NI COTI NI C RECEPTOR NON- COVPETI TI VE ANTAGONI STS Field of the Invention
The present invention relates to conpounds that nodul ate nicotinic
recept or swa0norgsonpet i ti ve nodul ators (e.g., non-conp@Ciritisee1/037630
ant agoni sts), 5nmethods for their synthesis, methods for use, and their
pharmaceuti cal conpositions. Background of the Invention N cotinic
receptors are targets fore great nunmber of exogenous and endogenous

compounds that al hosbARCAELEFBEUA BRIk SRR SRS, | 10 ATl as, H

R, Binding sites Tor exogénous an ogenous non-conpetitive inhibitors
of the nicotinic acetyl chol i neFrﬁ@t@fﬁfi@ﬂWeBF!%hl rnica et B| ophysi ca Ada -

Revi ews on Bi oi nem%%%ﬁntlt%gﬁhon]rgﬁteg@c&%%%ﬁas BRGnNlBSnicdinicR . Bhum reddy,

R, Anesthetics as chem cal | s to study the structure and function of

ni cotini c acet§ILHDAT HY™ ?%@B‘E"Sr’@duﬁﬁ"?@rﬂ BCRIPRYES PRISETTHES)15Sci ence 6:
451- 472 ( 2D05hethddreof tuactintBsiof mathabtibmise, srecept wasnae0tide decreased or

bl ocked by stru tg{!al |y different conpounds call ed nonconpetitive

nodul at ors, iAC I'ng non-conpetitive antagonists (reviewed by Arias, H R,
Bhumi reddy, P., Bouzat, C., Baskevuindreftechusitems and binding site | ocati ons

f or noncorrpetltlvq\n&;ahae%@b@ssﬂ@tar %Pé%ée%tﬂﬁu%e\‘bﬁé}eg Lies 40 eceptors, The

I nternational Journal of Biochems Bi ol 0 8. 1254- 1276
(2006)) . e”dﬂﬁ?{’%%ﬁ?)’@iquf‘?‘i/%a’r?&%ﬁéﬁw@0@5%?’!&%““’&“% d&er ange of
structuradg y @hidsf B.rﬁﬂfa;wﬁm@@?ﬁ%waﬁbudM@dbgéf@ﬁ@@érﬂé&nﬁ;&éﬂﬁ@ on by acting
at a site or gites different fraomthe orthosteri:« site. Receptor
nodul ati on hazgk'né@fa&gf'&h?gcgggéac%t?t&iﬁﬁ@e Ee(?ﬁ%f’e%m{ilﬁémr?ég g%éﬁs of action and
bi ndi ng af fi nftte eBeodwaamBiocenpetsd 176 oAl 89S adi Afiey, HaRong nicotinic

[ ecept or SUbtYRESclAY. baSEln s =s SANR RN CORPALLLLUGTRGUl ators may act

by at |east two anl sns osteric and/or a steric
nmechani sm AnUBHICH &t pqlipic Faetagvrirs lecreerani s Frast & ¥dge bi nding of a

non- 3000’[639'[8&#%@68%18@%4%%“%éi‘ﬂsﬁcﬂoﬁ%ﬁ%&hac&@@bpﬁx@@éd gezation of a

non- conduct i ng conf quko{? sta%ag name| %) ({e ng or desensitized

st at e, and/or HITPHCT B SiHERE EpTEP 1%h rate. I'n
contrast, a stargieghehorduatods, m—ep):rjagenm-adampmm araameta (zvimeebani smis that an

ant agoni st no eculie, I%*Mﬁu %‘?A\}’ Eg&qk% t’@%uﬁ %[Pm%ﬁﬁé}@s\;m%%@ 5ant agoni st s

may be termed noh-co annél me inhibit the
receptors by Mﬁrﬂfeﬁams\ﬁpﬁm@nwnﬁm@twg@mgmeﬁﬁ of hiectinscepylooling in the open

state, ther ebycphysi BRI BIReKINGal SBRBENBRY kR S essomR_act
1278 (2008)).

Nan-competitive modulators comprise a wids range of structurally
different compounds that inhibit receptor function by acting at a site or sites
different from the orthosieric binding site. Recepior modulation has proved fo

25 De highly complex. The mechanisms of action and binding affinities of nan-
comnpetitive modulators differ among nicotinic receplor subtypes {(Arias et al.,
2008). Non-competitive modulators may act by at least two different
mechanisma: an allosteric andior a steric mechanisi.

An aliosteric antagonist mechanism involves the binding of a non-

30 competitive antagonist to the recaptor and stabilization of a non-condusting
conformational state, namely, a resting or desensitized stale, and/or an
increases in the receptor desensitization rate.

In contrast, a straightforward representation of & steric mechanism is
that an antaganist molecule physically blocks the ion channel. Such

35  antagonists may be fermed non-competitive channel modulators {(NCMs),
Some inhibil the receptors by binding within the pore when the receptoris in
the open state, thereby physically blocking ion permeation. While soms act



only as pure open-channel bl ockers, others block both open and cl osed
channel s. Such antagonists inhibit ion flux through a nmechanismthat does
not involwe 2bimiddssg at the onthosteric sites. BarbituraPesusdiigsspsmiat i ve
anest hetics, antidepressants, and certain 5steroids have been shown to
inhibit nicotinic receptors by allosteric nmechani snms, including open and
cl-osed channel bl ockade. Studies of barbiturates support a nodel whereby

bi ndi ng ooour & AL BN A doEl SRR MRS Aok REnB8ERL Or o, resul ting

in bl ockade o I ons ogusl avsky, R,
Barann, M, Kgitegnels Sucljagigponists inijpit ’Q’I\/ﬂwarrﬂugihﬁ W@F“W@%‘"&Wﬁt a8 &fe i nhi bition

of acetyl choI;hmg@@ﬁr@grﬂ«@hﬂaaeﬁms&mgournaI CGeneral Physiology 109: 401-414
(1997), Although :é;f? { nhl bi tor actl O{}]‘ cal anesthetics on nerve
i 6 70

conduction is pri “?%H‘F%ﬁc 4374 CHYPISEge: Y5888 odi um channel s,
ni coti ni ¢ ¥ ecepbuk baer EEealsbayt @rigdtiniatink mmcﬁﬁﬁ‘ﬁimriﬂcs See, Arias, H

R, Role of | gealnanesthelics aniberiohingralo, Laapd, ser ot onergi c

i onotropic receptors ence an avi ora views 23: 817-843
(1999) and Arbaigituraips Ropgt Braeeloeraiy bipding Mbtust igl beth ensd aphiyissesocheni cal

aspects of | ogaks aNKs Fé&@&ibs%srea&%ﬁdgﬂ@ bi@éka'ab %%le ﬂb\& oﬁ@@é yée%hghgepe
receptor-contai n| nbranes, Mn i cl nal Chem shy 2:

385-410 (2002) F- B?Ea‘éﬁi%u%l%ra‘}”ewaé%?zng Hidﬁhé‘ Efﬂo Meﬁaa‘}@ése%tor channel s
pr ef er ent i@l | ysrbi ’ﬂlsrzitdélwﬂbﬁisﬁ bhgestcative rédeprociambely ejcamastdetd/cs 1 nhi bit

several neurop lsfa?])\ég%@dﬁ‘f’—zhg' %§Lﬁ0£?é%9>§h% %O%Qtér?:agt%n gpn%ent rati on ranges,
i

w th exanpl es s phencycli oulter, J., &
Hei nemann, S.aEsthelijsphigene coedugticnh iandnattheedaied oy |bt¢pk1’i§aw&gﬁ# chol i ne

recept or subtyé%&ﬁq@ma{aaﬁéaé n%m%éa%%ag&&e%%y@:a@ég@ﬂ%ﬁt've drugs, British
Journal of Pharmacol o Ketam ne (Flood, P. &

Krasowski M esthpiigsy %@ﬂ%iﬁ Fafestoieri ‘%@E ﬂ”@l*"’%f@?‘“e‘?rﬂﬁ Rt SPORRSIRIF at e
| i gand- gat®ed denscehenngt @nat%&%é&h@&:lr@|A»@Qf}bs<9&meb%d%beﬂ£&59f(2000) and Ho,

K. K &Flood P. an, a resid int acel lul ar portion
of transmenbr a%’éewsezérrgﬁjt"%ﬁ" Wﬁgfar@% r%l”é%t’fhl g%i“fﬁ%‘b&e gtM GTHF A ecept or
nodul at es  sengiyscuwihesnidabasietiani loe) alisgetivsesiial ogycdiDlacesErdi6 (2004)), and
di zoci | pi ne (Krazquski a'nir‘%lri‘%b‘i‘aﬁ?éls%{ﬁy k@ﬁé?uas :ﬁ'/é/iegﬁ%?f é‘flsen%} thetic actions

on |igand-gated 'l on chan ['ul'ar an ecu Sci ences 55
1278-1303 (199%)$10 @P¥i es i ndicate that the dissociative anesthetics bind

to a singke or ovefolrammngiéﬂatﬁﬁe bndshb%éa@@égjmgzhamﬁﬁ@r@@ﬂﬂﬁ{; and suggest
that the ketamne/PCP ?%‘g% % ially over l’%ﬁ he tetracai ne binding site
aie E ((ﬂa

in the recept8MCRANNSE i HEShYE & ergeRergoiPe i s a
di ssoci ati ve singisichetapmraindlirsed cooavutisanhgssh ivith esdrstdesattbsaas a

phencyclidine (PCPY (Connolly, J., Boulter, J., & Heinemann, &. F., Alpha 4~
beta 2 and other nicotinic acetylcholine recepior sublypes as targels of

25  psychoactive and addictive drugs, British Journal of Pharmacology 105 857~
866 (1992)), ketamine (Fload, P. & Krasowski M. D, Infravenous anesthetics
differentially modulate ligand-gated lon channels, Anesthesiology 92: 1418~
1425 (2000); and Ho, K. K. & Flgod, P., Single amino acid residue in the
exiracellular portion of ransmembrane segment 2 in the nicotinic o7

30 acelylcholine receptor modulates sensitivity to ketamine, Aﬁesfhesio!ogv 106:
B57-662 {20041, and dizocipine (Krasowski, M. [, & Harriseon, N.
General anaesthetic actions on ligand-gated ion channels, Ceflular and
Molecular Life Sciences 55. 12781303 (1889)). Studies indicate that the
digsociative anesthetics bind to a single or overiapping sites in the resting ion

35 channel, and suggest that the kelamine/PCP locus partially overlaps the
tetracaine binding site in the receptor channel. Dizocilping, also known as

MK-BO1, is a dissogiative anesthetic and anticonvulsant which also acts as 2



non- conpetitive antagoni st at different nicotinic receptors. D zocilpine is
reported to be an open-channel bl ocker of (1462 neuronal nicotinic

recept or swoSen/14Bssson, B.; & Bertrand, D., Open-channeCThiSoctmsm3a@t t he
human o041 32 neuronal nicotinic acetylcholine receptor, Ml ecul ar

Phar macol ogy 53: 555- 5563 (1998). In addition to their well-known actions
on nonoam ne and seratonin reuptake systens, antidepressants have al so been

shown 0 MAUlGLESkRklN:Gol SCPHGES: mc%@rrltyeréggtgrg' %§§§%\@gg that tr] CyC' e

antldepressants act as non-conpetitive ant ni sts
Arias, H R, "spricsiabe an apenl@eamaiQ@a&cr0@4§2Wu@&%ﬂm§mm@@ﬁaﬁpr§m or

[ n[n 3! tion Of?eﬂ! B0kédN, 8., aaRiH-eho! baen- é%ﬂﬁtb%ﬁer%t thé hGYsh b2 ol t
ant |l depressant s arr |a unga e
anti depr essant s UL IRISLINREL oM AD: 32 105(2008)  Garla- Ool unge
(SSR1), i rhi b3a3g1¢88br ane currents elicited by activation of nuscle or
neuronal nicotini ‘%n% 'gjﬁtcé’{r%wkﬁ gné?,&”ac?gﬁgpo% dﬁéd\o\éﬁm@'&g%émm%lther

i ncreasing 15the ra desensiti zation an ing “channel
bl ockade. Seeeugtaruwsters| anigaprespants Agerdalso br"t‘ﬁlﬂhow&owq’d@iwe R, Bl ockage of

muscl e and nemwn@mdéb@%t lmsrgs@e@é ¥$&J3~@|tﬁd?%ac9<§x€%ﬁ$d%ﬁu%s§%t§ Lddgxet i ne
(Prozac), Proceedin s of the Na{/%ona Acadeny of Sciences US 94: 2041- 2044

(1997): and CHPSPHEGINAGE ey sts. %@é’?‘"%ﬁoﬁeﬁ‘”“‘:‘EH R-&NEMadi G- R, Conbi ned
actions of0 ziBmeizand., mmﬁhumxmévﬁesmlaﬂmm6Mnm$Mmﬁﬁﬁty&£ﬁ@hMRe receptors, The

Phar macoge norr@{;{gﬁ%rg gg fi !ut; S d%ﬁx%séga%% (slgtgrgéf)armalvc%? ?%ﬁ:z &3 eviously

approved for t t'ensi on, §53|ca on- conpetitive
ni cotinic rec@@?ﬂéﬁoéﬁlﬁagmh sqnonmﬂwcgemes@smﬂve Rwowmtrfe)mta’zhl bit receptor

function by bhQgid: (@:éig%hibﬂg W%Q@%@lcurréﬁ@@!ic&%d].ﬁyaécwQtsbﬁ‘of rR;xéA‘ie’arSOkm ova,
EM, D Angel antonio, 25Skorinkin, A-, Tal antova, tri, A Rapid

Relief of Bl JEk™H¢ NetigAy3oRRioRaN SRoNERIFBRLYe W'&?f”leﬁh%’ bﬂé"éf%ﬁé‘ﬁol i ne
Recept or si5of tRata+m@émftrzmmn@amosw :ﬁdl}ﬁiﬁgrcﬂdnn% m&@a@sw@m@ ogi cal and

e o s BBLE AL (o TR 8N LRty o L, 1 |
NR" R For nu'piqztmac acetvibhofine receptors by fluoxetine {Prozaﬂ Froceedings of the
National Academy of Sciences USA 94: 2041-2044 (1997); and Gartia-
Colunga, J., Vazguez-Gomez, E., & Miledi, R., Combinad actions of zinc and
20 fluoxetine on nicotinic acetylcholing receptors, The Pharmacogenomics
Journal 4: 388--383 (2004). Mecamylamine, previcusly approved for the
treatment of hyperiension, is a classical non-competitive nicotinic receptor
antagonist, and is also well known to inhibit receptor function by biocking the
ion channel. See, Ginigtullin, R.A., Sokolova, E.M., Di Angelantonio, S.,
25 Skorinkin, A., Talantova, M.V, Nistr, A, Rapid Relief of Block by
Mecamylamine of Neuronal Nicotinic Acstyicholine Receptors of Rat
Chromatfin Cells In Vitro: An Electrophysiciogical and Modeling Study.
Molecufar Pharmacology 58 7T8-787 (2000).
Summary of the Invention
30 The present invention includes compounds of Farmula I;



wherein each of Rl and R2 individually is H G _e alkyl, or any-substituted
Cl-6 alkyl, or RL and R2 conbine with the nitrogen atomto which they are
attached wo 2bormwss93- to 8- nenbered ring, which ring nmapCihaseptiioarsad | y
substituted with CL.6 al kyl, aryl, G .eal koxy, or aryloxy substituents; R3
is H G _s alkyl, or Cl6 al koxy-substituted C,.6 alkyl; each of
R4, R5, R5, and R? individually is H Cl1.B aIkyI or G _B alkox-y; 10L1 is
a linker species selected fromthe group consisting of CRGR9, CRS5ROCRL R11,
and O: L2 is a linker speciegsselected fromthe group consisting of
Cl+, CE-12CF-12, CH2CH2CH2, or CH2CHRCH2CHZ2; each of R5, R9,
R10, and Rl |nd|V|duaIIy i's Eydroge e al kyl; and 15the dashed |ine
i ndi cates an optional double B - rmaceutical ly acceptabl e salt

t her eof . The present invefitijen includes pharnmaceutical conpositions
conprising a conpound of the present invention or a pharmaceutically
acceptabl e salt thereof. The pf yk?eqksconp03|tlons of the present

20i nvention can be used for ®feati ng orlpreventing a wide variety of
conditions or disorders, and particudl arkg'#hose di sorders characterized by
dysfunction of nicotinic cholinergigsneurotransm ssion or the degeneration
of the nicotinic cholinergic neurons. The present invention includes a

met hod for treating or preventing Zsdrgeiders and dysfunctions, such as CNS
di sorders and,dysfunctions, and also for treating or preventing certain
conditions, for exanple, alleviating pain, hypertension, and inflammtion,
in mamal s in need@ot oty dniviasaly is The.oaiehoasry-sibelitvied Sdni ni st eri ng t o

a subject m tdngn apelbhcat i@‘ntﬁfév@&ﬁhé’ﬁitr@é&%m fihidh ﬁ@ﬁ&@%ﬁ&ﬂé& the present
i nvention, |nc udlngﬁa salt thereof g ar naceut i cal nposi tion that

i ncl udes such®dERFotMad-MedEs g ﬁ@ﬁ%@ﬁﬁ? %ﬁ?%ﬁm%ﬂ%sv%v%ﬁﬂwaw . Conpounds
One enbodi ment:.cfikyt ket gr.eseaty, binargoty sobstitveatsydes conpounds of Fornula |:
For mul a

e

R is H, Cys alkyl, or Gy alkoxy-substituted Cy.q alky);
sach of RY, R®, R®, and R7 individually is H, Gy alkyl, or C.s alkoxy;
10 L' is & linker species sslected from the group consisting of CRERY,
CR'R'CR™R™, and O; |

L* is a linker species selecied from the group consisting of CHa,
CH2CH,, CHCH,CH,, or CHCHLCHLCHG;

each of R®, R®, R", and R" individually is hydrogen or G alkyl, and

16 the dashed line indicates an optional double bond;

or a pharmaceutically acceplable salt thereof.

The present invention includes pharmaceutical compositions
comprising a compound of the present invention or a pharmaceutically
acceptable salt thereof. The pharmaceutical compositions of the present

20 invention can be used for treating or preventing a wide variety of conditions or
disorders, and particularly those disorders characterized by dysfunction of
nicolinic cholinergic neuroiransmission or the degenaration-of the nicotinic
cholinergic neurons,

The present invention includes a method for treating or preventing

25 disorders and dysfunctions, such as CNS disorders and dysfunctions, and
also for treating or preventing certain conditions, for example, slleviating pain,
hypertension, and inflammation, in mammals in need of such treatment. The

methods involve gdministering to a subject a therapsudically effective amount



wherein 10each of R and R2 individually is H G ..e alkyl, or

aryl -substituted G ,.6 alkyl, or RL and R2 conbine with the nitrogen atom
to whi ch wbeytianessatt ached to forma 3- to 8-nenbered riPag/USMHIILOBI6BO Ng NMaYy
be optionally substituted with C1-6 al kyl, aryl, G .6al koxy, or aryl ont
substituents; R3is H C alkyl, or CG1_6 al koxy-substituted 15each of R4,

R5, R6, and R7 individually is H Cl1,6 alkyl, or d _e al kOXy; L1 is
a tinker specis€s. f he. 10, consi sting. of R9, CR8RIOCRIDR 1,
arid O; L20§§£§ﬁ$ﬁnegggg%ggﬁggggg %@?@3”%&%%%fﬁé”§f§up consi sting of

CH2, CH2a 2, TP CHpeis! cerrostpoheborpEszucipgsseln®t RB, R9, R1., and Ri11
individually is hydrogen petafida BbiMiptcafuichavdashed |ine indicates an
optional doubl e bond: K or a pharmaceutically acceptable salt thereof.

in one enbodi nERFTPPRYES s Hand R- is CL 6 alkyl, In one enbodiment, R3 is
Cl_6 al kyl® n one enkaditndginisnt efachproferRby=rRby inRadeattthddidndsssiH. | n one
25enbodi ment 1,...1,is CRBR9, and each of R8 andfe is hydrogen. In one
enbodi ment, L2°1s Cl-12CH2. in one enbodi ment, the dashed line is a single
bond. One aspect of the present invention includes a pharnmaceutical
conposition conprising a conpound of "t he present invention and a

phar maceutically acceptable carrier} On spect of the present invention

i ncludes a nethod for the tr@%;pen vention of a disease or condition
medi ated by a neuronal nicotini , specifically through the use of
non-conpetitive nodulators (e.g, | onpetitve antagoni sts), including
but not limted channel bl ockersi 'siqg the adm nistration of a
conpound of the present invepiion. ™LA one Rnbodi ment, the di sease or
condition is a CNS disorder. |In another podi ment, the disease or
condition is inflammation or an inflamuatory response. |In another

embodi ment, the disease or conditiol is pain. I n 10another enbodi nent, the
di sease or condition is necivascul gflzation. In another enbodi nent, the

di sease or condition is hypertension. In another enbodi nent, the di sease or
condi tion is ¥dther disorder described herein. One aspect of the

present ifventi on exRchirdesd s GaRicuanao APOUN b bhesRE@SERE, | Nvention for
t he preparatign, of aaﬁ%*rg% ! nt for the treatne 15prevention of a
- [

h ; t or :
di sease or col@t Bn %Wthéf‘%@ﬁ?@ﬁﬁmﬁp ‘“f*’ﬁ[’%y are attached

fo form a 3- to 8-membered ring, which ring may be optionaily substituted with

Cie alkyl, aryl, Gop alkoxy, or arvloxy substituents;
R’ is M, Cys alkyl, or O alkoxy-substituted Cq5 aliyl;
15 each of R*, R®, R® and R’ individually is M, Cy.s alkyl, or Gy alkoxy;
L' is a linker species selected from the group consisting of CRPR®,
CRERPCRR™, and O;
L* is a linker species selected from the group consisting of CH,,
CHCH,p, CHCHLCHG, or CHLCHLCHCHL;
20 each of R%, R®, R'®, and R" individually is hydrogen or O, alkyl; and
the dashad line indicates an optional double bond;
ora pharmaceutically acceptable salt thereof.
I one embodiment, R’ is H and R® is Cyq alkyl. Iy onge embodiment,
R is Oy alkyl. In one embodiment, each of RY, R® R® and R7 is H. Inone
25 embodiment, L' is CR®R®, and sach of R® and R is hydrogen. In one
embodiment, L is CH,CH,. In one embodiment, the dashed line is a single
bond.
One aspect of the present invention includes a pharmaceutical

composition comprising a compound of the present invention and a



receptor, specifically through the use of non-conpetitive antagoni sts, such
as channel bl ockers. I n one enmbodi nent, the di sease or condition is a CNS
di sorder .wOnoamapdser enbodi ment, the di sease or conditi ®ATIGS20mMfBBmAMAL i ON
or an inflammuatory response. In another enbodi nent, the di sease or
condition 90is pain, In another enbodi ment, the disease or condition is
neovascul ari zation. In another enbodi nent, the di sease or condition is

hypertensi on. L. t he di sease or condition is another
plmANAtOA) SIRA0LRERL,

di sor der descrl er e asp ect of the present invention includes a
conmpound of the 25%F%§@ﬁﬁDfﬁ@@ﬁﬁﬁﬁﬂ“ﬁﬁwﬂugﬁﬂ%@cﬁmﬂ%mﬁmw%Etherapeutlc

subst ance. Ong:Aspeck pretfé'ﬂ-ﬁ@n of NGLAHEE Sr SorRRAP YRty EReuBRASENt 1 nvention
for use in the treatne @gﬁntlon of a_di sease or condition nedi at ed
" seedlsely

by a neuronalmﬁﬁ@ﬁf?ﬁ? rougl derse A1 197 PRWPETHYR ModEEise of
non- conpetd t i deqy. ambagmpat&&e&ant@wmbmammanmxet ndelimiedeihannd! Rlotiaes, enbodi nent

the disease Oxon%qgg%;]EHeoé&iﬂ rfsitl%t(g\% ogl %Br[;sdc% th resr%*ig%r%%]rgﬁg? Zgﬁ%%lsgem the

di sease or condi't I n
anot her enbod#mersiment Hes Qﬂs@@agecmmg@m @ﬁé%dfscrge@am anotihan anot her

enbodi ment, thepdinSaRSee Qeds0RAEdRBN lsﬁnf&%@ﬁ&l&rﬂhfﬁﬁfﬁé@&y I'n anot her
enbodi nent, the disease or condition i s hypertensio n anot her

enbodi nent, tHEPUPLRABOBET Fobieedihe %’Seéﬁ%?h‘"é}”d@?)@isﬁi”d@r descri bed

herein. 40 ancPar bm@wffﬁéntdhéeﬁ&eﬁe dﬂboz@dﬁl@dhdzﬁ&ﬂ@scbi@ﬁidﬂd@ depr essi on,
i ncl udi ng mj ertg?5|8n, g;ta | e bowel syndrone
BTER

ssive or der
(1BS), incl udgf"“herg%g et ??ﬁ%‘%ﬁ“’ il 88% CR&NFE GUE bl adder (0AB)
and addi cti onﬁmwi@f&mﬁh@dimkhngﬁmi@ss&tanoim,erd:sorderdeé*dmee$mzrﬁae of the present

i nvention incl udes@@elAsp&&m@a@seﬂsﬁ@ﬁm@&&ﬁ u@m erma amzphe I The

follow ng definitions are neant to clarif
defined. |f athﬁaﬁs%m‘aﬁﬁf'%éﬁ?fﬁh%g@aﬂﬁ@wﬁ W’@ffﬁﬁ‘?fﬁs"@fé&ﬁ??ffﬁ%@lﬁi‘fwfdef| ned, such

term shouldl ngbyvddGocemsdiciaresr dondiabd Medisted Bak h@&ronéﬁ%ﬂﬁmar e used within

their accepted anln thro hout this specificatjon, the
preferred ﬁuﬁﬁ&ﬁ gﬁﬁﬁﬁﬁTﬁ§ﬁgWF ?%8%“%?BW§”EWPF$SH%£P§Bresented by,
for exanple, ﬂhmn@hba@%sdhbyé¢Mbmmmem thetippssctoo cantitah kyd C§Boup, as herein
defi ned, Cont&‘ rfﬁu% meP&bh .%d rEQm“tH ?‘53:; farSéHd?BE's 35%@%5{5} Lar

ternlnology mn or of ranges as well. Thus,
for exanple, @EemﬁWR@PWFﬁwpﬁﬁéﬁﬁ@mﬁhﬁﬁﬁﬁpﬁﬁfﬂbﬁﬁ@ﬁ@ﬁ@h@@owﬁﬁmn hydrocarbon

cont ai ni ngy ong phig. ﬁlaxotﬁ&réa%da{e@\me dasease or ARdiHSed herein the term"al kyl™”
refers to a straﬁght or. branched chain %grocarbon whi ch may be optionally

substituted, ViVF-HAITA B oGP e s RTibdtg tRATHA BEPHY &l | oned. Exanpl es
of "al kyl" ashypseshsher @i anotrac bribledimbu] thatesdetor bertitbed dnatheet hyl , et hyl,
propyl, |sopr££%gamiggggggépmn butyl, tert-butyl, isopentyl, and n-pentyl.
One aspedct of the present invention includes a compound of the
25 presentinvention for uss as an active therapeutic substance. One aspect,
thus, includes a compound of the present nvention for use in the treatment or
prevention of 4 disease or condition mediated by a neuronal nicotinic
receptor, specifically through the use of non-compstitive antagonists, such as
channs! blockers, In one embodiment, the diseass orcondition is & CNS
30 disorder. In another embaodiment, the disease or condition is inflarnmation or
an inflammatory responsa. In ancther embodiment, the disease or condition
is pain. v ancther embodiment, the disease or condition is
negvascularization. In ancther embodiment, the disease or condition is
hypertension. In another embodiment, the disease or condition is angther
35 disorder described herein.
Particular diseases or conditions include depression, including major

depressive disorder, hypertension, irritable bowe! syndrome (IBS), including



20As used herein, the term"al kyl ene" refers to a dival ent group, such as
"met hyl ene,” 'ethylene,” and 'ethenylene,” which refer to divalent forns
-CH2- , -wbl2e0HA9859and - CH=CH respectively, As used hereirns2aihe3teas m
"aryl" refers to a single benzene ring or fused benzene ring system which
may be optionally substitut ed, with nmultiple 25 degrees of substitution
being al |l owed. Exanples of "aryl" groups as used include, but are not

limted to, Q@%W diande ﬁr@‘ggfyﬁmh vé!’aagmemfgaﬁdea@% %ﬁ%@dac@d phenant hrene.

Preferabl e aryl rrn S ave Ive- t en- nenb used herein, a
fused benzene#iHgp %f@rﬁvé??@%‘hpassed within the term"ar yI " i ncl udes fused

polycyclic hydrocar@eé@ﬁ of @iFR)rdkenhRF:R i 16MGddsGl 30MYAERAaEDON Wi th | ess than
maxi mum nunber_ of nv:g?urmlatl ve doubl e bonds, for exanple where a saturated

hydr ocar bon rishg-% eyeF BT S such as a cyclopentyl ring) is fused with an
aromati ¢ rd ng (arylhg fdughg dsfirdiche pzenent forvdgrint butfrot inmit, frerterexanpl e, groups

o B T aannal d 26SRARNIIR ROY here AL B8 Rf) RS, SR Onby 2o, Tor

non-1limting exanples rona ene a onapht hal ene.

As used her erfﬁmﬁfﬁ@d{@rwﬁéﬂ?f%wa initef Beiget tﬁ“@sgreoﬁsﬂﬂ\!@iﬂat*emhere P. is alkyl
as herein defddgsled meanings. AS used herein the term"aryl oxy" ref ers to a
group -0ORa, where R ' | ﬁ%%gas herein -defined. As used herein "aMn. 0".

refers to a group “SNE g"%%h‘f‘eﬁ“"%t"%ﬁ’fﬁfeﬁﬁd PETERT @ FgER.
Addi tionaid y, sugsabsérbcbru:hterds Al mofepreebeeshy, @ar@xgﬁ@amépm wherein each of

R and Rb i ndiyj dual. K a . herein, when
ei t her Raor %%ii’s}d@%%@ %W%Jﬂl%@dwgd%aghs%chegneg %ﬁ%a%%h"%e referred to as a
"substit ut ed ¥R nungier offagroogaings. Slniier Raningody wihdomRbior gharl kyl , as an

"al kyl am no. Opr@@rré’&%ﬁns Qﬁmrr%h bs s SR P BRI eul éiﬁﬁlre;,yes%ggept abl e”

refers-to Carrier %% ent s)., exciplerit(s) or salt forms of the
conpounds of & HEGH @iE Ch?‘ﬁ%*@‘f’t*i‘WFPWﬁ’&P C%Frt@m%ﬁf?aft@lsmfé‘f%”tawﬁﬁ%e ot her

i ngredi entss of thexsfu@émwammeneﬁrmias@otrefeelwé ezra@wer grandrBg ch&€i pi ent of the
phar maceuti cal herej ceuti cal

conposi ti har
conposi ti on" %}ygrf’é'?@m @'hg%f%ob&%’dﬁ%%fd%ShteﬁzfieV %\‘W&M‘%@ opt i onal Iy
adm xed wi t h sohetitgion rimmeaﬁm‘mdrrﬁeau?iwaﬂ”ﬁwiamﬁabﬂe@ rm:a.rde; erts, diluents, or

_exciprents. FOALITRRENL fRln CORDOSLL J0DdLLBEAN VodiNeRiblyp degree of

stabilityto environnental i ons emsultable for
manuf act ur i nds%a"ybéfﬁﬁ’r%%‘i %%I i zati on purposeS,' 20As used herein, the terns

"ef fectiva amount "as usédedraRaHE teEmaMRIEHE" rafers to a divalent group, such as
“methylensg,” “sthylene,” and “sthenyiene,” which refer to divalent forms ~CH,-
o ~GHo-CMe-, and ~CH=CGH- respactively.
As used herain, the term "antl” refers toa single benzene ring or fusad
henzene ring system which may be optionally substituted, with multiple
25  degrees of substitution being allowed. Examples of "aryl" groups as used
include, but are not iimited 1o, phenyl, 2-naphthyl, 1-naphthyl, anthracene,
and phenanthrene. Preferable aryl rings have five- to fen-members.
As used herein, a fused benzene ring system encompassed within the
term “aryl” includes fused polycyclic hydrocarbons, namely where a oyelic
3G hydrocarbon with less than maximum number of noncumulative double
bonds, for example wheres a saturated hvdrocarbon ring (oycloalkyl, such as a
cyclopentyl ring) is fused with an aromatic ring (aryl, such as a benzene ring)
to form, for example, groups such as indanyl and acenaphthalanyl, and also
includes such groups as, for non-~limiting exaraples, dihvdronaphthalene and
35  tetrahydronaphthalens.
As used herein the ferm "alkoxy" refers {o-a group -OR?®, where R®is
alky! @s herein definad.



and "effective.dose".refer to an anount of the conpound of the present
invention sufficient to elicit the desired pharnmacol ogi cal or therapeutic
ef fects, wohws/messal ting in an effective treatnent of aPrdiraseaen376é3s eat ment
of a disorder nmay be nmanifested by delaying or .preventing the onset or
progression O the 25disorder, as well as the onset or progression of

synpt ons associated with the disorder. Treatnent of a disorder may al so be
mani f ested by a degr, [Wag¥ i f . By I r

of progressi on of gﬁg%%??g@ﬁﬁ??kﬁﬂlﬁ@F%p§§3§ﬁ§¥§@h§?5§dﬁ@%&ﬁﬁ%%On to the
wel | bei ng of @%irs Ns&tn @8ihed.The effective dose can vary, depending upon

factors su;:h ﬁs t_hi%use@@ez‘é@xngﬂnhiﬁor@féﬁsftothnﬂﬁlv$F€RE1w§iﬁF@a&Hﬁ%€ﬁ4 ty of lthe
synptons of the disorder, . the nanner in whjch the pharnmaceutica
conposi tion iimb%’rff ﬁfcg?@‘e%gg“f‘ffﬁﬁ%a YEgtituied Aoy ERTRIGA €PEY in an effective
dose, conpdund&’Rbyhdeinaddi ofiféted 8dindmidanivasreitargfikfi essyit ban 5 ng/ kg of

tient weight.. . The. X i t f |
Phan. " about 10sed FeEEMBELRE TR AT AEThAL BFIsER Al 30 BT koo o

pati ent wei ghte refmgdfiupt hevbgatsbaminabuuer xanglkkiRtioHlzed & ishan 100 ug/ kg of
patient wei ghiy thant-akegehng effective doses typically represent that
amount that may be administered as a. single dose as one or nore doses

or
that may be adni ni A EEEdeEelne Y PiRsTIAec Rl geceptable” referp fo conpounds of
this inventi Omri‘mm},bﬁu-ﬁrﬁdﬁehﬁbifﬁxt(‘gmﬂs%}t%rmﬁ ofmeé BadsountiNe thedi ngh hod
wel | -establis syt het i,c. net Sl lLustrative gener synt heti c net hods
are set out b&%g%ﬁ}ggmt% hghﬁ“ %%ggﬁp?i&bgec%‘%ﬁﬁﬁﬁgrE8$re’$*ﬁ'é'bgﬁh%enti on are
prepared in tsnuigiokiang nExcainriess to the recipien] of thephasreneplices descri bed bel ow,
protecting groyRsshgs sensitive or reactive groups are enployed where
necessary in accordance with general principles of synthetic chem stry.
Protecting groups 2 SeRaREFuNatEe HeeoreR e comeesiraaed erhods of organic
synt hesi s1§ T. cofboufal 6BRe BRcPinvéatiod OMionWilt S1-(kA98h et @etdd Ng G oups in
Organi c Synthesi s 3%;9 ”Ediqti p@, John %I e% & Sans “3’? ein i_ncPr por ated by
reference wit B GgEFICT 8 SPBPRECPING P WiGPE) " SFHEYs gPETFEeWra r enoved at a
conveni ent st agepoetfictspefcchpeuntit s yadrbesi Sahilgi ngnwenheds! t hat are readily
apparent 10 tH9%RoNd 480 rlofe 1 Aidoie HiRaRBLAGHAROT Processes as well as

the reaction conditions and order el'r execution shall be consistent
with the prepaat¢oRiGHOTCRIMIGERDS of the present invention. The

present imyention & &edpeew Heserds B0 &Qunt heeREREMSn@f conpounds
useful as inter ’\ﬁql"at?eé int h? r erﬁar ation of CO”HPHndS of the present
i nvention al off R RETROEE 17" TR OPe parR R MOBFAE conpounds can be
prepared accoindentign twfididre tonsiitinibe sesledphidedolbgita o tsispguticediehdy avai | abl e
starting mat efhhéle%u:@%gm raﬁ%ﬁ&!%&.ﬁuedtéﬂeﬁt%??%isEa%%E tw'ré’é?@em‘é% h%{%&% may be
enpl oyed whi ch are nsel ves known to those of ordinary skill in this art
but are not d&eyps pedifgsieddudaipyingermeventing the onset or progression of the
25  disorder, as well as the anset or progression of symptoms associatad with the
disovder. Treatment of a disorder may also be manifested by a decrease or
elirnination of symploms, reversal of the prograssion of the disorder, ag well
as any other contribution to the wall being of the patient.
The effective dose can vary, depending upon factors such as the
30 condition of the patient, the severity of the symploms of the disorder, and the
matner in which the pharmaceutical compuosition is administered. Typically,
to be administered iy an effective dose, compounds may be administered in
an amount of less than & myg/kg of patient weight. The compounds may be
administered in an amount from less than about 1 mg/kg patient weight to
35  less than abouwt 100 po/kg of patient weight, and further between about 1
pg/kg 1o fess than 100 ugfkg of patient weight. The foregoing effective doses

typically represent that amount that may be administered as a single dose, or



Unl ess otherw se stated, structures depicted herein are also neant to

25i ncl ude conpounds which differ only in the presence of one or nore

i sot opi cavbyorarmpsshed at ons. Conpounds havi ng t he preseRrCTAIS2MA08TE0 except
for the replacenent of a hydrogen atom by a deuteriumor tritium or the
repl acenent of a carbon atomby a 13C- or '4C-enriched carbon are within
the scope of the invention. For exanple, deuterium has been wi dely used to
30exam ne the phar pnet | n ahol 1 sy Lologlieal Iy active
conpounds. N?%@ﬁegﬁ gg%?ée%rglv E‘%nﬂlg%ﬁgev@@?%‘ﬁz({%% %‘ghﬁjy%géor%g‘n froma chenical
perspective, ther el"&emsPgnE Pl lbamvedionfresidiroeeds ty soeweyeher gi es and bond

| engt hs bet wegBiadd eulugink Wak-e3ENAR- ARG AN Rl HlLaE8R: gakhon bond.
Consequent |y, ‘rﬁ@__acenent of h .dr?&eﬁp b% deuteriumin a biologically
35active conpBUHEFIREGIPESTP £e4 N RECHRYFOTRUSRITLE cgaREF PY "% etains its

bi ochem cdl pateticy a@ndiseldec thiewickingoEtanmni f ests significantly different
absorption, distri i i.sm_andior. etion (ADM E) properties
conpared to its i gg%%ﬁ%%’?;g%&%ﬁ%ﬁd?gﬁgr E.%tefgi@ég%’l}?%%néﬁesﬂﬁbsti tution may
resul t in i npieevitrd sthupgiefeniniaey vheahetsssamiiotaerdeatearittgentel for some

bi ol ogi cal Iy gélipls QBRI GRmistry. Proteclior6QRRPLRIS @bl he present
invention may crystallize in nore than one form a characteristic known as
pol ynor phi sm 4RSI HepEIrYyREHERT ¢ FEirsSY et a]mﬁ\f- pheenangFeGai t hin t he
scope of thhe presentodoneemansHbes ot phd smigenesaklyorcadghroccur as a
response to changes in tenperature,  pressure.. or both. Polynorphism can

al so result f%ﬁ? T ?Sap?%"r?sinﬁoﬁmf%%d %’&ﬁ%ﬁ‘?‘é{icfeiw}tgﬁggﬁa tBFS“é%@%?y Pol yrnor phs can
be di stingui stredeshylhess grous rhysived alduhasset erpstibschkmmandin the art
such as x-raysdidetkachs ARiBad hafde rer?ﬁﬁ{} éb%}én{%m&egﬁg&; | b0l ht -

i
Certain of the conpounds descri erern contain r nore chiral
centers, or nHYE SRENGISECEEEE ap uBl & BF reeiYt saigilians FYINdsHPe st er eoi soner s.
The scopet®f hbeeficas@thal BYeMbkRA: ditchslgepaiiod dcespQfnas bargoi soners as
wel | 15as purified. enantioners or enantionerically/diastereonerically

enriched m xt UPEEAFEE™ ncl uded within the scope of the invention are the
i ndi vi dual i soner sThefprdshet lvenolrsrodirsesedhediobipe chehdsdaratul ae of the

present invention,, el Lo as. ANy i jbrated m xtures
t hereof. The %%@g}gﬂ@%@enstiﬁ%h aidst%mﬁlglc%d%ggé&%y ?Aﬁﬁﬁé@}?%hgglﬂei soners of the
conpounds 20r BpP% Bieréian Bipng with methadl fasthabewreagionr xtures with isoners

t hereof g which ong BfpEPKE cEbd SFhpHENERLRIIRS S tHeWBRdRGescribed  Wien a
conmpound i s de§| red as @\ Si H%Le enantioner, such may be obtained by

st er eospeci f i Y HYPEEPL!Y By EPESETIGIMHITEIs 1deq9eAst HP8¥uct or any
conveni ent i ntcecivedivatisnts oay byeoployealwhidhraoeticogelagiinowmes fosksofas are known
25in the art Bagsol b oMnR%bakEarl hoR¥es M0 HClemdll,d Nt er medi ate, or a

starting
Unless othenwise stated, structures depicted herein are alse meant i

25  include compounds which differ only in the presencs of one or more
isotopically enriched atoms. Compounds having the present structure except
for the replacementof a hydrogen aton by a deuterium ortritium, or the
replacemeant of a carbon atom by a "C- or “C-enriched carbon are within the
scope of the invention. For example, deuterium has been widely used o

30 examine the pharmacokinetics and metabolism of biologically active
compounds. Although deuterium behaves similarly to hydrogen fram a
chemical perspective, there are significant differences in bond energies and
bond lengths between a deuterium-carbon bond and & hydrogen-carbon
bond. Consequently, replacement of hydrogen by deyteriuny in a biclogically

35 active compound may result in a compound that generally retains fis
biochemical potency and selectivity but meanifests significantly different

absorption, distribution, metabolism, andfor excration (ADME) properties

«©



material may be effected by any suitable nmethod known in the art. See, for
exanpl e, Stereochem stry of Organi c Conpounds (W/I ey-Interscience, 1994).
The presew0d 20nvesgsvon i ncl udes a salt or solvate of thePcomsounas7éber ei n
descri bed, including conbinations thereof such as a solvate of a salt.
30The conpounds of the present invention may exist in solvated, for exanple
hydrated, as well as unsolvated forns, and the present invention

encompasses aldnshetl Ol bpe DA Ca}%ﬁ e AobeARS St Bl phfie Salts of the

present invention are ceu Ie sa art s enconpassed
Wi thin the te’ﬁhﬁ‘@%"@)ﬂiﬁ‘r‘ﬁ?&%‘&ﬁf EaY: I‘*?feé/c@ef&*’é@ﬂéb@falﬁl§‘5m¢ef er to non-toxic
salts of the &@@@;QQQW@%MB@@MQ nvention. Exanples of suitable

phar maceuti cal | y ac abI e sﬂnt s include inorganic acid dd| tion salts

such as chlori de a%mdga aQPES PR HRE Y Ef’”ﬁ?f"‘r”é‘fré #rganic acid
addi tion sal tasn\,s‘u@h aa&amcﬁenﬁtemovgadsamyafoaﬂmm [0 pionatyeongitcci nat e,

| actate, 91 YORR! oo IALAL e AL 18 o Gl ecrl pal-AgL e, Furnarate,

nmet hanesul f onat €, esu salts with 5acidic
amno acid s&éqiyfe@p?asrpem%@ib caﬂdccgrra&armpeﬂsearh Rerigesmptiethpsailites such as

sodi um sal t afdspel @ﬁ@dwmmrfm%@ LB rBAf fdn MBIAbnSRYS Such as
magnesi um salt and cal ci um sal amoni um salt; organi c basic salts such as

trimet hyl am nidysdaiizeion pipeashy PR PENSEANEE JRfppyised bY XpToUs BPYSHA ne sal t

di cycl ohely| adraisreistabnoand it dichapzyhetiutipnediant Reusalt ; and sal ts

wi th 10basi c ahrgi]!néqt acid,such as lysine salt and arginine salt. The salts
may be in sone o égﬁ%}‘ rates or ethanol solvates. Those of skill in
the art of organi cecthiomf Serpmppinids dppriedl laren thdéinwoe er hbrashionie systematic

name can be gée\‘:{-’e'ﬁs tchQ?B%e%&%'c%p%@%%ﬁ&s agﬂ%@mﬁg% ng% ge present

i nventi on shoul d not be consi dered arit to the several
potenti al namEgceemefdhr prasmnt E?Eﬁ%ﬁipibl”émﬁ%}“rmﬁwgisr%ﬁ%’&?ﬁ?@@emlﬁS weftener al

Synt het i C“EHVEtMﬁzﬁed enani:onTéﬁ@5;%@Kﬁdnﬁ@da?iy)ﬁiaésf&@ecﬁ{etncﬁﬁ ¢aR@api ¢ synthesis will

appreciate that, ther S ns o roduc ounds of the
present invent! ’ﬁ*‘g é‘%%?’*éeﬂgl%{\@é‘%s%fg%ﬁ?gfﬁ?eo‘a ﬁ@a’(‘?d%‘r%'gﬁ‘ﬁ‘a of the present
i nventi on whiistmas ef iB8kabeleds wixtcheded dihofsolbpef Gpprespnti ate t o vari ous

uses. One meapg..of agmggg Q@E@%gg%%%%mﬁ;m?m@aéﬁ%@ﬂ% h&%gvnhkon Is outlined

in Schene '| (see nt h nor bor nanone)
can be al kyl atresprajadiensise Hoiipes loainBiRyel isonms vidmatamapundisi ng t echni ques

wel | knovem t OrehRe8R:Phy BKdrhubdaddl@ a8 iixt@hs AHIRAWEs MRSl Sen
" one-or more chiral.centers are inverfed.

When g compound is desired s a single anantiomer, such may be
oblained by stereospecific synthesis, by resolution of the final praduct or any
convenient intermediate, or by chiral chromatographic methods as are known

25 inthe art. Resoclution of the final product, an intermediate, or & starting
material may be effected by any suitable method known in the arl. See, for
example, Stereochemisiry of Organic Compounds (Wilsy-Intersgisnce, 1004},

The present invention includes a salt or solvate of the compourds

herein described, including combinations thereof such as asolvats of a salt.

30 The compounds of the present invention may exist in solvated, for example
hydrated, as well as unsolvatad forms, and the present invention
encompasses all such forms.

Typically, but not absolutsly, the salis of the present invention are
pharmaceutically acceptable safls. Salls encompassed within the term

35  “pharmaceutically acceptable salts" refer to non-toxic salts of the compounds
of this invention.

Exampies of suitable pharmaceuticaily acceptable salls includs

10



25Typically, treatnent of the ketone with strong base (e.g., sodium

hydri de, sodi um al koxi de, sodium am de) to forman enol ate internedi ate,
fol | oned W9 2011gi@bssent wi th an al kyl halide or sul f onat e pCirassesie®3fea¢ such
transformations. Under certain conditions, the al kyiation can be perforned
wi th an am di hal oal kane (such as 1, 3-di bronopropane), such that a spiro

| i nkage is 30fornmed. While Schenme 1 shows the formation of a

spi rocycl obut; LCor | ) i N0, Si.zes_ (.,.0. ocycl opent ane)
are al so accei@?%figﬁgwg s%%snsh@% ?gé?}%&s%i %rgjhéﬁt%hﬁégfgi& W-oéﬁ%t{ ‘oal kanes. The
car bonyl f unc¥idotiEdid: LiasaRcHdEeueaTE Fychse ccellrestiedarbist o an exocyclic

et hyl ene ( Cogrpgue, |sh&r)ﬁatéJ%dt@e Wy%& ét@ rﬁ&éie%*ﬂr‘ai@h@%) m&BegRl stry. Treat ment
of exo-met hy Iene 35conpounds @é '%1“ ani-d ( sim| ar reagents,

such as thi acfy@ﬁ?rfeeg)et 11?.503%%81?”!3&& gy %C%FT& s88 W ovi de the
correspondi ngadtidat &rhids ycif @nmﬂpamwﬂmammiﬁismmea& Koown as the

Ritter reactl Wt %%%Hg p%)tngs}_li?% sgig%ikaime eaaq?i m ta?a’agtgg%ﬂc S%‘ﬁ}l’l!%%ﬁ%g:ua hydri de

reduci ng agenﬁ suc M aum h
bi s( et hoxyetwdiﬁwi adleiinrseith Sy denivie saligprgesic b*ﬁe: wie pedpendi ng secondary

am ne, Conpougghe h\,/amﬁle 8k riﬁéth}){ﬁhxe s@#?ﬁh!n@éﬁﬁ% icdnLROor nanones can al so _be

used as 5 starting materials In ransfornmation outlined in Scheme 2.
Thus each of ‘E&%E’fﬁ%f@r ’”ﬁnﬁﬁL@%ﬂh@i?erﬁﬂﬁ@}’i“%@ﬁﬁ%’f‘%ﬁaﬁf i sfaritabl e) can be

transfornd itk Hiies &0 SRABE §sPE stioARAHGMNY salOheakhane: gt arting
materials can_al so be nce, the honol og of 2-norbornanone,

bi cycl of 2, 2, 2]0E4AR>: Wﬁéa?es %ﬁ%@oﬁﬁdéeﬁy hydr ogenati on of
bic....yclo[ 2,2, 2]ibets F-seifiithoad of ythivchchekGstiy nvilt apprecegnthbenorade by

procedures i g o SRR Rkl Shel By bz ke kimadoSo esi na, I Org

Chem 48: 1000-1 el n 1 ncorpora with regard to
such reacti orﬁCOS?ﬁﬁtF%?ﬂeWmW@%@BPEW @F?Q%‘]ﬁ*ﬁ%ﬁ‘iﬁm@rﬁ‘@@%‘n@msproduced as

descri bedisdy BhiacCievanfhvaasl nanH@:J donvdaltblidhosABk fortifs cokfbbdnds1984) , herein
i ncor por at ed r ef Len reg ard to such reaction, 15can be
Segrr syieuphe

hydr ogenat ed 1 8[2 2. 1j hept an- 2- one. Each of these ketones
is a potenti al sta‘mbamg(aiiﬁatrﬂneah af@gamrxwﬂﬂmm’mu;un&c&temh;hiam(aréo t hose shown

in Schenes 1 i I on ity can be
instal |l ed u&%‘r&qg‘%ﬁﬁg meagbgig%_'g coﬁﬁ% 88{1}{3%?%?’?%3@% U%J reaction of
3- et hyl ene- Zﬁ?ﬁEZﬁﬁmﬁﬁéﬁmmmﬁﬁ PW%HWWI‘W@W@WW@%é’hm’@@ence of

zi nc- coppay CatlLwig é’a%%aotwtoge appmr«na‘te to various uses,
spi ro[ bi cycl o[ 2. 2. 11he%d_lane pr opan one, which can then be

tranfornmed into cé?ﬁ?dﬁ §OBFFFOF‘PFé”Qr%?@ﬁW“ﬁﬁ@@%tpfeéﬁ“td?‘ieﬁ‘% g reactions
al ready descréutedd inGaoneaiert (8¢ Bt Emswe?mnﬁ@tmmr enpounds are known

inthe liter \ nt hesi s of
conpounds of q%%%‘ﬁnaq‘%g@acgﬁt%e EE( @%ﬁ%ﬁﬁce@éﬂ%e g rﬁ'ﬁsﬁ'ﬁ%ﬁ@%"“&@%m and

Pi nconbe, Ausiephahues:hemncﬂm to §w8e 5Kl (r107 4)t of brgsmé synitresisr por at ed by

ref erencepai tﬂfpfcggﬁgrgai%@ntséﬂ@% HeRAE WitR Brrona@LRR Al Ve A t%e”Ch as Conmpounds

IV and V, can ‘be converted into tertiary am nes throu I nter nedi acy of
ani des and catI9iFpdleRidestrriisamigelit &nmisaieneriedtaeimd ‘%ﬁ fdlgepd Bonmpounds wi t h

di -tert-butylisdivaarbanat aiky halide or sulfonate, is used for such transformations.
Under certain conditions, the alkylation can be performed with an o, w-
dihaloatkane (such as 1, 3-dibromopropane), such that a spiro linkage is.

30 formed. While Scheme 1 shows the formation of a spirocycinbutane
{Compound #}, other ring sizes {e.y., spiroeyclopentane) are also accessible
i this manner, by using other gw-dihaloalkanes. The carbory! functionality
can subsequently be converted into an exocyelic methylene (Compound 8,
using Wittig {orequivalent) chemistry. Treatment of exo-methylene

35 compounds with hydrogen cyanide {or similar reagents, such as
thiocyanates), in the presence of strong acid, can provide the comresponding

tarttary formamido compounds, in @ process known as the Rifter reaction.

11



and lithium alum num hydride will produce the correspondi ng N nethyl
tertiary am ne. Schene | A [--NH \\ \ CH2

Nor canphowoO 20M/14985% 5 Canphor The i ncorporation @®CTAsealB530
radi oi sotopes is al so possible. For exanple, reductions of am des and
carbarnates with lithium alum numdeuteride or lithiumalumnumtriticie
reduci ng agents can produce N 10trideuterornethyl or N-tritritiomnethyl

car bonyl " car DaaelSH kR Al i iyl SR BRI R, oW th
li t hi um al um UMY @rdem Ridite produaebizmeiniiahonyelmine ydode, 13C, or 140
atom respect ivltys cdrReAGRMAEE hda Rk €QFROS At on of specific
radi oi sotopes is often . desirable in the preparation of compounds that
Alterngtively, aubstituted Zun‘orbomc.non 2 Can also be used as
5 starting materials in the transformation outfined in Scheme 2. Thus, sach of
D-camphor and L-camphor {both commercially availabls} can be transformed
inte sterenisomers of Compound ¥. Other ketone starting materdials can also
be used. Forinsiance, the homolog of 2-norbornancns, bicyclof2,2,2joctan-
2-one, can be made by hydrogenation of bicyclof2 2, 2]Joct-5-en-2-one, which
10 inturncan be made by procedures similar to those published by Kozikowski
and Schmiesing, J. Org. Chem. 48: 1000-1007 (1883), herein incorporated by
reference with regard to such reaction. Similarly, 7-oxabicycio]z 2. 1]hept-5-
en-2-one, produced as described by Black and Vogel, Helv, Chim. Acta 67:
1612 (1984), herein incorporated by reference with regard to such reaction,
15 can be hydrogenated to give 7-oxabicyciol2.2.1}heptan-2-one. Fach of these
ketones is a potential starling material for tranformations similar to those
shown in Schemes 1and 2.
The:spirocyclopropane functionality can be installed using Simmons-
Smith and similar chemisties. Thus, reaction of 3-methylene-2-
20 norboranone with diliodomathane in the presence of zinc-copper couple
gives spirofbicycio]2.2. 1Theptane-2, 1-cyclopropani-3-one, which gan then ba
tranformed into compounds of the resent invention ulilizing reactions already
described, Cerlain spirocyciopropans-coniaining compounds are kniown in
the literature and also serve as a starling point for synthesis of compounds of
25 the present invention. See, for instance, Gream and Pincombe, Aust. J.
Chem, 27 543-565 (1974}, hersin incorporaled by reference with regard 1o
such reaction.
Secondary amines, such as Compounds 1Y and ¥, can be converted
into tertiary amines through the intermediacy of amides and carbamates.
30 Thus, sequential ireatment of such compounds with didert-buty! dicarbonate
and {ithivm aluminum hydride will produce the corresponding N-methyl tertiary

amine.
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15are to be used in a diagnostic setting (e.g., as inmaging agents) or in
functional and netabolic studies, IL Pharnmaceutical Conpositions Although
it is poswOkba/me8sadm ni ster the conpound of the presenPCirrsentiodrsé n t he
formof a bulk active chemcal, it is preferred to adm nister the
20compound in the form of a pharmaceutical conposition or fornulation.

Thus, one aspect the present invention includes pharmaceutical conpositions
conpri si ng on%i%rpﬁpge conpounds of Formula i and/or pharnaceutically
accept abl e sal ereof and one or nore pharnmaceutically acceptabl e
carriers, diluents, or excipients. Another aspect of the invention provides
a process for the preparatio of phar macefit i al conpositign i~cl udi ng

adm xi ng one or.{nBLe conpou ormul a | andy r/pharnaceyp al |
acceptable salﬁs t eree#»mhi. of e or -Aefe jw%q ceutrea#ly éig bIe
carriers, di | uent \or exci pi ent The nner in which he onpound

of the present invention is admﬁnlstered can vaHy The conpound of the
present invention is preferably adm nistered orally. Preferred

phar maceut i cal cénposrtlons fdk oral adm nistHhation include tai ets,

capsul es, capMNet8mr§)t ups, sol utions, and suspensions. The pharnaceuti cal
conpositions of the present invention may 10be provided in nodified rel ease
dosage forns such as tine-rel ease tablet and capsul e fornul ati ons.

The pharnmaceutical conpositions can al so be adm nistered via injection,
nanely, intravenously, intramuscularly, subcutaneously, intraperitoneally,
intraarterialE@haﬁgzathecalIy and intracerebroventricularly

15i ntravenous admi nistration is a preferred hod of |njept|on Sui t abl e
carriers for fﬁp Ction are welt” known to thoge of skill |n art and
i ncl ude % dextroge sol utions, &ga[rhe and pht

sphate buf f eredlisa
The formul atiops ay al so be’advknjstered ueﬁn f her neanz;éi?l xanple
rectal admini st T?on““Fbr 4 ons usef ul ?DKnR al™"adm ~agjlon,
20such as supp sitipries, ar€ well known to‘t hose bf skill i'n the art The
conpounds can al so¥be adnlnlsté?ed by inhal ati on, oy exanple, in the form
of an aerosol; toplcally such as, in lotion forn1 transdernmal |y, such as,
using a transgﬁ L, patch (for exanple by usi ng technol ogy thit is
coTlillerkia y avarlable from Novartis and Al za Corporation), by powder
injection, or by 25buccal, sublingual, or intranasal absorption.

Phar maceut i cal co@@@imimrmiomﬁﬁpbe'ﬁd rarinisblapesds piso pristbleldse f or m or in

nul tiple or subRie (HOSBRs of amides and carbamates with lithiurn aluminum
deuteride or lithium aluminum titide reducing agents can produce N-

10 trideuteromethyl or N-tritritiomethyl amines. Aitemativeiy generation ofan
amide or carbamate, in which the carbonyl carbon is an ¢, "™C, or ™C atom,
followed by reduction with Jithium aluminum hydride, will produce ah amine
with the "'C, *C. or "¢ atom, respectively, incorporated. The incorporation of
specific radinisoiopes 5 often desirable in the preparation of compounds that

16 are to be used in a diagnostic setling (2.¢., as Imaging agents) or in functional
and metabolic studies.

{il. Pharmaceutical Compositions
Although it is possible to administer the compound of the present
invention in the form of a bulk active chemical, it-is preferred to administer the

20 compound in the form of a pharmaceutical composition or formulation. Thus,
one aspect the present invention includes pharmaceutical compositions
comprising one of more compounds of Formulda | and/or pharmaceutically
acceptable salis thereof and one or more pharmaceutically acceptable

carriers, diluents, or excipients. Anotheraspect of the invention provides a
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The adm ni stration of the pharmaceutical conpositions described herein can
be intermttent, or at a gradual, continuous, constant or controlled
30rate. TWo 2phiapsseeuti cal conpositions nmay be adm ni st ecedSbar1A316a0 m

bl ooded animal, for exanple, a mamml such as a nouse, rat, cat, rabbit,
dog, pig, cow, or nonkey; but advantageously is adm nistered to a human
being. In addition, the tinme of day and the nunber of tines per day that

t he pharnaceu ’ 35The conpounds of
t he present hﬂ/gﬁslfﬁgi@r@% b%ét% G p Qﬂa}%&%gégﬁﬁ@% ﬂ\{%t}ép\%rl ety of

di sorders anda@@‘ﬁ’dﬁ?T%@fsm%l'ﬁ@ma@m%@frfomﬁlﬁ35@’@@@&*’@:@9@?@% nation with a
variety of otheg Hibtsazmtse@@am%%r @o&%ﬁ?%o@%ﬁw accBohile  treatment or
prophyl axis of those disorders or conditions: Thus, one enbodi nent -of the
present i nventdBHSi HF ¥ FRE Sdni ni stration of the compound of the
present invention Tha rcaombi sﬁmlr@mmdrﬁpoohmﬁrihéﬂsreﬁeazpauéntsﬁq Ez.orrpounds For
exanpl e, the ent ntion

conbi nati on Wg%”ﬂ%iéﬂe% C%klNéﬁl T% &? é‘ﬁé‘ﬁ‘% re\?%?ténﬁff%tlmﬁ 5”6 Eéﬁ%fj steric

modul at ors of aw\l%tﬁffairﬁmftvxif’dﬁm@ mwgumveats»aface@owamscf@rler%cavengl ng agents),
ant i bact er | al - AGRRLSioh Sikhe AHRERLELI! bRt LILAL LagknsaRkI viTal agents

(such as nucl eosi de ana 0gs, dovudi ne and acyclovir), anticoagul ants
(such as war f 8#5PR)siongnt e P‘Fﬁ“[“é?ﬁﬁ“ﬁ%% P?m%féﬁf*%ﬁf(‘%%%" RS INNEHiPEYRY

anti - pyr etd csve 3Qa0&d g 5@ raRRs ibeidedimisSuaadgndierdsd RoBUSGE! Y)

acetyl chol i nester!a e inhibitors (such as donepezil and gal a.ntarnine),

anti psychot i c¥ D(Sge CH“&@ "Hat operidol, ciozapine, olanzapine, and

guet | api ne), i mmn“ﬁ?empmnsessf&atwﬁ@sat@aa;sh elgc bespomisterahndz met hot r exat e) ,
neur opr ot ect i S, (5 tyé;p“ ASi nes),

corticosteroi é‘%ﬁ‘?&enﬂﬁm %ﬁﬂ’{%& IH i > 3 ﬁggﬁ%ﬂsngd hydrocortisone),
vitanmins, m nBFapasiongaityr akeaierialy §1iafﬁﬁﬁ'$‘¥ aﬂéﬁ‘ﬁ"é%%%‘?ﬁ?‘@“(%lﬁ’éw as imipram ne,

fl uoxetings pﬁafn@@@abb@&imz%ﬁéﬁ%ﬁks%r@@re@%{%{oébf iﬁﬁ@ti@%eﬁh@éb@é“ ne, and
dul oxeti ne), anX|o tic iro

such s al prazol an
ant | convul santE TS (M SEoLAB AR BT S GRRARUT P DALGARESFor s (such as
prazosi n and sédrdensfiitb)s, saledarst bk priazensfe(edyelineas val proate and
20ari pi prazol e), I at ves)
anti hypertensive :ﬁ%n?rmgr;suc rq%ggg% gémi}%rﬁ%%iﬁag{% Me% o&”
verapami |, anexeyiite swal amninisiratont Fv@wfat@ﬂ%@ﬁ@f%ﬁ*f@iﬁéﬁ@ﬂinﬁtfﬁmt| cs (such as

f ur oser ni gg) s@mtalssﬁmﬁmies%@@au%maa%gé/s#s@mm@émamﬁa dyski netic
agents, and anti-ul cer nedications ésuc as _ esorneprazol e Such a

combi nati on of " PHEPFECERICE XU T &Y $EF g ©F W%‘“‘e{‘a {%st er ed

t oget her or semrg&mbyto@méuy mﬁrasasdmnan &ﬁﬁf%a@@ﬁ%ﬂﬁb@ﬂh}%ﬂ arﬁifg ni stration
may occur t ny..order. T amounts of the
conmpounds or age g%ﬁ%ﬂ%{: gfur&?rggi% ij@ﬁ %’lt%éhgﬁ@? % Hﬁ?@r‘pf’iﬁ%i!on will be

sel ected i n ofddable boraé\WN@rWanmzad@snm@domHafrmpgeﬁtsmect@ﬁfmrdtfv. The

adm ni stragi op,d.B G RAL 1ggga,%ga%bg&gmund of the present 30invention with
ot her treatnent ag?ent S ma be 1'n conbination by adm ni stration

conconmitantly in E"f)“m%% § eyrosiaiaeeli PRy 2tebRpEE Fe3EdA™-REl udi ng bot h
conpounds: orm(ra),;;g;s@pa-,umﬁ q@@@g maceut i cal conposi ti ons each i ncl udi ng one
of the conpounds terna e conbi t| on e ni stered
separately in a se@lﬁﬁq ﬁ”‘iﬁ‘ﬁh%éi?e %‘ieﬁl‘ %‘“’r‘f&oéﬂ? ‘ﬁe{scr&)&g]n

herein can be intermittent, or at 2 gradual, continuous, constant or controlied

30 rate. The pharmaceutical compositions may be administered to @ warm-
blooded animal, for example, a mammal such as & mouse, rat, cat, rabbit,
dog, pig. cow, or monkey; but advantageously is administered to a human
being. Inaddition, the ime of day and the nurber of times per day that the
phamaceutical composition is administered can vary.

35 The compounds of the present invention may be used in the treatment
of & variety of disorders and conditions and, as such, may be used in

combination with a variety of other suitable therapeutic agents useful in the
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35is adm nistered first and the other second. Such sequenti al
admnistration may be close in tine or renote in tinme. Another aspect of
t he presew0d20nvesgsvon i ncl udes conbi nati on therapy conpCIraisngr1/037630

adm nistering to the subject a therapeutically or prophylactically
effective anmount of the conpound of the present invention and one or nore
other therapy including chenotherapy, radiation therapy, gene therapy, or
i mrunot her apy, i i ositions The
conmpounds of t{ﬁgn%v?{gr%@%ﬂﬁ%{?ﬁw}l&%%of@ u‘g@g%%?}q”%g%r evention or
treat nent of %i?qdémﬁs’ﬁeﬁh%lpﬁeﬁﬁﬁﬁ?v@mtﬂodli%ﬁééﬂﬁafdmiﬂiiifxﬁﬁi!w?(ﬁlmer types of

ni cotini ¢ conpeyadsd O\ﬁaﬁ@%@m%sﬁaﬁﬁﬁ%nﬂ{na@é@wmmﬂtaé?"&%taéjsef ul as
t her apeutl CS, such as di sorders fl ammati on i nf ['anmat ory response

10associ at ed SAHHRUBEC F8F PR PR dEGET PR of Uik RERIETHIRVENS3A 721 et abol i ¢
syndrone, faut@iemrumenithzgor der Stheradd @ganam&ucio&e&rérycheé) afoberic di sorders
described in v e used as a

di agnostic agrteqnégl}g%&l;3 Qgﬁ&& anp%m%n%\fsum o5 fr§ ﬁcpﬁah%cr%%‘é;@?lage% d ot her

t eachi ngs ar ea"d=é@fé¢ﬂalb@§$nt3f(@!#ch@ampib@m armbm@ﬁ)eafémc@m@ﬁe&ﬁudusﬂ y listed
herein, incl U;QL!%QQ:M% Lrlls!i&,@Sitk@t?;d%budinéjrﬂgac%%ﬁg’inﬁ%éﬁﬁéﬁs s&fds 205 (1994),
Arnerlc et al. g 1): Arneric et al,, Exp. Op/n.
| nvest . Drugs""@faf)1 afipin W“%@@‘Q@)‘msgé’ﬁﬁﬁ% F’f’*“%ﬁﬂ agfi-pyrels. Pharrnacol . Exp.

-~ Ther, 2790 14&@@&9@@%%%&@@{3@&&ﬁs&teda{surga]y Eézsaﬂdma%lsters@cp Ther. 279:

1422 (1996 390 (1999
Chr arl( at Zi| E%‘éﬁjé% QH%%?S CFQSS?/G6fn‘?‘i‘ga”iar(‘ﬁ‘@)@@g‘)ﬁpqﬁﬁéci?éﬁﬁ%ﬁ‘or nrre( and )
Ei senbach, Anestreedd allaagyn®blantdbte, 6499 iapikel haday-sappradsants]. Med. Chem

40(28): 4169- gf}ut*(é]sgc?yg)zsi)oﬁﬁQﬁw&eﬁvﬁtrglgaid‘gg}o%%&gwggn% sieb@R8) , PCT VO

94/ 08992, P Pat ent Nos. 5,583, 140
to Bencherif @tchas stergid§omanes), gastiqogieroids(sugh as dexaehazanet o Snith et al .

and 5, 852§041xb@s i@%sﬁr@rr@d@%o@éone?@’twgs %E&Qéfga{u%acemcals Lhe conpounds and
their pharnaceu tlcal %g osi tions e uyseful in the treatnent OF prevention

of a variety TPERE™ e ’épr‘:‘T‘HE’I FHGE PP EUEBEFARPVe di sor ders,
neur opsychi atgeriealide senidiekissg, améumbk@agep achtig@iced ensh anagraaclshh ghd ons. The

compounds and, el o) BRALIRSEHL €l S050MRASLAL RSp6AN bediBsslst o treal or

prevent cogni I CI sf u i‘ons 5t her wi se;
attentional W%W@Oalﬁ@n@@iﬁ@ﬁﬂ Hagiood plebilrfrniguthroseivdte a8 i nf ect i ous

agents Orzdmta%l%%éz%ie?'aﬁg 'éé&%ﬂ%&g (shih & Wilpﬁ&afé}%ég%ﬁs&%%eto treat
convul sions and nultiple cerebral infarcts; to treat npbod di sorders,

conpul si ons a?ﬂ?"%"cf&‘fcétaf’ﬁ@rfi’%ﬁgﬁ gre-aniepidpe yrgeamh angesiesartass t o control
~infl anmat i on, lasadicds, a&oirmﬂeraemdm&ym@wnakam&samdieﬁuﬁtt eaembmat or kappa B; to

treat infla r . . vi de, pali d to treat
i nfections, m;@i%n Oﬁé’é g}% %Gt &%Si‘%ﬁ AN gtrs 'f tl*L’rilcﬁr WS%‘?%EPP‘%I , fungal, and
viral infectilows asmmmgprame}dﬁsdr elemrsbmanoseém;mamdtmﬁmhﬁw ons that the

corrpound%@n%@h@rﬁ@%%hﬁﬁéter@%aewl&ggarg{ea,tem@ Me‘?usﬂmméié}}é@m' on can be

used to treat or prevent are: agé-associ ated ry (A e*Al),
m!|d cogniti v’@pﬁﬁ‘g@é{ EHBRisrpligeInay osge-sirap @F@ﬂ‘ﬁt\,‘é@h‘?qu?‘\’ﬁ@iﬁé’bﬁﬂyne ( ARCD) ,
pre-senile 5d@a@mtﬂhaame@ﬁ£ ¥ tﬂ@ﬁ&ﬁpoﬁhm@dd@@mv %n@th%%l&ﬂ:e iERiYloe denmenti a,

ceret 2 o (R AIE T S GhT T BBt Ve e e
Al DSdenent i o. &feaplexgdministration in combination of @ compound of the present
30 invention with ather treatment agents may be in combination by
administration concomitantly in: (1} & unitary pharmaceutical composition
including both compounds; or (2} separale phammaceutical compositions each
ncluding one of the compounds. Alternatively, the combination may be
administered ssparately it a sequential mannerwherein one treatment agent
35  is administered first and the other second. Such sequential administration
may be clase in time orremote in tims.

Another aspect of the present invention includes combination therapy
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vascul ar denentia, Down syndrone, head trauma, traumatic brain injury
(TBI), denmentia pugilistica, creutzfeld-Jacob D sease and prion diseases,.
10St r oke,woentwv@bssoschem a., peripheral ischernia" attemrCrans2adefssie

di sorder, attention deficit hyperactivity disorder, dyslexia,

schi zophreni a, schizophreniform'disorder, schizoaffective disorder,

cogni tive dysfunction in schizophrenia, cognitive deficits in

-.schi zophr eni L Ay y
post encophal | e ard iRRRIeRR ot MMt el s b S ERRRY oy
frontotempOr a@f‘eﬁféfﬁéﬂﬁﬁua* @ﬁﬁkﬁcﬁ@@wd$fﬂ3ﬁp§8¥@ﬂmmf§10“ idtegr d"logiease

' Ni emann- Pi Ck@h@t?&@@@@nciucﬁﬁﬂé%bﬂcﬂé@ﬂy FadbiRR ¥Rapy HAHRIIGHOBr S. chor ea,
dyski ne-si a, tard'tﬁ yski nesia, spastic dystonia. hyperkl ne. si a.
progressi ve .'S{pra ﬁr@%ar pal sy, progressive .supranucl ear paresis.,
restl ess lgeg Esiyimdm@mw@hgmfmdzcﬁbuﬁwmw@&m, mul tiple sclerosis,
arhyot rophic | ater t or _neuron di seases (I\/ND),
mul tiple:system atT(r?i(Ljp E%W%%Smé p%géflw‘?ﬁ%h $ eas ke Le%atl on,
Gui | | ai n- Bar rige@pier ariea("GBS). vaﬂ(&ﬁ@ﬂmﬁﬁmﬁ|chtﬁ¢|ﬁ$*am?mhykﬁc¢er nyel i nating
pol yneur opat hypes((©hBBinic &mpbﬁ%%av@%&%&ﬁzge@&fﬂr@@%wﬂ&’%é ueaal frontal |obe

epi | epsy, mania, anxiety, depression, including ma or depressive disorder
(MDD), prer ne%qst%‘?rﬁ%?u)”%ﬁf§%‘i}cﬁ$|%8 Hagiriers 2@5%“?@“8%rf%ﬂa”tﬁi&ﬁt‘i’fhf{’é?m@ﬁor exi a,

nar col epsi exsesabyeiitieytdiornaloe gRil esSon, l@aaa%@trabah%wcmﬁﬁ@, gener alized
e or R SR PSS ST Nt Pl ERBBgh P = =, PO
drug and al cohdter delidil b&;rﬁmnThIE;@@apwdaddEb@b@n%@n:dsade&hmsgstamerftul as an agent
for smoking CESaAl i vibHTRULISHYE,OUET ﬁ%{heg@&ﬁ@q SEgBedlyaf Unct | on.
Cognitive inpairnents or dysfunctions i h psychiatric

di sorders or %‘é‘ﬁ‘éﬁet‘F‘éﬁ%fan%ﬁ?c?ﬁmé%“s%’(‘fﬁﬁiBﬁﬁF‘e‘ﬁFﬂad‘%ﬂ' st ppest abs’ri’[é%otl c

e o T R ot 1 orer
brief psychotl e 3%”‘3?5‘3 F’Edetxp Q‘Hé{r’%"ﬁs %ﬁaﬁ ?gd{@dﬁ%gé’r’ eﬁ?ﬁﬂ’“gsychotl c

di sorders duestth JaFgenerdl SxpnBidhrcas: wadmeemmpzemlemnm as and ot her
cogm L ve A SPAflSy SRR 1004 1886, bLILIRY, LOPM g oan L1 ve

i mpai rment, pre-seni| ease, "genfl e denenti a,
denentia of tﬂ*@fﬂﬁih@prﬁﬁ%ﬁis %’Wﬁ@tﬁiag@%féf?%’mgﬁenﬁﬁw&%bal rment, Lewy body

dementi a 2wa&wg@n%@aw @senﬁé@sxxg@ﬁ%ﬁdlo@y@@m%@&ciﬁgy%@&h@mt Par ki nsoni sm
ai rne nd_denenti a of

i ncl udi ng Parkins % i sease,

Par ki nson's O& s‘é&g‘i—f‘j B%rﬁﬂé%e‘”iﬁﬂgéﬁ rgi%’ﬂfsa SR Y Sﬁfegp‘%%}fge%y s, cognitive
i mpai rment  cXUSEY, YT WICEMMEBEPE, FariaiD erg1avy, Pode,merﬁ’smassﬂued tU®.ot her general
medi cal condi n eLy i d rs ut .n Lpited to panic
- disorder wt h%)%% ﬁim ra bg’MéOé%%ggr% daisg;%gli‘d‘?%ﬁq%utﬂ é%i §p5r? ?L agor aphobi a

wi t hout hi st deymih eﬁ)ﬁmﬂﬁ ﬁ;ﬁ%ﬁd@rc@@fpfé@i #li ¢ phobi a, social phobia;

obsessi vex£onpy sl sorder, post- 10traumatic stress disorder, acute
stress di sord"e“r“‘“"“g‘}é“ﬁé“r”al i zed anxi ety di sorder and generalized anxiety

di sorder due to a 'gBREFEAUARETICAST BHRARTIUBTR corpRagtiaPSEE 4es’d v i ncl udi ng but

not limted t’{ﬁc: ﬁ’f@e}méntdﬁpfee%hﬁet @Iv:,mfydﬁms dséb‘idéﬁé’f’ﬂcﬁ,,dﬁagsor der, bipol ar
depr essi on, ressi.on associated with

mani ¢, depr es% éje%f?'peFﬁ“ %&sgg%)rgdgggaps%chﬁgicﬁao qemgl §8PEer, cycl ot hynic
di sor der andiispptens, éhs eddiioss. die dompgenisraali t"rmd}hamiacelﬂmdh tions, sleep
di sordersyg | %!@géiﬂ%sggﬁ bPedlth %ét%@g@efﬁ\@@ﬁm'ﬁ% igpyders, primary

insomia, prinm ersornni a, narc psy, barasomni a di sorders, nightmare
di sorder, sl é@ﬁfurqép%,agw@@iﬁ@md otPRIWISE cSREATR] Hieprdirs ancieamentiemt al

retardation, h@aihy Agetiyses ﬂ%&ﬁous"é@hﬁé oSkbtabSic A8 PEHRES 1o GOMHAINI cat i on
di sorders, pervasive 20devel ogﬂr&s}gp{%ﬁ?l sorders, attention-deficit and

di sruptive beIFHHRPETCPY &t Rt © ¢ BHUHBFTEPE 8T fRfea at t ent i on
deficit hypermaetddidcierdicsopdess efnﬁ@dmn’@remda\aaé it grodlids englessa:; of i nf ancy,

chi | dhoodyg or, adul ¢ %ﬂar%nhgiﬁaw %IBR gg Fn%dsa?ed b@c?&@&:{ﬁ% LA nt%giggrefl Sor

subst ance-Tel ated d| SO t“no o-¢ubst ance
dependence, Sbga ari@éeﬁbfﬁ@@m%ub%@rﬁ@@ Preroidecatirefel. asdbstemce wi t hdr awal ,

* infections, as anti-infectious agents for treating bactedal, fungal, and viral
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25al cohoi -rel ated di sorders, anphetam ne or anphetam ne-like-rel ated

di sorders, caffeine-related disorders, cannabis-rel ated disorders,

cocai ne- rebavadi4g8ssor der s, hal | uci nogen-rel at ed di sor dersT/uspd1aloarsse r el at ed
di sorders, nicotine-related disorders, opioid-related disorders,
phencycl i di ne or phencyclidine-like-related disorders, and sedative-,
hypnoti c-- or anxiolytio- 30related disorders, personality disorders,

incl uding but;ofgfock H@gﬁgﬁgggs}emsgog&%g@%%ﬂﬁ/sw%gona' iy disorder and

i mpul se- cont rol ormance may be assessed
with a vali dmoew&mmum@%wteqicem@wms Offéjfs‘ Pesgadpiventionlien éegni ti ve

subscal e of tt%dﬁéﬁéb@bﬂﬁévén%%%s&%%ﬁﬁﬁﬂ&s@ﬁeﬁiﬁ%‘erx@ﬁ@&@y%9) One
measure of the effectiveness 350f th P@)‘:&’eﬁ t he present invention in

i nprovi ng cogcrﬁgf“f"ben‘”}?ﬁy“?%wgaé"gﬁé%@ﬁ?ic ‘Eiir@h’%RgDHBr@f‘@ef f change
accordi ng & o cuchtia eadabiest KRetganshisniscasnputisidensna)deaddisct inee behavi or s,

the Compounds, glemb S SSENLLIMENLL R BEURSH BBenadal Mer 2Py for

ni coti ne addi'c Sat i on. , and for
ot her br ai n- . {E&Wiar Hewy ?mdséﬁmerﬁ@, H@mﬂmga b tdamediaalbasexi ncl udi ng al cohol

addi ction, ildsgiids d@m@ne{ B5&H SRk, @l@é{gmmadtrm%mgﬁmuﬁw di sor ders.
i ncl udi ng obeS|;¥ and behavigral .5addictions, such ganbl i ng, or other

si milar behavlBPafS IR Pedisits GiratzdHd-Jacsh fisspsopnd prion diseases,

Theabove. €D N ditickOREntrA RehhiS Qletllctal AtBerblib SRR ERMKE diskrbdrer detail, for
exanple, in t soci ation: Diagnostic and

Statistical 8@3{“ J&“ ﬁ?’g?'(t“’g‘{ ga?faéfr gﬁﬁi’@u?“{ OBEPRon. Text Revi sion,
Washi ngt on, wszmﬁmﬁomaamrd@swmaﬂfacnw Assdrg| @phiovs d;@@ﬁ@tion'ﬁhi s. Manual

- May-al so_be 46l 60k LRk demgwmgsmia Perblieneympuanp and diagnostic

features associated wth .substance USE; epen
| nf | anmat i on W@”%W@Se SySewRPIHIG IEHPIIsTh pHPORREdYAYS. nerve, . i s

. known tois 1affegauh»atrm@tbepmw{auﬁt@m&mﬁmme@atﬁ:mwm@mgaea%ponse by
|nh|b|t|ng t rele? enf) %Vﬁ %e unor nec |$factor (TNF) This

physi ol ogi cal " AEEHERFETTISEEnotA "EE" £ R eadh SIUP S SRR - i nf | ammat ory

pat hway" ( seefyskioasiexadpd &yskitee eyastit Tydtsiia hipmoadsor, ysm@mfs{a;ea "-.Nature 420:
853-9 (2002)) K e i factor

synt hesi s causgg%ﬁggéc?ggff @%&r@%&%\‘;g‘%&%ﬁ?gﬁg %é«”{?{r%lge& igégﬁﬁld u§nec)f di seases.
These di seasédseifAigicipob Hegasarmaulindgt sdigragie, @d‘yﬂf@?ph@ﬁ%{@tﬁbﬁéﬁ”@ws& r heumat oi d

carthritizm qal epakdihblrbS disOH0E tmm‘,smuﬁzéte*&%em%@@{ﬂ%b@r osis, idiopathic
puI monary fi bcro?tzcggasai de%e;!uer}; lse%ng&iia% garre Synﬁrc(xjrlnes FGaBSt;:E}‘ and chronic

inflammatory demyelinating polyneuropathy (CIDP), epilepsy, autosomal
dominant nocturnal frontal lobe epilepsy, mania, anxiety, deprassion,
including major depressive disorder (MDD), premenstrual dyspheria, panic

25 disorders, bulimia, ancrexia, narcolepsy, excessive daylime sieepiness,
bipolar disorders, generalized anxiety disorder, obsessive compulsive
disorder, rage outbursis, conduct disorder, oppositional defiant disorder,
Tourette's syndrome, autism, drug and alcohol addiction, tobaceo addiction
and, thus, useful as an agent for smoking cessation, compulsive overeating

30 and sexual dysfunction.

Cognitive impairments or dysfunctions may be associated with
psychiatric disorders or conditions, such as schizophrenia and other psychotic
disorders, including but not limited to psychotic disorder, schizophraniformy
disarder, schizoaffective disorder, delusional disorder, brief psychotic

35 disorder, shared psychatic disorder, and psychotic disorders dus to a general
medical conditions, dementias and other cognifive disorders, including but not

limiited 1o milld cognitive impairment, pre-senils dermertia, Alzheimer's
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Inflammatory conditions that can be treated O prevented by 25adm nistering
the conpound' s descri bed herein include, but are not limted to, chronic
and acut evonblizlpssbi on, psori asi s, endot oxem a,.gout, a®araSpoz®3sdogout ,
acute gouty arthritis, arthritis, rheumatoid arthritis, Gsteoarthritis,

al lograft rejection, chronic transplant rejection, asthna,

at heroscl erosi s,. nononucl ear - phagocyt e dependent | ung injury, idiopathic
pul monary i %Qe%%é’ss%%a&%nﬁ SELIRL g 2 RO b SRBLEHEL Ve Pul Tonary

di sease, . adul t.respirator di'stress s t"syndeore in
sickle cell dﬂ%‘@%é’npﬁiw@lﬂ hﬁwmdbmweia M@efafs@emaﬂkialﬂiaﬁl e bowel syndrone,

i ncludi ng di afehli@ta RERIOMIRAMS, Pﬁ@msoz@n@tﬁ@iuém??ﬁ%ﬁé%sE‘ig%ﬁs U| cerative
colitis, acute- cholen itis, -a.phthous .stom c. achexia" pouchitis,

gl omer ul oneph‘iqgf“ll“?'mp ‘ﬁU%‘“ﬁBf)H‘?‘T“?{i“@ of By SiRgssese. REMGraft vs. host

reaction. 9 nf;h@mwaémmymaeﬁ@@maesm Aﬁgx@w@amﬁﬂmwnt haLBa@bﬁm@kanand/ or Viral

i nfection Y. vpra re associated with
side effects %‘rﬂgﬁg{ﬁg de%ggga 38{ &Qeﬁﬁtep on rg‘?“?at%x?q‘ijémn%ﬁt}m%ﬁe body' s nat ur al
response to thM%th*udmgdm mtﬁfmsecan@&m dishdet witicnsagowhdiiscussed above, -
the body's r sa%raﬁs%ré&mﬁltgcﬁégsr@elaoégto%hbmRktmﬁéhgﬁa%%h@g a significant

anount of TN [ or ot her” cyt oki nes, ver - expressi on of these
cyt oki nes carﬁ’*‘rié%eiﬂscpei“f*ﬁ’ e ?‘?C@éﬁ*@t’fen?*éﬁeﬁsw%%wu egksstdes pelock (when t he

bacteria i smmsaasa sir@BARbeN, @as@@teéss dléb@i%ﬁ@@sh@anztldi EalierpassEBNi tis and

toxi ¢ shock syndrome. re55| on di ated by NNRs, and
can be' i nhi bi A BaeRY SRSy ERHE SRR SPL DBt FuaRGHRd: o of t hese
receptors. Thhmdﬂammmrmtsntdesmatbm@dn@ea&m&tekmorwmya@mnmsts or partial
agoni sts Of festurl GGRRLELS-SANLLDE! ALAL ¢he VRedal ool ze the

infl anmmatory response associ ate i as well as viral
and fungal i rAsseddlenyith Eramsicassefe & uredrrrdes. Aiolent deeidens i ncl ude

ant hr ax, gt Lliyb@f’ﬂyrr%&ﬁhoﬁ:%@%na mé@ﬁﬁm@%m%@%ﬁg&@?ﬂp%ﬂg§i IRicRkso have
anti mcrobl al roperties ié@urt ernore, the conpounds can be used in the

treatnent of TEFrdRIAP'S Ml Ciog Sut ok iipitsdyo 9?*8“‘?‘#&8@@85 PATFYul peri pher al
vasoconstri ctihsmzma primary hfbesentanpaulds;, pansahsodibedes adgrasaed] unct

therapy in cobipation W iDssPLing.LhkARLRS LO pRas, bagler 1al , viral

and fungal in 1ons, such ARtV T a dAnt i furi gal s.
Anti toxins capaang gisoobes. m@@dsmfb d@pﬁ@rss eoioxiiepiiop lieduewsdpdsyestvhe i nf ecti ous

agents ang al dé@%brﬁ&ﬁ@%ﬁj&@é&éﬁo& Qeﬁ@@gﬁ»d gsewuemmehgxﬁor%%ew thout
generating an inf %%?res onse, l es of antitoxins are disclosed,

for exanple, ﬁiﬁnflﬁ’@eﬂ%‘i“ SING @“T@@féfﬂdn’ﬁe%*“’énH’a‘iﬂéefa‘f%é’rlg 2% her agents
ef f ecti ve agaiansg dibad&ernt afamndmmhm o;tm:tmc@aamb@ eirfigsbhve and their

therapeutic eégo?:% ers Csﬁ@stz?ncemr ;so,gers :ggﬁxﬁ%g %L@H%OU"H é?o LLon wth the

conmpounds destt SB&°%adni ni st er ed
to treat and/dpepievestbyaion abuwcmwian@ atwuicationnabsehogivitydrawsd, | ammat ory,

neur opat hjsc a{pg@}hg%%@dcd s%?de'ﬂ; aEﬁBﬁeé&%PBPé}Q&e%ﬂnQ&e%%E%l n conjunction with
Opl ates to mnimze the
disorders, caﬁe‘ne re!ated disorders, cannabis-related disorders, cocaine-

related disorders, hallucinogen-related disorders, inhalant-related disorders,
nicoline-related disorders, opioid-related disorders, phencyclidine or
chencyclidine-like-related disorders, and sedative-, hyprofic- or anxiolytic-

30 related disorders, personality disordars, including but not limited to ohaessive-
compulsive persanality disorder and impulse-~-contro! disorders,

Cognitive performance may be assessed with a validated coguitive
scale, such as, for axample, the cognitive subscale of the Alzheimer’s
Dissase Asssssment Scale (ADAS-cog). One measure of the effectivensas

35 ofthe compounds of the presant invention in improving cognition may include
measuring a patient's degree of change according tosuch a scale.

Regarding compulsions and addictive behaviors, the compounds of
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300f opiate addiction (e.g., norphine sparing therapy). The anal gesic
activity of conpounds descri bed herein can be denonstrated in nodels of

per si st erwoOiznfil/apssat ory pai n and of neuropathic pain, pecTarsaed/0as30
described in U S. Published Patent Application No. 20010056084 Al (Allgeier
at af.) (e.g., nmechanical hyperalgesia in the conplete Freund s adjuvant
rat nodel of 35inflammatory pain and nechani cal hyperaigesia in the nouse
partial sciatcy, Fé%&é/t%nJeb@@trh %é’%@%k fzhe@&g%&ﬁ% hEaRb] - The

anal gesi c effect 18 sui for trea varl ous genesis or

etiol ogy, in pardingat a@ragent fpf@a@ﬁirmg:eﬁ%ﬁ%p@mﬁﬁfwwep@m randdassoci at ed .

hyper al g. esi agisd1ats QRak Bl SurRhfe ande 3era6k akath «yPerakigesisa, chronic pain
(e.g.., severe Chronlcﬁﬁgp%%ﬁn aaEOStO rati vé pain and pain assocjiated with

various. condPEFEREN CRHEET SO R A NG SERR Y ‘i‘ﬂd PRTIARY

Menst r uat i on, adddighabne, asgathbiqut) oihdrafhhiansekobyl panifesuyhshe of di verse
genesi s, i nc:\%}qﬁl gart hritis and rheunatoi d di sease, tano-sy.novitis and
vasculitis. uro: pat hic pain includes trigem nal or herpetic neuralgia,.
. n. eur opat hi es sucheapod @betitic aduiapatsyys patussedio Sathgi dglall, bw back pain
and 10.dea.. f{arent %tth@ﬂméb{d%@!r@mtﬁ&%o@%mw@%&ko% ic Mg ayul sion.

Ne. ovascul ari Zati o bition of neovascul arization, for exanple,
by admi ni ster‘}f'ﬁ’@iJai %’H‘fi‘%{%ﬁ‘%’f@?’? 5?”73175%@‘%5‘?’*]‘1%‘6%‘%@%8"“5‘&?091 ¥, agoni Sts.) of
ni coti ni c10 ecapb@iLs D@m;eﬁmwsc@awoprmntrmgmdués ineRsisevaraetelbzed by

d bl On " Such ,.conditi
el ude thosc CRAPRLLL| SO b Ae dRidrergangr soameerecairor o o

i schem a- i ndusédianengicogaresing depawieascul ari zati on associated with tunor
growt h can algg,he.dphi bited by adm nistering those conpounds descri bed
herein thatfunction as antagoni sts or partial agonists of nicotinic
receptors. .20SpecifFineNVant ajisAn SHafly kyeet e \eous eepidingwr &iuces t he

angi ogeni €5 r espeasend ﬂa@ﬂbdm@ﬂfﬁﬁé inﬁ:ﬁte xmihﬁﬁﬂ@éﬁaﬂse @ﬁiﬂhsﬂﬂ&ﬁ hasia.. CQuidance

.regarding ap riate ani nmal nod u the conmpounds
dessr bed hot BIEAoE S GEHPORRUTIor Brer A A TN FIURUCOHBR € at Al A
novel angi og.eattanpatihwaynrediatcedi Pb%ﬁd’&nﬂﬂ#iﬂﬂﬂf&ﬂm&batm@omem for
acetyl chol i ne, t- i t e (2002)

Repr esent at i veg ﬁ%%gr %Egéfvpe”ge 1RQINLF@E§%§ R%%e%@i&%ggg Sﬁq %%g e’’conpounds

' descri bed hefeepsivaiefardestiSreE! inNSEEcIGis f@ﬁé’?&%’aﬁe@aﬁ@@ﬁ mopiditT eat i ¢

cancer, . #y easiq é&@ﬁ GloROIRIN C2keH o@@gééls@éj n’ﬁﬂesé 86L448L FRIAL MRMRe | UNG

carci noma B’gg X carci noma, é{ﬁ% ynx carci noma, esophagus

carci noma, 3 TEHe cHePRTRE; B P’@é’ &‘ér?ﬁt%ﬁ%ﬁ"t’& PSoUBTS: car ci nom,

gal I bl adder . sdiresd, ROwegscibics®, idiapiihic atigionayabrosisednl ifatrestdne car ci nona,
urinary tract, ¢ Egg&qg& ki dney carci noma, bl adder carcinoma, .urothelitim
carcinoma, fenale génital -tract carcinonma, cervi X carcinoma, uterus

carci noma, ovari arin*mf@mmdﬂ@hbrhabmrml treoted or gegeraed lpnal . trophobi asti c
di sease, gl e Bankkalo BEbEARIARLECAMIherdl ASLA, SuCAE RN 3 em nal

vesi cl es carcinoma, test
chronic and acute :rf%am"ﬂaiaon psoriasis, endotoxemia, gout, acute

psaudagout, acute gouty arthrilis, arthritis, rheumatoid arthritis, astenarthritis,
allograft rejection, chionic transplant rejection, asthma, atherosclerosis,
mononuclear-phagocyte dependent lung injury, idiopathic pulmonary fibrosis,

30 atopic dermatitis, chronic obsiructive pulmonary disease, adulf respiratory
distress syndrome, acute chest syndrome in sickle cell dissase, inflammatory
bowel disease, initable bowel syndrome, including diarrhea predaminant IBS,
Crohin's diseasé, yleears, uicerative colitis, acute-cholangitis, aphthous
stomatitis, cachexia, pouchitis, glomerulonephritis, lupus nephritis,

35  thrombosis, and graft vs. host reaction,

Inflamimatory Response Associated with Bacterial and/or Viral infection




carcinoma, germcell tunors, .endocrine gland. carcinoma, thyroid

carci noma, adrenal carcinoma, pituitary gland carC noma, skin carcinom,
hemar i gi owap11/medsanomas, sar conmas, bone and soft ti ssuecCsasecamm37éB@posi ' s
sarcoma, tunors of the brain, tunors of the nerves, tunors of the eyes,
tunors of the meninges, astrocytomas, gliomas, glioblastornas,

reti nobl ast onas, neuromas, neurobl astomas, Schwannonas, neni ngi omas, solid
tumors arising frg @%%Q@?&%g&’éﬁ}u%s ﬁ%!:ﬁo%@%ﬁ% %?c;&é&&& %ée Leukem as,
chforornas, plasmacytonas G COSi S fungC| des
and cut aneousbf“l’uiﬁépiﬂ oY RprewET ‘@‘lﬁ%@m @E)d l“&h@?ﬂ%%fﬁ@ﬂmﬁﬁimh%l ng from

| ynphonas. bactenth%n%%'ﬁB@Hﬂ@%x%nA% sQisRe Al @#éﬁe%&@%ép@nééo nj unction
with other for filtl- ncer treatnent. incl udl ng co-admnistration with

ANt neop ast | € T8 AR BUGE S GERTEt QLTS o S U TR APl g, .
daunonyci iy amndbkirke Thkeerandéaionanthesd/BEkineE aaC tdsalt merg@lmt:irﬁl ial growth

fact Or) agent ;‘ﬁfuryzguch%%@n@ c%hléa{)\%%tjz {I]\ﬁtbggter% smse;égn&ofgm ﬁi(];c}r[;rpounds can be

adm ni st er ed sre he"“t unor site. For
exanpl e, the wormpsnds! mnmbe!t@@hﬁtmmméymmﬁ rni crospheres,

m croparticles or d}td&@%@%ﬁ@s&&%%@%@e@ chw@sr h&}'@an%tiﬁf@ﬁﬁt@li%§ that direct
the mcroparticle..s to e tunmor. Additionally, the_conmpounds can be

present in m SUEHREIGRIONTISG BEAREORTIHE obiets herpiesTHRAL are appropriatel y
si zed tg ’HhSScdrﬂﬂ:rQOh@fHehhﬁaedmtﬁ;%mt&ﬁaﬁé’lébdﬂ%tsﬂﬁpanﬁlﬂitagbﬂﬁllg%1theCﬁp| Il ary bedsh
surroundi ng tyunprs._ an nister,.the co ca to the tunor. Suc
20dr ug del i very©h er\slf%%@e??ée E%BW %R rf‘rﬁé%e ‘{E}%ﬁﬁ?w [ﬁsé?ﬁ “der s I'n
addi tion to tasati#ingwONS:aireonters), a3 wéll srmratdndriynoahdienteovascul ari zati on,
and pain. thee omauderbclhs @éaﬁﬁﬁﬂhih&vﬁﬁré@gmﬁ% Qfqdeaq used 10

prevent or treat certain other conditions, diseases di sorders 25in
whi ch NNRs pl 8§e0tibiss compayss agyiaie|aweartiiierya piarertigs sor der s such as

| upus, dl@rdﬁfrﬁmeﬁ&ﬁ@%@&@ﬂﬂ%@%aﬁ)ﬁ%@%é@@ theEh RARM ofLAGRENAA secondary to
i nfection (e. urs at ed c\c}:érrgl ex and neopl asi a),

n
obesity, perrp‘%?‘%eis?’,”amﬁf ﬁ’é{?vn‘?"}?égﬁf FW@W@EW%\Y@?%{?W Bl adder (0AB),
di arrhea, consti patesnsom@tintadancisseasesd ad am‘jmttherusy el seases, nyast heni a,
Eat on- 30Lanb r opor osi s,
vasoconstricti o}ﬁlbir%%l/%gwﬁy%mn%?%%ﬁgzé gﬁgg%g%gg %! %n;;?%! S f?r?/gt)? [ di abet es,
type i di abe‘ﬁ%ﬂonﬁtﬂL‘F*f’ri:"%*‘ni@if@??e%iﬁa’!V@ﬁéﬂ%@%Uﬁﬂlﬁafayé\f*fﬁ%fﬁQﬁﬁaisas wel | as

those i ndigat E}é)@ééd%%mcﬁ Rfthiind gﬂocﬁﬂé@&i by%m%qlnfé’%u@&h%u%hla%&vﬁﬁ}@ 98/ 25619. The
conmpounds of thi nventi on can dm nistered to treat convul sions

35such as t ho‘%%ma ﬁ%t”sé‘? %as§3}7iﬁ*f%ﬁaﬁt P‘?,d}’d‘fﬁh@‘ﬁlgﬁﬁ%§vg 2y MeaEéat  conditi ons
such as syphilebpsantkafpes bzdrelozine dakddrides éasgample, in .S, Patent

No. 6,310,043 to Bundie ef /. Other agents effective against bacterial and

pther toxins can be sffective and thelr therapeutic effect can be
25

[

omplementad by co-administration with the. compounds described herain.

kel

B

ain
The compounds can be administered fo treat andfor prevent pain,
including acute, neurologic, inflammatory, neuropathic and chronic pain. The
compounds can be used in conjunclion with opiates fo minimize the likelihood

30 of opiate addiction (&.g., morphine sparing therapy). The analgesic activity of
compourds described herein can be demonstiated in models of persistent
inflammatory pain and of neuwropathic pain, performed gs described in U.S.
Fublished Patent Application No. 20010056084 A1 (Allgeier et al} (e.q.,
mechanical hyperalgesia in the complete Freund's adjuvant rat model of

35 inflammatory pain and mechanical hyperalgesia in the mouse partial sciatic

nerve ligation model of neurcpathic pain}.
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Compounds of the present invention may be used to treat bacteri al

i nfections and derrnatol ogi c conditions, such as pernphigus folliaceus,
penphi guswoubgamrsgs9and ot her di sorders, such as acant holPgIITS20i08T680

aut oi rnmune responses with high ganglionic NNR antibody titer is present.
In 5these disorders, and in other autoi nmune di seases, such as Mysthenia
Gravis, the fab fragnment of the antibody binds to the NNR receptor

(crossl i nking 2 " OGRS M € Rl AESR I BB LAAN RAAG deoradat] on,

Di agnostic Uses The co nos conposi tions, such
as 10probes, ﬁ@r‘ngfvdﬂlP@"ﬁ*%yﬁfvm@?ﬁi‘ﬂ@lé\;ﬁafaﬁémﬁmwfcﬁféicﬁ‘*‘ﬁwa*ﬁtI ude appropriate
| abel s. For twoéramégm&%actp%;@m%%so&gﬁe&%e@rq%ﬁnsmﬁﬂy&m' on nost

preferably are | abel ed w t he radi oactive i sotopic noiety 110. The
adni ni st er ed @cﬂm"&ﬁ‘ﬁﬁ@@ﬁ’ﬁ pB‘@ F&Pé’f REBYE GEn AGY PR AETSIHIEM Esi on t opogr aphy
(PET). A B ghv@pescd:dmmumm mlitycdnserdesinegantior wisyabicze the sel ected

15receptor su rat concentrati ons he adm ni stered
doses typi cal 'P%é{sgrr%%u ([)Z}\NQ %Fwtlij ?(Lfth'%g%méa% 8355 FEVi déﬁ Vegrﬁe contrast i nages.
The corrpoundsgwei%,emﬁéiﬂ’tge@htmmrbam!@d@éasadﬂ&ﬂmﬁmmm goh in non-toxic

| evel s. Det eryd<pa [ o known to one
sl oy o th\l(ragsar%é g\!'éu?;ga?%%%adsﬁci?z%fgé:g%gmﬁ%rdeﬂaeﬂ H@ﬂ@iga‘é le. U'S Patent No.

5. 969, 144 to POFGRHAT UEaps d‘wtéﬁ%%?ﬁf?%ﬁﬁu%@%@fﬁhﬁc P&P @8 usi ng known

techni quesl SgeyfefcattiexafPbmes blidh asRademl pibais 1868, 144 to London et al.

as not ed. Thef\gc&%rlgﬁl OiI%ndS? can be adm nistered in fornulation conpositions

t hat i ncorporat gredl ents, such as those types of ingredients that
are useful in 25f dnmiicavtafmgowsmiagammtiocemrmnsyadmms«te@ogrpounds useful in

AN ke T i v e e S ey

et al. tregg Pe‘?f"e‘f‘%‘éc%‘@Wﬁféﬁﬁm@“éﬁﬂé@%@fﬁ“ﬁ?@t@éieé‘@f?“{%ﬂkﬁaf%m"e@'t (e.g., a
hunan subj®ctingidgbReddy eseAEhRbNE Batl naemesRdWatRIdthe subject can be
i maged 30and cwantlffl ed b¥F‘ gg grl ate techni gues in order to indicate the
presence, quahti ey CYFIIPEHEET GRAPT BS e HNAHEF EP9 65 unans, the conpounds
can al so be ateivatateipatntosmniatalis, usughoes can sieg be ah&x,tecd@gs and nonkeys.

SPECT and PET.JIRGu/)h il BcbaldH &0 AU U3k ANV PRI GRLLALE  echni que

and apparat us. enag ne neric a S.) Neuronal
Ni cotinic 35 Wwéﬁ{@@@i’%ﬁbmﬁa@ﬁ?ﬁw%wﬂfand Ther apeutic QOport unities, 235-250

(1998) angh U.S. PajRptc Mago@isgﬁﬁn@,%@n& x%c@t&@l’%c@&fh@%ngmg%ﬁ&h herein

i ncporated by reference, fo di scl osure of representative inaging

t echni ques. VESRSiE Wé?ffaé””@?iﬁﬁ’ﬁ?@§m@3%‘l‘eé’%s‘a Guidance regarding

appropriate animal model systerns for evaluating the compounds described
herein can be found, for example, in Hesschen, C. et al, “"A novel angiogenic
pathway mediated by non-neuronal nicotinic acetylcholine receptors,” J. Clin.

25 invest 110{4).527-36 (2002).

Representative tumor types that can be treated using the compounds
described herein include SCLC, MSCLC, ovarian cancer, pancreatic cancer,
breast carcinoma, colon carcinoma, rectum carcinoma, lung carcinoma,
cropharynx carcinoma, nypopharynx carcinoma, esophagus earcinoma,

30 stomach carcinoma, pancreas carcinoma, fiver carcinoma, galibladder
carcinoma, bile duct carcinoma, small intsstine carcinoma, urinary fract
carcinoma, kidney carcinoma, bladder carcinoma, urothelium carcinoma,
ferale genital fract carcinoma, cemnvix carcinoma, uterds carcinoma, ovarian
carcinema, charjocarcinoma, gestational trophoblastic disease, male genilal

35  tractcarcinoma, prostate carcinoma, seminal vesicles carcinoma, testes
carcinoma, germ cell fumors, endocrine gland carcinama, thyroid carcinoma,

adrenal carcinoma, pituitary gland carcinoma, skin carcinoma, hemangiomas,
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cycl ohi utani -3-am ne To a sol ution of 2-norbornanone (norcanphor) (16.0 g,
145 mmol ) and 51, 3-di bronopropane (203 nmmol, 20.7 rrilLa 41,1 g) in diethyl
et her (4580rhj/mess9added sodi um amide (363 MTI O, 14. 8rgy/tsea 10Bms30m Xt ur e
was stirred at reflux for 24 h. The m xture was poured into 200 nL of
ice-water, and the or gani c layer was separated. The aqueous | ayer was
extracted with 200 rn'a of ether. The conbi ned ether extracts were
concentr at ed, .. e i a 100C at 10-20
Torr vacuum t%@% trg;l’gn Zlfb%?’ F M%ﬁrngﬁsy\%%ai bl%%‘hggé}gg b%grélg’ggol ved in 150 niL
of hexanes an@ff*@f%qfﬁf@dﬂrﬁwﬁwﬂam% ﬂétﬂﬁ@fﬁ%dﬁm%pé@éﬁm peoneidanate (12.0 g,

75.9 mmol) i nmdRh&ss, 4508y idrkas, bﬁlfma"}: BionikiRrk RBRSLG B4, lﬂ;‘é@ro%§ filtered
t hrough a bed of .di atomageous eart whi ch was then was wi th hexanes

(100 rril), TR PRBehEs I% éﬁa“maslg@@‘ﬁ%‘?@f‘%&“”&i‘iﬁ“@ﬁé‘”%g@ﬁus | ayer was
extract ed ®i t hen@tporanic ma! !@‘fai‘lheﬁ(aﬂ%as Eherhex aneohay e=s maeremgonbi ned,

concentr at ed’ar%qg?g%deslaggt 0SSk, JP\%??Q%%Q&F Cu nuéds Wi th 10-40% et her

in hexanes, to o SpIro bIC C ane- cyc?obutan] 3-one
(Conpound 11 i&mxﬁwﬂwemia)(@”ﬁdlﬁcgd tk@@%%@?@df})”@mmdmdﬂl 1 MAR (CDCI 3, 400

MHz): 6 2.55-2.49 (@0 undgggn Qi&)ge%ﬁa%%ré&qn %rﬁﬁxcﬁdﬂw%@therl 49-1.36 (m

3H); LCMS(rn/z) 151 ( To a suspension_of
(met hyht ri pher?W‘%q’f@@BﬁWD AP ‘H@*“(@E@G@GWF"W@BWQE” BYEPPIERYy
t et r ahydr of ur anin(idriEgertslQ@hat cs-padtin- zi‘ﬁ@ﬂ\ﬁaﬁ dad:diﬁ@cmb&ﬁcw‘é litshi um (46.5 nmol

2,[8 ?7r87LC Ofl.oz t %rlxdzgr %*&Q%PP?WEQU{QE dsgat%elai gr cwﬁa fartor ggge%iszggvga?rhsatré rred for 30 mn

spi r o[ bi oycl ofev ifhept ane- 2, 1' - cycl obut an] - 3-one (5.00 g, 33.3 mml). The
resul ting thureT"?@%oﬁBéLHdQQar%e 2ARLERLe A SRRIARALE, holnéfad, Hexanes (300

m.) were added, and m Xt ure was d. Th trate was
concentr at ed, a&ﬁtfdtf%@ rt‘é“é‘*?*’dﬂ% RS> priPlRf Pe gorBppuafs 8O kg asmiiseregdel col um,

g| uti {1% YWS h ﬁ@ﬂ&&@égﬁzﬁ@@,imhga peREiad Br liposomes conjugated ’wga?ous ar‘izbodtéag din
rnet hyl enespi r cyel o ) -C utarie npoun in
Scheme 1) (3. @“*gﬂ% ‘3)%/“”’5& 8i“‘FE s%ﬁ%ﬁ&ﬂ“ c%@ﬂ}t&ma%@g’ewo“@ £282 (s, 2H),

2.63 (brs, 1HgpRs@Pin(hicresohbds, mzﬁﬁﬁﬁﬂ:f&sa( ¥os@hds, thdt o68arbyGZatehn, 1H)
1.48-1.34 (mg o si on of

3 ety envept o PSS s® BisrERemd ueigs byt logqel £ obIBHARAR® O 1) o
and pot assi urﬁ%”‘ﬁ’i‘%%ﬁ@?@ %demﬁf#idhe %ﬁ"ﬂﬁ@gn@)ioqﬁé}st@%wr adeted a sol ution

of sul furpe aghgdéiledQelicslde BndWDhlnaldy. Vater (0.52 rril) over 15 mn at
50C. The sol uHon vvas stirred at 85C for 5.5 h. The solution was cooled to

anbi ent tenp luted with toluene (20 nL), and washed sequentially
with water (20 rnuaa.mmatrwmg@dimm@ms isatinamhiaear bonate (10 nl), The

tol uene |ayer was call Iy n sodi.um sul fate, and
filtered, To t%eéﬁcﬁ%‘?agﬁe’%agggigdﬁ 3&}4%%‘“3% 11t;{lp{‘fgsj%t% mem G[?Sﬁq %’%l um num
hydri de (28 naret usep ‘i@pfﬁvfﬂ_ﬂgﬂ@&c@r@%@mrwnmmsm:ﬂe@b@ew@ fisametst he resul ting

mxture was Shighicains io%r L%arhnmeg- t}ﬁ;u%é&@mu\f\@%m@% edleh s gyOC and a

m xture of 3N aqueous sodiu droxide (3 nlL) and 5% sodi um hypochlorite
(15 nL) was S;FB% QES‘é*Hﬁé&qW@E?d\/Wé‘éWtoﬁ*ﬁei”?ﬁ*’@?ﬁ%ﬁm secondary to

infection {e.g., as oceurs in AIDS, AIDS related complex and neoplasia),
obesity, pemphitis, urinary incontinence, overactive bladder (OABR), diarrhea,
constipation, retinal diséases, infectious diseases, myasthenia, Eaton-

30 Lamberi syndrome, hypertension, preeclampsia, osteoporosis,
vasoconsiriction, vasodiiatation, cardiac arrhythmias, type | diabetes, type |}
diabetss, bulimia, anorexia and sexual dysfunction, as well as those
indications setforth in published PCT application WO 88/25619. The
compounds of this inveniion can also be adminisiered to freat convulsions

35 such as those that are symptomatic of epilepsy, and fo treat canditions such
ag syphilliz and Creutzfeki-Jakeb disease.



10 The toluene | ayer was separated and washed with water (30 nL), The

tol uene | ayer was then extracted with 1 N agueous hydrochloric acid (2 x 10
m.). The wolzoarg9gsayer was di scarded, and the conbi ned Irgarusedli®si680 aci d
extracts were nade basic by addition of 10% aqueous sodi um hydroxide (to
pHL10), The basic aqueous m xture was extracted with ether (2 x 30 nL).
15The ether extracts were collected, concentrated, and purified by silica
del columm chroma a , : m net hanol : 30%
agueous amni a, tgd%%{pdﬂ)@é of ﬁxleg}r%s%gt i\Metnpon mé;pk{tgbg%ié ﬁgf%kﬁ%paﬁ

di met hyl spi rdpfﬁpte:\;ﬁéra@t{ %@a@m@m&aﬁ@@ %L%%D@Bu‘t!%ﬁ]fo@b&m ne (0.38 g, 15%

yi el d) (ConpossnchnlgVs Utﬂ%a$%h&m%tﬁs){d%§rc@lsl sur‘-ﬁ@% a@#rlth%@s% ghseolved in 5 nL of
20di chl or onet hane, coo in jce-b mbined Wwith 2 rnL of 6 M

aqueous hydr FRHBIvRe Kepyises i ‘ﬁf?&?ﬂ}g@m i @Ngﬁﬁﬁwﬂ‘?&f BFRE: Vacuum dried to
obt ai n t hé hytdsseatdontdrs and @l diher hbtoNVR i {eRR2S 50 bz Mys@edid (S; 3H),

2.24.-2.18(M a2H) 1,98 1.67-1.58 (m 2H),
1.52-1. 11 (mgéﬁ%v;m%?%%a% ’%é’we “%@?@y% ngg joh %‘5‘@}?&%}‘@ 25The exo
st er eochemi st(rwsmsin@é‘tmbm§he@!®yﬁm ﬂ@t’&iﬁp&fen 2nd Ghiradatiorchr omat ogr aphi ¢

separati on ofpiexResh Fses
di met hyl spi rof bl c§c| o[ Z, 2. 1] hept ane- 2, 1' - cycl obut an] - 3- am ne

Exo- N, 3- di net hyl spinF 6PBPyEs %@b@ﬂeﬁﬁb‘fi’t*%’ﬁ‘éﬂcfeﬁpf’%@%‘l‘o%{&f‘d?’l] 3-anine (2.0
g) was digsol peks| ﬁilarﬁﬁsifamfwh@n @afayaz(?eeﬁmeﬁrhb InEEu@élQp;M\@:&aa&GM@tR%ﬁ with 0.2

- 30i nj ect, Eons on 8 ﬂ‘g é ra \ S .mcron, 250 x 20
crr) usi ng 0, 296t p@f%&/ﬁﬁ?‘ﬁ?% T ae 598?’} "}VF ‘i"‘g Qé&?f?%b%%ﬁfe(% 5), with a
flow rate of la@lerbiithithe reRicacivedamopeontiatynitng peak 1 (early el uting) and
peak 2 (late el ut ighoRi:R SPRRRALALYCH MRGRRLEALEH pdlitnbiRIRS! dues were
i ndi vidual Iy dissolved In di c | 'or or net han% treated with 2 rrit.
of 6N aqueous®HAFRIE TRV & "eberrrdfc addoAednt iafeditegnelrserial. These

hydr OC[” Ofﬂ,l d&e@% rbﬂiﬁt%ﬂé(&{% Soeigbed QnddhididReake ddmpRer& A8=9 (peak 2),
respectively,
N, 3- di met hyi sPF'f& F%Fec%?éﬂ“’tf%*%‘ﬁff%ﬁngr?@vfpf“ghcﬁ?e &h &R 1% anine To a
sol ution of Zonpobulsrenenecit®h B Gpall ¢ admhijtraindinlod-to:di bratrobut ane (68. 0
g, 317 mmol) r i e (23,1 g, 567
mmol ). This rr[?éj" ﬁ%i%éf Cﬁwﬁ rég%u%% V’W?m%gﬁgtégn%%k gad%gﬁheg poured into
200 mL of |ceﬂﬁ/\ﬁﬁ@i‘mbﬁﬁ@1%mgaﬁﬁ%, W?i&&)(é‘ﬁ‘plﬁa@ScBﬁfE@fdﬂﬁeé 96@MEH the aqueous | ayer
was extr ggt ed gmidh:200 rnL of diethyl ether. The conbi ned diethyl ether
extracts were con entrated and the residue was distilled at 65-80C at 7-15
Torr to obtain 19 é‘eﬁ‘?mi’?%‘ﬁ?‘éarbt?eo%ﬂ.l”&‘f’StEFFﬁl%mg\é%O"i“Ota‘F*%@Pve’%le‘ﬁ‘ n hexanes (500
mL) and sti r riedexatviph, HuCokst PO BESS 1¥MpenIBRngan adenalsd0 e 0. 19 nol, in 500
rnL) for 5 h, ] d the he er_was col | ect ed.
The aqueous Iay :Suz[;mﬂlas)s&ﬁx F%‘%ﬁis{ réﬁt ﬁﬁa %663%1 mrqpo%zlt]o@(ﬁ@ag mcﬁ%graéonbl ned hexane
| ayers were cuingdraredanésd sucareg ﬂtﬁ(h‘:@ types ptingregiants fiaddreonsfal isi | i ca gel col um,
el uting vidg h émﬁﬁ%ﬁﬁ%@kﬁn%@ﬁ&%ﬁo&'ﬁﬁn1@9@5@%@@ usdi@ Ef??éca}dgnce with

spiro[ bicycl o] 22. 1] hept ane- 2, 1-cycl opent an] - 3-one
GAying aut the present invention most preferably are emploved in forms of

high purity. Ses, US, Patent No. 5,853,696 fo Elmalch et &/,

After the compounds are administered o a subject (8.g., @ human

subject), the presence of that compound within the subject can be imaged

30 and quantified by appropriate tachnigues in order fo indicate the presence,
guantity, and functionality. i addition to humans, the compounds can also be
administered to animals, such as mice, rats, dogs, and monkeys. SPECT
and PET imaging can be carried ol using any appropriate technigue and
apparaius. SeeVilemagne ef al, In: Arneric of al. (Eds.} Newonal Nicotinic

33 Receptors: Pharmacology and Therapeutic Opportunities, 235-280 {1998)
and U.S. Patent No. 5,853 696 to Elmalch ef al, each herein incporated by

refersnce, for a disclosurs of representative imaging technigues.
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g, 33.8% as oil,NVWVR (CDCI 3, 400 MHz):'6 2.56 (d, J =5.1 Hz, 1 H), 2.24
(bs, 1 H, 1.44-1.38 (m 14 H); LCVM5 (mz): 165 (Mtl). To a

suspensi omoab1i(resshyl )t ri phenyl phosphoni um brom de (17. ®CO/US4@143T68®] ) i n
THE (100 nL) at -78C was added n-butyllithium (18.1 nLof 20 2.5 M solution
in THE, 45 mmol) and the m xture was stirred 30 mn. To this m xture was
added spiro[ bicyclo[2.2,1] heptane-2,1' -cycl operitan]-3-one (5.30 g, 32.3
mnol), and t i s stirred at ambient tenperature for 18 h.
Hexanes (200 ni {}eﬁfn%% E%gﬁlg%g and the m xture was filtered. The filtrate was
concent r at ed, Eeample fie Exedi ddmaindepulbityedchilaprt@e-g1si | i ca gel col um,
25eluting w t@, REXARE3.ankiQe ODt al n

3- et hyl enespi ro[bl gcl 0%2 2.1 t ane- on opent anej (4.80 g, 91.7%
as oil. sul figrd ©ddieh &t 1 !’%‘% ”eémé@*“bom@é 50 P s §l owl y added
to a suspensi oadafondprmihy ;@aasmarzm[;bmyamlw;z;zmémbammmﬁ@%@l cycl opent anel
(4.80 g, 296 mth| an ) nmol ) at 50C.
30The reacti of mdd%%g%d%gg ﬁz rf“lﬂ?ir @%%%6 a %é ﬁmeg(%l ed to ambi ent
t enper at ur e, w@ileed Wi the m@Mﬁefm F(ﬂ@@dmmw?&fhdﬁn\mgh@@mmanmmt er (20 rnld)
fol | owed by %ggmé@wmgkggpa@%@% SROLUTRGAL BONALR fih Qot. The tol uene

| ayer was dried over anhydrous sodi um sul fate and I'tered the filtrate

was added sod?(#fiehi E’(WW?@ihﬁbﬁﬁ?ﬁ@ﬂ?ﬁ%ﬁﬁﬁcﬁv@ﬁ%éﬁ(’(t@@%%l ution in

35t ol ueneig 2 eguisabenitBia ared-tohec seactd T WRGuretd sHied 18k oB85C for 2 h. The
reacti on was cool e j i

d, t f.. 3N hyd d
(20 nril) in ‘ﬁ&”?&%%ﬁ%%@d’?%ﬁ’%ﬁ%o{ﬁ% F}}Lgofp%n%%ﬁ%@eéro@bﬁ;n aédtragm(d(raop-
Wi se at i nt ersdliis) of SRiessiol ppenandaayte (1 Wag. Sépamal edvaead i feshed with wat er
30 nL). Th A f hyd hi
( ) e frop% HE MG E!gﬁ%’a%fcn = Jﬂ%?ﬁ@éﬁ@t@&%g%da %@yﬁdi’aﬁﬁnﬁ%{ggﬁgus ydrochloric

acid (2 x 10 m sca e aque orrc acid |layer was
made basic (t‘%ﬁi’ﬁl—}’\”lﬂﬁ)WGE}"‘}/T%@MF*FI?«SNJ“B?*&’ELWé@@é‘@i{)sﬁ%ﬁﬁ‘@ﬁ? leyeireei de and

extract ediau t ébpdh%dhémd iﬁ& B@fe-ouJ @@er@x&a@@%&ct@i \bgﬁ{cc@xﬁg_r 8l8anit8r e concentr at ed;
col um chr omat ogr.aphy, using O-

and t he res‘% u |I|cag‘ 8r
70% G (ol of BB S O SOOI SE SO TR AU G ENG 55 861" ehl of of oo 1 0
obt ai n N; 3- di mextriry kb eifHol Geach ofha: i2 hdldneptiangw®d, 1 - cycl opent an] - 3- ani ne

11”3 a1 7apaihp 2y W ERT - rost iRt B Rkl M g 4 100 T
7H), 1.09-1. 09 (., £sfyoyze1d 4 o s'H MR (CCOMBHEMHD): 6 10%2@MD) 2H)Exanpl e 4:
Cener al pZCPCGﬁZ%GGBW JTBKS Bels e SHDAYT { W4, ?%im PHLOMS (mizy 151

spiro[ bicyclo ept'ane- 2, 1" -cycl obut an m nes rtain
N- subst i t ut ed™pi-r o bi cycl o[ 2. 2. 1] hept ane- 2, 1' - cycl obut an] - 3- ami nes can be

prepared by the ra@t&ciusM@m@men@;ﬁétse,nyt;@ﬁenyzphosphonaum bropide ﬁ

o DL ohe rechTrait el B Graupiail T b &G c IS LR 10 Procedure.

N- et hyl spi r ofdsyliglyich ¢f 825 @nit], Hepteing-22% Bsoeia! iobutark): Jhaminge
ri {1 wor oneet aluy b (PXE MM Al Ve cRROMEL LG AN pbl ons 20uti 11 21 ng

di met hyl am n Ine were perfornmed in a simlar
f ashi on. sp np@icaci@gpzljﬂﬁs:@ﬁan@ﬁ 1-cyclobutan}-3-one (5. DD g, 33.3 mmol). The

spi ro[ bi cycl Or[sgu!@“pg%@ﬁ%t@éé%’t 2&@-3%;&9@%&1&@?@1@8%%@@0 %5&:%6 {§€)00 rnmol ) and

met hyl am ne ( rnL of 2, tion in THF, 1)
1, 2-di chl oroe?“hd’ﬁ%e F‘i@drﬁl‘%thﬁﬁ%‘tlﬁﬁﬁéﬂf’ﬂg’éﬂ @eéilffaﬁﬁ ee @’“Fﬁ’;s”)traﬁ’ﬁd 25so0di um
t ri acet oxybor gtk ieekias ¢Bs Bhifigd uaélaaﬁ)%@gﬁliu)a ngb@umﬁa@aﬂngm,;mvas stirred at

anbi ent tenper %H mﬂ%g n4§m ,ﬁy% rﬁ@ﬁ;ﬁ‘%? qcﬁ%%a%%r net h%;h%n 10 mL), washed

with satutated aquéous Lot
concent r at ed. {Chhgounaiiii dhu@chass 1T ¢, |féfﬂa3@ﬁamrémm%t®%3 Hlm@ﬁz)slautl ng with
i xt 3L.efr?|f 04 8506 HQY 568 (AC e I 722@let 19950 AR BT TS A% @, 1
"4H), 1.48-1.34 (m, 3H), 1.21-1.12 (m, 2H).
To asuspension of 3-methylenespirofbicycle]2.2 1lheptans-2,1-

3% cyclobutane] {2.10 g, 14.2 mmol) and polassium thiocyanate (14.2 mmael,

1.38 g) was slowly added & solution of sulfuric acid (1.40 g; 14.3 mmol) in
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30Sel ected fractions were concentrated, and the residue was di ssolved in
met hanol (2 nlL). Trifluoroacetic acid (0.1 nL) was added, and the m xture
was concewbnatiedssnd vacuum dried to obtain PCT/US2011/037630

Nr net hyl spi ro[ bi cycl o[ 2. 2. 11hept ane- 2, 1" - cyci obut an] - 3- am ne
trifluoroacetate (0.088 g) as gum 1H NnR (C.:1)30D, 400 MHz): 6 3.06-302
(m 1H), 2.568 (s, 353H), 2.54 (brs, 1H), 2.34 (brs, 1H), 2.02-1.83 (m

g(_l)arrpll 52 1, %aigm{} 5@'?9? o¥ei2@rlin 82 B) Tglmmiutqngx%lqgtn(rédﬂlét@% sc 408, 5( M),

(1S, 3R, 4R) - K4h-7Te Tfiea et RSAlEPP pebishEyEPeRRIe dtpéptakiezna @8y cl obut anl1- 3-
?n‘; ne h%/ﬂr f)c hinoy, Eﬂ@wéﬁ{i‘ed@%@;eﬁ&%ﬁ)m Naﬁ]ar (7?97m_\ anizsgatuaatecs aq:tgjeous
et ranet hyl spi or c ani ne

hydr ochl ori de® @%[\%L‘F%g?r&ﬁ ﬂé ﬂi‘eg}fyﬁjﬁne 'd%?rﬁ 'E‘&F?%h& [FU9L starting

mat eri al , Svasarepeat ectliuws buligie] ahitphar Tasheilisttants ndiatabeinmal , yi el di ng

products t hat r c; K A m xture of
D (+) - canphor ?ﬁggﬂgaﬁ%@%%ﬁﬁnﬂdwg%% |u?npﬂ§“?rlofgg??f3§8mn m61 5 mol) in

tol uene (100 Wiueng)) angbige sl hre ﬂ!@t’oﬁﬂfeéla‘f FHCripne h AMEOBIBE | on of

1, 3- di br omopr Qpanids3d o0& SR mib@weldr %qu@mﬁ%ogbni fg(dFaQJdH?fﬂﬁlLizgﬁi was

added and the reaction was heated at reflu he reacti on was
cool ed to anb?éﬁf’d‘t'@ﬁﬁ%‘f‘cgpﬂwéwWéé‘ﬁ%so"iwfl’ﬁd%gtoé‘?? W8B0" FEEV@dr i ed over
“anhydr ousisodimosghéd apam@demm@@amdmmd W'Eihlezafee{imdﬂla was di ssolved in 5%

net hanol in dj ) n ne was
15passed thr {O%%h%Lg‘g@’%ﬁtlgtteﬁo%g%%%&[f}qﬂ Qus?‘d‘?%lgm%rg as?i%s(g gég( 10 m nutes).
Di net hyl sul fiﬂd)e T2 tefugneviayer Wﬁfeﬁswd@éidamaihdCfbrh@w@a@tqcoinrwmd war med sl owl y
to anbi ent teém@r@ts,weeﬂ@msrc%%hg@fsh @xé@&g@%@mssag@ﬂ%;a&am and t he

residue was purified on a silica gel col urmd( Q{?, eI uting with 0-20%
ether in hexagﬁié%g) e W%QHEOUS mixture was exiracted with sther (2 x 30 mL].

(1S, 4R) - 415, 7Tiﬁ§$tﬁﬁtéiy£i§%x§r@fubﬁléﬁ§é@| @fneerZialeliham ttuaen&n%sshm mei

20 | obut 1.66 29..9% | 3, 400 MHz
0SS A st GGty 385y W G} @M biarorbi R bR 35400, M)
1.47- 1.40 (|mu&m&§ammpﬂﬁ 911:0.9) i6 phloRyT, © oBin(axp-38Y) , 0.88 (s, 3H), 0.75
EiS 2:;2 4L$V5d§1%h%ﬁnr]0[g@y%@j\ﬂfﬁ%emé' rg[ﬁ;t g&@cr%fm -Snamme 0"“80; 15%

25cycl obut anj ¥Ygdlreme EU @38‘@ renet ) Therd ‘f‘fc@rﬁﬁéﬁ*}v%ném $L) in formic

acid (7 nt) \A@da%m@ﬁ-;a% @boiéﬂzﬁ@ef&ﬁh &R Beméﬁﬁ@ sz@@&#L%F'B me?&hbl:ﬁ% was cool ed
ured into 200 r and extracted

t o anbi ent te erature

wth other (2Mrasheps s RS SN0 200 LRl 0 oL SLMal B, 0], ext ract €
wat er (40 ni)thedgdrechioiteraanhydvr s, s a0l umes §l2fate and.zonceptirated to
obtain N-

30(4,7,7-tri n%ﬂ’hyl é&grao’i“b %'y&%ﬁ“*ém Fr-lt E)fa r%eiﬁ-aé?wlifﬁ)(:f/é%bﬁt@ni -3-yl)formarn
ide (1.55 g, 84), 2% yd eHU)CHS {gvmn 180 (M+1).
25 The exo stereochemistry was established by NMR.
Example 2: Ghiral chromatographic separstion of exe-N,3-
dimethylispirofbicycinl2 2. 1lheptane-2,1 -cyciobutan}-3-amine
Exo-N 3-dimethylspirofbicyciof2.2 1lheptans-2, 1-cyclobutan]-3-amine
(2.0 g} was-dissolved in 20 ml of acefonitrile and was separated with 0.2 mlb
30 injections on chiral column (Chiral Pak AD-H, 5 micron, 250 x 20 ¢}, using
0.2% digthylamine in acetonitrilefisopropancl (85:5), with a flow rate of 10
mbifmin. Fractions containing peak 1 {sarly eluting) and peak 2 {late sluting)
were sapargiely concentrated. Tha two residies were individually dissolyed
in 10 mb of dichioromethane, freated with 2 mL of 6N agqusous hydrochioric
35 ackl, and concentrated to diyness. These hydrochioride salt producis
weighed 0.74 g (peak 1} and 0.48 g {peak 2), respectively.

25



To a solution of N-(4,7,7-trimethylspiro[bicyclo[2.2.1] heptene-2, 1-

cycl obutan] -3-Aformam de (1.50 g, 6.78 nrnol) in THE (40 nL) at OC was

sl ow y adsecdoitpgsam al um num hydride (27.1 mmol, 27.1 mCTafS2011037MB&ol ut i on
35in THE). After conplete addition, the reaction was refluxed for 48 h. The
reaction m xture was cooled to OC and quenched by addition, in porti ons, of
solid sodiumsulfate deoahydrate (10 g). After stirring for this

m xture was d, resi due was
purified on afﬁk%@g’i ﬁ%g%%{}ﬂ d&&w&k@g\lf‘éhé&%{g%C%{&%%Qﬁ-g%of orm
nmet hanol; 30% &§t¥ous anmoni a; 9:1:0.1) in chloroformas the eluent, to

obt ai n an exoam nerqyf guieh of 2- norborranme (25.0 g, 227 mmal) and 1.4-
(1S, 3R 4R) - N,

tetr t hyl s [b| c clo tane2 1' -cycl obutan] -3
o o (0 45 JoronsbreieRaT o SR un e Gohiars soaee
(1S, 3S, 4R)E N, élodﬁ;n?aﬁieiemmg fﬁﬁt"mmp[Tlhlmm@ﬂud\n%s%eiiehespt@mmgzéh,cyC- : Jobut an]

-3- amne (0. ?«:ﬁ % anﬁ%é exl % E‘é@ 198} P? \%gtgplﬁgn or%é%}l?c z%}QQWBE ﬁg% ,1‘,te: ‘, were

converted to elr roch oride sa eac rnL of
concentrated W%é‘mé@% Eveiovas %ﬁ@stw&‘e@tﬁom tl?friig%’i*‘afﬂm?hefac'f@am‘ drying the

sampl es. 1H 1&:%@@‘(@& ether extracts wue ccncemraied and ihe residue was
exo-(13,3R 4 -t etranet hyl soi rol gc o[ 2. heptane2 1 -

cycl o. butarij 2“3“”5%?@ %ﬁ%éﬂPoPﬁf%ﬂk{%ﬁ?ég 92? @W&ﬁz@md%’ 2IgOMS, 3H), 2.72
(brs, 1H) 10 2. @2sckedln KeanddHb00 il Pebiletinf@d (i adidhus got&éman 45 (m 2H)

138131 (m ibogebad bkt P iy SRy B Bfaohe riie iaffadd o7 O 72

15t et r amet hy| &l the [ibicey EHye( RaxxolddiehtTarealsol's layyohabedracied Sitlamni ne

?_%{Sr O(Z:hl)ir hdg%&@%g of %%Qnm}ﬁe c&rﬁn&?ﬁ&gﬁ fayé]rwvsre%oﬁcgé ie§|_;9rd 2% 2621124( Enm

(m,
2H), 1.08-1. O@e((ef,ﬁ{duﬂq)mﬁqgi B glga qg‘l.q}:) L, q{gt;r(ggmihgq_ﬁs% 13753{:(;#@9:@_0 LCVB
(ntz): 20{85(%@;)%55&&5&1&;@5&0 @a@@dnwm@wf@y&@fan@apwﬁé 1{@% Setconflary
amnes into In N-me ertiary
am nes can be® pq%éﬁfge bﬁ Wﬂ% é c?qgs@ﬁ%rﬁ%a? %n“oﬁ‘ e Ec)owgspondl ng

secondary ami tv@si Hﬂ'h@zﬁfﬂo&a ewitag); poomeeiisie1ssuhhi. zi ng f or nal dehyde and
provi di ng exo- (1S,

pent anet hyl sbhi r o[ bﬁ% éﬁéf%!%{# rﬁé%f}m- 3?5'{!%0”%’0“‘“0 kﬁ?m‘ﬁgfi@ 2%r ni ne

25hydr ochl or i #e4 il efxéH‘ﬁI&“ﬁiﬁyﬂL}Ahaﬁiﬁg‘@&SaNeﬁ@tmwimwm(ﬂSr%mtpf ons were

carried op 0@5@@'} YRR IV IO, 48 SGRRAHYh A ARS was stired 308G BOLML I on of
(1S, 3RAR) - N, 4. 7,

t et r amet hyl spa’ﬂ%{f%v«ew#%pz‘w Hipysicpt-ahesgane-2. & Fiapitadpcoe Anthe (0.10 g,
Odg8drrggl )dangl %@@@Gﬂ&ﬂdﬁhér@éﬁﬁh dﬁﬁl}x‘iﬁﬁsd(alafﬁb:en DtetPerB®ianad n, gﬁ rnL) ;Nas
addae sodl u rha or.oh [l nd e reacti on
was stirred a }éﬁqﬁf’ @ﬁb n%)i‘ii"}freer ?é’ngc% E?[%mf?q'{"af#%teﬁﬁgnﬂ“% %Ha ¥6°quenched with

sat urated aqueswsnistmi am bi omicvenat guiietivhiz0A0 @30icayyl caldnextracted with

di chl or ongs hapey {2, B304 tmz?btaﬁx%r a%v\ig gr?éag:rc( Qc\fricg%%&}?{%% oAdded to the

corbi ned or gani c “extracts_ an concen rotary evaporator.
35The resi dueSxregepadl (4. %‘Hgt%??p’ﬁé@&ﬁatl ve LCMS, using mixtures of 0.05%

formc acid in watmfuam@c@m(bﬁ%ﬁ qumgc‘a@,@k@nd!)ﬂva%%@fb%&%hkcﬁa Sel ect ed

fractions were conbi de ba I, C a ition of 10% aqueous
sodi um hydr ox? &5 Qgﬁﬁn?%@‘? y@é’@?fa%%%ie ﬁé’y‘({’f’“‘? 888 ). The
conbi ned or gaﬁi&ﬂ ELE barths) nenetdssieattieckyahith (0oHg, 1R0.2 raholc erieent r at ed

e SRt ¢ 7 acrlhinfhalRe e W0 ARBED I, 815! BUch YRR O e Lo obtain

temperature, diluted with toluene {30 ml) and washed with water {20 ml)
followed by with saturated aqueous sodium bicarbonate {10 mL). The loluene
layer was dried over anhydrous sodium sulfate and fitered. To the filtrate
was added sodium bisimethoxyethoylaluminum tiydride (40% solution in

35 toluene, Z equivalents) and the reaction was stirred at 85°C for 2 h. The
reaction was cooled to 0°C, and a solution of 3N agueous sodium hydroxide
{20 mL} in 5% agueocus sodium hypochlorite {35 mL) was slowly added (drop-



5N, N, 4, 7, 7- pent anet hyl spi ro[ bi cycl o[ 2. 2. 1] hept ane- 2, 1' - cycl obut an] - 3- arni ne
hydr ochl oride (0.069) as white solid, 1H NWR (a, 20, 400 MHz): 8 3.27 (s,
3H), 3.19W0=20113Hp8593. 10 (s, 1H), 2.55-2.28 (m 4H), 2.1@craBR2¢umo3B3bf), 1.80-
1.60 (m 3H), 1"45-1.36 (m 1H), 1.28 (s, 3H), 1.02 (s, 3H), 1,01 (s, 3H);
LCVMS (mz); 222 (M+l). 10Exanple 7:

N-11ilethylspiro[bicyclo[?2.2A] heptane-2,1'-cycl opropani -3- an ne

trifluor oacet,ﬁggai ety !s) N@%%sé@%&%\ébﬁ?ﬁoﬁ&{%r%@R&é‘&t#\ﬁﬁg , 73 ol )

fol | oned by neat di't odo ed to a slurry
~of zinc- coppdﬁﬂmm@t@gwf yefs\zﬁsmﬁmeydr@cﬁﬁwétm@ﬂts@ﬁwyd(@siom) The
resulting m Xéd:HfQ xv@smiaih@atssﬁuai "sr»@féqumm dr@c%rzr‘%u@@%ngaéDOH' on of

Zi nc- copper coup g% an% Gﬁﬁ ﬁg@t I’)d refl ux vva% continued for an

addi t i onal 16‘?53a et 1% RY "%“H’éﬁ GFEHRWE GO AYHBY'ET 21200 nL) and
diluted wi h @htrettﬂatym*fkextitla’mpi e(c2@OTmazbthgﬁlm&sebmpsImasm&remoﬁbematems filtered

through-a pad, gfthéj}egﬁgmﬁsegﬂﬁaa gma Lh&; &%ﬁrg&)g%ﬁaté%x%) us: gepar at ed,

washed with 108 A)aqueous r| C "aci dtied over
anhydr ous rrag‘ﬁ@/si»ﬁﬂﬁn(sﬁjfpfﬁﬁiﬁéW&tﬂbﬁﬂ@’&%fe@wewwmm esiidue was passed

through a silifac.mEel mc‘o%lMB c@hé{w{;ﬂom&a Jﬂlzcihlegfaﬂe%hane Sel ect ed
fracti ons were concentr at ed he res; ue was vacuumdistilled on a

bul b-t o- bul b W@P@Wtﬂ*%ﬂcﬁﬁﬂ%pbéﬁa%@ a50ll.3 HiBR (CRal Eethiyg: © 2.28
spi ro[ bi cyxl o2t th@}@tﬁﬂe? 24-1Faqychiopt opank(R- onel. éj.q@zé.}v as oil, 1H NWR

L2 ST B A 8 Dt i ot ks 8 2

480-0. 75 (m 1H),
To a sol utionMsfl).spiro[ bicyclo[ 2. 2. 1] heptane-2, 1" -cycl opropan] - 3-one (0. 13

g, 0.96 rm |o%})a %drrgtgg%[?lﬁ%&l ?%gﬁi*‘%ﬂ@"@ gge?a&u{\édsol ution in THE) 8.0

rnrnol) I'or oet hane acetic acid (0.2 nL) and
30sodi um t ri Wﬁﬁﬁ‘f%@ér’iﬁ?@mﬁ%@ -8 -gyclou@nhdwiinggnd t he reacti on was

stirred afs anbi entc,&t@mﬁmma«%dfs% AScRi2 Jﬂﬁeﬁtﬁﬁcﬁk%cam@ql uted with
di chl orornethane (10 nl), washed with sa urated aqueous sodi um bi carbonat e

sol ution (10 WS‘ES S peEETeET Y AbeEIicrHR 2PBEIWRAE was purified on preparative
HPLC, el uti ngspisblbleydis[I L utestaab-20.-0p%blwnpa-eneacind idiowingperceand, 350. 05%

for_m c acid i ‘E‘g’?o‘i'fe{t}g@%&‘!”ﬁg“ %v%%g\ﬁ%)h%pr}r ?ﬂﬂﬁfd\é\fz 2e,!éﬁonce at ed, and the

resi due was _ B9%1d (0.1 m)
was added, aﬂdc@héa?hmfw%tMowmmmﬁmh%ﬁ@dv@wam@m@d to obtain

Nmet hyl spig of h - i
trifluor oa({:et%% ‘gy&éﬁk%g%m%a%ﬁgﬁﬂ]g o %ﬁ Jie %%ﬁ%pflzggé%)sm%r 2.76 (brs,

1H), 2.59 (s, %L}LB" 1.85-1.32 (m 1H) 169155(m 6H), 1,34-1.28 (m 1H),
Oﬁ/i-l ;) 7%}( g m | 1H) , 19C: 6 62 plrdibicldf2.201-88mls-20'dyBlob@kha-4feNI S (M z): ' 152
N 3-8 ot hy! Sa1p Bt P EYRTSYS SEARERS LT 012 0 e BBP bt & 0m ne
hydr ochl or i denTol} & sblighlpoathefe (10 mi) was added acetic acid (0.2 mL) and
(3-rnet hyj=spi L Ql B GYSE A Kordny HhiReRIdsYY 80%afeil rhe reaction was stired at
ambient temperature for 48 h, diluted with dichloromethans (10 mL), washsed
with saturated aqueocus sodium bicarbonate solution (10 mb), and
concentrated. The residue was purified on preparative HPLC, eluting with
mixiures of 0.05% formic acid in water and 0.05% formic acid in acetonitrile.
30 Selected fractions were concentrated, and the residue was dissolved in
methanol (2 mL). Trifluoroacetic acid (0.1 mL) was added, and the mixture
was concentrated and vacuum dried to obtain N-
methylspiroibicyclo[2 2. 1theptane-2 -oyclobutan}-3-aming trifluoroaceiate
{0.088 g) as gum. "H NMR (CD,0D, 400 MHz): 3 3.068-3:02 {m, 1H), 2.568 (s,
35 3M), 2.54 {brs, 1H), 2.34 (brs, 1H}), 2.02-1.83 (m, 8H), 1.56-1.42 {m, 5H),
1.26-1.32 {m, 1H); LCMS (miz); 186 (M+1).



cycl opropaner 1-3-yl ) met hanol (9.4 g, 57 rinnol), prepared as described by
10G e, am and Pi nconbe, Aust J. Chem 27: 543-565 (1974), herein

i ncor por aweaotwyi4essber ence with regard to such preparati eolr/useormestsanol (20
mu was added 0.8 g 10% Pcl/C (wet) under nitrogen. The atnobsphere was
replaced with hydrogen (50 psi), and the m xture was shaken for 4 h at
anbi ent terrperature The reaction was then filtered through a pad of

15di at omaceoug Oagx?;g ? %%Qﬁmﬁ ‘?t'}‘?&r%ﬁé \gg?i\;\%{g{&%ggm%mag%e filtrate was

concentrated t Hgg
hept ane- 2, 1' Q&W@@Uéﬁ?&ﬁ@@qwmﬁmaﬁ@%a (18 ARS8 d (999 . To

a stirred sol ulbaBudlefRIOR R bIlRkAR-1 PDoBoulhr5AMR 1N water (30 n)
cooled in an H%mp%ﬁt @%d Iégzg((%)r&gfulglﬁly %Agul%ur%&amd (6.9 m, 120

20mmol ) . Wi I%‘”@%‘iﬁ Wéﬁ ng to cool and stir the oxidant solution in an ice
bath, a sdlution dfhe(f@kz%@l&yersipirmth@b@k}éﬁipﬁ{)&s& slz}rtmg material, was

he tane 2,1 r nej - 3- thano I n acetone (115
rr1_|)O was added%ég%%@%sq%'%wﬁ ]ﬁé%lél %)g% mﬂ?fﬂ ermg59 ‘ﬁ@?@“’%ﬁ?%ﬁo 5)%“9 the reacti (()n
m xture was seiantiedericde heshdagaiibes e ming to arrbl ent tenperature. The
react on was then ghkeg i ARauaiats 25645 Jiioaad: kil aget ate (200 m).

Slow y, sodiumbisulfite powder was ad brown col or di ssi pated

“and the aqueod<O%§er %Hﬁ@%ﬂﬁé‘w&m{é “‘ﬁﬁég"é%j %P% thﬁie*?? §8pdr at ed, and the
?queous |‘Hyersmsmog’s@et§rmmdplﬁop%h@;d1 me;bg%ﬁr&Mi@pmwameneﬁ;@ or gaﬂi Cd
ayers were copbi ned an ver a us sium sulfate. The drying
agent was ren%gJO VAL la{!?g}brgi—ﬁ(“ ‘%ﬂgﬁg %%%ﬁf?flug?%gi“w%re€8Wéentrat ed to

yi el d a greenwsidoolcliheanbikentiwearspeyatnief weshelwith mlatec & 0gebl) (@@0 oggr col um

chr omat ogr aphé/nhyﬁ‘r%hl b n%%@té’a%‘d%%ykceﬁﬁ‘&fe@tﬁe !4k c{ﬁ%ﬁ%@%&s&ﬂ%‘!hem Sel ected

fractions were conb concent r at ed
3- et hyl spi r of bimsfeEne]in dghigrorgEpna - @L)Pﬂdé%f?fiﬁﬁrb‘bgn&w@aw@far boxylic acid

as a whi te5 sopdsded ﬁ&u@@)m s3biAeh @hishk bfu@@oﬁpééﬂéaét@@(qb mmutea)
3-carbo. xylic acid

3- t hyl t I I

(28 g 15 m HBIVEHICER? SYPaRr e s, BHS R8RS dne. (70 L)
cool ed i n an besbmt knpeasradtedeadibphenykphespheniaeqahdde( 3,5 m, 16
ool 1. 7 CRELLERThIELE 6 MaRY BRGA BB R uAR hERELAL 2, D 1 - Seny]

al cohol (1.7 reaction, and the mxture
was stirred apExaeRs o (1BeHRI-4dt7-BoEthyERec piemid dhlhattia?.&- was cool ed and

concent r ajed. t.yy&@utéﬂsfl Q‘;éei"i\é@ %fyieﬁ.ﬁ] a@¥;§ Sy Nﬂ\ﬁ?@ (@8, Q@QW .Gol um

chr omat ogr ap é %u3| ng a 0-1 ?%et acetate in hexanés gra |ent Sel ect ed

fractions wer®2¢8mi édmaha?’ %rﬁ%‘énﬁ‘%ﬂ &85 3l #-1.58 (9. BH: bt xture of

th eri Ftl [52 lznchmldhtrm>3rzsso¢g@ﬂaa}m Bag !ﬁ'eﬁfiﬂ';}’d) S%’fs}(’ ﬁ“’ 0.75 (s, 3H); g o .
icyclo P cycl opropane] an e correspondi ng benzy

car banat e, @%’Ffig%g‘b }\J{dﬁ This m xture was dissolved in dry THF 10(16

m.) and cool ed i n Aamidueectia® AR)-L7 THivethakind bhoyoold pdtjhebesne®, 8- L of 2. 0Min

THF, 17 mpl) dg o7 Gt nas C for 3 h. The

reaction vvas %}ﬁgﬁutggcﬁv\é% (@%Q nafcgiﬁﬁg%ﬁgﬁngggg uid\@[%ﬁ%k&ag%hyl et her

(20mL) . The r@deitives sties ﬁdé%@ﬁ@ﬁ“%“y%ar@fcmn raiddia warcogfedimt er until gas

evol ution subghsled terﬂ_ﬁt@a+ﬁ%swu§éd]gto@b§ SRUS ioalAS, ﬁdlgxfrﬂctwﬁrﬁt irred at
anbi ent 15t eng%la % 58 rr{,; T%}e Lemb(?nlégjle?h ¥ \é\ggga%tq wéren\?;agheg W?(g wtatser 1(34%Carre ore
granul ar.
mi, dried overanhydrous sodium sulfate and concantrated to obtain N-
30 (4.7 7-timethylspirolbicyclo[2.2 1]heptane-2, 1-cyclobutan]-3-yiiformamide
{1.55 g, 84.2% vield) as gum.
To a solution of N-(4,7 7-trimethylspirofbicyclo]2 2. 1iheptane-2,1%
cyclobutan}-3~yiformamide (1.50 g, 8.78 mmal) in THF (40 mbL) at 0°C was
slowly addad lithiurm aluminun hydride (27,1 mimel, 27,1 mbL of 1.0 M solttion
35 in THF). After complste addition, the reaction was refluxed for 48 h. The
reaction mixiure was cooled o 0°C and guenched by addition, in portions, of
salid sodium sulfate decahydrate (10 g). After stivring for 1 h: this mixture



slurry was then filtered through a pad of di atonmaceous earth, and the
filter cake was washed with diethyl ether (10 nL) and then ethyl acetate
(10 rnL).woOhelicapdsbned filtrates were extracted w th 6Mpaydsechlosrsde aci d
(3 x 4 nL), The aqueous extracts were conbi ned and concentrated on a rotary
20evaporator to yield 1.6 g of

N, 3- di met hyl spi r of bi cycl 0[2 2.11heptane-2,1' - cycl opropan] - 3-am ne

hyd hi d 2 , 2,52 (s,
sres! 43“ S n@re%g% Syl ubse g@at@iﬁﬁi Th%s!iﬂi\d}l«(ag?%wg%% 20 2 ( m<
2H), 1.28 (d 401 wcmemrumlsmammw lorofrrB@aetiersh3m  3H), 0, 45- 0. 43
(ani " 1"2 hl—%uéédsg%amalﬁa C(Mfrg-}hi?rglvgﬁ%@é'%@%k%n* 0 obéara]rg gn exe- 3. ani ne

i me spi.rof bic oc ne-
hydr ochl or|>/d PR FRF’ is‘;{d?%?ﬁ‘é St ’ro“[t%“awgl‘f@f"?%%wﬂo 1 hhe "%’}el' -
cycl opent @ni -Bt'aptistetdnydreocd (0bde3sFhgieidntzes ardndd-gmnine pmdum
bi cycl o] 2, 2 oce res, descr,i bed by
Koz?/kovv[skl arzﬂtxngcﬁ&ﬁ i 7?%%%@%‘);@&1&%?8?%8@? T(f@f? ?‘?L b previ ously
i ncor por-at ed ajing @f&@rmﬁ@é vl Heottegraeild. T wmomsg@mar@mnvamﬁ tt: hen

subsequent |y tﬁéiﬁ%f&ﬁ'@ﬁ& éeﬂ& 8y Ms%ivmg eachi m fmL 03” concenirated
di met hyl spi ro[ bi ¢

] oct ‘]@ne 2, % Fent ange 3;am ne and N, 3-
di met hyl spi rd'[VBi*Dééﬁ‘lcochi %‘dﬂoﬁ?ﬁ“ Aggzang ‘“"3“%,‘9‘81 penthgspoREamthe, A nmixture of
ac(rjylhon: t10 | ewr(fmf&og’iskwkﬁzmm),f_tét;aare@y&bmgmﬁigme hé@@n@21ﬁ5 073 nol )120C
and hycl rooui none : nas 1 eated at
for 15 h CTherBgutems Sretitis 10 200 Lol S0l R ea by
chr omat ographm};mz;sﬁ ki ¢a, g6l 1564 Gmmga}w t54-miag {28, ofs-eshyh, acetate (0.5%
to 1% in pety Fnt Qa8 pa orrers
(presumabl y en ol exo?li r}? %H}C@%n bi c)ygﬁgfszggpf] Zg% >&%Heﬂra?e}?% %’215 g, 64%yield)
as a white seis¥rid, HWW“@%@MR‘ ¥BEB) 6 1,32 (m 2H), 1.75 (m 3H),

(2m045(1|rp|) T%I]__DH tet?@rﬁe’ih}ﬁégirmwcio 2 EQ%]eQ)ﬁheéH) @yu%b@ § (’ﬂbmgﬁ@}{d@c‘,}% d;(a ml ézl) ( m6 30

1H), 2.68 (m(DXs003ngy {32! Ff)’fHBZi@(% M%fi- wmw@miwkg LOMS O-ritzy
1ﬁ4 (rl\]/l+1) (mt 3H), Tovaa;dagqﬁd oxi Ao @«a}w ek 39W24%ﬂ@+—s£ 314}82¥ @( 1801?”(3) ol ),
phosphor us pen Ll orm was
added drop- sé%l%’ﬁig %%r‘?’ (81935'@ %S/éﬁog%c%f%? gzg z%zﬁ Yo ene (12 g, 90
nnol) in chlmramfptbarm Eboeral procdinee fesuhtintigy Rbodndag mpisehbat 8d at ref | ux

for 15 h o] onto ice. The organic |ayer was concentrated,
and the rzeO; 3{(} M@QQ(.}PQ,H{“% y chromat ography on silica gel, eluting with

m xtures of et hyl C@S@Dé}{"@ef@ﬂ f@%m@mi@ﬁ@?ﬂ Pnopeied Pelimredidve, to give

5-chl oro-5- @mﬁé&%ﬁ%@ﬂhgﬁ%%gm%q@e@&ﬁd’aﬁf&%ﬂﬁes( %e%ﬂmw%@ ﬁiéﬁb&'arg) as a white
semsolid, 1H 3H) , 2-2.18 (m 2H),

NVR
2.51 (rn, 1%0“&"‘22”97[%”’(3%*"\@2%)&“%%@“@%0 i’ﬁ)SR éR}z’E ”(‘?d 71E1) 6 41 (m 1H):

GCOMS (M z): IEhtamethyispirolbicyelo[2.2.1]heptane-2, 1-cycinbutan}-3-amine

25 hydrochloride, is exemplary. Analogous N-methylation reactions were carried

out on a variely of secondary amines.
To a solution of {(18,3R 4R)-N,4,7,7-

tetramethylspivolbicyciol2.2. 1lheptane-2, 1-cyciobutan]-3-amine (0.10 g, 0.48
mmcl) and 30% aguecus formaldehyde (1 mb) In methanol (4 mbL) was added

30 sodium triacetoxyborohydride (0.31 g, 1.4 mmol), and the reaction was stirred
at ambient temperature for 18 k. The reaction was guenched with saturated
aqueous sodium bicarbonate solution (30 mbL) and extracted with
dichloromethane {2 x 30 mL). Formic acid {0.2 mL} was added o the
combined organic extracts and they were concentrated on rotary svaporator.

35 The residue was purified by preparative LCMS, using mixtures of 0.05%

formic acid in water and 0.05% formic acid in acetonitrile. Sslected fraclions

28



To a stirred solution of 5-chloro-5-cyanobicycl o 22, 2j oct-2-ene (65 g, 0,39
nol ) (representing several runs of the foregoing procedure) in dinethyl
20sui f oxiwie 2060A9%5ML) was added pot assi um hydroxi de (87P¢TgiS2d11%6876a®m| ) and
water (30 nt.). The resulting mxture was stirred at roomtenperature for
15 h, diluted with water (1000 nL) and extracted with ether (4 x 500 nt.,),
The conbi ned ether extracts were washed with brine, dried over anhydr ous

sodi um sul f at g 300FONGLAL agﬁx @Qﬁ e aﬁ&%rﬂﬁ%ﬂ%u@&fg sbligdl. 0

25chr omat ograp y on silica i et hyI‘ ether (1%
to 5% in pethErEumaed ﬁ@faﬁefidwfgudiﬁéiomrwws@ {(2x 20 mtbcfﬁssméww@ﬁone (23.8 0,

50% yiel ) aSogahiskes Y§%}éiieaiédm&%@%&@'{éent%]}?hm@m&@wl 84 (rn, 4H),

2,01-2. 02 -2.99 15- 6. 21
1H), 6.43- 6m4'§‘ {%ﬁx“ﬁwm “c&‘iﬁ)’éﬂ%‘%‘ﬁlz?)m vqSim digH IERRIYN ﬁ%ﬁﬁ (56.5 rnL o1£ E

MrrLi n8h8>5<arfes7i‘;9504 A7 parmahthyigs oty eld] 2201 Bersolet 1@ @i@raghﬂimameopyl anm ne (1162
g, ! xture was war me
to 0C and stlrﬁyﬁgrmmée){gggﬁ?ﬁgwﬁ% é‘% %img%% (@/ao 4§1€§? R @%oﬁe(a to -78C, and
bi cyclj 3[3 2, ﬁé)i-bciﬁi%éseﬁﬁ}zadﬁés (18), wigz s?@n ZHe018) 1,80 &5 GHy, B0 n TEF (10 )
was added. T o! i 5 and then
L5 6@2‘%@%‘3 WA, 6 1%4 gl éﬁ 3@2{\? ”‘H\aﬁig’i géB

hexar net hyl phos ric triamde }ml) foll owe..d by
1, 4- di brormbdt@i‘ﬁ%(‘”('/é 252 {M+1).8.59 0, 39. 8 mol) were added. The reaction

m xture wWas VeRde FONARhERiI$[BRDELE Ui RepShé b et ddrodfya. quenched with
sat ur at ed aqueous aigir;pnl u% % | oride (50 %Lp), di | ute vvlé%h et her (100 ni),
and washed wi IRPGETEPPeRE0 rhL) . The organic |ayer was dried over

anhydr ous sodi um be‘ab’ethyienéﬁeméidx; neamtk @eEng eanmat)etbliowdueyrreai due was
purified on ilkLQ o} ) QM he>_<an§for 4 colum
vol unmes, fol ?d”%&gn%hgm (gfgnﬁ ra ‘“%Jetrég t%%%%gg %”hc clf‘mécet ate. Selected
fractions mr@uﬁ@ﬁ%éﬁtﬁfaﬁ@@i)t@*@}h&éﬁi@f"f {75 mL). The resulting mixiure was

spi ro[ bi cyrl ofedied- a%léﬂﬁﬂo%ﬁn% s%céncf;fb)‘fﬁ;'n%@%ﬂé é‘d}n%e&o%ﬂl%((@q lud -90% pure by

GC/MS) as a clear oil. The material was canforward w thou t further
10puri fi cati o?ﬁme‘ﬂ)fnai’%(%%l‘”@? AYUNYEPYen A9EOPE3S fr iThY reRRP el ing to - 78C.
Met hyl magnesi e @f@ﬂhdﬂi@mﬂh%ﬁ& m:ﬁi) EB)d@if&MPdiﬂt?ddil@t'(’ﬂﬂ)é'ineeﬂ’{hel’mi,‘)85 8 mmol ) was

t hen added, nperature. The
reaction vvasa{h%l rreﬁm }iX%JﬁBugg Er?%%oéjrgﬁta e gnffg?mgfgcﬁ?u%ﬁﬂ% %ﬁched by

car ef ul addi térpimiciiyes s reteechqrebebvitntidniguerehivgrdctieric él'chcé 2l5reacti on was
transferrgy t395@m§eeﬁgdaéverar(wfwa%hgn@% éd?&te%ﬁ&'@ St AYErrrwas removed. The

organi c | ayer was washed an ed over anhydrous
sodi um sul f at&idyg ‘F@%ﬁ?’é‘éﬁd “Bﬁ’é%éﬁ&%‘%ﬁf a@*@“an eliag WEhEChipREeiater i al

gCO| OL| ess Ol$éiedt@ﬁra%isdﬁs>ﬁé¥lé @:ﬁérgafied and the reSiduelwas yacuum dﬁb?f;iieci (2.9 ) g
met hyi spir oct ene- ' cl.opent ani - 3-0 .9 g) an
starting mat e(£ I?’Yb%%(ﬁgﬁ%h@ Fﬁ’é‘@ 8321?’;‘.?“ ccﬁ%‘(*’ t he sanpl e generated

i mredi at el'y adyovipicyas? @omptaeekzvﬁ-twmwmrﬁ-mea(me@e% &il. 98 IR37. 8 minal) in
acetic acid (6 Ss t tirred at that

t enper at 3%52 a%’ SLf’f %Ogrfiigé)a 5“? %‘%m%)) E%géﬁsl owl &aﬁ?jﬁjgﬁ Ji:{llie reacti on,

whi ch turned BE@@Ep{medt) colof. Oﬁﬂmnz Bohpl-efe ladtﬁ)t@ YhOGE (nedfjent s, was

stirred at ambi entro23lfRBesAlbBicid2 38 Hpthd 2 WaShheBafuenehed with the
add| tion of 100 nt.
(013 g, 0.96 mmal) and methylaming (4.0 ml of 2.0 M solution in THF_ 8.0
rmol} in 1,2-dichloroethane (10 mL) was added acetic acid (0.2 mL) and
30 sodium triacetoxyborohydride (0.85 g, 4.0 mmol) and the reaction was stirred
atambient temperature for 48 h. The reaction was diluted with
dichioromethane (10 mL), washed with saturated agueous sodium
bicarbonate solution (10 mb}, and concentrated. The residue was purified on
preparative HPLC, eluting with mixtures of 8.05% formic acid in water and
35 0.05% formic acid In acefonitrile. Selected fractions were concentrated, and

the residue was dissolved in methana (2 mL). Trifluoroacetic acid (0.1 mL)
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wat er, made basic (pH 9) by addition of 3 M aqueous sod urn hydroxi de, and
extracted with dichloronethane (4 x 50 nL). The conbi ned organic | ayers
wer e dri esloaveri4gsshydr ous sodi um sul fate and concentr at @dTiUusS2@bi0&i680 an
off-white solid. The solid was dissolved in dry THF (200 nL), cooled to OC
and 30held at this tenperature as a solution of l|ithium alum num hydride
(25.2 nil _ of 2 Mln THF, 50.4 mmol) was slowly added. The reaction was

heated o reflubedn 4 b el 6 LichRehaaag duenchad hy. cautious

addition of 5 Ium su era trng mxture Was
stirred for STG@fﬁVihpiﬁ?ﬁ%Wﬁ'P!]Ztﬁe? wfﬁffﬂ?@ fcvqifﬂm!&tnédﬁﬁw@d@fh@m@@ta@ed and the

resi due was erdoggggsgm 1139@?{3{’5'9@@ CRc 98200 HRys WS BGofs 4090 CVA i n

chl orof orm provi
d| met hyl spi ro‘[ Br- &ﬁél%[‘fﬁizl 85-06F (5] Bhel 341125 ¢l HpRATARP (3- Bl ne (0. 20 g,
.T%yiel . dbi-§soeherad saaso@kan, LpvE pmai:abk gronet hane (5 nl),

converted to ydrochl oric
acid in di oxa% 5@'83?%%%@ § %@%”ﬁ%‘g?%‘szuﬁlﬁ??mﬁwr#}LRYF&?}TQH"\*@Pr esul t ant
anor phous sol $-dmiveshdirsdibldded. in ' Met hanol nL) and precipitated with

. di ethyl ether (3T‘ELQqoiuTQxeof(§%e¥%ar¥‘@iﬁ%zﬁ%@ﬁﬁ1@?ﬁé‘?@§3w ation, and the

‘preC|p|tate was triturated three t1nes er (3m ), The
sanpl e of hyd¥6ERIcsRIde-YEaEthaoR$2 ¢ Bl W@@ﬁmﬁ?@rﬁi’e@ desgqbRIURY (300 MHz, CD30D)

22 (s10 3H}ssoa:1n A Flnchdbé MustH) Cheln 2% éaﬁafbd((mm?lﬁ%reml 81 (() rln éH) g azl
(1E]|) lI:DCI\/BZ (r n}u%rpos‘g%g by m?%jexgce with regarc? to such preparatxen Ity me!s_ganot 20 ( J=
N, 3- di nnet hyl spiwa didey 0B B72P 2T et Mme&ragék -Tey etropendéraniks3- arni ne 10

(80 ng, O, BQa%BEQd m%gqﬁgrﬁ){f\ﬁgg\;ﬁar%”ﬁet nQa &ﬁ)e w%s ah%ke 29%’? 10% Pd/ C (wet)

(41 ng) was ["acé ef "5 bal T 06n of hydr ogen gas
and stirred agmiedit @mﬁﬁtt’e*ﬁpeh%taﬁiﬁ@ﬂf\ms gali3] fﬁiereﬁniecmé’&cmadmi m xture was then

filtered tdr 0&!&%@&@5@@@%%%&1 %éH&n m%@,ﬁle&\l?a% rﬁ&ihéﬁfﬁtﬂaewm%t&%'@em rated,
| eavi ng N, 3-clinet hyl spi ro[sgbl cycl of -cycl Oﬁentan) 3-arriine

(45 15 g, 569GREIGEP. 1O YRP S 8Rekofdf §W§’81¥{?€'6° ibh‘f%l? ERI%P%H%%H?a e (3 ),
converted to dchphydigehlioeienaetdvwsad bolliyssxeating with 0.3 rril of 4 M

hydrochl ori ¢ acid ) a q concentr sul ti n m xture. The
resul tant amor phou‘lsD as%'lnl‘%sqe%oné’l? L3R %’r@b&]akgfm?@ I 5 preci pi t at ed
wi th di et hyl @theelefdn aricd paih Tes sidbdentiuivesY srfoveskibip. Srspii28t i on, and t he

precipita Ovalpb ; 3 nm). The
ol 6 of by dr Bl o e B R R e Wy AL 300 iy, CoB0D)

6 0.99 (s, 3H§O=miﬂaﬂsﬁ J(Fﬁﬁfhyzaﬂ)m blﬂsaisiizﬁ Abepiape-F0Hyyeioprogselt 1H) 2.08 (rn,
i’:/:‘i) 82 |22 2. 3iﬁ)r~(d?‘lan$i'db95g_25“ﬁﬁm(oﬁ,m &ié)e[rwe:i%%n()rﬂrais%ee dafelV @2(3?4{11\') '[208 (M+1).
i ol ogi ca says r erization of |nteractions, i cotinic

Acet yl chol i nepeﬁAg’e‘gﬁ%rrc m%&ﬁ%@?@ BH§REP NGy was S‘%”%H]PT‘ f’ii‘“ﬁ&
SH EP1- human e# 3% t@Eaﬂb@m tatparkiure. 20@3¢actiSHwEPheh divem witrdids184 (Gent ry et

al . 20030 and ot Gt Q03RRI ) RAUIE R Al AR0BL G | 1T nes vere

obt ai ned kas r ow uroI 0 titute The 30SH- EP1
cell Ii nes PeEideg LW?SF%@?@W dispp7ies ROY é"elﬂqge%rﬂ%'enﬁuﬁmmbMd in

proliferativerg matbs @é}e%nIbepe!%ltb@%@%esqqrm@gksffh@dwge%&ee wWiRdi um
(I'nvitrogen, rl shad, C%f% E a with 10% horse serum (I nvitrogen), 5%
fetal bovine SBYRFRERYEX S ﬁ_oé"ﬁl’?r?@f ayfr?fﬂﬁ’ré(?ﬂ‘?”ﬁ‘ﬁ‘?dp?ﬁdléf‘ﬁ?é"e" 4 rnl Vi

L- gl ut am ne. #owdmas m@@mmmu@étesﬁ“%h;@mgegmhes%aﬁtiveﬁ b{ hieatadhf 32 and u4l134

ﬁilglr OTI’BISICIQO e dsfég %’8& % %nec%nt\x”\éte@ toq,rie%ﬂSa g:%leamoﬁ- ?h%oecil\;\%s%ggf e% RS mairril_

sahce gel {200 g} colurnm chromatography, using a 0-50% ethyl azetate in
hexanes gradient. Selected fractions were combinad and concenirated to
yield 8.0 g of 3-methylspiro{bicyciof2 2. 1]heptane-2,1-cyclopropane}-3-
carboxylic acid asa white solid (58%):

35 To a stired solution of 3-methyispirolbicysiof2 2. 1lheptane-2,1-
cyclopropane]-3-carboxylic acid {2.8 g, 15 mmol) and triethylamine (2.6 mi,
13 mmol) in toluene {70 mL) cooled in an ice bath, was added
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Sel ection was maintained for the (161:',3134a5 cells with 0.25 ngirni_ of
zeocin, 0.13 ng/nL of hygrornycin B, 0,4 rriglnL of geneticin, and 0.2

ngi nL of woastiaedsdn. Receptor Bi ndi ng Assays Preparati eaTafs20m@oTeanes from
rat tissues. Rat cortices were 5obtained from Anal yti cal Bi ol ogi cal

Servi ces, Incorporated (ABS, WI m ngton, Delaware). Tissues were dissected
fromfemal e Sprague-Dawl ey rats, frozen and shi pped on dry ice, Tissues
were stored a for aration Cortices from 10
rats were poo‘lti gi‘ﬁné{&doﬁ%%c %Lﬁc%zgg By 1?’6‘?@? aﬁe({% ﬁ@f‘r@ﬁ”&%‘”@bH, Swi t zer | and)
in '10 vol unegafnadiighd” C\mt winegd f¢0b$ hi Beraybidichhpl g paraticvendbder (11 mlli
K&, 6 rnMK AR M PES (free

aci ). 5 i rasse aoe oot e g BT BT U The
resul ting hon%@ngf‘%r%%md'@ﬁ‘t‘fﬁW%@@Eieﬁ?”ﬁeﬁf@éﬁ&*#%rThi(Be?ﬁbﬁd‘tﬁés at 4C and

the resul td ngppekd B sivaYer @8 @H&iﬂﬁ:ﬂd@ﬂaﬂ}&ﬁ@r@p%ﬁh%ﬁ@§ (}Qﬁxole@feﬂ cold water.
After 60 mnute incybation col |l ected by

et
centrifugati off &< we(ﬁjﬁs&a%gpt %?iq?fer‘?ﬁfaégﬂpﬁt‘”eﬂ@o ’E‘“’dﬁnﬁal pel | et was
re- suspended ¢amcpitepanatievd tadfenixndofstaesds, atiud20Oidrydirhm-Fay of the

assay, tissue,.was. zf’ ammgg%%%@@déﬁw g%%ga{g“fng ';E%pga t(Fa)sBSand t hen

re-suspended |n becco’ hosphat e al 1 ne
| nvi t r ogen) t?Pf‘éy’fﬂ*?i’a’fﬂa@o?m%wt’Eﬁea%qh@)anB\f W*ﬁe wgs B ’Fﬁ%ﬂ‘\éﬁdnﬁ @t THPr ot ei n

20concent 1@t | @BSIWBREcEHRIEH B REBatS LAGuh BR8B! 6RIHBOS Phobet puAssay kit

Pi erce Bi ot ec I ockf o wi th bovi ne serum al bunmin as the
gt andar d. q’?% g%g’af{&iaﬁ Siﬁwg’f"‘dﬂ%%b WEIBCNPR YRS WRGHEIC cefAfo1 ¥ nes Ccel | s
wer e harvest ed Tiha rézeler maeksdh@BS,aiqﬁH} #n de-bhihend itmegent mefﬁyi\mﬁeh a Pol ytron
25(Ki nemat | Ca{z@ﬁ?}%m@%&%&?ﬁ %@)&hcm %g%% Sg d’f\'\%ro?wggé il é"ged at 40,000 g

for 20 m nutes -'suspende and protein
concent r at i onewetier pibaddd. uSiargsditie vRcersoehiBAANPMEs slimed g supieki t  (Pi erce

Bi ot eChnOlQQQYte ;%K?r@fa@*ﬁ h'év)nng @ﬂﬁﬂ@ﬁqbﬁﬂ%t@bé}%%&ggfa%ﬁptﬁwres i n menbrane
prepar ati ons. Bi ndi ng ni cotinic receptors was assagee on nenbr anés

usi ng st andar%l“r%f‘?f’cfﬁ@“ fé\*&?ﬁt@él“@?%ﬁ%%ﬁﬁ@ﬁ?ﬂ“‘ﬁr%@d@iﬁé el ppi el | 0 and
Fer nandes 198&ske By inashedtwidldicth®98dr. (10 mibahdehen mmﬁﬁa@qiwre reconstituted

(FBS) 11 the Prostrca Brochh %?eﬁfef%"&%%%ouﬁbé 8o RRePy A58 X ) “ana.
radi ol i gand. ®b}. Mtanieos edecilwedre parfiNearetrdydon@idlratil cokirmiery 69, 5 G irnmol,
e e Tor AR NP MM Rt iy (AN it
used for bi ndq:yﬁ@propan}m»amme hydroch!onde as a white solid {53% yield). H NMP
(400 MHz, D;0): 8 2.52 (s, TH), 2.46 (s, 3H), 1.72 (d, J = 11 Hz, 1H), 1.49-
141 {my 3H), 1.38-1.32 (m, 2H), 1.28 (d, J = 11 Hz, 1H), 1.02 (s, 3H), 0.59-
0.51 (m, 3H), 0.45-0.43 (m, 1H); LCMS (miz): 166 (M+1).
25  Example 8: N3-dimethylspirolbicyciof2.2. 2ociiSlene-2,1'-cyclopentan]~
J-amine hydrochloride and N, 3-dimethylspire]bisyeio]2.2. 2loctans-2,1"-
eyclopentan}-3-amine hydrochloride
The intermediate, bicyelo(2,2, 2loct-5-en-2-one, was made using
procedures described by Kozikowski and Schmiesing, J. Org. Chem. 48:

(23]
o]

1000-1007 (1983), previously incorporated by reference with regard to such
reaction, and then subsequently transformed into N, 3-
dimethyispiro{bicyelo[2. 2. 2loctBlene-2 1-cydlopentani-3-amine and N, 3-
dirngihyispiralbicyciof2 2. 2loctane-2, 1-cyciopenian}-3-amine.

A mixture of acrylonifrile (79.4 g, 1.48 mol), 1 3-cyclohexadiene (60 g,
35 0.75 mol), and hydroguinone (1.1 g, 10 mmol) was sealed in a tube and
heated gt 120°C for 18 b, The resulting mibdure was concentrated and

purified by chromatography on silicg gel, eluting with mixtures of ethyl acelate
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studies at the other nicotinic receptor subtypes. L4Benzilic-4,4-31-1]

Qui nuclidynyl Bennett?: ([3H QNB) was used for nuscarinic receptor binding
studi es. wWocohatbssn was term nated by rapid filtration eacTasauhvsmeani f ol d
ti ssue harvester (Brandel, Gaithersburg, MD) using GFIB filters presoaked
in 50.33% pol yet hyl enel m ne (wv) to reduce non-specific binding. Filters
were washed 3 ti mes with ice-cold PBS and the retai ned radi oactivity was

det erm ned by, g aul ,& SCi t| | | atJE on, coun g i § ng data anal ysis.
Bi ndi ng data Wera™ “3:5% PSS RS at“(ﬁa fEble SHEpGI© E?f’??ﬁi ng. Replicates
for each poi n@iwmblaeed%g@dmmaptbmieiﬁ Rejaitrisine 64 hesdbiogeldfasdr ug

concentrationg }Egg-zse;l”% ;d((%?g Q%ﬁﬂhg%@i”&qgﬁsquﬁwd trpla#ﬁproduces 50%

i nhi bi tion of  bindi term ne hear regressi on
usi ng G aphPadPfrisi) sbtt warlE). CG2dph PADZ. 784m, Di)e§83 (GAH). &30 fvas cal cul at ed

usi ng the £heng: i NS %ﬂ@HHQtd:sS{ﬂ @%ng,gﬁm%%oﬁ 159 ) ey > Cal ¢l um Fl ux

Functi onal four s’ prior to each

experi nent, ceﬁ%/gnv?éﬂe?%?@l éhﬂ,|8nagg@ W), B4R %CWN\b@M@(ﬂmfZ&:I 84r bottom pl ates
( Cor ni ng, Corqwng NY) at 60 100,000 cells/well. On the day of the
experinment, grow hr

um was,_ ge e 200 | tt X FL1PR Cal ci um 4
Assay reagent (Mol &t gﬁ“%ﬁé\?% g?"x‘@ niggé%%%%‘fi HATOHDCRY buffer (20MM
HEPES, 7 nmM Tit&chases (24.0mVh Catind)), drMoRighucosel.) OaBadudbli MgsO4, 5 rnM KCL,
0.8 nmll/ 1MyCly.. ... [ r“r'i,ale nMNaO pH 7.4 for
SH- EP1- huﬁ”%n%ﬁ%%%gmw&Lﬁ%ﬁ'g%lrcﬁ%iﬁﬁ%%"”%}% WQ&&Z 5.6 rail
D- gl ucose, 0, 8RNy SG4nLI5 TRe rewike) mixueswasi eate aﬂe@lwfq@%?ﬁ 4 with TR S-base

fatal! other gridg, add‘&ﬁi}ed%% xgéaﬂﬁeﬂqéﬂ E%@a‘é"@tlﬂc&ﬁipﬁecpla% were incubat ed
at 37C for 1 hour (29 C or the 29C-treated SH human (3 462 cel ls), For

i nhi bi tion stﬁ?ﬁ‘ﬁé%"(’a%ﬁ‘ﬁf)’@? PY erﬁﬁﬁﬁaemoc’”(si@aﬁ?’lﬁxﬂt‘*‘gl‘*ﬂﬁ‘ﬁ‘i')‘”(ﬁﬁ§f added at the -
time of dye adtiitsizas: (The tphal BpoweEer cervedyé mmbioha i ncubat or and

EL1PR Tet P TUEER B RbR 4 o0 PR S Ll B BT RS Movt cooy for
addi tion of cHMBdaHMERACIRINISHIE1.AGNOTH) f?k&?brzeé@ermﬁ Ieék(‘mt‘iail on 485 nrn,
em ssion 525 Q?@Am {!:Qea W% %f gal (!:L_“u?ﬁ? ‘_\Q/f %e’%_to both a

positive (nico %} nd neg at ontro he positive
control was definé faséiri’f@@%’%@%@ﬁé*@"%@?@m@cw@%iEbc’o&‘eﬂeﬁéﬁgest conpounds

were expr esse@i\,@ﬁm@ (a@gﬁegamk@g@egﬁ nInQ@f iﬂ@%rééc‘%% FORKLR; ﬁleémaﬂ,hl bition
st udi es, ne.was concentrations of Gl for

nis
$H- EP1- hur h DgeE }éﬁg V“Eﬁd%ﬁﬁﬁwgi’%ﬁ@ﬁd" RERS &7 4 TRE ) aF‘»‘@lz and SH SY5V
cells, and 168=elb an. TEGELARD riieurcotasanisad ditresm RedeasecBogam ne rel ease

studi es were PEALRE TR sl AhL] Allarade UAPRROIELRGT m PO1RY Ned from rat

brain as preV|0us
combined ethar extracts were washed with brine, dried over anhydrous

sodiom sulfate, and concentrated. The residue was purified by

25 chromalography on silica gel, eluting with mixtures of disthyl ether [1% o 5%)
in petroleum ethet, to give bicyclof2,2 2loct-5-en-2-one (23.8 g, 50% vyield} as
a whits solid. "H NMR (300 MHz, CDCL) § 1.53~1.84 (m, 4H), 2.01~2.02 {m,
2H), 2.96~2.99 (m, 1H), 3.11~3.13 (m, 1H), 6.15~8.21 (m, 1H), £.43~6.48 {m,
1H); GCMS (mfz): 122. '

30 n-Butylithium (56.5 mbL of 1.6 M in hexanes, 90.4 mmel} was added to
a solution of diisopropylaming {11.2 mL, 8.05 g, 79.6 mmol) in dry THF {108
mb} at-78°C. The mixiure was warmed to 0°C and stirred for 30 min. The
solution was again cooled io -78°C, and bicyclol2,2, 2joct-5-en-2-one (5.00 g,
36.2 mmol} dissolved in THF (10 mi) was added. The reactionwas stirred

35 for 30 min at-78°C, and then hexamethylphosphoric triamide {13.9 mL, 14.3
g, 78.6 mmol} followed by 1 4-dibromobutans (4.76 mi, .59 g, 39.8 mmol}



"al., 1998). Striataltissue fromtwo rats. (female,..Sprague-D. aw ey,

wei ghing 1.50-250 g) was pool ed and honogeni zed in ice-cold 0.32 M sucrose
(8 nL) combannimgss95 rrirV1l . HEPES' pH 7:4, using a gl apemrgisasia/037630
honogeni zer. The tissue was then centrifuged at 1,000 x.g for 10 m nutes.
The :pellet was 10di scarded and the supernatant was centrifuged at 12,500
.x ..g for 20 mnutes.' The resulting pelletwas re- suspended inice-cold

perf usi on- buffercfi Sp ai ni %% (r]mnoam ne oX&§ %af?s?%.l b| t rs (128 nM Neel ,
1.2 rri M KH2POF® 29950 Thy (rcdmgmiphm syt ! B rriMHEPES, 1 mM
.ascor bi ¢ aci dstired f@ZSr!nl\A;uqaa%ra;wainmetuH@ed MDWWWU@IwbmpOpH 7.4) and

centrifuged for, kg Pt &fer &Hﬂﬁlméz%ba%)%ﬁéd fith JQzﬁ,n%a J{@d mEﬁ'x‘net vas

re--suspended in perfusion buffe The
. synapt 0s. orra‘l”%’ﬂ%bé@fé’f%r‘i“‘ﬁ%@"qrﬁ&*ﬁ)fl‘iﬁlﬁééﬁ‘ifw Sﬁiéﬂfﬁnﬂiﬁﬂ%s@ﬂﬁn a 37C . shaking

i ncubator go émé&faaedweh@b@;du@ w6 blivistiYon ah%bﬂg@m@@adss%ﬁ%n(nfxéﬂ»}«% specific.
activity = 28 arch Products) was added at a. 20fi nal

concentrat i onm(c?))f’0 W“aﬁf‘sAPf %ﬁ%‘””ﬁ’l@o g Vo REeR Aedsatiad tat 37C for
anot her 10 m mukess/ctifl opiat s SEkcipeirdaiishonerb abient 400 wiis) and ti ssue. (100

- [.1LL t. ‘ 51 ndel
.Séprafhsrggeéiggﬁ)%g %gré?cggig}gg%ggr%@%}ne burg?elr\/%) Ogalf?‘ﬁe%}’on buffer (room
t enper at ur e) §ﬁ)@nﬁé%?3i’ . of etieaterivhwbeeaimien foavardwiéhogt fudppr oxi mately 0. 6

mlmn forg a wWasbatiod 3RQd=08ingth By MhR; 20@90%8'&%&&%@%% (10 pM - 100 nM.
was applied |r§ 1hr}e erfusjion str g nutes. Nicotine (10 uM was
then a. ppl i ed"FRYIFRENSERT bromls (¢§- @érﬂfﬁ'@rw YPSj@%SWB%.SSﬁF%?‘J ons (12 seconds

each) were contd heougley, az—malth@ﬁaﬁaad}nfmra@moambarmbamﬁmémroughout t he
exper| manj[ tote%%grta%ﬂ ﬂ%s c‘ﬂm? fggﬁtgre%%gar%gxerwhemﬁ gtg% ch e?&r el ease and to

re-establish ‘basel er the agoras The
per f usat e wasqusothasdyeeradi ﬁéﬁtwdnwf Eitietesicinpedus laatianiveddrigle. Tioe whi ch

scintillatd onghlish 405, addeds a@@&sﬁ%@/qur{:%ﬂah%e%ﬁe@g@%%l fhed by

scintillation counting. For each he I nt eaﬁ area of the peak
was nor mal i ze@MRYeg- tienaganic isT was washed tiicqytpwaler (ASlexpiedsed as a
per cent age of antglieassdali aiaeds iit&édhaf%ﬁmlﬁér&ﬁisdnWﬁ@?érﬂ%mh@m&ﬁéﬁaiabsence of

Cp e o kG SRS s Mo 75l S5 PR LSRR R ot o s
cyclopentan}-3-of (4.9 g) and starting meaterial.

20 Without further purificagtion, the sample generated immediately above
was combined with sodium cyanide (1.93 g, 37.8 mmaol} in acstic acid (20
mb}. This mixture was cooled to 0°C and stirred at that temperature as
sulfuric acid (20 mL) was slowly added. The reaction, which turmed a deep
red color upon complete addition of reagents, was stirred at ambisnt

25 temperature for 18 h. i was then quenched with the addition of 100 mL
water, made basic {pH 8} by addition of 3 M agueous sodium hydroxide, and
extracted with dichloromethane (4 x 50 mb). The combined organic lavers
were dried over anhydrous sodium sulfate and concentrated to oblain an off
white solid. The solid was dissolved in dry THF (200 mL), cooled to 0°C and

30 held at this temperature as a solution of lithium aluminum hydride (25.2 mL of
2 M in THF, 50.4 mmofl} was slowly added. The reaction was heated to reflux
for 18 h, cooled in ice-bath, and quenched by cautious addition of 5 g of
sodium sulfate decahydrate. The resulting mivdure was stirred for 30 min and

filtered. The filtrate was concentrated, and the residus was purified on 120 g

La¥
(6}

silica ge! column, using 0<70% CMA In chioroform, providing N,3-
dimethylspirofbicycio]2 2. Zjoct{5lene-2,1'-cyclopentan]-3-amine (.20 g, 2.7% -

yield). This material was {aken up in dichloromigthane (8 mi), converted o the
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averaged. The conpound concentration resulting in half maximal inhibition
(1C50) of specific ion flux was defined. Patch C anp El ectrophysiol ogy Cell
Handl i ng.wofzbari4esseoval of GHACL-rat T6'S a7 cel | s frompChasSeenaobmBor :

medi um was aspirated, cells trypsinized for 3 mnutes, gently triturated to
‘detach themfromthe plate, washed twice with recording nedium and
re-suspended in 2 nm of external solution (see bel ow for conposition).

Cells were plagced j.n the Dyna on the .sta f an inverted
Zeiss micr osc%bg"f(‘i r{ieai’eqqé@”{)h o%%lﬁ\gpr&g &Gnﬂ%’d ‘“C?‘\OX&{)%F’%‘S 5 ni nut es
10was necessatrwweeifa@rfetheh@tﬂﬁhgh’ﬁemel I hea ecdiadi angorplonkisgltedsi on was

est abl | shed.  SERLaaRdld Leat] o0 oleleaaih bisfgndiions) acsl nal e cel|

was recorded per sin ort response ounds wer e
applied for @@@“ﬂ%ﬁfﬁ@‘O&eW@ﬂr@Wﬂsﬁ/‘sﬂﬁW*G@étﬂl%‘&wﬁ’ib’@ﬁeﬂ ﬂhfﬁ?
Gai t hersbug g, trh@)w;fhmﬁ@emafsp sﬁmanﬂ@karﬁ;@é b%%hi@ﬁ%ﬂ%&%@nve” sol utions

at either 50 or 150 psi, ectroph nventional whole-cell
current recor‘iﬂ”HE{Edﬁg‘? YR (598 Mg Cry%PP}:? gﬁ?é‘c@%dé‘é’ B4 4ND resi st ance)

were .used to fetrmskight-jseat &n(m}; 21, zen sthrgs cel) 5 sudbageounti | suction

was applledt conyer e rdlng The cells were
t hen vol t age- g‘_f é’?rp%% Ttk} ‘noﬁp{éng 33? gﬁb L\gllhwg ‘5{?‘"’% %% Yand ion currents in
response to appli Ghﬁidmmﬂ@vﬁﬁpﬁ@lbwgmiﬁ@ 2hentie eneﬁ&ﬂcyewpemztsj#:ieamseél currents

recorded wth \ il o d sanpl ed at
AR ey A e SRR G e

resi stance waé’Ings¥ap pagpdnd W“*XT%‘@SMW §i‘fiﬁTéﬁ’aﬂﬁ0ﬂWﬁbWe0Q?@ll currents was
done using a @saarnalsmeée ailt@rr(bhétat@ﬁmb@m@e\nﬁ@@_szrhétéame\&aqk;gure%)s and the

results wer e sin |sm ap Software I nc., San D ego,
e oxpelPhbley HEuPR oot aR ih gL A i Lot ang X

corrpar i sons olfsauimgﬂﬂéﬁmnethyimd[bmycmfs Adsotererial yaghehan]-Sha@inie$45 cal

significapce Hg'é%;@ﬁ Sr&s!a' ew‘?ﬁs ﬁas dz%%%@@;c\f\%rﬁ&%ﬁééﬁﬁ Sonddikg §XPET T Ment s

wer e perforned’a ‘at’l on-r esponse
profiles wer e’iﬁfﬁyﬁrﬂpﬁ‘ot*m@!d-ﬁahlbyéfqa“a“tq\wﬁl hal 30ahdivwicstioisiagnPri sm 5, 0.

Sol uti ons andgibXd4e, a‘?@l%h@e%ht@@ théﬂ@%uiﬁﬁq&ﬂﬂi@@ ﬁéta@&ﬂﬂé‘zt a%k;%uen cont ai ned:
120 M Nad, 3 rnM KCl | ucose, and 10

m VI HEPES antfifiees Qﬁf?i‘éstdé‘a”\e ab‘:ﬁ’fm&i W“‘(%@’F‘?&e%’ﬁ@éﬂd?yﬁt16%[ | solution for
whol e-cel | r eoby Ghagivaoonss stretdedby asht@ionMnbrthsprdbipphosphat e di basic, 28 nmM

Tris base 0 111;‘: up%ﬁg%(}ﬁé %%ldied"\rg ?t%‘r%ﬁ m%}l ]Tﬁe samqacf ﬁ}f,droc# Qr;ée mr, 41 My- ATP,

pH 7.3. (Liu e I at o0l €-'ce rent feésponses,
conmpounds vver@ﬂtdelsmmlr\e%dmwdmmm "HENMRII08 MHzoﬁm(Bie)bm:%tsr By, sGhtution to

agontst- cont syt SRLUY 1 800 118K, 39, L DBlenSghut a9 sExANge occurr ed

within -50 based curtent ' r|s 1ntervals bet ween

conpound appl #€ats &8s 3(8.(B- !LH)M&YES\K\E%?% 288 {Msked specifically to ensure the

stability of vepepidéaa@8PRNSI veness (WI t hout 5functional rundown), and the
ette solutlons ysed in of the studies described here

has made 1 1 HERHaCEHrRRL LEprepHo 20 RGERR ARy SRATRIRRAD! | ne (ACH).
wer e pur chaseMaferiemaSkigmethddi«drich (St. Louis. MOJ. Al drugs were prepared
dai Iy from stock SOLULLONS, £o iman wasa (Eaton et al., 2003), SH-EP1-human

uAB4 (Gentry et al, 2003} and SH-EP1-08D3pR4u5 {Grinevich et al., 2005) cell

iines were oblained from Dr. Ron Lukas (Barrow Neurclogical Institute}. The

30 SH-EP1 cell lines, PC12, SH-BYSY and TES71/RD cells were maintained in

profiferative growth phase in Dulbsceo’s modifisd Eagle’s medium (Invitrogen,

Catlsbad, California) with 10% horse s8rum {'ﬁnvit‘mgen}, 5% fetal bovine

serum (HyClone, Logan UT), 1 mM sodium pyruvate, 4 mM L-glutamine. For

maintenance of stable fransfectants, the o482 and w434 cell madia was

123
g

supplemented with .25 mg/mb zeocin and (.13 ma/mL hygromycin B.

Selection was maintained for the «8F33408 celis with 0.25 mg/imlL of zeccin,

L)
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To determ ne the inhibition of ACh induced currents by conpounds of 10t he
present invention, we established a stable baseline recording applying 70
1..tM AChwOusuzl4hgsost abl e 5- 10 consecutive applicati onsPCT/se1AES3¢ 70 ; A)
was co-applied with test conmpound in a concentration range. of 1 nMto 10
kt M Since tail of the current (current neasured at the end of 0,5 s ACh
application) underwent the nost profound changes, inhibition and recovery
15plots repre t anplitude of .tail current. . Tabul ated Summary As
shown 1 Tabi & 1 "odarpsuas e Eaat PiEaiort Ao G BSRE S nvent i on

typi cal | y exhbliticidionhi bi ti on constants (Ki val ues) for human a4p2 and

ganglionic regapi@l HMBLYRES,)sn the 1-100 mMrange, indicating a |ovv
affinity for the 50' ort%ostaegrﬁic binding sites (_e. the binding site of the

conpetitive agoni StFrHriphekeePBEept prsablisaes. Retrertigat ween Tabl e 1,
however, & SOatitéihéﬁ?d@kﬁﬂytk?ﬁ@i@»l@@@@kzlsﬁ)@§s,ﬁr@;{é&g?ﬁ&% (g§Ey§§@fngﬁgf pre gs e\rllm_t o
| uent) on £t sabite] Yolnpl Bt e Lk, L9 Ress ncept o, gultypes, Wl
Taken toget heand hiripsd dadig icte Mvsséd adre sictdadt -28Cheticespaliods representative
of this 1NVentbaBiaAL BreBLbAG | Uil sbANbALL WAL B LhI AR BLED by these
receptor subtypes thfolgh a nmechani sSmthat does not 1 nvolve Binding at the
orthosteric sbuRaytronyliingmaticadirobimiizeiemin 00 volurges' (weightvolume)
10 of ice-cold preparative buffer (11 mM KCI, 6 mM KH.PO,, 137 mM NaCl, 8
mM NaHF Oy, 20 mM HEPES (free acid), 5 mM iodoacetamide, 1.5 mi
EDTA, 0.1 mM PMSF pH 7.4). The resulting homogenate was cenirifuged at
40,000 g for 20 minutes at 4°C and the resulting pellet was re-suspended in
20 volumes of ice-cold water. After 60 minute incubation at'4"C, a new pellat
15 was collected by centrifugation at 40,000 g for 20 minutes at 4°C. The final
pellet was re-suspended in preparative buffer and stored at -20°C. On the day
of the assay, tssue was thawed, centrifuged at 40,000 g for 20 minutes and
then re-suspended in Dulbsced’s Phosphate Buffered SBaline, pH 7.4 {PBS,
invitrogen) to a final concentration of 2-3 myg protein/mi. Protein
20 concentrations were determined using the Plerce BCA Protein Assay kit
{Pierce Biotechnology, Rockford, 1L}, with bovine serum albumin as the
standard. -
Proparation of membranes from clonal cell ines, Cells were
harvesied in ice-cold PBS, pH 7.4, then homogenized with a Polytron
28  {Kinematica GmbH, Switzerland). Homogenates were centrifuged at 40,000 g
for 20 minutes (4°CY. The pellet was re-suspended in PBS and protein
concentration determined using the Pierce BCA Protein Assay kit (Pierce
Biolechnology, Rockford, 1LY |
~Competition binding to receptors in membrane preparations.
30 Binding to nicotinic receptors was assayed on memnibranes using standard
methods adapted from published procedures {Lippiello and Fermandes 1988;
Davies et'al 1989} In brief, membranes were reconstituted from frozen
stocks and incubated for 2 h on ice In 150 yl assay buffer (PBS) in the
presence of competitor compound (0.001 nM to 1060 pM) and radioligand.
35 PHjnicotine (L-(-)-N-methyl-"Hl-nicoting, 62.5 Cifmmol, Perkin-Elmer Life
Sciences, Waltham, MA) was used for human a4P2 binding studies. PH}

epibatidine (52 Cifmwmol, Perkin-Elmer Life Sciences) was used for binding

LAx
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studies at the other nicotinic recepltor subtypes, L-{Benzilic4 4-°H]
Quinuclidyny! Benzilate {PHIJQNE) was used for muscarinic recepior binding
studies. Incubation was ferminated by rapid filtration on & multimanifold
tissue harvester (Brandel, Gaithersburg, MDD} using GF/B fifters presosked in
5  0.33% polyethyleneimine {wiv) to reduce non-specific binding. Fillers were
washed 3 times with lce-cold PES and the retaingd radicactivity was
determined by liguid scintiliation counting,
Binding data analysis. Binding dalz were expressed as percent fotal
control binding. Replicates for each point were averaged and plotied against
10 the log of drug eoncentration. The 0s, {concentration of the compound that
produces 80% inhibition of binding) was determined by least squares non-
linear regression using GraphPad Prisri software (GraphPAD, San Diego,
CA). Kiwas calculated using the Cheng-Pruscff equation {Chang and
Prusoff, 1973
15 Calcium Fiux Functional Assays
Twerty-four 1o forty-eight hours pricr o each experiment, cells were
plated in 96 wall black-walled, clear bottom plates {Coming, Corming, NY) at
80 - 100,000 cellsiwell. On the day of the experiment; growth medium was
gently removed, 200 pL 12X FLIPR Calcium 4 Assay reagent (Molecular
20  Devices, Sunnyvale, CA) in assay buffer (20mM HEPES, 7 mM TRIS base, 4
mh CaCl;, 5 mM D-glucose, 0.8 oM Mg8O,, 5 mi KCI, 0.8 mM MgCl, 120
mM N-methy! D-glucamine, 20 mbM NaCl, pH 7.4 for SH-EP1{-human o4p2
cells or 10 mM HEPES, 2.5 mM CaCly, 5.8 mM D-glucoss, 0.8 mM MgS80,,
5.3 mM KCI, 138 mM NaCl, pH 7.4 with TRIS-hase for-all othar call lines) was
25  added to each well and plates were incubated at 37°C for 1 hour (28°C for the
29°C-treated SH-EF1-human a4p2 cells). For inhibition studies, competitor
compound {18 pM ~ 10 1M} was added at the time of dye addition. The
plates were ramovad from the incubator and allowed to equilibrate fo reom
ternperature. Plates were transferred 1o a FLIPR Tetra fluorometric imaging
30 plate reader (Molecular Devices) for addition of compound and monitoring of
flucrescance (excitation 4858 nmemission 525 nm}. The amount of caleium
flux was compared fo hoth a positive {nicotine} and negative control (buffer
alone). The posifive control was defined as 100% response and the rasults of

the test compounds were expressed as a percentage of the positive control.

Ca
{d21

For inhibition studies, the agonist nicotine was used &t concentrations of 1 uM
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for SH-EF1-human «4f2 and SH-EP1-human udf4 cells, 10 oM for PC12
and SH-SYBY cells, and 100 uM for TEGT? 1/RD cells.
Neurotransmitier Relsase
Dopamine release studies were performed using striatal
5 synapiosomes oblained from rat brain as previously described (Bencherif et

al., 1998). Striatal fissue from two rais (female, Sprague-Dawley, weighing
150-250 g) was pooled and homogenized in ice-cold 0.32 M sucrose (8 mb)
containing 5 mM HEPES, pH 7.4, using a glass/glass homogenizer. The
tissue was then centrifuged at 1,000 % ¢ for 10 minufes. Thapellet was

10 discarded and the supematant was centrifuged at 12,500 x g for 20 minutes.
The resulting pellet was re-suspended in ice-cold perfusion huffer containing
monpamine oxidase inhibitors (128 mM NaCl, 1.2 mM KH:PQ4, 2.4 mM KO,
3.2 mM CaCly, 1.2 mM MgSQOy, 25 mM HEPES, 1 miM ascorbic acid, 0.02 mi
pargyline HCl and 10 mM glucose, pH 7.4) and centrifuged for 15 minutes at

18 23,000 xg. Thefinal pellet was re-suspended in perfusion buffer (2 mb) for
immediate use.

The synaptosomal suspension was incubatsd for 10 minltes ina 37°C
shaking incubator to restore metabolic astivity. FH]Dopamine (PHIDA,
specific activity = 28.0 Ci/mmol, NEN Research Products) was added at a

20 final concentration of 8.1 pM and the suspension was incubaled at 37°C for
another 10 minutes. Aliguats of perfusion buffer (100 ul) and tissus (100 pL)
were loaded into the suprafusion chambers of a Brande! Suprafusion System
{series 2500, Gaithersburg, MD). Perfusion buffer (room temperature) was
pumped into the chambers al a rate of approximately 0.6 mL/min for & wash

25  period of 8 min. Competitor compound (10 pM ~ 100 nM) was applied in the
perfusion stream for 8 minutes. Nicotine (10 uM) was then applisd in the
perfusion stream for 48 seconds. Fractions (12 seconds each)y wers
continucusly collected from each chamber throughout the-experiment to
captura basal release and agonist-induced peak relegse and o re-establish

30 the baseline after the agonist application. The perfusats was collected
directly into scintiflation vials, o which scintillation fluld was added. Released
[*HIDA was quantified by scintiflation counting. For each chamber, the

Release was expressed as a percentage of release obtained with

35 controf nicotine in the absence of compstitor. Within each assay, each test

compound concentration was replicated using 2 chambers; replicates were
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averaged. The compound concentration resulting in half maximal inhibition
{{Csn) of specific ion flux was defined.
Pateh Clamp Electrophysiology

Cell Handling., After removal of GHAC1rat T8'S o cells from the

& incubstor, medium was aspirated, cslls trypsinized for 3 minutes, gently

friturated to detach them from the piate, washed twice with recording medium,
and re-suspended in 2 mi of external solution (see below for composition).
Gells were placed in the Dynafiow chip mount on the stage of an inverted
Zeiss microscope {Carl Zeiss Inc., Thornwood, NY). On averags, 5 minutes

10 was necassary before the whole-cell recording configuration was established.
To avoid modification of the cell conditions, a single call was recorded per
single load. To evoke short responses, compounds were applied for 0.5 5
using @ Dynaflow system (Cellectrican, Inc., Gaithersburg, MD), whers each
charmel delivered pressure-driven solutions at either 50 or 150 psi.

15 Electrophysiology. Conventional whole-cell curent recordings were
used. Glass microslectrodes (5-10 MO resistance) were used to form fight
seals {(>1 GO on the cell surface until suction was applied to convert to
conventiongl whole-cell recording. The calls were then voltage-clamped at
holding potentials of <80 mV, and ion currents in response o application of

20 ligands were measured. Whole-cell currents recorded with an Axon 7004
amplifier were filtered at 1 kHz and sampled at 5 kHz by an ADC board 1440
{Molecular Devices). Whole-cell access resistance was less than 20 M.
Data acquisition of whole-cell currents was done using a Clampex 10
{(Maolecular Devices, Sunnyvale, CA), and the results were plotted using Prism

25 5.0 (GraphPad Scfiware Inc., San Diego, CA). The experimental data are
presented as the mean + 3.E.M., and comparisons of different conditions
were analyzed for statistical significance using Student's fand Two Way
ANGVA tests. All experimenis ware performed at room temperatore (22
1°C}. Concentration-rasponse profiles were fit to the Hill equation and

30 analyzed using Prism 5.0.

Solutions and Drug &pplication. The standard external solution
confained: 120 mM MaCl, 3 mM KT, 2 mM MgClh, 2 mM Cally, 25 mM D-
glucose, and 10 mM HEPES and was adjusted to pH 7.4 with Tris baze.
internal solution for whole-cell recordings consisted of! 110 miM Tris

35  phosphate dibasic, 28 mM Tris base, 11 mM EGTA, 2 mM MgCl, 0.1 mM
Cally, and 4 mM Mg-ATP, pH 7.3, {Liu et ai,, 2008}. To inifinte whole-call

current responses, compounds were deliverad by moving cells from the

[y
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control solution to agonist-containing solution and back so that solution
exchange ocaurred within ~50 mg (hased on T0-90% pealccument rise
times). Infervals between compound applications (8.5~1 min) were adjusted
specifically to ensure the siahility of receptor responsivensss (without
5 functional rundown}, and the selection of pipette solutions used in most of the
studies described here was made with the same objsctive. (-)-Nicotine and
acetyicholing (AChH), were purchased from Sigma-Aldrich (81 Louis, MO). All
drugs were prepared dally from stock solutions. A o
To determina the inhibition of ACh induced currents by compounds of
10 the present invention, we established a stable baseline recording applying 70
M ACh (usually stable 5-10 consecutive applications). Then ACh {70 uiMy
was co-applied with test compound in a concentration rangs of 1 nM o 10
ubd. Since tail of the current {current measured at the end of 0.5 s ACh.
application) underwent the most profound changes, inhibition and recovery
15 plots represent amplitude of tail current.
Tabulated Summary
As shown in Table 1, compoundsrepressntative of the present invention
typically exhibit inhibition constants {Ki values) for human odf2 and ganglionic
receptor subtypes in the 1-160 mM range, indicating & low affinity for the
20 orthosteric binding sites (.e. the binding site of the competitive agonist) of
~ these receptor subtypes, The data in Table 1, however, also flustrates that
compounds representative of the present invention effectively inhibit idﬁ flux
for these receptor subtypes, with typical 1Cs; valies of less than about 2 mM
and typical |, values of >85%. Taken fogsther, this data demonstrates that
25 the compounds representative of this invention are effective al inhibiting jon
flux mediated by these receptor subtypes through a mechanism that doss not

involve hinding at the orthesteric sites.
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The speci fi Opharmacol ogi cal responses observed may vary according to and
.depending on the partictilar active conpound sel ected or whether there are
5present wbannaessbi cal carriers, as well as the type ofcrarseuhasisceon and
node of adm nistration enployed, and such expected variations or
differences in the results are contenplated in accordance with practice of
the present invention. Although specific enbodi nents of the present
invention are herein illustrated and described in detail, the invention is
not limted thereto. The above 10detail ed descriptions are provided as
exenplary of the present invention and should not be construed as
constituting any |Thaispesticpharobcalbgics werenbesicBrsrvadvoayiveiveatdrdingtowi | | be

obvious to th&§ﬁe§¥dderb%§'1?!@%&?%!3@@[3&0%@ RARo@d selamRE iRl $,98S:d hat do not
depart fromthe spirit the invention are intended to be included with

the scope of FRE™N W@Hdc@ﬁ%frﬁﬁ 3 Wifle tiedvra chforauiglion gnd mode #onpound  of
Fornmul a - Fosdmuhigrauhesreiidved, and su@akBedid »Bﬁati@ﬂﬂ:r@&f&ieﬁ@ﬁs\m goally is H Cl1.6
al kyl, or ary| bstitute ne W|ththe ni trogen

a >
2tom {0 wht cheFTBg BB i ks e R B rb BYot ng. whi oh i ng
may be optionally fﬁih@@hlspmf@@tm@fhmﬁ@@‘lth@fastelnyshvenmrwre h&din6 al koxy, or

aryl oxy subst : . I ubstituted
Cl.6 al ky i &S%g{g‘t&j:ﬁnd ﬁtﬁﬁk 3 e agt?ém 5%%5{ ﬁj& IVI F@yﬁ?gﬁ%ﬁ% Cl.6 al kyl,

or C al ko%é} fefaiied descyiptippigie %’é’éf‘é@s %Wé@ﬁ@athﬁp@ﬁ@rﬁ feetipwal consi sting of
CR8R9, CRBRIGRo1QRthe contiuld asl&lnditkitg 8ny E!nﬂt&ﬁfﬁ S$PeGhegosel ected fromthe

group consi st l! @f MJ ions Wil ha ogHods mcmosp %(CﬁH_& :nf%he art, andC'_} mgj%uatmm that

do not depart from the spirit of the invention are intended {o be included with the
scopée of the appended claims.
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each of R8, R9, R10, and R11 individually is hydrogen or Cl.6 al kyl; and
the dashed |ine indicates an optional double bond; or a pharmaceutically
accept ablwo=ai14v8ser eof . 20 2. The conpound of claim 1l woemsee11@I7eses H and
R2 is Cl1..6 alkyl. 3. The conpound of clains 1 or 2, wherein R3is Cl 6

al kYl 254. The conpound of any one of clains 1 - 3, wherein each of R4, R
R6, and R7 is H 5. The conpound of any one of clains 1 - 4, wherein 1..1 1is
CR8BR9, and each of R8 andR9 is hydrogen. 6. The conpound of any one of
claim wherein L2 is C-12CF-{2. 7. The conmpound of any one of clains 1 -

6, wherein t hé/hdastledsisne is 5a single bond. 8. A pharmaceuti cal

conposi tion conprigsiigRAn§Hmeundas claimed in any one of clainms 1 7 and a
pharmaceutically acceptable carrier, 109. A nethod for the treatnent or
prevention of a disease or conciitiﬁp medi ated by a neuronal nicotinic
receptor conprising the adm nistratijon of a conpound as clained in any one

of claine 1 - 7" 10. The E[:net hod iof im9, wherein the disease or
condition is | BS-D, 15DAB, nRC\QEi &@%ﬂlm snoki ng cessati on,
depression, nmajor depressive di sprder, of hypertension. 11. Use of a

conmpound as claimed in any one of ¢lains 1 - 7, for the preparation of a
‘medi canent for the treatnment or_frevention of a disease or 20condition
medi at ed by a neuronal nicotignic r ptbor,™12, The use of claim 11, wherein
t he di sease or condition is |IBS-D, B, nR'R2 :

R4

5 Formula |
wherain
each of R and R? individually is H, C s alkyl, or aryi-substituted Gy
alkyl, or R" and R” combine with the nitrogen atom to which thay are aftached
o form a 3- fo 8-membered ring, which ring may be optionally substituted with
10 Cosaliod, aryl, Cie alkoxy, oraryioxy substituents;
RYis H, Cy¢ alkyl, or Cy.5 alkoxy-substituted C,.q alkyl;
sach of R, R®, R®, and R’ individually Is H, Cys alkyl, or C.¢ alkoxy;
L' is a linker species selected from the group consisting of OR®R®,
CRPR'CR™R", and O;
15 L2 is a linker species selected from the group consaisting of CHs,
CH,CH;, CHyCHLCH,, and CHyCHLOH,CH;
each of R®, R’ R'® and R" individually is hydrogen or Cy 5 alkyl; and
the dashed line indicates an optional double bond;

or a pharmaceutically acceptable salt thereof.

20 |
2. The compound of claim 1, wherein RV is H and R? is Cy.; alkyl.
3. The compound of claims 1 or 2, wherein R is Cy.q alkyl.
25 4, The compound of any one of claims 1 — 3, wherein sach of R*, R®, RY,
and R iz H.
g, The compound of any one of claims 1~ 4, wherein L' is CR'R®, and

eact of R® and R® is hydrogen.



ni cotine addi ction, snoking cessation, depression, nmajor depressive

di sorder, or hypertension,. 25 13. A conpound as clainmed hi any one of

cl ai rns. WO-2014/14683p use as an active therapeutic subst arce/us2ai4/0373€conpound
as claimed in any one of claims 1 - 7, for use in the 30treatnent or
prevention of a disease or condition nmediated by a neuronal nicotinic
receptor. 15. The conpound of claim 13 or 14, wherein the disease or
condition is IBS-D, OAB, nicotine addiction, snoking cessation, depression,

maj or 35depressive di sorder, or hypertension. .
g. The compound of any one of claims 1~ 5, wherein L” is CH.CH,.

7. The compound of any one of claims 1 — 8, wherein the dashed line is
5 & single bond.

8. A pharmaceutical composition comprising a compound as claimed in

any oneg of claims 1 < 7 and a pharmaceutically acceptable carrer.

10 8 A method for the {reatment or prevention of a disease or condition
mediatsd by a neuronal nicotinic receptor comprising the adminisiration of a
compound as claimed in any one of claims 1 -7,

10. The method of claim 8, wherein the disease or condition is IBS-D,
15 0AB, nicotine addiction, smoking cessation, depression, major depressive

disorder, or hypertension.

11. Use of a compound as claimed in any one of claims 1 - 7, for the
preparation of a medicament for the freatment or prevention of a disease or
20 condition mediated by a neuronal nicotinic receptor,

12, The use-of claim 11, whersin the disease or-condition is 1B8-D, OAB,
niceting addiction, smoking cessation, depression, major depressive disorder,
or hypertension..

25
13, Acompound as claimed In any one of claims 1~ 7, for use as an

active thergpeutic substance.

14. A compound as claimed in any one of claims 1 - 7, for use in the
30 treatment or prevention of a disease or condition mediated by a reuronal
nicolinic recepltor.

15. The compound of claim 13 or 14, wherein the disease orcondition is

iB3-D, OAB, nicotine addiction, smoking cessation, depression, major
35  depressive disorder, or hypertension.
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