
0 9 

",-b 



" 

(11) United States Patent 
Coe et al . 

1~~111111111~1181111~ IINIIhIIIIhNllll~il~l 
USOO6410550131 

(io) Patent No.: US 6,410,550 B1 
(as) Date of Patent : Jun. 25, 2002 

(>4) ARYL FUSED AZr1POLYCYCLIC 
COMPOUNDS 

(75) Inventors : Jotham Wadsworth Coe, Nianuc; 
Paige Roanne Palmer Brooks, North 
Stooington, both of C"T (US) 

(73) Assi--ncc : Pfizer INC, New York, NY (US) 

( ` ) Notice : Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U .S .C . 154(b) by 0 days 

(21) Appl . No . : 09J402,010 

(22) PCT Filcd: Nov. 13, 1998 

(86) PCT No . : ['CT/IB98/01813 

§ 371 (c)(1), 
(3), (4) Date : Sep . 28, 1999 

(87) PCT Pub . No . : W099135131 

PCI' Yub . Date: Jul. 15, 1999 

Related U.S . Application Data 
(60) Pruvisional eppticaUOn No . 60i070,243, filed on Dec. 31, 

(997 

(51) Int . CI . ._ . . . . . . . . . . . . . . . . . . . A61K 31J44 ; A61K 31i505 ; 
C07D 221!22 ; C07D 413/00; A61P 1/00 

(S3) US. CI . . . . . . . . . . . . . . . . Sl4/2R9 ; 514J310 .31 ; 5i4/22R .2 ; 
5141232 .8 ; 5t4i253.02 ; 514/253 .03 ; 514/256 ; 
514;281 ; 514i395 ; 546,%43 ; S46/74 ; 546i97 ; 

544,i582 ; 544/60; 544i1?S ; 544i126; 544/242 ; 
544/361 

(5H) Field of Search . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . 546/43, 74, 97 ; 
_544!58?, 60, 135, 1Z6,342, 361 ; 514i210.31, 

328.3, 332.8, 253.02, 253.03, 256, 381, 
289. 395 

(SG) References Cited 

U.S . PATENT DOCUMENTS 

3 .471 .503 A ' 1Qi1JG9 Carson . . . . . . . . . . . . . . . . . . . . 2GO/29d .7 

FOREIGN PATENT DOCUMENTS 

EP 01455 301 t 11 ;1999 
EP 1 078637 ' 2,'2001 
wo WO ()9/i5680 11,1999 
WO WO 00114475~ " 820C10 
WO WO 00;45346 ` 8 .2OUO 

OTHER PUBLICATIONS 

Mazzocchi et al ., Synthesis and Pharmacological Activity of 
2,3,4,5-Tetrahydrol,5 methano-lH--3-benzazepines, Jour-
nal of Medicinal Chemistry, vol. ?3, No . 4, pp . 455-457, 
t979 .* 

` cited by examiner 

Primary Examiner--Brenda Coleman 
(74) Allorney, Agent, or Finn--Petcr C Richardson; Paul 
H. Ginsburg; Roy F. Waldron 

(57) ABSTRACT 

Compounds of the formula 

(r~ 
R= - 

NR' 

R' 

and their pharmaceutically acceptable salts, wherein R, R2, 
and R' are defined as in the specification, intermediates in 
the synthesis of such compounds. pharmaceutical composi-
tions containing such compounds and methods of using such 
compounds, in the treatment of neurological and psycho-
logical disorders . 

15 Claims, No Drawings 



. " 

US 6,410,550 B1 

ARYL FUSED AZAPOLYCYCL[C 
COMPOUNDS 

This application is a national stage entry under 35 U.S .C, 
§371 of PCT/IB98/01813, filed Nov. 13, 1998 which claims 
the benefit of U.S . Provisional Application Sec No . 60i070, 
245, filed Dec. 31, 1997 . 

BACKGROUND OF THE INVENTION 

2 
SUMMARY OF THE INVENTION 

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

l~l 
R= 

~--lZD:TIR1 

lU R 

This invention relates to aryl fused azapolycyclic 
compounds, as defined more specifically by formula t below. 
Compounds of formula I bind to neuronal nicotinic acetyl-
choline specific receptor sites and are useful in modulating 
choGncrgic function . Such compounds are useful in the 
treatment of inflammatory bowel disease (including but not 
limited to ulcerative colitis, pyodcrma gangrcnosum and 
Crohn'ti disease), irritable bowel syndrome, spastic 
dystonia, chronic pain, acute pain, celiac sprue, pouchitis, 
vasoconstriction, anxiety, panic disorder, depression, bipolar 
disorder, autism, sleep disorders, jet lag, amyotrophic lateral 
sclerosis (ALS), cognitive dysfunction, hypertension, 
bulimia, anorexia, obesity, cardiac, arrythmias, gastric acid 
hypersecretion, ulcers, pheochromocytoma, progressive 
supranuclear palsy, chemical dependencies and addictions 
(e .g., dependencies on, or addictions to nicotine (and/or 
tobacco products), alcohol, benzodiazepines, barbiturates, 
opioids or cocaine), headache, stroke, traumatic brain injury 
(I'I3I), obsessive-compulsive disorder, psychosis, Hunting-
ton's Chorea, tardive dyskinesia, hyperkinesia, dyslexia, 
schizophrenia, multi-infarct dementia, age related cognitive 
decline, epilepsy, including petit mal absence epilepsy, 
senile dementia of the Alzheimer's type (AD), Parkinson's 
disease (PD), attention deficit hyperactivity disorder 
(ADHU) and Tourette's Syndrome . 

The compounds of this invention may also be used in 
combination with an antidepressant such is, for example, a 
tricyclic antidepressant or a serotonin reuptake inhibiting 
antidepressant (SRI), in order to treat both the cognitive 
decline and depression associated with AD, PD, stroke, 
Iluntington's Chorea or traumatic brain injury (TBI): in 
combination with muscarinic agonists in order to stimulate 
both central muscarinic and nicotinic receptors for the 
treatment, for example, of AI S, cognitive dysfunc, ion, age 
related cognitive decline, AD, PD, stroke, Huntingtods 
Chorea and TBI; in combination with oeurotrophic factors 
such as IYGF in order to maximize cholinergic enhancement 
for the treatment, for example, of ALS, cognitive 
dysfunction, age related cognitive decline, AD, PD stroke, 
1-iundngton's Chorea and TF3I ; or in combination with 
agents that slow or arrest AD such as cognition enhancers, 
amyloid aggregation inhibitors, secretasz inhibitors, tau 
kinase inhibitors, neuronal antunflarnmalory agents and 
estrogen-like therapy. 

Other compounds that bind to neuronal nicotinic receptor 
sites are referred to in U.S . patent application Ser. No . 
O8!963,852, which was filed on Nov. 4, 1997 now U.S . Pat. 
No . G,020,33>. The foregoing application is owned in com-
mon with the present application, and is incorporated herein 
by reference in its entirety . 

R' is hydrogen, (C,-C,)alkyl, unconjugated (C;-C~) 
all:enyl, benzyl, XC(=0)R'3 or -CF[,CH.-O- 

; (C,-Qa1kYl ; - - 
R- and R' are selected, independently, from hydrogen, 
(C .-C,)alkenyl, (C_-Co)alkynyl, hydroxy, oitro, 
amino, halo, cyano, -SO 9(C,-CI)alkyl wherein q is 
zero, one or two, (C,-C6)alkylamino-, [(C,-Co)atkyl] 
.a mino-, -('O,R°, -C()NRSR", -tiO.NK'K3, 

~ -C(=0)R" -XC(=0)R", aryl-(Co-C})all:yl- or 
aryl-(C,-C3)all:yl-O-, wherein said aryl is selected 
from phenyl and naphthyl, heteroaryl-(Co C,)alkyl- or 
heteroaryl-(Co-C3)all:yl-O-, wherein said heteroarvl 
is selected from five to seven membered aromatic rings 

=5 containing from one to four heteroatoms selected from 
oxygen, nitrogen and sulfur, and X-(C�-C �)aikoxy-
(Co-Co)all:yl-, wherein X= is absent or R- is (C,-Ce) 
alkylamino- or [(C,-C6)aJkyl]-amino-, and wherein the 
(Co-C,)alknxy-(C0C6)alkyl- moiety of said 

io X`(Co-C6)alkoxy-(CO-CF)alkyl- contains at least one 
carbon atom, and wherein from one to three of the 
carbon atoms of said (Co-Co)all:oxy-(C,,-C;)all:yl-
moiety may optionally be replaced by an oxygen, 
nitrogen or sulfur atom, with the proviso that any two 
such heteroatoms must be separated by at least two 
carbon atoms, and wherein any of the alkyl moieueti of 
said (C1-C6)alkoxy{Cc C6)alkyl- may be optionally 
substituted with from two to seven fluorine atoms, and 
wherein one of the carbon atoms of each of the all:yl 
moieties of said aryl-(Co-C3)alkyl- and said heteroaryl-
(C~-C,)alkyl- may optionally be replaced by an 
oxygen, nitrogen or sulfur atom, and wherein each of 
the foregoing aryl and heteroaryl groups may option-
ally be substituted with one or more substituents, 
preferably from zero to two substitucnts, independently 
selected 45 from (C,-C,,)alkyl optionally substituted with 
from one lo seven fluonne atoms, (C,-(' �)alkuzy 
optionally substituted with from two to seven fluorine 
atoms, halo (e .g ., chloro, fluoro, bromo or iodo), 
(G-Co)alkenyl, (C_-Cp)atkynyl, hydroxy, nitro, 
cyano, amino, (Cl Co-, [(C,-Co)alkyl],amioo-, 

-CONR'R6, -SO-NR-'R8, -C(=0)R'' 
and -XC(=())k" ; 

or R- and R3, together with the carbons to which they are 
attached, form a four to seven memhered monocyciic, 
or a ten to fourteen mcmbered bicycGc, carbocyclic 
ring that ran be saturated or unsaturated, wherein from 
one to three of the oonfused carbon atoms of said 
monocyclic rings, and from one to fivc of the carbon 
atoms of said bicycfic rings that are not part of the 
benzii ring shown in formula (, may optionally and 

"° independently be replaced by a nitrogen, oxygen or 
sulfur, and wherein said mooocycfic and bicyclic rings 
may optionally be substituted with one or more 
substituents, preferably from zero to two subsUtuents 
for die monocyctic rings and from zero to three sub-

6S stituents for the bicyclic rings, that are selected, 
independently, from (C1JC6)alkoxy-(C,,-Co)alkyl-, 
wherein the total number of carbon atoms does not 
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exceed six and wherein any of the all:yl moieties may 
optionally be substituted with from one to seven fluo-
rine atoms; nitro, oxo, cyario, halo, (C,-Co)alkenyl, 
(C,-C6)alkynyl, hydroxy, amino, (C,-C6)all:y(amino-, 
[(C,-C6)alkyl],amino-, -CO_R°, -CONRSR6, 
-ti().NR'RA, -('(=())R'', and~-XC(=0)it" ; 

each R4, R5, R°, R', R' and R1' is selected, independently, 
from hydrogen and (C,-Co) alkyl, or RS and R°, or R' 
and R" together with the nitrogen to which they are 
attached, form a pyrrotidine, piperidine, morpholioe, 
azetidine, piperaziue, -N-{C,-C,)alkylpiperazine or 
thiomorphoGne ring, or a thiomorpholine ring wherein 
the ring sulfur is replaced with e sulfuxide or sullonc ; 
and 

each X is, independently, (C,-Co)alkylene : 
with the proviso that : (a) at least one of R', R- and R; 

must be the other than hydrogen, and (b) when R- and 
R' arc hydrogen, R' cannot be mcthyl or hydrogen, 

and the pharmaceutically acceptable salts of such com-
pounds . 

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

'x"'I('/R' K,9 v 

~_Ra 
U-H N-U 

? \,~ /R R"Y0` 'R9 /`N R 
in 

\ 
N -N 

NN ~/ \R9 

R"~,Nzzzz N 

v R's 

wherein one of R9 and R" is hydrogen or (C,-C,)alkyl, and 
the other is a bond to the benzo ring of formula I . 

Examples of compounds of this invention are compounds 
of the formula I, and their pharmaceutically acceptable salts, 
wherein R- and R', together with the benzo ring of formula 
I, form a bicyclic ring system selected from the following: 

aN/ 
R" aaN/ Rio 

a,, 
R") 

° 
N 
CG 

0: 

a 

, R1 

N 

wherein R'° and R" arc selected, independently, from 
(C0_Co)alkoxy-(Co-Co)alkyl- wherein the total number of 
carbon atoms does not exceed six and wherein any of the 
alkyl moieties may optionally be substituted with from one 
to seven fluorine atoms; nitro, cyano, halo, amino, (C,-C,) 

4 
alkylamino-, [(C,-C6) alkylJ .amino-, -CO,R', 
-CONRSR°, -SO.NR'RR, --C(=0)R" -XC(=0)R", 
phenyl and monocyclic heteroaryl wherein said heteroaryl is 
defined as K` and K' are defined in the definition of' 
compounds of the formula ( above ; 

Other embodiments of this invention relate to compounds 
of the formula [, and their pharmaceutically acceptable salts, 
wherein R' and R3, together with the benw ring of formula 
(, form a bicyclic or tricyclic ring system selected from the 

10 following- 

a 

N 

N 
/ 
N 

R10 R" 
RIO 

R 't' R" 

,n c0i 

5~_" ;7-- N 17 
(r, R 

a_- N 114 

R'o 

CN 
R 17 

N 0
: N 

R"' PI( 
0 

R" RII 

0: 

R10 

N 

40 

R17 

wherein R') and R" are delined as above and m is zero, one 
as or two, and wherein one of the carbon atoms of ring A can 

optionally be replaced with oxygen or -N(C,-C6)all:yl . 
Other embodiments of this invention relate to compounds 

of the formula I, and their pharmaceutically acceptable salts, 
wherein neither R2 nor R' is attached to the bcnzo ring of 

su formula I via an oxygen atom . 
Other embodiments of this invention relate to compounds 

of the formula I, and their pharmaceutically acceptable salts, 
wherein R- and R' do not, together with the benzo ring of 
formula I, form a bicycGc or tricyclic ring system . 

ss Other embodiments of this invention relate to compounds 
of the formula 1 wherein one or both of R` and R' are 
-C(=U)R", wherein R" is (C,-C,)aIkyl . Further 
embodiments of' this invention relate to compounds of the 
formula I wherein one or both of R- and R' are -C(=0) 

an R",whereinR'3is(C,-Co)afl:ylor(C,-C,)ail:yloptionally-
substituted with from one to seven fluorine atoms. Other 
embodiments relate to compounds of the formula 1 wherein 
one of R2 and R' is CF ., tiuoro, cyano or CS, 

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

Examples of specific compounds of the formula 1 are the 
following: 
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6-methyl-5,7-dioxo-6,13-diazatctracyclo[93 1 .0='°.0' 13) 

pencadeca-2(10),3,8-triene hydrochloride ; 
6 -methyl-5-oxo-6,13-dixralelracyclo[9 .3 .1 .0-'° .U' °] 

pentadeca-2(1(1),3,8-triene hydrochloride; 
5,7-dimethyl-6-oxo-S,7,13-triazatetracyclo[93 . i .0-'o.0`.a) 

pentadeca-2(10),3,8-triene hydrochloride; 
5,7-dioxo-6,13-diazatetracyclo[9 .3 .1 .02lu.0a "]pentadeca-? 

(10),3,8-trieoe hydrochloride; 
5-oxo-6,13-diazatetracyclo[9 .3 .1A2 . 10 .04 s]pentadeca-3 

(10),3,8-trieoe hydrochloride : 
6-oxo-5,7,13-triazxtetracyclo[93 .1 .02 "' .04 -"]pen ladeca-2 

(10),3,8-lnene hydrochloride; 
-1,5-difluoro-l0-aza-tricyclo[6.3 .1 .0'']dodeca-2(7),3,5-

triene hydrochloride; 
5-Ruoro-l0-aza-tricyclo[6.3 .1 .0"']dodeca-2(7),3,i-triene-

4-carbonitrilc hydrochloride-, 
4-cthynyi-5-fluoro-l0-aza-tricyclo[631 .0-']dodcca-3(7), 

3,5-triene hydrochloride; 
5-ethyoyl-l0-aza-tricyclo[6 .3 .1 .0`-']dodeca-2(7),3,5-lriene-

4-carbonitrile hydrochloride ; 
4-ethynyl-5-chloro-l0-aza-tricyclo[6 .3 .1 .0="]dodeca-2(7), 

3,5-iriene-d-carbonitrile hydrochloride; 
4-ethynyl-5-chloro-l0-aza-tricyclo[6 .3 .1 .0-~']dodeca-3(7), 

3,5-triene hydrochloride . 
5-oxa-7-rnethyl-b-oxo-7,13-dixraletracyclo[93 .1 .02'°.U° ~] 

pentadecx-2(10),3,8-triene hydrochloride; 
4-fluoro-~5-trifluoromelhyl-l0-aza-tricyclo[63 .1 .0= '] 

dodeca-2(7),3,5-triene hydrochloride; 
4-chloro-5-trifluoromethyl-l0-aza-tricyclo[6 .3_1 .0' '] 

dodcca-2(7),3,5-tricnc hydrochloride; 
5-trifluoromethyl-l0-aza-tricyclo[63 .1 .0`']dodcca-2(7),3, 

5-trieae-4-carboniirile hydrochloride: 
4-ethynyl-5-trifluoromethyl-l0-aza-tricyclo[6 .3 .1 .02. 71 

dodeca-2(7),3,5-triene hydrochloride. 
6-me thyl-5-thia-5-dioxa-6,13-Diazatetracyclo[9 .3 . LO` 

io .0°B]pentadeca-2(10),3,8-tdene hydrochloride ; 
7-dimet6ylaminu-5-thia-5-dioxa-G,13-Diazatetracyclo 

[9 .3 .1 .0='".O4 -Ajpeotadeca-2(l0),3,8-triene hydrochlo-
ride ; 

6,7-dioxa-5,8,14triaraLetracyclo[10 .3 .1 .()='I .(I" Q1 
hexadeca-?(L1),3,9-iriene hydrochloride; and 

i,8-dimethyl-6,7-dioxa->,R,14-triazatetracyclo[10 .3 .1 .0- 
ii .0° 9]hexadeca-?(11),3,9-triene hydrochloride . 

This invention also relates to compounds of the formula 

P 

V 

tt" t" 

wherein P is hydrogen, methyl, COOR'° wherein R'° is 
(C,-Cti)alkyl, allyl, 2=-==-trichloroethyl or (C,-C6)all:yl; 
-C(=0)M25R° wherein RS and R6 are defined as in 
formula 1 above; -C(=0)H, -C(=0)(C,-Co)all:yl 
wherein the alkyl moiety may optionally be substituted with 
from I to 3 halo atoms, preferably with from 1 to 3 ftuoro 
or chloro atoms; benzyi or t-butoxycarbonyl (t-I3oc) ; and 
R" and R" are selected, independently, from hydrogen, 

(Cl-C,)all.yl optionally substituted with from one to seven 
fluorine atoms; -C(=0)(C,-C6)all:yl, cyano, hydroxy, 
nitro, amino, -O(CI-C5)alkyl or halo : with the proviso that 
R" and R'S can not both be hydrogen when P is hydrogen 

s or methyl . Such compounds are useful as intermediates in 
the synthesis of compounds of the formula 1 . 

fhe invention also relates to s compound of the formula 

IU R_ 

' 

V P' . 
/ 

R3 
u 

R \/ 

=o 

fP) 

wherein R- and R' are defined above; and P' is COOR'° 
wherein R1° is allyl, 3,2?-trichkirocthyl or (C,-C6)all:yl; 
---C(=0)[YR'R° wherein RS and R° are defined as in claim 
2; -C(=0)H, -C(=OxC,-Ce)alkyl wherein the alkyl 
moiety may optionally be substituted with from 1 to 3 halo 
atoms, preferably with from 1 to 3 fluoro or chloro atoms; 
benzyl, or t-butoxycarbonyl (t-Boc). 

Unless otherwise indicated, the term "halo", as used 
herein, includes fluoro, chloro, bromo and iudo . 

Unless otherwise indicated, the term "alkyl", as used 
herein, includes straight, branched or cyclic, and may 
include straight and cyclic alkyl moieties as welt as 
branched and cyclic moieties . 
The term "alk-oxy", as used herein, means 

wherein "alkyl" is defined as above. 
The term "alkylene, as used herein, means an alkyl radical 

having two available bonding sites (i .e ., -all:yl-), wherein 
"alkyl" is defined as above. 

Unless otherwise indicated, the term "one or more 
substituents", as used herein, refers to from one to the 
maximum number of substituents possible based on the 
number of available bonding sites . 
The term -treatment", as used herein, refers to reversing, 

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

The compounds of formula I may have optical centers and 
therefore may occur in different enaotiomeric configura-
tions. The invention includes all enantiomers, diastereomers, 
and other stereoisomers of such compounds of formula 1, as 
well as racemic and other mixtures thereof. 
The present invention also relates to all radiolabeled 

forms of the compounds of the formula i . Preferred radio-
labeled compounds of formula t are those wherein the 
radiulahels arc selected from as 3H, '1C, '`'C, `F, "'I and 1=s1 . Such radiolabeled compounds are useful as research 
and diagnostic tools in metabolism pharmacokinedcs studies 
and in binding assays in both animals and man. 
The present invention also relates to a pharmaceutical 

composition for use in reducing nicotine addiction or aiding 
in the cessation or lessening of tobacco use in a mammal, 
including a human, comprising an amount of a compound of 
the formula I, or a pharmaceutically acceptable salt thereof, 

30 

ao 

4s 

iu 

h0 
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that is effective in reducing nicotine addiction or aiding i 
the cessation or lessening of tobacco use and a pharmaceu 
lically acceptable carrier. 
The present invention also relates to a method for reduc 

ing nicotine addiction or aiding in the cessation or lussenitu 
of tobacco use in a mammal, including a human, comprisinj 
administering to said mammal an amount of a compound o 
the formula 1, or a pharmaceutically acceptable salt thereof 
that is effective in reducing nicotine addiction or aiding u 
the cessation or lessening of tobacco me . 

The present invention also relates to a method of treatin~ 
a disorder or condition selected from inflammatory bowe 
disease (including but not limited to ulcerative colitis, pyo 
derma g,angrenosum and Crohn's disease), irritable bowe 
syndrome, spastic dystonia, chronic pain, acute pain, celiac 
spruC, pouchitis, vasoconstriction, anxiety, panic disorder 
depression, bipolar disorder, autism, sleep disorders, jet lag . 
amyotrophic lateral sclerosis (ALS), cognitive dysfunction. 
hypertension, bulimia, anorexia, obesity, cardiac arrythmias, 
gastric acid hypersecretion, ulcers, phea hromoc,ytoma, pro-
gressive supranuclear, palsy, chemical dependencies and 
addictions (e .g ., dependencies on, or addictions to nicotine 
(and/or tobacco products), alcohol, benzodiazepines, 
barbiturates, opioids or cocaine), headache, stroke, trau-
matic brain injury ( I'BI), obsessive-compulsive disorder 
(OCD), psychosis, Huntingon's Chorea, tardive dyskinesia, 
hyperkinesia, dyslexia, schizophrenia, multi-infarct 
dementia, age related cognitive decline, epilepsy, including 
petit mal absence epilepsy, senile dementia of the Alzhe-
imer's type (,A)), Parkinson's disease (PD), attention deficit 
hyperactivity disorder (ADHD) and'k)urette's Syndrome in 
a mammal, comprising administering to a mammal in need 
of such treatment an amount of a compound of the formula 
t, or a pharmaceutically acceptable salt thereof, that is 
effective in treating such disorder or condition. 

The prcxnt invention also relates to a pharmaceutical 
composition for treating a disorder or condition selected 
from inflammatory bowel disease (including but not limited 
to ulcerative colitis, pyoderma gangrenosum and Crohn's 
disease), irritable bowel syndrome, spastic dystonia, chronic 
pain, acute pain, celiac sprue, youchitis, vasoconstriction, 
anxiety, panic disorder, depression, bipolar disorder, autism, 
sleep disorders, jet lag, amyotropic lateral sclerosis (ALS), 
cognitive dysfunction, hypertension, butimia, anorexia, 
obesity, cardiac arrylhmias, gastric acid hypersecretion, 
ulcers, pheochromocytoma, progressive supranuclear palsy, 
chemical dependencies and addictions (e .g ., dependencies 
on, or addictions to nicotine (and/or tobacco products), 
alcohol, benzodiazepines, barbiturates, opioids or cocaine), 
hcadachc, stroke, traumatic brain injury ("f'BI) obsessive-
compulsive disorder (OCD), psychosis, HunUngton's 
Chorea, tardive dyskinesia, hyperkinesix, dyslexia, 
schizophrenia, mu(d-infarct dementia, age related cognitive 
decline, epilepsy, including petit ma( absence epilepsy, 
senile dementia of the Alztieimer`s type (AD), Parkinson's 
disease (PD), attention deficit hyperactivity disorder 
(AUHU) ancl'luuretlc's Syndrome in a mammal, comprising 
an amount of a compound of the formula i, or a pharma-
ceutically acceptable salt thereof, and a pharmaceuticallv 
acceptable carrier. 
The present invention also relates to a method for reduo-

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

x 

NH \ 
/ 

or a pharmaceutically acceptable salt thereof, that is effec-
Rvc in reducing nicotine addiction or aiding in the cessation 
or lessening of tobacco use. 
The present invention also relates to a method for treating 

a disorder or condition selected from inflammatory bowel 
disease (including but not limited to ulcerative colitis, pyo-
derma gangrenosum and Crohn's disease), irritable bowel 

Is syndrome, spastic dystooia, chronic pain, acute pain, celiac 
sprue, pouchitis, vasoconstriction, anxiety, panic disorder, 
depression, bipolar disorder, autism, sleep disorders, jet lag, 
amyotrophic latera sclerosis (ALS), cognitive dysfunction, 
hypertension, bulimia, anorexia, obesity, cardiac xrrylhmias, 
gastric acid hyper.eecretion, ulcers, pheochromocytoma, pro-
greceive supranuclear palsy, chemical dependencies and 
addictions (e .g ., dependencies on, or addictions to nicotine 
(and/or tobacco products), alcohol, benzodiazepioes, 
barbituatcs, opioids or cocaine), headache, stroke, traumatic 

=; brain injury (TBI) obsessive-compulsivc disorder (OCD), 
psychosis, Ituntington's Chorea, tardive dyskiaesia, 
hyperkinesia, dyslexia, schizophrenia, multi-infarct 
dementia, age related cognitive decline, epilepsy, including 
petii mal absence epilepsy, senile dementia of the Alzhe-
imer's type (AD), Parkinson's disease (PD), attention deficit 
hyperactivity disorder (ADHD) and Tourette's Syndrome in 
a mamma(, comprising administering to a mammal in need 
ol such treatment an amount of d compound of the formula 

VH 
/ 

40 
or a pharmaceutically acceptable salt thereof, that is effec-
tive in treating such disorder or condition, 
This invention also relates to the pharmaceutically accept-

able acid addition salts of the compounds of formula I . 
Lxamples of pharmaceutically acceptable acid addition salts 
of the compounds of formula i are the salts of hydrochloric 
acid, p-toluenesulfonic acid, fumaric acid, citric acid, suc-
cinic acid, salicylic acid, oxalic acid, hydrohromic acid, 
phosphoric acid, methanesulfonic acid, tartaric acid, malate, 

10 di-p-toluoyl tartaric acid, and mandelic acid . 

DETAILED DESCRIPTION OF THE 
INVENTION 

_ _ Except where otherwise stated, R' throu1rh R'b, m and P, 
, and structural formula ( in the reaction schemes and discus-

sion that follow are defined as above. 

nn 
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Scheme 1 
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zo Scheme 1-10 illustrate methods of synthesizing com-
pounds of the formula I . 
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Referring to Scheme 1 the starting material of formula III 
js is reacted with trifluoroacetic anhydride, in the presence of 

pyridine, to form the compound of formula f V. This reaction 
is typically conducted in methylene chloride at a tempera-
ture from about 0° C. to about room temperature . 

ao 

The compound of formula IV is then converted into the 
dinitro derivative of formula IIA by the following proccss . 
The compound of the formula I V is added to a mixture of 4 

as or more equivalents of iriftuoromethanesulfonic acid 
(CF3S0_OH) and 3 to 3 equivalents of nitric acid, in a 
chlorinated hydrocarbon solvent such as chloroform, dichln-
roethaoe (DCE) or methylene chloride . The resulting mix-
ture is allowed to react for about i to 24 hours. Both of the 

'U foregoing reactions are generally conducted at a temperature 
ranging from about -?8° C. to about 0° C. for about 3 hours, 
and then allowed to warm to room temperature for the 
remaining urne . 

5S 

Reduction of the compound of formula IIA, using meth-
ods well known to chose of skill in the art, yields the 
compound of formula IIB . This reduction can be 

n° accomplished, for example, using hydrogen and a palladium 
catalyst such as palladium hydroxide and running the rcac-
tion in methanol at about room temperature. 

Referring to Scheme 2, the compound of formula Itn is 
converted into the corresponding compound wherein the 



15 
trifluomacetyl protecting group is replaced by a t-Bcx pro-
tecting group (VIA) by reacting it first with an alkali metal 
or alkaline earth metal (or ammonium) hydroxide or 
carbonate, and then reacting the isolated product from the 
foregoing reaction with di-t-buty1dicarbonate . The reaction 
with the alkali or alkaline earth metal (or ammonium) 
hydroxide or carbonate is generally carried out in an aque-
ous alcohol, dioxane or tetrahydrofuran (THF) at a tempera-
ture from about room temperature to about 70° C., prefer-
ably al about 70° C for about one to about 24 hours. The 
reaction of the isolated, unprotected amine or an acid 
addition sail of such amine, from the above reaction with 
di-t-butyldicarbonate is preferably carried out in a solvent 
such as TI IC, dioxane or met6ylene chloride at a temperature 
from about 0° C. to about room temperature . This reaction 
may or may not be conducted in the presence of a base . 
When the reactant is a salt of the amine, use of a base is 
preferred. The resulting compound of formula VIA can be 
converted into the corresponding diamino derivative of 
formula VIR using the procedure described above lirc con-
verdng the dinitro compound of formula Iln into the cor-
responding diamino compound of formula 11B. 
The conversion of the compound of formula VIB into the 

desired compound of the formula VII can be accomplished 
by reacting the compound of formula VB with a compound 
of the formula 

H;C~() ;C CO,C:HS 

~I 
-Rio' \ OC_H; 
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or sulfouate (e .g ., chloro, bmmo, mesylate or tosylate), in 
the presence of a base such as an alkali metal hydride, 
hydroxide or carbonate, preferably potassium hydroxide, in 
a polar solvent such as water, dimethylsullioxide (DMS()), 
THF or DMF, preferably a mixture of DMSO and water, and 
then removing the protecting group as described above . The 
reaction with R "Z is generally carried out at a temperature 
from about room temperature to about 100° C., preferably at 
about i0° C., for about five hours . 
Scheme 3 illustrates an alternate method of preparing 

compounds of the formula IB from the compound of for-
mula VIA. This method is the preferred method of making 
compounds of the formula IB wherein R" is a bulky group 
such as an aryl or heteroaryl containing group, or when R" 
can not be attached, as illustrated in Scheme 2, by all:ylation 
or aryl substitution methods . Referring to Scheme 3, the 
compound of formula VIA is reacted with the appropriate 
compound of formula R"NfI. in a polar solvent such as 
THE, DME or DMSO, preferably THF, at a temperature 
from about room temperature to about 100° C., preferably at 
the reflux temperature, for about four to eighteen hours. The 
resulting compound of formula ?CXIft is then converted into 
the corresponding compound of the formula XXIV by 
reducing the nitro group to an amino group using methods 
welt known to those of skill in the art . Such methods are 

= referred to above for the conversion of the compounds of the 
formula lIA into e compound of the formula 1113 in Scheme 
l, and exemplified in experimental Examples 12B and 18B. 
Closure of the imidazole ring to form the corresponding 
compound of formula XXV can then be accomplished by 

?o reacting the compound of formula XXIV from the above 
reaction with a compound of the formula 

KXIfA 

wherein R'° is hydrogen, (Cl-C6)alkyl optionally suhsu-
tuteci with from one to seven fluorine atoms, aryl-(Co-C3) 
alkyl wherein said aryl is selected from phenyl and naphthyl, 
or hctcroaryl-(Co-C,)all:yl wherein said hclcroaryl is 
selected from five to seven mcmbcrcd aromatic rings con-
taining from one to four heteroatoms selected from oxygen, 
nitrogen and sulfur, and wherein each of the foregoing aryl 
and heteroaryl groups may optionally be substituted with 
one or more subslituents, preferably from zero to two 
subsutuents, independently selected from (Cl-Cti)all:yl 
optionally substituted with from one lo seven fluorine atoms, 
(C,-Co)all:osy optionally substituted with from one to 
seven iluorinc atoms and cyano. The preferred solvent for 
this reaction is a 1(I:l mixture (if ethanol acetic acid . The 
reaction temperature can range from about 40° C:. to about 
I00° (' . U is preferably about 60° C Other appropriate 
solvents include acetic acid, ethanol and isopropanol . 

Alternate methods of preparing compounds of the formula 
Vfl the compound of formula VIB arc described by Scgcl-
steio et al ., Tetrahedron Lett, 1993, 34, 1897 . 
Removal of the t-Boc protecting group from the com-

pound of formula VII yields corresponding compound of 
formula IA . The protecting group can be removed using 
methods well known to those of skill in the art . For example, 
the compound of formula VII can be treated with an aohy-
drous acid such as hydrochloric acid, hydrobrumic acid, 
methanesullimic acid, or trilluornacclic acid, preferably 
hydrochloric acid in ethyl acetate, al a temperature from 
about ()° C to about 100° C preferably from about room 
temperature to about 70° C. for about one to 24 hours. 

The compound of formula VII can be converted into the 
corresponding compound of formula IB by reacting it with 
a compound of the formula R "Z, wherein R 17 is defined as 
R'° is defioed above, and Z is a leaving group such as a halo 

HSGG_C CQC_H5 
i, 

' R OGH; 

XX ItA 

40 wherein
. 
R'° is defined as above, a: described above for 

converng compounds of the formula VlI3 into those of the 
formula VII. 

Removal of the protecting group from the compound of 
formula XXV yields the corresponding compound of for-
mula It3 . This can be accomplished using methods well 
known in the art, for example, as described above for 
forming compounds of the formula IA From the correspond-
ing compounds of the formula VI(. 
Scheme 4 illustrates a method of preparing compounds of 

50 the formula IC, wherein R'° and R" are as detined above . 
Referring to Scheme 4, the compound of formula VIB is 
reacted with a compound of the formula 

OFS 

so,Na 
Hao,~ 

C)13 

e;n (sodium hisulfite ethane diunc addition adduct) in water or 
another polar solvent such as THF, DMF or DMSO, pref-
erably a mixture of water and n water miscible solvent such 
as T'HF, for about one to four hours . The reaction tempera-
ture can range from about 40° C. to about 100° C, and is 

6s preferably at about the rctlux temperature. 
Alternatively, the compound of formula VII3 can be 

reacted with a compound of the formula 



a'-
R~° 

0 

(double condensation reaction) in a polar solvent such as 
THF, water, or acetic acid, preferably a mixture of water and 
THE 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. 

IThe desired yuinoxoline of formula IC can then be formed 
by deprotecting the compound formed in either of the 
foregoing reactions, using the method described above for 
converting a compound of the formula VII into one of the 
formula IA. 
Scheme i illustrates a method of preparing compounds of 

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

The above reaction yields the compound of formula VIII, 
which can then be converted into the desired compound 
having formula IL by the following procedure. First, the 
compound of formula VItI is reduced by reaction with 
hydrogen and a palladium or platinum catalyst such as 
palladium hydroxide in methanol at a temperature from 
about 0° C. to about 70° C., preferably at about room 
temperature, to form the corresponding amino derivative . 
The product of this reaction is then reacted with an acid 
chloride of the formula R'°GOCI or an acid anhydride of the 
formula (R'°CO)=0 wherein R'° is (C,-Co)alkyl, or a 
compound of the formula R'°C(OC_HS)3, in an appropriate 
inert solvent such as decalin, chlorobenzene or xylenes. A 
mixture of xyleaes is preferred . This reaction is typically 
conducted at a temperature from about 120-150° C, pref-
erably at about 14U° C. When R"COCI is used as a reactant, 
it is preferable to add a sioichiometric amount of Uiethy-
lamine (TEA) or another organic tertiary amine base and a 
catalytic amount of pyridinium p-toluenesulfooic acid or 
pyadinium p-toluenesulfonate (PPTs) to the reaction mix-
lure . When R'°C(OC .fIS); is used as a reactant, it is 
preferable to add a catalytic amount of PPT.s to the reaction 
mixture. 
Removal of the tritluoroacetyl nitrogen protecting group 

yiclds the desired compound oF the formula IE . This can be 
accomplished using methods well known to those of skill in 
the art, for example, reacting the protected compound with 
a lower alkanol and an aqueous alkali or alkaline earth metal 
(or ammonium) hydroxide or carbonate, aqueous sodium 
carbonate, at a temperature from about -50° C. to about 100' 
C., preferably at about 70° C. for about two to six hours. 
Scheme 6 illustrates the preparation of compounds of the 

formula 1 wherein R' is hydrogen and R- and R', together 
with the benzo rin- to which they are attached, form a 
bcnzothiazolc ring system- Referring to Scheme 6, the 
compound of formula I11 is reacted with triftuoroacctic 
anhydride to form the corresponding compound wherein the 

17 
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ring nitrogen is protected by a trifluoroacetyl group, and the 
resulting nitrogen protected compound is then reacted with 
two equivalents of triftuoromethanesulfonic anhydride and 
one equivalent of nitric acid to form the corresponding 

s compound of formula IX, wherein there is a single nitro 
substituent on the benzo fin.- . The reaction with triHuoro-
acetic acid is typically conducted in the presence of pyridine . 
Both of the above reactions are typically conducted in a 
reaction inert solvent such as a chlorinated hydrocarbon 

10 solvent, preferably methylene chloride, at a temperature 
from about 0° C. to about room temperature, preferably at 
about room temperature . 
The above transformation can also be accomplished using 

other nitration methods known to those skill in the art. 
Reduction of the nitro group to an amine group can be 

is accomplished as described above to provide a compound of 
the formula IX'. 

the compound of formula IX' is then reacted with a 
carboxvlic acid halide or anhdridc of the formula R'°COX 
or (R'6C0)_O, wherein X is' halo and R'° is hydrogen or 

20 (C,-Cjalkyl, and pyridine, TEA or another tertiary amine 
base, to form a compound of the formula X, which can then 
be converted to the desired compound having formula XI by 
reacting ii with L<iwesson's reagent, which is depicted 
below 

-5 

i" / 
H;~ 

P 
/S 

?o Si / 

\ ,CHI 
0 

The reaction with R'°COX, wherein X is halo, or 
(R'°CO):O is generally carried out at a temperature from 
about 0° C. to about room temperature, preferably at about 
room temperature . The reaction with Lawcsson's reagent is 
generally carried out in a reaction inert solvent such as 

ao benzene or toluene, preferably toluene, at a temperature 
from about room temperature to about the reflux temperature 
of the reaction mixture, preferably at about the reflux 
temperature. 

Closure to the benzoihiazole ring and nitrogen deprotec-
uon to form the desired compound of formula IF can he 
accomplished by reacting the compound of formula XI with 
potassium ferncyanide and sodium hydroxide in a mixture 
of water and methanol (NaOH,1!-I .O/CH,OH), at a tempera-
ture from about 50° C. to about 70° C, preferably at about 

~0 60° C. for about 1-5 hours. 
Scheme ? illustrates a method of preparing the compound 

of formula I(I, which is used as the starting material for the 
process of Scheme l, or a compound of the formula IC, 
wherein R- and R' form a ring (labeled "A" in the Scheme), 

55 as defined above in the definition of compounds of the 
formula I . Referring to Scheme 7, the compound of formula 
XII, wherein X' and X- are selected, independently, from 
chluro, Yiuoro, bromu and iodo, but where at least one of X' 
and X- is Br- or 1-, reacted with cyclopentadiene, in the 

to presence of magnesium metal, in a THE, dioxane or other 
ethereal solvent, at a temperature from about 40° C. to about 
it()° C., preferably at about the reflux temperature, to form 
a compound of the formula XIIL Reaction of the resulting 
compound of formula XIII with N-methylmorpholine-N- 

os oxide (NMO) and osmium tctroxidc in acetone at about 
room temperature yields the corresponding compound of the 
formula XIfIA. 
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The compound having formula XIIIA is then converte 
into the corresponding compound of formula XIV using ih 
following procedure. First, the compound of formula X(I 
is reacted with sodium periodatc in a mixture of a chlon 
nated hydrocarbon, preferably dichloroethane (DCE), an 
water, or with lead tetraacetate in a chlorinated hydrocarbo 
solvent, at a temperature from about 0° C. to about roo 
temperature, to generate a dialdehyde or glycal intermediate 
The product of this reaction is then reacted with benzy 
famine and sodium triacetuxyboruhydride in x chlorinate( 
hydhocarbon solvent at a temperature from about 0° C. t 
about room temperature, preferably at about room 
temperature, to form the desired compound of formula XI 
Removal of the benzyl group from the compound of formul 
XIV yields the compound of formula III (when ring A i 
absent) or fG, (when ring A is present) . This can be accnm 
plished using methods well known lo those of skill in the art 
for example, optionally reacting the free base with o0 
equivalent of acid, e .g ., hydrochloric acid, (to form the 
corresponding acid addition salt), followed by hydrogen an 
palladium hydroxide in methanol at about room tempera-
ture . 

In the reductive animation step described above an 
throughout this document, alternatives to benzyl amine, such 
as ammonia, hydcoxylamine, all:oxy amines, methyl amiae 
allyl amine, and substituted benzyl amines (e .g ., dipheoyt-
melhyl amine and 2- and 4-alkoxy substituted henzyl 
armines) can also he used. They can he used w% free bases, or 
as their salts, preferably their acetate salts, and can be 
subsequently removed by methods described for each by T. 
W. Greene and G. M. Wuts, "Protective Groups in Organic 
Synthesis", 1991, John Wiley & Sons, New York, N.Y. 
The procedure of Scheme 7 can also be used to prepare 

compounds of the formula I wherein R- and R' do not form 
a ring and are not both hydrogen, by replacing the starting 
material of formula XII with the appropriate compound 
having the formula 

20 
d of the formula IG or Ill . Conversion of the compound of 

formula XVI into the compound of formula XVII can also 
be accomplished by treating a mixture of the compound of 
formula XVI and cyclopentadiene with an alkyl lithium 

s reagent, preferably n-butyl lithium, in an inert hydrocarbon 
° sulvenl such as petroleum ether or methyl cyclohexaoe, at a 

temperature from about -2U° C. to about room temperature, 
preferably at about 0° C. 
The compound of formula IH can then be converted into 

o to the corresponding nitrogen protected derivative of formula 
XX, using the methods described above for synthesizing the 

V. compound of formula f V in Scheme 1 . Nitration of the 
compound of formula XX using the method described above 
for preparing the compound of formula IX in Scheme 6, 

_ is yields the compound of formula XXI wherein the benzo ring 
is substituted with both a fluoro and nitro group or an alkoxy 
group and nitro group. The compound of formula XXI can 
be used to make a variety of compounds of the formula 1 
wherein one of R- and R' is ftuoro, using methods that are 

_n well known to those of skill in the art, for example, by first 
converting the nitro group to an amino group, converting the 
amino group to a variety of other substituents, as illustrated 
in Scheme 1(1, and then removing the nitrogen protecting 
group. 
The compound of formula XXI acts as a rcgioisomcric 

functional equivalent of the compounds having formulas 
IIA, VIA and XXII, in that the fluorine atom of formula XXI 
reacts similarly to the nitro and Y groups of formula IIA, 
VIA, and XX[I, and thus can be subjected to the same series 

?o of reactions as those described above for the latter three 
compounds, providing an alternate means for preparing the 
products of such reactions . Similarly, the alkoxy group of 
formula XX( (R'K=nlkoxy) may be converted into a 
hydroxyl group before or after introduction of the nitro 

.1s group, and then converted to isomeric products as described 
above. Also, the tdftuoromethanesu(fonate salt of such 
hydroxy derivative can act as a Y-group as described. 

Preparation of compounds of formula I where R-=-O 
(C,-Co)alkyl, (C,-('o) all:yl or aryl wherein aryl is defined 

au as above in the definition of formula 1, and R' is 11 or one 
of the other substituents described above in (he definition of 
formula I, can be prepared as described above and illustrated 
in Scheme £, by replacing one of the fluorine atoms of the 
compound of formula XV with -O-(C,-Co)alkyl, 

as (Cl-C6)all.yl or aryl, respectively . 
Scheme 9 illustrates methods of preparing compounds of 

the formula I wherein: (a) K' is hydrogen and K- is 
R'R''NO,S- : (b) R' and R- are both chloro : and (c) R' is 
hydrogen and R- is R"C(=0)-. These compounds are 

NO referred to in Scheme 9, respectively, as compounds of 
formulas IJ, IK and (L . 

Referring to Scheme 4, compounds of the formula U can 
be prepared by reacting the compound of formula IV with 
two or more equivalents of a halosulfonic acid, preferably 
chlorosulfonic acid, at a temperature from about 0° C. to 
about room temperature . Reaction of the chlorosulfonic acid 
derivative so formed with an amine having the formula 
R'K'3NH, wherein tt' and K5 are defined as above, followed 
by removal of the nitrogen protecting group, yields the 

nn desired compound having formula IJ . 
Compounds of the formula IK can he prepared by reacting 

the compound of formula IV with iodine trichloride in a 
chlorinated hydrocarbon solvent, followed by removal of the 
nitrogen protecting group. The reaction with iodine trichlo- 

c,~ ~ ridc is typically carried out at a temperature from about 0' 
C. to about room temperature, and is preferably carried out 
at about room temperature . In a similar fashion, the analo- 

R= 
l1 

C~J 
Rk 

xu' 

Scheme ,`{, y and M illustrate methods of' preparing 
compounds of the formula I wherein R` is hydrogen : and R-' 
and R' represent a variety of different substituents, as 
defined above, but do not form a ring . 

Scheme 8 illustrates a variation of the process shown in 
Scheme 7, which can be used to make a compound identical 
to that of formula 1I1 except that the benzo ring is substituted 
with a fluoro group or an all:oxy group (R" in Scheme 8) . 
This compound is depicted in Scheme 8 as chemical struc-
ture 1H . Referring to Scheme 8, where, for example, R" is 
F, 1,3-diHuorobeozene is reacted with a strong base such as 
an alkali metal dialkylamine or an alkali metal alkyl (or aryl) 
in an ethereal solvent such as ethyl ether or ME, at a 
temperature below -5(1° C. followed by quenching with 
iodine or N-iudcitiuccintimidc, lo form 1,3-clillu<uu-2-
iodobenzene. The compound 1,3-diHuoro-3-iadobenzeoe 
(structural formula XVI in Scheme 8) is then converted into 
the compound of formula I(-I by a series of reactions 
(represented in Scheme h as 
XVI-XV(I-XVIfI-XIX-114) that arc analogous to the 
series of reactions described above and illustrated in Scheme 
7 for converting compounds of the formula Xllf into those 
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gous mono- or dibrominated or mono- or diiododinated about 1S0° C. Nitrogen deprotection as described above compounds can be prepared by reacting the compound of IV provides the desired compound of formula IM . 
with N-fodosuccinimide or N-bromosuccinimide in a trif- The above described iodide derivative can also be used to luoromethanesulfonic acid solvent, followed by removal of access a variety of other subsutuents such as aryl, acetylene the nitrogen protecting group as described above. ~ and vinyl substituents, as well as the corresponding carbonyl Reaction of the compound of I V with an acid halide of the 

'3 
esters and amides, by palladium and nickel catalyzed pro- formula lt CUCI or an acid anhydride of the formula 

(R"CO 0 ith i h 
cetities known to those (if skill in the art, such as Heck, 

, w )= or w t out a reaction inert solvent such as Suzuki and Stille couplings and Heck carbonylations . a chlorinated hydrocarbon solvent, preferably methylene Nitrogen deprotection of the compound of formula IX chloride, in the presence of Lewis acid such as aluminum iu provides the compound of the formula IP. 
chloride, at a temperature from about 0° C. to about 100° C., The compound of formula IX' can be reacted with a acvl followed by nitrogen dcprotcction, yields the compound of group having the formula R13COCl or (R1'CO)-0 using the formula IL . The reaction with the acid halide or anhydride methods described above, followed by nitrogen deprotecuon can be carried out using other known Lewis acids or other to provide compounds of the formula IQ . In a similar 
Friedel-Crafts, acylation methods that are known in the art . is fashion. treatment of the protected amine with a compound The reactions described herein in which NO� 
-SO.NR'R", -COR", I, Br or CI are introduced on the 

having the formula R"SO .X, when X is chloro or bromo, 
followed by nitrogen deprotection, provides the correspond- compound of formula IV, as depicted in Scheme 9 and ing sulfonamide derivative . 

described above, can be performed on any analogous com- 
` 

Other suitable amine protecting groups that can be used 
pound wherein R is hydrogen, (C,-C6)alkyl, halo, (C,-Ch) 

' " 

, 
30 alternatively, in the procedures dcu:ribed throughout this all:oxy or -NHCONR R 3 producing compounds of the 

- 
document include -COCF3, -COCC13, --COOCH.CCl 

formula I wherein R and R are defined as in the definition 
3, 

-COO(Cl-C6)alky( and -COOCH.C6HS . These groups of compounds of the formula f above. are stable under the conditions described herein, and may be Compounds that are identical to those of the formula IL, removed by methods described for each in Greene's "Pro- 
but which retain the nitrogen protecting group, can be -5 tcctive Groups in Organic Chemistry", referred to above. converted into the corresponding O-acyl substituted In each of the reactions discussed above, or illustrated in 
compounds, i.e ., those wherein the -C(=0)R" group of Schemes 1-10, above, pressure is not critical unless other- formula [ L is replaced with a -O--C(=0)R'' group, using wise indicated . Pressures from about 0.5 atmospheres to Baeyer-Villiser processes well known to those skilled in the about 5 atmospheres are generally acceptable, with ambient art. The resulting compounds can be partially hydrolyzed, as 30 pressure, i .e ., about 1 atmosphere, being preferred as a 
described in Example 35, to yield [he corresponding matter of convenience . 
hydroxy substituted compounds, and then alkylalecJ to form The compounds of the formula 1 and their pharmacculi- 
thc corresponding alkuxy substituted compounds. t11so, as cally acceptable salts (hereafter "the active compounds") described in Example 36, such O-acyl substituted com- can be administered via either the oral, tran.sdermal (e .g ., pounds can he used to prepare variably substituted henzisox- _ is through the use of a patch), intranasal, sublingual, rectal, 
azoles . parenteral or topical routes . Transdermal and oral adminis- Schcmc 10 illustrates methods of making compounds of 

' 
tration arc preferred . These compounds arc, most desirably the formula t wherein: (a) R is hydrogen and R2 is chloro ; 

' - 

, 
administered in dosages ranging from about 0.25 mg u to (b) R is hydrogen and R is cyano; (c) R ̀ is hydrogen and about 1500 mg per day, preferably from about 0?5 to about R` is amino; and (d) R1 is hydrogen and R- is R"C(=0) ao 300 mg per day in single or divided doses, although varia- N(H)- These compounds are referred to in Scheme 10, dons will necessarily occur depending upon the weight and respectively, as compounds of the formula IM, IN, IP and condition of the subject being treated and the particular route It1. of administration chosen . However, a dosage level that is in Compounds of formula IM can be prepared from com- 

' 
the range of about 0.01 mg to about 10 mg per kg of body 

pounds of the formula IX by generation of a diawnium sail 4i weight per day is most desirably employed . Variations may with, lor instance, an alkali metal nitrite and strong mineral neverthclem occur depending upon [tie weight and condition acid (e .g ., hydrochloric acid, sulluric acid, hydrobromic of the persons being treated and their individual responses to acid) in water, followed by reaction with a copper halide salt, said medicament, as well as on the type of pharmaceutical such as copper (I) chloride . Nitrogen deprotection by the formulation chosen and the time period and interval during 
methods described above yields the desired compound o£ ~ u which such administration is carried out. In some instances formula (M . AItcmauvc methods for the generation of 

, 
dosage levels below the lower limit of the aforesaid range diazonium salts, as known and practiced by those of skill in may be more than adequate, while in other cases still larger the art, can also be used . The foregoing reaction is generally doses may be employed without causing any harmful side 

carried out by temperatures ranging from about 0° C. to effects, provided that such larger doses are first divided into about 60° C., preferably about 60° C. for about 15 minutes 5 s several small doses for administration throughout the day. 
lo one hour The active compounds can be administered alone or in Reaction of the diazodium salt, prepared as described combination with pharmaceutically acceptable carriers or above, with potassium iodide in an aqueous medium pro- diluents by any of the several routes previously indicated . vides the analogous iodide derivative . this reaction is geo- More particularly, the active compounds can be adminis- erally carried out al a temperature from about (1° C. lo about n n tered in a wide variety ul dillerent dosage forms, e.3., they room temperature, preferably at about room temperature. ~ 

' 
may be combined with various pharmaceutically acceptable ( he resulting compound, or its analogous N-tert- inert carriecs in the form of tablets, capsules, transclermal butylcarbonaie protected form, can be used to prepare the patches, lozenges, troches, hard candies, powders, sprays, 

corresponding cyano derivative by reaction with copper (I) creams, salves, suppositories, jellies, gels, pastes, lotions, cvanidc and sodium cyanide in DMF, N,N- o~ ~ ointmcnts,aqueous suspcnsions,injcctablcsolutions,clizirs 
dimcthylpropylurca (DNiPU) or DMSO, preferably DMF, at 

, 
syrups, and the like . Such camcrs include solid dilucnts or a temperature from about i0° C. to about 180° C., preferably fillers, sterile aqueous media and various non-toxic organic 



" 
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solvents . (n addition, oral pharmaceutical compositions can 
be suitably sweetened and/or flavored . In general, the active 
compounds are present in such dosage forms at concentra-
tion levels ranying from about 5 .0% to about ?0% by weight . 

For oral administration, tablets containing various excipi-
entti such as microcrys(alline cellulose, sodium citrate, cal-
cium carhonate, dicelcium phosphate and glycine may be 
employed along with various disintegtants such as starch 
(preferably corn, potato or tapioca starch), aiginic acid and 
certain complex silicates, together with granulation binders 
like polyvinylpyrroGdonc, sucrose, gelatin and acacia . 
Additionally. lubricating agents such as magnesium stcarate, 
sodium lauryl sulfate and talc can be used for tabletting 
purposes . Solid compositions of a similar type may also be 
employed as fillers in gelatin capsules-, preferred materials in 
this connection also include lactose or mill: sugar] as well as 
high molecular weight polyethylene glycols. When aqueous 
suspensions arid/or elixirs are desired for oral administration 
the active ingredient may be combined with various sweet-
citing or flavoring agents, coloring matter and, if so desired, 
emulsifying and/or suspending agents, together with such 
diluents as water, ethanol, propylene glycol, glycerin and 
various combinations thereof. 

For parenteral administration. a solution of an active 
compound in either sesame or peanut oil or in aqueous 
propylene glycol can be employed . The aqueous solutions 
should be suitably buffered (preferably pH greater than 8), 
if necessary, and the liquid diluent first rendered isotonic . 
These aqueous solutions are suitable for intravenous injec-
tion purposes . The oily solutions are suitable for 
intraarticu(ar, intramuscular and subcutaneous injection pur-
poscs. The preparation of all these solutions under sterile 
conditions is readily accomplished by standard pharmaceu-
tical techniques well known to those skilled in the art. 

h is also possible to administer the active compounds 
topically and this can be done by way of creams, a patch, 
jellies, gels, pastcs, ointments and the like, in accordance 
with standard pharmaceutical practice . 

Biological Assay 

Ihe effectiveness of the active compounds in suppressing 
nicotine binding to specific receptor sites is determined by 
the following procedure which is a modification of the 
methods of I .ippiello, P. M. and Femandes, K. (3, (n The 
t3indingof L['l(].Vicorine ToA Single Clnss of High ilJfinitv 
Sires irr Rat Brain Membranes, Molecular Pharm., 29, 
438-54, (1986)) and Anderson, D. 1 . and Arnenc, S. P. (in 
Nicotinic Receptor Binding of 'H-Cystisine, 3H-Nicotine 
and 'H-hfethylcnruibmnidcholine In Rat Brain, European J. 
Pharni ., 3-53,?6(-67(L994)) . 

Procedure 

Male Sprague-Dawley rats (200-300 g) from Charles 
River were housed in groups in hanging stainless steel wire 
cages and were maintained (-)it a 13 hour light/dark cycle (7 
a .m .--7 p.m . light period). They received standard Purina Rat 
Chow and water ad libiwm . 

lhe rats were killed by decapitation . Brains were removed 
immediately lullowing decapitation . Membranes were pre-
pared Irorn brain tissue according to the methods o( (.iai-
piello and Fernandez (Molec Phnrmncol, 29, 448-454, 
(1986) with some modifications . Whole brains were 
removed, rinsed with ice-cold buffer, and homogenized at 0' 
in 10 volumes of buffer (w/v) using a Brinkmann 
PolytronT^', sciting, 6, for 30 seconds. The buffer consisted of 
50 mM Tris HCI at a pH of 7.5 at room temperature . The 

homogenate was sedimented by centrifugation (10 minutes; 
5QOOOxg; 0 to 4° C. The supernatant was poured off and the 
membranes were gently resuspeoded with the Polytron and 
centrifuged again (10 minutes; 50,0(IUxg; 0 to 4° C. After the 

s second centrifugation, the membranes were resuspended in 
assay buffer al x concentration of LO g/1(N) mL . The 
composition of the standard assay huller was 5(I mM 'fris 
HCl, 120 mM NaCl, 5 mM KCI, 2 mM MgCI,, 3 mM CaCI . 
and has a pH of 74 at room temperature . 

10 Routine assays were performed in borosilicate ;lass test 
tubes. The assay mixture typically consisted of 0.9 mg of 
membrane protein in a final incubation volume of 1.0 mL . 
Three sets of tubes were prepared wherein the tubes in each 
set contained 50 pL of vehicle, blank, or test compound 

15 solution, respectively. To each tube was added 200 pL of 
[3H]-nicotine in assay buffer followed by 750 pL 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 puM The vehicle consisted of deionized water 

20 containing 30,ttLof 1 N acetic acid per SQ mLof wxler.'I'he 
test compounds and cydsine were dissolved in vehicle. 
Assays were initiated by vortexing ~'after addition of the 
membrane suspension to the tube . The samples were incu-
bated at 0 to 4° C. in an iced shaking water bath . Incubations 
were terminated by rapid filtration under vacuum through 
Whatmaa GFBT"' glass fiber filters using a BrandclT"' 
multi-manifold tissue harvester . Pollowiog the initial filtra-
tion of the assay mixture, filters were washed two times with 
ice-cold assay buffer (5 m each) . The filters were then placed 

;o in counting vials and mixed vigorously with 20 ml of Ready 
SafeT"' (Beckman) before quantification of radioactvity. 
Samples were counted in e LK13 Wallach RackbelaT" liquid 
scintillation counter at 4(I->0% efficiency All determina-
tions were in triplicate . 

; 

Calculations 

Specific binding (C) to the membrane is the difference 
between total binding in the samples containing vehicle only 

yo and membrane (A) and non-specific binding in the samples 
containing the membrane and cyUsine (R), i.e ., 

specific binding=(C'~=( .A)-(H) 

Specific binding in the presence of the test compound (E) 
;' is the difference between the total binding in the presence of 

the test compound (D) and non-specific binding (B), i .e ., 
)-(B) 

:~ (nhibiton=(1-((E)/(C)) times 100 . . 
su 

The compounds of the invention that were tested in the 
above assay exhibited IC,o values of less than 10 iiM. 
The following experimental examples illustrate, hut do 

not limit the scope oll this invention . 
9S 

EXAMPLE 1 

10-AZA-TRICYCLO[G .3 .1 .0`']DODECA-3(7 ),3,5-
TRIENE 

60 A) l,4-Uihydro-l,4-methano-naphlhalenc 
(Based wholly or in part on a) Witdg, G. ; Knauss, E. 

Cheni. Ber. 195R, 91, 89i. b) Muir, D. J. ; Stothers, J. B. Cnn. 
J. Chem . 1993, 71, 1290 .) 

Magnesium turnings (365 g, 1.5 M) were stirred in 
6s anhydrous THF (250 mL) in a dried 2 L 3 neck round bottom 

flask equipped with a 250 mL non-equalizing addition 
funnel with a nitrogen (N,) flow adapter, mechanical stirrer 
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and efficient condenser equipped with a N. flow adapter. The 
flask was stirred and warmed to reflux bv a removable 
heating mantle . 2-Fluorobromobenzene (3g) was added 
followed by 1 mL of 3N ethylma~nesium bromide (E1MgBr 
in THF). The addition funnel was charged with a mixture of 
cyclupentacliene (94.4 g, 1 .43 M . Prepared by the method 
described in : l)r-;. Svn. Col. Vol. V, 413-418) and bromol-
luorobenzene (250 g, 1.43 M) which was maintained at 0° C. 
in a separate flask by an ice bath, and transferred to the 
addition funnel via cannula. Small portions (-I mL) of the 
intimate mixture were introduced to assist initiation (-4x). 
After -15 minutes, the reaction initiated (cxotherm, and 
vapor condensation), the heating mantle was removed and 
the contents of the addition funnel was added dropwise at 
such rate as to maintain reftux (1 .5 hours) The heating 
mantle was re-applied and a reHux maintained for 1 .5 hours. 
(TLC 1(NI7c, hexanes R,0.67) . 

The reaction was cooled to room temperature and 
quenched with HA (500 mL) and carefully with IN HCl 
(200 ail-, produces H, evolution from unconsumed Mg). To 
this -5(i mL concentrated HCl was added to dissolve solids . 
7bta1 addition/quench time -1 hour . Saturated aqueous 
sodium chloride (NaCl) solution (3(1(1 in[.) was added and 
product hexaneti extracted until DO potassium pCrManganate 
(KMnO,,) active product is removed, (4x-250 mL). T6e 
combined organic layer was washed with saturated NaHCO, 
solution (250 mL), sodium bicarbonate IVa,SO, dried and 
concentrated to an oil (-?00 g) . Thc product was distilled at 
7"3° C Ca: 15 mm (131 g, 64'%). (An alternative workup 
is described on p.419 F'ieser and Fieser, Vol. 1, Reagents for 
Organic Synthesis, Wiley, N.Y, N.Y. ; 1967). 

B) 1,2,3,4-Tctrahydro-l,4-methano-naphthalcnc-2,3-diol 
(Except for the work-up method and the quantity of OS04 

used, based on VanRheenen, V. ; Cha. D. Y ; Hartley, W. M. 
Org. Syn. 1988, 6, 342 .) 

In a 2 L 3 neck round bottom flask equipped with a N, 
How adapter. mechanical stirrer was placed 1,4-dihydro-1, 
4-mcthano-naphthalcnc (79.5 g, 560 mmol) stirred in 
acetone (800 mL) and 11,0 (100 mL) and N-methyl mor-
pholine N-oxide (67S g, 576 mmol). To this was added 
osmium tetroxide (OsO,) (15 mL of a 15 mol IX, t-BuOH 
solution, I.48 mmol . 0?6 mot %) and the mixture was 
stirred vigorously . After (i0 hours, the reaction was filtered, 
and the white product rinsed with acetone and air dried {6Q9 
~) . The mother liquor was concentrated to an oily solid: 
acetone trituration, filtration and acetone rinse provided 
(37 .4 g, total 983 g, R9%,). (TLC i0% GtOndhexanes 
R/--0.5) . mp L76-L7?.5° C. 

C) 10-Reniyl-l0-av.u-tncyclo[63 .1 .0`']dcdeca ?(7),3,i-
(rfene 

(Based on Abdel-Magid, A. F. ; Carson, K. U. ; Harris . B . 
1) . ; Maryanull, C. A. ; Shah, R. D. ./. Or;i~. Clieni . 1996, 61, 
3849, and Mazi.ucchi, P. H.; Stahly, R . C. J. Med. Client. 
1979 . 32, 455.) 

1,_',3,4-Tetrahydm-1,4-methano-naphthatene-2,3-diol (4U 
g, 2?i.3 mmol) was stirred in H_O (1050 ml-) and 1?-
dictiloroethane (UCE) (420 mL,) in a 2 L round bottom flask 
under nitrogen with cool water bath (-10° C.) . 'lo this 
uxlium periudale (Na(O,,) (51 g, 339 mmnl) and lrielhyl-
benzyl ammonium chloride (Et3BnNCl) (50 mg) were 
added. The resulting mixture was stirred for 1 hour (slight 
initial exotherm), then the layers were separated and the 
aqueous layer was extracted with DCE (200 mL) . The 
organic layer was washed with H_O (4x20U mL, or until no 
rcacuon to starch iodide is observed in the aqueous wash) 
then dried through a cotton plug . To this was added benzyl 

26 
amine (?5.5 g, 238.6 mmol) and the mixture was stirred for 
2 minutes [hen immediately transferred into the sodium 
triacetoxyborohydride IYaHB(OAc)3/DCE (see below) over 
10 minutes. 

S In a separate Z L round botton flask flask under nitrogen 
was magnetically stirred NaHB(OAc)3 (154 g, 0.727 mmol) 
in DCE (800 mL) at 0° C. (ice bath). To this was added the 
above mixture over lU minutes, without delay after the 
dinldehyde and amine were mixed. The resulting orange 

10 mixture was allowed to warm to room temperature and 
stirred for 3(i--60 minutes. 
The reaction was quenched by addition of saturated 

sodium carbonate (Nx.C03) solution (-3U(I ml .) carefully a[ 
first and the mixture was stirred for I hour (pH 9). The layers 
were separated and the aqueous layer was extracted with 
CH,CI, (2000 mL). The organic layer was washed with 
saturated aqueous NaCl solution (200 mL), dried through a 
cotton plug, then evaporated to a red oil. This was dissolved 
in a minimum of Gt,O and filtered through a Silica pad (3x4 

'° inch) eluting with 15% ethyl acetate (GtOAc)/hexanes +1% -
of 37% aqueous ammonium hydroxide (NH,OH) solution to 
remove baseline red color. Concentration affords a light 
yellow oil (48.5 g, 194.8 mmol, 85.7%) . (TLC 10% EtOAC,! 
hexanes R/0.75) . 1H NMR (400 MHz, CDCI,) 67.16 (m, 

=` 7H), 6.89 (m, 2H), 3 .48 (m, 2H), 3 .08 (m, 2H), 2 .80 (d, J=9 .5 
Hz, 2H), 3 .43 (d, J=9 .5 Hz, 3H), 3?7 (m, iH), 1 .67 (d, 
.i=10.0 Hz, 1H) . APCI MS mie 250.3 ((M+ I)'] . 
D) 10-Aza-tricyclo[O .3 .1 .0''I-dodeca-2(7),3,5-triene 

30 
(For an alternative synthesis, see; Marzocchi, f'. H. ; Stahly, 
R . C. J. hfetl. L'hene. 1979, 33, 455.) 

10-Benzyl-l0-aza-tricyclo[G.3 .1 .0` ']dodeca-2(7),3,5-
triene (70.65 g, 284 mmul) was stirred in Et(>/\c (25U ml .) 
and treated with 3N HCl EtOnc (1 .03 cy .) slowly with 

;s cooling (ice bath). The resulting precipitate was filtered and 
rinsed with EtOAc The solids were dissolved in MeOH 
(?SO mL) in a parr bottle . To this was added Pd(OF{)_ (7 g 
of ZO%~ wt/C) and the mixture was shaken under 5(-40 psi 
of H. for 34 hours or until done by TLC. The reaction was 

;o filtered through a Celite pad and concentrated to an oily 
solid. This was azeotroped with methanol (MeOII) (3x) then 
triturated with acetone, treated with ethyl ether (Et,O) " o 
precipitate product and filtered . Concentration of the mother 
liquors and a second treatment provided an off white solid 

45 (48.95 g, 351 mmol, 88%) . (TLC l0% MeOHICH,CI, 
(NH,) 1t10 .?). iH NMK (4()(1 MHz, C'll(.'13) 67 .18 (m, 4H), 
2.97 (m, 4H), 2.68 (d, J=13 . .5 Hz, 3H), 2 .41 (m, I H), 1 .9i (d, 
.i=11 .0 Hz, l H) APCI MS mie 160? [(M+I)`] . 

EXAMPLE 2 
; 

4-FI_UORO-IO-AZA-TR[CYCLO[63 .1 .0=']DODECA-
2(7),3,5-TRIE[JE HYDROCHLORIDE 
A) 6-Fluoro-1,4-dihydro-1,4-methano-naphthalene 
(Eisch, 1 . .1 . ; Rurlinson, N. E- 1 Amer Chem . Soc. 1976, 

Ss 98, 753-7C1. Paquette, L. A. ; Cottrell, D- M . ; Snow, R. A. 
J. Anu"r. Chern. Soc. 1977, 99, 3733-;73; .) 

Magnesium turnings (0 .66 g, 3?? mmol) were stirred in 
anhydrous THF (10 mL) in a dame dried 75 mL 3 neck 
round bottom flask equipped with a non-equalizing addition 

eo funnel with a N: flow adapter, magnetic stirrer and efficient 
condenser equipped with a N_ flow adapter. The flask was 
stirred and warmed to reHux by a removable heating mantle . 
2,5-DiHuorobromobenzeae (0 .1 g) was added followed by of 
3N EtMgBr in THF (0.1 mL) The addition funnel was 
charged with an intimate mixture of cyclopcntadicnc (1.71 
g, 25 .9 mmol) and 2,5-difluorobromobcnzcnc (S .0 g, 25 .9 
mmol). Small portions (--0? mL) of the intimate mixture 
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were introduced to assist initiation (-4x). After -15 minutes, 
the reaction initiated (esotherm, and vapor condensation) 
and heating was maintained as necessary during the addition 
of the contents of the addition funnel . The reaction was then 
maintained at reftux for 1 hour . - 
The reaction was cooled to room temperature and 

quenched with H.O (20 mL) followed by aqueous 1N HCl 
solution (20 mL) to dissolve the solids . Saturated aqueous 
NaCl solution (30 m( .) was added and product was extracted 
with hexanes (4x25 ml .) . The combined organic layer was 1 
washed with saturated aqueous NaHCO, solution (25 mL), 
dried (Na .SO,,), filtered through a Silica plug with hexanes 
rinse and concentrated to an oil. Chromatography on Silica 
gel cluting with hcxancs provided an oil (780 mg, 19°1c,) . 
(TLC hcxancs R,038) . 1H NMR (400 MHz, CDCi,) &7.10 Is 
(m, lIl), G.97 (d, J=8.0 IIz, lII), 6.80 (br s, ltl), 6.78 (br s, 
LII), 659 (m, 11I), 3.87 (br s, 2I-I) 332 (d . J=7.0 Itz, lIi), 
3?5 (d, J=7.0 Hz. 1H) . 

B) 6-171 uoro-1,2,3,4-tetrahydro-l,4-methano-
naphtha lene-2,3-diol '-° 

6-('luoro-l,4-dihydro-l,4-methano-naphthalcnc (680 mg, 
4?3 mmol) and N-methyl morpholine N-oxide (599 mg, 
4.43 mmol) were stirred in acetone (50 mL) and 11.0 (5 
mL). To this was added a solution of OsO., (0 .2 mL, 2 .5% 
wt . solution in t-BuOH, 0.02 mmoi). After 72 hours, flodsil -` 
(5 g) and saturated aqueous NaHS03 solution (3 mL) were 
added and stirred for 1 hour. The florisil was filtered and the 
filtrate concentrated to produce a crystalline product which 
was triWraled with acetone and filtered (524 mg, 64%)'H 
NMR (4(N) MHz. CUCI;) 57.10(dd, .l=ti .(I,S .U Hz, 1H), 6.9(I ?o 
(dd, Ja8.0,23 Hz, 1H), 6.75 (ddd, J-S .O,R .0,23 Hz, 1H), 
3 .79 (s, 2H), 3.18 (d, J=l .i Hz, 2H), 2.22 (d, J=10 .0 Hz, 1H), 
1 .92 (dd, J=10.QL5 Hz, 1H). GCMS m/e 194 (M'). 
C) 10-Benzyl-4-fluoro-l0-aza-tricyclo[631 .0`']dodeca- ;s 

2(7),3,5-iriene 
6-Fluuro-1,2,3,4-tetrahydro-l,4-methano-naphthalene-3, 

3-diol (524 mg, 3.68 mmol) and EtNBnCl (10 mg) were 
vigorously stirred in dichloroethane (15 mL) and H,O (45 
mL) then treated with sodium pedodate (0.603 mg, 2.83 40 
mmol) . After 1.5 hours, the layers were separated and the 
aqueous layer extracted with DCE (2x20 mL). The com-
bined organic layer was washed with II,O (4x20 mL) until 
no reaction to starch iodide paper was observed, then with 
saturated aqueous NaCl solution (20 mL). The organic layer 45 
was dried through a cotton plug and treated with benzyl 
amine (0.308 mL, 2.8? mmol) and stirred for 2 minutes then 
transferred to an addition funnel . This solution was added 
over -10 minutes to a vigorously stirred cooled (0° C.) 
mixture of N:iliR(Onc), (1 .R2 g, 8.58 mmoi) in 1)C6 (50 
mf .) . After addition was complete, the mixture was stirred 
without cooling for 2 hours. The mixture was quenched with 
saturated aqueous Na .CO, solution (100 mi-) and stirred for 
1 hour, then the layers were separated and the aqueous layer 
was extracted with CH.CI. (3x30 mL). The combined ;s 
organic layer was washed with saturated aqueous NaCl 
solution (50 mL), dried through a cotton plug and concen-
trated Chromatography on Silica gel provided an oil (5ZO 
mg, 80%) . (TLC 3%, acetone;CH,CI, Rr0.40) . 'H NMR 
(400 MHz, CDCl3) b71R (m, 1H), 6.88 (m, 2H), 3.48 (s, n~ 
'-H), 3.06 (ui, 3H). 2.78 (m . ZH). 2 .41(m, 2H). 2.27 (m, 1H), 
1.69 (d, J=10 .S Hz, I H) . 

D) 4-E'tuoro-l0-aza-tricycto[6 .3 .1 .0`')dodeca-2(7),3,5-
tnene hydrochloride 

10-Bcnzyl-4-Huoro-l0-aza-tricyclo[6 .3 .1 .0-']dodcca-2 65 
(7),3,5-tncnc (390 mg, 1.461 mmol), ammonium formatc 
(3 .(14 g, 48? mmol) and 10~'Jc~ Pd(OH)=/C (3U mg) were 

combined in MeOH (50 mL) and brought to reflux under N. 
for 1.5 hours. Ammonium formate (1 .0 g) was added and 
reftux continued for 0.5 hour. The reaction mixture was 
filtered through a Celite pad which was rinsed with MeOH . 
The filtrate was concentrated . The residues were treated with 
saturated aqueous Na .( .'()3 solution (3(1 mL) and product 
extracted with methylene chloride (CH .CI.) (3x25 mL). The 
organic layer was washed with saturated aqueous NaCl 
solution (50 mL), dried through a cotton plug and concen-
trated . The residue was treated with 2N HCl MeOH (5 mL) 
and concentrated then taken up in minimum of McOH and 
saturated with Et_O . After stirring 18 h- the white crystals 
were collected by filtration (86 mg, 28~/c~) . (TLC 5% Me0(-1 ; 
CH-CI, (NH3) R,0.27), (data for free base) 'H NMR (4(10 
MHz, CDC13) 57.06 (m, 1H), 6.83 (m, 2H), 2.89 (m, 4H), 
2.61 (dd, J=12 .0 Hz, 2H), 2.37 (m, 1H), 1.87 (d, l=115 Hz, 
1H). APCI MS We 178.3 [(M+1)`] . (HCl salt) mp 360-36?° 
C. 

EXAMPLE 3 

4-METHYL-10-AZA-TI2[CYCLO[6 .3 . L0=']DODECA-
2(7),3,5-TRIEIVE HYDROCHLORIDE 
The title compound was prepared by the methods 

described in Example L and 2 starting with 3-fluoro-5-
methylbromolenzene . (data for free base) 'I[ P(MR (400 
MHz, CDCI ;) 57 .04 (d, J=7.5 Hz, LH), 699 (s, LH), 6.98 (d, 
J=7.5 Hz, iH), 2.98-2.90 (m, 4H), 2.63 (m, 2N), 235 (m, 
1H), 233 (s, 3H), 1 .87 (d, J=11 .5 Hz, 1H). APCI MS 

m, 
/e 

174? [(M+1)']. (HCl salt) mp 254-255° C. Anal . Calcd. for 
C1,H1,F,fY .HCL1!3H,U : C, 53.44; H, 5 .11; N, 5.19. Found 
C, 53.73; H, 4.82; N, 5.15. 

EXAMPLE 4 

4-TRIFLUOROMETHYL-IO-AZA-TRICYCLO 
[G31 .0-~']DODECA-3(7),3,5 -TRIENE HYDROCHLO-
RIDE (See Grunewald, G . L ., Paradkar . V. M . ; 
Pdrhenchevsky, F3- ; Pleis.s, M. n. ; Sall . I) . .L ; Seibel, W. 1 . . ; 
ReiEZ, T. J . J. Org. C11em. 1983, 48, 3331-2337. Grunewald, 
G. L. ; Markovich. K. M. ; Sa1L D. l.J . Afed . Clrem. 1987, 30, 
2191-2208.) 

The title compound was prepared by the methods 
described in Example 1 and 2 starting with 2-tluoro-5-
trilluvrumethytbromobenzenc . 'H NMK (4U(1 MHz, 
Cn30D) nZ7l (s, 1H), 7.fi4 (d, .T=R .Q Hz, 1H), 7.57 (d, 
.T=R .0 H7, I H), 3.46 (m, 4H), 3.31 (d, J=13 .> Hz, ?H), 2.=31 
(m, 1H), 3.16 (d, J=1i .S Hz, 1H) APCI MS m.%e 228.2 
[(M+1)'] . (HCl salt) mp 344-2d6° C Anal. Calcd. for 
C,_H1_F,N.HCI.1/3H,0; C, 53.44; H, 5 11 ; N, .5 .19_ Found 
C. 53 .77, It, 4.82; N, 5.18 . 

EXAMPLE 5 

3-TRIFLUOROMETFfYL-10-AZA-TRICYCLO 
[63.1 .0=']UODECA-2(7),3,5-TRIENE HYDROCHLO-
RIDE (Gruncwatd . G. L. ; Markovich, K. M . ; Sall . D. J. J. 
~Vfed. Grent . 1987, 30, 3191-2208 .) 

The title compound was prepared by the methods 
described in Example 1 and ? starting with 3-Lluoro-6-
triRuoromethylbromobenzene . 'H NMR (400 MHz, 
CD3OD) 67.65 (s, 2H), 7 .5? (m, IH), 3.65 (br s, 1H), 
3.49-3 .43 (m, 3H), 320 (m, 2H), 2 .43 (m, 1N), 2.18 (d, 
J=1 .5 Hz, 1H). APCt MS m!c 3382 [(M+1)'] . JIG salt) mp 
275-377° C. 
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3-FLUORO-IO-AZA-TRICYCLO[G .3 . L0=']DODECA-
2(7),3,5-TRICPtL. HYDROCHLORIDE 

A) 3,6-DiHuoroiodobenzene (Roe, A. M. ; Burton, R. A. ; ; 
Willey, G. L. ; Baines . M. W. ; Rasmussen, A. C. J. hfed. 
Chein. 19(i8, 11, 814-819. Tamborsl:i, C. ; Soloski, E.1 . Org. 
Cliern . 1966, 31, 746-749. Grunewald, G. L. ; Arriogton, H. 
S. ; Bartlett, W. J . ; Reitz,'i'. J. ; Sall, ll . J.J . Med. Ckem . 1986, 
29, 1972-19R2.) 1,3-ni(luarobenzene (57.05 g, OS M) in 1 
THF (75 mL) was added to a -7R° C. stirred solution of 
n-butyllithium (n-BuLi) (Z(10 mL, 2.5 Mihexaoes, 0.$ M) 
and THF (i00 mL) under N= . By controlling the addition 
rate the internal temperature was maintained below -7(1° C. 
The total addition time was -'ri hour. The resulting slurry 
was stirred an additional '! hour, then the dispersion was 
treated with a solution of iodine (126 .9 g, 0.5 M) in THF 
(300 mC.) at a rate that maintained an internal temperature 
below -70° C. After complete addition the mixture was 
allowed to warm to room temperature, and was treated with =~ 
H_O (1(I0 mL) and 10%. aqueous Na ZS_O, solution (100 
mL) and stirred . The layers were separated and the aqueous 
layer extracted with hexanes (2x250 mL). The combined 
organic layer was washed with 10% aqueous (Ya,S=O, 
solution (10(1 mi,), H.O (100 ml,) . saturated aqueous IYaCI ,~ 
solution (100 mL), dried (Na,SO,,) filtered and concentrated 
to give a yellow oil (106_5 g) . Distillation at -1-i mm at 
-SO° C . provided a light yellow oil (89 .5 g, 75%) . 'H NMR 
(400 Mtlz, CDC'1,) 67.30 (m, llt), 6 .87 (m, 211) GCMS m/e 
?a0 (M`) . 

B) 5-Fluoro-1,4-dihydro-1,4-methano-naphthalene 
Asolucion of 2,6-difluoroiodobenzene (5 .0 g, 20.8 mmol) 

and cyclopentadiene (2.U7 g, 31 .3 mmol) was stirred at 0° C. 
in P, ether (70 mL, 40-GO° C.) under N_ and treated with 
n-IiuLi (8.74 mL, Z.SM in hexaoes, 21 .8 mmol) drupwise ?5 
over 10 minutes. The reaction was quenched after 15 roin-
utes by addition of aqueous 1 N HCI solution and the product 
was extracted with hexanes (3x50 ml,) . The combined 
organic layer was washed with H,O (50 mL), saturated 
aqueous NaCl solution (_50 mL), dried (Mg'S04), filtered and 40 
evaporated . Chromatography on Silica get provided product 
as an oil (1 .5 g, 45%) (TLC hexanes R,0 .55) . 'II h(MR (400 
Mhz, CDCi,) 57.08 (ddd, J=7 .0,1 .0,0.8 fiz, ltI), 6 .96 (ddd, 
J=R .5,8 .3,7 .0 Hz, 1H), 6 .86 (br s, 2H), 6.72 (ddd, J=8.5,8.3, 
0 .8 Hz, 1H), 4?5 (br s, iH), 3 .98 (br s, 1H), ? .36 (ddd, 4~ ~ 
J=7 .2,1 .7,L7 Hz, 1H), 3 .30 (ddd, J=7 .2,1 .7,1 .5 Hz, 1H), 
GCMS m/e 160 (M') . 

C) 3-Fluoro-l0-aza-tricyclo[G3.L0='Jdodeca-3(7),3,5-
triene hydrochloride 
The title compound was prepared by the methods '° 

describe(] in Example 3R,C,n starting with i-fluoro-l,4-
dihydro-l,4-meihano-naphthalene . 'H NMR (AK) Mhz, 
CDzOD) 67.36 (ddd, J=83,7 .3,5 .0 Hz, 1H), 7?1 (d, J=73 
Hz, 1H), 7.07 (t, J=8.3 Hz, 1H), 3.63 (br s, 1H), 3 .43-330 
(m, 3II), 3.?1 (m, 2I(), 2.38 (m, 1[I), 2.12 (d, 1,=11.5 Ifz, " 
1(I) . APCI M3 mie 17ti .4[(M+1)`] . mp 369-371° C 

EXAMPLE 7 

4-N[TRO-LO-AZATRICYCLO[6 .3 .1 .0=-']DODGCA-2 h~ 
('),3,5-T'RfENE HYDROCHLORIDE 

A) 1-(10-Aza-tricyclo[6 .3 .1 .0-~']dodeca-2(7),3,5-trien-
l(O-yl)-?,3,?-triHuoro-ethanone 

(10-Aza-tricyclo[6 .3 .L0--']clodeca-2(7),3,5-triene hydro-
chloride salt (12 .4 g, 63 .9 mmol) was stirred in CH.CI. (Z00 v~ 
mL,) . This was cooled (ice bath) and treated with pyddinc 
(12 .65 g 160 mmol) followed by triHuoroacetic anhydride 

" 

30 
( I'FAA) (1G.8 g, 11 .3 mL, 80 mmot) from an addition funnel 
over 10 minutes. After -3 hours, the solution was poured 
into O.SN aqueous HCl (300 mL) and the layers separated . 
The aqueous layer was extracted with CH,C7, (3x5U mL) 
and the combined organic layer was washed with O.SN 
aqueous HCI (50 ml .), H .O (?x50 mL) and saturated 
aqueous NaHCO, solution (iU ml .)).This solution was dried 
through a cotton plug, then diluted with --3% EtOAc and 
filtered through a 2 inch Silica pad eluted with -317 EtOAc; 

u CH.CI. . Concentration afforded a dear oil which crystal-
lized to give white needles (15.35 g, 60? mmol, 94%.) . (TLC 
30%- EtOAc;hczaocs R~1.53) . `H rIMR (400 MHz, CDCI,) 
57.18 (m, 4I-I), 4?9 (br d, J=12 .6 [Iz, 11 1), 3.84 (br d, J=12 .6 
flz, lII), 3.51 (dd, J=13 .6,15 IIz, lYI), 3?1 (br s . lII), 3.10 
(Ur s, LH), 3 .10 (br d, J=12 .6 Hz, 1H), 237 (m, 1H), 1 .92 (d, 
J=10 .8 Hz, 1H). GCMS m%e'55 (M') . mp 67-68° C. 

B) 1-(4-Nitro-l0-aza-tricyclo[6 .3 .1 .0- ]dodcca-2(7),3,5-
tricn-lU-yl)-?,2,3-IriBuorocthanonc (Based on the method 
described by Coon, C. L., Blucher. W. G. ; I Iill, M. C. J. Org. 
Chem. 1973, 25, 4243 .) 

To a solution of triftuoromethanesulfonic acid (2 .4 ml, 
13 .7 mmol) in CH,CI_ (10 ml) stirred at 0° C. was slowly 
added nitric acid (Q58 ml, 27 .4 mmol) generating a while 
precipitate . After 10 minutes the resulting mixture was 
cooled to -78° C. and treated with 1-(10-aza-tricyclo 
[6 .3 .1 .0-'']dodeca-2(7),3,5-triene-l0-yl)-2,2,2-triflouro-
ethane (3 .5 g, 13,7 mmol) in CH .CI_ (15 ml) dropwise from 
an addition funnel over 5 minutes. The reaction was stirred 
at -78° C. for 30 minutes then warmed to 0* C. for I hour . 
The reaction mixture was poured into a vigorously stirred 
ice (100 ,) '1'he layers were separated and the aqueous layer 
extracted with CH,CI . (3x30 ml) . The organic layer was 
combined and washed with H,O (3x3U ml). The combined 
organic layer was washed with saturated aqueous NaHCn3 
solution (?0 mL) and H,O (?0 mI_) then dried through a 
cotton plug and concentrated to give an orange oil that 
solidified on standing (4? o) . Chromatography yielded pure 
product as a crystalline solid (3? g, 78%) . (TLC 30% 
CtOAc/hexanes R,0?3).'i! NMR (400 MHz, CDCI;) 58.13 
(br d, J=8.0 Hz, 1H), 8.08 (br s, iH), 737 (br d, J=8.() Hz, 
1H), 4.38 (br d, J=1? b Hz, L H), 3 .94 (br d, J= 12 .6 Hz, L H), 
3.59 (br d, J=12 .6 Hz, 1H), 3.43-3.35 (m, 3H), 3.18 (br d, 
1=12 .6 Hz, iH), 2 .48 (m, 1H), 2 .07 (d, J=10.8 Hz, 1H). 
GCMS ui ;e 300 (M') . 

C) 4-fVitro-l0-azatricyclo[6 .3 .1 .0-']dodeca-2(7),3,5-
triene hydrochloride 

1-(4-Nitro-l0-a za-tricyclo[6 3.1 .U-' ]dodeca-2(7),3,5-
trien-l0-yl)-3,3,3-trifluoro-ethanone (18? mg, 0.61 mmol) 
was stirred with Na,C03 (160 mg, 1 .21 mmol) in McOH (3 
mL) and H,O (1 mL) at 70° C. for 14 hours. The mixturc 
was concentrated, water was added and the product was 
extracted with CI I.(--I . . The organic layer was extracted with 
1N aqueous EiCt (3x?0 mL) and the acidic layer washed 
with CH_Cl, (2x30 mL) . The aqueous layer was basified to 
pit -10 with Na-C03(S) and product was extracted with 
CH,CI, (3x3O mL).'Chc organic layer was dried through a 
cotton plug and concentrated to an 011.1biswas dissolved in 
MeOH and treated with I N HCl MeOH, concentrated to 
solids which were recrystallized from MeOH/'El_0 to aIlord 
product as a white solid (73 mg, iO%) . (TLC i% MeOH~ 
CH.CI, (NH,) RJ0.38) . 'if NMR (4(1() MHz, Dh450<i,) 
n8?1(s, 1H), 8 .18 (dd, J=8.0,3.0 Hz . 1H), 7S9 (d,1=8 .0 Hz, 
1H), 3.43 (br s, 2H), 3?8 (m, 2H), 3.07 (dd, J=13 .0, 13 .0 Hz, 
2H), 2?4 (m, 1H), 2.08 (d, J=11 5 Hz, 1H). APCI MS mic 
205.1 [(M+1)'] mp 2G5-270° C. 
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EXAMPLE 8 
4-AMINO-10-AZAI'RICYCLU[6 .3 .1 .0-']UUVECA-3 

(7),3,5-TRfENE HYDROCHLORIDE 
4-Nitro-l0-azatricydo[63 .I .0-~'Jdodeca-2(7),3 .5-triene 

(500 mg, 3.021 aimol) was stirred in 1,4-dioxane (40 mL) and 
treated with saturated aqueous Na'-C03 solution (IS mL). To 
this was added di-t-butyldicarbonate (1 .8 g, 8.31 mmol). 
After stirring 18 hours the reaction was treated with H,O (50 
mL), extracted with CH,CI, (4x30 mL), dried through a 
cotton plug. and concentrated to provide an oil (500 mg, 
91%) . 

This oil (500 mg, 1 .64 mmol) was dissolved in MeOH (30 
mI .), treated with 10% Pd!C (-50 mg) and hydrogenated 
under a H, atmosphere (45 psi) for 1 hour . The mixture was 
filtered through a Celite pad and concentrated to a dear oil 
(397 mg, 88%) 

This oil (50 mg, 0.18 mmol) was stirred in 3N HCL EtOAc 
(3 mL) for 2 hours then concentrated to a white solid (?5 mg, 
56%) . 'II NMR (400 Mhz, DMSO-do) 57.38-7.10 (3I1), 
3.60 (br s, 2H), 3.35 (m, 2H), 2.98 (m, 2H), 2.18 (m, 1H), 
1.98 (d, J=1 1.5 Hz, 1H) . APCI MS m/c 175 .1 [(M+i)') mp 
139-192° C. 

EXAMPLE 9 
N'-[10-AZATRICYCLO(6.3 .1 .0-')DODECA-2(?),3,5- 

TRIEN4-YL]ACETAMIDE HYDROCHLORIDE 
A) 1-(4-Amino-l0-eza-tricyclo[63 .1 .0`']dodeca-3(7) 3, 

5-trien-l0-yl)-2,2,2-tdRuoroet6anone 
Hydrogenation of 1-(4-nitro-l0-aza-tricyclo[6 .3 .1 .t1='] 

dodeca-2(7),3,5-Irieo-l0-yl)3??-triftuoro-ethanone (2 .0 g; 
6.66 mmol) under a H . atmosphere (40 psi) and 10%~ Pd/C 
(300 mg) in MeOH over 1 .5 hours, filtration through Celite 
and concentration atlbrds a yellow oil (1 .7 g) . (TLC SU17n 
EtOAdhexxnes R,0.27) . 1H NMR (4110 MHz, CI)Cl,) 66.99 
(m, 1H), 6.64 (br s, 1H), 6.57 (m, 1H), 4.25 (m, 1H), 3.8? 
(m, 1H)> 3 .50 (m, 1H), 3.i7-3.07 (m, 3H), 2.35 (m, 1H), 
1 .90 (d, J=10 .8 Hz, 1H). GCMS m/e 270 (M`) . 

B) N-(10-Trifluoroacetyl-l0-aza-[ricyclo[G .3 .IA-~'] 
dodeca-2(7),3,-5-trien-4-yl)-acetamide 

l-(4-Amino-l0-aza-tricydo[6 .3 .1 .0-']dodeca-2(?),3,5- 
trien-l0-yl)-2,2,2-trifluoroethanone (850 mg, 3.14 mmol) 
was stirred in CH,CI_ (5 mL) and treated with triethyl amine 
(0.53 mL, 3.76 mmol) and acetyl chloride (0.23 mL, 3? 
mmol) then stirred 18 hours . Standard NaHCO, workup 
yielded an oil which was chromatugraphed to provide a clear 
oil (850 mg, 87%) . (SO% EtOAc/hexanes Rj0?8) . 

C) IV'{10-Azatricyclo[6 .3 .1 .0-']dodeca-3(7),3,5-trien4-
yl]acetamide hydrochloride 

IY-(10-Trifluoroacetyl-l0-aza-tricyclo[6 .3 .1 .0-~']dodeca-
2(7),3,5-trien4-yl)-acetamicle (100 mg, 0.32 mmol) was 
stirred with IVa.CO; (70 mg, 0.64 mmol) in IvtcOli (10 mL) 
and H,O ('- mL) at 70° C. for 18 hours. The mixture was 
concentrated, water was added and the product was 
extracted with CtOAc. The organic layer was extracted with 
1N aqueous HCI (3x?0 mL) and the acidic layer washed 
with EtOAc (3x20 mL). The aqueous layer was basified to 
pH -10 with Na,C03 (s) and product was extracted with 
EtOAc (3x?0 mL). The organic layer was dried (sodium 
sulfate (Na SU,)) and concentrated to an oil. lhis material 
was dissolved in WON and treated with 3N HCl EtOAc (3 
mL), concentrated and recrystallized from MeOH/Et_O to 
provide a solid (40 m� 50%) . 'H NMR (400 MHz, DMSO-
d,) 69.98 (s, 1H), 9.02 (hr m, NH), 7.65 (s, IN), 7 » (br s, 
NH). 736 (d, J=8.O Hz, 1H), 7?0 (d, J=8.0 Hz, 1H), 3.33 
(m, 4H), 3.96 (m, 3H), 2.13 (m, 1H), ? .0(1(s, 3H), 1 .96 (d, 
J=10 .5 Hz, iH). APCI MS m1c 217? ((M+1)`) . mp 
225-230' C. 
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EXAMPLE 10 

6-METHYL->-THIA-7,13-DIAZATETRACYCLO 
[9 .3 .1 .0--'° .0° "]PENTADECA-3(10),3,6,8-TETRAENE 
HYDROCHLORIDE 

A) N-(10-TriHuorothioacctyl-l0-aza-tricyclo[6 .3 .1 .0-'] 
dodcca-3(7),3,5-trien-4-yl)thioacetamide 

N-(10-TriHuoroacetyl-l0-aza-tricyclo(6 3.1 .0`~']dodeca- 
2(7),3,5-trien-4-yl)-thioacetamide (850 mg, 2.73 mmol) and 
2,4-bis(4-methoxyphenyl)-1,3-dithia-3,4-diphosphetaoe-3, 
4-disulfide (Lawesson's reagent) (1 .1 g, 3.72 mmol) were 
combined in toluene (10 tnL) and brought to reHux for 1 .5 
hours. After cooling the reaction was worked up with 
EIOnCisxlureted aqueous NxHCn, solution . The organic 
layer was dried (IVa .SO,), filtered, concentrated and chro-
matographed on Silica gel to produce product (410 mg, 
44%) . (i0% EtOAc/hexanes Rf 038) 

B) 6-Methyl-5-thia-7,13-diazatctracyclo[93 .1 .0- ̀ ° .0° R] 
pcotadeca-2(10),3,6,8-tctraenc hydrochloride 

The above oil, ',2,2-tri8uoro-N-(10-trifluorothioacetyl-
10-azatrcyclo[6 .3 .1 .0`~']dodeca-2(7),3,5-trien-4-yl)-
thoacetamide, (360 mg, 1 .05 mmol) was dissolved in WON 
(10 mL) and IN NaOH (5 mL) and added to potassium 
ferricyanide (K3Fe(CN)6)(1.72 g, 5 .23 mmot) in HO (10 
mL). This mixture was warmed to GO° G for 1 .5 hours, 
cooled, concentrated and worked up with EIUAc/H=n. This 
material was stirred in clioxane (2(1 mt .) and treated with 
H.O (50 mL)) and Na.CO, to achieve pH 10 . To this was 
added di-t-butyldicarbonate (436 mg, 3.0 mmol) and the 
mixture was stirred for 18 hours. The reaction was 
concentrated, treated with H,O and extracted with CH .CI . . 
The product was chromatographed (Silica 30'7o Et(5Ac/ 
hexanes RJ0.41) to yield an oil (l00 mg). 
The above product was treated with 3N HCIiEtOAc (3 

mL) and warmed to rcflux for -1-5 minutes then concentrated 
to a solid which was azeotroped with CII.CI_ (2x) . These 
solids were dissolved in a minimum amount of WON then 
saturated with Et,O and stirred, The resulting white crys-
talline powder was collected by filtration (40 mg, W/o) . 

'l I [VMR (4(10 MI(z, DMSO-dti) 59.46 (s, IVII), 7.65 (s, 
1H), 7.83 (s, lE3), 7.65 (br m, NH), 3.36 (m, 3H), 3?4 (m, 
3H), 3.02 (m, 2H), 3.76 (s, 3E[), 2?3 (m, 1H), 2.06 (d, 
J=10 .8 Hz,1H) . APC( MS ml) z 231 .1 [(M+1)'] mp 183-184° 
C. 
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EXAMPLE II 
4,5 -DINITRO-IO-AZA-TR(CYCLO[6 .3 . L0='1 

llUllECA-2(7),3,5=1'RfENE 
A) 1-(4,5-llinitro-l0-aza-tricyclo[6.3 .1 .()2']dodeca-2(7), 

3,-S-trien-4-yl)-2,2,3-trifluoroethanone (Based on the 
method described in Coon, C. L. ; Blucher. W. G. ; Hill, M . 
E. J. OrK. Gicm . 1973, 3>, 1343. For an additional rclated 
example of dinitrauon see: Tunida, Ff . ; tshituhi, H. ; (rie, T. ; 
Tsushima, T. J- Am . Chem. Soc. 1969, 91, 4i12 .) 

To a solution of triHuoromethanesulfuoic acid (79.8 ml, 
903.1 mmol) in CH=Ci. (550 ml) stirred at 0' C. was slowly 
added nitric acid (19.1 ml, 450.9 mmol) generating a white 
precipitate. After 10 minutes, 1-(10-aza-tricyclo[G .3 .1 .U''] 
d(xleca-2(7),3,.S-trien-l0-yl)-2?,2-trilfuoro-ethanunc (50 g, 
196 mmul) in CH.CI, (3(Nl ml) was added dropwise from :m 
addition lunnel over 30 minutes. The reaction was stirred at 
0° C. for 3.> hours and then stirred at room temperature for 
34 hours. The reaction mixture was poured into a vigorously 
stirred mixture of H_O (500 ml) and ice (40(1 g) . The favors 
were separated and the aqueous layer back extracted with 
CH.CI . (3x30(1 ml). The organic layer was combined and 

en 

65 
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washed with H,O (3x300 ml). The combined aqueous layers 
were re-extracted with CH .CI, (2x100 ml). The organic 
layer was combined and washed with saturated aqueous 
NaHCO, solution (2(10 mL) and H.O (?00 mL) then dried 
through a cotton plug and concentrated to solids . Trituration 
with Lt()nc/hexanes produced oIT white solids which were 
filtered and dried (52 g, 151 mmol, 77% . The mother liquor 
was chromatographed to give an additional 4.0 g for a total 
of 56 .0 g (R2.R%) . (TLC 50%, ElOAc/bekanes R,0.29) 'H 
NMR (400 MHz, CDCt ;) 67.77 (s, IH), 7J5 (s, 1H), 4.39 
(br d, J=13 .0 Hz, 1H), 3.98 (br d, J=13 .0 Hz, LH), 3.65 (d, 
J=13.01-Iz, 1H), 3.49 (br s, iH), 3.44 (br s, iH), 3?4 (br d, 
J=12 .6 IIz, 1[I), 2.53 (m, i), 2 .14 (d, J- 11 .5 117- 111)- G CMS 
m1e 345 (M`) . 

B) 4,5-Dinitro-l0-aza-tricyclo[63 .1 .(Y']dodeca-3(7),3, 
5-triene 

i-(4,$-Dinitro-l0-xza-tricyclo[6 .3 . L0-'']dodeca-2(7),3, 
5-trien-l0-yl)-2,3,2-tdflouroethanone (3 .7 g, 10 .7 mmol) 
and Na."); (2.3 g, 31 .4 mmul) were combined in MeOH 
(50 ml,)) and H.() (30 mL) then warmed to re0uz for 18 
hours. The reaction was cooled, concentrated, treated with 
H_O and extracted with CH .CI. (3x50 mL) then dried 
through a cotton plug . After concentration . the residue was 
chromatographcd to provide brown solids . (1 .9 g. 7l%) . 
(TLC 5% McOH/CH,CI . (NH;) R~)36) . 'H NMR (400 
MIIz, CDC13) 67.69 (s, 3II), 3 .17 (br s, 2[I), A11 (d, J=12 .6 
IIz, 2I-I) . 2 .53 (m, ltl), ?.07 (d, J=1L0 Itz, l II) . GCMS m!e 
249 (M`) . 

EXAMPLE 1? 

6-METHYL-7-PROPYL-5,7, 13-
TRIAZATCTRACYCLO[9 .3 .LO2"c) .0" 61PCNTADCCA-3 
(10),3,5,8-"TETRAENE HYDROCHLORIDE 

A) 4,5-Dinitro-10-aza-tricycto[63 .1 .0-']dodeca-3(7),3, 
5-triene-l0-carboxylic acid tert-butyl ester 

4,5-Dinitro-l0-aza-tricyclo[G .3 .1 .0`~']dodeca-3(7),3,5- 
lriene, (19 g, 7 .6 mmol) was stirred in 1,4-dioxane (75 mL) 
end treated with saturated aqueous Na_'C03 solution (10 
mt .) . 'To this was added di-t-hutyldicarhonate (3 .31 g, 15 .2 
mmol). After stirring 6 hours the reaction was treated with 
H_O (50 mL) and extracted with EtOAc (4x25 mL), dried 
(Na.SO,), filtered, concentrated and chromatograp6ed to 
providc product (1 .9 g, 71'%). (TLC 30!7. EtOAcihcxancs 
(NIt3) R,0.58) . '1( NMR (400 Mltz, CDCl3) 67.77 (br s, 
1[I), 7.72 (br s, liI), 4 .08 (m, 1II), 3.92 (m, llt), 339 (br s, 
1H), 3.27 (br s, 1H), 3.25 (m, 1H), 3.18 (m, 1H), 2.46 (m, 
1H), 3.0? (d, J=11 .0 Hz, 1H). 

B) 4,5-Diamino-l0-aza-tricyclo[6 .3 .1 .(J`']dodeca-2(7),3, 
5-triene-l0-carboxylic add ten-butyl ester 

4,5-Vinitrcr10-sza-tricyclu[63 .1 .0-'']dudeca-3(7) 3,5- 
triene-lU-carboxylic acid tert-butyl ester (19 g, 5.44 mmol) 
was hydrogenated in MenH under a H, atmosphere (4S psi) 
over 109o F'd-C (100 mg) for I i hours then filtered through 
a Celite pad and concentrated to white solids {1 .5 7 g, I(K)17c 
) . (TLC 5%, McOH1CH.Cl_ (NE(3) [tJ0 .14) . 

C) 6-Methyl-i,7,11 3-triazatetracyclo[93 .1 .0='°.0°'] 
peatacleca-?(10),3,5,8-tetraene-l3-carboxylic acid terl-butyl 
ester (For conditions, see : SegeLstein, F3 . E. ; Chenard, B. L. ; 
Macor, J E . ; Post, R. J. Tetrnhed)ron Lett. 1993, 34, 1897 .) 

4,S-Dia mino- LO-aza-tricy clo[63 .1-U=' ]dodeca-2(7),3,i-
Iriene-LO-carboxylic acid tert-butyl ester (700 mg, 2.4? 
mmol) .vas dissolved in Et0}{ (10 ml-) and acetic acid 
(HOAc) (1 rn L) and treated with 
1-cthoxycthylcncmalononitrilc (329 mg, 2.42 mmol). Thc 
resulting mixture was warmed to 60° C. and stirred 18 hours. 
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The reaction was cooled, concentrated treated with H.O and 
saturated aqueous Na.CO, solution and extracted with 
EtOAc (3x50 mL), then dried (Na.SOy) . After filtration and 
concentration, the residue was chromatographed to provide 

` brown solids (247 mg, 36% ) . (TLC S% MeOHiCH,CI, - -

D) 6-Methyl-7-propyl-5,7,13-triazaletracydo[9 .3 .1 .0=-
i0 .0'']pcntadcca-2(10),3,5,8-tetracnc-l3-carboayfic acid 

iu tert-butyl ester (For conditions, see; Pilarsl:i, B. LiebigsAnrr . 
Chci+z. 1983, 1078 .) 

6-Methyl-5,7,13-triazatetracyc(o[9 .3 .1_0=~'°.U4"] 
pcntadeca-2(10),3,5,8-tetraenc-l3-carboxylic acid tert-butyl 
ester (80 mg, 0?67 mmol) was stirred in 50~1 aqueous 
NaOH solution (3 mL) and llMSU (1 mL) then treated with 
1-iodopropanc (0.03 mL, 0331 mmol). This mixture was 
warmed to 40° C. for 2 hours then cooled, treated with H.O 
and extracted with EIOAc. The organic layer was washed 
with HO (3x) then dried (Na,SO,,), filtered and concen-
trated to an oil (90 mg,.0?53 mmol). (TLC ~17t MeOH; 
CH,CI, (NH3) Rf015) . 

E) 6-Methyl-7-propyl-5,7,13-triazatetracyclo[9 .3 .1 .0= 
.0 .0° " I ]pentadeca-2(10),3,5,8-tetracnc hydrochloride 

6-Methyl-7-propyl-5,7,13-lriazatetrscyclo[9.3 .1,0-'°
.Wio]pentadeca-2(10),3.S .R-tetrane-l3-carhoxylic acid tert- 

butyl ester (90 mg, 0.2i3 mmol) was dissolved in 3N HCI 
EtOAc (5 mL) and warmed to 100° C. for lva hour . The 

zo mixture was cooled, concentrated, slurried in EtOAc, and 
filtered to provide a white solid (25 mg, 3470 ) . 'H NMR 
(400 MHz, DMSO-do) 69.56 (s, NH), 7.91 (s, 1H), 7.83 (br 
m, Nil), 7.74 (s, 1[I), 4.38 (m, 3I(), 3 .48 (m, 2[I), 332 (m, 
2H), 3.10 (m, 2H), 2.87 (s, 3H), 3?8 (m, 1H), 2.15 (d, 

ii J=11 .0 Hz, 1H) 1 .85 (m, 2H) . 0 .97 (m, 3H) . mp 147-150° C . 

EXAMPLE 13 

5,7,13-TRIAZATGTRACYCLO[9 .3 .1 .0='0 .0' ''] 
au PCNTADGCA-2(10),3,5,8-TGTRAENE IIYDROCIILO-

RIDE 

A) 5,7,13-Tdazatetracyclo[9 .3 .1 .0-~'° .O"s]pentadeca-2 
(10),3,5,8-tetraene-l3-carboxylic acid tert-butyl ester (For 

45 
conditions, see; Segelstein, B. E. ; Chenard, B. L. ; Macor, J. 
E. ; Post . R. 1 . Tenwkedron Lett. 1993, 34, 1897 .) 

4,i-Diaminc+-10-aza-tricyclo[63 .1 .0=']dodecs ?(7),3,5- 
triene-l0-carboxylic acid tert-butyl ester (1 .0 g, 3.45 mmol) 
was dissolved in EtOH (10 mL) and HOAc (1 mL) and 

so treated with elhoxymethylenemalononitrile (421 mg, 3.4> 
mmol). The resulting mixture was warmed to 60' C. and 
stirred 18 hours. The reaction was cooled, concentrated 
treated with 11,0 and saturated aqueous NaC03 Solution 
and extracted with CtOAc (3x50 mL), then dried (Na,SO,,) . 

55 After filtration and concentration, the residue was chromato-
graphed to provide brown solids (580 mg, 5b'/r, ) . (TLC 5% 
MeUI-(iCH.CI, (NH3) R,0?8) 

B) 5,7,13-triazatctracyclo[9 .3 .1 .0-'° .0'1 . ~ ]pcntadcca-? 
ni (10),3,5,8-tetraene hydrochloride 

5,7,13-Trixv.atetracyclo[93.1 .0=-'o .0° "]pentaclecs-2(10), 
3,5,8-tetraene-l3-carboxylic acid tert-butyl ester was con-
verted to the title compound by the methods described in 
Example 12E. 'H NMR (-4(10 MHz, D,O) S8_9i (s, 1H), 7.67 
(s, ZH), 3.45 (br s, 2H), 331 (d, J=12S Hz, 3H), 3_13 (d, 
J=13 .i Hz, 3H), 2.30(m, 1H), 1 .99(d, J=11 .5 Hz, 1H). APCI 
MS me 300.L [(M+1)'] . mp>250° C. 
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EXAMPLE 14 

US 6,410,550 B 1 

7-METHYL-5,7,13-TRIAZATE I'RACYCLO[9 .3 . L0-
io.tl'-8]PENTADECA-2(10),3,5,8-TETRAENE HYDRO-
CHLORIDE 

Utilizing the methods described in Example 12D, 5,?,13-
Iriazatetracycto[9 .3 .1 .0`'0.0°~"lpenladcca-2(10),3,5,8_ 
tetraene-l3-carboxylic acid tert-butyl ester was converted to 
the title compound by reaction with iodomethane followed 
by cleproleclion as described in Example 12E. `H NMR (4U(1 
MHz, n,n) 68 .97 (s, 1 H), 7.71 (s, 1 H), 7.67 (s, 1 H), 3 .94 (s, 
3H), 3.4R (m, 2H), 333 (d, .I=13.3 Hz, 2H), 3.14 (d, J=12? 
Hz, 3!I), 2.34 (m, 1H), ?.03 (d, J=L1S Hz, 1H) Af'CI MS 
m!c 314? [(M+1)`] 

EXAMPLE 15 
G-MGTI Il'L-5,7,13-TRIAZAI'GTRACYCLO[9 .3 .1 .0= 

io.0''"]PENTADECA-Z(10),3.5,8-TETRAENE HYDRO-
CHLORIDE 

6-Methyl-5,7,13-triazatetracyclo[9 3 .1 .0-'0.0' 6] 
pentadeca-3( LO),3,5,R-tetraene-l3-carboxylic acid tert-butyl 
ester was converted to the title compound by the methods 
described in Example 13E . 'H NMR (400 MHz, DMSO-d,) 
59.40 (br m, NH), 7.77 (br m, NH), 7 .70 (s, If!), 3.44 (m, 
2H), 3.30 (m, 2H). 3.05 (br d, J=11 .U Hz, 3H), 3.79 (s, 3H), 
3?3 (m, 1H), 3.10 (d, .1=10.8 Hz, 1H). GCMS m/e 213.5 
(M`). 

EXAMPLE 16 
6,7-DIME'I'HYL-5,7,13-TRIAZATETRACYCLO 

[9 .3 .1,02~'° .0°']PEIY"fADECA-2(10),3,5,8-TETRAENG 
HYDROCHLORIDE 

Utilizing the methods described in Example 12D, 
6-mcthyl-5,7,13-triazatctracyclo[9 .3 .1 .0-~'° .Oy'"]pcntadcca-
2(10),3,5,8-tciracnc-l3-carboxylic acid tert-butyl ester was 
converted to the title compound by reaction with 
iodomethane followed by deprolection as described in 
Example 12E. 'H NMR (400 MHz, DMSO-d.) 69.52 (s, 
NH), 7.84 (s, 1H),', .83 (br m, NH), 7.72 (s, 1H), 3.90 (s, 
3H),3.45 (m, 2H), 3?S (m, 3H), 3 .04 (m, 3H), 3.82 (s, 3H), 
?23 (m, 1H), 2.13 (d, J=tLO Hz, 1H). APC( MS m/e 328? 
[(M+1)'] . mp 335-230° C. 

EXAMPLE 17 

7-PROPYL->.7,13-TRIAZATETRACYCLO[9 .3 . L .Q= 
io.(ly-b'JPENTADCCA-2( LO),3,i,RTETRAEfYE HYDRO-
CHLORIDE 

Utilizing the methods described in Example 13D, i,7,13-
triazatetracyclo[9 .3 .10='0 .0"Jpentadeca-3(10)3,5,8-
tetraene-l3-carboxylic acid tert-butyl ester was converted to 
the title compound by reaction wiih iodopropanc followed 
by dcprolcction as described in Example 1?E. `H NMR (40(1 
MHz, DMSO-d .) 69 .52 (s, 1[I), 9.45 (hr s, fYlt), 7.97 (s, 
Lll), 7.R5 (s, i[I), 7 .83 (br m, NE I), 4.43 (m, 2I-I), 3.49 (m, 
2H), 333 (m, 3H), 3.08 (m, 3Fi), 3?8 (m, 1H), 2.15 (d, 
J=L1 .0 Hz, LH), 1 .92 (m, 2FI), (1 .93(m, 3H). APCI MS m/e 
?43?[(M+1)'] . mp l7(}-171° C . (subl.) . 

EXAMPLE 18 
7-I3U7'YL-5,7,13-TRIAZATLTRACYCLO[9 .3 .1 .0-~ 

ia0''"]PLNTADGCA-?(10),3,5,8-TGTRAI;NG HYDRO-
CHLORIDE 

A) 4-[3utylamino-i-nilro-i0-aza-tricyclo[6 .3 .1 .U--') 
dodeca-2(7),3,i,8-triene-ltl-carboxylic acid ter[-butyl ester 
(For conditions, see; Scnskcy, M. D . ; Bradshaw, J. D. ; 
Tcssicr, C. A. ; Youngs, W. J. Yeirnhecfrwr Lett. 1995, 36, 
6317 .) 

- 

. 36 
d,5-Diniiro-LO-aza-tricyclo[63 .1 .0-']dodeca-2(7),3,5-

[riene-l0-carboxylic acid tert-butyl ester (500 mg, 1.43 
mmol) and 1-butylamine (1 .42 mL, 143 mmol) were com-
bined in THF (5 ml-) and stirred 4 hours. The mixture was 

> diluted with EtOAc (50 mL)) and washed with H,O (3x30 
ml,) then dried (Na.S(),,), filtered and concentrated to an oil . 
I hiti oil was passed through x Silica gel filter column to 
remove baseline impurities eluting with 30% EtOAc; 
hexanes (510 mg, 1.41 mmol, 99%, ) . 

lu R) 4-Rutylamino->-amino-1(1-ara-tricydu[6 .3 .I .U='] 
docieca ?(7),3,i-triene-l0-carboxylic acid teR-butyl ester 

4-Hutylamino-5-nitro-l0-xra-tricyclci[6.3 .1 .0=']dodeca- 
2(7),3,5-lriene-l0-carhoxylic acid tert-butyl ester (460 mg, 
1?7 mmol) was treated with ammonium formate (850 mg, 
13 .7 mmol) and 10%a Pd(OH)2/'C (50 mg) in MeOH (20 mL) 
and brought to retlux for 1 hour then filtered through a CeGte 
pad and concentrated- The solids were treated with saturated 
aqueous Na.CO, solution, extracted with CH-Cl . (3x30 
mL) and dried by filtration through a cotton plug to give an 

10 oil (440 mg, 100% ). 
C) 7-Butyl-5,7,13-triazatctracycto[9.3 .1-'° .0° 5] 

pentadeca-2(10),3,5,8-tetraene-l3-carboxylic acid tert-butyl 
ester 

=t-Butylamioo-5-amioo-l0-aza-tricyclo[6 .3 .1 .0-'] 
dodeca-2(7),3,5-triene-l0-carboxylic acid tert-butyl ester 
(440 mg, 1 .27 mmol) was dissolved in CtOH (30 mL) and 
HOAc (3 mL) and treated with ethoxymethylenemaloooni-
trilc (186 mg, 1 .52 mmol). "The resulting mixture was 
warmed to 60° C. and stirred 18 hours. The reaction was 
cooled, concentrated, treated with H,O and saturated aque-
ous IVa,CU, Solution then extracted with EtUAc (3x50 mL) 
and dried (Na,SOj. After filtration and concentration, the 
residue was chromxlographed to provide a yellow oil . (4(X) 
mg, R9°Ic ) . (TLC 5%n MeOHiCH.CI, (NH,) Rj-0 .70) . 

D) 7-FiuLyl-5,7,13-triazatetracyclo[93.L0='° .(I`'p] 
pentadeca-2(l0),3,5,8-1ctraene hydrochloride 

7-Butyl-5,7,13-[riazatetracyclo[9312 ".O'"]pentadeca-2 
(10),3,5,8-tetraene-l3-carboxylic acid tert-butyl ester was 
converted 40 lo the title compound by the methods described in 
Example 13E . 'H NMR (4(Kl MHz, DMSO-d.) 69 .93 (brs, 
NH), 9 .68 (s, iH), 799 (s, 1H), 7 .92 (hr m, NH), 7 .87 (s, 
1H), 4 .SU (m, 2H), 3.49 (m, 2H), 3 .30(m, 2H), 3 .08 (m, 2H), 
3?6 (m, 1H), 2 .15 (d, J=11A Hz, lf{), 1 .83 (m, 3H), 1 .33 

45 (m, 2H), 0.82 (t, J=7.0 Hz, 3H) . APCI MS m;c 356? 
[(M+1)`] . mp 304-208° C. 

EXAMPLE 19 
7-Isobutyl-5,7,13-triazatetracyclo[9 .3 .1 .0='° .0' ''] 

su pentadeca-Z(10),3,5,8-tetraene hydrochloride 
1,5-Dinitro-l0-aza-tricyclo[6 .3 .1 .0-']dodeca-?(7),3,5-

triene-l0-carboxylic acid tert-butyl ester and isobutylamine 
were converted to the title compound utilizing the methods 
described in Example 18A-D. 1H NMR (4(10 MHz, CDCI ;) 

55 57 .74 (s, iH), 7.52 (s, 1H), 714 (s, 1H), 390 (dd, J=7.5,3 .0 
Hz, 3H), 3 .04-'_97 (m, 4H), ?.70 (dd, .f=12,ti?,3 Hz, 211) 
3.43 (m, I H), 2.19 (m, 1 H), 1 .98 (d, .T=10.5 Hz, t H), (1 .93 
(m, 6H). APCI MS mie 35(? [(M+1)'] . mp 147-1i0° C. 

. (suhl,) . 
n :i 

EXAMPLE 20 
G-METHYL-7-ISOBUTYL-5,7, 13- 

1'RIAZATETRACYCLO[9.3 .1 .0='° .0° ~")PENTADECA-2 
(10),3,5,8-TETRAENE HYDROCHLORIDE 

e~ A) 6-Mcthyl-7-isobutyl-5,7,13-triazatctracyclo[9 .3 .L0= 
~0 .0''"]pcntadcca-2(l0),3,5,8-tctracnc-l3-carboxyfic acid 
tert-butyl ester 
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4-Amino-5-isobutylamino-10-a2a-Iricyclo[G .3 .1 .0- ''] 
dodeca-2(7),3,5-triene-l0-carboxylic acid tert-butyl ester 
(350 mg, 074 mmol) from Example 19B was dissolved in 
EtOt3 (10 mL) and HOAC (3 mL) and treated with 
1-ethoxyethyleuemalononiidle (118 m;, 0.87 mmol). The 
reaction proceeded as in Example 1KC (Ift h) and was 
worked up similarly to provide product (TLC 3% MeOH% 
CH,CI. (NH,) 11,0 .57) . 

B) 6-Methyl-7-isobutyl->,?,13-triazatetracyclo[93 .1 .0-
io .0°d]pentadeca-2(10),3,5,8-tetraene hydrochloride 

6-Mcthyl-7-isobutvl-5,7,13-triazarotracyclo[9 .3 .1 .0=-
i off' "]pentadeca-3(10),3,5,8-tetraene-l3-carboxylic acid 
tert-butyl ester was converted to the tide compound by the 
methods described in Example 12E. APCI MS m.ie ?70.3 
[(M+1)'] . mp L39-130° C. (subl.). 

EXAMPLE 21 

7-PHENYL->,7,13-TRIAZATETRACYCLO[9 .3 .1.0= 
io.0y']PGNTADGCA-3(10),3,5,8-TGTRACNE IIYDRO-
CHLORIDE 

Utilizing the methods described in Example 18A. 4,5-
dinitro-l0-aza-tricycio[6.3 .1 .0- ']dodeca-2(7),3,5-triene-
10-carboxylic acid tert-butyl ester and aniline were con-
verted to 4-phenylaminu-5-nitro-l0-aza-tricyclo[6 .3 .1 .0-~'J 
dodeca-2(7),3,5-triene-l0-carboxylic acid tert-butyl al 75° 
C. for d hours in the coupling step . This was then converted 
to the title compound utilizing the methods described in 
Example 18B,C,D . 'H [YMR (4(I(i MHz, DMSO-d,) 69.08 
(1H), 7.?ti-Z57 (m, 7H), 3 .47-3.00 (m, 6H), 333 (m, 1H), 
2.09 (d, J=1 1 .5 Hz, 1H). APCI MS mic 376.? [(M+1)`] . mp 
?l4-?13° C 

EXAMPLE 22 

6-MET11YL-7-PHE[YYL->,7,13-
TRIAZATETRACY"CLO[9 .3.10`'° .Oy 8] PENTAD ECA-2 
(10),3,5,8-TETRAENE HYDROCHLORIDE 

Utilizing the methods described in Example 21 and 
Example 20, 4,-5-dinitro-l0-aza-tricyclo[6 .3 .1 .0-']dodeca-3 
(7),3,5-triene-l0-carboxylic acid tert-butyl ester and aniline 
were converted to the, title compound, ̀ H NMR (400 MHz, 
DMSO-dj 67.79 (s, 1H), 7.73-7.56 (m, 5H), 732 (s, 1H), 
3.46-2.99 (m, GH), 2 .66 (s . 3H), 333 (m, 1H), 3_08 (d, 
J=11 .0 Hz, 1H). APCI MS mie 390? [(M+1)-] . mp>25t1° C. 

EXAMPLE ?3 

7-NEOPENTYt-5,7,13-'I'RfAZATETRACYCLO 
[9 .3 .1 .0--° .0' "]PCNTADLCA-2( LO),3,i,8-TCTRAGhIL 
HYDROCHLORIDE 

Utilizing the methods described in Example 18A-D, 
4,5-din[tro-l0-aza-tricyclo[63 .L0=']dodeca-3(7),3,5-
triene-LO-carboxylic acid tert-butyl ester and neopenty-
lamine were converted to the title compound, t-Boc precur-
sor GCMS m,c 369 (M') . (HCl salt) mp>?Stl° C. 

EXAMPLE _24 

6-MF;'I'HYL-7-N EOPENTYL-i,7,13-
l'RIAZA"CETRACYCLCO[9.3 .1 .0='°.0'']PEN"TADECA-
2(10)3,5,8-TETRAENE HYDROCHLORIDE 

Utilizing the methods described in Example, 21 and 30, 
4,5-dinitro-l0-aza-tricyclo[6 .3 .1 .0-']dodeca-2(7),3,>-
triene-l0-carboxylic acid tert-butyl ester and neopenty-
laminc were converted to the title compound . 'H NMR (400 
MHz 13MS0-d,)67 .31 (s, iH), 7.27(s, 1H), 7.02 (brs, NH), 
4 .41 (t, J=13 .0 Hz, 3H), 3.90 (s, 3H), 3.47-3?6 (m, 6H), 

38 
3?0 (m, 1H), 2.00(d, J=113 Hz, 1Fi), 0.9(1 (s, 9H), t-Boc 
precursor APCI MS m!e 384? [(M +1)']. mp>25U° C. 

6XAMt'LE '_'S 

G,7-I)IME"1'HYL-S,ti,l4-'1'KIAZAI'E7'ItnCYC .'lU[ t0, 
3 .102 " .0° °]HEXAUE',CA-3(11),3,5,7,y-YEN CAENG 
HYDROCHLORIDE (Based nn the following procedure : 
Jones . R . G . ; Mclaughlin, K . C . Oq. .Syn . 1963, 4, 824, b) 
Ehrfich . J ., Boben . M . T J . Org . Chem . 1947, 523 .) iu 

4,5-Diamino-l0-aza-tricyclo[63 .1 .0=']dodcca-2(7),3,i-
triene-l0-carboxylic acid tert-butyl ester (1()0 m� 0.35 
mmol) was warmed to 30° C. in 11,0 (5 mL). To this butane 
1,3-dione (0 .034 mL, 0.38 mmol) was added under N, for 2 
hours. The reaction was cooled to room temperature and 
extracted with EtOAc (3x40 ml). The combined organic 
layer was washed with H,O (2x30 ml), dried (Na .SO,,), 
filtered, concentrated and chromatographed on Silica gel to 
provide an oil (LO mg, 1(it)W% ).The oil was dissolved in ZN 

10 HCl MeOH {5 mL) and warmed to rollux for 3(1 minutes, 
then concentrated . Recrystallization from MeOH/'Et.O pro-
vided a white powder (50 mg, 43%) . (TLC EtOAc R/0.14) . 
'H NMR (400 MHz, DMSO-d6) 57.85 (s, 2H), 3.50 (br s, 
2H), 3.32 (d, J=12.5 Hz, 2H), 310 (d, J=12 .5 Hz, ZH), ?.64 

,_ (s, 6H), 224 (m, 1H), 2 .13 (d, J=11A Hz, 1H) . t-Boc 
precursor APO MS m/e 340.3 [(M+1)']- 

EXAMPLE 26 

5,8,14-TRIAZATETRACYCLO[10 .3 .1 .0=1' .0' ~]-
30 I[CXADCCA-3(11),3,5,7,9-PENTAENL I(YDROCI[LO-

RIDE 
A) 1-(4,5-Diamino-l0-aza-tricyclo[6 .3 .1 .0`']dodeca-2 

(7),3,5-tden-l(I-yl)-2,3?-tnHuoroethanooe 
1-(4,5-Dioitro-l0-aza-tdcyclo[63 .1 .0-~' ]dodeca-3(7), 

3,5-trieo-l0-yl)-3,3,2-triflouro-ethanone (3 .0 g, 8.70 mmol) 
was hydrogenated in MeUH (30 ml) under [I, (4S psi) over 
Pd(OH)2 (300 mg of 20 wt ~%'o%C, 10% wt). After 3.5 hours 
the reaction was filtered through a Celite pad and rinsed with 
MeOH (30 ml). The solution was concentrated to a light 40 brown oil which crystallized (3 .4? g, 96% ) . (TLC 10% 
McOHiCH .CI_ Ri0.56) . APCI MS mic 3862[(M+1)`] . mp 
129-131° C . 

B) 1-(5,8,14-Tdazatetracyclo[10 .3 .L()"" .0"]hexadeca-

a5 3(11),3,5,9-pentaene)-2,2,2-trifluoro-ethanooe 
1-(4,5-Diamino-l0-aza-tricyclo[6 .3 .1 .02 ')dodcca-3(7),3, 

5-trien-l0-yl)-2,2,2-triHuoroethanone (5(10 mg, 1.75 mmol) 
was stirred in TIIP (? ml). This mixture was treated with 
H.O (2 rnL) and glyoxal sodium bisulfite addition com- 

su pound hydrate (931 mg, 3.50 mmol) then stirred at 55° C. for 
3.5 hours. The reaction was cooled to room temperature and 
extracted with EIUAc (3x40 ml). 'fhe combined organic 
layer was washed with H,O (3x3U ml), dried (Na-SO,), 
filtered, concentrated and chromatographed on Silica gel to 

_, provide an off white powder (339 mg, 60%, ) . (-PC 25~7 . 
EtOAc/hesanes R1Q .40) . mp 164-166' C. 

C) 5,8,14-Triazatetracyclo[103_ L(I= "_0' "]heXadecn-3 
(11),3,5,7,9-pentaene hydrochloride 

1-(S,8,14-'fnazaletracyclu(10.3 .1 .U=" .0' °]hexadeca-? 
nu (I 1),3,i,7,9-pcnlcene)-2,2,2-lrilluuru-cthanune (33(I mg, 

1 .04 mmol) was slurred in MenH (2 .0 ml) and treated wi(h 
Na,COz (?21 mg, ?.OR mmol) in H.O (Z .0 ml) . The mixture 
was warmed to 70° C. for? hours . then concentrated, treated 
with H_O (20 mL) and extracted with CH2CIz (3x10 ml). 

6s The organic layer was dried through a cotton plug and 
concentrated to givc a light yellow oil (133 mg, 83'7c ) which 
solidified upon standing (mp 138-14i1° C) . This material 
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was dissolved in MeOH (10 mL), treated with 3M HCl/ 
EtOAc (3 mi), concentrated and azeotroped with MeOH 
(3x20 mL) to give solids which were recrystallized from 
MeOHIE.t .O to afford product as a white solid (208 m� 97~1n 
) . (TLC 577c- MeOt-iiCH,CI, (NH3) R, 0?G) . 'H NMR (4(NI 
MHz, CU;()I)) 68 .94 (s, '-H) . 8.12 (s, 3H), 3.70 (m, 3H), 
3.54 (d, .1-12.5 Hz, 3H), 33i (d_1=12_5 Hz, 2H), 3.49 (m, 
1H), 208 (d, J=11 .0 Hz, 1H)_ GCMS m/e 211 (M') . mp 
''25-3i0° C . 

EXAMPLE 27 

14-M L"I7IYL-5,8,14= fRIAZATCTRACYCLO[ 10 .3 . L0= 
:j .0''JIIGJ{ADP:CA-2(1(),3 .SJ.9-PGNTALPIC IIYDRO-
CHLORIDE 

5,8,14-Triazatetracyclo[103.I .U- '.0' y]hexadeca-2( I1), 
3,5,7,9-pentaene (207 mg, 0.98 mmol) was treated with 37% 
aqueous formaline solution (1 ml-) and formic acid (1 mL) 
then warmed to SU° C. for 1 hour. The reaction was poured 
into water, made basic (NaOH, pH-11) and extracted with 
EtOAc. The organic layer was dried (Na.SO,,), concentrated 
and ctuomatographed on Silica gel to provide a yellow solid. 
This was stirred in MeOH (2 mL) and treated with 3N HCl 
EtOAc (Z mL.) . After concentration the solids were recrys-
tallized from McOH/Et,O to afford product as a white solid 
(70 mg, 27% ) . (2% MeOFUCIt_Cl. (N[I3) Rf 0.47) . 'tI 
NMR (400 MI Iz, CDCI,) 68.71 (s, M), 7 .80 (s, 211), 337 
(br s, 3H), 3.03 (m, 2H), 2.47 (m, 3H), 2.32 (m, 1H), 2.18 
(br s, 3H), 1.£4 (d, 1=11 .0 Hz, 1H). APCI MS m/e 3?6? 
[(n-t+i]*] . mp >zso° c. 

EXAMPLE ?H 

5-OXA-7, l3-D[AZATETRACYCLO[9.31 .0='0.0° °) 
PE[YTADECA-2(10),3,G,8-TETRAENE HYDROCHLO-
RIDE 

!1) 3 2~3-'lrilluoro-l-(4-hydroxy-5-nilro-l0-aza-lricyclu 
[6 .3. I .()2 _ 7 Idodeca-2(7),3,.S-trien-l0-yl )-et hanone 

1-(4,5-Dinitro-l0-aza-tricyclo[6 .3 .1 .0'']dodeca-2(7),3, 
i-trien-l(I-yl)=2,2,2-tdfluom-ethanone (000 mg, 3.61 mmol) 
and potassium acetate (KOAc) (2 .6 g, 36 1 mmol) were 
dissolved in UMSO (10 mL) and warmed with stirring to 
100° C. for lo hours . The mixture was cooled and diluted 
with H,O (SQ mL) then extracted with 80% EtOAcihexanes 
(6x35 mL) . The organic layer was washed with H.O (3x?0 
mt,), dried (Na.SO,,), filtered and concentrated and purified 
by chromatography to give an oil (575 mg, 70% ). (TLC 
SOrln EIOAc!hexanes (NH3) R, USG) 

13) 3,3,3-'frilluoro-l-(4-hydruxy-5-amino-l0-az.i-tricyclo 
[6 .3 .1 .02 ]dodeca-Z(7),3,5-trien-l0-yl)-elhanone 

3 Z,Z-Trilluoro-l-(3-hydrozy-5-nitro-l0-aza-tricyclo 
[6 .3 .1 .0=']dodeca-2(7),3,i-trien-l0-yl)-ethanune (575 mg, 
1 .82 mmul) was hydrugenatCC1 in MeUFI under a H. atmo-
sphere 1t (45 psi) over l(K7( Pd;C (fi0 mg) fur l .? hours then 
filtered through a Celite pad and concentrated to white solids 
(4S0 mg, 86% ) . (TLC i% MeOH,~CH.CI. (Ni-1,) R, 0.6). 'H 
NNIR (4(IO MHz, CD30D) c16.67-fiS9 (m, 3H), 4.L2 (m, 
11{), 3 .73 (m, 1H), 3.73 (m, I H), 3.51(m, 1H), 3.07 (m, 3E{), 
2.214(m, If[), L94 (d, J=10S ( Iz, Ill)- CCIvIS m/e 286(M*). 

C) ',',2-Trifluoro-l-(5-oaa-7,13-dinzaieiracyclo 
[9 .3 . L.0' "V qjpentadeca-2(l .0),3,6,8-teiraeiie)-ethanone 
(Goldstein, S. W. ; Dambek, P. J. J. Het. Chem . 1990, ?7, 
33>.) 

'_ 3,3-'Tritluoro-(-(4-hydroxy->-amino-l0-aza-tricyclo 
[6 .3~1 .0"'](lodcca-?(7),3,5-tricn-LO-yI)-cthanonc (150 mg, 
0 .534 mmol), trimcthyl onhoformatc (0_ 19 mL, 1_73 mmoL) 
pyridiniurn-p-toluznesulfonic acid (PPTS, 18 mg, 0.07 

40 
mmol) and xyleoes (10 mL) were combined under nitrogen 
and stirred at 135° C. for 13 hours. The mixture was cooled, 
treated with H.O and extracted with EtOAc . The extracts 
were dried (Na,SU�), filtered, concentrated and purified by 

; chromatography to give an oil (110 mg, 71% ) . (TLC 20%-
EIOAc/hexanes Rj () .40) 
D) S-()xa-7,13-diar.atelrecyclo[93 .1 .0` '° .0° "] 

pentadeca-2(10),3,6,8-tetraene hydrochloride 
'_ ?,?-TriRuoro-I-(5-oxa-7,13-diazatetracyclo(t) .3 .1 .0-

i0 .0'"']penladeca-?(10),3.6 .R-tetrxene)-elhanone (110 m, , 
1137 mmol) was stirred in MeOH (S mL) and treated with 
Na,CO; (78 mg, 0.74 mmol) in HO (2 mL) . The stirred 
mixture was warmed to 80° C. for 2 hours . concentrated to 
solids, dilutcd with H,O and extracted with EtOAc (3x40 
mf .) . The product war extracted into aqueous IN HCl 

15 solution (?x4f1 ml,) which was washed with E10Ac then 
neutralized with saturated aqueous Na .CO; solution to 
pH-10. The product was extracted with EIOAc (3x4U mL), 
dried (Na=SO,), concentrated and chromatographcd on 
Silica gel to produce an oil . (TLC 5% MeOH1CE1 .Cl, (Mi3) 
ltf0 .l9) . - - 
The oil was dissolved in MeOH and treated with 3N HCl 

EtOAc (4 mL) then concentrated, stirred in a minimum of 
CH-Cl, and saturated with hexanes. After IR hours, the 
product was collected by filtration (55 mg, 639e ) . 'E{ NMR 

=~ (400 MHz, CD,OD) 88.47 (s, 1H), 7 .70 (s, lFi), 7.65 (s, lE{), 
3.41 (m, 21-1), 3_30 (m, 211), 3.10 (d, J=12 .5 ((z, 211), 147 
(m1H), 2.15 (d, J=11 .0 Hz, 1H). APCI MS mlc ?OL03 
[(~i, l)`] 

EXAMPLE 29 
G-titGTIIYL-S-OXA-7,13-DIAZATCTRACYCLO 

[9 .3 .1 .0='0.04~H]PENTADECA-2(10),3,6,8-TETRAENE 
HYDROCHLORIDE 
A) ?,2,2-TriBuoro-l-(6-methyl >-osa-7,(3-

_ diazatetracyclo[9 .3 .1 C1='°.0'`b]pzntadeca-3(10),3,6,b-
tetraene)-ethanone 

2 3,2-TriHuoro-l-(4-hydroxy-5-amino-10-aza-tricyclo 
[63~1.0-~'Idodeca-2(7),3,5-trien-l0-yl)-ethanone (150 mg, 
0.524 mmol), triethyl orthoacetate (Q34 mL, 1 .83 mmol), 
pyrielinium-p-tulueoesulluoic acid (f'Y'1'S, 2(1 mg, (I .U8 

40 mmol) and xy(enes (10 mL) were combined under nitrogen 
and stirred at 135° C. for 18 hours . Workup, isolation and 
purification as in Example 28C provided the title compound 
(90 mg, 55%) . 

B) 6-Methyl-5-oxa-7,l3-diazatetracyclo[9.3 . L0-'o.OJ 6 ) 
4N pcntadcca-2(I0),3,6,8-tctracnc hydrochloride 

3~3,3-Tritluoro-l-(G-methyl -5-oxa-7,13-diazatetracyclo 
(9 .3 .1 .02-10 .04.11 ]Pen tadeca-2(10),3,6,8-tatraene)-ethanone 
(90 mg, 0.30 mmul) was stirred in MeOH (5 mL) and treated 
with Na .C()3 (GI mg, (I .SR mmol) in H.() (3 ml .) . The 

10 stirred mixture was warmed to fi(1° C. for 3 hours, concen-
trated to solids, diluted with H.O and extracted with EtOAc 
(3x40 mL). The solution was dried (Na=SO,), concentrated, 
and chromatographed on Silica gel to produce an oil. (TLC 
10'% McOH/CH.CI . (NH3) RjQ13). 'H P1MR (free base) 

" (400 MHz, CDCI;) SZiO (s, 1H), 7?G (s, lFl), 3 .05-2.98 
(m, 4I1), 3 .73 (d, J=13 .8 I Iz, 3II), ?.i9 (s, 3I I), 3.4G (m, 11 1), 
1 .98 (d, J=10 .5 Ilz, lfI) . 
The oil was dissolved in MeOH and treated with 3N HCI 

EtOAc (4 mI,) then concentrated ; stirred in a minimum of 
CH_Cl, and saturated with hexanes. After 18 hours, the 
product was collected by filtration (10 mg, 13'7, ) . APCI MS 
m,/c'15? [(M+l)']. mp >250° C. 

EXAMPLE 30 

2-FLUORO-N-(5-HYDROXY-10-AZA-TRICYCLO 
[G .3 .1_0=-']DODECA-2(7),3,>-TRIEN-4-YL)-
BENZAMIDE HYDROCHLORIDE 
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2~2,2-Trifluoro-l-(4-hydroxy-5-amin o-lU-aza-tricvclo 
[63.1 .(1`']dodeca-2(7),3,5-trien-LO-yI)-ethanone(150 ~m5, 
0.534 mmol), 2-fluorobenzoyl chloride (Q07 mL, 0.5?6 
mmol), pyridinium-p-toluenesulfonic acid (PPTS, 20 mg, 
0.08 mmol), pyridine (0.04G mL, 0.576 mmol) and xylenes 
(S ml_) were combined under nitrogen and stirred at 13S° C. 
for 18 hours. At ter 24 hours, additional PPTS (50 mg) was 
added and the material stirred at 13i° C. for an additional 24 
hours. Work-up as above provided crude product (145 mg, 
0375 mmoi) which was combined with fYa .CO,(s) (80 mg, 
0.75 mmol) in McOH (5 mL) and H.0 (2 mL) and heated 
to rcftux . After 3 hours, the reaction was cooled and diluted 
with water then extracted with CIl_Cl, (4x40 mL), dried 
through a cotton plug then chromatographed to remove 
baseline impurity (517o MeOH/CH.CI. (NH3}) . The crude 
material was treated with excess 3N HCl EtOAc and 
concentrated, then dissolved in a minimum of MeOH and 
the solution was saturated with Et,0 and stirred . After 
stirring 4 hours the product was collected by filtration (SS 
mg, Cx411r, ) . 'H tVMR (400 MHz, Cn,,OD) 87.99 (m, 3H), 
7.59 (m, I H), 736-7.23 (m, ZH), 6.8? (s, 1 H), 2.99 (m, 4H), 
2.78 (m, 2H), 235 (m, 1H), 1 .96 (d, J=10.5 Hz, 1H). APCI 
MS mle 313 .1 [(M+1)'] . mp 12i-130° C. (subl.) . 

EXAMPLE 31 

4-CHLORO-10-AZATRI CYCLO[G.3 .1 .0-' ] DODECA-? 
(7),3,5-1-RIENE HYDROCHLORIDE 

A) t-{4-Chloro-10-aza-tricyclo[63 .1 .0-']dodeca-3(7),3, 
i-trien-l0-yi)-?,3,2-triftuoro-ethanone 

Copper(1)chloride (CuCI) was prepared as follows: 
CuSO, (43 g) and NaCl (1? g) were dissolved in hot H,O 
(14 mL). sodium bisulfiie (fYaH50;) (1 g) and sodium 
hydroxide (NaOH) ((90 mg) were dissolved in HO (7 mL) 
and added to the hot acidic solution over i minutes. The 
precipitated white solids were filtered and washed with 
water . 

1-{4-Amino-l0-aza-tricyclo[G3 .1 .U-~']dodeca-2(7),3,5-
trien-l0-yl)-2,2,2-triHuoro-ethanooe (4G0 mg, 1J mmol) 
was dissolved in H.0 (3 mi .) and concentrated 1-10 
solution(1 mi_) then cooled lo (1° C_ and treated with a 
solution of sodium nitrite (NalVO_) (275 mg) in H .0 (1 mL) 
dmpwise. To the resulting solution was added a CuCI (303 
mg, prepared as described above, 2.04 mmol) in concen-
tratcd HC.'1 solution (2 mL) over 10 minutes (gas evolution 
observed) . The resulting solution was warmed to 60' C. for 
15 minutes, then was cooled to room temperature and 
extracted with EtOAc (4x30 mL). After drying over 
Na,SO� the solution was filtered and concentrated to an oil 
which was filtered through a Silica pad to remove baseline 
material eluting with 50% EtOAe'hexanes to give an oil 
(470 mg, 95`io ) . 

B) 4-Chloro-l0-azatdcycio[63 .1 .0- ']dodeca-3(7),3,5-
triene hydrochloride 

1-(4-Chloro-l0-aza-tricyclo[6 .3 .1 .0-']dodeca-2(7),3,5-
irien-l0-yl)-?,3?-triNuoro-ethanone (470 m� 1 .62 mmol) 
and IJa .C03 (344 mg, 3?4 mmol) in MeOH (30 mL) and 
H_U (l0 nit-) were heated to reHux . After 2 hours, the 
reaction was cooled and diluted with water then extracted 
with ElnAc (4x40 mT,), dried (IV.i,Sn,,), iiltered and ccin-
cenlrated to a yellow oil. The crude material wxs treated with 
excess lN H('1 EtOAc and concentrated, (hen dissolved in 
a minimum of CH:CI_ and the -solution was saturated with 
hexanes and stirred, After stirring 4 hours the product was 
collected by filtration (I55 mg, 43% ).'H NMR (free base) 
(-t00 MHz, CDCI ;) 87.15 (m, ?H), 7.09 (d, J=8.0 Hz, 1H), 
1 (0-3.94 (m, 4H), 2.68, (m, 2H), 3.38 (m, lH), 1 .92 ('d, 
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J=105 Hz, LH) . 1H NMR (HCl salt) (400 MHz, DMSO-cl,;) 
ci73(-7?0 (m, 3H), 3.30-3.15 (m, 6H), 237 (m, 1H), 1 .89 
(d, J=11 .t1 Hz, 1H) . APCI MS m,ie 1941 [(M+1)'] . 

; EXAMPLE 32 

10-AZA'I'RICYCLO[6 .3 .1 .0-3 .7-]llODCCA-2(7),3,5- 
TR[EIY-4-YL CYANIDE HYDROCHLORIDE 

A) 1-(4-lodo-l0-aza-tricyclo[6 .3 .1 .(12 . 7 ]dodeca-?(7),3,5-
trien-l0-yl)-?,2,3-triHuoro-zthanone 

1-(4-Amino-l0-aza-tricyclo[6_3 .1 .0`']dodeca-2(7),3,5- 
trien-l0-yl)-2,2,2-tdtluoro-ethanone (50(1 mg, 1 .85 mmol) 
was dissolved in H,n (S mt .) and concentrated H .SO,, 
solution (p.5 mi,) then cooled to 0° C. and treated with a 

1; solution of sodium nitrite (NaNO_) (140 mg, 2.04 mmol) in 
H.O (3 mL) dmpwise. Potassium iodide (460 mg, 2.78 
mmoi) in 1N H,SO, solution (OS mL) was added over 10 
minutes (reaction becomes dark red) . The resulting solution 
was warmed to room temperature and stirred 18 hours. The 

,n reaction was quenched with NaIfSO, and water (pil 2.5) 
then extracted with EtOAc (4x30 mL) . After drying 
(Na=SO,,), the solution was filtered and concentrated to a 
yellow oil which was chromatographed on Silica gel to 
provide a yellow oil. (3G0 mg, 37% ). (TLC 30% EtOAc

;' 
' 

_; hexanes R, 0.70) . {A 5 .4 g scale performed as above yielded 
5 g, 6717e) . 

R) 4-todo-l0-aza-tricyclo[6 .3 .1 .(1-']dodcca-2(7),3,5-
triene-l0-carboxylic acid tert-butyl ester 

1-(4-todo-l0-aza-iricyclo[6.3 .1 .0-']dodeca-3(7),3,5- 
`0 trien-l0-y()-2,2,2-tdfluoro-ethanone (5 g, 13 .1 mmol) and 

37% saturated aqueous NH,,OH solution (50 mL)) were 
stirred in MeOH (2j0 ml) for Z hours then concentrated and 
azeotroped with MeOII (2x50 mL). The resulting product 
was stirred in 1,4-dioxane (75 mL) and treated with satu-
rated IYa,C03 solution (15 mL). To this was added di-t-
butyldicarbonate (5 .71 g, 26 .2 mmol). After stirring 18 hours 
the reaction was treated with H,O (50 mL) and extracted 
with CH,CI, (4x30 mL), dried (Na.SO,), filtered, concen-
trated and chromatographed on Silica gel (TLC 2017o EtOAc/ 40 hexanes) to provide product as an oil (49 g, 98% ) . 

C) 4-Cyano-l0-aza-tricyclo[6 .3 .L0=~']dodeca-3(7),3,5-
trieue-l0-carboxylic acid tert-butyl ester (Utilizing the 
methods described in: House, H. O . ; Fischer, W. E. J. Org. 
Chent. 1969, 3626 .) ai 
CuCN (108 mg, 1?1 mmol) and n1aCN (i9 mg, 1?1 

mmol) were combined in dry DMr (6 mL) and warmed to 
150° C. under N, . Solution occurs in 30 minutes. To [his was 
added 4-iodo-l0-aza-tricyclo[63 .1 .U'-']dodeca-2(7),3,5-
tdene-l0-carboxyGc acid tert-butyl ester (?3? mg, 0.6 
mmol) in DMF (3 .5 mL) and the mixture was stirred for 18 
hours at 150° C., 'the reaction was cooled and diluted with 
5UY7c; saturated aqueous NaCl solution and extracted with 
SO%, EtOnc!hexanes (3x30 mL). After drying (Na=SO,), 
filtration and concentration the product was isolated by 
chromatography (86 mg_ i0"/c ) . (TLC 30% EtOAc/haxanes 
Rf Q--N). 

n) 10-nzatricyclo[fi.3 .l .(1-?,7-]dodeca-2(7),3,5-tricn-4-
yl cyanide hydrochloride 

nn 4-Cyanu-l0-aza-Iricyclo[b-3 .L0-']dudeca-2(7),3,5-
lriene-IO-carhoxylic acid tert-butyl ester was treated with 
3hI HCl EtOAc (6 mL) and warmed to ret3ux for 2 hours, 
then concentrated, dissolved in a minimum of MeOH which 
was saturated with Et.O and stirred 18 hours. The product 
was collected by filtration (=i9 m,,, 73°/..)_ 'H rIMR (400 
MHz, DIv1S0-do) b9.66 (br s, IVH), 7.86 (br s, NH), 
7.74--7 .70 (m, -!If), 7.49 (d, 7=7.i Hz, 1H), 333-297 (m, 
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6H), 3 .17 (m, 1H), 2.01 (d, J=1L0 Hz, 1H) . GCMS mic 18=i 
(M') . mp 26t-373° G 

EXAMPLE 33 

3-(10-nZAI'ftICYCLO[6 .3 .1 .()=']UOUECA-3(7),3,5- ' 
1'KIEN-4-YL)-S-ME'CHYL-1,3,4-UXAUInZULL 
HYDROCHLORIDE 

4-Cyano-1(I-nza-tricyclo[6 .3 .1 .0-']dodeca-2(7),3,5-
triene-l0-carboxylic acid terl-butyl ester (300 mg, 1 1 
mmol) was stirred in EtOH (10 mL) . To this hydroxyl aminc 
hydrochloride (382 mg, 5.5 mmol) and NaOlt (242 mg, 6.05 
mmol) were added and the mixture was warmed to reHux. 
After 45 minutes, the reaction was cooled, diluted with H.O 
and extracted with EtOAc. The organic layer was dried 
([Ya .SO,,) and concentrated to afford a yellow solid (110 mg, 
035 mmol). This solid was dissolved in pyridine (1 mL) and 
treated with acetyl chloride (0 .03 mL, 0.415 mmol) and 
warmed to 1W° C. for 18 hours. 'I he reaction was cooled, 
treated with H=O and extracted with LIOAc. The organic 
extracts were washed with water and saturated aqueous 
NaCI solution, dried (Na .SO,,) and concentrated . Chroma-
tography on Silica gel afforded product (50 mg, 0.15 mmol) . 
(35°1n GtOAcihexanes Rf 018) . This product was treated 
with 2N HCl MeOH (10 mL), heated to 70° C. for 1 hour, ,s 
cooled, concentrated and recrystallized from MeOIL'Gt .O to 
provide product (15 mg). APCI MS mie 343? [(M+1)'] . 

EXAMPLE 34 

1-(10-AZATRICYCLO[63.1 .0=-']DaDGCA-2(7),3,5- ; 
TRIEN-4-YL)-1-ETHANONE HYDROCHLORIDE 
A) 1-(4-Acetyl-10-aza-tricyclo[6_3.1 .0-']do(leca-2(7),3, 

5-trien-l0-yl)-2,3,2-trifluoro-ethanone 
1-(10-Aza-tricyclo[6 .31.0'']dodeca-?( 7),3,5-trie n-10- 

yl)-2,2,2trifluoro-ethanone (253 mg, iA mmol) and AcCI 3 -
(0.68 mL, 10 mmol) were dissolved in UCE (3 mL) and 
treated with aluminum chloride (AICI,) (fi67 mg, >.0 mmol). 
The resulting yellow mixture was stirred for 30 minutes then 
poured over ice and saturated aqueous NaHCO, solution . 
After stirring 30 minutes the mixture was extracted with i 
CH,Ci. (3x30 mL). The organic layer was dried through a 
cotton plug then concentrated to a orange-yeflow oil (255 
mg, 86%-) . 

I3) 4-Acetyl-l0-aza-tricydo[6 .3.1 .0=')dodeca-Z(7),3,5- a; triene-l0-carboxylic acid tert-butyl ester 
1-(4-Aceryl-l0-aza-tricyclo[6 .3 .1 .0=']dodeca-2(7),3,5-

trien-l0-yl)-3??-tcifluoro-ethanone (1 .3 g, 4.37 mmol) and 
37%- aqueous NH,OH solution (10 rnL) were stirred in 
MeOH (30 ml) for 3 hours, then concentrated and azeo-
iroped with MeOH (2x50 mL). (This product could be 
converted to an HCI salt directly : see the next example.) "Ibe 
resulting product was stirred in 1,4-ciiusanc (ZU mL) and 
treated with saturated aqueous Na,CO, solution (5 mi .) . To 
this was added di-t-hutyidicarhnnate (1 .91 g, 8 .74 mmo1). __ 
After stirring 2 hours, the reaction was treated with H.O (>0 , 
mL), extracted with CH,CI. (4x30 mL), dried (Na .SO, ;), 
fi(tcrcd, conccntraicd and chromatographcd to provide an oil 
(1 .3 g, 1(W/r+ (TLC 40% GiOAcihexanes R, 0_>6). 

C) 1-(10-Azatricyclo[63 .1 .R~']doleca-?(7),3,i-irizn-4-
yl)-1-ethanone hydrochloride 

4-Acetyl- 11:)-aza-tricyclo[6.3 . L0=-']dodeca-2(7),3,5-
triene-l0-carboxylic acid tert-butyl ester (190 mg, 0 .63 
mmol) was treated with excess 3N HCI EtOAc and warmed 
to 70° C, tor l hour then concentrated and dissolved in a 
minimum of McOH . The rcsuhing solution was saturated 
with Et_O and stirred . After 18 hours the white crystalline 
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product was collected by filtration (81 mg, 54°Jc) . 'H NMI2 
(400 MHz, DMSO-d.) 59.75 (br s, NH), 7.89 (s, 1H), 7.88 
(d, J=S.O Hz, tH), 7 .74 (br s, NH), 7.44 (d, J=RA Hz, 1H), 
3 .33 (br s, 3H), 3 .23 (br s, 3H), 3.0(1(br m, 2H), 2 .5 (s, 3H), 
3 .17 (m, 1 Hj, 2_02 (d, J=11.0 Hz, 1H) . CCMS m/e 301 (M') . 
mp 198-2102 

EXAMPLE 35 
lU-nZA'1'RICYCW[6 .3 .1 .0-']UOllECA-3(7),3,5-

TRIEN-4-OL HYDROCHLORIDE 
A) Acetic acid 10-trifluoroacetyl-l0-aza-tricyclo 

(63.1 .0-') dodeca-2(7),3,5-trien-4-y" 1 ester 
1-(4-Acetyl-l0-aza-tricyclo[63 .1 .0-']dodeca-2(7),3,5- 

; trien-l0-yl)-2,3,3-trifluoro-ethanone (2 .5 g, 8.41 mmol) and 
3-chloroperoaybenzoic acid (m-CPI3A) (7 .5 g, 43 mmol) 
were stirred in CH-Cl, (?0 mL) and warmed to 4(1° C. for 
18 hours. The mixture was cooled to room temperature, then 
treated with dimethylsulfide (Me .S) (3 mL, 40 .8 mmol) and 
stirred 24 hours. The resulting mixture was poured into ice 
and saturated aqueous Na,C03 solution (100 mL) then 
extracted with Et .O (4x4U mL). The organic layer was 
washed saturated aqueous Na.CO; solution (3x40 mL) then 
dried (rTa,SO,,), filtered and concentrated to afford an oil 
(LR3 g, 69%n) . (TLC EtOAc Rf(1 .80) . 

B) 2,2,'! -Trifluoro -t-(4-hydroxy-l0-aza-tricyclo 
[6 .3 .1 .U-'] dodcca-2(7),3,5-tricn-l0-yl)-c thanonc 

Acetic acid 10trifluoroacctyl-10-azd-tricyclo[63 .1 .U2'] 
dodcca-3(7),3,5-tricn-4-yl ester (900 mg, 2.87 mmol) was 
stirred in MeOIi (20 mL) and saturated aqueous NalICO, 
solution (15 mL) for 48 hours. The mixture was 
concentrated, diluted with Fi,O and extracted with CH-Cl . 
(3x20 mC) then dried through a cotton plug . Chromatogra-
phy on Silica gel provided pure product (420 mg, 54%) . 
(CLC 5~7o MeUH/( 

' 
'H,CI, R, U.44) . 'H NMR (40(1 MHz, 

CDC13} 57.05 (m, iH), 6.70 (m, 1H), 6.62 ('m, 1H), 4.32 (m, 
I H), 3.84 (m, 1H), 3.4£3 (m, 1H), 3?1 (br s, 1H), 3 .16 (br s, 
IF[), 3 .09 (m, 1H), 33R (m, iH), 197 (d, .1=11.0 Hz, I H) . 
C) 1(1-Azatricyclo[63 .1 .0-']dodeca-2(7),3,>-trien-4-ol 

hydrochloride 
2 ?,2-Taf3uoro-l-(4-hydroxy-l0-aza-tricyclo[G.3 .1 .0='] 

dodcca-?(7),3,5-tricn-l0-yl)-cthanone (50 mg, 0.184 mmol) 
was dissolved in Me011~'II.O (3/1, 5 mL), treated with 
Na,C03(s) (40 mg, 0369 mmoL) and warmed to 65° C. for 
= hours. The mixture was concentrated, diluted with H,O 
and extracted with CH,CI, (3x20 mL) then dried through a _ 
cotton plug . Filtration through a Silica gel plug provided an 
oil (10'1'o MeOH/C'H,CI .) which was treated with 3N HCl 
EtUAc (3 mL) then concentrated, dissolved in a minimum of 
ti1eOH which was saturated with Et,n and stirred . After 18 
hours the white crystalline product was collected by filtra-
tion (10 mg, 26%) . 'H rIMR (4(p MHz, CDOD,) 67 16 (d, 
J=8.0 Hz, 1H), 6.30 (ci, J=2A Hz, 1H), 6 .73 (dd, J=3.(i,3 .0 
Hz, 1H), 3.32-323 (4H), 3.09 (dd, J=14 .5, 12 .0 Hz, 2H), 
3.32 (m, llI) ?_03 (d, J=1L0 Ilz, 111) APCI MS m!e l76? 
[(M+1)`] . mp 308 (dec .) °C . 

0 

s 

EXAMPLE 36 

7-MGTI[YL->-OXA-6,13-DIAZATCTRACYCLO 
[9 .3 .1 .0- .'° .0° ."]PENTADECA-'-,4(8),6 .9-TETRAENE 
HYDROCHLORIDE 

A) 1-(4-Acetyl--5-hydroxy-l0-aza-tricyclo[6 .3 .1 .0='] 
dodeca-2( 7),3,5-trien-l0-y()-2,2,2-triftuoro-ethanone 

Acetic acid 10-Irilluoroacctyl-l0-aza-tricyclo[6 .3 .1 .0''] 
doclcca-?(7),3,5-tricn-4-yl ester (S00 mg . 3.55 mmol) was 
combined with A1Cl ; (1 .0 g, 7.65 mmol) and warmed to 
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170° C. for 2 hours. The mixture was cooled and treated with 
1N aqueous HCl solution (20 mL), extracted with EtOAc 
and dried (Na,SO,,) . Chromatography affords an oil (190 
mg, 24~io) . (TLC EtOAc R, U.75) . 'H IVMR (4(Xl MHz, 
CDCI;) b13._58 (s, tI .SH), 1?.52 (s, O.5H), 7.53 (s, 1H), 6.86 
(s, 1H), 4.33 (m, 1 H), 391 (m, 1 H), 3.56 (m, 1 H), 3.?K (hr 
s, 1 H), 3?4 (br s, 1 H), 3.14 (m, 1 H), 2.35 (m, 1 H), 1 .97 (hr 
d, J=11? EIz, 1H) . 

B) Z 3,2-Triduoro-l-[4-hydroay-5-(l-hydroxyimino-
ethyl)-10-aza-tricyclo[63.1 .0-']dodeca-3(7),3,i-[rien-l0-
yl]-cthanonc 

1-(4-Acetyl-5-hydroay-l0-aza-tricvclo[6 .3 .1 .0' '] 
dodeca-2(7),3,5 -trien-l0-yl)-3,3,3-triHuoro-ethanone (190 
mg, 0.605 mmol), hydroxylamine HCl (99 mg, L21 mmol) 
and NaOAc (118 mg, 1?1 mmol) were combined in MeOH 
(4 mL) and H,O (1 ntL) and warmed to 65' C. for 18 hours. 
The mixture was cooled, diluted with H,O and extracted 
with EtOAc which was dried (lYa .SO,), filtered and con-
centrated to provide a yellow oil (177 rug, y3%) . 

C) ? 2,2-TriHuoro-7-Methyl-5-oxa-6,13-diazatetracyclo 
[93_1.(),,,o.0'`e1pentadeca-?,4(8),6,9-tetraene-ethanone 

The above oil, 2 ? 2-triftuoro-l-[4-hydroxy-~-(i- 
hydroxyimino-cthyl)-10-aza-tricyclo[6 .3 .1 .0-']dodcca-2 
(7),3,5-tricn-LO-yt]-cthanone (177 mg, 0.54 mmol) was 
stirred in DCG (3 mL), treated with triethylamine (0 .4 mL, 
2.8 mmol) and acetic anhydride (Ac .O) (0 .3 mL, 2.8 mmol) 
then stirred 18 hours. The reaction was treated with H,O and 
extracted with EtOAc . The extracts were dried (IVa .SO,,), 
filtered and concentrated to a yellow oil which was dissolved 
in anhydrous DMF (3 ml-) and treated with GO% NaH in oil 
(32 mg, 1.08 mmol). After stirring 18 hours, additional (i0% 
NaH in oil was introduced (:i3 mg) and the mixture was 
stirred 2 hours. 'Ihc reaction was quenched with H,() (5 mI .) 
and extracted with RO% EtOAc/hexanes (3x30 mL). The 
organic layer was washed with H_O (3x20 mI .), dried 
(IVa ..SO,,), filtered and concentrated and chromarographed to 
provide an oil (4(1/c- EtOAclhcxancs R1, 0.56) . 

D) 7-Methyl-5-oxa-6,13-diazatetracyclo[9 .3, L0- 1° .U' "] 
pentadeca-2,4(8),6,9-tetraene hydrochloride 

Utilizing the methods described in Example 9C . 3,2 Z-
Trifluoro-7-Methyl-5-oxa-6,13-diazatetracyclo[9 .3 .1 .0-
iu .0' a]pentadeca-2,4(8),6,9-tetraene-rthanone was con-
verted to the title compound . This was treated with 3N HCl 
EtOAc (3 mL), concentrated and dissolved in a minimum of 
CH,CI, which was saturated with hcxanes and stirred . After 
18 hours the white crystalline product was collected by 
filtration (18 mg, 13% overall) . 'H NMR (400 MHz, 
DMSO-d �) 57.73 (s, lI-I), 7 .63 (s, 1H), 3.43-2.98 (m, 6H), 
?SO (s, 3H), 223 (m, Lll), 2 .08 (d, J=105 Hz, 1H). APCI 
MS m,'c 215_' [(M+1)`] . 

EXnMI'I_L 3? 

4-(2-Mettiy 1-2I1-pyrazol-3-yL)-10-aza-tncyclu[G3 .1 .0-'] 
dodeca-3(7),3,5-lriene hydrochloride and }-(1-Methyl-LH-
yyrazol-3-yl)-IU-uZa-tricyclo[6 .3 .1 .U-'dudCCa-Z(7),3,5-
trienc hydrochloride 

1-(4-Acetyl-l0-aza-tricyclo[G .3 . L(I =' ~dodeca-Z(7),3,~-
trien-l0-yl)-2,2,3-tdtluoro-ethanone ( LO g, 33 mmol) and 
dimethylformamide dimethylacetal (DMF-DMA) (4 .0 a, 
33 .6 mmol) were warmed to t40° C. for 18 hours. After 
cooling, a crystalline precipitate was filtered and rinsed with 
EtOAc (G9(I rng, 58(7()- 
The above solid, 3-dimcthylamino-l-(1(1-trifluoroacctyl-

l0-aza-tricyclo[6.3 .1 .0=']dodcca-3(7),3,5-tricn-4-yl)-
propenone, (200 mg, 0.56 mmot) was dissolved in EtOH (3 
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mL) and treated with SN HCl EtOH (0 .1 mL) followed by 
methyl hydrazine (0 .6 mmol). The resulting mixture was 
warmed to 70° C. for 4 hours. The mixture was cooled, 
diluted with water and extracted with EtOAc, dried 

> (fYa.SO.,) and concentrated . Chromalu,caphy on Silica gel 
provided a lil mixture of regioisomeric products (130 mg, 
l,fi(/-,) . ('1'1_C SU%, Et()Ac/hexanes K. (1 .=10) . 
The above oil (l30 mg, 0.388 mmol) and Na,CO,(s) (83 

mg, OJ7> mmol) were stirred in MeOH (10 mL) and H.O 
iu (5 mL) for 18 hours. After cooling the reaction was diluted 

with water, extracted with CH.CI_ dried through a cotton 
plug and concentrated . The product was purified by chro-
matography on Silica gel and concentrated to an oil. The salt 
was generated with 3N HCI MeOH, concentrated and 
recrystallized from MeOH;'EtOAc to provide a 3i1 mixture 
of regioisomeric pyrrazoles (85 mg, 58%) . (5~'/o MeOH; 
CH.CI . (NH3) R, U?5) . TFA-precursor APCI MS mle 336? 
[(M+1)']. 

~n EXAMPLE 38 

4,5-DICHLORO-LO-AZATR[CYCLO[G .3 .1 .0-'] 
ll()I)ECA-3(7),3,5=1'RIENE HYDROCHLORIDE 
A) 1-(4,5-nichloro-l0-aza-tricyclo[63 .1 .0-~']dodeca-2 

=t (7),3,5-trien-l0-yl)-2,2,3-triHuoro-ethanone (Based on 
Campaigne, E. ; Thompson, W. J. Org. Chem . 1950, 72, 
6?9.) 

1-(10-Aza-lricyclo[6 .3 .1 .0--']dodcca-2(7),3,5-tricn-l0-
yl)-3,Z,2-trifluoro-ethanone (539 mg, ?.1 mmol) was stirred 

?o in C[I,CI . (5 mL) and treated with 1C1; (s) (98? mg, 4?1 
mmol). The resulting orange solution was stirred 0.5 hours, 
poured into saturated aqueous NaHSO; solution (35 mL), 
extracted with CH,CI: (3x25 mL), dried through a cotton 
plug and concentrated to an oil (570 mg, 84%) (TLC SO% 
EtOAcihexanes R, O.G2) . 

B) 4,5-dichluro-l0-ezatricyclo[6.3 .1 .0- ']dodeca-?(7),3, 
5-triene hydrochloride 

1-(3,i-Dichloro-l0-aza-tricyclo[6.3 .1 .0-~']dodeca-2(7),3, 
i-trien-l0-yl)-3,2,2-tritluoro-ethanone (570 mg, 1 .75 mmol) 
was stirred in MeOH (25 mL) and treated with Na .C03(s) 
(5 g, 47 mmol) in H_O (5 mL). The stirred mixture was 
warmed to 70° C. for 4 hours, concentrated to solids, diluted 
with H,O and extracted with EtOAc (3x40 mL). The prod-
uct was extracted into 1[V aqueous HCl solution (?x40 mL) 

{' which was washed with EtOAc then neutralized with satu-
rated aqueous IVa,C03 solution to pH-10. Product was 
extracted with CH:Ct, (3x40 mL), filtered through a cotton 
plug and concentrated to an oil (400 mg, 100%) . 
The oil was dissolved in MeOH and treated with 3N HCl 

EtOnc (4 mL) and concentrated, then dissolved in a mini-
mum of Me()H and which was saturated with Et,O and 
stirred IS hours . The product was collected by filtration (210 
mg, 45'7,) . (TLC ')0'7n EIOAc/hcxancs (NH,) Ri 0.(13) . 'H 

_ NMR (4()0 MHz, DMSO-d,) 87.58 (s, ?H), 3.33-2 .97 (m, 
" 61I), 2 .18 (m, lII), 1 .99 (d, J=10 .5 Iiz, III)_ "C NMR (1(x) 

MIIz, DMSO-do) 6141 .02, 130.60, 126 .58, 45 .54, 40 .55, 
38.30 . GCMS m!e 237, 229 (M`) . mp 283-291° C . 

EXAMPLE 39 
nn 

N1,N'-DIMETHYL-IO-AZACR(CYCLO[6 .3 . LU--'] 
DODECA-2(7),3,5-TRIENE-4-SULFONAMIDE HYDRO-
CHLORIDE 

A) 10-Trifluoroacetyl-l0-aza-tdcyclo[6.3 .1 .0-']dodeca-
2(7),3,5-triene-4-sulfonyl chloride 

1-(10-Aza-tricyclo[63 .1 .0=-']dodcc<i-?(7),3,5-tricn-l0- 
yl)-3,2,3-triHuoro-cthxnone (530 mg, 2.1 mmol) was added 
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to chlorosulfonic acid (2 mL, 30 mmol) and stirred for 5 
minutes. The mixture was quenched with ice, extracted with 
EtOAc, dried (Na .SO,,), altered and concentrated to provide 
an oil (G4U mg, 871,'~.) . (TLC 3(K7c GtOAc/hesanes R, 0.15) . 

B) IY',[Y''-Dimethyl-l0-azatricyclo[G .3 .1 .0=']dodeca-2 
(7),3,5-triene-4-sulloflamidc hydrochloride 

1(1-TriBuaroacetyl-l0-aza-iricyclo[( .3 . I .0=']dodeca-2 
(?),3,.5-triene-4-sulfonyl chloride (320 mg, 0.9 mmol) was 
stirred in 71-iF (10 mL) and treated with 40% Me.NH;H,O 
(1 .5 mC) . Aftcr 10 minutes the mixture was concentrated 
and chromatographcd on Silica gel (TLC 30% EtOAc/ 
hexanes Rf 0.31) to provide an oil (?56 mg, 78~'/t) . This 
material was dissolved in Me0(I (6 mL) and M I,,OII (? mL) 
and stirred 18 hours . The mixture was concentrated and 
azeotroped from MeOH (3x) . The resulting oil was dis-
solved in MeOH and treated with 3N HCI EtOAc (4 mL), 
concentrated, dissolved in a minimum of MeOH and which 
was saturated with Et,O and stirred IS hours. The product 
was collected by filtration as a while Iiowder ( l63 mg, 5917 (, ). 
(11 ~C I(1~7n MeOHiCli_CI . (NF13) IL, (1.54) . 'H NMR (data, 
free base) (400 MHz, CDCI3) 67.64 (m, 2FI), 7.41 (d, J=8A 
Hz, 1H), 3 .30 (m, 2H), 3 .30 (d, J=1Z .5 Hz, 3H), 3.07 (dd, 
J=13S, ?? Hz, 3H), 3.69 (s, 6H), 2.45, (m, 1H), 2.00 (d, 
J=11 .0 Hz, IH). '3C NMR (100 MHz, CDCI,) S1'8 .43, 
124.16, 132J5, 46 .67, 46 .5i, 4? .11, 39,44, 37,31 . GCMS 
m!e 266 (M`) . (data IICI salt) 'H NMR (400 MHz, DMSO-
d�) S7 .6t3-7 .52 (3II), 338 (m, 2I1), 3?-1 (m, 2I[), 3.04 (m, 
3H), 2.58 (s, 6H), 2?? (m, LH), 2.04 (d, J=11 .0 Hz, 1H). 
GCMS m/e 266 (M') . Anal . Calcd. for C,3H,N.O-.HCL C, 
51 .56; H, 633; N, 9?5 . Found C, 51 .36, 11, 6.09; N, 9.09. 

EXAMPLE 30 

4-(1-PYRROLIDINYLSULFONYL)-10-
AZATRICYCLO[6 .3 .1 .02']DODECA-3(7),3,5-TR[ENE 
HYDROCI{LORIDE 

The pyrrolidine analogue was prepared from 
10-triHuoroacetyl-l0-aza-tricyclo[6 .3 .1 .0"']dodeca-?(7),3, 
~-Iriene-4-sulfooyl chloride (320 mg, 0.9 mmol) as by 
substituting pyrroline in the coupling step described in 
Example 39B. The TFAproduct was isolated as an oil (314 
mg, 89n.) . Deprotectiun and conversion to the salt as in 
Example 39F3 alTords a white powder ( I89 mg, 63%) . ( 1'I.C 
101;n Me()Fi .1CF{ .Cl . (NH;) Ri O.fi(1) . (TLC _50% Et()Ac% 
hexanes R, {1 .65) . 'H NMR (400 MHz, CDCl3) 67.66 (d, 
l=S .U Hz, 1H), 7 .64 (s, iH), 7.37 (d, J=8.0 E[z, 1H), 
330-3 .115 (m, SFf), 3_00 (m, 3H), 3 .3) (m, 1H), 1 .98 (cl, 
J=11 .5 Hz, 1H), 1 .72(m, 4E1).''C NMR ( IUO MHz, CDCI,) 
614691, 144 03, 136 .65, 13790, 1?4.18, 132.36, 50 .43, 
47.87, 46 .80, 46 .63, 42 .11, 39 .63, 35.10. r1YC1 MS m'e 293 
[(M+1)`]_ (data IICI salt) 'II lYMR (400 MHz, llMSO-d,) 
69J8 (br s, NH), R.1(br s, NH), 7.73 (d, J =1 .i Hz, 1H), 7 .66 
(dd, J=8.0, l .i Hz, 1H), 7.53 (d, J=8.O Hz, 1H), 3 .39-3.01 
(10H), 3?I (m, iF[), 2_04 (d, 1=1L0 Hz, lH), 1 .06 (m, 4H). 
GCN1S inle ?92 (M') . Anal . Calcd. For C,}H,N_U,HCLLi 
2Me011 : C, ~4 .U7; tl, 6.47, N, 8.51 . hound C, >3.92S ; H, 
6 71-; N, 8 .1 -1 . 

EXAMPLE -11 

5,13-DIAZATETRnCYCl .O[9 .3 .1 .(I= '° .o4, . ) 
PEIVTnnEC'n-?,4(!;),9-TRIEN-6-ONE HYnR()CH1.O-
R(DE (The title compound was prepared following the 
procedures described in Quallich, G J. ; Morrissey, P. M 
Svnrlresis 1993, il-i3, treaun, 4,5 -clinitro-1(l-aza-tricydo 
[63 .1 .0-'')dodcca-3(7),3,5-tricnc-l0-carboxylic acid tat-
butyl cstcr as an equivalent to an ortho Euoro phenyl 
moiety.) 'H [VMR (300 MHz, DMSO-do) d1Q4_ (s, NH), 
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9.88 (br s, NH), 7.52 (br s, iH), 7.15 (s, 1H), 6.79 (s, 1H), 
3.41 (d, J=5.0 Hz, 2H), 3.35-3 .13 (m, 4H), 2.93 (m . 2H), 
212 (m, 1H), 1 .95 (d, J=11 .5 Hz, 1H). APCI MS m/e 215? 
[(M+l)y] . 

EXAMPLE 42 

6-()Xn-S-nXA-7,13-nIAZATETRACYCT .O[9 .3 .1 .(1= 
,0.0"]PENTADECA-2(10),3,6,R-TETRAENE HYDRO-
CHLORIDE (For references, see : Nachman, R . J . J . Het. 

10 Chem . 1952, 1545 .) 
3 '_,2-Trifluoro-l-(4-hydroxy-5-amino-l0-aza-tricyclo 

[6 .3~1 .0=']dodeca-Z(7),3,5-tden-l0-yl)-ethanone (317 mg, 
1 .11 mmol) was stirred in THF (10 mL), treated with 

_ caibonyldiimidazole (269 mg, 1 .66 mmot) and warmed to 
1, 60° C. for 18 hours. The mixture was concentrated, diluted 

with CH=CI, (SO mL) and washed with 1N aqueous HCl 
solution (3x10 mL). The organic layer was dried through a 
cotton plug, concentrated and chromatographed on Silica gel 
(50% EtOAc/Hexanes) to provide an oil (130 mg). 'Ibis 
material converted to the title compound by the methods 
described in Example 9C . 1H NMR (400 MHz, DMSO-d,,) 
511.78 (s, NH), 9 .56 (br s, NH), 7.63 (br s, NH), 7?4 (s, 1H), 
7.07 (s, 1H), 3?6 (br s, 2H), 3.16 (br t, J=9.5 Hz, 1H), ?.93 
(br s, 1H), 2.18 (m, 1H), 1 .97 (d, J=11 .0 Hz,1H). APCI MS 
m!e 217? [(M+1)`]. 

EXAMPLE 43 

3-TRIFLUOROMETHYL-IO-AZA-TRICYCLO 
?u [63 .1 .0 .=']DODECA-2(7),3,5-TRIEIVE HYDROCHLO- 

RIDE (See Grunewald, G. L. ; Paradkar, V. M . ; 
Pazhenchevsky, B. ; Pleiss, M. A. ; Sall, ll . J_ ; Seibel, W. L: ; 
Reitz, i'. J . J. Org. C/reroi . 1983, 4tS, 2321-2327 Gcunewald, 
G. I.. ; Markmich, K. M. ; Sall, D. J. .1. Med. Chem . 19R7, 30, 
1191-2208.) 
The title compound was prepared by the methods 

described in Example 1 and 2 starting with 2-ftuoro-6-
triNuoromcthylbromobcnzcnc . 'H NMR (400 MHz, 
CD;OD) 57.67-7.50 (31[), 3.65 (br s, lfI), 3 .49-3.42 (m, 

;° 2H), 3.29 (s, 1H), 3?8-3.16 (m, 2H), 2.42 (m, 1H), 2.18 (d, 
J=11 .5 Hz, 1H) . APCI MS m;e 228? [(M+1)'] . (HCI salt) 
mp 275-277° C . Anal . Calcd . for C,:H,=F,N.HC1.1,'3H .0 : 
C, 53 .44 ; H, 5 .11 ; N,5.19 . Found C, 53.73 ; H, 4.83 ; N,5.16 . 

+~ EXAMPLE 44 
3-PI ICNYL-IO-AZA-TRICYCLO[6 .31 .0=']DODCCA-

2(7),3,5-TRIEIYE HYDROCHLORIDE 
A) 5-Fluoro-l,4-dihydro-l,4-methano-naphthalene and 

5-iodo-l,4-dihydro-l,4-methano-naphthalene 
(Cisch, J. J. ; Burlinson, N. C. J. .4nter: Client . Soc. 1976, 

98, ?53-761 . Paquette, L . A. ; Cottrell, D . M . ; Snow, R . A . 
J . Amer. Giem . Soc. 1977, 99, 3723-3733 .) 

Magnesium turnings (9 .37 g, 385 mmol) were stirred in 
anhydrous "CHF (1000 mL) in a flame dried 2L 3 neck round 
bottom flask equipped with a non-equalizing addition funnel 
with a N . flow adapter. magnetic stirrer and efficient con-
denser equipped with a N . flow adapter. 1be flask was 
stirred and warmed to reflux by a removable heating mantle . 

nn 3,6-Dilluuro-iodohenzene (0.3 g) was added followed by of 
3N EIMgBr in THF (0.3 mt .), The addition tunnel was 
charged with an intimate mixture of cyclopentadiene (34.24 
g, 367 mmol) and 2,6-diflunro-iodobenzene (82i .0 g, 367 
mmol). Small portions (-1 mL) of the intimate mixture were 

~~ introduced to assist initiation (-4x). After -15 minutes, the 
reaction initiated (caothcrm, and vapor condensation) and 
heating was maintained as necessary during the addition of 
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the contents of the addition funnel . The reaction was then (triphenylphosphine)palladium((I) (57.5 mg, 0.(IS mmof) 
maintained at reflux for -1 hour (no SM by GCMS). and warmed to 90° C. for 18 h. The reaction was cooled, 
The reaction was cooled to room temperature and diluted with H,O and extracted with 131.0 (3x50 mL). The 

quenched with HA (300 mL) Followed by aqueous IN HCI organic layer was washed with brine (50 mL), dried 
solution (300 mL) to dissolve the solids . Product was ~ (MgSO.,), filtered and concentrated to provide an oil (lii0 
extracted with hesanes (4x150 mL). The combined organic mg, 5517.) . (I'LC 4~'0 Lt()ncfiexanes Kf 0. 18)~ GCMS mie 
layer was washed with saturated aqueous NaHCO; Solution 325 (M)' . 
(150 m[_,), dried (Na=SO,,), filtered through a Silica plug E) 3-Phenyl-l0-aza-tricyclu[G3 .1 .0-']dodeca-2(7),3,5- 
with hexanes rinse and concentrated lo an oil (7U g) . triene hydrochloride 
('hrumatc,graphyon Silica gel eluting with hexxnes provided 10 10-Benzyl-3-phenyl10-aza-tricyclo[63 .1 .0'']dodeca-3 
two lots (Q .0 and 31 .0 g), which contained primarily 5-icxlo- 

' 
(7),3,5-triene was converted into the title compound utiliz- 

1,4-dihydro-L,4-methano-naphthalene . (7 (_C heaanes Rf ing the conditions described in Example ?D . (7'LC 1W7 0.63) . MeOHiCH.CI. (NH;) K,(13(I) . (data for free base) 'H NMFt 
B) S-[odo-1,3,3.4-tetrahydro-l,4-methano-naphthalene-3, (4(Kl MHz, CDCl,) b7.36-7 .LS (RH), 3_17 (br s, 1H), 3.01 

3-diol ls (m, 2H), 393 (d, J-13 .0 Hz, 1H), ?J3 (dd, J-10 .5,2 .5 Hz, 
i-loelo-l,4-clihydro-l,4-mCthxno-naphthalene (ZO g) and 1H), 2.63 (dd, 1=10 .5,2 .5 Hz, 1H), ?.41 (m, IH), L91 (d, 

N-methyl morpholine N-oxide (17_61 ~, 130 mmol) were J=10 .5 Hz, 1H) . APCI MS m;e 2362 [(M+1)`] . (HCI salt) 
stirred in acetone (90 mL) and H,O (13 mL). To this was mP'-62--'6S° C. Anal . Calcd, for C�H�N.HCI.1!3H.0 : C, 
added a solution of OsO,, ((1? mL, 2.5% wt, solution in 73?6 ; II, 6 .86 N, 5.19 . Pound C, 7350; 11, 6 .77, N, 5.(4 . 
t-BuOH, 0.02 mmol) . After 144 hours, tlorisil (5 g) and -~~ 
saturated aqueous NaHSO, solution (3 mL) were added and EXAMPLE 45 
stirred for V hour. The mixture was filtered through a Celite 3-HYDROXY-10-AZA-TRICYCLO[6 .3 . L .O= ' ) 
pad and the filtrate concentrated to produce an oil which was DODECA-2(7),3,5-TRIENE HYDROCHLORIDE 
purified by chromatography on Silica gel eluting with a _ A) 10-Benzyl-3-boronic acid- l0-aza-tricyclo(6 .3.1 .0='] 
gradient of hexanes to L00%- E[OAc to provide a yellow -' docleca-2(7),3,5-triene 
solid (13.73 g) . APCI MS m;e 301 .1 [(M-1)'] . 10-Beozyl-3-iodo-l0-aza-Iricycto[6 .3 .1 .0=']dodeca-?(7), 

C) 10-Banryl-3-iodo-l0-aza-tricyclo[6 .3 .1 .0'']dodeca-2 3.i-trfene (3 .0 g, 7.99 mmol) was stirred in anhydrous THF 
(7),3,5-triene (40 mL) at -7S° C. under nitrogen and treated dropwise with 

5-[odo-1,2,3,4-tetrahydro-l,4-methano-naphthalene-2,3- ,o n-BuLi (3.84 mL of 3.5 M soln, in hexanes, 9.59 mmol) . 
diol (R33 g, ?7 .6 mmol) and Et;NBnCl (10 mg) were After 10 minutes, tri-isopropylborate (4 .61 mL, 20.0 mmol) 
vigorously stirred in dichlorocthane (25 mL) and H,O (75 was added dropwfse . After -' hour, the reaction was poured 
mL) then treated with sodium periodate (6.17 g, 39 .0 mmol). into saturated aqueous NaHC() ; solution, stirred 5 minutes 
After 1 .5 hours, the layers were separated and the aqueous and extracted with Elt)Ac (3x50 ml .) and concentrated,'l'he 
layer extracted with DCE (3x40 mL). The combined organic 15 residue was dissolved in 30%n Et,O!hexanes and extracted 
layer was washed with H.O (4x30 mL) until no reaction to with 1N NaOH aqueous solution (4x50 mL) . The combined 
starch iodide paper was observed, then with saturated aque- aqueous basic layer was treated with concentrated HCl to 
ous NaCl solution (30 mL). The organic layer was dried achieve pH 8 and extracted with EtOAc (4x35 mL), dried 
through a cotton plug and treated with benzyl amine (3.1G (Na.SO,) and stripped . Chromatography on Silica gel clut- 
mL, ?9 .U mmol) and stirred for 2 minutes then transferred to ;0 ing first with 3% CtOAcihexanes to remove non-polar 
an addition funnel . This solution was added over -10 components, then with S% MeOIiiCII.CI, provides the title 
minutes m a vigorously stirred cooled (0° C.) mixture of compound, (TLC 25% EtOAGhexanes R, 0.60) . 
NaHB(OAc)3 (18 .?3 g, 88 .0 mmol) in DCE (li0 mL). After B) 10-Benzyl-3-hydroxy-l0-aza-tricyclo[63 .L0='] 
addition was complete, the mixture was stirred without dodeca-2(7),3 5-triene 
cooling for 2 hours. The mixture was quenched with satu- ;~ 1(1-Aenzyl-3-boronic acid -l0-aza-tricyclo[G .3 .1 .0='] 
rated aqueous Na:CO; solution (100 mL) and stirred for 1 dodeca ?(7),3r -tdene (1-7(1 mg, 0.48 ,iimol) dissolved in 
hour, then the layers were separated and the aqueous layer THF (5 mI .) was treated with N-methylm<irpholine-IV-oxide 
was extracted with CII_Cl : (3x50 ml-) . The combined (64.5 mg, 0.48 mmol) and brought to reflua for 1 hour . The 
organic layer was washed with saturated aqueous NaCl reaction was concentrated and chromatographed on Silica 
solution (50 mL), dried through a cotton plug and concen- gel to provide product. (TLC ?>% EtOAc/hexanes Rf0.13) 
trated . Chromatography on Silica gel provided an oil (6 .3 g, 

' 
`H NMR (400 MHz, CDCl3) 67 .18-7 .15 (3H), ZOd (dd, 

G l%). (I LL 5(70 EtUAc/hexaoes Kt 0.1(1) . 'H NMK (4(H) 
' 

)=3 .0,7 .0 Hz, 1H), 6.95 (m, 2H), 6.75 (d, J=ZO Hz, 1H), MHz, CU( I;) 07.61 (c1, J=8 .0 Ht, 1H), 7?8-7 .32 (m, 3H), 6.59 (dd, J=S .O,IA Hz, 1H), 3 .53 (br s, OH), 351 (AB d, 
7 13 (d, .1=R .0 Nz, 1 H), 6 .9R-6 .94 (m, 3H), 3 .59 (AB dd, J=14 .0 Itz, 2fI), 3?8 (br s, LI(), 3.06 (br s, lIl), 291 (dd, i=14? Hz, 2H), 3? 6 (hr s, l H), 3? 1 (hr s, I H), 3.04 (hr d, ~5 J=g .5, 1 .5 Hz, 1H), ?.79 ('ddd, J=R .S,1 .S,lS Hz, 11[), 2 .43 (d, J=10? Hz, 1 H), ? 83 (hr d, J=10? Hz . 1H), 3 .47 (d, J=10 .0 J=1 L0 Hz, 1H), 2 .39 (d, J= 11 .0 Hz, 1H), ?33 (m, 1 H), 1 .65 
Hz, iH), ?39 (d, J=LQO Hz, iH), ?_34 (m, 1H), 1 .73 (d, (d, )-1t1.5 Hz, 1H). APCI MS mlr 166 .5 [(M+1)`] . 
J=10_5 Hz, lH). APCL MS mic 376.0 [(M+1)`] . C) 3-Hydrosy-l0-aza-tricyclo[6.3 .1 .0=-']dodeca-?(7),3, 

U) 10-13enzyl-3-phenyl-1(1-aza-iricyclo[6 .3 .1 .U= '] i-tricnc hydrochloride 
dodeca-2(7),3,i-triene c ;o 1(1-Reni.yl-3-hydroxy-l0-aza-lricydcr(63 .1 .(1-']dodeca- 

(For a discussion, see: Miyaura, N. ; Suzul;i, AChein . Rei. 
- 

2(7),3,5-1riene (160 mg, 0.60 mmol) was converted into [he 
1995, 9-5 . '45 7-2483 .) title compound by the methods described in Example ID . 'H 

l0-Beozyl-?-iodo-l0-aza-tricyclo[6 .3 .1 .(1= ']dodeca-2(7), NMR (400 MHz, CDCl3) 67.15 (dd, J=8 .U,7 .> Hz, 1H), 6 .84 
3,i-triene (3753 mg, 1.0 mmol), potassium acetate (7R5 mg, (d, 1=75 Hz, 1H), 6 76 (d, J=8.0 Hz, 111), 3 .51 (br s, 11I), 
8.0 mmol) and phcnyl boronic acid (183 mg, 1.5 mmol) a s 3.33-3?5 (3H), 3.16 (d, J=L.O Hz, 1H), 3.09 (d, J=12 .0 Hz, 
were combined in 10/L GtOH/Ef=O (5 mL) . The mixturc was lE(), 2?9 (m, iH), 2.02 (d, J=11 .0 Hz, 1H) . APCI MS m/c 
degassed (3 vacuum/N . cycles), treated with tetrakis 175.8 [(M+1)'] . (HCl salt) trip 253-355° C. 
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EXAMPLE 46 
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4,5-DIFLUORO-10-AZA-TRICYCLO[6 .3 .1 .0='] 
DO DCCA-3(7),3,5-TRIGPIL. HYDROCHLORIDE 
The title compound was prepared by the methods 

described in Example 1 and 2 starting with 2,4,5-
trifluorobromobenzeoe. `H NMR (400 MHz, CDCi,) 57.31 
(t, J=8 .5 Hz, 3H), 3.48-3 .L3 (6H), ?.38 (m, 1H), 211 (d, 
J=1L5 Hz, 1H). AYCI MS mie 1)G? [(M+1)'] . (HCl salt) 
mp 301-303° C Anal . Calcd for C�H� F,fV .HCI.I/hH,O: 
C, >6.30; 14,5301 N, 5 .97. Found C, 56.66; H, i.41; N, 59C. 

EXAMPLE 47 
6-L7'HYI .-S-()Xn-7,13-I)InZA"I'E'I'Ri1CYC1 . .() 

[9-3 . 1 .0'-'().04 6]PENTADECA-3(10),3,6,8-TETRAENE 
HYDROCHLORIDE 

3~2 2-"CriHuoro-l-(4-hydroxy-5-amino-l0-aza-tricyclo 
[6 .3 .1~0-')dodcca-2(7),3,5-tricn-10y1)-cthanonc and pro-
pionyl chloride were converted to the title compound fol-
lowing the procedures described in Example 30 and 
Goldstein, S. W. ; Dambek . P. J,J. Ilet. Claem. 1.990,27,335-
'H [VMR (400 MHz, CD30D) 57.64 (s, 1H), 7.62 (s, 1H), 
3.48 (d, J=2.5 Hz, 2H), 3.41 (d, J=12 .U Hz, 2H), 3.20 (?H), 
3.01 (y, J=7.5 Hz, 2H), 2.45 (m, 1H), 3.17 (d, J=11 .5 Hz, 
1H), 1_43 (t, I=7.5 Hz, 3H). APCI MS m/e 2293 [(M+1)'] . 

EXAMPLE 49 
6-ISO PROPYL-S-OXA-7,13-DIAZATETRACYCLO 

[9.3 .1 .0= .,o.U° 'IPEN'I'nl)ECA-?(1(1),3,6,8-'1'E'1'IZAENE 
HYDROCHLORIDE 

' 2 ?-TriHuoro -1-(4-hydmxy-5-amino-l0-aza-tricyclo 
[G .3~ 1~0-~' ]dodeca-2(7),3,5-trien-l0-yl)-ethanone and isobu-
tyryl chloride were converted to the title compound follow-
ing the procedures described in EXAMPLE 47 . (TLC 25r/c, 
GtOAc:/hexanes Rf O.14) . '[I [VMR (400 MHz, CD30D) 
57.65 (2tI), 3 .49 (br s, 2[I), 3.41 (d, J=1?A Ilz, 3II), 
3 33-3.19 (3H), 2.45 (m, 1H), 2.18 (d, J=11 .5 Hz, 1H), 1 .45 
(d, J=7A Hz, bH). APCI MS mie 243? [(M+1)'] . (HCI salt) 
mp 249-251° C. 

EXAMPLE 49 

6-BENZYL-S-OXA-7,13-DIAZATETRACYCLO 
[9 .3 .1 .0- `° .0° 8 ]PENTAD ECA-Z(10),3,6,8-TETRAENE 
HYDROCHLORIDE 

3 3,3-TriHuoro-l-(4-hydroxy-5-amino-l0-aza-tricyclo 
[6 .3 .1 .0- ']dodcca-2(7),3,5-tricn-l0-yl)-cthanonc and 
phenyl-acctyl chloride were converted to the title compound 
following the procedures described in CXAMPLC 47. 'II 
NMR (400 MHz, CD ;OD) 57.63 (s, 1I[), 7.58 (s, lII), 
7.36-7?=} (SH), 4?9 (s, 2H), 3.46 (d, J=2.i Hz, 2H), 3.39 (d, 
J=12 .0 Hz, 3H), 3.18 (2H), 2 .43 (m, 1H), 315 (d, J=11 .5 Hz, 
lH). APCI MS m%e 391? [(M+1)`] . 
What is claimed is : 
1 . A compound of the formula 

R\^ 

I 
R' 

R1 is hydro,,cn, (C,-C,)all:yl, 
alkenyl, XC(=0)R'', benzyl 
(C,-(-',,)alkyl ; 

(1) 

52 
R' and R', together with the carbons to which they arc 

attached , form a four to seven membcrcd monocyclic, 
or ten to fourteen membered bicyclic, carbocyclic ring 
that can be -iaturalcd or unsaturated, wherein from one 

s to three of the nonfused carbon atoms of said mono-
cyclic rings, and from one to five o£ the carbon atoms 
of said bicycGc rings that are not part ol lhe benco rings 
shown in formula f, may optionally and independently 
be replaced by a nitrogen, oxygen or sulfur, and 
wherein said monocyclic and bicyclic rings may 
optionally be substituted with one or more substituents 
that arc selected, independently, from (C,-C6) alkyl 
optionally substituted with from one to seven fluorine 
atoms; (C,-C6)all:oxy optionally substituted with from 

lt one to seven fluorine atoms; nitro, cyano, halo, (C .-C,) 
all:enyl, (C,-C,)alkynyl, hydroxy, amino, (C,-C,) 
alkylamino and ((C,-C6)alkyl)=amino, -CO.R', 
-CUNRsR6, -SO,IYR'RA, -C(=U)R'' and -XC 
(=U)It' a; 

_ 

_n wherein each R`, R', R°, R', R~ and R" is selected, 
indepeodenUy, from hydrogen and (C,-C6) alkyl, or R' 
and R°, or R' and R" together with the nitrogen to 
which they are attached, form a pyrrolidine, piperidine, 
morpholine, azetidine, piperazine, -N-(L1-Lo) 

__ alkylpiyerazine or thiomorpholine ring, or a thiomor-
pholine ring wherein the ring sulfur is replaced with a 
sulfoxide or sulfone; and 

each X is, independently, (C1-C,)alkytene ; 
or a pharmaceutically acceptable salt thereof. 

?0 2. A compound according to claim 1, wherein R` and R', 
together with the benzo of formula I, form a bicyclic ring 
system selected from the following: 

15 
N 

O 

(V 

~Riu 

aN p 

Rn 

ao 
Rio 

u. 

`J~ R'^ 
O: 

X_Rin 

N 

N 

Cq/ e 

iu 
wherein R'° and R" arc selected, independently, from 
(C,-C6) all:y( optionally substituted with from one to seven 
fluorine atoms; (C,-C,) alkoxy optionally substituted with 
from one to seven fluorine atoms; (C.-C6)all:enyl, (C, C6) 

ii all:ynyl, hydroxy, amino, (C,-C6)atkylamino and ((C,-C.) 
alkyl),amino, -CO_R'', -CONR'R°, -SO.tYR'R°, 
-C(=U)R" and -YC'(=U)K'3 and wherein li~, K5, K°, 
K', !tF and K" are as defined in claim 1. 
3. A compound according to claim 1 selected from the 

hn group consisting of: 

),7,13-triuateiracyc(o[931 .02 ".0"e]pentadeca-2(1(1),3,5, 
R-tetraene ; 

7-methyl-5,7,13-triazatctracyclo[93.L0-'°_0' g)pcntadcca-
unconjugate (C,-C6) o~ 2(10),3,5,8-tetraene ; 
or -CII-C1(_-O- 6-methyl-5,7,13-triazatetracyclo[9 .3 .1A-'°.(I"]pentadeca-

2(10),3,5,8-tetraene ; 
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7-propyl-5,7,13-triazatetracyclo[9 .3 . LO-'°.0' 8]pentadeca-
2(10),3,5,8-tetraene ; 

7-buty1-5,7,13-tdazatetracyc(o[93 .1A`'°.04 ']pentadeca-2 
( 10),3,5,8-tetraene ; 

b-methyl-7-isobutyl-5,7,13-triazatetracyclo[9.3 .1 .0='°.0' "] 
penladeca-2(10),3,5,8-ietrxene ; 

7-neopentyl-5,7,13-triezaletracyclo[9 .3 .1 .(1='° .()' "] 
Ex:ntadeca-3(10),3,5,8-tetraene; 

6-methyl-7-neopentyl-5,7,13-triazatetracyclo[9 .3 .1 .0='0.0' 
-]pentadeca-2(10),3,5,8-tetraene ; 

6-mcthyl-i-oxa-7,13-diazatctracyclo[9 .31 .0-'o .0+ .e~ 

pcntadcca-2(10),3,6,4-tctracnc ; 

and pharmaceutically acceptable salts thereof. 
4. A compound according to claim 1 which is : 

6-methyl-i-thia-7,13-diazatetracyclo[9 .31 .0`'°.0° 6] 
pentadeca-3(10),3,6,8-tetraene ; 

or a pharmaceutically acceptable salt thereof. 
5. n compound according to claim 1 which is : 

6-methyl -7-propyl-S,7,13-Iriazatetracyclo[9 .3 . l 
.0='o.04.81 

pentadeca-2(l0),3,5,8-tetraene ; 

54 
sprue, pouchids, vasoconstriction, anxiety, panic disorder, 
depression, bipolar disorder, autism, sleep disorders, jet lag, 
lmyotrophic lateral sclerosis (ALS), cognitive dysfunction, 
hypertension, bulimia, anorexia, obesity, cardiac arrythmias, 

` gastric acid hyper.secretiou, ulcers, pheochromocytoma, pru-
Gressive supranuclear palsy, chemical dependencies and 
addictions, dependencies on, or addictions to, nicotine, 
tobacco products, alcohol, benzodiazepines, barbiturates, 
opioids or cocaine; headache, stroke, traumatic brain injury 

1° (TBI), obsessive-compulsive disorder (OCD), psychosis, 
F1uuUngtun's Chorea, tardive dyskinesia, hyperkinesia, 
dyslexia, schizophrenia, multf-infarct dementia, age related 
cognitive decline, epilepsy, petit mal absence epilepsy, 
senile dementia of the Alzheimer's type (AD), Parkinson's 
disease (PD), attention deficit hyperactivity disorder 
(ADHD) and Tourette's Syndrome in a mammal, comprising 
administering to a mammal in need of such treatment au 
amount of a compound according to claim 1 that is effective 

=o in treating such disorder or condition . 
15 . A compound of the formula (l') 

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

G,7-dimethyl-5,7,13-triazatetracyclo[9 .3 .1 .0='0.04 ''] 
Exntadeca-2(10),3,5,8-tetraene ; 

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

G,7dimelhyl-5,8,14-triazatetracyclo[10 .3.1A- ".0' 9) 
hexadeca-2(11),3,5,7,9-pentaene ; 

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

5,3,14-triazatetracyclo[103 .1 .0'~'1 .U°°9]hexadeca-2(il),3,5, 
7,9-pcntacoc ; 

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

14-methyl-5,8,14-triazatetracyclo(i0 .3 .1 .0:'l .o4,9 ] 
hexadeca-?(11),3,5,7,9-pentaene ; 

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

i-oxa-7,1 :3-diazatelrxcyclo[93 . 1 .()2_10 .()4,8 ]pent adeca-2( LO), 
3,6,t{-tetraene ; 

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

7-methyl-5-oxa-6,13-diazatctracyclo[9 3 .1 .0-'° .0' 11] 
pcntadcca-_',4(4),6,9-tctracnc ; 

or a pharmaceutically acceptable salt thereof. 
12 . A pharmaceutical composition comprising an amount 

of a compound according to claim 1 and a pharmaceutically 
acceptable carrier. 

13 . A method for reducing nicotine addiction or aiding in 
the cessation or lessening of tobacco use in a mammal, 
comprising administering lo said mammal an amount of' a 
compound according to claim l that is ellec(ive in reducing 
nicotine addiction or aidins in the cessation or lessening of 
tobacco use . 

14. A method for treating a disorder or condition selected 
from inflammatory bowel disease, ulcerative colitis, pyo-
dcrma gangrcnosum, Crohn's disease, irritable bowel 
syndrome, spastic dystonia, chronic pain, acute pain, celiac 

R-
] 5 \i 

VP' . 
/ 

R° 
I`,) 

?o 
R= 

i- R~ 

wherein 

R` and R', together with the carbons to which they are 
ao attached, form a four to seven membered mooocycGc, 

or ten to fourteen membered bicycGc, carbocyclic ring 
that can be saturated or unsaturated, wherein from one 
to three of the nonfused carbon atoms of said mono-
cyclic rings, and from one to five of the carbon atoms 
of said bicyclic rings that are not part of [he benzo ring 
shown in formula I, may optionally and independently 
be replaced by a nitrogen, oxygen or sulfur, and 
wherein said monocyclic and bicyctic rings may 
optionally he substituted with one or more suhshtuents I 
hat are selected, independently, from (C,-Co) all:Vl 
optionally substituted with from one to seven fluorine 
atoms; (C,-C,)alkoxy optionally substituted with from 
one to seven fluorine atoms; nitro, cyano, halo, (C.-Co) 

_ all:enyl, (C_-Co)alkynyt, hydrozy, amino, (C,-C,,) 
alkplamino and ((C,-C;)a1k51)=amino, -CO.R', 
-COIYR'R°, -SO.rq K'R", --C(=0)R" and -XC 
(=0)R13, - 

wherein each R', R', R°, R', R" and R" is selected, 
nn independently, from hydrogen and (Cl-Co) alkyl, or R' 

and k", or K' and K" together with the nitrogen lo 
which the), are attached, form a pyrrolidine, piperieline, 
morpholine, azetidine, piperazine, -N-(C,-C,;) 
alkylpiyerazine or Ihiomorpholine ring, or a thiomor- 

,� pholine ring wherein the ring sulfur is replaced with a 
sutfoxidc or sulfooc; and 

each X is, independently, (C,-Ce)alkylene ; 
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and P is COOR'° wherein R'° is ally[, 2 3 2- 
trichloroethyl or (C,-C6)alkyl ; -C(=0)NR'R° 
wherein RS and R° are selected, independently, from 
hydrogen and (C,-C,) alkyl, or R' and R° together with 
the nitrogen to which they are attached, form a 
pyrro(idine, piperidine, morpfiuline, arelidine, 
piperazine, -N---(C, -(',;)xlkylpipe razine or ihiumur- 

56 
pholine ring, or a thiomorpholine ring wherein the ring 
sulfur is replaced with a sulfoxide or sulfone; 
-C(=0)H, -C(=0)(C,-C6)aikyl wherein the all;yl 
moiety may optionally be substituted with from 1 to 3 
halo atoms; beozy(, or 1-butoxycarbonyl (t-Boc). 

. . . * * 


