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; e3eQ¥N| pL#6#T#(i ~munn , ARYL FUSED AZAPCOLYCYCLI C COMPOUNDS Backgr ound of
the Invention This invention relates to aryl fused azapol ycyclic conpounds,
as defined nore specifically by forrmula | bel ow Conpounds of formula I bind
to neuronal nicotinic acetyl chohne specific receptor sites and are useful

i n nmodul ating unctlon Sugh conpounds are useful in the

treat nent of i%@Wﬁ“ﬂ@@ﬂMEM di sease (including but not limted to

ul cerative coli gangrenosun1and Crohn's disease), irritable
bowel syndrone, sp&eHz dystorna, chronic pain, acute pain, celiac sprue,
pouchitis, vasoconstriction, anxiety, panic disorder, depression, bipolar
di sorder, autism sleep disorders, jet lag, anylotropic |lateral sclerosis
(ALS), cognitive dysfuncti onARMypEPERAZARDLYNGLIOGOMPAUNPEXi a, obesity,
cardiac arrythmas, gastric acid hWﬂEE g ;$émhe*w§ers pheochr onocyt oma,
progressive supranuscul ar pal sy) es and addictions (e.Q
dependenC| es on, TGys Huenter i"Bpss 1o ﬁW'cfH%qdnézaP%imﬁGr cqrerosrdso asr erfned gore

al cohol , %@éﬂk@@%lf&%ﬁm | baswi EsrabRAds P RInRiIS SolRd toq@%hﬁﬁ&mmtmggemne
stroke, traumatic ‘brain in éyuéafpld% obsessi ve- conpul si ve di sorder,

psychosis, HBRWITJEEHRtS S'Eﬁé {nedyRpay pholasraic f“ﬁ?‘ﬁ@r BHEESAMPouRAF A xi a,
schi zophr eniefulTlthe réawhe of infkewrBatbry aowagﬁeﬁsel (@cRang e@ma limfedd@cliderddve

P eP=Y. RGO IR bl B SGACE R LRRRY) AR R bRy obele

Al zhei ner's drsease
hyperacti vi _tcystdmla;ocrmlmc theanﬁd\ Tolee esptug! Qotsymir@ﬁ@conﬁrﬂfm?mm@tyn@snmf
this inventi rdaﬁydéalégom%.da@e@.sbmepogrmnnasneesm.wr&ebs 98 ﬁwﬂﬁ& ogéseeaﬁa. such

as, for exanple, '‘a tricy¢lic antidepressant or a serotonin reu
i nhi biting 6§ﬁlei°§'épf'°é§é afrgnitveRAysfunclipng fyesrtepgrn; r%‘é"f“ab@f‘ﬁe%'ﬁeob;%hl gardiac

decl i ne and éﬂ@ﬁﬁﬁ%%é@ﬁlc 366 Qﬁie%%@étndm muarﬁ&eomm&yfﬁepmgﬂemv@rs@b@mu&ughor ea
nuscarl ni ¢ agonl st

or traumatic brain L0 %‘Qéﬂ ggonblnatlon I,011

order to stiRA eﬁhSmEth‘?p cfeéla"ﬁﬁ e ‘&Saﬁapﬁﬁ‘f’m%?ﬂ or 2AAIYONg f MEQpe ¢ he
treatnent, f(erd/eXaispdce, pofuct), Salcormy nbérizotiazelyeds i rzttitostes, agmoidse|cat edtame),
cognitivedclln R t van

combi nati on W ?aﬁﬁ?ieédfgg r@ﬁﬁaag ;B g%tc') W?Enﬁ oggesﬁﬁge %W%%' geérjsoél-%r nﬁxyramsIs
chol i ner gi c RunhratanesnEhared, dardivé @ygnesie.nismerkinest: dysiexiep| sshizephrealas muttoigiatet i ve
dysfuncti on, gea@ktial %@Feﬁ%d%&ﬂﬂv@d\éamé%‘phépﬁe uncﬂ@n% BEYt Sl c@nce BHNEAH Otk S

Chorea and TBI; or .rn caonbi nati on nts t w or arrest AD such
as cogni t i orfeBRALERIdreAZNEIREN S Vae é@%\fr Eé?j'él'f‘l%% dF?ﬁ?F#@o?@""%‘e‘@ﬁ"& hypgractivity

i nhi bitors, dxsbtuekmmmamdmhnéosw;dromronal antiinflanmmatory agents and

estrogen- Ilke t her.ap I~m#~~~ r und % bin
eur onal i cot i ni (e semeps ol Sy elioncral B oS RO R Contpehar Pt e

Appl i cation M@@S%%hmﬁ@ lexquapie, fai thayelic @N'dmm a4er0t1>919 TEUPYHhe !ﬂhtbrtleq;m ng
appl i cation ﬁde@m% ISRIh APFRPo Webtbokn e RigFifRYecROY Bhd Eewsgen aééaetam with

|ncorporate el n reference in its entirety. Sunmary he I nvention

Thi s inventi®th 7RI §f°é?~7 Heptngig's £HYey °éiréﬁdf6?“§c'§??ﬂ’|'@“%dﬁ5’bu'ﬁo%°"6’f”af'%“’f"br nul a
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XC(=O R 3 ~ are sel
dependent IPTErG Kol sh - 25t IR Bl SRR Fethng, P, £0.
vi tro, ani nostrokealHoptingipa'a Ghoregand Tk @@pmbiwmn vdtfemarotroqhw facmsraych esnelGdJ'rm t wo,
(C, _Co)al kyl e

GEoR, X@@rﬁ? matzQ chﬁﬁér%’g@‘shir%@f%ﬁ?ﬁr trgar e h:'t@g for T(f AL%O%W%r ei n
said aryl i cystncen, é@er%ﬁﬁ ?ﬂﬂé‘ﬁ‘gﬂ de&m K’adﬂ? pi{pKe. "éﬁ‘%‘ér ore(awlddglacprww - or
het er oar yl - (&gamAaNcAT i akknts \WRETsRIWN oF @irekt NED @Bty | cogfitdhe bihests f Bayid i ve

to seven nenbered aromatic rings ¢ i n fromoeto t ons
sel ect ed fr oFROEIFIPANTNRfOFS, 8%%‘%?5%3%5{% 3?”, %5??8 ighipiars Cg‘jrg"alﬁ)ﬂ"n"éﬁqﬁ"a ory

X2( C~- C6) al kapets @fabesBOgemtike/therappwherein X~ is absent or XZ is

(C -Co)al kyl am no- or [(C, -Cs)al kyl]Zam no-, and wherein the (CaC6)al kyl -
or (C~-Co6)al koxy-(Co-C6)al kyl - noieties of said X2(Co-C6)al kyl - and
X2(C, - C6) al koxy-(CoC6) al kyl - contains at |east one carbon atom and wherein
fromone to three of the carbon atons of said (Co-C6)al

(C~-Co6) al koxy- (Co-C6) al kyl - noieties may optionally be / ”l ”lfm
oxygen, nitrogen or sulfur atom wth the proviso that any

het er oat ons nust be separated by at |east two carbon atons, ahd wherein any
of the alkyl noieties of said (CoC6)al kyl - or (C~. C6)al koxy- (Co-C6) al kyl -
may be optionally substituted with fromtwo to seven fluorine atons, and
wherein one of the carbon atons of each of the al kyl noieties of said

aryl (Ca-C3) al kyl - and said heteroaryl -(Co-C3)al kyl- may optionally be

repl aced by an oxygen, nitrogen or sulfur atom and wherein each of the
foregm ng aryI and het eroaryl ~groups may opti onaIIy be substltut ed with one

o . . o, o



N
menber ed nonocyclic, or a ten to fourteen nenbered bicyclic, carbocyclic
,ring that can be saturated or unsaturated, wherein fromone to three of the
+non-fused carbon atonms of said nonocyclic rings, and fromone to five of
t he carbon atons of said bicyclic rings that are not part of the benzo ring
shown in formula I') may optionally and_bndependently be replaced by a
ni trogen, oxygen or sulfur, and wherein said nonocyclic and bicyclic rings
may optionally be substituted with one or nore substituents, preferably
fromzero to two substituents for the nmonocyclic rings and fronlzero to

| ndependont Ly. TEom L ﬁl‘ﬁ*ﬁ’d Gkl ncgiR ecBh f?:ﬁ%a'@%rﬁ o Ul i
t he 'Ito otal n8 aé?”*éﬁ?’lﬁ@)‘l‘?”aﬁs@ S%é‘@'cﬁdtaséﬂ?ée@d“%’le% B RO t he
?: kyl noi et iamcarafy |£0Nnddﬂﬁ|chrﬂaﬁ vﬁthﬁﬁél bieﬁé(rﬁétzipygé?thr{( amrilsanl(a:g;é%?erﬁmm Ilay
uori ne at cyano, halo al keny al kynyl ,
hydr oxy, Pﬁ%ncﬂf s(?@ 'rgﬁflkyl am no-, [(C, -C6)al kyl]zam no-, -CO2R';
- CONR~R6, SOZNR~R -C(=O R 3, and - fopmapvRfte inverton R, R5, R6, R , R8 and

R 3 is selected ThisgoarbtRRds)o a IW%HQY%Q%QL%HQO&@S of thé Yordlikyl , or RS and
R6, or R and R8 together with the nitrogén to which'they are attached

forma pyrrolidine, piperidine) norpholine, azetidine, piperazine,

-N-(C, -Co6) al kyl pi perazi ne or thionorpholine ring, or a thionorpholine ring

wherein the ring sulfur is repR@ced with a sulfoxide or sul fone; and each X
is, independently, (C -Cs)alkyleys, with the proviso that: (a) at |east one

of R, R2 and R3 nust be the ot lrogen, and Sﬁ) when R~ and R3
are hydrogen, R cannot be hydrpgge Ch

| kyl , conj ugat ed
(C3-Co6) al kenyl ; and the phar maceytrca

accept abl e saI ts of such
conpounds. Exarrpl es of heteroamgd groups that each of R2 and R3 can be are
the follow ng: thienyl, oxazoyl) isoxazolyl, pyridyl, pyrimdyl, thiazolyl,
tetrazolyl, isotRi a&@b@rbgent (Cagodlp, uricahjoigates] A Csﬂadkenﬂz@bmty) M}G’QWF -@nd

t he follow_@gz(ngw@_c‘,)m ,4 RBNs --RON-~NRe NRs werein one of RO and

of formia I AR OF selsééw%é‘%%ﬁ‘tf&hf’t IR (o1 Bl RN Bt he
formul a |, hadexy, hmtro pinio Tdalertayara)|, | SBOYCe-Cptlap| eheseiht §, iswkepeione Rer awd R,

t oget her W(é*b&)é]@laﬂﬂ%bzo .06l My ERmBY! ach,r*RY ecdNrERE - REAINRIRY,  ScEBR™N N=~
R8 ORs N -QIC(—O)R“, aryl-(Cg -Ca)akkyl- or aryl-(Co-Ca)alkyl-O-, wherein said aryl is selected from phenyl
and naphthyl, heteroaryl-(Cg-Ca)alkyl- or heteroaryl-(Co-Cs)altkyl-O-, wherein said heteroaryl is
selected from five to seven membered aromatic rings containing from one to four heteroatoms
selected from oxygen, nitrogen and sulfur, and X*(Co-Ce)alkyl- and X*(C1-Ce)alkoxy-(Cq-Ce)alkyl-,
wherein X? is absent or X? is (C;-Ce)alkylamino- or [(C4-Ce)alkyll;amino-, and wherein the (Co-
Ce)alkyl- or (C4-Ce)alkoxy-(Co-Cg)alkyl- moieties of said X’(Co-Cs)alkyl- and X’(C1-Cs)alkoxy—(Co-
Ce)alkyl- contains at least one carbon atom, and wherein from one to three of the carbon atoms
of said (Co-Cg)alkyl- or (C4~-Cg)alkoxy-(Co-Cg)alkyl- moieties may optionally be replaced by an
oxygen, nitrogen or sulfur atom, with the proviso that any two such heteroatoms must be
separated by at least two carbon atoms, and wherein any of the alkyl moieties of said (Co-
Ce)alkyl- or (C,.Cs)alkoxy-(Co-Ce)alkyl- may be optionally substituted with from two to seven
fluorine atoms, and wherein one of the carbon atoms of each of the alkyl moieties of said aryl-
(Co-Ca)alkyl- and said heteroaryl-(Co-Ca)alkyl- may optionally be replaced by an oxygen, nitrogen
or sulfur atom, and wherein each of the foregoing aryl and heteroaryl groups may optionally be
substituted with one or more substituents, preferably from zero to two substituents,
independently selected from (C;-Ce)alkyl optionally substituted with from one to seven fluorine
atoms, (C:-Ce)alkoxy optionally substituted with from two to seven fluorine atoms, halo (e.g.,

chloro, fiuoro, bromo or iodo), (C,-Ce)alkenyl, (C,-Cs)alkynyl, hydroxy, nitro, cyano, amino, (Cs-
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R-N-N N\N ~ , 8 Rforma bicyclic ring systemselected fromthe foll ow ng:
N~R o NR N~Ro0oONROONO~NOROSO,~-Ro Nwerein R and R
are sel ected, independently, from (C C6)al kyl - and (C, - C6) al koxy

(C-C6) al kyl - wherein the total nunmber of carbon atons does not exceed siXx
and wherein any of the alkyl noieties may-agptionally be substituted with
fromone to seven fluorine atons; nitro, cyano, halo, am no,

(C, -Cs)al kylam no-, [(C -C6) alkyl]Zam no-, -CzR, -CONRSR6, -S02NR7Rg,
C(=OR 3, -XC(=O R 3) phenyl and nonocyclic heteroaryl wherein said

het eroaryl Cgafgnined [@3-CFZ Myflamitoar £olRf | IHONR’R®,t bSO M RN (G(@MRGT and

conpounds of, the _formula | above; O her enbodinents of this invention
relate to cm%ﬁds of the fornmula I, and their pharmaceutically acceptable
salts, wherein RerRirahdR3, togetigewitethe varbdms tidvehidhetheyoare iatizghed, férovaniabrdo bevefior m a
bi cyclic or pbhb&¥ MohodybiRGoSY Hreld el hthobkl Bid iR, ERbdYUMg thatca¥ be > N
N1 NRo saturated or unsaturated, wherein from one to three of the non-fused carbon atoms of said
monocyclic rings, and from one to five of the carbon atoms of said bicyclic rings that are not part
of the benzo ring shown in formula |, may optionally and independently be replaced by 2
nitrogen, oxygen or sulfur, and wherein said monogcyclic and bicyclic rings may optionally be
substituted with one or more substituents, preferably from zero to two substituents for the
monocyclic rings and from zero to three substituents for the bicyclic rings, that are selected,
independently, from (Cp-Cg)alkyl- or (C, -Cg)alkoxy-(Co-Ce)alkyl-, wherein the total number of
carbon atoms does not exceed six and wherein any of the alkyl moieties may optionally be
substituted with from one to seven fluorine atoms; nitro, oxo, cyano, halo, (C,-Ce)alkenyl, (C.-
Ce)alkynyl, hydroxy, amino, (C-Ce)alkylamino-, [(Ci-Ce)alkyll;amino-, -CO,R*; -CONR®R®, -
SO,NR'R?, -C(=O)R", and -XC(=O)R"™,
each R, R® R®, R7, R® and R" is selected, independently, from hydrogen and (C, -Ce)
alkyl, or R® and R®, or R” and R® together with the nitrogen to which they are attached, form a
pyrrolidine, piperidine, morpholine, azetidine, piperazine, -N-(C;-C¢)alkylpiperazine or
thiomorpholine ring, or a thiomorpholine ring wherein the ring sulfur is replaced with a sulfoxide
or sulfone; and
each X is, independently, (C,-Cg)alkylene;
with the proviso that: (a) at least one of R, R? and R® must be the other than hydrogen,
and (b) when R? and R® are hydrogen, R' cannot be hydrogen, (C,-Ce)alkyl, or unconjugated
(Cs-Cs)alkenyl;
and the pharmaceutically acceptable salts of such compounds.
Examples of heteroaryl groups that each of R? and R® can be are the following:
thienyl, oxazoyl, isoxazolyl, pyridyl, pyrimidyl, thiazolyl, tetrazoly!, isothiazolyl, triazolyl, imidazolyl,
tetrazolyl, pyrroyl and the following groups:



S~-NRORORNN-~/ UW-NN) RR~0OORNO'-NNNi NRoRoORO
RNRo~-mO\ ~NVN/ NAONR' wherein R and R 7 are defined as above
‘and mis zero, one or two, and wherein one of the carbon atons of ring A
can optionally be replaced with oxygen or -N(C,-C6)al kyl. O her enbodi nents
of this invention relate to conpounds of tdfe-fornmula I, and their

phar maceutical ly acceptable salts, wherein neither R2 nor R3 is attached to
the benzo ring of fornmula | via an oxygen atom O her enbodi nents of this
invention relate to conpounds of the fornula I, and their pharnmaceutically
acceptabl e sghtds, wRerein R2 and R3 do not, together with the benzo ring of

|
hi

formula I, foch RrRE or tricyR'c i syst em R'BA (?her 9
enbodi nents of t i‘/avention relate to Forﬁj s of the f Rher ei n
ona or both of RR'and"R3 are -C(=0)R 3, ein R3is (C -@6)alkyl.

Furt her enbodi nents of this invention relaté to conpounds oNTHeNf ornul a |
wherein one or both of RZ and R3 are -C(=0)R 3, wherein R' is (C, -C6)al kyl
or (C -C3)alkyl optionally substituted with fromone to seven fluorine

atons. O her enbodiagnts relate to cornigunds of _the fornul g L, wherei n one

~of R2 and R3 is \3,| fluoro, cyano or —~R°Q her enb b&l?\nus of this

invention rel atgs npounds of the foknula | wherein R i not nethyl.
Exanmpl es of specific coRpounds of the f(N"mJIPa | are the folhli\ Y g
6- met hyl - 5, 7- di oxo- 6, 13-di azatetracycl 0[9.3.1.0Z"'.0"' e] pent adecaRZ(

10), 3,8-triene h g ride; 18 - éj-_— =6 = sha(9. 3
10" 0O 8]pent a%(fg%‘g'ﬁ kgfbe %r:dgst ?sl @ﬁ@%@ r@f%&dﬁ%@hg offF e BAG
benzo ring of formula |.
Examples of compounds of this invention are compounds of the formula |, and their
pharmaceutically acceptable salts, wherein R? and R?, together with the benzo ring of formula |,

form a bicyclic ring system selected from the following:

N R10
N N
Gy Gy O
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wherein R™ and R'" are selected, independently, from (Co-Ce)alkyl- and (C4-Ce)alkoxy-
(Co-Cg)alkyl- wherein the total number of carbon atoms does not exceed six and wherein any of
the alkyl moieties may optionally be substituted with from one to seven fluorine atoms; nitro,
cyano, halo, amino, (C-Ce)alkylamino-, [(C1-Ce) alkyll,amino-, -CO,R?, -CONR®RS, -SO,NR'R®, -
C(=0)R™, -XC(=0)R"™, phenyl and monocyclic heteroaryl wherein said heteroaryl is defined as
R? and R® are defined in the definition of compounds of the formula | above;

Other embodiments of this invention relate to compounds of the formula |, and their
pharmaceutically acceptable salts, wherein R? and R®, together with the benzo ring of formula |,
form a bicyclic or tricyclic ring system selected from the following:
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5, 7-di net hyl - 6- oxo0-5, 7, 13-triazatetracyclo0[9.3 1 OZ

04~8] pent adeca- 2(10), 3, 8-tri ene hydrochl ori de;

5, 7- di oxo- 6, 13-di azatetracyclo[9 3.1.Oz~' 0o O a]pentadeca-2( 10), 3,8-triene
hydrochl ori de; 5-o0xo0-6, 13-d~azateiracyclo(9.3.1.0Z""'.0 ~8] pentadeca-2( 10),
3,8-triene hydrochlori de, 5

6- 0x0-5,7, 13-triazatetracycl o(9.3.1.02''.0°<] pent adeca-2(10), 3, 8-tri ene
hydr ochl ori de;

4,5-di fluoro-10-aza-tricyclo[6.3.1.0Z ]dodeca-2(7),3.5-triene
hydr ochl ori de;
5-fluoro-10-aza-tricyclo[6.3.1. QZ
hydr ochl ori de, 4-ethynyl-5-fl uoro-
1.0Z '] dodeca-2(7),3,5-triene hydra or-dg,

5-et hynyl - 10-aza-tricycloj6.3.1.0z""' dodeca-%(?),S,S-triene-4-carbonitriIe
hydr ochl ori de; R

5-chl oro-10-aza-tricycl o(6.3.1.0z"'']dodeca-2(7), 3,5-tnene-4-carbonitrile
hydr ochl ori de,
4-ethyny|-5-chioro-lO-aza-tricyclo[6.3.1.qg"]dodeca-2(7),3,5-triene

hydr ochl ori de, \

5- oxa- 7- net hyl - 6- oxo- 7, 13- di azat et o(9h§.1.02".0‘~8)pentadeca-2(10),3
,8-triene hydrochl oride;
4-fluoro-5-trifluoromethyl-10-aza-tricycl ol R¥. 1. 02' ' ] dodeca-2(7),3,5-trien
e hydrochl oride; 4-chloro-5-trifluoronethyl-10-aza-tricyclo[6

3.1.0Z ] dodeca-R{¥), 3, 5-t nene hydr oghl%r i dg7 N
Ox\pza-tricycl g S X DK '] dodeca-2(7), en5- 4- car bo

2(7),3,5-tnene-4-carbontrile
riNcycl o[ 6. 3

5-trifluorope

nitrilehydc@ ) ~. 7
4- et hynyl - 5-¢xg RFT Lhyl - 10- az X© 0[6.3.1.02"]dod-~.-2(?§,3,5-trie
ne hydrochl ori de; R

6- met hyl - 5-t hi a- 5- di oxa- 6, 13- Di azatetracycl 0[9.3.1.0Z '.0 ' 8] pent adeca- 2(
10),3, 8 triene hydrochloride;

7- di met hyl anRrQ- 5- hkg?S-dioxa-6,13-D azaq@ﬁracyclo[9.3.1.02".0"q£ﬁentade
ca 2(10), 3,8 ydrochl ori de CN
6, 7- di oxa- @ tr/azatetracycl " .0 " 9] hexadeN
),3,9-triene™r droebloride; and N N
5,8-riinethyl -6, 7-dr¥fxa- 5, 8, 14-tri azat et pécycl o[ 10. 3. 1. 02" " L1o

. 0" 9] hexadeca-2( 11 ), 3,9 triene hydrochloride. This invention alg% rel at es
to compounds of the fornula r

Q 10
R rRY N R
)m ©i \ N
!

wherein R'® and R"" are defined as above and m is zero, one or two, and wherein one of

the carbon atoms of ring A can optionally be replaced with oxygen or -N(C4-Cg)alkyl.

Other embodiments of this invention relate to compounds of the formula 1, and their
pharmaceutically acceptable salts, wherein neither R? nor R® is attached to the benzo ring of
formula I via an oxygen atom.

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



A

-7_Pi NRya Ris wherein P is hydrogen, nethyl, COOR s wherein R6 is
(C~-0B)al kyl, allyl, 2,2, 2-trichloroethyl or (C, -0C8)alkyl; -C(=0) NR5R6
-wherein RS and R6 are defined as in formula | above; ,-C(=0 H,

-C(=0) (C~-C6) al kyl wherein the alkyl noiety may optionally be substituted
with from1l1l to 3 halo atons, preferablgAwith from1l to 3 fluoro or chloro
atons; benzyl or t-butoxycarbonyl (t8oc); and R4 and R S are sel ected,

i ndependently, from hydrogen) (C~-C6)al kyl optionally substituted with from
one to seven fluorine atons; -C(=0 (C--C6)al kyl, cyano, hydroxy, vitro,

am no, -Q(C-- C6)@1hk|ydmhndmieatlscof thmméntbheelqwto\compombabf the férmauted WRlefircanz onot
both be hy P Chﬁg 0g 13 C d

(C3-Co) al kﬁlgﬁ lgucﬁpR 2led haT‘gRedglé%ul ﬁ%‘k)p O,Idef} ésm%olré B0 hesi s
of corrpoundéveﬁﬁiontfﬁ%teft@FWﬁHO&nqs Ofﬁﬁéo"mwlﬁér\l\thﬁ@w C&‘P@bb@‘élofaﬁe%"dt% e &in@ivﬁ.md of

the formul av}'B?elMRVhP(C {Dsyak lFéB(ayttgyaw nop%n sLtituted itdl @bintpe 13 bsves nusng P
is COOR 6 wherei

trichloroeth or (Ct- al kyls .
| 0 N et A Febiniseie 0 Frphaity A AT witsel Gpa R ano e s
- (=0 (C, - Gpdlukip cyaheerdizfe. t-he al kyl noiety may optionally be substituted
with from1l to 3ofgl dnkiRehts o%@ﬂrﬁ%ﬁ@hlfel%ﬁ Ii(:hcofn'fpgﬁ'ﬂé o theJoruldQiviheRtin 1 OF O
at ons; benzylé or tbutoxycarbonyl (t-B Unl ess otherw se indicated, the
term "hal o"™tB&thYlsed herein, includes fluoro, chloro, brono and iodo.
Unl ess ot herw seExamﬂlesattspebtﬁctcbmpdnaﬂmfﬂaé fsyrula | aesthe sotiovibger ei n, i ncl udes

straight, branchedefy, g iogs @Cycfssg&ﬁoy%zﬁb*qq%lfgde@@g@yfgmng{ ky!

noi eties as wel | ranc Ieties e ter

used herei AYdrREURTEe al kyl -O-", wherein "alkyl" is defined as above. The
term "al kyl ene, as used her ei n, nmeans an al kyl radical having two avail abl e
bonding sites (i e., -alkyl-), wherein "alkyl" is defined as above. -T7A

Unl ess otherw se indicated, the term"one or nore substituents", as used
herein, refers to fromone to the maxi mum nunber of substituents possible
based on the nunber of avail able bonding sites. The term"treatnent', 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 nore synptons of such condition or disorder. The term"treatnent", as
used herein, refers to the act of treating, as "treating" is defined

i mredi atel y above. The conpounds of fornmula |I may have optical centers and
therefore may occur in different enantioneric configurations. The invention
includes all enantioners, diastereoners, and r



-a other stereoi sonmers of such compounds of fornula I, as well as racemc
and other m xtures thereof. The present invention also relates to all

. radi ol abel ed forns of the conmpounds of the formula I. Preferred

radi ol abel ed conmpounds of fornula | are those wherein the radiol abels are
selected fromas 3H, "C, ''C, 'eF, 'Z31 and '25l. Such radi ol abel ed
conpounds are useful as research and diagnostic tools in netabolism

phar macoki netics studies and in bindi ng-6assays in both aninals and man. The
present invention also relates to a pharnaceutical conposition for use in
reduci ng nicotine addiction or aiding in the cessation or |essening of
tobacco use in a mammal, including a human, conprising an anount of a
conpound of the &-metmitzaoxo;6, ti-diszastracystielit DT A0 jpentedeat2iin) & 83adrte t her eof ,
that is eff p#mgm%n reduci ng nicotine addiction or aiding in the cessation
or | esseni n@ﬁo obacco use and a pharnaceuti cally,acceptabl e carrier. The
present inventi oh’-8Me8YHeEPx-ed 18-HagatetEckee9f A0 r &durenirpens-¢30) hetrgmkli cti on
or aiding igdtdRokRssation or | essening of tobacco use in a mamml,

i ncl udi ng a "human, conprising adm nistepinNgs.to said | an anount of a
conpound of the }&PRES¢-d@ %Eté?cbclléié ﬁ'ﬁg’eu{bl é%”f%qe%%(g&%mn%al t thereof,
that is effm@dtdmenden reduci ng nicotine addiction or aiding in the cessation
or | essening of tob LB} sl i I elates to _a method
of treating a di%S’Foggeﬁg'rgfag%ﬁgkﬁgg%ﬁgel'écahdegéggércg%?}cﬁﬁfsgm nethcyf‘rﬁ’c%%r\'ﬁﬁl

di sease (i ncl udiGgxosut, 1hrirezatetracyaald.8.6.001° G&Hrentadecaein 9)t 3, &ineps/ ydechiande;

gangr enosum and £ Qfifers. 1628282 ofe 4.1 6% idaBLes AANELLRHOA QR0 ast | C
dystonia) chronic pailn, acuteﬁfal n,.celiac sprue, pouchitis, ,
vasoconst ri ct i on-flugici Geap-tnexeieies3. LY S lperse-2( A driaensdrarbeiis hygrogdiasige.der |
autism sleep di feh@gl-s-fudretobidinciBE. D1 bV RicBedadl(BIFd-trefé BYdrthBrdeALS) |

cognitive dysfunction ertensi.on,.-pul i m orexia, ohesit ardi ac
arryt hni as, gast?‘Ftey'y'?@X%/‘B%Vrc@@cargq i @ﬁ?“&rﬁ’é@gg“ﬂﬁé%eﬂf’%‘ﬂ‘&W%Hﬁ‘?”'de-
progressi ve supriohisrodbara-paydals.3.¢ 0t Modeda-2@pehtiens# esrbanitieagdiochibrars ( eg;
., dependenci es = addi ctil gn: [ ] | B} ucts),

ai cohol | benzodi Sanps ERBIsCIo AR el dB 33 et 89 SE R
stroke, traumatiZoxa-amathyirfi-exoy’. [STaszpteraeysiorsd. 1@ cOnipahtepece-2(103.8:8duene( OCD) ,
psychosis, |J4RchiBieon' s Chorea, tardive dyskinesia, hyperkinesia, dyslexia,
schi zophreni'a, nulti-infarct denentia, rebated cognitive decline,

epi | epsy, i ncl ud?'f‘l‘{j’"b‘él"fﬂt‘°’H@Fth¥{g‘§’éﬁﬁ'§‘°é§%§éﬂs%,]d%déﬁ?'?&)'a'éﬁ’éet‘?ﬁ a of the

Al zhei mer' shydysasiorideP) , Par ki nson' s di sease (PD), attention deficit
hyperactivity digsqrder. [ gy Tal ' B4} 2 mal ,

conpri sing adm n?’gflgr(rgisﬁéﬁ?oumaet@g@n%%L{llr'ﬁhtﬁge%'ggﬂgéjegg‘%g)ga%ﬁge%t an anmount of
a conpound @fdrachlendeprnul a |) or a pharnaceutically acceptable salt thereof,
that is effectiV&yinforbh&fii10GzaHeitids.59088d0deta- NP6 trieRBd-carnalitnieT e present
invention also relates to a pharmaceutical conposition for treating a

di sorder or MBMIPH€on sel ected frominflammtory bowel disease (including
but not limted iethpyeerrdiubremenaliotazs-tricpsiciear d’|gregs-2(7ns Bateasd Crohn' s

di sease), i }él’dl tﬁlbl'ae' bowel syndrone, spastic dystonia, chronic pain) acute
pai n) cel i a®SBPEE® pouchitis, vasoconstriction, anxiety, panic disorder,
depr essi on, bi pob-anethyl-Sthicekedioxaafi 1 3-Biazatsttaseqiolel8.4 6F 16 Ypentasiecd-2(¢0). %8y | ot r opi ¢
| ateral scl grosi ﬁb@- T cognitive dysfunction, hypertension, bulima,

anor exi a, g%gefﬁ[yﬁroécar iac arrythmias, gastric acid hype;secretion) ulcers,

pheochr onocyt oma}/"dMP@%‘H%@‘%@’@@&&F@‘E%&Y%?-3-& e mlc dpentrdpendenci es
and addi cti 9n6),¥d-riene hydetRpBAGEENCI €s on, or addictions to nicotine (andl or

t obacco products al cohal,,. .benzodi a i,ngsn.«Rarbitu .. Opi oi ds or
cocai ne), headac%r%’,d'%?’Sgk"é','t"?zragfﬁﬁg{;’f’@8'§r1a n g ﬁi’?}?glec(a%ﬁza'g'tﬁe"e
obsessi ve- coygoathitidecasd sor der (OCD), psychosis, Huntington's Chorea)

tardi ve dyskinestg,. i i Q | I Zaphiaen| L L Jy-ol of ar ct
denentia, age rng?% gé?f@ﬁ%é&ﬁﬁgﬁ%ﬁgﬁggﬁPﬁégééf p%?ﬁﬁ%?ﬁg 6gpﬁfpwm
absence epi Irepshydracbiaiidee denmentia of the Al zheiner's type (AD), Parkinson's
di sease (PD), at{fR0hioSid elates RYRRPASHL ¥ th¢/lofhuiPr der (ADHD) and
Tourette's Syndrone in a mammal, conprising an anount of a conpound of the
formula I, or a pharnmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier. The present invention also relates to
a met hod for reducing nicotine addiction or aiding in the cessation or

| esseni ng of tobacco use in a mammal, conprising admnistering to said
manmmal an anount of a conpound conprising an anmount of a conmpound of the
formula NH or a pharmaceutically acceptable salt thereof, that is effective
in reducing nicotine addiction or aiding in the cessation or |essening of

t obacco use. The present invention also relates to a nethod for treating a

. - e o



L
Det ail ed Description of the Invention Except where otherw se stated, R

Through R, mand P, and structural formula I in the reaction schenes and
«di scussion that follow are defined as above. -11 Schene 1 111 ~NH HC O
N~CF3 IV' OO02N N " IIACF3 02N O "N CF3 11B H2N H2N -12 Schene 2 0 QZN

ITA ~N CF3 OZN 02N ~N-tBoc VI A OZN H2N7=N-t Boc HzN

R R15
wherein P is hydrogen, methyl, COOR'® wherein R is (C,-Ce)alkyl, allyl, 2,2,2-trichloroethyl
or (C4-Ce)alkyl; -C(=O)NR°R® wherein R® and R® are defined as in formula | above; -C(=O)H,
-C(=0)(C,-C¢)alkyl wherein the alkyl moiety may optionally be substituted with from 1 to 3
halo atoms, preferably with from 1 to 3 fluoro or chloro atoms; benzyl or t-butoxycarbony! (t-
Boc); and R and R are selected, independently, from hydrogen, (C;-Ce)alkyl optionally
substituted with from one to seven fluorine atoms; -C(=0)(C-Ce)alkyl, cyano, hydroxy, nitro,
amino, -O(C,-Ce)alkyl or halo; with the proviso that R" and R'® can not both be hydrogen
when P is hydrogen, (C4-Ce)alkyl, or unconjugated (Ca-Cg)alkenyl. Such compounds are useful
as intermediates in the synthesis of compounds of the formula 1.
The invention also relates to a compound of the formula

R?
NP’ (")
R®

wherein R? and R® are defined above; and P’ is COOR"® wherein R is allyl, 2,2,2-
trichloroethyl or (C,-Ce)alky!; -C(=O)NR’R® wherein R® and R® are defined as in claim 2; -
C(=0)H, -C(=0)(C,-Ce)alkyl wherein the alkyl moiety may optionally be substituted with from
1 to 3 halo atoms, preferably with from 1 to 3 fluoro or chloro atoms; benzyl, or t-
butoxycarbonyl (t-Boc).

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

Unless otherwise indicated, the term “alkyl", as used herein, includes straight, branched
or cyclic, and may include straight and cyclic alkyl moieties as well as branched and cyclic
moieties.

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

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



-13 Schene 2 continued VVIBNR -~-~~ ~ ~N--tBoc VI N'' R~ --- N~

R----~~~ ~N~-tBac V11" N'" HNR-.~~f NHiAN '~ Rr I Ni =/\ R
*~~~~ \N~ NH -14 Schenme 3 02N\ NtBoc VIA 02N R ~HN I / ~N-tBoc XXII|
02N R ~HNi ~ "NtBoc xxIVH ~~R I N,O1R~\ !/ NtBoc XXV NR, ~ ~
| N,O1 R~~~/ NHIBN _7A-

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 | may have optical centers and therefore may occur in
different enantiomeric configurations. The invention includes all enantiomers, diastereomers, and



\

-15 Schenme 4 H2N ~N-tBoc VIB HZN R~~ N/ ~NHICR" \N -7?6. Y -- o Il

0\

~ N--CzNCF XX11 HOO ON\ I ~NCFR~0 , NHIE vill _17_ Schene 6

other stereoisomers of such compounds of formula |, as well as racemic and other mixtures
thereof.

The present invention also relates to all radiolabeled forms of the compounds of the
formula . Preferred radiolabeled compounds of formula | are those wherein the radiolabels are
selected from as °H, "'C, C, ™F, '®| and '®I. Such radiolabeled compounds are useful as
research and diagnostic tools in metabolism pharmacokinetics studies and in binding assays in
both animals and man.

The present invention also relates to a pharmaceutical composition for use in reducing
nicotine addiction or aiding in the cessation or lessening of tobacco use in a mammal, including a
human, comprising an amount of a compound of the formula |, or a pharmaceutically acceptable
salt thereof, that is effective in reducing nicotine addiction or aiding in the cessation or lessening
of tobacco use and a pharmaceutically acceptable carrier.

The present invention also relates to a methed for reducing nicotine addiction or aiding in
the cessation or lessening of tobacco use in a mammal, including a human, comprising
administering to said mammal an amount of a8 compound of the formula |, or a pharmaceutically
acceptable salt thereof, that is effective in reducing nicotine addiction or aiding in the cessation or
lessening of tobacco use.

The present invention also relates to a method of treating a disorder or condition
selected from inflammatory bowel disease (including but not limited to ulcerative coiitis,
pyoderma gangrenosum and Crohn's disease), irritable bowel syndrome, spastic dystonia,
chronic pain, acute pain, celiac sprue, pouchitis, vasoconstriction, anxiety, panic disorder,
depression, bipolar disorder, autism, sleep disorders, jet lag, amylotropic lateral sclerosis (ALS),
cognitive dysfunction, hypertension, bulimia, anorexia, obesity, cardiac arrythmias, gastric acid
hypersecretion, ulcers, pheochromocytoma, progressive supramuscular palsy, chemical
dependencies and addictions (e.9,, dependencies on, or addictions to nicotine (and/or tobacco
products), alcohol, benzodiazepines, barbituates, opioids or cocaine), headache, stroke,
traumatic brain injury (TBI), obsessive-compulsive disorder (OCD), psychosis, Huntington's
Chorea, tardive dyskinesia, hyperkinesia, dyslexia, schizophrenia, multi-infarct dementia, age
related cognitive decline, epilepsy, including petit mal absence epilepsy, senile dementia of the
Alzheimer's type (AD), Parkinson's disease (PD), attention deficit hyperactivity disorder (ADHD)
and Tourette’s Syndrome in a mammal, comprising administering to a mammal in need of such
treatment an amount of a compound of the formula |, or a pharmaceutically acceptable salt
thereof, that is effective in treating such disorder or condition.



NHIIl 02NO/ |Ii ~N-GCF3 I X H2ZN O -CF3 IX NIl O~ \N--CFs X Rio N S

N--Ro XI S\ -18 Schene 6 continued HR N~~~ , XI N--~-C RS R o~~~/
|l ~NHIF N -19 Scheme 7 X~ \ \ AIl X2 ~A/ [/ (ring A= present or (ring
A = present or absent) absent) XI I | XII OHA
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The present invention also relates to a pharmaceutical composition for treating a
disorder or condition selected from inflammatory bowel disease (including but not limited to
ulcerative colitis, pyoderma gangrenosum and Crohn's disease), irritable bowel syndrome,
spastic dystonia, chronic pain, acute pain, celiac sprue, pouchitis, vasoconstriction, anxiety, panic
disorder, depression, bipolar-disorder, autism, sleep disorders, jet lag, amylotropic lateral
sclerosis (ALS), cognitive dysfunction, hypertension, bulimia, anorexia, obesity, cardiac
arrythmias, gastric acid hypersecretion, ulcers, pheochromocytoma, progressive supramuscular
palsy, chemical dependencies and addictions (e.g., dependencies on, or addictions to nicotine
(and/or tobacco products), alcohol, benzodiazepines, barbituates, opioids or cocaine), headache,
stroke, traumatic brain injury (TBI), obsessive-compulsive disorder (OCD), psychosis,
Huntington’s Chorea, tardive dyskinesia, hyperkinesia, dyslexia, schizophrenia, multi-infarct
dementia, age related cognitive decline, epilepsy, including petit mal absence epilepsy, senile
dementia of the Alzheimer's type (AD), Parkinson's disease (PD), attention deficit hyperactivity
disorder (ADHD) and Tourette’s Syndrome in a mammal, comprising an amount of a compound
of the formula |, or a phamaceutically acceptable salt thereof, and a pharmaceutically
acceptable carrier,

The present invention also relates to a method for reducing nicotine addiction or aiding in
the cessation or lessening of tobacco use in a mammal, comprising administering to said
mammal an amount of a compound comprising an amount of a compound of the formula

NH

or a phamaceutically acceptable salt thereof, that is effective in reducing nicotine
addiction or aiding in the cessation or lessening of tobacco use.

The present invention also relates to a method for treating a disorder or condition
selected from inflammatory bowe! disease (including but not limited to ulcerative colitis,
pyoderma gangrenosum and Crohn's disease), irritable bowe! syndrome, spastic dystonia,
chronic pain, acute pain, celiac sprue, pouchitis, vasoconstriction, anxiety, panic disorder,
depression, bipolar disorder, autism, sleep disorders, jet lag, amylotropic lateral sclerosis (ALS),
cognitive dysfunction, hypertension, bulimia, anorexia, obesity, cardiac arrythmias, gastric acid
hypersecretion, ulcers, pheochromocytoma, progressive supramuscular palsy, chemical
dependencies and addictions (e.q., dependencies on, or addictions to nicotine (and/or tobacco
products), alcohol, benzodiazepines, barbituates, opioids or cocaine), headache, stroke,
traumatic brain injury (TBI), obsessive-compulsive disorder (OCD), psychosis, Huntington's



) OH (ring A = present or absent) XIIITA A1l N(ring A = present or absent)
XIV1AI \NHIG (R2 and R3 formring A IIl: (ring A = absent) -20 R a
F XV (R-e = F o~ (C -C6)al koxy) Scheme 8 Rel Ral --~~F XVl XVI|l Ra /

N~CHG6 5 XIXRe ~NH
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petit mal absence epilepsy, senile dementia of the Alzheimer's type (AD), Parkinson's disease
(PD), attention deficit hyperactivity disorder (ADHD) and Tourette's Syndrome in a mammal,

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

the formula

NH

or a pharmaceutically acceptable salt thereof, that 1s effective in treating such disorder
or condition.

This mmvention also relates to the pharmaceutically acceptable acid addition saits of the
compounds of formula | Examples of pharmaceutically acceptable acid addition salts of the
compounds of formula | are the salts of hydrochloric acid, p-toluenesulfonic acid, fumarnc acid,
citric acid, succinic acid, salicylic acid, oxalic acid, hydrobromic acd, phosphoric acd,
methanesulfonic acid, tartanc acid, malate, di-p-toluoy! tartaric acid, and mandelic acid.

Detailed Description of the invention

Except where otherwise stated, R' through R'®, m and P, and structural formula | in the

reaction schemes and discussion that follow are defined as above.
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Scheme 1

X
O,N
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H,N
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22 Scheme 10 NHC \ IMOYCF3 INNH2 I X NHNCIN~NHHNIP OIIl NH
R3~-N\ IQ -23 Schene 1-10 illustrate nethods of synthesizing conpounds
of the formula | . Referring to Schene 1, the starting material of formula
1l is reacted with trifluoroacetic anhydride, in the presence of pyridine,
to formthe conpound of fornmula IV. This reacthgn is typically conducted in
net hyl ene chloride at a tenperature from about OC to about room
tenperature. The conpound of fornmula IV is then converted into the dinitro
derivative of formula Il A by the follomjng process The conpound of the
formula IV is added to a m xture of 4 or %ﬁ%lvalents of
trifluoronethanesul fonic acid (CF3S020H) and 23 equi valents of nitric
acid, in a chlorinated hydrocarbon sol vent such as ©hl orof orm
di chi or oet hane (DCE) or nethyl en®©.thl orj de. The resulting mxture is
allowed to react for about 5 to 24 hg Qf f or egoi nglA eacti ons
are generally conducted at a tenperat rom@bput -78C to about
0C for about 2 hours, and then I B o roomtenperature for the
remai ning tine. Reductlon of the éonpound of formula Il A using nethods
wel | known to those of skill in the art, yigelds the conmpound of formula
1 B. This reduction can be acconplished, fo[f exanple, using hydrogen and a
pal | adi um cat al yst such as pal | adi um hydrox|de and running the reaction in
met hanol at about roomtenperature. Referrinhg to Schene 2, the conpound of
formula I Ais converted into tmngwr spondlng conpound mhereln t he
trifluoroacetyl protecting group iIs a t-Boc protecting group
(VMIA) by reacting it first with an a alNotBat kal i ne 4@ h netal (or
ammoni um) hydr oxi de or carbonatﬁ, anthgheim~+¥eatting the isol ated product
fromthe foregoing reaction wt 2ﬁi-tbutyldicarbonate. The reaction with
the alkali or alkaline earth netal (or ammopi um) hydroxi de or carbonate is
generally carried out in an aqueous al cohol | di oxane or tetrahydrofuran
(THF) at a tenperature from about roomtenperature to about 70C, preferably
at about 70C, for about one to about 24 hours. The reaction of the
i sol ated, unprotected am ne or an acid addition salt of such am ne, from
the above reaction with di-t- but&ldlcarbona e is preferably carried out in
a sol vent such as THF, dioxanehh
about OC to about room tenperature.
conducted in the presence of a base
am ne, use of a base is preferpggg” Tt
can be converted into the correspondlng di am no derivative of fornmula VIB
usi ng the procedure described above for converting the dinitro conpound of
formula -11Ainto the correspondi ng diam no conpound of fornula IIB. The
conversion of the conmpound of formula VIB into the desired conpound of the
formula VIl can be acconplished by reacting the conpound of fornula VI8
wi th a conpound of the fornula




-24 H5Cz02C C02C2H~ XXI1TA R OC2H5 wherein R is hydrogen, (C~-Co6)alkyl
optionally substituted with fromone to seven fluorine atons,

aryl-(C C3)al kyl wherein said aryl is selected from phenyl and naphthyl, or
heteroaryl - (C -C3)al kyl wherein said heteroaryl is selected fromfive to
seven nenbered aromatic rings containing fromone to four heteroatons

sel ected from oxygen, nitrogen and sykfur, and wherein each of the
foregoing aryl and heteroaryl groups may optionally be substituted with one
or nore substituents, preferably fromzero to two substituents,

i ndependently selected from (C, -C6)al kyl optionally substituted with from
one to seven fluorine atons, (C -C6)adm €optional ly substituted with
from one to seven fluorine atons samf%yan B'The preferred solvent for this
reaction is a 10:1 m xture of ethanol:acetiic acid. The reaction tenperature
can range from about 40C to about 100C. It ls preferably about 60C. O her
appropriate solvents include acetic acid, ethanol and isopropanol.

Al ternate nethods of preparing conpounds of the forrmula VII \y%e conpound of
formula VIB are described by Segebstein et &t Tgﬁgghedron Lett., 1993,

34, 1897. Renoval of the t-Boc praote ‘ﬁm romt he conpound of
formula VIl yields corresponding gonpg of fetmula | A The protecting
group can be renoved using Mg DA, pe nown to those of skill in the art.
For exanpl e, the conmpound formul*a VI1 can be treated with an anhydrous
acid such as hydrochloric /cid, hydrobrom c acid, nethanesul fonic acid, or
trifluoroacetic acid, preferably hydrochloriclacid in ethyl acetate, at a
tenperature from about to about 100C, prefgrably from about room
tenperature to about 70C, for about one to 24 'hours. The conpound of
formula VIl can be convyerted into the conesponding conmpound of ﬂ@@nula | B
by reacting it with a ¢onpound of the fohiula R'Z, wherein FE i's fined as
R is defined above, and Z is a | eaving d%ou S s, aniraP8 sul fonate
(e.g_., chloro) brono, |nmesylate or tosyl

such as an al kali netal hydride, hyqf i A
pot assi um hydroxi de, in a polar solvent sudh as water, dinmethylsul fyxide
(DMSO), THF or DMF, preferably a m xture of DVMBO and water, and then
removi ng the protecting\group as descri bed above. The reaction with RV\Z is
generally carried out at \a tenperature from about roomtenperature to

100C, preferably at about \50C, for about Rgfe hour s. - 25 Schene ¥

p

illustrates an alternate hod of prepari‘ng cempq . Ol he forrmula I\B
fromthe compound of fornmula™yl A This net referred nethod o
| B wheneidy R gt y group such as an

maki ng conpounds of the fornmnul
aryl or heteroaryl containing gro R an not be attached, as
illustrated in Schene 2, by al kylation or aryl substitution nethods.
Referring to Schenme 3, the compound of fornula VIAis reacted with the
appropriate conpound of fornmula R'NHZ in a polar solvent such as THF,
or DMSO, preferably THF, at a tenperature from about roomtenperatur
about 100C, preferably at the reflux tenperagtire, for about four to
ei ghteen hours. The resulting conpound of fonnmul a X *men con @rted
into the correspondi ng conpound of the fornmult ing the vitro
group to an am no group using nethods weld oge~of skill in the
art. Such nethods are referred to above®or tY; rsion of the conpounds
of the formula 1A into a conmpound of the forrmula 1B in Schene 1, and
exenplified in experinmental Exanples 12B and 18B. C osure of the im dazole
ring to formthe correspondi ng conpound of fornula XXV can then be
acconpl i shed by reacting the conmpound of forrmula XXIV fromthe above
reaction with a conpound of the formula H5C202C\ i CO2C2Hs XXI A R o
wherein R is defined as above, as described above for converting conpounds
of the formula VIB into those of the formula VII. Renoval of the protecting
group fromthe conpound of formula XXV yields the correspondi ng conmpound of
formula IB. This can be acconplished using nethods well known in the art)
for exanple) as described above for form ng conpounds of the forrmula I A
fromthe correspondi ng conpounds of the formula VII. Schene 4 illustrates a
met hod of preparing conpounds of the formula IC, wherein R and R' are as
defined above. Referring to Schene 4, the conmpound of fornmula VIBis
reacted with a conmpound of the formula OH SO3Na Na0O3S CH

to




-26 (sodium bisulfate ethane drone addition adduct) rn water or another
pol ar solvent such as THF, DVMF or DMSO, preferably a m xture of water and a
-wat er m scible solvent such as THF, for about one to four hours The
reaction tenperature can range from about 40C to about 100C, and is
preferably at about the reflux tenperature Alternatively, the conpound of
formula VIB can be reacted with a conpound of tfé fornula 0 O (double
condensation reaction) in a polar solvent such as THF, water, or acetic
acid, preferably a m xture of water and THF. This reaction is typically
carried out at a tenperature from about 40C to about 100C, preferably at
the reflux tenperature, for about two to f ourS398mesS. The desired

qui noxol i ne of fornula IC can then benfornmed by deprotecting the conpound
formed in either of the foregoing redct
above for converting a conpound of the f
| A. Scheme 5 illustrates a nethod ofy Rreps 0
wherein R Z and R, together with th& benzo ring to which they are
attached, form a benzoxazole ring system Such a conpound, wherein R is
hydrogen, is depicted in Scheme 5 as chemical |[fornula | E Refenrmg to Schene
5, the conpound of formula XXIl, wherein Y is|vitro, halo,
trifluoromethanesul fonate or a diazoniumsalty is reacted with potassium
acetate or another alkali or alkaline earth nmetal carboxylate in a sol vent
such as di net hyl sul f oxi de ( DVBO) 1ﬁ?F or acetonitrile, preferably DVSO
This reaction is generally allowgd b} 2

Appropriate reaction tenperatures range g ‘Nz- to about_ 140C
Approxi mately 100C is preferred. The abQq A i on 3§éﬁds t he EﬁHbound of
formula VI11) which can then be cdNrted into the desired conpound having
formula I|E by the follow ng procedure. First, the conpound of formula VIII
is reduced by reaction with hydrogen and aJpaIIadiun1or pl ati num cat al yst

NritBogne of t\p@rfor mul a
mul a |

such as pal | adi um hydroxi de in methanol at {a tenperature from about 0C to
about 70C, preferably at . about roomtenpgrature, to formthe
correspondi ng am no derivati ve. Tq%dproduct of this reaction is then
reacted with an acid chloride of RhdNfornula R COCl or an acid anhydride of
the formula (R C0)20 wherein R is (CxCOKyIG—0r a conpound of the
formula R C(OCzHS)3) in an appropriate & veNr-tBaeh as dggel i n)

chl or obenzene or xylenes. A nixtu?F ( =1Te 27 _ preferred. This
reaction is typically conducted at?a tenperature from about 120-150C,
preferably at about 140C. Wen R COCl is used as a reactant, it is
preferable to add a stoichionetric anmount %f triethylam ne (TEA) or anot her

organic tertiary am ne base and a catal yti¢ anount of pyridinium

p-t ol uenesul fonic acid or pyridiniuglp-tol enesul fonate (PPTs) to the
reaction mxture. Wien R C(OCZHS) Ri's used as a reactant, it is preferable
to add a catal ytic anmount of PPTs o the reaction m xture. Renoval of the
trifluoroacetyl nitrogen praotgcti : rel s the desired conmpound of
the formula IE. This can be "accompl i g ) ettBos wel | kogoywn to those
of skill ~n the art, for exanple, N L AQ~tHe—pr ot ect ed conpound with a

| ower al kanol and an aqueous al kali or al kaline earth netal (or ammoni um
hydr oxi de or carbonate, aqueous sodiun1ciEbonate, at a tenperature from

about 50C to about 100C, preferably at about 70C, for about two to siXx
hours. Scheme 6 illustrates the preparatiyon of conpounds of the fornula I
wherein R is hydrogen and RZ and RBR'together with the benzo ring to which
they are attached, forma benzothiaz@ e rig system Referring to Schene
fi, the conpound of fornula Il 19 s pea N j fl uoroacetic anhydride
to formthe correspondi ng conpound er 'Fhitrogenl's pr ot ect ed
by a trifluoroacetyl group) and the N& Ng ogen proteé%ed conpound
is then reacted with two equival ents of trifiuoronethanesul fonic anhydride
and one equivalent of nitric acid to formthe correspondi ng conmpound of
formula I X, wherein there is a single vitro substituent on the benzo ring.
The reaction with trifluoroacetic acid is typically conducted in the
presence of pyridine. Both of the above reactions are typically conducted
in areaction inert solvent such as a chlorinated hydrocarbon sol vent,
preferably methyl ene chloride, at a tenperature from about OC to about room
tenperature, preferably at about roomtenperature. The above transformation
can al so be acconplished using other nitration nethods




known to those skill in the art. Reduction of the vitro group to an am ne
group can be acconplished as descri bed above to provide a conpound of the
formula I X. The conpound of formula I X is then reacted with a carboxylic
acid halide or anhydride of the formula R COX or (R Q0)20, wherein X is
halo and R is hydrogen or (C~-Ce)al kyl, and pyridine) TEA or anot her
tertiary am ne base, to forma conpound of t he'™f or nul a X, which can then be
converted to the desired conpound having forrmula Xl by reacting it with

Lawesson's reagent, which is depicted bel ow -28 H300 / \ . P~S.P S S ~
~S~\ ~ .CH3 O The reaction with R COX, wherein X is halo, or (RC0)20 is
generally carried out at a tenperature fr omSaMER4 0C t o about room

tenperature, preferably at aboutqmom tenperature The reaction with
Lawesson's reagent is generally car Y eddut Wn\a reaction inert sol vent
such as benzene or toluene, preferab e, NattBact enper MiBre from about
roomtenperature to about the r ~eture of the reaction m xture,
preferably at about the reflux teénperature. Cosure to the benzothiazol e
ring and nitrogen deprotechon to formthe desired conmpound of fornula IF
can be acconplished by reacting the conppund of fornmula XI wth potassium
ferricyani de and sodi um hydroxide in a xture of water and net hanol

(NaOH H201CH30H), at a tenperature from gbout 50C to about 70C, preferably
at about 60C for about 1.5 hours. Schene|7 illustrates a nmethod of
preparing the conpound of fornula |11, ich is used as the starting
material for the process of Schene 1, orYa conpound of the formula I G
wherein RZ and R forma ring (labeled "A" in the Schene), as defined above
in the definition of conpounds of the fornmula I. Referring to Scheme 7, the
compound of fornula Xl I, wherein ect ed, independently,
fromchloro, fluoro, brono and iodo, one ¢f X and XZ is
Br- or |-, reacted with cycl opent adi e of nmagnesi um
metal, ma THF, dioxane or other R at a tenperature from
about 40C to about 100C, preferably at about the reflux tenperature, to
forma conpound of the fornula XIll. Reaction of the resulting conpound of
formula X1l with N nethyl norpholine-Noxide (NMO) and osmumtetroxide in
acetone at about roomtenperature yields the- correspondi ng conpound of the
formula XII1A. The conpound having fornmula XIII1Ais then converted into the
correspondi ng conpound of fornula XIV using the follow ng procedure. First,
t he conpound of fornula XII1Ais reacted with sodium periodate in a m xture
of a chlorinated hydrocarbon, preferably dichloroethane (DCE), and water,

or with |lead tetraacetate in a chlorinated hydrocarbon solvent, at a
tenperature from about OC to about roomtenperature, to generate a

di al dehyde or glycal internediate. The product of this reaction is then
reacted with benzyl ame and -29  sodiumtrjacet oxyborohydnde ~n a

chl ori nated hydrocarbon solvent at a tenperature from about O0C to about
roomtenperature, preferably at about roomtenperature, to formthe desired
conmpound of forrmula XIV Renoval of the benzyl group fromthe conpound of
formula XIV yields the compound of formula Il (when ring Ais absent) or
|G (when ring Ais present). This can be acconplished using nethods well
known to those of skill in the art, for exanple, optionally reacting the
free base with one equivalent of acid, e.~c ., hydrochloric acid, (to form
t he corresponding acid addition salt), followed by hydrogen and pal | adi um
hydr oxi de in nethanol at about roomtenperature. In the reductive anination
step described above and t hroughout this docunent, alternatives to benzyl
anore, such as ammoni a, hydroxyl am ne, al koxy am nes, nethyl am ne, allyl
am ne, and substituted benzyl am nes (e.g_, diphenylnethyl am ne and 2- and
4- al koxy substituted benzyl am nes) can al so be used. They can be used as '
free bases, or as their salts, preferably their acetate salts, and can be
subsequent|ly renoved by nethods described for each by T. W G eene and G M
Wits, "Protective Goups in Oganic Synthesis", 1991, John W-l ey & Sons,
New Yor k, NY. The procedure of Schenme 7 can_al so be used to prepare
conpounds of the fornmula | wherein RZ and R3 do not forma ring and are not
bot h hydrogen, by replacing the starting material of formula XIl with the
appropriate conpound having the formul a




R2 X Xl X2 R3 Schene 8, 9 and 10 illustrate nethods of preparing
conpounds of the fornmula | wherein R is hydrogen, and RZ and R represent
a variety of different substituents, as defined above, but do not forma
ring. Scheme 8 illustrates a variation of the process shown in Schene 7,

whi ch can be used to make a conpound identical to that g fornula I

except that the benzo ring ~s substituted with a fluoro group or an al koxy
group (R in Schenme 8). This compound is depicted in Schenme 8 as chemi cal
structure 1 H Referring to Schene 8, where) for exanple, Re is F,

1, 3di fl uorobenzene ~s reacted with a s%jong base su@ﬁagi%gn al kali met al

di al kyl am ne or an al kali netal alkyl aryl) in an & real sol vent such
as ethyl ether or THF, at a tenperature § G foll d by quenching

wi th iodine or Niodosuccinamde, to for -[2 1 odobenzene. The
conpound 1, 3-di fl uoro-2-iodobenzene @ g} T : iH-C XV] _in Schene 8) is
then converted into the conpound of fornula IH BY™4 serie 53 reactions

(represented in -30 Scheme 8 as XVI--~XVII--rXVI || -~XI X--~IH thatXaye
anal ogous to the series of reactions described apove and illustrated in
Schene 7 for converting conmpounds of the fornmulg XlIl into those of the
formula IGor Il _ Conversion of the conpound of fornmula XVI into the
conmpound of forrmula XVII can al so be acconplished by treating a m xture of
t he conpound of fornmula XVl and %%clopentadien with an al kyl [ithium
reagent, preferably n-butyl lithi‘0&h in_an ineft hydrocarbon solvent such

as petrol eum ether or methyl cycl oheXameN at.a tenp@rature from about -20C
to about room tenperature, preferabl} bout \OC jhe conmpound of formula
| H can then be converted into tig N ' i'ngNRi-O 0gen protected
derivative of formula XX, using £ cri bed “hove for

synt hesi zi ng the conpound of fornmula IV in Schene 1 Nitration of"ihe
conmpound of forrmula XX using the method descri bed above for preparing the
conmpound of forrmula I X in Schene 6, yields tlhe conpound of formula XXl
wherein the benzo ring ~s substituted with poth a fluoro and rntro group or
an al koxy group and n~tro group. The conpouhd of fornula XXI can be used to
make a variety of conpounds of the formula/l wherein one of RZ and R is

fluoro, using nethods that are well known to those of skill rn the art, for
exanple, by first converting the rntro grolip to an am no group, converting
the amno group to a variety of otker substituents, as illustrated m Schene

10, and then renovi ng the nigtogen~pretecti ng group The conpound of fornula
XXl acts as a regioisoneric fdﬁgfgon
formulas I1A, VIA and XXIl, in thAt h*§t0n1of formula XXI reacts
simlarly to the vitro and Y groups of -5 A, VIA and XXII, and thus
can be subjected to the sane series of reactions as those deferi bed above
for the latter three compounds, providing an alternate neans for preparing
t he products of such reactions. Simlarly, the al koxy group of fornmula XX
(R e=al koxy) may be converted into a hydroxyl group before or after

i ntroduction of the vitro group, and then converted to isoneric products as
descri bed above. Also, the trifluoronethanesul fonate salt of such hydroxy

derivative can act as a Y-group as described Preparation of conpounds of

formula | where R~ _ -Q(C,-Cs)al kyl, (C -C6) alkyl or aryl wherein aryl is
defined as above in the definition of fornula |, and R is H or one of the
ot her substituents described above rn the definition of formula I, can be
prepared as descri bed above and illustrated in Schene 8 by replacing one of
the fluorine atons of the conmpound of fornmula XV with -0 (C, -C6)al kyl,

(C -Co)al kyl or aryl, respectively. Schene 9 illustrates nethods of

preparing conmpounds of the fornula |I wherein: (a) R is hydrogen and RZ is
R RBNQZS-; (b) R and R~ are both chloro; and (¢c) R is hydrogen and RZ is
R'C(=0) -. These conpounds are referred to in Schenme 9, respectively, as
conmpounds of formulas 1J, IK and IL.



-31 Referring to Schene 9, conpounds of the forrmula 1J can be prepared by
reacting the conmpound of fornmula IV with two or nore equivalents of a
hal osul foni ¢ acid, preferably chlorosulfonic acid, at a tenperature from
about OC to about roomtenperature. Reaction of the chlorosulfonic acid
derivative so formed with an am ne having the fornmula R RBNH, wherein R
and R8 are defined as above, followed by renoval of the nitrogen protecting
group, yields the desired conpound having7fornula |J. Conpounds of the
formula | K can be prepared by reacting the conpound of formula IV with
iodine trichloride in a chlorinated hydrocarbon solvent, followed by
renoval of the nitrogen protecting group. The reaction with iodine
trichloride is typically carried out afchemeé&nperature from about 0C to
about roomtenperature, and is preferably care ied out at about room
tenperature. In a simlar fashi al ogous nmono- or dibrom nated or
nono- or diiododi nated conpoun priNidar ed by reach\ng t he conpound
of IV with Ni odosuccinimde or NbrOomegueCinimde in a
trifluoromethanesul fonic acid solvent, followed by renoval of the nitrogen
protecting group as descri bed above. Reaction of the conmpound of IV with an
acid halide of the formula R 3COCI or jan acid anhydride of the formul a
(R'C0)20, with or without a reaction ynert solvent such as a chlorinated
hydr ocar bon sol vent, preferably nethylene chloride, in the presence of
Lew s acid such as alunlnéthhlorlde at a tgnperature fromabout 0C to
about 100C, followed by nréroger Yer ectio ) yi el ds the conmpound of
formula IL. The reaction with B hal +de—eCFanhydrilde can be carried
out using other known Lewi s a ' Rer Friedel-Crafts acyl ati on nethods
that are known in the art. The reactlons descri bed herein in which NO2,
-S02NR R8, -COR 3) I, Br or Cl are introduced on the conpound of fornula
V) as depicted in Scheme 9 and descri bed above, can be perfornmed on any
anal ogous conpound wherein R2 is hydgogen, (C~-Cs)alkyl, halo,
(C~-C6) al koxy or -NHCONR R8, producing conpounds of the formula |I wherein
R2 and R3 are defined as igpnhe definition off conpounds of the fornula |
above. , Conpounds that aré Itef of the fornmula,/IL, but which
retain the nitrogen protecting /fyted intolXhe
correspondi ng O acyl substitutes i.e., those wherein the
-C(=0)R 3 group of formula IL is replaced wth a -OC(=0)R 3 group, using
Baeyer-Villiger processes well known to those skilled in the art. The
resul ti ng conpounds can be partially hydrol yzed, as described in Exanple
35) to yield the correspondi ng hydrgxy substituted conpounds, and then
al kyl ated to formthe correspondi ng{al koxy substituted conmpounds. Al so, as
described in Exanple 36, sggh O acyl substituted conmpounds can be used to

Ie

prepare variably sub dtut benzi soxazol e -32 Schenme 10 illustrates
met hods of maki ng c mul a l wherein (a) R is hydrogen and
RZ is chloro, (b) R ~s hydr ~N\ TS XQB , (¢) R is,hydrogen and RZ
is ammo, and (d) R is H?dr01e\ ¢£ ( ng(FD The§§ conmpounds are
referred to m Schene 10, respectively, as conpounds of the fornula IM IN,

| P and 1Q Conpounds of fornmula I Mcan be prepared from conpounds of the
formula I X by generation of a diazpniumsalt wth, for instance, an al kal
nmetal rntrite and strong mneral acjd (e~, hydrochloric acid, sulfuric
acid, hydrobromic acid) in water, fppollowed by reaction with a copper halide
salt, such as copper (1) chloride trogen deprotection by the nethods
descri bed above yiel dg,the Hesired conpound formula I M Alternatwe

met hods for the geneRatN.on Nf d'azonlun1s;L2 as known and practiced by

those of skill in the arf]] ca @ Nsed lThe foregoing reggtion is
generally carried out bygerrp gt om about OC to about 60C,
preferably about 60C for about fates to one hour. Reaction of the

di azodium salt, prepared as descri bed above, with potassiumiodi de man
aqueous nedi um provi des the anal ogous i odi de derivative. This reaction is
generally carried out at a tenperature from about OC to about room
tenperature, preferably at about roomtenperature. The resulting conpound,
or its analogous N-tert-butylcarbonate protected form can be used to
prepare the correspondi ng cyano derivatwe by reaction with copper (I)
cyani de and sodi um cyani de in DMF, N, N-di net hyl propyl urea (DVPU) or DVSO,
preferably DMF, at a tenperature from about 50C to about 180C, preferably
about 150C. Nitrogen deprotection as descri bed above provi des the desired
conpound of forrmula IM The above described iodide derivative can al so be
used to access a varlety of ot her substltuents such as aryl, acetylene and
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The conpound of fornmula I X can be reacted with a acyl group having the
formula R'COClI or (R'C0)20 using the nethods descri bed above, foll owed by
nitrogen deprotection to provide conpounds of the fornula tQ !n a simlar
fashion, treatnent of the protected anore with a conmpound having the
formula R 3SQzX, when X is chloro or brono, followed by nitrogen
deprotection, provides the correspondi ng sul fonam de derivative. Qher
suitabl e am ne protecting groups that-t&an be used, alternatively, in the
procedures described throughout this docunent include -COCF3, -COCCl 3,

- COOCH2CCl 3, -COO(C, - C6) al kyl and - COOCH2C6H$. These groups are stable
under the conditions -33 descri bed herein, and may be renoved by nethods
descri bed for each rn G eene's "&neie6tdowauéd oups in Organic Chem stry”,
referred to above. In each of the reactions discussed above, or illustrated
in Schemes 1-10, above, pHessure is not crgtical unless otherw se

i ndi cated. Pressureg’ ro bo 0.5 atnpspWeres to about g‘atnnspheres are
general ly acceptable, w(th 3 pressure, iR'é about at nospher e,

being preferred as a makter nence. The conpounds of the fornula
and their pharmaceutically € salts (hereafter "the active
conpounds"”) can be adnlnlstered via either the oral, transdernmal ( e.~c .)
t hrough the use of a patch), mtranasal, sublingual, rectal, parenteral or
topi cal routes. Transdermal and oral adninistration are preferred. These
conpounds are, nost desirably, adm njstered in dosages ranging from about
0.25 ng up to about 1500 ng per day, |preferably from about 0.25 to about
300 ng per day in single or divided doses, although variations wll
necessarily occur dependi ng upon theYwei ght and condition of the subject
being treated and the particular route of adm nistration chosen. However, a
dosage |level that is in the range of about 0.01 ng to about 10 ng per kg of
body weight per day is nost d.\ r af - ed Variations nay neverthel ess
occur dependi ng upon th 3 i (MHof the persoi® being treated
and their individual Sb <[ anent, as well as on the type
of pharnmaceuti cal fon1u|at|onr$hose and the tine period and interval
during which such admnistration is taned out. In sone instances) dosage

| evel s below the lower limt of the aforesaid range may be nore than
adequate, while in other cases still larger doses may be enpl oyed w t hout
causi ng any harnful side effects, provided that such | arger doses are first
di vided into several small doses for adm nistration throughout the day. The
active compounds can be adm nistered alone or in conbination with
pharmaceutically acceptable carriers or dduents by any of the several
routes previously indicated. Mre particularly, the active conpounds can be
adm nistered in a wide variety of different dosage forns, e.~c ., they may
be conbi ned with various pharnaceutically acceptable inert carriers in the
formof tablets, capsules, transdermal patches, |ozenges, troches, hard
candi es, powders, sprays, creans, salves, suppositories, jellies, gels,
pastes, lotions, ointnments, aqueous suspensions, injectable solutions,
elixirs, syrups, and the like. Such carriers include solid diluents or
fillers, sterile agqueous nmedia and vari ous non-toxic organic solvents. In
addi tion, oral pharmaceutical conpositions can be suitably sweetened andl or
flavored. In general, the active conpounds are present in such dosage forns
at concentration |levels ranging fromabout 5. 0%to about 70% by wei ght.

-34 For oral admnistration, tablets containing various excipients such as
m crocrystal hne cellul ose, sodiumcitrate, calcium carbonate, dicalcium
phosphat e and gl yci ne may be enpl oyed along with various disintegrants such
as starch (preferably corn, potato or tapioca starch), alginic acid and
certain conplex silicates, together with granul ation binders |ike

pol yvi nyl pyrrolidone, sucrose, gelatin and acacia Additionally, |ubricating
agents such as magnesi um stearate, sodiumlauryl sulfate and talc can be
used for tabletting purposes. Solid conpositions of a simlar type may al so
be enployed as fillers in gelatin capsules; preferred materials in this
connection also include |lactose or mlk sugar] as well as high nol ecul ar

wei ght pol yet hyl ene gl ycol s. When aqueous suspensions andlor elixirs are
desired for oral admnistration the active ingredient nmay be conbined with
vari ous sweetening or flavoring agents, coloring matter and, if so desired,
emul si fying andl or suspendi ng agents, together with such diluents as water,
et hanol , propyl ene glycol, glycerin and various conbinations thereof. For
parenteral adm nistration, a solution of an active conpound in either
sesame or peanut 0|I or in agueous propylene egcoI can be enployed The
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-35 Procedure Mal e Sprague-Dawl ey rats (200-300 g) from Charles River were
housed i n groups m hangi ng stainless steel wire cages and were naintai ned
on a 12 hour lightldark cycle (7 a.m-7 p.m |ight period). They received
standard Purina Rat Chow and water ad |ibifum The rats were killed by
decapitation Brains were renoved i nmedi ately foll ow ng decapitatron

Menbr anes were prepared frombrain tissue according to the nethods of

Li ppi el l o and Femandez (Mol ec Pharmacol 1929, 448-454, ( 7 986) with sone
nodi fications. Wiol e brains were renoved, rinsed with ice-cold buffer, and
honogeni zed at 0 in 10 vol unes of buffer (wv) using a Brinkmann

Pol ytronT"", setting 6, for 30 seconds. The buffer consisted of 50 MM Tri s
HCl at a pH of 7.5 at room tenperat ur &chefihe? honogenat e was sedi nent ed by
centrifugation (10 m nutes; 50,000 x g; O to 4C The supernatant was poured

of f and the nenbra L e-gently resuspended wiih the Pol ytron and
centrifuged ag ; 50,000 x g/ 0 1 Aftgrt he second
centrifugation, WeTETE3Us peAde uffer at a

concentration o , XThe conposit
was 50 mM Tns HCI, 120 mM NaCl, 5 nMKC) 2 nM V-Ch 2 mM Cadl 2-and has a
pH of 7.4 at roon1te eratur Routine assays pertor

borosilicate gl alfng AP 8 o The assay m xt u(\rf\g'gt@pl%@??a?g ﬂgf’%'?%d of 0.9
my of nenbrane protein@f®3final incubation vol umklibf 1.0 nL. Three sets
of tubes were preparelliwherein the tubes in eachsset contained 501 of
vehicle, blank, or test conpound solution, respéétively To each tube was
added 200 ~L of ["H - nlcotlne in g say bufferonIIomed by 750 pL of the
menbrane suspension. The fi S of nicotine in each tube was
0.9 nM The final concentrd in the blank was 1 uM The
vehi cl e consi sted of deioni X o Qi ng 30 pL of 1 N acetic acid
per 50 nL of water The test conpo ds and cyt®Hi ne were dissolved in
vehicle. Assays were initiated vortexing after addltlon of the menbrane
suspension to the tube. The sar(rﬂ'KQEQ V\BF%sel” eupasetlat 0 to 4 Cin an iced
shaki ng water bath. Incubations wereXi¥ ninated by rapid filtration under
vacuum t hrough What man GFIB~'" gl ass fi ber 5lters using a Brandel ~"'
mufti-manifold tissue harvester. Following the inigmat filtration of the
assay mxture, filters were washed two tines W|th ol d assay buffer (5
m each). The filters were t D ‘ ti ng)wwgt's and m xed
vigorously with 20 ml of Rd

gard assay buffer

P before quantification of
Wal | ach Rackbeta™' " liquid

radi oactivity. Sanples were\gco
scintillation counter at 40-50% efYiciency. Al determ nations were in
triplicate. -36 Calculations Specific binding (C) to the nenbrane is the

di fference between total binding in ti a ng vehicle only and
menbrane (A) and non-specific bindin B§A§t Eg@n{#ﬁé?gggptalnlng t he

menbrane and cytisine (B), i.e., SpecificX nding = (C _ (A - (B
Specific binding in the presence of the tgst conmpound (E) is the difference
between the total binding in the presenceyf the test conpound (D) and
non-specific binding (B), i.e. , (E) _ (D) - (B). Inhibition = (1-((E)/(Q)
times 100. The conpounds of the inpuentiop_that were tested in the above
assay exhibited | Cso val ues : 0 YM The foll ow ng experi nent al
exanples illustrate, but do cafd of, this invention. EXAVMPLE
1 10- AZA- TRI CYCL( 6. 3. 1. 02" N.DOPE TRI ENE A)

1, 4- Di hydr o- 1, 4- net hano- napht hal eng (Based wholly or in part on a) Wttig,
G ; Knauss, E. Chem Ber. 1958, 97, 895. b) Miir, D. J.; Stothers, J. B
Can. J. Chem 1993, 77, 1290.) Magnesiumturnings (36.5 g, 1.5 M were
stirred in anhydrous THF (250 nl) in &Gdri(RdapdiRBfommaing A)nd bottom fl ask
equi pped with a 250 nL non-equalizing addition funnel wth a nitrogen (NZ2)
fl ow adapter, mechanical stirrer and #f:fi@ingA =cabvedntser equi pped with a Nz
fl ow adapter. The flask was stirred and warned to reflux by a renovabl e
heati ng mantl e. 2-Fl uorobronobenzene (2g) was added followed by 1 nL of 3N
et hyl mmagneswm brom de (EtMy8r in THF). The addition funnel was charged with
a mxture of cyclopentadiene (94.4 g, 1.43 M Prepared by the nethod
described in: Og. Syn. Col. Vol. V, 414-418) and bronofl| uorobenzene (250
g, 1.43 M which was maintained at O Cin a separate flask by an ice bath,
and transferred to the addition funnel via cannula. Small portions (-1 nl)
of the intimte mxture were introduced to assist initiation (~4x). After
-15 minutes) the reaction initiated (exotherm and vapor condensation), the
heati ng mantl e was renoved and the contents of the addition funnel was
added dropmnse at such rate as to nalntaln refl ux (1 5 hours) The heating

I I 1 N 1 N 1 o Y 1 T Y Y - VA T Y. Y.y .Y




-37 concentrated HCl was added to dissolve solids Total addi bonl quench tine
-1 hour Saturated aqueous sodium chloride (NaCl) solution (300n.) was added
-and product hexanes extracted until no potassi um permanganate (KWVhQ, )
active product is renmoved (4 x -250 nL). The conbi ned organic | ayer was
washed wi th saturated NaHCO3 sol ution (250 nL), sodi um bi carbonate NazZSQ
dried and concentrated to an oil (-200 g). The product was distilled at
78-83 C @5mm (131 g, 64%. (An alternatiwg workup ~s described on p.419

Fi eser and Fieser, Vol. |, Reagents for Oganic Synthesis, Wley, NY., NY.;
1967). B) 1, 2, 3, 4-Tetrahydro-1, 4- net hano- napht hal ene- 2, 3-di ol (Except for
the workup nethod and the quantity of Os04 used, based on VanRheenen, V.;
Cha, D.Y.; Hartley, W M Og. Syn. 198§cheﬁqe8342) In a 2 L 3 neck round
bot t om f I ask eqU|pped with a NZ fIOM/gdﬁﬁrer- mechani cal stirrer was pl aced
1, 4- di hydr o- 1, 4- mit'hano- napht hal ene R79.5 g, 560 nmol) stirred in acetone
(800 m.) and HZO 100 nm.) and N-net ~norphohne N-oxi ggs (67.5 g, 576
nol ). To this w ‘ i l(CBC)) ( 15 M of a 15nol %t - BuOH

solution, 7 .4 ) 3 /nlxzure was § gor ousl y.
After 60 hours i pd, and the u t rinsed

W th acetone a X ot her |iquor was ctncentrated to
an oily solid: ace&tone trituration, filtration and acetone rinse provided
(27.4 g, total 8%83 , 89% . (TLC SO%JEtOAc/hexanes R -0.5). np 176-177.5
C. O 10-Benzyl aza-tncycl o[ 6. 3 XYl oz=" ] dodeca-2(7), 3, 8Vliri ene (Based on

Abdel - Magi d, @#\e F= 1 G; Harris) B. D.; Maryanoff, C A.; Shah,
R D. J. Crg(#%}IForégééngT% 3849; and thzocchi, P. H; Stahly, B. C J.
18455.)

Med. Chem 1979, 2
1,2, 3, 4-Tetrahydro-y, 4- met hano- napht hal ene-2, 3-diol (40 g, 2273 mmol) was
stirred in HZO (105| nL) and 1, 2- dlchloroethane (DCE) (420 mL) ina 2L

3 rogen with cool water bath %10 C). To this
239 mmol ) and triethyl bénzyl um
as stirred

sodlun1per|odate
chl oride (Et38nN§
for 1 hour (slight nltlal exot herrf) 5 then the | ayer ; parated and

t he aqueous | ayer was_ extracted with DCE (200 nmL). The orgarnc | @er was
washed with HzZO (4 x 80 nL, or until no reaction to starch iodide is
observed in the aqueous wash) then dried through a cotton plug To this mas
added benzyl amne (255 g, 236.6 mmol) and the m xture was &Vl red for
mnutes then immediately transferred into the sodlun1gglacetoxyborohydr|de
NaHB( OAc) 3/ DCE (see R& ow) over 10 m nutes. -38 InRa separate 2 L round
botton flask flask ufhder nitrogen was magnetically stlrred NaHB(OAc)S (154
g, 0.727 mmol) in DCK (800 nL) at 0 C (ice bath) added tpe
above m xture ovel ’
were m xed The res d 4
tenperature and st =T 30-60 m nutes. The react™on was quenchedCBy
addition of saturated sodlunlcarbonate (NazZC03) solution (

carefully at first and e mxture was stirred for 1 hour (ggPQ) The

| ayers were separated and the aqueous | ayer was extracte% with CHZA Z (2 x

300 nmL). The organic | ayer was washed with saturated aqueous NaCl sol ution
(200 m.), dried through a cotton plug, then evaporateﬁwt aredoil. This
was dissolved in a mninmmof EtZO and filtered throuah a Silica pad (3 x 4
inch) eluting with 15% ethyl acetate (EtOAc)/heyxanes 1 % of 37% aqueous
ammoni um hydr oxi de (NH40H) solution to renove baseli %

Concentration affords a light yellow oil (48.5 g, . (TLC
10% Et CAc/ hexanes R, 0.75). 'H NWR (400 MHz, CDCl 3)_8 7. ' 6. 89
(m 2H), 3.48 (m 2H), 3.08 (m 2H), 2.80 (d J=9. 5\% ) 42 (dgrJ=9.5

Hz, 2H), 2.27 (m 1 H), 1.67 (d, J=10.0 Hz, 1 H APCI M5 me 250.3 ((M+ 1
)'J. D 10-Aza-tncyc|0(6.3.1.0Z:']dodeca-2(7),3.5-tnene (For an alternative
synt hesis, see; Mazzocchi, P. H; Stahly, B. C J. MedXxXChem 1979, 22,
455.) 10-Benzyl -10-aza-tricycl o[ 6. 3. 1. 02~ ] dodeca-2(7), 3,5-tnene (70.65 g,
284 mmol ) was stirred in EtOAc (250 nL) and treated wwth 3N HCI Et OAc (1.03
eq.) slowy :pith cooling (ice bath). The resulting precipitate was
filtered and rinsed with Et QAc. The solids were dissolved in MeOH (250 nl)
in a parr bottle. To this was added Pd(OH)Z (7 g of 20% | C) and the

m xture was shaken under 50-40 psi of HZ for 24 hours or until done by TLC
The reaction was filtered through a Celite pad and concentrated to an oily
solid. This was azeotroped with nethanol (MeOH} (3x) then triturated with
acetone, treated with ethyl ether (EtZO to precipitate product and
f||tered Cbncentratlon of the nDther | i quors and a second treatnent
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-39 EXAMPLE 2 4- FLUORO 10- AZA- TRI CYCLO 6. 3 1. 0Z=] DODECA-2(7), 3, 5- TRI ENE
HYDROCHLORI DE A) 6- Fi uor o-1, 4-di hydr o- 1, 4- net hano- napht hal ene (Ei sch, J.
J.; Burlinson, N E. J. Arer. Chem Soc. 197fi) 98, 753-761l. Paquette, L.
A, Cottrell, D. M; Snow, R A J. Aner. Chem Soc. 1977, 99, 3723-3733.)
Magnesi um turnings (0 66 g, 27.2 nmmol) were stirred in anhydrous THF (10
m) in a flame dried 75 nL 3 neck round bottom fl ask equi pped with a
non- equal i zi ng addition funnel with a N2 fl ow adapter, magnetic stirrer and
efficient condenser equipped with a NZ fl ow adapter. The flask was stirred
and warmed to reflux by a renovabl e heating mantle. 2,5D fl uorobronobenzene
(0.1 g) was added followed by of 3N EtMyBr in THF (0.1 nlL). The addition
funnel was charged with an intimate niS&#a®&® of cycl opent adi ene' (1.71 g,
25.9 mol) and 2, 5-difl uorobronobenzene (5.0 g, 25.9 Smal | portions
(-0.2 nL) of the intimate m xture were introduced initiation
(~4x). After --15 mnutes, the reaction initiated nd vapor
condensati on) and heati ng was mai nt ai ned_gss.nec g the addition
of the contents of the addition funnel. Rﬁé'$@a§tion was then maintai ned at
reflux for 1 hour. The reaction was cool edgrto roomtenperature and quenched
with HZO (20 nL) followed by aqueous 1 HCl solution (20 m.) to dissolve
the solids. Saturated aqueous NaCl sotutron (30 nlL) was added and product
was extracted with myxamﬂs (4 x 2 ). The conbi ned organic | ayer was
washed with saturate aqueous NaHC03 solution (25 nlL), dried (NazSQd),
filtered through a SiJNca plug with hexanes rinse and concentrated to an
oil. Chromat ography pn Silica gel eluting wth hexanes prOV|ded an oil (780
ng, 19% . (TLC hexaneS ™R 0.38). 'H NWR (400 2 X 7.10 (m 1 H),
6.97 (d, J=8.0 Hz, 1 6. 80 @bL_sT-;—#}—aﬁ 78 ;
3.87 (br s, 2H), 2.3 , J=7.0 Hz) 1 H, a 7~
6- Fl uoro-1, 2, 3,4-te ir o- 1, 4- met hano- napht alene 2, 3- dIO)
6- Fl uor o- 1, 4-di hydro #- met hano- napht hal ene (680 ng, 4.22 mmol) and
N- net hyl nor pholine Noxide (599 ng, 4.43 mol) were $ irred in acetone (50
m.) and HZO (5 nL). To this added a solution of Gs (0.2 m., 2.5%m.
solution in t-BuOH, 0.02 nmol).NAfter 72 hours, florisil (5 g) and
sat urated aqueous NaH$P3 solution(3 nmL) were added and stirred for 1 hour
The florisil was filtered and the fN trate concentrated to produce a
crystalline product which was triturated with acetone and filtered (524 ny)
64% . 'H NWR (400 MHz, CDCI3) 8 -40 7.10 (dd, g=8 Q. Hz, 1 H), 6.90
(dd) J=8 0.2.3 Hz, 1 FD 6 75 (ddd, J=8 0,8.0,2 NHS: 79 (s, 2H),
3.18 (d, J=1 5 Hz, 2H), 2.22 (d, J=10.0 EZ3 ¥, J=10 0,1.5 Hz,
1 H GCVMs me 194 (M) C 10-Benzyl-4-fl uoro3fl0-aZza- trlcyclo[6 31
Qz=' ~dodeca-2(7), 3, 5-tnene
6- Fl uoro-1, 2, 3, 4-tetrahydro- 1, 4- net hano- napht'hal ene- 2, 3-di ol (524 ng, 2.68
mol ) and Et 3NBnC (10 ng) were vigorously stirred m gy chl oroethane (15 nL)
and H20 (45 nL) then treated with sodium periodate (0.603 ng, 2.82 nmol)
After 1.5 hours, the |ayers were separated and the aqueous | ayer extracted
with DCE (2 x 20 nL). The conbi ned organic | ayer was washed with H20 (4 x
20 nL) until no reaction to starch iodi de paper was observed, then with
saturated aqueous NaCl solution (20 nL). The organic |ayer was dried
through a cotton plug and treated with benzyl anore (0.308 ni, 2.82 nmol)
and stirred for 2 mnutes then transferred to an addition funnel. This
sol ution was added over ~10 mnutes to a vigorously stirred cooled (0 O
m xture of NaHB(OAc)3 (1.82 g, 8.58 nmmol) m DCE (50 nmlL) After addition was
conplete, the mxture was stirred without cooling for 2 hours. The m xture
was quenched with saturated aqueous Na2C03 solution (100 nL) and stirred
for 1 hour, then the |ayers were separated and the aqueous | ayer was
extracted wwth CH2Cl 2 (3 x 30 nL). The conbi ned organic | ayer was washed
wi th saturated aqueous NaCl solution (50 nL), dried through a cotton plug
and concentrated. Chromatography on Silica gel provided an oil (520 ng,
80% . (TLC 2% acetonelCHZClz R, 0.40). ' H NWR (400 MHz, CDC13) 8 7.18 (m
1H, 6.88 (m 2H), 3.48 (s, 2H), 3.06 (m 2H), 2.78 (m 2H), 2.41 (m 2H)
2.27 (m 1 H, 1.69 (d, J=10.5 Hz, 1H). D~ 4-Fluoro-10-aza-tricyclo[6.3
1. 0~="]dodeca-2(7),3,5-triene hydrochl oride
10- Benzyl - 4-f | uor o- 10- aza-t ncycl 0~6. 3. 1. 0z~' ] dodeca-2(7), 3,5-tri ene (390
ng, 1.461 mmol), ammonium formate (3.04 g, 48.2 mmol) and 10%d(OH) ~1 C (30
ng) were conbined in MeCH (50 nL) and brought to refiux under NZ for 1.5
hours. Ammonium formate (1.0 g) was added and refiux continued for 0.5
hour The reaction m xture was flltered t hrough a CE|Ite pad mhlch was
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-41 5% MeOH CHzZCl z (NH3) R~ 0.27) (data for free base) 'H NWVR (400 MHz,
CDC13) 0 7.06 (m 1 H, 6.83 (m 2H), 2.S9 (m 4H), 2.61 {dd, J=12.0 Hz,
2H), 2 37 (m 1 H), 1.87 (d, J=11.5 Hz, 1 H. APCl Ms nme 178.2 [(M+ 1 )"'J
(HC salt) np 260-262 C EXAMPLE 3 4- METHYL- 10- AZA- TRI CYCL( 6. 3

1. 0~="] DODECA-2(7), 3, 5- TRI ENE HYDROCHLORI DE The title conpound was prepared
by the nethods described in Exanple 1 and 2 starting with

2-f 1 uor o- 5- net hyl bronobenzene. (data for-4ree base) 'H NVR (400 MHz, CDCJ3)
S7.04 {d, J=7.5 Hz, 1 H, 6.99 (s, 1 H), 6.98 (d, J=7.5 Hz, 1 H),
2.98-2.90 (m 4H), 2.63 (m 2H), 2.35 (m 1 H), 2.32 (s, 3H), 1.87 (d,
J=11.5 Hz, 1 H. APCl Ms nme 174.2 [(M+ 1 )']. (HC salt) np 254-255 C.
Anal . Calcd. for C,ZH-2F3N. HCL113H20: #ghefg8184; H, 5.11; N, 5.19. Found C,
53.73; H, 4.82; N, 5.15. EXAMPLE 4

4- TRI FL~I OROVETHYL- 10- AZA- TRI CYCL( 6. 3. 1. 02- ~~DODELA
HYDROCHLORI DE (See G unewald, G .L.; Paradkar,
Pleiss; M A ; Sall, D. J.; Seibel, W L.; Rei N g. Chem 1983,
48, 2321-2327. Gunewald, G L.; Mrkovich, K¥M; Sall, D. J. J. Med.
Chem 198T, 30, 2191-2208.) The title conpound was prepared by the nethods
described in Exanple 1 and 2 starting with
2-fluoro-5-trifluoronethyl bronobenzene. H NVR (400 WMHz, CD30D) 8 7.71 (s,
1 H, 7.64 (d, J=8.0 Hz, 1 H), 7.57 (d,/J=8.0 Hz, 1 H), 3.48Mm 4H), 3.21
(d, J=12.5 Hz, 2H), 2.41 (m 1 H, 246 (d, J=11.5 Hz, 1 H. APCl MS me
228.2 [(M+ 1 )], (HCO salt) np 244-246 C. Anal. Calcd. for

C~2H~~F3N. HC1. 1/ 3H20: C) 53. 44; 5.11; N, 5.19. Found C, 53.77; H, 4.82;
N, 5.18. EXAWPLE 5
3- TRI FLUOROVETHYL- 10- AZA- TRI C ch 6. 3. 1. 02=" ] DODECA-
HYDROCHLORI DE ( Grune Mar kovi ch, K. M ; Sa
Chem 198T, 30) 213)1#2 ) The title co nd W&S pre
described in Exanplell and 2 star
2-fluoro-6-trifluorehethyl bronobenzene. 'H NVR (400 MHz, CD30D) 8 7.65 (s)
2H), 7.52 (m 1 H) 65 (br s, 1 H, 3.49-3.43 (m 3H), 3.20 (m 2H), 2.42
(m 1 H, 2.18 (d, .5 Hz, 1 H. APCl MS me 228.2 [(M+IN)a]. (HC
salt) np 275-277 C. 42 EXAMPLE 6 3- FLUORO 10- AZA-TRICYCLO 6 3 1 02

~] DODECA- 2(7), 3, 5- E HYDROCHLORI DE A) 2, 6-Di fl uor oi odobenzene (Roe, A

- TRI ENE

par ed by the met hods

M; Burton, R A ; ¢y, G Bai nes, MW ; Rasnussen, A C J. Med.
Chem 1968, ! !, 814~8%9 Tanbor ski; : Sol oski , B J &g em 1966, 3!,
746-749. G unewal d, G . Arri ngt on, Bartl et Reitz, T. J.;

Sall, DJ J. Med. Chem 1986, 29, 1972-1982
0.5 M in THF (75 nL) was added to a -78 Csterqql
n-butyllithwnm (n-BUKl) (200 nL) 2.5 M hexanes,



0.5 M and THF (500 nL) under N2. By controlling the add~t~on rate the
internal tenperature was maintai ned below -70 C. The total addition tine
-was 112 hour. The resulting slurry was stirred an additional 112 hour, then
t he dispersion was treated with a solution of iodine (126.9 g, 0.5 M in
THF (300 nL) at a rate that maintai ngg_an internal tenperature below -70 C
After conplete addition the m xture s allowed to warmto room
tenperature, and was treated with HZO (100 nL) and 10% aqueous NaZSZ03
solution (100 nL) and stirred. The |layers were separated and the aqueous

| ayer extracte nL). The ¢ d.orga |c | ayer was
washed with 1095 hﬁa\ﬁeo@eﬁ%ﬁeﬁ&% %&?th(?ﬂz'?gl@@pﬁmds Oﬂgﬁfo("fg ) saturat ed
aqueous NaCl sBéfarinote §chode nithe serting chafeNai-cE®MIE 11 is eeastedanitl tttfbln@emtw ated to

gi ve a yeldnomide] ih tr(elﬂ'@seﬁcﬁbf* pyﬁinﬁé ith k&%'tﬁé‘c@ﬁp@d &f BRI IV, SPniCrd2e R ,gied a

|6I ggt (%/]el I?c_)ﬁvg 39 e ctmdén %Eg\yke )chlorlgjg at a Qemperature from ab]b%? "80 zo abou(t room 18,

5- Fl uor o-temferdiufeydr o- 1. 4- net hano- napht hal ene A sol ution of
2. 6-difl g
2% 'mmr;“ 3/; gﬁgetb?é}ﬁgd&ﬁd EJfoSrQ'le% |v2%h§ iﬁ{i@&'thﬁéﬂﬁlut&o@éﬂb& @mﬁ@a o g

treated wivtthe FRIBYiNg Pregesy.4 The composng ?fﬁheh@ W is pqdeg tg@gpi E?r?fﬁvﬁré@’%ver 10
m nut es. ehoralemscittiffubromiehatbdeifvaid@cid aEH,80,0H) afd mﬂaaequtwleﬁzddf fhitrio acumfm aqueous

1 N HC 50 nL
The conbi cﬁk}’ﬁété)dﬂ' hgﬂgcatmﬁerowﬁgtg g‘éﬁgm%s ﬁﬁgroﬁﬁ% 'H gﬁk?rgﬁ &?Eé? grsa g ﬁ ueous)
NaCl sol wahlogee. (18‘@ refuiting mrxtuéfds ghaysd 1p) reaqt far gbeub 8 tQa?fd"QémsapﬁSWané'ﬁF fOFeQO'nQ

Chr onmat 0geaabne Hé géherdll %rﬂ@éte&ﬁt@“eﬁ@&aﬂf@rdhlgiﬁ fisin aEbL@L')B"(: 1o Ebdillt 04’5% (TLC
hex anes 0.8 Hz,

iy ébeﬁé’iwzfjéé’d@ S T tifﬂasn%epeé%“f%ﬂ“e Copprd R 4

J=8.5, 8 3, 0. 8 Reguctipn jof the aonupdef fermulp 14) using, raehqds wel knownp those S@kﬂfﬁn (ddd,

34:7)) é) 131r|\:ej1-ar? y,é‘K:!s tﬁ'el‘aompaur%(bf (eldla 1B=Thid rdduétioh-can b& acébH)phsh@@IVﬁr éﬁaﬁm%Go (M).

- u ri.c

nyelr oh JPTACYRRRER 20 £ RSB GHIRRE skt =5 P BV B R rtiS BRI ned i n

Exarrpl e 2BHEenD atabnut iopm temperatWBe.f | uor o- 1, 4- di hydr o- 1, 4- net hano- napht hal ene.
H NNR (400 Mﬁefen%@@}he%\eb #8 c(:rqﬁm.md Sffermunaliads orilers intd tﬂ@oorr@sp%%n dj J=7.3

3 21 ( m °2’H5’°“"§ ("ts*'é'e('h‘ﬁe ?"ﬂiiﬁ’ba%*yg&b‘(eﬁ'“g ﬁﬂ%ﬁ '%"’H?CEJIQ’H -Bamm\%sg"%"’a“&?s 4
((M+ 1 )(Vl]f\) bmrpaczﬁgnz B with arEKeliPheal or alkaline earth metal (or ammonium) hydroxide or
4- NI TRO- %Qrb%&TPArQY@eQ[r@ac%n ARE .sBQQ@Eﬁ?Gm%( fobm3the- bRl rb%%’mlrlhOEﬂtDE A~

1-(10- Az trijfl th
e e iR R P Tese °ndé‘%1 HIRLE K "f)eaﬁﬁr%e{#@é% ROUPLBRIor BhOCo ¢
(12.4 g, cabomiainsPerallsamed pytanan mu@p@@@h@lz@mmr tetrahydrolan G66) B (i ce
bat h) an@lanwemrr@ﬁomnab&t Ritéhh t&relo?ab@& 70:C, ﬁé?erﬂﬁ@ét)abf:@'?bw abdlt one

L ¢ on kLS o *ﬁ?ﬁﬁf@* Yol 'g”‘?%%‘?"z e, g2, Pt AT B e

into O. SRNQilqmwd‘fOHCthe(@Q@ reggtion rvdtht dirbbytylgiearisongleparpeeferdbly Thwiehquiedo s | ayer

was ext reacaﬂsmatab THA-8bsané 3r ?ﬁefﬁQeﬁH—ahl@aBQaii‘f’enﬁ@ﬁﬁlr@ﬁ&n%ﬁ&ﬁ@“@ td SR Was
washed wit d aqueous

Nareos S BERTPaR: Thk Tearhanoiaygr REV bl bR g BBt BeassC A VB Lot
di | ut ed Wietreactzpts Bts@ies theereinifie, Lsecof @ dhaselis prefpired TheredultBp lcompoynd df femutled with

~3% Et OAACeR{Che - co%@&‘rﬁté "&te' QJPreé‘EJn%g%nﬁnoC Eé‘r%tn\@' $f f&ﬁhﬁé‘ Vid XSh@lthd zed to
gi ve white needles Et OAc/ hexanes R

0.53). ' PAORRA"Y 48 ?F”&Wz ab%dfs)w%"eﬁ'"ismf rﬂ'""laa)w &°“2 ?b%""ﬂ"'%“’iﬂ“%‘ﬁ’z 1H,
3.84 (br cotrespentiig @iahiino chmphund 3f Heufeckt. J=12.6, 1.5 Hz, 3.21 (br s) 1

H, 3.10 (br spe ég%rs r?? Jfg%é@émunc; oﬂ‘?oélgulg‘z\llB %tg)the 3es:ﬁ'Zd (:gﬂnpadﬂ)i’of 2 (d,

J=10.8 Hz

1-(4-Ni tlf%m!'g{’ﬁfan Pe pecpEpished by ffa@ZgB]ecFGH’BE'ﬁW?( formala ¥18,with EGO’?P‘)U—”Q b 2-trif -
| uor oet hawgomuleBased on the net hod descri bed by Coon, C. L.; Blucher, WG;
HIl, M E J. Og. Chem 1973, 25, 4243.) To a sol ution of
trifluoronethanesulfonic acid (2.4 m, 13.7 mol) in CHZCl1Z (10 m) stirred
at 0 Cwas slowy added nitric acid (0.58 m, 27.4 mmol) generating a white
precipitate. After 10 mnutes the resulting m xture was cooled to -78 C and
treated with 1(

10-aza-tricyclo[6.3.1. 0~~"]dodeca-2(7),3,5-nmen-10-yl)-2,2,2-trifiuoro-ethan
one (3.5 ¢g) 13.7 mmol) in CHzClz (15 m ) dropwi se froman addition funnel
over 5 mnutes. The reaction was stirred at -78 C for 30 m nutes then
warnmed to O C for 1 hour. The reaction m xture was poured into a vigorously
stirred ice (100 g). The | ayers were separated and the aqueous | ayer -44
extract ed W|th CHZCI z (3 X 30 n1) The or ganl c Iayer was conbl ned and washed
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EXAMPLE 8 4- AM NO- 10- AZATRI CYCL(J 6. 3. 1. Oy] DODECA- 2(7), 3, 5- TRI ENE
HYDROCHLORI DE 4-Nitro-10-azatricyclo[6.3. 1. 02~")dodeca-2(7), 3,5-triene (500
“ng, 2.08 nmol) was stir-ed in 1,4-dioxane (40 nL) and treated with
sat urated aqueous Na2C03 solution (15 nL). To this was added
di -t-butyl dicarbonate (1.8 g, 8.31 mml )94 After stirring 1 B hours the
reaction was treated with H20 (50 nml.), extracted with CHzCl2 (4 x 30 nl),
dried through a cotton plug and concentrated to provide an oil (500 ng) 91
% This oil (500 ng, 1.64 mmol) was dissolved in MeOH (30 nlL), treated with
10%PdI C (--50 and hygdr ted un HZ at nosphere (45 psi) for 1
hour . Tht(a m Xt E?za was flyﬁb(gggzr;? hr o ﬁ@f Ca@gﬁite padpand C(()ncelr[:tr;t ed to a
clear oil (397 ng, 838%. -45 Thy$ oil (50 ng, 0.18 mml) was stirred in
3N HCl EtOAc (3 mL) for 2 hours t %n concentratec;(%ﬁ a white solid (25 nyg,
56% . 'H NWR (400 MHz, DMSO-d6) b |7 38-7 10 (3H) '%0 (br s, 2H), 3.25 (m
2H), 2.98 (m 2H), 2 18 (m 1H), 98(d J=11.5 Hz, 1H) APCI Ms me 175 1
[((M+ 1)'J np 189-192 C. E)ﬁdl E 9
N --[10- AZATRI CYCL(Q 6. 3. 1. Oz=' )DODECA—2(27)5 3, 5- TRI EN- 4- YL] ACETAM DE

TYDEQAHL%?gmA@ ®ish drogen C,-Cs)alk%l optlonally subsgtuted with from one tolseven fluorine ,. f
t
| U(()r o 21,[ R%ﬂ@ﬁ’em éﬁ%ﬁwﬁ fin 8?'9 aryl Il se?ec%dE}rom(pZ\%ny‘fl)’and nap I or%e}érc)ary%(cz ri

1- (4-vi t r €sJelylawkerein iseifchetdréans lis GElected Gdmctive 20 79evd) Hrenthered1@ophtic rings

2,2,2-1rli édn%b‘ﬂ'ﬁr@ fﬂmﬁﬂqa?ou( I?ethﬂom@se@e@teH%"n)ox&t%meﬁltrcfbeh@n@tsmﬁ RAS WRerkfO PSi )

and 109%°dI C nggfgl over 1. |tration throu Celite and

concent ra‘fﬁ"Bﬁ’f BE fRBrping 2ry) and RAErRATY! afeyPsyMa) °pt'?ﬂﬂltb38”/%sﬁ'l“@@c‘!‘f"ﬁ€ %Hre@mﬁ 0.27)
"H NVR (490stuldnts, fileferably fnbzedOto(twp sddshitperts, triiepdndertly stlebfed from3C, Qaelkill H) ,

ﬁ') ,25 1( rgno Ot du}aﬂy éubgt?tué%nﬁ'frﬁgl e&wgveﬁ;ﬂbor%sg) s3 017 0%y bfonahlkubsfudd (M 1

N-(10-Tr |‘1"V’lffﬂ"b8’3,ee'l°yﬁe"%ﬂ”8’2’}f MBS 8N%Fyanas Tﬂ'.'e @Eefe"'ﬂdcﬁ?HéEtaf"Qm regetion i an- 4- yl)

acet am de10 1 m|xture of ethanol:acetic acid. The reaction temperature can range from about 40°C to

1-(4-Am ? lg'is%r% ga[b% agoo%t F%C ]SQQPS&r%r.Z?e %&ﬁfg]&%g& ér)d 2,2-tri

fluoro et anone was stirred and
treated vﬁ'?"?ﬁ""rﬂé’f’l'ﬂ?Pma?ﬂ?}e (0.53 nm., 3.76 mmmol) and acetyl chloride (0.23
m., 3.2 mol) Alteerates imetiodlsl of Prépatifis corbpaundsaiod tida KCBGaViell ke cympdudedbfan oi |

whi ch wag,ehy tggé A& by S eBEIR¥ L8212 TEE-SREroR L bt ( F533, 8B 187 %9 (50%

Et OAc/ hexanes
--[10- Azatri CW‘B'FB "‘f eBac F_f'ﬂ@a*éISaQ’QfP?)‘m@ the rFéﬁ‘PHU'EﬁlP%lf%’Nﬂﬁl Yk vields

hydr ochl aorrdgpohlifg compound of formula JA. The protecting group can be removed using methods

10-Trifl qugl%@ﬂ X4 6&%3%?@?1* gn Y %'rto[lﬁw %x%]né\?n; tHL @8@%0!24;6%%@8?1 !afr‘%e4 yI |) 8

t d

VO (10 FBRCAE PR SEoHpBE Iy B LYSTaSIoNEaFf (WrobrprTS ATk (RtaANGBIATONG

concentr i’:ﬁcmd or WibErbasstis asid derefeaddt) hydechibnd deid nrwamylezcteltagtada Wrigerdiir©AC. '(;'_he

organi c tract U acl al c

I ager vvas%% Wflﬁ ('E Ut(gj% dmﬁé}erafly ‘frhg1 %D Eébus tf&gg?tu\fxe/a?mgé’suﬁ I edﬂ’?o pH

-10 wthaﬂa@@ostq%ﬁhcam product was extracted with EtOAc (3 x 20 nmL). The

or ?amT ﬁ | ayer M@%o%@%d&Q&hM@ﬁUéJn%%oﬁms%& }headvﬂre%l?ﬁlﬁgtcbﬁ\b@%dt%b\ an( 5

0| i 0 e ] C
ondRTISbs At L L baon el he oyl ROy Rhen B Bephelas f s o

soI i d (4Ciefingd BOve)andHE VR @409 ghdp subivBOadwjo br sulfeBate de.al chipro, drapmo, (br m

gH)H12 7165nés§bate]or s’yla@) IR trégi'reséncé\ﬂ'ﬁ)a bade §&h(é§ an%ﬁ&h@néfm 1h¥éﬂd§‘) hyd?o% cﬁ'd J 8

3
(d, J=10. quEate'l mﬁeragpqpomswe "zif?Hé [("R/I i fr%a’] 5@%‘*'22&?”%02% b,

dimethylsulfoxide (DMSO), THF or DMF, preferably a mixture of DMSO and water, and then
removing the protecting group as described above. The reaction with R"Z is generally
carried out at a temperature from about room temperature to about 100°C, preferably at about
50°C, for about five hours.



EXAMPLE 10 6- METHYL-5- THI A- 7, 13- DI AZATETRACYCL(J 9.3.1.QZ' -. 0
B1PENTADECA2( 10), 3. 6, 8- TETRAENE HYDROCHLORI DE A)
. N-(10-Trifl uorothioacetyl -10-aza-tncycl o[ fi.310~dodeca-2(7), 3,5
-men-4-yl)thin~rnf~m-ric N-(
10- Tnf I uor oacetyl - 10- aza-tncycl o[ 6. 3. 1. 0%5 ] dodeca-2(7), 3,5-tnen-4-yl)-acet
am~de (850 ngy, 2.72 mmol) and
2, 4- bi s(4- met hoxyphenyl ) -1, 3-di t hi a- 2, 4- di phosphet ane- 2, 4-di sul fi de
(Lamesson's reagent) (1.1 g, 2.72 mmol) were conbined in toluene (10 nl)

and brought to flux.f r cool the rea sworked
o it B Oact Ssitmas Al ARKElpSheE RS FREPSEE S et

dried (NaiSO the ¢dmpoenced! famnieevitr affbid metbod i theapretpred heethom @rmﬁm geI to
produce pE&'ﬁHﬁﬁtdé éagter?gnmu‘?aélf@ whér@rﬂ%’ﬂsog‘cblum?w&ﬁssuan 2 a33ryBdr heteroaryl

6- Met hyl -5-thi a- 7, 13- di azat gt racycl L

Ca=- 8] penF%(H@B‘&g S"(°E®)°r when % ferpeidré ?FbﬁﬁtraééWF'@rt?‘Hé SeReme Rgvelityfation or

2, 2, 2- tri blyusutstittiqnl@ethodst | Redsratidricosabeing|3; He-@rpbindcyfcbojula BlAlis Oactgddodeca-

2(7), 3, 5- | d

0, (10 g% M%ta?aﬁi@%ﬂﬁm S b o P SolTER duchiBe Hes Bl 6 1 1

( K3Fe( CN) yefgrably THE |tfmpﬁrahz@fremoawt) roorrhtegmﬁretttrarte ahag t/%)r%ed to
60 C for preferitoyrass the:wluedemsaae@tfﬁrab@an aogt woeisadenimovist h The GésditimgO. Thi s

mat eri al 20 nil. nd ret and
oot o Seith s %EP SRR g titia B oo ?%/Fd;‘%“" B3 g% ’5%6 g,
2.0 nmol )Xéde)t reéummtwgméro\m@pstpranrmncr gfoup ®&sing methody el kaewn toothosmaef

concent r agi@fih tﬁé gt 80chWhéthoddZe Aliéhredtb bB&VESEr thk Ebnveldidrl et thel bdin uaahr@ft was

chr omat ogy. ap a_30% Et o yield an 100
The "kBCTE" M IR aceoriop ot i TR, 100 Bebsme % e o8REe, fed 1 o
r ef tux f oexpenmsntﬁt Frateles i 2R:and:thic Slasuratof the timidazokoiingdo \mmdhe orrespndingr oped

with CHZCt&n;(o%xa of %hm@xxolchrﬂ%eweeacéb Bhé’cﬁsk' te@ctﬁﬂgrfhé"cgﬂrlﬁ%tﬁwl?ﬁrmgfa Me OH
t hen satu tlng vvhlte crystalline

powder m@&%ﬁ%ﬁéwﬁie#ﬂ‘r@ﬁ ‘Eﬁﬁ“‘?ﬂ@d Z%' ~47. "H NMR (400 Mz,
DMSO-d6) b 9.46 (s, NH), 7 65 (s, 1H), 7 82 (s, 1H), 7.65 (br m NH), 3.36
(m 2H), 324(m 2H) , Né"% 2 07@‘4; 3H), 2.23 (m 1H), 2.06 (d,
J=10. 8 Hz, . APCI % ®72 %']. np 183-184 C CYA-A~-1 G .1.1
4,5-DINI TRO 10 AZA- TRI CYCLJ 6, 3. I'Y0Z="] DODECA- 2( 7), 3, 5- TRI ENE A)
1-(4,5-Dinitro-10-aza-tricyclo[ 6. 3]1. OZ-' ] dodeca-yX|{A, 3, 5-tnen-10-yl)-2,2,2
-trifluoro ethanone (Based on the t hod described in Coon, C L.; Blucher,
WG, HIlI, M E J. Og. Chem 25, 4243 For an additional related
exanple of dinitration see: ni da, QCJI—ghi tobi, H; Irie, T.; Tsushing,

T. J. Am Chem Soc 1969, 97, 4512 ) To a solution of

trifl uor omearein RESe Hefoad es ansivel gstes@ibad abaye Jor tonrmening comp@HACPIthE EBDUR] )
stirred a\t/|BQntg:tH@§°§tth"ﬁu|§.dmed nitric acr d (19 1 m, 450.9 mol)

t t .
ge? ﬁ(r)aalz ggt ?r 2’6%’?‘5‘[ I@pﬂﬁtaecﬁer@o@f@ﬁ% fr?(“75he3°°§mt°H'edn o fprippla %XV viglds; t€ yor o- et

hanone ( 5®rigspoh@ibg mmyundnofcnsmlli IB.30Mhist3n hea scemiofdishatl oging seetifods wedin
addi tion §laRRG) R\l fo?QxJHrﬂé“a@%eR?Be& Q@&fe'f@r“fomgg drhpduRds 8f th® térmu@Na2- 5

hour s and then stirre room tenperature hours. The reaction

mi xture wWEE" PSGPESPP 'EF‘%?"\PPER?F(?&Q‘FW’?L”lar\?'ed m xture of HZO (500 m) and
ice (400 g). Tﬂatehmyenlestmtasea sethad at patpaning ddngoanseduse fauyeln I0awkeret r act ed
wi th CHZGLE r D th
HZO (3 ke, QQQS%%“FEE‘&?O e kﬁygpm%%eﬂgﬁract o0 2
(2 x 100 "RRgtedrikh 3PYyRRAuRd PiHIRMIR conbi ned and washed with saturat ed
aqueous NaHC03 solution (200 nL) andQHO (200 nL) then dried through a
cotton plug and concentrated to solids. Trj ation with Et QAc/ hexanes
produced off white solids whi cnﬁgeré ' &nd dried (52 g, 151 nmol)
77% The nother |iquor was chroma®ographed to give an additional 4.0 g for
a total of 56.0 g (82.8% . (TLC 50% Et GB# hexanes R, 0.29) 'H NWR (400 MHz,
CDC13) 8 7.77 (s, 1 H, 7.75 (s, 1 H, 4.39 (br d, J=13.0 Hz, 1 H), 3.98
(br d, J=13.0 Hz, 1 H, 3.65 (d, J=13.0 Hz) 1 H), 3.49 (br s, 1 H, 3.44
(br s, 1 H, 3.24 (br d, J=12.6 Hz, 1 H, 2.53 (m 1 H, 2.14 (d, J=11.5
Hz, 1 H. GCVMs mle 345 (M). B)
4,5-Dinitro-10-aza-tricyclo[6.3.1.0Z-']dodeca-2(7),3,5-tri ene
1-(4,5-Dinitro-10-aza-tncycl o[ 6.3.1. Q2" ' ] dodeca-2(7), 3, 5-tnen-10-yl )-2, 2, 2-
trifluoro ethanone (3.7 g, 10.7 nmmol} and NaZC03 (2.3 g, 21.4 nmmol) were
conmbined in MeOH (50 nL) and HZO (20 nL) then warned to reflux for 18
hours. The reaction was cool ed, concentrated, treated with HZO and
extracted vvrth CHZCIZ (3 X 50 rrt_) then drred through a cotton pI ug. After

.




. A)
4,5-Dinitro-10-aza-tncycl o[ 6. 3. 1. QZ-' ] dodeca-2(7), 3. 5-tnene- 10- car boxylic

. acid tertbu i ester

4,5-Dinitro-10-aza-tncycl o[ 6. 3.102" ' ] dodeca-2(7),3,5-tnene, (1 9 g, 7.6
mmol) was stirred in 1,4-dioxane (75 nL) and treated with saturated aqueous
Na2C03 solution ( 10 nL) To this was added di-t-butyldicarbonate (3.31 g,
15.2 mml ). After stirring 6 hours the re&ction was treated with HZO ( 50
m.) and extracted with EtQAc (4 x 25 nlL), dried (NazZSQ ), filtered,
concentrated and chronmat ographed to provide product (1.9 g, 71%. (TLC 30%
Et OAcl hexanes (NH3) R, 0.5B) 'H NWR (400 MHz, CDC13) b 7.77 (br s, 1 H),
7.72 (br s, (sotym bud@ ethape diok§ addBiod2dquet) IMweler or3n@Ber(potar soiveht $ich a8 TAKF. (br
|S_6 é) H, 3. 25M(7rgr Dhé@ ’pre‘?‘erg@y émlxtﬁlre wat%r érgh é%te#mmxble%o%nt(&ch ‘;s: JF;IF OmeZ,

4, 5- Di anmp- 18hayk goe trelpel Bpuss 3 The peachieny iemparapTe oam range e ab@ut @81 tx gfout

aci d _tert-bufy-cesdad preferably at about the reflux temperature

4,5-Dirntro-10- azatrlc clo(6 %%}dode r&)qr -t nene- 10- car boxyl i c
acid tertbutyl esfd§mnatye \Qtﬁe C‘?S“DA?H” fesmuyz, ! éﬁ%?%ﬁ't?r?l\%’m‘m%%r‘“ea HZ

at nosphere (#mpsi) over 10%°dlI C (100 ng) for 1.5 hours then filtered
through a Celite pad and concentrated t(bvvhlte SO|IdS (1.57 g, 100%. (TLC

5% MeOH/ CH2C 2 (NH3) R, 0.14) O
6- Met hyl -5, 7, 13-t nazatetracycl o[ 9. 3. ]Tog‘.'\'”QRTpent adeca-2(10), 3,5,8-tetrae

ne-13carboxylic acid tert-butyl estéd {Foryfconditions, see; Segelstein, B.
E.; Chenard, B. L.; Macor, J. E.; Post, R
1897.)

4, 5- Di am no- éb@ulﬁéae'ohdén@éﬁ@h q&&ua'n)lmoz p?alad@dras@t Sck )as3THE t WhigNeor1iket@bexyl i C
acid tertbut est er &P’ q‘%’ﬁﬁ i Fmgl\%h di ssolved in Etmtglo n.) and
acetic acid % a0}y § TS apd & r?aﬁt“i” '8 PR SBHIEA QB BHBFPHE | e
(329 ng, 2. 4Rommdbyt.40The abestul 0Dt G gprefenebly rat theasfluxdemmdlatue, & abowrtnwo &4 four ed
18 hours. Th Jseactl on was cool ed, concentrated treated with HzO and
satur ated aqueous NazC03 solution and extracted with EtQAc (3 x 50 nL),
then dried (Na2S0Zhe degined rauinekahnetal dermulad!Cc o dhrenr et fopmed thiy edeapettéating theas
-49 chromat Ogcfn%hﬁ&ifot'rﬁe&ﬁ Qi B¢ m’e@éﬁ@g&r@ r'eﬁ'éloﬁ@‘ﬂm@'&e 98 debbfbed %bove for
MeOHI CHzCl z ( NH3 28) D) 13-triazatetracyclo[9
3.1 Oz’ -' OefP¥ '%%E%“pé’("l%‘?f"?f?)mﬁ"ac\é'f 5"59 €°§%’? (‘Pé’f“ﬂ%!(\]l ic acid tert-butyl
ester (For condit Setieme sSRCYratéy 3 meBEd of p?epbtlt&jﬁogﬁaomﬁﬂoﬁwmmdlﬁwheré@%abd

hyl - I d
R e T T
was sti rred Suphm%rmu@owgerma@ ls@VQrPQQﬁ\nIS(GSP'n@ ira¥riiemt/B@s(chemicy! forimwia IE

treated W thpdrinRgopr apRAR 60-1HS8 tmpothd32t fama) xRN whelik tYr 8 Was, Waipmed
to 40 C for 2 hours then cooled, treated with HZO and extracted with EtOAc.

The organic I %?mme%ﬁmr\ﬁndt¥°%§"3§)’eﬁcﬁgt‘?’“ﬂP‘?‘%"&'”("l\?&Z’S@Wa”qthq’?'é‘i‘"ed
and concent r at gikkiihe esrh @itk daBidxyi@le i) a XoBedmsaty as %ieﬁyrsa(co%atbﬁsﬁﬁlmﬁ( oiH3)

Ranaé]S %)e nF éa@e Q%] %63“*7’3"?%8%% ﬁgénégcﬂénrf? qef‘t I&a & & RinTorkiosht 224 hours.

6- Met hyl - 7- pAppypriate, réacliG tempenateree tange frarh et B°C taGiout. 180°CB]Apprukierdietyet027CLO0) | 3
, 5,8 tetraeng, ﬁ?}%zarboxyllc acid tert-butyl ester (90 ng, 0.253 mmpl) was
di ssol ved i n 3N HC Et OAc (5 mL) and warnmed to 100 C for 112 hour. The
m xture was cool edhe emveeqaptroaty@ws teg eamrednd of fermalaviil, ahigh cpn then &g cpm/epecbvu de
? V\'h'lt I(:) 50|7' g\éc(tgéd@ed &ﬂn&und erNManﬁLﬂQ@ tMTRe fol%@p%éédukb Fire0 tré%omgﬁ)nd of7

s
(m 2H), 3. 16’"{‘&? Vil ’Ed;geSPy (%ac""&‘w"“l'“ﬁgpfge"(?ﬂd aléa'%adwrégrl%anewn nglﬁ‘ SB°'P&5 1
H 1.85 (m Baladiud.rydroids in Idthandirat é%ﬁﬂur@ﬁmt B°d % about 70"C preferably at

E|Y7DROCI:LS I-Il_-g?l DMTE Réa‘ocr;ananbrature ]ro QOrm the Oc%rrngo mg'A‘g)Erm%f?‘dc.%gvafL v%) T pfoduct oll:’TthAEN E

5,7, 13- Tri az sdaetanasthen eh@eddwith. adzacid. oIoride] gf thetfarthelak ZODDPr 4, drjcBarhpdridaettee 13ca
rboxyhc acid & fFQreg (o]

Chenard, B. {%Qk/é%d)zc?]%ég Po‘gt((,:1 %%N?A ° %omg&ﬁr on %g’ltn'tﬁ ;;19?95;% C’E‘ﬁ)," in
1897.) an appropriate inert solvent such as decalin, chlorobenzene or xylenes. A mixture of xylenes is
4,5-Di am no- 10-aza-tricyclo[6.3.1. OZ ']dodeca-2(7), 3,5-triene-10-carboxylic
acid tertbutyl ester (1.0 g, 3.45 nmmol) was dissolved in EtCH (10 nL) and
HOAc (1 nL) and treated

O‘J' Tetrahedron Lett. 1993, 34,




wi th et hoxynet hyl enemal ononitrile (421 ng, 3.45 mmol). The resulting

m xture was warnmed to 60 C and stirred 18 hours. The reaction was cool ed,
concentrated treated with HZO and sat urated aqueous NaZC03 sol ution and
extracted with EtOAc (3 x 50 nL), then dried -50 (Na2S0,) After
filtration and concentration, the resi du%_]\gas chr omat ographed to provide
brown solids (580 ng, 56% (TLC 5% MeOHI Clz (NH3) R, 0.28) B~-
5,7,13-tnazatetracyci 0[9. 3. 1. 0z-' Oy] pent adeca 2(10).3.5,8-tetraene
hydrochl oride 5,7,13-Tnazatetracycl 0[9.3 1.02'

0' ' BJpent adeca- 2( 10) 3,5.8-tetraene-13-carboxylic acrd tert-but Oster was
convert ecPiETehe St [28tOB NP JYAHEMD FordyEtedrat r%é%”%?é‘tfﬁﬁ&b apopt P '12E ' H
NVR (400 prbtzrabfz abbiut 84FE. (®ihed RMCOCT iBuseli sas 2Hactald, #5s plefersple Ri—B:dd 8.31 (d,

12 el St Jebeid il <aai sy e i w1

7- METHYL- @tSM'ESWNtAZMEM@ﬂ@IQGH%U@nE acig'or pyrginiugy PRIEREEEIE (PFY$)305, 8TETR
AENE HYDR%&%%«&&I Wnérﬁrﬂ‘%(@ﬁ; P@; D08ty desedcdned iy pﬁief&éalﬁm sddlEAtalytic

5,7,13trl azat fr ?%/% ‘{/ P‘g ' e] pent adeca- 2(10), 3,5, 8-tetraene-13-ca
rboxyl i ¢ PG ¢ EFYS Bips/racdine @ LW’as converted to the t|tIe corrpound by
reacti on w th Redovatdftrerteliuomatatwvmittogan piaestiog goup pirldathediesicad doagownd®tanpl e
12E. ' H NVBrhAd k. Mt caR8@)acdnBlishéd (J§ng rhetibds well khowrSto tidak of <kifif tr(egart 1H)

3 94 (S Zforl(_gﬁamflq) reagnngéhe(l_%otegte fovgpq_qg v.ﬁfé)a o%%dlka% ﬁ?ﬁ @nﬁq&eéus ?”f\ﬂ% i or 1) ]

FX~I\/PI F aikalire é48hHhvétal 3or7aniBeniurl) AdddBdRaCADioBRe. SukoE2sodium carbonate at a

NS, P i 70°C, for about two t
- Nt by BNttt dsodt o€ AC B oo CY BRI F bur 70°for sboyt oo s

8- tetraeri‘@W.EScar boxylic acid tert-butyl ester was converted to the t|tIe
conpound by t hexhemé Eomlsstreies aid pesarhnn&fmmpmﬁaathﬁowhﬁa(lmrm is

DVSO- df i 9.40 N N 4 2
3.30 rr; )'%Eifge’éa’lffsaf g & Hgiei'f’ d‘"‘ﬁz‘%‘j E%Z ’?’Lfﬁ i 'é a'ekg'*?ﬁﬁ 4°'§’% D "10
(d, J 10. tgn;cﬁhlazge}q)\g sﬁgvg Referriog v Seheme $. thgm\nngp_d gfgormula lll is reacted wit

6, 7- DI MEtiftbroBeetic bﬁhﬁﬁé%ﬁﬁi%‘é@p& ledbound QftersinEthd AdAgGidgbR)is 3, 5, 8- T

ETRAENE dlzing the 1
6- et hyl % faatzaf)%%ceg% 8[@“35% rssu snggﬁ?o %A gﬁo?eé; 9 g@%ﬁ%@s %g 8-tetra
ene- 13- caﬁewmhdwa@mdvaﬂe@ﬁofwmgfpmethamul@@tcanhm# é@i—h?’éﬂr eqtivalent efivaitrie | t | e

CormEgundlalaM to SR |thWésboM9 dBRipb@ie of Rith@xax, Wierdifthereest 4 GmgRSNIBESCY | |7 bgg
~n anpl e

(br m Nﬁj"bs}%’e"ff” tge be_[‘%ﬂ rmg3 @6 r?agl\l/osnsxﬁﬁwq |fgjowgce? Pnaéliﬁ)tyg_%ill& §°’{d#]°tg§lq)t%w
(m 2H), rmsece(df pydiife, Botlp8f {hmabdveHpactipns] are(typically-¢andocted in @ redctionapent IVB m e
228. 2 [ ( Mbivent Qucll as”@ &%ﬁn&é’@ rodatHPkdveht preferably methylene chloride, at a

PR g e A FEAI LR ke G UL AR Q)55 OTETRAS

5,7,13tri azat &g a@byv,q tﬁf@fma_tlomzcan aiso-o pmhﬁéeéualoa@)hes réragion methedme- 13- ca
rboxyl i cka&&ﬂot@gés@uﬁ Wk agSt er vvas converted to the title conpound by

reaction with d ro nefoIIo deprotectlon as_described in anpl e
1o HR (RSB oF Beop T el drsle i 6" o a 8 eppred 57 G
1 H, 7.3bovede prﬂ;vndi@aco?n;ﬁﬁnc(dmtherfmrrriuld)la( 4.43 (m 2H), 3 49 (m 2H), 3. 33 m

0,95 (m 317 TReeriupBluy bt shpiyC o e ol )

18 of the formula R™COX or (R™C0),0, whereln X is halo and R is hydrogen or ( -Ce)alkyl and

YRAEHEYll:Nﬁ yridink3TEARbAHOhEFERAK Urtidd hs8, tb 16 a contpourpdINARESE X, #hitA)kas, 5, 8TET

L
4- But yl amib- -‘R?P‘f‘iRE" i%‘“ﬁ?ﬁs’ﬁef’FB’PB‘F”JF%“&'"%*%’?”'& P L EROWIG/ Wah L2wessehR.- 10- car
boxyl i c &ergentt which lsgepittedbelew. (For conditions, see; Senskey, MD.;
Bradshaw, J. D.; Tessier, C. A ; Youngs, W J. Tetrahedron Lett. 1995, 36,
6217.)



4,5-Dinitro-10-aza-tncycl o[ 6.3.1.02' ') dodeca-2(7), 3,5-triene-10-carboxylic
acid tertbutyl ester (500 ng, 1.43 mmol) and 1-butylamne (1.42 nL, 14.3
nol ) were conbined mTHF (5 nlL) and stirred 4 hours. The m xture was
diluted with Et OAc (50 nL) and washed with H20 (3 x 30 nL) then dried
(Na2S0,,), filtered and concentrated to an oil. This oil was passed through
a Silica gel filter colum to renove baseline inpurities eluting with 30%
Et OAGhexanes (510 ngy, 1.41 mmol, 99%. B)la

4- But yl am no- 5- ammo- 10- aza- trlcyclo[6 3 02' -' ] dodeca-2(7),3,5-triene-10ca
rboxylic acid tert-butyl ester

4-Butyl am no-5-vitro-10-aza-tncycl o[ 6. 3. 1. 02~' ] dodeca- 2(7), 3, 5-tnene- 10-car
boxylic acid tert-butyl ester (460 ng, 1.27 mmol) was treated with anmoni um
formate (850 ny, 12.7 +pe-T ¥ 10%d( OH) ZIC (50 ng) rn MeOH (20 nl)
and brought to reflux for °1 hou filtered through a Celite pad and
concentrated. The solids were treated vm, h/§aturat ed aqueous Na2C03
solution, extracted with CHzCh (3 x 39P gL)Pand ied by filtration through
a cotton plug to give an oil (440 ngS~ OS%

7-Butyl-5,7,13-tnazatetracycl 0[9.3.1 0~-"' CH

08] pent adeca- 2(10), 3, 5, 8-tetraene- 13 car boxyl i &-aci ¢terg-butyl ester

4- Butyl am no- 5- am no- 10-aza-tricyclo[6.3. 1. OZ IA}godeca 2(7),3,5-triene-10-c
arboxylic acid tdhereastign wisdR eGOX. avhgrefgX 1shalp7 ornfRDED) Reig oenesallp barges! out Bt OH

(20 n) anda"@?\‘éer(a&ré’fh)ona%@oﬁtr@’@tQ)dal%dt ho%h@eﬁxérs&.m éﬁé@mlyoaoswunlr&n( 186
nmg, 1.52 nmol). The esutlng\"t xture was war C and stirred 18

hours The r&ERPEratyendte E3EI08 VN CAYRSSAR S eRagnt ‘Stqeé%{?'é((f'awep IPUHD B TSRTHP IBR Ur at ed
aqueous Na2@BZns et a9 berzmn oetoluess; pederably koluehXse a(t8mperareTigm absht dsoned

Na2S04). Aft filt [ th d
Chr ot ogr apiggae s Bbpadan 8RR AR "éﬁﬁ;&e HEREYsH Rt o e
(NH3) R, 0. Taiipx teBjperat®et yl -5, 7, 13- tnazat etracycl o[ 9.3.1.02" -

0' - 88] pent adeca- Qe B ﬁe%&?&tﬁn%nﬁ%%@%ﬂ@%ﬂ g@prote cfion to z the3de§|r%d

7-Butyl-5,7,13-tri1azatetracyc penaeca etra
ene- 13 car b6Xypquad & fasmpla i 9%?%%@9@“@%& rRAGHGPG EeMRQYNE REfofMYia &I \t’k‘ﬂrpound

by the ”Et h @etsssilas Cletrizpshidd Eﬁﬁﬁiﬂdﬂmliﬁﬁdroxn& NVR: (rfiQreMaz , wAtbSGhdl héthand! 9
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(d, J=11, 0 le°C fhr #jout L588urém 2H), 1.32 (m 2H), 0.82 (t, J=7.0 Hz) 3H).

APCl M5 nle 256. %&M 7 :llgrst a@s a ﬂ?h%oo‘} g?e%grag th%'gg&n% o}?ormula I1l, which is used

7 Isobutyl 57,1 ri azate rac
-.0" 4] pentaadrm:atazmow)\atg'asm -thee progesseof [irtieme 1) or B dempound of the formula |G,

4,5-Dinit rowllQr‘thZF@z'érfd' wasﬂnp& ﬁng3(ia1>e@8 ‘A'lifl O eeRersd) 7ds c%f:ﬁéotédoe@ﬁhﬂ@aéﬁﬁ&.&pxyl ic

acid tertbutg ester and i so ut>£1 am ne were converted to the title conmpound
utilizing tRECHTPCHBHC! dasfemuitl eff"B?éﬁﬁF@"ng"mePPme Pm@aw elci 3) b
7,74 (S, 1 B and7X’5a'i'e(sélect&d,hd)d,epindéﬁll)’(fﬁqm ghidnp,, fiudroMtoradldnd idad .bot whebe ddeasPH) ,

2047247 (e S o 20l | el BBt ks e )

147- 150 C ( snetdl.in a8 THF, glgxaEXAMmE ef@real solvent, at a temperature from about 40°C to about
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Reaction of the resulting compound of formula Xill with N-methylmorpholine-N-oxide (NMQO)
and osmium tetroxide in acetone at about room temperature yields the- corresponding
compound of the formula XIIIA.

The compound having formula XIllA is then converted into the corresponding
compound of formula XiIV using the following procedure. First, the compound of formula XIIIA
is reacted with sodium periodate in 2 mixture of a chlorinated hydrocarbon, preferably
dichioroethane (DCE), and water, or with lead tetraacetate in a chiorinated hydrocarbon
solvent, at a temperature from about 0°C to about room temperature, to generate a dialdehyde
or glycal intermediate. The product of this reaction 1s then reacted with benzylamine and



A)

6- Met hyl - 7-i sobu~l -5, 7,13-tri azatetracycl o[ 9. 3. 1. 0z~?0. Oe- 8] pent adeca- 2( 10)
,3,5,8 tetraene-13-carboxylic acid tert-butyl ester

4- Amo- 5-i sobut yl ammo- 10- aza-tricyclo[6 3.1.02' '] dodeca-2(7), 3,5-triene-10
carboxyhc acid tert-butyl ester (250 ng, 0.74 mmol) from Exanple 19B was

di ssolved mEtOH (10 nL) and HOAc (2 nL) and treated wth

1- et hoxyet hyl enemal ononitnle (118 ng, 0.84 mol) The reaction proceeded as
in Exanple 18C (18h) and was worked up simlarly to provide product (TLC 3%
MeOH CHzZC12 (NH3) R, 0.57). B)

6- Met hyl - 7-i sobutyl -5, 7, 13-tnazatetracycl o[ 9. 3,1. 02" "' -. 0=a] pent adeca- 2(10),
gl ﬁ/l’e?hg/le}t ;a?sgjﬁﬁ{ gagﬁ%gﬁéﬂ%n?eaizna? ec{\lrogrglted tg[dbocgrbon solvent at a temperature from

1.02' ' e] gt aﬂ‘emaat@@mpmstempmtueq rpeﬁékﬁebmat abaud ocop tempamiute, tte fermbthey |
ester was (of0)
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7- PHENYL- 5, 7f°1f3ularﬁvméépéﬁm of farmpiagh (Whe”OLUPEI\I?APEG&\DQFtheB rigg S\TETRAEN
E HYDROCHL ORprkentt ithis 2k e bitempRhB® dsingiastBddsiwadl kﬁbﬁmrmise ol & in the art, for

4,5-dmtro-10-azatricyclo[ 6. 3. 1. 0z'']dodeca-2 enelOcrox iC
aci d tert-buP¥f™ sP@'anj'M‘laﬁmgltF%ge%Elﬁg g]&ﬂ\’feﬁg‘@%‘eﬂ)& acid, e.g., hydroc or 524,

4- phenyl am nge fritter crracpoading said additioo [s8t) Jolbwed by hgdrognan palladidmwytirokisae- 10c
ar boxylic ac; r 4 hours in the coupling step. This
was t hen con'\l'}g? Bl aPH:Ec%l ro?ﬁﬂ t{%eg%#gound utilizing the nethods described in
Exanpl e 18B, C, D. 'thNMPUL(CmaWFEf'OHWBDd%)"b@ 8byg Fntl tRhoughoul §is7 deurieny. 7H) ,
272723[ ?R/I Er”élteﬁ'lé%wes:fo ge%zﬁl%mle é‘&ch ad 995910615’ hy&miylarﬁiné"%ikoﬂy ddinesAREhy MRl €

6- METHYL- 7- PRiZhAINS an fsbsmeﬂfﬁ'rﬁmﬂ@?dﬁgd@emy'w}hw antinepeng2APREA-alkoxy
2(10), 3, 5, 8- JUnivAENBeryIRRM%Ss). €3N £)6o bk Liddz iThgy tirendraédaciiSred dasdsi bess thar

Exanpl e 21

a
4 506 i £ 1 o- S PIAPEPL PP apeets s3t 30 59158 SRy Feved DRSS 5By | | ¢
aci d tert - bufoykachyel. Vir@reens andrié MadYuts, “Proedtive dbroepst ie drgamict Syothesis'l, 4991,
conmpound ' H ,gggslgngengﬁ}qp) S7 79 (s 1 H, 7 73-7 56 (m 5H), 7.32
(s, 1 H, 3 46- 66 (s, 3H), 3(m 1H, 2.08 (d, J=11 O
Hz, 1 H APC IVB meeorwgurg or §Meme17>cap aﬁﬁ bggs@;j teprmmoggs of the formula |
7- NEGPENTYL- whefeid &2 BRb AZ A8 mER0MY @Lridg®nd are not both hydrogen by replacing the starting

102 - 0" ~~PENTARECAL0) Bl SRR MO G PR, 11 2 ha the et hods

descrlbed ~n™
4,5-dinitro-10- azatncyclo[6 3.1./2 ]dodgca 2(7), 3,5-tnene-10-car boxylic
X were converted to the title

acid tert-butyl ester and neopent w-ag

conmpound. t-Boc precursor GCVB ‘ﬁ ) (M) (HC )gr'fﬂt) np >250 C. EXAMPLE
24 6- METHYL- 7- NEOPEN1YL

5,7,13-TRI AZA' TFf RACYCL( 9. 3. 103,/ 0%~ ] PRVADEC~2( 10) . 3, 5. 81~RAENE
HYDROCHLCRI DE U~lizng the net Kods descrl bed in Exanple 21 and 20,
4,5-dinitro-10-az C lic
acid tert- butyI él%er ar\gI gneagbémgs aégmm@%v\igﬁ&ééﬁv8%0%56‘&9? ﬁ%e BW'%Y
conpound. ' Hwhewen (RIG hmgenDﬁﬂdef P?d B~ Tepsesettsa vangty of7 diffgreftssubstirents7 292 ( br
s, , NH, 4. d@lnééaboqg%@t&rld?fornzkmng 90 (S 3H), 3.47-3.26 (m 6H), 2.20
(m 1 H, 2.00 H) , (s, 9H). t-Boc precursor APCI Ms
me 384.2 [(M + 1§chqu§ nuygtagese va@%gﬂfitbip@cwﬁhown in Scheme 7, which can be used

S EERFIF XELI\E/I m%a&e %oﬁﬁﬁ%luﬁ& mgmauwxm?nwa Bl ekcép that ﬁébedzEXﬁ@E%s&(:&&)éthGS, 7,
PROCH ase ut rocedure: n , :
McLaughl i n, e gr&'p °r a§ya oxyl%'g n %ﬁ’lf%ebﬁvﬁﬁ?f:? %oumg's de é)'Pt%,%hT\We L NS

O g. Chem 18 Ehens@ap. s)ructure 1H. Refemng to Scheme 8, where, for example, R™ s F, 1,3-
difluorobenzene is reacted with a strong base such as an alkali metal dialkylamine or an alkali

metal alky! (or aryl) in an ethereal solvent such as ethyl ether or THF, at a temperature below -
50°C, followed by gquenching with iodine or N-iodosuccinamide, to form 1,3-difluoro-2-
iodobenzene. The compound 1,3-difluoro-2-iodobenzene (structural formula XVI in Scheme 8)

is then converted into the compound of formula IH by a senes of reactions (represented in



4,5-Di ammo- 10- aza-tncycl o[ 6. 3. 1. 02' ' ] dodeca-2(7), 3, 5-t nene-10- car boxyl i c
acid tertbutyl ester (100 ng, 0.35 nmmol) was warnmed to 80 Cin HzO (5 nL).
To this butane 2, 3dione (0.034 nL, 0.38 mmvl) was added under NZ for 2
hours. The reaction was cooled to roomtenperature and extracted with Et OAc
(3 x 40 m). The conbi ned organic | ayer was washed with H20 (2 x 30 m),
dried (Na2S0,), filtered, concentrated and chromat ographed on Silica gel to
provide an oil (120 ng, 100% . The oif vas di ssolved in 2N HC MeCOH (5 m)
and warmed to reflux for 30 mnutes, thenh concentrated. Recrystall~zation
from MeOHI Et 20 provi ded a white powder (50 ng, 43%. (TLC EtQAc R, 0.14).
"H NVR (400 MHz, DMSO- d6) -55 8 7.85 (s, 2H), 3.50 (br s, 2H), 3 32 (d,
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26 5, 8, 14- TRIBGZAE'GEMY&WSJI&EG INLSaPErthe @'for cBieENAREIOPoUR Y 8f the formula XIII into

3.5,7,9-P —t T
} &5 e A e DR 6okl BRIl p vkl 3
1- (4, 5-Dini tfp@wm\é\lz@ntaisio@y@cg{n@"s‘eﬁ bmzreat]na@d@étarezr(fme Prpopthof fgmpla) XV 2. 2-

trifluoro et ng, y i y%l& i 1
uni:leruHZ (45m5| )@l@%évnga? Qneg(wég—bgrpag%‘gha#rr\a&(\%wg g}?fqlstcﬁ‘cbl I/&/{/t) Aé '?%r mEQ‘S

hours the re’é’éPF%?P’\/ﬁé"e‘Ftl U PR P ‘l’?\?‘ﬂb@‘ﬁe’f’@?ﬂi’yﬂ éycﬁﬁﬁxa@ﬁda‘r‘l‘ imParalre foNe OH
(30 nt). Theassal-20°C @ ubs@SocpoRMPELILEL, p@fetadlyat ddogidecbr own oi | whi ch

0 0
(Z:rS%StZal[ l( :\/Izid 1( }?4_] %ﬁmﬁ% 'fég&rné&a élg A) (e]rj bce:l_tl:%gve%tecl!Q into the@orresponc;mg nltrgge(r?

1- (5, 8, 14- Trprateaddederaatye obfoirtuld XK, GHtig B¢ Idimda descaby aliove 3orSsymthesigrgnthaene) -
2,2,2 trifl

I (a5 D1 ani AEBREE A e v n soheme 5 rton,of e compaynd of formu XX ypa e 5
2-trifluoro @thmglb%@@vﬁdm Fife%"ml oPmpaLNdsat ifermulg Xrin Berenie2t.nyiglds Mg s

m xture was doh@aingds iinfuld )U@Qhér@lnrme)beﬁfﬂm@hé’%é\kute%lﬂih%@ ﬁfd}oféna ﬁltr@g@uﬁ' on

conmpound hydrate (931 ny en stirred a .5 hours.

The reacti orf' WQ?'“&G’OW@‘&P &g '?'%QW%H%E? &‘EWH“"aﬁfdm@Har %‘t%"& ’?ﬁl ‘Esﬁd I*_‘I make 83 x
40 m) The ceféy BRImPIWYEdGICh fBiyrela \whsrewand 6R Vint R’ Hmou(ozus(ngBﬂetmﬂd} xhadirb ed

Na2 804 fil d,
brovi de an ot e TESEEHN RuSter R <Gt 8] 5:BRAGMe PR SR8 oy 4o).
np 164- 166 @rap, convemng the amino group to a variety of other substituents, as illustrated n Scheme 10,

5,8,14-Tria g%w&y&{ vt Qitragen MHdtect hexadeca- 2(11) 3 5,7, 9-pent aene
hydr ochl ori éﬁZ’ n§4 Tlrﬁggzaé?e?rg%erg?é)[ 10. 3.1. 02 ' 9] hexadeca- 2( 11

),3, 5,7,9-pent ae%)@Q‘PQ”"E of fformuizofy- sn?;ﬁwarfég'?'mf'?réuncic”@he?i%lej“ Halge
slurried in ddpblingg hBungl prmiure ntAr emaﬂ xmut i tﬁamo:ﬁr&&orﬁ@f foanQmer&b&tsl n

HZO (2.0 m)_The m xture 70 or , rat ed,
treated wit hs"plggy o5 '}L’#_ an\é\ﬁf}gr LB?fPaET“ 'W Y'% MZ‘”@ h“)? cfﬁlgﬁf ng% l&‘ijanl c

| ayer was drsaed skfies@iighctiansas those q@Isugezaamvctmmeﬂﬁttemed compgmve peoviding lah

yel | ow oi | n

This materia %‘gﬁa@gnde aﬁs;’g@r v\(‘a\%la tﬁg&% i %ﬂs@qearcggr?eglnﬁgﬂ)( W%I\)%‘%%{Jé%%&%

m), concentfPEUEIOAMR 2kewt F@hé‘& copve dNﬁ‘GPI hydroxysarpyp heforg oppffer fngogyctian ‘§o| i ds
whi ch were g€ mnitdt gblp-ard tiehogondéetl thtigdaehe pas‘dﬁag ds [HeSetived sBGved Wbl @esol i d

S 397?@%‘0&%2" lorte ol 5 S o e 5 ot s 3 B uk s pecrbEy 3 oo
(d, J=12.5 Hz, 2I-I)repa?.at|66 of compbunds, of BrB8a (wherd R14 -QCHE)alkyIHKC.,-OGEUS! @daeylle
(M) TR 220 Nt e ol BT By A SRORELRGTA 8 el 02
substltuents described above In the definition of formula |, can be prepared as described
above and illustrated in Scheme 8 by replacing one of the fluorine atoms of the compound of
formula XV with -O-(C;-Cg)alkyl, (C,-Cg)alkyl or aryl, respectively.
Scheme 9 illustrates methods of preparing compounds of the formula | wherein: (a) R’
is hydrogen and R? 1s R'R®]NO,S-; (b) R' and R? are both chioro; and (c) R' is hydrogen and R?
1s R™C(=0)-. These compounds are referred to in Scheme 9, respectively, as compounds of
formulas IJ, IK and IL.



5,8, 14-Triazatetracycl o[ 10. 3.1.0z'". 0 ' 9] hexadeca-2(11), 3,5, 7, 9- pent aene
(207 ng, 0.98 mml) was treated with 37% aqueous fornaline solution (1 n)
and formc acid (1 m) then warmed to 80 C for 1 hour. The reaction was
poured into water, made basic (NaOH, pH ~11 ) and extracted with EtOAc. The
organic |l ayer was dried (NazZSO ), concentrat ed and chr omat ogr aphed on
Silica gel to provide a yell ow solid3'This was stirred in MeOH (2 m) and
treated with 3N HCl EtOQAc (2 nL). After concentration the solids were
recrystallized fromMOH EtZO to afford product as a white solid (70 ng,
279% . (2% MeOH CH2Cl Z (NH3) R, 04d) "H NVR (400 MHz, CDClI3) b 8.71 (s,
2H), 7.80 (s, Mrrmg;togﬁche@p Qgconmq)m sg:f@@f@rmulazlm):angegrpperﬁsl bgﬁaactlrzg the (m 1
H), 2. 18 ddMpobnd Stormdia 8¢ \&lﬂi twd=drlmbret&quivalehts . of APEhIoAIoNE eaci? prelerpifiM + 1

0= ]8 PEI\FI'A%%{%UE?WFO?C'QQE QZ%NEAW&%&%@%%E\@AQY%%%% Relttion of

2, 2, 2- Tr i the wblotssalichit- #njati denptive: sotfarmed Ovita zan- amir@yraﬂvw{gathsﬁomﬂa RIRfddeca- 2( 7)
, 3, 5- t nendQurith )R &4nRaRPORR defined as above foIIowed by removal of the nitrogen protectin
1(45D|n|tr010azatr|cx_?w% ]oecaZ )35m3n10y|§222-
trifl uor cEPYPaNBHE s e s '}"h‘?ﬂ$ °”HH3 doot assi um acetate (KOAc) (2.6 g,
26.1 mmol ) wer@omipciiadd ofehle fdnnmh/BOca(rﬂlﬁb preparechbly rsactingdheveerhpaing of forrguiz o 100 C

for 16 h Y with II@E% A)@Eﬁw&ﬁew\’\@%hlﬁ% rﬁ%aﬂbéggﬁﬂnt\’%ﬁ&wéﬂzﬂl (enﬁﬂalr%f)thé hen

extracted wth exanes organi c | ayer was washed
with HzO TSN PPRAtNG 9ERUPedl eNgZeYoR with fipdines 'é'él°’a4?d'sétﬁiiaé¥1t°f’%‘?%d’“%1ﬁ‘da
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Et CAGhex
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tnen 10- yquydc@trﬁgﬁopgnpounds can be prepared by reactlng the compound of IV with N-

2,2,2-1r l.&dd@@crc@nr&dé $r RysisrAZSUcEinifitler i alRfidZdndtmeisdifahic . sdidlsdiant, fdiodeta- 2( 7) ,

3, 5-then-_10 anone hydrogenat ed in MeOH under
a HZ at rmbé'p V(??Oflehe(w%ogﬁ p5"’§ove grfb%/%d#%g %B%g “for {murs t hen
filtered thr omcﬁptﬂémop‘@dum l\(:mtit%rmq«h’naédep he\iﬁrm@a% GQf4 o[ aweridy,
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676 5% lehased sy Glert s berly b Bhe by, e %éﬂf@%‘% 258 (M
+) C) 2,spclpagpjufrinygy @ﬂqwesat@(mei@rauf@ma@t@m 8% tol efout 30Q°Cooliowed by

8 =8] pentrmgeﬁidaﬁ&@ama VioIdH thE ESHRpRNd BLIBRARMNE. Th® l<dsticdi with the adld halidabek, P.

2 20 e TP by ari il HSind aierroys Lays opide o1 pIaR SO -Gyats YRl o 2( 7).
3, 5- t nenToetiqds that prerkoewn intaty, 0. 524 mmol ), trinethyl orthoformate (0. 19
rrLd 1. I73 nmol )TheméédtldhﬁuéwnﬁbdtﬁHrgEﬂEngbﬁ mzc-agNd’F("gEH?R"lB Bmarcﬂawcmfml)
an Xyl en re C L. ne er,niir.a n.an StiLr or
18 hours. Ei‘Pﬁ&" %1%% é°'\’/l%°”"§n?> °é'8”'a eastdeeéf' 'ﬁ SR ergé;,l,g?g ég’wu%th

Et OAc. Tisen @Rtppa@rmdweraaycanalegot(smmgww wierein &’ dej hydregene (R rGeiabey. dale.

E ;J rOIA f ; ﬁd (OYCHAKSTRE MHEINRE preduég @36mPdundd drkRe flimuld 1 wherein(RPLdRdH0%re
C ex

5- xa- 7, 'Eﬁ%?féﬂ%féﬁ@é’ [ gprpopngsaf the formuial 8ReVeieca- 2( 10), 3, 6, 8-t et r aene

hydr ochl or i de Compounds that are identical to those of the formula IL, but which retain the nitrogen

2,2,2-Trigh Até@iﬁ@;%u& aR¥@ednvesedihaiy c?otrr@%%& ibgaﬁl sllbgﬁuted Qomﬂcﬂﬂ&g dgeca- 2( 10

)36 8t glracne b 2Bk oI R 5 £ SR SIR b b ™
m Xt ur e \BesyerMiliged ptooes88s welf knowR tdmmkmeobmmn afhedesultingaebimgsynddicanut ed
wth H0 g rﬁa?ﬁ“hi%%f??edwag h:iegérf%ﬁ if }xémnﬁlg 3l )o yi Eﬁethgr&q’@e n%? Hydfoikpct ed

into aqueous sol uti on whi c was wash h Et OAc t hen
neut r al i Z&BStiH!echcaBRYPSE: &Tdata%élﬁﬁlaHSZQﬁ%meu'fqr@ﬁp‘%"@'"ﬁl—ﬁ ‘i‘@‘y sphetted duct
was ext r astnpounds.t iskf dAestribed irtBxamiple 36]sUehiOabia 260stjutedaongenthdsatadband
chromat o i fgan oil. (TLC 5% MeCHI CH2d 2 ( NH3)
R 0.19) q’rs%ﬁq){eaepg?ﬂgpevx‘/?s”g%@‘s%ﬁ g%%%g%%i and treated with 3N HCO EtOAc {4
m.) then concentrated, stirred in a mninmmof CHZClz and saturated with
hexanes. After 18 hours, the product was collected by filtration (55 ng,
63% . 'H NVR {400 MHz, CD30D) b 8.4? (s, 1 H, 7.70 (s, 1 H, 7.65 (s, 1
H, 3.41 (m 2H), 3.30 (m 2H), 3.10 (d, J=12.5 Hz, 2H), 2.47 (m 1 H),
2.15 (d, J=11.0 Hz. 1 H. APCI MS me 201.03 [(M+ 1 ) J. -58 FXAMPI F 7Q
6- METHYL- 5- OXA- 7, 13- DI AZATETRACYCLJ 9 3.1 0''- 0-~PENTADECA

2(10), 3, 6, 8- TETRAENE HYDROCHLORI DE A) 2,2, 2-Trifl uoro-1-(6-nethyl
5-oxa-7.13-di azatetracycl 0[9.3 1 OZ'- 04-88 entadeca A

0). 3, 6,8-tetraene) - et hanone

2 2, 2- Tr|fluoro 1- (4 hydroxy 5 -amo- 10 -aza- tncyclo[6 3

~r - ~ 7 =\ N A I 1



B)

6- Met hyl - 5-oxa-7, 13-di azatetracycl o[ 9. 31. OZ-' . 0' aJpent adeca-2(10), 3, 6, 8-tet
raene hydrochloride 2,2,2-Trifluoro-1-(6-nmnethyl

5-oxa-7,13-di azatetracycl 0[9. 3. 1.0Z' ' 04~8] pent adeca

2(10), 3,6, 8-tetraene)-ethanone (90 ng, 0.30 nmmol) was stirred in MeCH (5
m.) and treated with NazZC03 (61 ng, 0.58 mmol) in HZO (2 nlL) The stirred
m xture was warmed to 80 C for 2 hours, -&sncentrated to solids, diluted
with HZO and extracted with EtOAc (3 x 40 nlL). The solution was dried
(NazS04), concentrated, and chromatographed on Silica gel to produce an
oil. (TLC 10% MeOH/ CHzC12 (NH3) R, O 18) 'H NWR (free base) (400 MHz,
CDC13) 8 7 40 (s, Sc!herhb 10 mu%teé sethddsHf maBndEontboBidis(amnthedbinulad where(nda) =32. 8

Hz, 2. 98 ( pll was
di ssol ved i n%R/é%q t'rgé:g]? d{E}NIRt ﬁlﬁgmoi{f&gﬁ %& é‘(a}gh% H?ﬁsewd;%%”c%”r?te ? ated,
stirred in aarmfwnﬁfrm(ni‘) Bf isaupopen andR’ sk UEEOMIHI (Theseesammounds /g weferre@ tchiour s,
the product yasme Le%sé&degbxsédnkaonf%@omefo%m IN#8ng PCl VB me 215.2 [(M
+1)'J. np >250 C'E BDROXY- 10-AZA- TRI CYCLJ 6. 3
1.0z-" JD(I)ECA—2(ﬂ°“@°5”dFIR?fEN"W'N%°aBMRRW yDRemPPIEds M the formula IX' by

2,2,2-Trifl ﬁé}atibn(o‘ﬂa Qiedoruny sitvam Boinstshca Zar dikal e36¢d Altrite dndlstfdhg mﬂﬂ%@@&dﬁ 2(7)
, 3, b- trlen10 eth?none obenzo chl ori de

(0. 07 ni, 0. 836 oric 6§/‘F|( %&?&‘ﬁ{%{d “X"éﬁz"{f’é%éﬂ%)f'a?ﬁa&e' fe{cave P C‘%W‘F?ga 0. 08
mol ), pyri dopr (r@hdmsalmsucmas?dﬁpnsaml )chimnde x;Nutmges c(diardtéc)norweby éhe omrdiioaed

d it 8 f 4 h
hadi 1 onel  BETEBRE pB Vil B phsivo colBlund S halE W Wilmatle T e e,
addi ti onal néralionsf digganuiIpsalts. asoen ?ndcwaqﬁe@ byrtoeks qust)dlmnbe er14:5n Bigo b®. 375
nol ) whi ch wes The'fgrgg&%bﬂ@ﬁilsvﬂeﬁé}allv%gv(ﬁ\i@§6§t)by Q%é@uregrgrémmh)abbﬂ oheCH (5

m.) and H20 (2 %0 heat e hours, the“reaction was
cool ed and df PRANE G/l‘B’ﬁfe\‘ﬁﬂyélbmftﬁgr?f@B&"P'é‘c’Pé’éi"Wst‘H °0$I'2€E|"2 (4 x 40 nL), dried
t hrough a cotton beuﬁmtdﬁmdméﬂoasmtsagrp@@bwd ds@ek@iFRY @bHAS @ith PeradsitiAtiobily (5%
MeCOHI CHzCI z The cru [ at e W|t excess 3N HCl  Et OAc
and concent réf"éa‘wef’ 2i'e spo?vnaae %? n%g'om@us '%%?en %ﬁ"vﬁ}é‘@% L PRE" S9TERh was
sat ur at ed widahieEo@0at artdmsenatureeimm AqueP°Cstoiabput mopm tamneraure hpeferably Lat Bbavas

col l ected by (m
IN), 7.59 ( rﬁoén'\ {e%p@rta'td?gfsf‘ﬁesregtghng%r@sund '%rl‘i&/%éég%@sw Eﬁgggr??malte ?_réteagd

(m 2H), 2.39m R3n Be pged te P@@af@dhe gerrepponding cyano dervappechy Fagcanawity caprer [() |v| +1
)r1 np 125- lgbhide 4ritdoldium cyEPﬁ&é/H-[ﬁVIFS]N N-dimethylpropylurea (DMPU) or DMSO, preferab|y

4 OLORO 10 gt T bbb b BRE Shorn ot et oo O oggn ,

tluoro et harrtepreteemnpaerd(asgrtbhdi ahqvelerO(nme desited gomgppandof farmufadMl ows CuSO, (4. 3

g) and NaCl (1.2 WEVE, ( = i i S e
(NaHS03) (1 g) an SOdI u?nél I‘OXI dlema“%—i ?agsgobje% %\X/\?e?%% gg%)’%bﬁ% QFHr?F HzO
(7 nmL) and itvepts supl aﬁoQW'aé‘ieéM‘%‘eﬁP Vo dH ‘J}kﬁm% aﬁweite%thewespondmg

preci pi t at ectadiyh %stS@'dndfanWseb)f bdllidﬁfn@ﬂnditﬁ]&e \/Hréclés%tkﬁéwn to those of
1-(4- Ami no- 10-aza-tric t hen- 10-yl) - ,2-tri

f1 uor oet hanotf8l "(agent rﬂjgh s %e%ﬂzyk'ﬁ&%i@r* 53'%5’?\?8% h'e?\?"ﬂar?@ymﬁnsand

concentrat ed HCl Nitedgeh ideprofectidn)of teccompowided fdraul@ IXC movddsr te@ t@tboohd bf tae

sol ution of sodl g'gn nitrite (NaN02} (275 ng) in H0 ( 1 nL) dropw se. To the
resul ting sof’rth N was added a CuCl (202 ny, prepared as descri bed above,
2.04 mol) in corfberdormppent $idbrmis| ¥t ¢aprbe( r2acted withy @racgiOgraumbavieg they smula

evol uti on obgr 1 -

m nutes, t hgﬁeév%(g%?: R 6@ 6%§'H%éﬂﬁ1%%é%9%a?ga§fﬁgrégwg§v m@ﬁ%c%yond&&negﬁé%tsé%n (4 x

30 nL). Aftep WVP@”\BOWN‘%éMWP”‘Q bR ATTER fagkionf ireatment f dhegprotected

concent r at edanh vith &édmwaha:hamsné folrhud RUSOIX nghx@s cHIdN6 Br Brafho [ BRI BY €
baseline material eluti ng A 0% Et OAc hex ive an oil (470 ny,
T V@F

t
95% . B) 4- CHYGRYIeRRIEHS Orespo dfo VHVE {1 ene

hydr ochl ori de Other suitable amine protecting groups that can be used, alternatwely in the
1-(4- Chl or o- 10- 3785 WELF¥Ed Bhrigrovt 13 doduft@RERGdR( -Lock,>: a8l Qbbb d; 2- t

fluoro
-CO0(C,-C¢)alkyl and -COOCH,CgHs. These groups are stable under the conditions



et hanone (470 ngy, 1.62 mmol) and Na2C03 (344 ny, 3.24 mol) in MeOH (30 i)
and H20 ( 10 nL) were heated to reflux. After 2 hours, the reaction was
cooled and diluted with water then extracted with EtOAc (4 x 40 nL), dried
(NazSO ), filtered and concentrated to a yellow oil. The crude material was
treated with excess 3N HClI Et OAc and concentrated, then -60 di ssolved ~n
a mnimmof CHzClz and the solution was saturated with hexanes and stirred
After stirring 4 hours the product was -8® |l ected by filtration (155 ny,
42%9 'H NMR (free base) (400 MHz, CDCI3) b 7.15 (m 2H), 7.09 (d, J=8 0 Hz,
1 H, 3.00-2.94 (m 4H), 2.68, (m 2H, 238 (m 1 H), 1.92 (d, J=10.5 Hz,
1 H. "HNW (HO salt) (400 MHz, DMsO-d fi) 8 7.307.20 (m 3H), 3.30-3 15
(m 6H), 2 &scrthep Hered), arld 8By (b rgmaved CbyHmethbd$)deAR?@ed M eheh TO4Grdenp§M + 1
) +). EXAMPL. I m?gqn,o 2(7),3,5-TRI EN-4- YL

LN DE VDRSS Reh RO%(a(;hi?t{ohfélo azéeﬁrﬁgk!c%!ogé?

0z-') dodeca- 2(7)'”3‘5353 r?éﬁhe1[?39‘l°)’5 gisgussed ﬂquVﬂono P%@Wért@ Schemes 1-10, above,

1- (4- Ami no- gssaRas héti riNdal Olidss Dthbnéide indiEkAe CRraddufes, fdnPatiol @5‘2%‘5%&652&0 2,2-tr

fl th 500 d | ved H2
concent  at cEIORARISSEBFE P46 SHEPSRE YN GOBIeBLPTERU1. . AR PUEBS ¢ h a
sol ution of berygrefertediat &inater(of- dabédrgnee. (140 ng, 2. 04 nmol) m HzO0 (2 nl)
dropwi se. Potas s‘l‘h% nggunqg o‘ tﬂg nﬂiﬂa { grtd tﬁ%pghrl%ngceatnclaﬂg acg%:)%a hsgﬁsr Q'ng[eﬁ%r

m.) was added over m nutes (reac econe
sol uti on wathevaghvesadmpoundsd aan @fmmtmtewan@estherqmdremadelmn eg., Tirmmight mactl on
vas quenchette\@ttpat&letﬁ%a@an@u Al refcaHpgreﬁ)sratmgb&.rtotegtﬁgn gwan Eopg (4 X

30 nL). After drying (Na he sol uti on was tered concentr at ed
to a yel | ovpdsHNistigfigncase \Rﬁ?"éﬁr EPPéFG@WB%’H%ﬂa'GnmE‘ﬁfI*&‘@b@eﬁdf‘t’%ﬂ?ﬁ%% desaggs yel | ow

oi | (260 NMOrangngHom étSBhQJ %)Ptfg Bb € edbersan 6% gar déY, pldterably’irdmn dootit G oabout
per f or med aiogabove

4-t odo- 10- a 'Tgr‘?eéﬁ%ﬁ 'B[Stg'glg °id'%ﬁed %"%d%é’ﬁ”gé‘(vﬂ'at@"%wl"PF‘@??”WW%FBW‘P?c aci d

tert-butyl @®hethe weight and condition of the subject being treated and the particular route of

1- (4-1o0do-| 0 ;Lrdeno10-vl) - 2-t
fl l(.IOI’ ooe?haérﬁ)nﬂﬁ& @J I&X%g &‘@wgve% C%sad? g%ﬁggtt%k t%%%hg?qé@ggds] oh&,"é—%sg?&ut i onr !
(50 m) wer® 59 Perrke@f Pﬁdwegqht(@séﬁym most gesirabli @mployech efpriations oAy revedieiessd

azeot r oped &!c&rhieb@@ﬂg @Boﬁ(th@QelQﬂtknd J_Jhﬁltlérﬁtﬁltﬂet béﬂﬁn@ﬁ@ﬁﬂ‘t?éate\ﬁ’%ﬁd fhbk aREud N
1, 4- di oxane sat ur at ed Na2C03 sol uti on

this was ad§ ”?ﬁSt aﬂ)‘ﬂ‘f‘%"if"@ﬁ‘r B%‘ﬁ%\'taé op g‘eﬂ’e Phagmacelica) f)’"“”ﬁf"t”eqhg%et"ﬁ"?‘l ttg 18
hours t he riaomhé periodasd inteeat dautingvvhith édtﬁ)azﬂmuEn@traﬁbn) isaathe®uitr acdor@ indtdnbesCH2Cl z

4 x 30 nL i ted a h hed
(20 onr e B BB G0 0 9L GBS R B "
98% : PCTthepI8s51 81l Jarg@1dagys maQP&rﬁsnplQYetamhM@pesm[ gny3hamful side effects,

' Ldodecaprfidel: tﬁht%u&@%?%ola@segaeﬁ'@ﬁﬁéyhlhéedaﬁlo sdveal sd%t: AosssSto%d&Htstrédoﬁ' ng

the met hods descri b use , Fischer, W O g.
3626.) CuCNEYg®UHE . 21 Mol ) and NaCN (59 ng, 1. 21 mol ) were conbl ned

in dry DVF (6 rrLTneamdmarcmapbmas 10 6e uadanistbidd GRhelt drofin OdbAitihgtidnN wih

t T t
T otos 10, oeteliBaly SedEane sairs o divenss oy apy cof, the severs. (PUPR RIDISUEY aci
tert-butyl iedicated (M@g pagiculgrlyGtheragive domp@ivEs €3n Be atiminigteckdtime widexvarety ofias
stirred for ggSerdt Qbdade %mgsfg%%ey-rﬂﬁy B@Q&ﬁﬂlr%@ SVaﬁtﬁR 5;%?«:%@%&&1"#}%& tahpt h 50%

satur at ed aqueous NacCl I on and extracte exanes (3 x

30 nl). AftBent @rermdy theforanal tablets tqpat't%ﬁa@ﬁtamt?bﬁeemr lpgengps. tieehesr bafdct was

i sol ated bYCéhBIEQF&HM 3prays, é@ﬁnmaw&%pos&&le@ aﬁé"é) Eétsoasshé%e%@a@%.dﬁner@s. 28) .

D) 10-Azatncycl o ca- 5t C e
hi/dr ochl ori eous suspenstons lnjectaLIe SO utlons GQIXII)S syrups, an the llIYe L}{:h camers include

4- Cyano- 10- sdlia-diventsya iipS, Steflle @quéolsl obeiimaariy vanods Den-togio ergbbiccspivbatxylihnc acrd

tert-but yl gL it H g}g H?&E@tgal O‘T@O&Hn{‘%n %E%ﬁabq S%e%gg%n%rﬁgl’e&() |l:l ef | ux

for 2 hours, then concentrate I SSO I'n a h was
sat urat ed WHeNerAktNR@CEMeEOMPIUNETEIE PESENyirsych dnseoqdpwm& gongerdratian) ievelstranginpy

filtration (48 asmh s 3% aooutoWdR kR0 Mz, DVEO ds) b




" 9.66 (br s, NH), 7.86 (br s, NH), 7.74-7.70 (m 2H), 7.49 (d, J=7.5 Hz, 1
H, 3.33-2.97 (m 6H), 2.17 (m 1 H, 2.01 (d, J=11.0 Hz, 1 H GCVB me 184

. (M). np 268-273 C. EXAMPLE 33 3-( 10- AZATRI CYCLJ 6. 3. 1. 0Z-' ] DODECA- 2(7), 3,

5-TRI EN-4-YL)-5-M ETHYL- 1, 2, 40XADI AZOLE HYDROCHLORI DE

4- Cyano- 10-aza-tncycl o[ 6. 3. 1. 02' ' ] dodeca-2(7), 3,5-tri ene-10-carboxylic acid
tert-butyl ester (300 ng, 1.1 mmol) was stirred in EtOH (10 nL.). To this
hydr oxyl ami ne hydrochloride (382 ng, 5:3-mol) and NaOH (242 ny, 6.05
mmol ) were added and the m xture was warned to reflux. After 45 m nutes,
the reaction was cooled, diluted with HzO and extracted wth Et CAc. The
organic | ayer was dried (NazZSQd) and concentrated to afford a yellow solid
(110 ng, 0.35 mmbér)eralFdming@hdnd tapigts epnipgaigwadousrexpyentslisued slmirtoprystalthe
treated wt E\ell@isg YdarhLihte, %lc:(:ﬂ ch%oﬁgke anléﬂrr% Hte ey {F%g b‘é%aﬂjp w?eg for

18 hours. reacti on was cool ed, treated W|t H20 an cte

Et OAc. The @PREiinyauaus CSEYegraRts SUCh assTREeh (RiefaRhR0RY p‘éﬁ@lms‘a@'?ﬁazﬂ?é@ BgNEoUS
NaCl sol uti gi afl ée@ﬁm(dﬂﬁ%ﬁ@ s)hca’!é'bd tc@@fh@le\ﬂftrf @%ﬂf’atnor@blh@é?ﬁm@%&\ﬂlﬂwpﬁfbh@né| ca
gel afforded product %b %@mnﬁ 25% Et CAcl hexanes R 8% Thi s
product wasSHrE&t %eﬂFt'W "’lrﬁ' RICIASRRRNETY. TEPEENO agenit StPh 25 7@9’@51“& S1gaTRlB |
cool ed, conssiiT AbpdsuraE angasly sérabé ugedfof rabremh@@:ibﬁeZOstom ﬁdsrﬁposnd@smeduct

(13 000 ol o e el b o SO E B i Byt b L

1- (4- Acetyl emﬁemgraalsmwtykﬂg[lastoge or milk sugar] as well as high molecular weight polyethylene
1.Qz-"J dOdeﬁ feor( (Ined aauéd?ﬁ @u%@ns‘}dnl aﬁ’d/& efnils ard ééé%oqgrté??rggﬂﬁlsgau n the ctnve
1-(10- Aza-t cclo dodeca-2(7), 3,5-tnen-10- f uoro-eth
anone (253 wed'am@am%mma'ﬁep WIORTQUS. WECRIING arflayArpg 79%r @lang %Fve?dd fn DCE
(3 nm) and &g &amdemmﬁum@lau%mape@&h@éga& {o8ethdr Jth §ueh GiluEBts 28 wateFTEMapol, The
resulting yell utes then poured over ice

and satur at %'8""2%’5515&% %ﬁ&@dggrrogf F%rﬂb'naﬂ?qsqperic{?l rring 20 minutes the
m xture was ext r batmatneralrad@iiaCation( 8 sriuBd ofidn. aciileecoopgami io ditkey esesansesordr i ed

tsgg/;’UQh) a CS&EB&%Il BL H%qb@&@ p?&QIEMIfc%F & t;ecénﬂalo%@nﬂ% a\éﬁéoug\elolgtllons Ql?o%% gLo

4- Acet yl - 10suitatly bulfesed (rIp§rably PHEreatrd thab 8h if Pecessay. Bng the tiquid dilgert fnstyerderdédc aci d
tert bu | eghefic. These aqueous solutlons are suntable for intravenous mjectlon purposes. The 0

1- (4- Acetyl - 10- azatrlcgjoﬁ{)ﬂ_a iL E}éa -men-10-yl) - 52tr|
fluoro et hafRiignsare guitgbl Airote). g '&q@g “RPIEO‘FJF%'B’I' EHFP‘EﬁS (TL’G n)
wer e stirr eptepanativie OHal( @serbgiutbes urﬂenhslems cortditiens is ceadigNdccarhgidhaing) Azar@aidr oped

U VCH (Bl iAGHSE nOULAIRR degvered Lo an HOI salt

directly: see Fre'ex I'ng product was stirred in
1, 4- di oxane (20 lis)alsarpgssiple pxasminiger thesaetivercempeundstopioalls anéihGaan seldons yn (5

n). To thigaW@ereaniderbdie ety ¥aiglinsaed) Binpieis(zhe the n& m%cc?cﬂdéﬁ@?lm)m stéfldbRr

stirring 2 hours, the reaction was treated with H20 O nmL), extracted with
CHzClz (4 xp@ﬂnﬁyt'ca‘dﬁcéae(NaZSM) filtered, concentrat ed and

chromat ographed to provide an oil ( 1.B|olgg|calﬂ%. (TLC 40% Et OAGhexanes R
0.56). O

1-(10- Azat ri cycl B 5o/eRE™ I JEFELS. SPPFunss st B1RPERES- Y7opne i PR fpoirecifc

hydr ochl or i aeeptor sites is determined by the following procedure which is a modification of the methods of

4- Acetyl - ?ﬁtﬁlotﬁ'ﬁyﬂﬁén&dé QZG h IHE Bhiom o LPHNIdhAE RE LSS CRAK ¥ 'C
acid tert- bu est er

Et OAc and wHi "WnSWW"Wﬁi %-Membf?éﬁ_cﬁﬁiﬁéﬂﬂ_@ﬁéﬂ 28d 448-840(19%6) prp a
m ni mum of MedeHon, They. A8 thrridnélgs spok.utulwnmms_cm Bindh@ &f M- Cﬁnﬁhe— CHaNébtine
stirred. After3 18 hurs th éoﬂu%‘ $ %ted by
filtration Helethyicapmban PR Hr9%) 7.89
(s, 1H), 7.88 (d, J=8.0 Hz, 1H))774(brs NH) , 744(d J80Hz 1 H,

3.33 (br s) 2H), 3.22 (br s, 2H), 3.00 (br m 2H). 2.54 (s. 3H), 2.17 (m) 1 °

H, 2.02 (d, J=11.0 Hz, 1 H. GCMS nfe 201 (M). np 198-202 C.  -63



" FXAWPI F ~5 10- AZATRI CYCLg 6. 3.1 Oz="] DODEGA- 2(7), 3,5-TRIEN-4-CL
HYDROCHLORI DE A) Acetic acrd 10-tnfl uoroacetyl -10-aza-tncyclo[6 3.1

. O-~dodeca-2(7),3,5-tnen-4-yl ester 1-(4-Acetyl-10-aza-tncyclo[6.3

1. 0~"]dodeca-2(7), 3,5-then-10-yl)-2,2,2-tnfluoro ethanone (2.5 g, 8.41
mmol ) and 3-chl or oper oxybenzoic acid (mCPBA) (7.5 g, 42 mmol) were stirred
In CHZClz (20 nL) and warned to 40C for 18 hours. The m xture was cooled to
roomtenperature, then treated with di me3sayl sul fide (Me2S) (3 nL, 40.8
mol ) and stirred 24 hours The resulting m xture was poured into ice and
saturated agqueous Na2C03 solution (100 nmL) then extracted with Et20 (4 x 40
m.). The organic | ayer was washed saturated aqueous NaZC03 solution (3 x 40
m.) then dried (Na~SO, ), filtered and copeesureated to afford an oil (1.83

g, 69% . (TLC Et
2,2,2-Trifluoro- 45%'3% 2‘29‘”-'9{63‘5 SRR LB S grer RyveL LR, BRNERE 9 (93PS "S- -
10-yl) et hamangmg/mytlesg sgael \@tre cages and were maintained on a 12 hour iight/dark cycle (7 a.m-7

10-trifl uor@g%%gmg%rﬂog;maﬁ@y Febdrfe el Burka Bt cilogmg%ge%zgmw trien-4-yl

ester (900 tirred In sat urated agueous
NaHC03 sol ution (T hi5atﬁ1_‘79’? dw'ed48y Heﬁpéaﬂorrh@rﬁwweﬁeerewagedcmﬁf@émewatowms

diluted W t Riekipiatomn dMembraRdsiwrek me;sd?ed@dmbran tisku ackordifh ko thé fHathedd @dipbiaicough a

gzg/; on(_;l)_:_gg chro to na h% on ﬁl% nghg%[\/ﬁ%%&” ded g%@?g% &L?‘% )

Hy, 6.70 (mwele rbbnovéﬂ frided With 1E|:e—l:d)ld buffe3 2nd homdgetBed aB0Bi4 10 WpluthedHf buler4Bv m 1

O 531 S o 3 Bnblena PERGE <Bind o e 30%sStandsThing phllr cfisieatofho s 4 0

hydr ochl ori di ata pH of 7.5 at room temperature. The homogenate was sedimented by centrifugation (10
2,2,2-Trifl 1@pédfein /| 7 5-men
SR i oA i e
treated wit e (vaith t(‘Q‘erYﬁj” agd S?S'@‘f‘fﬂ%??a"aﬁél MYRMteFEE0.909 6B C o drC 2 Aterur s.
The mi Xt ur e yegcsRREARTUEROR dhe HérhbHaRE wuet Jasdé dam aesgyrbaﬁérada ¥hrcbntetdaCl 2 (3
x 20 nmL) then deed t hr_ﬁ)ugh a co ion rougll,h a Sl | i cg gel

n plu
pl ug provi d841-891@mML- ( ’8%%7@%5496:9@68%“3%? @FF%QE el'?"’é‘%ltr’%@ Nl EshHSN 1 #"MEt oac
(3 L) then NaGneaM Kelif 2hM Mgcszsmmedacn{ana hes & bRH .04t rddaGempdratale. was

t ted with |
oroduct vee col | SOHLR 58 f4€ Berehbd pHibs Beds Bories? OB RH midls)
7 16 (d.  JaalLeonsised of6.%T0 ¢l nempeme Broigin B gl IncgbaNon Yame oI 1.1, zrhoeeHz 1
'jl) i1303a23 %gts Qﬂt’ﬁ&es v?br@ reﬁﬂ‘gd leerélF} trﬁ(tdt?es% e séldbntaired3shyu{ B vélmc'é') blara( 9r3 ( d,
EXAMPL E 3Rteﬁl memwd SPIBRM fﬁpi@wﬁ)r K[Zﬁ?ﬂrrm{ngy %001#@?3141 UC°""9 n assay
8] PENTADECAZufdr %IloﬁeogbyTEUﬁ’AEM&d‘mmgﬂbQEloﬁ\“T he final concentration of nicotine In

I T L oot e o b A T bt Kepedtsich 4 ertishe 2ue Bems whed b e e & )

3.1.02~"] dOdﬁWs’d(o?)ieaBm&dthcént;ihmgsm aL of BQQacétg aan p'§55cmmlo) wiltes Treresi ned
with AICl 3 1.0 gg %Sl D] lssolve mV% ?e A W g q?ﬁ S The rxture
was cool ed angPf af"éch ' f aqueous - Eﬁatﬁl Srﬁ" 'f' e ‘} oneXg a?c'f ed

wi th Et OAc @dditiagrof tbe ﬂemmeyusmmmgglbaﬁhy samhflesvakee Incubeted at(01to@° Gy an24%

TLC Et QA ;
(() 5H), 7. g 3%edQ.h % nétf’bggci_r%/'%re a@d t? r%éd ?ﬂgatgﬁ un% %gguﬁﬂw]targ@G ( m
1 H, 3.28 (Vgpatrgan glags Qpr fiisys uping p ﬂ:ﬁnde myitiqmanifeld tisgue hanvgster foliowg 1. 97
(br d, J=11 . ikial filfstlon oBﬁhe assaé mixture, ﬁlters were washed two times with ice-cold assay buffer

2. 2] goggucgl g %)ea\]éh 4I‘I-F ﬂ%rﬁ ér] gl@c%/aﬂ Igtrxngrlna_ls and mbled vngo?ozuglg r\}lﬁ % & 3.1.0

1 {4- Acet yl R'nahwshfdﬁfyBéﬂBmama:efbrel quynatificgtion &f radioactivity. Samples were counted in a LKB

rlﬁm O|Z) Jﬂ;greoxall% Qacﬁb%ﬁ%%gcnma\li@%n@ 4! 4§0|5H90 CF%Haé& r)?%%g%r?a%o%g ln605

wer e conbi ndupli¢ate. MeOH (4 nL) and H20 (1 nL) and warned to 65C for 18 hours.
The m xture was cooled) diluted with H20 and extracted with Et QAc whi ch was
dried (NazSO), filtered and concentrated to provide a yellow oil (177 ng,
93% . O

2,2,2-Trifluoro-7-Methyl -5-o0oxa-6, 13-di azatetracycl 0[9.3.1.0Z'-'.0=-¢

ent adeca 2,4(8), 6, 9-tetraene-et hanone The above od,
2,2,2-trifluoro-1-[4-hydroxy-5-(1-hydroxyi m no-ethyl)-10-aza



tricyclo[6.3.1.02"" Jdodeca-2(7),3,5-trien-10-yl J-et hanone (177 ngy, 0.54
nmmol ) was stirred in DCE (3 nm.), treated with triethylame (0.4 n, 2.8
mol ) and acetic anhydride (Ac20) (0.3 nL, 2.8 mmvl) then stirred 18 hours.
The reaction was treated with HZO and extracted with Et OAc. The extracts
were dried (NazSO)) filtered and concentrated to a yellow oil which was

di ssol ved m anhydrous DVMF (3 nlL) and treated with 60% NaH in oil (32 ng,
1.08 nmol ) After stirring 18 hours, addBé4ional 60% NaH in oil was

i ntroduced (33 ng) and the m xture was stirred 2 hours. The reacti on was
guenched with HZO (5 nlL) and extracted with 80% Et OAGhexanes (3 x 30 nl).
The organic | ayer was washed with HZO (3 x 20 nL), dried (NazSO, filtered
and concentrat ed and chromat ogr aphed t cCawuasorde an oil (40% Et CAcl hexanes

R, 0.56). céc Mk n%lg(.;,fto%(@m@m%r%ng |@5\@E(f1* eﬁgé/ %et%[s%e%ta?‘ b%%:ag n,

a] pent adeca- 2 40 tetr e hydrochl oride | escri bed
in Exanpl e g@ples containing vehicle only and membrane (A) and non-specn'uc binding in the samples

2,2,2- Tr|fIwa{ag,,nbmé}ygran'é-aggawgné@,gzat etracycl o[ 9.3.1.02"'.0" BlJpent adeca
-2, 4(8) 6,9-tetraene-eth e was converted to the title corrpound Thi s was
treated with 3N W"’EP@N?‘( Vit - Rloncentrated and di ssol ved in a mi ni num

of CHzCl z whi ch s\m:ﬁs Bihtimgah €@ préseficelte thanes cansbusd (B) I’saﬁ‘e diférée béfveBpthes t he

0,
R o bR AR bentBds 50l BSHEn 10 ahi PO %d.nggg4 £ oBe e )
6H) , 250(€(BBH) 223(m1H) 2.08 (d, J=10.5 Hz, 1 H). APCl M5 me
215.2 [(M+ 1 )~)
4- (2- Methyl -2Hp ra@gﬁ- mﬁgmgataza tricyclo[6.3.1.02-']dodeca-2(7),3,5-tri
ene hydrochl orid ea‘FR!f‘P&U"(di OF\/EteHwemlongﬁweae@stes 1y e atgvey pssay rexbibisdole. 3 1
Qz' - ~dodecavaajeZ)3f,|§5557§ga.e|o@Mhydr ochl ori de
1-(4-Acetyl-10-aza-tricyclo 3.1.02"'']dodeca-2(7),
5-trien-10-yl)- 2" Bliqwings pxp ?’B%’ﬁluz?ﬁ 5 lugrals, bgt @ ﬂﬁbl"'ﬁ“t Hy§gscope of. this
d~net hyl f orinweatiche di net hyl acetal (DMF-DMA) (4.0 g, 33.6 mmol) were war ned
to 140C for 18 hours. After cooling, a gLh I1I ine precipitate was filtered
and rinsed with Et OAc (690 ng, 58% T solid,
3- di net hyl ani no- 10-A2BTRIGYEL QI6rhe CIDPDECA-2(7)t RERIENE] 6. 3. 1. 0~' ' ] dodeca- 2( 7),

3,5-nen-4-yl)-pr D?Wx?dro—ﬁaorﬁetﬁ%o ngprﬁlﬁagﬁrgol) was di ssolved in EtOH (2 nl)
and treated with Cl— ETOH (0. I L | owed bé met hyl hdra2|ne(06
T

mmol ). The resul ‘ﬁaﬁﬁj’ yholy gy 8 Rﬁ&s"“\ﬁ@\ a ?‘o Kpaessy Cﬂe’PrOQﬁ’s 9B hiBRBuble was
cool ed. di | Mue®. w Slthert £B. aasl seahennadexl 7niibo Ft OAc, dried (NazS04) and

concentrated. Chyronat ogr.a hg il '§ el row ded a é re of
o somer 1 e or URATE S GBYs D ol & T ke B0 Snitreis TR S Jop. i
reorarsorertc o BBIR N AP Sl e Bl P B M By e

ti di f
Feact §on veaiep [iodtn'Thh 0 b, mscrBhica ffrerho 1AHES, PhbéiseCARITpRO WIS,
cotton pl ugNalifw adapiee nTnedlelwasTsises Apriwermedda reflur by @ eemavgble heajmmmﬂap hy on
Silica gel apgoresRaRBénzategf Qaﬁ@ddéd follbded $3! 1 myesy :G.e&ﬁynﬁsgﬂﬂswmt bBromfe HC!

MeOH, conce e d I hzed from cto OVI de a 311

m xture of %a% '&%r |1Jé ?fff "8'§Va€§ga ﬁ‘@‘!\/e%’/ﬂ""t“(%%% Pefises P4AN3) R
0. 25). TFApt.eT M, sPrepakBClby MEe nnﬁelwodediesErnt{e@Nh+oJ:g )Syn.  Cot. 6ﬁ>l Fxvamps18y=and>z
ﬁlea? gﬁ%ﬁl@eﬁéf 959961 3’3 ﬂvl QIhICh wa%%eg(an) 8 ina I&%Iask by an

1- (4, 5-Di chnce)bath landatpansteried 1) e @ddtion famne! yig sarnsie. 28m3ll gor®ns iehmldof/thp- 2, 2, 2
. t2 nf g;gr ;Det RANAL FriktRaSATe MHodREPH SRRt infation! RAIPSAHRr V¥ mihutdel theGa8 oA 950,

1- (10- Aza- t iHtigled dptherm. 8 varQh GNdsnSatien)., thesheaties, mantis, was semoved; and theor o- et
hanone ( 539cdments2of khéTeddition idrHeSwas ddaed urbpﬂdzeh gudhratélas tanﬂblﬁténﬁaém (wist h

| C13 (s) (982 ng pra irred 0.5 °
hour s, pourg%"sgr?ghesgﬁadrgg%'a%é"'c?ﬁzed Tda @%@‘B‘Iﬁ%ﬂe%fﬁ% gurs. Qﬂ: 18{)‘gd with
CH2Ch (3 x BRéxands)R,0d7).ed t hrough a cotton plug and concentrated to an oil
(570 mg, 84% (T

4, 5-di chl oro-10- g&a&?ﬁ:ﬁ%%mg%ﬁ er@ l%eca rg’) eméheg iy Hé 5?10 'Elr')o%'wl oride
1- (4, 5- Di chFQiFfBUYMtha‘i“aHg'r‘%%PdP'o[p@dscef Haevqletisn Sem- Lme%su':aeq“aMa%erMblsyﬁ@m 2,2-t
rifluoro ethanone (570 ng, 1.75 mmol) was stirred in MeOH (25nL) and
treated with NazC03(s) (5 g, 47 mmol) mH20 (5 nL). The stirred m xture was
warnmed to 70C for 4 hours, concentrated to solids, diluted with H20 and
extracted with EtOAc (3 x 40 nlL). The product was extracted into 1 N
aqueous HCl solution (2 x 40 nL) which was washed with Et QAc then
neutralized with




saturated agqueous Na2CO0~ solution to pH 10. Product was extracted with
CHzCIZ (3 x 40 mL), filtered through a cotton plug and concentrated to an
. oil (400 ng, 100% . The oil was dissolved in MeOH and treated with 3N HCl
Et OAc (4 nlL) and concentrated, then dissolved In a mrnnumof MeOH and
whi ch was saturated with EtZO and stirred 18 hours The product was
collected by filtration (210 ngy, 45% . (TLC 50% Et OAcl hexanes (NH3) R,
0.08). "H NWR (400 MHz, DVsO-de) & 7.58-37s, 2H), 3.33-2.97 (m 6H), 2.18
(m 1H), 1.99 (d, J=1Q 5 Hz, 1H). "C NWR (100 MHz, DMSO d6) 8 141. 02,
130. 60, 126.58, 45.54, 40.55, 38.30. GCMs mle 227, 229 (Ma). np 283-291 C.
FXAMDI F ~C 1J-,t~F -0l METHYL
10- AZA1RI CYCioaEentrated . HIA' w&DEGIER( 1o, 8isSIVEREEINE- A&al atdiAMebEh HiBRCCHoGRI DE
A)
10-Trifluor o%aéuer?te? aiuﬁogz?d{uﬁcgl;?g o gcélg"zmoné%loc? L wa%?dﬂe"f ng ptror?gﬁé‘e &l f ony
| chloride extracted until no potassium permanganate (KMnO,) active product 1s removed (4 x ~250

1- (10- Aza-t WﬁMCl'ﬂ{e@o%b%e@grgaﬂgw&c@aszﬁggheg With TsQl@thédoNnyIéO? saut%n t(ﬁéof ,lng)or 0- )et

hanone (530 rrg dded to chl orosul foni c_aci W_?
and stirred 'Fme'?ﬁt??ﬂ?‘éé\'azsot %"Fd'l"ﬁ‘g RNEHFES I8 Gl drrAPed- ’i%p’P‘EHS‘ was
extract ed wididlidd 4048,8300€c@16Minz BOXY,, 64P4)) t(an alteradtite M@AKLENE daédited 6n puoYi de

il (640 79 JL 0%
il?l, KII‘ - (D| rret‘y?u?l“er i’ﬁ‘ééefsrl(f XS@ ﬁ %?A&&%)%%gégs's ﬁ’?’%yi\) @1"_%?16@)‘4- sul f onani de
hydr ochl ori de
oS e LB 0 15 “and ot ed wi th

10-Tri fi uor oacet yg
nyl chloride (32 '

40% MeZNHI Hz O ( 1<E$emj°f IRe t Warkupo Methept @Y theeavAniuple QR8s eBdcemesest el and
chr Orr}at ?ggg%ﬂhé%lﬂeﬁl\ﬁ l_lgﬁﬂ oy, Héibﬁv@Wod%Q%h:sw@sm)R oa ?% ZrLtO pé"&hﬁSH
an oi ng : [ erja s dissolved [n an(

(2 m) and stirrédB® /%é W?é".“"érﬂ@om@?\éﬁ?"é"%‘gw@bﬁgé{lﬂv‘f%{feaé’&r'dﬁﬁfhﬁé%%?tf'@bed
from MeCH ( 3xgs pldted N @siinytiiorigi-roethanterepiithaael (Va8 gnbdtetiol stirréd ie atetchenistth 3N

HCl Et OA Nl nd Which
saturated w T 2p SEOZROABR rebTHEUE UL BRE So Migh, FEmURET oS
filtration aasided oimiureteyoxigR(OsP.) 163 Mg 2 551g!% HBYLOH spiien/E@d meplzCRENMB) R,
8 242) e, "H Tl\ﬁd (t%ti?turefv»ra@ %txr&)%ﬁ@l:ro@é?oAmo h%'t@ re@ct:Zn Qs Q’lft@rec% hd thz vﬁ‘lﬂe ( d

Hz, 2H), 2. a:goc@gt rmeq.qb w:thzacggye f?ﬂ aurldrgg (6029 @0 Ttn%j mo jwﬁ_lfuer wﬁs cqpcg)trated@ NNR (
100 MHz, CDGligkolid: dcafdnd Biturdtidd, filtatiorl 2rd, abbtond finde hrovided $57 .4 421olal 88.89, 8bts).

37, 81. GOVS t | NMR (400 MHz, DMSO- ds) b
7.68-7.52 (éﬁé@S%???Wexarfa?ﬁ ?éi{zc!“ %‘;7)75 Ei3 04 (m 2H), 2.5S (s, 6H),
2.22 (m 1H), 2.04 (d, J=11.0 Hz, 1H) GCMS me 266 (M+). Anal. Calcd. for
C, 3H, BN202HO - C. c)b-83Rsy1-hb-a b 3icloft . B0 BodERYNY 3G.idkk 36; H, 6.09; N, 9.09.
4- (1- PYRROLI DI NyL(Besegerpbye-MaoidAnfrieserdf &-3ietnpp: P Mepeeal. 5 Ay Shasfr) ENE
HYDROCHLORI [ JTlogg. [@h6.0199€] 67 38433 kg Maz266cHh, 8 epastely, B @NJ. Med. Chem. 1979,
10-trifl uor% t- 10 azatricycio[6.3.1.02"")dodeca-2(7),3,5-triene-4-sulfo
nyl chloride( ng, 0.9 mmol ) as by substituting pyrroline in the
coupling step des‘c23bé'dtrahydlﬁadmpéteammtﬁmemdlpr(Gdlgcﬂzmasnmcmohaxtsweas an

| (314
308 affor da s RIS ﬁ‘?“:?"’%‘ma R T e '%P’l‘mE@%"“é
0.60). (TLC WEW@X&?%W\%B%‘“ tﬂoo %5}0 his pojyr pesigdatexbaiOgneh B, 2397mme!) ( d,
% 800( HZ,ZH)l 4 triefhyfbéndyBamrhortilm chioridié (EtQBnNtF)Qsd)mijwer& abled. IndQPesditi m(xﬂ]re SH) )
m
(100 Mz, CD&'rssf""Sg’ r&e}@?}"’ &Si%’?d%‘ ! fé%‘“%%‘ ‘E% ‘“egl?w'iz'&e'issegi@‘zé d 'B%) 43
47. 87, 46 80gquédiistyer wids. éxiract@DwiGIDCR 200 L ). APEl orddBiothyer 128 \o{aélhdd-wnb)l-lz@ (4 (data

HCl salt) 'H 773'
(d, 315 28Tk el vesalfiy HhdroPiBnd B bR g ¥ sadbots Wl Spniipe 7

H), 3 39- 3. Cthroudipafatior piRg. mmsyqu)addgi igpnzyl gming £25.5 g, 238,6 mmp)) and|the Grixtyie 4H)
GCVB nt e 292w£s'\4t|}remab n%t@scihgrpﬁnn@d%ld fﬁ%@@ﬂg intd/ tg%g":m Griacetbxyfdéronydriad- 47;
N, 8.51 Found FX41Ul G1 ~

5, 13- DI AZATE*FUQ&Q )qu?Eésie QSE’W) °V?51°BY\§E§WADECA-2 4( 8) 9- TRl EN- 6- ONE
HYDROCHLORI DE (The title conmpound was prepared foll ow ng the procedures
described m~ualllch, G J.; Mrnssey, P. M Synthesis 1993, 51-53)
treating

4,5-dinitro-10-azatncycl o[ 6. 3.1.02"'')dodeca-2(7), 3, 5-tnene- 10-car boxylic
acid tent-butyl ester as an equivalent to an ortho fluoro phenyl noiety )
"H NVR (400 MHz, DMBO- d6) S 10.42 (s, NH)) 9.88 (br s, NH). 7.52 (br s, 1
H, 7 15 (s 1H, 6.79 (s, 1 H, 341 (d, J=5.0 Hz. 2H), 3.35-3.13 (m

SN NS ~1 N




2,2,2-Trifluoro-1-(4-hydroxy-5-am no-10-aza-tncyclo[6.3

1. Z~' ] dodeca-2(7),3,5-trienl0-yl)-ethanone (317 ng, 1.11 mml) was stirred
in THF ( 10 nm.), treated with carbonyl diim dazole (269 ng, 1.66 nmol) and
warnmed to 60C for 18 hours. The m xture was concentrated, diluted with
CH2Cl 2 (50 nm.) and washed with 1 N aqueous HCI solution (3 x 10 nL) The
organic | ayer was dried through a cotton plug, concentrated and

chromat ogr aphed on Silica gel (50% Et OA8exanes) to provide an oil (130
ng). This material converted to the title conpound by the nethods descri bed
in Exanple 9C. 'H NVR (400 MHz, DMSO-d6) 8 11.78 (s, NH), 9.56 (br s, NH),
763(brs NH) 7.24 (s, 1 H, 7.07 (s,1 H, 3.26 (br s, 2H), 3.16 (br t,
J=9.5 Hz, lma%pqrbtue .38 rg_unldl)bottgn Tigsk fask Lngr, nitlog®7 wad,mapndtitaly strred 1 H) .

APCI
3-TR FLU@&/@%&&% SMA% 0)17-2)%@ @ngé?\@b@mg%w GASRRR™S (75 5 ves AN
HYDROCHL ORI2Beve(rilerecpygh ddvatinytesgwitpout dpigy a&%atﬁe digidelyde avaza%ﬁﬁcwmgwyed B.:

Pl ei ss, M Thévesul brargg? milture Wit A1BWed Y/ warm;to R t%mpa_ratuae ant stifddfor 63513@1
1983, 48 2321 232 unewald, G L.; Markovich, K M; Sall, D J.

Med. Chem ™H%F, 30, 2191- 2208. ) The title corrpound was pr epar ed by thé
nmet hods descri be’de reactibnavasloeericheaby 2dditioa ot sangatediépdium carbonate (Na,CO,)

"5 (3 3ollen RO GTSEAE B Rprucely P irgd i ke 5 %7536167(;?
2H), 2 42 (mere sep#dpted 2nd the @duecysipyemvagextracted) wnth,ccpgplzm ﬁp@m@zghqor@@wﬁ+ 1)']

E:, Hilll Sﬁl t), v?azsﬁ%agzgd Wit g%ﬁﬁéte@dlﬁéusf nQécu%nZtiéngEé’d\‘nlgqne&/t%%gﬂ akottrs- 44, H

3- PHENYL- wmaz:a@m%@(eﬁﬂoea E?d pil. o'Eh*S Wmmﬂ@mﬁ) migimsimed EQrandieSCHL ORI DE A)
S- Fl uor o- 1 tfobh E}Sﬂlfc@p&d G- et RUtAGRIR 163 SRR addiste (EtOAc)/hexanes +1% of 37%

5-1o0do- 1, 4- d|h Ins

3. Aarer . CRRYRCG TR s gnse BB SR rpp e Hasaine Ted ol aerigtony . -
Snow, R Aaffdrds &light yellGh @in(48Sax: .194.8 ol $8,7%3 1235 378 EtQAdkexameEsiRIO7S)ur'di ngs
(9.37 g, 3 s r | ane dried
2L 3 neck %@u%@%yp?ﬁéﬁ?iﬁaai{sﬁq\ m %g@)(ﬂ %st%égﬁ gﬂ’ggﬁawm ad? fdl on funnel
with a N2 #FbhHadite42 (dndf@ﬁe"tlzi 8Hist2|2t7r(@r"ﬁnﬁs7efdf #-dpé’rfﬂz dUthﬁlsM?’ mé&&ui pped
with a N2 hkeyypdaptier. The flask was stirred and warmed to reflux by a
removabl e heat| ng mantl e. 2,6Difluoro-iodobenz8ne (0.3 g) was added
followed by of 3N EtMgBr in THF (0.3 nL). The addition funnel was charged
with an intimat ®)AD-skaHryad(s. emcd—é@metadm:me-tr(eaé Qofiag,alt&ﬁitiveﬁpitﬁesanﬁbe;

2,6-difluor |odo portions (~1 nmL) of the
intimate m bﬁé%¢§ducégw?§o%§m stﬁ 2r?i€g% tion (--4x). After ~15
m nutes, the rea@ﬁemi—ﬂ%ﬁza-@!cm{q 326t fieodega-24TicB . Srtapee (WhfderRédtmel) wand

heating Wa§t.rPea' .HE% @5@%LP§€&§%&’M¥P§N REi ERcAdEA Ewelomy Inn%o&,ﬂm. @ts of
the addition funnel he reacti on was then mai ntai ned fux for --

hour (no SKPHY M“"'”?H@C'PE%%WP%W%“Eé'Bfre@dV"f‘@‘Q‘éForﬁ’?éﬁ??éﬁ”&feﬂﬁ%(ﬁ%l
quenched wiid MebRQ2502R0) #lsy pdrobbtmeredio s aesiaqied FUOHEICH gSad20%weT) 4nd0Blenl) to

di I h | i ds._  Prod d h 1 Th
combi ned oG cver aseh e’ ot Bl PRl o BHBIS L Safe sl et  on
(150 mL), diteredithfdlgRB0Celite pad bedt eshcehtratedyte an Giylsohra ﬁhlagwam @zéptiops Wit r| nse
and concenttaiao Mecg-nt @k tﬁeﬁotng}ateW@”?ée%EaGQé{ V\ﬁ'@vnﬁ aenﬁe‘?' g?bslttb ng

W t h hexanes prov talne primarily

5-i odo- 1, 44=encwy@i¢ graductang-fiteiesh oRefssPation Abthe (“PL’@' IRbER N arasecendetsaatmgy
5- 1 odo- 1, 2,p2yfhel 8h bAMNMAE biid (45.9%8], 28N emib BBYH) QTIS@W/Z Nﬁdﬂu@h .Cl, (NH3) R, 0.2).

5-1o0do- 1, 4 d| apht h t h phol i ne
N-oxi de (17 %(400956%@3?33«&@ &4, «373876%’g %g'ét %*Zﬁﬁz §HH%0"{ 13
m). To th|1$|)wees(a,dﬁkedoaizsm)umccms)h/ém:z[(M)+2)111_ 2 5%m . solution in
t-BuOH) 0.02 mml ). After 144 hours, florisil (5 g) and saturated aqueous
NaHS03 solution (3 nm.) were added and stirred for 1/2 hour. The -74

m xture was filtered through a Cehte pad and the filtrate concentrated to
produce an oil which was purified by chromatography on Silica gel eluting
with a gradient of hexanes to 100% Et CAc to provide a yellow solid (13.73
g. APCl MSs me 301.1 ((M- 1)') O 10-Benzyl-3-iodo-10-aza-tricyclo[6.3
1.0Z-' | dodeca-2(7),3,5-triene



5-1o0do-1, 2, 3, 4-tetrahydro-1, 4- met hano- napht hal ene-2, 3-diol (8.33 g, 27.6
nmml ) and Et 3NBnC ( 10 ng) were vigorously stirred mdichl oroet hane (25
- m) and HZO (75 nL) then treated with sodi um penodate (6.17 g, 29.0 mmuol)
After 1.5 hours, the |ayers were separated and the aqueous | ayer extracted
with DCE (2 x 40 nL) The conbi ned organic | ayer was washed with HZO (4 x 30
m.) until no reaction to starch iodi de paper was observed, then with
sat urated aqueous NaCl solution (30 nlL)-38-The orgarnc | ayer was dried
through a cotton plug and treated with benzyl amne (3.16 nL, 29.0 mmol)
and stirred for 2 mnutes then transferred to an addition funnel. This
sol ution was added over -10 mnutes to a vigorously stirred cooled (0 O
m xture of NaHB(OAc)3 (18.72 g, 8B.0 nmmEMAMRLE DCE (150 nl) After addition

was conplete, th r hours. The
was comp Ste. quen £rILSRELR-ARSTREVEL G 3 DPWDEEAY )4 FRIENE (200 ) and

stirred for HYDROGHLORIBEN the | ayers were separated and the aqueous | ayer
was extracted W'Hb-ﬁh@@h& §1Ry a¥o- PE-miEthlno-ApshtHeRABi ned organi c layer was

washed with saturd ous ied through a cotton

pl ug and concent {EscBd! JCHP'B’PF&PJ‘Q axﬁlﬁweérfi\’gﬂ 8%113@) 9ﬁr7é\?r7&éa°aahe i+ 46.3 g,
61 % . (TLCCafelEDONGIShewanes . Rmed.CHen. Stt. W, 64.3023v8%33.)CDCi 3) 8 7.61 (d J=

.58 (AB . J-1hegeR Liet o g g humelie] sifecly Shysha Byl Um0,

d, J=10.2 Hﬂamél_drld)i 752n183 n¢dkrroghd hptdro fiask-equippedyith 2 nd-equihzidg-a@iitOn Hmnell H) ,
2.39 (d, J= }/Rh\g hli'z‘zf%ovia&%ter 2maghefidsurrer Bha ekicibht EShdentel Qqmpgdd: with Sn, RRC M

me 376.0
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di scussi on, pRE&obrdhittAtéhe (Bl1; g) g dlided OHowed BN of BR\EIMIBOR, THED(0.12B)Y BfB3. )
10- Benzyl - 3-i odo- -triene (375.3

my, 1.0 mmlaﬁ'd'“°58{"3§'§’1‘i§rﬁth3'€é‘f ‘éﬁ"'La't ’?%'Ba'ﬁﬂ"m%'e@gﬁbfmﬁn('ﬁ%ﬂ‘ep(ﬂgﬁﬂ 2porSMic acid
(183 ny, 1. Sndpbilustetrematentine@5l0ign25.9 indBt CBInEZbriidns TL0.2 mLpef e ¥iibiae Was

degassed (3. v cuu

tetrakis(tr Fwﬁué H(g)téoc ?énog@asf trﬁ?/\/%?ﬁ)‘%é? A,ger g'° B"n&es the " acgora m\}\tgter?ed to
90 C for 18I\‘ﬁxoﬂﬁ¢re1 ﬁE@G@WC{Dr‘FOW@QS%‘WI@G heetrnwwwmmalﬂremzv@ rmqelssemmaaog de with
Et ZO (3 X 5QqdHloh of thD SoMEmSBH the 4B fUARS. WAS Rhoiwal tmd rngn&éad gt‘-r}eﬂuxq‘él‘ ed
(MySO, ), filtered and concentrated to prow de an oil (18 55%

4%t OAcl hex3M8¥ R 0.98). GCMS mle 325 (M'. E)

3- Phenyl - 10- aza- trd eeaeim[ #as3 cdoidiP e ﬂodmdﬁfh@erﬁ(u?é add Quérched avith Yoo ol mLy de

71 10-B | - h -1 dod 7 t
D e % R e B P R i O
Exanpl e 2D. sélitie® (QQ)%LW@@BVE(QHECB'Z! (3= Lo VRS &trggyd witlathexdnes (f neddmiasefhe H NVR
Sigg g/HZH’Z CGh aedt?)r%an‘m?ér 4455 &ma w?!h g'gturéﬁa aageo'tl:s HLHC@ Q&Iut(om{2¥||#).) dl"1)e093 (d
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178.4 [(M + 1)*). mp 269-271°C.

EXAMPLE 7

4-NITRO-10-AZATRICYCLOI6.3.1.0%)|]DODECA-2(7),3,5- TRIENE
HYDROCHLORIDE

A) 1-(10-Aza-tncyciof6.3.1 .Ou]dodeca-2(7).3,5-trien-1 0-y1)-2,2, 2-triflucro-ethanone

10-Aza‘tricyclo]6.3.1.0*”|dodeca-2(7),3,5-triene  hydrochloride salt (12.4 g, 63.9
mmo!) was stirred in CH,Cl, (200 mL). This was cooled (ice bath) and treated with pyridine
(12.65 g, 160 mmol) followed byﬁuoroacetic anhydride (TFAA) (16.8 g, 11.3 mL, 80 mmol)
from an addition funnel over 10 minutes. After ~3 hours, the solution was poured into 0.5N

aqueous HCI (200 mL) and the layers separated. The agueous layer was extracted with
CH,CI, (3 x 50 mL) and the combined organic layer was washed with 0.5N aqueous HCI (50
mL), H,0 (2 x 50 mL) and saturated aqueous NaHCC, solution (50 mL). This solution was
dnied through a cotton plug, then diluted with ~3% EtOAc and filtered through a 2 inch Silica
pad eluted with ~3% EtOAc/CH,Cl,. Concentration afforded a clear oil which crystallized to
give white needles (15.35 g, 60.2 mmol, 94%). (TLC 30% EtOAc/hexanes R, 0.53). 'H NMR
(400 MHz, CDC)3) § 7.18 (m, 4H), 4.29 (br d, J=12.6 Hz, 1H), 3.84 (br d, J=12.6 Hz, 1H), 3.51
(dd, J=12.6,1.5 Hz, 1H), 3.21 (br s, 1H), 3.10 (br s, 1H), 3.10 (br d, J=12.6 Hz, 1H), 2.37 (m,
1H), 1.92 (d, J=10.8 Hz, 1H). GCMS m/e 255 (M"). mp 67-68 °C.

B) 1-(4-Nitro-10-aza-tricyclo[6.3.1 .Ou]dodeca-2(7).3.5-tn‘en-1 0-yl)-2,2,2-trifluoro-
ethanone (Based on the method described by Coon, C. L.; Blucher, W.G,; Hill, M. E. J. Org.
Chem. 1973, 25, 4243.)

To a solution of trifluoromethanesulfonic acid (2.4 ml, 13.7 mmol) in CH,Cl, (10 mi)

stired at 0 °C was slowly added nitric acid (0.58 mi, 27.4 mmol) generating a white
precipitate. After 10 minutes the resulting mixture was cooled to -78 °C and treated with 1-
(10-aza-tricyc|o[6.3.1.02'7]dodeca-2(7).3.5-trien-1 0-y)-2,2,2-trifluoro-ethanone (3.6 g, 13.7
mmol) in CH,Cl, (15 ml) dropwise from an addition funnel over 5§ minutes. The reaction was
stired at -78 °C for 30 minutes then warmed to O °C for 1 hour. The reaction mixture was
poured into a vigorously stirred ice (100 g). The layers were separated and the agqueous layer



M10% & ()- s 10% & ()-fymO% & ()- 10% & ()- 10T 10Tl eZOD F10% 10( 10(
10(10% & ()-' 31 10% & ()- 03!10%& ()- 10% & ()- SYL0% & ()-[{*a@OD F10 Y
s!10%& ()-@ Y s!10%<& ()- @ s!10%& ()- @910%& () -

1 10%<&' ()-f3@10%& ()-*+zaVK@ F10 10< 10< 10<+M 10%& ()-@ S)10%& ()--
S)10%&' ()--'10%<& ()-1"Y s! 10%<& ()- @, 58zX9VK@ 9t 10%& () -

-44-

extracted with CH,Cl, (3 x 30 ml) The organic layer was combined and washed with H,O (3 x
30 ml). The combined organic layer was washed with saturated aqueous NaHCO, solution (20
mL) and H,0 (20 mL) then dried through a cotton plug and concentrated to give an orange oll
that solidified on standing (4.2 g). Chromatography yielded pure product as a crystalline solid
(3.2 g, 78%) (TLC 30% EtOAc/hexanes R, 0.23). 'H NMR (400 MHz, CDCl,) & 8.12 (br d,
J=8.0 Hz, 1H), 8.08 (br s, 1H), 7.37 (br d, J=8.0 Hz, 1H), 4.38 (br d, J=12.6 Hz, 1H), 3 94 (br
d, J=12.6 Hz, 1H), 3.59 (br d, J=12.6 Mz, 1H), 3 43-3.35 (m, 2H), 3.18 (br d, J=12.6 Hz, 1H),
2 48 (m, 1H), 2.07 (d, J=10.8 Hz, 1H). GCMS m/e 300 (M").

C) 4-Nitro-10-azatricyclof6.3 1.0u]dodeca-2(7).3.5-triene hydrochloride
1-(4-Nitro-10-aza-tricyclol6.3.1 .02'7]dodeca-2(7).3.5-tnen-1 0-y1)-2,2,2-trifluoro-
ethanone (182 mg, 0.61 mmol) was stirred with Na,CO, (160 mg, 1.21 mmol) in MeOH (3 mL)

and H,O (1 mL) at 70 °C for 18 hours. The mixture was concentrated, water was added and
the product was extracted with CH,Cl,. The organic layer was extracted with 1N aqueous HCI
(3 x 20 mL) and the acidic layer washed with CH,Cl; (2 x 20 mL). The aqueous layer was
basified to pH ~10 with Na,CO,(s) and product was extracted with CH,Cl, (3 x 30 mL). The
organic layer was dried through a cotton plug and concentrated to an oil This was dissolved
in MeOH and treated with 1IN HCI MeOH, concentrated to solids which were recrystallized
from MeOH/Et,0O to afford product as a white solid (73 mg, 50%) (TLC 5% MeOH/CH,Cli,
(NH,) R 0.38). 'H NMR (400 MHz, DMSO-d¢) 5 8.21 (s, 1H), 8 18 (dd, J=8.0,2.0 Hz, 1H), 7.59
(d, J=8.0 Hz, 1H), 3.43 (br s, 2H), 3.28 (m, 2H), 3.07 (dd, J= 13.0,13.0 Hz, 2H), 2.24 (m, 1H),
2.08 (d, J=11.5 Hz, 1H). APCI MS m/e 205.1 [(M + 1)*] mp 265-270 °C.

EXAMPLE 8
4-AMINO-10-AZATRICYCLO[6.3.1.02]DODECA-2(7).3,5-TRIENE
HYDROCHLORIDE
4-Nitro-10-azatricyclo[6.3.1.0%"Jdodeca-2(7),3 5-triene (500 mg, 2.08 mmol) was
stirred in 1,4-dioxane (40 mL) and treated with saturated aqueous Na,CO, solution (15 mL).
To this was added di-t-butyldicarbonate (1.8 g, 8.31 mmol). After stirring 18 hours the
reaction was treated with H,O (50 mL), extracted with CH,Cl, (4 x 30 mL), dried through a

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

This oil (500 mg, 1.64 mmol) was dissolved in MeOH (30 mL.), treated with 10%Pd/C
(~50 mg) and hydrogenated under a H, atmosphere (45 psi) for 1 hour. The mixture was
filtered through a Celite pad and concentrated to a clear oil (397 mg, 88%).
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EXAMPLE 9
N -[10-AZATRICYCLOI[6.3.1 .021IDODECA-2(7).3 5-TRIEN-4-YL]ACETAMIDE
HYDROCHLORIDE
A) 1-(4-Amino-10-aza-tricyclo[6.3 1 Ogi]dodecaﬁ'oa,s-trienJO-yl)-2.2.2-triﬂuoro-

ethanone

Hydrogenation of 1-(4-nitro-10-aza-tricycio[6.3 1.02'7]dodeca-2(7),3,5-tr|en-1O-yl)-
2,2 2-trifluoro-ethanone (2.0 g, 6.66 mmol) under a H, atmosphere (40 psi) and 10%Pd/C (200
mg) in MeOH over 1.5 hours, filtration through Celite and concentration affords a yeliow oil
(1.7 g). (TLC 50% EtOAc/hexanes R, 0.27) 'H NMR (400 MHz, CDCl,) § 6.99 (m, 1H), 6.64
(brs, 1H), 6.57 (m, 1H), 4.25 (m, 1H), 3.82 (m, 1H), 3.50 (m, 1H), 3.17-3.07 (m, 3H), 2.35 (m,
1H), 1.90 (d, J=10.8 Hz, 1H). GCMS m/e 270 (M").

B) N-(10-Trifluoroacetyl-10-aza-tricyclof6.3.1.0*!jdodeca-2(7),3,5-trien-4-yl)-

acetamide

1-(4-Amino-10-aza-tricyclo[6.3.1 .02'7]dodeca-2(7),3,5-trien-1 0-yl)-2,2.2-trifluoro-
ethanone (850 mg, 3 14 mmol) was stirred in CH,Cl, (5 mL) and treated with tnethy! amine
(0.53 mL, 3.76 mmol) and acety! chloride (0.23 mL, 3.2 mmol) then stirred 18 hours. Standard
NaHCO, workup yielded an oil which was chromatographed to provide a clear oil (850 mg,
87%) (50% EtOAc/hexanes R, 0.28).

C) N1-[10-Azatricyclo[6.3.1 .0-2'—7]dodeca-2(7).3.5-trien-4-yl]acetamide hydrochioride
N-(10-Trifluoroacetyl-10-aza-tricyclo[6.3.1.0*'Jdodeca-2(7),3,5-trien-4-yl)-acetamide
(100 mg, 0.32 mmol) was stirred with Na,CO, (70 mg, 0.64 mmol) in MeOH (10 mL) and H,0

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

product was extracted with EtOAc. The organic layer was extracted with 1N agueous HCI (3 x
20 mL) and the acidic layer washed with EtOAc (2 x 20 mL) The aqueous layer was basified
to pH ~10 with Na,CO; (s) and product was extracted with EtOAc (3 x 20 mL). The organic
layer was dned (sodium sulfate (Na,SO,)) and concentrated to an oil. This material was
dissolved in MeOH and treated with 3N HC] EtOAc (3 mL), concentrated and recrystallized
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from MeOH/EL,0O to provide a solid (40 mg, 50%) 'H NMR (400 MHz, DMSO-d;) 6 998 (s,
1H), 9.02 (br m, NH), 7.65 (s, 1H), 7.55 (br s, NH), 7.38 (d, J=8.0 Hz, 1H), 7.20 (d, J=8 0 Hz.
1H), 3.33 (m, 4H), 2.86 (m, 2H), 2 13 (m, 1H), 2.00 (s, 3H), 1.96 (d, J=10.5 Hz, 1H). APCI MS
mie 217.2 [(M + 1)"}) mp 225-230 °C.

EXAMPLE 10
6-METHYL-5-THIA-7,13-DIAZATETRACYCLOQI9.3.1 .Oz-lQQ‘—B]PENTADECA-
2(10),3,6,8-TETRAENE HYDROCHLORIDE
A)  N-(10-Trifluorothioacetyl-10-aza-tricyciof6.3 1 02'—7]dodeca-2(7),3.5 -trien-4-y!)-

thioacetamide

N-(10-Trifluoroacetyl-10-aza-tricyclo[6.3.1.0*"|dodeca-2(7),3,5-trien-4-yl}-acetamide
(850 mg, 2.72 mmol) and 2,4-bis(4-methoxyphenyl)-1,3-dithia-2 4-diphosphetane-2,4-disulfide
(Lawesson's reagent) (1.1 g, 2.?2_mmol) were combined in toluene (10 mi) and brought to
reflux for 1.5 hours. After cooling the reaction was worked up with EtOAc/saturated aqueous
NaHCO, solution. The organic layer was dried (Na,SO,), filtered, concentrated and
chromatographed on Silica gel to produce product (410 mg, 44%). (50% EtOAc/hexanes R,
0.38)

B) 6-Methyl-5-thia-7.13-diazatetracyclo[9.3.1.022 gﬂ]pentadeca-zu 0),3,6,8-tetraene
hydrochioride

The above oil, 2,2,2-trifluoro-N-(10-triflucrothioacetyl-10-aza-
tricycio6.3.1.0%")dodeca-2(7),3,5-trien-4-yl)-thicacetamide, (360 mg, 1.05 mmol) was
dissolved in MeOH (10 mL) and 1N NaOH (5 mL) and added to potassium ferricyanide
(KsFe(CN)e)(1.72 g, 5.23 mmol} in H,O (10 mL). This mixture was warmed to 60 °C for 1.5
hours, cooled, concentrated and worked up with EtOAc/H,O. This material was stirred in
dioxane (20 mL) and treated with H,O (50 mL) and Na,CO, to achieve pH 10. To this was
added di-t-butyldicarbonate (436 mg, 2.0 mmol) and the mixture was stirred for 18 hours. The

reaction was concentrated, treated with H,O and extracted with CH,CI,. Thé product was
chromatographed (Silica 30% EtOAc/hexanes R, 0.41) to yield an oil (100 mg).

The above product was treated with 3N HCI/EtOAc (3 mL) and warmed to reflux for
~15 minutes then concentrated to a solid which was azeotroped with CH,Cl, (2x). These
solids were dissoived in a minimum amount of MeOH then saturated with Et,0 and stirred.
The resulting white crystalline powder was collected by filtration (40 mg, 14%).
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"H NMR (400 MHz, DMSO-ds) & 9.46 (s, NH), 765 (s, 1H), 7 82 (s, 1H), 7.65 (br m,
NH), 3.36 (m, 2H), 3.24 (m, 2H), 3.02 (m, 2H). 2.76 (s, 3H), 2.23 (m, 1H), 2.06 (d, J=10.8 Hz.
1H). APCI MS mre 231 1 (M + 1)°]. mp 183-184 °C

EXAMPLE 11
4 5-DINITRO-10-AZA-TRICYCLO[6.3.1.0%)DODECA-2(7).3,5-TRIENE
A) 1-(4,5-Dinitro-10-aza-tricyclo[6.3.1 .02'—7]d_odeca-2(7),3,5-tnen-1 0-y1)-2,2,2-trifluoro-
ethanone (Based on the method described in Coon, C. L.; Biucher, W G., Hill, M. E. J. Org.

Chem 1973, 25, 4243 For an additional related example of dinitration see: Tanida, H,
Ishitobi, H.; Irie, T.; Tsustuma, T. J. Am. Chem Soc. 1969, 91, 4512 )

To a soiution of trifluoromethanesulfonic acid (79.8 ml, 902.1 mmol) in CH,Cl, (550
mi) stirred at 0 °C was siowly added nitric acid (1.1 ml, 450.9 mmol) generating a white
precipitate. After 10 minutes, 1-(1O-aza-tricyclo[B.S.1.02'7]dodeca-2(7).3,5-tnen-10~yl)-2,2.2-
trifluoro-ethanone (50 g, 196 mmot) in CH,Cl, (300 mi) was added dropwise from an addition
funnel over 30 minutes The reaction was stirred at 0 °C for 2.5 hours and then stirred at
room temperature for 24 hours. The reaction mixture was poured into a vigorously stirred
mixture of H,O (500 ml) and ice (400 g). The layers were separated and the aqueous layer
back extracted with CH,Cl, (3 x 300 ml). The organic layer was combined and washed with
H,0 (3 x 300 ml). The combined aqueous layers were re-extracted with CH,Cl, (2 x 100 ml)
The organic layer was combined and washed with saturated aqueous NaHCO, solution (200
mL) and H,O (200 mL) then dried through a cotton plug and concentrated to solids.
Trituration with EtOAc/hexanes produced off white soiids which were filtered and dried (52 g,
151 mmol, 77%. The mother liquor was chromatographed to give an additional 4.0 g for a
total of 56.0 g (82.8%). (TLC 50% EtOAc/hexanes R, 0.29) 'H NMR (400 MHz, CDCl,) 6 7.77
(s, 1H), 7.75 (s, 1H), 4.39 (br d, J=13.0 Hz, 1H), 3.98 (br d, J=13.0 Hz, 1H), 3.65 (d, J=13.0
Hz, 1H), 3.49 (br s, 1H), 3.44 (br s, 1H), 3.24 (br d, J=12.6 Hz, 1H), 2.53 (m, 1H), 2.14 (d,
J=11.5 Hz, 1H). GCMS m/e 345 (M").

B) 4,5-Dinitro-10-aza-tricyclo[6.3.1.0%4dodeca-2(7),3,5-triene

1-(4,5-Dinitro-10-aza-tncyclo[6.3.1 .02'7]dodeca-2(7).3,5-tnen~1 0-y1)-2,2,2-trifluoro~
ethanone (3.7 g, 10.7 mmol) and Na,C0O; (2.3 g, 21.4 mmol) were combined in MeOH (50 mL)
and H,0 (20 mL) then warmed to reflux for 18 hours. The reaction was cooled, concentrated,
treated with H,O and extracted with CH,Cl, (3 x 50 mL) then dried through a cotton piug.
After concentration, the residue was chromatographed to provide brown solids. (1.9 g, 71%).
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(TLC 5% MeOHI/CH,Cl, (NH;) R, 0 36) 'H NMR (400 MHz, CDCl,) & 7 69 (s. 2H), 3.17 (br .
2H), 3 11 (d, J=12.6 Hz, 2H), 2.53 (m, 1H), 2 07 (d, J=11.0 Hz, 1H) GCMS m/e 249 (M")

EXAMPLE 12
6-METHYL-7-PROPYL-5,7,13-TRIAZATETRACYCLO[9.3 1.024"._(1‘ HPENTADECA-
2(10).3.5,8-TETRAENE HYDROCHLORIDE
A) 4,5-Dimtro-10-aza-tncyclo[6.3.1.0upodeca-2(7),3.5-trnene-10-carboxylic acid ten-
butyl ester
4 5-Dinitro-10-aza-tricyclof6.3.1 0*")dodeca-2(7),3 5-tnene, (19 g, 7.6 mmol) was
stirred in 1,4-dioxane (75 mL) and treated with saturated aqueous Na,CO, solution (10 mL)

To this was added di-t-butyldicarbonate (3.31 g, 15.2 mmol). After stirnng 6 hours the
reaction was treated with H,O ( 50 mL) and extracted with EtOAc (4 x 25 mL), dried (Na;,SOJ).
filtered, concentrated and chromatographed to provide product (1.9 g, 71%). (TLC 30%
EtOAc/hexanes (NH,) R; 0.58) 'H NMR (400 MHz, CDCly) 8§ 7.77 (br s, 1H), 7.72 (br s, 1H),
4.08 (m, 1H), 3.92 (m, 1H), 3.39 (br s, 1H), 3.27 (br s, 1H), 3.25 (m, 1H), 3 18 (m, 1H), 2.46
(m, 1H), 2.02 (d, J=11.0 Hz, 1H)

B) 4,5-Diamino-10-aza-tricyclo[6.3.1 Oz—'lldodeca-2(7),3.5-tr|ene-10-carboxyhc acid
tert-butyl ester

4 5-Dinitro-10-aza-tricyclo[.3.1.0")dodeca-2(7),3,5-triene-10-carboxylic acid  tert-
buty! ester (1.9 g, 5.44 mmol) was hydrogenated in MeOH under a H, atmosphere (45 psi)
over 10%Pd/C (100 mg) for 1.5 hours then filtered through a Celite pad and concentrated to
white solids (1.57 g, 100%). (TLC 5% MeOH/CH,Cl, (NH,) R, 0.14)

C) 6-Methyl-5,7,13-tnazatetracyclo[S.3.1 .Owg"—“]Lentadeca-ZU 0).3,5,8-tetraene-13-
carboxylic acid tert-butyl ester (For conditions, see; Segelstein, B. E.; Chenard, B. L.: Macor,
J. E.: Post, R. J. Tetrahedron Lett. 1993, 34, 1897.)

4,5-Diamino-1o-aza-tricyclo[6.3.1.02'7]dodeca-2(7),3,5-triene-10-carboxyiic acid tert-
butyl ester (700 mg, 2.42 mmol) was dissolved in EtOH (10 mL) and acetic acid (HOAc) (1
mL) and treated with 1-ethoxyethylenemalononitrile (329 mg, 2.42 mmol). The resuiting

mixture was warmed to 60 °C and stirred 18 hours. The reaction was cooled, concentrated
treated with H,0 and saturated aqueous Na,CO, solution and extracted with EtOAc (3 x 50
mL), then dried (Na,SOy). After filtration and concentration, the residue was
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chromatographed to provide brown solds (247 mg, 36%) (TLC 5% MeOH/CH,CI, (NH,) R,
0.28)

D) 8-Methyi-7-propyl-5,7,13-triazatetracyclo[9 3.1 02 _Qﬂ]pentadeca-2(10),3.5.8-
tetraene-13-carboxyhc acid tert-butyl ester (For conditions, see, Pilarski, B Liebigs Ann
Chem. 1983, 1078.)

6-Methyl-5,7,13-triazatetracyclo[2.3.1.0%"°.0**Jpentadeca-2(10),3,5,8-tetraene-13-
carboxylic acid tert-butyl ester (80 mg, 0.267 mmol) was stirred in 50% aqueous NaOH
solution (3 mL) and DMSO (1 mL) then treated with 1-iodopropane (0.03 mL, 0.321 mmol).

This mixture was warmed to 40 °C for 2 hours then cooled, treated with H,0 and extracted
with EtOAc. The organic layer was washed with H,0O (3x) then dried (Na,S0,), filtered and
concentrated to an oil (80 mg, 0.253 mmol). (TLC §% MeOH/CH,Cl, (NH;) R, 0.15).

E) 6-Methyl-7-propyl-5,7,13-tnazatetracyclof8.3.1 .Ow._g‘—'a-]pentadeca-ZU 0),3,5.8-
tetraene hydrochloride

B-Methyl-7-propyl-5,7,13-triazatetracyclo[9.3.1.0>"°.0**|pentadeca-2(10),3,5.8-
tetraene-13-carboxylic acid tert-butyl ester (90 mg, 0.253 mmol) was dissolved in 3N HCI

EtOAc (5 mL) and warmed to 100 °C for 1/2 hour. The mixture was cooled, concentrated,
slurried in EtOAc, and filtered to provide a white solid (25 mg, 34%). 'H NMR (400 MHz,
DMSO-d;) 6 9.56 (s, NH), 7.91 (s, 1H), 7.83 (br m, NH), 7.74 (s, 1H), 4.38 (m, 2H), 3.48 (m,
2H), 3.32 (m, 2H), 3.10 (m, 2H), 2.87 (s, 3H), 2.28 (m, 1H), 2 15 (d, J=11.0 Hz, 1H) 1.85 (m,
2H), 0.97 (m, 3H). mp 147-150 °C

EXAMPLE 13

5,7,13-TRIAZATETRACYCLO[9.3.1 .OwgﬁlpENTADECAQUO). 3,5,8-TETRAENE
HYDROCHLORIDE

A) 5,7,13-Triazatetracyclo[9.3.1 .03’—°Q"—"]pentadeca—2(1 0),3,5,8-tetraene-13-
carboxyhc acid tert-butyl ester (For conditions, see; Segelsten, B. E.; Chenard, B. L.; Macor,
J. E.; Post, R. J. Tetrahedron Lett. 1993, 34, 1897.) '

4,5-Diamino-10-aza-tricyclo[6.3.1.02'7]dodeca-2(7),3.5-triene-10-carboxylic acid tert-
butyl ester (1.0 g, 3.45 mmol) was dissolved in EtOH (10 mL) and HOAc (1 mL) and treated

with ethoxymethylenemalononitrile (421 mg, 3.45 mmol). The resulting mixture was warmed
to 60 °C and stired 18 hours. The reaction was cooled, concentrated treated with H,O and
saturated aqueous Na,CO, solution and extracted with EtOAc (3 x 50 mlL), then dned
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(Na,S0,) After filtration and concentration, the residue was chromatographed to provide
brown solids (580 mg, 56%) (TLC 5% MeOH/CH,Cl, (NH;) R, 0.28)

B)- 5.7,13-tnazatetracyclo[9.3.1 028 _Oﬂlpentadeca-2(1 0),3.5,8-tetraene hydrochlonde
5,7,13-Triazatetracyclo[9.3 1.0%'° 0**jpentadeca-2(10),3,5.8-tetraene-13-carboxylic

acid tert-butyl ester was converted to the title compound by the methods described in
Example 12E 'H NMR (400 MHz, D,0O) § 8.95 (s, 1H), 7.67 (s, 2H), 3.45 (br s, 2H), 3.31 (d.
J=12.5 Hz, 2H), 3.13 (d, J=12.5 Hz, 2H), 2.30 (m, 1H), 1.99 (d, J=11.5 Hz, 1H). APCI MS m/e
200.1 [(M + 1)"). mp >250 °C.

EXAMPLE 14
7-METHYL-5.7,13-TRIAZATETRACYCLOJ9.3.1.0%2 0*8)PENTADECA-2(10),3.5.8-
TETRAENE HYDROCHLORIDE
Utilizing the methods described in Example 12D, 57,13-

tnazatetracyclo[9.3.1.0%'°.0**Jpentadeca-2(10),3.5,8-tetraene-13-carboxylic acid tert-butyl
ester was converted to the tite compound by reaction with iodomethane followed by
deprotection as described in Example 12E. 'H NMR (400 MHz, D,0) § 8.97 (s, 1H), 7.71 (s,
1H), 7.67 (s, 1H), 3.94 (s, 3H), 3.48 (m, 2H), 3.33 (d, J=12.2 Hz, 2H), 3.14 (d, J=12 2 Hz, 2H),
2.34 (m, 1H), 2.03 (d, J=11.5 Hz, 1H). APCI MS m/e 214.2 {(M + 1)"]

EXAMPLE 15

6-METHYL-5,7,13-TRIAZATETRACYCLOIS.3.1 Ogélg._(_)_ﬁ]PENTADECA-Z(‘l0),3,5,8-
TETRAENE HYDROCHLORIDE

6-Methyl-5,7,13-triazatetracyclo[9.3.1.0%"°.0**jpentadeca-2(10),3,5,8-tetraene-13-
carboxylic acid tert-butyl ester was converted to the title compound by the methods described
in Example 12E. 'H NMR (400 MHz, DMSO-dg) & 9.40 (br m, NH), 7.77 (br m, NH), 7.70 (s,
1H), 3.44 (m, 2H), 3.30 (m, 2H), 3.05 (br d, J=11.0 Hz, 2H}, 2.79 (s, 3H), 2.23 (m, 1H), 2.10
(d, J=10.8 Hz, 1H). GCMS m/e 213.5 (M"). )

EXAMPLE 16
6,7-DIMETHYL-5.7,13-TRIAZATETRACYCLO[9.3.1.0%2 0*}|PENTADECA-
2(10),3,5,8-TETRAENE HYDROCHLORIDE
Uthzing the methods described in  Example 12D, 6-methyl-5,7,13-

triazatetracyclo[9.3.1.0%"°.0**)pentadeca-2(10),3,5,8-tetraene-13-carboxylic acid tert-butyl
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ester was converted to the title compound by reaction with iodomethane followed by
deprotection as described in Example 12E  'H NMR (400 MHz, DMSO-d;) & 9.52 (s, NH),
7.84 (s, 1H), 7.82 (br m, NH), 7 72 (s, 1H), 3.90 (s, 3H), 3.45 (m, 2H), 3.28 (m, 2H), 3.04 (m,
2H), 2.82 (s, 3H), 2.23 (m, 1H), 2 12 (d, J=11 0 Hz, 1H). APCI MS m/e 228.2 [(M + 1)*). mp
225-230 °C.

EXAMPLE 17
7-PROPYL-5,7,13-TRIAZATETRACYCLOJ9.3.1.042 0*4PENTADECA-2(10),3.5,8-
TETRAENE HYDROCHLORIDE
Utihzing the methods described in Example 12D, 57,13-

triazatetracyciof9.3.1.0%'°.0**Jpentadeca-2(10),3,5,8-tetraene-13-carboxylic  acid tert-butyl
ester was converted to the title compound by reaction with lodopropane followed by
deprotection as described in Example 12E. 'H NMR (400 MHz, DMSO-dg) & 9.52 (s, 1H),
9.45 (br s, NH), 7.97 (s, 1H), 7.85 (s, 1H), 7.83 (br m, NH), 4.43 (m, 2H), 3 49 (m, 2H), 3.33
(m, 2H), 3.08 (m, 2H), 2.28.(m, 1H), 2.15 (d, J=11.0 Hz, 1H), 1.92 (m, 2H), 6.83 (m, 3H). APCI
MS m/e 242.2 [(M + 1)*]. mp 170-171 °C (subl.).

EXAMPLE 18
7-BUTYL-5,7,13-TRIAZATETRACYCLO[9.3.1.0%1% 0*8|PENTADECA-2(10),3.5,8-
TETRAENE HYDROCHLORIDE
A) 4-Butylamino-5-nitro-10-aza-tricycio[6.3.1 .02'—7]godeca-2(7),3,5-triene-1 Q-carboxylic
acid tert-butyl ester (For conditions, see; Senskey, M D.; Bradshaw, J. D.; Tessier, C. A.:
Youngs, W. J. Tetrahedron Lett. 1995, 36, 6217.)
4,5-Dinitro-10-aza-tricyclo[6.3.1 .02'7]dodeca-2(7),3,5-triene-10-carboxylic acid tert-

butyl ester (500 mg, 1.43 mmol) and 1-butylamine (1.42 mL, 14.3 mmol) were combined In
THF (5 mL) and stirred 4 hours. The mixture was diluted with EtOAc (50 mL) and washed
with H,0 (3 x 30 mL) then dried {Na,S0,), filtered and concentrated to an oil. This oil was
passed through a Silica ge! filter column to remove baseline impurities elutir;g with 30%
EtOAc/hexanes (610 mg, 1.41 mmol, 89%).

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

4-Butylamino-5-nitro-10-aza-tricyclo[6.3.1.0%”)dodeca-2(7), 3,5-triene-10-carboxylic

acid tert-butyl ester (460 mg, 1.27 mmol) was treated with ammonium formate (850 mg, 12.7
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mmol) and 10%Pd{OH),/C (50 mg) in MeOH (20 mL) and brought to reflux for 1 hour then
filtered through a Celite pad and concentrated. The solids were treated with saturated

aqueous Na,CO, solution, extracted with CH,Cl, (3 x 30 mL) and dried by filtration through a
coftton plug to give an oil (440 mg, 100%)

C) 7-Butyl-5.7.13-tnazatetracyclo[9.3.1 0%12 _C)_‘—‘i]gntadeca-2(1 10),3,5,8-tetraene-13-
carboxylic acid tert-butyl ester

4-Butylamino-5-amino-10-aza-tricyclo[6.3.1.0%"|dodeca-2(7),3, 5-triene-10-carboxylic
acid tert-butyl ester (440 mg, 1.27 mmol) was dissolved in EtOH (20 mL) and HOAc (2 mL)
and treated with ethoxymethylenemalononitrile (186 mg, 1.52 mmol). The resulting mixture
was warmed to 60 °C and stirred 18 hours The reaction was cooled, concentrated, treated
with H,O and saturated aqueous Na,CO, solution then extracted with EtOAc (3 x 50 mL) and
dned (Na,SO,). After filtration and concentration, the residue was chromatographed to
provide a yellow oil. (400 mg, 89%). (TLC 5% MeOH/CH,Cl, (NH.) R, 0.70).

D) 7-Butyl-5.7,13-triazatetracyclo[9.3.1.0%2 0*¥pentadeca-2(10),3,5,8-tetraene
hydrochloride

7-Butyl-5,7,13-triazatetracyclo[9.3.1.0*°.0**Jpentadeca-2(10),3,5,8-tetraene-13-
carboxyhc acid tert-butyl ester was converted to the title compound by the methods described
in Example 12E. 'H NMR (400 MHz, DMSO-dg) & 9.93 (brs, NH), 9.68 (s, 1H), 7.99 (s, 1H),
7.92 (br m, NH), 7.87 (s, 1H), 4.50 (m, 2H), 3.49 (m, 2H), 3 3C (m, 2H), 3.08 (m, 2H), 2.26 (m,
1H), 2.15 (d, J=11.0 Hz, 1H)}, 1.88 (m, 2H), 1.32 (m, 2H), 0.82 (t, J=7.0 Hz, 3H). APCI MS m/e
256.2 [(M + 1)*]. mp 204-208 °C.

EXAMPLE 19
7-isobutyl-5,7,13-triazatetracyclof9.3.1 .Omg"—’]pentadeca-zu 0),3,5,8-tetraene

hydrochloride
4,5-Dinitro-10-aza-tricyclo[6.3.1.0*"Jdodeca-2(7),3 5-triene-10-carboxylic  acid tert-

butyl ester and 1sobutylamine were converted to the title compound utilizing the methods
described in Example 18A-D. 'H NMR (400 MHz, CDCly) 5 7.74 (s, 1H), 7.52 (s, 1H), 7.14 (s,
1H), 3.90 (dd, J=7.5,2.0 Hz, 2H), 3.04-2.97 (m, 4H), 2.70 (dd, J=12.8,2.3 Hz, 2H), 2.42 (m,
1H), 2.19 (m, 1H), 1.98 (d, J=10.5 Hz, 1H), 0.93 (m, 6H). APCI MS m/e 256.2 [(M + 1)*) mp
147-150 °C (subl.).
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B6-METHYL-7-1SOBUTYL-5,7,13-TRIAZATETRACYCLO[S.3 1 OZJQ_Q"—BLPENTADECA-
2(10),3,5,.8-TETRAENE HYDROCHLORIDE

A) __ 6-Methyl-7-isobutyl-5,7,13-triazatetracycio[9.3.1.0%*2.0**|pentadeca-2(10).3,5,8-

tetraene-13-carboxylic acid tert-butyl ester

4-Amino-5-isobutylamino-10-aza-tricyclo[6 3.1 .02'7]dodeca-2(7).3,5-triene-1 0-
carboxyhc acid tert-butyi ester (250 mg, 0.74 mmol) from Example 19B was dissoived in EtOH
(10 mL) and HOAc (2 mL) and treated with 1-ethoxyethylenemalononitrile (118 mg, 0.87
mmol) The reaction proceeded as in Example 18C (18h) and was worked up similarly to
provide product (TLC 3% MeOH/CH,Cl, (NHJ) R, 0.57).

B) 6-Methyl-7-isobutyl-5,7,13-triazatetracyclo[9.3.1 .Oz'i’.gﬂ]gentadeca-zm 0),3,5.8-

tetraene hydrochioride

6-Methyl-7-isobutyl-5,7,13-tnazatetracyclo[9.3 1.0*'°.0*®)pentadeca-2(10),3,5,8-
tetraene-13-carboxylic acid tert-butyl ester was converted to the title compound by the
methods described in Example 12E. APCI MS m/e 270.3 [(M + 1)*] mp 129-130 °C (subl.)

EXAMPLE 21
7-PHENYL-5,7,13-TRIAZATETRACYCLOJ9.3.1.0%!2 0*4PENTADECA-2(10).3,5.8-
TETRAENE HYDROCHLORIDE
Utilzing the methods described 1in  Example 18A, 4,5-dinitro-10-aza-

tricyclo[6.3.1.0*'Jdodeca-2(7),3,5-triene-10-carboxylic acid tert-butyl ester and aniline were
converted to  4-phenylamino-5-nitro-10-aza-tricyclo[6.3.1 .02'7]dodeca-2(7),3,5-triene—1 O-
carboxyhc acid tert-butyl at 75 °C for 4 hours in the coupling step. This was then converted to
the title compound utilizing the methods described in Example 18B,C,D. 'H NMR (400 MHz,
DMSO-dg) & 9.08 (1H), 7.78-7.57 (m, 7H), 3.47-3.00 (m, 6H), 2.23 (m, 1H), 2.09 (d, J=11.5 Hz,
1H). APCI MS mv/e 276.2 [(M + 1)] mp 210-213 °C. _

EXAMPLE 22
6-METHYL-7-PHENYL-5,7,13-TRIAZATETRACYCLO[9.3.1.0%12 0*§{PENTADECA-
2(10),3,5,8-TETRAENE HYDROCHLORIDE
Utilizing the methods described in Example 21 and Example 20, 4,5-dinitro-10-aza-

tncyclo[6.3.1.02'7]dodeca-2(7).3.5-triene—10-carboxylic acid tert-butyl ester and aniline were
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converted to the title compound 'H NMR (400 MHz, DMSO-dg) § 7 79 (s, 1H), 7 73-7 56 (m,
5H), 7.32 (s, 1H), 3 46-2.99 (m, 6H), 2 66 (s, 3H), 2.23 (m, 1H), 2.08 (d, J=11 0 Hz, 1H) APCI
MS m/e 280.2 [[M + 1)*) mp >250 °C.

EXAMPLE 23
7-NEOPENTYL-5,7,13-TRIAZATETRACYCLOI[9.3 1.042 0*3PENTADECA-
2(10),3,5,8-TETRAENE HYDROCHLORIDE
Utilizing the methods described 1n  Example 18A-D, 4,5-dinitro-10-aza-

tricyclo[6.3.1.0%")dodeca-2(7),3,5-triene-10-carboxylic ~ acid  tert-butyl  ester  and
neopentylamine were converted to the title compound. t-Boc precursor GCMS m/e 369 (M")
(HCI salt) mp >250 °C.

EXAMPLE 24
E-METHYL-7-NEOPENTYL-57.13- TRIAZATETRACYCLO[9.3.1 022 (*PENTADECA-2(10)358
TETRAENE HYDROCHLORIDE
Utlizing the methods described in Example 21 and 20, 4,5-dinitro-10-aza-

tricyclo[6.3.1 .0%7)dodeca-2(7),3,5-triene-10-carboxylic acid tert-butyl ester and
neopentylamine were converted to the title compound. 'H NMR (400 MHz, DMSO-dg) § 7.31
(s ,1H), 7.27 (s ,1H), 7.02 (br s, , NH), 4.41 (t, J=13.0 Hz, 2H), 3.90 (s, 3H), 3.47-3.26 (m, 6H),
2.20 (m, 1H), 2.00 (d, J=11.5 Hz, 1H), 0.90 (s, 9H). t-Boc precursor APCI MS m/e 384.2 [(M +
1)*] mp >250 °C.

EXAMPLE 25
6.7-DIMETHYL-58,14-TRIAZATETRACYCLO[10.3.1.02" 0*HEXADECA-2(11),3,5.7 S PENTAENE
HYDROCHLORIDE (Based on the following procedure: Jones, R. G.; McLaughlin, K. C. Org.
Syn. 1963, 4, 824. b) Ehrlich, J., Bobert, M. T. J. Org. Chem. 1947, 522.)
4,5-Diamino-10-aza-tricyclo[6.3.1.0%7Jdodeca-2(7),3,5-tnene-10-carboxylic acid tert-
buty! ester (100 mg, 0.35 mmol) was warmed to 80 °C in H,O (5 mL). To th-is butane 2,3-
dione (0.034 mL, 0.38 mmo!) was added under N, for 2 hours. The reaction was cooled to

room temperature and extracted with EtOAc (3 x 40 ml). The combined organic layer was
washed with H,0 (2 x 30 ml), dried (Na,SO,), filtered, concentrated and chromatographed on
Silica gel to provide an oil (120 mg, 100%). The oil was dissolved in 2N HClI MeOH (5 mL) and
warmed to refiux for 30 minutes, then concentrated. Recrystallization from MeOH/Et,0
provided a white powder (50 mg, 43%). (TLC EtOAc R, 0.14). 'H NMR (400 MHz, DMSO-dj)

!
10°,5

. $
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5 7.85 (s, 2H), 3.50 (br s, 2H), 3 32 (d, 4=12.5 Hz, 2H), 3 10 (d, J=12.5 Hz, 2H), 2.64 (s, 6H),
2.24 (m, 1H), 2.13 (d, J=11.0 Hz, 1H). t-Boc precursor APCI MS m/e 340 3 [(M + 1)"]

EXAMPLE 26

5,8,14-TRIAZATETRACYCLO[10.3.1 0% 0**|HEXADECA-2(11).3.5.7.9-PENTAENE
HYDROCHLORIDE

A) 1-(4,5-Diamino-10-aza-tricyclo[6.3 1.0%’|dodeca-2(7),3.5-trien-1 0-yl)-2,2, 2-trifluoro-
ethanone

1-(4,5-Dinitro-10-aza-tricyclo[6.3.1.0%")dodeca-2(7), 3,5-trien-10-yl)-2,2.2-trifluoro-
ethanone (3.0 g, 8.70 mmol) was hydrogenated in MeOH (30 ml) under H, (45 psi) over
Pd{OH), (300 mg of 20 wt%/C, 10%wt). After 2.5 hours the reaction was filtered through a
Celite pad and rinsed with MeOH _(2}0 ml). The solution was concentrated to a light brown oil
which crystallized (2.42 g, 96%). (TLC 10% MeOH/CH,CI, R, 0.56). APCI MS m/e 286.2 [(M +
1)*]. mp 129-131 °C.

B) 1-(5,8,14-Triazatetracyclo[10.3.1.04.0*%|hexadeca-2(11),3,5,7,9-pentaene)-2,2,2-

trifluoro-ethanone
1-(4,5-Diamino-10-aza-tricyclo[6.3.1.0%")dodeca-2(7),3,5-trien-10-yl)-2,2, 2-trifluoro-
ethanone (500 mg, 1.75 mmol) was stirred in THF (2 ml). This mixture was treated with H,0

(2 mL) and glyoxal sodium bisulfite addition compound hydrate (931 mg, 3 50 mmol) then
stirred at 55 °C for 2.5 hours. The reaction was cooled to room temperature and extracted
with EtOAc (3 x 40 ml) The combined organic layer was washed with H,0 (2 x 30 mi), dried
(Na,S0,), filtered, concentrated and chromatographed on Silica gel to provide an off white
powder (329 mg, 60%). (TLC 25% EtOAc/hexanes R, 0.40). mp 164-166 °C

C) 5,8,14-Triazatetracyclo[10.3.1.0%".0*#jhexadeca-2(11).3,5,7 9-pentaene
hydrochloride

1-(5,8,14-Triazatetracyclo[10.3.1.0*".0*®|hexadeca-2(11),3,5,7,9-pentaene)-2,2,2-
trifluoro-ethanone (320 mg, 1.04 mmol) was slurried in MeOH (2.0 ml) and treated with
Na,CO; (221 mg, 2.08 mmol) in H,O (2.0 ml) The mixture was warmed to 70 °C for 2 hours,
then concentrated, treated with H,O (20 mL) and extracted with CH,Cl, (3 x 10 ml) The
organic layer was dried through a cotton plug and concentrated to give a hght yellow oil (183

mg, 83%) which solidified upon standing (mp 138-140 °C). This matenal was dissolved in
MeOH (10 mL), treated with 3M HCUVEtOAc (3 ml), concentrated and azeotroped with MeOH
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(2 x 20 mL) to give solids which were recrystallized from MeOH/Et,O to afford product as a
white solid (208 mg, 97%). (TLC 5% MeOH/CH,Cl, (NH;) R, 0.26). 'H NMR (400 MHz,
CD,0D) & 8.94 (s, 2H), 8 12 (s, 2H), 3.70 (m, 2H), 3 54 (d, J=12.5 Hz, 2H), 3 35 (d, J=12.5
Hz, 2H), 2 49 (m, 1H), 2.08 (d, J=11 0 Hz, 1H). GCMS m/e 211 (M*) mp 225-230 °C.

EXAMPLE 27
1AMETHYL-58,14 TRIAZATETRACYCLO[103.1.02" (¥ HEXADECA-2(11).3 5.7 SPENTAENE
HYDROCHLORIDE
5,8,14-Triazatetracyclo[10.3.1.0*"".0**hexadeca-2(11),3,5,7.9-pentaene (207 mg,

0.98 mmol) was treated with 37% aqueous formaline solution (1 ml) and formic acid (1 mL)
then warmed to 80 °C for 1 hour. The reaction was poured into water, made basic (NaOH, pH
~11) and extracted with EtOAc. The organic layer was dned (Na,S0Q,), concentrated and
chromatographed on Silica gel to provide a yellow solid. This was stirred in MeOH (2 mL) and
treated with 3N HCI EtOAc (2 mL). After concentration the solids were recrystallized from
MeOH/Et,O to afford product as a white sohd (70 mg, 27%). (2% MeOH/CH,Cl, (NH;) R,
0.47). '"H NMR (400 MHz, CDCl,) § 8.71 (s, 2H), 7.80 (s, 2H), 3.37 (br s, 2H), 3.03 (m, 2H),
2 47 (m, 2H), 2.32 (m, 1H), 2.18 (br s, 3H), 1.84 (d, J=11.0 Hz, 1H). APCI MS m/e 226.2 [(M +
1)*). mp >250 °C.

EXAMPLE 28
5-OXA-7,13-DIAZATETRACYCLOIS.3 1.04¢ 0*8)PENTADECA-2(10).3,6,8-
TETRAENE HYDROCHLORIDE
A) 2.2,2-Trifluoro-1-(4-hydroxy-5-nitro-10-aza-tricyclol6.3 1.0%1]dodeca-2(7),3,5-trien-
10-yl)-ethanone
1-(4,5-Dinitro-10-aza-tricyclo]6.3.1.0*")dodeca-2(7),3.5-trien-10-y!)-2,2,2-trifluoro-
ethanone (900 mg, 2.61 mmol) and potassium acetate (KOAc) (2.6 g, 26.1 mmol) were

dissolved in DMSO (10 mL) and warmed with stirring to 100 °C for 16 hours. The mixture was
cooled and diluted with H,O ( 50 mL) then extracted with 80% EtOAc/hexane§ (6 x 25 mL).
The organic layer was washed with H,O (3 x 20 mL), dried (Na,SO,), fitered and
concentrated and purified by chromatography to give an dil (575 mg, 70%). (TLC 50%
EtOAc/hexanes (NH;) R, 0.56)
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B) 2.2.2-Trifluoro-1-(4-hydroxy-5-amino-10-aza-tricyclo]6.3 1 0%X|dodeca-2(7).3,5-

tnen-10-yl)-ethanone

2,2,2-Trifluoro-1-(4-hydroxy-5-nitro-10-aza-tricyclo[6.3.1.0% Jdodeca-2(7),3,5-trien-10-
yl)-ethanone (575 mg, 1.82 mmol) was hydrogenated in MeOH under a H, atmosphere at (45
psi) over 10%Pd/C (80 mg) for 1.5 hours then filtered through a Celite pad and concentrated
to white solids (450 mg, 86%). (TLC 5% MeOH/CH,CI, (NH,) R, 0.6). 'H NMR (400 MHz,
CD,0D) § 6.67-6.59 (m, 2H), 4.12 (m, 1H), 3.73 (m, 1H), 3.73 (m, 1H), 3.51 (m, 1H), 3 07 (m,
2H), 2.24 (m, 1H), 1.94 (d, J=10.5 Hz, 1H). GCMS m/e 286 (M ).

C) 2,2.2-Trifluoro-1-(5-oxa-7,13-diazatetracyclo[9.3.1.0%2 Q_ﬂ]pentadeca—Z( 10),3,6.8-
tetraene)-ethanone (Goldstein, S. W.; Dambek, P. J. J. Het. Chem 1990, 27, 335.)
2,2,2-Trifluoro-1-(4-hydroxy-5-amino-10-aza-tricyclo[6.3.1.0% 'Jdodeca-2(7),3,5-trien-

10-yl)-ethanone (150 mg, 0.524 mmo!), trimethy! orthoformate (0.19 mL, 1.73 mmol),
pyridinium-p-toluenesulforic acid (PPTS, 18 mg, 0.07 mmol) and xylenes (10 mL) were
combined under nitrogen and stirred at 135 °C for 18 hours. The mixture was cooled, treated
with H,O and extracted with EtOAc. The extracts were dried (Na,S0O,), filtered, concentrated
and purified by chromatography to give an oil (110 mg, 71%). (TLC 20% EtOAc/hexanes R,
0.40)

D) 5-Oxa-7,13-diazatetracyclo[9.3.1.0%1.0*%|pentadeca-2(10),3,6 8-tetraene
hydrochloride

2,2,2-Trifluoro-1-(5-oxa-7,13-diazatetracyclo]9.3.1.0%'°.0*®|pentadeca-2(10),3,6,8-
tetraene)-ethanone (110 mg, 0.37 mmol) was stirred in MeOH (5 mL) and treated with Na,CO,
{78 mg, 0.74 mmol) in H,O (2 mL). The stirred mixture was warmed to 80 °C for 2 hours,

concentrated to solids, diluted with H,O and extracted with EtOAc (3 x 40 mL). The product
was extracted into aqueous 1N HCI solution (2 x 40 mL) which was washed with EtOAc then
neutralized with saturated aqueous Na,CO, solution to pH~10. The product was extracted
with EtOAc (3 x 40 mL), dried (Na,SO,), concentrated and chromatographed on Silica gel to
produce an oil. (TLC 5% MeOH/CH,CI, (NH3) R, 0.19).

The oil was dissolved in MeOH and treated with 3N HCI| EtOAc (4 mL) then
concentrated, stirred in 2 minmum of CH,Cl, and saturated with hexanes. After 18 hours, the
product was collected by filtration (55 mg, 63%). 'H NMR (400 MHz, CD,0D) § 8.47 (s, 1H),
7.70 (s, 1H), 7.65 (s, 1H), 3.41 (m, 2H), 3.30 (m, 2H), 3.10 (d, J=12.5 Hz, 2H), 2.47 (m, 1H),
2.15 (d, J=11.0 Hz, 1H). APCI MS mv/e 201.03 [(M + 1)°}.
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EXAMPLE 29
6-METHYL-5-OXA-7,13-DIAZATETRACYCLO[9 3.1 0212 0*3PENTADECA-
2(10).3,6,8-TETRAENE HYDROCHLORIDE
A) 2.2,2-Trifluoro-1-(6-methyl _5-oxa-7,13-diazatetracyclo[9.3 1 0%€ 0*&|pentadeca-
2(10),3,6,8-tetraene)-ethanone
2,2,2-Trifluoro-1-(4-hydroxy-5-amino-10-aza-tricycio[6.3 1.0%"Jdodeca-2(7),3,5-trien-
10-yl)-ethanone (150 mg, 0.524 mmol), tnethyl orthoacetate (0.34 mL, 1.83 mmol), pyridinium-

p-toluenesulfonic acid (PPTS, 20 mg, 0.08 mmol) and xylenes (10 mL) were combined under
nitrogen and stirred at 135 °C for 18 hours. Workup, isolation and purification as in Example
28C provided the titie compound (80 mg, 55%)

B) 6-Methyl-5-oxa-7,13-diazatetracyclo[9.3 1.0222.0*¥pentadeca-2(10),3.6.8-tetraene

hydrochloride
2,2,2-Trifluoro-1-(6-methyl 5-oxa-7,13-diazatetracyclo[9.3.1.0*'° 0*®)pentadeca-

2(10),3,6,8-tetraene)-ethanone (90 mg, 0.30 mmol) was stirred in MeOH (5 mL) and treated
with Na,CO, (61 mg, 0.58 mmol) in H,0 (2 mL) The stirred mixture was warmed to 80 °C for
2 hours, concentrated to solids, diluted with H,O and extracted with EtOAc (3 x 40 mL). The
solution was dried (Na,SO,), concentrated, and chromatographed on Silica gel to produce an
oil. (TLC 10% MeOH/CH,CI, (NH,) R, 0 18) 'H NMR (free base) (400 MHz, CDCl,) § 7.40 (s,
1H), 7.26 (s, 1H), 3.05-2.98 (m, 4H), 2.72 (d, J=12.8 Hz, 2H), 2.59 (s, 3H), 2.46 (m, 1H), 1.98
(d. J=10.5 Hz, 1H). ‘

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

EXAMPLE 30
2-FLUORO-N-(5-HYDROXY-10-AZA-TRICYCLOI[6.3 1.031)DODECA-2(7),3,5-
TRIEN-4-YL)-BENZAMIDE HYDROCHLORIDE _
2,2,2-Trifluoro-1-(4-hydroxy-5-amino-10-aza-tricyclo[6.3.1.0%")Jdodeca-2(7),3,5-trien-
10-yl)-ethanone (150 mg, 0.524 mmol), 2-fluorobenzoyl chlonde (0.07 mL, 0.576 mmol),
pyridinium-p-toluenesulfonic acid (PPTS, 20 mg, 0.08 mmoa!), pyndine (0.046 mL, 0.576 mmol)

and xylenes (5 mL) were combined under nitrogen and stirred at 135 °C for 18 hours. After 24
hours, additional PPTS (50 mg) was added and the material stirred at 135 °C for an additional
24 hours. Workup as above provided crude product (145 mg, 0.375 mmol) which was
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combined with Na,CO,(s) (80 mg, 0.75 mmol) in MeOH (5 mL) and H,0 (2 mL) and heated to
reflux. After 3 hours, the reaction was cooled and diluted with water then extracted with
CH,Cl, (4 x 40 mL), dried through a cotton plug then chromatographed to remove baseline
impunty (5% MeOH/CH,C!; (NH3)) The crude material was treated with excess 3N HCI
EtOAc and concentrated, then dissolved in a mimimum of MeQOH and the solution was
saturated with Et,O and stirred. After stirring 4 hours the product was collected by filtration
(85 mg, 68%). 'H NMR (400 MHz, CDsOD) & 7.99 (m, 2H), 7.58 (m, 1H), 7.36-7.23 (m, 2H),
6.82 (s, 1H), 2.99 (m, 4H), 2.78 (m, 2H), 2.35 (m, 1H), 1.96 (d, J=10.5 Hz, 1H). APCI MS m/e
313.1 [(M + 1)"] mp 125-130 °C (subl.).

EXAMPLE 31
4CHLORO-10-AZATRICYCLOB.3.1.0%DODECA-2(7),3 5-TRIENE HYDROCHLORIDE
A) 1-(4-Chloro-10-aza-tricyclo{6.3.1 .02'—71dodeca-2(7),3,5-trien-1 0-yl)-2,2.2-trifluoro-
ethanone

Copper(!t)chloride (CuCl) was prepared as follows: CuSO, (4.3 g) and NaCl (1.2 g)
were dissolved in hot H,O (14 mL). sodium bisulfite (NaHSO,) (1 g) and sodium hydroxide
(NaOH) (690 mg) were dissoived in H,0 (7 ml) and added to the hot acidic solution over 5
minutes. The precipitated white solids were filtered and washed with water.

1-(4-Amino-10-aza-tricyclo(6.3.1.0*"|dodeca-2(7),3,5-trien-10-yl)-2,2, 2-trifluoro-
ethanone (460 mg, 1.7 mmol) was dissolved in H,O (2 mL) and concentrated HCI solution(1
mL) then cooled to O °C and treated with a solution of sodium nitrite (NaNO,) (275 mg) in H,O
(1 mL) dropwise. To the resuiting solution was added a CuCl (202 mg, prepared as described
above, 2.04 mmol) in concentrated HCI solution (2 mL) over 10 minutes (gas evolution
observed). The resulting solution was warmed to 60 °C for 15 minutes, then was cooled to
room temperature and extracted with EtOAC (4 x 30 mL). After drying over Na,SQ,. the
solution was filtered and concentrated to an oil which was filtered through a Silica pad to
remove baseline material eluting with 50% EtOAc/hexanes to give an oil (470 mg, 95%).

B) 4-Chloro-10-azatricyciol6.3.1.0%]dodeca-2(7).3,5-triene hydrochioride

1-(4-Chloro-10-aza-tricyclo[6.3.1 .02'7]dodeca-2( 7),3,5-trien-10-yl)-2,2,2-trifluoro-
ethanone (470 mg, 1.62 mmol) and Na,CO; (344 mg, 3.24 mmol) in MeOH (30 mL) and H,0O
(10 mL) were heated to reflux. After 2 hours, the reaction was cooled and diluted with water
then extracted with EtOAc (4 x 40 ml), dned (Na,S0O,), filtered and concentrated to a yeilow

oil. The crude material was treated with excess 3N HC! E{OAc and concentrated, then
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dissolved 1n a minimum of CH,Cl, and the solution was saturated with hexanes and stirred
After stirnng 4 hours the product was collected by filtration (155 mg, 42%) 'H NMR (free
base) (400 MHz, CDCl;) & 7.15 (m, 2H), 7.08 (d, J=8 0 Hz, 1H), 3.00-2.84 (m, 4H), 2.68, (m,
2H), 2 38 (m, 1H), 1.92 (d, J=10.5 Hz, 1H). 'H NMR (HCI sait) (400 MHz, DMSO-d;) & 7.30-
7.20 (m, 3H), 3.30-3 15 (m, 6H), 2 37 (m, 1H), 188 (d, J=11 0 Hz, 1H) APCI MS m/e 194.1

[(M+1)").
EXAMPLE 32
10-AZATRICYCLO[6.3 1.0~2,7~]DODECA-2(7).3,5-TRIEN-4-YL CYANIDE
HYDROCHLORIDE
A) 1-(4-lodo-10-aza-tricyclo[6.3 1 Ou]@deca-z(7),3.5-trien-1 0-yl)-2,2.2-trfluoro-
ethanone

1-(4-Amino-10-aza-tricyclo[6.3.1.0*")dodeca-2(7),3.5-trien-10-y1)-2,2,2-trifluoro-

ethanone (500 mg, 1.85 mmol) was dissolved in H,O (5 mL) and concentrated H,SO, solution
(0.5 mL) then cooled to 0 °C and treated with a solution of sodium nitrite (NaNO,) (140 mg,
2.04 mmol) in H,O (2 mL) dropwise. Potassium iodide (460 mg, 2.78 mmo!) in 1N H,SO,
solution (0 5 mL) was added over 10 minutes (reaction becomes dark red) The resulting
solution was warmed to room temperature and stirred 18 hours. The reaction was quenched
with NaHSO, and water (pH 2.5) then extracted with EtOAc (4 x 30 mL). After drying
(Na,S0,), the solution was filtered and concentrated to a vyellow oil which was
chromatographed on Silica gel to provide a yellow oil (260 mg, 37%). (TLC 30%
EtOAc/hexanes R, 0.70). (A 5 4 g scale performed as above yielded 5 g, 67%)

B) 4-lodo-10-aza-tricyclo[6.3.1 .02'—71dodeca-2(7).3,5-triene-1 0-carboxylic acid tert-buty!

ester
1-(4-lodo-10-aza-tricyclo[6.3.1.0*")dodeca-2(7),3,5-trien-10-y1)-2, 2, 2-trifluoro-

ethanone (5 g, 13.1 mmol) and 37% saturated aqueous NH,OH solution (50 mL) were stired
in MeOH (250 mi) for 2 hours then concentrated and azeotroped with MeOH (2 x— 50 mL). The
resulting product was stirred in 1,4-dioxane (75 mL) and treated with saturated Na,CO,
solution (15 mL). To this was added di-t-butyldicarbonate (5.71 g, 26.2 mmol). After stirring
18 hours the reaction was treated with H,O ( 50 mL) and extracted with CH,Cl, (4 x 30 mL),
dried (Na,SO,), fitered, concentrated and chromatographed on Silica gel (TLC 20%
EtOAc/hexanes) to provide product as an oil (4.9 g, 98%).
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C) 4-Cyano-10-aza-tricyclo[6 3 1 Oupodeca-2(7),3.5-tnene-10-carboxyl1c acid ten-
buty! ester (Utilizing the methods described in House, H O, Fischer, W. F J Org. Chem
1969, 3626.)

CuCN (108 mg, 1.21 mmol) and NaCN (59 mg, 1.21 mmol) were combined in dry

DMF (6 mL) and warmed to 150 °C under N,. Solution occurs in 20 minutes. To this was
added 4-10do-10-aza-tricyclo[6.3.1.0% "Jdodeca-2(7),3,5-triene-10-carboxylic acid tert-butyl
ester (232 mg, 0.6 mmol) in DMF (3 5 mL) and the mixture was stirred for 18 hours at 150 °C.
The reaction was cooled and diluted with 50% saturated aqueous NaCl solution and extracted
with 50% EtOAc/hexanes (3 x 30 mL). After drying (Na,S0O,), filtration and concentration the
product was isolated by chromatography (86 mg, 50%). (TLC 20% EtOAc/hexanes R, 0.28).

D) 10-Azatricyclo[6.3.1.0~2,7~]dodeca-2(7).3,5-tnen-4-y! cyanide hydrochloride
4-Cyano-10-aza-tricyclo[6.3.1.02'7]dodeca-2(7),3.5-tr|ene-10-carboxylic acid tert-butyl

ester was treated with 3N HCl! EtOAc (6 ml) and warmed to reflux for 2 hours, then
concentrated, dissolved in a minimum of MeOH which was saturated with Et,O and stirred 18
hours. The product was collected by filtration (49 mg, 73%). 'H NMR (400 MHz, DMSO-dg) &
9.66 (br s, NH), 7.86 (br s, NH), 7.74-7.70 (m, 2H), 7.49 (d, J=7.5 Hz, 1H), 3.33-2.97 (m, 6H),
2.17 (m, 1H), 2.01 (d, J=11.0 Hz, 1H) GCMS m/e 184 (M*). mp 268-273 °C.

EXAMPLE 33
3-(10-AZATRICYCLO{6.3.1 .OE]DODECA-2(7),3.5-TR|EN4-YQ—5-M ETHYL-1,2 4-
OXADIAZOLE HYDROCHLORIDE
4-Cyano-10-aza-tricyclo]6.3.1.0*"Jdodeca-2(7),3,5-triene-10-carboxylic acid tert-buty!

ester (300 mg, 1.1 mmol) was stirred in EtOH (10 mL). To this hydroxyl amine hydrochioride
(382 mg, 5.5 mmol) and NaOH (242 mg, 6.05 mmol) were added and the mixture was warmed
to reflux. After 45 minutes, the reaction was cooled, diluted with M,0O and extracted with
EtOAc. The organic layer was dred (Na,SO,) and concentrated to afford a yellow solid (110
mg, 0.35 mmol). This solid was dissolved in pyridine (1 mL) and treated with écetyl chloride
(0.03 mL, 0.415 mmol) and warmed to 100°C for 18 hours. The reaction was cooled, treated
with H,0 and extracted with EtOAc. The organic extracts were washed with water and
saturated aqueous NaCl solution, dried (Na,SO,) and concentrated. Chromatography on
Silica gel afforded product (50 mg, 0.18 mmol). (25% EtOAc/hexanes R, 0.18). This product
was treated with 2N HCI MeOH (10 mL), heated to 70 °C for 1 hour, cooled, concentrated and
recrystallized from MeOH/Et,0 to provide product (15 mg). APCI MS m/e 242.2 [(M + 1)°].
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EXAMPLE 34
1-(10-AZATRICYCLO[6 3 1 02/]DODECA-2(7).3.5-TRIEN-4-YL)-1-ETHANONE
HYDROCHLORIDE
A) 1-(4-Acetyl-10-aza-tncyclo[6 3 1.0u]@deca-Z(ﬂ.B.5-trnen-10-yl)-2.2,2-trifluoro-

ethanone

1-(10-Aza-tncyclo[6.3.1.02'7]dodeca-2(7),3.5-tnen-10-y|)-2.2,2-tr|ﬂuoro-ethanone (253
mg, 1.0 mmol) and AcCl (0.68 mL, 10 mmol) were dissolved in DCE (3 ml) and treated with
aluminum chioride (AICIl,) (667 mg, 5.0 mmal). The resulting yellow mixture was stirred for 30
minutes then poured over ice and saturated aqueous NaHCO, solution. After stirnng 20
minutes the mixture was extracted with CH,Cl, (3 x 30 mL). The organic layer was drnied
through a cotton plug then concentrated to a orange-yellow oil (255 mg, 86%).

B) 4-Acetyl-10-aza-tricyclo]6.3.1.0%7|dodeca-2(7).3.5-triene-10-carboxylic_acid _tert-
butyl ester

1-(4-Acetyl-10-aza-tricyclo[6.3.1.0%7)dodeca-2(7),3.5-trien-10-yl)-2,2,2-trifluoro-
ethanone (1.3 g, 4.37 mmol) and 37% aqueous NH,OH solution (10 mL) were stirred in MeOH

(30 ml) for 3 hours, then concentrated and azeotroped with MeOH (2 x 50 mL). (This product
could be convented to an HCI salt directly: see the next example.) The resulting product was
stirred in 1,4-dioxane (20 mL) and treated with saturated aqueous Na,CO, solution (6 mL). To
this was added di-t-butyldicarbonate (1.91 g, 8.74 mmol). After stirring 2 hours, the reaction
was treated with H,O (50 mL), extracted with CH,Cl, (4 x 30 mL), dried (Na,S0O,), filtered,
concentrated and chromatographed to provide an oil (1.3 g, 100%). (TLC 40%
EtOAc/hexanes R, 0.56).

C) 1-(10-Azatricyclo]6.3.1 .02—'21dodeca-2(7),3.5-trien-4-yl)-1 -ethanone hydrochioride
4-Acetyl-10-aza-tricycto[6.3.1.02‘7]dodeca-2(7),3,5-triene-1 O-carboxylic acid tert-butyl
ester (190 mg, 0.63 mmol) was treated with excess 3N HCI EtOAc and warmed to 70°C for 1

hour then concentrated and dissolved in a minimum of MeOH. The resultmé solution was
saturated with Et,0 and stirred. After 18 hours the white crystaline product was collected by
filtration (81 mg, 54%). 'H NMR (400 MHz, DMSO-d;) § 9.75 (br s, NH), 7.89 (s, 1H), 7.88 (d,
J=8.0 Hz, 1H), 7.74 (br s, NH), 7.44 (d, J=8.0 Hz, 1H), 3.33 (br s, 2H), 3.22 (br s, 2H), 3.00 (br
m, 2H), 2.54 (s, 3H), 2.17 (m, 1H), 2.02 (d, J=11.0 Hz, 1H). GCMS m/e 201 (M"). mp 198-202
°C.
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EXAMPLE 35
10-AZATRICYCLO[6.3.1 02/|DODECA-2(7).3,5- TRIEN-4-OL HYDROCHLORIDE
A) Acetic_acid 10-trifluoroacetyl-10-aza-tricyclo[6 3.1 0*4dodeca-2(7),3,5-trien-4-y!

ester
1-{(4-Acetyl-10-aza-tricyclo[6.3 1 0? 7)dodeca-2(7).3,5-tnen-1 0-y1)-2,2,2-tnfiuoro-

ethanone (2.5 g, 8.41 mmol) and 3-chloroperoxybenzoic acid (m-CPBA) (7.5 g, 42 mmol)
were stired in CH,Cl, (20 mL) and warmed to 40°C for 18 hours. The mixture was cooled to
room temperature, then treated with dimethylsulfide (Me,S) (3 mL, 40.8 mmol) and stirred 24
hours The resulting mixture was poured into ice and saturated aqueous Na,CO, solution
(100 mL) then extracted with Et,O (4 x 40 mL). The organic layer was washed saturated
aqueous Na,CO, solution (3 x 40 mL) then dried (Na,SO,), filtered and concentrated to afford
an oil (1.83 g, 69%). (TLC EtOAc R, 0.80)

B) 2,2,2-Trifluoro-1-(4-hydroxy-10-aza-tricyclo]6.3.1 .OuModeca—2(7),3,5-trien-1 0-yh)-

ethanone

Acetic acid 10-triflucroacetyl-10-aza-tricyclo[6.3.1.0*"Jdodeca-2(7),3,5-trien-4-y! ester
(900 mg, 2.87 mmol) was stirred in MeOH (20 mL) and saturated aqueous NaHCO; solution
(15 mL) for 48 hours. The mixture was concentrated, diluted with H,O and extracted with
CH,CI, (3 x 20 mL) then dried through a cotton plug. Chromatography on Silica gel provided
pure product (420 mg, 54%). (TLC 5% MeOH/CH,Cl, R, 0.44). 'H NMR (400 MHz, CDCl,) &
7.05 (m, 1H), 6.70 (m, 1H), 6.62 (m, 1H), 4.32 (m, 1H), 3.84 (m, 1H), 3.48 (m, 1H), 3.21 (br s,
1H), 3 16 (br s, 1H), 3.09 (m, 1H), 2.38 (m, 1H}, 1.97 (d, J=11.0 Hz, 1H).

C) 10-Azatricyclo[6.3.1 .0%N)dodeca-2(7),3,5-trien-4-ol hydrochloride

2,2,2-Trifluoro-1-(4-hydroxy-10-aza-tricyclo[6.3.1 .02'7]dodeca-2( 7),3,5-trien-10-yh)-
ethanone (50 mg, 0.184 mmol) was dissolved in MeOH/H,O (3/1, 5 mL), treated with
Na,CO,(s) (40 mg, 0.369 mmol) and warmed to 65°C for 2 hours. The mixture was
concentrated, diluted with H,O and extracted with CH,Cl, (3 x 20 mL) then dried through a
cotton plug. Filtration through a Silica gel plug provided an oil (10% MeOH/CH,Cl,) which

was treated with 3N HCI EtOAc (3 mL) then concentrated, dissolved in a minimum of MeOH
which was saturated with Et,O and stirred. After 18 hours the white crystalline product was
collected by filtration (10 mg, 26%). 'H NMR (400 MHz, CDOD,) 5 7.16 (d, J=8.0 Hz, 1H), 6.80
(d, J=2.0 Hz, 1H), 6.72 (dd, J=8.0,2.0 Hz, 1H), 3.32-3.28 (4H), 3.09 (dd, J=14.5,12.0 Hz, 2H),
2.32 (m, 1H), 2.03 (d, J=11.0 Hz, 1H). APCI MS m/e 176.2 [(M + 1)"]. mp 308 (dec.) °C.
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EXAMPLE 36

7-METHYL-5-OXA-6,13-DIAZATETRACYCLO[9.3.1 0%2 0*$PENTADECA-
2,4(8),6.9-TETRAENE HYDROCHLORIDE

A) 1-(4-Acetyl-5-hydroxy-10-aza-tricyclo[6.3 1 Oa@deca-2§n,3,5-tnen-10-yl)—2,2,2-
trifluoro-ethanone

Acetic acid 10-trifluoroacetyl-10-aza-tricyclo[6 3.1.0%"Jdodeca-2(7),3,5-trien-4-yl ester
(800 mg, 2.55 mmol) was combined with AICI, (1.0 g, 7.65 mmo!) and warmed to 170°C for 2

hours. The mixture was cooled and treated with 1N aqueous HCI solution {20 mL), extracted
with EtOAc and dnied (Na,SO,). Chromatography affords an oil (190 mg, 24%). (TLC EtOAc
R, 0.75). 'H NMR (400 MHz, CDCl,) & 12.58 (s, 0.5H), 12.52 (s, 0.5H), 7.53 (s, 1H), 6.86 (s,
1H), 4.33 (m, 1H), 3.91 (m, 1H), 3.56 (m, 1H), 3.28 (br s, 1H), 3.24 (br s, 1H), 3.14 (m, 1H),
2.35(m, 1H), 1.97 (br d, J=11.2 Hz, 1H).

B) 2,2 2-Trifluoro-1-{4-hydroxy-5-(1-hydroxyimino-ethy!)-10-aza-
tricyclo[6.3.1.02%dodeca-2(7),3,5-trien-10-yl]-ethanone

1-(4-Acetyl-5-hydroxy-10-aza-tricyclo[6.3 1.0%")dodeca-2(7),3,5-trien-10-yl)-2,2,2-
trifiuoro-ethanone (190 mg, 0.605 mmol), hydroxylamine HC! (99 mg, 1.21 mmol) and NaOAc
(118 mg, 1.21 mmol) were combined in MeOH (4 mL) and H,0 (1 mL) and warmed to 65°C
for 18 hours. The mixture was cooled, diluted with H,O and extracted with EtOAc which was
dried (Na,S0,), filtered and concentrated to provide a yellow oil (177 mg, 93%).

C) 2,2,2-Trifluoro-7-Methyl-5-oxa-6,13-diazatetracyclo[9.3.1.021 0*%)pentadeca-
2.4(8),6,9-tetraene-ethanone

The above oil, 2,2,2-trifluoro-1-[4-hydroxy-5-(1-hydroxyimino-ethyl)-10-aza-
tricyclo[6.3.1.0%"Jdodeca-2(7),3,5-trien-10-yl}-ethanone (177 mg, 0.54 mmol) was stirred in
DCE (3 mL), treated with triethylamine (0.4 mL, 2.8 mmol) and acetic anhydride (Ac,0) (0.3
mL, 2.8 mmol) then stirred 18 hours. The reaction was treated with H,0 and extracted with
EtOAc. The extracts were dried (Na,S0O,), filtered and concentrated to a ye!lov»; oil which was
dissolved in anhydrous DMF (3 mL) and treated with 60% NaH in oil (32 mg, 1.08 mmol)
After stirring 18 hours, additional 80% NaH in oil was introduced (33 mg) and the mixture was
stired 2 hours. The reaction was quenched with H,O (5 mL) and extracted with 80%
EtOAc/hexanes (3 x 30 mL). The organic iayer was washed with H,O (3 x 20 mL), dried
(Na,S0O,), fitered and concentrated and chromatographed to provide an oil (40%
EtOAc/hexanes R, 0.56).
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D) _7-Methyl-5-oxa-6,13-diazatetracycio[9 3 1 0% 0*¥jpentadeca-2.4(8).6.9-tetraene

hydrochloride
Utiizing the methods described in Example 9C, 2,2,2-Trifluoro-7-Methyl-5-oxa-6,13-

diazatetracyclo[9.3.1.0%'°.0**|pentadeca-2.4(8),6,9-tetraene-ethanone was converted to the
title compound. This was treated with 3N HC! EtOAc (3 mL), concentrated and dissolved In a
minimum of CH,Cl, which was saturated with hexanes and stirred. After 18 hours the white
crystaline product was collected by filtration (18 mg, 13% overall). 'H NMR (400 MHz,
DMSO-dg) & 7.72 (s, 1H), 7.63 (s, 1H), 3 42-2.98 (m, 6H), 2.50 (s, 3H), 2.23 (m, 1H), 2.08 (d.
J=10.5 Hz, 1H). APCI MS m/e 215.2 [(M + 1)°).

EXAMPLE 37
4-(2-Methyi-2H-pyrazol-3-yl)-10-aza-tricyclo[6.3.1 .ou@deca-zm.& 5-tnene
hydrochloride and 4-(1-Methyl-1H-pyrazol-3-yl)-10-aza-tricyclo[6.3 1 Oudodeca-2(7),3,5-
triene hydrochloride
1-(4-Acetyl-10-aza-tricyclo[6.3.1 .02'7]dodeca-2(7),3,5-tnen-1 0-yl)-2,2,2-trifluoro-
ethanone (1.0 g, 3.3 mmol) and dimethylformamide dimethylacetal (DMF-DMA) (4.0 g, 33.6

mmol) were warmed to 140°C for 18 hours. After cooling, a crystalline precipitate was filtered
and rinsed with EtOAc (690 mg, 58%).

The above solid, 3-dimethylamino-1-(10-trifluoroacetyl-10-aza-
tricyclo]6.3.1.0%7)dodeca-2(7),3,5-trien-4-yl)-propenone, (200 mg, 0.56 mmol) was dissolved
in EtOH (2 ml) and treated with SN HC! EtOH (0.1 mL) foliowed by methy! hydrazine (0.6
mmol). The resulting mixture was warmed to 70°C for 4 hours The mixture was cooled,
diluted with water and extracted with EtOAc, dried (Na,SO,) and concentrated.
Chromatography on Silica gel provided a 3/1 mixture of regioisomeric products (130 mg,
68%). (TLC 50% EtOAc/hexanes R, 0.40).

The above oil (130 mg, 0.388 mmol) and Na,CO4(s) (82 mg, 0.775 mmol) were stired
in MeOH (10 mL) and H,O (5 mL) for 18 hours After cooling the reaction was diluted with
water, extracted with CH,Cl, dned through a cotton plug and concentrated. The product was
purified by chromatography on Silica gel and concentrated to an oil. The salt was generated
with 2N HC! MeOH, concentrated and recrystalized from MeOH/EtOAc to provide a 3/1
mixture of regioisomeric pyrrazoles (85 mg, 58%). (6% MeOH/CH,Cl, (NH,) R, 0.25). TFA-
precursor APCI MS m/e 336.2 [((M + 1)*).
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EXAMPLE 38
4.5-DICHLORO-10-AZATRICYCLO[6.3 1 0-JDODECA-2(7).3,5-TRIENE
HYDROCHLORIDE
A) 1-(4,5-Dichloro-10-aza-tricycio[6.3.1 .Ougodeca&(?),3,5-tnen-1 0-y1)-2.2,2-trifluoro-
ethanone (Based on Campaigne, E.; Thompson, W. J. Org Chem 1950, 72, 629.)
1-(10-Aza-tricyclo[6.3.1.0*"Jdodeca-2(7),3,5-trien-1 0-yl)-2,2 2-triflucro-ethanone (539
mg, 2.1 mmol) was stirred in CH,Cl, (5 mL) and treated with ICi, (s) (982 mg, 4.21 mmol)

The resulting orange solution was stirred 0.5 hours, poured into saturated aqueous NaHSO,
solution (25 mL), extracted with CH,Cl; (3 x 25 mL), dried through a cotton plug and
concentrated to an oil (570 mg, 84%) (TLC 50% EtOAc/hexanes R, 0.62).

B) 4,5-dichioro-10-azatricyciof6.3.1 .02'—7]dodeca-2(7),3,5-triene hydrochloride

1-(4,5-Dichloro-10-aza-tnicycio[6.3.1 .02'7]dodeca-2( 7),3,5-trien-10-y})-2,2, 2-trifluoro-
ethanone (570 mg, 1.75 mmol) was stirred in MeOH (25mL) and treated with Na,CO4(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 (3 x 40 mL). The product was extracted
into 1N aqueous HC! solution (2 x 40 mL) which was washed with EtOAc then neutralized with
saturated aqueous Na,CO, solution to pH~10. Product was extracted with CH,Cl, (3 x 40
mL), filtered through a cotton plug and concentrated to an oil (400 mg, 100%).

The oil was dissolved in MeOH and treated with 3N HC! EtOAc (4 mlL) and
concentrated, then dissolved 1n a mimimum of MeOH and which was saturated with Et,O and
stired 18 hours The product was collected by filtration (210 mg, 45%). (TLC 50%
EtOAc/hexanes (NH;) R, 0.08). 'H NMR (400 MHz, DMSO-dg) 5 7.58 (s, 2H), 3.33-2.97 (m,
6H), 2.18 (m, 1H), 1.99 (d, J=10.5 Hz, 1H). °C NMR (100 MHz,DMSO-d;) & 141.02, 130.60,
126.58, 45.54, 40.55, 38.30. GCMS m/e 227, 229 (M*). mp 283-291°C.

EXAMPLE 39
N N-DIMETHYL-10-AZATRICYCLOIB.3.1.0¥ DODECA-2(7).3 5-TRIENE-4-SULFONAMIDE
HYDROCHLORIDE
A) 10-Trifluoroacetyl-10-aza-tricyclof8.3 1 02'—7]dodeca-2(7),3,5—tnene-4-su!fon1|
chionde
1-(10-Aza-tricyclo]6.3.1 .02'7]dodeca-2(7),3,5-tnen-1 0-y1)-2,2,2-trifluoro-ethanone (530
mg, 2.1 mmol) was added to chlorosulfonic acid (2 mL, 30 mmol) and stirred for 5 minutes.
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The mixture was quenched with ice, extracted with EtOAc, dned (Na,SQ,), filtered and
concentrated to provide an oil (640 mg, 87%). (TLC 30% EtOAc/hexanes R, 0.15).

B) N* N*-Dimethyl-10-azatricyclo[6.3 1.0%%|dodeca-2(7),3.5-triene-4-sulfonamide
hydrochloride

10-Trifluoroacetyl-10-aza-tricyclo[6.3.1 .02'7)dodeca-2(7),3, S-tnene-4-sulfony] chiloride
(320 mg, 0.9 mmol) was stirred in THF (10 mL) and treated with 40% Me,NH/H,0 (1 5 mL).
After 10 minutes the mixture was concentrated and chromatographed on Silica gel (TLC 30%

EtOAc/hexanes R, 0.31) to provide an oll (256 mg, 78%). This matenal was dissolved in
MeOH (6 mL) and NH,OH (2 mL) and stirred 18 hours. The mixture was concentrated and
azeotroped from MeOH (3x) The resulting oil was dissolved in MeOH and treated with 3N HCI
EtOAc (4 mL), concentrated, dissolved in a minimum of MeOH and which was saturated with
Et,0 and stirred 18 hours. The product was collected by filtration as a white powder (163 mg,
59%). (TLC 10% MeOH/ CH,Cl, (NH,) R, 0.54). 'H NMR (data, free base) (400 MHz, CDCl,) &
7.64 (m, 2H), 7.41 (d, J=80 Hz, 1H), 3.30 (m, 2H), 3.20 (d, J=12.5 Hz, 2H), 3.07 {(dd,
J=12.5,2.2 Hz, 2H), 2.69 (s, 6H), 2.45, (m, 1H), 2.00 (d, J=11.0 Hz, 1H). '*C NMR (100 MHz,
CDCly) & 128,43, 124.16, 122,75, 46.67, 46.55, 42.11, 39,44, 37,81. GCMS m/e 266 (M").
(data HCI salt) 'H NMR (400 MHz, DMSO-dg) & 7.68-7.52 (3H), 3.38 (m, 2H), 3.24 (m, 2H),
3.04 (m, 2H), 2.58 (s, 6H), 2.22 (m, 1H), 2.04 (d, J=11.0 Hz, 1H). GCMS m/e 266 (M"). Anal.
Calcd. for C,3H,gN,0O,HCI: C, 51 56; H, 6.32; N, 9.25. Found C, 51.36; H,6.09; N,9.09.

EXAMPLE 40
4-(1-PYRROLIDINYLSULFONYL)-10-AZATRICYCLO[6.3.1 .O"-’l]DODECA-ZQ),B,S-
TRIENE HYDROCHLORIDE
The pyrrolidine analogue was prepared from  10-trifluoroacetyl-10-aza-
tricyclo}6.3.1.0%"|dodeca-2(7),3,5-triene-4-sulfonyl chloride (320 mg, 0.9 mmol) as by
substituting pyrroline in the coupling step described in Example 39B. The TFA product was

Isolated as an oil (314 mg, 89%). Deprotection and conversion to the salt as in' Example 39B
affords a white powder (189 mg, 63%). (TLC 10% MeOH/CH,Cl, (NH,) R, 0.60). (TLC 50%
EtOAc/hexanes R, 0.65). 'H NMR (400 MHz, CDCl) & 7.66 (d, J=8.0 Hz, 1H), 7.64 (s, 1H),
7.37 (d, J=8.0 Hz, 1H), 3.30-3.15 (m, 8H), 3.00 (m 2H), 2.39 (m, 1H), 1.98 (d, J=11.5 Hz, 1H),
1.72 (m, 4H). *C NMR (100 MHz, CDCl;) & 146.91, 144.08, 136.65, 127. 90, 124.18, 122.36,
50.43, 47.87, 46.80, 46.63, 42.11, 39.63, 25.10. APCI MS m/e 283 [(M + 1)*). (data HC! salt)
'H NMR (400 MHz, DMSO-dg) & 9.78 (br s, NH), 8.1 (br s, NH), 7.73 (d, J =1.5 Hz,1H), 7.66
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(dd, J=8.0,1 5 Hz, 1H), 7.83 (d. J=8 0 Hz, 1H), 3 39-3.01 (10H), 2.21 (m, 1H), 2.04 (d, J=110
Hz, 1H), 1.66 (m, 4H) GCMS m/e 292 (M") Anal Calcd For C,3H,sN,0,HCI 1/2MeOH. C,
54 07:H,6.47: N, 8.51 Found C,53.98, H6.72; N, 8 12

EXAMPLE 41
5,13-DIAZATETRACYCLOI[9.3 1.OMQQ]PENTADECA-ZA(B),9-TRIEN-6-ONE

HYDROCHLORIDE (The title compound was prepared foliowing the procedures described In
Quallich, G. J.,; Morrissey, P. M. Synthesis 1993, 51-53, treating 4,5-dinitro-10-aza-
tncyclo[6.3.1.02'7]dodeca-2(7),3,5-tr|ene-1 0-carboxylic acid tert-butyl ester as an equivalent to
an ortho fluoro phenyi moiety ) 'H NMR (400 MHz, DMSO-dg) 5 10.42 (s, NH), 9.88 (br s,
NH). 7.52 (br s, 1H), 7 15 (s, 1H), .79 (s, 1H), 3 41 (d, J=5.0 Hz, 2H), 3.35-3.13 (m, 4H), 2.93
(m, 2H), 2.12 (m, 1H), 1.95 (d, J=11.5 Hz, 1H). APC! MS m/e 215.2 [(M + 1)°].

EXAMPLE 42
6-OX0-5-0XA-7,13-DIAZATETRACYCLO]9.3 1.0%* 0*4PENTADECA-2(10),3.6.8-
TETRAENE HYDROCHLORIDE (For references, see: Nachman, R. J. J. Het. Chem. 1982,
1545.)
2,2,2-Trifluoro-1-(4-hydroxy-5-amino-10-aza-tricyclo[6.3 1.0*"Jdodeca-2(7).3,5-trien-
10-yl)-ethanone (317 mg, 1.11 mmol) was stirred in THF (10 mL), treated with

carbonyldiimidazole (269 mg, 1.66 mmol) and warmed to 60°C for 18 hours. The mixture was
concentrated, diluted with CH,Cl, (50 mL) and washed with 1N aqueous HCI solution (3 x 10
mL) The organic layer was dried through a cotton plug, concentrated and chromatographed
on Silica gel (50% EtOAc/Hexanes) to provide an oil (130 mg). This material converted to the
title compound by the methods described in Example 9C. 'H NMR (400 MHz, DMSO-d;) &
11.78 (s, NH), 9.56 (br s, NH), 7.63 (br s, NH), 7.24 (s, 1H), 7.07 (s,1H), 3.26 (br s, 2H), 3.16
(br t, J=9.5 Hz, 1H), 2.93 (br s, 1H), 2.18 (m, 1H), 1.97 (d, J=11.0 Hz, 1H). APCI MS m/e
217.2[(M+ 1)"].
EXAMPLE 43

3-TRIFLUOROMETHYL-10-AZA-TRICYCLO[6.3.1.03DODECA-2(7),3,5-TRIENE
HYDROCHLORIDE (See Grunewald, G. L,; Paradkar, V. M ; Pazhenchevsky, B.; Pieiss, M
A.; Sall, D. J.; Seibel, W. L.; Reitz, T. J. J. Org. Chem. 1983, 48, 2321-2327. Grunewaid, G.
L.; Markovich, K. M.; Sall, D. J. J. Med. Chem. 1987, 30, 2191-2208.)

The title compound was prepared by the methods described in Example 1 and 2
starting with 2-fluoro-6-trifluoromethylbromobenzene. 'H NMR (400 MHz, CD,0D) 5 7.67-7.50
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(3H), 3.85 (br s, 1H), 3 49-3 42 (m, 2H), 3.29 (s, 1H), 3.28-3 16 (m, 2H), 2 42 (m, 1H), 2 18 (¢,
J=11.5 Hz, 1H). APCI MS m/e 228.2 (M + 1)*] (HCI salt) mp 275-277 °C. Anal Calcd for
C1oH1oFsN HCL1/3H,0 C, 53.44, H, 5.11, N, 5 19 Found €, 53.73, H, 4.83: N, 5 16.

EXAMPLE 44
3-PHENYL-10-AZA-TRICYCLOI6.3.1.0%1JDODECA-2(7),3,5-TRIENE
HYDROCHLORIDE
A)  5-Fluoro-1,4-dihydro-1,4-methano-naphthalene  and  5-10do-1,4-dihydro-1,4-

methano-naphthalene

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

Magnesium turnings (8.37 g, 385 mmol) were stirred in anhydrous THF (1000 mL) in

a ﬂ;me dried 2L 3 neck round bottom flask equipped with a non-equalizing addition funnel
with a N, flow adapter, magnetic stirrer and efficient condenser equipped with a N, flow
adapter. The flask was stirred and warmed to reflux by a removable heating mantle. 2,6-
Difiucro-iodobenzene (0.3 g) was added followed by of 3N EtMgBr in THF (0.3 mL). The
addition funnel was charged with an inbimate mixture of cyclopentadiene (24.24 g, 367 mmol)
and 2 6-difluoro-iodobenzene (88.0 g, 367 mmol). Small portions (~1 mL) of the intimate
mixture were introduced to assist mitiation (~4x). After ~15 minutes, the reaction initiated
(exotherm, and vapor condensation) and heating was maintained as necessary during the
addition of the contents of the addition funnel. The reaction was then maintained at refiux for
~1 hour (no SM by GCMS).

The reaction was cooled to room temperature and quenched with H,O (200 mL)
followed by agueous 1N HCI solution (200 mL) to dissoive the solids. Product was extracted
with hexanes (4 x 150 mL). The combined organic layer was washed with saturated aqueous
NaHCO, solution (150 mL), dried (Na,S0Q,), filtered through a Silica plug with hexanes rinse
and concentrated to an oil (70 g). Chromatography on Silica gel eluting with hexanes
provided two lots (9.0 and 21.0 g), which contained primarily 5—iodo-1,4-dihydro-1-,4-methano-
naphthalene. (TLC hexanes R, 0.63).

B) 5-lodo-1,2,3,4-tetrahydro-1,4-methano-naphthaiene-2, 3-diol

5-lodo-1,4-dihydro-1,4-methano-naphthalene (20 g) and N-methyl morpholine N-oxide

(17.61 g, 130 mmol) were stirred in acetone (90 ml) and H,O (13 mL). To this was added a
solution of 0s0, (0.2 mlL., 2.5%wt. solution in t-BuOH, 0.02 mmol). After 144 hours, fiorisil (5
g) and saturated aqueous NaHSO, solution (3 mL) were added and stirred for 1/2 hour. The
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mixture was filtered through a Celite pad and the filtrate concentrated to produce an oil which

was punfied by chromatography on Silica gel eluting with a gradient of hexanes to 100%
EtOAc to provide a yellow solid (13.73 g). APCI MS m/e 301.1 [(M - 1))
C) 10-Benzyl-3-iodo-10-aza-tricyclo[6.3 1.03|dodeca-2(7),3,5-triene
5-lodo-1,2,3,4-tetrahydro-1,4-methano-naphthalene-2,3-diol (8.33 g, 27.6 mmol) and
Et;NBnCl (10 mg) were vigorously stirred in dichloroethane (25 mL) and H,O (75 mL) then

treated with sodium periodate (6.17 g, 29.0 mmol) After 1.5 hours, the layers were separated
and the aqueous layer extracted with DCE (2 x 40 mL) The combined organic layer was
washed with H,0O (4 x 30 mL) until no reaction to starch 1odide paper was observed, then with
saturated aqueous NaCi solution (30 mL). The organic layer was dried through a cotton plug
and treated with benzy! amine (3.16 mL, 29.0 mmol) and stirred for 2 minutes then transferred
to an addition funnel. This solution was added over ~10 minutes to a vigorously stirred cooled
(0 °C) mixture of NaHB(OAc), (18.72 g, 88.0 mmol) in DCE (150 mL) After addition was
complete, the mixture was stirred without cooling for 2 hours. The mixture was quenched with
saturated aqueous Na,CO, solution (100 mL} and stirred for 1 hour, then the layers were
separated and the aqueous layer was extracted with CH,Cl, (3 x 50 mL). The combined
organic layer was washed with saturated aqueous NaCl solution (50 mL), dried through a
cotion plug and concentrated. Chromatography on Silica gel provided an oil {6.3 g, 61%).
(TLC 5% EtOAc/hexanes R, 0.10) 'H NMR (400 MHz, CDCl,) § 7.61 (d, J= 8 0 Hz, 1H), 7.28-
7.22 (m, 3H), 7.13 (d, J=8.0 Hz,1H), 6.98-6.94 (m, 3H), 3.58 (AB dd, J=14.2 Hz, 2H), 3.26 (br
s, 1H), 3.21 (br s, 1H), 3.04 (br d, J=10.2 Hz, 1H), 2.83 (br d, J=10.2 Hz, 1H), 2.47 (d, J=10.0
Hz, 1H), 2.39 (d, J=10.0 Hz, 1H), 2.34 (m, 1H), 1.72 (d, J=10.5 Hz, 1H). APCI MS m/e 376.0
(M +1)7).

D) 10-Benzyl-3-phenyl-10-aza-tncyclo[6.3.1.0%Ydodeca-2(7),3,5-triene

(For a discussion, see: Miyaura, N.; Suzuki, A. Chem. Rev. 1995, 95, 2457-

2483))

1O-Benzyl—3-iodo-10-aza-tncyclo[6.3.1.02'7]dodeca-2(7).3.5-triene (375.3 mg, 1.0
mmol), potassium acetate (785 mg, 8.0 mmol) and phenyl boronic acid (183 mg, 1.5 mmol)
were combined in 10/1 EtOH/H,0 (5 mL). The mixture was degassed (3 vacuumv/N, cycles),
treated with tetrakis(triphenyiphosphine)palladium(0) (57.5 mg, 0.05 mmol) and warmed to 90
°C for 18h. The reaction was cooled, diluted with H,0 and extracted with Et,0 (3 x 50 mL).
The organic layer was washed with brine (50 mL), dried (MgSQ,), filtered and concentrated to
provide an oil (180 mg, 55%). (TLC 4%EtOAc/hexanes R, 0.18). GCMS m/e 325 (M)".

E) 3-Phenyl-10-aza-tricyclo[6.3.1 .Ogl]godeca-2(7).3,5-triene hydrochloride
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10-Benzyl-3-phenyl-10-aza-tricycio[6.3 1.0? 7]dodeca-2(7),3,5-tnene was converted
into the ttle compound utihizing the conditions described in Example 2D. (TLC 10%
MeOH/CH,CI, (NH3) R, 0 30) (data for free base) 'H NMR (400 MHz, CDCl,) & 7.46-7.15
(8H), 3.17 (br s, 1H), 3.01 (m, 2H), 2 83 (d, =13 0 Hz, 1H), 2 72 (dd, J=10.5,2.5 Hz, 1H), 2.63
(dd, J=10.5,2.5 Hz, 1H), 2.41 (m, 1H), 1.91 (d, J=10.5 Hz, 1H). APCI MS m/e 236.2 [[M + 1)"]
(HC! salt) mp 262-265 °C. Anal Calcd. for C,;H,;N HCI 1/3H,0: C, 73.26; H, 6.86; N, 519
Found C, 73.50; H, 6.77; N, 5.04.

EXAMPLE 45
3-HYDROXY-10-AZA-TRICYCLO[6.3.1.02LDODECA-2(7).3.5-TRIENE
HYDROCHLORIDE
A) 10-Benzyl-3-boronic acid-10-aza-tricycio[6.3.1.0%4dodeca-2(7).3,5-tnené
10-Benzyl-3-|odo-10-aza-tricyclo[6.3.1.02'7]dodeca-2(7),3,5-tnene (3.0 g, 7.99 mmol)

was stirred in anhydrous THF (40 mL) at -78 °C under nitrogen and treated dropwise with n-
Bult (3.84 mL of 2.5M soln. in hexanes, 9.59 mmol) After 10 minutes, tri-isopropylborate
(4.61 mL, 20.0 mmol) was added dropwise. After ~1/2 hour, the reaction was poured into
saturated aqueous NaHCO, solutton, stirred 5 minutes and extracted with EtOAc (3 x 50 mL)
and concentrated. The residue was dissolved in 30% Et,O/hexanes and extracted with 1N
NaOH aqueous solution (4 x 50 mL). The combined aqueous basic layer was treated with
concentrated HCI to achieve pH 8 and extracted with EtOAc (4 x 25 mL), dned (Na,S0O,) and
stripped. Chromatography on Silica gel eluting first with 3% EtOAc/hexanes to remove non-
polar components, then with 5% MeOH/CH,CI, provides the title compound. (TLC 25%
EtOAc/hexanes R, 0.60).

B) 10-Benzyl-3-hydroxy-10-aza-tricycio[6.3.1.01|dodeca-2(7),3 5-triene

10-Benzyl-3-boronic  acid-10-aza-tricyclo]6.3.1.0*")dodeca-2(7).3,5-triene (140 mg,

0.48 mmol) dissolved in THF (5 mL) was treated with N-methyimorpholine-N-oxide (64.5 mg,
0.48 mmol) and brought to reflux for 1 hour. The reaction was concentrated and
chromatographed on Silica gel to provide product. (TLC 25% EtOAc/hexanes R, 0.18). H
NMR (400 MHz, CDCl,) 5 7.18-7.15 (3H), 7.04 (dd, J= 8.0,7.0 Hz, 1H), 6.95 (m, 2H), 6.75 (d,
J=7.0 Hz, 1H), 6.59 (dd, J=8.0,1.0 Hz, 1H), 3.53 (br s, OH), 3.51 (AB d, J=14.0 Hz, 2H), 3.28
(br s, 1H), 3.06 (br s, 1H), 2.91 (dd, J=8.5,1.5 Hz, 1H), 2.79 (ddd, J=8.5,1.5,1.5 Hz, 1H), 2.42
(d, J=11.0 Hz, 1H), 2.39 (d, J=11.0 Hz, 1H), 2.23 (m, 1H), 1.65 (d, J=10.5 Hz, 1H). APCI MS
m/e 266.5 [(M + 1)°].
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C) 3-Hydroxy-10-aza-tricycio]6.3 1.0u]dodeca-2j7),3,5-tr|ene hydrochloride

10-Benzyl-3-hydroxy-10-aza-tricyclo[6.3 1.0*’Jdodeca-2(7),3.5-trene (160 mg, 0.60
mmol) was converted Into the title compound by the methods described in Example 1D 'H
NMR (400 MHz, CDCl,) & 7 15 (dd, J=8.0,7.5 Hz, 1H), 6 84 (d, J=7.5 Hz, 1H), 6 76 (d, J=8.0
Hz, 1H), 3.51 (br s, 1H), 3.33-3.25 (3H), 3.16 (d, J=12.0 Hz, 1H), 3 09 (d, J=12.0 Hz, 1H), 2.29
(m, 1H), 2.02 (d, J=11.0 Hz, 1H). APCI MS m/e 175.8 [(M + 1)"] (HCl salt) mp 253-255°C

EXAMPLE 46

4,5-DIFLUORO-10-AZA-TRICYCLO[6 3 1.02\DODECA-2(7),3,5-TRIENE
HYDROCHLORIDE

The titte compound was prepared by the methods described in Example 1 and 2
starting with 2,4, 5-trifluorobromobenzene. 'H NMR (400 MHz, CDCl,) 5 7.31 (t, J=8.5 Hz, 2H),
3.48-3.13 (6H), 2.38 (m, 1H), 2.11 (d, J=11.5 Hz, 1H). APCI MS m/e 196.2 [(M + 1) *]. (HCI
salt) mp 301-303 °C. Anal. Caled. for CyHyFoN.HCL1/6H,0" C, 56.30; H, 5.30; N, 5.97
Found C, 56.66; H, 541; N, 5.96

EXAMPLE 47

B6-ETHYL-5-OXA-7,13-DIAZATETRACYCLOJ[S.3.1 .Om.gﬁ]PENTADECAQQ 0).3,6.8-
TETRAENE HYDROCHLORIDE

2,2,2-Trifluoro-1-(4-hydroxy-5-amino-10-aza-tricyclo[6.3.1.0%"Jdodeca-2(7),3,5-trien-
10-yl)-ethanone and propionyl chioride were converted to the title compound following the
procedures described in Example 30 and Goldstein, S. W.; Dambek, P. J. J. Het Chem
1990, 27, 335. 'H NMR (400 MHz, CD,0D) & 7.64 (s, 1H), 7.62 (s, 1H), 3.48 (d, J=2.5 Hz,
2H), 3.41 (d, J=12.0 Hz, 2H), 3.20 (2H), 3.01 (4, J=7.5 Hz, 2H), 2 45 (m, 1H), 2.17 (d, J=11.5
Hz, 1H), 1.42 (t, J=7.5 Hz, 3H). APCI MS m/e 229.2 [(M + 1)"].

EXAMPLE 48

6-ISOPROPYL-5-OXA-7,13-DIAZATETRACYCLOJ9.3.1.0%2 .0*3PENTADECA-
2(10),3,6,8-TETRAENE HYDROCHLORIDE )

2,2,2-Trifluoro-1-(4-hydroxy-5-amino-10-aza-tricyclo[6.3.1.0>"Jdodeca-2(7),3,5-trien-
10-yl)-ethanone and isobutyryl chloride were converted to the title compound following the
procedures described in EXAMPLE 47. (TLC 25% EtOAc/hexanes R, 0.14). 'H NMR (400
MHz, CD,0OD) 8 7.65 (2H), 3.49 (br s, 2H), 3.41 (d, J=12.0 Hz, 2H), 3.33-3.19 (3H), 2.45 (m,
1H), 2.18 (d, J=11.5 Hz, 1H), 1.45 (d, J=7.0 Hz, 6H). APCI MS m/e 243.2 [(M + 1)"). (HCI salt)
mp 249-251 °C.
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CLAIMS
1. A compound of the formula
3
N
R14 R15

wherein P is hydrogen, methyl, COOR'™ wherein R'™ is (C;-Ce)alkyl, allyl or 2,2,2-
trichloroethyl; -C(=O)NR°R® wherein R® and R® are selected, independently, from hydrogen
and (C,-Cq) alkyl, or R® and R® together with the nitrogen to which they are attached, form a
pyrrolidine, piperidine, morpholine, azetidine, piperazine, N-(C,-Cg)alkylpiperazine or
thiomorpholine ring, or a thiomorpholine ring wherein the ring sulfur is replaced with a
sulfoxide or sulfone; -C(=0)H, -C(=0)(C;-Cs)alkyl wherein the alkyl moiety may optionally be
substituted with from 1 to 3 halo atoms, preferably with from 1 to 3 fluoro or chloro atoms;
benzyl, t-butoxycarbonyl (t-Boc) or ftrifluoroacetyl, and R" and R' are selected,
independently, from hydrogen, (C,-Cg)alkyl optionally substituted with from one to seven
fluorine atoms; -C(=0)(C4-Cg)alkyl, cyano, hydroxy, nitro, amino, -O(C¢-Cg)alkyl and halo;
with the proviso that R™ and R'® cannot both be hydrogen when P is hydrogen, (C-Ce) alkyl,
or unconjugated (C;-Ce)alkenyl.

2. A method for reducing nicotine addiction or aiding in the cessation or lessening
of tobacco use in a mammal, comprising administering to said mammal an amount of a

compound comprising an amount of a compound of the formula

NH

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

3. A method for treating a disorder or condition selected from inflammatory bowel
disease, ulcerative colitis, pyoderma gangrenosum, Crohn’s disease, irritable bowel syndrome,
spastic dystonia, chronic pain, acute pain, celiac sprue, pouchitis, vasoconstriction, anxiety, panic
disorder, depression, bipolar disorder, autism, sieep disorders, jet lag, amylotropic lateral
sclerosis (ALS), cognitive dysfunction, hypertension, bulimia, anorexia, obesity, cardiac
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arrythmias, gastric acid hypersecretion, uicers, pheochromocytoma, progressive supramuscular
palsy, chemical dependencies and addictions; dependencies on, or addictions to, nicotine and/or
tobacco products, alcohol, benzodiazepines, barbituates, opioids or cocaine; headache, stroke,
traumatic brain injury (TBI), obsessive-compulsive disorder (OCD), psychosis, Huntington's
Chorea, tardive dyskinesia, hyperkinesia, dyslexia, schizophrenia, multi-infarct dementia, age
related cognitive decline, epilepsy, including petit ma! absence epilepsy, senile dementia of the
Alzheimer's type (AD), Parkinson's disease (PD), attention deficit hyperactivity disorder (ADHD)
and Tourette's Syndrome in a mammal, comprising administering to a mammal in need of such

treatment an amount of a compound of the formula

NH

or a pharmaceutically acceptable salt thereof;
that is effective in treating such disorder or condition.
4. A compound of the formula

R?
NP ()
R3

R? and R® are selected, independently, from hydrogen, (C,-Ce)alkenyl, (C5-Cg)alkynyl,
hydroxy, nitro, amino, halo, cyano, -SO4(C:-Ce)alkyl wherein q is zero, one or two,
(C1.Ce)alkylamino-, [(Ci-Ce)alkyl,amino-, -CO,R!, -CONR’RE, -SO,NR'R®, -C(=O)R™,
-XC(=0)R", aryl-(C, -C;)alkyl- or aryl-(Co-Cs)alkyl-O-, wherein said aryl is selected from pheny!
and naphthyl, heteroaryl-(Co-Ca)alkyl- or heteroaryl-(Cy-Cj)alkyl-O-, wherein said heteroaryl is
selected from five to seven membered aromatic rings containing from one to four heteroatoms
selected from oxygen, nitrogen and sulfur, Xz(Co-Cs)alkyl- and XZ(C1-Ce)aIkoxy-(Co-Ce)aIkyl-,
wherein X? is absent or X? is (Cy-Cg)alkylamino- or [(C-Cg)alkyll;amino-, and wherein the (Co-
Ce)alkyl- or (C-Ce)alkoxy-(Co-Ce)alkyl- moieties of said X*(Cy-Ce)alkyl- or X}(C,-Ce)alkoxy-(Co-
Ce)alkyl- contains at least one carbon atom, and wherein from one to three of the carbon atoms
of said X}(Cq-Cg)alkyl- or (C1-Ce)alkoxy-(Co-Cg)alkyl- moieties may optionally be replaced by an
oxygen, nitrogen or sulfur atom, with the proviso that any two such heteroatoms must be
separated by at least two carbon atoms, and wherein any of the alkyl moieties of said (Co-
Ce)alkyl- or (C4-Ce)alkoxy-(Co-Ce)alkyl- may be optionally substituted with from two to seven
fluorine atoms, and wherein one of the carbon atoms of each of the alkyl moieties of said aryl-
(Co-Cs)alkyl- and said heteroaryl-(Co-Cs)alkyl- may optionally be replaced by an oxygen, nitrogen
or sulfur atom, and wherein each of the foregoing aryl and heteroaryl groups may optionally be
substituted with one or more substituents, preferably from zero to two substituents,
independently selected from (C,-Cg)alkyl optionally substituted with from one to seven fiuorine
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atoms, (C4-Cg)alkoxy optionally substituted with from two to seven fluorine atoms, halo, (Co-
Ce)alkenyl, (Cx-Ce)alkynyl, hydroxy, nitro, cyano, amino, (Cs-Cg)alkylamino-, [(C4-Ce)
alkyll,amino-, -CO,R*, -CONR®R®, -SONR'R?, -C(=0)R"® and -XC(=O)R™:

or R? and R®, together with the carbons to which they are attached, form a four to seven
membered monocyclic, or ten to fourteen membered bicyclic, carbocyclic ring that can be
saturated or unsaturated, wherein from one to three of the nonfused carbon atoms of said
monocyclic rings, and from one to five of the carbon atoms of said bicyclic rings that are not part

of the benzo ring , may optionally and independently be replaced by a
nitrogen, oxygen or sulfur, and wherein said monocyclic and bicyclic rings may optionally be
substituted with one or more substituents,' preferably from zero to two substituents for the
monocyclic rings and from zero to three substituents for the bicyclic rings, that are selected,
independently, from (C, -Cg) alkyl optionally substituted with from one to seven fluorine atoms,
(C4 -Ce) alkoxy optionally substituted with from one to seven fiuorine atoms, nitro, cyano, halo,
(C=~Celalkenyl, (C-Cg)alkynyl, hydroxy, amino, (C, -Cg)alkylamino and [(Cy -Cg) alkyl],amino, -
CO,R*, -CONRR®, -SO,NR’R?, -C(=0)R™ and -XC(=O)R™;

wherein R*, R%, R%, R7, R® and R™ are selected, independently, from hydrogen and (C -
Ce) alkyl, or R® and R®, or R and R® together with the nitrogen to which they are attached, form a
pyrrolidine, piperidine, morpholine, azetidine, piperazine, N-(C;-Cg)alkylpiperazine or
thiomorpholine ring, or a thiomorpholine ring wherein the ring sulfur is replaced with a sulfoxide
or sulfone; and each X is, independently, (C+-Ce)alkylene; .

and P’ is COOR' wherein R" is allyl, 2,2,2-trichloroethyl or (C-Cg)alkyl; -C(=O)NR°R®
wherein R® and R® are selected, independently, from hydrogen and (C;-Cg) alkyl, or R® and R®
together with the nitrogen to which they are attached, form a pyrrolidine, piperidine, morpholine,
azetidine, piperazine, N-(C,-Ce)alkylpiperazine or thiomorpholine ring, or a thiomorpholine ring
wherein the ring sulfur is replaced with a sulfoxide or sulfone; -C(=0)H, -C(=0)(C+-Cg)alkyl
wherein the alkyl moiety may optionally be substituted with from 1 to 3 halo atoms, preferably
with from 1 to 3 fluoro or chloro atoms; benzyl, t-butoxycarbonyl (t-Boc).



