the process shown in Scheme 7, which can be used

to make a compoundidenticalto that of formula III except that the benzoring is substituted with

a fluoro group or an alkoxy group (R™ in Scheme 8). This compoundis depicted in Scheme 8
‘as chemical structure 1H. Referring to Scheme 8, where, for example, R™ is F, 1,3-

difluorobenzene is reacted with a strong base such as an alkali metal dialkylamine or an alkali

metalalkyl (or aryl) in an ethereal solvent such as ethy! ether or THF, at a temperature below -

50°C, followed by quenching with iodine or N-iodosuccinamide, to form 1,3-difluoro-2-

lodobenzene. The compound 1,3-difluoro-2-iodobenzene(structural formula XVI in Scheme8)

is then converted into the compound of formula IH by a series of reactions (represented in
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Scheme 8 as XVI>XVII—>XVII+XIX—IH) that are analogous to the series of reactions

described above andillustrated in Scheme 7 for converting compoundsof the formula XII! into

those of the formula IG orIll. Conversion of the compound of formula XVI into the compoundof
formula XVIt can also be accomplished by treating a mixture of the compound of formula XVI

and cyclopentadiene with an alkyl lithium reagent, preferably n-buty! lithium, in an inert

hydrocarbon solvent such as petroleum ether or methyl cyclohexane, at a temperature from

about -20°C to about room temperature, preferably at about 0°C.

The compoundof 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 IV in Scheme 1. Nitration of the compound of formula XX using the

method described above for preparing the compound of formula IX in Scheme6, yields the

compoundof formula XX! wherein the benzo ring is substituted with both a fluoro andnitro group
or an alkoxy group and nitro group. The compound of formula XXI can be used to make a

variety of compoundsof the formula | wherein one of R? and R°is fluoro, using methodsthat are

well known to those ofskill in the art, for example, byfirst converting the nitro group to an amino

group, converting the amino groupto a variety of other substituents, asillustrated in Scheme 10,

and then removing the nitrogen protecting group.

The compound of formula XXI acts as a regioisomeric functional equivalent of the

compounds having formulas A, VIA and XXiIl, in that the fluorine atom of formula XXI reacts

similarly to the nitro and Y groups of formula IIA, VIA, and XXII, and thus can be subjected to the

same series of reactions as those described above forthe latter three compounds, providing an

alternate means for preparing the products of such reactions. Similarly, the alkoxy group of

formula XX! (R'’=alkoxy) may be convertedinto a hydroxy! 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 compoundsof formula | where R? = -O(C,-C,)alkyl, (C,-C,) alky! or aryl
wherein aryl is defined as above in the definition of formula |, and R® is H or one of the other

Substituents described above in the definition of formula |, can be prepared as described

aboveandillustrated in Scheme 8 by replacing one of the fluorine atoms of the compound of

formula XV with -O-(C,-Cg)alkyl, (C,-C,)alkyl or aryl, respectively.

Scheme9 illustrates methods of preparing compoundsof the formula | wherein: (a) R'

is hydrogen and R? is R’R°NO,S-; (b) R' and R? are both chloro; and (c) R'is hydrogen and R?
is R°C(=O)-. These compoundsare referred to in Scheme 9, respectively, as compounds of
formulas IJ, IK andIL.
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Referring to Scheme 9, compoundsofthe formula IJ can be prepared by reacting the
compound of formula IV with two or more equivalents of a halosulfonic 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 R’R®NH,

wherein R’ and R® are defined as above, followed by removal ofthe nitrogen protecting group,
yields the desired compound having formula IJ.

Compoundsof the formula IK can be prepared by reacting the compound of formula

IV with iodine trichtoride in a chlorinated hydrocarbon solvent, followed by removal of the

nitrogen protecting group. The reaction with iodine trichloride is typically carried 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 analogous mono- or dibrominated or mono- or

diiododinated compounds can be prepared by reacting the compound of IV with N-

iodosuccinimide or N-bromosuccinimidein a trifluromethanesulfonic acid solvent, followed by
removalof the nitrogen protecting group as described above.

Reaction of the compound ofIV with an acid halide of the formula R'“COCI or an acid

anhydride of the formula (R™CO),O, 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

nitrogen deprotection, yields the compound of formula IL. The reaction with the acid halide or

anhydride can be carried out using other known Lewis acids or other Friedel-Crafts acylations
methods that are knownin the art.

The reactions described herein in which NO,, -SO,NR’R®, -COR", |, 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 compound wherein R?is hydrogen, (C,-C,)alkyl, halo,
(C,-Cg)alkoxy or -NHCONR’R®, producing compoundsof the formula | wherein R? and R® are

defined as in the definition of compoundsof the formula | above.

Compoundsthat are identical to those of the formula IL, but which retain the nitrogen

protecting group, can be converted into the corresponding O-acy! substituted compounds,i.e.,
those wherein the -C(=O)R" group of formula IL is replaced with a -O-C(=O)R™group, using
Baeyer-Villiger processes well knownto those skilled in the art. The resulting compounds can

be partially hydrolyzed, as described in Example 35, to yield the corresponding hydroxy

substituted compounds, and then alkylated to form the corresponding alkoxy substited

compounds. Also, as described in Example 36, such O-acyl substituted compounds can be

used to prepare variably substituted benzisoxazoles.
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Scheme 10 illustrates methods of making compounds of the formula | wherein: (a) R'is
hydrogen and R?is chloro; (b) R' is hydrogen and R? is cyano; (c) R’ is hydrogen and R?is
amino; and (d) R' is hydrogen and R?is R™C(=O)N(H)-. These compoundsare referred to in
Scheme 10, respectively, as compoundsof the formula IM, IN, IP and IQ.

Compounds of formula IM can be prepared from compounds of the formula IX’ by
generation of a diazoniumsalt with, for instance, an alkali metal nitrite and strong mineral acid
(e.g., hydrochtoric acid, sulfuric acid, hydrobromic acid) in water, followed by reaction with a
copper halide salt, such as copper (|) chloride. Nitrogen deprotection by the methods
described above yields the desired compound of formula IM. Alternative methods. for the

generation 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 temperatures ranging from about 0°C
to about 60°C, preferably about 60°C for about 15 minutes to one hour.

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

- in an aqueous medium provides the analogous iodide derivative. This reaction is generally
carried out at a temperature from about 0°C to about room temperature, preferably at about
room temperature. The resulting compound,orits analogous N-tert-butylcarbonate protected

form, can be used to prepare the corresponding cyano derivative by reaction with copper(i)
cyanide and sodium cyanide in DMF, N,N-dimethylpropylurea (DMPU) or DMSO, preferably

DMF, at a temperature from about 50°C to about 180°C, preferably about 150°C. Nitrogen
deprotection as described aboveprovides 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 palladium and nickel catalyzed processes known to those of
Skill in the art, such as Heck, Suzuki and Stille couplings and Heck carbonylations.

Nitrogen deprotection of the compound of formula 1X’ provides the compound of the
formula IP.

The compoundof formula IX’ can be reacted with a acyl group having the formula

R'COCIor (R'°CO),0 using the methods described above,followed by nitrogen deprotection
to provide compoundsof the formula IQ. in a similar fashion, treatment of the protected

amine with a compound having the formula R'°SO,X, whenXis chloro or bromo,followed by
nitrogen deprotection, provides the corresponding sulfonamide derivative.

Other suitable amine protecting groups that can be used, alternatively, in the

procedures described throughout this document include -COCF;, -COCCI, -COOCH,CCh,
-COO(C,-Ce)alkyl and -COOCH2C.Hs. These groups are stable under the conditions
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described herein, and may be removed by methods described for each in Greene's

“Protective 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 uniess otherwise indicated. Pressures from about 0.5 atmospheres to
about 5 atmospheres are generally acceptable, with ambient pressure,i.e., about 1 atmosphere,
being preferred as a matter of convenience.

The compoundsof the formula | and their pharmaceutically acceptable salts (hereafter

“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

administration are preferred. These compounds are, most desirably, administered in dosages
ranging from about 0.25 mg up to about 1500 mg per day, preferably from about 0.25 to about

300 mg perday in single or divided doses, although variations will necessarily occur depending
upon the weight and condition of the subject being treated and the particular route of

administration chosen. However, a dosagelevelthat is in the range of about 0.01 mg to about
10 mg per kg of body weight per day is most desirably employed. Variations may nevertheless
occur depending upon the weight and condition of the persons being treated andtheir individual

- responsesto said medicament, as well as on the type of pharmaceutical formulation chosen and

the time period and interval during which such administration is carried out. In some instances,

dosagelevels below the lowerlimit of the aforesaid range may be more than adequate, while in

other cases still larger doses may be employed without causing any harmful side effects,
provided that such larger doses are first divided into several small doses for administration

throughoutthe 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 administered in a wide variety of
different dosage forms, e.g., they may be combined with various pharmaceutically acceptable
inert carriers in the form of tablets, capsules, transdermal patches, lozenges, troches, hard

candies, powders, sprays, creams,salves, suppositories, jellies, gels, pastes, lotions, ointrnents,

aqueous suspensions, injectable solutions, elixirs, syrups, and the like. Such carriers include

solid diluents or fillers, sterile aqueous media and various non-toxic organic solvents. In

addition, oral pharmaceutical compositions can be suitably sweetened and/or flavored. in

general, the active compoundsare present in such dosage forms at concentration levels ranging
from about 5.0% to about 70% by weight.
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For oral administration, tablets containing various excipients such as microcrystalline

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

along with various disintegrants such as starch (preferably corn, potato or tapioca starch), alginic
acid and certain complex silicates, together with granulation binders like polyvinylpyrrolidone,
sucrose, gelatin and acacia. Additionally, lubricating agents such as magnesium stearate,

sodium lauryl sulfate and talc can be used for tabletting purposes. Solid compositions of a

similar type may also be employedasfillers in gelatin capsules: preferred materials in this

connection also include lactose or milk sugar] as well as high molecular weight polyethylene
glycols. When aqueous suspensions and/orelixirs are desired for oral administration the active

ingredient may be combined with various sweetening or flavoring agents, coloring matter and, if

so desired, emulsifying and/or suspending agents, together with such diluents as water, ethanol,
propylene glycol, glycerin and various combinations thereof.

For parenteral administration, a solution of an active compound in either sesame or

peanutoil or in aqueous propylene glycol can be employed. The aqueous solutions should be

suitably buffered (preferably pH greater than 8), if necessary, and theliquid diluent first rendered

isotonic. These aqueous solutions are suitable for intravenous injection purposes. The oily

solutions are suitable for intraarticular, intramuscular and subcutaneousinjection purposes. The

preparation of all these solutions understerile conditions is readily accomplished by standard
pharmaceutical techniques well knownto those skilled in the art.

It is also possible to administer the active compoundstopically and this can be done by

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

pharmaceutical practice.

Biological Assay

The effectiveness of the active compounds in suppressing nicotine binding to specific

receptorsites is determined by the following procedure which is a modification of the methods of

Lippiello, P. M. and Fernandes, K. G. (in The Binding of L-PH]Nicotine To A Single Class of
High-Affinity Sites in Rat Brain Membranes, Molecular Pharm., 29, 448-54, (1986)) and

Anderson, D. J. and Americ, S. P. (in Nicotinic Receptor Binding of *H-Cystisine, “H-Nicotine
and 2H-Methylcarmbamyicholine In Rat Brain, European J. Pharm., 253, 261-67 (1994)).
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Procedure

Male Sprague-Dawley rats (200-300 g) from Charles River were housed in groupsin

hanging stainless steel wire cages and were maintained on a 12 hour light/dark cycle (7 a.m.-7
p.m.light period). They received standard Purina Rat Chow and wateradlibitum.

The rats were killed by decapitation. Brains were removed immediately following

decapitation. Membranes were prepared from brain tissue according to the methodsof Lippiello

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 volumesof buffer (w/v)

using a Brinkmann Polytron™, setting 6, for 30 seconds. The buffer consisted of 50 mM Tris

HCl at a pH of 7.5 at room temperature. The homogenate was sedimented by centrifugation (10

- minutes; 50,000 x g; 0 to 4°C. The supernatant was poured off and the membraneswere gently

resuspended with the Polytron and centrifuged again (10 minutes; 50,000 x g: 0 to 4°C. After

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

of 1.09g/100mL. The composition of the standard assay buffer was 50 mM Tris HCl, 120 mM

NaCl, 5 mM KCI, 2 mM MgCl., 2 mM CaCl, and has a pH of 7.4 at room temperature.

Routine assays were performed in borosilicate glass test tubes. The assay mixture

typically consisted of 0.9 mg of membraneprotein in a final incubation volume of 1.0 mL. Three

sets of tubes were prepared wherein the tubes in each set contained 50uL of vehicle, blank, or

test compoundsolution, respectively. To each tube was added 200 uL of [°H]-nicotine in assay

buffer followed by 750 pL of the membrane suspension. The final concentration of nicotine in

each tube was 0.9 nM. Thefinal concentration of cytisine in the blank was 1 uM. The vehicle

consisted of deionized water containing 30 pL of 1 N acetic acid per 50 mL of water. Thetest

compounds and cytisine were dissolved in vehicle. Assays were initiated by vortexing after

addition of the membrane suspensionto the tube. The samples were incubated at 0 to 4° C in an

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

Whatman GF/B™ glassfiberfilters using a Brande!™ multi-manifold tissue harvester. Following
the initial filtration of the assay mixture, filters were washed two times with ice-cold assay buffer

(5 m each). Thefilters were then placed in counting vials and mixed vigorously with 20 m! of

Ready Safe™ (Beckman) before quantification of radioactivity. Samples were counted in a LKB
Wallach Rackbeta™ liquid scintillation counter at 40-50% efficiency. All determinations were in
triplicate.
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5 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), i.e.,

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

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

total binding in the presenceof the test compound (D) and non-specific binding (B), i.e. , (E) = (BD)
- (B).

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

The compounds of the invention that were tested in the above assay exhibited IC.
15 values of less than 10 pM.

The following experimental examplesillustrate, but do not limit the scope of, this
invention.

EXAMPLE 4

10-AZA-TRICYCLOJ6.3.1.07’]JDODECA-2(7),3,5-TRIENE
20 A) 1,4-Dihydro-1 .4-methano-naphthalene

(Based wholly or in part on a) Wittig, G.; Knauss, E. Chem. Ber. 1958, 97, 895. b)
Muir, D. J.; Stothers, J. B. Can. J. Chem. 1993, 77, 1290.)

Magnesium turnings (36.5 g, 1.5 M) were stirred in anhydrous THF (250 mL) in a

dried 2 L 3 neck round bottom flask equipped with a 250 mL non-equalizing addition funnel

25 with a nitrogen (N2) flow adapter, mechanical stirrer and efficient condenser equipped with a

Nz flow adapter. Theflask was stirred and warmedto reflux by a removable heating mantie.
2-Fluorobromobenzene (2g) was added followed by 1 mL of 3N ethyimagnesium 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 in: Org. Syn. Col. Vol. V, 414-418) and

30 ~=bromofluorobenzene (250 g, 1.43 M) which was maintained at 0 °C ina separate flask by an
ice bath, and transferred to the addition funnel via cannula. Small portions (~1 mL) of the
intimate mixture were introduced to assist initiation (~4x). After ~15 minutes, the reaction

initiated (exotherm, 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

35 hours). The heating mantle was re-applied and a reflux maintained for 1.5 hours. (TLC 100%
hexanesR, 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 ~50 mL
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concentrated HCI was added to dissolve solids. Total addition/quench time ~1 hour.
Saturated aqueous sodium chloride (NaCl) solution (300mL) was added and product hexanes
extracted until no potassium permanganate (KMnO,) active product is removed. (4 x ~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 @i5mm (131 g, 64%). (An alternative workup is described on p.419

Fieser and Fieser, Vol. |, Reagents for Organic Synthesis, Wiley, NY., NY.; 1967).

-B) 1,2,3,4-Tetrahydro-1,4-methano-naphthatene-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 a 2 L 3 neck round bottom flask equipped with a N. flow adapter, mechanicalstirrer

wasplaced 1,4-dihydro-1,4-methano-naphthalene (79.5 g, 560 mmol) stirred in acetone (800

mL) and H2O0 (100 mL) and N-methyl morpholine N-oxide (67.5 g, 576 mmol). To this was

added osmium tetroxide (OsO,) (15 mL of a 15mo!% t-BuOH solution, 1.48 mmol, 0.26mol%)

and the mixture wasstirred vigorously. After 60 hours, the reaction wasfiltered, and the white

product rinsed with acetone and air dried (60.9 g). The motherliquor was concentrated to an

oily solid: acetonetrituration, filtration and acetone rinse provided (27.4 g, total 88.3 g, 89%).

(TLC 50% EtOAc/hexanes R; ~0.5). mp 176-177.5 °C.

C) 10-Benzyl-10-aza-tricyclo[6.3.1.0?jdodeca-2(7),3,5-triene
(Based on Abdel-Magid, A. F.; Carson, K. G.; Harris, B. D.; Maryanoff, C. A.; Shah, R.

D. J. Org. Chem. 1996, 67, 3849; and Mazzocchi, P. H.: Stahly, B. C. J. Med. Chem. 1979,

22, 455.)

1,2,3,4-Tetrahydro-1,4-methano-naphthalene-2,3-diol (40 g, 227.3 mmol) wasstirred

in H2O (1050 mL) and 1,2-dichloroethane (DCE) (420 mL) in a 2 L round bottom flask under

nitrogen with cool water bath (~10 °C). To this sodium periodate (NalO,) (51 g, 239 mmol)

andtriethylbenzyt ammonium chloride (Et;BnNCi) (50 mg) were added. The resulting mixture

was stirred for 1 hour (slight initial exotherm), then the layers were separated and the

aqueouslayer was extracted with DCE (200 mL). The organic layer was washed with HO (4

x 200 mL, or until no reaction to starch iodide is observed in the aqueous wash) then dried

through a cotton plug. To this was added benzyl amine (25.5 g, 238.6 mmol) and the mixture

wasstirred for 2 minutes then immediately transferred into the sodium triacetoxyborohydride

NaHB(OAc), /DCE (see below) over 10 minutes.
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5 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 resulting orange mixture was allowed to warm to room temperature and stirred for 30-60
minutes.

10 The reaction was quenched by addition of saturated sodium carbonate (Na,CO3)

solution (~300 mL) carefully at first and the mixture wasstirred for 1 hour (pH 9). The layers
were separated and the aqueouslayer was extracted with CH,Cl, (2 x 300 mL). The organic
layer was washed with saturated aqueous NaCl solution (200 mL), dried through a cotton
plug, then evaporatedto a red oil. This was dissolved in a minimum of Et,O andfiltered

15 through a Silica pad (3 x 4 inch) eluting with 15% ethyl acetate (EtOAc)/hexanes +1% of 37%

aqueous ammonium hydroxide (NH,OH) solution to remove baseline red color. Concentration

affordsalight yellow oil (48.5 g, 194.8 mmol, 85.7%). (TLC 10% EtOAc/hexanes R, 0.75). -'H
NMR (400 MHz, CDCl) 6 7.16 (m, 7H), 6.89 (m, 2H), 3.48 (m, 2H), 3.08 (m, 2H), 2.80 (d,

J=9.5 Hz, 2H), 2.42 (d, J=9.5 Hz, 2H), 2.27 (m, 1H), 1.67 (d, J=10.0 Hz, 1H). APCI MS m/e
20 250.3 [(M + 1)’].

D) 10-Aza-tricyclo[6.3.1.077 dodeca-2(7),3,5-triene (For an alternative synthesis, see:
Mazzocchi, P. H.; Stahly, B.C. JU. Med. Chem. 1979, 22, 455.)

10-Benzyl-10-aza-tricyclo[6.3.1.07’Jdodeca-2(7),3,5-triene (70.65 g, 284 mmol) was
25 stirred in EtOAc (250 mL) and treated with 3N HCI EtOAc (1.03 eq.) slowly with cooling (ice

bath). The resulting precipitate wasfiltered 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%wUC) and the

mixture was shaken under 50-40 psi of Hz for 24 hours or until done by TLC. The reaction was

filtered through a Celite pad and concentrated to an oily solid. This was azeotroped with

30 methanol (MeOH) (3x) then triturated with acetone, treated with ethyl] ether (Et,O) to
precipitate product and filtered. Concentration of the mother liquors and a second treatment

provided anoff white solid (48.95 g, 251 mmol, 88%). (TLC 10% MeOH/CH,Cl, (NH) R, 0.2).
'H NMR (400 MHz, CDCI.) 8 7.18 (m, 4H), 2.97 (m, 4H), 2.68 (d, J=12.5 Hz, 2H), 2.41 (m,
4H), 1.95 (d, J=11.0 Hz, 1H). APCI MS mye 160.2 [(M + 1)*].
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EXAMPLE 2

4-FLUORO-10-AZA-TRICYCLOJ6.3. 1.0*2|DODECA-2(7),3,5-TRIENE
HYDROCHLORIDE

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

(Eisch,J. J.; 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 annydrous THF (10 mL) ina

flame dried 75 mL 3 neck round bottom flask equipped with a non-equalizing addition funnel

with a N, flow adapter, magnetic stirrer and efficient condenser equipped with a N, flow

adapter. The flask was stirred and warmed to reflux by a removable heating mantle. 2,5-

Difluorobromobenzene (0.1 g) was added followed by of 3N EtMgBr in THF (0.1 mL). The

addition funnel was charged with an intimate mixture of cyclopentadiene (1.71 g, 25.9 mmol)

and 2,5-difluorobromobenzene (5.0 g, 25.9 mmol). Smal! portions (~0.2 mL) of the intimate

mixture 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 funnel. 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 HCI solution (20 mL) to dissolve the solids. Saturated aqueous NaCl

solution (30 mL) was added and product was extracted with hexanes (4 x 25mL). The

combined organic layer was washed with saturated aqueous NaHCO,solution (25 mL), dried

(Na,SO,), filtered through a Silica plug with hexanes rinse and concentrated to an oil.

Chromatography on Silica gel eluting with hexanes provided an oil (780 mg, 19%). (TLC

hexanes R, 0.38). 'H NMR (400 MHz, CDCI) 8 7.10 (m, 1H), 6.97 (d, J=8.0 Hz, 1H), 6.80 (br

$s, 1H), 6.78 (brs, 1H), 6.59 (m, 1H), 3.87 (brs, 2H), 2.32 (d, J=7.0 Hz, 1H), 2.25 (d, J=7.0 Hz,

1H).

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

6-Fluoro-1,4-dihydro-1,4-methano-naphthalene (680 mg, 4.22 mmol) and N-methy!

morpholine N-oxide (599 mg, 4.43 mmol) werestirred in acetone (50 mL) and H,O (5 mL). To

this was added a solution of OsO, (0.2 mL, 2.5%wt. solution in t-BuOH, 0.02 mmol). After 72

hours,florisil (5 g) and saturated aqueous NaHSO,solution (3 mL) were added andstirred for

1 hour. The florisil was filtered and thefiltrate concentrated to produce a crystalline product

which wastriturated with acetone andfiltered (524 mg, 64%). 'H NMR (400 MHz, CDCI,) 8
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7.10 (dd, J=8.0,5.0 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-fluoro-1 0-aza-tricyclo[6.3.1 .0?Idodeca-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 EtsNBnCI (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 aqueous layer extracted with DCE (2 x 20 mL). The combined organic

layer was washed with H2O (4 x 20 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) andstirred for 2 minutes

then transferred to an addition funnel. This solution was added over ~10 minutes to a

vigorously stirred cooled (0 °C) mixture of NaHB(OAc)3 (1.82 g, 8.58 mmol!) in DCE (50 mL).
After addition was complete, the mixture wasstirred without cooling for 2 hours. The mixture

was quenchedwith saturated aqueous Na,CO; solution (100 mL) and stirred for 1 hour, then

the layers were separated and the aqueouslayer was extracted with CH,Cl, (3 x 30 mL). The

combined organic layer was washed with saturated aqueous NaCl solution (50 mL), dried

through a cotton plug and concentrated. Chromatography on Silica gel provided an oil (520

mg, 80%). (TLC 2% acetone/CH,Cl, R, 0.40). "H NMR (400 MHz, CDCI,) 8 7.18 (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-tricyclo[6.3.1 .0?|dodeca-2(7),3,5-triene hydrochloride
10-Benzyl-4-fluoro-1 0-aza-tricyclo[6.3.1.07]dodeca-2(7),3,5-triene (390 mg, 1.461

mmol), ammonium formate (3.04 g, 48.2 mmol) and 10%Pd(OH),/C (30 mg) were combined in

MeOH (50 mL) and brought to reflux under Np for 1.5 hours. Ammonium formate (1.0 g) was

added and reflux continued for 0.5 hour. The reaction mixture wasfiltered through aCelite

pad which was rinsed with MeOH. Thefiltrate was concentrated. The residues were treated

with saturated aqueous Na2CO, solution (30 mL) and product extracted with methylene

chloride (CH,Cl,) (3 x 25 mL). The organic layer was washed with saturated aqueous NaCl

solution (50 mL), dried through a cotton plug and concentrated. The residue was treated with

2N HC! MeOH (5 mL) and concentrated then taken up in minimum of MeOH andsaturated

with Et,O. After stirring 18h, the white crystals were collected byfiltration (86 mg, 28%). (TLC
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5% MeOH/CH,Cl, (NH) R; 0.27). (data for free base) 'H NMR (400 MHz, CDCI) 8 7.06 (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). APCI MS m/e 178.2 [(M + 1)*]. (HCI salt) mp 260-262 °C.

EXAMPLE3

4-METHYL-10-AZA-TRICYCLOJ6.3.1 .0?4DODECA-2(7),3,5-TRIENE
HYDROCHLORIDE

The title compound was prepared by the methods described in Example 1 and 2

starting with 2-fluoro-5-methylbromobenzene.(data for free base) 'H NMR (400 MHz, CDCI.)

5 7.04 (d, J=7.5 Hz, 1H), 6.99 (s, 1H), 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). APC] MS m/e 174.2 [(M + 1) *]. (HCI salt)

mp 254-255 °C. Anal. Caled. for C,2H,2F3N.HCI.1/3H,0: C, 53.44; H, 5.11: N, 5.19. Found C,
53.73; H, 4.82; N, 5.15.

EXAMPLE 4

4-TRIFLUOROMETHYL-10-AZA-TRICYCLOJ6.3.1 .0®4}DODECA-2(7),3,5-TRIENE
HYDROCHLORIDE (See Grunewald, G. L.; Paradkar, V. M.; Pazhenchevsky, B.; Pieiss, M.

A,; Sall, D. J.; Seibel, W. L.; Reitz, T. J. U. Org. Chem. 1983, 48, 2321-2327. Grunewald, G.

L.; Markovich, K. M.; Sall, D. J. 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-trifluoromethylbromobenzene. 'H NMR (400 MHz, CD;OD) 6 7.71 (s,

1H), 7.64 (d, J=8.0 Hz, 1H), 7.57 (d, J=8.0 Hz, 1H), 3.46 (m, 4H), 3.21 (d, J=12.5 Hz, 2H),

2.414 (m, 1H), 2.16 (d, J=11.5 Hz, 1H). APC! MS m/e 228.2 [(M + 1)"]. (HCI salt) mp 244-246

°C. Anal. Calcd. for Cy.H,2F3N-HCI.1/3H,O: C, 53.44; H, 5.11; N, 5.19. Found C, 53.77: H,
4.82: N, 5.18.

EXAMPLE 5

3-TRIFLUOROMETHYL-10-AZA-TRICYCLOJ6.3.1.074JDODECA-2(7),3,5-TRIENE
HYDROCHLORIDE(Grunewald, G. L.; Markovich, K. M.; Sail, D. J. 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,OD) 8 7.65 (Ss,

2H), 7.52 (m, 1H), 3.65 (br s, 1H), 3.49-3.43 (m, 3H), 3.20 (m, 2H), 2.42 (m, 1H), 2.18 (4d,

J=11.5 Hz, 1H). APCI MS m/e 228.2 [(M + 1)*]. (HCI salt) mp 275-277 °C.
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3-FLUORO-10-AZA-TRICYCLOJ6.3.1 .0*IDODECA-2(7),3,5-TRIENE
HYDROCHLORIDE

A) 2,6-Difluoroiodobenzene (Roe, A. M.; Burton, R. A. Willey, G. L.; Baines, M. W.,

Rasmussen, A. C. J. Med. Chem. 1968, 17, 814-819. Tamborski, C.: Soloski, E. J. Org.
Chem. 1966, 31, 746-749. Grunewald, G. L.; Arrington, H. S.; Bartlett, W. J.: Reitz, T. J.; Sall,

D. J. J. Med. Chem. 1986, 29, 1972-1982.) 1,3-Difluorobenzene (57.05 g, 0.5 M) in THF (75
mL) was addedto a -78 °C stirred solution of n-butyllithium (n-BuLi) (200 mL, 2.5 M/hexanes,

 

0.5 M) and THF (500 mL) under Np. By controlling the addition rate the internal temperature

was maintained below -70 °C. Thetotal addition time was ~1/2 hour. The resulting slurry was
stirred an additional 1/2 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 HzO (100 mL) and 10% aqueous Na,S,0; solution (100 mL) and stirred. The

layers were separated and the aqueous layer extracted with hexanes (2 x 250 mL). The

combined organic layer was washed with 10% aqueous Na2S,O, solution (100 mL), H,O (100

mL), saturated aqueous NaC! solution (100 mL), dried (Na,SO,)filtered and concentrated to

give a yellow oil (106.5 g). Distillation at ~1-5 mm at ~80 °C provided a light yellow oil (89.5 g,

75%). 'H NMR (400 MHz, CDCI,) 5 7.30 (m, 1H), 6.87 (m, 2H). 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) wasstirred 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 after 15 minutes by addition of aqueous 1N HCl solution and the product was

extracted with hexanes (3 x 50 mL). The combined organic layer was washed with HO (50

mL), saturated aqueous NaCl solution (50 mL), dried (MgSO,), filtered and evaporated.

Chromatography on Silica gel provided product as an oil (1.5 g, 45%). (TLC hexanes R,

0.55). 'H NMR (400 MHz, CDCl) 8 7.08 (ddd, J=7.0,1.0,0.8 Hz, 1H), 6.96 (ddd, J=8.5,8.3,7.0

Hz, 1H), 6.86 (br s, 2H), 6.72 (ddd, J=8.5,8.3,0.8 Hz, 1H), 4.25 (brs, 1H), 3.98 (brs, 1H), 2.36

(ddd, J=7.2,1.7,1.7 Hz, 1H), 2.30 (ddd, J=7.2,1.7,1.5 Hz, 1H). GCMS m/e 160 (M’*).
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The title 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, CD3,O0D) §

7.36 (ddd, J=8.3,7:3,5.0 Hz, 1H), 7.21 (d, J=7.3 Hz, 1H), 7.07 (t, J=8.3 Hz, 1H), 3.62 (br s,

1H), 3.42-3.30 (m, 3H), 3.21 (m, 2H), 2.38 (m, 1H), 2.12 (d, J=11.5 Hz, 1H). APCI MS m/e
178.4 [(M + 1)"]. mp 269-271 °C.

EXAMPLE7

4-NITRO-10-AZATRICYCLOJ6.3.1 .0*2|DODECA-2( 7),3,5-TRIENE
HYDROCHLORIDE

A) 1-(10-Aza-tricyclo[6.3.1.077 -2(7),3,5-trien-10-yl)-2,22-trifluoro-ethanone

10-Aza-tricyclo[6.3.1.07’]dodeca-2(7),3,5-triene hydrochloride salt (12.4 g, 63.9

dodeca   

mmol) wasstirred in CHCl, (200 mL). This was cooled (ice bath) and treated with pyridine

(12.65 g, 160 mmol) followed bytrifluoroacetic anhydride (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 HCl (200 mL) and the layers separated. The aqueous layer was extracted with

CH2Cl, (3 x 50 mL) and the combined organic layer was washed with 0.5N aqueous HCI (50

mL), H20 (2 x 50 mL) and saturated aqueous NaHCO, solution (50 mL). This solution was

dried through a cotton plug, then diluted with ~3% EtOAc andfiltered through a 2 inch Silica

pad eluted with ~3% EtOAc/CH,Cl. Concentration afforded a clear oil which crystallized to

give white needles (15.35 g, 60.2 mmol, 94%). (TLC 30% EtOAc/hexanes R, 0.53). 'H NMR

(400 MHz, CDCI;) 5 7.18 (m, 4H), 4.29 (br d, J=12.6 Hz, 1H), 3.84 (br d, J=12.6 Hz, 1H), 3.51

(dd, J=12.6,1.5 Hz, 1H), 3.21 (br s, 1H), 3.10 (brs, 1H), 3.10 (br d, J=12.6 Hz, 1H), 2.37 (m,

1H), 1.92 (d, J=10.8 Hz, 1H). GCMS m/e 255 (M’). mp 67-68 °C.

dodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro- B) 1-(4-Nitro-10-aza-tricyclo[6.3.1.02%  

' ethanone (Based on the method described by Coon, C. L.; Biucher, W.G.; Hill, M. E. J. Org.
Chem. 1973, 25, 4243.)

To a solution of trifluoromethanesulfonic acid (2.4 ml, 13.7 mmol) in CHCl, (10 ml)

stirred at O °C was slowly added nitric acid (0.58 ml, 27.4 mmol) generating a white

precipitate. After 10 minutes the resulting mixture was cooled to -78 °C and treated with 14-

(10-aza-tricyclo[6.3.1.07”]dodeca-2(7),3,5-trien-10-y!)-2,2,2-trifluoro-ethanone (3.5 g, 13.7
mmol!) in CH2Cl. (15 ml) dropwise from an addition funnel over 5 minutes. The reaction was

stirred at -78 °C for 30 minutes then warmedto 0 °C for 1 hour. The reaction mixture was

poured into a vigorously stirred ice (100 g). The layers were separated and the aqueouslayer
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extracted with CH2Cl, (3 x 30 ml). The organic layer was combined and washed with HO (3 x

30 ml). The combined organic layer was washed with saturated aqueous NaHCO; solution (20

mL) and HO (20 mL) then dried through a cotton plug and concentrated to give an orangeoil
that solidified on standing (4.2 g). Chromatography yielded pure product as a crystalline solid
(3.2 g, 78%). (TLC 30% EtOAc/hexanes R, 0.23). 'H NMR (400 MHz, CDCI.) & 8.12 (br d,

J=8.0 Hz, 1H), 8.08 (brs, 1H), 7.37 (br d, J=8.0 Hz, 1H), 4.38 (br d, J=12.6 Hz, 1H), 3.94 (br

d, J=12.6 Hz, 1H), 3.59 (br d, J=12.6 Hz, 1H), 3.43-3.35 (m, 2H), 3.18 (br d, J=12.6 Hz, 1H),

2.48 (m, 1H), 2.07 (d, J=10.8 Hz, 1H). GCMS m/e 300 (M"*).

C) 4-Nitro-10-azatricyclo[6.3. 1.0?Jdodeca-2(7),3,5-triene hydrochloride
1-(4-Nitro-10-aza-tricyclo[6.3. 1.0%’]dodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-

ethanone (182 mg, 0.61 mmol) wasstirred with NazCO, (160 mg, 1.24 mmol) in MeQH (3 mL)
and H,O (1 mL) at 70 °C for 18 hours. The mixture was concentrated, water was added and

the product was extracted with CH2Cl,. The organic layer was extracted with 1N aqueous HCI

(3 x 20 mL) and the acidic layer washed with CH,Cl, (2 x 20 mL). The aqueous layer was

basified to pH ~10 with Na,CO,(s) and product was extracted with CH2Cl, (3 x 30 mL). The
organic layer was dried through a cotton plug and concentrated to an oil. This was dissolved

in MeOH andtreated with 1N HCI MeOH, concentrated to solids which were recrystallized

from MeOH/Et,O to afford product as a white solid (73 mg, 50%). (TLC 5% MeOH/CH,Cl,

(NHg) R, 0.38). 'H NMR (400-MHz, DMSO-d,) 8 8.21 (s, 1H), 8.18 (dd, J=8.0,2.0 Hz, 1H), 7.59
(d, J=8.0 Hz, 1H), 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/e 205.1 [(M + 1)"] mp 265-270 °C.

EXAMPLE8

4-AMINO-10-AZATRICYCLOJ[6.3.1.02-JDODECA-2(7),3,5-TRIENE
HYDROCHLORIDE

4-Nitro-10-azatricyclo[6.3.1.07”]dodeca-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-butyidicarbonate (1.8 g, 8.31 mmol). After stirring 18 hours the

reaction was treated with H,O (50 mL), extracted with CH.Cl, (4 x 30 mL), dried through a

cotton plug and concentrated to provide an oil (500 mg, 91%).

This oi! (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 1 hour. The mixture was

filtered through a Celite pad and concentratedto a clear oil (397 mg, 88%).
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This oit (50 mg, 0.18 mmol) wasstirred in 3N HCI EtOAc (3 mL) for 2 hours then

concentrated to a white solid (25 mg, 56%). 'H NMR (400 MHz, DMSO-d.) & 7.38-7.10 (3H),
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/e 175.1 [(M + 1)"} mp 189-192 °C.

EXAMPLE 9

N4{10-AZATRICYC LO[6.3.1 .0*jDODECA-2(7 ),3,5-TRIEN-4-YLJACETAMIDE
HYDROCHLORIDE

A) 1-(4-Amino-10-aza-tricyclo[6.3.1.077

ethanone

dodeca-2(7),3,5-trien-10-y!)-2,2,2-trifluoro-   

Hydrogenation of 1-(4-nitro-10-aza-tricyclo[6.3.1.07”]dodeca-2(7),3,5-trien-10-yl)-
2,2,2-trifluoro-ethanone (2.0 g, 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 affords a yellow oil

(1.7 g). (TLC 50% EtOAc/hexanesR, 0.27). 'H NMR (400 MHz, CDCI.) 8 6.99 (m, 1H), 6.64

(brs, 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,

41H), 1.90 (d, J=10.8 Hz, 1H). GCMS m/e 270 (M’).

B) N-(10-Trifluoroacetyl-10-aza-tricyclo[6.3.1 .0?Jdodeca-2(7),3,5-trien-4-yl)-
acetamide

1-(4-Amino-10-aza-tricyclo[6.3.1.077}dodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-

ethanone (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 chloride (0.23 mL, 3.2 mmol) then stirred 18 hours. Standard

NaHCO, workup yielded an oil which was chromatographed to provide a clear oil (850 mg,

87%). (50% EtOAc/hexanes R, 0.28).

C)Nt. 10-Azatricyclo 6.3.1.0?dodeca-2(7),3,5-trien-4-yllacetamide hydrochioride
N-(10-Trifluoroacetyl-10-aza-tricyclo[6.3.1.07]dodeca-2(7), 3,5-trien-4-yl)-acetamide

(100 mg, 0.32 mmol) wasstirred with NazCO, (70 mg, 0.64 mmol) in MeOH (10 mL) and H,O

(2 mL) at 70 °C for 18 hours. The mixture was concentrated, water was added and the

product was extracted with EtOAc. The organic layer was extracted with 1N aqueous HCl(3 x

20 mL) and the acidic layer washed with EtOAc (2 x 20 mL). The aqueouslayer was basified

to pH ~10 with Na,CO, (s) and product was extracted with EtOAc (3 x 20 mL). The organic

layer was dried (sodium sulfate (Na,SO,)) and concentrated to an oil. This material was

dissolved in MeOH and treated with 3N HCI EtOAc (3 mL), concentrated and recrystallized
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from MeOH/Et,O to provide a solid (40 mg, 50%). 'H NMR (400 MHz, DMSO-dg) 5 9.98 (s,
1H), 9.02 (br m, NH), 7.65 (s, 1H), 7.55 (br s, NH), 7.38 (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). APCI MS
m/e 217.2 [(M + 1)"]. mp 225-230 °C. ,

EXAMPLE 10

6-METHYL-5-THIA-7,13-DIAZATETRACYCLO[9.3.1 .0#4°9#2)PENTADECA-
2(10),3,6,8-TETRAENE HYDROCHLORIDE

A) _N-(10-Trifluorothioacety!-1 0-aza-tricyclo[6.3.1 .0?4dodeca-2(7),3,5 -trien-4-yl)-
thioacetamide

N-(10-Trifluoroacety!-10-aza-tricyclo[6.3.1.0”’]dodeca-2(7),3,5-trien-4-y!)-acetamide
(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. After cooling the reaction was worked up with EtOAc/saturated aqueous
NaHCO; solution. The organic layer was dried (Na,SQ,), filtered, concentrated and

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

B) 6-Methyl-5-thia-7,1 3-diazatetracyclo[9.3.1 .02°0%Ipentadeca-2( 10),3,6,8-tetraene
hydrochloride —

The above oil, 2,2,2-trifluoro-N-(10-trifluorothioacetyl-10-aza-

tricyclo[6.3.1.07}dodeca-2(7),3,5-trien-4-yl)-thioacetamide, (360 mg, 1.05 mmol) was
dissolved in MeOH (10 mL) and 1N NaOH (5 mL) and added to potassium ferricyanide

(K3Fe(CN)_)(1.72 g, 5.23 mmol) in HO (10 mL). This mixture was warmed to 60 °C for 1.5

hours, cooled, concentrated and worked up with EtOAc/H,O. This material was stirred in

dioxane (20 mL) and treated with H,O (50 mL) and Na,CO3 to achieve pH 10. To this was

addeddi-t-butyldicarbonate (436 mg, 2.0 mmol) and the mixture was stirred for 18 hours. The

reaction was concentrated, treated with H,O and extracted with CH,Cl,.. The product was

chromatographed (Silica 30% EtOAc/hexanesR, 0.41) to yield an oil (100 mg).

The above product wastreated with 3N HCI/EtOAc (3 mL) and warmedto reflux for

~15 minutes then concentrated to a solid which was azeotroped with CH,Cl, (2x). These

solids were dissolved in a minimum amount of MeOH then saturated with Et,O and stirred.

The resulting white crystalline powder wascollected byfiltration (40 mg, 14%).
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"H NMR (400 MHz, DMSO-d.) & 9.46 (s, NH), 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). APCI MS me 231.1 [(M + 1)*]. mp 183-184 °C.

EXAMPLE11

4,5-DINITRO-1 0-AZA-TRICYCLO[6.3.1.0*-JDODECA-2(7),3,5-TRIENE
A) 1-(4,5-Dinitro-10-aza-tricyclo[6.3.1.02% dodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-

ethanone (Based on the method described in Coon, C. L.; Biucher, W. G.; Hill, 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, 97, 4512.)

To a solution of trifluoromethanesulfonic acid (79.8 ml, 902.1 mmol) in CH.Ci, (550

ml) stirred at 0 °C was slowly added nitric acid (19.1 ml, 450.9 mmol) generating a white

precipitate. After 10 minutes, 1-(10-aza-tricyclo[6.3.1.0°’Jdodeca-2(7),3,5-trien-10-yl)-2,2,2-
trifluoro-ethanone (50 g, 196 mmol) in CH,Cl, (300 ml) was added dropwise from an addition

funnel over 30 minutes. The reaction was stirred at O °C for 2.5 hours and thenstirred at

room temperature for 24 hours. The reaction mixture was poured into a vigorously stirred

mixture of HzO (500 ml) and ice (400 g). The layers were separated and the aqueous layer

back extracted with CH2Cl, (3 x 300 mi). The organic layer was combined and washed with

H,0 (3 x 300 mi). The combined aqueouslayers were re-extracted with CH,CI, (2 x 100 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 EtOAc/hexanes producedoff white solids which werefiltered 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 g (82.8%). (TLC 50% EtOAc/hexanes R, 0.29) 'H NMR (400 MHz, CDCI,) & 7.77

(Ss, 1H), 7.75 (Ss, 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 (brs, 1H), 3.24 (br d, J=12.6 Hz, 1H), 2.53 (m, 1H), 2.14 (d,

J=11.5 Hz, 1H). GCMS mf 345 (M’).

B) 4,5-Dinitro-10-aza-tricyclo[6.3.1 .0*Jdodeca-2(7),3,5-triene
1-(4,5-Dinitro-1 0-aza-tricyclo[6.3.1.07’]dodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-

ethanone (3.7 g, 10.7 mmol) and Na,CQ; (2.3 g, 21.4 mmol) were combined in MeOH (50 mL)

and H,0 (20 mL) then warmedto reflux for 18 hours. The reaction was cooled, concentrated,

treated with H,O and extracted with CH2Cl, (3 x 50 mL) then dried through a cotton plug.

After concentration, the residue was chromatographed to provide brownsolids. (1.9 g, 71%).
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(TLC 5% MeOH/CH,Cl, (NHs) R; 0.36). 'H NMR (400 MHz, CDCI.) 5 7.69 (s, 2H), 3.17 (brs,
2H), 3.11 (d, J=12.6Hz, 2H), 2.53 (m, 1H), 2.07 (d, J=14.0 Hz, 1H). GCMS m/e 249 (M’).

EXAMPLE 12

6-METHYL-7-PROPYL-5,7,13-TRIAZATETRACYCLOJ9.3.1.02"°.04%PENTADECA-
2(10),3,5,8-TETRAENE HYDROCHLORIDE

A) 4,5-Dinitro-10-aza-tricyclo[6.3.1.0*Jdodeca-2(7),3,5-triene-10-carboxylic acid tert-
butyl ester

4,5-Dinitro-1 0-aza-tricyclo[6.3. 1.07”}Jdodeca-2(7),3,5-triene, (1.9 g, 7.6 mmol) was
Stirred in 1,4-dioxane (75 mL) and treated with saturated aqueous Na,CO, solution (10 mL).

To this was added di-t-butyldicarbonate (3.31 9, 15.2 mmol). After stirring 6 hours the

reaction was treated with HO ( 50 mL) and extracted with EtOAc (4 x 25 mL), dried (Na,SO,),

filtered, concentrated and chromatographed to provide product (1.9 g, 71%). (TLC 30%

EtOAc/hexanes (NH3) R, 0.58). 'H NMR (400 MHz, CDCI,) 5 7.77 (brs, 1H), 7.72 (brs, 1H),

4.08 (m, 1H), 3.92 (m, 1H), 3.39 (brs, 1H), 3.27 (brs, 1H), 3.25 (m, 1H), 3.18 (m, 1H), 2.46

(m, 1H), 2.02 (d, J=11.0 Hz, 1H).

B) 4,5-Diamino-10-aza-tricyclo[6.3. 1.0®jdodeca-2(7),3,5-triene-10-carboxylic acid
tert-buty! ester

4,5-Dinitro-10-aza-tricyclo[6.3.1.0*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 10%Pd/C (100 mg) for 1.5 hours thenfiltered through a Celite pad and concentrated to

white solids (1.57 g, 100%). (TLC 5% MeOH/CH,Cl, (NH3) R, 0.14).

C)_6-Methyl-5,7, 13-triazatetracyclo[9.3.1.02°.0*"|pentadeca-2(10),3,5,8-tetraene-13-
carboxylic acid tert-butyl ester (For conditions, see; Segelstein, B. £.; Chenard, B. L.; Macor,

J. E.; Post, R. J. Tetrahedron Lett. 1993, 34, 1897.)

4,5-Diamino-10-aza-tricyclo[6.3.1.07?]dodeca-2(7),3,5-triene-10-carboxylic acid tert-
butyl ester (700 mg, 2.42 mmol) was dissolved in EtOH (10 mL) and acetic acid (HOAc) (1

mL) and treated with 1-ethoxyethylenemalononitrile (329 mg, 2.42 mmol). The resulting

mixture was warmed to 60 °C andstirred 18 hours. The reaction was cooled, concentrated

treated with H,O and saturated aqueous Na,CO, solution and extracted with EtOAc (3 x 50

mL), then dried (Na,,SO,). After filtration and concentration, the residue was
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chromatographed to provide brown solids (247 mg, 36%). (TLC 5% MeOH/CH,Cl, (NH3) R,
0.28). .

D 6-Methyl-7-propyl-5,7,13-triazatetracyclo[9.3. 1.07" 0*}pentadeca-2(10),3,5,8-
tetraene-13-carboxylic_ acid tert-butyl ester (For conditions, see; Pilarski, B. Liebigs Ann.

Chem. 1983, 1078.)

6-MethyI-5,7,13-triazatetracyclo[9.3. 1.070**}pentadeca-2(10),3,5,8-tetraene-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 1-iodopropane (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 EtOAc. The organic layer was washed with H,O (3x) then dried (Na,SO,), filtered and

concentrated to an oil (90 mg, 0.253 mmol). (TLC 5% MeOH/CH,Cl, (NH3) R; 0.15).

E)__6-Methy|-7-propy!-5,7, 13-triazatetracyclo[9.3.1.02"2.04*}pentadeca-2(10),3,5,8-
tetraene hydrochloride

6-Methyl-7-propyl-5,7, 13-triazatetracyclo[9.3.1.07"°.0**)pentadeca-2(10),3,5,8-

tetraene-13-carboxylic acid tert-butyl ester (90 mg, 0.253 mmol) was dissolved in 3N HCI

EtOAc (5 mL) and warmedto 100 °C for 1/2 hour. The mixture was cooled, concentrated,

slurried in EtOAc, andfiltered to provide a white solid (25 mg, 34%). 'H NMR (400 MHz,

DMSO-d,) & 9.56 (s, NH), 7.91 (s, 1H), 7.83 (br m, NH), 7.74 (s, 1H), 4.38 (m, 2H), 3.48 (m,

2H), 3.32 (m, 2H), 3.10 (m, 2H), 2.87 (s, 3H), 2.28 (m, 1H), 2.15 (d, J=11.0 Hz, 1H) 1.85 (m,

2H), 0.97 (m, 3H). mp 147-150 °C.

EXAMPLE13

5,7,13-TRIAZATETRACYCLOJ9.3.1 .072048)PENTADECA-2( 10),3,5,8-TETRAENE
HYDROCHLORIDE

A) 5,7,13-Triazatetracyclo[9.3. 1.02"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. Tetrahedron Lett. 1993, 34, 1897.)

4,5-Diamino-10-aza-tricyclo[6.3.1.07Jdodeca-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 andstirred 18 hours. The reaction was cooled, concentrated treated with H,O and

saturated aqueous Na,CO, solution and extracted with EtOAc (3 x 50 mL), then dried
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(Na2SO,). After filtration and concentration, the residue was chromatographed to provide
brown solids (580 mg, 56%). (TLC 5% MeOH/CH,Ci, (NH3) R, 0.28)

B)5,7,13-triazatetracycto[9.3.1 .0#*0%)pentadeca-2( 10),3,5,8-tetraene hydrochioride
5,7,13-Triazatetracyclo[9.3.1.07"°.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, D,0) & 8.95 (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, 1H), 1.99 (d, J=11.5 Hz, 1H). APCI MS m/e

200.14 [(M + 1)*]. mp >250 °C.

EXAMPLE 14

7-METHYL-5,7,13-TRIAZATETRACYCLOJ9.3.1.0%2028)PENTADECA-2(10),3,5,8-
TETRAENE HYDROCHLORIDE

Utilizing the methods described in Example 12D, 5,7,13-

triazatetracyclo[9.3.1.07"°.0*°]pentadeca-2(10),3,5,8-tetraene-13-carboxylic acid tert-butyl
ester was converted to the title compound by reaction with iodomethane followed by

deprotection as described in Example 12E. *‘H NMR (400 MHz, D0) 5 8.97 (s, 1H), 7.71 (s,

1H), 7.67 (s, 1H), 3.94 (s, 3H), 3.48 (m, 2H), 3.33 (d, J=12.2 Hz, 2H), 3.14 (d, J=12.2 Hz, 2H),

2.34 (m, 1H), 2.03 (d, J=11.5 Hz, 1H). APCI MS m/e 214.2 [(M + 1)"].

EXAMPLE 15

6-METHYL-5,7,1 3-TRIAZATETRACYCLOJ9.3. 1.02204% PENTADECA-2(10),3,5,8-
TETRAENE HYDROCHLORIDE

6-Methyl-5,7, 13-triazatetracyclo[9.3.1.07"°.0**|pentadeca-2(10),3,5,8-tetraene-13-

carboxylic acid tert-butyl ester was convertedto the title compound by the methods described

in Example 12E. ‘H NMR (400 MHz, DMSO-dg,) 6 9.40 (br m, NH), 7.77 (br m, NH), 7.70 (s,
1H), 3.44 (m, 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, J=10.8 Hz, 1H). GCMS m/e 213.5 (M’*).

EXAMPLE 16

6,7-DIMETHYL-5,7,13-TRIAZATETRACYCLOJ9.3.1 .0#°022)PENTADECA-
2(10),3,5,8-TETRAENE HYDROCHLORIDE

Utilizing the methods described in Example 12D,  6-methyl-5,7,13-

triazatetracyclo[9.3. 1.07'°.0**]pentadeca-2(10),3,5,8-tetraene-13-carboxylic acid_tert-buty!
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ester was converted to the tithe compound by reaction with iodomethane followed by
deprotection as described in Example 12E. 'H NMR (400 MHz, DMSO-d,) 6 9.52 (s, NH),
7.84 (s, 1H), 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), 2.23 (m, 1H), 2.12 (d, J=11.0 Hz, 1H). APC! MS mre 228.2 {(M + 1)"}). mp
225-230 °C.

EXAMPLE 17

7-PROPYL-5,7,13-TRIAZATETRACYCLOJ9.3. 1.0#"°.0%°}PENTADECA-2(10),3,5,8-
TETRAENE HYDROCHLORIDE

Utilizing the methods described in Example 12D, §,7,13-

triazatetracyclo[9.3.1.0*"°0**]pentadeca-2(10),3,5,8-tetraene-13-carboxylic acid tert-buty!
ester was converted to the title compound by reaction with iodopropane followed by
deprotection as described in Example 12E. 'H NMR (400 MHz, DMSO-d.) 5 9.52 (s, 1H),
9.45 (br s, NH), 7.97 (s, 1H), 7.85 (s, 1H), 7.83 (br m, NH), 4.43 (m, 2H), 3.49 (m, 2H), 3.33

(m, 2H), 3.08 (m, 2H), 2.28 (m, 1H), 2.15 (d, J=11.0 Hz, 1H), 1.92 (m, 2H), 0.93 (m, 3H). APCI
MS m/e 242.2 [(M + 1)*]. mp 170-171 °C (subl.).

EXAMPLE18

(-BUTYL-5,7,13-TRIAZATETRACYCLOJ9.3.1 .0%°0*4)PENTADECA-2( 10),3,5,8-
TETRAENE HYDROCHLORIDE

A) 4-Butylamino-5-nitro-10-aza-tricyclo[6.3.1 .0*4dodeca-2(7),3,5-triene-1 0-carboxylic
acid tert-butyl ester (For conditions, see; Senskey, M. D.; Bradshaw, J. D.: Tessier, C. A.;

Youngs, W. J. Tetrahedron Lett. 1995, 36, 6217.)

4,5-Dinitro-10-aza-tricyclo[6.3.1.07’]dodeca-2(7),3,5-triene-10-carboxylic acid tert-
buty! ester (500 mg, 1.43 mmol) and 1-butylamine (1.42 mL, 14.3 mmol) were combined in

THF (5 mL) and stirred 4 hours: The mixture was diluted with EtOAc (50 mL) and washed

with H,O (3 x 30 mL) then dried (Na,SO,), filtered and concentrated to an oil. This oi! was

passed through a Silica gel filter column to remove baseline impurities eluting with 30%
EtOAc/hexanes (510 mg, 1.41 mmol, 99%).

B) 4-Butylamino-5-amino-10-aza-tricyclo[6.3.1 .0*4dodeca-2(7),3,5-triene-1 0-
carboxylic acid tert-buty! ester

4-Butylamino-5-nitro-10-aza-tricyclo[6.3.1 .0"|dodeca-2(7), 3,5-triene-10-carboxylic

acid tert-butyl ester (460 mg, 1.27 mmol) was treated with ammonium formate (850 mg, 12.7
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mmol) and 10%Pd(OH)2/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, extracted with CH,Cl, (3 x 30 mL) and dried byfiltration through a
cotton plug to give an oil (440 mg, 100%).

C) __7-Butyl-5,7,1 3-triazatetracyclof[9.3.1 .0"°025)nentadeca-2(1 0),3,5,8-tetraene-13-
carboxylic acid tert-butyl ester

4-Butylamino-5-amino-10-aza-tricyclo[6.3.1 .0*’]dodeca-2(7),3,5-triene-1 0-carboxylic
acid tert-buty! ester (440 mg, 1.27 mmol) was dissolved in EtOH (20 mL) and HOAc (2 mL)
and treated with ethoxymethylenemalononitrile (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 aqueous Na,CO,solution then extracted with EtOAc (3 x 50 mL) and

dried (Na,SO,). After filtration and concentration, the residue was chromatographed to

provide a yellow oil. (400 mg, 89%). (TLC 5% MeOH/CH,Cl, (NH) R, 0.70).

D) 7-Butyl-5,7,13-triazatetracyclo[9.3.1 .0**0**ipentadeca-2( 10),3,5,8-tetraene
hydrochloride

7-Butyl-5,7,13-triazatetracyclo[9.3.1.07"°.0**}pentadeca-2(10),3,5,8-tetraene-13-

carboxylic acid tert-butyl ester was convertedto the title compound by the methods described

in Example 12E. 'H NMR (400 MHz, DMSO-d) 5 9.93 (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 (t, J=7.0 Hz, 3H). APCI MS m/e
256.2 [(M + 1)"}. mp 204-208 °C.

EXAMPLE 19

7-lsobutyi-5,7, 13-triazatetracyclo[9.3.1 .020428)pentadeca-2( 10),3,5,8-tetraene
hydrochloride

4,5-Dinitro-10-aza-tricyclo[6.3.1.07Jdodeca-2(7),3,5-triene-10-carboxylic acid tert-
butyl ester and isobutylamine were converted to the title compoundutilizing the methods

described in Example 18A-D. 'H NMR (400 MHz, CDCI) 5 7.74 (s, 1H), 7.52 (s, 1H), 7.14 (s,
1H), 3.90 (dd, J=7.5,2.0 Hz, 2H), 3.04-2.97 (m, 4H), 2.70 (dd, J=12.8,2.3 Hz, 2H), 2.42 (m,

1H), 2.19 (m, 1H), 1.98 (d, J=10.5 Hz, 1H), 0.93 (m, 6H). APCI MS m/e 256.2 [(M + 4)7]. mp
147-150 °C (subl.).

Apotex Exhibit 1007 .264



Apotex Exhibit 1007.265

10

15

20

25

30

35

WO 99/35131 PCT/1B98/01813

-53-

EXAMPLE 20

6-METHYL-7-ISOBUTYL-5,7,13-TRIAZATETRACYCLOJ9.3. 1.0%0*3PENTADECA- 
~ 2(10),3,5,8-TETRAENE HYDROCHLORIDE 

A)___6-Methyl-7-isobutyI-5,7, 13-triazatetracyclo[9.3.1 02°048pentadeca-2( 10),3,5,8-
tetraene-13-carboxylic acid tert-butyl ester

4-Amino-5-isobutylamino-10-aza-tricyclo[6.3.1.07|dodeca-2(7),3,5-triene-10-

carboxylic acid tert-butyl ester (250 mg, 0.74 mmol) from Example 19B wasdissolved in EtOH

(10 mL) and HOAc (2 mL) and treated with 1-ethoxyethyienemalononitrile (118 mg, 0.87

mmol). The reaction proceeded as in Example 18C (18h) and was worked up similarly to
provide product (TLC 3% MeOH/CH,Cl, (NH3) R; 0.57).

B) _6-Methy!-7-isobuty!-5,7, 13-triazatetracyclo[9.3. 1.029.0**jpentadeca-2(10),3,5,8-
tetraene hydrochioride

6-Methy!-7-isobutyI-5,7, 13-triazatetracyclo[9.3.1.07°.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. APCI MS m/270.3 [(M + 1)*]. mp 129-130 °C (subl.).

EXAMPLE21

7-PHENYL-5,7,13-TRIAZATETRACYCLOJQ3.1.07"9.0?4}PENTADECA-2(10),3,5,8-
TETRAENE HYDROCHLORIDE

Utilizing the methods described in Example 18A,  4,5-dinitro-10-aza-

tricyclo[6.3.1.07]dodeca-2(7),3,5-triene-1 0-carboxylic acid tert-butyl ester and aniline were
converted to 4-phenylamino-5-nitro-10-aza-tricyclo[6.3. 1.07}dodeca-2(7),3,5-triene-10-

carboxylic acid tert-butyl at 75 °C for 4 hoursin the coupling step. This was then converted to

the title compound utilizing the methods described in Example 18B,C,D. 'H NMR (400 MHz,

DMSO-d.) 6 9.08 (1H), 7.78-7.57 (m, 7H), -3.47-3.00 (m, 6H), 2.23 (m, 1H), 2.09 (d, J=11.5 Hz,

1H). APCI MS m/e 276.2 [(M + 1)"]. mp 210-213 °C.

EXAMPLE22

6-METHYL-7-PHENYL-S,7,13-TRIAZATETRACYCLOJ9.3. 1.070*4PENTADECA-
2(10),3,5,8-TETRAENE HYDROCHLORIDE

Utilizing the methods described in Example 21 and Example 20, 4,5-dinitro-10-aza-

tricyclo[6.3.1.0°’]dodeca-2(7),3,5-triene-10-carboxylic acid tert-butyl! ester and aniline were
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converted to the title compound. 'H NMR (400 MHz, DMSO-d,) 5 7.79 (s, 1H), 7.73-7.56 (m,
5H), 7.32 (8, 1H), 3.46-2.99 (m, 6H), 2.66 (s, 3H), 2.23 (m, 1H), 2.08 (d, J=11.0 Hz, 1H). APCI
MS mre 290.2 [(M + 1)*}. mp >250 °C. -

EXAMPLE 23

7-NEOPENTYL-5,7,13-TRIAZATETRACYCLOJ9.3. 1.0%0*43PENTADECA-
2(10),3,5,8-TETRAENE HYDROCHLORIDE

Utilizing the methods described in Example 18A-D, 4,5-dinitro-10-aza-

tricyclo[6.3.1.0°”]dodeca-2(7),3,5-triene-10-carboxylic acid _tert-buty! ester and
neopentylamine were convertedto the title compound. t-Boc precursor GCMS m/e 369 (M’).
(HCI salt) mp >250 °C.

EXAMPLE 24

6-METHYL-7-NEOPENTYL-,7,13-TRIAZATETRACYCLO}93.1.02".6 PIPENTADECA-2(10),3,5,8-
TETRAENE HYDROCHLORIDE

Utilizing the methods described in Example 21 and 20, 4,5-dinitro-10-aza-

tricyclo[6.3.1.0*’]dodeca-2(7),3,5-triene-10-carboxylic acid tert-butyl ester=and
neopentylamine were convertedto thetitle compound. 'H NMR (400 MHz, DMSO-d.) 5 7.31

(s ,1H), 7.27 (s ,1H), 7.02 (brs, , NH), 4.41 (t, J=13.0 Hz, 2H), 3.90 (s, 3H), 3.47-3.26 (m, 6H),

2.20 (m, 1H), 2.00 (d, J=11.5 Hz, 1H), 0.90 (s, 9H). t-Boc precursor APCI MS m/e 384.2 [(M +
1)*]. mp >250 °C.

EXAMPLE 25

6,7-DIMETHYL-5.8,14-TRIAZATETRACYCLOJ10.3.1.02".0%JHEXADECA-2(11),3,5,7,9-PENTAENE
HYDROCHLORIDE (Based on the following procedure: Jones, R. G.; McLaughlin, K. C. Org.

Syn. 1963, 4, 824. b) Ehrlich, J., Bobert, M. T. u. Org. Chem. 1947, 522.)

4,5-Diamino-10-aza-tricyclo[6.3. 1.07”}dodeca-2(7),3,5-triene-10-carboxylic acid  tert-
butyl ester (100 mg, 0.35 mmol) was warmed to 80 °C in H.O (5 mL). To this butane 2,3-

dione (0.034 mL, 0.38 mmol) was added under N, for 2 hours. The reaction was cooled to

room temperature and extracted with EtOAc (3 x 40 ml). The combined organic layer was

washed with H,O (2 x 30 ml), dried (Na2SO,), 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

provided a white powder (50 mg, 43%). (TLC EtOAc R, 0.14). 'H NMR (400 MHz, DMSO-d,)
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5 7.85 (s, 2H), 3.50 (brs, 2H), 3.32 (d, J=12.5 Hz, 2H), 3.10 (d, J=12.5 Hz, 2H), 2.64 (s, GH),

2.24 (m, 1H), 2.13 (d, J=11.0 Hz, 1H). t-Boc precursor APC! MS m/e 340.3 [(M + 1)’].

EXAMPLE26

5,8,14-TRIAZATETRACYCLO/10.3. 1.0744.0*9JHEXADECA-2(11),3,5,7,9-PENTAENE
HYDROCHLORIDE

A) 1-(4,5-Diamino-10-aza-tricyclo[6.3.1.0?
ethanone

dodeca-2(7),3,5-trien-10-y!   -2,2,2-trifluoro-

1-(4,5-Dinitro-10-aza-tricyclo[6.3.1.0°Jdodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-

ethanone (3.0 g, 8.70 mmol) was hydrogenated in MeOH (30 mi) under H, (45 psi) over

Pd(OH)2 (300 mg of 20 wt%/C, 10%wt). After 2.5 hours the reaction wasfiltered through a

Celite pad and rinsed with MeOH (30 ml). The solution was concentrated to a light brownoil

which crystallized (2.42 g, 96%). (TLC 10% MeOH/CH,Cl, R, 0.56). APCI MS m/e 286.2 [(M +

1)*]. mp 129-131 °C.

B) 1-(5,8,14-Triazatetracyclo[10.3.1.0°"+0**}nexadeca-2(11),3,5,7,9-pentaene)-2,2,2-
trifluoro-ethanone

1-(4,5-Diamino-10-aza-tricyclo[6.3.1.07”]dodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-

ethanone (500 mg, 1.75 mmol) was stirred in THF (2 ml). This mixture was treated with H,O

(2 mL) and glyoxal sodium bisulfite addition compound hydrate (931 mg, 3.50 mmo!) then

stirred at 55 °C for 2.5 hours. The reaction was cooled to room temperature and extracted

with EtOAc (3 x 40 ml). The combined organic layer was washed with H,O (2 x 30 ml), dried

(Na,SO,), filtered, concentrated and chromatographed on Silica gel to provide an off white

powder (329 mg, 60%). (TLC 25% EtOAc/hexanesR, 0.40). mp 164-166 °C.

Cc 5,8,14-Triazatetracyclo 10.3.1.07""0*}hexadeca-2(11),3,5,7,9-pentaene
hydrochloride

1-(5,8,14-Triazatetracyclo[10.3.1.07"'.0**}hexadeca-2(11),3,5,7,9-pentaene)-2,2,2-

trifluoro-ethanone (320 mg, 1.04 mmol) was slurried in MeOH (2.0 ml) and treated with

Na,CO, (221 mg, 2.08 mmol) in H,O (2.0 ml). The mixture was warmed to 70 °C for 2 hours,

then concentrated, treated with H,O (20 mL) and extracted with CH,Cl, (3 x 10 ml). The

organic layer was dried through a cotton plug and concentrated to give a light yellow oi! (183

mg, 83%) which solidified upon standing (mp 138-140 °C). This material was dissolved in

MeOH(10 mL), treated with 3M HCV/EtOAc (3 ml), concentrated and azeotroped with MeOH
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(2 x 20 mL) to give solids which were recrystallized from MeOH/Et,O to afford product as a
. white solid (208 mg, 97%). (TLC 5% MeOH/CH,Cl, (NH3) R, 0.26). 'H NMR (400 MHz,

CD30D)6 8.94 (s, 2H), 8.12 (s, 2H), 3.70 (m, 2H), 3.54 (d, J=12.5 Hz, 2H), 3.35 (d, J=12.5

Hz, 2H), 2.49 (m, 1H), 2.08 (d, J=11.0 Hz, 1H). GCMS m/e 211 (M*). mp 225-230 °C.

EXAMPLE 27

14METHYL5,8,14-TRIAZATETRACYCLOM10,3.1.07"O}HEXADECA.2(11),3,5,7,9PENTAENE
HYDROCHLORIDE

5,8,14-Triazatetracyclo[10.3.1.07"'.0*Jnexadeca-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 warmedto 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,SO,), concentrated and

chromatographedonSilica gel to provide a yellow solid. This wasstirred in MeOH (2 mL) and

treated with 3N HCI EtOAc (2 mL). After concentration the solids were recrystallized from

MeOH/Et,O to afford product as a white solid (70 mg, 27%). (2% MeOH/CH,Cl, (NH3) R,;

0.47). 'H NMR (400 MHz, CDCI.) 6 8.71 (s, 2H), 7.80 (s, 2H), 3.37 (brs, 2H), 3.03 (m, 2H),
2.47 (m, 2H), 2.32 (m, 1H), 2.18 (brs, 3H), 1.84 (d, J=11.0 Hz, 1H). APC] MS m/e 226.2 [(M +

1)*]. mp >250 °c.

EXAMPLE 28

5-OXA-7,13-DIAZATETRACYCLOJ9.3.1 0%022)/PENTADECA-2( 10),3,6,8-
TETRAENE HYDROCHLORIDE

A)_2,2,2-Trifluoro-1-(4-hydrox

10-y!)-ethanone

1-(4,5-Dinitro-10-aza-tricycio[6.3.1.0?]dodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-

ethanone (900 mg, 2.61 mmol) and potassium acetate (KOAc) (2.6 g, 26.1 mmol) were

-5-nitro-10-aza-tricyclo[6.3.1 .0*jdodeca-2(7),3,5-trien- 

dissolved in DMSO (10 mL) and warmedwith stirring to 100 °C for 16 hours. The mixture was

cooled and diluted with H,O ( 50 mL) then extracted with 80% EtOAc/hexanes (6 x 25 mL).

The organic layer was washed with H,O (3 x 20 mL), dried (Na,SO,), filtered and

concentrated and purified by chromatography to give an oil (575 mg, 70%). (TLC 50%

EtOAc/hexanes (NH;) R, 0.56) .
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2,2,2-Trifluoro-1-(4-hydroxy-5-amino-10-aza-tricyclo 6.3.1.02Jdodeca-2(7),3,5- 

trien-10-yl)-ethanone

2,2,2-Trifluoro-1 -(4-hydroxy-5-nitro-10-aza-tricyclo[6.3.1 0?"|dodeca-2(7),3,5-trien-10-
yl)-ethanone (575 mg, 1.82 mmol) was hydrogenated in MeOH under a H, atmosphere at (45

psi) over 10%Pd/C (80 mg) for 1.5 hours then filtered through a Celite pad and concentrated

to white solids (450 mg, 86%). (TLC 5% MeOH/CH,Cl, (NH3) R, 0.6). 'H NMR (400 MHz,

CD3OD) 6 6.67-6.59 (m, 2H), 4.12 (m, 1H), 3.73 (m, 1H), 3.73 (m, 1H), 3.54 (m, 1H), 3.07 (m,

2H), 2.24 (m, 1H), 1.94 (d, J=10.5 Hz, 1H). GCMS me 286 (M*).

C)_2,2,2-Trifluoro-1-(5-oxa-7,13-diazatetracyclo[9.3. 1.072.0**}pentadeca-2(10),3,6,8-
tetraene)-ethanone (Goldstein, S. W.; Dambek,P. J. J. Het. Chem. 1990, 27, 335.)

2,2,2-Trifluoro-1-(4-hydroxy-5-amino-1 0-aza-tricyclo[6.3. 1.07Jdodeca-2(7),3,5-trien-

 

10-yl)-ethanone (150 mg, 0.524 mmol), trimethy! orthoformate (0.19 mL, 1.73 mmol),

pyridinium-p-toluenesulfonic acid (PPTS, 18 mg, 0.07 mmol) and xylenes (10 mL) were

combined undernitrogen and stirred at 135 °C for 18 hours. The mixture was cooled, treated

with H,O and extracted with EtOAc. The extracts were dried (Na,SO,),filtered, concentrated
and purified by chromatography to give an oil (110 mg, 71%). (TLC 20% EtOAc/hexanes R,

0.40)

D) 5-Oxa-7, 13-diazatetracyclo[9.3.1.02"°0*8)pentadeca-2(10),3,6,8-tetraene
hydrochloride

2,2,2-Trifluoro-1-(5-0xa-7, 13-diazatetracyclo[9.3.1.07"°0**)}pentadeca-2(10),3,6,8-

tetraene)-ethanone (110 mg, 0.37 mmol) wasstirred 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,

concentrated to solids, diluted with H,O and extracted with EtOAc (3 x 40 mL). The product

was extracted into aqueous 1N HCI solution (2 x 40 mL) which was washed with EtOAc then

neutralized with saturated aqueous Na,CQ, solution to pH~10. The product was extracted

with EtOAc (3 x 40 mL), dried (Na,SO,), concentrated and chromatographed onSilica gel to
produce an oil. (TLC 5% MeOH/GCH,Cl, (NH3) R; 0.19).

The oil was dissolved in MeOH and treated with 3N HCI EtOAc (4 mL) then

concentrated, stirred in a minimum of CH.Cl, and saturated with hexanes. After 18 hours, the

product wascollectedbyfiltration (55 mg, 63%). 'H NMR (400 MHz, CD30OD) & 8.47 (s, 1H),

7.70 (8, 1H), 7.65 (s, 1H), 3.44 (m, 2H), 3.30 (m, 2H), 3.10 (d, J=12.5 Hz, 2H), 2.47 (m, 1H),

2.15 (d, J=11.0 Hz, 1H). APCI MS m/e 201.03 ((M + 1)’].
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EXAMPLE 29

6-METHYL-5S-OXA-7,13-DIAZATETRACYCLOJ9.3. 1.0720#PENTADECA-
2(10),3,6,8-TETRAENE HYDROCHLORIDE

A) 2,2,2-Trifluoro-1-(6-methy!__5-oxa-7,13-diazatetracyclo[9.3.1.07"°0**|pentadeca-
2(10),3,6,8-tetraene)-ethanone ,

2,2,2-Trifiuoro-1-(4-hydroxy-5-amino-10-aza-tricyclo[6.3.1 .0?Jdodeca-2(7),3,5-trien-
10-yl)-ethanone (150 mg, 0.524 mmol), triethyl orthoacetate (0.34 mL, 1.83 mmol), pyridinium-

 

 

  

p-toluenesulfonic acid (PPTS, 20 mg, 0.08 mmol) and xylenes (10 mL) were combined under

nitrogen and stirred at 135 °C for 18 hours. Workup,isolation and purification asin Example
28C providedthe title compound (90 mg, 55%).

B)_6-Methyl-5-oxa-7,13-diazatetracyclo[9.3. 1.0*"*.0*"Ipentadeca-2(10),3,6,8-tetraene
hydrochioride

2,2,2-Trifluoro-1-(6-methyl 5-oxa-7,13-diazatetracyclo[9.3.1.07"°0**}pentadeca-

2(10),3,6,8-tetraene)-ethanone (90 mg, 0.30 mmol) wasstirred in MeOH (5 mL) and treated
with Na,CO, (61 mg, 0.58 mmol) in HzO (2 mL). Thestirred mixture was warmed to 80 °C for

2 hours, concentrated to solids, diluted with H,O and extracted with EtOAc (3 x 40 mL). The

solution was dried (Na,SO,), concentrated, and chromatographed on Silica gel to produce an

oil. (TLC 10% MeOH/CH,Cl, (NH3) R, 0.18). 'H NMR(free base) (400 MHz, CDCI) 5 7.40 (s,
1H), 7.26 (s, 1H), 3.05-2.98 (m, 4H), 2.72 (d, J=12.8 Hz, 2H), 2.59 (s, 3H), 2.46 (m, 1H), 1.98
(d, J=10.5 Hz, 1H).

The oil was dissolved in MeOH and treated with 3N HCl EtOAc (4 mL) then
concentrated, stirred in a minimum of CHCl, and saturated with hexanes. After 18 hours, the

product wascollected byfiltration (10 mg, 13%). APCI MS m/e 215.2 [(M + 1)*]. mp >250 °C.

EXAMPLE30

2-FLUORO-N-(5-HYDROXY-10-AZA-TRICYCLOJ6.3.1 .0®4DODECA-2( 7),3,5-
TRIEN-4-YL)-BENZAMIDE HYDROCHLORIDE

2,2,2-Trifluoro-1 -(4-hydroxy-5-amino-10-aza-tricyclo[6.3. 1.07”}dodeca-2(7),3,5-trien-

10-yl)-ethanone (150 mg, 0.524 mmol), 2-fluorobenzoy! chloride (0.07 mL, 0.576 mmol),

pyridinium-p-toluenesulfonic acid (PPTS, 20 mg, 0.08 mmol), pyridine (0.046 mL, 0.576 mmol)

and xylenes (5 mL) were combined undernitrogen and stirred at 135 °C for 18 hours. After 24

hours, additional PPTS (50 mg) was added and the material stirred at 135 °C for an additional

24 hours. Workup as above provided crude product (145 mg, 0.375 mmol) which was
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combined with Na,zCO,(s) (80 mg, 0.75 mmol) in MeOH (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

CHCl, (4 x 40 mL), dried through a cotton plug then chromatographed to remove baseline

impurity (5% MeOH/CH.Cl, (NH3)). The crude material was treated with excess 3N HCl

EtOAc and concentrated, then dissoived 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,QOD) 8 7.99 (m, 2H), 7.59 (m, 1H), 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 mye

313.1 [(M + 1)"]. mp 125-130 °C (subl.).

EXAMPLE 31

4-CHLORO-10-AZATRICYCLOI6.3.1 Oo) 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-yl)-2,2,2-trifluoro-

ethanone
   

Copper(i)chloride (CuCl) was prepared as follows: CuSO, (4.3 g) and NaCl (1.2 g)

were dissolved in hot HzO (14 mL). sodium bisulfite (NaHSO3) (1 g) and sodium hydroxide

(NaOH) (690 mg) were dissolved in H.O (7 mL) and added to the hot acidic solution over 5

minutes. The precipitated white solids were filtered and washed with water.

1-(4-Amino-10-aza-tricyclo[6.3. 1.0?Jdodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-

ethanone (460 mg, 1.7 mmol) wasdissolved in HO (2 mL) and concentrated HCI solution(1

mL) then cooled to 0 °C andtreated with a solution of sodium nitrite (NaNO.) (275 mg) in HO

(1 mL) dropwise. To the resulting solution was added a CuC! (202 mg, prepared as described

above, 2.04 mmol) in concentrated HCi solution (2 mL) over 10 minutes (gas evolution

observed). The resulting solution was warmed to 60 °C for 15 minutes, then was cooled to

room temperature and extracted with EtOAc (4 x 30 mL). After drying over Na,SO,, the

solution was filtered and concentrated to an oil which wasfiltered through a Silica pad to

remove baseline material eluting with 50% EtOAc/hexanesto give an oil (470 mg, 95%).

B) 4-Chloro-10-azatricyclo[6.3.1.07“Jdodeca-2(7),3,5-triene hydrochloride
1-(4-Chioro-10-aza-tricyclo[6.3.1.07”]dodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-

ethanone (470 mg, 1.62 mmol) and Na,CO, (344 mg, 3.24 mmol) in MeQH (30 mL) and H,O0

(10 mL) were heated to reflux. After 2 hours, the reaction was cooled and diluted with water

then extracted with EtOAc (4 x 40 mL), dried (Na,SO,), filtered and concentrated to a yellow

oil. The crude material was treated with excess 3N HCi EtOAc and concentrated, then
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dissolved in a minimum of CH2CI, and the solution was saturated with hexanes andstirred.

After stirring 4 hours the product was collected by filtration (155 mg, 42%). *H NMR(free
base) (400 MHz, CDCls) 6 7.15 (m, 2H), 7.09 (d, J=8.0 Hz, 1H), 3.00-2.94 (m, 4H), 2.68, (m,

2H), 2.38 (m, 1H), 1.92 (d, J=10.5 Hz, 1H). 'H NMR (HCI salt) (400 MHz, DMSO-d,) & 7.30-
7.20 (m, 3H), 3.30-3.15 (m, 6H), 2.37 (m, 1H), 1.89 (d, J=11.0 Hz, 1H). APCI MS mye 194.1

[(M + 1)’].

EXAMPLE 32

10-AZATRICYCLOJ6.3.1.0~2,7~]DODECA-2(7),3,5-TRIEN-4-YL

HYDROCHLORIDE

A) 1-(4-lodo-10-aza-tricyclo[6.3.1.0%4
ethanone

1-(4-Amino-10-aza-tricyclo[6.3.1 .0?"Jdodeca-2(7),3,5-trien-1 0-yl)-2,2,2-trifluoro-

CYANIDE    

dodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-   

ethanone (500 mg, 1.85 mmol) wasdissolved in HO (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 (2 mL) dropwise. Potassium iodide (460 mg, 2.78 mmol) in 1N H,SO,

solution (0.5 mL) was added over 10 minutes (reaction becomes dark red). The resuiting

solution was warmed to room temperature and stirred 18 hours. The reaction was quenched

with NaHSO, and water (pH 2.5) then extracted with EtOAc (4 x 30 mL). After drying

(Na,SO,), the solution was filtered and concentrated to a yellow oil which was

chromatographed on Silica gel to provide a yellow oil. (260 mg, 37%). (TLC 30%

EtOAc/hexanes R, 0.70). (A 5.4 g scale performed as above yielded 5 g, 67%).

B) 4-lodo-10-aza-tricyclo[6.3.1 .0?Idodeca-2(7),3,5-triene-1 Q-carboxylic acid tert-butyl
ester

1-(4-lodo-10-aza-tricyclo[6.3.1.0°Jdodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-

ethanone (5 g, 13.1 mmol) and 37% saturated aqueous NH,OH solution (50 mL) werestirred

in MeOH (250 ml) for 2 hours then concentrated and azeotroped with MeOH (2 x 50 mL). The

resulting product was stirred in 1,4-dioxane (75 mL) and treated with saturated 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 CH2Ci, (4 x 30 mL),

dried (Na,SO,), filtered, concentrated and chromatographed on Silica ge! (TLC 20%

EtOAc/hexanes)to provide product as anoil (4.9 g, 98%).
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C) 4-Cyano-10-aza-tric clo 6.3.1 .0*Idodeca-2(7),3,5-triene-10-carboxylic acid tert-
butyl ester (Utilizing the methods described in: House, H. O.; Fischer, W. F. J. Org. Chem.

1969, 3626.)

CuCN (108 mg, 1.21 mmol) and NaCN (59 mg, 1.21 mmol) were combined in dry
DMF (6 mL) and warmed to 150 °C under Nz. Solution occurs in 20 minutes. To this was

added 4-iodo-10-aza-tricyclo[6.3.1.0”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 wasstirred for 18 hours at 150 °C.

The reaction was cooled anddiluted with 50% saturated aqueous NaCl solution and extracted

with 50% EtOAc/hexanes (3 x 30 mL). After drying (Na2SO,), filtration and concentration the

product wasisolated by chromatography (86 mg, 50%). (TLC 20% EtOAc/hexanes R, 0.28).

D) 10-Azatricyclo[6.3.1.0~2,7~

4-Cyano-10-aza-tricyclo[6.3.1.07Jdodeca-2(7),3,5-triene-10-carboxylic acid tert-buty!
dodeca-2(7),3,5-trien-4-y] cyanide hydrochloride   

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 wassaturated with Et,O and stirred 18

hours. The product wascollected byfiltration (49 mg, 73%). 'H NMR (400 MHz, DMSO-d.) 5

9.66 (br s, NH), 7.86 (br s, NH), 7.74-7.70 (m, 2H), 7.49 (d, J=7.5 Hz, 1H), 3.33-2.97 (m, 6H),

2.17 (m, 1H), 2.01 (d, J=11.0 Hz, 1H). GCMS mre 184 (M*). mp 268-273 °C.

EXAMPLE33

3-(10-AZATRICYCLOJ6.3.1 .0#JDODECA-2(7 ),3,5-TRIEN-4-YL)-5-METHYL-1,2,4-
OXADIAZOLE HYDROCHLORIDE

4-Cyano-10-aza-tricyclo[6.3.1.0’]dodeca-2(7),3,5-triene-10-carboxylic acid tert-buty!
ester (300 mg, 1.1 mmol) was stirred in EtOH (10 mL). To this hydroxyl amine hydrochioride

(382 mg, 5.5 mmol) and NaOH (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 extracted with

EtOAc. The organic layer was dried (Na,SO,) 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, 0.415 mmol) and warmed to 100°C for 18 hours. The reaction was cooled, treated

with H,O and extracted with EtOAc. The organic extracts were washed with water and

saturated aqueous NaC! solution, dried (Na,SOQ,4) and concentrated. Chromatography on

Silica gel afforded product (50 mg, 0.15 mmol). (25% EtOAc/hexanes R, 0.18). This product

wastreated with 2N HCI MeOH (10 mL), heated to 70 °C for 1 hour, cooled, concentrated and

recrystallized from MeOH/Et,O to provide product (15 mg). APCI MS m/e 242.2 [(M + 1)*).
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EXAMPLE 34

1-(10-AZATRICYCLOJ6.3.1 .0®JDODECA-2( 7),3,5-TRIEN-4-YL)-1-ETHANONE
HYDROCHLORIDE

A) 1-(4-Acetyl-1 0-aza-tricyclo[6.3.1.024
ethanone ,

1-(10-Aza-tricyclo[6.3. 1.07”]dodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-ethanone (253
mg, 1.0 mmol) and AcCl (0.68 mL, 10 mmol) were dissolved in DCE (3 mL) and treated with

 

cdodeca-2(7),3,5-trien-10-yl)-2,22-trifluoro-   

aluminum chloride (AICI;) (667 mg, 5.0 mmol). The resulting yellow mixture wasstirred for 30

minutes then poured over ice and saturated aqueous NaHCO,solution. After Stirring 20

minutes the mixture was extracted with CHCl, (3 x 30 mL). The organic layer was dried

through a cotton plug then concentrated to a orange-yellowoil (255 mg, 86%).

B) 4-Acetyl-10-aza-tricyclo[6.3.1.0*Jdodeca-2(7),3,5-triene-1 0-carboxylic acid _tert-
butyi ester

1-(4-Acetyl-10-aza-tricyclo[6.3. 1.07”]dodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-
ethanone (1.3 g, 4.37 mmol) and 37% aqueous NH,OHsolution (10 mL) werestirred in MeOH

(30 mi) for 3 hours, then concentrated and azeotroped with MeOH (2 x 50 mL). (This product

could be converted to an HC! 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-butyidicarbonate (1.91 g, 8.74 mmol). After Stirring 2 hours, the reaction

wastreated with H,O (50 mL), extracted with CHCl, (4 x 30 mL), dried (Na,SO,), filtered,

concentrated and chromatographed to provide an oil (1.3 g, 100%). (TLC 40%

EtOAc/hexanesR,0.56).

C) 1-(10-Azatricyclo[6.3.1.0*Jdodeca-2(7),3,5-trien-4-yl)-1-ethanone hydrochloride
4-Acetyl-10-aza-tricyclo[6.3.1.0*Jdodeca-2(7),3,5-triene-10-carboxylic acid tert-butyl

ester (190 mg, 0.63 mmol) was treated with excess 3N HCI EtOAc and warmedto 70°C for 1

hour then concentrated and dissolved in a minimum of MeOH. Theresulting solution was

saturated with Et,O and stirred. After 18 hours the white crystalline product was collected by

filtration (81 mg, 54%). 'H NMR (400 MHz, DMSO-d,) 6 9.75 (br s, NH), 7.89 (s, 1H), 7.88 (d,

J=8.0 Hz, 1H), 7.74 (brs, NH), 7.44 (d, J=8.0 Hz, 1H), 3.33 (brs, 2H), 3.22 (brs, 2H), 3.00 (br

m, 2H), 2.54 (s, 3H), 2.17 (m, 1H), 2.02 (d, J=11.0 Hz, 1H). GCMS m/e 201 (M*). mp 198-202
°C.
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EXAMPLE 35

10-AZATRICYCLO 6.3.1.027}]DODECA-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. 1.07”}dodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-
ethanone (2.5 g, 8.41 mmol) and 3-chloroperoxybenzoic acid (m-CPBA) (7.5 g, 42 mmol)
werestirred in CHCl, (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 Eft,O (4 x 40 mL). The organic layer was washed saturated

aqueous Na,CO,solution (3 x 40 mL) then dried (Na,SO,), filtered and concentrated to afford

an oil (1.83 g, 69%). (TLC EtOAc R, 0.80).

B) 2,2,2-Trifluoro-1-(4-hydroxy-10-aza-tricyclo 6.3.1.0%4dodeca-2(7),3,5-trien-1 0-yl)-
ethanone

 

Acetic acid 10-trifiuoroacety|-10-aza-tricyclo[6.3.1.07”]dodeca-2(7),3,5-trien-4-y! ester

(900 mg, 2.87 mmol!) was stirred in MeOH (20 mL) and saturated aqueous NaHCO, solution

(15 mL) for 48 hours. The mixture was concentrated, diluted with H,O and extracted with

CH,Cl, (3 x 20 mL) then dried through a cotton plug. Chromatography on Silica gel provided

pure product (420 mg, 54%). (TLC 5% MeOH/CH,Cl, R, 0.44). 'H NMR (400 MHz, CDCI.) &

7.05 (m, 1H), 6.70 (m, 1H), 6.62 (m, 1H), 4.32 (m, 1H), 3.84 (m, 1H), 3.48 (m, 1H), 3.21 (brs,

1H), 3.16 (brs, 1H), 3.09 (m, 1H), 2.38 (m, 1H), 1.97 (d, J=11.0 Hz, 1H).

C) 10-Azatricyclo[6.3.1 .0?\dodeca-2(7),3,5-trien-4-ol hydrochloride
2,2,2-Trifluoro-1-(4-hydroxy-10-aza-tricyclo[6.3.1 .0?"Jdodeca-2(7),3,5-trien-1 0-y!)-

ethanone (50 mg, 0.184 mmol) was dissolved in MeOH/H;O (3/1, 5 mL), treated with

Na,CO,(s) (40 mg, 0.369 mmol) and warmed to 65°C for 2 hours. The mixture was

concentrated, diluted with H2O and extracted with CH,Cl, (3 x 20 mL) then dried through a

cotton plug. Filtration through a Silica gel plug provided an oil (10% MeOH/CH,Cl,) which

wastreated with 3N HCI EtOAc (3 mL) then concentrated, dissolved in a minimum of MeOH

which was saturated with Et,O and stirred. After 18 hours the white crystalline product was

collected byfiltration (10 mg, 26%). 'H NMR (400 MHz, CDOD;) 6 7.16 (d, J=8.0 Hz, 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),

2.32 (m, 1H), 2.03 (d, J=11.0 Hz, 1H). APCI MS m/e 176.2 [(M + 1)"]. mp 308 (dec.) °C.
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EXAMPLE 36

7-METHYL-5-OXA-6, 13-DIAZATETRACYCLOJ9.3. 1.0242.0*43PENTADECA-
2,4(8),6,9-TETRAENE HYDROCHLORIDE

A) 1-(4-Acetyl-5-hydroxy-10-aza-tricyclo! 6.3.1.0?4dodeca-2(7),3,5-trien-10-yl)-2,2,2-
trifluoro-ethanone

 

 

 

Acetic acid 10-trifluoroacety|-1 0-aza-tricyclo[6.3.1 .0”|dodeca-2(7),3,5-trien-4-yl ester
(800 mg, 2.55 mmol) was combined with AICI; (1.0 g, 7.65 mmol) and warmed to 170°C for 2

hours. The mixture was cooled and treated with 1N aqueous HCI solution (20 mL), extracted

with EtOAc and dried (Na,SO,). Chromatographyaffords an oil (190 mg, 24%). (TLC EtOAc

R, 0.75). 'H NMR (400 MHz, CDCI) 5 12.58 (s, 0.5H), 12.52 (s, 0.5H), 7.53 (s, 1H), 6.86 (s,
1H), 4.33 (m, 1H), 3.91 (m, 1H), 3.56 (m, 1H), 3.28 (brs, 1H), 3.24 (brs, 1H), 3.14 (m, 1H),
2.35 (m, 1H), 1.97 (br d, J=11.2 Hz, 1H).

2,2,2-1rifluoro-1-[4-hydrox 
tricyclof6.3.1 .0?"|dodeca-2(7),3,5-trien-1 0-ylj-ethanone

1-(4-Acetyl-5-hydroxy-10-aza-tricyclo[6.3.1.0°Jdodeca-2(7),3,5-trien-10-yl)-2,2,2-
triftluoro-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 concentrated to provide a yellow oil (177 mg, 93%).

c 2,2,2-Trifluoro-7-Methy|-5-oxa-6,13-diazatetracyclo[9.3.1.0%.0*"}pentadeca-
2,4(8),6,9-tetraene-ethanone

The above oil, 2,2,2-trifluoro-1-[4-hydroxy-5-(1-hydroxyimino-ethy|)-10-aza-

 

tricyclo[6.3.1.07]dedeca-2(7),3,5-trien-10-yl]-ethanone (177 mg, 0.54 mmol) was stirred in
DCE(3 mL), treated with triethylamine (0.4 mL, 2.8 mmol!) and acetic anhydride (Ac,O) (0.3

mL, 2.8 mmol) then stirred 18 hours. The reaction was treated with H,O and extracted with

EtOAc. The extracts were dried (Na,SO,), filtered and concentrated to a yellow oil which was

dissolved in anhydrous DMF (3 mL) and treated with 60% NaH in oil (32 mg, 1.08 mmol).

Afterstirring 18 hours, additional 60% NaHin oil was introduced (33 mg) and the mixture was

Stirred 2 hours. The reaction was quenched with H,O (5 mL) and extracted with 80%

EtOAc/hexanes (3 x 30 mL). The organic layer was washed with HO (3 x 20 mL), dried

(Na,SO,), filtered and concentrated and chromatographed to provide an oil (40%

EtOAc/hexanes R, 0.56).
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D) 7-Methyl-5-oxa-6, 13-diazatetracyclo 9.3.1.079.0*"Ipentadeca-2,4(8),6,9-tetraene
hydrochloride

Utilizing the methods described in Example 9C, 2,2,2-Trifluoro-7-Methy]-5-oxa-6, 13-
diazatetracyclo[9.3.1.07"°.0**]pentadeca-2,4(8),6,9-tetraene-ethanone was converted to the

 

titie compound. This wastreated with 3N HC! EtOAc (3 mL), concentrated and dissolved in a

minimum of CH2Cl, which was saturated with hexanes andstirred. After 18 hours the white

crystalline product was collected byfiltration (18 mg, 13% overall). 'H NMR (400 MHz,

DMSO-de) & 7.72 (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). APCI MS m/e 215.2 [(M + 1)*].

EXAMPLE 37

4-(2-Methyl-2H-pyrazol-3-yl)-10-aza-tricyclo 6.3.1.0%Jdodeca-2(7),3,5-triene
hydrochloride and  4-(1-Methyl-1H-pyrazol-3-y!)-10-aza-tricyclo[6.3.1. 0*4dodeca-2(7),3,5-
triene hydrochloride

1-(4-Acety!-10-aza-tricyclo[6.3.1.07"Jdodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-

ethanone (1.0 g, 3.3 mmol) and dimethylformamide dimethylacetal (DMF-DMA) (4.0 g, 33.6

mmol) were warmed to 140°C for 18 hours. After cooling, a crystalline precipitate wasfiltered
andrinsed with EtOAc (690 mg, 58%).

The above solid, 3-dimethylamino-1-(10-trifluoroacetyl-10-aza-

  

   

tricyclo[6.3. 1.07’]dodeca-2(7),3,5-trien-4-yl)-propenone, (200 mg, 0.56 mmol) was dissolved
in EtOH (2 mL) and treated with 5N 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 of regioisomeric products (130 mg,
68%). (TLC 50% EtOAc/hexanesR, 0.40).

The above oil (130 mg, 0.388 mmol) and Na,CO,(s) (82 mg, 0.775 mmol) werestirred

in MeOH (10 mL) and H,0 (5 mL) for 18 hours. After cooling the reaction was diluted with

water, extracted with CH,Cl, dried through a cotton plug and concentrated. The product was

purified by chromatographyon Silica gel and concentrated to an oil. The salt was generated

with 2N HCl MeOH, concentrated and recrystallized from MeOH/EtOAc to provide a 3/1

mixture of regicisomeric pyrrazoles (85 mg, 58%). (5% MeOH/CH,Cl. (NH) R, 0.25). TFA-

precursor APC! MS m/e 336.2 [(M + 1)*].
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EXAMPLE 38
4,5-DICHLORO-10-AZATRICYCLOJ6.3.1.024JDODECA-2(7),3,5-TRIENE

HYDROCHLORIDE

A) 1-(4,5-Dichloro-1 0-aza-tricyclo[6.3.1.07” dodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-

ethanone (Based on Campaigne, E.; Thompson, W. J. Org. Chem. 1950, 72, 629.)

 

   

1-(10-Aza-tricyclo[6.3.1.0°]dodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-ethanone (539
mg, 2.1 mmol) wasstirred in CH2Clz (5 mL) and treated with ICI, (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 CH2Cl, (3 x 25 mL), dried through a cotton plug and

concentrated to an oil (570 mg, 84%) (TLC 50% EtOAc/hexanesR, 0.62).

B) 4,5-dichloro-1 0-azatricyclo[6.3.1 .0*Ydodeca-2(7),3,5-triene hydrochloride
1-(4,5-Dichloro-10-aza-tricyclo[6.3.1.07”]dodeca-2(7),3,5-trien-10-yl)-2,2,2-trifluoro-

ethanone (570 mg, 1.75 mmol) was stirred in MeOH (25mL) and treated with Na,CO,(s) (5 g,

47 mmol) in H2O (5 mL). The stirred mixture was warmed to 70°C for 4 hours, concentrated

to solids, diluted with H,O and extracted with EtOAc (3 x 40 mL). The product was extracted

into 1N aqueous HCI solution (2 x 40 mL) which was washed with EtOAc then neutralized with

saturated aqueous Na,CO, solution to pH~10. Product was extracted with CH,Cl, (3 x 40

mL), filtered through a cotton plug and concentrated to an oil (400 mg, 100%).

The oil was dissolved in MeOH and treated with 3N HCI EtOAc (4 mL) and

concentrated, then dissolved in a minimum of MeOH and which was saturated with Et,O and

stirred 18 hours. The product was collected by filtration (210 mg, 45%). (TLC 50%
EtOAc/hexanes (NH;) R; 0.08). 'H NMR (400 MHz, DMSO-d.) 6 7.58 (s, 2H), 3.33-2.97 (m,

6H), 2.18 (m, 1H), 1.99 (d, J=10.5 Hz, 1H). °C NMR (100 MHz,DMSO-d,) 5 141.02, 130.60,

126.58, 45.54, 40.55, 38.30. GCMS m/e 227, 229 (M"*). mp 283-291 °C.

EXAMPLE 39

Ni‘NUDIMETHYL-10-AZATRICYCLOI63.1.07]DODECA.2(7)3,5-TRIENE-4SULFONAMIDE
HYDROCHLORIDE

A) 10-Trifluoroacetyl-10-aza-tricyclo[6.3.1.0*4dodeca-2(7),3,5-triene-4-sulfony!
chloride

1-(10-Aza-tricyclo[6.3.1 .0?"|dodeca-2(7),3,5-trien-1 0-yl)-2,2,2-trifiuoro-ethanone (530

mg, 2.1 mmol) was added to chlorosulfonic acid (2 mL, 30 mmol) andstirred for 5 minutes.

Apotex Exhibit 1007.278



Apotex Exhibit 1007.279

10

15

20

25

30

35

WO99/35131 PCT/IB98/01813

-67-

The mixture was quenched with ice, extracted with EtOAc, dried (Na,SO,), filtered and
concentrated to provide an oil (640 mg, 87%). (TLC 30% EtOAc/hexanes R, 0.15).

B) N4,N*-Dimethy!-10-azatricyclo[6.3.1.022)dodeca-2(7),3,5-triene-4-sulfonamide
hydrochloride

10-Trifluoroacetyl-10-aza-tricyclo[6.3.1.0*’|dodeca-2(7),3,5-triene-4-sulfony! chloride
(320 mg, 0.9 mmol) was stirred in THF (10 mL) andtreated with 40% Me.NH/H,O (1.5 mL).
After 10 minutes the mixture was concentrated and chromatographedonSilica gel (TLC 30%
EtOAc/hexanes R, 0.31) to provide an oil (256 mg, 78%). This material was dissolved in

MeOH (6 mL) and NH,OH (2 mL) and stirred 18 hours. The mixture was concentrated and

azeotroped from MeOH(3x) The resulting oil was dissolved in MeOH andtreated with 3N HCI

EtOAc (4 mL), concentrated, dissolved in a minimum of MeOH and which wassaturated with

Et, and stirred 18 hours. The product wascollected byfiltration as a white powder (163 mg,
59%). (TLC 10% MeOH/ CH,Cl, (NHs) R; 0.54). 'H NMR (data, free base) (400 MHz, CDCI.) 8
7.64 (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=12.5,2.2 Hz, 2H), 2.69 (s, 6H), 2.45, (m, 1H), 2.00 (d, J=11.0 Hz, 1H). °C NMR (100 MHz,

CDCl) & 128,43, 124.16, 122,75, 46.67, 46.55, 42.11, 39,44, 37,81. GCMS m/e 266 (M’).

(data HC! salt) 'H NMR (400 MHz, DMSO-d.) 8 7.68-7.52 (3H), 3.38 (m, 2H), 3.24 (m, 2H),
3.04 (m, 2H), 2.58 (s, 6H), 2.22 (m, 1H), 2.04 (d, J=11.0 Hz, 1H). GCMS m/e 266 (M’*). Anal.
Caled. for Cy3H,gN2O2HCI: C, 51.56; H, 6.32; N, 9.25. Found C, 51.36; H,6.09: N,9.09.

EXAMPLE40

4-(1-PYRROLIDINYLSULFONYL)-10-AZATRICYCLOJ6.3.1.0®IDODECA-2(7),3,5-
TRIENE HYDROCHLORIDE

The=pyrrolidine analogue was prepared from 10-trifluoroacetyl-10-aza-

tricyclo[6.3.1.0*’Jdodeca-2(7),3,5-triene-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 conversion to the salt as in Example 39B

affords a white powder (189 mg, 63%). (TLC 10% MeOH/CH,CI, (NH3) R; 0.60). (TLC 50%

EtOAc/hexanes R, 0.65). 'H NMR (400 MHz, CDCI.) & 7.66 (d, J=8.0 Hz, 1H), 7.64 (s, 1H),
7.37 (d, J=8.0 Hz, 1H), 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, CDCI3) 8 146.91, 144.08, 136.65, 127. 90, 124.18, 122.36,

50.43, 47.87, 46.80, 46.63, 42.11, 39.63, 25.10. APC] MS m/e 293 {(M + 1) *]. (data HC! salt)

‘H NMR (400 MHz, DMSO-d.) & 9.78 (brs, NH), 8.1 (brs, NH), 7.73 (d, J =1.5 Hz,1H), 7.66
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(dd, J=8.0,1.5 Hz, 1H), 7.53 (d, J=8.0 Hz, 1H), 3.39-3.01 (10H), 2.24 (m, 1H), 2.04 (d, J=11.0
Hz, 1H), 1.68 (m, 4H). GCMS m/e 292 (M"). Anal. Caled. For C,gH;gN2O,HCI.1/2MeOH:C,
54.07; H, 6.47; N, 8.51. Found C, 53.98; H,6.72: N, 8.12

EXAMPLE 41

5,13-DIAZATETRACYCLOJ9.3. 1.0272042 PENTADECA-2,4(8),9-TRIEN-6-ONE
HYDROCHLORIDE(Thetitle compound was prepared following the procedures described in
Quallich, G. J.; Morrissey, P. M. Synthesis 1993, 51-53, treating 4,5-dinitro-10-aza-
tricyclo[6.3.1.0°”]dodeca-2(7),3,5-triene-10-carboxylic acid tert-butyl ester as an equivalentto
an ortho fluoro phenyl moiety.) ‘H NMR (400 MHz, DMSO-d.) & 10.42 (s, NH), 9.88 (br s,
NH), 7.52 (brs, 1H), 7.15 (s, 1H), 6.79 (s, 1H), 3.41 (d, J=5.0 Hz, 2H), 3.35-3.13 (m, 4H), 2.93
(m, 2H), 2.12 (m, 1H), 1.95 (d, J=11.5 Hz, 1H). APC! MS m/e 215.2 [(M + 1)*).

EXAMPLE42

6-OX0-5-OXA-7,13-DIAZATETRACYCLOJ9.3.1.02%0%}PENTADECA-2(10),3,6,8-
TETRAENE HYDROCHLORIDE (Forreferences, see: Nachman, R. J. J. Het. Chem. 1982,
1545.)

2,2,2-Trifluoro-1-(4-hydroxy-5-amino-10-aza-tricyclo[6.3.1.0?”|dodeca-2(7),3,5-trien-
10-yl)-ethanone (317 mg, 1.11. mmol) was stirred in THE (10 mL), treated with
carbonyldiimidazole (269 mg, 1.66 mmo!) and warmed to 60°C for 18 hours. The mixture was

concentrated, diluted with CH2Cl, (50 mL) and washed with 1N aqueous HCI solution (3 x 10
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.) &
11.78 (s, NH), 9.56 (brs, NH), 7.63 (br s, NH), 7.24 (s, 1H), 7.07 (s,1H), 3.26 (br s, 2H), 3.16
(br t, J=9.5 Hz, 1H), 2.93 (brs, 1H), 2.18 (m, 1H), 1.97 (d, J=11.0 Hz, 1H). APCI MS m/e
217.2 [(M + 1)*].

EXAMPLE43

3-TRIFLUOROMETHYL-10-AZA-TRICYCLOJ6.3.1 .0*]DODECA-2(7),3,5-TRIENE
HYDROCHLORIDE (See Grunewald, G. L.; Paradkar, V. M.: Pazhenchevsky, B.; Pleiss, M.
A.; Sall, D. J.; Seibel, W. L.; Reitz, T. J. uv. Org. Chem. 1983, 48, 2321-2327. Grunewaid, G.
L.; Markovich, K. M.; Sall, D. J. 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,OD) 3 7.67-7.50
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(3H), 3.65 (brs, 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). APCI MS m/e 228.2 [(M + 1)"]. (HCI salt) mp 275-277 °C. Anal. Calcd. for
C12Hy2F3N.HCI.1/3H,0: C, 53.44; H, 5.11; N, 5.19. Found C, 53.73; H, 4.83; N, 5.16.

EXAMPLE 44

3-PHENYL-10-AZA-TRICYCLOJ6.3.1 .02.1DODECA-2(7),3,5-TRIENE
HYDROCHLORIDE

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

methano-naphthalene

(Eisch, J. J.; 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.)

and 5-iodo-1,4-dihydro-1,4-   

Magnesium turnings (9.37 g, 385 mmol) were stirred in anhydrous THF (1000 mL) in
a flame dried 2L 3 neck round bottom flask equipped with a non-equalizing addition funnel
with a N, flow adapter, magnetic stirrer and efficient condenser equipped with a N, flow
adapter. The flask was stirred and warmedto refiux by a removable heating mantle. 2,6-
Difluoro-iodobenzene (0.3 g) was added followed by of 3N EtMgBr in THF (0.3 mL). The
addition funnel was charged with an intimate mixture of cyclopentadiene (24.24 g, 367 mmol)
and 2,6-difluoro-iodobenzene (88.0 g, 367 mmol). Small portions (~1 mL) of the intimate
mixture were introduced to assistinitiation (~4x). After ~15 minutes, the reaction initiated

(exctherm, and vapor condensation) and heating was maintained as necessary during the
addition of the contents of the addition funnel. 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 1N HCIsolution (200 mL)to dissolve the solids. Product was extracted

with hexanes (4 x 150 mL). The combined organic layer was washed with saturated aqueous
NaHCO, solution (150 mL), dried (Na,SO,), filtered through a Silica plug with hexanesrinse
and concentrated to an oil (70 g). Chromatography on Silica gel eluting with hexanes
provided twolots (9.0 and 21.0 g), which contained primarily 5-iodo-1,4-dihydro-1,4-methano-
naphthalene. (TLC hexanes R, 0.63).

B) 5-lodo-1,2,3,4-tetrahydro-1,4-methano-na hthalene-2 ,3-diol  
5-lodo-1,4-dihydro-1,4-methano-naphthalene (20 g) and N-methyi morpholine N-oxide

(17.61 g, 130 mmol) were stirred in acetone (90 mL) and H,O (13 mL). To this was added a

solution of OsO, (0.2 mL, 2.5%wt. solution in t-BuOH, 0.02 mmol). After 144 hours, florisil (5
g) and saturated aqueous NaHSO, solution (3 mL) were added andstirred for 1/2 hour. The
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mixture wasfiltered through a Celite pad and thefiltrate concentrated to produce anoil which
was purified by chromatography on Silica gel eluting with a gradient of hexanes to 100%

EtOActo provide a yellow solid (13.73 g). APC! MS m/e 301.1 [(M - 1)"].
C) 10-Benzyl-3-iodo-10-aza-tricyclo 6.3.1.0*\dodeca-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;NBnCi (10 mg) were vigorously stirred in dichloroethane (25 mL) and H,©O (75 mL) then
treated with sodium periodate (6.17 g, 29.0 mmol). After 1.5 hours, the layers were separated
and the aqueous layer extracted with DCE (2 x 40 mL). The combined organic layer was
washedwith H20 (4 x 30 mL)until no reaction to starch iodide Paper was observed, then with

saturated aqueous NaC!solution (30 mL). The organic layer was dried through a cotton plug
and treated with benzyl amine (3.16 mL, 29.0 mmol) and stirred for 2 minutes then transferred

to 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 addition was
complete, the mixture wasstirred without cooling for 2 hours. The mixture was quenched with

saturated aqueous Na,CO, solution (100 mL) andstirred for 1 hour, then the layers were
separated and the aqueous layer was extracted with CH,Cl, (3 x 50 mL). The combined

organic layer was washed with saturated aqueous NaCl solution (50 mL), dried through a
cotton plug and concentrated. Chromatography on Silica gel provided an oil (6.3 g, 61%).
(TLC 5% EtOAc/hexanes R, 0.10). 'H NMR (400 MHz, CDCI.) 8 7.61 (d, J= 8.0 Hz, 1H), 7.28-
7.22 (m, 3H), 7.13 (d, J=8.0 Hz,1H), 6.98-6.94 (m, 3H), 3.58 (AB dd, J=14.2 Hz, 2H), 3.26 (br
Ss, 1H), 3.21 (bors, 1H), 3.04 (br d, J=10.2 Hz, 1H), 2.83 (br d, J=10.2 Hz, 1H), 2.47 (d, J=10.0
Hz, 1H), 2.39 (d, J=10.0 Hz, 1H), 2.34 (m, 1H), 1.72 (d, J=10.5 Hz, 1H). APC! MS m/e 376.0
[(M + 4)*),

D ) 10-Benzyl-3-phenyl-1 0-aza-tricyclo[6.3.1 .0*Jdodeca-2(7),3,5-triene
(For a discussion, see: Miyaura, N.; Suzuki, A. Chem. Rev. 1995, 95, 2457-

2483.)

10-Benzyl-3-iodo-10-aza-tricyclo[6.3.1.0°”]dodeca-2(7),3,5-triene (375.3 mg, 1.0
mmol), potassium acetate (785 mg, 8.0 mmol) and phenyl! boronic acid (183 mg, 1.5 mmol)
were combined in 10/1 EtOH/H,O (5 mL). The mixture was degassed (3 vacuum/N, cycles),

treated with tetrakis(triphenylphosphine)palladium(0) (57.5 mg, 0.05 mmol) and warmed to 90
°C for 18h. The reaction was cooled, diluted with HO and extracted with Et,O (3 x 50 mL).
The organic layer was washed with brine (50 mL), dried (MgSO,), filtered and concentrated to

provide an oil (180 mg, 55%). (TLC 4%EtOAc/hexanesR, 0.18). GCMS m/e 325 (M)*.

E) 3-Phenyl-4 0-aza-tricyclo[6.3.1.0#Jdodeca-2(7),3,5-triene hydrochloride
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10-Benzyl-3-pheny!-10-aza-tricyclo[6.3. 1.0°’]dodeca-2(7),3,5-triene was converted

into the title compound utilizing the conditions described in Example 2D. (TLC 10%
MeOH/CH,Cl, (NH3) R; 0.30). (data for free base) 'H NMR (400 MHz, CDCI;) 5 7.46-7.15

. (8H), 3.17 (or s, 1H), 3.01 (m, 2H), 2.93 (d, J=13.0 Hz, 1H), 2.72 (dd, J=10.5,2.5 Hz, 1H), 2.63
(dd, J=10.5,2.5 Hz, 1H), 2.41 (m, 1H), 1.91 (d, J=10.5 Hz, 1H). APCI MS m/e 236.2 [(M + 1)*].
(HCI salt) mp 262-265 °C. Anal. Calcd. for C,7Hy7N.HCI.1/3H2O: C, 73.26; H, 6.86; N, 5.19.
Found C, 73.50; H, 6.77; N, 5.04.

EXAMPLE 45

3-HYDROXY-10-AZA-TRICYCLO[6.3.1 .0*)DODECA-2( 7),3,5-TRIENE
HYDROCHLORIDE

A) 10-Benzy!-3-boronic acid-1 0-aza-tricyclo[6.3.1 .0*|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)

wasstirred in anhydrous THF (40 mL) at -78 °C under nitrogen and treated dropwise with n-
BuLi (3.84 mL of 2.5M soln. in hexanes, 9.59 mmol). After 10 minutes, tri-isopropylborate
(4.61 mL, 20.0 mmol) was added dropwise. After ~1/2 hour, the reaction was. poured into
saturated aqueous NaHCO,solution, stirred 5 minutes and extracted with EtOAc (3 x 50 mL)
and concentrated. The residue was dissolved in 30% Et,O/hexanes and extracted with 1N

NaOH aqueoussolution (4 x 50 mL). The combined aqueous basic layer was treated with
concentrated HCI to achieve pH 8 and extracted with EtOAc (4 x 25 mL), dried (Na2SQ,) and
stripped. Chromatographyon Silica gel eluting first with 3% EtOAc/nexanes to remove non-

polar components, then with 5% MeOH/CH,Cl, provides the title compound. (TLC 25%
EtOAc/hexanes R,0.60).

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

10-Benzyl-3-boronic acid-10-aza-tricyclo[6.3.1.07”}dodeca-2(7),3,5-triene (140 mg,
0.48 mmol) dissolved in THF (5 mL) 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; 0.18). 'H
NMR (400 MHz, CDCI) 5 7.18-7.15 (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 (brs, OH), 3.51 (AB d, J=14.0 Hz, 2H), 3.28
(brs, 1H), 3.06 (brs, 1H), 2.91 (dd, J=8.5,1.5 Hz, 1H), 2.79 (ddd, J=8.5,1.5,1.5 Hz, 1H), 2.42
(d, J=11.0 Hz, 1H), 2.39 (d, J=11.0 Hz, 1H), 2.23 (m, 1H), 1.65 (d, J=10.5 Hz, 1H). APCI MS
m/e 266.5 [(M + 1)’].
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C) 3-Hydroxy-10-aza-tricyclo 6.3.1.0%"|dodeca-2(7),3,5-triene hydrochloride
10-Benzyl-3-hydroxy-10-aza-tricyclo[6.3.1.07”]dodeca-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, CDCIy) 6 7.15 (dd, J=8.0,7.5 Hz, 1H), 6.84 (d, J=7.5 Hz, 1H), 6.76 (d, J=8.0
Hz, 1H), 3.54 (brs, 1H), 3.33-3.25 (3H), 3.16 (d, J=12.0 Hz, 1H), 3.09 (d, J=12.0 Hz, 1H), 2.29
(m, 1H), 2.02 (d, J=11.0 Hz, 1H). APCI MS me 175.8 [(M + 1)*]. (HCI salt) mp 253-255 °C.

EXAMPLE46

4,5-DIFLUORO-10-AZA-TRICYCLOJ6.3.1.072|DODECA-2(7),3,5-TRIENE
HYDROCHLORIDE

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, J=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) 7}. (HCI
salt) mp 301-303 °C. Anal. Calcd. for C14H11F2N.HCI.1/6H,O: C, 56.30; H, 5.30; N, 5.97.
Found C,56.66; H, 5.41; N, 5.96.

 

EXAMPLE47

6-ETHYL-5-OXA-7,13-DIAZATETRACYCLOJ9.3.1.0%"°.0*1PENTADECA-2(10),3,6,8-
TETRAENE HYDROCHLORIDE

2,2,2-Trifluoro-1 -(4-hydroxy-5-amino-10-aza-tricyclo[6.3. 1.07”|]dodeca-2(7),3,5-trien-
10-yl)-ethanone and propiony! chloride were converted to thetitle compoundfollowing the
procedures described in Example 30 and Goldstein, S. W.; Dambek, P. J. J. Het. Chem.

1990, 27, 335. 'H NMR (400 MHz, CD30D) 6 7.64 (s, 1H), 7.62 (s, 1H), 3.48 (d, J=2.5 Hz,
2H), 3.41 (d, J=12.0 Hz, 2H), 3.20 (2H), 3.01 (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)"}.

EXAMPLE 48

6-ISOPROPYL-5-OXA-7, 13-DIAZATETRACYCLOJ9.3. 1.0720*8IPENTADECA-
2(10),3,6,8-TETRAENE HYDROCHLORIDE

2,2,2-Trifluoro-1-(4-hydroxy-5-amino-10-aza-tricyclo[6.3. 1.0?”Jdodeca-2(7),3,5-trien-
10-yl)-ethanone and isobutyryl chloride were converted to thetitle compound following the
procedures described in EXAMPLE 47. (TLC 25% EtOAc/hexanes R, 0.14). *H NMR (400
MHz, CD;0D)6 7.65 (2H), 3.49 (br s, 2H), 3.41 (d, J=12.0 Hz, 2H), 3.33-3.19 (3H), 2.45 (m,
1H), 2.18 (d, J=11.5 Hz, 1H), 1.45 (d, J=7.0 Hz, 6H). APCI MS mre 243.2 [(M + 1)*]. (HCIsalt)
mp 249-251 °C.

Apotex Exhibit 1007 .284



Apotex Exhibit 1007.285

WO99/35131 PCT/1B98/01813

-73-

5 EXAMPLE 49

6-BENZYL-5-OXA-7,13-DIAZATETRACYCLOJ9.3. 1.072.0%53PENTADECA-
2(10),3,6,8-TETRAENE HYDROCHLORIDE

2,2,2-Trifluoro-1-(4-hydroxy-5-amino-10-aza-tricyclo[6.3.1.0?”Jdodeca-2(7),3,5-trien-
10-yl)-ethanone and phenyl-acetyl chloride were converted to thetitle compoundfollowing

10 the procedures described in EXAMPLE 47. 'H NMR (400 MHz, CD,OD)5 7.63 (s, 1H), 7.58
(s, 1H), 7.36-7.24 (5H), 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, 1H). APCI MS m/e 291.2 [(M + 1)"].
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- CLAIMS

1. A compoundofthe formula

R?2

NR! (1)

Re

R’ is hydrogen, (C, -C,)alkyl, unconjugated (C,-C,)alkenyl, XC(=O)R"™or -CH,CH,-O-
(C,-C,)alkyl;

R? and R® are selected, independently, from hydrogen, (C2-Ce)alkenyl, (C2-C,)alkynyl,
hydroxy, nitro, amino, halo, cyano, ~SO,(C,-Ce)alky| wherein q is zero, one or two,
(C,.Ce)alkylamino-,  [(C,-Ce)alkyl],amino-, -CO,R*, -CONR®R®, -SO,NR’R®, -C(=0)R™,
-XC(=O)R™, aryl-(Co -C3)alkyl- or aryl-(Cy-C3)alkyl-O-, wherein said aryl is selected from pheny!
and naphthyl, heteroaryl-(Co-C,)alkyl- or heteroaryl-(Cy-C,)alkyl-O-, wherein said heteroaryl! is
selected from five to seven membered aromatic rings containing from one to four heteroatoms
selected from oxygen, nitrogen and sulfur, and X?(Co-Ce)alkoxy-(Cg-Cy)alkyk-, wherein X? is
absent or X? is (C,-Ce)alkylamino- or [(C;-C,)alkyl],amino-, and wherein the (Co-C,)alkoxy-(Cy-
C,)alkyl- moiety of said X*(Co-Cg)alkoxy-(Co-C,)alkyl- contains at least one carbon atom, and
wherein from one to three of the carbon atoms of said (Co-Ce)alkoxy-(C,-C,)alkyl- moiety may
optionally be replaced by an oxygen, nitrogen orsulfur atom, with the proviso that any two such
heteraatoms must be separated by at least two carbon atoms, and wherein any of the alkyl
moieties of said (CoCg)alkoxy-(Co-Cg)alkyl- may be optionally substituted with from two to seven

fluorine atoms, and wherein one of the carbon atoms of each of the alky! moieties of said aryl-
(Co-C)alkyl- and said heteroaryl-(Co-C3)alky!- may optionally be replaced by an oxygen, nitrogen
or sulfur.atom, and wherein each of the foregoing aryl and heteroary! groups may optionally be
substituted with one or more substituents, preferably from zero to two. substituents,
independently selected from (C,-C,)alky! optionally substituted with from one to seven fluorine

atoms, (C,-C,)alkoxy optionally substituted with from two to seven fluorine atoms, halo (e.g.,
chloro, fluoro, bromo or iodo), (C2-C,)alkenyl, (C2-Cg)alkynyl, hydroxy, nitro, cyano, amino, (C,-
Ce)alkylamino-, [(C1-C,) alkyl],amino-, -CO,R*, -CONR®R®, -SO.NR’R®, -c(=O)R™ and -
XC(=O)R™;

or R? and R°, together with the carbons to which they are attached, form a four to seven
membered monocyclic, 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

monocyclic rings, and from oneto five of the carbon atomsofsaid bicyclic rings that are not part
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5 of the benzo ring shown in formula |, 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 more substituents, preferably from zero to two substituents for the

monocyclic rings and from zero to three substituents for the bicyclic rings, that are selected,

independently, from (C, -C,) alkyl optionally substituted with from one to seven fluorine atoms,

10 (C,-C,) alkoxy optionally substituted with from one to seven fluorine atoms, nitro, cyano, halo,

(C2-Ce)alkenyl, (C2-Ce)alkynyl, hydroxy, amino, (C, -C,)alkylamino and [(C, -C,) alkyl],amino, -
CO,R*, -CONR®R®, -SO,NR’R®, -C(=O)R™ and -XC(=O)R™:

each R*, R®, R°,R’, 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

15 pyrrolidine, piperidine, morpholine, azetidine, piperizine, N-(C,-C,)alkyipiperizine—or

thiomorpholine ring, or a thiomorpholine ring wherein 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,
20 and (b) when R? and R®are both hydrogen, R' cannot be hydrogen or methyl:

or a pharmaceutically acceptable salt thereof,

2. A compound according to claim 1, wherein R* and R°, together with the benzo

ring of formula |, form a bicyclic ring system selected from the following:

N Ro

S Rt? N N
N , S—r" RI?

NR" Oo

S 0 nNp-R /
N

p10

25 wherein R” and R" are selected, independently, from (Co-C,)alkoxy-(Co-C,)alky!-
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,
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amino, (C,-C,)alkylamino-, [(C,-C,) alky!],amino-, -CO,R*, -CONR®R®, -SO,NR’R®, -C(=0)R™,

-XC(=O)R™, phenyl and monocyclic heteroaryl, wherein said heteroaryl is selected from five to

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

nitrogen and sulfur,

3. A compound according to claim 1, wherein R? and R® do not, together with the

benzo ring of formula |, form a bicyclic ortricyclic ring system.

4, A compound according to claim 1, wherein one or both of R? and R® are

-C(=O)R™ wherein R™is (C,-C,)alkyl.

5. A compound according to claim 1, wherein one of R? and R? is -COR™ wherein

R™is (C,-C,)alky! or (C,-C,)alky! optionally substituted with from one to sevenfluorine atoms.

6. A compound according to claim 1, wherein one of R? and R?®is CF, , fluoro,

cyano or C.Fs.

7. A pharmaceutical composition for use in reducing nicotine addiction or aiding in

’ the cessation or lessening of tobacco use ina mammal, comprising an amount of a compound

according to claim 1 thatis effective in reducing nicotine addiction or aiding in the cessation or
lessening of tobacco use and a pharmaceutically acceptable carrier.

8. A method for reducing nicotine addiction or aiding in the cessation or lessening

of tobacco use in a mammal, comprising administering to said mammal an amount of a

compound according to claim 1 that is effective in reducing nicotine addiction or aiding in the

cessation or lessening of tobacco use.

9. A pharmaceutical composition for treating a disorder or condition selected from

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

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

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

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

dysfunction, hypertension, bulimia, anorexia, obesity, cardiac arrythmias, gastric acid

hypersecretion, ulcers, pheochromocytoma, progressive supramuscular palsy, chemical

dependencies and addictions (e.g., dependencies on, or addictions to nicotine (and/or tobacco

products), alcohol, benzodiazepines, barbituates, opioids or cocaine), headache, stroke,

traumatic brain injury (TBI), psychosis, Huntington'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 in a mammal,
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comprising an amount of a compound according to claim 1 that is effective in treating such
disorder or condition and a pharmaceutically acceptable carrier.

10. A methadfor treating a disorder or condition selected from inflammatory bowel
disease (including but not limited to ulcerative colitis, pyoderma gangrenosum and Crohn's
disease), irritable bowel syndrome, spastic dystonia, chronic pain, acute pain, celiac sprue,
pouchitis, vasoconstriction, anxiety, panic disorder, depression, bipolar disorder, autism, sleep
disorders, jet lag, amylotropic lateral sclerosis (ALS), cognitive dysfunction, hypertension,

bulimia, anorexia, obesity, cardiac arrythmias, gastric acid hypersecretion, ulcers,

pheochromocytoma, progressive supramuscular palsy, chemical dependencies and addictions

(e.g., dependencies on, or addictions to nicotine (and/or tobacco products), alcohol,
benzodiazepines, barbituates, opioids or cocaine), headache,stroke, traumatic brain injury (TBI),

psychosis, Huntington’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 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.

11. A compoundof the formula

R4 R's

wherein P is hydrogen, methyl, COOR™ wherein R™ is (C,-Ce)alkyl, allyl or 2,2,2-
trichloroethyl; -C(=O)NR°R® wherein R° and R® are defined as in formula | above; -C(=O)H,

-C(=0)(C,-C,)alky! wherein the alkyl moiety may optionally be substituted with from 1 to 3

halo atoms, preferably with from 1 to 3 fluoro or chloro atoms; benzyl, t-butoxycarbonyl (t-Boc)

ortrifluoroacetyl, and R'* and R™ are selected, independently, from hydrogen, (C,-Ce)alky|
optionally substituted with from one to seven fluorine atoms; -C(=O)(C,-Cg)alkyl, cyano,
hydroxy, nitro, amino, -O(C,-C,)alky! and halo; with the proviso that R™ and R"* can not both
be hydrogen when P is hydrogen or methyl.
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12. A method for reducing nicotine addiction or aiding in the cessation or lessening
of tobacco use in a mammal, comprising administering to said mammal an amount of a

compound comprising an amountof a compoundof the formula

NH

or a pharmaceutically acceptable salt thereof, that is effective in reducing nicotine

addiction or aiding in the cessation or lessening of tobacco use.

13. A methodfor treating a disorder or condition selected from inflammatory bowel

disease (including but not limited to ulcerative colitis, pyoderma gangrenosum and Crohn's

disease), irmtable bowel syndrome, spastic dystonia, chronic pain, acute pain, celiac sprue,

pouchitis, vasoconstriction, anxiety, panic disorder, depression, bipolar disorder, autism, sleep

disorders, jet lag, amylotropic lateral sclerosis (ALS), cognitive dysfunction, hypertension,

bulimia, anorexia, obesity, cardiac arrythmias, gastric acid hypersecretion, ulcers,

pheochromocytoma, progressive supramuscular palsy, chemical dependencies and addictions

(e.g., Gependencies on, or addictions to nicotine (and/or tobacco products), alcohol,

benzodiazepines, barbituates, opioids or cocaine), headache,stroke, traumatic brain injury (TBI),

psychosis, Huntington’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 in a mammal, comprising administering

to a mammalin need of such treatment an amountof a compoundofthe formula

NH

or a pharmaceutically acceptable salt thereof,

that is effective in treating such disorder or condition.

14. A compoundofthe formuia

R2
/

NP" (I)

R3

wherein R? and R® are defined as in claim 1; and P’ is COOR"wherein R"is ally!
2,2,2-trichloroethy! or (C,-Cg)alkyl; -C(=O)NR®R® wherein R® and R®are defined as in claim 2:
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5  -C(=O)H, -C(=O)(C,-Ce)alkyl wherein the alkyl moiety may optionally be substituted with from

1 to 3 halo atoms, preferably with from 1 to 3 fluoro or chloro atoms; benzyl, or t-
butoxycarbony! (t-Boc). ,
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5 CLAIMS

1. A compoundofthe formula

R?

NR' (I)

R:

R' is hydrogen, (C, -Ce)alkyl, unconjugated (C3-Cg)alkeny!, XC(=O)R™ or -CH,CH,-O-

(C,-C,)alkyl;

10 R? and R® are selected, independently, from hydrogen, (C2-C,)aikenyl, (C>-C,)alkynyl,

hydroxy, nitro. amino. halo, cyano, -SO,(C,-C,)alkyl wherein q is zero, one or two,

(C,.C,)alkylamino-, [(C,-C,)alkyl]amino-, -CO,R*, -CONR®R®, -SO,NR’R®, -C(=O)R",

-XC(=O)R"™, aryl-(Cy -C3)alkyl- or aryl-(C-C,)alky!-O-, wherein said ary! is selected from phenyl
and naphthyl. heteroaryl-(C>-C,)alkyl- or heteroaryl-(Co-C,)aikyl-O-, wherein said heteroary! is

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

selected from oxygen. nitrogen and sulfur, and X*(Co-C,)alkoxy-(Co-Ce)alkyl-, wherein X? is

absentor X? is (C,-C,)alkylamino- or [(C,-C,)alkyl],amino-, and wherein the (Co-C¢)alkoxy-(Co-

C,)alkyl- moiety of said X*(Cp-C,)alkoxy-(Cp-C,)alky!- contains at least one carbon atom, and

wherein from one to three of the carbon atoms of said (C,y-C,)alkoxy-(Co-C,)alkyl- moiety may

20 optionally be replaced by an oxygen, nitrogen or sulfur atom, with the proviso that any two such

heteroatoms must be separated by at least two carbon atoms, and wherein any of the alkyl

moieties of said (C,C,)alkoxy-(Co-C,)alky!- may be optionally substituted with from two to seven

 
fluorine atoms. and wherein one of the carbon atoms of each ofthe alkyl moieties of said aryl-

(C,-C,)alkyl- and said hetercaryl-(Co-C,)alkyl- may optionally be replaced by an oxygen,nitrogen

25 or sulfur atom. and wherein each of the foregoing aryl and heteroaryl groups may optionally be

substituted with one or more substituents, preferably from zero to two substituents.

independently selected from (C,-C,)alkyl optionally substituted with from one to seven fluorine

atoms, (C,-C,)alkoxy optionally substituted with from two to seven fluorine atoms. halo (e.g..

chloro, fluoro, bromo or iodo), (C2-C,)alkenyl. (C2-Ce)alkynyl, hydroxy, nitro, cyano, amino, (C,-

30. Cg)alkylamino-. {(C,-C,) alkylJ,amino-, -CO,R*, -CONR®R®, -SO.NR’R®, -C(=O)R™ and -
XC(=O)R™:

or R? and R®, together with the carbonsto which theyare attached, form a four to seven

membered monocyclic. 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

35 monocyclic rings, and from oneto five of the carbon atomsof said bicyclic rings that are not part
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5 of the benzo ring shown in formula |, 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 more substituents. preferably from zero to two substituents for the

monocyclic rings and from zero to three substituents for the bicyclic rings, that are selected,

independently, from (C, -C,) alkyl optionally substituted with from one to seven fiuorine atoms,

10 (C, -C,) alkoxy optionally substituted with from one to seven fluorine atoms, nitro, cyano, halo,
(C2-Ce)alkenyl, (C2-C,)alkynyl, hydroxy, amino, (C, -C,)alkylamino and [(C, -C,) alkyl],amino, -

CO,R*, -CONR'R®, -SO,NR’R®, -C(=O)R™ and -XC(=O)R™.

each R*, R®, R®, R’, 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, forma

15 pyrrolidine, piperidine, morpholine, azetidine, piperizine, N-(C ,-C.)alkylpiperizine—or

thiomorpholine ring, or a thiomorpholine ring wherein the ring sulfur is replaced with a sulfoxide

or sulfone; and

eachXis, independently, (C ,-C.)alkylene:

with the proviso that: (a) at least one of R', R? and R® mustbethe other than hydrogen,

20 and (b) when R? and R®are both hydrogen, R' cannot be hydrogenor methy/:

or a pharmaceutically acceptable salt thereof,

2. A compound according to claim 1, wherein R? and R®, together with the benzo

ring of formula |, form a bicyclic ring system selected from the following:

N Ri

S—r" N NN S—r" or 17| R
R!? NO

S , ae1

pr /
N

R19

25 wherein R'° and R"” are selected. independently, from (Co-C,)alkoxy-(Cp-C,)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.
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5 amino, (C,-Ce)alkylamino-, [(C,-C,) alkyl],amino-, -CO,R*, -CONR®R®, -SO,NR’R®, -C(=0)R”.
-XC(=O)R™, phenyl and monocyclic heteroaryl, wherein said heteroaryl is selected from five to

seven membered aromatic rings containing from one to four heteroatoms setected from oxygen,

nitrogen and sulfur,

3. A compound according to claim 1, wherein R? and R?do not, togetherwith the

10 benzo ring of formula |. form a bicyclic ortricyclic ring system.

4. A compound according to claim 1, wherein one or both of R* and R? are

-C(=O)R™ wherein R"™is (C,-Cg)alkyl.

5. A compound according to claim 1, wherein one of R* and R®is -COR™wherein

R'is (C,-C,)alkyl or (C,-C;)alky! optionally substituted with from one to sevenfluorine atoms.

15 6. A compound according to claim 1, wherein one of R? and R?is CF, , fluoro,

cyanoor C.Fs.

7. A pharmaceutical composition for use in reducing nicotine addiction or aiding in

the cessation or lessening of tobacco use in a mammal, comprising an amount of a compound according to claim 1 that is effective in reducing nicotine addiction or aiding in the cessation or

20_lessening of tobacco use and a pharmaceutically acceptable carrier.Le 8. A method for reducing nicotine addiction or aiding tn the cessation or lessening

iyfoul
of tobacco use in a mammal, comprising administering to said mamma! an amount of a

 compound according to claim 1 that is effective in reducing nicotine addiction or aiding in the

cessation or lessening of tobacco use.

25 9. A pharmaceutical composition for treating a disorder or condition selected from

inflammatory bowel disease (including: but not limited to ulcerative colitis, pyoderma 

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

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

disorder, autism, sleep disorders, jet ‘ag, amylotropic fateral sclerosis (ALS), cognitive

30 dysfunction, hypertension, bulimia, anorexia, obesity, cardiac arythmias, gastric acid

hypersecretion, ulcers, pheochromocytoma, progressive supramuscular palsy, chemical

dependencies and addictions (e.g.. dependencies on, or addictions to nicotine (and/or tobacco

products), alcohol, benzodiazepines, barbituates, opioids or cocaine), headache, stroke,

traumatic brain injury (TBI). psychosis, Huntington's Chorea, tardive dyskinesia, hyperkinesia,

35 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 in a mammal.
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5 comprising an amount of a compound according to claim 1 that is effective in treating such

disorder or condition and a pharmaceutically acceptable carrier.

40. A method for treating a disorder or condition selected from inflammatory bowel

disease (including but not limited to ulcerative colitis, pyoderma gangrenosum and Crohn's

disease), irritable bowel syndrome, spastic dystonia, chronic pain, acute pain, celiac sprue.

10 pouchitis, vasoconstriction, anxiety, panic disorder, depression, bipolar disorder, autism, sleep

disorders, jet lag, amylotropic tateral sclerosis (ALS), cognitive dysfunction, hypertension,
bulimia, anorexia, obesity, cardiac arrythmias, gastric acid hypersecretion, ulcers,
pheochromocytoma, progressive supramuscular palsy, chemical dependencies and addictions

(e.9., dependencies on, or addictions to nicotine (and/or tobacco products), alcohol,

15 benzodiazepines, barbituates, opioids or cocaine), headache, stroke, traumatic brain injury (TBI),

psychosis, Huntington'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 in a mammal. comprising administering

20  ~to a mammal in need of such treatment an amount of a compound according to claim 1 thatis

effective in treating such disorder or condition. ,

11, A compoundof the formula 
Ri4 Ris

wherein P is hydrogen. methyl, COOR' wherein R'™ is (C,-Ce)alkyl, ally! or 2.2,2-

25 trichloroethyl; -C(=O)NR°R® wherein R°® and R® are defined as in formula | above: -C(=O)H.

-C(=O)(C,-C,)alkyl wherein the alkyl moiety may optionally be substituted with from 1 to 3

halo atoms, preferably with from 1 to 3 fluoro or chloro atoms: benzyl, t-butoxycarbonyl (t-Bac)

of trifluoroacetyl, and R" and R'® are selected. independently, from hydrogen, (C,-Ce)alky!

optionally substituted with from one to seven fluorine atoms, -C(=O)(C,-Cg)aikyl, cyano,

30 hydroxy, nitro. amino, -O(C,-Cg)alky! and hato; with the proviso that R'* and R'° can not both
be hydrogen when P is hydrogen or methyl.
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5 12. A method for reducing nicotine addiction or aiding in the cessation or lessening

of tobacco use in a mammal, comprising administering to said mammal an amount of a

compound comprising an amount of a compound ofthe formula

NH

or a pharmaceutically acceptable salt thereof, that is effective in reducing nicotine

10 addiction or aiding in the cessation or lessening of tobacco use.

13. A methodfor treating a disorder or condition selected from inflammatory bowel

disease (including but not limited to ulcerative colitis, pyoderma gangrenosum and Crohn's

disease), irritable bowel syndrome, spastic dystonia, chronic pain, acute pain, celiac sprue,

pouchitis, vasoconstriction, anxiety, panic disorder, depression, bipolar disorder, autism, sleep

15 disorders, jet lag, amylotropic laterai sclerosis (ALS), cognitive dysfunction, hypertension,

bulimia, anorexia, obesity, cardiac arrythmias, gastnc acid hypersecretion, ulcers,

pheochromocytoma, progressive supramuscular palsy, chemical dependencies and addictions

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

benzodiazepines. barbituates, opioids or cocaine), headache, stroke, traumatic brain injury (TBI),

20 psychosis, Huntington's Chorea,tardive dyskinesia, hyperkinesia, dyslexia, schizophrenia, multi-

infarct dementia. age related cognitive decline, epilepsy, including petit mal absence epilepsy,

senile dementia of the Alzheimers 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 of the formula

>
or a pharmaceutically acceptable salt thereof.

25

thatis effective in treating such disorder or condition.

14. A compound ofthe formula

R2
/

NP" (I )

3
R

30 wherein R? and R? are defined asin claim 1; and P’ is GOOR" wherein R'**is ally!

2,2,2-trichloroethyl or (C,-Ce)alkyl: -C(=O)NR®R® wherein R° and R® are defined as in claim 2:
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5  -C(=O)H, -C(=O)(C,-C,)alkyl wherein the alkyi moiety may optionally be substituted with from

1 to 3 halo atoms, preferably with from 1 to 3 fluoro or chioro atoms; benzyl, or t-

butoxycarbonyl (t-Boc).
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Ll
L2
L3
L4
LS
L6
L?

L8

L9

L10
L1i

COLEMAN 09/402010

his

(FILE 'HOME' ENTERED AT 07:04:44 ON 20 SEP 2000)

FILE 'REGISTRY' ENTERED AT 07:04:48 ON 20 SEP 2000
STR ‘

os ul
SCR 1840

0 § Li AND L3

18336 S C6/ESS(S)C5/ESS(S)NC4/ESS
2 $ Ll AND L3 SSS SAM SUB=L5

37 S Ll AND L3 SSS FUL SUB=L5

FILE 'CAPLUS' ENTERED AT 07:07:13 ON 20 SEP 2000
8 S L7

FILE 'CAOLD' ENTERED AT 07:08:33 ON 20 SEP 2000
0S L7

FILE 'BEILSTEIN' ENTERED AT 07:08:38 ON 20 SEP 2000
STR Ll

0 S L10 FUL

’ FILE 'HCAPLUS' ENTERED AT 07:14:11 ON 20 SEP 2000
L12
L13
L14

L15

L16
L17

L18
L19
L20

L21

L22

L23 |

207 S COE J?/AU
387 S BROOKS P?/AU

3 S L12 AND L13
SELECT RN L14 1-3

FILE 'REGISTRY' ENTERED AT 07:14:33 ON 20 SEP 2000
158 S E1-158

FILE 'HCAPLUS' ENTERED AT 07:14:55 ON 20 SEP 2000
2S L14 AND 115
1 S L14 NOT L16

FILE 'REGISTRY' ENTERED AT 07:16:50 ON 20 SEP 2000

32259 S C6/ESS(S)C5/ESS(S)NC5/ESS
7 S$ Ll AND L3 SSS SAM SUB=L18

134 S$ Ll AND L3 SSS FUL SUB=L18

FILE 'CAPLUS' ENTERED AT 07:18:32 ON 20 SEP 2000
5 S$ L20

FILE 'CAOLD' ENTERED AT 07:19:59 ON 20 SEP 2000
0 S L20

FILE 'BEILSTEIN' ENTERED AT 07:20:15 ON 20 SEP 2000
0 S L10 FUL

FILE 'REGISTRY' ENTERED AT 07:20:39 ON 20 SEP 2000
SAV L20 COLE402/A
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=> d all

: of ANSWER 1 OF 1 HCAPLUS COPYRIGHT 2000 ACS2000:332706 HCAPLUS

TI Boron trichloride/tetra-n-butylammonium iodide: A mild, selective
combination reagent for the cleavage of 1.degree.-alkyl aryl ethers.

AU Coe, Jotham; Wirtz, Michael C.; Brooks, Paige R.;
Rescek, Diane M.; Woodworth, Graeme F.; Morgan, Bradley P.

cS Neuroscience, Pfizer, Inc, Groton, CT, 06340, USA
SO Book of Abstracts, 219th ACS National Meeting, San Francisco, CA, March

‘ 26-30, 2000 (2000), ORGN-579 Publisher: American Chemical Society,
Washington, D. C.
CODEN: 69CLAC

DT Conference; Meeting Abstract
LA English
AB The combination of BC13 and anhyd. n-Bu4NI in CH2C12 has been found to be

a valuable reagent for the cleavage of 1 o-alkyl aryl ethers to the
corresponding phenols. Methyl-, ethyl-, allyl- and benzyl-aryl ethers
readily cleave at low to ambient temp. when exposed to 1.1 equiv of

anhyd. :
n-Bu4NI and 1.5 equiv of BC13 in CH2C12. The method is mild, generally
applicable, and operationally simple. In some cases the combination
reagent is more reactive than BBr3, yet it is less prone to the handling
difficulties assocd. with BBr3. Selective cleavage of electron rich
ethers is achieved in the presence of conjugated ethers.
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=> d bub abs hitstr 116

"BUB' IS NOT A VALID FORMAT FOR FILE 'HCAPLUS'

ENTER DISPLAY FORMAT (BIB) :end

=> d bib abs hitstr 116

»
DN
TI

AU

Cs
SO

PB
DT
LA
OS
AB

with

IT

ANSWER 1 OF 2 HCAPLUS COPYRIGHT 2000 ACS
1999:757856 HCAPLUS
132:137145

Boron trichloride/tetra~n-butylammonium iodide: a mild, selective
combination reagent for the cleavage of primary alkyl aryl ethers

' Brooks, Paige R.; Wirtz, Michael C.; Vetelino, Michael G.;
Rescek, Diane M.; Woodworth, Graeme F.; Morgan, Bradley P.; Coe,
Jotham W.

Central Research Division, Pfizer Inc., Groton, CT, 06340, USA
J. Org. Chem. (1999), 64(26), 9719-9721
CODEN: JOCEAH; ISSN: 0022-3263
American Chemical Society
Journal

English
CASREACT 132:137145

The title reagents were used to cleave a variety of alkyl aryl ethers,
e.g., 2-methoxynaphthalene, 3-methoxybenzonitrile, and
7- (ethoxymethoxy) chromen-2-one, to give the phenols in 64 to 98% yields.
No reaction was obsd. for sterically hindered compds. such as
2-isopropoxynaphthalene and 2,6-di-tert-butylmethoxybenzene. Compds.

resonance stabilization of the alkoxy group, such as 4-
methoxybenzonitrile, undergo the deaikylation more slowly, or in the case
of 6-methoxy-l-tetralone, not at all. The reaction requires 1.5 equiv.
BC13 and an addnl. 1.0 equiv. for each added Lewis base substituent.
93-04-9, 2-Methoxynaphthalene 93-18-5, ‘
2-Ethoxynaphthalene 94-59-7, Safrole 311-28-4,
Tetra-n-butylammonium iodide 607-58-9, 1-(Benzyloxy) naphthalene
874-90-8, 4-Methoxybenzonitrile 1004-66-6,
2-Methoxy-1,3-dimethylbenzene 1078-19-9, 6-Methoxy-l1-tetralone

_ 1527-89-5, 3-Methoxybenzonitrile 2472-22-2,

RN
CN

6-Methoxy-2-tetralone 3188-13-4, Chloromethylethyl ether
5312-97-00, 2,5-Dimethoxybenzonitrile 5328-01-8,
1-Ethoxynaphthalene 10294-34-5, Boron trichloride
15799-79-8, 3-Methoxy-N,N-dimethylaniline 21144-16-1
23786-14-3, Methyl 4-methoxyphenylacetate 31005-03-5
52189-63-6

RL: RCT (Reactant)
(cleavage of alkyl aryl ethers to substituted phenols with boron
trichloride and tetra-n-butylammonium iodide)

93-04-9 HCAPLUS

Naphthalene, 2-methoxy- (8CI, 9CI) (CA INDEX NAME)

Searched by John Dantzman 703-308-4488
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C : , OMe
RN 93-18-5 HCAPLUS

CN Naphthalene, 2-ethoxy- (6CI, 7CI, 8CI, 9CI) (CA INDEX NAME)

C : - OEt
RN 94-59-7 HCAPLUS

CN 1,3-Benzodioxole, 5-(2-propenyl)- (9CI) (CA INDEX NAME)

H2C== CH— CH2 O
4

0

RN 311-28-4 HCAPLUS

CN . 1-Butanaminium, N,N,N-tributyl-, iodide (9CI) (CA INDEX NAME)

RN 607-58-9 HCAPLUS

CN Naphthalene, 1-(phenylmethoxy)- (9CT) (CA INDEX NAME)

Ph—CH2—0

RN ° 874-90-8 HCAPLUS
CN Benzonitrile, 4-methoxy- (9CI) (CA INDEX NAME)

Searched by John Dantzman 703-308-4488
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C _CN
MeO

RN 1004-66-6 HCAPLUS

CN Benzene, 2-methoxy-1,3-dimethyl- (9CI) (CA INDEX NAME)

OMe
Me Me

RN 1078-19-9 HCAPLUS

CN 1(2H)-Naphthalenone, 3,4-dihydro-6-methoxy- (7CI, 8CI, 9CI)
NAME) .

: . OMe
|

oO

RN 1527-89-5 HCAPLUS

CN Benzonitrile, 3-methoxy- (9CI) (CA INDEX NAME)

MeO CN

| Sor
RN 2472-22-2 HCAPLUS
CN 2(1H)-Naphthalenone, 3,4-dihydro-6-methoxy- (7CI, 8CI, 9CI)

NAME)

/ : - OMe
0

RN 3188-13-4 HCAPLUS

CN Ethane, (chloromethoxy)- (9CI) (CA INDEX NAME)

Searched by John Dantzman 703-308-4488
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H3C— CH2— O- CHaCl

RN 5312-97-0 HCAPLUS

CN ° Benzonitrile, 2,5-dimethoxy- (7CI, 8CI, 9CI) (CA INDEX NAME)

OMe

SS

2
CN

OMe

RN §328-01-8 HCAPLUS

CN Naphthalene, l-ethoxy- (6CI, 7CI, 8CI, 9CI) (CA INDEX NAME)

OEt

oo SS

SX LA

RN . 10294-34-5 HCAPLUS

CN Borane, trichloro- (9CI) (CA INDEX NAME)

Cl

C1—-B~Ci

RN 15799-79-8 HCAPLUS

CN Benzenamine, 3-methoxy-N,N-dimethyl- (9CI) (CA INDEX NAME)

Meo NMe2

RN 21144-16-1 HCAPLUS

CN Benzene, 1l-methoxy-3-(phenyimethoxy)- (9CT) (CA INDEX NAME)

JO.
Meo O-—CH2— Ph

Searched by John Dantzman 703-308-4488
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RN 23786-14-3 HCAPLUS

CN Benzeneacetic acid, 4-methoxy-, methyl ester (9CI) (CA INDEX NAMB)

9

|
/CH2—~ C— OMe

MeO

RN 31005-03-5 HCAPLUS

CN 2H-1-Benzopyran-2-one, 7-(2-propenyloxy)- (9CI) (CA INDEX NAME)

H2C—= CH— CH2— 0 O20
TI

RN 52189-63-6 HCAPLUS

CN Benzene, 1-fluoro-3,5-dimethoxy- (9CI) (CA INDEX NAME)

E. OMe
a

~ -

OMe

IT 257291-96-6P

RL: RCT (Reactant); SPN (Synthetic preparation); PREP (Preparation)
(cleavage of alkyl aryl ethers to substituted phenols with boron
trichloride and tetra-n-butylammonium iodide)

RN 257291-96-6 HCAPLUS .

CN 2H-1-Benzopyran-2-one, 7-(ethoxymethoxy)- (9CI) (CA INDEX NAME)

EtO~ CH2—0 “Oo Oo

TOL
IT 90-15-3P, .alpha.-Naphthol 93-35-6P 99-07-OP,

3-(Dimethylamino) phenol 135-19-3P, .beta.-Naphthol, preparation
150-19-6P, 3-Methoxyphenol 576-26-1P, 2,6-Dimethylphenol
767-00-0P, 4-Hydroxybenzonitrile 873-62-1P,
3-Hydroxybenzonitrile 1126-61-0P, 4-Allylcatechol
14199-15-6P, Methyl 4-hydroxyphenylacetate 52727-28-3P
75996-29-1P 180526-90-3P ,

RL: SPN (Synthetic preparation); PREP (Preparation)
Searched by John Dantzman 703-308-4488
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(cleavage of alkyl aryl ethers to substituted phenols with boron
trichloride and tetra-n-butylammonium iodide)

RN .90-15-3 HCAPLUS

CN 1-Naphthalenol (9CI) (CA INDEX NAME)

/\

&

RN 93-35-6 HCAPLUS
CN 2H-1-Benzopyran-2-one, 7-hydroxy- (9CI) (CA INDEX NAME)

|.
\,

RN 99-07-0 HCAPLUS

CN Phenol, 3-(dimethylamino)- (9CTI) (CA INDEX NAME)

9
HO NMe2

RN 135-19-3 HCAPLUS

CN 2-Naphthalenol (9CI) (CA INDEX NAME)

OH

c
RN 150-19-6 HCAPLUS
CN Phenol, 3-methoxy- (9CI) (CA INDEX NAME)

9
HO OMe

RN  576-26-1 HCAPLUS

CN Phenol, 2,6-dimethyl- (9CTI) (CA INDEX NAMB)

Searched by John Dantzman 703-308-4488
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Me Me

RN 767-00-0 HCAPLUS

CN Benzonitrile, 4-hydroxy- (9CI)

: _CN
HO

RN 873-62-1 HCAPLUS

CN Benzonitrile, 3-hydroxy- (9CI)

SS

LO
HO CN

RN 1126-61-0 HCAPLUS

CN 1,2-Benzenediol,

CH2~ CH== CH2

HO»
OH

RN 14199-15-6 HCAPLUS

CN Benzeneacetic acid,

CH2— C~ OMe

Q
HO

RN 52727-28-3 HCAPLUS

CN 2(1H)-Naphthalenone,

Searched by John Dantzman

4-(2-propenyl)-

4-hydroxy-, methyl ester

3, 4-dihydro-6-hydroxy-

09/402010 Page 8

(CA INDEX NAME)

(CA INDEX NAME)

(9CT) (CA INDEX NAME)

(9CT) (CA INDEX NAME)

(9CT) (CA INDEX NAME)

703-308-4488
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OH

RN -« 75996-29-1 HCAPLUS

CN 1,3-Benzenediol, 5-fluoro- (93CI) (CA INDEX NAME)

OH

’ RN 180526-90-3 HCAPLUS

CN Benzonitrile, 5-hydroxy-2-methoxy- (9CI) (CA INDEX NAME)

OMe

CN

OH

IT 1516-95-6

RL: RCT (Reactant)
(failed cleavage of 2,6-di(tert-butyl) substituted phenolic ether with
boron trichloride and tetra-n-butylammonium iodide)

RN 1516-95-6 HCAPLUS '

CN Benzene, 1,3-bis(1,1-dimethylethyl) -2-methoxy- (9CTI) (CA INDEX NAME)

OMe

t-Bu Bu-t

IT 15052-09-2, 2-Isopropoxynaphthalene
RL: RCT (Reactant)

(failed cleavage of 2-isopropoxynaphthalene to .beta.-naphthol with
boron trichloride and tetra-n-butylammonium iodide) :

RN 15052-09-2 HCAPLUS

CN Naphthalene, 2-(i-methylethoxy)- (9CI) (CA INDEX NAME)

Searched by John Dantzman 703-308-4488
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: : -OPr-i
RE.CNT 44

}) Anton, K; Chem Ber 1984, Vil7?, P2479 HCAPLUS
) Banwell, M; J Org Chem 1998, V63, P9139 HCAPLUS

(3) Bayer, H; J Med Chem 1991, V34, P2685 HCAPLUS
)} Bhatt, M; J Organomet Chem 1978, V156, P221 HCAPLUS
) Bhatt, M; Synthesis 1983, P249 HCAPLUS

ALL CITATIONS AVAILABLE IN THE RE FORMAT

Searched by John Dantzman 703~308-4488

Page 10

Apotex Exhibit 1007.318



Apotex Exhibit 1007.319

Cvs

?

COLEMAN 09/402010 Page 11

=> d bib abs hitstr 116 2

HCAPLUS COPYRIGHT 2000 ACS
HCAPLUS

6 ANSWER 2 OF 2
4 1999: 451282
D 131:102204

I. Preparation of 1,5-methano-3-benzazepines and analogs as nicotinic
receptor ligands

N Coe, Jotham Wadsworth; Brooks, Paige Roanne Palmer
A Pfizer Products Inc., USA
Oo PCT Int. Appl., 83 pp.

| CODEN: PIXXD2T Patent

LA English
FAN.CNT 1

PATENT NO. KIND DATE APPLICATION NO. DATE

PI WO 9935131 Al 19990715 WoO 1998-1B1813 19981113

W: AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, CA, CH, CN, CU, CZ, DE,
DK, BE, ES, FI, GB, GE, GH, GM, HR, HU, ID, IL, IS, JP, KE, KG,
KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, MX,
NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT,
UA, UG, US, UZ, VN, YU, ZW, AM, AZ, BY, KG, KZ, MD, RU, TJ, TM

RW: GH, GM, KE, LS, MW, SD, SZ, UG, ZW, AT, BE, CH, CY, DE, DK, ES,
FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, BF, BJ, CF, CG, CI,
CM, GA, GN, GW, ML, MR, NE, SN, TD, TG

AU 9896416 Al 19990726 AU 1998-96416 19981113
PRAI US 1997-70245 19971231

WO 1998-1B1813 19981113
Os MARPAT 131:102204
GI .

R2

N—R1

R3 I

AB. Title compds. [I; Rl = H, alk(en)yl, alkoxyethyl, oxoalkyl, etc.; R2,R3 =
H, halo, (di) (alkyl)amino, alkyl, etc.; R2R3 = atoms to complete a ring]
were prepd. Thus, 2-FC6H4Br was cyclocondensed with cyclopentadiene and
the product osmylated to give 1,2,3,4-tetrahydro-1, 4-methanonaphthalene-
2,3-diol which was treated with NaIO04 and the product cyclocondensed with
PhHCH2NH2 to give, after deprotection, I (R1-R3 = H). Data for biol.
activity of I were given.

IT 69718-72-5P 230614-99-0P 230615-00-6P
230615-01-7P
230615-04-0P
230615-07-3P
230615-10-8P
230615-13-1P
230615-16-4P

230615-02-8P
230615-05-1P
230615-08-4P
230615-11-9P
230615-14-2P

230615-17-5P
Searched by

230615-03-9P
230615-06-2P
230615-09-5P
230615-12-0P
230615-15-3P
230615-18-6P
John Dantzman 703-308-4488
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230615-19-7P
230615-22-2P
230615-25-5P
230615-28-8P
230615-31-3P
230615-34-6P
230615-37-9P
230615-40-4P
230615-43-7P
230615-46-0P

COLEMAN

230615-20-0P
230615-23-3P
230615~-26-6P
230615-29-9P
230615-32-4P
230615-35-7P
230615-38-0P
230615-41-5P
230615-44-8P
230615-52-8P

230615-21-1P
230615-24-4P
230615-27-7P
230615-30-2P
230615-33-5P
230615-36-8P ©
230615-39-1P
230615-42-6P
230615-45-9P
230615-75-5P

09/402010 Page 12

RL: BAC (Biological activity or effector, except adverse); SPN (Synthetic
preparation); THU (Therapeutic use); BIOL (Biological study); PREP
(Preparation); USES (Uses)

(prepn. of 1,5-methano-3-benzazepines and analogs as nicotinic
receptor

ligands)
RN 69718-72-5 HCAPLUS

CN 1,5-Methano-1H-3-benzazepine, 2,3,4,5-tetrahydro- (9CI) (CA INDEX NAME)

HN

RN 230614-39-0 HCAPLUS

CN 1,5-Methano-1H-3-benzazepine, 7-fluoro-2,3,4,5-tetrahydro-, hydrochloride
(9CI) (CA INDEX NAME)

F
~S

HN -

@ Hcl

RN 230615-00-6 HCAPLUS

CN 1,5-Methano-1H-3-benzazepine, 2,3,4,5-tetrahydro-7-methyl-, hydrochloride
(9CT) (CA INDEX NAME)

Me

HN

@ Hcl

Searched by John Dantzman 703-308-4488
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RN  230615-01-7 HCAPLUS
CN 1,5-Methano-1H-3-benzazepine, 2,3,4,5-tetrahydro-7- (trifluoromethyl) -,

hydrochloride (9CI) (CA INDEX NAME)

CF3

HN So

@ Hcl

RN 230615-02-8 HCAPLUS .
CN 1,5-Methano-1H-3-benzazepine, 2,3,4,5-tetrahydro-6-(trifluoromethyl)-,

hydrochloride (9CI) (CA INDEX NAME)

CF3

AN LP

@® Hcl

RN 230615-03-9 HCAPLUS

CN 1,5-Methano-1H-3-benzazepine, 6-fluoro~-2,3,4,5-tetrahydro-, hydrochloride
(9CT) (CA INDEX NAME)

HN

@ Hcl

RN 230615-04-0 HCAPLUS

CN 1,5-Methano-1H-3-benzazepine, 2,3,4,5-tetrahydro-7-nitro-,
monohydrochloride (9CI) (CA INDEX NAME)

Searched by John Dantzman 703-308-4488 _
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NO2

HN

@ Hcl

RN 230615-05-1 HCAPLUS

CN 1, 5-Methano~-1lH-3-benzazepin-7-amine, 2,3,4,5-tetrahydro-,
monohydrochloride (9CI) (CA INDEX NAME)

NH2

HN

@® HCl

RN 230615-06-2 HCAPLUS

CN Acetamide, N-(2,3,4,5-tetrahydro-1, 5-methano-1H-3-benzazepin-7-yl)-,
monohydrochloride (9CT) (CA INDEX NAME)

NHAc

HN

@ Hcl

RN 230615-07-3 HCAPLUS

CN 5, 9-Methano-5H-thiazolo[4,5-h] [3] benzazepine,
6, 7,8, 9-tetrahydro-2-methyl-

. » monohydrochloride (9CI) (CA INDEX NAME)

Searched by John Dantzman 703-308-4488
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Me N.

Ye
S NH

® Hcl

RN 230615-08-4 HCAPLUS

CN 1,5-Methano-1H-3-benzazepine, 2,3,4,5-tetrahydro-7,8-dinitro- (9CTI) (CA
INDEX NAME) é

Noo

HN

NO?

RN 230615-09-5 HCAPLUS

CN 5, 9-Methanoimidazo[4,5-h] [3] benzazepine,
1,5,6,7,8, 9-hexahydro-2-methyl-1-

propyl-, monohydrochloride (9CI) (CA INDEX NAME)

“Tr
Me

SON
N Sw NH ‘

@ Hcl

RN 230615-10-8 HCAPLUS

CN 5, 9-Methanoimidazo[4,5-h}[(3]benzazepine, 1,5,6,7,8,9-hexahydro-,
monohydrochloride (9CI) (CA INDEX NAME)

Searched by John Dantzman 703-308-4488
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CON,
@ HCl

RN 230615-11-9 HCAPLUS

CN 5,9-Methanoimidazo[4,5-h] (3}benzazepine, 1,5,6,7,8,  9-hexahydro-l-methyl-,
monohydrochloride (9CT) (CA INDEX NAME)

 
@ HCL

RN 230615-12-0 HCAPLUS

CN 5, 9-Methanoimidazo[4,5-h] [3]benzazepine, 1,5,6,7,8, 9-hexahydro-2-methyl-,
monohydrochloride (9CI) (CA INDEX NAME)

Me H

ee,N NH

@® uel

RN , 230615-13-1 HCAPLUS
CN 5, 9-Methanoimidazo[4,5-h] [3]benzazepine, 1,5,6,7,8,  9-hexahydro-1, 2-

dimethyl-, monohydrochloride (9CI) (CA INDEX NAME)

Searched by John Dantzman 703-308-4488
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,
Me . ,

N SN NH

@® Hcl

RN 230615-14-2 HCAPLUS /
CN 5, 9-Methanoimidazo[4,5-h] [3]benzazepine, 1,5,6,7,8,9-hexahydro-1-propyl-,

monohydrochloride (9CI) (CA INDEX NAME)

~
ane
N ~ NH

@ Hcl

RN 230615-15-3 HCAPLUS

CN 5, 9-Methanoimidazo[4,5-h] [3]benzazepine, 1-butyl-1,5,6,7,8,9-hexahydro-,
monohydrochloride (9CTI) (CA INDEX NAME)

N-———_ NH

@ uel

RN 230615-16-4 HCAPLUS

CN 5, 9-Methanoimidazo[4,5-h] [3]benzazepine, 1,5,6,7,8,9-hexahydro-1-(2-
methylpropyl}-, monohydrochloride (9CI) (CA INDEX NAME)

Searched by John Dantzman 703-308-4488
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“~
N

ir oa
N We NH

@ Hcl

RN  230615-17-5 HCAPLUS a
CN 5,9-Methanoimidazo[4,5-h] [3]benzazepine, 1,5,6,7,8, 9-hexahydro-1l-phenyl-,

monohydrochloride (9CT) {CA INDEX NAME) ,

Ph

N

Ce | NH

@ scl

RN 230615-18-6 HCAPLUS

CN 5, 9-Methanoimidazo[4,5-h] [3]benzazepine,
1,5,6,7,8, 9-hexahydro-2-methyl-1- :

phenyl-, monohydrochloride (9CI) (CA INDEX NAME)

Me N

?
N NH

/
Ph .

@ Hcl

RN ~§ 230615-19-7 HCAPLUS

CN 5, 9-Methanoimidazo[4,5-h] [3] benzazepine,
1,5,6,7,8, 9-hexahydro-2-methyl-1-

(2-methylpropyl)-, monohydrochloride (9CI) (CA INDEX NAME)

Searched by John Dantzman 703-308-4488
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N- ’ NH

® Hcl

RN 230615-20-0 HCAPLUS

CN 5, 9-Methanoimidazo[4,5-h] [3]benzazepine, 1-(2,2-dimethylpropyl) -
1,5,6,7,8, 9-hexahydro-2-methyl-, monohydrochloride (9CI) (CA INDEX NAME)

Me3C— CH2

Me A :
“Ti

@ Hcl

RN 230615-21-1 HCAPLUS

CN 6, 10-Methano-6H-pyrazino[2,3-h] [3]benzazepine, 7,8,9,10-tetrahydro-2, 3-
dimethyl-, monohydrochloride (9CI) (CA INDEX NAME) _

, N Me~

HN Zz

N Me

@® Hcl

RN 230615-22-2 HCAPLUS

CN 5, 9-Methanoimidazo[4,5-h] [3]benzazepine, 1-(2,2-dimethylpropyl1) -
1,5,6,7,8, 9-hexahydro-, monohydrochloride (9CTI) (CA INDEX NAME)

Searched by John Dantzman 703-308-4488
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Me3C— CHa

N

[r

® Hcl

RN 230615-23-3 HCAPLUS

CN 6, 10-Methano-6H-pyrazino[2,3-h] (3]benzazepine, 6,7,8,9-tetrahydro-,
monohydrochloride (9CT) (CA INDEX NAME)

N.
SS ~

ne ,N

® HCL

RN 230615-24-4 HCAPLUS

CN 6, 10-Methano-6H-pyrazino[2,3-h] [3]benzazepine, 7,8,9,10-tetrahydro-8-
methyl-, monohydrochloride (9CI) (CA INDEX NAME)

N
™~

_—N y

® HCl

RN 230615-25-5 HCAPLUS

CN 5, 9-Methano-5H-oxazolo[4,5-h] [3] benzazepine, 6,7,8,9-tetrahydro-,
monohydrochloride (9CI) (CA INDEX NAME)

Searched by John Dantzman 703-308-4488
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@ Hcl

RN 230615-26-6 HCAPLUS

CN - 5, 9-Methano-5H-oxazolo[4,5-h] [3] benzazepine,
6,7,8, 9-tetrahydro-2-methyl-,

monohydrochloride (9CI) (CA INDEX NAME)

Me N

‘Ye
0 NH

@ HCl

RN 230615-27-7 HCAPLUS

CN Benzamide, 2-fluoro-N-(2,3,4,5-tetrahydro-8-hydroxy-1, 5-methano~1H-3-
benzazepin-7-yl)-, monohydrochloride (9CI) (CA INDEX NAME)

I
i, NH-C

HN LO
! OH F

@ Hcl

RN 230615-28-8 HCAPLUS

CN 1,5-Methano-1H-3-benzazepine, 7-chloro-2,3,4,5-tetrahydro-, hydrochloride
(9CI) (CA INDEX NAME)

Searched by John Dantzman 703-308-4488
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Cl

HN

@ ucL

RN 230615-29-9 HCAPLUS

CN 1,5-Methano-1H-3-benzazepine-7-carbonitrile, 2,3,4,5-tetrahydro-,
monohydrochloride (9CI) (CA INDEX NAME)

CN

HN

6 HCl

RN 230615-30-2 HCAPLUS

CN 1,5-Methano-l1H-3-benzazepine, 2,3,4,5-tetrahydro-7-(5-methy1l-1,2,4-
oxadiazol-3-yl)-, monohydrochloride (9CT) (CA INDEX NAME)

NN Me
\
N—OHN

@ Hcl

RN 230615-31-3 HCAPLUS

CN Ethanone, 1-(2,3,4,5-tetrahydro-1, 5-methano-1H-3-benzazepin-7-yl)-,
hydrochloride (9CI) (CA INDEX NAME) .

Searched by John Dantzman 703-308-4488
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Ac

HN

® Hcl

RN 230615-32-4 HCAPLUS

CN 1,5-Methano-1H-3-benzazepin-7-ol, 2,3,4,5-tetrahydro-,
(9CT)

(CA INDEX NAME)

OH
/

HN \

@ HCl

RN 230615-33-5 HCAPLUS .

CN 5, 9-Methano-5H-isoxazolo[4,5-h] [3] benzazepine,
6,7,8, 9-tetrahydro-3-methyl-

, monohydrochloride (9CI) (CA INDEX NAME)

oa

@® HCl

RN 230615-34-6 HCAPLUS

CN 1, 5-Methano-1H-3-benzazepine,
2,3,4,5-tetrahydro-7- (l-methyl-1H-pyrazol-5-

yl)-, monohydrochloride (9CI) (CA INDEX NAME)

Searched by John Dantzman 703-308-4488
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@ Hcl

RN 230615-35-7 HCAPLUS

CN 1,5-Methano-1H-3-benzazepine,
2,3,4,5-tetrahydro-7- (1l-methyl-lH-pyrazol-3-

yl)-, monohydrochloride (9CI) (CA INDEX NAME)

HN —

@ Hcl

RN 230615-36-8 HCAPLUS

CN 1,5-Methano-1H-3-benzazepine, 7,8-dichloro-2,3,4,5-tetrahydro-,
hydrochloride (9CI) (CA INDEX NAME)

Cl

HN
cl

@ Hcl

RN 230615-37-9 HCAPLUS

CN 1, 5-Methano-1H-3-benzazepine-7-sulfonamide, 2,3,4,5-tetrahydro-N, N-
dimethyl-, monohydrochloride (9CI) (CA INDEX NAME)

Searched by John Dantzman 703-308-4488
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o

— NMe2

on
HN

@ scl

RN  230615-38-0 HCAPLUS
CN . Pyrrolidine, 1-[(2,3,4,5-tetrahydro-1, 5-methano-1H-3-benzazepin-7-

yl) sulfonyl]-, monohydrochloride (9CI) (CA INDEX NAME)

i
ry

HN O

@® Hcl

RN 230615-39-1 HCAPLUS

CN 5, 9-Methanopyrrolo[2,3-h] [3] benzazepin-2(1H)-one, 3,5,6,7,8,9-hexahydro-,
monohydrochloride (9CI) (CA INDEX NAME) :

HN— NH

® ucl

RN 230615-40-4 HCAPLUS

CN 5, 9-Methano-2H-oxazolo[4,5-h] [3}benzazepin-2-one, 3,5,6,7,8,9-hexahydro-,
monohydrochloride (9CT) (CA INDEX NAME)

Searched by John Dantzman 703-308-4488
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H

Sh

@ Hcl

RN 230615-41-5 HCAPLUS

CN 1,5-Methano-1H-3-benzazepine, 2,3,4,5-tetrahydro-6-phenyl-, hydrochloride
(9CI) (CA INDEX NAME)

Ph

I

HN \

®. HCL

RN 230615-42-6 HCAPLUS
CN 1,5-Methano-1H~-3-benzazepin-6-o0l, 2,3,4,5-tetrahydro-, hydrochloride
(9CT)

(CA INDEX NAME)

OH

HN

@® HCl

RN 230615-43-7 HCAPLUS

CN 1,5-Methano-1H-3-benzazepine, 7,8-difluoro-2,3,4,5-tetrahydro-,
hydrochloride (9CI) (CA INDEX NAME)

Searched by John Dantzman 703-308-4488
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SS

HN LE

@ HCl

RN 230615-44-8 HCAPLUS

CN 5, 9-Methano-5H-oxazolo[4,5-h] [3]benzazepine, 2-ethyl-6,7,8,9-tetrahydro-,
monohydrochloride (9CI) (CA INDEX NAME)

Et N

Ye LO
O NN NH

@® HCl

RN 230615-45-9 HCAPLUS

CN 5, 9-Methano-5H-oxazolo[4,5-h] {3])benzazepine, 6,7,8,9-tetrahydro-2-(1-
methylethyl)-, monohydrochloride (9CI) (CA INDEX NAME)

N

YF
0 NH

@ Hcl

RN 230615-46-0 HCAPLUS

CN 5, 9-Methano-5H-oxazolo[4,5-h] [3]benzazepine, 6,7,8, 9-tetrahydro-2-
(phenylmethyl)-, monohydrochloride (9CI) (CA INDEX NAME)
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Ph— CH?

RN
CN

N

ma‘ Oya
@ Hcl

230615-52-8 HCAPLUS

1,5-Methano-1H-3-benzazepine, 2,3,4,5-tetrahydro-, hydrochloride (9CI)
(CA INDEX NAME) :

HN LS

RN
CN

@ HCl

230615-75-5 HCAPLUS

' 5,9-Methano-5H-oxazolo[4,5-h] [3]benzazepine, 6,7,8,9-tetrahydro-2-methyl-
(9CT} (CA INDEX NAME)

Me N

a

IT

oO NH

62-53-3, Benzenamine, reactions 78-81-9, Isobutylamine
79-03-8, Propionyl chloride 79-30-1, Isobutyryl chloride
100-46-9, Benzylamine, reactions 103-80-0, Phenylacetyl
chloride 107-08-4, l1-Iodopropane 109-73-9,
1-Butylamine, reactions 123-75-1, Pyrrolidine, reactions
327-52-6, 2,4,5-Trifliuorobromobenzene 372-18-9,
1,3-Difluorobenzene 393-52-2, 2-Fluorobenzoyl chloride
399-94-0, 2,5-Difluoro-l-bromobenzene 431-03-8, .
2,3-Butanedione 452-62-0, 2-Fluoro-5-methyl-li-bromobenzen
542-92-7, Cyclopentadiene, reactions 1072-85-1,
2-Fluorobromobenzene 5813-64-9, Neopentylamine
68322-84-9, 2-Fluoro-5-trifluoromethyl-1-bromobenzene
104540-42-3, 2-Fluoro-6-trifluoromethylbromobenzene
RL: RCT (Reactant)

(prepn. of 1,5-methano-3-benzazepines and analogs as nicotinic
receptor

Searched by John Dantzman 703-308-4488
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ligands) .
RN 62-53-3 HCAPLUS '

CN Benzenamine (9CI) (CA INDEX NAME)

: _NH2
RN 78-81-9 HCAPLUS

CN 1-Propanamine, 2-methyl- (9CT) (CA INDEX NAME)

CH3

H3C7 CH— CH2— NH?

RN 79-03-8 HCAPLUS

CN Propanoyl chloride (9CI) (CA INDEX NAME)

C1—C— CH2— CH3

RN 79-30-1 HCAPLUS

CN Propanoyl chloride, 2-methyl- (9CI) (CA INDEX NAME)

1
Cl1—C— Pr-i

RN 100-46-9 HCAPLUS

CN Benzenemethanamine (9CI) (CA INDEX NAME)

H2N— CH2— Ph

RN 103-80-0 HCAPLUS /
CN Benzeneacetyl chloride (9CI) (CA INDEX NAME)

Cl—C—CH2— Ph

RN 107-08-4 HCAPLUS

CN Propane, l-iodo- (8CI, 9CI) (CA INDEX NAME)
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H3C~ CH2— CH2~—1I ©

RN 109-73-9 HCAPLUS

CN 1-Butanamine (9CI) (CA INDEX NAME)

H3C~ CH2— CH2— CH2— NH2

RN 123-75-1 HCAPLUS :

CN Pyrrolidine (8CI, 9CI) (CA INDEX NAME)

H

O
RN 327-52-6 HCAPLUS
CN Benzene, 1-bromo-2,4,5-trifluoro- (8CI, 9CI) (CA INDEX NAME)

F. . Br

EF F

RN 372-18-9 HCAPLUS

CN Benzene, 1,3-difluoro- (9CI) (CA INDEX NAMB)

FE. F

| SS
2

RN 393-52-2 HCAPLUS

CN Benzoyl chloride, 2-fluoro- (9CI) (CA INDEX NAME)

: o
F

RN 399~94-0 HCAPLUS :

CN Benzene, 2~bromo-1,4-difluoro- (6CI, 8CI, 9CI) (CA INDEX NAME)
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Br

EF

EF

RN 431-03-8 HCAPLUS

CN 2,3-Butanedione (8CI, 9CTI) (CA INDEX NAME)

0 0

III
Me~ C~ C— Me

RN 452-62-0 HCAPLUS

CN Benzene, 2-bromo-1-fluoro-4-methyl- (9CI) (CA INDEX NAME)

Br

Me

RN 542-92-7 HCAPLUS

CN 1,3-Cyclopentadiene (8CI, 9CI) (CA INDEX NAME)

RN 1072-85-1 HCAPLUS /
CN Benzene, 1-bromo-2-fluoro- (7CI, 8CI, 9CI) (CA INDEX NAME)

ay"
RN 5813-64-9 HCAPLUS

CN 1-Propanamine, 2, 2-dimethyl-

F

(9CI) (CA INDEX NAME)

Me3C— CH2— NH?
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68322-84-9 HCAPLUS

4453-90-1P, 1,4-Dihydro-1, 4-methanonaphthalene 13697-89-7P
, 2,6-Difluoroiodobenzene 58653-71-7P 61346-81-4P

HCAPLUS

2~-bromo-1-fluoro-4- (trifluoromethyl) -

2-bromo~-1-fluoro-3- (trifluoromethyl) -

63608-69-5P 230615-47-1P 230615-48-2P

RN

CN Benzene,

CF3

EF

Br

RN 104540-42-3

CN Benzene,

EF CF3

Br

IT

230615-49-3P
230615-53-9P
230615-56-2P
230615-59-5P
230615-62-0P
230615-65-3P
230615-68-6P
230615-71-1P
230615-74-4P
230615-78-8P
230615-81-3P
230615-84-6P
230615-87-9P
230615-90-4P

_ 230615-93-7P
RL: RCT

receptor
ligands)

RN 4453-90-1
CN

NAME)

IO

(Reactant);

230615-50-6P
230615-54-0P
230615-57-3P
230615-60-8P
230615-63-1P
230615-66-4P
230615-69-7P
230615-72-2P
230615-76-6P
230615-79-9P
230615-82-4P
230615-85-7P
230615-88-0P
230615-91-5P
230615-94-8P

SPN

HCAPLUS

1,4-Methanonaphthalene,

Searched by

1,

-230615-51-7P
230615-55-1P
230615-58-4P
230615-61-9P
230615-64-2P
230615-67-5P
230615-70-0P
230615-73-3P
230615-77-7P
230615-80-2P
230615-83-5P
230615-86-8P
230615-89-1P
230615-92-6P
230615-95-9P

(Synthetic preparation);
(prepn. of 1,5-methano-3-benzazepines and analogs as nicotinic

4-dihydro- (6CI, 7CI, 8CI, 9CTI)

John Dantzman

09/402010

(CA INDEX NAME)

(CA INDEX NAME)

(Preparation)
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RN  13697-89-7 HCAPLUS
CN Benzene, 1,3-difluoro-2-iodo- (8CI, 9CI) (CA INDEX NAME)

ry S" "4

RN 58653-71-7 HCAPLUS

CN 1,4-Methanonaphthalene, 6-fluoro-1,4-dihydro- (9CI) (CA INDEX NAME)

ty
oe

|
SS

RN 61346-81-4 HCAPLUS

CN 1,4-Methanonaphthalene, 5-fluoro-1,4-dihydro- (9CT) (CA INDEX NAME)

=
RN 63608-69-5 HCAPLUS
CN 1,4-Methanonaphthalene, 1,4-dihydro-5-iodo- (9CI) (CA INDEX NAME)

=:
RN 230615-47-1 HCAPLUS

CN 1,4-Methanonaphthalene-2,3-diol, 1,2,3,4-tetrahydro- (9CI) (CA INDEX

Searched by John Dantzman 703-308-4488
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RN 230615-48-2 HCAPLUS
CN 1,5-Methano-1H-3-benzazepine, 2,3,4,5-tetrahydro-3-(phenylmethyl)- (9CI)

(CA INDEX NAME) :

Ph- CH?3S
RN 230615-49-3 HCAPLUS
CN 1,4-Methanonaphthalene-2, 3-diol,

INDEX NAME)

a
OH

6-fluoro-1,2,3,4-tetrahydro- (9CI) (CA

RN 230615-50-6 HCAPLUS
CN 1,5-Methano-1H-3-benzazepine,
7-fluoro-2,3,4,5-tetrahydro-3- (phenylmethyl) -

- (9CI) (CA INDEX NAME)

Ph— CH?q
RN 230615-51-7 HCAPLUS
CN 1,5-Methano-1H-3-benzazepine, 2,3,4,5-tetrahydro-3-(trifluoroacetyl)-

(9CI) (CA INDEX NAME)

F3C—“|
°

RN 230615-53-9 HCAPLUS
CN 1, 5-Methano-1H-3-benzazepine, 2,3,4,5-tetrahydro-7-nitro-3-

(trifluoroacetyl)- (9CI) (CA INDEX NAME)

Searched by John Dantzman 703-308-4488
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NO2.

F3C— C7:
|
O

RN. 230615-54-0 HCAPLUS

CN 1, 5-Methano-3H-3-benzazepine-3-carboxylic acid,
1,2,4,5-tetrahydro-7-nitro-

, 1,1l-dimethylethyl ester (9CI) (CA INDEX NAME)

NO?

ia
O

ZX

RN 230615-55-1 HCAPLUS

CN 1,5-Methano-3H-3-benzazepine-3-carboxylic acid,
T-amino-1,2,4,5-tetrahydro-

, 1,li-dimethylethyl ester (9CI) (CA INDEX NAME)

—ut-Buo— Qa
NH?

°

RN 230615-56-2 HCAPLUS

CN 1,5-Methano-1H-3-benzazepin-7-amine, 2,3,4,5-tetrahydro-3-
({trifluoroacetyl)- (9CI) (CA INDEX NAME)

NH2

F3C— C72
0

RN 230615-57-3 HCAPLUS

CN Acetamide, N-[2,3,4,5-tetrahydro-3- (trifluoroacetyl)-1,5-methano-1H-3-
benzazepin-7-yl]- (9CI) (CA INDEX NAME) :

Searched by John Dantzman 703-308-4488
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NHAc

F3C—c7 N
|
0

RN 230615-58-4 HCAPLUS
CN | Ethanethioamide,
N-(2,3,4,5-tetrahydro-3-(trifluoroacetyl)-1,5-methano-1H-

3-benzazepin-7-yl]- (9CI) (CA INDEX NAME)

i
NH— C— Me

F3C— con
Oo

RN 230615-59-5 HCAPLUS

CN 1,5-Methano-1H-3-benzazepine, 2,3,4,5-tetrahydro-7, 8-dinitro-3-
(trifluoroacetyl)- (9CI) (CA INDEX NAME)

NO2

_p—N

F3C "1 NO2
°

RN 230615-60-8 HCAPLUS

CN 1,5-Methano-3H-3-benzazepine-3-carboxylic acid, 1,2,4,5-tetrahydro-7, 8-
_dinitro-, 1,1-dimethylethyl ester (9CI) (CA INDEX NAME) ,

NO?

_ _p~-—N

t-Buo i -~NO?2
0

RN 230615-61-9 HCAPLUS

CN 1,5-Methano-3H~3-benzazepine-3-carboxylic acid, 7,8-diamino-1,2,4,5-
tetrahydro-, 1,i-dimethylethyl ester (9CI) (CA INDEX NAME)

Searched by John Dantzman 703-308-4488
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NH2

pnp N

t-Buod i NH2
°

RN 230615-62-0 HCAPLUS
CN 5, 9-Methanoimidazo[4,5-h] [3}benzazepine-7(1H)-carboxylic acid,

5,6,8,9-tetrahydro-2-methyl-, 1,1-dimethylethyl ester (9CI) (CA INDEX
NAME)

Me H
YT

N N—~ c— oBu-t.

Oo

RN 230615-63-1 HCAPLUS

CN 5, 9-Methanoimidazo[4,5-h] [3] benzazepine-7(1H)-carboxylic acid,
5,6,8, 9-tetrahydro-2-methyl-1l-propyl-, 1,1-dimethylethyl ester (9CI) (CA
INDEX NAME)

n-Pr

Me , I
a

N — ‘a OBu-t
O

RN 230615-64-2 HCAPLUS

CN 5, 9-Methanoimidazo[4,5-h] [3]benzazepine-7(1H)-carboxylic acid,
5,6,8,9-tetrahydro-, 1,1-dimethylethyl ester (9CT) (CA INDEX NAMB)

H
N.

[i

N N—f OBu-t
O°

RN 230615-65-3 HCAPLUS

CN 1,5-Methano~3H-3~-benzazepine-3-carboxylic acid, 7-(butylamino)~-1,2,4,5-
tetrahydro-8-nitro-, 1,1-dimethylethyl ester (9CI) (CA INDEX NAME)
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NO2

\4_—— N

an NHBu-n
O

RN 230615-66-4 HCAPLUS

CN 1,5-Methano-3H-3-benzazepine-3-carboxylic acid, 7-amino-8- (butylamino) -
1,2,4,5-tetrahydro-, 1,1i1-dimethylethyl ester (9CI)} (CA INDEX NAME)

NHBu-n .

neN

t-Bu Cc NH
Oo

RN 230615-67-5 HCAPLUS

CN 5, 9-Methanoimidazo[4,5-h] [3] benzazepine-7(1H)-carboxylic acid,
1-buty1-5,6,8,9-tetrahydro-, 1,1-dimethylethyl ester (9CT) (CA INDEX
NAME)

n-Bu

|
N

iT

N — _ OBu-t
0

RN 230615-68-6 HCAPLUS

CN 5, 9-Methanoimidazo[4,5-h] [3]benzazepine-7(1H)-carboxylic acid,
5, 6,8, 9-tetrahydro-2-methyl-1-(2-methylpropyl)-, 1,1-dimethylethyl ester
(9CT) (CA INDEX NAME)

ee
Me

“i or |
N ~~ N— e OBu-t

0

RN 230615-69-7 HCAPLUS

CN 1, 5-Methano-1H-3-benzazepine-7,8-diamine, 2,3,4,5-tetrahydro-3-
Searched by John Dantzman 703-308-4488
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(trifluoroacetyl)- (9CT) (CA INDEX NAME)

NH?

—p——N
P3C7 Cc NH

0

RN 230615-70-0 HCAPLUS

CN 6, 10-Methano-6H-pyrazino[2,3-h] [3]benzazepine, 7,8,9,10-tetrahydro-8-
(trifluoroacetyl)- (9CI) (CA INDEX NAMB)

N

awpAVOY
0

RN 230615-71-1 HCAPLUS

CN 1,5-Methano-1H-3-benzazepin-7-ol, 2,3,4,5-tetrahydro-8-nitro-3-
(trifluoroacetyl)- (9CTI) (CA INDEX NAME)

Zz

Nog

F3C—> C7PLoH
RN 230615-72-2

oO

HCAPLUS

CN 1,5-Methano-1H-3-benzazepin-7-ol, 8-amino-2,3,4,5-tetrahydro-3-
(trifluoroacetyl)- (9CI) (CA INDEX NAME)

NH?

_n—NFIC7 J,
oO

RN 230615-73-3 HCAPLUS

CN 5, 9-Methano-5H-oxazolo[4,5~-h] (3]benzazepine, 6,7,8, 9-tetrahydro-7-
(trifluoroacetyl}- (9CI) (CA INDEX NAME)

Searched by John Dantzman 703-308-4488
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RN 230615-74-4 HCAPLUS

CN 5, 9-Methano-5H-oxazolo[4,5-h] [3] benzazepine,
6,7,8, 9-tetrahydro-2-methyl-7-

(trifluoroacetyl)- (9CI) (CA INDEX NAME)

Me N

e
° N—~ c—cr3

i
RN  230615-76-6 HCAPLUS

CN 1,5-Methano-1H-3-benzazepine, 7-chloro-2,3,4,5-tetrahydro-3-
(trifluoroacetyl)- (9CI) (CA INDEX NAME)

cl

RN 230615-77-7 HCAPLUS

CN 1,5-Methano-1H-3-benzazepine, 2,3,4,5-tetrahydro-7-iodo-3-
(trifluoroacetyl)- (9CI) (CA INDEX NAME)

I

F3C— c—' \ CO!

me)

RN 230615-78-8 HCAPLUS

CN 1,5-Methano-3H-3-benzazepine-3-carboxylic acid,
1,2,4,5-tetrahydro-7-iodo-

, 1,1l-dimethylethyl ester (9CI) (CA INDEX NAME)
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t-Buo—=
oO

RN 230615-79-9 HCAPLUS
CN 1,5-Methano-3H-3-benzazepine-3-carboxylic acid,
7-cyano-1,2,4,5-tetrahydro-

, 1,1-dimethylethyl ester (9CI) (CA INDEX NAME)

CN
~

t-BuEN A
0

RN 230615-80-2 HCAPLUS :

CN 1,5-Methano-1H-3-benzazepine, 7-acetyl-2,3,4,5-tetrahydro-3-
(trifluoroacetyl)- (9CI) (CA INDEX NAME)

aFace
0

RN 230615-81-3 HCAPLUS

CN 1,5-Methano-3H-3-benzazepine-3-carboxylic acid, 7-acetyl-1,2,4,5-
tetrahydro-, 1,1-dimethylethyl ester (9CI) (CA INDEX NAME)

Ac

t-BuoO—,
Oo

a
RN 230615-82-4 -HCAPLUS

CN 1,5-Methano-1H-3-benzazepin-7-ol,
2,3,4,5-tetrahydro-3-(trifluoroacetyl)-,

acetate (ester) (SCI) (CA INDEX NAME)
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OAc

oOa
230615-83-5 HCAPLUS

1,5-Methano-1H-3-benzazepin-7-ol, 2,3,4,5-tetrahydro-3-(trifluoroacetyl)-
(9CI) {CA INDEX NAME)

OH

Cc

lI .
Oo

:
* 230615-84-6 HCAPLUS

1,5-Methano-1H-3-benzazepin-7-ol, 8-acetyl-2,3,4,5-tetrahydro-3-
(trifluoroacetyl)- (9CI) (CA INDEX NAMB)

Ac

co OH3
230615-85-7 HCAPLUS

1,5-Methano-1H-3-benzazepin-7-ol, 2,3,4,5-tetrahydro-8-[1-
(hydroxyimino) ethyl]-3-(trifluoroacetyl)- (9CTI) (CA INDEX NAME)

C— Me

_—-Ni \ is .
°“O

RN
CN

230615-86-8 HCAPLUS

5, 9-Methano-5H~isoxazolo[4,5-h] [3])benzazepine,
6,7,8,9-tetrahydro-3-methyl-—

-7-(trifluoroacetyl)- (9CI) (CA INDEX NAME)
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 NXr CF3Me
O°

RN § 230615-87-9 HCAPLUS
CN 1, 5-Methano-1H-3-benzazepine-7-propanamine, 2,3,4,5-tetrahydro-N, N-

dimethyl-.gamma.-oxo-3-(trifluoroacetyl)- (9CTI) (CA INDEX NAME)

I
C— CH2— CH2— NMe2

F3C— C7 N

Oo

RN 230615-88-0 HCAPLUS

CN 1,5-Methano-1H-3-benzazepine, 7, 8-dichloro-2,3,4,5-tetrahydro-3-
(trifluoroacetyl)- (9CI) (CA INDEX NAME)

cl

F3C—c7 N
3 | : cl

Oo

RN 230615-89-1 HCAPLUS

CN 1,5-Methano-1H-3-benzazepine-7-sulfonyl chloride, 2,3,4,5-tetrahydro-3-
(trifluoroacetyl)- (9CI) (CA INDEX NAME)

I
Ss—Cl

ST II
oO

F3C—c7—N A

0

RN 230615-90-4 HCAPLUS

CN 1,5-Methano-1H-3-benzazepine, 2,3,4,5-tetrahydro-7-(1-
pyrrolidinylsulfonyl) -3-(trifluoroacetyl)- (9CI) (CA INDEX NAME)
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