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{57) Abstract .

Compounds of formula (T) and their pharmaceutically acceprable saits, wherein R, R2, R3 and Z 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 neurclogical and psychological disorders arc claimed.
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ARYL FUSED YCYCLIC COMPOUNDS
Backoround of the (nvertion

This invention relates to aryl fused azapolycyclic compounds, as defined more spacificalty
by formula | below. Compounds of formufa | bind to neuronal nicotinic acetyicholine specific
receptor sites and are useful in modulating cholinergic function.  Such compounds are useful in
the freatment of inflammatory bowel disease (ncloding but not timited 1o ulcerstive colitis,
pyoderma gangrenosum and Crohn's disease), imitable bowe! syndrome/ spastic dysionia, chronic
pain, acute pain, celiac sprue, pouchiiis, vasoconstriction, anxjety, panic disorder, depression,
bipolar disorder, a;im sieep disorders, jet 1ag, amylotropic iateral sclerosis (ALS), copnitive
dysfunction, hypertension, bulimia, anorexia, obesity, cardiac amythmiss, gastric acid
hypersecretion, uicers, pheochromocytoma, progressive supramuscular palsy, chemical
dependencies and addictions (e.q.. dependencies on, or addictions to nicotine (and/or tobacco
products), alcohol, benz__@epines. barbituates, opiolds or cocaine), headache, stroke, fraumatic
brain injury (TBf), obsessive-compulsive disorder, psychosis, Huntington's Chorea, tardive
dyskinesia, hyperkinesia, dysiexia, schizophrenia, mult-infarct dementia, age reiaied copnitive
decline, epilepsy, including petit mai absence epilepsy, senile dementia of the Alzheimer's type
(AD), Parkinson's disease (PD), attention defict 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 reuplake inhibiting antidepressant
{SRD, in order to treat beth the cognitive decline and depression associated with AD, PD, stroke,
Hunlington’s Chorea or traumnatic brain injury (TB1); in combination with muscarinic agonists in
order to stimulate both central muscarinic and nicotinic receptors for the treatment, for exampie, of
ALS, cognitive dysfunction, age related cognitive dedline, AD, PD, stroke, Huntington's Chorea
and TBi; in combination with neurotrophic factors such as NGF in ordef to maximize cholinergic
enhancement for the treatment, for example; of ALS, cognifive dysfunction, age related cognitive

dedline, AD, PD siroke, Huntington's Chorea and TB!; or in combination with agents that slow or

arrest AD such as cognition enhancers, W,WW@W
kinase inhibitors, neuronal antiinflammatory agents and estrogen-ike therapy,

Other compounds that hind to newonal nicolinic receptor sites are referred to in United
States Patent Application 08/963,852, which was filed on November 4, 1997, and in United States
Provisional Patent Application 60/070,245, which was filed on December 31, 1997. Both of the
foregoing applications are owned in common with the present application, and both are
incorporated herein by reference in their entireties.

Summary of the invention
This inverdion relatas to aryt fised azapolycychic compounds of the formula
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R2 NR'

wherein Z is CH,, C(=0) or CF;

R' is hydrogen, (CrCgalkyl, unconjugated (CyCgalkenyl, benzyl, XC(=OR™ or
~CHCH-O-{C-Cyaikyl,

R? and R? are selected independently, from hydrogen, (C»Ce) alkenyl, (CrCe) aliynys,
hydroxy, nitro, smino, halo, cyano, -SO,C:,Cgalkyl wherein q is zero, one or two,
(C1.Coakylamino, [(C-Cealkylbamino, CO,R', CONR'R®, SONR'R?, C=O)RP, XC(O)R™,
aryl-(Cq -Ca) &lkyl or aryH{Co-Ca)alkyl-O- wherein said aryl is selected from phenyl and naphthyl,
heteroaryl-(Co-Ca)alkyl or heteroaryl-(Co-Caatkyt-O-, wherein said heteroaryl is selected from five
to seven membered aromatic rings containing from one to four heteroatoms selected from
oxygen, nitrogen and suffur, and X3(Co-Caalkoxy-(Co-Colalkyl, wherein X2 is sbeent or 3¢ is (Cr-
Caalkylamino or [(C-Cgalkyflamino, and wherein the (Co-Celalkoxy-(Co-Colalkyl moiety of said
X (Co-Ce)alkoxy-({Co-Ce)aliyl contains at least one carbon atom, and wherein from one 1o three of
the carbon atoms of said (Co-Coalkoxy-{Co-Colalicyl moiety may optionally be replaced by an
oxygen, nitrogen or sulfur atom, with the proviso that any two such heteroatoms must be
separated by at least two carbon atoms, and wherein any of the alkyt moieties of said
(Co.Coalkoxy-{Co-Ce)alkyl may be optionaily 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-Ca)alkyl and
said heteroaryl-(Co-Cajalikyl may optionally be replaced by an oxygen, nitrogen or sulfur atom, and
wherein each of the faregoing aryl and heteroaryt groups may optionally be substituted with one or
more substituents, preferably from zero 10 two substituents, independently selected from (C, -Ce)
alkyl optionally substituted with from one to seven fluorine atoms, (C, -Cg) akoxy optionally
substituled with from two to sevenﬂuorineatoms.halo@,g._.mm.ﬂm. bromo or jodo),
hydroxy, nitro, cyano, amina, (C,-Cg) alkylamino and {(C -Ce) alkyl], amino;

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, carbocydiic ring that can be
saturated or unsaturated, wherein from one to three of the nonfused carbon atoms of said
monoecydic rings, and from one to five of the carbon atoms of said bicyclic rings that are not part
of the benzo ring shown in formula |, mey optionally and independently be repliaced by a niirogety;
oxygen or sulfur, and wherein said monocydlic and bicyclic rings may optionally be substituted with
one or more substituerts, preferably from zero to two substituents for the monoeydlic rings and
from zero to three substituents for the bicydlic rings, that are selected, independently, from {C,-C¢)
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5 alkoxy-{CqCoakyl-, wherein the {otal number of carbon atoms does not exceed six and wherein
any of the alkyl moieties may optionally be substituled with from one fo seven fluorine atoms;
nitro, oxo, cyano, haic, hydroxy, amino, (C, -Cgalkylaming. [(C, -C) alkyllamino, phenyl and
monocydiic heteroaryi wherein said heteroaryi is defined as in the definition of R® and R® above;

each R, R°, R®, R7, R® and R™ is setected, independently, from hydrogen and (C; -Co)
10 alkyl, or R® and R®, or R” and R® together with the nitrogen to which they are aftached, form a
pyrolidine,  piperidine, morpholine,  azetidine, piperizine,  -N-(C-Coalkylpiperizine or
thiomorpholine rfing, aammmmmmmmmsmmmm.mm«
sulfone; and
each X is, independently, (C-Cyalkylene,
15 with the proviso that: (a) at least one of R', R? and R® must be the other than hydrogen,
() when R and R are hydrogen, R’ cannot be methyl or hydrogen; and (c) no fluorine atom in
any of the fiuoro substituted alkyl or alkoxy moieties of R and R® can be attached to a carbon that .
is attached 1o a hetercatom; |
and the pharmaceulically acceptable salts of such compounds.
20 Exampiles of heteroaryl groups that each of R? and R® can be are the following:
Ihmylwﬂ isoxazolyl, pyridyl, pyrimidyl, thiazolyl, ten'azol/;l7rsolhiazolyl triazolyl, imidazolyl,
\Jolyl pyrroy! and the fotlowing groups: )

A

R'la N
z R® RN . Re. .0 9
NG Y

N R'
= 9
SOh S
RE g N=/ - OWF R
25
wherein one of R® and R™ is hydrogen or (C,-Ce) alkyl, and the other s a bond to the
benzo fing of formuda |,
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 formuia I,
30 form a bicyclic ring System selected from the following:
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wherein R and R” are selected, independently, from (Co Co) alkaxy-(Co-Coalkyl
wherein the total number of carbon atoms does not exceed six uﬂm
moigties may optionally be substituted with from one to sevép fluorine stoms, (C; -Ce} akoxy
10  optionally substituted with from one to seven fluorine stoms, nitro, cyano, m-
Ca)atkylamino, [(Cy-Ce) alkylamino, pnenyt and: mmocydic heteroaryi wherein sakl heteroaryl is
defined as in the deTinon of RC and K above AT
Other embodiments of this invenbcm relate fo compounds of the formuia 1, and their
phammaceutically acceptable salts, wherein RZ and R’, together with the benzo ring of formula |,
15  form a bicyclic or tricyclic ring system selected from the following:
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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 atoms of ring A can optionally be replaced with oxygen or -N(C-Ce)atkyl.

Other embodiments of this invention relate to compounds of the formuia |, and their
pharmaceutically acceptable salts, wherein nelther R? nor R® is atiached to the benzo ring of
formuia f via an oxygen atom.

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

Examples of specific compounds of the formula ) are the following:

11-Azatricycio[7.3.1.0% irideca-2(7),3,6-triene-5-carbonitrile;

11-Azatricycio[7.3.1.0* jtrideca-2(7),3,5-trisne-4-carbonitrile;

1-{11-Azatricyclo{7.3.1.0% jtrideca-2(7),3.5-trien-5-yi}-1-ethanone;

1-{41-Azatricyciof7.3.1.0% ftrideca-2(7),3,5-trien-S-yi}- 1-propanone;
4-Fluoro-11-azatricyciof7.3.1.0% " ftrideca-2(7),3.5-triene-5-carbonitrile;
5.Fluoro-11-azatricyciofT.3.4.0% jtrideca-2(7), 3,5-triene-4-carbenitrile;
1-[11-Azatricyclo[7.3.1.0* Jirideca-2(7) 3, 5-trien-4-yl}- 1-sthanone;
1-[11-Azatricyciof?.3.1.0% jirideca-2(7),3, 5-trien-4-y1--1-propanone;
6-Methyl-7-thia-5,14-dlazatetracyclof10.3.1.0*"°.0**Jhexadeca-2(10),3,5,8-tetraene:
6-Methyl-5,7,14-triazatetracyclo[10.3.1.0% 9 0**|hexadeca-2(10),3,5,8-tetraene;
6.7-Dimethy}-5,7,14-lriazatetracyclof10.3.1.0>°.0%jhexadeca-2(10),3,5,8-tetraene;
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5,7,14-Triazatetracycio[10.3.1.6> °.0*}jhexadeca-2(10),3,5 8-tetraene;
7-Methyl-5,7,14-triazatetracyciof10.3.1.0%°.0*hexadeca-2(10).3,5,8-tetragne;
5,11,18-Triazapentacyclo[14.3.1.0%" 0*'2,0% Y)icosa-2(14),3,5,12-tetraene;
7-Ethyl-6-methyl-5,7, 14-triazatetracycio[10.3.1.0> °.0**Jhexadeca-2{10),3,5,8-
tetraene;
6-Methy)-7-propyl-5,7,14-triazatetracycio[10.3.1.0%'°.0*%|hexadeca-2(10),3.5,6-
tetraene;
7-Ethy}-5,7,14-triazatetracyclo{10.3.1.0%°.0**Jnexadeca-2(10),3,5,8-tetraene;
7-Butyl-6-methyl-5,7,14-triazatetracyciof10.3.1.0>* 0**Jhexadeca-2(10).3.5.8-
tetraene;
7-Isobutyl-6-methyl-5,7,14-triazatetracycio]10.3.1.0>*°.0**Jnexadeca-2(10),3,5,8-
tetraene;
7-Butyl-5,7,14-triazatetracyclio[10.3.1.0>° 0% hexadeca-2(10),3,5,8-tetraene;
7-1sobutyl-5,7, 14-triazatetracyclof10.3.1.0% .0 %hexadaca-2(10),3,5 8-tetraene:
5,11,18-Triazapentacyclo[14.3.1.0%".0*"2. 0"Yicosa-2(14),3,10,12-tetraene:
5.6-Dimethyi-5,7, 14-triazatetracycio{10.3.1.0%°.0*%jhexadeca-2(10),3,6 8-tetraene;
5-Ethyi-6-methyl-5,7,14-triazatetracyclo[10.3.1.0> °.0* jhexadeca-2(10),3,6,8-
tetraene; “
5-Methyl-5,7,14-triazatetracyclo[10.3.1.0%'°.0**|nexadeca-2(10),3,8,8-tetraene;
5-Ethyl-5,7,14-triazatetracyclo{10.3.1.0>*.0*jhexadeca-2(10),3,8,8-tetraene;
8-Methyl-5-propyl-5,7, 14-triazatetracycie{10.3.1.0%°.0" *Jhexadeca-2(10),3,6,&

' tetraene;
5-Isobutyl-6-methyl-5,7, 14-triazatetracyclof10.3.1.0% .0} hexadeca-2(3 0),3,68,8-

_tetmene:

: 5-Propyl-5,7, 14-triazatetracyclo{10.3.1.0% ©.0*Jhexadeca-2(10),3,8,8-tetraene:
5-Isobutyt-5,7,14-triazatetracyciof10.3.1.0> 0.0 *}hexadeca-2(10),3,8,8-tetraone;
6-(Trifluoramethyf)-7-thia-5,14-diazatetracycio[10.3.1.0*"°.0" *jhexadeca-2(10),3,5,8-

‘tetraene;
5.8,15-Triazatetracyclo{11.3.1.0>".0*%heptadeca-2(11),3,5,7.9-pentaene;
7-Methy-5,8,15-triazaletracyclof1 1.3.1.0%"".0**Jneptadeca-2(11),3,5,7,9-periteene;
8-Methyl-5,8,15-triazatetracycio[11.3.1.0%"".0**|heptadeca-2(11),3,5,7,.9-pentaene;
6,7-Dimethyl-5,8,15-\riazatetracyciof11.3.1.0% " 0**heptadeca-2(11),3,5.7.6-

pentaene;
7-Oxa-5, 14-diazatetracyclof10.3.1.0>'°.0*hexadeca-2(10),3.5 8-tetraene;
6-Methyl-7-oxa-5,14-diazatetracycio[10.3.1.0>'°.0**|hexadeca-2(10),3,5 8-tetraene:
8-Ethyl-7-0xa-5,14-diazatetracyclo[10.3.1.0%°.0*}|hexadeca-2(10),3,5 8-tetraene;

L
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5 6-Propyl-7-oxa-5, 14-diazatetracyclo[10.3.1.0%*.0*%)hexadeca-2(10),3,5,8-tetraene;
5-Methy-7-0xa-6, 14-diazatetracycio[10.3.1.0* .0 hexadeca-2(10),3,5,8-tetraene;
5-Oxa-7,14-diazatetracycio]10.3.1.0%'°.0*Jhexadeca-2(10),3,8,8-tetraene;
6-Methyl-5-oxa-7,14-diazatetracyclo[10.3.1.0>¥°.0*|hexadeca-2(10).3,8,8-tetraene;
6-Ethyl-5-oxa-7, 14-diazatetracyclo[10.3.1.0%°.0**|hexadeca-2(10),3.8 8-tetraene;

10 - 6-Propyt-5-axa-7,14-dlazatetracyclo[10.3.1.0%'°.0*|hexadecs-2(10),3,.8,6-tetraene;
7-Methyl-5-0xa-8,14-diazatetracycio[10.3.1.0>°.0**|hexadeca-2(10).3.8.8-tetraene;
4,5-Difiuoro-11-azatricycio{7.3. 1.0 trideca-2(7),3,5-triene4-chioro-5-fluoro-11-

azatricyclo[7.3.1.0° trideca-2(7),3, 5-triene;

g 5-Chioro-4-fluoro-11-azatricyclo[7.3.1.0%" trideca-2(7),3,5-triene;

@ 15 4-(1-Ethynyl)-5-fluoro-11-azatricyclof7.3.1.0* trideca-2(7),3,5-triene;

5-(1-Ethynyl)-4-fluoro-11-azatricyclo[7.3.1.0* Jirideca-2(7),3.5-triene: and

4,5-Dichioro-11-azatricycio[7.3.1.0* }trideca-2(7),3,5-triene. e

This invention aiso relates to compounds of the formula ‘

Z

15

20  wherein wherein 2 is CH,, C(=0) or CFy; P is hydrogen, methyl, COOR™ wherein R™ is allyl,
2,2,2-trichloroethyl or (C+-Cealkyl; -C(=0)NR’R® wherein R* and R® are defined as in formula
i above; -C(=O)H, -C(=0)(C+-Cy)alkyl wherein the alkyl moiety may optionally be substiiuted
i~ with from 1 to 3 halo atoms, preferably with from 1 {o 3 fluoro or chloro atoms; benzy! or t-
' butoxycarbonyl (t-Boc); and R' and R™ are selected, independently, from hydrogen,
25  hydroxy, nitro, amino, -O(C-Cealkyl or halo; with the proviso that R™ and R™ can not both
be hydrogen when P is hydrogen or methyl. Such compounds are useful &s interrediates in
the synthesis of compounds of the formula |. ‘
Unless otherwise indicated, the term "halo®, as usad herein, includes fluoro, chioro, bromo
and lodo.
ao Unless otherwisa indicated, the term "alkyl®, as used herein, includes straight, branched or
cydlic, and may include straight and cyclic alkyl moieties as welt as branched and cyclic moieties.
The term “alkoxy”, as used herein, means "alkyl-O-", wherein "alkyf” is defined as above.
The term “alkylene, as used herein, means an afkyt radical having two available bonding
sites (i.e., -alkyl-), wherein “alkyf” is defined as above.
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Uniess otherwise indicated, the term “one or more substituents®, as used herein, refers to
from one to the maximum number of substituents possible based on the number of available
bonding sites.

The tenm “treatment’, as used herein, refers to reversing, alleviating, inhibiting the
progress of, or preventing the disorder or condition to which such termn applies, or one or mor
symptems of such condition or disorder. The tenm “treatment®, as used herein, refers to the act of
traating, as “treating” is defined immediately above.

The compounds of formula | may have optical centers and therefore may oocur in
different enantiomeric configurations. The inveniion includes ali enantiomers, diastereomers, and
other sterepisomers of such compounds of formula |, as weil as racemic and other mbdures
thereof.

The present invention also relates to all radiolabelled forms of the compounds of the
formulae 1. Preferred radiolabelled compounds of formula | are those wherein the radiolabels are
selected from as H, V'C, “C, *F, D and 1. Such radiolabelled 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 1o 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 phannaceutically acceptable
saft thereof, that is effective in reducing nicotine addiction or aiding in the cessation or lessening of
tobacco use and a pharmaceutically acceplable camier.

The present invention also relates to a method for reducing nicotine addiction or aiding in
the cessation or lessening of tobacco use in & mammal, inciuding a human, comprising
administering to said mammal 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 uss.

. The present invention also relates to a method of treating a disorder or condition selected
from inflammatory bowel disease (including but not fimited to uicerative colitis, pyodenma
gangrenosurn and Crohn's disease), inilable bowel syndrome, spastic dystonia, chronic pain,
acute pain, celiac sprue, pouchitis, vasoconstriction, anxiety, panic disorder, depression, bipotar
disorder, autism, steep disorders, jet lag, amylotropic lateral sclerosis (ALS), cognitive dysfunction,
hypertension, bulimia, anorexia, obesity, cardiac amythmias, gasiric acid hypersecretion, ulcers,

pheochromocytoma, progressive supramuscular paisy, chemical dependencies and addiclions -

(e.q., dependencies on, or addictions to nicoline (and/or tobacco produdcts), alcohol,
benzodiazepines, barbituates, opioids or cocaine), headache, stroke, traumatic brain injury (TBI),
psychosis, Huntington's Chorea, tardive dyskinesia, hyperkinesia, dyslexia, schizophrenia, muiti-
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infarct dementia, age refated 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 8 mammal, comprising administering
to a mammal in need of such freatment an amount of 8 compound of the formula |, or @
pharmaceutically acceptable salt thereof, that is effective in treating such disorder or condition.

The present invention also relates to a pharmaceutical composition for treating a disorder
or condition selecied from inflammatory bowel disease (including but not limited to ulcerative
colitis, pyoderma gangrenosum and Crohn's disease), irmitable bowe! syndrome, spastic dystonia,
chronic pain,. acute pain, cefiac sprue, pouchitis, vasoconstriction, anxiety, panic disorder,
depression, bipolar disorder, autism, sleep disorders, jet lag, amylotropic lateral sclerosis (ALS),
cognitive dysfunction, hypertension, bulimia, anorexia, obesily, cardiac amythmias, gastric acid
hypersecretion, ulcers, pheochromocytoma, progressive supramuscular palsy, chemical
dependencies and addictions (e.q., dependencies on, or addictions to nicotine (and/or tobacco
products), alcohol, benzodiazepines, barbituates, opiokis or cocaine), headache, stroke, traumatic
brain injury (TBY), 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 Syrdirome in a mammal, comprising
an amount of a compound of the formula |, or a pharmaceutically accepable sak thereof, ardd a
phammaceuticalty acceptable carier.

This invention also relates to the phammaceutically 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 hydrochioric 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-toluoyi tantaric 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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Scheme 1-13 ilustrate methads of synthesizing compounds of the formula |. Schemes 1-
4 illustrate such methods wherein the substituent groups R® and R® are attached prior to cyclization
1o form the tricyclic nucleus of formula |, which is represented by the free base of structural
formula 1A (Scheme 1) or IC (Scheme 3) wherein R? and R® are hydrogen. Schemes 513
iliustrate methods of forming compounds of the formuia 1 from starting materials that contain such
nucleus.

Refeming to Scheme 1, the starting material of formula i is converied to a compound
of formula Il by the foilowing process. The starting material of formula Ul is reacted with
approximately 1 equivalent of " a strong base such as n-butyllithium in a soivent such as
anhydrous THF, ether or methyl t-butyl ether, at a temperature from about -78°C to about
-65°C. This metalation occurs over a period of from about ten minutes to five hours, typically
in sbout two hours with the temperature maintained below -85°C. The anion, so-produced, is
then treated with cyclopent-3-ene carboxaldehyde in the same solvent at such a rate so as to
maintain the temperature below -85°C. The reaction is then quenched by addition of the
reaction mixture to an agueous acidic medium and worked up.

‘The compound of formula 11t, so-produced, is then reduced at the benzylic position
by the action of trifluoroacetic acid and a reducing agent such as triethyisitane, to form the
corresponding compound having formula V. This reaction is generally conducted in a
chlorinated hydrocarbon solvent, such as chloroform, Mgh_age (DCE) or methylene
chioride, at about roomn temperature, for a period of about 6 to 24 hours, preferably for about
18 hours, '

This compound of formula IV is then converted into the comresponding compound of
formula V by treating it with equivalent amounts of tetrabutyt ammonium icdide and boron
trichloride in & chlorinated hydrocarbon soivent, such as chloroform, dichoroethane (DCE) or
methylene chioride. This reaction is typically conducted at a temperature of -78*C initially,
and then allowed to react over a period of about two hours while warming to ambient
temperature. )

The resulting compound of formula V is then reacted with trifiuoromethanesulfonic
anhydride in a chlorinated hydrocarbon solvent, such as chioroform, dichoroethane (DCE) or
methylene chioride, in the presence of a base such as pyridine or 3-methylpyridine, to form the
coresponding trifluoromethanesulfonic acid ester of formula V1. Typically, the Initial reaction
temperature is about -78°C and the reaction is allowed to warm to room temgperature to
complete the reaction.

The trifluoromethanesulfonic acid ester of formuta Vi is then reacted under Heck
cyclization conditions to produce the camesponding compound of formula Vil. This reaction
may be performed with or without a solvent.  Suitable solvents include N,N-
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dimethylformamide (DMF), N-methylpymolidone (NMP) and toluene. Temperatures ranging
from about 80°C to about 130°C are suitable, and the reaction Is generally run for a period of
ahout 1 10 48 hours. Preferably, the reaction is conducted at a temperature of about 100°C
for about 2-18 hours. Catalysts in this reaction are generated in sl by treatment with
sources of paliadium, such as palladium acetate (Pd(OAc),), paliadium dichioride (PdCL) or
pafladium in the reduced zero oxidation state such as paliadium on carbon (Pd/C) or
tris(dibenzylidene acetons)dipalladium{O) (Pd;(dba)s). Analogous nickel catalysis can also
be used. The amount of calalyst required is about 0.1 mole % to a stoichiometric amount.
Preterably, about 2-10 moie % of the palladium or nickei catalyst is used. Often, conditions
used in these reactions include ligands such as triphenylphosphine or tri-o-olylphosphine, or
bidentate ligands such as DPPF, DPPE, DPPB, DPPP (DPP=bis-diphenylphosphine,

=ferrocene, E=ethyl, P=propane, B=butane) or any of a variety of chiral ligands such as
BINAP (2.2"-bis(diphenylphosphino)-1,1-binaphthyl) or arsenate ligands, or bidentate
combinations of these figands with chiral directing groups, such as, for example, oxazolines,
though the inclusion of ligands may nol be necessary in all cases. If ligands are used in
combination with palladium or nickel sources, they are typically used in amounts from about
0.5 to about 4 moiar equivalents of the palladium or nickei catalyst.

The above reaction is conducied in the presence of a base, typically a tertiary amine
base such as triethylamine or diisopropylethylamine. Other bases such as carbonates or
acetates, (e.g., potassium carbonate, sodium carbonate, sodium acetate or potassium
acetate) may also provide adequate or desirabie results. In some cases, as exemplified in
the experimental examples, it is beneficial to use a tertiary amine base, as described above,
in combination with catalytic acelaie or carbonate salt such as potassium écetate. in an
amount equivalent to the phosphine ligand to accelerate the reaction. An additional additive
that may be useful is an alkyl ammonium halide salt, such as tetrabutyl ammonium chioride.
These conditions are common, and are based on the conditions described by Jeffrey T. in J.
Chem. Soc., Chem. Commun., 1984, 1287 and §_mtje__sis_ 1987, 70. These reactions are
generally performed under an atmosphere of nitrogen or argon, bul may or may not require
the presence of oxygen. _

Reaction of the compound of formula V1l with osmium tetroxide and a reoxidant such
as N-methylmorpholine-N-oxide (NMO) in acetone and water at about room temperature
yields the cormresporing compound of formula VIli.

The compaund having formula V1il is then converted into the desired corresponding
compound of formula IA using the following procedure. First, the compound of formula viti
is reacted with sodium periodate in a8 mixture of a chiorinated hydrocarbon, preferably
dichloroethane (DCE), and water, or with lead tetraacetate in a chiorinated hydrocarbon
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solvent, at a temperature from about 0°C to about room temperature, 1o generate a
dialdehyde or giycal intermediate. The product of this reaction is then reacted, with
benzylamine (or ammonia) and sodium triacetoxyborohydride. Removal of the N-benzyl
group yields the desired compound of formula IA. Removal of the benzyt group can be
accomplished using methods well known to those of skilt in the art, for example, by first
optionally reacting the free base with one equivaient of acid, e.g., hydrochloric acid (to form
the comresponding acid addition salt}, and then with hydrogen and pailadium hydroxide in
methanol at about room temperature.

Altematively, the reductive amination may be camied out in situ as follows.
Oxidative cleavage of the diol of formula Vili performed using sodium periodate in aquecus
THF or alcohol to form the dialdehyde/giycal intermediate referred to above. Treatment of
this intermediate with excess benzylamine (or ammonia), palladium hydroxide and hydrogen
at a temperature from about room temperature to about 70°C generates the desired
compound of formula lA.

It the above method used leaves a benzyl group on the compound, removal of the
benzyl group will yield the desired compound of formula 1A, Removal of the benzyl group
can be accomplished using methods well known to those of skifl in the art, for example,
optionally reacting the free base with one equivalent of acid, 8.9., hydrochloric acid (to form
the comesponding acid addition salf), followed by hydrogen and pailadium hydroxide in
methanol at about oom temperature.

In the reductive animation step described above and throughout this document,
altematives to benzyl amine, such as ammonia, hydroxylamine, alkoxy smines, methyl
amine, allyl amine, and substituted benzyl amines (e.g., diphenylmethyl amine and 2- and 4-
atkoxy substituted benzyl amines) can alse 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 Orpanic
Synthesis®, 1991, John Wiiey & Sons, New York, NY. '

The procedurs described above and Hlustrated in Scheme 1 is preferred for making
compounds of the formula | wherein R® or R® Is susceptible to reacting to form an aryne or in
ancther type of side reaction.

The procedure described above produces compounds of the formula 1A wherein Z is
CH,. Compounds of the formula IA wherein Z is (C=0) can be formed using the procedure
llustrated in Scheme 1, as described above, with the exception that the compound of
formula Il is oxidized, rather than reduced, at the benzylic position, to form 8 compound of
the formula IV wherein Z is (C=0). This can be accomplished using methods well known to
those of skill in the art such as by treatment with Jones reagent (chromic acid solution) in
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ether or acetone at a temperatute from about 0°C to about room temperature . Compounds
of the formula 1A wherein Z is CF; can be prepared in & similar manner by converting the
oxidized compound of formula (V wherein Z is (C=0) into the comesponding compound of
formuta IV wherein Z is CF;, and then continuing with the reaction sequence of Scheme 1.
This conversion can be accomplished using methods well known in the an, such as by
treatment with Lawesson's reagent. The reaction with Lawesson's reagent is generally carried
out in & reaction inert solvent such as benzene or ioluene, preferably toluene, at a
temperature from about room temperathie to about the reflux tamperature of the reaction
mlxtunef preferably at about the reflux temperature.

" Scheme 2 Mustrates gn altemate method of preparing compounds of the formula 1.

This method is the prefered method for preparing such compounds wherein neither R’ nor
‘R® is susceptible to reacting in an undesireable side reaction. Referring to Scheme 2, the

compound of formula 1X is treated with a strong base such as n-butyllithium at a temperature
from about room temperature to about the refiux lemperature of the reaction mixture, in &
solvent such as ether ot t-butyl methyl ether. This metalation occurs over a period of from
about 1 to 5 hours, typically in about 4 hours when the reacilon is conducted at the reflux
temperature in ether. The resulting anion is then cooled in the same solvent or in a solvent
mbcture such as one containing tetrahydrofuran (THF), o a temperature of about -78°C. This
anion can then be reacted with cyclopent-3-enecarboxylic acid methoxy-methyl-amide (X) at
abaut -78°C, for about a half hour, with completion of the reaction occurring upon warming to
ambient temperature. This reaction yields the compound of formula Xl. The compound of
formula Xl is then dissolved in a solvent such as methylene chiorida and treated with boron
trichloride at about -78°C. After & period of 20 about,mirustes, the reaction is allowed to
warm to about 0°C and is worked up. The resulting phenol of formula XlI is then converted
into the trifluoromethanesulfonic ester by the methods described above for generating the
compound of formula Xiil. The resulting ester can then be converted into a compound of
formuta XIV under Heck conditions, as described above. ‘

Reduction of the compound of formula XIV using standard Wolff-Kishner conditions
yieids the compound of formula XV. These conditions are well known to those skilled in the
art, and include reacting the compound of forrmula XIV with hydrazine and potassium
hydroxide, first at a temperature of approximately 100°C in a solvent, usually ethylene gtycol
or diglyme, and then increasing the temperature to about 180-200°C. Reductions that are
known in the ari to be equivalent to the standard Wolff-Kishner reduction may aiso be used.
The compound of formula XV can be converted into the compound of formula IB by a
procedure analogous to the conversion of compounds of the formula Vil into those of the
formula IA in Scheme 1,



10

15

20

25

0

WO 99/55680 PCT/IR99/00617

-34-

Rather than reducing the ketone in the compound of formula XIV, the comresponding
compound wherein the oxo group is replaced by CF, can be formed by treatment with
Lawesson's reagent, or using other methods for effecting this conversion that are well known
to those of skill in the art.

Methyl ethers may be converted to their comesponding phenols by methods well
known to those skilled in the art. This can be accomplished by exposing the compound of
formula 1B or XVl to hydrobromic acid and warming the resulting mbdure to the reflux
temperature for a period of about 1 hour. This reaction produces the comesponding phenoi
of formula IB’ or XVII, respectively.

An atemative to the methods described in Schemes 1 and 2 for generating aryt
anions is 1o use halogen-metal exchange conditions. For example, 8 compound of the
formula XVIII, iflustrated in Scheme 3, wherein R'? is bromo or jodo, can be treated with an
atkyllithium base such as n-butyllithium, at a temperature form about -78°C to 20"C, typicaity
at about -78°C to produce an ary! anion of the formula

o/

Li
RZ R®

R
]

The anion produced in this reaction can then be reacted with ah aldehyde, such as described
in Scheme 1, or an appropriate disubstituted amide, as described in Scheme 2, to produce a
compound of the formula XIX. (Rather than reacling the compound of formula XVIH with an
alkyllithium base, as described immediately above, such compound can optionally first be
converted into a Grignard reagent (R*._p»= MgR™) using standard methods, and then
reacted as described above for compounds of the formula XVIII' to prepare 8 compound of
the formula XDJ).

The resuiting compound of formula XIX can then be converted into a compound of
the formuta IC (Scheme 3) using the methods described above for the conversion of
compounds of the formuta Xl into those of the formula IB (Scheme 2) and for the conversion
of compounds of the formula IV into those of the formula |A {Scheme 1).

The generation of anions at the ortho position of the aromatic systems empioyed in
the synthetic procedures described In this application is encompassed under a general
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synthetic strategy known to those skilled in the art as Directed Ortho Metalation (DOM).
Within this area, a number of functional groups known as Directed Metalation Groups
(DMGs} have been studied for this purpose, and some are reviewed in Snieckus, V. Chem
Rev. 1990, 870. Where applicable, DMGs other than those utilized in this work may be
equally applicable {o the preparalion of the compounds and intermediates described hersin.

An altemnative method for the generation of compounds similar to compounds of the
formula V, Xl or XX appears in Scheme 4. in this method, cyciopent-3-ene carboxaidehyde
and a phenol are combined with an aryl boronic acid and an acid catalyst such as an acetic
acid {optionally substituted with halo substitutents at the alpha position to moduiate the
acidity of the reaction), or with a aryl baron dihafide, which, by its nature, will generate a
mineral acid under the conditions of the reaction, in a solvent such as benzene, toluene,
dioxane or dichioromethane, preferably in benzene. The temperature of the reaction is
typically the reflux temperaure, or at a temperature that aliows any of the standard methods
for removal of water generated in the reaction to be removed at a rate that allows the desired
reaction to oceur. A convenient method empiloys a Dean-Stark trap to remove water formed
in the reaction. Typically, the reaction is conducted for a period of 3-48 hours, generally 10-
24 hours, or until the theoretical amoun! of water has been collected. At this time the
reaction is freed of solvent and then subjected to conditions as described above for reduction
of benzylic hydroxyl groups or ethers, for exampie, treaiment of this intermediate with
triflucroacetic acid and a reducing agent such as triethylsilane. This reaction is conducted in
a chiorinated hydrocarbon solvent, such as chioroform, dichoroethane (DCE) or methylene
chioride, ai or about room temperature for a period of 8 to 24 hours, preferably 18 hours.

The above reaction produces a compound of the formula IV wherein Z is CH,. The
corresponding compounds of the formula IV * wherein Z is {C=0) and CF; can be formed
using the methods described above for preparing compounds of the formula IV (Scheme 1)
wherein Z is (C=0) or CF,. _

The resulting compounds of foormula IV (Z is (C = O), CH; or CF;) are is then
converied into the comesponding compound of formula [A’ using the methods described
above and depicted in Scheme 1 for the preparation of compounds of the formula (A,

Scheme § illustrates a method for the introduction of substituents, such as bromine
and oxygen, into compounds of the invention. Treatment of a compound of formula XXV
with- bromine, under standard conditions.known 1o those of skill in the an, for example, in a
chlorinated hydrocarbon solvent such as chicroform, dichoroethane (DCE) or methylene
chloride, at a temperature of about 0°C to about room temperature, preferably at room
temperature, in the presence of a base such as sodium acetate, generates the comesponding
compound of formuta XXIVA. The bromide so produced (XXIVA) can then be converted, by
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the process of halogen-metal exchange described above, to a lthium anion derivative, which
can then be treated with a variety of electrophiles, for exampie, trialkylborates, typicaily at
temperatures ranging between -78 and 0°C to produce the comesponding boronic acid
derivative of formula XXIVB.

This compound can then be converted to a variety of derfvatives accessible through
Suzuki coupling chemisiry under standard conditions known to those of skill in the art.
Alternatively these boronic acid compounds may be converied inio the comesponding phenol
derivatives, by reaction with hydrogen peroxide or N-methyimorpholine, in a solvent such as

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

benzyl protecting group by methods described above yields the desived compound of formula
Ic.

Phenols prepared as described above and in the experimental section can be
converted to the comresponding Wrifluoromethanesutfonic esters. These derivatives, as well
as the bromides formula XXIVA, can be used to access a variety of other substituents (i.e.,
other values of R? and R such as aryl, acetylene and viny! substituents, as well as the
comresponding carbonyl esters and amides, by paliadium and nickel catalyzed processes
known to those of skill in the art, such as Heck, Suzuki and Stifle couplings and Heck
carbonylations. Additionally, phenols can be alkylated by a variety of common methods to
prepare ethers. Additionally, esters may be treated with nucleophiles, such as Grignard
reagents to prepare the comesponding tertiary aicohols. Examples of these transformations
appear in the Experimental Exampies.

Scheme 6 iliustrates the preparation of certain intermediates used in the procedure of
Scheme 7. Refeming to Scheme 6, the starling material of formula XXV is reacted with
trifluoroacetic anhydride, in the presence of pyridine, to form the compound of formula XXV1. This
reaction is typically conducted in methylene chioride at a temperature from about 0°C to about
room temperature. ]

The compound of formula X001, when Z is not (C=0), can then be converted into the
nitro derivative of formula YO0V by the following process. The compound of the formula XXV is
added to a mbdure of 2 or more equivalents of rifuoromethanesutfonic acid (CF,SO;0OH) and 1 10
15 equivalents of nitric acid, in a chiorinated hydrocarbon solvent such as chioroform,
dichoroethane (DCE) or methylene chioride. The resufting mbdure is allowed (o read for about 5
to 24 hours. Both of the foregoing reactions are generally conducted at & {emperature ranging
from about -78°C to about 0°C for about 2 hours, and then aliowed to wamm to room temperature
for the remaining time.
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Compounds of the formula X0V wherein Z Is {C=0) can be prepared by oxidizing the
analogous compounds wherein Z is CH, as described by Kapur et al., Can. J. Chem., 66, 1988,
2888-2893,

Reduction of the compound of formuta XXXV, using methods well known to thase of skill
in the art, yiekis the comesponding aniine. This reduction can be accomplished, for eoaample,
using hydrogen and a paliadium catalyst such as palladium hydroxide, and running the reaction in
methanot or ethanol et aboul room temperature. The intermediate anfine is then converted into
the trifluoroacetamide of formula JXO(VILA as described above for the preparation of compounds of
the formula XXV1.

Mononitration of the compound of formula XXVI1IA, as described abova for the preparation
of compounds of the formuia X00XV, vields the comresponding nitro derivative of formula XXVILA'.
Treatment of the nitro derivative of formula XXVTIA’ with aqueous bicarbonate in methanol or
THF, at a temperature from about 20°C to about 70°C, followed by reduction of the nitro group as
described above, yields the commesponding compound of formula X0XMIIB.

Refemring to Scheme 7, the compound of formula XXVIIA' is converted into the
comresponding compound wherein the triflucroacetyt protecting group is replaced by & +Boc
protecting group (OCVIHA) by reacting it first with an alkafi metal or alkaline earth metal (or
ammoniutn) 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, diaxane or
tetrahydrofuran (THF) at a temperature from about room tempersture to abott 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-butyidicarbonate is preferably
camied out in a solvent such as THF, dioxane or methylene chioride at a temperature from about
0°C to about room temperature. This reaction may or may not be conducted in the presence of a
base. When the reactant is a salt of the amine, use of a base is prefemed. The resutting
compound of formula XOXVIIA can be converted into the comesponding diamino derivative of
formula XXVIHB using the procedure described sbove for converting compounds of the formula
XOXVILA! into the coresponding diamino compounds of formula XXVIIB.

‘The conversion of the compound of formula XXVIIB into the desired compound of the
formula XXX can be accomplished by reacling the compound of formula XOMIIB with &
compound of the formula
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H,C,0,C CO,CH,

5 R'" OC,H,
wherein R is hydrogen, (C+-Ce) alky! optionally substituted with from one to seven fiuorine
atoms, aryl-(Co-Ca) alkyl wherein said aryl is selected from phenyl and naphthyl, or heteroaryl-(Co
-C,) alkyl wherein said heteroaryl is selected from five 1o seven membered aromatic rings
containing from one to four heterstoms selected from oxygen, nitrogen and sulfur, and wherein
. 10  each of the foregoing aryl and heteroryl groups may optionally be substituted with one or more
substituents, preferably from zero to two subsiituents, independenily selected from (Cy -Cg) alkyl
optionally substituted with from one to seven fluorine atoms, {C, -Cs) alkoxy optionaily 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 reaclion temperature can range from about 40°C to
15 about 100°C. 1 is preferably about 60°C. Other appropriate solvents include acetic acid,
ethanol and isopropanol.
Altemate methods of preparing compounds of the formula XXX from the compound
of formula XXVIIB are described by Segeistein et ai,, Tetrahedron Lett., 1093, 34, 1807,
Removal of the t-Boc protecting group from the compound of formula XXIX yields the
20 comesponding compound of formula ID. The protecting group can be removed using
methods well known to those of skill in the art. For example, the compound of formula XOXUX
can bhe treated with an anhydrous acid such as hydrochioric acid, hydrobromic acid,
. methanesulfonic acid, or trifluoroacetic acid, preferably hydrochloric acid in ethyl acelate, at
a temperature from about 0°C to about 100°C, preferably from about room temperature to_
25 about 70°C, for about one 10 24 hours.
The compound of formula X0{UX can be converted into the comesponding compound
of formula IE by reacting it with a compound of the formula R"2, wherein RY is defined s
R' is defined above, and Z Is a leaving group such as a halo or sulfonate (e.g., chioro,
bromo, iodo, mesylate or tosylate), in the presence of a base such as an alkali metal hydride,
30 hydroxide or carbonate, preferably potassium hydroxide, in & polar solvent such as water,
dimethylsutfoxide (DMSO), THF or DMF, preferably a mixture of DMSO and water, and then
removing the protecting group as described above. The resction with R Z is generally
camied out at a temperature from about room temperature to about 100°C, preferably at
about 50°C, for about five hours, Subsequent removal of the protecting group, as described
35  above, yields the desired compound of formula IE,
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Scheme 8 illustrates &n altemative method of preparing compounds of the formula
IE from the compound of formula XXXVHIA’., This method is the prefermed method of making
compounds of the formula IE wherein R" is a group such as an aryl or heteroaryl containing
group, or when R'’ can not be attached, as illustrated in Scheme 7, by alkylation or aryl
substitution methods. Referring to Scheme 8, the compound of formuta XXVIIIA! is reacted
with the appropriate compound of formula RVNH; 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 refiux temperature, for asbout four to eighieen hours. This reaction produces
a compound of the formuta XXX. The resulting compound of formula XXX s then converted
into the corresponding compound of the formula XXXX! by reducing the nitro group to an
amino group using methods well known io those of skill in the at. Such methods are
referred to above for the conversion of the compounds of the formula XXVHIA’ into a
compound of the formula XXVIIB in Scheme 8. Closure of the imidazote ring to form the
commesponding compound of formula X00XI! can then be accomplished by reacting the
compound of formula XXXI from the above reaction with a compound of the formula

Hsczozc CO,C.H,

R' OC,H,
{wherein R' is defined as above) as described mbove for converting compounds of the
formiula XXVIIIB into those of the formula XXX,

Removal of the protecting group from the compound of formula XXXl yields the
corresponding compound of formula IE. This can be accomplished using methods well
known in the art, for exampie, as described above for forming compounds of the formula 1D
from the corresponding compounds of the formula XXIX.

Compounds of the formula XXVIlIA’, which are the starting materials used in the
process of Scheme 8, can be synthesized as depicted in Scheme 8A and described below.
The appropriate compound of formula IC (Scheme 3) wherein R? is fluoro is converted into
its trifluoroacetamide derivative of the formula ICTFA, using methods described above.
Such derivative is then nitrated, as described above or using other methods wel! known to
those of skill in the art, to provide the comesponding nitro derivative of formula ICTFA".
Subsequent removal of the trifluoroacetamide group with an alkali melal carbonate or
bicarhonate in methanol or THF, followed by protection with di-i-butyldicarbonate, as
described above, yielkds the comesponding compound of formula JO0VIILA’.
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5 Scheme 9 lllustrates a method of preparing compounds of the formula IF, wherein
R and R" are as defined above. Refeming to Scheme 9, the compound of formula XXVIHB
is reacted with a compound of the formula

H \
Na0,S SONa /
0/

(sodium bisulfite ethane dione addition adduct) in water or another polar solvent such as
10 THF, DMF or DMSO, preferably a mixture of water and a water miscible sofvent such as
‘THF, for about cne to four hours. The reaction temperature can range from about 40°C to
. about 100°C, and is preferably at about the reflux temperature.
Altematively, the compound of formula XOXVINB can be reacted with a compound of

the formula
R17
Rioj\g ) y Vs

(double condensation reaction) in a pelar 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
hours.
20 Both of the foregoing procedures can also be used to convert the comesponding
compounds wherein the t-Boc protecting group is replaced by another protecting group such
. as TFA (e.g. . compounds of the formula XXV1IB) into quinoxolines.
The desired quinoxoline of formula IF can then be formed by deprotecting the
compound formed in either of the foregoing reactions, using the method described above for
25 converting a compound of the formula XX into one of the formula ID or the method
desctibed above for removing the TFA group from a compound of the formula JO(VHA',
Scheme 10 ifllustrates a method of preparing compounds of the formula | wherein R? and
R’, together with the benzo ring to which they are attached, form a benzoxazole fing system.
Such a compound, wherein R’ is hydrogen, is depicted in Scheme 10 as chemical formula IG.
30 Referming to Scheme 10, a compound of the formula ICTFA', wherein Y is nitro or fiuoro, is
reacted with potassium acetate or ancther alkali or alkaline earth metal carboxylate in a soivent
such as dimethyisulfoxide (DMSC), DMF or acetonitrile, preferably DMSO. This reaction is
generally aiowed to run for about 12-24 hours. Appropriate reaction temperatures range from
about 70°C to about 140°C. Approximately 100°C is prefered.

15
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The above readlion yields the compound of formula X000V, which can then be converted
into the desired compound having formula IG by the following procedure. First, the compound of
formula X004V is reduced by reaciion with hydrogen and a paliadium or platimam 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 comesponding armino derivative. The product of this reaction
is then reacted with an acid chloride of the formula R'’COC! or an acid anhydride of the formula
RYCO)RO wherein R is (Cr-Coakyl, or 8 compound of the formuta R¥C(OC,Hs)s, in an
appropriate inett solvent such as decalin, chlorobenzene or xylenes. A mbdure of xylenes is
preferred. This reaction is typically conducted at a ternperature from about 120-150°C, preferably
at about 140°C. When R™COC! is used as a reactant, It is preferable to add a stoicheometric
amount of tiethylamine (TEA) or another organic tertiary amine base and a catalytic amount of
pyridinium p-toluenesuifonic acid or pyridinum p-toluenesuffonate (PPTS) to the reaction mixture.
When R¥C(OC;H:) is used as a reactant, |t is preferable to add a catalytic amount of PPTS to
the reaction mixture.

Removal of the trifluoroacetyl nitrogen protecting group yieids the desired compound of
the formwia IG. This can be accomplished using methods well known to those of skill in the art, for
example, reacting the protected compound with a lower alkanot and an aqueous alkali or alkafine
earth metal {or ammonium) hydraxide or carbonate, aquecus sodium carbonate, at a temperature
from about 50°C to about 100°C, preferably at about 70° C, for about two to six hours,

Schene 11 Hustrates the preparstion of compounds of the formula | wherein R' is
hydrogen and R? and R®, together with the benzo ring to which they are atlached, form a
benzothiazole ring system. These compounds are referred to in Scheme 11 and hereinafter as
*compounds of the formula MH". Referring to Scheme 11, the compound of formula XXV is
reacied with trifluoroacetic anhwiride to form the comesponding compound wherein the ring
nitrogen is protected by a trifluoroacetyl group, and the resulting nitrogen protected compound is
mmwmwmummmmmmwwmmmofnmm
to form the comresponding compound of formula YXOOXV, 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
chiorinated hydrocarbon sotvent, preferably methylene chioride, at a temperature from about 0°C
to about roomn temperature, preferably at about room temperature.

The above transformation can also be accomplishad using other nitration methods known
to those skill in the ant.

Reduction of the nitro group to an amine group ¢an be accompiished as described above
to provide a compound of the formula X000V,
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The compound of formula XO0V is then reacted with a carboxylic acid halide or
anhydride of the formula R™COX or (R™C0),0, wherein X is halo, and pyridine, TEA or ancther
tertiary amine base, fo form a compound of the formuila X001, which can then be converted to
the desired oompouhd having formula JOOVII by reacting it with Lawesson's reagent, which

‘Ck/\
\/\{:L

The reaction with R*®*COX, wherein X is halo, or (R°C0),0 is generally camied out at
a lemperature from about 0°C to about room temperature, preferably al about room
temperature. The reaction with _awesson’s reagent is generally canied out in a reaction inert
soivent such as benzene or 1oluene, preferably toluene, al a temperature from about room
temperature to about the reflux temperature of the reaction mixture, preferably at about the
reflux temperature.

Closure 10 the benzothiazole ring and nitrogen deprotection to form the desired
compound of formula IH can be accomplished by reacling the compound of formula XOXVI!
with potassium femricyanide and sodium hydroxide in & midure of water and methanol
(NaOHML,O/CHLOH), at a temperature from about 50°C to about 70°C, preferably at about
80°C for about 1.5 hours.

Schemes 12 and 13 illustrate methods of preparing compounds of the formuja |
wherein R’ is hydrogen, and R® and R’ represent a variety of different substiuents, as
defined above, but do not form a ring.

Scheme 12 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 chioro; and (¢) R' is hydrogen and R2is
R¥C{=0)-. These compounds are refermed to in Scheme 12, respectively, as compounds of
formutas L, IK and I

Referring to Scheme 12, compounds of the formula I can be prepared by reacting
the compound of formula XXV1 with two Or more equivalenis of a halesulfonic acid,
preferably chiorosuffonic acid, at a temperature from about 0°C to about room temperature.
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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 removal of the nitrogen
protecting group, yields the desired compound having formula I,

Compounds of the formula IK can be prepared by reacting the compound of formula
XXV| with iodine trichloside in a chiorinated hydrocarbon solvent, followed by removal of the
nitrogen protecting group. The reaction with iodine trichloride Is typically camied cut 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
mano- or dilododinated compounds can be prepared by reacting the compound of XXV1 with
N-indosuccinimide or N-bromosuccinimide in a {rifluramethanesulfonic acid solvent, followed
by removai of the nitrogen protecting group as described above.

Reaction of the compound of XXXVI with an acid halide of the formula R*COCH or an
acid anhydride of the formula (R™C0);0, with or without a reaction inert solvent such as a
chlorinated hydrocarbon solvent, preferably methylene chioride, in the presence of Lewis
acid such as aluminum chloride, at a temperature from about 0°C to about 100°C, followed
by nitrogen deprolection, yieids the compound of formuia IL. The reaction with the acid
halide or anhydride can be carried out using other known Lewis acids or other Friedel-Crafts
acylations methods that are known in the art.

The reactions described herein in which NO., -SO,NR'R®, .COR™, 1, Br or C!i are
introduced on the compound of formula X001, as depicted in Scheme 12 and described
above, can be performed on any analogous compound wherein R? is hydrogen, (C-Coalkyl,
halo, (Cr-Cealkoxy or -NHCONR'R®, producing compounds of the formula | wherein R” and
R are defined as in the definition of compounds of the formula | above.

Compounds that are identical to those of the formula IL, but which 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 (L is replaced with a -O-C(=O)R"™ group,
usipg Baeyer-Villiger processes well known to those skilled ip the at. The resulting
compounds can be partially hydrolyzed to yield the correspanding hydroxy substituted
compounds, and then alkylated to forrn the comesponding alkoxy substituted compounds.
Also, such O-acyl substituled compounds can be used to prepare variably SubstRuted
benzisoxazoles, using methods well known to those of skill in the art such as using, in
sequence, a Fries rearangement, oxime formation, acylation and treatment with base. Such
a process involves performing a Fries reamangement of a compound of the formula YO0
by treatment with a Lewis acid such as aluminum chioride (AICly) neat or in a sotvent such as
chiorobenzene, at a temperature from about 100°C to about 200°C, preferably at about
170°C for about 1 to 2 hours, preferably for about 2 hours, to produce a compound of the
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formute XXXIX. Cleavage of the protecting group provides the comesponding compotnd of
formula 1S. Altematively, the compound of formula XOXXIX can be converted into its oxime
using standard methods well known to those skilled in the art, such as treatment with
hydroxylamine hydrochioride in an alcohol (8.g., methanal), in the presence of a base such
as sodium acetate, at a temperature from about 20°C to about 70°C, preferably at about
50°C for about 5 to 20 hours. Acylation of the oxime using methods well known in the art,
such as treatment with acetic anhydride and pyridine, followed by treatment of the isolated
acyl oxime with a base such as sodium hydride, in a solvent such as DMF, NMP or DMSO,
produces the corresponding protecied benzisoxazole. Cleavage of the proteciing group
under standard conditions, as dascribed above, yields the desired compound of formula {T.

Scheme 13 illusirates methods of making compounds of the formula | wherein: (8) R' is
hydrogen and R is chioro; (b) R' is hydrogen and R? is cyano; (¢) R' is hydrogen and R? is amino;
and (d) R is hydrogen and R? is R®C(=O)N(H)-. These compounds are referred to in Scheme 13,
respectivety, as compounds of the formula M, IN, IP and 1Q.

Compounds of formula IM can be prepared from compounds of the formula XO0XV
by generation of a diazonium salt with, for instance, an alkali metal nitrite and strong minera!

- acid (e.q., hydrochloric acid, sutfuric acid, hydrobromic acid) in water, followed by reaction

with a copper halide sait, such as copper () chloride. Nitrogen deprotection by the methods
described above vields the desired compound of formula IM. Altemnative methods for the

- generation of diazonium saits, as known and practiced by those of skill in the art, can also be

used. The foregoing reaction is generally carmied out at temperatures ranging from about 0°C
1o about 60°C, preferably about 80°C for about 15 minutes to one hour.

Reaction of the diazodium salt, prepared as described above, with potassium iodide
in an agueous medium provides the analogous iodide derivative. This reaction is generally
camied out at a temperature from about 0°C to about room temperature, preferably at about
room temperature. The resulting compound, or its analogous N-tert-butyicarbonate protected
form, can be used to prepare the comresponding cyano derivative by reaction with copper (1)
cyanide and sodium cyanide in DMF, N-methyipyrrolidone (NMP), N N-dimethyipropylurea
(DMPV) or DMSO, preferably NMP, st a temperature from about 50°C to about 180°C,
preferably at about 175°C. Nitrogen deprotection as described above provides the
corresponding desired compound of formula IN.

The.abave. described iodide, bromide or diazonium saft derivative can also be used
to access a variety of other substitvents such as aryl, acetytene and vinyl substituents, as
well as the comesponding carbonyl esters and amides, by pailadium and nickel catalyzed
processes known to those of skill in the art, such as Heck, Suzuki and Stille couplings and
Heck carbonylations.
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Nitrogen deprotection of the compound of formula XOO(V* provides the compound of
the fermuia 1P _

The compound of formula XOO{\V' can be reacted with a acyl group having the
formula R™COCI or (R™C0O),0 using the methods described above, followed by nitrogen
deprotection to provide compounds of the formula 1Q. In a similar fashion, treatment of the
protected amine with a8 compound having the formula R™S0O.X, when X is chioro or bromo,
followed by nitrogen deprotection, provides the corresponding sulfonamide derivative,

Other suitable amine protecting groups that can be used, altematively, in the
procedures described throughout this document include -COCF,, -COCCI,, -COOCH.CCl,
COO(C-Coalkyl and -COOCH,CeHs. These groups are stable under the condiions
described herein, and may be removed by methods described for each in Greene's
“Prot e Groups in Organic Chemistry®, referred to above,

/@;ompounds of the formuta | wherein R' is other than hydrogen can be prepared as
bed above, such as the reductive amination ring formation by which compound XXIV in
Scheme3 (R'=benzyl) is formed, and by the methods descsibed below. Compounds of the
formula | wherein R' is hydrogen can be converted into the comesponding compounds
wherein R' is other than hydrogen by traating them with an equivalent amount of an aidehyde
(R'CHO) or ketone (R'R'CO wherein the two R"s are the same or different) and a reducing
ageni, preferably a hydride reagent such as sodium traicetoxyborohydride or sodium
cyanoborahydride, in a solvent such as methylene chloride, tetrahydrofuran or dioxane. The
addition of acid to facilitate the reaction may be necessary in some cases, and acetic acid is
commonly used. The temperature of this reaction is typically ambient for a period of about
0.5 10 24 hours. Commonly used methods are described in J, Org. Chem. 1906, 81, 3849,

Compounds of the formula | wherein R' is other than hydrogen can also be prepared
by subjecting the comesponding compounds wherein R' Is hydrogen to an alkylation reaction,
using methods well known 10 those of skill in the art. For example, the compound wherein R'
is hydrogen Is treated with an equivalent amount or an excess of R'X, wherein R' is other
than hydrogen and X is halo, preferably bromo or todo, or an O-sulfate ester of R'OH. This
reaciion is typically performed neat or in polar solvent such as waler, dimethylformamide or
dimethyisuifoxide, usually in the preserncs of base, such as but rot limited to an alkyli metal
carbonate, for instance. The tempersature of the reaction will generally range from about 20-
120°C. (preferably, it will be about 100°C}) for a period of about 0.1 to 24 hours.

Compounds of the formula | wherein R is other than hydrogen can also be prepared
by converting the comresponding compounds wherein R' is hydrogen into amides by reacting
them with a compound of the formula R'C{=O)X, wherein X is defined as above, using
methods well known to those of skill in the art, and then reducing the resulting amide with
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borane or {ithium aluminum hydride. The reduction step is usually carried out in an ethareal
solvent such as ethy! ether or THF &t a temperature from about 20°C to about 70°C for about
one to twenty hours, to produce the desired amine.

In each of the reactions discussed above, or illustrated in Schemes 1-13, above, pressure
is not critical unless otherwise indicated. Pressures from about 0.5 atmospheres to about 5
atmospheres are generally acceptable, with amblent pressure, |.8., about 1 atmosphere, being
preferred as a matter of convenience.

The compounds of the formuia | and their pharmaceutically acceptable salts (hereafter

e active compounds®) can be administered via efther the oral, transdermal (e.g., through the

use of a patch), intranasal, subiingual, reclal, 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
my per day in single or divided doses, although variations will necessarily occur depending upon
the weight and condition of the sublect being treated and the particular route of administration
chosen. However, a dosage level that is in the range of about 0.01 mg 10 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 trealed and their individuat responses 10 said
medicament, as well as on the type of pharmaceutical fonmulation chosen and the time period and
interval during which such administration is carried out. In some instances, dosage levels below
the lower limit of the aforesaid range may be more than adequate, while in other cases stifl larger
doses may be emnployed without causing any harmful side effects, provided that such larger doses
gre first divided into several small doses for administration throughout the day.
/ The acltive compounds csn be administered alone or in combination with
pharmaceutically acceptable camiers or diluents by any of the several routes previously indicated.
More particularty, the active compounds can be administered in a wide variety of different dosage
m,m.mmwwmwmmmmmmmmmmm
form of tablets, capsules, transdesmal patches, lozenges, troches, hard candies, powders, sprays,
creams, salves, suppositories, jeilies, gels, pastes, lotions, ointments, aqueous suspensions,
injectable sohstions, efbdrs, synups, and the like. Such carviers include solid diluents or filers,
sterile aqueous media and various non-toxic organic solvents, In addition, oral phammaceutical
compositions can be suitably sweetened and/or flavored. In general, the aclive compounds are
present in such dosage forms at concentration leveis ranging from about 5.0% to about 70% by
. weight.

For oral administration, tablets comaining various extiplents such as microcrystafline
ceilulose, sodium citrate, calcium carbonate, dicalcium phosphate and glycine may be employed
along with various disintegrants such as starch (preferably com, potato or tapioca starch), alginic
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acid and certain complex silicates, together with granulation binders fike polyvinylpyrroiidone,
sucrose, gelatin and acacia. Additionally, lubricating agents such as magnesium stearate, sodium
lauryl sulfate and taic can be usexi for tabletting purposes. Solid compositions of a similar type
may also be employed as fillers in gelatin capsules; prefemed matedals in this connection also
include lactose or milk sugar] #s well as high molecular weight polyethylene giycols. When
aqueous suspensions and/or elixirs are desired for oral administration the active ingredient may be
combined with various sweetening or flavoring agenis, coioring matter and, i so desired,
emulsifying and/or suspending agents, together with such diluents as water, sthanol, propylene
glycol, gtycerin and various combinaticns thereof.

For parenteral administration, a solution of an active compound in either sesame or
peanut il or in aqueous propyiene glycol can be employed. The aqueous Solutions should be
suitably buffered (preferably pH graater than 8), if necessary, and the liquid dilvent first rendered
isotonic. Thess aqueous soiutions are suitable for intravenous injection purposes. The oily
solutions are suitable for intraarticular, intramuscular and subcutaneous injection purposes. The
preparation of all these solutions under sterile conditions is readily accomplished by standard
pharmmaceutical techniques well known to those skilied in the art.

it is also possibie o administer the active compounds topically and this can be done by
way of creams, a patch, jellies, gels, pastes, ointments and the ke, in accordance with standard
mmwmmm.\“

Biological Assay

The efiectiveness of the active compounds in suppressing nicotine binding to specific
receptor shtes is deterrnined by the following procedure which is a modification of the methods of
Lippieio, P. M. and Femandes, I G. (in The Binding of L{"HINicatine To A Single Class of High-
Affinity Sites in Rat Brain Membranes, Molecular Pham., 28, 448-54, (1888)) and Anderson, D. J.
and Americ, S. P. (in Nicotinic Receptor Binding of “H-Cyglisine, *H-Nicotine _and
*H-Methylcarmbermyicholine In Rat Brain, European J. Pharm,, 253, 261-87 (1994)).

' Procedure

Male Sprague-Dawiey mats (200-300 g) from Charles River were housed in groups in
hanging stainless sieel wire cages and were maintained on a 12 hour light'dark cycie (7 am.-7
p-m. light period). They received standard Purina Rat Chow and water ad ibitum.

The rats were killed by decapitation. Brains were removed immediately following
decapitation. Membranes were prepared from brain tissue according to the methods of Lippielio
and Femandez (Molec Phamacol, 29, 448-454, (10686) with some modifications. Whole brains
were removed, rinsed with ice-cold buffer, and homogenized &t 0° in 10 volumes of buffer (w/v)
using a Brinkmann Polytron™, setting 8, for 30 seconds. The buffer consisted of 50 mM Tris HC
at @ pH of 7.5 at room temperature. The homogenate was sedimented by centrifugation (10
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minutes; 50,000 x g; 0 to 4°C. The supematant was poured off and the membcanes were gently
resuspended with the Polytron and centrifuged again (10 minutes; 50,000 x g; 0 to 4°C. After the
second centrifugation, the membsanes were resuspended in assay buffer at a concentration of
1.0gM100mL. The composition of the standard assay buffer was 50 mM Tris HCI, 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 plass test tubes. The assay mixiure
typically consisted of 0.9 mg of membrane protein in a final Incubation volume of 1.0 mL. Thres
sets of tubes were prepared wherein the tubes in each set contained S0ul of vehicie, blank, or test
compound solution, respectively. To each tube was added 200 L of {*H}-nicotine in assay buffer
fotlowed by 750 ul. of the membrane suspension. The final concentration of nicotine in each tube
was 0.9 nM. The final concentration of cytisine in the blank was 1 yM. The vehicle consisted of
deionized water containing 30 uL of 1 N acetic acid per 50 mL of water. The test compounds and
cytisine were dissolved in vehicle. Assays were initisled by voriexing 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 terminaled by rapid filtration under vacuum through Whatman
GF/B™ glass fiber filters using a Brandel™ multi-manifold tissue harvester. Following the initial
filtration of the assay mixture, filters were washed two times with ice-cold assay Duffer (5 m each).
The filters were then placed in counting viais and mixed vigorously with 20 mi of Ready Safe™
(Beckman) before quantification of radioactivity. Samples were counted in & LKB Wallach
Rackbeta™ liquid scintiMation counter at 40-50% efficiency. All determinations were in triplicate.

Caiculations

Specific binding (C) to the membrane is the difference between tetal 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).

Spedific 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), Le., (E) = D) -
®).

% Inhibition = (1-((EM(C)) times 100.

The compounds of the invention that were tested in the above assay exhibited ICs, values
of less than 10 uM.

The following experimental examples Mlustraie, but do not limit the scope of, this
invention.
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5.6-DIFLUORO-11-AZA-TRICYCL O[7.3.1. 0> [TRIDECA-2 4 8- TRIENE
HYDROCHLORIDE

A) _ Cyclopent-3-enyl-(2 3-difluoro-8-methoxy-phenyl)-methanol {For leading 3
metalation references, see Example 6A. Cyclopent-3-enecarbaidehyde was derived from the
lithium aluminum hydride reduction of cyclopent-3-enecarboxyfic acid methaxy-methyl-
amide, the preparation of which appears in Exampie 2A. For reduction conditions, see:
Garigipati, R. S.; Tschaen, D. M.; Weinreb, S. M. J. Amer. Chem. Soc. 1980, 112, 3475-
3482.)

1,2-Difluoro~-4-methoxy-benzene (10 g, 69.4 mmol) was stimed in anhydrous (anh.)
THF (80 mL) in a dry 250 mL three neck round bottomed flask (3NRB flask) at -78 °C under
nitrogen (N,). To this was added n-butyllithium (n-Buli) (28 mL, 2.5M/hexanes solin., 70
mmol) over § minutes. After stiring below -70 °C for 4.5 hours (h), a solution of cyclopent-3-
enecarbaidehyde (5.7 g, 68.4 mmol) in anh. THF (30 mL) was added via addition funnel
along the reaction vessel wall while keeping the intemnal temperature below -70 °C. After
stirring for 1/2 hour (h), the reaction mixture was poured Intc a saturated aqueous ammonium
chioride solution (sat. aq. NH,Ci soin.) (100 mL), and the mbdure was stirred and axtracted
with ethyl ether (Et;O) (2 x 50 mL). The organic layer was washed with brine (50 mL), dried
{(Na,S0,), filtered, concentrated and chromatographed on silica gel 1o provide an oll (.64 g,
40%). (Thin layer chromotography (TLC) 20%EtOAc/hexanes R, 0.16). 'H NMR (CDCh) 5
7.01 (ddd, J=9.0Hz, 1H), 6.58 (m, 1H), 5.72 (ddd, J=5.84.5,2.2 Hz, 1H), 5.82 (ddd,
J=5.8,4.522 Hz, 1H), 4.79 (br d, J=9.5 Hz, 1H), 3.85 (s, 3H), 3.20 (br s, OH), 2.87 (m, 1H),
2.52 (AB m, 2H), 1.99 (AB m, 2H). GCMS mve 240 (M").

B} 2-Cyclopent-3-enylmethyl-3 4-difluorc-1-methoxy-benzene (For related examples,
see: Leeson, P. D.; Emmett, J. C.; Shah, V. P.; Showell, G. A,; Novelli, R. J. Med. Chem.
1989, 32, 320-338.) . )

Cyclopent-3-enyl-(2,3-difiuoro-8-methaxy-phenyl)}-methanol (8.64 g, 27.7 mmol) and
triethylsitane (3.38 g, 28 mmof) were stirmed in CH,Cl» (40 mL) at 0°C. To this soltion was
added trifiuoroacetic acid (17.3 mL, 224 mmol). The mixture was stimed st ambient
ternperature for 18 hours. The mbdure was concentrated to an oil, which was dissolved in
hexanes (100 mL), washed with water (H.O) (2 X 50 mL) and a saturated aqueous sodium
bicarbonate solution (sat. aq, NaHCO, soln) (50 mL), and._then dried (sodium sulfate
(Na;S0,)), filtered, concentrated and chromatographed on Silica gel to provide an oil (3.67 ¢,
59%). (TLC hexanes Ry 0.38).
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5 4t NMR (CDCly) § 8.92 (ddd, J=9.3 Hz, 1H), 6.49 (br d, J=9.3 Hz, 1H), 5.68 (br s,

.+ 2H), 3.78 (s, 3H), 2.72 (dd, J=7.5,2.0 Hz, 2H), 2.57 {m, 1H), 2.36 (AB m, 2H), 2.06 (AB dd,
@.2,5.5 Hz, 2H). GCMS mve 224 (M'):_ e F

Q) 2-¢C - meth iflu nol

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

10  n-BuyNIi (7.17 g, 19.4 mmol) were stirred in dry CH,Cl, (50 mL) at -78 °C under nitrogen (No).

To this was added boron trichloride (BCl) (22 ml., 1M CH,Ch soln., 22 mmol) over 2 minutes

(min.). Afer S min., the solution was allowed to warmm to room temperature (rf) and stimed for

2 hours. The reaction was quenched with H,O (100 mL) and stimed for 1 hour. The layers

were separated and the aq. layer extracted with methylene chloride (CH.CL) (2 x 30 mL).

15 The combined organic layer was washed with H:O {2 x 50 mL), and a sat. aq. NaHCO, soin.
(50 mL), dried through a cotton plug, concentraled and chromatographed on silica gel-4

provide an oit (3.30 g, 98%). (TLC 50% ethyt acetate (EtOAc)hexanes (hex) R, 0.70). | 'H

"'NMR (CDCly) 5 6.85 (ddd, J=8.0 Hz, 1H), 6.46 (m, 1H), 5.68 (br s, 2H), 4.76 (br s, 1H), 2.71
(0, J=8.0 Hz, 2H), 2.861 (m, 1H), 2.38 (AB m, 2H), 2.08 (AB dd, J=14.0,5.4 Hz, 2H). GSMS
m/e 210 (M. I

> —
D) Triflyoro-methanesulfonic acid 2-cyclopent-3-enyimethyl-3. 4-diflucro-phenyl ester
(For a leading reference, see: Su, T. M.; Sliwinski, W. F.; Schieyer, P, v. R. J. Am.

Chem. Soc. 1969, 81, 5388}
2-Cyclopent-2-enylmethyl-3,4-difluoro-phenol (3.30 g, 15.7 mmol) and pyridine (2.49
25 ¢, 31.5 mmal) were stimed in CH;Cl, (50 mL) at -78 °C under N, and treated with
trifluoromethane sulfonic anhydride (6.20 g, 22.0 mmol) dropwise over 20 min, The mixure
was allowed to warm to it and stimed for 1/2 hour then poursd info 1N aq. HCI soln. and
shaken. The layers were separated and the aq. layer was extracted with CH.Cl, (2 x 30 mL).
The combined organic layer was washed with H;O (50 mL), and a sat. aq. NaHCO; soln. (50
30  mi), dried through a cotton plug, concentrated and thomatographed on sllica gel to provide
an o (4.34 g, 81%). (TLC 30%EIOAcHex R, 0.80). *H NMR (CDCL) 5 7.13-7.03 (2H), 5.67
{br 5, 2H), 2.82 (ah“;Tr-"?.s.z.o Hz, 2H), 2.58 (m, 1H), 2.40 (dd, J=14.0,8.0 Hz, 2H), 2.05 (dd, g

J=14.0,5.5 Hz, 2H). GCMS m#e M B N
E) 5.8-Difluorotricyclo(7.2.1.0*"Mdodeca-2(7),3.5,10-tetraene
35 Trifluoro-methanesulfonic acid 2-cyclopent-3-enyimethyl-3,4-difluoro-phenyl ester
(340 mg, 0.689. mmol), was dissolved in.DMF. (§ mL) under a N, atmosphera.and treated with .. ...
dilsopropylethylamine (0.26 mL, 1.5 mmoi), potassium acetate (881 mg, 10.0 mmol) and tri-
o-tolylphosphine (12 mg, 0.04 mmol). This mixture was stired and degassed (3 vacuum/N,
purge cycles) and then treated with palladium acetate (5 mg, 0.02 mmol). After 20 min. the
40 midure was warmed to 100 °C for 18 hours, cooled and poured into brine (50 mL). The

20
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5  resutting midure was extracted with hexanes (4 x 25 mL) and the combined arganic layer
was washed with a sat. aq. NaHCO; soin. (10 mL), water (H;0) (10 mL), brine (10 mL), dried
(magnesium sulfate (MgSOJ)), fittered and and chromatographed on silica gel to provide an
oil (110 mg, 60%). (TLC hexanes R,OI/),J 'H NMR {CDCH) 5 8.80 (ddd, J=6.8,8.1,8.3 Hz,

71H), 6.88 (m, 1H), 8.17 (dd, J=5.5,2.8 Hz, 1H), 5.77 (dd, J=5.5,2.8 Hz, 1H), 3.20 {br s, 1H),
10 | 2.08 (br s, tH), 284 (AB dd, J=17.9,5.0 Hz, 1H), 2.54 (AB d, J=17.9 Hz, TH), 2.19 (m, 1H), /

1.77 d, J=10.5 Hz, TH). GCMS m/e 192 (M"). o o gy
5 woro-10,11-dihydro clo[7.2.1.0% 2(7),3,5-tri

5 6-Difluorotricyclo[7.2.1.0*"|dodeca-2(7),3,5,10-tetraene (714 mg, 3.72 mmol) and

N-methyl morpholine N-oxide (553 mg, 4.10 mmol) were stimred In acetone (20 mL) and H,0

15 {3 ml). To this was added a solution of osmium tetraoxide (OsO,) {D.2 mL, 2.5%wt. soin. in
t-butanot (-BuOH), 0.02 mmol). Afer 18 hours, the mixture was concentrated 1o an oil,
dissolved in a minimum of CH,Cl, and filtered through a silica pad (3 x 3 mm) eluting with

20% EtOAchexanes. Product containing fractions were concentrated to an oil (850 mg,
100%). (TLC 20% m%_gm:m___e_xineiﬁg anjﬂ NMR (CDClL) § 6.88 (ddd, J=9.3,8.5,7.6 Hz,
1H), 6.78 (m, 1H), 4.01 (AB d, 2H), 3.06 (br s, 1H), 2.82 {AB dd, J=17.9,5.0 Hz, 1H), 2.75 (br
AB, J=17.9 Hz, HH), 2.44 (br s, 1H), 2.32 (2-0H), 226 (m, 1H), 1.50 (d, J=7.8 Hz, 1H).
GCMS m/e 2268 (M"). o e

e e ———— - ——— e

G]‘SMMM'O-WM.&LOUM‘ aca-2(T} 3,5-triene hydrochloride
5,6-Difiuoro-10,11-dihydroxytricyclo{7.2.1.0* " idodeca-2(7),3,5-triene (840 mg, 3.72
25 mmol) was stirred in a parr bottie in ethanol (EtOH) (30 mL) and H,O (10 mL). To this a soin.
of sodium periodate (NalOy) (810 mg, 3.72 mmol) in H,0 (5 mL) was added. The resulting
milky white dispersion was stired 15 min., then treated with 37% sq. ammonium hydroxide
(NH,OH) soin. (25 mL) and palladium hydroxide (Pd{OH),) (360 mg, 20%wt/C) and shaken
under 45 psi of H,. After 18 hours, the mixture was filtered through a Celite pad and rinsed
30 with EIOH and a 3:1 ethanol: water mbdure. The filtrate was concentrated to an oily solid
which was dissolved in E1OAc (50 mL) and washed with sal. aq. sodium carbonate (Na,CO4)
soln. 2 x 20 mL). The organic layer was dried sodium sulfate (Na>-SQJ), filtered,
concentrated and chromatographed on Silica gel to provide an oil (330 mg, 42%). (TLC
5%MeOH/CH.Ch Ry 0.36). 'H NMR (CDCL) & 6.92 (ddd, J=8.1,8.5,10.0 Hz, 1H), 8.74 (m,
35  1H), 3.02-2.93 (4H), 2.83-2.71 (3H), 2.09 (br s, 1H), 1.98 (br d, J=12.5 Hz, 1H), 1.82 (br d,
J=12 5.z, 1H). GEMS mv/e 209 (M’). APCI MS mv/e 209.8 (M+1)"]. i N
The product was dissolved in methanol (CH,OH) and treated with 3M hydrochioric
acid (HCT/EtOAc (3 mi). The resulting slurry was concentrated, dissolved in a minimum of
MeOH, saturated with ELO and stimed for 18 hours. The solids were filtered to give white
40  solid (335 mg, 88%). mp 280-305 °C.

20
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5 EXAMPLE 2
11-BENZYL -6-METHOXY-11-AZA-TRICYCLO(7.3.1.0* [TRIDECA-2(7),3,5- TRIENE
HYDROCHLORIDE
A) Cyclopent-3-enecarboxylic acid methoxy-methyl-amide (For preparation of

cyclopent-3-anecarboxylic acid, see: Depres, J-P.; Greene, A. E. J. Org. Chem. 1984, 40,

10 928-931, and for more recent approaches, see: a) Nugent, W. A.; Feldman, J.; Cealabrese, J.
C. J. Am. Chem. Soc. 1995, 117, 8992-8988, and b) Marinez, L. E.; Nugent, W. A.;
Jacobsen, E. N. J Org. Chem. 1998, 61, 7963-7968. For related methods for amide
formation, see: Nitz, T. J.; Volkots, D. L.; Aldeus, D. J.; Oglesby, R. C. J. Org. Chem. 1934,
59, 5828-5832.)

15 Cyclopent-3-enecarboxylic acld (65.8 g, 586 mmol) in CH;Ch (1 L) was treated with

. carbonyl diimidazole (100 g, 617 mmol} in portions. After ~3/4 h, the resulting solution was
treated with N,O-dimethyihydroxylamine (60.8 g, 623 mmof} and the mixture was stired for
40 h. The reaction was quenched with 1N aq. HC! soln, (800 mL), shaken and the layers
were separated. The aq. layer was extracted with CH.Cl, (2 x 100 mL). The combined

20 organic layer was washed with 1N &q. HC! soln. {100 mL), H.O (2 x 150 mL), 50% sat. aq.
Na,CO; soln./brine (200 mL) and dried through & colton plug. The filirate was diluted with
EtOAc 1o ~10%EtQAC/CH,Cl; and filtered through a silica pad (10 x 10 mm) eluting with
10%EtOAc/ CH.Cly to remove ba;alig_e__pp;gr. Concentration affords a liquid (88 g, 95%).
(TLC 10%EtOAc/ CH,CHh R; 0.58). .'L H NMR {CDCly) 5 5.84 (br s, 2H), 3.89 (s, 3H), 3.47 (m,

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

e ——

B)_Cyciopent-3-enyi-(2 8-dimethoxy-phenyl)-methanone (For a leading reference,
see: Koft, E. R.; Smith, A. B.. 1ll. J. Am. Chem. Soc. 1982, 104, 2659.)

1,3-Dimethoxybenzene (31.9 g, 231 mmol) was stimed in anh. Et;0 (200 mL) at 0°C
. under N, and treated with n-butyllithium (n-Buli) (92.5 mL, 2.5M/hexanes soin., 231 mmoi)
30 over 5 minutes. The solution was brought to refiux for 4h, then cooled to -78 °C. The siunry
was treated with cyclopent-3-enecarboxylic acid methoxy-methyl-amide (35.2 g, 231 mmol)
dropwiss over ~1 hour, then the mixhwe was stimed for 18 hours (the cooling bath
evaporated ovemight). The mixture was poured into 1N aq. HCI soin. (200 mL) and shaken.

‘The layers were separated and the aq. layer extracted with EL,O (2 x 100 mL). The organic

35 layer was washed with H,O (50 mL), and a sat. aq. NaHCO, soin. (100 mL), dried (Na,SO,),
filtered through a silica plug and concentrated to an. ail (52.6. g, 98%). (TLC
10%EtOAcMexanes R, 0.25). 'H NMR (CDCh) 5 7.24 (, J=8.4 Hz, 1H), 6.24 (d, J=B.4 Hz.
2H), 5.63 (br s, 2H), 3.78 (s, 6H), 3.68 (m, 1H), 2.75 (m, 2H), 2.48 (m, 2H). GSMS nve 232

MO
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_1H), 5.66 (br s, 2H), 4.31 (m, 1H), 3.89 (s, 3H), 2.80-2.63 (4H). GSMS m/e 218 (M").

C)__Cyclopent-d-enyl-{2-hydroxy-8-methoxy-phenyly-methanone (For a leading
reference, see: Nagaoka, H.; Schmid, G.; lio, H.; Kishl, Y. Tetrahedron Leff. 1984, 22, 898.)

Cytlopent-3-enyl-(2,6-dimethoxy-phenyl}-methanone (52.6 g, 226 mmof) was stired
in CH,Cl; (200 mL) at -78 °C under N, and treated with boron trichloride (BCly) (273 mL, 1M
CH.Ch soin., 273 mmof) over 30 min. The mbdure was aliowed to wamm to ambient
temperature and was treated with additional BCly (41.0 mL, 1M CH.Ci; soin., 41.0 mmoi).
After the mbdure was stimed 20 min., it was poured slowly into H,O (300 mL) and stired for
30 min. The layers were separated and the aq. layer was extracted with CH,Ch, (2 x 50 mL).
The combined organic layer was washed with H.0 (3 x 100 mL), sat. aq. NaHCO, soin. {100
mL), dried through & cotton plug and fittered through a Silica pad to remove baseline color
c:oucentrahon affords an amber oil (48.0 g, 93%). (TLC 10%EtOAc/hexanes R; 0.50).
NMR(CDCI;)BTSZ (L, J=8.5 Hz, 1H), 6.57 (dd, J=8.5,1.0 Hz, 1H), 6.38 (dd, J=8.5,1.0 Hz,

Trifluoro-methanesulfonic a opent-3-enecarbonyll-3-methox
ester Cyclopent-3-enyl-(2-hydroxy-6-methoxy-phenyl)-methanone (45.0 g, 2086 mmol) and
pyridine (38.0 g, 453 mmofl) were stired in CH,Cl; (250 mL) at -78 °C under N,. To this a
solution of trifluoromethane sulfonic anhydride (75.7 g, 268 mmol) in CH.Cl; (100 mL) was
added dropwise over 1/2 h. The mbdure was allowed to warm to ambient temperature,
stired 1h, then poured into 1N ag. HCI soin. (250 mL). The mixture was shaken, the layers
were separated, and the organic layer was washed with 1N aq. HCI soln. (3 x 150 mL), H,0
(2 x 100 mL), sal. aq. NaHCO4 soin. (100 mL) and finally brine (100 mL). The organic layer
was dried through a cotton plug end concentrated to an oil which was chromatographed
through a Silica gel piug eluting with 10%EtOAchexanes to afford after concentration an oil

6.95 (dd, J=8.5,1.0 Hz, 2H), 564 (br 5, 2H), 3.86 (s, IH}, 3.73 (m, 1H), 2.70 (m, 2H),257
{m, 2H). GSMS m/e 350 (M) e

MM&M@Q&JM (For leading
references, see: Heck, R. F. Org. React. (N.Y.) 1982, 27, 345, and Cabri, W.; Candiani, |.
Acc. Chem. Res. 1995, 28, 2-7)

Trifluoro-methanesutfonic acid 2-(cyciopem-3-enecarbonyl)-3-methoxy-phenyl ester
(45.0 g. 129 mmol) was dissolved in DMF (100 mL) under a N, atmesphere and treated with
triethylamine (19.5 g, 193 mmol); potassium acetate (1.890 g, 19.0-mmol) . and..1,3-.
bis(diphenyiphosphino)propane (5.30 g, 12.9 mmol). This mbdure was stimed and degassed
(3 vacuum/N; purge cycles) then treated with palladium acetate (1.1€ g, 5.14 mmol). After
20 min. the mbcture was warmmed to 130 °C for 1 hour, cooled and poured into brine (300 mL).
‘The resulting mixture was extracted with E10Ac (4 x 100 ml.) and the combined organic layer

(62.5 g, 87%). (TLC 10%EtOAchexanes R, 0.14). 'H NMR (CDCly) 5 7.41 (¢, J=8.5 Hz, 1H)>
2.
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5 was washed with sat. aq. NaHCO; soin. (100 mL), H;O (100 mL), and brine {100 mL), dried
(MgS0.,), filtered and evaporated to an oil. (55 g). The ¢il was chromatographed on silica gel
to provide product as a white solid (12.0 g, 47%). (TLC 25%ElOAc/ hexanes R; 0.27). 'H

* NMR (CDCly) 8 7.29 (t, J=8.0 Hz, 1H), 6.84 (d, J=8.0 Hz, 1H), 8.73 (d, J=8.0 Hz, 1H), 6.63

(dd, J=5.0,3.0 Hz, 1H), 8.15 (dd, J=5.0,3.0 Hz, 1H), 3.87 (s, 3H), 3.60 (br s, 1H), 3.39 (br s,

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

117.51, 111.48, 57.63, 55.96, 47.63, 47.51. GSMS mv/e 200 (M"). mp 135-136 °C.

FY_6-Mehoxyticyciol? 2.1.0> Jodeca-2(7).3.5.10-teiraenia (FoF & discussion, see:

Fieser and Fieser, Reagents for Organic Synthesis, (N.Y.) 1967, /, p.435.)
8-Methoxytricyclo[?.2.1.0*"|dodeca-2(7),3.5, 10-tetraene-8-one (3.0 g, 15 mmol) and

15  pulverized KOH (5.05 g, 90 mmol) were warmed in ethylene giycol (40 mlL) until solion

occurred. The mixture was cooled to room temperature, treated with hydrazine hydrate (3.0
g. 60 mmol) and heated to refiux for 2 hours. The reflux condenser was replaced with a
distilling head and distillates were collected from 120-190 °C. These distillates were diluted
with H,O (100 mlL) and extracted with EtOAc (4 x 40 mL). The organic layer was washed
20  with HO {4 x 30 mL), and brine (25 mL), dried (MgSO,). fillered and concentrated to an oil
(2.68 g, 86%). (TLC S0%EIOAC hexanes R, 0.67).H NMR (CDCh) 5 7.18 @, J=8.0 Hz, 1H),
6.82 (d, J=8.0 Hz, 1H), 6.77 d, J=8.0 Hz, 1H), 6.32 (dd, J=5.0,3.0 Hz, tH), 5.93 (dd,
( J=5.0,3.0 Hz, 1H), 3.91 (s, 3H), 3.45 (dd, J=5.0,1.5 Hz, 1H), 3.11 (br s, 1H), 2.88 (AB dd, ) 2
J=17.0,5.0 Hz, 1H), 2.58 (AB d, J=17.0 Hz, 1H), 2.31 (m, 1H), 1.96 (d, J=0.5 Hz, 1H).
25 G) 6-Methoxy-10,11-dihydroxytricyciol7.2.1.0*'Mdodeca-2(7).3,5,10-triene
8-Methoxytricyclo[7.2.1.0*"idodeca-2(7),3.5,10-tetraene (1.5 g. 8.19 mmel) and N-
methyl morpholine N-oxide (1.06 g, 9.03 mmoi) were stimed in acetone (20 mL) and H,O
(0.16 mL). To this was added a solution of osmiom tetraoxide (OsO4) (0.2 mL, 2.5%wt. soin.
in t-butanoi (t-BuOH), 0.02 mmol). After 2 hours, the mixture was diluted with EtOAc (50 mL)
30 and washed with 10%ag. NaHSO, soln, (30 mL), H:O (2 x 30 mL), sat. aq. NaHCO, soln. (30
"mL) and brine (30 mL). The organic layer was dried (MgSO,), filtered and evaporated to an
oil (1.79 g, 99%). (TLC 50%EtOAchexanes R, 0.20).
H) 11-Benzyl-8-methoxy-11-aza-tricyclo[7.3.1.0* irideca-2(7) 3,5-iriene
hydrochloride (For a discussion of oxidative cleavage with Pb(OAcy), see: Fieser and Fieser,
35 Reagents for Organic Synthesis, (N.Y.) 1967, /, p.549, For reductive amination conditions
and references, see Abdel-Magid et al. , J. Org. Chem., 1996, 61, 3849; and Mazzocchi et
al., J..Med. Chem., 1979, 22, 455.)
1-Methoxy-8,7.8,8-tefrahydro-5H-5,8-methano-benzocycloheptene-6,7-dio! (2.40 g,
11.0 mmol) was stirred at 0 °C in CH,CL (70 mL) and treated with Pb(OAc), (5.08 g, 115
40 mmol). After 2 hours the mixture was filtered through a Cellte pad and rinsed with CH.Cl,

10
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§ (10 mL). To the stirred filtrate was added acetic acid (AcOH) (1.87 g, 33.0 mmol) and benzyl
amine (1.23 g, 11.5 mmof). After 15 min., the midure was treated with sodium
triacetoxyborohydride (NaBH(OAc),) (6.94 g, 33.0 mmol) and stimed for 18 hours. The
mixture was poured into & sat. ag. NaHCO4 soln. (100 mL) and stimed for 1/2 hour. The
iayers were separated and extracted with CH.Cl (2 x 50 mL). The organic layer was washed

10  with a saturated (sat.) aqueous {aq.) sodium bicarbonate (NaHCQ4) soln. (2 x 50 mi), H,O
(50 mL), brine (S0 mlL), dried through a cotion plug, concentrated and purified by
chromatography on Silica gel eluting with 10%EtOAc/hexanes. to. provide product as an oil
{1.45 g, 45%). (TLC 25%EtOAdh_eM§)J'H NMR (CDCly) 5 7.12 (m, 4H), .89 (m,

| 2H), 6.74 (d, J=8.0 Hz, 1H), 6.84 (d, J=B.0 Hz, 1H), 3.87 (s, 3H), 3.41 (AB d, J=14.2 Hz, 1H),

15 ! 3.38 (AB d, J=14.2 Hz, 1H), 2.87-2.70 (m, §H), 2.368-2.23 (m, dH), 1.85 (br AB d, J=12.1 Hz,

\9H), 1.77 (or AB d, =121 wm@ﬁ?f‘mmmﬂ
(MeOH), stimed, and saturated wilh ELO. After 18 hours the white solids were fitered 'H
NMR (CDyOD) 5 7.44 (m, §H), '}.15 @, J=8.0 Hz, 1H), 8.85 (d, J=8.0 Hz, 1H), 6.88 (d, J=8.0
Hz, 1H), 4.27 (AB d, J=13.0 Hz, 1H), 4.15 (AB d, J=13.0 Hz, 1H), 3.84 (s, 3H), 3.47 (br d ,

20 | J=12.3 Hz, 1H), 3.38-3.19 (m, 4H), 2.98 (AB dd, J=18.7,7.2 Hz, 1H), 2.85 (AB d, J=18.7 Hz,
1H), 2.60 (br s, 1H), 2.00 (AB d, J=13.0 Hz, 1H), 1.87 (AB d, J= 13.0 Hz, 1H). mp 210-212°C

et ——EXAMPLE 3~
6-METHOXY-11-AZA-TRICYCLO[7.3.1.0* TTRIDECA-2(N,3,5-TRIENE
HYDROCHLORIDE

25 11-Benzyt-6-methoxy-11-aza-tricycio[7.3.1.0*"}trideca-2(7),3,5-riene  hydrochioride
(525 myg, 1.64 mmof), ammonium formate (2.07 g, 32.0 mmol) and 10% paliadium hydroxide
on carbon (PA{OH)/C) (200 mg) were combined in MeOH (30 mL) and refiuxed for 2 hours,
The mixture was filtered hot through Celite and the filtrate concentrated then azeotroped

. from MeOI-.l {(5x50mL)to yie:d a solid. TPW& from tﬂeOfllEle to provide
a white solid (308 mg, 81%). 'H NMR (free base, CDCly) & 7.15 {t, J=8.0 Hz, 1H), 6.74 (d,
J=8.0 Hz, 1H), 6.63 (d, J=8.0 Hz, TH), 3.82 (s, 3H), 3.34 (br d, J=13.0 Hz, 1H), 3.11-3,02 (m.
4H), 2.94 (AB d, J=18.3 Hz, 1), 2.87 (AB dd, J=18.3,8.5 Hz, 1H), 241 (tr 5, 1H), 1.91 (AB
q. 2H). GSMS m/e 203 (M"). mp 272-274 °C.

EXAMPLE 4

13 11-AZA-TRI Of7.3.1.0*[TRIDECA- 5-TRIEN-8-OL

8-Methoxy-11-aza-tricyclo[7.3.1.0%"rideca-2(7),3,5-trlene  hydrochioride... (55 mg,
0.23 mmol) was brought to reflux in 48% aq. hydrobronic acid (HBr) (5 mL). After 1 hour the
solution was cooled and poured into 1N ag. NaOH soln. adjusted to pH 10 and product was
extracted with EtOAc (3 x 40 mi). The crganic layer was washed with brine (50 mL), dried

40 (MgSO,) and concentrated to a white solid, which was recrystailized from EtOAc/hexanes (20
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Hz, 1H), 3.27 (m, 1H), 3.11 (m, 2H), 3.02 (m, 2H), 2.77 (m, 1H), 2.57 (m,1H), 2.33 (br s, 1H),
1.90 (m, 2H). mp 106-108 °C.

6-FLUORO-11-AZA-TRICYCLOI7.3.1.0*"ITRIDECA-2(7),3,5-TRIENE
HYDROCHLORIDE

3-Fluoromethoxybenzene (15.8 g, 125 mmoi) was stimed at -78 °C in anh. THF (100
mL) and treated with n-Buli (50 mL, 2.5M hexanes soin., 125 mmol) over 5 min. After
stiring below =70 °C for 4 hours, the mixture was treated with cyclopent-3-enecarboxylic acid
methoxy-methyl-amide (18.4 g, 118 mmol) dropwise over ~1/4 hour. The mixturs was stimmed
below ~70 °C for 1 hour, and then allowed to warm to ambient temperature over ~1 hour,
The mixiure was poured into 1N agq. HCl soiln. (200 mL) and shaken. The layers were
separated and the aq. layer exiracted with EtOAc (3 x 100 mL). The organic layer was
washed with H.O (50 mlL), sat. ag. NaHCOQ; soin. (100 mL), and brine (50 mlL), dried
(Na,SO,), fittered through a Silica plug and concentrated to an oil (21.0 g, 76%). (TLC
30%EtOAc/ hexanes Ry 0.43). GCMS m/e 220 (M'). This material was converted 1o the titie
compound by the melhods described in Example 2C-G and Example 1G __(T_LC
10%MeOH/CH;Cl> (NH2) Ry 0.20). ] "H NMR (CD:0D) & 7.24 (m, 1H), 7.01 (m, 2H), 3.38 (d,
J=13.0 Hz, 1H), 3.33-3.10 {(m, 5H), 2.90 (d, J=18.5 Hz, 1H), 2.60 (m, 1H), 2.13 (AB d, J=13.0
Hz, 1H), 1.97 (AB d, J= 13.0 Hz, 1H). mp 240-241 °C.

EXAMPLEE —~

11-BENZYL-5-METHOXY-11-AZA-TRICYCLO{7.3.1.0* " [TRIDECA-2(7) 3.5-TRIENE
HYDROCHLORIDE

A) Cyclopeni-3-enyl-{2 5-dimethoxy-phenyl)-methancne (For & discussion of
halogen-metal exchange, see: Parham, W. E.; Bradsher, C. K. Acc. Chem. Res. 1982, 15,
300.) .

2-Bromo-1,4-dimethoxy-benzene (42.2 g, 185 mmol) was stimed in Et;0 {200 mlL)
under N, at -78 °C. The resulting precipitate was dissolved by the addition of THF (50 mL).
To the resulting solution was added n-Buld (78 mL, 2.5M in hexanes, 195 mmol) over 10
min. Afer stirring 10 min., the yellow solution was treated with cyclopent-3-enecarboxylic
acid methoxy-methyl-amide (28.15 g, 188 mmol) in Et-O (50 mL) over 10 min., then the

S

. mixture was stirred for 18 hours (the cooling bath evaporated ovemight). The mixture was

poured into 10% aq. HCI soin. (400 mL) and shaken. The layers were separated and the aq.
layer extracted with Et;O (3 x 50 mL). The orpanic layer was washed with H,O (50 mL), a
sal. ag. NaHCO; soln. (100 ml), dried (Na;SO(), filtered through a silica plug and
concentrated to an oil (43.0 g, P9%). (In a separate experiment, THF was successfully
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5 subsiituted for E4O in the reaction above,) (TLC 10%E!OAGhexanes R, 0.39). | 'H NMR
{CDCh) § 7.18 (d, J=3.0 Hz, 1H), 6.98 (dd, J=9.0,3.0 Hz, 1H), 6.88 (d, J=9.0 Hz, 1H).y }
(bor s, 2H), 4.11 (m, 1H), 3.84 (s, 3H), 3.77 (5, 3H), 2.86 (m, 4H).
8) Cyclopeni-3-enyl-(2-hydroxy-5-methoxy-phenyll-methanone
Cyclopent-3-enyl-(2,5-dimethoxy-phenyl)-methanone. (40.0 g, 172 mmol) was
10 convened to the title compound as described in Example 2C to provide an oil (39.5 g, crude).
(TLC 10%EtOAUhexanes R, 0.50). | 'H NMR (COCL) & 7.21 (m, 1H), 7.10 (m, 1H), 6.93 (br d,
J=0.0 Hz, 1H), 5,80 (br 5, 2H), 4.06 m, 1H), 3.79 (s, 3H), 2.78 (M, 4H). GCMS nvie 218 (W),
C) _Trifluoro-methanesutfonic _acid _2- nt-3-enecarbonyl)-4-methoxy-phen 2

c—

gster

15 Cyclopent-3-enyl-(2-hydroxy-5-methoxy-phenyl-methanone (39.5 g crude, 172
mmol) and pyridine (28.7 g, 362 mmol) were stimed in CH,Cl, (300 mL) at -78 °C under N,.
To this a solution trifluoromethane sulfonic anhydride (63.8 g, 226 mmol) in CH,CL (100 mL)
was added dropwise over 1/2 hour. The midure was allowed to warm to ambient
temperature and stimed 1h then poured into a {N aq. HC! soln. (250 mi). The mixture was

20 shaken, the layers were separated, and the organic iayer was washed with atN aq. HCI soln.
(3 x 150 mL), H,O (2 x 100 mL), a sat. aq. NaMCO, soln. (100 mL) and, finally, brine (100
mL). The organic layer was dried through a cotton plug and concentrated to an oil which was
chromatographed through a Silica gel plug elrting with 10%EtOAc/hexanes to afford after
concentration an oil {(55.7 g, 93% over 2 steps). GCMS m/e 350 (M").

25 D} 5-Methoxytricyclo7.2.1.0% dodeca-2(7) 3 5,10-tetraene-8-one

Trifluoro-methanesulfonic acid 2-(cyclopent-3-enecarbonyl)-4-methoxy-phenyl ester

(19.09 g, 54.5 mmol) was dissoived in DMF (100 mL) under a N, atmosphere and treated
with diisopropylethylamine (10.6 g, 82.0 mmol), potassium acetate (1.07 g, 11.0 mmol) and
1.3-bis(diphenylphosphino)propane (2.25 g, 546 mmeol). This mbdure was stired and

30 degassed (3 vacuum/N, purge cycies) then treated with palladium acetate (0.49 g, 2.18
mmol). After stirring 20 min. the mixture was warmed to 120 °C for 18 hours, cooled and
poured into brine (300 mL). The resulting. mixture was extracted with EtOAG (4 x 100 mL)
and the combined organic layer was washed with a sat. aq. NaHCO; soin. (100 mL), H,O
(100 mL), brine (100 mi), dried (MQSQ,), fillered, concentrated and chromatographed on

35 silica gel to provide an oil (10.4 g, 95%). (elute w/ T%EQOAthexanmg);l’H NMR (CDCh) &
741 (d, 4728 Hz, TH), 7.03 (d,.J=8.0 Hz, 1F), 6,88 (ad, J=8.0.248 Hz, 1H), 72 (6,
J=5.2,3.0 Hz,1H), 8.06 (dd. J=5.2,3.2 Hz, 1H), 3.77 (s, 3H), 3.60 (dd, J=4.3,3.2 Hz, 1H), 3.44
(dd, J=5.0,3.4 Hz, 1H), 2.65 (AB m, 1H), 2.5 (br AB d, J=10.5 Hz, 1H). °*C NMR (CDCl)
196.11, 158.87, 145.80, 140.34, 130.285, 120.94, 126.14, 110.42, 111.90, 55.81, sgg

40 4908, 45.97. chsmzw i
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5-Methoxytricyclo[7.2.1.02"Jdodeca-2(7).3,5,10-tetraene-8-one (9.41 g, 47 mmol) and
pulverized potassium hydroxide (KOH) (8.17 g. 110 mmol) were warmed in ethylens glycol
(50 mL) until solution occumed. The mbdure was cooled to i, treated with hydrazine hydrate
(6 mL, 190 mmol) and heated to reflux for 2 hours. The reflux condenser was replaced with
a distilling head and distillates were collected from 120-190 °C. The distillates were diluted
with H;O (100 mL) and extracted with EtOAc (4 x 40 mL). The organic layer was washed
with H.O (4 x 30 mL), brine (25 mL), dried (MgSOJ), filtered and concentrated to an oll (8.2
g, 84%). (TLC 25%EOAC/ hexanes R; 0.88).'H NMR (CDCI) 5 6.92 (d, J=8.0 Hz, 1H), 6.8
{m, 2H), 6.25 (dd, J=5.1,2.5 Hz, 1H), 5.79 (dd, J=5.1,2.4 Hz, 1H), 3.77 (s, 3H), 3.31 (br s,
1H), 3.01-2.94 (2H), 2.56 (d, J=16.5 Hz, 1H), 2.22 (m, 1H), 1.85 (d, J=10.0 Hz, 1H). GCMS
nve 186 (M°).
F) 5-Methoxy-10,1 1-dihydroxytricyclof7.2.1.0*ldodeca-2(7).3.5.40-triene
5-Methoxytricyclo[7.2.1.0%")dodeca-2(7),3,5,10-tetraene (6.86 g, 35.7 mmol) was
converted to the title compound as described. in Example 2G to provide an oil (7.88 g,
100%). (TLC 10%MeOH/CH,Cl; R, 0.44), PH NMR (CDCly) 5 6.95 (d, J=8.0 Hz, 1H), 6.63 (dd,
J=8.0,2.5 Hz, 1H), 6.56 (br 5, 1H), 4.00 (s, 3H), 3.77 (m, 3H), 3.04-2.99 (m, 2H), 2.69 (d,
@o Hz, 1H), 2.41 (br s, 1H), 2.33 (br s, 1H), 2.22 (m, 1H), 1.52 (d, SIS HZ IH).
G) 11-Benzy}-5-methoxy-11-aza-tricyclof7.3.1.0* trideca-2(7) 3,5-triene
hydrochloride
5-Methoxy-10,11-dihydroxytricycio[7.2.1.0> klodeca-2(7),3,5,10-triene (18.0 g, 79.0
mmol) was stired at 0 °C in CH,Cl, (150 mL) and treated with lead tetraacetate (Pb(OAc),)
(35.0 g, 79.0 mmol). After 30 min. the mixture was filtered through a Celite pad and rinsed
with CH,Cl (50 mL). To the stired filtrate was added AcOH (23.7 g, 395 mmoT) and benzy!
amine (8.50 g, 78.0 mmol). After 15 min., the mixture was treated with NaBH(OAc); (50.2 g,
237 mmol) and stirred for 18 hours. The mixture was poured into a sat. aq. Na,CO, soin.
(100 mL) stirred for 1/2 hour. The layers were separated and extracted with CH,Ch; (2 x 100
mb). The organic layer was washed with a sat. ag. Na,CO, soin. (2 x 50 mL), H;O (50 mL),
and then brine (50 mi), dried thwough a cotion plig and concentrated to an oil
Chromatography on silica gel eluting with 5%EtOAc/hexanes provided-product as an oil (8.48
g. 41%). (TLC 25%E10Ac/Mexanes Ry 0.69). | 'H NMR (CDCL) § 7.15 (m, 3H), 8.92 (m, 3H),
8.71 (br s, 1H), 6.67 (dd, J=8.0,25 Hz, 1H), 3.83 (s, 3H), 3.99 (s, 2H), 3.07 (AB dd,
J=17.5,7.0 Hz, 1H), 2.85 (br 5, 1H), 2.83 (m, 1H), 2.79 (AB d, J=17.5 Hz, 1H), 2.70 (br d,
J=10.5 Hz, 1H), 2.35 (dd, J=10.5,2.0 Hz, 1H), 227 (dd, J=10.2,2.C Hz, 1H), 2.15 (br 5, 1H),
1.86 (AB d, J=12.3 Hz, 1H), 1.78 (AB d, J=12.3 Hz, 1H). GCMS m/e 293 (hﬂ.jhis material

kr ¥ 4-""'""-—_-_—_—" _“-.h'—‘—— -
was dissolved in excess 1N HCHMeOH and concentrated. The solids were dissolved in a
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minimum of MeOH, stimed, and saturated with Et,O. After stiming 18h the white sofids were
filtered (900 mg, 58%). 'H NMR (CD;OD) 5 7.40 (m, 5H), 7.00 (d, J=8.0 Hz, 1H), 8.73 (m,
2H), 4.28 (AB d, J=13.5 Hz, 1H), 4,16 (AB d, J=13.5 Hz, 1H), 3.76 (s, 3H), 3.48 (brd , J=12.0
( Hz, 1H), 3.35-3.20 (m, 5H), 2.98 (AB d, J=18.4 Hz, 1H), 2.54 (br s, 1H), 2.01 (AB d, J=12.0
Hz, 1H), 1.89 (AB d, J= 12.0 Hz, 1H). mp 233-234 °C,
EXAMPLE 7
11-BENZYL-11-AZA-TRICYCLO[T.3.1.0* 'ITRIDECA-2(7),3.5- TRIEN-5-OL
HYDROCHLORIDE
11-Benzyl-5-methoxy-11-aza-tricyclo[7.3.1.0*"trideca-2(7),3,5-triene (203 mg, 0.62
mmof) was brought to reflux in 48%HBr (5 mL). After 1 hour the solution was cooled and
poured into an aq. NH,OH scin., the pH was adjusted to ~9 and the product was extracted
with EtOAC (3 x 40 ml). The organic layer was washed with brine (50 mL), dried (MgSO.)
and concentrated to an oil. (TLC 25%EtOAc/hexanes (NH;) R, 0.37). This materia! was
dissolved in excess 1N HCI in MeOH and concentrated. Reuystalliggil_gg fpm MeOH/EL,O
provided a solid (154 mg, 80%). 'H NMR (CDCly) 5 7.42 (m, SH), 6.90 (d, J=8.0 Hz, 1H),
8.60 (m, 2H), 4.27 (AB d, J=13.0 Hz, 1H), 4.15 (AB d, J=13.0 Hz, 1H), 347 (d, J=12.2 Hz,
| 1H), 3.33-3.15 (5H), 2.88 (d, J=18.0 Hz, 1H), 2.52 (br 5, 1H), 1.99 (AB @, J=12.5 Hz, 1H),
&aa (ABd, J=125Hz, 1H). mp251-253°C. -
EXAMPLE 8
5-METHOXY-11-AZA-TRICYCLO[7.3.1.0* TTRIDECA-2(7) 3.5 TRIENE
HYDROCHLORIDE
11-Benzyl-5-methoxy-11-aza-tricyclo[7.3.1.0* Jrideca-2(7),3,5-triene  hydrochloride
(206 mg, 0.63 mmo!) was converied to the titlie compound by the methed described in
Example 3 to provide a white solid (122 mg, 81%). (TLC 10 %MeOH/CH,Cl, (NHy) Rr 0.48);
'H NMR (CD;OD) & 7.08 (d, J=8.0 Hz, 1H), 6.77 (m, 2H), 3.76 (s, 3H), 3.31-3.12 (m, 6H),
2.98 (AB d, J=18.4 Hz, 1H), 2.43 (br 5, 1H), 2.10 (AB d, J=13.0 Hz. 1H), 1.94 (AB @, J= 13.0
Hz, 1H). GSMS m/e 203 (M"). mp 253.5-258 °C.
S~ EXAMPLEY
11-AZA-TRICYCLO[7.3 1 02" [TRIDECA-2(7),3,5-TRIEN-5-OL HYDROCHL ORIDE
5-Methoxy-11-aza-tricyciof7.3.1.0> trideca-2(7),3,5-triene  hydrochioride (187 mg,
0.78 mmol) was brought to reflux in 48%HBr (5 mL). After 1 hour the solution was cooled
and poured Into ag. NH,OH soin., the pH was adjusted to ~9 and the product was extracted
with EtOAc (3 x 40 mL). The organic layer was washed with brine (50 mL), dried (MgSO,
and concentrated to a solid. (TLC 10 %MeOH/CH,Cl, (NHy) Ry 0.13). This material was
dissolved in excess 1N HC! MeOH and concentrated. Recrystallization from MeOH/EL,0

Th  a T S ———
provided a solid (70 mg, 40%). ‘H NMR (CD,0D) &5 6.99 (d, J=8.0 Hz, 1H), 8.63 (m, 2H),

————— -
—_——— o _ -

K
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§ 3.48-3.11 (BH), 2.83 (d, J=18.0 Hz, 1H), 2.42 (br s, 1H), 2.08 (AB d, J=12.5 Hz, 1H), 1.93
(AB ¢, J= 12.5 Hz, 1H). mp 295-298 °C.
- EXAM, 10

11-BENZYL-5.DIFLUOROMETHOXY-11-AZA-TRICYCLOI7.3.1 0" ITRIDECA-
2(N.3.5-TRIENE (For leading references, see: Langlois, B. R. J. Fluorine Chem. 1988, 41,
10 247-282)
11-Benzyt-11-aza-tricyclo{7.3.1.0* Jtrideca-2(7),3,5-irien-5-0l (572 mg, 2.05 mmol)
was stimed in dioxane (5 mL) and H,0O (1 mL) at refiux under a bailoon of freon (HCFCl). To
this was added 3N KOH dropwise so as to maintain a pH~12. The consumption of starting
material was monitored by TLC for over 2 hours. The reaction was cooled, diluted with 4,0
15 (40 mL) and extracted with EtOAc. The organic layer was washed with a sat. aq. Na;CO;
soin. (25 mL) and brine (25 mL), dried (MgSO0,), filtered and concentrated to an oll (820 mg,
92%). GCMS m/e 329 (M").

EXAMPLE 11
5.DIFLUOROMETHOXY-11-AZA-TRICYCLOf7.3.1 0* TTRIDECA-2(7). 3. 5-TRIENE

20 HYDROCHLORIDE
11-Benzyt-S-difluoromethoxy-11-aza-tricyclof7.3.1.0% ltrideca-2(7).3,5-tdene (620
mg, 1.88 mmol) was converted to the title compound as described in Example 3. The HCI
salt was generated as in Example 9 to provide product as a white powder (280 my, 54%). 'H
NMR (CDCl) 5 7.42 (m, 5H), 7.01 (d, J=0.0 Hz, 1H), 6.92 (m, 2H), 6.48 (t, J=74 Hz, 1H),
25 3.7 (d, J=13.0 Hz, 1H), 3.18-3.04 (6H), 2.39 (br s, 1H), 1.95 (br 5, 2H). GCMS m/9239(M')
\__mp 230234 °C. . L e

e EXAMPLE 12
11-BENZYL.5-E -11- 3.1.0%7 C NE
HYDROCHLORIDE (For a review, see: Mitsunobu, O. Synthesis, 1981, 1.)
30 . 11-Benzy+11-aza-ricycio[7.3.1.0*" trideca-2(7),3 5-irien-5-0) (208 mg, 0.75 mmol),

ethanol (89 mg, 1.49 mmol) and triphenylphosphine (381 mg, 1.48 mmol) were stirred under
N; at 0°C in THF (2.5 mL). To this was added diethylazodicarboxylate (259 mg, 1.49 mmol)
dropwise. After 18 hours, the reaction was concentrated, diluted with Et,O (20 mL) and
extracted with 1% aq. phosphoric acid (H,PO,) soin. (3 x 20 mL). The combined aq. layer

35 was extracted with Et,O (10 mL) and then basified to pH 10 with 1N NaOH soin. Product
was exiracted with EtOAc (3 x 20 mL) and the combined organic layer was washed with 1N
NaOH soln. (20 mlL) and brine (20 mL). The solution was dried (MgSQ,), filtered and
evaporated to an oil (170 mg, 74%). (TLC 17%EI0ACMexanes (NHy Ry 0.76)./ 'H NMR
(cocla) § 7.12 (m, 3H), 6.1 (m, 2H), 8.86 (d, J=B.0 Mz, 1H), 6.88 (br 5, 1H), 6.63 (dd, 3

— . = A <= e

N . e . —
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5 =8.0,2.5 Hz, 1H), 4.03 (q, 2H), 3.37 (br s, 2H), 3.03 (dd, J=17.0,7.0 Hz, 1H), 2.82-2.68 (4H),
2.18 (2H), 2.12 (br 5, 1H), 1.83 (AB d, J=12.0 Hz, 1H) 175(ABd J=12.0 Hz, 1H), 1.43 (1,

J=7.0 Hz, 3H). GCMS m/e 307 (). This material was dissolved In excess 1N HC| MeOH
A
and concentrated. Recrystalllzahon from CH,CL/EL,O provided a solid (185 mg, 87%). mp

200-203 °C.
10 EXAM 13
/ 5-ETHYL-11-AZA-TRICYCLO[7.3.1.0*'[TRIDECA-2(7),3 S-TRIENE
HYDROCHLORIDE

~  11-Benzyl-5-Ethy-11-aza-tricyclo[7.3.1.0%Jtrideca-2(7),3 5-triene hydrochtoride (180
rng.;r_nmol). ammonium formate (220 mg, 3.49 mmol) and 10%Pd(OH),/C (100 mg) were
15 combined in methanol (MeOH) (5 mL) and warmed to reflux for 15 min. The mbdure was
cooled, filtered, concentrated, diluted with sat. aq. Na;CO, soin. and extracted with EtOAc (3
x 20 mL). The extracts were dried (MgSQ,), filtered and concentrated to an oil (64 mg, -
83%). (TLC SO%EtOAC/hexanes (NHy) R 0.20). jmh (CDCly) 5 8.90 (d, J=9.0 Hz, 1H),
/E?E(zﬂ) 3.97 (m, 2H), 3.08 (dd, J=18.0,6.0 Hz, 1H), 2.84 (m, 3H), 2.76-2.65 (3H), 1.9 (m, ] >
20 2H), 1.88 (d, J=11.0 Hz, 1H), 1.38 (, J=7.0 Hz, 3H). This material was dissolved In excess
N HC| MeOH and Goncentrated, Recrystallization from CH.CI/ELO provided a sofid (74
mg, 68%). mp 243-245°C.

EXAMPLE 14
[ f 5-ISOPROPOXY-11-AZA-TRICYCLO[7.3.1.0* [TRIDECA-2(7),3,5-TRIENE

25 HYDROCHLORIDE
11-Benzyk11-aza-tricyclo[7.3.1.0" trideca-2(7),3 5-trien-5-0} (208 mg, 0.75 mmol)
and isopropy! alcohol (80 mg, 1.48 mmol) were converted to the title compound as described
in Examples 12. (TLC of intermediate benzyl compound, 17%EtOAc/hexanes R, 0.78).
GCMS m/e 321 (M"). Deprotection and conversion 1o the salt as described in Exampie 13
30 provided a solid (83 mg, 42% ovenll} _{TLC of tile compound, TLC S0%E!OAc/hexanes

(NHs) R, 0.10). 'H NMR (CDCh) 5 'H NMR (CDCly) 5 6.88 (d, J=9.0 Hz, 1H), 6.66 (2H), 4.51

(m, 1H), 3.08 (dd, J=18.0,8.5 Hz, 1H), 2.98 (m, 3H), 2.78-2.68 (3H), 1.96 (m, 2H), 1.67 (¢, ) 3
J=11.0 Hz, 1H) 1.32 @, J=5.5 Hz, 6H). mp 211-213 °C.

EXAMPLE 15
35 1-BENZYL-4~METHO&-11-AZA-TRICYCLO[]_.3.1.02'7]1;R_lDECA-2Q1,3,5~TRIENE

HYDROCHLORIDE - -

A) 2-C1gognl-3-enﬂmeth¢5-meghog_!-gheno (For leading references, see: a)
Nagata, W.; Okada, K.; Aoki, T. Synthesis 1879, 385-368; b) Lau, C. K,; Williams, H. W. R.;
Tardiff, S.: Dufresne, C.; Scheigetz, J.; Belanger, P, C. Can. J. Chem. 1988, 67, 1384-.1387)
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3-Methoxyphenol (5.12 g. 42.0 mmol), cyclopent-3-enecarbaldehyde (8.00 g, 83.0
mmol), phenyl boronic acid (5.58 g, 46 mmol) and 1,1,1-trichloroacetic acid (2.04 g, 12.5
mmol) were refluxed in benzene (150 mL) for 18 hours. (TLC 5%CH,Ch/hexanes R; 0.47).
The mixture was concentrated to an oil which was stirred at 0 °C in CH,Cl, (100 mL) and
treated with triethyisilane (8.87 g, 76.0 mmol) followed by trifluoroacetic acid (36.3 g, 318
mmal. The mbdure was stimed for 1 hour then warmed to reflux for 24 hours. The mbdure
was concentrated, dissolved in CH;Cl (200 mL) and washed with a sat. aq. NaHCO, soin, (3
x 50 mL). The combined organic layer was dried through a cotion plug, concentrated and
chromatographed on silica gel to provide an oll (3. 85 9 45%) (TLC 10%EtOAc/hexanes R,

0.35). H NMR (CDCh) 5 6.99 (d, J=8.0 Hz, 1H), 8.42 (dd, J=8.0.2.6 Hz, 1H), 6.36 (@, J“éj
]

Hz, 1H), §.87 (br s, 2H), 3.75 (s, 3H), 2.58 (m, 3H), 2.40 (m, 2H), 2.08 (m, 2H). GCMS me
204 (M"). e ———
B) Trifluora-methanesulfonic acid 2-cyclopent-3-enylmethyl-5-methoxy-phenyl ester
2-Cyclopent-3-enyimethyl-5-methoxy-phenol (3.85 g, 19.0 mmol) was converted to
the ftitie compound (4.92 g, 77%) by the method described in Example 1D. (TLC

10%CH.Cla/hexanes R, 0.52). ['H NMR (CDCH) 5 7.21 (0, J=8.0 Hz, 1H), 6.88 (dd, J=8.0.2.5
Hz, 1H) 6.79 (d, J= J—stz 1H), 5.67 (br s, 2H), 3.79 (s, 3H), 2.70 (d, J=7.5 Hz, 2H), 2,59 (m,
1H). 243 (M, 2H), 2.03 (m, 2H).
C) 4-Methoxytricyciof7.2.1.0% Idodacs-2(7).3.5,10-tefraene
Trifluorc-methanesuifonic acid 2-cyciopent-3-enyimethyl-5-methoxy-phenyl ester
{2.00 g, 5.95 mmol) was dissclved in DMF (10 mL) under 8 N, atmosphere and treated with
triethylamine (0.91 g, 8.92 mmol) and 1,3-bis{(diphenylphosphino)propane (0.37 g, 0.89
mmof). This mixture was slired and degassed (3 vacuum/N, purge cycles), and then treated
with palladium acetate (83 mg, 0.42 mmol). After stiming for 20 min. the mixiure was
warmed to 100 °C for 18 hours, cooled and poured into brine (30 mL). The resulting mixture
was extracted with EtOAc (4 x 10 mL) and the combined organic layer was washed with sat.
" aq. NaHCO, soln. (10 ml), HO (10 mL), brine (10 mL), dried (MgSO.), filtered and
evaporated to an oil. The oil was chromatographed on Silica gel (2%CH.Cl»hexanes) 1o
provide product as an oii (1.05 g, 95%). (TLC 10%EtOAc/ hexanes R; 0.52). "H NMR (CDCly)
b 6.94 (d, J=8.0 Hz, 1H), 6.68 (dd, J=8.0,2.8 Hz, 1?0.?5({1. J=2.8 Hz, 1H), 823 (ad,
J=5.5,2.8 Hz,1H), 5.79 (dd, J=5.5,2.6 Hz, 1H), 3.77 (s, 3H), 3.28 (m, 1H), 2.96-2.89 {m, 2H),

144.07, 138.95, 131.24, 131.21, 126.34, 111.73, 111.45, 55.22, 45,10, 40.18, 38.47, 29.49.
.—-—""—ﬂm___"'"""-—-..

———

GCMS m/e 188 . -
N (M‘i/- . .}
D) 11-Benzyl-4-methoxy-11-aza-tricyclof7.3.1.0*'ltrideca-2(7).3 5-triene

hydrochlordde

.

2.49 (4, J=15.5 Hz, 1H), 2.19 (m, 1H), 1.85 (d, J=10.5 Hz, 1H). *C NMR (CDCL) 15y
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5 4-Methoxytricyclo{7.2.1.0*"|dodeca-2(7),3,5,10-tetraene (1.0 g, 5.37 mmolf) was
converted to 4-methoxy-10,11-dihydroxytricyclo[7.2.1.0> Jdodeca-2(7),3,5,10-triene {0.05 g,
80%) (TLC S0%EtOAC/CH,Cl; R, 0.48) according to the procadure described in Example 2G.

This material was converted to the title compound according to the procedures described in
Example 2H with final recrysialiization from Et:OMexanes (650 mg, 48%). [(TLC ]
10 | S0%EIOACCH,Cl, R; 0.87). 'H NMR (CDyOD) & 7.42 (m, 5H), 7.12 (d, J=8.0 Hz, 1H), 6.84 |
| (dd, J=B.0,2.5 Hz, 1H), 6.67 (d, J=2.5 Hz, 1H), 4.27 (AB d, J=13.0 Hz, 1H), 4.17 (AB d,
[ J=13.0 Hz, 1H), 3.72 (s, 3H), 3.48 (br d , J=12.5 Hz, 1H), 3.34-3.18 (m, 5H), 2.86 (AB d, \ ;

1 J=18.0 Hz, 1H), 2.55 (br s, 1H), 2.00 (AB d, J=13.0 Hz, 1H), 1.90 (AB d, J= 13.0 Hz, 1H). mp
245-248 °C. -

1§ EXAMPLE 16
A-METHOXY-11-AZA-TRICYCLO{7.3.1,0>'[TRIDECA-2(7).3.5-TRIENE
HYDROCHLORIDE
11-Benzyl-4-methoxy-11-aza-tricyciof7.3.1.0%"}trideca-2(7),3,5-triene  hydrochloride
{525 mg, 1.60 mmol) was converted to the title compound by the methods described in
20 Example 3 to provide a white solid (338 mg, 88%). (TLC 40%EIOAC/CH,Cl, (NHy) Ry 0.22).
'+ NMR (CD;OD) 5 7.1 (d, J=8.5 Hz, 1H), 8.82 (dd, J=8.5.2.5 Hz, 1H). 6.7 (4, J=2.5 iz,
1H), 3.76 (s, 3H), 3.34-3.16 (M, 6H), 2.86 (AB d, J=17.7Hz, 1H), 2.45 (m, 1H), 2.11 (AB d,
J=13.5 Hz, 1H), 1.84 (AB d, J= 13.5 Hz, 1H). °C NMR (CDCl) 158.47, 136.58, 130,15,
127.71, 114.11, 112.61, 54.32, 49.99, 4947 3216 31.97, 27.15, 25.70. mp 259-261 °C.

.
11-AZA-TRICYCLO[7.3.1.0* [TRIDECA-2(T).3,6-TRIEN-4-OL
4-Methoxy-11-aza-tricyclo[7.3.1.0% \rideca-2(7),3,5-iriene  hydrochioride (120 mg,

0.50 mmol) was brought 10 reflux in 48%HBr (2 mL). After 1 hour the solution was cooled
and poured into a TN aq. NaOH soin. adjusted to pH 10 and product was extracted with

30 EtOAc (3 x 40 mL). The organic layer was washed with brine (50 mL), dried (MgSO,) and

concentrated to a white solid which was_ _n_e_t_xystalllzed from Etzomexanes (40 mg, 42%).

(TLC S0%EIOAC/CH,Ch R; 0.15). 'H NMR (CDCl) & 8.96 (d, J=8.0 Hz, 1H), 6.60 (dd,

J=8.0,2.5 Hz, 1H), 6.46 (d, J=2.5 Hz, 1H), 3.31 (m, 1H), 3.03 (dd, J=17.0,6.0 Hz, 1H), 2.85

(m, 2H,NH), 2.73 (m, 3H), 1.99 (m, 2H), 1.87 (AB d, J= 12.5 Hz, 1H). mp 215-217 °C.

35 EXAMPLE18
11-BENZYL-11-AZA-TRICYCLO(7.3.1.0*'ITRIDECA-2(7) 3,5 TRIENE

HYDROCHLORIDE
The title compound was prepared from phenol according to the procedures described
in Example 15. (TLC 10%EIOAC/ hexanes (NHs) Rr 0.76). "H NMR (CD-OD) & 7.42 (m, BH):
40 '7.22 (m, 2H), 7.15 (L J=7.5 Hz, 1H), 7.10 . J=7.5 Hz, 1H), 4.28 (AB d, J=13.0 Hz, 1H), 418 7 ¢/

25

— e e
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(AB d, J=13.0 Hz, tH), 3.51 (d, J=12.8 Hz, 1H), 3.36 (d, J=13.2 Hz, 1H), 3.34-3.23 (m, 4H),
2.95 (d, J=12.2 Hz, 1H), 2.58 (m, 1H), 2.03 (AB d, J=13.0 Hz, 1H), 1.92 (AB d, J=13.0 Hz,
1H). mp 125-127 °C. _ R N

11-AZA-TRICYCLO[7.3.1.0> ITRIDECA-2(7).3.5-TRIENE HYDROCHLORIDE
11-Benzyl-11-aza-tricyclo[7.3.1.0>" trideca-2(7).3,5-triene  hydrochloride (150 myg,

0.50 mmol) was converted to the title compound as described In Example 3. (TLC

20%E10Ac/hexanes (NHy) Ry 0.20). 'H NMR (CDsOD) & 7.26-7.17 (m, 4H), 3.37-3.18 (m,

8H), 2.92 (d, J=18.2 Hz, 1H), 2.48 (m, 1H), 2.13 (AB d, J=13.0 Hz, 1H), 1.87 (AB ¢, J= 13.0
Hz, 1H). C NMR (CDCly) 6 136.08, 135.67, 129.43, 126.78, 127.30, 126.42, 49.90, 49.05,
32.87, 31. 86, 27.15, 25.60. mp 227-228 °C.

=

EXAMPLE 20
4-NITRO-11-AZA-TRICYCLOI[7.3.1.0" [TRIDECA-2(7) 3,5-TRIENE
HYDROCHLORIDE
A) 1-(11-Aza-tri .3.1.0% tideca-2(7),3 5-trien-11-v1)-2.2, 2-trifluoro-ethanone

11-Aza-tricycio[7.3.1.0%"trideca-2(7),3,5-triene (1.22 g, 7.08 mmol) was stired at 0
°C in CH,Ck (10 mL) and treated with triethylamine (0.94 mL, 10.6 mmof) followed by TFAA
(1.90 mL, 14.2 mmol). After ~1 hour, the solution was poured into 0.5 N HCI {200 mL) and
the layers separated. The aq. layer was extracted with CH,Cl; (3 x 50 mL) and the combined
organic layer was washed with 0.5 N HCI (50 mL), H.O (2 x 50 mL) and sat. aq. NaHCO,
soin. (50 mL). This solution was dried through a cotton plug, then diluted with ~3% EtOAc
and fitered through a 2 inch sifica pad eluted with ~3% EtOAc/CH.ChL. Concentration
afforded a dear oll (1.0 g, 89%). 'H NMR (CDCh) 5 7.15-7.02 (4H), 4.67 (d, J=130 Hz.

/’1I2H) 442 (d, J=13.0 Hz, 1/2H), 4.03 (d, J=13.0 Hz, 1/2H), 3.81 (d, J=13.0 Hz, 172H)
i

(d, J=13.0 Hz, 1H), 3.28-2.99 (3H), (d, J=18.0 Hz, 1H), 2.37 (brs 1)2!-!) 230 (brs, 1!2H)

2.04 (AB d, 2H). GCMS m/e 268 (M"). —

B).~Nitro-11-aza-tricyclo[7.3.1.0* irid em-zm,3,5-triene hydrochloride

The title compound was prepared as follows, based on the method described by
Coon et al., J. Org. Chem., 1973, 25, 4243. To a solution of trifluoromethanesulfonic acid
(0.94 ml, 10.6 mmol) in CH,Cl, (10 m!) stirred at 0 °C was slowly added nifric acid (0.60 ml,
14.1 mmcl) generating a white precipitate. After 10 minutes the resulting mixture was cooled
to -78 “C and treated with 1-(11-aza-tricycio{7.3.1.0* Nrideca-2(7).3.5-trien-11-y).2.2,2-
trifluoro-ethanone (1.9 g, 7.06 mmol} in CH.Cly (15 ml) dropwise over 5 minutes. The
reaction was stirred at -78 °C for 2h then warmed to 0 *°C for 1/2 hour. The reaclion mixture
was poured into a stimed ice (50 g). The layers were separated and the aq. layer back
extracted with CH,Cl; (3 x 30 ml). The organic layer was combined and washed with H,0 (3

/

2
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x 30 mi). The combined organic laysr was washed with sat. ag. NaHCO; soln. (20 mL) and
H,O (20 mL) then dried through a cotion plug and concentrated to a yellow solid (1.58 g)
which contained four products (TLC). The solids were slurried in Et,0 and filtered to provide
a solid (80C mg, 41%). (TLC 30% EtOAchexanes, R, 0.21). The filtrale was
chromatographed on Silica gel sluting with 30% EtOAc/hexanes to provide three materals.
R, 0.32 (50 mg, 2%), R; 0.21 (as solids above) and R, 0.13 (50 mg, 2%). GCMS m/e 314
™).
C) 4-Nitro-11-aza-iricyciof?.3.1.0% S-iriene hydrocht
NOE (Nuclear Qverhauser Effect) experiments elucidated the ptimary product, (TLC
30%EtOAc/hexanes, Ry 0.21) as 2,2,2-trifluoro-1-(4-nitro-11-aza-tricycio[7.3.1.0%" Mrideca-
2(N,3,5-trien-11-yl}-ethanone, by a 4% NOE between H-3 and H-1. This sofid (780 mg, 2.48
mmoi) was stifred In MeOH (20 mL) and treated with Na,CO; (650 mg, 4.86 mmol) in H0
(10 mL). The stired mixture was warmed to 70°C for 6 hours, concentrated to solids, diluted
with H,0 and extracted with CH;Ch (3 x 40 mL). The product was extracted into 1N aq. HCI
soln. (3 x 40 mL) which was washed with EtOAc¢ then neutralized with a sat. aq. Na;CO, soin.
to pH~10. Product was extracted with CH-Cl (3 x 40 mL), dried through a cotton plug,
concentrated to an oil. The oii was dissoived in MeOH and treated with 3N HCI EtOAc (4
mL) and concentrated, then dissclved in a minimum of CH-Cl; and the solution was saturated
with hexanes and stirred 18 hours. The product was collected by filtration (145 mg, 23%).
/'H NMR (DMSO,q) d 8.12 (d, J=2.5 Mz, iH), 8.00 (d, J=8.0 Hz, 1H), ‘i’a?»'@“&_‘m
1H), 3.25 (m, 3H), 3.08 (m, 3H), 2.88 (m, 2H), 2.27 (m,1H), 1.99 (d, J=11.0 Hz, 1H). GCMS
m/e 218 (M’). mp 215-220 °C. e T -

—
i

" EXAMPLE 21

5-NITRO-11-AZA-TRICYCLO[7.3.1.0* [TRIDECA-2(7).3 5-TRIENE
HYDROCHI ORIDE

The other meta substitvled isomer from above, 2,2 2-trifiuoro-1-(5-nitro-14-aza-
tricyclo{7.3.1.0%"Jtrideca-2(7),3.5-trien-11-yl-ethanone (TLC 30%EtOAcMexanes, R, 0.13)
was converted to the titte compound by the method in Example 20C. 'H NMR fr base |
(CDCly) 5 8.01 (d, J=2.0 Hz, 1H), 7.95 (04, J=8.02.0 Hz, 1H), 7.17 (d, J=8.0 Hz, 1 '“’313
(dd, J=18.0,6.5 Hz, 1H), 3.10-2.97 (4H), 2.80 (d, J=18.0 Hz, 1H), 2.79 (d, J=12.0 Hz, 1H),
2.12 (m, 1H) 2.02 (d, J=12.5 Hz, 1H), 1.88 (d, J=12. 5 Hz, 1H)j Conversion to the salt as in
Exampie 20C provides a solid mp 245-255 °C.
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EXAMPLE 22

3.NITRO-11-AZA-TRICYCLO[7.3.1.0>"ITRIDECA-2(7).3.5-TRIENE
HYDROCHLORIDE

The remaining isolated isomer from above, 2,2,2-trifluoro-1-(3-nitro-1-aza-
tricyclo[7.3.1.0*" rideca-2(7),3.5-trien-11-yl)-ethanone (TLC 30%EtOAc/hexanes, R, 0.32)
(50 mg) was converted to the title compound by the method in Example 20C to give 25 mg,
64%). The regiochemistry of this nitro isomer was established by HMQC (heteronuclear
multiple-quantum correlation)_ between C-3 and H-1.[ ]‘H NMR (DMSOq.) 5 7.80 (d, J=8.0 Mz,
1H), 7.53 (d, J=8.0 Hz, 1H), 7.45 (1, J=8.0 Hz, 1H), 3.71-3.15 (m, 6H), 2.85 (d, J=18.5 Hz.

\1H) 240 (brs, 1H) 2.04 (d, J=12.5 Mz, 1H), 1.70 (d, J=12.5 Mz, 1H)
e EXAMPLE 23
11-BENZYL-5-FLUORO-11-AZA-TRICYCLOF7.3.1.0* ITRIDECA-2(7).3.5-TRIENE
ROCHLOR
The fitie compound was prepared ﬂum 2-bmmo-4-ﬂuoro-1-methoxy—benzene by the

methods described in Example 6. 'H NMR (coaoo) 8 7.15 (m, 3H), 6.94-6.76 (m._SH). 340

(AB d, 2H), 3.06 (dd, J=17.5,7.0 Hz, 1H}, 2.87-2.73 (3H), 2.69 (d, J=10.5 Hz, 1H), 2.37 (d,

i

\J—105Hz 1H), 228 (4, J=10.5 Hz. TH). 217 (br s, 1H), 1.83 (AB d. 2H). Gcmsmm/

M°). mp 202-203 °c M
— B EXAMPLE 24
5-FLUORO-11 AZAmlcxcma.an.o”r_rRIDECA-zm,s,s-'rmENE
HYDROCHLORIDE
11-Benzyi-5-fluoro-11-aza-tricyclo[7.3.1 .0"7]trideca-2m.3.5-triene hydrochioride (310
mg, 0.84 mmol) was converted to the title compound by the methads described in Example 3
to yield a white solid (140 mg, 65%). 'H NMR (CD,0D) 5 7.22 (m, 1H), 6.83 (m, 2H), 3.36-

3.14 (BH), 2.83 (d, J=18.5 Hz, 1H), 245(m 1H) 217(ABd J"130Hz 1H) 194(A8d S

M~

\130Hz, 1H). mp286-287°C. T e

T EXAMPLE 25
5.7-DIOXA-14-AZATETRACYCLO[10.3.1.0* % 0*JHEXADECA-2(10),3,8- TRIENE

OCHLO
5-Bromo-6-methoxy-benzo[1,3|dioxole (Preparation described previously, see;

Getahun, Z.; Jurd, L.; Chu, P. 8,; Lin, C. M.; Hamel, E. J. Med. Chem. 1992, 35, 1058-1087.)
was converted to the title compound using methods described in Example 3 and Example 6
to yield a white solid (110 mg). 'H NMR (CD4OD) 5 6.65 (s, 2H). 5.88 (s, 2H), 3.33-3.12 (8H),
(z’iﬁﬂﬁa'o‘ﬂz 1H), 2.42 (m, 1H), 2.09 (AB d, J=12.5 Hz, 1H), 1.90 (AB d, J= 12.5 Hz,

1H) GCMS mve 217 (M"). APCI MS mve 218.1 {(M +1)"). mp 241-243 °C.
. /____/ T e T T

L e

—
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5 EXAMPLE 26
11-BENZYL -6-BROMO-5-METHOXY-11-AZA-TRICYCLO[7.3.1.0* [TRIDECA-

2(N.3,5 -TRIENE
11-Benzyl-5-methoxy-11-aza-tricyclof7.3.1.0> trideca-2(7),3,5 -triene (3.00 g, 10.2
mmol) was stirred at 0°C in CH,C}, (10 mL) and AcOH (5 mL) and treated with bromine (3.21
10 g, 20 mmol} in CH;Ci» (10 mL) and AcOH (5 mL). After 18 hours the reaction was quenched
with 20% aq. NaHSO4 soin. (100 mL). The product was extracted with CH,Cl, (3 x 40 mL)
and washed with sat. aq. NaHCO, soin. (3 x 50 mL). The combined organic layer was dried
through a cotton plug, concentrated and chromatographed on Silica gel o p p[oﬂ!jg_guan oll
(1.05 g, 28%). (TLC 30%EtOAc/hexanes R, 0.48). 'H NMR (CDCL) 5 7.13 (m, 3H), a-e?'(m,
3H), 6.68 (d, J=8.0 Hz, 1H), 3.80 (s, 3H), 3.36 (s, 2H), 2.86-2.79 (4H), 2.67 (br d, J=9.0 Hz,
1H), 2.31 (br s, 1H), 2.28 (br s, 1H), 2.22 (br 5, 1H), 1.78 (AB d, J=13.0 Hz, 2H). GCMS m/®
373,371 (M").

15

—_—

EXAMPLE 27
11-BENZYL-8-HYDROXY-5-METHOXY-11-AZA-TRICYCLO(7.3.1 0> TRIDECA-
20 2(NMJ35-TRIENE
11-Benzy!-8-bromo-5-methoxy-11-aza-tricyclo{7.3.1.0% ltrideca-2(7),3,5 -triene (1.05
g, 2.70 mmol) was stirred at -78 °C in anh. THF (10 mL) and treated with n-BuLi {(1.08 mL.
2.5M soin. in hexanes, 2.70 mmdi) dropwise over 1 min. Afiter 10 min., triilsopropy! borate
{5590 mg, 2.97 mmol) was added and the middure was asllowed to warm to ambient
25 temperature. The reaction was quenched with with sat. aq. NaHCO; saln. (50 mL) and the
product was extracted with EtOAc (3 x 20 mL). The organic layer was dried (MgSOy), filtered
and evaporated to give an oil (840 mg, 87%). (TLC J0%EtOAcMexanes R; 0.18). This
material (640 mg, 1.81 mmol) was stimed in THF (10 mlL) with 30% aq. hydrogen peroxide
soin. (205 mg, 1.81 mmol). After 18 hours the reaction was quenched with 20% aq. NaHSO,
30  soln. (10 mL). The mixture was diluted with sat. ag. NaHCOs soln. (50 mL) and product was
" extracted with CH,Cly (3 x 40 mL). The organic layer washed with sat. aq. NaHCO: soln. (3 x
50 mL), dried-through -a-cotton -plug; -concentrated -and. chrematographed -on.-Silica_ gel to
provide an oil (380 mg, 64%). (TLC 40%EtOAchexanes Ry 0.44). *H NMR (CDCL) 5 7.14
(3H), 8.95 (2H), 8.87 (d, J=8.0 Hz, 1H)}, 6.52 (d, J=8.0 Hz, 1H), 3.89 (s, 3H), 3.40 (AB d, 2H),
35 \ 2.88-2.83 (5H), 2.34-2.22 (3H), 1.79 (AB d, 2H). GCMS m/e 308 (M").
. P .- . EXAMP. .s.,--_...._
8-HYDROXY-5-METHOXY-11-AZA-TRICYCLO[7.3.1.02"ITRIDECA-2(7).3,5 -
TRIEN R IDE
11-Benzyl-8-hydroxy-5-methoxy-11-aza-tricyclo[7.3.1.0% jtrideca-2(7),2,5 -triene (58
40 mg, 0.18 mmol) was converted to the tille compound according 1o the procedure described in




=
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5 Example 3 followed by conversion 10 the salt as described in Example 9 to provide a white
sol#ig__(j_fo,_, mg..32%). (TLC 10%MeOH/CH.CL, (NH3) R 0.26). 'H NMR (CD,0D) 5 6.84 (d,
J=8.0 Hz, 1H), 6.68 (d, J=8.0 Hz, 1H), 3.82 (s, 3H), 3.28 (3H), 3.13 (m, 2H), 3.00 (dd,

ﬂ:w.o,e.o Hz, 1H), 2.85 (d, J=18.0 Hz, 1H), 2.42 (m, 1H), 2.09 (AB d, J=12.5 Hz, 1H), 1.82 '
(AB d, J= 12.5 Hz, 1H). mp 285-280 °C.’__,,_,-.. S

10 EXAMPLE 29
TRIFLUORO-METHANESULFONIC ACID-11-BENZYL-11-AZA-
TRICYCLO[7.3.1.0>"ITRIDECA-2(7),3.5-TRIEN-5-YL. ESTER

11-Benzyl-11-aza-tricyclo[7.3.1.0* Jtrideca-2(7),3,5-trien-5-0l (850 mg, 3.03 mmol)

was converted to the title compound (1.18 g, 84%) by the method described in Exampie 1D.

15 (NcC ao%EtOAdhe{a_n_o;a__R._(gL.“H NMR (CDCLy) § 7.10 (3H), 8.97 (3H), 8.78 (ZH);ZO
(AB d, J=14.0 Hz, 1H), 3.30 (AB d, J=14.0 Hz, 1H), 3.05 (AB dd, J=17.5,7.0 Hz, 1H), 2.89-

2.79 (3H), 2.62 (d, J=10.0 Hz, 1H), 2.40 (d, J=10.5 Hz, 1H), 2.28 (d, J=12.0 Hz, 1H), 2.17 (br

s, 1H), 1.83 (AB d, 2H). APCIMS me@ 412 M+ 1)), _ .. . . oo
T EXAMPLE 30
20 5-(4-TRIFLUOROMETHYL-PHENYL)-11-AZA-TRICYCLO[7.3.1.0* [TRIDECA-

2(7),3.5-TRIENE HYDROCHLORIDE
A) 11-Benzyl-5-(4-trifluoromethyl-phenyl)-11-aza-tricyclo[7.3.1.0"ttrideca-2(7) 3.5-
triene (For a discussion, see: Miyaura, N.; Suzuki, A, Chem. Rev. 1995, 95, 2457-2483.)
Trifluoro-methanesulfonic  acid-11-benzyl-11-aza-tricyclof7.3.1.0*" trideca-2(7),3,5-
25 trien-5-yl ester (258 mg, 0.83 mmol), potassium acetate (493 mg, 5.02 mmol) and 4-
trifluoromethyiphenyl boronic acid (141 mg, 0.94 mmaol) were combined in 10/1 EtOHM,0 (5
mL). The mixture was degassed (3 vacuumVN; cycles), ftreated with
tetrakis(triphenyiphosphine)palfadium(0) (36.0 mg, 0.032 mmol) and warmed to 80 °C for
18h. The reaction was cooled, diluted with H;O and extracted with ELO (3 x 50 mL). The
30 organic layer was washed with brine (50 mL), dried MSQQJEQ_@:M concentrated to
provide an oil (80 mg, 23%). (TLC hexanes R, Es_;.ﬁ? NMR (CDCk) § 7.73 (4, J=8.5 F&
2H), 7.68 (d, J=8.5 Hz, 2M), 7.38 (d, J=2.0 Hz, 1H), 7.32 (dd, J=8.0,2.0 Hz, 1H), 7.10 (4H),
6.88 (m, 2H), 3.40 (s, 2H), 3.14 (dd, J= 17.5, 7.0 Hz, 1H), 2.94-2.87 (3H), 2.76 (d, J=10.5 Hz,
1H), 2.40 (dd, J=10.5,2.0 Hz, 1H), 2.33 (dd, J=10.5,2.0 Hz, 1H), 2.22 (br s, 1H), 1.91 (AB d,
12.5 Hz, 1H), 1.83 (AB d, J=12.5 Hz, 1H). GCMS m/e 407 (M)".
Bl . 5-(4-Trifluoromethvi-phenyl}-11-aza-tricyciol7.3.1.0% ltrideca-2(7) 3 5-triene. . _
hydrochlaride
11-Benzyl-5-(4-Trifluoromethyl-phenyl)-11-aza-tricyclo[7.3.1.0° )trideca-2(7),3,5-
tnene was converted to the title compound as described in Example 3. (TLC

35
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5 S50%EtOACMhexanes R, 0.81) )‘H NMR (CDCh) & 7.62 (m, 4H), 7.15-8.88 (3H) 2. 50-9

@ 2.92 (d. J=18.0 Hz, 1H), 2.38 (br s, 1H), 2.02 (AB d, H. L

[ e .E_ZE!!P! § '3! e
5-(4-METHOXY-PHENY1)-11-AZA-TRICYCLOI[7.3.1.0*'ITRIDECA-2(1 3.5 TRI
HYDROCHLORIDE
10 Trifluoro-methanesulfonic  acid-11-benzyl-11-aza-tricycio{7.3.1.0* ftrideca-2(7),3,5-
trien-5-yl ester and 4-methoxyphenyl boronic acid were converted to the title compound by
the methods described in Example 30. /'H NMR (CDy0OD) 5 7.57 (d, J=8.0 Hz, zrom
=2.0 Hz, 1H), 7.38 (dd, J=8.0,2.0 Hz, 1H), 7.18 (d, J=8.0 Hz, 1H), 6.97 (d, J=8.0 Hz, 2H),
3.81 (s, 3H), 3.48-3.08 (BH), 2.95 (d, J=18.0 Hz, 1H), 2.30 (br s, 1H), 2.10 (AB d, J=11.5 H_z//

15 \3H), 1.97 (ABd,J=11.5Hz, 1H). " 7 T
| i EXAMPLE 3
11-AZA-TRICYCLO[7.3.1.0* ITRIDECA-2(1).3.5-TRIENE-5 CARBOXYLIC ___ACID
METHYL ESTER HYDROCHLORIDE (Based on Dolle, R. E.; Schmidt, S. J.; Kruse, L. 1. J.
Cherm. Soc., Chern. Commun. 1987, 904-905.)
20 Trifiuoro-methanesulfonic  acid-11-benzyl-11-aza-tricycio[7.3.1.0% irideca-2(7),3,5

trien-5-yl ester (1.0 g, 2.26 mmol) was dissolved in DMSO (15 mL) and MeOH (2 mL) and
treated with triethylamine (505 mg, 4.99 mmol), potassium acetate (22.0 mg, 0.23 mmol) and
1,3-bis(diphenylphosphino)propane (84.0 mg, 0.23 mmol}. This mixture was stimed and
degassed (3 vacuum/N; purge cycles) then treated with palladium acetate (51 mg, 0.23
25 mmol). The system was purged with carbon monoxide gas (CO{g)) at balloon pressure,
stired 20 min., warmed to 100°C for 3 hours, cooled and then poured into brine (50 mL).
The resulting mixture was extracted with EIOAc (4 x 40 mL) and the combined organic layer
was washed with a sat. aq. NaHCO, soln. (100 mL), H,O (100 mL), brine (100 mL), dried
(MgSO,), fitered and evaporated to an oi. The oil, 11-benzyl-1i-aza-
30 tricyclo[7.3.1.0%}trideca-2(7),3,5-triene-5-carboxylic acid methyl ester, was chromatographed
on silica gel to brovide an oil (280 mg, 38%). (TLC 10%EIOAL/ hexanes R, 6.21). APCI MS
m/e 322.2 [(M + 1)’]. This oil was converted into the title compound by the methods
described in Example 3. (TLC 10%CH,Cl/MeOH (NH,) R, 0.21). 'H NMR (CD,0D) & 7.87 (d,
J=20 Hz, 1H), 7.83 (dd, J=8.0,2.0 Hz,1H), 7.35 (d, J=8.0 Hz, 1H), 3.87 (s, 3H), 3.49-3.12 }'7
35 (6H), 2.97 (d, J=18.5 Hz, 1H), 2.52 (brs 1H),21B(A8d J=11. 5Hz.1H) 1.97 (AB ¢, J=11.5
Hz, 1H). mp 255-256 °C. ' -

~
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5 EXAMPLE 33
2-{11-AZA-TRICYCLO[7.3.1.0" [TRIDECA-2(7),3,5- TRIEN-5-YL)}-PROPAN-2-OL
HYDROCHLORIDE
11-Benzyl-11-aza-tricyclo[7.3.1.0* Jtrideca-2(7),3,5-triene-5-carboxylic acid methyl
aster (180 mg, 0.62 mmol) was stirred under N, at -78 °C in anh. THF (15 mL) and treated
10 with excess methyl magnesiumbromide (~1 mL, 3M in THF). The resulting mbdure was
allowed to warm to ambient temperature and quenched with a sat. aq. NH,Ct soln. (25 mL).
The product was exiracted with EtOAc (3 x 50 mL), washed with brine (50 mL), dried
{(MgS0J), fitered and evaporated to an oil (100 mg, 50%). GCMS me 321 (M'). This
material was converted to the titie compound by the methods described in Example 3. 'H
15 NMR (CDOD) 5 7.32 (OH), 7.24 (s, 1H). 7.18 (d, J=8.0 Hz, 1H), 7.08 (m, 1H), 3.50-3.12
(6H), 2.91 (d, J=18.5 Hz, 1H). 2.47 (br, 5, 1H), 2.11 (AB d, J=11.5 Hz, 1H), 1.97 (AB d, /
=115 HE LIS O RO
EXAMPLE 34
5-Pyridin-3-yt-11-aza-tricycio[7.3.1.0* Nridecs-2(7) 3. 5-iriene_hydrochioride
20 Trifluoro-methanesulfonic ackl 11-benzyt-11-aza-tricyclo[7.3.1.0>"trideca-2(1),3,5-
trien-5-yt ester and diethyt-pyridin-3-yi-borane were converted to the titie compound by the
methods described in Example 30. ‘H NMR (CDL0D) 5 9.14 (br s, 1H), 8.78 (m, 2H), 8.08"
" (m, 1H), 7.89 (d, J=2.0 Hz, 1H), 7.62 (dd, J=8.0,2.0 Hz,1H), 7.43 (d, J=8.0 Hz, 1H), 3.43-3.18
(6H), 3.05 (d, J=18.5 Mz, 1H), 2.56 (brs, 1H), 2.18 (AB d, J=11.5 Hz, 1H), 2.02 (AB d, J=11.5 /
25\ Hz, 1H). GCMS m/e 250 (M"). mp 240-242 °C. R . o2

N S — -
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1. A compound of the formula

R? NR'
m

wherein 2 is CH,, C(=0) or CF;; :

R' is hydrogen, (C+Cgakyl, unconjugated (CxCoalkenyl, benzyl, XC(=O)R™ or
-CH,CHO-(Cs-Calkyl;

R® and R® are selected independently, from hydrogen, (C-Ce) alkenyt, (CrCq) alkynyl,
hydroxy, nitro, amino, halo, cyano, -SO(CCqalkyl wherein q is zero, one or two,
(C+.Caalkylamino, [(Ci-Coalkylbamino, CO-R’, CONRR®, SONR'R?, C(=O)R™, XC(=O)R™,
aryl-(Co -C2) alkyl or aryl-{Co-Ca)alkyl-O- wherein said aryl is selected from phenyl and naphthyl,
heteroaryk{Co-Ca)alkyl or heteroaryl-(Co-Ca)alkyl-O-, wherein said heteroaryl is selected from five
to seven membered aromatic rings conaining from one to four heteroatoms selected from
oxygen, nitrogen and sulfur, and X*(Co-Co)alkoxy-(Co-Cealkyl, wherein X’ is absent or X is (C-
Cralkylamino or [(C+-Ce)alkyll:amino, and wherein the (Co-Co)alkoxy-(Cr-Ce)alkyl molety of said
X¥(Co-Coalkoxy-{Co-Ca)alkyl contains at least one carbon atom, and wherein from one to three of

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

oxygen, nitrogen or sulfur atom, with the proviso that any two such heteroatoms must be
separated by at least two carbon atoms, and wherein any of the alky! moieties of said (Co
Cealkoxy-(C-Co)alikyl 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 aryH{(C,Cyalkyl and said
heteroaryl-{Co-C-)alkyl may optionally be replaced by an oxygen, nitrogen or sulfur atom, and -
whersein each of the foregoing aryl and heteroaryl groups may optionally be substituted with one or
more substituents fleferably” ZE10 1o two- substitientsy inde selected from (Cy Cg)
alkyl optionally substituted with from one to seven fluorine atoms, (C, -Cq) alkoxy optionally
substituted with from two to seven fluorine atoms, halo (e.g., chioro, fluoro, bromo or fodo),
hydroxy, nitro, cyano, amino, (C1-Cg) alkylamino and {(C, -C¢) alkyl}, amino;

or R? and R, together with the carbons to which they are attached, form a four to seven
membered monocychic, or a ten to fourteen membered bicydlic, carbocyclic ring that can be
satwrated or unssturated, wherein from one 10 three of the nonfused carbon atoms of said
monocycdlic rings, and from one 1o five of the carbon atoms of said bicyclic rings that are not pant
of the benzo ring shown in formula 1, may optionally and independently be replaced by a nitrogen,
oxygen or suffur, and wherein said monocyclic and bicyciic ings may optionally ba substitited with
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one or more substiluents preferably from zef; to two ﬂge—_m_g_{or me;mm:cym
« from 28 1o three. subsutuems for the bucyd:c mgs.,that are selected, independently, from (Co-Cg)
aikoxy-(Co-Caalkyl, wherein the total number of carbon atoms does not exceed six and wherein
any of the alkyl moieties may oplionally be substituted with from one to seven fluorine atoms;
nitro, oxo, cyano, halo, hydroxy, amino, (C, -Cgalkylamino, [(C -Ce) alkylamino, phenyl and
monocyclic heteroaryl wherein said heteroary! is defined as in the definition of R* and R above;

each R, R, R R’, R® and R" is selected, independently, from hydrogen and (C; -Ce)
aliy, or R® and R®, or R’ and R® together with the nitrogen to which they are attached, form a
pymolidine, piperidine, morpholine, azetidine, piperizine, -N-(Ci-Cgakylpiperizine or
thiomorpholine ring, or a thiomorpholine ring wherein the ring sulfur is replaced with a sulfoxide or
sulfone; and

each X is, independently, (C1-Cgalkylene;

with the proviso that: (a) at least one of R', R? and R® must be the other than b
(b) when R? and R® are hydrogen, R' cannot be methyi or hydrogen; and (cm‘i.fo?i;'::t
any of the fluoro substituted alkyl or alkoxy moieties of R and R €an be attached to a carbon-that
(smmedtoanetemm‘r‘ﬁ" e

\

e TR

y acueptablesanmeraof-
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

C o :
SOsa
RY 0 N

S 10 O‘N
oeallOe

wherein R™ and R" are selected, independently, from hydrogen and (C-Cealkyl.
3. A compound according to claim 1, wherein R? and R® do not, together with the
benzo ring of formula |, form a bicyclic or tricydlic ring system.
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4 A compound according to claim 1, wherein one or both of R and R are
-C{=O)R"™ wherein R™ is (C-Ca)alkyl.

5. A compound according to claim 1, wherein one of R? and R® is -COR™ wherein
R¥ is (Cr-Caalkyt or (C-Caalkyl optionally substituted with from one to seven flucrine atoms.

6. A compound according to dlaim-1, wherein one of R and R® Is CFs , fuero,
cyano or CFs.

7 A phamaceutical cornposition for use in reducing nicotine addiction or aiding in
the cessation or lessening of tobacco use in @ mammal, comprising an amount of a compound
geconding fo claim 1 that is effective in reducing nicotine addiction or aiding in the cessation or
lessening of tobacco use and a phanmaceutically acceplable canmier,

8. A method for reducing nicotine addiction or aiding in the cessation or lessening of
tobacco use in 8 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, inftable bowel syndrome, spasiic dystonia, chronic pain, acute pain,
celiac sprue, pouchitis, vasoconstriction, amdety, panic disorder, depression, bipolar disonder,
autism, sleep disorders, jet lag, amylotropic lateral sclerosis (ALS), cognitive dysfunction,
hyperiension, bulimia, anorexia, obesity, cardiac amythinias, gastric acid hypersecretion, ulcers,

" pheochromocytoma, mmve supramuscular palsy, chemical dependencies and addictions,

headache, stroke, TB 1\pe;;.rci'u:ssis. Huntington's Chorea, tardive dyskinesia, hyperkinesia, dyslexia,
schizophrenia, multi-infarct dementia, age related cognitive decline, epilepsy, incuding petit mal
sbsence epilepsy, senile dementia of the Alzheimer's type (AD), Parkinson's disease (PD),
attertion deficit hyperactivity disorder (ADHD) and Tourette's Syndrome in & mammal, comprising
an amount of 8 compound according to claimn 1 that is effective in treating such disorder or
condition and a pharmacettically acceptable carier,

10. A method for treating a disorder or condition selected from inflamunatory bowe!
disease, imilable bowel syndrome, spastic dyslonia, chronic pain, scute pain, cefiac sprue,
pouchitis, vasoconstriction, anxety, panic disorder, depression, bipolar disorder, autism, sleep
disarders, jet lag, amylotropic lateral sclerosis (ALS), cognitive dysfunction, hypertension, bulimia,
anorexia, obesity, cardiac amythmias, gastric acid hypersecretion, ulcers, pheochromocytoma,
progressive supramuscular patsy, chemical dependencies and addictions, headache, stroke, TBI,
psychosis, Huntington's Chorea, tanfive dyskinesia, hyperkinesia, dysiexda, schizophrenia, muiti- -
infarct dementia, age related cognitive dedline, epilepsy, including petit mal absence epilepsy,
senlle dementia of the Alzheimers type (AD), Parkinson's disease (PD), saflentian deficit
hyperactivity disorder (ADHD) and Tourette’s Syndrome in a mammal, comprising administering
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to a mammal in need of such treatment an amount of a compoungd accornding to claim 1 that is
effective in treating such disorder or condition.
1. A compound of the formula

RM P
: “\ o )/
an
.
.‘ 1‘ wr
N | ,/ 15 /
wherein Z is CH,, Qﬁq;or C(=0); P is hydrogen, methyl, COOR' wherein R is (C,-Cq)alkyl,
allyl or 2,2,2-trichioroethyl; -C(=O)NR’R® wherein R® and R® are defined as in formula |
above; -C(=0)H, -C(=0)(C,-Cq)alky! wherein the alkyl moiety may optionally be substituted
with from 1 to 3 halo atoms,’ preferM_frO_f_I\_l_t_g_?leom or chloro atoMJ benzyl or t-

e e, i A

butoxycarbonyl (-Boc), and R and R' are selected, independently, fmm‘fhydroxy. nitro,

amino, -O(Cr-CaJalky! and halo; with the proviso that R* and R'® cannot both be hydrogen

whenPushydmgenormelhyly AN —{ ,f,“/
- p" '

o~ 12, Aoompoum!ofthefocmula/

wherein Z is CH,, Q_E;yor C(=0); R? and R® are defined as in dlaim 2; and P' is COOR™
wherein R is allyl, 2,2,2-trichloroethyl or (C1-Coalkyl; -C(=O)NR’R® wherein R® and R® are
defined as in formula | above; -C(=O)H, -C(=0)(C,-Cq)alkyl wherein the alkyl maiety may
optionally be substituted with from 1 to 3 halo atoms,‘préférably with from 1 to 3 fluoro or
6" aloms onyl E8oe) oF —
chiorg atoms ~Benzyl, -ButoXyCarbon ), or triffuoroacetyl. ]
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R I LT, X ITRBRAET R TEETUELS X
III 568, WX ITHREREAFY 1 SR B ETEELER
Fdm XA THF. BEAFTERTABFTEA-T8CEH-65CTRE. i
EEEREL 10 5425 PHALE, SBBEKT-65CHERE
THBAFTHE2INARE. MEARK-S-HVYRARAGER T
BHEEIKT-65CHEERBRRHBFENETF. BT HEER
P INE KBNS T RE LB R P G R,

MG, WEFNX Il e P EZRUBPERMN=FH%
AERGERTEFEEETLR, ERAAX IVEIRBALESS. BRAE
— B EEERBEEN LS. — SR OB XA FR T EERTH
746 £ 24 bR, i 18 IBA.

M AE T T ARG = SABMELRKBEFN, ¥l E45.
ZRA LK (DCE) R A TR AR IV 540dd, ZAhEHamiEnS
MEHA VLSS, ZRE—RALREAN-T8C TR, FALMEA
FRTRREY 2,

AN VLS IHES ZATHREFALARBREREEMN R
H. ZH LK (DCE) R =L PR b A Stk se sk 3-F AR HAET
B R, ARMEMX VI ZATHERE. &%, RERFEZREHH-T8
CHAAZA R ETBALRELL.

X VIR FTRABREEE Heck RUEHF TA R L RAA LG X
VII t94ba¥. TRAERAXARABEMNAZRZRE. ERAGENG
FEN,N-ZFHPEE (OMF) . N-F Aottt & (NWMP) A F K, 25 60C £
AH130CHRELBRERTY, FHZALA—HHAITH 1 £ 48 I H.
HikiE B RAEY 100CHIEETHTY 2-18 buf. @it Aot AL
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HARKEERZEBETHELN, iR B 584
(Pd(0Ac)2) . =R A4 (PACL:) R R & B A & 684 X H48 (PA/C)
HE(ZEF R FHE) —42(0) (Pd; (dba)s) . &7 24K £ 6548 £ 4840
F., ELAGAZFZALFHEEZNLY 0. 1nol%. k&S AL 2-10mol
% A ERAEAF. XEREVFTEFEAGEFLE: BRE, =%
AR = FHRIEM; S E4, 4= DPPF. DPPE. DPPB. DPPP(DPP=
M-3R, F==%4, B=CHX, P=AR, B=THK); XEMLARAH
FMEAA, 4 BINAP (2, 20— (=R ZBE) ~1, -8R 25) &, 7 &k 3 de ik
R EXRLAFHROEB GRS DL RESY, Hlomsdkt; Kb
A OSFRRATATH LGS, bR RESEX48ELRH
BAEMER, RAMAZHAALIBERLNGY 0.5 ZH4LERS

1

I

LRBRHREBOFLETHRT, BFERIEHR, Fl=LEBKEHR
R ARACRE., FeRbl g i R L (F g g, E8N.
HMEAXRERM LTAREE ISR BFAGER. EXBHAP, W
R EAEAFTIHELY, EEFP LARBERBRAPBREAF L Y
ThEAEE R KBLELBRAESER. TURAGHmEM
FARA RS, AewThEE., IBLELFER, PAT
Jeffrey T. £ AL F LA EPAFHEIAL LY (J. Chen. Soc. Chem.
Commun. ) 1984, 1287 #o (A4 s&) 1987, 70 MiE AE. X LRE K —K 2/
AARBAHARATHT, ERTIAXTREZRNGAFE.

C X VIT $i4 A 5 v SAC RS TR 4 N-F R Dok N- A
(NMO) AR Flfe R FEEET AL, ERAARGX VIII 654664,

FAARATHFETRELAX VI Hhsh MG L R L
X TA LS. Bk, EHOCEHERT, 4X VIII 8944
55BBEAEENARHEZLLR (DCE)) KRS TEE, X5
WERRBRALASARBEENTREE, ERBIXBEFRE BE, &
BREGEREFEERA)FZLBREAEMENBE . BEN-FTRE
RAAI X TA B4, FRABERTAH AMEMBIAAR #Ho il
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FhETKR, Hldo, BEELSHEIRLERE | B EHBRLIBE
RE(GRMpeiBkiE), FLEERERAA TR Y EE
TRE.

# b, BRBEACAE R T A4 F 517 XbsbiltiT. £4K THF &
e A SEBA TR X VI AfF B 88 i, 2 8 e bk ey
ZB/EETEAk. AL ESFTEREERK). AAKEREAEEREY
T0CHEAETREZTRAK LARFEHAKX IA e,

R ITAG LR FEEASH EEGTFIE, RREBRFALE AR
X IA LAY, FTROBETUAHNAMESABRBERAR RN F
BRI, Wi, B AESHERLHERE 1 Y ETHRERAR
(BRMEGBERAR), FLMERAESPAANEETR PSS TR
B

HEEXEEREBEATBARAL LT, BT FE, £ TALAH
R, . RARKE. TE. HRRBERRATE(# e RXA TR
Bk 2—Fn - RAEBRARFE). EMNTAMAHSHILEER, &
AR S, FBMAETEH A T.W. Greene # G.M. %A “Binsds
R P 7, 1991, John Wiley & Sons, New York, NY F B &)
7 R B

T REFR BEHE 1 TEARAG T ELIHEX TAEHGHRET
¥, P RARITEEARFERS —EBHIR .

ERFHEERETZACLAX IAWEH. L+ 2 R(C=0)8
ANIAEGHTARNA LERSRE 1 PFHFFHRER 2RTHX
TII LM EFAEE RN RRZRER, BaR AT 72 2 (C=0) X IV
o, XTRABABABBERAR BT ERETR, Fli
A A Jones A (BEBEZR)ABRIAE T TY 0OCELHFTRTAA.
Ed 7 R CHL&X TA STl 25 XBR KR F Z £ (C=0)
X IVHARLLLSHELALY Z R CRLAEX IV AMELES, F
MBS RARRRER | GRAIRA. LiEH4UER T A R &S
BRAARAEGFTEERTR, #lde, B3 F Lawesson KA L& .
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B Lawesson KAM MR —FKZ LR BHEEEN XX PE (i
PRIVTEAZBZXHR ARG GARE (RELFTHBE) FTH
#. |

B R3#%% 2 FFHAX T WEWe 5 —FHE&F &, 524
ZERAESHGEETE, EFPRPREPERIGEAERANLLE. WA
BRE2HT, ABERPETRELLTRIARPDLRSHH ARG
ET. THEAMpRRETREATRARSPEEX IX 94009, 4254044
AEA1ES5PHRALE, Y BRABERARE TR P —8
REBADHAKE, BEABRHENERN P REERNRESY (b A
Ak (THR)) PR BB ETFAHNEL-T8C. ELEZAEFHHK
3-HTEFTEE-TEBEXAEL-TSCTRELF I, WA EE
mAOER PRI A, WAEERX XL e, BE, X XI &
W ERE_LTRTFALAB=ZEABTH-T8CTLIE, 4 20 &
K, YREFELH 0OCHERE. MG, HHMgX XII #9sdsg b
EE S X XTI AW F kst h = REAPE. FEETAELR
5 Heck &4 T 3404 X, XTIV #54b4-4.

A A AR Wolff-Kishner &£4F3 B A, XIV #54b&-4, &R K XV
gy, REF4ZMEABRBEARAR RPN FH4, FRHAFX IV
Lo E A AR E R, R EE ALY 100C TAEN GEF
KB R HB) P AT, FEMEITREL 180-200C. LT LR
JA B BBEAAR Cinth 54 Wolff-Kishner 3£ RAE R 28558
B R, BEEMTRELSE 1 FHX VI 54ba AR A X TA &
Fik, TOAHX XV GLePEL X IB 6i4bé-9,

BEEEXXIVPHEFRER, Riei@id Lavesson K XA &2, X5
AHBEBERAR B ORB AL RAFLFERG L ECT X,
TAH AL P AREA®] CRAARSSAELEY.

B EABEARAAR Rk TRETREAL L0
ET@dHX IBRXVIIGALAHEELLRRT AT RESY
MBEEABEY 1 MHEDR. BARESFERMEHGK IB K
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XVIT? & B, -

A—RHEARTAERER 12 FHEFTRAATHEFLARE F
kA RREF-EBRBEN. b, RBABERE 3T, TAR
A B E TR, £H4-T8CE 20T, BFEAL-T8CTLEL P
RYZ & Rareh X XVIII 894bod, 2R TASGFEARE F:

0/

Li
R> R®

xvily’

 UREHFOAETHRERE, HlRARE 1 HRNBRE, X5
EHN BB, Pl RERE 2 PHEN BRABKERAE, £1X
KX XIX 6544, (B R B LR XVIIT Biea-4 5 & L 4e 0%
B, R kA AFET ER LGS WAEE A K KRR
R%p- MgR"), FHEHEBEIHRAFHEALAX XNVIIPRAER THEX
XIX 65404-4%).

FEFP, ;TR A B X XTI 5408 A A% X 1B 854089 (R
B2 2) 0% ki X IV LB AL 1A e (R B
1) 6575 H AT EX XIX 65483t A X IC b4 (R R% 4 3).

AP HERIBTHBERAG ST FRLZARELRE FHEREE
Fr B BB ARAA RFEZ QAL EAL (DOM) 45 & o F AR K% T
TR, XA ARLT $ARFETTLELEE OMC £)HF
A Hl, JF B— 224 Snieckus, V. {45 3F#) (Chem. Rev.), 1990,
879 ¥. REEH, Bz X sk ey DMG A5 DMG B HE 5 H
o B A K B LA o AR,

F—HATFHEEX V. XII & XL HREMBLEHHT
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N R BB AT, BEFFTET, FR-3-HFRFPDS5 T Ems
o BORE LA e B B RA (ol B F R AR BRRARA T LR
BOBE), A ERBELBRTALEZEEALZHTERAINEG SR
R RS, RAZLAENM PR, ¥, SERX & TR P47,
HEE., ZRAAMBE—BXDEBE, RALTLSEZRE T AR
HAAARZE R RGHATNERRR LT AT ENEE. TS
25 Dean-Stark 4 KX BB X R B FPERYK., —H¥, ZRFH
17 3-48 b EF, FFEH 1024 b0, RAZKER R R EZH KL, st
HZEREEN, BEATEIARTERFAAIMGLLET, FpA
ZRLUBFRIRMNZLEARRARZ Y MK, BARZEEREE
HEHM A5 R CE (DCE) R KPR T AL LR T 47 6-24 D H,
4t 18 A

TEBRBEAEREF ZAZCLHX IVHLESY. TRUAREZXEHE
Fr 7% (C=0) % CR, 8 X IVRAH 67k (KABE D AHER T Z
% (C=0)Fo CF. 84 X, IV’ 6548 H AL &4

BALEFERREBELTRATHEXIALSHG 7 T
iR ey X IV #5649 (Z & (C=0). CH. % CF,) 34t b4 B 65 X, TA*4b4-
.

B R#%% 5 XEHEAHALRALSH FIARKREREPAY
Fik., EFBEGBRBARAARCEORELHT, HrEfRKBER (b
45, —E LR OCE)XR—KFR)PTHOCELERT (RBLAEER
T B BEBRA WAL T AL X XXIV ¢ita4, EAX XXIVA
fiAE pALS S, WA ALY GXIVAME T EE K F-4
BEMERARIENETHAY, ZHSAEHEEF TR /% &%
Aie Z A MB A, —KAAE-T8CE OCTAEERMAEHX
XXIVB &5 B AT £ . |

W, # R Suzuki AGHRA F T B A BE AA R Fsm AR
Tzt s #4575 %. 54 BXEFAAARN-FTES
BRI E N 4o THE PR F, RBIXLCHEABEBRAR Qo ii sy
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%, TR X LmBRAemEbmpnEisitdh. A3 IR 5%
BlEFEEFR, 2RATHAGKX ICHEY.

W LR G BRRRR s FTHBR T AR ABAEN A TER
Be. BUAEARBEARAN Zfodjiefe i E, ¥4 Heck. Suzuki
Fo Stille MBIK R B AR Heck ZEAMMER, XBHT LWL R X XXIVA
R TARNAREEFRELCERREAFLEHLINSG B HF ) F
A, THFPOCHEREABRARE, AZMEHERABPBRE. I, HAX
Bl F B E&E T TR RAN. R, TARAETEXRN K
KA A S B 2L S AR B 6 BRSO AE A 6 S e X B S A4 BT
7.

BRERE6FPHATEERESET PHARAG TREGHES
., B BHE 6 MR, X XXVARERALE Z R UEFARTHA
ETERE, BAXXVI LAY, ZRAFRAFTAEETR VAL O
CEAFERTHAT. |

EPZFRZE(C=0) X XVI A BTGB LT F kA
K XXXV ey A EAT 2 M., ¥ X XXVI P 24034050 =
BT (CRSO0N) A 1 2 1.5 AN EFABERRBEN &L, =&
L (DCE) R FTRTHRAHA. SEFRGHRESD 5 E 24 0
B, FREEYEL-TSCELHOCTRAY 240, FEBELAHE
& B A ek £ E R

H o Z R (C=0) 85X XXXV 85488 T L3k B Kapur TAL (&
kAL ¥ 2 E) 66,1988, 2888-2893 W ik H R T 7 & CH B EM
1644 B AL R 4E.

AAKNESABRERAR R85 2R X XXXV 564, £ 84
BWXE. ZXRRERTAE, Hlief B A fsmBil (8 84)
TEA, FRZRARAETERLETEERTRA., THARKRE
Ppidat b3k X XXVI 463 855 & k340 X XXVIA 85 = ) LBk

BB ERHEX XXXVALS WS 5k, X XXVIIA 9466 —#
R, ARMBENX XXVIIVG AR Sr4Ed. AEKERARAE TER
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THE ¥ A% 20C-£4 TOCTFREX XXVIINH AR A Y, MERRE
LGk RAL, ARAMEHX XXVIIB #5406-4.

B R¥E% T &, X XXVIINHREASHAIE P08 E
B4 A t-Boc AP AR 64 B bE4 (XXVIIIA), XA H 84
XXVIIV e 5 R BEXZHLEL2E (R WAL D RBER TR
B, tBERMERBEAR BT B LG WS — KB —RTEAERE.
FKABEEIBLIEE (B HEAANNDXBEREIGEEBTRES
KB, TERR WAL (THF) PALZEREY T0CT, 444 70C
FHITH 1 E24 24 b, BB TABBENLER S V4 5k
By B B, R BG4S B 2E T AEEMN e THE, B
K _EFRTVEY 0OCELFTRTHAT. ZRETAEXRTURAEE
B GFETEAR. SRS AEGEN, KAREAHK A LEEX
XXVITA’ 85t &4 32 4b h Aa L eg X XXVIIB KA WeG 75k, TR
¥ P43 X XXVITTA 65466~ % 340 4 48 f # X XXVILIB 65 — R AALE-9.

AL 4K XXVIIIB o E TXGHNEHRETATAKX
XXVITIB &54b&-4 6 TR 65 X XXIX 1o & 444L:

HC,0,C CO,C,H;
R" OC,H,

AP ROZEA, # 17T ARBTHELBIRKY C-CRE, L FHEFE
RAXEARBREGFE-CCIRE, HLFE-CCYE, LT
RLFRBELH 1A ALRTALERTHRAA. &iBey 5-7T TF
A3, FEETEREAFEFLFETAR 1 AREARRE, &
B OAZE 2 A ABRREERERA, HERAREABIREG: £ 1-TA
SR FHABAKN CC)Ek, # 1-7T MR THRAXFLERRKY




(C-Co) AL, SZRPRAEGENZ OB B 10:1 A%, R E
BEANZ40CEL 100C, K4 60C. LAeEAGKH aIsita,
LB Fo 5t R B,

Segelstein F AL (v @iRBIAY , 1993, 34, 1897 & T X
XXVIIIB #4684 & X XXIX 694604 85 38 7 3.

B X XXIX 65404 BlXk t-Boc 47 3 £ A8 B 69 X ID #5469,
FAP T AR A BB ARAR bty M. Flde, X XXIX 65
WEBTARAKBRIER, 228, YERIAZALE, LA E
TLRLE VLR, £4 0C£4 100C, R&HEREY T0CT
A58 2 1-24 R

X XXIX654b o4 idit 5 X RZHISBE B TR B X
IE #5444, AP R EX R'HEN, AN ZAZELEH, #liei
TRABEE FleR. B B TEBIEXTESZRE), ZRERE
Bl BEEGAAY., AEARDIAERE (RLERM)GEAT E
AME R e . = F 2 5L (DMSO) . THF %, DMF (4%3% DMSO Fo 7K &9 5.4~
) FiAT, PEEHEBLAFEMEREYPE. SERIHNRAE—KALE
HEREH I00CHEE TR, KAEYHH0CTHTYL 5. BE
EHERFERERPE, ERFHGA IEHHEY.

B 3% 4% 8 ML % — i X XXVIIIA #4E6-H & X IE &
aWesrik., SHEF R AH TR FRGEAN, B R
FkBRBEAEZBE T FHFEIREMRFEARREMEY, 5%k
2HEX IE LS me kit k. A ERE 8 Fiw, X XXVIIIA
A4 L5 38 % &5 X RVNH, 09 4840 A2 AR PE %5 51 J» THF . DMF 2, DMSO (4&
% THE) P AEY E R XL 100C (LA REBE) TRES 4-18 D H, %
B RERK XXX 4itadh. MERAMBHBREARAAR RN F ik,
B AEERARETAEAFTRN XX bBihiape X
XXXI 69404, Frvn 2 TRARLEER BHE 6 FHX XXVIIAH
oM ik h X, XXVIIB #94ba-degi k. s, ERRFHFHA
XXXT 69400 i3 55 F X 65 A4 35 8 X, XXVITIB &5 4684 34 3 X
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XXIX 694083 630y ik RO ~T VA L Bl ek 3R, Wb 78 AR B 69 X, XXXII
&4t 545

H.C,0.C CO,CH;

R OC,H,

(AP R A X4 k).

Bl X XXXII A& i, £ RBE X IE 65iba-%. A B
T B AR e kTl L RER L, Fliwk B EX dia s X XXIX &
WS- M A, ID 1498 7 k.

BB RE R P AR RAGX XXVIITAO RS TRAER
BREBESAFATEFERE6R. AALEFE, BFEAFRAANES
X IC o2 (B A% 3) 3L 4 X ICTFA 0 Z R LB BAT A Y. M
EH#BLEEFEIFARELCHBHABRBEARAAR RSP RALZITE
A, ERX ICTFNMBERESEY. MBLEEBRIXBZRAHE
WELX THE PHR.E=ZRCBEEE, MEER EX G R &R 8T
EEHd, ERAMEHX XXVIIIAGLES.

B & Zp Y —FX IFSB8HE&EF %, L7 R =R
Jo LR E L. B FBE 9 AR, X XXVITIB 4 &-% 5 TEGLE
B |

OH

SO;Na
Na0,S

H

(TEBEAATL_EMRY) ERXD —HWEEN 4= THF, DMF
3 DMSO, &K FAKTHEBRGEMN I THF RS PR E 1 -4 I H.
B REEMZ 40CHELY 100C, K EXL AR,
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A&, A KXVIIIB 64T 5 T X 4o £ %M 4o THF, X
K LB (kK fe THE #5406-4) b R &

0

R10/UTRW

(RGEFR). BEFE—ERAEY 40CEY 100C, b ARE
T 3474 2-4 )8,

R B G FLTAREKFETF t-Boc BHFEE T —FHEP Kt
TFA RE&EG M EALAY (X XXVIIB 9464 %) B4 h s B
(quinoxoline).

MG, #ALREALSX XXIX bl —#X ID it o8y
F kR EBLE X XXVITA G54 65 TFA B 695 ok, s Lk B
P TG R AG Ao BR3P Tk £ R X, IF #552 gk,

CREBE 10 FAHB TR I A HEFTE, AP PP R—
R L EGEIFTHRES LR AR, A RAAHCEBERE
BEI0FPETRALFXIC. R EHEE 10T, £ FYZAHELIA
X ICTFA G E BRI A —FHE2 B3t e BN HEREL
7 4e = I 22K (DMSO) . DMF X T AF (483 DMSO) # B . HR F—
BHATH 12-24 M., ERHRAEBRERLYA T0CEH 140C. #hid
100°C.

Lt B g A R R XXXV #9464, ZeWEE TR AS T 5
BHALH BA X ICH TS, T4, AaPERAELN AR
R P4 0CEL T0CTF, K#AAEFETERA XXXIV 5446
Y, WRAMEGREFTEY. ARG HEESE T R Z(C-C)
A 65 X RCOCT # B .3 (RC0).0 B A, KB X R°C(OCH:)s %
oY, EESOEREN T AR, EXRTFEAFTEE, AB
VEMRASW, ERE—KAEY 120-150C, #£ik% 140CTFHA4T. H
A RCOCL AR BB, RAGEEREWFTRALTFHEIEFNZSC
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B (TEA) R 5 — A BB LA T RSB AT X
sEEE e 483 (PPTS). Z Al RCOCH.) s AR B, i HEAF R
&4 F AL E 65 PPTS. |

BEk=fCBAREFL ARTHGX I6 4. X T LA
M ERABEAAR RO T EER, HeiERkPitedh S5 KER
BB ERmtstk(RE) ALY I EBR I RER (BRBRAK
EHE) A 50CEH 100C, Kk T0CTAEELY 2-6 B,

B R 11 FH15LH X I %R &5 %, A+ RREHA
A REZMEGENS R -—RARFFELREZ, RELESH R
B& 11 BREHE XN NS T FRLRERELE 11, X XXV
eI E R LEBERE, BAETHEH=ZACEBRERFSRE
e, MBRETVHADHEL 2 B ENZATH RN 1 L6
BB E, BARK XXXV &l RV REREe— ALK
R, BAAZRLBRYZEE ARG HETHT. EEHL
B BB RARBREEN e SRBEMN (REZRFR) FE£Y 0C
EHERT (ks iR)#47.

AR AR CH BB ARAAN bty A kR EH LR
it..

TR EX AR FEREAEZRARKL RN XXXVHLE
.

X XXXVHLSHEES Ry X 25 E65X R°COX & (R°C0).0 #)
¥ 8 A R B B BT, SR TEA R % —FUBESRA R, TR A XXXVI
ALY, EAL AR E Tliid b5 Lavesson KX FI R B ALY LA
X, XXXVII & B #ﬁ&/\% S F BT 77

204,




-

BEFXZRHENRCXXRCOLHERBBFAL OCELSE
i, B EETHAT. 47 Lawesson KA R — L LR B EE
EREXTRERAFTR)FTANYEREZAR ROV A SR RBET
(it % & 7% m B ) 34T,

A XXXVII B idd b4 fisrd S /LA LR TR
4% (NaOH/H.0/CH,0H) T f£25 50C £% 70C T (4hit% 60C)R B Y
1.5 B, TR EIFERILG R K LG HRY, Wb L AT
65 X, IH 694084

REFREZ 124 13 EHHF TR IS HEF %, PR 2
£, PRFREFEEIHFRIRHRARL, ERBAR.

B & 12 BH RPN I o g&s%x, EF: @R
A4 R* 52 R'R'NO:S—; (b)R'F= R* | B 24 &; F= (c)R*Z A A R° 2 R®C (=0).
XS Y e R H K 12 TR, 28 AX 1. IKF IL 8469,

B & 12 B, X XXVI G ad 5 mAREANASEH
MBS, REERER, AY0CELTRATRAETUHEX 1T &
ot RBRGEFEBITERNS EAX RN 9BERA R, LT R
Fr R LR E L, BABREERERPE, EAREH 1] STH0ED.

KX IR a4 Tukidad X XXVI st o 5 = b st e SR B E
PR E, BERKREFEALRNE. RAZSABRGERE—FRE
HEBFRIT. ERERFX, ARG E-R R E-H ALK
AT ukaE At X, XXVI A2 o N-2AR 3530 86 6 Jie 36, N— 55 3% 36 B 8 J
EZRYBEBRENFPRE, MEEREZRFER I/ ELIE.

XXVI #§4t4-4 55 X, R¥COCL #j 8k 5 2 X (RC0).0 WY BREF AT A T
Ty BB Ve B de AR B BN (R ST 5 T A% 5 M B de 4L
B AELETER, ERBERZA0CEH 100C, MERBEYF, 2K
XIL#hitod. RABREXHEGRAETAAAMBARCEHLER
BB EREE Friedel-Crafts Bib 7 ik T K.

de B %% 12 Frmfe E AT, WA GAX XXV s
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EZIANO,. —SONR'R®. ~CORs. I. Br & Cl 89 B B Tk E4E4TH & R?
A, CChkA, d&. (C—C)REAKHK-NHCONRR® & £ b2 %
LEk, ERETRFRREEX I OB TEZLGX 1004,

B A BRBEAAR e dn ity Baeyer-Villiger 3T A% & AR b
X IL e ARRE T AR AGHEW TR DL 0-8
ABRAEY, FFRAFX IL #5-C(=0)R” #-0-C (=0) R*® 35 H] 4. % o5 AR
BeY. R DTIARG KBERBEYERBRRLESY, 5
BMGEREAYRIBEGRALRRALSY. @HE, & o-BARA
4B TR R H & 5 TRARGE 7B, TR AEARK
RAR Bioth 7 &, FlolRXFEHEHE. BHHA. Bt ARL
P, TR G ROERNLERNRB LN B EE AICL) REEMN wHE
PP X XXXITL 8940 Ak S &4, EHA2 ALY 100CEH
200C F, 4324 170C T3 474 1-2 4 0F, 424 2 0 BF, A & X XXXIX
Bietd. SEPEAEE, ERMEGX IS K. B AR
B SR KA R Bedo A7 A 7 o T R XXXIX 94689 #4035 %
B, Pl iBd A8 PR TAR L LBRGHELET T4 20
TE4 70C (it 50C) FAELY 5-20 . KA A A #dotl) 7 3%
BRALPTE G, #lol CREFARRELAE, MERABAALELS 5
b g BT, 27 4o DMF. NMP 2% DMSO ¥, A miAn 56 M 4% 5 g
v, fide LT ARELS G TABEY X, EXAFHGX ITHAESW.

B s 13 FHHA T IR EFE, L9 @R E
a4 RAH MR RSP PREEAL @R EA&F RPEAE F(OR
AEF RAERCEONMH) -. XBbSPw R FIRLE 13 Fiw, 43H
A IM. IN. IP #= IQ #54b&-.

B R, XXXV 654044 38 Ao ] o 552 B T8 7 B 3 e BAILTR B (H] I
L, BB, AEBR)ERTAREAE MELRALATRAEAR
(DERTAHEX IM 5. AR ERFERBEFAT, 2AR
BREX IMALEYH. ETARXALECANMBEAR O EAGERE
HE&Fsk FREBAFRAEHOCEL60CHRET, k% 60T
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TREH 154542 1 I H.

L3 F ik %éﬁéﬁﬁfﬁaxﬁﬂc%‘?ﬁﬂ(%ﬁ * R K, iﬁk%ﬂéﬁﬁl
i LY. ZRE—BRAAELOCEHERT, KAYEETIHAT.
AR A4 B30 S e B N—R T R BSR4 4 T A R & R
Airxdh, A TARBLE FAEMA () FRALHAE DIF, N-F FEabeg i
&1 (NMP) . N, N-= % % & JL J (DMPU) &, DMSO (4£.3% NMP) ¥ £ 4 50C %
%5 180°C (63 #y 175 C)R B, #RB LR FEBE &AL, 2RBH
# X, IN #9 B frib6-4h.

BAMBABEAARL R gBRF E, #4 Heck.
Suzuki # Stille 1BHE R & vL B Heck B EAE R, Lk sindy. &4y
HRERETEDZETUAREARE S AL CERL, oFE. i
L RABARE, A BARR 65 LB B .

BLEr X XXXV L6 85 KRy, FHEX IP 694be4h.

A AE#EFE, X XXXVHLESH Tl H BH X R°COCL &
(R®C0).0 #9BL X R B, BEJE Btk 8RS, ERX IQ 69iL6%. A EM
F R, HEHXRSOY S HRBRFGE, EFIZRKE, &
BEBLERARY, ERAEGBBRERITEY.

THATFAILCHFEHNECE S BE/EY K IE-COCF,. —COCCl,.
~COOCH.CClan —COO0 (Ci~Co) 353 7 —COOCH,CeHs. XL H & K LTk &
HF R, AT E XA Greene &2 “FMALF FHEF A P
Pk 8y 7 s LR

EPRAZEGX I BB TARRBEE 5 HE, Aleid R
MR R F, B EFEERTRAAERLE 3 FHbe&d XXIVR' S
FR), FAITIHEFTEHE. AP RAZAHX I HLESHEBIA
% & 658t (R'CHO) X B (R'R'CO, A F&HA RAAXARR) & RAL
Ak A R AZ AWM BAY, AR RMNERRE DR
M, B tBAEMEALAIREMENARH, BREREEN =
SF5. waARHX IR PRA. EEBHATEZEREREN
mNE, FHBFRABR. AALGRERE—RKRL 0.5 £ 24 PHH
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FER. TR ER (CEPALFLEY 1996, 61, 3849 Bk,

RTABEBEARBEAAN R F 4L R ZEAHHER

SHRENMEBEERMERL T RAZAHK I LS. Hide, ALE
XL EH RX R RO & O-BBRELAFEL Y REAHILESY, K f
RAALEL X RARE, HAERR FAF-BALEBEEHTRE
BHEMNeK, —FEFRER -—FRAERFTHT, EEEELFTFE
BAHEETHAT, HEBHPEIRTRLEERRE. BRENGEAE
—HAKZEL 0.1 £ 24858545 20-120C (4E#£ %) 100T).

FABEABBEAAR RN F%k, A RE2EERAELSYE
ARCEOX (HEF X ZXb) S r B BE, MERM
R EERE BT ARE L TAHEET R AZAGX I,
BARTBEEFTAEREMN = LBER THF 44 20C £4 70C Tt 47
%5 1-20 D Ef, AR TR 6 B

EXILHBEHEANAREF, RERERE 1-13 FHHA ¥, o
BEHEARFRAE, RIEFIEKE. B 0.5 F49 5 ANA0KRAAEHEN—
BRATESH, BFHARTE, FH 1AKKLE.

AN IS HREBFETESGE GLEHKRE FHRALEH ™)
TR ZEaR, ZR@ERERABR). FA. EF. &AW, EBAEAXRE
FEELY, KRAZEPOREYE. RRTZHRBHETFAEGAE
FolE AR RITRT B ARL G FN, RR2RANE, XL Y
u%O%m £4 1500mg/ X IH &, K%L 0.25 £4) 300mg/ X )

FHY, BRRBY 1 ARSKRBY. 2%, $AXAH0.0lug £4
1mﬂ@%@%ﬁ%ﬂ%%$,ﬁ%,ﬂ%%ﬁ%ﬁ&%ﬁ%ﬁ&ﬁ%
REFE L, N ZGHGARAE, AR RFOHYHHAMER
Feb i af Rl A= E G E . EXEEad, KT EENEEE T RGN
SARETRRES, PALCHATEZRTOREAEXMNERRLF
RAATHAEINER, FHAEHANETLEEL X THSRET I
2HHE.

AR TALRLY, RE5EFETELBEAIFEN R
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BRI EREZTRERSGLSH. AR, FHRASHTARS
FARARAAMNBLY, #lie, CNTARRAGEF ETHESHHERER
HWRAERAAM. BKE. AN, £H. #BE. &8, HX %
. AR HE. AR B, Wk, #A. A REF. KEFE.
TEMHER. A, BAFABX. AEEACEIAREHN XA
XA, RASKNEAE/RLEAEN. B, oRGBHALYT
AE B WIEMP/ R HFok. BT, THLESDRUARERTAL5.0%
E4HT70% (EE)GMNEAL.

ATORES, SASHBRENpBEGEE. HERK. B8
. BB _ESEPHRBREOANTAE ARG HBMN s (B 2%
B, L RBIARZER), HERAMELE LSBT, BRANERS
Fldm R IS S8R, B4, XEPEFREGERRSER. B4 A H
TARAIAR, Plle@EEReE. T REABRBAPTFL. ERER
GERASHETRAERRKE FAELLAN, oAk HHE 6
BRI ERAN G TERL 8. SoBRLE 24 KREF R/
RELA B, FHMASHTAF S AN RAN. FEHRRES, &o
%%%,ﬁwmﬁéﬁmﬂmﬁﬁ@ﬁ%ﬂ%ﬁ#ﬁﬁﬂ‘a%\ﬁ
—B. HWmA RS

AT EmESL ? TumméﬁmA%ﬁﬁ?Eﬁ@i%i@$
BHEETERR B THER. R RERRHZELIENF (hik
pH KT 8), BRAHAEMGARMFE. ZESRERESFHFHKRA S
GGE. HERERATEYR. LWARFET L. HEFEMBRE
RAAR B IFAGFRERS TAXB L4 T A A LEEZGH
%

LT AR ERNS D HFLY, FRAXTARBEEN. BH. &
A, AR, BH. RFFUHEEREBRASFIREAR.

LX)

Pk GEMAL S ER R MR L R SR S & %?%ﬁﬁﬁxk

FYLTFTFERMEN, XF kAL Lippiello, P.M. 7 Femandes,
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K.G. (EL-CHEs S -2 X RABBENSEREESHLE.A0FH
#%» (Molecular Pharm.), 29, 448-54 (1966) W) # Anderson, D.]J.
#o Americ, S.P. (EXA B THBTAEL 6 -2 5. "H-HE8BF
H-PRBA TR 2L, (RHBFFHREY 253, 261-67(1994)) AT

15 A Charles River t 4}t Sprague-Dawley X & (200-300g)
FPEBFEEBORERZETHEEH 12 PHER/ LB KR
(7Ta.m. —Tp.m. BB . IPHEEELTHFAE Purina X LB H K.

Bk 4 KR, ME B L2 K&, 3 Lippiello&Femandez (-
FH W 29, 448-454, 1986) ik o sk #h47 3 25 Bk, A A Kb W) 5 %
WEARF &R, B AR, AAALZFRER, £0CTT 10K
AL F & (w/v) P RE L6 Brinknann Polytron™4) ¥ 30 40,
Pk %% i e W) H0mM Tris 88, R EETH pH A 7.5, i3 H U
Bz 4 ¥ (10 4-49; 50,000xg; 0-4TC), 4 L& B A Polytron #
BOBENEFRALSE S (10 54 50,000xg; 0-4C), HARAC
G, BEREHAEFERBLE R T, REN 1.0g/100nl. FFAKEE
AR AR E 50oM Tris HC1. 120mM NaCl. 5mM KC1. 2mM MgCl..
2oM CaCl,, JFEXAZEZHETHPHA 7.4,

FTALCHEAEMARIARRETRT. REREAD 4L
1.0mL #g3Ffrgtkind & 0.9ng BEGAR. FE=4XE, X T4
BBKE WS A A SouL k. TO R KBS Y ER. AEARE T
MmN 200pL A TRBE FR T 6 CH-BR, BE A 750pL R E
k., BARFTFPHMBEREH 0.90M. FERE FHLELBE
Bk E A 1M, AR S 42 W44 & 50m] K F 30ul &5 INBFERAS & B
FARARK. BFRBUESDFEEEBRERERA Y. EAXET TN
BESREAIRZELGTE. BHEALEO-4ACHIEE ARG FERT.
Wit £ A% T 42 Whatman GF/B™ B 4 48 g, #| A Brandel™3Z %
 BEHERERERARESERLE TERT. A RTERBREEY
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B, BEERAAMERE R SnL) hik 2 k. MERERE TH&
#F HLY 20nl 45 ready Safy™ (Beckman) Bl AR 4, ME X T Mk
. fE3FE A 40-50% 45 LKB Wallach Rackbeta™& 4k I Bkt 3 2
TR, HAIHH X =0

A

SHEHHAELESOZBASARAPBROBEAGILELSA S
SRABREERBOFRGEFFLEESB ZE, F:

- HE£4A=(C)=(A) - (B)

KBV EHAETHRABLESEIRABRADHALETHIEL
D) FEFRESB®ZE, FER)=D)-(®).

I & % = (1-((E) /(C)) x100

P E AR S A LXK PRI H 8 IC, I F 10pM.

T AR EAEARANAALY, RRARAALAHETTEH.

| o ZEH 1 |

5, 6-—F-11-Hf&-=3K[7.3. 1. 0* 1+ =82, 4, 6-= s @ &

AD K3 HE-(2,3-—F6-FAEX-FL)-FEETELEL
BB B A SR L34 6A. FRR-S-HTVRTEGASALBEER
IR -3 EBFRA-FR-BE, EHE&LHe 24 . 5T
E &, B Garigipati, R.S.; Tschaen, D.M.; Weinreb, S. M. ;
(B FSELE 1990, 112, 3475-3482).

E-T8BCHARLAT, ¥ 1, 2-=—RK-4-F&HK~% (10g, 69. 4mmol)
AE A A %7K (anh. ) THF (80m1) # F 1 = % B & B 4% (3NRB XE4#%) F 4
¥. E554 AL F A ETHELE (-Buli) (28nl, 2.5M/THe%E
#., T0mmol). Z—70C FHIH 4.5 by (W) &, ARFMAREKT-T0
CHRE, Z2BAEABF;BAEEZME AR R-3-%% F & (5. 7g,
69. 4nmol) £ Xk THF (30ml) F gk, WHF I HE, ¥R ERED
WA Fe §ACE A R (B8 NH,CL K% %) (100ml) &, ¥z RESDE
A LB TS (Et:0) (2 x50m1) $2IR, A HULE A #K (50ml) 2hik, T
¥ (Na,SO,), iR B H I L BT, 5] %5 (6. 64g, 40%). (¥
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JEEH (TLC) 20% LER B/ T, Re 0.16). M NMR (€DCH) 5
7.01 (ddd, J=8.0Hz, 1H), 6.58 (m, 1H), 5.72 (ddd, J=5.84.522 Hz, 1H), 562 (ddd,
1=5.8.4.52.2 Hz, 1H), 4.78 (br d, J=8.5 Hz, 1H), 3.85 (s, 3H), 3.20 (br 5, OH), 2.87 (m, 1H),
252 (AB m, 2H), 1.99 (AB m, 2H). GCMS m/e 240 (M)).

B)2-F R-3-HFHX 3,4 —FI-FRIE-F (AL EHLL:
l.eeson, P.D.; Emmett, J.C.; Shah, V.P.; Showell, G. A. ; Novelli,
R. K EF4FLEY 1989, 32, 320-336).

0CTF, 3FRA-3HE-(23-—R-6-FRE-FEX)-T8 (6. 64g,
27. Tmmol) #= = Z 3 #: 3% (3. 38g, 29mmol) £ = . F it (40ml) + HE 3.
FEERT AR CE (17. 30, 29mmol). FBTH 24 HIEEH 18
Jab. BRASHERERMRY, FHAEMLETK (00mL) f, AK
(H,0) (2 x50m]) F=46 Fo 8 BR & K 3k (J8F= NallCO, /K7 3% ) (50ml) 2
H, MG TR (GRES (NaS0)), ik, REf kL EN, FEW
KM (3.67g, 59%). (TLC @it R: 0.38).

'H NMR (CDCly) & 6.92 (ddd, J=9.3 Hz, 1H), 8.49 (br d, J=8.3 Hz, 1H), 5.88 (br s,
24, 3.78 (s, 3H), 2.72 (dd, J=7.5,2.0 Hz, 2H), 2.57 (m, 1H), 2.36 (AB m, 2H), 2.06 (AB dd,
J=14.2,5.5 Hz, 2H). GCMS m/e 224 (M').

C)2-3R K—3- A FH-3, 4 —F-Xm

A-T8CHEAMNDRT, ¥ 2-FR-3-HAFH-3,4-—F-1-F
A -%(3.67g, 16.38mmol)F n-BuNI(7.17g, 19. 4mmol) £ F B =
£.F 5 (50nl) FHEF. £ 2 0H AQRE ¥ A = &4 (BCL) (22nl,
IM —§ PrER, 22mmol). 5 246, ¥zEEMAZZEE (rt) B
EH 2.0, AKX EZREFRFE LI, 5 BFEE, K&
A = & F 5 (CH,CL,) (2 x30ml) 321, 45 85 A HLE FA K (2 x50ml) =48
Fomk B B KR (50nl) ok, ERETE, K& ESERLEN,
BE HEW(3.30g, 96%). (TLC 50% T B T B (EtOAc)/ Th R
0. 70).
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-

TH NMR (CDCl) 5 6.85 (ddd, J=9.0 Hz, 1H), 6.46 (m, 1H), 5.68 (br s, 2H), 4.78 (br s, 1H), 2.71
(d, J=8.0 Hz, 2H), 2.61 (m, 1H), 2.39 (AB m, 2H), 2.09 (AB dd, J=14.0,5.4 Hz, 2H). GSMS
m/e 210 (M").

D) = £ P& 2-3FR-3- WA FTH-3, 4= f-FIHA

(EHHEEZXHEHTHAN: Su, T.M. ; Sliwinski, W.F.; Schleyer,
P.v.R. (EBAMFLESRED 1969, 91, 5386),

FE-T8CH N, F, ¥ 2-3KK-3-HAWHE-3, 4-— -8 (3. 30g,
15. Tmmol) F=wts¥ (2. 49g, 31. 5Smmol) £ =& FIx (50ml) F HH 5 B H
AE 20 54 A Am G = 30 SR ER BT (6. 20g, 22. Ommol) &2, H oy
EZEBTh#E /208, HEMA INEBAERTHFALKRE. 2855
E, RERZE T (2 x30n1) IR, &34 A HLE R K (50nl) =48 Fe
BEAMAKREER (B0ml) bk, ERETE, REPERKEEN, &
)Wk (4. 34g, 81%). (TLC 30%EtOAc/ Tt R 0.60)

1 NMR (CDCH) 5 7.13-7.03 (2H), 5.67
(br s, 2H), 2.82 (dd, J=7.5,2.0 Hz, 2H), 2.58 (m, 1H), 2.40 (dd, J=14.0,8.0 Hz, 2H), 2.05 (dd,
J=14.0,5.5 Hz, 2H). GCMS m/e 342 (M),

E)5, 6-— R/ =3[7.2.1.0*" 1+ =#-2(7), 3,5, 10-v9 %

AERAAT, BHZR-FHE 2-FA--HBEATAS, 4~ f-FE
A% (340mg, 0. 99mmol) % -4 DMF (5ul) ¥ 3f A = A 3k 2 2 & (0. 26ml,
1. 5mmol) , #% & 47 (981mg, 10.0mmol) #H» = —4F Xﬁtﬂ# (12mg,
0. 04mmol) & ¥, B RAWEIEFHA (3 M AT E/RASLAIR).
i J& Jl B2 4e (5mg, 0.02mmol) 3. 20 5-4h /6, HiRb44E 100CTF
Jadh 18 S BF, A AR K (50ml) . R RA % A Tk (4 *x25ml)
IR, S eAIERBAs B AR (10ml). & (H0) (10ml) .
#HA(10ml) 2k, T8 (R4 (MgS0,)), e bt BN, FE
K4 (110ng, 60%). (TLC &, Re 0.58).
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'H NMR (CDCl) & 8.80-(ddd, J=6.6,8.1,8.3 Hz,
1H), 6.68 (m, 1H), 6.17 (dd, J=5.5,2.8 Hz, 1H), 5.77 (dd, J=5.5,2.8 Hz, 1H), 3.29 (br s, 1H),
2.96 (br s, 1H), 2.84 (AB dd, J=17.9,5.0 Hz, 1H), 2.54 (AB d, J=17.9 Hz, 1H), 2.18 (m, 1H),
1.77 (d, J=10.5 Hz, 1H). GCMS m/e 182 (M"). :

F)5, 6-= §.-10, 11-— £ & = 3£ [7. 2. 1. 0*"]+ =#-2(7), 3, 5-=

s
¥ 5 6-—#Z3[7.2. 1. 0*"1+=%-2(7), 3, 5, 10-v9 % (714ng,

3. 72mmol) F» N-F L "Gek N-8.464 (553mg, 4. 10mmol) £ % & (20ml)
Fak (3ul) FHF. @ F P A v &4 (0s00) (0.2m1, 2.5(FF)
% #58 T B2 (t-BuOH) &%, 0.02mmol). 18 W5, FRESDEKEH
wkd, ARV EHRKFTREM, Z2KEG 3mn)dE, A 20%
LBUB/TRER. RESFHGBS, &35 K4 (850ng,
100%). )TLC 20% LB LE/TH R: 0.37).

4 NMR (CDCL) 5 8.88 (ddd, J=9.3,8.5,7.6 Hz,

1H), 6.78 (m, 1H), 4.01 (AB d, 2H), 3.06 (br s, 1H), 2.92 (AB dd, J=17.9,5.0 Hz, 1H), .75 (br
AB, J=17.9 Hz, 1H), 2.44 (br s, 1H), 2.32 (2-OH), 2.26 (m, 1H), 1.50 (d, J=7.8 Hz, 1H)
GCMS m/e 226 (M").

6)5, 6-—H-11-8x-=3([7.3.1. 0*" ]+ =5-2(7),3,5-= % &
AR 3k

v REIT, F5,6-—#K-10,11-—F KA =3([7.2. 1.0 ]+ =
#%-2(7), 3, 5- =% (840mg, 3. 72mmol) £ Z BF (EtOH) (30m1) =7 (10m1)
VR, G R T A A T A (5nl) ¥ ¢ & BB A (NalO,) (810mg,
3. 72mmol) . ¥ ARG &R H 16 54, BMER 37T% a84t&
(NH,OH) 7K 3% 3% (25ml) #» & #4148 (PA(0H).) (360mg, 20%E 2 /C) &
5B JE 45psi MAA TR, 180G, 2HE L& I EIREGY,
A EEF 31 508  KRARER, FEBREABKER, FizH
s A B E (50ml) F, R4 FesE 8 H (Na,C0,) K#E#& (2 *2nl)
k. HAERBRBEA NaS0) T, &, REf AR EEN, &
#sh K (330mg, 42%). (TLC 5% FE/—&Fh R 0.36).
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'H NMR (CDCLy) & 8.92 (ddd, J=8.1,8.5,10.0 Hz, 1H), 8.74 {m,
1H), 3.02-2.93 (4H), 2.83-2.71 (3H), 2.09 (br s, 1H), 1.98 (br d, J=12.5 Hz, 1H), 1.82 (br d,
J=12.5Hz, 1H). GSMS m/e 209 (M'). APCI MS m/e 208.8 [(M+1)"].

3% fi%gﬁ:ﬁ ¥ B (CH;0H) ¥ 3 /8 3M 3£ % (HC1) /EtOAc %% (3ml)
R, REMFRER, BRERVEATEY, ALBLEER, B
H 181wk, TS EIR, F5 & & Bk (335mg, 86%), .E: 290-305
T.

| F 34 2
11-F R -6-FAA-11-R4-=3(7.3.1. 0 1+ =8-2(7),3,5- =%
e

MNEE-B-HFETFTEA-PEBE (I THERR 3298, &
R Depres, J-P. ; Greene, A.E. CHAMAFLEY 1984, 49, 928-931,
Fo R I AR EASEL: a)Nugent, W.A. : Felldm.an, J. ; Calabrese,
J. CAERFFEA L EN995, 117, 8992-8998, F» b)Marinez, L.E. :
Nugent, W. A. ; Jacobsen, E. N. ¢ H#LAt 5 % £ 91996, 61, 7963-7966.
5 TBBTE RO A X7 ¥k, B Nitz,T.J.; Volkots, D.L. ; Alous,
D.J.; Oglesby, R.C. €AH4bFHEY 1994, 59, 5828-5832).

Lk A HE I ke (100g, 617Tmmol) XA LT —HFH L) ¥
&) IR X, —3-% W BR (65. 6g, 586mmol). % 45 545, FiHEEBZBN, O-
Z PR K (60. 8g, 623mmol) &3, HixRAWEI 40 B, A IN
FBAKER(600m]) L ERE, BEHH2EELEE. ALK FR(Q x
100ml) A E, SHFHAMER IN HBAER (100ml). X (2x
150ml) . 50% 46X BR A K3k /3 K (200n]) 2hi%, ZRETE. &
BRMCBCEHRFE~10% LB LE/ZLFHR, 22K % (10 x10mm)
T, A 10% CERTE/—/VREM, BEAAEE. REFHR
1 (86g, 95%). (TLC 10% ZBRTE:/ =& ¥ R 0.56).
'H NMR (CDCL) 5 5.64 (br s, 2H), 3.69 (s, 3H), 3.47 (m,
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1H), 3.19 (s, 3H), 2.61 (m, 4H). GSMS m/e 155 (M").

BY SRR -3-HH-(2,6-—FRE-FH)-FE N TAELEE L#
FTAER: Koft, E.R.; Smith, A.B. IIL. K ZRALFFLLE) 1982,
104, 2659)

EOCHEAAT, ¥ 1,3-=FHHAX (31.9g, 231mmol) £EA&
B (200ml) F BEH-5F B A BT 2242 (n—Buli) (92. 5ml, 2.5M/ Tt
¥, 231mmol) &¥2 5 p4F. KEEE WA 4, MEAIFE-T8T,
AAEYH 1 PHABREZRRTORL-3-HTRTER-TEARE
(35.9g, 231mmol)# TR, MERBRASWEI 18 I (HFBEL
A . FRAWAHAN IN &8 A% (200m)) 303, TEBE, AL
B (2 x100m1) A E. AHER K (50ml) Feie o 3 8 S A KRB R
(100ml) 2o, T3 (Na,S0,), Z&EK EE, KER¥WKkP (52.6g,
98%). (TLC 10% LERZ B/ T R 0.25).

14 NMR (CDCL) 5 7.24 (i, J=B.4 Hz, 1H), 8.24 (d, J=8.4 Hz,
2H), 5.83 (br s, 2H), 3.76 (s, 8H), 3.88 (m, 1H), 2.75 (m, 2H), 2.48 (m, 2H). GSMS m/e 232
™).
OFE-3-HH-Q-ZX6-FAE-FR)-FHRETELESTH
#k £ W,: Nagaoka, H.; Schmid, g.; Lio, H.; Kishi, Y. (W&
W) 1981, 22, 899)

E-T8CHFEART, HHRR-I-HE-Q,6-—FAE-FH)-F
& (52. 6g, 226mmol) £ = £ F 5t (200ml) F B H 5+ B. B = Kt
(BC1,) (273ml, IM —& FHiEsk, 273mmol) &3 30 o4F. &ReW
S+ EEE, BH 6 BCL(41. 0ml, IM — R FH % &, 41. Ommol) R 32,
RS HBIE 20 45, HEEBEAK(B00n]) 3 B8+ 30
S, HEBERE, B V@ <50ml) BRA L. &FAMERK
(3 x100ml). 48 %o %% B SLAAKE & (100nl) #hi%k, SR ETR, 282K
AT RE. REFIEHEH (46.0g, 93%). (TLC 10
% LB LB/ TH Re 0.50),




*H NMR (CDCH) 5 7.32 (t, J=8.5 Hz, 1H), 6.57 (dd, J=8.5,1.0 Hz, 1H), 6.38 (dd, J=8.5,1.0 Hz,
1H), 5.66 (br s, 2H), 4.31 (m, 1H), 3.89 (s, 3H), 2.80-2.63 (4H). GSMS m/e 218 (M").

D) = R-W#% 2- (R R-3-2FR)-3-FaAA EAE

A-TBCRARAT, HHEX-3-HHA--FA 6-FAE-¥EHK)-7
B9 (45. 0g, 206mmol) Favi%% (36. 0g, 453mmol) £ = £V %% (250m1) ¥
. EF P AGE PR & PR (75, 7g, 268mmol) £ =&
T (100ml) v a5 %. KRG MEBERTRE, BEF 14, HEMH
A IN HEKZE®R (250m]) F. BEREGY, S ELE AWER 1IN
B AR ZEHE (3 x150m1) . K (2 x100m]) . 48 Fo 5% Bk S A4A K 2% (100m1),
BEREAQOOND) HE. AMELKRETR, REF MK, 28
REMZ, A 10% ZRLELRER, KER%E530% K%Y (62 5g,
87%). (TLC 10% LB LB/ T Re 0. 14) M NMR (CDCl) 8 7.41 (t, J=8.5 Hz, 1H),

6.95 (dd, J=8.5,1.0 Hz, 2H), 5.84 (br s, 2H), 3.86 (s, 3H), 3.73 (m, 1H), 2.70 (m, 2H), 2.57
{m, 2H). GSMS m/e 350 (M").

E)6-FRA=3[7.2.1.0*" 1+ —=2-2(7), 3,5, 10-v9 }5 -8~ (F
FARSE LHTAAR L Heck, R.F. €HAME Y (N. Y. ) 1982, 27, 345;
#» Cabri, W.; Candiani, I. Acc. Chem. Res. 1995, 28, 2-7).

ERAATH =R-TH58 2-CGRR-3-HHEHX)-3-FaA-XHE
B2 (45.0g, 129mmol) 7 f# # DMF(100ml) ¥ 3 B A = Z K (19. 5g,
193mmol) . S B2 47 (1. 89g, 19. Ommol) #= 1, 8- (B ¥ A K%) & %% (5. 30g,
12. 9mmol) & 3 . HHZ RS D FEBH (3 NMEATE/N, 2R,
M )G Al BE &2 42 (1. 16g, 5. 14mmol) &3, 20 4405, HR4AHA 130
CFA#k 1dved, A9, MARKGOND)F. HRBEAYWALBTE
(4 x100ml) IR B, AIFHAMER BI85 B AR ER (100m]) . K
(100m1) #= 3 7K (100m1) ek, T3 (MgS0.), LB FEE, FHBKY
(6bg). KR EEMNZHKY, FA 7, LA86&B4&02. 0g,

56




47%). (TLC 25% LB .8/ T3 Re 0.27).

NMR (CDCls) 5 7.29 {t, J=8.0 Hz, 1H), 6.84 (d, J=8.0 Hz, 1H), 6.73 (d. J=8.0 Hz, 1H), 6.63
(dd, J=5.0,3.0 Hz, 1H), 6.15 (dd, J=5.0,3.0 Hz, 1H), 3.87 (s, 3H), 3.60 (br s, 1H), 3.39 (br s,
1H), 2.56 (AB m, 2H). °C NMR 185.38, 161.61, 149.82, 143.47, 133.77, 131.84, 131.80,
117.51, 111.48, 57.83, 55.96, 47.63, 47.51. GSMS m/e 200 (M"). mp 135-136 °C.

F)6-F &AL =2[7.2.1.0*"1+=%-2(7), 3,5, 10~ 3 (HE A3t
TSR Fieser & fieser, (AMERHGEFND (N.Y.)1967,1, F
435 W)

¥ o6-FERK=31[7.2.1.0* 14+ =%-2(N, 8,5, 10-v3 % -8—
(3. Og, 15mmo1) Fwfiy 7 &5 &, A .47 (5. 05g, 90mmol) f£ Z.—5% (40ml)
e HEARKR. BRSHAHEETER, AASE(G. 0g, 60mmol)
WSt 2 . AEMMIBRGAEABRE, KE 120-190T
e 4 th%. AK (100m]) A8 iX 248 h 3k 5F B A BT A K (4 x40ml) # %5,
A G8 GBS (4 x40nl) BB, A HUE F K (4 x30ml) F= # & (25ml) %%k,
F 8 MgS0,), W EIFFRS £2hKk (2.68g, 96%). (TLC 50% LE& T

B/ Ok R: 0.67). 'H NMR (CDCh) 5 7.18 (1, J=8.0 Hz, 1H),
6.82 (d, J=8.0 Hz, 1H), 6.77 (d, J=8.0 Hz, 1H), 6.32 (dd, J=5.0,3.0 Hz, 1H), 5.93 (dd,
J=5.0,3.0 Hz, 1H), 3.91 (s, 3H), 3.45 (dd, J=5.0,1.5 Hz, 1H), 3.11 (br s, 1H), 2.88 (AB dd,
J=17.0,5.0 Hz, 1H), 2.58 (AB d, J=17.0 Hz, 1H), 2.31 (m, 1H), 1.96 (d, J=9.5 Hz, 1H).

)6- ¥ H X -10,11- = #& X = K [7.2.1.0""] + = &
~2(7),3,5,10-=%

#£ % 8 (20m1) Fook (0. 16m1) ¥ H3 6-F AL =37 [7.2.1.0>"]+
—#-~2(7),3,5,10-w% (1. 5g, 8.19mmol) = N-FE Dok N-Aiby
(1. 06g, 9.03mmol). ¥ 3 F A vg & b4k E % (0s0,) (0.2ml, 2.5(F
) % 698 T B (+-BuOH) %%, 0. 02mmol) . 2 I &} JE, A Lk T8 (50ml)
WEIZRASWIFERA 10% B AAKER (30ml). K (2 x30nl). 48
o 2% B S8 K 7 & (30ml) Fo 3k K (30ml) %k %. A HE A T MgS0,),
WEF B AEERAHRY (1.79g, 99%). (TLC 50% LB LB/ Th R
0. 20).
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M- x-6-FAEE-11-8 F-=3%[7.31.0""1+ =z
-2(1),3,5- =% % 8% (5F T A Pb(OAc) EACE 65453 T L £,
fieser & Fieser, {(AMARRAHFY (N,Y.)1967, 1,549, * F&E R
PG S A B LKA R Abdel-Megid FA (A AL F Z E)
1996, 61, 3849; #v Mazzocchi FA CEFF L&) 1979, 22, 455).

0CT, E=& ¥k (Toml) FH&F 1-FPEH%-6,7,89-w &
—5H~-5,8- W ¥ - X 3f 3 K —-6,7- = B (2.40g, 11.0mmol) 5 A
Pb(0Ac,) (5. 08g, 11.5mmol)#:#. 2 /W jG, L L HAPEITRA
WA AR5 (10nl) 276, @330 9% 5% & A B 8 (AcOH) (1. 97g,
33. Ommol) #=F & (1. 23g, 11. 5mmol). 15 454PJ5, A= ZEBERLF A
1.4 (NaBH(OAc)s) (6.94g, 33. Ommol) £ 323% %43 B33 18 4 8f.
KRS WA ok B A KR (100n]) F, BEHF . $ELE
FFEA S T (2 x50ml) 3B, F 4 Fo 8% B 8.4 (NaHCO,) K% (2 %
50ml). /K (50m1). 37K (50ml) ZLFAME, EHRETR, X%, L&
Bl EM, A 10% CERCE/ T, F3 2%, 50 AH
¥ # (1. 45g, 45%). (TLC 25% ZLERLES/TH R 0.76).

'H NMR (CDCl) 3 7.12 (m, 4H), 6.89 (m,
2H), 6.74 (d, J=8.0 Hz, 1H), 6.64 (d, J=8.0 Hz, 1H), 3.87 (s, 3H), 3.41 (AB d, J=14.2 Hz, 1H),
3.38 (AB d, J=14.2 Hz, 1H), 2.87-2.70 (m, 5H), 2.36-2.23 (m, 3H), 1.85 (br AB d, J=12.1 Mz,
1H), 1.77 (br AB d,.J=12.1 Hz, 1H).
Kiim Rk EBERY ST (MeOH) ¥, 33, A®itsf, 18 /n
B, ke rk,
NMR (CDsOD) 5 7.44 (m, 5H), 7.15 (t, J=8.0 Hz, 1H), 6.85 (d, J=8.0 Hz, 1H), 6.68 (d, J=8.0
Hz, 1H), 4.27 (AB d, J=13.0 Hz, 1H), 4.15 (AB d, J=13.0 Hz, 1H), 3.84 (5, 3H), 347 (brd ,

J=12.3 Hz, 1H), 3.36-3.18 (m, 4H), 2.98 (AB dd, J=18.7,7.2 Hz, 1H), 2.85 (AB d, J=18.7 Hz,
1H), 2.60 (br s, 1H), 2.00 (AB d, J=13.0 Hz, 1H), 1.87 (AB d, J= 13.0 Hz, 1H). mp 210-212 °C_

E4 3
-FAA-11-82-=[7.8.1. 051+ =8-2(N,3,=HimE
¥ o11-FE-6-FEEA-11-8L-=Z3[7.31.0* ]+ =%
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-2(7), 8, 5-=%#-(525ng, 1.64mmol). FE 4% (2.07g, 32.0mmol)F 10
% 2 K A A A4e (Pd (0H) ./C) (200mg) 4 F 87 (30ml) T RAFH K 2 A
B, Zrbi LA EZRES Y, REER, BB W FE (6 x50ml) &3,
i)ﬁ,[ﬂﬁi BYE/LEBETELS, F35aéEK(B306ng , 81%).

'H NMR(57% 2 A&, CDCK) § 7.15 (¢, J=8.0 Hz, 1H), 6.74 (d;
J=8.0 Hz, 1H), 8.63 (d, J=8.0 Hz, 1H), 3.82 (s, 3H), 3.34 (br d, J=13.0 Hz, 1H), 3.11-3.02 (m,
4H), 2.94 (AB d, J=18.3 Hz, 1H), 2.87 (AB dd, J=18.3,8.5 Hz, 1H), 2.41 (or 5, 1H), 1.9 (AB
q. 2H). GSMS m/e 203 (M"). mp 272-274 °C.

g3t 4
11-RE-=307.3.1.0*" ]+ =8-2(7), 3, 5- = -6-8%
£ 48% £.3% B (HBr) K # 3% (5ml) ¥ &% 6~F R A-11~R - =3
[7.8.1.0*"]+ =#-2(7), 3, 5-=% % & # (55mg, 0.23mmol). 1 J B
B, WiEgAIFAMAN INELEAAKERFAEDPH 10, ALELT
B (3 x40ml) I Y. HIEMRH K (50nl) ik, T MgS0.) F3k
WRAGEBAK, WLRLE/THRTELS (20ng, 46%).

'H NMR (CDCl) 5 6.95 {t, J=8.0 Hz, 1H), 6.68 (d, J=8.0 Hz, 1H), 8.53 (d, J=8.0
Hz, 1H), 3.27 (m, 1H), 3.11 {m, 2H), 3.02 (m, 2H), 2.77 (m, 1H), 2.57 (m,1H), 2.33 (br s, 1H),
1.90 (m, 2H). mp 106-108 °C.

Tf 5

6- R -11-FE-=3([7.3.1. 0" 1+ =%8-2(7),8,5-=&E@m#

AE-78CTF, 35 3- R FEAIL X (15. 8g, 125mmol) f£ £ 7K THF (100ml)
b B35 B A n—Buli(50mL, 2.5M &%, 125mmol) &3 5 4.
E-TOCATFTHIE 4 IWE, £-1/4 PHAFMEN-3-HFRTEL
A -F R BB (18.4g, 119mmol) A TRFEEZBRAWH. £-T0CTRKiZR
AHBEF1 I, BEA~1IHAFZEE. HREAGBIBEANINER
K (200ml) P RHEE. HEZSE, KEMALRTE (3 x100nl)
BRI AHUE K (50m1) . 4eFe BB S48 K % (100m1) A= 3K (50m1)
P, FBE (Na,S0.), ZamERE, REFHHKP (21.0g, 76%).
( TLC 30% B &/ S5 Re 0.43). GCMS m/e 220(M'). #Z 53k
) 2C-G Fo 52364) 16 657 F K7 RAHALA RN E Y. (TLC10% F
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B2/ = 8.9 %5 (NIs) Re 0. 20). 'H NMR (CD;OD) 8 7.24 (m, 1H), 7.01 (m, 2H), 3.36 (d,

J=13.0 Hz, 1H), 3.33-3.10 (m, 5H), 2.90 (d, J=18.5 Hz, 1H), 2.60 (m, 1H), 2.13 (AB d, J=13.0
" Hz, 1H), 1.97 (AB d, J= 13.0 Hz, 1H). mp 240-241 °C.

LA 6
11-FR-5-FRA-11-8L-=3[7.3. 1. *" ]+ =8-2(7), 3, 5~
ZHERS
ADFRE-3-HEA-Q5FEHE-FER)-FRETHEE-L2EX
P53+, 2 W: Parham, W.E. : Bradsher, C. K. Acc. Chem. Res. 1982,
15, 300) |
ERAF-T8CTF, ¥ 2-8-1,4~—FPHHK-¥ (42. 2g, 195mmol)
JE LBE (BEt,0) (200ml) ¥ #3. A THF (50ml) XA AF K. £ 10
248 W # PP AR 73 Am A n—BuLi (78mL, 2. 5M # €504 %, 195mmol).
B 10 245, EREFERMELT LR (500]) b 8355 R-3-H 7 &
A AP B (29. 15g, 188mmol) & # 10 454, MEHZR4Y
B 18 B (B A R HRA YA 10% 3 8 K 3E & (400m1)
BRI, SERE, KEALE (G x5mD)ER., AMERK
(50m1). 4&Ae7k Bk 4K A% (100ml) %65, T2 (Na.S0,), ZHKE
WE, REHF/HHEY (43.0g, 99%). (EHZABYF, £HHA THP
KA E A L) . (TLC 10% LB GBS/ T8 Re 0.39). HNMR

(CDCly) & 7.18 (d, J=3.0 Hz, 1H), 6.98 (dd, J=9.0,3.0 Hz, 1H), 6.88 (d, J=9.0 Hz, 1H), 5.64
(br s, 2H), 4.1 (m, 1H), 3.84 (s, 3H), 3.77 (s, 3H), 2.68 (m, 4H).

B) S X-3-HA-Q-#X-5-FAAFIL)-F8
B EA 20 Pk F hF R A3 HE- (2, 5- =P AE-EA) -
W B9 (40. Og, 172mmol) 34t A4 B4, FH A H K (39.5¢, #H
). (TLC 10% B &/ TH R 0.50).

1+ NMR (CDChL) & 7.21 (m, 1H), 7.10 (m, 1H), 6.93 (br d,
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....

J=6.0 Hz, 1H), 5.86-(br s, 2H), 4.06 m, 1H), 3.78 (s, 3H), 2.76 (m, 4H). GCMS mve 218 (W).

C) ZR-FAEE-2~ RABHER) - FRE-FHEE

A-TSCRART, FHRX-3I-HE-Q-FR-5-FaAEL-FH)-¥
A7 (39. bg, 172mmol) ﬁw%"}i (28. 7g, 362mmol) ££ = & ¥ %% (300m1)
BH. EF D NGLF#ERZ S FAEET(63.8g, 226mmol) £ 4
Y (100nl) P85k, ARAY B ELEFBEHEH 1 bH, HA
IN 3Bt K% % (250ml). HIEZRAGY, TELE, AMER INHX
K %% (3 x150ml) . K (2 x100ml) . 48458 BR & 44 K 75 5% (100ml) #3%,
FREEARAQON) HE. AMELEHETER, REFEHHKY,
ZERBEEN, Al 10% LB LB/ RGN, 4% B 55 %Kk (55. 7g,
2 F ek % 93%). GCMS m/e 350(M).

Ds-FHHE=3¢[7.2.1. 0> 1+ =8-2(7), 3,5, 10-v9 -8

ERAT, ¥Z8-FHB 2-GRR-3-HE L) 4-FAREF X8

- (19.09g, 54.5mmol) & M DMF(100ul) ¥ B A =~ @k Z A K

(10. 6g, 82.0mmol). EXE 47 (1.07g, 11.0mmol)#= 1, 3-% (B3R F M)
A% (2. 25g, 5.46mmol) &3, WHEBRELYHFHAEMA CAETE/N,
AALHEIR), WG B BB 42 (0.49g, 2. 18mmol) A28, 20 5445, ¥R
A% 120C Fm#k 18 B, A4, HAZEAKGOORD) F. ATFRS
WA OCEGE (4 x100n]) 3R, A AMNERABFEBRAAKER
(100m1). 7K (100ml) F= 3K (100m1) Zhik, T3 (MgS0), T, K&
Fo sk LB, FE) 5% (10.4g, 95%). (GRBL W/ 7% LER LB/
Z85) . HNMR (CDCR) &

741 (d, J=2.8 Hz, 1H), 7.03 (d,- J=8.0 Hz, 1H), 6.88 (dd, J=8.0.2.8 Hz. 1H), 6.72 (dd,
J=5.2,3.0 Hz,1H), 6.06 (dd, J=5.2,3.2 Hz, 1H), 3.77 {s, 3H), 3.80 (dd, J=4.3,3.2 Hz, 1H), 3.44

(dd, J=5.0,3.4 Hz, 1H), 2.65 (AB m, 1H), 2.58 (br AB d, J=10.5 Hz, 1H). °C NMR (CDCh)
196.11, 158.87, 145.90, 140.34, 130.295, 120,84, 126.14, 119.42, 111.90, 55.61, 55.48,

49.08, 45.97. GCMS m/e 200 M.

E)5-W&A A = 3K[7.2.1. 0*"]+=%-2(7), 3,5, 10-wa ¥
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¥ 5-FRIK =3[7.2.1. 0%+ =%5-2(7), 3, 5, 10-v9 % 8- &
(6. 41g, 4Tmmol) F= 4y B 84 &, &.4b.47 (KOH) (6. 17g, 110mmol) £ & =B
(50ml) FAnih HEARER. HRAWAIFIEEE, AKE(6nl,
190mmol) £ E B B WK 2 . AABAIREIGALEE, k£
120-190°C 6948 th 3. JA K (100m1) #4835 248 1k 3 5F B A BT AT K (4
40ml) #E, A LB OE (4 x40n1) K. AHER K (4 x30nl) A= &K
(25m1) 2%, T3 MgS0,), ¥ IR 4/ 2] Kk (8. 2g, 94%) . (TLC

25% CLEETE/T% Re 0. 68).'HNMR (CDCly) 6 6.92 (d, J=8.0 Hz, 1H), 6.88
(m. 2H), 6.25 (dd, J=5.1,2.5 Hz, 1H), §.79 (dd, J=5.1,2.4 Hz, 1H), 3.77 (s. 3H), 3.31 (br 5,
1H), 3.01-2.94 (2H), 2.56 (d, J=16.5 Hz, 1H), 2.22 (m, 1H), 1.85 (d, J=10.0 Hz, 1H). GCMS
m/e 186 (M").

F)5- ¥ & A -10,11- = # X = 3% [7.2.1.0*"] + = %%
-2(7),3,5,10-=4%

BB LA 26 FEFE, ¥ 5-FTREA=ZR[7.2.1.0*" ]+ =%
—-2(7), 3,5, 10-v33% (6. 66g, 35. Tmmol) 34t A i B &4, Z /WA
w3k (7.86g, 100%). (TLC 10% F¥H /=R Fi R 0.44).

'H NMR (CDCh) 5 6.95 (d, J=8.0 Hz, 1H), 6.83 (dd,
. J=8.0,2.5 Hz, 1H), 6.56 (br s, TH), 4.00 (s, 3H), 3.77 (m, 3H), 3.04-2.99 (m, 2H), 2.69 (d,
J=13.0 Hz, 1H), 2.41 (br s, 1H), 2.33 (br s, 1H), 2.22 (m, 1H), 1.52 (d, J=11.5 Hz, TH).

DI-FE5-FAE-1I-8 -=3073.1.0"7]+F =%
-2(7),3,5-=% & |

0CTF, A 5-F&at-10,11-—% % =% [7.2.1.0°"]+ =%
-2(7), 8,5, 10~ =% (18. 0g, 79.0mmol) f& =& F & £ 5F LA w85
& 4% (Pb (OAc),) (35.0g, 79.0mmol) & 3. 30 4475, ZrAFE L#T
RS, A_&A&FHGml) 4. MEHGERT MH
AcOH (23. Tg, 395mmol) #F k& (8.50g, 79.0mmol). 15 &4/, A
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NaBH (OAc);(50.2g, 237mmol) &M% B4 M3 B3 18 I B Bmas
RN o B B K A B (100m]) P HEH 1/2 Do 5B R B AR =
AT L (2 x100m]) ., FAIEABFRBHKER (2 x50nl). X
(50m1) #= F K (50ml) #hik, B EFBR, k&%, Fadkd. Lk
L EM, A5% LB GE/ SRR, F3 W, %W h R 9. 48g,

41%). (TLC 25% ZE L& /T3 R 0.69).
"H NMR (CDChL) 6 7.15 (m, 3H), 8.82 (m, 3H),

6.71 (br s, 1H), 6.67 (dd, J=8.0,2.5 Hz, 1H), 3.83 (s, 3H), 3.99 (s, 2H), 3.07 (AB dd,
J=17.5,7.0 Hz, 1H), 2.85 (br s, 1H), 2.83 (m, 1H), 2.79 (AB d, J=17.5 Hz, 1H), 2.70 (br d,
J=10.5 Hz, 1H), 2.35 (dd, J=10.5,2.0 Hz, 1H), 2.27 (dd, J=10.2,2.0 Hz, 1H), 2.15 (br s, 1H),
1.86 (AB d, J=12.3 Hz, 1H), 1.78 (AB d, J=12.3 Hz, 1H). GCMS m/p 293 (M").

Kz EmiEdE6 INEBRYREER Y, &, FRAEHBAR Y
T VYEY, HIF, Hoied. H£3F 18 e, 2 & R4

(900mg , 58%).  'H NMR (CD;OD) & 7.40 (m, 5H), 7.00 (d, J=8.0 Hz, 1H), 8.73 (m,
2H), 4.28 (AB d, J=13.5 Hz, 1H), 4.16 (AB d, J=13.5 Hz, 1H), 3.76 (s, 3H), 3.48 (brd , J=12.0
Hz, 1H), 3.35-3.20 (m, 5H), 2.98 (AB d, J=18.4 Hz, 1H), 2,54 (br s, 1H), 2.01 (AB d, J=12.0

" Hz, 1H), 1.88 (AB d, J= 12.0 Hz, 1H). mp 233-234 °C.

Ep T
1-FR-1I-RAE-=3([7.8.1. 0]+ =8-2(7), 3, 5-=H-5-FF i B
E
A 48 % HBr(Gnl) @ik 1I-F R -5-FAE-11-8L£-=
[7.3.1.0°"1+ =%-2(7), 3, 5~ =% (203ng, 0.62mmol). 1 B,
IR ERIFEMAAAAERER Y, pHAZ~-9. ALBTEQR
x40ml) BRiZ 4. AWEREKR (Gonl) ik, T MeS0), k%
FE kM. (TLC 25% L8 B/ T (NHD R 0.37). ¥z RAE#
ey IN ZBPRHER, RE. AVFS/LBELE, BRE4AL

(154mg, 80%). *H NMR (CDCL) 5 7.42 {m, 5H), 6.90 (d, J=8.0 Hz, 1H),
6.60 (m, 2H), 4.27 (AB d, J=13.0 Hz, 1H), 4.15 (AB d, J=13.0 Hz, 1H), 3.47 (d, J=12.2 Hz,
1H), 3.33-3.15 (5H), 286 (d, J=18.0 Hz. 1H), 252 (br s, 1H), 1.99 (AB d, J=12.5 Hz, 1H)
1.88 (AB d, J=12.5 Hz, 1H). mp 251-253 °C.
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%#EH) 8
- FAE-11-HE-=K[7.3.1.0"" 1+ =%-2(7), 3, 5-=H-5-%&
A
BREES 3 kG E, K 1I-FE-5-TRE-1-KE-=5F
7.8 1. 071+ =8-2(7), 3, 5= % (206mg, 0. 63mmol) 4L, % 47 H 4t
&4, E M H G 6 B (122ng, 81%). (TLC 10% F 85/ =& F 5% (NHs)
Re 0.48).

'H NMR (CD50D) & 7.08 (d, J=8.0 Hz, 1H), 8.77 (m, 2H), 3.76 (s, 3H), 3.31-3.12 (m, 6H),

2.98 (AB d, J=18.4 Hz, 1H), 2.43 (br s, 1H), 2.10 (AB d, J=13.0 Hz, 1H), 1.84 (AB d, J= 13.0
Hz, 1H). GSMS m/e 203 (M"). mp 253.5-258 °C.

X34 9 |

11-8&-=3[7.3. 1.0 "]+ =8-2(7),8,5-=%-5-BEm i

J 48%HBr (5ml) @ik 5-F AIK-11-84&-=3R[7.3.1.0*"]+ =
%-2(7), 3, 5~=% kB & (187ng, 0. 78mmol). 1 W5, A HiZEAER
BN A ERER T, pHAE ~9. A LB LA (3 x40ml) K
. A AR K (50ml) Bk, T (MgS0.), R4/ 5 B4k, (TLC
10% W B/ — 8.V (NL)R: 0.13). ¥iZRAEHAXT B INAKET
BRAd P, R4, WYE/LEBELS, F3 BA&(T0ng, 40%).
'H NMR (CD;0OD) 5 6.99 (d, J=8.0 Hz, 1H), 6.63 (m, 2H),

3.48-3.11 (6H), 2.83 (d, J=18.0 Hz, 1H), 2.42 (br s, 1H), 2.08 (AB d, J=12.§ Hz, 1H), 1.93
(AB d, J= 12.5 Hz, 1H). mp 295-298 °C.

L34 10
11-F A -5-— R FEA-11-§H-=3[7.3.1. 0] T =&
-2(7), 8, 5-=% (KRB AXRSE L #: Langlois, B. R. J. Fluorine
Chem. 1988, 41, 247-262.)




E—HBAEAF (HCRCL) BET, F 1,453 (5n1)
Fak (1ml) vEEEF 11-FE-11-RL-=3R([7.3.1.0*" ]+ =%
—2(7), 3, 5-=%-5~8% (572mg, 2.05mmol). &R ¥ & 3N KOH, »L
b pH~ 12, @ TLC BRI RHEH 2 D i, AR F, A H0(40ml1)
- 5F A EtOAc I, A AL E R 48F0 Na,C0, K % 3&( 25m] )= 3 K ( 25m1)
&, T (MgS0,). iiEFFkE, F3HKY (620mg, 92% ). GCMS
m/e 329 (M),

. FHH 11
5S-— R FTARA-11-832-=3%[7.3.1. 01+ =8-2(7),3,5-=%
¥ o1-FRA-5-— A TFAE-1I-ER-Z5#[7.3.1.0° 1+ =8

-2(7), 8, 5-=% (620mg, 1.88mmol) 4Ly L4 3 X FHELL
S, A TR A HCLE, FHRGERRKTH (280ng,
54% ). 'H

NMR (COCk) 5 7.42 (m., 5H), 7.01 (d, J=9.0 Hz, 1H), 6.92 (m, 2H), 6.48 (t, J=74 Hz, 1H),
3.37 (d, J=13.0 Hz, 1H), 3.18-3.04 (6H), 2.39 (br s, 1H), 1.95 (br 5, 2H). GCMS /e 238 (M).
mp 230-234 °C.

Fzep) 12

11-¥E-5-ZA-11-8%-=3[7.8. 1. 0" 1+ =5-2(7),3,5-=
W s (£ RLEE: Mitsunobu, 0. Synthesis, 1981, 1.)

A NAHT, £0C, FTHF(2.5a1) FHHF 11-FE-11-R AR
=Z3[7.3.1.0*" 1+ =%8-2(7), 3, 5—=%-5-8 (208mg, 0.75mmol ).
% (69mg, 1.49mmol) F =23 (391mg, 1.49mmol). HWE T B
Il R F B LE (259ng, 1.49mmol). 18 WG, R&ERE, A
Et,00 20m1 )H &3 A 1% #9885 & F (3 x20ml). A Et,0( 10ml)
ERAFHAE, KEMR IN # NaOH 5% BT84 E pH H 10. F%
A EtOAc I (3 x20ml), 4-JF#iA#uEM IN # NaOH &% (20ml)
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o ik (20ml) b7, Wk T8 (MgS0,), TEHFAK, FHwmRk
# (170mg, 74% ). (TLC 17%EtOAc/Tlx (NH;) R, 0.76) 'HNMR
(CDCly) & 7.12 (m, 3H), 6.91 (m, 2H), 6.86 (d, J=8.0 Hz, 1H), 6.68 (br s, 1H), 6.63 (dd,

J=8.0,2.5 Hz, 1H), 4.03 (g, 2H), 3.37 (br s, 2H), 3.03 (dd, J=17.0,7.0 Hz, 1H), 2.82-2.68 (4H),
2.8 (2H), 2.12 (br s, 1H), 1.83 (AB d, J=12.0 Hz, 1H), 1.75 (AB d, J=12.0 Hz, 1H), 1.43 ¢,
J=7.0 Hz, 3H). GCMS m/e 307 (M").

¥z HE A IN 65333 HC1 MeOH F 3473k 4. M CH.C1,/Et,0 F
48, B EHKYP (185mg, 97% ). mp 200-203TC.

s34 13

- -11-8&-=3K[7.8.1.0*"1+ =%-2(7),3, =K #m&

£ F B (MeOH) (5ml1) P43 11-FE-5-TK-11-8%-=
[7.8.1.0°" 1+ =%-2(7),3,5~-=% ¥ 8 3} (160mg, mmol). ¥ &4
( 220mg, 3.49mmol) #= 10% Pd(OH)./C (100mg), k& 15 4-4F.
¥Remibdp, B RE. AP NaCo, KERME, A EtOAc
FE (3 x20ml). B FEBRWFE (MgS0,), HEIHEREK, FHHKkp
(94mg, 83% ). ( TLC 50%EtOAc/ &% (NH;) R: 0.20)

'H NMR (CDCl,) 5 6.90 {d, 4=9.0 Hz, 1H),

6.66 (2H), 3.97 (m, 2H), 3.08 (dd, J=18.0,6.0 Hz, 1H), 2.84 (m, 3H), 2.76-2.65 (3H), 1.98 (m,
2H), 1.88 (d, J=11.0 Hz, 1H), 1.38 {t, J=7.0 Hz, 3H).

BiE SR A IN 65 HCL MeOH ¥ 33 477 4. M CH,CL./Et,0 ¥
48, FHEHK (74ng, 68% ). mp 243-245T.

EA] 14
5-FREE-11-8&-=3R[7.3.1.0*" 1+ =8-2(7),3,5-=% #
i 3
FOII-FE-11-82-=23x[7.3.1.0°" ]+ =5%-2(7),8,5- =
~5-% (208mg, O.75mmol) #J7 %58 (90mg, 1.49mmol) HALA %3
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) 12 #5322 Gy AR AL S (R ARF RS M TLC, 17%EtOAc/ Tk
Re 0.78). GCMS m/e 321 (M'). £HPH44bHh L34 13 K af 3,
53 B K =4 83mg, B 42% ). (458444 45 TLC, TLC 50% Et0Ac/
&% (NHy) Re 0.10).

' NMR (CDCh) & 'H NMR (CDCh) 5 6.89 (d, J=8.0 Hz, 1H), 6.66 (2H), 4.51
(. 1), 3.08 (dd, J=18.0,8.5 Hz, 1H), 2.98 (m, 3H), 2.76-2.68 (3H), 1.96 (m, 2H), 1.87 (4,
J=11.0 Hz, 1H), 1.32 @t, J=5.5 Hz, 8H). mp 211-213°C.

KAep] 15
1-FRE-4-FRE-11-8KE-=3[7.8.1. 0*" ]+ = %-2(1), 3, 5~

=hEmE

A 2-3RK-3-HAFTE-S-FARE-XH (KRLAELLE
a) Nagata, W.:; Okada, K.: Aoki, T. Synthesis 1979, 365—368;
b) Lau, C. K.; Williams, H. W. R.; Tardiff, S.; Dufresne, C.;
Scheigetz, J.: Belanger, P, C. Can. J.Chem. 1989, 67,
1384-1387. ) |

¥ 3-F /AL E® (5. 12g, 42. Ommol ). 3R /X-3— % V #: % ( 8. 00g,
83. Ommol). (3 #E: (5.58g, 46mmol) A0 1,1, 1-=§ L8 ( 2. 04g,
12. 5mmol) £ (150ml) P &% 18 A B, (TLC 5% CH.Cl,/ Tl R,
0.47). ¥ REPksm EZMmK, HHEE 0C T A CHCL(100m]) ¥ B3,
oAM= a)k (8.87g, 76.0mmol) v =8 L& (36.3g, 318mmol)
R, HROWE LI, REMAEFK 24 M. RERAY, W
EE A CH.CL, (200m1) ¥, MiaFe NalHCOs K& (3 x50ml) Zhik.
ZHEETFTEIFENANE, REFRARKEEZLSEH, AAHRK
%% (3.85g, 45% ). (TLC 10% EtOAc/ &% Re 0.35).

4 NMR (CDCly) 5 8.99 (d, J=8.0 Hz, 1H), 8.42 (dd, J=8.0,2.5 Hz, 1H), 6.36 (d, J=2.5
Hz, 1H), 5.67 (br s, 2H), 3.75 (s, 3H), 2.58 (m, 3H), 2.40 (m, 2H), 2.08 (m, 2H). GCMS m/e

204 (\).
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B) ZH-PAR 2-FRR-3-HEFHE-S-FAE &

KR FEHS ID 573, H 2-FFR-3-HAFTEA-S-FAE-%®/
( 3.85g, 19.0mmol) 3L AiEHib&-4 (4.92¢, 77% ). (TLC 10%
CH,C1l,/ &% R 0.52). 'H NMR (CDCla) 8 7.21 (d, J=8.0 Hz, 1H), 6.86 (dd, J=8.0,2.5

Hz, 1H), 6.79 (d, J=2.5 Hz, 1H), 5.67 (br s, 2H), 3.79 (s, 3H), 2.70 (d, J=7.5 Hz, 2H), 2.59 (m,
1H), 2.43 (m, 2H), 2.03 (m, 2H).

C) 4-WEIA=3([7.2.1.0*" ]+ =#-2(7), 3,5, 10-v9

ERART, FZA-FHE 2-FR-3-HEAPE-S-FAXXE
( 2.00g, 5. 95mmol V& f# A& DMF( 10m1 ), B = kA 0. 91g, 8. 92mmol )
o 1,3-X (ZEEBE) ®HKE (0.37g, 0.89mmol) L. KiZRAY
BH IR (AT /Nk 2o B3R 3 k), K5 A LE4(93ng, 0. 42mmol )
R, BH 20 545, BRI HE 100CT18 I, AFHFEAR
& (30ml) . A EtOAc (4 xi0ml) F R4S, JFHA4eH NaHCO,
Ak (10ml), H0 (10ml) F=3K (10ml) ZRESFHAME, T
B (MgS0,), WEFAE, FHBRY. FHRY|FTEREESB
(2% CH,.Cl,/ &%), #F3) W3k ;*4 (1.05g, 95% ). (TLC 10% EtOAc/

@55 R: 0.52), 'HNMR (CDCL)

5 6.84 (d, J=8.0 Hz, 1H), 6.68 (dd, J=8.0,2.8 Hz, 1H), 6.59 (d, J=2.8 Hz, 1H), 8.23 (dd,
J=5.5.2.8 Hz,1H), 5.79 (dd, J=5.5,2.6 Hz, 1H), 3.77 (s, 3H), 3.28 (m, 1H), 2.96-2.89 (m, 2H),
2.49 (d, J=15.5 Hz, 1H), 2.19 (m, 1H), 1.85 (d, J=10.5 Hz, 1H). 3C NMR (CDCls) 156.84,
144.07, 138.95, 131.24, 131.21, 126.34, 111.73, 111.45, 55.22, 45.10, 40.18, 38.47, 29.49.
GCMS m/e 188 (M").

D 1-F A4 FHRE-11-H F-=3[7.3.1.071+ =%
—2(7),3, - = A B E

Hedg 64 26 FHFH, ¥ 4-FRE=ZR(7.2.1.07 ] =&
~2(7), 3,5, 10- % (1.0g, 5.37umol) 4tk 4-FRE-10, 11-=5
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AZIRI7.2.1. 0071+ =5-2(7), 3, 5, 10-w9 % (0. 95¢g, 80% ) TLC 50
% EtOAc/CH,C1, R, 0.46). KM 534 20 T8y %, &EM Et.0/8
Ry ELER, AmFAEHH#ALERELEY (650ng, 46% ). (T

50%EtOAC/CH.Cl, Ry 0.67). 'H NMR (CD;OD) 8 7.42 (m, 5H), 7.12 (d, J=8.0 Hz, 1H), 6.84
(dd, J=8.0,2.5 Hz, 1H), 6.67 (d, J=2.5 Hz, 1H), 4.27 (AB d, J=13.0 Hz, 1H), 4.17 (AB d,
J=13.0 Hz, 1H), 3.72 (s, 3H), 3.48 (br d , J=12.5 Hz, 1H), 3.34-3.16 (m, 5H), 2.88 (AB d,
J=18.0 Hz, 1H), 2.55 (br s, 1H), 2.00 (AB d, J=13.0 Hz, 1H), 1.90 (AB d, J= 13.0 Hz, 1H) mp
245246 °C.

EA 16
4-PRA-11-FL-Z3)[7.3.1.0°" ]+ =58-2(7),3,5-= % @,

3

FREHA 3 FHIFE, B 11-FE-4PRIA-11-8 &=
[7.38.1.0*"]+ :@%—2 (7),8,5-=% ¥ &3} (525mg, 1.60mmol) 34k
HiFHILeY, HAGERKEY (336mg, 88% ). ( TLC 40 %
EtOAc/CH,C1, (NH;) R: 0.22).

' NMR (CDsOD) 5 7.11 (d, J=8.5 Hz, 1H), 8.82 (dd, J=8.5,2.5 Hz, 1H), 6.75 (d, J=2.5 Hz,
1H), 3.78 (s, 3H), 3.34-3.16 (m, 6H), 2.86 (AB d, J=17.7Hz, 1H), 2.45 (m, 1H), 2.1 (AB d,
J=13.5 Hz, 1H), 1.94 (AB d, J= 13.5 Hz, 1H). C NMR (CDCk) 158.47, 136.58, 130.15,
127.71, 194.11, 112.61, 54.32, 49.99, 49.47, 32.18, 31.97, 27.15, 25.70. mp 259-261 °C.

AR 17

11-8&-=3R[7.3.1, 01+ =8-2(1), 3,5- =548

£ 48%HBr (2ml) +&#H 4-FEE-11-8L-=3([7.3.1.0*"]
+=5-2(7),3,5-=% %% & (120mg, 0.50mmol). 1 IEfE, A
B, R EN IN 8 NaOH KR ¥, AF F pH{EL% 10. # 3 A EtOAc
FE (3 x40ml). MK (50ml) ZLFHAME, T3 (MgS0.) k4,
M OEt0/THFELER, 4566 HAE (40ng, 42% ). (TLC 50%
EtOAc/CH.Cl, R 0.15).
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'H NMR (CDCL) & 6.98 (d, J=8.0 Hz, 1H), 6.80 (dd,
J=8.0,2.5 Hz, 1H), 6.46 (d, J=2.5 Hz, 1H), 3.31 (m, 1H), 3.03 (dd, J=17.0,6.0 Hz, 1H), 2.95
(m, 2H,NH), 2.73 {m, 3H), 1.89 {m, 2H), 1.87 (AB d, J= 12.5 Hz, TH). mp 215-217 °C.

| S #%4) 18
I-FR-11-8 % -=3[7.3. 1.0* 1+ =28-2(7),3,5-= 4 & &

*
HeFAA 15 5k, WES (525ng, 1.60mmol) #FirM 4k
#r. (TLC 10%EtOAc/ Tk (NHs) R; 0.76). 'HNMR (CD;OD) § 7.42 (m, 5H);
7.22 {m, 2H), 7.15 {t, J=7.5 Hz, 1H), 7.10 (t, J=7.5 Hz, 1H), 4.28 (AB d, J=13.0 Hz, 1H), 4.18

(AB d, J=13.0 Hz, 1H)}, 3.51 (d, J=12.8 Hz, 1H), 3.38 (d, J=13.2 Hz, 1H), 3.34-3.23 (m, 4H),
2.95 (d, J=12.2 Hz, 1H), 2.68 (m, 1H), 2.03 (AB d, J=13.0 Hz, 1H), 1.82 (AB d, J=13.0 Hz,

1H). mp 125-127 °C.

T4 19
11- K-35 (7.8. 1. 0“1+ =8-2(7), 3, 5-= i g 3
R EES 3 FEk, K 11-FE-11-84-=3%[7.3. 1. 0*"]+
Z#%-2(7),8,5-= % H B ¥ (150mg, 0.50mmol) 3:4b4AHiboY.
( TLC 20%EtOAc/T% (NHs) Re 0.20),
' NMR (CD;0D) & 7.26-7.17 (m, 4H), 3.37-3.18 (m,
6H), 2.92 (d, J=18.2 Hz, 1H), 2.48 (m, 1H), 2.13 (AB d, J=13.0 Hz, 1H), 1.97 (AB d, J= 13.0
Hz, 1H). C NMR (CDCI) 5 136.08, 135.67, 120.43, 128.78, 127.30, 126.42, 45.90, 49.05,
32,67, 31. 86, 27.15, 25.60. mp 227-228 °C.

- | - ZF#AH 20

4-FER-11-R2-=3([7.3. 1. 0*"]+ =8-2(D,3,5- = &m A

A 1-01-8%-=3([7.8.1.0°" 1+ =8 -2(7),83,5- =% -11-
K£)-2,2,2-=Z R M

£ O0OCTFF CHCL, (10ml) PHEH 11-8L-=3([7.3.1.0*"]+=
%~2(7),3,5-=% (1.22g, 7.08mmol), KK H =2k (0.94g,
10. 6mmol ) F= TFAA (1.90ml, 14.2mmol) &3, 1 /85, FERE
A 0. 5N # HC1 (200ml) ¥, 5 E. KB/ CHCL (3 x50ml), &3
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A HER 0.5N HC1 (50ml), H.0 (2x50ml) Fiafekd S KEx%
(50m1) #hik. BREMEETHR, KREMA-3%Et0Ac B8, B2 %
THEBR A Y EE, M~ 3%Et0Ac/CHCL M. K& E F 9wk

# (1.90g, 99% ). 'H NMR (CDCL) § 7.15-7.02 (4H), 4.67 (d, J=13.0 Hz,

1/2H), 4.42 (d, J=13.0 Hz, 1/2H), 4.03 (d, J=13.0 Hz, 1/2H), 3.81 (d, J=13.0 Hz, 1/2H), 3.44

(d, J=13.0 Hz, 1H), 3.26-2.89 (3H), (d, J=18.0 Hz, 1H), 2.37 (br 5, 1/2H), 2.30 (br s, 1/2H),
2.04 (AB d, 2H). GCMS ms 269 ().

B) ~ AR -11-R%-=3¢[7.3.1.0*" 1+ =8-2(7),3,5- =% %
& 3 |

4 Coon FAL J. Org. Chem., 1973, 25, 4243 P I5#E 655
%, BTV RALEFMALL Y. L OCTHEREY =R TR
( 0.94ml, 10. 6mmol ) #) CH.CL,( 10l ) AR F L 12 mA#EE (0. 60 ml,
14. lmmol), ##| G EWEH. 10 5405, HAA RSB A I E-78
T, M CHLCl, (15ml) & 1-(11-8.4&-=3¢[7.3. 1. 0*" 1+ ==
~-2(7),3,5-=H-11-%)-2,2,2-= 8. ¢ & (1.9g, 7.06mmol) &
544, E-TSCTHHFRE 2, KEFEEO0CTL/2 0. ¥
B R B w6k (50g) F. 45, A CHCI, (3 x30ml) A
FBAKE., SHAME, AA (3 x30ml) #hik. AbfmgaMARE
#& (20ml) Fok (20ml) AL IFEMANE, REBHREETRIT
X4, /BAASH 47 (TLC) ¥ & B4k (1.58g). 4E A4 L Et,0
PR R, FEFSAEKZH (900mg, 41% ). (TLC 30% EtOAc/
X R 0.21), ERBAMTHAKEESH, A 30%EtOAc/ TP, #
2] 3#4H. R 0.32 (50mg, 2% ), R, 0.21 (3w EXFE4Kk) = R: 0. 13
(50mg, 2% ). GCMS m/e 314 (M),

C) 4—AA-11-EL£-=Z%[7.3.1.0*" 1+ =8-2(N,3,5-=%K%#
& 3k

Wit H-3 o H-1 Z /8 %5 4% NOE, NOE ( BB A E A B ) KB#
T EE5% (TLC 30%EtOAc/ T8 R, 0.21) 2 2,2, 2—-=#&—1-(4-
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L e A

A8 -=3([7.3.1.0°" ]+ =8-2(7), 3, 5-=&%-11-X)- &
Bl. £ MeOH (20m1) vHHFHZBK 4 (780mg, 2.48mmol) JfF A%

B 44 (650mg, 4.96mmol) #§7K (10ml) ZER AHE, BEF R4 Y
#IRET0CE6 B, REEZEL, AAHEE, A CHCL (3 x40ml)
X, WX RE INGRBRARER (3 x40nl) F, ALERTLE®
%, RERRPEBAKERTRE pHAEA ~10. FH A CHLCL, (3
x40ml) ¥, ZREETE, k%, BBk, FaHKhkDER
AEWEEY, A 3N % HCl EtOAc (4ml) £ 233k 45, ﬁﬁigﬁﬁ-%ﬁ‘
%1 CH,CL, ¥, A amsba-&ziéﬂfféﬁu WA 18 by, TERKETH

( 145mg, 23% ).

1H NMR (DMSO4.) d 8.12 (d, J=2.5 Hz, 1H), 8.0 (d, J=8.0 Hz, 1H), 7.50 (dd. J=8.0,2.5 Hz,
1H), 3.25 (m, 3H), 3.08 (m, 3H), 2.88 (M, 2H), 2.27 (m,1H), 1.99 (d, J=11.0 Hz, 1H). GCMS
m/e 218 (M"). mp 215-220 °C.

%364 21
5-AA-11-R2-=Z3R[7.3. 1. 0*" |+ =5-2(7),3,5- = #mi
B S 200 7, W ESFE B — A AR FH R
2,2, 2-Z f-1- (G- E-11-RE-=3([7. 3. 1. 0*']+=8-2(7), 3, b-
=ZH-11-%)-Z 8 (TLC 30%EtOAc/ &% R 0.13) LA FALES
M. 'HNMR 3 & 5
(CDCly) 5 8.01 (d, J=2.0 Hz, 1H), 7.95 (dd, J=8.0,2.0 Hz, 1H), 7.17 (d; J=8.0 Hz, 1I~i').;"3';"|8

(dd, J=18.0,6.5 Hz, 1H), 3.10-2.97 (4H), 2.89 (d, J=18.0 Hz, 1H), 2.79 (d, J=12.0 Hz, 1H),
2.12 (m, 1H), 2.02 {d, J=12.5 Hz, 1H), 1.88 (d, J=12.5 Hz, 1H).

A h Ep 20C FRE R, B EKF, np 245 - 255T.

%k2eH) 22
3-AERA-11-R2-=3[7.3.1.0°" ]+ =8-2(1),38,5-Z 3 HE&H
ER A 20CHFTE, BEX S EHGRSFHETY2,2,2-

ZH-1-G-EA-11-RA%-=3([7.3.1.0*" ]+ =%-2(7),8,5- =K
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—11-3)-Z B (TLC 30% EtOAc/T%c R: 0.32) ( 50mg ) 34t % 4754
&4, 133 26mg FH (64% )., #@id C-3 o H-1 = ja &) IMQC (-4 %
AR PE) A AEIR ARG X B4k &, 'H NMR (DMSOqy) 8 7.80 (d, J=8.0 Hz,

1H), 7.53 (d, J=8.0 Hz, 1H), 7.45 (t, J=8.0 Hz, 1H), 3.71-3.15 (m, 6H), 2.95 (d, J=18.5 Hz,
1H), 2.40 (brs, 1H), 2.04 (d, J=12.5 Hz, 1H), 1.70 (d, J=12.5 Hz, 1H). '

L) 23
11-FHA-5-F-11-8&-=3%[7.8.1.0* "1+ =%-2(7), 3, 5-=3%

E‘#

_;‘31:]};.3:

Bk 6 #E é’m‘ée W 24~ -1-F R A X H B4 4

A, 'H NMR (CD;0D) & 7.15 (m, 3H), 6.94-6.76 (m, 5H), 3.40
(AB d, 2H), 3.06 (dd, J=17.5,7.0 Hz, 1H), 2.87-2.73 (3H), 2.69 (d, J=10.5 Hz, 1H), 2.37 (d,
J=10.5 Hz, 1H), 2.28 (d, J=10.5 Hz, 1H), 2.17 (br 5, 1H), 1.83 (AB d, 2H). GCMS m/e 281
M%). mp 202-203 °C.

34 24
5-#-11-RP-=3r[7.3. 1. 0*" 1+ =8-2(1, 3, 5—:%%%&%3%1;
b 3 BESTE, K 11I-FE-S-R-11-4%-=
[7.3.1.0°" ]+ =#-2(7),3,5-=% &% & (310mg, 0.94mmol) %4}6
HAFAEY, FEGERKT S (140ng, 65% ).

TH NMR (CD5OD) 5 7.22 (m, 1H), 6.83 (m, 2H), 3.38-
" 3.14 (6H), 2.83 (d, J=18.5 Hz, 1H), 2.45 (m, 1H), 217 (AB d, J=13.0 Hz, 1H), 1.94 (AB d, J=
13.0 Hz, 1H). mp 286-287 °C.

SEFA) 25
5, T-—%H Z-14-82-w3[10.3.1. 0> 0"* 1+ *#%—-2(7), 3, 8-
=R H R
KB EEE 3406 BRI E, ¥ 5-E-6-FAA-FII[1,3]H
SR EE (HE&EFESA R Getahun Z.; Jurd, L.; Chu, P. S.;
Lin, C. M.; Hamel, E. J. Med. Chem. 1992, 35, 1058-1067) %%
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rrrrrrr

ARG FRAERATY (110ng).

'H NMR (CD,0D) 5 6.65 (s, 2H), 5.88 (s, 2H), 3.33-3.12 (8H),
2.81 (d, J=18.0 Hz, 1H), 2.42 (m, 1H), 2.09 (AB d, J=12.5 Hz, 1H), 1.80 (AB d, J= 12.5 Hz,
1H). GCMS mve 217 (M"). APCI MS m/e 218.1 [(M + 1)°]. mp 241-243 °C,

k34 26

11-F X -6-8-5-FARAE-1I-K L -=3[7.3.1.0° ]+ =%
—2(7),3,5-=%

FE OCTF, f& CHCl, (10ml) #= AcOH (5ml) P 11-F & -5-
PARA-11-RE-=Z%[7.3.1. 0" ]+ =8-2(7), 3, 5~=% (3. 00g,
10. 2umol ), JA & CH,C1,( 10ml ) F= AcOH( 5ml) ¥ 532 ( 3. 21g, 20mmol )
e, 18 EE, M 20% M BEAMAKER (100m]) XER B,
P Fl CH,.Cl, (3 x40ml) ¥R, HMAiaFmBE A/ KER (3 x50nl)
k. SN ANEZREETIR, KE, RTEKEESSH, /3
w4y (1.05g, 28% ). (TLC 30%EtOAc/ &% R, 0.48).

H NMR (CDCly) § 7.13 (m, 3H), 6.91 (m,

3H), 6.68 (d, J=8.0 Hz, 1H), 3.90 (s, 3H), 3.36 (s, 2H), 2.86-2.79 (4H), 2.67 (br d, J=8.0 Hz,
1H), 2.31 (br s, 1H), 2.28 (br s, 1H), 2.22 (br s, 1H), 1.78 (AB d, J=13.0 Hz, 2H). GCMS m/e

373,371 (M)

F 364 27
1I-FA6-2A5FERA-11-§L2-=3([7.3. .01+ =%
~2(7), 3, 5-=% |
A-78CTF, ZAXAKTHF (10ml) FHHF 11-FH-6-2-5-FHRE
-11-8 & -=3[7.3.1.0°"] + = %% -2(7),8,5- = % ( 1.05¢,
9. T0mmol ), RIET 42 (1.08ml, 2.5M &5k %%, 2.70mmol) W
b2 1 k. 10 545, AR =R E (559g, 2. 79mmol),
HFroPHEEER. ARFEREAKRER (50m]) LERE.
WRACETE (3 x20n]) FR., FAMNETE (FR&REL), TRIF%
R, B3 &Ky (640mg, 67% ). (TLC 30%EtOAc/T¥t R, 0.18).
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¥Z 4 (640mg, 1.8lmmol) & THF (10ml) + 35 30% t53 B AL &,
K% & (205mg, 1.8lmmol) —REH. 18 1B, M 20% # NaHSO,
Kk (10nl) bR p. Bl EBAMAKER (50nl) HERLS
Wi, R CHCL (3 x40ml) F B, AHEMiafesk B EAKRER (3
x50ml) Zb#%, ZMEETIR, K&, RTAKEELF, FHMk
Hy (36mg, 64% ). (TLC 40% EtOAc/ T3t R: 0. 44). *H NMR (CDCL) 5 7.14

(3H), 6.95 (2H), 6.67 (d, J=8.0 Hz, 1H), 6.52 (d, J=8.0 Hz, 1H), 3.89 (s, 3H), 3.40 (AB d, 2H),
2.88-2.63 (5H), 2.34-2.22 (3H), 1.79 (AB d, 2H). GCMS m/e 309 (M").

AP 28

6- A -5-FEE-1I-EH-=3K[7.3. 1. 0*" 1+ =28-2(7), 3, 5-
=N E- 8

FREHRE 3 HENFTH, B 11-FR-6-FA-5-FARX-11-5&
Ze—-=3R[7.3.1.0*" ]+ =8-2(7), 3, 5-=% ( 58mg, O.18mmol) %4k
AARHNEY, KRG, BRI o PRENE, FRGERKE
¥ (15mg, 32% ). (TLC 10% MeOH/CH,C1, (NH,) R: O.26).
H NMR (CD,OD) 5 8.84 (d,

J=8.0 Hz, 1H), 6.68 (d, J=8.0 Hz, 1H), 3.82 (s, 3H), 3.29 (3H), 3.13 (m, 2H), 3.00 (dd,
J=18.0,6.0 Hz, 1H), 2.85 (d, J=18.0 Hz, 1H), 2.42 (m, 1H), 2.09 (AB d, J=12.5 Hz, 1H) 1.82
(AB d, J= 12.5 Hz, 1H). mp 285-200 °C.

Sk 29
_,ﬁd ‘f’i%&—n FE-1I-84&-=3(7.3.1.0* "] =%
-2(7),38,5-=%-5-X&
FREHEM IDGFE, H1-FE-11-8L-=3[7.3.1.0*"]+
=Z8-2(7),3,5-=%-5-8% (850mg, 3.03mmol) #HALAimAALLSH

(1.18g, 94% ). (TLC 30%EtOAc/ Tt Ry 0.47).

*H NMR (CDCl3) & 7.10 (3H), 6.97 (3H), 6.78 (ZH). 3.40

(AB d, J=14.0 Hz, 1H), 3.30 (AB d, J=14.0 Hz, 1H), 3.05 (AB dd, J=17.5,7.0 Hz, 1H), 2.88-
2.79 (3H), 2.62 (d, J=10.0 Hz, 1H), 2.40 (d, J=10.5 Hz, 1H), 2.28 (d, J=12.0 Hz, 1H), 2.17 (br
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" s, 1H), 1.83 (AB d, 2H). APCI MS m/e 4121 M + 1))
%L 34] 30

5-(4-ZAFAEFII)-11-KH-=3[7.3.1.0*" ]+ =%
—2(7),3,5-= % \

A II-FHES5-U-=ZHKFEER)11-8L-=3[7.3.1.0* "]+
Z2-2(7),3,5-=Z3 (A XM#®HFETHANR: Miyaura, N. ; Suzuki, A.
Chem. Rev. 1995, 95, 2457-2483.)

£ 10/1 852.85/4 (5nl) POH=ZRFAE 11-FA-11-8 2~
Z3R[7.3.1.0*"]+ =5&-2(7), 3, 5-=%—5-F & ( 258mg, 0. 63mmol ),
7B 47( 493mg, 5. 02mmol ) 4-= R T A E X 8 ( 141ng, 0. 94mmol ).
KRS (LE/NIER 3 K), A (ZEE %) 242 (0) (36. Ong,
0.032mmol) £ 3, FiRZE 90C18 I W, AFEE, AARBFAL
Bt (3 x60ml) FR., AMERIEK (50ml) 2635, T8 (BE4),
WSk, FEWRY (60mg, 23% ). (TLC Tk R. 0. 16).

4 NMR (CDCl) 8 7.73 (d, J=8.5 Hz.

2H), 7.68 (d, J=8.5 Hz, 2H), 7.38 (d, J=2.0 Hz, 1H), 7.32 (dd, J=8.0,2.0 Hz, 1H), 7.10 (4H),
5.88 (m, 2H), 3.40 (s, 2H), 3.14 (dd, J= 17.5, 7.0 Hz, 1H), 2.94-2.87 (3H), 2.76 (d, J=10.5 Hz,
1H), 2.40 (dd, J=10.5,2.0 Hz, TH), 2.33 (dd, J=10.5,2.0 Hz, 1H), 2.22 (br s, 1H), 1.91 (AB d,
J=12.5 Hz, 1H), 1.83 (AB d, J=12.5 Hz, 1H). GCMS m/e 407 (M)".

B) 5-(4-ZfFEER)11-K2-=3[7.3.1.0*" 1+ =8
-2(7),3, 5= im#

FR TS SHFE F11-FE--UZHFEFEL-11-8%
~=Z 3 [7.38.1. 0*" ]+ =5#-2(7), 8, 5=t 4t h 4454, (TLC 50
% EtOAc/ %0 Ry 0. 81). 'H NMR (CDCL) 3 7.62 (m, 4H), 7.15-6.98 (3H) 3.50-2.97

(6H), 2.92 {d, J=18.0 Hz, 1H), 2.38 (br s, 1H), 2.02 (AB d, 2H).
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- %34 31
5-(4-FERAXI)-11-RE-=3[7.3. 1. 0*" ]+ =8-2(1), 3,5
ZHEEE
KA 30 F %k, HZAFPHE 11-FE-11-8L-=%
[7.3.1.0°"]+=8-2(7), 3, 5-=ZH-5-K B - T AR X X W B 3 1L

A A7 AL SH NMR (CD-OD) 5 7.57 (d, J=8.0 Hz, 2H), 7.42 (d,
1=2.0 Hz, 1H), 7.38 (dd, J=8.0,2.0 Hz, 1H), 7.18 (d, J=8.0 Hz, 1H), 6.87 (d, J=8.0 Hz, 2H),
3.61 (5. 3H), 3.48-3.08 (6H), 2.95 (d, J=18.0 Hz, 1H), 2.30 (br s, 1H), 2.10 (AB d, J=11.5 Hz,

|4H), 1.97 (AB d, J=11.5 Hz, 1H).

%34 32

11-8,%&-=3[7.3. 1. 0*" ]+ =%-2(7),3, - =H-5-B B FE L
B 3k ( &AM Dolle, R. E.; Schmidt, S. J.; Kruse, L. I. J. Chen.
Soc., Chem. Commun. 1987, 904-905) | : - |

BZRTHR 1I-FA-11-82-=Z5%(7.3..0°" 1+ =&
-2(7),8,5-=%-5~38& (1.0g, 2.26mmol) % & DMSO ( 15ml) #=
WEE (2ml) ¥, A =T (505mg, 4.99%mmol). Z B 4F (22.0mg,
0.23mmol) #Fo 1,3-W(ZXKAMHE) A% (94.0g, 0.23mmol) .
B Rl A AR/ B3k 3 4), REM L& 4(51ng,
0.23mmol) & ¥, EAREHST, BA—HAELK(CO(g) ) kb &,
B3 20 £4F, FHEE 100T3 nf, A, REEANEXR (50m1) .
BEGROWA LR LE (4 x40n1) FIR, Fibi 58 858K ER
(100m1). 7 (100ml) F= 27K ( 100ml) ZZEAF W HME, T8 (5
BR4E), R E, BRHBEY 1I1-FE-11I-8E-=3£[7.3.1. 0]
+=#%-2(7),3,5-Z%-5-BBRTE, FARTEKREES S, R
HkA (280mg, 38% ). (TLC 10%EtOAc/ @t R 0.21). APCI MS m/e
322.2[ (M+1)"]. ¥ &4 3655k, BB RPEBAG AL,
( TLC 10% CH,C1,/MeOH (NH;) R, 0.21). HNMR(CD.OD)87.87(d,
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J=2.0 Hz, 1H), 7.83-(dd, J=8.0,2.0 Hz,1H), 7.35 (d, J=8.0 Hz, 1H), 3.87 (s, 3H), 3.49-3.12
(6H), 2.97 (d, J=18.5 Hz, 1H), 2.52 (br s, 1H), 2.18 (AB d, J=11.5 Hz, 1H), 1.97 (AB d, J=11.5
Hz, 1H). mp 255-256 °C.

g4 33

2-(11-8]FE-=3[7.3.1. 01+ =%%-2(7),3,5-=H-5-%) &
s

ERAT, F-78C, ALK THF (15ml) FH# 11-FE-11-8
e -= 30 [7.3.1.0"" ]+ =& -2(7),3,5- =% -5-% & ¥ & ( 180g,
0.62mmol ), AT F88LFIHREE( ~ 1nl, 3M 8 THF 5% ) i 22,
KRG ARETR, Aok fAsRER (25n]) LR E.
FHM B E (3 x50ml) ¥R, AHEAK (50m1) 26, T8 (B
), FFHEL, 25K (100ng, 50% ). GCMS m/e 321 (M).
¥ g B 3 ek, WA AR A,

NMR (CD,0D) & 7.32 (OH), 7.24 (s, 1H), 7.18 (d, J=8.0 Hz, 1H), 7.08 (m, 1H), 3.50-3.12

(6H), 2.91 (d, J=18.5 Hz, 1H), 247 (br, s, 1H), 211 (AB d, J=11.5 Hz, 1H), 1.97 (AB d,
J=11.5 Hz, 1H), 1.15 (s, 6H). mp 80-81°C.

L) 34
5-wher—3-H-11-8 F2-=3£[7.3.1.0*" 1+ =#%-2(7), 3, 6- =%
3k & 3k
BoEp 30 W55k, HEZRATHR 1I1-FA-11-8%&-=
[7.3.1.0*" 1+ =8-2(1), 3, 5—=H-5-A B — 0w -3-F-M
o3t A AR A 'H NMR (CD;OD) & 9.14 (br s, 1H), 8.78 (m, 2H), 8.08
(m, 1H), 7.69 (d, J=2.0 Hz, 1H), 7.62 (dd, J=8.0,2.0 Hz,1H), 7.43 (d, J=8.0 Hz, 1H), 3.43-3.18
(6H), 3.05 (d, J=18.5 Hz, 1H), 2.56 (br's, 1H), 2.18 (AB d, J=11.5 Hz, 1H), 2.02 (AB d, J=11.5
Hz, 1H). GCMS mv/e 250 (M"). mp 240-242 °C.
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